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OBILIAS XAPAKTEPUCTUKA PABOTHBI

AKTyalbHOCTHh PadoThl. Pe3ko Bo3pociias HHTEHCUBHOCTb JBUKEHUS
aBTOMOOUIILHOTO TPAHCIIOPTA, YCUJIMBIIUICS POCT HArPy30K Ha JIOPOYKHOE IMOJIOTHO,
OPUMEHEHUE  YCTapeBIIMX  TEXHOJIOTMH, HEBBICOKOE  KAaueCcTBO  JIOPOXKHO-
CTPOUTENBHBIX  MATEPUAJIOB  CHUXKAIOT  OAKCIUIyaTallMOHHBIE  XapaKTEPUCTUKU
JOPOXKHBIX MOKPBITUH, CIOCOOCTBYIOT pOCTy Aedopmaluii, TpeuiuH, KOJEHHOCTH,
BBIOOMH M Jp., 4YTO OOYCIABIMBAET CHW)XXEHUE MEXKPEMOHTHBIX CpPOKOB H
JOJTOBEYHOCTH ac(paibTOOETOHHBIX JOPOKHBIX MOKPHITHIA.

[IporpecCMBHBIM  HampaBJ€HUEM  TMOBBIIIEHUS ~ KayeCcTBa  MOKPBITHIA
aBTOMOOUJIBHBIX JOPOT SIBJISICTCS BHEAPEHHUE HOBBIX MEPCIEKTHBHBIX JTOPOIKHO-
CTPOUTETHHBIX MAaTEPUAJIOB, 00IaTAOIINX MMOBHIITICHHBIMA (DPU3UKO-MEXaHUYECKUMHU
M DKCIUTyaTallMOHHBIMUA CBoOWcTBaMHU. OmHUM #3 Takux 3((HEKTUBHBIX MaTepUaJIOB
aBisieTcsl  mebeHouyHo-MacThuHbI  acanmbrodeTon (IIIMA), xoTopeiii obOmamaer
MOBBIIICHHBIMU (DU3UKO-MEXAaHUYECKUMU XapPaKTEPUCTUKAMHU U JIOJTOBEYHOCTHIO B
CPABHEHUU C TPATULMOHHBIMU MIIOTHBIMH MEJIKO3EPHUCTHIMU ac(PalbTOOETOHAMH.

Opnako, TNpWd  BBINOJHEHUM  TEXHOJOTUYECKHX  ONepaluid  Mpu
TPAHCIIOPTUPOBKE M YKIAJIKE I1e0EHOYHO-MACTUUYHBIX ac(aabTOOETOHHBIX CMecei
(IIMAC) npoucxonut cerperaius (pacciauBaHUE) CMECH IO JEHCTBUEM BBICOKHX
TeMIlepaTyp Y TMOBBIIIEHHOrO0 cojepkanus Outyma. IIpoGnema cerperauuu
111e0€HOYHO-MAaCTUYHBIX ac(haibTOOETOHHBIX CMECE B HACTOAILEE BPEMs pEIIaeTcs
MPUMEHEHUEM JOPOTOCTOSIMUX  cTabunm3upyronmx go6aBok. B mpomecce
sKcIuTyaTauu nokpbiTuil w3 IIIMA npu onpeneneHHbIX YCIOBHAX (OCOOCHHO B
JIETHUM TIEPUOJ) BOBMOKHO MOSIBIEHWE OMTYMHBIX MSITEH, KOJIEHHOCTH, YTO CHUYKAET
MIPOYHOCTHBIE CBOMCTBA U CIBUTOYCTOMYMBOCTD JTOPOMKHBIX OJIEHI.

[loBblllleHHE KauyecTBa, COBEPUICHCTBOBAHME COCTABOB U  TEXHOJOTUHU
MeOCHOYHO-MACTHYHBIX  ac()aTbTOOETOHOB  SIBISIOTCS OJHUMHU W3 aKTYyaJIbHBIX
npo6iem. [lepcrneKTUBHBIM HANpaBIEHUEM MX PEIICHUS] MOXKET ObITh MPUMEHEHUE B
coctaBax [LIIMAC nopucTsIx NOPOIIKOBBIX MUHEPATIbHBIX MAaTEPUAIOB, 00JaAaI0LIIX
BBICOKOUW aJICOPOIIMOHHOM U CTPYKTYpUPYIOUIEH CIOCOOHOCTh MO OTHOILIEHHUIO K
OMTYyMy, YTO MOJXKET CIOCOOCTBOBaTh OOECIEUCHHIO YCTOWYMBOCTH I1€O0CHOYHO-
MACTUYHOM CMECH K Cerperaiuyy H CYHIECTBEHHOMY IOBBIIIEHUIO KauecTBa
11e0€HOYHO-MAaCTUYHBIX  achanbTo0eTOHOB. OJHUM U3 BAKHEWIIMX aCIEKTOB
NPUMEHEHUS TOPUCTBIX MOPOILIKOBBIM MAaTE€pUAJIOB (HAapUMep KepaM3UTOBOIO
nopoimika) B coctaBe I[IMAC sBasercs 3ameHa AOPOTOCTOSIIMX 3apyOEKHBIX
CTAOMIM3UPYIOMKX J00ABOK B CMECH Ha MPEIIOKEHHBIC MATEPUATIbI, YTO B CIIOKHOM
DKOHOMHUYECKON cuTyanuu B Poccum W CaHKIIMOHHOW TIOJIMTUKE  OyaeT
CIIOCOOCTBOBATh PEIICHUIO 33a7ad 0 WMIIOPTO3aMEIICHUI0 B OTPACIHd JOPOKHOTO
CTPOUTENIHCTRA.

CreneHb pa3padoOTAaHHOCTH TeMbl HccJegoBaHMsaA. Pabora ocHoBaHa Ha
pe3yibTaTaXx TEOPETUYECKUX M OSKCHEPUMEHTAIbHBIX HCCIEAOBAaHUM YYEHBIX B
obnactu acanproderoHoB: borycnasckoro A.M., Bonkosa M.U., I'ezennses JI.b.,
I'opensimea H.B., Kanruna }0.U., Kopanera f.H., Kon6anosckoit A.C., Koponesa
N.B., Kotnsapckoro 3.B., Ileuenoro Bb.I'., Pebunnepa II.A., Pynenckoro A. B.,
Pri6beBa M. A., Caxaposa I1.B., u n1pyrux y4eHsbIX.
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B pabore ncnons30BaHbl pe3yabTaThl TEOPETUUECKUX M IKCIIEPUMEHTATBHBIX
UCCJIEIOBAHUNA CTPYKTYpbl, CBOMCTB, COCTaBOB W TEXHOJIOTMM HI€OEHOYHO-
MAaCTUYHBIX ac(habTOOETOHOB U OUTYMOMHUHEPAILHBIX KOMIO3UIIUN ¢ TPUMEHEHUEM
MOPUCTHIX 3AMOJIHUTENICH U HAIMOJHUTENIEH OTEYECTBEHHBIX U 3apyOEeKHBIX YUEHBIX:
ApyTtionoBa B., Atosna C.M., bopucenko FO.I'., Beiconkoit M.A., 'opemnbieBoii
JLA., Wnmmononosa C.K., Kuproxuna I'H., Kocruna B.U., Kysnenora J[I.K.,
Kyupnoit H.II., MapaupocoBoit W.B., Ilauepuuna A.C., Canmunena D3.0.,
CvupaoBa E.A., lllepbakoBa A.M., llepouns I1.C., FOmamesa B. M., Axsixunoii
B.B., Spuesa B.II.,, Korner M., Horst E., Werner M., Milster R., GroBhans D.,
Pohlmann P.

Heab ucciaenoBaHUs: TEOPETUYECKOE W HKCIIEPUMEHTALHOE OOOCHOBaHUE
BO3MOKHOCTH MOTYYEHHUS e0CHOYHO-MACTHYHBIX ac(hanbT00EeTOHOB,
MOAU(DUITUPOBAHHBIX MOPUCTHIMU TMOPONIKOBHIMH MaTE€pHAIaAMH C TIOBBIIIEHHBIMU
(UBUKO-MEXAaHUUYECKUMU U JKCIUTyaTallMOHHBIMU  XapaKTEPUCTUKAMH  IyTEM
yHIpaBJICHUS MPOLECCAMU CTPYKTYPOOOpa30BaHUs OUTYMHBIX CBSA3YIOIIHX.

3amayu ucciie10BaHUS:

— Ha OCHOBaHMM KPUTHUYECKOTO aHalih3a 3apyOeKHOM U OTEYECTBEHHOU
HAy4YHOM, MATEHTHOM M TEXHUYECKOH JIMTepaTypbl 0OOCHOBATH IEIECO0OPa3HOCTD
NPUMEHEHUS TMOPHUCTBIX TMOPOIIKOBBIX MATEpUAJIOB B COCTaBax HIEOEHOYHO-
MACTUYHBIX ac(asbTOOETOHHBIX CMeced Il OOecredeHHs] MOBBIINICHUS] KauecTBa
[IIMA u CHUKEHUS Cerperaiuu CMeCH;

— BBISIBUTh OCOOCHHOCTH Tomorpaduu, MUKPOCTPYKTYPHI U TUCIIEPCHOCTH
HCCIIETYEMBIX TIOPUCTHIX TTOPOIIIKOB,;

—  YCTAaHOBUTh  BIMSHHUE  PA3JIUYHBIX  IMOPHUCTHIX  TOPOIIKOB  HA
CTPYKTYpOOOpa3oBaHuE achambTOBSIKYIIINX 1me0CHOYHO-MAaCTUYHBIX
ac(ambTOOCTOHHBIX  CME€Ced W  Ha  CBOWCTBA  IIEOCHOYHO-MACTHYHBIX
ac(asbT00€TOHOB U 00OCHOBATH BBHIOOP KEPAM3UTOBOIO IOPOINIKA, KaKk Haubosee
s dextuBHOrO MOTUDUKaTopa [IIMA;

— Ha  OCHOBaHUU  DKCIIEPUMEHTAJbHBIX  HCCICJOBAaHUN  BBISIBUTH
3aKOHOMEPHOCTH BJIMSHUS COJAEpPKaHUSA KEepaM3UTOBOrO MOPOIIKa B IeO0EHOYHO-
MAaCTUYHBIX ac(aabTOOETOHHBIX CMECAX Ha (PU3UKO-MEXAaHWYECKHUE, CTPYKTYpPHO-
MEXaHUYECKMe W  OKCIUTyaTalldMOHHBIE  CBOMCTBA  II€OEHOYHO-MACTHYHBIX
ac(asbTO0ETOHOB;

—  pa3paboTaTh  palMOHAIBHBIE  COCTaBbl  IMICOCHOYHO-MACTHYHBIX
ac(hambTOOETOHHBIX CMecei, MOAU(PUITUPOBAHHBIX KEPAM3UTOBBIM ITOPOIITKOM;

— pa3paboTrath ONTHUMAJIbHYIO TEXHOJIOTHIO MPUTOTOBJICHUS
BBICOKOKAYECTBEHHBIX  IMEOCHOYHO-MACTHYHBIX  ac(PalbTOOCTOHHBIX  CMECEH,
MOAUGUITIPOBAHHBIX KEPAM3UTOBBIM ITOPOIITKOM;

— TPOBECTH OIBITHOE BHEIPEHHE pa3pa0OTaHHBIX MIEOCHOYHO-MACTHYHBIX
ac(anbTOOETOHHBIX CMECEH U OLUEHUTh TEXHUKO-DKOHOMHYECKYIO 3()PEKTUBHOCTDH
HIMA, MoauGUIIMPOBaHHBIX KEPAM3UTOBBIM MTOPOLIKOM.

Obwvexkmom Uccie008anus SIBJISIFOTCS 111e0€HOYHO-MACTHYHBIE
ac(anbT00ETOHBI, MOIU(PUIIMPOBAHHBIE MOPUCTHIMU MOPOIIKOBBIMU MaTepHaIaMU
(KepaM3UTOBBIM MTOPOIIIKOM).
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Ilpeomemom uccnedosanus SIBISAIOTCS COCTaBbl, CBOWMCTBA W TEXHOJOTHS
111e0€HOYHO-MAaCTUYHBIX ac(anbTOOETOHHBIX CMeced M IIeOEHOYHO-MAaCTHYHBIX
ac(arbTO0ETOHOB.

O0JiacTh mccjIe0BAHUSL COOTBETCTBYET TpeOOBaHUSAM IMAcCIoOpTa HAYYHOM
crietmanbHocTH BAK: 05.23.05 — CTpouTenbHble MaTepuaibl U U3ENIUS, MMYHKTY |
«Pa3paboTka TEOPETUYECKHX OCHOB TOJYYECHHS] Pa3IUYHBIX CTPOUTEIbHBIX
MaTEepPUAIOB C 3aJaHHBIM KOMIUJIEKCOM 3KCIUTYyaTallMOHHBIX CBOMCTB» W MYHKTY 7
«Pa3paboTka COCTaBOB M MPHUHIUIIOB MPOU3BOACTBA dPPEKTUBHBIX CTPOUTEIHHBIX
MaTEPUAJIOB C UCIOJIB30BAHUEM MECTHOTO CHIPhS U OTXOJI0B MMPOMBIIITIEHHOCTI.

