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N3YYEHUE MEXAHU3MA I[EFICTBPIH}[OBABKPI APBEJI HA IPOIECCBI HABOPA
INPOYHOCTHU HEMEHTHOMU COCTABJISIIOIIEU APBOJINTA

kano. mexn. nayk B.B. BO3BIUVIEB, A.H. A'YEKHH
(ITonouxuii 2zocyoapcmeennslii ynugepcunent)

Tlpeocmasnen 0630p moouguyupyrowux 006a6oK OISl YIyHeHUS PUSUKO-MEeXAHUYECKUX C8OUCME apOo-
auma. Tlokazano, umo kasxcoas uz 006a60OK NO3605eM NOJYHUMb NOAOAICUMENbHBIU P PeKxm, 00HAKO OHA uMe-
em u onpedenéunvle Heoocmamxu. B Ilonoyxom eocydapcmeennom yHugepcumeme paspabomana 000aexa-
Moouguramop apborumosou cmecu Apben. [ usyueHus mexanusma Oeucmeus papabomanHou 000aeKu
ObLIU UCTIONBL30BAHBI COBPEMEHHBLE MEMOOblL PUUKO-XUMUYecKo2o ananusa. Ha ocrnoseanuu oughgepenyuanvro-
MepMU1ecKo2o aHaiu3a noKa3ano, wmo 0obaexa Apben, Kax u 000asKa X10pUCmMo2o Kaivyusl, YCKopsem cuopa-
mayuio mMpéxKaibyueo2o Ccunukama — 2naeHou gasvl yemenma. Ilpu smom oobasxa Apben npumseusaem
MeHbule a0copoUpoOsaHHoll 600bl, Hem 000ABKA XJOPUCTNO20 KATbYUSL, YO NO360IUN CHU3UIMb IKCHIYAMAYUOH-
HYIO 1ANCHOCHb 6 apOoIumosuix uzdenusx. 1o pesyniomamam penmeeHoghaz06020 ananu3a NOKA3aHo, 4mo oeti-
cmaue 00basku Apben obecneuugaem 8blCOKUE NPOYHOCHIHbIE NOKA3AMeENU apOOIUmA.

Brenenue. OCHOBHasI CIIOKHOCTB TIPH MOJTYYEHUH U3/IENNHI 13 apOoIHTa 3aKIII0YAETCsl B HEOOX OIMMOCTH
HHUBEJMPOBAHUS BPEJHOIO BIMSHUSI JPEBECHOTO 3aIONHMUTENS, COIEPKAIIEr0 BOJOPACTBOPUMBIE COCIMHEHUS,
KOTOPLIC BJIMAIOT Ha HNPOLECCChI Ha60pa TMPOYHOCTHU HEMEHTHBIM BSXKYIIHM. O}lHaKO A0 HacToAmero BpEMEHU B
Pecny0Onrke Benapyck orcyTcTByroT apdexTrBHBIE METO/IBI MOAU(DUKALIMK apOOTUTa, OTBEYAIOIINE COBPEMEH-
HBIM TpeOoBaHUSIM. 3BECTHO OOJBIIIOE KOIMYECTBO TOOABOK-MOIU(PHKATOPOB HCIOIB3YEMBIX MPU U3TOTOBJIE-
HuM apOonuta. CocraB OONBIIMHCTBA COBPEMEHHBIX JOOABOK CKPBIT MAaTeHTaMH NpousBoauTeneil. OCHOBHbIE
BUJIbI 100aBOK, KOTOpbIE HanOoJiee YacTo MCHONB3YIOTCS Ha MPOU3BOJICTBE, ObUIM pa3paboTaHbl emié B Havale
JIBAJIIIATOTO BEKa, IIO3TOMY M3JIEIMs HAa MX OCHOBE HE BCErJja OTBEYAIOT COBPEMEHHBIM IKCILTyaTal[IOHHBIM Tpe-
6oBanusiM. llenblo KccenoBaHuii SBIsIIach pa3paboTka COBPEMEHHOM 100aBKHU Uil HCIIONb30BaHus B Pecry0-
nuke benapych ¢ n3ydeHneM MexaHu3Ma e€ JeHCTBHs Ha IPOTEKaHUEe POLECCOB Habopa MPOYHOCTH apOOIUTOM.

OcHoBHas yactb. Haubonee pacrpoctpaH€HHON 100aBKOH /sl peryiupoBaHusi (HU3MKO-MEXaHUYECKUX
CBOWCTB apOOIHTa SABISIETCA XJIOPUCTHIA KaJbIi. XJIOPUCTHIN Kanpuuii mo ganHeiM H.U. [loBHap neiictByer Ha
OETOHHYIO CMeCh Kak IUIaCTU(UKATOP, TaK Kak yaydmaeT e€ oOpabaTeiBaeMOCTb IIPH HEKOTOPOM CHIKEHHMH pac-
XO7Zla BOJIBI; IIPU 3TOM JaXe B MaJlbIX J103aX 3aMETHO YCKOPSICT CXBAThIBAHUE U TBEPJICHUE OETOHA; oOserdaer u
YCKOPSIET MPOrpeB OETOHA U CHIDKAET ONTHMAJIbHYIO TEMIIEpaTypy TEIUIOBOH 00paboTKH OeTOHA TIPH HOPMAIbHOM
JaBJICHUH, & TAKKE [TO3BOJIICT CHU3UTh BEUUYNHY HAMPSDKEHUS IPH MPOTPEBE U3/CIHI IEKTPHIECKUM TOKOM [1].

OnHako U3BECTHBI U OTPULIATEIbHBIE ACTIEKTHI IIPH MCIIONB30BAHUH XJIOPUCTOTO KallbIMsl B KAYECTBE MO-
nudukaTopa apbomura [2]:

- OH SIBJISIETCS UYBCTBHTEIBHBIM K COCTaBY IIEMEHTa, O3TOMY €ro JO3HPOBKY HEOOXOAUMO MOAOHpaTh
JUISL KOHKPETHOI'O IIEMEHTA TOJIBKO OMBITHBIM ITyTEM;

- IM€eT CHIBHYIO TMTPOCKONIUYHOCTh U IOJJEP)KUBAET OOJBIIYI0O OCTOSHHYIO BJIQKHOCTh OETOHA, YTO
NPUBOIUT K CHIDKEHHIO IPOYHOCTH apOOoIUTa U yXyAMaeT TEINIOU30JIALHOHHYIO CIIOCOOHOCTD;

- 00pa3yeT BBILBETHI HA IIOBEPXHOCTU OETOHA;

- yXyAIIaeT XUMHIYECKYIO CTOMKOCTD apOoHTa.

IIpu Bcex HeOCTAaTKaX XJIOPUCTBIM KaJdbLHUM 10 CUX MOp SIBJISETCS OCHOBHBIM HanOosee CHIIBHBIM H3-
BECTHBIM YCKOPHUTEJIEM M aKTHBHO HCIIOIB3YETCs U M3TOTOBIICHUS M3JETINH U3 apOonuTa.

