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T Hay4Ho-viccnenoBaTensCKui MHCTUTYT CTPOUTENBHOM OU3VKK POCCUCKOM akaaemuyi apxXmUTEKTypbl I CTPOUTENbHbIX HayK
(127238, r. MockBa, JIokoMOTVBHbIV Mp., 21)

2 HauvoHanbHbIA UCCneaoBatensCkuii MOCKOBCKMI FOCYAaPCTBEHHbIM CTROUTENBHBIA YHIBEPCUTET
(129337, r. MockBa, fApocnasckoe L., 26)

Mopo30CcTONKOCTb CTEH 3[1aHWil U3 Nerkoro 6eToHa

B Poccum akTBHO NpuMeHAOTCS 610KM U3 S4eNCcTOro 6eTOHA aBTOKNABHOrO TBEPAEHNS B KAPKACHbIX 3[JaHNAX B KA4eCTBE
CaMOHECYLLMX HAPYXXHbIX CTEH (B HEKOTOPBIX CAYYaAX C HAPYXKHbIM YTEM/IEHNEM), a TAKXKE B Mano3TaXHOM 6eCKapKacHOM
CTPONTENbCTBE. JKCMNyaTaLMOHHAsA CTOMKOCTb 3TUX BJIOKOB ONPEAeNAeTCs CBONCTBAMI 6ETOHA 1 CBSi3aHA C TaKMMMW XapakTepucTukamm,
Kak BOAOHENPOHULAEMOCTb, KanuaispHoe BCacbiBaHne 1 MOPO30CTONKOCTb. LleNib ncenefoBaHmnii 3akntoyanach B 3KCneprumeHTanbHOM
N3Y4EHUN CTONKOCTN (DPArMeHTOB KNAAKW K LMKIIMYECKM TEMMEepaTypHO-BNAXHOCTHbIM BO3[EICTBUSM NPY OAHOCTOPOHHEM
3aMOpaXMBaHUK 1 pa3paboTKe PeKOMEHAALNIA MO OLEHKE MOPO30CTONKOCTI. BnepBbie B KA46CTBE HOPMUPYEMbIX MAPAMETPOB OLIEHKM
MOPO30CTONKOCTI KNA0K U3 NErkux 66TOHOB NPEASIOKEHO UCNONb30BaTh CNeayHLLNe NOKa3aTenn: NPOYHOCTb CLENIeHNns 6/10KOB CO
LITYKATYPHbIM PaCTBOPOM, MPOYHOCTH HA BbIPbIB XMMWUYECKM 3aKPENIEHHbIX aHKEPOB (Pa3pyLuatoLLime MeToAbl), @ TaKXKe CKOPOCTb
NPOX0XAEHNS YNbTPA3BYKOBOro UMMNYSbCA Yepes TOMLLY Knafkn (HepaspyLatowmin metog). MonyveHsl usnko-mexaHu4eckme n
TeNNomn3n4eCcKIne XapakTepUCcTUKN TENNON30NALUOHHO-KOHCTPYKLNOHHBIX 66TOHOB. YCTAHOBMEHbI 3aBMCUMOCTYN TEMNO03aLLUTHBIX
Ka4yeCTB OT CTEMEeHU YBNAXKHEHNS MaTepuana, a Tak:Ke NPOYHOCTU OT YCNOBWIA 0TTanBaHMs 06pasLoB B BOJE 1 B BO3MYLUHON Cpeje.
OTpaboTaHbl 0CO6EHHOCTW NPOBEAEHUS UCMbITAHMIA HA DparMeHTax Knagok B MPOLLECCe LMKNNYEeCKNX TeMNepaTypHO-BAaXHOCTHbIX
BO3AEICTBNIA NPY OAHOCTOPOHHEM 3aMOpaXMBaHUKM. Pe3ynbTaTbl NPUMEHNMbI NPU pa3paboTke U akTyanu3auun HOPMaTUBHBIX,
TEXHWUYECKNX W OPraHU3aLNOHHO-METOANYECKNX JOKYMEHTOB M0 NPOEKTUPOBAHMI CTEHOBbLIX KNAaA0K U3 NIErko6eTOHHbIX 6I10KOB,

B YaCTHOCTK Npu pa3paboTKe HaLMOHANbHOro cTaHaapTa «Knaaknm CTEHOBbIE U3 NErkoO6eTOHHbIX 6M10K0B. MeToabl onpeaeneHuns
MOPO30CTOMKOCTM».

Kntouesble cnosa: HOPMUPYEMbIE NApaMeTPbIl, TEMIOBAA 3aLlnTa, MOpOSOCTOI7IKOCTb, A4enCTbIN 6ETOH, 0JJHOCTOPOHHEE 3aMOpaXXMNBaHUE.

Ins untuposanms: becconos 1.B., XKykos A.[l., baxeHosa C.W., KoHtoxos M.A. Mopo30CTOIAKOCTb CTEH 3LaHWIA U3 JIerkoro 6etoxa //
CtpoutenbHbie matepuanel. 2022. Ne 11. C. 4-9. DOI: https://doi.org/10.31659/0585-430X-2022-808-11-4-9

I.V. BESSONOV', Candidate of Sciences (Engineering) (bessonoviv@mail.ru); A.D. ZHUKOVZ, Candidate of Sciences (Engineering) (lj211@yandex.ru),
S.I. BAZHENOVA?, Candidate of Sciences (Engineering) (bazhenovasi@mgsu.ru), M.A. KONYUKHOV?2, Master student(maximkonyukhoff@gmail.com)
1 Research Institute of Building Physics, Russian Academy of Architecture and Construction Sciences

(21, Lokomotivny Driveway, Moscow, 127238, Russian Federation)
2 National Research Moscow State University of Civil Engineering (26, Yaroslavskoye Highway, Moscow, 129337, Russian Federation)

Frost Resistance of the Walls of Buildings Made of Light Concrete

In Russia, autoclave-hardened cellular concrete blocks are actively used in frame buildings as self-supporting external walls (in some cases with external insulation), as well as in low-
rise frameless construction. The operational durability of these blocks is determined by the properties of concrete and is associated with such characteristics as water resistance, capil-
lary suction and frost resistance. The purpose of the research was to experimentally study the resistance of masonry fragments to cyclic temperature and humidity influences during uni-
lateral freezing and to develop recommendations for assessing frost resistance. For the first time, as the normalized parameters for assessing the frost resistance of light concrete
masonry, it is proposed to use the following indicators: the adhesion strength of blocks with plaster mortar, the tear strength of chemically fixed anchors (destructive methods), as well
as the speed of passage of an ultrasonic pulse through the masonry thickness (non-destructive method). The physicomechanical and thermophysical characteristics of thermal insula-
tion and structural concrete are obtained. The dependences of heat-protective qualities on the degree of moisture content of the material, as well as strength on the conditions of thaw-
ing of samples in water and in air are established. The features of conducting tests on fragments of masonry, in the process of cyclic temperature and humidity effects during unilateral
freezing are worked out. The results are applicable in the development and updating of regulatory, technical, organizational and methodological documents for the design of wall mason-
ry made of light concrete blocks, in particular, in the development of the national standard “Wall masonry made of light concrete blocks. Methods for determining frost resistance”.

Keywords: normalized parameters, thermal protection, frost resistance, cellular concrete, unilateral freezing.

For citation: Bessonov I.V., Zhukov A.D., Bazhenova S.1., Konyukhov M.A. Frost resistance of the walls of buildings made of light concrete. StroiteI'nye Materialy [Construction Materials].
2022. No. 11, pp. 4-9. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-4-9

B cBsI3M ¢ MOBBIILIEHMEM HOPMATUBHbBIX TPeOOBAHUIA
K YPOBHIO TEIJIOBOI 3alllUTHI 3MaHUI CIIPOC Ha JIETKKE
OETOHBI C BHICOKMMU TETUIO3AIIUTHBIMU XapaKTEePUCTH -
KaMM, B YaCTHOCTM Ha CBEPXJIETKWE TEIJIOM3OJISIINOH -
Hble GETOHBI C IUIOTHOCTBIO 10 500 Kr/M3, mocTosiHHO
yBeIWYUBAeTCs. Pe3ynbTaThl MCCIENIOBAHUN W OTBIT

IIPUMEHEHUsI I10KA3bIBAIOT, YTO TEILJIOU3OJISILIUMOHHbBIE
JIeTKre OETOHBI CYIIIECTBEHHO 0oJjice HAIeXKHBI B 00CITY-
KMBAaHUU 10 CPABHEHMIO C OOBIYHBIMU M3OJISILIMOHHO-
KOHCTPYKIIMOHHBIMU MaTepuaiamu [1—3].

CylecTByeT ocTpass HeOOXOAMMOCThb YJIyYIICHMS
IoKasaTeJiell TeIJIOTEXHUYECKOIo KayecTBa 3TUX 0eTo-

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN

Hosbps 2022
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HOB B OIPaXIaroLUX KOHCTPYKLIMAX U UX IKCILTyaTaly-
OHHOI1 cToiikocTH [4—7]. HampaBieHUSIMU TTIOBBILLIEHUS
KayecTBa MW SKCIUTyaTallMOHHOW CTOWKOCTHA W3HEIWU
SIBJISIIOTCS: MCIOJIb30BaHMEe N100aBOK MOAU(UKATOPOB,
IMOJIMMEPOB, MCIOJIb30BAHNUE BBICOKOTEXHOJOTMIYHOTO
000pynoBaHusl, COBPEMEHHBIX METOJOB pacueTa 1 Mpo-
exTupoBaHus [8§—11].

C cepenuHbl XX B. MUPOBbBIE TEMIbI Pa3BUTHUSI Jier-
KHUX OETOHOB BO3POCIU — HUXKHUI Ipeaesa MPOYHOCTH
BBICOKOTIPOUHBIX OeToHOB coctaBui 30 MIla. Paspa-
0OTKa PeBOJIIOLIMOHHBIX TEXHOJOTUIA TTpUBeja K BCeob-
IIEMY POCTY IIPOYHOCTHU JIETKUX OCTOHOB.

B Poccuu HaunHas ¢ 2000 1. aKTUBHO TIPUMEHSIOTCS
0JIOKM U3 STYEUCTOro 0ETOHA aBTOKJIABHOTO TBEPIACHUS B
KapKacHBIX 3MaHUSIX B KAUECTBE CAMOHECYIINX HapyXK-
HBIX CT€H (B HEKOTOPBIX CJIydasix ¢ HapyXKHbIM yTerie-
HHEM), a TaKXKe B MAJIOITAXKHOM OeCKapKaCHOM CTPOHU-
TeabcTBe [12—14].

CTOMKOCTb 3TUX 0JOKOB ONpPEAeIsieTcs] CBOMCTBAMU
OcTOHA M CBs3aHA C TaKUMU XapaKTepUCTUKAMM, KakK
BOJOHEIIPOHUIIAEMOCTb, KalWJUISIPHOE BCachblBaHUE U
MOPO30CTOMKOCTb.

Heiictyromuit ctangapt FTOCT 10060—2012 «beto-
HBI. MeToabl OIpeAcIeHUsI MOPO30CTOMKOCTH» yCTa-
HaBJIMBAET CJIEAYIOLIME METOABI OINpeaesieHUs] MOPO30-
CTOMKOCTH.

A. ba3oBbIe METOIBI TP MHOTOKPATHOM 3aMOPaXKM-
BaHWU U OTTaUBaHUM:

— MEePBBII — IJIST BCEX BUIOB OCTOHOB, KpOMe OETO-
HOB JOPOKHBIX U a3POIPOMHEIX MOKPBITUIT U OETOHOB
KOHCTPYKIIM, SKCIUTyaTUPYEMbIX B YCJIOBMSIX BO3IEH-
CTBUSI MUHEPAIM30BAaHHOM BOBI,

— BTOPOI — J1J1s1 0ETOHOB TOPOKHBIX ¥ a9POJIPOMHBIX
TTOKPBITUIA W IS GETOHOB KOHCTPYKIIWIA, 3KCITITyaTH-
PYEMBIX B YCJIOBHUSIX BO3IEHCTBUSI MHUHEPAJIU30BaH-
HOI BOIBI.

B. YckopenHble METOIBI P MHOTOKPATHOM 3aMO-
paXKMBaHUU U OTTAUBAHUU:

— BTOpOU — JIJisI BCEX BUIOB OETOHOB, KPOME OETOHOB
JIOPOXKHBIX Y a3POJPOMHBIX ITOKPBITUII 1 OETOHOB KOH-
CTPYKLIWI, 9KCILTyaTUPYEMBIX B YCIIOBUSX BO3ICHCTBUS
MUWHEPAJIN30BaHHON BOBI, JIETKUX OETOHOB MapoK IO
cpemHeit uotHOCTH MeHee D1500;

— TPETUIA — JJIS BCeX BUAOB OETOHOB, KPOME JIETKMX
OETOHOB MapoK 1o cpeaHeit roTHocT MeHee D1500.

Lleab paboThl 3akjoyanach B 3KCIIEPUMEHTAIbLHOM
HCCIIEIOBAHUM CTOMKOCTH (PparMeHTOB KJIAAKW K I[M-
KIIMYISCKAM TeMIIePaTypPHO-BIAXKHOCTHBIM BO3ICHCTBU-
IM TIpU OJTHOCTOPOHHEM 3aMOpa)KMBaHWM, a TaKXKe B
MOJYyYEHUU CPABHUTEIBHBIX 3HAYEHUU MOPO30CTOMKO-
CTH TIPM OTTAaWMBAaHUU 00PA3ILIOB IMOTPY:KEHUEM B BOAY U
Ha BO3/yXe C OTHOCUTEIBHOM BiIaxXHOCTHIO 97%.

Marepuajibl U METOIbI

B kauecTBe 0OBEKTOB MCCAEIOBAHUS TTPUHATHI 0J10-
KM M3 SYeUCTOro OeToHa aBTOKJIABHOIO TBEPACHMSI.
WUcnbiTaHusT NpoBOIMIM METOJIOM OJHOCTOPOHHETO
3aMOpaXuBaHUs (parMeHTOB KJaJ0K M3 yKa3aHHbIX
BUI0B OeToHOB (mpumeHuteabHo K 'OCT 7025-91
«Kupnuuy M KaMHU KepaMUYeCKUe U CUJIMUKATHBIC.
Metoapl onpeneaeHus] BOAOMOIIOIIEHUSI, TJIOTHOCTU
1 KOHTPOJISI MOPO30OCTOMKOCTH» ).

OmnpeneneHbl (GU3UKO-MeXaHUUYECKUE XapaKTepU-
CTUKMU: IPOYHOCTDb CLEIUICHUS C KJIAAOYHBIM PaCTBOPOM,

Puc. 1. TlMoprotoBka 06pa3suos-
Ky60B 1 6710KOB 13 S4encToro 6eToHa
OS5 U3roToBnieHnst pparmMeHToB kna-
[OK, NMPefHAa3HAYeHHbIX A5 NpoBe-
[EHNS UCMBITaHWI Ha MOPO30CTONA-
KOCTb

Fig. 1. Preparation of samples-cubes
and blocks of cellular concrete for the
manufacture of masonry fragments
intended for testing for frost
resistance

Puc. 2. MNpu ycTpoiicTBE KNagky B CTEHy yCTaHaBNMBanu OatymMku TemnepaTypbl (TEPMOXPOHbI). MMpaBas nonoBuHa dparmeHTa Obina owTyKaTypeHa,
nesast — He owTykaTypeHa. OQHOBPEMEHHO C OCHOBHbIMU dparmMeHTamm Gbinv NOArOTOBNEHbI KOHTPOMbHBIE PPArMeHTbI KNaaok

Fig. 2. When laying the masonry, temperature sensors (thermochrones) were installed in the wall. The right half of the fragment was plastered, the left half
was not plastered. Simultaneously with the main fragments, control fragments of masonry were prepared
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C KJIEEBOI KOMITO3UIIMEN, C HAPY>KHOM IITyKaTypKOM, a
TakxKe IPOYHOCTh Ha BBIPHIB XMMUUYECKUX aHKEPOB.
[MapamienbHO TPOBEACHBI MCIBITAHUS MOPO30CTONKO-
CTU Ha oOpaslax-Kydax, puyeM C AByMsI BapUaHTaMU
otrrauBanusi — B Boze (TOCT 10060—2012) u B Bo3my1I-
HOl cpele C OTHOCHTEIbHOUN BJIaXHOCTbIO 97%
(F'OCT 31359—-2007 «beroHsI sSTYeHCTHIC aBTOKJIABHOTO
TBepAeHUs. TexHuuyeckue yciaoBusi»). [IpoBeneHbl 3KC-
MepUMEHTAJIbHbBIE OIpeAcTeHUs] TeII0MU3NIECKIX Xa-
PaKTepUCTUK.

BnepBbie B KauecTBe HOPMUPYEMbBIX MapaMeTpPOB
OLICHKA MOPO30CTOMKOCTH KJIAJOK U3 JIETKUX OCTOHOB
MPEUTOKEHO HCIIOIb30BaTh CJEAYIONINE ITapaMeTpPhl:
MPOYHOCTh CILEIJIEHUsI OJOKOB CO IITYKaTYpHBIM pac-
TBOPOM; TIPOYHOCTHh Ha BBHIPHIB XMMWYCCKUX aHKEPOB
(paspyliarmuire MeToabl); CKOPOCTb MPOXOXACHMS Yb-
TPa3ByKOBOTO MMITYJIbCa Yepe3 TOJIIY KIamaku (Hepas-
pyLIAOIKUI METO).

HccnenoBaHust BBIIIOJHEHB B paMax pealu3aluu
HUOKP. dorosop Ne 124/2019. Tema «MccrnenoBanue
HOPMUPYEMBIX MapaMeTpoB (MOPO30CTOMKOCTH) CTEHO-
BBIX KJIAZIOK M3 JIETKOOETOHHBIX OJIOKOB M pa3paboTka
MeToaukn ee KouTpois>. HUMC® PAACH. 2019 .

PesyabraTnl v 00CyKIeHHE

YcTaHOBIIEHO, UTO CpedHsIs TUIOTHOCTh O0pa3loB
STYEMCTOTO OETOHA aBTOKJIABHOTO TBEPACHMS, MCCIICIO0-
BaHHBIX B BJKCIEpUMEHTe, cocTaBasiia 443 Kr/M3.
TerronpoBOTHOCTb 00PA3IIOB STUYECHCTOTO OCTOHA aBTO-
KJIaBHOTO TBEPIECHUSI OMNpEAe/sIA KaK B COCTOSTHUM
€CTEeCTBEHHON BJIAXXHOCTH, TaK M B CYXOM COCTOSHHM.
ITo moy4eHHBIM 3HaUYE€HUSIM BJIaXKHOCTH M COOTBETCTBY-
IOLLIMM UM 3HAYEHUSIM TEILJIOIPOBOAHOCTH PACCUMUThHIBA-
JIM 3HAYEHUs TNpUpAalleHus] TEIJIONPOBOAHOCTU Ha 1%
BJIAXKHOCTHM MaTepuaja Imo (hopmyiie:

AL = (hy — ho)/W,

rae A\ — npupalieHue TeTuIoNPOBOAHOCTY Ha 1% Biaxk-
Hoctu, BT/(M-°C%); Ay, — TEIIONPOBOAHOCThL OOpasla
BO BJIAXXHOM cocTostHuu, Bt/(M-°C); w — BIasxkHOCTb 00-
pasia, Mac. %.

TerIonpoBOAHOCTb B CYyXOM COCTOSIHUM COCTaBUWJIA
0,14 Bt/(Mm-°C). Ilpu omnpeneneHnN TETUIOPOBOIHOCTH
MPY YCJIOBUSIX KCILTyaTallMu A M b MCTI0NIb30BaHbI 1aH-
Hble COPOIIMOHHBIX CBOMCTB SIMEUCTOTO GeToHa U (Hop-

Ta6nuua 1

Table 1

Pe3ynbTaTbl 3KCNEPUMEHTaNbHbIX ONpeAesieHuin NPOYHOCTHU
cuenneHus (aare3nu) knagkuv 6/1I0KOB N3 A4EUCTOro 6eToHa

CO CNI0EM HapYXXHOW WITYKaTypPKu
The results of experimental determinations of the strength
of adhesion (adhesion) of masonry blocks of cellular
concrete with a layer of external plaster

CpenHee CpepHss NpoYHOCTb
PparmMeHT knagku n3 6110KoB | 3HaYEHWe Curbl CLenneHus
oTpbiBa, KH (apresus), MMa
KOHTpOnbHbI hparmeHT 1,19 0,48

dparmeHT, NpoLueaLwmii
150 LMKNOB TEMNEepPaTypHO- 0,88 0,35
BNI@XHOCTHbIX BO3AENCTBUIN

Ta6bnuua 2
Table 2
Pe3ynbTaTthl 3KCNEpPUMEHTasbHbIX ONnpeAesieHnii MPOYHOCTU
cuenneHus (aareaum) v Knagku 6J10KOB U3 S4EeUcToro
0eToHa ¢ KJ1aA04HbIM PAaCTBOPOM U KJ1eeBOi KoMno3uuuen
The results of experimental determinations of the strength
of adhesion (adhesion) and masonry blocks of cellular
concrete with masonry mortar and adhesive composition

CpepHee 3HayeHne
Bug cuennsiowero
Bug knagku NPOYHOCTY CLENNEHUS
Cnost Knaakm
(apresus), MMa

KOHTPONbHBIA pparmMeHT 0,27
Kneesas -
KOMMOBMLMS @parmeHT, npowweawuii 0.21

150 upknos !

KOHTPONbHbIA GpparmeHT 0,17
KnagoyHblii
pacTeop ®parmenT, npoLueaLwnii 0.4

150 umknos ’
Mpumeyanue. Xapakrep 0TpbIBa — BO BCEX CNy4asix — N0 Teny 6eToHa.

MyJia 115 IpUpalie HUs TeIIonpoBoaHocT AN, CopOus
SYEHCTOro OeTOHA MpH BIaXKHOCTH Bo3ayxa 80% cocta-
Bwia 1,6%, npu 97% — 6,6%. TemnonpoBOAHOCTh MPHU
YCJIOBUSIX 9KCIuTyatalu A 1 b paBHa COOTBETCTBEHHO:
Aa=0,156; A5=0,206.

Meton MCHBITaHUS MOPO30CTOMKOCTU (hparMeHTOB
KJ1aJI0K OJIOKOB M3 STYEUCTOr0 OETOHA IIPU OJHOCTOPOH-
HEM 3aMOPaXMBAHWM 3aKJIIOUAETCs B YCTPOMCTBE KJjla-
JNIOK B IIOBOPOTHOM 3allOPHOM pamMe C MOCIEAYIOLIUM
MPOBEAEHUEM LMKJIOB TEeMIIepaTyPHO-BIaKHOCTHBIX

Puc. 3. T[lpoBeneHbl wuCnbITaHWs
MPOYHOCTN Ha BbIPbIB XUMUYECKMX
aHKepOB Ha KOHTPOJIbHOM obpa3sue
dparmMeHTa Knagku 1 no 3aBepLueHnmn
LUMKIIMYECKUX BO3OENCTBUM

Fig. 3. Tests of the pull-out strength
of chemical anchors were carried out
on a control sample of a masonry
fragment and upon completion of
cyclic impacts
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AuencTblii 6eTOH aBTOKIaBHOIrO TBEPAEHNS CO LUTYKATYPKOW
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Puc. 4. 'padukun pacnpeneneHms TemnepaTypbl B TONLWMHE KNaaKu npu
NPOBEeAEHNN UCTbITAHNI HA MOPO30CTONKOCTb METOAOM OAHOCTOPOHHErO
3aMOpaXunBaHMa B XONOAWIBHO-A0XAEBOM ycTaHoBke XAY-0.2: 1 — 4 cwm;
2-8cm;3-14cm

Fig. 4. Graphs of temperature distribution in the thickness of the masonry
during testing for frost resistance by the method of one-sided freezing in the
refrigeration and rain installation XDU-0.2: 1 —4cm; 2-8cm; 3 - 14 cm

BO3/IECTBUIT Ha TOBEPXHOCTH (hparmeHTa. LIk cocro-
WUT U3 CICAYIOLINX IIEPEIeIOB: YBIAXKHEHUE B TeYCHUE
15 mun; 3amopakuBanue mipu -25°C B TeyeHue 3 4; Ha-
rpeB 10 +70°C mpn UK- u YD-006irydeHnn B TeUeHUE
2 4 45 muH. KonmuuectBo umkinoB — 150. HarpeBanue
TTOBEPXHOCTU (hparMeHTa KOHCTPYKIMHU ITOCPEICTBOM
JIY4HCTOrO JCMCTBUS HArpeBaTeJIbHOTO IMpudopa Moje-
JIUPYET COJTHEUHOE 00JTydeHNE, YBIAKHEHNE MOACITIUPY-
eT aTMOC(epHBIe OCaIK1, a 3aMOpakKBaHUE — BO3/ICii-
CTBHME OTPMLATEILHON TeMmepaTypbl. JIUTeIbHOCTh U
WHTEHCUBHOCTb BO3IEHCTBUS TeMIIEpaTypbl W BJIaTv
nompobpaHa TakKUM 00pa3oM, UTOObI IKCIIEPUMEHTANTb-
HOE BO3/IEHICTBME COOTBETCTBOBAJIO IIUKIMIECKUM SIBJIE-
HUSIM 3aMOPO30K—OTTeIe/Ib, YTO OOYCIIOBJIMBACT IIPO-
Mep3aHKe U OTTauBaHUe Hapy>KHOM ITOBEPXHOCTH (par-
MeHTa KJiaaku He MeHee ueM Ha 80 mm. KoHTponupye-
MbI€ MapaMeTphbl: IPOYHOCTh CLEIUICHUsI OJIOKOB CO

IITYKaTYPHBIM PACTBOPOM, C KJIaIOYHBIM PACTBOPOM U
KJI€€BOU KOMITO3UIIMEH; MPOUYHOCTb Ha BBIPHIB XUMUUE-
CKOTO aHKepa.

s ycTpoiicTBa XMUMMYECKUX aHKEPOB ObLIa MPUMe-
HeHa TexHonorust uHbeuupoBanus MIT-SPE Plus
(mmuabKa pe3nboBast nuamerpoM M10, Kiace MpoYHO-
ctu 4,8). B pesyabpTaTe sKCepuMeHTaIbHBIX OIpeaeie-
HUI TPOYHOCTH HA BHIPHIB XUMUUECKOTO aHKepa B KJIafI-
Ke U3 OJIOKOB U3 STYEHCTOro O0E€TOHA MOJYYeHO CpelHee
3HaYCHUE MPOYHOCTHU aHKEPa Ha BEIPHIB Y KOHTPOJBHOTO
dparmenra 3,97 kH; nna pparmenra, npoueamero 150
KJIMMaTU4YeCKUX IUKI0B, — 3,4 KH.

Ha ctaguu o0paboTku U cucteMaTU3aluu MoTyYeH-
HBIX 9KCIIEPUMEHTAIbHBIX JAHHBIX UCCICI0BAHbI 3aBU-
CHUMOCTH CTETIeHU M3MEHEHUST (PU3NKO-MEeXaHUISCKIX
ImapaMeTpoB OJIOKOB U3 STYEMCTOTO OETOHA aBTOKJIABHO-
r'o TBepJACHUS MPY BO3ACHCTBUM HA HUX IIEPUOINIECKO-
ro 3HAKOTIEPEeMEHHOTO Tepernaaa TeMIepaTypsl U yB-
JIaXKHEHUSI.

Mopo30CTONKOCTh 00pa3LoB MpU 0OBEMHOM 3aMO-
paXWBaHUM B BO3AYLIHOW cpeie W OTTauBaHUU B BOJIE
OLICHUBAJIM 10 U3MEHEHUIO MPOYHOCTU TIPU CXKATUU, a
TakXe BHEIIHEro Buaa o0pa3loB-KyOoB. B kauecTBe
KOHTPOJIbHBIX UCIIBITHIBAIN 00Pa3Ibl-KyObl B CYXOM CO-
CTOSTHUU, BbIIEpKaHHbBIC B BOJIE B TEUCHHUE IBYX CYTOK, a
TaK>Ke BbIICP>XKaHHbBIC B BOJIE B TeUEHUE ABYX CYTOK U 3a-
TeM HaJ BOJIOI HE MEeHee IBYX CYTOK.

Mopo30CcTONKOCTh (DParMeHTOB KJIaJo0K MpPU OIHO-
CTOPOHHEM 3aMOpa*KMBaHUM OLICHUBAJIM IO HM3MEHEe-
HUIO TIPOYHOCTH CIETIICHUS (aare3ni) 0JI0KOB CO CIIOEM
LITYKaTypKH, C KJIaJOYHBIM PacTBOPOM, KJIEeBOI KOM-
MMO3UIINEH, a TAKXKE TIPOYHOCTU Ha BBIPHIB XUMUYCCKHX
AHKEPOB.

I'pacduku n3MeHeHUs TeMIepaTyphbl Ha TIOBEPXHOCTU
Y B TOJIIIE KJIAJIKKW TIPU TTPOBEIEHUYU UCITBITAHUI HA MO-
PO30CTOMKOCTh METOAOM OIHOCTOPOHHEIO 3aMOPaKM-
BaHMSI B XOJOMWJIbHO-IOXIeBoi yctaHoBKe XJ1V-0.2
MnpeacTaBjieHbl Ha rpadukax puc. 4.

Ilo pesynbTaTaM aHalM3a JaHHBIX, MOJIYYEHHBIX B
XO/Ie IKCTIEPUMEHTATbHBIX MCCIIeNOBaHUI, YCTaHOBIIE-

Tab6nuua 3
Table 3

N3meHeHne NpoYHOCTU 06pasLLOB A4EeUCTOro 6eToHa aBTOKJIaBHOIO TBepPAEHUS NOCe LUKII0B
3aMopaXxMBaHUs-OTTauBaHUSA NPU OTTaMBaHUU C NOJIHbIM MOrpPy>XeHUeM B BOAY MO OTHOLLUEHUIO K KOHTPOJbHbIM,
BblAepPXXaHHbIM B BOAE B TeYeHue ABYX CYTOK
Change in the strength of samples of autoclaved cellular concrete after freeze-thaw cycles,
when thawed with complete immersion in water in relation to control ones kept in water for two days

CpepaHee 3HaYeHne NPOYHOCTN M3MeHeHne NpOYHOCTM NO
Linknbl 3amopaxmnsaHuns- CpepnHee 3Ha4YeHne NPoYHOCTH
npu CXaTuUn KOHTPOJbHbIX OTHOLUEHMIO K KOHTPOJIbBHOMY
oTTamBaHus npw cxartun, MlMa
obpas3uos, Mla obpasuy, %
1 2,41 +10
3 2,24 +2,3
5 2,17 2,19 -0,9
10 1,84 -16
15 1,78 -18,7

reoMeTpUYECcKUX napameTpoB.

Mpumeuanume. Nocne 20-ro umkna o6pasLbl UMEDT NPU3HAKM Pa3PYLUEHVS: LIEMYLLEHNE MO rPaHsM, NOTEePS MePBOHAYabHbIX
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Tabnuua 4
Table 4

N3meHeHne NpoYHOCTU 06pPas3LLOB A4EUCTOro 6eToOHa aBTOKJIAaBHOIO TBepAEeHUs NOCie LUKIJIOB
3aMopaXxuBaHUs-OTTauBaHUA NPU OTTaMBaHMU B BO3AYLUHOW cpeae
C OTHOCUTENIbHOW BNAXXHOCTbIO BO3ayxa 95+2% no OTHOLLUEHUIO K KOHTPOJIbHbIM,
BblAEep>KaHHbIM B BOAE B TeYEeHMeE ABYX CYTOK U 3aTeM Haj, BOAOW B TeYEeHUe ABYX CYTOK
Change in the strength of samples of autoclaved cellular concrete after freeze—thaw cycles,
when thawed in an air environment with a relative humidity of 95+2% relative to the control,
kept in water for two days and then above water for two days

CpepHee 3Ha4YeHue NPoYHOCTH I3MeHeHne nNpoYHOCTU Mo
Linknbl 3amopaxmnBaHus- CpepHee 3Ha4eHune NpoYHOCTH
NPV CXaTum KOHTPOJIbHBLIX OTHOLLEHMIO K KOHTPOJSIbHOMY
oTTamBaHus npw cxatumn, MlMNa
obpa3uos, Mla obpa3suy, %

5 2,33 +7,4

10 2,32 +6,9

15 2,31 +6,5

20 2,15 -0,9

30 2,04 2,17 -6

40 1,94 -10,6

50 1,91 -12

75 1,80 -17,1
100 1,71 -21,2

reoMeTpnyecknx napamMmeTpos.

npumeqauue. Mocne 140-ro umkna O6p83LI,bI MMEIOT NPU3HaKN pa3pyLlueHnd: wenyweHmne no rpaHam, notepd nepsoHavyasibHbIX

HO, 9TO mocJie mpoBeaeHUS 150 IIMKIIOB OAHOCTOPOHHETO
3aMOpakMBaHUSI—OTTaMBaHUS—HarpeBa—YyBIaKHEHUS
MPOYHOCTh CLEIUIEHUSI OJIOKOB M3 SIYEUCTOro OeTOHa
ABTOKJIABHOTO TBEPAEHMSsI ToHu3uIach Ha 27% (tabi. 1).
ITpouyHOCTB Ha BBIPBHIB XMMUUECKOTO aHKepa B KJIaIKe 13
0JIOKOB U3 SIYEHMCTOTO OETOHA aBTOKJIABHOTO TBEPACHUS
cuusmwiach Ha 14%. [IpoyHOCTh ClerIeHUs] OJIOKOB U3
STYCMCTOrO OETOHA aBTOKJIABHOIO TBEPACHUS C KJIamod-
HBIM paCTBOPOM ITOBBICHIIACH, UTO TOBOPUT O IIPOIOJIKA-
fo1eMcsl Habope MPOYHOCTH KJIaJ0YHOTo pacTBopa Mpu
LUKIMYECKNX BO3AcicTBUSIX. Kpome TOoro, ocHoBHas
IUTOIIAAb 30H PACIOJOXEHUS KJIaIOYHOTO pacTBOpa U
KJIesT He ObUIa 3aTpOHYyTa 3HAKOIIEpEeMEHHBIMU BO3ICH-
CTBUSIMHU, TIOCKOJIBKY HAXOAWJIach B TOJIIE KJIAAKU W3
JIETKOOETOHHBIX 0JIOKOB, 00J1a7al0IINX BEICOKUM TEPMU-
YECKHNM COITPOTUBIICHUEM.

Taxkum 06pa3oM, B KaUeCTBE KOHTPOJMPYEMBbIX TTapa-
METPOB, OIIPEAe/ISIEMbIX Pa3pyIIAIINMUA METOIAMU,
11eJIeCO00Pa3HO MPUHSATH MPOYHOCTh CLICTUICHUS (aare-
31M) OJJOKOB CO CJI0EM IITYKATYypPKH, a TaKXKe ITPOUHOCTD
Ha BBIPBIB XUMHIECKIX aHKEPOB.

3akioyeHne

KOHCTpYKIIMOHHO-TEJION30JIIUOHHbIC JIETKUE
OCTOHBI, IMPUMEHsIEMbIE B HAPYKHbBIX OTPaXKIaroIIuX
KOHCTPYKIUSX, CYIIIECTBEHHO CHIXAIOT TEIIJIOBBIE ITO-
TepH 3IaHUS B XOJOAHBIN Tepro roga. B padote penne-
Ha 3aJaya YCTAaHOBJICHUSI KPUTECPUEB OICHKU CTOMKO-
CTH HapYXXHBIX CTEH M3 JIETKOOETOHHBIX 0JOKOB K ITO-
IIEPEMEHHOMY 3aMOPaXMBAaHUI0O U OTTAMBAHUIO B
JTabOpaTOPHBIX YCIOBUSIX. BriepBEIe pOBEaEeHBI MCCIIE-
JIOBAaHUSI MOPO30CTOMKOCTH KJIAIOK U3 STYEUCTOro OETO-
Ha aBTOKJIABHOTO TBEPACHUS TIPH IIUKIIaX OMHOCTOPOH-
HEro yBJIaXXHEHUSI—3aMOpaXKMBaHUSI—IIPOrpeBa, 4YTO

HauboJjiee OJIM3KO K peaJibHbIM YCJIOBMSIM 3KCILTyaTa-
LI HApY>KHBIX CTCH.

B pesynbrate mpoBeneHHbBIX UCCICIOBAaHUI TOTyYe-
HBI (PU3NKO-MeXaHMYeCKHe U TeTIo(U3NIeCcKe Xapak-
TePUCTUKHU TETIOM3O0JIIIIMOHHO-KOHCTPYKIIMOHHBIX O¢-
TOHOB. YCTaHOBJIEHbI 3aBUCHUMOCTM TEILJI03alIUTHBIX
Ka4yecTB OT CTEICHM YBIAXKHEHHUs MaTepuaia, a TakkKe
MPOYHOCTU OT YCJIOBMI OTTarBaHUsI 0Opa31iOB B BOJIE U B
BO3MYIIIHOM CpeJie.

OtpaboTaHbl OCOOEHHOCTU MPOBEACHUS UCTIBITAHUI
JIETKOOEGTOHHBIX OJIOKOB, B TOM YMCJe Ha (parMeHTax
KJIaIOK B TIpoIIecce IMUKITNUECKIX TeMIIepaTypHO-BIaX-
HOCTHBIX BO3IEUCTBUI MPU OMHOCTOPOHHEM 3aMOpaXKu-
BaHMU. Pe3ynbpraToM SIBIIsSIeTCS Ha3HAUY€HUE HOPMUpPYe-
MBIX TTapaMETPOB CTCHOBBIX KJIATOK M3 JIETKOOECTOHHBIX
0JIOKOB MPU OILIEHKE MOPO30CTOMKOCTH.

Pe3ynbraThl MpuMeHUMBI TIpU pa3paboTKe W aKTya-
JIM3allMM HOPMATUBHBIX, TEXHUYECKMX U OpTaHU3aIOH-
HO-METOAUYECKUX TOKYMEHTOB IO IIPOCKTHUPOBAHUIO
CTEHOBBIX KJIAJOK M3 JETKOOETOHHBIX OJ0KOB, B YacT-
HOCTU TpU pa3paboTKe HAIMOHAJIBHOIO CTaHAapTa
«Kitagkm cTeHOBBIE 113 JIETKOOETOHHBIX 0JIOKOB. MeTOombl
OIpeaeICHUSI MOPO30CTOMKOCTU».
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3meHeHue yaenbHOro 3/1eKTpMYecKoro ConpoTUBIIEHMSA
ToKonpoBoAsALlero 6eToHa B npouecce TBepAeHUs

lpoBejeH aHanu3 MeTOAO0B MOJSTy4eHNs TOKONPOBOAALLEro 6eTOHA 1 BNNAHWUA €ro coCTaBa Ha YAenbHOe 3/IeKTPUYEeCKoe CONPOTUBIIEHNE.
MpenfioxeHbl COCTaBbl KOMMNO3ULMOHHOMO BSXKYLLEr0, NOJTy4aeMOro COBMECTHbIM NPeBaPUTESIbHbIM NepeMeLLBAHNEM CYXMX
KOMMOHEHTOB [0 3aTBOPEHUS, BKITHOHAKLLMX NOPTNAHALEMEHT, TEXHUYECKUIA YrriepoA B konuyectse 15 n 30% 0T Macchl BSXYLLEro, a
TaKXXe NopowwKoo6pasHbIi nnacTudukarop. MNposeeH aHann3 nony4YeHHbIX JaHHbIX 00 U3MEHEHUN YOeSIbHOr0 3/1eKTPUYECKOro
COMPOTUBIIEHUS MPW TBEPAEHNN B HOPManbHbIX YCNOBUAX. [TonyyeHa 3aBUCUMOCTb MPOYHOCTU U U3MEHEHUSA YENTbHOr0 3/1eKTPUYECKOro
CONpOTMBIIEHNA OT COOTHOLLUEHNA MUHEPanbHOro BAXYLLEro 1 TOKONPOBOAALLIEro KOMMNOHEHTA.

Knioyesbie cnoBa: TOKONPOBOAALLNIA OETOH, YAENIbHOE 3/IeKTPUHECKOEe CONPOTUBNEHNE, rnapaTaumns, NopTIaHALEMEHT.

Ins yutuposanus: NMapcen 0.A., baxpax A.M. 13meHeHue yaenbHOro 3NeKTPUHECKOro CONPOTUBIIEHNS TOKONPOBOAALLEr0 66TOHA B
npouecce TBepaeHus // CtpoutesnbHbie matepuansi. 2022. Ne 11. C. 10-14. DOI: https://doi.org/10.31659/0585-430X-2022-808-11-10-14
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A.M. BAHRAH, engineer (postgraduate student) (antonbahrah@mail.ru)

National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, 129337, Moscow, Russian Federation)

Change in the Specific Electrical Resistance of Conductive Concrete During the Hardening Process

The analysis of methods for obtaining conductive concrete and the influence of its composition on the specific electrical resistance is carried out. The compositions of a composite bind-
er obtained by joint preliminary mixing of dry components including Portland cement, carbon black in the amount of 15 and 30% of the binder weight, as well as a powdered plasticizer
before mixing with water, are proposed. An analysis of the data obtained on the change in specific electrical resistance during hardening under normal conditions was carried out. The
dependence of strength and change in specific electrical resistance on the ratio of the mineral binder and the conductive component has been obtained.

Keywords: conductive concrete, specific electrical resistance, hydration, Portland cement.

For citation: Larsen 0.A., Bahrah A.M. Change in the specific electrical resistance of conductive concrete during the hardening process. Stroitel’nye Materialy [Construction Materials].
2022. No. 11, pp. 10-14. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-10-14

DIJIEKTPOTEXHNIECKIE CBOICTBA OETOHOB MOTYT ITPH-
MEHSIThCS B IIMUPOKOM CIIEKTPE OTpaciieii: 3J1eKTPOIHEP-
TEeTUKE, CTPOUTEIBCTBE, OOOPOHHO-TIPOMBIIIICHHOM
kommiekce [1—4]. ToxomnpoBoasiinue KOMIO3UTHbIE
BJICKTPOIIPOBOAHbIE MaTepHUabl MOIYT ObITh M3 MMHE-
PaJTBHOTO BSIKYIIETO WJIW MOJIMMEPHOTO CBS3YIOIIETO B
3aBMCUMOCTH OT COCTaBa, HA OCHOBE KOTOPOI'O OHU M3-
rOTaBJIMBAIOTCS. DJIEKTPOIIPOBOIHBIN OETOH Ha OCHOBE
LIEMEHTHOT'O BSDKYIIIETO ITOJIyY /I Ha3BaHUe «0eTaI», MIIK
«TOKOTIPOBOISIINI» OETOH.

B cTpouTtenbcTBe HanboIee aKTyaJbHO UCIIOIb30Ba-
HUE TOKOIIPOBOASLINX KOMIIO3UTOB Ha OCHOBE LIEMEHT-
Hoit Matpuiel. DopMUpOBaHUE CTPYKTYPHI LIEMEHTHO-
ro KaMHs SIBJIIETCSI YPE3BbIYAHO CJIOKHBIM IPOLIEC-
COM, OIIPEACISIIONINM BO3MOXHOCTh PACITUPEHUS JTUOO0
ycanaku [5].

TokomnpoBoasiye 6ETOHBI IOJYYalOT 3a CUET BBEe-
HUSI TOKOIIPOBOASIINX KOMIIOHEHTOB, TaKMX KaK TEX-
HU4YecKuii yriepon [6], xokc [7], yriepomHas ¢uod-
pa [8], MmeTaymmmdecKast cTpyxka [9], yriaepoaHble HaHO-
Tpyoku [10, 11].

Ha ocHOBe TOKOIPOBOISIIINX KOMIIOHEHTOB, COAEP-
KallMX MeTauIMyeckyto guopy, Obu1 pazpaboTaH 0cobo
BBICOKOITPOYHBII 0eTOH. ABTOPHI [ 12] MpoBoauiu uccie-

JIOBAHMSI 3aBUCUMOCTH JIEKTPUYECKOTO COIIPOTUBIICHUS
0c000 BBICOKOMpPOUHOro ¢pudpoderoHa. MakcumaabHOe
conepxanue (Guopbel coctaBuiao 3% oOiiero oobema.
B 06pa3ubI-TipU3MBI IPU TBEPACHUM TTOTPYKAJIICh MEI-
HbIE TUTACTUHBI, C TTIOMOILBIO MYJIbTUMETPA ITPOBOAMINCH
U3MEepeHUs YACIBHOTO 3JICKTPUIECKOTO COITPOTUBICHUS.
OO6pa3ibl IOCAe YaCTUYHOrO pas3pylleHUs ToKa3aiu
CHIDKEHUE 3HAYECHUSI YACIbHOTO JIEKTPUUECKOTO COMPO-
TUBJICHUS, TIPU 3TOM M3MEPEHMS TTPOBOAMINCH IO HE-
CKOJIBKMM HampaplieHUsIM. BbLIO yCTaHOBJIEHO, YTO YBe-
JIMYCHUE TIPOBOAUMOCTH CBSI3aHO C TTOBEHIIIICHUEM KOJIH-
YyecTBa KOHTAKTOB MeXIy (GUOpOIA.

B pa6orte [13] mpenioxkeHO COBMECTHOE UCITOJIb30Ba-
HUE METANTMIECKOM (DUOPHI M CTATBHON CTPYKKU TPU
CJICIYIOIIEM pAacXojie TOKOIPOBOASIINX KOMIIOHEHTOB
[UISL TIoJydeHus: Oerasia: crajbHas (ubpa 1-3 00. %;
cranbHas cTpyxkka 5—40 06. %. [1pu 3TOM GbLIU MOJY-
YeHbl CJIEAYIOLIME XapaKTepUCTUKM OeTdjia: yaeabHOe
aJIeKTpuyeckoe corpotusieHue 1—40 Om-cm, mpenen
MPOYHOCTU TpU cxKaTuu He MeHee 30 MIla, mioTHOCTD
1450—1850 xr/m3.

Taxske 111 TIOJyYeHUsI TOKOIIPOBOISAIIETO OeToHa
npuMeHsieTcsl yriaepoaHas ¢ubpa. B padore [14] mony-
YeH OET3JI C YACIbHBIM 3JIEKTPUUCCKUM COITPOTUBIICHM -
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Puc. 1. IlamepeHne conpoTueneHuns obpasua
Fig. 1. Sample resistance measurement

Ta6nuua 1
Table 1
XumMunyeckuii coctas
KnuHkepa LLEM 0 52,5H
The chemical composition
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Bpems TBepaeHus, cyT
Puc. 2. IameHeHve yaenbHOro 91eKTpU4eckoro ConpoTuBieHns 06pasLioB Npu TBepaeHUN B
HOpMaJibHbIX yenoBusx: @ — 15% TexHuueckoro yrinepoaa; € — 30% TeXHUYEecKoro yriepoaa

Fig. 2. Change in the electrical resistivity of samples during hardening under normal
conditions: @ — 15% carbon black; € — 30% carbon black

45
of clinker CEM 0 52.5N y=0,8839x+ 20,116 °
40 -
CopepxaHune KOMMOHEHTOB, % 35 L
(]
=
SiOy | AlbO3 | FepO3 | CaO | MgO | RoO | SO3 S g0k
=
=
=
21,65 5,05 | 3,65 |66,37| 1,32 0,63 | 3,09 % 25
3
S 20 e
Tabnmmua2 ¢ y=0,3043x +9,3222 o
Table 2 z 15
MwuHepanormyeckuii coctas §
knuHkepa LLEM 0 52,5H 10 =
Mineralogical composition *
of clinker CEM 0 52.5N 5
o) Y Y
CopnepxaHuie KOMMOHEHTOB, % 123 456 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28
Bpewms TBepaeHus, cyt
C3S Ca2S CaA CaAF Puc. 3. KuHeTnka Habopa Npo4HOCTN KOMMO3MLMOHHOIO BsxXyLlero: @ — 15% TexHnyeckoro
yrnepogna; € — 30% TexHW4eckoro yrnepoaa
64 14 7 1 Fig. 3. Kinetics of strength development of the composite binder: @ — 15% carbon black;
@ - 30% carbon black
Ta6bnuua 3
Table 3
CocTaB o6pasuoB
Sample composition
Ne Copep>xaHne Copep>xaHne TeXHNYeCcKoro CopepxxaHve nnactudukarTopa B/B Pacnnbis $opmbl-
obpasua | LLEM 0 52,5H, % yrnepoga, mac. % Monunnact ClM-3, % OT Macchbl BAXYLLErO KOHyCa, MM
1 85 15 1,5 0,5 200
2 70 30 3,2 0,5 200

eM 45—55 Om-cM myTeM 100aBIeHUS YIJIEpOIHON (hUOPHI
B KosimuecTBe 2% OT Macchl 1ieMeHTa. [TomyyeH TOKO-
MPOBOASIINI OETOH CO CTAOUJILHBIMU CBOMCTBAMU, OJI-
HaKoO, TPMHUMAsi BO BHUMaHWE CTOMMOCTh yTJIEPOTHOU
¢ubphI, MaccoBoe MPUMEHEHUE TaKOK TEXHOJIOTUU 3a-
TPYAHUTEJIBHO, YTO CBI3aHO C HU3KOW 3KOHOMUYECKOUN
9(bGhEKTUBHOCTHIO.

I'eomeTpuueckue napameTpbl (GUOPHI OKa3bIBAIOT pe-
maoiiee 3HaueHWe Ha IMOJyYeHUEe TOKOIPOBOISIIETO
oetoHa. ComracHo gaHHbIM [15, 16] onTuManbHBIMU
rCOMETPUYCCKUMU TapamMeTpaMu (QUOPHI  SIBISIOTCS

nnvuHa 3—15 MM M auaMeTp B HECKOJIbKO MMKPOH.
HoctatouHo 3¢ (GEeKTUBHO MCITOIB30BAHUE YIICPOIHBIX
HAHOTPYOOK, OAHAKO pa3BUTHE TEXHOJIOIMU OCTAHABIIM -
BaeT UX BbICOKAsI CTOUMOCTb.

B oreuecTBeHHO# MpaKTWKe HAMOOJBIIEE Pa3BUTHE
MOJIYYMJIA MCCIIEIOBAaHUS B 00JACTH TOKOIPOBOMSIINX
0eTOHOB ¢ J00aBIEHUEM TEXHUYECKOTO YTIIepoa.
Bonbioe koanuecTBo padot [17—21] nmocpsieHo usyye-
HUIO BJIMSHUSI TAKMX CBOMCTB TEXHUYECKOIO YIJIEPOJa,
KaK CTPYKTYPHOCTb M yIeJbHasI TOBEPXHOCTh Ha ITPOBO-
JHMMOCTb KOMIIO3UTOB. BMecTe ¢ TeM BiusiHUE Ipoliecca
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ruapaTauvu IopTiIaHaeMeHTa Ha (OpMUPOBaHUE
TOKOIPOBOASIINX LIENOYEK U3 TOKOIPOBOISIIETO KOM-
IMOHEHTA U3YYEeHO HETOCTATOYHO.

Marepuajbl 1 METObI

B paboTe nprMeHeHBbI ClIeayIole MaTepyuaIbl:

* 0e3mobaBouHbIil moptiaaHaumement IHEM 0 52,5H
npousBoactBa 000 «Xaitmenvoeprllement Pyc»
HoBorypoBCcKOro 11eMeHTHOI'O 3aBOjia B COOTBETCTBMU C
IF'OCT 31108—2020 «lleMeHTHI OOIIECTPOUTEIBHBIE.
TexHuveckue yCIOBUS» CO CIEAYIOINIMMM XapaKTepH-
crukamu: Sy;=3970 CM2/T; CPOKaMM CXBAaThIBAaHUS: Ha-
yajioM — 205 MuH, KoHell — 245 MUH; HOPMaJIbHOM Ty-
CTOTOI LIEMEHTHOTrOo TecTa 29%; MPOYHOCTBIO IPU CXKa-
MU B Bo3pacTe 2 cyT — 29,5 MIla; npoyHOCTbIO TIpU
cxkatun B Bo3pacte 28 cyt — 58,4 MIla. B ta6n. 1 u 2
MpEeaCTaBIICH XUMUUECKUI M MUHEPAJIOTUUSCKII COCTaB
KJIMHKEPa;

» TexHuueckuit yrimepon Mapku K-354 cormacHo
I'OCT 7885—86 «Yriepoa TeXHUUECKUI AJIsT POU3BO/I-
CTBa pe3uHbl. TeXHUUeCKHe YCIOBUSI»;

* cynepruiactTudumpyoiias nobaska [logumnmact
CII-3 B BuAE BOJOPACTBOPUMOTO IOPOIIKA TEMHO-
KOPHUYHEBOrO LIBETa HAa OCHOBE COIIOJMMEpa IOJIM-
MeTuJeHHa(TaJIuHCyIb(poHaTa U JUMTHOCYJIb(hoHAaTa
HaTpus;

» Boga corimacHo ['OCT 23732-2011 «Boma mis
OETOHOB U CTPOMUTEJIbHBIX PACTBOPOB. TexHUYecKue
YCIIOBUSI».

Jlnst obecrieueHus1 a3 pekTa caMOyIJIOTHEHUS UCCIe-
JIOBaHWE MPOBOAMUIOCH HA PAaBHOIOABMXHBIX CMECSX
KOMITO3UIIMOHHOTO BsXyIero. [Ipu aToM guameTp pac-
mibiBa cooTBeTcTBOBaN 200 MM, TMOJy4eHHBIM TIPU UC-
MOJIb30BAaHUU (DOPMBI-KOHYCA B COOTBETCTBUU C
T'OCT 310.4—81. LleMeHTHOE TECTO M3TOTABINBAJIOCH C
OIMHAKOBBIM KOJIMYE€CTBOM BOIbI 3aTBOPEHMSI, PABHBIM
0,5 oT Macchl KOMIO3UIIMOHHOTO BSDKYIIETO U Pa3iny-
HBIM KOJWYECTBOM cCyTlepruiacTuduiypyloiieii n1o0as-
KW, pacxoj KOTOpo# Haxomujcs B mpenenax 1,5—3,2.
IIpumeHeHue OOJBIIET0 KOJAWYECTBA CyMNepIuiacTU(u-
KaTopa OOBSICHSIETCSI BBICOKOM YIEIbHOM MOBEPXHOCTHIO
TEXHUYECKOTIo yIjIepoa.

W3mepeHune 3HaYeHU aOCOMIOTHOTO 3JIEKTPUYECKO-
TO COTIPOTUBJIEHUS TIPOU3BOAMIOCH TN POBBIM MYJIBTH -
merpoM RGK DM-30 776448, BHeCeHHBIM B rOCpeecTp
U3MEPUTEILHOTO 000pynoBaHus. U3MepeHust mpon3Bo-
IWJIKCh Ha obpaslax B (popme mapajuiesenuriesa ¢ pas-
mepamu 200X100X5 MM myTeM NOAKIIOYEHUS IIYIIOB
MyJIETUMETpa K IMPOBOIAM, COCAMHEHHBIM C METaJLIM-
YECKMMU KOHTAaKTHBIMM IUIACTUHAMM C pa3MepaMu
30x80 MM, pacToJIOKeHHBIMU BHYTPH oOpa3iia Ha pac-
crogHuu 100 MM Apyr OoT gpyra, CAMMETPUYHO Pacoio-
JKEHHBIMU OTHOCHUTEJIbHO MOMEPEYHOIO U MPOL0JIHLHOIO
ceueHuii oopasua (puc. 1).

3HaYeHMS YAEIbHOIO 3JICKTPUYECKOrO COIPOTUBIIE-
HUSI PacCUMTHIBAJIMCh Ha OCHOBAHWM TIOJyYEHHBIX W3-
MepeHMII abCOIIOTHOIO 3JIEKTPUYECKOIO COMPOTHUBIIC-
HUSI Y TeOMETPUYECKUX ITapaMeTPOB 00pa3Lia B COOTBET-
CTBUM ¢ 3aKoHOM OMa JIJIs yJacTKa LerH.

Pe3ynbTaThl Hcciie10BaHUS

bbb 13roToBIEHBI 00pPa3Ibl KOMIIO3UITMOHHOTO BSI-
JKYIIEro, MOJy4YEeHHOIO0 Ha PaBHOIMOJABUXKHOM TECTE IS
U3MEPEHUS AIEKTPUIECKOTO COIMPOTUBICHUS B COOTBET-
CTBUM C METOIMKOM, ONTMCAHHOM BBIIIIE, a TAKXKe 00pa3-
bl-6aoukn pazmMepoM 160x40x40 mm. CoOOTHOLIEHUS
KOMITOHEHTOB M CBOICTBA TecTa MPUBEACHBI B TaOJ. 3.
OCHOBHBIM OTJIMYMEM COCTABOB APYT OT Ipyra SIBISIETCS
KOJINYECTBO TOKOIIPOBOASIIETO KOMITOHEHTA, KOTOPOE
coctaBuiio 15 u 30% mist cocraBoB Ne 1 u 2 cooTBeT-
crBeHHO. [lpu 3TOM 3HauMTENbHAs BOJOMNOTPEOHOCTH
TEXHUYECKOTO YIJepojaa MmoTpeboBaia yBeJIUIeHUST KO-
JMYecTBa IactTugukaTopa 0ojiee yeM B JBa pa3a B CO-
craBe No 2 ISl TIOJIydeHUSI PaBHOIIOABIKHOM CMECH.

ITocne cxBaTbIBaHUST U TBEPACHUS B TeUEHUU 1 CYT B
BO3IYIITHO-CYXUX YCIOBUSX 00pa3ilbl ObUIM pacrnaayoJie-
HBI ¥ TIOMEIICHBI B KaMepy HOPMAaJIbHOTO TBEPACHUS.
Pesynbrathl n3MepeHuii yaeabHOTO 3JIeKTPUUECKOro Co-
MPOTUBJICHUS TIPUBEIEHBI HA PUC. 2. YCTAaHOBJIEHO, UTO
coCTaB ¢ conepxxaHueM 15% TeXHUUECKOro yriaepona Ha
7-e CYyT HOPMAJbHOTO TBePACHUS MMEJ YISIbHOE DJICK-
Tpuyeckoe comnporusieHue 24,6 Om-M, Ha 28-e CyT —
153,1 Om-M. s coctBa ¢ comepxxanuem 30% TexHude-
CKOTO yIjiepoia 3TU 3HaueHus coctaBwin 42,6 u 38 Om'M
COOTBETCTBEHHO.

3HaueHne KO3(pPUIIMEHTA IIPU apryMEHTE aIlIpOK-
CUMUPYIOLIEHA MPSIMONA 3aBUCUMOCTH YAEIBHOIO 3JIEK-
TPUUECKOTO COIPOTUBJICHUS OT CpOKa TBEPACHUS CO-
cTtaBWwIoO 5,62 mig coctaBa ¢ comepxaHueMm 15% tex-
Hu4yeckoro yrirepona u 0,21 mirsg cocrasa ¢ 30% TexHnde-
ckoro yriepona. I[Ipu a3ToM compoTuBieHne 00pas3ma ¢
30% TexHu4eckoro yriaepoaa B Bodpacte ot 1 mo 10 cyr
TBEPICHUS MPEBHIIIAI0 3HAYEHNE COMPOTUBICHUS IS
obpasia ¢ comepxaHueM 15% TeXHUUECKOTO yriepoa.
IMonyyeHHbIe pe3yabTaTbl MOTYT OBITh OOBSICHEHBI Ha-
JMarieM OOJIBIIIeTO KOJUYECTBA MOHOB PACTBOPUMBIX
MUHEPaAJIOB MOPTIAHALIEMEHTHOIO KJIMHKEpa, a Takxke
OoJiee 3HAUUTEIbHBIM U3MEHEHNEM MX COACPXKAHMS IS
coCTaBa ¢ MEHBIIIUM KOJTMYECTBOM TEXHUYECKOTO YIJie-
pona. JIOTMYHO MPEeanoJOXUTh, UYTO U3MEHEHUE YIeIb-
HOTO 32JIEKTPUYECKOTO COTIPOTUBIIEHUS MOXET OBITh
CBSI3aHO C MPOLIECCOM TUApaTaliv IMOPTIaHALEMEH-
Ta (puc. 3).

Jlanee oOGpa3Lbl MOABEPraauch MPOUYHOCTHLIM UCTIbI-
TaHUSIM. BBLIO yCTaHOBAEHO, UTO TTPOYHOCTH COCTaBa C
coliep>kaHUeM B KOMITIO3UIIMOHHOM BsKyIeM 15% Tex-
HWYECKOTOo yriaepona coctaBmia 26,8 MIla Ha 7-¢ cyt u
42,5 MIla na 28-¢ cyT. [Ipo4HOCTH KOMITO3UIIMOHHOTO
BSTKYIIIETO ¢ conmepskanreM 30% TeXHUYECKOTO yIriiepona
Ha 7-e cyT coctaBmia 13,5 MIla, na 28-e cyr— 16,5 MI1a.
DTO 00BSICHSIETCS TIOBBIIIIEHNEM 00beMHOM KOHIIEHTpa-
LIMM TEXHUYECKOTO YIepoaa, OCIa0IsIOIIEro CTPYKTYPY
LIEMEHTHOTO KaMHS.

BoiBoapl
1. ITosrydeHBI COCTAaBBI KOMITO3UIIMOHHOTO BSIKYIIETO
C TIOBBILICHHOM BJIEKTPUYECKON MNPOBOAMMOCTBIO Ha
OCHOBE TIOPTJIAHALIEMEHTa, TEXHMYECKOTO YIjepoma B
kommuectBe 15 u 30%, a Takxke MOPOIIKOOOPA3HOIro
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cynepriactiudukaTopa. BeeneHue TeXHUYECKOro yrie-
pola B COYCTAaHWU C TMOBBIIICHHBIM KOJIMYECTBOM ILIa-
cTrurKaTopa TO3BOJISICT TOJYIYUTh KOMITO3UIIMOHHBIN
MaTepvaJl Ha OCHOBE MOpPTJaHAllEeMeHTa, o0Jagarolinit
ITOBBIIIICHHON 3JICKTPUIECKOI ITPOBOAMMOCTHIO.

2. I3yyeHo BIMSHUE BPEMEHU TBEPACHUSI KOMITO3M -
IIMOHHOTO BSKYIIETO B HOPMAaJIBHBIX YCIOBUSIX HA BEJIN-
YUHY YAEJTBHOTO 3JIEKTPUIECKOTO COPOTUBIeHUS. [T
cocraBa, cojaepxauiero 15% TeXHMYECKOro yrjiepoja,
yIETBbHOE 3JICKTPUUICCKOE COMPOTUBIICHNE OBUIO MCHbB-
e B Bo3pacte 1—10 cyT TBepaeHUsI, YeM JIsl COCTaBa C
copepxanueM 30% TeXHUYECKOTO YIJIepoaa, YTO MOXKET
OBbITb OOBSICHEHO OOJIBIIMM KOJUYECTBOM MOHOB pac-
TBOPUMBIX KOMIIOHEHTOB TOPTJIAaHIIIEMEHTa BBUIY
OOJTBIIIETO KOJMUECTBA BSLKYIIETO B cocTaBe. BMmecTe ¢
TeM B JajbHelinem odpaselr ¢ 30% TeXHUYECKOro yrie-
pona He mpeTepIies CYyIIeCTBEHHOTO N3MEHEHMS COTIPO-
TUBJICHUS, B TO BpeMsl KaK COIPOTUBJICHNE obpas3lia ¢
15% TexHMYECKOro yrjiepoaa yBeJIMYMIOCh 0oJiee YeM B
TpH pasa.

3. AHanu3 KMHETUKU Habopa MPOYHOCTU 0Opa3loB
ITOKa3ajl CYIIECTBEHHBIN IIPUPOCT MPOYHOCTHU IJISI 00-
pas3ioB coctaBa ¢ 15% TeXHMYECKOro yrjiepojaa, uTo
BIIOJIHE 3aKOHOMEPHO, 3a CUeT COIEpKaHUs OOJIBIICTO
KOJIMYECTBA BSLKYIIIETO, MEHBIIIETO KOJTUYECTBA TIJIACTH-
¢ukaropa, BBOAMMOIO ISl TOJYYCHMST PaBHOIIOABIK-
HbIX cocTaBoB. [Ipupoct mpouyHoctu ¢ 7-x o 14-e cyty
00pasioB coctaBa ¢ 30% TEXHUYECKOIo yriepona ObuI
HE3HAYUTEJICH.

4. Ha ocHOBaHUH MOJYYSCHHBIX JAHHBIX MOXHO CIe-
JIaTh BBIBOJ O BIMSIHMM TIpoliecca TWapaTalliy Ha U3-
MEHEHHE YIEIbHOTO 3JICKTPUUECKOTO COIMPOTUBICHUS
TOKOMNPOBOASIIIETO KAMHSI M3 KOMIO3ULIMOHHOTO BSLKY-
1LIETO, YTO MOXET OBbITb OOBSICHEHO YMEHBIIEHUEM CO-
JIep>KaHWsT CBOOOMTHOUW BOABI M MOHOB BOJOPACTBOPH-
MBbIX COCAMHEHUI MOPTJIaHALIEMEHTa B Heil, obecrneumn-
BAIOIIMX MOHHYIO MPOBOAMMOCTb HAa PAHHUX 3Tarax
TBEpAECHUs KOMITO3MIIMOHHOTO BsIKylIero. BmecTe ¢
TeM JAOTIOJTHUTEIBHOTO U3YyYeHHUS TpeOyeT BOIIPOC BIIH-
SIHASI U3MEHEHUM CTPYKTYpbl LIEMEHTHOIO KaMHS B
MpoIecce TBEPACHMSI Ha ILIETIOYKM TOKOIIPOBOISIIETO
KOMITOHEHTA.
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ICIEILYWATYbIHA SN TEPATYPAS

YUCJEHHBIE PACYETEI B TEOTEXHUYECKOW ITPAKTUKE

Y4yeOHOe U MPAKTHYECKOE MOCOOHe

MOJICIK TPYHTOB,

Astopsr: ManrymieB P.A., Ipskonos W.I1., ITonyaua B.M.

OnbIT MpUMEHEHMST KOHEUHO-3JIeMeHTHOI rporpaMmbl «I TJIAKCHC» (yuebHOe 1 mpakTHuie-
ckoe nocobue) / Ilox pepakuueit wi.-kopp. PAACH, n-pa texH. Hayk, mpodeccopa
P.A. Manrymesa. M.: U3a-Bo ACB, 2022. 316 c.

B yue6HOM M ITpaKTHUECKOM ITOCOOMU paCCMOTPEHbBI OCHOBHBIE IOJIOXEHUSI, IIPOTPaMMBbI 1
KCIIOJb3yeMble B KOHEYHO-3JIEMEHTHOM IIPOrpaMMHOM KOMILIEKCE
JIJTAKCHUC» (PLAXIS) kak B MJIOCKOW — JIBYXMEPHOM, TaK M TPEXMEPHON IOCTaHOBKE.
IIpencraBieH oOLIMPHBINA HA0OP YMCICHHBIX IIPUMEPOB, OTHOCSIIMXCS K pacyeTaM pa3JIMYHOro

TUIIA OCHOBAHUI U (DYHIAMEHTOB Y JaHbl peKOMEHAALIMU MO ucrojb3oBaHuio nporpamm «I[IJIAKCUC» (PLAXIS)
JUISL pelieHUs 3a7a4 10 OLIEHKE YCTOMYMBOCTY IPYHTOBBIX OCHOBAaHMIi, OTKOCOB M OTPaXKICHUI KOTJIOBAHOB, (DUJIb-
TPALlMOHHBIX M KOHCOJMIALIMOHHBIX 3a71a4 MEXaHUKU I'PYHTOB, a TaKXKe NMPU MOJACIMPOBAHMM 3a7ad IMHAMUKU B

TPYHTOBBIX OCHOBAaHUX.

Ilpednasnaueno 0na cmyoeHmos u acnupanmoe cmpoumenbHuix 8308 U (hakyabmemos, cayuiameneil Kypcoe u UHCmu-
MYMo8 NogvluleHUs K8AAUPUKAYUU UHIICEHEPOG-CmPoUmenell U NpaKmukKyrouux UHICeHePHO-MEeXHUYeCKUX pabomHUKO08

NPOEKMHbIX U CMPOUME/NbHbIX 0p20HM3ClL4LllZ.
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29 net KHAY®-cynepaucty
B POCCHH

baaeodaps akmueroil u ompbimoil UHGOPMAUUOHHOU NOAUMUKE HeMeUK Ol
komnanuu KHAY® nawu vumamenu Xopouio 3HaKoMbl ¢ ee npeonpusmusmu u
evinyckaemoii npodykyueil. Ha npomsacenuu muo2ux nem mol noddepoicusaem
denosvie ces3u c 3a600amu KHAY D 6 pasnoix pecuonax cmpambl, ux pyKogooumenu
u gedyuyue Cneyuaucmol HeOOHOKPAMHO GbICHYNAAU ABMOPAMU cmamell 8
acyprane «Cmpoumenshoie mamepuans»®. O0Ho u3 npednpusmuii KOMRAHUYU —
000 «KHAY® ' IIC JIzepoucunci» — compyoHUuKu pedaKiyuu 6HO8b ROCemul

6 okmsaope 2022 . 6 cé:3u ¢ 25-1emuem 0OKOHUAHUS NEPBO20 IMANA MOOePHUZAUUU
U nepexo0a Ha 8binyck UHHOBauUoHHoU npodykyuu — KHAY®D-cynepaucma.

Cnefyet OTMETUTb, YTO BbIMYCK CTPOUTENLHOIO TMNCA W FUNCOBONOKHUCTBIX INCTOB
ObIn Ha4at B . [13epXnHCKe HVXKEroponckoil 06NacTu eLle B COBETCKOE Bpems, Korga B
1986 r. BcTynun B CTPOIt 3aBoj «ABaHrapn». Havaswuecs B 1990-X rr. couuanbHO-NONUTH-
4eCKMe N 3KOHOMUYECKNE Npeo6pa3oBaHna He NMO3BONNAN NPEANPUATUIO BLIATU HA JOJXK-
HbIA YPOBEHb KA4eCTBA NPOAYKLMN 1 YCTIELLUHO 3aKPenuTLCA Ha TYPOYNeHTHOM, hopMupyto-
LLieMCA CTPOUTENIbHOM pbiHKe. B 1996 r. npegnpuatue 6bi1o Npuo6peTeHo HEMELKON KOM-
naHuen KHAYO®. Ve B 1997 1., nocne nepsoi MOAEPHU3ALMM, 3aBOA NPUCTYMIAN K BbIMYCKY
BbICOKOKa4eCTBEHHOI 6peHoBon npoaykunn — KHAY®-cynepnmeta — Ha OGHOBJIEHHON

KOHBeiepHON NnHMK. G Tex nop HaYanach HOBas UCTOPUS NPEANPUATUS C NOCTOAHHLIM pac-
LUNPEHEeM accopTUMEHTa, 06HOBMEHNEM 000pYA0BaHMS, BHeAPeHeM LieHHOCTen KHAY®.

C 1999 r. 3aB0A NOCTOAHHO BXOAWUT B PEMTMHI CTa NyHLUINX NPeAnpUATUA — NPOU3BO-
Jutenei ctpoutensHblx Matepuanos B Poccum. B 2021 r. 000 «KHAY® TNC O3epxuHck»
CTasno laypeatom 06LLEHALMOHANBHOr0 KOHKYPCA Ha JlydLlee NpeanpuaTie npoMbILLSIeH-
HOCTW CTPOUTENbHBIX MATepUaNioB 1 CTPOUTENBHON MHAYCTPUM W NOAYYNUNIO guniom | cte-
neHmn «3a JOCTUKEeHNE BbICOKON 3(PHEKTUBHOCTU 11 KOHKYPEHTOCMOCOOHOCTI B CTPOUTENb-
CTBE W MPOMbILUSIEHHOCTU CTPOMUTESIbHbIX MaTepuanos».

[uncosonokHucTble nucTbl (KHAY®-cynepnuct) — BbICOKOKa4eCTBEHHDBIN, 3KONOTUYe-
CKW YUCTbIA OTAENOYHbINA IMCTOBOA Matepumar, W3roTaBnnBaeTcs MeTOAOM MOJyCyxoro
NPECCOBAHMSA U3 CMECW TUMCOBOTO BSKYLLErO U U3MENIbYeHHbIX BOTOKOH MaKynaTypbl,
BbINOMHALWMX PONb apPMUPYIOLLEro HanonHuTens. Ero usnko-mexaHu4eckue cBoncTaa
NOSIHOCTbIO COOTBETCTBYIOT NOBbILLIEHHLIM TPE6OBAHUAM NOXAPHOA 6€30MaCHOCTH, TEN0-
11 3BYKOW30NIALNN 3[aHWIA, NPOYHOCTHLIM XapakTepUCTKaM KOHCTPYKLNIA.

BmecTe ¢ TexHu4eckum aupektopom Bagumom bopucoBuyem FankuHbiM Mbl MPOLLAN
MO TEXHOMOrNYeCKOM NIMHAK, OT TMMNCOBAPOYHON MEYM W y4acTka MOArOTOBKU Makynary-
pbl [0 AIWHMW NPOM3BOACTBA 3NMEMEHTOB COOPHOr0 OCHOBaHWs mona KHAY®-cynepnon
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1 YNaKoBKW rOTOBOW NpoAykuuu. KoHeyHo, Be3ae 4ucToTa, pas-
METKa Ans NepeaBvKeHns JH0AeN U TEXHOOTMMYECKOro TPaHCnop-
Ta, UHTYMTUBHO NOHATHAA MHAOrpaduka.

Ha npefLnpuatum BHepeHA COBPEMEHHas CUMCTeMa MEeHemX-
MeHTa KadecTBa. [JencTBYeT CO6CTBEHHAs NabopaTopms, OCHALLEH-
Has cambiM COBPEMEHHbIM 000pY0BaHNEM 1 YKOMMIIEKTOBAHHAA
BbICOKOKBAMMULMPOBAHHBIMIA CrELManmcTamu.

