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BBEAEHUE

OcHOBHas 3a7aya MPOMBIIIJICHHOCTH CTPOUTENIBHBIX MATEpUaIOB — pa3pa-
00TKa U BHEJIPEHUE pecypcocOeperaronx TEXHOIOTUNA MTPOU3BOACTBA IKOJIOTHYE-
CK{ YHCTBHIX MAaTEPUAIIOB, M3TOTABIMBAEMBIX 110 0€30TXOMHBIM TEXHOJOTHSM C MaK-
CUMAaJIbHBIM MCIIOJIb30BAHUEM MECTHOT'O ChIPh M TEXHOI'€HHBIX OTXOAO0B IMPOMBIII-
JIEHHOCTU. 3HAYUTENbHYIO TPYIILYy TEXHOTCHHBIX MPOAYKTOB COCTABJISET BTOPUY-
HBIM MPOJAYKT — MUHEPAIbHBIC IUTIAMbI, 00pa3yIoIUecs MpU XUMHUUECKON MOJTro-
TOBKE€ Y OCBETJICHUU BOJbI HAa MPEANPUATHUIX IHEPreTUUECKOro KOMIUIEKca. Brico-
Kasi JUCIIEPCHOCTh, CTAOUIIbHBIA XUMHUUYECKUN COCTAB OTHAEIbHBIX HIJIAMOB OTKPbI-
BACT LIMPOKHUE MEPCIEKTUBBI IPUMEHECHUS UX B KAUECTBE MUHEPAIbHBIX HAIIOJIHU-
TeJNe, a TakKe XMMHYECKHX aKTUBATOPOB TUAPATAIMH, CTPYKTYpOOOpa3zoBaHMUS
LEMEHTHBIX U KOMITO3UIIMOHHBIX MAaTEPUATIOB.

MHOroTOHHa)KHBIM BTOPUYHBIM MTPOAYKTOM, MOJY4a€MbIM BO BCEX PErMOHAX
Pecniy6nuku benapyce, sBisieTcs nuiaM BOAOOYUCTKU. VICXONHBIN CTAOMIBHBIN XU-
MUYECKHUI COCTaB IIJTaMa B COYETAHUU C MPOCTON IKOJIOTHYECKH O€30TacHOM TeX-
HOJIOTHEN TTOIYy4YEHUsI HAIIOJIHUTEISI HA €r0 OCHOBE NO3BOJISIET IOJy4aTh pacTBOP-
HbI€ CMECU M PacTBOPbI, COOTBETCTBYIOLIUE TPEOOBAHUSAM JACHCTBYIONIMX HOpMa-
TUBHBIX JJOKYMEHTOB. Y TWJIM3alUs [IJIaMa JaeT BO3MOXKHOCTh PEIINTh PErHOHANb-
HbI€ KOJIOTUYECKHE MPOOJIEMBbI, CBSI3aHHBIE C XPAHEHUEM BTOPUYHOI'O MPOJYKTA.
[IprumeHeHne HanOJIHUTENSA B BUJIE JUCIIEPCHOTO MOPOIIKA Ha OCHOBE IIJIaMa BOJO-
OUYMCTKH IO3BOJIUT UCKIIOUUTh NPUMEHEHHUE U3BECTU B LIEMEHTHBIX CTPOUTEIBHBIX
pacTBOpax M 3aMEHUTh YacCTh BSIKYILIETO B U3BECTKOBBIX IITYKATYPHBIX PACTBOPAX.

Pabota BrITioNHEHA Ha Kadeape CTPOUTEIBHOIO MPOU3BOJICTBA YUPEKICHUS
oOpazoBanus «Ilosonkuit rocy1apCTBEHHBIN YHUBEPCUTETY MOJT HAYYHBIM PYKOBO-
JICTBOM KaHJuJaTa TEXHUYECKUX HAYK, JoueHta A. A. bakaroBuya.

OBIIAA XAPAKTEPUCTHUKA PABOTbI

CBs13b padoThI ¢ KPYNHBIMH HAYYHBIMHU POTPAMMaMM

Tema nuccepTallMOHHON PabOThl COOTBETCTBYET MPUOPUTETHBIM HAMPABICHUAM
(dyHIaMEHTaTbHBIX U MPHUKIAIHBIX HAYYHBIX UccienoBanuii Pecryonuku benapych Ha
2011-2015 ronsl, yrBepkneHnbix [loctanosnennem Coera MunuctpoB PecryOmmku
benapych ot 19 anpenst 2010 r. Ne 585, (1. 8.8 «HoBble HEOpraHMUECKHUE U KOMIIO3U-
[IMOHHBIE MaTepUabl 1Ji JOPOKHOTO, IPOMBIIUIEHHOT O U KUJIUIIHOIO CTPOUTEIb-
CTBa, METOIBI M CPE/ICTBA M3MEPEHUI CBOWCTB CTPOUTEIBHBIX MATEPHATIOBY).

DKCIEPUMEHTAIbHO-TEOPETUYECKUE UCCIIEeI0BAHUS, TPOBEAECHHBIE aBTOPOM
JUCCEPTALMOHHON padOThl, SBJISIOTCS COCTABHOM YAaCThIO OTYETa IO TOCYIapCT-
BEHHOM OIOJI)KETHOW Hay4yHO-HcclienoBaTenbckoi pabore I'b 13-26 «Pa3paborka
U WCCIIEIOBAHWE HOBBIX PECYpPCO- M 3HEprocOeperaronmx MaTepuaioB U TEXHO-
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JIOTUI B CTPOUTEIHCTBEY», BHIIIOJIHEHHON Ha Kadenpe CTPOUTEIbHOTO MPOU3BOJI-

cTBa yupexaeHus obpazoBanusi «Ilomoukuil rocy1apcTBEHHBIN YHUBEPCUTET» B

2006—2010 romax (Homep rocyaapctBeHHoi peructpaiu Ne 20066341).
Pe3ynbpTaThl quccepTaliMoOHHON paboThl oTpaxeHsl B oryere (2010 r.) mo

rocOromkeTrHoil Tematuke I'b 01-10 «Pa3paborka 3¢ dexkTuBHOrO KapOOHATOCO-

JepKaIlero TOHKOAUCIIEPCHOT'O0 HATIOJHUTENSI Ha OCHOBE IIJIaMa BOJOOYHMCTKH JJIs

CTPOMTEILHBIX PACTBOPOBY» (HOMep rocynapcTBeHHON peructparuu Ne 20100275).
Ieab 1 3a1a4u HCCIETOBAHUA

Llenv Ouccepmayuonnoii pabomer — pa3paboTKa CTPOUTEIBHBIX PACTBOPOB, CO-
JIeprKaIiX HATIOHUTEh W3 BTOPUYHOTO TMPOIYKTA BOJOIMOATOTOBKH, TO3BOJISTFOIIIIA
00€eCTIeunTh KOMIUIEKC SKCIUTYaTAIMOHHBIX TIOKa3aTesIed KOMITO3UIIMOHHBIX COCTABOB.

JIJist TOCTHKEHHMSI TIOCTABJICHHOM eI PEIICHBI CIICAYIOIINE 3a0auu.

1) onpesienieH MUHEPAJIOTMUECKUN M TPaHyJIOMETPUICCKH cocTaB KapOoHa-
TOCO/IEPIKAIIEr0 HATIOJTHUTEIIS;

2) YCTaHOBJICHO ONTHMAJILHOE KOJWYECTBO KapOOHATOCOEPIKAIIETO HAIOJI-
HUTEJS B COCTaBE CTPOUTEIHHBIX PACTBOPOB C MPUMEHEHHUEM MAaTEMaTHYECKOTO
MOJICITUPOBAHUS,

3) pacCMOTPEHBI MEXaHW3MbI BIIHMSHHS HAIIOJHUTENS Ha CBOMCTBA PacTBOP-
HBIX cMeceil 1 pacTBOpOB. OmpeaesieHbl NPOIEecChl B3aUMOICHCTBUSL HATTOIHUTES
C IIEMEHTOM;

4) uccaenoBanbl (U3MKO-MEXaHMUECKHE CBOMCTBA IEMEHTHBIX U H3BECTKO-
BBIX PACTBOPOB, COJIEPIKAIIMX HATIOJTHUTEIIb,

5) pazpaboTanbl 1 yTBepsKIeHBI TexHIYeckre yciosus TY BY 300220696.050-2010
«HamomauTens kapboHATOCOAEPIKAIINNA TSI CTPOUTETHHBIX PACTBOPOBY.

Obvexmom ucciedosanull SIBISIOTCS CTPOUTEIBHBIE PACTBOPHI C KapOOHATO-
coJiepKalllM HATOJTHUTEIIEM.

Ilpeomem uccnedosanuii — OCHOBHBIC CBOWMCTBA KJIQJIOYHBIX, IITYKATYPHBIX
[IEMEHTHBIX W M3BECTKOBBIX PACTBOPHBIX CMeEcCeH, pacTBOPOB C KapOOHATOCOIEp-
JKaIIMM HaITOJIHUTEJIEM, IPOIIECCHl B3aMMOICHCTBUS HAITOJIHUTES C IIEMEHTOM, Me-
XaHW3MBI BJIUSHUS HATIOJTHUTENIS Ha IIOKA3aTeIN PACTBOPHBIX CMECEH M PaCTBOPOB.

Ioynoxenns AUCCEPTAllUU, BBIHOCUMbBIC HA 3aIIIUTY

1. YcTaHOBIIEHHBIE 3aBUCUMOCTH BIUSHUS TPAHYJIOMETPUYECKOr0 COCTaBa U
pacxojia HarmoJIHUTENS Ha TOJIBHXKHOCTh, BOJIOYIEPKUBAIOIIYIO CITIOCOOHOCTD, pac-
CI1auBaeMOCTh PACTBOPHBIX CMECEW U MPOYHOCTh HA CIKATHE CTPOUTEIBHBIX pac-
TBOPOB, MOATBEPKIAEMbIE pE3yIbTaTaMU MTPOBEICHHBIX HCCIIEOBAHUH.

2. DKCIIEpUMEHTAIIbHBIE JAHHBIE 10 (PH3UKO-MEXaHUIECKUM CBOMCTBAM, BKITIO-
YaIOIIUM MOJBM)KHOCTb, PACcCIaNBa€MOCTb, BOJIOYACPKHUBAIOIIYIO CIOCOOHOCTD pac-
TBOPHBIX CMECEH, MPOYHOCTh HA CHKATHE, MPOYHOCTh CLEIUIEHUS, INIOTHOCTh, MO-
PO30CTOMKOCTD, BOJAONOIIONIEHUE PACTBOPOB, COJEpKAILIMUX HarosHuTeNb. Ha oc-
HOBAHMU MOJYYEHHBIX PE3yJIbTaTOB pa3padoTaHa METOAMKa 0I00pa COCTaBOB Iie-

MCHTHBIX paCTBOPOB, COACPKAIIUX HAITOJIHUTCIIb.
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3. TexHu4ecKkoe pelieHue 1Mo yTHUIH3AUA IIIJaMa BOJJOOYMCTKH B BHJIE DKO-
JOTUYECKU 0E€30MacHOr0 KapOOHATOCOAEpPKAIIEr0 HAMOIHUTENS JJIS [IEMEHTHBIX,
M3BECTKOBBIX PACTBOPOB, OCHOBAHHOE HA HJKCIEPUMEHTAIBHBIX HMCCIEIOBAHUSX,
MIO3BOJISIIOIIEE PA3PEIINTh IKOJIOTHUECKUE, a TAK)Ke SKOHOMHYECKHE BOMPOCHI Xpa-
HEHUSl ¥ MPUMEHEHUsS BTOPUYHOro mpoaykta TOL[ M KOTenbHBIX HA TEPPUTOPUU
Pecny6nuku benapyce.

JIMYHBIA BKJIAJA COUCKATEISA

JuccepTanus MpeaCTaBIsIET CaMOCTOSTENbHBIN TPYJ aBTOPA, BHIMOJIHEHHBIN
Ha Kadeape CTPOUTENILHOIO MPOU3BOACTBA yupexkaeHus: oopazoBanus «Ilomorkuii
rOCY/IapCTBEHHBI YHUBEPCUTETY.

Arnpodanusi pe3yJibTaTOB AMCCEPTANNM

OCHOBHBIC TIOJIOKCHHSI U PE3YJbTAThl JUCCEPTANMOHHON PabOThI JOKIAIbI-
BaJIUCh: HA XV MEXIyHApOAHOM Hay4HO-METOANYEeCKOM ceMuHape «llepcrnekTuBbl
Pa3BUTHS HOBBIX TEXHOJOTHUN B CTPOUTEIBCTBE M TIOJITOTOBKE WHKCHEPHBIX KA[POB
Pecny6uku benapyce», HoBomomork, 27-28 HosOps 2008 r.; XVI mexayHapo-
HOM Hay4YHO-METOJN4YecKoM cemuHape «llepcrekTuBbl pa3BUTHS HOBBIX TEXHOJIO-
T'Uil B CTPOUTENBCTBE U MOJTOTOBKE MHXKEHEPHBIX KaapoB PecnyOnuku benapychy,
Bpecrt, 28-30 mas 2009 r.; Junior researchers’ conference. Polotsk State University,
Novopolotsk, April 22-23, 2009; XVII mexayHapoaHOM Hay4yHO-METOIHYECKOM
cemuHape «IlepcreKTUBBI Pa3BUTHS HOBBIX TEXHOJOTHHA B CTPOUTEILCTBE U TOJT O-
TOBKE MHXEHEPHBIX KaapoB Pecmyonuku benapyce», ['pogno, 27-28 mas 2010 r.;
National and European dimension in research, 111 conference. Polotsk State University,
Novopolotsk, April 27-28, 2011; mMexayHApOIHOW HAayYHO-NPAKTUYCCKOW KOH-
dbepennu «HeprodPGHeKTUBHOCTh U SKOJIOTUYECKass 0€30MacHOCTh Ha TpaHC-
OpTE, B MPOMBIIIJICHHOCTH U B CTPOUTENLCTBEY, ['oMenb, 15-16 nexabps 2011 r.;
XVIII mexnyHapoiHOM HaydyHO-MeTOAu4eckoM ceMuHape «llepcriekTuBbl pa3Bu-
THS HOBBIX TEXHOJIOTHIA B CTPOUTEIIHCTBE U MOJATOTOBKE WHKEHEPHBIX KaapoB Pec-
nyonuku benapyce», HoBonosnork, 28-29 nos6ps 2012 1.