HayuyHnast HoBU3HA padoThI:

— YCTaHOBJIEHBI Ha MHKPOYpPOBHE OCOOEHHOCTHM 3E€pPHOBOTO COCTaBa,
Tonorpauu, MHUKPOCTPYKTYpPHl TOBEPXHOCTM U TIOBBIIICHHAs JIUCHEPCHOCTD
KEepaM3UTOBOTO MOPOIITKa, 00ECIIEUYNBAIOIIUE BHICOKYIO aJICOPOLIMOHHYIO aKTUBHOCTD
U CTPYKTYPHUPYIOLIYIO CHOCOOHOCTh OWTYMHOIO BSDKYIIETO, YTO TO3BOJISIET
YOPABIISTh poLIeCCaMu CTPYKTYpOOOpa3oBaHUs 111e0EHOYHO-MACTUYHBIX
ac(pasibTOOETOHHBIX CMECe M MNPHUMEHATh €ro Kak 3(P(eKTUBHYIO H00aBKY IS
111e0€HOYHO-MAaCTUYHBIX ac(haTbTOOETOHHBIX CMECEH;

— YCTaHOBJICHbI 3aBUCUMOCTHU BIIUSIHUS COJIEPKAHUSI KEPAM3UTOBOTO MOPOIIKA
C, B 111e0€HOYHO-MACTUYHBIX ac()arbTOOETOHHBIX CMECAX Ha (PU3NKO-MEXaHUYECKUE
U DKCIUTyaTallMOHHbIE CBOMCTBA 111€0€HOYHO-MAaCTUYHBIX ac(haabTOOETOHOB;

— BBISIBJICHO PAIlMOHAIBHOE COACpPKAHHE KEPaM3UTOBOTO MOPOILIKA B COCTABaX
111e0€HOYHO-MAaCTUYHBIX ac(anbTOOETOHHBIX CMecel, oOecreunBarolee MnoaydeHue
11e0EHOYHO-MAaCTUYHBIX  ac(albTOOETOHOB C  IOBBIIICHHBIMU ¢duzuko-
MEXaHUYECKUMU, CTPYKTYPHO-MEXaHMUYECKUMHU U IKCIUTyaTaIllHOHHBIMHU CBOMCTBAMU;

— YCTaHOBJICHbl ONTHMAaJbHAs TEMIEpaTypa OOBEAUHEHUS OUTYMHOTO
BSOKYIIETO M MHHEPAJIbHOM YacTH MIEOCHOYHO-MACTUYHBIX ac(abTOOETOHHBIX
cMeced M pallMOHajdbHAs MOCIEIOBATEIbHOCTh BBEJEHUS KOMIIOHEHTOB IIPH
NPUTOTOBJICHUM CMECH M pa3pad0TaHa TEXHOJIOTHUSI MPOU3BOJCTBA HIEOEHOYHO-
MACTUYHBIX ac(aibTOOETOHHBIX CcMeced, MOAU(UIMPOBAHHBIX KEPaM3UTOBBIM
OPOIIKOM.

Teopernueckass U npakTHYecKass 3HAYMMOCTh padoTbl. Ha ocHoBanuu
TEOPETHUYECKUX U AKCHEPUMEHTAIBHBIX HCCIIEIOBAaHUN pa3pabOTaHbl ONTUMAJIbHbIE
COCTaBbl W  TEXHOJOTHUS TMPUTOTOBICHUS TOPSYMX  LIEOCHOYHO-MACTHYHBIX
achanbTOOETOHHBIX cMeced, MOAM(PHUIMPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM, C
MOBBIIICHHBIMU  (DU3UKO-MEXaHUUYECKUMH, HKCIUTyaTallHOHHBIMU CBOMCTBAMH U
YCTOMYUBBIX K PACCIAUBAHUIO.

Ha AB3 OOO «/lxynmu» netom 2013 roma Obuia BBIMyIIEHA ONBITHO-
npombinieHHas nmaptust 1IIMA-15 na 6utryme mapku BHJI 60/90 ¢ mpumenenuem
KEpaM3UTOBOr0 IMOpomKka u yinoxkeHa B r. CraBponose no mnp. Kymakosa.
OxoHoMmuueckuit 3¢pdexT or cHmwkeHus cebectoumoctu npousBoacTBa I[IIMA,
MOJUQPUIIMIPOBAHHBIX KEPAM3UTOBBIM TOPOIIKOM, B CPAaBHEHHUU CO CTAHJIAPTHBIMU
[IIMA-15 coctaBui 1707 py0. na 100 M’ B nenax 2017 rona.

Pe3ynbrarhl, mOJSydeHHbIE MPU BBIMIOJIHEHUH JAUCCEPTALMOHHON pPaldOThI,
uCIoiab3ytoTcs B yueoHoM nporecce PI'AOY BO CKDV B nekMOHHBIX Kypcax, Ha
7a00paTOPHBIX M MPAKTUYECKUX 3aHIATHSX MO JucuurimHaM:  «JloposkHo-
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CTPOUTEIbHBIE MAaTEPUANIBI U KOHCTPYKIMW» 11 HampaiaeHus noarotosku 08.03.01
CrpoutensctBo  (mpoduinb  «ABTOMOOWIBHBIE — Joporn»),  «CTpoOUTEIbHBIE
Marepuaibly, s HanpaiaeHus noarotoBku 08.03.01 CrpoutenbcTBo (mpodusieit
«IIpoMbIlIEHHOE U TPaXKAAHCKOE CTPOUTEILCTBO» U «['OpoICKOE CTPOUTENBHCTBO U
X039UCTBOY), «IlokpbITUS M KpoBIm» s crneruaibHocTed 270102.65 (mpoduns
«IIpoMBIIIIEHHOE U TPaKIaHCKOE CTPOUTEIILCTBOY).

Metonosioruss u MeToAbl HccjaeqoBaHusi. B palGore wucnonab3oBaiu
CTaHAAPTHBIE U HECTAHJAPTHU3UPOBAHHBIE METOJbI MCCIEI0BAHUN (METOABI aTOMHO-
CHJIOBOMI M PacTpOBOW 3JIEKTPOHHON MHUKPOCKOMHHU, METOJ JIa3epHOM AU(PpPAKIHH,
AKCIPECC METOJI OIIEHKH JTOJITOBEYHOCTH ac(haibTOOETOHOB).

IHon0keHus1, BLIHOCUMbIE HA 3AIIUTY:

— TEOpPeTHYECKOE M O3KCIEPUMEHTAIbHOE OOOCHOBAaHHE BO3MOXKHOCTH
MOJIyY€HHUSI BHICOKOKAYECTBEHHBIX IIEOCHOYHO-MACTHYHBIX ac(aibTOOETOHOB MyTEM
MOJAU(PUKALINY TIOPUCTHIMU MOPOLIKOBBIMU MaTE€pHATaAMU;

— pa3paboTka ONTUMAJIbHBIX COCTaBOB 111e0€HOYHO-MAaCTUYHBIX
ac(anbT00eTOHOB, MOAU(PUIIMPOBAHHBIX KEPAM3UTOBBIM MOPOUIKOM, YCTOMUYUBBIX K
Cerperanuu BSDKYIIETO B CMECH, C TOBBIIIEHHBIMU (U3UKO-MEXaHUYECKUMHU U
AKCIUTyaTallMOHHBIMU CBOMCTBAMHU;

— pe3yJIbTaThl AKCIEPUMEHTAIBHBIX HCCIEIOBAaHUN (HU3UKO-MEXAHUUECKHX,
CTPYKTYPHO-MEXaHUYECKUX M JKCIUTyaTallMOHHBIX CBOMCTB MOJU(DUIIMPOBAHHBIX
111e0€HOYHO-MACTUYHBIX ac(anbTOOETOHOB PA3IMYHBIX MApPOK;

— TEXHOJIOTHS TPUTOTOBJICHUS IIEOCHOYHO-MACTUYHBIX ac(hambTOOETOHHBIX
cMecei, MOAU(PUIIMPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM, TOBBIIIEHHOT'O KA4€CTBA.

CreneHb [0CTOBEPHOCTH PpE3yJbTAaTOB HCCIEAOBAaHUM  MOJATBEPKIEHA
IIPUMEHEHUEM CTAHJAPTHBIX W HECTAaHAAPTU3UPOBAHHBIX METOAOB HCCIEI0BaHUM,
CTaTUCTUYECKON 00paboTKoi IOy YE€HHBIX JIaHHBIX, oOecrieunBaromein
JOBEPUTENBbHYIO BEpPOATHOCTH 0,95, 3KCNEpUMEHTaIbHOW M OMBITHO-IPOMBIIUICHHOM
POBEPKOI pe3ybTaTOB HCCIENOBAaHUM, a TaKKe COIJIACOBAHHOCTHIO OCHOBHBIX
MOJIOKEHUM pabOThI C pe3yJibTaTaMU UCCIECAOBAHUNA JPYTUX aBTOPOB.

Anpodauusi padoTbl. OCHOBHBIE MOJIOKEHUS U PE3YIIBTATHI AUCCEPTAUOHHON
paboThl AoKIaabIBaIMCh U oO0cyxaanuck Ha XIV, XL, XLI nayunsix koHpepeHIHUsIX
«By3oBckas Hayka — CeBepo-KaBkaszckomy peruony», CesKasl'TY (CraBpornoss,
2010-2011); PULl baml'y (Yda, 2014); mexayHapogHON HaydHO-TEXHUYECKOU
koH(pepennun. «KoMIo3UIMOHHBIE CTPOUTETHLHBIE MaTepuaibl. Teopus MPaKTUKAY,
ITpuBomxckuii Jlom 3Hanuii (Ilenza, 2014); Bcepoccuiickoil HayYHO-TEXHUYECKOU
KoH(pepeHInH «BBICOKOTEXHOIIOTUYHBIE M 3HEProd(P(EeKTUBHBIE TEXHOJOTUH U
Marepuaiibl B crpoutenasctey, I TY (Maxaukana, 2014); Beepoccuiickoit HayuyHOU
koH(pepenuuu «I'pagoctpoutensctBo. Mudpactpykrypa. Kommynukauun», BT ACY
(Boponex, 2014); 111, V exxerogHslx Hay4dHO-TIpaKkTHYecKux KoH(pepenmmsx Ceepo-
KaBkasckoro (enepanbHOro yHUBEpCHUTETa «YHUBEPCUTETCKAsI HayKa — PETHOHYY,
CK®Y (CraBpomnonn, 2015, 2017), IV BcepocCHUUCKUN JTOPOKHBIM KOHIPECC
«IlepcrieKTUBHBIE TEXHOJOTUU B CTPOUTENHCTBE M HKCILTyaTallMM aBTOMOOMIIbHBIX
nopor», MAJIN (Mocksa, 2015).

B utone 2013 roma Ha AB3 OO0 «/Ixynu» r. CtaBporiosie Obuta BHITyIICHA
OMbITHAs MapTHsl MEOEHOYHO-MAaCTUUHOM acdanbro0eToHHOW cmecu Mmapku [IIMA-
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15, mMomupuuUpOBaHHON KEpPamM3UTOBBIM MOPOIIKOM, W VYIOXKEHAa B JOPOKHOE
nokpsitre B r. CtaBponode no np. Kynakosa.

JIn4HBIH BKJIAJA aBTOPAa COCTOMT B (OPMYJIMPOBAHUU II€JIM U OCHOBHOM
TUIIOTE3bl, CAMOCTOSTEIBHOM BBIIIOJHEHUH TEOPETUYECKUX U IKCIEPUMEHTAJIBHBIX
UCCIIEJIOBaHUN, 00pabOTKE M MHTEPHPETAUU HKCIEPUMEHTAIbHBIX JaHHBIX,
CPABHEHUHU DPE3YJBTATOB TEOPETUYECKUX MCCIECIOBAHUN C OIBITHBIMU JaHHBIMH,
0000LIEHNH PE3yJbTaTOB M IPOU3BOJCTBEHHOM BHEAPEHUM pPa3paOOTaHHBIX
COCTaBOB.

Iyommkamuu. Ilo marepuanam uccienoBaHuil onyoirkoBaHo 21 HayuHas
paboTa, U3 HUX 3 CTaThbU OMYOJUKOBAHBI B PEIECH3UPYEMBIX M3JAHUSIX U KypHaNIax,
BKJIIOUEHHBIX B niepedueHb BAK P®, o pe3ynbraram ucciae 0BaHUi NOJy4YEeH NaTEHT
P® na uzobperenue (Ilarent RU Ne 2603310).

