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Findings. It was demonstrated the tool granulosity, elbor disc’s material of bond and
fine elbor grinding parameters essentially influence for surface’s parameter R,. Grinding discs
from elbor JIO with granulosity 14-28 um on bacelit-gum bond and fine parameters of cutting
ensure the best value of parameters R, which satisfy the high requirements for technological
complexes and machine systems’ friction parts surface quality. It was shown the advantages
of surfaces’ treatment by elbor discs.

Originality. For the first time it was shown the main regularities of fine precision elbor
grinding of new composite materials based on aluminium alloys wastes agree with plain,
round external and internal grinding.

Practical value. It was developed the recommendations for choice of cutting
parameters for elbor grinding of parts for different purposes that are manufactured from
composite alloys based on aluminium alloys wastes and which ensure the requirements for
necessary parameters of surface roughness.

Keywords: new composite materials, aluminium alloys wastes, tool, friction parts,
surface’ roughness, fine elbor grinding.
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PLANNING THE EXPERIMENT AND OPTIMIZATION OF THE CONTENT OF
NANOADITION IN POLYPROPYLENE MONOTHREADS

Purpose. Planning the experiment and optimization of the content of the
composition Polypropylene\ binary nanoaddition in order to obtain Polypropylene
monothreads with high mechanical and antibacterial properties.

Methodology. For planning the experiment the simplex-grid method has been used
in pseudo coordinates . The optimization of the content of the nanoaddition has been carried
out using the Harrington criterion.

Findings. The influence of the nanoaddition silver\silica (Ag/SiO,) on the properties
of the Polypropylene (PP) monothreads has been explored using the method of mathematical
modeling and the content of composition for their forming has been optimized.

Originality. The mathematical model, that defines the interconnection between the
content of the mixture components and the properties of the nanofilled PP threads, has been
created.

Practical Value. Modified monothreads formed of the optimal content of the
PP\nanoaddition composition combine high level of strength and elasticity and develop
antibacterial effect.

Keywords: nanoaddition, planning, mathematical model, optimization.

Topicality of working out methods of obtaining fibers and threads with antibacterial
effect is caused by necessity in creating some medical products to cure and protect medical
workers and biologists. Attaching bactericidal properties to threads by inserting metal
nanoparticles is one of the most perspective. Using binary nanocompos, where nanoparticles
of biometals are brought in the surface of inert sorbents, enables creating fundamentally new
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materials, that combine antibacterial and sorption effect. Thus, nanocompo Ag/SiO, is
almost ten times more effective compared to original components, shows high prolonged
antibacterial effect and is safer for peoples’ health and the environment [1].

Formulation of the problem. In modern medicine biologically active materials made
from Polypropylene (PP) have become really meaningful, because they are chemically inert,
resistant to microorganisms and have high level of strength and elasticity. It is known that
metallic ions are of high antibacterial properties and at the same time they have a toxic effect
on living beings. Within the transition to the nanostate, toxicity of metals decreases [2].
Nanoadditions also have a great influence on mechanical indicators of threads. To define the
interconnection between the composition content and the characteristics of threads it is
necessary to carry out a great number of multivariate experiments. They are connected with
time and materials’ expenditure, because the impact of each factor is explored apart from
others, with fixed meanings of other parameters. One of the ways, which allows to carry out
scientific researches fast enough and find the decisions most approximate to optimal ones
with minimal expenditures, is the usage of mathematical methods of planning the experiment.

Purpose of this work — planning the experiment and optimization of composition
content Polypropylene/ binary nanoaddition in order to obtain Polypropylene monothreads
with high mechanical and antibacterial properties.

Main material. Strength and elasticity are the main parameters that define the safety
of the surgical stitch. When planning the experiment such parameters were chosen as original
ones:

y1- strength of monothreads when ruining, y, - the original module of threads, ys -
diameter of the retardment of the microorganisms’ growth, y; - diameter of the retardment of
the St. aureus microorganisms’ growth, and original ones were: x1, x2, x3 — approximate
concentrations of PP, Ag and SiO, respectively.

The simplex-grid method in pseudo coordinates is the most appropriate method for
mixture systems optimization [3]. Simplex is the simplest geometrical figure, formed by the
set k+1 independent points in k-dimensional space. Independent variables are called *factors’,
space with coordinates x1, x2, x3 is called «factorial space», and the geometrical delineation
of the function of response in factorial space is called «response surface». Correlation of the

q
ingredients in systems being explored must satisfy the following condition: in =1, where
i=1

Xj IS approximate concentration of ingredients (X;>0); q— quantity of the ingredients (q > 2).

