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Cekuin 1.
MOJIEJI MATEPIAJIOZHABCTBA PI3HOI'O PIBHA



YK 621.389.6
AJANITAIOIA-3JATHICTD ICHYIOUOI'O ICHYBATH

Buposoii B.M., CemenoBa C.B., Kopooko O.A., Cyxanos B.I'.
(Omecbka nepskaBHa akaaeMist OyIiBHUIITBA Ta apXiTekTypH, M. Omeca)

Abstract. The paper considers adaptation processes as internal
characteristic properties. It is proposed to establish a connection between the
manifestations of adaptation effects and the dynamics of development and
interaction of active elements.

Key words. adaptation, self-organization, active elements.

Tax icTopU9HO CKIIamocs, o BCi MaTepiaibHi 00'€KTH iMeHTHDIKYIOTHCS
1 BUBYAIOThCS IIUIIXOM OLIHKH iX BIacTHBOCTEH. B 3aragpHOMY BUMaaKy mif
BJIACTHBOCTSIMH PO3YMIETHCS TaKa CTOPOHA IPEIMETIB, siIka 00YMOBIIIOE 1X
CXOXKICTh 200 BIIMIHHICTb 3 IHIIMMH nipeameTaMu. [Ipu nboMy BIacTUBOCTI
SK Taki BUHMKAIOTh Ta HPOSBISIOTHCS NPH B3a€EMOJII NMPEAMETIB OAUH 3
oxHuM. 1e o3Hauae, 1110 BIACTHBOCTI ICHYIOTh caMi 1o co0i 1 HempuTamaHHi
o0'exktam. Came Take pO3yMIHHS BJIACTHBOCTEW 3aKjajo B CBiil uac
MiABAMHA IIIOYNX MApagurM. YKOPIHEHHS el Ta METOMIB CHCTEMHOTO
migxony 0Oa3yeThcsl Ha iHAWBIiMyamizamii 00'€KTy depe3 yHIKaJlbHICTH HOTO
CTPYKTYpHOTO O(OpMIJICHHS, IO O3Hada€ I KOXHOro 00’ekra
NIpUTaMaHHICTh HaGOpy MEBHHX BJACTHBOCTEH came LbOMY 00'ekTy. Ix
ICHYBaHHSI HE 3aJICKUTh BiJl TOTO, B3aEMOJIIOTH 1X HOCIT 3 iHITUMH 00'€KTaMu
9i Hi. BracTHBOCTI Takoro THUIy Halle)XaTh IO TaKWX, SKi BHYTPIIIHBO
NpUTaMaHHi camMe IMM o0'ekTaM. TakuM YHHOM, CYKYNHICTh BCIX
BJIACTHBOCTEH MOKHA TUXOTOMIYHO HOAUIMTH Ha JIBa KJIaCH — Ha aBTOHOMHI
BJIACTHBOCTI, SIKI HE HaJie)kaTh 00'ekTaM ((heHOMEHaJIbHI), T2 Ha BIACTHUBOCTI,
SKi BHYTDIIIHBO Hajexarh o00'ektaM (HOyMeHalpHi). SIKumo nepesik
(heHOMEHATbHHUX BJIACTHBOCTEH 1 METOJMKH X KiJIBKICHOI OLIHKU BiZIOMI, TO
iHpopMamii, IO CTOCYETbCA BIACTHBOCTEH, AKI CKIAJAl0Th BHYTPILIHIO
CYTHICTB Oyab-KUX 00'€KTiB, HEOCTaTHRO. TOMY, Ha Hally JIyMKY, HaCTaB
yac 3'ICyBaTH, 10 BHUCTYIIAE B SIKOCTI XapaKTEPHUX O3HAK 1HHMBITyaIbHUX
00'eKTiB, Ta IKUM YHHOM i 32 JIOTIOMOTOIO SIKUX MEXaHI3MiB 3a0e3MedyeThCs
X TpuBaJie iCHYBaHHSI B YMOBaxX HECIPHATINBOI /il JOBKIILIS.

[IpoBenenuil aHami3 MO3BOMMB MiHTH [0 TPUBIAIBHOTO BUCHOBKY —
He3Ba)KarouM Ha MPHUHIMIIOBY HECXOXKICTb OYIb-IKHUX 00'€KTIB MixK 00010 iM
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IIpUTaMaHHA 3arajibHa O3HaKa - CTPYKTypa. BiACyTHICTH y3araabHIOIOYOTO
BU3HAYCHHS MOHATTA CTPYKTypa HE € MEPEIIKOJ0I0 sl BHUSBICHHS
XapaKTepHHUX EJIEMEHTIB, SIKi 3/1aTHI (OpMYyBaTH BHYTPIIIHIO apXiTEKTypy
00'exTiB. BCIO CyKyIHICTh €IEMEHTIB Ha Pi3HUX PIBHAX HEOJHOPITHOCTEH
MOXKHa pO3JUIMTH Ha KOHCEPBAaTHBHI, MeETacTaOiibHI Ta aKTUBHI 3a
IIBHIKICTIO iX peakiii Ha 30BHINTHI 200 BHYTpIlTHI HOApa3HUKH. BinmosinHo
JI0 XapakTepy BIUIMBY BiJIOYBae€ThCsl INEpMaHEHTHA 3MiHa BHYTPIIIHBOT
apxXiTeKTypH, IO MPU3BOAWUTH NO PO3BUTKY I€BHOI IWHAMIKH iCHYBaHHSI
o0'exty. ToMy CTpyKTypa SIK Taka B yMOBax HENEPEpBHHUX 3MiH HE MOXE
30epiratu CBO€ JOMiHyIOYE TOJOXKEHHS. BNkl akTyambHa PO HAJICKHUTH
npolecaM CTPYKTypOyTBOpeHHs. ba3oBa BiIMiHHICTh MOHATH CTPYKTYypa Ta
CTPYKTYPOYTBOPEHHS IIOJIATAE B TOMY, III0 CTPYKTypa BitoOpaxkae MUTTEBHI
cTaH O00'€KTy, a CTPYKTYPOYTBODEHHS  XapakTepH3y€e  IHHAMIKy
HETIepEPBHOTO TPOIIECY 3MiH CTPYKTYypH. HenmoMiTHI Ta HEBIIIyTHI IpoIecH
Ta SBHIIA CTPYKTypOYTBOPEHHS CKJIQJIAal0Th OCHOBY MOBCSKYaCHOTO
iCHYBaHHS BCiX 00’€KTiB, BKIFOUAIOUH 00'€KTH OyAiBeTHHOTO pU3HAYCHHS.
Ix winicHicT, HE3BOPYIIHICTL Ta HE3MIHHICTL 6a3ylOThCA Ha HEMEPEPBHUX
JWHAMIYHHMX TIpoIecax CTPYKTypoyTBopeHHA. Came IOWHAMIiYHI Nporech
MOBCSIKYAC CIIOHYKarOTh 00'€KTH MPUCTOCOBYBATUCS /O IHIIMX CHUTYAIi.
IMIpn mpomy B 1mX mpomecax BHOIPKOBO NPHIMArOTh ydacTh AaKTHUBHI
€IEMEHTH CTPYKTYpH, A0 SKHX HajeXaTh BHYTpILIHI MOBEPXHI pO3Aiiy,
TPIIIMHYA, a TaKOX JIOKAaJNbHI Ta IHTErpaipHI 3aJHWIOIKOBiI (ITOYATKOBI,
TEXHOJIOTI4HI, reHeTHYHi) Aedopmanii. He BUKIIOYEHI cHTyalil, Py SKUX
3MIHIOIOTBCSl TTApaMETPH ENIEMEHTIB, iX B3aeMoTpaHcdopMmariiss Ha QoHi
3MIHM PO3MNOAITY 3aJUIIKOBHX Jedopmaiiii, 0I0 BHKIMKAE 3MiHY
B3a€EMOBIJIHOCHH  Ta  B3a€MOBIUIUBY €JICMEHTIB. BinOyBaetbcs
IIPUCTOCYBAaHHS TPaHC(HOPMOBAHUX EJIEMEHTIB OJMH 10 OJIHOTO, O CBOTO
OTOYEHHS Ta 10 3MiHH JIe(OPMOBAHOTO CTaHy — PEANi3yIOThCS CBOEPIIHI
npouecu ajanranii. TakuM YMHOM, 3MiHA NApaMeTPIB OJHHUX EJIEMEHTIB
MIPOBOKYE MEBHY PEAKIIiI0 1HIINX, 110 3a0e3leuye HEeBraMOBHICH MPOIIECIB
CTPYKTYPOYTBOPEHHS — CBOEPIAHUX SBHII JANTAII] SK 3ATHOCTI CHCTEMH
PO3BHUBATHUCS 3a MPUHIIMIIOM “BiJf TOCATHYTOr0” TaKMM YMHOM, II00 uyepes
ajanraliiHe epeyTBOPEHHS 3aINIIATHCh CaMOI0 CO00¥0.

MoskHa CTBEpKYBATH, 1110 XapaKTEPHOI O3HAKO0, L0 1HAWBIAYyali3ye
00'eKTH, € HASIBHUH 1HIUBITyJIbHUI HAOIp eIeMEHTIB CTPYKTYPH, B3aEMOIis
MiX SKHMH 3a0e3redye MOCTiiHICTh MPOLECIB CTPYKTYPOYTBOPEHHS, AKi, B
CBOIO 4Yepry, JO3BOJISATH peaji3yBaTHUCS  BHYTPIIIHIM BJIACTUBOCTAM —
ajanTamii K IepMaHEHTHOTO MPHUCTOCYBAHHA J0 BHYTPIIIHIX 3MiH Ta A0
30BHINIHIX YMOB. B 3aranbHOMY BHUIAIKy IIiJl TSPMIHOM ajamnTaris (J1at.
adapto — TIPUCTOCOBYI0) PO3YMIIOTh OpraH, BIACTHBICTh 4M (YHKIIIO, a
TAKOX TPOIEC MPHUCTOCYBaHHS [0 MIHJIMBHX YMOB 30BHIIIHBOTO
cepeoBHILA.
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bararoBapiaHTHICTP BH3HAYeHb OJHOTO TMOHSTTS O3Ha4ae HOro
iHpOpMaIiiHy HaCHYEHICTh Ta HETOTOBHICTH 10 y3arajbHeHHs. Buxoasun 3
HEOOME)KEHOTO 3MIiCTOBOT'O HABAHTA)KEHHS a/IallTAIlF0 MOXKHA PO3TJSIIATH Y
BUTJISIII TOCTIMHO IMPUCYTHHOI HEMaTepiaibHOI CKIIaJ0BOI MaTepialbHUX
o0'extiB. CaMe BOHAa BU3HAa4ya€ BHYTPIIIHIO CYTHICTH 00'€KTIB 1 OJTHOYAaCHO
BHCTYTIA€ B SIKOCTI BHYTPIIIHIX BIACTUBOCTEH, IIpoIecax, Mo MPOTiKalOTh Ha
PI3HUX PIBHAX HEOTHOPITHOCTEH B Pi3HUX TEMIOPHTMAX, a TAKOX B SKOCTI
METH CTPYKTYpHHX TpaHchopmariii. Sk Bxke BiAMI9amoch, CTPYKTYpHI
TpaHchopMariii peaizyroThes MIIIXOM HEBYACHOCTI AKTHBHUX EIEMEHTIB,
SKi € 3HaHUMH MaWCTpaMH CTBOPIOBATH CHTyamii HECTaOiTbHOCTI i
MTOTANTBIIIOTO PO3BHUTKY. JIMHAMiKa aKTHBHHX €JIEMEHTIB HAIIOBHIOE YEpPTOBi
MOJiT HOBUM CEHCOM Ta 3MiCTOM.

AXTHBHI €JIEMEHTH € MPOJYKTOM GaraToocepeiKoBOro
CTPYKTYpPOYTBOPEHHSI, TiJ SIKHM pPO3YMIETBCS CaMOBUIBHHMH IpoOLEC
(opMyBaHHs CTPYKTYPOYTBOPIOIOYHMX LEHTPIB, L0 MPHU3BOAUTH JI0 TOSBH
NPUHIUIIOBO HOBUX €JIEMEHTIB-HECYIIJIBHOCTEH y BHIJISNI TOBEPXOHb
po3ainy. HoBi eneMeHTH BiAPI3HSIIOTHCS BiJ] PEIITH, ajJi¢ CTBOPIOIOTH 3 HUMHU
MEePEeIYyMOBH TMOJANBIIOTO PO3BUTKY 1 TIPOSBY €(QEKTiB BHYTPIOIHBOI
amanTamii. BHyTpimHI TOBEepXHI pO3OUTy TpaHCPOPMYIOThCS B  iHIII
HECYITBHOCTI — IIOPH, KAIMJISIPH, TPIIIUHHA, SKi BU3HAYAIOTh BECh KOMILICKC
(i3UKO-MeXaHIYHUX BJIACTUBOCTEH Marepially 1 BHpOOIB i3 HHX, IO
ABTOMATHYHO BKJIOYa€ B poOOTy TMpOIEecH ajanTamii Mph 3MiHI yYMOB
eKCILTyaTarlii.

[ponecn aganrarii HeMOXJIHBI 0€3 y4acTi akTHBHHX elIeMeHTiB. [Iposs
aJanTUBHUX BIACTHBOCTEH CJiJ pO3MNIANATH SIK CBOEPINHY peakiiio
AKTHBHUX €JIEMEHTIB Ha JIif0 30BHIIIHIX Ta BHYTPIIIHIX (akTopiB. AanTaris
MIOBCSIKYAC CYTNIPOBOIKYE €BOJIIOLI THO-PEBOJTIOIIIHHHIA npotiec,
CHpSIMOBaHMI Ha JIOCATHEHHs JAMHAMIYHOI pIBHOBAark, MIO JIO3BOJISIE
30epiratu 00'ekT-crcTeMy B (DYHKIIOHaIbHOMY cTaHi. He3BOpOTHiCTH
nposiBy epekTiB ajmanrtaiii depe3 CaMOpPO3BUTOK AaKTUBHHUX EJIEMEHTIB
MOPYIIy€e CHUMETPII0 PO3BUTKY CHCTEMH, IO INPHU3BOAWUTH A0 PO3PUBY
JIAHIIOKKA ~ "TIOYATKOBHHM  CKIIAA-BIIACTUBOCTI". 3 KOXHHM  €TaroMm
CTPYKTYPOYTBOPEHHS CTPYKTYPHI 3MiHH HOBTOPIOIOYHCH HE TIOBTOPIOIOTHCS,
MIPOBOKYIOYH 3POCTaHHS PI3HOMAHITHOCTI CTPYKTYPH i PO3LIMPIOIOYH THM
caMHMM MOJJIMBOCTI ajanTarii. B3aeMo3B'SI30k aKTHBHHX €JIEMEHTIB 3
posiBOM e(PeKTiB afanTailii 1a€ MOXKJIMBICTh PO3TIISIIATH afanTailiio i K
MPOLIEC, 1 SIK Pe3yJIbTAT MPOLECy.

[IpoBenenuii anamiz moKa3aB, WO [JIs 3a0e3MeueHHs TPHUBAJIOTO
iCHyBaHHS iICHYIOUMX 00'€KTIB-CHCTEM B IX CTPYKTYpi ITOBHHHI CITiBICHYBaTH
aKTMBHI ~ €JeMEHTH, JWHaMika SKHX 3JaTHa [POBOKYBATH IpPOSB
aJanTamifHuX MOIJINBOCTEH.



YK 502.477:621.039.75

EKOJIOTO-®EHOMEHOJIOTTYHI TA MATEMATHYHI
MIIXOU IO KOHAUIIIOBAHHIO YIIAPEHUX
PAJIIOAKTUBHUX BIAXO/IB

Tysiii C.I'., Mpucssxua O.B., *Tysiii 0.1

(@104 [HCTHTYT reoximii HaBkoMIIHBOTO cepenoBuima HAHY,
’IHCTUTYT HaATBepauX MaTtepiaiis im. B.M. Bakyns HAHY,
SHauionansHuit yHiBepcUTET Oy IiBHMIITBA Ta apXiTeKTypH, M. Kuis)

Abstract. The environmental and phenomenological approaches and
mathematical modelling allowed us to determine the effective methods of
conditioning of evaporated radioactive waste in aluminosilicate matrices
when they they filled with compounds of refractory materials. Because of the
study, the region of the component composition of the compounds
corresponding to the maximum values of the initial parameters p and Rcm —
max was determined. The region we bounded along the x1 axis by the WNi
content from 2.8 to 6.8%, along the x2 axis by the MoS2 content from 6.25
to 12.75%, and along the x3 axis by the BAC content from 1.8 to 2.8%. The
compounds in this area are characterized by an average density of 1.98 to
2.02 g/cm?, a compressive strength of 35 to 40 MPa, a weakening factor of
78 to 78.5% and a linear weakening factor of 0.46 to 0.47 cm™. The density
and linear attenuation coefficient we most significantly affected by the WNi
content, the gamma attenuation by the MoS» content, and the strength of the
composites by the B4C content.

Keywords: aluminosilicate matrix, conditioning, environmental safety,
compounds, gamma attenuation, mathematical planning, radioactive waste
refractory additives.

OuurnieHHs pPaTiOaKTUBHUX BOJ HHU3BKOI Ta CEpPEIHBOI AaKTHBHOCTI,
YTHITI3aIMisI TPOAYKTIB COpOIIii 3 MoJanbIuM 30€epiraHHsIM Ta 30epeKeHHIM
€ aKTyaJbHOIO EKOJIOTIYHOIO 3ajadero. BupimeHHS miel 3amadi mpuHece
KOPHUCTh JIOBKULIIO Ta 30epexe 370pOB’s JIIOACH 1 3a0e3MeYnTh YHCTOTY
€KOCHCTEM.

@DEeHOMEHOOTIYHICTh MiAXOJIB TOJNATaE B YCBIIOMJIEHHI OCHOBHHX
po0JieM, KOTpi BUHUKAIOTh MPHU MOBOKEHH] 3 PaliOAKTUBHUMHU BiIX0JAaMHU
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(puc. 1). 3rimHo nanux MAI'ATE ciig BaromMo 3BepHyTH yBary Ha BHOIp
JIOBIOBIYHOT MATpUIll Ui KOHAWIioBaHHA PB, cmocoOy ymapeHHs Ta
po3MimieHHss iMMOOiTi3oBaHMX PB B KoHTeiHepi, a Takox BUOOpY
JOIOMDKHHX 3aXOJiB, MONEPEKYI0UNX HeperpiB BHYTPILIHBOTO NPOCTOPY
KOHTEWHEPIB BiJ] paioizy.

Rimomam Ta mirepiam

ol [=EaiR ST ] |-l
PR O SR
R SRR T —
1 Biazoon ta ; i Muancypmin
Pomueplamn :] T OO
J Teimeuend 5ia T RRKUPHCTHA A
H T - : PETLIRIG s

Krapmmmisnamma
OEpCBL] B FRpIy SOy

o HETR B AT P .
P N N ST ORI
| NSV Tod YObsooEs |

I SOCpITAHAE, AOMOREERA I

Puc. 1. OcHOBHI cTafii MOBOKEHHS
3 pagioakTuBHMMU Binxonamu (MAT'ATE)

Jo MaTeMaTHIHUX METOMIB CIiJ BITHECTH sIIEpPHO-(PI3MUHI pO3paxyHKH
YMOB BHHHMKHEHHS Pazioli3y 3 MOJCTIOBaHHSIM LHX INPOLECIB B yMOBax
peampHOTO 4acy. OKpiM IBOTO, CIiJ 3BEPHYTH yBary Ha ONTHMI3aIlio
CKJIaJiB CaMO1 MaTPHIIi, Ta MATPHIIi 3 TOOABKaMH, 110 3aM00IralTh K raMMa
MOCNA0JICHHIO Ta 1 TePMOI30JIsiLii BHYTPILIHIX MOBEPXOHb KOHTEHHEPIB,

MeTor AOCHIpKEHb, 10 OyayTh MPEACTaBICHI B MaHiii poboTi, €
BU3HAYCHHS BIUIMBY JOOABOK TYTOIJIABKHX MaTepialliB Ha (hi3UKO-MeXaHI4Hi
Ta TaMMa [OCHalbJIoYl  BIACTUBOCTI  KOMIIayHIIB Ha  OCHOBI
QITFOMOCHJIIKATHOT MAaTPHUIll MOPACHITOBOTO CKJIATY.

B sxocti 00°€KTy HOCHiIKEeHb 00paHO ANFOMOCHITIKATHY MATPHUIIO BUILY
N&O-Al>03-85102-15H,0 [1]. BmactuBocti 3paskiB MaTpuili HACTYIHi:
p=1,86 r/cm3; Rem10%C= 28 69 MIla; av= 1,2%; cy= 29,8%; mu= 0,054 cm™.
V SIKOCTI TYrOIUIAaBKMX METATIYHUX | HeMeTalliuHuX MaTepiaiis [2-5] o6paHo
criaB Boabdpamy 3 Hikenem (BH-5), MoSi,, B4C i BaSOs. Bubip no6asok
0azyBaBcsi Ha 3acTOCYBaHHI MarepiajiB 3 OUIBIIOIO aTOMHOIO Macoro i
ryctuHoto. CyTTeBe 3HA4YeHHS MaJM iX TEIJIONPOBIAHICTb, KITP 1
TEMIIEpaTypOCTiiKicTh. BiacTHBOCTI TyroraBkux MatepiajiiB HACTYIIHI:
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WNi — p=18 r/em®, oy= 6...14-106 K'1; 1=5:(14-19) Br/m-K; T,,=3000°C.
MoSi; - p=5,5r/cm®; at=4%; T, =2030°C. B4C - p=2,52 r/cm?; 0=4,5-10° K-
L 2=62,8 Br/m-K; Ty, =2360°C. BaSOs - p=4,5 r/cm; T, =1500°C. WNi mae
CWJIBbHY 3IaTHICTh 10 €KpaHyBaHHS raMMma BHIpOMiHIOBaHHS; MOSi:
XapaKTepu3yeThcsi BHCOKOIO TeMmeparypocTiikicTio; BsC Mae BHCOKY
3MIaTHICTH JI0 MOTJIMHAHHS TEIIOBUX HeWTpoHiB. BaSO,4 xapakrepusyeTbes
3MATHICTIO JI0 po3citoBaHHs rama npomeHiB. Cynbgar OGapilo BBOIWIM B
CKJIaJl JIOMOCHIIIKATy B KiIbKOCTI 5%. BuCOKI TemmepaTypu miiaBieHHS
TYTOIUIaBKUX J00aBOK 3HAYHO MEPEBHIIYIOTH TEMIIEpaTypy pajionizy, ska
cranoBuTh 900-1200°C, a iX BUKOPHUCTAHHS € OTHUM 13 HOBHUX HAINpsIMKIB 110
raMMa IOoCIa0JICHHIO B pajiallifHOMy MaTepiaJo3HaBCTBI.

OnTHuMisanito  BHKOHYBaJM 3  BHKOPHUCTaHHSAM  TPHU(AKTOPHOro
CHMIUICKCHOTO LEHTPAJIGHOTO IUIAHY EKCIICPHMEHTY B MaTeMaTHYHOMY
cepenosui STATISTICA 12 3 peaizami€ero creniaabHOT KyOidHOT MOz,
10 BpPaxoBY€ HE JIHIHHICTh BIUIMBY (PAKTOpPiB HA BIACTUBOCTI BUXIiTHHX
mapameTpis.

dakropu Bapiauii Ta MaTpHLS LIS IUIAHYBaHHS €KCIIEPUMEHTY HaBeJeHI
B TaOu. 1 1Tabn.2.

Tabmunsg 1. InTepBanu BapitoBaHHS 1 3HaUEHHS 3MIHHUX (haKTOPiB

®daxropy, N N PIBHI InTepBan
R Harypanbuuii | KonoBanuit B(é)lpHOBaHHf BapitoBasHs
WNi % X1 2,5 7,5 5
MoSi, % X2 5 15 10
B4C % X3 1,5 35 2
Tabnums 2. MaTpulis IIaHyBaHHS €KCIICPUMEHTY
Touku | [1nan marpuii B kogax | MaTpuyHHH 1J1aH y TOBHOMY PO3Mipi
mmany | X1 X2 X3 WNi, % MoSi,, % B4C, %
1 0,00 | 1,00 | 0,00 2,5 15 1,5
2 0,33 | 0,33 | 0,33 4,17 8,33 2,17
3 1,00 | 0,00 | 0,00 7,5 5 15
4 0,50 | 0,50 | 0,00 5 10 1,5
5 0,00 | 0,00 | 1,00 2,5 5 3,5
6 0,50 | 0,00 | 0,50 5 5 2,5
7 0,00 | 0,00 | 0,50 2,5 10 2,5

VY sKOCTi OCHOBHMX BHXIJHHX IapameTpiB oOpaHi I'yCTHHA Ta MIIHICTh
Ha CTHUCK, IIO 3aJI0BOJILHAIOTh BUXIJIHUM KpHTepism: p—max, Rem—>4,9
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MIla [6]. 3pa3ku kommayHaiB po3mipamu 3x3x3 cM BUMpoOyBamu 3rifHO
nirounx HT/I [7]. Peanizawis miaHy eKCiepUMEHTY HaBeJeHa B Ta0. 3.

Ta6muug 3. Pi3uko-MexaHiyHi Ta MOTIIMHAIBLHO-ITOCIA0II0I0Y1
BJIACTUBOCTI KOMITAYH/IIB

Touku miany p, rlem® Rcm, MIa Cy, % , emt
1 1,92 26,76 78,9 0,44
2 2,02 30,21 77,6 0,47
3 2,01 28,44 77,9 0,46
4 1,96 26,32 78,8 0,45
5 1,93 28,3 76,6 0,45
6 1,95 31,71 76 0,46
7 1,88 40,0 77,6 0,45

BucHoBku. B pesynprari  AOCHDKEHHS ~ BH3HA4YeHO  00NacTh
KOMITIOHEHTHOTO CKJIaJy KOMIAyH[iB, 10 BIJMOBia€ MaKCUMAaIbHUM
3HAYCHHSAM BHXiTHUX mapameTpiB p i Rem — max. O6macts oOMexxeHa 1o
oci X1 smictom WNi Big 2,8 10 6,8%, 1o oci X2 Bmicrom MoSi2 Big 6,25 1o
12,75%, mo oci X3 Bmictom B4C Bix 1,8 mo 2,8%. Komnayunu B naniit
00acTi XapakTepu3ylOThCS 3HAUYEHHSMH CepeiHboi rycTuHH Bix 1,98 no
2,02 r/cm®, minHocTi mpu ctucky Bim 35 mo 40 MIla, koedinieHToM
nocnabnenHs Big 78 no 78,5% 1 miHiHMM KoedilieHTOM TociabieHHs Bil
0,46 no 0,47 cml. Ha nokasHMKH TycTHMHM Ta JiHiliHuil koedimieHTt
ocnabieHHs Haioinem Baromo BrumBae BMicT WNI, Ha IMOKa3HUKW ramma
ocnabnenns BMicT M0OSi i Ha MinHicTh KOMOayHIiB - BMicT B4C.

Po6ora BukoHaHa B pamkax npoekty: The EURAD-2 project has been co-
funded by the European Union under Grant Agreement No 101166718.
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YK 691.32:620.18:519.24

CTPYKTYPOYTBOPIOIOYA POJIb ®IEPU B OPT AHIZAIII
MIKPOCTPYKTYPU JEKOPATUBHUX KOMIIO3UTIB

Hosrans O./1., Buposoii B.M., losraus I1.M.
(Omecbka neprkaBHa akajaeMist OyIiBHUITBA Ta apXiTeKTypH, M. Oneca)

Abstract. The article proposes to use multi-level reinforcement of the structure
of cement composites to improve and preserve the functional properties of decorative
products. Strengthening the structure of the composite at all levels of its
heterogeneities will provide the necessary resistance to various loads.

Keywords: decorative composite, structure, fiber, dispersed system,
cluster, experimental -statistical model

Beryn. OnHnM i3 BaKJIMBUX 3aBJaHb IIPU CTBOPEHHI BUCOKOS(EKTUBHUX
JCKOPAaTHBHUX KOMIIO3HTIB € JeTaJbHE BHUBUYCHHSA IX CTPYKTYpH.
3aranbHOBH3HAHO, IO B JOCSTHEHHI OINTHMAJIBHOI CTPYKTypH O€TOHY
ICTOTHY pOJIb BifirparoTh KiacTepHi (abo arperoBaHi, OJOKOBi) CTPYKTypH
LIEMEHTHOr0 KaMmeHIo. lle o0yMOBIE€HO THM, IO arperoBaHi CTPYKTypH
JUCTIEPCHOT MaTPHIIi, Yepe3 0araTOMaHITHICTh CKIIQAy i OyI0BH, BOJIOIIIOThH
PI3HUMHU PIBHSIMH BJIACTHBOCTEH 1 CHJI a/Ire3iiHHO-KOTre31HHUX B3a€EMO3B’SI3KiB
Ta ()OPMYIOTh Pi3HI BEIMYHMHH IPAIi€HTIB HANIPY>KeHb B 00’ €Mi Oy/1iBeJIBHOTO
kommo3uty. O6’emHi aedopmartii, o chopMyBaIuCs Mifl BIUIMBOM (i3UKO-
XIMIYHUX TpOILECiB Tifgparamii IEMEeHTy Ta — BHHHUKAIOTh IiJ i€l
KJIIMaTHYHAX  HABaHTaQXEHb, € TOJIOBHOK MPUYMHOI  YTBOPEHHS
HEeCYIUTbHOCTEH (TI0p, KammijsgpiB, TPIOIMH TOIIO) B CTPYKTYpi MaTepiary
BupoG6iB [1]. BogHouac 3amexHO Biji HampyKeHO-Ie(GOPMOBAHOTO CTaHy
CTPYKTYPH KOMIIO3UTY NTapaMeTpH HECYLIIBHOCTEN TMHAMIYHO 3MiHIOIOTHCS
B gaci. Tox AJIs MOIIMIIEHHS CTIHKOCTI MIKKIIACTEPHUX MTOBEPXOHD PO3ILITY
JI0 Aii Hanpy>keHb 1 pO3BUTKY AedopMalliif, 10 CKIaay CTPYKTYpHHUX OJIOKIB
KOMITO3UTY (axiBISIMA PEKOMEHIIy€ThCsl BBOJUTH (PiOpy pi3HOI mpHpoaH i
reometpii. JIiHiiHI 9acTKH, K CaMOCTiiiHi Ta piBHOIIPaBHI €JIeMEHTH, 34aTHI
MPUAMATH y4acTh B IPOLECAX CTPYKTYPOYTBOPEHHS MaTepiaiy [2-3]. Onqnak
e(eKTHBHICTh OyAb-IKHX IHUCKPETHUX BOJIOKOH IEPIIOYEPIOBO 3aJIEKUTH
Bil CTymeHsA IX pO3MOAUIEHHS (AWMCHEepryBaHHSI) B 00’eMi Marepiamy.
Henocratne nucnepryBanHa  (iOpu  MpHU3BOAWTE 1O  BHHUKHEHHS
CTPYKTYpHUX JedekTiB y Buai «(piOpoBUX IpynKyBaHb» Ta HE 3abe3neuye
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CHPUSTIMBE PO3MOAUIEHHS HecylinbHocTeil. [IpoBenenuit ornsin mxepen
TIOKa3asB, 1[0 PO3IOJILI BOJIOKOH B KOMIIO3UTI MOYKHA MOKPAIIUTHU 32 paxyHOK
3MEHIIICHH iX IOBXKWHH, BAKOPUCTaHHS OpraHO-MiHEpaJlbHUX JOOABOK TOLLIO.

MeTtoauka Ta MaTtepiajm JochdimkeHb. J[11 BceOIYHOrO BUBYECHHS
BIUIMBY (iOpH Ha MpolLiec opraHizauii CTpyKTypH I€KOPAaTHBHIX KOMITO3HTIB
eKCIIepPUMEHTANBHI OCIIKSHHS TPOBOIMIINCS B IEKiIbKA €TAIliB, HA PI3HUX
Gi3MIHAUX MOJIENAX Pi3HUX AUCIIEPCHUX cucTeM [2-3].

Ha nepuwiomy emani nist BIITBOPEHHS IPOIIECY OpPraHizallil CTPYKTYpPHIX
arperaTiB Ha MIKpOPiBHI KOMIIO3UTY BUKOPHCTOBYBAJIHCA MOJEINi (i3HIHOT
B3a€MOJIii YaCTOK AWMCIEPCHOi (a3u Ha MOBEPXHI MOAETI IUCIEPCIHHOTO
cepenosumma. B mocmimkeHHi OyII0 MPUIAHATO OeCATh Pi3HUX BHIIB (Pi3MIHIX
MoOJIeNieii: MOJIeNi TUCTICPCHHUX 3epeH ab0 YacTOK Pi3HOI MPUPOAU, MOJCII
JMCIEPCHUX 1 MiHIHHMX yacTok. [{jist KITbKICHOTO aHallizy, uepes3 npoiaeHunit
LULIX KOXHOI YacTKH, OOYMCIIOBAJach CEPEAHs INBUJAKICTH yTBOPEHHS
KJ1acTepis (V, MM/XB).

Ha opyeomy emani nnst OLIHKM CTyNEHS TUCIEPCHOCTI AMCKPETHUX
BOJIOKOH Ta aHaJli3y KIHETHKH YTBOPEHHS KJIACTEPHUX IMIACTPYKTYP
MIKpPOCTPYKTYPH apMOBaHHX KOMIIO3UTIB 3aCTOCOBYBAJMCS (Di3n4HI MoJe
TIMHAHUX 1 TONIMEpHHUX B SKydnX. JlOCHI/DKEHHS MOJENBHUX CHCTEM
MPOBOAMIIMCH Ha 3pa3kax-auckax poamipom 100x10mm (Dxh).

J171st BUBYEHHSI IIPOIIECY CTPYKTYPOYTBOPSHHS BUTOTOBIISUIMCH CIM Pi3HUX
32 CKJIAJOM IJIMHSHO-BOJHHMX KOMIIO3MIIHM cepen SKHX: OJUH CKIal —
HEapMOBaHWH; IIICTh — apMoBaHi piOporo oxHiel qopxkuam 3, 6 1 12 MM Ta B
pizHiit koMmOiHamii 1BoX (i0Op. DiKCOBaHMMHU CKJIaJOBUMHU B €KCIICPUMEHTI
OyJIi BOJO-TJIMHSIHE CIIBBIHOIIEHHS, JUCKPETHA apMaTypa BBOAMINCH Bif
MacH IJIMHSHOI cyMii B 3aranbHii KibkocTi 0.06 %. ITix yac nocnimkens
00’eMHa Maca, BITHOCHA ycaika, Koe(iI[iEHT MOIIKOPKEHOCTI Ta KOe(iIlieHT
YYTJIIMBOCTI 10 BUCUXAHHS CHCTEM BH3HAYAJIUCH Y BIIll 3pa3kiB 7 IHIB.

J1ist HAOYHOTO MIATBEP/XKEHHS Y4acTi JUCKPETHUX BOJIOKOH B MPOLIEcax
CTPYKTYPOYTBOPEHHsSI BHMTOTOBISUIMCH PI3HI 332 CKJIAJAOM  EHNOKCHIHI
KOMIO3uIlii: 6a30Ba 6e3 ¢Gidpu Ta riopuaHO-apMoBaHa (HiOPOK JOBKHHOIO 3
1 12 MM, B kistbkocTi 0.06 % Biz 3arajbHOI MACH KOMITO3HIIIT.

Ha mpemvomy emani nans TOYHOTO ONHCY MIKPOCTPYKTYPH
JICKOPATHBHOTO KOMIIO3UTY Ta PO3MIIAAY B3a€MO3B’S3KIB MK BHXIJTHUMHU
Horo mapaMeTpaMu 3aCTOCOBAHO METOJI EKCIIEPUMEHTAIIbHO-CTATUCTUIHOTO
MozemoBanHs [4]. Anani3 iHdopmarlii, HakonuueHoi mix 4Yac peaizarii
eKCIIEPUMEHTIB Ha JIBOX MOMNEPEHIX eTarax, J03BOJIMB BU3HAYUTH CIHCOK
OCHOBHHX [IiF0YNX (aKTOPiB CKJIaly MaTPHUIl Ta MEXIi iX BapirOBaHHS.

EkcniepumenT mpoBeneHo 1o 25-Mu TOYKOBOMY 4-0X (hakTOpHOMY
IUIaHy. 3BaKarO4uM Ha PI3HUI XapaKkTep BIUIMBY PELENTYPHUX CKIIAJ0BHX Ha
CTPYKTYPOYTBOPEHHSI IIEMEHTHOTO KaMEHIO (pakTOpu 00’ €HAHO B JIBI TPYIIHU:
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«Moougixamopu yemenmuoi cucmemu» 1 «llapamempu Ouckpemuoco
apmyeanns». B meplry rpymy BXOIWIM J03YBaHHS TOHKO IHMCIEPCHOTO
ueonity (Z) i cynepractudikyrouoi qo6asku (MF) Ha piBasix: Z— 0, 4, 8
% (BBOIMBCS B3aMiH yacTuHU neMenty) ta MF — 0.15, 0.3,0.45 % (Bix macu
1eMeHTy). B apyry — cKJIssHUX BOJIOKOH JOBKUHOIO 3 1 12 MM (F3i F12) Ha
pisasix F3 = F12 — 0, 0.015, 0.03% (BBOAMIKCE BiJi MacH KOMIIO3HIIIi).
CkJ1aau IIEMEHTHOTO TicTa BUTOTOBILSUIUCH 3 PI3HMM BOAO-LIEMEHTHUM
cniBBimHomenussim  (B/I]), mnpu sxomy 3abe3nedyyBanach OJHAKOBA
KOHCHUCTEHIIiSl KOMITO3MLIN 3a PO3IUIMBAHHAM KoHyca. Jis nocmimkeHHs
cepenHboi T'YCTHHH, BOAONOIJIMHAHHS, KOE(DIIIEHTY IONIKOIKEHOCTI
LIEMEHTHOT'O KaMEHIO 32 IIJIAHOM EKCIICPUMEHTY BHTOTOBILUINCH 3pa3KH-
qucku pozmipom 100x10mm (& x h). 3pasku BunpoboByBaiuce y Birli 28 mio.
Pe3yabraTu nociixkennb. EkcriepuMenTtansHi cnioctepexenns (1-12 eman
docniodicenn) 3a TIepediroM MIKIACTKOBUX B3a€EMOJIiN MPOJIEMOHCTPYBAIH,
II0 B NMEPBHHHO HEYNOPSIKOBAHUX NHUCHEPCHUX CHUCTEMaX, 3aJICKHO Bil
MIPUPOIH Ta TEOMETPil YaCTOK AMCIEPCHOI (a3u i BiACTaHI MK HHMHU 3a
OHAKOBMH BIATHHOK Yacy, YTBOPIOETHCS Pi3HA KIIbKICTh CTPYKTYPHHX
arperatiB, BiAMIHHMX 32 KUIBKICTIO 4acToK 1 po3mipamu. [Ipuuomy
JMCHEpCHI W JIHIAHI 4YacTKM Ha TOBEPXHI AMCIEPCIHHOTrO ceperoBHUINa
PYXaloThCs 13 Pi3HOIO HIBUAKICTIO 1 MO PI3HUM TPAEKTOPIsIM, CKIAJIHUX 32
BUJIOM, 3MIHIOIOUYM CBOE TIOJIOKEHHS Ta BEJIMYMHY KyTa II0YaTKOBOI'O
MIPOCTOPOBOTO OPIEHTYBaHHs. 3aJ€KHO BiJ[ CIIBBIIHOIICHHS JIHIHHUX
YacTOK 1 JIMCIIEPCHUX 3€PEH YTBOPIOIOTHCS KIIACTEPHI MiJCTPYKTYpH pi3HOT
MPUPOIH, SAKi BIAPI3HAIOTHCS TepiogamMu cBoro ¢opmyBaHHsS. Ha Hamry
OYMKYy, caMe Pi3HOMAaHIiTHICTh TaKWX MiACTPYKTYp Ha MIKpOpiBHI OCTOHY
TIOBMHHA JI03BOJINTH HOJMIIIINTH CTPYKTYPHI ITapaMeTpH B sKydill cucTemi.
Jnst miaTBep/KEHHS 3aKIIOYEHHS, BUKOHAHO AaHaNi3 pe3yJbTaTiB
JIOCITI/DKeHD MIMHSAHUX 1 MOTIMEPHUX KOMITO3UIIH (2-i eman 0ocniocennst).
OtpuMaHni pe3yJibTaTH Ha MOJEJSIX TJIMHHM JO03BOJIMIM MEPEKOHATHCH, IO
JIUCKPETHI MOHOBOJIOKHa 3/IaTHI aKTUBHO OpaTH ydacTh B oOprasizamii
CTPYKTYPHHX arperatiB. AHasi3 BIACTHBOCTEH PI3HUX CKJIAMIB TIUHIHOT
KOMIIO3HUILT JOBIB, 110 PI3HOMAHITHICTh KJIACTEPHUX MIJACTPYKTYP Hajae
MOXIIMBICTh TIOJIMIIUTH CTPYKTYPHI MNapamMeTpu B’SDKYYid CHCTEMI.
Bukopucrannst ¢iOpu ontumaibHOI reoMerpii B TIIMHSHUX KOMIO3HUINISIX
3a0e3nedye OTPUMAaHHS CTPYKTYp 3i 3HAUHO MEHIIOIO KUIBKICTIO 1e(eKTiB
(miaTBepmKy€eThCs KOE(DIIEHTOM TOIIKO/KCHOCTI, BEIHYHHOI YCAIKH
TOWO). 3 OIJISIY Ha OTPHMaHi pe3yJbTaTH MOXKHA BBaXKaTH, IO XapakTep
posmominy nmedopmamii B CTpyKTypi Matepiamy € pisHuM. g
MIATBEPXKCHHS CIOPOMOXHOCTI JIHIMHMX YacTOK JO CHPUHHATTA 1
nepepo3nonuty aedopmanii, Ha mpukiIal (I3UYHUX MOJENeH moyiMepy
PO3TISIHYTO PO3IOALNT 3aJTHITKOBIX TEXHOJIOTIYHNX HANIPYKeHb. BizyansHuid
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aHali3 KapTHH CMYT MOZEJNeH NPOJEeMOHCTPYBaB, 1[0 HEAPMOBAHUH CKIal
MOPIBHSHO 3 apMOBaHUM XapaKTEpU3YEThCS JEII0 OUIBIINM TPaJi€HTOM
HEpIBHOMIPHOCTI IOJIIB Hanpy>keHb B 00’eMi koMmno3uty. HasBHicTs (iopu
OJIHO3HAYHO 3MIHIOE XapakTep pOo3MOAUTY 00’eMHHX aedopMariiid, o
BUHHMKAIOTh TP TBEPIIHHI 3B’S3yl0YOro. 3Bakaloud Ha OTPUMaHi
pe3yIBTaTH JUCIIEPCHUX CUCTEM, OYyJI0 pO3IIOYaTO HOBI JOCHTIHKEHHS, a caMe
[IEMEHTHOI MaTPHIIi IEKOPATHBHOTO GETOHY (3-i eman docuiodicenns).
OOpoOKka eKcIIepruMEHTATBHUX [MaHUX II0Ka3zana, Imo BeiamduHa B/I]
MTOMITHO TIO3HAYA€THCS HA (PI3MYHMX MapaMeTpax IEMEHTHHX CHCTEM: YUM
Bumie movatkoBe B/Il, TmM Oinplma KamijisipHa MOPUCTICTH 1 TUM MEHII
OITBFHOI0 € 00JacTh MEXi pO3AUTy MK CTPYKTypHHUMH arperatamu. 3i
3poctansM B/1] 30iblIy€eThes KUTbKICTh HECYIIUIBHOCTEH Y BUAL BIIKPUTUX
Op, KamnuIsgpiB TOMIO B 00’ €Mi KaMEHIO Ta BIANOBIIHO MiABHIILYEThCSA HOTO
BOJIOTIOTTIMHAHHSA. B po0OTI po3risiHyTa CHiB3aJIe)KHICTh MK CTPYKTYPHUMHU
napamerpamMi. MK BIaCTHBOCTSMH DPI3HUX B’SDKyYHMX CHUCTEM BUSBIICHO
CYTTEBUIl KOpesLiiHMKA 3B’A30K. 3a pe3ysibTaTaMH OTPUMaHHMHU MpPU
nocnikenHi BopomornuHaHHA W 1 koediuieHty momkomkenocti Kp
moOyIoBaHI  CTPYKTYpPOBaHI  eKCIIEPUMEHTAIbHO-CTATHCTHYHI ~ MOJEINI
«moBHOro» 1ons [4-5]. 3 MeTor aHami3y BIUIMBY OKPEMO KOXHOI Tpynu
¢akTopiB Ha (hOpMyBaHHS CTPYKTYPHHX IapaMeTpiB IEMEHTHUX CHCTEM
MPOBEACHO pSAN OOYNCIIOBANEHUX CKCHEepUMEHTiB. s X peamizamii 3
6azoBux EC-monmene#t kputepiiB oTpuMyBaIUCh 2-X (PaKTOPHI MOJENI, SKi
JI03BOJIJIM OLIHUTH BIUIMB KOXHOI Tpynu QakropiB. Pesynpraru anamizy
MoJIesield MiATBEPAXKYIOTh, 110 TUCKPETHI BOJIOKHA € aKTHBHUMH yYaCHUKAMU
(i3UKO-MEXaHIYHUX MPOLECIB CTPYKTYpOYTBOPEHHS KaMeHI0. [IpucyTHICTD
¢ibpu B CKIaml KOMITO3UTIB 3MIiHIOE OYyIOBY KaIiISIPHO-TIOPUCTOTO
npocropy. CKi1agu apMOBaHOTO IIEMEHTHOTO KOMIIO3UTY XapaKTePU3yHThCs
MeHuMMH BennunHaMu Kp ta W'y NOpiBHSIHHI 3 HEApMOBaHHM CKIIAJIOM.
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YK 691.116:519.62

AAHAMIYHA MOJIEJIb CTPYKTYPOYTBOPEHHS
KOMIIO3NIIMHUX MATEPIAJIIB

KonaecunkoB A.B., Buposuii B.M., CemenoBa C.B.
(Omecbka nepskaBHa akaaeMist OyIiBHUIITBA Ta apXiTeKTypH, M. Omeca)

Abstract. A simplified dynamic model of composite structure formation is
considered, taking into account interrelated changes in the number, tension,
and cooperativity of its interparticle bonds.

Keywords: structure formation, building composites, bonds,
cooperativity, bypassing the activation barrier.

CTpyKTYypOyTBOPEHHS € KJIIOYOBHM IIPOLIECOM, IO BH3Ha4dae (i3uko-
MEXaHIYHI BIACTHBOCTiI OyIiBEJFHUX KOMIO3HTIB. [OJIOBHOIO pHCOIO
MIPOLIECY CTPYKTYPOYTBOPECHHS € MOPOKEHHS Ta TpaHC(OpMAIlis HOBHX
AKTUBHHX €JICMCHTIB CTPYKTYPH (TPIIIMH Ta BHYTPIIIHIX TPAHUI PO3ALIY),
10 BU3HAYAIOTH ITOBEAIHKY IHIINX €JIEMEHTIB CTPYKTypHu Martepiany. [Ipu
IPaHUYHOMY CIIPOIIEHHI CKJIAIHOTO MpOLEeCy CTPYKTYPOYTBOPEHHs HOTro
MOJKHA 3BECTH JI0 TUHAMIKH MIXKEJICMEHTHHX 3B’SI3KiB. 3aTHICTh MaTepiany
YTBOPIOBATH CTAaOUIbHI 3B'I3KM MIXK CKJIQJIOBUMH 4acTKaMu Oe31ocepeHbO
BIUIMBA€E Ha OT0 MIIHICTh, CTIHKICTB /10 PyHHYBaHHS Ta JOBIOBIUHICTS.

Y po6oTi 3ampomnoOHOBAaHO CIPOIIEHY MO CTPYKTYPOYTBOPEHHS, KA
BpPaxOBy€  B3a€EMOIIOB’s3aHy 3MiHy y daci TpbOX  IapaMeTpiB
KOMITO3MI[ITHOTO MaTepialy — MOKa3HUKIB TyctuHu 3B s3kiB X(f), ix
kooneparuBHocTi Y(t) Ta Hanpyskenocrti Z(t). Moens 103BOJISE JaTH IKICHY
IHTEpIIpeTalil0 TaKUM SIBHIIAM, K MUMOBLIbHE (DOPMYBaHHS CTPYKTypH
OymiBePHOTO MaTepialy IIiJl 4Yac TY’>KaBJICHHS, BTOPHUHHE 3HIDKCHHS
MIITHOCTI TIPH TY>KaBJICHHI JIeSKUX MaTepialiB (Ha OCHOBI ralieHOTO BaltHa
Ta, YacTKOBO, TINCy), SBUIIY (OpPMyBaHHS MUTICHOI CTPYKTYpH TIpH
CTHCKaHHI TEBHHUX OPTaHIYHMX Ta HEOPraHIYHWX CIIIIKATHUX MaTepialiB
(eHOMEHHN 3KIICIOBAaHHS Ta conigogikamii MpH CTUCKaHHI), PyHHYBaHHIO
BHPOOY 3 KOMITO3UTY.

Hapamemp zycmunu 36 'a3xie X(t) onucye KiJbKiCTh aKTHBHMX KOHTAKTIiB
MIXK YaCTUHKAMH KOMITO3UTY, IO YTBOPIOIOTh MEPEXKY 3BSI3KIB Yy MaTepiali.
JloIibHO BUKOPHUCTATH BiJHOCHY TYCTHHY 3B’513KiB, OPI€EHTOBHO KPUTHYHOT
KIJIBKOCTI 3B’SI3KIB y NEPKOJILIMHOMY KJlacTepi IeKCaroHaJIbHOI IUIOTHOT
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ynakoBku (HCP, koopauHaniiine uncino Z=12, yucno 38’s13kiB Ha N By3iiB
L, =3N). IlokasHuK IyCTHHH 3B’3KiB X = ( L-05L,,, ) /0_5|_maX . Bennunna

0.5L,,, (1,5N) npubnausHo BiAmOBinAE KpUTHYHOMY (MEPKOJIAIIHHOMY)

3HAQUEHHIO I HEIUIOTHHX IIaKyBaHb, TaKUX, SK 00 €MHOLEHTPOBaHE
kyoiune (BCC, L&/,6) abo mnpocre kybOiune (SC, Lg=1,35). Ha
MIKpPOCKOIIYHOMY piBHI Ie# TOKa3HUK MOXKE BiJIOBIIaTH KOHTAKTaM pi3HOT
npupo M (KoaryssuiitanM, GazoBuM, aare3itHIM) MiX KpUCTaiuHUMHU a00
aMOp(GHUMH yYTBOPEHHSIMH, MK YaCTHHKAMH HAIIOBHIOBAaYa i MaTPUIHOTO
MaTepiaiy, ski GOpMyIOTh HITICHY CTPYKTYpy MaTepiaily Ta HaZaloTh HOMY
JKOPCTKOCTI Ta MiltHOCTI. Dakmop Koonepamuenocmi (Y) Bimmosimae
CTyIIeHi KOOIIEPAaTHBHOCTI 3 TPOTIICKHUM 3HakoM. Lleit mapamerp
XapakTepu3y€e KOJICKTHBHY IMOBEIIHKY 3B'I3KiB 1 iX 3IaTHICTH IO CHIIBHOTO
YTBOpEHHS CTaOUIbHOI CTPyKTypH. KoomepaTHBHICTh €  KIIOUOBHM
(akTopoM, IO BU3HAYAE 3JATHICTh MaTepialy sSK CHCTEMH 1 CTPYKTYpH
iCHyBaTW B aJbTEPHATUBHHUX CTAOUIPHMX CTaHaX 3 BEJUKOI 1 Mayoro
TYCTHHOIO 3B’S3KiB (B OCTaHHbOMY BapiaHTi, MOXIIHBO, 3 BTPaTOIO
uimicHocti). Ileit dakTop BH3HAYAE TAKOXK BUCOTY aKTHBAIlIHHOTO 0ap’epy
Mik craHamu. IIpy HMU3bKOMY piBHI KOONEPaTHBHOCTI 3B’sI3KiB B MaTepiali
CTBOPIOETHCS TEH/ICHIsS 10 POPMYBaHHS BiJTHOCHO PO3PiIPKEHOT CTPYKTYpH
3 CepemHIM dYHCIOM 3B’S3KiB. Hanpyocenicmo 36’s3kie z. llelt mapametp
(mempsiMo) BimoOpaxkae ycepeoHEeHE 3yCHIUIS, IMOPOKCHE BiIXWICHHSIM
JIOBXXKMHHM 3B’SI3KiB BiJ 11 cTanmapTHOi BenmdyuHU. [lapameTp HampyXeHOCTi
38’a3kiB - MoxHa BupasutH sk z=(k(I-1))/l,), Ae ycepenHenns

NPOBOANTBCS MO BCIX 3B’s3Kax MacmTabOHOTO piBHA, Ha SKOMY
JOCIIKYETBCS TIporiec Tparnchopmallii Marepiany.

Jlnst SIKICHOTO BiZIoOpa)KeHHsI OCHOBHHX MPOLIECIB CTPYKTYPOYTBOPEHHS
JUIsl 3MIHM 4YHMclia 3B’S3KIB JIOCTaTHHO NPHUUHITH PIBHSHHS, IpaBa 4acTHHA
SKOTO  BijoOpaxkaeTbcsi KyOiuHuM mosiiHomoMm (1) i, BiAmoBigHO,
karactpodoro 30ipku (puc.1):

ex' = —(x3 +yx + 2), €))

ne & — 0— manmit mapamerp, O XapakTepH3ye «UIBHKI» IPOLECH
3MIHM TYCTHHHM 3B’SI3KIB Il Yac TNpoIeciB mepedyaoBu Marepiaity
(HampuKIIa;, i 9ac MPOLECiB pyHHYBaHHS).