B kagectBe 106aBKH-MOAN(HUKATOpPa U3BECTHO HCIIOIb30BAaHUE CEPHOKHCIOrO IMHO3éMa. B otimame ot
XJIOPUCTOTO KAJIBIUS CEPHOKHCIBIA TIMHO3EM HE THTPOCKOINIMYCH, HE 00pa3yeT BHIIBETOB HA ITOBEPXHOCTH Oe-
TOHA, HE yXYJIIaeT XUMHYECKYIO CTOMKOCTh OeToHa. OHAKO, Kak OTMedYaeT B CBOMX HcclienoBaHusax Kaydpman,
CEPHOKHCIIBIN TIIMHO3EM CHIDKAET MPOYHOCTh apbonuta Ha 10 — 12 % 1o cpaBHEHHUIO ¢ apOOIUTOM, MOAU(HULIN-
POBaHHBIM JOOABKOH XJIOPHCTOTO KaJbIIHSL.

OnHO¥ U3 pacnpoCTpaHEHHBIX 100aBOK B TEXHOJIOTHH M3TOTOBIICHHUS apOoInTa SBISIETCS XKUAKOE CTEKIIO.
B orminuune OT XJIOpUCTOro KaJIbLUsl U CEPHOKUCIIONO MNIMHO3EMA KUJIKOE CTEKIIO CO3NAET IUIEHKY Ha IIOBEPXHO-
CTH JPEBECHOT'0 3aIIOJIHMTENS U MPEISITCTBYET MPOHNKHOBEHHIO BPEAHBIX BEIIECTB M3 JPEBECHHBI B IeMeHT. Ho
JaHHBIN MomuduKaTOp ycTymaer 7o0aBKe XJIOPUCTOrO KaNbIH, TaK KaK MPH €ro UCIOIb30BaHUH apOOIHT MMe-
et Ha 50 % Gosee HU3KYIO IPOIHOCTS [3].

M3BecTHO TakKe COBMECTHOE MCIIONB30BaHNUE MPEICTABICHHBIX BhIIE 100aBoK. Tak, B padore 3.b. Kyp-
MaHOEKOBOHU [4] HUCIONB3YEeTCS CMECh JKUAKOTO CTEKJIA W XJIOPUCTOTO KalbIus. BrIsBiIeHA omTMManbHas KOH-
LEHTpanys STON KOMITIEKCHOM mo0aBku (1 % xwmkoro crekna u 4 % XJIOpPHUCTOro Kaiablysi OT MAcCCHl IIEMEHTA).
[Ipu sTomM s obecniedeHnss pabOTHI KOMIUICKCHON /T00aBKM TIpeaiaraeTcs MPOBOJUTH TepMOoOpaboTKy Imo-
BEPXHOCTH APEBECHOTO 3AIOIHUTENS, a 3TO BJIEUET 3a COOOW yBENMUCHNE 3aTpaT HA M3TOTOBICHNE W3IEIHH U,
KakK CIJIe/ICTBHE, TTOBBIIIEHHE X CTONMOCTH.
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OmyOJIMKOBaHBI TAKKE PE3yAbTaThl paboT Mo pa3paboTKe KOMIIEKCHOH JT00aBKH, COCTOSIIEH U3 KUAKO-
IO CTEKJa W CEpPHOKHUCIIOro rnHo3éMa. J[00aBKa MO3BOJSET MOBBICUTH NMPOYHOCTH apbonura B 1,5...2 paza n
WCKJTIOYUTH MOATOTOBKY APEBECHOTO 3aIOIHNTENS (BBUIEKMBAHNE, MUHEPATIM3ALHUIO U T.11.).

Kpome ximoprcToro KanbIus, KHIKOTO CTeKIa M CEPHOKHCIIOr0 IIINHO3EMa MCIIONB3YIOTCS U pyrue Me-
Hee W3BECTHBIE, HO He MeHee 3(deKTUBHBIE KOMIUIEKCHbIE N00aBkH. IIpemiaraercss UCIONB30BaTh B KAUECTBE
Moaudukaropa pocdOopHYIO KUCIOTY B COYETAHUH C OKHCIaMu MeTaiuioB. [Ipu aToM HaOmogaeTcst IposiBIIeHUE
BSDKYILMX CBOWCTB, YTO MOBBIIIAET IPOYHOCTH apOonnTa. [oBbIIIeHHOE conepkaHne OKHCIOB U (ochaToB Me-
TAJIJIOB B CMECH YBEIMYHMBAET OTHECTOMKOCTh M TEIUIO3BYKOM3OJLIIIMOHHBIE CBOMCTBa m3nenuid. OmHAKO BO3-
MOXXHOCTb HCIIOJIb30BAaHUsI TAKOTO MOAN(UKATOPA OTPAHUYHMBACTCS CHIPbEBON 0a30i — HAJIMYHEM METaJLTypIHU-
YECKHUX MPEIIPUITHI ¢ OOIBIINM KOITUYECTBOM OTXOOB.

JlJ1st TIOBBIILIEHNS] HEUTPaIM3YIOIIEH CITOCOOHOCTH XKHUJIKOT'0 CTEKJIa MyTEM YBEIHYEHUs HEIpPOHHUIAeMO-
CTH TUIEHKH, 00pa3yIoIencsi BOKPYT TPaHyJl OPTraHUYECKOro 3alOJIHUTENS, @ TAKXKE YBEJIMYEHHUS TUIOTHOCTH Lie-
MEHTHOT'O KaMHs B apOOJIMTE U COXPAHHOCTH B HEM apMaTyphl B COCTaB BBOASAT QypuIIoBbIid ciupt. HenocraTok
JAHHOH 100aBKH B TOM, 4TO (DYpHIIOBBIN CHHPT SIBJISIETCS SIOBUTHIM TOPIOYUM BellecTBOM. [ yBenndeHus
MIPOYHOCTH CUETUICHHUS BSDKYILETO C JPEBECHBIM 3aIIONHHUTENIEM, YCKOPEHHUS TBEPCHUSI M MOBBIIICHHS IPOYHOCTH
apOoNHTa B CMECh BBOIAT TJIHIICPUH B KoiuuectBe 1,5...4 % oT mMacchl 1ieMeHTa. [IpucyTCcTBHE TIHIIEpUHA TIpe-
MISITCTBYET OBICTPOMY CXBATBHIBAHHUIO THIPATUPOBAHHOTO BSDKYIIET0, MOAM(UIIMPOBAHHOIO XJIOPUCTHIM KaJIbIIHEM.
OIHOBPEMEHHO TJIMIEPHH CIIOCOOCTBYET OoJiee IOJTHOMY PAacTBOPEHUIO 3EPEH IEMEHTa, MPEeIsITCTBYS 00pa3oBa-
HUIO KOPOK M3 THJPOXJIOPATIOMHUHATOB KaJIbIMSl BOKPYT ATIOMHHATHBIX COCTABIIIIOIINX BSHKYIIETO. DTO MPUBOIUT
K MOBBIMIEHUIO OAHOPOAHOCTU KaMHs U YIYUIICHUIO €ro aAr€3MOHHBIX cBoicTB. CTOMMOCTD rMaepuHa B 4 pasa
BBIIIC, YEM CTOUMOCTH XJIOPUCTOI'O KAJIbIUA, YTO OTPaHUYMBACT €10 UCIIOJIB30BaHUC. )1_]'[5{ I/IHTeHCI/Iq)I/IKaLII/II/I po-
recca Habopa MPOYHOCTH apOOIUTOM B CMECh BBOAAT KapOaMHUITHYIO CMOJTY W OOpOTHIIC. 3arloiHss OPhI OpraHu-
YECKOro 3arojHUTENs, KapOaMuHasi cMOJa TIOTUMEPU3YeTCsl B IPUCYTCTBUHM OOpPOTHMIICA, MMEIOIIEr0 aKTHBHYIO
KUCJIOTHYIO rpynity. B mopax 3amosiuutens Gnaronapst nporeccy NoJIMKOHIGHCAIIMH CMOJTbI 00pa3yeTcsi HepacTBO-
PUMOE COCAMHEHUE, KOTOPOEC U NPEIIATCTBYET BHIXOAY SKCTPAKTUBHBIX BEIIIECTB. CnenyeT OTMCTUTH, UTO 60pOFI/IHC
SABJIACTCSA 1OCTAaTOYHO )IC(bI/IIlI/ITHbIM MaTepuajioM, IO3TOMY )1068.31(8. HC Halljla IIUPOKOIro NpuMEHCHUA.