Tenno npuHsan Hac reHepanbHblii gupektop 000 «KHAY® MG
[3epxuHck» Anekceit bopucoBud CepryHuH. OH OTMETWN, 4TO B
HacTosLLee BpeMs Ha npeanpusatun Tpyautces 6onee 200 YenoBek.
HecmMoTpsa Ha HenpoCTY0 3KOHOMUYECKYIO cuTyauuio, B 2022 r. no-
TPeOUTENsM OTIPYXEHO faxe 60/blue npofykuuu, yem B 2021 T.

bonbLuoe BHUMaHVE YAeNAeTC MUHUMU3aLNI BO3LENCTBUS HA
OKPY)XatoLLYt0 Cpely COOCTBEHHOr0 NPOU3BOACTBEHHOrO KOMMIEK-
Ca, 3aKJII0YeH [0r0BOP Ha NPOKU3BO/ACTBEHHbIA KOHTPOSbL NO MPO-
MbILLEHHbIM BblGpocam ¢ PIY3 «LleHTp rurneHbl n anuaemmono-
run». Kpome toro, «KHAY® TWMC [3epXuHCK» ABNseTcs nepe-
paboTYMKOM OTX0A0B — Makynatypbl. OTxoabl nponssoacrtaa BJl
(06pesku, LWANnbING) BO3BPALLAKTCA B NTPOM3BOLCTBO W UCTOSb-
3YH0TCS MOBTOPHO.

FMNCOBONOKHUCTLIE JINCTDI

LLnpokomy BHefpeHuto [BJT B npakTUKy 0TEYECTBEHHOIO CTPO-
WTENbCTBA, KaK 1 B LIEMOM TEXHOMOrMW CYXOr0 CTPOMTENbCTBA,
pOCCUIACKIUE CTPOUTENU BO MHOTOM 0053aHbl KoMnanum KHAYO,
KOTOpas CYLLECTBEHHYIO [0S0 WHBECTULMIA HanpasnseT B 06yye-
HUE Ha BCEX YPOBHAX, CO3JaHWe HOPMATWUBHOW M METOLUYECKON
6a3bl NPUMEHEHWUS TUMNCOBOIOKHUCTLIX JINCTOB.

B accopTumeHTe npeanpuatuin — nponssoguteneit [BJT— KHAYO-
CYNepnmcToB — NUCTbI C MOBbILIEHHOI TBEPAOCTBI) W MAOTHOCTbH.
B 3aBucumocTi 0T TpebyemblX XapakTepUCTUK 1 YCNOBUIA SKCnyara-
LN NOMELLIEHNIA NINCTbI UCMONb3YIOTCA 1S YCTPOICTBA Orpaxkaaro-
LLUMX HEHECYLLWX KOHCTPYKLMIA: NeperopofioK, MOABECHbLIX MOTOJKOB,
BHYTPEHHE 06/MLOBKN CTEH, OCHOBAHWIA NMOMa 1 OTAENKM NyTeil 9Ba-
Kyauuu. ['BJT npakTn4ecky He3ameHUMbI NPK YCTPOIICTBE MaHCAPAHbIX
MOMELLIEHNIA, 30H 3BaKyaLl N OCHOBAHWIA NoJia (TaK Ha3blBAaeMOIA Cy-
XOW CTSHKKM), 0COBEHHO U3 COOpPHbIX 3remeHToB KHAY®-cynepros.

Hosblit FTOCT Ha rUNCOBONOKHUCTbIE NINCTDI

C 1 cbespans 2023 r. B cuny BCTYNUT pa3paboTaHHbIi npu y4a-
cTum cneunannctos komnaHun KHAY® Hosbiii TOCT P 51829-2022
«JTNCTbI TUNCOBOSIOKHUCTbIE U U3AENNSA HA UX OCHOBE. TeXHWYecKue
ycnosus» B3ameH FOCT P 51829-2001, B cocTaBneHn KOTOPOro
KHAY® Takxe npuHumMan y4actue.

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA
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Information

FOCT P 51829-2022 pa3pabatbiBancs B COOTBETCTBUN C EBPOMNEACKUM CTaH-
napToM Ha runcoBonokHucTbie nucTbl DIN EN 15283-2:2009. OTnu4nTenbHoi
0co6eHHoCTbio TOCT P fBNSeTCA TO, Y4TO B HErO BOLUMM HE TOMbKO FMNCOBOOK-
HWUCTbIE NIUCTbI, HO U U3JENUS N3 HIX — 3NIeMeHTbI Nona. B 4oKyMeHTe npuBefeH
HOBBII NOKa3aTesib — 06bEMHOE BOAONOINOLLEHNE, NOSBMIACH HOBAs MAPKMPOB-
Ka N1CTOB, BBEAEGHO B KATeropuu IUCTOB C NOBEPXHOCTHbIM BOAOMONOLLEHN-
€M BMECTO OfIHOI CYLLECTBYHOLLEIA.

Takxxe TeKCT AONOsHeH Tpe6OBaHMAMM K IUCTaM, KOTOPbIe ByAyT 0603Ha4e-
Hbl B MapKMPOBKe: MOBbILeHHas npoyHocTb (M1 u [12), TBEpLOCTb NOBEPXHO-
¢t (T), nnoTHocTb (M) v HeroptodecTb (HT). Hosbiii TOCT npusefeH B COOTBET-
CTBME C 3aKOHOAATENIbCTBOM B 06/1aCTW NOXAPHOI 6630MaCHOCTY B 4acTW CepTU-
hnKaunm runcoBONOKHUCTBIX SIMCTOB.

Cuctembl U KOHCTPYKUuM 13 KHAY®-cynepnucTtos

Aans obecneyeHns noxapHon 6e3onacHocTy

[na obecneyeHns HepacnpoCTPaHEHUs NAAMeHu, T. €. ero nokanusauun B
MecTe BO3rOpaHus, NPUMEHAOT METOAbl MACCUBHOM OrHe3alynThbl. JIMCTOBbIE
marepuansl KHAY® nomoratot mMakcuManbHO COXPaHWUTb (PYHKLMOHAIbHOE Ha-
3Ha4YeHMe M HECYLLYH CMOCOGHOCTb KOHCTPYKLWIA 30AHNA U COOPYXXEHWA 1 YBe-
NINYNBAIOT NPOMEXYTOK BPEMEHW OT Hadana noxapa A0 JOCTVKEHUS KpUTnYe-
CKOT0 COCTOAHUA KOHCTPYKLMIA 1 UX 06pYLIEHUS.

lpoTMBONOXAPHbIE NEPErOPOLKHM, NOTONKK, 0BNINLIOBKY, @ TaKXe Kopo6ba Ans
UHXeHepHbIX cuctem KHAY® orpaHuymBaloT pacnpocTpaHeHue orHs B YCnoBUsx
noXxapa, TeM CaMbIM MOMOras CnacTu XW3Hu NI0AeN 1 UMYLLECTBO.

OrHecToMKOCTb KOHCTPYKLMW — 3TO Npeaesi CONPOTMBIEHNS CUCTEMbl BO3-
JeicTBuo orHa. OH xapakTepu3yetcs BPEMEHeM CTOMKOCTW KOHCTPYKUWW, a
TOYHEe, BPEMEHeM, 32 KOTOPOe OrOHb He CMOXET ee Pa3pyLumTh (MPUBECTM K
00pYLLEHNIO) M NPOPBATLCS B COCEHEE MOMELLEHMe, eCn TeMnepaTypa Ha-
rpeBa B CMEXHOW KOMHaTe He CTaHeT KPUTUYHO. KOHCTPYKLMN AOMKHbI ObITh
CMOHTWUPOBAHbI Tak, YTO6bI 6bIS10 BPEMS AN TYLUEHUS NoXapa Unu 6e30MacHoli
JBakyauun. B 30Hax pucka, a Takxe B MecTax, rae npoxXoAsT NyTi 3BaKyauuu,
npeanoYTMTENIbHO MCMOMb30BaTh HEroployne mMatepuansl. B acCOPTUMEHTHO
nuueitke KHAY® B Poccun K Heropto4um marepuanam OTHOCATCH TUMCOBbIA
nnet KHAY®-®aitep6opa, MOBEPXHOCTb KOTOPOrO OKNEeHa CTEKNIOXOJNCTOM,
rUNCcoBONOKHUCTBIN nucT KHAY®-cynepnuct HI n nucToBoin matepuan us ner-
koro Getona AKBAMAHENB®. Mpepen orHecToikocTv CTaHAAPTHBIX KOHCTPYK-
umnin, Kotopble npeanaraet KHAY® Ha pocCMICKOM pblHKE, MOXET A0CTUraTh
240 MuH.

KOHCTPYKTUBHAA OrHe3awyuTa npUMeHAETCA ANs NOBbILEHUS npefena orHe-
CTONKOCTU CTaNIbHbIX KOJIOHH, 6anoK 1 hepM B XXMbIX, 06LLECTBEHHbIX U MPOU3-
BOJLCTBEHHbIX 3[aHUAX. B Ka4yecTBe KOHCTPYKTWBHOI OrHe3alnTbl NMPUMEHSIOT
KapKacHyt 1 6eckapkacHyio o06nmuoBkin KHAY®, orHesawuTHas 3ddekTus-
HOCTb KOTOPbIX gocturaet 180 MuH.

OrHe3awuTHble KabenbHble KOPo6a CHUXAIOT 3afbIMAEHUE U BbIAESEHNE
TOKCWYHbIX BELLECTB U3 HArpeBaroLLencs onneTk Kabenem 1 orpaHn41BaT pac-
NPOCTPAHEHNE OrHS M0 KabeNbHbIM JIMHUAM 1 3JIEKTPOTPAcCaM, NMPOXOAALLNM
4epes NomeLLeHNs C BbICOKOW KaTeropueli B3pbiBONOXapHoii onacHocTn. Kopoba
TaKXKe NPenATCTBYIOT BbIXOAY MAAMEHN B MOMELLEHNS B TeX Cry4asnx, KOraa OHO
pacnpoCTpaHAeTcs BHYTPU KabesibHbIX NUHWIA.

KaberbHble kopoba KHAY® npeactasnsoT co60M 0JHOCTONHY UK MHOTO-
CNOMHYI0 KOHCTpYKUMto n3 nnut KHAY®-Qaiiepbopp B 3aBUCUMOCTU OT Tpeobye-
MOro npefena OrHecToikocTu. KabenbHble Kopo6a MOHTMPYIOTCS Ha Kapkace
unu 6eckapkacHbIM cnoco6oM. OHWN UMEKT HOPMATWUBHBIA NPeen OrHeCTONKO-
CTW 1 MOTYT COXPaHATb paboTOCMOCOOHOCTb KabeNbHOM NNHWAK B YCNOBUAX MO-
Xapa Ao 180 muH.

lpoTuBonoxapHble neperopofkn KHAY® npefctaBniatoT cO60M KOMMIEKTHbIE
CUCTEMbI Ha OCHOBE JIUCTOBbIX MATEPUANIOB, KOTOPbIE NPUMEHAIOTCA 1S pasfene-
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3HakoBble 06beKTBI

M®K «OkeaHuc» B HmxHem HoBropoae — 0611eCTBEHHbIN
LeHTp ¢ 6osee yem 110 marazuHamu, pectopaHamu u kacgpe,
1nofA3eMHOV 1 HaseMHol napkoskoi Ha 1000 mecT. Ho rnaBHas
(hyHKUMOHANbHAs COCTABAAKLLAA KOMIIEKCa — KPyriorogmy-
HbI akBanapk. Ero MHTEPbEp HaChILLEH n3rubamm JMHWA, CMe-
LEHUEM MEPEKPbLITUI ranepen, NCKaXxeHHON nepcrnekTUBoM.

pu ctpoutensctee MOK «OkeaHuc» Obln UCM0/1b30BaHbI
KommnnekTHble cuctembl KHAY®: neperopogkn G362, C365 Ha
MeTann4eckom Kapkace ¢ [BYXC/IOMHOM 06LUMBKOA U3 FUMCO-
BOJTOKHUCTbIX JINCTOB TOALYMHON 12,5 MM; Pa3inyHble KapkacHo
00LLUMBHbIE cucTeMbI ¢ 06MLoBKamu n3 KHAY®-nnctos u Le-
MeHTHbIX nnuT AKBATAHESIB®.

HISt NOMELLIEHNIA Ha NOXXAPHbIE OTCEKM UM CEKLMN C LIENb NPeaoT-
BpaLLiEHNs pacnpOoCTPaHEeHNs MiaMeHun B YCIIOBUAX NoxXapa.

Mpenen orHecTokoCTH, B 3aBUCMMOCTI OT NPUMEHSEMbIX CU-
cTem, Bapbupyetcs oT El 45 no El 240, a unpekc 3Bykom3onsauuu ot
43 po 72 ob.

OrHecToiKMe NOABECHbIE NOTOMKM — [EACTBEHHOE PeLLeHne ans
OTPAXAEHNS HECYLLMX KOHCTPYKLUMA MEPEeKPbITAS N NHXEHEPHbIX
KOMMYHUKALMA OT OTKPbITOrO nniameHn. OrHesaliuTHble MOTOSKM
KHAY® cootBeTcTBYOT nNpeaenam orHectonkoct RE 45 n RE 150.
B orHesawnTHbIX NOTONKAX NMPUMEHAOTCA NINCTOBbIE MaTepuasbl
KHAYO®, Takune kak KHAY®-nuct «Cancup» n KHAYD-Daiiep6opa.

JlonoNHUTENbHYIO 3aWWMTy, B TOM YUCE U B YaCTHOM [OMe,
06€cneynT NPUMEHEHNE «CyXoi CTSHKKU» — COOPHOr0 OCHOBAHMUS
nosia W3 3/1EMEHTOB HAa OCHOBE TUNCOBOMOKHUCTLIX KHAY®-
cynepnuctos (KHAY®-cynepnon).

BIM KHAY®

Bnepsble 0 BIM B kKa4ecTBe 0T1€NbHOr0 HANPaBNeHNs AeATENb-
HOCTU B MexayHapoaHon rpynne KHAY® 3agymanucs B 2012 1., a
yxe B 2014 r. nossunuce nepsble Hapab6otkn BIM B Poccum ons
Hambonee pacnpoCTPaHEHHbIX CUCTEM CyxOro CTPOWTENbCTBA; B
2015 r. cTapToBana kamnaHus no Ux BHEAPEHWO B MPOLIECC MPO-
ekTupoBaHua. KHAY® napannensHo Ben paboTy Mo CO3JaHMK0
BIM-npoayKToB Ha 0CHOBE Kak rfno6anbHbIX, TaK U HALWUOHANbHbIX
NporpaMMHbIX KOMMIEKCOB. B HacTosliee Bpems 6ubnuoTeka
KHAY® HacuuTbiBaeT 6osee 50 cemeitcts 1 6osiee 1000 y3nos pas-
NINYHBIX KOHCTPYKLMA.

Karanorn cuctem KHAY® apantupoBaHbl A51s paboTbl B Npo-
rpammax Revit, Renga n CSoft u goctynHbl ans cBo60AHON 3a-
TPY3KU.

B 2019 r. poccuitickoe noapasaenesne KHAY® nognucano co-
rnaweHne o COTPyAHMYECTBE C KomnaHuei Renga Software.
Ceroans BIM-6ubnunoteka KHAY® HacyuTbIBaeT LWECTb KaTanoros
ans cuctembl Renga, cneunanncTbl KOMMNAHWUA NPOAOIIKAKOT pas-
pabaTtbiBaTb HOBbIE.

Katanorn komnnektHbix cuctem KHAY® ans BIM-cuctemsl
Renga pa3paboTaHbl C LeSibl0 aBTOMATU3aLUMK nNpoLecca NpoeKTn-
poBaHus 1 pa3MeLLieHbl B CBOGOHOM JOCTYMNe Ha caiiTe KoMnaHuu
B pasfene «[JoKyMeHTbI».

CounanbHas 0TBETCTBEHHOCTD

MHuoro net «KHAY® TUMNC [3epXXnUHCK» SBASETCA reHepab-
HbIM COHCOPOM A3ePXXUHCKOr0 AeTCKOr0 TaHLEBaNbHOM0 aHcaMm-
6na «Cropnpus». lMpeanpuatne 0ka3biBaeT 61ar0TBOPUTENbHYIO
nomoLlb B NPOBEAEHUN AETCKO-HOHOLLIECKOro TypHMpa no cnop-
TWBHbIM TaHUaM «3MMHee TaHro», OPraHM3aTopoM KOTOpOro fiB-
NAETCH A3EPXKMHCKUIA COPTUBHO-TaHLIEBAMbHbIA LEHTP «Anupa».
MpeanpusTne NnoMoraeT NPOBOANTL TYPHUP HA BbICOKOM Npodec-
CWOHANbHOM YpPOBHE, 4TO O6bINIO OLEHEHO NpPeACTaBUTENAMN
Coto3a TaHLeBanbHOro cnopra Poccun 1 TypHUPY 6bIN NPUCBOEH
CTaTyC MeXJyHapoHOro.

YenewHas akoHomuyeckas aestenbHocts 000 «KHAY® MG
[3epXXNHCK>» NO3BONAET 0Ka3blBaTb MOMOLLb HYXXAAOLLMMCS B HEil
NoAsM 1 opraHuzauusm Hmwkeropoackoii o6nacti. Cpefctea Ha-
NPaBnNAOTCA OPraHU3aLnaM 34paBOOXPAHEHNS, YYPEXABHUAM
KYNbTYPbl, CMOPTUBHbIM, AETCKAM 11 06pa30BaTeNibHbIM Y4pexae-
HUAM, a TaKXe 415 NoAAepXKKN BETEPAHOB.

Hemeukas komnauunsa KHAY® npuiina B Poccuto 6e3 manoro
30 net Hasaz. OHa npuHecna He T0bKO UHBECTULMN U NEPESOBbIE
TEXHON0rUN. BaxxHeimm BKnagom KomMmnaHum B pa3Butne cTpou-
Te/IbHOr0 Kommaekca Poccun cTano BHeapeHne HOBOW (huioco-
hun BefeHns O6U3Heca, OTHOLUEHUS K MpoGheccun u pasButuio
JINYHOCTY, MPUBHECEHNE KOPIOPATUBHbIX LIEHHOCTEN, ChopMmupo-
BAaHHbIX Ha OCHOBE MOPAaNibHO-3TUHECKUX LIEHHOCTEN CeMbi
KHaygh. VIMeHHO 3TO Lienecoobpa3Ho nepeHumatrb U BHEAPAT
B Poccun.

E. Omawesa
®oto asTopa u [l. Pomalwukosa
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T HamoHanbHbIn nccneaosarensCkuin MOCKOBCKUM FOCYAapCTBEHHbIV CTPOUTENbHBIN yH1BEpcuTeT (129337, r. Mocksa, Apocnasckoe L., 26)
2 MHaycTpranbHbIn Konnemx Xioa (530000, Couvanvctudeckas Pecny6nvika BeeTHam, r. Xioa, Hryen Xioa CtpwT, 70)

[pumeHeHune 6enoro KBapLeBoro necka
NS nonyyeHus: 6ETOHOB BbICOKOI NPOYHOCTH

PeyHoi KBapLeBbIii Necok B GCounannctunyeckoin Pecnybnuke BoeTHaM CTaHOBUTCS AEPULNTHBIM CbipbEBbIM MaTepuanom ans
CTPONTENbHON NHAYCTPUN N3-32 60/IbLIMX 06LEMOB €ro 1CMOb30BAHNA NPWU OFPAHNYEHHbBIX PECYPCAX W BbICOKOW NMOTPEOHOCTU B HEM
APYrux oTpacnen npombILWAeHHOCTU. G y4eTOM eXerofHO BO3pacTatoLLeil NOTPEBHOCTM B KBAPLLEBOM Necke, 06YCNOBNEHHO BbICOKMMM
TEMNamn pasBuUTS CTPOMTENLHOM OTPAcnK BO BbeTHaMe, BeNMKa 0NacHOCTb CKOPOro UCTOLLIEHUS PECYPCOB PEYHOr0 KBAPLIEBOMO Necka.
Kpome TOro, 4pe3mepHast 106bi4a PEYHOr0 Necka narybHO CKa3biBAETCS HA 3KONOMAM PEYHbIX akBaTOPUIA, a TakXKe Ha YCNOBMSX
NPOXMBaHWA Ntofen Ha ux 6eperax. [103TOMy akTyanbHbIM ABASAETCS MOUCK anbTePHATUBHbIX UCTOYHIKOB KBApPLIEBOrO Mecka.
MpencTaBnseTcs NepeneKkTMBHLIM UCCIEA0BATb BO3MOXHOCTb 3aMeHbl PEYHOr0 NMecka Kak Heo6X04MMOr0 CbipbeBOr0 KOMMOHEHTA Ans
MoSTy4eHnst CTPONUTENbHbIX PACTBOPOB M 6ETOHOB PA3/IMYHOI0 HA3HAYEHWSA, B TOM YUCIE U BbICOKOMPOYHbIX, MPUPOLHbIM BEnbIM
KBapLieBbIM NecKoM, A06bIBAEMbIM U3 KapbepoB, 3a/1eXN KOTOPOro MMEKTCA Ha BCeli TeppuTopun BoeTHama 1 noTeHUMasbHbIe 3anachl
KOTOPOro OLEHMBAIOTCA B HECKONILKO MUNNNAPL0B Ky6OMETPOB. bbinin NCMonb30BaHbl CyNbgaToCTONKNIA NOPTNAHLLEMEHT
npon3BO/CTBA BLETHAMCKOr0 3aBoja «Luks Cement», MeCTHbINA rPaHUTHBINA LiebeHb B BUae cmecu dopakumini 5—10 n 10-20 mm,
NPUPOAHbIE PEYHON W Gesblii KBapLIeBble NEeCKN, a TaKXXe BOLOPELYLMPYOLLMIA NONNKAPOOKCUNATHBIA CynepniacTudmkarop 1
TOHKOZAMCIEPCHbIE MUHepabHble LOOABKU AN YaCTUYHOI 3aMeHbl Cynb(haToCTONKOro NOpTiaHALEMEHTa B COCTaBe
MHOFOKOMMOHEHTHOO BSKYLLIErO B BUE YNbTPA- 1 HAHOAMCNEPCHOTO KPEMHE3eMa, 3071bl-yHOCA TEMOBOI aNneKTpocTaHuuu «da Jai»
11 KBapLIeBOro NopoLLKa, NOSTy4eHHOr0 B pe3ynbraTe TOHKOr0 nomona 6enoro necka. [ns npoekTpOBaHNA COCTABOB BETOHHbIX CMeCeN
ObIN1 NCNONb30BaH MeToA cTaHaapTa BoetHama TCVN 10306:2014. Mpo4HOCTHbIE NOKa3aTenn pa3paboTaHHbIX 6ETOHOB ONpPeaensm ¢
MOMOLLbIO YHUBEPCAbHOM MCMbITATENIbHOM YcTaHoBKM «Matest» mogenu C089-17N (Mtanus): npu cxxatum onpeaensany — Ha obpasuax-
Ky6ax pazmepom 100X100>x100 mm B Bo3pacTe 3, 7 1 28 CyT HOPManbHOro TBEPLEHUS, Ha pacTshHKeHue npu n3rnbe — Ha 06pasuax-
npuamax pasmepom 100100400 mm, Ha pacTsKEHME NPK packanbiBaHun — Ha 06pasuax-uunuuapax paamepom 100x200 mm B
Bo3pacTe 28 cyT. BogonornoleHne 6eTOHOB onpeaensni Ha obpasuax-kybax pasmepom 100x100X<100 mm nocne 28 cyT TBepeHUs

B HOPMaJibHbIX YCNOBUAX. [NOTHOCTb CTPYKTYPbI 6ETOHOB OLEHWBANN NyTem ONpeLeNeHns ee NpoHNLAEeMOCTM A4S MOHOB X/10pa

C UCNOJNb30BaHNEM GETOHHbIX 06pa3L0B-auckoB anameTpom 100+2 MM 1 TONLWMHOK 50+3 MM. YCTaHOBIIEHO, YTO YBESIMYEHME
cofiepXKaHus fonm 6enoro necka B COCTaBe MeSIKOro 3anonHNTens NPUBOANT K CHIDKEHNIO BOJOMOIMOLLEHUS 6ETOHA U MPOHULAEMOCTY
ero CTPYKTYpbl Ang xnopua-noHos. Tak, npu 100%-it 3ameHe peyHoro necka 6esbIM NeCKOM 3Ha4eHMs BOAOMOIOLLEHUS 1 06LLEen
BE/INYMHbI ANEKTPUYECKIX 3apAS0B, NPOLUEALLNX Yepe3 6ETOHHbIE 00pa3Libl 3a 6 4 NpoBeAeHMs ucnbiTaHuia, coctasunu 0,37 mac. %

1 72,4 Kn COOTBETCTBEHHO, B TO BPeMs Kak y 06pa3uoB 6eToHa, cogepxatero 100% pedqHoro necka, aTu nokasartenu COCTaBNAOT
cootBeTCcTBEHHO 0,44 Mac. % u 284,2 Kn. MNpu 3ToM Hanb0sbLIMe 3HAYEHUS NPOYHOCTI NMPU CXKATAK, @ TAKXKE HA PACTSKEHWe npu
13rnbe 1 packanbiBaHuu, paBHble co0TBETCTBEHHO 107,5; 12,2 1 8,07 MMa, 66111 Nosly4eHbl Npu UCNbITaHWU 06pa3LoB 6eToHa,
copepxatiero 100 mac. % 6enoro KBapLesoro necka un 1,5 mac. % HaHOAUCNEPCHOTO KPeMHe3eMa B COCTAaBE MHOTOKOMMOHEHTHOr0
BSKYLLIEr0. Takum 06pa3om, 3KCMepUMEHTaNIbHO NOATBEPXKAEHA BO3MOXHOCTb 3aMeHbl Je(MUNTHOro BO BbeTHaMe peYHOro necka
6enbIM KBapLEeBbIM NMECKOM, NO3BONAIOLLEN NoyYaTb 6ETOHbI, 061aZatoLLIMe NIOTHON CTPYKTYPOIA U BbICOKMMM NMPOYHOCTHLIMU
nokasarenamu.

Kntouesble cnoBa: BbICOKOMPOYHbIi GETOH, MPUPO/HBIA KBAPLEBbI NECOK, TOHKOAUCTEPCHbIE MUHEPaTbHbIE J06GABKM, MPOYHOCTHbIE
noKasaTenu, BOJ0NONOLLEHe, MNOTHOCTb 11 MPOHMLIAEMOCTb CTPYKTYPbI 6ETOHA.
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0es10ro KBapLLeBoro necka s nonayvyeHns 6eTOHOB BbICOKOW NMPOYHOCTN // CTpouTenbHbie matepuansl. 2022. No 11. C. 19-25.
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BeToHbI: HAYKAa H NPAKTHKA

Use of White Quartz Sand for High-Strength Concrete

River quartz sand in the Socialist Republic of Vietnam is becoming a scarce raw material for the construction industry due to the large volumes of its use with limited resources and
the high demand for it in other industries. Taking into account the annually increasing demand for quartz sand, due to the high rate of development of the construction industry in
Vietnam, there is a great danger of an early depletion of river quartz sand resources. In addition, excessive extraction of river sand negatively affects the ecology of river waters, as
well as the living conditions of people on their shores. Therefore, the search for alternative sources of quartz sand is relevant. It seems promising to explore the possibility of
replacing river sand as a necessary raw material component for the production of mortars and concretes for various purposes, including high-strength ones, with natural white
quartz sand extracted from quarries, deposits of which are available throughout Vietnam and whose potential reserves are estimated at several billion cubic meters. Sulphate-
resistant Portland cement produced by the Vietnamese plant “Luks Cement”, local crushed granite in the form of a mixture of fractions of 5-10 and 10-20 mm, natural river and
white quartz sands, as well as a water-reducing polycarboxylate superplasticizer and fine mineral additives were used to partially replace sulfate-resistant Portland cement in the
composition of a multicomponent binder in the form of ultra- and nanodispersed silica, fly ash from the thermal power plant “Fa Lai” and quartz powder obtained as a result of fine
grinding of white sand. Vietnamese standard TCVN 10306:2014 was used to design concrete mixtures. The strength indicators of the developed concretes were determined using
the universal testing machine “Matest” model C089-17N (ltaly): compressive strength was determined on cube samples 100100100 mm in size at the age of 3, 7 and 28 days of
normal hardening, flexural strength — on prism samples 100100400 mm in size, tensile splitting strength — on cylinder samples 100x200 mm in size at the age of 28 days.
Water absorption of concretes was determined on cube samples 100><100X100 mm in size after 28 days of hardening under normal conditions. The density of the concrete struc-
ture was assessed by determining its permeability to chlorine ions using concrete disk samples with a diameter of 100+2 mm and a thickness of 50+3 mm. It has found that an
increase in the proportion of white sand in the composition of fine aggregate leads to a decrease in the water absorption of concrete and the permeability of its structure for chlo-
ride ions. Therefore, with a 100% replacement of river sand with white sand, the values of water absorption and the total value of electric charges that passed through concrete
samples during 6 hours of testing amounted to 0.37% by weight and 72.4 Class, respectively, while for concrete samples containing 100% river sand, these figures are respectively
0.44% by weight and 284.2 Class. At the same time, the highest values of compressive strength, as well as flexural and tensile splitting strength equal to 107.5, 12.2 and 8.07 MPa,
respectively, were obtained by testing concrete samples containing 100% by weight of white quartz sand and 1.5% by weight of nanodispersed silica as part of a multicomponent
binder. Thus, the possibility of replacing the scarce river sand in Vietnam with white quartz sand has been experimentally confirmed, which makes it possible to obtain concretes

with a dense structure and high strength indicators.

Keywords: high-strength concrete, natural quartz sand, fine mineral additives, strength indicators, water absorption, density and permeability of the concrete structure.

For citation: Aleksandrova 0.V., Bulgakov B.I., Fedosov S.V., Nguyen Duc Vinh Quang, Lyapidevskaya 0.B. Use of white quartz sand for high-strength concrete. Stroitel'nye Materialy
[Construction Materials]. 2022. No. 11, pp. 19-25. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-19-25

[To nanaeiM [Iporpammbr Opranuzanum OObenu-
HeHHbIX Hamwuit mo okpyxatomeii cpene (FOHEII), Ha
JIOJTIO TTecKa TIPUXOIUTCSI OKOJIO 85% exXeTroqHON MUPO-
BOW JOOBIYM MPUPOJHBIX PECYPCOB, UTO 3KBUBAJIECHTHO
6omnee yem 40 Mapa T. 3a ABa MOCHEIHUX AECATUICTUS
CTPOUTEJIbHBIN OyM B cTpaHax A3un U AGPUKU MOBBICUI
CIPOC Ha MeCOK B TPU pasa, U, MO CYIIECTBYIOIIUM MPO-
rHo3am, K 2060 r. romoBas m00bIYa IecKa U TpaBUs B
MHUPOBOM MacluTade yBeauuutcs no 82 muapa T. [1].
[Mecok siBsIETCSI OMHUM U3 OCHOBHBIX BUIOB ChIPbS TSI
CTPOUTEBbHON WHAYCTPUU U HE3aMEHMMBIM MaTepua-
JIOM B TaKUX 00JacTsIX, Kak OypeHue He(TSIHBIX CKBa-
KWH, TTPOU3BOACTBO 3JIEKTPOHHBIX YUIIOB, U3TOTOBJIE-
HUE CTeKJIa, KOCMETUKU U MHOTHE IPYTUe OTPaCIU MPo-
U3BOACTBA. B mocnenHue roabl MOTPeOHOCTh B IECKE
pacTeT ¢ orepexXamlMMu TeMITaMi, OCOOEHHO B pa3BU-
BaIOILIMXCS CTpaHaX, TaKuX Kak BoeTHaMm [2].

Bo BbeTHaMe mMpupOmHBIA PEYHON KBapLEBBIN Ie-
COK, TaKXe€ M3BECTHBIM KaK KENTHIA MECOK, SIBISIETCS
Je(ULIMTHBIM CHIPBEBBIM MATEPUAIIOM, KOTOPBIN UTpaeT
KJIIOUYEBYIO POJIb JUUISI U3TOTOBJIEHUSI 6eToHa. B HacTos-
1mee BpeMs B CTPOUTEIbHOW MMPOMBIIIEHHOCTU
BbeTHaMa B KaueCTBE MEIKOTO 3aMOJTHUTEIS 151 TPOU3-
BOJICTBAa OETOHOB UCITOJIb3YETCsI TOJIbKO MPUPOAHBIN Tie-
COK, OOBIBa€MBbIli U3 IOJWH PEK U PYCE PYUbEB.

OnHako peyHOW KBaplLEBBI MECOK SBISIETCS HE
TOJILKO LIEHHBIM CTPOUTEbHBIM PECYPCOM, HO U UTPAET
BaXKHYIO pOJIb B TEKTOHUKE U CTaOWJIM3alluu OeperoB u
pyces peK, a TakKe B CO3[JaHUU CpPeAbl OOUTAHUS ISt
BOIHBIX BUIOB (hJiopsl 1 (ayHbl. UpeamepHast 1o0br9a
peYHOro necka HEMUHYEMO MTPUBEIET K 9pO3UU Oeperon
peK, YTO OKaXeT HeTaTUBHOE BIUSIHME KaK Ha BOJHBIE
9KOCHUCTEMbI, TaK W Ha XU3HENESTEeJbHOCTb JIIOIECH.
B pesysibTate orpaHuUYeHHbIE peCypchl PEYHOTO Tecka
BO BbeTHame MOryT OBITh HMCUEpHaHbl B OJMXKailleM
Oyayuiem.

MHuTreHcuBHas n00bIua necka npusesia K TOMy, 4TO B
HeKOTOpbIX MecTax KpacHoil peku, a Takke IPYruX pek,
MPOTSIHYBIIMXCS C ceBepa Ha for BreTHama, CHU3WICS
YPOBEHb BOJBI U YMeHbIIWICS ee 00beM. Tak, B XaHoe
ype3MepHas J100blYa Tecka IpuBeja K TOMY, YTO THO
KpacHoit pekn okazajioch HAMHOTO HUXKE, YeM JHO He-
OosblIMX peyek, obpasyrouux ee OeabTy. B pesynbrare
aToro Boja u3 KpacHoii peku nepecrasna mocTynarh B 3T
HEOOJIbIIINE PEUKH, UTO, B YACTHOCTH, IPUBEJIO K TUOEIN
pexku Hxya-/IxkaHT, KoTOpasi KOpMUIa TTOYTH JIBa MUJI-
JIMOHA XXUTEJIeil Ha ee Oeperax.

CoracHo oT4yeTy MUHMCTEPCTBA IPUPOTHBIX PECyp-
COB U OKpyXatwouieil cpenbl BbeTHama, B Hacrosiiee
BpeMsI OOIIMiA pecypc Tecka B CTpaHE COCTaBJISIET UyTh
Gosee 2 MiIpa M3, HO TOMBKO B 2020 T. CIIPOC Ha MECOK
JUISL CTpOUTeNbeTBa JocTuT 182—197 Mt M3, a k 2030 T.
5Ta MOTPeGHOCTh YBEIMUMUTCS 10 326—477 MiaH M.
[TosToMy 6€3 MpPaBUIBHOTO TUIAHUPOBAHUS U TOWCKA
JIPYTUX MaTepUaIOB JUISl 3aMEHbI TIPUPOTHOTO PEYHOTO
rmecka BreTHaMm pucKyeT mcyepnarh €ro 3amnachl B OJu-
JKaifle AecsTh JIET, TOCJie Yero OyIeT BbIHYXIEH MpU-
OerHyTh K ero uMropty [3]. Y3 BeilllecKa3aHHOTO CIIeTy-
€T, YTO MPUPOJHBIN PEYHON MECOK MOCTETIEHHO CTaHO-
BUTCSI BO BbeTHamMe AeULUTHBIM pecypcoM U B
HacTosIIIIee BpeMs BeChbMa aKTyaJbHBIM SIBJISIETCST TIOMCK
aJTbTEPHATUBHBIX UCTOYHUKOB Mecka. OAHUM U3 ynay-
HBIX PEIIEHUH 9TOI MPOOIEeMBI MOXET CTaTh UCITOTb30-
BaHUE B CTPOUTEIILCTBE MPUPOIHOTO OEJIOr0 KBapLIEBOrO
recka, 100bIBAEMOTO U3 KapbepPOB.

Bo BretHame mpupomHblii 6eblii KBapleBblid MTeCOK
“MeeT OOWJIbHBIE 3arlachl, €ro 3aJlexXu MPOCTUPAIOTCS
BIIOJIb BCEil OeperoBoii TMHUKU BbeTHama MpOTSKEHHO-
crbio 3260 kM, M MX IUIOLIALb COCTABJSIET OKOJIO
600 TBIC. Ta ¢ OOIIMMH 3aracaMu A0 HECKOJIBKUX MUJLUIN -
apnoB Kyouueckux meTpoB. [loaToMy mpoBeneHue uc-
CJIelOBAaHUIl O BO3MOXKHOCTU MCITOJIb30BAaHUST TIPUPOI-

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA
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Concretes: science and practice

HOTro 0eJIoro KBapleBOro Iecka B KaYeCTBEe MEJIKOro 3a-
IOJIHUTES Il 3aMEHbl PEYHOro Ilecka B OETOHAaX U
CTPOUTEIBHBIX PACTBOpPAX MMEET BaKHOE 3HAUYCHUE IS
cTpouTenbHOI oTpacau BeeTHama [4].

HcnoJb3yeMble MaTepHAIbl U METObI HCCJIEIOBAHUIA

B pabote ObUTM NCTIOIB30BAHBI CICAYIOIINE MATCPHAIIBI.

MuHepabHOE BSIKYIIee — CYJIb(haTOCTOMKUIA ITOPT-
nanauemeHT PCSRn40 mpowmsBoactBa 3aBoma «Luks
Cement» (BbeTHaM), COOTBETCTBYIOLINIT TpeOOBAaHUSIM
TCVN 6067:2004 u TOCT 22266—2013 «LleMeHTBI CYTb-
(atocroiikue. Texnuueckue ycioBusi». OCHOBHbBIE Xa-
PaKTepUCTUKHM LIEeMEHTa MPUBEACHBI B Ta0. 1.

Menkuii 3aroJIHUTENb — PEYHOI KBaplLEBHI MeCOK
(ITP) pexu XyoHr um Oenbiii KBapieBbiii miecok (BIT)
(BbetHam), cootBercTBytomue TCVN 10796:2015 u
I'OCT 8736—2014 «Ilecoxk mjisi CTPOMUTEIbHBIX PabOT.
Texauyeckue yciaoBust». OCHOBHbIE CBOMCTBA MCIIOJb-
30BaHHBIX TTIECKOB MPEICTABICHHI B Ta0I. 2.

KpynHblii 3amoiHUTEb — TPAaHUTHBIN IIeOEHb U3
kaprepa I'a Jloit (BbeTHam) B Buae cMecu ABYX (pak-
mii 5—10 mm um 10—20 MM B cootHomenun 40:60,
cootBeTcTBYIOmMit TpeboBaHusaM TCVN 7570:2006 n
T'OCT 8267—93 «lllebeHb 1 rpaBUil U3 IJIOTHBIX TOPHBIX
TTOPOJI TSI CTPOUTEIBHBIX pa0boT. TeXHUYeCKue YCIOBHUSI».
OCHOBHbIE XapaKTePUCTUKU 1IEOHST MPUBEACHBI B TA0I. 3.

XuMudeckasi BOIOPEAyIMpYyIolias 1o0aBka — MOJ-
KapOOKCHUIATHBIE  cymnepIrulacTUu@UuKaTop (CII)
«Sika®Viscocrete®-151» mo TCVN 8826:2011/2 u
T'OCT P 56592—2015 «/lo6aBKu MUHEpabHbBIE s Oe-
TOHOB U CTPOUTEJIbHBIX paCTBOPOB. O0IIIME TEXHUIECKIE
YCIIOBUSI» B BUIE BOIHOTO PAacTBOpa C IUIOTHOCTHIO
1075—1095 xr/m3 u 3HaueHreM pH, paBHbIM 4—6.

MuHepanabHble J00aBKU: YJIbTPAAUCHEPCHBIA MMU-
kpokpemueseM (MK) nmpoussoncTsa dpupmsl «Sikacrete®
PP1 — Sika Limited» (BbeTHaM), COOTBETCTBYIOLIMIA
tpeboBaHusaM TCVN 8827:2013 u TOCT P 56592—-2015;
3ombl-yHOCca (3Y) TemmoBoil anmekTpoctanuuu (TOC)
«®a Jlait» (BeerHam) mo TCVN 10302:2014 wu
T'OCT 25818—2017 «30abI-yHOCA TEIUIOBBIX 3JICKTPO-
CcTaHIMI 11s1 6eTOHOB. TeXHUYeCKMEe YCIOBUST»; KBaplle-
BbI MOPOIIIOK B BUE KBapleBoil Mmyku (Km), monydeH-
HBIII B pe3yjbTaTe TOHKOTO IOMOJIa OEloro mecka;
HaHOAMCIEPCHBI KpeMHe3eM (HaHo-SiOjp) [5-7].
CBolicTBa WCITOJBb30BAHHBIX MUHEPATbHBIX 100aBOK
MpeacTaBjeHbl B Ta0. 4.

JUIs MpOeKTUPOBaHUSI COCTABOB OETOHHBIX CMECE
OBbLT UCITOJIb30BaH METOJ, TPUBEACHHBI B CTaHIapTe
Bretnama TCVN 10306:2014. TlepBoHayaJlbHO yKa3aH-
HBIM METOJOM OBLT OINpENEeH COCTaB OETOHHOW CMeCHU
JUJIS1 TIOJTyYEHMS BRICOKOITPOYHOIO OETOHA KJ1acca o Ipoy-
HOCTH IIpU cxXatuu B65, He comepxaliero ToHKOAUCIIEPC-
HBIX MUHEpaJbHbIX J00aBOK, KOTOPBIA IpeACTaBlieH
B Ta01. 5. Jlajiee ¢ MOMOIIIBIO 3TOT0 METOAA OBLUIN pacCcuu-
TaHbI COCTaBbl OETOHHBIX CMeECel, colepKalluX yKa3aH-
Hble J00aBKM, COCTaBbl KOTOPBIX IPUBEACHBI B TaOJ. 6.

[TpouHOCTHEIEC TOKa3aTenu pa3pabOTaHHBIX OETOHOB
onpenensai mo TCVN 10303:2014, TCVN 3119:1993 u
I'OCT 10180—2012 «betonnsl. MeTonbl ompeneaeHUsI

Ta6nuua 1
Table 1
OCHOBHbIE XapaKTepUCTUKU cynbghaToCTONKOro
noptnaHguemeHta PCSR40
Main characteristics of sulphate-resistant Portland cement

PesynbTathl
XapaktepucTukm o
UCMbITAHMIA
AKTUBHOCTb B BO3pacTe 2 cyT/28 cyT, MIMa 25,7/46,5
ToHkoCTb nomona:
- ocTaTok Ha cute Ne 009 nocne npocenBaHus, Mac. % 0,7
~ y[enbHast OBEPXHOCTb, M2/KT 363,3
Cpoku cxBaTbIBaHWS, HA4ano/KoHeL, M1H 170/213
PaBHOMEPHOCTb M3MeHeHUst 06bema, MM 1,36
Copepxatue wenoyein (Nao0 + 0,658 Ko0), mac. % 0,55
HepacTtBopuMblil ocTaTok, mac. % 0,89
CopepxxaHue Tpexkanbumesoro anomuHata CsA, mac. % 3,4
Cymma anioM1HaTOoB 1 antoModeppUTOB KanbLins 18 48
(C4AF + 2C3A), mac. % '
OTHOCKTENBHOE pacLuMpeHne nocne 14 cyT ucneiTaHui
° 0,016
Ha CynbpaTocToNKOCTb, %
Ta6bnuua 2
Table 2

OCHOBHbIe CBOWCTBA Pe4YHOro v 6esioro NnpupoaHbIX
KBapL,EeBbIX NeCKOB
Main properties of river and white natural quartz sands
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PeuHoit necok 3 2670 1560 0,5 0,52

Benblii necok 2,5 2240 1450 0,2 0,48
Ta6Gnuua 3
Table 3

OCHOBHbIE XapaKTePUCTUKN TPAHUTHOIO LLEeOHS
Main characteristics of crushed granite

XapakTepucTuku 3HayeHus
MNOTHOCTS, Kr/M3 2680
HacbinHasi NOTHOCTb, Kr/M3 1390
MycToTHOCTL, % 46,9
CpepHss npoyHOCTb Npu cxatum, MMa 105,6
CopepxaHue nblNeBMaAHbIX U FAVHUCTBIX YacTul, % 0,73

MMPOYHOCTH IT0 KOHTPOJIBHBIM 00pas3iiamM» C ITOMOIIBIO
YHUBEPCAJbHOI WCIBITATeIbHON yCTaHOBKM «Matest»
mozenu C089-17N (Mranus). [TpouHocTs GETOHOB Mpu
CXKaTUM OIpeAessiii Ha obpa3lax-Kybax pa3MepoM
100x100x100 MM B Bo3pacte 3, 7 1 28 cyT HOpMaJbHO-
TO TBEpACHUsI, MPOYHOCTh HA PACTSLKEHHME TIPU M3TH-
0e — Ha obOpa3uax-npusmMax pazmepom 100x100x400 mm
1 Ha pacTsSDKEHHME TPU pacKaJblBaHUKM — Ha o0Opasliax-
nuauHapax pasmepom 100x200 MM B Bo3pacte 28 CyT.

BonomnornonieHne 6eTOHHBIX 00pa310B OMpPeAeIsIN
B cootBeTcTBUM cO cTaHmapTamu TCVN 3113:1993 u
I'OCT 12730.3—2020 «betonbl. Meton omnpeneaeHust
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Tabnuua 4
Table 4

CBoWCTBa UCMNOJIb30BaHHbIX TOHKOAUCMEPCHbIX MUHEepPaJibHbIX AOGaBOK
Properties of used fine mineral additives

Tabnuua 5
Table 5

KoHTponbHbI cOCcTaB GETOHHOI cMecu

Control composition of the fresh concrete

ToHKO- YnbTpa- Hato- CbIpbeBble MaTepuanb Konunyectso
Mokasatenb En. MOHOTbMV AncnepcHbin 3ona-yHoca | AMCnepCHbIN LiemeHT, kr/m3 550
u3M. | KBapLeBbIii MUKPO-
KPEMHE3eM 3
MOPOLLOK | KPEMHe3em Boga, kr/m 156
MnoTHOCTbL kr/m3 2600 2150 2310 2330 KpynHblit 3anonHuTeNb, Kr/MS 1088
HacbinHas nnoTHOCTbL kr/m3 1450 500-700 990 - Menkuit 3anoaHUTENb, Kr/MS 654
YaenbHas noBepxHOCTb M2/Kr 250 16300 1200 139000 Cynepnnactudukarop, n/m3 9,9
CpepaHnit pasmep YacTu, MKM 5-95 <0,1 3,05 0,01-0,05 BoBneyeHHbili B03ayX, % 2
MoTepw npu npokanveaHuy | mac. % 0,044 1,68 0,95 -
Ta6bnuua 6
Table 6
CocTaBbl 6E€TOHHbIX CMecel C TOHKOAUCNEePCHbIMU MUHEPasbHbIMU A00aBKamMu
Compositions of fresh concretes with fine mineral additives
BsixyLime matepuansl, Kr/M3 3anonHuteny, |<r/M3
. Menkuii 3anonHuTENb Boga cn (B+CIM)/Bgax
CoctaB | LlemeHt MK 3y HaHo-SiO9 LLle6eHb
nP BN Km
Kr Kr Kr % Kr Kr Kr % Kr Kr Kr n -
5aS0 357,5 27,5 165 - - 1080 592,3 - - 104,5 127,6 9,9 0,25
5aS1 352 27,5 165 1 55 1080 592,3 - - 104,5 127,6 9,9 0,25
B40 357,5 27,5 165 - - 1080 355,4 40 236,9 104,5 127,6 9,9 0,25
560 357,5 27,5 165 - - 1080 236,9 60 355,4 104,5 127,6 9,9 0,25
580 357,5 27,5 165 - - 1080 118,5 80 473,8 104,5 127,6 9,9 0,25
5100 357,5 27,5 165 - - 1080 - 100 592,3 104,5 127,6 9,9 0,25
BS1,0 352 27,5 165 1 55 1080 - 100 592,3 104,5 127,6 9,9 0,25
bS1,5 349,25 27,5 165 1,5 8,25 1080 - 100 592,3 104,5 127,6 9,9 0,25
BOJIOMONJIOLIEHUSI». VCTIbITAHUST MPOBOAWIUCH Ha 00- Ta6bnuua 7
Table 7

pasuax-kyoax pazmepom 100x100 100 mm nocie 28 cyt
TBepIACHUS B HOPMAJIbHBIX YCIOBUSIX.

OO6pa3Ibl MOTrpy>KaIu B pe3epByap ¢ IPeCHO BOIOM C
Temnepatypoit 22+2°C u BbiIepXUBaIM B TeueHue 24 4
IO MIX TIOJTHOTO HackieHus. [Tocae aToro odopasisl n3-
BJIEKaJM U3 BOJAbI Y MOMeEIlaJd Ha 1 MUH Ha MPOBOJIOY-
HYIO CETKY IIJIsI yAAJCHUS BOIbI C NX TIOBEPXHOCTH BIIAXK-
HOI TKaHbl0. 3aTeM 00pa3libl MOMeIlaln B BEHTUJIUPYE-
Mylo neub npu Temneparype 105+5°C He MeHee yeM Ha
24 9 ¢ y9eTOM ABYX ITOCJICIOBATEIbHBIX B3BCITUBAHUI C
MHTEPBAJOM B 2 4 I OMpeaesieHus MpUpalieHust mo-
Tepb UX MACChI C IOTPEIIHOCThIO He Oojee 0,1% ot mo-
CJeIHEro 3HauyeHus Macchl oOpasia. 3a pe3yabTaT uc-
MMBITAHUI IPUHUMAIIN CpeaHee apruMEeTHICCKOE 3HaUe-
HYE BOIOIIOIIONICHHUS, OIIpeicICHHOE Ha TpeX o0pa3max
13 OETOHHOM CMeCH OJHOIO COCTaBa.

[IJIOTHOCTB CTPYKTYPHI OETOHOB pa3pabOTaHHBIX CO-
CTaBOB OLICHMBAJIW IIyTeM OMpEIEICHUsI ee MPOoHMILIae-
MOCTH [iJ1s1 MIOHOB Xxj1opa 1o cranaapty TCVN 9337:2012
C WCIIONb30BaHNEM OETOHHBIX 00pa3lOB-IMCKOB IUa-
MetpoM 100x2 MM u TommuHoi 50x3 mm. ITocne 28 cyT
TBepICHUS OCTOHHBIC 0Opa3Ilbl OBLIN TTOABSPTHYTHI MC-
MBbITAHWIO HA COMPOTUBJISIEMOCTb UX CTPYKTYP MPOHUK-
HOBEHUIO XJIOPUI-MUOHOB IMYyTEM CO3MaHMs HAIPSKCHUS
MOCTOSTHHOTO ToKa 60 B Mexxmy IByMsl KOHTeHHepamu,
3aI10JIHEHHBIMM COOTBETCTBEHHO 3%-M pactBopoM NaCl

MpoHuLaeMocTb CTPYKTYpPbl 6€TOHa AN XJIOPUA-UOHOB
Permeability of concrete structure for chloride ions

CpepHee 3HayeHue 06LLEero aNeKTpUYeckoro
3apsaa, NPoLeaWero Yepes 00pasLibl
6eToHa 3a 6 4 ucnbitaHuii, K

YpoBeHb NPOHMLIAEMOCTH
CTPYKTYpbI GeTOHa
L7151 XIOPUAL-MOHOB

>4000 Boicokwii
2000-4000 YMepeHHbIn
1000-2000 Husknit
100-1000 OyeHb HU3KWit
<100 HenpoHuuaemblit

u 0,3H pactBopom NaOH. Cuna s51eKTpryeckoro Toka
n3Mepsiach Kaxabie 30 MUH B TeyeHune 6 4. OOmmit
SJIEKTPUYECKUN 3apsii B KYJIOHAX, MPOMISIIINI depe3
oOpa3ell 6eTOHA 32 BpeMsl MPOBEeHUsI UCTIBITAHUI, pac-
CYNTAaHHBIN 10 ¢popmyJe (1), NCITOIB30BaAICS B KAUSCTBE
WHIMKATOpPa COIPOTUBIICHUS CTPYKTYphl OETOHa Ipo-
HUKHOBEHUIO XJIOPUI-UOHOB:

2

Q:(%) "900- (Igt2 Lo t2 ot 2 g0t 2 30t L), (1)
rae Q — o0LIUiA 2JIeKTpUYeCKUI 3apsifl, MPOLIEAIINIA yepe3
OGeToHHBII obOpasel; B Teuenue 6 4, K; 1y, 130, Igo ... 1330,
60 — cwia Toka, A, TIpU TIPOIOJIKUTETBHOCTH UCTIBITA-
nuit 0, 30, 60 ... 330, 360 MuH; x — aKTUYECKUIT TUAMETP
HCTIBITYEMOTO 00pa3iia, MM.
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Tab6nuua 8
Table 8

Mpo4HOCTHbIE NOKa3aTenu pa3paboTaHHbIX GETOHOB
Strength indicators of developed concrete

M004HOCTS Mov CxaTvn. Ma. B BO3pacTe TBEDACHMS MPOYHOCTL Ha pacTsKeHve MPOYHOCTb Ha pacTsKeHve
CocTas P P ' ' P PA npu packanbisaduy, MMa npw narnbe, MMa
3cyr 7yt 14 cyt 28 cyt 28 ¢yt 28 ¢yt
5aS0 68,2 73,3 84,5 89,1 7,22 9,71
B40 74,5 81,7 87,3 90 7,18 9,45
B60 78,2 86,4 91,5 95,5 7,26 9,78
580 76 84,5 90,2 92 7,15 9,6
5100 75,5 83,3 89,1 91,2 71 9,4
6S1,0 83,8 91,5 99,5 106 7,84 11,75
bS1,5 84,5 92,.0 100,5 107,5 8,07 12,2
Ta6nuua 9
Table 9
BnusaHune ponu 6enoro necka B COCTaBe MeJikoro 3anosiHuTens u HAaHOAUCMEPCHOro KpeMHe3ema
Ha BOAOMNOrnoweHne 6eToHOB
Influence of the proportion of white sand in the composition of fine aggregate and nanodispersed silica
on water absorption of concrete
c O6paset, Ne 1 O6paseL, Ne 2 O6paszet, Ne 3 Bogonorno-
ocTaB
m,r my, T Wi, mac. % my,r my, T W, mac. % my, T my, T W3, mac. % | LeHue, mac. %
5aS0 2469 2481 0,49 2512 2522 0,39 2487 2497 0,44 0,44
5aS1 2465 2477 0,49 2490 2501 0,44 2485 2495 0,4 0,44
B40 2514 2524 0,4 2505 2515 0,4 2499 2510 0,44 0,41
B60 2504 2515 0,44 2494 2504 0,4 2492 2501 0,36 0,4
580 2491 2500 0,36 2499 2509 0,4 2492 2502 0,4 0,39
5100 2502 2510 0,32 2490 2500 0,4 2498 2508 0,4 0,37
BbS1,0 2513 2519 0,24 2523 2527 0,16 2503 2508 0,2 0,2
bS1,5 2496 2500 0,16 2492 2496 0,16 2506 2510 0,16 0,16
Ta6nuua 10
Table 10

CpeanHssa BesIMYMHA CUJ1bl TOKA U O0LUMIA N1eKTpuYeckunii 3apsaa, npowleawuvii Yepes 6eToHHble 00pasLbl
B T@YeHMe LLIeCTUYaCOoBbIX UCTbITaHU
Average current strength and total electrical charge passed through concrete samples during the six-hour test

T, MUH 0 30 60 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360 YpoBeHb MPOHMLIaEMOCTH

CocraB 0, Kn CTPYKTYpbl 6eTOHa

1,°C 28 28 27 27 27 27 27 28 28 28 28 28 28 LN XNOPUA-NOHOB
5aS0 [, MA 0 |1129 134139142 | 142|139 139 14,2139 | 13,1 | 13,3 | 13,1 | 284,2 OyeHb HU3KNi
5aS1 I, MA 0 3,06 325133 34 |33 35| 35| 35 |355]| 36| 36| 35 711 HenpoHuuaemblii
65100 I, MA 0 3,1 33135353535 35| 36|36 ]| 36| 36| 36| 724 HenpoHuuaemblii
bS1,0 I, MA 0 3113334353534 |35 34|34 | 34|34 34| 704 HenpoHuuaemblit
6S1,5 I, MA 0 3030303232 |32]|34]32]|33]|33]|33]31]| 662 HenpoHuuaembiii

bbuto obHapyXeHO, 4TO TPOIIEAIINIA 3JAEKTpUYe-  HMULAEMOCTHU CTPYKTYPHI 1151 XJIOPUA-UOHOB BOCbMU pPa3-

ckmit 3apsim Q MMeeT TECHYIO CBSI3b C CONMPOTUBIICHUEM
CTPYKTYpPbl O€TOHa IPOHMKHOBEHUIO MOHOB XJoOpa, U
rmostomy cranmaptTom BeetHama TCVN 9337:2012 pexo-
MEHIYETCSI KaYeCTBEHHBI KPUTEPUIA OLIEHKU TUIOTHO-
CTU CTPYKTYpbl OETOHOB — «ypOBEHb IIPOHUILIAEMOCTU
CTPYKTYPHI OCTOHA JIJIST XJIOPUI-MOHOB» B COOTBETCTBUU
C IVara30HOM 3HAYEHUI TIPOIIEIIIETO DJIEKTPUIECKOTO
3apsiia, Kak rmokaszaHo B Ta0J1. 7.

Pe3yabTaThl Hcciea0BaHMIA
Bbutu ripoBeneHbl UCIIBITAHUS C LIEIbIO OIPeAeIeHUS
IPOYHOCTHBIX IOKa3aTesieil, BOAOMOMIOIIECHUSI U IIPO-

pabOTaHHBIX OETOHOB, TTOJIYYEHHBIX M3 OCTOHHBIX CME-
ceii, cocTaBbl KOTOPBIX MpUBEACHBI B Taba. 6. Bce yka-
3aHHBIC OCTOHHBIC CMECH COICPKAIN TOHKOAMCIIEPCHEIS
MUHEpaJbHble J00aBKM JUISI YaCTUYHOW 3aMEHBI
CyIb(}HaTOCTONKOTO MOPTIAHAILIEMEHTA B COCTABE MHOTO-
KOMITOHEHTHOTO Bsixky1ero [8§—11].

Pe3yabTaThl MCHBITAHUI MPU CXKATUM, PACTSDKEHUE
P U3rH0e M pacKaJbIBAaHUU pa3pabOTaHHBIX OETOHOB
MpeacTaBjeHbl B Ta0. 8.

[MonydyeHHBIE 3KCHIEPUMEHTAIbHBIC PE3YJIBTATHl T10-
KazajiM, 4TO TIPU HCIIOIb30BaHNM OEJIOro KBapILIEeBOTO
IeCcKa B Ka4eCTBE MEJIKOTO 3aIT0OJIHUTEISI BMECTO PEYHO-
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ro C yBEJIMYEHUEM €ro KOJIMYecTBa B OETOHHOW CMecHu
HaOJII0aeTCs CYIIECTBEHHBIM POCT IIPOYHOCTH OETOHOB
TIpY CKaTUW B paHHEM BO3pacTe, a UMEHHO Ha TPETbU 1
Ha cebMbl€ CYTKM, KOTOPbII ITOCTEINIEHHO 3aMeJIsSIeTCs B
OoJiee MO3AHEM BO3pacCTe.

Pe3ynbrathl MCHBITAHUI MO OMPEIEICHUI0 BOAOIO-
IJIOLIEHUsST pa3pabdOTaHHBIX OETOHOB IPEACTaBIEHBI
B Tab. 9.

B pesynbrare npoBeAeHHbBIX UCITBITAHUI OBLIO yCTa-
HOBJIEHO, YTO BOJIOIIOTJIOIIEHNE OETOHOB pa3paboTaH-
HBIX COCTaBOB CHUKAETCSI C YBEJIMUYEHUEM JOJU OesI0ro
Imecka B COCTaBe MEJIKOTO 3arlOJIHUTEISI. DTO MOXKHO
OOBSICHUTH T€M, YTO MOJIYJIb KPYITHOCTH O€JIOro mecka
(My=2,5) MeHbIIle, 9YeM y peuHoro mecka (My=3), uTo
MPUBOAUT K YMEHBILIEHUIO TOPUCTOCTU OeTOHOB [12, 13].

Pesynbrarhl UCIIBITAHUI pa3pabOTaHHBIX OETOHOB Ha
TPOHUIIAEMOCTH JIJISI MIOHOB XJIOPa, TTO3BOJISIONINE OTpe-
JIeJIUTh YPOBEHb MTPOHUIIAEMOCTHU U OLIEHUTD IUIOTHOCTh
HX CTPYKTYp, MIpeacTaBIeHbI B Ta0. 10.

W3 npusBeaeHHbIX B Tabj. 10 aKcrnepuMeHTaIbHBIX
Pe3yJIbTaTOB CJCIYeT, YTO J00aBiIecHUe HaHO-Si0) B KO-
nyectBe 1% OT Macchl MHOTOKOMITOHEHTHOTO BSKYIIIE-
ro B 0ETOHHYIO CMECh CHIKAeT MPOHUIIAEMOCTh OETOHOB
ns xnopua-uoHoB (coctaBel Ne BS1,0 m 5aSl1).
YcTaHOBIEHO, YTO MCHOJb30BAaHUE HAHOMMCIIEPCHOIO
KpeMHe3eMa [JIsT YJaCTUYHOM 3aMeHBI 1IeMEHTa B OETOH-
HbIX cMecsx, copepxamux 100% 6enoro KBapLEeBOro
necka (coctaBsl Ne bS1,0 u bS1,5), npuBoaut K 3Ha4u-
TEJTLHOMY YMEHBIIICHUIO IPOHUIIAEMOCTH CTPYKTYP pa3-
pabOTaHHBIX OETOHOB [IJIsI XJIOPUI-MOHOB 10 CPABHEHUIO
C KOHTPOJIbHBIM cocTaBoM Ne 5aS() Ha pedyHOM mecKe, He
comepxaluM HaHo-SiOj: oOIIMIA 2JeKTPUUYECKUI 3a-
psim, TIPOIIEAIINIA Yepe3 OETOHHBIC 00pa3IIbl YKa3aHHBIX
COCTaBOB 3a IECTUYACOBbIC UCTIBITAHUS, COCTABUJ COOT-
BercTBeHHO 70,4 11 66,2 Ki1 ipotus 284,2 Ki y 06pa3ios
0OeTOoHa KOHTPOJILHOTO COCTaBa. B To ke Bpemst 00pasirbl
o6etoHa u3 cMecu coctaBa Ne 100, cogepxkalueit B Kaue-
CTBE MEJIKOTO 3aITOJTHUTEJIS TAKKE TOJBKO OEJTbIif TIeCOK
U He cofepKallleil HaHOMMCIIEPCHBII KpeMHe3eM, MoKa-
3aJIM BEJIMUMHY TPOIICAIIeT0 Yepe3 HUX OOIIEero 3jeK-
TPpUYECKOTO 3apsiaa, paBHyto 72,4 Kii, 4TO MOYTHU B UEThI-
pe paza MeHbllIe, YeM y 00pa31ioB KOHTPOJbHOI'O COCTaBa
U BCero Juilb Ha 2—9% BbIllIe, 4eM y OETOHHBIX 00pa3-
1oB ¢ HaHO-SiO).IIpuurHON 3TOMY MOXKET SIBISTHCS
OOJIBIIINIT TIPOIIEHT COMEPKAHUS TIMHUCTBIX YaCTHUIl B
PEYHOM TMEeCKe MO CPaBHEHUIO C OeJIbIM IMEeCKOM, 4YTO
MIPUBOAUT K 00pa30BaHMIO BO3AYIIHBIX MOp B OETOHE,
CIMOCOOCTBYIOIINX ITPOHUKHOBEHMIO B HETO XJIOPHWII-
noHOB [14, 15].

[TonmydyeHHBIE pe3yJbTaThl MO3BOJISTIOT CEIATh BbI-
BOJ, YTO 3aMEHa B KauyeCTBE MEJIKOIO 3aloJHUTENS B
cocTaBe OETOHHBIX CMECEN PEYHOTO TecKa OeIbIM KBap-
LIEBBIM TTECKOM CITOCOOCTBYET YIIJIOTHEHUIO CTPYKTYPBI
OCTOHOB U CHIDKEHHUIO YPOBHS €€ IMPOHMIIAEMOCTH LIS
XJIopuI-uoHOB. [Ipy 3TOM yCTaHOBIIEHO, YTO BBEIECHUE
B OETOHHbBIE CMECU HAHOIMCIIEPCHOTO KpeMHe3eMa B
kosmuectBax 1—1,5% oT Macchl MHOIOKOMITOHEHTHOTO
BSDKYILETO JIMILIb HE3HAYMTEIbHO MOBBIIIAET MJIOTHOCTh
CTPYKTYPHI UCCICTOBAHHBIX OETOHOB.

BoiBoabI

B pesynbTaTe mpoBeAEHHBIX SKCIIEPUMEHTAIbHbBIX
HCCIIeTOBaHMIT OBUIO YCTAHOBJICHO, YTO MCITOJb30BaHNUE
B COCTaB€ MEJIKOIO 3aIlOJHUTENsl OeJ0ro KBaplieBOIroO
IecKa B3aMEeH PEYHOTO ITecKa IM03BOJISeT IOIyIaTh OeTO-
HBI, 00J1aaloIINe BHICOKOM IMMPOYHOCTHIO, a TAKXKe TIPH-
BOJMT K YIJIOTHEHUIO CTPYKTYPhI pazpabOTaHHBIX OETO-
HOB, YTO CHIKAET UX BOJIOTIOTJIONICHNE U OY/IeT CTI0CO0-
CTBOBaTh MOBBIIIEHUIO KOPPO3MOHHOM CTOWKOCTH W
JIOJITOBEYHOCTHU B KapKMX M BJIAXHBIX KJIMMATUYCCKUX
yclioBusix BeeTHama.

IIpu sTOM GeTOH ¢ HaAMOOJBIIMMU IMOKa3aTeAIMU
npouHoctn Tipu cxatuu 107,5 MIla, Ha pacTsokeHMe
npu u3rude 12,2 MIla u Ha pacTskeHUe NMpU pacKasbl-
Banuu 8,07 MIla 6bu1 moaydeH npu 100%-i 3ameHe
peYHOro Tiecka OeJIbIM KBapleBbIM TIECKOM B COCTaBe
MEJIKOTO 3alOJIHUTE/IsI OSTOHHON CMeCH U BKIIIOUCHUU
B COCTaB MHOIOKOMIIOHEHTHOIO Bskyiuero 1,5 mac. %
HaHOIMCIEPCHOIO KpeMHe3eMa.

Kpome toro, 3aMmeHa peuHOro necka 0esbiM KBaplie-
BBIM OYJIET CITOCOOCTBOBATH CHYDKEHUIO HAarpy3Ku Ha ero
HCTOIIaeMbie BO BbeTHaMe NpupoaHbIe PECypChl U B 1ie-
JIOM OKaXeT TTOJIOKUTEIbHOE BIMSIHUE Ha YIydllleHUe
9KOJIOTMYECKOI CUTyalluy B CTPaHe.
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ICIEILYWA 1 IHA I TEPATYPAS

Knura «TexHonorus npou3BofcTBa CTEHOBbIX LLEMEHTHO-NECYAHbIX U3JeNnit»

AsTopbl — banakwu+ H).3., Tepexos B.A.

OnucaHo Npon3BoACTBO U NPUMEHEHME CTEHOBbIX MaTepuanos MeTOAOM BUGPONPECCOBAHMS U3 LIEMEHTHO-NECYAHbIX
6eTOHOB. PaccMoTpeHa CyLeCTBYHOLLAs M NePCNeKTMBHAsS HOMEHKNATypa U3Aenuii 1 nx cBOMCTBa. [laHbl XapakTepucTuKL
CbIPb€BbLIM MaTepuanam — necky, Le6H, BXKYLLUM 1 XUMUYECKUM J06aBKaM U peKOMeHaaLuu no nofoopy coctasa
6eTOHHOI cMmecK. [ofpo6HO NpeacTaBfieHa TeXHONOrUs NPOU3BOLCTBA LEEMEHTHO-MECYaHbIX BUOPONPECCOBAHHbIX CTEHO-
BbIX U3aenuii. 0co60e BHUMaHME YaeNeHO TEXHOMOrMYECKOMY KOHTPOSIIO HA NPOM3BOACTBE M TEXHU4ECKOMY KOHTPOIIHO 1
o6cnyxuBaHnto 060pyaoBaHus. KHiura npeaHasHadeHa Ans opraHn3aumn npom3BOACTBEHHO-TEXHNYECKOr0 06y4eHUs Ha
npeanpuaTK, 6yaeT None3Ha NHXeHepHO-TEXHNYECKOMY NepCoHany 1 WPOKOMY Kpyry CrneLnanncTos.

KHura «TexHOn0rus runcoBbiX OTAEN0YHbIX MaTEpPUanos U N3enuii»

AsTop — ®enynos AA.

B KHUre onncaHo NpoKu3BOACTBO FUNCOBbIX OTAEMNOYHbIX MaTEPUanoB U U3AENUIA 0T AOOLIYN CbIPbs A0 YNAKOBKM r0-
TOBOW NpoAyKumn. 0c0606 BHUMaHWE aBTop YAeseT NOAPOGHOMY ONUCAHNI0 TEXHONOrMYECKUX INHUI W OTAEMbHbIX 8au-
HIL, 060PYA0BAHNS, YCTAHOBMBHHbIX HA NEPEe0BbLIX NPEANPUATUAX TUNCOBOM NPOMBILLINEHHOCTI. B KHUTe Npe/cTaBneHo
60NbLLIOE KOMMYECTBO UNMIOCTPALMIA BCBX TEXHONOMMYECKNX NepeenoB, KOTOPbIe NOMOTYT ry6)Ke NPeAcTaBUTh U NOHATh
TEXHOMOTMYECKNEe MPOLIECChl MPOM3BOACTBA TOFO UM UHOTO U3genus. OnucaHne TEXHONOrMU KaXaoro Biaa rrncoBbIX
W3/1eNUi OCHOBbLIBABTCS Ha CYLLECTBYHIOLLIMX NMPOU3BOCTBEHHBIX PernameHTax npeanpusitii Poccuu, frepmanuu n faHuu,

BKNKO4aA LLAXTbl, Kapbepbl, KOTOPbIE aBTOP NMOCeLLan N4HO.

KHura npeaHa3Ha4yeHa CTyaeHTam, U3y4aroLim Nnpon3BoCcTBO CTPOUTENbHBIX MAaTepPUanoB U KOHCTPYKLMI B Ka4ecTBe
LOMOJHUTENbHOrO MaTepuana no TeXHONOrMM COBPEMEHHbIX FMMCOBbIX N3MENNI, @ TaKKe ANsi NHXEHEePOB-TEXHOMOT0B

3aB0J0B, NPON3BOAALLNX rMNCOBYH0 NPOAYKLNIO B Ka4€CTBE CNPAaBOYHOr0 matepuana.

3akasaTb nuTepaTypy MOXHO Yepe3 pefakuuio, Hanpasus 3asaBKy no e-mail: mail @rifsm.ru,

no ten.: (499) 976-22-08, 976-20-36;

Unu ohopmMUTbL 3aKa3 Ha canTe www.rifsm.ru

scientific, technical and industrial journal

®

November 2022

25



BeToHbI: HAYKAa H NPAKTHKA

YAK 691.328.4
DOI: https://doi.org/10.31659/0585-430X-2022-808-11-26-31

A.ll. AEHVCOBA, acnuvpaHT (denisova.frp@mail.ru),
A.C. LUEXOBLIOB, kaHg. TexH. Hayk (a.shekhovtsov@gip.su),
E.O. KY>)KMAH, maructpaHt (kuzhman2@gmail.com)

CaHkT-MNeTepbyprckuii rocyaapCTBEHHbIM apXMTEKTYPHO-CTPOUTESbHbIN YHUBEPCUTET
(190005, CaHkT-lNeTepbypr, 2-a KpacHoapmelickas yn., 4)

BnusHue WKUPKUHLI KOMNO3ULMOHHOIO MaTepuana,
NPUMEHAEMOro Npu YCUNEHWH XKene3006eTOHHbIX KOHCTPYKLMWA,
Ha ero paboTy npu pacTaXeHuu

PaccmartpuBaeTcs KOMNO3MLMOHHbBIA MaTepruan CUCTEMbI BHELLHEr0 apMUPOBAHUS C NPeBapUTENbHbIM HANPSHXKEHNEM —

®AIT (dhmbpoapmunpoBaHHbIA Nonumep) namuHar. MNpuseseHbl pesynbratbl ucnbitaHnii AT namMuHaTa Ha pacTsKeHue pasnmyHon
wupuHbl. Mpoananuanposao BnuaHue wipuHsl Al namuHaTa Ha ero paboTy npu PacTAXKEHWN, B TOM YIUCIE HA XapakTep
paspyLueHns. MpueefeHa 3aBUcUMocTb conpotueneHns GAIT pacTsHKeHN0 0T ero LWMPKHbI. [aHbl peKoMeHAauum no y4ety graktopa
LIMPUHBI HA 3Tarne Ha3HAYeHNs pacyeTHbIX 3Ha4YeHU conpoTuaneHns OAIT pacTsSHKEHNIO, a TAKXKe Ha 3Tarne NPOeKTUPOBAHNSA aHKepa s
BOCNPUATWS NPEABAPUTENBLHOTO HANPSKEHNS 1 NOCTELYIOLLEN nepetadn ero Ha 6eTOH YCUNNBAEMOR KOHCTPYKLMN.

Kntoyesble cnoBa: xene306eTOHHbIE KOHCTPYKLW, YCUIEHNE, BHELLIHEe apMUPOBAaHUE, UCTIbITaHNe, KOMMO3WULMOHHIA MaTepuan,
CUCTEMa BHELLUHEro apMMpoBaHus, (MOPOAPMUPOBAHHbINA NONMMED, LWMPUHA KOMNO3ULNOHHOTO MaTepuana.
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Width Effect of Composite Material on its Tensile Behavior at Strengthening Reinforced Concrete Structures

The composite material of the external reinforcement system FRP laminate (FRP - fiber reinforced polymer) is considered. The results of tests of the FRP laminate for tensioning of vari-
ous widths are presented. The influence of the width of the FRP laminate on its tensile performance, including the nature of destruction, is analyzed. The dependence of the FAP resist-
ance to stretching on its width is given. Recommendations are given on taking into account the width factor at the stage of assigning the calculated values of the FRP tensile resistance,
as well as at the stage of designing the anchor to absorb the prestress and then transfer it to the concrete of the structure strengthened.

