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MEXAHOAKTHUBALS IIOPTJIAHAUEMEHTY 3 1TOBABKOIO
MEJIEHOI O BAITHAKY 1 11 BIVIMB HA MIIHICTD BYAIBEJIBHOI'O
PO3YNHY

Bapa6am 1. B.:, l'op6osuii O. JI.

Y00ecvra oepacasna axademis 6ydisnuymea ma apximexmypu

AHoTanisi: B npaktuii BUpoOHUITBA MiHEPaTbHUX B’SHKYYHX IIUPOKE PO3MOBCIOKECHHS OJlepKalli
3MilllaHi [IEMEHTH 3 BUKOPUCTAHHSM MiHEpaJbHHX J00aBOK 1, 30KpeMa, MelleHoro Bamusky. OpHieoo 3
BYUIMBUX MPOOJIEM B TEXHOJNOrii BHPOOHUIITBA 3MIIAHMX IIEMEHTIB € CTBOPEHHS ONTHMAaIbHUX
KOMOIHAII{A MOPTIaHALEMEHTY 3 MEJICHUM BaITHAKOM, 5Ki, OKPIM €KOHOMIYHOI €()EKTUBHOCTI, CIIPHUSIIOThH
OJIEP’)KAHHIO B’SDKYYOrO 3 TOKPAalIeHUMH BIACTUBOCTSIMU. AKTYaJIbHUM JUISL JTAHOTO JOCIHIDKEHHS €
AKTHUBAIlisl 3MIMIAHOTO B’SDKYYOro 3 BUKOPHCTAaHHIM cynepruiactudikytodoi nodaBku Penakcon-Cymep 1K
B Kimbkocti g0 1 % Bim Horo macu. B pobGori po3rispaerbes poO3AUILHUN Ta CYMICHUE BIUIMB
MeXaHOAKTHBAIlll, BUTPATH 3MIMIAHOTO B’SHKYYOro Ta JI0OOABKM MENEHOTO BAaITHSAKY y HBOMY, a TaKOX
BHTpaTa cymnepruiactTu(ikaTopy Ha MIl[HICTh Ha CTHUCK OY/AiBEIBHOTO PO3YMHY Y Bilmi 3-x Ta 28-um mid
TBEpJJHEHHSI B HOpMaJIbHUX yMoBax. J{Jis BU3HAUeHHs BIUIMBY Ta ONTUMI3aIlii epepaxoBaHux (akTopiB Ha
MIIHICTh Ha CTUCK OYJIBETHHOrO pPO3YMHY TPOBENeHO 3-X QakTopHuil ekcrepuMeHT. Opepxai
MOJTIHOMIaJIbHI MOJIEII JIO3BOJIMIIM BCTAHOBUTH TPIOPUTETHUN BIUIMB HAa MILHICTH OYAIiBEJIHHOTO PO3YHHY
BUTPATY MEXaHOAKTHBOBAHOT'O 3MIIIIAHOT'0 B’SDKYYOro. 3pOCTaHHs HOro BMICTY B CKIIaJIi PO3YHHY BUKITHKAE
MIJBUIIEHHS HOro MII[HOCTI Ha CTUCK B 3-X mo0oBoMy Bimi 3 24 MIla (koutpons) mo 40,5 MIla, To6To
Maibke Ha 70 %. HactymHum 3a 3HAYMMICTIO ()aKTOpOM BILTUBY HA MIIHICTh OYAiBEIBHOTO pO3UUHY Ha
MEXaHOAKTUBOBAHOMY 3MIIIAHOMY B’SKYU4OMY € BHUTpaTa cynepruiactTudikaTopy. 3poCcTaHHS HOTO BMICTY
Bix 0 mo 1 % BuKNIMKae 3pOCTaHHSA MILHOCTI po3unHy B 3-X moboomy Bimi 3 31 MIla mo 41,2 Mlla, To6To
Mmaiixe Ha 35 %. o crocyeTbesi BINIMBY MEXaHOAKTHBAIlll Ha MIIHICTh OyAiBETFHOIO PO3YHHY, TO CIif
BII3HAYUTH, II0 MAaKCHMaJIbHUM e(eKT BiJ IIBHAKICHOI OOPOOKH IEMEHTHO-BMIIIYIOYO0i KOMITO3MIN 3
T00aBKOIO MEJICHOTO BAITHIKY CITOCTEPIra€ThCS TaKOXK Yy 3-X J0OOBOMY Billi — B I[bOMY pPa3i 3pOCTaHHS
MIITHOCTI Ha CTUCK 3pa3KiB CTaHOBHUTH He MeHIe 60 %.

