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KoHuenTtyajibHble 0CHOBBI TE€XHOJIOTHH
MecYaHoro JUCIEPCHO-apMUPOBAHHOT0 acdaabTO0eTOHA

), unk. [l 10. AneRcaanOBZ)

JIoKT. TexH. HayK, npo. 5. H. Koajes'
VBenopycckuii HalMOHaIbHbIH TeXHUUecKHit yruBepcuter (Munck, Pecriy6ruka Benapycs),
Benopycckuii rocynapcTBeHHbIH yHuBepcuTeT Tpancmopra (I"omens, Pecniybnmka benapych)

© benopycckuil HallMOHANIBHBIN TEXHUYECKUH yHUBepcureT, 2019
Belarusian National Technical University, 2019

Pedepar. [Ipo6aema 3bQeKTUBHOrO HCIIONB30BAHHUA PECYPCOB B JIOPOXKHOII OTPACIIH OCTaeTCs OJHOW M3 CaMbIX CIIOJKHBIX,
o3TOMY TpebyeTcss MHTeHCH(HKaIUs MPoIecca UCCIENOBaHUA BO3MOKHOCTEH MPOU3BOACTBA JOPOKHO-CTPOUTENIBHBIX Ma-
TEpPHAJIOB MOHWKEHHOH PEeCypcOeMKOCTH C TMOBBIIICHHBIMH (DM3UKO-MEXaHHUECKHIMH CBOMCTBaMU. TE€XHOTEHHBIE OTXOJIbI
npennpuatuii benapycn pocraTroyHo pasHooOpasHbl, 1 HE0OX0oxuMO MX M3ydeHue. Mcnonb3oBanue meronos MK-cnekrpo-
METPHH, 30HI0BOM MUKPOCKOIMM, M3yYE€HHE I€OMETPUYECKMX XapaKTEPUCTHK YAaCTHUI[ M BOJIOKOH IO3BOJIAIOT ONPEAEIUTH
HanboJiee aKTHBHbBIE LIEHTPHI U BBIABUTH MUKPOAS(EKTHI, BIMSAIOLINE HA IPOYHOCTh aJTe3UOHHOI CBSI3M Ha TPAHHUIIE «BOJIOK-
HO — BSDKyIIEe» U (PU3UKO-MEXaHUUECKHE CBOKWCTBA roToBoro actansroderoHa. IIpupoaa 6a3aabToBOro BOJIOKHA MPEAIIONa-
racT B OCHOBHOM (pu3MYECKHI XapaKTep aJre3MOHHOrO B3aUMOJEHCTBUS Ha rpaHuLe pasjeia ¢as. [ToBbleHe aKTHBHOCTH
TEXHOT'€HHOTO OTXOJ1a C LEJIbI0 YCHUIICHHS aAAr€3HOHHbBIX KOHTAKTOB BIUIOTh 10 XEMOCOPOLIMOHHOTO YPOBHS BO3MOXHO TOJBKO
HPH NPEeBAPUTEIIbHOI 00paboTKe BOJIOKHA, KOTOpast Oy/leT BKIIOYATh OYUCTKY, YlaJeHHE HHOPOIHBIX BKJIFOYCHUH, TpaBie-
HHME BOJIOKHA, CYIIKY, BO3MOXHYIO COPTHPOBKY M BcmyluBaHue. IIpoMsliiieHHas anpo0alys TaKoOro TEXHOJOTMYECKOro
Hpolecca HeBO3MOXKHA 0e3 pa3pabOTKHM COOTBETCTBYIOLIErO MOJYJS MJIM YCTAHOBKH. JIMCIIEpCHOE apMHUPOBAaHHE BbBI3bIBACT
U3MEHEHHS B COCTaBaX M TEXHOJIOTMH MECYaHOro ac(anbToOeToHa. YBEIMYEHUE yIeNbHON TOBEPXHOCTH 3aMOJIHUTEIS, HE00-
XOJIMMOCTb PABHOMEPHOT'O PacCIpe/eICHUs BOJIOKHA 0 00bEMY ONPEAEISIOT HOTPEOHOCTD B BSKYIIEM, ITOPSIIOK M PEXUMBI
HepeMelMBaHus KOMIIOHEHTOB. 3epHOBOIl COCTaB 3allOJHUTENS MOXKET OBITh NPEACTaBICH KaK OTCEBOM JAPOOJEHHMS, TaK U
HPHUPOJHBIM MIECKOM MIIM CMECHIO 3THX MaTepuanoB. TpeGoBaHHsA K CBOWCTBAM IE€CUAHOTO JHUCIEPCHO-APMHUPOBAHHOTO ac-
(anprobeToHa (HOPMUPYIOTCS B 3aBUCHMOCTH OT YCJIOBHI JKCILUTyaTallMM M PAacIOJIOKEHHs CJIOS 3TOr0 MaTrepHalla B KOH-
CTPYKIMH JTOPOXHOH onexpl. JlucrnepcHo-apMUpOBaHHbIN TecyaHblii ac(anbToOETOH MOKET BBINONHATH (QyHKIUM CBEpX-
TOHKOT'O 3allIUTHOTO CJIOSA, BBIPABHUBAIOIIETO CIIOS MM TPEHIMHONPEPHIBAIOIIEH MPOCIOWKH, CIIOs, yCTOMYHMBOTO K yCTalIoCT-
HOMY TPEIIHHOO0OPa30BaHUIO.

KiroueBble ci0Ba: necyaHblid acpanbToOETOH, TUCIIEPCHOE BOJIOKHO, TEXHOTCHHBIC OTXOJIbI, aKTHBAISI BOJOKHA, TPOMBIII-
JICHHBIN MOAYJIb

Jnist untupoBanus: Kosases, 5. H. KoHuenryaabHble OCHOBBI TEXHOJIOTHH ECYAHOTO AUCIEPCHO-apMHUPOBAHHOTO achaib-
toberona / 5. H. Koanes, [I. }O. Anexcannpos // Hayxa u mexnuxa. 2019. T. 18, Ne 4. C. 269-273. https://doi.org/10.
21122/2227-1031-2019-18-4-269-273

Conceptual Fundamentals for Technology
of Sand Disperse-Reinforced Asphalt Concrete
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Abstract. A problem of efficient resource usage in road branch continues to be one of the most complicated issues and
requires an intensification in investigation process pertaining to possibilities for production of road construction materials
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of low resource intensity with high physical and mechanical properties. Technogenic wastes of the Belarusian enterprises are
rather various and they need a detailed investigation. Application of such methods as IR spectrometry, probe microscopy,
study of of geometric characteristics of particles and fibers make it possible to determine more active centres and reveal
micro-defects that influence on strength of adhesion bond at the boundary of “fiber — binder” and physical and mechanical
properties of ready-mixed asphalt concrete. Nature of basalt fiber presupposes mainly physical character of adhesion interac-
tion at the boundary of phase separation. An increase of technogenic waste activity to enhance adhesion contacts up to chemi-
sorption level is possible only due to preliminary fiber processing which includes cleaning, removal of foreign inclusions,
etching, drying, probable sorting-out and fluffing. Industrial approbation of such technological process is not possible without
development of a corresponding module or a plant. Disperse reinforment causes changes in composition and technology
of sand asphalt concrete. An increase in specific surface of an aggregate, necessity of uniform distribution of fiber in terms
of volume determine the required need in a binder, procedure and regimes for component mixing. Grain composition of the
aggregate can be represented by crush screening and natural sand of mixture of these materials. Requirements to properties
of sand disperse-reinforced asphalt concrete are formed on the basis of operational conditions and layer arrangement of the
material in the design of a surface dressing. The disperse-reinforced sand asphalt concrete can perform functions of a super-
fine protective layer, a levelling layer or a crack stopping layer which is resistant to fatigue crack formation.

Keywords: sand asphalt concrete, disperse fiber, technogenic wastes, fiber activation, industrial modul
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TeXHOTeHHBIE OTXOIBI PA3TUYHOTO MPOUCXOXK-
JIEHUs] ¥ BUAa HEOJHOKPATHO NMPUMEHSIIUCH B JI0-
poxHO¥M otpaciu [1]: MomoTBIe OTpabOTaHHBIC
(hopMOBOUHBIE CMecH SABISIOTCA 3((PEKTUBHBIM
3aMEHHTEJIEM MHHEPAIFHOTO TOPOIIKa; TPHOOaK-
TUBalMsl KBapleBOro MPUPOAHOTO IECKa MPaKTU-
YeCKH B J[Ba pPa3a MOBBIIIAET CABUTOYCTOHYHUBOCTD
MecYaHoro acQanbro0eToHa; MoauduKanus OuTy-
MOB MOJHMATHICHOBBIMU OTXOJaMH YBEIUYMBAET
MPOYHOCTHBIE KadyecTBa ac(haabTOOCTOHOB U T. II.
OpnHako Bce MCCIEA0BATENN, N3YIAIONINE BO3ZMOXK-
HOCTH TMPAKTUYECKONW pealn3alud TEXHOJIOTUM
Monu(puImpoBaHus ac(arbTOOETOHOB OTXOJaMHU
MIPOMBINIUICHHOCTH, CTAJKUBAIOTCS C MPOoOIeMaMu
MOJITOTOBKU 3TUX MAaTEPHAjOB U PETHOHAIBHOTO
XapakTepa X MPUMEHEHHUS B Takux acdaiabTobe-
TOHax. PervoHalbHBIM XapakTep BBIpa)KaeTcs B
OTJIUYHSAX OJMHAKOBBIX TUIIOB OTXOJOB B 3aBHCHU-
MOCTH OT OCOOCHHOCTEW MPOU3BOICTB U MICXOIHBIX
KOMIIOHEHTOB M3TOTaBJIMBAEMOT0 OCHOBHOTO IIPO-
IyKTa, a Takke 3(pPeKTHBHOCTH, Ompenessioen-
Csl TabHOCTBIO TPAHCHOPTUPOBKH oTxoma. C mpy-
roii cTopoHBI, B bemapycu oOpas3oBanoch AocCTa-
TOYHOE KOJUYECTBO HEBOCTPEOOBAHHOTO OTCEBA
npoonenus (PYIII «'panut»), a Hambomee pac-
MPOCTPaHEHHBIM MECTHBIM MAaTE€pPHAIIOM SBISETCS
MIPUPOJHBIA KBapIEBBI IMECOK. DTO IO3BOJIAET
paccMOTpeTh BOMPOC O BO3MOXKHOCTH HIMPOKOTO
WCTIONB30BaHMs B JOPOXKHOW OTPACIH IECYAHOTO
acaiaprodeToHa, MOAM(UIMPOBAHHOTO OTXOJAMHU
MPOM3BOJICTB. B cTaThe B KayecTBE TEXHOTEHHOTO
0TXO0J1a ISl TlecyaHoro ac(aabToOeToHa paccMarpu-
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BAlOTCSI OTXOJBI IPOW3BOJICTBA MHHEPATOBATHBIX
mwmtr OAO «oMenscTpoMaTepralibl»y, KOTOPHIE
©XKEroiHo 00pasyrorcsi B 00beme Oosee 10 Thic. T.

YcaoBust paboThI
JA0POKHOTO0 acdaabTodeToOHA

Ycnosus paboThl achanbToOSTOHA B TOKPHITHH
MO3BOJISAIIOT cpopmMHUpOBaThL TPeOOBaHHMS K €ro
CBOMCTBaM M Ha JTale NPOCKTUPOBAHUS COCTa-
Ba cMmecH d(PGEKTHBHO MMM YIPABISTh. Makcu-
MaJbHBIE 3HAYEHHUS CHKUMAIOIINX HapsHKeHUN
HaOJIIOJIAIOTCS. B TOBEPXHOCTHOM CJIOE JIOPOXK-
HBIX ac(albTOOCTOHHBIX MOKPBITUH, MaKCUMallb-
HBIC CIIBUTAOIINE — Ha TIyOuHE 10 3—4 cM, a Mak-
CHUMAaJIbHBIE PACTATHBAIONINE — IO MOJOIIBE CIIOS
MOKpBITHsL. CyIIECTBYIONTNI HOPMATHUBHBIN TOKY-
MEHT [2] conepKuUT 0000IIEeHHbIE TPEeOOBaHUS K
(PM3UKO-MEXaHUYECKHM TI0KA3aTeNsIM  ILIOTHBIX
ac(hambTOOCTOHOB M HE YUYHTHIBAET BO3MOXKHBIC
BapHaHTHl uX NpuMeHeHus. He ogHO mecstunerne
KOHIIENTYAJIBHYI0 MOJICNIb MPUMEHEHHS TECUYaHO-
ro achaabTOOCTOHa MOXHO OBLIO BBIPA3HThH Clic-
nyromed gpasoit: «mecuaHblii acarbTOOCTOH —
BEpPXHUM HECYIIMHA CJOM JOPOKHOWU OJIEXKIbI».
PesynbTaThl uMccneqoBaHUA TOATBEPAWIM HECO-
CTOSATENIBHOCTh TaKOH KOHIENTYaJIbHOH MOJICIH,
a TCOPETHYCCKUE TIPEACTABICHUS HE COOTHOCH-
JUCh C pealbHBIMH pe3yibTaTaMu. llpakTudeckn
peanm3zyeMasi TEXHOJIOTHS TIPOM3BOJCTBA M YKIIQAKH
ac(anbTOOCTOHHBIX CMecell He MO3BOJNSCT 3HAYH-
TEJILHO YMEHBIIIUTh KOJTMYECTBO OUTYMa B IIECUAHOM
CMECH, 4YTO HEOOXOJWMO JJIsl TIOBBIIICHUS IPOY-
HOCTHBIX Ka4eCTB IecYaHoro achaaprodeToHa.
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TeopeTnuecku ITHOOOMY MaTepualy MOXKHO
HaWTH 001acTh MPUMEHEHHUS, B KOTOPOU B ITOJTHOM
Mepe peau3yloTcsi ero JocToMHCTBA. Ilecuanslii
achanpToO0eTOH 0071a1aeT BBICOKOW IIOTHOCTHIO,
OTHOPOJHOCTBIO, XOPOIIMMH CIEHMHBIMH Kade-
cTBaMH (TIPU WCIOJB30BAaHUH OTCEBa APOOICHHS),
KOPPO3MOHHOM CTOHMKOCTBIO K BO3JEHCTBHIO CO-
ne#t [3], a TakKe MOBBIMICHHON yCTaTOCTHON JOJI-
TOBEYHOCTHIO IO CPABHCHHIO C JPYTUMHU IUIOT-
HeiMH acanprodoeronamu [4]. Jlns 3¢ dexTuBHO-
0 WCHOJB30BAHHUA NECUaHBIX ac(harbTOOETOHOB
HEOOXOJMMO CYIIECTBEHHO M3MEHUTh YCIIOBHS MX
paboTHI: MaKCUMAIBHO YAAINUTH CII0i achamsTobe-
TOHa OT BO3JIEUCTBUA MOJABUXHON HArpy3Ku WU
CHU3UTh BEIIMYMHY CABUTAIOIIUX HAIPSDKCHUN B
cnoe. IlepBblii BapuaHT peanu3yeTcsi, €cld HC-
MOJIL30BaTh MeCYaHbIi ac(arbTOOSTOH B Ka4eCTBE
TPEIIMHONPEPHIBAIOIICH, IeMI(PUPYIONIEH TIpo-
CJIOWKH, WIIN HIDKHETO CJIOSI KOHCTPYKITUH JTOPOXK-
HOH ONSXIBl C ONTUMAJBHBIM pacIpeiciIcHIEeM
HanpspkeHui. BTopoil BappaHT MOXET OBITh peayin-
30BaH NPU MaKCUMAaIbHOM YMEHBIICHUH TOJIIIWHBI
W WCTONb30BaHMU achaibTOOCTOHa B KavyecTBE
CBEPXTOHKOT'O 3all[UTHOTO CJOs, KOTOPBI Oyaer
UMETh TPEUMYILECTBA TIepe]] KOHKYPUPYIOIUMU
TexHoNorusiMu [5]. OmHAKO B JIFOOOM CIIy4ae TEXHO-
JIOTHSL I COCTaB MECYaHBIX ac(haIbTOOCTOHOB TPeOy-
IOT CYIIECTBEHHBIX W3MEHEHUH: HEOOXOTUMBI JTUC-
MIEPCHOE apMHUpOBaHUE [6], BHOpAIMOHHOE TTepeMe-
IIMBAHHUEC, Tra30Basi TCXHOJIOTUA U T. 1.

CpoiicTBa 0232JILTOBLIX BOJIOKOH

Ilpennaraemblii UccieAyeMbId OTXOJ MOXKHO
pa3nenuTs Ha ABe Tpymmbl. [lepBas — 3TO He BEHITS-
HYBINKECS KaIlIM paciuiaBa (KOpOJibKH), oOpasy-
folqUecss B TIpoIlecce BOJOKHOOOpa3oBaHHS Ha
Oapabane kamephl BOJOKHOOCaxacHHS (puc. 1).
Btopast — BomokHa 0T 60KOBOI 00pe3KH, TOTydae-
MBIE Ha dTame pe3ku KoBpa. OTXon o0omx BUIOB

CKJUIAJI UCXOJHbIX
MATEPHAJIOB
(monmomuT, 6a3aneT, IUTAK, KOKC)

|

XPaHMUTCS IO OTKPHITBIM HeOOM. Exxeromno obpa-
3yercs 0Koyio 12—13 TeIC. T 0TX0/10B MUHEPATHHBIX
BOJIOKOH.

CBoiicTBa 0TX0Ja MCCIEIOBAHBI C HCIOIb30Ba-
HUeM obopyaoBanus benopycckoro pecmyOnukaH-
CKOTO TIIGHTpa 30HA0BOM Mukpockonuu (MHCTH-
TYT MEXaHWKH METAJUIOTOIMMEPHBIX CHCTEM HME-
Hu B. A. bemoro HAH benapycu). Otxon uccne-
JTOBAJICS. METO/IAMU CIIEKTPOCKOIIMU M ONITUYECKON
mukpockonuu. Ilpu pacmmdpposke MK-cnextpos
BOJIOKHA M KOPOJIBKOB, BBy MHOTOKOMIIOHEHTHOTO
COCTaBa, TEXHOJOTHH TPOM3BOCTBA U JPYIHX (ak-
TOpOB, OBIIM WCIIONB30BAaHBI CPABHUTENIBHBIE JIaH-
HBIC, TTOJNyYEHHBIC I CXOMHBIX 00pa3moB [7, §].
Jlist criekTpanbHOTO aHaiM3a JAWCIIEPCHOTO Oa3aib-
TOBOTO BOJIOKHA TIPUMEHSIICSI CIIEKTPOMETP C TIpe-
obpazoBanneM Dypre (NICOLET 5700 FT-IR).
Hambonee wHTEHCHBHBIE TIOJOCHI TMOTJIOMICHUS
OTHOCATCSA K 061acTsiM BoiH 600—1100 cM ', MeHb-
e — k 1200-1700 cm' (puc. 2). Iomock! mo-
TJIONICHUST B TICPBOM JHMAIa30HE BOJIHOBBIX UYHUCEI
COOTBETCTBYIOT KOJICOAHHSIM aTOMOB KPEMHUS U
KHCIIOPOJia, BO BTOPOM JMANa30HE — BAJICHTHBIM
konebannsim Me—O—H-caszeit. K-criekTp Kopoib-
KOB UMEET CXOJHBIC OYCPTAHUS.

[ToBepxHOCTH BOJNIOKHA, U3yYEHHAS] TIPU TTOMO-
I ONTHYECKOTO MHKPOCKOIA, POBHAas W TJa-
kas (puc. 3). JledhekTHBIX MecT Ha MOBEPXHOCTH
BOJIOKHA He oOHapyxeHo. CpemHuWid nuaMmeTp BO-
nmokHa B mpememax 5-10 mxm. CpemHior miu-
Hy BOJIOKHAQ OTPEAETUTh HEBO3MOXHO (BOJIOKHA
MMEIOT Pa3NUYHyI0 JIWHY) M, KaK CIEICTBHE,
COOTHOIICHHE X TMaMeTpa K AjuHe Toxe. Mccie-
JIOBaHHE TOBEPXHOCTH BOJOKHA U KOPOJBKOB
MPOBOJMIOCE C HCIOJIB30BAHUEM ONTHYECKOTO
mukpockorna Olympus BX41, oGopymoBaHHOTrO
nuppoBoi BHJeOKaMepoil. MeTolbl ONTUYECKON
MHUKPOCKOIIMM He TpeOyIoT CrenuanbHOH MoAro-
TOBKH BOJIOKHA.

Jlpobnenue 60koBoi 00pe3kn

HEHTPU®YTA

BATPAHICA, MHOTI'OBAJIKOBASL

|

>

KAMEPA
BOJIOKHOOCAXJIEHUA

©®OPMHUPOBAHME ILJIAT
(pe3ka, COPTHPOBKa, YTIaKOBKa)

>

N3menbuenue
KOPOJIbKOB

CKJIAJUPOBAHHME OTXOIOB
(KOPOIBKH H BOJIOKHHCTBIE OTXOZIBI)

Puc. 1. YHpOHIeHHaSI cxema 06p330133H1/I${ 0TXO0/Jia MMPOU3BOACTBA MUHEPAJIOBATHBIX IIJIUT

Fig. 1. Simplified diagram of waste formation during manufacturing of mineral wool plates
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Puc. 2. UK-cniextp 6a3aabTOBOTO BOJIOKHA

Fig. 2. IR-spectrum of basalt fibre

Puc. 3. Muxpogororpadust 6a3aibTOBOro BOJIOKHA

Fig. 3. Microphotography of basalt fibre

MHOTOKpaTHOE YBEIHUYCHHE OOCCIICUNBACTCS
HAIMYMEeM HECKOJNBKHX OOBEKTHBOB. IIpoBOomnTh
Oojee neTanbHBIE MCCIENOBAHUS METOJAMHU MUK-
POCKOITNH HerlenecooOpa3Ho, Tak KaK y)Ke Ha 3TOM
JTare MOATBEPAMINCH TPEATONI0KEeHHI 0 MOpGo-
JIOTUH TIOBEPXHOCTH BOJIOKHA.

IloaroroBka BoJIOKHA
U TEXHOJIOIusl acc])a.anoiSeTOHa

Jlia mecuaHoro acganbTo0eTOHA H/CaTbHOU SIB-
JSIeTCSl CTPYKTYpa ¢ MaKCUMAIIBHBIM COJIMKEHHEM
3epeH MUHEPAJIbHOIO MaTepuajia IpH ONTHMAaIbHON
TOJIIIHE OWTYMHOW TUTEHKH. J{MCTIepCHBIE BOJIOKHA
B TAaKOM MaTepHalie IOJDKHBI ObITh pABHOMEPHO pac-
MIpeeNeHbI 10 00beMy ac(aabTOBDKYIEro. Bomok-
Ha JIOJDKHBI OBITh pa3JieNieHbl, HeIOMYCTUMO 00pa3o-
BaHME ITyYKOB W KIIACTEpPOB, HE OOpabOTaHHBIX Bs-
KyluM. B 3ToM cityyae npu BO3AEWCTBUM CUIIbI B
mro00M HarpaBlIeHNH MHUKpoapMarypa Oyaer cro-
CO6CTBOB3TI> IIOBBILICHUIO (bI/ISI/IKO-MexaHI/ILICCKI/IX
CBOICTB mecuaHoro ac(haibToOCTOHA.

TexHOMOrNs MOTY4EHUs! IECYaHOro acganbTo-
0eTOHa TOCTATOYHO MPOCTAa MU SKOHOMHUYECKH (-
(exTUBHA, HO IPUBOJUT K MOBBIILICHHOMY Pacxomry
OWTyMa 3a cUeT YBEIMYCHUSI €r0 HECTPYKTYPUPO-
BaHHOM coctaBisole. Harpes Bsbkymiero 1o pa-
6oueit Temnepatypsl (140-170) °C xoTh U CHUXA-
€T BCJIMYUHY NTOBEPXHOCTHOI'O HATAXKCHUA GI/ITYMa,
HO HE TO3BOJISIET YMEHBIIUTH BA3KOCTH ISl OBICT-
poit U paBHOMEPHON 00pabOTKH BCEH YACIbHOU
MMOBEPXHOCTH MHHepajbHOro 3amonuuresns. Cosep-
HICHCTBOBaHHE TPEIIaracMON TEXHOJIOTHH TTeCYaHO-
ro acasbTO0ETOHa B ONTUMAIBHOM BHZE BKIIOYA-
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€T CIIeNyIOIIUe Talbl: MOATOTOBKY BOJIOKHA, TPHU-
TOTOBJICHHE CMECH MUHEPAIBHOTO TIOpOIIKA U
MOJM(HIMPOBAHHBIX ~ BOJIOKOH,  IPUTOTOBJICHUE
KOMIUIEKCHOTO ac(abTOBSDKYILEro, CMEIICHUE ac-
(aNbTOBSDKYIIEr0 W MHHEPAIBHOTO  3aIOJHHATEIIS
(Trecka I 0TCeBa KAMHEIPOOIICHHS).

JTan moAroTOBKH BOJIOKHA MPEIHA3HAYCH IS
OYMCTKH €ro OT 3arps3HSIONINX BKIIOYEHHUH (Tak
KaK OH XpaHUTCS IOJI OTKPHITHIM HeOoM), pasue-
JIEHWST OTXOJIa Ha BOJIOKHA M KOPOJILKH (TIpH HEOO0-
XOAMMOCTH), TPAaBJICHUS BOJOKHA U €ro CYIIKH.
[IpombinierHass ycTaHOBKa JOJDKHA UMETh pado-
4yl0 Kamepy, B KOTOPOW B Pa3IMUHBIX KHUJIKHX
cpeax MpH IMOMOIIM CMEHHOTO 000pyaoBaHUs
MIPOM3BOAUTCS MMOATOTOBKA BOJIOKHA (prc. 4). Tpas-
neHre 0a3aJbTOBOTO BOJIOKHA Pa3iIMYHBIX KOMIIO3H-
IMOHHBIX MaTepHaioB — JOCTATOYHO pacmpocTpa-
HEHHBIN mporecc [7-9], 1ens KOToporo — cosaa-
HUE Ha MMOBEPXHOCTH BOJIOKHA aKTHBHBIX IIEHTPOB,
WHTCHCHBHO B3aUMOJICHCTBYIONIMX C BSDKYIIHM,
WIM 3allUTHOW IUICHKH, TPENsITCTBYIOLICH pas-
PYLIECHUIO BOJIOKHA B MPOIECCE IMPHUTOTOBJICHUS
W OKCIUTyaTalluu KommosuTa. Jljisi JHUCIepCHOTro
apMHpPOBaHUS TiecUyaHOTo achanbToOETOHA HCCIe-
JIOBaHUS MOJJOOHOTO Pojia HE MPOBOIWINCE. MOX-
HO TIPEITOJIOKUTh, YTO TPABJICHUE B M3BECTKOBOM
pactBope [7] B HEKOTOPO# CTEIICHU YIyUIIUT CMa-
YUBAHWE BOJIOKHA BSKYIUM. BTOpBIM Ba)XHBIM
TEXHOJIOTHYECKUM PEIICHUEM SBJISIETCS MPUTOTOB-
JICHHE CMECH MHWHEPAILHOTO IOpPOIIKa M BCIy-
HIEHHOTO JucrepcHoro BosokHa [10] B 3TOM XKe
YCTaHOBKE.

[TpuroroBieHHas cMeCh BOJIOKHA W MUHEPAJb-
HOTO TIOPOINKAa Ha CIEAYIOLIEM J3Tare CMeIInBa-
ercs ¢ BsoKymmM. l[logoOHast AByXcCTyneHuYaTas
TEXHOJIOTHsI IPUTOTOBIICHHUS ac(anbToOeTOHA, CO-
[JIaCHO pe3yapTaTaM HcciegoBanud [11], mosso-
JSieT CHU3UTh NOTpeOHOCTh B Outyme Ha 10 %
(nns  TpaAMIIMOHHBIX IIECYAHBIX ac@albTo0eTO-
HOB). [lnst nucriepcHO-apMHPOBaHHBIX acgaibTo-
OETOHOB JIBYXCTYyIEHYATAs] TEXHOJIOTHS MPUTOTOB-
JIEHUS ellle He MpUMEHsIach. Y BeTMYeHNe IIIomia-
N YAEIbHOW MOBEPXHOCTH CMECH MHUHEPAIHLHOTO
MOpPOINIKa W BOJOKHA BBI3BIBAET HEOOXOIUMOCTH
B JIONOJHUTEILHOM BO3ISHCTBUM Ha KOMIIO-
HEHTHI ac(halrbTOBSKYIIETO B KaMepe CMECHUTEIIS.
J1st muctiepcHBIX CHCTEM BO3MOXKEH moaxon [12]
C HUCIOJb30BaHUEM BHOPAIIMOHHBIX BO3JCHCTBUI
Ha €ro KOMIIOHEHTHI: B BUOPAIIMOHHBIH CMECUTEINb
MOCTYIMAeT CMECh MOPOIIKAa W BOJIOKHA, TJAE TMPH
BO3/IeicTBIM KOJeOaHWH OHA TIEPEXOJUT B TICEB-
JOKUIISIIIEE COCTOSIHUE, a IOCIEAyIomas Tojaada
OuTymMa B STOT cMecuTenb (MIPH HEmpeKpararo-
mxcsl KojeOaHUsAX) MPUBOAWT K CHIDKEHHIO €ro
BSI3KOCTH M JIy4lIeMy OOBOJIAKMBaHUIO NMPH MEHbB-
mMX pacxojax outyma. BrmocneactBum acdanbTo-
BSDKYIIEE MTEPEMEIINBACTCS C IECKOM B CMECHUTETIe
acganbTOOETOHHOTO 3aBOA.
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IMonava Bombr Cunosas
WK pacTBOpa yCTaHOBKa
JUTSL TPABJICHUS
CmenHoe paboyee
obopyoBaHue
—— CHJIOBOU
YCTaHOBKH

OTBOJ BOJBI | PaGouas kamepa

WM pacTBOpa
JUISL TPABJICHUSI

Emkoctb
™ JUIs TpaBICHUS
U BCITyLIMBAHMS

Puc. 4. IlpuHnunuanpHas cXeMa yCTaHOBKU
UL HOATOTOBKH BOJIOKHA

Fig. 4. Principal diagram of plant for fibre preparation

BbIBO/IbI

1. CymecTByromasi TEXHOJIOTHS MIECYAHOTO ac-
(hampTOOETOHA HE ITO3BOJISET B MOJTHOW Mepe pea-
JM30BaTh NPEIJIOKECHHBIE TEOPETUYECKUE IMOJI0-
KEHUSI JUI OPTaHM3allMU OTHOPOIHOU CTPYKTYPHI
aucrepcHo cuctemsl. IIpy M3MeHEHUH YCIOBH
paboThI MeCYaHoro acQaibTOOETOHA B MOKPHITHH
OTHaJgaeT HeOOXOANMOCTh B MOBBIIICHHH BCEX €T0
(hu3MKO-MEXaHHYECKUX XapaKTePUCTUK.

2. BBeneHHe NHUCIIEPCHOrO BOJIOKHA B COCTaB
necyaHoro acgaabTobeToHa CONpPSHKEHO C HE0OXO0-
JMMOCTBIO OYHCTKH €ro OT NpHMecei M 3arpssHe-
HUI, pa3JefieHns Ha TPYIINBI CIeHUaNbHON 00pa-
0OTKH AKTUBATOPOM JIA YJIy4YIICHUA CMa4YuBaHUA.
Takast mociie10BaTeIbHOCTh MOKET OBITH peaIn3o0-
BaHa B MPOM3BOACTBCHHLIX YCJIOBHUAX TOJBKO IIO-
ciie pa3pabOTKH YHHBEPCAIBHOTO (Ui JaHHOU
TPYIIBI OTXO0B) MPOMBIIIIIEHHOT'O MOTYJIS.

3. PazgenbHOE TPHrOTOBICHHE Aac(aabTOBS-
JKYIIETO M MOCIEeNYIOIIee ero CMEIIeHUE C IECKOM
CHIDKAIOT MOTPeOHOCTh B OuTyMe 0e3 yXyIIIeHHs
cBoiicTB acanprobeToHa. Bo n3bexxanue obpaso-
BaHUsI KJIACTEPOB HEOOpaOOTaHHOE BSOKYILIUM JIHC-
NEepCHOE BOJIOKHO HEOOXOOUMO MpEABAPUTEIHHO
CMCUIMBATE C MUHECPAJIbHBIM ITOPOIIKOM ITpHU BO3-
JefcTBUM BUOpaLHU.
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Penienne KOHTAKTHOM 3a1a4M
JJIS Y312 ONMPAHMSA 0AJIOYHOM IIAPHUPHO ONEPTOil IVINTHI
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Pedepat. PaccmarpuBaercs pelieHne KOHTAaKTHOM 3aladél Ul IIAPHUPHOTO y3JIa ONHMPaHHUsS OAaTOYHOM IUIUTHI TIEPEeKpHI-
THs (MoKpbITHs). OCHOBHAS Lieb 3aKJIIOYACTCS B ONPEJIETICHUH HANPSHKEHHOTO COCTOSIHUS 00J1aCTH ONMMPAHMUS IUIUTHI Ha CTe-
Hy. IIpu sTOM pemraroTcs 3a1auu MOCTPOSHNUS SMIOPHI PEAKTUBHBIX JaBIECHHN B 00JIaCTH HEMOCPEACTBEHHOTO KOHTAKTa IIIUTHI
U CTEHBI, yTOUHEHHUs pACIETHOTO MPOJIeTa IUIUTHI, BIUSHUS pa3Mepa 30Hbl KOHTAKTa Ha BEIMYUHY MaKCHMAaJbHOTO U3Trubdaro-
IIero MOMEHTa B CEpeAWHE IUIUTHI, ONpENIeNICHUsT 00IacTH KOHTAKTa IPU Pa3IMYHBIX IOKa3aTelsiX TMOKOCTH U CpaBHe-
HUS NOJTyYEHHBIX PE3YJIbTATOB C U3BECTHBIM PEIICHUEM B3aUMOJEHCTBUS XKECTKOIO ITAMIIa U yIIPYTOH 4eTBEPTHILIOCKOCTH.
Pacuer Benercs meronom b. H. XKemoukuna, peanuzanus KOTOpOro Ui JaHHOHM 3a/1adud COOTBETCTBYET CMEIIAHHOMY METOY
CTPOHUTENPHOW MeXaHHWKH. B kadecTBe mpumepa pacdeT BBIMONHIETCS Ha COCPEOTOUCHHYIO HAarpy3Ky, NPHIOKEHHYIO B Ce-
peauHe mpoJieTa IINTHL. B Xoze uccne1oBaHus yCTaHOBICHO, YTO MPU OMHUPAHHH KeIe3006TOHHON ITHTHI KaK Ha OETOHHYIO
CTEHY, TaK U Ha KHPIMYHYIO 30Ha KOHTaKTa CBOAUTCS K IBYM ydacTkam JKemoukuna. [Ipy yMeHbIIeHHN TIOKa3aTelst THOKO-
CTH, 9YTO COOTBETCTBYET OIHMPAHMIO INTUTH HA MEHee )KECTKOE OCHOBAHHE, BO3PAcTaeT KOHTAKTHAs 00I1acTh, 4TO, B CBOIO OUe-
penb, BIUSET Ha yBEINUCHNE PACUETHOTO MpOJeTa IUTUTHI U M3rH0Aronero MOMeHTa B CepeinHe IUUTHL. B ciydae onmpanus
a0CONIOTHO JKECTKOM MINTHI (MOKa3aTelh THOKOCTU PaBEH HYJI0) KOHTAKTHBIE HANpPSKEHHs JOCTUTAIOT CBOETO0 MaKCUMyMa B
MeCTe KOHTaKTa Kpasi INIUTHI U YIPYroi 4eTBEPTHILIOCKOCTH. XapaKTep MIOpHI MOATBEPKAAETCS aHATMTHIECKON 3aBHCHMO-
CTBIO PACNpeAeNeHNs] KOHTAKTHBIX HAIMpPsOKEHUH, moilydeHHOH B. M. AnexcaHIpoBbIM IPU PEIICHUH 33491 O BAABIHBAHUU
JKECTKOr0 LITaMIla B IPaHb yIPYroro KiIuHa.

KiroueBble ci10Ba: koHTakTHas 3a1a4a, Mmero b. H. XKemoukuHa, ynpyras 4eTBepThIIOCKOCTD, Y3€i ONUPAHUs, LIAPHUPHO
orepras IUINTa, II0Ka3aTelb THOKOCTH

Jas mutupoBanus: bocakos, C. B. Pemenne koHTakTHOH 3agaun JuIsl y371a OMUpaHus OaJOYHON MIAPHHPHO ONEPTOH INIH-
o1 / C. B. Bocaxkos, I1. JI. Cxauék / Hayxa u mexnuxa. 2019. T. 18, Ne 4. C. 274-283. https://doi.org/10.21122/2227-1031-
2019-18-4-274-283

Solution of Contact Problem
for Supporting Node of Beam Hinged Plate

S. V. Bosakovl), P. D. Skachok”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper considers a solution of contact problem for hinged supporting node of beam floor slab (coating).
The main goal is to determine a stress state of the area where a plate rests on the wall. In this case, a number of problems are
solved: construction of reactive pressure diagrams in the area of direct plate and wall contact, clarification of the calculated
plate span, influence of contact zone size on a value of maximum bending moment in the middle of the plate, determination
of contact area at various indices of flexibility and comparison of the obtained results with the known solution of rigid stamp
and elastic quarter-plane interaction. The calculation has been carried out by the Zhemochkin method, its implementation for
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the given task corresponds to a mixed method of structural mechanics. As an illustration, the calculation has been performed
on a concentrated load applied in the middle of the plate span. In the course of the study, it has been established that when
a reinforced concrete slab rests on concrete and brick walls, the contact zone reduces itself to two Zhemochkin sections. When
a flexibility index is decreased that corresponds to slab support on a less rigid base, the contact area is increased, and that, in
its turn, has an influence on an increase of the calculated slab span and the bending moment in the middle of the slab. In the
case of an absolutely rigid plate support (flexibility index is equal to zero), the contact stresses reach their maximum value
at the point of plate edge contact and elastic quarter-plane. The nature of the diagram is confirmed by an analytical depen-
dence of contact stress distribution obtained by Aleksandrov V. M. when solving a problem of pressing a rigid stamp into an

edge of an elastic wedge.

Keywords: contact problem, Zhemochkin method, elastic quarter-plane, support node, hinged plate, flexibility index

For citation: Bosakov S. V., Skachok P. D. (2019) T Solution of Contact Problem for Supporting Node of Beam Hinged
Plate. Science and Technique. 18 (4), 274-283. https://doi.org/10. 21122/2227-1031-2018-18-4-274-283 (in Russian)

BBenenne

IIpn npoeKTHpOBaHMHM U CTPOUTEILCTBE 37a-
HUM ¥ COOPY>KEHUI BEChbMa OTBETCTBEHHBIE y4aCT-
KU — 3TO Y3Jbl CONPSDKEHHS W ONHpaHUs KOH-
crpykuuii. Kak H3BeCTHO, B cilyyae B3auMOJIEH-
CTBHS KOHCTPYKIMHI € pa3HbIMH MEXAHUYECKHUMH
XapaKTEPUCTUKAMU y3JIbl SBIISIFOTCS KOHLEHTPATO-
pamu HanpspbkeHuil. [1oaToMy BO3HHKaeT 3ajaya B
Oornee JeTampHOM MCCIIETOBAaHUHM HAIMPSDKEHHO-
neOPMUPOBAHHOTO COCTOSHUSL 30HBI KOHTAaKTa
pPa3IMYHBIX KOHCTPYKLMH, T. €. pelaercs Tak
Ha3blBaeMas KOHTaKTHas 3agada. Kpome Toro,
KOHTaKTHYI0 3aJady MOXKHO paccMaTpuBaTh Kak
pacdeTr KOHCTpYKIHi (6aJoK, IUTUT U Ap.) Ha YIPY-
TOM OCHOBaHUU, UCCIIEYsI Pa3HBIEC €0 MOJAECIU.

Bosnbiioi Bkilag B pa3BUTHE METOJIOB pacyeTa
KOHCTPYKLMI Ha yIPYroM OCHOBAHHHM BHECIH Ta-
ke ydensle, kak b. H. XXemouxun, A. Il. Cunu-
ubiH, T. A. Manukosa, I'. K. Kneiin, C. H. Knenu-
koB, b. I'. Kopenes, M. U. I'opGyno-Ilocanos,
B. U. Comomun, B. M. Anekcannpos u ap. [1-9].
Hawnbonee mpocrast — moziens ocHOBaHUST BuHKIIe-
pa, wim Monenb ko3 ¢unuenta nocrenu [8], uc-
NOJb30BaBIIAsACs, KaK MpaBWIIO, AJs pacuera Oa-
JIOK (JIeHTOYHblE (YHIAMEHTHI, IIMAIbl PETbCOB
u T. 1.). [lanbHeliiee pa3Butue QyHIaMEHTOCTPO-
€HUs MPUBENIO K TOSABJIECHUIO MHOTUX JAPYTHUX MO-
Jeneit, a Tarke ux komoOmHaimid. [Ipu sTom pac-
CMaTpuBaiach Kak JIMHEWHAas, TaK W HEJIMHEHHas
ux pabora [4-9]. Kaxnas monens oCHOBaHHS Xa-
pakTepu3yercsi KOHKpeTHOW QyHknueld [puna.
[TosTOMy TipM BBelIEHHHM KaKOW-TMOO MOJENH OC-
HOBaHMA TJIaBHAS 33/1aya COCTOUT B OIpEIeIeHUN
it Hero ¢yHkuuu ['puna.

Ocoboe MecTo 3aHUMaeT pelleHHe KOHTAKT-
HBIX 3aJa4 JAJs yNpyroro KiuMHA. OTHM BOIIPO-
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coM 3aHuMaiuch B. M. Anekcanapos, B. M. Ilect-
peuun, . A. Iloxapckuii, K. B. [Imutpuena
u ap. [1-3, 10-17]. B nanHoit cTaTbe UCTIONB3YET-
cs pemienue K. B. JIMuTpueBo#, TOCKOIbKY QyHK-
nua I'puHa Ui ynpyrod 4eTBEPTHIUIOCKOCTH
BBIpaKaeTcs B DJIEMEHTApHBIX (QYHKIHSIX, J0CTa-
TOYHO JIETKO MHTErpHpYeTcs H TuddepeHnupyer-
ca [10, 11].

IlocTaHoBKA 33424l M METOAUKA pacuera

Uccnenyercs HampspkeHHO-Ie(pOPMUPOBAHHOE
COCTOSIHHE y3JIa MAPHUPHOTO OIMHUPAHUsS 0aT0uHOM
IDTUTHI Ha CTeHy. ONpeaesioTcs peaKTUBHEIE JaB-
JIEHWS B MECTaX KOHTAKTa IUIUTHI U CTCHBI, U3TH-
Oarore MOMEHTHI M TIOTIEPEYHBIC CHITHI B TUTHTE.

ITpunumaercs:

— JUISA TUTHTHI CYHUTAIOTCS CIPABEIIMBBIMH TH-
rmoTe3nl m3ruda [18];

— B KOHTaKTHOIl 30HE HE YYHTHIBAIOTCS Kaca-
TeTbHBIC HATIPSDKEHUS;

— CTEHBI, Ha KOTOPBIC ONMHUpaeTCs IUINTA, TPH-
HUMAaeM B BHJIE YIIPYTHX YE€TBEPTHIIOCKOCTEI;

— CBSI3U MEX]Jy OCHOBAHHMEM W IUIMTOM CUUTa-
I0TCS OJHOCTOPOHHUMH, paOOTAIOIIUMHU TOJBKO Ha
CXKaTHeE.

[TocTaBieHHy0 3amady pacCUUTHIBAEM METO-
noMm b. H. XKemoukuna [5, 6]. Jlng sToro ob61acTh
KOHTaKTa YMPYyroro OCHOBAHUS U IUIUTHI YCIOBHO
pa30uBacM Ha y4acTKU PaBHOW JUIUHBI (Y4acTKU
JKemoukuna). B cepenune kaxaoro ydacrka cra-
BSITCSI BEPTUKAJIBHBIC JKECTKUE CBA3M, Yepe3 KOTO-
pbl€ OCYHIECTBIISIETCSI KOHTAKT IUIUTHI C YIPYroi
YETBEPTHIUIOCKOCTHI0. CUMTaeTCs, YTO YCHIHE B
CBS3M BBI3BIBAET PABHOMEPHO paCIpeICICHHBIC
KOHTaKTHBIE HANPSDKEHUS MO MIMPUHE ydacTKa.
B nentpe mponera Oanku BBOAMTCS 3alleMIICHHE.
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[lonydyeHHyI0 CTaTHMYECKHM HEONPEAETUMYIO CH-
CTEMY pEIllaeM CMENIaHHBIM METOJOM CTPOUTEINb-
HOM MEXaHUKH, TJE€ 3a OCHOBHBIE HEH3BECTHBIC
OpUHATH ycunus B CBs3siX JKeMoukrnHa U mepe-
MeleHus (Yroy MoBOpOTa W BEPTHKAIbHOE Iepe-
MeIlleHHe) BO BBEJCHHOM B CEpEOUHE IpoJieTa
TUTATHI 3a1emiieHn (puc. 1)

/

p A q
12 .. ) 0 n’ﬂ-l n+ln+2..2m| X
Kodod b

Al

a;

Eo, vo

Puc. 1. PacuetHas cxema 0ajJ04HOM IUTMTHI

Fig. 1. Design scheme of beam plate

Jis  HaxXOXKAEGHUS OCHOBHBIX HEW3BECTHBIX
CMEIIIaHHOTO METOJIa COCTABJISIETCS CHCTEMa KaHO-
HUYECKUX YpaBHEHHI, UMEIOIAs JUIl paccMaTpu-
BaeMOU 3aJ1aud O0COOYI0 CTPYKTYpY, OTJIMYAIONIY-
F0CS OT TPAIUITNOHHOM [6]:

81,1xl + 51’2x2 +...+ 617nxn +tuy+aQy+A p= 0;

8,1% +0,,% +...+8 +tuy+a,00+A, ,=0;

n,nxn

8n-*-l,n-*—lxn-*—l + 8n-*—l,n+2xn-%—2 +...+ 8n+l,2nx2n + MO +
+a,, 00+ A, p=0;
(1)
62n,n+1xn+1 + 82n,n+2xn+2 t+...t 6211,2nx2n + uO +

+ 0,90 +4,,p=0;

—ixl.+P=0; —iaixi +M =0,

rae O;; — K03 (OULUEHTHI IPU HEU3BECTHBIX B CBSI-
3ax JKemoukwHa; uy, (p — HEHU3BECTHBIC TIepe-
MEIICHUs B 3allleMJIICHUW; W — YHUCIIO YYaCTKOB
Kemoukuna; P, M — onopHbIe peakiuu 3aliemiie-
HUS OT JICHCTBHSI BHEIIHEH HArpy3ku (OHH Xe —
PaBHOJICHCTBYIONUE BHEITHUX CHIT).

B maTtpuunom Bujie cuctema (1) 3amuchiBaeTcs
CJIETYFOIUM 00pa3oM:

nA¥ +A, =0, ()

276

S, 0 1 aq
re A= ' -
i j 1 a,,
-1 -1 0 0
— -a,,; 0 0 |

MaTpula Ko3(pQHUIUEHTOB TPU HEH3BECTHBIX;

i:{xw“o,%}

A, — BEKTOp-CTONOEL CBOOOJHBIX UJIEHOB; [ —

BCKTOp-CTOH6CL{ HCU3BCCTHBIX,

ko3 purmeHT,

2(1—\/3).
“zn—Eo’ €))

Ey — Monyns nedopManuii OCHOBaHHS; Vo — KO3(-
¢unment [lyaccona ocHOBaHWMS.

KoaddurmenTs! mpu HEM3BECTHBIX YCHIHAX B
cBa3sx JKemouknHa onpenenstorcs mo Gopmye

Si,sz:Wi,j"'Vi,j: 4)

rae W;; — BepTHKalbHOE INEepeMENICHHE TOYKH 1
IUTUTBL OT JACHCTBUS BEPTUKAIBHOW €IMHUYHOMN
CHJIBI, TIPUJIOKEHHOM B TOuke j; V;; — mepemelne-
HUE TOYKHU i TOBEPXHOCTH YNPYTroi YETBEPTHILIOC-
KOCTU OT ACHCTBUSl €AUHUYHON CHUJIBI, PUIOKCH-
HOM B TOUKE j W pacrpeiesieHHoM no ydactky Ke-
MOYKHHA; § — TOKa3aTelb TMOKOCTH, 3aBUCSIIHNA
OT COOTHOIICHHUS >KECTKOCTEH IUIUTHI U OCHOBa-
Hus [5].

dopMyna sl OmpeneicHUs TepeMeleHUun
Oaku Cieayromas:

2
a. a. a.
-3, mpu g, 2a;;  (5)

a; a;, a;
Wi’j:l_z 37’—7 , ipu @, <a;,  (6)

rJe a; — KOOpIuHaTa TOYKH i, B KOTOPOM ompeie-
JseTcs TepeMelleHue; d; KOOpJHHATA TOYKH
MIPIIOKEHUS €IIMHUYHON CHITHI.

[TokxazaTenb rHOKOCTH [5]
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B nEBE 1-v;

é_le,,l,’ 1-vg’

(7

rae Ey, 1, Vi, — MOIYTb YyIPYTOCTH, MOMEHT MHEP-
mnn, kod¢p¢unueHt Ilyaccona 0ano4HON IUTUTHI,
b =1 M — mmprHa BRIIEIAECMOM MTOJOCH U3 COCTa-
Ba NIEPEKPHITHS.

Ynpyroe ocHOBaHHE paccMaTpUBAEMON 3aa4u
TIPEICTABIISIET YETBEPTHIUIOCKOCTE (pHC. 2).

1;]/_“_
A K. B

o=

T
4

12

ra:4
7N

Puc. 2. Ynpyruii xnus

Fig. 2. Elastic wedge

3ajaua oOmpeneseHUs TaHTCHLUAJIbHBIX I1e-

pemeneHnii Touek rpaHu 4B pemena B paborax K.
B. Amurpuesoii [10, 11]. Ecnu npunsts P =1, 10O
Ha OCHOBaHMHU €€ Pe3yJIbTaTOB UMEEM CIICAYIOIIYIO
dopmyny Ul OnpeAeneHns] OTHOCUTEIBHOTO BEp-
TUKAJIBHOTO NEpeEMENIEHUs] TOUKH K TMOBEPXHOCTH
YETBEPTHIUIOCKOCTH:

. 2

SA(a)

a2

1 T
V:Elll W +£Bl sech[C(a,a,r)]%—

a>  -r )
+(ij3 5, sinh’| C(a,a,r)]-cosh| C(o,a,r)] N

8a cosh’ [C(a,a,r)]

4o+ sin4q,
TAc A(0)= e ©)
. (o)
C(a,a,r)zgln(7j ; (10)
B, =—%(a)+
16(4oc5 —20°sin? 20— o sin4(x)' (11)

+ > ;
3(40L2 —sin? 20()
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16 1284’ (80" —3sin* 20—
- 3 N 3
4547 () 45(40(2 —sin’ 2(1)

—60° sin4o — ousin? (2a)sin(4a))

Bs

(12)

+8a’P,.