Ony06JMKOBAHHOCTH Pe3yJIbTATOB JAUCCEPTAIUN

[To Teme nuccepranuu omyONIMKOBaHO 17 HaydHBIX paboOT, B TOM 4YHCIE 5 B
HAy4YHbIX M3JIaHUSIX, BKIIOUYEHHBIX B nepedeHb BAK Pecnyomuku benapycs. O0muit
00BEM paboT — 6,95 aBTOPCKUX JIMCTA, U3 HUX B HAYYHBIX KypHAJIaX MO MEPEYHIO
BAK Pecnyonuku benapycs — 2,82 aBropckux nucra. [lonyyen naTeHT Ha uzolpe-
teHue Ne 12805 «KnamouHblid pacTBOp» M MATEHT Ha Mosie3Hyro mozaenb Ne 5677
«Dopma 15 onpeaeneHus] IPOYHOCTU CTPOUTETBHBIX PACTBOPOBY.

CtpykTypa U 00beM JUCCEPTALUM

Juccepraiusi COCTOUT W3 BBEICHUS, OOIIEH XapaKTepUCTUKU pabOThl, M-
TH TJIaB, 3akitodeHust u npuioxeHuid. Coxepxut 131 crpanuily, 55 pUCYHKOB,
28 Tabnuil, 6 TPUIOKESHHUM, CITUCOK UCIOJIB30BAaHHBIX UCTOYHUKOB U3 172 Hamme-
HOBaHuA Ha 14 cTpaHunax.



OCHOBHOE COIEPKAHUE PABOTBI

B nepBoii ri1aBe npoaHaTM3UPOBAH OMBIT TPUMEHEHHUS IIJIAMOB P MPOU3-
BOJICTBE CTPOUWTEIIBHBIX MATEPHUANIOB, a TAKXKE HUCIIOJIb30BAHUS HAIIOJIHUTEIIEH B
CTPOUTENBHBIX pacTBOpax. CyIlleCTBEHHBIN BKJIAJl B UCCIIEIOBAHUE HAIIOJIHUTENEH
JUTSI CTPOUTENBHBIX PACTBOPOB, Pa3pabOTKy TEOPETUUECKUX OCHOB U MPAKTHYECKUX
MyTel HAMpPaBJIECHHOTO PEryJIMPOBAHUS CBOMCTB MOJUQPUIMPOBAHHBIX IIEMEHTHBIX
komniozunuid BHecau: O. B. Tapakanos, 3. M. barsnosckuii, C. A. Beicoukui,
B. B. babkos, C. A. Dmpanuesa, H. C. IIpotsko, J. Kucik, F. Farran, A. C. I1anTe-
nees, B. @. XKXypasnes, A. 1. Cokonbcknid, JI. Y. Kacropueix, M. C. MakapeBuny u ap.

Kak moka3bpIBatOT pe3yabTaThl MPOBEICHHBIX PaHEE HUCCIIEOBAHUMI, UCIIONb-
30BaHUE B LIEMEHTHBIX KOMIIO3UIUSIX KapOOHATHBIX HAMOJIHUTEIEH U3 YKCIIa OTXO-
JIOB TIPOM3BOJICTBA IO3BOJIIET JOCTHYb KOHOMHUHU IIEMEHTHOrO KIJIMHKEpa, yIyd-
UTh (PU3UKO-MEXAHUUECKHUE U CTPOUTEIBHO-TEXHOJIOTHYECKUE CBOICTBA 1IEMEHT-
HBIX 0€TOHOB M pacTBOpoB. OMHAKO B UMEIOIIUXCS MyOTUKAIUAX TAlOTCS Pa3HbIE
TOYKH 3PE€HHUS MO ONTHMAJIbHOM IHUCIIEPCHOCTH UM pacxony HamonHurenen. Ha ce-
TOJIHSIIHUI J€Hb OTCYTCTBYIOT €IMHBIE PEKOMEHJALUHMH MO ONPEACIICHUIO OITH-
MaJIbHOW JTUCTIEPCHOCTH M PACXOy HAMIOJIHUTENS, U B KAKJIOM KOHKPETHOM CTy4dae
JTAHHBIE TTOKA3aTEeIN OMPEICNAIOTCA SKCIIEPUMEHTAIBHBIM TYTEM.

Kpome toro, B psje ciaydaeB Mo NpuIMHE HECTAOUIBLHOTO XMMHUYECKOTO CO-
CTaBa, OTPaHUYCHUS JO3UPOBKH, HECOOTBETCTBUS (DPAKIIMOHHOTO COCTaBa He o0ec-
NEYMBAIOTCA B KOMIUIEKCE TpeOyemble HOpMAaTUBHBIE (DU3UKO-MEXaHMYECKUE Xa-
PAKTEpPUCTUKHA PACTBOPHBIX CMECEH M pacTBOPOB. B CBS3M ¢ 4eM B OTHAENBbHBIX pa-
0oTax mpeayiaraeTcs BBOAUTH B KOMIUIEKCE C HAIOJHUTEIEM OpraHUYecKue ria-
cTuGUIUpYIONIEe J00aBKH, YTO B CBOIO OYEpEeNlb BEAET K YCIOKHEHUIO TEXHOJIO-
TUU U TOBBIIIEHUIO CTOUMOCTH PACTBOPHBIX CMECEH.

CepbesHoit mpo0sieMoii Ha TPOU3BOJICTBE SBIISETCS U3TOTOBJICHHE IIEMEHT-
HBIX CTPOUTENBHBIX PACTBOPOB, MO3BOJIAIOIIUX HUCKIIOUNUTh UCIIOIb30BAHUE TPAIU-
IIMOHHOW J100aBKM B BHJIE€ M3BECTKOBOTO MOJoOKa. M3BecTh SIBISETCS CamMoOCTOS-
TEIbHBIM BSDKYLIMM B PacTBOpax M MMEET JOCTATOYHO BBICOKYIO CTOMMOCTB, CO-
MIOCTaBUMYIO CO CTOUMOCTBIO LIEMEHTA.

B npoBoAMMBIX MCCIENOBAHMIX CTABUTCS 3ajiaya MOJYYEHHUs] KapOOHATOCO-
Jep>Kallero NOpoOUIKOBOr0 HANOJIHUTENSI HA OCHOBE BTOPUYHOrO npoaykra TOLl u
KOTEJIbHBIX, IPUMEHEHUE KOTOPOTO MO3BOJIUT NMPOU3BOAUTH IEMEHTHBIE U HU3BECT-
KOBbIE pacTBOpbI, cooTBercTByOmKe TpedoBanusmM CTh 1307 u He ycrynatoniue
0 CBOMM CBOWMCTBaM TPAaJWLHMOHHBIM CTPOUTEIBHBIM pacTBopaM. [Ipu 3Tom Ha-
MOJTHUTENh MOXKHO OyJIeT MPUMEHSATh KaK Il U3TOTOBJICHUSI PACTBOPHBIX CMEcei
Ha PacCTBOPOOETOHHBIX y3J1aX, TaK U IS BBIITYCKA CYXUX CTPOUTEIBHBIX CMECEH.
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Bo BTOpOIi ri1aBe npuBeEHBI MOKA3aTENN KauecTBa M XapaKTEPUCTUKU UC-
MOJIb30BAHHBIX MATEPHUAIIOB, METOJIMKU UCCIEIOBAHHMI, TPUMEHIEMbIE TPUOOPHI U
obopynoBanue. Pazpaborana MeTOAMKa IO ONPENETECHUIO MPOYHOCTH PACTBOPA U3
IBa KJIAJKH, TTO3BOJISIONIAs CHU3UTH TPYIOEMKOCTh M YCKOPUTh MPOIIECC U3TOTOB-
JeHus 00pa3ioB-KyOuKoB pasmepoMm 20x20x20 M, aJIsg 4ero MpeajioKeHO HC-
MOJIL30BaTh pa3padoTranHyto Hamu Gopmy (nateHT Pecybnuku bemapyck Ne 5677).

CornacHo pa3pabOTaHHON MeToAMKE (OpMYy YCTAHABIMBAIOT HA MOPUCTOE
OCHOBAHUE — KUPIINY, MMOKPHITOE MPEIBAPUTEITHHO MOKPBIM JTUCTOM Oymaru. Sdeit-
KU 3aIOJIHSAIOT PACTBOPHOM CMECHIO, YKPBIBAIOT MOKPBIM JINCTOM TOHKOM OyMaru u
CBEpXY YCTaHaBIMBAIOT BTopoi kuprnud. [locie pacnanyOku depes 3 cyTok oOpas-
bl pazmepoM 10x20%20 MM pazMeIIaroT MEXAY ABYMS KUPIIUYAMU, IO IEPUMETPY
KUPIIUYA BBITIOJHSIIOT TE€PMETU3AIMIO IIBA CUJIMKOHOBBIM T'€PMETUKOM W XPaHST
npu temrepatype 20 £ 2 °C u BnaxHoctu Bo3ayxa 60 = 5 %. ['epmerusanus mBa
MO3BOJIAET 00J€e TOYHO MOJEIUPOBATh BIAKHOCTHBIM PEKUM, MPU KOTOPOM IpPO-
UCXOIUT HAOOp MPOYHOCTU PACTBOPOM B TOIIIE KiIaaku. B Bo3pacte 28 cyTok u3
00pa3IoB M3roTaBIMBAIOT KyOuKkH pazmepoM 20%20%20 MM M MPOBOASAT UCIIbITA-
HUS 110 ONPEACICHUIO MPOYHOCTH Ha CXKaTHE.

Takxe BO BTOpOH TIJIaB€ PACCMOTPEHBI Mpouecc 00pa30BaHHsS BTOPUYHOTO
MPOJIYKTa BOAOMOJTOTOBKM Ha TEIJIOBBIX 3JEKTPOLECHTPANSAX U TEXHOJIOTUS MOJy-
YeHHs] KapOOHATOCO /IepKAILEero HAMOJITHUTENS B 1a0OPATOPHBIX YCIOBUSX.

HaubGomnee ocTpo BOmpoc yTUIM3AIUK IJIaMa BOJOOYUCTKHA CTOUT B Bured-
ckoi obnmactu. Ha teppuropun pernona odpasyercs 3,2 ThIC. TOHH LIJlaMa B TOJ,
YTO COCTABJISIET MPAKTUYECKH MOJOBUHY OT BCEro IMOJy4yaeMoro oobeMa B CTpaHe.
OcHoBHOI 00beM 1utamMa (2,9 Teic. T) odpasyercs Ha HoBomomorkoit TOLI, mpous-
BOJISIIIICH OYUCTKY BOJIBI JJII TEXHOJIOTHYECKOTO MOTPEOICHUS TAKUX TPOMBIIILICH-
HbIX rurantoB, kak OAO «Hadrtan» u 3aBoj «Ilomumupy, a Takxke s OBITOBBIX
HYX] )KuTenen ropoaa Hosormomonka.

AHanu3 XMMUYECKUX COCTAaBOB LUIAMOB TEIUIOBBIX AJIEKTPOLEHTpAIE Mo pe-
rroHaM PecriyOnuku bemapych mo3BossieT cenaTh BIBOA O TOM, YTO OCHOBHBIMH CO-
SIIMHCHUSAMHU, BXOISIIUMH B €r0 COCTaB, ABIAIOTCS kKapooHat Kanbius (CaCOs) B ko-
anyectBe 63,7-69,8 % u ocHOBHBIN KapOonat maruus (3MgCO-MgOH-2H,0) —
6,4-10 %.

ConeprkaHue OCTaJIbHBIX BEUIECTB KOJIEOJIETCs B Mpe/eiax: JBYBOIHbBIN TUIIC
(CaS04-2H,0) ot 2,6 1o 8,6 %; ruapookcun xeneza (Fe(OH)s) ot 4,0 mo 7,1 %;
okcup kpemuus (Si0,) ot 0,6 1o 4,3 %; cunukat kaneius (CaSiO3) ot 3,1 10 6,7 %;
opranudeckue coequHenus ot 4,2 10 9,7 %.

[IpoBeneH TepMUYECKHN aHANIU3 MIJJaMa C MOCTPOCHHEM KPUBOW TEILIOBBIX
U3MEHEHUN, MPOUCXOSAIINX B BEIIECTBE, U KPUBOM M3MEHEHHUS MacChl B 3aBHUCH-
MOCTH OT TEMIEPATYPHI JJIsl TOATBEPKACHUS HATMYUS OCHOBHBIX COCTMHEHUI.
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B Tpernbeii riaBe paccMOTpeHa BO3MOKHOCTh NPUMEHEHUS IIJlaMa B Kade-
CTBE HAIIOJIHUTENS W YCTAHOBJIEHBI MEXAHW3Mbl B3aHMMOJEHCTBUS KapOOHATOCO-
JepKalero HaloJIHUTENS C IEMEHTOM.