Keywords: reinforced concrete structures, strengthening, external reinforcement, test, composite material, external reinforcement system, fiber reinforced polymer, composite material width.

For citation: Denisova A.D., Shekhovtsov A.S., Kuzhman E.D. Width effect of composite material on its tensile behavior at strengthening reinforced concrete structures. Stroitel'nye
Materialy [Construction Materials]. 2022. No. 11, pp. 26-31. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-26-31

Cucremnl BHelHero apmupoBaHust (CBA) u3 xom-
MMO3UIIMOHHBIX MaTEPUAJIOB C MPeABAPUTEIbHBIM HATIPSI -
xenuem (ITH) 3apekoMeHgoBanu cedst Kak 3¢ (heKTUB-
HOE pellleHWe T0 YCWICHUIO KeJIe300eTOHHBIX KOH-
CTPYKLIMUA [JIs1 pelleHMs] 3aday CHWXKEHUS TPEeIIMHO-
00pa3oBaHMsI U yMeHbIIeHUs TTpornooB [1—13]. Hagex-
HOCTb MPUHSTHIX PEIICHNI 00eCIIeYnBaeTCsI B TOM YUCIIE
JIOCTaTOYHBIM ITOHMMAaHKUEeM pabOThl MAaTepUAIOB yCUJIC-
HUSI, XapaKTEPUCTUKU KOTOPBIX 3aKJIJBbIBAIOTCS B pac-
YeTHOE 00OOCHOBAHMUE.

B Hacrosmee Bpemsi Ha 06a3e HMcnbiTaTenbHOrO
neHtpa CIT6IACY (cexkuust MeXxaHMYECKUX UCIbITAHUIA
CTPOUTEIbHBIX KOHCTPYKIIMI) MPOBOAUTCS KOMILIEKC-
HOE MCClIeIOBAaHUE MEXaHUUECKHX CBOMCTB MaTepuaioB
CBA ¢ ITH — ®AII (pubpoapMUpOBaHHBIN TTOJUMED)
JIaMUHAaTa W aare3uBa.

Ilo pesynbraram paHee MPOBEACHHBIX MCIIBITAHUI
DAITII namMrHaTa Ha pacTsoKeHMUe Ha o0pasiax MUPUHOMN

20 MM (cormacHo meToauke 'OCT 25.601—80 «PacueTsl
W UCHBITAHUS HA MPOYHOCTh. MeTOmbl MeXaHWUeCKUX
HUCIIBITAHUI KOMITO3ULIMOHHBIX MaTEPUAJIOB C MTOJUMEP-
HO# MaTpulieil (KOMIO3UTOB). MeToI UCIIBITAHUS TLIO-
CKMX 00pa3IoB Ha pacTsLKeHUE» TTPU HOPMAaJIbHOM, TT0-
BBIILIEHHOU U MTOHMKEHHOM TemIiepatype) u 50 MM (Hau-
boJiee 4acTO BCTpeuyaeMasl B IPAKTUKE YCUICHUS) TIOITY-
yeHo, 4To comnporusiecHne MAIT pacTsskeHnIo it 00-
pasioB mpuHoi 50 MM Hike Ha 12%, yeM CONpOTUB-
sneane OAIT namuHaToB mmpuHOi 20 MM. TakKe oTIn-
qajicsl XapakTep pa3pylleHUs KaK B paMKax OJHOM cepuu
WUCTBITAaHUH (00pa3ibl mupuHOU 50 MM), TaK U IIPH TIe-
pexojie OT OAHOM CEpUU K IPYToi.

[Ipenmnonaraercs, uto Ha padoty DAII tamuHaTa rpu
pacTSDKEHMU OKa3blBaeT BIMSIHUE ero mupuHa. OmHako
He SICHO, TIpU KakKo# IMpuHE o0paslia, OTJIUYHONU OT
pekomeHayemoit metoaukoit 'OCTa, «addekT mmpu-
Hbl» HAUMHAET OKa3blBaTh CYILIECTBEHHOE BIUSIHUE, KO-
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Puc. 1. Pacnpenenexue 3HadeHunii conpoTtueneHuns MAlM nammHaTta npy usmeHeHnn lWnpuHbl obpasua
Fig. 1. Distribution of resistance values of FRP laminate when changing the width of the sample

b

Puc. 3. PaspylieHne o6pasuos cepum: a — FRP-20; b — FRP-30; ¢ — FRP-40; d - FRP-50
Fig. 3. Destruction of samples of the series: a — FRP-20; b - FRP-30; ¢ — FRP-40; d — FRP-50
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TOpOE HEOOXOMMMO YYMUTBIBATh MpU
pacueTe yCUIeHUS.

s uccnenoBaHusl JaHHOTO 3(¢-
¢ekTa MpoBeaeHa cepusl UCIbITAaHUMI
ODAIT mamuHaTta, pe3yabTaThl KOTO-
DPBIX MpeACTaBJIeHbl B HACTOSIICH
cTaThe.

IIporpamma ucnbiTanuii. [TpoBe-
JeHbl uchbiTaHug obpasnos DATI
JlaMUHATa pa3IMIHON IMUPUHBI Ha
pacTsSLKeHUE BAOJb BOJOKOH IpU
KpaTKOBpEMECHHOM [ECTBUM Ha-
Tpy3Ku 110 paspyiieHus. Llexb ucmbi-
TaHU — KUCCIea0BaTh BIUSIHUE IIH-
punbl @AIT Ha ero paboty Ipu pac-
TSIKEHUU.

Hnsa mocTKeHUs TTOCTaBICHHOM
1eJIM HeOOXOIMMO DEeIIUTh CIIEIYIO-
Imue 3agavu: 1) ompeneauThb COIpO-
tusieHne GAII pacTskeHuio; 2) mo-
JIYUUTh 3aBUCUMOCTb COIPOTHUBIIE-
Hus @AIl pacTsKeHWI0 OT €ero
IIMPUHBI, 3) OLEHUTb M3MEHEHUEe
xapakrepa paspymieHus DOAIl npu
YBEJIMUEHUU €r0 IIMPUHBI; 4) TOoy-
YUTh AUArpaMMy Harpy>XeHus — ISl
ouleHkn paboter MAIT B mporecce
WCIIbITAHUS, B TOM YMCJIe B 30HE 3a-
XBaTOB, TaK KaK YCJIOBUS pabOTHI
AHAJIOTUYHBI YCIIOBUSIM B MEXaHUYe-
CKMX aHKepax rpu cozganuu B MATI
JlaMUHaTe TIpeIBapUTEIbHOTO Ha-
MPSKEHUSI.

HMcnpiTanuss  TOpoOBeACHBI  I10
T'OCT 25.601—80: yeTbipe cepum Kc-
neitanuit @ATT nraMuHaTa C HIMPUHOK
20 mm (FRP-20), 30 mm (FRP-30),
40 mm (FRP-40) u 50 mm (FRP-50).
B xaxmoii cepuu no 12 o6pasios.

OnbITHBIE 00pa3Ilbl IJIOCKUE, B
BHUJIE TIOJIOCHI MPSIMOYTOJILHOTO Cceue-
Hus. Matepuan o6pas3ioB — yriaepo-
Hbiii  PAIl  JaMuUHAT  TOJILU-
HOoi 1,4 MM, mmpurHOM 100 MM.
Comportusiiearie MAIT pacTssKeHMIO,
MpeACcTaBICHHOE IIPOU3BOIUTEIEM
1o pe3yibTaTaM MEXaHUYeCKUX HC-
NbITAHWI Ha oOpaslax MUPUHON
20 mm commacuo 'OCT 25.601-—-80,
cocraBuiio 2069 MIla.

B mpomecce ucnpiTaHus QUKCH-
pOBaJIM pa3pylIafolIyl0 Harpysky,
XapakTep M MECTO pa3pylIeHMUs.
HcnpiTanue o0pa3ioB MPOBOAWIN Ha
YHUBEPCAJTbHBIX 3JIEKTPOMEXaHUYe-
ckux mMamMHax Instron. HarpyxeHue
00pa310B OCYLIECTBISIIOCh CO CKO-
pPOCTBIO MEpeMElIeHUs 3axBaTa Ma-
IIWHBI 5 MM/MWH.
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Ta6nuua 1
Table 1
Pe3ynbTaTthl UCNbITaHUi 06pa3uoB cepuu FRP-20
Test results for FRP-20 series specimens
oo | b | wwe | REwna | REuma | GgE)ee | R | R | GER)%
FRP-20.1 20,01 2212,44 -6,93 61,98 63,31 -2,15
FRP-20.2 20,17 2118,19 -2,38 59,81 61,1 -2,15
FRP-20.3 19,25 2263,3 -9,39 61 62,17 -1,92
FRP-20.4 19,98 2203,92 -6,52 61,65 62,97 -2,14
FRP-20.5 20,06 2139,5 -3,41 60,09 61,37 -2,14
FRP-20.6 19,28 2142,02 -3,53 57,82 59,09 -2,2
FRP-20.7 20,08 4 2069 2274,06 -9,91 63,93 65,3 -2,15
FRP-20.8 20,57 2043,53 1,23 58,85 58,84 0,02
FRP-20.9 20,06 2039,21 1,44 57,27 57,27 0,00
FRP-20.10 20,05 2090,38 -1,08 58,68 58,68 -0,01
FRP-20.11 19,92 2035,37 1,63 56,76 56,76 0
FRP-20.12 20,25 2116,45 -2,29 60 60,01 -0,01
CpenHee: - 2139,86 - - - -
KoadduumeHT Bapuauyunu, % - 3,73 - - - -
Tabnuua 2
Table 2
PesynbTaTtbl McnbiTaHUii 06pasuoB cepun FRP-30
Test results for FRP-30 series specimens
e | o | wow | wgpna | R [0 | Rt | R e
FRP-30.1 29,99 2224,18 -7,5 93,38 95,385 -2,14
FRP-30.2 30,01 2186,75 -5,69 91,86 93,84 -2,15
FRP-30.3 30,06 2164,65 -4,62 91,09 93,05 -2,16
FRP-30.4 30,05 2083,76 -0,71 87,67 89,542 -2,13
FRP-30.5 29,19 2249,07 -8,70 91,9 93,911 -2,19
FRP-30.6 29,53 2028,91 1,94 83,87 83,88 -0,01
1,4 2069
FRP-30.7 29,68 1917,85 7,31 79,69 79,69 0
FRP-30.8 29,82 1886,01 8,84 78,74 78,74 0
FRP-30.9 29,73 1973,09 4,64 82,13 82,12 0,02
FRP-30.10 29,92 2005,22 3,08 83,99 83,99 0,01
FRP-30.11 29,71 2012,54 2,73 83,72 83,71 0,01
FRP-30.12 29,95 1933,24 6,56 81,07 81,06 0,01
CpepHee: - 2055,45 - - - -
KoadduumneHT Bapmnauum, % - 5,8 - - - -

Pe3yasTaTel ucnbiTanmii. B tabn. 1—4 mpuBeneHbl
MmoJiydeHHBIe 3HaueHus comnpotuBieHnst MAIT pacts-
KEHUIO W paspylialolleid Harpyske s oOpas3loB
cepun FRP-20, FRP-30, FRP-40, FRP-50 cooTBet-
CTBEHHO.

[Ipy yBenmueHMM MIMPUHBI 00pas3lia HAOIIOZACTCS
CHIXEHME colpoTuBieHns pacTsokeHno MAIT (puc. 1).
Pasznuna ns odpasuos mupuHoii 20 u 50 MM coctaBuia
12%. HanbGomnee ogHOPOIHOE pacrpeneieHrue 3HaYeHU I
nokazanau obpasubl cepun FRP-20 (koadpduiimeHT Ba-
puanuu coctaBui 3,73%).

Cpennee comnporusieHne ATl pacTssKeHUIO TTONy-
YEHO BHIIIE 3HAYCHUS, IIPEACTABIICHHOTO TTPOM3BOIUTE -
JieM, Ha 3,4% st cepun uctibitanuii FRP-20, u Hioke Ha
0,7, 7,6 u 8,6% nns cepuit FRP-30, FRP-40 u FRP-50
COOTBETCTBEHHO. MUWHMMAJIBbHBIC 3HAYEHUST COMPOTUB-
snenus OAIT pactsekenuro st cepuii FRP-20—FRP-50
cocrasuian 2035,37; 1886,01; 1762,33; 1733,22 MIla co-
OTBETCTBEHHO.

MakcumaibHble 3HaueHus1 corpotuieHus OAII
pactsokenuto s cepuit FRP-20—FRP-50 coctaBuiun
2274,06; 2249,07; 2027,46; 2087,1 MIla cOOTBETCTBEHHO.

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA

28

Hosbps 2022



Concretes: science and practice

Tab6nuua 3
Table 3
Pe3ynbTaTthl UCNbITaHUi 06pa3uoBe cepuu FRP-40
Test results for FRP-40 series specimens
MapKa b t rcop Raxcn (1_ R;Z:x“ )’ o FTeop wacn (1_ F:I‘:m o
o6pasua f, MM f, MM Rf,ult! Mla fult, MMa Riat ° ult , KH ut , KH Fre ©
FRP-40.1 39 2027,46 2,01 110,7 113,07 -2,14
FRP-40.2 39,15 1807,9 12,62 99,09 101,21 -2,14
FRP-40.3 38,98 1863,49 9,93 101,69 103,87 -2,15
FRP-40.4 39,92 1974,51 4,57 110,36 111,27 -0,82
FRP-40.5 39,95 1824,53 11,82 102,05 104,23 -2,13
FRP-40.6 39,68 1762,33 14,82 97,9 97,9 0
1,4 2069
FRP-40.7 39,6 1879,43 9,16 104,2 104,2 0
FRP-40.8 40,11 1924,75 6,97 108,08 108,08 0
FRP-40.9 40,08 1854,26 10,38 104,04 104,05 -0,01
FRP-40.10 39,99 1972,06 4,69 110,4 110,41 -0,01
FRP-40.11 39,62 1993,24 3,66 110,55 110,56 -0,01
FRP-40.12 40,17 1948,14 5,84 109,56 109,6 -0,04
CpepHee: - 1911,29 - - - -
KoaddurumeHT Baprauunu, % - 4,04 - - - -
Tab6nuua 4
Table 4
PesynbTaTthl UCnbITaHWii 06pa3uoe cepumn FRP-50
Test results for FRP-50 series specimens
Mapka IKeM R;,‘l(Jcn Teo) 9KeM F:““ o
06p§3ua br, MM t, MM R MMa | R mna | G-ger» % | Fa”, kH Fa' ki | (g ) %
FRP-50.1 48,65 1881,66 9,05 143,94 128,16 10,96
FRP-50.2 48,56 1806,31 12,7 143,67 122,88 14,47
FRP-50.3 48,63 1852,77 10,45 143,88 126,14 12,33
FRP-50.4 48,64 1767,8 14,56 143,91 120,38 16,35
FRP-50.5 48,5 1985,42 4,04 143,5 134,81 6,06
FRP-50.6 48,55 2087,1 -0,87 143,64 141,86 1,24
1,4 2069
FRP-50.7 48,56 1808,07 12,61 143,67 122,92 14,44
FRP-50.8 48,45 2064,28 0,23 143,35 140,02 2,32
FRP-50.9 48,45 2018,81 2,43 143,35 136,71 4,63
FRP-50.10 48,56 1733,79 16,2 143,67 117,87 17,96
FRP-50.11 48,58 1733,22 16,23 143,73 117,88 17,99
FRP-50.12 48,52 1956,19 5,45 143,55 132,88 7,43
CpepnHee: - 1891,26 - - - -
KoadduruneHT Bapmnaumnm, % - 6,45 - - - -

Mpumeyanus k Tabn. 1-4: by — cpeaHas WrpuHa obpasua, MMm; tf — cpeHss TonlwmHa obpasua, MMm; R;L‘}f — TeopeTn4eckui npeaen
MPOYHOCTM MPM PaspylIEHMM (COracHO AaHHBIM npouasoauTens), MMa; Riy —

paspylerun, MMa; F'” — TeopeTuieckoe 3Ha4eHne Harpysku npuv paspylueHnn, T; F ™" — akcnepuMeHTansHoe 3HadeHre Harpyskm

npw paspyLueHmn, kH.

TEop
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Puc. 3. narpamma HarpyxeHust 06pasuos cepun: a — FRP-20; b — FRP-30; ¢ — FRP-40; d - FRP-50
Fig. 3. Loading diagram for specimens of the series: a — FRP-20; b - FRP-30; ¢ — FRP-40; d — FRP-50

Bce o6pasubl pa3pyliuinch B pa-
Ooueit 30He B pe3yJbTaTe pa3pbiBa
BoJIOKOH. [1py M3MeHEeHNN TUPUHEI
o0paslia U3MEHsJIach U CPEeIHsISl OT-
HOCUTEJIbHAS TIIONIAAb Pa3pyIICHUS
(cpenHee OTHONIEHME TUIOLIAAN pa3-
pYIIEeHUsI K TIepBOHAYAIBHOI B paM-
KaX OJHON Cepuu UCIbITAHUM).
OO0pasibl mupuHoii 20 MM pa3pyla-
JINCh TI0 BCeU mmpuHEe (puc. 2, a).
Mg o6pasuoB cepuu FRP-30 oTHO-
CUTEJIbHAS TUIOIIAAb pPa3pyLICHUS
HauMHaeT U3MEHSIThCS OT o0Opasia K
obpa3siy 1 ocTtaeTcd B Tpeaenax 90—
100%. dns obpasuos cepuit FRP-50
pa3pylieHue HOCUT Pe3KO HEOIHO-
pomHBIi XapakTep. OTHOCUTEIbHAS
TJIoNIaab pPa3pylieHUs] U3MEHSIeTCS
or 10 mo 50% ot mepBOHAYaIbLHON
(puc. 2, d). IlpeamoaoXunTeIbHO Ta-
Kol 3¢ppeKT BO3HUKAET M3-3a HU3-
KO# Mexk(da3HOif TPOYHOCTH Ha Tpa-
HUILIE pas3fena «BOJOKHO—MaTpUla»,
KOTOpasi HauMHAET BJIUATH IIPU J0-
CTKEHWW IIMPUHBI obpasia B
30 MM, U/WIM M3-3a HAKOILUICHUS
MUKPOe(heKTOB U TTOBPEXKIECHUA.

ITonyyeHHbIE pe3yabTaThl MOTYT
CBHUICTEJILCTBOBATH O TOM, UTO IIpU
yBenmmueHun 1mmpuHsl GAIT mamu-
HaT HauMHaeT paboTaTh KaK u3aesue,
a He KaK MaTepuail.

Ha puc. 3 npeacraBieHbl aua-
rpaMMmbl HarpyxeHusi DPAIl npu
pacTsokeHuu. 1T Bcex cepuid Mc-
NbITAHUI XapaKTePEeH HEJIMHEUHBIN
YYacTOK BBIITYKJIOCThIO BBEPX Ha Ha-
YaJIbHBIX CTYMEHSIX HarpyXeHus,
4yTO 0OYCJIOBIEHO OOXaTuem odpas-
11a B ryokax (3axBatax). OgHako npu
JalbHEHIIIeM YBEJIWYEHUU Harpys3-
KM HabJgomaeTcss TPpoCcKalb3biBa-
HUe 00pa3loB B 3axBaTax ((pyHKIIUS
nMeeT BBIMYKJIOCTh BHM3). JlaHHBIN
a(pdexT HeoOXOoAMMO Y4YecTh MpU
MMPOCKTUPOBAHNN aHKepa, OrpaHM-
yuB Tipockanb3biBaHue PAIl (uc-
KJIOYUTD) IJIsI CHUXKEHHUSI TOTeph
I[TH npu ycraHoBke aHkepa. Jlanee
rpaduKu «BBIIPSIMISIIOTCS» 1 3aBU-
CHMOCTh Harpy3Ku OT IepeMeIeHUS
OCTaeTCs JUHEWHOU BIUIOTH 0 pa3-
pyIICHUS.

[Mpy WcTIBITAaHUM MOMEHT Hadaja
pa3pylIeHUsI COMPOBOXIAJCS Xapak-
TepHBIM TpeckoM. Ha mmarpammax Ha-
IPYXXKEHUSI TOMY COOTBETCTBYIOT CKay-
KU Harpy3Ky Ha CTYIICHSIX, OJIM3KHUX K
paspyiiennio. PaspyieHne HaumHa-
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JIOCh C pa3pbiBa OTAEIbHBIX KpailHUX BOJIOKOH (II€PBBIE
CKa4YKM HArpy3Ku Ha Axarpammax), KOTopoe BIIOCJIeACTBUM
pacTpoCTpaHsIOCh Ha BeCh 00pa3ell U HOCUJIO XPYITKUiA
XapakTep; IIPOMCXOIMIO B paboyeii 30He 13-3a pa3pbiBa BO-
JokoH. [Ipm 3ToM TUIOIIAmb pa3pylicHUs OTHOCHTEIBHO
MepBOHaYaJbHOM OT 0Opa3ia K odpasily Oblia pa3IuyHOM.

BriBoapl

ITo pesynbraTamM TPOBEAECHHBIX MCIIBITAHUN TTOJY-
YEeHO:

1. Inpuna o6paszua PAII BiaMsIeT HA €ro0 COMPOTHUB-
JICHUE PaCTSDKCHUIO: YeM OOJIblle IMUPWHA, TeM HIDKEe
conporuBiieHue GAIT pacTskeHUIO.

2. [llupyHa HayMHAeT OKAa3bIBaTh BIMSIHUE YK€ MPU
Tepexojie OT IMUPUHBI 00pasia 20 MM K mmpuHe 30 MM —
pa3Hulla 3HAYEHU I COMPOTUBICHMS PACTSIKEHUIO COCTa-
Buna 4,1%. Ipu nepexone K mupuHe 40 MM pasHUIIA C
mpuHOil obpasia 30 MM cocrasmia 6,6%, mpu mepe-
xoze ot 40 k 50 MM — 1,3%.

3. Ilpu yBeMUeHMM LIIMPUHBI 00pa3iia yBEIUUNBAET-
cg pa3opoc 3HadyeHuit conporusineHnst GAIT B pamkax
ofHOI cepum ucnbiTaHuil. Hanbosiee oqHOopoaHOE pac-
npeaejaeHre 3HAaUeHU MoKa3ali UCIbITaHUS 00pa3lioB
mpuHoii 20 MM, HauMmeHee — 50 MM.

4. J1i1s1 Bcex 0Opa3ioB XapaKTepHO MPOCKAIb3bIBAHUE
DAII B 3axBaTax Ha HaYaJIbHBIX dTaIax 3arpyKeHUsI.

[Tpu npoexktnpoBanun ycunenust GAIl namunaramu
PEKOMEHAYETCS YIUTHIBATh «3(PMEKT IMPUHBI» IIPU Ha-
3HAYEHUM pacyeTHBIX XapakTepucTuk MAII mis dakTu-
YECKU MPUMEHSIEMOI IIMPUHBI, HATIPUMED TTOCPEICTBOM
BBEJEHHUSI COOTBETCTBYIOINIETO KO3 duineHra.

Hnsg onpeneneHust Koap@uiimeHTa, YIUTHIBAIOIIETO
«3(hEeKT MUPUHBI», HEOOXOAMMO ITPOBECTU UCITBITAHMS
1151 kaxkmoro Buma MAIT mamuHaTa (¢ 3agaHHBIM COTIPO-
TUBJCHUEM PACTSKCHUIO) VIS IHIUPUHBI B TMAINIa30HE OT
20 no 100 MM (MakcuMajbHOe 3HaYeHMe puHbl OAIL,
JIOCTYITHOE Ha OTEYECTBEHHOM PBIHKE).

HeobxonumMo y4yecThb BO3MOXHOCTb MPOCKAJIb3bIBa-
nust OAIT namMmuHaTa B 3axBarax (aHKepe) MPU MPOEKTH-
pOBaHUM aHKepa U pacyeTe MOTephb MPeaBapUTEIbHOIO
HaTIPSDKCHUS.
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AHanu3 W3MEeHeHUs XapakTepUcTUK aKTUBUPOBAHHOIO LIEMEHTA
C UCMOJIb30BaHUEM 1E3UHTErPaTOPHOIi TEXHONOIUH

Llenbto nccnesosaHuns ABNSETCSH U3y4eHne BOSMOXHbIX U3MEHEHNI XapakTepucTK LLeMeHTa Npy ero akTueaLumm ¢ Cnosb30BaHNEM
LEe3NHTErpaTopHON YCTaHOBKN. AKTUBALMA LieMeHTa NpoBoaunack Ha aesnHterpatope [CJ1-94 ¢ aHeprueit aktusauum 17 kx/Kr.
VccremoBaHns cocTosny N3 OBHOKPATHON, BYKPATHON W TPEXKPATHON aKTUBALMW LEMEHT B Ae3UHTErPATOPHON YCTAHOBKE C
nocneayoLwmmM onpeaeneHneM N3MeHeHns PU3NYECKMX XapakTepUCcTUK YacTuu,. BoisBNeHO yBenndeHne yaenbHON NOBEPXHOCTM
LeMEeHTa Ha KQXXAYH0 MoCeayoLLyto akTueaumo Ha 12—16%, a Take 0TMEYeHO YBeSIMYEHIE YiCa KOHTAKTOB YacTuL, NpUMepHO B ABa
pasa Ha KX/l NOCNeAYOLLNI NPOXOA LleMEHTA Yepe3 Ae3UHTErpaToOPHYHO YCTAHOBKY. YCTAHOBIEHO YBEINYEHE NYCTOTHOCTU Ha
12,4% nocne nepsoro npoxoja Yepe3 yCTaHOBKY. BbIfBNEHO N3MEHEHIE HACLIMHO NIOTHOCTIA YaCTUL LIEMEHTA NOoCIe akTusaumu, a
TaKXXe ONpefiesieHo N3MEHEeHIe arnomepann 4acTu LeMeHTa; yMeHbLUeHne ppakumin yactuy, 40-63 MKM B CPaBHEHUM C KOHTPOJbHbIM
LeMeHTOM: Ha 5,4; 8,7; 8,4% npu aHeprum aktusaumn 17; 34 u 51 kK/Kr COOTBETCTBEHHO. BbINosHEHO onpefeneHne N3MeHeHus
pa3mepoB YacTuUL, LeMeHTa Noce OJHOKPATHOM, BYKPATHON W TPEXKPATHON aKTUBALMW C MOCTPOEHUEM WHTErPASTbHbBIX 1
ondhdhepeHuManbHbIX KpUBbIX pacnpegesieHns 4acTul; NnocTpoeHne pacnpegenequs PosnHa—Pammiepa Yactuy, LeMeHTa ¢ pa3Hoim
3Hepruen aktueaunn. OnpeaeneHo M3MeHeHe BENNYMHbI 3K30TEPMINYECKO PeakLm, a TakKKe N3MEHEHNe BPEMEHN BbleneHns
3K30TEPMUYECKOI JHEPrumM Npu 3aTBOPEHUN aKTUBUPOBAHHOO LIEMEHTa BOJON.

Knioyesble cnoBa: akTuBaums LEMeHTa, 9K30TepMna LemMeHTa, Ae3NHTerpaTopHas ycTtaHoBKa, yaesibHaa NOBepPXHOCTb,
pacnpeneneHue 4actud,.

Inga untuposaunus: Camyenko C.B., Abpamos M.A., OcmaHoB A.b. AHanu3 N3MeHeHUs XapakTepucTuK akTUBUPOBAHHOMO LieMEHTa
C MCMNONb30BAHNEM [E3UHTErpaToOpHON TexHonoruu // CtpoutensHeie matepuaisi. 2022. Ne 11. C. 32-36.
DOI: https://doi.org/10.31659/0585-430X-2022-808-11-32-36
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Analysis of Changes in the Characteristics of Activated Cement Using Disintegrator Technology

The aim of the study is to research possible changes in the characteristics of cement during its activation using a disintegrator installation. Cement activation was carried out on a DSL-94
disintegrator with activation energy of 17 kd/kg. The studies consisted of single, double and triple activation of cement in a disintegrator installation, followed by determination of changes
in the physical characteristics of cement particles. An increase in the specific surface area of cement for each subsequent activation of cement by 12-16% was revealed, and an increase
in the number of particle contacts by about 2 times for each subsequent passage of cement through the disintegrator unit was also noted. An increase in voidness by 12.4% was found
after the first passage of cement through the disintegrator unit. A change in the bulk density of cement particles after activation was revealed, as well as a change in the agglomeration of
cement particles was determined. A decrease in particle fractions of 40-63 microns was determined in comparison with the control cement: by 5.4%, 8.7%, 8.4% at activation energies of
17 kJ/kg, 34 kJ/kg and 51 kJ/kg, respectively. The determination of the change in the size of cement particles after single, double and triple activation with the construction of integral and

differential curves of particle distribution, the construction of the Rosin-Rammler distribution of cement particles with different activation energies. The change in the magnitude of the
exothermic reaction, as well as the change in the time of release of exothermic energy during the mixing of activated cement with water, was determined.

Keywords: cement activation, cement exothermy, disintegrator unit, specific surface area, particle distribution.

For citation: Samchenko S.V., Abramov M.A., Osmanov A.B. Analysis of changes in the characteristics of activated cement using disintegrator technology. Stroitel'nye Materialy
[Construction Materials]. 2022. No. 11, pp. 32-36. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-32-36

Pa3ButHe TeXHOJOTMU MOJyUYEeHUs, a TAKXKe U3MEHE-
HUS CBOWCTB LIEMEHTa MpoaoKaeTcs 6osee cra jiet. Ha
CEeTOAHSIIHMIA I1eHb OMHUM U3 Hanbosiee 3(PHeKTUBHBIX
CIIOCOOOB YJIYUIIIEHUST XapaKTePUCTUK 1IEMEHTA SIBJISIET-
csl MpenBapuTeIbHas TMOATOTOBKA, TaKXKe Ha3blBaecMasi
aKTUBaLMEe. AKTUBAIIMS 1lIEMEHTA IIPUBOIUT K M3MEHE-
HUIO KPYITHOCTM YacTHII IIEeMEHTa, CO3IaHuI0 (hu3nye-
CKMX Ie(eKTOB B MOIpeIIeTKax U pelieTKaXx MUHEPaJIOB,
a TakXke K MOAU(pUKAIUU CTPYKTYPbI YacTull [1].

B HacTog1ee BpeMsi npeaBapuTebHasl MOArOTOBKA
LIEMEHTA HACUMThIBAET O0Jiee AECITHU COCOOOB, HEKOTO-

pble U3 HUX: VBTpa3ByKoBast oopaboTka [2, 3], TepMuye-
cKag akTuBamus [1], TmmpommHamMudecKas aKTHUBAIIWS
WM MexaHoxuMuueckast aktuBaust (MXA) neMeHTHOMI
cycrnieH3uu [4, 5], n3MeNbUeHUE BSDKYILETO BEIIeCTBa B
Pa3IMUHBIX 3HEPrOHANPSIKEHHBIX armmapartax [6—S8].
HawuGonee mpocThIM 1 OBICTPHIM CITOCOOOM SIBIISIETCSI €TI0
W3MeJIbUYCHE B CITEIIMATbHBIX DHEPTOHATIPSKEHHBIX TT0-
MOJIbHBIX amraparax [9].

I[TomonbHBIE amnmapaThl KJIaCCU(PUIMPYIOTCS CITO-
CcO0OM M3METbYCHUS, KOTOPBI BEIOMPAETCS B 3aBUCH -
MOCTH OT (PU3UKO-MEXaHUUYECKUX CBOMCTB M3MeIbya-
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emoro matepuaina [10]. B 3aBUcCUMOCTU OT NpUMeEHsIe-
MOTO ITOMOJILHOTO allllapaTa U3MEHSIIOTCSI IUCIIEPCHbIE
XapaKTepPUCTUKHU TIPOAYKTa, TeoMeTpuIecKrue (HOopMBI
00pa30BaHHbBIX YACTUILL U XapaKTep MX IIOBEPXHOCTH,
CTOCOO BHEIIHEr0 MEXaHWYeCKOTO BO3NEHCTBUS HaA
yactulbl HemeHta [11]. CTOUT OTMETUTH, YTO COBpE-
MEHHbIE JHEPrOHAIPSXKEHHbIE alapaTbl JOJKHBI
obecrieynBaTh HEIMPEPHIBHOCTL JACHCTBUS, yIapHOE
HarpyXeHHe, a TakKe IOCTOSIHHOE yHaJeHHUEe YacTUll
o0paboTaHHOTO MaTepuajla M3 30HbI U3MEJbYEeHUS,
JKeJIaTeJIbHO ¢ OJHOBPEMEHHOU Kiaccudukaiuein ro-
TOBOTO IMPOAYKTa M BO3BPATOM KPYIIHBIX YacTHUIL] Ha
noobpaborky [10]. Jle3auHTerpaTropHasi ycTaHOBKa
YIOBJIETBOPSIET JAHHBIM TPEOOBAHMSIM, YTO OIPEAEIIsi -
eT JaHHBII BHJ 3HEProHAIIPSKEHHOIO almapara Kak
0oJiee EPCIEKTUBHYIO YCTAHOBKY JUISI U3MEIbYCHUS 1
AKTUBALMK LIEMEHTA.

Jle3uHTerparopHasl yCTaHOBKa IT03BOJISIET aKTUBU-
poBaTh MaTepUajbl IIMPOKOIO IMAara3oHa TBEPIOCTH,
BapbUPOBATH YIEIbHYIO 9HEPTUIO 0O0PaOOTKY M3MeTbya-
€MOro MaTepHalia IIyTeM CMEHbBI POTOPOB ¥ U3MEHEHUEM
yucia obopoToB asurarens [9, 12, 13].

ITpu akTMBaLMM YaCcTULl B JE€3UHTETPATOPHON yCTa-
HOBKE 00pa3yloTCsl HOBbIE ITIOBEPXHOCTH, KOTOPbIE IIPU-
BOIAT K TIOBBIIICHHON PEaKIMOHHON CITOCOOHOCTH B
CBSI3U ¢ (PU3MYECKMMHU M3MEHEHUSMHU, BbI3BAHHBIMU
n3MelpuecHUEM [14].

Matepuajbl 1 METObI

s aHanm3a U3MEHEHUST XapaKTePUCTUK aKTUBUPO-
BAaHHOTO IIEeMEHTa MCIIoJb30Baica LeMmeHT MS500 10
(CEM 1 42, H), INomonbck-ILlemeHnT. XUMUUIECKU CO-
CTaB KJIMHKEpa MpelcTaBIeH B TabIUIIE.

AKTHBaIMs [IeMEHTA IIPOBOIMIIACH HA IE3MHTETPaTOP-
Hoii ycrtaHoBke JICJI-94 ¢ sHeprueit MXA 17 kJIX/Kr
IyTeM 3arpy3Ku B IIPUEMHBIN OyHKEp UCCISAyeMOro 1ie-
MeHTa. Bo3melicTBie Ha IIeMEHT TIPOBOAMIIACE 34 ONWH,
JIBa U TpU MPOXoJa yepe3 Ae3MHTEerpaTop.

[Mocne kaxmporo mpoxoaa onpeAessiach yaeabHas 1mo-
BEPXHOCTb LIeMeHTa Ha rpudope Tosaposa T-3, onpene-
JISUTUCh M3MEHEHMST BeJIMYMHBI 3K30TEPMUUYECKON peak-
1y Ha npubope OBEH TPM 202, a Tak:xe MpoBOAWINCH
9JICKTPOHHBIE MMKPOCKOIUUYECKUE MCCICIOBAaHMUS 4a-
cTuIl Ha Jla3epHOM MuKpoaHamm3atope MASTERSIZER.
I'paHynoMeTprUyecKuii cocTaB aKTUBUPOBAHHOTO LIEMEH -
Ta OIPEICISIICS C MCIOJb30BaHMEM (DOTOCEAMMEHTO-
rpapa DCX-6.

Pe3yabTaTsl ucciaenoBaHus
B xome BbImojHeHUsT pabOThI MPM MHOTOKPATHOM
AKTUBALIMY LIEMEHTA OBIJIO OTMEUYCHO YBEIMICHUE YICTh-
HOI TIOBEPXHOCTH ILIEMEHTA, a TAKXKE YBEIMYCHUE YUCiIa
KOHTAaKTOB YacTUII lieMeHTa (puc. 1), 4To 00ycCIOBIMBa-

eTCsl YMEHBIIEHUEM HMX pPa3MepoB. YCTaHOBJEHO, 4YTO
KaXXIbIA TTOCJIeAYIONINI TIPOXOJI 1lIeMeHTa Yyepe3 Ae3UH-
TEerpaTOPHYIO YCTAHOBKY YBEJIMUYMBAET YMCJIO KOHTAKTOB
YacTUII IPUMEPHO B [IBa pasa.

[Mpu omnpeneneHnM yaeabHON TTOBEPXHOCTU OTMEYe-
HO €¢ YBeJIMYCHME Ha KaXKIyI0 MOCJICAYIONIYI0 aKTHBa-
LMo LeMeHTa Ha 12—16% K npeablaylieMy 3HaueHUIO,
OIHAKO aKTUBALMS MPU TPETheM MPOXOJe MaTepuaia He
MIPUBOAUT K YBEJIWYCHUIO YIEIbHON MTOBEPXHOCTH, UTO
CBSI3aHO C HapyLICHUEM KPUCTAIMYECKONH CTPYKTYPbI
JacTHII LIEMEHTa U C YBEJUUCHUEM UX CBOOOIHOM 3HEp-
YU, TIPUBOSIIEH K arpernpoBaHUIO.

IIpu akTUBaLMM IIEMEHTA YCTAaHOBJIECHO M3MEHEHUE
€ro HACHIITHOM IIJIOTHOCTU U ITyCTOTHOCTH (puc. 2).

VYBeauyeHre myCTOTHOCTU aKTUBUPOBAHHOTO LIEMEH -
Ta CBSI3aHO C BO3IYyXOBOBJICUCHHEM, a CJICIOBATEIbHO, C
YBEJIMYCHUEM PACCTOSTHUST MEXTY YaCTUIIAMU aKTUBUPO-
BaHHOTrO 1ieMeHTa. C JaHHBIM CBOMCTBOM CBSI3aHO TaKKe
YMEHBIIIEHE HACHITTHOW TUIOTHOCTU. YBEJIWYEHUE ITy-
CTOTHOCTM MOCJIe TIEPBOTrO MPOXoJa LIEMEHTa yepe3 Je-
3UHTErPaTOPHYIO YCTAHOBKY cocTaBiisieT 12,4%.

s onipeesieHNsI pa3MepoB YacTUII IIEMEHTa ¢ pas-
HOM SHEpPTrUell aKTUMBALMU C NPUMEHEHUEM JIa3€PHOM
MUKPOCKOMUU, a TaKKe MaTeMaTU4YeCKOl 00paboTKu
MOJYYEHHBIX pPE3yJbTaTOB ObLIM ITIOCTPOCHBI HHTE-
rpasibHbIe (puc. 3) u nuddeperHunanbHbie (puc. 4) Kpu-
BbIE pacrpeesieHusT JyacTull reMeHTa. OOHapyxKeHO
yMeHblIeHne ¢paxkimii yactuiy 40—63 MKM B cpaBHE-
HUU C KOHTPOJIbHBIM LIEMEHTOM: Ha 5,4% mpu SHEPTUK
aktuBauuu 17 xJIx/kr; Ha 8,7% — IIpy S9HEPIrUU aKTHU-
Bamu 34 kJIx/kr; Ha 8,4% TIpu dHEPrUv aKTUBAIUU
51 kJIX/KT, a TakKe yBeIMYCHHME KOJIMYECTBA YaCTHII
pasmepom MeHee 10 mxm Ha 5,4; 7,1 u 7,2% cootBer-
CTBEHHO.

B pamkax pa®othl ¢ onpeaeneHrueM pakiLuii YacTHIL
LIEMEHTA TI0CJIe X MHOTOPAa30BOii aKTUBAIIMU OBLIO TIO-
CTpoeHo pacnpeneseHue Posuna—Pammiepa yactuil Le-
MEHTa C pa3HOIl PHEpPIrueii akTuBauu (puc. 5), 4TO Imo-
3BOJISIET CYAUTh 00 M3MEHEHUW XapaKTePUCTUUECKUX
pa3MepoB YaCTHII lIeMEHTA.

B xone BBIMOHEHUS SKCITIEPUMEHTOB OBLIO OTIpee-
JICHO UBMEHEHME SHEPTUM IIPU SK30TEPMUUECKON peak-
LIMU B IIPOIIecce TUApATAIINY aKTUBUPOBAHHOTO IIEMEH-
ta (puc. 6). MOXHO OTMETUTh, YTO MaKCUMAaJIbHOE KO-
JIMYECTBO SHEPIUU, BHIACISIEMOM ITPU DK30TEPMUYECKOM
peaxkiMy IeMeHTa C DHEeprueil akTWBAIlMU, PaBHOM
34 xJx/xr, coctaBuio 21,6 xIx/kr, yto B 1,4 pasza
0OJIBIIIC PHEPTUHU, BBIACISICMON MPU 3K30TEPMUIECKOM
peaxkiii KOHTPOJIBLHOTO 00pasiia; TakxKe MUK TEeIIOBOM
SHEPruyd MpPU BK30TEPMUYECKON peaKkIMu IIeMeHTa C
SHEpTHell akTuBaluu, paBHoU 34 kJIK/KT, HQUMHAETCS
Ha 10 MUH OBICTpee B CpaBHEHUU C KOHTPOJbHBIM 00-
pasiom.

XnMuyeckuii coctaB KIIMHKepa
The chemical composition of clinker

KOMMNOHEHTbI nnn CaO SiOo

AloO3

FeoO3 MgO SO3 R20O

KnuHkep 0,92 62,75 20,1

4,56 8,72 1,99 0,57 1,58
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Puc. 1. VIameHeHne yaenbHON NMOBEPXHOCTU M YMCna KOHTAKTOB HacTuL,
LLEMEHTA C Pa3fINYHON 3HEPTUEN akTuBaumn: 1 — yaenbHas NOBEPXHOCTb;
2 — 4NCNO KOHTaKTOB

Fig. 1. Change in the specific surface area and the number of contacts of
cement particles with different activation energies: 7 — specific surface;
2 - number of contacts
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Puc. 3. NHTerpanbHas kpusas pacnpepeneHuns 4actuu, ueMeHTa: 1 — KOH-
TPOJSIbHBIN LEMEHT; 2 — UEMeHT C aHepruen aktmusaumm 17 kIxK/Kr;
3 — LeMeHT ¢ 3Hepruei akteaummn 34 kKOx/Kr; 4 — UEMEHT C SHEPrUen akTn-
Baumm 51 kx/kr

Fig. 3. Integral distribution curve of cement particles: 7 — control cement;
2 - cement with an activation energy of 17 kJ/kg; 3 - cement with an activation
energy of 34 kd/kg; 4 — cement with an activation energy of 51 kJ/kg
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Puc. 6. BoigeneHve aHeprum npu 9Kk30TepMUYecKor peakumm B npouecce
rmapaTaummn LuemMeHTa: 1 — KOHTPOJIbHbIN LLEMEHT; 2 — LLIeMEHT C 3Hepruei
akTmBaumm 17 kX/kr; 3 — ueMeHT ¢ aHepruein aktmsaunmn 34 kIx/kr;
4 — UeMEHT C aHepruen akTneaumm 51 kx/kr

Fig. 6. Energy release during an exothermic reaction in the process of
cement hydration: 17 — control cement; 2 — cement with an activation energy
of 17 kd/kg; 3 — cement with an activation energy of 34 kJ/kg; 4 — cement
with an activation energy of 51 kd/kg

ArperupoBaHue 4acTull MaTepuasia, a cliefoBaTe/b-
HO, YMEHbIIIEHWE ILIOIIAAM KOHTAaKTa C MOJEKYyJIaMUu
BOJIbl OOBSICHSIETCS] 3HAYEHMEM PA3HULIBI MEXXY SHEPIU -
€W, BBIACISIEMON MPU 3K30TEPMUYECKON pEaKIMU Ie-
MEHTa ¢ Hepruen aktTupauu 51 kJI>X/Kr, B CpaBHEHUU
C LIEMEHTOM C 9HepTueil akTuBauu pasHoi 34 kJIx/Kr.
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Puc. 2. VIameHeHne arnoMepaumm 4acTuL, LEMEHTA C Pa3INYHO aHepruei
aKkTMBaumMK: T — HacbIiNHas MNIOTHOCTb; 2 — MYCTOTHOCTb

Fig. 2. Change in the agglomeration of cement particles with different
activation energies: 7 — bulk density; 2 — emptiness
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Puc. 4. IuddepeHumanbHaa kpusas pacrnpenesieHns 4acTul, uemeHTa:
1 — KOHTPOJbHbIV LEMEHT; 2 — LUEMEHT C aHepruen aktnsaumm 17 kOx/kr;
3 — uemeHT ¢ aHepruei akTneaumm 34 kIX/kr; 4 — LeMEHT C dHepruen akTn-
Baumm 51 kx/kr

Fig. 4. Differential distribution curve of cement particles: 7 — control cement;
2 - cement with an activation energy of 17 kJ/kg; 3 — cement with an activation
energy of 34 kd/kg; 4 — cement with an activation energy of 51 kd/kg
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Puc. 5. Pacnpenenenne PosnHa—Pammnepa yacTul, LLEMEHTa C pasHou
3Hepruen aktmeauun: 1 — KOHTPONbHBIA LEMEHT; 2 — LLIeMEHT C aHepruen
akTmBaumm 17 kIx/kr; 3 — uemeHT ¢ aHepruein aktusaummn 34 kIx/kr;
4 — ueMeHT ¢ aHepruel aktmeaummn 51 kx/kr; 5 - R=36,8%

Fig. 5. Rosin-Rammler distribution of cement particles with different
activation energies: 1 — control cement; 2 - cement with an activation energy
of 17 kd/kg; 3 — cement with an activation energy of 34 kd/kg; 4 - cement
with an activation energy of 51 kd/kg; 5 - R=36.8%

OTKJIOHEHUE DHEPruii, BBIAEISIEMbIX IPU 3K30TEpP-
MHWYECKON peakIMM LIEMEHTa C DHEpPrueil aKTWBAIUH,
paBHOI 17 KJIX/KT, B CpPaBHEHUHU C LIEMEHTOM C SHEPTHU-
el akTuBaunu, paBHol 34 K/IK/KT, OOBSICHSIETCST YBETH -
yeHUeM Ae(EKTHOCTH YacTHUI[ BMECTE C YBEJIMYCHUEM
aKTUBALIMOHHOM dHepruu (puc. 6).
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Modern binding materials

BoiBobI

1. YcTaHOBIIEHO, YTO KaXKIbIi MOCIEAYIOIINI TTPOXO/I
IIeMEHTa Yepe3 Je3MHTEeTPATOPHYIO YCTAHOBKY YBEITMIN-
BaeT YMCJIO KOHTAKTOB YacTUI] MPUMEPHO B JIBa pasa.
[Tpu onpeneneHNA yACIHHOM ITOBEPXHOCTA OTMEUCHO €€
YBEJIMUEHME KaXKI0M TOCIeAyIOIIei aKTUBALIMY LIEMEeHTA
Ha 12—16% K nipenplayleMy 3HaueHUIO, OAHAKO aKTHBa-
WS TIPY TPETheM IPOXOAe MaTepuaja He IMPUBOIUT K
YBEJIIMUEHUIO YIEIbHOM MOBEPXHOCTH, 3TO CBSI3aHO C Ha-
pyIIeHHNEM KPUCTAJUIMIECKON CTPYKTYpBI YACTHIL IIe-
MEHTa U C YBEJIMYCHUEM MX CBOOOIHON SHEPrUM, UYTO
MPUBOIUT K arpEerMPOBAHMUIO YACTHLI.

2. YBelMueHWe MYCTOTHOCTH aKTUBUPOBAHHOTO IIe-
MEHTa CBS3aHO C BO3IyXOBOBJICUCHMEM, a CJIeI0BATE/Ib-
HO, C YBeJIMUCHUEM PACCTOSTHIS MEXKIY YaCTULIAMU aKTH-
BMpPOBaHHOTO 1ieMeHTa. C JaHHBIM CBOMCTBOM CBSI3aHO
TaKXKe YMEHbILIEHE HACBIITHOM IJIOTHOCTU. YBeIM4YeHUe
IMyCTOTHOCTH TIOCJIE TIEPBOTO ITPOXOJa IIEMEHTa depes
JIE3MHTErPaTOPHYIO YCTAaHOBKY cocTanisier 12,4%.

3. O6HapyXeHO YMeHbIIeHNEe QpaKIWii YacTHII
40—63 MKM B CpaBHEHHNH C KOHTPOJIBHBIM LIEMEHTOM: Ha
5,4% npu sHeprum axkruBauuu 17 xJx/kr; Ha 8,7% —
Mpu dHepruu aktupauvu 34 kJx/kr; Ha 8,4% nipu sHep-
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JMHAMUYECKN aKTUBUPOBAHHOM 100aBKU KPUCTALIO-

ruu akTuBauy 51 KJIXK/KT, a TaKKe YBeJTMIeHUE KO-
yecTBa yactull, padmepoMm MmeHee 10 Mxm Ha 5,4; 7,1 u
7,2% COOTBETCTBEHHO.

4. MakcumabHOE KOJIMYECTBO SHEPIUM, BBIACISIEMOI
MIPY 5K30TEPMUYECKOM peaklMy LIEMEHTA C SHEPIUE aK-
TUBALMK paBHO# 34 k]I /KT, cocTaBuio 21,6 K/IX/Kr, 4To B
1,4 paza 6oJbllie IHEPTUM, BbIACISIEMOI MPU 9K30TepMUUE-
CKOI1 peakIny KOHTPOJIBLHOTO 00pasiia; TakKe MUK TeTIo-
BOI SHEPIUM MPU SK30TEPMUUECKON pPeakIK IIeMEHTa C
SHepruei akTuBauu, paBHoi 34 kKJIX/Kr, HaUMHaeTCs Ha
10 MuH GBICTpEe B CpaBHEHUH ¢ KOHTPOJIBHBIM 00pa3IIOM.

5. OTKJIOHEeHWE SHEPTUil, BBIACISIEMbBIX ITPU 9K30TEP-
MHMYECKO peakIMM IIEMEHTa C SHEPrueil aKTWBAIUH,
paBHOI1 51 KJIX/KT, B CpPaBHEHUHU C IIEMEHTOM C SHEPTH-
el akTuBaluu, paBHOU 34 KIIXK/Kr, OOBSICHSIETCSI arpe-
rMpOBaHMEM 4YacTWIl MaTepuajga, a CJeloBaTesIbHO,
YMEHbIIECHUE TIIOIIAAN KOHTAKTa ¢ MOJEKYJIaMM BOJbI.

6. OTKJIOHEHUE SHEPIUiA, BbIACISEMbIX IIPU DK30TEP-
MMYECKON peakilMy LIEMEHTa C SHEeprueil aKTUBAILUU,
paBHOI1 17 KIIX/KT, B CpaBHEHUH C LIIEMEHTOM C SHEPTH-
el akTuBalnu, paBHOM 34 K/IX/KT, OOBSICHSIETCS YBETH -
yeHueM JIe(eKTHOCTU YacTUIl BMECTE C yBEIUMYCHHEM
AKTUBALIMOHHOI SHEPTUM.
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B MoHOrpachuu packpbIBaeTCs COAEPKaHNE MOHUTOPUHIA MEXaHNHECKO 6e30MacHOCTY MPY HOBOM CTPOUTENBCTBE, PEKOHCTPYKLMIA 1 SKCTITY-
aTaLym 3aHWil 11 COOPYXKeHWIA. [oKa3bIBAeTCA 3Ha4eHNe MOHUTOPUHTA He TOJMbKO Kak CpeicTBa KOHTPONS 3a COXPaHHOCTLIO rOPO/ICKOI 3aCTPOMKM,
HO W KaK MPOUNAKTIHECKOTO CPEACTBA, NO3BOMSHOLLETO CBOEBPEMEHHO 0OHAPYXKWTb 1 IMArHOCTPOBATL HEraTUBHbIE TEHAEHLMI 1 IPUHATH afieK-
BaTHbIe Mepbl N0 HOPMaNKU3aLN TEXHUYECKOTO COCTOSHIS COOPYKeHMs. OTMEYaeTcs He0GX0AMMOCTb NOCTPOEHIS MOHUTOPIHTA KaK UHTEPaKTUBHO-

r0 MpoLecca, 6a3MPYIOLLErocs Ha KOMMbIOTEPHOI MOAENM B3aMMOAEHCTBUS COOPYXKEHNS 11 OCHOBaHWS. 3TO MO3BONSIET KOPPEKTHO MHTEPNPETPOBATL PE3yNbTaTbl
MOHWUTOPWHIA, A TAKXKe BbINOMHATL 06PATHbIE PACYeTbl AN COBEPLUEHCTBOBAHUS MCXOAHbIX PACHETHbIX CXeM W (PU3MYECKIX MOLEnei MaTepuarnoB W rpyHTOB.
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Y4e6Hoe nocobue «[IpombIlINEHHOE U rpaXaaHCcKoe CTPOUTENbCTBO. BBeaeHnue B npotheccuto»

AsTopbl: [pbi3nos B.C., Bopox6sHos B.H., lfengnuna H0.b., 3anunaesa 0.A., KanTiownHa A.l'.,
Mensenesa H.B., Metposckas A.A., Mosaposa 0.A., YopHas T.H.

[laHa 06128 xapakTepucTuka npogeccum cTpomTenb. MpuBeaeHbl CBELEHNS U3 UCTOPUM PA3BUTUS CTPOUTENTbHON oTpacnu. [peanoxeHo

KpaTkoe OMMcaHue BUAOB CTPOUTENbHOM NPOAYKLUMW, 0COOEHHOCTER NMPOEKTUPOBAHNA CTPONTENbHBIX 0OGLEKTOB, TEXHONOTMW 1 NOPSAKA OPraHn3aumm Bo3-
BEAEHNA 3[aHUIA N COOPYXXEHUI; PacKPbITbl BONPOCHI MEHe[KMEHTa B CTPOUTENbCTBE. [0A4epKHyTa BaXHOCTb CTPOMTENbHON HAayku 1 LMpoBuU3auum
CTpouTeNbHON AedTenbHocTU. OTAeNbHAs rnaBa NoCBALLEHa 0COBEHHOCTAM OpraH13aunn UHXEHepPHO-CTPOUTENbHOrO 00y4eHns. [Ans cTyneHToB 6akanaspu-
ata, Ha4asLLUNX 06y4eHne No HanpasneHnto «CTponTenbcTBO». MOXeT 6biTb MCMONB30BAHO ANS NPO(OPNEHTALMOHHOI PABOTbl C BbIMYCKHUKAMN LLKON.
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T HaumoHanbHbI MccnenoBaTensckuin MOCKOBCKMIA FoCYAapCTBEHHBIN CTPOUTENbHLINA yHUBepcuTeT (HIAY MICY)
(129337, r. MockBa, Apocnasckoe L., 26)

2 HayL{HO—I/ICCJ'Ie,D,OBaTeJ'IbCKVIIZ VHCTUTYT CTpOMTeJ'IbHOVI CbI/I3I/IKVI Poccuiickon akageMnm apxnTeKTypbl U CTPOUTESbHbBIX HayK
(HNMC® PAACH) (127238, r. MockBsa, JlokomoTuBHbIN Np., 21,)

3 CaHkT-MeTepByprokuii rocyaapCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHBLIN YHVBepcuTeT (CMBIACY)
(190005, r. CaHkT-lMNeTepbypr, 3-7 KpacHoapmeiickas yi., 3/6)

dacapHble WTYKATYpPHbIE CUCTEMbI
C NPMMEHeHUEM MOAUULUPOBAHHOIO BAXKYLLEr0

LLTyKaTypHble CUCTEMbI, HAHOCMMbIE HA MOBEPXHOCTM (DacafioB C MPUMEHEHNEM apMUPYIOLLIUX CETOK, MOXHO paccMaTpuBaTh Kak
Pa3HOBMAHOCTb TEKCTUb-6€TOHA. ATOT MaTepuan COCTOUT U3 MUHEPANIbHOMO BSXKYLLEr0, HANOMHUTENS (UK MENKOro
3an0STHUTEN) 1 apMUPYIOLLNX KOMNOHEHTOB. T006HbIE PeLLeHs MCNOMb3YIOT B CMCTEMAX hacafHbiX TENTON30NALMOHHBIX
KOMMO3NLMOHHbIX, @ TaKXXe N0 6ETOHHOMY OCHOBAHUIO (6€3 YTeNNeHNUs CTeHbl). BO3MOXHO NpUMeHeHNe no 1601 NOBEPXHOCTH
MpK PEKOHCTPYKUMKM (hacanos 3aaHuii. [loMuMo AeKopaTUBHbIX XapaKTEPUCTUK N BHELLIHEN BbIPA3UTENbHOCTU, aCafiHble CUCTEMBI
1 MaTepuanbl JOMKHbI COOTBETCTBOBATb TPEOOBAHWUAM NO [ONTOBEYHOCTY W 3KCMTyaTaLMOHHON CTOWKOCTI B YCIOBUSX
KNMMaTUYeCKNX BO3JENCTBIIA: CONHEYHOr0 06My4eHMs, 0CAKOB, 3HAKONEPEMEHHON 1 OTpULIATeNbHOI TemnepaTypsbl. Lienbto
1CCNe0BaHMSA SBUNOCh U3Y4eHNE CBOMCTB apMUPOBAHHbIX LITYKATYPHbIX MOKPbITWIA HA OCHOBE MOAMMULIMPOBAHHOIO BSXKYLLETO.
B ero cocTaB 6biia BKNHOYEHA TOHKOMONOTAs MUHepPanbHas fo6aBka Ha OCHOBE BYNKAHMYECKOro Tyda; TakxXe B COCTaB hacagHom
CMEcH BXOAMAU MOAndULMpYtoLLne 106aBKU: 3Pkl LENN0N03bl, peaucneprupyemMblii NOpoLLOK, Nopoo6pa3oBatens,
3aryctutenb, ruapoobus3aTop. YCTaHOBAEHO, YTO BHE 3aBUCUMOCTL OT NPUMEHAEMOI TEeNOM30naLnN (MUHEPanoBaTHbIX
thacagHbIX NAUT MAKU NAKUT HA OCHOBE BCMEHEHHbIX MNACTMACC) CMCTEMA NOKPLITUIA HA OCHOBE MUHEPaNbHbIX WTYKATYPOK,
APMUPOBAHHbIX CETKAMMU, BbIMOHAET 3aLLUTHbIE (OYHKLMN MO OTHOLLEHUIO K M3ONALMOHHBIM CNOSM. Bo-nepBbix, 3T0 3awmTta o1
aTMOC(hepHbIX BO3AENCTBMIA; BO-BTOPbIX, 3aLiMTa OT BaHAANN3Ma; B-TPETbIX, 3aLiMTa OT BOSMOXXHOI0 OFHEBOr0 BO3AENCTBUSA, 4TO
0C06EHHO BAXKHO B CNy4ae NPUMEHeHUs roproden Tennonsonauuu. iccnegoBanne CBOMCTB NOKPLITUAS B PEXUMAX, UMUTUPYHOLLINX
peanbHOe NPUMEHEHNe CUCTEM, NPU TEMMEpaTyPHO-BNaXXHOCTHbIX BO3AENCTBIAX NOKA3aNI0 CHUXKEHIE MPOYHOCTY CLIENEHNS

C 0CHOBaHMeM Ha 9-13%. BHeLIHNX U3MEHEHWNIA Ha NULLEBOI NOBEPXHOCTM 06Pa3L0B — U3MEHEHUS LiBETA, NOSBMNEHUS TPELLMH

11 CKOJOB, LUENYLLIEHNS He 06HAPYXEHO.

Knioyesble cnosa: hacaHoe NOKpbITUE, BYSIKAHNYECKNiA Tyd), MOANKULMPOBAHHOE BSXKYLLEE, apMUPOBAHHAA LUTYKATypKa.
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Facade Plastering Systems Using a Modified Binder

Plaster systems applied to facade surfaces using reinforcing meshes can be considered as a kind of textile concrete. This material consisting of a mineral binder (or fine aggregate) and
reinforcing components. Similar coatings are used in facade heat-insulating composite systems, as well as on a concrete base (without wall insulation). Can be used on any surface dur-
ing the reconstruction of building facades. Facade systems and materials must meet the requirements for durability and operational stability under climatic influences: solar radiation,
precipitation, alternating and negative temperatures. The aim of the study was to study the properties of reinforced plaster coatings based on a modified binder. The composition of the
modified binder included a finely ground mineral additive based on volcanic tuff; the composition of the facade mixture also included modifying additives: cellulose ethers, dispersible
powder, blowing agent, thickener, water repellent. It has been established that, regardless of the thermal insulation used (mineral wool facade slabs, or slabs based on foamed plastics),
the system of plaster coatings based on mineral plasters reinforced with meshes performs protective functions in relation to the insulating layers. Firstly, it is weather protection, sec-
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ondly, it is protection against vandalism, and thirdly, it is protection against possible fire impact, which is especially important in the case of combustible thermal insulation. The
decrease in adhesion strength (adhesion) after cyclic temperature and humidity exposures was 9-13%. Upon completion of cyclic exposures, no external changes were detected on the

front surface of the samples (color, cracks, chips, peeling).

Keywords: volcanic tufa, facade coating, modified binder, reinforced plaster.

The research was carried out as part of the implementation of the R&D “Development of the scientific foundations for the creation of fine-grained concrete
reinforced with textile material (textile concrete)”. Scientific topic code — 3.1.2.1. Performed by Research Institute of Building Physics, Russian Academy of

Architecture and Construction Sciences.
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Materials]. 2022. No. 11, pp. 37-41. (In Russian). DOI: https:/doi.org/10.31659/0585-430X-2022-808-11-37-41

CoBpeMEeHHOE IITYKaTypHOE ITOKPHITUE MOXET pac-
CMAaTpUBaThCSI KaK CHCTEMa, BKITIOYAIOMIAs HECKOJBKO
CJIOEB, B TOM YMCJIE IIMAKJIEBOYHBIN CI0M, MPOMEXYTOU-
HBII IITYKaTYPHBIN 1 GUHUIITHYIO OTIACNIKY. B 0TBeTCTBEH-
HBIX KOHCTPYKIIWSIX WM TaM, TJe BO3MOXHA KOHIICHTpa-
LIMST HATIPSDKEHUI, a TakeKe MPU HAHECEHUM TOJICTBIX CJI0-
€B IITYKaTypHOE ITOKPBITUE apMHUPYEeTCs MOHTAKHBIMU
CeTKaMM, W3rOTaBIMBACMbIMU U3 CTEKJIOBOJOKHA, TMO-
PUIHOTO BOJIOKHA, CUHTETMYECKUX MarepuanoB [1—3].

B coctaB mpoMesKyTOUHOTO 1 (PMHUTITHOTO IITYKATYP-
HBIX CJI0€B MOXKET BXOAUTh MEJIKHUI HAIOJHUTENb ((ppak-
IIMOHMPOBAHHBIN KBaplEBBIA TMECOK WIJIM €TO aHAaJIOTH,
MOPUCTBIE TTECKM), UTO JaeT BO3MOXHOCTb pacCMaTpu-
BaTh MOJOOHBIE CUCTEMBI KaK pa3HOBUIHOCTDb TEKCTHIIb-
apMHUpoBaHHOro O6etoHa. OTMETUM, YTO 3Ta aHAJIOTHUs
OM3Ka eIlle U TeM, YTO, KaK U B clIydae MCITOJIb30BaHUS
TEKCTWJIb-apMUPOBAHHOTO OETOHA, TOJIIMHA IITyKaTyp-
HOM CHUCTEeMBbI peaKo mpeBbilaeT 50 MM Ha MJIOTHBIX 3a-
mojgauTeNsIX 1 100 MM Ha MOPUCTBIX, a TEKCTHIb-apMHU-
POBaHHBIN OETOH MPU €ro TOPKPET-HAHECEHUU Ha MUHE-
pajbHBIC TTOBEPXHOCTU BBITIOIHSICT (PYHKIIAIO YCYICHUS
KOHCTPYKIIMY, 4 UMEHHO TOJICTOCJIOMHOTO IITYKaTypHO-
IO TOKPBITUS C JOIMOJTHUTEIbHBIMU (PYHKIUAMU [4—6].

B mTykaTypHBIX cHCTeMaX ¢ YTEIIEHNEM, B KOTOPBIX
NPUMEHSAIOTCA TEIUIOU30JISALMOHHBIE CIIOU U3 MUHEpa-
JIOBaTHBIX (haCaaHBIX IJIUT, U3ISINI U3 SKCTPY3UOHHOTO
TEHOITOJIUCTUPOJIa MW TICHOTIOJIMU30IINaHypaTa, 3Ha-
YUTEJIbHOE YCIOXKHEHNE U30ISIIIMOHHONM CUCTEMBI TIpe/i-
ImoJlaracT o0s13aTeIbHOE IIPUMEHEHNE apMUPOBAHMS CET-
KaMMU I10 TJIay CTEHbI C JOTIOJHUTEIbHBIM YCUJIEHUEM B
TPEIIMHOOITACHBIX MecTaX. CHUCTEMBI C YTEIIJICHUEM T10-
3BOJISTIOT OTPAaHWUYMBATh TEIUIOBBIE MTOTEPU B XOJOIHBIN
MEepUO. U COKPAIIATh PACXOAbl HA KOHAUIIMOHMPOBaHUE
B YCJIOBUSIX KapKoro Kimmata [7—9].

B ToMm ciydae, ecim HecyIlasi CTeHa BBIMOJIHSIETCS U3
0JIOKOB WM KaMHEM, MMEIOIINX OTHOCUTEIIEHO HU3KYIO
TEIJIONPOBOAHOCTD (OJIOKOB 13 STYEMCTOro OETOHA, OeTOHA
Ha JIETKMX 3arOJHUTENISIX, OJJOKOB M3 Tyda WIM U3BECT-
HSIKa-paKylIeuHNKa, KePaMUIECKNX KaMHEl), CTAHOBUT-
sl 11e/1eco00pa3HbIM IMTPUMEHEHNE JIeTKUX (MU TeTUIOU30-
JISIMOHHBIX) IITYKATypHBIX CHCTeM. B 3Tmx cmcremax
MPOMEXYTOUHBIN INTYKATYpHBIA CJIOW BBITOJHSIETCS U3
CMECEl, COOEpXKAILIMX MEJKWI JIEeTKUMK 3alOJIHUTEIb:
BCIIYJYECHHBIC TICPJINT WJIM BEPMUKYJIUT, BYJIKAHHMUCCKIIC
MMOPHUCThIE MaTepPUaIbl, BCIIECHEHHbIN OTCEB MOJHUCTHUPOJIA.

[MprMeHeHMe TaKMX IITYKATYPHBIX CUCTEM TTO3BOJISIET
0e3 ycTpoiicTBa ClelMaabHbIX TeILTOU30/ISILIMOHHBIX CJI0-
€B IIOCTUTATh TEPMUUYECKOTO COIPOTUBJICHUS IO TJIAgu
HM30JIMPYEMOI CTEHBI, 00eCcTIeunBalolIee TpeOyeMBIid ypo-

BeHb KOM(OPTHOCTH U HOPMATUBHOE TEPMUUECKOE CO-
MPOTUBJICHNE. ApMUPOBaHNE TaKNX CHUCTEM MOHTAaKHBI-
MM CeTKaMU 00s13aTeIbHO; BO3MOXKHO ITOCIOMHOE apMU-
pOBaHME B paMKax peai3alliy afIUTUBHBIX TCXHOJIOTHIA.

OCHOBHBIMU CBOMCTBAMU IITYKATYPHOI'O MOKPBITUS
SIBJISTIOTCSI OOCCITIeUeHNe TeKOPATUBHOCTH 1 3aIllnTa He-
CYLIUX KOHCTPYKUMIA OT aTMOC(MEPHBIX BO3IEHCTBUIA.
IMokpeITHE DOKHO 00J1agaTh XOPOIei aare3nueii K pas-
JIMIHBIM OCHOBAaHMSAM (OT MWUHEPAJIBHBIX IO IOJIMEP-
HBIX); BBICOKMMU IapOIPOHUIIAEMOCTbIO 1 TPEIIMHO-
CTOMKOCTBIO. DTO JOCTUTAETCS] MCTIOJIb30BAHUEM CITCIIH -
aJlbHBIX 100aBOK, MOAOOpPOM (paKLMOHUPOBAHHOTO
MEJIKOTO 3aIOJIHUTEISI M HATIOJTHUTEIS, a TAKKe 3a CUET
BbIOOpA BSKYIIIETO BEILIECTBA.

B dacanHbIX crucTeMax MCIIOJIb3YeTCsI MU M3BECTKOBO-
LIEMEHTHOE BSDKYIIIEe,, VT BSDKYIIee Ha OCHOBE TIOPTIAHI -
LIEMEHTA; OCBaMBAIOTCS TEXHOJIOTUMU MPUMEHEHUS MO~
MEPTUIICOBBIX U MTOJIMMEPLEMEHTHBIX KOMITO3ULIAA.

Oco0bIit UHTEpEC MPEACTaBISIOT MAaTEPUAIbl, B KOTO-
PBIX MOTYT MCIOJIb30BAThCS IMYyILI0JIAHOBBIE AKTHUBHBIC
MUHepaJbHbIC T00aBKU. [lopTIaHmIIeMeHTHBIN KIMH-
Kep, SBJISIONIUIACS BeCbMa SHEPTOEMKHMM M HEJEIIeBbIM
MaTepHrajoM, MOXET OBITh YACTUYHO 3aMEHEH BBEICHU-
€M MMHepaJbHbIX 100aBOK, 00JamarolIuX MYLLOJaHO-
BOIl aKTMBHOCTBIO. Takue mMaTepuasbl MOApa3aeIsiioTCs
Ha 100aBKM C BHICOKOM, CpeHEN M HU3KOM MYIIIIOJaHO-
Boit akTuBHOCTBIO [10, 11].

Tydhsl IBISIOTCS TPOAYKTOM BYJIKAaHUIECKUX U3BEP-
JKEHU, MCMOJb3YIOTCSI B KAU€CTBE CTPOUTEIBHOIO CTe-
HOBOTO MaTepuajia U JJIsI OTCHINIKM Aopor. Tydsl Kak
MUHEpaJIbHas 100aBKa B MOPTAAHALIEMEHT 3(P(PeKTUBHBI
C TOUKM 3pEHMS YJIy4YIlIEHUs] PEOJOTMUYECKUX CBOMCTB
IIEMEHTHOTO TE€CTa M CBOMCTB CMEIIAHHOTO BSDKYIIIETO B
3aTBepaeBlleM cocTosiHuM [12, 13].

Ilo pesynabTaTaM SKCIEpPMMEHTAa U aHATUTUYICCKOM
00pabOTKM HAHHBIX YCTAHOBJIIEHO, YTO ONTUMAaJIbHEIC
3HaueHUs pacxoaa Tyda-cKopuu HaXOASITCs B MHTEpBaJie
ot 116 mo 140 xr/m3. TToyueHHasi B pe3ysibrare rpadi-
YeCKOM HMHTEepIIpeTalluy aareopanyeckoro IOoJMHOMA
HOMOTpaMMa TTO3BOJISICT OIIPEICISITh ONTUMAIBHEIC pac-
XOJIbI KOMITOHEHTOB M MOXET ObITh HMCIIOJIb30BaHA MpPU
pa3paboTKe METOANKHU MOAOOPa COCTaBa KOMITO3UITUOH-
HOTO BSDKYIIEro. AKTUBHOCTb Tyda IO IOIIOIICHUIO
CaO cocTapiser (B 3aBUCMMOCTH OT MECTOPOXKICHNSI) OT
240 go 320 MT/T, 9TO MO3BOJISIET OTHECTH STOT MaTePHUa
K J00aBKaM, 00JagaloluM CpeIHel My 0JaHOBOM aK-
TUBHOCTBIO. Hanmmure B HEKOTOPHIX BUIAX Ty(OB MUHE-
pajioB, 00JIaJalOIIMX CBOMCTBAMM 1IEOJIUTOB, TAKXKe MO-
BBIILIAET ITPUBJIEKATEIBHOCTL 3TOro Marepuaina [14—16].

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA
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Puc. 1. VicnbiTaHus pparMeHToB 6ETOHHbIX MUT C HAHECEHHLIMUW COCTaBa-
M1 0BGNNLIOBOYHO-AEKOPATUBHBIX CUCTEM MO BETOHHOMY OCHOBaHWMIO (a) u
Nno Kepamuyeckoir nauTke (b) B XOnoaunbHO-O0XOEBaNbHOW YCTaHOBKE
XAY-02 «Tepmounsonsaums»

Fig. 1. Testing of fragments of concrete slabs with applied compositions of
cladding and decorative systems on a concrete base (a) and on ceramic
tiles (b), inarefrigerationand sprinklinginstallation XDU-02 «Thermoisolation»

Llenbio uccaegoBaHuss ObLIO U3yYeHUE CBOMCTB ap-
MHMPOBAaHHBIX IITYKATYPHBIX MOKPBITUIT HA OCHOBE MO-
IMGUUMPOBAaHHOIO Bskyllero. B ero cocras ObuLia
BKJII0Y€HA TOHKOMOJIOTasi MUHEpaibHast 100aBKa Ha OC-
HOBE BYJKaHUYECKOTO Ty(da; Takxke B cocTaB hacamHo
CMECHM BXOIWIW MoAuGUUUpPYIOIIUe N00aBKU: 3(PUPHI
LIEeJITIONO03BI, PEANCIIEPTUPYEMBII ITOPOIIIOK, TTOPO0dpa-
30BaTesib, 3aryCTUTEIb, IMIpohoou3aTop.

Marepuajbl U METOIbI

MeTtoarka UCIIBITAHUI 3aKII0YAeTCS B CO3MaHUU YC-
JIOBUIA UCKYCCTBEHHOT'O CTapeHUs 00pa31oB ((hparmMeHTa
KOHCTPYKIIMIA) B pe3yJbTaTe UMUTALIMM PA3IUYHbBIX aT-
MochepHBIX Harpy3ok. O0pa3ibsl MOMEIIAINCh B KAMEPY
U TIOABEPrajuch LMKINYECKUM TeMIIepaTypHO-BIaX-
HOCTHBIM Bo3aeiicTBUSIM. CotHeuHOe OO0JyYyeHUue WH-
(bpakpacHOro crieKkTpa MOIECIUPOBATIOCH TOCPEICTBOM
JIYYUCTOTrO AEMCTBUS HarpeBaTeIbHOro mpubopa, Harpe-
BAIOIIIETO TOBEPXHOCTU (PparMeHTa KOHCTPYKIIWU.
ATMochepHbIe 0OCaiKi MOACIMPOBATUCH YBIAXKHEHUEM.
Bo3zneiicTBre oTpuiiaTebHOI TeMIIepaTypbl MOICIUPO-
BaJIOCh 3aMOpPaXKMBaHUEM, MPU 3TOM O0ECIIEUMBAIOCh
MpoMep3aHue M OTTauBaHME HAPYXKHOW IMOBEPXHOCTHU
dacagHoi1 cucteMbl Ha 20—25 MM.

