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SECTION 10. Astronomy and space research.

THE EFFECT OF THE CLIMATE'S ELEMENTS ON THE SUN
RADIATION IN BABYLON FOR 2014

Abstract: In this study special equations had used for calculation the quantity of the solar radiation which
incident perpendicular on the Babylon city, the benefit of this study is exploitation the solar energy by solar cell to
get the electricity. The data of the weather from the meteorological station in College of Education for pure
sciences contains the information of the Monthly average of the Solar Radiation with absence atmosphere H_0
(MJ(m"2.day)), the Monthly Average of the theoretical solar radiance (hr) and Relative Air Mass M(z) from 1/
January / 2014 to 31/ December / 2014. The results of this study explains the effects of the climate's elements
(degree of temperature and the relative of humidity), on the solar Radiation. In this study it be found that it can
transform the solar radiation in the Babylon city to the electricity by using the solar cells because the high relative
of the solar radiation falling in Babylon city
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Introduction
Solar radiation source of thermal energy which
is emitted from the sun in the form of
electromagnetic waves. And is a source of thermal
energy of the universe - (satellites, earth and planets)
and reaches of the solar beam us a small part of it.
Solar radiation is divided into visible rays and
invisible rays. There are several influential factors in
connecting solar radiation to the earth's surface are:
1. fall of the solar radiation angle.
2. The length of daylight.
3. The face of the mountain slopes.
4. The purity of the air.
In this study, we will learn about the impact of
climatic factors that affect the amount of solar
radiation and the possibility of taking advantage

of this radiation in electric power generation
and utilization by solar cells

The data of the weather from the
meteorological station in College of Education for
pure sciences from January to December 2014

The data of the Solar Radiation of the Babylon
city which was obtained from the meteorological
station in Education for pure sciences College in
Babylon University. this data was used for the
calculations and diagrams that calculate the monthly
average of the solar radiation with absence
atmosphere H, , the monthly average of the
theoretical solar radiance and the relative air mass.
This calculations and diagrams will show
information of Solar Radiation in the Babylon city.
Look at the table (1).

Table 1

The data of the Solar Radiation in the Babylon city for 2014

Radiation with absence
Atmosphere H,

(M]/m?.day)

Month

Monthly Average of the Solar

Monthly Average of the
theoretical solar radiance
(hr)

Relative Air Mass
M(z)
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impact Factor: | S OUAIZ0% | PG 0 And i
L JIF =1.500 { SJIF (Morocco) =2.031 |
1 January 19.64364066 10.14784815 0.957876263
2 February 24.82763992 10.8821888 0.857107249
3 March 32.17738958 11.92144922 0.762160161
4 April 37.81203181 12.83273765 0.716604141
5 May 41.729454 13.68210849 0.698956581
6 June 42.82640108 14.10679653 0.696622747
7 July 41.21962654 13.87697116 0.69743467
8 August 37.20677834 13.11247089 0.708612311
9 | September 31.4953311 12.13693744 0.748283623
10 October 25.15436905 11.14014487 0.828893124
11 | November 19.93017363 10.29706023 0.935043219
12 | December 17.72986775 9.892257158 0.999733785

Monthly Average of the theoretical solar radiance
(hr)

15

Month

Figure 1 - Diagram of the Monthly Average of the theoretical solar radiance
in Babylon city for 2014 .

At the general, the values of the Monthly
Average of the theoretical solar radiance in the
Babylon city to be distinguished by height in all
months especially in May, June and July. But it is

slightly low in January and February.The total
Average of the theoretical solar radiance in Babylon
city is 12.057032 hr.
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The effect of change in temperature and Heat _ a+(b-i) (1)
relativity Humidity on the solar radiation. i Ho So .
H.q is the quantity of the total solar radiation

The quantity of the solar radiation which which incident perpendicular on the earth.

arriving to any point in the earth is final resultant for
any angle of the solar ray and the period of solar
radiance therefore there are many of equations which
used to expression The quantity of the solar radiation
which arriving to the earth.

The Angstrom equation is very important
equation. It used to calculation the quantity of the
solar radiation and the period of solar radiance.

place of city.

b = 0.5389 these constants has a no unit.