As certain limits are put on the concentration of some ingredients of three-component
mixture, the researches were carried out in the limited part of the factorial space. As the result
the ‘cut-out ’ part was received , which was unsimilar to simplex, and experimental points
were located in it. Having written the coordinates of experimental points of the simplex grid,
we received matrix of planning. In order to use the standard plan the part being explored was

transformed into the new coordinate system
(21, 22 z3... 79) [3]. Simplex vertices were being accepted as independent
ingredients of the mixture, so called pseudocomponents. To transit from the previous
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coordinate system (X1, Xz,...xq) to the new one (zy, 2> ... zg) the following matrix equation was
used: X = AZ.
It can be written in the detailed way:

X x®  x® x(@ )
X xO x@ .. x@ 7
. = . . . X .
(u) © @ . O (u)
Xq Xq Xq Xq Zq (1)

In equation (1) elements of matrix A are the coordinates of vertices of transformed

, () . - .
simplex, and Xi"" 1o Zi (i=1,2,..,q) —original and new coordinates of u- transformed

point. Herewith such conditions are being done in z-coordinates:
0<z <1 (i=12..q), zW+zM+...+z{" =1

where u is any point of the factorial space.

To work out a model, which defines the interconnection between the content of the
components and the properties of the modified monothreads, the incomplete cubical
polynoma was used:

y = ﬂlxl + ﬂZXZ + ﬂSXS + ﬂ12X1X2 + ﬁ13X1X3 + 1823X2X3 + ﬁ123X1X2X3 (2)
where B, B, By - are polynomial coefficients, moreover i=j =k=1,2,3.

To estimate numeric values of the coefficients of the equation, the plan of carrying out
the experiments in the area of the factorial space being explored was prepared (table 1),
herewith z-coordinates were chosen from the standard plan for the model given [3],
x-coordinates were counted according to the formula (1).

Table 1. Simplex-grid plan

No Plan of experiment
exgg rti?r?e nt Plan in pseudocoordinates Working plan ?/2:?;8?3
72} 1) Z3 X1 X2 X3

1 1 0 0 0.9851 0.0050 | 0.0099 V1
2 0 1 0 0.9880 0.0021 0.0099 Y2
3 0 0 1 0.9920 0.0040 | 0.0040 Vs
4 0,5 0,5 0 0.9866 0.0036 | 0.0099 Y12
5 0,5 0 0,5 0.9900 0.0030 0.0070 Vi3
6 0 0,5 0,5 0.9886 0.0045 | 0.0070 Vo3
7 0,333 | 0,333 | 0,333 0.9785 0.0037 0.0079 Yi23
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To define the influence of correlation PP/ Ag/SiO, the mixture on the mechanical and
antibacterial properties of monothreads according to the plan a series of experiments was
carried out and original and obtained parameters were defined (table 2).

Table 2. Influence of the concentration Ag/SiO, on the properties of PP monothreads

Original Number of the experiment

variable | 1 2 3 4 5 6 7

Y1 480 540 590 510 530 570 540
Y2 6200 7800 | 7900 6500 6900 8000 7700
Y3 141 8,5 13.8 135 9,5 13.3 11.4

On the basis of the data mentioned in table 2 polynomial coefficients (2) have been
counted using the method of the least squares in the matrix form. The countings have been
done using the specially created programme in the Delphi programming environment on the
Object Pascal language. As the result, the system of the equations has been received (3). It is
a mathematical model, that describes the process being explored in z-coordinates.

y, =479,99z, +539,99z, +590z, +0z,z, -19,992,z, + 20,00z,z, +104,802,2,z,
y, =6200z, + 7800z, + 7899,99z, - 20002,z, -599,992,z, + 600z,z, +17036,162,2,2,

y, =14,1z, +8,52, +13,82, +8,82,z, -17,82,z, +8,62,2z, -18,332,2,2, @3)

Having defined the coefficients, the mathematical model was being checked in
adequacy, which means ability to predict the results of the research in some area with
necessary exactness. For this, additional experiments were being put in so called control
points, the value of the Student criterion was being counted and compared with the table data.
Received values of the criterion mentioned are the evidence of the adequacy of this model.