Jlst ycTaHOBIIEHUSI BO3MOXKHOCTH MPUMEHEHHMSI 1IJIaMa B KQU€CTBE HAIIOJIHHU-
TEIs B LIEMEHTHBIX PACTBOPHBIX CMECSAX MPOBEACHBI HCCIEIOBAHUS MPOYHOCTH
komrozunuii Ha nemenrtax 1500 120 3aBogos ITIPVYII «benopycckuii ieMEHTHBIM
3aBon» U [IPVII «KpuueBuemeHTHOMEPY, COAEPKALMX JOOABKY U3BECTH U Ha-
MOJIHUTENb, C OINpPEACIICHUEM IOKa3aTelled HOpMajbHOM TrycToThl. HamonHurens
BBOAWIH B konmuyecTBe 10-60 % ot maccel niemenTta. Hanbonbmuii pa3mep 4acTuil
HaIoJIHUTENSA cocTaBWI 80 MKM.

AHanu3 MOJyYEHHBIX PE3YJIbTATOB MO3BOJSET YCTAHOBUTH, UTO YBEJIMYEHUE
JIO3UPOBKHU HATOJHUTENS BEAET K YBEIIMUEHHUIO MMOKA3aTENs] HOPMAIbHOU T'yCTOTHI.
B cBOrO ouepenp, yBEIMUEHNE KOJIMYECTBA BOJBI IPUBOJUT K CHUKEHUIO IIPOYHO-
CTH LEMEHTHBIX KOMIIO3MIIMI C HanmojaHuTeneMm. Tak, HanpuMep, MPOYHOCTh COCTa-
BOB, COAEPKAIUX HAMOJHUTENb B KoiudecTBe 10 % OT pacueTHOW MaccChl LIEMEHTA,
IPaKTUYECKU B 2 pas3a BBIIIE MTPOYHOCTH COCTABOB, COAEPIKAIIMX HAIIOJIHUTEND B
konuuecTBe 60 %, B Bo3pacte 7 CyTOK U B 1,5 paza — B Bo3pacTe 28 CyTOK.

[IpoBeneH TepMUYECKHI aHAIN3 LIEMEHTHO-U3BECTKOBOI'O M LIEMEHTHOI'O KaM-
HSl, COAEp>Kallero HamoJHUTENb. AHanu3 Aud@depeHunanbHO-TEPMUYECKUX KpH-
BBIX IMO3BOJISIET TOBOPUTH 00 MX MACHTUYHOCTH U 00 OTCYTCTBUU KAKUX-JIHOO HO-
BbIX 00pa30BaHM, OTPUIIATENIFHO BIMSIONIMX Ha JOJTOBEYHOCTH PAacTBOpa C Ha-
MOJIHUTEJIEM, YTO TAK)KE MOATBEPKIAETCS pe3yIbTaTaMU MCHBITAHUNA 1O KUHETHKE
Habopa MPOYHOCTH B TEUCHHUE 2-X JIET.

Brimonnena cepust peHTreHo(a3oBbIX UCCISIOBAaHUNA [IEMEHTHOTO KaMHS C J[0-
0aBKO¥ M3BECTH W HamonHUTENeM. [IpucyTcTBHe Ha PEHTIeHOrpaMMe WHTEHCHBHBIX
MTUKOB KAJIbLIUTA CBUIETENBCTBYET O MPOTEKAHUH B CUCTEME «LIEMEHT — HAITOJTHUTEIb)
KapOOHM3AIIMOHHBIX MPOLIECCOB U MOATBEPKAAECT HAIMYUE HECBSI3aHHOTO KaJIbIIU-
Ta, BBICTYHAIOLIET0 B KAa4ECTBE LIEHTPOB KpUcCTau3aluu. Ha peHTreHorpamme
IIEMEHTHOTO KaMHsI C HATIOJTHUTEIEM OTMEYaeTCs OOJIbIIUNA M0 MHTEHCUBHOCTH TTHK
ATTPUHIUTA, YEM HA PEHTI€HOrpaMMe EMEHTHOIO KaMHsl ¢ J00aBKOM U3BECTH, YTO
00yCJIOBIIEHO MPUCYTCTBUEM THIICa B CAMOM IIJIaMe.

B cpaBHMBaeMbIX o0pa3iiax B BO3pacTe 3 CyTOK YCTAaHOBJIICHO HAJIMYUE CTaH-
JApPTHBIX COEIUHEHUM, XapaKTEPHBIX ISl TUAPATAIIMU [IEMEHTA (STTPUHIUTA, TU/I-
poKcuaa M KapOOHaTa KaJlbLMsl, OCTAaTKU HENPOrHApPAaTUPOBAHHBIX KIMHKEPHBIX
MUHEPAJIOB), U OTCYTCTBHE COECIMHEHUN, OTPUIIATENILHO BIUSIOIMIUX HA JTOJTOBEY-
HOCTb PacTBOpa C HAIIOJIHUTEIEM.

HccnenoBanne o6pasios uepe3 250 cyTok moka3anao MPUCYTCTBUE THAPOCH-
JMKATOB KaJblUs U YMEHbLIECHWE MHTEHCUBHOCTU MHUKOB MopTiaHauta. IIpupoct
NPOYHOCTH IIEMEHTHOTO KaMHS NPH JUIUTEIbHOM TBEPJICHUH OOYCIIOBJICH B 3HAYU-
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TEIbHON CTENEHU KPUCTAJUIN3ALNEN THAPOCUINKATOB KAJBLHS U TTOCTENEHHO MPO-
ucxoasmie kapoonuzanueil. Ha peHTreHorpaMme IIEMEHTHOrO KaMHsI C HallOJIHU-
TeneM yxe He Habmomaercss CsA, 3adukcupoBaHo 00pa3oBaHUE TUIPOKApOOaIO-
MUHATa KajJblUsl B pe3ysibTaTe Xumuueckoro Bzaumozencteusi C3AHg ¢ kap6ona-
TOM KaJibliisl. BO3MOXKHO, 4TO mapajielbHO C THAPOKAPOOATIOMUHATOM KaJIbIIHSI
MPOUCXOINUT OOpa3oBaHUE THIApPOKapOoamtoMuHaTta MarHusa. HoBas kpuctammnde-
ckas (a3a mpeacTaBisieT CTaOMIBHO CYILIECTBYIOLIEE COEAMHEHUE MPHU HOpMallb-
HBIX TEeMIEPATyPHBIX YCIOBUSIX, MOBBIIAIOIIEE MPOYHOCTH IEMEHTHOTI'O KaMHS.

B no3nHue cpoku TBEpAECHUS LIEMEHTA CYIIECTBYET TaKKE BO3MOXKHOCTD IO-
BEPXHOCTHOTO XUMHUYECKOTO B3aUMOJICHCTBUS KapOOHATOB KaJbIlUsS M MarHus ¢
TUAPOKCUAOM Kanblusl. [Ipy Hamuuuu B LIEMEHTHOM cHUCTeMe KapOoHaTa Kajblus
(Marsusi) TpoUCXOIUT 00pa30BaHUE CIOXKHBIX JBOMHBIX COCTUHEHUN — OCHOBHBIX
KapOOHATOB KaJbIUs (MAarHus), MOJIOKUTEIHHO BIUSIONINX HA MPOYHOCTH IIEMEHT-
HOT'O KaMHSI.

B 4erBépTON Iy1aBe MO pe3yabTaraM SKCHEPUMEHTAIBHBIX HCCIECAOBAHUM
NOJIyYEHbI MAaTEMaTUYECKUE MOJEIN MPOYHOCTU KIIAJIOYHBIX pPacTBOPOB, pacCiiau-
BA€MOCTH U BOJIOY/IEP>KUBAIOIIEH CTIOCOOHOCTH PACTBOPHBIX CMECEH C HATIOJIHUTE-
nem. BeimomHeHO 000CHOBaHME BRIOOpA TJIaHA SKCTIEPUMEHTA, a TAKKE TTPHUBEICHBI
pe3yabTaThl IPOBEPKU aJICKBATHOCTH M 3HAYMMOCTHU MOJTYYSHHBIX MOJIETIEH.

B HarypanbHbIX 0003HaUeHUIX (DAKTOPOB MOJIENIA UMEIOT CIICTYIOIIUI BU/L:

- npouHocms 6 gozpacme 28 cymok

R, =—2,388—-0,039- 1] +0,225- H +0,239- P, —1,243- [T +1,9-10* - []* -

-1,39-10°- H*-1,52-10°- P> +0,065- [1° —6,2-10* - [ - [T +5,6-10" - H - IT, 3
- paccraugaemocms
P=38,741-0,041-1] —0,245- H —0,257- P, —2,275- [T+ 7-10° - I]* +
+1,36-10°%- H*+1,71-10°-P?+0,197 - [1° -2-10°- 1] - H +2,6-107"* - [ - IT, @
- 8000y 0eparcUsaowas CrIoCOOHOCTh
B=85,802+0,018- 1] +0,0478- H +0,0779- P, +0,899x I7T—3-10°- []* —8-10° - H* - o

-5,3-10*-P?—-0,0746- I1* +1,9-10* - [] - [T+1,56-10° - H - [T-1,09-10°- P, - I1.

[To momMHOMHUATBLHEIM MOJENSM MOCTPOESHBI TpahuKu U3MEHEHUS MPOYHO-
CTH, PACCIIauiBaeMOCTH U BOJIOYAEPKUBAIOIIEH CIIOCOOHOCTH B 3aBUCHUMOCTH OT
JNO3UPOBKH U MAKCUMAJIbHOT'O pa3Mepa YaCTHUILl HATIOJTHUTES.
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B kauectBe npumepa npuBeACHbBI 3aBUCUMOCTH MPH pacxoze neMmenta 160 xr u
MOJIBMYKHOCTH 8 CM (PUCYHOK 1).
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a — N3MeHeHHe MPOYHOCTH PacTBOPA;
0 — U3MeHeHHe PaccJIauBaeMOCTH PACTBOPHO CMeCH;
6 — I3MeHeHNe BOI0Y/IePKUBAIOLIEi CIOCOOHOCTH PACTBOPHOI cMecH

Pucynok 1 — Iloka3aresim HeMeHTHOI PACTBOPHOI CMeCH M PacTBOpa
C HAMOJIHMTEJIEM NPH pacxoe nemMeHTa 160 kr ¥ MoABMAKHOCTH 8 cM

JInst moATBEPKIEHUSI TEOPETHUECKUX JTAHHBIX MPOBEACHBI HKCIIEPUMEHTAIb-
HbI€ HCCIEAOBaHUSI MPOYHOCTH PACTBOpa, BOJOYIEPKHUBAIOIIEH CIOCOOHOCTH U
pacciauBaeMOCTH PAacTBOPHOW CMECH € KapOOHATOCOAEp AIIUM HAIMOJHUTEIEM
(MakcUManbHBIN pa3mep yacTUl HanojJHuTeds 80 MKM) MpU MOJBHKHOCTH 8 CM
(Tabnuma 1).

CorocTaBiisisl TaHHbIE TJITAHUPOBAHMS SKCIIEPUMEHTA U MPSAMBIX UCIBITAHUM,
MO>KHO TOBOPHUTH O CXOJIMMOCTHU PE3YJIbTATOB.

Hcnonp30BaHue NOJUHOMUAIBHBIX MOJIENIEN JaJI0 BOZMOXHOCTb ONPEAEIIUTh
ONTUMAJIBHYIO JO3UPOBKY HamojgHuTenss B koinumuectBe 70-90 % ot pacuerHom
MacChl U3BECTHU MPU MAKCUMAIIBHOM pa3zMepe yactull 60—90 Mkwm.
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Tabmna 1 — OcHOBHBIE ITOKA3aTENN KaUECTBA KJIAJOYHBIX IIEMEHTHBIX
PacTBOPHBIX CMECEHN U pacTBOPOB

Ne Pacxon Pacxon I[Tpounocts, MIla PaccranBac- Bonoynepxu-
coc- | memenra | HanosmHurens | B/T o Baromas
taBa | Ha 1™ kr | ma 1w xr Teyr | 28cyr MOCTE, 01 cHocoBHOCT, %

1 168,6 33,2 (40*/20") | 1,45 | 4,1 5,8 10,6 95,2
2 167,5 49,4 (60/30) | 1,28 | 4,6 6,6 9,4 95,5
3 166 65,5(80/40) | 1,12 | 55 7,8 8,2 96,5
4 165 81,2 (100/50) | 1,19 | 5,0 7,2 8,0 97,2
5 163,8 96,7 (120/60) | 1,24 | 4,7 6,7 9,1 97,8

* IMPOLCHT BBOJAA HAITIOJHHUTECIIA OT pacquHoﬁ MacCCBhI U3BC€CTH,
" IIPOLCHT BBOAA HAITOJHUTEIA OT pacquHOﬁ MacCChI IEMCHTA.

OnTuMalibHOE KOJIMYECTBO HAIMTOJIHUTENS JIJISl IITYKaTypHBIX COCTABOB OIpe-
JIeJISUTN, OCHOBBIBASICh Ha MOKA3aTelIsIX IPOYHOCTU PACTBOPOB, PACCIAaUBAEMOCTH U
BOJIOYIEPKUBAIOIIIEH CIIOCOOHOCTH PACTBOPHBIX CMECEH.