O0bém u cTpykTrypa padothl. Pabora wm3noxena nHa 158 crpaHumax,
conepkuT 116 cTpaHul] MAIIMHONMCHOTO TEKCTa, COCTOMT W3 BBEACHMS, YETBIPEX
IJIaB, OCHOBHBIX BBIBOJOB, CIIMCKAa JMUTEparypsl u3 176 HaumeHoBaHuMl u 3
npunoxxeHuil. Teket quccepranuu coAepKUT 39 Tabui u 25 pUCyHKOB.

OCHOBHOE COAEP XAHUE PABOTDBI

Bo BBemeHum 000CHOBaHa aKTyaJbHOCTh BBIOPAHHOTO HaIpaBICHUS
UCCJIEeIOBaHUs, CPOPMYIMPOBAHBI 1E€Jb W 3aJa4yd KCCIENOBaHUs, IOKa3aHa €ro
Hay4Has ¥ MpaKTHYeCKasi 3HAYUMOCTb.

B mnepBoii riaBe mpeicTaBieH 0030p HAyYHO-TEXHHMYECKOW M IMaTEHTHOU
JUTEpPaTyphl, TMOCBSIMICHHON OCOOCHHOCTSIM CTPYKTYpOOOpa3oBaHUs IEOCHOYHO-
MAaCTHYHBIX  ac(ambTOOETOHOB, POJAM B CTPYKTYpOoOOpa3OBaHMM U  TUMNAX
CTaOMIN3UPYIOUX J00AaBOK, MPUMEHSEMBIX B COCTaBax I€0€HOYHO-MAaCTHYHBIX
achanbTOOETOHOB, a TaKke MepCleKTHBaM  Hchojb3oBanus B LI[MA
BBICOKOJIUCIIEPCHBIX TOPUCTHIX MTOPOIIKOBBIX MAaTEPUATIOB.

N3yuennto u pa3paboTKe COCTABOB, CTPYKTYphI U CBOMCTB IIIMA mocBsieHbI
paboThl MHOTMX OTEUECTBEHHBbIX U 3apyOeXHbIX YyuyeHbIX: ApyTioHoBa B.I'.,
lNopensimeBoii JI.A., KapambimeBoii B.M., Kuproxuna ['.H., CmupnoBa E.A.,
Cokansckoii M.b., FOmamesa B.M., Eldren H., Horst E., Milster R.., Werner M u np.

[[le6eHouHo-MacThuHble acanbTOOETOHBI TIPUMEHSIOTCS B Poccuiickoit
®denepanuu ¢ Hayanga 2000-xX TOI0B U HaXOAAT BCe OoJsiee IMIMPOKOE NMPUMEHEHHUE B
JOPO’KHOM  CTPOUTEIbCTBE  Ojarojapss  BBICOKMM  (PU3MKO-MEXaHHYECKHM
XapaKTEPUCTHKAM W TOBBIIMIEHHONM JA0AroBedyHocTH. OpaHako, psAa  mOpodsem:
cerperanys BsDKYILIETO MPH TPAHCIOPTHPOBAHUM IIEOCHOYHO-MACTHUHBIX CMECEH,
BBICOKAsi CTOMMOCTh CTaOMIM3UPYIOIIUX J00aBOK, ACPHUIMT BHICOKOKAYECTBEHHBIX
MHEPTHBIX MUHEPAIBbHBIX MaTepUaliOB, HEJOIMYCTUMOE CHHKEHHE IPOYHOCTH H
CABUTOYCTOMYMBOCTH JOPOXKHBIX MOKpbITHA u3 I[IIMA 1pu BBICOKMX JETHUX
TeMriepaTtypax (0OCOOEHHO B IOKHBIX PETMOHAX CTPaHBI), CACPKUBAET MPUMEHEHUE
ATOTO MEPCIEKTUBHOIO MaTepuasa.

OnpIT  KWCHOJIB30BAaHHUS TMOPUCTBIX MHMHEPAIBHBIX MOPOLIKOB  BBICOKOM
JUCIIEPCHOCTUA B COCTaBax OUTYMOMHUHEPAIbHBIX KOMMO3UIMK U acdaibToOETOHOB
NOKAa3aJ MOJIOKUTENBHOE BIUSIHUE HA MOBBIIIECHUE PSAa CBOMCTB TAKMX MaTE€pUaJIOB.
Bricokne MUKpONOPUCTOCTh, JUCIIEPCHOCTD U YAEIbHAA NOBEPXHOCTh MUHEPAIBHBIX
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MOPOIIKOB HAa OCHOBE IMOPHUCTHIX MATEPUAIOB MPEAONPEICISIIOT MOBBIIICHHYIO
COpOIMOHHYIO AaKTUBHOCTh K OMTYMHOMY BSDKYIIEMY M CYIIECTBEHHO BIIUAIOT Ha
CTPYKTYpPOOOpa30BaHWE OpPraHOMHUHEPAIBHBIX  KOMIIO3UIIMOHHBIX  MaTepuasoB.
Takum o00pa3oM, MNPUMEHEHHE MOPUCTBIX BBICOKOAMCHEPCHBIX MOPOIIKOBBIX
MaTepUaJIOB TMPEJICTABISIET MHTEpEC KaK B KayecTBe 100aBKH, 0OeCleyuBarolIe
yctortunBocTh IIIMAC Kk paccrnauBaHuio, Tak W Moauduiupyromeid 100aBKH,
MO3BOJISIIONIEN CYIIECTBEHHO MOBBICUTH KauecTBO [I[MA.

Bo BTOpoOii TrJIaBe pPaccCMOTPEHbl OCOOCHHOCTH (PU3MKO-XUMHUYECKOTO
B3aMMOJICUCTBUSI OWTyMa C TIOPUCTHIMU MaTepuajaMud U WX BIUSHUE Ha (DU3UKO-
MEXaHWYeCKWe W  OKCIUIyaTalluOHHBbIE  CBOMCTBa  ac(ambTOOETOHOB |
OMTYMOMUHEPATHHBIX KOMITO3UIIUN.

CornacHo mpeacTaBICHUSM KOJUIOMIHOW XUMHH 3aKOHBI TEUCHUSI KUIKOCTH B
MOPUCTBHIX TelaXx B NPUIIOKEHUH K acamproOeToHaM U OUTYMOMHUHEPATbHBIM
KOMITO3ULIUSIM, MOJU(DUIIMPOBAHHBIX TMMOPUCTHIMH MHUHEPAILHBIMU MaTepualaMH,
UTPAlOT BaXHYI pOJb B TOHMMAaHMM TPOLECCOB CTPYKTYpOoOOpa3oBaHUs U
PETryJIMpPOBaHUSI MX CBOMCTB M UMEIOT BBICOKYIO MPAKTUYECKYI0 3HAYMMOCTH MPHU
IPOEKTUPOBAHUU COCTABOB KOMITO3UILIMMA C 3aJJaHHBIMU (PU3UKO-MEXaHUYECKUMU U
AKCILTyaTallMOHHBIMU MTOKA3aTeJISIMH.

[loBbllIeHHE aAre3Md B CUCTEME «MHUHEpalibHash YacTh — OpPraHUYecKoe
CBA3YIOIIIEE» SABJISIETCS OJHUM M3 OCHOBHBIX (DaKTOpPOB, BIUSIOIIMX HA CBOMCTBa
kommo3uta. CornmacHo paboram Anama H.K., bepnmuna A.A., ®ponosa FO.I'., Bueche
F. ycraHoBiieHO, 4TO Ha TIOBBIIIEHWE BEIUYMHBI AAT€3UU MEXIY MHUHEPATHHOU
YacTbl0 M OPraHMYECKUM CBSZYIOUIMM OPTraHOMHHEPAIBHOTO KOMIIO3UIIMOHHOTO
MaTepuaja 3HAUMTEIbHOE BIMSHUE OKA3bIBAIOT CIEAYIONINE (DAaKTOPHI: yBETUUYCHHE
wiomanad (U3NYEecKoro KOHTaKTa MeEXAy aAre3uBoM U cyOcTpatoMm; OOmbIIas
MOJIHOTAa KOHTAaKTa ajAre3nBa ¢ cyOcTpaToM (YTO MOXET 00ecrneyrBaThCs
B3aMMOJICUCTBHEM OOJIbLIEr0 yYucia (PYHKIIMOHAIBHBIX TPYyMM). YCTaHOBJIEHO, YTO
IUIOLIAJh KOHTAaKTa YBEJIMYUBAETCA MpU 3alOJIHEHUM aAre3UBOM MOp, TPEIIUH U
00po370K cyOcTpaTa M MPHU YBEIUYEHUU yAEIbHOM MoBepXHOCTH. ClenoBaTenabHoO,
0COOEHHOCTH MOBEPXHOCTH MUHEPAILHOTO MaTepHalia 0Ka3bIBatOT OOJIBIIOE BIMSIHUE
Ha BEJIMYMHY aAr€3Uu OPraHMYeCKOro CBA3YIOIIETO Ha HEM.

B mpomecce B3auMopieicTBUsS OMTyMa C TMOPUCTHIMM  MaTepuajaMu
IPOUCXOIUT W3OupartenbHas auddys3us (u3dupartenbHas QUIBTpAIMA) OTICIbHBIX
KOMIIOHEHTOB OMTyMa B TMOpbl MaTepuana. V3OupaTenbHas QuUIbTpamus
oOyCTaBIMBaeT MPOHUKHOBEHHWE B MUKPOTOPH HaMMEHEe aKTHBHBIX W Hamboiee
JIETKUX TI0 MOJIEKYJISIPHOMY BECY KOMIIOHEHTOB OUTyMa (COM3MEPUMBIX C pa3MepamMu
nop) — Macel, apoOMaTHYEeCKHX YIrIeBOJOPOAOB. PesymbraTom 3TOro mpoiiecca
ABJISIETCSL o0oraiieHue CBOOOJHOTO OWTymMa HambOoJee TSDKEIBIMU M aKTUBHBIMHU
KOMITOHEHTaMU — ac(aJbTeHAMH U CMOJIAMH, YTO BEJIET K TOBBIIICHUIO BI3KOCTH H
aAre3nu BsUKYIIEro. JTU (aKTOpbl B 3HAYUTEIBHOW MEpE OMpPENessiioT CTENeHb
a7ICOPOIIMOHHON CITOCOOHOCTH MOPUCTHIX HATIOTHUTEIIEH.

VYyuThiBas, 4TO B Cilyyae NPUMEHEHUS! MOPUCTHIX cyOcTpaToB nudPy3noHHbIE
SBJICHUSI MEX]Y aJre€3UBOM M CYOCTpAaTOM SIBIISIIOTCS XapaKTEPHBIMHU, HEOOXOJIUMO
YUUTHIBaTh BJIUSHUE AUPQPY3UH, TIOCKOJIbKY OJHOCTOPOHHEE WM B3aHUMHOE
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NpOHUKHOBeHUE (a3 obOecreynBaeT Oojee MOJHBIM MOJEKYJISPHBIA KOHTAKT W,
CJIeI0BATENIbHO, OOJIBIIYIO TPOYHOCTh CBA3HM B CTPYKTYpPE MOTYy4a€MOIr0 KOMITO3HTA.

B wuccuaenosanmsx AtossHa C.M., Kombanosckoir A.C., Muxaiinosa B.B.,
PoioreBa T.I'. u ap. moka3zaHo, 4YTO MOPUCThIE MUHEPAIbHbIE MAaTepUajbl 0071a1at0T
BBICOKOU copOupyloiei crnocoOHOCThI0. DTa 0COOEHHOCTh MOPUCTHIX MOPOLIKOBBIX
MaTepUAIOB MOXET HaWTU A(PPEeKTHBHOE MPUMEHEHHE B TEXHOJOTUHU IEOEHOYHO-
MacTUYHbIX acdanbToObeToHOB i crabunmzanuu  [IIMAC (T.e. CHWIWKEHHS
cerperauuu (CTEKaHWsA) BSDKYLIETO B CMECH NPU TPAHCHOPTUPOBKE). OgHUMU U3
TaKUX BBICOKOJMCIIEPCHBIX TMOPOIIKOBBIX MOPUCTBIX MAaTepUATIOB MOTYT OBITh
MOPOILIKH U3 MEPIUTA U KEPAM3UTA.