KurouoBi cjioBa: MexaHOAKTHBALisA, CynepruracTu(ikaTop, MeJIEHH BalHAK, MATEMAaTHIHUNA ITUIAH,
OyIiBenpHUN PO3UHH.

MECHANICALACTIVATION OF PORTLAND CEMENT WITH THE
ADDITION OF GROUND LIMESTONE AND ITS EFFECT ON THE
PLACE OF BIND SOLUTION

I. Barabash?!, O. Gorboviy*
'0desa State Academy of Civil Enginiring and Architecture

Abstract: In practice, the production of mineral binders has become widespread with mixed cements
using mineral additives and, in particular, ground limestone. One of the important problems in the
technology of production of mixed cements is the creation of optimal combinations of Portland cement
with ground limestone, which, in addition to economic efficiency, contribute to the production of a binder
with improved properties. The activation of a mixed binder using the superplasticizing additive Relaxol-
Super PC in an amount of up to 1% of its mass is relevant for this study. The work considers the separate
and combined effects of mechanical activation, the consumption of mixed binder and ground limestone
additives in it, as well as the consumption of SP on the compressive strength of the mortar at the age of 3
and 28 days of hardening under normal conditions. A 3-factor experiment was conducted to determine the
influence and optimization of the listed factors on the compressive strength of the mortar. The obtained
polynomial models allowed to establish the priority influence on the strength of the mortar of the
consumption of mechanically activated mixed binder. The increase in its content in the composition of the
mortar causes an increase in its compressive strength at 3-day age from 24 MPa (control) to 40.5 MPa, i.e.
by almost 70%. The next most important factor influencing the strength of the mortar on mechanically
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activated mixed binder is the consumption of SP. The increase in its consumption from 0 to 1% causes an
increase in the strength of the mortar at 3-day age from 31 MPa to 41.2 MPa, i.e. by almost 35%. As for the
influence of mechanical activation on the strength of the mortar, it should be determined that the maximum
effect of high-speed processing of the cement-containing composition with the addition of ground
limestone is also observed at a 3-day age - in this case, the increase in compressive strength of the samples
is not less than 60%.

Keywords: mechanical activation, superplasticizer, ground limestone, mathematical plan, mortar.
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1 BCTYI

OmnuM 13 e(eKTMBHUX METOMIB IMIJBUILEHHS EKCIUTyaTalliiHUX XapaKTepPHCTUK
OyIIBEIBPHOTO PO3YMHY € MEXaHOXIMIYHA aKTUBAIlisl MIHEPAIBHOTO B’ SDKYJOTO B TIOEHAHHI 3
BUKOPUCTaHHSAM CylepruiacTu(ikaTopiB Ta MiHepalbHUX 100aBOK. B mpakTuii BUpoOHHUIITBA
PO3YMHOBHX CyMimield Ta OyqiBeNbHUX PO3YHMHIB HA IX OCHOBI HIMPOKE PO3MOBCIOJHKECHHS
onepxkap noptaananement [11] 1I/A-B 3 no6aBkoro Bamusiky Big 6 1o 20 %. TexHOIOTIYHO
TaKW{ TOPTIAHAIEMEHT 3 BamHSAKOM (B MOJAIBIIOMY 3MIIIAHUN IIEMEHT) OJCPXKYIOTh SK
CYMICHHM TIOMEJIOM TOPTIAHIEMEHTHOTO KIIIHKEPY, TBOBOIHOTO TilCy Ta JOOABKU BaITHAKY
TaK 1 peTelbHUM 3MINTYBAHHSAM MOPTJIAHALEMEHTY 3 HeoOxiaHow (6...20 %) KUIbKICTIO
MEJIEHOro BamHsKy. Bimomo, 1m0 3pocTaHHsS MPOLEHTHOTO BMICTy BamHsaky (>20 %)
MPUBOANTH J0 AKTHBHOCTI 3MIIIAHOTO IIEMEHTY, IO MOTpeOye 3pOCTaHHS HOTO BUTpPATH B
OyniBebHOMY po3uuHi. [lepcrieKTUBHUM METO/IOM MOKPAIIEHHS MEXaHIYHUX XapaKTEPUCTHK
SK IIEMEHTHOTO KaMEHIO TaK 1 OyJIBEIbHOTO PO3UMHY Ha HOTO0 OCHOBI € MEXaHOAKTHBAlllsl
3MIIAHOTO IIEMEHTY B IIBHJAKICHOMY 3MIllyBayl TYpOYJEHTHOTro Tuly. TeXHOJIOTT4HO
MEXaHOXIMIUYHA aKTHBallil JOCUTh JETKO BIIUCYEThCS B ICHYIOUl TEXHOJIOTTYHI CXEMH
BUPOOHUIITBA PO3YMHOBUX CyMillIeH, 10 CHpHsi€ OUIbII MOBHOMY PO3KPHUTTIO MOTEHLIHHUX
MO>KJIMBOCTEH K 3MIIIAHOTO [IEMEHTY TaK 1 0y1IBEIbHOTO PO3YMHY Ha Or0 OCHOBI.