HM3BecTHO BBEJCHUE B CHIPHEBYIO CMECH THIPOOKUCH KaJbLIUsi COBMECTHO C KapOOHATOM aMMOHHS. JTO
MIO3BOJIIET YCKOPUTH TBEPACHHUE apOOINTa U YBEIIMYUTH €ro NpodHOCTh. KoMmekcHast 1o0aBKa IPOUCXOAUT U3-
3a 00pa30BaHMs HA MMOBEPXHOCTH 3alOJHHUTENS TBEPAOH KOPKH M3 KapOOHATa Kalblus, KOTOpas oOpa3yercs B
pe3yabTaTe peakIMy MEXIy IByMs BellecTBaMH. B pe3ynbrare 3alOMHHTENb CTAHOBUTCS XMMHYECKH Ooiee
HHEPTHBIM 10 OTHOLICHUIO K LeMeHTYy. OnTHMalbHOe KOJIMYECTBO A00aBKU HaXOAUTCS B mpexpenax 5...7 % or
Macchl IleMeHTa. BBeieHne B ChIpbeBYIO CMECh YKa3aHHBIX BELIECTB IT03BOJISIET CHU3UTH BHIMBIBAEMOCTh M3 3a-
MOJIHUTENS JIETKOTHUIPOIM3YEMbIX BEILIECTB, SBILIOIINXCS CHJIBHBIMH 3aMEIUIMTENISIMU TBEPACHUS ILIEMEHTa,
YIY4IIUTh CLEIUICHUE C IIEMEHTHBIM KaMHEM B CTPYKType Marepuana. OIHaKO pU BBEICHUH B apOOIUTOBYIO
cMech kapOoHaTa aMMOHUS BBLAEGISAECTCS aMMHUAK, YTO OTPAaHUYMBAET €r0 MCIOJIB30BaHUE.

V3BecTHO MCHONB30BaHUE JUIS U3TOTOBJICHHS apMUPOBAHHBIX apOOIUTOBBIX M3IeIHi XpomaToB. Beene-
HHUE B apOOJIUTOBYIO CMeCh JJOOABKH, CoziepiKalieil B CBOEM COCTaBE XPOMAT-HOH, CIIOCOOCTBYET MHIHMOMPOBa-
HUIO KUIKOW (ha3bl apOoNuTa Kak Cpeiibl Ul apMaTypHOil ctayiu. B ycIOBHSIX MOBBIIMIEHHOW MPOHUIIAEMOCTH
apOoNuTa JJIsl arpECCHBHBIX CPeJl U MOHIKEHHON BedumduHbI pH kuakoi ¢as3bl [ByXpOMOBOKHCIIBI aMMOHUI
ABJIAETCS d(PQEKTUBHBIM 3aMeIIHUTENeM KOppo3un apMarypbl. COBMECTHO ¢ IBYXPOMOBOKHCIIBEIM aMMOHHEM B
CMeCh BBOJAT HUTPUT-HUTPAT XJIOpHUIA KAJIBIHMA, YTO MO3BOIAET YCKOPHUTh TBEPACHUE apOOIUTa U YBEITHUIUTD
MpOYHOCTh Ha 57 %. OnTuManbHOE KOTUUECTBO 100aBkH 4...5 % ot Macchl 1ieMeHTa. Mcnonb3oBanue 100aBKU
paLMOHAIBHO TOJIBKO B CIIy4ae W3TOTOBJICHUS apMUPOBAHHBIX H3EIHH.

Pa3paborana noGaBka Ha OCHOBE JIMTHHHA. BBeneHHe NpeBeCHOro TMAPOIM3HOTO JMTHUHA B CHIPHEBYIO
CMeCh ISl M3TOTOBJICHUS apOOJIUTa ITO3BOJISIET MOHU3UTh THTPOCKONMMYHOCTh M3JEHi (YMEHBIIEHHE BOJOIO-
riomeHusa n3gaenui B 3,9...4,2 pasa npu ucneitanud B cpene co 100 %-Hoi OTHOCHTENBHON BIaXXHOCTHIO) U
YBEIIMYATH UX MPOYHOCTH HA CXKATHE B 2 pas3a MO CPaBHEHUIO C M3ENUsAMHU U3 apOonuTa 6e3 qobaBku. JTO yBe-
JIMYHBAET JOJITOBEYHOCTh CTPOUTEIIBHBIX COOPYKEHUH M KOHCTPYKIHM, SKCIUTYaTHPYEOLIMXCS MPH MOBBIIIEHHON
BJIQXKHOCTH. [ MIPONM3HBIN JTUTHUH HUCIIONB3YEeTCS B MEIHUIIMHCKOH MPOMBIIIIICHHOCTH W a0COIIOTHO Oe3BpesieH
IUIsL opraHu3Ma 4esoBeka. OIHAKO ero MPOU3BOACTBO SIBIISETCS JOCTATOYHO TPYHOEMKHM U JIOPOT OCTOSILHM,
YTO JeNaeT SKOHOMHYECKH HEIleneco00Opa3HbIM €ro HCIIOJIb30BaHUE B Ka4eCTBE TOOABKH B apOOIIHT.