B skcnepumMeHTe MOAEIMPOBAIUCH aTMOCHEpPHbIE
YCJIOBUSI, XapaKTEpPHbIC IS CPEIHEN KIMMATUYECKOU
30HBI M KJIMMaTUYECKUX YCJIOBMil T. MockBbl. Komm-
YeCTBO 00OOIIEHHBIX LIMKJIOB 3aMOPO30K—OTTETE/b JIJIs
(hacamoB B 9TUX KIMMATUYECKUX YCIOBUSIX OBLIO TIPU-

HSITO PaBHBIM YETHIPHAOLIATH W YCTAHABIMBAJIOCH IIO
pe3yJibTaTaM 00pabOTKM MHOTOJIETHUX METCOPOJIOTHYe-
CKUX JaHHBIX obcepBatopuun MIY, nabopaTtopun
HUWHNMocctpoii u nabopatopun HUNCD. TTposeneHo
420 LUMKJIOB BO3AEICTBUS C TEMIIEPATyPHbBIM IeperagoM
or -20 mo +60°C, a Takxe mapauleJbHO IPOBEAECHO
300 IUKIIOB ¢ TeMIIEpaTypHBIM TieperagoM oT -40 mo
+70°C.

Hcnonb3oBaiuch IBa BUAa OCHOBaHMS: OCTOHHOE
OCHOBaHME M KepaMuuecKas TutnTKa. Mcrieitanus gpar-
MEHTOB C HAaHECEHHBIMM Ha OCHOBAaHUS COCTaBaMU 00-
JIMIIOBOYHO-IEKOPATUBHEBIX CHCTEM OCYIIECTBIISUINCH
B XOJOIUJIbHO-IOXAEBalbHON ycTaHOBKe XIAVY-02
«Tepmounzonsius» (puc. 1). Lluxn B ycranoBke XJ1Y-02
BKJTIOUAJT YBJIAXXHEHME, 3aMOpaxkuBaHue Tipu -25°C, Ha-
rpes 10 +60°C npu UK- u YP-o6nyuyeHnn. Koanuectso
LIMKJIOB MCITBITAHUI OBLTO 420.

[MocnenoBaTeIbHOCTD TOATOTOBKY M IIPOBEACHMS UC-
MbITaHUS PPArMEHTOB OETOHHBIX IUIUT C HAHECEHHBIMU
cocTaBaMU 00JIMIIOBOYHO-IEKOPATUBHBIX CUCTEM B KT -
MaTuueckoit kamepe Tepmoyaapa TSK300 mpeacrasieHa
Ha puc. 2. [loaroroBka 3akJjtoyanach B YBJIaXKHEHUU Ha-
PYKHOI OBEPXHOCTH 00pa3iia IyTeM ITOIPYKeHUSI €ro B
Boay Ha 24 4. LIMKJI NCTIBITAHUS COCTOSUT M3 CIICAYIOIINX
3TanoB: 3aMopaxnBanue 10 -40°C B TeueHUe 3 U, HarpeB
no +70°C B teueHue 3 4. KonamuuectBo LMKIOB OBLIO
npuHsaTo 300.

Pe3yabTaThl 1 00CyKaeHHE

ITo 3aBeplIeHUM LHMKIMYECKUX BO3IECUCTBUI MPOBE-
JIEH BU3YaJIbHBII OCMOTP 00pa3IioB 1 9KCIIEPUMEHTATb-
HbIE ONpE/EeICHUsT MPOYHOCTH CLIETUIEHUS CI0EB (ajare-
3un). BHENTHUX M3MEeHEHU! Ha JIMIEBON MOBEPXHOCTU
00pa3uoB (LBET, TPELIUHBI, CKOJIbI, LIeJylLIeHe) He 00-
HapyXeHo. YCpeaHEHHbIE pe3yJbTaThl 3KCIIEPUMEH-
TaJbHBIX OIpPENeJIeHUI TPOYHOCTH CIEIJICHUST CIIOeB
(amre3auy) Ha OCHOBHBIX M KOHTPOJIBHBIX 00pa3slax ¢
rnpope3aMu 10 OETOHHOTO OCHOBaHMS (IO MEPUMETPY
HaKJIEMBa€MbIX METaJUIMYECKUX ILIACTUH) IIPeICTaBiIe-
HBI B TaOJIHIIC.

BusyanbHbIlT OCMOTp 00pa3IioB MOKa3ad OTCYTCTBUE
M3MEHEHUI BHEIIHEro BUAA, LBETa, TPEIIUMH, KaBEepH
u 1ip. CHUXeHre TTPOYHOCTU CUETICHUST (aare3un) co-
CTaBUJIO COOTBETCTBEHHO: B cucteMe 2 — 9%; B cucte-
Me 3 — 12%; B cucteme 4 — 13%. Bo Bcex OCHOBHBIX Ce-
pUSIX pa3pylIeHUe TPOUCXOIUIIO C OTPHIBOM TUIMTKHU, YTO

Puc. 2. MNoaroToBka (a) n npoBeagHUe UCTbITaHUS hparMeHTOB B KMMaTuieckoi kamepe Tepmoyaapa TSK300 (b, ¢)
Fig. 2. Preparation (@) and testing of fragments in a TSK300 thermal shock chamber (b, ¢)
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XapaKTepucTuKu OTpbIiBa 3aLLMUTHOrNO NOKPbITUNA B Pa3JIN4YHbIX CUCTEMAX
Peel-off characteristics of the protective coating in various systems

Homep XaPAKTEpHCTIKM Tun cepun 06pa3sLLoB
CuCTeMbl OcHoBHas KoHTponbHas
MpoyHocTb cuenneHuns, MlMa 1,2 0,93
! XapakTtep oTpbiBa o ceTke B WUTYKATypPHO-apMUPYIOLLLEM COe o cnoto feKkopaTUBHOM LUTYKaTYpPKU
MpoyHocTb cuenneHus, MlMa 0,98 1,08
2 XapakTep oTpbiBa OTpbIB NANTKN OTpbIB NAUTKN
MpoyHocTb cuennenus, MlMa 0,77 0,88
K XapakTep oTpbiBa OTpbIB NANTKM Mo cnoto AekopaTvBHOM LUTYKaTYpPKK
MpoyHocTb cuenneHus, MlMa 0,86 0,99
4 XapakTep oTpbiBa OTpbIB NANTKN Mo cnoto AekopaTUBHONM LUTYKATYpPKM

MOATBEPKAAET BBICOKYIO AATE3UI0 3aIIUTHOTO MOKPBITUS
K OCHOBaHUIO.

B cucteme 1 uMeno Mecto yBeandeHUE MPOYHOCTU
CLEIJIEHUSI TOoCc/e HUKIMYECKUX KIMMATUYECKUX BO3-
JNEUCTBUM, a pa3pyllIeHNUE IIPOUCXOANIO B OCHOBHOM I10
CETKEe B IITYKATypHO-apMUPYIOIIEM CJIOE, @ B KOHTPOJIb-
HOI — IO CJIOI0 JEKOPATUBHOM IITYKATYpKU. DTO TaKXKe
TTOATBEPANIIO BBICOKYIO aATe3uI0 3alIUTHOTO TTOKPBITUS
K OETOHHOMY OCHOBaHMIO. IlOBBIIIEHHWE MPOYHOCTU
CLEIJICHUS B pe3yIbTaTe KIMMATUIeCKUX BO3ICHCTBUIA,
BUAMMO, OBLIO CBSI3aHO Oosiee TyOOKOU ruapaTalueit
BSDKYILIETO B TTOKPBITUM B YCJIOBMSIX BJIAXKHOM cpeabl U
LHWKJINYECKOTO TMOBBILIEHUST TEMTIEPATYPHI.

Pacummpenue chepbl MPUMEHEHHUSI CTPOUTEIbHBIX
MaTepHaoB U CUCTEM, aHAJIOTUYHBIX TEKCTUIb-0ETOHY,
IO CBOEU CTPYKType M COCTaBY SIBJISIETCST TIEPCTICKTHB-
HBIM HampaBJeHUEM Pa3BUTHUsSI CTPOUTEIbHOI OTpaciu.
Pesynbrar — MoBBIIIIEHUE TOJITOBEYHOCTH U IKCILTyaTa-
LIMOHHOM CTOMKOCTU (hacamiHbIX CUCTEM KaK OAWH U3
(GakTOpOB TOBHIIICHUSI WX DHEPTO3(P(PEKTUBHOCTH.
VYBenuueHue cpoka dKCIUTyaTallMi KOHCTPYKIIMM CHM-
JKaeT YacTOTy KalTMTaJIbHBIX PEMOHTOB, a CJIeA0BATE/Ib-
HO, ¥ pacXoibl Ha €€ PKCIUTyaTalluIo.

BTopbIM KOMITOHEHTOM, OOYCIOBAMBAIOIIMM ITOBBI-
IIEHWE JHEePreTUYecKoil 3(h(MEKTUBHOCTU, SIBISIETCS
BO3MOXKHOCTb IPUMEHEHMST PACCMOTPEHHBIX PEIICHUN B
cucTeMax pacaaHBIX TeTUIOM3OJISIIMOHHBIX KOMIIO3UIIN-
OHHBIX, TPEAYCMaTPUBAIOIINX MOHTAX TEIIOM3OJISIIIM -
OHHOTIO CJI0S1 U (DMHMIITHOTO 3alIUTHO-AEKOPATUBHOIO
TOKPBITUS TI0 apMUpYIolell ceTke. B kayecTBe Teruio-
MU30JISILMU MOTYT TNPUMEHSTHCS HEroprouyue IUIMThl Ha
OCHOBE KaMEHHOI BaThl WJIM K€ IUIUTHI U3 SKCTPY3UOH-
HOTO TTeHOTOJUCTUPOIIA.

[leHOMONMMCTUPOIbHBIE TUIMTHI MPUMEHSIOTCS Ha
LIOKOJILHOM 4YacTu 37MaHMsI M B objacTsx dacama, Kyaa
BO3MOXHO IPOHUKHOBEHHUE (B TOM UMCJIE 1 3a CUeT Ka-
MMUJUISIPHBIX SIBJICHUI) TPYHTOBOM Biiarn. B ToM cirydae,
€CJIU TIJIUTBl 9KCTPY3UOHHOIO MEHOMOJIUCTUPOJIa MOH-
TUPYIOT I10 IJIad CTeHBI, 00s13aTeJIbHBI TPOTUBOIIOXKAP-
HbIE PACCEUYKU Ha YPOBHE MEXKITyITAXKHBIX MIEPEKPHITHUH,
a TakKe M0 MePUMETPY OKOHHBIX U IBEPHBIX MTPOEMOB.
Pacceuxu BBITIONHSIOTCST U3 TI0JIOC HETOPIOYEH Terio-
U3OJISILUMN.

BHe 3aBUCUMOCTHU OT IPUMEHSIEMON TETIOU30JISILIAN
CHCTeMa IITYKAaTyPHBIX IIOKPHITUM Ha OCHOBE MUHEPATh-
HBIX LITYKATypOK, apMUPOBAHHBIX CETKAMU, BBIITOJHSET
3alIMTHBIE (PYHKIIMU 10 OTHOILIEHUIO K U30JISILIMOHHBIM
cjiosiM. Bo-TiepBbIX, 3TO 3alIUTa OT aTMOC(HEPHBIX BO3-
NEUCTBUM; BO-BTOPHBIX, ATO 3allldTa OT BaHAAJIM3MA;
B-TPETbUX, 3TO 3alllMTAa OT BO3MOXHOIO OIHEBOIO BO3-
JIENCTBUS, YTO OCOOEHHO BaXKHO B ClIydyae MPUMEHEHMUS
TOpPIOYEN TEIJION3OJISILIN.

YcTaHOBIEHO, UTO MOCIE HUKJIMYECKUX TEMITEpaTyp-
HO-BJIAXKHOCTHBIX BO3JEUCTBUI CHMXKEHME NPOYHOCTU
cuerutenus (aare3uu) coctaBuiio 9—13%. Ilo 3aBepiie-
HUW LUKIAYECKUX BO3ACUCTBUI BHEUIHUX M3MEHEHUM
Ha JINIIEBOM TMOBEPXHOCTU OOpa3loB (L[BET, TPEIIUHEI,
CKOJIBbI, IIeTYLIeHKE) He OOHAPYKEHO.

Cucrembl dacagHO OOIUIIOBOYHO-IEKOPATUBHOMN
CTPOUTENBHOI CUCTEMBI, SIBJSIONIEHCS YACTHBIM ClTyYa-
€M TeKCTUJIb-O0ETOHHOIro Marepuala, B IOJIHOM Mepe
MPOIIUIM KOMIUICKCHBIC KIMMATUYECKNE WCIBITaHUS.
dacamgHbIe CUCTEMBI 3aLIUTHI IT0 OETOHHOMY OCHOBAaHUIO
U 110 KEpaMUUECKOM TJINTKE BhIIEPXKaIU TeMIIEpaTypHO-
BJIAXKHOCTHBIE LIMKJIMYECKHE BO3IEMUCTBUS, SKBUBAJIECHT-
Hble TPUILIATU YCJIOBHBIM ToJaM 3KCIUIyaTalluh. DTO
ITO3BOJIICT PEKOMEHIOBATh ITOA00HBIE KOHCTPYKTUBHEIC
pelieHusT Mpu PEKOHCTPYKUMU acagoB 3AaHUN U B
YACTHBIX CJIyyasiX TMPU HOBOM CTPOMTENILCTBE, B TOM
yucie B cucteMax pacagHbIX TEMI0MU30SIIMOHHBIX KOM-
MO3ULIMOHHBIX.

3akmoyeHne

ApMUpPOBaHHbBIE IUTYKATYPHbIE ITOKPBITUS 10 OCHOB-
HBIM TIPM3HAKaMHM MOTYT pacCMaTpWBAaThCS KaK pa3HO-
BUJIHOCTb TEKCTUJIb-OETOHA; TUAPABINYECKOE BSKYIIEe
C HATIOJIHUTEJIIMU, apMUPOBAHHOE CTCKIITHHOI CETKOM
WA CETKOM M3 TTOJIM3CTEPA.

Hcnonp3oBaHre apMUPOBAHHBIX IITYKATYPHBIX T10-
KPBITUIA TIpA PeMOHTE (pacamgoB 3MaHMI MTO3BOJISIET 3HA-
YUTEJbHO MOBBICUTH 3KCILIyaTallMOHHBIE XapaKTepu-
CTUKM YCUJICHHOTO (pacama; IIpU 3TOM COXPaHSIETCS XO-
poiag aare3uss apMHUPOBAHHOTO IITYKATYpPHOTO
IMOKPBITHS K MaTepray OCHOBAHUSI.

B cirygae Mcnonb30BaHUST apMUPOBAHHBIX (pacagHbIX
LITYKATypOK B cUcTeMax (acagHbIX TEILIOU3OISIIIMOH-

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA

40

Hosbps 2022



Modern binding materials

HBbIX KOMITO3UIIMOHHBIX C TCIIJIOU3OJALMOHHBIM CJIIOEM
13 MUHEPAJTOBATHLIX IIJIUT UJIN KOM6I/IHI/IpOBaHHOI71 TCII-
JIOU3OJISIIIAEH C IIPUMCHCHUCM SKCTPY3MOHHOI'O INEHO-
NOJUCTUPOJIa JOCTUTIACTCA TEPMHUYECKOE COIIPOTHUBJIIC-
HHC KOHCTDYKHI/Ifl, COOTBCTCTBYIOICC PCTrMOHAJIbHBIM
HOPMAaTUBHBIM Tp€60BaHI/IHM.
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BapuanTbl BBEieHUSl TOHKOAUCNEPCHON 06aBKM
Ha OCHOBE NMepnuTa B LeMEHTHbIE KOMMNO3ULUMK

PaccmMoTpeHbl BapuaHTbl BBELEHNS TOHKOAUCNEPCHOI JO6aBKM NepiuTa B COCTaB LEMEHTHOI cucTembl. OAHUM U3 BapnaHTOB
BBEIEHMS TOHKOLMCIEPCHOrO NepnnTa ABnseTca Cyxoe CMeLlMBaHne J00aBKM C LLEMEHTOM C NOCeAYOLWNM 3aTBOPEHIEM BOJOI

C NonunKap6oKcMNaTHbIM MiacTuukaTopom. BTopoil BapuaHT — BBefIeHNE B LEMEHT CTabUNN3UPOBAHHON CYCNeH3nn
TOHKOAMCMEPCHOro nepnuTa. YCTaHoBEHO, 4TO HanbOobLUeil arperaTMBHOM U CeUMEHTALUOHHON YCTONYMBOCTbIO 06/1afaT
CYCMeH3nu ¢ coAepXKaHuem ToHkogucnepcHoro nepnuta 1-3% n nonukap6okcunatHoro nnactudukaropa 0,3-0,5%, nofiBepXeHHble
YNbTPa3ByKoBON 06pa6OTKe. BbIfBNEHO, 4TO rOMOreHn3aLmns cycneH3uy 06ecneqnBaeTCca 3a CHeT ybTPa3ByKOBOro BO3JENCTBNS,
cTabunnsaumns AOCTUraeTcs 3a CHET 3aKPEeneHNs Ha NOBEPXHOCTM YaCcTUL TOHKOAUCMNEPCHOIO Nepanta YHKLMOHANbHbIX Tpynmn
nonukap6okcunara. MprmeHeHNe KOMMIIEKCHOTO METOAA rOMOreHn3auny u cTabunnsasnn cycrneH3n cnocobcTByeT paBHOMEPHOCTY
pacnpegeneHns 4actuL nepnanTa B 06beme LLeMEHTHON CUCTEMbI, YTO NPUBOAUT K YCKOPEHWIO TMAPATALNOHHBIX NPOLECCOB B
CTPYKTYPE U YBENMYEHNIO (DN3NKO-MEXAHNYECKNX XapaKTEPUCTUK LEMEHTHOMO kamMHs. OTMe4aeTcs yBennYeHne NpoYHOCTI Npu
cxXatum MoLMcmMLMpoBaHHbIX 06pa3LoB 60see YeM B [jBa pasa B NepBble CYTKN TBEPLEHUS U HA 56% B Mapo4HOM BO3pacTe no
CPaBHeHWIO ¢ 6e3406aBO4HbIM LeMeHTOM. [1p1 CPaBHEHWUN C LEMEHTHbIM 06pa3LoM, CoLepXKaLliumM nonnkapooKcunaTHoIin
nnactTuukarop, HabNIOAAETCA YBENUYEHIE NPOYHOCTU MOAN(ULMPOBAHHOTO 06pa3La Ha 47% B NepBble CYTKU TBEPAEHUS W Ha
19% B Mapo4HOM BO3pacrTe.

KnioyeBblie cnosa: TOHKOAMCNEPCHAA J06aBKa, NEPINT, LLEMEHTHblE KOMMO3ULMKM, CyX0e CMeLLMBaHIe, YNbTPa3BykoBas 06paboTka,
cTabunnaauus, cteneqb rugparalun.

Ina uutuposanms: Kosnosa 11.B., 3emckosa 0.B., JlekaHoB H.A. BapuaHTbl BBEEHIUS TOHKOAMCNEPCHON [L06ABKM HA OCHOBE MepsuTa B
LieMeHTHble Komnosuuuu // CtpoutesnibHbie matepuassl. 2022. Ne 11. C. 42—49. DOI: https:/doi.org/10.31659/0585-430X-2022-808-11-42-49
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Options for the Introduction of a Finely Dispersed Additive Based on Perlite into Cement Mixtures

The article discusses the options for introducing a fine perlite additive into the composition of a cement system. One of the options for the introduction of fine perlite is dry mixing of the
additive with cement, followed by mixing with water with a polycarboxylate plasticizer. The second option is the introduction of a stabilized suspension of finely dispersed perlite into the
cement. It was found that suspensions with a fine perlite content of 1-3% and polycarboxylate plasticizer 0.3-0.5%, subjected to ultrasonic treatment, have the greatest aggregative and
sedimentation stability. It was revealed that the homogenization of the suspension is ensured by ultrasonic exposure, stabilization is achieved by fixing the functional groups of polycar-

boxylate on the surface of fine perlite particles. The use of a complex method of homogenization and stabilization of the suspension contributes to the uniformity of the distribution of

perlite particles in the volume of the cement system, which leads to an acceleration of hydration processes.

Keywords: fine additive, perlite, cement compositions, dry mixing, ultrasonic treatment, stabilization, degree of hydration.

For citation: Kozlova I.V., Zemskova 0.V., Lekanov N.A. Options for the introduction of a finely dispersed additive based on perlite into cement mixtures. StroiteI'nye Materialy
[Construction Materials]. 2022. No. 11, pp. 42-49. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-42-49

B Hacrosiiee Bpemst pa3pabOTKe HOBBIX TEXHOJOTMIA
MPOU3BOJCTBA CTPOUTENBHBIX MATEPUAJIOB U U3YYEHUIO
MPOIIECCOB CTPYKTYPOOOpa3oBaHUSI B pa3padOTaHHBIX
MaTepuaiax yaensiercss ocoboe BHUMaHue. Pa3Butue
POCCHUICKOTO TMPOU3BOACTBA KAYECTBEHHBIX CTPOUTEIIb-
HBIX MAaTE€PUAJIOB SIBIISIETCS IIPUOPUTETHOM 3amadyeil Ha
HecKoJIbKO JieT. [Ipumaercs ocoboe 3HaUeHUE MTPUMEHEe-
HUIO HEeAe(MUIIMTHOTO ChIPhsI MPUPOIHOIO U TEXHOTEH-
HOTO TIponcxoxneHus. OMHUM M3 BUIOB TaKOTO HEme-
(GUUIUTHOTO ChIPbS ST MPOMU3BOACTBA CTPOUTEIbHBIX
MaTepMaoB Pa3jIMyHOro Ha3HAUYEHUS SIBISIETCS MEp-

JINT — Pa3HOBUIHOCTb BYJIKAHUYECKUX CTEKOJ, MIPOAYKT
BYJIKAaHWUYECKOM aearenpbHOCTH [1—4]. B Poccnu ero me-
cTopoxXaeHus uMmeroTcs B [IpuMopckoM Kpae, bypsituu,
Ha Kamuatke.

Ilepaut ob6aagaeT Manoit MJIOTHOCTbBIO, U ITPU TEMIIE-
patype 850—1200°C 3 Hero IOIy4YalOT BCITy4eHHBIN
MaTepHaj, KOTOPBIM WMCIOJB3yeTCsS B IIPOM3BOICTBE
TETUI0- U 3BYKOU3O0JIUPYIOIINX CTPOUTEIbHBIX MaTepUa-
JI0B [5-9].

Takxxe oTMeuyaroTcsl aacopOLIMOHHbBIE, OTHE3allUT-
HBIC, TIPOTUBOpPATUALIMOHHBIE M 00e33apaKMBaIOIINe
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cBoricTBa mnepauta [10—17], yto paciuupsieT chepy ero
KCITOJIb30BaHUS B MIPOU3BOJCTBE CTPOUTENIBHBIX MaTe-
puanoB. OTMeuaeTcsl TIpUMEHEHNE TIepJIUTa B COCTaBe
OCTOHOB, MarHe3MaIbHBIX BSDKYIIMX, CYXUX CTPOUTEIb-
HBIX CMECEii, B KaUeCTBE ChIPhEBOIO KOMITOHEHTA B ITPO-
M3BOJACTBE LIEMEHTHOIO KJIMHKEpa U Pa3jIMIHOIOo BUIA
KOMITO3ULIMOHHBIX MaTepuasioB [ 18—24]. Takke yueHbIe
paccMaTpUBaIOT MEPJIUT B KAUeCTBE TOHKOIUCIICPCHOTO
KOMIIOHEHTa M U3Y4YaloT €ro BIMSHUE Ha CTPYKTYpOO-
Opa3zoBaHMe LIEMEHTHOM cucTeMbI [25—30].

Hcxons u3 BBIIEU3I0XEHHOIO MOXHO CIeJIaTh BbI-
BOJ O IIEPCIEKTMBHOCTM MCIOJb30BAHUS IIEpJIUTA B
ITPOMN3BOJICTBE CTPOUTEIHLHBIX MaTePHUAJIOB.

B HacTosieii paboTe yaeaseTcss BHUMaHUE TOHKOIM -
CIIEPCHOMY TIEPJIUTY M BO3MOXHOCTH €TO BBEACHMS B
COCTaB 1LIeMEHTHOM cuctemsbl. B psige pador [31—33] oT-
MEUCHBI TPYIHOCTH pacIpeneeHIs TOHKOINCIIEPCHOTO
KOMIIOHEHTa B 00beMe IIEMEHTHOM KOMITO3ULINY U Hali-
JIeHBI ITyTU pellieHUs JaHHOM 1pobaeMbl. Ha ocHoBaHUM
9TUX UCCIIEIOBAHUI B HACTOSIIIEH cTaThe OYIyT paccMO-
TPEHBI BAPMAHTHI BBEICHUSI TOHKOAMCIIEPCHOTO ITepInTa
B COCTaB IIeMEHTa W MPOBEICH aHAIN3 IMOJyUYCHHBIX pe-
3yJIbTaTOB MCCJICAOBAHUSI.

Marepuajbl H METOIBI MCCJIEAOBAHUS

OOBEKTOM UCCIAEAOBAHUI SIBASIETCS TOHKOIMCIIEPC-
HBII TIepauT MecTopoxkneHuss Myxop-Tamna (Pecryonmka
Bbypsatus). TexHonornueckas cxema MoJay4eHUsI TOHKO-
IHUCIIEPCHOTO TepJIUTa IIPEeACTaBIeHa Ha pUc. |, XumMmye-
CKMII MW TPaHYJIOMETPUIECKUIA COCTaB TEepPJINTa TIpEI-
cTaByieH B Ta0. 1 u 2.

M3 maHHBIX Ta0I. 2 ClemyeT, YTO MOJYICHHEIN B JIa-
OopaTOpHON CTPYHHON MeJbHUIIE TOHKOAMCIEPCHBIN
MePJIUT MMeeT TIPeodIamaIuii pasMep MoInudpaKiii-
OHHOTroO cocTaBa 1—3 MKM, KOTOPBIA ONpenessuiv ¢ mo-
MOILIbIO JIa3epHOro AMGPaKkLIMOHHOIO aHaau3aTopa pas-
Mepa yactuil Mastersizer 3000.

st AoCcTvKeHYs TTOCTARICHHBIX 3a1a4 TOTOBUIUCH 1ie-
MEHTHBIC 00pasibl n3 rmopmiaHmueMeHTa LIEM 1 42.5H
(AO I Tomonmbck-ieMeHT», TOCT 31108—2020) 20x20%20 MM,
coaepKalue TOHKOIMCIIEPCHBIN TEepJUT B BUIE CYXO-

MepnuToBbI Kapbep
(webeHb NpUPOAHOro
nepauta, d=10-80 mm)

!

LpobneHne
B LLIEKOBOW Apoduike

|

TOHKOE n3menbyeHne
B LLAPOBOW MeflbHMLE

!

CBEPXTOHKOE U3MENbYEHME
B CTPYIMHOW MefbHuLE

MepnutoBbili kapbep Myxop-Tana,
Pecnybnuka Bypsitua*

Puc. 1. TexHonormnyeckas cxema nony4eHus TOHKOAUCNEePCHOro nepauTa.
*PoTOo B3ATO N3 OTKPLITOro NCTOYHUKA NHPOPMauUn

Fig. 1. Technological scheme for the production of fine pyrite. *Photos from
an open source of information

ro KOMIIOHEHTa M CTaOWJIM3UPOBAHHOM CYCIIEH3UU B
kosmuectBax 1, 3, 5, 7, 10% ot comepkaHus MOPTJIAHI -
LIEMEHTA.

J7s mOCTIKEHUS CTaOMIM3allMi TOHKOIUCIIEPCHBIX
YaCTUIL TIEPJIMTa TPUMEHSIOCH YJIBTPa3BYKOBOE TUCIIeP-
rupoBaHue Ha npuodope Y3/IH-I u BBeneHue moaukap-
OOKCMIATHOTO TIacTU(UKaATOpPa.

Pe3yabTaThl Hcciea0BaAHMIA

ToHKomMCIIEpCHbIE YaCTUILIbI MEpJIuUTa C pasMepoM
qacTull 1—3 MKM OTHOCSITCSI K CYOMUKPOHHBIM, BCJICH-
CTBHUE Yero CKJIOHHBI K arperupoBaHuto. st ycTaHOB-
JICHUS arperaTMBHON M CEIMMEHTALlMOHHOMN YCTOMYM-
BOCTH TIPUTOTOBJICHHBIC CYCIIEH3UM TTepeIUBaIN B 1IN~
auHApbl V=100 cM?® u HaGmomaaM 3a MPOLECCOM
CeIUMEHTALMU. YCTaHOBJECHO, YTO CEAMMEHTAIIMS 4a-
CTHII TICPJINTA MIPOUCXOAUT B TpU cTamnu. CHavyajga MH-
TEHCHBHO OcCeIaroT 0oJjiee KPYIHbIE YaCTULIbI MEPIUTA;
Ha BTOPOI CTaauM MIPOUCXOINT OCBETICHUE AUCIICPCH-
OHHOM CpeJlbl; Ha TPEThEN CTAAUU MPOLIECC CEAUMEHTA-
LMY TiepiauTa 3aBepiiaercs. [1o moaydeHHBIM TaHHBIM
CTPOMIINCH TpaUKM 3aBUCUMOCTH CKOPOCTH OCEIaHUS
YacTUIl OT KOHLEHTpPalUMU TOHKOAMCIEPCHOTO IepJiu-
Ta (puc. 2).

W3 npeacTaBaeHHBIX pe3yabTaTOB CAEAYET, YTO HaM-
0oJiee YCTOMYMBEI CYCTICH3UH C CONEeP>KaHNEM TOHKOIN-
criepcHoro mepauta 1—3%, cTaGMIM3UpOBaHHBIC TIa-
crudpukaTopoMm B KosmuectBax 0,3—0,5%. YcToiunBOCTh
CYCIICH3MH, CTAOMIN3UPOBAHHBIX TUIACTU(PUKATOPOM U
yAbTpa3ByKoBoil o0OpaboTkoii (¥Y30), yBenuuuiaach
MMPaKTUYECKH B IBa pa3a BO BCE TIEPUOIBI OCEAaHNUsI TOH-
KOAUCIIEPCHBIX YacTUll. DTO CBUAETEILCTBYET 00 (-
(eKTUBHOCTU MPEAJTOKEHHOIO METOAa TOMOTEHU3ALNU
1 CTaOMJIN3aIMK TOHKOAUCIICPCHBIX YaCTHII.

Ta6nuua 1
Table 1
YcpeaHeHHbI XuMu4yeckuii coctaB amopdgHoOro nepnura
Average chemical composition of amorphous perlite

KomnoHeHT | Conepxanune, % | KomnoneHT | CopnepxaHue, %
SiOo 70,4 MgO 0,3
Al>O3 14,7 TiO2 0,1
FeoO3 0,7 K20 3,9
FeO 0,4 NaoO 3,4
CaOo 0,8 H20 5,3
Tab6nuua 2
Table 2

FpaHynomeTpuyeckuini coctaB TOHKOAUCNEPCHOro NepauTa
Granulometric composition of fine pyrite

Pasvep Conepxa@me Pasmep Conepxa@me
yacTuy, MKM Ppakuna, yacTuy, MKM Ppakuna,
LL’ mac. % LL’ mac. %
0-1 8 7-10 10
1-3 36 10-15
3-5 14 15-20
5-7 13 20-30
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B naHHOM ciyyae roMoreHu3alnusl CyCIeH3Uu O0-
CTUTaeTCs 3a CYeT YJIbTPA3BYKOBOI'O BO3ICHCTBUS, a
CcTabMIM3alus TepJInTa — 3a CYeT 3aKpeTuIeH!s Ha T10-
BEPXHOCTH €ro 4acTUll (PYyHKIIMOHAIBHBIX I'PYII MOJIM-
kapookcwiata. HemossipHasi coctapisioniasi CTabvim-
3aTopa obOecmeyuBaeT 0Opa30BaHUE BBICOKOBSI3KOM
MIPOCIONKN MEXIy YaCTUIIAMU TIePJIUTa U JUCTICPCUOH-
HOI cpeoi, a MoJisipHasi COCTABJISIONIAsT CITOCOOCTBYET
¢opMUPOBAHUIO ABOMHOTO 3JIEKTPUYECKOrO CJIO0s
(I9C), cImocoOCTBYIOIIETO MUIEII000pPa30BAHMIO
MnepauTa.

MoJeKybl TOJIMKapOOKCWIATHOTO 3¢upa, KOHIICH-
TPUPYSICh B TOBEPXHOCTHOM CJIOE TIepJIMTa, 00pasyroT
rejieoOpasHble TUIEHKU M3 paguKajJoB OCHOBHON IIEIH,
o0amaromne TOBBIIIICHHBIMU CTPYKTYpPHO-MEXaHUUe-
CKMMU U TUAPOAMHAMMUYECKUMU CBOMCTBAMMU, UTO 0bec-
MMeYMBACT CTAOMIM3AUI0 TOHKOMMUCIIEPCHBIX YACTHUII
nepauta. I[lJeHKU 00Jagal0T MeXaHW4YeCKOi MpPOYHO-
CTbIO, YIIPYTYMU CBOMCTBAMU U TIPU COIVKEHUU YaCTHUIL
MEIIAloT UX CIUMAHUIO VI CIUSHUIO, YTO OOYCIIOBIIH-
BaeT CTPYKTYPHO-MeXaHUUECKUiT (DaKTop arperaTuBHOM
YCTOWYUBOCTH.

s mpoBeneHrsl CpaBHUTEIbHOIO aHaIM3a BapyaH-
TOB BBEACHMST TOHKOIVCIICPCHOTO TIEPJIMTAa B COCTaB IIe-
MEHTHOM CUCTEMBbI TOTOBUJIMCH 00Pa3IIbl;

— LIEMEHTHBIX CMEeCeil ¢ TOHKOIMCIIEPCHBIM MEPJIM-
TOM C TIOCJIEAYIOIIAM 3aTBOPEHUEM MX BOAOW M BOJOW,
colepxaliei rmaactTuduKaTop, Ha OCHOBE MOJIMKapOo-
KCcuJIaTHOTO 2upa;

— 3aTBOPEHMEM IIeMEHTa BOJAHBIMU U CTAaOMJIN3UPO-
BaHHBIMU CYyCIICH3USIMU TIEPJIUTA.

[TonydyeHHBIE pe3yabTaThl UCCIEAOBAHUI TIPEICTaB-
JIeHbI B Ta0J1. 3 u 4.

[Mpu wuccnemoBaHuu neMeHTHOTO TecTa (Tads. 3)
OBLIO OTMEYEHO, YTO BBEIEHNE TOHKOINCIIEPCHOTO TIep-
JINTa HE3HAYMTEJbHO YBEJIMYMBACT €ro BOJOMOTPEO-
HOCTB U HE TIPUBOUT K YBEJTUICHUIO BSI3KOCTU CUCTEMBI.
[TnactudukaTop MPOSBISET BOAOPEIYLIMPYIOIICE Aeii-
CTBHE, 3a CUET YerO CHIKACTCS BOIOITOTPEOHOCTH IIe-
MEHTHOTrO TecTa Ha 16%. B mpucyTcTBUM KOMITJIEKCHOM
no0aBKU, comepKalleil IacTu(GUKaTop U TOHKOIM-
CIIEPCHBII TEepJIUT B KoyndecTBe 1—5%, HOpMasbHas
rycroTta cHukaercs Ha 18—20%.

[pu BBemeHUM TOHKOAMCIIEPCHOTO TIEPJIUTA B CO-
CTaB LIeMeHTa Ha0JogaeTcs 3aMelJIeHue CPOKOB CXBa-
TeIBaHUA. YeM OoJibliiee KOJIUYECTBO JTO0ABKU BBOIU-
JIoCh, TEM 3aMeTHee 3aMeyieHue cxBaTbiBaHus. [Ipu
BBEJACHUN B LIEMEHT CTaOWIM3UPOBAHHOW CYCIICH3UU
nepauta (Tonbko ¢ Y30 u ¢ Y30+crabunuzarop) 3a-
MeIJIeHUEe TTPOMCXOIUT B MEHbIIEH CTeNeHU, YeM B Lie-
MEHTHOU KOMIO3ULMU, TTOJYYEHHOU CMEIIMBAHUEM
IIEeMEHTa C TOHKOJIUCIIEPCHBIM TIEPJIMTOM C TTOCTIEYIO-
LM 3aTBOPEHMEM KaK BOION, TaK U BOJAOU B IIPUCYT-
cTBUU TU1acTu(dukaTopa. BeposdTHO, B cTaOUIU3UPO-
BaHHOI CYCTIEH3MU MEePJIuTa KaK 3a CYeT TOJIbKO yJIbTpa-
3BYKOBOTO BO3ICUCTBUSI, TaK M KOMIIIEKCHOTO
BO3ACHCTBUS TMOJUKApPOOKCUIATHOrO TacTuduKaTopa
U YJIbTPa3BYKOBOM 0OPabOTKM YaCTUIBI COXPaHUIU
CBOI1 pa3Mep W paclpefe/IIICh 0ojiee paBHOMEPHO B

80

40}

20 2

1 2 3 4 5 6 7 8 9 10
KoHueHTpaumsa %

CkopoCTb ocegaHusa yactuu, 106 m/c
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10 1
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1 2 3 4 5 6 7 8 9 10
KoHueHTpaumsa %
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N

1 2 3 4 5 6 7 8 9 10
KoHueHTpaumsa %

CkopoCTb oceaaHusa yactuu, 106 m/c
N

Puc. 2. 3aBUCMMOCTb CKOPOCTU OCEAaHNs 4acTuL, OT KOHLLEHTPauumM TOH-
KoaucnepcHoro nepnvta: a — | nepvon, ocenanus yactuu, b — 1l nepvog,
ocepaHus yactuy,; ¢ — il nepuon ocepaHmsa yactul,; 1 — BOAHAs CyCneH3us;
2 — BopgHas cycneHansa+0,1% CI; 3 — BogHas cycneH3na+0,3% CI1;
4 - BopHas cycneHsna+0,5% CIl

Fig. 2. The particle settling rate depends on the concentration of fine perlite:
a — | the period of particle settling; b — Il the period of particle settling;
c— Il the period of settling of particles; 7 — aqueous suspension; 2 — aqueous
suspension+0.1% SP; 3 — aqueous suspension+0.3% SP; 4 — aqueous
suspension+0.5% SP

00beMe TUCTIEPCUOHHOM CPe/Ibl, YTO OOECTIeunBaeT Mpu
BBEIIEHNUU B LIEMEHTHYIO CUCTEMY PaBHOMEPHOCTh pac-
npeneeHust KOMIOHEHTOB B ee 00beMe.

[pu nccrenoBaHnm GU3NKO-MEXaHUIECKUX U CTPYK-
TYPHBIX XapaKTepPUCTUK LIEMEHTHOTO KamHs (Tabu. 4)
YCTaHOBJIEHO, YTO BBEJCHNE TOHKOIUCIIEPCHOTO TIePJIH -
Ta pa3HbIMU CITIOCOOAMM B COCTaB lIeMEeHTa o0ecIeunBa-
€T yBeJIMYeHUe MPOYHOCTU MPU CKATUU U CTETIeHb T/~
paTtanuy KOMITO3UIINAH.

Pesyabrarhl ucciiefoBaHUIM MoKa3alu, 4To Hanbosee
3 dEKTUBHO TTPUMEHEHNE TOHKOAMCIIEPCHOTO TIepinTa
B COCTaBe IIeMEHTa B KoyimuecTBe 3—5%.

Ipu cyxoM cMmemMBaHUM MPOYHOCTH OOPa3lloB B
TepBbIe CYTKU TBepAeHU yBeanumiach ¢ 23,3 no 34 MIla
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Ta6nuua 3
Table 3
CTpouTenbHO-TEXHUYECKME CBOWCTBA LLEeMEHTHOIO TecTa
Construction and technical properties of cement dough
CxBaTblBaHNE, Y-MUH
Croco6 BeeneHNs A0GABKY CopepxaHue \ HOpMaﬂbl—:)aﬂ rycroTa,
nob6asku nepnuta, % % Hauano KoweL
- - 25 2-20 3-20
0,5% nonukapbokcunata - 21 0-50 1-40
1 25 2-30 3-30
3 25 2-40 3-40
Cyxasi CMecb LeMeHTa C
TOHKOAMCMNEPCHbLIM NEPINTOM, 5 25,5 2-55 3-50
3aTBOpPEHHas BOOOW - 255 3-10 210
10 26 3-20 4-20
1 20 1-00 1-50
Cyxas CMecCb LieMeHTa C 3 20,5 1-20 2-00
TOHKOAMCMEPCHBLIM NepNTOM, 5 o1 1-30 510
3aTBOpPEHHas BOAOW C
nonukapbokcunaTom 7 21,5 1-50 2-40
10 22 2-20 3-10
1 25 2-25 3-25
3 25 2-35 3-35
3aTBOpeHne BOAHOM CycrneH3nen 5 o5 5_45 3.45
TOHKOAMCMEPCHOro nepamTta
7 25,5 2-55 3-50
10 25,5 3-10 4-00
1 20 0-50 1-40
. 3 20,5 1-00 1-50
3aTBopeHne cTabunmsanpoBaHHoOM
CcycneH3nei TOHKOAMCNEPCHOro 5 20,5 1-20 2-00
repamTa 7 21 1-40 2-20
10 21 1-50 2-50

(B cpeaHeM), COOTBETCTBEHHO Ha 46 %, cTeNeHb TuapaTa-
uuu yBeaunumiack Ha 30%; B MapoOuyHOM BO3pacTe Mpoy-
HOCTh 0OpasioB yeenumuwiack ¢ 81,5 mo 100,4 MIla
(B cpeaHeM), COOTBETCTBEHHO Ha 23%, CTeNeHb TuapaTa-
LVH yBenrumiach Ha 14%.

[Tpu BBeneHUM TOHKOAMCIIEPCHOTO TIEPJINTa B BUIE
BOJHOI CYCIIEH3MU BMECTO BOJIbI 3aTBOPEHMSI B COCTaB
LIEMEHTA MPOYHOCTh 0OPA3IIOB B ITEPBBIC CYTKN TBEPAE-
Hus yBeanuuaachk ¢ 23,3 go 38 MIla (B cpeaHem), COOT-
BETCTBEHHO Ha 63%, cTelneHb T'MIpPATALIMU YBEJIMYM-
Jach Ha 35%; B MapoOYHOM BO3pacTe MPOYHOCTh 06pas-
1oB yBeauuuiack ¢ 81,5 no 105,1 MIla (B cpenHem),
COOTBETCTBEHHO Ha 29%, cTerneHb ruapaTaiuy yBeJIrn-
yuaach Ha 22%.

I1pu BBeneHun niuactudukaTopa Ha MOJMKAPOOKCH-
JIaATHOW OCHOBE B 0€3100aBOYHBIN MOPTIAHALEMEHT OT-
MeyJaeTcsl yBeJndeHre (hU3MKO-MEeXaHUYECKUX U CTPYK-
TYPHBIX XapaKTePUCTUK IIEMEHTHOTO KaMHSI: B TIEPBbIE
CYTKM TBEPIEHUSI MPOYHOCTh IIPU CXKATH YBEJIUYMIACH C
23,3 no 36,9 MIla, coorBercTBeHHO Ha 58%, cTeneHb
THIpaTalyy yBeanuuiaach Ha 31%. B MmapouHoM Bo3pac-
Te MPOYHOCTh MpPU CXaTUM yBeauduiaach ¢ 81,5 mo

106,9 MIla, cootBeTcTBeHHO Ha 31%, cTerneHb ruapara-
MK yBenuuiaach Ha 20%.

I1pu 3aTBOpeHUU LIEMEHTHOM CMeCH, coaepxKallei
TOHKOJUCTEPCHBIN MEPIUT, BOJOU € MOJUKAPOOKCHU-
JIATHBIM TUIACTU(UKATOPOM OTMEYAeTCs ITOBBIIICHME
IIPOYHOCTU IIPU CXKATUU B MEPBbIe CYTKU TBEPACHMUS
10 CPaBHEHUIO ¢ 0€3100aBOYHBIM IIEMEHTOM C 23,3 1o
44,8 MIla (B cpenHeM), COOTBETCTBEHHO Ha 93%, cTe-
MeHb rUApaTauy yseauumiach Ha 48%. [1pu cpaBHe-
HUM JAaHHBIX 00pa3loB C LIEMEHTHBIMU 00Opa3laMu,
CcoJepKallluMU TOJILKO ITOJMKAapOOKCUIIATHBIN ILIa-
CcTU(UKATOP, YCTAHOBJIICHO, YTO TIPOYHOCTH 0OPa3IloB
C TOHKOIWCIIEPCHBIM IIEPJUTOM M MOJIMKapOOKCHIa-
TOM yBeJauumiach ¢ 36,9 no 44,8 MIla (B cpenHeM), Ha
21% cOOTBETCTBEHHO, CTEIICHb TUIpPATAIllUM YBEIUUM -
nmach Ha 13%.

B MapouHoMm Bo3pacTe HaOA0JaeTCsl MOBbILIEHUE
MpoYHoCTH Tipu cxkatuu ¢ 81,5 mo 118,8 MIla (B cpen-
HEM), COOTBETCTBEHHO Ha 46%, cTeneHb ruapaTaluu
yBeIMUMIach Ha 28% 1o cpaBHEHUIO ¢ 0€3100aBOYHBIM
nemeHToM. [Ipu cpaBHeHMM AaHHBIX OOpa3lOB C Iie-
MEHTHBIM 00pa3IlloM, COAEpPKAIIUM TOJIbKO TIOJHUKAap-
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Tab6nuua 4
Table 4
Du3nko-mexaHn4yeckme N CTPYKTYPHbIE XapaKTePUCTUKN LLEeMEHTHOIO KaMHS$
Physico-mechanical and structural characteristics of cement stone
MpoyHocTb Npu cxatun, MMa, Crenerie o
OG6pazeL, B BO3pacte rM'DB'F;%Ta?puaMc?e/m
1cyr 3 cyt 7 cyT 28 cyt 1cyt 28 cyT

ML, (6e30,06aBOYHbIN) 23,3 38,5 49,5 81,5 52,8 69,2
MU+1% nepnuta (Cyxoe cMelLvBaHne) 27,4 44,3 61,5 95,9 66,6 74,6
ML+3% nepnuta (Cyxoe CMeLLBaHne) 33,3 51,1 69,9 101,3 68,2 79,2
MU+5% nepnuta (cyxoe cmeluvBaHme) 34,7 52,2 69,4 99,5 68,8 78,5
MU+7% nepnuta (Cyxoe cMmelLvBaHme) 33,1 50,3 67,2 96,4 67,2 77,6
ML+10% nepnuta (Cyxoe cMeLLBaHue) 32,2 48,4 65,4 93,2 66 76
ML+BogHas cycneHauns ¢ cogepxaHmem nepnauta 1% 34,5 47,2 65,8 102,6 67,6 78,5
MLU+BoaHas cycneH3uns ¢ cogepxxaHnem nepnmta 3% 37,8 54,5 71,2 105,7 70,2 84
MU+BoOHas cycneHauns ¢ cogepxaHmem nepnauta 5% 38,2 53,7 72,3 104,5 72,2 85,2
MU+BogHaa cycneH3us ¢ cogepxaHnem nepnuta 7% 36,8 52,8 70,7 103,4 72 84,9
ML+BogHas cycneHnauns c cogepxaHmem nepnuta 10% 35,1 49,7 69,4 101,3 7 84,3
ML* (6e3006aBOYHbI) 36,9 68,2 78,3 106,9 69,3 83,2
ML*+1% nepnuTa (cyxoe cMellrBaHue) 43,2 75,7 83,6 113,5 75,6 86,4
ML*+3% nepnuTta (cyxoe cMellrBaHmne) 44,4 77,9 89,2 118,1 78,3 88,7
MU*+5% nepnuta (cyxoe cMelurBaHme) 45,2 80,7 91,4 119,5 78 88,1
ML*+7% nepnuTta (cyxoe cMeluMBaHue) 43,6 77,2 88,6 117,3 77,2 87,4
ML*+10% nepnuTta (Cyxoe cMeLLvBaHue) 41,7 75,5 84,4 115,3 76,1 86,5
ML+cTabunuanpoBaHHas cycrneH3ust ¢ coaepxaHuem nepnuta 1% 48,2 79,4 88,6 120,5 79,9 90,3
MU+cTabunmnanpoBaHHas CycrneHaus ¢ coaepxxaHvnem nepnuta 3% 54,4 84,4 95,6 126,6 82,5 92,2
MU+cTabunuanpoBaHHas CycrneHaus ¢ coaepxaHvnem nepnuta 5% 54,2 85,5 95,9 127,5 82,7 92,5
MU+cTabunmsanpoBaHHas CycrneH3us ¢ cogepxxaHvuem nepnuta 7% 53,8 84,1 93,4 124,4 81,8 91,7
MU +cTabunmuanpoBaHHas cycneHaus ¢ cogepxxaHnem nepnuta 10% 50,2 81,1 91,4 122,7 80,6 90,8

MpumeuaHue. *LiemeHTHaa komnoauums, cogepxawas 0,5% nnactudukartopa Ha NonnkapbokcunaTHON OCHOBE.

OOKCHJIATHBII IIACTU(UKATOD, YCTAHOBICHO, UTO IIPOY-
HOCTb 00pa3l0B ¢ TOHKOAUCIIEPCHBIM IIEPJIUTOM U I10-
JINKapOOKCHUJIATOM B MAapOYHOM BO3pacTe YBEIMIMIACH C
106,9 no 118,8 MIla (B cpeaHem), Ha 11% cOOTBETCTBEH-
HO, CTEIeHb rMApaTally yBeJIUduaach Ha 6%.

[Tpu 3aTBOpeHUHM LIEMEHTA CTAOMJIM3UPOBAHHOM CYy-
CIICH3UEH MepInTa OTMEYACTCST YBEIUUCHUE TIPOYHOCTHU
Mpu CXaTuM B IepBble CYTKM TBepaeHus ¢ 23,3 1o
54,3 MIla (B cpennem), B 2,33 pa3a; CTeleHb TMapara-
LMK yBeJIUUMIACh Ha 56% 10 cpaBHEHUIO ¢ 6e3100aBOY-
HBIM lLIeMEHTOM. B MapouHoM Bo3pacTe HabJomaeTcs
yBeJIMUeHWe TIpouHOCTH Tipu cxatum ¢ 81,5 1o
127,05 MIla (B cpenHem), Ha 56% COOTBETCTBEHHO; CTE-
[eHb rUApaTaluy yBeauuuiach Ha 33%.

ITpu cpaBHEeHUM 00PA3IIOB, COACPKAIIUX CTAOMIN3H-
POBAHHYIO CYCIIEH3UIO C LIeMEHTHBIM 00pa31ioM, conep-
>KallIM TOJTBKO TTOJIMKapOOKCUIIATHBIN TUIacTU(hUKATOD,
OTMeYaeTcs YBeJIMYeHUE IPOYHOCTH 00Pa31IoB CO CTabu-
JIM3UPOBAHHOW CYCIIEH3UEW TIepJuTa B TIEPBBIE CYTKU
TBepaeHus ¢ 36,9 mo 54,3 MIla (B cpeanem), Ha 47%
COOTBETCTBEHHO; CTeICHb I'MApaTalluy YBEJIMYWIach Ha

19%. B Mapo4yHOM BO3pacTe MPOYHOCTh 0Opa3loB CO
CTaOMIM3UPOBAHHOI CyCcIleH3Uel TTepJiuTa yBeJIMYnIach
co 106,9 no 127,05 MIla, Ha 19% cooTBETCTBEHHO CTE-
MeHb TUApaTalMy yBeanuuiach Ha 11% mo cpaBHEHUIO ¢
LIEMEHTHBIM 00pa3IoM, COAePKaIINM TOJBKO IMOJIMKap-
OOKCUIATHBIN TIaCTU(UKATOP.

W3 npoBeaeHHOro aHaiu3a clieayeT, 4YTo Hauboee
3(hGEKTUBHO UCIIOIB30BATh B COCTaBE LIEMEHTA CTAOMITH -
3UPOBAHHYIO MOJUKAPOOKCUIATHBIM ILJ1aCTU(UKATOPOM
U YJbTPa3BYKOBOI OOpabOTKOM CYCHEH3UIO, COAEpXKa-
myto 3—5% nepnuta. BBefeHre B LIEMEHTHYIO CUCTEMY
TOHKOIMCIIEPCHOIO TEPJUTa B BUIC CTaOUIU3UPOBAH-
HOW CYCIIeH3UHU JaTe 0ojiee paBHOMEPHOE pacrpesesie-
HUE ero 4acTull B o0beMe MaTepualia, 4yTo odbecreuruBaeT
MMOJTyYeHNEe KOHCTHOTO MPOAYKTA C TOBBIIIICHHBIMU 2KC-
TUTyaTallMOHHBIMU XapaKTepUCTUKAMU.

3ak/oueH1e 1 OCHOBHbIE BbIBOIbI
B xozne uccnenoBaHust arperaTUBHON U ceqMMeHTa-
LIMOHHOM YCTOMYMBOCTU CYCIIEH3UM TOHKOAMCIIEPCHOTO
MEePJUTA YCTAHOBJIEHO, YTO MAKCUMaJIbHAs TOMOT€HU3a-
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M M cTaOMIM3alnsl 0OECIeYrBaIOTCS 32 CYET KOM-
IUIEKCHOTO BO3JIEHCTBUS YJILTPA3BYKOBOI 00pabOTKU U
BBEACHMS TTOJUKAPOOKCUIATHOTO TIUTacTU(UKaTOopa.
Haubosee ycroitumBbl cycrieH3uu, cogepxaiiue 1—3%
niepsiita u 0,3—0,5% moarmkapOboKCUIaTHOTO TUTaCTUDU -
KaTopa.

OTMeyaeTcsl, 4TO BBeIEeHME TOHKOIMCIIEPCHOTO
TepJIiTa B LIEMEHT B Pe3yJIbTaTe CMEIIMBAHUS U TTOCTIe-
JIYIOIIETO 3aTBOPEHMS BOJIOM C MOJIMKAPOOKCHIATHBIM
I1acTU(UKATOPOM M BBEJCHUE B LIEMEHT CTAOWIN3U-
POBaHHOI CYCIIEH3MM BMECTO BOJBI 3aTBOpEHUs oOe-
CIIEUMBAET YBEJMYCHUE CTEIIEHU T'MIpaTalli B CTPYK-
Type M (HUUKO-MEXaHUYECKMX XapaKTepPUCTHUK IIe-
MEHTHOTO KaMHsI.

CnHcoK JuTepaTypbl

1. XKepnosoit P.E., Mupomnnkos E.B., XKepnHo-
Basg H.®. Ilepautr Myxop-Tanbl Kak CTEKOJbHOE
coipbe // Becmuuk bencopodckoeo eocyoapcmeenHozo
mexHonoeuueckoeo yrnueepcumema um. B.I. Illyxoea.
2012. Ne 3. C. 32—-36.

2. HanakumBuiaun A.W. Tlpouecchl cTekyioodpa3oBa-
HUS B MIEPJIUT- U OOCHIMAHCOACPXKAIIUX IINXTaxX //
Quszura u xumus cmekaa. 2005. T. 31. Ne 6. C. 1128—
1132.

3. Camxapanze H.A., Yoxonenunze M.N., MauaBapu-
anu 3.I1., T'enamBunu H.B. IlepcriekTuBbl paciim-
peHUST CHIpbeBOI 0a3bl U YBEJIUUYEHUS NOOBIUM Tep-
ymTtoB B I'pysum // Topuwii acypuan. 2004. Ne 4.
C. 78—80.

4. Muxiuuc JIIT. ITepautsl [MonsipHoro Ypana — cbipbe
st crpoiunnycrpun // lTopuwie eedomocmu. 2006.
No 2 (21). C. 64—67.

5. Torypoues A.b., Yepkamun B.W., Torypoues b.1.,
TorypoueBa VY.JI. IlepauToBbIii TEIJIOU30MSILMOH-
HBIII MaTepuaJ Ha HAHOAMCIIEPCHOM ITOJIMCUINKAT-
HaTpueBOM BsiKyIeM // IIpomviuinentoe u epaxcoam-
ckoe cmpoumenscmeo. 2016. Ne 3. C. 20—24.

6. banasikoBa JI.M., Capaiikuna WM.I1. Terutousosnsi-
LIMOHHBIE MaTepUaTbl HA OCHOBE KAMYATCKUX MEPIH-
TOB // Becmnuk Kamuamckoeo eocydapcmeenno2o mex-
Huyeckoeo ynusepcumema. 2009. Ne 9. C. 15-20.

7. 3wun Mun Xter, Tuxomuposa U.H. Termonzonsiimon-
HbIif MaTepral Ha OCHOBE BCITyYE€HHOTO MepJIUTa U BCIIe-
HEHHOTO MMHEpaJIbHOTO cBs3ytomero // Cmpoumens-
Hote mamepuanst. 2019. Ne 1-2. C. 107—112. DOI: https://
doi.org/10.31659/0585-430X-2019-767-1-2-107-112

8. Conosbesa JI.H., Paguenko JI.C. Teruion3onsilimoH-
HbI{i OETOH Ha OCHOBE OTXOJIOB ITPOU3BOJCTBA BCITY-
yeHHOro mnepauta // PecypcosnepeospghexmusHoie
MEeXHOA0UU 6 CMPOUMENbHOM KOMHAEKCe DecUOHA.
2013. Ne 3. C. 177—18l.

9. Paxmanosa U.A., Capkucos 10.C., Bepemarun B.H.
Teruron3oAaIMoOHHbIe MaTepUaIbl HA OCHOBE TIEPJI-
Ta U BepMukymuta // Becmuuk Tomckoeo eocydap-
CMBEHHO2O ApPXUMEKMYPHO-CMPOUMENbH020 YHUBEPCU-
mema. 2013. Ne 2 (39). C. 257-262.

OnHako 3aTBOpeHUE IIEMEHTa CTaOWIM3WPOBAHHOMN
cycrnieH3uei sBasieTcss HaubOosiee 3(P(GEKTUBHBIM CITOCO-
0OM BBeICHMSI TOHKOIUCIICPCHOTO TIEPJINTA B COCTAB IIe-
MEHTa, TaK KaK oOecIieynuBaeTcsl HanboJjiee paBHOMEpPHOE
pacripeeneHue 100aBKU B 00beMe LIEeMEHTHOM CUCTEMBL.
OTMedaeTcst yBeJIMUEHNE TIPOYHOCTH TPU CXKAaTUM 00pas-
LI0B, 3aTBOPEHHBIX CTAOMIM3UPOBAHHOM CYCIIEH3ME TOH-
KOJMCIIEPCHOTO TIep/InTa, Oojiee YeM B JIBa pas3a B MIepBbIC
CYTKM TBepIeHWS W Ha 56% B MapoYHOM BO3pacTe IO
CpaBHEHMIO ¢ 0e3100aBOYHbIM lLieMeHTOM. [Ipu cpaBHe-
HUU ¢ LIEMEHTHBIM 00pa3LioM, COAEPKAIINM ITOJTMKapOOK-
CWIATHBIN TIIacTU(dUKaTop, HaOII0JaeTCsl yBEJIUUEeHUE
MPOYHOCTH MOIUMDUIIMPOBAHHOTO 0Opa3iia Ha 47% B riep-
Bble CYTKM TBepAcHUS U Ha 19% B MapoyHOM BO3pacTe.
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Oco6eHHOCTH hopMMPOBAHUA CTPYKTYPbl U CBOWCTB
(hTOpaHrMapUTOBLIX MaTEPUANOB

Mpouecchl rngpatauum n TBEPAEHNS aHTMAPUTOBbLIX BSXKYLLMX XapAKTEPU3YIOTCA HU3KOM CKOPOCTbIO, YTO NPUBOAUT K MOHMXEHHbIM
3HAYEHUAM (DU3NKO-MEXAHUYECKUX CBOWCTB MATepuUasnoB, N3roTaBNBAEMbIX HA UX OCHOBE. [INs YCKOPEHNS 1 UHTEHCMdUKALUK
NPOLECCOB CTPYKTYp0O6pa3oBaHus CynbdaTcoaepKallnx BSXKYLLNX, Kak NPaBuio, NCNONb3YKT akTBaTOpbl TBEPAEHUS PA3NNYHON
npupoAbl. B paboTe npmBefeHbl Pe3ynbraThl MCCEA0BAHIUSA COBMECTHOTO BANSHWA aKTUBATOPOB TBEPAEHUS Pa3fNyHON NPUPOAbI —
cynbchata HaTpus, NopTNaHALeMeHTa, hocdara HaTPKUs N TEXHOTEHHON [06aBKM HA aHIMAPUTOBOE BSXKYLLee. B kayecTse
TEXHOTEHHOW [06aBKI NPeLIOKEHO NCMNONb30BaHNe MeTanypruyeckoii noinu. OnpegeneHa onTUManbHas KOHLUEHTPpaums A06aBokK
(3% aktmsaropa u 0,5-1,5% meTannypruyeckoil nbiiun), NP KOTOPOR HABMIOAAKTCA MONOXUTENbHbIE U3MEHEHUSA (PUSUKO-
TEXHUYECKNX NOKa3aTenen pa3paboTaHHOro MaTepuana, BKK4as pocT npeaena npo4YHOCTW Npu U3rnbe u Cxxatmn, CHIKEHNE
BOJIONOIMOLLEHMS N N3MEHEHIE KO3 dmMLMeHTa pa3MaryeHns BCeACTBIUE U3MEHeHUs YCnoBuiA rugpataunu. 0co6eHHOCTH
rmapataumn u TeepaeHns MOAMMULMPOBAHHbBIX COCTABOB NMOATBEPXKAEHbI NCCNEA0BAHNAMU MUKPOCTPYKTYPbI MaTepnanos 1
cnektpamu AT v TT aHanu3oB. MUKpOCTPYKTYPHbIA aHann3 ToOpaHrMapUTOBON MATPULbl NOKa3an, 410 BBeLeHNe L06ABOK NPpMBOAUT
K YNIOTHEHWIO CTPYKTYPbI, CHYXKEHUIO MOPUCTOCT 11 YBEANYEHNIO NNOWAAM KOHTAKTHO NOBEPXHOCTU MEXAY KpMCTannoruapartami.
Pe3ynbTathl CNeKTpanbHbIX UCCNEA0BAHUIA CBUAETENbCTBYIOT, HTO BBEeIEHNE hocdaTa HaTpus cnoco6CcTBYET (DOPMUPOBAHUID
61aronpuUATHbIX YCNOBUIA AN rMAPaTaLny BSXKYLLEro.

KntoyeBble cnoBa: (OTOpaHrMAPUTOBbIE BSXKYLLME, aKTUBATOPbI TBEPAEHUS, KOMNEKCHbIE A06ABKN, TEXHOreHHble MaTepuanbl, (PU3NKO-
TEXHWUYECKIe CBOWNCTBA, BOJOCTONKOCTb.
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Structure Formation Aspects for Fluoranhydrate-Based Materials

It is known that moderate physical-mechanical properties of anhydrate-based materials are due to the slow hydration reaction and hardening. To make it faster and manage structure
formation of sulfate-based materials different types of hardening activators are widely used. In this article there are results of using activators of different nature and their impact on
anhydrate-based binder, activators that were used — sodium sulfate, Portland cement, sodium phosphate and a by-product additive. Metallurgical dust was suggested to use in this
research as a by-product additive. It was proved that effective amount of additives is 3% of activator of hardening combining with 0.5-1.5% of metallurgical dust. This amount of addi-
tives has led to positive changes in characteristics of material such as increasing of strength (flexural and compressive) and water resistance, reducing of water absorption. All that
changes is likely due to changes in hydration conditions. Aspects of hydration process have been explained by microstructure and differential thermal analyses. Microstructure of fluor
anhydrate-based material showed that using the additives results in formation of denser structure. Also, additives enable the porosity to decrease and at the same time the contact areas
between new growths increase. Spectral results showed that sodium phosphate is the most effective in terms of providing proper conditions for binder hydration.
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MaTepI/Iaan Ha OCHOBC aHIrnapurTa OTHOCAT K 9KO- meHTa. K gaHHoOI TPYIIIC BAXKYHINX HApAay ¢ IpUpoa-
JIOTMYHBIM U MAJIOOHCPTOEMKHUM. le/l 9TOM OCHOBHBIC HbBIMUW aHIr'UApuUTaMun OTHOCAT LI.[I/I])OKI/lﬁ CIICKTpP TEXHO-
(I)I/ISI/IKO—TCXHI/I‘ICCKI/IC napaMeTpbl BAXKYHIMX HA OCHOBE TCHHBIX ITIPOAYKTOB, BKJIIO4YadA (bOC(I)Ol"I/IHC, (l)TOpaHI‘I/II[—
Cy.J'H:(I)aTa KaJblMgd COMOCTaBUMbI C XapaKTECpUCTUKAMU pur, CUHTETUYECKUIA AHTUAPUT. HpeI/IMYH.[CCTBGHHO,
I/I3,E[€J'[I/II7[, MN3roTaBJIMBACMbIX Ha OCHOBC IMOPTJIAHALC- MaTtepHrajabl Ha OCHOBE 0€3BOIHOTO Cy.]'[b(l)aTa KaJablus,
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MPUMEHSIOT JJIs1 YCTPOMCTBA CaAaMOHMBEJIUPYIOIIMXCS
cTskek [1], Jasg M3TOTOBJIACHUS IITYKATYpHBIX M Kila-
JIOYHBIX pacTBOpPOB [2, 3], B KauecTBe OCHOBAHUS IS
JIOPOXKHOTO MOJOTHA [4], M1s1 moaydeHUus ma3orpedHe-
BBIX TUTUT [5] U T. 1.

M3BecTHO, YTO HEPACTBOPUMBII aHTUIPUT, TTPEeBATU-
PYIOILIMIT B COCTaBEe aHTUAPUTOBBIX BSIKYIIINX, B HOPMAaJIb-
HBIX YCJIOBUSIX TPAKTHMUECKU HE TEPEXOIUT B JIBYTHII-
pat cyiabdaTa KaabLUus MPU B3aUMOACHCTBUU C BOJOIA.
[Mpouecchl THApaTallid M TBEPACHUS AHTUIPUTOBBIX
BSDKYILIMX XapaKTePU3yIOTCS HU3KOM CKOPOCThIO U MPHU-
BOJIAT K OTpaHUYCHHBIM 3HAUCHUSIM (PU3NKO-MEXaHNIe-
CKMX CBOMCTB. IS yCKOpeHUsS W WHTECHCH(MUKAIUN
MPOLIECCOB CTPYKTYpOOOpa3zoBaHUs Cylb(daTcoaepxKa-
IIUX BSOKYIIUX MCIOJB3YIOT aKTHUBATOPHI TBEpIe-
Hus [6, 7]. MexaHW3M BIUSTHUS aKTUBATOPOB 3aBUCUT OT
COCTaBa BBOAMMBIX COCAMHEHMI M TJIaBHBIM 00pa3oMm
XapaKTepMU3yeTCcsl YCKOPEHWEM pacTBOPeHUs cyJibdaTa
KaJbLUS WIK (POPMHUPOBAHMEM KOMILIEKCHBIX COCIMHE-
HUI, CITOCOOCTBYIOIIMX PETYJIMPOBAHUIO TIpoliecca 3a-
poxaeHust HoBoobpazoBaHuii [5, 8—10].

B pabote [5] ycTaHOBIEHO, UTO COBMECTHOE BBEJIE-
HUE XJIOpUAA HaTpUs U cyabdara Kaius, coaepXaHue
KOTOPBIX He TIpeBbIlIaeT 3% OT Macchl BSIKYIIETO, T10-
3BOJISIET PETYJMPOBATh CPOKM CXBAThIBAHUS, MEXaHM-
yecKue mapaMmeTpbl M3IEJUs U MO3BOJSIET U3TOTaBIM-
BaTh Ma30TPEOHEBbIE M3/EJINSI, OTBEYAlOIe TpeboBa-
HusgMm 'OCTa.

Uccnenosatensamu [10, 11] mokazaHa BO3MOX-
HOCTb MHTEHCU(UKAIIUU MTPOIECCOB CTPYKTYpOOOpa-
30BaHUS aHTUIPUTOBBIX BSIXKYIIMX BBEICHUEM IBOI-
HBIX CYJIb(aTHBIX COJEN, MEXaHU3M JICHCTBUS KOTO-
pBIX CBSI3aH C 3aMeIJIeHMEM Ipoliecca THAPOJM3a
cynbdata kanpius. OTMeueH KOJbMaTUPYIOMNUi 3¢-
¢eKT MogoOHBIX 100aBOK, 00YCIOBAEHHBIN (hOPMUPO-
BaHUEM MaJOpacCTBOPUMBIX COCAMHEHUI — CUHICHU-
Ta, KOKTauTa, TjlaybepuTa WJIM TUApoTiiaybepuTa.
KommiekcHast akTuBaIys MO3BOJISIET HE TOJIbKO yIyd-
IIUTh MEXaHWYECKHUE CBOICTBA, HO M CIIOCOOCTBYET
3HAYUTEJIbHOMY POCTY BOJOCTOMKOCTU MaTepuala.
OnTuManbHBI AUAINla30H KOHIIEHTPAIUU ITOJTO0OHBIX
n006aBoK Bapbupyercs ot 1 10 5%.

ABTtopamu pab6oT [12, 13] oTrMeuyeHO, YTO BBeAECHUE
CyJIbMaTHBIX CoJeii B KoaudecTBe 2—3%, BKIIIOYast CyJIb-
¢uT HaTpUs, MPUBOAUT K MHTEHCU(UKALIUU TTPOLIECCOB
TUApPATAllM U K paHHEMY HaOOpy IMMPOYHOCTH, B TO Bpe-
MsI KaK BBelleHUE Cybdara HaTpus TTO3BOJISIET HAIIpaB-
JIEHHO BJIMSITh Ha CTPYKTypooOpaszoBaHME Ha OoJjee
MO3THUX 3TArax, ClIOCOOCTBYS MOTYIeHUIO0 OMHOPOTHON
Y MIPOYHOI MaTpulibl ¢ 00Jiee COBEPIIEHHBIMU KPUCTAI-
JIOTUApPATAMU TUIICA.

JoGaByeHue 1IeJIOYHOr0 areHTa — TMIAPOKCUIA KaJTb-
11151 (000XCKEHHOTO TUTICOBOIO KaMHST) B KOJIMYECTBE 10
7% obecrieuynBaeT POCT MEXaHUYECKUX CBOMCTB, HO
YCKOpPEHUS TBEPICHUS HE HAOII0AaeTCs; HA paHHUX 3Ta-
Imax Habopa MPOYHOCTU 3HAYCHME Mpenesia IMPOYHOCTHU
HIXE MO CpaBHEHUIO ¢ cylibdaTHON akTuBauuei [14].

BBeneHne onTUMaabHOTO aKTHUBATOpa CIIOCOOCTBYET
WHTCHCUUKALINKU TTPOIICCCOB TUAPATAIIUA U TBEPACHUS

AHTUJpPUTA, IPUBOAS K POCTY MEXaHWUYECKUX ITapaMeTpOB
MAaTPHUIIBI; TP 3TOM OCHOBHOM HEIOCTATOK, OTPAaHUYM-
BaIOIIMI TPUMEHEHME BO3MYITHBIX BSIKYIIUX, TAKOW KaK
HU3Kasl BOOTOCTOMKOCTb, OCTa€TCSI HEM3MEHHBIM. OTHUM
M3 CIIOCOOOB TIOBBIIIEHUS TAHHOW XapaKTePUCTUKU SIB-
JISIETCSI UCTIOIb30BaHUE MUHEPATbHBIX J0OABOK COBMECT-
HO C akTUBaTOpoM TBepmeHus. COBMECTHOE BBEICHUE
JI00aBOK CO3[aeT OJaronpusTHbIE YCIOBUS sl (DOPMU-
POBaHUS B CTPYKTYpe MaTPUIIBI MaJOPaCTBOPUMBIX HO-
BOOOpPa30BaHUIi, KOTOPBIE 3aIOJHSIOT ITOPOBOE IIPO-
CTPAHCTBO U 3aTPYIHSIIOT MPOLIECC BEIMbIBAHUSI CYIb(haT-
HBIX KPUCTAJJIOTUAPATOB.

YcTaHOBJIEHO, YTO MCITOJb30BaHKE B KAUECTBE TAKUX
JI00aBOK TEXHOTEHHBIX MUHEPAJIbHBIX IMPOAYKTOB 00ecC-
TeYMBaeT YIy4IlIeHWE MPOYHOCTHBIX XapaKTePUCTUK U
BOJOCTOMKOCTH KOMITIO3UIIMOHHBIX MaTepHaIoB 3a CYET
(hopMupoBaHMST MATPUIILI TOBBIIIEHHOW TUIOTHOCTU C
MOKPBITUEM KPUCTAIOB IBYBOAHOIrO cyjbdaTa Kajb-
LISl HEPAaCTBOPMMBbIMU B Bojie coenuHeHusaMu. [1ono6-
HBII 3(peKT HabIoIaeTCsT TP COBMECTHOM BBEICHUU
MUKpPOKpEMHe3eMa, U3BeCTu M Iutactudukaropa [15];
npu BBeAeHUM 1—5% amoMOXpOMOBOTO KaTajau3aTo-
pa COBMECTHO C CyJb(MaTHBIM aKTUBATOPOM (TUAPO-
cynbbuToM Hatpus) [16]; mpu COBMECTHOM BBeICHUU
15—25% deppoxpoMoBoOro 1jiaka ¢ HeraleHoi U3Be-
ctbio [17]; mpu gobapineHuu 5—15% xene3HOro cypuka
U 00O0XCKEHHOTO OTXONIa OYMCTKU KMCJIBIX ITaXTHBIX
BO/JI, KOTOPbIE HAPSIAy C OKUChIO METalJla COIepKaT CBO-
o6omuyto usBecTh [18]. Takum 0Opazom, onmTUMMU3ALIUS
KOMILJIEKCHBIX JO0ABOK M PaCIIMPEHHE BO3MOXKHBIX
KOMOMHAINU MOAU(UKATOPOB, HMCIOJIb3YEMbBIX IS
MOBBIIEHUST (UBUKO-TEXHUIECKUX XapaKTePUCTUK
AHTUAPUTOBBIX BSIKYIIUX, SIBISIETCSI TOCTaTOYHO aKTy-
aJIbHBIM HaTpaBIeHUEM.