H, is the solar radiation outside the atmosphere.
S is the period of the practical solar radiance.

S, is the period of the theoretical solar radiance.
a and b is a constants, it is dependent on the

For the place of Babylon city a = 0.0379 and

0,6

2 _
05 | R?=0,1469

0,4 1
0,3 1 L R
Hcal/HO

0,2

0,1

6E-16

0 0,1 0,2 0,3 0,4 0,5 0,6

Hobs/Ho

Figure 2 - The slope between the relative of the incidence solar radiation in Equation (1) with the relative of

the absorbent solar radiation in the Babylon city in 2014.

When we take the climatic inductions on the

incidence solar radiation (degree of temperature and equation;

feat = 0511 + (0.664 =) — (0.013T,,) — (0.005R. Hyy)
H So

Heal _ 015 4 (0516 3) + (- 22) + (0015R. Hoy)

Hyo Tav
Heal _ s _30.562
fenl — 1,999 + ( 1.6350) +(0.015T,,) + R.Ha,,)

Heal _ s 5.651 3768
fest — 0208 + ( 0.02350) n ( - ) + ( R_Hav)
feal _ 1,306 + (0.874 Si) + (=0.021T,,) + (—0.006 R. Hyy) + (—0.026[Tyax — Tonin])
0 0
feal — 0216 + (0.587 Si) + (=0.011T,,) + (0.009R. H,,) + (0.004[R. Hypp — R. Hypin])
1]

0

Hcal

s
= 11.899 + (1.838—) + (=0.165T,,) + (=0.161R. Hy,) +

So
+(_0-11[Tmax - Tmin]) + (0-029[R- Hmax - R. Hmin])

0

And when we sketch the figures of these
equations with the absorbent solar radiation, we will
get following figures:

the relative of humidity), we will get the following

O]
@)
(4)
(®)
(6)
()

(8)
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Figure 3 - The slope between the relative of the incidence solar radiation in Equation (2) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 4 - The slope between the relative of the incidence solar radiation in Equation (3) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 5 - The slope between the relative of the incidence solar radiation in Equation (4) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 6 - The slope between the relative of the incidence solar radiation in Equation (5) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 7 - The slope between the relative of the incidence solar radiation in Equation (6) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 8 - The slope between the relative of the incidence solar radiation in Equation (7) with the relative of

the absorbent solar radiation in Babylon city for 2014.
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Figure 9 - The slope between the relative of the incidence solar radiation in Equation (8) with the relative of
the absorbent solar radiation in Babylon city for 2014.

Discussion

The average value of the solar radiation in the
Babylon city in 2014. is relative law in the winter
and first of the spring (January, February, March and
April ) but it is high in the summer and last of the
spring (May, June, July and August).

In the winter, the average value of the solar
radiation is between(19 — 38 MJ/m?.day), and in
the summer it is between (37 — 43 MJ/m?.day),
this is because place of Babylon city in the earth and
the angle of the incident solar ray, this angle is
inclined in the winter beside the sky is full of clouds
and rains and the humidity is high.

In the summer, the angle of the incident solar
ray is perpendicular, the sky is clean and the

M] 30.97939 x 10°]

30.97939

humidity is law therefor the average value of the
solar radiation is high.

The Monthly average of the solar radiance
effects on the solar radiation too, it is between
(10 =13 hr) in the winter and it is between
(13 — 14 hr) in the summer.

Conclusions

1. The average value of the solar radiation in
Babylon city for 2014. is equal
(30.979392 MJ/m?.day), and the monthly
average of the solar radiance is equal
(12.05 hr), we can get 358.56 watt for any
square meter of Babylon city in about
(12.05 hr) if we get competent solar cell:

] watt

= 358.56 = 358.56

2. From the data of the table (1), when the
monthly average of the solar radiance is
maximum and the relative air mass is
minimum the solar radiation become
maximum, and when the monthly average
of the solar radiance is minimum and the
relative air mass is maximum the solar
radiation become minimum.

m?2. day ~ e, (24 x 60 x 60)sec

m?2. sec m?

3. The maximum average value of the solar
radiation is equal (42.8264 M]/m?.day) in
the summer in August and the minimum
average value of the solar radiation is equal
(19.6436 MJ/m?.day) in the winter in
January.