3a KOHTPOJIbHBIE MPUHSITHI COCTaBbI IIEMEHTHO-U3BECTKOBOTO IITYKATyPHOIO
pactBopa mapku M 75 ¢ pacxogom 1emenTta 192 Kr u u3BECTKOBO-IIECUAHOIO pac-
TBOpa C COOTHOIIIEHHWEM M3BECTh . MECOK, COCTaBisAmuUM 1 @ 6, ucrnonbpzyemoro
JUTSl BHYTPEHHUX OTAENOYHBIX paboT. [IoABMXKHOCTh pacTBOPHBIX CMECEi COCTaB-
nsina 8 cM. Pe3ynbTathl MccieqoBaHui MpuBeAeHbI B Tabauax 2 u 3.

Tabnuua 2 — OCHOBHBIE MMOKAa3aTEIN KauyeCcTBA MTYKATYPHBIX IIEMEHTHBIX
PaCcTBOPHBIX CMECEN U pACTBOPOB

Ne Pacxomx Ha 1 M3, KT Tpotnocre, Pacciau- Bonoynepaxu-
co- B/T MIIa o/ | BaIOIIAs CII0-
BaeMOCTb, % 0
CTaBa |[IEMEHTA | U3BECTH | HAIIOJIHUTENISA 7cyr | 28 cyr cobHnoctsb, %
7 192 |90 (50)* - 1,28 5,0 7,5 8,3 96,5
8 197 - 37 (20*/40") | 1,48 4.3 7,0 9,6 95,7
9 195 - 55 (30/60) 1,35 52 7,6 8,5 96,2
10 194 - 72 (40/80) 1,21 5,8 8,3 8,0 96,5
11 192 - 90 (50/100) 1,3 51 1,7 8,3 97,0
12 190 - 107 (60/120) | 1,34 4.6 7,2 9,0 97,4
* — MPOIICHT BBOJA U3BECTH WJIU HAMOJIHHUTENS OT PACUETHOW MACChI IIEMEHTA,
" — IPOLICHT BBO/1a HAIIOJIHUTEISI OT PACUETHON MAacCChl H3BECTH.

JInst INTyKaTypHBIX LIEMEHTHBIX PACTBOPHBIX CMECEH ONTHUMAJIBHBIM SIBJISET-
Cs1 BBEJICHUE HAIIOJIHUTENS ¢ MAKCUMAJIBHBIM pazMepoM yacTul] 80 MKM B KoJU4e-
ctBe 60—100 % ot pacueTHOM Macchl U3BECTH. [I[pOYHOCTH pacTBOPOB C HANOJIHMU-
TEJIEM B BO3pAcTe 7 CyTOK MPEBBINIAET 3HAYEHUS LIEMEHTHO-U3BECTKOBBIX COCTABOB
Ha 16-20 %. DxcniepuMeHTaIbHbIE TaHHBIC IO PE3yJIbTaTaM HCCIIEIOBAHUM MO3BO-

JIMJIIN YCTAaHOBUTDB, UYTO JJISI HITYKATYPHBIX U3BCCTKOBLIX CMecel ONTHUMAILHBLIM SIB-
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nsieTcs cokpaiieHue pacxona usectu Ha 4050 % npu BBEJEHUM HAIOJHUTEINS B
kosruecTBe 80 % OT 3aMeHsieMOil Macchl U3BECTH. PaccianBaeMoCTh U BOIOYIEp-
UBAIOIIAsl CIIOCOOHOCTh COXPAHSIIOTCS HA YPOBHE KOHTPOJIBHBIX 3HAYECHHH, MpH
ATOM MPOYHOCTHh PACTBOPOB C HAIMOJIHUTEIEM B BO3pacTe 7 CyTOK MPEBBIIIACT 3HA-
YEHHUs U3BECTKOBOTro cocTana Ha 60 %, a B Bo3pacrte 28 cyTok Ha 15 %.

Tabnuua 3 — OCHOBHBIE MTOKA3aTEIN KAYECTBA MITYKATYPHBIX U3BECTKOBBIX
PACTBOPHBIX CMECEU U pACTBOPOB

No Pacxon, xr Hporrocte, PaccmanBae- Bozoynepu-
MIIa o BaroIas Cro-
cocTaBa MOCTb, %
U3BECTU | HAIlOJIHUTENS | BOJBI | 7 cCyT | 28 cyT coOHOCTB, %
1 230 - 343 0,8 15 7,8 96,2
2 190 38 (20 %)* 328 0,6 15 7,8 96,5
3 169 58 (30 %) 314 0,8 1,6 7,9 96,3
4 147 78 (40 %) 305 1,3 1,8 8,1 96,6
5 124 99 (50 %) 301 0,9 15 8,0 96,4
6 99 118 (60 %) 301 0,7 1,2 8,3 96,0
* — IPOLICHT COKPAIICHUS Pacxojia U3BECTH 110 Macce.

Ha nocTurayThie pe3ysbTaThl 10 OCHOBHBIM CBOMCTBAM PaCTBOPHOM CMECH U
pacTBOpa CYIIECTBEHHOE BIMSIHUE OKa3bIBACT (DPAKIMOHHBIN COCTAB HAITOJHHTEIIS.

C moMOIIBIO CHEIUATBLHON MPOrpaMMbl IO 00pabOTKE pe3yJbTaToOB IO-
CTPOEHBI KyMYJISITUBHBIE KPUBBIC PACIPEACICHNUS U KPUBbIE IUIOTHOCTH PacIpese-
aeHus (PUCYHOK 2, 3).
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AHanu3 MOJy4YEeHHBIX KPUBBIX PaCHpeesieHusl MO3BOJISIET CIENaTh BBHIBOJA O
TOM, YTO pa3Mepbl YaCTUL HAIIOJHUTEIS CONIOCTaBUMBI C pa3MepaMH 4acTUL IEMEH-
Ta. EC/IM 4acTUIbl HAIIOJHUTEIA U LIEMEHTA COU3MEPUMBI, TO ONTUMAJIBHBIM CUUTA-
€TCsl MAKCUMaJIbHOE HACHIIIEHHE [IEMEHTA HarloJIHUTeNeM 0e3 00pa30BaHMs KOHTAK-
TOB YaCTHIl HANIOJHUTES MEXTy coOoil. [Ipu onTumManibHOM HACBHILEHUH LIEMEHTa
YaCTUILIbl HATOJIHUTENS MO3BOJISIIOT (OpMHUpOBaTh OoJsiee MIIOTHYIO CTPYKTYpYy lie-
MEHTHOT'O KaMHSl, YTO CIIOCOOCTBYET MOBBILICHUIO POUYHOCTH IEMEHTHOM KOMITO3U-
MU C HaIoJIHUTENeM. JlaHHbIe BBIBOJBI MOATBEPKAAIOTCS Pe3yJbTaTaMHU BbIMOJ-
HEHHBIX UCCIIEJOBAHUN I10 OINPENEICHUI0 IPOYHOCTH LEMEHTHBIX CHCTEM C HAIoJI-
HUTEJIEM, a TaK)Ke MPU YCTAHOBIIEHUU ONTHUMAJIBHOTO HACHIIICHUS LIEMEHTa HamoJ-
HUTEJIEM C YYETOM OCHOBHBIX MTOKa3aTelel KJIaJOYHbIX U IITYKaTypPHBIX pACTBOPOB.

MUKpOCKOITUYECKUE UCCIIEIOBAHUS HAMOIHUTENS BBITOTHSUTUCH C LIEbIO TO/I-
TBEPKJIECHUS PE3YNbTATOB I'PAHYJIOMETPUUYECKOr0 aHajlM3a W ompeneneHus: (HopMbl
yacTull HanoiHuTeNs. B nmpobe Hamomautens (pucyHok 4) HaOmrogaeTcss HEpaBHO-
MEpHOE paclpeneseHre YacTUll [0 pa3MepaM U NOATBEPKAAETCS HATUMYKUe OOJIbIIO-
ro KonuyecTBa yactull ppakmueit ot 50 10 55 MKM M 3HAUUTEIHLHOE KOJIUYECTBO
yacTull pazmepoM meHee 40 Mkm. Kpome Toro, kpynssie yacTuipl oT 50 MkM 1 60-
Jee UMEIOT MPOAOIToBaTyl0 OKpyriyoo gopmy. C yMeHbIIEHHEM pa3Mepa (MeHee
50 mxM) popma 3epeH cTaHOBUTCS Oosee CheprUueCcKOi.

[Ipu yBennuenuu 2000 kpat (pUCYHOK 5) OTYETIMBO BUAHO, YTO YACTHUIIBI
MOPOILIKa UMEIOT PBIXJIO0-3€PHUCTYIO CTPYKTYpY. Takasi CTpyKTypa MO3BOJISIET XO-
pOLIO yAEepKUBATh BOJlY, B TOM YHCJI€ U HA MMOBEPXHOCTU YAaCTHUII, YTO 0OECIeUnBa-
€T BBICOKYIO BOAOYAEPKUBAIOIIYIO CIIOCOOHOCTh M HU3KYIO pacciIanBaeMOCTh pac-
TBOPHBIX CMECEH, COAEPKAILUX HATIOJHUTEb.

Pucynok 4 — JiekTpoHHass MUKpockonus  PucyHok S — J/1eKTpOHHAs MUKPOCKOIUS
YaCTUL HAMOJHHUTEIS YaCTUL HATIOJTHUTEJIA
(yBesimuenue 500 xkpar) (yBesimuenne 2000 xpar)

B nsaTo#i riiaBe NpUBEACHBI PE3YNIbTAThl UCCIENOBAHUN CBOWCTB PACTBOP-
HBIX CMECEIl U PacTBOPOB € KapOOHATOCOAEPIKALMM HAIIOJIHUTENEM, BKIKOYAsl pa3-
paboTaHHYIO METOJIMKY pacyeTa COCTABOB PACTBOPOB U OMBITHOE BHEIPEHUE.
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C 1enblo BBISICHEHHS CpOKa BO3MOKHOI'O IIPUMEHEHUSI pACTBOPHBIX CMECEH ¢
HaIOJIHUTEIEM OI[EHUBAJIIOCh U3MEHEHHUE MOJIBUKHOCTH C Te€UeHHEM BpeMeHnu. Ha-
yajbHas MOJBUKHOCTh KJIQJOYHBIX PACTBOPHBIX CMECEH MpUHATA paBHOU 9 cM, a
IITYKaTypPHBIX COCTABOB — 8 CM.

3a mepBbIii Yac UCIBITAHUHN CYIICCTBEHHOE MaICHUE MOIBIKHOCTH (10 7,2 cM)
HAOJII0JIaJIOCh Y LIEMEHTHOM pacTBOpHOM cmecu. [lajgeHue mMOABMIKHOCTU KOH-
TPOJIBHOT'O IIEMEHTHO-U3BECTKOBOI'O COCTaBa B TEUEHHUE MEPBOr0 Yaca MPOU3OILIO0
¢ 9 no 8 cMm. ITpu 3TOM MOABMKHOCTH IKCIIEPUMEHTATBHBIX COCTABOB C HAIIOJIHUTEIEM
MPAKTUYECKH HE M3MEHUJIACh. Y CTAHOBJIEHO, YTO 3HAYEHHS TMOJBHKHOCTH 5 CM
LIEMEHTHAasI CMECh JIOCTUTJIA Yepe3 4 yaca, IEMEHTHO-U3BECTKOBAsI — YEPE3 S 4aCOB.
[ToBMAKHOCTD 3KCIEPUMEHTAIBHBIX COCTABOB C HAIOJIHUTEIIEM COOTBETCTBOBAJIA
5 cM Toabko uepe3 8—11 gacos.

JIns WITYyKaTypHBIX LEMEHTHBIX PACTBOPHBIX CMECEd B TEUEHHUE IMojydaca
3a()MKCUPOBAHO YMEHBIIICHHUE MOABUKHOCTH Y IIEMEHTHOM U IIEMEHTHO-U3BECTKOBOM
komnozunmu. [Tocie nmepBoro yaca HEM3MEHHBIM OCTAJIOCH 3HAYEHUE MTOABUKHOCTH
TOJIbKO Y IIEMEHTHOI'0 cOCTaBa ¢ HamoyiHuTesneM B konnuectBe 100 % oT pacueTHoM
Macchl u3BecTd. HanbGospiee majgenue noarkHocTd (Ha 1,6 ¢cM) OTMEYEHO y Iie-
MEHTHOM pacTBOpHOM cMmecu. Uepes 3 yaca mocie Hadajla UCIIBITAHUN MOABUKHOCTD
LIEMEHTHOW CMeCH AocTturia 5 cM. Enie dyepe3 ouH 4ac MOJABUKHOCTh LIEMEHTHO-
M3BECTKOBOM pacTBOpHOM cMmecu cocTaBuiia 4,9 cM, a y cMeceil ¢ HallOJIHUTENEM —
5,9-6,5 cM. YcTaHOBJIEHO, YTO MOJABMKHOCTH IITYKATYPHBIX PACTBOPHBIX CMECEH C
HAITOJIHUTEJIEM JOCTUTJIA S5 CM TOJIBKO Yepe3 6—8 4acoB MOCie Hayajaa UCIIbITAHUIA.

