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SUMMARY

Kaliuzhna Olenalncreasing the early strength of concrete reinforced concrete
sleepers with complex additives. Qualifying scientific work on the rights of the
manuscript.

Dissertation of Doctor of Philosophy degree in Specialty 192 Construction and
Civil Engineering (19 Architecture and Construction). Ukrainian State University of
Railway Transport of the Ministry of Education and Science of Ukraine, Kharkiv,
2021.

The dissertdon was completed at the Department of Building Materials and
Structures and the Department of Railway Tracks and Transport Structures of the
Ukrainian State University of Railway Transport and consists of an introduction, five
sections, general conclus® a list of 154 used sources, and annexes.

A general description of the work was presented at the introduction, in
particular, the relevance of the chosen topic was proved, the connection with
scientific programs and plans was shown, the purpose, dmecsubject, research
objectives was formulated, sets out the provisions of scientific novelty, substantiate:
the reliability and practical significance of the results, data on their approbation was
given.

The production of reinforced concrete sleepergery resourcentensive due to
the high design strength of concrete and, especially, the need to quickly obtain :
transfer strength of 32 MPa, so finding and justifying the use of complex additives
that provide high early strength of concrete under naturdbw-heat curing is an
actual task. The relevance of the research is determined by the implementation of tr
research in the composition of the state budgetary research works of the Ministry o
Education and Science of Ukraine. The purpose of the msémrto develop the
production of prestressed reinforced concrete sleepers with natural or low
temperature hardening conditions due to the use of complex additives that do nc
cause corrosion effects on the steel reinforcement. The subject of the lresearc
concrete of concrete sleepers with additives of superplasticizers polycarboxylates

electrolytes accelerators, and dispersion of calcium hydroxylate; the research object
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early stages of the hardening process and formation of early strength ofitristeo

The results of the research were approved at four international conferences-in 201
21 and published in seven papers, including two articles in the Ukrainian
publications, two articles in the publications indexed by Scopus, one article in the
foreign edition.

Section Icontains the results of an analytical review of the modern concepts of
obtaining a high early strength of concrete. The features of the design and technolog
of production of reinforced sleepers, ways to accelerate the hardeningonéteoat
the expense of using the optimum composition of the concrete and chemica
additives, methods of determining the composition of the concrete, superplasticize
and complex superplasticizer and accelerator additives, limitations on the use o
additives in concrete, ways to increase the early strength of the concrete of railway
sleepers was investigated. As a result of the analytical review, a working hypothesi:
was developed which consisted in increasing early concrete durability by using the
concree of optimal composition with complex superplasticizer polycarboxylate
additive and accelerator, which does not cause a corrosive effect on the reinforceme|
- dispersion of calcium hydroxylates as a crystalline seed for the rapid formation of
crystallinehydrates.

In order to achieve the aim and to complete the hypothesis, the following
research tasks were carried out: to clarify electro surface properties of cement stor
components with additives; to investigate features of molecular structure of
superplaticizer additives and to clarify the mechanism of their influence on the early
strength of cement stone and concrete; to carry out thermodynamic analysis of th
possibility of creating crystalline hydrates wiihA and electrolyte additives having a
posiive surface charge and contributing to the formation of an additional number of
electro heterogenic contacts in the early terms of hardening; to perform
stoichiometric calculations and to determine the amount of electrolytic additives that
will be connectd in crystalline hydrates, and to perform thermodynamic analysis of
the crystalline hydrates stability; to study the complex influence of superplasticizers,

electrolytes and dispersion of calcium hydroxylates on the early strength and
9



structure of the cenm¢ stone and concrete; to carry out an eleetnicroscopic
examination of the structure; to make experimental studies of the impact of
superplasticizers and complex additives on the early strength of the concrete sleepel
to perform physical and chemioakamination of the phase composition of hydration
products of cement with additives; to perform potentiodynamic and microscopic
examination of the influence of additives on the corrosion resistance of steel
reinforcement in concrete; to develop and tolangent recommendations on the use

of complex additives in the concrete of concrete sleepers, to estimate economi
efficiency; to implement the results of research in the educational process.

Section Zontains the materials and methods of research. Grqwatiz sand,
Portland cement #wbO0N, additives were used for the manufacture of the studied
samples: superplasticizers polycarboxylates of different manufacturers, acceleratin
electrolytes calcium nitrate and calcium chloride, dispersion of calciulrokylates
as well as higlguality low-carbon dry material with the diameter of 3 mm for
reinforcement of frontoaded silica concrete.

The physical properties of materials for concrete were determined by standarc
methods, the fractional composition of camh- using a particle size analyzer
Malvern ZetaSizer. The efficiency of concrete mixes and physical and mechanical
properties of concrete were determined by standard methods. The possibility o
formation of hydration products of cement with additives wagestigated by
thermodynamic method, composition of hydration products using physical and
chemical methods X-ray phase analysis, infrared spectroscopy, scanning electron
microscopy. Boundary corrosidree amount of electrolyte additives was determined
using stoichiometric calculations. The influence of additives on corrosion resistance
of steel reinforcement in concrete was investigated by potentiostatic methods
Reliability of the results of the investigations was ensured by correct application anc
metrological support of standard and original methods of tests and investigations, us
of independent research methods, repeatability of test results, their statistica

processing, and compliance of experimental and theoretical results with each other.
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Secton 3contains a theoretical explanation of how to increase the early strength
of the concrete of concrete sleepers with a complex additive. The electrostatic an
surface potentials and charges of the main cement stone and concrete componel
have been detmined; the mechanisms of influence of superplasticizers, accelerators
of electrolyte hardening, and dispersions of calcium hydroxylate on early concrete
strength have been studied.

Section 4&ontains the results of experimental studies on increasing@étie
strength of the concrete with the use of a complex additive. The influence of
polycarboxylate superplasticizers and complex additives on the early strength o
concrete sleepers has been investigated, physical and chemical examination ¢
cement stonewith additives, electromicroscopic examinations of its structure,
potentiodynamic and microscopic examinations of corrosion state of steel
reinforcement in concrete with additives has been carried out.

As a result of the carriedut theoretical and experental investigations new
scientific results were obtained. In particular, the concept of electro surface propertie
and interactions during the hardening of Portland cement with additives has beel
developed, including the following statements: Integlilédorium electro surface
potential of granite is minus 0.89, but plots of its surface can be both negative
(quartz, orthoclase) and positive (biotite) charge; plasticizing effect of anionic Super
active reagents is caused by their vibronic adsorptiompasitively charged grain
surface areas of cemeniz$) and the fillers: lignosulfonates through an insignificant
number of groupSQ; neutralize the charge ekd and have a mediwplasticity
effect, melamineinformaldehyde and naphthaleneinformaldehyde through a
significant number of groupBO; rechargethew ;¢ and have a strongly plasticizing
effect, polycarboxylates due to large number of functional greugSort [ and
long carbohydra radicals to ensure rechargiagd, is supported by steric effect,
that is why it has the greatest plasticizigalerreducing) effect; As a result of
nitrate and calcium chloride elimination thermodynamically stable calcium
hydrochloride and calcium hydrochloraluminates are created, their crystalline

hydrates have a positive surface charge and provide an additioméker of electro
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heterogenic contacts in the early terms of hardening; The safe quantity of calciun
nitrate and chloride is determined by their connection with the aluminate phases an
also, in the amount af;¢ at the clinker; the most accelerating effect of calcium
hydroxylates dispersion additive with polycarboxylate is achieved due to the fact thal
HSC particles increase the surface area, on which crystallization of hydration
products occurs and providesick filling of spaces between cement particles and
fillers with establishment of electro heterogenic contacts. For the first time, the
dependence of early strength of concrete sleepers on various compounds and tl
number of additives of superplasticizeplycarboxylates has been obtained,
accelerating electrolytes and dispersion of calcium hydroxylate at different hardening
conditions, as well as potentiostatic curves of corrosion state of reinforcement bars i
concrete with these additives.

