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Taomuus 1
ITopiBHSJIbHA XapaKTEPUCTHKA NONYISPHUX GpeiiMBOPKIB 1Jisl pO3pO0KH aJaNTHBHOIO AH3alHY
Bootstrap Zurb Foundations Semantic Ul

[penpouecopu LESS, SASS SCSS -

JS-6i6mioTekn jQuery jQuery jQuery
[MinTpyMKa IUIariHiB — FastClick, Modernizr -
AJanTHBHA CiTKa + + +
Hagobap + + +
Crnaiigepu + + —
Bumnapmaroui criucku + + +
Canvas MeHIO + + —

BinTak 3a3Ha4MMO OCHOBHI NIEpEBary i HEMOIKK
Bukopuctanus CSS-¢peiiMBopkiB 11t po3poOKH
BeOcaiiTy «IT-Educationy:

— mepeBary: 0JI0YHA BEPCTKA, MiAiOpaHicTh CTHIIIB
JUTST 9UTa0ETBHOCTI KOHTEHTY, KpOCCOpay3epHiCTb,
MPUIIBHIIICHHS PO3POOKH; OJHOMAHITHICT KOIY
JIO3BOJIIE  3HU3UTH  KUIBKICTh  KOH(JIIKTIB  TIpH
KOMaHIHIH po3poOili, 3pydHicTh mpu po3podii HTML-
MAaKeT; MOXKJIUBICTh BUKOPUCTAHHSI TEHEPATOPIB KOAY.

— HEJIONIKU:  3aJIOKHICTh  Big  30BHIMIHBOT
010;1i0TeKN; BUKOPUCTAaHHS (peiiMBopkamu npedikcis,
BEJINKUI po3Mip PpperiMBOpKIB.

BucHOBKHM 3 TpOBEIEHOT0 MOCTIIKEHHSI Ta
TepCNeKTUBH. 3acTocyBaHHs TEXHOJIOTiH
BeOMpOrpaMyBaHHsl [TO3BOJISIE HAOTM3UTH OCBITHIN
MaTepial 10 MPaKTUYHHX IMMOTped pO3pOOHUKIB Ta
ajganTyBaTH HOro 1o po3poOkm BeOCaiTiB i3
BUKOPUCTAaHHSAM (peliMmBopky Bootstrap Tta CMS
WordPress, a mpouec HaOyTTS podecifHuX HABHYOK 1
BMiHb  BEOpPO3pOOHHKIB  3pOOMTH  TPOCTHM ¥
JIOCTYITHUM.

Cnucok giteparypu:

1. Mapkort I. OT3piBuMBEIf BeO-au3aiin. URL:
http://www.mankowichi.by/images/docs/12.pdf/. (nara
3Bepuenns: 28.10.2019).

2. Cnapnoxk JIx.
https://books.google.com.ua/

Bootstrap. URL:

books?id=LZm7Cxgi3aQC&printsec=frontcover&dq
=bootstrap&hl=en&sa=X&ved=0ahUKEwivno3jiunL
AhXJE50KHXaCBeU%20Q6AEIMjAC#v=0nepage
&q=bootstrap&f=false. (nara 3Bepuenns: 18.11.2019).

3. lenoit A., Coccoy Y. Learning Bootstrap.
2014, URL:
https://books.google.com.ua/books?id=pswGBgAAQ
BAJ&printsec=frontcover%20&dqg=bootstrap&hl=en
&sa=X&ved=0ahUKEwjtseXsinLAhUECZoKHe6DB
JA4ChDoAQhDMACc#v=0nepage&qg=bootstrap&f=fal
se. (mara 3Beprenns: 21.11.2019).

4. IHCTpyMEHTHI JUISL
CO3/1aHusA CalToB.
http://www.cossa.ru/articles/155/65624/.
3BepHeHHs: 03.12.2019).

5. PCSYJILTaTLI TECTUPOBAHUA MICCTH BCAYHINUX
¢peliMBopkoB  Ha  mpom3BomurenbHOCTE.  URL:
http://www.alrond.com/ru/2007/jan/25/rezultaty-

CaMOCTOSTEIILHOTO
URL:
(marta

testirovanija-6-frameworks/. (maTa 3BEPHEHHS:
24.11.2019).
6. lecsats TpuuMH HM30€raTh TSHKETOBECHBIX

(GpeliMBOPKOB, a TaKXe JIMIIHUX 3aBUCHMOCTCH B
npoekte. URL: http://eax.me/avoid-frameworks. (nara
3BepHenHs: 24.10.2019).