45(4oc2 —sin? 2(1)3

JInst ompeseneHus MepeMeIleHuss TOYKH TIpH-
JIOKEHHUSI €AMHUYHON CHJIBI pactpeessieM CHITy Ha
yuyacTke JKeMOouKHHa 1 BEIYUCIISIEM ONpeIeIeHHBIN
uHTerpan ot (8). UtoOwr BerYmcIuTh (8), mpeasa-
pPHUTENBHO packiansiBaeM B psini Teinopa BeIpaxe-
Hue (8) B OKpPECTHOCTH TOYKH ¥ =a W OepeM Iep-
Bble Tpu wieHa pana [10]. [Ipu aTtom otMeTHM, 9TO
JaHHBIE TIEPEMELICHUS] ONpEACISIIOTCS OTHOCH-
TEJIHHO BEPIUHBI KIIHHA (TOUKa B).

Jarnee perraem cuctemy ypaBHEeHHUH (2)

;:—lfrlﬁp. (13)
9!

[TonoxuTenbHbIE KOMIIOHEHTHI BEKTOpPA X CO-
OTBETCTBYIOT YCHJIUSM CKaTUs B CBA3sax JKemou-
KWHA, a OTPUIATENIbHBIE — YCHIIUSAM PACTSHKCHHUS.
[Ipu mapHUpHOM OmMMpaHWHM KOHCTPYKIMH TOSB-
JICHUE YCWIMH pacTsDKEHUH B CBs3sx JKeMoukuHa
TOBOPHUT OO0 OTPHIBE KOHCTPYKIMU OT OCHOBAaHHSA,
MO3TOMY JJiS OINpEACNCHUsT KOHTAKTHOM 30HBI
HEOOXOJUMO TOOYEPETHO YAAIATh PACTSIHYTHIC
CTEpXHH, T. €. BBIKIIIOYATh UX U3 PabOTHI ¢ mocie-
OyIoIuM mepecyeToM BekTopa (13) Ha kaxaoMm
mare. Takum o6pa3oMm, OpraHuzyeTcsi HTepaluoH-
HBI TPOILIECC, TMPU3HAKOM OKOHYAHHS KOTOPO-
rO SIBISIOTCS TOJIOKUTEIBHBIC KOMIIOHCHTHI BEK-
TOpax.

OTMmeTuM, YTO HalJICHHAS BEJIIMYMHA KOHTAKT-
HOH 30HBI B 3HAUUTEIBHOU MEPE 3aBUCUT OT ITOKa-
3aTels THOKOCTH &,

Pelenue mocraBjIeHHOM 321291

JI1sl 9uCIEHHOTO WMCCIICAOBAHMS HAIPSKEHHO-
ne(hOPMUPOBAHHOTO y3J1a OMMPAHUS paccMaTpHBa-
€TCS  JKeNe300€TOHHAs MHOTOIYCTOTHAs IUIATA
mapku [160-15 (Cepust 1.141-1, Beim. 2 «llane-
JIU TICPEKPBITUH KEJIe300€TOHHBIE MHOTOITYCTOT-
HBICY), OMMPAIOIIASCS 110 KOHI[AM Ha OCTOHHYIO CTe-
Hy (/=5,98 M — mmunHa mmater; £, = Ey =29 I'Tla;
vy =vo=0,18 — MexaHWYeCKHE XapaKTEPUCTUKHU
MaTepUaIoB JKeNe300€TOHHOW IUIMTHI W CTCHBI,

277



Cmpoumenvcmeo

npuHATBIe coriacHo Tab6n. 3.1 [19] mms Gero-
Ha knacca C16/20).

Tak kak miuuTa uMeeT mupuHy 1,49 M, a B
IUIOCKOH IIOCTAaHOBKE paccMaTpHBaeTcsl Mojoca
mupuaor 1,00 M, mns ompemencHUS MOMEHTa
WHEPLUHU TONEPEYHOr0 CeUeHUs BBIICIEHHON TO-
JIOCBI CUMTa€M MOMEHT HHEPLHUH MOMNEPEYHOTO
CEUeHHsI pacCMaTpPUBAaEMON MHOTOIYCTOTHOH IUIH-
THl C TIOCJIEIYIONUM TEePECYeTOM [UJIsl TIOJOCHL
[Ipu onpeneneHnn MOMEHTA HHEPIMH TIOMIEPEIHOE
CeYeHHE MHOTOMYCTOTHOM IIMTHI MPHUBOAUTCS K
9KBUBAJICHTHOMY TaBPOBOMY CEUYCHHIO (MCKIIOYa-
IOTCS TIYCTOTBI TUIUTHI), Ui KOTOPOTO M CUUTACTCS
MOMEHT WHEPIUH, TIPU 3TOM YUHTBIBaeTCs paboyast
apmarypa [20]. MOMEHT UHEpLIUH B IiepecdeTe A
paccMaTpuBaeMoii onocsl 1, =41547,9 - 107° m*.
[lo mprBeAeHHBIM T€OMETPHUYECKUM U MEXaHU4e-
CKUM XapaKTEPUCTHKaM CHCTEMBI «CTE€HA — Oaykay
UMeeM Ui ciiydasi OETOHHOW CTEHBI IMOKa3aTellb
rubOkoctn & = 134748. JlanHasi Benu4nHa, corjiac-
Ho (7), Oe3pa3MepHas.

I'myOuna onupanus Al IUTHI EPEKPHITHS, OMHU-
paeMoii o ByM CTOpOHaM, coriacHo 1. 6.4.2 [21]
JnomkHa ObiTh He MeHee 100 mM. B nmampHeimmx
pacuetax npuaIMaeM Al = 0,100 m.

KonnuectBo yuactkoB b. H. JKemoukuna B
MEPBOM HPUOIKEHUH IS KaXIOro ysia n=>5.
JlnnHa yyactka YKemMouknHa

Al
3

t (14)

®dopmupyeM Matpuity ko3¢ dunueHton (4) ka-
HOHMYECKUX YPaBHEHHH IIPH y4€TE TOJIBKO MEPBO-
ro ciaraemMoro GopMyisi (8).

CocraBisieM BEKTOp-cToNOCl CBOOOIHBIX HJIe-
HOB. [Ipunmmaem Harpysky P =27000 H/m, neii-
CTBYIONIYI0 Ha OalKy B BHJE COCPEIOTOYCHHOI
CHJIBI, TIPUJIOKEHHOW B cepeluHe Impojera Oai-
KM, T. €. B Hadaje KoopAuHat. [lockonbKy B Hada-
Jile KOOpAMHAT BBEJEHO 3allleMJICHHE, MepeMerie-
HUsI TOYeK OalKy B MecTaX YCTAaHOBKU CBS3Ei
’KemouknHa OT JEHCTBHS BHEIIHENH HArpy3KH paB-
HEI 0, a TaK)Ke MOMEHT B 3aIIEMJICHUU OT IEHCTBUS
BHEIITHEH Harpy3ku paseH 0.

Pemaem cuctemy NIMHEHHBIX anreOpanyecKux
YpaBHEHUI U NOJIydaeM BEKTOp Heu3BeCTHBIX. Co-
riracHo criocoOy [6], ycunus B cBszax XKemouknHa
€CTh PaBHOJICMCTBYIOIINE PEAKTUBHBIX JABJICHHUM,
PaBHOMEPHO pacHpeAelICHHBIX B KOKIOM y4acTKe
’KemoukrHa, MO3TOMY JIETKO HEPEUTH K SIIOpE
PEaKTUBHBIX JIABJICHUN — HEOOXOAUMO HANJICHHBIC
yCUJIUS TOAENUTh Ha JJIUHY y4yacTka JKeMouku-
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Ha (puc. 3). Touka A COOTBETCTBYET KpalO IUIUTHI,
TOYKa B — BepIIMHA KJIMHA.

PeaktuBHoe nasienue, Mlla
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Puc. 3. Dnropa peakTHUBHBIX JaBJICHUH B JEBOM Yy3JI€

Fig. 3. Plot of reactive pressures in left node

ITockonbky Harpys3ka IpPHIOKEHA B CEpPEeIUHE
[poJieTa IUIUTHI U INTyOMHA ONMpPaHUS IUIMTHI JUIS
JIEBOTO U MPABOTO Y3JI0B OJUHAKOBAs, TO U 3MIOPHI
PEaKTHBHBIX JIaBJICHHH B JIEBOM U TNPAaBOM Y3Jax
OJMHAKOBBIE.

CoriracHO TIpUHATOW cxeme pacdeta (puc. 1),
MOJIOXKUTENBHBIH 3HaK YCHJIMA COOTBETCTBYET
YCUIIMIO CKaTHsl B cBsi3u JKeMoukuHa, a oTpHLa-
TEIbHBIH — YCWIHIO pacTsKEHHs. YCWIHME pac-
TSOKEHUSI COOTBETCTBYET OTPBHIBY KOHCTPYKLHUH OT
OCHOBaHU, a CIJIEIOBATENbHO, CBA3H, B KOTOPBIX
MOSABIISIIOTCA PACTATHBAIOLINE YCHIIMS, «BBIKIIIO-
qarotcs» U3 pabotel. Iloouepenno ynanss «pac-
TAHYTBIE CBSI3W» U IEPECUUTHIBAs BEKTOP HEU3-
BECTHBIX, B KOHEUHOM HTOI'€ MPHUIEM K peabHOH
KOHTAaKTHOW 30HE, MPU3HAK KOTOPOW — TOJIOXKH-
TENbHBIC 3HAKH NPU YCHJIHMAX B OCTABIIUXCS CBSI-
3X. B cuiy cuMMeTpun 1€BOro M mpaBoro y3JjoB
Jajiee MPHUBOAMM 3IIIOPbl PEaKTHBHBIX JABJICHUI
TOJIBKO JIJIS1 JIEBOTO y37a (puc. 4).

Kak BugHO u3 puc. 4, ocramach oJHa CBSI3b B
paccMaTpuBaeMoM y3iie, OmKaiias K Kparo cTe-
HbL. [Ipu n = 20 KOHTaKTHAs 30HA TAK)KE CBOAUTCS
K O/1HO# cBsi3u JKeMOUKrHa, T. €. K IBYM y4acTKam
KemouxuHa.

VYcnoBumces B JajdbHEHIIEM IIPU UCCIEA0BAHUU
KOHTAKTHOW 30HBI NPUHHMATh KOJUYECTBO y4acT-
koB JKemoukrHa B ogHOM y37e onupanus i = 20.

Kak mokazanu BblUMCIICHHS, OCHOBHOW BKJIaJ B
onpeenenre ko3pduImeHToB 6;; (4) NpUHAUIEKUT
MepBOMYy cliaraeMoMy (GopMyIisl (8) U ydeT BTOpOro
U TPETHErO CJIAraéMbIX HECYIIECTBEHHO BIMAET Ha
KOHEYHBbIN pe3yibTaT. B manmbHeMileM yduThiBaeM
TOJIBKO TIEPBBIE JBA CllaraeMbIX ypaBHeHus (8).

Hayka
urexHuka. T. 18, Ne 4 (2019)
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Puc. 4. Dnropa peakTUBHBIX JaBJICHHI MOCIIE YAAICHHUS: a — OHOM PacTsHyTOM cBs3u; b — ABYX CBsi3eil; ¢ — Tpex; d — ueThIpex cBs3eit

Fig. 4. Plot of reactive pressures after removal of: a — one stretched bond; b — two bonds; ¢ — three bonds; d — four bonds

BenuuuHa KOHTAKTHOM 30HBI 3aBHCUT OT COOT-
HOIIICHHUST JKECTKOCTEW OIMMUPaeMOil KOHCTPYKIMH
¥ OCHOBaHUS, T. €. OT TOKa3atelns TuokoctH &. Pac-
CMOTPHM TaKXe OINMpaHWEe IUIMTHl Ha KaMEHHYIO
knanaky. [locnenoBarenmbHOCTh pacdyera OCTaHETCS
TIPEKHEH, U3MEHATCS TOJIBKO MEXaHWYECKHE Xapak-
TepucTHKH ocHoBaHus. CoracHo pasneny 7.6.2 [20],

PeaktuBHoe naBnenue, MIla
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MOJIyJb YIPYTOCTH KAMEHHOM KJIAJIKU B paccMaTpu-
BaeMoM ciydae Ey=FE=28,6 I'Tla u xoadpdunment
Ilyaccona vo=v=0,18. Takum o00pa3oM, IOKa3a-
TeNb TUOKOCTH TIPU OMTUPAHUH IUIUTHI Ha KAMEHHYIO
knanky & =44399,8. 3amada mpu TaKOM IOKazaTese
THOKOCTH MMEET TIOXOXKEe PEIlCHHE, KaK U B ClIydac
OeTOHHOI CTeHHI (puc. 5).

b
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Puc. 5. Dmopa peakTHBHBIX JaBJICHUH: a — 10 yOAJI€HHs PacTSHYTHIX CTEp KHEH; b — 1mocie yaneHust pacTSHyThIX CTEpXKHEH

Fig. 5. Plot of reactive pressures: a — before removal of stretched rods; b — after removal of stretched rods
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BennunHa KOHTaKTHOM 30HBI HAXOJIUTCS B Mpe-
JieNiax OJHOro yyactka YKeMouKuHa.

CpaBHHM BEKTOpPHI HEW3BECTHBIX IJII KaMEH-
HOH KJaaKu M 0eTOHHOM cTeHBI (Tadu. 1).

Tabnuya 1
CpaBHeHHe pelIeH s JJIs CTeH U3 Pa3HBIX MaTepHAIOB
IpH NEePBOi UTepanuu
Comparison of solution for walls from various materials
during first iteration procedure

PeaxruBHOe naBnenue B yuactkax JKemoukuna, MIla
Kamennas kinaaka beronnas crena
-19,297 —22,980
-7,246 —8,667
—4910 -5,905
-3,433 —4,167
-2,387 -2,942
-1,558 -1,974
-0,855 -1,153
-0,229 -0,421
0,350 0,256
0,898 0,904
1,432 1,538
1,960 2,174
2,493 2,824
3,039 3,500
3,606 4,214
4,204 4,982
4,842 5,818
5,531 6,747
5,974 7,396
8,285 10,557

W3 Tabn. 1 BuAHO, YTO IJII MEHEE KECTKOrO
OCHOBAHUS PEAKTHBHBIC TABJICHUs 110 aOCOIIOTHOM
BEJIMUMHE JIJIs y4acTKOB JKeMOUKHHA MEHbIIIE, YeM
U1t 6ojee jkecTkoro ocHoBaHusA. OmHAKO paBHO-
JEHCTBYIONIME B NEPBOM H BO BTOPOM CIy4asx
OyayT paBHbl P/2.

OcoOb1if MHTEpEC TPEACTABISIIOT JaHHBIE, TTOITy-
YyaeMble TPH PA3NUYHBIX MOKazaTensx THOKocTh &.
Paccmotpum nmns Havanma NpefenbHBIA  Cilydai
€=0, 9TO COOTBETCTBYET ONMUPAHHIO aOCOIIOTHO
KECTKOM TUIMTHI. DIMIOpa pacrpeieNeHus] KOHTaKT-
HBIX HaIpsDKEHWH HE WMEeT NPUHINIHAIBFHOTO
3HA4YCHUA — 6CTOHHa$I 9TO CTE€HA MJIM U3 KaMEHHOM
kinaaku. CuutaeMm cTeHy OeToHHOMW. J[nst maHHOTO
CITydas ToiTydeHa dITopa, IpUBeIeHHas Ha puc. 0.

UTo0bl yIOCTOBEPUTHCS B MPABUIBHOCTH TPH-
MEHSIEMON METOJIMKM pacdeTa, IOJIyYEHHBIE pe-
3YJIBTATHI IS CITy4ast ONMPaHUs aOCOTIOTHO KECT-
KOM TUIUTHI COIIOCTABUM C HpI/I6J'II/I)KeHHLIM TEOpEC-
ThyeckuMm pemenneM B. M. Anekcanmposa [9].
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B [9] paccmotpen caywail AeilcTBusi Ha TpaHb
IJIOCKOTO KJIMHA JKECTKOTo mrTamia (puc. 7).

PeaktuBHOE naBneHwmeE, 107! MITa
TE

6
5
4F
3
2

IB:’T‘

A
—-2980 2960 2940 2920 2900

X, MM

Puc. 6. Pacnipenenenvie HanpsyKeHUH B KOHTAKTHOM 30He
MIPU ONUPAHUH AOCONIOTHO XKECTKON MITUTHI

Fig. 6. Distribution of stresses in contact zone
while supporting absolutely rigid plate

Puc. 7. Cxema mrammna

Fig. 7. Stamp scheme

dopmyrna ans OmpeAeNeHHus SIMIOPHl KOHTAKT-
HBIX HalpsOKEHUHN 0o mTaMiioM [9]

BPy 2!

(r)= :
1 \/(rnB _ g8 )(rnB _an)

(15)

IJie ¥ — KOOpJUHATa TOYKH, B KOTOPOH OIpees-
€TCS PEaKTHBHOE JIaBJICHHE, OTHOCHTEIHLHO Bep-
MUHBl KIUHA; B — KO03(DPHUITMEHT, 3aBUCAIINAN OT
yria CTBOpa KiMHa o; P — paBHOACHCTBYOINAS
B y3JIe.

. T
g paccmaTtpuBaeMoi 3a1aun: oL = Z; a=0

4o +sin4o

. CoBMmecTHas
2(40c2 —sin? ZOL)

b=AI,

B(a) =

SMIOpa PEaKTHBHBIX JABICHHUN IOJ INTAMIIOM TIO-
Ka3aHa Ha puc. 8.

Hayka
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Puc. 8. CoBMecTHasI o1I0pa pEaKTUBHBIX JaBICHUN
OJ] IUTAMIIOM:
1 — peenne B. M. Anexcanaposa;
2 — 110 pacCUUTHIBAEMON METOIUKE

Fig. 8. Joint plot of reactive pressures under stamp:
1 — Alexandrov solution;
2 — according to calculated methodology

Takke CpaBHEHHIO TIOJICKHUT OIpEICICHHE
paccTosiHUSl 10 PaBHOACHCTBYIOIIEH KOHTAKTHBIX
Hanpspkenuit H. Ilo gopmyne (9) wnaitneno H =
= 0,073343 M, a TO TPEMIOKECHHOW METOIHUKE
H=0,0729351 m. IlorpemHocTts cocTaBuiIa

0,0729351-0,073343|
0,073343

-100 % = 0,56 %.

Pemenust 11 KOHTAaKTHBIX HANPSHKCHUN TIPH
PasTUYHBIX 3HAYCHHUSX TIOKA3aTelnsl THOKOCTH &
MIPEICTAaBJICHEI Ha pucC. 9.
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Puc. 9. Kpussle pacnpeneneHust HanpsHKeHUH
B KOHTaKTHOM 30He npu &: a — 10+1000; b — 25005000

Fig. 9. Stress distribution curves in contact zone with &:
a—10+1000; b — 2500+5000

Hayka
wTexHuka. T. 18, Ne 4 (2019)

[To puc. 9 BUIHO, YTO NIPHU YBEIHUYCHUM ITOKa-
3arensi THOKOCTH MPOMCXOIUT yYMEHBIICHHE KOH-
TakTHOW 30HBI. IIpU 3TOM eciud MPUHSATH, YTO HA
YEeTBEPTHIUIOCKOCTh ONHMPAcTCsl JKeIe300eTOHHAs
ITUTa, TO TOKa3aTenb THOKocTd (7) OymeT 3aBU-
CeTb OT MOAYJIs AehopMalii OCHOBAHHSI.

Tenepb BBIMOJHUM pacdeT KOHTAKTHOW 30HBI
C Y4eTOM MECTHBIX AeopManuii IUTUTHI B Y37
ormupanwus. [lockonbKy TriTyOWHA TUIOIIAIKUA OIIH-
panus Al B 1Ba paza MEHBIIE BEICOTHI OAITKH, YaCTh
OaJIKu B 30HE OTMPAHUS OyIeM paccCMaTpHUBaTh Kak
YIPYTYIO YeTBEPTHIIOCKOCTH (prc. 10).

[lepememennss TOYEK TpaHU YIOPYrod dYeT-
BEPTHIUIOCKOCTH TUIUTH BBIYHCISEM IO TOW JKe
dbopmyiie (8), 4TO W TEpEMENICHUS TOYEK TpaHU
OCHOBaHHMS. B cHily aHaJIOrMYHOCTH PacYETHBIX
MOJEJIEH YETBEPTHIUIOCKOCTEH IUIMTBHI U OCHOBA-
HUS HaOJFOAaeTCsl aHTUCUMMETPHsI OTHOCUTEIHHO
LIEHTPa MaTPHUIBl EANHUIHBIX MTEPEMEIICHUI TOYEK
MTOBEPXHOCTEH YEeTBEPTHILIOCKOCTH OCHOBAaHUS U
YeTBEPTHIUIOCKOCTU IUIMTHL. Hampumep, enuHwd-
HOE IlepeMelleHue V,4 TOYKM 2 OCHOBAaHUS OT
NefcTBUS €AMHUYHOM cuibl Xy = 1 paBHseTcd Te-
PEMEIIECHUIO TOYKU 4 OanKu OT JCHCTBHUS eAMHUY-
HOM citel X5 = 1.

B’

v anana
Aq}’ xgt’ Xngt’

A/

Eyvg

Puc. 10. PacueTHas cxema JIeBOTO y371a IIPU y4eTe
MecTHBIX fedopmannii: Ey, vy — MOIynb nedopmarn
n ko3 punuent [lyaccona ocHoBaHUS;
E,, v, — Moayns ynpyroctu u kodddumnment I[Tyaccona muter

Fig. 10. Design scheme of left node while taking
into account local deformations: E,, v, — strain modulus
and Poisson’s ratio of base;

E}, v, — elastic modulus and Poisson’s ratio of plate

[Ipu pacuere cuCTEMBI C YYETOM MECTHBIX Jie-
dbopmariii  K03PGUIUEHTEI TIPH  HEW3BECTHBIX
ycunusx B cBs3sX JKeMOUKuHa ONpeAemstoTcs 1o
crenyromei ¢popmyse:

— !
Si,j—éw,j+r/i,j+\|’l/i,ja (16)
!
rae V;;
YEeTBEPTHIUIOCKOCTH TUIUTHI, onpezensercs mo (8);
W — KO3 PUIUEHT, OTIPEACTICMbIi BRIpAKESHIEM

— CAUHUYHOC MCPEMCIICHUC TOYCK I'paHU
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_l—v
1-v

2
E
21, (17)
E
0 b
Kak nmokazanu manpHe#me pacuerbl, KOHTaKT-
Hasl 30HA IIPH YUYE€Te MECTHBIX AeQOpMallMid MIUTHI
yBenmauBaeTcs (puc. 11).

a
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Puc. 11. CpaBHEeHHE KOHTAKTHON 30HBI IPU Y4eTe
MECTHBIX AeopManuii mnThl (a) 1 6e3 ux yqera (b)
npu & =500

Fig. 11. Comparison of contact zone while taking
into account local deformations of plate (a)
and without taking them into account (b) with & = 500

OcobeHHOCTh pacyeTa Ha Ipyrue BUIBI HATPY-
30K 3aKJI0YaeTcs TOJIBKO B M3MEHEHHMH BEKTOpa-

cronbua cBOOOIHBIX WieHOB A,. Bech amroputm
pacdeTa OCTaeTCs MPEIKHUM.

BbIBOJIbI

1. IlpeanoskeH UTEpalMOHHBINA aITOPUTM OTIpe-
JeJIeHUs. KOHTAaKTHOM 30HBI y3/1a ONMpaHus 0anoy-
HOW HIApPHUPHO ONEPTOM IJIUTHI MPHU PELICHUH 3a-
nmaun metonoMm b. H. XKemoukuna.

2. B THIIA pacueTHbIi TposieT H3rHOaEMBIX
JIEMEHTOB NPUHMMAETCSI KaK CyMMa paccTos-
HUSI MEXIY BHYTPEHHHMHU IIOBEPXHOCTSMH OIIOD
U IOJOBMHOM MHHHUMAJIBHOM BEJIWYMHBI MEXIY
paboueli BBICOTOM CEUYCHHS M TOJIIUHBI OIIOPHI.
Kak moxaszanu BbIYMCIIEHUS, IPY OIMPAHUU KeJle-

282

300€TOHHON OaJIOYHOM MAPHUPHO OMEPTOU TUTHTHI
Ha CTEHY, BBITIOJIHEHHYIO KaK M3 OETOHA, TaKk W W3
KaMEHHBIX MAaTepHalloB, PACUETHBIN MpOJIET Ciie-
JyeT IPUHUMATh KaK

5Al
07320 (18)

rae ly — pacCTosiHUE MEXITy BHYTPCHHHMHU ITOBEPX-
HOCTSIMU CTeH; A/ — TITyOWHa OTTUPaHUS TIIHTHL

3. Ilpy w3MeHEHMM TOKa3aTenss THOKOCTH OT
0<E<10000 MakcUManbHBIH HM3THOAOIIUNA MO-

LO2SPL_ . PL
4

rne [ — paccTosHUE MEXTY OJVDKANIIMMU K BEPIIH-
HaM YEeTBEPTHILIOCKOCTEH CBs3IMU JKeMOoUuKuHa.

4. OCHOBHOE BJIMSHUE Ha pa3MEpbl 30HBI KOH-
TaKTa OKa3bIBACT COOTHOULICHHUE >KECTKOCTEH OIHU-
pacMoll KOHCTPYKIIMM W OCHOBaHwus. [IpmHuMMAas
IUTUTY a0COJIOTHO JKECTKOW, HauOOIbIIee peak-
TUBHOE JaBJICHUE BO3HHMKACT y Kpas ONMUpaecMOW
KOHCTPYKITUH, YTO TMOATBEPKIAETCA TEOpEeTHIe-
ckuM perenueM B. M. Anekcanapoga.

5. Yder MecTHBIX nedopMmanuii B IUIMTE yBe-
JTUYABAeT KOHTAKTHYIO 30HY OMUPAHUS.
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Abstract. Reinforcement corrosion of marine and coastal hydraulic structures due to chloride aggression and concrete carbo-
nization leads to a sharp decrease in structure safety. The reinforcement is subjected to a depassivation process as soon
as a chloride concentration on its surface exceeds a certain threshold concentration, or the pH value in a concrete protective
layer is decreased to a threshold value due to carbonation. Electrochemical reactions are realized with formation of corrosion
products due to penetration of oxygen up to reinforcement surface. This leads to cracking of the concrete protective layer and
decrease in reinforcement cross-section. The paper proposes a method for predicting a complex degradation of reinforced
concrete structures with due account of various mechanisms of corrosion wear that allows to develop efficient methods
for improvement of structure durability and maintainability which are operated in the marine environment. A methodology
for forecasting of reinforced concrete service life prediction has been developed under a combined effect of carbonization
and chloride aggression while using finite-difference and probability models. The paper takes into account initiation periods
of reinforcement corrosion and propagation periods for conditions of Sakhalin shelf zone. Field surveys of Kholmsk and
Korsakov port facilities are presented in the paper. Carbonization front and chloride content have been estimated according
to depth of the concrete protective layer. The paper proposes a model that allows to determine an average period prior to
repair while taking into account rate of concrete protective layer degradation caused by simultaneous action of two corrosion
processes: carbonization and chloride aggression.
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7Kese300eToH nNpu BO3AeMCTBMU KapOOHM3AMH M XJIOPUAHOMH arpeccuu:
BEPOATHOCTHAsI MO/JEJIb PACYeTa-IPOTrHO3a CPOKA CJIYKObI
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Pedepat. Kopposust apMaTypsl MOPCKHX W HPUOPEKHBIX THAPOTEXHUIECKHX COOPYXKEHHI BCIEICTBUE XJIOPUAHOM arpeccun
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POBaHIST KOMIUIEKCHOH Jerpa/ialiiy skeI1e300eTOHHBIX KOHCTPYKIHH NPHOPEKHBIX COOPYKEHH ¢ YIeTOM Pa3JIMIHbIX MEXaHH3MOB
KOPPO3UOHHOTO M3HOCA, YTO TT03BOJIIET pa3paboTarh 3(hGEKTHUBHEIE CIIOCOOB! MOBBIIICHHS JOJITOBEYHOCTH ¥ PEMOHTOIIPHTOJHOCTH
KOHCTPYKIIUH, 3KCILTyaTUPyeMBIX B MOPCKO# cpezie. Pa3spaboTaHa MeTOAMKa MPOTHO3UPOBAHHS JOJITOBEYHOCTH KEI€300€TOHHBIX
KOHCTPYKIMI MPH COBMECTHOM BO3AEHCTBHM KapOOHM3ALMU M XJIOPHIHOM arpeccHu C MCIOJIb30BaHHEM KOHEYHO-PAa3HOCTHOM
1 BEPOSITHOCTHON MOzIeNield. YUTeHbI IEPHO/Ibl MHULIIMMPOBAHMUS M PACIIPOCTPAHEHHUsI KOPPO3UH apMaTyphl Il YCIOBUH mIenb(hoBOH
30HBI ocTpoBa CaxaivH. BBIMOJIHEHB! TONIEBBIE UCCIIENOBAHMS COOpYXeHMi nopToB Xonmck 1 Kopcakos. IIpomssenena oneHnka
(poHTa KapOOHM3AIMH U COZIEPKAHUS XJIOPHJIOB 10 ITyOHHE 3aIuTHOTO cinosi 6eToHa. [Ipemoxena Mozielh, O3BOIISIOIIAsT OIpe-
JIeJTUTH CPEIHUI TIEPHOJT JI0 PEMOHTA C Y4eTOM CKOPOCTH JIETPaJalliy 3aIIUTHOTO CJI0sl OETOHA OT OJHOBPEMEHHOTO BO3JIEHCTBS

JBYX KOPPO3HOHHBIX MPOLIECCOB: Kap6OHI/I3aL[I/II/I n XJ'IOpH,Z[HOﬁ arpeccuu.

KiroueBble c10Ba: apMUPOBAaHHBIN OSTOH, KAPOOHHU3ALMS, XIOPUAHAS arpeccus, MPOrHO3UPOBAHUE CPOKA CIIY>KOBI, BEPOAT-

HOCTHas1 MOACIb

Jas uutupoanus: Jleonosuu, C. H. XKenezo0eToH npu Bo3aeiicTBUM KapOOHHU3AUH 1 XJIOPUIHOW arpecCUi: BEPOSITHOCT-
Hasi MOJIeNb pacyera-nporuosa cpoka ciayx6si / C. H. Jleonosuy, E. E. ansit, JI. B. Kum // Hayka u mexnuxa. 2019. T. 18,
Ne 4. C.284-291. https://doi.org/10.21122/2227-1031-2019-18-4-284-291

State of the Issue and Research Objectives

Existing models do not allow to take into due
consideration possible changes in operating condi-
tions, a combination of several factors of an ag-
gressive environment. Complex modeling of va-
rious factors makes it possible to take into account
the stochastic nature of the processes of carboniza-
tion and chloride aggression, changes in operating
conditions of structures or requirements imposed
on them.

The purpose of the study: to develop a metho-
dology for calculating of reinforced concrete struc-
tures durability for the climatic conditions of the
coastal Far East seas zone from the complex ef-
fects of carbonization and chloride aggression.

Objectives of the study: analyze the results of
studies on the complex effects of carbonization and
chloride aggression on marine concrete; to improve
the theoretical models of carbonization and chlo-
ride aggression, taking into account the crack for-
mation and propagation a in the protective layer
of concrete; to develop a probabilistic method for
predicting the service life of reinforced concrete
port structures, taking into account the complex
effects of carbonization and chloride aggression;
experimentally investigate the technical condition
of the reinforced concrete elements of the port
facilities in exploitation, and identify the specific
features of their degradation in the marine envi-
ronment, including taking into account technologi-
cal factors.

Verification of a deterministic model
for calculating the combined effect
of carbonization and chloride aggression

The deterministic model for calculating the
combined effect of carbonization and chloride ag-

Hayka
wTexHuka. T. 18, Ne 4 (2019)

gression on marine concrete based on the 2™ Fick
Law was verified.

A model for solving the differential diffusion
equation, J. Crank has been adopted, taking into
account the effect of carbonization on the transport
of chlorine ions in concrete. The basic equation
has the CI form:

* 2
aCVCI — DCI 0 Cf (1)
ot o’

(1} 1dac
1+ — |-

" 1+B—f
(%)

where oy, B, — empirical constants; a. — empirical
constants; d — coefficient of decrease in the con-
necting ability of chloride due to carbonization;
Cc) — general content of chloride in concrete; Cy—
content of free chloride in concrete; ¢ — operation
time; b — mass of knitting; x — depth of a protective
layer.

Extent of carbonization of concrete is defined
from a proportion:

%X.—100 % a

c?

%KC—-x % a

¢
where X, — extreme size of carbonization; KC —

carbonate component

Mcaco,

KC = 100 %; ©)

my

Mc,co, — Mass of a carbonate component; m,, —

the mass of a hinge plate of test, is defined experi-
mentally.
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Extreme size of carbonization is determined by
a formula

X.()=

2D

t 0,12 3
= =[O 1 (OCco, ()t [%j @
1

a

c

where f(¢), f (t), Ceo,(t) — funktion of in-

fluence of temperature, humidity and concentration
CO, on diffusion coefficient; a. — the coefficient
defining quantity CO,, necessary for transfor-
mation of all capable to be carbonated hydration
products; D, - initial coefficient of diffusion of

carbon dioxide in concrete.

For taking note CO, assessment of content of
carbon dioxide in air taking into account service
life of reinforced concrete structures is executed,
according to data of Keeling a curve. As concen-
tration of chlorides in the marine environment
changes depending on weather conditions, the
model of sea water impact on constructions is
modified by input of dependence on distance
between a construction and the coast [1-4].

For verification of model of joint action of car-
bonization and chloride aggression reinforced
concrete structures of the classes XC4 and XS3
under the terms of operation with average values
of parameters of concrete mix according to
EN 206:2013 and the minimum thickness of con-
crete protective layer on the joint venture
28.13330.2012 are taken. According to the offered
technique, calculations for these tab. 1 are car-
ried out.

Table 1
Basic data of final and differential model
Parameter, Site of Sakhalin Island
unit-ism. Northern Central Southern
Tonas °C 18,3 20,5 17,7
Tnins °C -7,3 -6,2 2,4
Wnaxs %o 86 81 85
Woins %6 74 76 71
wib 0,4 0,4 0,4
b, kg/m® 350 350 350
Carbonization
g 2,5 2,5 2,5
fo 5 5 5
E, kJ/mol 40 40 40
R, kJ/K 8,314-107 | 8314-10° | 8314-107
Cs, kg/m® 3,890- 10 | 3,890-10* | 3,890-107*
Deo, >S5 | 3399.10% | 339910 | 3,399 1074
T 0,12 0,12 0,12
Chloride aggression
E, kJ/mol 41,8 41,8 41,8
R, kJ/K 8,314-107 | 8314-10° | 8314-107
o 0,1185 0,1185 0,1185
By 0,09 0,09 0,09
Wi, %o 65 65 65
Con(L), kg/m® 6,2 6,2 6,2
m 0,4 0,4 0,4
to, days (years)| 28 (0,0767) | 28 (0,0767) | 28 (0,0767)
¢, year 50 50 50

For modeling the program in Mathcad (authors
D. Shestovitsky and E. Karapetov) executed on the
basis of final and differential approach is used and
modified (fig. 1, tab. 2).

Table 2
Results of modeling
Place of operation
Parameter, unit-ism.
Northern Central Southern
Front of carbonization (¢ = 50 of years), mm 30,80 29,60 29,40
Extent of carbonization 0,61 0,60 0,60
Concentration of chlorides on fittings depth without
carbonization (at ¢ = 50 of years), % 0,55 0,65 0,44
Too taking into account carbonization (at ¢ = 50 of years), % 0,65 0,60 0,54
Time of initiation of chloride corrosion without carbonization, year 50 40 43
Too taking into account carbonization, year 45 35 30
Hayka
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Fig. 1. Change of concentration of chlorides
in protective concrete layer taking into account
and without carbonization (the southern site):
Cci(x, t) — concentration of chloride ions in protective
layer without carbonization;
Cclearb(%, t) — concentration of chloride ions
in protective layer with carbonization.
Critical concentration of chlorides — 0,4 % or 1,4 kg/rn3

Results have shown, that carbonization has led
to release of chloride ions in pore’s solution, in the
investigation of what, service life of structures de-
creases.

Technique of probabilistic calculation
of joint action of carbonization
and chloride aggression

The technique of probabilistic calculation of
joint impact of carbonization and chloride aggres-
sion on concrete is developed. The equation of pro-
bability of refusal is the cornerstone:

P, =P(R-S<0)<P, 4)

where P, — rejection probability; P — admissible
probability of approach of a limit state; S — loading
function; R — function of resistance of a structures.

For chloride corrosion, in probabilistic state-
ment, represents value of concentration of chlo-
rides Ce(x, 7). C.; — parameter of critical (thre-
shold) concentration of chloride at the level of
bedding of fittings, which excess leads to corrosi-
on initiation. In this case probability of no-failure
operation:

P, =P({C,, —C(x,)} <0)<P. (5)

crit

Cci(x, t) decides on use of model, which is ba-
sed on the decision of the 2™ law of diffusion
of A. Fick by means of function of a mistake
of C. Andrade:

= 2ne+x
C(x,t)=C, ) a"|erfc| —— |-
(60=Co2, (2 Tl(t)_t]
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I %)
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k_ D2a (9)

where Dy = D¢, — coefficient of diffusion of chlori-
des of carbonized concrete; D, = D¢y,,, — coefficient
of diffusion of chlorides of not carbonized concrete.

The model is based on difference of coef-
ficients of diffusion in one cut (“skin-effect”), that
results or repair restoration of a protective layer
of concrete, or at action of a set of aggressive fac-
tors of the external environment on a structure. In a
case of joint action of carbonization and chloride
aggression, formulas (6) and (7) will be trans-
formed to a type:

o X
Cop, (10) = Cs Y a" | erfe| —mel™

n=0 2\ Dey o (1) -2 ) 10)
(2n+2)X€ -X
2D¢y ()1

2kC;
X
k+1

y ia”erfc (2n+1)x+k(x—X,)
n=0 2\/ DCl,cb t

where Cy — superficial concentration of chlorides, %;
x — thickness of a protective layer of concrete, mm;
(x) — inverse function of mistakes of Gauss; X.=
= X.(f) — depth of carbonization of concrete, mm;
t — time, years; k — coefficients from formulas (8)
and (9).

In a research resistance between layers, which
results from a difference of coefficients of diffu-
sion in one cut is also considered

—a-erfc

Ca,, (x,0)=
(11)

_ 2kC4R &
Cl, ( x,t)= Z a"erfc x
12
(2n+1)x+k(x—Xc) (12)
X B
2\/ DCl,cb !
where R — resistance between layers.
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C(x, t) calculates taking into account action
of carbonization how system from formulas (10)
and (12).

A row of basis variables enters estimated mo-
del of combined action of carbonization and chlo-
ride aggression. Recommendations about mean
values of these variables and their types of distri-
bution are offered. For the southern part of Sakha-
lin Island in tab. 3 their mean values, a standard
deviation and type of distribution are this.

Table 3
The concentration of chlorides for probable simulation

Southern part of Sakhalin Island
Parameter, —
unit-ism. | Distribution Average Standard
type value deviation
Cs, % Const 2,5 -
‘- mm Const Vector from B
’ aset {0-50}
DY o m*/s | Normal 11,689-10" | 12-10"
D} es Normal 2,387 - 1072 1,2-107"2
k., Normal 0,67 0,05
K Normal - -
K Const 273 -
k, Normal 0,80 0,05
k. Normal 1 0,125
to, year Const 0,0767 —
t, year Const Vector from -
24 aset {£,—50}
ncl Beta 0,3 a=0;b=1
Coipp %0 Normal 0,4 0,063

For the analytical solution of a direct problem
of determination of probability of resource refusal
and the return problem of definition of a percen-
tage resource of structures imitating modeling with
calculation of necessary functionalities, for exam-
ple, of the content of chlorides at the set depth,
service life, etc. 1s used.

For computer realization in the Matlab program
the calculation code for model of penetration of
chlorides taking into account effect of carboniza-
tion is written. Result of calculation of the prog-
ram — probabilities of resource refusal of a struc-
ture and indexes of reliability during service life
for various values of thickness of a concrete pro-
tective layer. At the first stage the program de-
termines depths of carbonization and change of
concentration of chlorides by depth (fig. 2-4).
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The Probability refusal of construction and index
of reliability are presented in fig. 5, 6 and tab. 4.
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Fig. 2. Growth of depth of carbonization eventually
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Table 4
Probability of refusal and the index of reliability
of reinforced concrete constructions, depending
on exploitation term for the southern site

of Sakhalin Island
Operation Probability Index
term of refusal p, of reliability
10 0,0001 3,688
20 0,005 1,102
30 0,190 0,173
40 0,849 —1,020
50 0,981 —1,660

Results of natural researche

The executed natural researches: visual survey,
determination of critical elements and areas, determi-
nation of strength and thickness of a concrete protec-
tive layer, the choice of test zones by results of mea-
surements.

In test zones are carried out: visual survey for
the choice of places of testing and sampling, check
of concrete protective layer depth, the choice of
places of sampling in “the worst places” of con-
struction, determination of carbonization depth by
phenol-phtalein test (6 and more places); selection
of plates for chloride profiles (at least six plates in
each test zone of the minimum size of 70x70 mm
and minimum depth of 50 mm).

The laboratory is defined: by means of an ion-
selective electrode value of concentration of chlo-

rides on depth of samples, phenol-phtalein test —
carbonization depth.

Results of modeling of joint action of carboni-
zation and chloride aggression and their compari-
son with experimental data (tab. 5).

The good convergence with probabilistic mo-
del and satisfactory with final and differential is re-
ceived (the last doesn't consider “skin-effect”).
The diffusion coefficient in final and differential mo-
del is constant at all depth of a protective layer, i. e.
there is no breakdown on 2 layers with differrent dif-
fusion and there is no resistance between these layers
therefore concentration of chlorides in a zone near
reinforcementit is overestimated. However, this mo-
del can be applicable for calculation of joint action of
carbonization and chloride aggression with a small
depth of carbonization when “skin-effect” doesn't
exert considerable impact on concentration of chlo-
rides in a zone near reinforcement.

Thus, with an insignificant depth of carboniza-
tion (up to 8 mm) calculation can be conducted on
final and differential model, at considerable — va-
lues are overestimated and calculation should be
conducted on probabilistic model. In practice with
a depth of carbonization up to 8 mm the effect of
joint action of carbonization and chloride aggres-
sion isn't considered, and the DuraCrete model is
used. Thus, the most exact model — probabilistic.

Table 5
Comparison of computational and experimental results
Age Depth The measured The measured Concentration
The place . . . 0 .
Type of selection of test ofa cqonst— of a protective concentration concentration of Cl,. A] on probabi-
ruction layer, mm of Cl, % of Cl, % listic model

Holmsk sea trade port
10 2.4 2.80 2.20
. 20 1,97 2,20 1,90
X4 i‘{;‘ﬂfﬁﬁﬁ;’ﬁiﬁ; 33 30 1,64 1,81 1,62
40 1,10 1,20 1,03
50 0,51 0,58 0,49
10 2,25 2,28 2,21
. 20 1,98 2,21 1,94
X5 Reinforced con(.:rete 33 30 1,68 1,82 1,62
beam of the bridge 20 110 1.20 1.03
50 0,50 0,58 0,49

Korsakov sea trade port

10 2,32 2,76 2,13
20 1,81 2,19 1,77
k4 | Thebase g;doer the 44 30 1,46 1,77 1,44
sign 40 1,10 1,17 1,07
50 0,55 0,63 0,53
10 2,32 2,79 2,15
Reinforced concrete 20 1,81 1,22 1,80
K5 foundation under 46 30 1,48 1,81 1,50
pipes. 40 1,10 1,23 1,10
50 0,55 0,65 0,55
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Probabilistic model for determination
of parameters for repair
of a concrete protective layer

It is supposed that the irreversible consequen-
ces leading to chloride corrosion of fittings in car-
bonized concrete can begin already at concentra-
tion of ions of chloride of 0,2 %. Using this value
as critical at which it is necessary to make repairs
of a concrete protective layer, and also using mod-
el for the double environment formulas (10)
and (12), the program of calculation of average
time and depth of repair of the damaged protective
layer which also allows to predict construction ser-

vice life, but already taking into account repair is
developed (tab. 6, fig. 7). As material for repair the
solution similar to initial composition of concrete
is chosen. Probability of refusal and the index of
reliability are represented in tab. 7 and fig. 8, 9.

After 50 years of operation in the most adverse
region of Sakhalin Island under the terms of opera-
tion, the probability of refusal was p,= 58 %. Thus,
repair of a construction by the method of replace-
ment of a carbonized layer new with simi-
lar characteristics increases strength. For example,
in a construction, in which corrosion after 29 years
of operation was initiated the modern times of ini-
tiation are 45 years.

Table 6

Service life of a reinforced concrete construction, taking into account repair of a concrete protective layer

Parameter, measurin Place of operation,
’ g Southern part Sakhalin Island
Time of initiation of chloride corrosion without replacement of a carbonized layer, year 29
Design service life without replacement of a carbonized layer, year 33
Average time of replacement of a carbonized layer, year 16
Average depth of replacement of a carbonized layer, mm 24.5
Time of chloride corrosion initiation, taking into account replacement of a carbonized layer, year 45
Design service life, taking into account replacement of a carbonized layer, year 49
0,50 0,6 7
< 045 Vowas = 61
< 040 / g 05 &
o] =5 A\
S 0,35 A 5 o4 2
£ 0,30 / - s 4
1 (5] =l
5 025 P 203 < 3 =
£ 0,20 P 5 ) e
2 015 r £ 02 £
S 0,10 & E ‘
© Y 0,1 0 i
005 | ~
‘ | -1
0 10 20 30 40 50 0 30 40 50 0 10 20 30 40 50
Time (years) Time (years) Time (years)
Fig. 7. Change of Concentration of Chlorides Fig. 8. Probability of refusal Fig. 9. The index of reliability
in zone near reinforcement for all term of the repaired construction of the repaired construction
of an exploitation taking into account repai
Table 7 CONCLUSIONS

Probability of refusal and the index of reliability
of the repaired reinforced concrete construction,

depending on operation term for the most adverse region

of Sakhalin Island under the terms of exploitation

Operation Probability Index
term of refusal p, of reliability 3
10 0,0001 4,27
20 0,0008 3,29
30 0,0120 2,00
40 0,1090 0,44
50 0,5820 -0,57
290

1. On the basis of the analysis of models of
joint action of carbonization and chloride aggres-
sion of a concrete protective layer and verification
with experimental data the model for assessment of
durability of sea reinforced concrete constructions
considering the following factors is defined: thick-
ness of a concrete protective layer; coefficients
of diffusion of chlorides in carbonized and not car-
bonized concrete; critical content and superficial
content of chlorides, superficial amount of CO,,
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their time of influence; sea conditions; front of
carbonization, etc.

2. The technique of determination of repair
term of a constructions and depth of concrete pro-
tective layer repair of constructions is developed.

3. The technique of forecasting of durability
of reinforced concrete constructions at influence
of the hostile marine environment, taking into ac-
count repair of a constructions is developed and
with use of probabilistic model of calculation.

4. Verification of results of probability calcula-
tions of refusal of reinforced concrete elements for
the offered probabilistic model is executed.

Recommendations about practical
use of results

The developed models allow to count the car-
bonization depth, concentration of ions of chloride
at the set depth, the term of exploitation of a con-
struction, time of possible repair and depth of pos-
sible restoration of a concrete protective layer for
a coastal and shelf zone of the Far East.

The developed technique of forecasting of du-
rability of reinforced concrete constructions at joint
impact of carbonization and chloride agression
with use of final and differential calculation model
is offered to be used with a depth of carbonization
up to 8 mm.

The developed technique of forecasting of du-
rability of reinforced concrete constructions at joint
impact of carbonization and chloride agression
with use of probabilistic model of calculation can
be used:

— at assessment of operational suitability (safe-
ty) at inspection of reinforced concrete construc-
tions of coastal and shelf constructions;

— when forecasting service life of again pro-
jected reinforced concrete designs;

— when calculating necessary thickness of a
concrete protective layer of the projected reinfor-
ced concrete constructions at the set service life
and service conditions;

— when calculating service life of concrete in
specific conditions of exploitation;

— when forecasting term of repair of the opera-
ted constructions.

The received results can be used in design of
new constructions and/or repair (reconstruction)
of the existing constructions, operated in aggres-
sive conditions of the marine environment and also
in educational process.
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TexHoJsiorus u pu3NKo-MexXaHNYeCKHe CBOMCTBA KePaM3UTONEHO0eTOHA
JJISI MOHOJIMTHOTO U COOPHOI0 CTPOUTEJIHLCTBA

Nnx. M. M. Mopzmql)

DBenopycckuit HaMOHAIbHBI TexHHUecKui yHuBepcuTeT (MuHCK, Pecry6imka Benapycs)

© benopycckuiil HallMOHANIBHBIN TEXHUYECKUH yHUBepcuteT, 2019
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Pedepat. B pesynbrate TEOpETHUSCKUX M IKCIEPUMEHTAIBHBIX UCCICAOBAHUM monydeH 3 deKTHBHbINA, He HOABEPKEHHBIN
SBJICHUSAM OCAJKU U YCaAKU TETIOM30IAMOHHO-KOHCTPYKIIMOHHBIH MaTepual — KepaM3UTONEHOOETOH B IMANa30HEe OCHOB-
HBIX NIPUMEHSAEMbIX B CTPOMTEIBCTBE MapoK 1o cpefnell miotHocty D300-D700, xapakrepusyrommiics Ha 5-31 % Ooblueit
MPOYHOCTHIO U Ha 8—27 Y% MopysaeM ynpyroct, a Takxke 6oinee BeicokuM (<30,7 %) ypoBHEM MapONpPOHUIIAEMOCTH U BJIAro-
otnaun (Ha 17,4-46,7 %) npu menpmmx (Ha 10,0-83,2 %) BenmumHAX BOAOMOTIONICHHS, COPOIMOHHON BIQKHOCTH M TEILIO-
TIPOBOIHOCTH IO CPAaBHEHHIO C STMEUCTHIM OETOHOM aBTOKJIABHOTO TBEPJCHHS M IIEHOOETOHOM paBHOH IUTOTHOCTH. Paspabo-
TaHA TPEXCTaJUHHAs TEXHOJOTHUS IPHUTOTOBICHHS KEPaM3HTONEHOOETOHa, Ha MEePBOH CTaguy KOTOPOH TOTOBAT IIEMEHTHOE
TECTO, KyIa Mpu HeoOXOJUMOCTH BBOJST ONTHMAJIbHOE KOJMM4IecTBO yckoputens TBepaeHus (1 % CaCl, ot maccsl ieMenTa)
M YIUIOTHSIOMNE CTPYKTYpy HemeHTHoro kaMus (1 % AL, SO, oT Maccs! 1ieMeHTa) 100aBKH, IPEIOTBPAIIAIONIIE OCAJIKY CBSI-
3yromiero (meHo0eToHa) IpH HOCIeAyIomeM TBepAeHnH, a B couetanuu ¢ 0,5 % ot maccsl nemenTa «[ mapokcunponuiMe-
tunennonossl YCK-200 TT» — u ycaaxy neHo- 1 KepaM3UTONIEHOOETOHA ITPH HOCIEAYIOMEM BEICHIXaHUH (BBICYIIMBAHHN).
Ha BTOpO# cTaguu mopu3yioT CBS3YIOLIEe, BBOS B IEMEHTHOE TECTO OENKOBBINA IeHooOpazoBaTens Laston B onTHMaabHOM
(B 3aBHCHMOCTH OT 3aJJaHHOH INIOTHOCTH) KoyrdecTBe mpuMepHo 0,5-1,3 % oT Macchl eMeHTa, a Ha TpeThell cTaguu B IpH-
FOTOBJICHHYIO IEHOOETOHHYI0 CMeCh BBOJAT KEPAM3HMTOBBI IpaBuil (B PalMOHAIBHOM KOJMYeCTBE HpumepHo 0,7-0.8 M’
Ha | M’ KepaM3UTONEHOBETOHA) IIPH HEIPEPHIBHOM CMEILHBAHHK B TeueHne 60-90 c. Pa3paGoTaHbl METOIMKH PacyeTa COCTa-
BOB IIEHO- U KEePaM3UTONCHOOETOHA, 0OOCHOBAHBEI PEKUMBI ()OPMOBAHUS KEPAaM3HTOIEHOOETOHA BBHICOKOH CTEIEHH OJHO-
poxHOCTH (KOS (HIMEHT BapHalWH IUIOTHOCTH U NPOYHOCTH Vi < 6,2 % NpH IPOU3BOACTBEHHOM (OPMOBAHUH CIIOSIMU
BBICOTO# 10 1500 MM), uTO moaTBepkaaeT 3P HEeKTUBHOCTD Mpe/IaracMoi TEXHOIOTHH.

