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Jis pa3BUTHS HOBBIX TEXHOIOTHUH B COBpE-
MEHHOM TpPa)kJIaHCKOM, IPOMBIIUIEHHOM U J0-
POXXHOM CTPOUTENBCTBE OCOOBI WHTEpeC Mpe-
CTaBJIIFOT MaTepUaNbl Ha 0a3e MPOMBINUICHHO BHI-
myckaembix mnonuyperanoB (1Y) um yperaHoBbix
onuroMmepoB [1-3]. bmaromapss TemnocToMKoCTH,
3JACTUYHOCTH, BOJIOCTOMKOCTH, a TaKXKe CTOM-
KOCTH K BO3JCHCTBUIO HEOPraHWYECKUX COJIEH,
Macen, OensmHa [IY mnpumensroTcs mis 3amen-
KU IIBOB CTPOUTENBbHBIX COOPY)KEHHH, TpEIIUH
Y BBIOOMH aBTOMOOWJIBHBIX JIOPOT U a3pOJpOMOB
C IIEMEHTHO- U ac(albTOOETOHHBIMU TTOKPBHITUIMHU
[4-7]. Kpome TOro, omHMM M3 MEPCHEKTUBHBIX
HampaslieHui npuMmeHeHus IIY B cTpouTenscTe
SIBJIIETCSI TIONTydeHue moiauMepoeronoB. B [8] mo-
Ka3aHa TMPUHIMIAATbHAS BO3MOXXHOCTH H3TOTOB-
JIeHWsI TIOIMMEpPOETOHOB C HCIonb3oBaHueM I1Y
cmonsl (Macroplast UK 8103 ¢upmbl «XeHKenb)
U MecYaHO-IpaBUNUHON cMecu. OCHOBHBIM CEPKU-
BarOIUM ()aKTOPOM Pa3BHUTHS JAHHOTO HarpaBiie-
HHS SBJISETCS BhICOKas cTtonMocTh I1Y, uro memaer
HEKOHKYPEHTOCIIOCOOHBIMH  TTOTMMEPOETOHBI  OT-
HOCUTENNBHO TPAJUIIMOHHBIX CTPOUTEIBHBIX MaTe-
pHUaJoB.

OpHuM W3 TyTel peleHnus MpoOJIeMbl CHIDKE-
HUS CTOMMOCTH MaTepuaioB, comepxammx IIY,
SIBJISIETCSI HCITOJIb30BaHMe BTOpUIHEIX [1Y, T. €. mo-
JMydeHre MyTeM PEUKINATa U3 UX OTXOJOB OJH-
TOMEPHBIX TIPOAYKTOB, MPUTOMHBIX TSI Pa3IHIHO-
TO WCTONH30BAHUS, B TOM YHCIE W B CTPOUTENb-
ctBe. OHAKO IS YCIIENIHOTO MPUMEHEHUS OJH-
TOMEpPHBIX TPOAYKTOB, MOIYYEHHBIX W3 OTXOJOB
I1Y, TpebyroTcs moHWMaHWE CHEeMU(UKA HX OT-
BEpIKJSHSI, U3yUeHHE BIHUSHHUS Pa3IIMYHBIX (Dak-
TOPOB Ha 3TOT IPOIIECC C IENbI0 YIPaBISHUS TeX-
HOJIOTHYECKHMH TapamerpamMul  (QOpMOBaHUS U
CBOWMCTBaMH KOHEYHOT'O TTPOAYKTA.