ISPC Technological breakthrough in
science, Philadelphia, USA

107

THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India) = 1.344 | SIS (USA) =0912 | ICV (Poland)  =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | g australia) = 0564 | ESJI (KZ) ~ =1042 | IBI (india) = 4.260
L JIF =1.500 { SJIF (Morocco) =2.031 |
References:
Akpabio LE, Etuk SE (2003) "Relationship 7. Prescott JA (1940) "Evaporation from a water
between global solar radiation and sunshine surface in relation to solar radiation”, Trans
duration for Onne, Nigeria”, Turk J. Phys. , Roy Soc Aust. ,Vol. 64, P.48.
Vol.15, P.865. 8. Skeiker K (2006) "Correlation of global solar
Duffie JA, Beckman WA (1994) "Solar radiation with common geographical and
Engineering of thermal Processes" , 2nd Edn. , meteorological parameters for Damascus
John Wiley, New York. province" , Syria, Energy conversion and
Falayi EO, Rabiu AB (2005) "Modeling global management, VVol.47 , P. 331.
solar radiation using sunshine duration data 9. Stone RJ (1993) "Improved statistical procedure
Nig." , J. Physics, Vol.17S, P. 181. for the evaluation of solar radiation estimation
Medugu DW, Yakubu D (2011) "Estimation of models", Solar Energy,Vol. 51, P.289.
mean monthly global solar radiation in Yola — 10. Togrul IT (2009)  “Estimation of Solar
Nigeria" , Pelagia Research Library , Vol.2 , Radiation from Angstroms Coefficients by
P.414. using Geographical and Meteorological data in
Okundamiya MS, Nzeako AN (2011) Bishkek" , Kyrgyzstan , J. Thermal Science and
"Empirical model for estimating global solar Technology, Vol.29 , P.99.
radiation on horizontal surfaces for selected 11. Togrul IT (1998) "Comparison of statistical
cities in the six geopolitical zones in Nigeria" , performance of seven sunshine-based models
J. of Control Sci. and Eng. , Vol.2011 , P.7. for Elaz1g, Turkey" , Chimica Acta Turcica
Paulescu M, Fara L, Tulcan-Paulescu E ,Vol. 26, P.37.
(2006) "Model's for obtaining daily global 12. Walpole RE, Myers RH (1989) "Probability

solar irradiation from air temperature data" ,
Atmospheric Research ,Vol. 79, P. 227.

and statistics for engineers and scientists",
Macmillan ,4th ed, New York.

ISPC Technological breakthrough in
science, Philadelphia, USA

108

THOMSON REUTERS

Indexed in Thomson Reuters




[ ISRA (India) = 1.344 | SIS (USA) =0.912 {ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI(KZ) ~ =1.042 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i

SOl: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

Elena Ananyeva

Doctor of Philosophy,

Associate Professor.

Department of General Psychology
SEGI KFU behalf V. Vernadsky,
Russian Federation
filosvit@mail.ru

p-1SSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)

Year: 2017 Issue: 03 Volume: 47

Published: 30.03.2017 http://T-Science.org

SECTION 21. Pedagogy. Psychology. Innovations
in the field of education.

PSYCHOLOGY OF RELIGION IN THE SYSTEM OF SCIENTIFIC
KNOWLEDGE: DETERMINING THE SUBJECT OF RESEARCH

Abstract: The article examines the problems of researching the psychology of religion as an independent
discipline within the framework of socio-psychological knowledge. Theoretical questions are raised at the junction
of social psychology and religious studies, which lead to the development of a new methodology, a new conceptual
research apparatus, which is reflected in the definition of the subject of the psychology of religion.

Key words: The psychology of religion, the subject of the psychology of religion, religiosity, religious
worldview, religious phenomena, social psychology, the philosophy of religion.

Language: Russian

Citation: Ananyeva E (2017) PSYCHOLOGY OF RELIGION IN THE SYSTEM OF SCIENTIFIC
KNOWLEDGE: DETERMINING THE SUBJECT OF RESEARCH. ISJ Theoretical & Applied Science, 03 (47):
109-113.