To solve the problem of optimization the so called generalized function of
advisability (D) was used. Harrington offered to use it as the generalized criterion of
optimization [4]. To count value D state values of responses were transformed into the non-
dimensional scale of advisability for each original parameter using exponential dependency.
The generalized criterion of D optimization was being counted as the geometric mean of
partial functions of advisability. The value of the Harrington criterion is limited within the
interval [0...1] (O stands for absolutely unacceptable value of the response given, 1 stands for
the most optimal value of the response).

Optimal content of the mixture being explored was being defined using the
method of scanning by step 0,01 in z-coordinates. According to the matrix equation (1) the
content of original components was transformed into the x- system. While the criterion of
advisability D=0.8256 the determined optimal correlation of mixture components for
monothreads formation is mas%: PP - 99,16; Ag — 0,38; SiO, — 0,46, and indicators that
characterize the quality of modified threads, are as following: comparative strength of
monothreads when ruining — 587 MPa, original module — 7944 MPa, diameter of area of
St.aureus bacteria growth retardment — 14,0 mm.
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Laboratorial patterns of monothreads have been worked out from the composition of
optimal content and their properties have been explored. It has been found out, that stitch
threads have an antibacterial effect; they also have good operating characteristics and fix the
surgical knot in a proper way due to high strength and elasticity.

Conclusions. Planning the experiment concerning the influence of the binary
nanoaddition silver\silica on the properties of the Polypropylene monothreads has been
carried out using the method of mathematical modeling. The content of Ag/SiO, in the PP
fusion has been optimized and biologically active monothreads with maximal mechanical
characteristics have been formed.
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NMJIAHYBAHHSI EKCHEPUMEHTY TA ONTHUMI3ALISL BMICTY
HAHOJOBABKH B MMOJIINPONIJTEHOBUX MOHOHUTKAX
B.I. PE3AHOBA?, B.LILIOTKIHA?, M.B. LIEBPEHKO"

Lyp . . < . . .
Kuiscoxuu HAYlOHAJIbHUU YHI8EepcUumem mexnoaociu ma ()u3atu
2 . . . . . .

RMZ@CbKMM HAYIOHAJIbHUU YHI8epcumem IMEHI Tapaca Lllesuenxa

Mema. [lnanyeanus  excnepumeHmy ma OnmMuMizayisi — cKiady  KOMNO3Uyii
noainponinen/0iHapHa HAHO000ABKA WOO0 00ePIHCAHHS NONINPONLIEHOBUX MOHOHUMOK 3
BUCOKUMU MEXAHIYHUMU MA AHMUMIKPOOHUMU 81ACMUBOCIAMU.

Memoouka. /s nnamyeanHs eKcnepumeHmy 3aCmOCO8AHO CUMNIEKCHO-2PAMKOBUL
Memoo y ncesdokoopounamax. Onmumizayito 6micmy HAHO000ABKU NPOBEOEHO 3
BUKOPUCMAHHAM Kpumepito Xappunzmona.

Pesynomamu. Memooom mamemamuynoco MOOEN08AHH OOCIIONCEHO  BNIUB
HanoO0obaexku cpiono/kpemuesem (Ag/SiOz) Ha enacmusocmi noainponinenosux (I111)
MOHOHUMOK MaA ONMUMIZ308AHO CKIAO KOMNO3UYii 015 ix ¢hopmyearnHs.

Haykoeéa noeusna. Cmeopena mamemamuyHa MOOelb, WO  BCMAHOBIIOE
83AEMO368 130K MIJIC 6MICMOM KOMNOHEHMI8 CYyMiwi ma 61acmu8oCmamu HAHOHANOBHEHUX
LI numok.

Ilpakmuuna 3nayumicms. Moougixosani MOHOHUMKY, CPOPMOBAHI 3 ONMUMATILHO20
cknaody xomnoszuyii IlllI/nHano0obaexka, nOEOHYIOMb BUCOKI MIYHICMb, e1acCmMUYHICmb ma
NpOosBAAIOMb AHMUMIKPOOHY Oil0.

Kniouoegi cnosa : nanooobaska, niany8anHsa, MamemMamuina Mooeib, ONMuUMizayis
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NJAHUPOBAHUE SKCIEPUMEHTA " ONTUMU3ALUA
CONEPKAHUSA HAHOJOBABKH B MOJIUIIPOMUJEHOBBIX
MOHOHMUTKAX

B.I. PE3AHOBA!, BM.IIETKMHA? M.B. LIEBPEHKO"

1 . . . .
Kuescxuu HAYUOHANbHBLIU YHUBEPCUMEM MEXHOI0cUU U 014301/[7-[0

2 o o

KM€GCKMM HAYUOHANbHBIU YHUBEpCUmMEmM UMEHU Tapaca Illesuenxo

Ilens. [Inanuposanue >KcnepumMeHma U ONMUMU3AYUSL COCMABA  KOMRO3UYUU
noaunponuier / OUHapHas HaAHOO000A8KA O NONYYEHUs NOAUNPONUTIEHOBbIX MOHOHUMOK C
BbICOKUMU MEXAHUYECKUMU U AHMUMUKPOOHBIMU CEBOUCMBAMU.