B cBs3u ¢ 3TUM 1IeNbIO TaHHOW pabOTHI SIBIIS-
IOTCSl MCCIIEZOBAaHHE OCOOEHHOCTEH OTBEpIKIEHUS
BTOPHUYHBIX OJUTOMEPOB, TOIYIECHHBIX ITyTEM Tep-
MHYECKOH IETOIMMEpH3aIlii OTXOA0B Ha OCHOBE
cumthix 1Y B IpUCYTCTBUU U30LMAHATHOIO CILIH-
BAIOITETO arcHTa, aHaJln3 CBOWCTB OTBEP KICHHBIX
MIPOAYKTOB, a TaKXe M3ydeHHe BO3MOXKHOCTH TIO-
JIy9EeHUS ¢ MCTIOIL30BAHNEM IPOAYKTa OJIUTOMEp-
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HO-OUTYMHBIX BSDKYIIMX KOMIIO3MLUN JUISL JOPOXK-
HO-CTPOUTEIBHOTO U CTPOUTEIHHOIO IPUMEHEHUH.

B pabore mcmonmb3oBanmyd amayKT IS OUTyM-
HBIX MatepuanoB (ABM, TY BY 400084698.226—
2009), nomydeHHslii B HCTUTYTE MEXaHUKH Me-
TaJUTONOJIMMEPHBIX cucTeM MMeHH B. A. bemoro
HAH benapycu myreM TepMHUYECKOH IeIToiImMe-
pHu3anuu oTX0/10B Ha ocHoBe cinThix ITY. Mcxon-
HEIE ABM mpencraBiser co0oOil 3aTBEpACBIIYIO
Maccy KOPUYHEBOr'O IB€Ta, KOTOpasl IpU Harpesa-
mun 10 50-60 °C mpumoOperaer BSI3KO-TEKYUHE
CBOMCTBa W 00JagaeT XOopomield pacTBOPUMOCTHIO
B CIHpTe, aleTOHE, JTHialerare, OyTHIaleTare,
METHJIEHXJIOPHIE, XJIOpOQOpME M PACTBOPUTEIAX
tuma Hedpac.

B kadecTBe CIIMBaIOIIEro areHTa MCIOJIb30Ba-
mu nomuusormanat (IIMIL) mpomssomctBa OAO
«Kopyna», (r. Azepxunck, Poccus). [ng momyuqe-
HUS TOUMeEp- U achaibTOMOIMMEPOSTOHOB TIPH-
MEHSUTH JTOpOXKHBIA OuTym mapku BHJL 90/150,
IIECYAHO-TPABUIHYIO CMECh U IIECUYaHO-TPAaBUMHYIO
CMeCh C J00aBJICHHMEM JUCIIEPCHBIX TPAHUTHBIX
0oTceBOB MUKaIIEBUUCKOr O Kapbepa.

[Iporecc orBepxaenuss ABM npoBoaunu mpu
KOMHAaTHOM Temneparype. M3yuanu BnusHUE pac-
TBOPUTENS M KOHIEHTPAI[MM OTBEPAMTENS Ha XOJ
mporecca OTBEPXKJIEHHUS M CBOMCTBA IMOIy4EHHBIX
MIPOAYKTOB.

AHanMM3UpOBaNU IJIOTHOCTh, BOJOMOIJIONIEHHE
U TIPOYHOCTh HA CXKATHE OTBEPKACHHOTO 00pasia.
[InoTHOCTE Ompenensiau Kak OTHOLIEHHE MacChl
obpasria Kk 00beMy (Macce) BBITCCHCHHOW BOJIBI.
Bopomoriomene omeHUBaNM MO cOpOLUU  BO-
Ibl BO3IYIIHO-CYXUM oOpasuoM. McmblTaHus Ha
cKaThe MPOBOMMJIM HAa MCIBITATEIbHOM MallluHe
Instron Universal Testing Machine-Series 5567
(BenukoOpuTanus) MpH CKOPOCTH HArpyKEHHs
50 MM/MuUH.