Taxi 3MiHH BiIOyBarOTECS, HACEMIIEPEI, [UISI CHCTEMH 3B’ SI3KIB aKTHUBHUX
€JIEMEHTIB B CKJIafl CTpyKTypu Matepiaiy. [1o6mm3y moBepxHi karacTpodu
30ipKM IIBUIKICTh HaOMWKeHHS a0 Hei (3HaK “—° B IpaBiil yacTHHI)
MiHIManbHa 32 BUKIIOYEHHSIM TOYOK 3 BEPTUKAJIBHOIO JOTHYHOIO, [I€
BinOyBalOThCsl MIBHAKI CTPHOKOIOIOHI MepexoaM MiX BEpXHBOIO Ta
HIDKHBOIO YaCTHUHOIO 30ipKu (TIpyu HeTaTHBHOMY 3HadeHHi Y). Taki nepexoan
BIANOBINAIOTH 00’€MHOMY pyHHYBaHHIO MaTepiany (puc.l,1), abo
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YTBOPEHHIO CTPYKTYPH TIPH Aii Ha MaTepiaj 30BHILIHBOIO CTHCKaHHS (pHC.
1,2). YTBOpeHHsS CTPYKTYpW HpU CTUCKAHHI CIIOCTEPIraeThCs NMPU SBHII
cominogikarii (cipecoByBaHH:) a00 NMPY CKIICIOBAHHI.

Puc. 1. Katactpoda 30ipku, B IpHHHATHX MOJEIEHUX KOOpANHATAX. a — IUIOTHA
CTPYKTypa (BeJHKa I'yCTHHA 3B’sI3KiB), b — puxia abo He3B’s13aHa CTPYKTYypa, 1 —
HpOLECcC PO3PUBY 3B’SI3KIB (pyHHYBaHH), 2 — IPOIEC CTBOPSHHS CYIUTBHOT
CTPYKTYPH IIPU CTHCKY (COMiZOo(iKaIlis, CKICIOBaHHS).

BaxnnBoro mpobaeMor0 Teopil CTPYKTypOYTBOPEHHSI B’SDKY4HMX Ta
KOMIIO3HUTIB Ha iX OCHOBI € HasBHICTh aKTHBALIHHOTO Oap'epa i, OAHOYACHO,
HEOOXIJHICTh MEepPexXoqy CHCTEMH A0 CTaOiThbHOTO CTaHy 3 TOCTATHBOIO
TYCTHHOIO 3B’S3KiB MDK YacTHHKAMH. B Mojeni, 10 pO3IIsIaeThes,
BBEJ/ICHHSI TPETHOI KOOPIUHATH — MapaMeTpa KOONePaTUBHOCTI — JI03BOJIsIE
o0iiiTn akTUBaliitHi 6ap'epu (He Joyat0uu HOro, MUMOBLIBHO) Yepe3 3MiHy

XapakTepy CHHEpriyHOi B3aeMOAii 3B'A3KIB Ta BHYTPIIIHIX HaNpyXeHb
(puc.2).

MoBiNbHWIA
v o6xig,
! akTUBaLifHoro
A Gap'epy

aTpakTop

=~ nopir
pyvHyBaHHA “

aTpakTop

Puc. 2. 'BuHTOBa TpaekTOpisi 00X0qy akTHBaLiiHOTO O6ap’epy
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Ile wmoxe OyTH OCHOBOIO Ui MOOYJOBH JWHAMIYHOI MOAENi
CTPYKTYPOYTBOPEHHS, SIKa BKIIOYAE SK IUIABHI 3MiHH, SKi MOJEIIOIOTHh
NPOLIECH TY)XXKAaBJICHHS, TaK 1 Pi3Kl IEepPeXojau, L0 MOJEIIOE IPOLEC
pyWHYBaHHS  KOMIIO3HUTY. 3rigHO  3ampONOHOBAaHOMY  MiAXOY,
CTPYKTYPOYTBOPEHHSI KOMIIO3MTIB Ha OCHOBI MiHEpabHUX B SDKYUHX
CYNPOBOKYETbCS ~ONHOYACHOI IMOBUIBHOK 3MIHOK SK IapamerTpy
KOONEPaTUBHOCTI Y, TaK 1 piBHS BHYTPILIHIX HaNpyXeHb Z, 110 HEOOXiHO
1 00Xoxy akTHBaLiHOTO Oap’epy i Toukm Oidypkami. [ 3MiHM 1IUX
rapaMeTpiB 3arporoHoBaHa JiHiiHa Moaenb (2, 3):

y =—ay-pX, @)
Z=—yz-5x+G 3)

VY niHifiHEX KoedilieHTIB (2, 3) € KOHIENTyalbHE TIyMaueHHs.
KoedimieHT o (3MeHmeHHs koonepatuBHOCTI). el koedimieHT BiAmoBiae
3a MIBHAKICTh 3HMKEHHS! KOOTIEPATUBHOCTI, KOJIM MaTepiai 3HaXOAUThCS Ha
MTOYATKOBIX (a3l Ty)KaBICHHs. 3HAUCHHS 0 TIOBUHEH OyTH MOMipHHM, 100
HAJaTH CUCTEMI OCTATHBO Yacy, 100 MPOUTH depe3 007acTh 3 HHU3LKOIO
KoorepatuBHicTo, Hanpukian @=0,5. KoedimieHT 4 BianoBigae 3HIKCHHIO
KOONIEPaTUBHOCTI Ha IOYATKy Ty)KaBJIeHHs (BiJ’€MHI X) Ta IiIBUILEHHIO
KOOIIEPATUBHOCTI 31 30UIBIICHHSAM KUTBKOCTI 3B’sI3KiB (HO3WTHBHI X). Bin
MMOBHHEH OYTH JTOCUTh BUCOKUM, III00 KOOMIEPATUBHICTD IIBHUJIKO 3pOCTaIa 31
30UTPIICHHAM KiNbKOCTI 3B’s3kiB. lle 3a0e3meuynth MOBEpPHEHHS MO
BHCOKOCTaOTbHOT (pas3u MmicCiis 3aBEPIICHHS TEPMiHY TyXaBieHHs. [Ipukian:
B=2.,0. KoeoirieHT y ommmucye MUMOBIJIbHE 3MCHIIICHHS HATIPYKCHHS 3B’ A3KiB
— penakcauito. HampykeHHs T[OBMHHAa 3MEHIIYBaTUCS 3 TOMIpHOIO
IIBUJIKICTIO, IO BigoOpaskae MOBUIBHUI IMEPeXix O 3B’SI3aHOI CTPYKTYpH.
Ipuknax: y=0,3. Koedimienr § BimoOpakae IMOYATKOBE 301UIBIICHHS
HaTpy>KeHHsI 31 30UIBIICHHSM KUTBKOCTI 3B’s3KIB (KOJNM X HETaTHWBHE), 1
3MEHILICHHS HANpYXEHHS TPH MO3UTHBHUX X. 3MEHIICHHIO HAIPYy>KEHHS
BiJINIOBiJJa€ YTBOPEHHSI OPTaHi30BaHOI YIIUIEHEHOT CTPYKTYPH.

Hanpuxnan npu J8=1,5. Ilapamerp G<O, mo Moxke OIUCyBaTH
penakcariiro HampykeHocTi cuctemu. HeratuBHe 3HaueHHs G BingOuBae
TEH/ICHITIIO 10 3MCHIIICHHS HAIMPY)KEHOCTI HAaBITh 32 HASBHOCTI 30BHINTHIX
BmBiB. lle Moxke OyTH TIOB'SI3aHO 3 pENaKCali€l0 BHYTPINIHBOT
HaTpYy>KEeHOCTi, AKa HAaKONHW4YyBajacsd B MaTepiami, MiJg 4ac Ty>KaBJICHHS.
Mpuknan: G=-1.

Jns tumoBoi cuctemu (4) MOXKHA TOKa3aTH, MO ICHYE €IUMHUAN CTaH
piBHOBar" — aCUMINTOTHYHO CTilKHi (POKyC Ha BepXHii yacTuHi 30ipkH, 10
SIKOTO 332 TBHHTOBOIO TPAEKTOPi€l0 HAOMMKAIOTHhCs (Ha30Bi TpaekTopii, 10
SIKICHO BiITBOPIOE TIPOLIEC CTPYKTYPOYTBOPEHHSI — MUMOBUIBHOTO NEPEXO.TY
JI0 CTaHy 3 BEJIHMKOIO TYCTHHOIO 3B’ A3KiB.
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exX =—(X3+ yx+2)

y =-2y-2x @
Z7=-2z-1
OcHoBHi pucu (a3zoBoro noptpery (4) BimodpakeHo Ha puc.3.
¥
[+)
[~ F

Puc.3. OcHoBHi prcu $a3oBOro mopTpeTy AOCTIIKYBAHOI CHCTEMH

OxpiM MHMOBUIEHOTO CTPYKTYPOYTBOPCHHS, (POpMyBaHHS IIUITICHOT
CTPYKTYpH BUPOOY ITiJ] THCKOM Ta 00’ €MHOTO PyIHYBaHHSI, CBO€ TI[yMaueHHS
3HaXOJIUTh BTOPWHHE MaJiHHA MIIIHOCTI, IO CIIOCTEPIra€ThCS B BHMAAKY
psmy MarepianiB, 30KpeMa BalHSKOBHX (3 HaWOLIbLIO WMOBIPHICTIO) Ta
rifncoBUX, 1 KOMIIO3UTaX Ha iX OcHOBI. CrupanenomiOHi TpaexTopii, 110
BIJINOBIIAIOTH TPOLIECAM CTPYKTYPOYTBOPEHHS, MOXKYTh HaOJMKATUCS 10
cTilikoro (oKycy Ha BepXHil 4acTHHI 301pKH, HE JOXOJSYHU JI0 TOPOrOBOTO
3HAUEHHsl HaNpy>KeHb (IIPU SIKMX Peai3yeThCsl CKAUYKOIOMIOHE 3HMKEHH:
Yucna 3B’S3KIB 3TiJHO 3 PIBHSAHHAM 1), 10 NOB’si3aHe 3 Oe3lnepepBHUM
30UTPIICHHSAM TYCTHHH 3B’s3KiB. B To#l ’ke dac, mpH BiIMOBiTHUX
MMOYaTKOBHX YMOBAX 1 3HAUEHHSX MapaMeTpiB piBHAHB (2,3) cmipanenomiOHi
TPAEKTOPii MOXKYTh MEPEXOAUTH Ha HIDKHIO YaCTHHY OBEpXHi 30ipKu (Mana
TYCTHHA 3B’S3KiB), IO BIANIOBiZa€e BTOPWHHIN BTpaTi MimHOCTI. Takum
YHHOM, 3[IaTHICTH JIO BiAITOBIHOTO MEPETBOPSHHS 3aJICKUTH BiJl IIBHIKOCTI
penakcariii Hampys>keHb Ta CTaOii3alii piBHS KOONEPATHBHOCTI 3B’SI3KiB B
MaTepiani, a TakKoXXK HasBHOCTI IIOYAaTKOBOI CTPYKTYpH, IO BiZOOpakaioTh
BiAMOBiAHI KoedimieHTH Mo Iemi.

Crhin 3a3Ha4MTH, WO 3JaTHICTH Martepialy 10 (OopMyBaHHS Pi3HHX
CTPYKTYP BXOAWTb B MOJEJb, 110 PO3IJISNAETHCS, Yepe3 ii napaMerpu Ta
MMOYaTKOBI yMOBH Mojelni. CIpOomeHiCTs IPOoueciB, MO PO3TIIAIOTECS Y
MOJIeTli € HEOOXITHOI0 «IIHOIO» ii yHIBEpCaJbHOCTI — HPUAATHOCTI 10
3aCTOCYBaHHS JI0 PI3HUX MaTepialiB, IPU aJeKBaTHOMY BHOOpI ITapaMeTpiB.
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YK 666.973.6

IMPUXOBAHA THOPOPMAIISI ®PPAKTAJIBHUX CTPYKTYP
BYAIBEJIBHUX MATEPIAJIIB

Maptunos B.I., Taiiuan JI.C., Makaposa C.C., 'appumyk I'.B.
(Omecbka neprkaBHa akajaeMist OyIiBHUITBA Ta apXiTeKTypH, M. Oxeca)

Abstract. The given results of experimental studies confirm the
effectiveness of the proposed approach, which allows us to explain the
different influence of the water-cement ratio on the change in the strength of
materials of dense and porous structures.

Keywords: Information, fractal, structure, building materials, internal
interfaces.

Y XX cromitri TepMiH «iHdopmauis» HaOyB OCOOJMBOrO 3HAYECHHS.
Indopmanis (inpopmaruszanis, KOMI IOTEpHU3aLlis, MOSCHEHHS, ONOBIIb) —
e aOCTpakTHE MOHATTS 3 YHCICHHHMH 3HAYCHHSAMH, 3aJCKHUMH Bil
KOHTEKCTy. Y IIMPOKOMY CEHCi 1e Oynb-sKe 3HaHHS, a Y By3bKOMY — IIe
pe3ynpTati 300py JaHUX (TIOBIIOMIICHHS, BIIOMOCTI) He3aJIeKHO BiJ GopMu
ix moganHs. [HpopMallis BU3HAYae IPUPOAY 00’ €KTIB i SIBHI Y MMPOCTOPI Ta
gaci. ToMy 00’€KT TOCTIKEHHSI MICTUTP TIEBHY iH(pOpMAaIIilo, aje He MOXe
nepenaty i 6e3mocepeHpo.

OpnuH i3 c0CcO0IB, IKUM TOCTITHUK MOXKE OTPUMATH 1110 iHPOpMaIito, —
I aHaji3 CTPYKTypu Marepiany. Jlas mporo crepiry moTpiOHO BU3HAYMTH
MIOHSTTSl «CTPYKTYypa». Bi3bMeMo, HanpHKial, «IIEMEHTHUH KaMiHby», 110 €
OCHOBOIO Juisi pi3HUX THIiB OeTtoHy. [Ipomec rigparaumii nemeHty
CYNPOBOIKYETHCA 3MEHIIEHHSIM 3araibHOro 00’ eMy CUCTEMH. Y pe3yibTaTi
LEMEHTHUI KaMiHb (OpMy€ IIUPOKY Mepexy BHYTPIIIHIX IOBEPXOHb
posniny (BIIP).

BaytpimHi moBepxui po3mimy (BIIP) 3HaxomaTscst MiX OKpeMHUMH
610KamMH (elIeMeHTaMM) TBEpOi (a3, 10 JO3BOJISIE PO3IIIAAATH CTPYKTYPY
LIEMEHTHOTO KaMEHIO SK CyKYyNHICTh B3a€MOIIOB'S3aHUX EJIEMEHTIB, SKi
YTBOPIOIOTH €IMHE Iiyie. Y Takid iHTepnperamii CTPyKTypa LIEMEHTHOTO
KaMEHIO BIJIOBiIa€e BCIM O3HaKaM «cucTeMm». Okpemi OI0KH TBepaol da3u
€ eleMeHTaMu i€l cTpykrypH, a BIIP BHKOHYIOTH (QyHKIIIIO 3B'SI3KIB MiX
eJleMEeHTaMH, 3a0e3Neuyloud IUICHICTh 00'ekTa, IO € OCHOBHOIO
BJIACTHBICTIO CHCTeMH. TaKUM YHUHOM, MOHSTTS «CTPYKTypa» 1 «CHCTEMa
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CTalOTh TOTOXHUMH. lle TakoX CTBOPIOE MOKJIMBOCTI 3aCTOCYBaHHS
3araJlbHOCUCTEMHHUX 3aKOHOMIPHOCTEH MO MOCHTIKyBaHOTO 00'ekTa, IO
JI03BOJISIE TIOB'SI3aTH HOTO BIIACTUBOCTI 3 SIKICHUMHM Ta KUIBKICHUMH
XapaKTepUCTHKaMH 3B's3kiB, ToOTO BIIP. IHakme kaxyum, mo Oinpmma
3arajbHa MPOTSDKHICTD BHYTPILIHIX MOBEPXOHb PO3JiTYy, TO BUILA MII[HICTH
MaTepiairy.

BIIP y nemeHTHOMY KaMeHi YTBODIOIOTh PI3HOMaHITHI Bi3epyHKH abo
maTepHH. 3 TO3WIiH (i3MKH 1M CTPYKTypa MpencTaBisie coboro
nepkoJsiniiHui kiacrep. Lle gae miacTaBu BBaXkaTH, 10 KOXKHA CTPYKTypa
Ma€ yHIKambHI maTepHH. MOXHA TaKOX MPUITYCTUTH, IO Ii TATEpHU €
HocisiMM meBHOT iHQopmamii. OpHak TIocTae TMUTaHHA, SK came
po3mudpyBaTH mo iHGopMaIlio. 3aBIaHHs YCKIATHIOETHCS THM, IO depes
«HEepiBHOCTI» (OPMH HEMOXJIMBO OIMCATH LI MNAaTepHH B TepMiHaxX
KJIACHYHOI TreoMeTpii Ta MaremMaTtuku. [l 1poro moTpiOeH IeBHMI
«TIepeKIIaiaw.

[NepmmimM, XTO 3BEpHYB yBary Ha BiJICYTHICTH Y MPHPOJI MPSIMHX JiHIN i
«IpaBWIBHUX» TeoMeTpuuHux ¢opM, OyB benya ManpensOpor. Bin
po3poOuB (paKTaNnbHy TEOMETpil0 Ta BBIB TepMiH «(pakram» (Bim Jar.
"npiOHmi"). J{ig KibKICHOTO BU3HAYEHHS CTYIEHS «3JIaMaHOCTI» JiHii
(BIIXWIICHHS BiJl IPAMOIIHIHHOCTI) Ta MIOPCTKOCTI TOBEPXOHh MaHAETB0pOT
3alpOIOHYBAaB 3aCTOCOBYBATH IPOOOBY PO3MIPHICTH (TaK 3BaHy PO3MIpPHICTh
Xaycmopga-bizukesnua).

TaxkuMm 4MHOM, SKIIO CTPYKTYpa LIEMEHTHOTO KAMEHIO y BUTJISI/II IATEPHIB
i3 BHYTpIIIHIX IMOBEpXOHb PO3HUTYy € HOCieEM iHQoOpMaIii, sSKy MOKHA
TPaKTyBaTH 3 MO3MLIH (pakTasbHOI reoMeTpii, BUHMKAE JIOTiYHA Tpiaja
«CTpyKTypa-(ppakTambHiCTh-iHPOpPMALisDy. 3araoM Iia TPiao MaroTh Ha
yBa3l €IHICTb, IO YTBOPIOETHCS TPHOMA OKPEMHUMH YICHAMH/YaCTHHAMHU.
Icuye Ge3miu Tpian, Hanpukiaz, Tpiaga [erens - me 00'eqHaHHS OYIb-SIKIX
JIBOX MPOTHIICKHUX HOHSITH 1 IKOTOCh TPETHOTO MOHSTTSI, K€ OMIOCEPEAKOBYE
(Tobro BHpaka€) BHYTPIIIHIO €THICTH JTBOX MPOTHJICKHUX IOHATH. Y
HAIIOMY BUIAJKYy «CTPYKTypa» Ta «iHdopmarisy He MOXKYTb PO3IJISIATUCD
SIK TIPSIMI TPOTHIIEXKHOCTI. Y TOH ke yac, BUXO/SIYH 3 BU3HAUCHB [IUX MOHSATD,
B2)XKO 3HAWTH 1 O3HaKHW, WO IX 00'enHYIOTh. BBegeHe TpeTe MOHATTS
«(pakTalbHICTH» SKPaA3 1 € THM €JIEMEHTOM TPiajid, IO JI03BOJISIE BUPA3UTH
BHYTPIIIHIO €HICTh MEPIINX JBOX.

Ha xadenpi BupoOHHMITBa OyIiBeNbHHX BHPOOIB Ta KOHCTPYKLIH
Opnecwkoi mepkaBHOI akajgemii OyAiBHHIITBA Ta apXiTEKTYpPH pO3poOIEHO
KOMI'IOTEpPHI TpPOTpaMH IMOJO0 BH3HAUYEHHS (paKTaabHOI PO3MIpHOCTI
CTPYKTYpH OYIiBEITBHIX KOMITO3HUTIB.

Y nomnepenHix TOCTiKEHHIX OyJI0 BUSBIEHO, IO MIITHICTh MaTepiaiB 3
MaKpOIOPUCTOI0 CTPYKTYpOIO (Hi3ApioBaTi OETOHM) He Mae NpsAMol
TIPOTIOPIIHHOT 3aJIEKHOCTI BiJl MIITHOCTI CKJIQJ0BOI PO3YUHY, IO (GOpMyeE
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Kapkac. BogHodac MiIHICTh MIUTFHUX OyAiBETHHUX KOMITO3UTIB Ha OCHOBI
MiHEpaTbHUX B'SDKYYHMX PEUOBHH MPSMO TIPOMOPIIiifHA BOIOIEMEHTHOMY
BIJTHOILICHHIO.

JJist mocTiIKeHHS TIPOLIeCy CTPYKTYPOYTBOPEHHS MaTepialiB MIIIBHOI Ta
MOPHUCTOT  CTPYKTYpu OyB TIPOBEIEHHH  EKCIEPUMEHT, Yy  SKOMY
MOJIEIOBANIICE Pi3HI peoJyoriuHi yMoOBH cepemoBmmia. [l 1por0
BUKOPHCTOBYBABCSl MOJICIbHUH MaTepiaji, a EMEHTHOMY TICTy aHaJloroM
cTaJia BOJOTJIMHSAHA CyCIIeH3is 3 Pi3HIM BOJIOTIIMHSIHIM BigHOIIEHHSIM. Kpim
TOTrO, B MOJIEJISIX MaTepiajiB HOPUCTOI CTPYKTYPH 3MIiHIOBAaBCS PO3MIp TOP.
Mogerni BUTPUMYBAIA YMOBH 3aKpHUTOTO TPHMIIICHHS IpU TeMIepaTypi
2242°C. B mporieci BUCUXaHHS, KOJIH BUJAJSIACS BiJIbHA BOJIA, 3MIHIOBABCS
30BHIMIHINA BUTIAA MOJAENeH. Y MOJENsIX MaTepialiB IMUIBHOI CTPYKTypH
CIIOYATKY B OJHOPIMHOMY CEpPEAOBHIII 3'SBJISIIMCh OKPeMi TPIIIMHH, SKi 3
YacoOM pPO3BUBAIKCH 1 IIEPETHHAINCH, YTBOPIOIOYM MEPEXY BHYTPIIIHIX
MOBEPXOHb PO3JiTy. Y MOJENsIX MarepiaiiB MOPUCTOI CTPYKTYPH CIIOYATKY
Oyny BUKOPHUCTaHI TOPOIMITATOPH, SIKi TICIS HOCATHEHHS MEBHOI MIITHOCTI
Oymu BuTSTHYTi. [Iponec yTBOpEHHs BHYTpIIIHIX ITOBEPXOHb PpO3JILTY
BiZ0yBaBCsl B MIXKIIOPOBHUX IIEPErOpoKax. BcTaHOBIIGHO, MO y CTPYKTYypi
LIJIBHO  CTPYKTYPOBAaHOTO Marepiany 30UIbIIEHHS BOAOLIEMEHTHOTO
BITHOIICHHS BelIe 0 3HIDKCHHSA (paKTaIbHOI PO3MIPHOCTi, TOAI AK
CTPYKTYpl MOPHCTOrO Marepialy BeIMYUHA (PPaKTaIbHOI pPO3MIPHOCTI
3aJICKUTHh BiJ po3Mipy mOp: 30iMBIICHHS BOJOIIEMEHTHOTO BiTHOIICHHS
CHPUYMHSE 3MEHIIEHHST (PpaKTaabHOI po3MipHOCTI. YMM MEHIIi opu, TUM
BHIIIOIO € (hpaKTaIbHa PO3MIPHICTB.

Omxe, MOXHa BCTAHOBHTH TNpSAMHUH IHQOpMAUiWHUNA MPUYHHHO-
HACNIOKOBHH 3B'SI30K MK (pakTambHICTIO CTPYKTYpH Ta (i3UKO-
MEXaHIYHUMH BJIACTUBOCTSIMUA MaTepialy, II0 BiJAKPHBAaE MOJXKIIUBICTh
IITy4YHOTO OTPHMaHHSA MaTrepiajiB i3 33/aHOI0  CTPYKTYporO Ta
nepe10avyBaHUMH XapaKTEPUCTUKAMH.

BucHoBku

® BHCIIOBIICHO TPUITYyIIEHHS, 10 B MaTepHAaX BHYTPIIIHIX MOBEPXOHb
po3miny (BIIP) 3akmameHo meBHy iHQOpMaLito, SKy MOXHa KUTBKICHO
OIIIHUTH 33 JONOMOTOK  IHCTPYMEHTIB  (DpakTambHOi  TeoMeTpii.
@pakTanbHICTh SIK yHIBEpCAIbHA XapaKTEPUCTHKA MPUPOJIU € CKIIJOBOIO
YaCTHHOIO TpPiaJll «CTPYKTypa-(ppakTanbHICTh-iHQOpMAIIis», SKa BHUpPaXKae
BHYTPIIIHIO €HICTh IIMX IBOX MOHATH. Peamizamis miei Tpiagu BigkpuBae
MOKJIMBOCTI JIJISl IITYYHOT'O CTBOPEHHS MATEPialliB i3 3a1aHOI0 CTPYKTYPOIO
Ta CHHTE3y MaTepialliB 3 MPOTHO30BAaHUMH BJIACTUBOCTSIMH.

o Hagepeni pe3yJibTatu €KCIIepUMEHTAIbHUX JIOCITiKEHb
MiATBEPIKYIOTh €(PEeKTHBHICTH 3alPONOHOBAHOTO MiAXOIY, IO IO3BOJISE
MOSICHUTH Pi3HUH BIUIMB BOJOLIEMEHTHOTO BiJJHOLICHHS HAa 3MiHY MIIIHOCTI
MarepiaiiB IIBHOI Ta TIOPUCTOT CTPYKTYP.
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V]IK 624.04

J10 PO3PAXYHKY KLJIBIIEBUX IIJIACTHH
HA 3MIHHIN IPYKHIN OCHOBI

Cyp’suinoB M.I'., Kpyriii }O.C., Kipiuenko /1.0., Kinumenko O.M.
(Omechka nepxaBHa akajeMist apXiTeKTypH Ta OymiBHuITBa, M. Ofieca)

Abstract. The article examines the bending of ring plates on a variable
elastic base for a steel plate, and a concrete dlab, which have different
clamped along the outer contour, and inner contour.

Keywords: ring plate; Winkler model; finite element method.

MareMaTHYHOI0 MOJEIUTI0 0araTboX KOHCTPYKIIIH, IO 3aCTOCOBYIOTHCS
B PI3HMX Tragy3fX NPOMHCIOBOCTI € KiTbIEBAa IUIMTa a00 IUIACTHHA Ha
npykHill ocHOBI. e BimHOCHTBCS 10 OyaiBeNbHUX 00'€KTiB, i, 30KpeMa, 10
¢yHIaMeHTHUX IUHT. IcHye Oe3nmid BapiaHTIB pi3HHX Mojeneil mpyKHOI
ocHoBu. HaiimpocTtimoro 3 HuUX € Mozens BiHkiepa, IHIIMMH ClIOBaMH
IIpy>KMHHA MOJIeNIb. YMOBHO {1 MOXHa NPEJICTABUTH, K P HE IOB’sI3aHUX
MDK CO0OI0 TNpPYXHH, 3aKpilUIEHUX Ha aOCOJIOTHO JKOPCTKI OCHOBI.
IMoBepxHs 1iei Moneni 3a MeXaMd IITAaMIy HAaBaHTAXKCHHS He
nedopmyerncest, st 6anok Ha MOCTiHHIN NPy KHIK 0CHOBI Moziesb Binkiepa
JI03BOJISIE OTPUMATH TOYHE PillIeHHs, a JUIS IUTUT — HaBIIAKH.

HaiicknagHimyM BHUMAgKOM € TOW, KOJM MPY>KHA OCHOBa € 3MIHHOIO.
UYepes Te, mo HE iCHYE €IUHOTO MiAXOMy U MOOYIOBH YHIBEpCAIBLHOTO
AQHANITHYHOTO pIOICHHS — B IMKCHEPHIH TPAKTHUI 3aCTOCOBYIOTHCS
YHCENIbHI METOIU PO3PAXYHKY.

VY KijgbLeBiil MIacTUHI MOCTIHHOT LUIIHAPUYHOI xopcTkocti D, mio
JISKUTh Ha 3MIHHIA TPYXHIH OCHOBIi, Ta mepeOyBae mi Ii€r0 Oe3ymHHHO
PO3IIOIIICHOTO JOBUIFHOTO MONEPEYHOT0 HABAHTAXKEHHS, OyyTh BUHUKATH
BHYTpIIIHI 3yCH/UIA: pajialbHUM 3rMHAIBHUNA MOMeHT M, , OKpy>XKHHI

3ruHaNBHUNA MOMeHT M, 1 panianbna monepeuna cmta Q. (puc. 1)[1].

3a momomorozo ITK JITPA-CAIIP Gysno mpoBeaeHO JOCTIKEHHS BUTHHY
KUTBIIEBUX IUIACTHH Ha 3MIiHHIH TPYXHIT OCHOBI 3 HACTyHmHHMH
po3paxyHKaMHd METOJOM CKiHYeHHUX eleMeHTiB. [l  MOpiBHSIHHS
BHKOPHCTOBYBABCS aHAJITHIHUNA METOJ] IPSMOTO iHTerpyBaHHA. PO3TIIsIHYTO

23



Puc. 1. 3ycnmis B KiTbIIeBiH TUTACTHHI

JIBa BapiaHTH: CTaJieBa IUIUTA, SIKA YKOPCTKO 3alleMiieHa 3a BHYTPIIIHIM
KOHTYPOM, a 11 30BHILIHIHA KOHTYp CIIMPAETHCS LIAPHIPHO, Ta OETOHHA IUIUTA,
sIKa )KOPCTKO 3aTUCHEHA T0 30BHIIIHBOMY KOHTYPY, a 11 BHYTPILIHIA KOHTYD
3aKpiIuieHui mwapHipHo [2].

Cranepa mwmra ( E=2-10klla, z=0,33) TtoBmuuoro h=0,03m,
30BHIIIHIM pagiycoM @ = 0,9Mm, BHyTpimHiM pagiycom b=0,45m , sxa
nepeOyBae Mmij] Ai€X0 PIBHOMIPHO PO3MOIJICHOTO MOCTIHHOTO HABAHTAXKCHHS
q=30klla — € >XOPCTKO 3aTHCHEHOIO 3a BHYTPIIIHIM KOHTYpOM, a il

30BHIMIHIN KOHTYp CHHpaeThCs mapHipHO. KoedimieHT mocTemi 3MIHIEThCS
3a niniiHuM 3akonoM: Kk(b) = 4000 kH/M3, k(@) = 5000 kH/m® (puc. 2).

Hili i

k(a) | x ]
Oy ,Ja

D) . f
u.n—mn| 1-[1

Puc. 2. 3akoH 3MiHN KOEQIIIEHTY TOCTEII IS CTAIEBOI IUTUTH

[TapanensHO i3 THM POBOUIIOCS TOCIIHPKEHHS i3 OETOHHOO IIITUTORO (
E =1,5-10"kIIa, £ = 0,167) ToBmunoro h=0,12m, 30BHimHIM pagiycom
a=18wm, BuyrpimmHiM pagiycom b=0,9m, sixa nepebysae min i€t
piBHOMIpHO po3moineHoro nocriiinoro HaBantaxkendss (= 80«Ila. [Tura

’KOPCTKO 3aTHCHYTa MO 30BHIIIHBOMY KOHTYpY, @ ii BHYTpILHIi KOHTYp
3aKpiIUIeHUH IapHipHO.
Koedinienr nocreni (puc. 3) € nocritiaum: K(r) = const = 5000 kH/m3.
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FYTITITIIITES

' k =k,

LA

AN

Puc. 3. 3axoH 3MiHE KOedillieHTY OCTeNi A1 OETOHHOI IUTUTH

BucHoBkn.

AHaii3 BCiX pe3ysbTaTiB IOKa3ye, 10 3HAYEHHS HPOTHHIB (PaKTUYHO
30IratoThCs MPHU PO3paxyHKaX KijbIIEBOI MJIACTUHH aBTOPCHKUM METOJOM 1
MetonoM ckinueHux enemeHTiB y 1K JIIPA-CAIIP. Po30ixHicTs 3HaYCHBb
3rHHAJbHUX MOMEHTIB pocsirae Omm3pko 10 %. MoykHa IMOMITHTH IO,
PO30DKHICTE Y MIPOTHHAX MPOSBIIETHCSA TUTBKH B YeTBepTOMY (a iHOHI ¥
I'ITOMY) 3HAaKY IICIIST KOMH.

B nmpyromy po3misHyTOMY BapiaHTI KUIbIIEBOi IUIMTH — TIPOTHHH,
o0YmCIeHI BOMa METONAMH, MPAKTHYHO HE BIIPI3HAIOTHCA OAWH Bif
OJTHOTO, @ MakCHMallbHa PO30DKHICTH 3THHAJIBHUX MOMEHTIB TYT TPOXH
MEHIIIe, YUM Yy TMoNeperHboMy npukiag — 9,6 %. MoxHa ckazatu, 1o
METOJI IPSIMOTO IHTErPpyBaHHS IIPOJEMOHCTPYBAB JIy’Ke BUCOKY TOUHICTh IPU
PO3B'SI3Ky YHCJICHHUX 3aBJaHb, [II0 MAIOTh TOYHHIA pO3B's130K. PO30IXKHICTE,
sKa OTpPUMaHa Yy 3HAUEHHAX 3TUHAJIBHUX MOMEHTIB TIOB'SI3aHa 3
HAIiBaBTOMATHYHOIO PO30MBKOIO CKiHUYeHO-eneMeHTHOI citku B 1K JIIPA-
CAIIP. lle#t BHCHOBOK IPYHTYETBCS HAa TOMY, IIO TIPH 3TYIICHHI CITKH B
OKpY>KHOMY HAIIPSIMKY BiIOYBa€Thcs iCTOTHE 30JIMIKCHHS PE3YJbTaTiB, SKi
Oyny OTpUMaHi 32 TBOMa METOJAMH [IPH BH3HAYCHHI pa/lialbHAX 1 OKPYKHIX
3THHAJIFHUX MOMEHTIB.

1. Krutii Y.S., Surianinov M.G., Karnaukhova G.S. Caculation Method for
Axisymmetric Bending of Circular and Annular Plates on a Changeable Elastic Bed.
Part 1. Analytical Relations”, Strength of Materials. 2021. V. 53(2), P. 247-257.

2. Toponeuskuit JI.A., Bapadam M.C., Bogon'snos P.FO. ta in. IIporpamumit
komruieke JIIPA-CAIIP. 2015. HapuansHuii mociOHUK. 3a pen. akagemika PAACH
0O.C. l'oponenpkoro.:Enextponne Bumanus. 2015. 376 c.
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YAK 624.012
MATEMATHYHI MOJEJII ®IBPOBETOHY

Cyp’sninoB M.I'., HeytoB C.II., Metauuskuii B.B., Yyumaii C.M.
(Omecbka nepskaBHa akaaeMist OyIiBHUITBA Ta apXiTekTypH, M. Omeca)

Abstract. A mathematical model of fiber-reinforced concrete with
dispersed steel fiber reinforcement and a review of other most popular
mathematical models have been developed. The authors propose the
construction of a mathematical model of fiber-reinforced concrete based on
the determination of its effective stiffness characteristics.

Keywords: coverage, materials, defence

I[pu pmocmimkeHHi ¢i3UKO-MEXaHIYHUX BlacTUBOcTel (idpodeTony
3aCTOCOBYIOTBCS IBa MiAXOAM — (DEHOMEHOJOTIYHUHA 1 CTPYKTYpHHU. Y
HaImid KpaiHi TOMMPEHHS Ma€ CTPYKTYPHUH MiAXiA A0 JOCHiKEHHS
BIacTUBOCTEH (PiOpPOOETOHY 32 aHANOTIEIO 13 3aTi300€TOHOM, IO JO3BOJISIE
HAa OCHOBI BJIACTUBOCTEH BUXIJHMX KOMIIOHEHTIB BH3HA4aTH HEOOXimHi
XapaKTepUCTUKU MilHOCTI W nedopmaruBHocTi. Takuil miaxin € 3py4HdAM
NpU PO3B'A3KY 3aBJaHb ONTHMAIBHOTO IPOEKTyBaHHS (iOpoOETOHHUX
KOHCTPYKIIiH.

MaTtemaTHyHa Mojedb (iOpodeToHy Ha OCHOBi edeKTHMBHHUX
JKOPCTKICTHUX XapaKTePHCTHK

Jdnst mobynoBu MareMaTHYHOI Mozeni OyneMo BHKOPHCTOBYBATH
PIBHSHHS JTiHIHHOT TEOPii MPYKHOCTI:

PIBHSHHSI piBHOBAaru:

80'”
—=0; )
OX;

cruiBBigHomenus Komri:

. ou
P L I I @
2\ ox; 0%

piBHSHHSA 3aKoHY ['yka:
O, = C:|jkl gk| ’ (3)

i
ne Gy — TeH30p KOPCTKOCTI.
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PiBasiHHA (3) 3amumcaHi I 3arajbHOTO BHIAJKY, 1 TYT Cljkl mae 81

KOMIIOHCHTY, aJie I peallbHUX MaTepialiiB X YHCIIO ICTOTHE 3HIKYETHCSL.
J1J1s1 130TPOMHOTO Tijia 3aJIUIIA0THCS TIJIBKH JBI HE3aIEeKHI KOMIIOHCHTH,
a BEpakeHHS (3) yXBaltoe BU]

C, C, C, 0 0 0
0o ¢, C, 0 0 0
0O 0 (C, 0 0 0
1

C, = 0O 0 O E(Cll—Clz) 0 0 4

0O 0 O 0 % (Cu—Cp) 0

1

0O 0 O 0 0 > (Cu—Cp)

CriBBiTHOIICHHS MiXK HAIIPYKEHHAMH 1 Je(OpMAaLisIMU:
oy = A6 0 +2ue; )

ae A U u — nmapamertpu Jlame, é'ij — cumBoi KpoHekepa.

AJe, OCKUIBKH PO3MIISTHYTE CEpEeIOBHIIE € TeTEPOreHHUM, BPAaXy€eMO
Bimomu#t mpmHOMD Emendi, skuil q03BONSLE OOYMCIUTH  CHEPTiio
ne(opMyBaHHS CHCTEMH, IO MICTUTH BKITIOYCHHS.

Bynemo BBaxarH, 1110 yMOBH Ha TIOBEPXHI 3aJaHi B HAIPYKCHHIX.

oznaunmo HanpyxeHns, Aepopmauii Ta nepemileHHs Yepes oy, &; 1
U , a 1i % BETMYMHU JUIsl BUMAJAKY, KOJIM YCEPEIHHI eJIeMEHTapHOro 00’ eMy

. .0
(0] (0]
Hemae (pibpoBoro BONIOKHA — 4epes oy, & 1 U .

Eneprist nedopmyBaHHS Uil KOKHOTO 13 IMX BHIIAJKIB 3alUILETHCS Y

BUTTIAIL

jaij g;dv; (6)
\%

U, = joi?gi?dv; )

ne V — eneMeHTapHU 00’ eM.
Binnimarouu (7) 3 (6), ogepxumo
1 0.0
U:UO‘}'EJ.(O'IJEIJ_O'E )dV (8)

ij “ij
\
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3actocoByrouu 10 (8) Teopemy Octporpancekoro-I'ayca it BpaxoByoouu,
10 PiBHSHHS PIBHOBATH IS JIBOX PO3MVITHYTUX BUIAMKIB MAIOTh BUIJIST

60'”- 6@?
- = 1 - = 01
OX; OX;
OJZIEPKUMO
1
U=U,+=|(cu-c’u’)dS,
0 ZJ;( i i ) (9)

Ie S — MOBEpXHs Tina.
OCKiNbKY TpaHUYHI YMOBH — OJHAKOBI, Ha MIOBEPXHi OyAeMO MaTH
0

1 Toni

1¢ o 0
U:U0+—J‘ai (u-u’)ds. (11)
25
Omnyckarounn TpoMiKHI meperBopeHHs ¢opmymn (11), ski HOCHTH
TPOMI3/IKi, ale IOKIagHO OMKcaHi B 0araTboX MigpyYHUKaX 3 Teopil
MPY’KHOCTI, TPUBEAEMO OCTaTouHUil BUIAN ¢Gopmymn Emendi, xomu
TPaHMYHI YMOBH 3aJaHi B HAPYKECHHAX:

u :u0+%£(ai°ui ~ou’)ds (12)

SIKmio >k rpaHUYHI YMOBH 33/1aHi B IepeMilIeHHs X, TO Gopmyna Emen6i
3aIMCYEThCS TaK:

U=U, +%£(q W -oly )ds. (13)

V ¢opmynax (12) i (13) S — mnosepxms ¢i6poBoro BonokHa B
eJIeMEHTapHOMY 00’ €eMi.

BukopucroByroun ¢opmynmu Emendi, nepeiizeMo a0 BH3HAYCHH:
e(pEKTHBHHUX JKOPCTKOCTEH (iOpoOETOHY, i SKUMH OyJeMo pO3yMiTH
CepelHi BEJNIMYHHU OPCTKOCTi, SKi BPaxOBYIOTh BIIACTHBOCTI BCiX (a3
¢ibpobeToHy 1 iX B3aemMoilo.

Baaxatoun, o ¢iOpoBi BoJIOKHA po31oiIeH] 32 06’€MOM piBHOMIpHO i
3HAIOYM BIJICOTOK (hiOpOBOrO apMmyBaHHS, MOXHA BH3HAYUTH YMOBHO
CepelHI0 BIJCTaHb MK IeHTpamu Baru (abo, MO Te X caMe, MiK
TEOMETPUYHUMH LeHTpamu) okpemux ¢ibp. Ll BincTaHp € XapakTepHUM
PO3MipoM HEOTHOPITHOCTI (iOpoOEeTOHY.

Po3mip moBxkHHHU ocepenHEeHHs! (I03HAYUMO HOro 4epe3 O ), y Mexax
SIKOTO MOKHa OCEPEJHHTH BIAaCTHBOCTI (hiOpOOETOHY, BHKOPHUCTOBYIOUH
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CTaTUCTUYHHH MiAX1J, 3HAYHO OLIbIIE, HK PO3Mip HEOTHOPIAHOCTI, aJie Mmpu
LIbOMY Ha0araTo MeHIIe XapakTepHUX po3MipiB GpiOpoOETOHHOT KOHCTPYKII.
Ile o3Havae, WO iCHY€ SKUICh NPOMDKHUI pPO3MIp, Y MeXKax SKOTO
OCEpEeHEHHS XapaKTePUCTHK (hiOPOOETOHY € OOIPYHTOBAHUM.

BukopHCcTOBYI0UM MPOLEAYpPY OCEPETHEHHs, MOYKHA OMUCATH e(EeKTHBHI
BIacTUBOCTI (PiOpOOETOHY, SK EKBIBAJICHTHOTO TOMOTEHHOTO CEpeIOBHIIA,
yepe3 BiacTuBOCTI (iOpm i OeToHy i iX reoMeTpHdHi MmapaMeTp, a IMOTIM
BHUKOPHCTOBYBATH IIi BIACTHBOCTI B pO3paxyHKax (iOpoOeTOHHNX KOHCTPYKIIiH.

Posrnsaemo enemeHTapHUil 00’eM  iOpoOeToHY, pO3MIpH SKOTO
MOPIBHSAHHI 3 MacmTaboM OCEpETHEHHS & .

CepenHi 3HaueHHs1 HampyXeHb 1 Aedopmaniii, MO0 BUHUKAIOTH NpH il
30BHIIIHBOT0 HAaBaHTAXXEHHS, OyIyTh

o) = [ oy (%) aV; (14)
& = .[gii (x)dv. (15)

Edexrusni xopcrkocti (y BU3HAYAIOTHCS CIIIBBIAHOLICHHSM
m m
oy = Cij & - (16)
OcCkinbKH, K MU BX€ BiJ3Hayanu Buile, (HiOpOOETOH pO3IisigaeThes
HaMU SIK TeTepOreHHa CTPYKTYpa, IO CKIaJaeThes i3 BOX 130TponHUX (a3,
CHIBBITHOIIEHHSI MXK HANPY)KEHHSIMH 1 le)opMalisiMi MOXKHA 3aITUCaTH JJIs
¢i0pu y BUTIISAII
f
Oy = At 5ij Ew 244 Eij» (17)
a U1t OeTOHY
b
Oy = A0 & + 24,8, (18)
ne ﬂ’f ) ﬂb, M¢» H, — mapametpu Jlame.
Tenep (14) MoxHa ITepenUCcaTH TaK:
1 N
m
o v Iaijdv+z.|.0'”dv , (19)
Vo n=1v,
ne N — KitbKicTb ¢ibp B 00’°emi V
N
V, =V ->V, — o0’em Getony; V; — cymapuuii 06’em N ¢i6p.
n=1

A sxmmo temnep Bpaxysatu (18), To 6ynemo maTu

N N
Gi;n :\% J‘(ﬂbau Sk +21ubgij )dV _Z j (ﬁbé‘u Sl +2:ub€ij )dV +Zj0ij av
v

n=1v, n=lvy
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BpaxoBytoun (16) i iHTerpytouu nepiuii JoAaHOK, OAECPIKIUMO

N
Ciuéa = A0 + 2155 +\1/z I (aij =200 84 = 24t )dV-
n:l\/f

OTtprMaHe BUpa)XeHHs, SKE T03BOJISIE OMHCATH e(hEKTHBHI XapaKTEPHCTUKH
¢$ibpobeToHy mpu MaroMy 00'eMHOMY 3MicCTi GiOpu. A, OCKITBKH B HAIINX
moriepeiHiX po0oTax i B iHIINX JAOCIIHKEHHIX TTOKa3aHe, M0 ONTHMAIIbHUN
3MicT ¢ibpu 3a 006’eMOM KOHCTPYKII B TepeBakKHii OLNBIIOCTI BHIAIKiB
cranoButh (1-1,5)% (pimme — 2%, mo TeX MOXHA BiTHECTH IO MAaJlOTO
00'eMHOTO 3MICTy), 3ampPONOHOBaHWN MiOXig OO0 ONHCY e(EeKTHBHUX
XapakTepucTuk (idpoOeTOHY Mae JaysKe IUPOKY 00JIaCTh 3aCTOCYBaHHSI.

OTtpumaHni B poOOTI 3aJIe)KHOCTI MOYKHA 3aCTOCOBYBATH HE TUIBKH IS
craneBux (iOpPOBHX BOJIOKOH, aine W Juisi OyAb-sfKMX IHIIHKX (TOJIMEpHUX,
CKJISIHUX 1 1H.), @ KOHKpETH3allisi BUPaXeHb Uil €(PEeKTUBHUX MNPYKHHUX
XapaKTepUCTUK OyJe 3ajexaTd BHHATKOBO BiJ T€OMETPUYHOI (GopMu
(i6poBOro BOJIOKHA i BUIY ioro aedopmariii.

CrocoBHO 10 iOpH i3 3arHYTHMU KiHISIMH, BUKOPHCTOBYBAHOI B HAIITNX
JOCTI[DKCHHSX, TPEACTABISETCS MOXJIMBAM [0  (opMy BBaXKaTH
UUT HIPUIHOTO.

BucHoBku. 3anponoHoBaHO MOOYZOBY — MaTeMaTH4HOI — MOJEdi
($i0poOeTOoHy Ha OCHOBI BH3HAUCHHS HOTO E€(PEKTHBHHUX >KOPCTKICTHHX
XapaKTepUCTHK. Y SAKOCTI JOCIHI/KYBaHOTO MaTepiaxy B  poOOTI
po3risimaeThess (hiOpoOETOH, BUTOTOBJICHUN Ha OCHOBI craneBoi ¢idpu i3
3arHyTUMH KiHIEIMA. [Ipu moOynoBi marematuuHoi mojeni ¢idpoberony
Ba)XXJIMBUM € BU3HAYEHHS HOT0 e(pEeKTHBHUX BIACTHUBOCTEH, 110, y CBOIO
4epry, MpUITyCKae MPoLeaypy BUOOpY i MOJEIIOBaHHS MPEICTABHUIILKOTO
00’emy Mmartepiany. [l moOyIoBH MOETI BUKOPHUCTOBYIOTHCS DPiBHSHHS
JMHIHHOT Teopil MPYKHOCTI. AJe, OCKINBKH PO3MIISTHYTE CEPEHOBHIIE €
reTepOreHHUM, BPaXOBYETHCs BimoMuid mpuHuun Emen0i, skuil 103BoJsie
o0umcaNTH eHepriro AeGopMyBaHHS CHCTEMH, IO MICTHTh BKIIFOYCHHS.
OtpumaHi B poOOTI 3aJ€KHOCTI MOXKHA 3aCTOCOBYBAaTH HE TUIBKH IS
craneBuX (iOPOBHUX BOJIOKOH, ane i it Oynp-sSKuX iHIIUX (TIOMIMEPHUX,
CKILIHUX 1 1H.), a KOHKpETH3aIlii BUPAXKEHb M CPEKTHBHHUX IPYKHHUX
XapaKTepUCTUK OyJie 3ajexaTd BHHITKOBO BiJi TeoMeTpuuHOl Qopmu
($hiGpoBOTO BOJIOKHA ¥ BUY HOTO AedopMartii.

1. Gediminas Marciukaitis, Remigijus Salna, Bronius Jonaitis, 2011, A model for
strength and strain analysis of stedl fiber reinforced concrete, Journal of Civil
Engineering and Management, Vol. 17(1), pp. 137-145.

2. Buljak, V., Oesch, T., & Bruno, G. (2019). Simulating Fiber-Reinforced
Concrete Mechanica Performance Using CT-.Based Fiber Orientation Data
Materials, 12(5), 717. doi:10.3390/mal2050717.
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KEPYIOYI ®AKTOPHU ITPOCTOPOBO-HYACOBHUX ITPOLIECIB
B ATIOMO-CHJIIKATBMICHUX CUCTEMAX

MunkeBuy O.C., Autoniok H.P., JIyukin €.C., Panou K.B.
(Onechka nepxaBHa akazeMis OyaiBHUIITBA Ta apxiTekTyph, M. Ozeca)

Abstract. The paper presents the results of the analysis of the influence of
the silica-containing component of chemo-biogenic origin on the structure
and properties of non-autoclaved silicate matrix composites using ESmodels
and formulates the main provisions on its multifunctionality.

Keywords: experimental-statistical models, silicate matrix composites,
non-autoclaved hardening, three-component lime-siliceous binder.

JIOKTOp TEXHIYHMX HayK, mHpodecop, akaaeMik, BHUAATHUH BYCHUI
Biraniii AmnaroniiioBuu Bo3HeceHChKHMi, pPO3pOOMB Ta BHPOBAIAMB Yy
OyxmiBebHE MaTepiallO3HABCTBO YHIKaJIbHI METOIHKH CKCIIEPHIMEHTAIBHO-
CTaTUCTUYHOTO MOJIENIOBAHHS, SIKI TPOJOBXYIOTh PO3BUBATHUCS y POOOTax
fioro apyra, BueHoro, mpogecopa T.B. Jlsmenko.

Y cBOiX Ipalisix BOHU HABOASATH JECSATKU PI3HUX BapiaHTIB PillIEHb TUIIOBUX
IHKEHepHUX 3aBJaHb OYHIiBEIBHOIO MaTepiallo3HABCTBA, SIKi JO3BOJSIIOTH
100AYNTH HEBUAMME B XO/1i TAOOPATOPHUX JIOCIITHUX BUIIPOOYBAHb.

S ofuH i3 MPUKIAAIB HABEACHO IOCIIIKCHHS KOMIIO3UTIB Ha alfOMO-
CWIIIKATHIA MaTpuili. BiAMIHHOIO OCOONMBICTIO KOMIIO3WUTIB Ha Takii
MaTpulli € Te, [0 BOHM BHUIOTOBISIIOTBCS HAa OCHOBI KOMIUIEKCHOI
TPUKOMIIOHEHTHOI ~ aKTHBOBAaHOI  aJllOMO-CHJIIKATOOETOHHOT  CyMiii,
MOIM(IKOBaHOT JIy’)KHUMH 1 MiHEpalbHUMHU T00aBKaMH, i TBEPIHYTh IpPH
temrnepatypi 85°C 1 HopMaibHOMY aTMOC()epHOMY THCKY. 3a paxyHOK
peauizarii KOMIUIEKCHOT aKTUBAIi{ BUCOKOPYXJIMBOI aToOMO-
CHITIKaTOOCTOHHOI CYMIIIl, 1[0 € OJHI€I0 3 TEXHOJOTTYHHX O0COOIMBOCTEH
OTPUMaHHS ~ JIaHOTO  BHAY  KOMIIO3WTIB,  3a0e3NeueHi  HHU3bKO-
eHepro3oepirarodi pexumu o0podku. Kommo3uTtu Ta BUpoOHM Ha iX OCHOBI
XapaKTepU3yIOThCS 3HWKEHOIO LIIIBHICTIO TIPH JIOCUTh BUCOKNX 3HAYEHHSAX
MIITHOCTi, BOJO-, TPIIIMHOCTIHKOCTI Ta TEIUIOEMHOCTI, 3aBISKH SKAM
CTBOPIOIOTECS KOM(OPTHI YMOBH 31 CTa0UIBHAM TEMIEPATypPHUM PEKIMOM
npoTsirom go6wm [1].

Sk oaMH 3 KOMIIOHEHTIB B'SKyYOTO0 BHKOPHCTAHMH XIMIYHO aKTHBHHIM
aMOpP(HO-KPUCTATIYHUN  KpEeMHEe3eM  XeMO-0IOT€HHOTO TeHE3HCy 3
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ONTHMAJbHUM BBEJICHHSIM [0 CKJIagy B'S)KY4Oro KpPEeMHE3EMOBMICHOTO
KOMIIOHEHTa XeMO-010r€HHOT'0 TIOXOPKEHHS 3 Pi3HOIO MUTOMOIO IIOBEPXHEIO
Ta YIIBTPaIUCIIEPCHOIO TIOPHCTICTIO, 3a0e3rne4eHo Horo
oJTi(yHKIIOHATFHAN BIUTUB HA CTPYKTYPY Ta BIACTHBOCTI KOMIIO3HIIIN Ha
ATFOMOCHJTIKATHIA MaTPHIIL.

Ha croromuinmHiil 1eHp BiICYTHI 9iTKi YSABICHHS PO Pi3HY (QYHKIIOHAIBHY
POJIB 1 BIUIMB HA CTPYKTYPY Ta BIACTHBOCTI KPEMHE3EMOBMICHHX KOMIIOHEHTIB
XeMO-0IOTEeHHOTO TeHe3WCy Ta iX BiAMIHHOCTEH, sSKi paHime rMOOKO He
JIOCTIPKYBaJIUCS 1 BUKOPUCTOBYBAINCS a00 SIK aKTHBHI MiHepajbHI J00aBKH,
a6o HamoBHIoBayi. CItii 3a3HAYNTH, IO TEPMiH «HATIOBHIOBAW», TaK 1 TEPMiH
«MiHepaibHa JoOaBKay, He PO3KPHBAIOTH MEXaHI3M BIUIMBY LIMX KOMIIOHEHTIB
Ha 0COOJIMBOCTI CTPYKTYpPOYTBOPEHHS 1 BIACTUBOCTI KOMITO3HUTIB.