Section contains information on the implementation of the results of research
in the production of precast concrete structures and building composites. Develope
recommendations for the use of superplasticizer polycarboxylate additives anc
accelerators of hardening the concrete of concrete sleepers. The developed means
of increasing the early strength of concrete is used to increase theegtence of
composites based on mineral nutrients with complex additives. We have assessed tl
economic efficiency of usaqnchemical additives to reduce the energy intensity of the
production of concrete sleepers. The results of the research have been used in t
educational process. The practical value of the obtained results is shown, this mear
ensuring the reduction of seurceenergy consumption during the production of
high-voltage concrete sleepers and other precast constructions and products withol
reducing the indicators of their quality and is confirmed by implementation at
enterprises, as well as in the managerpentess.

The general conclusions that summarized the performance of the research tasl
and state the achievement of the goal and additional materials are given in thi
annexes.

Keywords: concrete, additives, hardening, early strength, concrete sleeper
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f " Hise jtoHdIsd o' HfmMkIlsde Mis! CtesL ' 2dzedm 5
C' d& ¢ s ms.

] S sdz0dets Isj todstsH d dzOdz” ydz® tetsL tc O TRABRDOG
tesL yddeded n Mtsdzj 2 € Odz y' ¥ L o dL dzOtfp detlz® o3l
CEL e dgzlsdn MdMmlsj BOE L O OdzOdkzse’ ‘¢ L |
csLtcOrzdzC 2 OO jHjdzs E IsOBdz. 3. B¢toll= dz
fmut dD,H A,B,C,Ditcj ysoddzd OBt ' tsdzd, N tsabgtclzls
di’ njMstsdj stedyde CtsjW 15 ‘ dsd, odL &zOyOdz

g = @ct+ G- qi5- g, (3.3)

H JGy, G G Gap- 0 ' dz' g0 j dzj e’ W klso tsi B dzdzn

C,D' L j K a3 dz
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v OB @283y
I dzt 20 | dzj06e zb o [steg Bl toj yso ddz IsO

1 ' ' H dzO dzdzV DG

1 O2 d&3j dzlz o T d e

{51 dzOY ) d ANSted3z dzO0 S 1 3/ (
vte! SR COd Y B
O drs o5 ColO Is 3Ca0Al,0; - 3382,3 [150
r detcOls Mk dz . I
COd ' CaSQ@H,0 1797,8
Mmdzsted H & © dz!CaCh - 749,34 [151]
| Iste Ols '¢yOgzr YCa(NOGy), - 743,49 ¢
| " HiesmMkzdz ¥ €
COdz y' ¥ 3CaOd,0;8CaSQE2H0 |
Sted i d ¥ Ols d@ ©aAL(SQ)(OH)a6H0 | 0202910
L 498 (Jlsisted
| HiesmMikzdz ¥ & ) ) )
COdz y' ¢ 3Ca0Bl1,0;@aSQd2H,0 7785
Bt dzs Mz dz' W O kO B @aAl(SQ)(OH),,6H,0 S
L G §-§
Loy o €O %caod00ackdono | oo A
LohE ﬁ G 585 G3caom,0,0aNG),d0H0 | 67780 k
11 6s O B @&,Al;(OH).1(NGs),@H,0 ’
| tStols dzOdzH  Is [Ca(OH) -897,0 ¢
s Odz' ydls 4 O( g () -1129,2 ¢
1'BBMdIs AI(OH); -1151,0 ¢
| sH O H,O 12372 ¢
| B dzj 2 MezOL |CO, - 394,37 [15]]
us dz S 'Oxdzr b & -552,7 ¢
M dzts tis dz Cl 131,29 (¢
| 'Is o363tz NO;’ 111,49 ¢
usdz o Sl stotsH [H 0 C

l s By dzde  Mls! ° fjtjoOckz fjtjB' cgkz |
' Rdzotdz dzs’ j deD®G ' T s | Y B #OH OCA dzQ j @ O It
L dzOy P@zddfe ' Hyddzd ftots sy dzde ' fls! § jtejB' @
i f tots fjtcjoOclk O ' didsjdzmdods Nj Htesls®
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odL ZzOYyOdzd h v B sds ) Os@E@dadz' ©® jrGisw 2 st
' 2CsMis' LB 0dOdse' ‘5 L |

[sydds® t©jOSYy' ' oLO &sH' Mz eMakt,
Flsotstejdzdgv d@3 J &ds, I mdps SO |1 PG, IStOSL 6O HE
LO Wettdbdss (1) ftjHfMisOodjd o lOBd 2

v OB dzd yw
t iOCy"" oLO BsH'  Mkzd ¥ OLIA 1 dstsd
: Cw DG,
{40OCYy T

1 | 3Ca0dl,0; + 3CaSQAH,0 + 26H,0 = 3Ca0A\l,0;3CasSQB2H,0 -260,3

2 | 3ca0@dl,0; + CaSQAH,0 + 10H,0 = 3Ca0dA\,0;&asQ?2H,0 -225,5

3 | 3Ca0®d\l,0; + CaCh + 10H,0 = 3Ca0d\l,0:&aCLA0H,0 -307,1

4 | 3Ca0@l,03 + Ca’*+ 2CI + 10H,0 = 3Ca0A\,0:&aChG0H,0 -237,6

5 | 3Ca0@\l,03 + Ca(NOs), + 10H,0 = 3Ca0d\,0;@a(NOs),A0H,0 -280,2

6 | 3Ca0OB\,0; + Ca*+ 2NO; + 10H,0 = 3Ca0B\,0;&a(NO;),A0H,0 -2435
1] OBdk 3.4 odHdts, Nhts ofg' tj OCY"' &t
1 BBMO, s fedfOHO d&O 1 dBsd Isteds Odz
OB Mtsdzs Isdzj DG dz@®\ jOkkdg’ @ = 3 bklotstey dedg® 4 m¢

moYdils: fJtets Atsets fjtejoOekz IsO ' dzlsj dzmd o dz’

V L9' WwLCEZ L rOKOCIjtesds ftesBdzg iz HBY'
11¢s k2 odmsCth' d doik "'"skzydsdkz ¢ O0dj dz
ofdzdo g f €D Istew (o dzzlstc® h dgw LsdzO d3OMmdoek
tctsL C dzOH Odzdzy d3sy dzd o J 9 Hfteo Hdzs HB to]
jJdjte' v | "BBMO ydrs ttj0¢y' 2 (3.3) dzOoj+
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v OB dzd yO

{ JOCY' LS ZOHOdRMY ' HiEGD dIZsteOds &' d

DG,

) td OSy" w 1
&Bis dz!

