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3a  Oonomoeoro  cucmemHo20  amanizy 3 BUKOHAHHAM — MAMEMAMUYHOL0
MOOENO8AHHA | OMPUMAHHAM DIGHAHHA pecpecii 00Cni0NHCY8A8Cs 6NAUE HA MIYHICMb
b6emony npu cmucky niacmughixamopa Ioninnacm CII-3, akuti dodasaiu y Kinbkocmi
0,5%, 1,0% a6o 1,5% 6i0 sumpamu yemenmy. Pazom 3 mum, docnioxcysasca eniug we
060X  (pakmopig: B000YEMEHMHO20 CNIBGIOHOWEHHA [ MeMNepAmypHO20 PetCUMy
meepoinHs ~ GemoHy. 3a pieHsHHAM peepecii noOYO08aHI NOBEPXHI 6IO2YKY, SKI
O0eMOHCMPYIOMb 3ANENHCHICMb MIYHOCHI 8AACKO20 OEMOHY NpU CMUCKY IO 3A3HAYEHUX
¢axmopis.

The compressive strength of heavy concrete, as its main mechanical characteristic,
is influenced by many factors. It is possible to determine the degree of influence of
certain factors using the system analysis with performance of mathematical modeling
and getting of the regression equation.

In this article uses the Box-Behnken design, which is often exploited in the study of
concrete technology. The purpose of the mathematical method of experiment planning
was to determine a mathematical model of this research with a record of the function
that will be decisive for the result of the research, based on certain initial conditions. A
three-factor experiment was planned, where individual factors did not correlate with
each other, and the optimization parameter was the compressive strength of heavy
concrete. The effect of Poliplast SP-3 additive, which was added in the amount of 0.5%,
1.0% or 1.5% of cement consumption, was experimentally investigated. At the same time,
the influence of two more factors was studied: the water-cement ratio (0.42, 0.43 and
0.44) and the temperature of concrete hardening (keeping the experimental samples of
concrete in the steaming chamber for 5 hours, keeping other samples within 10 hours, as
well as curing of concrete samples under normal conditions without heat treatment).

Based on the experiments, the coefficients of the regression equation were
determined statistically. When tested, they showed satisfactory reproducibility of the
obtained experimental data - the Cochran’s test was G = 0.125, which is less than the
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tabular value of 0.296. The adequacy of the equation is confirmed by Fisher criterion F
= 2.13, which is less than the tabular F (0.05; f,q; f,) = 2.23.

According to the obtained regression equation were modelled the response
surfaces, which demonstrate the dependence of the compressive strength of heavy
concrete on the content of additive, water-cement ratio, temperature of concrete
hardening.

Knrouosi cnosa: easckuii 6emon, MmiyHicmo, mpu@axmopuuil excnepumenm,
Pi6HAHHS peepecii, N08epXHI 8IO2YKY.

Key words: heavy concrete, strength, three-factor experiment, regression equation,
response surfaces.

Ha MimHIiCTE Ba)XKOTO OCTOHY IIPHU CTUCKY, SIK TOJOBHY HOTO MEXaHIYHY
XapaKTepPUCTUKY, BIUIMBA€ 0araTo YHMHHHUKIB. BU3HAYNTH CTYMiHb BIUIHBY
NEeBHUX ()aKTOPiB MOXKHA 3a JOIIOMOTOI0 CHCTEMHOI'O aHai3y 3 BHKOHAHHSIM
MaTeMaTHYHOTO MOJCIIOBAHHS 1 OTPUMAaHHAM PiBHSAHHS perpecii.

Y po6OTi BUKOHYBAJIOCH JIOCHTI/UKEHHS BIUIMBY IUIacTH(ikaTopa Ha
MIIHICTh OETOHY METOZIOM MaTeMaTUYHOTo IUIaHYBaHHS €KCIIepUMEHTY. Pazom
3 KUIBKICTIO MofaHoro mactudikaropa (y % 10 MacH IEMEHTY) BapiroBajuCs
ie Jiesiki ()akTopH: BOJOIIEMEHTHE CIiBBIJTHOLICHHS Ta TEMIIEPATypHUI PEXUM
TBepiHHs OeToHy. TakuM YMHOM, ITaHYBaBCs TPUGDAKTOPHHUI EKCIIEPUMEHT, 1€
okpeMmi (haKTOpu HE Maiu MK COOOI0 KOpeJsLii, a mapaMeTpoM ONTHUMi3awii
OyIa Meka MIITHOCTi O€TOHY TIPH CTHCKY.

Otxe, (hakTOpamMu BILIMBY NPUHHATO: X; — BMICT Iuactudikaropa y % 1o
MacH IeMeHTY; X, — BoJOlLeMeHTHe criBBigHOmEeHHs, B/L[; X3 — TpuBamcTts
TepMOOOPOOKH y TIPOTIAPIOBANIBHIH Kamepi.