7. What are cron jobs? URL:
https://support.hostgator.com/articles/cpanel/what-are-
cron-jobs. (nara 3Bepuenns: 04.12.2019).

Mammadova F.M.
Azerbaijan State Oil and Industry University

USE OF MINERALIZED WATERS IN TECHNICAL WATER SUPPLY

Abstarct. The article presents the results of studies of the qualitative regularities of the process of Mg-Na
zeolite softening of wide class mineralized water in order to use their huge reserves instead of fresh water in
technical water supply system of the industrial enterprises. The mathematical model of the Mg-Na-zeolite
softening process is obtained allowing to study and optimize the process, solve practical problems of calculation

and design of water treatment plants.
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mathematical model, height of the protective layer of cationite.

It is known that one of the technological processes
of the oil chemistry, characterized by large water
consumption is the pyrolysis process.

Currently the amount of water steam supplied to
the reaction tubes of the furnace is 50 up to 100% (on
raw material). High process temperature (750-850°C)
leads not only to coke formation, but also to the
appearance of scale (scale formation).

In this regard, an alternative task to ensuring
pyrolysis is the use of sea water instead of fresh,
possible for coastal enterprises.

To use huge stocks of mineralized waters instead
of fresh water in technical water supply systems of
industrial enterprises, scientific-technical tasks solving
is required.
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The most important of them is prevention of the
scale formation by heating and during of water
evaporation.

One of the effective methods solving of this task
is magnesium-sodium zeolite softening.

Purpose of this work — is research of the base
qualitative regularities of the Mg-Na-zeolite softening
process the wide class of mineralized waters (with salt
content from 2.5 up to 35 g/l); development of the
mathematical model of the process for research and
optimization the technology as a whole.

In the figure 1 in the most general form, the nature
of the change in the output sorption curves for cationite
KU-2 for water with ion content (in mg-eqv/l) is shown:
Cca= CMg =15, Cna = 170.

As follows from the figure, the filter operation is
characterized by the formation of two volume fronts. In
the first third (=12 liters of filtrate) there is a decrease
not only in calcium but also in magnesium hardness (up

to 2 mg-eqv/l). The magnesium (Mg) is replaced by
more selective calcium cations (Ca). Specific output of
water before the (Mg) breakthrough was 26 I/ of
cationite and before the Ca- breakthrough — 46 /.
Cation exchange capacity — 680 g-eqv/m3, residual
calcium concentration — 0.2 mg-eqv/l. Thus almost
99% calcium removal was achieved.

High technological indices are possible also by
Mg-Na zeolite softening of other types of mineralized
waters, covering class in question.

Results on experiments with counter current
ionization of water, given in the table 1, testify to this.
Here as process output indices are: cation exchange
capacity for calcium (Ew; g-eqv/m®); specific water
production (d, m%m?®); residual concentrations of
calcium and magnesium (Cg¢®, Cy/5 mg-eqv/l) and also-
amount of initial water salts, which may be used for
regeneration (g-eqv/l.).

Table 1.
Results of experiments by Mg-Na- zeolite softening.

Initial water res res
Cna Cca CMg 9 Ep d Ca Mg
50 5 5 77 640 128 0.02 2
100 10 10 6.7 670 67 0.10 6
170 15 15 8.4 710 47 0.22 8
188 16 60 7.0 525 33 0.20 48
248 13 59 9.9 400 31 0.35 46
470 20 110 11.0 380 15 0.03 75

As follows from the data received, even for waters
with a high content of counterions high values of
specific output of water are reached with a degree of
removal of calcium 97% or more.

An important task any ion exchange technology is
development of the mathematical model of process.

It is important for forecasting of the technological
indices of the process, depending on water ion
composition, sorption and regeneration conditions.

ol

These technological indices include: working
exchange capacity of cationite by Ca2*ions and residual
content of these cations in treated water.