’KuzHecnocoOHOCTh KJIaJIOYHBIX pacTBOPOB yBenuuuBaercs B 1,6-2,2 pasa
MPY MCTIOJF30BAaHUM BMECTO M3BECTH KapOOHATOCOIEpKaIIero HanoaHutens. Jis
HITYKATYpPHBIX CMecel )KM3HeCIoCOOHOCTh yBenuuuBaercs B 1,52 pasa.

Kosdunnent naponpoHUIIaeMoCT MTYKAaTYPHBIX U3BECTKOBBIX PACTBOPOB
Ha 14—16 % mipeBbIlIaeT 3HAUYCHUS [IEMEHTHBIX KOMITO3UIIUM. J[J1s1 IIEMEHTHBIX pac-
TBOPOB KO3((HUIIMEHT MapOIMPOHUILIAEMOCTH MPAKTHUECKU HE U3MEHSETCS U HAXOJIUT-
csa B mpenenax 0,095-0,1 mr/(m-u-Ila), a mist uzBectkoBbix — 0,11-0,12 mr/(m-u-ITa).
KosduureHT TernmonpoBOJHOCTH AJii pacTBOPOB HAa IEMEHTHOM BSDKYIIEM CO-
crasisiet 0,43-0,51 B1/(M-°C), Ha m3BecTkOBOM Bspkytem — 0,35-0,39 Bt/(m-°C).

OnHUM U3 BaKHBIX YCIOBUM MPAKTUYECKOTO MPUMEHEHHUS HAIIOJIHUTENS SIB-
JsieTcsl TpeOOBaHUE MO OOECIEUCHUIO IKCIUTYaTallMOHHBIX CBOMCTB PacTBOPOB BO
BIIAXKHBIX YCIOBHUSX. 711 3TOro MccienoBaavuch BOAOMOTIIONICHHE W MPOYHOCTH
pacTBOpOB Mapku M75 B BOJOHACKHIIIEHHOM COCTOSIHMHU. [IpOYHOCTH 3KCIIEpUMEH-
TaJIbHOTO pacTtBopa Ha 1,6 MIIa BbIlle MOKa3aTess IeMEHTHO-U3BECTKOBOI'O COCTA-
Ba. 3HAYUTEIHLHO MEHBIIECE MAJCHUE MPOYHOCTU B BOJIOHACHIIIEHHOM COCTOSIHUM
IIEMEHTHOI'O COCTaBa ¢ HamoyiHUTeleM (Ha 36 %), 4eM LIEeMEHTHO-HU3BECTKOBOI'O
(Ha 55 %), NpeAnoI0KUTEITBHO MOKHO OOBSICHUTE 00JIee HU3KUM BOJIOTIOTIIOIICHUEM
1 0oJiee BHICOKOM IJIOTHOCTHIO PAacTBOpa C HAIMOJIHUTENIEM, MPENATCTBYIONICH Mpo-
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HUKHOBEHHIO BOJIbI B CTPYKTYPY LIEMEHTHOTO KaMHS M B MEHbIIIEH CTENEHHU CIIoco0-
CTBYIOILIEH OCJIA0JIEHUIO MEXKMOJIEKYJISIPHBIX CBSA3e B 00pa30BaHHBIX COCTUHEHUSIX.

CpaBHUTENBHBIE UCTIBITAHUS KJIQJ0YHBIX U IITYKAaTypHBIX IIEMEHTHBIX pac-
TBOPOB Ha MOPO30CTOMKOCTH MOKa3aJIM, YTO W3MEHEHHM MNPOYHOCTU KIaJOYHBIX
pactBopoB Mapok M50, M75 u morepu Maccel He Habmoganock nocie 50 u 75 1uk-
JIOB COOTBETCTBEHHO.

Uepe3 75 UMKIOB 3HAYECHHUE MAJCHUS MPOYHOCTH LIEMEHTHO-U3BECTKOBOIO
cocraBa mapku M50 nocturio 25 %. CHHKEHHE TPOYHOCTH IKCIIEPUMEHTATIBHOTO
coctaBa aocturiao 25 % uepe3 90 umxnoB. IlageHne mpoYHOCTH KOHTPOJIBHOIO
pactBopa mapku M75 1o 26 % npousomnuio Toiabko yepe3 100 uuxinoB. [IpoyHocTh
KJIaJIOYHOTO pacTBOpa ¢ HamoJHUTeNeM o ucrteueHnu 100 HUKIOB CHU3UIIACH HA
15 %, u Tonpko nociie 110 nukinoB cocraBuia 26 %.

CHmKeHue MPOYHOCTH IITYKATypPHOTO IIEMEHTHO-U3BECTKOBOI'O COCTaBa MapKH
M50 npousonuio Tosbko dyepe3 70 mukinoB U coctaBuio 25 %. Uepe3 80 mukiion
3HAYEHUE NAJCHNS IPOYHOCTH AKCIIEPUMEHTAIILHOIO COCTaBa 10cTUrIIo 26 %. IIpou-
HOCTbh KOHTPOJIBHOTO pacTBOpa Mapku M75 ynana Ha 26 % Tonbko yepe3 90 nuk-
JIOB, @ Y ITYKaTypHOT'O pacTBOpa C HaNOJIHUTENEM CHU3MIACh Ha 12 % u mocturia
23 % Tonpko mociie 100 nquKIIoB.

Pe3ynbraThl UCTIBITAHUHN CBUAETEIBCTBYIOT O TOM, YTO CHUYKEHHUE TIPOYHOCTH
00pa3IoB ¢ HAIMOJHUTEJIEM MPOUCXOJUT MeHee MHTeHCUBHO. Kak crenctBue, 00-
pasibl BeIEPKUBAIOT Ooubiie Ha 10—15 MUKIOB MOMEPEMEHHOT0 3aMOPaKUBAHUS
U OTTauBaHMS MO CPABHEHHIO C KOHTPOJIbHBIMU COCTaBaMU. Y BEJIMUEHHE MOPO30-
CTOMKOCTH JKCIMEPUMEHTAIBHBIX COCTAaBOB C HAIMOJIHUTEIEM OOYCIIOBIEHO Oosee
IJIOTHOM CTPYKTYPOM MaTepuaia, oOecreunBaroiiei 0onee HU3KOe BOAOIMOIIIOIIE-
HUE. YCTaHOBJICHO, YTO MapKU MO MOPO30CTOMKOCTH KJIAIOYHBIX U HMITYKATYPHBIX
LIEMEHTHBIX PACTBOPOB C HAMOJHUTENEM IMPEBHIIIAIOT HOPMATHUBHOE 3HAYCHHUE,
paBHoe F50, cinepgoBaTenbHO, MOTYT NMPUMEHSTHCS KakK JUIsl KIAJKU BHYTPEHHUX,
HApYXHBIX CTEH, TaK U ISl BHYTPEHHUX, U HAPY>KHBIX IITYKATYPHBIX paloT.

[TomyueHHbIe pe3ynbTaThl M0 KUHETUKE HA0Opa MPOYHOCTHU 32 ABYXTOANYHBIN
NEPUOJT CBUACTEIBCTBYIOT 00 HWICHTMYHOCTH 3HAYEHUH IIEMEHTHO-U3BECTKOBOIO
pacTBopa u pacTtBopa ¢ HanoiaHuteraeM. C yBeTUYEeHUEeM BO3pacTa UCIBITHIBAEMbIX
00pa31oB KOHTPOJILHOTO M IKCIIEPUMEHTAIHLHOTO COCTABOB MPOUCXOIHT 3aMe]|ie-
HUE KMHETHKU Ha0opa MpOYHOCTHU. [laHHBIE CCIIEIOBAHUS TTOATBEPKIAOT PE3YIib-
TaThl AU(depeHIIUATBHO-TEPMUIECKOTO U PEHTTeH0(pa30BOro aHaiusza 00 OTCyTCT-
BUU HOBOOOPa30BAHUM, OTPUIATENHHO BIUSIOUIMX HAa MPOYHOCTH LIEMEHTHOI'O KaMHsI
B PacTBOpax C HANOJHUTEIIEM.

[IpoBeneHbl UCTIBITAHUS MO OMPEACICHUI0 MPOYHOCTU CIEIUIEHUS KI1aJ104-
HBIX U IITYKATYPHBIX PACTBOPOB C KEPAMUYECKUM KUPIHUOM, C OJIOKaMU U3 TsDKe-
Joro 0eToHa M ra30CUINKaTa.

[Ipu ucnpiTannu 00pa3IoB Ha KJIAJJOYHOM IIEMEHTHO-U3BECTKOBOM PAaCTBOPE
paspylieHrue IpOUCXOIUIIO IO IpaHuIle KOHTAKTa pacTBOpa ¢ kKupnuuoM. B oOpas-
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[[aX Ha PacTBOPE C HAMOJIHUTEIEM pa3pylIeHUE MPOUCXOIUIO0 IO «TENy» PacTBOP-
HOTO 111Ba, TO €CTh HOCHJIO KOT'€3MOHHBIN XapaKTep, YTO TAKKE yKa3bIBaeT Ha Ooliee
BBICOKYIO aQJT€3MOHHYIO CIIOCOOHOCTh PAacTBOpa K KEPaMHUYECKOW MOBEPXHOCTH.
AHanoru4Hbele pe3yabTaThl MO XapakTepy paspylieHus MOIy4YeHbl U Ha o0paslax C
OCHOBAaHMEM U3 TSKEJIOro 0eroHa. Pazpyienne o6pa3ioB ¢ OCHOBaHHEM M3 Ta30CH-
JIMKaTa MPOXOJUT MO TpaHUIle KOHTAKTa Ta30CHIMKATHOTO OCHOBAHUSI U PacTBOpa.
[IpoyHOCTh clIETIIEHUS IKCIIEPUMEHTaIbHBIX pacTBopoB coctaBuia 0,21-0,3 Mlla,
yTto Ha 40-50 % BHIIIIE, UEM y pacTBOpa ¢ 100aBKOW U3BECTH, YTO CBUETEIbCTBYET
o Ooree BBICOKOM aJAre3Wd pacTBOpPA C HAMOJHHUTENEM K MCKYCCTBEHHBIM KaMeH-
HBIM OCHOBAHUSIM.

Krnangka U3 kepaMu4eckoro Kupnuia, ra30CHINKATHBIX OJIOKOB M OJIOKOB U3
TSDKEJIOro 0€TOHA Ha IIEMEHTHOM PacTBOPE C HAMOJHUTENEM OTHOCUTCS K | karero-
pun (Rys > 0,18 MIla) 1o conpoTUBIIEMOCTH CEHCMUIESCKUM BO3ICHCTBHAM. TaKkum
0o0pa3oM, IIEMEHTHBIE PacTBOPHI ¢ KapOOHATOCOAECPIKAIIMM HAIMOJIHUTEIEM MOXHO
PEKOMEHIOBATh IS KJIAaJKW CTEH 3/IaHWM B CEMCMOOIIACHBIX pernoHax. IIpumene-
HUE [IEMEHTHBIX PACTBOPOB C HAMOJIHHUTEIEM IO3BOJIUT YBEITUYHUTHh MPOYHOCTH Ka-
MEHHOM KJIAJIKH, T.€. IOBBICUTh MOHOJIUTHOCTD U CJIeNaTh ee 0osee HaJeKHOM.

[Tpu onpeneneHUM MPOYHOCTH CUEIUICHUSI IITYKATYPHBIX IEMEHTHBIX PacTBO-
POB, COMEpPIKAIIUX HATIOIHUTENb, YCTAHOBIICHO, YTO TIPU MCIIOIH30BAHUN B KAYeCTBE
OCHOBaHMS KEPAMHUYECKOTO KHpIHYa M OJIOKOB W3 TSKEIOr0 OETOHa paspylieHHe
MPOMCXOJIMIIO TI0 PAacTBOPY, T.€. HOCHJIO KOr€3HOHHBIN Xxapaktep. HecMoTps Ha BbI-
COKYIO IIEpOXOBATOCTh MOBEPXHOCTU OJIOKOB M3 Ta30CHUIIMKaTA, pa3pylIeHUE B OC-
HOBHOM MMEET aJIF€3UOHHBIN XapakTep, MpU 3TOM YACTUYHO B 00pa3nax HaOroaa-
eTcsl paspylieHHe IO CTPYKTYpe IIEPOXOBATOM IMOBEPXHOCTU Ta30CHIMKATHBIX
650K0B. [IpOYHOCTP CIEIUICHUSI YKCTIEPUMEHTAIBHBIX PACTBOPOB C TTOBEPXHOCTHIO
Ha 33-42 % BrIle, 4eM y KOHTPOJIBHBIX cocTaBoB, U cocTaisier 0,3-0,59 MIla.

Pe3ynbpTaThl MCcaeI0BaHUI MPOYHOCTH CIETUICHUS IITYKATyPHBIX U3BECTKO-
BBIX PAcTBOPOB, COJEPKAIIUX HAMOIHUTENb, MOKA3aJId, YTO B KOHTPOJIBHBIX 00-
paslax pa3pyuieHue HEe3aBUCUMO OT MaTepualia OCHOBAHUS MPOUCXOAMIO MO rpa-
HHUIIE KOHTaKTa pacTBOpa C OCHOBAHMEM, a KOHTAKTHas TMOBEPXHOCTh PacTBOPOB
MPaKTHYECKHU OCTaBajlach HEMOBPEXIeHHOW. OOpa3Ibl Ha H3BECTKOBBIX COCTABAX C
HAMOJHUTENIEM pa3pylIaicCh MO CTPYKTYpe pacTBOPOB. [IpOYHOCTH CLETIIEHUS IKC-
nepUMEHTATBHBIX cocTaBoB coctaBmia 0,23-0,29 Mlla, uyto Ha 21-38 % BbIIIC, YeM
y pacTBopa ¢ 100aBKOH U3BECTH.