7 |CaAl,(OH)1,Cl,@H,0 = 4Ca(OH), + 2AI(OH); + 2CI' + 2H* + 2H,0 183,7

8  |CayAl,(OH)1,.Cl,@H,0 + 4CO, = 4CaCQ; + 2AI(OH); + 2CI" + 2H" + 6H,0 - 116,4

9 |[CaAl,(OH)1A(NOs;),@H,0 = 4Ca(OH), + 2AI(OH)s + 2NO5 + 2H" + 2H,0 190,6

10 [CaAl,(OH);o(NOy),@H,0 + 4CO, = 4CaCQ; + 2AI(OH); + 2NOy + 2H* + 2H,0 |- 109,5

] 2Oy jDlzdztc j OCy' 2 8 sO 10 (lsOBdz. 3. 5)
Imes (Md A" HidY) O J1¢s 2 fdmizisc
¢ ' BBMdlk IO odo"|a® diy Czde" dgtf tsts tizh ezts C|1 d3ts ¥ O
L dgQg dzB tj ©OCy' 2 7 9 ®Mmeo' HYOIs! ftots Isj
o' HiMkzls dzgsMBO &z D Bso * todzd .

CS odHdets 10t AStey ddzsTtideiEids d3tsy j o do ' dz
oHdE, bRz Ekd@sesd ftls' COddzv t6j OCYy" 2
" sdz,NOPCl 9 Hi e ' HUzs Iss@ ISsOS ey . H 1 tots O dzO dz'
o' odzvdz' o' odetso Ocd. sSHAsOdSO t' o dtso OCC

_[C° +[D]°
(A +[B]” (3.4)
HJOL[I] [¢], [D] - Is§ tcd8ts @A ds ddstdzj  ts Gtodis 0'9 dz0O :to
HdzZW Ise JteHdnr ©] utse dztz tocsicy{ deglzdzd] & ts dzy ) dzis © €
4 9 Bstzsfztzd) ¢ - @By cOL" eesBz ksdmMSkE t o
Qlgh 1=-Ate.
S cdzffds@ds’ o dzgso Ocd o' WL OdzO L o' dz! datss
[152:
0G = -RTInK, (3.5)
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HiR kdzdo jtemOdz OMBHUANL 85,001 £3 b1 Astsdp + s ;
t C+273,16- OB Mtsdz® Is dzO s j 3§ & ®IBEMSBO ,1 6H dg™. 2 5
126 On o DIz23626lgK L dzOAR] Wizts Is ts  BE.5)MBts
InK = 2,3026IgK = DG/2,3026RT=-DG/2 , 30261 81 2083115

InK = -0,175DG. (3.6)
1'H s Op d 8 oA dd), s izted BO° B to' o dzv dzdg” o' ¢
| —[[i]]i[[[f);}: =-0175DG;

cl Ig[C] + dI Ig[D] - al Ig[A] - bl Ig[B] + 0,175DG = 0. (3.7)
rdzv tjOCy" " 2 8 * 10 to' odgV dadzy tofsd datso Oc

IgCq; T pHi 2gPsos+ 10,196 = O: (3.8)

IgCnoa | PHi 21gPeos + 9,592 = 0. (3.9)
[ SLIEOTEdS o dd " d"oitsd L kiOZ ko Odzdgy o
s5dMC, CO o' HY toads' HiES 2 oS5 EBls MY jt6° , SO

Ctodzyj delstc Oy O dah lizilg®@ls Iz a3 ¥ ORF o' H dzgzdzv  H
dz2' stcOllkz COd y'¥ tlstedd@3Odzs §sdv Mmls' 2¢ s
g 3, 97 @fff. 3. 5).

pH

7 \
8 N FXAK U FHAK  cmiliki
9 AN
10 \

N —_— =0
11 N

\ — =G

12 AN
13 —|=0:D » =ghB@dez"Zx|
14 | | IlgC

-10 -8 -6 -4 -2

t dMm.} Bdzws Mmils® 2 € s plsdy’ O lsiltc SRRt dz | 7
G' Hictsdz lstetsOdzs o5 dzOIskz S Odz' y' su [431, 057 GltOd
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Csdeyj WsEDINYNO HdzY  J'mods ( dxPB Ui’ HYtso' H
g = 'fded/lsiz H. )

PdzOdz' L ftsdz 9 Mls' 2C M’ ¢ tod @ls di3th HED.J sz
(f OGedp 2 d S, 9 7Y 'ty = 12,'5 1 Hasiss § dzOH O Is! f
Ctodzyj delste OUs'dz on dzstef Stotso sz j Az TTsE@Od Yz Is
1T '@'sdz/odz,H Y 50 ' Hidak totpB liets ¢ Qtodstsdz’ L 59 O dats A3z
Bjlssdz ,sO M@ isps LS EZOHOE s w s dzr §d ¢
Nzt dz- laPle 2 fstetsotsdkz jdzj Slstetsdzl kBP0 B |

17T Ms'sdzlodz,H f S sBWKBS Isd ydzs | fls' 2 ¢ d dizd
| BRscteOid Hdzv o dL dOyj dzdz?y HEH EZMis @dits’
tcjLEzd sOO®R] OdOdE Lk Mbjn' sBkjbte' = toj

mMkzdz ¥ Olslkz € Odzt, y'cs HES tHE dshesbisiitplz dz/ W 5 O dzé d3' dzO

cChs HetsHPEdMWh & dzt i3 dzOls € Odz' y* &
LokWik! v -dzj OR dptiztzelzl Ol4f ts o dzj Lo' WL Izo Odadgw
COtcOdzsso Odzs L OB J LY juyudls! Mvw ftod o d¢ ts5dzO dzc

[ (van+cpiMiusn+caat) duza+cudf)us s Mcaar (3.10)

Hd (danrcmaMyuvsarcnar) (bamamy s T 3CEON  (G)kzdizd C.AF,
dzj 5B = * H d&z2O, ' HYf s9o ' H dzts, Hdzw f tseodzsetts -~ '
Yd o34 dzls hs o dISBQues delz , iw msdzOls A ‘1dg’, wh =
1888 j ssdzz, € @ ;

[ 4w3pMcaar T d3Q@@ sttt C/AF, 8 H Y 50 " &H dap) dj fistc Oy O "' Is!
1d3B § lizs dz€ ¢ .

CShs LdzjrlskoOlsd ¢cdzO L Of OMé L HOId Ml
OCIsdodesets, dg 3 u83¢, Cdz dze€ jtodesets 3 dzj tc
o dJGedzvHE:

[ usatMcaamst oz Of uso (3.11)

Hd wida Moaams whe sl d30TNA1 dzj 5B 79 H AR & 'dzv dztf s 9 dz

Rl ydesets Lo WLEoOdd ¢ ffmEkz, "t & °misd

Bjlsdkz, ms ° ls, "mjbdbkEEyOtls' v do 1
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] OL'Qde Ss@pse zHiss o * toff 5§ dzts

[ usa=mmy3,A/ 100 %,; (3.12)
Mcaams= MugMcaamsh / 1 0 0 %; (3.13)
[ w3qs=M sMcaaqg A/ 1 00 %; (3.14)
fusgmuzg/ 100 %, (3.15)

Hi wamm i € a2 @i0Mey e yj dpy delsf 596 meas H s dz
30,9 dIStOYO’ Is! Mw dzO L o1 W L d&r'o;i0Wzday S1I€ ° ek " I
HSHOEIs! Mv HB BJjltsdzlkz ms 1 8, Mesims MAGAS O ° H
- Hsdad, o JIstcOYO' Is! Mw  dz0 L o' WL lzo Odzdz" ms
9 Hiftseo Hdzts, o ' Hdz. SH.

l1'HfimisOeade o -(335KQA) ot 13H '1&(J othtafs disfB diHlsote d o
tc' odagW dgdzg? dzO A/ 100 %, tslstcd BZO' B!