[Npemnaraercs UCIIONB30BaTh 100ABKY, MOMYYEHHYIO U3 TOP(SHOW BRITSHKKH. BBeneHune B coctaB Topdsi-
HOH BBITSDKKH CIIOCOOCTBYET MOBBIICHUIO MTOJBIKHOCTH [IEMEHTHOTO TECTa, JydIleMy OOBOJIAKMBAHHIO YACTHIL
U, KaK CJIEACTBHE, MOBBIICHUIO IPOYHOCTH M3aenuid. HemocTaTkoM siBIsieTcst TOT (GakT, YTO JPEBECHBIH 3aIONHHU-
Telb IPEBAPUTENHHO HEOOXOMMO BBIMAYHBATH B BOJHO-METaHOJILHOM pactBope mpu temmepatype 80...100 °C.
JlOMOMHUTENFHO BO3MOXKHO BBEACHHE B apOOMTOBYIO CMECh BOJIOKOH BepxoBoro topga. BomokHa BepxoBoro
Toptha B mporecce MepeMeIINBaHus ¢ [EMEHTOM U JPEBECHBIM 3aIIOJIHUTEINIEM IIePeIUIeTaloTCs MEKAY co00H 1
JPEBECHBIMH YaCTHIIAMH, 00pa3ysi CBOeOOpa3Hylo apMaTypy M3IENHs — KECTKANU KapKac ¢ BBICOKOH MPOYHO-
CTBIO BO BCEX HAIPABJICHHSX.
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Jyist TIOBBINIEHUS] MPOYHOCTU TIPH CTATHYECKOM W3THOEe, CHIDKEHHS BOJOIOIINIONMICHUS M pa3OyXaHWs
TIpe/IIaraeTcs B CHIPEBYIO CMECH ISl M3TOTOBIICHHUS apOOJINTa BBOAUTH KPEMHE3EMCOAEPIKAIUA OTXO TIPOU3-
BoJICTBAa (propHcTOro amoMuHus. B mpolecce rmepeMernBaHus ApeBECHBIH 3aI0THUTENb 00BOJIAKMBAETCS Yac-
TUIIaMU aMOpPQHOTr0 KpeMHe3éMa, BXOAAIIEr0 B COCTaB KpeMHe3éMcoiepkariero orxoaa. B bemapycu nogo6no-
T'O BHJa OTXOJIOB HET, I0O3TOMY MCIIOIB30BaHUE STOM JOOABKH HEBO3MOXKHO.

3anaTeHTOBaHO HCIOJIF30BAHUE OTXOJIOB CaXapHBIX 3aBOJIOB B KauecTBe J100aBKH. C IEIbI0 MTOBBIIICHHS
MIPOYHOCTH, PACIIMPEHHUS CBIPhEBOM 0a3bl MPOM3BOJCTBA apOOJINTa, CHIDKEHHUS! ce0ECTOMMOCTH B apOOIUTOBYIO
CMeCh BBOJSIT OTXOJ — JlepekaT, MoIyJaeMblid Ha caxapHBIX 3aBOJaX IOCIIE OYMCTKHU coka (cupora). KomiuecTBo
ero cocrasuser 10...15 % ot macchl Beiyckaemoro caxapa. OJHaKO IPOYHOCTh MOJY4EHHBIX W3/ENHN B He-
CKOJIbKO pa3 MEHbIIE, YeM IPOYHOCTD U3/IENNii, OIY4EHHBIX C HCIOIB30BaHIEM XJIOPHCTOTO KaJbIIUsI.

HccnenoBaHo KUCIONIb30BaHUE YEPHOrO IIENIOKA UL MUHEpalIU3allil JPEBECHOTO 3aloyiHuUTeNs. BBene-
HHUE JaHHOH 100aBKH NMPUBOIHUT K BO3pAcTaHMIO TOKazaTens pH cpenapl, yBeNWYEeHHIO IIOTHOCTH LEMEHTHOI'O
TeJIsl, IPU 3TOM oOecIieunBaeTCs JIydllee CIeTUIEHHE IIEMEHTHOTO KaMHsI C IPEBECHBIM 3anonHuTeneM. OqHako
YEPHBIN IIENOK SBJISIETCS NeOUIUTHBIM CHIPEM B XMMUYECKON MPOMBIIUICHHOCTH, TOATOMY €ro MpUMEHEHHE B
KayecTBe J100aBKH B apOOIMTOBYIO CMECh OTPaHUYEHO.

C uenbio CHIKEHHUS! BOJOIOIJIOMIEHHS U yMEHbIICHUs HaOyXaHusl B apOOJIMTOBYIO CMECh BBOAAT KOM-
TUIEKCHYIO T00aBKY, COJICPIKAIIYI0 OKCHJI MarHusi, KapOOHAT KaJIbIIWs, HU3KOOCHOBHBIE CUITUKATHI U aJTFOMHHATHI
KaJbLUsI, BOAHBIH PacTBOP XJIOPUCTOro MarHus. JJocTUrHYTHIN npu 3ToM 3¢pdeKT CHHKEHUsI BOJOOTIIONICHHS
U, KaK CIEJICTBHE, CHIKEHHsI HaOyXaHWsl KOMIO3UIIMOHHOTO MaTepuaja CBs3aH ¢ 00pa30BaHHMEM MallopacTBO-
PUMBIX CTPYKTYP TBEPACHHS 32 CUET THAPATAIMOHHOTO B3aUMOJICHCTBHS CHIIMKATOB M JIIOMMHATOB KaJIbIHs, &
TaKke KapOOHaTa KaJblUsl B Cpe/ie BOJHBIX PACTBOPOB MarHueBbIxX coneil. HeoOxoaumMocTs BBeieH s B apOoiu-
TOBYIO CMECH 6OJ'II)IHOFO KOJIMYE€CTBA KOMIIOHCHTOB SBJIACTCA CYIICCTBEHHBIM HEAOCTATKOM MCIIOJIb30BaHUS
JIAHHOM KOMILJIEKCHOM JI0OaBKH.

HM3BecTHO MCIIONB30BaHHE KOMILIEKCA W3 MOJMMETaJUIMYECKOro BOJHOTO KOHIIGHTPATa, TOHKOAMCIEPC-
HOTO MHHEPAIBHOTO MPOIYKTa ra3004HCTKH ¥ TOHKOJMCIEPCHOTO YTSDKENUTENs TOJIOMUTOBOrO. JlaHHOe coue-
TaHHE MTO3BOJISIET MOIYYUTh apOOJIHUT C XOPOIIMMH (PH3MKO-MEXaHUYECKMMHU CBOWCTBAMHU M CHU3UTH PacTBOPH-
MOCTb IEKTHHOBLIX BCHICCTB APCBCCUHBLI, YACTUYHO HeﬁTpaJ’[H?,OBaTB LL[CJ'IO‘-IHOFI TUApOIn3 yTJ'IeBO)IHOﬁ qacTu
JPEBECHHBI, TIPH 9TOM YCKOPHUTH TBEPACHUE LIEMEHTHOr0 KaMHsI [6].

ApOOJIHT ¢ BBICOKOI MPOYHOCTHIO M HU3KOH TEIIIONPOBOIHOCTHIO MOYKHO ITOJYYUTh IIPH UCTIONB30BAHUU
BBICOKOKAJIBIIMEBOM 30161 B coueTanuu ¢ nonmBuHmnaneratom (IIBA) u sxxuakum crexiiom [5]. OnHako omy0nu-
KOBAHHBIC JJAHHBIE CBUJIETENILCTBYIOT O HECTAOMIILHOCTH BO3ACHCTBHS JaHHOM H0OABKU Ha LIEMEHTHBIN KaMEHb.