B npornecce nabopaTopHbIX HCCIEAOBaHUN YCTAHOBIEHO, YTO MTPOYHOCTH CO-
CTaBOB, COJIEPIKAIINX M3BECTh W HAIOJIHUTENb, OAMHAKOBAs Ha o0Opa3iax-Kydax c
pa3mepoM pebpa 70 MM, CYIIECTBEHHO OTJIMYAETCS Ha TEX K€ COCTaBaxX W3 IIBa
KJIQJIKU TIPU UCTIBITAHUU 00pasnoB ¢ pedpom 20 mm. CormacHo pa3pabOTaHHON Me-
TOJIMKE MPU TEPMETHU3AIMH IIIBA MPOIECC UCTIAPEHHs BOJbI M3 00pa3lloB MPOUCXO-
JUT TOJIBKO Yepe3 MOPUCTOE OCHOBAHME (KUPIIHY ), U TIPOLIECC TUAPATALINY IEMEHTa
IPOUCXOJUT B OoJiee MOJTHOM 00BeEME.
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[Tpu BBeneHun 60 % HAMOMHUTENS OT MAacchl U3BECTH MPOYHOCTH PAacTBOpa
Hke Ha 19 % B CpaBHEHUU € IEMEHTHO-U3BECTKOBBIM, TaK KaK 3KCIEPUMEHTAIIbHBII
COCTaB MPHU KOHTAKTE C MOPUCTHIM OCHOBAHUEM HE MOXKET YAEPKUBATH HEOOXOIUMOE
KOJIMYECTBO BOJIBI i rujpaTtauuu mnementa. [Ipu BBegenun 100 % HamomHuUTENs
AKCIIEPUMEHTAJIbHBIE PACTBOPHI TMOKA3bIBAIOT MPOYHOCTh HA YPOBHE IIEMEHTHO-
M3BECTKOBBIX COCTAaBOB 32 CUET BHICOKOU BOJOYEPKUBAIOIIEH CITIOCOOHOCTH.

[Ipu repMeTH3anuu Ba MPOYHOCTH IKCIIEPUMEHTAIBHOTO PacTBOpa, COAEP-
xamero 80 % HamoJHUTEN OT pacyeTHOM Macchl u3BecTH, Ha 30 % mpeBblIacT
3HAY€HUE KOHTPOJIBHOrO cocTaBa. llonyyeHHbIe pe3ynbTaThl YKa3bIBalOT HA ONTH-
MaJIbHO€ KOJMYECTBO BBOJMMOIO HAIMOIHUTENS, IPU KOTOPOM HE MPOUCXOJUT €ro
Mepe03UPOBKHU U 3aMeJIJIEHHs Habopa MPOYHOCTH PAacTBOPA, MPU 3TOM BOAOYAEP-
JKUBAroIIasi CIOCOOHOCTh cocTaBa 00€eCIIEUMBAET HEOOXOIUMOE KOJIUYECTBO BOJBI
JUTSI TUZIpaTaIiy [IEMEHTA.

Ha ocHOBaHMM MpPOBEIEHHOTO KOMIUIEKCA MCCIEAOBAHUI KaK HAMOIHUTENS,
TaK ¥ IEMEHTHBIX CMECEH W PacTBOPOB, COJAEPIKAIMX HAMOJIHUTENb, pa3paboTaHa
MemoouKa pacuema cocmaea KiadouHo20 YeMeHmHO20 PACMEopa ¢ HANOIHUMETIEM.
Ha nepeoM dmane HA3HAYAETCsl PacXo/l LIEMEHTa, MPOU3BOAUTCS PacUeT pacxo/1a BOJIbI
" necka mo Meroauke, m3noxkeaHou B I111-03 x CHull 3.04.01-87 g mieMmeHTHO-
M3BECTKOBBIX PACTBOPOB; HA 6MOpoM dmane HEOOXO0UMOE KOJIMYECTBO HATIOJTHUTEIS
10 Macce M, B KIJIOrpaMMax Ha | M° pacTBOpa OPHEHTHPOBOYHO MPEUIAracTCs OIpe-
nensith o Gopmyse (4); Ha mpembvem 3mane O PACCUNTAHHOMY COCTaBY KJIAJJ0OUHO-
ro pacTBOpa M3rOTaBIMBAETCS MPOOHBIN 3aMec U (POPMYIOTCS 00pa3lbl pa3MepoM
70x70x70 mm mo 'OCT 5802. Tlpu HEOOXOAUMOCTH MO pe3yJIbTaTaM HCIBITAHUMA
PacTBOPHOM CMECH U pacTBOpa MPOU3BOIUM KOPPEKTUPOBKY COCTABA.

m, =K, -(L-0,002-m,), (4)

rje m, — pacxo ueMeHra B Kr, npuHumaemsiii o 111-03 xk CHull 3.04.01-87;
0,002 — urcnoBoit KO3 dHIHEHT, KT
K, — xoadduirenT, yuuThIBalOIUi MaKCUMaIbHBIM pa3Mep 4acTHI] HAOJHU-
TeNsl, B 3aBUCUMOCTUA OT MapKu pacTBopa (3HaueHue kodddunnenra K, Haxoaum
o Tabmure 4), Kr

Tabmima 4 — 3nauenns koahduimenta K, 1711 onpeaeieHus pacxoia HaroJTHUTEIS

Mapka Koaddument K, npu MakcuMallbHOM pa3Mepe YaCTULl HAIIOJTHUTENSI B MKM
pacTsopa 60 70 80 90
50 84 89 96 101
75 89 96 96 101
100 89 96 101 108
150 96 101 101 108
200 96 101 108 —
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Pe3ynbpTaThl MCCleIOBaHUN JIETJIM B OCHOBY pa3paOOTaHHBIX TEXHUYECKUX
yenoBuid TY BY 300220696.050-2010 «HanonmauTens kapOoHATOCOAEPIKAIINN HA-
MIOJTHUATENb JJISi CTPOUTENBHBIX PAaCTBOPOB» M PEKOMEHAALMI MO MPUMEHEHUIO Kap-
OOHATOCO/IEPKAIIETO HAMOIHUTENSI B CTPOUTEIBHBIX pacTBopax. [lomyueHs! 4 onbIT-
HbIC TIAPTUW HAIIOJHUTENS B YCIOBHSAX Jlaboparopuu oOmmM odbemom 680 kr.
Kitamounble u mrykaTypHble pacTBopbl Mapok M50 1 M75 Ha HEMEHTHOM BSIKY-
[IeM U IITYKaTypHbIE pacTBOPHI Ha M3BECTKOBOM BSIKYIIEM C KapOOHATOCOAEpkKa-
MM HaTOJTHUTEIEM UCIIOJIb30BaHbI MPU BBHITTOJIHCHUH KJIaJO0YHBIX U MTYKATyPHBIX
paboT Ha o0bekTax [1o101KOro rocy1apcTBEHHOIO YHUBEPCUTETA.

3AK/IIOYEHUE

OcHOBHbBIE HAYYHBIE Pe3YJbTATHI IMCCEPTANUM

1. Pe3ynbTaThl UCCIENOBAHUM CBUIETEIHCTBYIOT O TOM, YTO HAa OCHOBaHUU
JOCTYITHOTO MHOTOTOHHAKHOT'O BTOPUYHOI'O MPOAYKTa BO3MOXHO MOJTYy4YEHHUE KO-
JOTUYecKru 0€30MacHOr0 MHOTO(PYHKIIMOHAIBHOTO HAMOJHUTENS JJIsl CTPOUTENb-
HBIX PACTBOPOB, UMEIOIIETO 10 CPABHEHUIO C MPUMEHSIEMOM U3BECTHIO MPU pacueTe
Ha 1 M° pactBopa Ha 45-55 % Oosee HU3KYIO CTOMMOCTb, TTO3BOJISIFOIIETO OJTHO-
BPEMEHHO PEIIUTH JIOKATbHBIE YKOJIOTHIECKUE MPOOIEMbl PETHOHOB U CHU3UThH Ha-
JIOTOBBIC OTYHUCIICHUS PEINPHUITHI O SKOJIoruueckumM coopam [1-8; 11-17].

2. IlpuMeHeHne MaTeMaTHYEeCKOro TUTAHWUPOBAHUS SKCIIEPHMMEHTa U CTaTH-
CTUYECKUX METOJIOB 00Opa0OTKHU MOTYyUYEHHBIX IKCIIEPUMEHTATBHBIX JAHHBIX MTO3BO-
JWIO TIOCTPOUTH KOPPEISIMOHHBIE 3aBUCUMOCTH TIO PACCIIaMBAEMOCTH W BOJO-
YAEPKUBAIOIIEH CIIOCOOHOCTH LIEMEHTHBIX PACTBOPHBIX CMECEH M MPOUYHOCTHU IIe-
MEHTHBIX pacTBOpOB. M cnonb30BaHre MOJIMHOMUAIBHBIX MOJENEH a0 BO3MOXK-
HOCTb OIPEACIUTh ONTUMAILHYIO TO3UPOBKY HamosiHuTens B konuuectse 70-90 %
OT pacyETHOM MAacChl U3BECTH NPH MaKCUMaJIbHOM pa3zMepe yactur 6090 Mxm.

JInst mTyKaTypHBIX U3BECTKOBBIX PACTBOPOB HAMIYYIIIUE MTOKA3aTENH O OC-
HOBHBIM CBOMCTBaM jocturatorcs npu 3amene 40—50 % u3BecT 1mo macce Hamodj-
HuTeneM B konnuectBe 80 % OT cOKpalllaeMoro pacxo/ia U3BECTU MPH MaKCUMallb-
HOM pa3mMepe Jactul 80 MKM.

[TonyueHHbIe pe3yJbTaThl UCIOJB30BAHBI MIPU ONpeaeseHuu Kodpduiiu-
eHTa K, y4uTHIBAIOIIETO MAaKCUMAJIbHBINA pa3Mep YaCTHI] HAITOJHUTENS, B 3aBUCH-
MOCTH OT MapKd pacTBOpa B pa3paOOTaHHOW METOAMKE pacdera COCTaBa CTPOH-
TEJBHOr0 IIEMEHTHOI'O pacTBOpa ¢ HamojxHuTeneMm [7, 8].

3. DKCIepUMEHTaIbHbIE TPAHYJIOMETPUUECKHE UCCIEIO0BAHMS ¢ IPUMEHEHUEM
ONTUYECKON U AIEKTPOHHOW MHUKPOCKOIIMHU MOKa3ajaH, YTO YaCTUIbI MeHee 50 MKM,
cocrapisrone 60 % ot o0Iero Koiam4ecTBa, UMEIOT OKPYTIyI0, OJIM3KYIO K cde-
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pudeckoi, popmy. Takas ¢opma yacTull B ciaydyae MPUMEHEHUsST HATIOJIHUTENS TO-
3BOJISIET YJIYUILUTh MMOABUKHOCTH pacTBOpHOU cMecH. [lonyyeHHble n300paxeHus
MOBEPXHOCTH YaCTHI] JAJIM BO3MOKHOCTh YCTAHOBUTH HAJIMYME PBHIXJIO-3€PHUCTOU
CTPYKTYpPBI, XOPOILIO YJEPKHUBAIOIIEH BOJIY U TEM CaMbIM CIHOCOOCTBYIOUIEH IO-
BBIIICHUIO BOAOYAEPKUBAIOIICH CIIOCOOHOCTH U CHIKEHHUIO PACcClIauBaeMOCTH pac-
TBOpHOU cMmecH [7, 8].

4. YcTaHOBJIEHbI IPEUMYIIECTBA TOTYYEHHOTO HAMOIHUTENS, 3aKIF0YaI0IIHAECs
B YBEJIMYCHUU KU3HECTIOCOOHOCTH KJIAJI0UHBIX PACTBOPHBIX cMeceil B 1,6-2,2 pa3a,
BO3pacTaHUM MPOYHOCTU Ha CHKATHE pacTBopa B Be Kiaaku Ha 30 %, npoyHOCTH
creruieHus pactBopa ¢ ocHoBanueM Ha 30—50 %. [Ipu sTom obecrieunBaroTCst HOp-
MaTHBHbIE TPEOOBAHUS K KJIaJOYHBIM PAaCTBOPHBIM CMECAM I10 PacCiauBa€MOCTH,
BOJOYJEPKUBAIOIIEH CIIOCOOHOCTH, TOJIBUKHOCTH, a TAaK:KE€ K pacTBOpaM IO BO-
JOTIOTJIONIEHUIO U Mopo3ocTolikocTu. Kpome Toro, kuHernka Habopa MpO4YHOCTH
IIPU JOJITOCPOYHBIX MCCIEAOBAHUAX HAXOAUTCSA HAa YPOBHE 3HAYEHUN LIEMEHTHO-
U3BECTKOBBIX pacTBOpoB. CregoBaTeabHO, MPU HMCIOJB30BAHUM HAMOITHUTENS
o0ecrnieunBaeTCsl KOMIUIEKC XapaKTepUCTHK KIIAJIKH, TapaHTUPYIOUIUMNA ee Hecy-
HIYI0 CIOCOOHOCTh, MOHOJUTHOCTb, JIOJITOBEYHOCTh U IKCILTyaTal[MOHHYIO Ha-
nexxHocts [1-2; 4-5; 11-16].