B po0oti mpoBeficHO MOPIBHSUIBHUE aHaJi3 BIUIMBY MUTOMOI MOBEPXHI
TeJIeBO-KPUCTATIYHOTO KOMIIOHEHTa Ha 3MiHY CTPYKTYpH Ta BIACTHBOCTEH
QIIOMO-CUJIIKaTHOT MaTpHIli 3 OHOTO OOKY Ta MOPH30BAaHUX KOMIIO3HTIB Ha
OCHOBI ~ aIFOMO-CHJTIKATHOI ~MAaTpHIi, MOAN(PIKOBAaHUX JIyTOBMICHHMHU
Jn00aBKaMH, 3 IHIIOTO. AHAaJI3 MPOBEIEHO Ha OCHOBI €KCIIEPUMEHTAJIbHO-
CTaTHCTUYHOTO MOJCIIOBAHHS JaHUX JBOX HaTYPHUX CKCIEPHMEHTIB [1, 2].

BigHocHuit BB OY TIHMTOMOI MOBEPXHI TI'elI€BO-KPUCTAIIYHOTO
KOMIIOHEHTa Ta HOro IOpIBHAHHSA 3 BIUIMBOM IHIIUX JOCTIIKYBaHUX
(dakTopiB Ha 3MiHYy BIACTUBOCTEH Ta MapaMETPIiB CTPYKTypU aJTFOMO-
CHITIKATHOI MaTPHII Ta MOPU30BAHUX KOMIIO3UTIB Bi3yalli30BaHO Yy BHUTJIAII
cToBnyactux niarpam. [lokasaHo, 110 Ha 3MiHY BJIACTHBOCTEH CHIIIKATHOT
MaTpulli BIUIMB IHTOMOI IIOBEPXHI TI€IeBO-KPHCTATIYHOIO KOMIIOHEHTA
PIBHO3HAYHO BIUIMBY YMOB TBEpIiHHS (TPUBAJICTh IONEPEAHBOTO
BHTPHUMYBaHHS Y H.y. i TpuBamicts TBO) (puc.1).
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Puc. 1. BinHocHMii BIUIMB JOCTiKyBaHUX (DAKTOPIB Ta iX B3a€MOJii Ha 3MiHY
BJIACTHBOCTEH CHIIIKaTHOI MaTpHIi
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Ha 3miHy BiacTMBOCTEH NMOPH30BaHMX KOMIIO3MTIB BIUIMB ITUTOMOI
MTOBEPXHI T'eJICBO-KPUCTANIYHOTO KOMIIOHCHTA PiBHO3HAYHHUH BIUTUBY IBOX
nyxHux nobaBok (NaOH + pinke ckio) (puc. 2).

180 (>

10

i i,."ny

{ 3 e kL

Bei pakTopu  muToMa mosepxHs 1o6aska NaOH no6aska pinkoro no6aska NaOH
Tpeneny CKJIa Ta piaKoro ckna

Puc. 2. BigHOCHUIT BIUTMB TOCHiIKyBaHUX (GaKTOPiB Ta IX B3aeMOJiil Ha 3MiHY
BJIACTUBOCTEI MOPU30BaHUX KOMIIO3UTIB

Cnig 3a3HauMTH, IO SKIIO BIUIMB IUTOMOI IIOBEPXHI TIeJeBO-
KPHUCTAJIIYHOTO KOMITOHEHTa XEMOT'€HHOT'O MTOXOKEHHS 3HAYHO MEPEBUIIYE
BIUIMB YMOB TBEPIHHS OKPEMO /I CHIIIKATHOI MaTPHIIi Ta BIUIMB KOXKHOT 3
JY)KHUX J00aBOK OKpEMO JUIl MOPH30BAHMUX KOMIIO3WTIB, TO B3a€EMOIis
MUTOMOT TOBEPXHI TelieBO-KPUCTAIIYHOIO KOMIIOHEHTa 3 LUMH XK
(akTopamu 6araTopa3oBO MMOCHIIIOE IX BIUIMB HA CTPYKTYPY Ta BIACTHUBOCTI
CHITIKaTHOT MaTPHIIi Ta TIOPU30BAHUX KOMITO3HTIB.

Ha migcraBi mpoBeACHOTO aHAi3y 3alpoOlOHOBAHO Ta OOIPYHTOBAHO
MeXxaHi3M (opMyBaHHS CTPYKTYPH Ta BIaCTHBOCTEH crulikaTHOI MaTpui [2].
ITokazaHo, 1m0 KOJOINHI KOMIIOHEHTH Ta KPUCTAJIIYHI YaCTHHKU CIIPHAIOTH
«(}i3MYHOMY» YUIIJIBHEHHIO CTPYKTYpH CHJIIKATHOI MaTpHIi Ta YTBOPEHHs
TIepepuBYacTOi CTPYKTYpPH KaIlUIApiB, Y TOMY YHCII 332 PaxyHOK BJIACHOI
Mikpormopuctocti. Kpim Toro, B pe3ynbraTi BUCOKOI COpOIIHOT 37aTHOCTI iX
NOpH  MOXYTh OyTH Marpuuero Ui  (GOpMyBaHHS  TiJJPOCHIIIKATIB
YABTPAAUCTIEPCHUX PO3MIPIB, BIACTUBOCTI SIKUX CYTTEBO BIAPI3ZHIIOTHCS Bif
BJIACTMBOCTEH TiAPOCHIIIKATIB KajblLilo, IO YTBOPWINCS Y BIUIBHOMY
MPOCTOPi CYMIIlli, MO0 CHPUSE OJCPKAHHIO TMOPH30BAHMX KOMIIO3HTIB 3
BHCOKHMH (i3UKO-MEXaHIYHUMH BIACTHBOCTSIMH.

TakuM  YMHOM,  TEJIEBO-KPUCTATIYHHH  KOMIIOHEHT  BUKOHYE
nomipyHkuioHabHY ~ poib. Ha  ocHOBI  aHamizy  pe3yJsbTaTiB
€KCIIEPUMEHTAIbHO-CTATUCTUYHHUX MOJIENIeii BCTAHOBIICHO CYTTEBHUM BILIHB
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MUTOMOI ~ TOBEPXHI  KOJOIAHO-AWCIEPCHOI Ta  MIKpOreTepOreHHOT
JUCHEPCHUX CHCTEM, IO MOPIBHAHO 3 BIUIMBOM HAa alllOMO-CHIIKATHY
MaTpHII0 YMOB TBepAiHHS, y Tomy umcii TBO, a mis mopusoBaHHX
KOMITO3MTIB Ha 11 OCHOBI — 3 JIy’KHOIO aKTHBALIIEIO CYMIIIII .

Bukonytoun ponp  «(i3UYHO-XIMIYHO aKTHBHOTO» KOMIIOHEHTA,
XEMOTeHHHH  KOMIIOHEHT  3a0e3ledye  3HWKEHHS  LIUIBHOCTI  Ta
TEIUIONPOBITHOCTI  MaTepiaidy. Sk KOMIIOHEHT B'SXKy4Oro, IO Mae
YIBTpaguCIIEpPCHy TOPUCTICTh, BiH BIUIMBa€ HA MeEXaHi3M (popMyBaHHS
CTPYKTYPH 1 BIACTUBOCTEH HIINBHUX 1 MOPUCTUX KOMIIO3UTIB 1 Ha iX 3MiHY B
npoctopi i B 4aci, OyAy4d HAHOPEaKTOpPOM JJd YTBOPECHHS Ta pPOCTY
YIBTPagUCIIEPCHUX T1IPOCIUTIKATIB KAJIBIIII0 BCEPEANHI YaCTHHOK TIOPHCTHX
MeMOpaH.

1. Shinkevich E. Development of scientific bases of the introduction lime-silica
building composites of non-autoclave hardening. Thesis (D.Sc. in Eng.). Odessa State
Academy of Civil Engineering and Architecture, 2008. 32 p.

2. Lutskin Y., Shinkevich E. Aerated Complex Activated Composites on Silicate

Matrix of Thermal-moisture Hardening. Proceeding of 14t e, Congress on the
Chemistry of Cement. Abstract Book. Beijing, China, 2015. Volume 2. P. 632.
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TOPOLOGICAL MODELING AND OPTIMIZATION OF
TECHNOLOGY OF COMPOSITE MATERIALS

TrofimovaL .E.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Abstract: For disclosing the essence of the phenomena and processes,
which regulate disperse systems formation we suggest using the Catastrophe
Theory. All the variety of the Situations met in practice can be presented in a
small number of canonical models.

Keywords: composite materials, disperse systems, structure formation,
topological approach.

As is known [1], the formation of many buildings composite materials
under dynamic nonequilibrium conditions is inextricably linked to the
emergence of diverse structured disperse systems at all stages of the process
of structure formation. These dispersions are characterized not only by a
strongly developed interfacial surface, but also by the evolution of dispersed
structures being formed in them. This phenomenon is reflected in the non-
standard run of rheological curves.

In terms of synergetics, such dispersed composites are construed as
complex nonequilibrium physicochemical systems, the development of
which is accompanied by self-organization of dissipative structures [2, 3].
Therefore, to identify the common patterns of behavior of such systems, it is
proposed to use a topological approach based on the possibility of modeling
of transition of smooth quantitative changes to radical qualitative changes,
catastrophe theory [4, 5].

Based on the analysis of numerous experimental results, a similarity of
anomalous S and N-shaped rheological, kinetic, and other graphical
dependencies representing step-like phenomena in various systems and
standard curves of stationary states was revealed. As is known, the concept
of the multiplicity (nonuniqueness) of stationary states and their instability as
a potential source of evolution of systems being far from thermodynamic
equilibrium (when nonlinear effects occur) underlies I. Prigogin's nonlinear
thermodynamics [2]. A change in the number of stationary states with a
simultaneous change in the type of stability occurs at bifurcation values of
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the control parameter, which correspond to kinks of the S-shaped curve of
stationary states; it is the multiplicity of stationary states that determines the
hysteresis effects. Hysteresis is one of the main qualitative features of the
catastrophe «ruffley», which iswidely used in modeling various phenomena.
The presence of hysteresis loops on S-anomalous rheological graphical
dependencies made it possible to apply atopological approach to simulate the
general picture of processes occurring in disperse systems when external
force fields are applied. It should be noted that in the case of N-shaped kinks
on the graphs, a catastrophe of the type «fold» is applicable.

In the framework of the proposed approach, the experimental
dependences revealed the representation of two main directions connecting
the geometry of catastrophes of the type «ruffle» with the system under study
(maximum delay principle and Maxwell principle). The choice of a specific
principleis determined by the nature of the phenomenon itself.

The modd «ruffle» (the principle of maximum delay) describes the
evolution of the effect of Sanomaly of the dispersion course during shear,
which makes it possible to identify the most significant features of the
appearance of zones of increased density and the formation of discontinuities
of continuity. It was also established that such amodel representation clearly
illustrates the experimental effects being observed when a vibration with
optimal parameters is applied to a deformable system. In a generalized
schematic form, it has been demonstrated that the features of the behavior of
dispersions under conditions of a combination of continuous shear with
vibration being orthogonally directed towards it (in accordance with [1])
contribute to the formation of a set structure of the composite material, which
determines its operationa indicators.

The model «ruffle», the geometry of which obeys the Maxwell principle,
describes the effect of a continuum violation in changing the linear velocity
aong the cross section of the clearance between the coaxial cylinders of a
rotational viscometer when a certain critical velocity of dispersion
deformation is exceeded. In this situation, the geometry of the model is
similar to the configuration of the so-called shock wave, for which steep
profile drops are typica [2].

A lig of possible types of schematic images of the linear veocity
distribution profiles in the operating clearance of the viscometer is proposed,
while their relationship with various variants of structural changesin the shear
flow due to the use of the theory of nonlinear waves is established. Since
rigorous mathematical analysisis quite difficult, it is advisable to establish the
most significant features of the formation of discontinuities on the quality
grounds on the basis of analogy with studies of collective phenomena in
plasma, where the model concept of a shock wave isaso used [6]. The nature
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of the gtructure of the shock wave is governed by the viscosity of the system
under study. If the viscosity is sufficiently low, then the overal qualitative
profile shape corresponding to a velocity step is a shock wave with adamping
oscillating structure being located ahead of its front (packet of solitons). The
lower the viscosity, the greater the number of oscillations (discontinuities). As
the viscosity increases, an ordinary shock wave without oscillations with a
monotonic structure is present. Thus, ordinary aperiodic shock waves and
soliton packets are construed as different limit situations for the same nonlinear
process. As applied to disperse systems, these model representations are
consistent with experimental results: single and multiple effects of continuum
disturbance in the change of velocity along the cross section of the viscometer
clearance correspond to monotonic and oscillating profiles.

An analogy of the phenomenon of the formation of discontinuities of
continuity with the formation of a cluster of particles («birth of pancakes»),
according to Zel'dovich theory, taking into account the two above principles|[7]
is revealed. In accordance with the principle of maximum delay, a model for
the appearance of three-stream (S-shaped) configurations has been considered.
Such an approach is appropriate in interpreting the effect of compression of
structured dispersions; collapse leads to lamination and breachesin the system.
The second approach illustrates, through ideas about the shock wave, the
origination of compacted regions during shear deformation. The proposed
interpretation describes the process of «layering» of particles of solid phases,
contributing to the formation of a compacted structure.

Thus, the involvement of a topological approach opens up new
possibilities in modeling and optimization real situations with sudden
catastrophic rearrangements of regimesin developing dynamic systems.

1. Uriev N.B. Technology of Dispersed Systems and Materials: Physicochemical
Dynamics of Structure Formation and Rheology. Weinheim, Germany: Wiley-VCH
Verlag GmbH& Co. KGaA, 2017. 192 p.

2. Nicolis G. and Prigogine I. Self-Organization in Nonequilibrium Systems.
New-Y ork, John Wiley & Sous, 1977. 491 p..

3. Sukhanov V., Vyrovoy V. and Korobko O. Materia Structure in Structure of
Construction. Odesa: OSACEA, 2022. 412 p.

4. Poston T. and Stewart |. Catastrophe Theory and its Applications. London, San
Francisco, Pitman, 1978, 491 p.

5. Trofimova L. Modeling and Optimization of Technology and Physics-
Mechanical Properties of Composite Materials. Key Engineering Material, 2020, Val.
864, pp. 59-65.

6. Kadomtsev B.B. Collective Phenomenain Plasma. M.: Nauka, 1976, 240 p.

7. Zel'dovich Ya B. Formation of the Large-scale Structure of the Universe.
Astronomy Letters, 1982, Vol. 8, No. 4, pp. 195-197.
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Cekuis 2.

MATEMATHUYHE MOJAE/TIOBAHHSI TA
OIITUMIBALIA MATEPIAJIIB I KOHCTPYKIIN
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ONTUMI3ALISA BIACTUBOCTE BETOHY 3A JJOIIOMOI'OIO
METOJAIB MATEMATHYHOT' O MOAEJIIOBAHHS

JBopkin JL.H., Bopmioxkenko O.M.
(HartioHabHUI YHIBEPCHTET BOIHOTO TOCIIOIAPCTBA Ta
PHUPOJOKOPHCTYBAHHS, M. PiBHe)

Abstract. Examples of the main technological problemsthat can be solved
on the basis of an experimental-statistical (polynomial) model of concrete
strength are given. A analysis of such a model is carried out to determine the
influence of the factors of the concrete mixture composition.

Keywords: mathematical modeling, optimization, concrete composition
factors, analysis.

CTpykTypoyTBOpeHHsI 1 (OpMyBaHHS BIIACTHBOCTEH OCTOHY €
KOMIIUIEKCOM CKIIQAHUX (i3WIHHX, XIMIYHHAX 1 (HI3MKO-XIMIYHHX MPOIIECIB,
10 BiOYBArOTHCS, TIOYMHAIOYH BiJl 3aMilllyBaHHS OCTOHHOT CYMIIIl BOJOKO 1
NPOTArOM 3HAYHOrO 4Yacy HOro TBEpAHEHHS 1 poOOTH B pealbHHX
KOHCTpyKLisiX 1 cmopynax [1]. Ha cyuacHoMy erami, He3BaKaroud Ha
BEJIMYE3HI yCIiXu OETOHO3HABCTBA JIAJIEKO HE BCI IIi IPOLIECH BUCBITIICHI B
nocratHid mipi. Ile yTpynaHioe, a B 0araThbOX BHIAJKax HE O3BOJIE,
CHMPAIOYHCh HA CTPYKTYPHO-(i3W4HI YSBIECHHS OTPUMYBATH PO3PaXyHKOBI
3aJIeKHOCTI ISl BIIACTHBOCTEH OETOHY 3 JOCTATHHOIO IPOTHO3YIOYOIO
3IIATHICTIO i BPaXOBYBaTH BIUTMB HAa HUX MEBHUX KOMIUICKCIB (hakTopiB. B
IIMX YMOBax JUISl IPOTHO3YBAaHHS 1 YNPaBIiHHS BIACTUBOCTAMH OETOHY
epeKTHBHUM € KiOepHeTHUHHUI MeTox. Bimomo, mo kibepHETHKY MO>KHA
pO3MIIATH K HAYyKy NPO KEPyBaHHS CKIAJHUMH cuUcTeMaMH. Jlo Takux
CKJIQHUX CTOXACTHYHHMX CHCTEM BIJIHOCUTBCS 1 TEXHOJIOTisI OeToHy,
3aBIaHHA $KOI B KIHIIEBOMY pPaxyHKy MOKHa OauuTH B TOMY, MI00,
perymrorouu ¢aktopu Ha "BXoi", TOOTO O BUTOTOBIIEHHS OETOHY, BUPOOiB
1 KOHCTPYKLIH Ha HOro OCHOBi, ONTHMAaJIbHAM YHHOM 3a0€3MEeUYNTH SKICTh
MpoAyKIli Ha "BUXOMi" MiCIIs 3aBEPIICHHS BHPOOHIMYNX MPOIIECIB.

B Ham yac IIMpOKEe  PO3MOBCIOJDKEHHS  OTPUMAlM  METOJAU
MaTeMaTUYHOTO MOJISNIIOBAHHS, 10 BUKOPHCTOBYIOTHCSI MPHU JOCIIIKSHHI
BIUIMBY TEXHOJIOTIYHUX IapaMeTpiB Ha BJIACTUBOCTI OETOHIB Ta GETOHHHMX
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cymimeil. Ha#Ompil mnepcrieKTMBHUMM Ul 33ja4  NPOTHO3YBaHHA 1
KEepyBaHHS BIIACTUBOCTAMHU OETOHY € EKCIIEPUMEHTAIbHO-CTaTUCTUYHI
MOJIeNl — PI3HOBUJ MaTeMaTHYHUX MOJENICH, OTPUMAaHHUX CTaTHCTHYHOIO
00pOOKOIO EKCTIEPUMEHTAIBHUX PE3yIIbTaTIB.

Bigomuii  BueHmii-Marepiano3HaBellb, PO3POOHUK 1  AKTUBHUH
MIOITYJIIPU3aTOp MaTEeMAaTHYHUX METOJIB B Traiy3i OyAiBeIbHHX MaTepiaiiB
Bosznecencrkuit B.A. naB cxemu pileHHS AECATH OCHOBHUX TEXHOJOTTUHUX
3amad [2, 3], mo MoXyTh OyTH pO3B's3aHi iHAWBIIyaJbHO YU CIUIBHO Ha
OCHOBI OfIHi€1 €KCTIEPIMEHTAIFHO-CTATUCTHYHOI (TI0JIIHOMiaJ IbHOT) MOJIETI.
KommnekcHe po3p'a3aHHS LMX 3agad Ja€ MaKCUMyM TEXHOJIOTi4HOI
iHpopmanii mpu MiHIMAJIPHUX BHTpPaTax EKCIEPUMEHTAIbHOI poboTH Ta
JI03BOJIsIE BUOPATH ONTHMAJIbHE PILICHHS.

B jmamiii crarTi HaBeNmeHO MPHKIAA ~ KOMIUIGKCHOTO — aHANi3y
MOJIHOMIAJILHOT MoOJieNi MIIHOCTI OETOHY B pO3pi3i PO3B'SI3yBaHHS TaKHX
3ag1a4. Mojenp Oyia nmoOyZoBaHa 3 METOK BU3HAYEHHs BIUIMBY (hakTOpiB
ckiany O0eToHHOI cyMiln Ha eeKTUBHICTD Iil macTudikyrodoi nodasku. B
pe3ysbTarti peanizalii THIIOBOTO YOTHPhOX(akTopHOro ruaHy tumy Bj [4] i
CTaTHCTUYHOT 0OPOOKH pe3yNbTaTiB OTPUMAHO HACTYITHY MOJEIb!

Y =57,3-1,6x, + 22.9x, + 7,2x, —1,6x, — 0,4x7 —1,6x5 —
— O,4x32 - 2,8xf —14x,x, + 2,5x,x,
e Y — wminnicte 6etony, MIla; x1 = (B-190)/30; x; = (II/B-2,5)/1; x3 =
(Ry —58,75)/9,35; x4 = (J1-0,25)/0,25; (B — Butpara Bomu, xr/m> 1I/B —

[IEMEHTHO-BOJIHE BigHOMICHHS; R, — akTuBHiCTH ementy, MIla; /I — BmicT
acTudikyovoi 100aBkH, % BiJ Macu IEMEHTY).

: @

1. Inmepnonayiiina 3adaua. Po3B's3aHHS I1HTEPHOIMIMHUX 3a1ad
JI03BOJISIE 3HAWTH 3HAYEHHS BMXIJHOTO Iapamerpa B Mexax o00JacTi
BapitoBanHs (aktopiB Big —1 mo +1. IligcTaBnsioun B OTpUMaHE PiBHSIHHS
perpecii KoJOBaHi 3HAa4YeHHs KOXHOrO (akropa OAEPKYEMO 3HAUCHHS
BUXIZIHOTO IIapaMeTpa Nnpu OyIb-KUX HPOMDKHHUX MOEJHAHHAX (DAKTOPIB.

Po3paxyemo, Hamnpukiiaja, 3HaYeHHs BHUXIIHOTrO mapamerpa (MIIHOCTI
6eToHy) mpH 3MiHi (akTopa X2 — IEMEHTHO-BOJHOTO BigHOIIeHHs (Tabmn. 1).
Inmi daxTopu npuitHATI HA HYIbOBOMY (OCHOBHOMY) piBHi: B = 190 kr/m®,
R, = 58,75 MIla, 1 = 0,25%. PiBusiaus perpecii (1) Toxi mpuiiMe BUIISA:

¥ =57,3+22,9x, — 16X} @

Tabmuns 1 — PesynbraTn iHTepnosmii 3a piBHAHHAM (2)

X2 (komoBanmii Bux) |-0,8/-0,6/-0,5/-04]-0,2102|/04]05]0,6|0,8

1I/B (marypamenuii Bu)| 1,7 (19120121 |123(2,7129|30(31]33

Rs, MIla 38,0143,0/45,5/47,9|52,7|61,8|66,2|68,4|70,5|74,6
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2. Excmpanonayiiina 3a0aua. Po3B’s13aHHA EKCTPANoOLIMHUX 3a/1a4
JIO3BOJISIE TPOTHO3YBAaTH 3HAUCHHS BHXIJHOTO IMapaMerpa 3a MeKaMu
obnacti BapitoBaHHs (akTopiB, Hampukian, npu X = 1,1; 1,2; 1,3. Onnak
HEOOXiTHO MaTH Ha yBa3si, IO CKCTPANOJIALis Moxe OyTH TMOB’s3aHa 3
MEBHUMH TOMWJIKAMH B Tepen0adeHHI i I[i TOMHJIKHA CTAlOTh OLUIBII
TIOMITHIII, YAM JaJi BUXiZ 3a MexXi oOyacTi BapitoBaHHS. Excrparmorsiis
MOJKJIMBA, SKIIO y IOCITITHWKAa HEMae€ CyMHIBIB, IO 3a MeXaMH 00IacTi
BapiroBaHHA (aKTOPiB XapakTep (QyHKII 3amumaeTbcs 6e3 3MiH.

Po3B’5130K ekcTpanossmiiHol 3aaa4i 3a piBHAHEAM (2) 1 ¢ikcarii iHmux
(akTOpiB Ha HYIIOBOMY piBHI HaBeJCHUH y TaOII. 2.

Tabmums 2 — PesynpTaTn €KCTpanosmii 3a piBHAHHAM (2)

11/B (xomoBaHuii BH) -1,3 -1,2 -1,1 1,1 1,2 1,3

11/B (narypansuuii Bua) |1,2 1,3 1,4 3,6 3,7 3,8

fem, MITa 248 |275 |30,2 |806 825 |844

3. Amnanimuxo-zeomempuuna 3adaua. PO3B’S3aHHSI aHANITHKO-
TEOMETPUYHHX 3a/1a4 JI03BOJIIE HAa OCHOBI PIBHAHB perpecii moOymyBaTh
rpadikd i HOMOTpaMH U1 BU3HAYCHHS 3HAUCHb BUXITHUX MapaMeTpiB B
Me)kax 00JacTi BapitoBaHHS (PaKTOPIB.

Skuro Bei daxropu kpim LI/B (x2) i Re(x3) npuitHaTH Ha HyJ1bOBOMY piBHI
(B=190 kr/m3, 1=0,25%), To piBHAHHSA perpecii (2) Habyne BUY:
§=57,3+229x, +7,2%, —1,6X2 — 0,4%. +2,5%,X. )

3a piBasHHEAM (3) MOXHa TOOYyIyBaTH MOBEpPXHIO BIATYKY Y 'y
TpUBUMIpHOMY TIpocTopi (puc. 1).

Rg, MMNa
30}

40
50

60
70

Puc. 1. IloBepxHs BiAryKy MirtHOCTI 32 Moentio (1)
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4 i 5. 3aoaui Oocacznenna MIHIMAIbHO20 GO0 MAKCUMATLHOZO
3nauennsn Y. BOHM NOJATaloTh B 3HAXO/PKEHHI TAKOTO TTIO€JHAHHS (haKTopiB,
sIKe 3a0e3reuye MakCuManbHe (MiHIManbHe) 3HaUCHHS BUXiJHOTO IapamMeTpa
— KpUTEpilo e(peKTUBHOCTI NPH 33JaHUX OOMEKEHHsSX. Y IIbOMY BHUIAAKY
eKCTpEeMYM MOXKHa 3HaXOJUTH IUIIXOM JTU(EpEHIIOBaHHS PIBHSIHHSI
MOCTITOBHO 32 X1, X2, ..., X. OTpuMaHa cucTeMa IiHIHHUX pPiBHIHD
npupiBHIOETHCS A0 Hys. [1nsaxom ii po3B's3aHHs 3HAXOAATH 3HAYCHHS Xj, IO
3a0e3meuyroTh eKCTpeMallbHe 3HAYCHHS Y .

Hanpukian, HEoOXimHO BU3HAYMTH 3HAYCHHS (AKTOPIB X1...Xs, SAKI
3a0e3neuyroTh MiHIMaIbHO a00 MaKCHMAaJIFHO MO>KIIMBI 3HAYCHHS MIITHOCTI
6erony 3a piBHsHHAM (1). dudepenmiroemo piBHsSHHA perpecii (1) i
MIPUPIBHIOEMO YACTKOBI MOXIJHI 10 HyJs, @ TaKOK aHAJII3yeEMO 3HAYECHHS
BUXIZIHOTO IIapaMeTpy Ha Mexi o0acTi BapitoBaHHs (GakTopiB.

:)y& =-16-0,8x,-14x,.=0; ::)z =229-32x,-1,4% +2,5x, =0;

(;ﬂ =7,2-08x,+25x%, =0; @ _ -16-5,6x, =0. 4
X, x,

Po3p’s3aBmm oTpumany cuctemy (4), Hampukiaa, merofom [ayca,
orpumaemo x1 = 9,94, x = -6,82, x3 = -12,33, x4 = -0,29, ToOTO TOUKa
eKCTpEMYMy JIC)KHTh 3a MeXaMH o0nacTi BapitoBaHHSI. ToMy TOLIBHO
BU3HAYUTH 3HaYCeHHs (QYHKIIT B IPAaHUIIX 00J1acTi BapitOBaHHS.

Awnaini3 piBHsHHS perpecii (1) 103Bossie 3pOOUTH BUCHOBOK IIPO Te, IO
HOro MaKCUMyM B MeXax BHBUEHOI 001acTi Oye mocsraTucs npu x1= -1, x2
=x3= 1, x4 — omu3pko 10 0, a MiHIMYM — mpu x1 = x4 = 1, Xxo=x3=-1.
Po3paxyemo 3Ha4YeHHs MilIHOCTI OETOHY B JESKHUX XapaKTepHHUX To4Kax (y
3arajibHOMY BHIIQJKy MOTpiOeH mepedip BCiX 3HAYEeHb HA MeEXi 00acTi
BapiroBaHHA (akTopiB). HaitOinpIe 3HaAYCHHS MIITHOCTI, [0 CTAaHOBUTH 90,7
MlIla, nocsraetses pu x1= -1, xo=x3=1, x4= 0,29, a Haiimenme (22,7 MIla)
—mpux1=x4=1,x2=x3=-1.

Minimizamist abo MakcuMizamis Y MOKe DOCSATAaTHCS TaKoXK mepebopom
BCiX KOMOIHAIIIH X1, X2, X3, X4 Ha PIBHAX Bix -1 10 +1 3 KPOKOM KBaHTYBaHHS
Ax;, aHaTi30M PiBHSHHS KaHOHIYHOI (hOpPMH, a TAKOXK 32 JOIMTOMOTOI0 METOIa
HEeBH3HA4YEHHX MHOXHUKIB Jlarpamxa.

6. 3aoaua ynpaeninna npu ¢hikcosanomy Y. 3amada yrpaBiIiHHSI
MOJISITa€ 'y BHW3HAYCHHI TakWX KoMOiHamil (akTopiB, mo 3a0e3medyroTh
3aJiaHi TOKa3HWKM BUXIJHOrO TmapaMerpy. Jlns 1poro 3 OTPHUMaHOTO
piBHSHHS perpecii (HampukiIaa, MIIHOCTI OeTOHY) BHOWpPAIOTh HAHOIIBIN
3HaYnMui paxTop (3a3Buyaii 1I/B).

Po3B’s3yroun piBHSHHS perpecii moa0 1poro (akropa, BH3HAYAIOTH
HeoOxinHe Horo 3HaueHHs, siKke 3a0e3nedye NMpH 3MiHI IHIIMX (aKTOpiB
3ajjaHe 3HAYEHHS BUXIJIHOTO IapameTpa.
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B pesynbraTi po3paxyHkiB 3a piBHSAHHAM (1) moOyaoBaHa HOMOTrpaMa
(puc. 2), 3a IOMOMOTOFO AKOI MPHU 3MiHI KOHKPETHHX TEXHOJIOTIUHHUX
(axTopiB MO>kHa yTo4yHIOBaTH 3HaueHHs L1/B i koperyBaru cknajn GeToHy.
Hanpuknan, nuist 6erony 3 npoektHoro MinHicTio 40 MIla mpu B = 180
kr/m? (@), Ry = 50 MIla (b), 1= 0,2% (c), LI/B = 2,05 (d).
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Puc. 2. Homorpama BU3HaYe€HHS [IEMEHTHO-BOIHOTO BiTHOILCHHS
JUI OETOHY PiI3HUX MapOK 3aJIC)KHO BiJl aKTHBHOCTI LIEMEHTY,
BuTpaTH Boau i jobaBku JICT

7. 3a0aua minimizayii pecypcie xi npu ¢hikcosanomy Y. B moneni (1)
OCHOBHHM PECYpPCOM, 1[0 BU3HAYAE BAPTICTh OETOHY, € BUTPATa IEMEHTY, 110
npsiMo niponiopuiiina LI/B. Tomy minimanshe 1I/B, sike MoXHa BU3HAYUTH 3
HoMorpamu (puc. 2) mpu MiHIMAIbHOMY BMICTI BOAU Oy/e BiIMOBIAaTH
MiHIManbHi# BuTpaTi nementy. Hanpukian, s 6erony minnictio 40 MIla
MiHIMaJibHa BUTpaTa LIEMEHTY jocsraeTbes mpu B = 160 i1 1I/B = 2,0.

8 i 9. VYnpaeninnua Y npu 06ox ab6o oonomy 3minnux ¢haxmopax.
VYnpasninas npu pikcoBaHoMy Y BUKOHYETHCS IIUIIXOM 1MOOYI0BH 130T1HIH
(Ut 1BOX HE3aISXKHUX (PAaKTOPIB Xi) a00 0HO(DAKTOPHHX 3aJIEKHOCTEH.

Hanpuxnan, st noOynoBu i305iHIN Big GakTOpiB X2 1 X3 BHKOPUCTAEMO
yXe oTpHMaHe paHime piBHAHHA (3). 3a7a04uch MOXIMBUMH 3HAYCHHSIMHU
Y i mpuBOAsSYM piBHAHHSA 10 BUMIAAY x3 = f(x2), mobymyemo mrykaHi i3ominii
(puc. 3). 3 puc. 3 BUIUIMBAE, IO IS JOCATHEHHS, HAIPHUKIAL MIIIHOCTI
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6erony 60 MIla Ha nemenri 3 aktuBHicTi0 50 MIla cninx npuitnstu LI/B = 3,0
(x2 =0,5), a Ha uementi 3 aktuBHicTIO 60 MIla — I1I/B = 2,6 (x2 = 0,1) mpu
immmx onnakosux (akropax (B = 190 kr/m3, T = 0,25%).

1

|
\\
1 Ry
Hao
|
\
\
\
; -1
-1 0 1
u/B

Puc. 3. [3omiHii MitiHOCTI 32 MoAemTO (1)

[Mpuknagom oaHO(AKTOPHUX 3AJIEKHOCTEH, SIKI MOXKHA PO3paxyBaTd Ha
ocHoBi Mozeni (1) € piBasHHs (2). BoHO 103BOJISIE YNPaBIATH MILHICTIO
6erony (Y) 3minroroun (akrop x2 (1I/B) mpu mocrifiHoMy 3HaYeHHI iHIIHX
3MIHHHX (haKTOpax (X1,x3 1 Xa).

10. Ananiz epexmy énnugy okpemux ¢pakmopie. JIs OIIHKY CTYIICHIO
BIUIMBY OKpeMuXx (akTopiB modyayemo oaHopakTopHi Moeni (Tabu. 3).

Tabnuus 3 — PesynbraTs po3paxyHKy BIUTUBY OKpeMHUX (haKTOpiB Ha
MirHIcTh Y 3a piBHIHHEAM (1)

Harpaan | x| Omodarmopranozenss 2TEY B v
B, kr/m® x1 | y=573-16x-04x’| 553 | 585 | 32
/B x2 |y=573+229x,-16x;| 328 | 786 | 458

Ry, MITa xs | Yy=573+72%x-04x| 497 | 641 | 144
1% Bin 11 X4 y=573-16x,-28x. | 529 | 575 | 54

* oo hakTOpH NPUIHATI Ha HYJIHOBOMY PiBHi.




AHaji3 OTpUMaHUX JaHHMX IIOKasye, IO 3a CTYIEHEM 3Ha4uMOCTI
(haKTOpU MOXKHA PO3TAITYBATH B DAL X2> X3> X4> X1. [Ipu 11boMy 301b1IEHHS
(axTopiB X2 1 X3 NPU3BOJUTH 1O 3pOocTaHHs Y, a hakTopa X1 — A0 3MEHIICHHS
Y. [Ipu AOCTaTHRO BHUCOKHMX KBAJPATUYHUX KOCQIIiEHTaX IS OKPEMHX
¢axTopiB (cmiBcTaBHO 3 JIIHIMHUMH Koe(illieHTaMH) MOXe BUHUKATH
cuTyaris Ak ansa ¢akropa xs. 30iUmbImeHHs QakTopa x4 y Mexax Big 0 1o
0,18% mnpu3BOIUTH A0 POCTY MIIHOCTI, TMOAajblIe 30UTBIICHHI X4 — JO
3MEHIIIEHHS MIITHOCTI 3a IHIIMX PiBHUX YMOB. 3a MOJEJISIMHU, HABEJICHAMH B
Tabi. 3, MOXKHA TaK0X OOYyayBaTH ofHO(aKTOpHI rpadidHi 3aIeKHOCTI, SKi
JO3BOJIIIOTE HAOYHO CIIOCTEpIraTd 3a OCOOJMBOCTSAMHU BIUIMBY TOTO YH
iHmoro akropa.

Omxe, SK BHIHO 3 HAaBEJICHOTO NPUKIAAY, EKCIIEPUMEHTAIbHO-
CTaTUCTUYHI MOJENI € TIOTY)KHMM 3aco00M aHaji3y Ta KepyBaHHS
BJIACTUBOCTSAMHU OETOHY 1 JIO3BOJIIE BHPINIYBATH KOMIUICKC 3aia4
NPOTHO3YBaHHs BJIACTHBOCTEH OETOHY Ta KepyBaHHS TEXHOJIOTIYHHUMHU
MpoLecaMHu.
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YK 624:006

OBIPYHTYBAHHS JOIUIJIBHOCTI
BUKOPUCTAHHS IIIHOI30J1Y

J3106enko A.1O., KoBanbebkuii B.II.
(BiHHUIBK Ui HA[IOHANBHAN TEXHIYHIN YHIBEpCHUTET, M. BiHHUIIsN)

Abstract. An analysis was conducted and the need to increase the energy
efficiency of residential buildingswas noted by insulating wallsusing modern
types of insulation.

Keywords: energy efficiency, insulation, insulation, thermal resistance,
thermal conductivity coefficient.

[MutaHHA TiOBUIIEHHS €HEProe(eKTHBHOCTI Ta EHEPro3aollaKEHHS
KUTIOBUX OyIMHKIB HA ChOTOIHINTHIN IeHb BKpail akTyalibHa pobieMa, sika
noTpedye K HAaHIIBUIIIOTO BUPIMICHHS.

HeoOxigHicTh MpOBEICHHS YTEIUICHHS CTiH KUTJIOBUX OyIWHKIB iCHY€
JocuTh JaBHO. B mepury gepry 3 1 Bepecns 2022 poxy BcTynus B cuity JJbH
B.2.6-31:2021 «TemnoBa i3osiist Ta eHeproedeKTUBHICTH Oy aiBeap» [1-3],
3TiIHO  SKOTO TPHBEINCHUH TEpPMIYHWI Omip 30BHIIIHIX CTIHOBHX
OTOPOKYIOUHMX KOHCTPYKI#M it [ TemmepaTypHOi 30HH ITOBHHEH
cTaHoBUTH Rg min=4,00 (M?*K/Br) Ta ay1s I TemneparypHoi 3001 Rqmin=3,50
(M?*K/Br). Takos Ha HEOOXiIHICTh IPOBEIEHHS YTEILIEHHs OE3M0CEPENHBO
BIUIMHYJIA HUHIIIHS CKJIaJHa CHUTYaIlisl i3 OOMEXEHHNMH E€HepropecypcaMmu
JUISL OTIAJICHHS HUTJIOBOTO (POHIY, a caMe OOMEXEHHH OOCT MPUPOTHOTO
razy Ta HasBHI PU3UKH BiJKITIOYCHHS.

Tomy Bkpaif HEOOXiTHO i Ba)KITMBO MMPOBOIUTH YTEIUICHHS CTiH )KHTIOBUX
OyAMHKIB, IO 3a0€3MeYnTh AOCSATHEHHS HEOOXiIHOTO TEPMIYHOTO OIOpY
CTIHOBOI KOHCTPYKIii, OYIMHKH TOTPeOYBAaTHMYTh MEHIIY KUIbKiCTh
TEIUIOBOi eHeprii i omaseHHs. TakoX palioOHAIBHO BHKOPHUCTOBYBATH
CydYacHi BUAM yTEIUTIOBAYIB i3 HU3BKUM KOE(II[iEHTOM TETIIONPOBITHOCTI.

Pe3yabTaTn pociaixkeHHsi. JJocUTh BeIvKa KiIBKICTh TEIIOBOT €HEpPTii
BTPAYa€THCS Yepe3 CTIHU KHUTIOBHUX OYAWHKIB, SIKi HE MAalOTh YTEIJICHHS.
Jns toro, mo6 3abesmedyBaTH 30epiraHHS TeIula ycepeawHi OyIuHKY,
HEOOXigHO MiAOWMpaTH SAKICHI CydYacHI TeIIoi30/smiiHI MaTepiand Ta
MPOBOJMTH TEILIOI30MIALII0 CTiH OyIUHKY [4-6].
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Ha cporopHimHiii xgeHb iCHy€ BIOCTalb pI3HOMAHITHUX BHIIIB
YTEILTIOBAYiB, SKi PI3HATHCS MiX CO00I0 KOe(II[iEHTOM TEIJIONpPOBIIHOCTI,
LITBHICTIO, MapONPOHUKHICTIO, BapTicTio [7-9]. Haituactimie npu BuGOpI
BU/ly YTEIUIIOBaua 3BEpPTAIOTh YBary Ha JiBa IOKa3HUKU- KoedillieHT
TEIUIONPOBITHOCTI Ta BAaPTICTh, TOOTO LiHA-AKICTh MaTepiany, Xoua i iHmI
MTOKAa3HHUKH TS BapTO BpPaxoBYBaTH Npu BHOOpi MaTepiany. OOpartu sKicHH
TEIUIOI30JAIIMHNI MaTepian JOCHTh BaXXIIMBO, TOMY IO MPABIIBHUN Tia0ip
TEIIIOI30NAMINHNX MaTepiaiiB Bixirpae Bemuky poib [10-13]. ¥V Tabm. 1
BHKOHAHO TOPIBHSAHHA 32 IapaMeTpaMH YOTHPHOX BHIIB YTEIDIIOBAUiB-
MiHEepaIbHOI BaTH, MiHOTOJICTHPOIY, MIHOI30Jy Ta MiHOTOIypeTaHy.

Tabmums 1 — [opiBHIHHS MiHEpaTbHOI BaTH, MIHOMOMICTHPOIY,
MHO130JTy Ta MIHOMOJiypeTaHy

Buj yremmosaua
Hapaverpi Mincpare- | [lisonoxi- [inoizon | IliHomomiyperaH
Ha BaTa CTHPOIT Y
TemnonpoBigHicTh
Br/(M*K) 0,046 0,05 0,038 0,035
ITaponpoHukHicTh
wr/(m*roa*Ila) 0,04 0,03 0,024 0,02
Bapricth 4000 3600 2400 2000
TPH
Cepensst MITBHICTH
Kr/M° 80 40 20 25
Temneparypn
BUKOPUCTaHHS -40+120 -100+80 -50+120 -160+150
oC

Ha sxicte Bumy  yTeluloBaua  BIUIMBae  caMe  KOe(illieHT
tertonposinHocti. KoedimieHT TemIonpoBiqHOCTI- 1€ KiIBKICTh TEILIOTH,
sIKa ITPOXOJUTH Yepe3 OJMHHMIIO TUIOLII MaTepialy 3a OJUHUII0 Yacy. | yum
HIDKYHH KOSQII[iEHT TEeIUIONPOBIIHOCTI, THM MaTepiaa 3a MEeBHY OIHHUIIO
Yyacy MpOINMYCTHTh MEHINY KIJIbKICTh TEIUIa, a OTXKE YTEIUICHHS TaKuM
MaTepiaroM € OLTBII e(heKTUBHUM.

3rigao Tabmumi | HaWHWKYHHA KOE(]Imi€HT TEIUIONPOBIAHOCTI Mae
migomoniyperan - 0,035 (Bt/(M*K)), T0OTO i3 00paHWX YOTHPHOX BHIIB
yTEIUTIOBAaYiB JaHWUM Marepial € Hale(eKTUBHIINM 3 TOYKH 30py
ternoizofsii. KoedimieHnT TemmonporigHocTi miHoi30my cTanoButh 0,038
(B1/(M*K)), mo Tex MAOCHTh UyAOBHH TOKA3HWK y TOPIBHAHHI 3
MiHEpAJILHOIO BaTOI0 a00 MiHOMOJICTHPOJIOM. Alle BpaXxOBYIOYH BapTiCTh
MaTepialiB, KOJHU IMHO130J1 IEIIEBIINH 32 MHOMOJiypeTaH IpHUOIN3HO B TPH
pasu, MiHOI30JI Ma€e TepeBary mepe; MiHOMOoJIiypEeTaHOM caMe Yepe3 BapTicTh
Marepiany.
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ToMy BUKOPHCTOBYBaTH YTEIUIIOBaY 13 HHM3BKUM Koe(illieHTOM
TCIUIOTNPOBIMHOCTI € PAlliOHATBHO, QK€ YWUM HIDKYMHA KOeQillieHT
TEIUIONPOBITHOCTI — THM MEHIIAa HEOoOXiJHAa TOBIIMHA YyTEIUTIoBaya Jyis
JOCSITHEHHSI HEOOX1THOTO TEPMIYHOTO ONOpPY CTIHOBOI KOHCTpYKIii. Hu3bki
Koe(illiEHTH TerJIONPOBIAHOCTI MalOTh CaMe Cy4acHi BHJIM YTEIUIIOBAUiB.
AJe 1S JOBEICHHS BapTO IOPIBHATH HEOOXiTHY TOBIIMHY IEKiJbKa BHIIB
YTEILTIOBAaYiB MPY IPOBEICHHI YTEIUICHHS CTiHH.

Hns mpuknanxy eQeKTHBHOCTI BHKOPHCTAaHHS IIPH YTEIUICHHI CTiH
CydJaCHHX BH[IB YTEILTIOBa4a i3 HU3BKAM KOE(DiIli€HTOM TEIUIONPOBiTHOCTI
OyB BHUKOHAaHWH TEIUIOTEXHIYHHHA pPO3PaxXyHOK s 0OpaHOi CTiHOBOI
KOHCTPYKIii, cTiHa i3 mermu ToBmuHOWO 380 MM, i TOPiBHAHHS
BUKOPDHCTOBYBJIM TpPU BHOM  yTEIUIIOBauiB - MiHepajlbHa BarTa,
MIHOMOJIICTHPOJI Ta MiHOi30J1. Pe3ynbraT HaBeneHI Ha Aiarpami 1.

170
160
150
140
130
120
110
100

ToBLWMHA yTen0Ba4Ya MM

MiHepanbHa [liHononictnpon MiHoi3on
BaTa

Bug ytenntosaya

Puc. 1. 3anexHicTh MiHIMAJILHOT TOBIMHM Bijl BUy MaTepiany

[Ticnst mpoBeneHHS! TEIIOTEXHIYHOTO PO3PaxyHKY i3 TphOMa BHAAMHU
YTEIUTIOBaYiB OTpHMaHa HEOOXiJHa TOBIIMHA YTEIDIIOBAdiB MiHEPaIbHOI
BaTH, IHOIMOJIICTHPONY Ta MiHOI30Iy. 3a OJHAKOBOI KOHCTPYKINI CTiHH
HEOOXiHa TOBIIMHA MiHEPaIbHOI BaTH CKiagae 150 MM, MiHOMOIICTUPOITY
160 MM, mmiHoi301y 120 MM. [ HiYOTO AMBHOTO, 87 Ke YNM HUKIHHA KoeimieHT
TEIJIONPOBIMHOCTI ~ MaTepialy- THM MeEHIIa HeoOXiHa  TOBIIWHA
yTemmoBayda. lle BKOTpe ITOBOIHTH MPO PaliOHAJIBHICTE BUKOPUCTOBYBATH
CydJacHI BHAM YTEIUTIOBAYiB INPH IPOBEACHHI POOIT MO YTEIUIEHHIO CTiH
OyaWHKY.

ToMy micisi BUKOHAHHS TIOPiBHSHHS HEOOXIJHOI TOBIIUHH TPHOX BHUJIIB
YTEIUTIOBAYiB MOJKHA 3ayBa)KHTH, IO YTCIUIEHHS CTiHM IIHOI30JIOM €
pauioHaJIbHE, TaK SIK Yy TOPIBHSHHI 13 IHIIMMM MarepialaMM HeoOXiaHa
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TOBIIMHA YTEIUTIOBa4Ya Oye MEHIIOK. Takox MiHOI30JI € palliOHATBHUM JI0
BHUKOPHUCTAHHS 3 CKOHOMIYHOT TOYKH 30py. [1iHO13071 Ma€ XOpOIIi NOKa3HUKH,
Yepes 10 € CPEKTUBHUM CyYacHUM BUIOM YTCILIIOBAYA.

BucnoBku. O1xe, IPOBEINCHHS YTEIUICHHS CTiH )KUTIOBUX OyIUHKIB IS
MiABUICHHS €Heproe(eKTHBHOCTI Ha CHOTOAHI BKpal akTyambHe. CTiHK
KUTIOBUX OYIWHKIB MOBHHHI MaTH HEOOXIHUN MpPUBEIACHUN TEPMIYHUN
oIIip 3TiZIHO Cy4acHUX BUMOT. TOMy 1 BayKJIMBO NPOBOJUTH YTEIJICHHS CTiH
OyIMHKY, BAKOPUCTOBYIOUHM CYYacHI BUH YTEIUIIOBAYiB, SIKi MAlOTh HU3bKUH
Koe(illieHT TEemIONpPOBIIHOCTI, B pe3yibTaTi MOXHA 3alpOEKTyBAaTH
MiHIManbHy HEOOXiJHY TOBIIMHY yTerunoBada. OJZHUM 13 TaKUX Cy4acHHX
BU/IB YTEIUIIOBaya € IIIHOI30J, TOMY BHKOPUCT@HHS IIHOI30Jy JUIst
YTCIUICHHS CTiH JKUTIOBHX OYIWHKIB Ha CBOTOJHINIHIN JeHB BKpait
aKTyaibHe.
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Y]IK 666.97

INPOI'HO3YBAHHS MIITHICHUX TA JTE®@OPMATHUBHUX
BJACTUBOCTEN CAMOYILJIbHIOBAHUX BETOHIB
3 BAKOPUCTAHHSAM MATEMATHYHUX MOJIEJEN

JKurtkoscwknii B.B., Isopkin JIL.H., Koukapnos JI.B.
(HamionanpHHMH yHIBEpCHTET BOIHOTO TOCIIOAAPCTBA
Ta IPUPOTOKOPHUCTYBAHHSA, M. PiBHE)

Abstract. The article is dedicated to the development of experimental-
dtatistical models to evaluate the influence of technological factors
determining the composition of self-compacting concrete incorporating
ground granulated blast furnace slag and a polycarboxylate superplasticizer
on compressive and tensile strength, prism strength, modulus of elasticity,
and crack resistance. A methodology for designing the composition of self-
compacting concrete using the developed models has been proposed,
enabling the simultaneous prediction of a set of required parameters.

Keywords: self-compacting concrete, blast furnace slag, super plasticizer,
strength, modulus of elasticity, experimental -statistical model, concrete mix
design.

3acTocyBaHHs epEKTUBHMX IUIACTH(DIKATOPIB 1 cynepruiacTudikaTtopis B
ckiamax OeToHy 3a0e3MeumiIo MOXKIHMBICTE OTPUMAHHS BHCOKOPYXOMHX
(uTHX) OSTOHHUX CyMimIel i OeTOHY 3 BUCOKMMHU (Di3MIKO-MEXaHIYHUMU 1
eKCIITyaTallifHUMK XapaKTepUCTUKaMU Ha PSIOBUX MOPTIAHALEMEHTax i
3all0BHIOBaYaXx.

Iupoke 3acTocyBaHHS camoymlinpHIOBaHHX OetoHiB (CYDB) 'y
OyHIBHHIITBI € JOCUTH MPHUBAOINBUM, OJHAK OOMEKY€ETHCS HEOOXiTHICTIO
BUKOPHCTaHHS BHCOKOAKTUBHHMX MIiHEpaJIbHUX J100aBOK Ta BIJICYTHICTIO
JOCTaTHBOI ~ eKCIIepUMEHTaIbHOI 0a3W A  MPOTHO3YBaHHA  IOTO
BIacTUBOCTEH. Y cBoro uepry g 3akiageHHs CYbB mpu mpoekTyBaHHI
KOHCTPYKIIH HEOOXiaHI JaHi mo/10 1eOPMATUBHOCTI Ta TPIIIMHOCTIMKOCTI
Taknx OETOHIB, a TAKOXK JIaHI II0JI0 BIUIUBY iX CTPYKTYPHHUX OCOOJIMBOCTEH,
KOTp1 BUKJIMKAHI MMiIBUIIEHAM BMICTOM B’SKYUHX, aKTHBHHUX MiHEpAIBHUX
n00aBOK Ta CymepriacTU(ikaTopiB Ha poOOTy KOHCTPYKIiH Ta ix
JIOBI'OBIYHICTE.
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Jnst MOXIIMBOCTI 3aCTOCYBaHHSI CaMOYILIUJIBHIOBAaHMX OETOHIB TIpU
NIPOCKTYBaHHI KOHCTPYKLIH OyaiBenb BaKJIMBUM € WHTaHHS BIUIMBY
TEXHOJIOTIYHUX (aKkTopiB Ha JeopMaTHBHI BJIACTHBOCTI O€TOHY, iX
TPIIIUHOCTIMKICTD Ta MOBEIIHKY ITiJl HABAHTAXKCHHAM. AKTyaJIbHIM TaKOX €
po3pobKa METO/10JI0Tii MIPOTHO3YBaHHS nedopmaruBHOCTI
CcaMOYIITPHIOBAaHUX OCTOHIB Ha CTaJlii MPOEKTyBaHHS CKJIaay OCTOHY.

Jlis MoxmuBOCTI MpoekTyBaHHs ckiaxy CYDB 3 JOMEHHMM IITakoM 3
ypaxyBaHHSIM KOMIUICKCY 3alaHUX BIIACTUBOCTEH BAKIIMBUM € OTPHMAHHS
MaTEeMaTUIHUX 3aJeKHOCTEH, 10 JO3BOJISAIOTH OIiHUTH BIUTUB TEXHOJIOTIIHUX
(axTopiB Ta PakTOpiB CKIATy OCTOHY Ha HEOOXiTHI BIaCTHBOCTI.