[IpoyHOCTHBIE CBOICTBA MPUMEHSIEMOT0 MaTepHajia BO MHOTOM OIPEAETSIOT
HKCIUTYaTal[MOHHbIE XapaKTEPUCTUKU JTOPOKHBIX ac(haabTOOETOHHBIX MOKPHITHIA.
[IpouHocts acanpTOoOETOHA, KaK BSI3KO-YIPYTrO-IUIACTUYHOTO Tella, U3MEHSAETCS B
MIUPOKUX Mpeferax MpU Pa3IUYHbIX AKCIUTyaTallMOHHBIX TeMmiiepaTypax. OnHo#l u3
3a/lay MpU CO3JaHUU HOBBIX JOPOKHO-CTPOUTENIbHBIX MAaT€PUATIOB HA OPraHUYECKUX
CBA3YIOIIMX SIBJSIETCS MOBBIIIEHHE MPOYHOCTH MPU BBICOKHMX JIETHUX TeMIEepaTypax
(TemI0CTOMKOCTH), YTO B OCHOBHOM O0OECIEYUBAET CIBUTOYCTOMYUBOCTH JOPOKHOTO
NOKPBITHS, U MOBBIIIEHHE €r0 1e(POPMATUBHOCTHU MPU OTPULIATEIBHBIX TEMIIEpATypax
B 3uMHuil niepuona. CormacHo Teopur Mopa, TpeaelbHbIE CONPOTHUBICHHUS
OJIHOOCHOMY CKaTHIO MaTepHuasa CBA3aHbl CO CUEIUICHHUEM €ro YacTHIl MEXAY cOOoi
¥ BHYTPEHHUM TPEHHEM, BOSHUKAIOIINM MEXIY YaCTUIIAMU:

COIPOTHUBIICHUE CXKATHIO: R, =2c-tg (%Jr%j :
COMPOTUBJICHUE PACTSKEHHUIO: R = 2—0;
4 2

rae ¢ — cuerienue, Mlla; ¢ — yron BHyTpeHHETO TpeHus.

[ToBbIlIeHUE CLIETUICHNS U BHYTPEHHETO TPEHUsI KOMITO3UIIMOHHOTO MaTeprasa
CTIOCOOCTBYIOT POCTY €r0 CONPOTHUBIICHHS HA PacTsHKEHUE U CokaThe. YeM BhIIe yrou
BHYTPEHHETO TPEHHsSI ¢ U CLEIUICHUE ¢, TEM BhIIIIEe IPOYHOCTh MaTepHara.

Anammzupys padotsl 'ezenues JI.b., Koponesa U.B., PriObeBa U.A. u np.
MOCBSIICHHBIX TOBBIIICHUIO CIBUTOYCTOWYUBOCTH M MPOYHOCTH ac(aibTOOETOHOB
BBISIBJICHO, YTO YJIYYIIIEHHUE 3TUX CBOMCTB BO3MOXKHO IyTE€M NMPUMEHEHHS B COCTaBax
ac¢anbToOETOHOB IIEOHS ¢ OCTPOYTOJIBHON M IeKCaroHadbHOM (OPMOIi 3epeH, Mmecka
U3 OTCEBOB IPOOJICHNUS; MEXaHOXMMHUYECKON aKTUBAIlMEel MUHEPAIbHBIX MaTEPHUAJIOB,
JOCTUTaeMOM NIpoOJIeHHEeM, M3MENbUeHUEM TBEpAbIX Ted. [IpuMeHeHne MOpHUCTHIX
BBICOKOJJUCTIEPCHBIX MAaTEPHAJIOB C IIEPOXOBATON M BHICOKOPA3BUTON MOBEPXHOCTHIO
(HammpuMep, KepaM3UTOBOTO WJIM TMEPIUTOBOTO TOPOIIKA) MOKET OO0ECIeYnTh
MOBBIIIEHNE BHYTPEHHETO TPEHUS M CLEIUICHUs OMTYMOMHHEPAJbHOIO MarepHana,
4TO B pe3yjibTaTe IMO3BOJUT TMOBBICUTh MPOYHOCTh U CIABHUTOYCTOWYHMBOCTD
MOJYy4aeMOT0 KOMITO3HTA.

B Tperbeii riaBe mpuBeIcHAa XapaKTEPUCTHKA MPUMEHSEMBIX MaTEpUasoB,
M3JI0KEHbI METOJIbl M IPEJCTaBIEHbl OCHOBHBIE PE3YJIbTAThl AKCHEPUMEHTATBHBIX
MCCJIEIOBAaHUM TOPHUCTHIX MOPOIIKOBBIX MaTEpUajoB, acQalbTOBSKYIIMX Ha HUX



10

OCHOBE, a Takke (U3UKO-MEXaHUYECKUX, CTPYKTYpHO-MEXaHHMUYECKUX U
AKCIUTYaTallMOHHBIX CBOWCTB 111e0€HOYHO-MACTUYHBIX acaabT00ETOHOB,
MOAU(PUITUIPOBAHHBIX TOPUCTHIMHU HOPOIIKAMHU.

B skcnepuMEHTANBHBIX  HCCIENOBAHUSAX  MCIOJB30BaIM  CIEAYIOIIUE
MaTepHualibl: eOeHb KyOOBUIHOM (DOPMBI U3 TUIOTHBIX TOPHBIX MOPOJ U €r0 OTCEBHI,
AKTUBHUPOBAHHBIM HW3BECTHSKOBBIM MUHEpaJbHBIM MOpOIIoK, OutymMm Mapku BbH]]
60/90, nepnmut mapku 120 u xepamszut mapku 600. Vccnenyemple MUHEpaIbHBIC
MOPOLIKMA  MOJYYaJIH H3MEIbYEHHEM MCXOAHBIX IIOPUCTBIX MaTe€pUajloB B
71ab0paTOpPHOM 1IAPOBOI METBHUIIE U MOCIeAYIOMNM 0TO0poM (pakiuii menee 0,16
MM. CBOWCTBa aKTMBUPOBAHHOI'O W3BECTHSKOBOI'O KEPAM3HTOBOI'O W MEPIUTOBOIrO
nopoikoB onpenensiiu cornaco 'OCT P 52129-2003 (tabnuna 1).

Tabnuma 1 — CBolicTBa UCClIEyeMbIX MOPOMIKOBBIX MAaTEPHAJIOB

y o AKTI/IBHpOBaHHLVHZ FOCT P
Tokasatens CPANGHITOBBIL | - g g MSBECTIIKOBE 1 57129.2003
MTOPOIIOK MUHEpaTbHBINA
MTOPOLLIOK st MII-1
MOPOIIIOK
3epHOBOM cocTaB, % MO Macce
Menpue 1,25 100 100 100 He menee 100
” 0,315~ 100 100 98,1 He MeHee 90
” 0,071 ” 82,5 80,1 81,7 He MmeHee 80
ITopucrocts, % 1o 00beMy 36 42 27 He Oonee 30
HacpInHas mwiotHocts, O, ,KF/M3 880 280 1217 -
HctrHHAS IIIOTHOCTS C, Kr/M° 2570 2240 2746 -
YV ienbHast IOBEPXHOCTD, cM°/T 5280 6453 3080 -

Ha navanpHOM 3Tame wuccienoBaHUN H3ydalad OCOOEHHOCTH Tomorpaduu u
MUKPOCTPYKTYPBl MOBEPXHOCTH MOPUCTBHIX MOPOIIKOBBIX MAaTEpHUajOB, UX BIMSHHE
Ha cBoucTtBa acdamproBspkynmx [I[MAC, a Ttakxke Ha cBoictBa [I[MA,
MOAU(PULIIMPOBAHHBIX KEPAM3UTOBBIM U TEPIUTOBBIM MopomkamMu. OcoOEHHOCTH
Tonorpauu U MUKPOCTPYKTYPBI MOBEPXHOCTH MPEJIOKEHHBIX MaTEPHAIOB U3yUaiH
METOJaMH aTOMHO-CHJIOBOM MHKpockomuu (ACM) U pacTpoBOW 3JIEKTPOHHOM
mukpockoruu  (POM).  MukpodoTorpaduu  HOBEPXHOCTH  HCCIEILYyEMbIX
MUHEPAJIbHBIX YaCTUL] IPECTABICHbI HA PUCYHKE 1.

AHaM3 MoJy4eHHBIX MUKpodoTorpaduii moBepxHocTel yactull (pUCyHOK 1)
BBISIBUJI CJIEAYIOLIEE: YACTHUIIBI KEpaM3UTa UMEIOT HauOoJiee pa3BUTYIO TOBEPXHOCTb,
BBICOKOE KOJIMYECTBO PA3JIMYHBIX 110 pa3MepaM U (popme 1mop, HEPOBHOCTEM, UenIyek,
pedep U MUKPOTPEIMH, UCIIEHIPEHB] IEPOXOBATOCTSIMU U HEPOBHOCTIMU. YacTuIlbl
HEepIUTa MPEICTaBISAIOT COOON MIIOCKUE YEIIYHKU C OOJIBIIMM KOJIMYECTBOM ITyCTOT.
Yactuupl ~ aKTUBHUPOBAHHOTO  H3BECTHSIKOBOTO  MHHEPAJBHOTO  TOPOIIKA
XapakTepu3yercs ciaabo BhIpa)KEeHHBIMU HEPOBHOCTSIMU U YTIIyOJICHUSMU.

JlucepcHOCTh MUHEPAJIBbHBIX TOPOIIKOB ONPEACTSIN METOJAO0M JIa3epHOM
IUQPPaKIMK C TIOMOINBIO JIA3epHOTO aHanuM3atopa pa3mepoB dactull «Jlacka-T»
(pucynox  2). beumm  UcCcnenoBaHbl  3€pPHOBBIE  COCTaBbl,  ONPEIEICHBI
auddepeHraITbHoe YW MHTETPAJbHOE  paclpeiesieHHe YacTul 1Mo  o0bemy



11

KEepaM3HUTOBOTO, MEPIUTOBOTO W aKTHBUPOBAHHOTO W3BECTHAKOBOI'O MHUHEPAIHLHOTO
MTOPOIIIKOB.

10:32H D3B8 x50k 20um

um g 0005 1135 F D36 x50k 20um

Pucynox 1 — MukpodoTtorpadnu moBepXHOCTH YaCTHI] HCCIICTyEMbIX MUHEPAITBHBIX
MTOPOIIIKOB: a) KEPaM3UTOBBIN MOPOIIOK, 0) aKTUBUPOBAHHBINA N3BECTHSIKOBBIM
MUHEPAJIbHBIN MMOPOIIIOK, B) MEPIUTOBBIA MMOPOIIIOK

JlucepcHOCTh MUHEPATBHBIX TIOPOIIKOB OMPEACTSIN METOJO0M JIa3epHOM
IUQPPAKIMK C TIOMOIIBIO JIA3epHOTO aHaiM3atopa pa3mepoB dactull «Jlacka-T»
(pucynok  2). bpuld  uCCleqOBaHBl  3€PHOBBIE  COCTaBbI,  OMPEACIICHBI
muddepeHarTbHOe W MHTErpajibHOE — paclpeiesieHde 4YacTUIl 10  o0beMy
KEpaM3UTOBOTO, MEPIUTOBOTO W aKTUBUPOBAHHOTO HM3BECTHSIKOBOTO MUHEPATHHOTO
MOPOITKOB.  YCTAaHOBJICHA TIOBBIIICHHAS  JUCIEPCHOCTh  KEPAM3UTOBOTO M
MEPJIUTOBOTO TIOPOIIKOB IO CPAaBHCHHWIO C AaKTUBHPOBAHHBIM H3BECTHAKOBBIM
MUHEpaJIbHBIM mopomkoM. [Ipeobmagaronuii pazmep vactui kepamsurta (72 %) u
nepimrta (69 %) HaxomaTrcs B Tpeaenax OT 5 mo 25 MKM, a MHUHEPaIbHOTO
n3BecTHsIKOBOro mopomka — ot 10 1o 50 mxm (70 %). BeisiBieHo, 4TO yjaenbHas
MOBEPXHOCTh KEPAM3UTOBOTO M TEPIUTOBOTO MOPOIIKOB Oonee yeM B 1,7-2 pasa
NPEBBIIIACT  yIEIbHYIO  TOBEPXHOCTh  AKTUBUPOBAHHOTO  HM3BECTHSIKOBOTO
MUHEPAILHOTO TOpoIIKa. TakuM 00pa3oM, BO3MOXHO TMPEANOJIOKUTh, YTO
YCTaHOBJICHHBIE OCOOCHHOCTH TIOBEPXHOCTH YACTHI[ TMOPUCTBIX TOPOIIKOB, WX
MOBBIIICHHAS JUCTIEPCHOCTh W yJelbHAas TOBEPXHOCTh MOTYT OOECIeUuTh UX
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BBICOKYIO aJCOPOLIMOHHYIO AKTUBHOCTh MU CTPYKTYpPHUPYIOLIYIO CIIOCOOHOCTH IIO
OTHOLIEHUIO K OUTYMHOMY BSDKYIIEMY.

Conepxanue >0
gactu1, % mo
o0Bemy 40
30
20
10 —
0 _ J

0-1 1-5 5-10 10-25 25-50

Pasmep wactui, MkM
aKTUBUPOBAHHBIN MUHEPAJIBHBIA MOPOIIOK
B KepaM3UTOBBIN ITOPOLIOK
B 1epJUTOBBINA TOPOLIOK

Pucynok 2 — luddepenimansHoe pacrpeaeieHue 4acTUll 1o 00beMy

CrnenyoomuM 3TarnoM HCCIEAOBAaHUMN SIBISUIOCh U3YYEHHUE BIIMSHMS MOPUCTHIX
MOPOIIKOBBIX ~ MAaTepuajoB Ha CBoOMcCTBa  acgaiabTOBSKYLIEro. Pe3ynbrarsl
WCIIBITAaHUH NPUBEACHBI B TaOIHIIE 2.