MMy 3 4 + My gdMczamst M dMeaaq EMy 3 9 (3.16)

My 3 AMcaamsMezaq s L d2OYOls! MW  Misj -l', 5 d@j,Is t&84)" ¢ Is
GH e Olstdpy o YdeE(fEi M Msst, “EdGddoe O

My 34 = 3kacaros kasoazn2o= 270/560 = 0,482; (3.17)
Mcaams= afacarod  cdcp=270/110 = 2,455; (3.18)
Mcaaq s=  akaoarod  cdinosy= 270/156 = 1,731, (3.19)

H J scdoacos cdsoazneo,  cdei CJ(Nos)z' BBs dzy ¢ Iz ddn @GEFAILBO
CaSQ?2H,0, CaChd Cagob,NOH I 5o ' H2ZD,, 5600020 110 d

I'HMlsOodo o (M6 MoonhsdRUUE IS5 d BO° BB
fsodetsets Lms Vd ko O:dadaw

0,482m + 2,455m, s+ 1,731m &M, 3 4 (3.20)
OB s
2,455m, s+ 1,731m &m, 5 ; 0,482m, (3.21)
O, LOddh dm ) de wzdo 'ay@diftdz o dztlz@dz® , 4 55 :
My ¢ 0,407M 3 ¢ 0,196m- 0,705 . (3.22)
I B L H s EzOfoeoUsidEGlgzH Iy 4 dBjodglss ( CEM | 42,

¢l Hd2yj i3] drlsf&€ sted Missolz' Is' v Hdzv o dcetslstso c
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o 3 uipl® ¢ dzd AN g@®@BD7,82%.0 Cdz' dz€ jteOr " d" dn
dap B JdEO~ SH d B NOA%. § MY ted W Is dzd o-jd3" 1dalz@3Q fizkz
5%. 1 d3" Mls 6" fMmz o yjd3j dzgs’ ~dBBHJ del gl BEY
L 2Oy Jj-dati® S i d c3O dz' dzj 5% (hts L Odzd ' H dzizO2
L' WL ZoOdzdz?" ms SO 15).

) 5 B 0 U BOWGES P H dzShdas o L 6 6K ay e o
ElsgdslofipOn tsolzs yd: ed3" mls ¢ §f Mk

My 34 ( TiMYs o ((&H0 m;)/100. (3.23)

ltej HMIsOs doh §2tc ' dedWzdaydztg W ¢ M d3j 2 Miso s
m s Hd&v ' L dgdy mddpPesnydadzomyd o H 7 dzO2
f s5° H dzO dzdz¥ 5 Is @ dzts, UiSls toa 'd3Of EHzs® dzts B G o O
Hsf EmMsdBsets (BjLYj yds®®) odi fMiskz ms kO

mnm €, % mC3A; mj , %
2,0 ~ I \
\ ~ — <53
18 \ NS ~ —— 5 5 I
~~ ~=i
1,4 ~ :
1,2 >~ D \\ > =
1.0 ~, \
L \
0,8 S e
’ \. \
0,6 ~— S~
~
0,4
~.
0,2 \\ ~~
0.0 N ~
0 0,2 04 06 0,8 1 1,2 14 16 1.8 2
mdz¢< ,

tdf). | SEHcteOdd HoY odL dzOyj dede HEY kEMlsc
5O & sOkk COd y'¢. [Bd&OMls! HsfEkMlsdddr

1 twdfam.dH des, dithfftdgd sdzd o sd3lz ' H dzO dzdz’
CA5 % ' BOSC Me'doigz ddse® B JjL T J ydzO ¢ dzr € ° M
fsoddedzO f jtejodhkzoaOlsd 0,9 % o' H dOMd vy
1,3 %. ltd " fde sz M ' dz' dzB BB j a 4 j Ay fzdzC
dzj ftsoddedzO f jtcjodhkzaOlsd 0,5 % Ctsydetsat
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C'dzr €' Mmlst ls d soodddzO fjtejodhkzeo Olsd
Cdz' dafsgjatcdlz’ Mls HtsBOoatsE By BEkISd HjMtS LB
B3 dz 6t Odz' dA] @35d H(S1B Odgj dzh st o G jodog j9dedn [€):dz0 dzts 6
o' odgWdgdzv 5 (3. 23) L d3j dz" j dzts.

3.4 1sBO09CO HdMf jtm" ' ¢ HtesMmddz® € Ols" ¢

[ Odz ftots Jjdzj Slstotstf s jton dzj o f slsj dzy‘
f stelsdzOdzH y4 d@3d dzlsz Is© ' dzh d - J df) dfgj dzzls * 1o ts Lifdst
sB tkdzlszo Olsd d3dj ~rOdz' L d3 H'° HtBOOSCd HJMY
3" ydz' Mls: L O HfcBcetss Mnj BBtodifjfHdB. Tics
By HoBdBO yYOfMmlsdds Odsd yj oj delskz, CE' MO gz |
C.S WSHWEOLEZ ' My L O "kzeo Odedzgw L Off tso dzj
fsojterndzgj ots OCIsdo dztd f tstdz] § ©Odcg dzqf i &z@ I Lr .
Ld&ZOrBBHdIs Mw E MlsOdz ¢ dzOMmls d ydats idsS ".ezp1 O
esL yddzvels! MW, klsotstes  Is ditp'in difs] tf ishipes@iia0sizh X
SO c¢' HiesddzZ GBlIs' ¥ ¢ 'C OWzsdpH § dzgimize Is! v OB
fso jtorntsdy YOMmlsddesS yjdzjdzlskz IsO d3 dzjoic O dz
9 . JdL EojH]jddeW HAMYjte = Jus dzgjLoOyO
G' HIBOOY" ‘ f o jtondzaj b B' dz' h Ctolz
Jdzj Sstese jIsj tese j dzds Csdels ©OC Isd, ftesh OtcC d
LOdzdh O¥ s fmw dzd fsodz Miss L Of s dzj dzd d3d
dzj HisMisOlsdz 5 "' dz' dets Lo ts o digOdpdflaif fiz® §) ks dfipaz't
olstcOYUO’ Ist Mw, Yo' dzt des dzOB RO O Is! Mw d3" yc
LOMissMikzeo Odzdzy 5 Mk f j of zOMIsdW¥W ' C Olststc’ 9, W
SO L d3gj dgh jdzdzy  jtcoddzdzs® Istsefh ddzd ftesh Ot
LOf sodz] dletstc @Y o Jjdzj Slstesdz’ Is* o, h s ff te

CsOekzdzvwy' 5 OBts off dzd o O Is! LG Hdz L ' &
l .1 .1 0" dztse O. v tcOL o j H ] dadz™ HtsB O
tesLftsH dvsls! Mv 5 fosh OO ' i Hk@EBEO®R