B pabore W.D. DramoBa [7] as1st TOBBIILICHUS] IPOYHOCTH apOOJINTA TPEUIAraeTcsi MPOU3BOINUTD OKHUCIIE-
HHE JIPEBECHOr0 3aIIOJHUTENS JIMTHOCYIb(hOHATAMY C MOCIeNyIolIel 00paboTKOM CepHON KHCIOTOM.

BrinonHenHsIi 0030p Kak OTAEIbHBIX, TAK ¥ KOMIUIEKCHBIX MOAU(ULIUPYIONINX 100aBOK IS YAydIlIeHNsA
(M3MKO-MEXaHNUECKUX XapaKTePUCTHK apOONUTa IOKA3bIBAET, YTO JOOABKH IO3BOJAIOT IONYYHTh MOJOXKHU-
TeNbHBIN 3((EeKT, OAHAKO OHU UMEIOT U OIpelelEHHbIe HeJOCTATKU. DTO MO3BOJISET FTOBOPUTH O TOM, UTO CO3-
JaHue HOBOM 3(h(heKTHBHOU T0OABKH SIBIISIETCS aKTyaJbHOM 3a/1ayeii.

B Ilonomnkom rocyrapcTBeHHOM YHUBEPCHUTETE pa3paboTaHa 100aBKa-MOIU(pHKATOpP apOOIUTOBOH CMECH
ApbGen [8]. Jlist u3ydeHus: MexaHU3Ma JIEUCTBUSI pa3pabOTaHHOI 00aBKHM ObUIM MCIONB30BAHbI COBPEMEHHbBIE
METO/Ibl (PH3UKO-XMMHUYECKOro aHamu3a: quddepeHnanbHO-TepMUYECKU aHATN3 1 peHTreHO(ha30BbIl aHAIN3.

JuddepennmanpHo-Tepmudeckuii anamus (JITA) npoBomwics va npudope « TGA/DSC-1/1600 HF Mettler
Toledo Instrumentsy. [Ipubop mo3BoOIsAET U3MEPATH TEPMOANHAMUYECKHIE XapaKTEPUCTHKH (TEIUIOTY M TeMIepa-
Typy (a30BBIX MepexomoB M (HU3UKO-XUMUYECKUX PEaKIHii), a TakKe MO3BOIAET PErHCTPUPOBATH M3MEHEHHS
Macchl TBEpABIX U MOPOIIKOOOpPA3HBIX MAaTEepHajoB B AuamasoHe TemmnepaTyp ot 25 go 1600 °C. TepmorpaBu-
METPUYECKUI aHalu3 NaéT KOJIMYECTBEHHYIO MH(pOpMaNWio 00 M3MEHEHWH Macchl 00pasia B pe3yiabTaTe ero
HarpeBaHus1, OXJIAXKICHHs, BBIACPKKU IPH ITOCTOSHHOM TeMIlepaType B COOTBETCTBHH C 3aaHHOH TeMIlepaTyp-
HOU MPOrpaMMoi U B OMNpee/IeHHON Ta30Boi aTMocdepe.

brnaromapst yHHKanbHOW KOHCTPYKUMH TEIUIOBBIX JAaTYMKOB, BCTPOCHHBIX B M3MEPUTCIBHYIO SUYEHKY,
«TGA/DSC-1/1600 HF Mettler Toledo Instruments» Tarke obecrieurBaeT BO3MOXKHOCTD BBITOTHEHHS Au(de-
peHnuansHOM ckanupyromend kamopumerpru ([JCK). Takoe KOHCTPYKTHBHOE pEIICHHE MO3BOJSET IMPOBOAUTH
OJJHOBPEMEHHO B OIHOM JKCIEPUMEHTE W Ha OJHOM 0Opasle M3MEpeHHs KaJOpHUMETPUYECKHX BEIHYUH IPH
Pa3IUYHBIX TEPMOANHAMHYIECKHX MEPEX0Jax, CONMPOBOKAAIOIINXCS H3MEHEHHEM MacChl UcclieyeMoro obpasia,
U IIPU 3TOM PErUCTPUPOBATH 3TO M3MEHEHHE. Y CTPOMCTBO BBINOIHEHO B BHIE SOUHOIO HACTOJHHOTO M3MEpH-
TEIBHOTO MOMYJIS, COCTOSIIETO U3 TEMIIepaTypHOro Ooka (1eds), 6J10ka U3MEepUTeNst H3MEHEHHUS MacChl (BECHI),
KaJIOPUMETPUUYECKOr0 JaTYnKa — AepiKaTens o0paslia, pa3MEICHHOr0 B IIEYH C PEryJIUpyeMOi TeMIIepaTypoi 1
CKOPOCTBIO HarpeBa, MJIEKTPOHHOIO OJIOKA YIIPABICHHS X H3MEPCHUSL.

[puHIMN U3MepeHHsT KONMUYEeCTBa BBIICICHHON MITH MOIJIOMICHHOH 00pa3lioM TeIUIOTHl OCHOBaH Ha WH-
TErPUPOBAHUH BO BPEMEHH CUTHaJIa JATYMKA, H3MEPSIOLIEro pa3HOCTh TEIUIOBBIX MTOTOKOB MEXKIY ABYMS Yalll-
KaMH, OJIHa M3 KOTOPBIX 3aIloHeHa o0pa3uoM. [Ipu X oJHOBPEMEHHOM PEryIUpyeMOM [0 CKOPOCTH Harpesa-
HHUHM B TIEYH JI0 33JaHHOH TeMIlepaTypsl, KOHTPOINPYEMOH JaTIUKOM.
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HUccnenoBanucsy oOpasisl apbonuta 6e3 100aBok — coctaB 1) ¢ mobaBkoi xiopuctoro Kambmus (2 % ot
MaccChl IIEeMEHTa) — cocTaB 2; ¢ qobaskoir Apben (5 % oT Macchl ieMeHTa) — coctaB 3. Macca mpoOBI s Kax-
moro obpasia cocraisia 100 mr. Temmepatypa momaumanacek ot 25 go 1000 °C co ckopocteto 100 °C/mumn.

TepmorpaMmsbl ipesicTaBIeHbI HAa pUcyHKax 1 — 3.