Knwuesble ciioBa: CMCHT, HeHOO6pa30BaTeJ'H), KE€pamM3ur, HCHO6CTOH, KepaM3I/ITOHeH06eTOH, TEXHOJIOI'UA, CBOfICTBa, J10T-
HOCTb, IPOYHOCTD, TCIJIOIPOBOJHOCTDL

Jas nurupoanusi: Mopaudu, M. M. TexHosnorus u Gpu3nKo-MeXaHUYECKUE CBOMCTBA KEPaM3UTONEHOOETOHA 11 MOHOJIUT-
Horo u cbopHoro crpoutensctsa / M. M. Mopauu // Hayka u mexnuxa. 2019. T. 18, Ne 4. C. 292-302. https://doi.org/10.
21122/2227-1031-2019-18-4-292-302

Technology and Physico-Mechanical Properties of Claydite Foam Concrete
for Monolithic and Prefabricated Construction

M. M. Mordzich"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Theoretical and experimental investigations have resulted in obtaining an effective insulating and structural materi-
al (claydite foam concrete) that is not subjected to slump and shrinkage in the range of main grades used in construction in
terms of average density D300-D700, characterized by 5-31 % greater strength and 8-27 % elasticity modulus, as well as a
higher (<30.7 %) level of vapor permeability and moisture return (by 17.4-46.7 %) with lower values (by 10.0-83.2 %)
of water absorption, sorption moisture and thermal conductivity in comparison with aerated concrete of autoclave hardening
and foam concrete of equal density. A three-stage technology has been developed for preparing claydite foam concrete. At the
first stage cement dough is prepared and if it is necessary an optimum amount of hardening accelerator (1 % CaCl, from ce-
ment mass) and additives condensing cement stone structure (1 % Al,SO, from cement mass ) are introduced into it, they
prevent slump of a binder (foam concrete) during the subsequent hardening, and in combination with 0.5 % from cement mass
“Hydroxypropylmethylcellulose YCK-200 TT” — and shrinkage of foam and claydite foam concrete during the subsequent
drying. At the second stage, the binder is aerated while introducing protein-based foam agent (Laston) into the cement dough
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in an optimal amount (depending on the given density) 0.5-1.3 % from the cement mass; and at the third stage, expanded clay
gravel is introduced into prepared foam concrete mixture (in rational amount of approximately 0.7-0.8 m® per 1 m® of claydite
foam concrete) with continuous mixing for 60—90 seconds. Methodologies for calculation of foam- and claydite foam concrete
compositions have been developed; molding modes of expanded clay foam concrete with high degree of homogeneity (varia-
tion coefficient of density and strength v, < 6.2 % in the process of manufacturing molding with layer height up to 1500 mm)
have been justified that confirms efficiency of the proposed technology.

Keywords: cement, foam-producing agent, claydite, foam conrete, claydite foam concrete, technology, properties, density,

strength, heat conductivity

For citation: Mordzich M. M. (2019) Technology and Physico-Mechanical Properties of Claydite Foam Concrete for Mono-
lithic and Prefabricated Construction. Science and Technique. 18 (4), 292-302. https://doi.org/10.21122/2227-1031-2018-18-

4-292-302 (in Russian)

BBenenne

OmHOW W3 Ba)KHEUIMX 3aJa4y MPU CTPOUTEIIb-
CTBE U JKCIUTyaTaIluy KWIUIIHOTO (hoHna Pecy0-
muku bemapyck sBisiercs oOecrnieueHue TpeOoBa-
HUN K TEIUIOM3OJUPYIONICH (YHKIMH HapyKHBIX
OTPAXKJAIOIINX KOHCTPYKUMM 3nanuil. IloaTomy
COBEPIIICHCTBOBAHHNE TEXHOJIOTWH TTONYYEHHS JHEp-
rod((PEeKTUBHBIX CTEHOBBIX MAaTEPHANOB, KOTO-
peie couerann Obl HHU3KYIO TEIUIOIPOBOJHOCTH
C JOCTaTOYHBIMH TPOYHOCTHBIMH XapaKTePUCTH-
KaMHd, T. €. oOecleynBaiy panuoOHAIBHOE COYeTa-
HUE TEIUIOM30JUPYIOMeH W Hecymed (QyHKIui,
MIPEJICTABISIET aKTyaIbHYIO 337139y .

[IpuBeneHHBIM KpUTEPHSIM B HauOOJBIICH Me-
P€ COOTBETCTBYIOT JIETKHE OCTOHBI MTOPH30BAHHOM
CTPYKTYpPBI, B YACTHOCTHU IPOU3BOJIMMBIC B HallleH
CTpaHE W3JIeNIUs W3 aBTOKJIABHOTIO SYEUCTOTO Oe-
TOHAa Ha OCHOBE W3BECTKOBO-KPEMHE3EMHUCTOIO
BSDKYIIETO C WCIIOJIb30BAHUEM W3BECTU-KHUIICIKH.
DTa TEXHOJIOTUS OPUCHTUPOBAaHA HA IMPOU3BOACT-
BO MITYYHBIX W3JENNN 3aBOJICKOTO HM3TOTOBJICHUS.
C pacmipeHneM CTPOUTENHCTBA U3 MOHOJIWUTHOTO
OeToHa TMOSBWIACH TOTPEOHOCTH B TEXHOJIOTUH
STIEUCTOTO OETOHA, KOTOpas Morjia Okl 00eCIIeUnTh
YCIIOBHS BO3BEJICHHSI OTPaXTAIONINX KOHCTPYKINH
¢ TpeOyeMbIM TEPMHUYECKIM COIPOTUBICHUEM
TerIonepeade MOHOJIHUTHBIM criocobom. Tpamu-
IMOHHAS TEXHOJIOTUS SYCUCTOr0 OETOHA TaKue
yCIIOBUS He obecrieunBacT. B 3T0ii CBs3M mepcrek-
THUBHO WCIIOJIb30BAaHUE B MOHOJUTHOM CTPOMTEIb-
CTBE SIYEUCTOr0 OETOHA, MMOJIYYEHHOTO C MPUMEHE-
HUEM IIEHOO0pa3oBaTelieH, T. €. neHobeToHa [1-3].

OpnHako B MPOIECCE MCCIACIOBAHUA M MPaKTU-
YECKOI'0 HKCIIOJIb30BaHUSl BBISIBUJIMCH HEIOCTATKU
MEHOOETOHa, KOTOpBIE CBSI3aHBI C HECTAOWIBHO-
CTBIO CBOMCTB IIEHOOETOHHBIX CMECEH, YTO 3aTeEM
TIPOSIBIISIETCS B TIOBBITIIEHHOM ocajike (M ycaake) u
HEOIHOPOIHOCTHA CTPYKTYpBl W CBOMCTB 3aTBep-
JIEBIIIETO MaTepuana, T. €. B ypPOBHE M IIOCTOSHCTBE
ero (pM3MKO-TEeXHWYECKUX TOKa3aTelel, ompene-
JSIIOIIMX KauyeCTBO KOHEUHOM mponaykuuu. Pemre-
HYE JaHHOH 3aj]au 3aKIII0YaeTCsl B CO3/IaHUHU KOH-
IJIOMEPAaTHOTO MaTepuaia — KepaM3HTOIIEHOOETO-
Ha, TIOJYYEHHOTO C TIPUMEHEHHEM 0C000 JIETKOTO
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KepaM3uTOBOro 3amonuutens  (pk <400 kr/m’)

1 TIeHOOETOHHOTO CBSI3YIOIIETO CO CPETHEH TUIOT-
HOCTBIO Pgp, ~ (200-800) KI/M’, 9TO TIO3BOJIAIO TI0-
JYYUTh MaTepHaj C OAHOPOTHOHN (HE MOIBEPKEH-
HOM ocajke) CTPYKTypoH B [uama3oHe cpenHel
miotHoctu 300700 KF/M3, oOecrnieunBaronuil Tpe-
OyeMmble TeIIopU3NUECKUE U TPOYHOCTHBIC XapakK-
TEPUCTUKH ISl BO3BOJUMBIX CTEHOBBIX (BHYTPEH-
HUX W HApY)XHBIX) U HWHBIX CTPOUTEINHHBIX KOH-
CTPYKIIUM.

Texnomorus IPUTOTOBJICHHA ITIOPU30BAHHOI'O
CBA3ZYHOLIEIro KOMIIOHEHTA — neHo0eToHa

Jna monydeHus KepamM3UTONEeHOOETOHa C He-
00XOJMMBIMU CBOWCTBAMH B JHMama3oHE MapoK
mo cpeaneil mwiotHoctd D300-D700 HyX)HO 1O-
noOpaTh TMEHOOETOH C ONTUMATbHBIMH (PU3HUKO-
MEXaHUYECKUMHU CBOMCTBAMH. YUMTBIBAs, YTO IJIOT-
HOCTh KEpaM3HUTOINICHOOETOHA 3aBUCHT OT CPEIHUX
TUIOTHOCTEH O0OMX KOMITOHEHTOB, a TIOyYeHHUE Ke-
paM3HTa ¢ HACKITHON IIOTHOCTBIO MeHee 400 Kr/m’
(1 TeMm Goee, Meree 300 Kr/m’) IPOGIEMATHYHO, Ha
TIEPBOM 3Tarle TMONYYWIA TEHOOCTOH B JMAIa3oHe
mapok D200-D600 (tabm. 1).

B nportecce ncciaenoBanmii ObUTH OTIPEICTICHBI
HauOosee palHOHANBHBINA (Cpey IOYYHBIINX
MpeIBaApUTEILHYIO OLIEHKY Pa3HOBHUIHOCTEH ITEHO-
oOpa3oBarejieil) BU M ONTUMAJIbHOE KOJINYECTBO
neHooOpasoBatenss — Laston, COCTaBUBIIMN st
MMeHOOETOHA Pa3HBIX MapOK IO IUIOTHOCTU IPH-
mepHo 0,5-1,3 % ot maccel niemenrta (ML), koTo-
PBIi UCTIOJIB30BANIN B ITOCIEAYIONINX 3KCIICPUMEH-
Tax, obecrevnBas MoyudeHHEe MeHOOETOHAa MapoK
D200-D600. C nenbto CHUXEHUSI OTPULIATEILHOTO
addekTa ocaaKu-yCaJKd W TIOBBIIICHUS TPOYHO-
CTH 3aTBEPJICBIIIETO IEHOOETOHA B COCTAB BBOIMIIN
XUMHYCCKUE JTOOABKH Pa3MyHOr0 (HYHKIIMOHAIb-
HOTO Ha3Ha4YeHHs. B pe3yibTare SKCIepruMeHTab-
HO TI0JJ00paH KOMIUIEKC U3 OI[CHMBAEMBIX TOOABOK
yckoputenedi tBepacHus CaCl, u Na,SO, u
YIUTOTHSIFOIIEH CTPYKTYpPy IIEMEHTHOTO KamHs JI0-
0aBku Aly(SOy); (puc. 1, 2).
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Tabauya 1

Du3nKo-MexaHUYecKUe CBOICTBAa NeH00eTOHA JIOTHOCTHI0 Mapok D200-D600 Ha cuntetuyeckom (IIB 2000)
u nporenHoBoM (Laston) nenoodpasoBarensnx (115 06pa3nos 100x100x100 mm, BbinnaeHHbIx u3 1000 MM npusmbl)

Physical and mechanical properties of foam concrete with density of D200-D600 grades on synthetic (IIb 2000)
and protein (Laston) frothers (for specimens 100x100x100 mm being cut-out from 1000 mm prism)

10 THOCTS [Ipenen mpoyHOCTH Ha CHKaTUE
B CyXOM cocTosiHuu, MIla
Cpennee | v, p, Cpennee | v, R,
pacuer- | (axTudeckas B CyXOM COCTOSHUM . . .
— - - Hwxuwmii | Cpenuuii Bepxuuit
Hast Hwoxnuit | Cpenuuit | Bepxuuit
D200 ITomHoCTBIO OCEN - - - - - -
D200* 220 | 210 | 195 208 0,06 0,16 0,15 0,12 0,14 0,14
D300 Ocanxa B opme 4 = 1000 mm cocrasuina 46 %, wiu 460 Mm
D300* 310 300 298 303 0,02 0,33 0,32 0,29 0,32 0,07
D400 460 420 390 423 0,08 0,59 0,52 0,49 0,53 0,10
D400* 420 410 400 410 0,02 0,75 0,73 0,70 0,73 0,03
D500 550 530 496 525 0,05 1,15 0,95 0,81 0,97 0,17
D500* 515 502 498 505 0,02 1,36 1,32 1,28 1,32 0,03
D600 664 630 590 628 0,06 1,36 1,30 1,26 1,31 0,04
D600* 610 604 592 602 0,01 1,64 1,62 1,60 1,62 0,01
ITpumeuanue. Co 3Be3709K0I — IPUMEHSUICS IPOTEHHOBBIIN eHooOpa3oBarenp Laston; 6e3 3Be3nouku — cunreruyeckuii [16 2000.

D200 D300 7 g9

1
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3
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4 2
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-

. — D500 E.l D600 lll

89

Puc. 1. 3aBUCUMOCTD BEIMYHMHBI OCAIKU IEHOOETOHA OT BH/A M Pacxoja 100aBKU YCKOPHUTEIsSI TBEpICHUsI, B % OT MAacChl LIeMEHTa,
JUISL pa3iIMyHbIX Mapok 1o cpenneit motHoctu D: 1 — 1,0 % Na,SOy; 2 — 2,0 % Na,SOy; 3 — 3,0 % Na,SOy;
4 —-1,0 % CaCl,; 5—2,0 % CaCly; 6 — 3,0 % CaCly; 7 — 1,0 % Aly(SOy)s; 8 —2,0 % Al (SOy)3; 9 — 3,0 % Aly(SO4)3;
K — KOHTPOJIBHBII cocTaB 0e3 100aBOK

Fig. 1. Dependence of slump value for foam concrete on type and consumption of additive for hardening accelerator, in % by weight
of cement, for various grades of average density D: 1 — 1.0 % Na,SO,; 2 — 2.0 % Na,SOy; 3 — 3.0 % Na,SOy;

4—1.0 % CaCly; 5 —2.0 % CaCl,; 6 — 3.0 % CaCly;

7 —1.0 % Al (SO4)3; 8 —2.0 % Aly(SO4)3; 9 — 3.0 % Al (SO4)3;

K — control composition without additives

Bnnsnue BuUoa M KOJIMYECTBAa BBOJIMMON B
cMech J00aBKH Ha CBOMCTBA MEHOOETOHHOW CMecH
U 3aTBEPJICBIIETO ICHOOETOHA OI[CHUBAIU TI0 ABYM
TTOKA3aTeIISIM:

— YCTOWYHBOCTH K OCaJIKE «MACCHBA» U3 YKJIIa Ibl-
BaeMoH 3a onmuH npueM B Gopmy BeicoToi 1000 MM
(ceuennem 100x100 MM) MEHOOETOHHOW cMecH
MIpH TBEpJICHUH B TedeHue 24 4 (puc. 1);

— U3MEHEHHIO0 IPOYHOCTH NeHOOEeTOHa Ha CKa-
THe B Bo3pacte 3; 7 u 28 cyT. (puc. 2).

IIpodHocTs onpenesii Ha oOpasmax (1o 6 miT.
B cepun) pasmepamu 100x100x100 mm, oToOpaH-
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HBIX U3 CPEITHEW YaCTH 10 BHICOTE UCXOIHOTO «Mac-
cuBay meHooerona Mapok D200-D600, xpanuBIImx-
Csl 10 WCTIBITAaHUH B KamMepe HOPMAaJIbHO-BIIAYKHOCT-
HOTO TBepHeHUs. M3 pe3ynbTaToB SKCIEPUMEHTOB
CIemyeT, uTo pa3BuTHE peakiwmid BermecTBa Aly(SOy);
C THUIICOBOH COCTAaBJIAIONIEH IIeMEHTAa B BOJIHOM
cpene ¢ 00pa3oBaHUEM KPYITHBIX KPUCTAILIOTHIPA-
TOB ATPUHTHTA (IIPU COMYTCTBYIONIEM YBEITMICHUN
00BbeMa) crocoOCTBYET CTAOMIIM3ALUU CTPYKTYPHI
TBEPACIOIIETO KaMHsI. DTOT BBIBOJ[ ITOATBEPIKIACT-
¢S He3HAYUTETHLHBIM POCTOM 00BeMa (BBICOTHI 00-
pasloB C OTKPHITOH BepXHEH TpaHU) MEHOOETO-
Ha (puc. 1, mo3. 7, 8, 9).
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Puc. 2. 3aBUcUMOCTb U3MEHEHHS IPOYHOCTH IEHOOETOHA Ha C)kaTHe B BozpacTe 3, 7 u 28 cyT. oT BUIa 100aBKU
(a—Na,SOy; b — Al(SO,)3; ¢ — CaCl,) u cpenneit mrorHocTH neHo6erona (1 — D200; 2 — D300; 3 — D400; 4 — D500; 5 — D600)

Fig. 2. Dependence of change in foam concrete strength in compression at age of 3, 7 and 28 days, on type of additive

(a — Nast4; b— Alz(SO4)3, C

OJIHOBPEMEHHO YCTAHOBIICH POCT TEMIICPATy-
pBl TBepHEIOIIEro IMeHoOeToHa ¢ Jo0aBKaMH B
CpPaBHEHHH C COCTaBOM 0e3 HHX, KOTOpBI cocTa-
BuI st Na,SO4 ~(2-3) °C, msa CaCl, ~(4-5) °C
u g Al (SO4); ~7 °C, oTpakas HapacTaroIIyIo
AKTHBHU3AIIMIO MPOLIECCca TUAPATAIH [IEMEHTA B X
NpUCYTCTBUU. V3MEHEHUE NPOYHOCTH OO0pa3loB
(cepum o 6 IMIT.) 3aTBEPACBIIETO IEHOOCTOHA C
no0aBkaMu (pUC. 2) CBUICTEILCTBYET O MIPUMEPHO
paBHON d(h(PEKTUBHOCTH TIPUMEHEHUS 100aBOK
Alz(SO4)3 u CaClz, M MEHBIIEN — NaQSO4.

Hawnbonee 3¢ pexkTuBHEIM B meHOOETOHE OKa3aj-
ca komiuieke u3 nodasox CaCl, u ALSO, B ux on-
THUMaJIbHOM J03UpoBKe, coctaBistomeit 1 % CaCl, +
+ 1 % AlLSO,4 or ML, xoTopsrit obecnieurn yckope-
HHE POCTa IUIACTHYECKON MPOYHOCTH M CXBATHIBAHUS
MIEHOOCTOHHOM CMECH JUIS BCEro Juara3oHa Mapok
nieHoOeToHa o cpennedt miotHoctr (D200-D600),
a TaKke CrocoOCTBOBAIT MOBBINICHHUIO TEMIIA POCTa
U YPOBHS MPOYHOCTH NMEHOOETOHA YKa3aHHBIX Ma-
pox mo 150-180 % (1. e. B 1,5-1,8 paza) [4]. On-
HOBPEMEHHO 3TO COYETaHue J00aBOK HCKIOYACT
0CajIKy MEeHOOCTOHHOW CMECH, XapaKTepHYIO JUIs
neHoberoHa 0e3 HUX B HadaibHbIe cpoku (1 cyT. )
TBEPJICHHUS, a B OOJIee O3 JHUE CPOKU — OTPAHUYH-
BaC€T YCAAOYHLBIC SABJICHHA, BKIIIOYasA BJIA>)KHOCTHYIO
yCaJIKy NP BBICYIIIMBAHUU MMEHOOETOHA. DKCIICPH-

P Hayka
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— CaCl,) and average density of foam concrete (1 — D200; 2 — D300; 3 — D400; 4 — D500; 5 — D600)

MEHTaJIbHO YCTaHOBIJIEHO, YTO B HAaMOOJbBIIEH Mepe
3¢ (eKTUBHO WX couyeTaHrne ¢ J00aBKOW METHII-
LEJUTIONO3b], B YaCTHOCTH ¢ «I HMIpOoKCHUIpoImiIMe-
tuwerntrono3o YCK-200 TT» B noszuposke 0,5 %
oT ML, 4To MpaKkTUYECKH UCKIYWIO YCAAKy ITPU
BBICYIIIMBAaHUH TIEHOOETOHA [5].

Takke 3KCIEpUMEHTAILHO BhIsBICHA 3¢ dek-
TUBHOCTH (pHUC. 3) BBeIeHHS B NEHOOETOH yrie-
ponHoro HaHoMaTepuana (YHM) Gemopycckoro
MIPOM3BOJCTBA, OOECIEYHBILEIO POCT MPOYHOCTH
nernoderona 110 50 % k 7 cyt. TBepaenus u Ao 30 % —
B IIPOEKTHOM 28-CyTOYHOM Bo3pacTe. BrIsBieHa
panoHanbpHas ero pasHoBunHOCTh (YHM-IIXP)
cpeoyu Opyrux, MPeICTaBICHHBIX pPa3padOTYMKOM
(OO0 «MHHOBAIIMOHHBIE TEXHOJIOTUIY, T. MUHCK)
[6-8], a TakkKe YCTAaHOBIICHBI ONTUMAalbHAs JT03HU-
poBka storo Buna Y HM, pasras (0,025 = 0,005) %
ot ML, u crioco6 ero BBelIeHUS B IICHOOCTOHHYIO
CMech B BHJE BOJHOW IHMCIEPCUH, MPUTOTOBICH-
HOI Ha 1%-M pacTBOpe MIACTUPHUIMPYIOIIEH 10-
0aBku TepBOM Tpynnbl. MOJEKyNbl IMOCTeTHeH
CO3/1al0T y MOBEpXHOCTH yactull YHM «3kpanu-
pymomy» 000104Ky, obecrieunBas COXpaHEHHE
CBOMCTB ITeHBI, Tak Kak 4dacTuibl YHM 0e3 mia-
cTudUKaTopa CIIOCOOHBI CHIDKATh €€ YCTOWYH-
BOCTb («IIPOPE3aTh» TIEHY).
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Puc. 3. dororpadun MUKpOCTPYKTYphI IeHOOeTOHa Ha MUKpockorie SUPRA 55-30-44: al, a2 — KOHTPOJbHBIA IECHOOETOH
npu yBennueHud 20 MkM 1 2 MKM B 1 cM cooTBeTcTBeHHO; b1, b2 — neno6eton ¢ YHM npu yBennuernu 20 MkM 1 2 MKM B 1 cm

Fig. 3. Photos of foam concrete microstructure on SUPRA 55-30-44 microscope: al, a2 — control foam concrete
with increase of 20 pm and 2 pm in 1 cm, respectively; bl, b2 — foam concrete with CNM with increase of 20 pm and 2 pm in 1 cm

Pe3ynbTaThl 2:1eKTPOHHON MUKpOCKOTHH (pHC. 3)
CBUJICTENLCTBYIOT, 4TO BBeZicHne YHM B neHoOe-
TOH B ONTHUMAIILHOW JTO3UPOBKE obecrieunio (op-
MHpOBaHHE OoJiee yMOpsIOYEHHOH MUKPOCTPYK-
TYpbI LIEMEHTHOT'O KaMHS B CTEHKaX IIOp, a TaKXkKe
MaKpOCTPYKTYpBl IEHOOETOHA B LIEJIOM, YTO U SIB-
JSIeTCs OCHOBOM POCTa €ro MpOYHOCTH.

OKCHEepUMEHTAIbHO BBISBICHHBIE OCOOCHHO-
CTH TEXHOJIOTHH MOJY4eHUs MEeHOOETOHa ¢ 3a1aH-
HBIMH CBOWCTBAMHU CO3JalU HEOOXOIUMBIEC INpel-
HOCBUIKU Ul pa3pabOTKH TEXHOJIOTMU KepaM3H-
TOMEHOOETOHA.

TexH010rMsA MPUTOTOBJIEHUS
KepaM3UTONeH00eTOHA

BbisiBeHBI 3aBHCUMOCTH (JOPMOBOYHBIX CBOWCTB
KEepaM3HUTONICHOOETOHHBIX CcMecell (B JAuama3oHe
YKa3aHHOW cpemHedl IUIOTHOCTH) OT OOBEMHO-
ro coxepxanus (pacxona) KepaM3WTOBOTO TIpa-
Bus (puc. 4).

B mporiecce 3KCIIepIMEHTOB YCTaHOBJICHO, YTO
METOJ] OnpeaeneHuss GopMyeMOCTH KepaM3HUTOIIe-
HOOETOHHOM CMeCcH N0 OCaJIKe CTaHJApTHOTO KO-
Hyca He NPUTOJEH JUIL OLEHKH 3TOTrO IOKa3aTels,
TaK KaK IOJIydeHHbIE JaHHBIM METOAOM pe3yibTa-
TBI HecorocTaBUMbl. OJHOBPEMEHHO YCTaHOBHIIN
NPUEMIIEMOCTh HCIIONb30BaHMs OLEHKH MO pac-
mwieiBy konyca (PK), oOecreuuBiieli coroctraBu-
MOCTb Pe3yJIbTaTOB HE3aBUCHUMO OT KOHCHCTECHIUN
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KEepPaM3UTONEHOOCTOHHOW CMeCH M H3MEHEHHS
00BEMHOr0 COZIEpKaHUS B HEM KEpaM3HTOBOTO
rpaBus (puc. 4). 13 pe3ynbTaToB 3KCIIEPUMEHTOB
OYEBU/IHA TEHJICHUUS K CHIDKEHHIO (POPMYEMOCTH
KEepaM3HUTONIEHOOCTOHHOW CMECH C YBEIWYCHUEM
JO3UPOBKH KPYIHOTO KEPaM3HTOBOTO 3aIlOJHHTE-
s (ocoGeHHO, eciy ero pacxox mpesbiman 0,8 M’
Ha 1,0 M° KepaM3HTONEHOGETOHA), 4TO TPeIoNpe-
JIEJINI0 HEOOXOAUMOCTh HCIONb30BaHHUS TUIACTH-

¢urupyrommx 100aBoK.
70
651N

0N\
MEE\N
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i \\\\\/1 (D400)
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s 4 (D700) \Qk\z (D500)
30 b \g\\.
3 (D600)

0 0,6 0,7 0,8 0,9
Pacxon xepaM3UTOBOrO rpaBus, M

Pacrieis KOHYCa, CM

25

Puc. 4. 3aBUCUMOCTb MOJABHKHOCTH (TTACTUMHOCTH)
KepaM3UTONEHOOETOHHOH cMecH
0T pacxo/ia KepaM3UTOBOTO FPaBHs

Fig. 4. Dependence of mobility (plasticity) for claydite
foam concrete mix on consumption of expanded clay gravel
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B rpadwuyeckoit mHTEpmpeTanuu Ha puc. 5
MIPUBEICHBI SKCIICPUMEHTAIbHBIC TaHHbBIC, OTpa-
XKaroIue BINUAHUE Ha (HOPMYEMOCTb KEPaM3HTO-
IMEHOOCTOHHON CMECH IIIACTH(UITUPYIONIHNX J100a-
BOK TepBOH rpymmnsl — cynepruiactiudukaropa C-3
1 100aBKH € MOBBIILIEHHBIM BOJOPEAYLUPYIOLINM
3¢ dexToM — runepriacTupuKaTopa ¢ MapKUpOB-
kot «CraxemeHnt 2000» Ha mpuUMeEpe CMeCH Ke-
paM3HUTONIEHOOETOHA CpeiHel IIIOTHOCTBIO Map-
xu D600.

90
80 1
70 ~3
5 60 ™. ~~
« 50
> 40 Y
30 ™~
20

0 0,2 0,4 0,6 0,8 1,0
Pacxo/1 KepaM3HTOBOTO TPABHS, M

Puc. 5. 3aBucumMocTb GopMyeMOCTH (TIACTHYHOCTH)
KEepaM3UTONCHOOCTOHHOI CMECH OT pacxoja
KEPaM3HTOBOTO IPaBUsl M BHJA IIPUMEHEHHON JOOABKH:
1-0,5 % «Craxement-2000» OT MaccChl IIEMEHTA;

2 —2,0 % C-3 ot macchl LIeMeHTa

Fig. 5. Dependence of formability (plasticity)
of claydite foam concrete mix on consumption
of expanded clay gravel and type of applied additive:
1 - 0.5 % “Stachement-2000” from MC;
2 -2.0 % C-3 from MC

2

2

CE/L
.|
%,
<Y
S

v &)
5 @& C

B

&
)
=

=
S Vo

PROISO S| L

e
@

:
;fi
|

&

@

&
g

BrusiBeHa tenaeHIms pocta 3((GEKTHBHOCTH
miactTudukaTopa B CMECH C IOBBILIEHUEM COJEp-
’)KaHUs B He KepamsuTa. [lo MHeHHUIO aBTOpa, 3TO
cBsA3aHO c ancopbuwmeit monexyn [IAB na mosepx-
HOCTH 3€peH 3aIlOJIHUTENS W CO CHIDKCHHUEM CHIT
B3aUMOJICHCTBUSI MEXJy €ro IMOBEPXHOCThIO U
BSI3KOIUIACTHYHONH Maccoil MEeHOOETOHHOW CcMecH
B 30HaX MX KOHTakTa [4, 9, 10].

B pesynbrare ycTaHOBIIEHO, YTO MPHEMIIEMBIN
U1t OPMOBaHUST KEPAM3UTONICHOOCTOHHON CMECH
YPOBEHb paciuibiBa KoHyca (=30 cM) MOXET ObITh
ofecrieyeH MpH «IpeAeIbHOM» OOBEMHOM CO-
JepKaHUM B Hel 10 1 M® KepaM3HTOBOTO TIpa-
Bus (puc. 5, rpadux 1).

Onnoii W3 3amay mpu pa3paboTKe TEXHOJO-
T TONyYEHHUST W TPAKTHYCCKOTO NPUMEHEHUS
KEepaM3HUTOIEHOOCTOHA OJHOPOJHON CTPYKTYPHI
U CBOMCTB SIBISJIOCH ONpEACICHUE IOMYCTHMOM
BBICOTHI CJIOSl CMECH, €JIMHOBPEMEHHO YKIIaJIbIBae-
Mo#t B onanyoky (popmy). OIEHKY OJHOPOIHOCTH
CTPYKTYpHl ~KE€pPaM3HTONEHOOETOHAa OCYIIECTBU-
JIM TI0 IaHHBIM O CKOPOCTHU MPOXOXKIACHUS YIbTpa-
3BYKOBOTO HMITyJbca (Jlajieeé — CKOPOCTH YJIbT-
passyka) (I'OCT 17624-2012), a taxxe mo Be-
JUYMHAM €ro CpeJHeld IUIOTHOCTH W MPOYHO-
ctu (TOCT 12730.1-78 u T'OCT 10180-2012),
OTIPEJICIICHHBIM JIJISl Pa3HBIX YYacTKOB BBICOTHI 00-
pas3uoB, oTGPOPMOBAHHBIX 332 OAMH MPHEM H HUMH-
TUpYIOIUX (parMeHT CTEHbl pa3MepaMH B IIa-
He 90x400 mm nipu Beicote 800 MM (puc. 6).

Puc. 6. Cxema pacroyioxeHHs: MECT OLIEHKH CKOPOCTH yJIbTpa3Byka (a) u BeiOypuBaus (b) oOpa3ios (c)
JUISL OLCHKH IUIOTHOCTH U IPOYHOCTH

Fig. 6. Arrangement of locations for evaluating speed of ultrasound (a) and for cutting (b) out samples (c)
for estimation of density and strength
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Js OlIeHKM TPHHAT COCTaB KEepaM3HUTOIIEHO-
6erona mMapku D500 (comepxammit 0,8 M 3amon-
HUTENs), KaKk MPUMEPHO CpeIHWH M3 Auama3oHa
Mapok D300-D700.

OKCIIEpUMEHTANBHO  yCTaHOBJIEHA CTaOWIIb-
HOCTH CBOHMCTB KE€pPaM3WUTONEHOOETOHA IO CKOPO-
CTH MPOXOXKACHNA yIbTpa3Byka (B 40 Toukax) u 1mo
3HAYCHUSIM CPeAHEH TUIOTHOCTH M MPOYHOCTH (Ha
cKaThe) TPH HCIBITAHUSX O0Pa3IOB-IMIINHAPOB
(960 mmM, BbIicOoTa 90 MM; B cepuu — 6 mT.), OTO-
OpaHHBIX U3 00pa3IOB-0JIOKOB TOCTIE TPOBEACHUS
UCIBITAHUH yIIbTpa3BykoM (Tabi. 2).

[lomydeHHBIE JaHHBIE TMOATBEPAMIN BBICOKYIO
CTETNIeHh OJHOPOJHOCTH CTPYKTYPHOTO CTPOCHUS
OILICHUBAEMOT'0 KepaM3UTONCHOOETOHa, ero IUIOT-
HOCTH W TIPOYHOCTH, a TaK)K€ OTCYTCTBHE OCaIKH
ciosi Kepam3uTorneHoOeToHa BhIcOTON 800 MM B
npoliecce TBEPJCHUS KaK B HaYalbHBIE CPOKH, TaK
U B MPOEKTHOM Bo3pacte. s meHobeToHa Takoi
pe3ynbTaT ObUT O0ecTieueH MCIOIb30BaHHEM KOM-
miekca xuMmuueckux n00aBok 1 % Aly(SO,); +
+ 1 % CaCl, (puc. 1), KOTOpPBIX B paccMaTpuBae-
MOM cjydae B IEHOOETOHHOW COCTaBIIIONICH HE
0bu10. OUEBUIHO MPOSBICHUE CTPYKTYPUPYIOLIEH
pONM «KapKaca» M3 3€peH Kepam3HhTa B Kepam3H-
TOTIEHOOETOHE, a TAK)KE TO, YTO CHIDKEHUIO OCaIKU
B HayaJbHBIM MEPHOA M YCAJAKH NPH TOCIEAYIO-
IIeM TBEPACHWU KepaM3HTOIIEHOOETOHa CIoco0-
CTBOBAJIO CHI)KEHHE BOJOTBEPAOTO (BOJOIEMEHT-
HOoro) (AB/T) oTHoOIIEHHUS 32 CYET BOAOPEAYLHPY-
torero ¢ dekrTa MPUMEHEHHOTO IiacTudukaropa,
cocraBuBiero mist 0,5 % «CraxemeHnt 2000» ~30 %.
B uTore mpakTudecku OTCYTCTBOBaJIa OCaJKa JaH-
HOTO 00pasma M APYruX, POpMyeMBIX IS TOCIe-
OYIOIIHUX IKCIIEPUMEHTOB.

OOHOBpPEMEHHO pelllajif OIHY W3 33a]a4 HUCCIe-
JOBaHU, 3aKIIOYAIONLYIOCS B ONpPEACTICHUN ONTHU-
MaJIbHOTO CcofIepKaHus (pacxoja) KpymHOTO 3a-
NOJHUTENST B KEPaM3HUTONEHOOETOHE C MO3MIUM
BIMSHUS HAa CBOWCTBA KEPaM3WUTONEHOOETOHA.
Pe3ynbrarhl UCHBITAaHUI HAa MPOYHOCTH MPUBEE-
HBI B BHJE rpadukoB Ha puc. 7 B 3aBHCHMOCTH
OT pacxoja Kepam3uToBoro rpasus. OOpasiel Ma-
pox D400 (puc. 7, muuus 1), D500 (uaus 2) mpu-
TOTOBJICHBI Ha KEPaM3UTOBOM TpaBHU (Qpak-
mun 4-10 MM, p°, = 370 KF/M3, MPOYHOCTh TIPU
cnapnuBaHuu B ImwmHApe 1,9 Mlla (mpom3Bozct-
Bo OAO «3aBox KepamM3UTOBOTO TpaBus», I. HoBo-
JYKOMITB), a Mapku D600 (jmrHus 3) — Ha KepaM3HTO-
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BOM rpaBuu (pakiuu 4-10 MM, p° = 530 Kr/vr,
MIPOYHOCTH MPH CIABIMBAHUM B IWimHApe 2,5 MIla
(mpomzBozacTBO IleTpHKOBCKOr0 KepaM3HUTOBOTO
3aBoga OAO «l'omensckuit ICK»). Ilpu sTOoM
JKCIIEPUMEHTAIBHO BBISIBJICHa HEOJHO3HAYHAs 3a-
BHCHUMOCTD CPEIHEW TUIOTHOCTH U MPOYHOCTH Ke-
PaM3HUTONEHOOETOHa OT COOTHOIIECHUS TUIOTHOCTH
Y TIPOYHOCTH CBS3YIOMIETO (TIEHOOETOHA) M KepaM-
3UTOBOTO T'paBusl. Y CTaHOBIEHO, YTO AJISl TOIy4e-
HUA KepamsuroneHoOeroHa mapok D400 m D500
Ha 0co00 nerkom kepamsute (p°; = 370 KF/M3,
npouHocts 1,9 Mlla) criexyer mcrmonb3oBaTh Iie-
HOOCTOH COOTBETCTBYIONIEH cpeaHel IUIOTHO-
cti, HO He Oosee D500, W MPOYHOCTHIO HE Me-
Hee 2,0 MIIa. Ilpu 3ToM mpoOYHOCTH Ha cCXKaTHe
KepaM3HUTOIIEHOOETOHA BO3PACTAET C YBEIIMICHUEM
JO3UPOBKM IPaBUsi BILIOTH g0 1,0 M° kepamsuro-
rieno6etona (puc. 7, muauu 1, 2). C pocToM cpen-
Helt motHoctr (Mapku D600 u Gosiee) HeoOXoaM-
MO HCIONB30BaTh 0OJiee MPOYHBIA 3aIllOIHUTENh
(TIpu craBMBaHWM B IMIIMHAPE HEe MeHee 2,5 MIa),
a B KauecTBE CBS3YIOIIEro — MEeHOOETOH COOTBET-
CTBYIOIIIEH MapKy IO CpenHed IIOTHOCTH, OO0
Jake MeHbIIeH TIOTHOCTH (HO He MeHee D350),
pu IpodHocTH He MeHee 1,2 MIla. DTt momnoxe-
HUS OBUTH YUYTEHBI TIPH pa3pabOoTKe METOTUKHU pac-
9YeTa COCTaBOB KEPaM3UTOIIEHOOETOHA B IWAa30He
mapok D300-D700. ITo coBOKymHOCTH TpPUBEICH-
HBIX DKCIEPUMEHTAILHBIX JaHHBIX CJICJIaH BBIBOJI,
YTO ONTUMAJIbHOE 00BEMHOE CONlEpIKaHNe KPYITHO-
T'O 3allOJTHUTENSI B KEPaM3UTOIIEHOOETOHE COOTBET-
ctByer npumepHo 0,7-0,8 M Ha 1,0 M° GeroHa,
Y TIOCNEYIONINE UCCIIEOBaHNS ObUTA BBHITTOTHEHBI
Ha COCTaBax C Y4€TOM 3TOro (aKTopa.
PazpaboTannpiii kepaM3UTONIEHOOETOH — KOH-
CTPYKIMOHHO-TEIJIOM30JISIIMOHHBIA  MaTtepya, s
MIPUMEHEHUsI KOTOPOro HEOOXOAWMBI pacueTHBIC
(hM3UKO-MEeXaHNYeCKHe XapaKTepPHCTHUKH, B YacT-
HOCTH — MOJYJNb YIOPYTOCTH. JKCIEPUMEHTAIIb-
HO YCTaHOBJICHHAs! 3aBUCHUMOCTh H3MEHEHHS MO-
IyJsl yOPYTOCTH KEePaM3UTOIIEHOOETOHA B JTMara-
3oHe Mapok D400-D700 mpuBenena na puc. 8.
Jlyis cpaBHEHUS MMOKa3aHbl €r0 BEJIMYUHBI TS PaB-
HOW cpegHel IUIOTHOCTU Ta30CHIMKAaTHOro OeTo-
Ha o nanHeiM M. 3. CumonoBa u C. M. Unkosu-
ya [11, 12] u a1 neno6eToHa — 1o qanueM M. X. Ha-
Hazamswm 1 B. C. lopodeena [13, 14].
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Tabauya 2

Pe3yabTaThl HCIBITAHUI KepamM3uToneHoderoHa Mapku D500 Ha oqHOpOIHOCTH

Test results on claydite foam concrete of D500 grade for uniformity

Cpe e 3HateHe Bennunna ko3¢ ¢uireHTa Bapuanu,
Ne p"ga P OTpakaroIast OJHOPOAHOCTH KePaM3UTOIIeHOOeTOHa, 1ou exl. (%)
pu oT6ope
IIpounocts ITo cxopocTH yabTpasByKa
06pasios p P YABTPa3sBy .
110 BBICOTE Veps m/c Pep» KF/M3 Ha CxaTue, Tlo cpeaHeH Tlo MIPOYHOCTH
MITa o ropusonramu | Ilo BepTukanu Cpennsis IUIOTHOCTH
1 (Bepx) | 2261,67 498 2,61
2 2365,5 502 2,62
3 2439,25 503 2,69
4 2489,25 504 2,61
. 249103 08 S0 0,0316 (3,16) 0,0313 (3,13) |0,0314 (3,14) | 0,0119 (1,2) | 0,0415 (4,15)
6 247575 511 2,68
7 2457,67 512 2,65
8 (Hu3) 2411,75 516 2,65
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Puc. 7. TenneHuus n3MeHEHUS
MPOYHOCTH KEPaM3UTONICHOOETOHA

Fig. 7. Tendency to change strength
of claydite foam concrete

O4eBUIHO, YTO 10 YIPYTUM CBOHCTBAM KepaM-
3UTONEHOOETOH HE TOJBKO HE YCTyMaeT, HO U He-
CKOJIbKO TIPEBOCXOJUT Ta30CHIMKATHBIA OETOH
aBTOKJIABHOTO TBepJIeHUs (pHUC. 8, MHHUS 2) U, TEM
Oonee, neHOOCTOH (JTHHMS 3).

Jlanee ObLTH OMpeeNieHBl OCHOBHBIC JKCILTya-
TaIlMOHHBIE CBOMCTBA KEPaM3WTOIIEHOOETOHA (BO-
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HOCTbB, TIapONPOHHUIIAEMOCTb, TEIUIONPOBOIHOCTD
U TEPMHYECKOE CONPOTUBIICHHE), MOATBEPKIAIO-
[IMe BO3MOXKHOCTH U 3()()EKTUBHOCTH €T0 UCIIOIb-
30BaHUsI B HapYKHBIX OTPayKTAIOIMX KOHCTPYK-
nusx (tabm. 3).

—_ —_ \'I\J N W
(o)} S W O W O

Mopayns ynpyrocru, I'Tla
o

0
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CpenHsis INIOTHOCTD, Kr/m’

Puc. 8. 3nauenus Moayis ynpyrocTu Ajs:
1 — KepaM3UTOIIEHOOETOHA BO B3aHMOCBSI3H C €r0 CpefHel
IJIOTHOCTBIO; 2 — Ta30CHIMKATHOTO OCTOHA; 3 — MeHoOeTOHa

Fig. 8. Values of elastic modulus for:
1 — expanded clay foam concrete in relation to its average
density; 2 — gas silicate concrete; 3 — foam concrete

IIpu OpoeKTUpOBAaHUM M YCTPOMCTBE HAPYXK-
HBIX OTPAXIAIONINX KOHCTPYKIMHA U3 KepaM3UTO-
neHoOeToHa cleayer o0ecreunBaTh TPeOyeMyro
BEJIMYMHY TEPMHUYECKOTO conpoTuBieHus. Ha Tep-
putopun Pecmybnmukun benmapyce oHoO, coriac-
Ho TKIT 45-2.04-43-2006, 10mKHO OBITH HE MEHEE
R, ~ 3,2 M2-°C/BT, C TIEPCIIEKTUBON MaahbHEHIIIETO
MOBBIIIIEHNS. B pacueTax MCXOAWIN U3 MPEIoio-
JKEHUS, 9TO KEPAM3UTOIICHOOCTOH OYIET WCIIOh-

299



Cmpoumenvcmeo

30BaThCsl B BapUaHTE YCTPONCTBA OJHOCIONHOM
orpaxaaronieil KOHCTPYKIHU, TaK KaK 3TO HanOo-
Jiee SKOHOMHYECKH I1esiecoo0pa3Ho. B aTol cBszu
NpU OICHKE 00eCleYnBaeMOro TEPMHUIECKOTO CO-
MPOTUBIICHUA CTeH (WIM WHBIX KOHCTPYKITHIA)
Pa3HOU TONIIVHEI, BO3BEJICHHBIX (YCTPOSHHBIX) U3
KepaM3UTOIIEHOOETOHA Pa3HBIX MApOK MO TIOTHO-
CTH, B pacueT MPHHUMAJIN TOJIKO CJIOH KepaM3H-
ToneHoOeToHa (Tabm. 4).

CoryiacHO JaHHBIM Ta0. 4, TpeOyeMblid Ko3(h-

(DUIUEHT TEPMHUYECKOTO COMpOTUBICHUS (R, >
> 3,2 M>°C/BT) obecreunBaeTcsi OIHHM  CIOEM

KEepaM3UTONEHOOETOHa TOJIMUHOK 0T ~290 MM
1o ~570 MM B amamazone Mapok ot D300 mo D700
COOTBETCTBEHHO, YTO MEHBIIE (32 CUET MEHbIIEH
TEIUTOTIPOBOAHOCTH ), YEM VIS TICHO- U Ta300eToHa
pPaBHBIX MAapOK MO cpelHel MmIoTHOCTH. [Ipu 3TOM
KEpaM3UTOIICHOOETOH —obOecrmeunBaeT (Kak 3TO
YCTaHOBJIEHO TPOBEICHHBIMH FHCCIEIOBAHUSIMHI)
BO3MOXKHOCTh BO3BEICHUS MOHOJUTHBIX CTCHOBBIX
KOHCTPYKUHUH B omanmyOKe C BBICOKOW CTENEHBIO
OJTHOPOJIHOCTH CBOMCTB IO BBICOTE€ KOHCTPYKLUH
1 TEMIIOM BeJIeHHsI OETOHHBIX paboT.

Tabauya 3
DU3HK0-MEeXaHHYECKHE H IKCILIYaTAllHOHHbIE CBOCTBA KEPAM3UTONIEHOOETOHA
1pH pacxojie KepaM3UToBoro rpapus ~0,8 m°
Physical and mechanical and operational properties of claydite foam concrete
with consumption of ~0,8 m® expanded claydite gravel
CBOICTBO KepaM3UTONICHOOETOHA
HanMeHOBAHME TTIOKA3ATES B 3aBUCHMOCTH OT MapoOK I10 CpeAHEH IOTHOCTH
D400 D500 D600 D700

TIpounocts Ha cxxarue (KybukoBas), MIla 1,8 2,5 5,3 5,9
IIpounocTs Ha pacTshkeHue npu m3rude, MIla 0,25 0,30 0,53 0,61
IIpusmennas npounocts, MIla 1,3 2,3 34 43
Mopayns ynpyrocry, ['Tla 1,3 1,8 23 2,7
Bononornomenue (o macce), % 473 31,9 23,3 20,2
CopOunoHHast BIaXXHOCTb, %o, TIPH:

Pposn ~ 40 - 0,89 - -

P ~ 60 - 1,12 - _

Ppoza ~ 100 - 5,32 - -
Brnaroornaua (no cradbwnmzamnmn), % 21,8 14,1 11,1 10,3
ITaponporunaemocts, mr/(m-u-I1a) 0,260 0,241 0,231 0,219
TCHHOHpOBOL[HOCTI:*, B1/(Mm-°C) 0,099 0,121 0,137 0,177

* Il mapxu D300 — A ~ 0,09 Br/(m-°C).
Tabauya 4

PacueTHblil KO3QPHUIHEHT TEPMUYECKOT0 CONPOTUBJICHUS CTPOUTEIbHBIX KOHCTPYKIUI
NPH YCTPOIiCTBe HX M3 KePaM3UTONEeH00eToHA

Estimated coefficient of thermal resistance of building structures
while making them from expanded clay foam concrete

Toumuaa Ci10s, M, KEPaM3UTONEHOOETOHA, 00ECTIEUNBAIOIIAsI TAHHOE TEPMHUUYECKOE COMPOTUBIICHUE
Koagduupent repmmaeckoro B 3aBUCHMOCTH OT €r0 Cpe/IHEH MIIOTHOCTH
conporusienns, M>-°C/Bt

D300 D400 D500 D600 D700
32 0,288 0,317 0,387 0,438 0,566
4,0 0,360 0,396 0,484 0,548 0,708
5,0 0,450 0,495 0,605 0,685 0,885
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BBIBOJIbI

1. Pa3paboTtannas TpexcraauiiHas TEXHOJOTHUS
HOJIY4YEHHUs] U TNPUMEHEHHUsS B CTPOUTEILCTBE Ke-
pamM3UTONEeHO0eTOHa MapoK IO CpeAHEeH IUIOTHO-
ctu D300-D700 oOnamaer mpeuMyIIECTBOM I10
(pU3MKO-MEXaHUYECKUM XapaKTEPUCTHKaM U 3KC-
IUTyaTallHOHHBIM CBOWMCTBaM Iepe]] M3BECTHBIMU
OcTOHaMU — aHAJIOTaMH SIYEHCTOW CTPYKTYpBI.
YCTaHOBIEHHBIE PEKUMBI JIBYXCTaIUUHOTO MpU-
TOTOBJICHUSI TEHOOETOHHOTO CBS3YIOIIEr0 MapoK
no cpeanedr mwiotHoctu D200-D800 ¢ Tpebye-
MBIMH CBOMCTBaMH, OOECIIEUMBAIOLINMU 3aTEM
3aJlaHHbIC KAYeCTBEHHBIE XapaKTEPHCTHUKH U CBOM-
CTBa KEepaM3UTONCHOOETOHa B JWama3oHe Ma-
pox D300-D700, npurotaBauBacMoro Ha TpeThbeil
CTaJ i MyTEeM BBEJCHUS B MEHOOETOHHYIO) CMEChH
KepaM3HTOBOTO IpaBusi B o0beme 0,7-1,0 M° mpu
HEIPEPHIBHOM CMeIMBaHuM B Teuenne 60—90 c.