CtedMmMlsOdz’ LOY" " LO 1 .1.1 Ols' detso ads,y Odg® d ‘iz
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Yd @3d dzlsz Elsotstes 6 lst M @ Plecd M@ iz € Jrmtc Ols d )
CtsdzH § dzllz’ Is+ Mw G ' H@M(dtelr I§.0d &d ¥, dz5 ndz' H 5!
1 Ofmistsmiz 8 O dzdaw tsH datsfiy ' O'fdlzts | s  HIgE jj tof dzO M
ftedmMCtstce o OyY' &8 JjdzjSlstetsdz' Is' & f tso dedets L |
o MisOdzts o dzj dzd 2 d $MY Jj ted d3d dzls Odz! dats BOS id
Codi3f dzj SMdes™ HtsBOOGCd 1s+us “tokzdzlslkz’ Is! v
LB dzt hze siff s¢ giztis B & dz' | B ' dzw wedn "  HB LIzt
CtsdzH J &zl Oy v fJtesHbkSCIS' 8 6" HteOIsOY' Is ©
ded 3 ftesh Ot o &3 Y YOMisddeC OB yJ B dzlslz,
lso stej dzadgw d3 dzOdzy® 3¢ " © Jjdzj SlstesGjIsj tetsc J dac
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_ —-1He e e ol _ |l HeExzxleoExHl o =

tdf. 3.7 unjdB0 ftesyjmkz ksky Os dzj ddz *

HEBOoatsE OBts L HEsSB @pHOBRIIOl s, HE B gAYz 1}
QBi MlsOdz BHGOLEZ §° Mdzv o,LcA dE IS olaptd)jdeddry ot/ tg) Ht
fecsHECBIE®ISOY ' B' dzZv o jten dz Y d d3j dzls dzq
L HSH; JT dzOMiskzf dzj Eklseo tstej dzdzy f tc sGICH 'Oz’ ds' Hs
BJd& ISHEBPCO fsd' COBSE D OSsEdM #em’

COdzt y' ¥Gtochfmls Odzs ¢ "dz0teid g @ Z)f G851 ¢ ° Hictsd dz' €
GJ &R CtdMmMisOzBE-W Pic PIs g Istc d dAEFMNs@L ds O &8 ts51 s +
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Irer {lsr 10 t{ryrwf ] 3

1. l S sdzOdets s tstej Isd ydz' Hitsmdz' H Y J dzdzv ,
' Hodh jdedew tOdzdze t5° — ' \dzsidets ¢ 8  dstfsdiako L
My j tef ZOMIsd¥ ' CObtste" &8 kO ftodMmStstes 9 OY" o
C' dz' Stsfls® jdzjSltesejlsjtetsej dzdzd s S tsdzsOC Is
cOdzdz Isj ted3’ ded Ise j teH ' dzdzv .

2. 10whseo Odzts to' odatso O) dz' | dzj § Istipezsts oz !
e zOH B A  Yj di3j dzls dztsic ®1=C AR, dzsr Olde@ S Hsjj etsiziste
jdzj Shtesdz sk vy j dgg]delsiscotizd SO0 diztepstizls e s 59 j to
fslsjy dzy’ Odz ° ftso jterndzj ©od2 L OteWH dBBOUS :
4,9 , G Htetsidyz S OldO fCdddzs 8 Oy ' ( § o @3g ulz" Oc
Yomilsd dz0 ¢ tso § GA dAF) J dgitaddldiids O(dzd ¢ ° Htets¢ MdH
C' Hietsfzdz WtsOdz® B dzo OO 9 COdzr y' 6. 1Mo
OBfMtsdzt sdz' | dzj S stetsy ty8 B atf)t®)y5 5¢ tsls j Bzyts B
SlssCI&ZEO5; t' 9 detseo Oy dz'  j dzj CYSIBSY as@itd B655 dzj
B' S0 I85; GBISBES ZOwdzlsj cteOdz! dz' jzj Sty s
NS ZOH ki Xdo s,y GItSITts YazO LD 8ds g€ dzOH O Isy°= OB
i0, 18 1, tly=iBo 89 dad 2

3. Vistsydzj dets BjrOde L&z ofdzdokz ff dzOfl
fsojtorndzgj ots OCIsdodzdr toj ytse ddz dzO tc O dzdz®
1] dzOMmilsd W' Cks yd2 jWjiCls Odz sdzdzdrn 1 ¢t HisT
OHMeB dz2O0 L dlsdodets L OteWw HY j dzd - HCAZW dzC
CAF. &' cdztsizadzr W isdzOIsd yjtejL daj L dzO @z ¢
LOBj LY jyksls: dzj2bteOdz LOY's 5 fsLdlde
jdzj CtesMisOlsdydssets ftodlswy Otdadary j dgd ¥8d 4 8 ¢
Ctsdzs OC Iskzs yda YOMmls d dats ¢ Y j a3 dals Iz * )
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[IpAT “IBano-®paHKiBchKLeMeHT

21062
ACTY 1SO/IEC 17025

Bopaarok ao ceprudixary akocti

Cepenni 1aHi MiHepanorivHoro cknamy KiaiHkepy, XiMiusoro ckiauy ta disuko-
mexaHiunnx nokasuukis uementy ML I-500P-H, supo6uuursa [NpAT «Isano-
@paHKiBCcbKIEMEHT» 32 #oBTenb 2018 poky

T 1-500P-H Kainkep,
[Mapamerpn
nokasuukn, % noxasuukmn, %

SiO2 21.26 -

A0 5.58 -

Fex03 3.60 -

CaO 64,1 -

MgO 0,56 -

SO; 2,52 -
R0 0.90

Cl 0,013

CsS - 59.06
CA - 733
CS - 14.80
CsAF - 12,14
KH - 0,92
CaOs, % - 225

Kepisuuk BunpoGysaibhoi naboparopit

BHPOGHHMIITBA B SXKYUHX MaTepiaili

/T'es"tok .M/
01.11.2018p.

132

odftcsB -5 Oty 1 A

W\ Jud J3izls &2

TpAT “Isano-®pankiBcbKleMeHT 21062

BUITPOBYBAJIBHA JIABOPATOPISA

BUPOOHHUUTBA B'SKY4HX MaTepiasis

(%) 1FcEM

ACTY ISO/IEC 17025

JBoparok ao ceprudikary axocti

Mapaserpu, sriamo Moxkazunkn, %
JICTY B B.2.7 46:2010
Touarok
130
Tepwinn ne paniwe nixc 60 xe
TYXKABJCHHS, XB. Kineus
200
ne nisniwe nine 10 200
Hopmanbha rycrota uementHoro icra,% 294
Po3name konyca, MM
114
npu 6/u = 0,39 ne menwe 106 mm
AxTHBHICTH nipi nponapiosanki (TBO), MIla 417
Miusicts npu cricky, 2 206u Mla 35
.0
ne menwe nixe 20,0 Mlla
Miunicts npu crucky, 7 i6 Mlla 483
Miuuicts npu cTHeky, 28 1i6 MIla e
ne menwe nixe 50,0 Mila i
[uTiva nosepxua no bacitny, em*/r =
3560
ne menwe nixe 2800 em’/e
3anmwok Ha curi 45mkm, % 45
Sanmiok Ha cuti 8mkm, %
0.8
ne biavwe nixe 15 %
Koediuient sonosisainenus, %

Kepisnuk BunpoGysansHoi nabopatopii

/Tes’iok .M/
01.11.2018p.