3 MeTOI0 BHABJICHHS KOMIUICKCHOTO BIUTUBY AaKTHBHOI MiHEepaibHOI
N00aBKH Ta cynepruiacTudikaTopa moyiikapOOKCHIATHOTO THITY Ha MIIHICTh
Ta ne(opMaTHUBHI BJIACTUBOCTI CaMOYIIUILHIOBAHMX OETOHIB y IIMPOKOMY
Jiara3oHi KjaciB 3a MILHICTIO, a TAaK0 BCTAHOBJIIEHHS MaTEMaTHUYHUX
3aJIeKHOCTEH MIX BJIACTHBOCTSIMU Ta TEXHOJOTIYHMMH (akTopamu OyJio
MIPOBE/ICHO INIAHOBAHUI EKCIIEPUMEHT.

VY skocrti BapiiioBaHuX (akTopiB Oynu BHOpaHi HACTYIHI: BHTpaTa
noprnanauementy (11, kr/m® (X1)), Bmict cynepmiactudikaxropa (CIT, %
(X2)) Ta BHTpaTa MiHEpaJIbHOI J00aBKH (JOMEHHOTO T'PaHYJIHOBAHOTO
maky) (LI, xr/m® (X3)). Pyxomicte OeroHHOI cymimi B Toukax
eKCIIEPUMEHTY MiATpuMyBaiach Ha piBHi PS5 (OK=25...27 cMm, 110 BiamoBigae
po3mmBy koHyca 560...620 mm (F5 srigno JICTY BB.2.7-176:2008)). 3
6eronHoi cymimni popmyBamu 3pazku Kyou 100x100%100 mm (204 3pa3kn)
Ta pu3mu 100x100%400 mm (48 3paskiB). Busnauanu ky6oBy Ta Ipu3MOBY
Mminnicts y Bimi 1, 7, 28 1i6 (fem, form MITa) Ta MilHICTS Ha PO3TAT TpH
poskomtoBanHi (fom, MITa), moaysb npyxuocTi (Ecm (y Biwti 1, 28 11i0).

MexaHi4HI XapakTepUCTUKH OeTOHY (KyOoBa 1 IPU3MOBA MII[HOCTI) TPH
OJIHOPa30BOMY  KOPOTKOYAaCHOMY  HABaHTaXCHHI  BHM3HAYaJMCh  3a
CTaHJAPTHUMH METOJIUKAMHU.

[Ipu BU3HAYEHHI MIIHOCTI OETOHY 3a 3pa3kaMH-KyOaMH EKCIICPUMEHT
MIPOBOAMBCS 3a TPHPIBHEBUM TpHDakTopHUM TwiaHoM Bs. JlocmimkeHHs
nedopmaniitHuX XapaKTepPUCTHK 3MiHCHIOBAIOCH BiIIOBIIHO IO TBOPIBHEBOTO
IUTaHy Tpr(aKTOPHOTO IUIaHy. Y MOBH TUIAaHYyBaHHS HaBeJCHI y Taom. 1.

Tabmuns 1 — YMOBH Iu1aHyBaHHS €KCIIEPUMEHTY

No dakropu PiBHi BapiloBaHHs
- HatypanbHi Konx -1 0 +1
1 | Burpara uemenry (11, kr/m®) X1 200 400 600
Bwmict cynepmiactudikakropa (CII, %) X2 0 0,5 0,1
3 Burpata aomem;oro IPaHyJIbOBAHOTO Xs 0 100 200
uuaky (I, xkr/m3)
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[Tpu mpoBeseHHI NOCIHiIKEHb 0yJI0O BUKOPHCTAHO HACTYIIHI Marepialu:
uemeHnr [111 I-500 IIpAT Bonunb nement ¢inis [ikeprod-Ykpaina, mcok 3
Mip=2,0, rpaniTHuid mebinp S5...20 MM, IUIAK JOMEHHHH IpaHyJIbOBaHUI
Mmenennit (Ykpaina) (tadin. 3), cynepruiacTudikarop rnojikapOOKCHIaTHOTO
tury PCES0 (TOB IOeiixemikan, Ykpaina). B pe3ynbrari cTaTHCTHYHOTO
aHAN3y pe3yJbTaTiB eKCICPHUMEHTY OTPHMaHi eKCIIePUMEHTAlIbHO-
craructndHi Monem (ECM) BUXiTHUX MapaMmeTpiB, a TaKOXK KOPEIAIiHHI
3QJIKHOCTI MK OKpEeMHUMH BHXITHUMH mapamerpamu. KoedimieHTn
MaTeMaTHYHHX MOJeliell HaBeeHi y Ta0u. 2.

Tabmums 2 — Koedimiearn ECM BuXigHHAX mapaMeTpiB
| bo | by | b, | b3 | b1 | b22 | bs3 | b1z | b1z | P23 |
ECM otpumaHi 3a TpUpiBHEBUM ILIAHOM

B/ | 0,30 |-0,21|-0,13| 0,03 | 0,13 | 0,13 | 0,04 | 0,01 0 |-0,05
femw | 23,6 |11,67| 7,71 |-3,85| 1,98 |-8,67|-1,54| 6,06 | -4,63 |-2,53
fenz | 58,5 |20,85(19,22(-2,12|-4,01|-10,9|-2,80| 10,61 | -5,89 | 1,04
femos | 74,3 |21,51|19,00|-1,79/|-6,81(-9,01|-11,5| 7,11 | -7,34 | 1,69
fam | 2,8 |1,34]0,76|-0,34| 0,23 |-1,01|-0,12| 0,63 | -0,38 |-0,09
fumes | 6,4 |1,76|1,58|0,51|0,21|-1,24|-0,42| 0,26 | -0,56 | 0,28

em 11,68|0,72| 0,49 |-1,20(-1,71| 0,51 |-1,25| 0,61 | -0,07 | 0,40

feim

ECM otpumaHi 3a IBOPIBHEBHUM ILIAHOM
form | 109 | 73| 52 | -05]| - - - 39 | -05 |-05
formes | 35,5 | 13,9 | 12,21-0,03| - - - 35 | -93 |-0,14
Eemi |17119(4340|2525| 314 | - - - | 2449 |-2534|1080
Ecmes | 32655 8232|5884 | 928 | - - - | 3817 |-4482|5831

IIpoBeneHo aHami3 BIUTMBY MOCHIDKYBaHHUX (AaKTOpiB Ha BKa3aHi
BractuBocTi CYDB Ta BCTAaHOBJIEHO MO3WUTHMBHMII BIUIMB OXHOYAcHOI mii
JIOMEHHOT'0 LIJIAKy Ta cynepriacTudikaTopa Ha XapaKTePUCTHUKH MIIHOCTI
Ta nedopmarrii.

Ha ocHOBI oTpuMaHuX JaHMX 3IHCHHUJIM alpOKCHMAIIiI0 3aJIeKHOCTI
MK  MOXyJeM  TIPYXKHOCTI CaMOYIIiTEHIOBAHOTO Gerony 3
oJTi(yHKIIOHATFHUM MOIM(IKaTOpoM, IO MICTHTh TOMEHHHH IITaK Ta
cynepruiacTuikaTop Ta MPU3MOBOIO MilTHICTIO. OTpUMaHi piBHSHHS MaIOTh
BUTJIISAL;

- Ha 1 100y TBepIiHHS:
Eom1 = 8334fpr10'34 (8)
- Ha 28 100y TBepAiHHS:
Ecmzs = 183191n f,,5 — 28342 (9)
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CepenHe 3HaueHHS NOXMOOK JUIS pPO3PaxyHKIB 3a OTPUMaHUMH
¢dopMyllaMy Ta BiIOMHMH E€MIIPUYHHMH 3aJIC)KHOCTSIMU KOJIUBAETHCSA Y
JOCUTh BY3bKHX Mexax - 18...35%. 3HauHe KOJNMBAHHA TMOXUOOK,
OTPUMaHUX MPH PO3paxyHKax 3a KOXKHOIO OKPEMOIO (OPMYJIOIO Jla€ 3MOTyY
BBA)XaTH, LIO MOPSAJ i3 TICHOIO KOPEIJSIIE0 MK MILHICTIO Ta MOAYJIEM
MIPY’KHOCTI, KOTpa BiAMIYaeThCs OaraThMa aBTOpPaMH, CYTTEBHI BIUIMB Ha
JaHUH TIOKa3HWK  Ma€ SKICHHH ckimagy OeToHy, a OCOONMBO BMICT
MiHEpaTbHUX 1 XIMIYHAX JO0aBOK, KOTpi MOITUQIKYIOTh CTPYKTYpY
LEMEHTHOr0 KaMmeHio. OYeBHAHO, IO BHKOPHCTaHHSA KOPEISMiHHUX
3aJISKHOCTEH MK MIIHICTIO Ta MOJYJIEM MpPY)KHOCTI IOUIIbHE JHINE IS
OpI€HTOBHOTO BCTAHOBIICHHS HEOOXiTHHUX NepOopMamiiHIUX XapaKTePHCTHK,
HAIpHKJIIA] IPHU IPOEKTYBaHHI 32113006 TOHHUX KOHCTPYKIIIH.

Jlns BUKOHaHHsI 3aBJaHb IIPOTHO3YBAHHS BIIACTUBOCTEH Ha cTafil
NPOCKTYBaHHS CKJagy Ta BHIOTOBJICHHS OCTOHY OUIbIIY pO3ALIBHY
3MATHICTh Mae METOJ MOOYJOBH 1 BHUKOPHCTaHHS OaraToakTopHHX
3aJI©KHOCTEH, OTPUMAHUX, HANpUKIaA, METOJOM  MareMaTHYHOIO
IUIAaHYBaHHS eKcnepuMeHTy. OTpHMaHi eKCIepUMEHTaIbHO-CTaTUCTUYHI
Mozelni, Koe(illieHTH SKHX HaBeldeHi y Tabi.2, IaloTh MOXKIUBICTh
MIPOTHO3YBATH KOMIUIEKC MII[HICHUX Ta Je()OpMAaTUBHHUX BJIACTUBOCTEH MPH
MIEBHUX 3HAYEHHSX (aKTOpiB, KOTPI IOCHIIKYBAJICh: BHTpaTa LEMEHTY,
JOMEHHOTO IIIIaKy Ta cymnepruactudikaropa. BukopuctanHs MeTomiB
MaTeMaTHUYHOI ONTHMI3allii Ta BiIIMOBIIHOTO MPOTPAMHOTO 3a0e3IeUeHHS
Jla€  MOXKJIMBICTh 3HAWTH 3HA4YCHHS BHINE 3rajaHux (akTopiB, sKi
3a0e3meuyroTh He0OXiHI BIACTUBOCTI IPU MiHIMANbHIN BUTPATi pecypciB.

BucHoBku:

1. OTpuMaHi MaTeMaTH4Hi MOZEJ KyOMKOBOI Ta MPU30BOI MII[HOCTI, a
TAKOX MOJAYJISl MPY>KHOCTI Y PI3HOMY Billl CaMOYIIUIbHIOBaHUX OETOHIB 3
OpraHo-MiHEpajJbHUM  MOIU(IKATOPOM, IO  BKIKOYAE  JOMCHHHH
rpaHyJIbOBAaHHUH [UIAK T CyNEepIUIacTH(IKATOP MOJIiKapOOKCHIATHOTO THITY.

2. Tloka3aHO TMO3WTHBHMH BIUIMB OTPUMAHOTO OPraHO-MiHEPAIbHOTO
MonudikaTopa Ha eOpMaTHBHI BIACTUBOCTI CAMOYIIUTEHIOBAHOTO OETOHY.

4. BcraHOBNEHI KOpEILIiHHI  3aJNEKHOCTI MDK MEXaHIYHUMH
XapaKTepUCTUKaMH CaMOYIIIILHIOBAHOTO OETOHY Ta (haKTOpaMH CKIIay.

5. 3anpoIioHOBaHO CIIOCIO NMPOEKTYBAaHHS CKIIaQy CaMOYIILIbHIOBAHOTO
0eTOHy 3 BHUKOPHCTAHHSM JOMEHHOTO IUIAKy Ta IOJiKapOOKCHIATHOTO
cynepmacTugikaTopa, Mo J03BOJSE BpaxyBaTH MIIHICTh IPU CTHUCKY Ta
pO3TATY TPH PO3KOJIOBaHHI, IPU3MOBY MIIHICTh Ta MOXYJb MPYXHOCTI 1
pi3HOMY Billi 3 BUKOPHCTaHHI OTPUMAHNX MaTeMAaTHIHUX MOJIENEH, a TAaKOXK
3a0e3neunTH MiHIMaIbHY BapTICTh MaTepiaiy.
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BILJIUB KIIBKOCTI IOJINPOIIJIEHOBOI ®IBPU
IJITHOCYJIb®OHATHOI'O IIVIACTU®IKATOPY HA B/I1
BETOHHOI CYMIIII I PAHHIO MIITHICTb BETOHY

Kpogskos C.O., ®inorenos O.1., Irnatenko A.B.
(Omecbka nepskaBHa akaaeMist OyIiBHUITBA Ta apXiTeKTypH, M. Omeca)

Abstract. The influence of the amount of cement, X Mesh fibres and Sika®
Plastiment plasticizer on the early strength of concrete and W/C mixtures was
investigated. It has been shown that increasing the amount of plasticizer from
0.6 to 0.8% effectively reduces the W/C ratio and increases strength. Fiber has
almost no effect on the compressive strength of concrete.

Key words: rigid pavement, polypropylene fiber, plasticizer, W/C ratio,
strength.

JKopcTki neMeHTOOETOHHI IIOKPHUTTS aBTOMOOUTEHIX JAOPIT MalOTh TIEBHI
mepeBar  mepel  HEeXOPCTKUMH — ac(aIbTOOCTOHHMMH — TOKPHUTTSIMH.
Haii0inpmn cyTTeBUME MepeBaraMu KOPCTKHAX MTOKPUTTIB € BUCOKA CTIHKICTh
JI0O YTBOPEHHS KOJIMHOCTI Ta BHCOKa IOBrOBiYHiCTH. Lle oOymoBIrOE Bce
OUIbLI IIMPOKE 3aCTOCYBaHHS [IEMEHTOOETOHIB mpHu OYAIBHULTBI Ta
PEKOHCTPYKIIii JOpir B YKpaiHi Ta B 6aratb0x pO3BHHYTHX KpaiHax cBity [1].

B cydacHux yMoBax IpH BUIOTOBJIEHI OETOHIB >KOPCTKHX JOPOXKHIX
MTOKPHUTTIB 00OB’SI3KOBO BUKOPHUCTOBYIOTHCS IDTACTU(PIKATOPH Pi3HOTO THUITY
[2,3]. Tlpu BnamrTyBaHHi [EMEHTOOETOHHUX MOKPHUTTIB TEXHOJOTIYHO
nepen0avyacTbesl 3aCTOCYBaHHS CyMillied TOCTaTHBO HHU3BKOI PyXOoMocTi (3
OK Big 1 1o 5 cm), mo HeoOXiTHO BpaxOBYBaTH IPH BHOOPI paIlioHaIEHOTO
tuny miactudikatopy [4]. Takox BiJOMHUM METOIOM ITiIBHILEHHS MIl[HOCTi
Ta JIOBIOBIYHOCTI OETOHIB JKOPCTKMX MOKPHUTTIB € BHKOPHUCTAHHS
aucriepcaoro  apmyBanHs [3,5]. Ilpm 1mpoMy edeKTHBHICTH TakKoro
apMyBaHHS 3aJIeKUTh Bi Tuy (ibpu Ta ocobnmBocTel ckilany O6eroHy. B
IEPKEeHEepHIN MPaKTHUIll IS MONIYKY pamioHaJbHUX CKJIa/iB OETOHIB, B SKHX
MOXE BapiloBaTUCS BMICT JEKiJTbKOX KOMIIOHEHTIB, JOIJIBHAM €
BUKOPHCTAaHHS METO/IIB IIaHyBaHHS €KCIIEPUMEHTY Ta €KCIIEpUMEHTAIBHO-
cratuctnaroro (EC) momenroBanus [6,7].
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Ilpn Bu3HAa4YeHHI BIUIMBY KIUJIBKOCTI moJinponinieHoBoi ¢idpu i
iactudikaropy Ha B/L] OetoHHOi cymimi 1 paHHIO MiIHICTE OeTOHY
KOPCTKOTO JIOPO’KHBOTO TOKPUTTS 32 ONTHMAIBHUM 15-TH TOYKOBHM
IIaHoM OyB peaii3oBaHMi 3-X (aKTOPHHMH EKCHEPHMEHT, y SKOMY
BapilOBAINCS HACTYITHI (PaKTOPH CKIIaLy:

X1 —ximexicts iementy Dyckerhoff ITIT 11/A-111 500 P-H, six 300 xo 380
Kr/m3;

X2 — KimbkicTh mominpomiseHoBoi ¢iopu Fiber X Mesh 39 mm
(exBiBanenTHmii miametp 0,45 mm), Bix O 10 3,0 Kr/m3;

X3 — nob6aska Sika® Plastiment®-1230 (na 6a3i nirHocynb(oHaTiB), Bif
0,6 mo 1,0% Binm Macu IeMEHTY.

Pyxomicte Bcix cymimedd Oyma pioro Sl mpu OK Bim 2 10 3 cwm,
BimnoBigHO ix B/I] 3anexaino Big ckiaay. Y 15 ekcriepuMeHTaTbHIX TOUYKaX
Oynu Bu3HaueHi 3Ha4eHHst B/L] GeToHHMX cymimeld i 3a UMU 1aHUMH OyJia
noOynoBaHa HaBeneHa Hwkde EC-mozens BIUIMBY BapiiioBaHuMX (hakTopiB
ckiany (mepexii 10 KOIOBaHMX 3HauyeHb PIBHIB (haKTOpPIiB BHKOHAHO 3a
TUIIOBOIO POy poio [7]):

B/I] = 0,398 — 0,018x1 =+ 0x4° —0,003x1x2 + 0,007x1X3
+ 0,006%x, + 0,005X22 + 0xoX3
—0,015x3 + 0,005%2 0

3a EC-momemmio (1) moOymoBani mokaszaHi Ha puc.l ogHO(aKTOpHI
Jiarpamy, siKi BiJoOpakaroTh BIUIUB BapiiioBaHux (akropiB Ha B/L] B 30Hax
eKCTpEMYyMiB, TOOTO JHII Ha KOXHIA 3 JiarpaM MOpPOXOAATh Yepes
MaKCHUMallbHe Ta MiHiManbHe 3HaueHHs B/IT [7].
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Puc. 1. BB BapiiioBanux (akTopiB ckiiany 6eToHy
JKOPCTKOTO JTIOPOKHBOTO MOKPHUTTA Ha B/L] cymimreit
PiBHOI pyXOMOCTi B 30HaX €KCTPEMyMiB
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Ananiz EC-mopeni (1) Ta niarpam Ha puc.1 nokasye, o rnpu 30i1b1IeHHI
KIJIBKOCTI IIeMeHTy y ckiaai Oetony B/L] cymimn piBHOi pyxomocTi
OUiKyBaHO 3MEHIIY€eThCs. BBeeHHs moinpomniieHoBoi (hidpH y KibKOCTI 10
1,5 kr/m® Maiixke He BIIMBAE Ha BoAoNOTpeOy i Bianosigno B/I1 cymimri. ITpu
nifBMIIEHHI KitbkocTi (pi6pu no 3 kr/m® B/II cymimn piBHOT pyxomocTi
3poctae Ha 4-6%. lligBumieHHs npo3yBaHHA I1utacTugikatopy Sika®
Plastiment®-1230 3 0,6 mo 0,8% Big mMacu memeHTy BimuyTHO (Ha 7-9%)
3amKye B/LL. Ilpu 3pocTanHi KinmpkocTi mnactudikaropy o 1% B/I1 cymimri
PIBHOI pyXOMOCTi TOJTaTKOBO 3HIKYETHCSI, aJle B MEHIIIOMY CTyIeHi. Bcroro
3a paxyHOK HiaBHIIEeHHS KiTbkocTi Sika® Plastiment®-12303 0,6 no 1% Bin
Macu nementy B/I1 cymimi 3amKkyeThes Ha 12-15%.

EC-mozens, sika BiqoOpaxkae BIUTMB BapiioBaHHUX ()aKTOPIB CKIamy Ha
MIIHICTh Ha CTHCK OETOHY OPCTKOTO JIOPOKHBOT'O MOKPHUTTS Y Billi 3-X 110
Ma€e BUIIISIA:

fems (MITa) = 34,39 + 3,26x1 — 0,58X12 + 0x1X2 £ 0x1X3
+0,35%> + 0x? + 0x2X3
+0,72x3 — 0,48x4? (2

3a pmanoro EC-momemmo Oynm moOymoBaHi MOKa3aHi Ha pHc.2
oIHO(AKTOpHI Jiarpamu, sKi BioOpa)kaloTh BIUIMB BapiioBaHUX (akTopiB
Ha PaHHIO MIIHICTh AOCIIPKEHUX OCTOHIB y 30HaX €KCTPEMYMIB.

Fan 5 (M1 Ta)
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Puc. 2. BB BapiiioBanux (akToOpiB CKJIa[y Ha MiI[HICTh OETOHY
JKOPCTKOTO JIOPOXKHBOTO MOKPHUTTS Y Billi 3-X 1110 B 30HaX EKCTPEMYMIiB

Sk MokHa TOOAYWTH HA JiarpaMax, MpH MiABHIEHH] KiJTbKOCTI IIEMEHTY

MIIHICTh Ha CTHK OETOHIB >KOPCTKOT'O IOPOKHBOTO TOKPHUTTS IPUPOHO
3poctae. [Ipu npoMy 1€ 3poCcTaHHs Ma€ HeNIHIMHMI XapakTep 1 MiABUIIEHHS
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KinbkocTi B’skydoro 3 300 no 340 xr/m3 BuKIMKae GLILLI CyTTEBY 3MiHY
PaHHBOT MIIHOCTI, HDXK TIJBHINCHHS KITBKOCTI B’spkydoro 3 340 no
380 kr/m3. Beesienns (piOpy NPakTUYHO HE BILTMBAE HA BEMYMHY MilJHOCTI
Ha CTUCK JOCII/DKEHUX OeToHIiB. IIpoTe OCHOBHOIO METOIO JMCIIEPCHOTO
apMyBaHHS € IiBUINCHHS MIITHOCTI HA PO3TAT MPHU 3TUHI Ta JOBFOBIYHOCTI
6etoHy [3,5]. PamioHambHOIO 3 TOYKHM 30py PAHHBOI MIIIHOCTI € KiNBKICTH
wiactudikaropy Sika® Plastiment®-1230 npubmmsao 0,9% Big macn
LIEMEHTY.

B minmomy mocmimkeHi 6€TOHH XapaKTepPH3YBAIHCS TOCTATHHO BHCOKOIO
PaHHBOIO MIIHICTIO, IO J03BOJIsIE €()EKTHBHO BHUKOPHUCTOBYBATH IX IS
BJIAINTYBAaHHS JKOPCTKUX JOPOXKHIX TOKPHUTTIB. 3aCTOCYBaHHSI METOIIB
IUIAHYBaHHS ~ EKCIIEPUMEHTY 1  EKCIEepPHMEHTaJIbHO-CTaTUCTUYHOTO
MOJICTIFOBAHHS  JIO3BOJIMJIO KOMIUIEKCHO Ta 3 BHCOKOI TOYHICTIO
NpoaHai3yBaTH BIUIMB BapifioBaHUX (aKTOPIB CKIaxy Ha BIACTHBOCTI
JOCITIKEHUX OCTOHIB Ta OETOHHUX CyMiIlIeii.
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YK 691.3:519.8

KOMBIHATOPHI METOH ONITUMI3ALII{
PECTABPALIITHUX CKJIAJIB

Cemenona C.B., KosecunkoB A.B., Jleeuubkuii 1.B.
(Omecbka nepskaBHa akaaeMist OyIiBHUIITBA Ta apXiTeKTypH, M. Omeca)

Abstract. Composite material components are selected according to the
operational requirements. The method of discrete optimization is examined
for the selection of a qualitative composition of the restoration mixture for
the shell rock, and also the implementation of the algorithm for selecting the
restoration composition.

Keywords: quality composition, discrete optimization, dynamic
programming, restoration warehouse.

OpmHUM 13 3aBHaHb, MOB'I3aHUAX 3 CTAMI€I0 MPOEKTYBAHHS OyIiBEIbHUX
KOMIIO3UTHHUX MaTepialiB, € migdip KOMIIOHEHTIB KOMIO3UTHOTO MaTepiary
BIJIMIOBITHO JI0 €KCIUTyaTaIiifHux BUMOT. OCHOBHOIO BHMOTOIO TIPH IIbOMY €
BUOIp HAHOLIBII MPOCTOTO CKIaAy, L0 MICTUTh HalMEHIy KUIbKICTh
KOMITOHEHTIB, sIKi 3a0e3NeuyloTh JOCTaTHIH pIBEHb eKCIUlyaTaniiHuX
xapakrepuctuk. s komGiHaTopHa 3agada Moxxe OyTH chopMysibOBaHA Ha
PI3HHX PIBHSX CKJIAJIHOCTI i BpaXOBYBaTH BCe OLIBII TIIMOOKI YSBICHHS PO
3MiHY BJIACTUBOCTEH KOMIIO3UTY B TIPOLECI CTPYKTYPOYTBOPEHHS.
[MowyaTkoBuii piBeHb CKJIAJHOCTI [O3BOJISIE BHUPIMINTH 3a/laHy 3a7ady B
mepmoMy  (TiHIHHOMY) HaONWKeHHI 1 3IOificHHTH BUOiIp BapiaHTIB
KOMITO3HIIIITHOTO CKJIay.

dopmarnizyeMo  MareMaTHYHy MOAENb  AHAJi30BaHOTO  BHOODY,
BPAaxOBYIOYH, III0 OJHE 3 MOJEIBbHUX ySBICHb Ma€ BIAHOLIEHHS /IO Trairysi
JUCKPETHOTO JIHIHOTO a00 HeNiHIITHOTO MporpaMyBaHHS.

OTxe, iICHYIOTh €KCHEPTHI OI[iIHKH BHECKY KOMIIOHEHTIB KOMIO3HTHOTO
Marepiaqy y BIaCTHBOCTI &jj, J€ &j — BHECOK i-T0 KOMIIOHEHTa B J-Ty
BJIAaCTHBICTh. KOMIIOHEHTH MaIOTh SIK IO3UTUBHUIA, TaK 1 HETAaTUBHHUHI BILJIMB.
3anmava mossrae B ToMy, o6 obpatn MiHIMaJdbHY KiTBKICTh KOMIIOHEHTIB,
AKi 3a0e3meuaTh JOCTaTHIA piBeHb BCiX K ekcruryaTaliiiHuX BIIAaCTHBOCTEH
G=1..,K).

PosrnsgHeMo 3aavy y BUMIIAI JTiHiHHOT cuctemu (1):
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Ziesa”xiZTj,sz...,K, (1)
ne x; € {0,1} — GinapHi 3MiHHI, 10 BKa3yIOTh, UM BXOIHTH KOMIIOHEHT i JI0
CKJIay;

&jj— BHECOK i-T0 KOMITOHEHTA B J-Ty BJIACTHBICTB;
bj — HeoOXiaHWit piBEHB -1 BIACTHBOCTI;
S— 6e31i4 JOCTYITHIX KOMITOHEHTIB.
HinpoBa pyHKIIiSA Mae BUITAL (2):
min R, x;, 2
ae N — 3araipHa KiTbKICTh KOMIIOHEHTIB.

3aBmaHHS TAaKOTO THUIY [OOCTAaTHRO BHUBYEHI Ta I iX BHUpIMICHHA
3aCTOCOBYIOTHCS] HACTYITHI ITiTXOJIH.

Memoo sioeanyaicenns ma epanuysb. BiH 3aCTOCOBYETHCS JJ1s1 BUPILLIEHHS
miel 3agadi, OCKUIbKM €(EeKTHBHO 3MEHIIY€E TMPOCTIP TMOIIYKY, JIHUIIE
NepeBipsIour MOTEHLIHHO HalKpamy KoMOiHamii. AJTOPUTM MOJArae B
MOCITIZIOBHOMY BUKOHAHHI HACTYITHHX KPOKIB:

1. IloOynoBa jgepeBa pillicHb, [I¢ KOXKHE BIATrady>KCHHs BiIOBigae
JOJaBaHHIO KOMIIOHEeHTa (X = 1) abo #ioro BukmodeHH0 (X = 0).

2. OOuuciIeHHS BEPXHBOI Ta HIKHBOI TIPaHUUb ISl KOXKHOTO
BigradyXeHHsS (HAUpPUKIAN, NUIAXOM BHUPIMICHHSA 3a4adi  JiHIHHOI
pernakcartii).

3. BincikaHHsA BiAramykeHb, fKi SBHO HE MOXYTh MPH3BECTH [0
ONTHMAJIBHOTO PillICHHS.

4. Itepaitis 10TH, JOKK He Oy/ie 3HAIICHO ONTUMAJIbHE PIIICHHS.

Lleit 3aranpHuMil MerToj mepeadayae IOBHY MEpeBIpKY pillIeHHS,
MOXIIMBICTb OOJIIKY JIOJATKOBHX HEJIHIWHUX KPHUTEpiiB, INPOTE Mae
€KCIIOHEHIIIHHY CKIIaIHICTb.

Memoo penaxcayii i cadibnuti aneopumm MICTUTh Bl CKIIAIOBI:
peanakcariiro Ta kagiOHUH adropuT™.

Penakcaris:

1. Posrnanae X sik HerepepBHi 3MiHHI 0 < X <.

2. BupinnyeTbes 3a/1aua JiHiiHOTO MPOrpaMyBaHHs Min Y, X;, IPU THX
CaMuX 0OMEKEHHSX.

3. Otpumane X; okpyriserscs (X—0 abo xi—1).

KamiOHwif anropuTM:

1. CopTy€eMO KOMIIOHEHTH 32 iX BHECKOM Yk @i /|| || (umm Ginbiumit
BHECOK, THM BHIIHH IIPIOPUTET).

2. ITocniioBHO 0Aa€EMO KOMITOHEHTH JI0 BUKOHAHHS BCIX 0OMEKEHb.

Oco0nMBOCTI TAaKOTO AITOPUTMY € MO>JIMBICTH IIBHJKO 1 JIETKO HOTO
peanisyBaTH, IO JIa€ XOpOLIl pe3yJNbTaTH I 3agad 31 ClIaOKUMHU
KOpEJISIIHHUMHU BiacTUBOCTAMH. OJHAaK BiH HE 3aBXIM 3/1aT€H 3HAWTH
ONTUMAJIEHE PIiIIeHHS.
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Slkmio 6asza JaHUX BIACTUBOCTEH 1 KOMIIOHEHTIB BiJHOCHO HEBEJIHKA,
epEeKTUBHUM € METOJ OUHAMIYHO20 npozpamyeanHs. BiH 3acHOBaHWI Ha
BUKOPHCTaHHI piBHSIHHS bemiMana Juist AucKkpeTHHX craHiB. Po3risiHemo ueit
METOJI TOKJIa HiIIe.

Hexait S = {l1,2,...,N} — mHOXHHa ycix kommnonenrtis, X; € {0,1} —
GiHapHi 3MiHHI, e X = 1, SIKIIIO0 KOMIIOHEHT | BKIFOYEHHH, d;; — BKIAJ I-TO
KOMIOHEHTa B K-y BIIacTHBICTh, Tk — MiHIManbHUIl HEOOXiqHHUI piBeHb K-i
BIacTuBOCTI, K — dncio BmactuBocTei. BusHaumMo ctaH sk HaOip piBHIB
BJIACTUBOCTEH, AKi HeoOximHo mocsartu: dp[Ty,Ts,...,Tx] = MiHimManbHa
KUTBKICTh KOMITOHEHTIB JJIsi JIOCATHCHHs piBHIB. SIKmio piBeHb Tk
JIOCSITa€ThCA, TO BiH (PiKCYy€eThCS B IOTOYHOMY CTaHi.

1. Irimiamizanis. Ha mogatkoBoMy erarmi:

a) sxmo T=0 mis Bcix K, o dp[0,0, ...,0] = 0 (Hy/nbOBI BIACTHUBOCTI
JIOCSITAOTHCS €3 KOMITIOHEHTIB).

b) mms Beix immmx 3Havewb dp[Ty,Ts,...,Tx] = 00 (HEOOCSHKHO B
MOYAaTKOBOMY CTaHi).

2. PexypcuBHe criBBigHOIIEHHS. [Ipy 10/aBaHHi I-T0O KOMIIOHEHTa Ma€
B (3):

Ap[Ty, Ty, ., Tye] = min( dplTy, Ty, T] ), A3)

1+dp[T1-a;1,T2=jz,-. TK—aiz]
ne (T, — a;;,) — OHOBJICHI PiBHI BJIACTHBOCTEH MiCIsI BKIFOUSHHS i-T0

KOMITOHEHTA;

1 momaeThesl, OCKITBKY BiH BKITIOYAE - KOMITOHEHT.

3. ItepatuBHe OHOBIEHHA. /[ KOKHOTO KOMIIOHEHTa 1 Ta KOXHOTO
Ha0Opy MOTOYHUX PiBHIB Tk:

a) mepebupatotbesi Bei craum dp[Ty, Ty, ..., Tx], AKi MOXyTh OyTH
MOKpaIleHi 10JaBaHHsIM KOMIIOHEHTA .

b) onoBmoeTbes TaGmuus 3HaueHb AP, BUKOPHUCTOBYIOUH PEKYpPEHTHE
CIIBBiAHOIIEHHS.

4. BignosiueHHs piteHHs. ITiciis 3a0BHEHHS TaOIULI:

a) sxumo dp[Ty,T,, ..., Tx] # o, Toai 3amava JOCsSHKHA, 1 MiHIManIbHA
KUTBKICTh KOMIIOHEHTIB 3aIUCY€ETHCS B Iil1 KOMipIIi.

b) st BinHOBIEHHS HAGOPY X;:

— mouuHaemo 3 dp [Ty, Ty, ..., Tk]

— 3BOPOTHIM XOJIOM BIJICTE)KYEMO, SIKi KOMIIOHCHTH [ OyNmu TOIaHi 3
KO)KHAM ~ KPOKOM, IIOKH HE  IOBEPHEMOCS J0  IOYaTKOBOI'O
crany dp[0,0, ...,0] = 0.

5. IlepeBipka 0OMEKEHD.

a) sxwmo dp[Ty, Ty, ..., Tx] = o0, Tomi 3aaHi BIACTUBOCTI HEIOCSKHI 3
UM Ha0OPOM KOMITOHEHTIB.
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b) skimo pesynbrar AOCSHKHHMN, MEPEBIPIEMO OCTATOYHHN CKIIa] Ha Ha
BHKOHAHHS JIOJIaTKOBHX YMOB, TAKHX SIK €KOHOMIYHICTh 200 €KOJIOTidHICTb.

PosrisineMo peanizaliiro 1bOro alropuTMy Ul BHOOPY PecTaBpaliiHoro
cximany. Jlns pecraBpamiHoro ckiany (Hanmpukiag, aare3yrdoro 1o
YepemnanrHuKa) IMOTpiOHO BHUOpaTH MiHIMANbHHN HalOip KOMIIOHEHTIB 3
HAsSBHHUX, 3a0€3MEYMBIIM BIAMOBIAHICTh BHUMOTaM CKCIUTyaTallidiHIX
BJIACTHBOCTEH (32 YMOBHOIO 5-0aJIbHOIO IIIKAJIO0):

1. Minnicts Sl: He merIe 4 OaiB.

2. Anresia S2: He Mene 5 OaiiB.

3. [TaponponukHicTs S3: HE MeHIle 3 OaiB.

4. CymicHicTh 3 0CHOBOIO 4: He MeHtIe 4 OariB.

Sx BuximHmil Habip KOMIIOHEHTIB BHKOPHCTOBYETHCS BAaIlHO, TJIHMHA,
MeJieHa Kepamika, o0masieHa IJIMHa, MCOK, MIKPOCHITIKOH, IIEMEHT, BOJIOKHO,
mkapiayna. B Tabnuri | HaBeneHo HACTYIHI eKCIIEPTHI OLIHKH BIACTHBOCTEH
KOMIIOHCHTIB Y KOMITO3HUTI.

Tabmuns 1 — YMOBHI BKJIaZH KOMIIOHEHTIB KOMIIO3UTY y BIaCTHBOCTI

Mimnicts | Axaresis | [TaponpoHUKHICT Cymicnicts
KomnoneHT 3 OCHOBOIO
Sl 2 3
A
BamHo 3 2 5 4
['muna -2 3 4 3
Houp16§eHa > > 1 5
Kepamika
ObmnayneHa riamHa 4 4 -2 2
ITicok 1 -1 3 -1
MikpoKpeMHe3eM 3 3 -3 1
IlemeHT 5 2 4 -3
didpa 2 1 -2 2
[MoapiOHeHuit 2 4 4
YepenairHiK

PexypeHTHE CITiBBiIHOIICHHS, IO 3aCTOCOBYETHCA (4):
. ! ! ! !
dplTy, T2, T5, ] = min (dp([Ty, T2, T5, Tu], 1 + dp[Ty, T2, T5', Tu'D, (4)
! = — ..

zLeTj = max(O,Tj aU),

IToxpokoBe 3aCTOCYBaHHS PO3TISTHYTOrO BHUILE aTOPUTMY BiZoOpakeHO
B Ta0JIMIII 2, pa3oM i3 TOSICHEHHSIMH 3 00Ky MaTepiaio3HaBCTBA.

TakuM 4YHMHOM JOCATAIOTHCS IUIbOBI mnokazHuku dp[4,5,3,4] = 3,
MiHiMallbHa KUTBKICTh KOMIOHEHTiB. CKIIa]] CyMillli: BalHO, 00TaieHa IITHHA,
micok. Posmonin (yHKIIH KOMIIOHEHTIB: BAallHO — OCHOBHE ITOKpAIICHHS
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MapOIIPOHUKHOCTI Ta TIOMIpHE 3MILIHEHHs, oONajneHa IinHa — 3abe3nedye

HEeOoOXIiIHy MIIHICTh 1 aaresiro, MCOK — CTabUIi3ye CTPYKTYpY i Jojae 1o
MIapOIIPOHUKHOCTI.

Tabmuns 2 — Pe3dyapraT IOKPOKOBOT ONTHMI3aIii CKiIaay

. Cras 10 .
g | Monauuit Tar i PexypenrHe CraH micis
& |komnonent| | OB | o ippinomenns | noxasanus OHEHS EpOKy
dP [T1, T;, T3, T,
1| Bammo |dp[0,000]=0| dp[3254]= |dp[3254]=1 Banxo
in (dp[3,2,5,4], 1) TOKpariye
+ dp[0,0,0,0] MiILHICTB 110 3,
ajresiro 110 2,
MapOMPOHUK-
HICTB 10 5,
CYMICHICTb 3
OCHOBOIO 110 4.
2 |Obmanena | dp[3,254] =1| dp[4432]= |dp[4434]=2| Obmarena
Ha N (dp [4,4,3,2], 1) IIIMHA JOBOAUTH
+d¥[’3,2,5,4] MiIHiCTh 110 4,
neT, = ajresiro 110 4,
= max(0,2 — 4), alte Tpoxu
AQHAJIOTIYHO ISt 3HIDKY€E
iHmmx I1aPONPOHHK-
BJIACTUBOCTEM. HicTh
3| Micox | dp[4434]=2 dp[4,4,3,4] = dp[4,5,3,4] = 3 |Tlicok miaBHIIy€E
in (dp [44,3,4], 1), HaponpaHuK-
+dp [4:4,3,4] HICTB i
TyT 3MiHH 3aBepliye
HE3HAMHI, (dhopmyBaHHS
OCKiNIbKH CKJIay 3
BIIACTHUBOCTI BKE MiHIMaJIbHOIO
BiJIOBiIAl0TH KiJIbKICTIO
BHUMOTaM. KOMIIOHEHTIB.

HaBenenuit anroputM MpOTOHYEThCS JIs 3aCTOCYBaHHS 10 0a3 JaHUX
KOMIIOHEHTIB KOMITO3UIIHHUX MaTepiaiiB pisHoi npupoau. Cimif 3a3HaYHTH
MOXIIMBICTh OIlIHKA OamiB TomapHOi Ta OifbIl CKJIAgHOI B3a€MOJIl
KOMITOHEHTiB. Takuii JOBOJI CKIQIHWHA MiAXil € OiLTbIl BUIpaBIaHUM 3
TOYKH 30py Teopil CTPYKTYpOYTBOpEHHs, 00 Iieil Ipoliec iCTOTHO 3airydae
TPaHUI PO3/UTY YaCTHHOK KOMIIOHEHTIB MaTepialiB.
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VIK 624.9

TIATHOCTHKA KOPO3IHUX MOMIKO/’)KEHb
TA IPOTHO3YBAHHSI JJOBTOBIYHOCTI
METAJIEBUX KOHCTPYKIIIi1

Yyumaii O.M.
(Omecbka neprkaBHa akajaeMist OyIiBHUITBA Ta apXiTeKTypH, M. Oxeca)

Abstract. the diagnosis of corrosion damage and prediction of the
durability of metal structuresis considered.
Keywords: diagnostics, durability, corrosion, damage, metal structures

B HuHimHI uac 0arato KOHCTPYKLiH BHUKOHYIOTH i3 METaJEBOTO
npodiis — OMOPH JIiHIN eNeKTponepeaadi, oamT MOOUIEHOTO Ta IHTEPHET
3B 53Ky 1 T. /.. B 3B’s13Ky 3 MM HEOOXiTHO PO3POOIATH KiNbKICHI KpUTepil
OIIHKH JOBTOBIYHOCTI METAJICBUX KOHCTPYKIIiii.

[MpoGnema 3abe3nedeHHss HaAIWHOCTI OyIBENbHUX KOHCTPYKLIH Ha
ctanii MPOeKTyBaHHs, Oy IIBHUIITBA Ta EKCIUTyaTallil OyaiBeNib Ta CIOpPY,
OCTaHHIM YacOM CTa€ OJHIEI0 3 HAaWBAXIMBIIINX mpoOiieM B YKpaiHi Ta
IHIIUX TIPOBIMHUX KpaiHaxX cBiTy. [IMTaHHS OWIHKK 3alWIIKOBOI HECydol
3JIATHOCTI Ta HAAIHHOCTI €JIEMEHTIB METaJIeBUX KOHCTPYKIIH BUHUK JIaBHO 1
IHTEHCUBHO HAapOCTAa€ Y 3B'A3KY 3 (Pi3MUHUM Ta MOpaIBLHAM 3HOCOM OYiBEIh
Ta CIOPYA.

3 yacoM Hecy4a 3[4aTHICTh, HAJIHHICTD 1 3aJIMIIKOBUI PECypc METaJIeBUX
KOHCTPYKIIH 3HMXKYIOTBCS BHACIHIJIOK HAKONWYEHHS IOIIKO/DKEHb abo
MOSIBU Ta PO3BHUTKY nedekriB. [ns momepemkeHHs aBapid Ta pyiHyBaHb
KOHCTPYKIIIH, JJIs1 TIPOIOBKEHHSI Yacy iX eKcIutyaTailii HeoOXiIHO BOJIOMITH
iH(opMarliero po piBeHb IXHBOT 3AIUIIKOBOT HECYUOi 31aTHOCTI, HAIIHHOCTI
Ta 3aJIMIIKOBOTO PECcypcy.

IToxa3HUKU TOBTOBIYHOCTI MOBHHHI BPaxXxOBYBATH BUTAJAKOBY TPHUPOIY
CHJIOBHX Ta KJIIMaTHYHUX BIUIUBIB, Ta IPYHTYBATHUCS HA TOCBi/Ii eKCILTyaTarlii
METaJIeBUX KOHCTPYKIIIH.

Jnst po3poOKy KOHIIENIii IPOEKTYBaHHSI HEOOX1THO BUKOHYBAaTH pOOOTH
[0 BUBYEHHIO METaJIeBMX OyaiBeNbHHMX KOHCTpyKLil. Ha 3a3Haveni Bumie
MeTaleBi KOHCTPYKIi{ OKpiM CHJIOBUX HaBaHTaKEHb OOYMOBIJICHHX BiTPOM,
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O’KeJleTUIICIO, BIIACHOIO Barolo BILIMBAE 1 30BHIMIHE cepenoBuile. Llei Brums
MPOSIBIISIETBCST B KOPO3iHHOMY pyHHYBaHHI METaJeBHX €JIEMEHTIB
KOHCTPYKIII.

MeTtoau pociimxeHHs aTMOChepHOT KOpO3ii AT HA TPH TPYIIU:

1. JIaGopatopHi DOCHTiKEHHS — MPOBOIATH, SIK MPABUIO, i3 3pa3KaMH
HEBEJMKHUX pPO3MIpiB, YMOBH JOCIHiliB 3a3Aajerilp BiIOMi Ta CTPOTO
KOHTPOJIIOIOTHCS. BUKOPHUCTOBYETHCS IITYyYHE MPUIIBUALICHHS KOPO3IHHUX
MIPOLECIB NIISIXOM ITOCHIICHHS arPECUBHUX BIUTUBIB.

2. HatypHi gociimKkeHHs — MPOBOJATH Ha 3pa3KaxX B IPUPOJHUX YMOBAX
Ha creuiaJibHO OOJaJHaHUX KOpPO3iMHMX craHUisX. BcraHoBieHo, 1o
OCHOBHHM (haKTOPOM KOPO3iiHOT arpecMBHOCTI He3abpyaHeHO1 atMocdepi €
Yac HaXO/KCHHS BOJIOTOi IUTIBKM Ha TIOBepXHI Merarmy. HeoOXimHO
BIZIMITUTH, IO MPOXYKTH aTMoc(epHOi KOpo3ii MpaiioloTh SK 3axhcHa
TUTiBKa, 3MEHIITYIOUH IIBHIKICTH KOPO3ii 3 9acOM.

3. EkcruryarariiiHi JOCiiKeHHS — IPOBOISTH IIISIXOM CIIOCTEPEIKECHHS
3a eJleMEHTaMH KOHCTPYKILIH B yMOBax iX (hakTuaHOi poOoTH.

OueBHIHO, IO SKIIO NPU MPOEKTYBaHHI BHKOPUCTOBYBATH JaHI Mpo
KOpO3ilfHI BTpaTH KOHCTPYKIiH, SKi eKCIUTyaTyIOThCS HOBIHM dYac, TO
MPOTHO3 IIBUIKOCTI KOPO3il 3a IUMHU JaHUMHU Oy/ie HalOLIbII JOCTOBIPHHM,
a MPOEKTHI pileHHs OyayTh OJM3bKUMU 10 ONTHMAIbHHX.

HarypHe oOcTe)xeHHs cTaHy METaJIeBHX KOHCTPYKIIH CKIAQma€eTbes 3
300py AaHUX PO (PaKTHYHI YMOBH B SIKMX IPALIOE KOHCTPYKLS, TOPIBHSAHHS
LIUX YMOB 3 Mepen0ayeHUMHU MPOEKTOM, IHCTPyMEHTalIbHE BUMipPOBAaHHS
KOPO3iiHUX BTpPAT, oTodiKcaris Ta onuc 1eeKTiB Ha MOMEHT OOCTEKCHHSI.

Jinsaky 1i1st 00CTe:)KeHHsI KOHCTPYKIIA BUOMPAIOTh HA OCHOBI BUBUCHHS
BHUKOHABYOI TeXHIUHOI TOKyMeHTaIii. Hal0inbry MiHHICTh I OTPHUMAHHS
iHpopMmamii JarOTh JEMOHTOBaHI KOHCTPYKIi 3 BEIHKHM CTPOKOM
eKCILTyaTallii.

[IporHo3yBaHHS MOJJIMBE Ha OCHOBI ampoKcHUMalii pe3yJsbTaTiB
KOHTPOJISI KOPO3ifiHUX BTpAT CTEHECHEBOIO (QYHKIIIEI0 BUIY:

K(M)=aT"
Je, o ma n - eMIipu4Hi Koe]ilieHTH OTpUMaHi Ha OCHOBI ampOKCHUMAIil

pe3ysbTaTiB KOHTPOIIS KOpo3iiiHuX BTpat; T — cTpoK ciIy:kOM KOHCTPYKIi,
3HAYCHHS AKOTO NMPUHMAETHCA PIBHUM: JJIS HE3aXWIIEHOI KOHCTPYKIi —
MPOMDKKY dYacy BiJ TMOYaTKy OyIIBHUITBA JO KIHIS 3aIbIaHOBAHOT
eKCIITyaTalii; /Ui KOHCTPYKIIH 3 3aXMCHUM TOKPUTTSIM — IPOMDKOK yacy
BiJl MOMEHTY BHYEpIaHHS 3aXHUCHUX BJIACTHBOCTEH IOKPHUTTS JIO
3aIIaHOBAHOTO CTPOKY eKCILITyaTalli.

TouHICTh pe3yNbTaTiB BU3HAUYEHHS YHCIOBHX 3HAYEHb IiJBHIIYETHCS 3
30UTBIIICHHAM KiJBKOCTI BHUMIpPIOBaHb IPH BHKOPHUCTaHHI JAaHHUX PO
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KOPO3iiHI BTpaTH KOHCTPYKLIiH sIKi €KCILTyaTYIOThCS B KOHKPETHOMY paioHi
MaKCHMAaJIbHO JOBTHH Yac.

Bu3HaueHHsT HOpPMAaTHBHOI HaAiHHOCTI — [€ TEXHIYHO-EKOHOMiYHa
npobmema. MiHiMankHa Bara He SBISIETBCS — O3HAKOIO ONTHMAJIBHOT
KOHCTpYKIii. ONTHUMAaIbHOI0 MOXKHA BBaKATH KOHCTPYKINIO, TOKA3HUKA
JIOBFOBIYHOCTI €JIEMEHTIB SIKOI OJIM3bKI MixK CO0OI0.

BukopucroByroun 3aMpOIIOHOBAHUH METOoJ MIPOTHO3YBaHHS
JOBTOBIYHOCTI €JIEMEHTIB METaJeBHX KOHCTPYKIIIH MOXHA JOCSTTH TOTO
100 MOKAa3HUKH JOBTOBIYHOCTI €JIeMeHTIB Oyi OIHM3bKi MixK cO00I0.
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254c.
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4. PxanunelH A.P. Teopus pacuyéra CTPOUTENbHBIX KOHCTPYKIMH Ha
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UDC 666:123

MODELING AND OPTIMIZATION OF CARBONIZATION
HARDENING OF LIGHTWEIGHT CONCRETE

GaraO.A., GaraAn.O., Kolesnikov A.V.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Absgtract. The paper examines the data obtained during the study of
accelerated carbonization hardening of expanded clay concrete. The
mechanisms and methods of carbonization hardening, the influence of recipe
and technological factors on strength characterigtics are considered. The
most dgnificant of them were the consumption of the binder, the relative
amount and granulometry of the filler (ground limestone) and aggregate
(keramate), the concentration of the plasticizng additive (SYM) and the
technological parameters of carbonization — the maximum pressure and
time of carbonization. The nature of the influence of the relevant properties
on the strength characterigticsis consdered. The results of the planned and
implemented experiment were studied using the methodology of response
surfaces. Experimental-gtatistical models of compressive strength were built
for 1 hour, 28 days and 180 days from the end of the carbonation procedure.
The degrees of influence of various factors are determined

Keywords: accelerated carbonization hardening, experimental planning,
optimality according to the combined criterion, desirability function.

Accelerated carbonation hardening (ACH) is a promising solution to the
problems of increasing the durability and strength of concrete structures.
Traditional methods of curing concrete, such as steam curing or the use of
chemical additives, often require long curing periods and may have
environmental or economic disadvantages. Thus, more than 10 million tons
of conventional fuel, including more than 3 hillion cubic meters of gas, are
spent annually on heat treatment in the European Union. The coefficient of
use of heat and fuel due to the imperfection of the technological processis
5..11%. In contrast, accelerated carbonisation offers a sustainable and
effective approach to improving the properties of concrete. Itsapplication has
a significant ecological component related to the fixation of atmospheric
carbon dioxide CO,. ACH technology is associated with the injection of CO,
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which reacts with non-hydrated components of the cement composite, which
leads to the transformation of absorbed CO- into various forms of stable
carbonates. This method is better than natural or weathered carbonation,
because the natural diffusion of atmospheric CO. through the pores of
concrete or mortar occurs very slowly. ACH technology accelerates the rate
of carbonization and increases the net amount of sequestered COa. In
addition, ACH process conditions can be adjusted in a controlled
environment (usually in a carbonization chamber). Thus, the main task of
promoting ACH concrete as a carbon sequestration strategy is to ensure
conditions under which carbonation does not impair mechanical strength, as
well as other operational properties.

Accelerated carbonation hardening in cement involves the diffusion of
carbon dioxide (CO,) into the porous concrete matrix, where moisture
facilitates its transport. Upon contact, CO, reacts with calcium hydroxide
(Ca(OH),) to form calcium carbonate (CaCOs), reducing porosity and
increasing strength through the deposition of carbonate crystals. Thisreaction
is accompanied by the progression of a carbonation front, influenced by
factors such as CO; concentration, humidity, and pore structure. Additionaly,
carbonation compacts the microstructure, enhances mechanical properties,
and decreases permeability. However, the process reduces the alkalinity and
pH of the matrix, which may affect the corrosion resistance of steel
reinforcement, though protective carbonate layers can mitigate this. These
mechanisms contribute to improved durability, strength, and environmental
sustainability by capturing CO..

The system under consideration is inherently complex, encompassing
numerous processes such as heterogeneous chemical reactions, carbon
dioxide transport within a capillary-porous dispersed medium,
crystallization, and dissolution. Directly studying such a system would
necessitate simultaneous accounting for the entire spectrum of phenomena
associated with carbonation hardening, including their intricate interactions.
An aternative approach lies in ES-modeling, which focuses on capturing
only the most significant systemic relationships while treating secondary
interactions in a simplified manner or disregarding them entirely. This
methodology enables the reduction of model complexity by employing
techniques such as backward elimination to systematically exclude
insignificant terms in ES-models. This simplification retains the essential
features of the system while making the analysis and interpretation of results
more feasible and practical.

In order to build mathematical models that reflect the influence of the
basic factors on the strength of carbonized lightweight aggregate concrete in
the design terms of the tests, a five-factor plan of the second order of the
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"Hartley - 5" type with six points in the center of the plan was implemented.
The factors and their levels of variation are given in the table 1. In the
experiment, lightweight aggregate concrete of the optimal fractional
composition, determined for the conditions of carbonization hardening, were
used. The matrix of planning and consumption of lightweight aggregate
concrete mixture componentsis presented in.