5. BBenenue HamogHUTENsI B IITYKaTypHbIE COCTaBbI MO3BOJISIET MOJIYYUTh
PacTBOPBI, COOTBETCTBYIOIINE MO MOJBUKHOCTH, PACCIaUBAEMOCTH, BOJIOYIEPKHU-
BaloOLIEeH COCOOHOCTH, MPOYHOCTU U MOPO30OCTOMKOCTH TPEOYEeMBbIM MOKA3aTENIsIM
kauecTBa. [Ipym 3TOM ONTHUMAaNIbHBINA Pacxoji BBOJUMOIO HAIOJIHUTENS IO3BOJISIET
CHU3UTh ycaJouHble nedopMaluyd MTYKaTypHbIX pacTBopoB Ha 40-60 %, yBenu-
YUTh MPOYHOCTh Ha CXKaTHE B BO3pacTe 7 CYTOK IITYKAaTYpHBIX M3BECTKOBBIX pac-
TBOpOB Ha 60 %, a TaKkke >KU3HECIIOCOOHOCTh IMTYKATYPHBIX IIEMEHTHBIX PacTBOP-
HBIX cMeceil B 1,5-2 pa3a, crmocoOCTBYET MOBBILIEHUIO MPOYHOCTH CLEIUIEHUS pac-
TBOPOB C MOBEPXHOCTBIO HAa 30—-35 %, 4TO CHMIKAET BEPOATHOCTH OTCIIOEHUS IITYKa-
TYPHOT'O CJIOSl OT IOBEPXHOCTH IEMEHTOB KOHCTPYKLHH NPHU BO3HUKHOBEHUM JU-
HAMHYECKUX Harpy30K, B OCOOCHHOCTH BHOPAaIMOHHBIX Bo3neicTmii [9—-10, 17].

6. Pe3ynbTaTsl HAyYHBIX UCCIEAOBAHUN peain30BaHbl B MOJTYYEHHBIX MMaTEH-
Tax Ha M300peTeHHe U MOoJIe3HYI0 Mojenb. Ha TexHuueckol sipMapKe-BBICTABKE B
r. Cankr-IlerepOypre B 2011 roay pa3paborka «MHUKPOHAIIOIHUTENb JJI CTPOU-
TENbHBIX PACTBOPOB» B HOMUHAUMU «JIydlmmii HHHOBALIMOHHBIN MPOEKT B 00JIaCTH
HOBBIX MaTe€pUaloB M XMMUYECKHX MPOAYKTOB» moiyuuna guruioM Il crenenu
C Bpy4yeHUeM cepeOpsiHON Meaalu.

PexoMeHIanuu M0 NPAKTHYECKOMY MCIIOJIb30BAHUIO Pe3YJIbTATOB

[TomyueHHbIE AKCTIEPUMEHTATIBLHBIC JTAHHBIE JIETIIM B OCHOBY pPa3paOOTaHHON
METOAMKH I10 ONPEAETIEHUIO POYHOCTH PACTBOPA U3 IIBA KJIAJKU U PACUETa COCTABOB
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[IEMEHTHBIX PACTBOPOB C HATIOJHUTENEM, a TAKXKE HAIIUIM CBOE OTPaKEHHUE B pazpado-
TaHHBIX TexHuueckux ycnoBusx TY BY 300220696.050-2010 «Hamonaurens kap6o-
HATOCOJEP KAl HAIIOIHHUTENb Il CTPOUTENBHBIX PACTBOPOBY, PEKOMEHIALUSIX IO
NPUMEHEHHI0 KapOOHATOCOEPIKAIIEro HAMOJHHUTENSI B CTPOHUTENBHBIX PacTBOpax,
pazpaboranHoM OusHec-1aHe «IIpon3BoACTBO KapOOHATOCOEPIKAIIETO HATIOIHHU-
TeJs ISl CTPOUTENIBHBIX PacTBOPOBY. Pe3ynbTaThl Hccae10BaHU peain30BaHbl IPH
WCTIOJIH30BAHNH OIBITHBIX MApTUH IITYKaTYpPHOTO M KJIAJOYHOTO pacTBOpa Ha 00b-
extax [lomoukoro rocy1apcTBEHHOTO YHUBEPCHUTETA.
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PI3I0MD

Bimnsikosa IOuqis BaasHuinayna

BynayHiubist pacTBOpPbI 3 KapOaHATAZMAMIYAJbHBIM HANIAYHAJIbHIKAM
3 IpyracHara npaaykKry BOJanaJApbIXTOyKi

KirouaBeist cioBBI: ApyracHel NpajyKT, LUIaM BOAAaybICTKi, KapOaHaTa-
3MSIIYaIbHbl HAMAYHAJIBHIK, KJIaJa4Hbl paCTBOP, THIHKABbI pACTBOP, IaMEP YacCLill,
MEXaHI3M y3aeMaJ3€sHHs, TPbIBAJACIb, BaJAayTPbIMIIiBalOyasl 3/10JIbHACLb, PACCIION-
Hacllb, pyXxaBacllb, Mapo3ayCTOUIIBaCLb.

Mbsta paboThl — pacmpalroyka Ha acHOBE JIpyracHara mpagyKTy kKapbaHaras-
MsITYajbHara HamayHsUTbHIKA JUTsl KJIaJadHbIX 1 THIHKaBBIX pactBopay. Jlacmena-
BaHHI XKBIIAYISUTICS 3 BhIKAPHICTAHHEM CTaHIAPTHBIX 1 MparaHaBaHbIX ayTapam
METOJIBIK, a TaKCaMa 3 BBIKAPHICTAHHEM METaJlay CTaTHICThIYHAN amparioyKi BBIHI-
Kay DKCIIEPBIMEHTAY.

[IpaBen3eHbl aHaIi3 3aKaHAMEpHACIIY Tpalpcay y3aeMaI3essHHs HanayHsIb-
HiKa 3 IPMEHTaM. BBISYJIeHBl MeXaHI3MbI YIUIBIBY HalaVHsJIbHIKA Ha acCHOYHBIS
ymacmiBaciil paCTBOPHBIX cymecel 1 pacTBopay. [IpaBen3ensl naciemaBaHHi ma BbI-
3HAYZHHI PyXaBacili, pacclOMHACI], BOAAYTpbIMIIIBalOYald 3J0JbHACI 1 KBILIIIS-
J3eiHacIi pacTBOpHail cyMeci, a Takcama TpbIBajacili Ha CI[iICKaHHe, Mapo3a-
ycToMIIBaCIIl, BOJaMariblHaHHA, Kad(IBICHTY MaparpaHiKaibHaCI, Kad(PiIbIeHTY
IeTIanpaBoIHACII, KIHATBIKI HA0OPY TPHIBAJIACIII, TPHIBAJIACIII CHATUICHHS 3 aCHO-
Bail. ATpbIMaHbIsl MaTAMATBIYHBIS MaJ3Jl TphIBajacll pacTBOpa, pacciioiHacul 1
BOJIAYTPBHIMIIIBaIOYall 3/10JIbHACII pacTBOpaBail cymeci 3 kapOaHaTa3MsII4albHBIM
HarnayHsJIbHIKaM Ja3BOJIUII BBI3HAYBIIL BBIJIATAK 1 MAKCIMAJIBHBI TTaMep YacIlill Ha-
NMayHsUThbHIKA ¥ 3aJIe)KHACI aJ] MapKi pacTBOpa, a Takcama pacrparaBailb METOIbI-
KY pasJiKy CKJaay IPMEHTaBara pacTBopa 3 HanayHsIbHIKaM.

BrIHIKI nacnenaBaHHsay poraliizaBaHblsl MPbl JOCIEIHBIM YKapaHEeHH1 1 ¥ pac-
IpalaBaHbIX HAPMATHIYHBIX JAKYMEHTaX Ha BRITBOPYACIH 1 MPBIMSHEHHE KapbaHa-
Ta3MsII4ajbHara HamayHsIbHIKA.

AOcsr npeiMsiHEHHSI — OyAayHilTBa OyAblHKAY 1 30ynaBanuay. Ha cénusmni
J3€Hb MpaBOA3IlIA Mpala a MagpbIXTOYIbI Ja MavyaTKy MpambiciioBara BbIpaly i
NPBIMSHEHHSI KapOaHaTa3MslIyalibHara HamayHsUuIbHIKA ¥ OymayHIYbIX pacTBOpax
Ha Hapamomankaii [1211 1 AAT “Hapamomarkikane3adbeTon”.
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PE3IOME

Bumnakosa HOQausa BajieHTHHOBHA

CtpouTesibHbIEe PACTBOPBI ¢ KAPOOHATOCOAEPKANIUM HATIOJHUTEIEM
W3 BTOPUYHOIO NMPOAYKTA BOJAOMOATOTOBKHU

KiroueBble ciioBa: BTOPUYHBINA MPOAYKT, IIJIaM BOJIOOYUCTKH, KapOOHATO-
COZIepKAIlMK HANOJIHUTENb, KIAJO4YHBIM pacTBOp, IITYKATYPHBIM PacTBOp, BOLO-
IIOATOTOBKA, pa3Mep YacTHIl, MEXaHU3M B3aUMOZECHUCTBUS, MPOYHOCTh, BOAOYAEP-
’KHUBAIOIIAsl CIOCOOHOCTD, PACcCIauBAEMOCTh, OJBUKHOCTb, MOPO30CTONKOCTb.

Heab padoThl — pa3paboTka HA OCHOBE BTOPUYHOI'O MPOAYKTA KapOOHATO-
COJZIEpIKAILEr0 HAIOJHUTENS IS KJIAJIOYHBIX M IITYKAaTypHbIX pacTBopoB. Mccie-
JNIOBaHUSI OCYLIECTBIISIIMCH C UCIIOJIb30BAHUEM CTAHIAPTHBIX U MPEIIOKECHHBIX aB-
TOPOM METOJMK, a TaKKe€ C MPUMEHEHHUEM METOJOB CTAaTUCTUYECKOW 00paboTKu
PE3yIABTATOB SKCIIEPUMEHTOB.

[IpoBeneH aHaIM3 3aKOHOMEPHOCTENW MPOLECCOB B3aMMOJEHCTBUS HATIOJIHU-
TEJs C HEMEHTOM. Y CTAaHOBJIEHBI MEXaHU3MbI BIIMSHUS HAIIOJIHUTEIS HA OCHOBHBIE
CBOIMCTBA PAaCTBOPHBIX CMECEN M pacTBOPOB. BBINTOIHEHBI HCCIEN0BAHUS IO ONpPeE-
JEJICHUIO TOABUKHOCTH, PACCIaUBAEMOCTH, BOJOYAEPKUBAIOIIEH CIIOCOOHOCTH H
KU3HECTIOCOOHOCTH PACTBOPHOM CMECH, a Tak)Ke MPOYHOCTH Ha CXKaTHUE, MOPO30-
CTOMKOCTH, BOJOIOIIIONMICHHS, KOd(PPUIMEeHTa maponpoOHUIIaeMOCTH, KO3 huIiu-
€HTa TEIIONPOBOJHOCTH, KUHETUKU Habopa MPOYHOCTH, MPOYHOCTH CIETIICHUS C
ocHoBaHHEM. [lomyueHHbIE MaTEMaTHYECKME MOJEIN MPOYHOCTH PACTBOPA, pac-
CJIaMBaE€MOCTH U BOJIOYJIEP>KUBAIOIIEH CIIOCOOHOCTH PACTBOPHON CMeCH ¢ KapOo-
HATOCOAEPKAILUM HAIIOJHUTENIEM I03BOJIMIINA OINPEIEIUTh PACXOJ U MaKCUMAaJb-
HBI pa3Mep 4YacTULl HANOJHUTENS B 3aBUCUMOCTH OT MAapKu pacTBOpa, a TaKXKe
pa3paboTaTh METOAMKY pacyeTa cCocTaBa IEMEHTHOIO pacTBOPA C HAMOJIHUTENIEM.

Pe3ynbraThl UCCAEA0BAaHNN pEAIM30BaHbI IIPH ONIBITHOM BHEIPEHHUU U B pa3-
pabOTaHHBIX HOPMATUBHBIX JJOKYMEHTAX Ha MPOU3BOJCTBO U MPUMEHEHUE KapOo-
HATOCOJEPIKAILETO HAIIOJTHUTES.

O0J1acTh IPUMEHEHUsI — CTPOUTENIBCTBO 3/IaHUM M COOpYyKeHui. B HacTos-
iee BpeMs BeAyTcsi pabOoThI MO MOATOTOBKE K Hadaly MPOMBIIUIEHHOTO U3TOTOB-
JICHUS! ¥ IPUMEHEHUsT KapOOHATOCOIEP>KaIEro HAITOJHUTENS B CTPOUTENBHBIX pac-
tBOpax Ha Hoomomorkoit TOL[ 1 OAO «HoBomomnomkxene300eTon.
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SUMMARY

Vishniakova Julya Valentinovna

Mortar mixes with carbonate consisting filler
from the by-product of water treatment

Key words: by-product, water purification sludge, carbonate consisting,
masonry mortar, finishing mortar, aggregate size dimension, interaction
mechanism, strength, water retaining capability, division into layers, mobility, frost
resistance.

The aim of this work is to work out carbonate consisting filler for masonry
and finishing mortar from the by-product. Research has been carried out with the
use of present and author’s techniques as well as the methods of stratical treatment
of experiment results.