Tabauia 2 — CoiicTBa MOIM(UIIMPOBAHHBIX aC()aJbTOBSIKYILIUX
I'mybuna nponukanus | Temmeparypa

Bun acanbroBspkyriero uriel, 0,1 MM pa3MAryeHus 1o
npu0°C | mpu25°C Kulll, °C

burym  BHJA  60/90 +  akTMBHpPOBAaHHBIN 20 51 68.5
M3BECTHSIKOBBIN MUHEPAJIBbHBIN MOPOIIOK ’
burym  BHJA  60/90 +  akTMBHpPOBAaHHBIN
W3BECTHSIKOBBII MUHEPATbHBIN MOPOIIIOK,

o 20 48 70,1
MOIU(DUIIMPOBAHHBIN MIEPITUTOBBIM ITOPOIITKOM
(B cootnomenuu 50 Y 50 %)
burym  BHJI 60/90 +  akTUBHpPOBaHHBII
U3BECTHSAKOBBIN MUHEpaJIbHBIN [IOPOLLIOK,

N 20 43 76,4
MOIU(DUIIMPOBAHHBIN KEPAM3UTOBBIM TOPOLIKOM
(B cootnommennu 50 Y 50 %)

CornacHo TOJIy4eHHBIM pe3yjbTaTaM MOAM(DUKALMS BSKYIIETO MEPIUTOM U
KEPaM3UTOM TPHBOAUT K CHIDKEeHHIO meHeTpanuu mpu 25 °C wa 5,9 % u 15,7 %
cooTBeTcTBeHHO. Temmneparypa pasmsiruenus 1o Kulll ngns cocraBos
ac(hanbTOBSKYILIEr0, MOAUMDUIMPOBAHHBIX TMOPOIIKAMU TMEpIUTa M KepaM3uTa,
yBenuuuiack Ha 2,3 % u 11,5 %. Takum 06pa3om, BKIIIOUEHHE TTOPUCTHIX MOPOIIKOB
B achambTOBSIKYIEC NPHUBOAUT K 3HAYUTEIHPHOMY TIOBBIIIEHUIO BSI3KOCTH W
CTPYKTYPUPOBAHHIO OWTyMa, IO BCEW BUIAMNMOCTH, BCIEIACTBHE W30MpaTEIHHON
buapTpa KOMIOHEHTOB BsKymero. COrIacHO TOJNYYeHHBIM JaHHBIM Oolee
BBICOKOU CTPYKTYpHUPYIOIIEH CIOCOOHOCTHIO 001a/1aeT KepaM3UTOBBIN OPOIIOK.
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Ha 3axmrountensHoM stame wuccienoBamu IIIMA, wmoaudunupoBaHHbie
MOPUCTHIMU TOPOIIKaMU Kepam3uTa U nepiuta. C 1enbl0 ONTUMU3AIUN CTPYKTYPBI
MOJAUQPUIIIPOBAHHOTO IIMA  npenBapuTeabHO u3yJanu BO3MOXHOCTb
UCIOJIb30BAHUSl TMOPHUCTHIX MOPOIIKOB B KaueCTBE MOAM(PUKATOPOB, CHUKAIOLIUX
CErperanuio BSDKYIIETO M IMOBBIIMIAIONIMX CBOMCTBA KOMIIO3UIIMU, O CJEAYIOLIUM
IByM cxemam: 1) mopucteie mnopowku BBoawid B coctaB IIIMAC kak
MOJIUQPUITUPYIOLILYIO 100aBKY CBEpX MAaCChl MUHEPAILHON YacCTH CMECH; 2) TIOPUCTHIE
nopoiiku BBogwin B IIIMAC ¢ menpio MoAM(HUKAIMM KaK 4acTh MUHEPaJIbHOTO
HamojHuTeNna  (T.e. 3aMEHsUIM YacTh OOBEMHOM JIOMM  aKTHMBHUPOBAHHOTO
M3BECTHAKOBOTO MUHEPAJIBLHOTO MOPOIIKA HA COOTBETCTBYIOIIMI 00bEM MTOPUCTOTO).

B pesynbrare ucnbiTaHuil 00pas3loB MO MPEIIOKEHHBIM CXEMaM BBISIBICHO,
yTo Hauboiee ONTHUMAJbHOM SIBISETCS IMepBas CXEMa BBEJIEHHUS MOPUCTOTO
noporrkoBoro moaudukaropa B IIMAC. ®usuko-mexanndeckue cBoiictBa [IIMA,
MOJUQPUIIMIPOBAHHBIX ~ONTUMAJIBHBIM KOJIMYECTBOM IMPEAJIOKEHHBIX MOPUCTHIX
NOPOIIKOB, mpeacTaBieHbl B Tabnuue 3. Jna cpaBHeHus wucneiThiBasid [IMA
CTaHAAPTHBIX  COCTAaBOB C  NIpPUMEHEHHWEM  Haubojee  pacnpoCTpaHEHHOU
cTabunu3upyroieit 1o6aBku Viatop-66.

Tabnuma 3 — dusnko-mMexanudeckue cpoiictea IIIMA

HIMA-10 IMA-15
Ilokasarenn - -
KepavsuT | nepir | Viatop-66 | kepavzur | nepar | Viatop-66
BoxocToikocTs, &, 0,96 0,94 0,9 0,98 0,94 0,92
BonocroiikocTs npu JNIUTENBHOM 0.86 0.81 0,79 0.9 0.83 0.82

BOJIOHACHKIIIEHUH, Ky

[Toka3zaTens crekanus BDKyIero, B, %o: 0,12 0,11 0,1 0,11 0,1 0,09

KoarmmeHT BHyTpeHHErO TpeHUS, 13y 0,94 0,93 0,94 0,95 0,94 0,95

CuernieHue Mpu cBUTre Mpu
revmepatype 50 °C, C,, MITa 0,26 0,22 0,24 0,28 0,23 0,24

[Ipenen mpoyHOCTH MIPH CKATHH,

MIla:
mipu 20°C, Ry 4,47 3,64 4.2 4,67 3,92 43
pu 50 °C, Rs 1,88 1,34 1,8 1,91 1,49 1,85

CornacHo  mosydeHHbIM  pesynbraram  LIIMA,  mMonudunmrpoBaHHbIe
KEpaM3UTOBBIM TMOPOILIKOM, O0JaJal0T Haubosiee BBICOKMMH MPOYHOCTHBIMU
ITOKA3aTeJIIMM, MOKA3aTEINSIMHA CIBUTOYCTOMYMBOCTH U BOJAOCTOMKOCTH B CPAaBHEHUU
kak co [IIMA, MoauduImpoBaHHBIME TIEPIUTOBBIM TOPOIIKOM, TaK U B CPAaBHCHHH
co crangaptHbeiMu coctaBamu II[[MA co crabmmmsupyromein go6aBkoil Viatop-66.
ITokazarenu cTekaHMs BSLKYILETO UCCIEAYEMBIX CMECEU OTINYAIOTCS HE3HAYUTEIIBHO
Y UMEIOT JOCTATOYHO HU3KHUE 3HAYCHHS.

[IpoBeleHHBI CPAaBHUTENBHBIM AHAJIM3 HAa MHUKPOYPOBHE IOPHUCTBIX
MOPOUIKOBBIX MaTEpUAIOB (KepaM3uTa W I[EpiauTa), AaHAJIW3 WX BIUSHUA Ha
U3MEHEHHE CBOMCTB achaiabTOBKYIEro M Ha cBoicTBa camux [I[MA pa3nuuHbIx
MapoK TMO3BOJIMJ YCTAaHOBUTH, YTO HauboJiee ONTUMAJIBHBIM TMOPOIIKOBBIM
moaudukaropoM i IIMAC, no3BoJIIOIIMM MOBBICUTh KaK TEXHOJOTUYHOCTb, TaK
U cBoiicTBa nosydyaemoro [IIMA, siBisieTcst KepaM3UTOBBIN MOPOIIOK.
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Jns mnoxbopa pamuoHanbHbIX coctaBoB  IIIMA, wmonuduurpoBaHHBIX
KEpaM3WUTOBBIM  IOPOIIKOM,  MPOBOJWIM  MAaTEMaTUYECKOE  IUJIAHUPOBAHUE
HKCIIEPUMEHTA U CTATUCTUYECKYIO0 00padOTKY Pe3yIbTaTOB.

VYuer 0COOEHHOCTEM HaIpsKEHHO-1e(HOPMUPOBAHHOTO COCTOSIHUS
ac(anbTOOETOHHOTO TMOKPBITUS B MPOLECCE IKCIUTyaTallMd, KaK OT BO3JEHCTBUS
TPAHCIIOPTHBIX HArpy30K, TaK W TEMIEPATypHOTO BIIMSHUS, MO3BOJISIET MPABHIIBHO
OLICHUTh KAa4eCTBO U pabOTOCIOCOOHOCTh MaTepuajia MpU pacuere MOKPBITUH U
IIPOTHO3UPOBATh MX JOJIOBEYHOCTb. HaydyHbli M IIPaKTMYECKUH HWHTEpEC
MPEACTABISUIO M3ydeHue aehopMaTUBHOTO MOBenAeHUs uccienyembix [IIMA mpwu
pPa3IMYHBIX OKCIUIyaTalMOHHBIX TEMIIEpAaTypax C TOYKH 3pPEHUS PEOJIOTHHU.
Onpenensimu crnenyromue peosiorndyeckue napamerpel [IIMA (corimacHo MeToauke
S1.H. KoBanesa): ko3(hpuLIMEeHT BSI3KOCTH #,,, KOOPPUIUEHT BA3KOMU MOJATIUBOCTH Y,
BpeMs penakcaiuu @, BpeMs peraplaalud, KHHETUYECKUEe XapaKTepucTuku P;, P, u
P;/P,, wmonyns ympyroctu E. HccnemoBanu 3aBUCHUMOCTH  PEOJIOTHYECKHUX
XapaKTEpUCTHK MPU PA3IUYHBIX IKCIUTYyaTallMOHHBIX TEMIIEPATYpax B MpeAesiax oOT -
10 mo +60 °C. Temmeparypa +60 °C Oblaa BeIOpaHa B CBSI3M C TEM, YTO B FOKHBIX
perMoHax Halled CTpaHbl COIJIACHO HAaTypHBIM HAOJIOJEHUSAM TeMIlepaTypa
JOPOYKHOTO TMOKPBITUS MOYKET JOCTUraTh JAHHOM BEJIMYMHBI B JKApKUE JIETHUE
MEPHOJBI M CIIOCOOHA COXPAHATHCS JIO HECKOJBKMX 4YacoB B cyTkd, a -10 °C —
COOTBETCTBYeT pabore achanbToOeToHa Kak MpakTUYecKd yrpyroro Ttena. Kak
M3BECTHO, KHHETUYECKUE XapakTepucTtuku P;, P, u P;/P, XapakTepusyrT CKOPOCTh
pasButus nepopmanuii. Bemwumna P;/P, SBISETCS OTHOIIEHHUEM BPEMEHU
peTapianuu T KO BPEMEHHM pelakcauud € U TMO3BOJSET KauyeCTBEHHO OLEHUTDH
nporecc AehopmupoBaHus achaabTOOCTOHHOTO TOKPHITHS. 3HAYCHHUE IapamMerpa
P;/P, xapaktepusyeT >KECTKOCTb Marepuana. [Ilpy MUHUMaIbHOM 3HAYE€HUU
oTtHomieHuss P;/P, ecTKocTh acanpbToOeTOHa MakcMMaibHa M HAo0OpOT, HpU

MAaKCUMAJIbBHOM P]/P2 — JKECTKOCTh MHUHUMAJIbHA. 3aBUCUMOCTH W3MEHEHUSA
OTHOIIICHUSA P]/PZ OT TEMIICPATYPEI IPCACTABIICHBI HA PHUCYHKC 3.
7
P]/Pz,']0-6 6

-10 0 10 20 30 40 50 60
Temneparypa, T, °C

Coctas Ne 1 IIIMA-10 ¢ no6agkoii Viatop-66
-------- Cocta Ne 2 IIIMA-10 Mo 1udpuUIIMPOBAHHBIE KEPAM3UTOBBIM 10D OIIKOM
— = =Cocras Ne 3 IIIMA-15 ¢ nobagxkoii Viatop-66
=+ = Cocras Ne 4 LIMA-15 monudunupoBaHHbIe KEPAM3UTOBBIM IO OIIIKOM

Pucynok 3 — 3aBucuMOCTH U3MeHeHusl oTHoIeHus P;/P, oT TemriepaTypsl
uccienyemoix HIMA
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Kak w3BeCTHO >XeCTKOCTh ac(ambTOOETOHHBIX TOKPHITUH B 3UMHEE BpeMs
3HAYUTEIFHO MPEBOCXOJUT KECTKOCTh MPHU BBICOKUX JIETHUX Temmeparypax. s
JNOCTIKEHUST JIy4dllled TPEIMHOCTOMKOCTH B 3UMHUH TEpHOj]] HEOO0XO0IUMO
o0OecrieueHUe  MHUHUMAJIBHOM  KECTKOCTH  acdaiabToOeTOHa,  ClIeOBATEIbHO
otHouieHue P;/P, A0M&HO OBITh MaKCHUMalbHBbIM, MPUMEHUTEIBHO K JAaHHOU
TeMIiepatype, a sl 00ecreYeHHs] BbICOKOM CIIBUTOYCTOMYMBOCTH B JIETHEE BpEMsI
rojia, HE00OX0AUMO 4TOOBI P;/P, IpUHUMAIIO KaK MOXHO 00Jiee HU3KHUE 3HAUEHUS.