Soi: http://s-0-i.0rg/1.1/TAS-03-47-20  Doi: &os¥ef https:/dx.doi.org/10.15863/TAS.2017.03.47.20

IICUXO0JIOI'us PEJIUT MU B CACTEME HAYYHOI'O 3HAHMUS: OITPEJEJIEHUE ITPEIMETA
HCCJIIEJOBAHUSA

AHHO”’MH{M}I: B cmamve paccmampuearomcsi l’lp06]leﬂ/lbl UCCAe008aHUSL  NCUXONO2UU peaucuu  Kak
CamocmosimenbHou 0ucuunﬂqul 6 pamKax CoOyuailbHO-nCuUxojlocudecKkoco 3HaHus. Tloonumaromes meopemu4iecKue
680NpOCybL, Haxod}m;uewz HA CmblKe COlfuaJZbHOZZ ncuxojozuu u peﬂuzuoeedeuwz, Komopble eedym K 6bzpa60m1<e
HOBOIL MEWZOOOJIOZMM, HOB020 NOHAMUUHO20 annapama ucczzet)oeanwz, umo ompastcaemcs 6 onpedeﬂenuu
npedMema ncuxoJjocu peaucuu.

Knwuesvie cnosa. Ilcuxonocus penucuu, npeOMem ncuxojocuu peaucuu, peiucuo3nocms, peiucuo3Hoe
MUpoeo3spenue, peiucuo3nsble sA6J1eHUA, COYUATbHAA NCUXOTI02UA, ¢MJZOCO¢M}1 peaucuu.

OOroCI0BCKOTO MUPOBO33pPCHMA, KOTOpbIC u
YCTaHaBJIMBAKOT METOA OMPCACICHUA SMIIMPUICCKUX

Beeoenue
Bompoc ycraHOBNICHHS MeCTa TCHXOJOTHH

PENUIUX B CUCTEME HayYHOTO 3HaHHS TECHO CBSI3aH C
orpezieIeHueM npeaMeTa JTaHHOU
MEXIUCIUIUIMHAPHONW JUCHUIUIMHBI U 3aKITI0YaeTCs
B TOM, CJIEAYeT JIM OTHOCHUTH IICUXOJIOTHIO PEJIUTHHU K
MICUXOJIOTHA WJIM K (QHUIOCOGHM peNnuruu, ambo K
penurnoBeeHU0. ECITU IICHXO0I0THS PETUTHH — 3TO
YacTh IICUXOJIOTHH, TO KaKas U3 00J1acTell MmocaeHen
— WHAMBHyalbHAs WM COIMAJIbHAS — JOJDKHA OBITH
IPEUMYIIECTBEHHO OTpaXkeHa B HCCleAOoBaHUIX. B
nocjaegHee BpeMsl MOSIBUIIACh TEHACHIUS, COTIACHO
KOTOpPOit TICUXOJIOTUsI penurun - 3TO
CaMOCTOSITENIbHAsL HayKa, C Y€M BO MHOTOM MOXKHO
cornacutbes. ONHAKO CIOXHOCTh ONpEAEIEeHHUS
NCUXOJOTH  PEeIUurud B TAakOM  I[OHUMAaHWUH
3aKJIFOYAeTCS B TOM, YTO METOMOJIOTHS JaHHOM
TUCHUIUIMHBI ~ 3aBUCHUT  OoT  (uiocodpun  u

noKasarelield peJIMruo3Horo peHoMeHa [7].

Memooonozusa

Bonbilioe BiAMsSHUE HAa Pa3BUTHE IICHXOJOTHH
pPENUrUKM  OKa3ajd €BPONEHCKHE TEOJOTHUECKHE,
¢uwrocopckue U NCHXOJOTHMYSCKHE  TPaJUIUH.
IMostomy npobiema npeaMeTa H3yYEHUS
MICUXOJIOTHH penuruu JIOCTaTOYHO TOJTHO
paccMOTpeHa B OTEUYECTBEHHOW U 3apyOexHOMH
(GHITOCOPCKOW, PENUTHOBETYSCKOH M  COIHAIBHO-
MCUXOJIOTHYECKO# JuTepaType, B TOM YHCIE B

paborax, MOCBALIEHHBIX BOIpOCaM
MICUXOJIOTUYECKUX MpobiieM penuruu [5].
Cpenum HUX — KIAacCHMYECKHH OpHTaHCKHI