PabGorta HampaBieHa Ha uccleA0BaHUE BIUSHUS aK-
TUBATOPOB TBEPACHUS PAa3IMIHOIO IEHCTBUSI COBMECTHO
C TEXHOTEHHON N00aBKOW — METaUIypTMYeCKOU ITbI-
JIbI0O — Ha CTPYKTYpY U cBoiicTBa propanruapurta. [1po-
BEJICHHBII aHAJIN3 UCCIIEAOBAHUI B 00JIACTH YCKOPEHUS
MPOLIECCOB TUAPATALMU BSIXKYIIETO HA OCHOBE aHTUIPHU-
Ta MO3BOJIWJI BBIOpaTh MaTepuUaibl, CIIOCOOCTBYIOIIME
cyab(GaTHOW WM IIEJOYHOM aKTHUBAIIMU CTPYKTYPO-
obpa3oBaHUsI.

B kauectBe BsKyllero ObLI MCHOJb30BaH (HTOP-
AHTUAPUT — OTXOJ MPOU3BOACTBA IJIABUKOBON KHUCJIO-
o1 Komnanuu AO «Tanollonumep», r. [lepmsb, coot-
BercTBytomuii TY 5744-132-05807960—98. TexHoreH-
HBII MPOIYKT MpeaBapUTEIbHO ITOABeprajcs apodiie-
HUIO U u3MejibueHu1o. B paboTte ucnosb3oBaacs mare-
pual, XxapakTepusylolmuiics octatkoM Ha cute Ne 0,315
He 6osee 10%.

B kauecTBe aKTMBATOPOB TBEPACHMSI MPUMEHSUIIUCH
cynbdar HaTpus, mopTaanaiueMenT LIEM I 32,5H kom-
manun OO0 T «Kopyum» u docdar Harpus.
KoHueHTpauus akTHBaTOPOB TBEpACHUS Oblia BhIOpaHa
Ha OCHOBE aHAJIN3a JTUTePATYPHBIX JAHHBIX U paHee Mpo-
BEIECHHBIX MCCENOBAaHUI, MPUHSITA MOCTOSIHHOM U paB-
Hsu1ach 3%, COIM PaCTBOPSUIMCH B BOJE 3aTBOPEHUS [IJIsI
TTOJTYy4EeHUST COOTBETCTBYIOIIETO PAaCTBOPA.
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Ta6nuua 1
Table 1
®DU3NKO-TEeXHMYECKNE XapaKTePUCTUKN aHMMAPUTOBbIX KOMMNO3ULMIA
Physico-technical characteristics of anhydrite compositions
KonunyecTso Conep- ) CpeaHss Mpenen npo4HocTV B Bopo- Koadppu-
aKTVIBBV{i#O o | @vsatopa, | xanme M, B{UF e?'TMH; NAOTHOCTb, Bo3pacTe 28 cyT, MMa norno- LMEHT
P % % Kkr/m3 npu narmbe | npu cxatmn weHuve, % pasMaryeHus
- 0 0 0,25 1850 3,5 20 10,4 0,51
0 0,22 1880 4.4 20,5 11,7 0,59
LEM I 3
1,5 0,22 1900 4,7 22,9 11,4 0,76
Cynbar 5 0 0,22 1900 7,4 23,6 9,5 0,75
HaTpus 0,5 0,22 1910 7,6 24,9 9,6 0,71
docdar . 0 0,22 1920 8,7 29,4 7,2 0,86
HaTpusa 1,5 0,22 1930 8,8 33,7 7,1 0,79
a b
c d

Puc. 1. MukpocTpykTypa GpTopaHruapuTa: a — 3atBopeHHoro sogoi [20]; b — npu BBeaeHnn 3% BoaHOro pacteopa pocdarta HaTpust; ¢ — Npy BBeAeHUn 3%

nopTnaHauemMenTa; d — npun BBeaeHun 3% pacTteopa cynbdarta HaTpus

Fig. 1. Microstructure of fluoroanhydrite: @ — mixed with water [20]; b — with the introduction of a 3% aqueous solution of sodium phosphate; ¢ — with the
introduction of 3% Portland cement; d — with the introduction of a 3% solution of sodium sulfate

B xauecTBe TeXHOT€HHOI N0OABKM MCIIOIb30BAIACDH
METaJUTypruiecKasi Mbljib — OTXOJ TTPOU3BOJICTBA CTAJH,
KOTOPBI CKaruIMBaeTCsT Ha IIMKJIOHAX Ha TIPEIITPUSITAN
OAO «Mxcrtanb», r. MkeBcK. AHaNIM3 XUMUYECKOTO CO-
cTaBa METAJLUTyPrUueCcKOu MbUTH ObLT TIPOBEIEH HA PEHT-
TeHOBCKOM (hJTyOPECIIEHTHOM CIEeKTPOMETPE C BOJTHO-
Boil mucmepcueit «Axios mAX» (¢pupma PANalytical).

B cocTtaB 106aBKM BXOIAT CIAEAYIOIINE OKCUIBI: OKCHUIL
xkenesa (I11) (FeyO3) — 54%; okcun maraust (MgO) —
14%; okcun xanpiug (CaO) — 12%; okcua KpeMHUs
(SiO9y) — 6%. B xauectBe ipumMeceii (1—2%) comepxar-
cs okeunbl xpoma (I11), amroMuHus, MmapraHiia u IAH-
ka. OgHaKko B mpolecce XpaHeHUsT YacTh OKCUAOB Me-
TaJIJIOB TIEPEXOAUT B COOTBETCTBYIOIIME THUAPOKCUJIBI,

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA
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Puc. 2. MukpocTpykTypa GTopaHrmapuToBO KOMNosnummn: a, b — npu BBeaeHnn 3% BoaHoro pacteopa docdara HaTpus 1 1,5% meTannypriiyeckon noinu;
¢ — npv BBeaeHun 3% pacTteopa cynbdarta HaTpus 1 0,5% meTannypruyeckoit nbinu; d — npy BBeaeHun 3% noptnanauemeHTa n 1,5% metannypruyeckom

nbiin

Fig. 2. Microstructure of the fluoroanhydrite composition: a, b — with the introduction of 3% aqueous sodium phosphate solution and 1.5% metallurgical
dust; ¢ — with the introduction of 3% sodium sulfate solution and 0.5% metallurgical dust; d — with the introduction of 3% Portland cement and 1.5%

metallurgical dust

dopmupyetcs amopdHas dasa. JIucrnepcuoHHbIN aHa-
JIN3 M00aBKM IMOKa3aj, 4TO CPEeNHUIl pa3mMep 4acTHll
cocrtaBiger 50—80 MkM, omHako Ooiyiee 50% wyacTuil
MOPOILIKA HAXOAUTCS B AMAIIa30HE C pa3MepOM YaCTHUIL
MeHee 35 MKM.

WUccnenoBanue (U3NMKO-MEXaHUYECKUX CBOMCTB,
BKJTIOYAsl MPOYHOCTHBIE XapaKTePUCTUKKM M TlapamMeT-
pPbl BOJOCTOMKOCTH, IIPOBEIEHO B COOTBETCTBHHU C
TI'OCT 23789—79 u TOCT 23789—2018 «Bstxymme rui-
coBble. MeTonbl MCIBITAHUI». 11 OIpeneacHus
CBOICTB M3rOTaBIUBAINCH 00Pa3bI—0AOYKU pa3Mepa-
MU 160x40x40 MM, KOTOpBIE 1O UCTTBITAHUS XPAHWINACH
npu Temrneparype 20+5°C B TeueHue 28 CyT.

HccnenoBanne MUKPOCTPYKTYPbl KOMITO3UTa BBI-
MOJHSUIOCh HAa aBTOAMMCCUOHHOM PAacCTPOBOM 3JIEKT-
ponno nonHoMm (FIB) muxpockomne Scios FEI. dud-
(bepeHIIMATBHO-TEPMUYECKUI W TEPMOTPaBUMETPH-
YeCcKUil aHajau3 TIpOBeleH C MOMOIIbIo nuddepeH-
MajabHO-cKaHupytomero kKaimopumerpa TGA/DSCI
kommnanuu MettlerToledo B nuama3oHe TeMImepaTyphl
60—1100°C co ckopoctbio Harpea 30°C/MuH.

HccnenoBaHre KOMIUIEKCHOTO BIMSIHUS aKTMBAaTOPa
U METaJUTypruiecKoi MbUTM Ha CBOMCTBA (hTOPAHTUIPU-

Ta TO3BOJMJIO YCTAHOBUTH IIOJOXUTEJIbHOE BIUSHUE
KOMITIeKca MOIuUKaTopoB Ha (hU3UKO-TEXHUIECKUE
XapaKTepUCTUKU MaTepuaa B Tad. 1.

CoBMeCTHOE BBEICHHE aKTHMBATOpa TBEPACHUS U
MEeTaJTypPruyecKoil MbUIM CITOCOOCTBYET POCTY MeXxa-
HUYECKUX XapaKTepUCTUK (DTOPAHTUIPUTOBBIX KOMITO-
3ULUAA: HAMOOJBIIUN MPUPOCT MPOYHOCTHBIX CBOMCTB
HabJogaeTcsl MpU UCIOab30BaHUU (ocdaTa HATpus,
obecmeunBasl 3HaUCHUE TIpeneia IIPOYHOCTH B BO3pac-
Te 28 CyT Ha pacTsikeHue rpu u3rude, papHoe 8,5 MIla,
u nipu cxxatum — 33,7 MIla. BBeneHue metamnypruue-
CKOIi TIBUTM CITOCOOCTBYET POCTY TUIOTHOCTU KOMIIO3M -
Ta, CHUKEHUIO BOIOIOTJIOIIEHMSI, HO TPU 3TOM Ha-
OromaeTcsa He3HAUYNTEIbHOE CHIDKeHNEe KO DUImeH-
Ta pa3MsrYeHUs] B CPaBHEHUM C COCTaBaMM IIpU
BBEJICHUU COOTBETCTBYIOIIETO aKTUBATOpPa TBEPACHMUSI.
BeposiTHO, 9acTUIbl TEXHOTEHHOW MWHEpPaJbHOM J10-
0aBKM BBICTYIIAIOT B KaU€CTBE JOMOJHUTEIbHBIX LIEH-
TPOB CTPYKTYPOOOPa30BaHUSI BSIKYIIIETO, a TAKXKE BCTY-
MalT BO B3aMMOACHCTBME CO IIEIOYHBIM KOMITOHEH-
ToM (pTOopaHTUAPUTOBOTO BsLKylIero (CaO), mpuBoas K
00pa3oBaHUIO MaJOpPaCTBOPUMBIX coeauHeHui. [lpwm
9TOM MUHEpaJibHas Jo00aBKa CIIocoOCTBYeT OoJiee MoJ-
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Puc. 3. CnekTtpasbHblii aHanu3 GTopaHrmapuToBbIX KOMMNO3ULUMA Npu BBEAEHUN creayioLlmx nobaBok: a — 3% pacTteop cynbdarta Hatpus; b — 3% pacTBop
cynbdara HaTpusa 1 0,5% meTannypruyeckoi nuinu; ¢ — 3% nopTnaHauemenTa; d — 3% noptnaHguemeHTa n 1,5% meTtannyprudeckoi noinu; e — 3% pactsop
docdarta HaTpus; f— 3% pacTeop docdaTa HaTpusa 1 1,5% MeTannypruiyeckom nbiam

Fig. 3. Spectral analysis of fluoroanhydrite compositions with the introduction of the following additives: a — 3% sodium sulfate solution; b — 3% sodium sulfate
solution and 0.5% metallurgical dust; ¢ — 3% Portland cement; d - 3% Portland cement and 1.5% metallurgical dust; e — 3% sodium phosphate solution;

f— 3% sodium phosphate solution and 1.5% metallurgical dust

HOMY TTepeX0ly HepaCTBOPUMOTO aHTUIPUTA B ABYTH]I -
pat cyibdara KajabliMsi, KOTOPbIi BBIMBIBAETCS MPU
BO3/I€MCTBUU BJIaTU.

I[Mpu rugpatanuu (QTOPAHTUAPUTOTO BSTKYIIETO
0e3 BBeJeHMS aKTUBaTOpa TBEPAEHUSI B COCTaBe
Marepuana MpeBaJIMpyeT MPOMEXYTOUYHOE COeTUHEHUE
CaS04:0,62H,0, xoTopoe MOCTENEeHHO NePeKPUCTAIIM -
3yeTcsl B ABYruapar cyibdara kaiabims [19]. CtpykTypa

MnpeacTaBjieHa KpUCTALIaMU TalbaMT4aTo U KyOOBW/I-
HOI (bOpMBI, pa3Mep KOTOphIX BapbupyeTcs oT 0,2 1o
1 MKM. DTO CBUIETEJILCTBYET O TOM, YTO MaTPHUIIA CII0OXKE-
Ha M3 KPUCTAJUIOB aHTUIPWTA, THApATALMs TIPOIIa B
HeOOJIbIIIOM 00BEeME.

BBenmeHme akTMBATOPOB TBEPACHUS WHTECHCU(UIIA-
PYeT MPOLIECChl CTPYKTYPOOOPa30BaHUS BSIXKYIIETO: BBE-
JICHUE COJIC HATPHSI CITOCOOCTBYET 00JjIee IMOJTHOMY IIe-
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Ta6nuua 2
Table 2
PesynbtaTtbl T aHanu3a ¢pTopaHrnapuToBbIX COCTaBOB
Results of TG analysis of fluoroanhydrite compositions
Ne Konunyectso CopepxaHue TemnepaTtypa o
n/n Bup aktnBatopa axtvsaropa, % MM, % Peakuusa (nvK), °C Amj, %
1 0 198,3/217,2 11,8
LIEM | 3
2 1,5 197,4 /2129 11,5
3 0 197 10,3
Cynbdart HaTpus 3 Jerngpataumsa runca
4 0,5 195/210,3 10,2
5 0 200,8/221,5 13,2
®docdat HaTpus 3
6 1,5 200,5/222,5 13,4
7 0 784.,8 1,9
LIEM | 3
8 1,5 780 1,8
9 0 HacTnuHoe paspyLueHue 784,8 1,8
Cynbdart HaTpus 3 CaSOy4
10 0,5 Pa3spyLierne CaCOs 780 1,9
11 0 779,5 1,7
docdat HaTpus 3
12 1,5 787 2

pexonay 0e3BOIHOTO cCyiabgara HaTpWs B IBYBOIHBIA U
YCKOPEHUIO MPOLECCOB rUApaTalliu.

I1pu no6aBaeHUM aKTUBATOPOB TBEPACHHUS HabI0Aa-
eTcs hopMUpOBaHKME KPYITHBIX KOHIJIOMEPATOB U YILJIOT-
HeHHUe CTPYKTypbl MaTpullbl. OmHako (opMUpoOBaHUE
KPUCTAJUIOB ABYTUApATA CyJb(aTa Kajablius HaOJII0AaeT-
Csl B HE3HAUUTEJIbHOM 0ObeMe.

JobaBieHue B COCTaB KOMITO3UIIMU METAJLTyprude-
CKOM MbLIY, BBICTYHAONIEN B pOJIY 3aTPaBKU B MpoOIEC-
cax CTPYKTypooOpa3oBaHMs, OoOecTeuyrBaeT AOIOJHU-
TeJIbHOE YBeJIMYeHNE (PU3UKO-MEXaHUUECKUX XapaKTe-
puctuk B Tab6n. 1. Ins ycTaHOBJIEHUS MeXaHu3Ma
BIMSHUS OBUIM TIPOBEICHBI HCCICIOBAHMUS MUKPO-
CTPYKTYpHI (pUC. 2) ONTUMAaJIbHBIX COCTaBOB U MpOaHa-
JIM3UPOBAHBI CIIEKTPaJbHbIC JAaHHBIC MOJIYICHHEBIC ME-
tonamu JITA u TT.

KomrmiekcHoe BBeAeHNE METa/UTypTUUeCKOM TbUTU U
AKTUBATOPOB TBEPACHUS IMPUBOAUT K U3MEHECHUIO YCIIO-
BUi (OpMUpPOBaHUSI MaTPUIIbl Ha OCHOBE cyJibdaTa
Kkanaplust. CoBMECTHOE BBeIEHHE IT00ABOK IPUBOINUT K
VIUIOTHEHUIO CTPYKTYPbI, CHUXKEHUIO TOPUCTOCTHU U yBE-
JIMYCHUIO TUIOMIAAN KOHTAKTHOM IMTOBEPXHOCTU KPUCTATI-
JoruaparoB. IIpy 3TOM MOXHO OTMETUTh, UTO TIPU J0-
OaBJIeHUU CoJiell HATPpUsI HapsiLy ¢ KyOOBUIHBIMU KpHU-
cTajulaMu aHTUAPUTA (POPMUPYIOTCS TTPU3MATHICCKUC U
CJIOMCThIE KPUCTATOIMAPAThl rumca. Ilpu akTuBauuu
TBEpAEHUS pacTBOpoM (ocdaTa HaTpus TakKkKe HaOII0-
JlaeTcs oopazoBaHue aMOP(GU3MPOBAHHBIX COEIUHEHUIA,
KOTOpbIE€ MOIOJHUTEIbHO CBSA3BIBAIOT U YIIOTHSIIOT
CTPYKTYPY MaTepHajioB.

s onpeneseHus XxapakTepa B3auMOIEHCTBUST MEX-
Iy (OTOPAaHTUAPUTOBBEIM BSKYIIIMM, aKTUBATOPOM TBEP-
JIEHUST U TEXHOTeHHOI 100aBKOM ObLI MPOBEJAeH aHaIN3
ATA u TI'-crieKTpoB KOMIO3UTOB (puc. 3).

CrieKTpaJbHBII aHaJIN3 MO3BOJWJI YCTAHOBUTH OC-
HOBHBIE TepMuYecKue 3 (PEKTHI:

— B uHTepBasie TeMnepaTypsl oT 100 g0 300°C mpmu-
CYTCTBYET XapaKTEepPHbIN JJIsI TUIICA ABOMHOW 3HIOTEP-
MMUYECKUT 93(PGEKT, COOTBETCTBYIOIIMMA YAAJCHUIO CBO-
0OIHOI Y XUMUYECKU CBSI3HOI BOJIBI;

— DK30TEPMUYECKUI 3(PPeKT, COOTBETCTBYIOUIMNIA
nmamna3oHy Temiepatypbl 350—500°C, cBsi3aH ¢ nepe-
CTPOMKON KpUCTAJIMYECKON peleTKu cyiabdara
KaJIbLINS;

— DHIOTEPMUYECKUI1 MUK B MHTEPBaJIC TeMIIepaTyphl
ot 700 mo 800°C cooTBETCTBYeT YaCTUUHOMY DPa3IOKe-
HUIO cysibdara KajbliMs M IMCCOLMAIMKM KapOoHaTa
KaJIbLIsl, IPUCYTCTBYIOLLIETO B COCTABE BSIKYILETO.

[Mpu BBemeHMM B cOCTaB (PTOpAHTUAPUTA TIOPTIAH/-
LIEMEHTA TaK>Ke MOXKXHO OTMETUTh HAJIM4YUe SHIOTCPMU-
yeckoro 3dgdekra mpu temmeparype 490°C, o0OycioB-
JICHHOTO JUCCOLMAIMEN TUAPOKCHUIA KaTbIIMSI.

C LesIbl0 aHa/IM3a U3MEHEHUSI B COCTaBe MPOAYKTOB
ruapaTalii ObUTM YCTAHOBJIEHBI TTIOTEPH MacChl 00pa3-
1I0B IIPY COOTBETCTBYIOIIICH TeMIieparype (Taou. 2).

AHanIn3 pe3yJbTaTOB CIEKTPAJIbHBIX JAHHBIX IS
COCTaBOB C aKTMBAaTOpaMM TBEpACHUs 6e3 MUHEpalb-
HOT'O KOMITOHEHTA U IIPU COBMECTHOM BBEIEHUU aK-
TMBAaTOPOB U METAJLUIYPTMYECKOM IBLIM ITOKa3al, YTO
npu gobGasieHun ¢ocdara HaTpusa (GOPMUPYIOTCS
Haubosee OJaronpusiTHbIC YCAOBUS JISI TUApPATALIUU
BSIKYILIETO.

BoiBobI

IIpoBeneHHbIE UCCIeTOBAHUS KOMILIEKCHOTO BIIMSI-
HUSI aKTUBATOPOB TBEPACHUSI COBMECTHO C METaJTypIru-
YeCKOI1 MBIJIBbIO HAa CTPYKTYPY M CBOICTBA (PTOpaHTUAPU-
TOBOT'O BSDKYILIETO MO3BOJWJIM YCTAHOBUTh, YTO BBEIE-
HUe 100aBOK YIy4IlllaeT YCI0BUS CTPYKTYpOOOpa30BaHUs
maTpulbl. [Ipyn onTUManbHOW KOHLIEHTpALUU J100aBOK
(3% axrtuBaropa u 0,5—1,5% MeTtauryprudecKkoi Mmbljain)
HaOIomaeTcsl pocT (PU3UKO-TEXHUIYECKUX TToKa3aTeaeit
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KOMMNO3MIIMOHHOTO MaTepraia, BKIoUasi MeXaHUYeCKue
XapaKTepUCTUKN, CHIKEHUE BOIOMOTIOMICHNS 1 M3ME-
HeHue KoagdulueHTa pasmsryeHus. KommiaekcHoe
BBeJIeHHE 100aBOK CIIOCOOCTBYET HE TOJBKO Oo0Jiee ImoJ-
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CamoBoccTaHoBneHue acthanbTobeToHa
C UCNONb30BAHMEM MHKANCYNMPOBaHHOro MoaugmkaTopa

MonyyeHbl pesynbTathl NOMYHeHUA KOMMNO3UTOB U3 TEPMONIACTUYHON CMECH, MOCNe NPUrOTOBNIEHWS U YNINIOTHEHUA KOTOPOW Kancysbl

C MOAN(NKATOPOM OCTAKTCA LIENIOCTHbIMU, @ B Nepuog hOpMUPOBAHUA HANPSXKEHNIA B CTPYKTYpe 1 06pa3oBaHns JedeKTOB CNOCO6HbI
pa3pyLLaThCs A5 BbICBOOOXKAEHNS NHKANCYNNPOBAHHOIO MOAMGMKATOPA. BOSMOXHOCTL CO3[aHMs Kancyn, CoepKallnx MOaMtmnKaTop
A5 CaMOBOCCTaHABMMBAKLLMXCS acDansTO66TOHOB, 060CHOBbIBAETCS 3HAYNTENbHBIM OTAINYNEM HAMPSXKEHHBIX COCTOSHUIA B MaTepuane
npu BO3LENCTBMN HArpy30K, BO3HMKAOLLMX HA TEXHONMOTMYECKOM 3Tarne B NPOLLECCe NPUrOTOBMEHNS actdaribTOOETOHHOM CMECH UNn ee
YNIOTHEHNS 1 B NEPUOA SKCNyaTaumm acdansTo6eToHa B AOPOXKHOM MOKPbITAK. B acthansTo6eTOHHOI CMECH BEIMYMHA HanPsHXKeHWIA
OnpefenseTcs AUCNepPCHOCTbI0 MUHEPAbHOM YacTi 1 FeOMETPUYECKUMI XapakTepucTMkamu Kancyn. B acdansTo6eToHe LenocTHOCTb
Kancyn onpeAesifieTcs Cnoco6HOCTbIO CONPOTUBNATLCA HANPSXKEHUAM, BOHNKAIOLLNM B KOMIO3UTE, U 3aBUCUT KaK OT BEJIMYUHbI
BHYTPEHHWX HanPsHKeHWIA, KOTOPbIE YBENNYMBAIOTCA B NMPOLIECCE 3KCMITyaTauui, Tak 1 OT FeOMETPUYECKNX XapakTepucTuk kancyn. Mpu
ONTUMAJTbHOM COLEPXKAHWUU Kancys C OPraHN4eckinm BOCCTAHOBUTESIEM KOS((ULIMEHT BOCCTAHOBIIEHNSA MOKa3bIBAET, YTO NPU NOBTOPHOM
cXKaTtuy 06LLMe NOTepPK NPOYHOCTU C Y4ETOM AeCTBIUSA MOANMDUKATOPa YMEHbLIAKTCS Ha 28%. [N KOMNO3nTa ¢ ONTUMabHbIM
COJIEPXKAHNEM WHKANCYNMPOBAHHOrO MOAMdMKaTopa Ha 0cHoBe AR-monumepa koadhduLMEHT BOCCTAHOBNEHNS NMOKa3bIBAET, 4TO 06LLMe
noTepu NMPOYHOCTM C Y4ETOM AENCTBUA MoaudukaTopa Ha 46% meHbLue. [pu 9TOM 3(PPEKTUBHOCTb BOCCTAHOBIEHUS C NPUMEHEHUEM
WHKANCYNMPOBAHHOr0 MoAndukatopa Ha ocHose AR-nonumepa B 1,87 pasa 60nbLue, 4em NpU UCMONb30BAHUN UHKAMCYIIMPOBAHHOTO
MOAMCMKATOPA HA OCHOBE OPraHM4eckoro BOCCTAHOBUTENS.

Kntoyesble cnoBa: caMoBOCCTaHOBIEHME, acansTOGETOH, CTPYKTYPa, Kancyna, MoaudukaTop, 060104Ka.
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Self-Healing of Asphalt Concrete Using Encapsulated Modifier

The results of obtaining composites from a thermoplastic mixture are obtained, after preparation and compaction of which, capsules with a modifier remain intact, and during the period
of stress formation in the structure and the formation of defects, they are able to break down to release the encapsulated modifier. The possibility of creating capsules containing a mod-
ifier for self-healing asphalt concrete is justified by a significant difference in stress states in the material under the influence of loads that occur at the technological stage during the
preparation of the asphalt concrete mixture or its compaction and during the operation of asphalt concrete in the road surface. In an asphalt concrete mixture, the magnitude of stresses
is determined by the dispersion of the mineral part and the geometric characteristics of the capsules. In asphalt concrete, the integrity of the capsules is determined by the ability to
resist stresses arising in the composite, and depends both on the magnitude of internal stresses that increase during operation and on the geometric characteristics of the capsules. At
the optimal content of capsules with an organic reducing agent, the recovery coefficient shows that during repeated compression, the total strength loss, taking into account the action
of the modifier, turned out to be 28% less. For a composite with an optimal content of an encapsulated modifier based on an AR polymer, the recovery coefficient reflects that the total
strength loss, taking into account the action of the modifier, is 46% less. At the same time, the recovery efficiency with the use of an encapsulated modifier based on an AR polymer is
1.87 times higher than when using an encapsulated modifier based on an organic reducing agent.
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AcdanbToO0eTOHBI SKCIUIYaTUPYIOTCS B Cpele ¢ IIH-
KJIMYECKUM BO3ICUCTBMEM MEXaHUYECKMX Harpy3ok, oc-
HOBHBIM UICTOYHUKOM KOTOPBIX SIBJISIIOTCSI TPAHCTIOPTHBIE
CpENCTBa U rpaaueHT Temneparypsl. [1pu sToM cBOMCTBa
KOMIIOHEHTOB ac(haibTOOETOHA MTOCTOSIHHO U3MEHSTIOTCS
IO AICICTBUEM KHCIIOPOJA BO3/IyXa, COJHEYHOM pagua-

LIUU, XUMUYECKUX areHTOB, IIPUMEHSIEMBIX TP SKCIUTya-
TalWU JOPOT U T. . DTO IMPUBOINT K TPEIIMHOOOPA30Ba-
HUIO, YTO SIBJISIETCS OCHOBHOW NPUYMHOM COKpAILlCHUS
reprona SKCIUTyaTallii JTOPOXHBIX IMOKPHITHIT aBTOMO-
OUNBbHBIX gopor [1, 2]. YiayulieHue skcrtyaTalMOHHBIX
XapaKTePUCTUK ac(asbTo0eTOHA JOCTUTACTCS UCITOIB30-
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BaHMEM B cocTaBe achaJbTOOETOHHBIX CMeceil (PYHKIIMO-
HaJbHBIX MoaudukaTtopoB. Kiaccumyeckue mpo06aBKMU
VJIy4YILaoT CIOCOOHOCTh acaabTOOETOHA COMPOTUBJISITh-
¢Sl IMHAMUYECKUM BO3ACHCTBUSM |3, 4], mpoajieBast cpo-
K1 Havyasia TpelmrHooOpa3oBaHus. HoBblil Bua 106aBoK,
obecrneurBalolIMX CIIOCOOHOCTh acdalbTobeTOHa K ca-
MOBOCCTAHOBJIEHUIO [5, 6], cOCOOCTBYET JIMKBUIALIUK
yacTu Ne(eKToB Ha 3Tare 3KCIUTyaTallud, COXPaHss
(YHKLIMOHAJIBHOCTh MaTepuaia. B HacTogmmii MOMEHT
0OJTbIIIOE KOJTMYECTBO MCCIeqoBaHui [S—9]| HampaBieHo
Ha pa3pabOTKy HOBBIX PEIICHMI, MO3BOJISIOIINUX CO3/a-
BaThb 2((HEKTUBHBIC CAaMOBOCCTAHABIMBAIOIINECS ac-
danbrobeToHbl. CI0KHOCTh pa3pabOTKU TaKUX PEIICHUIN
B ac(anbTo0eToHaX 00yCIOBIeHa KaK TEPMOTUIACTUYHOMN
TPUPOIOI BSIKYIIIETO BEIIECTBA, TaK M TEXHOJOTMUECKM -
MU OCOOCHHOCTSIMU TPOM3BOCTBA MaTepuaa.

O0pasoBaHue U pa3BUTHE TPEIIUH B acaibToOeToHE
MPOUCXOAUT B MAaTPUYHOM MaTepuayie Ui B 30HE KOH-
TaKTa «BSDKYIIEe BEIIECTBO — 3aIIOJTHUTEb». Jle(heKThl Ha
HayaJIbHOM 3Tarie o0pas3yloTcsi Ha MHUKPOMACIITAOHOM
YPOBHE C HaJIbHEWIIMM pPa3BUTHEM B MaKpOTPEIIMHEI.
Db dhexTUBHOCTH Mpoliecca 3aIeXXnBaHusI achaTbTo0eTo-
Ha, HaIlpaBJIEHHOTO Ha (h)OPMHUPOBAHUE CBSI3El B CTPYKTY-
pe, 3aBUCUT KaK OT YIpaBJsieMbIX (DaKTOPOB, TaK U OT
HEeyTpaBJsieMbIX (DaKTOPOB, OINMPEILSIIeMbIX YCIOBUSIMU
SKCIUTyaTally JOPOKHOM KOHCTPYKLMHU (puc. 1).

K ympaBnsiembiM (pakTOpam OTHOCSTCS pelienTypHbIE
U TEXHOJOTWYECKHME IlapaMeTphl IPOM3BOJICTBEHHOTO
Ipoliecca MojiydeHus acaabTo0eTOHa, KOTOPhIE Pery-
JIMPYIOTCS Ha 3Talle MPOeKTUPOBAHUS cocTaBa achaib-
TOOCTOHHOM CMECHM U TEXHOJIOTMYECKUX IapaMeTpOB
WU3TOTOBJICHUST JJOPOXKHOTO TIOKPBITUS. YTIpaBJIeHUE ca-
MOBOCCTaHAaBJIMBAIOIIEH CIIOCOOHOCTHIO achanbrodeTo-
Ha JOCTUTAeTCs 3a CYET ABYX OCHOBHBIX KOMIIOHEHTOB:
OuTyMa 1 CIIeIUaTbHBIX MOITU(UKATOPOB.

CrocoOHOCTh OMTYMa CaMOCTOSITEIbHO JIMKBUIUPO-
BaTh Ae(EeKTHl B CTPYKTYpE OOYCJIOBIMBAETCS €r0 TEPMO-
IJIACTUYHBIMKM CBOMCTBAMM U 0OECIICUMBAETCSI CAMOIIPO-
MU3BOJIBHBIM COJTVKEHIEM MOJICKYJT OMTyMa Ha PacCTOSTHIE
MEXMOJIeKYJIIpHOro B3aumMogpaeiicteus [10]. Dtu npouec-
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Puc. 1. [ekomnosnums $pakTopoB, BAUSIOLLMX HA CAMOBOCCTaHOBJIEHME
achanbTo6eTOHOB

Fig. 1. Decomposition factors affecting the self-healing of asphalt concrete

CBI O0OYCJIOBIIMBAIOT COOCTBEHHBII MOTEHITMAT K CAMOBOC-
CTAHOBJICHUIO OMTyMa, KOTOPBII 3aBUCHUT OT COMEPKaHUS
BSDKYILIETO B achajbTOO0ETOHE U €ro IPYIINOBOro COCTaBa.

Hcnonb3oBaHue pa3IUYHBIX MOAU(DUKATOPOB IS
MHTEHCU(UKAIMU TTpoliecca caMo3ajeuMBaHUS SIBISIET-
¢Sl OIHUM U3 3P (PEKTUBHBIX CIIOCOOOB HE TOJILKO Ieje-
HAITpaBJICHHOTO M3MEHEHUSI CTPYKTYPBI U CBOMCTB ac-
¢anbrobeToHa, HO U OOecreYeHusl ero camo3aje4yrBa-
Hust. [Tpu aTOM mpupoaa NCToIb3yeMoro MonuduKaTopa
U ero CTEereHb CPOACTBA C OUTYyMOM OYAeT BAUSITH HE
TOJIBKO Ha 3(P(PEKTUBHOCTH CAMOBOCCTAHOBJICHUS, HO 1
Ha MeXaHM3M 3TOro mpoiiecca. Tak, Hampumep, MHKar-
CYJUPOBAHHBIN «OMOJIaXKUBaTeIb» CIIOCOOEH YBEJIMUYUTH
COOCTBEHHBII TIOTEHIIMA CaMOBOCCTAHOBJICHUSI OUTY-
Ma 3a cueT M3MEHEHMs ero rpyrmnoBoro coctasa [11].
HMHKancymupoBaHHBIN TTOIUMEPHBIA MOIN(GUKATOP BHI-
CTyITaeT B KauecCTBE CKJIEMBAIOIIEro areHTa, (hopMupys
HOBBIE CTPYKTYpHBIE CBsI3U [12].

HeympasinsieMbiMu (hakTopaMu, KOTOpbIE BIMSIIOT Ha
CaMOBOCCTaHOBJICHHE ac(abTOOETOHA, SBJISIOTCS TeMIIe-
paTypa OKpYXKaroIlleil cpembl M BpeMsl €€ BO3ICHCTBUS.
BausiHue TeMnepaTypbl 00YCIOBISHO TEPMOILIACTUMHBIMU
CBoOIICTBAaMU OUTyMa B cocTaBe acdaabTOOETOHA, KOraa 3a
CYET BS3KOYIIPYIOro TCUCHUS ITPOMCXOIUT 3aKPBITHE MH-
KPOTpPEILUH, TIpeaoTBpalias ux pa3purve. MTHTEeHCUBHOCTD
9TOTO TIPOIIECCa 3aBUCUT OT MEXMOJIEKYISIPHOTO PACCTOSI-
HMSI M CKOPOCTH TEIJIOBOTO ABMXKEHUST MOJIEKYJI, KOTOpast
3aKOHOMEPHO YBEJIMYMBACTCSI C POCTOM TeMIIEpaTypHl.
BaxxHbIM yCJIOBMEM IPOTEKaHMsI TIpoIlecca CaMOBOCCTa-
HOBJICHUSI B TIEpMOI 3KCIUTyaTalluy IPY ITOBBIIIEHHbBIX
TeMIepaTypax SIBJISIETCS] OTCYTCTBHE 3HAUUTESIbHBIX TIIa-
cTuyeckux aedopmarmii. Tak, pu yBeIMYEHUM TeMITEpa-
Typhl KMHETHUECKAsl SHEPTHUSI BpaIIaTeIbHOTO U Koseba-
TEJILHOTO JIBMDKEHUST MOJIEKYJT BSDKYILIETO BEIeCTBa BO3-
pacTaeT, YTO eCTECTBEHHO ITPUBOIUT K POCTY PAaCCTOSIHUS
Mexy MoJiekyinaMu. CIIeICTBUEM BTOTO SIBJISIETCS YBEJU -
yeHue o0beMa MaTepuaia U CHUXKEHUE BI3KOCTU Y TEPMO-
ractuieckoro marepuana |13, 14]. B atom ciiydae B 30He
nedekTa (TpellMHbI) MPU J0CTaTOUYHOM OJIM30CTU ee To-
BEPXHOCTE MOXET BO3HUKHYTH KOHTAKT, CIIOCOOCTBYIO-
Ui X CAMOTIPOU3BOJILHOMY CpPaIlIMBAHUIO. 3/1eCh BaXKHO
YUUTBIBATD YCJIOBUSI, BOSHUKAIOIIIUE B 30HE KOHTAKTA!

1) B 30HEe KOHTaKTa HaXOAUTCS Ta3oBast Baza;

2) B 30HE KOHTaKTa HaXOAMTCSl BEIIECTBO MOAUGbU-
Karopa.

TeopeTnyeckuM OOOCHOBAaHUEM peaTU3AUU MeXa-
HHU3Ma CaMOBOCCTAHOBJICHUSI B IIEPBOM Ciydae SIBJISICTCS
paccMoTpeHue fAedekTa C TPUBJICUCHUEM JIaBICHUS
Jlannaca. TlpeactaBum aedekT Kak ABE MOBEPXHOCTHU,
UMEIOIINE paanyC KpUBU3HBI R, MEXXIy KOTOPBIMU HaX0-
nuTCs TazoBas (paza. Ha kaxaoit moBepXHOCTU BOZHUKAET
napieHue Jlamiaca, KOTopoe HalpaBjeHO BO BHYTPEHHUI
00BeM Kaxmoil (a3pl, (OPMUPYIOIIEH TTOBEPXHOCTD JIe-
dekTa. DTO HaBIeHUE MPEMNATCTBYET CaMOITPOU3BOJIBHO-
My caMoBoccTaHOBIeHUI0. cxonst u3 popmysnt Jlarnaca:

P.=20(z+%) (1)

(0 — MOBEPXHOCTHOE HATSKEHME) BapuaHTaMU MPeoo-
JICHUSI 3TOTO TaBJICHUS SIBJISICTCS CHIDKCHUE TIOBEPXHOCT-
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‘ Marepuanbl A1 A0POKHOTO CTPOHTEIHLCTBA

HOTO HaTSDKCHUS WJIM yBEJIWYCHUE pajryca KpPUBU3HBI.
[loBbllIeHKE TeMIlepaTypbl 00ECIIeYMBAET BBIITOJIHEHUE
9TUX YCJIOBUI TSI CAMOBOCCTAaHOBJICHUST; CKOPOCTD TIPO-
1ecca OnpeaessieTcsl BI3KOCThIO BSLKYILIETO.

TeopetnueckuM OOOCHOBAaHMEM MEXaHU3Ma CaMoO-
BOCCTAaHOBJIECHMSI BO BTOPOM CJydae sIBJISIETCS OIMCaHKe
SHTAJIBIINY PACTBOPEHUS, NpemioxkeHHoe JIxX. Xuabae-
o6panaom [15]:

AHp =V, (81-82)%X, X, )

(Vy — oobeM; §; — mapaMeTp pacTBOPUMOCTH; Xj — 00b-
e€MHasl JI0JiT KOMIIOHEHTa), U3 KOTOPOTO CJIEAYeT, UTO
MPU PaBEHCTBE MapaMeTPOB PACTBOPUMOCTU KOHTAKTH-
PYIOIINX Cpel SHTAJbIIMS IIpoliecca pPacTBOPUMOCTH
AH;=0 1 1300apHO-U30TEPMUYECKUI TTOTEHIIMAT MPO-
1ecca ONnpeaesg0TC TOJAbKO SHTPOITMIHON COCTABJISIO-
et moreHmanaa ['mooca.

Ananu3s popmyinbl K. XunpaedpaHaa yKa3biBaeT Ha
MePCIIEKTUBHOCTD HE TOJIBKO ITOMCKA BEIIECTB C TTapaMe-
TPOM PacTBOPMMOCTH, OJU3KKUM K IapaMeTpy pacTBO-
PUMOCTH OMTYyMa, HO M BaXKHOCTh ITIOMCKA CMECEBBIX CO-
CTaBOB, COCTOSIIIIMX M3 PACTBOPUTEJIS U MOJUMepa, I
MOBBIIICHMS aAre3MU U KOre3ur B 30HE KOHTaKTa «Cy0-
CTpaT—aare3uB».

Orclona cienyeT, 4To TemIiepaTypa OyaeT OKa3blBaTb
BJIMSIHUE KaK HAa COOCTBEHHBII MOTEHLIMAN OMTyMa K ca-
MOBOCCTAHOBJICHUIO, TaK M HA MHTEHCUBHOCTH (PM3UKO-
XUMUYECKUX MPOLIECCOB B3aMMOACMCTBUS ¢ MoauduUKa-
TopoM. CTOUT OTMETHUTD, YTO TEMITepaTypa SIBISICTCS (pak-
TOPOM PEBEPCUBHOIO AEHMCTBMS, KOTOPBIA MPU HATUYUU
JIOCTATOYHOT'O KOJIMYECTBAa MAJIBTEHOBOM (Ppakiiny B OM-
TYMHOI MaTpuiie achaabTo0eTOHa TOJOXUTEIBHO CKa-
3bIBACTCSl Ha IIpoliecce 3aJieYMBaHNsI, TOTAA KaK IpuU ee
HeJ0CcTaTKe TeMIleparypa sBJISIeTCS YCIOBUEM CTapeHUs
BSDKYIILETO U HE CITOCOOCTBYET MPOLIECCY CAMOIIPOU3BOJIb-
HOTO CpallIiBaHUs MOJIeKYl. JIaHHBIM acIeKT SIBISIeTCS
Ba>XHBIM IPU BEIOOPE BSKYIIETO, U €r0 HEOOXOAUMO YUU-
THIBATh IIPU MIPOCKTUPOBAHUU ac(haTbTOOCTOHA.

B Hacroseil pabore 3KCIepuMEHTAIbHO YCTAaHOB-
JieH 3(p@PEeKT caMOBOCCTaHOBIEHUs acdaabToOeTOHa 3a
CUYET MCITOJIb30BaHMs MHKAIICYTMPOBAHHBIX MOAU(pUKA-
TOPOB, a TAKKEe TOKA3aHO, YTO IOC/Ie YIIJIOTHEHUS CMECH
Karcyjabl OCTAIOTCS IEJIOCTHBIMU M Pa3pyLIalOTCsS MpHU
dopmMupoBaHUU 1e(HEKTOB.

Marepuajbl 1 METOIbI HCCJIEOBAHMS

B xauecTBe OCHOBHBIX KOMITOHEHTOB /15T TPUTOTOB-
JICHUSI KOMIIO3UTa ISl JOPOXKHOTO CTPOUTENBCTBA C
TepMOIUIACTUYECKON MaTpulieii, oOJamaroliero crio-
COOHOCTBIO CAMOBOCCTAHOBJIEHUSI, UCIOJb30BAIUCH:
BSIKYIIEE BEIIeCTBO, MUHEpaIbHbIE MaTepuaibl, (hyHK-
LIMOHAJIbHBIE J00AaBKU W WHKAIMCYJIUPOBAHHBIA MOJIM-
(ukarop, cocTosnii U3 BOCCTAHABIMBAIOIIETO U UH-
KarcyJIMpyIOLIEro areHToB.

B kauecTtBe BsKyI1IEeTO BelecTBa 111 GOPMUPOBAHUS
TEPMOTUTACTUYHON MaTPUIIbI B KOMITO3UTE JUISI JTOPOXK-
HOTO CTPOMTEJILCTBA UCIoIb30Bajcst outym BH/I 60/90,
otBevaronuit TpedbosanusiMm ['OCT 22245—90 «butymsr
HeTSHbIE JOPOXHBIE BSI3KHME. TEXHUYECKUE YCITOBUSI».

OCHOBHBIE CBOMCTBA IMPUMEHSIEMOI0 OMTyMa IpeaCTaB-
JIEHBI B Ta0. 1.

B xauecTBe MHKANCYIUPYIOLIETro areHTa (MHKamcyJisi-
Topa) ucnoib3oBaics anbruHaT HaTpus (CgH70¢Na),
MPEACTABISIONINN COO0 HATPUEBYIO COJIb AJIBTMHOBOM
KUCJIOThI, SKCTparMpoOBaHHOM 13 OypbIX Bomopoceii [16].

B xavecTBe BoccTaHOBUTEICH AJ1s1 CAMOBOCCTAHOBJIE-
HUSI PacCMOTPEHBI TPaJAMIIMOHHBIN BOCCTaHABIMBAIO-
LM areHT Ha OCHOBE MOJCOJIHEYHOTO Macjia U BOCCTa-
HaBJIMBAIOIINI areHT Ha OCHOBE THOJICOAEPKAIIIETO ype-
TaHoBoro AR-monumepa [9]. OcHoBHbBIE CBoOIiCcTBa
MOICOJTHEYHOTO Macjia MpeICTaBIeHbI B TA0. 2.

AR-mouMmep mpeacTaBiaseT cobOoil TuoJcoaepxka-
LM YPETAHOBBIA MOJIUMEP ¢ KOHLIEBBIMU MEpPKAIITaHO-
BeiMM rpynmniamMu (SH—), mpoussenennasiii OO0 «Ilonu-
Mukc Kazanp» B coorBercTBUM ¢ TY 2226-001-
90014974-11 (https://polymix.pro/products/arpolymer).
OTBepauTesneM U UCHOIb3YEMOTO TTOIMMEpa SIBIISIET-
cs rerpametituypamaucyibdun (TMTO) CgH 12N> S4.
OCHOBHBIE CBOICTBA MOJMMEPA MPEACTABICHBI B Ta0I. 3.

TexHonornyeckuii MpoLecc MHKAINCYIMPOBAHUSI MO-
nudukaropa (BOCCTAHOBUTENSA) IS achalbToOETOHA
BKJTIOYAET MSITh OCHOBHBIX CTa/IUii: TPUTOTOBJICHUE allb-
TMHATHOTO PAcTBOPAa C TOMOIIBI0 BBICOKOCKOPOCTHOM
MEIIAIKW; TIPUTOTOBJIEHUE AJIBIMHATHOU 3MYJIbCUU MO-
nuduKaropa (BOCCTAHOBUTEIISI) C TIOMOIIIBIO BEICOKOCKO-
POCTHOW MeIIaJKu; AeJIEHUe aJbIMHATHON 3MYJIbCUM

Ta6nuua 1
Table 1
OCHOBHbIE CBOIiCTBa NPUMEHSAIEMOro GuTyMma
Main properties of bitumen

Moka3zatenb En. uam. | 3HaueHne MeTon

'ny6uHa NPOHNKHOBEHUS!
Vbl 0.1 MM 67 ASTM D5/D5M-20
npu 25°C ' 36 EN 1426:2015
npu 0°C
EaﬁT;;,V(':MOCTb - 85,2 ASTM D113-17

<9 36 EN 13589:2018
npu 0°C

ASTM D36/D36M-20
0
Temnepatypa BCMbILLKY C 51 EN 1427:2015
Temneparypa xpynkoctu oC -20 EN 12593:2015
no ®paacy
Ta6nuua 2
Table 2
CeolicTBa NOACOJIHEYHOro macna
Properties of sunflower oil
Mokasarens Ep. nam. | 3naueHue MeTog
[nHamunyeckas BA3KOCTb Na-c 0.05 ASTM D 4402:2006
npwm 25°C ’ EN 13302:2010
MnoTHocTb npu 25°C r/CM3 0,918+0,05 [OCT 3900-85
KncnoTHoe uncno mr KOH/r | 0,025+0,01 | FOCT 31933-2012
[pynnoBoi cocTas:
nanbMUTHOBAs! KMCNOTa % 6,61
0,

CTeapvHOBas KucnoTta % 3,61 FOCT 31663-2012
0/1EMHOBAs KMCNOTa % 30,91
NMHONEBast kncnoTa % 57,13
npyrve % 1,74
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Ta6nuua 3
Table 3
CeoiicTBa AR-nonumepa
Properties of AR-polymer
lMokasaTtenb En. nam. 3HayeHne
[uHamnyeckas Ba3kocTb npu 25°C MNa-c 9,7
Copepxanue SH-rpynn % 1,5-2,5
[MPOYHOCTL NPV PACTSXEHNUM Nocne Mna 1
OTBEPXAEHNS
OTHOCUTENBHOE YASMHEHVE NPY Pa3pbiBe % 100
MocTosHHbIE AedopmaLmn % no6

MoaudukaTopa (BOCCTAaHOBUTEJISI) Ha OTAEJbHbIC Karllu;
3aKpeIUICHNE OTACIbHBIX Kalle/Ib aTbIrMTHATHOI 3MYJIbCUH
MoauduKaTopa (BOCCTaHABJIMBAIOIIETO areHTa) 4Yepes
PacTBOP KaJIbLIMEBOI COJIU B aJIbTMHATHBIC ITAPUKU; CYIII-
Ka aJIbFTMHATHBIX IIApUKOB. TexHomorndeckasi cxema MH-
KarcyaMpoBaHusl MoaudukaTopa (BOCCTAHOBUTEIS) IS
acanprobeTOHa TpecTaBieHa Ha puc. 2 [12, 16, 17].
ITpuroroBiieHre pacTBOpa KajbLIMEBO COJIU OCY-
IIECTBIISIETCS B CMECUTENIC MPUHYIUTEIBHOTO ACHCTBUS
1o mojiHOTO pactBopenust CaCly B Boge. [11st TpUroToBie-
HUS aIbTUHATHOM 3MYJIbCUU B BOIY CHavasia 100aBIIsSIeTCS
aJTbIMHAT HATPUsI, KOTOPBI CMEIIMBAETCSI BBHICOKOCKO-
pocTtHbIM cMmecutesieM (He MeHee 2000 00/MuH), Tocie
Yero B ITOJIyYEeHHBIN PacTBOp T00ABISIETCSI MOAM(DUKATOP
(BOCCTaHABIMBAIOLIMI areHT), KOTOPbIM IOCAe WHTEH-
CMBHOTO CMEIIMBaHMS IIpeoOpa3yeTcsi B BSMYIbCHUIO.
[MoygeHHast SMyJIbCHST C TTOMOIIIBIO ST TETEHOM BOPOH-
KU JEJUTCS Ha OTAE/IbHBIC YaCTULIBI (AJIbIrMHATHbIC IIapy-
K1), KOTOPBIE 3aKPEIUITIOTCSI HOHAMU KaJIbLINS, TIPOXOIS
yepe3 BaHHY C pacTBOPOM KaJlbLiMeBOM coii. Ha 3akiro-
YUTEJIPHOM 3Talle aJbIMHATHBIC IIAPUKU MOABEPraroTCs
CYIIIKE IO TTOCTOSTHHO# Macchl mpu temmeparype S0°C.
BrenrHmii BUI MHKancyIMmpoBaHHOTO MoaupuKaTopa Imo-
Ka3aH Ha puc. 3. CBoICTBa MTOJy4eHHOTO WHKAIICYTUPO-
BaHHOTO MoauguKaTopa MpeacTaBieHbl B Ta01. 4.
OreHka (pU3NKO-MEXaHMYECKUX CBOWCTB Karicyll
MPOBOJAMJIACH 1O MPeAeTbHBIM Harpy3kaM, KOTOpble OHU
BBIICPXKMBAIOT IIpU pacKaiblBaHWU. [IpemenpHyr0 Ha-

Puc. 3. NHkancynupoBaHHbIi MogndukaTop
Fig. 3. Encapsulated modifier

AnbruHar  +moandukatop
+Boga  (BOCCTAHOBWTESIb)
AfbryHaTHas! HenutensbHas
3AMyNbCUs BOPOHKa
Pacteop CaClo
x
Sg
Es
3 Anbruvathsle  Cyluka
BbicokockopocTHas 5 o LapUKY
MeLuanka =

Puc. 2. Cxema Nnpor3BoACTBa MHKAMNCYMPOBaHHOro MoandukaTtopa
Fig. 2. Scheme for the production of an encapsulated modifier

Ipy3Ky OIpeaesiii Ha MexaHndeckoM rnpecce Uniframe
C HCIIOJIb30BaHMEM AWHAMOMETpPa C MaKCHUMAaJIbHBIM
npenenaom nmaMmepenns 1 kKH (puc. 4). CKOpocTh IpMiTo-
JKEHHUS Harpy3KU BO BPEeMsI UCTIBITAHUS TOIACPXKUBAIaCh
Ha roctostHHOM ypoBHe 10 H/c.

s obecriedyeHUsI HEOOXOAMMOTO 36pPHOBOIO COCTaBa
MHWHEpPaJIbHbIE KOMIIOHEHTHI CMEIIMBAINCH B CIEHAYIO-
IIEM COOTHOLIEHWU: KPYIHbIA 3amojHutenb — 67%;
MEJIKUii 3aroiHureab — 21%; HamnoiaHureab — 12%.
ArperaTHbIii COCTaB MUHEPAJTBHON 4acTu pa3paboTaH-
HOro KOMITO3UTa MpPeAcTaBieH B TabJI. 5.

OnTuManpHOE COACPXKAHWE BSIKYIIETO COCTaBIISICT
7%, 9TO TTO3BOJISIET JOCTUYb BO3AYIIIHOM MYCTOTHI 11e0e-
HOYHO-MaCTUYHBIX acdanabTobeToHOB 3%. B KauecTse
CTaOUIU3UPYIOLIEH TOOABKU ISl MPEIOTBPAILEHUS Ce-
rperauvy I1e0eHOYHO-MAaCTUUYHOM achaibTOOETOHHOM
CMECH UCIIOJIb30BajIv LIeJUII0IO3HbIE BOJIOKHA Viatop 66
B kosmuectse 0,3%.

B pabote uccnenoBaamch TepMOITIACTUYHBIE KOMITO3M -
THI, TIPUTOTOBJICHHBIC HAa OMTYMe M KOMITICKCHOM BSTKY-
1LIEM, COCTOSIILIEM U3 CMeCH OUTyMa ¢ (DYHKLIMOHATbHBIMU
Jo0aBKaM1 OKCHIA MapraHIia, CEphl U TETPaMETUITIypaM-
nucyabbuaa. Jdas npuroToBieHus: KOMILIEKCHOTO BSTKY-
IIIETO B pa3orpeThiii 10 TemmepaTypbl 120°C ourym modaB-
nstnoch 0,33%; 1,22% u 2% ot Macchl OUTyMa COOTBET-
ctBeHHO TMT/I, okcun MapraHua u cepa.

O1ieHKY 3(pDeKTUBHOCTH (HDOPMUPOBAHUS CTPYKTYPhI
Ha rpaHulie paszaeia ¢a3 «0uTyM — MUHEPaJbHbII MaTe-

Puc. 4. YcTpoicTBOo ANig onpeneneHus MakCMManbHOM Harpy3ky Kancyn
Fig. 4. Device for determining the maximum loading of capsules
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Ta6nuua 4
Table 4
CBovicTBa Kancyn ¢ moaudpukatopom [12]
Encapsulated Modifier Properties [12]

Moka3zatenb Ep. nam. 3HayeHne
Papwnyc kancyn MM 1,3
CopepxaHue moandukatopa % 83
MakcumanbHas Harpyska npu cxatum H 19
Ta6nuua 5
Table 5

FpaHynomeTpuyecknini CocTaB MMHEpasibHOM YacTn
pa3paboTaHHOro KOMMNo3uTa
Granulometric composition of the mineral part
of the developed composite (Particle Size Distribution)

lokasarenb 3HauyeHune

pasveponta. | 10 | 5 | 25 | 1.25 | 0,63 | 0315|016 | 0071
Mooxonkepes | 4o | 573 [ 272 | 21,8 | 187 | 183 | 158 | 1256
cuto, %

pya» pallioOHAIBHO ITPOBOIUTH ITO CBOMCTBAM, KOTOPEIE
OTPaxKaloT COCTOSIHUE CTPYKTYPhl B HAYaJIbHbIM MEPUOL,
9KCITyaTallui, HalpuMep BOMOCTOMKOCTh, Tpeien
MIPOYHOCTH MPU CKATUU IPU Pa3IMYHOM TeMIIepaType 1
CABUTOYCTOMYMBOCTh. OCHOBHBIE CBOMCTBA pa3paboTaH-
HOT'O KOMITO3MTA MPEACTaBIeHbI B Ta0J. 6.

AcdanbToOETOHHAsT CMeCh MOCJe MPUTOTOBICHUS
WCTIONb30BAJIaCh IS M3TOTOBJIIEHUST 00pa3llOB-IIMIJIMH-
JIPOB BLICOTOM U auameTrpoMm 71,4 mm. [list aToro cmech
HEOoOXOIMMOIT MacChl TOMEIIaIach B OpMY U YIUIOTHSI-
Jlach B JIBa 3Tara: ¢ MOMOIIBIO BUOPUPOBAHUS U Ipy3a,
obecneunBaroiiero Harpy3ky 30+5 kH B reuenne 3 MuH,
U TIOCJIEYIONIETO YIUIOTHEHUST C TTOMOIIBIO TUAPABIIAYE-
cKoro npecca, oobecrneuuBatoliero gapaeHue 20+0,5 MIla
B TedeHue 3 MUH. 3aTeM oOpasel] u3BieKaeTcs u3 (hopMbl
C TIOMOIIIbIO BBIITPECCOBOYHOIO YCTPOMCTBA.

CMecu TOTOBIIIM C colepKaHueM Kareyn 1,5; 3; 4,5;
9 u 13,5% no macce GuTymMa, KOTOPBIi H00OABISIIA Ha
CTaJiii CMEIIMBAHUS CYXUX KOMIIOHEHTOB.

JInst vcciiemoBaHUs CTPYKTYPHI KOMITO3UTA C MHKAII-
CYJHUPOBAaHHBIM MOAMMUKATOPOM C HCIOJb30BAHUEM
METOa PEHTI€HOBCKOI TOMOrpaduu MPUMEHSICS TO-
morpad VITOME[X M300, General Electric, ¢ momoriipto
KOTOPOTO «II0CJ0HO» OCYILECTBJISIIOCh CKAHUPOBAHKE
obpasma ¢ maipHeUImmM TpeoopaszopanreM 2400 cHUM-
KOB ceueHus1 B 3D-Monen.

Jns pacueta Ko3((UIIMEHTa BOCCTAHOBJICHMST HC-
IOJIb30BaJIMCh 3HAUEHMST TIpe/iesia IIPOYHOCTU TP CKa-
Tiu mpu TeMnepatype 20°C, mojydeHHBIC TPY IIUKITNJE-
CKOM pa3pylIeHUM M IIepUoJaX BOCCTAHOBJICHMSI.
HzrorosneHuble obOpasiibl achaabToOeTOHA TepMOCTa-
TUPOBAJIUCH B KIIMMAaTHYECKOI KaMepe IpY TeMIIepaType
20°C B TeyeHUe He MeHee 2 4, MOCje Yero MCITbIThIBA-
JIUCH TIPU CXKATUU CO CKOPOCThIO HATPYXKEHUS 3 MM/MWH
U oIpeesisiiach MaKCUMaIbHasl Harpy3ka Ipy pa3pylie-
Huu. Ilocne aToro oo6pasubl B Te4eHUe 7 CYT XpaHUIUCH
nipu Temreparype 20°C, 3aTeM IMTOBTOPHO TEPMOCTATUPO-
BAJINChH W TIOIBEPTAINCH CxKaThuio. MICTIBITAaHNS BKITIOYA-
JI1 B ceDsl YeThIpe TecTa IPU CXKATUM M TPpH Tepuoaa
BoccTaHoBJieHMsT o 7 cyT. Ha puc. 5 mokaszaH Buz 00-
pasiia 0 TeCTOB M TOC/Ie KaXKJIOro TecTa MPU CXATHUM.

Pe3yabTaThl Hccie0BAHMIA

TexHonorusi caMOBOCCTaHOBJICHUS, pealulyemasi B
CTPOMTEIBHBIX MaTepHrajax, IpearnoaracT NCIoJIb30Ba-
He MHKATICYJTMPOBAaHHBIX MOIU(UIINPYIOIINX (PYHKITA-
OHAJIBHBIX 100aBOK, MOMEHT aKTHBHU3ALIMU KOTOPHIX Ha-
CTYITaeT MpU pa3pylIeHU KarlcyJ-HOCUTeNel TIpu 00-
pa3oBaHUM WM pa3BUTUU TpelinHbl [ 18—23]. PazButue
TEXHOJIOTUM CAMOBOCCTAHOBJICHUS C IPUMEHECHUEM MH-
KarcyJaupoBaHHOTo Moaudukaropa B acdaibTodbeToHaX
COIPSIKEHO C PSIIOM CIIOXKHOCTEM, 00YCIOBICHHBIX IIPO-
WU3BOJICTBEHHBIMU OcoOeHHOCTSIM. Karcymbl, comepka-
mue MoaucuKaTop, IMpU UCIOJIb30BaHUU B COCTaBE ac-
(hanbTOOETOHHON CMECH JODKHBI O0JIafaTh TepMUUE-
CKOI1 CTOMKOCTBIO [12] M 1O0CTaTOUHOM MTPOYHOCTHIO JIJIsT
obecrieuyeHus 1IeJIOCTHOCTH B TIPOIIECCe TTPUTOTOBICHUS
CMeCH U €€ YIJIOTHEHUSI COOTBETCTBEHHO. B ciydae ecin
MaKCUMaJIbHasl Harpy3ka, KOTOPYIO CIOCOOHBI BbIAEp-

Tabnuua 6
Table 6

OCHOBHbIE CBOWCTBa pa3paboTaHHOro KOMNo3uTa
The main properties of the developed composite

3HayeHune 4ns BSXyLLEero
MokasaTtenb En. nam. Tpebosanus FOCTa
Butym KomnnekcHoe BsixyLiee
CpenHsist MIOTHOCTb r/cm3 - 2,43 2,43
MopunCTOCTb MUHEPANBHOW YacTu % 15-19 18 18
OcTaTo4Hasi NopucToCTb % 1,5-4,5 3 3
BopoHacblileHne % 1-4 1,9 3,2
Mpenen NPoYHOCTM MPU CXaTum:
npwu 20°C MMa He meHee 2,2 3 4
npu 50°C MMa He meee 0,65 1,1 1,2
CIBUroyCTONYMBOCTb:
K03 ULMEHT BHYTPEHHErO TPEHMS - He menee 0,93 0,93 0,95
nokasarenb cuennequs npu 50°C MMa He meHee 0,18 0,56 0,74
Mpeaen Npo4YHOCTM Npu packansiBaHun 0°C MnNa 2,5-6 2,6 3,3
BopocToikocTb aamtensHas - He menee 0,85 0,92 0,89
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Puc. 5. Bua o6pasia [0 TECTOB U NOC/E KaX/I0ro UCMbITaHUS NP CXaTumn: a — A0 TecTos; b — nocne 1-ro TecTa; ¢ — nocne 2-ro Tecta; d — nocne 3-ro TecTa;

e —nocne 4-ro Tecta

Fig. 5. Sample before tests and after each compression test: a — before tests; b — after 1 test; ¢ — after 2 tests; d — after 3 tests; e — after 4 tests

JKaTh KarcCyjabl MpU YIUIOTHEHUM, MEHbBIIE MUHUMAaIb-
HOI Harpy3Ku, HEOOXOIUMOM JIJIsT YTUIOTHEHUS achalib-
TOOETOHHOI cMecu, MoauduKaTop OyaeT MpexaeBpe-
MEHHO ITONIa1aTh B MATPUILy MaTepHraia, YTO B HEKOTOPHIX
CIyJasiX MOXET IPUBOAMTH K Pa3yIUIOTHEHUWIO CMECH
WIM CHWXKEHUIO CABUTOBOI ycroitumBoctu. [Ipu sTom
MU30BITOYHAST TIPOYHOCTH OyJeT TMPEernsITCTBOBATh Pa3py-
IIEHUIO KarcCyJl U CaMOBOCCTaHaBJIMBAIOIIMI Mpoliecc
He OyIeT MHUILIMMPOBAH B IIEPUO SKCILTyaTallNH.

HMccnenoBaHusi  peleNTYpHO-TEXHOJIOTMUECKUX
CBOMCTB CyCHEH3UM, U3 KOTOPBIX OCYILIECTBIISIETCS IIPO-
MU3BOJICTBO KaJIbIIMi-aTbTMHATHBIX KarlCys, IoKa3aju,
YTO PEryJMpOBaHUE COCTaBa CyCIIEH3UI MO3BOJISIET OCY-
IIECTBIISITH YIIPaBJICHUE pa3MepOM U TOJIIMHON CTEHOK
Karcysa, a COOTBETCTBEHHO U (DU3UKO-MEXaHUYECKUMU
CBOIMCTBAMU, B TOM YMCJI€ TPOYHOCTHIO [17].

PaccmarpuBas kancyiibl Kak ceprueckyro 060J04-
KY, PacIOJIOKEHHYI0 B 00beMe MaTpUIIbl C pa3IUnYHbIMU
CTPYKTYPHO-MEXaHUYECKUMU CBOWCTBAMM, €€ CTEHKU
MOJBEPrarTCs Kak BHEIIHEMY, TaK U BHYTPEHHEMY JaB-
neHuo. Cuja, KoTopast AHCTBYeT U3HYTPU HA CTEHKU B
TeYeHNEe BCEro KM3HEHHOTO LIMKJIA KaIlCyJsIbl, SIBJISIETCS
MOCTOSIHHOM, a BeJIMYMHA JaBJICHUS] Ha BHEIIIHIOIO CTO-
pPOHY O0OJIOUKM M3MEHSIETCSI B MPOIECCE CTPYKTYPHBIX
npeodpazoBaHuit MaTpuLsl [17].

[Ipu sToM oOIIEe maBieHHE Ha CTEHKY (00O0JIOUKY)
KaricyJibl OyIeT OINpenessiTbesl pe3yJIbTUPYIONIe CUITON
P=P,+ Pjy,, tne P,y — BHEIIIHEE NaBJICHUE, 3aBUCSIIEE OT
CBOMCTB MaTpulibl, B KOTOPOW HaXOAUTCS KarmcyJja, U
YCJIOBUI BHEIIHETO BO3ACUCTBUS; Pj, — BHYTpeHHEe
JlaBJieHUe, 3aBUCsIIee OT o0beMa MoauduKaTopa 1 ero
cBoiicTB. Takke MPUHATO YCIOBUE, YTO CTEHKU KarlCcyJl
TT0/T HATPY3KOI TTPOSIBIISTIOT B OCHOBHOM YIIPYTOXPYITKHE
CBOIICTBa, a JaBJCHME, BO3HUKAIOIIIEE Ha TTOBEPXHOCTHU
KaricyJsi, pPABHOMEPHO pacTpeIesisieTCsl Yepe3 MPOCIOUKY
OUTYMHOTO BSDKYILETO.

B mpornecce XKM3HEHHOTO LIMKJIA OT MPUTOTOBICHMUS
acasbTOOETOHHON cMecH 0 3Tamna €€ YIJIOTHeHUS U
9KCIUTyaTalMy JOPOXKHOTO IMOKPHITUS KaIlCyJIbl ¢ MOIU-
(brkaTOpOM HAXOASATCS B PA3IMUHBIX HATIPSIKEHHBIX CO-
CTOSIHUSIX, YTO OOYCJOBIMBAETCSI TEPMOIUIACTUYHBIMU
CBOMCTBAaMU MaTPUIIGI KOMITO3UTA.

Ha sTane npurotoBieHus achaaibTOOETOHHON cMecu
pacrijiaB OUTYMHOTO BSIKYIIETO OOeCIeuMBaeT BSI3KO-
TeKyuue CBOMCTBa MaTtepuaina [24—26], 3a cyeT 4yero npu
MPUIOXKEHUM HArpy3kKM BpalllaloIIMMKU MeXaHM3MaMU
CMECHUTEJIST YaCTUIIBI IUCIIepCHOI (Da3bl CITOCOOHBI 0e3
3HAYUTEJILHOTO COMPOTUBJIEHMS ITePEMEIIATHCS B 00be-
Me. B 3ToM ciyyae Bo3HUKAIOIIME YCUIUS HE TIPUBOMASIT

Ta6nuua 7
Table 7
Mpeaen NPoOYHOCTY NPU CXKaTUU LLEeGEeHOYHO-MaCTUYHOro
acdanbTobeToHa (LLIMA) ¢ MHKancyMpoBaHHbIM
MoamdpukaTopom
Compressive strength of crushed-stone-mastic
asphalt concrete with encapsulated modifier

Mpegen Npo4YHOCTU NMPU CXaTnn Yyepes
CopepxaHue Bpems, cyT, MlMa
kancyn, %
1 7 14 21
2,96 2,22 1,75 1,58
4,02 3,4 3,03 2,91
s 2,81 2,29 1,95 1,83
’ 3,7 3,33 2,99 2,92
5 2,72 2,22 1,92 1,81
3,59 3,25 3,17 3,06
s 2,57 2,04 1,8 1,66
' 3,55 3,2 3,06 2,91
° 2,25 1,86 1,56 1,43
3,42 2,86 2,6 2,38
2,02 1,62 1,4 1,3
13,5
3,35 2,81 2,57 2,27

K KOHLEHTpallMM HANIPSDKEHU B 00J1aCTH KarlcyJl, a pac-
XOIYIOTCSI TIPEUMYIIIECTBEHHO Ha IIPEONOJICHIE BSI3KOTO
COINPOTUBJICHUSI MATPULIbl ABUKEHUIO OTAEIbHBIX Ya-
CTUILI AUICTIEPCHOM (pa3bl.

Ha sTane yminoTHeHust achajibTOOETOHHOU cMmecu
TePMOILIAaCTUYHASI MAaTPHUILIa HAXOIUTCS B BI3KOILJIACTUY-
HOM COCTOSTHUY B COOTBETCTBUU € 3aKoHOM [lackans [27],
MPpY PAaBHOMEPHOM paclpeneeHUU U MOJHOM 00BoJa-
KHMBaHMU PACIIABOM BSDKYIIIETO 3epeH IMCIIEPCHOM (pa3bl
CMOCOOCTBYET PAaBHOMEPHOMY PACIpPEACICHUIO NaBe-
HUS 4epe3 MPOCIOMKY OUTyMa Ha OOIIYIO IUIOIIAAb MO
BEPXHOCTU MUHEPATLHOU YaCTHU:

6.=P/Sy;, 3)

rae P — maBieHHe, TepefaBaeMoe Ha IMMOBEPXHOCTD IO-

KPBITHUS IIPU YIDIOTHEHUN cMecH, H;

5 6-C;
S, =S, .m,= !
f,i u,i "' f ; p de
TOpYI0 oOpasyeT aucnepcHas ¢asa, rae Sy ; — yaeabHasl

MOBEPXHOCTD; Of — CPEAHssA TUIOTHOCTH IUCIIEPCHOM
Gbasbl; df;— nmuameTp yacTuiibl; C;— comepKaHue YacTHIlL
JIIMaMETPOM df’ i

BaxxubIM ycioBreM ToaydeHusT 3(P(HEKTUBHOTO ac-
danprobeTOHa SBISIETCS TPWIOXKEHNE HEOOXOIMMOTO
JIaBJICHUS TIPY YIUIOTHEHUH, 00CCITEUYMBAIOIIETO TPeOye-

4
10" — omank MOBEPXHOCTH, KO-
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P ex /
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Puc. 6. Cxema pacnpegenieHvs OaBieHVs Ha Kancyny npy yraoTHeHUn
achanbTo6EeTOHHOM cMecu

Fig. 6. Loading model of capsules during compaction of asphalt concrete
mixture

MYIO CTPYKTYPY C 3aJaHHBIM 3HAUEHHUEM IToKa3aTessl Mo-
puctoctu. B 3aBrcMMOCTH OT TaBICHUS IIPU YIIOTHCHUHT
acanbTo0eTOHHON cMecH (popcupyeTcsl pa3IuyHbINA 10
cTpykrype acanbrodeToH. [1pu yrmioTrHeHUn acgaabTo-
OETOHHOI cMecU MPOUCXOIUT COMUKEHUE 3€PEH MUHE-
PaJbHOIO 3aMOJHUTENIS B pe3y/IbTaTe X MeperpyniupoB-
KW, MEX3EpPHOBBIE MYCTOTHI 3ATOJHSIOTCS OUTYMOM B
pe3yabTaTe ero mnepepacnpeneaeHusl, BCICICTBUE YEro
YBEJIMIMBAETCS IUIOTHOCTD acaibTo0eTOHAa U (DOPMUPY-
€TCST CTPYKTYpa C ONTUMAJIbHBIM COIEePXKAaHUEM ITyCTOT.

DddexkTuBHBIE KaTlCyJbl Ui CaMOBOCCTaHABIMBAIO-
merocs acanbToOETOHA MOKHBI OBITh YCTOWYMBBI K
napieHuo (P.) uiu HanpskKeHUsIM (O,), BBI3BaHHBIM 3TUM
JIaBJICHUEM, KOTOPBIC BOSHUKAIOT B ITPOIIECCE YITIOTHEHUS
acanbrodeToHHOM cMmecu. [Ipu aTOM paspylieHue Kar-
CyJI IOJKHO TIPOUCXOAUTH ITPU AaBlieHUH ( Py) I HaTIpsI-
XEHUSIX (Op), BOBHUKAIOIIMX B IMPOLECCEe IKCILTyaTalluu
JIOPOKHOTO MOKPHITUS. Toraa 00;1acTh ONTUMAaIbHBIX 3HA-
YEHUI, TIPU KOTOPBIX JIOCTUTAETCS 1IEJIOCTHOCTD Karicysl
MPHU YIUIOTHEHUM U XPYIKOCTb MIPU 3KCIUTyaTallu, Oonpe-
nensiercs u3 yenosust P.<P<P, wiu 0,.<0<0.