Jdns moOymoBM IUIaH-MATPHIl EKCIEPUMEHTY BHKOHAHO KOJYBaHHS
¢axTopiB (Tadm. 1).

Tabmums 1
YMOBH ITUIaHYBaHHS €KCIIEPUMEHTY
daxTopu PiBHi IarepBan
HarypanbHuit Burmisig Konosanwii BapirOBaHHS BapirOBaHHS
BHIJISI -1 0 | +1

Bwmict mractudikaropa, % X1 05 [ 10|15 0,5
Bonouementhe

criBBigHOmEHHs, B/1] X 0,42 (0,43(0,44 0,01

Yac nponaproBaHHs, FOIUH X3 0 5 |10 5

VYeci ¢akTopu MaroTh BUCOKHH CTYIIIHB YIPaBIiHHS, IO Ja€ MOXKIHMBICTH
BHOpaTH 3a/1aHUH piBeHb BapilOBaHHA: HA OCHOBHOMY piBHI rutanyBanHs (0), Ha
HIDKHBOMY piBHI (—1) 1 Ha BepXHBOMY piBHI (+1).

Bci  mapamerpm JOCHiTHHX 3pa3KiB  BIAMOBINANM MATPUII IUIAHY
eKCIIEpUMEHTY. Y KOXHIH TOYIl IUIAaHy BHTOTOBJISIM IO TPH 3pa3KH, a Ha
OCHOBHOMY DiBHI — IIIICTh 3pa3KiB.
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Jist BUTOTOBIIEHHS OETOHHOI CyMiIIi 0YyI0 BUKOPHCTAHO:

nemeHT M300, BupoOuuk — BAT IBaHO-DpaHKIBCHK-IIEMEHT, C. SIMHUIL,

KBapLOBHH MicOK 3 Kap’epy c. HocaueBmui PoxkuineHcbkoro paioHy
Bonuacbkoi obnacti. JlabopatopHUM HUIIXOM BU3HAUYEeHI MOKA3HUKH: BOJIOTICTh
micky 7,15%; BMICT mUIyBaTHX 1 INIMHUCTHUX 4YacToK 6,8%; MOIyNb KPYIHOCTI
M,, =1,54. BucHoBok: micok JpiOHMI 3 BHCOKMM BMICTOM TJIMHH, TOMY B
nadopaTopii A0AATKOBO OYJIO 3/iMCHEHE BiIMYIIIOBAHHS IIiCKY;

me0iHp BUKOpUCTaHO 3 BupiBchkoro mebeneBoro kap'epy. Llebinp cipwid,
KyOoBuaHUiL. [IpociBOM Kpi3bk cHTa BCTAaHOBIICHO: (pakxiis 5-25.

Beronny cymim ckmamy 1:1,45:2,55 roryBamm y OeToHO3MimryBadi,
(dopmyBaHHS 3pa3kiB (y BUIILAAI KyOiB 3i cTopoHOIO 150 MM) 3 YIIiTBHEHHAM
cyminn 3milicHIoBann Ha BiOpoctom. TBepmiHHA 3pas3kiB BigOyBamocs
BIINIOBITHO O MAaTpUIli IUIAHY: OJHA YacTHHA KyOiB TBEepIila 3a HOpPMaIbHUX
YMOB — Yy BaHHI 3 TiJpaBJIiYHUM 3aMKOM, IHIIy YacTHHY OCTOHHHX KyOiB
MOMIIAJIK Y TIPOTAPIOBaJIbHY KaMepy 1 BUTPUMYBAJIM TaM 5 TOJUH, perTa KyOiB
3ajMIaiiacs B MPONapOBajbHIA Kamepi 1ne Ha 5 roaud. s mpomaproBaHHS
3pa3KiB JOTPUMYBAJIKCh BCTAHOBJICHOTO TEMIEPATypHOTO PEXHMY KaMepu
(Tabm. 2).

Tabnuus 2
TemmepatypHU pexXiM y IpONaplOBaIbHINA Kamepi
lop.| 1 2 3 4 5 6 7 8 9 10
t°C | 30 | 39 42 45 53 60 65 70 71 72

[Micns mpomaproBaHHs BCi 3pa3kd BUTPHMYBAIX Yy BaHHI 3 TLAPaBIIYHAM
3aMKOM aX JI0 BUIPOOYBaHHA Ha CTUCK. BuUrpoOyBaHHA KyOiB BHKOHYBAlld Y
Bimi 28 ni6 Ha mpeci [1-50 (puc.1).