B pe3ynbraTte ucciaeqoBaHUN PEOTOTHUYECKUX XapPAKTEPUCTHK BBISIBIECHO, YTO
HIMA, MoaupuIpoBaHHBIE KEPAaM3UTOBBIM MOPOIIKOM, OO0Jee YCTOWYHMBBI K
nedopmarisaM, BO3HUKAIONUM TIPH BBICOKMX AIKCIUTyaTAIllMOHHBIX TeMIeparypax, a
Takke 6osee neopMaTHBHBI (TPEITUHOCTOWKH ) TIPY OTPUIIATEIIBLHBIX TEMIIEPATYpaXx,
yeM TpaguumonHeie [IIMA.

CIBUTOyCTOMYMBOCTh W TPEUIMHOCTOMKOCTb  MPEIJIOKEHHBIX COCTABOB
onpenensiiu cormmacHo ['OCT 12801-98. Jlnst cpaBHEHMsI HCIBITBIBAIN 0O0pa3Ilbl
IIMA crannapthbix coctaBoB Mapok IIIMA-10 u IIMA-15 co crabunusupyronieit
nobaBkoii Viatop-66. PesynbTarhl ucnbiTaHuii npuBeieHbl B Tadmuie 4. CorjacHoO
pe3yibTaTaM MCCIEI0BAHUN BBISIBICHO, YTO BKIIOYEHUE KEPAM3UTOBOIO MOPOIIKA B
coctaBbl [IIMAC moBbIiaeT k03)PUIMEHT BHYTPEHHETO TpeHUS (12¢), CLCTUICHHE
npu casure (C,) W Ipenes MPOYHOCTH HAa PACTSHKEHUE NpH packone (R,), dro
CBUJIETEIBCTBYET O 0o0jiee BBICOKOM CIBUTOYCTOMYMBOCTH U  MPUEMIIEMOM
TpemmHocTtoikocT LLIIMA, MonuduurpoBaHHBIX KEPAM3UTOBBIM ITOPOIIKOM.

Tabnuna 4 — [lokaszarenu cIBUTOYCTOWYMBOCTH U TpeuuHocToiikoctu [IIMA

Koo uuueHt Cuemienue npu [Ipenen
CIBUTE MPU MPOYHOCTH HA
Tun cmecu BHYTPEHHETO
Tpenns, fay temmneparype 50 | pacTskeHue npu
p ’ °C, C,, MIla packoute, R,, MIla
IMA-10 (MoguduIrpoBaHHBIC 0,95 0.27 6.13

KEPaM3UTOBBIM ITOPOIIIKOM )
HIMA-10 (ct. 100. Viatop-66) 0,94 0,24 5,78

HIMA-15 (MonupumpoBaHHbIe
KEPaM3UTOBBIM ITOPOIIIKOM )

IIIMA-15 (c1. 106. Viatop-66) 0,95 0,24 5,8

0,96 0,31 6,28

N3HococToiKOoCT,  pa3paboranHbix [I[MA mnpoBoauau myTeM  OIEHKH
uctupaemoctr oopasnos [IIMA-10 u IIIMA-15 na npubope JIKU-3M. B pesynbrate
WCIIBITAHUN YCTAaHOBJIEHA BBICOKAas H3HOCOCTOMKOCTbh HCCIEIyeMbIX 00paslioB, H
BBIABJIIEHO, 4YTO npuMmeHeHwe B coctaBax [IIMAC kepamM3uTOBOro MOpOIIKA HE
OKAa3bIBAET CYIIECTBEHHOT'O BIIUSIHUS HA U3HOCOCTOMKOCTh [IIMA.

Mopo3zocroiikocte IIIMA onpenensimu B cootBerctBur ¢ 'OCT 12801-98.
W3meHeHne mpoYHOCTH MPU CRKATHH 00pa3oB MOAU(PUITMPOBAHHBIX W CTAHAAPTHBIX
[IIMA-10 u IIMA-15 oT koiauyecTBa IHMKJIOB 3aMOPaXKUBAHUS-OTTAUBAHUSA MPHU
temmeparype 20 °C npeicTaBiieHo Ha PUCYHKE 4.
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W3 ananu3a mogy4deHHbIX 3aBUCUMOCTEH CIIEYET, YTO MEOCHOYHO-MAaCTHYHbIE
ac(anbTo0eTOHBI, MOANDUIIMPOBAHHBIE KEPAM3UTOBBIM MOPOIIKOM, 00Iaat0T Oosee
BBICOKON MOPO30CTOMKOCTBIO 10 CPABHEHUIO CO CTaHAApTHBIMU cocTaBamu [IIMA.
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0 25 50 75 100 125 150
Konn4ecTBO HUKIIOB 3aMOpaKMBaHMS U OTAUBAHUS

lcocraB  IIIMA-10 MoauHIMPOBAHHBIE KEPAM3HTOBBIM IOPOLIKOM
— - -2coctaB  [IJMA-10 ¢ no6aBkoit Viatop-66
----- 3coctaB  II[MA-15 MomudHIIMPOBAHHBIE KEPAM3UTOBEIM OPOMKOM
--------- 4 cocraB  IIIMA-15 ¢ no6aBkoii Viatop-66

Pucynok 4 — Mopo3zocTtoiikocts uccnenyemsix [IIMA

HccnenoBanue JOJATOBEYHOCTHM MATEpUajoB MpoBoauiau no meroauke FO.M.
Kanruna ¢ npumenenmem knumatudeckoir kamepsl «CM — -70/100 — 120TBX».
Meronrka uccie10BaHus COCTOUT B CIEIYIOIIEM: MOJIEIMPOBAHUE CTAPEHUS CMECH B
IIPOLIECCE MPUTOTOBJIEHUS NIPH MPEJENBHO BBICOKMX TEMIIEPATypaxX, MOJIEIUPOBAHUE
cTapeHusi acanbToOETOHA B JIETHUI MEPHOJ U MOJHOE BOJOHACHIINICHHE 00pa3IoB
[IIMA c¢ nocneayroumuyM HCIBITAHUEM HA MOPO30CTOMKOCTb, YTO COOTBETCTBYET
OJIHOMY YCIIOBHOMY TOJly O3KCIUIyaTallud JOPOXKHOTO NOKpbITUA. VcnbITeiBammu
oopazubl  [IIMA-15, wMoau@uIMpOBaHHBIX  KEPAM3UTOBBIM  MOPOILIKOM, H
crangaptaeie [IIMA-15 co crabunusupyromieii n1o6aBkoit Viatop-66. PesynbTaThl
UCTIBITAHUM MPEJCTaBICHBI B TAOIUIIE 5.

Ta6muna 5 — [Nokazarenu pusnko-mexanndeckux cBocTB LIIMA nocnie ogHoro
YCJIOBHOTO TOJia YKCIUTyaTalllux

[IIMA-15, Mmomadwmposarsbie | [IIMA-15 ¢ no6aBkoit
KEpaM3UTOBBIM TTOPOIITKOM Viatop-66

HanmeHOBaHHE MOkasaTeNs KOJMYCCTBO NUKIIOB 3aMOpPAXMBaHWA 1 OTTauBaHUSA

0 25 50 100 0 25 | 50 | 100
ITpenen npounoctu npu 20°C, R,5, MITa | 48 | 442 | 403 3,7 43 |387]361| 31
ITpenen npounoctu npu 50°C, R,p5, MITa | 194 | 1,77 | 1,63 1,46 185 | 1,63 15| 13

Koa¢d. moposocroiikoctu npu20°C, k,,ps - 092 | 0,86 0,77 - 09 | 0841072
Koa¢¢. moposocroiikoctu mpu 50°C, £,,ps - 091 | 0,84 0,75 - 088|081 | 07
BomgocToiikocTh, kg 099 | 095 | 091 0,89 092 | 09 | 086 | 083

BomocTOMKOCTh MpU JIUTETBHOM 091 084 | 079 077 082 | 078 076 | 073
BOJIOHACHIIIEHUH, Ky

Bononaceimenue, W, % mo o0bemy 188 | 193 | 194 2,01 1,81 | 1,82 | 1,86 | 1,96
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Mopo3zoctoiikocts 00pasmnoB II[MA-15 coctaBuna He menee 100 1ukioB
MOMEPEMEHHOr0 3aMOpakuBaHus U oTtauBaHus. KoadduimeHt Mopo30cTokocTH,
BOJOCTOMKOCTh M BOJAOCTOMKOCTh TMpPU JUIMTEIbHOM BOJOHACBIIMICHUH IIPU
temneparype 20 u 50°C nocie 100 HMKIOB 3aMOpaKMBAHUS U OTTAaMBaHUS BBILIEC Y
IIMA,  MoaAM(pUUUPOBAHHOTO  KEpamM3UTOBbIM  mopomkoMm.  [lokazatenu
BOJIOHACHIIICHUS 00pa3ioB U3 MOAUGUIIMPOBaHHBIX cocTaBoB LIIMA He3HauuTeabHO
NPEBBIIIAIOT AHAJIOTUYHBIE MOKa3aTean o0pa3uoB u3 [IIMA cranmapTHBIX COCTAaBOB.
Pesynbratel sKkcnepuMeHTanbHBIX uccienoBanuit IMA, wmoauduumrpoBaHHBIX
KEpaM3UTOBBIM ITOPOLIKOM, CBUJETEIBCTBYET O UX IMOBBINIEHHOW JTOJITOBEYHOCTH.

B d4erBepToOii riaBe wuzmaraeTcs pa3pabOTKa TEXHOJOTHYECKOW CXEMBbI
npousBoacTBa [IIMAC u oOpWUrMHAIBHOM KOHCTPYKLUMHU JOPOKHOM OJEKABI C
MPUMEHEHUEM IPEIOKEHHBIX MEOCHOYHO-MAaCTUYHBIX ac(arbTOOETOHHBIX CMeceid,
MIPEACTABICHBl PE3YIbTAThl OIBITHO-MIPOMBILIEHHBIX HCIBITAHUN W JlaHAa OLEHKa
TEXHUKO-DKOHOMHYECKOU 3(P(HEKTUBHOCTH TPUMEHEHUS YKa3aHHBIX MaTepUajOB IIPH
CTPOUTENBCTBE JOPOKHBIX TOKPBHITHIA.

[Ipu pa3paboTke TexHOJOTHYECKOM cxeMbl mnpousBojacTBa [IIMAC,
MOJU(PUIIUPOBAHHBIX KEPAM3UTOBBIM IOPOIIKOM, OBLIM MOCTABIIEHBI CIEAYIOIINE
3ajaun: 1) yCTaHOBUTH ONTUMAJbHYIO TEMIEPATypy NEpeMENIMBaHUS MpH
npurotoBiennn [IIMAC; 2) BBIABUTH PaIlMOHAIBHYIO CXEMY IOCJIEN0BATEIHLHOCTU
nojiauyu KOMIOHEHTOB npu 00benuuenuu IIMAC.

OnrtumansHyto Temnepatypy nepemembanus [IIMAC T, onpeaensiv mytem
aHAJIN3a 3aBHCHUMOCTEHM IIOKa3aTeled NPOYHOCTH R;), TEMIOCTOMKOCTH Rjs)
Bogocroikoctu (k, u k,) obpasmoB IIIMA-10 u IIIMA-15, monudummpoBaHHbIX
KEpaM3UTOBBIM IOPOIIKOM, OT TEMIEPATyphl MepeMellnBaHus. TemmepaTypy
HIepeMEIUBAHUS U3MEHSUN ¢ maroM B 5 °C, HHTEpBal BapbUPOBAHUS TEMITEPATYPHI
nepeMemmmuBanus coctaBmn 155 — 175 °C. 3aBucumoctd (HU3MKO-MEXaHHIECKUX
CBOMCTB  IICOCHOYHO-MACTHMYHBIX  ac(pasbTOOETOHOB,  MOJIU(PHUIIUPOBAHHBIX
KEPaM3UTOBBIM IOPOIIKOM, OT 7, IPEICTABIEHBI HA PUCYHKAX S5 U 6.