OnpeneneHre 3HAYCHUST YIUIOTHSIOIIEH Harpy3kKu
IMO3BOJIUT ONTUMU3MPOBATh MPOU3BOIACTBO KallCysl C
YUYETOM TTOJTyY€HHBIX TPAHUYHBIX 3HAUYEHUH, UTO SIBJISICT-
Cs aKTyaJIbHOM 3afadeid mpu peaid3aluyd TEXHOJOIMU
CaMOBOCCTAaHOBJIEHUSI C MCITOJIb30BAHUEM WHKATICYJTH-
pPOBaHHOTO MoaMduUKaTOpa.

[Mpu ymiotHeHun achaibTOOETOHHONW CMecH Ha
Karmcyjabl ¢ MoAuGUKaTOPOM OKa3bIBaeT BO3AEHCTBUE
JIaBJICHME, YTO MOXKHO IIPEICTaBUTh B BMIIE CXEMBI C
JNEUCTBYIOIIMMYU HATIPSDKEHUSIMU IO TPeM Harpasiie-
HUSIM — oceBoMy (0;), panuajibHOMY (O,) U MEPUAUO-
HaJlbHOMY (0y,) (puc. 6). PacnipeneneHue HampsKeHU
MoKa3aHo B BUJIE 3ITIOP.

[IprHMMaeTCs, YTO MAKCUMAJIBHOE JOITyCTUMOE 3Ha-
YeHMEe JaBJICHUS TIPY YIJIOTHEHUM ac(asbToOeTOHHOM
cMmecu Py, OyoeT COOTBETCTBOBATh TOMY 3HAUYCHUIO,
IPU KOTOPOM JOCTUTAETCS TIpeiesl IPOYHOCTH MPU CKa-
TUU MaTepuaia O, CTEHOK KarcCyJbl Ha €¢ BHYTPeHHEM
TIOBEPXHOCTH:

Laenexve, H/cm?

CootHoweHnne h/D

Puc. 7. VI3aMeHeHne TeopeTn4eCcKom NPOYHOCTM Kancyn (CnaoLwHas InHus) 1
MaKCUMasbHOro AaBNEHUS YINIOTHEHNS (LUTPUXOBas IMHUA) oT h/D npu pa3-
JIMYHOW NPOYHOCTM MaTepuana kancynel: 1 — 0,=2,5 H/cm2; 2 - 0,~1,5 H/cm?;
3-0,=0,5H/cm?

Fig. 7. Change in theoretical strength of capsules (solid line) and maximum
compaction pressure (dashed line 2 from h/D at dlfferent strength of the
capsule material: 7 - 0,= 2.5 H/cm?; 2 - 6,=1.5 H/cm?; 3 — 6,~0.5 H/cm?

2

pwmz%-@—%): 20,55 (1-24) )
npu ry=D/2 v rg=D/2—h, tne D — nuamMeTp KarcyJbl;
h — ToJIMHA CTEHKH KarlCyJIbl.

B npotiecce yrnioTHeHUs1 cMecH MPOUCXOJUT pacripe-
JleJIeHVe HArPY30K W KaTlCyJIbl TTOIBEPTalOTCsI paBHOMEP-
HOMY U BCECTOPOHHEMY TMAPOCTATUYECKOMY CKATHIO, B
pe3ysibTaTe KOTOPOTo MpeAebHOe COCTOSTHUE B MaTepu-
ajie HaCTYIUT TIPY HAIIPSDKEHUSIX 110 BCEld TOJIIIMHE CTe-
HOK KaricyJ, paBHBIX Mpeesly TPOYHOCTH TIPU CXKATHUU.

B cootBeTcTBUM ¢ [28] HanpspkeHUs U AedopMann
cepryeckoro Tesa 3aBUCAT TOJIBKO OT KOOPAMHAT B pa-
JIMaTbHOM HaTpaBJIeHUH, a YpaBHEHNE PAaBHOBECUS CO-
JEPKUT TPU ACUCTBYIOIINX HATTPSIKEHUSI:

(6, - 0) + (0, - do;

Cp) + 7 e =0. ®)]
B npenensHom cocrostHuu (6,—6,)=(0,—G,,)=6,, npu
TPAaHUYHBIX YCIOBUSIX OXry)=-p U OArg)=0 BeamumHa
MpeAETbHOTO NABJIEHUST MPU YIUIOTHEHUU CMECH pac-
CUYUTBIBACTCS B COOTBETCTBUU C (hOPMYJIONA:

Pizdo, B (1= 17 6)

ITpu I/IHKaHCYJ'II/IpOBaHI/H/I Moau¢uKaTopa OCHOBHAS
3aJa4ya ¢ y4eTOM IPOYHOCTH MaTepuaja CTeHOK Karcy-
JIBI — c(pOPMUPOBATH HEOOXOINMEBIC €€ TCOMETPUICCKIE
rmapaMeTpsl (//D), Ipu KOTOPBIX 00eCIeunBaeTCs IIPOY-
HOCTb KariCyJjl, TPEBBINIAIONIAST paclpeac/ieHHYI0 Ha-
IPY3KY IpU YIUIOTHEHUMU (puc. 7).

PesynbraThl pacyeTa IOKa3bIBaIOT, YTO PETYJIMPOBAHUE
TOJNIIMHBI W/VJIA OUaMeTpa KarcyJl ¢ BOCCTAaHOBUTEIIEM
IO3BOJIIET CHHTE3MPOBATh MHKAIICYJIMPOBAHHBIA MOIM-
¢uKaTOp ¢ 3amaHHOI MTPOYHOCTBIO TSI 00ECIIeUeHUs He-
00XOIMMOIi CTOMKOCTH K JAaBJICHUIO B IPOIIECCE YIUIOTHE-
HUS. YBeIMYEeHUE TONIIMHBI CTEHOK KarlCyJl TIPUBOINT K
3aKOHOMEPHOMY YBEJTMYEHUIO TTPOYHOCTH KarlCysl ¥ MaK-
CHMaJIbHO [OIYCTUMOIO [ABJICHUS MPU YIUIOTHECHUM.
TeopeTndeckast MPOYHOCTH 3aKOHOMEPHO BEIIIE MaKCH-
MaJIbHO JIOIYCTUMOTO AaBJICHUS B IIPOLIECCE YILIOTHEHMSI,
TaK KakK TP ee pacyeTe He YUUTHIBAIOTCS Ie(EeKTHI, pac-
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MpeneaeHHbIe B MaTepraie 000J0YKH Karcyibl. OueBUIHO,
YTO ¢ yBeJMYCHUEM 00beMa 000JI0YKH (01 000JIOUYKU B
00BeMe KaTICyiTbl) BEpOSITHOCTh BOSHMKHOBEHUST KPUTIUE-
ckoro nedekrta Bo3pactaeT (3cdekr Beitdymia). OnHako
5Ta BEpOSITHOCTH BCE K€ MEHBIIIC YBEJTMICHUS TIPOYHOCTH,
KOTOPOE MTPOUCXOAMT IPU POCTE 0OOJIOUKU Karcybl. Yem
BBIIIIE TTPOYHOCTh MaTepuaja CTCHOK KarlCyJl, TeM BBIIIE
IMPOYHOCTH KATICYJIbI U COOTBETCTBEHHO MaKCUMAJILHO JI0-
IMyCTMMOE JIaBJIeHue B Ipoliecce yroTHeHus. [1pu atom
TIPOYHOCTH MaTepraa Karcys 1 UX TeOMeTpUIecKue rapa-
METPbI IOJKHBI 00ECIIeUnBaTh MOTyYeHE 3HAUEHUST MaK-
CHMAJIbHO JIOITyCTUMOTO IABJICHUS B IIPOIIECCE YIUIOTHE-
HUST, KOTOPOE TTPEBBIIIACT (haKTMUECKOE 3HAUCHHE pacIipe-
JIEJICHHOM HAarpy3ky Ha CYMMApPHYIO TUIOLIAAb AUCIIEPCHOM
dasbl B CMECH.

TexHosorusi caMOBOCCTaHOBJICHUS, peaiu3yemasl ¢
IMpUMEHEHNEM WHKAIICYJIMPOBAHHOTO MoauduKaTopa,
HaIpaBJiecHa Ha MHULIMMPOBAHNME BTOPUUYHOTO TIpoliecca
CTPYKTYpOOOpa30BaHUs B NEPUO SKCILIyaTalluu, B pe-
3yJIbTaTe KOTOPOTO MPOUCXOANT (POPMUPOBAHNE AOTION -
HUTEIbHBIX CTPYKTYPHBIX CBsI3eil. B pesynbrare peanu-
3allM TAKOTO ITOAXOAa IIPOMCXOIUT BOCCTAHOBJICHUE
OanaHca CTPYKTYPHBIX CBSI3€M U COCTOSIHUSI CTPYKTYPbI
MaTepuaa, CrrocoOHoe (OYHKIIMOHUPOBATh B JOPOKHOM
KOHCTPYKIIVH.

IIpu 3TOM 0COOEHHOCTU TEPMOILJIACTUYHON MaTpu-
116l OOYCJIOBIMBAIOT HAJIMYME BOCCTAHOBUTEIHLHOTO 3(h-
¢ekTa 3a cyeT COOCTBEHHOIO ITOTEHIIMaja BSIXKYIIE-
ro [28]. DToT 3 (PeKT 00yCIOBIUBACTCSI CIIOCOOHOCTHIO
MOJIEKYJl OPTaHUYECKOTO BSDKYIIIETO CaMOITPOM3BOJIBHO
CIYTBIBAaTbCSl MEXAY c000i. MMHTEeHCUBHOCTh JAHHOTO
Mpolecca 3aBUCUT OT OJIM30CTU MOJIEKYJT U CKOPOCTU
CaMOIPOU3BOJIbLHOTO ABMXKEHUS, KOTOPOE YBEJIUYMBACT-
CsI C pOCTOM TeMIIePATYPHI.

Hcmonp3oBaHre HOCTATOYHOTO KOJWYECTBA MHKAII-
CYJIMPOBAaHHOTO Moau(puKaTopa IO3BOJUT BOCCTaHO-
BUTH OOJTbIIIEE KOJIMIECTBO CTPYKTYPHEIX CBSI3ei, YeM 3a
CYET COOCTBEHHOI'O BOCCTAaHOBUTEJIBHOIO MOTEHIIMAja
BsoKymiero. JIas mMcciaeqoBaHMWSI BOCCTAHOBHUTEIBHOTO
a¢pdekTa aast acgaabToOETOHOB, MPUTOTOBJIEHHBIX Ha
OCHOBE OMTYyMa M KOMIUIEKCHOT'O BSDXYIIIETO, UCITOJIb30-
BaJICSI WHKATICYJTMPOBAHHBIM MOIM(UKATOP HAa OCHOBE
OpraHM4YecKoro BoccTaHoBUTeNsI U AR-monnMmepa.

Jnsa ompeneaeHUsT ONTUMAIBHOTO COAEpPKAHUS WH-
KarncyJupoBaHHOIO MoauduKaTopa HM3roTaBAUBaINCh
cMecH ¢ comepxkanuem karncyn 1,5; 3; 4; 9 u 13,5% or
Macchl OMTyMa, KOTOpble 100aBISIMCh Ha ATare CMellu-
BaHUS CyXMX KOMIIOHEHTOB. OlieHKa U3MEHYMBOCTHU MO~
KazaTellss MPOYHOCTU TIPU MCIIOJIB30BAHNN WHKATIICYJIH-
POBaHHOTO MOAM(UKATOPa OCYIIECTBIIACH HA CISIYIO-
IIMe CYTKM TIOCJIe M3TOTOBJICHMS O0Opa3loB, a TakKKe Ha
7-e, 14-e u 21-e cyt. IIpu 3TOM MOC/IE KaXXIOTO OINpee-
JICHUs TIpeesa IPOYHOCTU IPU CXKATUM IIPU TeMIlepaTy-
pe 20°C ucnbiTyeMble 00pasLbl XPaHUIUCh B HOPMaJlb-
HBIX YCJIOBUSIX JIST 0OeCIIeueHUs STara BOCCTAHOBJICHNUS.

Pesynbratel ompenefneHus mpenejaa MPOYHOCTU TIpU
YeThIPEeX ITOCJICIOBATENIPHBIX IMKIAX WCIBITAHUA TIpU
CXXaTUM U MepruoaaxX BOCCTAHOBICHUS TEPMOILIACTUYHO-
TO KOMITIO3UTA C PAa3JIMYHBIM COJEPKaHUEM MHKATICYTU-

pOBaHHOTO MOoAM(UKATOpa Ha OCHOBE OPTaHWYCCKOTO
BOCCTaHOBMTEJISI TIPEACTABICHBI B Ta0JI. 7.

DddeKT BOCCTaHOBIICHUS MPY MPUMEHEHNN WHKATII-
CYJUPOBAHHOIO MoaucuKaTopa OO0YCIOBIMBAETCS Ya-
CTUYHBIM BOCCTAHOBJICHMEM KOJIMUECTBA CTPYKTYPHBIX
CBsI3¢ii, KOTOpBIE 00ECIEeUNBAIOT CIIOCOOHOCTD CTPYKTY-
PBI COMPOTUBIISITHCS OOIBIINM HArpy3kam, 4eM 110 Ipo-
mmecca BoccTaHoBIeHMS. C MpUMeHeHNeM MHKATICYINPO-
BaHHOIO MoaucduKaTopa Ha OCHOBE OPraHUYECKOTO
BSDKYIIIETO 3a TIEPUOI BOCCTAHOBIICHNS ITOKa3aTe b PO~
HOCTU OOJIbIlIe, YeM Yy KOHTPOJIbHBIX 00pa3loB TepPMO-
IUTACTUYHOTO KOMITO3UTA. DTO OOBSICHSICTCS MEXaHM3-
MOM IEHCTBHUSI OPTaHWYECKOTO BOCCTAHOBUTEIS, KOTO-
PBli1 mocjie BEICBOOOXKAEHUS U3 Kancyl 1ud@yHaupyeT B
OUTYMHYIO MaTPUILY, PACTBOPSICTCS B HE, CHIKAS XPYII-
KOCTb U YBEJUUYMBAsI TMTOABMKHOCTh MOJIEKYJT BSDKYILIETO,
YTO CITOCOOCTBYET CHIDKCHUIO TTOBEPXHOCTHOTO HATSIKE-
HUS Ha TpaHUIIC TPEIIUHBI U ¢ 3aJIeYMBaHUI0. B pe3yib-
TaTe 3TOro IMpoliecca KOJIMYECTBO CBSI3eil B KOMITO3UTE 3a
CUYET HOBBIX, C(hOPMUPOBAHHBIX B pe3yIbTaTe CaMOIIPO-
M3BOJILHOTO CITyThIBAHUS JUTMHHBIX LIETIEl MOJIEKYJI, yBe-
JINYMBAETCS, YTO CIIOCOOCTBYET OOJIBIIICH COIPOTUBIISIC-
MOCTH K Harpy3kaM. [Ipy 3ToM TIpy YBEJTMIESHUU COAEP-
JKaHMS Karcysl C OpPraHMYeCKMM BOCCTAaHOBUTEIEM
HaOJTI0JAeTCS YMEHBIICHUE TIPOYHOCTH, UTO MOXKET OBITh
CBSI3aHO C HEJOCTAaTOYHBIM IOJOXUTEIbHBIM 3(hGheKTOM
OMOJIOXXEHUSI BSDKYIIETO IUISI KOMIICHCHMPOBAHMST Hera-
TUBHOTO 3(ddeKTa OT Karcyd B CTPYKTYpe KOMIIO3UTA.

J7151 TepMOTUTACTUYHBIX KOMITO3UTOB IPU MCITOIB30Ba-
HUU MTHKATICYJIMPOBAaHHOTO MOAN(MIKAaTOpa Ha OCHOBE AR-
MoJrMepa 3a MepUro BOCCTAHOBCHHUSI MOKa3aTeslb Mpod-
HOCTH OOJIbIIIE, YeM Y KOHTPOJIBHBIX 00pa3IIoB TepMOITIa-
CTUYHOrO KOMITO3UTa 0e3 Karicyld. MexaHu3M NeWCTBUS
BOCCTAHOBUTEJISI Ha OCHOBE IIOJMMEpa 3aKIioJaeTcs B
CMaYMBaHWM TOBEPXHOCTU AeheKTa, YaCTUUHOU nuddy-
3UM BHYTPb MaTpPUIIbl, MOJMMEPU3ALIUU U «CKJICUBAHU»
TpemmHbL. [Ipy 3TOM M3MEHEHNE MPOYHOCTH TEPMOILIA-
CTUYHOTO KOMIIO3UTa OT COAEPXKaHUSI MHKAICyJIMpPOBaH-
HOro MoauguKaTOopa IMeeT 3KCTPEMaTbHYIO 3aBUCMOCTb.
DTO 00YCIIOBIMBACTCS HETOCTATKOM BOCCTAHOBUTEIIS JUTS
CMa4yMBaHMSI TTOBEPXHOCTU JeDeKTa U «CKIICUBAHUS» €ro
IIpY HeOOIBIIMX KOHIIEHTpausIX. C yBeIMUEHNEM CONIep-
JKaHMS Karcy KonnyecTBo AR-nonmMepa, «cKjierBarole-
ro» nedexT, Bo3pacTaeT, TaK Ke KaK U KOJIMIECTBO HOBBIX
CTPYKTYPHBIX CBsI3eii. JlaibHelee yBenueHre coaepka-
HMSI KarcCyJl IIPUBOIUT K CHIDKEHUIO 3(D(EKTUBHOCTH, TaK
KaK Haj TTOJOXUTETEHBIM 3((MEKTOM OT «CKICUBAHUST»
HauyrHaeT NnpeodaaaaTh HEraTUBHbBIN 3 (hEKT OT Karcya B
CTPYKTYpE KOMITO3HTA.

711 OLIeHKY BOCCTAaHOBUTENBHOTO 3(hheKTa B OCHOB-
HOM MCITIOJIb3YETCS MHACKC, OTPAXKAIOIINI OTHOCUTEIb-
HOe M3MEHEHME ITOKa3aTesl IPOYHOCTH ITOCTIE BOCCTa-
HoBieHwus [6, 31—33]:

Ry
HI= Rt 100%, )

rae HI — WHACKC BOCCTaHOBJICHUS, Ry, — IOKa3aTeslb
MMPOYHOCTH TIOCJIE IEWCTBUSI BOCCTAHOBUTENS; Ry — T0-
Kasaresib MPOYHOCTU OO0 ACUCTBUSI BOCCTaHOBMWTES.
Pesynbprathl pacuera mpeacTaBieHBI Ha puC. 8.
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Puc. 8. NameHeHmne npoyHocTy LLIMA nocne noBTOPHbLIX MCMbITAHWUA NPY CXXaTUM C PasfinyHbiM COAepXXaHNeM Karncys Ha OCHOBE NoACOIHeYHOro Machna (a)

1 AR-nonumepa (b): 1 — 6e3 kancyn; 2 - 1,5%; 3 - 3%; 4 - 4,5%; 5 - 9%

Fig. 8. Changes in the strength of a thermoplastic composite after repeated compression tests with different contents of capsules based on an organic
reducing agent (@) and AR-polymer (a): 1 — without capsules; 2 — 1.5%; 3 — 3%; 4 — 4.5%; 5 - 9%

PesybTaThl aHanM3a puc. 8 TOKa3bIBaIOT, YTO YBEJIH-
YeHME B COCTaBE TEPMOIUIACTUYHOIO KOMIIO3UTA KOJIM-
YyecTBa Karcyl, CoAepKallix OpraHMYeCKrii BOCCTaHO-
BuTelb U AR-moaumep, NpuBOIUT K 3aKOHOMEPHOMY
CHIDKCHUIO TIOKa3aTellsl IMPOYHOCTU. DTO OOBSICHSCTCS
YBEJIIMUYEHUEM B 00beMe MaTepuasia J0JIM CTPYKTYPHBIX
3JIEMEHTOB, 00JIaMalOIINX MEHBIICH MPOYHOCTHIO, YeM
MUWHepaJIbHbIe KOMITOHEHTHEI. KpoMme Toro, Takme Karcy-
JIBI MOTYT pacCMaTpUBaTbCsl KaK IOIOJIHUTE/IbHBIE Oe-
(EeKTHI CTPYKTYPHI (IO peanm3alny nX (yHKIMOHATBHO-
IO MCHOJB30BaHUs), YTO MACHTUYHO CHIDKEHUIO KOH-
LIEHTPaLIMU CTPYKTYPHBIX CBsI3¢ii B MaTepuaie. CorracHo
ypaBHeHMIO PeOuHaepa yMeHbIlIeHe CTPYKTYPHBIX CBSI-
3eit Ny mpu yBeJMYEHUM KOJIUYECTBA NEDEKTOB V),
(Vp — obbeMHast o1 1ePeKTOB) OymeT paBHO:

ANgt = BoAvp, (8)

rne By ="VRy/Yf.; Ry — KOHCTaHTa MaTeprana — Ipoy-
HOCTbh 0Oe3nedeKTHOTO MaTepuasna; Y — KOHCTAHTA;
Jfe — TIPOYHOCTb €IMHUYHON CBSA3U; m — TOKa3aTelb
CTEeTICHU, XapaKTEePU3YIOIINI BIMSIHUE KOHIEHTpAIUn
CBSI3el Ha TIPOYHOCTh MaTepuaysa (B ypaBHEHUM
Pebunnepa m=2/3; B psiae uccienoBanuii [24, 25] mo-
Ka3aHo, 4To m>2).

Orcrofa npyu paBeHCTBE AV,=Vy (Vi — 00beMHas 10151
KaricyJl) HeTaTUBHOE BIMSIHUE KAriCyl Ha TMPOYHOCTh
MaTtepuasa OueBUIHA.

[Mpu aTOM BAMSIHME COAEPXKAHUST KAICyl Ha MPOY-
HOCTb acanbTobeToHa Ha OUTYME M Ha KOMILJIEKCHOM
BSDKYIIIEM pas3fiuyHo. Tak, CHMXXeHHWE TPOYHOCTU ac-
(hanbToOETOHA HA KOMITJIEKCHOM BSIXKYIIIEM TPU MaKCH-
MaJbHOM KOHIEHTpAllUM MHKAICYJIUPOBAHHOTO MOIM-
¢ukatopa B 1,9 paza meHblie, yem 117151 achanibToOeTOHA
Ha OCHOBe OuTyMa. DTO 00yCJIOBIEHO (hOPpMUPOBAHUEM
0oJiee TTPOUYHBIX CTPYKTYPHBIX CBSI3€i B KOMITO3UTE C
MOIUGUIUPOBAHHBIM OUTYMHBIM BSDKYIIIUM, YeM C Ou-
TYMOM, M HavajibHast IPOYHOCTh (R() Ha 36 % Goibliie.

OO06111ast TOTEPsT MPOYHOCTH TTOCIIE YETHIPEX TECTOB Ha
cXartue st KOMIIO3UTOB Ha OUTYMHOM BSIKYIIIEM COCTa-
BuiIa 47%, a Uit KOMIIO3UTa Ha OCHOBE KOMITJIEKCHOTO

BSIXYIIEro — 38%, 4TO CBUAETELCTBYET O OOJBIICH CTOM-
KOCTH CTPYKTYPHI K TTOBTOPHBIM MEXaHMYECKUM BO3ICii-
ctBusiM. [1pr 3TOM OTMEUaeTcst, UTo MOCJie KaXKI0TO TECTa
IO OMpeAC/ICHUIO TIpefeaa MPOYHOCTU TIPU CXAaTUU 00-
pasiibl KOMITO3UTa OOJIAAAI0T OCTAaTOYHOM MPOYHOCTHIO.
DTO OOBSICHSETCSI TEM, UYTO B MOMEHT 10 UCIIBITAHMS CO-
BOKYITHOCTb CBSI3€i1 00€CeYnBaeT CTOMKOCTh KOMIIO3UTA
K KPUTUUYECKMM Harpy3kam, KOTopasi sIBJISICTCS TIpeesib-
HO NIOITyCTUMBIM 3HAYCHUEM AABJICHUS, OIpeaesseMbIM
BO Bpemsi Tecta. [1pr 3ToM B mipoliecce HarpykKeHus 4acTh
CTPYKTYPHBIX CBSI3€l pa3pyllaeTcs, a YacTh MOCJE CHSATUS
Harpy3Ku 00eCIIeurBaeT COCTOSTHUE CTPYKTYPBI, KOTOPOe
XapaKTepU3yeTCsl OCTATOYHOM IMTPOYHOCTHIO.

Tak, mocie 4eTBEepTOro TecTa Mo ONpeaeIeHUIO TIpeie-
JIa TIPOYHOCTH TIPU C3KaTUUM WHIECKC BOCCTAHOBJIEHUS TSI
KOMITO3UTOB C MHKAMNCYJIUMPOBAHHBIM MOIMGMUKATOPOM
Ha OCHOBE OPraHMYECKOTO BOCCTAHOBUTEIISI M3MEHSCTCS
oT 68 mo 64% npu comepxkanuu ot 1,5 go 13,5 %. s
TEPMOILIACTUIHOTO KOMITO3UTA C COIepKaHWeM MHKAI-
CyIMpoBaHHOTO MoaM(prKaropa Ha ocHOoBe AR -mommmepa
1,5; 3;4,5; 9%; 13,5% uHpaekc BoccTaHOBJIEHMS paBeH 79;
85; 82; 70; 68% coorBeTcTBEHHO. JJaHHBII MHIEKC CBUIE-
TEJLCTBYET O JOCTATOYHO BHICOKOM YPOBHE BOCCTAHOBJIE-
HUS TIPOYHOCTH KaK TPY UCIOJIB30BAaHUU MHKATICYIUPO-
BaHHOTO MOAM(pUKATOpa Ha OCHOBE OPraHMYECKOTO BOC-
CTaHOBUTEJISI, TaK U Ha ocHoBe AR-monumepa. OmHako
JTAHHBI MHAEKC He YIUTHIBAET JIBA ITOKA3aTessl: OCTaTOd-
HYIO MPOYHOCTb, KOTOpasi OOYCJIOBIMBAECTCS HAIUMYMEM
Hepa3pyIICHHBIX B Pe3yJIbTaTe TeCTa CBSI3eil, 1 COOCTBEH-
HBII TTIOTEHIINAJT BSDKYIIIETO K BOCCTAHOBJICHUIO.

bonee ToYHBIM MOAXOAOM IJISI OLIEHKH BOCCTaHOBM-
TeIbHOTO A(PpexTa SIBASETCS yJyeT M3MEHEHMS MOTepu
MPOYHOCTU TEPMOIUIACTUYHOTO KOMIO3UTa IpPU UC-
IMOJIb30BAaHNM WHKAICYJINPOBAHHOTO MOIM(MUKATOPA,
YUUTBIBAsA, YTO MHIAEKC TTOTePU MPOYHOCTH TIPEICTaBIsI-
eT co00li BeIMUMHY, OOpaTHYIO MHAEKCY BOCCTAaHOBJIE-
HUS, KOTOPBIA OydeT paccuuTbiBaTbcd Kak 1—Rj/Ry.
Takum o0b6pazom, Ko3(POULIMEHT BOCCTAHOBICHMSI, YIU-
THIBAIOIIMI OTHOCUTEIbHYIO Pa3HUILY MOTEPU MPOUYHO-
CTU TEPMOTUIACTUYHOTO KOMIIO3UTA C TPUMEHEHUEM
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MHKAICyJIMpOBaHHOrO MoauduKaropa u 6e3 Hero, pac-
CUUTBHIBAETCS T10 CIeIyolIei hopmyIe:
IR’

kh = ﬁ ‘ 100%, (9)
rae IR'=1—Ry/R) — uHaeKc NOTepU MPOUYHOCTU TEPMO-
IJIACTUYHOrO Kommo3uTa 0e3 Kamcyn;, IR=1—Ry/Ry —
WHAEKC MOTepU MPOYHOCTUA TEPMOIIACTUIHOTO KOMIIO-
3UTa ¢ WHKATCYJIMPOBAHHBIM MoOAMMUKATOpPOM; R() 1
Ry — moxaszareju MPOYHOCTU TEPMOIUIACTUIHOIO KOM-
TTO3UTa JI0 BOCCTAHOBJIEHMS O€3 KarlCysl M ¢ MHKATICyJI-
POBAHHBIM MOIM(MUKATOPOM COOTBETCTBeHHO, MIla; Rj,
" Ry, — 1okazarteyiv MpOYHOCTH TEPMOTUTACTUIHOTO KOM-
MO3K1Ta MOCJIe BOCCTAHOBJICHUS 6€3 Karcya U ¢ MHKaIcy-
JIMPOBAHHBIM MOAM(MUKATOPOM COOTBEeTCTBeHHO, MIIa.

Pesyabrarhl pacuera Koag@ulimeHTa BOCCTAaHOBJIE-
HUsI, YYUTHIBAIOILIETO OTHOCUTEIbHYIO pa3HUILYy MOTepHU
MPOYHOCTU TEPMOIJIACTUIHOTO KOMITO3UTA C TIPUMEHE-
HUEM MHKaICYJIMPOBaHHOI0 MoAuGUKaTopa 1 6€3 Hero,
IpeAcTaBleHbl Ha puc. 9.

AHaIn3 3aBUCUMOCTEN KO3 (GULIMEHTa BOCCTaHOB-
JICHUS OT Colep:KaHUs MHKAIMCYJIMPOBAHHOTO MOAU(DM-
KaTopa TOKa3bIBaeT, YTO MpHU colepkaHuu 3% Karcyn
CTeNeHb BOCCTAHOBJICHUS SIBJISIETCSI MAKCHMAIbHOM. DTO
00YCJIOBJICHO ONITUMATLHBIM COIEPXKAHUEM B CTPYKTYpPE
KOMIIO3UTa, IPU KOTOPOM HETaTUBHBIA 3DDEKT OT MX
MPUCYTCTBUSI B 00beMe MaTepuaja MUHUMAJIEH M BOC-
CTaHOBUTEbHBIN 3 dekT He KommeHcupyetcs. [lpu
ONTUMAJIbHOM COJEpP>XXaHUM Karcyl ¢ OpraHu4YeCKUM
BOCCTaHOBUTEJIEM KO3(D(MUIIMEHT BOCCTAHOBJICHMS IT0-
Ka3bIBaeT, YTO MpPHY MOBTOPHOM CXKaTHUM OOILIME MOTEPHU
MMPOYHOCTH C YYETOM ACHCTBHUS MOoAu(uKaTopa oKasa-
JIMCh MeHbIIe Ha 28%. J1J1s1 KOMIIO3UTA C ONTUMAaJIbHBIM
coiep:KaHUeM MHKAICYIMpOBaHHOTO MoaupuKaTopa Ha
ocHoBe AR-mommMepa koa(hUIMeHT BOCCTAHOBICHUS
MMOKa3bIBAET, YTO OOIIME MOTEPU MPOUYHOCTU C yYETOM
JercTBus MmoaudukaTopa Ha 46% MmeHble. [1pu atom
3¢ (HEKTUBHOCTD BOCCTAHOBJICHUS C TIPUMEHEHUEM WH-
KarcyJupoBaHHOTO Moaudukaropa Ha ocHoBe AR-
rmojuMepa B 1,87 pasza 6osbllie, YeM IIpH UCTIOTh30BaHNHT
MHKAaICYJIMPOBaHHOIO MoAuGUKaTopa Ha OCHOBE Opra-
HUYECKOTO BOCCTAHOBUTEJIS.

Takum 006pa3oM, ONTUMAJIbHBIM CONEpPKAHUEM WH-
KaIcyJIMpOBaHHOTO MoauduKaTopa, 00ecredrnBarOIINM
MaKCUMaJIbHBIN BOCCTAHOBUTENbHBIN 3P (eKT B TepMO-
TUTACTUYHBIX KOMIO3UTAaX IS TOPOXKHOIO CTPOUTEIb-
cTBa, sBisieTcst 3%. JlanpHelnme ucciaeoBaHusI TepMO-
TUTACTUYHBIX KOMIMO3UTOB MJII TOPOXKHOIO CTPOUTEIb-
CcTBa C (PyHKIIMEl CaMOBOCCTAHOBJICHUS IPOBOIUINCH
Ha COCTaBax C ONTUMAJIbHBIM COAepKaHUEM MHKATICYITH -
poBaHHOTO MoAuU(pUKaTOpa.

[Ang  TOATBEpPXKACHWS  TOJYYEHHBIX  pacyer-
HbIX (puc. 10) U TeOpeTUYECKUX PE3yJbTaTOB 00pa3Libl
TEPMOIUTACTUYHOTO KOMIIO3UTa C WHKAIICYTMPOBAaHHBIM
MOIM(PUKATOPOM HCCIIEAOBAINCH C UCTIOJIBL30BAHUEM Me-
ToIa peHTreHoBcKoi Tomorpaduu (puc. 11). Wccaeno-
BaHMsl MpoBomwaKch Ha Tomorpade VITOMEX M300,
General Electric, ¢ TOMOILBIO KOTOPOTO «ITOCAONHO» OCY-
IIECTBIISVIOCh CKAaHMPOBAHME 00pa3lia C HJaJIbHEUIINM
npeobpazoBaHueM 2400 cCHUMKOB ceueHus1 B 3D-Mozeb.

Kn

0,8 | | | | | | 1 1 |
0 1,5 3 4,5 6 7,5 9 10,5 12 13,5
CopepxaHue mogudukaTopa, %
Puc. 9. 3aB1UCUMOCTb MHAEKCa BOCCTAHOBNEHNS kj, OT COAepXaHWs NHKan-

CynMpoBaHHoro mopudukaropa: 17 — AR-nonumep; 2 — NOACOSIHEYHOE
mMacno

Fig. 9. Dependence of the reducing index kj; on the content of the
encapsulated modifier: 7 — AR polymer; 2 — organic reducing agent
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CooTHoweHune h/D

Puc. 10. BnuaHue cootHoweHus h/D Ha nokasatenu: 1 — daktnyeckas
NPOYHOCTb Kancysn; 2 — pac4yeTHoe MakCMManbHO [OMNYCTUMOE OaBleHune
npw yninoTHeHUn cMmecu; 3 — 3oHa hakTUHecKo MakCMManbHOM pacnpene-
JIEHHOW Harpy3ku Npu yrnioTHEHUN CMecen

Fig. 10. The influence of the ratio h/D on the indicators: 7 — the actual
strength of the capsules; 2 — the estimated maximum allowable pressure
when compacting the mixture; 3 — zone of the actual maximum distributed
load when compacting mixtures

Pesynbratel vccaenoBaHus oOpasia a0 1 MOoce UCIbITa-
HUSI HAa TPOYHOCTh MPEACTaBIeHBI Ha pyc. 12.

Ananu3 3D-mopeneit, mojay4eHHbIX C MOMOLIbIO TO-
Morpaguu, MOKa3bIBaET, UTO B OOJIBIIMHCTBE CBOEM Karl-
CYJTBI TIOCTIE 3aBEPIIIEHUST TIPOIIECCa IPUTOTOBICHUS CMe-
CH U ee YIIJIOTHEHUST OCTal0TCs LeJOCTHBIMU (puc. 12, a).

Ilocae wucnbiTaHusa 00pa3lOB TEPMOILIACTUIHOIO
KOMIIO3UTa HAOII0AEeTCsI, YTO YaCTh Karicys1 Obljia pa3py-
meHa (puc. 12, b), Tak KaK B YIIPYyroi MaTpUlle OHU SIBJISI-
JINCh MECTOM KOHIICHTpAIINK HaTpsokeHW. CTOUT OTME-
TUTb, YTO T1OCJI€ UCTILITAHUI B CTPYKTYpEe TEPMOILIACTHY-
HOTO KOMITO31Ta OCTAeTCsI He3HAUNTEIbHASI YaCTh KaTCyl,
KOTOpBIe He OBUIM pa3pylleHbl M MOTEHIIMAT UX BOCCTa-
HaBJIMBAIOIIIETO areHTa MOXET ObITh JOTIOJHUTEJILHO pea-
JIN30BaH TIpYA JaJbHEMIIEM HAKOIUICHWM HAaTIIPSDKCHUIA.

BriBoanbl
IMonyyeHHbIe pe3yabTaThbl CBUAECTENLCTBYIOT O BO3-
MOXKHOCTH TIOJIYYEHMST KOMITO3UTOB U3 TEPMOILIACTHY-
HOI cMecH, TTOCJIe MPUTOTOBIEHUS U YIIJIOTHEHUSI KOTO-
PO Karcyiabl ¢ MOIU(PUKATOPOM OCTAIOTCS LIEJIOCTHBIMU,
a B mepuof (hOpPMUPOBAHNS HATIPSDKECHMIT B CTPYKTYpe U
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Puc. 11. 3D-Bu3yanusaums ToMo-
rpacduyecknx n3obpaxeHunin obpas-
uos LWMA ¢ mHkancynmpoBaHHbIM
MoamdukaTopom

Fig. 11. 3D visualization of tomo-
graphic images of SMA samples
with an encapsulated modifier

before (a) and after strength tests (b)

obpazoBaHus Ae(PEKTOB OHU CITOCOOHBI pa3pyLIAThCS IS
BBICBOOOXKICHMST MHKATICYIMPOBAHHOTO MOAM(PUKATOpPA.

Bo3MOXHOCTh cO3maHus Kallcysa, cComepKalluX MO-
nuduKaTop I CAMOBOCCTAaHABJIMBAIOIIMXCS ac(PaTbTO-
OCTOHOB, OOOCHOBBIBACTCS 3HAYUTEIBHBIM OTINUYHEM
HAIIPSDKEHHBIX COCTOSIHMM B MaTepuajie IIpU BO3ICH-
CTBUU HArpy30K, BO3HHMKAIOIINX Ha TEXHOJOTMIECKOM
9Tane B MPOLECcCce MPUIOTOBIEHUs achajibTOOETOHHOM
CMECH WM e¢ YIUIOTHCHMS U B MEPUOMA SKCIUTyaTalluu
achanbTo0eTOHA B JOPOXKHOM MOKPBITUU. B achanbTo-
OETOHHOI CMeCH BeJIMYMHA HAMPSDKEHUI OTpeaesseTcs
IHUCITEPCHOCTBIO MUHEPATbHOM YaCTH U TEOMETPUUICCKM -
MU XapaKTepUCTUKaMM Karcyj. B acganbrobeToHe 1ie-
JIOCTHOCTb KarIICyJI OIPeAeISIeTCsI CIIOCOOHOCTBIO COIIPO-
TUBJISITBCST HATIPSIKEHUSIM, BOSHUKAIOIIM B KOMITO3UTE,
M 3aBUCUT KaK OT BEJIMUMHBI BHYTPEHHMX HAIIPSDKEHUM,
KOTOpBIE YBEJIMUMBAIOTCSI B TIPOIIECCE IKCIUTyaTallvu,
TaK 1 OT FTEOMETPUUYECKUX XapaKTePUCTUK KaIlCyJl.

[Tpu orTMaTbEHOM COmEePKaHUM KaTICYJI C OpTaHNde-
CKMM BOCCTaHOBHUTEJEM KO3(P(UIIMEeHT BOCCTaHOBJIE-
HUsI MOKa3bIBaeT, YTO IPU MOBTOPHOM CXKATUU OOIIME
IMOTEPU MPOYHOCTH C YIETOM ACUCTBUS MOAM(PUKaTopa
oKazaJiuch MeHblle Ha 28%. [ljisi KOMIIO3UTa ¢ ONTU-
MaJIbHBIM COZep>KaHWEeM WHKAICYJIMPOBAHHOTO MOIN-
¢ukaTopa Ha ocHoBe AR-nommepa KoapGuLmeHT Boc-
CTAHOBJICHMSI TTIOKA3BbIBAET, UTO OOIIME ITOTEPU MPOYHO-
CTH C Y4€TOM JeiicTBUS MoaudukaTopa Ha 46% MeHbIIIE.
IIpu aTOM 3P PEeKTUBHOCTL BOCCTAHOBIECHHUS C MPUME-
HEHWEM MHKAIICyTMPOBAHHOTO MOIM(UKATOPa HA OCHO-
Be AR-nmonumepa B 1,87 pasza Gosbliie, yeM IpU UCTOb-
30BaHUN MHKAIICYJIMPOBAHHOIO MoAM(UKaTopa Ha OC-
HOBE OPTaHMYECKOTO BOCCTAHOBUTEJIS.
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PacyeT TepMUYECKOro CONPOTUBIEHNS [OPOXHON OfEXAbI

TennoBble pacyeThbl A/ 060CHOBAHMSA TEXHUYECKUX PELLEHMIA NPU NPOEKTUPOBAHIM aBTOMOOUbHBIX JOPOr B KPMONUTO30HE
6a3npyoTcs Ha onpeaeneHui 1 BbIGOPE 3aAaHHOM0 TEPMUYECKOr0 CONPOTUBIIEHNS KOHCTPYKTUBHBIX CIOEB JOPOXHOI 04eX/bl.

Llenbio HacTOALWMX MCCNef0BaHUI ABNANACh KOMNYECTBEHHAS OLEHKA BOSMOXHOCTI UCMONb30BAHNA NPU pacyeTax TEPMUYECKOro
CONPOTUBSIEHNS 3KBMBASIEHTHOI OLHOC/OAHON (BMECTO MHOIOCIIONHON) KOHCTPYKLMN JOPOXHOI ofexabl. [ns aHanusa
CNOSb30BANNCH Knaccuyeckne popmynbl CTaLMOHAPHON TeNNoNepefadn Yepes nNiockyto CTeHKY. [onyyeHbl NPOCTbIe UHXEHEPHbIE
tbopmynbl Ans OLEHKN OTHOCUTENIbHOW NPOLEHTHOM OLIMOKM 3HAYeHUI TEPMUYECKOr0 CONPOTUBIIEHMS NPK UCMOMb30BAHUM B pacyeTax
9KBWBANEHTHOIO CNOS LOPOXHOM 0fex[bl. B Ka4ecTBe npumepa pacCMOTpeHa [BYXC/ONHAs KOHCTPYKLNA JOPOXHOA ofexabl. BBeaeHo
NOHATME KOS MULMEHTA HEPaBEHCTBA TENIONPOBOLHOCTM MaTepUanoB KOHCTPYKTUBHBIX CMOEB AOPOXHON 0fieXAbl. [10Ka3aHo, 4To ans
JOCTVKEHUS OLUMOKM B pacyeTax MeHbLUe [ONyCTUMOI B UHXEHEPHON NpakTuke KO3 ULMEHT HepaBeHCTBA He JO/KEH ObITb MEHbLLE
3Ha4eHus 0,52 u 6onbuie 3Ha4eHus 1,92. MocTpoeHa u ucceoBaHa Lenesas MYHKLMA JOMYCTUMON PACYETHON OWMOKN Ha MUHUMYM.
Pe3ynbTarthbl YUCNEHHbIX PacyeToB NpefcTaBneHsl B Biuae 2D- n 3D-rpadmkoB, KOTOPbIE NO3BOMSKT HAMMAAHO OLEHUTb BIMSHNE
AnanasoHa U3MEHeHMs 3Ha4eHIA KO MULMEHTOB TENNONPOBOJHOCTM MATEPUANOB KOHCTPYKTUBHBIX CII0EB HA NPABOMEPHOCTb
CNONb30BAHNS 3KBUBANIEHTHON OHOCNONHON KOHCTPYKLMW JOPOXXHOI OAEXAbl NPK pacyeTax TEPMUYECKOr0 CONPOTUBNEHNS.

Kniouesble cnoBa: aBTOMOOWIIbHASA JOPOra, MHOTONIETHAS Mep3s10Ta, TENIOBOM PEXNM, NPOrHo3, KO3 ULMEHT TensIonpoBOAHOCTH,
JOPOXHAsA 0eXAa, TePMUYECKOe COMPOTUBIIEHNE, 3KBUBANIEHTHBIN CII0M, OLWMOKA pacyeTa.

Ina uutupoBanus: fankuH A.®., Mankos B.1O., XKupkosa E.O. PacyeT TepMU4eckoro CONpoTUBEHNS BOPOXHOI 0fexXabl //
CtpountenbHbie matepuansl. 2022. Ne 11. C. 70-75. DOI: https://doi.org/10.31659/0585-430X-2022-808-11-70-75
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Calculation of Thermal Resistance of Pavement

Thermal calculations to substantiate technical solutions in the design of highways in the cryolithozone are based on the determination and selection of a set thermal resistance of the
structural layers of the pavement. The purpose of this study was to quantify the possibility of using an equivalent single-layer (instead of multi-layer) pavement structure in thermal
resistance calculations. The classical formulas for stationary heat transfer through a flat wall were used for the analysis. Simple engineering formulas have been obtained for estimating
the relative percentage error of thermal resistance values when using the equivalent pavement layer in calculations. As an example, the two-layer construction of the pavement is con-
sidered. The concept of the coefficient of inequality of thermal conductivity of materials of structural layers of pavement is introduced. It is shown that in order to achieve an error in the
calculations less than acceptable in engineering practice, the inequality coefficient should not be less than the value of 0.52 and greater than the value of 1.92. The objective function of
the permissible calculation error for the minimum is constructed and investigated. The results of numerical calculations are presented in the form of 2D and 3D graphs, which make it
possible to visually assess the influence of the range of changes in the values of the thermal conductivity coefficients of materials of structural layers on the validity of using an equiva-
lent single-layer pavement structure in thermal resistance calculations.

Keywords: automobile road, permafrost, thermal regime, forecast, thermal conductivity coefficient, road pavement, thermal resistance, equivalent layer, calculation error.
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CTpOMTENIbCTBO M 3KCIUTyaTallMsl aBTOMOOWMIbHBIX
JIOPOr B KPMOJIUTO30HE COIPSDKEHBI C PSAOM TPYAHO-
CTel, KOTOPBIE OTPENEISIOTCS KaK TeOKPUOIOTUIECKM -
MM M KJIMMaTHUYECKMMHU YCJIIOBUSIMU PErvMoHa, TaK M
CJIOKHOCTBIO TIPOTHO3a TEIJIOBOTO PEXXMMa JIOPOKHBIX
ONIeXI U OCHOBAHWI NMPM MPOEKTUPOBAHUM M BHIOOpPE
3(DOEKTUBHBIX TEXHUYECKUX pPELIeHUIl. DTO BBIZBAHO
KaK CYyIIECTBEHHBIM M3MEHEHHUEM TeIUIO(MU3NISCKUX U
IIPOYHOCTHBIX CBOMCTB MEP3JIbIX TPYHTOB B T€UEHUE I'O-
noBoro mnukia [1—3], Tak U OTCyTCTBMEM yYHUBEPCATb-
HBIX METOIOB IPEIOTBPAIICHUST BO3ACHCTBUS HEraTUB-
HbIX KPUOTI€HHBIX IIPOLECCOB Ha JOPOXKHOE IT0JOTHO B

Tepuoj 3Kcrutyataiuu [4—6]. Takue KpUOTeHHbIE MPO-
LiecChl, KaK Hajleaeoopa3oBaHue, IydeHue, MOpo3000ii-
HOE PACTPECKMBAHUE MOPOXKHBIX ONEKI U OCHOBAHWM,
SIBJISIIOTCSI OCHOBHBIMU HEraTMBHBIMU (pakTOpamu, pe3-
KO CHIKAIOIIMMHU MEPUOAbI 0€3peMOHTHOI 3KCILTyaTa-
LMY JOPOT M 3a4acTylo MPUBOISIIMMU K aBapUHBIM
cutyauusim [7—11]. TloaToMy BaxkHO yKe Ha CTaguu
MMPOEKTUPOBAHUST OTPENETUTh CTENEeHb BO3ACHCTBUS
KPUOTEHHBIX ITPOLIECCOB Ha JOPOKHbBIE OACXKIbl 1 OCHO-
BaHMSI, 0OOCHOBATh TEXHUYCCKUE PEIICHUSI U pa3pado-
TaTh MPEBEHTUBHBIC MEPHI 0 MUHUMU3ALUM WX Hera-
TUBHOTO BJUSIHUS HAa HAaJAEKHOCTb IKCILTyaTalluy 1OPOT
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B Pa3JIMYHBIX KIMMATUYECKUX 30HaX. OTHUM U3 BaXXHBIX
TeruIo(pU3NIECKUX MapaMeTPOB, ONIPEACIISIONINX MHTEH-
CUBHOCTb TPOTEKaHUSI TEIUIOBBIX IMPOLECCOB B KOH-
CTPYKTHMBHBIX CJIOSIX JOPOXKHBIX ONEXI M OCHOBaHUIA,
SIBJSETCSI TEPMUUYECKOE COMPOTUBJIEHUE HOPOXHON
oaexanl [12—14]. MHorue TEIIOBbIE pacyeThl, BBITIOJ-
HSIEMBIC 11 00OCHOBAHUSI TEXHUUYCCKUX PELICHUM Mpu
MPOEKTUPOBAHUM aBTOMOOUJIBHBIX JOPOT B KPUOJUTO-
30He, 0a3UPYIOTCS Ha OIpeaeJeHUU U BRIOOpE 3a1aHHO-
ro TEPMUYECKOrO COMPOTUBIEHUS KOHCTPYKTMBHBIX
CJIOEB TOPOXKHOW ONEXIbl. DTOT MOKa3aTelb ONMpeaess-
€T, HalmpuMep, TaKue BaXKHBIC IIPU IIPOCKTUPOBAHUU
JIOPOT MPOEKTHbIE XapaKTEPUCTUKU, KaK TJIyOrHA OTTau-
BaHMUSI U CKOPOCTh IPOMEp3aHUsI ITOPOXKHOIO OCHOBa-
HUs. 3a9aCTyi0 IMEHHO 3TU XapaKTepUCTUKU HapsIoy C
puU3UKO-MEeXaHUYECKUMM CBOCTBaAMU T'PYHTOB U MaTe-
pHAaJIOB, MCITOJIB3YEMBIX B JOPOKHBIX ONEXKIAX, OIpeac-
JIS1I0T 3 PEKTUBHOCTb TEXHUYECKUX PEILIeHUI Ha TpaK-
THKE, KOTOphle 00eCIeuynBalOT HEOOXOAUMbINA YPOBEHb
HAIe>XXHOCTU U OE30MAaCHOCTU 3KCIUTyaTallud aBTOMO-
OUJIBHBIX JOPOT B KPUOJIUTO30HE.

Llenapio HACTOSIIIMX MCCAEIOBAHUI SIBJISIIACh KOJIM-
YeCTBEHHAasl OlIEHKa BO3MOXHOCTU 3aMEHbI CJIOMCTOM
KOHCTPYKILIMU JOPOKHOM OHEXIbl SKBUBAJIEHTHOM OII-
HOCJIOMHOW KOHCTPYKLMENH CO CpeaHUM KoaddulmreH-
TOM TEIUIONPOBOJHOCTU IIPU pacyeTe TePMUUYECKOTO CO-
MPOTUBJICHUSI.

MeToapl uccie10BAHMIA

Hcnonb3ys kinaccuueckue MoAXoAbl K OMpeaeaeHUIO
MOHSTUS TEPMUUYECKOTO COMPOTUBJIEHHS CJIOMCTOM TIJ10-
CKOIl OofHOMepHOM KoHcTpyuuu [15, 16], pacueTHbIe
GopMyNIbl U1 HaXOXACHUSI 3HAYEHUSI TEPMMUYECKOIO
COMPOTUBJICHUS R TOPOXKHOU ONEKABI TOJLIUHOM J,,, CO-
CTOSILIEU U3 /1 CJIOEB MATEPUAJIOB TOJIILIMHOM Jj C pa3iny-
HbIM KO3(P(PULHUEHTOM TEIJIONPOBOAHOCTU Aj, MOXHO
3arnucaTh B cleaytoiieM Buae. s pa3HOPOIHOM clion-
CTOM KOHCTPYKLIMU:

Ri= Y1 (8i/4). (1)

s 5KBUBaJICHTHOI OMHOCIOIHON KOHCTPYKILIMHU CO
CpEeIHUM 3HaueHUueM KodGhbUIIMEHTa TeMIONpPOBOI-

HOCTU: n
Ry =n(3, 6) /Sy 2). P)

KoadduimeHT TernmonpoBoJHOCTH CTPOUTETHLHOTO
Marepuana OObIYHO OINpEAeIeTCs 3KCIIePUMEHTAIbHO
WU MOXET ObITb OTpPEJeIeH PAacueTHhIM MYTeM C UC-
MOJTb30BaHMEM M3BECTHBIX 3aBUcuMocTeii [17—19], ko-
TOpBIE, KaK MOKa3aJl KOJTWYECTBEHHbII aHaIN3, BbITIOJ-
HEeHHbIN B paboTte [20], matoT 61M3Kue pe3yabTaThl, 10-
CTaTOYHBIE JUIST TPAKTUYECKUX LEJIeH.

OTtHocHUTeIbHAs pacyeTHasl OIIMOKA TePMUYECKOTO
COTPOTUBJICHUSI, KOTOPasi BO3HUKAET IMPU 3aMEHE MHO-
TOCJIOMHOM KOHCTPYKLMU JOPOXKHOM OAEXKIbl IKBUBA-
JIEHTHOI OJHOCJIONHOI, Oy/IeT paBHa:

¢ = (R1—R)/Ry = (1 - Ro/Ry). ©)

3nech mapametp Ry/R), ucnoib3yst ypaBHeHust (1) u
(2), MOXeT OBITh OIIpeaescH 1o (popmyIe:

Ry — néy
(Rl) S DY, 80 S

PaccmorpuMm 111 mpuMepa IPOCTYIO JIBYXCIIOMHYIO
KOHCTPYKIIMIO JOPOXHOI omexabl. B aToM ciiyyae BbI-
paxeHue (4) mpeobpa3yeTcsl K BULY:

Rz _ 2804112
(Rl) T A+ 22) (8241 48145) )

JoImycTuM, 9TO CJIOU UMEIOT OMMHAKOBYIO TOJIINHY,
T. €. 61=02=050/2. B aTOM Ccityyae popmyia (5) 3anuiiercs
B CJIEAYIOLLIEM BUIE:

R, 4212,
(R_l) T ati)? (6)
JlomyckaeMylo MpOLEHTHYIO OIIMOKY pacueTa TepMU-
YEeCKOTO CONPOTUBJICHUS IIPU 3aMEHE IBYXCIONHON
KOHCTPYKIIMY 9KBUBaJIEHTHOM OTHOCIOMHOI KOHCTPYK-
el ¢ yaetom chopMyibl (3) HaiimeM U3 BIPaKCHUS:

(4 Al | ‘
e=(1 7@1”2)2) 100% )

Beenem nmapameTp k, xapaKTepu3yIOILIUii CTENEHb He-
paBeHCTBa KO2((PUIIMEHTOB TETUIONPOBOIHOCTA MaTe-
pUAJIOB OTAEJbHBIX CJIOEB, T. €. A1=kl). B 3TOM ciyuae
dopmyna (7) mpeodbpasyeTcs K CICAYIOIIEMY BUIY:

€= (1 - (1112)2)' ®)

OOBbIYHO B MHXXEHEPHOM IpakTHKE IIPU pacyeTax
IMPOEKTHBIX BEJIMIMH CUYMUTACTCS MOITyCTUMOM OIIMOKa,
He npesbimaiomas 10%, 1. e. e<10%, wmm e<0,1.
[Moncrapnsisgs ;aHHOE 3HAYEHME B BhIpaxkeHue (8), MOXHO
OIPEAEIUTh, TIPU KAKOM 3HAYeHUU KO3(DdUILIMEeHTa He-
paBeHCTBa k 3aMeHa CJIOMCTON KOHCTPYKLMUMU SKBHBaA-
JICHTHOM OJHOCJIOMHOM KOHCTPYKUMEN HE TMPUBEIET K
omubKe MpU pacyeTre TePMUYECKOIOo COMPOTUBICHUS
6osmble gormyctuMoii. [Toce HecIoXHBIX TTpeodpa3oBa-
HUI TipuaeM K OObIKHOBEHHOMY KBaApaTUYHOMY ypaB-
HEHMIO OTHOCUTEJBHO MapameTpa k:

k2 + 2k + 1 = 4k/0,9 mwmm k2 + 2,44k + 1 =0, ©)
PECHICHUEC KOTOPOI'o UMECT ABAa BCIICCTBCHHBIX KOPHA:

k=(2,44(+)(-)1,4)2 umu k=192 u k=0,52. (10)

Takum 06pa3oM, MOXHO YTBEPXKAATh, YTO B pacyeTax
TEePMUUECKOIO COMPOTUBJICHUS HE OYIET OIIMOKU 00JIb-
e gonyctumoii (e<10%), eciin K03GbGULIMEHT HEPABEH-
cTBa HaxoauTcs B uHTepBaje 0,52<k<1,92.

C TeopeTUYeCcKOM M MPAKTUIECKON TOUKU 3PECHUS
MPEICTaBIIIeT MHTEPEC MOMCK MUHUMAJIBHOTO 3HAYCHUS
Koa(dduIeHTa HepaBeHCTBa TEIJIONIPOBOIHOCTU MaTe-
pUAaJIOB OTAEJBHBIX CI0EB MOPOXHON omexbl. i Ha-
XOXJIEHUsI 3TOro 3HAYeHMsI mapameTpa k, HCCIeayem
dbyuxumio (9) Ha Munnmym. Hatinem, mpu kakom 3Have-
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Puc. 1. Owwnbka B pacyeTe TEpMUYECKOro CONPOTUBIIEHNS NMPU MCMNOb30Ba-
HWW 3KBUBASIEHTHOI O CJI0S1 BMECTO ABYXCJIOMHOWN [OPOXHOM 0OeXObl PaBHOM
TOJLLMHBI U3 MaTeprasioB C KO3 prLMEeHTaMn TEMIONPOBOLHOCTU A1 U Ao
Fig. 1. Error in the calculation of thermal resistance when using an
equivalent layer instead of a two-layer pavement of equal thickness made of
materials with thermal conductivity coefficients A1 and 4,

HUM k olmbOKa ycpenHeHus1 OyaeT MUHMMaabHa. B ma-
TEMaTUYECKOM TIJIaHEe 3TO COOTBETCTBYET CJIEeMyIOIIeit

3aIncu:

de .
— = 0 ipu e=min .
dk

(1

W3 naHHOro BbIpaxkKeHMSs, UCMOJb3Ys dhopmyiy (9),
rocie nuddepeHIMPOBaHUS TIPUIEM K TTPOCTOMY ajre-
OpanvyecKoMy YpaBHEHMUIO:

[(k +1)2=2(k + D)]/(k + 1)* =0, (12)
13 KOTOPOTO CJIEAYET, YTO YCJIOBUE e=min BBITTOJHSIETCS
npy 3HayeHuu k=1.

DTO OBLIO SICHO M3 TTPOCTHIX (DU3NUECKUX COOOpaxke-
HUI U cJeoyeT U3 IMOCTaHOBKM 3amadyu. Beab 3HaueHMe
k=1 cooTBeTCTBYET paBeHCTBY KO(h(PUIIMEHTOB TEIJIO-
MPOBOJHOCTH IEPBOIO M BTOPOTO CJIOEB JOPOKHOM
onexabl. O4eBUIHO, YTO IIPHU pa3dm-

0,8
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0,2
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k

Puc. 2. NlameHeHre napaMeTpoB, onpeneneHHbix no gopmynam (6) — 1 un
(8) — 2, AN ABYXCNIONHOWM KOHCTPYKLIMM B 3@BUCUMOCTWN OT 3HAYEHNS KOID-
durumeHTa HepaBeHcTBa k

Fig. 2. Changing the parameters defined by the formulas (6) — 7 and (8) - 2
for a two-layer design depending on the value of the inequality coefficient k
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Puc. 3. Owunbka, BO3HMUKAIOLLASA NPU ONpefeneHnm TepM1M4eckoro conpo-
TUBNEHNSA AOPOXKHON 0AeXabl B 3aBUCMMOCTM OT 3Ha4YeHUs KoapduumeHTa
HepaBeHcTBa k

Fig. 3. An error that occurs when determining the thermal resistance of road
pavement, depending on the value of the coefficient of inequality k

2,5 3

€HUU OJJTHOPOJHOTO CJIOS Ha IBA CJIOS 12

pPaBHOI TOJIIMHBI HUKAKOI OLIMOKHU 10

TpU pacyeTax TEPMUIECKOTO COTIPO- 8 k=052 k=192

TUBJICHUSI JOPOXHON OHEXIbl HE 5

BO3HUKACT. I/ICCJIC,HOBEIHI/IC LeJIeBOI O\O_ e = (1 4k/(k +1)*)100, %

(GYHKLMM Ha MUHUMYM KOJIMYe- Vo4

CTBEHHO IIOATBEPAUIO JIOTUUYECKOE D

YTBEPXKIEHUE. 0

04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2
Pe3syabraTsl u 00CyKAeHNE .

J1s TOCTUXXKEeHUST el MO Mpu-
BEIEHHBIM paHee (opmyiaaM ObLIU
MMPOBEJCHB BapWaHTHBIC PaCUCTHI,
pe3yabTaThl KOTOPBIX TpelacTaBieHbl B Buige 2D- u
3D-rpadwukos Ha puc. 1—4. Ha puc. 1 ipeacrasieHa 3a-
BUCUMOCTb OTHOCUTEJbHON MPOLIEHTHOM OLIMOKU, BbI-
YUCIIeHHOU mo (opmyre (7), B pacueTre TEpMUIECKOTO
COTIPOTHUBJICHUS TIPU MCIIOJIB30BAHUM 3KBHBAJICHTHOTO
CJI0S1 BMECTO ABYXCJIOMHOM TOPOKHOM OIEXKIbl OAMHA-

Puc. 4. O6nacTb 4ONYCTUMOro U3MeHeHUs kKoadduumeHTa HepaBeHCTBa K A9 MHXEHEPHbIX pacyeToB
Fig. 4. Area of permissible change in the coefficient of inequality k for engineering calculations

KOBOM TOJILIMHBI U3 MaTepuajaoB ¢ KodhbUIUeHTaMU
TETJIONPOBOAHOCTH A1 U A2, BT/(M°K).

Kak cnenyer u3 JaHHBIX puc. 1, cyliecTByeT 001acTh, B
KOTOpPO# o1Imbka MMHMMAaJbHA. BeanunHa ook Ha-
MPSIMYIO CBsSI3aHA CO CTEIEHbIO OTKJIOHEHUSI 3HAYEHMIt
K03 duiIreHTa TEIIONPOBOTHOCTH MAaTEPUAIOB OTICTb-
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HBIX CJIOEB JPYT OT Apyra. Hampumep, mpu OTHOLIEHUA
K02 (GUILIMEHTOB TETUIONPOBOIHOCTH, PABHOM 4, OIIMOKA
cocrapisieT 36%. I1pu yMEeHbIIEHUHU OTHOLICHUSI B TPU
pasa ommbka yMeHbIaeTcs 10 11%. AHanoruyHasi KoJiv-
YECTBeHHAsl 3aBUCMMOCTb HAOJIIONAETCS U B JMAMa30HE
KOJIeOaHUI CTEeMEHU OTKJIOHEHHUS MEHbIle €eIVMHMIIbI.
IIpaBma, kayecTBEHHO 3Ta 3aBUCUMOCTH apyras. [lpu
YMEHbBIIIEHUY COOTHOIIeHMST KO3 (PUIIMEHTOB TETUIOIPO-
BOIHOCTH IPOLICHTHAs OIIMOKA HE YMEHBIIIAETCs, a BO3-
pacTaeT. XapakTep KpPUBBIX, TTPEICTABIEHHBIX HA PUC. 2,
MOATBEPKAAET 3TU 3aKOHOMEPHOCTHU.

M3 rpacdukoB puc. 2 BUAHO, YTO C YBEJIMUCHUEM 3HA-
yeHus Koa(dduiimeHTa HepaBeHCTBA kK OTHOCUTEIbHAS
omnbKa BBIUMCICHUST (KpuBas 2 Ha TpacduKe) pe3Ko
cHuXaetcs B quariazoHe 0—1 1 3areM 1u1aBHO TTOBBIIIIA-
eTCsI IPU 3HAYEHUSIX 00JTble eNMHUILIBI. COOTBETCTBEHHO
KpuBas [ ABISIETCS 3¢ pKaIbHBIM OTpaskeHUEeM KPUBOi 2
U XapakTepHu3yeT U3MEeHEeHHUEe BTOPOTo WieHa B ypaBHeE-
Huu (8). B obnacTu 3HaueHnit KoapdulimeHTa HepaBHO-
MEpPHOCTHU k OOJIbIlIe eIMHUIBI KPUBBIE TIOJIOTUE U Tpa-
JIUEHT U3MEHEHUs] paCUeTHBIX BEJIMYMH, XapaKTepU3yI0-
IIUX TOTTyCKAEMYIO OIITMOKY BHIYMCIICHUSI TEPMUIECKOTO
COMpPOTUBJIEHUS, 3HAYUTEIbHO MeHblne. Ha puc. 3
MpeacTaBieHa KpUBasi, XapaKTepU3ylollash M3MEHEHHe
OIIMOKM, BO3HUKAIOIIASI MPU OTPENeICHUN TepMuUe-
CKOT'O COITPOTHBIICHUS JOPOXKHOM OEKAbI, B 3aBUCUMO-
CTHU OT 3HaUYeHUs KO PUIIMeHTa HepaBEeHCTRa K.

KenteiM 11BeTOM Ha puc. 3 obo3HayeHa 00J1acTh A0-
IyCTUMBIX B MHKEHEPHOI MPaKTUKE OIMIMOOK BBIUKCIIC-
HMSI UICKOMBIX BesinunH (e<10%). Kak BugHO 13 rpadu-
KOB, 3Ta 00JIacTh JOoCcTaToyHa Maja. Ho, yuyutbiBas 4to
JIMana3oH U3MEHEeHUs TeITIO(U3NUECKNX CBOMCTB CTPO-
UTEJbHBIX MaTePUATIOB, UCIIOJb3YEMbIX B KOHCTPYKTUB-
HBIX CJIOSIX JOPOSKHBIX OEXKI, TAKXKe He OYCHb BEJIK (3a
WCKITIOYEHUEM CITeIIMaJIbHBIX TEIIO3AIUTHBIX CJIOEB),
HUMEET CMBICIT OIpeaeIeHNE MPeaeIbHbIX 3HAUCHUM ra-
rmazoHa u3MeHeHus KoadduimmeHTa HepaBeHCTBaA k, KO-
TOpoe MPUBEAEHO B TecTe paHee. Ha rpacuke puc. 4 mo-
KazaHa 00JIacTh U3MEHEHUS JAaHHOTO IapaMeTpa, KOTO-
pasi SIBJSIETCSl JOMYCTUMOM IJIs TOCTHXKEHUS 3aJaHHOMN
TOYHOCTH pacyeTa TePMUUYECKOIO COIPOTUBIICHUS MPHU
WCTIOIb30BAHUM TTOHSTHSI 9KBUBAJIEHTHOTO CJIOS.

KpacHbIM 11BETOM B JIeBOIi YaCTU PUCYHKA U 3eJICHbIM
B IIPaBOI1 YaCTU pUCYHKA BBIIEICHBI 00J1aCTH NU3MEHEHUS
rapaMeTpa, XapaKTepU3yIOLIEero CTereHb HEPABEHCTBA B
K03 GUITMEeHTaX TEIUIOMPOBOIHOCTH OTICIBHBIX CIOCB
JIOPOKHOM OACKIBI k, IPU KOTOPBIX MEPEX01 K IKBUBA-
JICHTHOMY CJIOIO0 TOPOXKHOI OJeXIIbl HE BHI3OBET OIIMO-
KU OOJTbINIEe JOTTYCTUMOM B MHKEHEPHOI TTPaKTUKE.
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3akioueHne

[TosrygeHBI TPOCTHIC MHXKEHEPHBIC 3aBUCHMOCTH TSI
oInpenejeHus OIIMOKM, BO3HHUKAIOIIEH IpU pacyeTe
TePMUYCCKOTO COIPOTUBJICHUS JOPOXHON OMEKIBI ITy-
TEM 3aMEHBI CIIONCTON KOHCTPYKIIMM Ha SKBHBAJICHT-
HYI0 OJHOCJIOMHYIO CO CPeAHUM KOA(P(PULIMEHTOM TeM-
JIOIPOBOMHOCTHU. [JI HAIIIAHOCTH MCIIOIb30BaH IIPO-
CTOM TpUMEp pacyeTa TEPMUUYECKOTO COMPOTUBICHUS
IIBYXCJIOWHOU KOHCTPYKIUMU JOPOXHOW OIEXJBI.
BBeneno nonsTue ko3bGuUIMEeHTa HEPABEHCTBA TEILIO-
MMPOBOIHOCTHA MaTepHaJoB KOHCTPYKTUBHBIX CJIOEB J10-
poxHOU omexkabl. ITokaszaHO, YTO IJI JOCTUKCHUS
OIIMOKM B pacyeTax MEHbIIIE JOMyCTUMON B MHXKEHEp-
HOI TIpaKTHKe KO3(PDUIIMEHT HepaBeHCTBA HE JOJLKECH
ObITh MeHbIlIe 3HaueHus 0,52 u 6obiue 3HayeHus 1,92.
[MonydyeHa u ucciaenoBaHa Ha HAIMYME MUHUMYMa Iiejie-
Bag (QYHKUMS HOMYCTUMOM pACUYCTHOM OIIMOKH.
YcraHOBIGHO, UTO AJISI ABYXCJIOMHONM KOHCTPYKIIUU 10~
POKHOI OIeXIbl BEIMINHA OITMOKM TIPU pacueTe Tep-
MMYECKOI0 COMPOTUBICHUS HAMIPSIMYIO CBSI3aHAa CO CTe-
IEHbI0 OTKJIOHEHMS 3HaYeHU KO3 dULIMEHTa TEILI0-
MMPOBOTHOCTA MAaTepHajioB OTIENBHBIX CJIOEB APYT OT
npyra. Hampumep, mpu oTHoLIeHUM KO3(P(PUIMESHTOB
TETJIONIPOBOAHOCTH, PaBHOM 4, oOIIMOKa COCTaBIISICT
moutu 36%. Pe3yabTaThl YMCIEHHBIX PACUYETOB MPE-
craBneHsl B Bune 2D- u 3D-rpadukoB, KOTOpbIE TO3BO-
JISIOT HATJISIIHO OLICHWTH BIWSHUE ITMaIla30Ha M3MEHE-
HUSI 3HAYCHUI KOd(PPUIMEHTOB TEIIOMPOBOIHOCTU
MaTeprajJoB KOHCTPYKTUBHBIX CJIOEB Ha IIPABOMEPHOCTH
WCIIOJIb30BaHUSl 9KBUBAJIEHTHOU OXHOCIONHOI KOH-
CTPYKIIMM JTOPOKHOI OHEXKIBI MPU pacueTrax TepMUUe-
CKOTO COMpoTUBJeHUs. Pe3ynbTraThl MPpOBENEHHOTO UC-
CIeOBAaHMUSI MOTYT OBITH TMOJIE3HBI KaK WHXXEHepaM-
MMPOSKTUPOBIINKAM JOPOKHOM OTPACN, TaK 1 HAYIHBIM
paboTHUKAM B 00JIaCTU MHXKEHEPHOM IeOKPUOJOTUN U
CTPOUTESIBCTBA MHXKEHEPHBIX COOPYKECHUIA B KPUOJIUTO-
30He. B MeTtoanueckoM IjlaHe AaHHas padoTa MOXKET
MPEICTABISATh MHTEPEC IS aCIIMPAHTOB, O0YJYAIOIINXCS
[0 pa3JM4YHbIM CHELMAIbHOCTSIM HarpabjieHus 1.6
«Haykm o 3emne», a Takke CTyaeHTaM, 00y4arolIuMCs
1o crrerrnabHOCTH 08.02.05 «CTpONTEIBLCTBO U 9KCITTY-
ataluus aBTOMOOWJBHBIX IOPOT U a’pPOJPOMOB».
JanpHelmue uccienoBaHus JT0JKHbI ObITh HalpaBiie-
HBI Ha OIICHKY BJIIMSTHUS TIPUHSATON TEOPETUIECKON MO-
JIeau I pacuyeTa TePMUUYECKOrO COIMPOTUBICHUS I0-
POKHOI OfeKIbl Ha KOHEYHBIN pe3yabTaT TEIUIOBOTO
pacueTa NMPOeKTHBIX BEJIMYMH, HAIIPUMEP Ha PACYETHYIO
[JIyOMHY OTTaMBaHUS WJIM IIPOMEP3aHUSI JOPOKHOTO
OCHOBaHUSI.
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lporHo3upoBanue Ko3hpuumeHTa onTU4ECKON YyBCTBUTENIbHOCTH
Mo HanNpPsSXXeHMH0 MHOrOCNOWHbIX NONIMMEPHbIX MaTep1anos

3noxeH cnocob NporHo3npoBaHus KO3 MuumMeHTa onTUYECKON YyBCTBUTENBHOCTI MO HAMPSKEHWUIO MHOMOCN0MAHbIX NOSMMEPHBIX
marepuanos. [1porHo3 OCYLLECTBNIAETCH HA OCHOBE XMMMUYECKOr0 CTPOEHNS MONMMEPHbIX CrioeB. Bce aHannabl NpoBefeHbl Ans CeTHaTbIX
MONMEPOB Ha OCHOBE OTBEPXKAEHHON LMKI0annMaTn4ecKkor 3NoKCMAHON CMOSbI, @ TAKXXE HA OCHOBE MOSMM30LMaHypPaToB, COCTOALLMX
13 NPOLYKTOB OCTaTKa 2,4-TONyUNeHANN30LMAHATOB 1 MINKOMEe PasiinyHOro XUMUYECKoro CTpoeHns. HanbonbLumin KoaqduuneHT
pocturaet 192 bpioctep, a HanmeHbLniA Ko3uuMeHT paseH 97 bproctep. Takum 06pa3om, KO3 PULMEHT ONTUHECKOIA
YYBCTBUTENbHOCTM BCErfa 0CTAETCA BbICOKAM [11 PACCMOTPEHHbIX B CTaTbe TPEXCMONHbIX CETYATBIX NOMUMEPOB. ITU NOAUMEPbI MOTYT
HaNTW NPUMEHEeHNe B METOAe DOTOYNPYrocTy 47151 MOCTPOEHUA MOZEIIEN HATYPHBIX CTPOUTENbHBIX KOHCTPYKLNIA.