2 AHAJI3 JITEPATYPHUX JAHUX TA ITOCTAHOBKA ITPOBJIEMH

B npakTtuiii BUKOpUCTaHHS pO3YMHOBUX CyMIIIeH Ta OyiBeIbHUX PO3UYHMHIB HA IX OCHOBI
Bce OUTbIIIE PO3MOBCIOKEHHS OJCPXKYIOTh 3Mimmani B’spkydi [1-5]. B sikocTi MiHepanbHUX
N00aBOK /10 IIEMEHTIB MOJKJIMBO BHKOPHCTOBYBATH Pi3HI HeopraHiuHi martepiamm [6, 7]. Sk
MpaBUJIO, TIEpEBara HaJlA€ThCsl TUM MaTepiajaM, siKi XapaKTepru3yIThCsl BUCOKOIO MIITHICTIO 1
mubHICTIO [8]. Ilpu BBeAEHHI B MOPTIAHAIEMEHT MAJIOMIITHUX 1 BOJOTOEMHHUX MaTepiaiB
OJICPXKYIOTh 3MIlIaHEe B’sDKydYe 3 TMOHIDKEHOI0 MIIHICTIO, MOPO30CTIHKICTIO, MiIBUIIECHOIO
ycaakoro [9, 10]. OnHi€ero 3 Takux MIHEpPATbHHX T00ABOK JI0 IEMEHTY € KapOOHAT KaJIbIIito
CaCO3 (Bamusk). BHacmimok BeNMKUX PO3BiTaHUX 00’€MIB BaIHAKY BUKOPHCTAHHS HOTO B
SIKOCT1 MIHEpaAJIbHOT T0OABKH JI0 IIEMEHTY Oe3IepepBHO 3pOCTac i, Ha JaHUH Yac, 00’ €M TaKux
IIeMEHTIB mepeBuinye o0’em mnoptriaananementiB tumy [II[ 1. Ilopsng 3 mno3uTUBHUM
€KOJIOTTYHUM acCIIeKTOM 3aCTOCYBAaHHS BalHSAKY 3a0e3mneuye ojep:kaHHs OyJliBeTbHUX
pO3unHIB Ta OETOHIB 3HMW)KEHOI eHeproeMHOCTI [11]. 3HaYHO MiICHIIIOE TIO3UTUBHUM €(DEKT
BiJl BBE/ICHHS B MOPTJIAHALIEMEHT MEJICHOTO BAIMHIKY MEXaHOXIMIYHA aKTHUBAllld B sDKY4YOTro B
TypOyneHTHuX mnoTokax [12, 13]. BukopucraHHs MIBHUIKICHOTO TiAPOJUHAMIYHOTO
3MILTyBaHHS Ui aKTHBAIlil IIEMEHTY B MO€IHAHHI 3 ONTUMAJIBHOIO 32 KUIBKICTIO JI00aBKOIO
MEJICHOTO BamHAKy Ta cynepruiactudikaropy 3abe3meuyroTh, HOpsan 3 IUlacTudikailiero,
MIPUCKOPEHHS MPOIIECIB TifpaTallii IEeMEeHTY, 10 J03BOJUTH BIIMOBUTHUCH BiJl BUKOPUCTAHHS
eHepro3aTpaTHUX MIBUAKOTBEPAHYUIHX IIEeMEHTIB [14].