L4

Puc. 1. BunmpoOyBaHHS 3pa3KkiB Ha mpeci
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IIpu BumpoOyBaHHI 3pa3kiB s KOXXHOTO 3 HHUX OyJIO BCTaHOBJICHE
pyWHIBHE 3yCHIUIS, 3a SKMM Oylla BH3HAYCHA MIIHICTh HA CTHCK, a TAKOX 1X
cepesHi 3HaueHHs y (Talu. 3).

Tabmuus 3
Marpun riaHy Ta BUXiIHI eKCIIepUMEHTANIBHI JaHi

Touku |Matpuus naaHyBaHHs Buxinni mapamerpu, fy, MIla
IIaHy | X x| X3 | faa ) | fae (Ve2) | faa (Vi) | fem (55,)
1 +1 +1 0 36.8 36.7 36.7 36.7

2 +1 -1 0 43.7 43.6 43.6 43.6
3 -1 +1 0 35.1 35.0 35.1 35.1
4 -1 -1 0 43.1 43.0 43.2 43.1
5 +1 0 +1 43.1 43.2 43.1 43.1
6 +1 0 -1 41.2 41.3 41.3 41.3
7 -1 0 +1 41.2 41.1 41.1 41.1
8 -1 0 -1 38.8 38.9 38.9 38.9
9 0 +1 +1 38.3 38.4 38.3 38.3
10 0 +1 -1 355 354 354 354
11 0 -1 +1 49.4 49.3 49.3 49.3
12 0 -1 -1 46.1 46.0 46.0 46.0
13 0 0 0 42.6 425 425

14 0 0 0 42.4 42.6 42.5 425

Ha ocnogi mMatputi miany bokca-berkena 0yno BH3HaY€HO pO3paxyHKOBI
mapaMeTpu Ta oOYHCIeHI Koe(illieHTH MpH JHIHHAX 4YWIeHAX, KBaJpaTUIHUX
qreHax 1 B3aemomisx. KoedimieHTn piBHAHHSA perpecii BH3HAYald 3a
¢dopmymnamu (2.48)...(2.51) nocibHuka [5].

HacTynmHuM eTanoMm € mepeBipka BiITBOPIOBAHOCTI OTPUMAHHX JIOCIITHUX
nanux. Jlucnepcito SS 3HaXOAWIH 32 (popMyJI0I0:

S | *)2,
u= r—1i§1 Yui = Yu

Jie | — HoMep TIOBTOPHOCTI; Yyj — BUXiTHHI mapaMerp TpH | -iif TOBTOPHOCTI.
Jucriepcis BiATBOPOBAHOCTI 32 [5] craHOBMIIA:

N
S7= 135 =0,16/14 = 0,01143 MITa’.
NG

u,max

Kpurepiit Koxpena 3a [5]: g = g2 ZN:SE = 0,02/0,16 = 0,125, mpo €
u=1

MEHIIUM Bijx TabamuHoro 3uaueHus 0,296, omke, poOMMO BUCHOBOK, IO MPOIIEC
BiITBOPIOBAHUIA.
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Tabnuune 3naueHns kputepito Crerogenrta t = 2,05 [5, ¢. 153-154] mpu
piBHi 3HaunMocti &= 0,05 (P=5%)if,=N(r—1)=14(3-1) = 28.

OCKiNbKH TpoIiec BiATBOPIOBAHMMN, TO MOXKHA 3aIICATH PIBHAHHS perpecii
3 KOZOBAaHUMH (paKTOPAMHU:

y =425+ 0.65X; —3.65 X, + 1.02 Xg— 1.47 x;°— 1.61 x> + 1.34 x5° +
+0.138 X;X,— 0.05 X1 X3—0.05 X, X3 .

AJeKBaTHICTh LILOTO PIBHSHHS II€PEBIpsIOTH 3a Kpurepiem @Pimepa F.
AJICKBaTHICTh OyJie BIACTHBA, KOJIM BUKOHYBATUMETHCS HEPIBHICTS:

F=82/S. <F(0,05; fug; f,),
e S g 4 — AMCIEPCisl aIeKBATHOCTI, Ky O0YUCIIIOIOTH 32 OPMYIIOK:

n 2

S . Z:(y_yu) ’

d =
2 n—k—lu=1
TYyT y — pPO3paxyHKOBE 3HAUCHHs BIATYKY B u-ToMy mociifdi; fay — wumcmo

cTyneHiB cBoboau aucnepcii aaexBatHocTi fog = N — K — 1; K — uncno dakropis,
B jmaHoMmy Bumanky K = 3; f, — umcmo crymeHiB cBoGoam mmcmepcii
BinTBOproBaHocTi f, = N(Mg — 1); My — UmcI0 MOBTOPHOCTEH, B JaHOMY BHITaAKY
mo=3;