Table 1 — Factors and their levels of variation

Eoct Unit Levels of variation
actors Code
measurement 1 0 +1

A | Binder consumption kg/m? Knitt | 300 | 400 | 500
Contents of the SYM 0

B | addditive & sym | 0 |02 04
The content of ground 0

C | limestone binder & GL il el B

D The amo_unt of MPa PCO2| 06 | 09 | 1,2
carbonation pressure

E The du_ratl_on of the min tco2 | 30 | 45 | 60
carbonization process

The research was carried out on cube samples with the size of an edge 10
cm. Molded samples were subjected to carbonization according to the
appropriate modes. When testing the samples, the density of concrete, the
consumption of carbon dioxide for the carbonation of the samples (according
to the change in the weight of the samples before and after carbonization),
and the compressive strength of the samples were determined during the
control periods of the tests.

Study of compressive strength Rc (MPa) of the material after carbonation
1 hour (R1h), 28 days (R28) and 180 days (R180) led to thefollowing results
(table 2). The value of concrete strength in the experiment varies from 2.1 to
16.5 MPa 1 hour after carbonization, from 4.6 to 21.8 MPa at the age of 28
days and from 5.9 to 26.1 MPa at the age of 180 days. The obtained data
made it possible to build EC models of the properties of the composite
material, for which the Design Expert package was used. One of the useful
features of this program is the ability to download "historical" data, that is,
data obtained according to an experiment plan built and implemented
previously outside of this package. The response surface methodology was
used in data analysis. The type of obtained models, as well as some of their
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statistical characteristics, are shown in Table 2. The selection of statistically
significant components was carried out at ¢ = 0,1 by splitting in the reverse

order (Backward elimination).

Table 2 — EC strength models of material characteristics
and their statistical characteristics

R1h, MPa R28, MPa R180, MPa
Rih = R28 = R180 =
+8.80 +12.69 +13.87
+3.70* A +5.88* A +6.80* A
+0.90* B +1.12* B +1.10* B
-050* C -1.22* C -1.30* C
+1.30* D -0.22* D -040* D
+0.50* E +0.12* E +0.10* E
+040* A* B +047* A*B +0.30*A* B
+0.20* A* D -0.28* A* C -050* A* C
+0.20* A* E -0.18* A*D -0.20*A*D
+040*B* C +047*B* C -0.30* A*E
-0.100* B* D -0.13*B* D +0.30*B* C
+0.10*B* E +027*D*E +0.30* B* D
-0.30*C*D +1.36* A? +2.13* A?
-0.30*C*E -0.44* B2 -0.97 * B2
+0.20*D* E -0.64* C?
+0.98* A2 -0.54 * E2
-0.52* C?
-0.52 * D?
-0.32* E2
R-squared =0.9983 R-sguared= 0.9984 R-squared=0.9985
Adj R-squared =0.996 Adj R-squared= 0.997 Adj R-squared=0.9973
Preq R-squared =0.99 Preq R-squared=0.993 Preq R-squared=0.9922
Adeg Precision 93.028 Adeq Precision 90.276 Adeg Precision 106.701

Interpretation of the role of factors in the formation of the strength of
characteristics.The change in the degree of influence of the consumption of
binder A by 3.2 MPa 1 hour after carbonization is a consegquence of the
changeinthelevels of factors B, D and E. At this age, the maximum increase
in the strength of lightwelght aggregate concrete is observed at the maximum
content of the SYM additive (SYM, B) and the maximum values of
parameters characterizing the carbonation regime. In contrast, at the age of
28 and 180 days, the maximum increase in strength occurs with the maximum
content of SYM additive, with the use of a binder without ground limestone
rock and with minimum values of pressure and carbonation time. The
dependence of the strength of carbonized expanded clay concrete on the
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consumption of the binder is described by a function of the second order.
With an increase in the consumption of the binder, the degree of influence of
the factor increases. Thus, when the binder consumption is increased from
300 to 400 and from 400 to 500 kg/m3, the strength of concrete increases on
average by 2.7 and 4.7 MPaone hour after carbonization, by 4.2 and 7.2 MPa
at the age of 28 days and at 4.5 and 9.5 MPa at the age of 180 days.

The second most influential prescription factor is the factor (GL, C) -
percentage content in binding ground limestone. This factor is ambiguous in
terms of its influence. At the age of one hour after carbonation, a change in
the nature of exposure causes a changein the content of SYM and the amount
of pressure and time of carbonation. Thus, in the absence of SYM additive
and at the maximum values of pressure and carbonation time, an increase in
the binder content of ground limestone leads to a decrease in strength by 3.0
MPa. With the content of SYM in the amount of 0.4% of the weight of the
binder and at the minimum values of pressure and carbonation time,
increasing the content of the binder of ground limestone rock from 0 to 30%
leads to an increase in strength by 1.0 MPa.

With the increase in the age of concrete, the change in carbonation
regimes has practically no effect on the degree and nature of the influence of
the content of binding ground limestone on the strength of concrete. In this
case, the consumption of the binder and the content of the SY M additive have
a significant effect. Thus, with a binder consumption of 500 kg/m3 and the
absence of SYM additive in the concrete mixture, the change in the content
of ground limestone in the studied interval leads to a decrease in strength by
4.0 MPaat the age of 28 daysand by 4.1 MPaat aged 180 days With abinder
consumption of 300 kg/m3 and the content of the SY M additive in the amount
of 0.4% of the weight of the binder, replacing up to 30% of cement with
ground limestone has practically no effect on the strength of concrete at the
age of 28 and 180 days after carbonization.

The obviousgoa of creating acomposite material isto achieve maximum
strength during the entire long-term hardening process of 180 days. But
strength in the regulatory control period of 28 days is aso important. To
achieve appropriate results, other restrictions and requirements (except, of
coursg, fixed interval restrictions) are removed. The appropriate conditions
allow us to construct partial optimization criteria and determine the
distribution of degrees of importance for the desirability function (table 3).
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Table 3 — Parameters of the desirability function for optimization
of long-term hardening

Factorsand |Objecti| Lower | Upper | Lower | Upper | Impor-

properties ves limit | border | weight | weight | tance
R1lh max 2.1 16.5 1 1 2
R28 max 3.8 21.8 1 1 2
R180 max 5.9 26.1 1 1 5

The desirability function as a convolution criterion was optimized, and
the following solutions were obtained in coded values (Table 4).

Table 4 — Results of optimization of long-term hardening

No | Knitt | SYM | GL | PCO2 | tCO2 | R1lh | R28 | R180
1 089 | -1 | 008 | 052 |14.88(21.21| 24.63
1 0.93 |-0.99| 0.06 | 0.51 [14.87|21,23| 24.60
1 0.99 |-0.98 O 0.54 |14.84|21.25| 24.60
1 098 | -1 | -0.17 | 0.23 |14.25(21.48| 24.84

AIW|IN|PF

Thefirst of them isthe most profitable, it should be accepted.

Conclusions. The study of the strength data of expanded clay concrete of
carbonization hardening made it possible to build ES-models of the strength
characterigics of the materid. The experimental strength vaues range from
2.1to 16.5 MPa 1 hour &fter carbonization, from 4.6 to 21.8 MPaat the age
of 28 days, and from 5.9 to 26.1 MPa at the age of 180 days. Models are
graphicaly displayed and interpreted. . In connection with the defined
tasks, the parameters of the desirability function were determined,
optimization was carried out and optimal sets of recipe-technological factors
were obtained.
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UDC 691.335

MODELING THE WATER RESISTANCE OF GYPSUM -
CONTAINING COMPOSITIONS

Kersh V.Ya., Khlytsov N.V., Tihoniuk SA.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Abstract. The results of investigation of water resistance of plaster
mixture on gypsum-containing binder, intended for repair of limestone
buildings, using two criteria - softening coefficient and water resistance
index, are presented.

Keywords: gypsum-containing composite, water resistance, softening
coefficient, water resistance index, mathematical modeling.

Most of the buildings in the historic center of Odesa are made of local
natural stone - limestone shell rock. The disadvantage of shell rock is a
significant loss of strength when it is moistened, which leadsto adecrease in
the bearing capacity of the structure up to its complete loss. Among the
factors that lead to the soaking of exterior wallsis damage or the absence of
a plaster layer on the exterior surfaces of the walls. Attempts to repair shell
rock walls with conventional cement-sand compositions lead to accelerated
structural destruction for a number of reasons: greater strength of the plaster
compared to the main layer; different deformation properties and, finaly,
lower vapor permeability of the plaster layer, which prevents steam from
leaving the structure.

To restore shell rock buildings, specia restoration compounds must be
used whose properties are consistent with the properties of the main wall
material. The following can be considered important criteriafor assessing the
suitability of a plaster mix for this purpose: compatibility with the main wall
material, water resistance, strength, vapor permeability, adhesion,
deformation characteristics, and hardening rate.

Based on these requirements, the repair mixture is made on a gypsum-
cement-pozzolanic composition based on G5 gypsum and cement (ground
clinker) with the addition of fly ash as apozzolanic component. Slaked lime
was added to the initiadd mixture to possibly increase plasticity and water
resistance. In the planned 3-factor experiment Bs, the mass content of the
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components as a percentage of a fixed amount of gypsum was varied. The
main factors and their variation levels are given in Table 1.

Table 1 — Main factors and their levels of variation

Factor
number Factors
i Xi=-1|Xi=0|Xi=+1
1 |Amount of cement (C, mass parts per
100 parts of gypsum)

2 |Amount of lime (I, mass parts per 100
parts of gypsum)

3 |Quantity (3, mass parts per 100 parts
of gypsum)

Levels of variation

40 50 60

40 50 60

20 40 60

The water-solid ratio, selected according to the normal density of the
mixture, is 0.6. The samples are made in the form of standard beams
measuring 40x40x160 mm.

This paper examines the results of a study of the water resistance of
gypsum-containing plaster mixtures.

The resistance of building materials and products to water is usually
assessed by the softening coefficient SC — thisis the ratio of the strength of
the material saturated with water to its strength in a dry state — SC =
Rvet/Rdry. If the softening coefficient is more than 0.8, the materia is
considered water-resistant. The softening coefficient of building gypsum
fluctuates between 0.3 and 0.45. Determining the softening coefficient of
gypsum-containing materials depends on the conditions under which the
measurements are taken.

The softening coefficient, in principle, ambiguously reflects the actual
water resistance of the material. Its value depends on the ratio of strengthsin
water-saturated and dry states, and in some cases, materials with lower
strength may have a higher SC than materials with higher strength. A more
correct criterion, in our opinion, may be the water resistance index Is, in
which therole of the material strength in awater-saturated state is “enhanced”
— lw = R¥vet/Rdry, as more significant in design.

Water resistance was determined after 2 hours and after 48 hours of
soaking the samples. The decrease in strength in the latter case compared to
atwo-hour soak was on average 30 percent. However, the minimum strength
of the samples after 48 hours of soaking was within 2.5+4.5 MPa, which
exceeds the strength of shell limestones even in a naturally wet state. The
strength of dried samples after 7 days of hardening was taken as the strength
inadry state.
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The influence of the content of components — cement (factor X1), lime
(X2) and ash (X3) on the water resistance of the mixture was studied using
mathematical modeling. As an example, significant coefficients of some
models Rvet, SC and Iw at different hardening and moistening times are
givenin Table 2.

Table 2 — Coefficients of models Rvet, SC and Iw after 7 days (d) of
hardening and 2 and 48 hours (h) of humidification

M easur ement conditions 2h/7d
Rvet SC Iw
1. b0 =3.564 1.b0=2.549
2.b1=0414 L0700 | 2p=0381
3.b2=-0.510 3' b23 = O 022 3.b2=-0.308
4,pb23=-0.178 4' b3 =0 660 4.b3=0.215
5.b12 =-0.298 ' ' 5.b13=0.156
6. b13=0.138 6. b12 =-0.269
7.b33=0.322
M easurement conditions 48h/7d
Rvet SC lw
1. b0 =0.489 1. b0=1.190
;: ES - é:ggg 2.b1=0063 | 2 bl=0481
3 b2 = -0.369 3.b2=0.017 3.b2=-0.198
4 b33 = 0583 4.b3=0.043 4.b3=0.169
5 b23 = -0.239 5. b12 =-0.020 5.b12 =-0.293
6. b12 = -0.361 6. b22 =-0.034 6. b23=-0.143
7. b33 =0.076 7. b33 =0.485

The conducted regression anaysis of the models showed that the
softening coefficient ambiguously evauates the role of the mixture
components, such as lime, in ensuring the water resistance of the material. In
the 2-hour moistening model SC 2h/7d (Table 2), thereisno linear coefficient
b2 at X2 (lime), there are only linear effects of cement and ash, and thereis
also an insignificant effect of the interaction of lime and ash. At the same
time, the role of ash is clearly exaggerated (coefficient b3 is the highest),
although it is known that it is cement that imparts water-resistant properties
to the material.

The highest calculated value of Sc 2h/7d occurs at the maximum level (in
the studied factor space) of lime content. The SC 48h/7d model (Table 2) has
an insignificant positive linear effect of lime (b2) and negative effects -
guadratic (b22) and interaction of lime with cement (b12). The highest level
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of water resistanceisensured at an average level of lime content. At the same
time, the models of compressive strength of wet samples Rvet after soaking
show that, regardless of the soaking period, the most water-resistant samples
are those containing the minimum amount of lime (Table 2).

As an example, Fig. 1 shows isosurfaces of the water resistance index
values calculated using mathematical modeling based on the results of
strength measurements of samples in dry and wet conditions that hardened
for 7 days after being soaked for 2 and 48 hours.

The softening coefficient, as a more familiar criterion, was also
calculated; for some samples under the same measurement conditions, it
approaches 0,8.

A-leval 2.20 ¥max {Iw} =388 A—lsvel 0,80 Ymax {Iw} = 2,96
level 260 x1=1.00 B —level 1.2( =1 = 1,00

C—level 3.00 ®2=-1.00 C-level 180 x2=-L00

D-level 340 %3 =1.00 D—level 230 ¥3=1.00

E - léval 3.80 E—level 2.80

Fig. 1. Isosurfaces of water resistance index |8 after hardening of samplesfor 7 days
and moistening: a— 2 hours, b — 48 hours

Analyzing the Iw models and their graphical representations, we can
conclude that the cement content (the highest in the studied range) and, to a
lesser extent, ash content have a positive effect on the water resistance of the
repair composition on the AGC binder. Increasing the lime content in the
studied range reduces the resistance of the plaster composition to water at an
early age.

Thus, the assumption about the usefulness of adding lime to increase the
water resistance of the gypsum-cement mixture was not justified.
Considering also that lime neutralizes the effect of the pozzolanic additive,
and the introduction of each additional component also complicates the
technology of manufacturing the material, a decision was made to exclude
lime from the composition of the experimental mixturein subsequent studies.
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RICEHUSK ASH - FILLER IN CEMENT
FOR FINE-GRAINED CONCRETE

Makhavat Dzhusupova, Aidai Talantbek Kyzy
(Kyrgyz State Technical University Named After |. Razzakov,
Bishkek, Kyrgyz Republic)

Abstract: The article presents the results of research on the use of rice
husk ash in amorphous form with SO2 - 81.3 % as a pozzolanic additive in
cement. At modification by organic-mineral additivesit is possible to receive
strong and durable fine-grained concrete of classes B20 ... B22.5.

Keyworlds: rice husk ash, cement, aggregate, microstructure, fine-
grained concrete.

In accordance with modern quality standards for building materials,
specia attention should be paid to the environmental sustainability and
economic efficiency of scientific developments. Scientists consider any
possibility of replacing natural resources with man-made raw materials.
Partial replacement of cement with cheap fillers, such asrice husk ash (RHA)
will alow without loss of basic properties of binder and concrete to increase
technical and economic performance and solve environmental problems.

About 100 million tons of rice husk by-products are produced worldwide,
which are often disposed of in nonenvironmental ways. incineration or
landfilling.

RHA consists mainly of silica SiO», has a very low bulk density of 90 to
150 kg/m?, has good reactivity and can be effectively used as pozzolanicfiller
for cements and concretes[1, 2, 3].

Theworks[4, 5] show the possibility of obtaining modified concrete with
the required performance characteristics through the joint use of organic-
mineral additives-modifiers of cement and concrete structure. During cement
hardening, containing amorphous silica RHA forms additionally low-basic
calcium hydrosilicates of CSH type, compacting the concrete structure. Such
concretes have increased frost resistance, water resistance and resistance to
chemical influences. Studies have shown that rice husk ash, when added to
cement, increases the strength of concrete by 32% at the age of 28 days and
water resistance by one or two grades.
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Dueto the availability and low cost of raw materials, RHA can be acheap
alternative to imported microsilica. This will reduce the consumption of
cement in concrete mix without loss of strength and alow for more
environmentally friendly construction.

The purpose of this research: to study the possibility of modification of
fine-grained concrete with fine silica additive in the form of rice husk ash
from the southern region of the Kyrgyz Republic.

The fine-grained concrete specimens were used for the manufacture of
the samples. Portland cement - M400 D20 GOST 10178-85, 30515-97, NG-
26.25; compressive strength of 28 days of hardening - 36.6 MPa; density p -
3.1 g/m?. Sand - coarseness modulus My = 3.38. Rice husk ash, chemical
composition: %: SiO; - 81.3; Al03 - 4; Ca0-5; NaxO-1.5; MgO -3; Fe;03-4;
K20-1.2. Superplasticizer - Neolit 303, pH 3.5 - 5.5 of the solution, density
1120 + 30 kg/m®. For this research, the structure of rice husk ash was
previously studied using a VEGA3 TESCAN scanning electron microscope
(Fig. 1a b).

Fig.1: Microstructure of rice husk ash (a) at magnification (x133)
and (b) at magnification (x2400)

The microstructure of rice husk ash (RHA) particles is unique due to the
content of amorphous silica. It can be seen that the rice husk ash consists of
chaotically scattered small porous particles of irregular shape. At low
magnification (x133), a porous surface with microcracks and small granular
particles can be seen (Fig.1a). At high magnification (x2400) (Figure 1b), the
microstructure of rice husk ash (RHA) particlesis represented by amorphous
silica and has a porous structure. At this magnification level, amorphous
(disordered) areas of silica are visible and do not have a clear geometric
shape, which confirmsthe absence of crystalline structure. The RHA particles
consist of multiple agglomerates of silica nanoparticles, often ranging in size
from severa tensto hundreds of nanometers.
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When RHA is used in cement, strength is increased due to its unique
properties. The porous structure of RHA provides increased adsorption
properties, which reduces water and increases the strength of the cement
stone. RHA introduces positive changes in the microstructure of the cement
matrix. Prepared RHA in amorphous form as well as coal combustion ash
when added to cement promotes the increase of concrete compressive
strength at the age of 28 days by 32 % and water resistance by one or two
grades[1, 2, 3].

In these studies, the active fine admixture used for the modification of FGC
as an active fine admixture was RHA from the southern region of Kyrgyzstan.
In order to reduce water consumption, it is necessary to use water-reducing
additives, which will affect the strength properties of concrete.

To evaluate the effectiveness of using rice husk ash in concrete, a 2-factor
experiment was conducted. Variable factors: rice husk ash -X; = 4 + 4% and
X2= 0.4+ 0.4% - Neolit 303 additive (relative to the amount of cement M400
D20). Therest is cement.

The following parameters were selected as output parameters: fctk and
fck.cube compressive and flexural strength after 7, 28 and 90 days of curing,
density p 28 day, water-cement ratio B/C, degradation factor K.

Mathematical models (Table 1) and their graphical images of fine-grained
concrete (FGC) properties were obtained based on the experimental results
(Fig. 1 - 4).

Table 1 Coefficients of models of the main properties of fine-grained concrete

Ne | Properties 1 2 3 4 5 6

of FGC bo (o] b1 b, b2 b1,
1 | ful 1095 | -2.04 | 2.21 -1.2 | -1.88 | 037
2 | feul® 1409 | -1.94 | 069 | -1.67 | 0.05 1.0
3 | feu® 2197 | 028 | 086 | 085 | 000 | 0.02
4 | foccube’ 15.4 -15 2.37 -1.3 | -063 | 026
5 | focune?® 2215 | -537 | 44 0.28 3.6 0.36
6 | foccune® 3091 | -096 | -022 | 061 | -1.53 | -0.98
7 | p*® 241 | -0.026 | -0.001 | -0.009 | 0.022 | -0.004
8 | p® 2392 | 0.101 | -0.032 | 0.066 | 0.017 | -0.031
9 | wiC 0.525 | 0.025 | -0.014 | -0.051 | 0.012 | -0.002
10 | Kg® 0.697 | 0.036 | 034 | 0.19 | 0.056 | 0.043

According to the model (1) it can be noted that RH ash at its maximum
amount (8%) x1 = 1 reduces the strength to a certain concentration, linear
coefficient by = - 2.04 and quadratic by = 2.21. On the nomogram where the
strength decreases from 18 to 12 MPa at the content of RH ash 6-8 % and the
optimal concentration of chemical additive 0.2 ... 0.6 % (Fig.14).
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Fig. 1: Nomograms of FGC flexural strength after (a) 7 days fax’ (b) fou® and

(c) 90 days feu®

Analysisof the coefficients of the model fcu?® showed that at the maximum
filling of cement with fly ash and the amount of plasticizer to x1 and x2 = +1,
the strength of FGC after 28 days of curing dightly decreases by =- 1.94 and
b, = - 1.67. The nomogram (Fig.1 b) shows that with simultaneous increase
in the amount of RH ash and plasticizer, there is a sharp decrease in the
strength of f«? from 19 to 12 MPa.

Since RH ash as a pozzolanic additive lengthens the setting time of
cement, the processes of structure formation on 28 days are not yet
completed, it can be seen on the nomogram (Fig.1c) that increasing the
plasticizer to 0.8 % and the optimal amount of RH ash 2...6 % provides the
maximum strength f to 23.6 MPa.

From the compressive strength models of FGC (4-6), it can be observed
that the maximum cement filling of RHA 8% (x1 = 1) acts negatively. There
isalinear effect at x1 = 1 for faccune’ (D1=—-1.5), for fuccue?® (b1=—5.37) and
for foceupe® (b1 = — 0.96). The quadratic effects of the models indicate the
search for the optimum concentration of RHA in concrete. At factor (x1), the
quadratic coefficient is (biy = 2.37) for fo.cuper, fOr focune™® (b1 = 4.4) and for
fck.cube90 (bl =— 0-22)-

a) b) c)
0.8 2 08 i 08 ~
0. ~ - r S—18 " L B ~
A ] / \ L T 18 ™ o
\ 10 VAN N g L e
| BT L P 4 k- 2w ]
\ ALY T Mg
§ \ ¥ ) £ ? 3
ot \ \ o ‘1 ol M o ?
214 \ 1 P B L1 Jeiazomp) 5§ - N ke
= [ Y z 117 W,
; Vo 1" 8 |l : b
$ \\ ‘c £ 3,0]_5 %ﬁ/' ; P— z f{.(:."‘;—,nMP'a
;i b JE T f / ,f / /," A ’,.,,.
: /] /S e
| { it LA
0 - e ame 0
0 4 8 [+} 4 8 : 2 $
i 1 HA, %
RHA, % RHA, % ua,

Fig. 2: Nomograms of FGC compressive strength after (a) 7 days fokcune’,
(o) 28 dayss fok.cune®® and (c) 90 day's fek.cube™
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More clearly the change of compressive strength of FGC at different
curing times can be seen on nomograms of Fig. 2. In the early terms thereis
asignificant decrease in strength as the cement isfilled with RHA the index
of facue’ decreases from 20 to 14 MPa, for facune?® from 30 to 18 MPa.
However, 90 days of curing the change in strength is insignificant and
depends on the concentration of plasticizer focue™ from 32 to 28 MPa.

The values where the strength foacuine®® > 30 MPa are in the region of
formulations x1 = -1...- 0.9 (RH ash 0...1%) and x, =-0.8...0.8 (SP 0.2...0.6).
At 90 days of curing, the region where the strength fo cupe™® > 30 MPa is much
wider. Here the amount of RHA in cement increases up to 6 % at an additive
concentration of 0.4...0.6 % (Fig. 2¢).

Concrete density values can vary depending on variousfactors. The amount
of RHA in cement, its dispersibility, pozzolanic activity. By reducing the
number of pores in the concrete structure, it can increase. Due to the lower
density of RHA particles compared to cement particles, the density of fresh
concrete may decrease. The density of fresh concrete may also decrease at high
dosages of RHA. The density of the concrete may increase due to the reduction
of thetotal porosity, dueto the activeinteraction of the RHA with the hydration
products. In spite of the density decrease, dueto its pozzolanic activity, ash ash
promotes the densification of concrete structure and allows to improve its
performance characteristics (water resistance and durability). In the model p%
a x;1 the linear coefficient b; = - 0.026. With increasing the amount of RH ash,
the dendity practically does not decrease from 2.45 to 2.4 kg/m?.

Asthe curing of concrete with RH ash continues for along period of time
its structure changes due to the formation of additional amount of
hydrosilicates. The density model p* shows that it depends first of all on the
concentration of chemical admixture and then on the filling of cement with
fly ash. At the maximum concentration of X, - NEOLIT 303 - 0.8 % (Fig.
3b), the density of RHA is p® = = 2.425 kg/m3. The additional introduction
of RHA reduces the density to 2.35 kg/md.

The quality of concrete is also affected by the W/C ratio. The higher the
W/C ratio, the greater the number of capillary pores formed in the concrete
structure. The effect of the RHA and chemical admixture on the water-cement
ratio W/C was evaluated by the model W/C = f (x1, x2). The analysis of model
(9) showed that RHA (x1) dightly increases W/C (b, = + 0.025), but up to a
certain point (b11 = 0.014). The positive influence of superplasticizer (x,) is
more significant, here (b2 = - 0.051) and (bz = + 0.012). Thus, at RHA = 4%,
W/C decreases as the concentration of superplasticizer increases from 0.58 to
0.48 % (Fig. 4a).

When designing the composition of fine-grained concrete, attention
should be paid not only to the quality of raw materials, but also to the
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formation of a homogeneous concrete structure.lts homogeneity can be
judged by the ratio between the flexural strength and compressive strength,
the so-called coefficient of destruction of the structure. And the higher this
coefficient Kgq = fak / foceune, the more homogeneous the structure and the
higher the ability of the materia to resist irregular disturbances and
deformations.

At 90 days the processes of structure formation are almost attenuated and
according to the coefficient of destruction of concrete it can be noted that the
introduction of RH ash, due to its pozzolanic activity improves the
microstructure of concrete. At the concentration of chemical admixture 0.4 ...
0.6 % depending on the filling of RHA 0...8 % Kg increases from 0.7 to 0.
(Fig.4 b).

Thus, studies have confirmed the possibility of using rice husk ash as an
active mineral admixture in cement for the manufacture of fine-grained
concrete. Due to high silica content in amorphous form (SO. - 81 %) Rice
husk ash exhibits pozzolanic activity. Organo-mineral modification improves
the microstructure of cement stone and consequently increases the durability
of fine-grained concrete. The strength of concrete at 90-day hardening /
foccube® > 30 MPa is achieved at the content of RHA - 6 - 8 % and
concentration of superplasticizer NEOLIT 303 — 0.2...0.8 %. Density p® day
isintherange of 2.35...2.43 kg/mq. Destruction coefficient Kq increases from
0.7 to 0.9, which indicates the homogeneity and resistance of concrete to
various types of loads. The use of RHA will reduce the consumption of
cement in the concrete mixture without loss of strength and contribute to
more environmentally friendly construction.
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WAVELET MODELING OF HIGH-FREQUENCY WAVE
PROPAGATION IN ANISOTROPIC COMPOSITES

Pysarenko A.N.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Abstract. This paper presents a wavelet model for studying high-
frequency wave propagation in thin and moderately thick anisotropic
laminated composites. A spectral finite element is developed that can
describe the propagation of axial and shear waves.

Key words. composite, wave propagation, wavel et, finite element.

The need to predict transient responses, characterize mechanical
properties, and perform non-destructive evaluation of materials can be
effectively addressed by studying wave propagation characteristics of elastic
structures [1]. Composite (elastic) structures are increasingly used in many
industries due to severa advantages, including higher specific strength and
modulus, fewer joints, improved fatigue life, and higher corrosion resistance.
In particular, Lamb wave-based structural health monitoring, which aims to
perform non-destructive assessment, is avery active area of research.

Analytical solutions for wave propagation are not available for most
practical structures due to the complex nature of the governing differential
equations and boundary/initial conditions. The finite element method is the
most popular numerical method for modeling wave propagation phenomena
[2]. However, for accurate predictions using the finite element method,
typically 20 elements must span a wavelength, which resultsin a very large
system size and huge computational costs for analyzing wave propagation at
high frequencies. In addition, the solution of inverse problemsisvery difficult
using the finite element method [3]. The spectral finite element, which
follows the procedure of modeling the finite element method in the
transformed frequency domain, is very suitable for the analysis of wave
propagation. The frequency-domain formulation of the spectral finite element
provides a direct connection between the output and the input through the
transfer function of the system (frequency response function) [4]. The
spectral finite element has very high computationa efficiency because the
nodal displacements are related to the noda tractions through a stiffness
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matrix dependent on the frequency and number of waves. The mass
distribution is accurately fixed, and an accurate elemental dynamic stiffness
matrix is derived.

In this paper, a new two-dimensional wavelet based spectral finite
element framework for high-frequency analysis with finite dimensions and
anisotropic properties of composite materials is presented. The method
derivesthe governing partia differential equationsfor wave motion and their
time approximation using compactly supported high-order Daubechies
scaling functions. One of the objectives of the work isto perform eigenvalue
analysis to separate the given partial differential equations in spatial
dimensions. In the following, the separated partial differential equations are
approximated in one spatial dimension using Daubechies low-order scaling
functions followed by an eigenvalue anaysis similar to the time
approximation. The resulting ordinary differential equations are solved
exactly in the frequency-wave domain and the solution is used as a shape
function for the two-dimensional spectral element.

The working frame in the computational mode! is alaminated composite
plate of thickness h with the global coordinate origin at the mid-plane of the
plate and the Z-axis perpendicular to the mid-plane. Theresults of the spectral
finite element Fourier method showed that the governing partial differential
equationsfor wave propagation in laminated composites have five degrees of
freedom: u, v, w, ¢, and y. Thetermsu (x, y ,t) and v (X, Yy, t) are the mid-
plane (z= 0) displacementsalong the X and Y axes; w (X, y, t) isthe transverse
displacement in the Z direction, and ¢ (x, y, t) and w (X, v, t) are the rotational
displacements about the X and Y axes, respectively. The quantities Ny, Nyy,
N,y arein-plane force resultants, Mx, Mxy, Myy are moment resultants, and Qx,
Qy denote the transverse force resultants. Stiffness constants A, Bjj, Dij are
defined as

N
[A.B.0; ] ZF:,LZ:HQ'U L2722k J.jhh,/zz Lzzpdz.
g=1

where Q';; are the stiffnesses of the g-th lamina in coordinate system, N, is
the total number of plies, p isthe mass density.
The function u (X, Y, 2) can be approximated at an arbitrary scale as

u(xy,2)= Y u (% yle(r -k), ke Z, @

where uc (X, y) are the approximation coefficients at a certain spatia
dimension (x and y) and ¢ (t) are scaling functions associated with
Daubechies wavelets.

The next step after determining the shear coefficients lying outside the
local volumes of the laminated composite, through the internal coefficients
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taking into account the periodic expansion, can be written in the form of a
matrix equation

Aii dzuij AA dl)p | 2 | 3
I + — |= + ,
J e P ax 4 7y
where A; are the first-order connection coefficient matrix elements obtained
after periodic extension; |; arethe inertial coefficients; are the eigenval ues of
the shift matrix.

Finally, the transformed nodal forces {F¢} and transformed nodal
displacements { u?} arerelated by

{F% =[KH{u%}, 4
where [K9] isthe exact elemental dynamic stiffness matrix.

The computational model allowed to obtain dispersion relations for the 8-
layer [0]s laminate. The first antisymmetric mode (A0) corresponded to the
frequency range below 30 kHz. For high frequencies exceeding 2000 kHz,
the phase and group velocities increased according to a polynomial law. In
addition, the spectral method of Fourier transforms predicted the appearance
of the second antisymmetric mode (A1) and the first shear mode (SH1) for
the same frequency range. Spectra relationships for composite laminates
with an asymmetric ply sequence [0s/90s] indicate that their wavenumbers
have significant real and imaginary parts, implying their non-uniform nature
(attenuation during propagation). It was found that fixed boundary reflection
from the internal surfaces of the composite sample preserves the shape of the
excited wave packet.

The wavenumber values correspond to a sampling time of At = 2 us,
which gives a Nyquist frequency of f, = 250 kHz. The wavelet transform
method predicts accurate wavenumbers only up to a certain fraction of the
Nyquist frequency. Thisfraction depends only on the order of the Daubechies
scaling function used to approximate the original partial differential
equationsin time.
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4. Li H. e d. ldentification of mechanical parameters of fiber-reinforced
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VITALY A.VOZNESENSKY, THE CREATOR OF METHODOLOGIES

Lyashenko T.V.
(Odessa State Academy of Civil Engineering and Architecture)

Abstract. The purpose of thisnoteisto show the path fromthefirst method
of the young researcher to computational materials science, with the
methodology of experimental-statistical modelling he created, and to recall
the achievements of the outstanding scientist.

Keywords: design of experiment, system approach, experimental-
statistical model, education, research.

It is practically impossible to fully present a prominent multiface
personality. This noteis about possibly the most important, the essential side
of Prof. V.A. Voznesensky activity (VAV, 1934-2012). Hisfirst publications
(by student, and by young researcher) and hisfirst author's certificate! can be
taken as the beginning point at hisroad of methods.

The concept of "experimental design” was
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e T gtill unknown when he worked over his
T candidate dissertation. But he has come up with
R b the idea to find the most informative pointsin

the region of three mixture factors under study.
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! Jlucenxo E.M, Bosnecencknii B.A. Mexannueckoe M3roTOBIEHHME BCTPEUHBIX CONPSKEHHH B
nepeBsHHBIX netaisx. Ctpout. Mat-ist 1 m3nemust: Tp. Pocros. UICH, 1957, Bem. 8, C. 178-188.
Ponos I'.C., Bosuecenckuii B.A. Metozuka onpezeneHus NpOYHOCTHBIX U e()OPMATHBHBIX CBOMCTB
apmonementa. HoBocubupek: 3am.-Cn6. ¢puman Axanemun ctp-Ba u apxut-pst CCCP, 1958, 24 c.
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crocoba. 3assi. 15.08.58. 3apeructp. 12.03.59.
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His scientific supervisor Prof. N.A. Popov advised him to take up
mathematical research methods. And that's what happened. Soon the first
paper on design of experiment (DoE) in building materials technology has
appeared, written by VAV [1].

And morethan that has happened. The system approach and probabilistic-
statistical thinking have become the integral attributes of his work. The first
chapter of his first book [2] is "Technology as Stochastic System and
Methods of Its Studying". Thiswonderful, deep, and wise book by the young
researcher is filled with new methodological approaches and criteria, useful
schemes for research and tools useful for solving practical problems. It has
been the book ahead of time.

It was preceded by dozens of publications on construction technology, on
other areas of knowledge, on solved problems [3]. The quality and quantity
of his works from the Chisinau period (without computers!) and their titles
areimpressive — asif it were now, but about 60-50 years ago [3, 4].

Here are some: The Possibilities of Creating a Recipe Memory for
Concrete Technology (1966), Homogeneity as a criterion of concrete quality
(1967), Possihilities of application of game theory in problems related to
durability of materials (1970) , On the issue
of quaimetry of materias (1970),
Mathematica methods in improving
concrete technology (1970), Classification
and analysis of sources of technological
information in solving problems of analysis
and optimization of the quality of building
materials (1970), Modern research methods
(1971). Structura-substantial models as an
object of functional statistical modeling in
building materials technology (1971),
Algorithm for selecting additives-regulators
of the quality of hydraulic concrete (1971),

Vitalic A. VOZNESENSCHI Ways to improve standards for building
Sef Car. Materinle de Construegie . Materials (1971), Statistical search  for
(1964-75) optimal chemical additives (International

Congress on Cement Chemistry, 1974), etc.

So the theme of his DSc thesis « Statistical solutions in problems of

analysis and optimisation of the quality of building materials (methodology

and application experience)», presented in 1970 (by 36 year old researcher)
couldn’t be surprising.

The legendary conferences in Moldova organized by VAV were also

impressive. He continued to preach the effective research methods based on
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fundamental knowledge while working at the Odessa Civil Engineering
Ingtitute (since 1975). Here he created the department of "Processes and

Consultin

Thinking

g, 3 Topasnbuvsoey

Apparatus in Construction Materias
Technology", the first one in the USSR.
The title and content of the department
already included the "METHOD" in a
broad sense and a wide range of science-
intensive disciplines. That is why the
department continues to develop despite
difficult circumstances.

Vitaly Anatolyevich has been the
preacher of fundamental sciences. They
became the slogan of the 47 seminars he
held in the Odessa House of Scientists
and in Kyiv? (including 13 MOCs,
international seminars on modelling and
optimisation of composites).

He managed to develop and
implement throughout the Soviet Union
the educational program "Numerical
Methods for Solving Technological
Problems on Computers’. And the still
useful and cited textbook has been
written [5].

A significant part of the textbook is
related to the methodology of
Experimental-Statistical modeling
(ESM) V.A. Voznesensky has created.
Theterm firstly appeared in the book [6].
Much earlier, ES-models were aready
repeatedly used by him in various studies
of materials and other objects. And later

VAV himself or with co-authors published alot of books conference papers,

chapters, brochures and manuals.

Professor Vitaly Voznesensky created the methodology amed at
extracting from the experiment as much as possible information about the

system under study.

2 Crincok cemunapos MOK 1 MaTepuanoB kK ceMUHApam
https://drive.google.com/file/d/IECLBh40_4Y SBNBINHx_WL FxMihx8FW6Z/view
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It could be profitable (and it has been) to
use ES-models to research (at hano-, micro-,
mezzo-, macro level) and to design:

e multi-component binder systems with
additions of dlag, fly ash, other mineral
additives, akali ingredients, and polymer
admixtures,

o specially purposed repair, protective and
furnishing compositions resistant to heat,
frost, dynamic load, various media,

o polymer-cement dry mixes of various
purpose,

o polymer mortars,

« fiber reinforced composites,

o light weight aggregate, cellular, and foam Thisis where the term
concretes, “Experimental-statistical
o ready-mix concrete, modelling” was born

o any high performance material.

Moreover, ES-models describing the fields of system properties in
coordinates of the factors defining them have become the irreplaceable
constituent of the Composition-Prosses
Fields Methodology (CPFM) in
computational materials Science [7]. And
moreover, both of these methodologies
(ESM and CPFM) are interdisciplinary.

Vitaly Anatolyevich Voznesensky has
brought the design of experiment, the system
approach, and  probabilistic-statistical
thinking into building materials science.
This was achieved thanks to his books,
brilliant  lectures for students and
professionals, manuals, numerous papers,
methodical recommendations and
guidelines, his invaluable consultations, the
seminars and conferences he had organized,
his sparkling performances.

V oznesensky's books and textbooks have been published in a print run of
more than 54,000 copies (not counting numerous brochures). A number of
significant publications not mentioned above are given [8-16] in the
bibliography. The ideas and methods of VAV have been tested in PhD and DSc
dissertations completed under his supervision (there have been about 50 of them).
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One can found more about Vitaly Voznesensky and electronic versions of
many of hisworks at https://frabul 16.wixsite.com/dvoe.
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ABOUT COMPUTATIONAL EXPERIMENTSTO ANALYSE THE
CORRELATION OF BUILDING COMPOSITES PROPERTIES

ILyashenko T.V., °Moskalova K.M., *Antoniuk N.R.

(*Odesa State Academy of Civil Engineering and Architecture, Odesa,
°Development and Training Centre for the Metal Industry — Metal Center
Cakovec, Croatia)

Abstract. Computational experiment to analyse material properties
correlations, using random scanning of properties fields in composition
coordinates, is briefly described. The results of its applications in studies of
plaster mortars and lime suspensions with cellulose fibers are shown.

Keywords: experimental-statistical model, random scanning of property
field, rheological characteristic, plaster mortar, lime suspension, fibre.

Why should correlation be analysed? Why is thisimportant?

There exist at least three situations when we need quantitative expression
of the relation between material properties (), the "measuring” and analysis
of their correlation.

Firstly, it could alow to arrange express-control of the properties,
specifically, based on non-destructive tests, with the help of sufficiently
accurate and reliable prediction equations (calibration curves).

Secondly, it could make possible to reduce a number of criteria by which
material should be designed and optimized.

Thirdly, the difference in correlation measure at different zones of the
region of composition and process parameters (CP-factors) could reveal the
conditions, under which the mechanisms of structure formation and of
destruction change, thus possibly leading to formulating some hypotheses for
materials science.

If it is commonly supposed that some two properties do not relate to each
other (with scatter diagrams illustrating the fact), do not be sure they really don’t.

When designing a natural experiment, the primary source of factual data
on the material being studied, we try to save time-consuming natural tests.
Being so, in certain zones of the region of CP-factors, which can lead to
different material structures, thereisinsufficient data (1-3 trials) to assessthe
correlation of propertiesin these zones.
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It ispossible to get on the necessary missing data, to enrich the results
obtained in natura (primary) experiment with the data mined in
computational (secondary) experiment. The paired samples of any size (n)
necessary for the analysis and for building possible prediction equations can
be smulated with the help of experimental-statistical (ES) models obtained
on the results of designed primary natural experiment.

Let the pair relation of these or that two properties of building material
(random variables Y1 and Y>) is considered. They take values in a region of
the CP-factors x = (X1, X, ..., Xk).

To reveal the existence of correlation and distinctions in relation between
Y: and Y- in various zones of factor domain and to characterize theserelations
the random scanning of thefields Yi(x) and Yz(x) iscarried out [1]. Statistical
trials are being implemented, with Monte Carlo method applying twice.

In each redlization of the trials the sufficiently great number of (x)
uniformly distributed in the whole factor region under study or in its
subregion is generated. For each x to the level of the property (Y) calculated
by corresponding ES-model the generated normally distributed experimental
error is added. By n pairs of these values the point estimate of correlation
coefficient r (or other correlation measure) is obtained. Multiple realization
of such trials makes it possible to get the distribution of r.

The method briefly described above has aready been used many timesin
studies of various building composites [1-3]. Some recent results of its
applications in two studies [4, 5] are shown below.

When developing lightened plaster mortars [4] the quantities of 4
components were varied in the experiment: ground limestone (xi1), perlite
sand (x2), cellulose methyl ether (xs), and dispersible polymer powder (xa).
The contents of other components remained constant. The viscosity curves
and the values of rheological characteristics (YY) were determined for 18
compositions, according to 18-points of 4-factor design of experiment. On
these data ES-models were built, in particular, for effective viscosity at shear
rate equal unity (11) and destruction rate (Jm), the parameters of Ostvald-de
Waele mode [6], and for thixotropy characteristic (Atw).

The models alowed the computational experiments for analysis of
correlation to be carried out. Some of the results, in compare with results of
natural experiments are shown in Figures 1-3 (from [4]).

Viscosity curves and Ostwald-de-Waele rheological equations (adequate
with error not more than 5% in the range of shear rate between 0.066 and 8.41
¢ 1) were obtained when studying lime suspensions filled with Technocel®
cellulose fibers of three lengths [7].
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Three factors were varied in the experiment: mass fraction of "short"
fibers, with nominal length of 200 um — vy; fraction of "medium” length
fibers, 1000 um — Vy; fraction of "long" fibers, 2500 um — vs.

They present the "mixture” (1).

0Ly < 1, ZVi =1,v= (V1, V2, V3) (1)

These factors region is 3-component simplex (triangl€).

The values of 11 and |m| determined for compositions corresponding to
design of experiment (simplex-lattice design of incomplete 3" degree) did
not show any correlation.

But this may not be the case in some subregions of the whole triangular
region. In some zones of compositions within the simplex, the structures of
moving suspensions may show an inherent correlation of viscosity with the
rate of drstruction.

It would be reasonable to assume a significant difference in the structures
of suspensions with fibers of different lengths and with their mixtures, and,

consequently, adifferent relationship between 11 and |m|.
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Therefore, the computational experiments have been carried out for

several areas of thetriangle. ES-models describing the fields (V) and |mj(v),
built on results of natural experiment, have been used. Some of theresultsare
shown in Fig. 4 (from [5]).

It can be stated in the conclusion, that the means of computational
materials science, in particular, the approach of random screening the
composition-processfields of material properties, described by experimental -
statistical models, can help in solving the variety of material science
problems. Exploring the relations between material propertiesisamong them.
Computational experiments allow the knowledge to be obtained that is not
directly available in the physical experiments.
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Cekuin 4.

AJUTUBHE BUPOBHUIITBO:
TEXHOJIOI'TA TA MATEPIAJIN
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V]IK 621.778

METOJUKA IMIABOPY ®IVIAMEHTA JJIA 31 APYKY BUPOBIB,
SAKI EKCIUIYATYETBCA Y CKIIAJHUX YMOBAX

‘Baunncwkuii B.B., 2lllkypnit O.M.
(*Onecrka JepKaBHA akajeMist OyIiBHUITBA Ta apXiTEKTYpPH,
“BiiicpkoBa akagemis, M. Ofeca)

Abstract. A study of the properties of various polymers used in additive
manufacturing was carried out, their influence on the quality of product
elements was determined, and a methodology for selecting materials for its
high-quality printing was devel oped.

Keywords: filament, additive technologies, 3D printing

Baromum ¢akropoM, sAkuii HaHOITBIIE BIUIMBAE HA BIACTHBOCTI
HAIPYKOBAHOTO BUPOOY, 3BHYAIHO K, € MapKa i AKICTh (ilaMeHTa, 0COOIHBO
BJIACTHBOCTEH MaTepiady B CKIAJHUX yMOBax eKcITyartarii. ToMy MoKHa
CTBEPUKYBATH, 110 BOXJIMBUM 3aBIaHHSIM € BHBUYCHHS aITOPUTMY IiI00pYy
Marepialy Uil BHUTOTOBJICHHS €JEMEHTIB BHpPOOy 3a aJUTHBHHUMH
TEXHOJIOTISIMH.

AHaii3 OTpUMaHHUX pe3yJbTaTIB MOKa3ye, 10 aOCONIOTHO 1A€alIbHOTO
Marepiany Juisi pyKy Hemae. Bubip mMatepiaiy Iuist IpyKy BUPOOY 3aJIeKHUTh
BiJl 3371a4 BUpOOy Ta yMOB HOT0 eKcIutyaTaiii.

VY TexXHIYHHX TacmopTax pi3HuX 3D-MpHUHTEpIB NMPHIHATO OMUCYBATH
0OMeXeHUH Mepetik iX XapakTepHUCTHK, SIKi MOXKHA TTOPiBHIOBATH, aJie BOHU
ITOBHOIO MipOO HE MOXKYTh OIHCATH SIKiCTh BUPOOIB Ha BHUXO/I.

Po3poOka mopsaxy migOopy KOMIO3HIIHHOTO Matepiamy T03BOJISIE
BUPIMINTH CYNEPEYHICTh BU3HAYCHHS TOTO MaTepiaiy, SIKHi 3aCTOCOBYIOTH B
AJIUTUBHOMY BHPOOHHMIITBI, OCKUIBKH BHOIp (QiTaMeHTa OOMEKY€EThCS
TEXHIYHUMH XapaKTEPUCTUKAMHM, 3a3HAUYEHHMH B MAclopTax MPUCTPOIB,
BHMOTaMH JI0 BUPOOY Ta HEOOX1THOO SIKICTIO OTPUMAHOTO €JIeMEHTa BUPOOY.

OcHOBHI BHMOTH 70 BHOOpY ¢irameHTa s APYKY MOBHHHI CYyBOPO
JOTpUMYBaTUCs. MIIHICTh HAa BUTHH, MIIHICTh Ha PO3TATYBAaHHS, TBEPAICTh
MOJIIMEPHOT0 MaTtepially MaroTh MEepeBUINyBaTH abo BIiAMOBiIaTH YHCIY,
BKa3aHOMY B TexXHiuHOMY 3aBaaHHi. lLlibHICTB, ycanka, BOJOMOTIMHAHHS
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MOJIMEPHOTO MaTepialy He MOBWHHI IepeBHUINyBaTH (200 NOPIBHIOBATH)
BIZINOBITHOMY TTOKa3HHKY, 3a3HAYCHOMY TaKOX y TEXHIYHOMY 3aBJaHHi.

Hamu Oyso BU3HA4EHO WIICTh TPYI SKICHUX XapaKTEPUCTUK OTPUMAHOTO
eJIeMEHTa JJIsl TOUIyKYy HaONMKEHOro 3a CYKYIHICTIO BJIaCTHBOCTEH
¢inaMeHTa BIAMOBIAHO O BUMOT TEXHIYHOTO 3aBaaHHs (Tabu. 1, y sikiii B —
1Ie BIMOTH JI0 BHPOOY).

Tabmms 1 — @iznko-MexaHiqHI MOKa3HUKH U BUOOPY (piameHTa

Ne IToka3HuK Po3mipaicTe | BukoHaHHS yMOBH
MinnicTp Ha BuruH (B1) MIla B1> B,
2 | MiUHICTh Ha PO3TATYBaHHS MITa B,>B,
(B2)
3 | llinsHicTs (Bs) r/em® B:<B,
4 | Teepaicts 3a PokBenoM R-mKana B.>B,
(Ba)
5 | Ycanxka (Bs) % Bs<B,
6 | Bomoronornunanss (Be) % Bs<B,

[Tin yac Bubopy (inameHTa MOXKIIHMBI JiBa BapiaHTH, PO3IISTHEMO iX.

1. Onun abo Kijgbka BIAMOBIAHMX MOJiMepiB. Bubupaemo kparmii 3a
CYKYIHICTIO BJIAaCTMBOCTEH, BUXOASYH 13 BUMOT JI0 BUPOOY.

2. Hemae BiamoBimHoro momiMepy. SKImO HE NOTPHUMYIOTHCS YMOBH
TEXHIYHOTO 3aBJaHHS II0JI0 BUKOHAHHS BCiX MIECTH BUMOT, TO APYK BHPOOY
HE MOXUIMBUH. Y pa3i BHKOHaHHA Xo4ya O TPHOX BUMOT JIOIYCKA€THCS
BHKOPUCTAHHSA TOJIMEPHOTO MaTepiamy Uil IpyKy BHpoOy, ane 3a
JOTPUMaHHS TaKuX 000B’s3KOBHX NBOX yMOB: B3 < B, B4 > BB.

Jlns BUSBIEHHS HaWOIABII Ba)XKIMBHX ITOKA3HHKIB SIKOCTI €JIEMEHTIB
BHUPOOY, PO3POOIICHO MPOLIEAYPY CTPYKTYPYBaHHs (QYHKIIIH SKOCTI. 3 METOIO
il peanizauii BHSBIEHO BHUMOTHM Ta SIKICHI XapaKTEPUCTHUKH, SIKI B
MOJIAJIBLIIOMY 31CTaBJIeHI JUIS 3HAXOKEHHs 3B’SI3KYy MK HHUMH y MaTpHIl
cyMicHocTi BUMor (Tadu. 2).

Tabmuus 2 — MaTpuis CyMICHOCTI «BUMOTH — SIKICHI XapaKTEPUCTHUKI»

SIKicHI XapaKTepUCTHKH
Bumoru

B B> Bs B4 Bs Bs
Y mapoMirHicTh ++ ++ + | +++ - -
CKJIaaHICTh JeTaii - - - - ++ -
['epMeTHYHICTH - - + - - +
Maca geraii - - - + +
['majgkicTe NOBEpXHI - - - - ++ -
YO 3axucr - - - + R N
HIBUAKICTD APYKY - - + - + -
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Ha puc. 1 HaBeieHO TEXHOJIOTIYHY cXeMy BHOOpY (inameHTa st
BUPOOY, SIKMH EKCIUTyaTY€eThCS Y CKIIaJHUX YMOBaX.

| Bumorn a0 Bupoby ‘%

}

| Bubip dinaventy BianosizHo 10 3aB1aHAS ‘

|

‘ Bianosiauicts sisoram ‘

MiunicTs Ha IrHHAHHA -
-~ e e e =

MITa (B1) Teepaicts R-mkana (By) E

=

MiunicTs Ha Veanxka % (Bs) =

- =

poztarysanad Mlla (Bz) g
=

7]

=

Z

Wlinenicts rfem® (Bs) |}  Bonoronormunanns %
(Be)

v

[Mowyk onTHMANLHOTO MaTepiany

! v v
UacTROBD Bianoeijae sumoram BizcyThiii
. . [ . . " I
BianoBigae ZB >R BianosiaHmii
BHMOTaM == (pinament
Bubip kpauworo . - -
Marepiay Bubip kpamoro TemneparypHuii Tect
pu ’ Marepiany \—»  [lBuakicuuii Tect
B:<RB BEB > rﬁl}blﬂlp}l‘lﬂ“ﬁ TecT
3<B,, "

Puc. 1. TexHosoriuHa cxema BUOOpY Matepiaiy Ijist BHPOOY,
SIKHH EKCIUTYaTYEThCS Y CKIAJIHUX YMOBaX

Jus BuOopy 1uracTuky (QimamMenTa), Mo HaHOUIbII TOBHO 3a70BOJIBHSE
BUMOTH 10 BUPOOY, SIKHIl EKCIUTYaTy€eThCs Y CKIAJHUX YMOBax, HaMH OyJio
NIPOaHai30BaHO HANMOMIMpEHili Ha TepuTopii YKpaiHu iforo BuIM, sKi
MaroTh pi3Hi (i3uKo-MexaHiuHi xapakrepucTuku. KokeH i3 mociikeHux
MarepialiB Mae HU3Ky IepeBar Ta HeMoJikKiB. J{is HalOuIbII MOIIBHOTO
BuOOpy  ¢imaMeHTa, IO  BIONOBiZa€  TEBHHUM  TEXHOJOTIYHUM
XapaKTepUCTHKaM, OyJI0 pO3pOoOJIeHO CHelialbHy MOPIBHSUIBHY TaONHIIO
(Tabm. 3).
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Ta6muus 3 — [NopiBHsUIbHA TaOIUIISE TEXHIYHUX XaPAKTEPUCTHUK IIACTHKY
3a BUMOTaMH JI0 BUPOOY

Tun nmactTuky ABS PLA PETG | Nylon | HIPS

Meska MILIHOCTI Ta
BuruH, Mlla

41 55,3 76,1 70 37,6

Mesxa MmiHOCTI Ha 22 57.8 365 | 66-83 | 164

po3pus, MIla

VYcanxa, % 0,8 0 0 12 04
[linbHicTs, T/cM3 11 1,25 1,3 1,13 1,05
Teepmicts 3a PokBeniom |105-110| 70-90 106 - 79

Bomoronornmuuanusa, % |0,2-0,45| 0,2-0,4 | 0,12 3,1 1

AHaii3 OTpUMaHHUX pPe3yJbTaTIB MOKa3ye, 10 aOCONIOTHO 1A€alIbHOTO
Matepiany it 3D-Apyky HeMae, OCKUIbKHM KOKEH Ma€ SIK HeraTHUBHI, Tak 1
TIO3UTHBHI XapaKTEPUCTHUKH, TOMY BHOIp 3aJIe)KaTHME BiJ HpPHU3HAYCHHS
BHPOOY Ta yMOB HOTO €KCIDTyaTaIlii.