3 HIJIb TA 3AJAYI JOCHIUKEHHS

Merta 3arponoHoBaHOi poOOTH MOJIATa€ y BU3HAYEHH] PO3UTLHOTO Ta CYMICHOTO BIUIUBY
MEXaHOAKTHBALlll, BUTPATI 3MILIAHOTO B’SXKY4OTo Ta J0OaBKU MEJIECHOTO BalHAKY Y HbOMY, a
TaKO>X BUTpPATH cymnepriactugikyrodoi n1o6aBku Penakcon-Cynep 1K Ha MIIHICTE Ha CTHCK
Oy/iBETBHOTO PO3UMHY Yy Billi 3-X Ta 28-u Ai0 TBEpJHEHHS B H.y. MexaHOXIMIYHA aKTUBAIlis
MO/11(IKOBAHOT BOJTHOT KOMITO3UIIT TUTBKH 3 MOPTIAHILIEMEHTOM, a TAKOXK CYMIIIIl B SKY4OTO
3 MEJIEHUM BallHSKOM Ta CyMNepIulacTH(IKaTopoM 3AiHCHIOBANAcs B IIBHIKICHOMY MIIMHI
(n=1800 06/xB) poTsirom 180 cek. 151 KOHTPOJIO BUKOPUCTOBYBAJIACS CYMIll aHAIOTI4HOTO
CKJaay, aje sSKa MEXaHOXIMIYHIM akTuBallii He mifnsarana. (s BU3HAUEHHS BIUTUBY Ta
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ontuMizalii mepepaxoBaHuX (aKTOpiB Ha MIIHICTP HAa CTUCK OYyAIBEIHHOTO po34uHy OyB
npoBefeHu 3-X (AKTOPHUH EKCIIEPUMEHT, J€ B SKOCTI HE3aleKHUX Oynu NPUHHATI
criayrodi (akTopu: a) BUTpaTa 3MIIIAHOTO B SHKYYOTO Yy CKIIahi OymiBeIbHOTO pPO3YHHY; O)
BUTpaTa MEJCHOTO BamHAKY Yy CKIaAl 3MIIAHOTO  B’SDKy4Ooro, B)  BHUTpaTa
cynepmactudikyrodoi nodaBku Pemakcon-Cymep [IK (B mogansmomy CIT).

4 PE3YJIbTATU JOCJIIKEHHSA

B sKocTi B’SDKydoro B EKCHEPUMEHTAIbHHUX JOCTIDKEHHSX BHUKOPHUCTOBYBABCS
noptnaraiement [ II/A-I11-500, sxwit BimmoBimae Bumoram JICTY b B.2.7-46:2010
"[leMeHnTH 3aranbHOOYIIBHOTO MpH3HA4YE€HHA. TexHIyHI yMOBH'. 3MilIaHe B SKyde
OJIEPXKYBAJIA IIJISXOM PETEIHHOTO 3MINIYBAaHHS BIJ030BAaHOT KUTHKOCTI MEJIECHOTO BAITHSIKY
(20 140 % mo maci) Ta HopTIaHALIEMEHTY. B aKoCT1 3anmoBHIOBaYa Jij1s1 OYIiBETLHOTO PO3YMHY
BHKOPHCTOBYBaBCA KBapuosud micox 3 M, =2,2. JlocmimKyBanacs MilHICTh Ha CTHCK

3pa3kiB Oanayok — po3MipoM 4x4x16 cwm, siki OyJlM BUTOTOBJIEHI 13 PO3YMHOBOT CyMilll SIK Ha
MEXaHOAKTHBOBAHOMY 3MIIIAHOMY B’SKYy4OMY TakK 1 Ha B’S)Ky4OMY aHAJOTIYHOTO CKJIanay,
aje sAKe MEXaHOXIMIYHIN akTuBamii HE MipIsarano. ExcnepuMeHTanbHI JOCHIIKEHHS
MIPOBOJIMIIACS 3 BUKOPHUCTAHHSAM J[-ONTHMAabHOTO MaTeMaTHYHOTO IulaHy. B excnepumenTi
BapilOBaJIMCs HACTYNHI (pakTopu:

X, —BITHOIIEHHS Macy 3MIIIAHOTO B’SHKYJOTO J0 HEMEJIEHOTO KBAapIoOBOro micky — 1:3;
1:2:1:1;

X, —BUTpaTa MEJICHOTO BaIHAKY y 3MilIaHoMy B’ sukydomy — (20£20) %;

X, —surpara CII (Bix macu 3mimanoro B’spxydoro) — (0,5+0,5)%.