Memoouka. /[ns nianuposanus dSKCnepumMenma npumeHes CUMNIEeKCHO-peuemyamsiii
Memoo 8 ncesdokoopouHamax. Onmumuzayusi coO0epHcanusi HAH0000ABKU NpPoBeoeHd C
UCnonb308aHuem Kpumepus XappurHemoua.

Pesynomamut. Memooom mamemamuyecko20 MOOeIUPOSaAnUs UCCIe008AHO BIUSHUE
HanoO0obaexku cepebpo / kpemnezem (Ag/Si0Oz) Ha ceolicmea noaunponunenogvix (I111)
MOHOHUMOK U ONMUMUZUPOBAH COCMAB KOMNOZUYUU OJIsL UX POPMOBAHUSL.

Hayunasa wnoeusna. Cozoana mamemamuyeckas MoOelb, YCMAHABIUBAIOWAS.
B3AUMOCBA3L MENHCOY COOEPAHCAHUEM KOMNOHEHMO8 CMeCU U CBOUCMBAMU HAHOHANOIHEHbIX
HII numok.

Ilpakmuueckan 3nauumocms. Moouduyuposanuvie MOHOHUMKU, CHOPMOBAHHbIE U3
onmumanvHo2o cocmaga xomnozuyuu Illl/nanooobaska, umerom 6vlCOKUe NPOYHOCMbL U
NACMUYHOCTD, A MAKHCEe NPOABIAION AHMUMUKPOOHOE Oelicmaue.

Knwueewvie cnosa: wnamnooobaska, nianuposawue,  MamemMamuyeckas Mooeb,
ONMUMU3AYUSL.
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[Ty6nigne akmionepHe ToBapucTBO «Codis»
I'AJTABCBKA JI.€.
KwuiBchkuit HarlioHATEHUH YHIBEPCUTET TEXHOJIOTIN Ta TU3aiHy
IPOBJIEMH OPT'AHI3AILII MTPOILIECY MPOEKTYBAHHSA KOJIEKIIII
TPUKOTAYKHOI'O OJISATY TA IIUISIXU iX BUPIIIEHHS B YMOBAX ITAT «CO®ISI»

Mema: suceimnenus 00c6i0y 6NPOBAVNHCEHHS V SUPOOHUYMBO HOBIMHIX MEXHON02iU
MOOEN0OBANHS BEPXHIX MPUKOMANCHUX BUPODIE.

Memoouka: y pooomi 6 x00i 00CIi0HCeHb BUKOPUCTIAHO MeMOOU AHANI3Y Ma CUHMe3Y
HAayK0B8o-mexHiunoi ingpopmayii. 06’ exmom 00cniodxcenHs € emanu NPoeKmy8aHHs Kamezopill
0052y 3 mpuxomadxcy 6 ymosax Ilyoniunozo axyioneprnozo mogapucmea «Coghiay —
VKPAiHCbKOI KOMRAHIL 3 GUPOOHUYMBA MPUKOMAICY, 30KpeMa ACOPMUMEHMY eKCKIT03UBHUX
MPUKOMANCHUX 8Upodie 015t mopeosoi mapxu «Bravadi».

Pe3ynomamu: poszensinymo 00uH 3 20JI06HUX HANPAMIE VCRIWHOI pobomu uo0o
NPOEKMYBAHHS ACOPMUMEHMY eKCKIIO3UGHUX mpukomaxicuux eupooie ons TM «Bravadiy. Ha
MEeXHONO02IYHI 0a3l nionpuemMcmea 3 BUKOPUCMAHHAM CYYACHO20 NIO0CKO8 A3A/IbHO20
001A0OHAHHA 3 KOMN TOMEPHUM YRPABTIHHAM NPOYECOM 8 A3AHHA MA CMBOPEHHs BI3ePYHKIG
CMBOPEHO BUULYKAHT KONEKYIT MPUKOMANCHUX 8UPODIE.
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