BHPOOHHMIITBA B'SKYUHX MaTepialiB

232
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BUITPOBYBAJIbHA JIABOPATOPIS
BUPOOHHUTBA B'SKY4HX MaTepiaiis

ITpAT “IsaHo-®paHKiBCbKUEMEHT ™

21062
ACTY 1SO/IEC 17025

BAopatok Ao ceprudikary axkocti

CepeHi 1aHi MiHEpanoOrivHOro CKaLy KaiHKepy, XiMiuHOro cknaay ta ¢isuko-
MexaHiyHuX nokasuukis uementy ML II/A-1L-500P-H, Bupo6uuursa [TpAT
«IBaHo-MpanKiBCbKIIEMEHT» 32 KoBTeHb 2018 poky

(%) IFcEm

BUITPOBYBAJIbHA JIABOPATOPIA

ITpAT “IsaHo-®paHKiBCbKLUEMEHT ™

BHUPOOHHMLTBA B’SXKYUHX MaTepianis

T\

ACTY ISO/IEC 17025 |

S N —
JAoaartok Ao ceprudikary akocTi

s T TVA-LI-500P-H Kainkep,
nokasnuku, % nokanuku, %
SiO; 22,32 -
A20; 6,03 -
Fe;03 3,60 -
CaO 62,60 -
MgO 1.89 -
SO3 247 -
R0 0,90
Cl 0,014
CsS - 59.06
GCA - 7,33
C:S - 14,80
CiAF - 12,14
KH - 0,92
CaOs, % - 2,28
KepiBuuk BunpoOysaibHoOi abopaTopil
BHPOGHHMLITBA B'AKY4HX MaTepianis /Tes"tok .M/
01.11.2018p.

o
T 18310 DDAnaCraLOMenT »

IMapamerpn, 3riano Mokazmukn, %
JICTY B B.2.7 46:2010
Iouarok
150
Tepwitn ne paniwe nixe 60 xe
TYKaB/ICHHS, XB. Kinens
210
ne nizniwe nixe 10 200
Hopmanbha rycrora uemeHTHoro ticra.% 28.1
Po3naus konyca, MM
114
npu &/ = 0,39 ne menwe 106 mm
AkTuBHiCTh npy nponapiosansi (TBO), MIla 40.2
Miusicts npu ctucky, 2 a06u MIla _—
e merwe nixe 20,0 Mila -
Miusicts nipu cTHeky, 7 ai6 MIla 48.0
Miunicts npu cTHcky, 28 1i6 MIla
56,3
ne menwe nixe 50,0 Mlla
[TuTima nosepxis no Baeiiny, em’/r
3500
ne menwe nixe 2800 em’/z
3anuuok Ha cuti 45MKMm, % 58
Sanumok Ha cuti 8mkm, %
1,0
ne binvwe nine 15 %
Koediuient Bozosiutinenns, %

132

Kepisnuk BunpoGysanbhoi naboparopii

BHPOOHHIITBA B'SKYUHX MaTepianis

Tesok .M/

01.11.2018p.
232
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BUIMPOBYBAJIbHA JIABOPATOPIS
BUPOOHMLTBA B'SXKY4UX MaTepianis

ITpAT “Isano-®paHkKiBcbKUeMeHT

27062
ACTY ISO/IEC 17025

Jlonarok 10 ceprudikaty skocti

Cepeani 1ani MiHepanoriuHoro ckiafy KJaiHkepy, XiMiyHOro ckiay Ta ¢izuko-
MexaHiuHux nokasuukis nementy ITLL II/A-TT-500P-H, Bupo6uuuTtsa [pAT «IBano-
DpanKiBChbKLEMEHT» 32 koBTenb 2018 poky

Jlonatok /10 cepTHikary skocTi

T I/A-T1-500P-H Kainkep,
R— nokazmikn, % nokasmnkn, %
SiO; 2294 -
A0 5:51 -
Fe O3 3,53 -
CaO 61,04 -
MgO 0,78 -
SOs 247 . .
RO 0,90
Cl 0,014
CiS - 59,06
GA - 733
C.S - 14,80
CiAF - 12,14
KH B 0,92
CaOs, % - 2,25
KepiBuuk BunpoGysasibHoOi 1abopatopii
BHPOOHMLTBA B’ SKY4YHX MaTepiaiis /Tes’tok .M/
01.11.2018p.

132

IFCEM

BUIMTPOBYBAJIbHA JIABOPATOPIS
BUPOOHHMIITBA B'SKYy4HX MaTepiajiB

ITpAT “IBano-MpankiBebKLeMeHT ™

27062
ACTY ISO/IEC 17025

Jlonatok 210 ceprudikary akocti

Mapamerpn, 3rizno

JCTY b B.2.7 46:2010

Mokazuuku, %

Ilouarok
130
Tepminu ne paniwe nixe 60 xe
TYXKABJICHHA, XB. Kiﬂellh
200
ne nizniwe nixe 10 200
Hopwmasibha rycrora uemenTHoro ticra,% 28.8
Po3naus konyca, Mm
113
npu 6/u = 0,39 ne menwe 106 mm
AkTHBHiCTb npu nponapiosauti (TBO), MIla 413
Miunicts npu crieky, 2 1061 MIla &3
38,
ne menwe nize 20,0 Mila
Miunicts npu crucky, 7 1i6 Mlla 50.6
Minnicts npu crieky, 28 1i6 Mla
58.8
ne menwe nixe 50,0 Mlla
ITurima nosepxus no baeitny, em*/r
3950
ne menwe nixne 2800 em’/e
Sanuwok Ha cuti 45MkM, % 5,7
3anumoxk va curi 8mkm, %
1.0
ne biavue nixe 15 %
Koediuient Bonosiuninenns, % 21,2

Kepisuuk BunpoGysasibHoi 1abopatopii

BHPOOHHMLTBA B'SHKYUHX MaTepianis

/Tes'1ox .M/
01.11.2018p.
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Pesynbtat BUMiproBaHHA
ricTorpama-iHTerpanbHumn

Aeran nwipoaanis
Hassamme O6pasua Cpegiee no ‘Lesenr Acias Jops’
Haznawwe daina CAIN Asrotd cig

Marepwan wacrwy Lismenr
n MacTmy 1,680
Awcnepcant: [BROWSE]
n gwcnepcanta 1,000
Ocnabaenme nasepa 4,65 %
Maorsocrs wacruust 3,00 g/cm’
Yaenswan nosepxwocts 5091 mikg
Dv (10) 1,85 pum
Dv (50) 15,8 um
Dy (30) 545 um
D (3:2] 3,83 pm
D [4:3) 242 pm

TICTOf pasama W Msirer pamssi +

[BaHO-®paHKiBCbKUEMEHT @ IFCEM

Aara/Bpema nmeperma 10.10.201% 115035

O6%em & guanazone (500;1000) pm 0,00 %
O6uem & Ananazous (200,500) pm 002 %
O6%em & Ananasone (90:200) pm 293 %
O6vem 8 guanasone (63:90) pm 552 %
Obnew » gnanasome (45:63) jm 525 %
O6bem s ananasone (32:45) pm 10,64 %
O6vem s guanasome (0,1;32) pm 7262 %

5m ~150
i
F100 =
g ]
g g
3 3
£ H
8 i
il i
0 T
1
04 0
ool 1 10 100 1000 100000
Pasucn Gam)
[ Pecronesml - 1L16) e o Ueuint o Murirpansiaai ] - |114] Cpegpece 5 Uit
Souae Jope'-10 10 2019 11 50 36 Sonae Jope'-10 10 2019 1150 34
L 101020199
Malvern

Makern Instruments L1c

waww mahern com

Masterszer - vih2
Pagelof2

Created D6O2 2017
Printed: 21.10.2019 826

Pe3synbrat BUMiptoBaHHA
ricTorpama-iHTerpanbHui

Peaynurar

Famep (um) % O6nen B Paawep (sm) % Ofwem 8 Paawep (um)