Butpata Boau 3aMilllyBaHHS JJIsl KOKHOI CTPOYKH MaTEMaTUYHOTO IUIaHY IpuiiManacs 3
pO3paxyHKy OJEp)KaHHS JiaMETpy PpO3IUIMBY CYMIllI HAa CTPYIIYBAIBHOMY CTOJIMKY Y
mianazoni 14045 mM. 3amaHumii  miaMeTp PO3IUIMBY PO3YMHOBOI CYMIIIl  TpHMaBCS
OJIHAaKOBUM JJISl IBOX IMOPIBHIOBAJIBHUX TEXHOJOTIH — 3 BUKOPHCTAHHAM MEXaHOAKTHBAIi
3MIIIAHOTO B’SHKYYOTO 1 TEXHOJIOTII, B SIKI MEXaHOAKTHBAIliS B sDKY4YOro HE mepeadadanacs
(koHTpOJB). [1MaH eKkcepuMeHTY 1 CKJIaau AOCTIHKCHHUX OyIiBEIbHUX PO3YMHIB HaBEICHI B
tabi. 1.

Tadauus 1
MarteMaTUYHUH IJ1aH €KCIIEPUMEHTY 1 CKJIad OyIiBEIbHUX PO3YNHIB

BMmicT cyxux KOMITIOHEHTIB PO3YMHOBOI CyMillli Ha
PiBHI He3ameKHUX OJIMH 3aMicC
No (haktopis 3B CKna’z[ 3MIIIAHOTO Ksapio- | Pxaxcon
B’SKYYOTO u st _Cynep
X, X, X ; IlopTnaunm- Menenui Hicok, MK, r

LIEMEHT, T BaITHSK, T

1 2 3 4 5 6 7 8 9

1 - - - 1:3 500 - 1500 0,0

2 - + - 1:3 300 200 1500 0,0

3 0 0 - 1:2 534 133 1333 0,0

4 + - - 1:1 1000 - 1000 0,0

5 + + - 1:1 600 400 1000 0,0
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1 2 3 4 5 6 7 8 9

6 - 0 0 1:3 400 100 1500 2,5
7 0 - 0 1:2 667 - 1333 3,4
8 0 0 0 1:2 534 133 1333 3,4
9 0 + 0 1:2 400 267 1333 3,4
10| + 0 0 11 800 200 1000 5,0
11 - - + 1:3 500 - 1500 5,0
12 - + + 1:3 300 200 1500 50
13| 0 0 + 1:2 534 133 1333 6,7
14| + - + 1:1 1000 - 1000 10,0
15 + + + 1:1 600 400 1000 10,0

IIpumitka: 1:3; 1:2; 1:1 — cniBBiIHOIIEHHSI MiK BUTPATOI 3MIIIAHOr0 B’SIZKY40ro (T) i KBapuoBoro
micky (1)

Cratuctuuna oOpoOKa eKCIIEpUMEHTAIBHUX JaHUX J03BOJIMIIA OJIEP>KATH TOJIIHOMIATBHI
Mozem (1-4) mirHOCTI OyAiBENHHOTO PO3YMHY HA CTUCK B 3-X Ta 28-m J000BOMY BIlli B
3JICIKHOCTI BIJT IOCTIIKYEMUX (PaKTOPIB:

R"®=23,6+6,6X,+2,5X-0,9X,X,+0,7X,X,
-3,0X,-0,9X? +0,6X,X, (1)
+3,6X,-0,2X%;

R.:% =39,0+10,7X, +4,4X} -1,3X,X, +0,8X,X,
~4,9X, -17X; ~0.7X:X, @
+5,7X,;

R: =13,3+3,6X, +1,3X2 ~0,5X,X, +0,2X, X,
~1,7X, -0,4X? -
+1,8X,;

Ry =29,8+8,2X,+3,3X/ —0,9X,X, +0,6X,X,
~3,9X, -1,2X} %)
+4,5X,.

ne R'“¥(MIa), R"* (MIla) — milHicTh Gy/1iBeTHOTO PO3YMHY HA MEXaHOAKTHBOBAHOMY
3MIlIaHOMY TOPTIAHAIEMEHTI y 3-X Ta 28-u J000BOMY BIIli;
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R“*(Mlla), R (MIla) — miunicts  GyliBE/ILHOTO ~ PO3YMHY ~ HAa  3MillIAHOMY

MOPTIAH/IIIEMEHTI, SKU MEXaHOAKTUBAIlii He MiIAraB (KOHTPOJb), y 3-X Ta 28-u 1000BOMY
BIITI.