2. Boisiniensl Hambosnee >QQEKTUBHBIA BUA U
onTuMaibHas no3upoBka (mpumepHo 0,5-1,3 % ot
Macchl IEMEHTA B 3aBUCUMOCTH OT MAapKH IO Cpef-
Hell TUIOTHOCTH) OEJIKOBOIO TIEHOOOpa3oBaTeis
Laston, a taxke Haubojee panuoOHAIBHOE COYETa-
Hue yckopurens tBepaeHus CaCl, u ymmoTHsomen
CTPYKTYpY LEMEeHTHOro kamus no0aBku Al,SO,
n ux ontumansHas posupoBka (1 % CaCl, +
+ 1 % Al,SO,), xoTopas obecriednBaeT UCKIIOUe-
HHE OCaJKH MEHOOETOHHOW CMECH, XapaKTEePHOM
g meHoOeToHa 0e3 3THUX J00aBOK, B Haydallb-
HbIe cpokH (1 cyT.) TBepaeHus, a B OoJee Mo3aHNE
CPOKM — OTpaHMYMBAcT YCAJOYHBIC SIBJICHUS,
BKJIIOYasl BJIQXHOCTHYIO YCaJIKy IPU €ro BBICY-
muBaHuU. KpoMe »Toro, yka3aHHBI KOMILUIEKC
JI00aBOK CIOCOOCTBYET MOBBIIMICHUIO TEMIIa POCTa
U ypOBHS NpOYHOCTU neHoOerona 1o 150-180 %
(1. e. B 1,5-1,8 paza), a B couetanuu ¢ 106aBKOH
«"unpokcunpormamermenonoza YCK-200 TT»
(8 mozuposke 0,5 % oT Macchl LEMEHTa) MPaKTU-
YECKH HCKJIIOYACT YCalKy MPH BBICYIIMBAHHM KaK
NEeHOOETOHA, TaK ¥ KEPaM3UTOIIEHOOETOHA.

3. YcraHoBieHa BO3MOXKHOCTH — ITOBBILICHUS
MPOYHOCTH CBs3ytomero (rmeHodetona) mo 50 %
K 7 cyT. TBepaenus u 10 30 % — B MPOEKTHOM 28-Cy-
TOYHOM BO3pacTe 3a CUET BBEICHHS B COCTAB yrIJie-
ponuoro Hanomarepuana (YHM-IIXP) B ontu-
MansHOM mo3upoBke (0,025 + 0,005) % ot mMacce
LIEMEHTa; pa3paboTaH croco0 ero BBEJACHHS B BH/IC
BOJHOW IUCIEPCHH, NPEABAPUTEIBHO MPUTOTOB-
nenHoi Ha 1%-M BOIHOM pacTBOpe A0OaBKH ILIa-

Hayka
wTexHuka. T. 18, Ne 4 (2019)

cturkaTopa nepBoi rpynmsl (cynepriactuduka-
Topa). BreisBneno, uto aacop6ims monekyn [TAB
miactudukaropa Ha MoBepxHOCTH yactul YHM
obecrieunBaeT ero 3PQPEeKTUBHOCTL B MEHOOETOHE;
B IPOTHUBHOM ciiy4ae yactulibl Y HM «mpope3aroT»
MIEHY ¥ IPOYHOCTH MEHOOETOHA CHUKAETCS.

4. BolsBI€HO, 4YTO TOJY4YEHHBI IO pas3pa-
OOTAaHHOW TEXHOJOTHH KEepaM3UTOIIEHOOETOH
Ha 5-31 % xapaktepu3yercsi OOJBITUME 3HAYCHH-
SIMM TIPOYHOCTH WU Ha 827 % — moayns ympy-
roctd, Ha 10,0-83,2 % MeHBIIUMH BeEJIMYHHA-
MU BOJIOTIOTJIONICHHUS] X COPOIIMOHHOM BIIa)KHOCTH,
a Tarke obOnamaer Oosiee BhICOKOH (Ha <30,7 %)
CHOCOOHOCTBIO K BIIATOOT/Aa4Ye M MapONpOHUIIae-
moctr (Ha 17,4-46,7 %) nipu mensiei (Ha 5—12 %)
TEIUIONPOBOIHOCTH B COMOCTABIECHUH C Ta30CHIIH-
KaTHBIM SYEUCTHIM OETOHOM aBTOKJIABHOTO TBEp-
JIeHHS. U TIEHOOETOHOM PaBHBIX MapoK I10 CpeaHei
mIoTHOCTH [15].

5. IlpousBoacTBeHHAsT anpodaIys pe3yJIbTaToB
uccienoBaHui noareepanna 3¢¢GeKTUBHOCTD pas-
paboTKH 3a cuUeT CHWKEHHs MaTepuaio- ¥ TPyZIo-
€MKOCTH BO3BeleHus1 (YyCTpoiicTBa) KOHCTPYK-
nui 3maHui. OOmUH SKOHOMHUYECKHH 3(deKT
npu o0beMe peanu3alid KepaM3UTONeHOOeToHa
B 3020 M cocTaBma okono 33915 gon. CIIA (mo
Kypcy Ha aexabps 2018 r).
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O cuHepreTMYeCKOM BJIMSIHMUA CMA3KU U XUMHYECKHUX 100aBOK
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Pedepart. B cratbe 060cHOBaHEI HayYHBIE NIPEATIOCHUIKHU JUIS pa3pabOTKH COCTAaBOB CMa304HBIX MAaTEPHAIOB ()OPM OETOHHBIX
U3JeTUi ¢ Ka4eCTBEHHOW MOBEpXHOCTHIO. [loka3aHo, 4To Gonblnoe 3HAaUeHHE MMEET y4eT B3aUMOACHCTBUS MEXIYy My3bIphb-
KaMH BO37yXa, CMa3Koi 1 xuaKkoi $a3oit MoaupunuposanHoro 6erona. PazaenurenpHas cMa3ka J0JDKHA MO3BOJSTE BO3AYXY
MHTPHPOBATh B OMPEAEIEHHOI CTENEHN M BBIXOAUTh U3 MOBEPXHOCTH pasjieNla «omamyOka — 6eToHHas cMechy. Jis aToro
CcMa3Kka JJOJDKHA 00J1afaTh HEBBICOKOH BSI3KOCTBIO, a TAKXKe MPHUIaBaTh MaKCHMalbHYIO Tuapododusanuio popme, obnanats
MHHUMAIBHOH anresmeil k 6eToHHOH cMecu. J[00aBku TrHAPOGOOHBIX BEIIECTB B JKHIKHE CMa3KH CYIIECTBEHHO CHIDKAIOT
TIOBEPXHOCTHYIO IMOPHCTOCTh M3AENNH. XUMHUYecKHe J0OaBKU-IUIacCTH(GUKATOPHI, 0COOEHHO NOOABKH IOJIMKAPOOKCHIATHOTO
THUMNA, B 3HAUYUTENBHOHN CTENIEHN CHM)KAIOT MOBEPXHOCTHOE HATSXKEHUE KUAKOCTH G, TEM CAMbIM CYIECTBEHHO YMEHBILIAIOT
paboTy 10 3aKPEIVICHUIO BO3IYIIHOTO ITy3bIphKa Ha MIOBEPXHOCTH OETOHA M CHOCOOCTBYIOT €ro BHITaIKHBaHMIO. Kpome ToroO,
a/icopOMpOBaHHbIE MOJIEKYJIBI XUMUIECKAX T00aBOK NMPEHSATCTBYIOT B3aHMOJACHCTBHIO YacTHI[ IIEMEHTHOTO TECTa C ITOBEPX-
HOCTBIO (opMbl. Mosekyibl 106aBoK moiaukapOokcunaToB 1udyHanpyoT u3 aupy3Horo cios OETOHHOW cMecH, 3amoi-
HSIOT KaITMJUISIPBI B CMA30YHOM TUIEHKE, CHI)KAIOT €€ BSI3KOCTb, HTPAIOT POJIb NMPUCATOK, PEryIHPYIOIIHX MPOLECC pacTeKaHUs
CMa3K{ M OOJerJarolyx yaaneH:He Iy3bIPhKOB BO3yXa B IMOBEPXHOCTHOM Cllo€. DKCHEPUMEHTAIbHBIE HCCIEIOBAHUS COB-
MECTHOTO BIIUSIHUSI HU3KOBSA3KOHM CMa3Ki Ha OCHOBE PACTHTEIBHBIX Macel U MOAU(PUIMPYIONIUX J100aBOK MOATBEPANIN TPH-
Be/ICHHBIC BBINIE TTOJI0KeHHs. Hanborplree BIMsIHNE Ha CHIDKCHUE TIOBEPXHOCTHOM MOPHUCTOCTH OeTOHa OKas3ajia JoOaBKa Ha
MOJIMKapOOKCUIIATHOH OCHOBE, IPHYEM COJIepKaHUe BCEX BHJIOB ITOp B OETOHE 0Ka3aJI0Ch IPHMEPHO Ha OJHOM YPOBHE.

KnioueBble ciioBa: paznennTenbHble CMa3Ku, HOBEPXHOCTHOE HATSHKEHHE, KPAaeBOW yrosl cMayMBaHMs, XMMHYECKHE TOOaBKU-
IacTHOUKATOPHI
Jas uutupoBanus: IOxuesckui, [1. Y. O cuHepreTHUECKOM BIMSTHUU CMa3KH U XUMHYECKHX TOOABOK Ha MOIy4CHHE Kade-

CTBeHHOH noBepxHOoCcTH OeToHHBIX m3aennit / I1. W. IOxuesckuit, H. I1. umurpuamu // Hayka u mexnuxa. 2019. T. 18, Ne 4.
C. 303-310. https://doi.org/10.21122/2227-1031-2019-18-4-303-310

About Synergistic Effect of Lubricant and Chemical Additives
on Obtaining Quality Surface of Concrete Products

P. I. Yukhnevskiy”, N. P. Dimitriadi”

YBelarusian National Technical University (Minsk, Republic of Belarus),
?Republican Unitary Scientific-Research Enterprise for Construction “Institute BeINIIS”
(Minsk, Republic of Belarus)

Abstract. The paper substantiates scientific background for development of lubricant compositions used in moulds for con-
crete products with high-quality surface. It has been shown that consideration of interaction between air bubbles, lubricant and
liquid phase of modified concrete is of great importance. A release agent must allow air to migrate to a certain extent
and leave “formwork — concrete mix” interface. In this regard the lubricant must have low viscosity. In addition, the lubricant
should give maximum hydrophobization to a mould and have minimal adhesion in respect of the concrete mix. Additives of
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hydrophobic substances in liquid lubricants significantly reduce surface porosity of products. Chemical plasticizing additives
and, in particular, additives of polycarboxylate type substantially reduce surface tension of liquid o,,, thereby they significant-
ly reduce work for fixing an air bubble on concrete surface and contribute to its ejection. In addition, adsorbed molecules of
the chemical additives interfere with interaction of cement paste particles and mould surface. Polycarboxylate additive mole-
cules diffuse from a diffuse layer of the concrete mix, fill capillaries in the lubricant film, reduce its viscosity, act as additives
that regulate spreading of lubricant and facilitate removal of air bubbles in a surface layer. Experimental studies of the com-
bined effect while using low viscosity grease based on vegetable oils and modifying additives have confirmed the above pro-
visions. The polycarboxylate-based additive has made the greatest impact on reduction of concrete surface porosity and con-
tent of all types of pores in the concrete has been approximately at the same level.

Keywords: release lubricants, surface tension, wetting angle, chemical plasticizing additives

For citation: Yukhnevskiy P. I., Dimitriadi N. P. (2019) About Synergistic Effect of Lubricant and Chemical Additives
on Obtaining Quality Surface of Concrete Products. Science and Technique. 18 (4), 303-310. https://doi.org/10.21122/2227-

1031-2018-18-4-303-310 (in Russian)

B nocnennue ronpl Gonpllioe BHUMaHHUE YIems-
€TCsl BOTIPOcaM TMOBBIIICHHS 3(PHEKTUBHOCTH CMa30K
JUtst GOpM, HCTIONB3YEMBIX MPH MPOM3BOJCTBE JKeJle-
300€TOHHBIX H3ACIHNA. JTO OOBSCHIETCS BO3pacra-
IOIMMH TPeOOBAHMAMHI K KadeCTBY M3/ICNHH, K CTe-
NEeHH WX 3aBOJICKOW TOTOBHOCTH, 3HAYUTEIHbHBIM
pacIpOCTpaHeHNEM TOHKOCTEHHBIX )KeNe300€TOH-
HBIX KOHCTPYKIIMH, W3TOTABIMBAEMbIX H3 ITOJBIK-
HBIX IIaCTU(HULIUPOBAHHBIX OETOHHBIX cMeceill. Eme
HECKOJIBKO JIET Ha3aj MpoLecC HAHECEHHsI CMa3KH Ha
MOBEPXHOCTh (JOPM M ONATYyOKH paccMaTpHBAJICS B
TEXHOJIOTUM OETOHHBIX PAabOT B Ka4yecTBE PSIOBOM
orepanyy, a BCsl (PYHKIMOHAIBLHOCTb MaTepHAaIIOB
CBOZMIIACH JIMIIb K CO3JAHUI0 Oaphepa MexXIy OeTo-
HOM ® (hopmoii. UToOBI 0OecTieunTh Takoe paszerie-
HHE, TEXHOJIOTH TPUMEHSUTH OOJBIION pacxon cMa-
309HOTO MaTepHalia, KepTBYSI KadyeCTBOM IPOH3BO-
JTUMBIX U3AEIUHA U KOHCTPYKLIMI.

B 3aBucumocTn ot cocraBa, QpU3MKO-XHUMUYe-
CKHUX CBOMCTB M IO TEXHOJIOTHYECKUM IPU3HAKAM
BCE CMa3Ku sl GopM Kene300eTOHHBIX W3
MO’KHO Pa3leNuTh Ha CYCIEH3MOHHBIC, CMa3Kh —
3aME/ITTUTENH CXBATBIBAHHS, THAPOGOOU3UPYIOIIHIE
u KomMOuHUpoBaHHBIe. Hambombiree pacmpocTpa-
HCHHUE TOJYYWIA TUAPOPOOUUPYIONINE CMAa3KHU.
MexaHu3M HX OEHCTBHS OCHOBAaH HA TOM, YTO IO-
CJie HaHECEeHHUs Ha OMaITyOOYHOH MMOBEPXHOCTH 00-
pasyercs ruapodoOHas cMa304Hasl TUICHKA, SBIIS-
IoIasics 6apbepoM MPOTUB BCEX BHUIOB aAT€3HOHHO-
ro B3auMojeicTBUsl OeroHa ¢ onamyOkoil. M3yuns
MHOTOYHCIICHHBIEC TTATCHTHBIC M3BICKaHMS B 00IacTH
CMa30K, MbI TIPEACTaBUIIN COCTAB THIIOBBIX CMa3OK
B BUJIC CXEMBI, IPHBEJICHHON Ha pHC. 1.

[lony4yeHne KavuecTBEHHOW IMOBEPXHOCTH 0e3
nedexToB He B MaJIOW CTETICHN 3aBUCHT OT THUIA U
o0iacTi mpUMEHeHus] cMa3ku. boipmuHcTBO OMa-
TyOOK M3TrOTaBIMBAIOT W3 CTAJIH WA BOJOCTOMKON
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(daHepsl, MOMyISPHOCTE HAaOHMpaeT IUIACTUKOBAS
omanyOka. DT MarepHuaisl HE BIWTHIBAIOT BOAY,
00 HWMEIT MHHUMAalbHOE BOJOIOTIIOIIEHHE.
Hcnonp3oBanne HEKAUYECTBEHHBIX CMa30K MOXKET
MPUBECTH K HEKeNaTeIbHOMY OKpallWBaHHIO Oe-
TOHA, yIEPKaHWUIO BO3IYIIHBIX ITy3BIPHKOB M TPO-
YiM HEraTUBHBIM HociencTBusiM. Kak mpawmio,
MPU YKIIaJKe MOJABIKHBIX CMecel BO3IyX BBIXOAUT
0 pa3neiy MOBEPXHOCTEH omanyOKu W OeTOHHOU
cmecd. COOTBETCTBEHHO CMa3Ka [OJDKHA TIO-
3BOJISITh BO3MyXy MHTPHPOBATH B OMpeIeeHHON
CTETIEHH W BBIXOJIUTh W3 TOBEPXHOCTH pa3zjenia
omanyOka — OeToHHas cMmech. Jms 3TOro cmaska
JOJDKHA 00JIafaTh HEBBICOKOM BS3KOCTBIO. TuI
ormanyOKd MOXKET IUKTOBATh CIIOCOOBI TpeBaph-
TENBHOW MOJATOTOBKH, BEIOOp THIIA CMa3KH U CIO-
cOOBI ee HAaHECEHUSI.

C TOuKM 3peHHUsl TEXHOJOTHYECKUX TpeOoBa-
HHUH Ba)KHO, YTOOBI CMa3ka B OOJIBIIEH CTCICHH
cMauuBajia Matepuan (GOpMbl, a B MEHBIIEH — TO-
BEPXHOCTHh OeToHa. MuHepaJgbHBIE Macia BCIEH-
CTBHE HU3KOH IOJIIPHOCTH BXOJSIINX B MX COCTaB
YTIIEBOIOPOIOB HE 00eCTIeYnBaOT 0Opa3oBaHUe Ha
MTOBEPXHOCTAX CTPOUTEIBHBIX (POpM 3 (HEKTUBHOM
CMa3bIBaIOIICH IUICHKH, BBIIECPKUBAIOLIEH BBICO-
KHE JaBJCHHS W OOJieryaronieil pacnamyOky Oe-
TOHHBIX H3Jeuid. UTOOBI yMpaBisTH MPOLECCOM
pacTekaHusi CMa304YHBIX MAaTEepPHajoB, H3MEHSIOT
KPUTHYECKOE ITOBEPXHOCTHOE HATSHKEHHE, BBOJIS
MOOABKH WM PETYIUPYS TEXHOJOTHIO TPUTOTOB-
neHust cMasku. CreneHb CMa4yMBaHHAA KOJIMYe-
CTBEHHO XapaKTEepHU3YIOT KpPaeBbIM yIJIOM CMadd-
BaHus [1] (puc. 2), T. €. yroin Mexay KacateabHON
K TOBEPXHOCTH >KMIKOCTh — Ta3 W TBEPIOU IO-
BEPXHOCTBIO C TOYKOH KOHTaKTa Tpex a3 u uzMe-
PSAEMBIi BCEr/la BHYTPH XKHUIKOU (ha3bl.
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Puc. 1. Ctpykrypa runpodoOu3upyromux cMa3ok At Gopm

Fig. 1. Structure of hydrophobic lubricants for moulds
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Puc. 2. KpaeBoil yron Ha rpaHule pasziena

«TBEPAOEC TCIO — KUAKOCTb — BO3AYX»

Fig. 2. Contact angle
at “solid — liquid — air interface”

KpaeBoﬁ yroj cCMadvBaHHd B PaBHOBCCHBIX

YCJIOBUSIX OIPENEISETCS COOTHOIIICHUEM
CBOOOITHOI TTOBEPXHOCTHOW JHEPTHHU

3HAUEHUH
(wm  10-
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TJI€ Grr, Oy Orx — IMIOBEPXHOCTHOE HATSKCHHE HA
TPaHUIIE «Ta3 — TBEPJOE TEJIO», «TBEPAOE TEJO —
KHUJIKOCTBY»,  «Ta3 — KUAKOCTH»  COOTBETCTBEH-
10, MJ[K/M”; © — KpaeBoii yroa cMaunBaHHSL.

Casi3p Mex 1y pabOTON aare3uu u KpaeBbIM yT-
JIOM CMauuBaHHS XapaKTepU3yeTcs YpaBHCHHUEM
roripe — FOnra [1]

W, =0, (1+cos0). 3)

Ecam cma3ka mmoxo cmauumBaeT OeToH (Oe-
TOHHYIO cMeCh), TO 0 — 90° u pabora aaresuu
OyIeT MUHUMATHHOM.

3akpemicHue Iy3bIpbKa Ta3a Ha TBEpIOH
MOBEPXHOCTH — CAMOIIPOU3BOJIBHBIN MPOIIECC, KO-
TOPBI, COIVIACHO BTOPOMY 3aKOHY TEpPMOIMHA-
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MHUKH, MOXET IMPOTEKaTh JUIIb C YMEHBIICHHEM
CBOOO/IHONM PHEPruU CHUCTEMBI. Y OBUIb CBOOOHOMN
MMOBEPXHOCTHOM 3Hepruu AF cuctemsl mnocie npu-
JIUTaHUS Ty3bIphKa K TOBEPXHOCTH, OTHECCHHAs
K ©IHUIIE BHOBb 0Opa30BaHHOI MOBEPXHOCTH pa3-
JIeJia «4acTHIla — Ta3», MOXHO BBIPA3UTh CIICIYIO-
UM ypaBHeHueM [1]:

AF=c,, ﬁ. (4)
®opmyna (4) cooTBeTCTBYeT paboTe, 3aTpa-
YeHHOH Ha 0O0pa3oBaHHME €IUHUIIBI ILIONIA]IN
KOHTaKTa «TBEPJIOC TEJIO — I'a3y, KOTJa 3Ta IO
HE OrpaHWYeHa TPAHSIMH YACTHIBI, T. €. IPOHC-
XOJIUT TPUKPEIUIEHHE MENKOTO ITy3bIpbKa K 00Jb-
IOW TIOBEPXHOCTU. 3aKpeIUICHUE ITy3bIphKa Ha
MOBEPXHOCTH BO3MOXHO, korja AF >0, T. e. ecin
KpaeBoi yroy cMauuBanus 0 > 0.

3HaueHUs] TOBEPXHOCTHOTO HATSDKCHUS IS
YTIIEBOJOPOIHBIX MHHEPATBHBIX Macen tuma MC-2
O = 25,5-32,9 mJlx/™M°, BeperenHoro — 31,8,
MAaIllMHHOTO OYMINeHHOro — 35,7, CcHHTETUYe-
ckux Macen — 33-34, Boael — 72,8 MI[)K/M2 (wm
72,8 H/m) [2].

Kak yctanoBneno B [3], MeTalmuueckue u Je-
PEBSHHBIC TTIOBEPXHOCTH JTyYIlle CMAa4YUBaIOTCS Mac-
JIOM W XyX€ — BOJOMW; IIEMCHTHBIN KaMeHb B Oe-
TOHE, HA00OpOT, XOPOIIO CMAuMBAETCS BOJOW U
TUIOXO — HETIOJIIPHOM KHUJIKOCThEO — MUHEPATbHBIM
MaciioM. IlosToMy mpu BEIOOpE SMYJIBLCHOHHBIX
CMa30K TPEATNOYTCHUE CIIEAYeT OTAaBaTh o0Opat-
HBIM 3MYJBCHSAM, B KOTOPBIX TUCTIEPCHOHHON Cpe-
JIO# SIBIISIETCST Maciio, a (pa3oi — Bo/Ia ¥ HAXOAUTCSI
BHYTPH HEMOJSPHOHN KUAKOCTU. Takas cMa3ka co-
3maer OoJiee MPOYHYIO IUICHKY U Jy4YIle YACpPHKH-
BaeTCs Ha BEPTHKAIBHBIX IIOBEPXHOCTSX.

Kpome cHmxenust aaresnn 0eToHa K METaJIIH-
yeckoil (opme, cMmaska JODKHA CIOCOOCTBOBATH
MOJTyYEHUIO0 OCTOHHOM MOBEPXHOCTU C MUHUMAIIb-
HBIM KOJIMYECTBOM IOP U PAaKOBUH. B cBs3u ¢ 3TUM
0oJbpIIOe 3HAYEHHE WMEET y4eT B3ahMOJEHUCTBUS
MEX]y IMy3bIpbKaMU BO3/lyXa, CMa3KOW M XKUJKOU
(hazoii moamdummpoBanHoro OetoHa. [Ipu 3TOM
coctaB OETOHA, PEKHUMBI YIUIOTHEHUsI OCTOHHOMN
CMECH B MEHBIIEH CTETIeHN BJIMSIIOT Ha Ka4deCTBO
MOBEPXHOCTH W3JENUNA, YeM MPaBHIBHO TIOJ0-
OpaHHas cMa3Ka.

CylecTBeHHOE BIUSHUE HAa KA4eCTBO MOBEPX-
HOCTH KEIIE300€TOHHBIX W3MENHIA  OKAa3bIBAIOT
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YCJIOBUSL KOHTAaKTa 3alleMJICHHBIX ITy3bIPBKOB BO3-
Iyxa €O CMa3aHHBIMH II0BEPXHOCTSAMH (OPMEI
U ¢ OETOHHOU CMeChI0. M30TpOIHBIA BO3TYITHBIN
My3bIpb 3HAYUTEIBHO JIETYe 3aKpeIuisieTcs Ha To-
BEPXHOCTH METaJula, MOKPBITOH cioeM ruapodo0-
HOW CMa3Kd, 4YeM Ha TUIPOPHILHONH MOBEPXHO-
cTH OETOHHOHM cMecH. DTO OOYCIOBIMBAETCS Kak
0oJbIell MOBEPXHOCTHIO KOHTAKTa ITy3bIpbKa C
rupoPoOHO TOBEPXHOCTHIO  (OONBIIMK  yroid
CMadMBaHUA CO CTOPOHBI X KUJIKOCTHU — CMaSKI/I), TakK
1 OoNpIIell CKOPOCTHIO MPHJIMTMAHUS TP MPOUHX
PaBHBIX YCJIOBHSIX (BS3KOCTb KMIKOCTH, AaBJICHHE
rasa). BHytpu mys3blppka cozgaercsi U30BITOYHOE
JaBlicHHE, 3aBHCALIEE OT MOBEPXHOCTHOI'O HATS-
KEHHUS BOIBI M pa3Mepa My3bIpbKa, HAPUMEp IS
rapa MOYKHO 3aIHiCaTh

P — K , (5)

rae R — pagnyc KpUBU3HBI ITy3bIpbKa.

BeposiTHOCTB KOaNECIEHINN Ty3BIPHKOB 3aBH-
CHUT OT Pa3sHOCTH JAaBJICHUN B Iy3bIpbKax, T. €. OT
BEJIMYHHBI

AP=20_[ -1 (6)
Rl R2

PaccMoTpuM pasnudHbIe Ciydad 3aKperuieHUs
My3bIpbKa BO3IyXa MEXOy MeTaioM (opMbl U
OETOHHOH CMEChIO.

1. IlommoHOM CITy’)KHT HECMa3aHHBIH yYacTOK
dbopmpl ¢ HamummmuM cioeM OetoHa (puc. 3a).
[Ty3bIpex HaXOAHUTCSA B HEPABHOBECHBIX YCIOBHSIX.
[lon nmeticTBueM Macchl OCTOHHOUW CMECH B TIPO-
Hecce YIUIOTHEHHS YAAeTcsl OOBIYHO yOAIUTh
4acTh BOJIHOW TPOCIOWKHM M 3aKPEMUTh ITy3bIPEK
Ha TIOBEPXHOCTH, HO HE OYE€Hb IIPOYHO.

2. lonmorn (oOpMBI TIOKPBIT CJIOEM KOHCH-
CTEHTHOM cMa3Ku (COJHIO0JN, CTeapHUHO-BAa3eNH-
HOBasi cMaszka) WM THIPO(OOHON IIaCTMACCHI
(puc. 3b). Bo3aymiHelii my3sipek MCHOBEHHO TpH-
JIUTNAeT K TaKOW MOBEPXHOCTU U HAXOIUTCSH B TPO-
CJIOMKE BOJBI MIIM LIEMEHTHOT'O MOJIOKA.

3. IloBepxHOCTH (OpPMBI CMazaHa > KHUAKOH
ruapoQoOHO cMa3koi (MHHEpaIbHBIM MAacioM,
puc. 3c). Ilox meficTBHEM Macchl OETOHHON CMecH
My3BIPEK Pa3ABUTAET CJIOW CMa3KH U OoJiee MPOYHO
3aKpeIUIseTCsl Ha TOBEPXHOCTH (HOPMBI.
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Puc. 3. Cxema 3aKkpeIuIeHHs BO3IYIIHOTO ITy3bIpbKa HAa OETOHHOM cMecH U opMe: a, b — Ha ITOBEPXHOCTH U3 THAPOPHILHOTO
u ruipodoOHOTO TBEPIOro MaTepHalla COOTBETCTBEHHO; C — Ha IIOBEPXHOCTH METaJlIa, TIOKPBITOTO XKUIKOH CMa3Koii;
d — T0 e, mpu KOHTaKTe ¢ MOIU(PUIIMPOBAHHOM OETOHHOH cMechio; 1 — GeTOHHAst cMech; 2 — BO3AYLLIHBIN My3bIPeK;
3 — mpocnoiika Boabl (LIEMEHTHOT'O MOJIOKa); 4 — 3aTBepAeBIInil 0eToH; 5 — ruapodoOHas miacTMacca (KOHCUCTEHTHAsA CMa3Ka);
6 — croit MIHEpaIbHOTO Macia; 7 — cTajabHast (hopMa

Fig. 3. Scheme of fixing air bubble on concrete mix and mould: a, b — on surface of hydrophilic
and hydrophobic solid material, respectively; ¢ — on surface of metal coated with liquid lubricant;
d — the same when in contact with modified concrete mix; 1 — concrete mix; 2 — air bubble;
3 — layer of water (cement milk); 4 — hardened concrete; 5 — hydrophobic plastic (grease); 6 — mineral oil layer; 7 — steel mould

Takum 00pa3om, Al MaKCUMaJIbHOTO 3aKperi-
JIEHWsI ITy3BIPHKOB BO3MyXa Ha ()OpME W yMEHBIIIe-
HUS KOJIMYECTBA PAKOBUH Ha MOBEPXHOCTH OETOHA
pelaroriee 3HaYeHHE UMeeT caM (pakT ee TUApo-
(hobrOCTH. OTHOBpPEMEHHO HEIOMYCTHMO OCTaB-
JSITh HAa TOBEPXHOCTH (DOPMBI HAJIUMIIUN OCTOH
WIH HAHOCUTh CMa3Ky HEPaBHOMEPHBIM CIIOEM,
OCTaBIIsisi HECMa3aHHBIE YYaCTKH, TaK KakK BCIeEJ-
CTBHC IUIOXOI'0 MPUIUIIAHUA ITY3BIDBKOB BO34Yy-
xa OyeT yXyamaThCsl Ka4eCTBO TTOBEPXHOCTH H3-
IEITNN.

Ha npouHoCTh npuiHaHus my3sIphKOB BO3ITY-
Xa 3aMETHOE BIHSHHE OKa3bIBaeT MIEPOXOBATOCTH
MOBEPXHOCTH (HOPMBI, 2 UMEHHO: Ha IIepOXOBa-
TOW MOBEPXHOCTH 3HAUCHUS KPaeBHIX YIJIOB CMa-
YUBaHWA, KaK TPABWIO, HIDKE PaBHOBECHBIX [4],
a IMy3BIPBKH OTPHIBAIOTCS MEHBIIUX pPa3MEpOB.
[Ipu BHUOpanu OTPHIB Iy3BIPHKOB O0OJIETYaCTCS.
Ilpu »TOM, YeM BbIlIE KPAaE€BOM YroJ CMaulBaHUA
U TUIOMAAbh TPWINMAHHUSA, TEeM MEHBIIE BEpOST-

Hayka
wTexHuka. T. 18, Ne 4 (2019)

HOCTBH OTPBIBA €TO OT MOJJIOKKH. TakuMm oOpaszom,
CMa3KH JOJDKHBI MPUAABaTh MaKCUMAIbHYIO THII-
podobu3anu MmoBepxXHOCTH (GOPMBI M 00JIA1aTh
MHHHUMAJbHOU aare3ueii Kk OeToHHON cmecH. lo-
0aBku TUAPO(HOOU3MPYIOIINX BEIIECTB B JKUIKUC
CMa3K{ CYIIECTBEHHO CHIIKAIOT MOBEPXHOCTHYIO
MOPUCTOCTh U3ACIIHM.

B mnactosimee BpeMs OCHOBHOW o00BeM Oe-
TOHHBIX CMeECEH YKIaJbIBaeTCsl C NpPHUMEHEHHEM
IaCTUQUIUPYIONINX J0OABOK, YTO HECKOJIBKO H3-
MEHSET MEXaHN3M B3aUMOJIEHCTBHUS CMECH C TIO-
BEpPXHOCTbIO CMa3kh. Ha mpakThke npUMeHs-
0T TMacTHGUIUpPYIONIHe MT00aBKH ABYX BHJIOB:
mwracTuuKaTopsl (CyneproiacTuuKaTopel) U TH-
neprutactudukatops! (106aBKK Ha MOIUKAPOOKCH-
nmaTtHOW ocHoBe). Kak m3BecTtHO [5], B Hadamb-
HBII MEpUOJ B3aUMOACHCTBUSI MUHEPAJIOB LIEMEH-
Ta ¢ BOJIOW MOJEKYJbI J0OaBOK TIACTU(UKATOPOB
pPaBHOMEPHO paclpeneieHbl BO BCEH BOJIE 3aTBO-
penus. Ilo Mepe ruaponmsa memeHTa B Iporiecce
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XEMOCOPOITMM MOJICKYJIBI TOOABKH CYIIEPILIACTH-
(ukaTopa 3a cyeT He CBS3aHHBIX C MOBEPXHOCTHIO
MOHOTEHHBIX TPYI CO3JAI0T BOKPYI YacTHII Lie-
MEHTHOTO TeJii CTPYKTYPUPOBAHHBIH THUIAPATHBIN
CJIOH, OJHOBPEMEHHO BBITECHSIOT YaCTh MOJIEKYJ
BOJIBI U3 aJCOPOIIMOHHOrO ¢jios B U Hy3HbIH, I1Ie
OHU yIIEP’KUBAIOTCS 3HAYUTEIBHO ciabee U pacmo-
JararoTcs HeynopsimoueHHo. [lpu 3TomM HU3KOMO-
JIEKYJISpHBIE TOOABKH — OJIMTOMEPHI, KaK MPaBIIIO,
azcopOMpyIOTCSl B BUJE LIENH, a B CIIy4ae BBICOKO-
MOJIEKYJIAPHBIX T00ABOK C MPUBUTHIMU OOKOBBIMHU
HEMSIMHU TOCIEIHNE OPHUEHTHPYIOTCS TEPICHINKY-
JSIPHO TIOBEPXHOCTH, BBIXOHS 3a Mpenenbl aug-
(hy3HOTO CIIOS, TPETSITCTBYS CONMIKEHUIO YaCTHII.
[Ipu HU3KOH KOHICHTpalMu 100aBOK B aAuddys-
HOM cJIo€ TpeobianaeT IepBbli crnocod 3aKperie-
HUSI, IPU BBICOKOH — BTOPOH.

B mpomecce aacopOiuu He Bce (QYHKITMOHATB-
HBIE€ TPYNONIBl JO0AaBKH CBS3BIBAIOTCS TOBEPX-
HOCTBI0. YacTh aKTHUBHBIX TPYNI W OTAEIHHBIC
CErMEHTHI JOOaBKH OPUEHTHUPOBAHbI B AU PY3HBIH
CJIOH M CITOCOOCTBYIOT (DOPMUPOBAHUIO €TO TPOCT-
PaHCTBEHHON CTPYKTYpHI (H00aBKU-THUIICPILIACTH-
(ukaropbl). BoKOBBIE 1ENH M CErMEHTHI 100aBOK
3a CUeT JaTepajbHBIX B3aMMOACHCTBHH THAPO-
(oOHBIX pagvKagoB, MOJSPHBIX YacTed Molie-
KyJIBl, 32 CYET CHJI CTEPUYECKOT0 OTTAIKUBAHHSA
CTIIOCOOCTBYIOT TUTACTH()HKAIMN [IEMEHTHBIX KOM-
MO3ULIUH.

Takum 00pa3oM, eclii Ipu aAcopOLUu Cymep-
IACTH(HUKATOPOB MOXKHO CUUTATh HE U3MEHSET-
csl THAPOQUILHOCTh OETOHHOH CMecH, TO 3a CuUeT
azcopOIMM THMEPITIACTU(PUKATOPOB H  YIIOPSIIO-
YEHHOW OpHUEHTALUH YIIEBOJOPOAHBIX YacTe Mo-
JEKyJIbl THAPOGUILHOCTh MOBEPXHOCTHOTO CIIOS
OCTOHHOWM CMeCH CHWKAeTcs, 4YTO MOXKET CIO-
COOCTBOBaTh 3aKPEIJICHUIO IIy3bIpbKa BO3AY-
xa (puc. 3d). OnmHOBpEeMEHHO, Kak IIOKa3aHO
B [6], monukapOOKCHJIATHBIE IIACTU(UKATOPEI
y)Ke TIpu KOHIIeHTparuu B pactBope 0,25 % cHu-
JKarOT IMOBCPXHOCTHOC HATAKCHUC XKUIAKOCTU Oy
Ha 21-22 %, B TO BpeMs Kak OObIYHBIE TUIACTH(U-
KaTopbl — TOJBKO Ha 5—6 %. Takum oOpazom, mo-
TUKapOOKCUIATBI, CHW)Kasg MOBEPXHOCTHOE HAaTs-
JKEHUE JKUAKOCTH, CYIIECTBEHHO YMEHBINIAIOT pa-
00Ty MO 3aKPEIJICHUIO BO3AYILHOIO Iy3bIpbKa Ha
MOBEPXHOCTH OETOHA W CIIOCOOCTBYIOT €T0 BBITAJ-
kuBaHUO. Kpome TOro, ajgcopOupoBaHHBIE MOJIe-
KyJIbl XUMI00aBOK MPEIMSATCTBYIOT B3aUMOJCH-
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CTBHIO YaCTHI[ IIEMEHTHOTO T€CTa C IOBEPXHOCTHIO
($hopMBI.

B ciyugae BepTukanmsHO# moBepxHOCTH (pHc. 3d),
ecyu yriiel cMaunBanus 0, u 6, — 0, To cormacHo
dhopmyne (4) m cwna 3aKperieHUs My3bIpbKa BO3-
nyxa Ha popme mwin 6erone AF — 0. IIpu mo6b1x
yriax CMauyWBaHUS BBITATKUBAHUIO TYy3bIpbKa Oy-
JIET CITIOCOOCTBOBATH CHIKEHHUE BEJTMUNHBI Gy

H3BectHO [7], 4TO MacisHbIC IJICHKH Ha Me-
TaJUIMYECKOW TMOBEPXHOCTH MPOHU3aHBI COOOIIa-
IOIUMUCS KamwusipaMu U 00JamaloT BBICOKOU
BIIATONPOHHIIAEMOCThI0. [Ipu Xopormrem cMaumBa-
HUU KHUJIKOCTHIO TIOBEPXHOCTH MACIISIHON TUICHKH,
korga 6 — 0 (cos® — 1), kamis He co3gaeT Hamo-
pa. B ciydae mioxoro cMadrBaHUS TOBEPXHOCTH,
korma 6 — 90° (cos® — 0), BbIcoTa Harmopa, co-
31aBaeMoOro Karmieid, MOxeT gocturatb 79 % ot
MakcuManbHOW BenuuuHbl. llox Bo3aelicTBHEM
MOJIKANEIbHOT0 HAIoOpa BO3HHUKACT 30HA JIOKAJb-
HOW AedopMalui CMa304HOTO MMOKPBITHS, CITOCO0-
CTBYIOIIAsl YBEIMYEHHUIO JJIWHBI U JHaMeTpa Ka-
mwuisipa. [lpu aTom cama Karuist UCTIONHSIET POJb
Hacoca W pe3epByapa, M3 KOTOPOTO YKHIKOCTh U
PacTBOpPEHHBIC B HEH BeIIECTBA IO JaBICHHEM
HArHETAIOTCS B KATWILISAPHI IOKPBITHUSL.

Momnekyibl 100aBOK TTOJUKApOOKCHIIATOB TH (-
Gbyaaupyiot u3 auddy3Horo cios OETOHHOH cMe-
CH, 3allOJIHSIOT KaNWUISAPhl B CMa30YHOU TUICHKE,
CHIDKAIOT €€ BSI3KOCTh, WIPAIOT pOJb IpHCa-
JIOK, PETYIUPYIONINX MPOIECC PACTEKaHUS CMa3Kh
1 OO0JerJyammux yaajJeHne My3bIPbKOB BO3IyXa
B moBepxHOCTHOM cioe. CornacHo [8], mpucaaku
JOJDKHBI YIOBJICTBOPSITH CIICAYIONUM TpPeOOBaHM-
SIM: TIOJXOAMThH 10 XUMHYECKOMY COCTaBY M KOH-
LIEHTPAIlNH, PacTBOPATHCSA B 0a30BOM Macie, aj-
copOHMpoBaThCA Ha METaUIE W CO3/1aBaTh IUICHKY,
CHIDKATh TOBEPXHOCTHOE HATsOKEHHE 0a30BOTO
Macia He MeHee 4eM Ha 5 MJDk/M’, 061aaTh Ma-
JIOM JIETy4eCThI0 M XUMHYECKON CTaOMIHLHOCTHIO
Ha TBEpIOM Tele. B kadecTBe mpucaaok, B Haw-
0O0JIbIIel CTETIEHN CHIDKAIONINX BA3KOCTH CMa30d-
HBIX COCTABOB H YJIYYIIAONINX UX PACTEKaEMOCTh,
MPUMEHSIOT CIIOXKHBIC 3(UPBI KUPHBIX KHUCIIOT.
C »TOH 1enpl0 B COCTaBE CMa30K HCIOIB3YIOT
TakKe HojauKapOookcuiaTsl [8, 9].

Jl1s ipoBepKY  BBIICTIPUBEICHHBIX TTOJIOXKECHUI
aBTOpPaMH TIPOBEJICHBI OITBITHI IO OTIPEAETICHUO BITH-
SIHUSI XAMHYECKUX JT00aBOK-IIIACTU(UKATOPOB Oc-
TOHA Ha €T0 MOBEPXHOCTHYIO MOPUCTOCTh. JlJs Tipu-
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TOTOBJICHHS OETOHHOW CMECH TPUMEHSUTH IIOpT-
nanaueMent 1IEM 1 42,5H mo TTOCT 31108-2003
C HOpMaJbHOW TycTtoTOH 27,5 %, KBapIeBbIA Iie-
cok (Mk = 2,2) u rpanautHsii medens PYIIII «I pa-
HAT» ¢pakuun 5-10, KOTOpylo mepeMelnBaIn
B OeTOHOMEIIANIKe MPUHYIUTEIBHOTO AeHCTBUS.
CocraBsl 6eToOHOB mpuBeeHHl B Taba. 1. O0Opas-
ubpl guamerpom 100 MM M3roTaBIMBAIM 1O
CTb 1707-2006, a TOBEpXHOCTHYIO MOPHUCTOCTH
OTIpeIesUI B BO3PACT€ TpPeX CYTOK HOPMAaJbHO-
BIIQXKHOCTHOTO TBepaeHus. s cMa3ku Ghopmbl Obl-

Jla TIpuMeHeHa paHee paspadortanHas Ha PYII «Un-
ctutyT bemrHMWC» Hu3KOBs3Kas cMa3ka Ha OCHOBE
OTEYECTBEHHBIX pacTBopuTeneil u macen [10].

Jlnst OIIEHKM MOPHUCTOCTH MPOBOAMIOCH (hoTO-
rpadupoBaHie MOBEPXHOCTH 00pa3LOB ¢ IOCIe-
nyromed nudpoBoi 00pabOTKOM U MOACUETOM KO-
JMYeCcTBa IUIONIAJel OTHENBHBIX pakoBuH. Jlamee
BBITOJTHSUIACH COPTUPOBKA PAKOBUH TI0 JHaMETpam
W Ha OCHOBaHMHU IOJYYCHHOTO MacCHBa IaHHBIX
cTpowics rpadMK HOBEPXHOCTHOM (MHTErpaibHOM)
MOPUCTOCTH (pHC. 4).

Tabauya 1
CocTaBbl 0€TOHOB /IUISI NCCJIE0BAHUS COBMECTHOIO BJIIMSIHHMSI CMa3KH H MOANPUIUPYIOLINX 100aBOK
Compositions of concrete to study joint effect of lubricant and modifying additives
Howmep Pacxo1 KOMIIOHEHTOB CMECH, KI' Ocanka
KommuectBo n06aBku, % OT Macchl IEMEHTA, U BUJT
COCTaBa | [lemeHT TTecox [le6eHn Bona KOoHyca, CM
1 250 850 1060 207 Be3 no0aBku 4,5
2 250 850 1060 207 0,45 % JIunamuxc 11120 — monuuad TamuHCYILGOHATHI +
+ UrHOCYNb(POHATHI 19
3 250 850 1060 207 0,5 % Jlunamukc CII-180 — nonunadTanuHcyabHOHATH 18
4 250 850 1060 207 0,25 % Penamuxkc ITK — monmkapOoKkcuiaTel 18
5 250 850 1060 207 0,05 % XUIAETAJI-II-8 — Bo31yx0BOBIIEKaOIIAs 5
6 250 850 1060 207 0,15 % XUJETAJI-II-8 — Bo3ayxOBOBIIEKarOIIast 8
7 250 850 1060 207 0,1 % Codoxcun-1520A — meHOTacHTENb 5
8 250 850 1060 207 0,2 % Codoxcun-1520A — meHOTacHTENb 5
S B cocTael _/'. L
2 WcocTas?|
X}
e Ococras3|’
§_ O cocTasd
; B coctas5
g @ cocTash
a ImcocTas?
z 1.8+
= OcocTasl
T 15
(=]
C A
124 "d = 4 MM U Goree
14 de=q g
03+ 0'<:3-_s
0,6
D44
0,24 ) | | -
o 865 D5 P 0lad 0 0 10 D5 011 D) 04
Puc. 4. CoBmecTHOe BiMsiHEE JOOABOK B OETOH U CMa3KH Ha IIOBEPXHOCTHYIO TIOPUCTOCTb.
Homepa cocraBoB 1 Buj 106aBKH COOTBETCTBYIOT Ta0lI. |
Fig. 4. Combined effect of additives in concrete and lubricants on surface porosity.
Composition numbers and type of additive correspond to tab. 1
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Kak BumnO m3 puc. 4, BBeAcHHE T00aBOK CITO-
COOCTBYET CHIKEHHIO TMOBEPXHOCTHOH IOPUCTO-
ctu 6erona. BozmyxoBoBnekatomias gooaBka «XU-
HAETAJD» Ha paBHONOJBMXKHOM CMECH B JiBa pasa
CHHM3WJIa TTOBEPXHOCTHYIO IIOPUCTOCTh OETOHA,
MPUYEM C YBEITUYCHUEM KOJIMYecTBa M00aBKH 3(h-
ekt Bo3pacraer. HeoOXommmMo OTMETHUTH, YTO BCE
00aBKH, BKJIIOYas TEHOTACUTEINb, MPaKTHUYCCKU
HE BIUSIOT HA COJCPKaHUE TOp JTUAMETPOM Me-
Hee 0,5 MM (MHKpPOTIOpBHI), OIHOBPEMEHHO CHH-
JKalOT 00BbeM 0Oojiee KpPYNHBIX IMOp B OETOHE.
Hawubonpiiee BIWsHUE HAa CHIDKEHUE MOPHUCTOCTH
OKazaja J00aBKa Ha MOJHMKAPOOKCHIATHONH OCHOBE
(Tabm. 1, coctaB 4), mpu 3TOM COAEpKAHUE BCEX
pa3MepoB MOp MPUMEPHO HA OJTHOM YPOBHE.

Takum o00pa3oM, Ui PaBHOMOJBHKHBIX Oe-
TOHHBIX cMecel ¢ Jo0aBKaMu-IacTuukaropaMu
Ha BEJIMYUHY MOBEPXHOCTHOW MOPUCTOCTH BIIUASET
XUMHYECKOE CTPOCHHE BBOJUMOTO B OETOHHYIO
cMech miacTudukaropa.

BBIBOJIbI

1. Ilpu dopmoBanum u3mENUd U3 MOAUPUIIN-
poBaHHOTO O€TOHA pa3ieiuTeIbHAs CMaszKa IS
dhopM moKHA OBITH Ha3HAUEHA TaKMM OOPa3oM,
YTOOBI MPOSBUJICS CHHEPreTHYeCKHd 3¢ ekt
CMa3K¥ U JOOaBKU-TUIACTU(PUKATOPA B YaCTH CHH-
JKEHUS IOBEPXHOCTHOM MOPUCTOCTH OETOHA.

2. BeITanknBaHUIO My3bIPHKOB BO3yXa HA BEp-
TUKAJbHOU TMOBEPXHOCTH CIIOCOOCTBYET IMOBBIIIE-
HUE CPOJICTBA Iy3bIPhKa CO CMa3KOH U ¢ OETOHHOU
CMECBIO, 2 B pe3yJIbTaTe — CHIDKCHHE GO, KaK B
OTHOIIIEHWH CMa3KH, TaK W IIEMEHTHOTO MOJIOKA.
Xumudeckue n00aBKH JI1 OETOHA, CHIDKAIOILIHME
MOBEPXHOCTHOE HATSDKEHUE Ha TpaHUIe «Ta3 —
KUAKOCTBY», CIOCOOCTBYIOT CHW)KCHUIO TOBEPX-
HOCTHOMU MTOPUCTOCTH OCTOHHBIX H3IEITHIMA.
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Abstract. The paper considers principal features and specific character of architectural design for health care institutions.
Main designing stages, missions and complexities for every successive designing step have been revealed in the paper.
The paper presents specific features, main stages and design approaches to designing of modern health care facilities, com-
fortable architectural environment of health institutions, which have been formed on the basis of the analysis of advanced
international experience in the field of designing healthcare facilities. The proposed approaches are based on modern expe-
rience in designing medical buildings over the past decade in the developed countries. A special attention has been paid
to obsolete methods for architecture-planning organization of healthcare facilities and modern approaches to arrangement
of engineering and other systems which significantly influence on economical efficiency, quality, comfort and effectiveness
of architectural environment in healthcare institutions. Every healthcare facility, every separate department are considered
as unique in their essence, for this reason it is not so easy to reflect modern technological solutions and architectural
tendencies. The paper contains an attempt to attract attention of architects to the complexity in designing of a building to be
constructed, to find ways which will help to reach its step-by-step solution. It has been noted as well that there is a necessity
to arrange interaction between an architect and a medical technologist. Modern medical departments and hospitals have been
recently designed and built in the Ukraine, but they are in increasingly short number. These facilities have been constructed
due to decision makers who, in spite of diverse difficulties, lack of information and specialists, lack of proper funding, etc.,
are trying to do their best in order to reach the modern level of desingning and construction of hospitals. So-called “typical”
medical projects of 70-ies and 80-ies continue to be implemented up to now. This is certainly due to inadequate funding,
but such economy has at the end rather high cost.
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BIIMSIIOT HA YKOHOMHYHOCTB, Ka4eCTBO, KOM(OPTHOCTh M 3()(HEKTUBHOCTh apXUTEKTYPHOH Cpebl JIEYeOHBIX YUPEKICHUMH.
Kaxxaplit MEIUIMHCKHH OOBEKT, KaXKA0€ CHELHANIbHOE OTACICHUE YHHKAIbHBI IO CBOEH CyTH, MO3TOMY HE OY€Hb IIPOCTO
OTpPa3UTh COBPEMEHHBIE TEXHOJIIOTMYECKHE PEIIEHHUs U apXUTEKTypHbIe TeHAeHINH. IIpor3BeaeHa MONbITKA PHUBIEYb BHUMA-
HHUE apXUTEKTOPOB K CIOKHOCTH COCTABJICHUS IIPOSKTHOTO 3aJaHMs, HAliTH IyTH €ro IMo3TanHoro pemenus. OTMedeHa HE0O-
XOJMMOCTb B3aUMOJCHCTBUS MEXy apXUTCKTOPOM U MEJULIMHCKUM TEXHOJIOroM. B mocnennee BpeMs Ha YKkpauHe IpOEKTU-
PYIOTCS M CTPOSTCS COBPEMEHHbIE OT/CICHUs U GOJILHULIBI, OJJHAKO MX KOJIMYECTBO KaracTpoduuecku Mano. BaxxHHas 3aciy-
ra B UX MOSBICHUU IPUHAMIECKHUT PYKOBOAMUTEIAM, KOTOPbIE, HECMOTPS Ha PAa3HOIUIAHOBBIE TPYIHOCTH, HEIOCTATOK
HH(OPMAINH U CIIEIHAICTOB, OTCYTCTBHE HAIJIEKAIIET0 (GUHAHCUPOBAHMUS H T. 1., IBITAIOTCS JOCTHYh COBPEMEHHOTO yPOB-
HS TIPOEKTHPOBAHMSA M CTPOUTENbCTBA OOJBHUIL. J[0 CHX MOp NMPOJOJIKAIOT MOSBIATHCS «THIIOBBIE» MEIULMHCKHE MPOEK-
T 70—-80-x IT. mponutoro Beka. KoHe4HO, BO MHOTOM 3TO CBSI3aHO C HEIOCTATOYHBIM (UHAHCHpoBaHHeM. Ho Takas skoHO-
MU, B KOHEYHOM UTOTE, 0OXOAUTCS OUCHB JIOPOTO.