OKCIIEpUMEHTAIbHO YCTAHOBIEHO, 4YTO IMpH
KOMHAaTHOM TeMIepaType B CHUJIYy BBICOKOH BSI3KO-
ctu ABM xpaiiHe 3aTpyJHHUTENBHO MONYYHUTH TO-
MOTEHHYIO CMECh aJIyKTa CO CIIMBAIOLINM arcH-
ToM. B TO *e Bpems HarpeBanue ABM B mnpu-
cyrctBuu [TWL] npuBoauT K ero ObICTpOil monnume-
puzanuu. Bpems orBepxxnenuss ABM B atux ycio-
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BHSIX COCTABJISICT MOpsiAKa 1—5 MUH B 3aBHCUMOCTH
OT TeMIlepaTyphl HarpeBa M KoHueHTpauuu [TNLL.
[TockonbKky B CTPOWUTENBHOM NPAKTHKE MPEATO-
YTEHHE OTJAeTCsl MOJOOHBIM PEaKIMOHHBIM KOM-
MO3ULHUSAM C JJIUTENbHONW >KM3HECHIOCOOHOCTHIO
(OonpIIMM BpeMEHEM OTBEpKIEHHS), IpaKTHue-
ckoe npumenenne ABM B ncxogHOM BHJE J10CTa-
TOYHO MPOOJIEMATUYHO.

C uenbio MOBBILICHUS BPEMEHU OTBEPIKICHHS
ABM B nanpHEHIINX SKCIIEPUMEHTaX MCIOIb30Ba-
T pAI pacTBOpUTeENed, OTIMYAIOIIMXCS MO MpU-
poxe. O6pa3usl ABM pacTBOpsUIM B CMEcCH XJIOp-
OpraHMYecKHX pacTBOpHTeNell (cMech  MeTH-
JICHXJIOpHJIA U XJopodopma), ITUiIanerarte, OyTHII-
anerare, Hepace mapku 130/150. Mcnonb3oBanue
pacTBopUTeNel MO3BOJSET YBEIUYUTH BpeMs OT-
BepxaeHnss ABM oT omHOro A0 HECKONBKUX 4Ya-
coB. [Ipu 5ToM OOHapyskeHbI cieaylone 0co0eH-
HocTH oTBepkAeHusT ABM.

B nauane nponecca oTBepkaeHNs HaOIr01aeT-
csi cnaboe BCIEHHMBAHWE PEAKIMOHHOW MAacChl
ABM. Ilpu mnTenbHOM BBIACP)KUBAHUU OTBEp-
JICHHBIX 00pa3l0B HA BO3AYX€E MPOUCXOANT TIaB-
HOE CHIDKEHHE UX Macchl B mpezenax g0 1-2 mac. %.
[Tockonbky roTOBBIE 00pa3nbl HE PaCTBOPSIOTCS
B HCIIOJIb3YEMBIX PACTBOPUTENSIX, PEaKLns CIINBa-
HUS, O-BUJMOMY, COITPOBOYKAAETCS BBIICTICHUEM
MapoB PAacTBOPHTENS, YTO U NMPHBOAUT K BCITydH-
BaHUIO MOJYYEHHBIX 00pasuoB. JlaHHOe mpearno-
JIO)KEHUE TOATBEPXKAAeTcS TEeM, YTO B 0o0Opaslax,
MOJTYYEHHBIX B OTCYTCTBHE PAaCTBOPHUTENS, BCILY-
YMBaHUsl HE HaOJIONaercss W BBIACIEHUE Ta3000-
pasHBIX MPOAYKTOB MPH XUMHUYECKOM B3aUMOCH-
ctBuu ABM u ITW1] He mpoucxoaur.

Pe3ynbTaThl McciaeqoBaHUs BIMSIHUSL PUPOIBI
pacTBOpUTENS Ha IUIOTHOCTh OTBEP)KACHHBIX 00-
pasuoB ABM mnpencrarienst B a0 1.