Amnanizyroun marematuyti mojeni (1-4) cmig BiAMITHUTH, 0 MakCHUMaJbHUN BILUIMB Ha
MIIHICTh OYAIBETFHOTO PO3YMHY 5K Y 3-X J000BOMY TaK iy 28-u 7000OBOMY Billi HaJJa€ BMICT

3Mima”oro B’sxydoro (X,) y po3umHOBIH OyaiBenbHi cymimi. [ligTBepmxeHHIM

BHU3HAYAJIbHOI'O BILJIUBY BMlCTy 3MIIIAHOTO B ﬂ)Ky‘-IOFO Ha MlIIHlCTI) 6YIIIB€JII>HOFO p03‘-II/IHy SAK

Ha MEXaHOAKTHBOBAHOMY TaK 1 Ha B’SDKY4OMy, SKE€ HE MIAIATAI0 MEXaHOAKTHBALil, €
oJtHO(aKTOPHI rpadiuHi 3aJIeKHOCTI, SIKi HaBe/IeH] Ha puc. 1. )
a)
46 46 46
42 42 42
5 A A
= 38 A 38 38
= 34 \ 34 34
1
[‘5’ 30 30 30
o 26 26
s A 26 . K
2 2 / 22 22 o
Q
2 s 18 \\\ 18
E A —— ——7
S 14 14 14 A
10 / K 10—
6 - 6 6
-1 0 1 q 0 1 -1 0 1
X1 X2 X3
0)
§ 70 70 A A
2 60 | 60 \\ 7
5 a 50 | /K
40 40 i
R A A
g 30 . 30 k 30 %‘
20 ! 20 ﬁ\ 20
K K ™~ K
10 ! 10 - 10 T
-1 0 1 -1 0 1 -1 0 1

Puc. 1. B penenTypHUX (akTOpiB HA MIIHICTH OYIiBEIFHOIO PO3YHHY HA CTUCK B 30HI MAKCHMYMY

(—) ta miHIMyMY (— ):
a — MirHicTh OyIiBEIEHOT0 PO3YHHY B 3-X 1000BOMY BIlli;
0 — MimHICTh OyAiBETFHOTO PO3UYHHY B 28-1 T0OOBOMY Billi;
K — KoHTp OB (MIIHICTH 3pa3KiB HAa B’sDKyIOMY, SIKE MEXaHOAKTHBAIII{ HE ITi[IATalIo;
A — MIIHICTB 3pa3KiB HA MEXaHOAKTUBOBAHOMY B’ SKYIOMY

AHanmi3yloud eKCIepUMMEHTaJIbHI [JaHi CJiJ BHU3HAUUTH, IO 3POCTaHHSA BMICTY
MEXaHOAKTHBOBAHOTO 3MIIIAHOTO B’SDKYYOTOo Yy CKJIaJi PO3YMHOBOI CyMIllll BHUKJIMKAE
MIZIBUIIEHHS. MIITHOCTI Ha CTHCK Oy/iBeNbHOrO po3uuHy B 3-X n0060BOoMYy Bili 3 24 Mlla no
40,5 Mlla, To6T0 Maibke Ha 70 %. B 28-u no6GoBomy Billi BIJIMB BMICTY aKTHBOBAaHOTO
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3MIIIAHOTO B’SHKYY4OTO Ha MIIHICTh OyIiBEIBHOTO PpO3YMHY [0 3HIKYETbCA 1 HE
nepesumrye 62,5 %. Hacrymaum 3a 3HauuMMICTIO (akTOpoM BIUIMBY Ha MIIHICT
Oy/iBETHLHOTO PO3YMHY Ha MEXaHOAKTHBOBaHOMY B spKydomy € Butparta CII. Cruin BinmiTutH,
mo 3poctanns BMicty CII Bin 0 10 1 % macu 3mimaHoro B’spKy4oro MpUBOAE A0 MiIBUIICHHS
MIITHOCTI IIEMEHTHO-IIIIAaHUX 3pa3kiB B 3-X moboBomy Bimi 3 31 MIla no 41,2 MIla to6T0
Mmaibke Ha 33 %, a B 28-u noboBomy Bimti Ha 29 % - 3 52 no 67 MIla. 1llo cTocyeTbcs BIITUBY
BMICTY MEJICHOTO BAITHSKY Ha MII[HICTh HAa CTUCK OYAIBEIBHOTO PO3YHMHY B 30HI MAaKCUMyMa,
TO EKCTIEPUMEHTAIBHO BCTAHOBIICHO, IO B 3-X JOOOBOMY Billi 3pOCTaHHS BUTPATH BAIHSKY Y
3Mimranomy B’spkydomy Bimg 0 mo 40 % Bukimmkae 3HWKEHHS Horo minHocti 3 40,5 MIla 1o
32 Mlla, To6T0 Mmaiixe Ha 27 %. Hdns OyaiBelbHOTO PO3YMHY Ha MEXaHOAKTHBOBAHOMY
B’sSOKydoMy y 28-u n000BOMy Billl BBEAEHHSA 10 CKIaAy 3MimaHoro B’spkydoro 40 %
MEJIEHOTO BAaIHIKY MPUBOJE /10 3HUKEHHS MIIIHOCTI 3pa3KiB (B MOPIBHSIHHI 3 BUKOPUCTAHHAIM
MOPTIaHALIEMEHTY 0e3 100aBKM MEJIEHOTo BanHAKy) Ha 23 % - 3 65,2 no 53 Mlla.