R, MIla > e T

W =TT —
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3,5
3

2,5
2 P s S T — — | —

1,5 /__,,.-"‘,«nf L S S ML "L —
1

155 157 159 161 163 165 167 169 171 173 175
Temmneparypa nepemeruBanus 1y, °C

— R,y IMA-15 — — R,, [IIMA-15--""" Ryp IMA-10 =-eeev- Rs5o LIMA-10

Pucynok 5 — 3aBUCHMOCTH U3MEHEHUA NPEACIOB POYHOCTH Npu cxxkatuu [IIMA,
MOJM(HUIPOBAHHBIX KEPAM3BUTOBBIM MTOPOIIIKOM, OT TEMIEPATYPHI IEpeMeIuBaHus 7,
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3aBUCUMOCTH MNPOYHOCTH, TEIJIOCTOMKOCTH M BOJOCTOMKOCTH HCCIIEIYEMbIX
MaTEepUaJIOB HMMEIOT JKCTpeMajbHBIM Xapakrep (puc. S u 6) M SKCTpeMyMam
COOTBETCTBYET TeMIleparypa nepemerinBanusi, paBHas 165 °C. Takum o6paszom, ¢
Y4E€TOM TEXHOJOTMYECKUX (DaKTOPOB TMPOU3BOJACTBA aC(PaIbTOOETOHHBIX CMECEH
ONTUMaJbHOW  TeMIlepaTypodl  mnepeMmemuBaHuss 7,  MOIU(UIIMPOBAHHBIX
kepam3uToBeIM nopomkoM IIIMAC, cnenyer cunrars 165+1,5 °C.

ks ’ ksd 1
0,95 oot e B EEE S = —

0.9 —— ——

0,85 f=—={" — a7 : —

0,8

0,75

0,7
155 157 159 161 163 165 167 169 171 173 175
Temmnepatypa nepemenmBanus 7, °C
— k, LIMA-15 — = ky LIMA-15  =-=--- k, LIMA-10 — = ky HIMA-10
Pucynok 6 — 3aBucumocTu usmeHeHnus Bogoctorkocta [IIMA, MmoauduiinpoBaHHbIX
KEPAM3HUTOBBIM MOPOLIKOM, OT TEMIIEPATYPbI IPUTOTOBIECHUSA T,

HccnenoBanve BAUSHUSA —MOCIEAOBATEIbBHOCTA  BBEACHUS KOMIIOHEHTOB
HIMAC B cmecutens Ha cBoiictBa [IIMA, MoauduuupoBaHHBIX KepamM3UTOBBIM
MTOPOLIKOM, IPOBOJWIIH 110 ABYM CXEMAM:

1 Bapuant: npurorosienne [IIMAC npoucxoawsnio Mo CTaHAAPTHON
TEXHOJIOTHH: Pa3oTpeB /10 TpeOyeMol TeMIiepaTypbl U JO3UPOBAHUE MHUHEPATIHLHOTO
3anogHuTeNs (M3), aKTUBUPOBAHHOTO MUHEPAJILHOTO MOPOIIKa (MIT), KEPaM3UTOBOTO
nopomka (km) u Outryma (0); 3areM IMojadya B CMECHTEIb M COBMECTHOE
nepeMeNnMBaHue BCeX KOMIIOHEHTOB: M3 + MIl + K1 + 0;

2 BapuaHT: Harperble 10 TpeOyeMol Temmeparypbl U OTAO3UPOBAHHbBIE
MUHEpaJIbHBIA 3armoiHuTe b (M3) W Outym (0) MOJAKOTCSA B CMECUTENIb H
NepeMENIMBAIOTCI,  3aTeM  JI00aBisieTcss B CMECUTEIb  OTJI03UPOBAHHBIM
KEpaM3UTOBBIA TOPOHIOK (KIM) W B 3aKIIOYEHUHM B CMECHUTENb IOJAETCA
OTJIO3UPOBAHHBIN aKTUBUPOBAHHBIN MUHEPATBHBINA MOPOIIOK (MIT): (M3 +0) + K1) + MIL.

W3 mpUroTOBIEHHBIX MO BBIIIEU3I0KEHHBIM BapUaHTaM MOAU(DULIMPOBAHHBIX
IIMAC u3roraBauBaiy 00pasipl, KOTOPHIE UCIBITHIBAIN HA MPOYHOCTh IPH CHKATHH
ripu 20 u 50 °C (R79, Rsp) u onpeneisiii BOAOCTOUKOCTS (ky U k) M BOJIOHACHILIIEHUE
(W). Pesynbrarthl WCHBITAHUN TpeaAcTaBieHbl B Tabmmie 6. Hambosiee BBhICOKMMH
MoKa3zaTeld NPOYHOCTU U BojocToikoctu obnamator I[IMA, mnosydeHHble NOpu
UCIIOJIb30BAaHUU BTOPOM CXEMbI, KOTOpasl U ABJISIETCS HAaubOJee paliMOHaIbHOM.

C yderoM noadopa OoNTUMAaJIbHBIX TEXHOJIOTHYECKUX MapaMeTpOB U PEKUMOB
NpUrOTOBJIEHHUST  Oblma  pa3zpaboraHa TexHosiorus mpousBoiactBa UIMAC,
MOJAU(PUIIUIPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM, KOTOPask MO3BOJISIET UCTIOIb30BaTh
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Tabnuna 6 — ®usnuko-mexannyeckue nokazarenu HIMA, moauduupoBaHHbIX
KEpaM3UTOBBIM IIOPOLIKOM, IPU PA3NUYHBIX CXEMaX MPUTOTOBJIEHUS

I cxema: 3 +mi+kn+6 | 2 cxema: (M3 +0)+ ki) +mi

[IMIMA-10 | IMA-15 | [IMA-10 | IIMA-15

ITokazarenu

[Ipenen npounoctu npu cxatuu, Mlla:

mipu 20°C, Ry 4,12 431 4,52 4,73
pu 50 °C, Rs 1,61 1,67 1,8 1,88
BogocToiikocTs, £, 0,89 0,93 0,94 0,98

Bo10cTOMKOCTB TIpH JJTUTETLHOM
BOJIOHACHKIIIEHUH, Ky

Bononacemmenue, W % mno oobemy 2.4 2,31 2,25 2,1

0,79 0,82 0,8 0,84

CTaHJIaPTHOE COBPEMEHHOE O00OpyIOBaHHE, HMeEroIeecs Ha achambTOOETOHHBIX
3aBOJaX WIH y3Jax (PUCYHOK 7).

ByHKep xpaHeHusa ByHKep xpaHeHuns EmMKoCTb ByHKep xpaHeHunsa
necka U3 oTCeBOB webHA XpaHeHuns Kepam3uToBOro
ﬂDO6]leHV|ﬂ ¢ NnopoLLKa
®pakuMOHNPOBaAHU
®paKUMOHUPOBAHHU e webHa
e necka ¢ Y
¢ MNoarotoBka
MpepBapuTenbHO 6uTyMa
NpeagapuTenbHoe e [03MpoBaHue
[031poBaHue ¢
¢ Cywka Y

Cyuwka HarpeBom [No3nposaHue fosunposaHue

Harpesom ¢
Jo3snposaHune
Jo3uposaHue
~| CmewmnsaHue: |o
- 1 3Tan

ByHKep 2 3Tan <

XpaHeHus —»{ [Jo3npoBaHue —»| 3 37an
MHH. IIOPOIIIKa
A\ 4
Bbirpyska

Pucynok 7 — Texnomorunueckas cxema npuroroniienus: [IIMAC,
MOAU(PUIIUPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM

Ha ocHOBanum aHamm3a W3BECTHBIX KOHCTPYKLIMH JOPOXHBIX OIEKI C
nokpeiTusiMu w3 LIIMA paspaborana opuruHaigbHasi KOHCTPYKIHUS JOPOKHOM
ONICXKIBI, BKIIOUANONIAsl TOKPhITHE W3 pa3pabotaHHbIXx coctaBoB [I[MAC,
MOAU(DULIIMPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM, COCTOSIIAA HU3: MOACTUIAIOIIETO
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CJIOST; CJIOSl YIJIOTHEHHOTO TeCKa, TOMmuHOW 360 MM; YIUIOTHEHHOTO IIeOHS,
tonmuHoN 300 MM; CJIOSl TOPSYETO KPYMHO3EPHUCTOIO MOPUCTOTO ac(hanbTodeToHa,
TONKUHON 70 MM; CJOSI MOKPBHITUS M3 HIEOEHOYHO-MACTUYHOTO ac(aibToOeTOHa,
MOJAU(PUITIPOBAHHOTO KEPAM3UTOBBIM MOPOIIKOM, TONIIUHON 40 MM.

Jlerom 2013 roma Ha AB3 OOO «/xynu» OblIa BBINYIIEHA OMBITHO-
OPOMBIIIUICHHAsT TapTUs  EOEHOYHO-MAaCTHYHOM  acanbTOOCTOHHOM  CMECH,
MOAU(MUIIMPOBAHHON KepaM3UTOBBIM MopoIiikoM, Mapku [IIMA-15 B konuuectse 102
T U YJOXXEHa B BEPXHUH CIIOM AOpokHOW oaexnabl B r. CraBponone. Ilnomans
NOKphITHs cocTaBmna 1050 M°, TommuHa nokpeITHs — 4 cM. TIpOM3BOICTBO OIBITHO-
npoMbinienHod  maptun  [IIMAC  BeimonHsiioch 1Mo pa3paboOTaHHOM
TEXHOJIOTUYECKON cxeme (pUCYHOK 7). Bu3yanbHbIi OCMOTpP OIBITHOTO Yy4YacTKa
JIOPOTH TOCIIE YEThIPEX JIET AKCcIuTyaTtanuu (Ha 2-i kBaptan 2017 rona) nokasal, 4to
COCTOSIHUE  TIOKPBITHSI, YCTPOEHHOI'O U3  OMNBITHO-IPOMBIIIJIEHHOM  MHapTUH
MOAU(MUIIMPOBAHHOTO  IIeOEHOYHO-MAacTHYHOro  acdanbrooeToHa  [I[MA-15,
X0polliee, Ha TOKPBITUU OTCYTCTBYIOT TPEUINHBI, KOJEHHOCTh, OUTYMHBIE MATHA.

bbun mpoBeseH pacueT 3KOHOMHUYECKOW HS(PQGEKTUBHOCTH OT BHEIPEHUS
paspaborannbix [IIMAC. TToaTBep)aeHHBIN SKOHOMHUUYECKUNU YPDEKT OT CHIKEHUS
ceOeCTOMMOCTH MPOM3BOACTBA M YKnanku 100 M° TOKPBHITHS M3 MPEUIOKECHHOTO
IMA-15, MoaupuuUpOBaHHOTO KEPaM3UTOBBIM TMOPOIIKOM IO CPaBHEHHUIO C
IMA-15 co crabunmusupyromieir fodaBkoi Viatop-66 cocrasun 1707 py6. Ha 100
M°.  OXHIaeMbli SKOHOMHYECKHIl 3(QEeKT OT H3MEHEeHHs Ce6ecTOMMOCTH
TIPOM3BOACTBA U YKIAAKH MOKPHITHS (mpH oOobeme 1000 M’) MOAMDHIHPOBAHHBIX
HIMA-15 coctaBur 426,75 ThIC. pYO.

3AK/IFOYEHUE

HToru BhINOJIHEHHOT 0 HCCJIeJOBAHMS.

1. Ha ocHOBaHMM KpUTHMYECKOTO aHajlh3a OTEYECTBEHHOW U 3apyOekHOM
HAY4YHO-TEXHUYECKOW M MAaTEeHTHOW JUTEepaTyphl 00OCHOBAaHA M SKCIEPHUMEHTAIHLHO
HOATBEpPXK/IeHAa BO3MOXXHOCTh NPUMEHEHHS B COCTaBax IIe0EHOYHO-MAaCTUYHBIX
ac(arbTOOETOHOB MOPHUCTHIX MOPOIIKOBBIX MAaTepHajoB B KayecTBe J00aBOK,
MOBBIIIAIOUINX X KAY€CTBO U TEXHOJOTHYHOCTb.

2. B pesynpTaTe TEOPETUYECKHX HCCICIOBAaHUN BBIABICHBI HAlpaBJICHUS
yIAy4llleHus KadyecTBa IeOCHOYHO-MAacCTUYHBIX  acanbToOOETOHOB 32  CYET
IOBBIIEHNS.  CIBUIOYCTOMYMBOCTH,  TPEUIMHOCTOMKOCTH,  MOPO30CTOMKOCTH
111e0EHOYHO-MACTUYHBIX ~ acpanbTOOETOHOB M aJCOPOIMOHHON  aKTUBHOCTU
MUHEPAJILHOTO MaTepuajia IIe0EHOYHO-MAaCTUYHBIX ac(albTOOETOHHBIX CMecei
MyTeM YNpaBJIeHHs MPOLIECCaMU CTPYKTYpPOOOpa30BaHUs OMTYMHBIX CBSI3YIOIIHMX, HA
OCHOBaHUU MPUMEHEHUS B UX COCTaBaX BBICOKOMCIIEPCHBIX MOPUCTHIX MOPOIIKOBBIX
MaTEpUaJIOB B KAU€CTBE CTPYKTYPUPYIOIIUX U CTAOUIU3UPYIOMIUX T00aBOK.