Jyis 00pasioB, MONYyYEHHBIX B OTCYTCTBUE
pactBoputenst (oopaszernr Ne 1), miuoTHOCTh Onm3Ka
Kk 1 r/cM® M IpUGTIKACTCS K TEOPETHUIECKOMY 3HA-
aenmo st 1Y — 1,2 r/ew’. TIpyu HCHIONB30BaHUH
B KauyecTBE pacTBOpUTeNell sTumanerata U OyTu-
janeraTa 3Ha4YeHHWsS IUIOTHOCTH HaWMEHBIINE |
cocrapisior 0,42 r/cM’, B TO BpeMst KaK Ul Hed-
pa-
ca 130/150 u XJIIOPOPraHUYECKOTO PaCTBOPUTEIS
IIOTHOCTh Haxoautcs B mpemenax 08-0,9 r/cwm’
(Tabn. 1). Yka3aHHbIC OTIAMYHS B 3HAYCHUSX IJIOT-
HOCTH, BEPOSITHO, CBSI3aHBI C Pa3IMYHON CIIOCO0-
HOCTBIO pacTBopHTenel TudPyHANPOBATH U3 00B-
eMa oOpasua u (opMHpPOBAaTH €ro MOPUCTYIO
CTPYKTYpY.

B Tabn. 2 oTpaxkeHBl AaHHBIE MO H3YYEHHUIO
BIUSAHUS KOHLeHTpauuu oteepautens IIUL][ nHa

P ILIEHHBIX TEXHUYECKUX TOKa3aTeledl CBOWUCTB
OTBEpXJIEHHBIX 00pa3oB ABM.
Tabnuya 1
Biausinue npupoabl pacTBOpHUTE/IA
HA IUIOTHOCTH OTBeP:KIeHHbIX 00pa3nos ABM

Ne Kommenrpa- 1 v o | o
06- | Pacrsopurens | PACTBOT | eme | mocts
purerns, 37
pasua| MaC. % ABM/ITULI| r/cm
1 - - >1,00
2 Byrunanerar 0,42
3 Orunanerat 20 0,42
4 | Hedpac 130/150 S/ 0,90
5 CMmech MeTH-
JICHXJIOPU/IA U
xJopoopma 15 0,82
Tabnuya 2

Bausinue konuenrpanuu IATL
HA CBOIiCTBA OTBep:KAeHHBbIX 00pa3uoB ABM,
pacTBopeHHOro B 20%-M pacTBope
cMecH METHJIEHXJ10pu/Aa U XJ1opodopma

Ne 006- KOHueHTpauHﬂHJIOTH03CTL,Egg;ig;?Boz[onornomeHHe,
pasua | [TMLI, mac. % r/cMm MITa ’ %

1 5,0 0,60 0,9 <1

2 7,0 0,68 1,4 <1

3 10,0 0,72 1,1 <1

4 15,0 0,91 - <1

5 20,0 1,00 — <1

Kaxk cBuaeTensCTBYIOT JaHHBIE, NMPENCTaBICH-
HBIC B Ta0JI. 2, C TIOBBILIEHUEM KOJIMYECTBA OTBEP-
IWTENsl 3HAa4YeHUs IUIOTHOCTH BO3PAcTarOT U 00-
pasusl orBepkaeHHoro ABM cranoBsitca Oonee
TBepabIMH. Ilpyn 3ToM BomomoOrioueHue HEe Mpe-
TepIrieBaeT U3MEHEHUH B 3aBUCHUMOCTH OT KOHIIEH-
Tpaimu orBepauTens. OgHako NIpH BBEACHUU
OTBEPANTENS B PEAKIMOHHYIO KOMIIO3HUIIUIO B KO-
nnuectBe Oosiee 7 Mac. % HaOmMogaeTcsi CHUXKEHUE
MIPOYHOCTH Ha ckaThe. BepodtHo, uTo B pe3ynbTa-
Te (OPMHUPOBAHUS B XOJIe OTBEPXKACHUS Oolee Ty-
CTOM CETKM XUMHYECKHX CBs3€ll B NPUCYTCTBUU
MOBBIIIEHHBIX KOHIIEHTPALMH OTBEPAUTENS MpO-
HCXOANUT CHUXEHHE YNPYTro-31aCTUYHBIX CBOMCTB
W TOBBIILIEHUE XPYIKOCTH OTBEP>KACHHBIX 00pas-
noB. CrenoBaTeNbHO, ONTHUMAJbHBIM  SIBIISIETCS
BBEJICHNE OTBepAUTENS B pacTBop ABM B komimue-
ctBe 7-10 mac. % c y4eroM AOCTaTOYHO BBICO-
KOH cTOMMOCTH OTBepauTens. [Ipu cooTHomeHusIX
ABM/oTBepauTeNns MPOUCXOAUT IOTEPS YHNPYTrux
CBOWCTB I1OJIy4aeMOro MaTepuaia.