[Ilo crocyeTbcs BIUIMBY MEXaHOAKTHBALlll HAa MIIHICTh OYAIBEIBHOIO PO3YMHY TO CIij
BU3HAUWUTH, 110 MaKCUMaJbHUH e(eKT BiJ MBHUAKICHOI OOpOOKM LIEMEHTHO-BMILIYIOUOi
KOMITO3UIIIT 3 J00aBKOIO MEJIEHOTO BaIHSAKY CIOCTEPIraeThes B 3-X 1000BOMY Billl - B I[bOMY
pazi 3pocTaHHs MIITHOCTI Ha CTUCK 3pa3KiB CTaHOBHUTH He MeHIie 60 %. B 28-u noboBomy Bitri
eeKT BiJ MEXaHOAKTHBALI JEII0 3HWKYETHCS 1, B MOPIBHSIHHI 3 KOHTPOJIEM, HE MEPEBUIILYE
30...32 %.

[ligTBepIXKEeHHSIM MO3UTUBHOTO BIUIMBY MEXaHOAKTUBALIIl € rpadivHi 3aJIeKHOCTI, B IKUX
BIUI3EPKAIOETbCA  BIUIMB BUTPATH 3MIMIAHOTO B SKY4Oro Ha MILIHICTh Ha CTHCK
OyZAiBeNbHOTIO pO3unHy B 28-1 1060BOMY Billl, puC 2.

60

Res MITa

300 T30 1000

Puc.2. Biuiis BUTpaTH 3MilaHOTO B siky4doro (Kr/M°) Ha MiLHICTh Oy/IiBeJIbHOr0 PO3UUHY Ha CTUCK B 28-
n000BOMY BIIIi:
1 - MexaHOAaKTHBOBaHE 3MIIIIaHE B SDKy4E;
2- KOHTpOIIb (3MillIaHe B’SDKYYE, sIKe MEXaHOAKTHBALIT HE MiIAraino

3adixcyBaBmu dakropu X, i X, (BuTpartu meneHoro BamHsAKy Ta CII) Ha HynbOBHX
PIBHAX OTPUMAEMO MaTeMaTH4H1 3aJIe)KHOCTI, K1 MatOTh BUTJISA:

R“?(MIla) =39,0+10,7.X, +4,4X/, )
RY?(MIla) = 29,8+8,2.X, +3,3X_. (6)

Opepxani TpadiyHi 3aI€KHOCTI HATNSAHO MIATBEPKYIOTh BIUIMB MEXaHOXIMIYHOT
aKTHBallii Ha 3pOCTaHHA MIIHOCTI OyIiBEIbHOrO po3uuHy. Tak, MIIHICTH OyAiBETbHOTO
PO3UMHY HAa MEXaHOAKTHBABAHOMY 3MillaHoMy B’spkydomy (32 Mlla) 3a0e3neuyeTbest npu
BUTpaTi Horo B kimbkocTi 500 kr/vS. Jlns OTpUMaHHS aHAJOTIYHOI MIHOCTI OyAiBETLHOTO
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pO3YMHY Ha 3MIIAHOMY B’SDKYYOMY, SKE€ MEXaHOAKTHBAIlli Ha MiIsIraio, HEOoOXiTHO
BUTPATUTH HOTO B KinbkocTi 790 kr/m®, mo maibke na 60 % Oiblie.