[IpoanamizyBaBoM JaHi 3BEACHOI TAONUIN TEXHIYHMX XapaKTEPUCTHK
IUTACTUKY, MOXXHa 3pPOOWTH BHCHOBOK, IO HAHOUTBIN TNPHIATHUMHA 1
TEXHOJIOTIYHO BHTiTHUMH MaTepiallaMy, HalPUKIAA Ul SIEMEHTIB BHPOOY,
SIKHH eKCIUTyaTyeThes y ckimanaux ymoBax, € HIPS, ABS i PETG. OcHoBanMu
XapaKTepUCTUKaMH, SIKI 3yMOBIIOIOTH BHUOIp, € MIUIBHICTB, TBEPICTH 1
BOJIOTOTIOTJIMHAHHS. BOHM BIUIMBAIOTH Ha TaKi HABaXKJIMBILII TApaMeTpH, sIK:
Maca anapaTa, FTepMETHYHICTh 1 BOJIOTOCTIHKICTh HOT0 KOPITyCy.

Tako>k BU3HAYEHO, 1110 ISl BATOTOBJICHHSI OCHOBHHX €JIEMEHTIB BUPOOY,
SIKHM eKCIUTyaTyeThCsl Y CKJIQIHHUX yMOBaxX, MOXHa 3acTocoByBatH HIPS-
IUIACTUK, OCKUIBKM 32 CBOIMHM XapaKTepUCTUKaMHM BiH Mae HaWMEHIIy
mineHiCTE  (1,05) 32 HyTBOBOTO  BiJCOTKAa  BOJIOTONOTITMHAHHS.
3acTocoBYrOUH IeH (illaMeHT, MOKHA JOCITTH HAWBHTITHIIINX MOKa3HHUKIB
Macu amapara, a TaKo)XX BOJIOTOIOIVIMHAHHA. Y TOH e vac ruiactuk ABS
HaJlaCTh MaKCUMaJIbHOI TBEPJOCTI BUPOOY.

Martepian PETG Takoxx Mae Maibke HYITBOBHH  BiJICOTOK
BOJIOTOTIOTJIMHAHHS, aJie JUIsl HhOTO XapaKTepHa HailOinblla IUIBHICT, 1110
MOK€ TPU3BECTH JI0 HeOaKaHOTO OOTSHKEHHS arapara, He3BaKarouM Ha Iie,
JMaHWK BUA (iaMeHTa BiMIHHO MiAXOIWUTH JJII BUTOTOBIEHHS THYYKHX,
CIIOJYYHHUX MEXaHi3MiB BUPOOY.

Takum dYWHOM aHami3 MEXaHI3MIB YIPaBIiHHS SKICTIO PO3POOKH
€JIEMEHTIB BUPOOY, KU EKCILUTyaTYEThCS Y CKIAJHUX YMOBAX CBIIYHTh, IO
TEXHOJIOTIYHA CXeMa ITi00py KOMIO3UIIHHOTO Marepialy € BaKJIMBUM
eneMeHToM 1 3D-ApyKy cydacHHX BHPOOIB Ta IX KOMIUICKTYIOUHX.
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IHEPEBAT'M TA HEJIOJIIKH ITAHEJIBHOI'O BY AIIBHULITBA

Yyuymaii C.M.
(Omechka nepxaBHa akajeMist Oy TiBHUIITBA Ta apXiTeKTypH, M. Ozeca)

Abstract. The article examines the advantages and disadvantages of
panel construction. Some waysto overcome the shortcomingsare considered.
Keywords: joints, panel construction, precast concrete.

B 3B’s3ky 3 moTpe0OI0 IIBUIKOTO OYAIBHHIITBA JKUTIa B YKpaiHi
oco0nBe 3HaYeHHs HaOyBa€ NaHenbHe OyAiBHHUIITBO.

BigHomenHs 10 maHenpHOTo OYIIBHMITBA HE OXHO3HAYHE, TaK SK
MacoBa 3a0yznoBa 70 - 80-x pokiB MHUHYJIOTO CTOpiuds Oyia mpeacTaBicHa
MaJyoTa0apuUTHUMU 1 He3pyIHUMH KBapTHpamu. OCHOBHUMH HEIOJIKaMH 1
HE3pYyYHOCTSMH  TaHened Oynu  HHU3bKa  IIyMOI30JALis, BHCOKA
TEIUIOTPOBITHICTD, MaJia KUTHKICTh IUTAHYBAJbHAUX PIillIeHh T4 OJHOMAaHITHIX
¢acanis.

Ha chorozHi naHesnpHi TEXHOJIOTI] IO CBOIM SIKOCTSIM 3pOOMIIM 3HAYHUIA
kpok Briepen. CydacHi 3a1i300€TOHHI MaHeNi J03BOJISIOTh 3pPOOUTH MPOSKT
Oy b-sKOT CKJIJIHOCTI.

OCHOBHOIO ITEpeBaror0 30ipHOTO 3a1i300€TOHY SIBISETHCS BUCOKA SKICTh
BUpOOIB, SIKy TapaHTye 3aBOA-BUPOOHMK. B jpanuii wac mis Oinbmiol
yHipiKkamii BUpoOiB Ta SKICHOI MPOKIAAKH IHKEHEPHUX KOMYHIKaIliHHIX
MEpeX B MaHENIX IIUPOKO BUKOpUCTOBYEThCS 3D mpoexryBanus. Bucoka
TOTOBHICTH BHPOOIB ITiJ] MOJANBIIE 03100ICHHS TaKOK CKOPOUIYE BUTPATH Ta
CTPOKH BHKOHAHHS POOIT.

OpHiero 3 IpeBar 30ipHOTO 3aI1i300€TOHY SBISETHCS TOYHUI PO3PaXyHOK
CTpOKiB OymiBHHUITBA. Taka MOKIIMBICTS BUHUKAE TOMY, IIIO 3aBOJI-BUPOOHUK
MO€ BHITYCKaTH TMPOIYKIIO TO TEXHOJIOTii «TOYHO B CTPOK» Ta IO Mipi
BUKOHAaHHS MOHT&XY JOCTaBIATH i1 Ha OymiBenpHHMA MaimaHumk. [1o
JI03BOJISIE BECTU TMporiec Oe3mepepBHO, TOMY IIBUIKICTh OyMiBHHIITBA 3
TOTOBOTO 30ipHOTO 3aJi300€TOHHAa Maibke B JBa pa3W BHIIA HIK Yy
MOHOJIITHOTO 3aJ1i300€TOHY.
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llle oxHielo 3 SKICHUX PUC 3ali300€TOHHUX KOHCTPYKILIH SIBISETHCS
MOXIJIMBICTh BECTH OYMIBHHLTBO B Oy/Ib-SKy IOpPY POKY, IpH OyIb-siKii
norozi. e BucTynae BaxxiuBuM (GpakTopom.

[Ipote camoI0 roJOBHOO 337a4el0 ITaHEeJIbHOTO OYyIIBHULTBA SBISETHCS
pO3po0Ka CTHKIB, 3 IKUMH HaHENbHI OyJMHKM HE OyAyTh MOCTYNATHCh TI0
JOBrOBIYHOCTI MOHOJITHHM.

Excruryarartiitai SIKOCTI CTHKIB CTIOTYYCHHS 30BHIIIHIX
BEJIMKOPO3MIPHHX CTiH Oy/iBeNb 3a1exaTb NpUHANMHI BiZ TPhoX (haKTOpiB:

a) KOHCTPYKTUBHOTO BUPILICHHS CTHKY;

0) mpu3HaUEHHS MaTepiary 3all0BHIOBaYa Ta HOTO CKIIALY;

B) cII0cO0y Ta yMOB 3iHCHEHHS CTHKIB HA MOHTaXi.

Camonecyui ab0 HaBiCHI CTIHM BEJIMKONAHEJIbHUX OYIUHKIB MalOTh, SK
NIPaBUJIO, 3'€/IHAHHS B CTUK PIBHUMHU IutoninHaMu. [Ipu oMy sIK mpokiaaka
B CTHKaX BUKOPHUCTOBYIOThCS PO3UMHHM. [HOMI yKIIaa0Th JKIryT abo KaHaTH
3 HACTYITHHUM 3aKJIaJICHHSM LIBIB 30BHI IEMEHTHUMH PO3YMHAMH.

OnmHak Taka KOHCTPYKIis CTHKY HOTpeOye SIKICHOIO Ta PETeIbHOTO
BUKOHAHHS Horo mpu MoHTaxi. HemoTpuMmaHHS BepTUKAIBHOCTI MaHenei
Ipu IX YCTAaHOBII 1 HENOCTAaTHS IIUJIBHICTH YKJIQIaHHS PO3YHHY, IO
IiICTHIIA€, CTBOPIOIOTH B TOPHU30HTAIBHOMY CTUKY YMOBH, CIIPHATIIUBI AJIS
MIOTIa/IaHHS BOAX B TOBIILY MAHETI.

Tomy HalKpamyuM KOHCTPYKTHBHUM DPILlICHHSM TOPHU30HTAIBHOTO CTHKY
Oyze TpUCTpifi CTUKY B YBEpPTh 3 IMPOKIANKOIO IO TIONHUII JDKTyTa abo
MIPOCMOJICHOT'O KaHaTa 3 MOAAJBLIMM 3aKJIaJCHHSM IIBa B IiJApi3yBaHHI
LEeMEHTHUM po3urHOM. CKiIaaM TakuX PpO3YMHIB JUIi DI3HUX YMOB
BUKOHAHHS poOiT OyayTh, 3BUYAlHO, pi3Hi. BoHM nmoBuHHI OyTH po3polieHi
Ta HepejaHi JJisl IPaKTUYHOTO 3aCTOCYBaHHS y OyAiBHHUITBI CIeLialIbHUM
TEXHIYHUM JOKYMEHTOM.

SIKIO Uit TOPU3OHTAJBHUX CTHKIB KOHCTPYKTHBHE DILICHHS B YBEPTh
IIpU AESIKOMY YCKJIAIHEHHI (OPM € XOpPOUIMM DIlIeHHSIM CTHKY, TO JUIS
CIIONYYCHb IMMaHeNel Mo BepTHKaNIl yCTynu abo YBepTi B TOBIII MaHEN He
BHPIIIYIOTh 3aBAaHHS, i HAUTOJIOBHIIIOI YMOBOIO TapaHTii BiJI IPOTIKaHHS €
SIKICTh CaMOTO 3alIOBHIOBaYa CTHKY Ta HOT0 BUKOHAHHS HAa MOHTAXI.

3aKiaieHHs] BepTHUKAIBHUX IIBiB (HATHITaHHS PO3YMHY, 3a0MBaHHS 200
3ayeKaHKa JDKTYTIB Ta 1H.) TOBHHHO pPETENFHO BHKOHyBaTucs, 00
HE3aIlOBHEHHH MIOB 3BOJINTH HAHIBEI[b NIEPEeBaru HAHKpaIioi KOHCTPYKIIi.

Y pszai BHIAAKIB CHOCTEPIraeThCsl MPOMEP3aHHA OKPEMHUX MiTITHOK
30BHIIIHBOI CTIHU Yepe3 HasgBHICTh TEIIONMPOBIAHMX MicTKiB. Halfwacrimre
TakKi MICTKM BHHHKAIOTh y KyTax HPUMIIIEHHS, JIe 30CepeIKYIOThCS BiciM
3ai300€TOHHUX €JEeMEHTIB (YOTHPH 30BHIIIHI TaHeNl, /Bl MaHedi
MePEKPUTTS Ta B MAaHEJI MePeropojoK). 3acToCyBaHHs yTEIII0Ba4a, 10 He
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Mae cTporo (hiKCOBaHMX pO3MIpIB, TPU3BOIUTH JI0 HEOE3MEYHOrO
MIOTOBIIECHHS 3a/1i300€TOHHNX pedep 30BHIIHIX NaHeNeH.

Jnis 3anmo0iraHHs MOKJIMBOCTI PO3LIMPEHHS B TPOIECi BUPOOHHUIITBA
037100:M0BaILHUX pebep HEOOXiTHO 3aCTOCOBYBATH CIIEIiajbHI (hikcaTopH 3
TOYHHUMH PO3MIpaMH.

BuHUKAIOTE TaKOX MUTAHHS OO0 30UIBIIEHHS BOTHECTIMKOCTI ITaHeEIen
MIEPEKPHUTTIB Yy 3B'SI3KY 3 IXHBOIO TOHKOCTIHHICTIO, a TaK0XX HEOOXiIHICTIO
TIOJIMIIEHHS KOHCTPYKIIH aKyCTHYHOI CTeli y 3B'A3KYy 3 il HEBHCOKHM
CTyIICHEM 3aKiHYCHOCTI JUI1 MOHTAXY Ta IiJBUIIECHIM 3TOPSHHSIM.

CTHKH — OCHOBHA IMpobOjieMa KPYIHONAHEIBHOTO OYIIBHHUIITBA, aje
OUIAXH 1 BHUpIMIEHHS IIyKalOTBCS 1 B 3B’S3KYy 3 HIBHIKAM PO3BHUTKOM
OyniBeNIbHUX MaTepianiB OyIyTh 3HaM/ICHI.
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EARTH-BASED MATERIALSFOR ADDITIVE MANUFACTURING
IN CONSTRUCTION: A SELECTIVE REVIEW OF MIX DESIGN

Maslyanenko Y.V.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Abstract. A state-of-the-art report on the up-to-date research on the
additive manufacturing (AM) in construction - 3D printing technology from
the earth-based materials perspective. Ways of tailoring effective mix design
for the in-situ printing process using local materials.

Keywords: 3D printing; extrusion; mix design; printable earth-based
structures.

Additive manufacturing (AM) of frame elements and buildings and
structures in general has proven that it has the potential to become one of the
most promising areas of development of the construction industry. AM offers
ahigh level of process automation, higher quality of the final product due to
the reduction of the impact of the human factor (mistakes) and alower level
of occupational hazard at the construction site compared to conventional
construction process. At the same time, additive manufacturing is more
adapted to modern design methods, such as front-load design with the great
options of mass-customization.

Originated from the traditional materials manufacturing and building
techniques for the construction industry, the use of concrete with various
types of binders and variety of aggregates and additives as amaterial for 3D
printing has received wide attention and increased interest from researchers.
Anillustration of thisinterest can be the fact that over the decade the number
of printed articles in SCOPUS related to research on improving the
technology and formulation of C3DP formulations has increased almost 400
times[1].

Despite some success, concrete as a material for 3D printing have
drawbacks that may affect it usage in the long run. Firgt, it is a “"carbon
footprint" associated with both the energy-consuming production process and
transportation costs — in many regions, cement or raw materials for cement
clinker are imported materials. Cement-based building materials are quite
difficult to recycle, and they have avery few optionsfor reuse. Another factor
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that affects the widespread adoption of this technology is relatively high
direct costs, both in terms of the cost of materials and equipment.

To reduce the negative impact on the environment and increase economic
efficiency, the scientific approach is widely used. Scientists and researchers
develop effective building mixtures using environmentally friendly materials
[2], renewable biopolymers, by-products and industrial wastes, and processed
products. Particular attention is paid to fillers — fibers of various origins and
nano-materials that have a positive effect on rheological and mechanical
properties[3, 4].

Unlike cement-based materials, soil mixtures are more compatible with
modern environmental standards in terms of CO, emissions. Most loca soil
materials are suitable for the manufacture of mixtures for 3D printing with
minimal processing (sieving). In addition, houses made of soil materials
considered more effective for controlling temperature and humidity
conditions inside the premises.

The biggest disadvantages of soil mixtures for 3D printing is relatively
high water content in the mixture and, accordingly, alonger drying time and
gaining initial strength (green strength), a tendency to uneven deformations
when drying and, as a result, the appearance of cracks. Soil mixtures have
much lower strength characteristics compared to cement-based mixtures, as
well aslow resistance to moisture on finished structures. These shortcomings
make it mandatory to use additives to improve the properties of the soil
mixture.

The available reviews showed that use cements as additives decreases
advantages of earth-based mixtures, although it allowsincreasing buildability
(with the addition of ~15% of cement binder and, accordingly, reducing the
amount of water to 22-28% of the mass of dry components of the mixture)
[5]. Therefore, the researchers' attention focused on the use of biodegradable
and recycled polymeric and mineral materials as additives.

An interesting illustration to the problem is the geographical distribution
of studies of mixtures based on cement and soil materias (Fig. 1). Fast
industrial development in China, India and Middle East leads to use of
concrete mixes as a preferable material for 3D printing. “Old’ world
economics consider sustainability as amore suitable way of development and
therefore, inclined towards soil-based matrices for additive manufacturing in
construction.

Majority of researches of cement-based mixes concentrated on the study
on the mixes’ technological properties by addition of various types of fibers
(stedl, polymer, etc.). The studies of soil mix designs examine the possibility
of improving the characteristics of the mixture by adding organic by-products
and industrial wastes.
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Participation in 3DPC essay, %

Australia; 25

Africa; 2.
rica; 2.3 Asia; 56.8

South America;
2.2

North America;
2.3

Europe; 11.4

M Asia ®Europe mNorth America @ South America M Africa M Australia

Participation in earth-based 3D printing essay, %

Australia; 0 Africa; 0
South America; Asia; 12.5

25

Europe; 25

North America;

37.5
M Asia ®Europe ®North America & South America M Africa M Australia

Fig. 1

a. Participation of countriesin 3DPC essay
b. Participation of countriesin eart-based 3D printing essay
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To start with, it is necessary to mention pioneering study of the A. Perrot
et al. Using of biopolymer — alginate (alginic salt Cimalgin HS3®) proved
that it can considerably improve the time required to devel op sufficient green
strength of 3D printed earth wall, with final strength compatible to the
rammed earth wall, but with no requirements for formwork [6].

The potential of use of local earthen materialsin New Mexico, USA, were
studied by the Department of Civil, Construction and Environmental
Engineering University of New Mexico, Albuquerque, NM, USA [7]. The
collected soil was classified according to the ASTM D2487 - Unified soil
classification system (USCS). The best result was demonstrated by the mix
design with addition of hydraulic lime (4% of dry mass of the mixture) and
wheat straw fiber (1/5%) cut to the length not more than 15 mm. Need to
mention, that selected soils from various locations near Albuquerque were
sandy types with low content of the clay which barely meet minimal
requirements of plasticity, suitable for extrusion process.

Another study of multinational team evaluated applicability of chitosan
and potato starch as stabilizers for mechanical and water durability properties
improvement of earth-based matrices reinforced with sisal (agave) fibers.
Research showed that earth mix with natural fiber stabilized with chitosan
(3%) showed better wettability resistance and water impermeability than
those stabilized with potato starch (5%) [8]. No researches of long-term
effects of chitosan to mechanical properties and wettability resistance were
conducted.

The problem of the shrinkage/cracking were addressed with proposed
solution of the quality of earth-printed structures improvement by using of
sodium hexametaphosphate (SHMP). Adding SHMP (from 0.55 to 2.2%)
showed remarkable resultsin reducing number of cracks of samplesto O, with
replacement 50% of wt. of local soil contend with fine sand [9]. Also, water
content for 3D printing mixes can be reduced significantly by increasing the
content of SHMP. As stated by authors, this effect can be explained by the
dispersant’s ability to deflocculate clay microstructures, reducing the
interaction strength between clay particles. At the same time, increased sand
contend leads to increasing of the printed structure’s porosity, SO curing
conditions and the presence of negative environmental factors should be
thoroughly studied.

In conclusion it worth to mention that all of researches emphasized the
importance of rheological properties of the mixtures — both earth-based and
cementitious — to the buildability and mechanical properties of printed
structures. Currently in Ukraine, related to the rheology of the mixes — pastes
and mortars - regulatory framework (DSTU) limited to terms and definitions,
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with no methodology recommended. Along with the overall lack of the
national and international standards of additive manufacturing in
construction, it cause serious impediments in the technology development
and implementation in real-scal e construction projects.
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BUKOPUCTAHHS BIAXOAIB CKJIA Y BUPOBHULTBI BETOHY

Bepanuk O.10., Buroscebkuii C.B.
(KuiBchKuii HalliOHAIBHUN YHIBEpCHUTET Oy IIBHULITBA 1 apXITEKTYPH,
M. KuiB)

Abstract. Reuse and recycling are considered the only way to reduce
waste generation. The use of waste in the construction industry makes it
possible to introduce new technologies and solutions to environmental
aspectsin this area and create new eco-friendly building materials.

Keywords: mortar properties, microstructure, compressive strength,
cement, concrete, pozzolanic reactivity, waste glass powder, cement
replacement.

BetoH € ofHMM 3 HaWOLIBII IIMPOKO BHUKOPUCTOBYBAHHMX OYAiBEIBHUX
MatepianmiB y cBiTi. [Ipore BHPOOHMIITBO TMOPTIAHIAUEMEHTY, BaXKIHUBOI
CKJIa10BOi OETOHY, IPU3BOIHUTSH 10 3HaYHOTO BUKHTY COp2, TapHUKOBOTO Trazy.
Ha BupoOHMIITBO OfHi€] TOHM NOPTIAHALEMEHTHOTO KIIHKEpPY IpHIIagae
npubm3Ho omHa ToHHA CO» Ta iHmmx mapHukoBux rasiB (II'). PiBens
BYTJIEKHCIIOTO ra3y B arMocdepi 3pic Maiike Ha 30% 3a ocranni 200 pokis [1].

ExomorivHi mpo0ieMu BiTirparoTh BaXKJIUBY POIIb Y CTAIOMY PO3BUTKY
[IEMEHTHOT Ta OETOHHOT IIPOMHUCIIOBOCTI. J[esKi IPOMHUCIIOBI BIAXOIH, TaKi SIK
30Jla BUHOCY, KepaMiuHi BIIXOJHM, HMOPOLIOK MapMypy, JOMEHHHI MIIaK
TOIIO, BXKE 3HAWIILIN CBOE 3aCTOCYBaHHS B OeToHi. OCTaHHI IOCIIKCHHS
MOKa3aJu, IO BiIXOJH CKJIa MOXKYTh OyTH e(heKTHBHO 3aCTOCOBaHi y OeTOHI
SK MyHOJaHOBUI KOMIIOHEHT. B O€TOHHI NPOMHCIOBOCTI 3po0JeHi
JIOCITIKSHHSI, SIKI ITOKa3aji JAOLJIbHICTh 3aCTOCYBaHHS MOPOUIKY BiJXOJiB
CKJIa SIK YaCTKOBY 3aMiHy IIeMeHTY [2].

ToHkoMcnepcHUH CKIISTHUI TTOPOIIOK BHSBIISIE ITYLIOJIAHOBI BIACTHBOCTI,
ockibku  Mictuth SiO2, a OTXKe, MOXE 3aMiHIOBATH LIEMEHT y OETOHi Ta
CHPUATH HiJBHUIIEHHIO HA0Opy MinHOCTI. JIOCIIDKEHHS MMOKa3aly, 10 caMe
YaCTKU MEHIIE 75 MKM MOXYTb BUSBJIATH ITyLI0JIAHOBY aKTHBHICTh, THM CAMHM
MIOKPAILYIOYd MIKPOCTPYKTYpY TIacTH Ta (i3MKO-MEXaHidHi BIACTHBOCTI
0eTOHy B JOBTOCTPOKOBIH mepcrekThBi. AMOpGHHUIA KpeMHE3eM y CKJI
PO3YMHSETHCS B Ty)KHOMY CEpPEIOBHIII IEMEHTHOTO po3unHy. [Ticis mporo BiH
MOJe pearyBarty 3 rigpokcuaoM Kanbiio (CH) amst yTBOpeHHS BTOPHHHOTO
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rigparoBaHoro KaiblieBoro cuiikary (C-S-H), mnpomec Bimomuid sk
IYII0JIAHOBA PEaKIlis, sika Moxe OyTH BUpaxkeHa 3a jonomororo CH+S +H —
C-S-H. IlynonaHoBa akTUBHICT YaCTOK CKJIa 301IBIIYETHCS 3aBJISKH O1IbIIIH
TIOBEPXHi, JOCTYIHIN U1t peakuii. 3TiHO 3 TMonepeHiMU poOOTaMH aBTOPiB
[3], posumpenns ASR y po3unHi, 1110 MiCTUTh YaCTKH CKJIa Y BUTIISL APIOHUX
3aMOBHIOBaYiB, Oy/ie HEe3HAUYHHM, 32 YMOBH, IO YaCTKU cKia MeHIre 0,3 MM.

Ha panHiX cTpokax TBepAHEHHs MOPOIIOK CKJIa i€ JIUIIE SK iHepTHHHA
MaTepial, [0 CIPHYUHSIE 3HIKEHHS MIITHOCTI MPH CTUCKY. 30LIbIICHHS
MIITHOCTI TIPW CTUCKY Ha Mi3HIMNX CTPOKAX TBEPAHEHHS pPO3UHHY 3
JONABaHHAM CKJIO-TIOPOIIKY MO)Ke OyTH TNOB's3aHE 3 IYLOJAHOBOIO
AKTHBHICTIO NOpOWIKY ckia. [lynonaHoBa peakiiss peakTHBHOTO OKCHIY
KPEMHIIO Y CKJISSHOMY HOpOILUKY Ta TiAPOKCHIY KajbLil0 HPU3BOAMUTH JIO
yrBopeHHs (a3 C-S-H, 1mo npu3BoAuTh 10 YIIUILHEHHS MIKPOCTPYKTYpH
LEMEHTHOI MaTpuui 1, BIAMOBIIHO, JO 30UIBIICHHS MII[HOCTI IPH CTHCKY
pO3uKHYy. YIIIJIBHEHHSI MIKPOCTPYKTYPH MOKa3aHo Ha puc. 1.

Puc. 1. Kpucramnizanist a3 C-S-H Ha noBepxHi CKJISTHOTO TOPOUIKY
gepe3 2 rox (J1iBopyd) i gepe3 12 rox (mpaBopyd) micIIs TigpaTamii

B pesynprari BunpoOyBaHHA OyJO0 JOCHIIKEHO BIUIMB J100aBKH
TOHKOJIMCIIEPCHOTO CKJIO-TIOPOIIKY Ha TiJpaTailiio IEeMEHTy Ha OCHOBI
aHai3y MIKPOCTPYKTypH IIEMEHTHOI MaTpWIli TIpH paHHIX CTamiix
rigpararii. Takox Oyso momiueHo, mo (aza C-S-H kpucramizyerbes Ha
YaCTHHKAX CKJITHOTO Mopouiky (pucyHok 1). Jlyske npiOHI 9acTKH CKIISTHOTO
MOPOILKY AIFOTh SIK LEHTPU KPUCTATi3alil 1 HA/IAl0Th JI0JaTKOBY IUIOLLY, /1€
MOXyTb ocizatucs supa C-S-H. Takum unHOM, Oy110 3adiKcOBaHO HE3HAUHE
NPUCKOpeHHs riaparauii. JIunpoBa o0lacTh, BUIMMAa Ha NOBEPXHI 3€pHa
CKJIa, € IIUIBHOIO 1 CXOka Ha MaTpHIIO JaJleko Bix moBepxHi. Kpucramm
TiIPOKCHIY Kalibllifo abo 30imblIeHoi MiCHeBOl MOopucTocTi B 00jacTi
KOHTakTHOI 30HM He crocrepiranucs. Ha TmoOBepxHI CKJIa BHIHO
reTEPOHYKIICIHOBI Majli KPUCTAIM TiAPATOBAHUX KPEMHIEBHX KAJIBI[UTIB.

PisHumio B po3noaily BEJMYMHM MOP MOXKHA CHOCTEpIraTd y iHIIMX
AaKTHBHO MiHepalbHUX J00aBKax. MuM MOXeMO CTBEpIUKYBaTH, IO
BUKOPHCTAHHS CKJISTHOTO TOPOIIKY B PO3YHMHI NMPHU3BOIUTH 10 Mojudikarii

112



po3mipy mop. 3rizHo 3 monepeaHix qociikeHb [4, 5], KiTbKiCTh KaIapHuX
IOp 3MEHIIYETHCS, TOMl K KUTBKICTh 3arallbHOi MOPHCTOCTI 301IBIIyETHCS.
Lle moB's3aHO 3 MaNUMK PO3MipaMH YaCTOK CKJIa.

JocmimpkyBaHUH CKISTHUH TOPOIIOK BHSBJSAE HE3HAYHY IYIOJAHOBY
aKTHBHICTh. OWiKy€ThCS, WO 30UIBLICHHS MUTOMOI MOBEPXHI CKISTHOTO
MTOPOIIKY TPU3BEIE 0 301IBIICHHS ITyII0JIaHOBOI aKTHBHOCTI.

JlonaBaHHsl CKJIISTHOTO THOPOIIKY HETaTUBHO BIUIMBAE HAa MIIHICTH Ha
PaHHIX CTamisfX TBEPAIHHSI, MOXIHUBO II€¢ 3YMOBICHO HEIOCTaTHHOIO
MYLOJaHOBOIO AaKTUBHICTIO Yy [JaHWUHM mepion. Y OUIbII MIi3HBOMY Billi
CIIOCTEPIraeThCs IMiABUIIEHHS MIITHOCTI MIPH CTUCKY PO3YHHY 3 JOIaBAHHIM
CKJIIHOTO TOpPOWIKY. lle roloBHUM YMHOM IOB'A3aHO 3 IyLOJIAHOBOIO
AKTUBHICTIO TOHKO-AUCIIEPCHOTO CKJISTHOTO IMOPOLIKY, SKa BHSBIIETHCS Y
6inpin mi3Hi# nepioxn [6, 7).

HeratuBHOrOo BIUMBY Ha MIKPOCTPYKTYpy B 30BHIIIHIA oOmacti He
criocrepiranocs. 3epHo CKIIa Ji€ K LeHTPH reteponykieanii kpucrainis C-S-H.

IMonpiOHeHMIt BiTX0 CKi1a MOXKe OyTH BUKOPHCTaHE K YaCTKOBA 3aMiHa
EeMEHTY. Y I[bOMY BHUIIAJKy CIOCTEPIra€TbCcs HE3HAYHE 30UIBIICHHS
MIITHOCTI TIPH CTHUCKY BUIPOOYBaJbHUX 3Pa3KiB 1 BIACYTHICTH MOTIpIICHHS
nopuctocti. Jlnsg  Oinblr  e(EeKTHBHOTO  BHKOPUCTaHHS  HEOOXiTHO
moIpiOHIOBATH HOTO 10 OUTBII APiOHOTO PO3MIpY, 10 KOHKPETHOI MOBEPXHI,
sKa HEe MEHINA 3a IeMeHTHy. Toxai MyloJiaHOBa AKTHUBHICTH CKia Oyje
30inbIICHA.
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YK 691.175:519.2

CTIMKICTb ENMOKCHUJHUX KOMITO3UIIII
B AJICOPBIIMHO-AKTUBHUX CEPEJJOBUIIIAX

I'apa An. A., KpaBuenko K.P.
(Onecpka nepxaBHa akaaeMis OyAiBHHIITBA Ta apXiTeKTypH, M. Oneca)

Abstract. It was investigated the influence of multifractional mineral
skeleton that includes zeolite and furfural on properties of miscellaneous
filled compositions that intended in conditions of reaction of mixture of
water with oil and other factors (in construction elements associated with
technical exploitation of transport). Whereas it is almost impossible to
implement the sustained research in such heterogeneous environments the
properties of the compositions were measured after the exposure alone in
water and two types of ail.

Keywords: polymer solutions, epoxy rubber resin "Macro", water
absorption of polymer composite materials.

Jnst 3axucty OSTOHHUX KOHCTPYKIIH, 10 TpPAaIfoIOTh y KOHTAKTI 3
BOJIOIO, HA(TONPOAYKTAaMH Ta IHIOIMMH arcHTaMH, IMOTPIOHI MaTepiamu
migBUIeHol cTiiikocti. Taki Marepiamu TOTpPiOHI 1 A  PEeMOHTHO-
BIJIHOBJIIOBAJILHUX pOOIT, SKMX TOTpeOye OUIBLIICTh TiAPOTEXHIYHMX
CIIOPY/I, [0 CKCILTYaTYIOThCS B YKpaiHi 6araTo AECATHIIITh. 32 KOMILICKCOM
BIIACTUBOCTEH BUKOHAHHS WX POOIT MOXKYThH BiIIOBIIATH MOJIIMEPPO3UHMHA
Ha OCHOBI €MOKCHJIHMX CMOJI. 3a BHCOKOI IEPBUHHOI BApTOCTI €MOKCUIHUX
CHOJIyYHHMX TX 3aCTOCYBAaHHS BHUSBIISETHCS BHUIIPABAAHUM 33 CyMapHHMH
BUTpaTaMM XHUTTEBOTO IUKIY CHOPYI, 32 paXyHOK CKOPOYEHHS BUTpaT Ha
PEMOHT 1 3aMiHy KOHCTPYKIIii, JTIKBIAI[IF0 HACIAKIB BIZIMOB, €KOJIOTI4HI Ta
iHmi 3axomwm. 3 ypaxyBaHHSAM MOXKJIMBOCTI pEryJIIOBaTH BIACTHUBOCTI,
MiABHUIYBATH CTIHKICTh 1 JIOBTOBIYHICTH Ta 3HW)KYBaTH BapTICTh ITUX
MarepiaiiB, BAKOPUCTOBYIOUH Ti Y iHII MOAU(IKaTOpH Ta HaIlOBHIOBaui (3
iXHBOTO BEJIMYE3HOTO PI3HOMAHITTS), aKTyalbHI PO3POOKH HAMOBHEHUX
MO (IKOBAaHMX EMOKCHIHUX KOMIO3HUIIIH, NPU3HAYSHUX ISl IEBHUX YMOB
eKCILTyaTarlii.
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Sk 6a30BUIT KOMIIOHEHT KOMIIO3HUIIIH JUTI PEMOHTY Ta 3aXHCTy OETOHHUX
KOHCTPYKIIH JOLIPHO BHKOPUCTOBYBAaTH CIIOKCHKAYIyKOBY CMOIY
«Maxkpo», mo BupoOsieTbest B YKpaini. [loninmeHHI0 ekcrutyaTaniitHux
BJIACTHBOCTEH pO3YMHIB Ha LIl CMOJI MOXE CIPHATH 3alpOBaKCHHS
MeBHUX [03yBaHb ¢ypdypony Ta meomnmity (mareHT Ykpainm Ne5408).
30kpema, ouiHeHo [1] TO3WUTHBHY poOJb ILEONITY Yy 3HMXKEHHI
BoJloNIOrTMHAHHA. Binomo [2], mo axroMocmitikaT (KpUCTANIIYHY CTPYKTYPY
AKOTO yTBOPIOIOTh TeTpaeapuuHi Gpparmentu [SiO4]% i [AlO4]%, 06'eananuit
3araJlbHAMH BEpUIMHAMH B TPUBHUMIPDHHH KapKac) Ma€ BIACTHUBOCTI
MOJIEKYJISIpHOTO cuTa. OHAK MPUYMHH T2 YMOBHU HOTO ITO3UTHBHOTO BILIUBY
Ha CTPYKTypy MoaudikoBaHux ¢(yphyposoM EmOKCHIHUX KOMIO3HIIN
(30Kpema 3a KpuTepissMu ancopOIrii Ta CTIHKOCTI Y BOJi Ta Hah TOIPOAYKTaX)
HE 3pO3yMLII.

B enokcunay cMmony Qypdypor BBOAATH SK OpraHiuHUI MoaudikaTop,
SIKMH 3AaTHUH I IBUIIIUTH BOJIO- Ta XIMIYHY CTIHKICTh, aATe31iHI Ta MIIHICHI
BJIACTHBOCTI MaTepiajly, a TaKOX CIYyXUTh MPUCKOPIOBAYEM IMOJIiMepH3alil
Ta TICBHOIO MIPOIO ITACTU(IKYE CKITAITH.

B excrieprMeHTi 3 BU3HaYCHHS (Pi3MKO-MEXaHIYHUX Ta EKCIUTyaTalliiHIX
BracTuUBocTed [3] BUKOPUCTOBYBaBci 27-MU TOUKOBHM D-omTtumanbHU
riad. BapitoBanucs piBHI N'STH mapamerpiB IucriepcHol cuctemu. s
BUSIBJICHHS BIUIMBY Ha BJIACTHBOCTI CUCTEMH KOMIIOHEHTIB TUCIICPCHO] (ha3u
BOHH TMIPENCTaBIcHI cepel (akTopiB, IO BapilOIOTHCS, 1€papXi€ro
CIIBBIJHOIIIEHh — YaCTKAMU KOMITOHEHTIB BKJIAQJCHUX IiAcHCTeM (a He
OKpEMHMMH MAaCOBHMH YacCTHHaMH B IHCIEPCIHHOMY CEpelOBHINI, 3
ypaxyBaHHIM JOCBiy aHAI3y poiii HeoliTy B [4]): MiHepalbHUHA KapKac —
280 + 100 uvacTuH; yacTka y Kapkaci HamoBHIOBaua — 0,6+0,3 macoBuX
YacTWH; YacTKa I[eoliTy B HamoBHIoBaui — 0,16+0,10 macoBuX yacTwH;
gacTka Bedukoro meority — 0,25+0,25 macoBux wactus; Gypdypon — 7£5
MaCOBHX YaCTHH.

TpuBana excrutyaTaiis MOJIMEPHHX KOMIO3MLIHHHMX MaTepiasiB MpH
MmocTiHOMY a00 TEpioANYHOMY KOHTAaKTI 3 arpeCHBHHM CEPeIOBHIIEM
(BOZ010), SIK TIPABHJIO, PU3BOIUTH JI0 3MIH 1X BJIaCTUBOCTEW. AicopOuiiitHo-
aKTHBHI CEpelOBHUINA, MPOHUKAIOUNW B KOMIIO3UT 3a paxyHOK audy3ii Ta
MOJIEKYJIIDHOTO TEpeHeceHHs 3a Je(eKTaMH CTPYKTYpH, CHPHUSIOTH
MiIBUIIEHHIO PYXJIMBOCTI CTPYKTYPHHX €JIEMEHTIB, 3HWXKYIOTh MIIIHICTb
MDKMOJIEKYJISIPHUAX 3B'SI3KIB Ta MOJETUIYIOTh THM CaMUM «IIPOCITH3aHHS»
MOJIEKYJIAPHUX JIAHILIIOTIB Ta MOJIEKYJIIPHUX YTBOPEHb LIO0 OJMH OJTHOTO,
II0 TPOSBISETHCS y 3HIDKEHHI €Heprii, HeoOXimHoi I pyHHYBaHHS
MaTepiaiy.
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Cepexn XapakTepHCTHK, BHU3HAYEHUX Uil 27 KOMHNO3HUIH, Oyio
BoponornuHaHHI W (%) uepe3 1, 3 1 6 wmicsmiB (v = 30, 90, 180 nib)
nepeOyBaHHA y BOJI. 32 MMM JQHMMH JUISi KOXKHOI KOMIO3HUINT BIajocs
OTpUMATH (3 TPUIHATHOIO TIOMIIIKOIO) aHAJITHYIHI 3ajexkHocTi W Bif gacy
OIHOTO 1 TOTO 3K eKcrmoHeHWidHoro Buxy (1) 1 BiAMOBIAHI PIBHSAHHS
IIBUJIKOCTI BOJIOTIOTIIMHAHHS (2).

W = a-(1-exp[-b-1]) (1)
dW/dtr = a-b-exp[-b-1] 2

[Mapamerp ay mozaensx (1-2) BignoBinae MakcUMalIbHIA KUIBKOCTI BO/H,
110 NOTJIMHAETHCS TTOJIMEPPO3UMHOM, D — IIOKa3HUK TeMITy Habopy BOJIH.

Otpumani MoJesi J03BOJSIOTH OLIHUTH JJIsL JTOCHTIIPKYBaHHX CKJIAJIiB
BOJIOTIOTJIMHAHHS Ta HOTO IIBUJIKICTh Oy/b-sKOi MHTI yacy. 30KpeMa MO)KHa
mporHo3yBaté W Iicis poKy rmepeOyBaHHS Y BOII.

3a TakMMH OLIHKaMH, 3a PIBHAMH Hapamerpa a8, TeMmy b Ta iHmmx
y3arajbHIOIOYHMX  TOKa3HMKIB  KIHETHMKH  BOJIONIOTJIMHAHHS  MOXXHA
MOPIBHIOBATH KOMITO3MIN{ TiJ dYac aHamily Ta TNPOCKTYBaHHSA SIKOCTI
MaTepiaiy.

[MopiBHsNBHMI aHa3 KPUBHX BOAOIOINIMHAHHS DI3HUX KOMITO3MLIii
MOKa3ye, M0 HAWOLTBII TOMITHHHA BIUIMB HA MeH MpPOIeC Mae BMICT
¢bypdypony. IlprmdoMy HIDKYHMIA piBEHh BOJOIOTIHHAHHSA 32 OYIb-SKHX
TEPMiHIB €KCIIO3HIIIT BIAMOBIAA€ CEPEAHBLOMY 103YBaHHSI.

Cunij 3a3Ha4MTH, 1O L JIaHi MMOKa3aiM CIAOKUN KOpesuiitHui 3B'I30K
W 13 minbHicTIO (1 = 0.48).

Ipu anamizi EC-mogmeni, 1110 ONMMCY€ MOBHE MOJI€ BOIOIOTJIMHAHHS B
KOOpJMHATAaX BCIX II'ITH IIapaMeTpiB CKJIaJly BCTAHOBIICHO, 1110 MIHIMAIbHUI
piBeHb 116010 TT0JIT We.min = 0.009%, nipu X1 = +1 (MakcuMaibHE HAIIOBHEHHS
MiHEpaITbHUM KapKacoM), X2 = X3 = -1 (MiHIMyM HaITOBHIOBaYa Ta MiHIMaJIbHA
YacTHMHa B HbOMY II€OJITY), X4 = | (MakcHMMasbHa KUIBKICTh y LEOJITI
BelWkux 3epeH), Xs = -0.07 (cepemne mnosyBanHsA O¢ypdypory). 0.60
(cepenniit piBeHp MOAMGIKAIi IEONITOM 3 IiABUIICHAM BMICTOM BEIMKHX
3epeH) Ta Xs = +1 (6arato Gpypdypoiny).

Cepen iHIIMX XapakTepUCTHUK BH3HAyayocss HadTomorivHaHHI P
MO (IKOBAaHUX EMNOKCHIHUX PO3YMHIB MICJS 6-TH MICAYHOI €KCIO3WLIl B
«Jterkoi» 1 «Baxkkoi» HapTH (PL 1 PH) 3rimHo 3 mmaHOM m'sTH-(aKTOPHOTO
HATypHOTO EKCIePUMEHTY. TOIIMHaHHS Jierkoi Hadtu. BusBneHo
BiJICYTHICTB JiHIHHOI P, Py Ta BinmOBiZHUMU PIBHSIMU BOJAONIOTIIMHAHHS.

116



3HauHa HEraTUBHA KOPEJISIIlis BUABJIECHA MK MOTIMHAHHSIM BOJIH 1 JIETKOT
Ha(TH MaKCMMAaJIbHO HATIOBHEHHUX KOMITO3HUIIisX, r{P ,W} = 0.58).

EKCrepUMEHT 3arajioM BHSBUB MO3UTHBHHUI BIUIMB IIEOJITY, OCOOIHBO
JUISL KOPCTKHX PO3YMHIB (31 3HUKCHOIO BUTPATOI0 CMOJH). Y TaKMxX
KOMIIO3WIIAX 3 MIBUIICHAM HAlMOBHEHHSAM MiHEpaJbHUM KapKacoM
(bypdypos icTOTHO 3HMKYE MOTJIMHAHHS HATH.
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YIK 624.012.35

JOCJIIKEHHSA CTABLJIBHOCTI ETPUHIITOBOI ®A3H
HAHOMOJU®IKYBAHHAM HEMEHTHUX CUCTEM
B YMOBAX JIIf PI3BHUX ®AKTOPIB

Hepen’ssnko B.M., I'pumiko I'.M., Cmouain 1.0., Bataxxummu O.B.
(YkpaiHCbKuit AepKaBHUAN YHIBEPCUTET HAYKH 1 TEXHOJIOTIH,
HapuanbHo-HaykoBui IHCTUTYT «[IpUIHINIPOBCHKA AepKaBHA aKaJaeMist
OyIiBHHUIITBA Ta apXiTEKTypm», M. J[HIIpo)

Abstract. The issue of stabilizing the ettringite phase under various
factors has been resolved through nanomodification. The research results
confirm changes in the mineral structure and a 4-5 fold increase in strength
indicators, aswell as variations in the softening coefficient depending on the
type of nanomodifier and systems with different plasticizers and nanotubes.

Keywords: ettringite; ettringite phase stabilization; aluminate cements;
sulfoaluminate cements; modification; additive

Ilocmanoseka npoénemu. B OyniBHUUTBI Ui BUTOTOBJICHHS BUPOOIB,
MaTepialiB, CIEeIialbHIX PO3YUHIB IMIUPOKO BHKOPHUCTOBYIOTHCS IIEMEHTH 3
OCOOJMMBHMH BIIACTHBOCTSAMH. JIO0 TpymHM TakhxX I[IEMEHTIB HaJIe)KaTh
AIIOMIHATHI Ta cyIb(poamoMiHaTHI eMeHTH. OTHUM i3 BHIIIB aIFOMiHATHUX
[IEMCHTIB € TJMHO3CMHCTHI I[EMEHT, BHUPOOHHUIITBO SIKOTO BIICYTHE B
VYkpaiHi, aJe ICBHOIO aJbTEPHATHBOIO BUPIMICHHS MpoOIeMH BUPOOHHIITBA
B SKYYHX TaKoTO KJacy MOXKJIMBE HIIAXOM BUKOPUCTAHHS
rifncorJMHO3eMUCTHX, TiNCcOLILIAKOBUX HeMeHTiB. lle nacte 3mory
NPUCKOPUTH TEMIIM BUPOOHHULTBAa OyIiBENbHUX BHPOOIB Ta PEMOHTY
MTOIIKO/KCHUX  3aIII300€TOHHUX CIIOPYJZ, CTBOPEHHS TiApOi30JsMmii Ta

I0OHO3aXMCHHUX  TIOKPUTTIB,  OyAIBHUITBA  JIOPOXKHBOTO  TOJIOTHA,
aepOIPOMHHUX CaMOHAIIPY)KHUX IIJIMT, TOLIO.
Onanako, IIHPOKe BUKOPHCTAHHA rincorJiIMHO3eMHuCTHX,

riNCONITAKOBHX Ta IHIIMX B’SDKYYHMX PEUYOBHH TAKOTO THUILY OOMEXYEThCS
HECTabTBHICTIO CTPYKTYPH. AJTIOMIHATH KaJbIlil0, B XiMii IEMEHTIB Bigomi
gk 1Bi cepii a3z AFmM u AF, sixi € MoHO- 260 TpH3aMilieHi 1ByXBaJeHTHIMHU
Tunamu aHioHiB: eTpuHTIT — e C3A-3CaS04-32H-0 (B meskux pkepenax
31H,0), cybhoaaroMiHaTHA AFt-dasa, (TTCAK -
Tpurigpocyib(oamoMiHAaT  KaiblLlil0) Ta HU3bKOCYJIb(aTHa ¢dopma
rigpocynsdoamominaty kasiio (MICAK) - 3Ca0-Al,05-CaS04- 12H20).
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B rincoriimHo3eMucTHX, rinconIakoBUX IeMeHTaX OCHOBHOIO (a3010
SKMX € eTPHUHTIT, MpH il 30BHILIHIX JyKepen (TeMIeparypa, BOJIOTICTb,
arpecuBHE CepelIOBHUINE Ta 1HII (aKkTOpH eKCIUTyaTalliil) MOXKe BiIOyBaTUChH
neperBopenns eTpunrita (AFt) B AFmM i naBnakwu. e B Garathox BUMaaKax
NIPUBOJMUTL /IO PYWHYBaHHS BHUPOOIB 1 CTPUMYE PO3BHTOK TEXHOJIOTIH
OyIiBEILHOTO BUPOOHUIITBA TAHOTO HAMpAMKY [1-2].

Are mpobema ctabimizamii eTprHTITOBOI (ha3u BHpIIIeHA HE MOBHICTIO,
0 CTPUMYE CTBOPEHHS IEPCHEKTUBHOTO sy KOMIO3HIIHHUX IIEMEHTIB.
Bupimenss qanoi mpobieMu cTae MOKIMBIM 3aBISIKH PO3POOKHU B’ SKYHIOTO
y SKOMY BiJICYyTHI YMHHHKH HECTaOlIBHOCTI €TpHHTITOBOi (a3u. Tomy,
JIOCHi[UKeHH 1o  crabimizamii erpuHTriToBoi (asm Ta  po3podOka
KOMITO3MIIIHHNUX B’soKyunx pedoBuH cucteMu CaO-Al03-SOs € mocuts
aKTyaJbHUMH.

Mema pooomu. Crabinizanis eTpuHriToBoi (a3 cynbho-amtoMiHATHUX
LIEMEHTIB 32 paXyHOK HAaHOMOIU(]iKyBaHHSI.

Ocnogna yacmuna. B nocnipkeHHIX MPUAUISEThCS yBara cTabilIbHOCTI
CTPUHTITOBOT (pa3u TINCOrTHHO3eMHUCTOr0 po3iupHoro nementy (II[:T
(70:30) %). B sixkocTi anroMiHATHOI CHCTEMH BHKOPHCTAHO TIIMHO3EMHCTHI
uement ['1[-40, a cynapdariB — rinc I'S. Crabimizamito mpoBOIUIN MiCIIA
nociipkeHHs BBy [IAP HaHOMOMU(IKaTOpaMu — TaypUTOM, TIOKCHIOM
KpemHi0, HaHOTpyOkamu, SiC. B skocti mmactudikaropiB Oymu
BHKOpHUCTaHI HacTymHi mobaBkm: Sika Viscocrete G, MC Bayxemi 2695,
Craxema STP 156. Haiimenmie 3umxenHs B/T Ta Haiikpaini NmokasHUKH
OCHOBHHUX  (Di3MKO-MEXaHIYHMX Ta  TEXHOJOIIYHHUX  BJIACTUBOCTEU
JIOCATAI0THCS 3 BUKOpUCTaHHAM nobaBku Sika Viscocrete G: B/T mis cknamy
rincorauao3emuctoro posmupHoro mementy (LT (70:30) %) craHOBUTH
0,27 B mopiBuaHHiI 3 0,32 6e3 miacTudikaTopa, MIlHICTh Ha CTHUCK Ta
sruHaHHs — 19 MIla ta 14 MIla BignoBiznHo.

B xommosumisfx 3 rincoramHo3eMucToro posmupHoro mementy ([T
(70:30) %) uepe3 Tpu HOOH TBEPIIHHS 3’ SIBITIOTHCS OCHOBHI MIKILTOIIUHHI
BiZicTaHi i iHTeHcHBHOCTI TigparHux (a3 CzASsHz (d/n = 0,973; 0,561;
0,388; 0,348; 0,256 ®um) (puc. 1). CoocrepiraroTbes — JiHil
4Ca0O-Al203:13H20 (d/n = 0,423; 0,266; 0,246; 0,238; 0,212; 0,168 HM),
Cag Al (OH)14'6H20 (d/n = 0,463; 0,255; 0,176; 0,151 um) (puc. 1).

B mpoueci TBepaiHHs uepe3 3 1o0m 3 ABISIIOTHCSA IHTEHCHBHICTH JIHIN
eTPUHTITY Ta Teli0 TiAPOOKCHAA ATIOMIHII0 3pOCTae, IO MiATBEPIKYE
iHTeHcudikarito mpouecy rigpararii (puc. 1 6).

B pesynbrati MomudikyBaHHS HaHOAOO0ABKAMHU JTOCSTHYTO 301JIBIICHHS
MILHUX IMOKa3HHUKIB KOMITO3HUIIHHUX MaTepialiB Ha OCHOBI
rincorimuao3emucToro posmupuoro mnementy (I'LI:T (70:30) %) +0,18 %
Hanotpy6ox+0,4 % Sika mo - 70,2 Mlla B nopiBusHHI 3 14,67 MIla

119


https://en.wikipedia.org/wiki/Ettringite
https://en.wikipedia.org/wiki/AFm_phases

€TAIOHHOT0 CKIaJy TilCOrMMHO3eMUCTOro posiupHoro nementy (ILL:T
(70:30) %) +0,75 % Taypira+0,4 % Sika mo 66,40 MIla Ta
rincorauHo3emucToro posmupHoro nementy (ILI:T (70:30) %) +1,0 %
nmiokeuny kpeMuito+0,4 % Sika 10 60,73 MIla. KoedirieHTH po3m’ sKIICHHS
BIZIMOBITHO 301JBIIYIOTECS NPU MOAW(IKYBaHHI HaHOTpyOkamu — mo 1,16;
TaypHTOM 1o 1,02; miokcumoM KpemHiro — 110 1 07
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Puc. 1. PeHTreHiBChbKi AndpakTorpaMu 3pasKiB, BATOTOBICHAX 3 KOMITO3HILIT
Ha OCHOBI TiIICOTTIMHO3EMHCTOTO PO3IMINPHOTO [IEMEHTY
(TLL:T (70:30) %) Ha 3 noby TBepainHs (a) Ta Ha 28 n06y TBepaiHHS (0).