Method: 25 1000 10 150ul

MW ] Sample Weight 100,1370 dr1,00s mg
mple Weig ma 25,0-1000,0°C 10,00°C/min ]
E Synchronization enabled
60 1 6
4 Step -5,6826 %
-5,6904 mg 4
40 Signal Value -64,06e-03 mgmin~-1 6 Residue 94,3055 % i
at 260,11 °C 94,4347 mg
Signal Value -0,15 mgmin~-1 Left Limit 26,43 °C 99
1 at 708,90 °C Right Limit 997,05 °C L
20 3 4 1
- Step -1,2284 % Step -0,8664 % E
. e -1,2301 mg -0,8676 mg 98
P Residue 95,2601 % Residue 94,3936 %
0 ! 95,3906 mg 94,5230 mg T
Signal \:Iue iZUIE,E_;_‘;TCW Left Limit 310,31 °C Left Limit 652,37 °C 0,5 T
1 g Right Limit 652,37 °C Right Limit 744,43 °C mgmin”~-1 1
. J
20 Y 2 Step -87,9980e-03% | 97
-88,1195¢-03 mg J
1 3 5 Residue 94,3056 % 1
3 94,4348 mg ]
0 Left Limit 744,43 °C
1 2 Signal Value -38,68 mwW Right Limit 993,01 °C 1
at 716,99 °C %6
E Step -2,9776 % Step -0,5220 % 1
_ -2,9817 mg -0,5228 mg 1
50 Residue 97,0105 % Residue 96,4885 % . i
97,1434 mg 96,6207 mg 3
| Left Limit 26,43 °C Left Limit 205,27 °C ]
Right Limit 205,27 °C Right Limit 310,31 °C 95—
-80 Signal Valle -0,63 mgmin”~-1 1
at| 103,82°C — 4
. ] W
_100 100 200 300 400 500 600 700 800 900 940
1 11 1 111 1 11 11 1 1 1 11 11 1 11 1 1 i1 11 11 1 11 11 11 1 1 11 1 3 1
I B s o B B m m m e e s B e e e e e e e B LA B m e | i
0 10 20 30 40 50 60 70 80 %0 min
Puc. 1. Tepmorpamma o6pasiua apoonura 6e3 qo0aBKH
mW - Sample Weight 100,2700 mg Method: 25 1000 10 150ul Step 17,2373% mg
dt1,00s -17,2838 mg ]
. 25,0-1000,0°C 10,00°C/min Residue 82,7498 %
Synchronization enabled 10 82,9732 mg 1004
60 1l 10 Left Limit 26,26 °C
Right Limit 997,45 °C
1 DTG /
TG a8
40 Signal Value -0,12 mgmin~-1  _
o
J Signal Value -0,16 mgmin”~-1 Signal Value -0,22 mgmin~-1 at 758,61 °C 4
at  293,38°C at 442,25 °C Step -1,6458 %
20- Sgnal Value 0.24mgmint1 7 o L6503 *
. A h
Signal Value 0,44 mgmin”-1 Signal Value -7,23 mw #* EW/BIX Right Limit 723,25 °C .
- at 144,86 °C ’
at 446,32 °C
0 Signal Value -11,01 mW Step -0,7601 % 249
Signal Value 2,72 mW at 580,55 °C 8 20,7621 mg |
i at 298,57 °C Left Limit 723,25 °C
Signal Value -36,33 mw Right Limit 827,49 °C w2
3 ]
-20 Signal Value -20,49 mW &  70e92°C mgminA-1
at 149,15 °C 1 3 -
. Step -0,9080 %
S -6,2814 % : '
3| signal value 45,87 mw P f084mg 1,9321 % 9 0,9104mg | 90
=40 o r -1,9373 mg oft Urnil
at  90,12°C oft 26,26 °C . Left Limit 828,48 °C
Left Limit 26, Left Limit 132,82 °C ight Limi ]
Right Limit 96,17 °C : . 5 Right Limit 997,45 °C
| . d Right Limit 244,23 °C Step -0,5474 %
) . -0,5489 mg 884
-60 Signal \a’:lue 151336920 TCW Left Limit 414,87 °C
’ Right Limit 472,41 °C B
1 B Step -0,2483 % i
| -0,2490 mg 7\{
-80 Signal Value -1,43 mgmin~-1 Step -3,5651 % Step 4 -1,3442 % \ Left Limit 472,41 °C |
l at  8334°C . -3,5747 mg -1,3479 mg L3 Right Limit 604,83 °C
Left Limit 96,17 °C i 8
et Lim Left Limit 244,23 °C - i
Signal Value -1,47 mgmin~-1  Right Limit 132,82 °C Right Limit 414,87 °C e 84
-1007 at 105,89 °C '
100 200 300 400 500 600 700 800 200 82q
[ - e S W T SN T SN WA SN ST TR S SRR HNN YN SR SN S (N S SN SR TN NN ST SR TN N SN ST AT SR S MR S T SR SN AN S ST T A M S S S
T I B B e e e o e e S e N B e B e e e e B B B e e e e S e e e e e e e B
0 10 20 30 40 50 60 70 80 90 min

Puc. 2. Tepmorpamma o6pasiia apoonuTa ¢ 100aBKOU XJIOPUCTOTO KaIbIIUsI
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MNe 16

nw Sample Weight 100,1270 mg Method: 25 1000 10 150ul mg
dt1,00s 4
T S 3740 25,0-1000,0°C 10,00°C/min _
tep -1,1374 % Synchronization enabled 100
60 1 7 -1,1388 mg
4 Residue 86,7751 % 4
i - 858854mg Step -18,5955 %
Signal Value | -0,24 mgmin~-1 Left Limit 444,77 °C -18,6191 mg 98
at |278,47 °C Right Limit 509,50 °C 7 Residue 81,3928 %
40 81,4962 mg 1
16 Left Limit 26,63 °C
i Right Limit 997,62 °C 96
& 0,5
27 Signal Value -0,22 mgmin~-1 mgmin”-1 T
gnat v res MgminT Step -1,9353 % 94
] at 650,43 °C -1,9378 mg
5 Residue 84,8398 % 7
o Sighal Value -0,39 mgmin”~-1 84,9476 mg
at 177,77 °C Left Limit 509,50 °C 92
~ Right Limit 674,76 °C |
R 3
\ Signal Value -0,51 mgmin~-1 %0
-20 Signal Value 13,78 mW Signal Value - -14,73 mw a 72696 J
4
at 189,44 °C at  476,82°C Step 3,0106%
1 2. Signal Value -26,36 mW ) -3,0144mg g |
Signal Value -31,14 mw \\ 4 at 675,76 °C 6 Residue 81,8292 %
-40 at 102,76 9C * 81,9332 mg i
2 5 Left Limit 674,76 °C
1 3 ht Limit 800,38 °C  gg
Step 6,8512 % Step -1,9113 % Step 3,3133 % \, Signal Value 44,32 mw
50 ) -6,8599 mg ) -1,9137 mg 5mg 6 at 734,06 °C
Residue 93,1371 % Residue 91,2258 % Residue 87,9125 %
93,2554 mg 91,3417 mg 88,0242 mg
T Left Limit 26,63 °C Left Limit 167,17 °C Left Limit 238,75 °C
Right Limit 167,17 °C Right Limit 238,75 °C Right Limit 444,77 °C
-80 -1 82
Signal value -0,84 mgmin~-1
B at  94,82°C ]
100 200 300 400 500 600 700 800 900 O“(
T e %"
20 30 40 50 60 70 80 90 min

Puc. 3. Tepmorpamma obpasia apbonura ¢ 106aBkoii Apoen

KpuBas TG Ha pucyHkax 1 — 3 siBisieTcs TepMOrpaBUMETPHUYECKOM KPUBOM, KOTOpasi XapakTepusyeT Mo-
Tepro Macchl 00pasla B 3aBUCUMOCTH OT Temmeparypsl. Kpusas DTG nomywaercs nytém auddepeHunpoBanus
kpuBoit TG. DTa KpuBas OTpakaeT M3MEHEHHs B BUJie MMKOB Ha KpuBoi TG, mosromy siBisiercst Oonee uHpop-
matuBHOH. KpuBast DSC xapakrepr3yeT MOIJIOMICHNE WIH BbIIENIEHHE TeIUI0BOH 3Hepruu. Och cieBa xapakre-
pH3yeT MOIJIONIEHUEe WK BbIIeIIeHHUe TeIlla B MB; och clipaBa MoKa3bIBaeT HOTEPIO MacChl B MI'; TOPU3OHTANIbHAS
0Ch HaJl 4epToil oTpakaeT TemnepaTypy B °C; moj uepToil BpeMsi B MHHYyTaX.