The analysis has been done on regularity of interaction processes of the filler
with cement. The mechanism of filler effect on the main properties of mortar mixes
has been established. The experiment on the definition of mobility, layering, water
retaining capability and workability of mortar mixture as well as compressive
strength, frost resistance, water absorbing, vapour permeability coefficient,
coefficient of heat conduction, strength development Kkinetics, cohesiveness
strength with basement have been carried out. The mathematical strength models
obtained, layering, water retaining capability of mortar mix with above mentioned
filler allowed to define the expenditure and maximum size of filler particles
depending of design of cement mortar with filler.

The results of the research have been realized into experimental introduction
and working out of standard document for manufacture and application of the filler
consisting carbonate.

The sphere of application is construction of buildings and structures. At
present the work on preparation to the start of industrial production and application
of this filler in mortar at Novopolotsk central electrical heat plant and reinforced
concrete elements plant.
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Ne /11

Hammcano

Crnemyer 9nTathb

1.

Crpanuria 2 crpoka 9 - 11
Lenv Ouccepmayuonnol paboml — pa3padOTKa CTPOH-
TEJBHBIX PAaCTBOPOB, COJEP)KAIIMX HAIOJIHHUTENb M3 BTO-
PUYHOIO TPOJYKTa BOJOIOATOTOBKH, IO3BOJIIOLINN
o0ecreunTh KOMIUIEKC AKCIUTyaTal[MOHHBIX TOKasaTernei
KOMITO3HIIMOHHBIX COCTABOB.

Llenv Ouccepmayuonnou pabomsl — TONTY4EHUE CTPOH-
TEJIBHBIX PACTBOPOB, COJCPIKAIIUX HAIOJHUTENb U3 BTO-
PHMYHOTO  MPOJYKTa BOJONOJIOTOBKH, —IO3BOJISFOLIMIA
o0ecreunTh KOMIUIEKC JKCIUTYaTallMOHHBIX TOKa3aTenei
KOMIIO3HIIMOHHBIX COCTABOB.

Crpanuna 2 crpoka 15 - 17

2) YCTaHOBJIEHO ONTHMAIBHOE KOJHYECTBO KapOoHaTo-
COJIEPIKAILEr0 HAINOJIHUTENSI B COCTaBE CTPOUTEIBHBIX
pPacTBOPOB ¢ NMPUMEHEHHEM MAaTeMaTH4eCKOTO MoJe-
JIMPOBAHMUS;

2) yCTaHOBJIEHO HEOOXOAMMOE KOJIWYECTBO KapOOHATO-
COJICPIKAIIIEro HAIOJHUTENS IS IPUTOTOBICHUS CTPOU-
TEJIbHBIX PaCTBOPOB;

Crpannna 3 crpoka 8 - 10

JuccepTanysi MpecTaBisieT CaMOCTOSITENbHBIN TPy
aBTOpa, BBIIIOJHEHHBI Ha Kadeape CTPOUTEIHHOIO
IIPOM3BOACTBA yUpexxJeHus: oOpazoBanus «llomonkuit
TOCYJAapCTBEHHBIH YHHBEPCUTETY.

JInvHBI BKJIAJ aBTOpa 3aKIKOYACTCS B HEHNOCPENCT-
BEHHOM Y4YacTHU B (OPMYJIMPOBAHUHU ILIEJIU HCCIIENO-
BaHMs, B NIOCTAaHOBKE W PEIICHUM 3a[ad, aHaJH3e Ha-
YUYHBIX JIITEPATYPHBIX NCTOYHHUKOB, IIOJTyYEHUH OIIBIT-
HBIX O0pa3lOB M HM3Yy4EHHH HX CBOWCTB, COCTaBOB M
CTPYKTYpBL, B pa3pabOTKe METONMKH pacdera COCTa-
BOB, 0000IIEHNN PE3YIbTaTOB MCCIEIOBAHUS U TIOATO-
TOBKE Hay4YHBIX NyOnmkaruii. OnpenerneHue, HHTEP-
nperanus oOIIel KOHIENINH W HaIpaBJICHUH HCCIIeno-
BaHUH NPOBOJAUIIMCH COBMECTHO C HAYYHBIM PYKOBOJUTE-
JIeM, OCYILIECTBIISBIINM O0LIIee HayYHOE PYKOBOJCTBO.
HcnbiTanust 10 ONpezeneHu o TeIIOTEXHNYECKHX CBOHCTB,
yCaJOUHBIX JeopMalHii pacTBOPOB IPOBENEHBI aBTOPOM
COBMECTHO C KaHjl, TexH. Hayk Konrynossmm AL

Crpanmia 3 crpoka 37 - 40

Jluccepranys COCTOMT W3 BBeJEHHUS, OOIIel XapakTepH-
CTHKH PalOTHI, TIATH T71aB, 3aKIFOYCHUA W NPUIOKCHUMN.
Copepyxur 131 crpanwity, 55 pucyHkos, 28 Tabmmi, 6 npy-
JIO’KEHHWH, CIHMCOK MCIIOJb30BAaHHBIX MCTOYHHKOB M3 172
HavMEHOBaHUH Ha 14 cTpaHuLaXx.

Juccepramyst cOCTOMT W3 BBEJEHWs, OOMIEH Xapakrepu-
CTHKU pabOThI, ISATH TJIaB, 3aKIIOUCHHS, OHOIMorpaduye-
CKOTO CIIMCKa U TpuiokeHnit. O0mmii 06seM nuccepra-
nuu cocrasisier 192 crpanunbl, BKimodas 55 WIUIOCT-
panuii Ha 45 cTpanunax, 28 tadaui Ha 25 CTpaHHUIax,
oubnmorpaduueckuii cUcOK W3 172 HamMeHOBaHWH
Ha 14 crpanunax, 6 npuioxeHui Ha 58 crpanunax.

m, =K, -(1-0,002-m,)
rae M, — pacxoj IeMeHTa B KT, IPHHAMAeMbIii
o I11-03 k CHulI 3.04.01-87,

0,002 — gncnoBoit K03 HUIIHEHT, Kr'l;

5. Crpanuna 7 popmyinsr 1 - 3 Rys = —2,388—0,039x I] +0,225x H +0,239x P, —1,243x [T +19x107* x I]* —
R,s =—2,388—0,039x I] +0,225x H +0,239x P, —1,243x [T +1,9x10~* x []* - 13910 x H? ~152x10° x P,° +0,065x [T2 — 6,2x10* x I x IT +
-1,39x10° x H? 152107 ><PuZ +0,065x /72 —6,2x10™* x I x IT+ +5,6x10™ x H x IT
+5,6x107 x Hx IT P =38,741-0,041x [] —0,245x H — 0,257 x P, —2,275x [T + 7x10° x I] +
P=38,741-0041x [ ~0,245x H ~0,257x P, =2 275x [T+ Tx10° x LI* + |,1 36,10 x F12 +171x10 x P,” + 0197 x IT* ~ 2x10°° x I x H +
+1,36x107° x H? +171x107° x P,* + 0197 x [1* = 2x107° x I] x H + 4 2,6x10 x [[ x IT
+2,6x107 < <11 B =85802+0,018x 1] +0,0478x H +0,0779x P, +0899x [T ~3x10° x []* -
B=85802+0,018x [ +0,0478x H +0,0779x P, +0.899x [T ~3x10° x [{* ~ | 8,10 x /1* ~53x10* x P,” 0,076 x [1* +19x10°* x [ x IT +
~8x107° x H? ~53x107 x P,” —0,0746 x [1* +19x107 x I] x IT + 1 156x10° x H x I1-1,09x107° x P, x I1
+1,56x107° x H x [1-1,09x10° x P, x IT rne 1], H, P,, I1 — Ge3pa3MepHbIc 3HAYCHUS, PABHBIC

1= E’, rae I]”— pacxon niemMenTa, Kr; y = 1 kr;
y

H = H , rne H' — pacxon Hanomautesst, %; 1 = 1 %;
H

p, = P, rne P,” — MaKCHMAIbHbII pa3Mep JACTHI[ Ha-
p.

MOJHUTEIS, MKM; p, = 1 MKM;

II= E, rzie /1 — MoaBMKHOCTE, ¢M; 1 = 1 cM.
n

6. Crpanuna 15 dopmysa 4 m, =K, -(1-0,002-m,)

rjae m, — 6e3pa3zMepHOE 3HaUEHUE, PABHOE
_ M, , rge M, - pacxo/| LIEMEHTA, KT, IPUHAMAe-
m

yo

m,
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K, — xo3(duuueHT, y4uThIBAIOMIMA MaKCH-
MaJIbHBII pa3Mep YacTHI] HAIOJHUTENSI, B 3aBUCUMOCTH
OT MapKH pacTBOpa, KT

Mmbli o 111-03 x CHulT 3.04.01-87,

m,,=1 xr,

K, — KONMMYeCTBO HAIOJHUTENS, 00ECITEUNBAIOIIEE MH-
HUMAJIbHYIO TPOYHOCTH KOMITO3UTHOM CHCTEMEI, KT.

Crpanuna 15 tabmuima 4
Tabmuma 4 - 3raueHns koddduimenta K+ s ornpeze-

Tabma 4 — KomumuectBo Hanonnurens Ku, obecreun-
BAIOIL[ee MUHUMAJILHYIO [IPOYHOCTh KOMITO3UTHOW CHCTEMBI

JICHHUS pacxo/Jd HAIMOJTHUTCIIA Mapia KonuuectBo HanonHuTenst K, npyu MaKCUMaaIbHOM
KosdpdumuenT K, npu MakcuMaibHOM pasMe- pasMEpe HaCTHIl B MKM
Mapka e JacTHI] HALIOJIHUTEIS] B MKM pacTsopa 60 70 80 90
pacrBopa 60 70 80 90 50 84 89 96 101
50 84 89 96 101 75 89 96 96 101
75 89 96 96 101 100 89 96 101 108
100 89 96 101 108 150 96 101 101 108
150 96 101 101 108 200 96 101 108 -
200 96 101 108 -

Crpannna 16 crpoka 19 - 25

2. IlpumeHeHre MaTeMaTHYeCKOro IUIAHUPOBAaHUS JKCIe-
pUMEHTa ¥ CTaTUCTHYECKUX METOJOB OOpabOTKH TOIy-
YEHHBIX OKCHEPHUMEHTAIBHBIX JIAHHBIX TO3BOJIMJIO TIO-
CTPOUTH KOPPEIIILIIOHHBIE 3aBUCHMOCTH II0 pacciiauBac-
MOCTH U BOJIOYIEPKHBAOIIEH CIOCOOHOCTH IIEMEHTHBIX
PACTBOPHBIX CMECEH U MPOYHOCTH LIEMEHTHBIX PAaCTBOPOB.
Hcnonp3oBaHne MOJIMHOMUAIBHBIX MOJEIEH JajJ0 BO3-
MOKHOCTb OIPEIETUTh ONTUMAIBHYIO JO3UPOBKY HAIom-
Hutens B konudectse 70 - 90 % oT pacueTHON Macchl U3-

BECTH IPY MAaKCUMAITLHOM pa3mepe gacturl 60 - 90 MxM.

2. IIpuMeHeHne MaTeMaTHYECKOTro IUIAHUPOBAHMS KCIIe-
PYMEHTA W CTaTUCTHYECKUX METOJIOB OOpPabOTKH MOITY-
YEHHBIX SKCIEPHMEHTATBHBIX JAHHBIX A0 BO3MOXKHOCTh
TIOTY4YUTh PErPECCHOHHBIE 3aBUCHMOCTH PacCIauBaeMo-
CTH, BOAOYJEP’KUBAIOIIEH CIIOCOOHOCTH LIEMEHTHBIX pac-
TBOPHBIX CMecCeil M MPOYHOCTH LEMEHTHBIX PAcTBOPOB U
YCTAaHOBUTH CTCIICHb BJIMSAHUA d)al(TopOB Ha BBIXOIHbIC
napaMerpbl. Pe3ynbTaTel KOMILJIEKCHBIX WCIBITAHUM ISt

pactBopoB Mapok M50 - M200 mo3BomMiM ONPEASTUTh

HEOOXOIMMYIO JI03MPOBKY HAMOTHUTEN B Konmdectse 70 -
90 % or pacueTHOil Macchl M3BECTH NPU MaKCHMallb-

HOM pasmMepe yactull 60 - 90 MkMm.

Crpannna 16 crpoka 30 - 33

INoydeHHble pe3yabTaThl HCIIONB30BAHbI IIPH OIpeJelie-
HIM Kod(durmenTa K, yIUTHIBAIOMIET0 MaKCHMAaTbHBINA
pasMep YacTHIl HAIOJHWUTENS, B 3aBUCHMOCTH OT MapKu
pacTBopa B pa3pabOTAHHOH METOIMKE pacyera COCTaBa
CTPOMTENBHOTO IIEMEHTHOTO PACTBOpPA C HAITOJHHUTENEM

7, 8].

TosyueHHbIe PE3yIBTATH HCIOMB30BAHBI TIPH OIPEIerie-
HAM KOJIMYECTBA HamomHUTEms K, 00OeCreunBaromiero
MHUHUMATBHYIO MPOYHOCTH KOMITO3HTHOM CHCTEMBI C yie-
TOM MaKCHMAJIBHOTO pa3Mepa YaCTHI[ HAIMOJHUTEIS, B
3aBHCHMOCTH OT MapKH PacTBOpa B paspabOTaHHON MeTo-
JMKE pacyeTa COCTaBa CTPOUTEIBHOIO LIEMEHTHOTO pac-
TBOpA C HaroJIHUTENEM [7, 8].

Cowuckareibp
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