00995 0,00 165 117 274

0113 000 188 130 311

0128 oor 213 145 353

0,146 (1383 242 161 401

0,166 014 275 176 45,6

0,188 013 312 192 518

0214 021 358 207 589

0,243 024 403 220 669

0276 028 458 232 760

0314 031 521 243 864

0357 035 552 52 981

0405 032 812 282 m

0461 042 764 272 127

0,523 045 &68 285 1144

0,594 0,50 986 300 163

0,675 0,54 112 318 186

0767 060 27 339 211

0872 0,66 "5 361 240

0,991 074 164 383 272

113 0,83 187 403 310

128 053 202 418 352

145 104 241 427 400

PN

Malvern

Malvern Instruments ttd
W Evern.com

[BaHO-OpaHKiBCbKLEMEHT @ IFCEM

% O6uom 8 Faamep (um) % Ofinem B
428 454 000
419 516 0,00
402 see oco
376 666 0,00
3m 756 000
3,05 B5% 000
262 976 000
217 110
171
1.28
083
0,58
033
016
0,08
0,04
0,00
0,00
0,00
0,00
0,00
0,00

10102019p

Mastersizer - v3 62
Page Zof 2

Creates: 06022017
Printed. 21102019 8.26
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Pe3ynbtat BUMIptOBaHHs
ricTorpama-iHTerpanbHui

Letan sumiprosatie

Haauanmne O6pasya Cpegpes no Cpeguee no ‘Lievent

3aanbymin”
Haznanme daitna €N AcroM <fq

Marepuan wactwe Lievert
n vacray 1680
Ancnepcanr: [BROWSE]
" AMchepcanTa 1,000
Ocnabresiine aarepa 795 %
MaoTHocTh wACTUM 3,00 afem”
YaeasNan nomepxHocT 5278 m' kg
Dv (10) 1,75 pm
Dv (50) 164 sm
Dv (90) €50 pim
D [3:2] 3,75 pm
D [4;3] 28,0 am

Tcrorpamms u Wnrerparshei +

IBaHO-®paHKIBCbKLIEeMEHT @ IFCEM

Aura/Bpess wamepenwa 10102013 1054 54

O6wem s guanasone (500;1000) pm 00001 %
O6vem & gnanasowe (200;500) pm 079 %
O6nen & guanasone ($0;200) pm 420 %
O6wem & Auanazone (63,90) pm 6,03 %
O6wom & guanarowe (45,63) pm 845 %
O6%em 0 gnanaromwe (32;45) pm 1034 %
O6nem 0 guanazome (0,1,32) pm 7017 %

Sy (100
il
£
] §
7 i
o
§ = -
H
d i
E3
1
04 =
an 10 100 1000 10 0000
Paassup G
@ Tcorpmval- 103 Cpawme no Cpaspine o ___ Minerpamsnnal +1-[101] Cpasues o ‘Compens
“Uswen gaetrpns =10 10 2019 105454 10 “Uessern Tanatyvie -10102219 105 54
VN 10102019
Malvern
Malvern Instruments Led Masterseer - vi62 Createc: (6.022017
www mabem com Page 10€2 Printad: 21102019 8:25

WieOC Yy 2dz80 81 M dzPHZE 1 tstels dzO dzH

Pe3ynbTat BUMIptOBaHHS

. . _ IBaHo-®pankiscbkuemeHt (4) IFCEM
ricTorpama-iHTerpasbHuii

Pesyssrat
Pasvep (jam) % O6eem B Paswep (om) % OSsem B Pasmep (um) % OSsemt B Pasmep (um) % Ofvem B
0,0995 0,00 165 L7 274 402 454 0,00
a1z 0,00 138 130 311 400 516 000
o122 0,08 213 182 353 390 586 e
0146 0,12 242 157 401 n 666 000
0166 016 27 170 455 347 756 oo
0188 0.20 312 183 518 315 59 000
0214 0.24 355 195 589 2m 976 0,00
0243 021 403 206 6639 235 110
0276 031 458 217 760 190
0314 034 521 2.28 864 147
03s7 038 582 238 a81 108
0405 041 &72 251 m or
0461 044 764 254 277 054
0522 048 868 279 144 039
0,594 0,52 985 295 163 0,29
0673 057 nz ERtY 125 023
0767 062 127 328 m 019
0872 069 15 344 240 017
0g91 0,76 164 360 2 o4
13 085 187 375 310 010
128 095 22 388 352 006
145 1,06 2231 398 400 0,02
VN 10.102019p
Malvern

Mahern Instuments Ltd. Mastorsizor  vi62

Page2of2

Created: 06022007

waw mahvern.com Prnted: 21102019825
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OnpepgerneHune coctaBa 6eToHa no metoauke YKprAXT - 2021-04-21 12:49:59

lMpoekmHbIe xapakmepucmuku:

KpynHblii Menkuin
CocTaBnsioLme: 3arnosHuTenNb 3anonHuTenb LiemeHT

HacbinHas nnoTHocTb, Kr/M.Ky6.: 13924 1309 1100

McTuHHas nnoTHOCTb, Kr/M.Ky6.: 2630 2630 3100

BnaxHocTb, %: 0 0.17 -

CpegHuii gnameTp, MM.: 15 047 0.03
MpoyHocTb: 51.4 Anbda: 1.2
Tun yemenTa: MU | (nopTnaHauemeHT) Mio: 1.43
Mapka uemeHTa, krc/cm.kB.: 500 KonuyecTBo psigoB YacTumu:
MpoekTHbI Bo3pacT 6eToHa, cyT.: 28 N necka: 1
Knacc 6eToHa no npoyHocTu: B40 N uemeHnTa: 1
Mapka no moposocTtorikocTu: F200 MpumeHeHne nnactudukartopa: --
Mapka no BogoHenpoHuaemoctu: W6 lMpyMmeHeHne yckopuTens TBEpOEHUS: --

Oxugaemas npoyHocTb 6eToHa B NpoekTHOM Bo3pacTte, MlMa: 51.4
Oxugaemas npoyHocTb 6eToHa B Bo3pacTe 28 cyT., MlMa: 51.4

Pesynbmambl pacyemos:.

[ob6aska [obaska
KpynHbii Menkuit nnacTudgukaTop ycKopuTernb
CocraB 3anonHUTeNb | 3anosfiHUTenb LlemeHT Bopa CyX.B-BO./pacTB. | Cyx.B-BO./pacTB.

HomuHanbHbIn:
-Ha 1 M.kyb., kr 1271 557 346 194 0.0/0.0 0.0/0.0
- OTHOCUTENbHbIN 3.67 1.61 1 0.56 0.0/0.0 0.0/0.0
[Mpon3BOACTBEHHbIN:
-Ha 1 Mkyb., kr 1271 558 346 193 0.0/0.0 0.0/0.0
- OTHOCUTENbHbIN 3.67 1.61 1 0.56 0.0/0.0 0.0/0.0
[oauposka Ha 1
3amec:
- Ha 0.7 m.ky6., kr 889 390 242 135 0.0/0.0 0.0/0.0
-Ha 0.7 Mm.ky6., n 639 298 220 135 0.0/0.0 0.0/0.0
- OTHOCUTEIbHbIV MO
obbemy 29 1.36 1 0.61 0.0/0.0 0.0/0.0
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BusHa4yeHHA cknagy 6eToHy 3a metoaukor YKpOAS3T - 2021-04-21 12:58:21

lMpoekmHi xapakmepucmuku:

KpynHun Hpi6Hui
Cknagosi: 3anoBHoBaY 3anoBHIOBaY LiemeHT
HacwunHa ryctuHa, Kr/m.ky6.: 1392.4 1309 1100
IcTuHHa rycTuHa, Kr/m.ky6.: 2630 2630 3100
BonoricTb, %: 0 0.17 -
CepegHiii giameTp, MM.: 15 047 0.03
Miunictb: 51.4 Anbda: 1.2
Tun uemenTy: ML | (nopTnaHguemeHT) Mio: 1.43
Mapka uemeHTy, krc/cm.kB.: 500 KinbkicTb pagiB 4acTok:
MpoekTHWI Bik 6eToHY, Ai6: 28 N nicky: 1
Knac 6eToHy: B40 N uemeHTy: 1
Mapka 3 MmopozocrTirikocTi: F200 3acTtocyBaHHSA nracTudikaTopa: aa
Mapka 3 BogoHenpoHukHocTi: W6 3acTocyBaHHS NpUcKopioBava TBEPAHEHHS: --
OuikyBaHa MiLHicTb 6eToHy y npoekTHoMy Biui, MIMa: 51.4
OuikyBaHa MiuHicTb 6eToHy Y BiUi 28 ai6, MMMa: 51.4
Pe3ynbmamu po3paxyHkie:
[obaBska [obaska
KpynHui Opi6Hui nnacTtudikatop npuckoptosay
Cknag 3anoBHOBaY 3anoBHIOBaY LiemeHT Boaa cyX.pey./poay. cyX.pey./poau.
HoMiHanbHbIN:
- Ha 1 M.ky6., k& 1271 557 346 194 3.46/0.0 0.0/0.0
- BiAHOCHUI 3.67 1.61 1 0.56 0.01/0.0 0.0/0.0
Bupo6bHuumii:
- Ha 1 M.ky6., k& 1271 558 346 193 3.46/0.0 0.0/0.0
- BiAHOCHUI 3.67 1.61 1 0.56 0.01/0.0 0.0/0.0
[o3ayBaHHs Ha 1
3amic:
- Ha 0.7 Mm.ky6., K& 889 390 242 135 242/0.0 0.0/0.0
- Ha 0.7 m.ky6., n 639 298 220 135 2.2837/0.0 0.0/0.0
- BiIHOCHWIA 3a
o6'emom 29 1.36 1 0.61 0.0104 /0.0 0.0/0.0
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BusHa4veHHs cknagy 6eToHy 3a Metoaukor YKpOA3T - 2021-04-21 13:16:15

lMpoekmHi xapakmepucmuku:

KpynHum Opi6Hui
Cknaposi: 3anoBHIoBaY 3anoBHIOBaY LiemeHT
HacunHa rycTtuHa, Kr/m.ky6.: 1392.4 1309 1100
IcTuHHa rycTuHa, Kr/m.ky6.: 2630 2630 3100
BonoricTb, %: 0 0.17 -
CepegHivt giameTp, MM.: 15 047 0.03
MiunicTb: 51.4 Anbda: 1.2
Tun uemenTy: ML | (nopTnaHguemeHT) Mio: 1.43
Mapka uemeHTy, Krc/cMm.kB.: 500 KinbkicTb psgiB YacTok:
MpoekTHUIA Bik 6eTOHy, Aib: 28 N nicky: 1
Knac 6eToHy: B40 N uemeHTy: 1
Mapka 3 mopogzocTirkocTi: F200 3acTtocyBaHHA nnacTudikaTopa: aa
Mapka 3 BogoHenpoHukHocTi: W6 3acTocyBaHHA NpUCKopioBava TBEpPAHEHHS: Aa
OuikyBaHa MilHicTb 6eTOHy y npoekTHoMy Biui, MMa: 51.4
OuikyBaHa MilHicTb 6eToHy y Biui 28 ai6, MMNa: 51.4
Pe3ynbmamu po3paxyHkKie:
[obaska [obaska
KpynHuii Opi6Hui nnacTtudikatop npuckoprosay
Cknag 3anoBHOBaY 3anoBHOBaY LlemeHT Boaa cyX.pey./poay. cyXx.pey./poau.
HoMiHanbHbIN:
- Ha 1 M.ky6., k& 1271 557 346 194 3.46/0.0 3.46/0.0
- BiAHOCHUM 3.67 1.61 1 0.56 0.01/0.0 0.01/0.0
Bupo6Huymii:
- Ha 1 M.ky6., k& 1271 558 346 193 3.46/0.0 3.46/0.0
- BiAHOCHUI 3.67 1.61 1 0.56 0.01/0.0 0.01/0.0
[osyBaHHs Ha 1
3amic:
- Ha 0.7 Mm.ky6., kr 889 390 242 135 242/0.0 242/0.0
- Ha 0.7 m.ky6., n 639 298 220 135 2.2837/0.0 2.2837/0.0
- BiAHOCHWI 3a
o6'emom 29 1.36 1 0.61 0.0104 /0.0 0.0104 /0.0
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BusHa4yeHHA cknaay 6eToHy 3a metoaukow YKpAAS3T - 2021-04-21 13:14:07

lMpoekmHi xapakmepucmuku:

KpynHun Opi6Hui
Cknaposi: 3anoBHIoBaY 3anoBHIoBaY LiemeHT
HacunHa rycTtuHa, Kr/m.ky6.: 1392.4 1309 1100
IcTuHHa rycTuHa, Kr/m.ky6.: 2630 2630 3100
BonoricTb, %: 0 0.17 -
CepegHivi giameTp, MM.: 15 047 0.03
MiuHicTb: 51.4 Anbda: 1.2
Tun uemenTy: ML | (nopTnaHguemeHT) Mio: 1.43
Mapka uemeHTy, krc/cMm.kB.: 500 KinbkicTb psfiB 4acTok:
MpoekTHWiA Bik 6eToHy, aib: 28 N nicky: 1
Knac 6etoHy: B40 N uemeHTy: 1
Mapka 3 mopogzocTirkocTi: F200 3acTtocyBaHHSA nnacTudikaTopa: aa
Mapka 3 BogoHenpoHukHocTi: W6 3acTocyBaHHs MpUCKoproBaYa TBEPAHEHHS: Aa
OuikyBaHa MiUHicTb 6eToHy y npoekTHoMYy Biui, MMa: 51.4
OuikyBaHa MilHicTb 6eToHy v Biui 28 gi6, MMa: 51.4
Pe3ynbmamu po3paxyHkie:
[obaska [obaska
KpynHui Opi6Hui nnactudikatop npuckoproBay
Cknag 3anoBHOBaY 3anoBHOBaY LlemeHT Boaa cyX.pey./poay. cyXx.pey./poau.
HomiHanbHbIN:
- Ha 1 M.ky6., k& 1271 557 346 194 3.46/0.0 6.92/0.0
- BiAHOCHUI 3.67 1.61 1 0.56 0.01/0.0 0.02/0.0
Bupo6Huymii:
- Ha 1 M.ky6., k& 1271 558 346 193 3.46/0.0 6.92/0.0
- BiAHOCHUI 3.67 1.61 1 0.56 0.01/0.0 0.02/0.0
[osyBaHHs Ha 1
3amic:
- Ha 0.7 M.ky6., k& 889 390 242 135 242/0.0 4.84/0.0
- Ha 0.7 m.ky6., n 639 298 220 135 2.2837/0.0 4.5673/0.0
- BiJHOCHUI 3a
o6'emom 29 1.36 1 0.61 0.0104/0.0 0.0208 /0.0
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3 255225528345(077,7|
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5 2551125517775(072,4
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