VY TepMorpaMmbl, XapakTepHU3YIOLIeH UCIIONb30BaHKE JOOABKH XJIOPHCTOrO Kaliblus (pUc. 2), UMeeTcs
pa3IBOEHHBIN SHAOTEpMUYECKUi 3(deKT ynaneHus ancopOMpoBaHHOW BOIBL Y TepMOorpaMM coctaBoB 1, 3
(cMm. puc. 1, 3) mauubI 3)HEKT BRIPasKeH OMUHOYHBIM MTUKOM B paifore 100 °C. DT0 MOKHO OOBSICHUTH TEM, YTO
J00aBKa XJIOPUCTOTO KaJbIHs yAep>KUBaeT B oOpasiie Oonblie cBOOOIHOM BOIbI, 4eM B 0Opa3iax 0e3nobaBoy-
HOT'O COCTaBa M COCTaBa ¢ n00aBkoii ApOen. CremoBarenbHO, MCHONb30BaHUe 100aBki ApOen oOecriednBaer
IPH SKCILTYaTally CTEHOBOT'O OrPaKICHNS HU3KUIT TOKa3aTeNlb PABHOBECHO! BJIAXKHOCTH M TapaHTUPYeT Ooliee
HHU3KHI [TOKa3aTellb TeIIONPOBOJHOCTH.

He6onbmme sanotepmudeckue 3¢ dexTsl coctaBoB 2, 3 (cM. puc. 2, 3) B odomactu 150 u 190 °C cootBert-
CTBEHHO TOBOPAT 00 YCKOPSIOIIEM IeHCTBIM 100aBOK Ha mporece rumpararmu CsS [9].

Bropoit sanorepmuueckuii adhdexT y cocraBa 1 (cm. puc. 1) Habmonaercs B odnactu 260 °C — 310 Hava-
no ruapatanuu C3S, uto cBs3ano ¢ obpazoBanueM renst C—S—H. ¥V cocraBoB 2, 3 (cum. puc. 2, 3) atot a¢dekr
Habmomaercs mpu Temneparypax 293 u 278 °C coOOTBETCTBEHHO. DTO CBHACTEIHCTBYET 00 YBETHMUSHHH KOIMHIE-
crBa C—S—H-(a3bl 1 MOBBIIIEHUH TPOYHOCTH OETOHA ¢ JOOABKAMH XJIOPUCTOTO Kajblius U ApOes B OTJIMYUE OT
0e3100aBOYHOT0 COCTaBa.

Emé omanM monTBep)KIEeHHEM IOBBIMICHUS MPOYHOCTH apbonura ¢ mobaBKkamu ApOer W XIOPHCTOTO
KaJIbLIUsI SIBJISIETCS SHAOTEPMUIECKHid 3G eKT y coctaBos 2, 3 (cM. puc. 2, 3) B obnactu 446 u 476 °C coorBer-
CTBEHHO. JTO MOXKHO oTHecTH K aerunparanun Ca(OH),. B Teuenne mepsrix BocbMu dacoB Ha pomo Ca(OH),
TIPUXOAHUTCS OKOJIO 25 % BCero rHIpOKCHIa Kalblus, oOpa3yromierocs mo ucredeHnu 30 cyTok.

Pa3BoeHHBIN SHIOTEPMHUUYECKHIA TIHK y cocTasa 2 (cM. puc. 2) B obmactr 700...760 °C cBUmeTeIBCTBYET
00 ycKopstomeM IeHCTBUN XJIopra Kanblus Ha ruapataniio C3S M 0 BOSMOXKHOCTH €r0 XeMOCOpOIU Ha TI0-
BepxHocTH C—S—H, a Taroke BTOpOW MK MOXHO OTHECTH K 3 (eKTy BHEAPEHHUS HEKOTOPOro KOMMYECTBA XIOPHI-
HMOHOB B PEHIETKY THAPOCHINKATOB. ¥ coctaBa 3 (cM. puc. 3) 3TOT 3 (eKT MposBIsSeTCS B BUAE OONBIIETO IO
pasMepy OIMHOYHOTO MrKa. YTO CBUAETENBCTBYET O TOM, 9TO no0aBKa ApOen Tarke sSBisieTcs d()()EeKTHBHBIM
YCKOpHUTENEeM, HO He COIACPIKUT XJIOpUA-UOHOB. Heborbioit sHnorepmudeckuii agdekr B odmactu 675 °C y co-

craBa 3 (cM. puc. 3) TOBOPHUT O MPEBPAILCHHN apKAaHUTa B OJHOOCHYIO OTpHIATEIbHYIO hopmy [9].
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Ha ocHOBaHMM TIpeCTaBIEHHOTO BBIIIE aHAIN3a MOKHO C/IENIaTh BBIBOJ O TOM, 4YTO jo0aBKka Apber, Kak
U 100aBKa XJIOPHUCTOr0 Kalblms, yckopsieT runpatanuio CsS. Ho npu aTom no6aBka ApOen NpUTATHBaeT MEHb-
11e a/IcOpOUPOBaHHON BOABI, YeM J100aBKa XJIOPUCTOTO KaJIBIIHS.

[ox pentrenodazosiM ananmuzoMm (PMA) NOHNMAOT COBOKYITHOCTh pa3HOOOpPA3HBIX METOIOB HCCIIE/O-
BaHHs, B KOTOPBIX HCIIOJNB3YETCS PEHTTEHOBCKOE HM3ITy4EHHE — IIONEpedHbIe AJICKTPOMAarHUTHBIE KONeOaHus C
qutuHOM Bombl 1072...10% A. TIpuMeHeHHe PEHTTEHOBCKOTO H3TYUCHHS IS MCCIIETOBAHMS KPHCTAITHICCKUX Be-
IIECTB OCHOBAHO Ha TOM, YTO €r'0 JUTHHA BOJIHBI CONOCTaBHMa C PACCTOSHUEM MEXY YITOPSIIOYEHHO PaCIIONOKEH-
HBIMH aTOMaMH B PEIETKE KPUCTAIIIOB, KOTOPas! ISl TAKOTO M3JIyUeHUs SIBISIETCS €CTECTBEHHOM AN(PaKIMOHHON
pemérkoii. CymHOCTh PEHTI€HOBCKHX METOIOB KaK pa3 M 3aKII0Yaercsl B M3y4eHWH MU(paKINOHHONW KapTHHEI,
MOy4aeMOH TIpU OTPaKEHWH PEHTTEHOBCKHX Jydeld aTOMHBIMU IUIOCKOCTSMH B CTPYKType KpucTamioB. [lon
pacum(ppoBKOi pEeHTreHOrpaMM HOHUMAETCS OINPEAEICHUE YIIIOB OTpaKeHUs! ® M MEXIUIOCKOCTHBIX PaccTos-
Hui d, COOTBETCTBYIOIINX JIU(PPAKIIMOHHBIM MAaKCUMyMaM, M OIIEHKa WX OTHOCHTEIBbHON MHTEHCHBHOCTH |. 3a-
TEM HallJIleHHble 3HaYE€HHsI CPAaBHUBAIOTCS C 3TAJOHHBIMH PEHTTEHOTpaMMaMH H OPE/IENISIeTCS] BH]] KPUCTAILIOB.