There are several approaches to solving such
problems [1]:

=1 development of the functional (experimental-
statistical) model, describing process  without
considering its mechanism;

VN

/

Figure 1. Output curves of the Mg-Na- zeolite softening of the water
1-CCa—f(V); 2 - CMg = f(V); 3 - CNa =f(V); 4 - 4},= C%



[ |
EESY| |

26 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12 (52), 2019 ===

=, development of the semi-empirical models
which describe the whole process and reflect individual
aspects of the mechanism of the studied process;

=3 development of purely deterministic models,
reflecting sufficiently fully the mechanism of the
studied process.

The latter approach is the most effective and at the
same time the most complex.

Semi-empirical approach is based on the
following initial formula, used for calculation of the
base technological index of the process-working
exchange capacity of cationite (Ew):

E, = @, Eeq[1 — hyy (1 — 8)/ho), g-equim® (1)

where:

a — is regeneration efficiency coefficient;

Eeq — is the full equilibrium exchange capacity of
cationite by calcium cations, g-eqv/m? ;

& — is coefficient, taking into account
incompleteness use of cationite exchange capacity in
protective layer;

hp.. — is height of the cationite protective layer, m;

ho — is total height of the cationite layer, m.

According to calculation of the ion equilibrium,
the Ca?* residual concentrations, reliably eliminating
CaCO3; and CaSO. precipitation by heating and
evaporation of mineralized water are 0.1-0.3 mg-eqv/I.

Deeper Ca?* removal is achieved by filtration in
the second stages.

Therefore, by development of the mathematical
model of the process, can be limited to obtaining a
system of ratios, allowing to calculate working
exchange capacity of cationite, turning on the depth of
Ca?* removal in the category of indices, to which
restrictions are imposed.

Analysis of the formula (1) indicates its
universality (from the point of view of solution of
applied tasks in particular — suitability for calculating
the ionization process of mineralized waters of
arbitrary composition).

Table 2.
Levels and intervals of factors variation
Levels Factors
Co(x1) mg-eqv/I H(x2) mg-eqv/I ACa (x3) v (x) mh
Upper (+) 200/550 30/120 0.5/0.5 20/20
Lower (-) 40/200 10/30 0.2/0.2 5/5
Zero 120/375 20/75 0.35/0.35 12.5/12.5

Note: in numerator — the value of the factors on brackish waters, in the denominator — on salt water.

Determination of the hy value for every
experiment carried out according to the methodic [2].

Since the equation (2) is linearized after logarithm,
then processing the results of calculation was carried
out, by logarithm received values of hp,.

As a result of statistical processing the sum of
experimental data, following the recommendation [3]
the following polynomial was received (for brackish
water):

y =136 + 0.079x; + 0.146x, + 0.0445x3 + 0.0824x, 2
Therefore, research came down to getting hpe =a-Cy* Hy? -ACa% -9%  (3)
functional dependences a,., hpi, Ee from the

determining factors of the process.

- total salt content of initial water (Co);

- total hardness (Ho);

- calcium share in total hardness (ACa);

- rate of water filtration (&).

The object of research were mineralized waters
with salt content from 2.5 up to 35¢/l, by hardness
30+120 mg-eqv/l, calcium component 20+50% of total
hardness. On base of preliminary experiments it was
area accepted to break down the studied area into two
parts within each of which a more accurate
approximation of the desired functional dependences is
possible.

Dependence  h,, f(Co, Hy,ACa,v) can be
approximated with high accuracy by the power
equation of the type:

where: a, a1, a2, az, as - are the empirical
coefficients.

Research were carried out on the cationite KU-2
by method of mathematical planning of experiment.
Factors affecting the height of cationite protective layer
and its levels are presented in the table 2.

The following expression was used to transition
the equation (3) to natural scale [3].

_ z(lga?i—lgff’)
=t

+1 4)

lg;?f’—lg;?{l

where %; - is coded value of i — factor;

%P, 21" - are natural values of the upper and lower
level of i-factor.