B pesymbraTe wuccienoBaHHs BO3MOXKHOCTH
MOJTydeHUs] OUTYM-OJIMTOMEPHOTO BSDKYILEro Ha
ocHoBe ABM 1 OuTyMa ycTaHOBJIEHO, YTO IPSMOE
BBenerre ABM u oTBepauTeNs B pa3orpersiil Ou-
TyM IPHUBOAUT K SPKO BBIPAKEHHOMY ILIACTHU-
¢ummpytomemy sddexry. IlomydeHHOE TaKUM
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00pa3zoM OUTYM-OIUTOMEPHOE BSIKYLIEE JIETKO Jie-
¢dopmupyercs mox Harpyskoil. B cepuu onbITOB,
MPOBENEHHBIX Ha 0Opa3lax OuTyma, oOHapy»KeHO,
yro mactuuuupyomuii  3¢pdexT ocoOdeHHO
CHJIBHO TposiBIsieTcst mpu BBeaeHun ABM c pac-
TBOpHUTENeM, npu BBegeHun ABM 0e3 pactBopu-
Tens 3ToT 3ddekr BwoipakeH cnabee. JlaHHBIHA
(akT, BUANMO, CBsI3aH C 3aTPyAHEHHEM IMPOTEKa-
HUSl OTBEPXKIEHHUSA B 00beMe OMTymMa B CHIY MpO-
CTPAHCTBEHHBIX M CTEPHUUECKHUX MPETATCTBHMA.

Hns monydeHuss OUTYM-OMUTOMEPHBIX 00pas-
noB Ha ocHoBe ABM u OuTyma mpumeHeHa crie-
JyloIias IpoLeaypa: B pa3orperbii OMTyM BBOIU-
U TIpeJBapUTEIbHO BBLACPKAHHYIO B TEUCHHUE
1,5-2,0 u cmecb ABM u oTBepauTeNnd Ha CTaAUU
00pa3oBaHus ceryaToro conoiaumepa [9], 4ro mos-
BOJISUIO TIOJIYYUTHh 0OOpas3ubl C yAOBIETBOPUTENb-
HBIMH MEXaHWYecKMMH cBoWcTBamu. Eme Gonee
MPOYHOCTh MOJOOHBIX O0pa3LOB BO3pPACTAET IPH
BBEICHUH B COCTaB MaTepHajia IecyaHO-TPaBHUM-
HOW CMecH C N0OaBJICHMEM IUCIIEPCHBIX T'PaHUT-
HBIX OTCEBOB MUKalIEeBUUCKOTO Kaphepa. B kaue-
CTBE BSDKYILIEr0 B 3TOM CIy4ae HCIOIb30BAIH
MPEABAPUTENBHO TIONYUYEHHBIH «IIPEAIOInMEp»
aagyKTa ¢ M30LMAHATHBIM OTBEpPIMTEIEM Ha cTa-
miu cxBaThiBaHus (uepe3 1,0-1,5 1 mocne cmerre-
HuUsl KomrioHeHToB). [Tokasarenu cBOWCTB [yisi cTaH-
IapTHHIX Oanodek pazmepoM 40x40x160 mm, uzro-
TOBJICHHBIX W3 YKa3aHHOW KOMIIO3ULIWH, TPEACTaB-
JIEHBl HHXKE: Oy = 89 MIla; 6 = 3,5-3,8
MllIa; Bogonornomenue — 1,0-1,8 %; mopo3zocToii-
Koctb — ©Oomee 50 nMKIOB  3aMopakuBa-
Hus/oTTanBanus npu munyc 18 °C.