BcraHoBieHI (pakTOpH BIUIMBY Ha CTAOUIBHICTH CTPHUHTITY ABYX (GopM
YTBOpEHHS: a- Ha OCHOBi umctux Minepanis CsA+CSHy; 6 -
TiIICOMTMHO3EMHUCTOTO PO3IIMPHOrO LIEMEHTY Bin 3MiHM Bosorocti Ta pH
CepelIoBHILA, TEMIIEPATypH, YMOB eKcIutyaTalii. Tak, yTBOPEHHs €TPUHTITY,
o0 BiIOYBa€TbCs B MEPIIi TEPMIHM TBEPIIiHHSA 3 BHCOKOIO MIBHIKICTIO
3a0e3meyye picT MIIHOCTI KaMEHIO: ETPUHTIT 3 TOTYaTHMHU KPHCTAAMH,
3a0e3reuye XOpolle apMyBaHHS CTPYKTYpH LEMEHTHOTO KaMEHIO; T'elb
TIIPOOKCHIA ATIOMIHIFO CHpHUS€ 3HWKCHHIO BHYTPINIHIX HANPYKEHb MpU
POCTI KPHUCTAIIIB 33 paXxyHOK OLIBIII €1aCTHYHUX 3B’S3KiB 3 KpucTagamu. B
pe3ysapTaTi 4oro CTPyKTypa TBEPAIHHS 30epira€ BHCOKY MILHICTD 1
LUTICHICTh B TIpolieci 30iblIeHHs KpucTaniuHux ¢a3. HaitOunpi Bucokmit
eeKT 10cATaeThCs I1iJ] 4ac 0JIHOYACHOTO BUKOPUCTAHHS CsAS3Hz2i AH3, o
Mae micne npu rigparamii C4AsS.

IIpoBeneno  crabimizamito  eTpuHTiTOBOi  (pasm  3a  paxyHOK
HaHOMOJMU(]IKyBaHHs: ByrieneBuMu HaHoTpyOkamu (BHT), Ttaypurom,
JIOKCHJIOM KpPEMHII0. 3a paxyHOK HaHOMOAW(IKATOpiB, SKi MalOTh MUTOMY
nosepxHio 80-100 M%/r BinOysamucs: 1) 36iIbIIEHHS IEHTPIB KpUCTATI3aIi
YaCTHMHU MiHEpaly, IO TiIpaTyeThCsl 32 PO3UMHHOIO CXeMoro; 2) 3MiHa
HIBHAKOCTI IIpouecy rixpatamnii; 3) 3MiHa CTPYKTypH MiHepalliB, IO Ja€e
MOXIJIMBICTh ~ IIJIECHPSMOBAHO OTPUMYBAaTH CTPYKTYpy 3 3a/JaHHMHU
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BJIACTHBOCTSIMH. [IpoBeneHi pe3ysibTaTH AOCIHIKEHb IMiATBEPIKYIOTH
30iUmpIIeHHsT B 4-5 pa3iB  MIIHMX NOKa3HHKIB, 3MiHy Koe(illieHTy
PO3M’SIKILIEHHSI B 3aJIGKHOCTI BiJl BUAy HaHOMonudikaropa Ta CHUCTEM 3
pi3HMMU macTUdikaTopaMu Ta HAaHOTpyOKamu. BuzHaueHni onTUManbHUR
BMicCT cynb(aT i0HIB B rincornuHo3eMucTomMy posumpHomy ementi (LT
(70:30) %) (ckiTamiB KOMITO3HMITiH 3 MAKCUMAJIBHAM BMiCTOM ETPHHTITY), 110
Ja€ MOXKJIMBICTH YHPABIATH CTPYKTYpOIO Ta BIACTUBOCTSAMH B’SDKYYHX
pedoBuH. ExcrieprMeHTaNbHO MiATBEPIKECHO ONTUMAIBHU BMICT CyIb(aTy
KaibLito (B Mexax 30-40% Big MacH KOMIIO3HUIT) MO3UTHBHO BILIUBAKOYOIO
Ha KUTBKICTh YTBOPEHHS €TPUHTITY.

lopodobizarmis cynpdariB KaJblif0o aTIOMIHATHAMH €JIEMEHTAMH A€
MOXIJIMBICTh BHKOPUCTaHHS Oy/iBEJFHOTO Tillcy B yMOBax BiJHOCHOI
Bosorocti  Oinbme 60%. OTpUMaHO KOMIUIEKC EKCIIEpUMEHTaJIbHO-
CTaTUCTUYHHUX MoJiesie HaHOMOJU()IKOBAHMX KOMIIO3UIIH Ha OCHOBI
rincornuao3emuctoro posuupHoro rementy (ILI:T (70:30) %), mo naroth
MOXKJTBICTh BU3HAYCHHS BIUTMBY BXiTHUX ()aKTOPIB Ha 3pOCTaHHS OCHOBHHX
(i3uKo-MexaHIYHMX BJacTHBOCTeH. Po3poOieHa MaremMaTndHa MOJETb
Mou(iKyBaHHS KOMIIO3HUIIIH Ha OCHOBI TIIICOTIIMHO3EMICTOTO PO3IIHPHOTO
uementy (I'L:T" (70:30) %), moaudikoBaHa yiapTpa- i HaHOK0OaBKamu, [TAP,
SKa J03BOJISIE YIPABIATH CTPYKTYPOKO TBEPIIOUOi CHCTEMH 1 OIEpXKyBaTH
T1IICOTIMHO3EMUCTI KOMIIO3UTH 3 3aJaHUMH BIIaCTUBOCTSIMHU.

Bucnoseox. Ha ocHoBi MmertoxiB turanyBanHsA I[I®E 1 mpoBexeHHs
eKCIICPHMEHTAJIBHUX JTOCIHIKEHb PO3POOJICHO s CKCIICPUMEHTAIBHO-
CTaTUCTUYHHMX MOJIeNeil, BH3HAUEHO psJ CKJIAgiB PO3YMHIB Ha OCHOBI
TINCOTJTMHO3EMUCTOTO PO3LIMPHOTO IIEMEHTY, IO MICTATh MaKCHMAJIbHY
KUTBKICTh eTpuHTITY: 17,1 % rauHO3eMuCcTOrO IIeMeHTy, 7,32 % rincy, 0,4 %
mwiactudikaropy, 0,18 % HaHOTPYOOK, 75 % micKy Ta 3a0e3Me4yroTh
MirHicTh cuctemu B 40,2 MIla. OnTuManbHUM CKJIaJI0M, SIKHI 3a0e3reuye
MirHicTh cuctemu B 37,8 MIla sieisietbest 16,7 % TIIMHO3EMECTOrO IIEMEHTY,
7,15 % rincy, 0,4 % mnactudikaropy, 0,75 % rtayputy ta 75 % micky.
3pa3kiB 3 JIOKCHIOM KPEMHII0, OITUMAILHUHA BMICT SIKOT CTAaHOBHTH 1% Mae
MirHIicTh cucteMu 42,8 Mlla siBnserses 16,52 % rmMHO3eMHCTOTO TIEMEHTY,
8,48 % rincy, 0,4 % mnactudikaropy, 1 % Taypury ta 75 % micky.

1. Heper’ssuko B. M., I'pumiko I'. M., Bartaxumua O. B. Ominka eheKTHBHOCTI
BIUIMBY YJIbTpa-Ta HAHOAMCIIEPCHUX J00aBOK misd Moaubikanii cynbaTtHuX i
cynbpoamomiHaTHUX (a3 // YkpaiHCBKMiI >KypHan OyIiBHHITBA Ta apXiTEKTypH.
2023. Ne. 4 (016). C. 71-76.

2. Beskopylny, A.N.; Stel’makh, S.A.; Shcherban’, E.M.; Mailyan, L.R.; Meskhi,
B.; Smolyanichenko, A.S; Beskopylny, N. High-Performance Concrete
Nanomodified with Recycled Rice Straw Biochar. Appl. Sci. 2022, 12, 5480.
https://doi.org/10.3390/app12115480
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KOMIIO3UIIIHI BETOHA
3 BAKOPUCTAHHSM BIJXO/IIB

Hexta T.M., Bounapenko C.B., Bacuinenko C.B.
(YxpaiHcbKHii Aep>kaBHUH YHIBEpCUTET HAYKH 1 TEXHOJOTIH
HHI «IIpunHinpoBchbka JepkaBHa akaaeMis OyIiBHUAITBA
Ta apXiTeKTypm», M. J{HITpo)

Abstract. Theoretical and experimental studies have shown that the
technology of vibration vacuuming is an effective method of compaction of
ash-dlag composite concrete in comparison with the traditional method of
vibration compaction. Compaction of concrete mixtures using a vibrating
vacuum makes it possible to significantly increase the density, strength, frost
resistance and other properties of concrete.

Keywords: composite concrete, compaction, vacuuming, fly ash.

OCHOBHHUIf TEeKCT. 3ampOMOHOBAHO CMOCIO MOJIMIIEHHS SKOCTI 30J10
IIJIJAKOBOTO BaKyyMOBAHOTO OETOHY 3a paXyHOK HOOaBKH JESIKOT KIIBKOCTI
€JIEKTPOITITY B OETOHHY CYMIII TpH 11 MpHUroTyBaHHI. Jl0CTiKEHO OCHOBHI
BJIACTHBOCTI BiOpalifiHO YIIiIbHEHUX 1 BiOpaniiHO BakyyMOBaHHX OETOHIB
Ha OCHOBI BiIXOJIiB, TPOBE/ICHA MOPIBHSIbHA OIIHKA X BIACTUBOCTEH, SKa
MI0Ka3aJa IepeBaru BAKyMOBaHNX KOMIO3UIIMHUX 30710 INIAKOBUX OETOHIB.

[Mpuknan BUKOPUCTAHHS BAaKyyMHOI TEXHOJIOTI] YIIUJIbHEHHS OETOHY
HaBeseHO B po0OoTi [1, 2]. OaHak mpu BUKOPUCTAHI JETKUX OCTOHIB, BOHU
MAaroTh TEHAEHIIII0 JI0 pyHHYBaHHS Yepe3 BUCOKHI THCK IIPU BaKyyMYBaHHI.
[Moganpi JOCHiKEHHS! BAKOPUCTaHHS TEXHOI'CHHOT CHPOBHHHU 0a3yBalncCh
Ha OTPUMaHHI BOXKKHUX 30J10 IIJIAKOBUX OETOHIB.

Hesnauni o0Ocsrn 1 HU3bKa €(QEKTUBHICTH BUKOPHCTaHHS 30JIM Ha
OymiBeNbHUX TiIIPUEMCTBAX, Mali OOCATH BHUKOPUCTAHHS BIAXOIIB HE
JIO3BOJISIIOTHh MIPOEKTYBATH HA TEIJIOBHX EJIEKTPOCTAHIIIAX MAJIOBIAXOMHI i
Oe3BigxonHi TexHoyorii. Hemonikn 3070 NIIAaKOBUX CyMilled MeHIe
MIPOSIBIISIFOTHCS] IPY BUKOPUCTAHHI 1X B TiAPOTEXHIYHOMY OyNiBHHILITBI, Jie
knac OetoHy Bu3HadaeThcs y Bimi 180 mi6. Ha OinbmmocTi miampueMcTs
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OyniBesibHOT 1HIYCTpil TMPH NPHUrOTYBaHHI OETOHIB JJIsI TPOMaJICHKOTIO,
MIPOMHCIIOBOTO 1 CIIBCHKOTOCTIOAAPCHKOTO OYyMiBHUITBA IeH HampsMm
BUSIBUBCS MIOE()EKTHBHUM, 1 30J1a-BHHOCY IPAKTUYHOTO 3aCTOCYBAHHS HE
sHaiina [3]. Heomuopinuuit cknan 3omu TEC € omuuM 3 HaWOLTBIIMX
HE/IOJNIKIB, fKi CKOpOUYYIOTH ii BHUKOpHUCTaHHSA. [Ipym BHCOKOMY BMicCTi
KPYHNHHUX YacTHHOK 30iiu-BuHOCY (Oimpm 0,045 MM), a Takox mpu
30UIBIICHHI BMICTY HE3rOpUIMX YaCTHHOK BYTUIIS MOTpeGa B BOAL 3pOCTaE.
e mpu3BomuTh M0 po3mIapyBaHHS OETOHHOI CyMIlI NMpH YIIITbHEHHI. A
TaKOXX J0 3MEHIIEHHsS (Pi3MKO-MeXaHIYHUX BIACTUBOCTEH 30710 OETOHIB,
3HM)KEHHIO JIOBrOBIYHOCTI BUPOOY Ta KOHCTpyKIii [3].

OCKINBKH 30710-IITAKOBI CyMiIlli CTAHOBIISATE OCHOBHY YAaCTHHY BiJBaJIiB
OITBIIOCTI TEIUIOBUX €IEKTPOCTaHIiH, 10 CHATIOIOTH MHJIOBHAHE NAJHBO,
BOHHU TIPEJCTABIAIOTh OCOOJMBHH 1HTEpEC IS IMiANPUEMCTB OyIiBENBHOT
iHAyCTpil, B SKOCTI 3amoBHIOBada i OeTOHY. 3pocTarodi 3amacu Iriel
CHPOBHHH MOXYTh 3HAYHO 3HU3UTH ICHYIOUHH Je]iIHUT HANOBHIOBAYiB
oerony [4].

BBeneHHst 3014 B SIKOCTI TPaAMIIMHOIO 3aloBHIOBaYa OETOHY 1
BHKOPHCTAHHS BiOpaIliiiHOi BaKyyMHOi OOpPOOKH TO3BOJIIN ONTHMIi3yBaTH
ckiaj OeToHy.

3epHa MWIOBHOHOI 30JIM — I KPHUXITHI YacTHHKHA PO3MIPOM Bif
nekinpkox MikpoH mo 0,14 Mm. Benmka wacThHa 3epeH oOIUIaKOBaHA 1
okpyria. YacTiHa 3epeH BianutihoBaHa JTUIIE 30BHI — MiJ CKIIOMOAIOHOIO
000JIOHKOIO 3HAXOATHCS MIHEpPAIH, SIKI HE BCTHIJIM PO3IUIABUTHCS i Yac
3ropaHHs MWIONOAIOHOTO ByTiWIA B medi. CTpykTypa caMoro 3epHa
00yMOBIIEHa HOT'0 CKOPOUCHNM TNTepeOyBaHHIM Y 30HI BUCOKHX TEMIIEpaTyp.
B pesynpraTi IMIBWAKOTO TMiJBHUIIEHHS TEeMIIEpaTypu Maibke OJHOYACHO
BiIOYyBAa€THCS BUTOPAHHS OPTaHIYHUX PEYOBHUH, IO MICTATHCS Y BYTLII, 1
CIiKaHHS MiHEpambHOI YaCTHHH. [a3, IO BHIUIAETHCS IiJ Yac IHOTO
npolecy, CHoydye po3iuiaB. Pi3ke OXOJOMKEHHS 3epeH craliiizye
cxiononiony ¢azy. B pesynbraTi 4YacTMHKHM NHIIONOMIOHOI 30JM €
PO3IUIABIEHHMH 3€pHaMHM, 0arato 3 SKHX MalOTh KpPUXITHI, NEpEeBa’KHO
3aKpUTI TOPH.

[Inaxu npeacTaBIsOTh cO00I0 CKIIONOAI0HI 3epHa po3mipom 0,3...20 MM
HeNpaBWIBHOI (JOPMH 3 TOCTPUMH KyTaMH. 3HaYHA YaCTHHA 3ePEH Mae IMOpH
PI3HHMX PO3MIpIB, SIKI YTBOPHIIMCS iJ] AI€I0 TTAPH NPH TONaAaHHI BOTHEHHO-
piakoro muraky a0 BOAW. IHOAI 3yCTpidarOThCS BKIIOYEHHS IUIAKY -
po3mipom 10 40 MM. XiMIYHUI CKITaJ 30JI0-IIUIAKOBUX CYMIIIeld HABEICHO B
Tabymmi 1.
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Tabmuns 1 — Ximiuauii ckiaj 3oonniakoBux cymimein TEC

Bun Cxknag okcumis, %
Bigxo- . FeO+ | ..

,IIiB SO, A|203 Fe,0s TiO, | CaO MgO SOs3 B.o.
3oma (41...53|15...2215..9] 05 | 3..4|1...1,6(0,4...0,8|10...14
Illnak |48...56|20...28(9...13| 0,5 |4,5...5|1...1,60,5...0,6 | 0...1

Jnst mpurotryBaHHsS OETOHHHMX CyMillled BHKOPHUCTOBYBAJM HACTYITHI
MaTepianu:

— mumakonopriranaunemMedT M400 (m. Kpusuit Pir) (ACTY b B.2.7-46-
2010);

— 3ona-BuHocy punainposcskoi TEC (JCTY b B.2.7-205:2009);

— Boza Bogomnpogiana (JJCTY b B. 2.7.-273:2011);

— enekrpouit - CaCly (JICTY b B.2.7-175:2008. JICTY b B.2.7-69-98).

BeronHi cywmimi TOTyBaNM 3 OJHAKOBOIO PYXJHUBICTIO, sKa
XapaKTepU3y€eThCS OCiTaHHIM cTaHmapTHOTO KoHyca — OK = 5...6 cm.

Pesynbratu nocnimkeHs [4, 5] BKa3yrOTh Ha BUCOKY MOTPEOy y BOJI 30J10
O0eroHHux cymimeii. Ile, Ha Hall MOTJISA, € OCHOBHOI MPHYHUHOK HU3BKOT
MIITHOCTI 30JIbHOTO OCTOHY IPH IMIOMIpPHUX BUTpPATaX IIEMEHTY.

CnouaTKy BU3Ha4ajiu e(QEKTUBHICTh BiOpauiiHO BaKyyMHOI 0OpoOKH
3BUYAHMX 30JI0 OETOHHMX cyMilnei (0e3 moaaBaHHs eNeKTpoiiTy). B mux
JOCII/DKEHHSX BHUKOPHCTOBYBAJIM OCTOHHY CyMilll i3 BHTPATOIO LEMEHTY
280 kr/m®. 3pasku 15%15x7 cM QopMyBany 3a JOHOMOrO0 BibpalliiHoro
BaKyyMyBaHHs (3 METOI0 3MEHIICHHS BIUIUBY MacIITaOHOTO (akTopy).
[omepenne yminpHeHHS OeTOoHHOI cywmimi y ¢opMax MPOBOIUIN
BiOparmiitaumM MeromoMm mpoTsroM 7...10 c¢. IoTiM mi 3pa3ku migmaBanu
BaKyyMyBaHHIO [0 TPHUIWHEHHS BHJAJICHHS HA/UIMIIKIB BOAW IS
3aMinryBaHHs. BemmumHa Bakyymy craHoBmwia 0,7 (3aralibHUM BakyyM
npuiiMaBcs 3a oguHUNo). Iix yac BakyyMyBaHHS NPOBOIMIN NEPiOANIHY
BiOpauito TpusaiicTio 8...10 ¢ koxHi 1,5..2 XBUIMHK (BUKOHYBaJd JiBa
npuiiomu BiOpartii) [3-5].

[pu migdopi pamioHaTBHUX CKIAJIB OCTOHHUX CyMIIIeH AJisi BaKyyMHOI
00poOKHM BH3HAYEHA ONTHUMAJbHA PYXJUBICTh BHXiZHOI OETOHHOI cywmimii,
AKa 0OYMOBIIIO€ HAaMOIIBII KOMITAKTHE PO3MIIICHHS CKJIaJ0BUX B MpOIECi
BaKyyMyBaHHs (HaiOLIbIIy minbHICTE). Taka pyxXJIMBICTH CyMilli 3pocTae
IIpyU 3HIWKEHHI BuTpatu nementy (3 OK =1...2 cm 10 5...7 cm).

Pesympratm  mOCHiIKEHH  OCHOBHHX  BJIACTHMBOCTEH  BiOpamiifHO
BaKyyMOBaHHUX 30JI0 IIUIAKOBUX KOMIIO3HIIIHHUX OETOHIB MiATBEPAMIH 11O,
MIIHICTh 30JI0 IIIAKOBOT'O BAaKyyMOBAaHOTO OETOHY B CEpEJHHOMY BHIIE
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MIIHOCTI BiOpalifHO YIIIJIbBHEHOrO OETOHy 3 pYXOMHX CyMimled Ha
6...10 MIla, a6o na 60...100 % (B 3a1€KHOCTI BiX BUTPATH LIEMEHTY ).

3aBIsIKM po3poOLi TexHOJIOTII BiOpamiifHO BakyyMOBaHHX BHPOOIB Ha
OCHOBI BIJIXOJIB HATA€ThCA MOMIIMBICTh BHKOPHCTOBYBAaTH iCHYHOUE
TEXHOJIOTiYHE oOOsagHaHHA O0e3 NPWHIMIIOBHX KOHCTPYKTHBHHUX 3MiH,
3MIHCHIOBATH HEraHe po3nanyOJcHHsA BindOpMOBaHUX BHPOOIB, IO
CYTTEBO 3MEHIIIY€ METATOEMHICTh BUpOOHUIITBA [6, 7].

1. Mariusz Holtzer, Rafat Danko, Angelika Kmita, Dariusz Drozynski, Michat
Kubecki, Mateusz Skrzynski, Agnieszka Roczniak (2020). Environmental Impact of
the Reclaimed Sand Addition to Molding Sand with Furan and Phenol-Formaldehyde
Resin-A Comparison // Materias, Vol. 13, P. 4395. https://www.mdpi.com/1996-
1944/13/19/4395

2. Sang-Yeop Chung, Pawel Sikora, Dietmar Stephan, Mohamed Abd Elrahman
(2020). The Effect of Lightweight Concrete Cores on the Thermal Performance of
Vacuum  Insulation  Panels //  Materids,. Vol. 13, P. 2632
https://www.mdpi.com/1996-1944/13/11/%202632

3. Cropoxyk H.A., ITaBaenko T.M., A66acoBa A.P. He3acmyxeHHO 3a0BITHII
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BU3HAYEHHS MIIHICHUX XAPAKTEPUCTHUK BETOHY
METOJAOM ITPY?KHOI'O BIICKOKY

Koukapsos I./1., Capunbknuii B.B.
(HamionanpHAH yHIBEpCHUTET BOJHOTO TOCIIOAAPCTBA Ta
MIPUPOJIOKOPUCTYBaHHs, M. PiBHE)

Abstract. The article examines the issue of determining the strength of
materials of natural structures by the method of elastic rebound using the
Schmidt hammer. The obtained values were checked on control samplesin
laboratory conditions by direct tests with a hydraulic press.

Keywords: Schmidt's hammer, elastic rebound method, monolithic
concrete, ceramic brick, graduated dependencies, approximation.

VY GubIIoCTi BUMAIKIB PH 00CTEKEHHI KOHCTPYKLiH Oy/iBesb i ciopyn
BHKOPHCTOBYIOTh HEPYIHIBHI METOAM BU3HAUCHHS MIIIHOCTI MaTepiaiB.

HaiiGinpin momMpeHuM € MeTOA NPYXKHOTo Biackoky [1, 2] depes
BIZTHOCHY JIETKICTh Y BUKOPHCTaHHI Ta JOCTaTHBOI TOYHOCTI, SIKa CTAHOBHUTh
o6mm3pko 10-15%. lLleli meron HaivacTilie BHKOPHCTOBYETBCS IMiJ 4ac
3BeJIeHHsI a00 PeKOHCTPYKIii OyaiBens Ta cropyn [3].

Meta po60TH TOJIATae y BCTAHOBJICHHI IPaIyIOBAJIbHUX 3aJEKHOCTEH
BH3HAYCHHS MIIHOCTI MaTepianiB MonoTkoM LlIMinra, a Takok OLIHIN iX
JIOCTOBIPHOCTI.

Byno 3ammaHOBaHO TIPOBECTH BH3HAYEHHS MIITHOCTI MaTepiaiB
HATypHUX KOHCTPYKLIH METOIOM TIpPYXXHOTO BIJCKOKY 32 JONOMOTOIO
MmonoTka IlIminTa, a TakoXXx BUKOHATH TEPEBIPKY OTPHMAHHMX 3HAU€Hb Ha
KOHTPOJIbHUX 3pa3Kax y JabopaTopHUX YMOBaxX NPSIMHUMHU BUITPOOYBaHHIMHU
TipaBIiYHAM TPECOM HAa CTHUCK. BW3HAYeHHS MIIHOCTI Ha CTHCK OYJ0
MPOBEACHO JJIi MOHOJITHOrO OeToHy. BumpoOyBaHHS MPOBOIWINCH Ha
OyNiBHHLTBI JXUTJIOBHX OararokBapTUpHUX OyIuHKIB y M. PiBHe. 3a
noromororo Mosotka Illminra momepenHpo Oyna BH3HA4YEHAa MIIHICTH
0eToHy Hecy4nx 0aJOK MOKPUTTS Ta LIETJIM 30BHIIIHIX (pHc. 1).

Banku mokpuTrs Mamu po3mip momepedHoro mepepizy 250x500 mm.
Bunpo6yBanus nmpoBoamioch Ha 10 100y miciist 3a/IMBKH OETOHY Y ONaITyOKy.
Tako U1 KOHTPOJIIO HAOOPY MIITHOCTI OETOHY HECYy4YHX OajloK IMOKPUTTS,
Oyni BUTOTOBJCHI KOHTPOJBHI 3pa3ku y ¢opmi KyOHKIB po3Mipom
100x100x100 mm (puc. 2).
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Puc. 1. Hatypna 6anka mOKpHTTS, IJIS K0T MTPOBOIMIOCH BUSHAYCHHS
MIITHOCTI OeTOHY

-

Puc. 2. KonTposbHi 3pa3ku

L]
_
p

BunpoOyBanHs 3a gonomoroo Mosotka [lIMinra nmpoBoauiocs 3a ABoma
METOJMKaMH. 3a TMEPIIOK METOJHKOI0 MOBEPXHS MOCTIAHUX OajloK He
uutigpyBanacek. Jlpyra Meroiuka mepeadavana MONMEpeaHe MuTihyBaHHS
MIOBEPXHI Iepe]] BUIIPOOYBaHHSIM.

3a 000oMa MeToJMKaMHi HaHOCHIIOCH JIECSATh yJIapiB 10 OOKOBI MOBEPXHI
6anox (ITonoxenns monotka Ne 1 3a iHcTpykii€ero). Bigcranp Mixk Micusmu
yaapiB npuiiManacs He MeHme 30 mM. [loBepxus micist nuriyBaHHS
NoKazaHa Ha puc. 3. Y NOAAIbIIOMY EKCIEpUMEHTaJbHI TOYKH Oynu
BinOpakoBaHi 3a MeToaukoro HaseneHoto y JICTY-b-B.2.7-226:2009. V toii
Ke ZieHb OyJIM BUNIPOoOyBaHi KOHTPOJIBHI 3pa3Ku Ha IIPECOBOMY O0JIaJHAHHI.

OTpuMaHi 3Ha4EeHHS BIJICKOKY YJapHOTO MeXaHi3My OyJM HaHeceHI Ha
rpaayroBalbHHN rpadik, NoOyJOBaHUH 32 MACMOPTHUMH IaHUMH (puc. 4).
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Puc. 3. TloBepxus
micis nuTiyBaHHs

70.0
60.0 -

| fck,MNa

50.0 y =1.4736x - 23.574
40.0 R?=0.9971

30.0 ~

20.0 MacnopTHi gaHi
10.0 MLL225

7

0.0 : : Rm
0 10 20 30 40 50 60
Puc. 4. I'panyroBanbauii rpadik 3a MaclopTHAUMH JaHUMHU TPUIIaLy

Ha npomy x rpadiky Oyio HaHeceHO eKCIIepUMEHTAILHO OTPHUMaHe CEPEHE
3HAYCHHS MIllHOCTI 6ETOHY KOHTPOJBHHX 3pa3kiB (puc. 5).

Jani Oyno BH3HAYCHO 3HA4YCHHs MimHOCTI OeToHy Ha ctuck fck 3a
rpanyiioBaHuM rpadikom (IacmopTHUMHM JaHUMM) JUIS MTOBEPXHI Oanku 3a
JIBOMa METOJMKaMH. 3a MepIIo0 MEeTOANKOo (0e3 nutidyBaHHsS) oTpuMann
3HayeHHs fcky = 15.2 MIla. 3a npyroro orpumanu fckz = 12.4 MIla. Cepenne
3HAYEHHS MIITHOCTI OETOHY, OTpUMaHe 32 KOHTPOJIBHUMH 3pa3kaMH, CKIIaae
fcko = 14.7 MITa, 1o 103BOJIMIIO 3HAWTH MOXUOKHU 32 OTPUMAHUMHU JTaHHMH.

INoxubka 3a mepmmM MeronoM (0e3 nuripyBaHHS) y TOpPIBHSHHI 3i
3HAYEHHSM, OTPUMaHNM 33 KOHTPOJIBHUMH 3pa3KaMH, CKIaa:

A=2"22100% = 3%.
[MToxubxka ayist gpyroro Metoay (3 nutidyBaHHs) ckiana:
A=2T"22100% = 15%.
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20.0

fck, MIIa _—

150 76x - 14.64

/0:, =0.9946

10.0 [MacnopTHi mani MIII 225
O Jlocnix 6e3 mutidpyBanHs
¢ Jlocnix 3 nutipyBaHHSIM
5.0 @ Cepenne 3Ha4YeHHs O3 nUTIQyBaHHS
' @ Cepenne 3Ha4YeHHS 3 ULUTIQyBaHHIM
X KonrposbHi 3pa3ku
— Jluneiinas (Ilacnmoprhi gani MIII ZE)

20 22 24 26 2g RM 54

Puc. 5. EkciepuMeHTaIbHO OTPUMAaHe CepeIHE 3HAUCHHS
MIITHOCTi O€TOHY KOHTPOJIBHUX 3pa3KiB

0.0

3rifHo 3 OTPUMAaHUMH pe3yNbTaTaMH 0a4uMO, LIO0 MEPIINA METOJ Mae
HaliMeHITy MOXMOKY, MOAIOHY 10 KOHTPOJIHHX 3pasKiB. 3 IbOTO MOXHa
3pOoOUTH BHCHOBOK, IO HUTi(yBaHHA MOBEPXHI MPU3BEIO O 3MCHIICHHS
MIPY>KHOTO BiZICKOKY.

KopucrtyBaTrcs rpagyifoBaHuM TrpadikoM He 3aBXKIU € IOBOJI 3pydHO,
TOMY HaM# OyJIO BHKOHAHO HOrO ampOKCHMAII0 TPSMOI0 3aJICKHICTIO Y
miamazoni Bim 20 go 30 YMOBHUX OJWHHWIB, OTPUMAaHE pPIiBHSAHHS
MIPE/ICTABICHO HIDKYE!

fck =115 xR, — 14.64 (1)
ne fck — minricTs GeToHy
R, — 3HaUCHHSI BIICKOKY YJIapHOTO MEXaHi3My

KoediuienT Bapiauii orpumanoro piBHsHHs ckianae 0,9946, mo Bkasye
Ha JOCTATHIO TOYHICTH IMpoBeaeHoi ampokcuMarii. @opmymna (1) Bupakae
3aJIeXKHICTh MK MILIHICTIO OETOHY Ta MPY>KHIM BiJICKOKOM.

BucnoBok. B poOotri Oymo BCTaHOBIIEHO TpagyHOBaHi 3aJI€KHOCTI
MIITHOCTI OETOHY, Ha OCHOBI SIKMX BHKOHAHO AalpPOKCHMAIII0 MPSIMOIO
3aJICKHICTIO Ta OTPUMAaHHSA IX PIBHAHHA. 3a JOIMOMOIOK LBOro OyIo
BCTAaHOBJICHO, II0 TPWJIAJ Ma€ HEBEIMKY MOXMOKY NpPH BHMIpIOBaHI Ha
moBepxHi 0e3 HUTiQyBaHHS Ta OUTBITY NPU BHKOPHUCTaHI HUTiI(YBaIBHOTO
KaMEeHIO, ajie P IIbOMY TIOXHOKa 3a/I0BOJIbHSIE BKa3aHi Mexiy 10-15%.

1. KapaBan B.B. Metpororis 1 crangaptusanis. HaBuansHuii mocioHuk. PiBHe:
HVYBITI, 2011. 101 c.

2. Pomamko B.M. JliarHocTuka Ta BifHOBIEHHs OynuHKIB i cropyn. PiBe:
HVYBITI, 2011. 287 c.

3. Babuu €.M., Kapasan B.B., babuu B.€. [liarHocTuka, macrmopTu3aiisi Ta
BiIHOBIICHHS Oy 1iBeb i iHkeHepHuX criopy . PiBHe: Bonuucrki obeperu, 2018. 176¢.
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YK 539.3

EKCIIEPUMEHTAJIBHI JOCJIIJKEHHS
IMAPAMETPIB POBOTH 35IPHO-MOHOJIITHUX
HEPO3PI3HUX 3AJII3OBETOHHHUX BAJIOK
3A JIIi MIOBTOPHUX HABAHTAKEHD

Casunbkuii B.B.
(HamionanpHHAH yHIBEpCUTET BOJHOTO TOCIIOAAPCTBA Ta
MIPUPOIOKOPUCTYBAHH, M. PiBHE)

Abstract. Experimental studies were performed in order to establish the
features of prefabricated monolithic continuous two-span reinforced
concrete beams with pre-stressed joints under the action of single and
repeated (low-cycle) loads.

Keywords: prefabricated-monolithic constructions, reinforced concrete
beams, pre-stressed joints, repeated loads, support reactions, flight and
support moments, stress-strain state, deflections, width of cracks opening.

30ipHO-MOHOJITHI KOHCTPYKIii MalOTh HH3KY IIepeBar MOPIBHIHO 3i
30ipHAMHU Ta MOHOIITHAMH KOHCTPYKIisiMA. CTOCOBHO 30ipHO-MOHOIITHIX
0aJIOK, TO BOHH MOXYTh 00’ €JHyBaTHCsI B HEPO3Pi3Hi 3aBISKH BIALITYBaHHIO
CTHKIB Ha OTIOpax, SAKi 3[aTHI CIIPUMAaTH 3THHHI MOMCHTH.

3amiz00eTOHHI HEpO3pi3Hi OallkKh IIMPOKO BHKOPHUCTOBYIOTHCS IIPH
3BEIICHHI Pi3HUX OyaiBesb 1 cropyd. Bigomo, 1110 Hepo3pi3Hi Oanku B CKiIai
MEPeKPUTTIB ~ MOXYTh  MiJJABATUCh  MAJIOLMUKIOBUM  (TIOBTOPHHM)
HABAHTAXXCHHSAM, & IHKOJIM 1 MEPEBAHTAXCHHSIM, SKi MOXYTh CYTTEBO
BIUIMHYTH Ha TMEepepo3NoAl 3yCHib 3 OIOPHHX (30ipHO-MOHONITHHX)
nepepiziB Ha npoJiTHi, abo HaBmaku. llell mepepo3noAl 3MIHIOE
HarnpyXeHo-1e(OPMOBaHUI CTaH KOHCTPYKIiH, iX MILHICTh 1 KOPCTKICTB.
Kpim Toro, nomnepeaHe HanpyKeHHS CTHKIB IiIBUIIY€E TPIIHHOCTIHKICTH B
OTIOpHIii 30H1 6aJIOK i BIJIMBAE HA pOOOTY KOHCTPYKIIT B IIIJIOMY.

AgTopu [1] gocniKyBanu BILUIMB PO3MOIiTY apMaTypH Ha BIACTUBOCTI
JBOTIPOJITHAX HEPO3pi3HHMX Oaylok. 3a pe3ysibTaTaMH HPOBEAECHUX
JOoCHiKeHb aBTopu [1] 3poOMIM BHCHOBOK, IO NMPOTMHHM HEPO3PI3HUX
3a1i300€TOHHNX OalOK 3 HEHANPY’)XEHOI0 1 IONEepeAHbO HaIpyKEHOIO
apMaTypol0 NpH 3MiHI PO3IOALTY OMOPHOI 1 MPOJIBOTHOI apMaTypu B
Mexax 0,4...3 B eKcITyaTaifHuX CTafisXx poOOTH 3MiHIOIOTHCS HECYTTEBO
(mo 15%).
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ABTOpOM [2] HaBeneHi pe3yabTaTH AOCIIKEHHS IEPepO3II0ALTy 3YCHIIb
B HEPO3PI3HUX 3aJ]i300€TOHHMX TONEPEIHbO HaIlpy)XKeHHX Oajkax 30ipHOT
KOHCTpYKIii. ABTOp [2] 3a3Hauae: micist TOTo, SIK JiF04i MOMEHTHU JIOCATHYTh
BEJIMYNHH, TPUOIH3HO piBHOT 75 — 80 % CBOIX rpaHMYHUX 3HAYEHb, rpadiku
JOCIIIHUX MOMEHTIB IOYMHAIOTh NpParHyTH [0 TpPaHWUYHHUX 3HAYCHb
MOMEHTIB, [II0 BU3HAYAIOTHCS apMyBaHHSM.

ABTopoM [3] Oynu mpoBe/ieHI eKCIIepUMEHTANBHI JOCHTIKeHHS 30ipHIX
TIOTIepEeTHRO HATIPY)KEHUX OaoK. 3a pe3yIbTaTaMy TOCIiIKEHb aBTOPOM [3]
Oynu 3po0OnieHi Taki BUCHOBKH: PO3PaxyHOK HECydoi 3MaTHOCTI 30ipHHX
0aJIOK MOKe BUKOHYBATHCh 3 YPaXyBaHHAM IIOBHOT'O IIEPEPO3NOIIITY 3yCHIb
crocoOoM BHPiBHIOBAaHHS MOMEHTIB Y CEpETHROMY IPOJIBOTI 1 Ha IPOMIKHIX
omnopax.

ABTopu [4] 3a3HayarTh, U0 B 30IpHUX 3aTi300€TOHHUX HEPO3PI3HHUX
Oajnkax peryJroBaHHS 3yCHJIb MOXKE BUKOHYBATHUCh 32 JAOTOMOIOI0 HATSTY
apMarypH CTHKIB, HAaHOLIbII €()EeKTUBHUMH Ta IHAYCTPIiaIbHUMHU € CTHUKH 3
NPSMOJIHIHHOIO apMaTypolo, W0 HAaNpyXXYEThCS  EJIEKTPOTEPMIYHUM
METOJIOM.

ExcnieprMeHTaNbHI OCHIKEHHS BUKOHYIOTHCS 3 METOK BCTaHOBHTH
0COONMMBOCTI po0OOTH 30ipHO-MOHOINITHHX HEPO3PI3HUX ABOMPOIITHIX
3ami300eTOHHNX 0aJoK 3 MOMEPeIHhO-HANPYKCHUMH CTHKaMH TpH il
OJHOPA30BOTO Ta MOBTOPHHX (MaJIOLMKIOBUX) HABAHTA)KCHb; BCTAHOBHTH
XapakTep Mepepos3oniTy 3ycwib B Oankax (OMOpHI peakiii, MPOJiTHI Ta
OIOpHI MOMEHTH); BUBYMTH HANpYKEHO-1e(hOPMOBAHUI CTaH HOPMAaIbHUX
nepepiziB y MpoibOTax i Ha ONOpi 3 ypaxyBaHHSM ITOBTOPHHX HABAHTAXKEHb;
BCTaHOBUTH BIUTMB MOBTOPHUX HAaBaHTa)XK€Hb Ha PO3BUTOK MPOTHHIB 0aJlOK
Ta IIMPHUHY PO3KPUTTS TPILIMH, HOPMAIBHUX JI0 TI0310BXKHBOT OC1 eJIeMEHTa.

Hocmifgni  0anku  BHUTOTOBISUIM  30IpHO-MOHOJITHMMH — 3arajibHOIO
noxuHoo 300 cM i 3 po3Mmipamu nomnepeyHoro mnepepizy 16x10 cm, ski
CKJIaJTAJIHCS 3 TBOX 301pHUX OJHOMPOIIITHUX 0aJOK, 3’€THAHINX MOHOIITHHM
CTHKOM Ha cepenHiil omopi. [y BUrOTOBJIEHHS 0ajJOK BHKOPHCTOBYBAIH
OeToH, SKMH Ha TOYAaTKy BHUNPOOYBaHP MaB KyOHKOBY MIITHICTh
fc =36,5MIla, a npusmoBy fc prisn= 27,4 MIlla. ApmyBanuch Oanku 3
ypaxyBaHHSIM MEePepo3Moaily 3yCHIb B MPOJIBOTAX i HA OHOpPaxX MO OJHOMY
pobouomy crepxHio & 14 MM 3i cram xiacy A500c. 3a pesynbraramu
BUIIPOOOBYBaHb apMmarypa Mana Mexy Tekydocti oy = 539,3 Mlla,
TPaHWYHUHI omip po3TsaraHHlo — oy = 6758 MIla, Moxyms npyx)HOCTI
Es=1,9261x10% MIla, makcumanbhi gepopmanii gu = 280x10°. Pisens
TIOTIepeTHBOT0 HaTATy apMaTypu ctuky — 0,850 .

OmnopHa apMaTypa CTUKyBajacsl Ha JUISHII 3 MiHIMaJIbHUM 3THHAJIBHUM
MOMEHTOM IIUIIXOM 3BapIOBaHHS 3 BHIIyCKAaMH apMmarypu 3 Oanok i
IiijaBaiach TONEpPeIHbOMY HalpyXeHHIO. PiBeHb IONepeaHbOro Harsry
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apmarypu ctuky — 0,850y . 3amoHoiuyBaHHS CTHKa BinOyBasocs y Billi
0eTOHY OCHOBHUX 0ajok 28 nib.

HaBanTaxxyBanu Oajki IBOMa 30CEPEIKCHUMH CHJIaMH CTYIICHSIMHU,
BEJIMYMHA SIKUX TNpHONU3HO cTaHoBwia 8 ... 12 % Big pyiiHyHO4Oro
HaBaHTaXeHHS. KpaiiHi onopHi peakuii BH3HaYaJIM NPOTAPOBAHMMHU
KiJIbLIEBUMH JMHaMOMeTpaMu. B mporieci HaBaHTaXXeHb 1 PO3BaHTAXXEHb
0aJIOK Ha KO)KHOMY CTYIIeHI BUMIpIOBaJIM ieopMaliil CTUCHYTOTO OETOHY i
PO3TATHYTOI apMaTypH, IIMPUHY PO3KPHUTTS TPIIIHWH, TPOTHHHA OayoOK IIif
30CepeKCHIMHU CHIIAMH 1 B CePEeIUHI ITPOIBOTIB.

[lepma Oanka BUMPOOOBYBaaCh OJHOPA30BO N0 PYHHYBaHHS, a iHII
MiAABAIACH TIOBTOPHAM HaBaHTaKeHHSIM. Kpurepiem pylHyBaHHS Oajok
BBXAJIUCh YMOBH, KOJH NedopMarii apMarypu 4u OETOHY Ha Omopax i B
MPOJILOTAX JIOCATAIN TPAaHUYHUX 3HA4YeHb. 3a pe3yJbTaTaMd BHIPOOYBaHb
noOyzoBaHi entopy 3anexxHocTeld nedopmaniii 6eTOHY CTHCHYTOI 30HH Ta
M03/I0BXKHBOT apMaTypH Bijl HABAHTA)KEHHSI, BEJIMYMHH MPOTHHIB Ta INUPUHU
PO3KPHUTTSI TPILI[UH, @ TAKOXK 3MIHU 3TMHAKOYAX MOMECHTIB.

Jpyra 0anka miagaBajgach MOBTOPHUM HaBaHTa)XCHHSIM Ha piBHI 0,6 Bix
PYHHIBHOTO, SIKe BU3HAa4Y€He MpH BUIpoOyBaHHi nepiuoi o6anku. [Ticns 10-ox
LUKJIIB HAaBaHTaKCHHA-PO3BAaHTAXKEHHsI OaJKa JOBOIMIACH 10 PyHHYBaHHS.
PiBenr 0,6 BH3HAa4YCHHH SK eKCIUTyaTallifHWK Ui OUThImocTi OynmiBenb i
criopyn. Tperst O6anka Takox BUIIpoOoByBanachk Ha piBHi 0,6 Bix pyiHIBHOTO
HaBaHTAKEHHS 10 7-To MUKy, a Ha 8-10-My mukiax moBaHTaXKyBalach IO
piBHsa HaBaHTaxeHHA 0,8 Big pYHWHIBHOTO, MICIs YOTO JOBOIHMIACH IO
pyiinyBaHHs. PiBens 0,8 Bu3HaUeHMI K HalO1IbIIIE MOXKIINBE KOPOTKOYACHE
MepeBaHTAKCHHS MTOHA EKCIUTyaTalliiiHe i OyaiBesb i CIOPY/L.

Jist mepiioi 0anku Marke MOBHICTIO peasTizyBaBCsl EPEPO3IOILT 3y CHITh
Ha OCTAaHHIX CTYNEHSX HABaHTa)XKEHHs, OCKUJIbKM 3HAYEHHS OMOPHOTO Ta
MPOJIITHOTO MOMEHTIB Jyxe Onu3bki. Lle siBuIe crocrepiraerhCs i st
AHAJIOTIYHUX eJIeMEHTIB 0e3 IomepenHboro HampyxeHHs [S5]. Bennunna
NPOTHHIB Tepejl PYWHYBaHHSM TaKOX 3HA4YHO 301IbLIYETBCS, SK 1 s
3BHYaitHUX 0asok [6]. [lepeposmonin 3ycrib BijoOpakaeThes 1 Ha Aiarpamax
nedopmariii CTHCHYTOI 30HH OETOHY Ta MO3I0BXKHBOI apMaTypH, ajie Tpeba
3a3HAYUTH, IO BHACTIJOK MOINEpEeIHhOTO HaTAry aedopmarii apmarypu
3MIHIOIOTECS JICHIO iHAKIIe, HDK Uil 3BUYaiHUX 0aJlOK — Ha Omopi BOHU
MEHII, HDK B IIPOJILOTI, 1 3pIBHIOIOTBCS a@X TeEpel PyHHYBaHHSIM.
AHaNori4HO BiZOYyBa€THCS 1 MPOIEC TPIIIMHOYTBOPEHHS, OCKIIBKH B HAaJ
OTNOpHifl 30HI OETOH MOMepenHhO OOTUCHEHWH 1 TPINIMHM 3’ SIBISIOTHCS
Habarato Mi3HIiIIe, HIX B IPOJBOTAaX, aKTHBHO PO3BHBAIOYNCH BXKE Ha
OCTaHHIX CTYINEHIX HAaBAHTAXKEHHS Mepesl pyHHYBaHHSIM.

Hpyra 6anka mpu eKcIIyaTamiiHOMY PiBHI HABaHTa)KEHHS MPAIIOE SK
Npy’KHa CHCTeMa 3 HEe3HaYHMMH 3aJIMIIKOBMMH BEJIMYMHAMHU MPOTHHIB,
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nedopmariii Ta pO3KPUTTS TPIIIUH, TOAIOHO O 3BUYaWHUX Oanok [5, 6], 3
ypaxyBaHHAM BHIIe3a3HaueHUX ocobmuBocteil. Ilpm Takomy pexumi
MEPepo3MOIiT 3yCHb Maike He BimOyBaeThcs. KpiMm TOro, micis m’siToro
LUKy CHOCTEpIraeThcsi CTA0UIi3aIlsA BCIX BEIUYMH, IO XapaKTEPHU3YIOTh
poboTy enemeHTa.

Jns TpeThoi Oanmku mpu AoBaHTaKeHHI 10 piBHA 0,8 Bing pyifHIBHOTO
CIIOCTEPIraeThCsl CTPUOKOMOAIOHE 301MBIIEHHS BENWYMH IIPOTHHIB Ta
nedopmariii 3 OJHOYACHUM MiABHUINEHHSM iX 3aJMIIKOBHX CKJIaZoBUX. Ha
OBOMY pIiBHI TEepepo3mOAil TPOABISAETHCA OUTBII BHpa3HO, MO U
BimoOpakaeThbcsl Ha Bcix miarpamax. Ilicnsd  po3BaHTaXeHHS O
eKCIUTyaTaIliifHOTO piBHS 3arajbHa )KOPCTKICTh €JIeMEHTa HIDKYA, HIX Tepe.
JIOBaHTKCHHSIM, SIK 1 JIJIsl aHAJIOTIYHUX 0aI0K 0€3 MONepeHROT0 HATATY [6].

BucHoBku. 1. 30ipHO-MOHOJIITHI HEpPO3PIi3HI 3aMi300€TOHHI OanKu 3
MONEPEIHHO-HAPYKCHUMHU CTHKAMHU TPAIIOIOTH MOAIOHO O aHAJIOTTYHHX
KOHCTPYKILIH 0e3 MonepeaHboro HalpyKeHHs, ajie 3 ypaxyBaHHSAM MEBHHUX
BaXJIMBUX BIJMIHHOCTEH, BHKJIMKAHUX BJACHE TONCPEAHIM HATATOM
apMaTypy Ta BIJMOBIAHO OOTHCHEHHSIM OCTOHY 3aMOHOJIYYBaHHS Ha
mpUOTOpHIKA minsgHIi. 2. PiBeHp mNONEpeaHBHOTO HAMpYKeHHS B Oankax
3YMOBIIIOE  BEIMYMHY I[IUPHHA PO3KPUTTS TPIIMH T4 MOMEHTY
TPIIIMHOYTBOPEHHS, a TAaKOXX BEIMYMHY IPOTHHIB y 30ipHO-MOHOJITHUX
HEpPO3Pi3HUX 3al1i300€TOHHUX OaKax.
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BII/IUB OCIJAHHA ®YHIAMEHTIB
HA BHYTPIIIHI 3YCUJLJIA KAPKACIB BY AIBEJIb

Casunskuii B.B., Koukapsos I./1.
(HamionanpHHAH yHIBEpCHUTET BOJHOTO TOCIIOAAPCTBA Ta
MIPUPOIOKOPUCTYBAHH, M. PiBHe)

Abstract. The dependence between the settlement of foundations and the
internal forces of frames in two-span steel frame buildings was investigated.
The moments of the forces of load-bearing structures were compared in
several cases.

Keywords: internal forces, settlement of foundations, moment diagram,
redistribution of forces, steel frames.

PobGoty kapkaciB OymiBenb Ta CHOpyHD 3 YpaxyBaHHSM OCiTaHHS
(byHIaMeHTIB pO3IIIAAANIO0 Y CBOIX pOOOTaX YAMANIO BiIIOMUX BYCHHUX, CEpe]
SKAX MOXHa BiamiTut Muxainoscekuit J.B. [1], Iiuyrin C.®. [2],
CamopomoB O.B. [3]. Yunni Hopmu [5] mpoekTyBaHHs mepenbadaroTh
PO3paxyHOK KapkaciB Oy/iBelsb 1 CHIOpy[l 3 ypaxyBaHHSIM pOOOTH OCHOB Ta
¢yHnamMeHTiB. 3arajJbHO BIiJJOMO, L0 B HAaCJIiZOK HAaBiTh HE3HAYHOTO
ocifaHHs (YHJaMEHTIB y paMHHMX KapKaciB CHOpYyX BifOyBaeThcs 3MiHa
BHYTPIIIHIX 3ycHyib. YNHHI HOPMHU NPOEKTYBaHHS 0OMEXKYIOTh MaKCUMaJIbHI
3HAYCHHS IPaHUYHUX OCiNaHb; BBAXKAETHCA, SKIIO i 3HAYCHHsS He OyAyTh
MIEPEBHUIIICHI, 3MIHOIO 3YCHIIb MOJKHA 3HEXTYBaTH. 3MiHa IHUX 3ycwWib Oyne
3aJIeKaTH BiJl THITy KOHCTPYKTHBHOI cXeMH Oy[IiBIi 9H criopyau. IcHye 1ima
HHU3bKa KOHCTPYKTHBHHX CX€M, SIK IPABUIIO 3 IIAPHIPHUMH BY3JIaMH, B SIKHX
ocimaHHS (QyHAZaMEHTIB HE BHKIIMKAE 3MIHU BHYTPIIIHIX 3YCHIb. AJle Taki
CXEMH HE 3aBXIH € €KOHOMIYHO TOUITPHUMH. HaMu MpomoHyeThCs OiLTbIT
JICTAJIbHO JTOCJIIUTH BILIMB OCIJaHHS JUIS PAMHHMX KOHCTPYKTHBHHX CXEM.
Po3riisiz 1bOro MHUTaHHS J03BOJHUTH CHOPMYJIIFOBATH OCHOBHI IOJIOKEHHS
10/I0 BPaxXyBaHHIO JJAHOTO SIBUIIA.

MeTta po6oTH IoJIsITae y BCTAHOBJIEHHI HEOOX1HOCTI BpaXyBaHHS OCiTaHb
OCHOB Ta (h)yHIIAMEHTIB [PU PO3PaXyHKY PAMHHUX KOHCTPYKTHBHHUX CXEM.

3MiHHY 3yCHJIb B OCHOBY HECYYHMX KOHCTPYKLIH OyJeMo po3risiaTH Ha
NPUKIaAl OJHO E€TaXHOI paMHOi KOHCTPYKTHMBHOI CXEMH 3aJISKHO Bil
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ociganHs QyHIameHTiB. By/iBis BUKOHaHa B METaJleBOMY KapKaci 3TiJHO 3
HOpMaMH [5] Ta Mae HACTYMHI reOMETPHUYHI MapaMeTpu: KPOK KOJIOH 6x6,
BHCOTAa KOJIOH 4M, po3Mipu OyxiBmi 12x12. ByniBis ckiIafa€eTbesl 3 MIOCKUX
MONEPEeYHUX paM pO3TAlIOBaHUX 3 KPOKOM OM, paMu JBONPOJITHI
OesmapHipHi, 3’€¢HaHHA paMm 3 QyHIameHTOoM XopcTtke. IIpocropoBa
KOPCTKICTh KapKacy 3a0e3neuyeThesi po3MipKaMu, sKi 3’ €THYIOTh paMU MiX
c00010, a TAKOX KOPCTKHM JAMCKOM IUTUT MOKPHUTTS. [IOKpUTTS BUKOHAHE i3
KPYIJIO-TIyCTOTHUX 3anmi300eToHHUX miuT [5]. KonoHM IUIOCKHX pam
BHKOHaHI i3 KotoHHOTO ABoTaBpa Ne 25K 1. baouni eneMeHTr paMm BUKOHaHI
i3 nmBOX nBOTaBpa 3BapeHHMX B KopoO Ne 30. dyHmameHTH NpUHHATI
CTOBIMYACTAMH MIMpUHOIO moxymku 1,5x1,5 [4]. KoHcTpykTHBHA cxema
Takoi Oy/iBii MoKa3aHa Ha puc. 1.

Puc. 1. PamMHa KOHCTpYKTHBHA cxeMa Oy BT

PosrismyBaHa cxema 4yTiinMBa 10 OcimaHHs ¢yHaameHTiB. [IpoBeaemo
YucelbHEe MOJCIIOBaHHS OCiIaHHs (DYHIAMEHTIB JUIsl JAaHOT KOHCTPYKTUBHOT
cxeMd. MOJENIOBaHHS OCiZaHHsS OyJeMO MPOBOAUTH LUIAXOM Mia00py
koedinienty IMacreni HalWOLIbII HABAaHTAXKEHOTO (YHIAMEHTY JIO 3aJaHUX
ocimanp. Takwii po3paxyHOK OymeMO BHKOHYBaTH MJISi PI3HUX pIiBHIB
TpaHUYHUX OCiTaHHS Sy, SKi perJaMeHTYIOTh YHHHI HOPMH IPOCKTYBAaHHS.
JA1st KO>KHOTO 3 PiBHIB OyZeMO BM3HA4YaTH 3HAUYCHHS YOTHPHOX 3TMHAIOYHX
MOMEHTIB (puc. 2): My; — OHNOpHHMH MOMEHT HaJ CEpeAHBOI0 KOJIOHOIO;
M,, — OTIOpHHUII MOMEHT HaJ] KpaliHbOIO KOJIOHOIO; M3 — MOMEHT B KpaiHix
¢ynnamenTiB; M, — IpoONITHUH MOMEHT.