smnupu3M Ha pyoexke XVIII-XIX BB., kitaccumueckast
HeMelkas Gpuocodusi, mpexae Bcero Gumococko-
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TpaHCUEH/ICHTalIbHAsI pobaeMaTrka onbita. [1o3ke
Ha TICHXOJIOTHIO PEJIUTHH OKa3bIBaJIH BIUSHUE B TOMH
WIM WHOW Mepe INPAKTUYECKH BCE [BIDKCHUS H
TEYCHHUS B EBPOMEHCKOH (uinocodun, B KOTOPHIX
npobieMa peTUrHO3HOTO OIbITa 3aHUMaja 3aMETHOES
MecTo. Heo0X0AMMO OTMETHTh TaKXKe M BIHSHHE HA
pa3BUTHE TMCHXOJIOTHH PENUTHH  (HHIOCOPCKOro
3HaHUs XX BeKa, TakKoro Kak Quiocodckas
(heHOMEHOJIOTHS W aHAIUTHYECKass (mIocodpus,
KOTOpbIE HACTOJIBKO HMHTETPUPOBAHBI B
UCCJICJIOBAaHNE PEIUTHO3HOTO OIbITa, YTO 0e3 HHUX
UCCJICJIOBAaHHUE YXKE HEBO3MOXKHO MPEICTABUTH, II0
00IIIeMy MHEHHIO, CIIOKHMBIIEMYCSl B KJIACCHYSCKOM
penurnoBeneHun [5].

Ilpu BceM 3TOM B CiOydae pacCMOTPEHHUS
TICUXOJIOTHH PENTUTHU KaK OTACTbHON JUCIHUIUTHHBI B
paMKax TIICUXOJIOTMYECKOro 3HAaHWA HEPCIICHHBIMU
OyayT SBIATHCS BOIIPOCHI, CBSI3aHHBIE C MPOOIeMaMu

METOL0JIOrHYECKOMN 0assl OOIBIINHCTBA
HCCJICI0OBaHUM (deHomeHa UHJUBUAYaIbHON
PETUTHOZHOCTH. Bosuukaer  psn CJIOKHBIX

TCOPECTUYCCKUX BOIPOCOB, HAXOAANIUXCA HA CTBIKC
COLMAIIbHOM IICUXOJIOTuH u PEIIUruoBEeACHU,
KOTOpPBIC BEAYT K H€O6XO,HI/IMOCTI/I BBIpa60TKI/I HOBOM

MCETOOOJIOTHUH, HOBOIO TIOHATUHHOTO armapara
HCCIICA0BaHMA, YTO BbBIPpAXKACTCA B IIOHCKE U
OIPCACIICHNU HEMOCPCACTBCHHOTO npeamMeTa
HCCIICAO0BaHuA, TMPUCYIIETr0 HWMEHHO IMCHUXOJIOTHUHU

PENUTHUU KaK OPUTrHHAJIBHON HayYHO! AUCIUIIIIMHEI.

Ienpto cTaThu SBISETCS aHAJIM3 BOIPOCOB IO
ONpEeNeNeHUI0 IIpeaMeTa IICHXOJIOTUM  PEJIUrui,
MOCKOJBbKY  TNpPHW3HAHWE  IICUXOJOTWH  PEIUTHH
CaMOCTOATENLHON JUCIUIIIINHON OOHAPYKUBAET, UTO
METOJIMKa €€ MCCIEJOBaHNUi 3aBHCUT OT COLMAILHO-
TICHXOJIOTHYECKOM METOJI0JIOTHYecKoi 0as3bl, OT
00CTOSITENILCTB COIMOIOTNIECKOTO U NCTOPHUECKOTO
HnopsJKa, W B TOM YHCIE — OT OCOOEHHOCTEH
4eJI0BEYECKON IICUXUKH.