HUccnenoBanus mpoBOAMIKCH HAa peHTreHoBCKOM Audpakromerpe «D8 Advance Bruker AXSy.

O0paboTka pe3yabTaTOB MPOBOAMIACH B MporpaMMHoM Komiuiekce «Match! Phase identification from
powder diffraction version 1.10d».

HccnenoBanuck o0pasisl apdosura:

- 0e3 100aBOK — cocTas 1;

- ¢ 100aBKO# XJIOPUCTOTO KIS (2 % OT MacChl IIEMEHTa) — COCTaB 2;

- ¢ mobaekoi ApoOen (5 % OoT Macchl IIeMeHTa) — COCTaB 3.

Ha pucynkax 4 — 6 npencraBieHbl peHTTeHOrpaMMbl 00pa31oB apbonuTa.

* HEPS 2 4

vl e | f|ﬁ
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I
10 20 30 40 50 60 70 kL

Puc. 4. PentreHorpamma obpasia apbonuta 6e3 100aBKu

Hust cocraBa Ne 1 (cm. puc. 4) ObUIM WASHTU(PHUIIMPOBAHBI CICAYIOIIUE MUHEPAIIBL: TUIIC (MaKCUMalIbHAs
OTHOCHUTEIIbHAS HHTEHCUBHOCTD | = 220, 20 = 23,1°); cuimkaT KaabIus (MaKCUMaIbHass OTHOCUTEIbHAS HHTCH-
cuBHOCTH | =220, 20 = 32,8°); cynb(pUT KaJbIHs OIYBOAHBINA (MAKCHMalIbHAsI OTHOCHTENIbHASI UHTEHCUBHOCTh
I =220,20 = 28,3°).

OueBUHO, YTO 3THX MHHEPAJIOB HE JOCTATOYHO Ul HaOopa MPOYHOCTH LEMEHTHOI'O KaMHsI C BOAHBIM

KOHILICHTPATOM.
s peatrenorpammsl coctaBa Ne 2 (cM. puc. 5) B omrmdne oT 6€3100aBOYHOT0 COCTaBa MOKHO OIp e-
JIENTUTh HANMM4YMe KapOOHATa KanbIus (MaKCUMalbHasi OTHOCHTENbHAs MHTeHCHBHOCTH | = 410, 20 = 29,5°).

OTHUM MOXeT ObITh 00BSICHEH 3 deKT OBICTPOro HAOOpa MPOYHOCTH IIEMEHTHBIM KaMHeM ¢ 100aBKO# XJ10p u-
CTOrO KaJIBLHSL.

Ha pentrenorpamMme coctaBa Ne 3 (cM. puc. 6) TakKe XOpPOIIO MPOCMATPUBACTCS KapOOHAT KaJIBIIH I
(MakcuManbHash OTHOCUTEIbHAS HMHTEHCUBHOCTH | = 420, 20 = 29,5°), a Tarke apkaHUT (MakcHMajibHasl OT-
HOCHTEIbHAs WHTEHCHBHOCTE | = 235, 20 = 18,1°). JT0 CBUACTETHCTBYET O TOM, UTO JAeHCTBHE HOOaBKH Ap-
Oen obecrieurBaeT BEICOKHE MTPOYHOCTHBIC MTOKA3aTENH apOoIuTa.

3aknaouenue. BrmomHeHHBIH 0030p KaK OTAETBHBIX, TAK M KOMIUIEKCHBIX MOAU(PHUIHPYIOMUX 100a-
BOK JUIA YIy4IIeHNs! (PU3UKO-MEXaHUUECKUX XapaKTePUCTHK apOoIuTa MOKa3bIBaET, YTO J00ABKH MO3BOJSIOT
MTOTYYHTh THOJIOKHUTENBHBIN 3()(PEKT, OAHAKO OHM UMEIOT U OTIpeIeNIEHHbIE HEJJOCTATKH.

94



CTPOUTEJIBCTBO. IIPUKJIATHBIE HAYKH. Cmpoumenvubie mamepuaivl Ne 16

B TTomonkom rocyIapCcTBEHHOM YHHBEPCHTETE pa3paboraHa J00aBKa-MOTUPHKATOP apOOIUTOBON CMECH
ApGen. [y u3ydeHus: MeXaHU3Ma JEUCTBUS pa3paboTaHHOW JH00aBKH OBUTH HCIOJIL30BAHBI COBPEMEHHBIE Me-
TOJIBI (PU3UKO-XUMHUUECKOr0 aHamm3a: qudhepeHIaIbHO-TePMUUYECKUI aHAIN3 U PEHTreHO(Da30BbIi aHAIN3.

[
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70 260
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40 50 60
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Puc. 5. Penrrenorpamma o0pasiia ap6onuta ¢ 100aBKOH XJIOPHCTOrO KaJIbLIHUS
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Puc. 6. Perrrenorpamma obpasiia apbonuta ¢ 1o6aBkoit Apoern
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Ha ocnoBannn anddepeHnuanbHo-TepMIYECKOT0 aHaJIn3a MOXKHO C/IeNIaTh BBIBOJA O TOM, 4TO j00aBKa
Apben, xak 1 go0aBKa XJIOPUCTOrO Kajblus, yckopsieT ruapatanuio C3S. Ho npu sTom nobaBka ApOen mpurs-
TMBaeT MEHbIIE aJCcOpONpPOBAHHOIN BOABI, YeM J100aBKa XJIOPHCTOTO KalbIWs. Pe3ynbTaThl peHTreHodas3oBoro
aHaJIM3a MOKa3aJIH, uTo JIeicTBIE 100aBKU ApOen obecrieunBaeT BEICOKME MPOYHOCTHBIE TIOKa3aTeNnn apoosuTa.
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STUDY OF THE MECHANISM OF ADDITIVES
ON THE PROCESSES ARBEL CURING ARBOLIT CEMENT COMPONENT

V. BOZYLEV, A. YAGUBKIN

An overview of modifying additives to improve physical and mechanical properties arbolit. It is shown
that each of the additives gives a positive effect, but it also has certain disadvantages. In Polotsk State University
developed an additive mixture of the modifier arbolit Arbel. To study the mechanism of action developed addi-
tives used modern methods of physicochemical analysis. On the basis of differential thermal analysis shows that
the addition of Arbel, as well as additive calcium chloride accelerates the hydration of tricalcium silicate — the
main phase of the cement. In this supplement Arbel attracts less adsorbed water than the addition of calcium
chloride, which will reduce the humidity in the operating products from arbolit. By results of X-ray analysis
shows that the effect of additives Arbel provides high strength arbolit characteristics.
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