KiroueBblie ¢10Ba: apXUTEKTypa, JU3aiH, ATalbl IPOEKTa, YUPEKICHUS 3JPaBOOXPAHCHUS, apXUTEKTYpHOE IPOCTPAHCTBO
MEAMLIMHCKUX YUYPEXKIEHUH, CETh 3/1aHUI 3]paBOOXPaHEHUS

Jns mutupoBanus: bynax, M. B. O0mie 0coGeHHOCTH apXUTEKTYpPHOTO MPOSKTHPOBAHMS 3JaHUH MEIUIIMHCKOTO Ha3HAYCHMS /

W. B. bynax // Hayka u mexuuxa. 2019. T. 18, Ne 4. C. 311-318. https://doi.org/10.21122/2227-1031-2019-18-4-311-318

Introduction

The current state of healthcare institutions net-
work in Ukraine, its components — medical buil-
dings, unfortunately, is in critical condition now.
There are a number of factors, but first and fore-
most, the majority of medical buildings were erec-
ted in the Soviet and even pre-Soviet period of
Ukrainian history and is still by the state budget.
Inadequate attention and funding, lack of moderni-
zation and implementation of energy-efficient
achievements have resulted to the fact that since
the independence of the Ukrainian state there were
global and irreversible processes of outdated medi-
cal buildings, their complete inadequacy to the
world quality of health-care services [1, 2].

In addition, for the independent period of
Ukraine existence, the state institution of archi-
tectural designing of healthcare facilities was
completely destroyed. And there was no brand new
formation of a powerful private sector of the
project activity instead of this, which would have
had the proper knowledge of the specific sector of
the medical building's design. Our country has the
imperious want in the revival of quality and pre-
sent-day sphere of provision of health services.
So, it is necessary to start with the study of the
latest world architectural and design experience,
the project approach analysis, the main stage in the
design, aimed at the efficient, economical and pro-
gressive design of healthcare facilities. Under-
standing of foreign experience, best sides adapta-
tion to regional features, and capacity of the
Ukrainian state will provide to the renewal of ar-
chitectural-spatial forms and planning of medical
institutions. This, in turn, will have a positive im-
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pact on providing the necessity of medical care for
the population of both Ukraine and most of the
post-Soviet countries [3—5].

Formulation of the problem

The main percentage of medical institutions
functioning in Ukraine are in critical or similar
condition now, like most CIS countries. The single
healthcare facilities built over the last decade in the
territories of Ukraine in the largest cities are ap-
proaching the lower boundary of modern world
standards according to certain criteria. Ukraine has
to restore the system of architectural designing of
healthcare facilities today, despite the long-term
economic, energy and political crisis, the military
conflict in the east, rampant corruption [6]. This
system should take responsibility for the issue of
reorganization of healthcare facilities network,
modernization, and enhancement of the energy
efficiency of existing health institutions and the
design new, modern, comprehensive facilities for
the provision of high-quality health services [7].

Research analyzes and publications

Foreign experience of the architecturally-
spatial organization of medical institutions is high-
lighted in the works of many architects: Samimi
Kimia, T. M. Creasy, I. M. C. Kras, etc. [8-10].
In particular about contemporary trends in the de-
sign of medical institutions is spoken in the work
of Giuseppe Pellitteri, Flavia Belvedere, “Charac-
teristics of hospital buildings: changes, processes,
and quality” [11]. The impact of color and light
in the design of healthcare institutions is explored
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in works: Hilary Dalke, Paul J. Littlefair, Da-
vid L. Read “Lighting and Color for Hospital
Design”, Faber Birren “Psychological Implicati-
ons of Color and Illumination”, Clark Linda and
others [12-15].

The purpose of the article

The purpose of the article is to highlight the
common features, the major stages and project ap-
proach to the design of modern healthcare facili-
ties, a comfortable architectural space of health
institutions, formed from the analysis of advan-
ced foreign experience in the design of healthcare
facilities.

The main material

The architectural and urban planning system of
health care institutions is an integral to the general
system of health protection of any country, which
provides protective treatment facilities, diagnosis,
care and rehabilitation of the population in a varie-
ty of medical institutions. The common features
study of architectural engineering of medical pur-
pose buildings certainly requires a systematic ap-
proach to the consideration of the composite
blocks of this system. Within the research frame-
work at the urban planning engineering level, ar-
chitectural and urban planning system of health
care institutions is proposed to be considered as a
hierarchical structure, which consists of subsys-
tems components: the primary, secondary, tertiary
network levels of healthcare provision. Individual
groups include medical educational institutions, as
well as institutions of the territorial administra-
tion of the health care system.

Family doctors’ offices (general practitioners),
outpatient departments (up to five family doctors’
offices, nursing staff, adequate level of diagnostic
support), health centers of primary care (up to ten
family doctors’ offices, nursing staff, high level of
diagnostic support) form an urban planning net-
work of primary care facilities of the population.
The proposed project-based approach involves a
gradual renewal of the traditional for Ukraine, etc.
post-Soviet states of polyclinic medical care.
The further functioning of the latter, unfortunate-
ly, today is an outdated form of many features:
the polyclinic buildings were estimated and de-
signed according to the rules of pedestrian accessi-
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bility; considerable compaction of urban develop-
ment and design of predominantly multistoried
residential buildings is not taken into account; they
fall short of standards the energy-efficient re-
quirements in conditions of energy shortage and
require significant financial resources for exploita-
tion and many others. The new proposed project
approach is based on the experience of European
countries (Germany, France, Great Britain, etc.),
helps to bring medical aid closer to the population,
reduce the burden on the hospital, ensure gradual
provision of medical care, eliminate excess spe-
cialization and duplication based on age (children
and adults), creating medical care at the family
level; regulate the need to create new medical fa-
cilities or their premises flexibly.

The following subsystem is an urban planning
network of secondary health care facilities that
provides for the design and organization of hospi-
tal structures. Hospitals offering secondary medical
care are divided into five types: multi-field inten-
sive care hospital (provision of twenty-four-hour
medical care delivery to patients with acute condi-
tions requiring high intensity of treatment and
care); hospital for scheduled treatment of chronic
patients (repeated courses of therapy or treatment
using standard therapeutic regimens, without the
need for intensive care and equipment for the
treatment procedure); rehabilitation hospital (resto-
ration of functions after diseases or injuries, to
prevent disability and / or rehabilitation of invalids
requiring special equipment); hospices (provision
of palliative care and psychological support to final
patients who need special equipment to provide
such care and treatment, as well as specially
trained, mainly nursing staff, and wide involve-
ment of volunteers); hospital for medical and so-
cial assistance (care and provision of social and
palliative care to chronic patients with minimal
provision of diagnostic and medical equipment,
middle medical personnel and social workers).
For eliminating multiple duplication of medical
institutions in one territory (departmental, district,
city, regional, children's, adults, etc.), a network
of secondary medical care hospitals is proposed to
be formed by universal, without specialization, for
signs. The calculation of the location of each type
of hospital is carried out individually, it is recom-
mended to set the following limits: the population
maintenance is 150-200 thousand people, the ser-
vice radius is 60—90 km.
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The subsystem of tertiary level of medical care
is proposed to be formed by highly specialized
hospitals (territorial and nationwide), including
children's hospitals, highly specialized dispensaries
and medical diagnostic centers, which provide
treatment for complicated, rare or expensive cases.
These institutions should be distinguished by con-
siderably better material and technical support,
structure complexity and functions, as well as
the radius and number of population services — about
1 million persons unlimited territorial. The main
functions of the urban planning network of TMD
institutions include: provision of highly skilled,
specialized and unique medical care to patients;
formation of research and clinical centers of inno-
vative development of national science, education
and production. The priority task is creation of
university clinics that combine medical, educatio-
nal and research processes. Every of the listed city-
planning networks of health facilities, each sepa-
rate healthcare facility is a complex “organism”,
which is closely intertwined with special require-
ments for the technology of medical processes,
architectural and space planning, space planning
decision, resistance to rapid changes in the medical
equipment sphere, and as a consequence, there are
changing requirements to the premises of medical
buildings, their “flexibility”.

Today healthcare facilities design is very spe-
cific and isolated architectural activity field that
grows at a rapid pace. And it's not every architec-
tural design organization is able to carry out a pro-
ject of a medical object that would correspond to
the latest trends in world construction and design
of this segment of buildings. Today in most lea-
ding European countries and in the United States,
there is no typical approach to the design of
healthcare institutions and there are separate archi-
tectural offices specializing in the implementation
of health facilities projects. Thus it is necessary
to identify a number of major stages, describing
the model of the “ideal” process of designing a
healthcare facility. And provided their consistent
observance, there are conditions that ultimately
make it possible to obtain an architectural and pro-
ject design that meets all modern world require-
ments for the design of healthcare facilities [16].

The first stage of design (pre-design concept)
implies that on the basis of a medical task and a
business plan a plan-program task is prepared,
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which accurately specifies the useful areas of all
medical and auxiliary units are determined the
number of serviced population and territorial
boundaries. At this stage, the estimated number
of floors of the building, building boundaries, con-
figuration, shapes, etc. are determined. It is neces-
sary to determine with the offices' location, en-
trances, access ways, elevators, and stairs with suf-
ficient accuracy. At the end of the first stage of
design, it is possible to calculate the approximate
amount of engineering resources that will ensure
the functioning of the healthcare institution. This
first part of the project work becomes basic and
requires a very accurate elaboration of both the
medical problem and the responsible work of the
architect. Unfortunately, in practice, quite often,
determining the areas of the future healthcare faci-
lity and its preliminary functional zoning rela-
tes solely to doctors who are guided by their own
experience and certainly do not possess the neces-
sary architectural knowledge, which is essential at
the initial stage of design. In addition, specific
knowledge is required about modern technologies
(medical, engineering, etc.) that can significantly
influence and correct the required estimated area of
individual functional areas of the medical building.

The issue of normative documents on the de-
sign of health facilities is required for the particular
attention. The task of design is made by pro-
fessionals who are forced to focus on existing rules
and regulations, which are largely past practices.
In Ukraine, for a long time the design of new and
reconstruction of existing buildings and structu-
res of all types of medical facilities, regardless
of their subordination and form of ownership,
was standardized by the requirements of DBN,
V.2.2-10-2001 “Buildings, and structures, health-
care institutions with changes and additions”.
In 2018, the new state normative document
DBN V.2.2-10:2017 “Buildings and facilities,
health care institutions” came into force. At this
first stage of the design of healthcare facility, un-
fortunately, as a rule, is not enough attention, time
and money, at best, such pre-design developments
are part of the works on the stage of the “Project”
and architectural companies are forced to perform
them only after the successful bid. As a result, the
architect and medical technologist cannot match
into the volume of the healthcare facility, which is
calculated in knock out way. The further conse-
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quences of this approach are clear. Much more of-
ten this stage can be performed when working with
private structures [17].

An even drearier situation occurs during the re-
construction of healthcare buildings and during the
renovation (adaptation) of non-medical buildings.
In the latter case, we are talking about the architec-
tural design of private medical projects. At first,
the home is selected and bought, and only then is
the question of writing a plan-program task or even
proceeding with the reconstruction of the building
without it. In addition to the areas under recon-
struction, the possibility of obtaining enough elec-
tricity, supplying communications to this building
is playing an important role. Only after the com-
pletion of the task, which contains data on the
basic medical and technological equipment, is pos-
sible to calculate the aggregated engineering load.
As a result, the previous concept and perspectives
of the organization of the medical environment are
undergone significant changes, which is also ac-
companied by a pre-investment of considerable
financial costs and time, and ultimately can lead to
the rejection of the planned project. At purpose-
designed architectural offices in European count-
ries and in the United States simultaneously work
with specialists in both medical and architectural
education, which allows together with the investor
and doctors to create modern and rational architec-
tural projects them from the very beginning, the
implementation of which in the future does not
lead to an increase in the implementation time and
increase in value. In large leading specialized ar-
chitectural organizations, mastery of designers is
practiced by two diplomas (architectural and medi-
cal higher education) [18].

The second stage of the design of a healthcare
facility begins after the approval of pre-project
proposals and involves directly architectural design
work. An interesting feature of the European pro-
ject approach is that there is no clear distribution of
the “Project” and “Detailed Documentation” sta-
ges. At this stage, the presiding architectural com-
pany receives and performs the function of general
design contractor, performing all space planning
decisions. The very important aspect of the project
work at this stage is the joint work of an architect
and medical technologist. Even an experienced
architect is not able to design a medical facility as
the only powerful mechanism without the introduc-
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tion of all modern medical technologies that grow
at very fast pace, cannot separate the flows of pa-
tients, materials, etc. It is possible to run the archi-
tectural design of a healthcare institution without
fail only by being constantly aware of the medical
world events, knowing the new equipment, new
principles for the separation of streams, etc. [19].

It is important to dwell on the peculiarities of
the planning decisions of healthcare institutions
which are outdated and not relevant. The corridor-
type arrangement was adopted in the middle of the
last century no longer correspond to contemporary
design requirements. Its appearance is associated
with many factors — the lack of modern construc-
tion technologies, reliable means of vertical com-
munications (elevators) and, of course, a lower
level of “technology” in the patients' treatment.
It is impossible today, for example, to put a mo-
dern surgery block, an intensive therapy unit, and
others in most of the existing healthcare facilities
in Ukraine. Requirements for people streaming, air
purity, etc. have changed vary considerably that
a fundamentally different building configuration is
required now. In cases of long corridors, it is im-
possible to provide the “flexibility” that is needed
in modern clinics and hospitals, the ways of medi-
cal personnel movement in the bed wards, diagnos-
tic rooms, surgery blocks etc. are considerably
lengthened. Also, in that case of long corridors are
requires more maintenance (heating or cooling
space, electricity costs). But the most important
point is that the optimal flow distribution is possi-
ble only with a certain building configuration.
Modern healthcare centers architecture, which at
planning the factor updating the technological re-
quirements has taken into account in advance, dif-
fers significantly from the usual rectangular elon-
gated healthcare institution shape. The conve-
nience of medical staff with a reduction in time
spent on moving to a healthcare institution is paid
a great attention to contemporary architectural
projects. The movement routes of medical staff and
patients with visitors are separated inside the mo-
dern ward office which is also possible only with
a certain configuration of the building. The optimal
building configuration essentially depends on the
purpose of the facility. The greater the building
saturation with modern diagnostic equipment, the
more specialized offices in it, the surgery blocks,
that needs a more complex configuration for the
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optimal functioning of all services and the provision
of communications between departments [20—24].

The proposed project based approach to the de-
sign of primary health care institutions offered in
this article allows dispose flexibly of the smallest
project units (family doctors' offices) in new buil-
dings, in particular, in the built-in-type form on the
first floors of multi-storey residential and public
complexes that have become an integral part of the
modern urban environment most of the major cities
of Ukraine. The design and dispose of outpatient
facilities should be provided at the level of the mi-
crodistrict, and the primary medical care center
with more powerful diagnostic equipment at the
residential area level.

Practiced widely architectural projects of hos-
pitals and healthcare facilities are often performed
by foreign design companies, but it should be no-
ted that in this case, the project company should
work in strong collaborative relationship with na-
tional medical technologists and architects. Codes
of the structural design of healthcare institutions,
adopted in other countries, are quite different from
Ukrainian and the adaptation of foreign projects to
Ukrainian regulations is rather complicated and
hard work. This also applies to space planning de-
cision, preparation and legalization of project
documentation, medical facility inspection for the
possibility of its application in Ukraine. This way
will significantly increase the cost of the project
and extend a deadline the design time, but today
such tactics are possible and sometimes necessary,
as in our country there are very few specialized
companies capable of independently, without the
involvement of foreign specialists, to execute the
project qualitatively [25].

World experience in the design of medical
facilities indicates an increase in attention to
engineering communications and in modern clinics
the cost of engineering systems is 40—45 % of the
total cost of construction of the facility. This is due
to different circumstances: firstly, these are new
requirements for ventilation and air purity in
healthcare institutions. Secondly, it is necessary to
provide for the possibility of upgrading or even
increasing the amount of engineering equipment.
For this purpose, the most appropriate is modern
technology for laying engineering communications
between floors. The height of such a technical
floor is up to 2 m. This allows to install not only
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a much larger number of air ducts, electric cables,
low-current systems, etc., but also has free access
to all engineering communications and, if neces-
sary, to improve them. At the same time, an im-
portant factor is that such a scheme allows plan-
ning more rational, applying an “individual”
approach to the planning of each floor due to much
fewer restrictions that arise with the only vertical
arrangement of communications (lack of engi-
neering mines) [26].

Another important. Medical technology deve-
lops at a very fast pace and requires appropriate
engineering modernization, and the cost of major
repairs and building adaptation to new techno-
logies and tasks, with the traditional location of
communications, is far more extensive. Also, an
increase in the volume of construction does not
lead to a proportional increase in its value. The
design, construction, and laying of communica-
tions in such buildings with technical floors are
much faster than usual, which significantly reduces
the cost, especially if we aspect of modern engi-
neering design of healthcare facilities is the eco-
nomic component of such projects. If you consider
a health facility as a long-term project, then, of
course, this approach is more beneficial for many
economic reasons. First of all engineering net-
works maintenance is carried out with much fewer
expensestake into account inflation and wage
COosts.

The architect pays much more attention to the
internal planning of space when designing.
It should not be forgotten that more rational use of
the area allows, in general, to reduce the total floor
area in comparison with traditional planning.
These reasons allow a number of Western archi-
tects even to talk about roughly the same total cost
of medical institutions under the traditional and
above-mentioned approaches. Such ideas have
long been reflected in the surgery blocks design
and construction when all engineering communica-
tions are located in built-up panel space. Increa-
singly important role in the design of healthcare
centers is played by the requirements imposed on
the comfort of both medical staff and patients.
Modern medical institutions have largely resem-
bled other public buildings in terms of comfort.
It is well known that the psychological component
plays an important role in finding a patient in a
clinic. The creation of “home” or “hotel” space in
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the offices and bed wards is extremely important
now, as well as giving priority to the creation
of single and double chambers.

Time-saving, taking care of more efficient use
of it, led to the emergence of a pneumatic tube sys-
tem connecting the pharmacy, laboratory, etc.in
which the medicines and materials for analyzes in
containers from the appropriate services to the de-
partment are transmitted through. The development
of information technology, the emergence of the
possibility in rapid information exchange, clinical
data, both inside the hospital and between health
institutions dictate the need to create in any clini-
cally significant in both the saturation and occu-
pied areas of information and computer depart-
ment. Designing a healthcare facility is necessary
to take into account its possible expansion as a re-
sult of the emergence of new diagnostic and thera-
peutic methods, as well as due to the growth and
aging of the population. It is necessary for archi-
tectural decisions to take into account the profile
of the healthcare center, its throughput, even the
location. It is impossible to solve these or other
tasks by direct increase of the area.

It is necessary to follow all the normative do-
cuments working with foreign companies or execu-
ting the project on their own. And as noted above,
they are not exactly complete; some of them have
been taken a long time ago and do not take into
account the rapid development of modern techno-
logy. Sometimes the established norms are some-
what different from each other in different docu-
ments. This also applies to the offices' placement,
bed wards, services and the spatial requirements.
Moreover, it can be seen as clearly insufficient are-
as, registered as normative for the placement of
some units, and clearly overestimated. For exam-
ple, the area of the modern sterilization center is
almost always more than prescribed in the norms,
and laundry, disinfection department require much
smaller areas [27]. In cases where it can not be
proved that, for example, when installing modern
equipment or the location of certain offices inside
the premises (without natural light), it is possible
to significantly reduce the area of some depart-
ments, as a result, the overall size of the medical
building will be significantly increased. At the
same time, there is no noticeable improvement in
its functioning, and the cost of the project inc-
reases.
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CONCLUSIONS

1. In the conditions of reforming the health care
system of Ukraine, the possibility of implementing
more qualitative and effective architectural and
urban approach to the organization of medical in-
stitutions, corresponding to proven progressive
world experience. Changes are needed from the
construction of a modern hierarchical architectural
and urban planning system of health care institu-
tions. To consider the hierarchical architectural and
urban development system of health care institu-
tions as a gradual subordination of networks of
primary, secondary and tertiary medical care of the
population is proposed from this position in the
article. The first part of the system is the primary
system of urban health care should be as close as
possible to the population and cover up to 80 % of
the prevention and treatment services of all age
groups within the framework of family health care,
which allows replacing the traditional hospital
treatment approach and significantly reducing the
burden to the hospital sector and accordingly to
save financial resources. The existing hospital
network in Ukraine needs, of course, a major car-
dinal renovation, which today is characterized as
an overly specialized, repeatedly duplicating, inef-
fective and outdated structure with excessive num-
ber of hospital beds. From this position, it is advi-
sable to organize a urban planning network of se-
condary medical care which includes five types of
universal (on an age basis) intensive, rehabilitation,
chronic, palliative and social medical services, as
well as a tertiary health care network with highly
specialized and unique hospitals. The number and
location of hospitals should be individually deter-
mined for each individual region (hospital district),
taking into account specific conditions (population,
demographic projections, morbidity, natural and cli-
matic conditions, topographic features and the state
of the transport infrastructure, requirements and ex-
pectations of the society, etc. regional factors).

2. Typical for the Soviet period, a typical in-
dustrial approach to the design and disposal of
health facilities in a number of economic, political,
demographic, and urban factors, unfortunately,
today can not meet the needs of society and does
not match the capabilities of the state. Every
healthcare facility, even every separate branch, is
unique in its essence and within the article, it is
impossible to reflect even a small part of modern
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technological decisions, architectural tendencies.
In this article was made an attempt to draw the
attention of architects to the complexity of the
project, to find out ways to a step-by-step solution
and to note the need for interaction between the
government, community, investor, architect and
the medical technologist. Modern departments and
hospitals are being designed and built in Ukrai-
ne recently, but their number is disastrously low.
The main credit in their appearance belongs to
facility administrators who, in spite of diverse dif-
ficulties, lack of information and specialists, lack
of proper funding, etc., are trying to modernize
the healthcare facilities design and construction.
“Typical” projects 70—80-is of the last century still
continue to appear. Surely, this is largely due to
inadequate funding, but this cost is ultimately very
expensive.
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Pedepar. B crathe mnpuBeneHbI pe3yabTaThl KOMIUIEKCA JabOPAaTOPHBIX M TEOPETHYECKUX HCCIACIOBaHUH (H3HUKO-
MEXaHHYECKHX CBOMCTB LEHTPU(YTHPOBAHHOTO OETOHA Ha 00pasLax CEKTOPAIBHOIO CEYCHWs, BBITMICHHBIX MOCIOHHO U3
TOTOBOTO M3zienus. B kadecTBe TrOTOBOr0 M3/ENs HCIOJIB30BaHA CTOMKa M3 OeTOHa Kiacca 10 NMpOYHOCTH Ha cxatne B40,
H3TOTOBJICHHAS! METOJ0OM IeHTpudyrupoBanus Ha Mammue PTII-5. IIpoBenena oreHka HEOJHOPOJHOCTH IO TONIIMHE cede-
HHS ITyTEM BHU3YalbHOTO ONpENENEeHUs U3MEHEHHs COCTaBa MO CEUSHUIO, ONPEAeIeHHs IPOUYHOCTH, MIIOTHOCTH MOTYyYEHHBIX
OeTOHHBIX 00pa3LOB, COAEPKAHHA BOABI IO CEUeHHI0 OeTOHHOH cmecu. Ilo pesynpraram BH3yalbHOTO H3y4EHHs COCTaBa
0eTOHHOW KOHCTPYKIIMU BEISBIEHO, 4TO 1/8 4acTh KOHCTPYKIUH (OT BHYTPEHHEH ITOBEPXHOCTH) HE UMEET KPYMHOTO 3aroj-
HUTeNs. B nanbHelimem nmo Mepe IBIDKEHUS K nepudepun HabmMoxaeTcsl yBeIndeHIe KPYITHOTO 3allOJHUTEIS U YMEHbIICHHE
pa3Mepa U 4HCIa S4eeK MEXAY 3epHaMH IeOHS. AHANU3 OINBITHBIX JAAQHHBIX MOKa3all, YTO CBOMCTBA LEHTPU(YrHPOBAaHHOTO
0eToHa B MOCIOHHO PACHMICHHBIX 00pa3lax CyIIECTBEHHO W3MEHSIOTCS: INIOTHOCTh OETOHAa B 00pa3Liax BHYTPEHHEro CIOs
MeHbIle Ha 8 %, yeM B 00pa3lax Hapy»KHOTO CJI0d, a IPOYHOCTh OETOHa Ha cxxaTtue — Ha 34 %, BonocozepKkaHue OETOHHOM
cMecH 00pa3loB BHYTPEHHETO CIOS OKazanochk Oonbine Ha 43 %, ueM B o0Opa3nax HapyXHOTO ciost. [IocTpoeHs! anmpokcH-
MHPYIOIIVEe KPUBEIE, IIOKA3hIBAIOIINE 3aKOHOMEPHOCTH H3MEHEHHS INIOTHOCTH, MIPOYHOCTH OETOHA, BOJOCOAEPKAHHS OETOH-
HOM CMECH IO TOJIIIHUHE. HOJ’[y'—[CHbI JIMHEUHBIC M OKCIIOHECHIMAJIbHBIE YPAaBHEHU, OIMCBIBAIOIINE HU3MEHEHUE (I)HSI/IKO—
MEXaHHUYECKHX CBOHCTB LIEHTPU(YTHPOBAHHOTO OETOHA MO CEYEHMIO B 3aBUCHMOCTH OT CBOMCTB KOHCTPYKIMH B LIEJIOM, KO-
TOpBIE C YIETOM BBIUMCIIEHHBIX IOIPABOYHBIX KOA()OUINEHTOB k| U ky MOTYT OBITH HCIIOJIB30BAHEI C IPUEMIIEMBIM YPOBHEM
JOCTOBEPHOCTH B IPAKTHUYECKUX pacdeTax HeHTPU(YTrHPOBaHHBIX OETOHHBIX KOHCTPYKIUIL. BhIsBICHA CBS3b M3MEHSIOMmIEHCS
0 CEYCHHIO NPOYHOCTH LEHTPU(YrUPOBAaHHOTO OETOHA ¢ ISHCTBUEM LIEHTPOOEXKHOM CHIIbI HHEPLUH. BhiBeieHO ypaBHEHHE,
CBSI3BIBAIOILEE MPOYHOCTH LEHTPH(YrHPOBAHHOTO OETOHA C €r0 IIOTHOCTHIO. AHAIU3 PE3YNbTaTOB HCCIEJOBAHUH MO3BOJISET
YTBEPKJaTh, YTO B LIEHTPU(PYTUPOBAHHBIX OETOHHBIX KOHCTPYKIMSAX OCHOBHBIM MCTOYHHUKOM BOCIIPUSTHS Harpy30K SBIISIOT-
Csl HapY’>KHBIE CIION.
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Abstract. The paper presents a complex of laboratory and theoretical studies of physical and mechanical properties in centri-
fuged concrete while using samples of sectoral cross-section which are cut in layers from a finished product. A post made
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of concrete having B40 grade for compression strength and manufactured while using centrifugation with the help of PTLI-5
machine. Assessment of heterogeneity across section thickness has been carried out by visual determination of composition
changes in cross section, determination of strength, density of the obtained concrete samples, and water content over cross
section of concrete mix. According to the results of a visual study on composition of a concrete structure it has been revealed
that 1/8 part of the structure (from an inner surface) does not have a large aggregate. Later, as it moves to periphery, there is
an increase in coarse aggregate and a decrease in size and number of cells between grains of gravel. An analysis of experi-
mental data has shown that properties of the centrifuged concrete in samples being sawn in layers change significantly: densi-
ty of concrete in samples of an inner layer is lower by 8 % than in samples of an outer layer, and compressive strength of con-
crete — by 34 %, water content of concrete mixture of samples of the inner layer has turned out to be by 43 % higher than
in samples of the outer layer. Approximating curves showing regularities of changes in density, concrete strength, water con-
tent of concrete mixture over thickness have been constructed in the paper. Linear and exponential equations have been
obtained that describe changes in physical and mechanical properties of centrifuged concrete over section depending on struc-
ture properties as a whole, which, taking into account the obtained correction factors k; and k,, can be used with an acceptable
level of confidence in practical calculations of centrifuged concrete structures. Relationship between strength of centrifu-
ged concrete varying over cross section and action of a centrifugal force of inertia has been revealed in the paper. An equation
has been obtained that relates the strength of centrifuged concrete to its density. Analysis of the research results makes it pos-
sible to assert that the main source of loading perception in centrifuged concrete structures is outer layers.

Keywords: strength, density, true density, water content, heterogeneity, relative thickness, samples of sectoral section, cen-
trifugation method, progressive technologies, mortar, cement stone, centrifugal force, annular cross section, least squares
method, concrete mixture
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319-329 (in Russian)

BBenenue

BeToH BHOCHT CyIIECTBEHHBIN, €CITM HE pella-
IOLMM, BKJIAJ B CO3JaHUE MaTe€pUaJbHONM OCHOBBI
Cpemsl OOWTaHWS COBPEMEHHOW IUBHIIM3AIHM.
[IpeumymiecTBa OeToHa mepea APYTHMH MaTepHa-
JIaMH CITOCOOCTBOBAJIH OBICTPOMY U IIUPOKOMY €0
NPUMEHEHUIO B MUPOBOH CTPOHUTENBHOW MPaKTHKE
emie /0 TOro, Kak HaiexamuM o0pa3oM ObLIH
W3YYEHBI €T0 BaKHEHINNE TEeXHOJIOTHYECKHE OCO-
OCHHOCTH U TeXHUYECKHE KadecTBa [1].

3a mocneanue 20 neT xene300eToH u OETOH
YBEPEHHO PaCIIUPSIOT OONACTH CBOETO IpHUMEHe-
HUA B CTPOUTCIBLCTBE, BBITCCHAA HAPYruc CTpOU-
TenpHBIE MaTepuanbl [2]. HemamoBakHas poib
3/1eCh OTBOJIUTCSI HayKe, KOTopas TOJKHA YIENATh
ocoboe BHMMAaHUE COBEPIICHCTBOBAHUIO IPOU3-
BOJICTBA eJie300eToHa (0eTOHA), B YaCTHOCTH CO-
3aHUI0 TIPOTPECCHUBHBIX TEXHOJIOTUH, KOTOPHIS
JaBany Obl SKoHOMHYeckHud 3 dekT. K omHoi u3
TaKUX TEXHOJIOTHH OTHOCUTCS METOJl IEHTPUDY-
TUPOBAHUS, TO3BOJISIOUIMHA YMEHBIIUTh Pacxon
oerona o 50 % 6e3 CHIKEHHWS] MPOYHOCTU IICH-
Tpu(YrUpOBaHHOTO OETOHA IO OTHOIIEHHIO K CIO-
co0y HM3roTOBJIEHUS myTeM BUOpupoBaHus [3, 4].
3aMeHa TPAAWIMOHHBIX METATUTHYECKUX W3ICIAN
JKEJIe300€TOHHBIMU TIO3BOJISIET COKOHOMHTH MaTe-
puansHble cpeactBa. Tak, MpH MPOU3BOACTBE XKe-
JIe300€TOHHBIX HAIMOPHBIX TPYO pacxoi dyryHa H
cran ymensbimaercs Ha 90 %, cHWXaercs cTow-
MOCTh MPOKJIAJKH TpPyOONPOBOIOB, CBOAATCS K

320

MUHUMYMY 3KCILTyaTallAOHHBIC 3aTpPaThl U IOBBI-
[IaeTcs AOJITOBEYHOCTh KOHCTPYKIHA [5].

U3 nentpudyrupoBaHHOTO OETOHA W3TOTOBIIS-
rotcs [1-8]:

e HAIIOPHEIC U OE3HAIOPHEIC TPYOHI;

e OTOPHI JJMHUAN dJIEKTpONepeadu, CBSI3H U OC-
BEIICHHS,

¢ KOJIOHHEI, CBalfHBIC OCHOBAHMS, CTOMKH KOJIb-
IIEBOTO CCUCHHS,

* J)KeJIe300€TOHHBIE KOHCTPYKIIUH TYHHEIbHBIX
COOPYKEHUM METPOIOIUTEHA;

e U3/ICNUS. ¥ KOHCTPYKIIUU KBaJPaTHOTO Cede-
Hus (OaJIKH, pUreNu, AeKOpaTUBHbBIC (GOPMBI).

LenTpudyrupoBaHHbId METOJl W3TOTOBJICHUS
OcToHa Toapa3yMeBacT BparieHue (OpMBI, B KO-
TOpyro 3abpacwiBaeTcsi OeTOHHas cMech. Pacripe-
JIeJIeHne W YIUIOTHEHHE OETOHHOW CMECH B TIpO-
1ecce IMeHTPUPYTUPOBAHUS MPOUCXOAT O ACH-
CTBHEM IEHTPOOCIKHOW CHIIBI, BOSHUKAIOIICH TpU
BpamieHud (opmel. [lpu 3TOM mox aeicTBHEM
IEHTPOOEKHOTO TPECCYIOIIErO JABICHUS TPOUC-
XOIUT OTXKaThe CBOOOIHOM BOJBI C B3BEIIEHHBIMUA
B HEll BBICOKOAMCIIEPCHBIMU (PPaKIUSIMU U3 CTPYK-
TYPHBIX STY€EK IIEMEHTHOTO TecTa [1], 94To BeneT K
MOBBIIIICHHIO TIOTHOCTH M MPOYHOCTHU OETOHA.

BenuunHa 1eHTPOOEKHBIX CHJI TPOIOPITHO-
HaJlbHA Macce JacTul] OeToHHOU cmecu. CrnemoBa-
TEJIHHO, YaCTHUIIbl 3aMOJIHUTEIS, KaK HauOoJee Ts-
JKENbI1 KOMIIOHEHT CMECH, CTPEMSTCS PacIoio-
KUTBCS ONMMKE K CTeHKaM (GopMbl, a cBOOOTHAS
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BO/Ia, KaK OoJiee JIETKUH KOMIIOHEHT, OTXKHMAaeT-
csi BHYTPb. B 3aBHUCHMOCTH OT BEIMYWHBI IICHT-
POOEXKHBIX CHIJI, TMPOJODKUTEIHHOCTH YIUIOTHE-
HUS ¥ BOJOYIEP)KHUBAIOIIEH CIIOCOOHOCTH CMecH
B TIPOIECCE H3TOTOBJICHUS MOMKET OTKHMATHCS
mo 20-30 % Bomwl, comepikamielics B OeTOHE,
YTO HENPEMEHHO BBI3BIBACT IMOBBIIICHHE Kiacca
oetona [1, 5, 6].

UccnenoBanus neHTpUPYTHPOBAHHOTO OETOHA
MOKA3bIBAIOT, YTO €r0 CBOMCTBA MO CEYEHUIO W3-
MeHsawoTes [1, 5, 9] B mmupokux mnpegenax. ITo
00BACHSETCS CTPYKTYPHOW HEOJTHOPOMHOCTHIO IIe-
MEHTHOTO KaMHS U paclpeieleHueM 3epeH 3arol-
HUTEJIS 110 TOJIMHE ceueHus. Tak, B [9] mo Bbico-
Te HaOmoMaeTcss M3MEHEHHE CpeHeW IUIOTHOCTH
oetona (10 4 %), o0Imas MOPUCTOCTH B IIJITAMOBOM
cJ0€ yBelnnyuBaeTcs noutd Ha 18 %, a mpoyHOCTh
Oerona ymenbiaercs Ha 18-25 %. Cnenyer orme-
TUTh, YTO JaHHBIE WCCIECMOBAHUS TIPOBOIIINCH
B JIaDOPAaTOPHBIX YCJIOBUSAX IYTEM IOCIOHHOTO
paciuiIuBaHU OWIMHIAPOB AUaMETpoM 6,5 cM u
BbicoTOM 8,0 cM. IloaTOMy pacnpocTpaHeHue pe-
3yJIbTaTOB MCCJICIOBaHUI HAa PEaJbHBIC KOHCTPYK-
MW HE B TOITHOW Mepe MPHUEMIIEMO BBUAY OTCYT-
CTBUS HETIOCPEACTBEHHO CAMOTO TE€XHOJIOTUYECKO-
ro mporecca. Ko Bcemy mpoueMy, pexuM s
W3TOTOBJICHUS 0OpAa3IOB MPHUHAT aHAJIOTHYHBIN
u3rotosieHuto onop JIDII, ognako obmactu npu-
MEHEHUS] IeHTpU(YTUPOBAHHOTO OETOHA Topasio
vpe.

BriBoabsl [9] cBUAETEIBCTBYIOT O TOM, 4YTO
OTHOIIICHUE TPOYHOCTU I[CHTPUPYTHPOBAHHOTO
OcTOHAa Ha BHYTPEHHEH MOBEPXHOCTH K CpemHeit
o ToiluHe u3MeHserca B npenenax 0,87-0,94.
B. JI. Wlyuxum, O. A. Henyxom, M. 10. ['punien-
KO [9] mosydeHbl pa3InIHbIe PETPECCUBHEIC YPaB-
HEHUS, OIMUCHIBAIOIINE 3aKOHOMEPHOCTH HM3MEHE-
HUS TIPOYHOCTH IO TOJIIIMHE, ONPEJCIICHBI IMIITU-
pudeckne Ko3(PPUITMEHTHI, ITO3BOJISIONMIAE pac-
CUMTATh MPOYHOCTHBIC XAPAKTCPUCTUKH TaKOTO
OcToHa, M3 KOTOPBIX CJIEAYeT, 4YTO IPOYHOCTh
B HapykHOM cioe O6etoHa Ha 20,4 Mlla Gombie,
4eM BO BHYTPCHHEM, HE3aBUCHUMO OT 3aKJIaJ(bIBac-
MOTr0 Kjacca MPOYHOCTH, YTO JUISl MPAKTUYECKUX
pacdeToB He MOXeT ObITh IpuMeHeHo. [lapabomu-
YeCKOe ypaBHEHHE, MOJIYUYCHHOE IO pe3yiabTaTam
UCCJICIOBAHNS, MOKHO PaCHpOCTPaHUTh Cyry0o Ha
3aJI0’KEHHBIC B OKCTIEPUMEHTE TTapaMeTpEhI.

CrnenyeT OTMETUTh, YTO HM3MCHSIOIIMECS 110
BBICOTE XapaKTEPHCTUKH CBS3aHbBI, MPEXKIE BCETO,
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C HECOBEPIICHCTBOM TEXHOJOTHH IPOMU3BOJICTBA
(HepaBHOMEPHOCTb 3arpy3ku (opMel B mporec-
Ce M3TOTOBJICHHUS, HApYyIIEHHE TEXHOJIOTMYECKOTO
mporecca M IIp.), TTO3TOMY HCCIEIOBAaHHUSA B 3TOM
HaTpaBJICHUH HE TPOBOIUIIUCE.

AHanm3upys oIyOJIMKOBaHHBIE B HAIIel cTpa-
HE U 32 pyOe)OoM HCCIEeJOBaHUS HEOTHOPOITHOCTH
(PM3UKO-MEXaHUYECKUX CBOWCTB IEHTPUYTUPO-
BAaHHOTO OETOHA, MOYKHO CZEJNaTh BHIBOJ, YTO WX
0a3a HeBennka. J[aHHBIN (akT HE MOXKET HE HaTall-
KHMBaTh Ha HEOOXOJUMOCTh MPOBEIEHHS MOJ00HO-
T'O POJa UCCIICTOBAHUM.

OcHoBHAfl YacTh

WsroroBnenrne KOHCTPYKIWH, TONYyYEHUE W3
Hee 00pa3noB, MpoOBeNeHHE WCIBITAHUNA OCY-
mecTBasiock B OAO «CBETJIOrOpcKUil 3aBoj Ke-
71e300€TOHHBIX U3AETNA U KOHCTPYKUMI (nanee —
3aBOM).

DKCIIepuMEHTaIbHAS CMECh TTOIONpaiach B CO-
OTBETCTBUM C «pelentamMu» jJabopaTopuu 3aBoja
g monmydenusi Oerona kmacca B40, kotopas
HanOoJIee IIMPOKO MPUMEHSIETCS MPU U3TOTOBJICHUN
EHTPUGDYTUPOBAHHBIX  JKEJIE300CTOHHBIX  H3Ie-
nui. B skcriepuMeHTax HCIOb30BaIM MOPTIAHI-
nemeHT [111500 niementHoro 3aBoma Cemex (T. bpo-
ueHsl). BBumy TOro uro mmMpokoe NpPHMEHEHHE
B PecryOnuke bemapycs mnpuoOpenn IecuyaHuk
Y TPaHUT, B KQUECTBE KPYITHOTO 3aIOJTHUTENS Opanu
rpanutHbli medeHs PYIIIT «'panuty. Hanbonpmmas
KpyIHOCTh 11eOHs1 He mpeBblmana 20 mM. B kadge-
CTBE MEJIKOT'O 3aIlOHUTENS] UCTIONB30BaH KBAPLIEBbIH
recok ¢ Peunoro mopra r. BoOpyticka. Ucxommas
OeTOHHAs CMECh JJISI U3TOTOBJICHHUS CTOMKHU 0Oe3 yue-
Ta OTKaTWs [IUIaMa B MPOLIECCE U3TOTOBJICHHUS MMENa
crefyronmi coctas: mnoprianauement II[500 —
515 Kr/M’; KBapIIeBbIi Mecok — 517 Kr/M’; rpaHHUT-
Hblii mebens — 1270 Kr/M’; Boma 3aTBOpEHHs O3
npumeceit — 190 w/M’; cynepriactuduxarop «llo-
mamiact CII-1» — 2,58 Ko/

HenTtpudyrupoBaHue OCyIIeCTBISIIOCH HA LICHT-
pudyre PTLI-5 B ceayromeM pexxume:

1) 3arpy3ka OeTOHHOW CMECH TIpH Bpaile-
HUU (POpMBI CO CKOpOCTBIO 45 00/MUH — B Teue-
Hue 1,5 mum;

2) pacripeieieHne OCTOHHOW CMECH TPU CKO-
poctu Bpamenus Gopmsel 105 06/MuH — 4 MUH;

3) yIutoTHeHUEe OETOHHOM cMecH Ha CKOPOCTH
545 06/mMuH — 16 MuH.
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[Ipu cHATHM cTO¥KM Tocie TeHTpudyrupoBa-
HUS 1IJIaM CJIMBAJICSI B EMKOCTb, 3aTEM 3aMEePsUIUCh
ero oosem m Mmacca. [lo pesympratam usMmepe-
HUW BBIYUCIISIIOCH KOJMUYECTBO BOJABI M I[EMEHTA
B nwiame. 3ateM no mnonoxeHusM [10] paccum-
THIBAIM KOHEYHBIA cOCTaB OeToHa: MOpTIAHA-
uemenT I11[500 — 528 Kkr/m’; KBapuEBbIi MECOK —
534 xr/v’; rpaHuTHBINA mebens — 1311 Kr/M’; BO-
na — 165 m/m° ; CII-1 — 2,6 Kr/MC. Hapyxwusiit mua-
MeTp MOTy4eHHOH cTorku (puc. 1) coctaBun 950 mm,
TtonmuHa — 160 mMm. McTuHHAs IUIOTHOCTL —
2640 kr/m° (cOrnacHO pacueTam).

Puc. 1. HentpudyrupoBannasi 6eTOHHasI CTOMKa

Fig. 1. Centrifugal concrete column

[lpn u3yyeHnn QU3NKO-MEXaHUYECKUX CBOWCTB
10 TOJIIIMHE CEYCHHs BBINMIMBAHHE OCYIIECTBIIS-
70Cch TocoHO [11-13] 13 371eMEHTOB KONBIIEBOTO
ceueHus ciexyromum obpasom. Ilocne pacnany6-
KU CTOWKa pa3pe3anach MOIOoJIaM. 3aTeM MOIyJain
nonykombiia Beicotoi 150 m 100 mm. U3 atux du-
TYp BBIWIMBAHKEM OBLIH MOJTY4EHBI MOJIYKOJIbLIA,
3areM — 1/4 gacTu KoJbIla pa3MepaMu, PUBEICH-
HbIMH B TaOn. 1. Bce 3T wactu paspesanuch Ha
00pa3ubl CEKTOPATLHOTO CEUCHHS HIMPHHOM 10
cpenneit tuann 100 mum (puc. 2). JJanasie o0pasisl
HanOoJiee aJEKBATHO OTPAXKAIOT CBOWCTBA HEOM-
HOPOJHOCTH IIeHTpudyrupoBaHHoro detona [11].

PacniinioBka CTOMKM M BHIMWIMBaHKE 00pa3IoB
U3 TOIYyYCHHBIX KOJIEI OCYIIECTBILUINCH alMas-
HBIMHU AUCKOBBIMH muiaMu (Oenszopes Stihl TS 420
¢ aJMa3HBIM Kpyrom 1o Oerony Wurth, auckoBas
ma Bosch GWS 22-230 H ¢ oTpe3nbIM Kpyrom
Yourtools u3 CHHTETHYECKHX alMa30B) B COOTBET-
ctBud ¢ [14]. JanpHeimyo o0paboTky 00pa3ios
HPON3BOMIIM TIPU TIOMOIIH JICTIECTKOBBIX KPYTOB.
OTKJIOHEHUSI OT IJIOCKOCTHOCTH OIOPHBIX TIO-
BEPXHOCTEH 00pa3loB, MPHICTAIONMX K IUIUTaM
npecca MpU HCIBITAHUSAX Ha CXKaThe, HE IPEBHI-
mani 1 Mmm. OTKIIOHEHUS OT NEPIICHANKYISIPHOCTH
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CMEXHBIX TpaHeil 00pasloB, IpeaHa3HAYCHHBIX
JUISL ICTIBITAHUSI Ha CXKaTHe, HEe NMPEBBIIAIN 2 MM.
OTKJIOHEHHUS] CpPeNHHMX JIMHEHHBIX pa3MepoB 00-
pasioB — He 6omee 4 MM.
Tabauya 1
XapaKTepHCTHKH NMOJTy4eHHBIX 1/4 yacTeii Kosen

Characteristics of obtained 1/4 ring parts

Huamertp, MM
Pacrniono- OTHOCHTETBHAS
JKEHHE BHYTPEH- | HapyX- | Cpel- TOJIILMHA
HHUM HBIA HUH

BuyTpenHee 630 830 730 0,3125
Cpennee 690 890 790 0,5000
HapyxHoe 750 950 850 0,6875
Oopazen

B L[EJIOM 640 940 790 0,5000

[pumeyanue. Ilox OTHOCHUTENBHOM TOJILMHOW IOHU-
MAaeTcsl OTHOIIEHUE PACCTOSIHUS OT BHYTPEHHEH MOBEPXHOCTU
HCXOTHOTO M3JENHs IO paccMaTpHBaeMOM TOYKH K TOJIIMHE
KoHCTpyKIMU. OTHOCUTENIBHAS TONIIMHA O0pa3oB OIpe/e-
JIs1ach Kak MOJIOBUHA OTHOLICHMS PAa3HULIBI MEXIY CPEIHUM
MaMETPOM PACCMATPUBAEMOT0 3JIEMEHTAa M BHYTPEHHUM

JIMaMeTPOM KOHCTPYKLUH B LIEJIOM K €€ TOJIIHNHE.

Puc. 2. O6pa31bl CEKTOPATIBHOTO CEUEHHS
LIMPUHON O cpenHel IMHUU U BeicoTol 100 MM
(BHYTPEHHETO, CPEIHETO 1 HAPYIKHOTO CIIOEB — CBEPXY BHU3)

Fig. 2. Samples of sectoral cross section
with width along middle line and height of 100 mm
(inner, middle and outer layers — from top to bottom)

Ha o6pa3ubl HaHOCHIACh MApKUPOBKA C yKa3a-
HHEM MX HOMEpA, ero MpUHAUIEXHOCTH (BHYTPEH-
HUH, CpeNHHWN, HApPYXHBIA CIIOH), TEMIepaTypsl
Harpesa, MOCIE YEro OHU NOMEINAINCh B KaMepy
HOPMaJBHOTO TBEpJAEHUS M0 Habopa 28-mHeBHOU
MPOYHOCTH.
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3areM OCyIIEeCTBIUTACH B3BEIIMBAHUE 0Opa3IoB
npu nomorn BecoB PS 3500/C/2 u PS 10100.R2,
ompezeNieHNe IUIOMaaAd MyTeM OOBeneHHs 00pas-
OB KapaHJalloM Ha MWUIAMETPOBOH Oymare c
JIBYX CTOpOH, OIpeJeNieHHE BBICOTHI IMyTEM Iile-
CTHKPATHOTO 3aMepa BBICOT KaXXI0ro odpasna (1o
TPH pa3a ¢ KaKJo OOKOBOW CTOPOHBI).

[InoTHOCTH 06pasma p, Kr/M’, HAXOIWIH IO

tdhopmyne

p=10"2,
Sh

rae m — macca obpasna, T; S — cpenHee 3HaUCHUE
IIOIIA/H [IONEPEUHOr0 CeueH s 0bpasua, MM’ 7 —
cpenHee 3HaYCHUE BBICOTHI 00pa3na, MM.

3areM mATh 00pa3OB KaXJOT0 CIIOS U TSITh 0a-
30BBIX 00pasmnoB (pasmepamu 150x150x150 mm)
MOJIBEPrajiiCh UCTBITAHUIO HA MPOYHOCTH HA CXKa-
THEe. B KadecTBe MCHBITATENIFHOTO O0OPYIOBAHUS
ucnonp3oBanu mnpecc Pilot 4 mapku 50-C5642.
B Oponecce UCHBbITAHUA Ha MPOYHOCTL HAa CXKATUC
PErHCTPUPOBAIIOCH MUHUMAIIBHOE YCHIINE, Pa3py-
nraroiee odpaser Mpu ero CTaTHYeCKOH Harpys-
ke (puc. 3). CkopocTh HapacTaHWs Harpy3Kd Ha
oOpa3zery coctasmstia (0,6 + 0,2) MIla/c.