Bompoc ompenenenus mpenMera IICHXOJIOTHH
PENUTHUN YCIOXKHSIETCS eIle TeM, YTO JO MOSBICHHS
HaydyHOW mcuxoyiorud  (hopmanbHO JAaTty ee
BO3HHKHOBEHHS CBS3BIBAIOT C OCHOBaHWEM B.
Bynarom B 1879 1. mepBoil 3KCIEpUMEHTAIbHOM
MICUXOJIOTHYECKOW  Jraboparopun B Jledmmure)
npoOJIEeMbl  TICUXOJIOTHH ~ PEJUTHH  OKa3bIBAJINCH
TJIaBHBIM 00pa3oM B JIOHE (HIIOCO(UH HITH TEOJIOTHH
[1, c. 46-48].

OnHako yxKe TIepBbIE TIOTIBITKH
CHCTEMaTHYEeCKOTO  HU3y4YeHHMS  ICHUXOJOTHYECKUX
npobJieM peNuruM JBUTAJINCh B  HAIPaBICHUH
SMIMPH3Ma W 3aKI0Yaid B cebe CTpeMIIeHHue
OpUOMM3UTECST K JTaJOHaM,  BBIPAOOTaHHBIM
KOHKPETHBIM  €CTeCTBEHHOHAYYHBIM  3HAHHUEM.
Merononoruueckoi Gazoit B cUcTeMe
NICUXOJIOTHYECKOM  HAayKW Uil OOJIBIIMHCTBA
uccieoBaresieil OblI MO3UTUBU3M WM CTUXHHHBIA
MaTepHausM; yxKe B paHHUX  paboTax
OoOHapy)XWJlach TEHICHIMS pasrpaHWYeHHs 3aj1ad
MCUXOJIOTUM PEJIMTUM U penuruoBeneHus [5].

OnmHAaKO MHCTHTYLIHOHAIBHO IICHXOJOTUS PEIUTHH
NpakTHYeCKH  He  Obla  TIpeicTaBleHa B
TICHXOJIOTHYECKHUX HCCIIEI0BATENBCKUX IEHTPAX U Ha
¢axynpreTax ncuxonoruu. bonee Toro, crenuanuct
[0 TMCHUXOJOTHMM pEIUTMy yvalle Haxoaua cebe
NpUMEHEHHE B  CHCTEME  PEeIUrHOBENIYECKHX,
($UII0CO(CKUX HITH TEOJIOTHYECKUX YIPEIKACHHH.

OtHeceHue MICUXOJIOTHH penurun K
COIIMAJIbHOM  IICUXOJIOTMM  Jaub0 K oOIen
TICUXOJIOTHH, JTHOO0 K PEIUTHOBEICHHUIO OCIO0KHEHO
TPYIHOCTBIO TIPOBEIEHHS CTPOTOW TPAHHIBI MEXKIY
STHMH oOiacTsAMH wmccienoBaHus. Ha  mepBeIif
B3MNIAA, O4YEBHIHO, 4YTO, OyaydW  sIBICHHUEM
COIMANBHBIM, JIMYHAs  PEIUTHO3HOCTH  Ooiee
€CTECTBEHHO BIIMCAJACh Obl B KOHTEKCT COLMAIBHO-
NICUXOJIOTUYECKOTO UCCIICI0OBaHMUA, 4TO u
MIPOUCXOJWIIO B Hayajie ONpeIeNieHUs IMCUXOJOTHH
penurun. TeM He MeHee, Kak IOKa3allo Mo3/aHeiee
pa3BuTHE, OOJBIIMHCTBO KOHLEMNIHUII B IICUXOJOTUU
penurud 00s3aHO CBOMM IIPOMCXOXKIEHHEM o0O1iei
100 WHIMBHIYAIBHOH TCHXOJIOTHH: IICHXOJOTHH
6ecco3HaTeNIbHOTO, NICHXOJIOTHH MOBEACHHUS U T. 1.
[pu 3TOM, Kak HpaBHIIo, N3BECTHBIC
O0IIETeOPETHUECKUE  TOJIOXKEHUSI O  IPHUPOJE
WHIUBHUIYAIbHON IICUXUKH 3KCTPANONNPOBAINCH Ha
TPOOIIEMBI PETUTHA M PETUTHO3HBIX OTHOIICHHH[6].