PesynpTaTH 9HCIOBOTO €KCIIEPHMEHTY NPUBEACHI HIDKYE y TaONHII.
[IpoBeneHunii YUCIOBHIA EKCTIEPUMEHT JO3BOJIUB BCTAHOBUTH, IO OCiTaHHS
(yHIaMeHTy HalOlIbIIe BINIMBAE HA 3HAYEHHS 3TMHAIOYUX MOMEHTIB Yy
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M, M,s

0

77 77 77

Puc. 2. Enropa MOMEHTIB IJIOCKOi pamMu

KpalHiX oropax Ha BEepXHix By3iax M,,. B Hacninok ocinanHs GyHAaMEHTIB
OIOPHHI MOMEHT CepeHbOT CTiiiki M, a mponiTHUH 3pocTae. BinOyBaeTbcs
mepepo3nonin 3ycunb [5]. 3HalimeMo 3HAYeHHS BIAHOCHOTO OCiTaHHS
(dyHIaMeHTIB, sKe BIJNOBizac 30UIBIICHHIO OINOPHUX Ta MPOJIITHUX
MomeHTiB Ha 20%. IlepeBakHa OLTBLIICTh HECYYUX KOHCTPYKINH MarOTh
Takuii 3anac. e 103BONNTH BCTAHOBUTH 3HAUEHHS BIJIHOCHOT'O OCiJIaHHSI, 32
SKOT0O MOJXKHa HE BpaxoByBaTW ocimaHHs ¢yHaamenTiB. st mporo
MIPOBEAEMO ANPOKCHMAIIIF0 3HAYEHb YHUCIIOBOTO eKCIiepuMeHTy (puc. 3).
3aeKHICTh MPOTITHUX 3TMHAIOYUX MOMEHTIB BiJl BIIHOCHUX OCiIaHb
OyZeMo onHCyBaTH KBAAPATHIHOIO 3AICKHICTIO, KA IMiCIs allpOKCUMAIIii
METOJIOM HalMEHIITUX KBaJpaTiB Ha0yJe HACTYITHOTO BHUTIISLY

S =.4.7001(2m)2 + 10.4522 - 4.8086 ()
Sy Mg Myg

AHQJIOTIYHO BW3HAUMO TpaHWYHE 3HAYEHHS BIJHOCHHX OCIaHb JUIs
3THHAIOYMX MOMEHTIB My,. [l 1aHMX MOMEHTIB 3aJIe)KHOCTI MPUITHATI
€KCIIOHEHTHUM PIBHSHHSM, HACTYITHOTO BUTJISILY |

Mo2
5 = 0.0178e""**% Moz @)
Sy

Koedimient Bapiamii 11 oTpuMaHuX piBHSAHBb ckmagae v = 0.998, mo
MATBEPIKYE TOCTOBIPHICTh MPUUHATHX (QYHKIIIH.
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Tabmuus — 3aeXHOCTI MK BHYTPIIIHIMH 3yCHIUIIMU B KOHCTPYKLIT
Ta ocijaHHsAM (QYHIAaMEHTIB

S— 3HauCHHS BE{:;)IZE?; 3THHAI0YHX

Ne | BIIHOCHOTO OCinaHHs
(Gynnamenris, % Moy M, M,
Mo Moz Mg
1 1.0 0.006 2.25 111
2 0.75 0.112 211 1.34
3 0.5 0.283 1.87 1.44
4 0.25 0.566 1.48 151

3a 10MOMOT00 TaHuX rpadikiB BU3HAYUMO OC3MCUHUI PiBEHb OCITaHHI
OyniBii, O 33/I0BOJILHUTH YUHHI HOPMH IPOEKTYBaHHSI.

1.2
S/Su
. y = 0.0178e1 7828
R?=0.9984
y = -4.7001x? + 10.45x - 4.8086
0.8 R? = 0.9997
0.6
0.4 —— Mn/Mn6
\
0.2 MOZ/M026 -
Mx/Mx6
0
0 0.5 1 1.5 2 2.5

Puc. 3. 3miHa 3ycuih B KOHCTPYKTHBHUX €JIEMEHTaX
CTaJIeBO-paMHOi OymiBIIi

. . . . . S
JlomycTUMHM BiTHOCHHUM OCiZaHHSM (YHIaMEHTIB OymiBII, 5 IS

. s . " .
poJboTiB M|, € 5 =0.96, a 11 3rUuHAlOYMX MOMEHTIB Ha KpalHIX Omopax

N
MOZ € 5 =0.15.
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BucnHoBok. PesynbraTi noCHipKeHHS TOKasajld, LI0 BpaxyBaHHS
ocimanb (GYHIAMEHTIB € HEOOXITHUM TIOKa3HUKOM JUIS PO3PAXYHKY CTalICBO-
paMHHUX cHopyx Ta OyaiBenb. 3a JONOMOIOI METOAMKH alpOKCHUMALl
3aJIKHOCTEH MIDK BIJHOCHUM OCIJaHHSM Ta 3TMHAIOYMMH MOMEHTaMHU
JI03BOJIMJIO BCTAHOBUTH O€3MEeYHI 3HAYSHHSI OCIIaHHS B MeXaxX YHHHUX HOPM
MpOeKTyBaHHA h = 2.25¢cM, 10 3HAYHO MOJETIIATE PO3paxXyHOK OymiBmi. 3a
JOTIOMOTOI0 HaBEISHHUX TpadikiB Ta BUBEACHUX PIBHSIHb Y POOOTi, MOXXKHA
3HaWTH yCi BapiaHTH 3aJEKHOCTI MK BHYTPIIIHIMH 3yCHUIIMH Ta
ocimanasiM ¢QyHmamentiB. OTxke, OTpUMaHi pe3yJbTaTH MOXYTh OyTH
BHKOPUCTAHI I TOKPAIICHHA METOMIB IPOEKTYBAaHHS Ta IIiIBUIICHHS
HaJIHHOCTI paMHHUX KOHCTPYKIIH OyIiBeIs.
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BILJIUB MEXAHOAKTHUBAIIIl 3MIIIAHOT'O LIEMEHTY
HA EK30TEPMIYHMM PO3ITPIB I MILIHICTh
HEMEHTHOI'O KAMEHIO

CrpeabuoB K.O., 'opéosuii O.J1., bapatéam L.B.
(Omecbka nepsxkaBHa akaaeMist OyIiBHUITBA Ta apXiTeKTypH, M. Omeca)

Abstract. The results of the experiments considered in the article are
related to the deter mination of the effect of mechanical activation of Portland
cement with the addition of ground limestone on the thermomechanical
characteritics of hardening and hardened cement stone. Such cements are
obtained both by grinding cement with the addition of limestone and by
thoroughly mixing Portland cement with ground limestone (mixed cements).

Keywords: mechanoactivation, superplasticizer, ground limestone,
exothermy, water-hardening ratio.

PosrnsHyTi y CcTaTTi pe3yibTaTH TOCHIMNIB IOB’sA3aHI 3 BU3HAYCHHSIM
BIUIMBY MEXaHOAKTHBALIiT MOPTIAH/IIEMEHTY 3 100aBKOIO MEJICHOTO BAITHIKY
Ha TEpPMO-MEXaHIuHI XapakTepUCTUKH TBEPIHYYOro 1 3aTBEpIiIOro
LEMEHTHOI'0 KaMeHI0. Taki IIeMEHTH OIEPXKYIOTh SIK CyMiCHHUM IOMEJIOM
LEMEHTY 3 J100aBKOI BANHSAKY TaK i 33 PaXyHOK PETEeIbHOTO 3MilllyBaHH:
MOPTIAHANEMEHTY 3 MEJICHHM BamHAKOM (3Mimrani mementn). Bigomo [1],
0 B yMOBax BHUKOPHCTAHHS TPaJUMIHHOI TEXHOJIOTII BUTOTOBJIECHHS
OeTOHHMX 1 3a7i300€TOHHHX BUPOOIB BBEOCHHS 1O CKJIAmy B’ SHKYYIOTO
IHEpTHUX MiHEepaIbHUX J00aBOK MPHUBOJAE 10 3HIDKCHHS MIIHOCTI OETOHY,
oo motpedye, 30KpeMa, BUKOPUCTAHHS IIEMEHTIB OiJbII BHCOKHX MAapoK.
[TixBuIeHHsT MIITHOCTI GETOHY MOXIIMBO TaK0OX 3a PaXyHOK BUKOPHCTAaHHS
cynepracTuQiKy0Inx 1106aBoK[2]. [epcriekTHBHUM METOJIOM
MTOKpAIIEHHS! MIIHICTHUX XapaKTepUCTHK 3aTBEPAUINX KOMIIO3WTIB Ha
OCHOBI TakMX 3MIIIAaHUX IIEMEHTIB € IX MexaHO-XIMIYHa aKTHBAIlisd B
MIBUKICHUX TypOyJeHTHHX 3MirnyBadax [3]. CymicHuil BIUTMB HA 3MillaHi
LIEMEHTH MEXaHO-XIMIYHOI aKTHBaIlii B IPUCYTHOCTI CYNepIUIacTH(]IKYIOUNX
M00aBOK, HAa HAIIl IOV, BUKJIMYE IMJABUIIEHHS MIMHOCTI IIEMEHTHOTO
KaMEHIO TPY OJTHOYACHOMY 3HMKEHHI CO0IBapTOCTI KiHIIEBOTO MPOIYKTY.
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B ekcrepuMEHTaNbHUX  JIOCHIIDKEHHSX B SIKOCTI  B’SDKYYOTO
BuKopucToByBaBcsi noprinanauement [I1] II/A-I11-500, skuit Binmosimae
Bumoram JICTY B B.2.7-46:2010 "llemenTn 3araibHOOYIIBHOTO
npusHayeHHs. TexHiuHi ymoBu". B koCTi MiHEepabHOT 100aBKH 10 IEMEHTY
BMKOPHUCTOBYBaBCS MeJieHui Bansk (S=350 M%/kr) B kinbkocti 20 140 % Bin
MacH B’spKydoro. s migBUINEHHS PYXJIMBOCTI CyMillli BUKOPHCTOBYBABCS
cynepmiactugikatop Pemakcoin - Cymnep IIK (CIT) B xinpkocti 0,51 1,0 % Bin
MacH B’ SDKY9OTO.

B tabn. 1 HaBeneHi ekcrieprMEHTaNbHI JaHi, sSKi BiJOOPakaroTh BIUIHB
PelenTypPHOTO-TEXHOJIOTIYHUX (PaKTOPIB, a CaMe:BMICTY MEJICHOTO BaITHAKY
y B’ spkyuomy - (20£20 %), surparu CII - (0,5+0,5 %) ta MexaHOXiMigHOT
akTMBalii Ha Bojo-TBepAe BigHomeHHs (B/T) neMeHTHO-BMillyHOUHX
KOMITO3HLIi# 3 pPO3IIMBOM KOHYCY cyMili Ha mpubopi CyTTopaa B fiana3oHi
d=120+5 mm.

Tabmuus 1 — BrumuB penenTypHO-TeXHOIOTIYHUX (aKTOPiB
Ha BOJO-TBEP/HE BIHOIICHHS IEMEHTHO-BMIIYIOYHX KOMIIO3HIIIT

SIS S = .
= = Q e o O
.| B | £|& | B | §|5
s | 5| § |9 | 3| 5|9
£ g B s & 5 5 I I B
= 5
5 = = S X m '3 = = = an)
ol g = S = ol % = o=
Z = S = = T |8
& QI:): = = g =
o 54 ) (= 5 [5)
] [} o -
= = = =
1 2 3 4 5 6 8 9 10
KOHTPOJIb MEXAHOAKTHUBAIIIS — 180 cex
1 100 0 0 0,42 10 100 0 0 0,38
2 100 0 0,5 0,36 11 100 0 0,5 0,32
3 100 0 1,0 0,34 12 100 0 1,0 0,31
4 80 20 0 0,44 13 80 20 0 0,41
5 80 20 0,5 0,39 14 80 20 0,5 0,35
6 80 20 1,0 0,35 15 80 20 1,0 0,33
7 60 40 0 0,45 16 60 40 0 0,42
8 60 40 0,5 0,39 17 60 40 0,5 0,36
9 60 40 1,0 0,36 18 60 40 1,0 0,33
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AHaii3 eKkCHepHMEHTAIbHUX JaHuX, HaBEeIeHHX y TaOs. 1, CBiAYMTH
Ipo Te, IO BBEACHHI B TMOPTIAHAIEMEHT MEJICHOTO BAITHAKY
NIPUBOJIE 0 3MEHIICHHS PYXJIMBOCTI CyMIIli,lf0 MOTpeOdye 3pocTaHHs ii
BOJIOTBEpAOro BimgHOUIEHHS. Tak,3a0e3neueHHss HEOOXiTHOI PYXJIMBOCTI
cymimi micmst  MexaHoxiMmigHOi akTmBamii mporsrom 180 cex (3
BUKOPHCTaHHSM TUIBKM TOPTIaHALEMEHTY Ta npu BigcytHocti CII)
JOCATAEThCS TPHU  BOMO-IIEMEHTHOMY (B MOAANBIIOMY BOJOTBEPAOMY)
BigHomeHHi 0,38. 3amina 20 % mopTIaHANEMEHTY Ha MEJICHHHA BaIHSIK
npuBone 1o 3pocranas B/T Bim 0,38 mo 0,41, ToOTO Maibke Ha 8 %.
3pocTaHHs BMICTY MEJICHOrO BamHAKYy B B spkydomy 10 40 % Bukinkae
iABHUIIEHHS BOIOTBepaoro BigHomeHHS mo 0,42, Tobto maibke Ha 11 % B
MOPIBHAHHI 3 B’SDKyYHUM 0Oe€3 JOOAaBKM MEIEHOTO BAHAKY. AHAIOTIYHHN
BIUIMB BMICTYy KapOOHaTHOi J00aBKM Ha BOJOTBEPIC BiIHOIICHHS
CIOCTEPIraeThCsl TAKOX 1 AN aKTHBOBAHUX [IEMEHTHO-BMIIIYIOUHX
KOMIO3HUIIH 3 100aBKoIO cymnepruracTudikatopy. IlinBUIIEHHS BOJOBMICTY
i3 3pOCTaHHAM KUIBKOCTI MEJIEHOTO BAITHSIKY CIIOCTEPIracThCsl TaKOXK 1 JJIs
HEMEXAaHOAKTUBOBAHUX I[IEMEHTHO-BMIMIYIOUAX KOMIO3HIINA. B 11poMy pasi
3pOCTaHHS BMICTY MEJICHOTO BalHAKY BHKJIHKA€ 3pOCTaHHS BOZOTBEPIOTO
BigHomenHus Bix 0,42 (kapboHatHa no6aBka BiacyTHs) 10 0,45 (kimbKicTh
MmeneHoro Bamusky 40 9%). Lo crocyeThcs BIUIMBY MEXaHOXIMidHOL
aKTUBaLii HA PYXJIUBICTH CyMiIlli, TO CNiJ BiAMITUTH, OI0 IIBHIKICHE
3MIIIyBaHHS EMEHTHO-BMIIYIOYMX KoMmImo3uwiii nporsrom 180 cek
JI03BOJISIE OTPUMYBATH HEOOXiZHMWi 11 po3miauB Ha npubopi Cyrropaa mpu
3HIDKEHMX 3HA4YCHHSIX BOJOTBEPAOro BimHOmEHHA. Tak, IIBHAKiCHE
3MIITyBaHHS [EMEHTHO-BMIIIy04oi kommosumii (Ne cxmany —10, Tabmn.1)
3abe3nedye OJepiKaHHS 3aJaHoro posmumBy cymimi npu B/T = 0,38.
AHAIOTIYHUH PO3IUINB CYMIIIIi 3aJJaHOTO CKJIaJy, aje sSKa MEeXaHOAaKTHBAIlii
He mimrarana (Ne ckinamy — 1, Tabn. 1), 3a0e3medyeTbes MpH MiABHIICHIN (Ha
10,5 %) Butpari Boau 3aMiinyBaHHS. [3 JOCTIKeHHX (aKTOPIiB BIUTUBY
(BMicT MeJIEHOTO BaIHSAKY, BUTparta cymepruiacTudikaropy) Haibimbmimit
BIUIMB Ha BOJIOBMICT aKTHBOBAHOI IEMEHTHO-BMIIIYI0OU0i KOMITO3HILIIT HAJa€e
BuTpara cynepruactudikaropy Pemakcon - Cynep IIK. 3pocranns ioro
KIJIBKOCTI Y MEXaHOAaKTHMBOBaHOMY B’sbkydomy Big 0 mo 1 % Bukimkae
3MEHIIECHHS BOJOBMICTYy B cepenHboMmy Ha 23...27 %. IlinTBeppkeHHAM
BIIMBY CyTepIiacTH(iKaTopy Ha KIHETHKY IIPOTIKaHHS IPOIIECiB rifparartii
AK Ha MEXaHOAKTHBOBAHOMY B’SDKy4OMY, Tak 1 Ha B’SDKydOoMy, SKE€ He
ImiIsArano  MeXaHOoaKTWBalii € JaHi 10 eK30TepMIYHOMY pO3irpiBy
LIEMEHTHO-BOJJHUX KOMITO3UIIi/ K 0€3 100aBKK MeJICHOTO BamHsKy (puc.la),
TaK i 3 no6askoro 20% MeneHoro BanusaKy (puc. 16).
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Pric. | Bromie MexaHOXIMIMACT AKTIHEANL HA 2K30TePMIMHIIL pO3rpIE HEMeHTHD-
EMUDYHTIOL EQIHOT KOMIIO3II;

a) — MEMERTHO-AOJHA EOMIIOTILE 007 J008EEH MenenoTrn RImERKY,

0] — meMeHTHCO-BEOIEA KOMIOIHIILA 3 J00a5K0k 10 % MeNsHOIO BATTEAKY:

K komrpons { mexapoaktnsan sicyris, Pesascon-Cymep TTK = 0 %),

A — MeTaHOAKTOEOBAHA LEMEHTHO-EMIIIVIOTA KoMIOIOUiZ, Pelakcor-Cymep
LK = [ %33,

K’ — RORTPOTE (MEXAHAARTIRATIA BiAcy ™R, Peaakcon-Cymep 1K = | %5);

A7 — MEXAHOAETHBOBAHA NEMeHTHO-BMINIVEOTA KOMOOINNLE. Pelakcol-Cyoep
TIK = 1 %),
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HageneHi rpadivuHi 3aJ1e)KHOCTI CBiJYaTh MPO T€, 10 BBEICHHS JI0 CKIIay
LEMEHTHO-BMIIIYIO401 KOMITO3MLII cynepruiacTudikatopy 3MeHInye ii
BOJIOBMICT Ta MiJBHIIYE MaKCHMaJbHY TeMIeparypy po3irpiy 3 59 °C
(Penmakconr - Cymep IIK BigcyTHii) 10 76 °C  (KoHUEHTparis
cynepmiactudikaropy ckianae 1,0 %).

3aKIOYHAM ~ €Ta’loM  JOCHI[DKEHHS  OylIo  BHUSBICHHS  BIUIUBY
MEXaHOXIMIYHOI aKTUBAIii B’SHKy4I0T0, BUTPATH MEJICHOTO BAaTHIKY B HBOMY
Ta KOHIICHTpamii cynepruiactTudikatopy Ha MIIHICTh IIPH CTHCKY 3pa3KiB-
0aJ0vY0K i3 MEeMEHTHOro KaMeHro,Tabn.2. CKiIagu eMEHTHO-BMIITyIOUX
HaBeneHi y Ta0i. 1. Posrmsan ekcriepuMeHTaIbHAX JAaHWUX CBIMUUTH PO TE,
[0 MEXaHOAKTHBAIlil € MOTY)KHHM TEXHOJOTIYHHUM BIUIMBOM Ha MIillHIiCHI
XapaKTEePUCTUKU LIEMEHTHOTO KaMEHIO.

Tabmuus 2 — BriuiuB penenTypHO-TeXHOIOTYHUX (aKTOPiB Ha MII[HICTh
LIEMEHTHOI'0 KaMEHIO Ipu cTucky, Mlla

CkJaj; cyMilii B’ sKy40Tro

AxTuBaris
1111 IToptnananement|IlopTinanauemMeHT
Ne | cymimi, T[OpT/IaHALEeMEHT p ! piti( 5 p . Ty 1
ceK — 100 % — 80 %, menenuit | — 60 %, MeneHui

Banusak — 20 % | Bamask — 40 %

Bwuict cynepmnactudikaropy — 0 %

1 0 255 149 11,4
2 90 32,6 17,7 12,8
3 180 34,6 194 14,2

Bwict cynepruiactudixkaropy — 0,5 %

4 0 28,7 16,3 12,7
5 90 38,7 22,1 15,8
6 180 40,1 239 18,3

Bwict cyneprmactudikatopy — 1 %

7 0 32,1 18,5 131
8 90 40,1 229 16,7
9 180 43,0 25,3 189
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[To3uTHBHUIT BIUIMB MeXaHOAKTHBALil CHOCTEpiraeTbcs Uil BCIX
JOCHIJKYBAaHUX CKIAQJiB I[CMCHTHO-BMIIIYIOUMX BOJHUX KOMITO3HIIIM.
Oco0muBO  BiMYyTHa  pOJdb  MEXAHOAKTHBAIi  JUIsi  CKIQaiB 3
cynepruiacTudikyodoro n06aBkor. Tak, BBEAEHHS 10 CKJIQAy LEMEHTHO-
BMimnyro4oi komnosuiii 1 % Penakcon - Cymep IIK cnpusie 3pocTaHHIO
MIITHOCTI IIEMEHTHOTO KaMeHI B 3-X naeHHoMmy Bimi 3 32,1 MlIla
(MexanoakTHBaNis BincyTH:) 10 43,0 MIla (MexanoakTuBattis mpotsrom 180
cek), TooTo Maibxke Ha 35 %. B mopiBHSIHHI 3 KOHTpOJIEM (MEXaHOAKTHBALIiis
BIZICYTHS; CI1=0%) CyMicHUH BILIVB MeXaHOAaKTUBaii i
cynepmactugikyrodoi  mobaBkn  3a0e3medye  3pOCTaHHS  MIITHOCTI
IIEMEHTHOTO KamMeH'o 3 25,5 MITa (kouTpois) 1o 43,0 MlITa, To6T0 Maiike Ha
70 %. Taxkuii TEXHOJIOTIYHMHA INPUHOM MJO3BOJISE BBOJUTH 10O CKIAAy
noptiianauemMeHTy 20 % mMeneHoro BanHsKy, 3a0e3Me4youn Ipy [IbOMY TaKy
K MILHICTb PU CTUCKY LIEMEHTHOTO KaMEHIO B 3-X JIEHHOMY Billi sIK 1 B pasi
BUKOPHCTAaHHS HEMEXaHOAKTUBOBAHOTO MOPTIAHALIEMEHTY ajie 0e3 JoOaBKu
MeneHoro BamHsAKy. CIif BIAMITHTH, [0 aHAJIOTIYHUN MO3UTHBHUI BIUIUB
MEXaHOXIMIYHOI aKTHBAllil CIOCTEPIra€ThbCs TAaKOXK 1 I IIEMEHTHOTO
KaMeHIO Ha 3MIIIaHOMY B’sDKY4OMY 3 J00aBKOI0 A0 mopTiananeMeHTy 40 %
MEJICHOTO BaITHAKY.

BucnoBku:

1. MexaHoximMiuHa aKTHBalis MOAW(DIKOBAHMX BOIHHUX LIEMEHTO-
BMIIIYIOUNX KOMITO3HIH 3 00aBKOI MEJCHOTO BAaIHAKY BHUKIAKAE
3pOCTaHHs SK IHTEHCUBHOCTI €K30TEpMii Tak 1 IiJBUIICHHS BEIMYUHHU ii
MaKCHMaJIbHO PO3IrpiBy.

2. Buxopucranus cynepruactudikaropy - Penokcon Cymep IIK B
MOEJHAHHI 3 MEXaHOXIMIYHOIO akKTHBalli€l0 3a0e3neuye 3HWKEHHS
BOJIOBMICTY LIEMEHTHO-BAITHKOBOT KOMITO3HIIIT B cepeiHboMy Ha 23...27 %,
1[0 MO3UTHBHO BIAM3EPKAIOETHCS HA IMiJBUINECHHI MIITHOCTI I[EMEHTHOIO
KaMeHIO.

1. Tposia B.B. Jlo6aBku ams GeToHiB i OyniBensHUX po3umHiB. KuiB: AcmekT —
Homirpad, 2010. 228 c.

2. ®anukman B.P. INonmkapOokcunatel: Buepa, ceromus, 3aerpa / Tpyaer 1X
MexayHapoIHO# Hay4HO-TIPAKTHYECKOM KOH(pepeHIHH. 3anopoxse: By auumycrpus
JITH, 2008. C.72-76.

3. Barabasch 1.V., Babiy |.M., Streltsov K.O. Intensive separate technology and
itsinfluence on the properties of cement -Water compositions, solutions and concretes
on their basis // Modern construction and architecture, Issue N2. Odessa State
Academy of Civil Engineering and Architecture, 2022. P. 44-51.
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YK 614.842

JOCJIIKEHHS EOEKTUBHOCTI BOTHE3AXUCTY
TEKCTHJIBHUX MATEPIAJIIBI'TAPO®OBHUM IOKPUTTAM

Hanxko F0.B., Bounapenko O.1I1., Hanko O.FO., FOmenko A.B.
(KuiBchKMii HAIIOHATBHAUH YHIBEpCHTET OYIIBHUIITBA i apXiTEKTYpH,
M. KuiB)

Abstract. The analysis of fire-retardant materials for fabrics is carried
out and it is established that the paucity of data for explanation and
description of the process of fire protection, neglect of elastic coatings, leads
to ignition of fabric structures under the action of flame. The development of
reliable methods for studying the conditions of fire protection of fabricsleads
to the creation of new types of fire protective materials. Therefore, it becomes
necessary to determine the conditions for the formation of a barrier both for
high temperatures and for leaching in the presence of precipitation and to
establish a mechanism for inhibition of these processes.

Key words:. protective equipment, fabric, body penetration, weight 10ss,
fabric surface treatment, fire-retardant coatings.

OCKIiJIbKH TIPH eKCILTyaTallii JISTKO3BeAeHUX KOHCTPYKIIiH, BATOTOBJIEHHX
3 BUKOPHUCTaHHAM IPUPOIHUX BOJIOKOH (JIbOHY, OaBOBHM Ta CyMiIueil), ski
BHCOKOYYTJIMBI JI0 BIUIMBY BHCOKOI TeMIlepaTypd i BOTHIO, MOXIIMBE IX
3aliMaHHA. B 3B’S3Ky 3 IIMM BH3HAYAETHCS HEOOXIMHICTH PO3POOICHHS
3aXO0/liB 3aXUCTy 3 BHKOPHCTaHHsS e()EKTHBHHX BOTHE3aXHCHHX MaTepialis,
OCKIJIbKM ~ BUKOPHCTaHHS  COJIbOBHX  aHTHIIPEHIB A1 JICPEBUHHU
Masloe()eKTUBHE, TaK SIK KOHCTPYKILSI HE )KOPCTKA i MOKJIMBE iX OCHITaHHS B
mporeci excruryatamnii. OkpiM TOro, aTMOC(EpHi OImaay TeX BIUIMBAIOTH Ha
mporec nmerpanamii TOKpUTTS. ToMy HEOOXiZHO CTBOPUTH BOTHE3aXHCHI
MaTepiany Ui TaKuX KOHCTPYKIIH 32 PaxyHOK HAIlpaBJICHOTO (hOPMYBaHHS
MTOKPUTTS, CTIHKOTO A0 il HepeMiHHUX TeMIIepaTypHO-BOJIOTICHUX (haKTOPIB.

B po6orti [1] po3rasgaeThcsi BAKOPUCTAHHS BOJHO-CIIUPTOBOTO PO3UYHHY
TETPOETOKCHUCUIIAHY, BOJTHOTO pO3UHHY CUITIKATy HaTpIro,
dbochopyTpuMyOUMX ~ AHTHIIPEHiB  JUIsI  HAJaHHA  BOTHE3aXHCHHUX
BJIACTUBOCTEH IIETIOJIO3HMM TEKCTHJIBHUM MaTepianaM. J{ocimKyroTecs
MIBHAKICTH TEIUIOBUIIJCHHS, Yac Ta MMKOBA MBUIKICTH TEIJIOBUIIICHHS, SKI
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€ HallBO)XIMBIMIUMU (PaKTOpaMu IPH NPOTHO3YBaHHI MIBUAKOCTI 3pOCTaHHS
noxexi. OnHak, He BKa3aHO SK BHUTPUMYIOTH JaHI KOMIIO3MLIi 3MiHY
TEMIEPaTyPHO-BOJIOTICHUX TOJIB.

B pobori [2] mnpeacTaBieHUWii CHHTE30BaHUA psiji OOPOBO-a30THUX
MOJTIMePiB, 11100 3a0e3MeYUTH EKOJIOTTYHO YUCTY aJbTePHATHBY BOIHECTIHKOT
00poOkn  OaBoBHAHWMX  TKaHWMH. Opra”iuHe  TOemHaHHA  OOpY,
(GeHimbopa3oTHOI KUCIOTH, OyJIO YCIIIIHO IOB'S3aHO 3 PO3TAIYKEHHM
MOJIIETUIICHIMIHOM, IO MiATBEPKCHO aHaJi30M. TepMOorpaBiMeTpUIHHI
aHaJIi3 I0Ka3aB, 10 MOJIiMep IeMOHCTPY€E ONTUMAIBHY TEPMOOKHCIIIOBATIbHY
cTabiIbHICTE, JISTKO HAHOCUTHCS Ha OABOBHSHI TKAHWHU MPOCTHM METOIOM
3aHypeHHS 3 BHCOKHM IIOTJIMHAHHAM B CEPENOBHINI aleTOHY. AHali3
Mopoutorii 00yIIFOBaHHS OOpPOOJICHUX TKAHWH BUSBUB BOTHECTIHKICTh
MOKPHTTS 33 PaXyHOK CIIy4€HHS BOIHE3aXHCHOTO MEXaHi3My.

B poGoti [3] Big3HaYeHO CMOJM Ha OCHOBI MeJIaMiHy, SIKi IIHPOKO
BUKOPHCTOBYIOThCS B TKaHWHAX JUIl JOJAHHS BOTHE- 1 TEIUIOCTIMKOCTI.
MopenboBaHi eKCIEPUMEHTH 3 TIPaHHAIM TPHUITYCKalOTh, 10 338 OJMH PayH[
mpaHHs Boj0k0 76...90% MenaMiny Oyii0 BUIAICHO 3 OJATY. A TOMY IIOCTa€
3amada 3a¢ikCyBaTH aHTHUIIIPEH y MaTepiai.

Metoro po0OOTH € BHU3HAYCHHS BOTHE3aXUCHOI €()EeKTUBHOCTI 3pa3KiB
CJIIEMEHTIB HaMeTy Mpu OOpoOIeHHI 3BOPOTHOI MOBEpXHi TiApohoOHIM
TOKPHUTTSIM.

[pw mpoBeAeHHI AOCIIHKESHb BUKOPHCTOBYBAIM MOJICIBHI 3pa3KH €IIEMEHTIB
HaMEeTy, BHMIOTOBJICHI 3 MAapyCHHOBOI TKAaHWHHM, sKi Oyjno 00poOieHo
BOTHE3aXHUCHUMH 3aC00aMHu 3 CEPEAMHU Ta Tipodo6i3aTopoM 330BHi:

— 00po6enwuii rigpodobizaropom (5%-um pozurnom I'J[K-94);

— 06pobnenwuii rimpodobizaropom (5%-um posunHoM mapadiny).

ITpu npoBeneHHi BUNPOOYBaHb B SIKOCTI PO3YMHHHMKA OYyJI0 BHKOPHCTaHO
yauT-CHipiT, SIK MaJbHE — PIJIKY 3alaIioBajbHy cyMill (OEH3UH).

Ha puc. 1 moka3aHo pe3yssraTté BUIPOOYBaHb BOTHE3aXHUILEHOTO 3pa3Ka
eJIEMEeHTIB HAMETY, BUTOTOBIICHHUX 3 APYCHHOBOI TKAHWHH Ta 0OPOOJICHOTO
rizpodobizaTopom.

Puc. 1. Pesynpratu BunpoOyBaHb HEOOPOOICHOrO MOJIEIBHOTO 3pa3Ka
€JIEMEHTIB HAMETY, BUTOTOBJICHOTO 3 TTAPYCUHOBOI TKAHUHHU:
a — 3allaIlOBaHHs MOJIEIIFHOTO BOTHHUINA; O — pe3yJIbTaTH TOPIHHS
HEoOpOOIIEHOTO 3pa3Ka; B — pe3yJIbTaTH TOPiHHSI 00pPOOJICHOTO 3pa3ka
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B pesynbprari BunmpoOyBaHb Ha TigpooOHICTh (puc. 1) BCTaHOBIEHO
BIZICYTHICTb IPOTIKaHHS BOAU B 000X 3pa3kax npotsirom 600 c.

[Tpu BUnpoOyBaHHAX HA BOTHE3aXHCHY €()EKTUBHICTH BCTAHOBJICHO, 110
JUI BOTHE3aXMIICHOTO 3pa3ka, o0pobieHoro riapodoodizatopom (5%-wmii
po3unH [JIXK-94) Oyno 3adikcoBaHO 3HIKCHHA ©(EKTUBHOCTI Ta
OOBYTIIOBaHHA MaTepiary, a Uil BOTHE3aXHIIEHOTO 3pa3ka 0OpoOiIeHOTo
rinpodoobizaTopom (5%-uit pozunH nmapaginy) Oymno 3ahikcoBaHO 3HIKECHHS
e(peKTUBHOCTI 3a pPaxyHOK TOpiHHA mapadiHy Ta JOKaJbHY BHUTOPaHHS
MaTepiaiy.

B pesynpTaTi mpoBeaeHUX BUIIPOOYBaHh BCTAHOBJICHO:

— mpu gii momym’s Ha HEOOpoOJeHI MOIENbHI 3pa3Kd eJIEeMEHTIB
HaMeTy, BUTOTOBJICHHX 3 NTapyCHHOBOI TKAHWHH, BiI0OyBa€ThCs 3aiiMaHHs Ta
MOUIMPEHHS TIOJyM’sl TIOBEpXHEI0, IO TNPH3BOAUTH JO HOro IMOBHOTO
3ropanHs npotaroM 105...120 c;

— npu BUNpoOYBaHHSAX Ha BOTHE3aXHCHY €(EKTHBHICTH I
BOTHE3aXHUIIICHOTO 3pa3ka, 00pobeHoro rixpododizatopom (5 %-uit po3unH
I'/12K-94), 6yno 3adikcoBaHO 3HIDKCHHS €()EKTUBHOCTI Ta OOBYTIIFOBaHHS
Marepiainy, sike ckiano 100%, a 171t BOTHE3aXHIIEHOT 0 3pa3Ka, 00pobieHoro
rinpodoobizaTopom (5%-uit po3unH napadiny), 0ymno 3adikcoBaHO 3HIKECHHS
e(EeKTHBHOCTI 3a paxyHOK TOpiHHSA mapadiHy Ta JIOKAIbHE BUTOpPAHHS
Marepiaiy, a 00ByritoBaHHs cTaHOBIIO0 100%.

BucHoBkH. TakuM 4MHOM, IPOBECHO HATYPHI BUIPOOYBAHH eJIEMEHTa
HaMETy Ta BCTAHOBJICHO [TOBHE 3rOpaHHs HeOOPOOJIEHOTO 3pa3ka, HaTOMICTh
JUIs BOTHE3aXMILEHOT0 3pa3ka BCTAaHOBIICHO BIJICYTHICTh 3aropaHHs Ta
MOUIMPEHHS TMONyM’s 3a paxyHOK YTBOPEHHS Ha MOBEPXHI TKaHWHH
TEIJI03aXUCHOTO HIapy kokcy. O0pobieHHs HoBepxHi rinpodobizaTopoM He
JI03BOJISIE IPOHUKHEHHIO BOJIH, aJie 3HU)KY€E BOIHE3aXUCHY €()EKTUBHICTb.

1. anko 10.B., lanko O.1O., boumapenko O.I1., Jlomara B.B. Onrumizartist
HeOpFaHi'—IHI/IX CKJIaIOBUX BOTHE3aXUCHOI'O JIaKy IJid ACPCBUHU. Bicuuk OZ[GCLKO'I'
JepKaBHOI akajemii OymiBHuITBa Ta apxitekrypu. 2021. Bum. 82. ¢. 123-132. doi:
10.31650/2415-377X-2021-82-123-132.

2. Takey Y., Taussarova B.R., Burkytbay A. Investigation of heat processed
cellulose textile materias of sol-gel composition. 1zvestiya Vysshikh Uchebnykh
Zavedenii. SeriyaTeknologiya Tekstil'noi Promyshlennosti. 2020. Vol. 6. pp. 236-240.

3.ChanSY. S L. LeeK.l., NgP.F, ChenL., YuB., HuY., Yuen RK., Xin
JH., Fe B. A novel boron-nitrogen intumescent flame retardant coating. Cellulose.
2018. Vol. 25. pp. 843-857. doi: 10.1007/s10570-017-1577-2.

4. Zhu H., Kannan K. Determination of melamine and its derivatives in textiles
and infant clothing purchased in the United States. Science of the Total Environment.
2020. Vol. 710. 136396.
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YK 614.842

OCOBJIUBOCTI EHEPI'Ti AKTUBAIIIL
TEPMIYHOMO/JU®IKOBAHOI JEPEBUHU

Hanxko F0.B., Bounapenko O.1I1., Hanko O.FO., FOmenko A.B.
(KuiBchKuii HalliOHATBbHU YHIBEpCUTET OYJIBHULITBA 1 apXiTEKTYpH,
M. KuiB)

Abstract. Wood, as a building material, iswidely used in construction and
architecture due to its mechanical and operational properties, but under the
influence of atmospheric factors it is destroyed. The results of
thermogravimetric researches are given, the dependence of weight loss on
temperature of researches on the basis of which activation energy is calculated
is defined. The reaults of determining the activation energy show that for
hardwood speciesthisvalue exceeds more than 1.5 times compar ed to softwood.

Key words: wood, modification efficiency, thermodestruction, activation
ener gy, decomposition, wood stability.

HepeBuHa, sk OyZiBeIbHUH MaTepial, IIMPOKO 3aCTOCOBYETHCS B
OyIiBHUILITBI it apXiTEKTypi 3aB/ASKH CBOIM MEXaHIYHUM Ta EKCILTyaTalliiiHUM
BIIACTHBOCTSIM, aJIe I1iJ] BIVIMBOM aTMOC(h)epHIX YHHHUKIB pyiHy€eThcs. Came
i MaTepiajy 4yTJMBi JO BIUIMBY BOJIOTH 1 OIOJIOTIYHOIO IOIIKOKEHHSI.
[ligBumuTH  piBeHb eKCIUTyaTamii O0’€KTiB, J¢ BHUKOPHUCTOBYIOTHCS
OymiBeqbHI KOHCTPYKIII 3 JepEBHHHM, MOXJIHMBO 3a JOMOMOTOI 11
MomuQiKyBaHHSA, CYTh SKOTO IIOJSITa€ B HaJaHHI JEPEBHHI 3IaTHOCTI
MPOTUCTOATH Aii BOJIOTH, MOIIMPEHHIO OIOMOIIKOJPKEHHS, SIKE CIIPHSIOTH
JECTPYKIii IePEeBUHH 1 IPUCKOPEHHIO NpoLeCcy pyHHyBaHHS.

3HaHHs (I3MKO-XIMIYHMX BJIACTUBOCTEH TAKWX PEUYOBHH, MOKA3HHKIB iX
SIKOCTi, MEXaHi3My Jii Ha Marepiaid, Tae 3MOTy 3iHCHIOBaTH iX BHOIp 3
ypaxyBaHHSIM €KOHOMIYHHX TMOKa3HHKIB, TPUBAJIOCTI 1 O3MeKH 3aCTOCYBaHHS,
€KOJIOTTYHHX acTeKTiB Toulo [ 1, 2]. A 3acTOCyBaHHS 3aXHCTY JA03BOJISIE 30epiraTn
CBOi (PYHKIIii TIPH €KCIDTyaTaIlii MPOTSATOM 3aJIaHOTO Tepioay yacy [3, 4].

ToMmy po3po0OiIeHHS TEXHOJIOTIYHUX PEXUMIB 3 MOAN(IKYBaHHS IePEBUH,
JIOCIII/KeHHS TeTUI0(i3UKH, BIUTUBI OCOOIMBOCTEH CTPYKTYpH, Ha Iiei npolec
€ HEBHpINICHOI0 CKIaJ0BOIO 3a0e3MedueHHs CTIMKOCTI  OyamiBelnbHUX
KOHCTPYKIIA 3 JEepeBUHH Ta BH3HYAIOTh HEOOXiTHICTH BCTAHOBIICHHS
MeXaHi3My TepMIYHOTO MOTU(IKYBaHHS I TAKUX MaTepialiB.
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Mertoro pobOTH € DOCTiKEHHS SHeprii akTUBAIii po3KIagy TePMIidHO-
Mon(iKOBaHOI IEpPEBUHH i BCTAHOBJICHHS 11 e()eKTUBHOCTI.

Jnst BCTAaHOBJICHHSI MEXaHI3My TEPMIYHOTO MOJU(IKyBaHHS JIEPEBHHU
BUKOPHCTOBYBAJIH 3pa3KH THPCH IIOPil ACPEBUHH SIK Ipad, siceH, cocHa. Maca
3pa3ka cranoBuia 190 mr.

TepMorpaBiMeTpryHe AOCHTIIHKEHHS IPOLECIB TEPMIUHOI MeCTpyKuii B
JUHAMIYHOMY peXHMi 13 3acTocyBaHHAM JepuBarorpadga Q-1500 D,
IIBUJKICTh HArpiBaHHA — 2,5 TpaayciB Ha XBWIHMHY, 3pa30K MOPIBHAHHA —
MOPOIIOK  O-KOPYHAY, Marepial TUITIB —  alyHA, YyTJIHBICTh
ramsBaHoMeTpiB: DTA — 250 mxB, DTG — 500 mMxB.

BesmocepenHi nmaHi mog0 NpoOIECiB, MO BiAOYyBaIOTBCA Yy 3pa3Kkax
MaTepialiB MiJ 4ac iX HarpiBaHHSA B AWHAMIYHOMY PEXHMi, OJEpKaHO B
pe3yibTaTi  TepMOrpaBIMETPUYHUX AOCIHIKEeHb. PesynpraTé aHamizy
JOCIIKYBAaHUX MaTepiajiB UTIOCTPYIOTHCS Ha pHc. 1.

Ha puc. 1 npuBeneno rpadivyHa 3aJeXHICTh LIBHIKOCTI AECTPYKIIT
JepeBUHH BiJ oOepHEHOI Temmeparypu. 3HadueHHs eHeprii akruBamii (E)
PO3paxoBY€EThCS 32 3aJICKHICTIO:

E=1g¢-R @

-1.5

i AceTpy ki

Lo Lo 00 |06y

OfeprcHa ToMneparypa, 00T, K

Puc. 1. I'pacdiuna 3a5eXHICTh MBUAKOCTI TEPMOAECTPYKIIi JEPEBUHHI
BiJ 0OepHEeHOi TeMneparypu: 1 — cocHa; 2 — rpald; 3 — aceH

Temneparypa, 3a 5SIKOi HOYMHAETHCS IHTEHCHBHA JECTPYKIis AEPEBUHH,
TOOTO CIIOCTEPIraeThCs IIBUIKA BTpaTa MacH 3pa3KiB, CTaHOBUTH 215-250°C.
30KkpeMa, y 3pa3Ky JepEBUHHU MOPS/ 3 CHAOTEPMIYHUMH IIPOLIECAMH ITipOITizy
(BimmmemeHHs JETKUX MPOAYKTIB) HAaBiTh 3a MOPIBHIHO HEBHUCOKHX
TeMIepaTyp BifOyBarOThCs €K30TEPMivHI OKHCHIOBAIBHI Iporiecu. OCHOBHE
30UIBIICHHS BTpAaTH Macu B Aianas3oHi remneparyp 180-220°C Bindyinocs 3a
paxyHOK €KCTPaKTHBHUX PEYOBHH BOJAM 1 €TAHONY B pe3yNbTaTi Aerpajaarii
noicaxapuay. I[Ipu tepMmiuniii 00poOui BinOyBaeThesl yTBOPEHHS Pinkoi i
ra3onoAioHoi ¢a3u B OJATOK O MAacWBHOI nepeBuHH. Pinka ¢asza mpu
temrepatypax 200-250°C maibke BHKIIIOYHO BOJA 1 OLITOBA KHCIOTa 3

149



HEBEJIMKAMH KiJIBKOCTSAMH MypaIInHoi KucioTH, Gypdypoiy i Mmeranomy [5].
KucnoTu katamizyoTs po3KIaJaHHs TMOJicaXxapuaiB i 3HIKYIOTh 1X BMICT.

TakuM YMHOM, OTpHUMaHi TEPMOTPaBIMETPUYHI TIOKa3HUKH JAIOTh
MOJJIMBICTh BHU3HAYUTH IMIBHIKICTh TEPMIYHOTO PO3KIANy Marepially mpu
3a/aHiii TeMIeparypi 1 BiJIOBITHO IMOKa3aTH SKICHY OIIHKY TEIUIOBHX
edexTiB, ane OLTBII BAXKIMBOIO 3aJaueio € BU3HAUCHHS €Heprii aKkThBarlil
TEPMOOKHCITIOBAILHOI AECTPYKIIIL.

B Tabn. 1 HaBemeHo 3HA4YCHHA CHEPrii aKTHBALii TPH TEPMIYHOMY
PO3KJaji 1epeBUHHU.

Tabnuus 1 - Po3paxoBaHe 3HaUCHHS €HEPril aKTUBAIIiT
MIPU TCPMIYHOMY PO3KIAJI ICPEBUHHU

Ne Enepris axtusarii, E
n/n HlepesHna (xIx/mMo1b)

1 COCHA 13,47

2 rpabd 23,28

3 SICEH 19,95

Sk, BugHO 3 Tabn. 1, mipomi3 OepeBMHH TBEPAHMX JHCTSHUX TOPiT
motpeOye OULTBIIOI eHEeprifo aKTHBAIii, a 3HAYUTh MOTpedye 3aTpar mpH il
TepMigHOMY MOIH(iKyBaHHI, a caMe 4acy Ta TeMIIepaTypH.

BucHoBku. TakuM YHHOM, 3 PO3PaXyHKY BHSBICHO, LIO IS TEPMIYHOTO
PO3KIIay JCPEBUHHU COCHU MOTPEOYETHCS 3HAUHO MEHINIA CHEePrisl aKTUBAIlii
HDK JUIsl pO3KJIaly NepeBHHU rpada Ta sceHs. Pe3ynbratu J0CiiKEeHb
JIO3BOJIATH TAKOX I[IJICHANPABJICHO BHPIIIyBaTH IMOJAIBIN 3a7adi II070
CTBOPEHHSI HOBUX 3aC00iB 1 Ctoco0iB OTPUMaHHS OpraHiYHUX MaTepiaiiB Ta
YMOB €KCIUTyaTallil Ha pi3HUX 00’ €KTax.
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IMPLEMENTATION OF NEW STRUCTURAL
AND TECHNOLOGICAL SOLUTIONSINTO EXISTING
CONSTRUCTION PRODUCTION

Meneiliuk O.I., Russyi V.V., Bochevar K.I.
(Odesa State Academy of Civil Engineering and Architecture, Odesa)

Abstract. Thereport isdedicated to presenting the results of implementing
patented structural and technological solutions for erecting enclosure
structures using permanent formwork in active construction production.

Keywords: structural and technological solutions, permanent formwork

The development and implementation of new technologies in
construction allows for increased efficiency. More modern building materials
and structural-technological solutions are gradually replacing traditional ones
in the context of ongoing production. One such material, which has great
interest and demand among consumers and clients, is polystyrene foam
concrete. This is a lighter version of traditional classical concrete, where
heavy fillers are replaced with a lightweight polymer (foamed polystyrene
beads). As a result, not only is it possible to achieve significantly lower
weight for enclosure structures, but also excellent thermal insulation
properties.

Polystyrene foam concrete is a lightweight concrete made with amineral
binder and afiller of foamed polystyrene. Itsweight is several timeslessthan
that of traditional concrete. This significantly reduces the load on load-
bearing structures. Moreover, it has good sound insulation properties. In
addition, polystyrene foam concrete is an effective and inexpensive type of
insulation. The authors' research has shown that it can be successfully used
for enclosure structures. Thisled to the patenting of two new solutions. They
weretested in the conditions of active construction production. Both solutions
were examined by specialistsfrom the state-owned enterprise «State research
institute of building constructionsy» (Kyiv). They confirmed the thermal
performance of these solutions, high sound insulation properties, and
guaranteed a service life of at least 30 years.
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The first solution isthe patent UA 149402 «Wall of the building» [1] (fig.
1). The basis of this solution is the installation of a steel frame made of light
steel thin-walled construction (LSTC) (1), with the space between them filled
with polystyrene foam concrete (2). The permanent formwork is made from
cement-bonded particle boards (CBPB) (3).

Fig. 1. General view of the patented structural and technological solution
UA 149402 «Wall of the building»: 1 - LSTC profiles; 2 - layer of
polystyrene foam concrete; 3 - elements of permanent formwork (CBPB)

The method of installing the patented structure involves the following
technological operations.

The construction of the wall begins with the assembly of the frame from
LSTC (1). The assembly of the frame (1) is carried out using self-tapping
screws. The individual components of the structure are manufactured at a
plant with the required profile and size, and then delivered to the construction
site. Special software has been developed for this purpose. The frame
structures are assembled at the construction site and delivered to their project
position in a pre-assembled form.
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The frame (1) can be assembled even without crane equipment. Theframe
is mounted according to the technical diagrams of the structures.

Next, the permanent formwork from CBPB (3) isinstalled by fastening it
with self-tapping screws from the external and internal sidesto the frame (1)
using special patented elements — «omega profiles»y. These significantly
reduce the area of «thermal bridges» and ensure high thermal resistance of
the protected structures.

After the permanent formwork is mounted, the space formed between the
frame (1) elements and the permanent formwork (3) isfilled with polystyrene
foam concrete mixture (2). Due to the specially selected composition
(including necessary additives) and the plasticity of the polystyrene foam
concrete mixture (2), it is possible to pour the wall structure to itsfull height.

No compaction of the concrete mixture is required (the mixture is self-
compacting). The frame made of metal profiles (1) provides spatia rigidity
to the enclosure structures.

Various types and methods of finishing can be applied to such wall
structures, from thin-layer plaster to cladding facades.

The second, improved, and patented solution — UA 154847 «Frame
permanent formwork system» [2] (fig. 2) — differs from the first in that,
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Fig. 2 — General view of the patented structural and technological solution
UA 154847 «Frame Permanent Formwork Systemy: 1 - thermal profile;
2 - formwork made of thermal insulation boards; 3 - moisture-resistant

gypsum board
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instead of CBPB panels on the external side, thermal insulation boards made
of polystyrene (2) are used, and on the internal side, two layers of moisture-
resistant gypsum board (3) are applied.

In both patents, al elements of the enclosure structures perform several
functions. LSTC are used to create a rigid frame that holds the permanent
formwork and bears part of the load. Meanwhile, the CBPB panels, moisture-
resistant gypsum board, or polystyrene boards serve as permanent formwork
and the "rough" (preliminary) finishing layer. The monolithic polystyrene
foam concrete is used as the main element of the enclosure structures. It also
serves as insulation and soundproofing.

Further improvement of the considered solutions could involve using
frames made of aluminum or modern polymer materials, such as fiberglass.
Additionally, other materials could be considered for use as permanent
formwork (e.g., moisture-resistant plywood, OSB-boards, rigid polymer
panels).

In the photo (fig. 3), you can see an example of the application of the
developed technology of frame permanent formwork during the construction
of townhouses on the seaside.

a) b)
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Fig. 3— Example of the use of the patented technology of frame permanent
formwork UA 154847 «Frame permanent formwork system» during the
construction of townhouses on the Black Sea coast in Odesa. The external
cladding of the frame is made of polystyrene, and the internal cladding
consists of two layers of moisture-resistant gypsum board: a) — the process
of constructing enclosure structures for the townhouses; b) — general view
of the completed townhouses
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Both of the considered solutions have been widely implemented in the
construction of new buildings in the Odesa region and in the city of Odesa,
specifically in the following projects:

1. Construction of townhousesin the «Club Marine» residential complex
in Odesa.

2. Addition of afloor to the «Club Marine» residential complex.

3. Addition of a third floor to a building in operation on Shevchenko
Avenuein Odesa

4. Construction of arestaurant in Vilkovo.

5. Construction of the «Sukhy Liman» cottage settlement.

6. Construction of the «Avignon» residential complex in Odesa.

7. Construction of townhouses on the Black Sea coast in Odesa.

1. Wall of the building: patent 149402 Ukraine: EOAC 2/00; E04C 2/292. No. u
2021 00397; filed 02.02.2021; published 17.11.2021, Bulletin No. 46. 6 pages.

2. Frame permanent formwork system: patent 154847 Ukraine: EO4C 2/00; EOAC
2/292. No. u202203576; filed 26.09.2022; published 27.12.2023, Bulletin No. 52. 5

pages.
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Onecbka Aep:kaBHA aKkajaeMis OyIiBHUIITBA Ta apXiTeKTypH
Cainoutso JK Ne 4515 Bin 01.04.2013 p.
VYxpaina, 65029, m. Ozneca, Byn. dinpixcoHa, 4.
ten.: (048) 729-85-34, e-mail: rio@odaba.edu.ua

HaznpykoBaHo B aBTOPCBKili peaxiiii 3 TOTOBOTO OpHUTiHAI-MaKeTy
B penakuiitHo-BuaaBHdoMy Bignini OJABA
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