3. Ha ocHOBaHMH 3KCIIEPUMEHTAIBHO YCTAHOBJIECHHBIX 3aBUCMOCTEH BIUSHUS
COJZIepKAaHUS PA3IMYHBIX MMOPUCTHIX TOPOIIKOB Ha CBOWCTBA 1I€0€HOYHO-MaCTUYHBIX
ac(asbTOOETOHOB YCTAaHOBJIEHO, 4YTO HamOosiee A(PPEKTUBHBIM MOJIUPUKATOPOM,
MO3BOJISIIOIIMM  CYIIECTBEHHO CHM3HMTh CETperanuio BsDKYIIETO B CMeCH U
3HAYUTEIbHO TMOBBICUTH (DPU3MKO-MEXaHHMUECKHUE U ODKCIUTyaTal[MOHHBbIE CBOHCTBA
11e0eHOYHO-MAaCTHUHBIX ac(anbTOOETOHOB, SBIAETCS KEPAM3UTOBBIA MOPOLIOK. JTO
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00yCITaBIMBAETCS BBISIBICHHBIMA HA MHUKPOYPOBHE OCOOCHHOCTSMH CTPYKTYpPHI U
tonorpadud TMOBEPXHOCTU BBICOKOJMCIEPCHBIX YaCTHUI[ KEpaM3HuTa, KOTOpbIE
00J1a1al0T BBICOKOPA3BUTOM IIEPOXOBATON MOBEPXHOCTHIO, OCIOKHEHHOW MUKAMH,
MUKpPOTpPEIIMHAMH, HEPOBHOCTAMH M OOJIBIIUM KOJMYECTBOM PA3IUYHBIX TIO
pasmepam u hopme mop.

4.  Pa3pabotaHbl  paluOHaJIbHbIE  COCTaBbl  II€0EHOYHO-MAaCTUYHBIX
ac(anbTOOETOHHBIX CMecel, MOJAUPUIMPOBAHHBIX KEPAM3UTOBBIM MOPOIIKOM.
OTIUYUTENbHON OCOOCHHOCTBIO MPEATIOKEHHBIX COCTABOB I1€0€HOYHO-MAaCTUYHBIX
acanbTOOETOHHBIX CMECEHl SBIISETCS HCIIOJIb30BaHUE T0OABKU W3 KEPaM3UTOBOTO
noporika ¢pakiuii menee 0,16 mm B kommdectBe 2,5 = 0,03 % cBepx macchl
MUHEpAJIFHOTO Matepuana B3amMeH pekomeHaoBaHHbIX ['OCT craOunmsupyrommx
100aBOK.

5. UccnenoBanusiMu 3aBUCUMOCTEN PEOJOHUECKUX MapaMeTpoB I1e0EHOYHO-
MACTUYHBIX acQaJbTOOETOHOB OT JKCIUTYaTallMOHHBIX TEMIEPATYp BBISBICHO, YTO
me0eHOYHO-MacTUYHble  achaabTOOETOHBl, C MPUMEHEHHEM KepaM3UTOBOIO
MOPOIIIKa, 00J1a/1al0T TOBBIIIEHHON e(hOopMaMOHHONW YCTOMYMBOCTBIO IPU BBHICOKUX
SKCIUTyaTalMOHHBIX TemrepaTypax (60 °C) u MoBbIIEHHON 1e()OPMAaTHBHOCTBIO TIPH
oTpunarenbHbix Temmeparypax (—10 °C), mo cpaBHEHHIO CO CTaHIAPTHBHIMU
coctaBamu LIIMA. Pe3ynbTathl peoJoruyecKux UCCIeI0BAHUI XOPOIIO COTIaCyIOTCA
C pe3yibTaTaMu HCCIEJOBAaHUN  CIBUTOYCTOMYMBOCTH, TPEIIMHOCTOMKOCTH,
MOPO30CTOMKOCTH M JOJITOBEYHOCTH NpemnokeHHbIx IIIMA. DkcnepuMeHTanbHO
YCTaHOBJICHO, YTO HaJM4Yue KEpaM3UTOBOTro nopoiika B coctaBax [IIMAC noBsiiiaer
casuroycroitunBocts (cuerienue C, 12,5 — 29 %, kosdduuueHT BHYTPEHHETO
Tpenus tgp Ha 1 — 2 %), TpEeIMHOCTONKOCTS (Mpeiel MPOYHOCTH Ha PACTSIKEHUE MPU
packone R,Ha 6 — 8 %), MOPO30CTOMKOCTb M JOJITOBEYHOCTh IEOEHOYHO-MACTUYHBIX
ac(hambT0OETOHOB.

6. Pa3paboTaHa TeXHOJOTUYECKAsi CXe€Ma MPOU3BOJCTBA MOAUPUIIMPOBAHHBIX
KEepaM3UTOBBIM MOPOIIKOM 111e0€HOYHO-MAaCTUYHBIX ac(hanbT0OETOHOB,
MO3BOJISIIOIIASL  MCIOJIb30BAaTh  CTAaHJAPTHOE  COBPEMEHHOE  00OpyAOBaHUE,
OpUMEHsieMOe Il MPOM3BOJICTBA  TPAJAMIMOHHBIX  HIEOEHOYHO-MAaCTHYHBIX
acanbTOOETOHHBIX  cMeceil. B pesynpraTe  ONTHUMHU3alLUM  TEXHOJIOTHH
npurotoBienuss  MoauduuupoBaHHeix IIIMAC  ompeneneHa — onTUMalibHas
TeMIiepaTypa MepeMelIMBaHUs CMECH B MPOLECCE MNPUTOTOBIEHUs 71y, KoTopas
cocraBmia 16542 °C, u ycTaHOBJIEHa palMOHAJIbHAs CXEMa IOps/IKa BBEICHHUS
kommoHeHToB IIIMAC B cmecuTesb, 3aKIIIOYANOIIASACS B MOCIEA0BATEIHLHOM MMO1a4ue
U TePEMEITMBAHUN HATPETHIX U JIO3UPOBAHHBIX MUHEPAILHOTO 3aMOJHUATENS (M3) H
OuTyMHOTO BsDKyIIEero (0), 3aTeM KepaM3WTOBOTO MOPOIIKa (KM) M, B 3aKITIOYCHUH,
MUHEpajdpbHOTrO HamonHuTens (mm): (M3 + 6) + km) + wmm CoOmoneHue
NPEIJIOKEHHBIX ~ TEXHOJIOTUYECKUX PEXHMOB U  IMapaMeTpoB  oOecrednBaeT
obpazoBanue Haubosee rhdextuBHON CTpykTypbl IIIMA u monydenue Haubosee
BBICOKMX 3HAUYE€HUH (UBHKO-MEXAHMUECKMX M SKCIUIyaTallMOHHBIX IOKa3aTeseu
MaTepuana.

7. TloaTBep>XKIeHHBIM SKOHOMUYECKHN d(PDEKT OT CHUKEHUS CEOECTOMMOCTH
MPOM3BOACTBA M yKaaakd 100 M° MOKPHITHS H3 IPEITOKEHHOrO IeGeHOYHO-
MaCTUYHOTO acanpToberona  Mmapku  IIIMA-15, MOAU(PUIIUPOBAHHOTO
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KEpaM3UTOBBIM MOPOIIKOM, 10 cpaBHeHuio ¢ I[MA-15 co crabunusupyrorieit
no6aBkoii Viatop-66, cocrasun 1707 py6. Ha 100 M°.

Pexomenganun. PazpaboraHHble B JUCCEPTALMOHHON paboTe 111e0eHOYHO-
MAacCTUYHbIE acPaJbTOOETOHBI, MOAUPUIUPOBAHHBIE KEPAM3UTOBBIM MOPOIIKOM,
MOTYT OBITh IPUMEHEHBI JJI1 YCTPOUCTBA BEPXHUX CIOEB MOKPHITUH aBTOMOOMIIbHBIX
JI0pOT, TOPOJICKUX YJIHIL, ILTOIIA/Iel, MOCTOB U a3pPOJIPOMOB.

IlepcnekTHBBI JajibHelimed pa3padoTKu TeMmbl. JladbHENIIMM pa3BUTHEM
TEMBI SIBJISIETCA CIAEAYIOIIEE:

1. Pa3paboTka M NPOEKTUPOBAHUE COCTABOB BCero cmnekrpa mapok I[IIMA,
MOAU(PUIIUPOBAHHBIX KEPAM3UTOBBIM ITOPOIIKOM.

2. YrayOneHHbIe SKCIIEPUMEHTAIbHbIE HCCICAOBAHUS BIMSHUS TPUMEHEHUS
MOPUCTBHIX TMOPOIIKOBBIX MaTepuanoB B acanproBskynmx [LIMAC nHa ocHOBe
pa3iMYHBIX MapoK OUTYMOB U pa3paboTka (QHU3UKO-XUMUYECKHX OCHOB UX
npumeHenus B [IIMA.

3. Pa3paboTka TEXHUYECKOW MOKYMEHTAI[MU, TEXHUYECKUX pPErjJaMeHTOB Ha
IPOM3BOJICTBO U YKJIAJAKY MPEUIOKEHHBIX cocTaBoB [IIMA.

CIIMCOK PABOT, OITYBJIMKOBAHHBIX ABTOPOM 110 TEME
ANCCEPTALIUN:
Iy6aukanum B BeTylMX peleH3npyeMbIX HAYYHbIX sKyPHAJIAX U U3IaAHUAX,
pexkoMeH10BaHHbIX BAK P®:

1. KazapsiH, C. 0. [IlebenouHO-MacTUYHBIE  ac(haIbTOOETOHHI,
MOAU(PULIIMPOBAHHBIE BBICOKOJUCIIEPCHBIMU OTCEBaMH JPOOJICHUS KepaM3HUTa H
nepauta / C. O. Kazapsn, 0. I'. bopucenko, M. Y. Uonos, E. B. I'opauenko //
CrpoutenbHbie MaTtepuansl. — 2014. — Ne 1-2. — C. 72-74.

2. Kazapsn, C. O. BausHue BBICOKOJUCIEPCHBIX OTCEBOB IPOOJICHUS
Kepam3uTa Ha CTpYKTypy | cBoiicTBa IIIMA / C. O. Kazapsn, 1O. I'. bopucenko, M.
Y. Honos, O. A. bopucenko // Ctpoutenbubie maTtepuanbl. — 2015, — Ne 5. — C. 82-
86.

3. Kazapsn, C. O. DddexTuBHbIE CTAOMIU3UPYIOMIKE JO0OABKM Ha OCHOBE
BBICOKOJIUCIIEPCHBIX TOpHUCTHIX MarepuanoB s IIIMA / C. O. Kazapsn, 1O. T.
bopucenko, M. Y. Honog, O. A. bopucenko / Jloporu u mocthl. — 2015. — Bpim. Ne
33.285-296 C.

IlaTeHTHI HA H300peTeHM:

4. Kazapsu, C. O. ITarent 2603310 Poccuiickas ®enepauns MIIK E01C 7/18,
C04B 26/26. Jlopoxnas onexnaa / C. O. Kazapsn, 0. I'. bopucenko; 3asBuTens u
nateHtrooOnangarens  O®IAOY  BO  «Cesepo-KaBkasckuit  (enepaibHbIii
yHHUBepcuteT»; 3as1B8iaeHo 07.09.2015; onmybnukoBano 27.11.2016, bron. Ne 33 — 7 c.

IMy6amkanuu B APYrux u3IaHUsIX:
5. Kazapsn, C. O. 3aBUCHUMOCTh CBOMCTB OMTYMOMHUHEPATbHBIX KOMITO3UIIUI

OT MPOUCXOXKICHUS, KOJMYEeCTBA M  (PUBMKO-MEXAHUYECKHX  I[OKa3aTesen
MuHepanbHbIx nopomkoB / C. O. Kazapsn, A. A. Connaros, FO. I'. bopucenko, E. B.
I'opnuenko / By3osckas Hayka — CeBepo-KaBkasckomy peruony: marepuanbl XIV
HayuyHOU kKoH(pepenmuu. — CtaBpomnoisb: CesKasl'TY, 2010. — T. 1. — C. 279-280.
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6. Kazapsu, C. O. HccnenoBaHue TemnepaTypHOW YCTOMYHMBOCTU JIEKUX
outymomunepanbubix kommnosunmii / C. O. KazapsH, FO. I'. bopucenko, O. A.
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65.
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