As a result of the transition from coded values of
factors to natural, it was obtained:

lgY = 0.0678 + 0.234lgC, + 0.5241gH,0.325lgACa + 0.331g9 (5)
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After potentiation:
hye = 1.17 - C$?3 - HYS? - ACS3 - 9033 (5)

Similar formula but with other
coefficients was derived for salt waters:

empirical

hpe =119 €935 - HY?* - ACQ™S - 938 (6)

Interpretation of the obtained formulas showed
that for brackish waters hy. value is changed within
10+50cm for salt waters — 40+-90cm, i.e. doubled on
average.

The nature of the influence of all factors on hpe. is
the same: the rise of each of them contributes to growth
of hpe..

At the same time for both types of waters from 4
considered factors total hardness of water has a more
noticeable effect on hpe..

Dispersion analysis showed that by research of
effect of the base factors on coefficient of effectiveness
of cationite regeneration (az) in the study area,
significant for the regeneration of cationite are 3
factors: Co, Ccaand specific salt consumption.

This dependence also may be approximated by
equation of power type:

Two calculation formulas were obtained:
a) for brackish waters

az =06" Ca0.04 . g0.24 . CO—O.057 (7)
b) for salt waters
a2 — 065 . Cé)‘.l04—3 . g0.31 . CO—O.078 (8)

In the first case: Cca = 5+15, Cp = 40+200 mg-
eqv/l, in the second — 10+50 and 200+60 mg-eqv/I
respectively.

For the whole range g = 4+10 g-eqv/l of cationite.

Calculation by above formulas show that in
studied are a; values are changed within 0.7+0.97 and
the most significant of the considered factors is specific
salt consumption.

Method of mathematical planning was used also
by study of dependence of the equilibrium exchange
capacity of cationite on base factors [4].

On base of preliminary research an expediency of
approximation of this dependence have been
determined by equation of linear regression.

As a result, the following regression equations
have been obtained:

for brackish waters:

E,q =427 — 2+ Cy+ 0.1H, + 490 - ACa + 46.3H, - ACa 9)

for salt waters:

E,q =238—0.77Co+ 2.8 Hy + 149 - ACa + 7.7H, - ACa — 0.76C, - ACa

Analysis of the equations (10) and (11) shown that
the Eeq values are changed within 450+1300 g-eqv/m®
in field of the brackish waters and within 240+1200 g-
eqv/m3in field of salt waters. By the significance of the
influence on Eeq value, factors are arranged in the
following order: ACa, Co, Ho.

Totality of equations (1) and (2) represent
mathematical model of the process of Mg-Na-zeolite
softening of wide class mineralized water.

Taking into account the features of the
organization of the process in periodic filters and for
reasons of technological expediency this model is
supplemented by a system of restrictions:

- rate of water filtration (3);

- height of cationite layer (ho);

- specific consumption of the magnesium and
sodium salts on regeneration of cationite (g);

- residual content of calcium ions (Cal®®)

(10)

3+5<9<25+30m/h (11)
15<hy,<6m 12)
2=g=Jeong—eqv/l (13)
Cle <01mg —eqv/l (14)

In the equation (14) disposable quantity of salts
(gco,) 1s calculated as follows:

Ey _
Ycon =kRM'CO'1O 3

(15)

where k — is coefficient, taking into account reuse
of the worked regeneration solution. Value of K are
changed within 1.1+1.4.
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Table 3.
results of the estimated and experimental determination of E;
Initial water Ee.q. E>
Co Go Cca g-eqv/m3 9 * estimated experim
60 10 5 906 10.8 0.89 660 640
120 20 10 898 4.4 0.71 586 560
200 30 15 964 11.8 0.89 730 680
312 76 26 690 8.3 0.91 512 525
320 72 13 518 12 0.97 408 400
380 130 20 445 12 0.95 327 300

Adequacy of the resulting model was vertified by
comparison of calculated values of E, with
experimental data, given earlier in table 1.

Calculation of E; was made on computer as
method above, by method of consistent approximation,
namely by preliminary accepted E; value the g, hpe, a
were calculated, then the E, value was specified.

For the condition that the calculation is completed,
the discrepancy between adjacent values of the
exchange capacity was taken, following the inequality:

E, <1% fromE,

Analysis of the obtained results (table3) shown
that average deviation of experimental and estimated
values of E; does not exceed 7%, which is quite
acceptable for implementation of practical calculation.