VYKe Ha paHHUX 3Talax Pa3BUTHA MCUXOJIOTHH
penurun copmupoBacs MOJIXOJ,
MIpeoIararomui OrpaHUYEHUE o0bekTa
HCCIICIOBAaHMUS HCKIIOYUTEIbHO BHYTPEHHEH, WM
CyOBEKTUBHOWM CTOpOHOW penurun. Y. JlxemMc B
cBoeil CTaBIIEH KJIACCUYECKOM pabote
«MHOroo0pasyue perurio3HOrO OIBITa» OMPENEIIsT
pasiuuuMe  MeXIy BHYTpEHHEH W BHEUIHeH
CTOPOHAMM pENUIHM  clefylomuM obpasom: «C
TIEpBOTO II1ara Mbl BCTPEYaeM MOTPaHUYHYIO JINHHUIO,
MIPOXOJSIIIYI0 4epe3 Bclo obyacte penuruu. [lo
OIIHOM CTOpPOHE €€ HaxOOUTCS pEIurus Kak
yUpekAeHHe, MO JApyrod — Kak  JIMYHOE
NepeKUBaHUE. <...> Bremnui KYJIbT,
JKEPTBOIIPHHOIICHHS, BO3ZICHCTBUE Ha
6J1arOCKJIOHHOCTh OoxxecTBa, TEOJIOTHYECKHE
CHCTEMBI, OOPSTHOCTh M LEPKOBHAS OpTaHU3aIUs
TIPEACTABISIIOT CYIIECTBEHHBIE YEPTHI IIEPBOIl BETBU.
Ecnut 661 MBI cOCpPEIOTOUMIIN CBOE BHIMAHHE Ha HEH,
TO JIOJDKHBI ObUTM OBl JaTh PEINIHU OIpeleeHHe
KaKk HEKOEMY BHEIIHEMY JEHCTBHIO, HMEIOIEMY
LeTbl0  TpHUBICUCHHE K cebe MWIocTH OOros.
Hao0Gopor, B penuruu IMYHOTO XapakTepa LEHTp, Ha
KOTOPOM  JIOJDKHO COCPEIOTOYMTHCS BHUMAHHE,
COCTaBIIIIOT BHYTPEHHHE IIEPEKHMBAHUS YENIOBEKa,
€r0 COBECTH, €r0 OANHOYECTBO, €ro OECIIOMOITHOCTD
U HECOBepHIEHCTBO. <...> JleWcTBUS, K KOTOPBHIM
moOy>KIaeT TaKoro pojia PEeIUTHO3HOCTh, UMEIOT He
OOpSIOBBI, a YWCTO JIMYHBIA Xapakrep...». VY.
JlxeliMC HAcTOIUMBO MOJYEPKUBAJI, UYTO HMEHHO
JIU4HAas, CyObEKTUBHAsI 00JIACTh PEIUTUU COCTABIISCT
O00BEKT NPENMYIIECTBEHHOTO BHHUMaHUs Hayku [3,
c.146].
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C omHOH CTOPOHBI, C OTHM TPYOHO HE
COTJIACUTbCS — IIOHMMAaHUE TEX PEJIUTHO3HBIX
SIBIICHUH, KOTOpBIE CBS3aHbl C BHYTPEHHHM MHPOM
4eJIOBEKA, BO3MOXKHO IIPEKIAE BCEr0 B pPaMKax
NCUXOJIOTHYeckoro  uccienosanus. C  apyroi
CTOpPOHBI, TAKOEC IOHMMAHUE HUKAK HEJIb3sl IPU3HATH
YHUBEPCAIILHBIM. IIpencraBurens, HaInpumep,
OMXEBHOPHUCTCKOTO HANpAaBJICHUS B ICHXOJOTHH
3aHA1 OBl TPSAMO TPOTHBOMIOJIOXKHYIO TO3HIHIO,
3asBUB, YTO TaK Ha3blBaeMas BHYTPEHHSS CTOPOHA
PETUTHO3HOCTH HE MOXKET HU3ydaThcs BooOmmIe, a
HAaCTOALUMH  NpeAMET  HCCIENOBAaHUS  MOXKET
COCTAaBUTh TOJBbKO PEIUTHMO3HOE IOBEACHUE B €0
COOTHOLIEHUH CO CpelNod, B KOTOPOH OHO
¢dopmupyercsi. MOXKHO COTJIACUTBCS, 4YTO TaKyIO
TOUKY 3peHMs pasfenwiu Obl mocnepoBatenu M. IT.
IlaBnoBa u B. M. bexrtepeBa, CTOPOHHUKH TEOPUH
«UMHCTUHKTOB COLMAaJbHOTO noBeAeHus» B. Mak-
Jyranna wiM nOpeiacTaBUTENH CTPYKTYPaJIUCTCKOM

HIKOJIBI [4].