KN 004055
" 1Pa003856.

Puc. 3. VicnpiTanne o6pa3iioB Ha NPOYHOCTH

Fig. 3. Testing of sample strength

[locne ucnelTanus obpasen HoABEpraics BU-
3yaJbHOMY OCMOTPY Ha TIpPEIMET OIpeAeTIeHHs
XapakTepa W BBISBICHHS YIOBIETBOPHTEIHHO-
CTH pa3pylLICHUS] B COOTBETCTBHU C MPHIIOKE-
HueM E [13]. Caenyer oTMeTnTh, 9T0 BCe 00pasIlbl

P Hayka
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[OKa3aay yIOBJIETBOPUTENbHBIN XapakTep pas-
pyLIEHUS.
[Ipounocts obOpasuna P, Mlla, mHaxomumu 1O

hopmyie

P=103ocm£,
S

rzae o, — MacmTtabHbli KodppunmeHT; F — paspy-
maromas Harpyska, kH; S — cpeanee 3HaucHue
TIOWIA/IH IONEPEUHOro CeUeHUs 00pasia, MM,

[omoxxennss [10] momyckaioT WMCHONB30BA-
HUEe MacmTaOHBIX KO03((QUIMEHTOB, 3aKperuieH-
HbIX B [15]. [nsg mepexona ot oOpa3ioB pa3Mepa-
mu 100x100x100 mm k 6az0Bomy 150x150x150 mm
o, = 0,95. IIpu atom B [10] BBEIEH MOMOTHUTETH-
Hbl ko3¢ ¢uimeHt (paBubiit 1,35) mis mepexona
OT MPOYHOCTH OOPA3IOB CEKTOPATHHOTO CEUYEHUS
pasmepamu LxLx4L k oOpa3naM CEeKTOpabHOTO
ceuenus: LxLxL. C yuyeToM HekoToporo pazdpoca
BBICOT B TIOJYYCHHBIX 00pa3iax Kod(pQUIUCHT O,
Oyaer npuHumarh 3Hadenus ot 0,93 mo 0,96.
OpHako ompeneneHue o, B KaXIOM KOHKPETHOM
WCIIBITAHUU HE OIPaBJIaHO 3HAYMTEIHHBIM YBEIIH-
yeHneM 00beMoB pacueToB. K Tomy ke 6eToH maeT
00JIBIION Ppa30pOC MPOYHOCTH, BCIEACTBHE YETO
YBEJIMYMBAETCSl MOrPEIIHOCTh u3MepeHuil. [Ipou-
HOCTHBIE XapaKTEePHUCTUKHA OETOHA, IOydeHHBIC
MPU UCTIBITAHUSX B KAXKJOW CEPUU, JUIS UCTIOIH30-
BaHWS B pacueTax IIOJBEPraroTCs CTaTHCTHYe-
ckoit oOpabotke. [loaToMy B KadecTBe mepexoj-
HOro koadd¢uiueHnta s o0pasloB pa3Mepa-
mu 100x100x100 mm o, = 0,95, mns oOpas3ioB
pasmepamu 150x150x150 mm o, = 1,00.

Jns ompezneneHus XxapakTepa U3MEHEHHUS 110 ce-
YEHUIO BOJOCOZEP)KaHWsI OETOHHONW CMECH OCTaB-
mmecst 00pasipl, Macca U TeOMETPHUUECKUE MapaMeT-
pPBl KOTOPBIX OBUTH TMPEIBAPUTEIILHO OIPEICIICHEI,
JIENIIIACh Ha YeThIpe cepur. Kakmast cepuis, BKIFO-
qarorasi B cedsl 1Mo MmATh 00pa3IoB U3 KaXIOro cJos
KOHCTPYKLIMH, TOABEprajiach HarpeBy B KaMepHOM
neun [IKC-80/12 co ckopocthio 2 °C/MUH 1O TeM-
neparyp 200, 400, 600, 800 °C cOOTBETCTBEHHO
C TOCHEAYIIIEH YEThIPEXYacOBOM BBIIECPIKKOMN
[P 3aJaHHOW TeMIlepaType U JalbHEHIINM O0XJIa-
JKIEHUEM B JTaOOpaTOPHBIX YCIOBHSIX. 3aTeM 00-
paslbl  MOBTOPHO B3BEHIMBANNCH. KomaecTBo
yaaneHHOH BOAbl ((pU3MUECKH M XUMHUYECKH CBsI-
3aHHOU) B, J'I/M3, ONPEICISIIOCH MO CIEIYIoUIeH

dhopmye:
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B=10° 1,
Sh
rze m, m; — Macca oopasia 10 ¥ 1ocje Harpesa, T;
S — cpenmHss TUIOMAAb MONEPEYHOTO CEUeHUs 00-
pasia (10 Harpesa), MM’; A — CpefHsS BBICOTA
obpasma (10 HarpeBa), MM.

Pe3ym>TaT1>1 IKCIICEPUMEHTA

Craructrueckas o0paboTka pe3ynbTaTOB W3-
MEpEeHHUH MPOBOIMIIACE B COOTBETCTBHH C [16, 17].
CpaBHUTENBHBIC JaHHBIC TIO OIICHKE CTPYKTYPHOMH
HEOJTHOPOTHOCTH TEHTPUPYTUPOBAHHOTO OETOHA
MIPUBEICHBI B Ta0MI. 2.

Tabauya 2

Du3uKo-MeXaHNYeCKHEe CBOHCTBA
neHTpu¢yrupoBaHHOro HeToHa

Physical and mechanical properties
of centrifuged concrete

o Cpennsst dakTuueckuit npesaen
Croii 3
IUIOTHOCTH, KI/M~ |IpOYHOCTH Ha cxxaTtue, MIla

Buytpennuii 2370 £ 100 33,6 £5,0
Cpenuuit 2520£110 413+5,8
Hapyxnbrit 2560 £ 120 45,1+£9,1
Oopazen
B I[EJIOM 2480 £ 20 413+5,4

IIpumeuanne. MHTEpBan pe3yabTaToB U3MEPEHUH NIpE-
CTaBJICH IIPH yPOBHE JJOBEPUTENILHOM BEPOATHOCTH 95 %.

OnbITHBIC TpadUKU U3MEHEHHS CPEIHEH IUI0T-
HOCTH | TIpejielia MPOYHOCTH OETOHA Ha CXKATHUE T10
TomuHe o0pasna MpuBeAeHBI Ha puc. 4, 5.

KonnyectBo yaaneHHO#W BOABI W3 00pa3loOB
(a paBHO yMEHBIIIEHHE MacChl, OTHECEHHOH K Tiep-
BOHAYAIBPHOMY 00BEMY 00pa3IoB) C POCTOM TEM-
TIepaTyphl MIPUBEICHO B TA0. 3.

3

TI10THOCTE, KI/M

IIpounocts, Mlla

0 01 02 03 04 05 06 07 08

OTHOCHTENBHAS TOJIIUHA KOHCTPYKIMU

09 1

Puc. 4. VI3meHeHune MIOTHOCTH OETOHA MO TOJIIMHE
KOHCTPYKIMHU: YEPHBIU LIBET — KCIIOHCHIUAJIbHAS
3aBHUCHUMOCTbH; CHHHUH — JINHEHHAas (depHasi ¥ CUHSS JIMHUH
MPaKTUYECKH COBIA/AIOT); 3€IE€HbIH — CTETIEHHAs;
KpacCHbII — KBaJpaTUYHAsT; )KSATHINA — JIorapupMuueckas

Fig. 4. Change in density of concrete through structure
thickness: black colour — exponential dependence;
blue — linear dependence (black and blue lines
almost coincide); green — power dependence; red — quadratic
dependence; yellow — logarithmic dependence
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Puc. 5. I3meHeHue nmpo4yHOCTH OETOHA 110 TOJIIINHE
KOHCTPYKIIMH: YEPHBIH [[BET — SKCIIOHEHI[HANbHAs
3aBUCHMOCTb; CUHMH — JIMHEHHAas; 3€JICHbINA — CTECIICHHAS;
KpacHBII — KBaJipaTU4HAasI

Fig. 5. Change in concrete strength through
structure thickness: black colour— exponential dependence;
blue — linear dependence; green — powerdependence;
red — quadraticdependence

Tabauya 3
N3MeHeHne 00 beMHOI0 COJlepKaAHHS BO/IbI B 00pa3Lax 6eTOHA ¢ POCTOM TeMIepaTypbl
Changes in volumetric water content for concrete samples with temperature increase
. O6BeMHOE CoTepKaHne BOJIBL, /M, B 00pasiax mpu Temmeparype, °C
ot 200 400 600 800

BryTpennnit 156,0 £19,7 196,7 £ 38,3 214,1 £27,1 216,8 £36,6
Cpenunii 101,6 £ 14,1 125,2 £20,5 139,4 + 11,7 145,0 £ 15,9
Hapy>xHbrit 80,9 £ 15,0 100,7 £5,4 119,7+ 11,5 123,3+17.8
Cpennee 3HaueHUe 112,8 £ 16,3 1409 £ 21,4 157,7£16,8 161,7£23,4

IIpumeuanue. MHTEpBaN pe3yabTaToB U3MEPEHUH MIPEACTABIEH IPH YPOBHE TOBEPUTENILHON BEPOSTHOCTH 95 %.
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XapakTep HMOTEpH BOJBI PAa3IMYHBIMU CIIOSMH
HEHTPU(YTUPOBAHHOW KOHCTPYKLMH C POCTOM
TeMIIepaTypsl, MPAKTUYECKH OINpPEAesIeMbIl W3-
MEHEHHEM YAEIbHOH Macchl 00pas3IoB, IOKa3aH
Ha puc. 6.

3

KonmnuecTBo ynanenHoi
BOJIBI, JI/M

0 100 200 300 400 500 600 700 80O
Temmneparypa, °C
—=*— BHyTpeHHuii cnoii —*— Cpenuuit cnoit —*— Hapy:xHseIil cnoii

Puc. 6. Xapakrep ynaneHus BOAbI U3 CTPYKTYpPbI
00pa3noB 6eToHa pa3HOTO CJIO0SI C POCTOM TEMIIepaTyphl

Fig. 6. Pattern of water removal from concrete sample
structure of different layers with temperature increase

Pe3koe m3menenue maccel 00pasloB MpU TEM-
nepatypax a0 (200-300) °C oOwsicHsIeTCS MPOUC-
XOJSIUMHA  (PU3HYECKUMHU TIPOIIECCAMU, a WUMCEH-
HO — YIQJICHHEM BOBI M3 TPYOBIX TIOp M ancopOu-
POBaHHOHN TeleM JBYX- M TPEXKAIBLUEBOTO CH-
mukata. [loCKONBKY YHCIIO TOp M COJICpXKaHHE
[IEMEHTa YBEIMYMBAIOTCA 10 MEpe IBM)KEHHS OT
nepudepun K HMEHTPY, KaK CIEICTBUE, MOBBIIIACT-
Csl KOJIMYECTBO BHIIAPEHHON BOJBI BO BHYTPEHHUX
cnosix. Hekoropass crabunmuzainus KOJIUYECTBA
yIaleHHON Bojbl ipu Temrepatype 10 400 °C cBs-
3aHa ¢ TeM, 4TO (hu3WyecKas BOJAa yXKe yJaJlcHa
U3 TIOp W TPOHMCXOIUT JIUIIb TPOIECC yIAICHUS
BOJIbI, HAXOJSIIEHCS B T€JIEBOM MPOCTPAHCTBE IIe-
MEHTHOTO KamHs. M3BeCTHO, 4TO OCHOBHas Macca
CBS3aHHOM BOJABI TepseTCS MpH TeMIepaTypax
Boime 350 °C [18]. Hauunas ¢ 400 °C npoucxomur
paznoxkenue ruapokcuaa kambums [19, 20], co-
MPOBOXKJIAEMOE BBIJICICHUEM OKHCU KalblUs W
BOJIBI, KOTOpasi MPH UTHTEIHHON BBIAEPKKE MPH
COOTBETCTBYIOLIUX TeMIIEpaTypax TaKKe ynaser-
csi U3 CTPYKTyphl Oerona. MIMeHHO mo3ToMy Ha
yuactke temmepatyp (400-600) °C nHabmromaercs
HEKHMI CKa4oK KpUBBIX, KoTOphie 10 800 °C ruias-
HO Tepexoaar B mpsmble. [Ipu 1uiaBHOM Harpe-
Be 710 800 °C u mocneayromieil BIICPKKE B TCUCHUES
4 4 MOXKHO CKa3aTh, YTO CTPYKTypa OeToHa Tmpak-
TUYECKH TIOJTHOCTBIO OCBOOOXK/IEHA OT XUMHYECKH
CBSI3aHHOM, aJCOPOIMOHHON W (DU3MUYECKON BOJIBI
B nopax. CpemHee 3HaUCHHE W3MCHCHUS OOBEMHOM
Maccel 00pasuoB mnocie Harpea a0 800 °C mpu-
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OJIM3UTENTLHO PaBHO COJICPIKAHHIO XUMHUYECKH ¥ (QU-
3MYECKH CBS3aHHOW BOJBI B CTPYKType OeToHa
(paxTryeckoMy coaepKaHUIO BOJABI B OETOHHOM
cMecH).

O0paboTKa SKCIEPUMECHTAIBHBIX JaHHBIX Kaca-
€MO yJIAJICHHOM BOJABI MpHU MPEeAETbHON B 3KCHEPH-
MEHTE TEeMIIepaType IMO3BOJMIA BBIIBUTH XapaKTep
pacrpesienieHnsl BOJbI M0 CEYCHUIO EHTPUPYTUPO-
BaHHOU OeTOHHOH cMecH ((haKTHIECKH OCTaTOY-
HBII pacxoJl BOJIbI B cMecH) (puc. 7).

260
240
220
200 ~
180
160
140
120
100

3

Bopoconepxanue, 1/mMm

03 035 04 045 05 055 0.6 065 07

OTHOCHTENEHAA TONIIIHA KOHCTPYKIIIH
Bonmoconepxanie GeTOHHOI cMeCH B ITeTIOM
—®— DKCIepHMeHTATEHAR KDHEAT
= = = DKCHOHEHIHATEHAA ANMNPOKCHMUPYHOIIAA
— — — JluHeliHas aMmpoOKCHMHPYHOIIAL

Puc. 7. Bogoconepsxanue OETOHHOH cMecH
10 TOJIIIUHE KOHCTPYKIUH

Fig. 7. Water content of concrete mixture
through structure thickness

AHanu3 OIBITHBIX JAaHHBIX IOKa3bIBAaET, YTO
CBOWCTBa IIEHTPU(YTHPOBAHHOTO OETOHAa B IIO-
CIIOMHO PpAacCHWICHHBIX o00pasnax CyIIECTBEHHO
M3MEHSIOTCS: TUIOTHOCTh OeToHa B oOpa3iax Ha-
pyXXHOro cios okazajack Ha 8 % Oombiue, yeM
B 00pasiax BHYTPEHHETO CJIOs, MPOYHOCTh OeToHa
Oonbmie Ha 34 %, comepkaHue BOJBI B OCTOHHOMN
CMeCH BO BHYTPEHHHX cIlosx Ha 43 % Oobliie, yeM
B HAPYXHBIX.

B [5] . H. AxBepioBBIM HCCIIEIOBAHO, YTO
TIPU HaJJIeKAIIEe MMOJOOpaHHOM COCTaBe OCTOHA Ha
BHYTpPEHHEH OBEPXHOCTH CTCHKH dJIeMeHTa 00pa-
3yeTcs KOpKa Lulama, 3aTeM HIET CION LEeMEHT-
HOTO KaMHs, Jaliee — MEJIKO3EPHHUCTBHIH OCTOH H
MoTOM — OETOH OOBIYHOHN CTPyKTyphl. M3 puc. 1
BHJHO, YTO HA BHYTPEHHEM CJIO0€ KOHCTPYKIHUU
MMEETCs 9eTKOE pa3rpaHuyIeHHe CII0S, COCTOSIIETO
W3 IIEMEHTA, IIeCKa ¥ BOJbI, HE UMEIOIIETO B CBOEM
COCTaBe KPYITHOTO 3alOJHUTEINSI, KOTOPBIM COCTaB-
nsiet 1/8 Tonmmabl KOHCTpYKIMU. OT JaHHOU rpa-
HUIBI 10 mnepudepud HAOMIOJACTCS HATUYNC
KpynHoro 3anoiuutens. [Ipu sTom mo mepe ABH-
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XKeHHus K mepudeprn Mo CEYCHHIO HaOIoJaeTcs
COKpAII[eHHe KOJIMYECTBA sUeeK MEeXIy IeOHeM U
yMEHbIIIeHHE uX pa3mMepoB. CiieoBaTeibHO, Ooee
BBICOKAsl TPOYHOCTh HAPYXKHBIX CJIOEB IICHTPH-
(hyrMpoBaHHOW KOHCTPYKIIUU OOYCIIOBIMBACTCS
MOBBIIIICHUEM OTHOCHTEIBHOTO COIEpXKaHHs Tpa-
HUTHOTO MIEOHS, TPOYHOCTH KOTOPOTO TOpa3io
OompIrie, YeM y pacTBopa (0eToH 6e3 mebHs) U 11e-
MEHTHOTO KaMHs. YBHUAETh HEBOOPYKEHHBIM TJa-
30M pa3rpaHUYCHHE HA BHYTPCHHEW MOBEPXHOCTH
[IEMEHTHOTO KaMHS | IJIaMa HE y1aioCh.

OO0mmass kapTUHA pachpeie]eHuss CBOWCTB Oe-
TOHA U OETOHHOW CMECH MO TOJIIUHE CXOJHA C pe-
3yneTatamu, nomyueHHsiMa . H. AxBepaoBsim [5],
B. JI. ymxum, . A. Hemyxom u M. 1O. ['putien-
ko [9]. Bmecte ¢ TeM paznuuue B W3MECHEHHUH
TUIOTHOCTH TTOCIIOMHO BBIMHJICHHBIX 00pa3IloB CO-
CTaBWJIO OKOJIO JIBYX pa3, pa3inuue B M3MECHEHUU
npoyHocTH — okoio 40 %, BomocomepkaHus Oe-
TOHHOM cMecH — 3,5 pasa.

Hcmonp3yss METOJ HAMMEHBIIUX KBaApaTOB,
OBLIM TOJYYCHBI Pa3jIMYHbIC PErPECCHUBHBIC ypaB-
HCHHS, OIMCHIBAIOIINE 3aKOHOMEPHOCTH HM3MECHE-
HUS TUIOTHOCTH WM MPOYHOCTH OETOHA MO TOJIIIH-
HE, a TaKXKe BOJOCOJACpKaHUS OETOHHON CMECH.
Hawnbonee anekBaTHO 3aKOHOMEPHOCTH H3MEHEHUS
(hM3MKO-MEXaHUYECKUX CBOHCTB OTPaXKarOT DKCIIO-
HEHITMAbHAS U JTUHEHHAs 3aBUCUMOCTH (puc. 4, 5).
[IpuBenst mojay4deHHbIC 3aBUCMMOCTH K IOKa3aTe-
JIIM KOHCTPYKIMM B II€JOM, OBLIH IOJyYCHBI
ypaBHEHUS, ONMCHIBAIOIINE U3MEHEHNE TIPOYHOCTH
Y TUIOTHOCTH LEHTpU(YTHUPOBaHHOTO OETOHA, BO-
JOCOZIepKaHusl OETOHHOW CMECH TI0 CEYCHHIO B 3a-
BHUCHMOCTH OT CBOMCTB U3/IeJHA B 11e10M (Ta0m. 4).

Jns onpenenenus cpeaHei MpoyHOCTH (TUIOT-
HOCTH) 4YaCTH CeYeHHs (KOHKPETHOTo 00pasia,
BBIMIJICHHOT'O M3 KOHCTPYKIUH), BOJOCOACPIKAHUS
OETOHHOW CMeCH BIIOJHE JOIMYCTUMO HCIIOJB30-
BaTh CIIEAYIONIyI0 hopmyry:

Y'= Sj Y(3)ds,

8

rae Y’ — 3HaueHHE XapaKTePUCTUKH KOHKPETHO-
ro obpasma; Y(0) — 3aBHCHUMOCTH, IPHUBEICHHAS
B TabOi. 4; 0y, 0, — OTHOCUTEJIbHBIC TOJIIMHEI KOH-
CTPYKIIMH, COOTBETCTBYIOIIME BHYTPEHHEW W Ha-
PYKHOW TOBEPXHOCTSM BBIMMJICHHOTO 00pasia
(ceuenws).

Crenyer OTMETUTb, YTO TOIYYEHHBIE 110 3aBH-
CUMOCTSAIM H3 TalOJl. 4 3HAYCHUS IUIOTHOCTH U
MIPOYHOCTH HA BHYTPEHHEH M HapyKHOH NOBEPX-
HOCTSIX MOTYT OBITh HECKOJIKO 3aHIDKCHBI (3aBbI-
IICHBI), YTO IMOATBEPKIACTCS TPEBBIIMICHUEM I10-
JMYYeHHOTO 3HAYCHHWs TUIOTHOCTH Ha mnepudepun
HaJl WCTUHHOM TUIOTHOCThEO KOHCTpyKImH. Co-
rJ1aCHO AaHHBIM 3aBUCHUMOCTIAM, IMPOYHOCTH 6€TO-
Ha TI0 Mepe JBWKCHHUS OT BHYTPEHHEH MOBEPXHO-
CTH K TIepU(EpHH YBEINYNBACTCS MPUMEPHO B JIBA
pasa, a ioTHocTh — Ha 20 %. Heobxoaumo y4uu-
THIBAaTh, YTO TAKOE CYIIECTBEHHOE pa3iuuue 00b-
SICHSICTCS MCCIICIOBAHUEM CTOWKH  JIOCTATOYHO
Oonpmoi TommuHbL. [lockonbKy UeHTpHYTrHUpo-
BaHHBI METOJ] TOApa3yMeBaeT 3a4yacTyl H3ro-
TOBJICHHE TOHKOCTEHHBIX KOHCTPYKIUH, a YMEHb-
HMICHUC TOJIIINHBI KOHCprKHHﬁ BJICYCT IIOBBIIIIC-
HUE OJHOPOJHOCTHM TIO CCUEHHUIO, JlaHHBIC
3aBHCHMOCTH TOJIJISKAT HEKOH KOPPEKTHPOBKE.

Jis TMHEWHBIX 3aBUCUMOCTEH, Hanboee THO-
KO HCIOJB3yEeMBIX B pacuerax, oOmuryro dopmyry
[0 ONPEICIICHUIO TUIOTHOCTH (NMPOYHOCTH) ISt
KOHCTPYKITUH TOJITAHON 160 MM MOXXHO Teperu-
caTh B BHJIE

Y(8) =Y, (4+C9),

rae A, C — smnuprudeckuii koddduuumenr; Y, — xa-
paKTepUCTHKA MaTepUalla B LIEJIOM.

Tabruya 4

3aBMCHMMOCTH U3MEHEeHHs (PU3UKO-MEeXAHMYECKUX CBOHCTB M0 CeYeHH IO

Dependences of changes in physical and mechanical properties over cross section

Xapakrepuctruka 0eToHa

3aBI/ICPIMOCTI>, OIIUCBhIBAIOIIAA 3aKOHOMEPHOCTD U3BMEHEHUS XaPAKTEPUCTUKH 110 CEUCHUIO

(6eToHHOM cMecH)

JIMHEWHOT0 BHIA

OKCIIOHCHIIMAJIbHOT'O BHAa

[InotHocTs p

p(8) = py - (0,899 + 0,2043)

p(S) — p0e0,2066—0,102

IIpounocts P

P(8) = P,(0,597 +0,7435)

P(S) — 13060,785870,432

Bonoconepxanue B

B(5) = B,(1,735-1,5115)

B(S) =B e—1,5046+0,703
-0

ITpumeyanmne. XapaKTEePUCTUKU C MHACKCOM «0%» OTHOCATCS K KOHCTPYKLHH B IIE€JIOM; O — OTHOCHTENIbHAS TOJIIHHA KOHCTPYK-

uu (ot 0 10 1).
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ITo MHEHHUIO aBTOPOB CTaThH, JaHHAs (PYHKIIHS
TIOJJICKUT KOPPEKTUPOBKE JIOTIOTHUTEITLHBIMU KO-
(unmentamu k| U k,, YINTHIBAIOIIIIIMH TIOBBITIICHHE
OJIHOPOJHOCTH CTPYKTYPBl C YMEHBIICHUEM TOJI-
IAHBEl OCTOHHOTO H3ENHS, 3aBUCSIUMH OT TOJ-
IIIAHE] U3TOTOBJIEHHOIO DJIEMEHTA:

Y(8) =Y, (Ak, + C8k,).

Ecniu nBe KOHCTpYKIMHM pPa3HOW TOJIHAHBI
UMEIOT OIMHAKOBbIe (DHM3WKO-MEXaHUYEeCKHe Xa-
PaKTEPUCTUKH B 1I€JIOM, TO MOKHO 3aIUCaTh:

1 1
j Y, (A +C8)dd = jYO(Ak, + Cok,)d;
0 0

Akl+%=A+£;
2 2
24(1-k

k2:1+—( 1).

C

IIpenmnonoxxuB, 9TO OAHOPOIHOCTEH TOBBIIIACT-
Ci TPOMOPLUOHATBHO YMEHBIICHUIO TOJILUHEI,

b o
3amumeM k, =—, TOe b — TONINMHA 3aJaHHON
o

KOHCTPYKITUH, MM; by = 160 MM — ToJIIIMHA HCCITe-
JIOBAaHHOM KOHCTPYKIIHH.

C y4eroM MONYYEHHBIX B XOJI€ MCCIIECIOBaHUS
3HaueHuil 4 u C, nmeeM:

— [IpU pacueTe IWIOTHOCTH &, =| 9,8 —i /8,8;

0

— IIpU pacyeTe MPOYHOCTH k; = 2,6—bi /1,6;

o
— MPH OMPEISICHUH BOJOCOACPKaHUSI OCTOH-

HO cmecH k, = 1,3+£ /2,3.

0

Brieonucanusie 3aBUCUMOCTH JTUHEHHOTO BU-
na u3 Ttaom. 4 ¢ ydaeroM kodhdumnmeHToB k| u k
Oonee mpUEMIIEMO HWCIIONL30BaTh JUIS WHXKEHEP-
HBIX pPacyeToB.

WHTEpecHbIM MPeACTaBIsIIOCH PACCMOTPETH BOTI-
POC 3aBHCHUMOCTH TPOYHOCTH IEHTPH(YTUPOBAHHO-
ro OeToHa OT IEHCTBHS IEHTPOOESIKHOMN CHITBI WHEP-
VM. YYHUTHIBas, YTO JaHHAS CHJIA, BO3ICHCTBHIO
KOTOPOW TOJBEPraroTCsi YacTUIBI OSTOHHOH cMecH
B TIpoIiecce MeHTPUYTHPOBAHUS, TIPOTIOPIHMOHATIFHA
Macce BpaIaroIIerocss TBepAoro tema M, Kr, pac-
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CTOSIHUIO OT OCH BpaIleHHs 10 IIeHTpa 3epHa 7, M,
U YIJIOBOW CKOPOCTH BpAIICHUSA ®, Paj/c, MOXKHO
3amucaTh CICAYIOIIYIO0 3aBUCUMOCTD:

Fs= Mo'r= pVa)zr,

rie ¥ — o0beM 3epHa, M.

Od4eBuAHO, YTO NaHHAS CHIA OyIeT MPUHUMATH
HauOoJIbIIIee 3HAYCHHWE BOIHM3M CTECHOK BpaIaro-
medicss popmel. [IpounocTs B mepudepruifHbIX CII0-
SIX OKa3bIBaeTcs OOJbINE, YeM BO BHYTPCHHUX.
3HAaYUT, MPOYHOCTH OETOHA MPSMO IPOIOPITUO-
HaJlbHA IICHTPOOEKHOW CwWie, ACHCTBYIOIICH Ha
CMECh B MpOLECCE M3rOTOBJIECHUS, T. €. P~ Fig.
[IpuHSB paBHBIMH paccMaTpHUBaeMBbIe 3JEMEHTap-
HbIE 00BEMBI CTPYKTYpBI OETOHA M YYHUTHIBAsI, YTO
BCE TOYKH OCTOHHOW CMECH IIPH BPAICHUU (POPMBI
MMEIOT OJIMHAKOBYIO CKOPOCTh BpaIlleHUs, MOXHO
3aIHCaTh:

P~ Kpr.

YBenuueHNe NPOYHOCTH MPSAMO TPOIIOPIIHO-
HaJIbHO POCTY TPOU3BEICHUS IDIOTHOCTH M PacCTOs-
HUSL OT OCH BpalleHHs J0 PacCMaTPHBACMON TOYKH
(puc. 8). Cpennee 3HaucHHe KO3(h(HUIIMEHTA IPO-
nopiuoHaabHocTH K coctapuiio 0,041 MH/kr.

55

800 900 1000 1100 1200
pr. KT/Mm2

Puc. 8. 3aBHCUMOCTD IPOYHOCTH IIEHTPUPYTUPOBAHHOTO
0eTOHa OT MPOU3BEACHHS €T0 IUIOTHOCTH
Ha pPacCTOSIHUE JI0 pacCMaTPUBAEMOI TOUKH

Fig. 8. Dependence of centrifuged concrete strength
on product of its density by distance
to the point under consideration

B mpakTtudeckux pacueTax MMeeTcs Heo0Xo-
JUMOCTh B3aWMOCBSI3M TPOYHOCTH OETOHA C €ro
IUIOTHOCTHIO HampsiMmyro. OOpaboTka 3KCIIEpUMEH-
TaJbHBIX JAHHBIX ITO3BOJIMJIA BEHISBUTH 3aBUCH-
MOCTh MEXAY IUIOTHOCTHIO W TPOYHOCTHIO IICH-
TpudyrupoBaHHOTO OETOHA HCCIETYEMOro COCTa-
Ba (puc. 9).
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Puc. 9. 3aBucUMOCTb IPOYHOCTH
LEHTPUPYTHPOBAHHOTO OETOHA OT €ro INIOTHOCTH

Fig. 9. Dependence of centrifuged concrete
strength on its density

Kax BuauMm u3 puc. 9, npu U3roTOBICHUU KOH-
CTPYKUMH METOJOM LEHTPU(PYTHPOBAHUS MpPOY-
HOCTh OETOHA MPH MPOYMX PABHBIX YCIOBUAX MPs-
MO IPONOPLUHOHAIBHA €r0 MIOTHOCTH.

BbIBO/IbI

1. llentpudyrupoBaHHbiii 6eToOH 00a1aeT Cy-
IIIECTBEHHOM HEOJAHOPOAHOCTHIO IO TOJILIMHE Ce-
YEeHHUs1 TOTOBOrO M3enus. BHyTpeHHHE cion KoH-
CTPYKLIIMU 3aHSITHl B OCHOBHOM IIJJAMOM, pacT-
BOPOM WU LIEMEHTHBIM KaMHeM. HaunHas ¢ otHOCH-
tenpHON TOMmMUHEL 0,125 Habmiomaercs yBennde-
HHE OTHOCHUTEIIHOTO COAEP)KaHHs KPYIIHOTO 3a-
nonHuTenss. HapyxHble clion cocTOST B OCHOBHOM
U3 KPYIHOTO 3allOJIHUTENS], SIYEHKU MEXIy KOTO-
PBIM 3anI0JIHEHBI pacTBopoM. KonnuecTBo 1 00bemM
S4eeK MO0 Mepe JBWKEHUS K nepudepud yMeHb-
IIAI0TCS.

2. ®U3UKO-MEXAaHUUYECKHE CBOWCTBA LEHTPHU-
(yrupoBaHHOrO OETOHA MEHSIOTCS B HIMPOKUX
npeznenax. [IMoTHOCTb B Hccne0BaHHBIX 00pa3nax
BHYTPEHHeEro cjiosi Ha § % MeHblIe, YeM HapyX-
HOTO CIIOSl, BOJIOCOZAEp)KaHWE OETOHHOW cMecu
Ha 43 % Oonbme. [Ipounocts Ha cxxaTue OETOH-
HBIX 00pa3LoB HAPYKHOTO ciiosf Ha 26 % mpeBbl-
Iaja MPOYHOCTh 00pasloB, BBIMTWIEHHBIX U3
BHYTPEHHETO CJIOS KOHCTPYKLIUH, YTO OOBSCHSET-
cs1 00pasyrommMces B MPOIECCe M3TOTOBIEHUS CO-
CTaBOM.

3. Ilony4eHbl ypaBHEHMsI, ONMUCBHIBAIOIIUE W3-
MEHEHUE (DU3MKO-MEXaHMUYECKUX CBOICTB IO ce-
YEHUIO B 3aBUCHUMOCTU OT CBONCTB KOHCTPYKLIUH
B IIEJIOM U €€ IapaMeTpoB, YTO IO3BOJISIET pac-
CUNTaTh HEOOXOOUMBIE TMPH IIPOCKTHUPOBAHUU
XapaKTEePUCTHKN Takoro Oerona. CorjacHO 3aBHU-
CHUMOCTSM, HPOYHOCTb B mNepu(epuiHBIX CIOAX
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HEHTPU(PYTUPOBAaHHOW KOHCTPYKLWHU TONIIMHOM
160 MM Tpu OIHOCIOWHOM (POPMOBAHWUU OOJIBIIIE
B JIBa pasa, 4YeM BO BHYTPEHHHUX CIIOSX, YTO CBHUJE-
TENBCTBYET 00 YBETUUEHHUH JKECTKOCTH HAPYKHBIX
CJIOEB, W, COOTBETCTBEHHO, BOCIPHUITUU HUMH OC-
HOBHBIX Harpys3oxK.

4. BrisBreHa B3aMMOCBS3b IPOYHOCTH IIEHTPH-
(hyrupoBaHHOTO OETOHA C NEUCTBUEM IIEHTPOOEK-
HOM cunbl uHepuuu. IlomydeHa smmnupuueckas
¢dopmyna ans mepexoia OT IIIOTHOCTH LEHTPUPY-
TUPOBAaHHOTO OETOHA HCCIIEAYEMOTO COCTaBa K €ro
MPOYHOCTH, U HA0OOPOT.
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Bausinue nmosiupyHKIUOHAJIBHOM 100aBKH
HA NMPOLECC TBEePAeHHUs U CBOIICTBA IEMEHTHOI0 0eTOHA
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Pedepar. B crarhe mpuBeneHbl pe3ynbTaThl UCCIIEAOBAHHUMN, HANPABICHHBIX HAa pa3pabOTKy HOBOW MoH(yHKIMOHAIBHON
Jno6aBKkH B O€TOH, oOecrednBarolie MOBBINIEHHE TEMIIA 1 YPOBHS POCTa €ro MPOYHOCTU MPH CHIDKEHHM HEPreTHYECKUX
3aTpaT Ha yCKOpPEHHE Ipolecca TBEPACHNUS, Kak 6a3bl ISl CHIDKCHHUS SHEPrOEMKOCTH IIPOU3BOJICTBA OCTOHHBIX U XkKele300e-
TOHHBIX W3S U KOHCTPYKIMH. DKCIIEPUMEHTAIBHO BBIIBICHO PAlOHATEHOE COOTHOIIECHHE KOMIIOHEHTOB MONU(YHKIH-
OHaJIbHOW /100aBKU OT MaccChl IIEMEHTA: CyMepIulacTU(GUKATOp HA OCHOBE MOJMKAPOOKCHIATHBIX cMoi (Hampumep, «Craxe-
MeHT 2000» i «Penamuxc IIK») — 0,5 %, ynbrpamucnepchsii MukpokpemueseM (Si0,) — 1,0 %, cynbdat Hatpus (Na,SOy),
yckopurenb tBepaenus — 0,5 %, cynbdar amomunans (Aly(SOy);), yuotHsomui crpykrypy no6aeku, — 0,25 %. Ilepeunc-
JICHHbIE KOMIIOHEHTHI 00€CIeYMBAIOT HAaUOOJNBIINI POCT IPOYHOCTH IIEMEHTHOTO KaMHS U KOHCTPYKIHMOHHOTO TSDKEIOTO
OeroHa. Pe3ynbrarhl 1epuBaTOrpadM4eckoro U PeHTreHo(pa30BOro aHAINU30B IIOKA3IBAIOT, YTO POCT IPOYHOCTH Oaszupyercs
Ha 00pa30BaHMM MEIKOKPUCTAIUINIECKOH (OpMBI HU3KOOCHOBHBIX KPHUCTAJUIOTHAPATOB cuimkaTtHOH rpynmel CSH, momon-
HSIOMEH TPaguIMOHHO (OPMHpPYIOMIMECS NPH PEeakiMu TPeX- M JBYXKAIBINEBOTO CHIMKaTa IeMeHTa ¢ Bomoil — C,SH,
a TaKkkKe Ha YBEIMYCHHUHM KOJIMYecTBa HOBOOOpasoBanuil 3a cuer peakuun Ca(OH), ¢ amopdubeiM SiO, u ITTpHHTH-
ta 3Ca0 - ALO; - 3CaSO, - 32H,0, obpasyromierocsi 3a CYET PEaknuili ¢ alFOMHHATAMHU IIEMEHTA BEIIECTBA YCKOPSIOIIC-
YIUTOTHSIIONIETO KOMITOHEHTa 00aBKH, YTO B COBOKYITHOCTH 00ECIIEUUBAET POCT INIOTHOCTH M IIPOYHOCTH IIEMEHTHOTO KaMHSL.
B Gerone addexT momonHAETCS YHPOYHEHHEM 30HBI KOHTAKTa ITOBEPXHOCTH 3aIlONHUTENS C IIEMCHTHBIM KaMHEM 3a CUeT
peaxuynn Mexy Ca(OH), u SiO,. O1u addexrs! noarsepxaeHbl poctoM (10 38 %) XUMHUYECKH CBS3aHHOI [IEMEHTOM BO/IbI B
MPUCYTCTBUH MOMU(DYHKIMOHANBHON H0OAaBKU B MPpoOax [IEMEHTHOTO KaMHs, XapaKTEepU30BABLIETOCS HAaUOOBIICH MPOYHO-
ctbi0. C HCIONB30BAaHMEM CTAHJAPTH30BAHHBIX METOJVK HCIBITAaHMI SKCIEPUMEHTAIFHO IOATBEepKAeHa 3((HEeKTHBHOCTH
NON(YHKIMOHATIEHON JO0ABKY, BBIPA3UBIIAACS B POCTE KaUECTBEHHBIX XapaKTEPUCTUK M CBOMCTB KOHCTPYKIMOHHOTO TSDKEJIOTO
OeToHa: POYHOCTH Ha cxatue — 10 40—60 %, B pacTsvkeHHH npu u3rude — 1o 15, cHikenun ycaaku — 10 50 % u Boponoroie-
Huu — B 1,5-2 paza, pocte Moposocroiikoctu ¢ Mapku F250 no F500, Bononenponunaemoct ¢ W6—-W8 no W20.

KiroueBblie ci1oBa: nompyHKINOHABHAS JOOaBKa, MHKPOKPEMHE3EM, YIIbTPaJAUCIICPCHBI MHUKPOKPEMHE3EM, IEMEHTHBIN
KaMeHb, 0€TOH, BEICOKOIIPOYHBI OETOH, MPOYHOCTH, CBOMCTBA

Jas uurupoBanus: ['ypunenxo, H. C. Brusane nommdyHKInoHansHON K00aBKH Ha MPOLECC TBEPICHUS U CBOIMCTBA IIEMEHT-
Horo Oerona / H. C. I'ypunenko, O. W. barsnosckwit // Hayxa u mexuuxa. 2019. T. 18, Ne 4. C. 330-338. https://doi.org/10.
21122/2227-1031-2019-18-4-330-338

Influence of Polyfunctional Additive
on Hardening Process and Properties of Cement Concrete

N. S. Gurinenko”, E. I. Batyanovskiy"
YBelarusian National Technical University (Minsk, Republic of Belarus)
Abstract. The paper presents results of research aimed at developing a new semi-functional concrete additive that provides

an increase in rate and level of its strength growth while reducing energy costs to accelerate hardening process, as a basis
for reducing energy intensity in manufacturing of concrete and reinforced concrete products and structures. Experimentally
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a rational ratio of components for a polyfunctional additive has been found of mass cement: a superplasticizer based on poly-
carboxylate resins (for example, “Stachement 2000” or “Relamiks PC”) — 0.5 %, ultradispersed microsilica (SiO,) — 1.0 %,
sodium sulfate (Na,SO,), hardening accelerator — 0.5 %, aluminum sulfate (Al,(SO,);), sealing additive structure — 0.25 %.
The mentioned components ensure the largest increase in strength of cement stone and structural heavy concrete. Results
of derivatographic and X-ray phase analyses have shown that strength growth is based on formation of a fine-crystalline form
of low-base crystalline silicates of CSH-silicate group, which complements traditionally formed C,SH by the reaction of
three- and two-calcium silicate cement with water, as well as it is based on an increase in the number of neoplasms due to the
reaction of Ca(OH), with amorphous SiO, and ettringite 3CaO - Al,0; - 3CaSO, - 32H,0, being formed due to reactions with
cement aluminates these are accelerating-compacting additive components, that in total provides an increase in density and
strength of cement stone. While having the case with concrete, the effect is complemented by hardening the zone of contact
between aggregate surface and cement stone due to the reaction between Ca(OH), and SiO,. These effects have been con-
firmed by growth (up to 38 %) of water which is chemically bound with cement in presence of a multifunctional additive in
samples of cement stone, which is characterized by the largest strength. While using standardized testing methods, effective-
ness of a multifunctional additive has been experimentally confirmed and it has been expressed in growth of quality characte-
ristics and properties of structural heavy concrete: compressive strength — up to 40-60 %, flexural strength — up to 15 %,
reduction of shrinkage — up to 50 % and water absorption — by 1.5-2 times, increase in frost resistance from brand F250 to
F500, water resistance — from W6-W8 to W20.

Keywords: polyfunctional additive, microsilica, ultradispersed microsilica, cement stone, concrete, high strength concrete,
strength, properties

For citation: Gurinenko N. S., Batyanovskiy E. 1. (2019) Influence of Polyfunctional Additive on Hardening Process
and Properties of Cement Concrete. Science and Technique. 18 (4), 330-338. https://doi.org/10.21122/2227-1031-2018-18-4-

330-338 (in Russian)

BBenenne

OmHoil W3 BaXKHEWININX 3adad CTPOUTEIHHOU
oTpaciu benapycu sSBIAeTCS CHUKEHHE SHEPIoIo-
TpeOJIeHusI B CTPOUTENILHOM Ipon3BocTse. Ilpu us-
TOTOBJIEHHH COOPHBIX OCTOHHBIX M JKEJIe300eTOH-
HBIX HM3JEIUHA U CTPOUTENHCTBE U3 MOHOJIUTHOTO
OeToHa M jKeJae300€TOHA 3Ty 3aJady MOXKHO pe-
HINTH 32 CYET UCIIOJIb30BAHUSI XMMHUYECKUX U MU-
HepanbHBIX 100aBOK. Hampumep, Tex U3 HUX, KO-
Topble 00ECIeynBaloT IMOBBIIEHHE TEeMIa pocTa
HNPOYHOCTH OETOHA, MO3BOJSIIOT CHIKATh TeMIIe-
patypy (OCOOEHHO 3TO Ba)XHO B HAYallbHBIA Tie-
puon — 24—72 4) TBEpAEHUS W COKpAIaTh BpeMs
nmonBoaa Temia kK Oerony. llpm srom Hambomee
NEPCHEKTUBHO HaNpaBlIeHHE IO pa3paboTKe KOM-
TUIEKCHBIX JT0OABOK, B KOTOPBIX COUYETAIOTCS pas-
HbIe () (EeKTH BO3JEHCTBUS HA Pearnpyrouylo CU-
CTEMY «IIEMEHT — BOJIa» B IICMCHTHOM OETOHE,
B3aMMHO JIOIIOJIHAIOIIME IpYr Apyra. B gacTHOCTH,
MHOTOKOMITOHEHTHBIE BEIECTBA, COCTABIISIOIINE
KOTOPBIX CHOCOOCTBYIOT CHMXXKEHHIO Ha4YaJbHOTO
BOJIOCO/ICPKaHMSI, PA3BUTHIO MIPOLIECCOB THIPOIIU-
3a-TUApaTaLUK [IEMEHTa, 3aPOXKICHNI0 KPUCTAIIO-
THIPAaTHBIX HOBOOOpa30BaHWM, MX YCKOPEHHOMY
00pa30oBaHMIO, a Ha 3TOH OCHOBE — YCKOPEHHOMY
(hOpMHUPOBaHUIO TIOTHON CTPYKTYPHI IIEMEHTHOTO
KaMHg ¥ OeToHa, 00ECIEYMBAIOT KaK BLICOKHM
TEMIT pOCTa MPOYHOCTH OETOHA, TaK W YPOBEHb
BCEH COBOKYIHOCTH €ro (HU3MKO-TEXHUYECKUX
CBOJCTB.
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MartepuaJibl ISl HCCJIeAOBAHMIA

B wuccrenoBaHusx WCHONB30BAIM MaTepHa-
npl:  mopTmaHaneMent wmapku III[ 500 o
I'OCT 10178-85, cooTBeTCTByIOmMMI Kiac-
cy CEM 1 42,5 N mo CTb EH 197-1; kxommnoneHn-
THl TOMU(PYHKIMOHATBEHONH J00aBKU: yCKOPUTENh
tBepaeHus cyispar Hatpus (CH; Na,SOy)
o ['OCT 21458-75 u ymuOTHSIOIIUNA CTPYKTYpPY
LEMEHTHOro KamHsa (OeToHa) cynbdar amoMu-
nust (CA; Aly(SOy)3) mo T'OCT 12966-85; 3anonHu-
Tenu sl OeTOHa — IMIeOCHb TPAHNUTHBIN TPAIUIIMOH-
Held Qpakmuii 5-10 u 5-20 mm (I'OCT 8267-93)
n mebeHs KyOOBUAHBIN ¢pakumii 2—4 u 46 MM
(CTb 1311-2002); necox mpupomHbiii Mk ~ 2,6-2,8
(F'OCT 8736-93); B xauecTBe aKTHBHOTO MHHE-
pPAILHOTO KOMIIOHEHTa TOOaBKH — TPaJUIMOHHBIN
mukpokpemueseM MK-85 (MK), coorBercTByIO-
it TpedoBanusmu CTh EN 197-1-2015, u ynb-
TpaaucnepcHsrii MukpokpemueseM (Y IMK), coot-
BercTByromui TY 2168-002-14344269-09, xapak-
TEPU3YIOMINICS OONBIIe YAENFHOW IOBEPXHO-
CTBIO 32 CUET MaJbIX Pa3MEpPOB YaCTHIl aMOP(HO-
ro SiO,, a 3Ha4YMT, 1 OOJBLINM «PEAKIUOHHBIMY IO~
TEHIHAJIOM, YTO MOATBEP)KAAIOT JAHHBIE CpPaBHH-
TENBHOTO T'PaHyJIOMETPUYECKOTO aHAIN3a JAUCIIEpC-
HOCTH TpPaAWIHMOHHOTO MHKpokpemHesema (MK)
(puc. la) W ymBTpamUCIIEPCHOTO MHKPOKpPEMHE3e-
Ma (YAMK) (puc. 1b), momydeHHBIE C TIOMOIIBIO
prOopa I M3MEPSHHS AUCTICPCHOCTH TBEpAOo(az-
HBIX MaTepuasioB Analysette 22, Nano Tec (Fritsch).
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Puc. 1. I'paHynoMeTpu4ecKuii cCocTaB: a — MUKPOKpEMHe3eMa; b — yIbTpajuciepCHOr0 MUKPOKpEMHE3eMa

Fig. 1. Granulometric composition: a — microsilica; b — ultradispersed microsilica

B kauecTBe minacTU(UKATOPOB HCIOIB30BAIN
«Craxement 2000-M 2K 30» (Cr), BBIITycKaeMblit
mo TY BY 800013176.004-2011, C-3 (TY 5745-001-
97474489-2007) nu «Penamukc I1IK» (TY BY 1906
79156.002-2013), xotopsie corinacao CTh 1112-98
OTHOCSITCA K IUIACTHGHUIIUPYIOMHUM Jo0aBKaM
I rpynimel.

Lenbto wccnenoBaHuii ObUIO TOMYYEHHUE KOM-
IUIEKCHOM TMOJIM(YHKIMOHATIEHON 100aBKH, Xapak-
TEpU3YIOMIEHCA TUIACTH(OUIMPYIOMNM U yCKOPSIIO-
M TBEpJCHUE OeTOoHa neiicTBueM. i ee MoCTH-
JKeHHUSI Ha Ha4aJIbHOM 3Talle WCCIIeOBATN KHHETHUKY
pocTa MPOYHOCTH LEMEHTHOTO KaMHs M OCOOCHHO-
CTH €TO CTPYKTYPHO-MOP(OJIOIHIECKUX XapaKTepH-
CTHK, BBIIBJICHHBIX C TIOMOIIBIO PEHTreHO(}ha30BOro
U JepuBaTtorpaUueckoro aHaIU30B, a TakkKe MpU
OLICHKE KOJIMYECTBA XMMHYECKH CBSI3BIBAEMOH Iie-
MEHTOM BOJBI ¥ CTETIEHH €0 THAPaTALHH.