Received model was used for study of the height
of cationite layer on the exchange capacity of cationite
within values of specified factor which cannot be
sustained under laboratory conditions.

It have been determined, that by increase of
catalyst layer from 1 up to 3 m a working exchange
capacity is increased by 18%, 12% and 20%
respectively by processing of mineralized waters (look
the table 3).

Thus, the mathematical model of the Mg-Na
zeolite softening process of wide class of mineralized
waters was obtained, allowing:

- comprehensively research and
process;

- solve practical problems by calculation and
projection of the water supply plants ensuring non-
scale regime work of the heat-engineering systems:

- the same for enterprises of oil production oil
refining and other branches of industry.

optimal
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Mpyiiounoea M.

AHOUCAHCKULL 20CYOAPCMBEHHBIN YHUBEPCUTNEM

CTUMYJMPOBAHUE ONITUYECKHUX CBOMCTB KPEMHUA IYTEM TEKCTYPUPOBAHU S
INOBEPXHOCTH

AnHoTrauus. IIpuBeneHbl pe3yibTaThI

paCcy€THOTO aHajM3a BJIUAHUA TCOMECTPUYECKUX pPasMEpOB

MUPaMUAAIBHON TEKCTYpbl Ha KOA(QQUIMEHThl OTpaXKEHHs M MOTJIOIIEHHs CBETa BUAMMOI 00JIaCTH CHEKTpa.
OrmpezienieHa poitb aHTHOTPAXKAOIIETO MOKPHITHS 13 SiO2 B KPEMHHEBBIX TUIACTHHA C THPAMUIATBHON TEKCTYPO.
Kniouegvie cnosa: mexcmypa, kpeMuuil, Ompasxcenue, no2iowenue, AHMmuompaxcaroujee HOKpulmue.

I/IBBGCTHO, 4qTo OIITHYCCKUEC CBOICTBa
KPEMHHUCBLIX IIJIACTHUH, HCHOJB3YEMbIX B Ka4C€CTBE
06a30BOro Marepuajia JUJIsL (bOTO3J'IeKTpI/ILIeCKI/IX

CONTHEYHBIX 3JeMeHTOB (CD) SBISIOTCS BaKHBIMU
MOKA3aTeIsIMU, OMNPENESIIONNX UX 3()(HEKTUBHOCTS.
Jns  ynydmieHuss ONTHYECKHX CBOMCTB  IUIACTHH
WCTIONB3YIOTCSL Pa3UYHbIe (DOPMBI TOBEPXHOCTHOTO
TekcTypupoBaHus. B coBpemenusix CD HamboibIee
MPUMEHEHNE TIONYYWIH TMUpaMHUIaIbHbIE TEKCTYPHI,
KOTOpBIE TPAIUIMOHHO (OPMHUPYIOTCS METOA0M
IIEJIOYHOT0 aHU30TPOITHOTO TpasieHus [ 1, 2].

Takast ~ TexHoJOorusi  MO3BOJSIET  CO3/1aBaTh
HEOJHOPOJAHbIE  MUPAMUIAIbHBIE  TEKCTypbl  C

reomeTpuueckumu  pasmepamu 0,5 - 4 MKM Ha
MOBEPXHOCTU IUIACTMH KpeMHHUs. s IOCTHXKEHHUs
OJTHOPOJIHOM IMOBEPXHOCTHOM TEKCTYpPHl HEOOXOoaHuMa
TIpeBapuTebHAs 00pab0TKa KPEMHHEBOH IUIACTHHBI C
LENbI0 yAaleHUs HapyLIeHHOro cios. B kadecTe
TEKCTYPHUPYIOLIETO peareHTa OOBIYHO HCHOIB3YIOTCS
Boaubie pactBopsl KOH i NaOH. B3anmoneiictBue
KpEeMHHS M pacTBOpa LIETIOYH, HAPIMEP THIPOKCHIA
KaJIMsI OTIMCHIBAETCS] XUMHYECKON peakIuei:

Si+2KOH+H,0 = K,SiO3 + 2H,