Kntouesble cnoBa: KoachULIMEHT ONTUYECKON YYBCTBUTENILHOCTY MO HANPSKEHI0, METOA (hOTOYNPYroCTiA, CeTYaThble NOAUMEPI,

uuknoannarnyeckas anokcuaHas cMosa, nosimm3oLmnaHyparbl.
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Prediction of the Stress-Optical Coefficient of Multilayer Polymer Materials

A method for predicting the stress-optical coefficient of multilayer polymeric materials is described. The prediction is based on the chemical structure of the polymer layers. All analyzes
were carried out for network polymers based on cured cycloaliphatic epoxy resin, as well as on the basis of polyisocyanurates, consisting of products of the chemical interaction of
2,4-toluenediisocyanates and glycols of various chemical structures. The highest coefficient reaches 192 Brewster and the smallest coefficient is 97 Brewster. Thus, the stress-optical
coefficient always remains high for the three-layer network polymers considered in the article. These polymers can be used in the photo-elasticity method for building models of full-

scale building structures.
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B Hacrosiiee BpeMst ToTMMepHbIe MaTepUaIbl ITUPO-
KO MCTIOJIB3YIOTCSI MPU MOCTPOEHUU MOJEJIeil HAaTYpPHBIX
KOHCTPYKIIUH 71 IPUMEHEHUSI B MeTo/ie (DOTOYIIPYTo-
CTH, C TIOMOIIIbIO KOTOPOTO aHATU3UPYETCS pacIpeiesie-
HHUe HaNpsLKeHWi 1 gedopManuii. B atom MeTone ocHO-
BOITIOJIATAIOIIMMU  SBJISIIOTCS KOA(M(MUIIMEHTHI ONTHYE-
CKOI1 4yBCTBUTEJIBHOCTH TIO HAMPSIKEHUIO, TPENCTaB-
JISto1ue co0oi KoaOUIMEHT TPONOPIUOHATBHOCTHA
MEXIy MEeXaHUYeCKUM HamnpsiKeHUeM U BeJTUYUMHOM
JIBOMTHOTO JIyJeTpeIOMJIEHHS, KOTOPOE BO3HUKAET B TIO-

JIMMEPHBIX CTEKJIaX TPU TMPWIOKECHUM MEXaHUYECKOU
Harpy3ku. Metoj (hoTOYIPYrocTH IIMPOKO MPUMEHSLICS
B MOCKOBCKOM TOCYyIapCTBEHHOM CTPOMTEIBHOM YHU-
BepcUTETE, TIe OblIa co3maHa JlabopaTopus UCCIea0Ba-
Hus HanpspkeHuit (pykoomutenab I'.JI. Xecun). Onrtu-
YECKM YYBCTBUTEIbHBIC ITOJIMMEPHBIC MaTepHaabl U UX
CBOICTBa omucaHbl B coopHuke [1]. PaccMorpum psif
GoJsiee COBpeMEHHBIX PaboT.

B pabGore [2] usMepsuin KO3G@ULMEHT ONTUYECKOI
YYBCTBUTEJILHOCTHU UISI Psiia BOJIOKOH, M3TOTOBJICHHBIX U3
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nosumetuaMmetakpuiata (ITMMA). Mzyyanu BausiHue
BBITSDKKM TIpM JCHCTBUM HAaMNpPSDKEHWSI B HMHTEpBaJie
2—27 MIla. Taxke n3yJaay BIUSHAE TEMIIepaTyphl OTKH-
ra Ha BenmunHy Cg. B pesysbrare Ob110 MOKa3aHo, YTo s
BoJIOKOH U3 [IMMA BennuuHa Cg UMEET OTpULATeIbHbIN
3HaK M HaxoauTcs B uHTepBane -4,5 — -1,5 Bbprocrep.
VYBenueHre HATIPSDKEHUS BOJIOYCHUS TIPUBOIUT K 00Ib-
1eMy HavajJbHOMY IBYJIyYEIPEJTOMJIEHUIO BOJIOKHA.
Crnenyer 3aMeTUTh, YTO OTpULIaTebHOE 3HaUeHue Cy BO-
0011e XapakTepHO 11 HeopueHTUupoBaHHoro [IMMA u
COCTaBJISIET BEJIMUMHY -2,87 COIIacCHO pacyeTy ¢ ITOMOLIbIO
KoMITbIoTepHOM TIporpamMmbl «Kackan» (MHBOC PAH).

B pabGote [3] npemnoxeHa koMmIieHcauus: (poToynpy-
roro ABYJYUYETIPEIOMJICHUS ITOJMMEpa JerupoBaHUEM
AHU30TPOITHOIN MOJIEKYJION TpaHCCTUILOeHa. B pe3yib-
TaTe yaaJoCh HUBEJIMPOBATh OTPULIATEIbHYIO BEIUYUHY
JIBOMHOTO JIyYETTPETIOMIICHUS JUTSI TIOJTUMETUIIMETaKPU-
nata. B pabore [4] pazpaboTaHa HOBasl BHICOKOCKOPOCT-
Hasl IByXMEpHasl aBTOMaTU4YecKash M3MEpUTENIbHAsl CH-
cTeMa, ¢ IIOMOIIBI0 KOTOPO MOXKHO M3MEPUTh pacripe-
JIeJIeHUe BEKTOpa IBOMHOrO JydenpeaomieHus. Takxke
MOXHO M3MEPUTH paclipesiesieHue BHYTPEHHUX Harpsi-
JKEHUU B IMCKE U3 MOJMMETUIMeTaKpuiaTa. Pe3ynbrarhl,
IMOJTyYeHHBIC B JTAHHOM 3KCIIEPUMEHTE, CPaBHUBAIOTCS C
pe3yJibTaTaMu, IMOJTYyYeHHBIMU C UCITOJIb30BAHUEM METO-
Jla KOHEYHBIX 3JeMeHTOB. B pabore [5] mcciaegoBaHO
paspyiieHue obpaszua [IMMA ¢ UCIOIb30BaHUEM TEX-
HOJIOTMM KOT€PEHTHOrOo TPagueHTHOIO 30HIMPOBAHUS
(CGS). INpennoxeH TeOpeTUUECKUI METO TIPOBEICHUS
aHau3a 0ajJKu ¢ IBYCTOPOHHUMU KOCBIMU TPEIIMHAMU.

PeoonTuyeckum MeTOIOM M3y4arOT HE TOJBKO TBEP-
Jble IJIACTUKU, HO U PACTBOPHI oJInuMepoB. B pabdote [6]
MU3y4YeH PacTBOP MOJUCTUPOJIA U MOJIUMETUIMETaKpUIa-
Ta B OeH3oJe. [IBysrydernpesioMaeHe IMoToKa pacTBopa B
CTallMOHAPHOM CIBUIOBOM IIOTOKE M3MEPSIJIOCh METO-
oM (ba30MOAYIMPOBAHHOIO ABYIYUYCIIPETOMIICHUS T10-
toka (PMFB). IlosyyeHbl BeanyuHbl KOahGbUIIMEHTA
OITUYECKON UYYyBCTBUTEJIBHOCTU IO HAIPSIKEHUIO UIS
OMMOIATBHBIX PACTBOPOB MOJUCTUPOJIA B OEH30J1€ U TT0-
JIMMeTUIMeTaKkpuiata B 0eH3ose. CpaBHUIM 3TU MOKa-
3aTeNIM JJISI COBMECTHOTO PacTBOpA 3TUX ITOJUMEPOB B
TOM e pacTtBopuTese. IToaydmyivu mpocTyo JUHEHHYIO
aIIUTUBHYIO 3aBUCUMOCTb.

B paGote [7] uccienoBanbl KOA(MOUIMEHTH ONTUYE-
CKOI 4yBCTBUTEJIbHOCTU IO HAMPSIKEHUIO [UISl TIJICHOK,
HaHECCHHBIX Ha THOKYIO IMOMIOXKY. B KauecTBe mommme-
POB MCHOJIb30BAIU IOJMATWICHTEpedTAIaT U TMOJM-
STUJICHHA(TANAT, 2 B KaYeCTBE MOKPBHITUSI — OKCHUA WH-
nusi-ooBa. IlokazaHo, 4TO ISl TIOMJIOKEK W3 TIOJIM-
sTWiIeHHadTazaTa Koa(p@UIIMEHT ONTUYECKON YYBCTBU-
TEJIBHOCTH TIO HATIPSDKEHUIO MEHBIIIE, YeM TSI TIOIJTOKEK
U3 moJuaTUiIeHTepedTanara. JIefdCTBUTENIBHO, PacyeThl,
MPOBEICHHBIC C TOMOIIBIO KOMITBIOTEPHOU MPOTrpaMMBbI
«Kackan» (pazpadotka MHOOC PAH), mokasanu, 4to
i noauatwieHHadranara BennumHa Cg=101 Bproctep,
a Juis nonuatuieHrepedranara Cy=141 bproctep.

BosiokHO-onTHYECKME TaTIMKK JETaTbHO OIMMCAHbBI
B [8]. PaccmaTpuBaloTCs KOMITIOHEHThI TAKUX JaTYNKOB U
TEXHOJIOTMU UX Tpou3BoacTBa. B MmoHorpaduu Ban Kpe-

Puc. 1. PacnpegeneHne HanpsxXeHWn B ANCKE, CXaTOM COCPEeAOTOYEHHOM
CUNOoW BAONb AnameTpa: a — ANCK C HU3KOMOAY/IbHOWN BKIIENKOWN B LEHTPE;
a' — ANCK N3 MOHOIMTHOIrO Matepuana; a” — ANUCK C OTBEPCTUEM B LIEHTPE

Fig. 1. Distribution of stresses in a disk compressed by a concentrated
force along the diameter: a — disk with a low-modulus insert in the center;
a' - disk made of a monolithic material; a” — disk with a hole in the center

BeJieHa [9] ommcaH cmmocod pacuera KO3 UIIMEeHTa OIT-
TUYECKON YYBCTBUTEJbHOCTM IO HamNpsDKEHUIO (METOon
AcKaJicKoro) Ha TMpuMepe TMoJMKapboHaTa Ha OCHOBE
oucdeHosa A. B padore [10] uamMepeHbl peoonTuyecKue
U MEXaHMYeCKME CBOMCTBA LIMKIMYECKUX OJIe(UHOBBIX
COITOJIMMEPOB PA3TMIHOTO COCTaBa TIPU TeMIlepaType
crekyioBaHMs. Takue U3MepeHusl MO3BOJISIIOT MTPOrHO3U-
pOBaTh ONTUYECKYIO0 aHU3OTPOTIMIO BO MHOTUX OTITUYE-
CKUX MPUMEHEHUSIX B KaUeCTBE JIMH3 JaTYMKa U BOJHO-
BOJIOB B YCTpOMCTBe 3amHei moacBeTku KK-mucrimes.
Meton nporHo3upoBaHus KoaddulimeHTa onTuye-
CKOI YyBCTBUTEJIIbHOCTU IO HAIPSIXKEHUIO ObLT MPeIo-
KeH B paborax [11—13]. B manHoii pabore 3TOT MeTO
MPUMEHEH TS MPOTHO3UPOBaHUS Ko3dduiimeHTa or-
TUYECKOM IyBCTBUTEILHOCTHU I10 HATIPSKEHUTO TSI TPEX-
CJIOMHBIX TTOJIMMEPHBIX MaTepuayioB. B KauecTBe ciioeB
HCIIOJb30BaIM OTBEPXKACHHYIO LMKIOATIUDATUISCKYIO
SIMOKCUIHYIO CMOJIY U CETYaThie MOTUaMUIbl HA OCHOBE
2,4-ToNyuaeHaMU301LMaHaTa.

PacuetHnas yactb

KoadhpuiimeHT onTuyeckoi 4YyBCTBUTEJIBHOCTU IO
HanpsikeHuio Cy BecbMa UyBCTBUTEIEH K XUMUYECKOMY
cTtpoeHMIo TTojauMepa. OcoOeHHO MHTEPECHBI B 3TOM OT-
HOIIIEHUX TEeIJIOCTOMKME apoOMaTUYECKUE ITOJIMMEPHI.
OnTuyeckast YyBCTBUTEIbHOCTh JAHHBIX TTOJIMMEPOB Ha
MOPSIIOK BBILIE ONTUYECKOW YYBCTBUTEIBHOCTU TPaIU-
LIMOHHBIX ATMDaTUIECKUX TOJTUMEPOB.

BaxxHOCTh ONTUKO-MEXaHUYECKUX CBOMCTB MOJIUME-
POB CBsI3aHa C TEM, UTO MTOJUMEPHBIE MATEPUAJIbl HAIIUIU
IIMPOKOE TPUMEHEHUE B IOJSIPU3ALMOHHO-ONTHUYE-
CKOM METO/IE UCCIEA0BAHNS HATIPSIKEHUA.

Kak yxe ObLIO OTMEUEHO paHee, CYIIHOCTb MeTola
3aKJIIOYAETCS B TOM, YTO B PE3YJIbTATe MPUJIOXEHUS Ha-
IPY3KM K TOJMMEPHOMY Marepuaay B HEM BO3HUKAET
JIBOMHOE Jy4YeIpeJoMIEHUE, KOTOPOE 3aTEM MOXKET UC-
MOJb30BaThCS JJI MMOCTPOCHUS AMarpamMm pacripeiesie-
HUS HaTpsKeHUR U aedopMaluii B TOJUMEPHBIX KOH-
cTpyKuMsx. B kauecTBe npumepa Ha puc. 1 mokasaH Buj
pacripeie/IieHUsI HapsSKEHUM B IMCKE, CKATOM COCPENlo-
TOYEHHOI CUJIOW BJIOJIb IMAMETPA.

CylHOCTh MeToa (POTOYMPYroCTH M3JI0XKEeHa B pa-
oorax [11—13]. MeTox ocHoBaH Ha OOHapy:KEHHOM
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Puc. 2. Cetka 2. KooadDULMEHT ONTUYECKON HYYBCTBUTENBHOCTM MO Hanpﬂermm Cg=85,7 bptocTep, Temneparty- C
pa cTeknosaHus T,=603 K, BaH-Aep-Baanscos 06bem ZAV =541A3 \\
Fig. 2. Grid 2. Coefficient of optical sensitivity to voltagé C5=85.7 Brewster, glass transition temperature 7,603
K, van der waals volume=541A O
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HaC
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Puc. 3. CeTtka 3. KoapduumeHT onTnyeckoi 4yBCTBUTENILHOCTN NO HANPsi-
xenuto Co=199 BptocTep, TemnepaTypa creknosanna T,=416 K, BaH-nep-
BaanbcoB 06beM () AV)3=568A3

Fig. 3. Grid 3. Optlcal voltage sensitivity coefficient Co=199 Brewster glass
transition temperature 7g=416 K, van der waals volume= 568A3

JI. bproctepom SIBJ€HUU ABOMHOTO JyYEIpeJOMICHUS,
BO3HUMKAIOIIEM B MPO3PAaYHbIX ONTUYECKU M30TPOITHBIX
Matepuaiax Ipu AeopMUPOBAaHUM U OOYCIOBICHHOM
AHW3O0TPOITMEH TTOKA3aTeJIsT TIPEJIOMIICHHUST B IBYX B3aUM-
HO MePHeHANKYJISIPHBIX HaIlpaBIeHUSIX.

JI1st yMcneHHON OlLeHKU Ko3(PdUIMeHTa OIThuYe-
cKoOl yyBCcTBUTENbHOCTU Cg TSI TIOJIMMEPOB, OCHOBAH-
HOMl Ha XMMHWUYECKOM CTPYKType MX TOBTOPSIOIICTOCS
3BeHa, B pabote [11] mpeanoXeHo COOTHOIIEHME, KOTO-
poe cBsa3biBaeT Cg C MapameTpaMu XMMUYECKOU CTpyK-
TYPBI TIOBTOPSTIOIIETOCS 3BEHA MOJIMMEpa:

ZC
Co= W H’ (1)

rne C; — KOHCTaHTBI, XapaKTePU3YIOLIMe BKJIAM KaXI0ro
aToMa M THUIIA MEXMOJIEKYJIAPHOIO B3aMMOIEHCTBUS B
KOS(PGUIMEHT ONITHYECKON YyBCTBUTEILHOCTH T10 HATIPS-
xeHnio; 2 AV — BaH-1ep-BaaTbCcoB 0GBEM TTOBTOPSIOLIIE-
rocsi 3BeHa, COCTOSIILIMI U3 00BEMOB aTOMOB, BXOISIINX B
3T0 3BeHO; N — uncio Asoranpo; [1=0,3544-10"4 cm2/kr
(VHMBEpCAIBHBIHA ITapaMeTp).

NH—!Ci—O—(CHZ)S—]—

S
go—on

Puc. 4. CeTtka 4. Koaddu1LUMEHT ONTUYECKO YyBCTBUTENIbHOCTM MO HANpsi-
xeHuio Cg=171 BpiocTep, Temneparypa cteknosanus 1,=378 K, BaH-aep-
BaanbcoB 06beM () AV),=705A3

Fig. 4. Grid 4. Optlcal voltage sensitivity coefficient Co=171 Brewster glass
transition temperature 7,=378 K, van der waals volume= 705A3

Hns pacuera koa(pdUIMeHTa ONMTUYECKON TyBCTBU-
TEJIbHOCTU TI0 HAMPSDKEHUIO ISl 00pasiia, COCTOSIIIETO
U3 Tpex miacTuH, KoddduuneHT C; ONUCHIBACTCS Clie-
JIYIOLIMM 00pa3oM:

k=n
2 (€
Co= k=1 k , (2)

Ze ()

k=1 i

G,k—n>(;A%)

rne Cg,kx — K02 (PUIIMEHT ONTUYECKOU YyBCTBUTEIHHO-
CTM TIO HANpSDKEHMIO k-To KoMmoHeHTa; ) AV — paH-
Jep-BaaIbcoB 00BEM MOBTOPSIOLIETOCS 3BEHA, COCTOSI-
U1 13 00BEMOB aTOMOB, BXOSIIMX B 3TO 3BEHO; O],
ay, ..., 0;; — MOJISIDHBIC JOJIM KOMITIOHEHTOB 1, 2, ..., n.
B manHOM ciyyae oOpasiibl COCTOSIT U3 TPEeX MoJie-

KyJISIpHBIX ceToK. Torma dopmyia (2) mpuMer cienyro-
LUK BUL:

0y -541-(Co 5 ~T1)+03-568-(Co 5~ TT)+a14-705-(C 4~ IT)

? 0 - 541+ a3 -568 + 4 705
_ ("2.541.C6,2+ (’,3'568'Cﬁ,3+ (X,4'705'C6’4

3
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Ta6nuua 1
Table 1

BennuunHel Co Npy yBENMYUNBAIOLLMXCSA MOJIAPHbIX A0NSX 0l
Co values at increasing mole fractions 0o

BenunuunHel oz | BennuuHel a3 | BennuvHel 0y ECO_ m,
pioctep
0,1 0,45 0,45 175
0,2 0,4 0,4 166
0,3 0,35 0,35 157
0,4 0,3 0,3 148
0,5 0,25 0,25 139
0,6 0,2 0,2 129
0,7 0,15 0,15 118
0,8 0,1 0,1 108
0,9 0,05 0,05 97
Tabnuua 2
Table 2

BenuuunHbl Cs Npy YBENIMYMBAIOLWMXCSA MOJIIPHbIX A0NAX 03
Co values at increasing mole fractions 03

BenununHel ap | BennuuHbl a3 | BennuvHbl 04 ECo— mn,
pocTtep
0,45 0,1 0,45 140
0.4 0.2 0,4 146
0,35 0,3 0,35 152
0.3 0.4 0,3 159
0,25 0,5 0,25 165
0,2 0,6 0,20 172
0,15 0,7 0,15 178
L 08 0,1 185
0,05 0,9 0,05 192
Tabnuua 3
Table 3

BennuunHbl Co Npy yBEIMYMBAIOLLMXCSA MOJIPHbIX 408X 04
Co values at increasing mole fractions 04

BennuunHel ap | BennuuHbl a3 | BennuvHbl 0 ECO_ m,
piocTtep
0,45 0,45 0,1 147
0,4 0,4 0,2 150
0,35 0,35 0,3 153
0,3 0,3 0,4 156
0,25 0,25 0,5 159
0,2 0,2 0,6 162
0,15 0,15 0,7 164
0,1 0,1 0,8 167
0,05 0,05 0,9 169

[MepeiineM K pacCMOTPEHUIO TPEXCTYIIEHYATOTO 00-
pasiia, COCTaBJIEHHOIO U3 CTPYKTYP 2, 3 U 4. DTU CTPYK-
TypbI U300paxeHbl Ha puc. 2—4.

03,014

180
170

160

150

140

130

120

110 0,45
100 0y

KoaddunumeHT onTmyeckon 4yBCTBUTENBHOCTHU

Puc. 5. TpexmepHbiit rpaduk 3aBucumocT Co NP UISMEHSIIOLLIMXCS MOSIP-
HbIX JONAX O, A3, 04, PN 03=04

Fig. 5. Three-dimensional graph of dependence Cg at changing mole
fractions ap, a3, o4, at az=o4

KoaddnumeHT onTnyeckomn 4yBCTBUTENBHOCTH

Puc. 6. TpexmepHsbiii rpaduk 3aBucnmocTt Co NP U3MEHSIIOLLIMXCS MOSISIP-
HbIX OONSX ap, a3, 04, NPU Cp=04

Fig. 6. Three-dimensional graph of dependence Cg at changing mole
fractions ap, ag, o4, at ao=04

KoaddunumeHT onTn4eckomn 4yBCTBUTENbHOCTHU

Puc. 7. TpexmepHbiit rpaduk 3asucumoctt Co NP UISMEHSIOLLIMXCSH MOSP-
HbIX JONSX 02, A3, A4, NPY 02=03

Fig. 7. Three-dimensional graph of dependence Cog at changing mole
fractions ap, az, ag, at agp=as

PaccuuTaem BennunHbl Cg U151 TPEXCIOMHBIX KOMITO-
3UTOB, MPUHUMAsI Pa3Hble 3HAYEHUS A, A3 U A4, KOTO-
pble MPEJCTaBISIOT CO00M MOJISIPHBIE 10U KOMITOHEH-
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ToB 2, 3 u 4. Hanpumep, MOXHO paccuMTaTh COCTaBbhl,
npeacTaBlieHHble B Tabj. 1. PacuyeTbl mpoBoasTCsl Mo
dopmyre (3). B 1abm. 1 BemmumHEBI O BO3pacTaloT, a Be-
JIMYUHBI O3 U 04 YOBIBAIOT, U IIPX 3TOM OHM PaBHBIC.

Ha puc. 5 mokaszaH TpexMepHBIi rpanK 3aBUCUMO-
cti Cg IpU U3MEHSTIOIIMXCST MOJISIPHBIX TOJISIX O, O3 U
04, TIPA 03=0l4.

B Tabs. 2 BenmnmuuHBI O3 BO3pacTaloT, a BEJIUYMHBI O1)
U O4 YOBIBAIOT, ¥ IIPX 3TOM OHU PaBHEIE.

Ha puc. 6 mokasaH TpexMepHbIi rpaduK 3aBUCUMO-
ctu Cg IpU U3MEHSIOIIMXCST MOJISIPHBIX TOJISIX O, O3 U
a4, TIPU 0 =04.

B 1a6:1. 3 BeIMUMHBI O4 BO3PACTAIOT, a BEJTUYMHBI ()
1 O3 YOBIBAIOT, ¥ IIPX 3TOM OHU PaBHEIE.

Ha puc. 7 mokasaH TpexMepHbIil rpaduk 3aBUCUMO-
ctu Cg IPU U3MEHSIIOIIUXCST MOJISIPHBIX TOJISIX O, O3 U
a4, TIPA 0 =0.3.

IIpoBeneHHOe HccaenoBaHUE ITOKa3ajlo, YTO BO3-
MOXHO TIOJIyIeHHE COTIOIMMEPOB M CIIONCTBHIX MaTepra-
JIOB C CaMbIMM Pa3HbIMU KO3 ULIMEHTAMU ONTUYE-
CKOM YYBCTBUTEJIBbHOCTU MO HAIPSKEHMIO; 3TO MO3BO-
JISIeT UX 00Jiee MMPOKO MCIOIb30BaTh ISl TOCTPOCHUS
Mojeleil HaTypHBIX COOpPYKeHUI IJsi MeTtoga (oTo-
VIIPYTOCTA TIPUMEHUTEILHO K HATYPHBIM CTPOUTEIIb-
HBIM KOHCTPYKIIMSIM.

B MI'CY mnpoBeneHbl pacyeThl U MOCTPOEHBI TPeX-
MEepHBIE TUarpaMMbl 3aBUCUMOCTel Koa(duimeHTa orr-
TUYECKOU YYBCTBUTEIBLHOCTHU I10 HATIPSIKEHUIO OT COOT-
HOILIEHUST MOJIIPHBIX fnosieii ctpyktyp. B MHOOC PAH
MpeaIoXeHa MOJIeJIb Il pacyeTa KoaddulimeHTa onTu-
YECKOU YYBCTBUTEIHLHOCTH I10 HAMIPSIKEHUIO Y XUMUYEC-
CKHE CTPYKTYPBI MOBTOPSIIOIIMXCS (PparMEHTOB CeTda-
TBIX TTOJIMMEPOB.
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CTpykTypa ¥ TennodM3ny4eckue XxapakTepucTuku
ra3oHanoNHeHHbIX NONIMMEpPOB

Tepmunyeckoe CONPOTUBIEHNE W JONTOBEYHOCTb CUCTEM U30NALMN CTPOUTENbHbIX KOHCTPYKLIMIA, BO-NEPBbIX, 066CMNeYNBAOT
KOMCOPTHOCTb B N30NUPYEMbIX NOMELLEHUSX, BO-BTOPbIX, 06ECNEYMNBAOT 3ALLUTY CTPOUTENBHOM KOHCTPYKLAK LIENIMKOM OT HEraTUBHbIX
aTMOC(EPHbIX BO3[EACTBIIA 1 B 3HAYUTENbHON CTENEHN 3aBUCAT OT CBOWNCTB Tennousonsaumn. MHorue cBONCTBA TENION30NALMOHHBIX
MaTepmanos, 1 B YaCTHOCTW CPeAHAS NNOTHOCTb, TENIONPOBOAHOCTL, BOLONOMMOLLEHNE, MAPONPOHMLIAEMOCTb, TENIONPOBOAHOCTL 1 Ap.
OMpesenstTcA CBOMCTBAMI NOMUMEPHON MaTPULbl (BULOM NonMMepa, cnoco6oM ero nosMMepu3auum 1 nopusaunm), a Takxe
MOPUCTOCTBIO 1 CTPYKTYPOI NOPMCTOCTU 3TUX MaTepuanos. Lienb nccneaoBaHuil, npeacTaBieHHbIX B paboTe — U3y4eHne B3auMOCB3u
CTPYKTYPbI Fra30HAMNOJIHEHHBIX MNOSIMMEPOB U UX TENNI0NU3NYECKIUX XapaKTEPUCTIK 1 MPOBEPKA NOJSTyHEHHbIX PELUEeHWA MyTem MCMbITaHns
CBOWCTB MaTepuanos. Ha 0CHOBAHWUU MONOXEHUS O TOM, YTO TEPMUYECKOE CONPOTUBIIEHIE 1 AONTOBEYHOCTb CUCTEM U30NALNN
CTPOMTENbHbIX KOHCTPYKLWIA B 3HAYUTENIbHON CTEMEeHN 3aBUCAT OT CBOMCTB TEMIOU30NALMUM, U3naratoTcs TpeboBaHNA K CBOIICTBAM
TENNoN30NALUMOHHbIX MaTepuanoB. 060CHOBbLIBAETCA TO, YTO TENNOQU3NYECKNe XapaKTEPUCTUKIA TENNOU30NALNOHHBIX MaTepUanos,

11 B YaCTHOCTM TeNIONPOBOAHOCTb, ONPEAENAOTCA CBONCTBAMM NOSMMEPHOI MaTpuLbl (BUAOM NOAUMEPA, CNOCO60M ero
nosMMepn3aLm 1 Nopu3aunn), a TakKe NoOPUCTOCTLIO U CTPYKTYPOIA MOPUCTOCTI 3TUX MaTepuanos.

Knioyesble cnosa: cuctema U30NaLM1, BCNEHEHHbIE NONUMEPbI, TENONPOBOAHOCTb, TENIOBOI NOTOK, BOAOMOINOLLEHNE.
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Structure and Thermophysical Characteristics of Gas-Filled Polymers

Thermal resistance and durability of insulation systems of building structures, firstly, provide comfort in insulated rooms and, secondly, provide protection of the building structure
entirely from negative atmospheric influences and largely depend on the properties of thermal insulation. Many properties of heat-insulating materials and, in particular, average density,
thermal conductivity, water absorption, vapor permeability, thermal conductivity, etc. are determined by the properties of the polymer matrix (type of polymer, method of polymerization
and porization), as well as porosity and structure the porosity of these materials. The purpose of the research presented in the article was to study the relationship between the structure
of gas-filled polymers and their thermophysical characteristics and to verify the solutions obtained by testing the properties of materials. Based on the position that the thermal resist-
ance and durability of insulation systems of building structures largely depend on the properties of thermal insulation, the requirements for the properties of thermal insulation materials
are set out. It is substantiated that the thermophysical characteristics of heat-insulating materials and, in particular, thermal conductivity, are determined by the properties of the poly-

mer matrix (the type of polymer, the method of its polymerization and porization), as well as the porosity and porosity structure of these materials.

Keywords: insulation system, foamed polymers, thermal conductivity, heat flow, water absorption.
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YcnoBust BO3BENEHUST M SKCILTyaTallui CTPOUTEIbHbIX
OOBEKTOB CTaBSAT IIEPe CTPOUTEISIMU U TIPOSKTUPOBIIH-
KaMU 3aa4yl IIMPOKOTOo TIaHa. [JIaBHBIMU U3 HUX MOTYT
paccMaTpUBaThCsl MUHMMU3AIIMS OTPULIATSIbHOM HArpy3-
KU Ha OKPYXXaIOIIyIO CPey, IMOBBIIIEHNUE JOJTOBEYHOCTH
CTPOUTETbHBIX KOHCTPYKIIUI, CO3MaH1Ee KOM(POPTHBIX yC-
JIOBUIA 1 TPeOYEeMOT0 MUKPOKJINMATA B TIOMEIICHUSX, MH-
HUMM3aluMs notepb Teria [1, 2]. B ycnoBusix ctpoutesib-
CTBa B CYPOBBIX KIIMMaTUYECKUX YCIOBUSX M HA BEYHOM
MEp3JIOTe peanu3alusl ITUX 3a1ad YCIOXKHSIETCS, HO MX
aKTyaJIbHOCTb IpU 3TOM Bo3pacTaeT. CTaHOBUTCS 00s13a-
TEJIbHON pa3paboTKa pelIeHWI, HAMPABJIEHHBIX JIUOO Ha
COXpaHEHHE TPyHTa B BEYHOMEP3JIOM COCTOSIHUM, JIMOO
3amava IpeIoTBPAICHNS ITydeH s TpyHTa |3, 4].

Pemenne »tmx 3amad mpearioiaracT MCITOIb30BaHUE
3 GEKTUBHBIX TEIIJIOU30JISIIIMOHHBIX MAaTePUAJIOB U TTPU-
MEHEHME W3OJSIHMOHHBIX CUCTEM, CIOCOOHBIX obecre-
YUTh KaK JOJTOBEYHOCTb CTPOMUTEIbHBIX KOHCTPYKIIMIA,
TaK ¥ HOPMATHUBHEIC TEIUIOTEXHUIECKIE TTOKA3aTEeIN.

CTaObuIbHOCTh U TEIJIOTEXHUYECKUE XapaKTEePUCTU-
KU TEIUIOU30ISILIMOHHOIO MaTepyaia 3aBUCSIT OT CBOMCTB
KOMITOHEHTOB, CTaO0MJIBHOTO B3aMMOIEHCTBUS 3THUX
KOMITOHEHTOB U YCJIOBUIT (POPMUPOBAHUS MOPUCTOMN
CTPYKTYPHI TaKOTO MaTepuajia. TeImon30sns 3alli-
1IAaeT 2JIEMEHTbl KOHCTPYKIIUU OT TEMIEPaTypHOIrO BO3-
nencTBus, GopMUpPYS OJIaTONPUSITHBIE YCIOBUS IS O€3-
PEMOHTHOM 3KCITTyaTallid 3TOW KOHCTpYyKUIMH. Terio-
U30JISILIMOHHBINA MaTepua, OyIydu claObIM 3JIEMEHTOM
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KOHCTPYKIIMM, MOXET pa3pylIaThCs U TEPSITb CBOU CBOM-
cTBa. [erpamaiysi CBOMCTB TEIJIOM3OISILIMOHHOTO MaTe-
puaja B KOHCTPYKIIMU MOXET TTPOUCXOUTD B pE3yJIbTaTe
BO3ICHCTBUSI MEXaHUYECKUX, a TAKXKe TeMIIepaTypHBIX U
TEIJIOBIAXXHOCTHbBIX HArpy30K |3, 6].

Termon3o/sILMOHHbII MaTepua, o0aanast BRICOKOIO-
PUCTOI CTPYKTYpOIi, 00ecTieunBacT HEOOXOANMOE TePMHU-
YECKOE COMPOTUBJICHUE KOHCTPYKIIMU 1 CTAOMIIBHOCT €€
CBOICTB BO BpeMeHU. B cTpouTenbcTBe B OCHOBHOM MPU-
MEHSIIOT JIB€ TPYIIIbI TEIJIOU3O0JISIIIMOHHBIX MaTepUasIoB:
Ha OCHOBE MUHEPAIbHBIX BOJIOKOH (KaMEHHBIX, CTEK-
JISTHHBIX, 0a3aIbTOBBIX); HA OCHOBE OPTaHMYECKOIO WIIA
TMOPUIIHOTO BOJIOKHA; MUHEpaJIbHbIE BCTICHEHHBIC MaTe-
puajbl (MEHOCTEKII0, BCITyUYE€HHBIH TTEPIUT U BEPMUKYJIUT,
TEHOTUTIC, STYEUCThII OETOH), a TakKe BCIICHEHHBIC
TJTACTMACCHI: TIEHOIOJIUCTUPOJ (B TOM YMCIIe SKCTPYIU-
POBaHHBII), IEHOIOJINYPETaH, TICHOIIOIUATUJICH, TICHO-
nosuusouuanypar [7, 8]. U3neaust Ha OCHOBE MUHEpasib-
HBIX BOJJIOKOH B CBOEM OOJIBIIIMHCTBE OTHOCSIT K HETOPIO-
YUM WIM CJIa0OTOPIOUMM MaTepuajaM. BoJbIIMHCTBO
BCIIEHEHHBIX IIacTMacc — roprouyre marepuaisl [9, 10].

MHorue CBOICTBAa TEIIOM3OJSIIMOHHBIX MaTepHa-
JIOB, U B YaCTHOCTH CPEIHSIS IUIOTHOCTb, TEILJIONPOBOI-
HOCTb, BOIOIIOIJIOIIICHUE, MapONpPOHUIIAEMOCTh U Ip.,
ONPEAENSIOTCS CBOMCTBAMU MOJIUMEPHOMN MaTpULIbI (BU-
JIOM TOJHUMEpa, CIIOCOOOM €ro IMoJMMepUu3alluu U T0-
pU3alnm), a TaKKe MOPUCTOCTHIO U CTPYKTYPOU TOPH-
CTOCTU 3TUX MatepuasioB [11, 12].

PazButne @ poBbIX TEXHOJIOTUI CITIOCOOCTBYET CO3-
JTAaHWIO HOBBIX METO/IOB M METOIMKM aHaIN3a KaK TeXHO-
JIOTUYECKUX MPOIIECCOB, TaK U U3YYCHMST 3aKOHOMEPHO-
cTeit (hopMUpOBaHUSI CTPYKTYPhI, a CJENOBaTEIbHO, U
CBOMCTB CTPOMTEIbHBIX MaTepPUaIoB, B TOM UYHUCJIE TEIl-
JION3OJISIIMOHHBIX. B pa3BUTUM METOOWK MOIEIMpPOBa-
HUST OOJIBIIIYIO POJIb UTPAET CTPYKTYPHOE MOJAEINPOBa-
HHUEe ¢ MPUMEHEHUEM CTaTUCTUUECKUX MeTonoB [13, 14].

[ToHSTH 3aKOHOMEPHOCTH (POPMUPOBAHUSI CTPYKTYPbI
U CBOHCTB BBICOKOIIOPUCTBIX MaTepHUaJIOB B UX B3aUMO-
CBSI3M MOXXHO C IPUMEHEHEM METOIOB MOIIEIMPOBAHMSI:
¢ur3MYeCcKoro, aHaJIOroBOro, MaTeMaTUYECKOro.

[IpemioxeHHass METOAMKA MOICIMPOBAHUS OCHOBA-
Ha Ha WM3YYCHUM B3aMMOCBSI3M W B3aWMOBJIUSHUS B
CTPYKType Marepuaia MaTpuilbl U (HOPMUPYIOIIETO €ro
CTPYKTYpPY KOMITOHEHTa. MaTpuila MOXeT OBITh MUHE-
pabHOM (MEJIKO3epHUCTBIN OETOH, MUHEPAJIBHOE BSLKY-
mee, cTekiodasa) Uil CUMHTETUYECKOU (TTOJIMMEepHOIt).
CBolicTBa MaTepHrajia OIpeaelIsIioTCs, BO-TIEPBBIX, CBOI-
CTBaMM MAaTpULBI (€€ IPOYHOCTHBIMU XapaKTePUCTUKA-
MM, Ta30-, BOIO-, TTApOIPOHUIIAEMOCTEIO, TEILUTO(PU3N-
YECKMMHM CBOMCTBAMM); BO-BTOPBIX, CBOMCTBAMU ITOPO-
00pa3ylolero KOMIOHEHTA; B-TPEThUX, YCIIOBUSIMU B3a-
WMOJICCTBHS Ha TIOBEPXHOCTSX COIIPUKOCHOBEHMST Ma-
TpUlLIa — IOPOOOPA3YIOIINI KOMIIOHEHT.

DTa MeTOIUKA MOJCIUPOBAHUS IIPUMEHUMA JIJIS JTFO-
OBbIX BBICOKOIIOPUCTHIX MAaTE€PUAIOB. SYEUCTHIX (IIOJIY-
YEeHHBIX TEeHHBIM CIOCOOOM, Tra3000pa30BaHUEM WU
BBICOKMM BOJ03aTBOPEHUEM, a TaKXKe MaTepUaJIOB C
MPUMEHEHMEM JIETKUX WJIA 0CO00 JIETKMX 3aIl0JIHUTEIICH
(HamojHUTENEH).

[IpemtoxeHHast METOIMKA MOIEIMPOBAHUS OCHOBA-
Ha Ha TOIIaroBOM IBMKECHHWU OT PEaJbHBIX CTPYKTYP K
WUIeaIM3UPOBAaHHBIM ((hOpPMaJIM30BaHHBIM) MOZECISIM B
pe3yibTaTe pealu3aluy MoCIeI0BaTeIbHBIX TTPeAIoN0-
>KeHWii. B KauecTBe mpuMepa paccMaTprUBacTCsI CTPYKTY-
pa 3KCTPY3MOHHOTIO ITEHOIMOJMCTUPOIIa — KaK OIHOM 13
Pa3HOBUIHOCTH BCIICHEHHBIX TIJIaCTMAcC.

DKCTPY3UOHHBIH ITOJIMCTUPOJI XapaKTepU3YeTCsT 3aMK-
HYTOW SYEUCTOM CTPYKTYPOU MOPUCTOCTU, BEIUYMHA
KOTOPO# MOXKET TOXOAMTH 10 97—99%. DKCTpyaupOBaH-
HbII TIEHOITOJIMCTUPOJ 00/1a1aeT TEILIONPOBOIHOCTHIO B
0,03—0,34 Br/(M'K), 61m3Koif K TCIIOIIPOBOTHOCTH
Bozayxa 0,026 Br/(m-K). Marepuan BbIIyCcKaloT ¢ pas-
JIMYHBIMU OKA3aTeIIMU IUIOTHOCTU OT 25 no 47 Kr/M3.

PeanbHas cTpykTypa aToro matepuaia (puc. 1) BKio-
YaeT TOHKHWE ITOJIMMEPHbIE MeMOpAaHbI, SIBJISIOIIMECS
CTEHKAaMM SYeeK, 3aITOJTHEHHBIX Ta3oM. [Tommmep mMeet
OYCHb BBICOKME ITPOYHOCTHbBIC ITOKA3aTeIM U MpaKTHUe-
CKM HYJIEBYIO TPOHUIIAEMOCTh JUISI TA30B, KameJbHOM
BJIaTY 1 TTapoB BOjbl. CBOMCTBA STYEEK 3aBUCST OT TEXHO-
JIOTUM BCIEGHMBAHUSI M TUIIA BCIEHUBAIOILEIO areHTa.

Puc. 1. CTpykTypa aKCTPY3MOHHOIO NeHomno-
nuctupona

Fig. 1. Structure of extruded polystyrene
foam

Puc. 2. FeomeTpusa CTPYKTYpbl HA NpyMepe
A4encToro matepuana: 1 — nopsl (A4enkn) B
mMartepuane; 2 — MeXnopoBble Neperopoaku;
3 — pacnonoxeHune ocel kapkaca; 4 — pac-

Puc. 3. MogenbHas CTpykTypa Ss4enmcToro marepuana
Fig. 3. Model structure of cellular material

MONIOXEHNE 0Celt KOHBEKTUBHBIX MOTOKOB
Fig. 2. Geometry of the structure on the
example of a cellular material): 7 — pores
(cells) in the material; 2 — interpore partitions;
3 — location of the axes of the frame; 4 — the
location of the axes of convective flows
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B coBpeMeHHBIX TEXHOJIOTUSIX B KAYECTBE BCIICHUBAIOILIE-
ro KoMmIoHeHTa ucnojib3yercs: COj). DTo HEeUTpalIbHBIN
ra3, CHUXKAOIINI TaKKe BOCTIIAMEHSIEMOCTh MaTepraa.

[lepBbIM 3TamoM B Mpoliecce peanu3aldu MOJAETU
SIBJISIETCST TIPEATIONIOKEHNE, YTO CTPYKTypa COCTOUT W3
PEeryJasIpHBIX IOBTOPSIONIUXCS SJEMEHTOB, WMEIOIIUX
¢dopMy, MOIAIONIYIOCS T€OMETPUUECKOMY OIMCAHUIO.
7151 MaTpUIIbI aHAJIOTOM SIBJISIIOTCST CTEPKHM, COEIMHSIC-
MbI€ B y3J1aX MaTPUIIbI B TETPA3IPhI; 11 SUeeK KaK Bapu-
aHT PETYJISIPHON CTPYKTYPBI pACCMATPUBAIOTCST YaCTUIIBI
OKpYyra0#i (hopMBbl: chepruecKoii, IIUNTUIECKON U UM
mogooHoi (puc. 2). B mepBoM mpubImKeHUN paccMa-
TPUBAIOTCS 3JIEMEHTHI OJHOTO pa3Mepa; MpH JeTajan3a-
LIMM BBOMSITCS XapaKTePUCTUKUA OTHOMOIATBLHOTO pac-
npeaejeHust — CpeaHMii pa3zMep (MaTeMaTUIECKOE OXKU-
JlaHVe) U yCTaHABJIMBAETCs JOMYCTUMOE OTKJIIOHEHUE OT
CpemHero (AUCIepCHsl pe3yJIbTaTOB).

Ha BTOpOM 3Tare sgeMeHTaM CTPYKTYpHI (sueiikam,
ocsIM KapKaca) IpUCBauBaIOTCS OIMpeneSieHHbIE CBOM-
ctBa. OCyIIECTBISIETCS MHTErpajbHasi OlleHKa CBOWCTB
CHCTEMBbI B LIEJIOM C YYETOM XapaKTePUCTUK KaKIOro
aneMeHTa. OCHOBOW WMHTETPAJIbHOM OLEHKM SIBJISIETCS
CTPYKTYPHOE MOJEIMPOBAHNE U TTOCTPOCHNE MaTeMaTH-
YeCKUX MOJeIeil KaK CTaTUCTUYECKUX, TaK M HA OCHOBE
nuddepeHIManbHBIX ypaBHeHMI. Ha mocneaHux aTanax
OCYILIECTBIISIETCS TIPOBEPKa aleKBaTHOCTU MOJIEJEH pe-
aJTbHBIM TIPOIIECCaM U OTIpe/ieJIEHUe TPAHUIL, B KOTOPBIX
MOJIEIM COXPAHSIIOT CBOIO OCTOBEPHOCTh. OCylIecTB-
JsieTcsa (U3NUECKUI 3KCTIICPUMEHT TI0 OLICHKE MOICIIH -
PYEMBIX XapaKTEepPUCTUK MaTepuraa.

CTpyKTypHasi MOJIeJib SIBJISIETCSI TPEXMEpPHOU (PUry-
poii, HO IIJIST YIIPOIIEHMS €€ aHaIM3a U TIOBBIIIeHUsT Ha-
[JISIAHOCTY MOXKHO paccMaTpUBaTh IMPOEKIIMKY ITOA00OHO
CTPYKTYPHI Ha IUIOCKOCTh. B TIIOCKOCTHOI TPOCKIINHU
(puc. 2 1 3) BBIACASIOT ABE B3aUMOCBSI3aHHBIE CUCTEMBI,
(akT B3aMMOACHCTBHUSI KOTOPBIX U OIPEHC/ISIET OCHOB-
HbIe CcBoiicTBa Matepuana. CucTema, COeIMHSIONIAsK
LICHTPHI SYEEK, XapaKTepu3yeT MPUOPUTETHbIE HaIlpaB-
JICHUS TBIDKCHUSI KOHBEKTUBHBIX ITOTOKOB TEIIIA U TEII-
JIa, IepegaBaeMoro usydyeHueM. Cucrema, mpoxosiiasi
yepe3 MaTPUILy M COCIMHSIONIAs LIEHTPhI COIPUKOCHO-
BEHUsT HanOOJIBIIIETO KOJMYECTBA sUeeK, SIBJISIETCS KakK
HEeCYLIMM KapKacoM MaTepuaja, TaK M OCHOBOM IS
KOHIYKTUBHBIX ITOTOKOB TeTrIa (puc. 3).

Llenbio uccaenoBaHUil SIBASETCS M3YyYeHUE B3aMMO-
CBSI3U CTPYKTYPHI T'a30HAMOJHEHHBIX ITOJMMEPOB U MX
TeII0(U3NIECKUX XapaKTePUCTUK U TTPOBEpKa ITOTydeH-
HBIX pellIeHUI IMyTeM MCIIbITAHUSI CBOMCTB MaTepHasoB.

[TpuMeHeHue 3bEKTUBHON TEMIOU30ISALIMA, 001a-
Jaouieil ONTUMU3UPOBAHHON CTPYKTYPOI, SIBJISIETCS O/~
HUM 13 (PAKTOPOB, CHIDKAIOIIAM OTPHUIIATECIBbHYIO Ha-
IPY3Ky Ha OKPYXaMIIyI0 cpeny M o0ecIeuyrnBaronuM
9KOJIOTMYECKYI0 0e30MacHOCTh KaK Ha YPOBHE IPOM3-
BOJCTBA, TaK M TPUMEHEHUS] MaTepuajoB, a TaKKe B
Mpoliecce FKCIUTyaTaliy cucTeM u3onsuuu [15, 16].

MaTepl/laJ'lbl N METOIbI
B oreuecTBeHHOM CTPOUTECJIBCTBE HauOoJiee UCIOIb-
3YEMbIMN CMHTCTUYCCKMMU MaTCpuajiaMu, MMCIOININMMHU

SIMEMCTYIO MOPUCTOCTD, SIBJISTIOTCSI BCIIEHEHHBIE TUIACT-
Macchbl. [109TOMy 9KCHepUMEHTAIbHOE MOATBEPXKIACHME
ITOJTYY€HHBIX TEOPETUIECKHMX BBHIBOIOB OBLIO ITPOBEICHO
Ha OCHOBE M3y4YeHMSI CBOMCTB 3KCTPY3UOHHOIO ITOJIM-
ctupodia (XPS).

TerIonpoBOAHOCTb BO BJIaXKHOM M CYXOM COCTOSIHUU
onpexaestu mo FOCT 7076—99 «Marepualibl U U3ACTUST
cTpouTeIbHble. MeTon oIpene/ieHUsT TeIJIOIPOBOIHO-
CTU U TEPMMUYECKOIO COINPOTUBJICHUS MPU CTALMOHAP-
HOM TEeIUIOBOM pexume». MccienoBaHue TEIIONPOBO/I -
HOCTM U TEPMMYECKOTO COIIPOTUBIICHUS MaTepuayia
XPS-o006pas3ioB mpoBomwium Ha yctraHoBke MCK-Y
«M3MepuTenb TEPMUYECKOTO COIPOTUBIECHUS CTPOU-
TeJIbHBIX MATEPUAJIOB».

Bt n3roToBIIEHBI 00pa3IIbl B BUAE MPSIMOYTOJIBHO-
ro napajienenumneaa ¢ pazmepamu 250x250x45 mm, Ko-
TOpBIE COOTBETCTBYIOT pa3MepaM IUIaCTMHBI Mpudopa.
TonmmHa o6pa3iia paBHa TOIIIMHE u3aeaus. Opeaem-
JI1 Maccy obpasla B CyXOM U BO BJIAXKHOM COCTOSIHUMU.
OOpa3sel ycTaHaBJIMBAIOT MEXAY IIACTUHAMU € (PUKCU-
POBaHHBIM PACCTOSIHUEM MEXIYy HUMM B TOPU3OHTAJIb-
HOM T0JIOXXeHUU. I3MepeHts POBOAMIIN IIPU TEMITEPA-
Type B jabopatopHoM nomeleHuu 21°C. Temmeparypa
ob6pasma 31°C. Iloce mpoBeneHUS UCIBITAHUS 00pasma
B CYXOM COCTOSIHMM 00pa3ell MoABEPrajics YBIaXKHEHUIO.
3atem Ha ycraHoBke UCK-Y mpoBonunm skcriepuMeH-
TaJIbHbIE OTNPEIeICHNS TEIJIOMPOBOAHOCTH (A) BO BiaxkK-
HOM cocTossHuM. [IpoBoAMIMCH MMepUOANYECKUIE U3ME-
PEHMST CUTHAJIOB MpUOOpa 10 JOCTMKEHMST YCTAHOBUB-
1erocsl (CTallMOHapHOTI0) TEIJIOBOTO ITOTOKA.

PesyabTarnl 1 00CyKaeHHE

TerrornpoBogHOCTD BCIIEHEHHBIX TUIACTMACC OTIpe/Ie-
JIIeTCs COolepXKaHWEM M XapaKTEepPOM CTPYKTYPhI ITOJIM-
MEpPHOTO0 KapKaca, pa3MepaMu U pacIipeaesieHueM I1op, a
TaKXe COCTOSIHUEM MapOBO3AYIIHOM (MM Ta30BOU cMe-
CH) B 9TUX NTopax. Pe3ynbTaThl nccaeaoBaHMS TEILIOMPO-
BOITHOCTH, OCYIIIECTBIICHHBIC IJIT SKCTPY3MOHHOTO TTIEHO-
noguctupoa (XPS), npeacrasieHbl B TAOIULIE.

B marepuane oCHOBHBIMU 3JIeMEHTaMM, IIPOBOISIITUMU
TEIUIO, SIBJISIOTCS MOJMMEPHAast MaTpUiia U BO3AyX B MOpax.
Kak otmeuasnoch paHee, yepe3 MaTpHUILy TOTOKU Terlia UIyT
KOHBEKTUMBHBIM criocooom. [lpu Termonepenaue uepes
Mopbl TpeobjagaeT KOHBEKTUBHBINA IepEeHOC Tera.
[lepeHoc Tera U3mydeHreM IPOITOPLIMOHATICH YeTBEPTO
cTerneHu TemriepaTypsl (paBuiio Kupxroga) u ctaHoBUTCS
3HAUYMMBIM TOJIBKO TTPY BBICOKOI TeMIlepaType. YUuThIBas,
YTO TEeMITEPATypPHBIM TIpeesl MPUMEHEHUS TTOIMCTUPOIIA
80°C, aTOoT (haKTOp TEIIONEPEIaYr MATO3ZHAULIM.

XapaKTepruCTUKON MOBEPXHOCTA, MHTEHCUBHO TIPO-
BOJSIICH TEIIO0, SIBJSIETCSI OTHOLLIGHWE TUIOLIAaN, 3aH -
MaeMOl MOJMMEPHOU MaTpulleid, K oOIlell IIomanu
MOBEPXHOCTU, MEPIEHAUKYISIPHOU TEIJIOBOMY ITOTOKY
(Sy/S7). B aTOM ciygae ypaBHEHUE IIepeHOca Telia
yepe3 XPS-1oBepXHOCTH (g) MOXET ObITh BBIpaXKeHO 3a-
BUCHUMOCTBIO:

9= qa T qu;
I1Ie gq — MOTOK TeIlIa Yepe3 sSUeiiKu CTPYKTYPbI; ¢y — IO-
TOK TeTula Yepe3 NOJIUMEPHYIO MATPULLY:
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Puc. 4. O6pa3sLibl B NpoLEecce 9KCNeprMEHTasIbHbIX ONPeAeNIeHI TEMONPOBOAHOCT
Fig. 4. Samples in the process of experimental determinations of thermal conductivity

Kondyxkmuenas cocmasasrouas nomoka menaa (qy),
TPOXOISAIIETO Yepe3 MOJTMMEPHYIO MaTPUILy, OTIPEIEIIs -
€TCSI TEIUIONPOBOAHOCTBIO MATpUIIbI (Ay), TPATIMEHTOM
temrnepatypsl (Vf), a Takke BpeMeHeM U3MepeHus (T):

gx = MgVt T

ITporrecc mpoTeKkaeT BO BpeMEHN W, YIUTHIBAasT HEBBI-
COKYIO TeMIIepaTypOIIPOBOIHOCTh MOJUMEPHOI MaTpu-
1IbI, PEAJIM3YETCS C OIpPEeAeCHHBIM 3aIl03TaHUEM.
I'eomeTpruecKkoil xapakTepuCTUKOI 3TOTO MOTOKA SIBJISI -
eTCsI TOJIIINHA MEXbSTICHKOBOH IIepPeTOPOIKU B €¢ Hal-
MEHbIIEeM ceueHUU (d) u paHee TMpeaoKEeHHOe COOT-
HOIIeHME TuIomaneii Syy/ST.

CranmapTHOE IBYXMEPHOE TeMIIepaTypHOe I10JIe MO-
JKET OBITh OIPEAESICHO IyTeM YUCICHHOTO PeIlIeHUs He-
CTallMOHAPHOTO YPaBHEHUS TETJIOTTPOBOHOCTH B YCIIO-
BUSIX IIepeaayvu TeIia B IIOCKOM CEYeHUU HUCCIeayeMO-
ro obpasmna: R

CmPm g_‘t[ = )\'Xg_xg +
IIe ¢y — yHOenbHas TeTuioeMKOCTh, JIK/(kr-°C); pm —
IUIOTHOCTb, KT/MS; A, A, — pacueTHble KO3(QOULUEHTHI
TETJIONTPOBOTHOCTA TIO COOTBETCTBYIOIIMM HarpasJie-
nusim, Br/(M-K); f — Temnieparypa, °C; x, y — KoopauHa-
THI, M; T — BpeMs, C.

C yuetom mpaBwia (3akoHa) Pypbe UIST TEIJIOBBIX
IIOTOKOB, a TaKXXe YUYMTBHIBasl, YTO B MEIKOSYCHCTOM
CTPYKTYype U Tipu Temireparype 10 80°C KOHBEKIIUS BbI-
paxkeHa ci1abo (BKj1aa B OOIIMIA MOTOK TeIJla He TPeBbI-

0%t
Xya—yz,

Pe3ynbTaTbl 3KCMEepUMeHTalbHbIX onpepeneHnn
TenJonpoBogHOCTU 00pa3L 0B
TenJou3oNnsauMoHHoro matepuana XPS
Results of experimental determinations of the thermal
conductivity of XPS heat-insulating material samples

MHokazatens XapakTepucTukmn
o6pasuoB XPS

MAOTHOCTL B CYXOM COCTOSIHUM 0, KI/M3 38,59
TennonpoBOAHOCTL B CYXOM COCTOSIHUM
Ao, BT/(M-°C) 00166
TennonpoBOAHOCTL BO BAAXHOM 0.0171
COCTOSIHUN Ay, BT/(M-°C) ’
CpepnHee npuvpalleHve TenaonpoBoaHOCTH 000394
Ha 1% BnaxHocT A\, BT/(M-°C)-1072 ’

maeT 8—10%), nojydyeHa (opmMysia OLEHKM TEILUIOMIPO-
BOJHOCTH BCTIEHEHHBIX TJIaCTMACC:
Ao = L,08 - M .3,
s,
rae Ao ¥ Ay — TETUIONPOBOIHOCTE SKCTPY3MOHHOIO MEHO-
IMOJIUCTUPOJIA B CYXOM COCTOSTHUM U TETUIOTIPOBOIHOCTD
rnojuMepa, (GOPMUPYIOIIETO MaTPUILY.
TemnonpoBOIHOCTh TEHOMOJIMCTUPOIA 3aBUCUT OT
Oosbioro uncia hakTopos. [t ncciaenoBaHus Mpolec-
ca repeiayu Tervia B IeHOMoJIMMepax, a COOTBETCTBEHHO
W TSI U3YYSHMST UX TeTUIOIIPOBOIHOCTH MOTYT MCIIOB30-
BaThCS BBIICU3IOKEHHBIE CTPYKTYPHBIE MOJIEIIH.
DKCNepUMEHTaIbHOE TOATBEPXKIEHUE TEOPETUYE-
CKUX TIPEIITOCHUIOK B3aUMOCBSI3U CTPYKTYPhI M CBOMCTB
ra30HAaIOJHEHHBIX MOJUMEPOB OCYIIECTBISIOCH B MIPO-
1Iecce peanm3ay HaTypHBIX SKcTiepuMeHTOB. Mccmemo-
BaHus npopoauauck B HUY MI'CY, UHcTtutyTe cTpou-
teabHoi pusnku (HUMUC® PAACH); yacth akcrepu-
MEHTAJIBHBIX MCCJEeNOBAaHUI OblIa TIpoBeleHa C
HUCIOJb30BaHUEM cpeacTB KosIeKTUBHOIO McCienoBa-
TEJTBCKOTO 1eHTpa nmeHu npodeccopa K0.M. bopucosa
BopoHexckoro rocyaapcTBEHHOIO TEXHUYECKOIO YHU-
BepCUTETa, KOTOPBI YaCTUYHO MOAAepXKuBaeTcs MUHU-
CTEpPCTBOM HayKu 1 obpaszoBaHus Poccuiickoit @enepa-
yu, KOHTpakT Ne 075-15-2021-662.

JakioueHue

O1eHKa 1 onMcaHNe 3aKOHOMEPHOCTe i (hopMHUpOBa-
HMSI CBOMCTB BCIIEHEHHBIX IIaCTMAcC peajiM3oBaHa Ha
OCHOBE TPUMEHEHHUSI YCTAaHOBJIEHHBIX 3aKOHOMEPHO-
creit (OopMUPOBAHUST SUYEUCTHIX (BBHICOKOTTOPUCTHIX)
CTPYKTYP.

TenmonpoBOJHOCTH BCTIEHEHHBIX MJIACTMACC SIBJISIET-
cs1 (yHKIIMEN X MOPUCTOCTU, TETUIOMPOBOAHOCTHU U CO-
CTOSIHUSI MUHEPAJIbHOW MaTpUlIbl, COCTOSIHUEM Iapo-
BO3IYLITHOM (MM Ta30BOI1 CMECH) B 9TUX ITOpaxX, a TakXke
HaJIM4YKMeM BJIaru B 3THX Mopax.

DKCcTuTyaTallmoOHHasI CTOMKOCTh, B TOM YHCJIE U MOPO-
30CTOMKOCTb, BCIIEHEHHBIX IJIACTMACC OIpenessieTcs
collep>kaHUEM M XapaKTepOM CTPYKTYPhI TOJUMEPHOTO
KapkKaca, pa3MepaMy M pacrpeaeieHueM Iop, HATMINIO
BJIaTH B TIOpax M COMPOTUBIISIEMOCTBIO KapKacoobpasyro-
IIETO MaTepuraia TeMIepaTypHO-BIaXXHOCTHBIM BO3MICH -
CTBUSIM.
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IIpumeHeHue 3(HEKTUBHON TEMIOU30IILUNN, 001a-
NAIOLIEN ONITUMU3UPOBAHHON CTPYKTYPOM, SIBJISIETCS O~
HUM U3 (HaKTOpOB, 00€CTIEUYMBAIOIINX SKOJOTUYECKYIO
0e30MacHOCTh KaK Ha YpOBHE MPOM3BOACTBA, TaK U IPU-
MEHEHUS MaTepUaIoB, a TAKXKE B MPOLIECCE IKCIUTyaTa-
LIMY CUCTEM U3OJISILIUMU.
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Tennas Kkepamuka Ha OCHOBE MECTHOI0 CbIpbA
Pecnybnuku KapakannakctaH

PaccmoTpeHbl BONPOCHI CO3AaHNs 3HePro3eKTUBHbIX KEPAMUYECKX MATEPUanoB Ha OCHOBE MECTHOIO Cbipbsi Pecnybnuki
KapakannakcTaH. /icnonb3oBaHue B COCTaBe KePaMUYeCKMX Macc NOPMUCTOr0 HEBbIFOPAIOLLEr0 HANOMHUTENS NO3BONUT NOMYYUTh
MaTtepuanbl C MOHMKEHHON MO CPABHEHWIO C TPAAMLNOHHBIMI KEPAMWYECKUMI N3AENUAMMN MIOTHOCTbHO, UCMOMb30BaTh XKECTKIE CMECH C
MOHWKEHHbIM COLlePXKaHeM BOJbl, 3HA4NTENbHO COKPALLAA 3aTpaThbl Ha CYLLKY W3AeNWiA, MOBbICMB NP 3TOM OJHOPOAHOCTb NMOPUCTOrO
Kepamun4eckoro Yepenka. Llenb nccnefoBaHuin 3akno4anach B paspaboTke peLenTyp Kepamuyeckinx NOpUCTbIX N3AeNNIA 1 0TpaboTke
PEXIUMOB MX CYLLKM 1 061ra. B ka4ecTBe HEBbIFOPAIOLLEro HAMOMHUTENS MCMOMb30BAHO rPaHyYNMPOBAHHOE NEHOCTEKO, CreKaroLLeecs
NpW 06XUre C KepaMU4ECKUM KaMHEM B eNHOE Lienoe. NeHOCTEKI0 NMEET HEBbICOKYIO CPeaHIol MNoTHOCTL (140-200 kr/md),
HEBbICOKOE BOJOMOINOLLEHNE (A0 5 Mac. %) 1 NOMHOCTLIO COBMECTUMO C KepaMIUYECKUM YepenkoM, YTO [enaeT BOSMOXHbIM NOy4eHne
W30TPOMHbIX M3AENNIA. YCTaHOBNEHA ONTUMaNbHAA MNOTHOCTb KepaMU4ecKoro Matepiana, He npesbiluatolas 1400 kr/m3. OnTumuaaums
Hanbonee 3HEProeMKoro NpoLecca 06Xura 0CyLLeCTBAANACH METOAAMU MATEMATUYECKOro NiaHNPoBaHNs 1 06paboTKI pe3ynsTaTos
3KCnepuMeHTa. YCTaHOBNeHa ONTUManbHas Ans 06XKUroBOr0 M3AENNS CPEAHAS MNOTHOCTb Apo6neHoro neHocTekna (140-150 kr/md),

a TakXKe B Pe3ynbTaTe aHanuUTUYeCcKOA ONTUMN3aLK 1 rpacpuyieckoi MHTEPNPeTaLM Pe3ynbTaToB 3KCNepUMEHTa NosTy4YeHa HoMorpamMma
Ans Bbl60Opa NapamMeTpoB 1 OLIEHKN CBOWCTB U3AENNS B 3aBUCMMOCTM OT pacxojia NeHOCTeKMa 1 TeMnepatypbl 06XKura.

KnioyeBblie cnosa: Kepammyeckune N3genus, aHanuTu4eckas onTMMU3aums, CyLika, 06XKur Kepamuyecknx nsLennii, n3mesnb4yeHHoe
NeHOoCTeKNO.

Ins umtuposanms: Mununenko A.C., Kaggo M.b., AcamatauHos M.O., TypraH6aes b.b. Tennas kepamnka Ha 0CHOBE
MECTHOr0 cbipbs Pecnybnukn KapakannakctaH // GtpountenbHbie matepuansl. 2022. Ne 11. C. 86-91.
DOI: https://doi.org/10.31659/0585-430X-2022-808-11-86-91
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Ceramic Insulated Blocks Based on Local Raw Materials of the Republic of Karakalpakstan

The article devoted to the question of production of energy-efficient ceramic materials based on local raw materials of the Republic of Karakalpakstan. The usage of a porous non-burn-
ing filler in the composition of ceramic masses will make it possible to obtain materials with a reduced medium density (compared to traditional ceramic products), to use rigid mix
designs with a low water content, significantly reducing the cost of drying products, while increasing the uniformity of the porous ceramic shard. The purpose of the research was to
develop mix designs for porous ceramic products and to develop the schemes of their drying and firing. Granular foam glass was used as non-burning filler, which is sintered during fir-
ing with a ceramic shard into a single whole. Foam glass has a low average density (140-200 kg/m3), low water absorption (up to 5% by weight) and is fully compatible with a ceramic
shard, which makes it possible to obtain isotropic products. The optimum density of the ceramic material is established as the result, which does not exceed 1400 kg/m3. Optimization
of the most energy-intensive firing process was carried out by methods of mathematical planning and processing of experimental results. The optimal average density of crushed foam
glass (140-150 kg/m3) was established for the firing process. Also, a nomogram for selecting parameters and evaluating the properties of the product depending on the consumption of
foam glass and the firing temperature was obtained as a result of analytical optimization and graphical interpretation of the experimental results.

Keywords: ceramic products, analytical optimization, drying, firing of ceramic products, crushed foam glass.

For citation: Pilipenko A.S., Kaddo M.B., Asamatdinov M.0., Turganbaev B.B. Ceramic insulated blocks based on local raw materials. Stroitel'nye Materialy [Construction Materials].
2022. No. 11, pp. 86-91. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2022-808-11-86-91

Kupnuu siBnisiercst omHUM 13 HanboJiee JOJATOBEYHbIX
MaTepuaoB, TPUMEHSIEMBIX B CTPOUTENLCTBE. [IpakTrKa
MOKa3bIBAET, UTO TMPU JIIOOBIX YCIOBUSIX DKCILTyaTalluu
KOHCTPYKITUY U3 KEPAMUIECKUX 000X KEHHBIX MaTepHra-
JIOB MMEIOT BBICHIYIO KAaTE€TOpUI0 HANEXXHOCTU U 0e3-
PEMOHTHBIN CPOK 9KCIUTyaTalluu, TPEBBIIIAIOIIAN

100 net [1-3]. Knagka u3 kepaMU4ecKoro KMpmnuya co-
XpaHseT CBOM CBOMCTBA CTOJICTUSIMM.

OpueHTalus 0TeYeCTBEHHOM 5KOHOMUKY Ha 3Hepre-
THIECKYIO 3(D(HEKTUBHOCTh HE MOTJIA HE OTPa3UThCS U Ha
TEXHOJIOTHSIX IIPOM3BOJICTBA KEPAMUUYECKOTO KUPITYa, 1
Ha TpeOOBAHMIX K M3EIMIM, M Ha CUCTeMaX IIpUMeHe-
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HUS 3TUX U3neauii. Bo-nepBbIX, TEXHOJOIUSI U3TOTOBJIE-
HUsI KepaMMYEeCKOro KHpIMya CBsI3aHa C MpoIleccaMmu
o0xura, 4To TIpearojiaraeT 3HAYUTEJIbHBIE PACXObl
9Hepruu. Bo-BTophIX, 3amachkl INMIMHUCTOTO ChIPhS XOTS U
3HAYUTEJIBHBI, HO TeM He MeHee uMeroT npenel. C sTum
MPEeeIOM YK€ CTOJIKHYJIUCh HEKOTOPbIE OTEUECTBEHHbIE
3aBOJIbI, BEIHYKICHHBIC pab0OTaTh Ha IIPUBO3HOM OCHOB-
HOM ChIpbe (TTMHax) [4—6].

B-Tpetbux, Kiaccuyeckue BUIbI KePaMUUYECKUX U3-
Jenuii (JINTIEBOM, MTyCTOTENbI KUPITUY, KAMHU) UMEIOT
OTHOCUTEJIbHO BBICOKYIO TEILJIONPOBOAHOCTb, UYTO Mpe-
IoJjiaraeT MCIIOJb30BaHME KOMOMHMPOBAHHBIX KOH-
CTPYKUMI ¢ TIpUMeHeHUEM 3(PPEKTUBHON TETLJIOU30JIsI-
LI CUCTEM (pacamHbIX TETIOM30JISIIIMOHHBIX KOMITO31-
IIMOHHBIX, BEHTUJIMPYEMBIX (DacamoB C YTEIUICHUEM,
KOJIOALIEBOI KJIAAKU C YTEIUICHUEM B Pa3JIMYHbIX Bapu-
aHTaX MCITOJIHeHUs. VM cmomp30BaHMe MMOTOOHBIX pelre-
HUI yCIOXHSET TeXHOJIOTUI0 MOHTaxa, Mpearnojaraet
MMPUMEHEHME TOMOJHUTEIbHBIX MAaTePUAIOB (TETLIOM30-
JISILIMOHHBIX, OOJIMIIOBOYHBIX) M MECTaMU CHUKaeT Ha-
JIEXKHOCTh CaMUX KOHCTPYKIUiA [7—9].

[IpumeHeHNe KpPYyMHOMOPMATHEIX KepaMHUUICCKUX
KaMHe Mo3BOoJIsIeT BO3BOJAUTH CTPOUTEIbHbIE KOHCTPYK-
LIUY ¢ TEPMUYECKUM COIIPOTUBJICHUEM, OJTU3KUM K HOp-
MAaTUBHBIM 3HaYeHMsIM. Takue KaMHU UMEIOT XOPOIIIe
MPOYHOCTHBIC U TeTI0(U3NYECKUEe MTOKa3aTeau, HO He-
JIOCTATOIHYIO IJISI HAPYKHBIX (JIMLIEBBIX) U3ICTUI MOPO-
30CTOUKOCTh. [T0ATOMY MX PEKOMEHIYeTCsl MCITOJIb30-
BaTh B CHCTEMaxX C OOJMIIOBKOI (pacagHBIX ITOBEPXHO-
cTeii uieBbIM KuprnuyoMm [10—12].

TakuMm o0pa3oM, TEIUIOIPOBOIHOCTb KJIACCUUECKUX
KE€paMUYECKUX W3JEIWil He T03BOJISIET M3roTaBIMBATh
KOHCTPYKIIUU C TPeOYeMbIM IO COBPEMEHHBIM TEIUIOTEX-
HUYECKMM HOPMaM TEPMUYECKUM COIPOTUBJICHHUEM.
WccnenoBaHust, pe3yabTaTbl KOTOPBIX U3J10KEHbI B JaHHOM
cTaThe, HAIIPaBJICHBI HA PEIICHNE 3TOM 3a1au, a UMEHHO
Ha pa3paboTKy peLenTyp U MPHUEeMOB U3rOTOBJICHUS U3/Ie-
JIMA CTPOUTEbHOM KePaMUKU C TTOHMKEHHOI TeIJIONpo-
BOIHOCTEIO TI0 9HEProcOeperaloImM TEXHOJIOTUSIM, 9TO 1
OIpeesisieT aKTyalbHOCTb pa3padaTbiBa€MOl TeMAaTUKMU.

BaxxHbIM acmeKToOM COBPEMEHHOIO CTPOUTENIHCTBA
SIBJISIETCST CO3/IaHME OJIarorpUsITHBIX YCIOBUM M MUKPO-
KJIMMaTa B IMOMeIIeHUsIX. B mepByto ouepeab peub UAET
O TEIUIOBJIa’KHOCTHOM PEXUME B MOMEIIEHUSIX U O CO3-
MaHWM aKycTudyeckoro komdopra. HaTypHble ucnbiTa-
HUSI ¥ UCCIIeAOBaHMsI, TIPOBEICHHBIC Ha MOIEISIX, ITOKa-
3bIBAIOT, UTO KMPIIMYHAS KJIaJKa MMEeT YAOBJIETBOPU-
TeJbHbIC TTOKAa3aTe/M IO TEIUIOBIaXKHOCTHBIM XapaKTe-
pUCTHKaM mepeHoca, HO 00JiajaeT HeJJOCTaTOYHBIM Tep-
MUWYECKUM COMPOTUBICHUEM.

Moaudukaiuns CUCTeM Ha OCHOBE KMPITUYHON KJIa-
KM MOXKET OBbITh peaii30BaHa CAeAYIOIIUMU CITIOCO0aMMU:
JIOTIOJTHUTEIbHBIM YTeTUICHUEM U3HYTPU WM CHAPYXKU C
3allIMTHON OOJIMIIOBKOW, HCITOJIb30BAHUEM CJIOUCTOMN
KJIaAKU WIM MPUMEHEHUEM ITOPHU30BaHHBIX KepaMMUyue-
ckux uznenuii [§—10]. Ecniu mepBbie qBa criocoda MoryT
OBbITh OCYIIECTBICHBI pealM3aleil MPOEKTHBIX pellle-
HUI HA CTPOUTEILHOM IUIOIIAAKE, TO MOCIAECAHUMA CBI3aH
C TEXHOJIOTUEN CTPOUTETbHON KEPAMUKM.

IIpencrapiaseT nHTepeC TakKe MCITOJIb30BAHUE MECT-
HOTO CBIPBSI B COCTaBe IIMXTHI C TeMIIepaTypoil 00XKuUra,
He npesblmaroieii 950°C. K takomy BUILY ChIpbSI OTHO-
CUTCS CYIJIMHOK, 3arachl KOTOPOro 3HAYUTEIbHBI 1 TIPU-
CYTCTBYIOT BO MHOIMX pEeTMOHAaX, B TOM 4HCIIe B
Kapakannmakcrane. Haubosiee KpymHble Kapbepbl TJIHH
Haxopstcs npu Hykycckom, Xomkeinuiickom, KyHrpa-
ckoM 1 Yumbariickom MecTopoxaeHusx. O0LIme 3amachl
IIMHUCTOTO CHIPbSI COCTABIISIIOT 60 MJIH M3, Tpu 3TOM 13
IBaIILIaTH UCCIIEAOBAHHBIX MECTOPOKICHWI NCTIONB3YeT-
cs omMHHaguaTh [13].