Tabnmune 3HaueHHs kpurepito Pimepa F mpu dmcmi cTymeHiB cBodoan
mucnepcii anekBatHocTi f)g =N —k—-1=14 -3 -1 =10 i npwu ymci cTyHeHIB
cBoboau aucnepcii BigrBoproBanocrti fy = n(mgy — 1) = 14(3 — 1) = 28 cranoBuThH
F(0,05; fa; fy) = 2,23.

g mocmimgy Nel Bigryk

y® =425+ 0.65 x; —3.65 Xp+ 1.02 X3— 1.47 X;>— 1.61 x,° + 1.34 X2 +

+ 0.138 X;X,— 0.05 X; X3—0.05 X5 X3 .=

=425+ 0.65 x(+1) —3.65 x(+1) + 1.02 x 0 — 1.47 x(+1)— 1.61 x(+1)* +

+1.34 x0%+ 0.138 x(+1) x (+1)— 0.05 x(+1) x 0 — 0.05 x(+1) x 0 = 36.558 .
st inmmx gocinis: Y& = 43.583; y©® = 35.083; y“ = 43.441; y© = 43.099; y©
= 41.265; y\) = 41.359; y® = 39.045; y¥ = 38.251; y*? = 35.511; y*V) = 49.351;
y1? = 46.011; y =y =425,

Bianosigne 3HaveHHs (y - yu)z Jutst iepmoro jocmiay (36.558 — 36.7)2 =

0,02016; ananoriuno mis mocaigy Ne2 0,00029; ms nocmimy Ne3 0,00029; ms
nocmigy Ned 0,11628; mis mocmimy NeS 0,000001; mast mocmizy Ne6 0,00122;
st pocigy Ne7 0,06708; s mocmimy Ne8 0,02103; mist mocaimy Ne9 0,0024;
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s gocmigy NelO 0,01232; mns mocmimy Nell 0,0026; anms mocmimy Nel2
0,00012; ms nocnigy Nel3 0,0;ms nocmixy Nel4 0,0.

Jucriepcist anekBaTHOCTI
1 & -y 1
s2 = _ —_—(0,02016 + 0,00029 + 0,00029 +0,11628+
ad n-k-l;(y yu) 10
0,000001+ 0,00122+ 0,06708+ 0,02103+ 0,0024+ 0,01232+ 0,0026+ 0,00012)
=0,2438/10 = 0,02438.

13 1
$?==1"s%=-0,16=0,011428 MIla’.
N 14

Otxe, mpum gucrepcii  ageKBaTHOCTI Sgd = 0,02438; pmucmepcii
BiZITBOPIOBAHOCTI Sf, = 0,011428 poszpaxynkoBe 3Ha4eHHs kpurepito Dimepa

CTaHOBUTUME. [ =i= 0,02438 —213, AKMI MeHmmH Bif TabAUIHOTO
2 1l
, 0,011428

S
snauenns F(0,05; fy; f,) = 2,23, oTxke, poOMMO BHCHOBOK, IO PiBHSHHSA
perpecii agekBaTHe.

3a piBHSHHAM perpecii moOymoBaHi moBepxHi BiAryKy (puc. 2, 3, 4).

0,42

Puc. 2. 3anexHiCTh MIITHOCTI OCTOHY IIPU CTHCKY
BiJl BOJOIIEMEHTHOI'O CITiBBIIHOIICHHS Ta BMICTY IUTacTH(IKaTOpa
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Puc. 3. 3anexxHicTh MITHOCTI OETOHY TIPH CTHCKY
BiJl BMICTY IUTacTH(]IKaTOpa i 9acy IpomaproBaHHS
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0.42

Puc. 4. 3anexxHicTh MiITHOCTI OETOHY NPH CTHCKY
BiJl 4acy NPOIIapIOBaHHS Ta BOAOILIEMEHTHOTO CIiBBIIHOIICHHS

BucHoBku. JIoCTiKEHHS IMOKA3ajad, IO BBeIEHHs m00aBku Ilomirmmact
CII-3 no ckmapy cymimi B kijgbkocti 0,5...1,5% Bin mMacu neMeHTy 301blye
MilHicTh 6eToHy Ha 15-24%. Tlpu nonasanui [Tonimnmact CII-3 B kinbkocti 1%,
npu B/I] = 0,42 ta BurpuMyBaHHI HpoTsroM 10 roaWH y MpomaproBaibHIN
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Kamepi OyB OTpUMaHU# OeTOH, SIKWii 1oKa3aB y Bili 28 1i0 MIIHICTb IIPU CTHUCKY
49,3 MIla, o 6inpire Ha 37,7% y NOPIBHSHHI 3 KOHTPOJIBHUM CKJIAJ0M.
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