[Ipy onTHUManbHOM TOPSOKE CMEIICHHUS KOM-
MOHEHTOB (COOTHOMLIEHUSIX OTBepAuTens/ABM ot
1:5 no 1:10, orBepxxknennsiii AbBM/Outym ot 1/10
1o 1/20, nanonautens — 5—7 %) momy4eHbl KOMIIO-
3UTBI C KOPOTKHM CPOKOM Habopa MaKCHMalIbHBIX
3HAYEHU MPOYHOCTH M JOCTATOYHO BBICOKUMH
MoKa3aTeasIMi MeXaHu4YecKux cBorcTB [10, 11].

Takum o0pa3om, mMaTepuaibl Ha OCHOBE MOJU-
¢umupoannoro ABM u OGutyma c noGaBieHHEM
MUHEpaNbHBIX HAMOMHUTENEH NPUTOAHBI  JUISA
MPAKTUYECKOT0 MCIOIb30BaHUSI B KOMIIO3UTAX JO-
POXKHO-CTPOUTEIHFHOIO Ha3HAYECHUSI.

BBIBO bl

1. Nzyuens! ocobeHHOCTH OTBepkAeHUS ABM
0e3 u B mpHCyTCTBHH pactBoputeneil. [lokaszaHo,
yTO BpeMs «xku3Hm» ABM, He conepkaiero pac-
TBOPUTENb, B 3aBHUCHUMOCTH OT TEMIIEpaTyphl
HarpeBa M KoHUeHTpauuu otBepaurens (ITHLL)
coctapisier 1-5 muH. Vcnonb3oBaHue pacTBOpU-
Tele MO3BOMSET YBEIUUYUTH BPEMSI OTBEPIKIACHUS
ABM 0T 0IHOrO 10 HECKOIBKUX YaCOB.
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2. VccnenoBaHo BIUSHUE MPUPOABI PACTBOPU-
Tensl Ha IUIOTHOCTH OTBEPXKICHHBIX 00pa3loB
ABM. Otnnuus B 3HAYCHUSX TIOTHOCTH 00YCIOB-
JUBAIOTCSl PA3IMYHOI CIIOCOOHOCTBIO PacTBOPHTE-
nert nuddynaupoBats U3 odbema obpasua u Qop-
MHPOBATh €ro MOPUCTYIO CTPYKTYPY.

3. YcTaHOBIEHO, YTO C MOBBIIIEHHEM KOIHYeE-
CTBa OTBEPIAMTEN 3HAUEHHUS IUIOTHOCTH BO3pac-
TalT, ¥ 00pa3iusl orBepxkaeHHOro ABM craHo-
BaTcsi Oonee TBepapiMu. OnHako Tpu BBelne-
HUU OTBEPIUTENSA B PEAKIHMOHHYIO KOMIIO3UIIMIO
B Konuuectse 6onee 7-10 mac. % mponucxomuT mpu
CKaTHH CHI)KEHUE TPOYHOCTH U YIIPYTUX CBOMCTB.

4. OOHapykeHO MiIacTUHUIMPYIOIIee BIUSIHUE
ABM Ha OuTyM, yCHIHMBAaroLeecsi NpU BBEACHUH
ABM COBMECTHO ¢ paCTBOPUTEIIEM.

5. IlokazaHo, 4To MaTepuansl Ha ocHoBe ABM
u Outyma ¢ 1o0aBIeHHEM MUHEPAJIbHBIX HATIONHH-
Tesel MPUTOAHBI I MPAaKTHYECKOr0 HCIONb30Ba-
HUA B KOMIIO3UTax JOPOKHO-CTPOUTEIBHOIO
Ha3HauYCHMSL.
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