5 OBI'OBOPEHHA PE3VYJIBTATIB JOCJIIKEHHSA

PosrmstHyTi Yy CTAaTTi  pe3ynbTaTd  JOCHIAIB IOB’S3aHI 3 BH3HAYCHHSM BIUIUBY
PEIEeNTYPHO-TEXHOJIOTTYHIX (PAKTOPiB, a came: a) MEXaHOXIMIYHOI aKTHBAIlii 3MIIIaHOTO
BSDKYJOTO (CyMill TMOPTIAHIIEMEHTY 3 J00aBKOIO MEJEHOrO BalHAKY; 0) BHTpaTu
3MmimaHoro B’spkydoro; B) Burpatu CII Ha MIIHICTP HAa CTUCK OYAIBEIBHOTO PO3YHHY.
Butpara 3MiIaHOTO B’SKYdoro mpuitmanocs B miamasoHi Big 500 mo 1000 kr/m®.
CratuctruHa 00poOKa eKCIepuMEHTAIbHUX JaHUX Ta OJIepKaHl MOJIHOMIAIbHI MOJIEN1 SIK Ha
MEXaHOAKTHBOBAHOMY B’SDKY4YOMY, Tak 1 Ha B SKYy4OMY, K€ HE MIJUIArano MeXaHOAKTHBAIlll,
JI03BOJIMJIM 3pOOUTH BUCHOBOK PO MPIOPUTETHUH BIUIMB Ha MILHICTh OY/A1BEIBHOTO PO3UYUHY
gK B 3-X 1000BoMy Tak 1 B 28-u 1000BOMy Billl BUTpaTy 3MIIIAHOTO B’SXKYy4Oro.
ExcriepuMmeHTanpHl JaHl CBig4aTh MNpO Te, IO 3pPOCTAaHHS BMICTY B’SKYyYOTO B CKJIajl
po3unHOBOi cymimi Bim 500 mo 1000 kr/mM® BUKIMKAe MiIBUINEHHS MIIHOCTI HAa CTHCK
OyIIBEIILHOTO PO3UMHY B 3-X noOoBoMmy Billi 3 24 no 40,5 MIla, a 28-u no6oBomy Bitli - 3 33
no 54 MlIla, To0to Mmaibxe Ha 66 %. HactymHum 3a 3HauMMicTiO ()aKTOPOM BIUIMBY Ha
MIIHICTh OYyIIBEIBLHOTO PO3YMHY Ha MEXaHOAKTHBOBaHOMY B’sbkydomy € Butpata CIIL
3poctanHs #oro Bmicty (Bix 0 g0 1 % Macu 3wmimaHOro B’SDKY4OTO) HPUBOIUTH JI0
MIIBUIIEHHS MIITHOCTI IIEMEHTHO-TIIIaHUX 3pa3kiB B 3-x mo6oBomy Bimi 3 31 Mlla mo 41,2
Mlla, Tobro maitxe Ha 33 %. [llo cTocyeTbcs BIIMBY MEJIEHOIO BamHAKY Ha MIIHICTh Ha
CTUCK OyJIBEIbHOTO PO3YMHY, TO CJIiJi BU3HAUWTH, 110 MEXAaHOAKTHBAIlll B 3HAYHIA Mipi
HIBEJIIOE CTaJl HOTO MIITHOCTI, 10 JO3BOJISIE BBOAUTH JI0 CKJIaay 3MIIIAaHOTO B’spKydoro a0 40
% MeJeHOro BanHsAKy 0e3 ICTOTHOTO 3HWKEHHS MIIIHOCTI PO3YMHY Ha CTUCK B 28-1 1000BOMY
BIIII.

6 BHUCHOBOK

MexaHoxiMiuyHa aKTUBAaLlis MOPTIAHALIEMEHTY 3 100aBKOIO MelIeHOro BamHsKy (110 40 %)
B mnpucyrtHocti CII € edekTHBHUM TEXHOJOTIYHMM BIUIMBOM B MpOIECi BUPOOHHUIITBA
OyIIBEJILHOTO PO3UYUHY.

7 ETWYHI JEKJIAPALIL

ABTOpPM HE MawTh Oyab-IKUX (IHAHCOBUX 4YM He(DIHAHCOBUX IHTEPECIB II0J0
MaTepiajiB, IPEJCTaBICHUX Y Lii CTATTI, sIKi CJIiJl PO3KPUBATH.
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