IMopuzanus KkepaMru4eCcKOro U3Aeaus OCYIECTBIISIETCS
32 CYET MPUMEHEHMSI BBITOpAIOLIMX 100aBOK (YroiabHOM
BTN, OTCEBA IMOJMCTUPOIA, OMUIOK, PUCOBOM IICTYyXH),
3a CYET MMEHOOOPA30BaHMS, a TAKKE 3a CUET BBEACHUS MO-
PUCTBIX HAIIOJHUTENEH, CIEeKaIOIIMXCsS B KEPaMUIeCKOM
yepenKke (BCIYICHHBIX TIEPINTA W BEPMUKYIHNTA, TICHO-
CTeKJIa, MCKYCCTBEHHBIX MUHeEpalbHbIX rpaHys) [8§—10].

Henmocratkamu TeXHOJIOTUM TTIEHOKEPAMUKY 1 U3ACITUI
13 Hee SIBJISeTCS HEOOXOMMMOCTD MCITOJTE30BAHMST MHOTO-
KOMIIOHEHTHBIX CMECEM, a TAKKE ITPUTOTOBJIEHUS CTOMKOM
MeHbI. boJbIIoe KoImaecTBO KOMIIOHEHTOB CHIDKAET TeX-
HOJIOTUYHOCTh peau3aldi CIocoda WX MPUMEHEHUS:
€CJIM XOTsI ObI OHOTO M3 KOMIIOHEHTOB He OyIeT XBaTaTh
JUTSI TIPUTOTOBJIEHUSI CMECH, CITOCOO OCYIIIECTBUTH HEBO3-
MOxHO. Kpome Toro, B cOCTaB cMeCH BXOIASIT HEKOTOPbIS
OTHOCHTEIHHO JOPOTOCTOSIIIIE KOMITOHEHTBI, YTO aBTOMa-
TUYECKU MPUBOIUT K POCTY CTOUMOCTHU TOTOBBIX U3ICIIA.

Cy1iecTBeHHBIM HeIOCTATKOM SIBJISICTCSI INTUTSIBHOCTD
Mpolecca U3rOTOBICHUST U3NCIUIM U3-3a HATMUYKUS Oorepa-
LIMK CYIIKU OT(OPMOBAHHBIX OOpA3IOB IO MSTKUM U
IUTUTENTEHBIM peskMaM. Kpome Toro, M3BECTHBIN CITOCO0
MPOM3BOJCTBA IIPEIyCMaTPMBAET MCIIOJIb30BaHUE OO0Jb-
IIOTO KOJIMYECTBA ITOPOTOCTOSIIINX KAPOCTOMKUX (DOpM
JUTSI U3TOTOBJIEHUST 00pa3loB, YTO €Ille B OOJbIIE Mepe
MTOBBIIIACT CE0ECTOMMOCTD IIEHOKEPAMMYCCKIX M3IETHIA.

Taxkum o6pa3zoM, pellieHue 3aJa4M 110 CO3AaHUI0 SHEP-
roa(pPeKTUBHONM TEXHOJOTMM MPOU3BOACTBA MOPUCTHIX
CTCHOBBIX KEpPaMMYECKUX M3ICINl SBISIETCS  I10-
MpexHeMy akTyaabHbIM. IloJgydyeHue Takux U3Aeauil Ha
OCHOBE MECTHOTO IJIMHUCTOTO CBIPhS C NPUMEHEHHEM
TTEHOCTEKOJILHOTO 3aTIOJTHUATEJIST JOCTATOUHO ITEPCTIEKTUB-
HO, HO TpeOyeT NOIOTHUTEIBHBIX UCCIICAOBAHUI KaK ChI-
pbs, TaK U MPOLIECCOB CTPYKTYPOOOPa30BaHUS U3IEIUIA B
npouecce (OpMUPOBAHUSI U 3aKPEIICHUST CTPYKTYPHI.

[IpexBapuTenbHBIe WCCACAOBAHUS TTPOBOAMINCH B
HNY MI'CY u nokazany OpUHLUIHAAIbHYIO BO3MOX-
HOCTh HaIpaBJICHHOTO CTPYKTYPOOOpa30BaHUsI KepaMu-
YECKHMX MaTEePUAJIOB C TIEHOCTECKOIbHBIM 3aIIOJTHUTEIIEM,
O/IHAKO TMPeACTAaBISIeTCS BO3MOXKHBIM elile 0ojiee YBeau-
YUTHh 3HEProd(P(HEeKTUBHOCTh TEXHOJOTUM 3a CUYET pas-
paboTKu Oosiee TOYHON MOIENU, CBS3bIBAIOLICH CBOM-
CTBa CBHIPbsI, TIPOIIECCHI, IIPOUCXOASIIINE ITPU OOXKUTE, U
CBOMCTBA TOTOBBIX U3JICINMN.

Martepuajbl 1 METObI
Llens uccnenoBaHuii 3akiaouanach B pa3paboTKe pe-
LIETITYP KEpaMUUECKUX U3IEIUI HA OCHOBE U3MEJIbUYEH-
HOTO BCIIEHEHHOTO CTEeKJa U OTpPabOTKU PEXMUMOB HX
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oOxwura. [t peaau3anuuy 1eau ObUTU MOCTaBIEHbI Clle-
JIYIOIINE YaCTHBIC 3a1aul:

— WCCJIEIOBaTh CBOMCTBA TPaHYJIMPOBAHHOTO TEHO-
CTeKJIa U OTIPeaeIUTh ONTUMAJIbHBINM pa3Mep ppakiinii;

— OMPEIEIUTh ONTUMAJIBHYIO TEMIIEpPATypy M IIPO-
JOJIKUTEBbHOCTD CYIIKM U3IETUA;

— B Ipoliecce peajn3aluu 1 00paboTKU pe3yabTaToB
SKCIIEPUMEHTA OIPEISIUTh ONTUMAJBHBIA pacxon Ie-
HOCTEKIIa;

— ONpEeNeUTh ONITUMATBHYIO TEMTIEpaTypy O0XKUTa;

— O pe3yabTaTaM UCCAeAOBAaHUI U U3yYEHUsI Teope-
TUYECKHUX aCIIeKTOB ITOCTABJIICHHOM 3amMaun pa3padoTaTh
HAyYHYIO KOHIIETIINI0O M OOOCHOBAaHWE W3TOTOBJICHUS
9HeprodPEeKTUBHON KepaMUKU C TIpUMEHEHUEM JieT-
KHX TIOPUCTHIX HEBBITOPAIOIINX HATIOJTHUTEIICH.

Kepamuueckue oOpasibl U3roTaBIMBaJIM Ha OCHOBE
TPaHyJIMPOBAHHOTO M3MEIbUEHHOTO TieHocTekyia (30—
50 mac. %) v cyrinuHKa GOPMOBAHKUEM, CYILIKON 1 O0XM-
rom. TemmepaTypa cHeKaHUsS TJMHBI PETYJIHpPOBaAIACh
BBEICHHWEM IIJIaBHS, TJIACTUYHOCTh — BBEICHUEM 2JIEK-
TponuTa. [Ipouecc cyliku MccieaoBaad Ha oOpasliax-
kyomnkax 50x50x50 mM. Pacxom Bomel coctaBistt 30—
40% oT Macchl TBePIbIX KOMIIOHEHTOB. [110THOCTB ChIp-
1a coctapisina 1250—1300 kr/m3. KoHeuHast BIaXKHOCTD
M3IeIi ITocie cymku — 4%.

OnTuMm3anys pe3yabTaToB SKCIICPUMEHTA OCYIIECT-
BJISUTACH aHAJTUTUYECKUM METOIOM, pa3pabOTaHHbIM B
HNY MI'CY u peann3oBaHHBIM TIpU U3YYEHUU pelier-
Typ ¥ TEXHOJOTHI Pa3INIHBIX CTPOUTEIHLHBIX MaTepHa-
JioB [ 14, 15].

WHTepnpeTaninsl MONyYeHHBIX ONTUMM3UPOBAHHBIX
MOJIMHOMOB (aHaJuTU4ecKasi, ¢pusndeckast u rpapuye-
CKasl) MMO3BOJIMJIA TIPOBECTU JOIOJTHUTEIbHBIC SKCIIEPH-
MEHTHI B 00JIACTM PACCUYUTAHHBIX ONITUMYMOB C IICJTBIO
MPOBEPKU U TIOATBEPXKICHUS TOJTYYEHHBIX PacueTHBIM
MyTeM Pe3yIbTaTOB.

Pesyabratnl u 00CyKIeHnE

OCHOBHBIMU MPUYMHAMU BBICOKOW HEPrOeMKOCTU
KepaMU4YeCKUX M3IENINI SIBISIOTCS TEIUIOBbIE IMPOLIEC-
Cbl, U B YACTHOCTMU CyLIKa M OOXWTI. Pexum oOxura
onpenessieTcsi CBOMCTBAMM MCMOJb3YeMbIX TJIMH U B
MMPOEKTUPYEMOU TEXHOJOTUU TEeMIIepaTyPHBIMU CBOI-
CTBAaMM TpaHYJMPOBAHHOIO IEHOCTeKJia. B KauecTBe
00BEKTOB MCCIAEAOBAHUS M3YyUaIMCh MPOLIECCHI CYIIKUA

Puc. 1. O60xKeHHbIE Kepammnyieckme NnopucTbie 06pasLbl Ha OCHOBE NEHO-
cTeksia u CyrimHka

Fig. 1. Fired porous ceramic sample cubes based on foam glass and loam

U 00XHWra KepaMMYecKuX oOpasiloB ¢ MPUMEHEHUEM
IeHOCTEKIIA.

[MpoexkTHBIE PEXUMBI CYIIKUA TETUIOU3OJISIIIMOHHBIX
u3nenuii 3eKTUBHBI, €CIM 00eCTIEYeHO TTOCTOSTHCTBO
yIpaBJieHUs] BCEM TEXHOJOTMYECKMM IIPOLECCOM Ha
BCEX IMPEIISCTBYIONMIMNX CYIIKe omnepanusax. Mcrnonb3o-
BaHME JIETKOTO HAIIOJHUTENS (MMEHOCTEKJIa) TMO3BOJIIO
TIPUMEHSITH 00JIee KEeCTKNE PEXKUMBI CYIITKH (10 CpaBHE-
HUIO ¢ TIeHOoKepaMuKoii). [Ipu HayalbHO# TeMIiepaType
terutoHocutest 10 90°C m3meanss cOXpaHsSUIM BBEICOKOE
Ka4yecTBo.

B pesynbraTe 3KCIIepUMEHTOB 10 ONTUMU3AIAN T1a-
paMeTpoOB IIEPEMEHHOTO PeKMMa CYIIKM BHICOKOE Kaye-
CTBO M3ICIUU MOJYyYEHO MPU PeXKUMaX, OrpaHUYNBAIO-
LIUX CPOK CyLIKU 6 4. Takoit pexxuM MOXKET ObITh peaiu-
30BaH B IIPOTUBOTOYHBIX TYHHEJIbHBIX CYLIMJIKAX.

HccnenoBanue mpoliecca 00XUTra OCYIIECTBIISIOCH
B COOTBETCTBUM C T€OPHEI 3KCIEPUMEHTa, OCHOBHBIC
rmapaMeTphl ObLTU MPUHSTH METOIOM MAaTEMaTUYECKOTO
MiaaHupoBaHus 3KcnepuMmeHTa. OOpasubl (hopMoBa-
JINCh B METAJZIMYECKUX (hOpMax, IOCJIe YeTo IoABepra-
JIUCh TIPUHYAUTENBHOM CYIIKe Ha MPOTsKeHUU 6 4 (B
3aBUCUMOCTH OT BJIAXKHOCTU) U IIOCJIE€ KOHTPOJIsSI BO3-
JyIITHOW yCalKW M CPelHel TUIOTHOCTH TOJBEPraNCh
ooxxury Tipu Temmnepatype 1000°C 1o moyrydeHust mpoy-
HOTO KepaMu4ecKoro kamHsi. CpemaHsisl TJIOTHOCTD T10-
Jy4eHHBIX 06pa3LoB cocTaBmia ~1300 kr/m3; mpemen
mpouHocTH Tipu cxkatnu — 14,5 MIla. Hexotopsie u3
MOJIyYEHHBIX B pe3yjibTaTe 3KCIEpMMEHTa 00pa3loB
npeacTaBieHbl HA puc. 1.

B kauectBe BapbupyeMbIx (haKTOPOB OBbLIN TIPUHSITHI
CpenHsIs IJIOTHOCTb MeHOCTeKIa (X)), pacxo rpaHyIupo-
BaHHOTO MIeHOCTEKIA (X>), pa3Mep YacTu meHocTeKa (X3)

YcnoBusa akcnepuMmeHTa
Experimental conditions

CpeaHee 3HayeHne WuTepsan 3HadeHnst pakTopa Ha YPOBHSIX
dakTop Cuwmson, X; >

dakTopalX; BapbupoBaHusa AX; 1 +1
CpepHsis I'IJ'IOTHOCéI’b N3MeSIbYeHHOro X 140 40 100 180
NneHocTeKna, Kr/m
Pacx3on N3MeIbYEHHOr0 NEHOCTEKNA, X 40 10 30 50
KF/M
CpenHuin pa3amep HacTul, X3 05 0.2 0.3 0.7
neHocTekna, MM
Temnepartypa o6xura, °C Xa 970 30 940 1000
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U Temrieparypa ooxkura (X4). B kauecTBe pyHKUMIT OTKIM -
Ka TIPUHSITHL: IPOYHOCTD U3ACINS MpU cxKaTuu (Y1) 1 ero
CpenHss TUIOTHOCTh 00pa3loB (Y2). YcioBus skcnepu-
MEHTAa MpeacTaBiaeHbl B Tadauie. CyliKy chbiplia OCyIIeCT-
BJISITM IO TIOCTOSTHHOM MacChl U3MIeNUS TIPU TeMIIEpaType
90°C u ckopoctu TeruioHocuTesst 4 M/c. JIMTeIbHOCTh
cymku 00pasioB 50x50x50 MM B CyIIMJIBHOM IIKady
cocrapisiia 6 u.

B mporecce peanusanuu 3KCIepruMeHTa 1 00paboT-
KW €r0 pe3y/JbTaTOB OBIIM TOJydeHBl YpaBHEHUsS pe-
rpeccun. [Toce nmpoBepku 3HAUMMOCTU KOI(PPULIMEH-
TOB (IIpM HOBEPUTENBPHBIX MHTEpPBajaxX IO IIPOYHOCTHU
0,2 MIIa u 1o cpeaHeil IIOTHOCTH 9 KI/M3) TOTydeHbl
CJIeIyIoIIe MATEeMATUYSCKIE MOIEIIN.

JJ1st TPOYHOCTH TIPY C3KATHM:

Y1=13,6+0,8X,—1,7X5+0,7 X5+
+1,2X440,8X5X4—0,4X5. (1)

s cpenHeit IIIOTHOCTH:
Yo=1378+18X] =51 Xo+ 14 X5—31 X4+ 12X X4— 18X7. (2)

3HayeHUsT 3HAYUMBIX KOA(P(PUIIMEHTOB U XapaKTep
YPaBHEHMI perpeccuu (KBaapaTUdHas 3aBUCUMOCTD T10
CpenHeMy pa3Mepy YacTHUIl U IO TemIepaTrype obOxura
ITO3BOJISIOT PeaIn30BaTh ONTUMMU3UPOBAHHBIC PEIICHUS
o dakTopam X3 U X4 ¢ MCMOJI30BAHUEM METOJA aHAIM-
TUYECKON ONTUMU3ALIUA.

MeTon aHATUTUYECKON ONMTUMU3AIMU DYHKIIWA de-
ThIpEX MIEPEMEHHBIX OCHOBAaH Ha MPUMEHEHUU METOIO0B
MaTeMaTUYeCKOTO aHaau3a MPU MCCIIeJOBAHUYN CBOWCTB
MOJMHOMOB, IOJYYEHHBIX B pe3yJibTaTe MaTeMaThye-
CKOI 00pabOTKM 3KCIIEPUMEHTAIBHBIX JaHHBIX (1 1 2).
Kaxnasa u3 dyHkumii nudbdepeHIMpyeTcs Mo KaxXaoMy
13 akTOpOB, UMEIOIIEMY KO3(DdUIIMEHTHl BTOPOTO MO~
psiika, ¥ TPOM3BOIHAS IPUPABHUBAETCS K HYJTIO.

C nomouplio nonuHoMa (1) onpeaensiyicss ONTUManb-
HBII pa3Mep YacTUIl U3METbYeHHOTO TIEHOCTEeKJIA!

i 0,7

ax = 0708 =0-X,= i = 0.8

C momoipio Tabj. 1 ompeaesyioch ONTUMAaIbHOE
3HaYCHWE CPEeIHETO pa3Mepa YacTHUIl MeHocTekIa ((phak-
TOp X3) B HaTypaJbHOM BBIPAXKCHUM:

dne=0,5+0,88-0,2 + 0,68£0,06 Mm.

C momourpio nojuHoMa (2) ompenessyiach OINTH-
MajibHasl TeMIiepatypa 00XWra KepaMHYeCKOW CMecH,
cofiepKalieil CyrJIMHOK M M3MeJIbYeHHOE BCIIEHEHHOE
CTEKJIO:

a7,

31
ax. =317 36X=0-X= g

0,36

= 0,86.
C nmomomisio TabI. 1 ompeaensieM ONTUMAaIbHYIO TeM-
neparypy ooxura (dakrop Xz) B rpanycax Llenbcus:
fopt = 960 + 0,86 - 30 = 98616°C.

[Moxcraisiem HaiiieHHbIE ONTUMAIbHbBIC 3HAUEHHUS B
byaxumu (1 u 2):

180

g b
2 ¢ 1 2 3 4
I
2
2q 160
[N
2t
o 5
28 140
0%
o=
£3
oI
2§ 120
x
=
6
I
g 100
& 30 35 40 45 5030 35 40 45 50

Pacxop, naMenbYeHHOro neHocTekna, kr/m3

mMaremartmndeckoe cpegHeksagpaTtnyeckoe
oxunaaHue OTKJIOHEHMEe

Puc. 2. Homorpamma ons nporHo3vpoBaHusi CBOMCTB 1 nogbopa coctaBa
n3aenuii Npu onTUManbHOM pa3mMepe YacTuL, U3MeNIbYEHHOro NeHocTekNa,
pasHom 0,68+0,06 MM, 1 onTumanbHOM TemnepaType oGxura 986+6°C:
yepHas NMHUS — MaTeMaTMYyeckoe OXWuiaHve; cepasl IMHWUS — cpegHe-
KBagpaTu4yeckoe OTKNOHeHue. CpenHsis MAOTHOCTb, Kr/M3: a — 1320;
b — 1360; ¢ — 1400. MpoyHocTb Npu cxatumn, MMa: 1 - 18; 2 - 17; 3 — 16;
4 - 15; 5 — 14; 6 - 13. CexTOop | — onpeneneHne cpenHein MIOTHOCTY;
Il — onpepenexHne NPOYHOCTN NPU CXaTUN.

Fig. 2. Nomogram for predicting properties and selecting the composition
of products with the optimal particle size of crushed foam glass equal to
0.68+0.06 mm and the optimal firing temperature of 986+6°C: solid black
line — mathematical expectation; gray area around black line — standard
deviation. Average density, kg/m3: a-1320; b—1360; c— 1400. Compressive
strength, MPa: 1 - 18; 2 - 17; 3 - 16; 4 - 15; 5 — 14; 6 — 13. Sector | —
determination of the average density; Il — determination of compressive
strength

Y1=13,6+0,8X1—1,7X>,+0,7-0,88+
+1,2+0,86+0,7:0,86—0,3:(0,88)2;

Y5=1378+18X]—51Xp+14-0,88—
—31-0,86+11X3-0,88—18-(0,86)2.

[Monyyaem ontumusupoBaHHble Mo X3=0,88 u mo
X4=0,86 ypaBHEHUSI:

Y1=15,6+0,8X;—1,7X>; 3)
Hh=1360+18X;—41.X;. 4)

I'padpuueckast MHTEPIIpEeTAIAST ONTUMU3UPOBAHHBIX
3aBrucumocteit (3 u 4) nana BO3MOXHOCTb C(HOPMUPO-
BaThb HOMOTpamMMy (puc. 2), TTO3BOJISIIOIIYI0 MTPOTHO3U-
pOBaTh CBOMCTBA M3/ICIMI K OCYIIECTBIISITH MMOA00P CO-
craBa KepaMuueckux cmeceii. C y4eToM Toro, 4to 6a3o-
BBIE TIOJITMHOMEI SIBJISTFOTCS TIPOIYKTaMU CTATUCTHIECKOM
00pabOTKM 3KCIEPMMEHTAJbHBIX NaHHBIX, Ha HOMO-
rpaMMe YYUTBIBAIMCh XapaKTePHCTUKU HOPMAaJIbHOTO
pacrmpe/eneHus, MaTeMaTUIecKoe OXUIaHue (CpemHee
3HAUCHHUE) U CPeIHEKBaIpaTUUECKOe OTKIOHEHUE (I1C-
Tepcusi pacripefieIeHUsI) KaXIoro W3 BapbUPYEMbIX
¢dakTOpOB.

Hcnons3ys 6a3oBbie (1 1 2) 1 oNTUMU3UPOBAHHbBIE
ypaBHeHUs (3 1 4), a TakKXKe C TMTOMOIIbIO HOMOTpaMMbI
MOXHO OIIPEIEIUTh ONITUMAJIbHbIE PACXOIbI U3MEIbYEeH-
HOTO TTIEHOCTEKJIA C YIETOM €TI0 CpeaHel IMJIOTHOCTH IPU
ONTUMM3UPOBAHHBIX 3HAYECHUSIX Pa3MEPOB YacCTHUIl W3-
MEJIbYEHHOTO TIEHOCTEeKJIa W TeMIepaTypbl OO0XWTa.
C nomolbio 0a30BbIX ypaBHeHUiA (1 1 2) MOTYT Takxke
peLIaThCsl IPOTHOCTUYECKUE 3a0a4ul 110 OLIEHKE CBOMCTB
WU3IEUii B 3aBUCHMMOCTH OT 3HAYEHUN BapbUPYEeMBIX
¢daxTopoB.
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ITocie mpoBeaeHUsT pacyeToB € MOMOIIBIO HOMO-
rpaMMbl, TIPEJICTABICHHON Ha pUC. 2, MOA0OpPaHHbIE CO-
CTaBbI TIPOBEPSITUCH IyTeM TPOBEIECHUST HATYPHBIX UC-
MbITAHUH, 3aKJIIOYAIOLIUXCSI B U3TOTOBJICHUM 00pa3lioB
(mpuroTOBIIEHUE CMeceii, HOPMOBaHUE, CYIIIKA U OOXKUT)
U OLIEHKE TTPOYHOCTU M CPENHEH MJIOTHOCTUA MO HOpMa-
TUBHBIM METOIUKAM.

OneHka BIMSHUST (haKTOPOB Ha CBOWCTBA W3IETUIA
OCYIIECTBJIsIaCh TyTEM aHalu3a YpaBHEHUU perpec-
cuu (1 1 2) 1 TO3BONIMIIA CIIENIATh CIIEAYIOINE BHIBOJIBI.

HaubGonbuiee BiusiHve ¥ Ha MPOYHOCTb MPU CXKATUH,
U Ha CPEIHIOI0 TUIOTHOCTh U3MIEINI OKa3bIBACT PACXOJ
HU3MEJIbBYEHHOTO MeHocTeKa (Kb GUIIUEHTHI MpU X>),
TPU 3TOM YBEJIMUEHUE €T0 Pacxoja MPUBOAUT K CHUKE-
HUIO CpeHEN IUIOTHOCTH U CHUXKEHUIO TTPOYHOCTU TPH
cxatuu (3HaK mepea KoadduiimeHToM). DTO MOXKET
OBITH OOBSICHEHO TEM, UTO T'PaHYJIbI IEHOCTEKIIAa UMEIOT
MEHBIIIYIO TIPOYHOCTh U TUIOTHOCTh IO CPABHEHUIO C Ke-
pamuueckuM uyepenkoM. COOTBETCTBEHHO YBEJIMUECHUE
WX TIPUCYTCTBUS B COCTaBE KEPAMUYECKMX Macc TPUBO-
IUT K ToHmxXawomumMm 3ddekram. [lpu 3TOM BausHuUE
pacxona (X) Ha CHMXXKEHHME ITPOYHOCTH MOXKET OBITh
YMEHBIIEHO 32 CUET ONTUMU3ALIMU TeMIIEpaTypbl 00KuTra
(koaddutimeHT nmpu XpX4). DTO MOXKET OBITH OOBSICHEHO
(mrocyromyM JeficTBUEM HATMOJHUTENS U CHeKaHUEM
KEpaMUYeCKOTO YepernKa U HATIOJIHUTEIST TI0 TIOBEPXHO-
CTSIM KOHTaKTa. YBEJIMYEHNE TUIOTHOCTU U3METbYEHHO-
ro MeHOCTeKJIa MPUBOAUT K YBEJUYEHUIO TIPOYHOCTU U
TJIOTHOCTH ODOXCKEHHOTO M3/1esnsl (COOTBETCTBYIOIINE
K03 duieHTs npu X1, paBHbie 0,8 1 18).

B mporiecce mpoBeaeHsT 9KCTIEpPUMEHTa yCTaHOBJIE-
Ha KOPPEJSIUUST MEXIy TEIIONPOBOAHOCThIO 00pas-
110B (A) ¥ X CpellHel MIIOTHOCTBIO (0), KOTOpasi B MUHTEP-
BaJie IIoTHOCTH oT 1300 10 1400 Kr/M> MOXET GBIT BbI-
paxeHa clie/iyiolnieil 3aBUCUMOCTbIO:

A=0,14+0-4-105.

[Tpu aHanusze ypaBHEHUU yCTaHOBJIEHBI 3(hGHEKTHI
MapHOTO B3aUMOJEUCTBUS U XpX4 Kak sl cpemaHen
TUIOTHOCTHU, TaK U JJISI TIPOYHOCTU KEPAMUYECKUX 00pa3-
110B. XapakTep (CUHEePreTUYeCKUil i aHTarOHUCTUYE-
CKMIA) 3TUX B3aMMOJICICTBUIA OyIeT onpeneaeH Npu m3-
y4eHUN (HUUKO-XUMUYECKUX MPOLECCOB OOXWUra u

Cnncok aureparypbi

1. CemenoB A.A. CocTosiHUE POCCUICKOTO PbIHKA Ke-
paMMYECKUX CTEHOBBIX MaTepuaynioB // Cmpoumens-
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sustainable masonry facade: Preheating ventilation air
using a dynamic buffer zone // Journal of building
physics. 2018. Vol. 34. No. 1, pp. 27—41. DOI: https://
doi.org/10.1177/1744259109355729

3. KloseikoP., Arumagi E., RalameesT. Hydrothermal
performants of internally insulated brick wall in
cold climate: a case study in a historical school
building // Journal of building physics. 2015.

(opMUpoOBaHUS CTPYKTYpP IO TTOBEPXHOCTSIM KOHTaKTa
«TIEHOCTEKJIO—KepaMUYEeCKUI MaTepua».

B manpHeiinem ruraHupyeTcs IpoOBeIeHUE TOTIOTHH -
TEJbHOU CepuUr UCTIBITAHUI KepaMUIECKUX U3ACTUI IS
YTOYHEHMUS TTOJIyUCHHBIX 3aBUCUMOCTEH TP BapbUPOBa-
HWHW TUTIA TIIMHUCTOTO CHIPhS.

WUccnenosanusi nposogunuck B HUY MICY;
Kapakanmakckom I'Y um. bepaaxa; yacTb sKCiepuMeH-
TaJIbHBIX UCCJIeIOBaHUI OblIa MPOBeNeHa C UCITOIb30Ba-
HueM cpeacTtB LleHTpa KOJUIEKTMBHOIO ITOJb30BaHUS
nMeHu mnpodeccopa KO.M. bopucosa BopoHexkckoro
TOCYIapCTBEHHOTO TEXHUYECKOIO YHMBEPCUTETa, KOTO-
pbIif YaCTUYHO TOAJEPXKUBAETCS MUHUCTEPCTBOM Hay-

K1 1 obpasoBanust Poccuiickoit Deaepaiinin, KOHTPAKT
Ne (075-15-2021-662.

3akioueHne

Kepammueckuii KUpITAY M CTEHOBBIE KAMHU SIBJISTFOT-
Csl HETOPIOUMMU MaTepuajaMUu, UMEIOIIMMU BBICOKYIO
9KCILIyaTallMOHHYIO CTOMKOCTb, YTO O0YCJIOBIMBAET BbI-
COKYIO TOJITOBEYHOCTb CTPOUTEJbHBIX KOHCTPYKIIMIA Ha
nx ocHOBe. CHM3UTH UX TeTUIOTIPOBOMIHOCTbD, a CJIeI0Ba-
TeJIbHO, TIOBBICUTH TEIJIOBYIO 3(DdOEKTUBHOCTH KOH-
CTPYKLIUIA BO3MOXHO 3a CUET NPUMEHEHUS ITOPUCTON
KepaMUKW, W B YACTHOCTH TIPU WCITOJIb30BaHUU 0CO0O
JIETKUX 3aMOJHUTENeH, COBMECTUMBIX ¢ KEpaMUYECKUM
YepeIKOM M He YXYIOIIAIOIINX ITapaMeTPhl CYIIKU W 00-
xura. K TakuMm u3aeausiM OTHOCSTCS KepaMUYecKue
MaTepuaibl ¢ HeBBITOpalolleil m100aBKoO#, (GOpMUpPYIO-
1IEeli TIOPUCTYIO CTPYKTYPY, — APOOJEHBIM ITEHOCTEKIIOM
C pa3MepoM 4acTull oT 1 10 5 MM.

®opmupoBaHre CBOMCTB 3HEPTrod(h(GHEKTUBHBIX Ke-
paMUYECKUX M3AEJUN OO0YCIOBIEHO UCXOAHBIM COCTa-
BOM IJIMHSIHBIX CMECEi, YCIOBUSMHU CYIIKM U3ACINN U
TeMmIepaTypoil o0Xkura. YCTaHOBJIEHO, UTO ONTHUMAaJlb-
HO# TeMIepaTypoil CyIlIKU sBisieTcst Temiieparypa 90°C
MpU CKOPOCTU TeruioHocuTesst 4 m/c. Ha cBoiicTBa u3-
JleTnii TTocyie 00kura OoJTblliee BIMSTHUE OKa3bIBaeT pac-
XOJ 1pO0JIEHOI0 MEeHOCTeKIa 1 ero cBoicTBa. I1pu aTom
YCTaHOBJICHBI CUHEPreTHIecKue 3(PHeKThl YCUICHUS CO-
BMECTHOTO BJIUSTHUS KaK Ha IMPOYHOCTh, TaK M Ha CPeJI-
HIOIO TUIOTHOCTD M3AENUI pacxoaa M3MEIbYeHHOTO Ie-
HOCTEKJIa ¥ TeMIIepaTyphbl O0XMTa.
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CoBMECTUMOCTb MOAMULIMPOBAHHOIO PACTUTENbHOIO ChIpPbS
C OPraHonoJMMepHbIMU CBA3YHOLUMK

Llenbto npeacTaBneHHON paboTbl ABNAETCSA pacyeT COBMECTUMOCTI MOANMULMPOBAHHOMO MOHO3TaHONaMuH(N—B)-
TPUTMAPOKCMOOPATOM PACTUTESTIbHOTO CbipbA (M3MENbYeHHbIX cTebeli 60pLyeBmka COCHOBCKOM0) C HEKOTOPbIMI OPraHoNoIMMEPHBIMU
CBA3YHOLMMM (MONMBUHUNALETAT, MONNYPETaH 1 Ka3enH) ANs CO3AaHNS B AaNbHEALLEM KOMMNO3MLMOHHbIX MaTepPUanoB Ha UX OCHOBE.
[ns LOCTVKEHNS MOCTaBAEHHOM LIenN PeLlaninch CreayroLne 3a8adu: BbI4UCIEHNE SHEPTUN KOTe3WN N BENNYMHBI BaH-Aep-BaanbCcosa
06beMa 371eMEHTapHOro 3BeHa MOAMMULIMPOBAHHOI MOANOXKM; PacyeT napameTpa pacTBOPUMOCTM MnnbaedpaHaa MOAMMULMPOBAHHOI
NOANOXKM 11 OPraHONONANMEPHbIX CBA3YIOLLMX; ONPeAeNieHne ONTUMaNbHOro COCTaBa KOMMNO3UTHbIX MaTepuUanoB Ha OCHOBE
MOANMULMPOBAHHOTO PACTUTENBHOMO ChIPbS 1 MONMMEPHbIX CBA3YOLLMX. B X0[e paboThl YCTAHOBMEHO, 4TO ANs NpeAcKasaHns
COBMECTMMOCTW MOANCMLNPOBAHHON LIENON03bl PACTUTENbHOMO CbiPbS C OPraHOMONNMEDPHBIMMW CBA3YHOLLUMI MOXET ObITh
NCMNONb30BaH METO/ PacyeTa B3aMMHOI PaCTBOPMMOCTW. Ha OCHOBaHWM 3TOr0 MeTOfa YCTaHOBIEHO, YTO HaMMy4Llas COBMECTUMOCTb
HabMt0aeTCa NpX NCNOb30BAHMMN B Ka4€CTBE CBA3YIOLLMX ANs MOANMDULMPOBAHHOIO PACTUTENIbHOMO ChiPbA M30bITKA Ka3enHa i
nonuypetaHa. [1se KOMNO3nLMN: Ka3enH(M36bITOK)-MOANGMLMPOBAHHAA LIEN/K0MN03a U NONNYPeTaH(M36bITOK)-MOANGMLMNPOBAHHAS
Liennno3a MoryT 6bITb PEKOMEH/0BaHbI AN CO3AaHUS KOMMO3MLMOHHBIX MaTePUanoB Ha UX OCHOBE.

KnioueBble cnoBa: pacTuTeSibHOe Cbipbe, MOAN(ULMPOBAHME, COBMECTUMOCTb, B3aIMHas PacTBOPMMOCTb, 3HEPrus Koresuu,
BaH-/lep-BaasibCOB 06bEM, KOMMO3NLIMOHHbIE MaTepuabl.

KosiekTuB aBTOpOB BbIpaxaeT bj1aronapHocTh AHapero AjiekcaHapoBuuy AckanckoMy (MHCTUTYT 3JIeMEHTOOPTaHMYECKUX COSTMHEHMIT
nM. A.H. HecmesitnoBa Poccuiickoit akagemuu Hayk (MHDOC PAH)) 3a momo1iib B TpoBeIeHUH UCCIEAOBAHNS.

Ins uutuposanms: Ctenuna 11.B., CogomoH M. COBMECTUMOCTb MOANCMLNPOBAHHOIO PACTUTENBHOIO CbIPbS C OPraHOMONMMEPHbIMNA
ceasyowmmm // CtpontenbHbie matepuansl. 2022. Ne 11. C. 92-96. DOI: https://doi.org/10.31659/0585-430X-2022-808-11-92-96

|.V. STEPINA, Candidate of Sciences (Engineering), M. SODOMON, Engineer (Graduate student)
National Research Moscow State University of Civil Engineering (26, Yaroslavskoye Highway, Moscow, 129337, Russian Federation)

Compatibility of Modified Plant Raw Materials with Organopolymer Binders

The aim of this work is to calculate the compatibility of modified monoethanolamine (N—B)-trihydroxyborate plant materials (crushed stems of Sosnowski’s hogweed) with some orga-
nopolymer binders (polyvinyl acetate, polyurethane and casein). To achieve this goal, the following tasks were solved. Calculation of the cohesion energy and the value of the Van der
Waals volume of the elementary link of the modified substrate; calculation of the Hildebrand solubility parameter of the modified substrate and organopolymer binders; determination of

the optimal composition of composite materials based on modified plant materials and polymer binders In the course of the work, it was found that the method of calculating mutual
solubility can be used to predict the compatibility of modified plant cellulose with organopolymer binders. Based on this method, it was found that the best compatibility is observed
when excess casein and polyurethane are used as binders for modified plant materials. Two compositions: casein (excess)-modified cellulose and polyurethane (excess)-modified cellu-

lose can be recommended for creating composite materials based on them.

Keywords: plant materials, modification, compatibility, mutual solubility, cohesive energy, van der Waals volume, composite materials.
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PacturtenbHOE Chipbe, TaKOE, HAIIpUMEp, KaK cTebau
TpaB, KYCTapHMKOB, CTBOJbI 1 BETBU JACPEBbEB, MpPU
OTIPEIEIICHHBIX YCIOBUSIX MOXKET CTaTh OCHOBOW IS
MPOM3BOJCTBA KOMITO3UTHBIX CTPOUTEIbHBIX MaTepua-
JIOB IIMPOKOTO Ha3HAYCHUS. DTO MOTYT OBITh TCIIJIOM30-
JISILIMOHHBIE, OTAEJIOYHbIE WM KOHCTPYKIIMOHHbIE MaTe-
puanbl. [IpyMeHeHMe pacTUTENbHOTO CBIPbSI B COBpE-
MEHHBIX CTPOUTEIBHBIX TEXHOJOTUSIX UMECT LICJIBIA PSIT
MpeuMyIiecTB. Bo-mepBbiX, 3TO 9KOJOTMYHOCTb KOHEU-
HOTO TIPOAYKTa, OOYCIIOBJIEHHAS TPUPOTHBIM IIPOMC-
XOXIEHUEM OCHOBHOI'O KOMIOHEHTa. Bo-BTOpPHBIX, M-
poKast pacIpoOCTPaHEHHOCTh, JOCTYITHOCTh M BO30OOHOB-

JIIEMOCTh WCTOYHHMKOB CBHIPBSI. B-TpeThux, JIETKOCTH
00paboTKH, a Cea0BaTeIbHO, MUHUMAJIbHbIC U3AEPKKU
Ha TIPOU3BOJICTBO, YTO OOECIIEYMBAET BHICOKUI SKOHO-
MuuecKuit a¢eKkT oT ux npuMeHeHus. Bee Bolenepe-
YUCJIEHHOE BBI3BIBACT MOBHIIIEHHBIM MHTEPEC MCCIEH0-
Baresieil K KOMITJIEKCHOMY TTPUMEHEHUIO PaCTUTEIBHOTO
CBIPbs JUIs1 co3aaHus 3(DOEKTUBHBIX KOMITO3UTHBIX Ma-
TEpUaIoB Ha €0 OCHOBE.

IIpuponHoe MPOUCXOXKIEHUE ChIPbsl OO0YCIOBIMBAET
HEOOXOJMMOCTb €Tr0 3alUThl OT OMOKOPPO3UU U OTHS
repej1 IpUMEHEHUEM JIJIST CO3IaHuUsI CTPOUTETbHBIX KOM-
no3utoB. Hanbosee a3¢pheKTUBHBIM CITIOCOOOM 3alUTHI,
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10 MHEHMIO LIEJIOTO psiga uccienosarenei [1—6], sasis-
eTcsl XuMHr4ecKass MOIupUKaLIMS IPUPOTHOTO MaTepra-
na. B mporiecce xuMmuaeckKoro MonubuIIMpoBaHUS Me-
HSIETCSI COCTaB M CTPYKTYpa MOBEPXHOCTHOIO CJIOST KJle-
TOYHBIX CTEHOK PACTUTEITHLHOTO ChIPhsT. DTO HEOOXOTMMO
YUUTBIBATh MPU CO3JAHUU KOMIIO3UTOB C MCIOJb30Ba-
HUEeM MOIM(PUIIMPOBAHHBIX TOMIOXEK, ITOCKOJBKY
MMEHHO TTOBEPXHOCTHBIN CJIOM UTPAET KIIOYEBYIO POJIb
npu (GOPMUPOBAHUM 30HBI KOHTAKTa CO CBSI3YIOILIKM.
B aT0i1 CBSI3M IPOTHO3MPOBAHNE CPOJCTBA ABYX KOMIIO-
HEHTOB (MOIMMUIMPOBAHHOE PACTUTEIbHOE ChIpbe U
OpPraHOIIOJIMMEPHBIC CBSA3YIOIINE) IIPU CO3IaHUM CTPOU-
TEJbHBIX KOMITO3UTOB SIBJISIETCS BEChbMa aKTyaJbHOM
npodyiemoii. PelreHue 3Toil mpoOJieMbl U CTAJIO LEIbI0
Hauiei padboThl.

HecoMHeHHO, 4TO CPOACTBO MEXIYy MaKpOMOJIEKY-
JIaMU Pa3IMIHOTO XMMHUYECKOTO CTPOCHUS CBSI3aHO CO
CPOJICTBOM MX MOHOMEPHBIX 3BeHbeB. [IprMepoM Mo-
KET CIIYXUTb BBICOKOE CPOACTBO HUTPOLIEIIIONO3BI U
nosuBuHWwiIanerata [7]. [lpu OTCyTCTBUM CpOACTBa
MEXIy MOHOMEPHBIMU 3BEHbSIMU TTOJIMMEPBI, 0€3yCI0B-
HO, He coBMemanTcs. Ho m HeorpaHWMYeHHOE CMeIIe-
HUE MOHOMEPOB OTHIOJb HE O3HAYaeT, YTO cCaMU IOJIU-
MepHI OyIyT B3aMMHO pacTBOpUMBI. 11T mporHo3sa co-
BMECTUMOCTH TIOJIMMEPOB HEOOXOIUMO YUYUTHIBATh
CJeAyIOIIre BUAbI MEXMOICKYISIPHBIX B3aUMOICUCTBUI
MeXXIy HUMHU [8]: CBA3bIBaHUE 32 CUET OOPa30BaAHUS BO-
MOPOAHBIX CBSI3EH U MEXMOJEKYJISIPHOE BOMOPOIHOE
CBsI3BIBaHME. BhICOKOE 3HAaUCHME B 3TOI CBSI3U UMEIOT U
crieruIecKkrue MeXMOJICKYJISIpHbIE B3aUMOICICTBYS,
Takue KaK AUIMOJIb-IUMNOJbHOE (OPUEHTAIIMOHHOE/KM-
COMOBCKOE); nepopMaliioHHOe (MHOYKIIMOHHOEe/ meda-
€BCKOE) U IUCIIEPCUOHHOE (JIOHIOHOBCKOE) B3aUMO-
nevictBus [9]. ABTopsl paboTsl [ 10] BEIIBUTAIOT KOHIIETI-
LIMIO «B3aMMOIOIIOJHSIONIET0 Pa3inudus», COrJIacHO
KOTOPOII HEOTpaHUYCHHOE CMEIIeHHUE MTOJTMMEPOB BO3-
MOHO B TOM CJIy4dae, eCJIi MaKPOMOJIEKYJTbI KaxKI0TO 13
HUX COAEpPXAT pa3IMuHble (DYHKIIMOHAIbHBIC T'PYIIIHI,
CIIOCOOHBIE BCTyNaTh BO B3aMMOICHCTBHE OPYT C IPy-
roM. B paGotax [11, 12] ycTaHOBIEHO, YTO HaWJy4IlIas
COBMECTUMOCTh HaOJIOaeTCs Uil MAaKpPOMOJIEKYT C
TTPOTUBOIIOJIOXKHBIMU TI0 (PYHKIIMOHAJILHOCTU TPYIITa-
MU. BiausiHue 371€KTPOOTPULIATEIBHOCTH 3aMECTUTENEH
Ha COBMECTMMOCTH TMOJMMEPOB PAaCCMOTPEHO B pabo-
tax [13, 14].

B npeacraBieHHo# paboTe B Ka4eCTBE PACTUTEITLHOTO
CBIPbSI aBTOPBHI MCITOJIb30BaIM M3MEJbYCHHBIE CTEOJIU
o6opiieBuka CoCHOBCKOTO, MOAU(DUIIMPOBAaHHBIE MOHO-
sraHonamuH(N— B)-tpurnapoxcudoparom (MOATTB).

B xauecTBe CBA3YIOLIMX pacCMaTPUBAIU MTOJMBUHUI-
anetat (I1BA), momuyperan (ITY) u Ka3eMHOBBIN Kieit
(KK). AHanu3 COBMECTUMOCTH MOIMMUIIMPOBAHHOMI
MOBATTDB uenntono3sl 6oplIeBUKa C OPraHOMOIUMED-
HBIMM CBSI3YIOIIUMU OBLT MPOBEJCH Ha OCHOBAHUY KPU-
tepueB (1) u (2), mpemioxKeHHBIX B padorax [15, 16].

CoBMECTUMOCTh HAOIIOOACTCS, €CU IIPU BBEICHUU

NEPBOro mnmojaumMepa Bo BTOpOI71 BBITTOJIHACTCA yCJIOBUEC!
2

dn,
b= 52 <1374y (M

Ipu BBEACHWU BTOPOTIO IMOJIMMEDPA B HCpBbeIZ

Saz
W=

1

<1.374p,, )

rae 01 u 0p — mapameTpbl PaCTBOPUMOCTH ITOJIMMEPOB
1 1 2 COOTBETCBEHHO.
CornacHo UCTOYHUKY [16]:

B=a (q: - J 2+ _ 20 @:;;)0’5 >; 3)

_ _ 2 4 Ynz Vo2 |2

R N L e oy
1€ Yy | U Yy, — MOBEPXHOCTHBIC SHEPIUU IIOIMMEPOB
1 1 2 COOTBETCTBEHHO.

3HaueHue @ (5) pacCUMTHIBAETCSI Yepe3 OTHOLICHUE
MOJISIPHBIX 00BEMOB MOJUMEPOB [16]:

_ 4(Vn,1Vn,2)1/3 (5)

(i)

rae V1 1 V2 — MOnApHBIE 00bEMbI TIOJMMEPOB 1 1 2
COOTBETCTBEHHO.

IIpeackaszaHue COBMECTUMOCTU IIIMPOKO pPacIpo-
CTpPaHEHHBIX TTOJIUMEPOB BO3MOXHO OCYIIECTBUTH C T10-
mouibio DBM nporpammel «Kackagy (MHOOC PAH)
IyTeM pacyeTa BEJIWYUH ITOBEPXHOCTHOTO HAaTSKe-
HUs (Y), TapameTpa pacTBopuMocTd (8) U MOJISIDHOTO
oonema (V), HeoOXOTMMBIX TSI aHalW3a COBMECTUMO-
cti. Ho MoOCKOJBKY CTpyKTypa MOAUGHUIIMPOBAHHON
LIeJUTION03bl HEe 3ajoXeHa B Iporpammy «Kackam», To
pacueThl OBITN BBITTOJIHEHBI BPYYHYIO.

Ban-nep-BaanbcoBbl 00beMbl aTOMOB (AV}) paccum-
ThIBaJIM 110 (hopmyite (6) [16]:

AVi= % * TIR3 —Zi“hiz(3R_hi)’ ©)

rae R — MeXMOJIEKYISIpHBIA pagnyc ITaHHOTO aToMa;
h;j — BBICOTA 1IAPOBOTO CEIrMEHTA, KOTOPbII OTCEKAeTCsI
Ha JTAaHHOM aTOME€ COCEIHUM XMMWUYECKU CBSI3AHHBIM C
HUM aTOMOM.

Benuaunsb! A; Berauciisuii mio popmyste (7) [16]:
_ R*d{-R! (7)

Zdj >

rae R; — MeXMOIeKYJISIPHBIN panyc COCETHEr0, XUMM-
YeCKU CBSI3aHHOTO aToMma; d; — JJIMHA XUMWUYECKOWU
CBSI3U.

3HaYeHUs JUIMH XUMUYECKUX CBSI3EN U MEXMOJIEKY-
JISPHBIX PAJINYCOB aTOMOB Opaji U3 JIUTEPATYPHBIX UC-
TO4HUKOB [17—19]. CornmacHo MpOBENEHHBIM paHHEe
uccaegoBanusam [20, 21] anemMeHTapHOE 3BeHO MOAU(DU-

hi=R

Hn_ol H| Hlll Hm
AN é |
/T‘_ ITI_ | " |c:l_ Olll_ Hn
H"_O' [ m m
?.. H H" H
HIII_ Cl —_— Hlll

Puc. 1. MoanduumpoBaHHbIi pparMeHT S/1IeMEHTapHOr0 3BeHa Lie/To103bl
Fig. 1. Modified fragment of the elementary unit of cellulose
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Ta6nuua 1
Table 1
PaccuntaHHble 3Ha4€eHUA BEJINYUH BbICOT LWAapPOoBbIX
CerMeHTOB U BaH-Aep-BaasibCOBbIX 00bEeMoB aTOMOB
Calculated values of the heights of spherical segments and
van der Waals volumes of atoms

ATOoM hi, A AV;, A3
12 hO—H:0,597
O hos=1.008 7,101
" ho.c=1,073
) ho.4=1.008 3,637
e ho.c=1,074
© ho.=0,598 5.6
hc,0:0,586
c’ he.g=0,394 16,21
he.c=1,08
hen=0,8321
c" he.5=0,394 14,63
hc_c=1 ,03
h3,0:0,652
B Ny =077 10,48
hN,B:0,851
N hy.1=0,523 5,8
hy.c=1,168
H' hy y=1,137 3,5
H" hy,0:0,853 4:7
H"" hy.c=1,496 2

LIMPOBAHHOM 11eJUTI0JIO3bI OOPILIeBMKA MOXKET OBITh ITPe/I-
CTaBJICHO ClieAylomuM obpa3oM, puc. 1. Ob6o3HauMM
LITPYUXaMU TOBTOPSIOIIMECS aTOMbI 3JIEMEHTOB B €ro
COCTaBe, MMEIOIINE CXOTHOE OKPYKCHME.
PaccuntaHHbBIe BEJIMYMHBI BBICOT IIAPOBBIX CErMEH-
TOB M BBIYMCJICHHBIC HAa MUX OCHOBE 3HAUCHUS BaH-ICpP-
BaaJbCOBLIX 0OBEMOB aTOMOB IpeACTaBAEHbI B Ta0JI. 1.
Ha ocHoBaHMM faHHBIX TabJ1. 2 paccunTaay BaH-JIep-
BaaJIbCOB 00BEM ITOBTOPSIIOIIEIOCS (hparMeHTa ILIEJITI0-
J1I03bI OOpLIEBUKaA, MoauduLIMpoBaHHOro MOATD:

Z AV, = 2 % AVyr + AV + AV + 2 % AVpr + AVprr +
L

+ AVB + AVN + 2 * AVHI + 3 * AVH” + 6 * AVHIH;

ZAl/l-=2*7,101+3,64+5,6+2 * 16,21 + 14,63 +
L
+10,48+58+2 *3,5+3%4,7+6%*2;

Z AV; = 119,75 A3,
i

DHEPTUI0 KOTe3WU PACCUMTHIBAIM CIIECAYIONIUM 00-
paszom [16] (8):

Z AE; =4 AE}+11 % AE}; + 3ME; + AEj +AEj +x; (8)
ZAE; =4%596+11%200+ 3%2300 +5040+16423+x;
L

ZAE; = 32947 + x,
L

o€ X — SHCPIUA KOIre3mmn aroMma 60pa.

Benuuuna Op
uuio [16] (9):

pacCyuThIBa€TCA IO ypaBHEC-

AE* _ YiE] (9)

62 = =
UL Ng#SiAV; T NasZiAvy

rne AE*=kAF) — sHeprus KOre3uu XUIKOCTH WIN T10-
BTOPSIOLIErOCsl 3BeHa MOJIMMEpa, YMEHBIIEHHAas BO
CTOJIBKO pa3, BO CKOJIbKO BaH-JI€pP-BaalbCOB O0OBEM MO-
JIEKYJIbI WM 3B€Ha MEHbIIIe MOJBHOIO 00beMa; kK — KO-
3¢hGUIMEHT MOJIEKYISIPHONM YMAaKOBKU KUAKOCTU WA
noaumepa; Ny — uucio ABoraapo.

[Mapamerp pacrtBopumoctu I'minbaebpanma Oy pac-
CYUTBLIBAJIX MO cooTHoLeHuIo [16] (10):

5 _, iEf
1 Na*X%iAv;’

B namem cJydyac BCIMYMHA O 3aBUCUT OT BeJIUYM-

HBbI X:
Sy = |—2ibi
M=\ Ng*Z AV,

(10)

32947 + x  _
0,6023 *Y; AV;

_ | 32947+x _ [32947 +x
0,6023 * 119,75 ~ 72,125
nOBerHOCTHOC HaTAKCHUC paCCUMTHIBAJIN I10 YpaB-

Henwmio (11) [16]:
4j+YiEj

2L, 11
¥ (11)

Ym=
rIe COMNIACHO JIUTEpPaTYpHBIM MCTOYHUKaM [16]
A;j=0,0287. Torna NOBEpXHOCTHOE HATSXKEHUE MTOBTOPSI-
fo1rerocs (pparMeHTa IeJUTI0IO3bI OOpIIeBUKA, MOTU(U-
uupoBaHHoro MOATT B, paccuuThIBaeTCsl MO COOTHO-
meHuo (12):
Aj+YiE{  0,0287%(32947+X) _
(119,75)°

= 0,0011813127(26351 + x).

(12)

BeamuuHb O ¥ Y IpU pa3HbIX 3HAYCHUSIX X TIPUBEIC-
HBI B Ta01. 2.

Ta6nuua 2
Table 2
BenunuuHbl § n y ana noetopsowerocsa ¢pparmeHta
uennono3bl 6opesrka, MmoanduLMpoBaHHOIoO
MO3ATIB, npu pa3HbIX 3HAYEHUAX X
The values of d and y for a repeating fragment of cellulose
of hogweed modified with MEATGB at different values of x

BenuuuHa x MapameTp MoBepxHOCTHOE
JIx/MOnb ' pacTBOPUMOCTH d, HaTsxXeHue v,
(x/cm3)1/2 MH,/M2
0 21,37 38,92
1000 21,69 40,1
3000 22,32 42,46
3640 22,52 43,22
5000 22,94 44.83
7500 23,68 47,78
10000 244 5073

HAYYHO-MeXHU4eCKUll U npou3800CEeHHbLI JCYPHAA
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1,8
1,6 - \
1,41

2 "\
121 “\

oe "

0,6 — 1

1,374B1/u1 & 1,374B2/112
/
()}

0,4 A

02

0

x=0  x=1000 x=3000 x=3600 x=5000 x=7500 x=10000

3aBMCMMOCTb COBMECTUMOCTM MOAUPULIMPOBAHHON LIENI0N03bl C HEKOTO-
pbIMU NONMMEPaMK OT BEIMYUHBI SHEPrnM Koresnmn atoma 6opa (x) v npu-
poabl nonmmepa: 1 — m.cell+PVA(exc); 2 — m.cell+PVA; 3 — m.cell+PU(exc);
4 — m.cell+PU; 5 — m.cell+casein(exc); 6 — m.cell+casein

Dependence of the compatibility of modified cellulose with some polymers
on the cohesion energy of the boron atom (x) and the nature of the polymer:
1 — m.cell+PVA(exc); 2 — m.cell+PVA; 3 — m.cell+PU(exc); 4 — m.cell+PU;
5 — m.cell+casein(exc); 6 — m.cell+casein

MoOJIBHBIE  00bEM PpacCYUTHIBAIIA [0 ypaBHeE-
Huio (12) [16]:
Ng*Y AV
an = =
k 0,681

Vi = 105,92A3.

0,6023+119,75
; (13)

ITogo6HBIM 00pa30M OB PACCUMTAHBI TAPAMETPhI
pPacTBOPUMOCTU U TTOBEPXHOCTHOTO HATSKCHMS IS
OPraHOIOJMMEPHBIX CBIA3YIONIUX — MOJUBUHUJIALIETA-
ta (ITBA), monuyperana (ITY) u kaszemHOBOro Kjies
(KK). [MonyuyeHHbBIEe 3HAUYEHUS UCTIOJIB30BAJIU JIJISI pac-
yeTa KpUTePUEB COBMECTUMOCTHA MOAUMDUIIMPOBAHHOM
LIEJIII0JIO3bI C OPraHOIOJMMEPHBIMU CBSI3YIOIIUMU.
CucrteMaTU3MPOBAHHBIC DPE3YJbTAThl PACUETOB TIPe-
cTaBJieHbl Ha pucyHKe. [TosydyeHHbIe JTaHHbBIE TTOKA3bI-
BAIOT, YTO MNPHU CMECIIMBAHUU MOAUGMUIUPOBAHHON
1IEJUTIONI03bl PACTUTENbHOTO Chipbsl ¢ ITBA mpakTuue-
CKM JUISI BCEX 3HAUCHMI SHEPIUU KOTe3uu aToma 0opa,
3a UCKJIIOYEHUEM HYJIEBOW, COBMECTUMOCTD Ha0 oA~
eTCs MpU U30bITKE MOAU(PULIMPOBAHHON LIEIIONO3HI.
ITpu u36eiTKe [IBA TOABKO MpU HYJIEBOM 3HAYEHUU
SHEPruu Kore3uu aroma 6opa BeposiTHa YAOBJIECTBOPU-
TeJIbHAsI COBMECTUMOCTD. I1pu ncmoabp30BaHNM B Kaue-
CTBE CBSI3YIOIIMX JIJISI MOAM(DUIIMPOBAHHON LIEJITIONO0-
3bl PACTUTEJBHOTO CBIpbS MOJMYypeTaHa M Ka3eMHa
YIOBJIETBOPUTEIbHAS COBMECTUMOCTb BEPOSITHA IIPU
U30BITKE CBSI3YIOUIMX MPU JIOOBIX 3HAYEHUSIX SHEPTUU
Kore3uu atroma dopa.

W3 ypaBHeHuii (1) u (2) MOHSTHO, YTO COBMECTUMOCTb
9JIEMEHTAPHbBIX 3BEHBEB MOJIMMEPOB BEPOSITHA TP YCII0-
Buu (1,374B1/u1)>1 u (1,374B2/u3)>1. Ilpuuem oueBuI-
HO, YTO 4YeM OOJIbllle aOCOTIOTHOE 3HAYCHUE YACTHOTO,
TEM BBIIIE COBMECTUMOCTh MojuMepoB. M3 puc. 2 Bun-
HO, YTO HaMXyIIIel COBMECTUMOCTBIO M3 MCCIEAYeMbIX
rmap TOJUMEpOoB oOJamaeT mapa MOAMMUIIMPOBAHHAS
Hesutos03a(M30bIToK)-noauypetad  (m.cell+PU(exc)).
HemHoro y4iireit COBMECTUMOCTBIO, HO, OJHAKO, BCE Ke

HEYJIOBJIETBOPUTEILHOM 00J1a1a10T Mapbl MOAU(PUIIMPO-
BaHHasl 1LeJUT0J103a(M30bITOK)-KasenH (m.cell+casein)
u  MoauduLMpoBaHHas uetoao03a-ITBA(1M30bITOK)
(m.cell+PVA(exc)). [lepeuncieHHbIe mapbl TOJIUMEPOB B
YKa3aHHBIX COOTHOIIICHUSX HE MOTYT OBITh PEKOMEHIOBA-
HBI U CO3IaHUS KOMITO3MLIMOHHBIX MaTePUAJIOB Ha WX
OCHOBE 13-3a HEYIOBJIETBOPUTEIHLHON MTPOTHO3UPYEMOiA
COBMECTHMOCTH.

Hawnnyuieit COBMECTUMOCTBIO U3 UCCIEAYEeMBbIX T1ap
MOJMMEPOB 001agaeT MOAUMUIIUPOBAHHAS LIEJTI0I03a-
Ka3enH(u30bITOK) (m.cell+casein(exc)). Ha BTopom me-
CT€ MO COBMECTUMOCTH I1apa MOAMGUIMPOBAHHAS
LIeJUTI0I03a-TToInypeTaH(130bIToK) (m.cell+PU(exc)).
CyllecTBeHHBIN OTPBIB 3TUX ITap ITOJUMEPOB OT MEHEe
COBMECTUMOI Mapbl MOAMMULIIMPOBAHHAS LIEJTIOI03a
(130b1TOK)-TTBA (m.cell+PVA(exc)) MoxXHO 00OBsic-
HUTh BBICOKMM CPOACTBOM Ka3eMHa U MOJWypeTaHa,
COCTOSIIIMX U3 3JIEMEHTaPHBIX (DparMEeHTOB, BCTpPeUaro-
IIMXCS B XKMUBOW MPUPOIE, U IIPUPOTHBIM ITOJIMMEPOM —
LIEJUTIOJIO301.

Takum obpaszom, Il TIpeacKa3aHusl COBMECTHMO-
CTU MOAUMULIMPOBAHHON LEJII0J03bl PACTUTEIBHOTO
CBIPbSl C OPraHOIOJMMEPHBIMU CBI3YIOIIUMU MOXKET
OBITH MCIOJB30BaH METON pacyeTa B3aMMHOI pacTBO-
puMocTti. Ha oCHOBaHMM 3TOro MeTOIa YCTAaHOBJICHO,
YTO HAWJIy4Illasi COBMECTUMOCTh HAOJIIONaeTCsl TIPU UC-
ITOJIb30BAHUH B KaUeCTBE CBSI3YIOIINX IJII MOIMMDUIIN-
POBaHHOM LIEJUTI0JI03bI U30BITKA Ka3eHA U MOJUuypeTa-
Ha. JIBe KOMMO3ULIMU: Ka3euH(M30bITOK)-MOIUMUII-
pOBaHHas 1IeJUII0I03a U MOoJMypeTaH(U30bITOK)-MOIM-
¢umpoBaHHas LEJII0I03a MOTYT OBITh PEKOMEHI0BA-
HBI JIJIST CO3MaHNST KOMIIO3UIIMOHHBIX MaTepPHaJIOB Ha MX
OCHOBE.
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HaK NOAroTOBHTL K NYGMHKALMM HAY4HO-TEXHHYBCKYID CTATbIO

JKypHanbHas Hay4yHO-TeXHWYecKas CTaTbl — 3TO COYWUHEHME HebGONbLIOro pasmepa (4O NATU XKYPHANbHbIX
CTPaHNL}), 4TO camo Mo ce6e onpeLenseT rpaHuLibl M3N0XEHNs TeMbI CTaTbU.

HeobXx0AMMbIMM 31EMEHTaMI HAy4HO-TEXHUYECKON CTaTbl ABNAIOTCA:

— MOCTaHOBKA Npo6/embl B 06LLEM BILE 1 €€ CBA3b C BXHLIMU HAYYHbIMI UAN NPAKTUYECKUMM 3ajaqamu;

—  aHanu3 MoCrefHMX LOCTKEHNA U ny6nnkaLumnii, B KOTOPbIX HA4YaTo pelleHne LaHHOW NpobsieMbl U Ha KOTOpble
OnupaeTcs aBTop, BbIAENEHNE PAHEE He PeLLEHHbIX YacTell 06Lei npo6nemMbl, KOTOPbIM NMOCBALLEHA CTaTbS;

— (hopmynupoBaHue Lienem cTatby (MOCTAHOBKA 3afa4n);

—  N3MI0XKEHWe 0CHOBHOr0 Marepuana uccrefoBaHus ¢ nosHbIM 060CHOBAHUEM MOJTYHEHHbIX Pe3y/bTaTos;

—  BbIBOJbI U3 JAHHOIO UCCe0BaAHMSA U NEPCMEKTUBLI JarbHeALero noucka B 36paHHOM HanpasieHN.

Hay4Hble CTaTby peLeH3npyrTCs cneuuanmcTami. Y4nTbisas OTKPbITOCTb XXYpHana «KuUnnLHoe CTPOUTENTbCTBO»
ANA YYeHbIX U UCCneaoBaTenell MHOMUX [ECATKOB Hay4HbIX y4pexaeHuii n By3os Poccun m CHI, npeacrtasutenu
KOTOPbIX He BCe MOryT ObiTb NPEACTaBNieHbl B PeJAKLUWOHHOM COBETE W3LaHUs, XKEenatesibHo NpeAcTaBnaTh
OAHOBPEMEHHO CO CTaTbel OTHOLLEHWE Y4EHOr0 COBETA OpraHn3auuu, rae nposejeHa pabota, K npeAcTaBnseMomy K
ny6nukawuu matepuany B Buae CONPOBOAUTENBHOTO NUCbMA UK PEKOMEHLALMN.

bubnuorpachuyeckme CNUCKU LMTMPYEMOIA, NCMOMb30BAHHOK NUTEpaTypbl AOMKHbI NOATBEPXAATb CNEA0BaHNe
aBTOpa TPe6OBAHUAM K COAEPXKAHMIO HAYYHOIA CTaTbK.

HE PEKOMEHLYETCS:

1. BknoyaTtb ccbinku Ha (hefepanbHble 3aKoHbl, Noa3akoHHble akTbl, TOCTbl, CHullbl M gp. HOpMaTUBHYHO
nuTepatypy. YnoMuHaHMe HOPMATUBHbIX JOKYMEHTOB, HA KOTOPbIE OMMUPAETCS aBTOP B WCMbITAHWAX, pacyeTax wuian
aprymeHTaunu, nyyiie aenatb HeNoCPeACTBEHHO N0 TEKCTY CTaTby.

2. Ccbinatbes Ha y4ebHble U y4e6HO-METOAMYECKNe NOCOOUS; CTaTbn B MaTepuanax KOH(epeHLUmnin n c60pHMKax
TPYLOB, KOTOPbIM He NpucBoeH ISBN 1 KOTOpble He NoNafatoT B BefyLLMe 6UBIMOTEKN CTPaHbl U He WHLEKCUPYHTCA
B COOTBETCTBYHLLMX 6a3ax.

3. Cebinatbes Ha guccepTauun u asTopedieparbl SUCCepTaLuil.

4. CamounUTUpPOBaHWE, T. €. CCbINKM TONbKO Ha COBCTBEHHbIE My6nvKauuu aBTopa. Takas npakTuka He TONbKO
HapyLLAEeT 3TUYECKNE HOPMbI, HO U MPUBOAMT K CHUXKEHNIO KONNYECTBEHHbIX NYONNKALNOHHBIX NOKa3aTenen aBTopa.

OBA3ATEJIbHO cnepyer:

1. Cebinatbes Ha cTaTby, ONy6NMKOBaHHbIE 3a NOCNeAHNe 2—-3 rofa B BEAYLLMX OTPACNEBbIX HAYYHO-TEXHUYECKNX
1 Hay4YHbIX M3LAHUAX, HA KOTOPbIE OMWPAETCA aBTOP B MOCTPOEHMM APryMeHTauuu unu MOCTAHOBKE 3ajayu
NCCNEAO0BaHNS.

2. Ccbinatbes Ha MoHorpadun, ony6nvKoBaHHbIE 3@ MOCREAHWE NATb NeT. bonee [aBHME UCTOYHUKN TakXe
HEraTBHO BAMAIOT HA NMOKa3aTenun ny6n1KaLMOHHON aKTUBHOCTM aBTOpa.

HeCOMHEHHO, 4TO BO3MOXHbI CCbIIKW 11 HA KNAcCU4ecKue paboTsl, 0AHAKO He ClelyeT 3abbIBaTh, 4TO HayKa BCeraa
pa3BuBaETCS NOCTYNATeNIbHO BNEPeA W He3HaHWe aBTOPaMM MOCNEAHUX JOCTMXKEHUI B 061aCTU UCCIeL0BAHUIA MOXET
NPUBECTU K AY6NMPOBAHNIO PE3yNbTaToB, OWKMGKaM B MOCTAHOBKE 3afjaqi UCCNe0BaHUs N HTEpNpeTauny LaHHbIX.

BHUMAHUE! C 1 auBapsa 2020 r. usmMeHeHbl Tpe6oBanua K ochopmnennto crated. 0693aTeNbHO 03HAKOMbTECH
¢ Tpe6oBaHMAMM Ha cailTe U3naTeNnbLCTBa B pasfene «ABTopam»!

Ctatbu, Hanpasnsemble Ans ONy6JMKOBAaHMSA, LOMKHbI OPOPMAATLCH B COOTBETCTBUN C TEXHUYECKUMU
Tpe60oBAHMAMU U3LAHUN:

— TeKCT cTaTbl Ao/mKeH 6bITb HabpaH B pepaktope Microsoft Word n coxpaveH B doopmarte *.doc unm *.rtf u He
JOKEH COAePXaTb MNMKCTPALMNIA;

— rpacuyeckuin matepuan (rpacpukm, CXembl, YepTEXK, AMarpammbl, FIOrOTUMbI U T. N.) JOMKEH 6biTb BbIMOHEH B
rpachuyecknx pegaktopax: CorelDraw, Adobe lllustrator n coxpaHer B hopmartax *.cdr, *.ai, *.eps COOTBETCTBEHHO.
CkaHupoBaHme rpachnyeckoro matepuana MU WMMOPTMPOBAHWE €ro B MEPEYMCIIEHHbIE BbILIE PEAAKTOPbI
HeJonycTUMOo;

—  WNNKOCTPATUBHBLIA MaTepuan (dpotorpacmm, KONnaxm u T. n.) He06X0AMMO COXPaHATb B (popmate *.tif, *.psd,
*.Jpg (Ka4ecTBO «8 — MakcuManbHoe») unn *.eps ¢ paspelleHnem He meHee 300 dpi, paamepom He MeHee 115 MM
no LunpuHe, ugetosas moaens CMYK unu Grayscale.

Martepuan, nepefasaemblil B pefakuuio B 3NEKTPOHHOM BWZE, JO/KEH COMPOBOXAATLCS: PEKOMEHATEeNbHbIM
NUCbMOM PYKOBOAWTENA NPEANPUATUA (MHCTUTYTA); NULIEH3NOHHLIM JOTOBOPOM O Nepejade npasa Ha nybnukaunio;
pacneyaTkoi, MMYHO NOANMCaHHOW aBTopamu; pedoepatoM 06beMom He MeHee 100 CNOB Ha PYCCKOM 1 aHIIUACKOM
A3blkax; NOATBEPXKAEHNEM, Y4TO CTaTbsl NpefHa3HayeHa ang nybnukauuu B xypHane «CTpouTenbHble Matepuansi»,
paHee HUrge He Ny6AMKOBaNach 1 B HACTOALLEE BPEMS He nepejaHa B Apyrue W3faHus; ceefeHusaMu 06 aBTopax ¢
YKa3aHWeM MOSIHOCTbIO (DamuanmM, WMEHW, OTYECTBA, YYEHOW CTENneHW, AO/KHOCTW, KOHTAKTHbIX TenewOHOB,
NOYTOBOr0 W 3NEKTPOHHOrO aApPecoB. VnmocTpatuBHbI Matepuan AOMKeH OblTb NMepefaH B BUAE OPUrMHANOB
choTorpadomnit, HeraTBOB UMK CaA0B, pacneyaTkn ¢annos.

B 2006 r. B xypHane «CTpouTenbHble MaTepI/IaJ'IbI>>® 6bI ony6nMKoBaH psaf cTatelt «HadmHaroLwemy aBTopy»,
03HAKOMUTBLCS C KOTOPbIMU MOXHO Ha canTe »ypHana www.rifsm.ru/files/avtoru.pdf

IToapoOHee MOKHO 03HAKOMHTBCS ¢ TPEOOBAHMSAMH HA caiiTe W34aTeJbCTBA
http://rifsm.ru/page/7/
WIu XKypHaJa http://journal-cm.ru/index.php/ru/avtoram




KOHKYPC HAYHO-TIPAKTUHECKIX CTATEN g it
Texvonoruyeckasn 6e30nacHocTb FHNCOBOA OTPACHK:

NB3YNbTATDI HAYYHBIX HCCABTOBAHHA
[1A3BHTHE TEXHOMOIHA H 06OPYROBAHNA
NPUMEHEHUE THNCOBBIX MATEPHANOB B CTPOUTENLCTBE

Pepakums Hay4HO-TeXHU4ECKOro XypHana «CTpouTenbHble MaTepuansl» n Poccuiickas runcoeas accoumaums
06BABNAIT KOHKYPC HAay4HbIX M HAY4HO-NPaKTUHECKMX CTaTei No rncoBon TeMaTyike.
B KoHKypce NpuHUMAlOT yyacTue cTatbi, onybrimkoBaHHble B TedeHue rofa ¢ Ne 8-2022 r. no Ne 8-2023 r. no temam:
e Pesynbrathl Hay4HbIX UCCIEOOBaHMI B 0611aCTW CO3LaHUS HOBbIX
¥ ONTYMM3ALUN CYLLECTBYIOLLIMX MMCOBBIX MaTepuasos
* PasBuTne TEXHONOrMM NPON3BOACTBA MMMNCOBbIX MaTepUanos 1 3enn
* TexHOreHHbIE MMMNCOBbIE OTXOMbl U BO3MOXHOCTb X BOBIEYEHUS B MPOU3BOLACTBO
* [pMMeHeHVe rncoBbIX MaTepruarnos B CTPOUTENLCTBE

O6bsBNEHUe UTOTOB KOHKYPCa M Harpax/eHue nobeauteneil cocTouTcst B pamkax 11-i MexyHapopHOi Hay4HO-NPaKTUHECKOI KOHAepeHLMM
«MoBbILUEHVE 3GheheKTUBHOCTH NPOU3BOACTBA M NPUMEHEHNSI TUNICOBbIX MaTepHanos i U3genmii»
K y4acTuio B KOHKYpCe npurnaluaiTcs:

MarucTpaHThl, aCrMPaHTbI, [JOKTOPAHTbI, COUCKATENM YHEHOM CTeNeHn KaHamaaTa u [OKTopa Hayk,
COTPYAHMKYM NPOVU3BOLCTBEHHBIX MPEANPUATUI 1 HAy4HO-NPOU3BOLACTBEHHbIE KOMNEKTMBI.

Pykonwucu ctateit He06X0QMMO NPeacTaBnsATh B pefakLUmio B COOTBETCTBUM C TEXHUHECKUMU TPebOBaHNAMM
(cm. pasgen «ABTopam» Ha caiTe xypHana https://journal-cm.ru/index.php/ru/avtoram)
C NOMETKOW «Ha KOHKypC cTaTtew no runcy».
KpaviHuii cpok nofadm KOHKYpCHbIX ctaten 1 uons 2023 r.

KoHKypcHas Komuccusi onpeaensieT nyyLume cTaTby U 06bsBNsieT nobeauteneil KOHKypca.

Mo6eauTenn KoOHKypca HarpaxaatTcs LeHHbIMW Nogapkamm,
rofOBOW NOAMMUCKOM Ha XypHan «CTpouTenbHble MaTepuanbl» Ha 2024 r. 1 gunioMamu naypeara.

ABTOpaM BCEeX KOHKYPCHbIX crarew Bpy4aroTCa AUnnoMbl yHaCTHUKOB KOHKYpCa.
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