CBOHCTBA IEMEHTHOI'0 KAMHSA

B rpadugeckom Buae (puc. 2) YaCTUIHO IPH-
BEJICHBI AKCIICPUMCHTAIBHO BBISIBIICHHBIC M3MCHE-
HUSI B KHHETHKE TBEpACHUS (B HOpPMaJbHO-BIaXK-
HOCTHBIX YCHOBHsIX) 00pa3moB (20x20x20 mwm;
6—12 mT. B cepuH) IIEMEHTHOTO KaMHA 0€3 Io-
O6aBkm  (Nel), ¢ pmobaBkoil mmacTUdUKATO-
pa 0,5 % Ct (Ne 2), ¢ mmacTuGUKaTOPOM U MHKPO-
kpemuesemoMm 0,5 % Ct + 10 % MK (Ne 3), ¢ mura-
CTH(UKATOPOM U YIBTPaTUCTIEPCHBIM MUKPOKPEM-
He3eMOM B pasHbIx KommuectBax: 0,5 % Ct+
+1,0 % YAMK (Ne 4), 0,5 % Cr+ 1,5 % YAMK (Ne 5)
U ¢ NONU(YHKIMOHAIHLHOW KOMILICKCHOU 100aB-
KOH, BKIJIOYAIONIeH IIacTu(UKaTop, yIbTpaauc-
NEPCHBIH MUKPOKPEMHE3eM M yCKOPSIOIIE-yIIOT-
usronryto coctapisiromyro (CH + CA) B cocra-
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Be 0,5 % Cr + 1,0% YIMK + 0,5 % CH +
+ 0,25% CA (Ne 6). Bce oOpa3mpl ObutH H3TO-
TOBJICHBI W3 TE€CTa HOPMAIbHOU TycTOTHl (K =
= 0,255 nonu en. (aucthidd nemeHT), Ky = 0,20 mo-
1 efl. (¢ TTacTuPUKATOPOM)).
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Puc. 2. Kuneruka TBepJeHUS LEMEHTHOTO KaMHSI:

Ne 1 — 6e3 qobaBok; Ne 2 — 0,5 % Cr;
Ne3-0,5%Ct+10%MK; Ne4—-0,5% Cr+1,0% YIMK;
Ne5-0,5%Cr+1,5% YIMK;
Ne6-0,5%Ctr+1,0% YIMK+ 0,5 % CH + 0,25 % CA

Fig. 2. Kinetics of cement stone hardening:
No 1 — without additives; No 2 — 0.5 % Stachement (St);
No 3 - 0.5 % St + 10 % microsilica (MC);
No 4 - 0.5 % St + 1.0 % ultradispersed microsilica (UDMC);
No5-0.5%St+ 1.5% UDMC; No 6 —0.5 % St +
+ 1.0 % UDMC + 0.5 % sodium sulfate (SS) +
+0.25 % aluminum sulfate (AS)

OueBHIHO MMPAKTHYECKOE COBMAICHUE IO 3HAYe-
HUSIM TIPOYHOCTH IIEMEHTHOIO KaMHs, CofeprKallle-
ro 10 % TpaauimonHoro MUKpokpemHesema (Ne 3)
u 1,0 % YAMK (Ne 4) or maccel nementa (mpu
COOJIIOZICHNH TPaBUila MPOYUX PABHBIX YCIOBHH).
Taxoke oueBuzeH 3(pdekT oT BBeJeHUS B LIEMCHT-
HBIM KaMeHb MONMA(PYHKIIMOHATHFHONW KOMITJIEKCHON
N00aBKH, KOTOPYIO TOTOBWIIM B BHJIE BOJHOTO pac-
TBOpa B BOJIE 3aTBOPEHMsI TpeOyeMOro KOJIMYecTBa
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cynbgara HaTpus, cylb(ara alFOMUHHS H IDIACTH-
(ukaropa, 3aTeM BBOJS B HETO B PacUECTHOM KOJIH-
YECTBE YIIbTPAIUCTICPCHBIA MUKPOKPEMHE3EM.

C y4eToM TOro 0OCTOSITENBCTBA, YTO BBEICHUE
¢ pa3pabarbiBacMOl J00aBKOM aMOP(HOTO Kpem-
He3eMa B IIEMCHTHBIH OETOH CIIOCOOCTBYET CBsI-
3pIBaHMIO TUIpookucH Kanbiws (Ca(OH),) B HepacT-
BOPUMBIE THIPOCHITUKATHI KaJIbIHS U MOXKET ITOHU-
3UThH 32 ITOT CYET YPOBEHB IIEIOYHOCTH CPEHIBI B
OeToHEe, MPOBEIN COOTBETCTBYIOIIYIO OIICHKY BIIH-
saus YJIMK Ha nansablid nokaszatens. M3Mepenus
NPOBOJIMIIN C TIOMOIIBIO MOpPTaTHBHOTO pH-meTrpa
mapku HI 83141 (ta6n. 1). OueBugHO, 4TO HCCIE-
nyemoe BemrectBo (YIMK) B 11eioM HEe KpUTHUC-
cku cHmxkaetr pH-akTop U, COOTBETCTBEHHO, HPHU
HCIIONIL30BaHUM €T0 B jKene300eToHe He moTpely-
€TCS TOTIOTHHUTETHHOHN 3aIUTHI aPMATYPHI.

OnHoM U3 3aa4 UCCIICIOBAHHM, BBIMIOJTHEHHBIX
IO METOJIMKE, OIMMMCAHHOM B [3], ObLIa OlICHKA BJIH-

SHUSL pa3padaThiBaeMOl  MOTUPYHKIIUOHAIEHON
N00aBKH Ha TEIJIOBBIJENICHHE [IEMEHTA, MTOCKOIBKY
TEIUIO HK30TEPMHU IO3BOJISIET CYLIECTBEHHO CHH-
3UTh HEPTeTUYECKUE 3aTPaThl HA YCKOPEHHE TBEp-
JieHMsI OETOHA KaK B IIPOU3BOJICTBE COOPHBIX U3JIe-
JUH, TaK 1 B MOHOIIMTHOM CTPOHTEIHLCTBE (puC. 3).

OueBngHO, YTO Ha Ha4albHYIO a3y mporecca
THApaTalM IIEMEHTa C J00aBKaMH 3aMeIstoliee
BimsiHve (Ne 2) OKka3bIBaeT BEIIECTBO IDIACTH(UKA-
TOpa, MOJEKYJBl TOBEPXHOCTHO-aKTHBHOH  COC-
TaBJSIIONICH KOTOPOTO YaCTHYHO «OJIOKHUPYIOT» TI0-
BEPXHOCTh 4acTHIl ((HJIOKYI) BSDKYILETO U CACPKHU-
BalOT Pa3BUTUE €r0 PEaKkUUil C BOJOM 3aTBOPEHUSL.
Taroke oueBuHO, uto BBepeHue 10 % MK (Ne 3),
1,0 % YIMK (Ne 4) u 1,5 % YAMK (Ne 5) xapakre-
pH3yeTcsl MPaKTHYECKUM PaBEHCTBOM MX BIIMSHHS HA
TEIJIOBBIICTIEHHE IIEMEHTa U CaMOpa3orpeB IIEMEHT-
HOTO KaMHS B OLICHHMBAEMBIX BPEMEHHBIX IMpeaeNax
TIpY COOITIOIEHHH TIPaBIIIA TIPOYHX PABHBIX YCIIOBHIA.

Tabauya 1

PH BoaHBIX BBITH:KEK 00pa310B IEMEHTHOI'0 KAMHS

pH of water extracts for cement stone samples

Bpewmst 5 6 0.5 % C 0,5%Cr+ 0,5%Cr+ 0,5% Cr+ 0,5% Cr+1,0% YIMK +
TBepeHus €3 I0BABOKC | B0 A0 RT | 100 MK | + 1,0 % YIMK | + 1,5 % YIMK | +0,5 % CH + 0,25 % CA
1 MuH 12,4 12,3 12,3 12,3 12,3 12,3
2 MHH 12,4 12,4 12,3 12,3 12,3 12,3
10 muH 12,55 12,55 12,44 12,41 12,40 12,41
30 mun 12,55 12,55 12,44 12,41 12,40 12,41
60 MuH 12,55 12,55 12,44 12,41 12,40 12,41
2 cyr. 12,73 12,73 12,71 12,65 12,65 12,50
10 cyr. 12,73 12,73 12,71 12,65 12,65 12,50
20 cyr. 12,70 12,71 12,69 12,65 12,63 12,55
30 cyr. 12,70 12,70 12,67 12,63 12,61 12,50
60 cyr. 12,70 12,70 12,67 12,63 12,61 12,50
70
60
$ 50
5
5
E 40
)
= 30
o
[l
20,
10
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Bpewms, 1
Puc. 3. Kunetnka u3MeHeHHs TeMIIepaTyphl IeMEHTHOTro Tecta: Ne 1-6 — To ke, 4To Ha puc. 2
Fig. 3. Kinetics of temperature changes in cement paste: No 1-6 — the same as in fig. 2
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JlornuHo, 4to HanOoJbIIHi 3G GEKT Mo COBO-
KYITHOCTH SIBIICHUI TeMITa caMopa3orpeBa U YpOBHS
TEMIIEPATyphl 00ECTICUNIIO BBEACHUE TTOTH(YHKIHO-
HaJbHOM 7100aBKU (Ne 6), B COCTaB KOTOPOM BXOAUT
YCKOPSIIOIIE-yIUTOTHSIIOIINE KOMITOHEHT, CIOCOOCT-
BYIOIIMI YCKOPEHHIO TPOIIECCca THAPATAIMU [IEMEH-
Ta. DTH pe3yNIbTaThl OATBEPIKIAIOT JTAHHBIC OICHKH

Pe3y.]'II>TaTI>l OomnpeacJieHus CTeNCHU THAPATAllUd HEMEHTA

Results of determining degree of cement hydration

Tabruya

CTETICHU THApATAINY IIeMeHTa (Tall. 2; poCcT B MPo-
6ax ¢ monu(yHKIMOHATEHONW MOOAaBKOW COCTaBHII
~38 %), a Taxke AepuBarorpaduydeckuii (TepMorpa-
BuMerprueckuii anamzatop TGA/DSCI1-1/1600 HF
(METTLER TOLEDO), puc. 4) u peatreno¢a3oBblii
a"anu3bl (mudpaxromerp D8 Advance (Bruker AXS,
I'epmanms); puc. 5) mpod HEMEHTHOTO KaMHSI.

2

Ne Macca npo0sl, T KonuuecTBo BoabI, 101H €/1. CreneHb
1po6bI Cocras npo6st BBICYLICHHOW | IPOKaJeHHOU XUMHUYCCKHU CBSI3aHHOM IIpU TONHOW| THApPaTaluu
o o,
npu ¢ =105 °C | nmpu ¢t =700 °C CBSI3aHHOU TUapaTalyy eMeHTa | UEMEHTa, %
1 Be3 no6aBku 7,71 6,90 0,1174 51,71
2 0,5% Ct 6,22 5,55 0,1207 53,18
3 0,5 % Ct+ 10 % MK 6,22 5,43 0,1455 64,09
4 0,5% Cr+ 1,0 % YAMK 8,22 7,15 0,1490 0,227 65,62
5 0,5% Ct+ 1,5 % YIMK 8,72 7,53 0,1580 69,62
6 0,5% Cr+1,0 % YIAMK +
+0,5 % CH + 0,25 % CA 8,75 7,53 0,1620 71,37
a
W e 032018 16:46:45 Module: TGA/DSC 1 HT/1600 319 DTA, 18.01.2018 14:00:35 a0 00010 mg |
Berones 06p ¢ 1, 50,1970 mg Sonaivae. 752603 mo°Cr-1 (1130010000 <C, 1000 /min
= T 5 at  65391°C o e ]
DTG
[
Step -6,7680 % Step 19,7717 %
-3,3973 mg -9,9248 m
2 Resdue 87,9100 % 7 Residue 80,2281 % 48+
\ e e
\ Rt Lmit 22431 Right Limic 9946 oc
Step -2,7435 % Step 2,6818 %
|5 e s oo SBPT |
at  463,96°C Right Limit 429,80 °C Right Limit. 500,52 °C
0,05
mgrca1 | #7]
Step
Signal Value -56,45 m! E
a 11841 4 5 Residue L]
Signal Value -72,95-03 mg°CA-1 42-]
at 9383
Signal Value 75,67 mw \
at 466,96 °C
] Signal Value -77,47€-03 mg°CA-1 f 40
-804 a 1427
T T T T T T T T T ]
100 200 300 400 500 600 700 800 900 c
b
., Betonsi O6p N6, 29.03.2018 12:18:07 Method: 30 1000 10
m ,LSamp\e Weight Module: TGA/DSC 1 HT/1600 319 DTA, 18.01.2018 14:00:35 de1,00s mg ]
Il Betonsi 06p N6, 50,3030 mg 11 30,0..1000,0 °C, 10,00 K/min
Synchronization enabled E
o] 1oe 16 T P
[ S b
] — Step 17,5800 % k
10 yd Step 10,8493 % Signal Value ~ -7,08e-03 mg°CA-1 86433 mg 49
] V4 sasmg | at  648,02°C 6 Reshe Hdisor f
i / 1 Residue 89, fo 1,459 mg |
/ 44,8453 mg \( Left Limit 28,08 °C 48]
] / Left Limit 28,08 °C | signal Value -29,37e-03 mgeCA-1 Right Linit 996,59 °C
20| Right Limit 224,95 °C / at 457,50 °C 1
/ . ; Step 0,3479 % 47-]
] o S o m o et ST ]
304 2 Residue 86,7452 % 3 Residue  84,7368% 12,4501 mg ]
1\ i S0 i 0 nume S|4
Right Limit 424,97 °C Right Limit 494,73 °C ght Limit 590, 0,05 1
40—: 2.
] TG 7
50 -
1 Signal Value -58,32 mW Stp o
x{ at  12057°C 5 Residue 82,419 % 437
41,4596 mg
60| I Left Limit 590,15 °C
Right Limit 996,59 °C 2]
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70+ at 116,47 °C af 460,50 °C 41
1‘0[| Z‘UO 360 4[‘)0 5‘0“ 5‘00 7‘UD 560 9’30 'C

Puc. 4. [lepuBatorpaduyeckuii aHamu3 mpoObl «IHUCTOT0» EMEHTHOTO KaMHsI (a) ¥ IIEMEHTHOTO KaMHsI,

coaepxariero 0,5 % Ct+ 1,0 % YAMK + 0,5 % CH + 0,25 % CA (b) oT Mmaccel ieMenTa

Fig. 4. Derivatographic analysis for sample of “pure” cement stone (a) and cement stone
containing 0.5 % St + 1.0 % UDMC + 0.5 % SS + 0.25 % AS (b) by weight of cement
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29,3% Ca(OH),

97 %CS

42,5% C,S

12,7% CaCo,

58% C,A3CaSO, 32H,0

500 —

400

100

(mpoba ¢ 706aBKoOIf), YTO CBSI3aHO C IOSIBICHH-
€M HHM3KOOCHOBHBIX CHJIMKATOB Kamblus [4, 5].
Pesynprars pertreHogasoBoro aHaimsa (puc. 5)
M0 OIICHKE BO3MOXKHBIX W3MEHEHHH B MOpQo-
JIOTUM TPOJIYKTOB THUApATALMKA I[EMEHTAa IO
BIUSHUEM BEIIECTB MONMH(DYHKITMOHATHHON J10-
0aBKM TOJNTBEPIWIN paHee TMOTy4YeHHBIE HaH-
HbIE (B CTaThe HE MPHUBOAATCS) IJIS YCKOPSIO-
me-yrmoTHstomero kommonenTa (0,5 % CH +
+ 0,25 % CA) sToif n00aBKH O TOSBICHHH

T T T T T
10 20 30 40 50

2-Theta - Scale

b

5009 2575 Ca(OH),

121%C,§ 34,127
42,9% C.S

400 141%caco,

7.2% C,A3CasO, 32H,0

32,566

300

Lin (Counts)
N
8
1

100 +

" THAPOCUIIMKATOB KaNbLUS HU3KOH OCHOBHOCTH
CSH u yBenmu4yeHWH KOJIWYECTBA JTTPUHIHTA.
Kpowme aTor0, OTNHuue 3aKirovaeTcs B CHUXKe-
Huu konuaectsa Ca(OH), ¢ 29,3 no 23,7 % ans
poObI ¢ MOMU(PYHKITHOHAILHON T0OABKOM TIpH
YMEHBIIEHUH OTPAKCHUH KIMHKEPHBIX MUHE-
pajoB LIEMEHTA, YTO CBUAETENBCTBYET O POCTE
CTETIeHN €ro THUAPATAIMHA U COTIIACYIOTCS C pa-
Hee MPpUBEACHHBIMU (Ta0:1. 2) TaHHBIMH.

CBoiicTBa 0eTOHA

JanpHeille uccienoBaHusi TPOBOAWIM HA

2-Theta - Scale

Puc. 5. PertrenotazoBblii aHam3 npoObI «IHCTOT0» LEMEHTHOTO KaMHH ()
Y IIEMEHTHOT0 KaMHs, conepaxamtero 0,5 % Ct + 1,0 % YAMK +

+0,5 % CH + 0,25 % CA (b) ot Maccsl iemeHTa

Fig. 5. X-ray phase analysis for sample of “pure” cement stone (a)
and cement stone containing 0.5 % St + 1.0 % UDMC +

+0.5 % SS + 0.25 % AS (b) by weight of cement

Anam3 rpadukoB DSC u DTG Ha puc. 4a (po6
«4HCTOTO» IIEMEHTHOTO KamHs) ¢ puc. 4b (poo
¢ moNu(yHKIMOHATBHON J100AaBKOM) IMOKAa3bIBACT,
BO-TIEPBBIX, Pa3HUITYy B 30HE Temmeparypsl 110 °C,
OTpaXkaroIel MoTepu «CBOOOMHOMY (HAXOAIICH-
sl B TIOPOBOM TIPOCTPAHCTBE MPOO IIEMEHTHOTO KaM-
Hs1) Bozbl. CHIDKEHUE IMOKa3aTeNsi Mpo0 «JUCTO-
ro» kamus coctaBiasieT 70 MBT, a mpob6 ¢ mobas-
ko 60 MBT, T. €. cyliecTBEeHHO MEHbIIIE. DTO CBU-
JIETENbCTBYET 00 YMEHBIIEHHH 00beMa Iop B TPO-
0ax IIEMEHTHOrO KaMHsl ¢ JI00aBKOH, T. €. O pocTe
IUIOTHOCTH €T0 CTPYKTYpPHL. BO-BTOPBIX, CyIIecTBEH-
HO YMEHBIITWJIACH TUIOIA b SHAOTCPMHUYUCCKOTO «ITH-
Ka» B 30He Temmepatyp (420-480) °C, orpaxkarome-
ro paznoxenue ruapokcuna kansiws (Ca(OH),), uto
CBHUJIETEIILCTBYET O €r0 «CBS3BIBAHUI aMOP(HBIM
SiO, ¢ 0OpazoBaHHEM THIPOCHITNKATOB KATHIHSL.

Kak cnencrsue, yBenmuuuiach ioniaap 3HA0TEP-
MHYECKOTO «IIHKa» B 30HE Temreparyp (650-750) °C;
IIpH 3TOM B Mpobax c M00aBKOH CHIDKAETCS ypo-
BEHb MHHUMAJBHON TEMIIEPATyphl PAa3JIOKCHUS:
¢ 653,91 °C (mpoba 6e3 mobaBok) mo 648,91 °C
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TsDKeTToM OeToHe. brlna pazpaboraHa TEXHOJO-
TUSL  TIPUTOTOBJIICHUS  TMTONH()YHKIMOHAIHHON
KOMIDIEKCHON JOOABKH, BKIIFOYAIOMIAs TTOATO-
TOBKY BOJHOTO pPacTBOpa YCKOPSIOIIE-YIUIOT-
HAOIUX KOMIIOHEHTOB Na,SO; u Aly(SOy)3
BBEJICHUEM TPeOYyeMOro KOJUYECTBa ITUX Be-
IIeCTB B BOAy, mogorpetyto o (30-35) °C, tak
KaK 3TO ONTHMAaJIbHAs TEeMIIepaTypa JJisi pacTBOpe-
HUs cynb(dara HaTpUs. 3aTeM B 3TOT PACTBOP BBO-
WM B PacueTHOM KOJHMYECTBE IUIacTu(ukarop,
JUTSE KOTOPOTO yKa3aHHas TEMIepaTypa TakkKe sB-
Jsgerca ontuManbHOM. IlocieqHuM KOMIOHEHTOM
B TIOJATOTOBJIEHHBIN PAacTBOp M3 TPeX YKa3aHHBIX
BEIIECTB JO3MPOBAIU TpeOyeMoe KOIMYECTBO YITb-
TpaJUCHEPCHOT0 MUKpPOKpeMHe3eMa. [lomydueHHbIi
pPacTBOP-TUCTIEPCHUIO B MPOLIECCE TPUTOTOBICHUS U
nepesl MPUMEHEHUEM MEXaHHUYCSCKU TepeMellnBa-
JIM, CMCIIIUBAIHA B TPeOyeMOM KOJIMYECTBE C BOJOU
3aTBOpEeHHMs U BBOIWIN B OetoH. [lepuoy ycroituu-
BOTO COXPAaHEHUS CBOWCTB pPacTBOpa-IHUCIIEPCHU
B COCTOSIHMU TOKOs (0€3 TpPU3HAKOB CelnMEHTa-
MU KpeMHe3eMa) cocTaBiisit 45—-60 MuH mpy Mexa-
HUYECKOM TIepeMelrBaHin (MEmIaiky, 0apOoTak
CKaThIM BO3JTyXOM) M HE MeHee 7 CYT. P YIbTpa-
3BYKOBOH (KaBUTAllMOHHOW) OOpabOTKE Ha CTaJuH
[IPUTOTOBJICHUS.

O1eHKy BIUSHHUS pa3padaThiBacMON JT00aBKU
(c yueToM M3MEHEHHUSI COOTHOIIEHSI KOMITOHEHTOB
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B HEl) Ha KMHETHKY POCTa U YPOBEHb NMPOYHOCTH
(cxatue u n3ru0) Ha HAYaNBHON CTAIUK IKCIIEPH-
MEHTOB IMIPOM3BENM Ha TSHKEIOM MEITKO3EepPHH-
cToM OeToHe (31eCh ITH JaHHBIE HE TPUBOISAT-
Cs, TaK KaK COOTHOCATCS C JaHHBIMHU JUIs OETOHA
C KpymHbBIM 3amonanTeneM). OIHOBpEeMEHHO Ha
MEJIKO3epHUCTOM OETOHE OLEHWIH Ba)KHOE CIIEH-
CTBHE HCIIONIL30BaHUS HO0ABOK B OETOH, 3aKIIIO-
yaromieecs B MX BIUSHUHM Ha ycaZodHble Aedop-
Manun (COCT 24544-81; Tabm. 3), ocoOeHHO
MIPH TBEPJACHUHU IIEMEHTHOrO OETOHA B BO3IYIIHO-
cyxux yoioBwax (p~40 %, t=(20x2)°C).
Jis Menko3epHHECTOrOo OeToHa ATH aedopmariiu
3HaYUTeNbHEe, YeM ISl OETOHA ¢ KPYITHBIM 3ar10J-
HUTEIIEM, YTO MOXET COIMPOBOXKIATHCS TPEIUHO-
oOpa3oBanneM (yXyZAlIEeHHEM KadecTBa OeToHa).

Pe3ynbTaThl SKCIIEPUMEHTOB CBUIETEIHCTBYIOT
o cHwkeHnu (Ha >20 %) ycagku OeToHa mpu 3a-
Mene MK na YJIMK, a Tak:ke mpakTU4YeCKH B JiBa
pa3a — IpH HCIIOIB30BaHUN pa3pabaThIiBaeMoOi J10-
0aBku, 9TO (KaK MBI CUMTAEM) CBSI3aHO C paHee
BBISBJICHHBIM YBCJIMUCHUECM TI0]] BIMSHUCM €€ Be-
IIecTBa KOJMYECTBA STTPUHTHUTA B HOBOOOpa3oBa-
HUSX IIEMEHTHOTO KaMHS W OOJNBIIMM KOJU4Ye-
CTBOM KPHCTAJJIOTHIPATOB CHJIMKATHOW TPYIIIHI,
CMOCOOCTBYIOIIMX POCTY ero mioTHoctH. Creact-
BHEM SBIISIETCS yCTAHOBICHHOE CHIDKEHHE Yyca-
JIOYHBIX J1e(hOpMaITuii.

B coBpeMeHHBIX YCIOBHAX BEICHUS OETOHHBIX
paboT ¥ TIPOU3BOJCTBA COOPHBIX HM3MCIHA MHKPO-
KpeMHe3eM U JI00aBKH €ro cojepiaiiiue BBO-
I4T [6-9] B OCHOBHOM B COCTaB BBICOKOMIPOYHBIX
0ETOHOB, a TaKXe I 00eCTIeYeHHsI TTOBBIIICHHBIX
XapaKTePUCTHUK B YaCTH IJIOTHOCTH M HEMPOHUIIA-
€MOCTH «PSAIOBOTO» IO TPOYHOCTH OETOHA psja
KOHCTpYKUMH (u3nenuii). B aToil cBsi3u onHOU U3

3a/1a4 ObLTa OI[EHKA BO3MOXKHOCTH 3aMEHBI MUKPO-
KpEMHEe3eMa B €r0 COCTaBe Ha YIIbTPaJAHCIIePCHBII
MHUKPOKPEMHE3eM IPH JO3UPOBKE IOCIEIHETO
B 10 pa3 mMeHsbIe, HO 0€3 CHIKEHHUS MPOYHOCTHU
OeroHa. Peanmuzanus Takoro pemieHHs MMO3BOJSET
CYIIECTBEHHO YMPOCTUTh TEXHOJIOTHUIO MPUTOTOB-
JICHUSI KOHCTPYKIIMOHHOTO OeToHa (s OeToHa
npouHocThio g0 60—70 MIla 3mece Matepuan He
npuBonuTca) 3a cdyer BBeAeHuss YJIMK B Buze
JUCTIepcUu ¢ BOJOW 3aTBopeHusi. He MeHee 3Ha-
YUMOH SABJSETCS 3a7a4a M0 00ECIIEYeHHIO POIHO-
ctu O6etona 6onee 100 MIla [10], momy4eHHOTO U3
muThIX OeToHHBIX cMecelt (OK > 21 cm), koTopytro
pelMiaN TpPUMEHEHHWEeM pa3padOTaHHOW TIOJH-
(yHKIMOHANBHOW 100aBKH (B AaHHBIX SJKCIEpPH-
MEHTaX C TIOBBIIICHHBIM COJICPKAHUEM ILUIACTH-
¢ukatopa «Penamuxc IIK» (Pen) — okono 1,0 % ot
Macchl IIEMEHTa MO CyXOMY BellecTBY) (puc. 6).
HomunaneHblii coctaB 6eToHa: mementa — 500 kr;
necok — 570 kr;  miebeHb  KyOOBHIHBIN  pak-
nuu 2—4 — 350 kr, ¢pakuuu 4—6 — 760 kr; 10-
nBHXKHOCTH Mapok [12 u I15 npu B/, ~ 0,28 mo-
neit en. v B/Igs ~ 0,29 noneit en. cOOTBETCTBEH-
Ho [10].

[To COBOKYMHOCTH pE3yJIETATOB 3KCIICPUMEH-
TOB C BBICOKOMPOYHBIM OETOHOM TMOJITBEPKICHA
BO3MOXXHOCTHh 3aMEHBI TPATUIIIOHHO TIPUMEHse-
MOTO MHUKPOKpEMHe3eMa Ha yJIbTPaTUCICPCHBIN
MHKpOKpeMHe3eM ¢ 3¢ dekroM 10-kpaTHOTO CHHU-
JKEHHSI pacxojia TOCIeIHEr0, 9TO TO3BOJISET YIIPO-
CTUTh TEXHOJIOTHIO W OPTaHH3ALHUIO Mpolecca ero
BBEJICHUS B IPUTOTABINBAEMYIO0 OETOHHYIO CMECh,
a B IEJIOM — YIOPOCTHTH TEXHOJIOTHIO TMOyYeHUS
KOHCTPYKIIMOHHOTO O€TOHa ¢ HCIOJIb30BaHUEM
pa3paboTaHHON NOMU(PYHKIHOHAIEHOW T0OaBKH,
conepxatein Y IMK.

Tabruya 3

Pe3yabTaThl onpenejeHus yCcaaKl MeJIKO3ePHHCTOro 0eToHa

Results of determining shrinkage of fine concrete

Bospact 0,5 % Cr + 10 % MK 0,5% Cr + 1,0 % YJIMK Of 00’/; ff/:éHl ’3 K’ZZ{)[/I:A&*
obpasua, cyT.
Al, MM €y, Yo Al, MM £ye, Yo Al, MM &y, Yo
1 0 0 0 0 0 0

3 0,08 0,05 0,06 0,04 0,04 0,03

7 0,10 0,06 0,08 0,05 0,05 0,03

14 0,14 0,09 0,12 0,07 0,07 0,04

21 0,17 0,11 0,14 0,09 0,09 0,06

28 0,21 0,13 0,16 0,10 0,10 0,06

HpuMeanne. Al, Eyec — a0COJIIOTHAST U OTHOCUTEIIbHAS Z[e(i)OpMaL[I/II/I COOTBETCTBCHHO.

336

Hayka
urexHuka. T. 18, Ne 4 (2019)




Civil and Industrial Engineering

% MIla

“Jem?

100

90

80

60 H

40

30 L ‘ . . . . .
0 4 8 12 16 20 24 28
Puc. 6. TenneHmus pocta NpOYHOCTH OETOHA:
Ne 1-0,5% Pen+ 10 % MK;
Ne2-0,5% Pen+ 1,0 % YAMK;
Ne 3—-1,0 % Pen+ 1,0 % YAMK (I15);

Ne 4-0,5% Pen+1,0 % YAMK + 0,5 % CH + 0,25 % CA;
Ne5—-1,0% Pen+ 1,0 % YAMK + 0,5 % CH + 0,25 % CA (I15)
Fig. 6. Tendency of increasing concrete strength:

No 1 - 0.5 % Relamiks (Rel) + 10 % MC;

No 2 -0.5 % Rel + 1.0 % UDMC;

No 3-1.0 % Rel + 1.0 % UDMC (P5);

No 4-0.5% Rel + 1.0 % UDMC + 0.5 % SS + 0.25 % AS;
No5-1.0% Rel +1.0 % UDMC + 0.5 % SS +0.25 % AS (P5)

HccnenoBanusi CBOMCTB «PSIOBOTO» IO MPOU-
HOoCcTH OeToHa (f.,08 ~(40-70) Mlla, xmacc mo
npouHocty Ha cxkatue C 25/30-C 45/55) mokasza-
JIM, YTO 3@ CUET KOMIUIEKCHOI'O BIIMSIHUS BEILECTB
noMn(yHKIIMOHAIBHON 100aBKM Ha IIACTHYECKHE
CBOICTBa OETOHHOM CMeCH (C COXpaHCHHEM paB-
HOIIOJIBIDKHOCTH TP CHW)KEHUM BOZOCOZEpiKa-
HUSI) U Ha ¢opMupoBaHHe (YIUIOTHEHHE M YHPOU-
HEHHE) CTPYKTYPbl LIEMEHTHOTO KaMHs M OeToHa
IIPOYHOCTh B HOPMAaJIbHO-BJIQ)KHOCTHBIX YCJIOBHSAX
TBEp/ICHUS MOBBIIIaeTcs 3a nepsble 24 4 Ha 50-80 %
1 K IpoeKTHOMY (28 cyT.) Bo3pacTty — Ha 40-60 %,
yTto mo3BoyisieT Ha 10—-15 % cHmkaTh pacxon Ie-
MmeHTa. [Ipu TBepJeHNU ¢ HaYallbHBIM Pa3orPEeBOM
oetona mo ¢~ (40-45) °C u mociemyromuM BBI-
JEepKUBAaHUEM B YCIOBUAX «TepMoca» (Ipu Men-
JieHHOM — 710 2 °C/4 — OCTBIBaHHMH CPEJbl B TEILIO-
BOM arperare) mMpoyHOCTh 3a 12—-16 4 mocturaer
ypoBHsz 70-90 % OT mpoekTHOH (mpu OONBLIMX
3HAYCHUSX A7l OCTOHA M3 KECTKUX CMECEi), 4To
obecrneunBaeT cHIKeHue B 1,5-2 pasa sHeprosa-
TpaT Ha TEIJIOBYIO 00pabOTKy HU3eNuil.

ONHOBPEMEHHO C TOBBIIIICHUEM MPOYHOCTH Oe-
TOHA CHWIXaeTcs ero BojonoriomieHue (<2,0 %),
pacteT BOIOHENpOHUIAeMOCTh (1o Mapku W20)
u MoposzocToiikocTh (10 Mapku F500). B coort-
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BCTCTBHUU C YBCJ'II/I‘ICHI/ICM HETIPOHUITAEMOCTHU 6CTO-
Ha O6CCHC‘II/IBaCTC${ BBICOKAsI CTCIICHb 3alllHThI
CTa.]'II:HOfI apMarypkhbl, OrpeacJICHHas 9KCIICpHU-
MCHTAJIBHBIM JJICKTPOXUMHUYECKUM METOAOM KOHT-
ponst (o CTB 1168-99).

BbIBO/IbI

1. Pa3paboTanbl TeOpeTHIeCKHe M DKCIIEPUMEH-
TaJIbHbIE ACTICKTHI MOTY4eHHs] HOBOM MOMU(yHKLH-
OHAIILHOH 700aBKKM B OETOH, 00ECIIEUHBAIONICH ITO-
BBILICHHE TEMIIA M YPOBHS €r0 MPOYHOCTU B MPO-
eKTHOM Bo3pacte 10 40—60 % npu oqHOBpEMEHHOM
CHIDKCHMH JHEPreTHYECKHX 3aTpaT Ha yCKOpEHHE
Tporiecca TBepAeHus B 1,52 pasa.

2. DKCIIEpUMEHTATLHO OOOCHOBAHBI PaITOHAIh-
HOE COOTHOILICHHE KOMIIOHEHTOB pa3pabOTaHHOM
noNMQyHKIHOHATBEHON 100aBKHU U €€ BIHMSHUE Ha
KUHETHKY TBEPIECHUsI LIEMEHTHOTO OETOHA, a Pe3yJib-
TataMy JEpUBATOrpaMIECKOro U peHTreHodazoBo-
T'O aHAJIM30B TOKa3aHO, ITO 3TOT APdekt Oazmpyercst
Ha 00pa30BaHWU B IIEMEHTHOM KaMHE MEJIKOKpH-
cTaJuMueckod (opMbl KPUCTAJUTIOTUIPATOB  CHIIH-
katHoi rpynmnsl CSH, pononssroler TpaJIulOHHO
(hopMHpYIOLIHECs] TIPU PEaKkLU TpeX- U JABYXKalb-
ueBoro cuinmkara ¢ Bogoi — C,SH, a takxke Ha yBe-
JMYEHUN KOJIMYECTBAa HOBOOOPA30BaHMIA 3a CUET pe-
akimn Ca(OH), ¢ amopdubM SiO, W 3TTpUHTH-
ta 3Ca0 - Al,O; - 3CaSQ, - 32H,0, obpa3yromierocs
3a CUET pPeakluil C aJIOMUHATaMH BEIIECTBA yCKO-
PAIOIIE-yIUTOTHAIONIETO  KOMITOHEHTa  JT0OaBKH.
B OetoHe 3(h(heKT AOMONHACTCS YIIPOUHSHHUEM 30HbBI
KOHTaKTa MOBEPXHOCTH 3aTIOJIHUTEISI C EMEHTHBIM
KaMmHeM 3a cuer peakimu Mexmy Ca(OH), u SiO,,
YTO MOATBEPKIACHO pocToM (10 38 %) XumHuyecKu
CBSI3aHHOM BOJBI LIEMEHTOM B MPHUCYTCTBUH IOJH-
($yHKIMOHANBEHOW 100aBKH.

3. ImeeT mpakTHYECKyl0 3HAYMMOCTH JKCIIe-
PUMEHTAIIFHO TIOATBEPKACHHOE PaBeHCTBO 3 dek-
Ta 1O BIMSHHUIO Ha IPOYHOCTHh OETOHA TPAAHIIMOH-
HO TIPUMEHSEMOT0 MHUKPOKPEMHE3eMa C J03HPOB-
kol B OetoH 10 % u Ooyee OT Macchl IIEMEHTa U
YIBTPAAUCIIEPCHOTO MHUKPOKpPEMHE3eMa B JO3M-
poBke 1,0 % ot maccel uemenTta. [Ipu s3ToM cyie-
CTBEHHO YIIPOIIAETCA TEXHOJIOTUS MPUTOTOBICHUS
0eTOHa, IMOCKOJBKY YIBTPAJAUCICPCHBIH MHUKpPO-
KpEMHE3eM MOYXHO BBOAWTH B OETOH KaK WHAHMBH-
JIyaJIbHO C BOJOHM 3aTBOPEHHUS, TAaK U B COCTaBe
pa3paboTaHHON NONMH(YHKINOHANBHONW JOOABKH.

4. Pe3ynbTaThl SKCHEPUMEHTAJIBHBIX HCCIEN0-
BaHWI TOJATBEPXK/ICHBI ONBITHO-IPOU3BOICTBEH-
Hoit arpobarueit Ha KYIT «YnpasneHue 10poKHO-
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ABTOMATH3MPOBAHHAS cUCTeMa ynpaBJjenusi o0yuenuem CATS
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Pedepar. Vcnons3oBanue HHPOPMALIMOHHBIX TEXHOJIOTHM, B YACTHOCTH MH(OPMALIMOHHBIX 00YYarOIINX CHCTEM, YBEIUYH-
BaeT BO3MOXKHOCTH KaK IIpErojiaBaTelisi, TaK U 00y4aeMoro B IOCTIDKCHHHM CBOMX Ilelell B 00pa30BaTENbHOM IIpOIEC-
ce, YYHUTHIBas MHAWBHJyaJIbHbIE XapaKTEPHCTHKU KKAOTO M IIPENOCTaBIIsI BOSMOXHOCTH HENPEPHIBHOTO OOpa30BaHUSL.
B craree mpeanaraercs M paccMaTpHUBASTCS HOBAs aBTOMATHU3MPOBAaHHAS CHUCTEMa YIPABICHUS OOyd4EHHMEM, IOJY4HBIIAS
HazBaHue CATS (Care About the Students). JlanHast cuctemMa MOKPHIBAET BCE COCTABIIIONINE KOMIIOHEHTHI Y4eOHOTO MpoIiec-
ca, TI03BOJISIT BECTH HJIEKTPOHHBIH *KypHAI TOCEIICHNS U 3aIUTHI JJAGOPATOPHBIX paboT, pacIpenesiTh TeMBI i KOHTPOJIHAPO-
BaTh XOJ KyPCOBOTO U JIHIUIOMHOTO ITPOEKTHPOBAHUS (CO37aBast IIPH STOM aBTOMATHUYECKH JIUCTHI 3aJJaHUH ¢ MOCIEIYIOIIIM
aKkcropToM B penakrop MS Word), mpoBOANTh TECTUPOBAHUE 3HAHMI CTYJCHTOB B PEXKHMMAax KOHTPOJIST U CaMOOOYUeHHs,
(hopMHPOBATE ITEKTPOHHEIE YIeOHO-METOJMUYECKHE KOMITIEKCH, HHPOPMHUPOBATH CTYJCHTOB O TeMax JEKIHOHHBIX U IpaK-
THYECKUX 3aHITHH ¢ BO3MOKHOCTBIO CKQUMBAHHS COOTBETCTBYIOIINX MaTEPHAIIOB, IPEOCTABIATE YIeOHBIH KOHTEHT B (op-
mate SCORM, paspaboTaHHbI TpenoaaBaTeassMu Bcero mupa. Padotas B cucteme CATS, MOXKHO OOMEHHBATHCS COOOIICHH-
SIMH CO CTY/ICHTaMH U MPEeHoaBaTe/sIMU, HAOMIOAATh 338 YCIEBaeMOCTBIO M MPOLIECCOM M3YUYEHHS MPeAIaraeMoro Marepuana
CTYJICHTaMH, NIPOBEPATH BHITOJHEHHBIC 33/1aHMs Ha IUIarnat. PaccMaTpuBaeMasi CHCTEMa TakKe YIHTHIBACT CIIENU(HKY 00y-
YeHHUs B TEXHHUECKOM BY3e, MpeaycMaTpuBasi paboTy cO BCTPOSHHOW CHCTEMOW yHpaBIICHUS MMPOEKTAMH M BO3MOXHOCTBIO
JIOKYMEHTHpOBaHUs omNO0K. ABTomMarusuposanHas cucrema CATS peannuzoBaHa B BUje BEO-IPUIIOKEHUS C UCIOIb30BaHU-
€M COBPEMEHHBIX TEXHOJIOTHH U TOCTYIIHA B JIOKAJIbHOM CETH BCEro YHUBEpcUTeTa 1o aapecy [172.16.11.72:2020].

KnaroueBble cioBa: LMS, snexrponHoe o0ydeHne, oOydaromas cucTeMa, aBTOMaTH3alus 00ydeHHs, MOHHTOPUHT IIpolecca
00y4eHus1, TECThI AJIsI KOHTPOJISA 3HAHUH M CaMOOOydeHHS

Jns nurupoBanus: [Tonoga, I0. b. ABromarusupoBanHas cucrema ynpasienus ooyuenuem CATS / 1O. b. Tlonosa // Hayka
u mexuuxa. 2019. T. 18, Ne 4. C. 339-349. https://doi.org/10.21122/2227-1031-2019-18-4-339-349

Learning Management System CATS
Yu. B. Popova"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The use of information technologies and, in particular, information training systems increases capacity of both
a teacher and a student to achieve their goals in an educational process, taking into account individual characteristics of each
and providing opportunities for continuing education. The paper proposes and considers a new automated learning manage-
ment system, called CATS (Care About the Students). The proposed system covers all components of the educational pro-
cess, allows to conduct an electronic journal of visiting and defending laboratory works, distribute topics and monitor progress
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of course and diploma projects (creating automatically task sheets with subsequent export to MS Word editor). The CATS
LMS makes it possible to test students” knowledge in control and self-education modes, to form electronic educational and
methodical complexes, to inform students about topics of lecture and practical classes with the possibility of downloading
relevant materials, to provide educational content in SCORM format, developed by teachers around the world. Working in the
CATS system, it is possible to exchange messages with students and teachers, to monitor progress and process of studying
in respect of the proposed material by students, to check accomplished assignments of students for plagiarism. The system
under consideration also takes into account specificity of training at a technical higher education institution, providing for
work with an integrated project management system and ability to submit bugs. The CATS LMS has been implemented as
a web application using modern technologies and it is available in the local network within the whole university
at [172.16.11.72:2020].

Keywords: LMS, e-learning, training system, learning automation, monitoring of learning process, tests for knowledge con-
trol and self-learning

For citation: Popova Yu. B. (2019) Learning Management System CATS. Science and Technique. 18 (4), 339-349.
https://doi.org/10.21122/2227-1031-2019-18-4-339-349 (in Russian)

BBenenne

Ha cerogusimauii JeHb 3JIEKTPOHHOE 00yUeHHe
UCIIOJIb3YETCsl IOBCEMECTHO, Pean3ysl TEHACHLHIO
HeIpepeIBHOTO o0pa3oBanusa. Hampumep, B CIIA
yxke Oosee 90 % By30B U IIKOJ, a TAaKXKe KOMIIa-
HU, IMEIOIINX YUCIIEHHOCTh 0oJiee THICSIYHU 4eso-
BEK, UCIOJNB3YIOT 3Ty hopmy oOyuenwus [1]. K oc-
HOBHBIM MPEUMYIIECTBAM JJIEKTPOHHOTO 00yde-
HUSI OTHOCSATCSL:

— 9KOHOMHsSI BPEMEHH, IOCKOJIbKY Y y4YacTHH-
KOB TIpollecca OTCYTCTBYET HEOOXOIMMOCTh MpH-
CYTCTBOBaTh OYHO Ha JICKLMAX M TecTax, HoOupa-
ACh 10 MecTa ux nposenenus. Ilo naHHbIM Mapke-
tunroBoro areHrctBa Cedar Group (CG), Bpems Ha
nporecc o0ydeHust yMeHbIaercst Ha 3545 %;

— COKpallIEeHHUE 3aTpaT BCICACTBUE MX ONTHUMHU-
3allMM TIpU TIepeesJie COTPYAHUKOB, TPOKUBAHHH,
apeHae 3aloB M OIUlaTe pacxoJoB Ou3Hec-
TpeHepoB. Ilo manneIM CG, CTOMMOCTBH YCIyTH
JNIEKTPOHHOTO OOYYeHUs JeuieBiie Mpounx (Hopm
oOpazoBanus Ha 3245 %;

— BO3MOXXHOCTb OOYY€HUS BHE 3aBUCUMOCTH OT
HAJINYHS TIPETIOIaBaTells;

— o0y4yeHue B CBOEM TeMIle B Jt00oe ymoOHoe
BpeMS;

— YBEJIMYEHHE CKOPOCTH 3allOMUHAHUA y4uel-
HOro Matepuana Ha 15-25 % no cpaBHEHHIO C 04-
HOU Popmoii oOyueHus;

— JIETKOCTh aKTyaJIM3alMd y4eOHOro mMarepua-
Jla ¥ BO3MOXKHOCTBH €ro MpOCMOTpa HEOrpaHu4eH-
HO€ KOJIMYECTBO Pas;

— TPO3padHOCTh Tporiecca O0ydeHUs] U OBICT-
pasi JOCTYHNHOCTh CTAaTUCTUKW I aHajiu3a Ipo-
rpecca.

Umeromuecss noka3aTenbHbIE NPEUMYILECTBA
JNEKTPOHHOTO OOY4YEHHsI TIPUBENU C CTPEMHTEIb-
HOMY POCTY KalMTAJIOBIOKCHHH B 3TO HAIpaB-
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menne. Ilo onenke kommanmu MarketsandMar-
kets (CILA), 3anumaromeicsi riio0aibHBIMH 3KO-
HOMUYECKAMH HCCIEJOBAHUSAMA M KOHCAJITHH-
TOM, OXKHJACTCSI POCT PBIHKA CHCTEM OOYYCHHUS
¢ 5,22 mapn gon. B 2016 r. mo 15,72 mupna mom.
k 2021 r. [2].

CpaBHUTEJILHBIH aHATU3
AMEIOIIUXCA CHCTEM

Hanuuue cmpoca Ha cuCTeMbl YIIpaBICHUSA
oOydyenuem (anria. Learning Management Sys-
tem, LMS), ecTrecTBeHHO, POXIACT MHOMXECTBO
TIpeTIOKEHAH, CO3/1aBasi MPoOIeMy BBEIOOpa HAMITyd-
mei. Knaccupukanus Takux cUCTEM, a Takke HX
CpaBHHTENBHBIN aHanmu3 mpuseneHs B [3]. [lo maH-
HbIM KoMaHAb! Edutechnica, campimu pacmpoctpa-
HEHHbIMH B mupe siBisirorcst Blackboard, Moodle
u Sakai [4]. BcnenctBue cnenuduku cucTeMsbl 00-
pa3oBaHusl, OTJIMYAIOLIErocsl OT 0oJiee MHAWBHIY-
QIBHOTO 3alajHoOro, a TaKKe MO0 CTOMMOCTHBIM
XapaKTepUCTUKAM, B BBICIIMX Y4eOHBIX 3aBEICHU-
ax PecnyOnuku bemapycs HanGonbliee pacmpo-
cTpaHeHue nojyuyuin cucteMbl Moodle, «[Ipome-
teit», e-University (HblHemHee HazBanme e-Uni)
u SharePoint LMS.

Moodle (anri., Modular Object-Oriented Dy-
namic Learning Environment), wu3BecTHas Kak
BUpPTyajbHas 00y4aromas cpeia Win Kak CpeACTBO
CO3JIaHMs JMHAMHYECKHX BeO-caliToB Ui yd4a-
muxcs [5], opueHTHpoBaHa, IpeXxae BCEro, Ha Op-
TaHU3aIUI0 B3aUMOAEUCTBHSA MEXIy NperoaaBa-
TeJIEM U yYEHUKaMH, OAXOAUT AJIsl OpraHU3aluu
TPaJUIMOHHBIX AMCTAHIUOHHBIX KYypCOB M IIOA-
nepxkku odHoro oOydenus. LMS Moodle — cBo-
00THO PaCIPOCTPAHIEMBIA TIPOTPAMMHBIN TIPO-
IOYKT C OTKPBITBIM HCXOJHBIM KOAOM. DTOT (aKT
OJHOBPEMEHHO SBIISIETCS U MPEUMYILIECTBOM 3TOH
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CHCTEMBI, U €€ HEI0OCTAaTKOM, IIOCKOJIbKY, C OZHOM
CTOPOHBI, TIO3BOJISIET CO3[aBaTh JIOObIE y4eOHbIC
KYpCBI W 3aHATHS, a C IPYroll — TpedyeT 0coOBIX
3HaHUH B UX pa3paboTke. Beneacrsue vero cucre-
MY JOBOJIBHO CJIOKHO HACTPOMTh, a IperoaBare-
JI10, HE BJAJCIOIEMY OCHOBaMH MPOrPaMMHPOBa-
HUsI, HE IpocTo pa3odpathes. st o0ydenus pado-
Te ¢ Moodle naxke cymecTBylOT y4eOHUKH, YTO
elle pa3 MoJUYepKHBAET HEJIETKOCTh B €€ OCBOCHHUHU.
Taxke cieryeT OTMETUTh HEIpYKECTBCHHBIA HH-
Tepdeiic cucTeMbl, Ieperpy>KEHHOCTh CCHUIKAMHU U
MHOECTBO JIMIITHEH HH(OpMAIINH.

LMS «IlpomeTeii» sBIAETCS POCCUICKON pas-
pabOTKO M TIO3BOJIIET OPraHW30BaTh Y4eOHBIC
Kypchbl, ydeOHbIe MaTepHualibl, TecThl ¢ 10 BumaMu
BOIPOCOB, 4aT, (OpPyM, COOOIIEHUS U MHOTOE Jp.
K coxanenuto, B cuctemMe He MpelyCMOTPEHA BO3-
MOYHOCTb MOJJEPKKH KYPCOBOI'O M AMIUIOMHOTO
NPOCKTHPOBAHUS, a TaKXKe OTCYTCTBYET aJarTHB-
HOCTh OOydYeHHs K TEKyLUIMM 3HaHHMSAM CTyIEHTa
1 ero NCUX0(U3HOTIOTHYECKUM OCOOCHHOCTSIM.

LMS e-University peanu3zoBaHa 0eJI0pyCCKUMU
pa3paboTunkaMu W BHEApPEHa Ha HECKONBKHUX (a-
kyasTeTax BI'Y [6]. B cucreme mpemycMoTpeHO
co3laHue y4yeOHBIX KypcoB U TecToB 1o HuM. On-
HAaKO BCJIEJCTBHE TOTO, YTO CHCTEMa YK€ He MO
JEp>KUBaeTCsl pa3paboTIuKoM, ee uHTepdelc u
HA0Op (YHKIIMOHAJIBHOCTA 3HAYUTENIBHO YyCTa-
penu. B Hacrosiiee BpeMs Ha 3aMeHy 3TOMY IIpO-
rpaMMHOMY MpPOAYKTY BbIIIa cuctema e-Uni,
Oonee OpUEHTHpOBaHHas Ha KOPIOPATHBHBIN
CEKTOp.

SharePoint — 3T0 KOMJIEKIHMA MPOrPaAaMMHBIX
IIPOAYKTOB M KOMIIOHEHTOB OT KOMIaHuu Micro-
soft anst pa3pabotku caiitoB. Takum o06pazom, pas-
pabotka LMS ¢ wucmnonp30BaHHEM MaHHBIX TIPO-
IOYKTOB TpeOyeT OTIeNbHBIX HAaBBIKOB U YMEHHH,
KOTOPBIMH TIperofaBaTeNld Bpsil J 00JIafarorT.
OTUM MOMEHTOM BOCIIOJIb30BAJIMCH HEKOTOPHIE
pa3paboT4rKK CaiTOB M MpeAaraloT CBOU YCIIyTH
¢ ucnons3oBanueMm SharePoint. [losTomy momHO-
Ta (PyHKIMOHATIBHOCTH pa3padOTaHHBIX TaKUM 00-
pasom LMS Oymer 3aBucerh OoT (haHTa3uu paspa-
00TUMKa, a JIETKOCTh HACTPOWKH — OT €ro mac-
TepCTBa.

Crnenyer Takxke a00aBUTh, YTO OIMCAHHBIC
Beimie cuctemsl «IIpomereit», e-University wu
SharePoint LMS sBjstiroTcsl miaTHBIMH pa3paboT-
KaMd U 00JaJar0T OAMHAKOBBIMH HEIOCTATKAMMU:
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BBICOKOW CTOMMOCTBIO W OTCYTCTBHEM TI'MOKOCTH,
T. €. KYIUICHHBIH MPOAYKT — 3TO «Bellb B cede»
U HE TOMJICKUT CAMOCTOSITEIbHOW MOIM(HUKAIINY,
a JIMIIIb 32 JIOTIOTHUTENBHYIO OIIaty.

[IpuauMas BO BHMMaHHE HEZOCTATKU HMEIO-
MIMXCSI TUIATHBIX W OECIUIaTHBIX CHUCTEM YIpaBiie-
HUS 00YYECHHEM, a TaKKe )KeJlast y9eCTh COOCTBEH-
Hylo crenuduky, MHOrue YydeOHble 3aBeICHUS
NpUOETA0T K CaMOCTOATENLHON pa3paboTke TaKuxX
ABTOMAaTH3UPOBAHHBIX CHUCTEM JIMOO IeNaloT HH-
TUBUAYaNbHBIN 3aKa3 Ha pa3paboTky. Tak mocty-
nwin, Hanpumep B Harvard University u Massa-
chusetts Institute of Technology (CILIA), B Poc-
CHIICKOM HKOHOMHYECKOM YHHBEPCHUTETE HMEHH
I'. B. IInexanosa, B Bricmiei mkone 3KOHOMHKH
(HMY BIID, Poccus), B Ilepsom Cankr-lletep-
OyprcKOM TOCYAapCTBEHHOM MEIHLIMHCKOM YHH-
Bepcutere umenu akagemuka W. I1. ITaBnosa u Bo
MHOTHX JAp. MOXHO OTMETUTh, YTO B IIOCJEIHEE
BpeMs HaMeTWlIach TEHJIICHIMS Ha TaKHe 3aKasbl,
MIOCKOJIBKY TOTOBBIE CHCTEMBI, XOTS U IIPETEHAYIOT
Ha TEPMUH «YHHBEPCAIBLHOCTH», HO HE BCETIA €ro
peanmn3yIor.

PykoBOACTBYSICh yKa3aHHBIMM BBIIIE IPEUMYILE-
CTBaMH 3JIEKTPOHHOTO 00YYEHUsI 1 HAMETHBIIUMUCS
TEHACHIMSIMA B HEM, Ha Kadeape MporpaMMHOrO
obecrieueHns] BBIYUCIUTEIBHON TEXHUKU M aBTOMa-
Ttu3upoBaHHbIX cucteM (IIOBTuAC) ®UTP BHTY
¢ 2009 r. uayT pa3paboTKa, UCTIOIH3OBAHHE U TIO-
CTOSIHHOE COBEpLICHCTBOBAaHHE COOCTBEHHOW CH-
CTeMbl yIpaBlieHHs Y4eOHbIM mporeccoM [7].
B macrosimee BpeMs akTyalbHa YK€ TPETbs Bep-
CHsl CHCTEMBI, pa3MelIeHHasi Ha cepBepe Kadeapel
u jgoctynHas B jokanbHOU cetu BHTY mo anpe-
cy [172.16.11.72:2020]. [lanHast BepcUsi CUCTEMBI
nosryumna HazBanue CATS (anrn., Care About the
Students) mo pe3ympTaTaM MPOBENEHHOTO Cpe-
I¥ CTYAEHTOB Kadenpsl KOHKypca Ha Jydiiee
Ha3BaHHUE.

Onucanue npeaaraeMoi paspadoTku

IIpoekt CATS sBnsercs aBTOMAaTH3MPOBAH-
HOM CHCTEMOH YIIpaBiIeHUS y4eOHBIM IIPOIIECCOM
Y TIpeHAa3HauYCH Ui TIOBBIIICHUS KaueCTBa MOT0-
TOBKH CIICIIHAIIMCTOB JTHCBHOM, 3a09YHOM, HCTaH-
IIMOHHOH (hOpM O0YUCHHS, a TAKXKE JIJIS CAMOCTOsI-
TEeNBbHON paboThl. Mcmonb30Banne B MPOEKTE WH-
(hOpMaITMOHHBIX TEXHOJOTHH, CPEICTB MYJIbTHME-
IMa W TEJIEKOMMYHUKAIUM yIydliaeT AUHAMHUKY
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U COAEP)KATEIbHOCTh YUEOHBIX 3aJaHHi, MPOIECC
UX BBIMOJIHEHHSI, KOHTPOJIb, OLIEHKY U YCHEIIHOCTb
obyuenus. LMS CATS peanu3zoBaHa B Buie BeO-
MIPUIIOKEHUS C TPEXYPOBHEBOM apxuTekTypoi. Ilo
CPaBHEHHUIO C JIByX3BEHHOW KIHMEHT-CEPBEPHOU
win Qaia-cepBepHO apXUTEKTypoH Takoi Mmon-
xo7 obecreynBaeT OOJBIIYI0 MacIITaOHPyEeMOCTh
(3a cYeT TOPHW3OHTAIBLHOW MACIITA0UPYEMOCTH
cepBepa NPHIOKEHUH W MYJIbTHIUIEKCHPOBAHHS
COCTMHCHMK) W OOJBIIYI0 THOKOCTH (32 CUET M30-
JUPOBaHHOCTH YPOBHEW Ipyr oT apyra). Jwua-
rpaMMa pa3BepTHIBAHUS BEO-TIPUIIOKEHHS TIpea-
craBnena Ha puc. 1. Cepsep 06a3 nannbix (BJI)
MIPEICTABIISIET COOOM CIION TaHHBIX, 0OCCIICUNBACT
WX XpaHEHHWe, BHIHECEH Ha OTAEIHHBIN YPOBEHB,
peanu30BaH CpEeACTBAMH CHCTEMBI YIIPaBICHHUS
6azoiif gaHHBIX Microsoft SQL Server. ITogkrode-
HHE K 3TOMY KOMIIOHEHTY BO3MOKHO TOJBKO C
YpOBHS cepBepa MPHIIOKEHHUH, 00eCTIeINBAIOIIETO
OpraHU3alMI0 B3aUMOACHUCTBHA KIMEHTOB H Cep-
Bepa bBJI. Cepsep mnpunoxenuit (WEB-cepsep)
MIPEJICTABISIET COOOM CBA3YIONIMIA CIIOW, Ha HEM
cocpeoToyeHa OombIuasi 4acTh OW3HEC-JIOTHKH.
Bre ero ocraroTcsi TOJBKO (pparMeHThI, SKCIIOPTH-
pyeMble Ha KJIHMEHTa (TEpMHUHAIBI), a TaKXe d3Jie-
MEHTBI JIOTUKH, TOTPYXKEHHbIe B 0a3zy JaHHBIX
(XpaHHUMBIE IPOLIEAYPHI U TPUTTEPHI).

Peanuzarus TaHHOTO KOMITOHEHTa OOecrevu-
BAEeTCA CBS3YIOLIMM NMPOIPAMMHBIM 00€CTIEYeHUEM
ASP.NET MVC. Cno#i kiIHMeHTa — 3TO HHTEp-
(hbelicHBIE KOMIIOHEHT KOMILICKca (MPUIIOKEHUE
Angular]S), npenoctaBisieMblii KOHEYHOMY IOJIb-
3oBarenmo uepe3 WEB-Opaysep. DToT ypoBeHb He
UMeEeT MPSIMBIX CBs3ei ¢ 0a3oi maHHBIX (MO Tpe-
OoBaHMSM 0E€30ITaCHOCTH W MacIITabUPyeMOCTH),

SQL Senver 2012 ﬁ

JokanbHas

Cepsep B[]

IIS sener, .NET
Framework

WEB-cepBep

HE Harpy»eH OCHOBHOW OM3HEC-TOTMKOH (10 Tpe-
0OBaHUSAM MacIITAOUPYEMOCTH) M XPAaHUT COCTOSI-
HUE TIPWIOKEHUS (110 TpeOOBAaHUAM HAIC)KHOCTH).
Ha »3TOT ypoBeHb BBIHECEHA TOJIBKO MPOCTEHINas
OusHec-moruKa: UHTephEHC aBTOPHU3AIUH, aJro-
pUTMBI U(POBAHUS, TPOBEPKA BBOJIMMBIX 3HaUeE-
HUH Ha JIOIYCTUMOCTh M COOTBETCTBHE (hOpMATYy,
HECJIOKHBIC OIEpallii ¢ JaHHBIMU (COPTHUPOBKA,
TPYNIAPOBKA, IIOJACYET 3HAYCHU), YXKe 3arpy-
JKEHHbIMU Ha TepMmuHaji. COCTaB MPOrpaMMHBIX
MOAYJIEH KIMEHTCKOM 4acTu MPUBEICH Ha puc. 2,
M3 KOTOPOI'O CIEAyeT, YTO B MIpeiaraeMoi pa3pa-
00TKe KpoMe CTaHJapTHOTO HabOpa MPOrpaMMHBIX
MOJyJIeH, XapaKTepHOro i OoJbiiuHCTBA LMS,
MPUCYTCTBYIOT YHUKAJIbHBIC MOIYJIH IS YIpPaB-
JICHUS] TIPOIECCAaMH AWILUIOMHOTO U KypCOBOTO
MPOEeKTHPOBaHUs (06€3 KOTOPhIX OOYy4eHHE B By3e
HEBO3MOJKHO), MOAYJb JUIS YIPABICHUS MPOEKTa-
MU (4TO 00s3aTeIbHO MPU TOJATOTOBKE HHXKCHE-
POB-IIPOTPaMMHUCTOB, TIOCKOJIBKY KaXKIBIA TIPO-
IrPaMMHBIH TPOAYKT TMOJBEPraeTcsi TECTHPOBaA-
HUIO), MOAYJb IJS COCTABJICHHUS DIIEKTPOHHBIX
yaeOHO-MeToamueckux KomruiekcoB (OYMK) ¢
BO3MOXXHOCTHIO MOHUTOPHHIA €r0 M3YYCHHUS CTY-
JIEHTaMH, a TaKXKe MOIYIb JIJIsl MUTPAIlUN KOHTECH-
Ta u3 apyrux LMS no crangapty SCORM (anri.,
Sharable Content Object Reference Model) [8].

C Touku 3peHUs (HYHKIIMOHATBHBIX BO3MOXKHO-
cTell, mpejyaraeMas aBTOMATH3MpPOBAHHAS CHC-
TeMa TOJICPKUBACT PabdOTy B YETHIPEX POJISLX:
aJMUHHUCTPATOp, MpernoAaBaTeib, CTYACHT M Ha-
omomatens. PaccmoTpuMm Goree mompoOHO BO3-
MOXKHOCTH PabOThl B KaXKIOW POJIM, MPUHUMAS BO
BHMMAaHHUe, YTO TEPBBIE TPH IOAJIEKAT AyTEHTH-
¢ukanuu (puc. 3).

WEB
6paysep

|
I
TokanbHas |
I
I

Knuent

Puc. 1. lnarpamma passepteiBanust LMS CATS
Fig. 1. CATS LMS deployment chart
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KOHCynbTauumn
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baza manHBIX

Puc. 2. TIporpammHBIe MOy TH KIeHTCKO# yactu LMS CATS
Fig. 2. Software modules of CATS LMS client part
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Catso

Care about the students

ncTemMa yrnpassieHns OHbIM MPOI

Hauarb paoty

Puc. 3. Craprosas crpannna LMS CATS
Fig. 3. CATS LMS start page
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Jlis agMUHHCTpaTOpa CUCTEMbI AOCTYIIHBI Clie-
aytouye GyHKIHOHAIBHBIE BO3MOKHOCTH:

— co3JaHue/pelaKTUPOBaHNe/yalleHue  CTy-
JEHYECKUX TPy, IPenoaaBaTesei, CTyICHTOB,;

— cOpoc mapoJist monb30BaTessIM (1aHHas QyHK-
LMOHAJIBHOCTh HEOOXOoAMMa AJsl ClydaeB, Koria
MOJIH30BaTENb CHCTEMbI 3a0bUT CBOW Mapoib AO-
cTyna);

— 00MeH COOOIIEHUSIMHU C ITOIL30BATEISIMH;

— TOMCK, COPTUPOBKA MOJIb30BATENCH;

— MPOCMOTP CTaTUCTHKH IOCELICHUSI CUCTEMBI
NOJIb30BATENSIMU (JaHHAs! (YHKUMOHAIBHOCTH TO-
3BOJIIET OTCIJICKHUBATh NIaTy W BpeMsl ayTeHTH(U-
KalliK B CUCTEMY CTYIICHTOB U IpENoAaBaTeneil).

B pomm mpemonaBarenss BO3MOXKHBI TaKHE
(hyHKITMOHATHHOCTH, KaK:

— co3/aHue/peakTUpOBaHue/ yaalleHHe  Tpe-
METOB;

— (opMHpOBaHHUE MpeIMeTa U3 MpelaraeMbIX
OJIOKOB: HOBOCTH, JIEKIIUH, IPAKTUIECKUE 3aHATHS,
nmabopaTtopHbeie pabOThL, XpaHWHIe (alIoB ¢
y4eOHBIMU MaTepranaMu [yl CKauuBaHUS, Kypco-
BEIC TIPOEKTHI, TeCTUpOBaHue 3HaHui, JYMK;

— TIPHUKpPEIUVIEHHE TPYyNIl K IpeaMeTaM, pasfe-
JIEHWE CTYJICHTOB Ha MOATPYNIbI (eciu Tpedyercs
JUTst TabopaTOpHBIX paboT);

— OpraHM3auusi NPOBEACHHUsS JIEKLIMOHHBIX H
NPaKTUYECKUX 3aHSATHH C MPUKPEIJICHUEM 3ajia-
HUH 1 TpeOyeMbIX MaTepHajoB, BEACHUEM 3JICK-
TPOHHOTO >KypHamna, (opMHpOBaHUEM TIpaduka
3aIIUTHl paboT, pacueTa PEUTUHIOBOM OLICHKH II0
npeamerty (puc. 4);

— TIpOBEpKa TPHUCIAHHBIX pa0dOT Ha IUIATHAT,
BCJIEJICTBHE CPaBHEHUS MX C pabOTaMHM, XpaHsIIHU-
MUCSI B apXHBE TEKYILETO M MPOIUILIX CEMECTPOB
[9]. B LMS CATS mnowuck 3anMCTBOBaHHBIX padoT
peann3oBaH Kak JJIsl KaXIIoW OTIENBbHOW MpHCcIaH-
HOM paboThl 00yYaroIerocs, Tak ¥ AJ1s Bcel Ipyn-
MBI Cpa3y MOCPEJICTBOM MPUMEHEHUS KJIACTEPHOTO
aHaJIn3a TeKCTOBOM MH(opMaiuu (puc. 5);

— (opMupoBaHre TECTOB I KOHTPOJS M ca-
MOKOHTPOJISI 3HAHUH CTYJCHTOB (TIPEIyCMOTPEHEI
BOINPOCHI, UMEIOIINE OJIWH MPAaBUIBHBIA BapHaHT
OTBETa, HECKOJIBKO MPAaBUIIBHBIX BAPHAHTOB OTBE-
Ta, BOIIPOCHI HA MOCIIEOBATEIHHOCTh M BBOJ IIpa-
BWJIBHOTO OTBETa C KIABHATYPHl), OpraHU3allusl
MPOBEJCHNSI ABTOMAaTH3UPOBAHHOTO TECTHPOBA-
HUS, BEJACHUE CTAaTUCTHKH PE3YJIbTATOB MPOMICH-
HBIX TECTOB;

— OpraHu3aiys KypcoBoro u JUILIOMHOTO IMPO-
eKTHPOBaHUs, Ha3HAUYCHHE/TIOATBEPKICHUE TeM
MPOEKTOB, aBTOMAaTHYeCKas TeHepalus JUCTOB
3aJaHUi K MPOEKTaM C MOCIEAYIOIINM SKCIIOPTOM
B peaaktop MS Word, ¢opmupoBanue rpaduxos
KOHCYJBTAIlM{ U MIPOIIEHTOBOK BHITIOJTHEHHUS;

— ucnoas3oBanue SCO-00BEKTOB, CO3JAHHEIX
mo texHomornn SCORM B JOpyrux cucremax
ynpasiieHust o0yuenuem [8];

— coznanue DYMK ¢ aBTOoMatudeckum ¢op-
MHpPOBaHHEM Y4eOHOW KapThl M BO3MOXKHOCTBHIO
BCTaBKU rpaduueckoil MHPOpMaluH, ayauo, BU-
Jle0, aHUMAII|H, a TAKXKE CO BCTPOSHHBIM MOJIYIIEM
IUTs MOHUTOpPHHTA TIpOllecca M3YYeHUs Mpeisiara-
eMoro Matepuana cryjaeHramu (puc. 6) [10];

TecTupoBsaHue v otnagka Mo & - Monosa IOnua Bopucoskia

TNaopaTopHele paborl  [paduk 3aupTel  CTaTicTukanoceujenna  PesynTarel
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Paiin . i
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B masroe uewo

N Cryaenr

[ins pedakmuposarus coenaiime GBOUHOU KIUK 10 seiike

R r—
D e A R

TPt TPN2  NPNed  MPNes  TPNES  NIPNes  TIPNeT

Puc. 4. Ctpannna 371eKTpOHHOTO XypHaJja 110 JUCIUILIHHE «TecTHpoBaHUe U OTIIaAKa porpaMMHoro obecniedenus» B8 LMS CATS

Fig. 4. Page of electronic journal on discipline “Testing and Debugging of Software” in CATS LMS
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Fig. 5. Page of checking results for laboratory work on plagiarism in CATS LMS
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3ﬂeKmp0HHble cucmemosl

— 00MeH COOOIIEHUSIMH C TTOTH30BATEISIMH CH-
CTEMBI (aJIMHHUCTPATOPOM, MPETIOIABATEINSIMU H CTY-
JCHTaMH);

— opraHu3aius paboThl B CHCTEME IOKYMEHTH-
POBaHUS M OTCICKUBAHHUS OIMUOOK TIpH pa3padboT-
K€ MPOrpaMMHOro oOecreyeHus (Co3aaHue/perak-
TUPOBaHUE/yANICHUE TMPOCKTOB, 3aKPEIICHHE 3a
HUMU Pa3pa0OTYMKOB U TECTUPOBIIUKOB, COCTAB-
JICHWE OTYETOB O HAWJICHHBIX OIMUOKaX B TECTHPY-
eMBIX TIporpaMMax, H3MEHEHHE CTaTyCOB OIlU-
00k). JlanHass (pyHKIIMOHAIBHOCTh IpeaHA3HAYCHA
JUTSI TIOAATOTOBKYU CTYACHTOB-IIPOTPAMMUCTOB.

B ponu cTyneHTa qoctyreH cienyromui Habop
(hyHKIIMOHATBHOCTEH:

— MPOCMOTpP/CKAaYMBaHNE BCEW IMpeOCTaBIICH-
HOM mH(popManuu (pacucaHue 3aHATHI, HOBOCTH
U 33J]aHusI 110 YYeOHBIM AUCIUIUTHHAM) (pHC. 7);

— u3ydeHHe Y4eOHO-METOMYECKUX MaTepua-
j0B B OYMK;

— TPOXOXKJICHUE TECTOB JJISI KOHTPOJIS 3HAHHN
1 camoo0yueHus (puc. 8);

— OTIMpAaBJICHUE OTYETOB IO JIAOOPATOPHBIM U
NPaKkTHIECKUM paboTaM Ha 3alluTy;

| Cacreua ynpassesa yue X

&« C [} 172.16.11.72:2020/Lms

— BBIOOp TeM Al KypcOBOTO M JAWUILIOMHOTO
MPOEKTUPOBAHUS, OTCICKUBAHUE MPOIIEHTOBOK BBI-
MIOJTHEHHUS TIPOEKTOB;

— npocMoTp SCO-00BEKTOB M TPOXOXKICHHE
BCTPOCHHBIX B HETO TECTOB;

— 00MEH COOOMIEHUSIMH C TIperojaBaTesIMU
U aIMUHHACTPATOPOM;

— JIOKYMEHTHPOBAaHHE M H3MCHEHHE CTaTyCOB
omnbok B BTS, ywar mo mpoekrty (QpyHKIHOHATB-
HOCTb HCHOJIB3YeTCS Ul MOJATOTOBKH CTYACHTOB-
MIPOTPaMMHUCTOB).

B ponu HaGmronmaTens peann3oBaHa TaKk Hasbl-
BaeMasi (PYHKIIMOHAIFHOCTh «POAUTEIbCKUH KOH-
TPOJIbY,
paboTHHKaM JeKkaHaTa W Kadempbl MOCMOTPETh
HMHTEPECYIOIIYI0 UX WH(POPMAIUIO O Pe3yIbTaTHB-
HOCTH y4eOHOro mpolecca: KOJHUYECTBO MpPOIYy-
IIEHHBIX 3aHATHH CTyJEHTaMH, KOJMYECTBO 3a-
IIUIIEHHBIX Pa0bOT, OIEHKU 3a TECThl, PEHTHHIO-
BBIE OLICHKH CTYIEHTOB W ap. [lns 3TOoro He Hamo
MMpOXOAUTH aBTOpU3ALMIO B CUCTEMEC, a JIMIIb BBE-
CTH HOMEp MHTepecyIollel rpynisl (puc. 9).
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Puc. 7. I'naBnas crpanuna LMS CATS
Fig. 7. CATS LMS home page
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BBIBOJIbI

1. Umeromasicss B PecryOnuke Bemapych cu-
Tyalusi ¢ HEJOCTATOYHBIM HCIOJB30BAHUEM CHC-
TEM ynpaBicHHs oOydeHUEM, C OJHOH CTOPOHHI,
U CTPEMUTEIBHOE UX PA3BUTHE U OTPOMHEIC KaIlu-
TaJOBJIOXKEHHS B 3alagHBIX CTPaHaX B JJIEKTPOH-
HOe oOydeHue, ¢ APYroil, CO3Mal0T MEepCIIeKTHUB-
HyI0 cpeny i npoasrwkeHus npoekta CATS (Care
About the Students), o0nagaromiero ciaeayrIIMMA
0COOEHHOCTSIMU:

— LMS CATS nokpbIBaeT Bce COCTaBISIOLINE
KOMIIOHEHTBI Y4eOHOro TMpoIecca, BKJIOYAs JIH-
IUIOMHOE U KypCOBO€ MPOEKTUPOBAHUE, UTO OTCYT-
CTBYET MPAKTHYECKH BO BCEX aHAIOTaX;

— YYUTBIBAET CHCHM(PHUKY 00YUCHHUS B TEXHUYE-
CKOM BYy3€, IpeJycMaTpuBas paboTy cO BCTPOEH-
HOM CHCTEMOH YIpaBJICHMS HPOCKTAaMU U C BO3-
MOKHOCTBIO TOKYMEHTHPOBAHHS OIINOOK;

— LMS CATS peanuzoBana B BHIE BeO-pH-
JIO)KEHUSI C HUCIOJb30BAHUEM COBPEMEHHBIX TEX-
HOJIOTMM M JOCTyIHA B JIOKAJIBHOH CETH BCEro
yHUBepcuTeTa. J[7s MOOMIBHBIX YCTPOHCTB MO
yIpaBlIeHHEM ONepalMoHHol cuctembl Android
pa3paboTaHa MOOWIIbHAS BEPCHS CUCTEMBI;

—mpe/iaraeMas  CHCTeMa  INPOTECTHpOBaHA
PY4YHBIM CTHIOCOOOM, a TaKKe C HUCIOIh30BAHHEM
WHCTPYMEHTa aBTOMATH3UPOBAHHOTO TECTUPOBA-
Hus Selenium WebDriver. Kaxnmas HoBas Bep-
CHSl CHUCTEMBI TIOJ[BEPTaeTCs PErPECCHOHHOMY Te-
CTUPOBAHHUIO aBTOMATHU3WPOBAHHBIMU  CKPHUIITA-
MH, a HOBbIC (DYHKIMOHAJIBHOCTH IPOBEPSIOTCS
BpY4HYIO;

— LMS CATS npumensiercst ipu u3y4eHuH 00JIb-
IIMHCTBA TUCITUILINH, TIPEMoiaBaeMbIX Ha Kades-
pe IIOBTHAC. B cucreme 3aperucTpupOBaHbI
22 npenonaBarens U 811 cTyneHTOB;

— TpeanaraeMas CHCTEMa IOCTOSHHO COBEp-
HICHCTBYETCS, OOHOBJISIETCS W SIBISCTCS TLUIOLIA[-
KOW Il BHEAPEHUS HOBBIX MIEH M PE3YyJbTAaTOB
HAYYHBIX UCCIICJIOBAHUN B OOJIACTH HPUHATHS Pe-
[IEHUN ¥ UCKYCCTBEHHOTO HHTEIJIEKTa. B HacrTos-
mee BpeMs pa3padaThIBaeTCsl MPOTPaMMHBIA MO-
JTyITb JIISL aIaliTaIllii CUCTEMBl K TEKYIIUM 3HAHU-
M 00yYaroMIerocst ¥ ero NCUXO(U3NOIOTHIECKUM
CMOCOOHOCTSIM, 9TO OTCYTCTBYET BO BCEX H3BECT-
HBIX aHAJIOTax;

— LMS CATS co3mana npu y4yacTUU CTYJEH-
TOB, YTO MO3BOJISIET UM MPAKTHUKOBATHCS HA Peallb-

348

HOM IIPOCKTEC, N3yUaTb HOBLIC TCXHOJIOTHUU, YUNUTh-
cs pabore B KOMaHHe, BUACTh M TOPIUTHCS pe-
3yJIbTaTaMH CBOETO TPya.

2. B oktsa6pe 2015 r. npennaraemasi pazpabot-
Ka Oblma HarpaxkaeHa nuruioMoM «JlocTymHoe 00-
pazoBanue» kKoHKypca App4Education, mpoBenen-
HOTO B uecTh 70-metust Opranuzanuu O0beTuHEeH-
HbeIx Hanuit. B mae 2016 r. nporpamMmHbIi MOYJIb
IUIl TECTUPOBAaHWSI 3HAHWU CTYJCHTOB OBLT HC-
MOJIb30BaH BO BpEMsl MPOBEACHUS aKKpeIUTaluu
cneunansHocti 1-40 05 01 «MuadopmanuoHHsle
cHCTEeMBl M TEXHOJOrMH» B bemopycckom Harmo-
HQJIBHOM TEXHMYECKOM yHHBepcurere. B nexaO-
pe 2016 r. cucrema LMS CATS (Care About The
Students) crama ¢uramucTom PecmybmukaHckoro
KOHKYpCa MOJIOAEKHBIX WHHOBALIMOHHBIX IPOEK-
ToB «H(]pOpManoHHble 1 MOOWIBHBIE TEXHOJO-
UM A7 00pa3oBaTeIbHOrO MPOLEccay, MPOBOAU-
MoM MunucTepcTBOM 00pa3zoBanusi PecmyOmuku
bemapych n kommanuneit MTC.
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YupasjieHrne MeXaTPpOHHOM CHCTEMOU
Ha 0a3e MHOT03BEHHbIX POOOTOB-MAHMILYJIATOPOB

Kanauaarsl TexH. Hayk, nouedtsbl H. H. prcxuﬁ”, 10. A. Clcyzu{mconz),
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Pedepat. PaccmaTpuBaercs 3aada ynpasieHHs MHOTO3BEHHBIME pOOOTaMH-MAaHHIYJIITOPAMU AJISI PeaTn3alul BEICOKOTEX-
HOJIOTHYHBIX IIPOIECCOB B NPOMBIIUIEHHOCTH. M31araioTes mocienoBaTelibHbIe ard HCIOJIb30BaHNS KOMITBIOTEPHBIX TEX-
HOJIOTUH IIPH TMOCTPOEHUHM POOGOTOB-MaHUITYJIITOPOB, BKJIIOYAIOIIHE MaTEMaTHYECKHE, AJITOPUTMHYECKME M allapaTHO-
HPOTrPaMMHBIE CPEACTBA AJI CO3JaHHUs MHOTOIPHUBOAHOH MEXaTPOHHON CHCTEMBI IO YIPABJICHHEM IPOMBIIUICHHOTO MHK-
poxontpoiepa Gupmbel OMRON. IlpuBenena kuHemaTHuecKas cxemMa po0OOTa-MaHMITYJISITOPA, COBEPILAIOIIETO JBa THIIA
JBH)KEHHI — MOBOPOT BOKPYT OCH z U IPSIMOJIMHEHHOE MepeMelleHre pabo4ero oprana BIOJIb paJuyca MOBOPOTa C TOYHBIM
MO3HIMOHMPOBAHNUEM B 33aJaHHYIO TOUYKY pabouero mpocTpaHCcTBa. DIEKTPOMEXaHHYECKask KOHCTPYKIHS MaHHUIYJISTOPA 1103~
BOJISIET 00ECIIEUNTh TPAHCIIOPTUPOBKY OOBEKTOB IIPOU3BOJICTBA B COOTBETCTBUH C 3aJJAHHBIM TEXHOJOTUUECKUM IIPOIIECCOM.
JI1st TpOEKTHPOBaHUS TEXHOJIOTMYECKOT0 MpoIiecca TPAaHCIIOPTHPOBAHHSI 00BEKTOB MPOU3BOJICTBA Pa3padOTaH MPOTrpaMMHEIH
MOJYJIb, TTO3BOJISIIOIINI aBTOMAaTHU3MPOBATh OIMCAHNE OCHOBHBIX OIEpalii ABIKEHUS pabodero opraHa poOoTa-MaHUITY-
JSITOpa C MOCHENYIOMNM aBTOMAaTHIECKIM (OPMHPOBAHUEM ITOCIEI0BATEIHFHOCTH KOMAH] ISl YIIPABIIOIEH MpOrpaMMEl,
obecneynBaroleld paboTy MEKTPUYECKUX MPHBOAOB 3BEHBEB MAHMIIYJATOPA B PEAbHOM BpeMeHH. UTOOBI YyCKOPUTH IIpo-
LlecC NMPOEKTUPOBAHUS TPACKTOPUM JBIKEHUs pabouero opraHa, paspaboTaHa MPOCTPAHCTBEHHAs MMHUTALMOHHAS MOJEIb
pobora-manumysstopa B cpeae MatLab-Simulink. PaccmaTtpuBaetcst 06001ieHHast cxeMa MEXaTPOHHOM CHCTEMbI YIIPaBICHHS
PpOOOTOM-MaHMITYJISITOPOM Ha 0a3e MporpaMMHpyeMoro Jjorudeckoro kontpoiuiepa OMRON, ¢yHKIMOHUpYOUIEro Mof
yIpaBJIeHHEM IPOrpaMMEbl, pa3paboTaHHOI B cpene nporpammupoBanus Sysmac Studio Automation. [yt mpoMBIIIIIEHHOTO
UCIIOJIb30BAaHMsI MEXaTPOHHOW CHCTEMBI B I€PHOJ HAJaAKH M SKCIUIyaTalWdd CO3JaHa IPOorpaMMa Ui HPOrpaMMHPYEMOro
TepMHHaJIa C HHTeP(EHCHBIMH dJIEMEHTaMH M JIEMEHTaMH aHMManuy. [IpesicTaBieH BHENIHHI BHJ OIBITHOTO oOpasia pobdora-
MaHuyJsTopa. PaspaboTannas MexaTpoHHas cUcTeMa po00Ta-MaHUITYJISITOpA MOXKET OBITh TEXHOJIOTUIECKH OPHEHTHPOBaHA
Ha pelLIeHNEe IPYruX 3a1a4 MPOMbIIIICHHOTO POM3BO/ICTBA.

KniodeBble cj10Ba: MeXaTpOHHAs CHCTEMa, POOOT-MAHHUIIYJISITOP, KOMIIBIOTEPHBIE TEXHOJOTHH, HMPOrPaMMHO-AIIapaTHEIE
CpEACTBa, MUKPOKOHTPOJLIEP, TEXHOJIOIMYECKUM MPOILIECC, MIEKTPUUECKUH IIPUBOJ, YIIPABIIONAs IpOrpaMMa, UMUTALUOH-
Hast MOZIEJ)Tb, IPOTPaMMHPYEMBI JTOTHUECKUI KOHTPOIIIEP, TPOrpaMMHIPYEMBIil TepMHUHAJ, ONBITHBII 00pasern

Jns uuTupoBaHusi: YpaBieHHE MEXaTPOHHOH CHCTEMOH Ha 6a3e MHOrO3BEeHHBIX poboroB-manumymsitopos / H. H. T'yp-
ckuit [u np.] // Hayxa u mexnuxa. 2019. T. 18, Ne 4. C. 350-354. https://doi.org/10.21122/2227-1031-2019-18-4-350-354

Control of Mechatronic System Based on Multilink Robot-Manipulators
N. N. Hurski”, Yu. A. Skudnyakov?, V. S. Artsiushchyk”, A. N. Bezruchko"

"Belarusian National Technical University (Minsk, Republic of Belarus),
?Belarusian State University of Informatics and Radioelectronics (Minsk, Republic of Belarus)

Abstract. The task of controlling multi-link robots with manipulators for implementation of high-tech processes in industry
has been considered in the paper. The paper presents sequential steps of using computer technology in construction of robotic-
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Electronic Systems

manipulators, including mathematical, algorithmic, and hardware and software tools for creating a multi-drive mechatronic
system controlled by OMRON industrial microcontroller. A kinematic scheme of a robot manipulator has been described
in the paper and it performs the following two types of movements — rotation around the z axis and rectilinear movement of a
working element along a turning radius with precise positioning at a given point in the working space. Electromechanical
design of the manipulator allows to ensure transportation of production objects in accordance with a given technological pro-
cess. For designing the technological process of transporting production objects, a software module has been developed that
makes it possible to automate description of basic operations for movement of the robot manipulator working body with sub-
sequent automatic generation of a command sequence for a control program ensuring operation of electric drives in manipu-
lator links in real time. To speed up the process of designing trajectory of the working body, a spatial simulation model
of a robot-manipulator in the MatLab-Simulink environment has been developed. The paper considers a generalized diagram
of a mechatronic control system for a robot-manipulator based on the OMRON programmable logic controller operating under
control of a program developed in the programming environment Sysmac Studio Automation. A program for a programmable
terminal with interface elements and animation elements has been developed for industrial use of the mechatronic system
during adjustment and operation period. The paper provides an appearance of a robot-manipulator prototype. The developed
mechatronic system of the robot-manipulator can be technologically oriented towards solving other problems of industrial
production.

Keywords: mechatronic system, robot-manipulator, computer technologies, software and hardware, microcontroller, techno-
logical process, electric drive, control program, simulation model, programmable logic controller, programmable terminal,
prototype

For citation: Hurski N. N., Skudnyakov Yu. A., Artsiushchyk V. S., Bezruchko A. N. (2019) Control of Mechatro-
nic System Based on Multilink Robot-Manipulators. 18 (4), 350-354. https://doi.org/10.21122/2227-1031-2019-18-4-
350-354 (in Russian)

BBenenne

IMyJSIMUOHHBIC pO60TI>I. Kunemarudeckas cxema

MHOI'O3B€HHOI'O p060Ta MaHUITYJISITOpAa ITOKa3aHa

MexaTpoHHBIC CHUCTEMBI CTPEMHTEILHO PACIIH-
psroT 006acTh mpuMeHeHws. OHM HAYMHAIOT WHTEH-
CHBHO KCIIOJIB30BAThCS ISl PEaM3allii BHICOKOTEX- yVb— - —— —— — o, 4B
HOJIOTUYHBIX TMPOILECCOB B Pa3IMUYHBIX OTPACIISAX I, -
MIPOMBIIIIEHHOCTH, KaUeCTBEHHOTO YITYUIIEHHUS Xa- I
PaKTEpPUCTUK IIMPOKOTO CIEKTpa Pa3HOOOpPA3HBIX - |
00bekToB [1]. [IpuMeHeHne MEXaTPOHHOIO MOIX01a L |
TIPU CO3Z[aHUM YCTPOMCTB M MAIIMH OTPEAeIsieT MX T I

Ha puc. 1.

OCHOBHBIC IIPEUMYIIECTBA 110 CPABHCHUIO C Tpaau- @ x
[IMOHHBIMH  DJIEKTPOMEXAHUYECKUMH  CUCTEMAMM: Puc. 1. Kunematika MHOr03BEHHOI'O MaHMITyJIATOPA
TOYHOCTb p€ain3alii CJIOKHBIX I[BI/DKSHI/II\/’I, BBICO-
KH¢ CTCNCHb MHTETPAIlMU U HAJACKHOCTh, JOITOBCY-
HOCTb, TIOMEXO3aIIUILICHHOCTh ¥ OBICTPOE TEPerpo-
TpaMMHUpPOBAaHUC JIs1 BBIIIOJHCHUA Tp66yeMBIX OI1c-
parmii [2].

B cratbe paccmaTpuBaroTCs 0COOEHHOCTH
KOMIIBIOTCPHLBIX TEXHOJIOTUH opu MOCTPpOCHUU
pPOOOTOB-MaHUITYIATOPOB, BKIIIOYAIONINE MAaTeMa-
THYCCKHUEC, AJITOPUTMHUYCCKHE U amnmapaTHO-IIPO-

Fig. 1. Kinematics of multilink manipulator

YacT CXEMY yIpaBJICHHS, pEAYKTOP, JaTUYNKHU.

Pabora MaHMIyISTOpa 3aKIIOYASTCS B TIO3UITHO-
HUpOBaHWK pabodero opraHa (Touka B) B TOUKY
C 3aJaHHBIMH KOOpJMHATaMH. J[is 3TOro Mcmoib-
3YEOTCSL AJICKTPONPUBOZABI Ha 0ase 3IICKTPHUYSCKUX
JIBUTATENICH TIOCTOSHHOTO WITH TIEPEMEHHOTO TOKA.
[NoHsTHE NEKTPONPUBOIA, KPOME JBUTATEIIS, BKITFO-

TpaMMHBIE CPEACTBA NIl CO3JaHHUS MHOTOIPH-
BOJHOW MEXAaTPOHHOW CHUCTEMBI MOJ yIpaBie-
HUEM IMPOMBIIILIEHHOTO MHUKPOKOHTpOJIIepa (up-
Ml OMRON.

OcHoBHasl YacTh

B 06IJ_ICM clIydac, I aBTOMaTUu3aluu pas3inyd-
HBIX MPOU3BOACTBCHHBIX onepaunﬁ MMPUMCHSIOTCSA
MHOFO(I)YHKI_II/IOHaHBHBIC MHOT'O3BCHHBIC MaHH-

Hayka
wrexHuka. T. 18, Ne 4 (2019)

Kak m3BecTHO, COCTOSTHE MAaHUIYJISITOpA OIIH-
CBIBaETCsI MPSIMOI U 00paTHOM 3aa4aMu KWHEMa-
tuku [3]. Ilpsmast 3amaua — BBIYUCICHHE KOOP-
muHaT (X, Y) monoxenus pabodero opraHa Mma-
HUMYJIATOPa TI0 €ro KHHEMAaTW4eCcKOi cxeme
C 3aJIaHHBIMU JITMHaMH 3BeHbeB (Li, Ly, ..., L,)
W UX OpHEHTalmenl ¢ (3[4ecCh n — YHCIO CTere-
Hel cB0OOBI MaHUITyIIITOpa). OOpaTHas 3amadya —
BBIYUCIICHHUE YTITIOB (1, P2, ..., ¢) O 33JaHHOMY
TIOJIOXKEHUIO pabodero oprana B Touke B(X, ).
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Marematuueckass MoJieNib NIPSIMOM 3ajlaud 3a-
MUACHIBACTCS B BUJIC BEKTOPA

, L. i )
Y ) ; lcosécpl
Y n i )
ZLisinZ(pi
i=1 i=1

TexHUYecKH BOCTPEOOBAHHON SIBISETCS 00-
patHas 3ajaya kuHemaTwkd. OIHAKO OHA, Kak
NpaBUIIO, HE MMEET OJHO3HAYHOTO pelleHHs, MO-
CKOJIBKY JIJIS 3aJAHHOTO MOJIOXEHUsT pabouero op-
raHa He BCEr/ia CyIIECTBYeT SIMHCTBEHHOE 3Haue-
HHUE YTJIOB ©f, Oy, ..., ¢,. 3a/7a4a MOXET OBITH pe-
IIeHa AHAJUTHYECKH C y4eTOM TpeOyembIxX
OrpaHWYEHHI WM, B OOIIEM CIydae, YUCIACHHBIMH
METOaMH.

YucneHHOe pelIeHue 3aKIII0YaeTCs B OMTUMH-

B=

, Tme B, B

z

3ali HOPMBI ‘B—BZ — BEKTOp Te-

KyIIUX ¥ 3aJaHHBIX KOOpAMHAT paboyero opraHa
COOTBETCTBEHHO. /[l IOHMCKa ONTUMH3HPYEMBIX
apaMeTpoB @y, ¢y, ..., ¢, C KPUTEPUEM ONTHMH-

3aIuu ‘B—BZ‘ MOTYT OBITh MCIIOJIb30BaHBI METO-

JIbI ONITUMU3AIMH HYJIEBOTO, IEPBOTO UM BTOPOTO
MTOPSIIKOB, TUOO METOMBI CITy9aifHOTO TTOMCKa [4].

IIpn perreHnn MHOTHX TpPAaKTHYECKUX 3ajad,
CBSI3aHHBIX C IMO3UIMOHUPOBAaHUEM pabodero op-
raHa B 3aJJaHHYIO TOYKY IPOCTPaHCTBA, IPUMEHsI-
eTCsl KHHeMaTH4ecKasi CXeMa JIByX3BEHHOTO MaHHU-
mynsitopa [5—7] ¢ TpeMsi cTeneHsIMI CBOOOBI: /IBe
BpallaTeNbHbIE C MapaMeTpaMu @, ¢, TPEThI —
JIMHEWHOE NepeMelleHne BIIoJAb Oocu z. B 3TOoM
cily4ae i pelieHus oOpaTHOW 3a]1a4u UCIIOJNb3Y-
€TCS aHAIMTUYECKOC pEIICHWe, OCHOBAaHHOE Ha
TeopeMe KOCHHYCOB [8].

Ha ocHoOBe n1aHHON KHHEMAaTHYECKOH CXEMBbI
pa3zpaboTaHa AJIEKTPOMEXaHHYECKass KOHCTPYKIIHS
MaHUIMYJSITOpA JUIsi TPAHCIIOPTUPOBKH OOBEKTOB
MIPOM3BO/ICTBA B COOTBETCTBUH C TPEOYyEeMBIM TeX-
HOJIOTHYECKHM TporieccoM. PoOoT-MaHUTTYISTOD
COBEpIIIACT J[Ba TUNA JBWKECHUI — IOBOPOT BOKPYT
OocH z W TPSAMOJHMHEHHOE MepeMelleHne padoue-
ro OpraHa BJIOJIb pajnyca TOBOPOTa C TOYHBIM
MO3UIIMOHUPOBAHNEM B 33JJaHHYIO TOYKY pabodero
MpoCTpaHCTBa. BHemHW BHI poboTa-MaHUMY-
nsATOpa MokKaszaH Ha puc. 2. U3 pucyHka BHIHO,
YTO Takas KOHCTPYKTHUBHAs CXEMa MMEET YEThIpe
crenieHn cBoOOAbl. C ydeToM NPSMOIUHEHHOTO
nepeMenieHns padodero opraHa BIONb pajiyca
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MOBOPOTA CTEMEHb CBOOOJBI, CBA3aHHAS C KUCTHIO
po0oTa, MOXKET OBITh UCKIIIOUYCHA. Takoe TeXHUYEe-
CKO€ pEeIlleHHe BO3MOXKHO TPH CHHXPOHU3AIUH
MOBOPOTA KKCTH B 3aBUCUMOCTH OT yTJia TIOBOPOTA
ieya. Pabodas mpocTpaHCTBEHHAsI 30HA MaHHUIY-
JIITOpa OTPAaHWYMBAETCS JUTHHAMHU 3BEHBEB, JUIH-
HOH KHCTH, a TaK)K€ BBICOTOM I1OJbeMa MEXaHHU3Ma
MaHHITYJISTOPA.

CVIHXPOHU3MPOBaHO

© C nne4vyom

KpenneHus
cxsara

OcHoBaHue

Puc. 2. BuemHuit Bug po00Ta-MaHUITYIISTOPA

Fig. 2. Appearance of robot-manipulator

Jiist IpOEKTUPOBaHMS TEXHOJIOTHYECKOTO TPO-
necca [9] TpaHCIOPTHPOBKK OOBEKTOB MPOU3BOJI-
CTBa pa3pabOTaH MPOrpaMMHBIH MOJYJb, IJIABHOE
OKHO KOTOpOTro IokKa3aHO Ha puc. 3. Ha pucyn-
Ke MpEeACTaBICHO MHOKECTBO 3aJaHHBIX TOYEK
(m1st mpumepa orpaHuueHHoe 16-10) B mIIOC-
KOCTH X—) paboueil 30HBI MeXaHHW3Ma, B KOTOpPbIE
MOXET TepeMenIaThCs CXBaT MaHUIYJIATOPA B CO-
OTBETCTBUM C TEXHOJOTHMYECKHM MapIIPyTOM.
Ha puc. 3 moka3zaHbl qBa MOJMOKEHUSI 3BEHBEB Ma-
HUITYJISITOpa — OJHO U COBEPILICHUs ITOBOPOTA,
BTOPOE — ISl INHEWHOTO MO3UIIHOHUPOBAHHSL.

[lpy mnnaHMpoBaHMM MapuUIpyTa ABHKCHUS
HEOOXOIMMO MOCJIEe0BaTeNFHO OTMETHTh Tpedye-
MBIC TOYKM M 3aJaTh JJISI HUX THIT KOMaHIBI U €e
nmapaMeTpsl. [lns mpocMoTpa CreHEpHUpPOBAaHHO-
ro nudpoBoro Mapuipyra paspaboTaHa MpOCTpaH-
CTBEHHas MMHUTAIMOHHAS MOZENh MaHUIYJIATOpA,
npuBeaeHHas Ha puc. 4. Ha sTom pucynke mud-
paMu 0003HA4YeHBI IPOM3BOACTBEHHBIE YUYaCTKH,
Ha KOTOPbIE MAHUITYJSTOP TPAHCHOPTHPYET 00B-
€KTHl B COOTBETCTBUU C pUC. 3.

Hayka
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Puc. 3. IInockast MoJiesTb MAaHUITYIITOPA
U TPAEKTOPHs JBUXKEHHS pabouero opraHa

Fig. 3. Plane model of manipulator
and trajectory of working body movement

Puc. 4. 3D-Mozens MaHUITYISTOPA

Fig. 4. 3D-model of manipulator

IIporpammHas peanu3aius T[UIAHUPOBAHUS
MapIIpyTa BeIONHEHa B cpeie Embarcadero RAD

[porpammupyemerit

TporpaMmupyeMsiit
TEPMUHAIT

Studio. TIpocTpaHCTBeHHAas WMHTAIIMOHHAS MO-
JIeJIb MaHMITYJSIIMOHHOTO MEXaHU3Ma pealin3oBa-
Ha B mporpamMmHoi cucteme MatLab-Simulink.
OHa maer BO3MOXHOCTb HaOJIIOJAaTh KaueCTBEH-
HYI0 CTOPOHY IHHAaMHYECKOTO COCTOSHHS MaHH-
MyJSITOpa M YCKOPSIET MPOLIECC NMPOEKTHPOBAHUS
pearbHON KOHCTPYKLIMH.

Pabory maHMmynsTopa B peXHME peaabHOrO
BpPEMEHH O00ecIeYnBaeT MHUKPOKOHTPOIIEP C 3a-
LIUTOW B €ro MaMsTh YIPaBISIIOLIEH IpOrpaMMOH,
OCHOBY (DYHKITMOHAJIBHOCTH KOTOPOHW COCTaBIISI-
€T KO/, OTJIA)KCHHBIH Ha dTamne MOAETHPOBaHUS.
Jis  mporpaMMHpOBaHUS MHKPOKOHTpPOJIIEpA
OMRON wucnonp30Banachk cpeia IporpaMmMIpOBa-
Hus Sysmac Studio Automation, moaaep:KuBao-
1as A3bIK pesleiHO-KOHTAKTHOW JIOTUKH.

O06o0mIeHHasT cxeMa MEXaTPOHHON CHCTEMBI
YIIpaBJIeHUs POOOTOM-MAHUITYISITOPOM, €€ B3au-
MOJICHCTBUSI C BHEUIHMM OKPYXCHHEM IOKa3aHa
Ha puc. 5.

Jnst  mpomsitieHHOro  Mcmonb3oBaHus  [10]
pa3paboTaHHOW MEXaTPOHHOW CHUCTEMBI TpeOyeTcs
JIOTIONTHUTh €€ CPEJCTBAaMH yIpaBieHHs, HE00-
XOAMMBIMU B TEPUOJ] HAJIAJAKH U OKCIUTyaTallHu.
Jns 3TOro  WCHONB3YIOTCS HPOrpaMMHUpYyEMbIe
TepMHHAIBI C HMHTEPPEHCHBIMH 3JEMEHTaMH |
JIIEMEHTAMH aHUManuu. [ TaBHBIH 3KpaH TaKoro
TepMHHaJa M0Ka3aH Ha puc. 6.

W3noxeHHble 3Tanbl IpOrpaMMHUPOBAHHS, MO-
JETMPOBAaHMS U YIpaBJICHHS pabOTOl MeXaTpoH-
HOW CHCTEMBI pOOOTa-MaHWITYJSITOpa Ha 0ase
JIByX3BEHHOTO MEXaHHW3Ma IMPOrpaMMHPYEMBbIM
noruyeckuM KoHTposiepoMm OMRON peanuzosa-
HBI B OIBITHOM 00pa3le, BHEIIHUHA BHJ KOTOPOTO
IIPUBEJIEH Ha puc. 7.

TOTHYECKHIT KOHTPOILIED
- . — { ]

OnexTpoMexaHNYECKaT TacTh
poboTta-mMaHuMynsATOpa

Cepeonpueopgl  Cepsonpmson?  Cepeompmeorm 3

Puc. 5. O60011eHHAs CXeMa MEXaTPOHHOW CHCTEMBI

Fig. 5. Generalized scheme of mechatronic system
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aﬂeKmPDHHble cucmemosl

Puc. 6. DxpaH TepMHUHaNa YIPaBIEHUS MAaHUITYIATOPOM

Fig. 6. Manipulator Control Terminal Screen

Puc. 7. OnbITHBII 00pazen poOoTa-MaHUITYISTOpa

Fig. 7. Prototype of robot-manipulator

BbIBO/JbIL

1. Paspaborano mporpammHOe oOecIeueHHE,
MOJIICPKUBAIOIIECe PabOTy IIEKTPUUSCKUX MPHUBO-
JIOB po0OTa-MaHMITYJIATOpa Ha 0a3e JABYX3BEHHOTO
MEXaHW3Ma 1O YIPABICHUEM MPOMBIIUICHHO-
ro MPOrpaMMUPYEMOr0 JIOTUYECKOTO KOHTPOJLIC-
pa OMRON.

2. Co3naHa METOJMKA MPOCKTHPOBAHUS TEXHO-
JIOTUYECKOTO Tpollecca IMO3UIMOHUPOBAHUS PO-
00Ta-MaHUITYIATOpPa, TO3BOJSIONIAs O00ECHednTh
TpeOyeMyl0 TOYHOCTh W CKOPOCTh TPAaHCHOPTHU-
POBKH 0OBEKTOB ITPOU3BOJICTBA.

3. MexaTpoHHasi cucTeMa poOOTa-MaHHITYIISI-
TOpa MOXKET OBITh TEXHOJIOTUYECKH OPUEHTHPOBa-
Ha Ha pelIeHUe JPYruX 3ajad MPOMBIIUICHHOTO
MPOU3BOJICTBA.
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