Onnako, I 3HAYUTEINBLHON qacTu
uccieoBaTeeH, paboTaBImux B obmacTtu
TICHXOJIOTHH penurum, UMEHHO oaX0/,
chopmynupoBaHHBIE Y. JlKeMcoM, OCTaBajCs
TJIABEHCTBYIOIIMM  HAa  TPOTSDKCHUH  JIOJITOTO

BpeMeHH. B 1mone 3peHHsl MCUXOJOTMU PEJUTHU B
MIEPBYIO OYEPE/Ih MOMAAATH SBJICHUS CyOBEKTHBHOTO
MHUPOOIIYIIEHUsI YeJOBeKa: MepPEeKUBaHUS, IMOIUH,

BOCHIpUATUA u ux nepepa60TKa, MOTHUBaALUA,
HaMCpPCHHs, BOJICBBIC YCWJIWA, aKTbl MBINUJICHUAA,
HAaKOHCL, ImaMATb H BCC €€ CO3HATCIIbLHOC H

Oecco3narenpHOEe coxaepxkanue [8]. Ilpm »TomM He
00s3aTeNbHO  peYb IIa O BHYTPEHHEM MHpE
WHJMBHJOB, HMMEIOINX pPEIUTHO3HYI0 YCTaHOBKY,
00BEKTOM PAacCMOTPEHHS MOTJIA CTAaTh W ICHXOJIOTHS
0e3penMruo3HOr0  WHIMBHIA, U3ydaemas 1107
COOTBETCTBYIOIIUM YTJIOM 3pPEHHUSL.

CymiecTByeT 3HAYUTETHHBIN miact
PEIUTHO3HBIX SIBIICHHUH HUHTEPCYOBEKTHBHOTO
XapakTepa, K HUM OTHOCSTCS, B INEPBYIO OdYepe.b,
BEpOYUCHHE M CHUCTEMA PEIUTHO3HONW COLMAN3AIIH
(Bocrimtanus u oOyuenusa). Tak, BepoyueHHe
O0OBEKTHBHO, TOCKOJIBKY CYIIECTBYeT BHE W
HE3aBHCHMO OT BOJI M CO3HAHMUS NPUBEPKEHIIEB TOH
WM UHOM peNuruy, 3a(UKCUPOBAHO B TEKCTAX WM
YCTHOH TPaaWIMM M COXPaHSAETCS WM Pa3BUBAETCS
YCWINSIMH PEIUTHO3HOW opraHm3aiuu. OfHaKoO B TO
xKe BpeMst OHO CyOBEKTHBHO, T. e.
MHTEPHOPHU3UPOBAHO, H3BECTHO  BEPYIOUINM |
BOCTIPHHATO MMH KaK CHCTEMa CBOMX, BHYTPEHHUX
[IEHHOCTEH, COCTaBiIsAeT (QyHIAMEHT WX BHYTPEHHEH
pemuruo3Hoctd  [8].  AnHamormdyHbIM  0Opa3zom
CHCTEMa PEITUTHO3HON CONMANN3AINH, BKIIOYAIOIAst
BCE UCTOpUYECKHE (hopMBI TPAHCIALUI
PENIUTHO3HOCTH W3 MOKOJEHHS B MOKOJNEHHUE, OT
MEepBOOBITHBIX MHMIMALMHA 10 TYXOBHBIX aKaJeMHH
TaKke OOBEKTHMBHA — OHAa €cTh JIAHHOCTh
OOIIIECTBEHHOW JKW3HM, CYIIECTBYIOIIAsh BHE H
HE3aBUCHMO OT OTIEJIBHBIX IIOAEH, B YaCTHOCTH,

TeX, KTO OKa3bIBacTcs B cepe ee BuusHUA. Kpome
TOTO, HCITIONB3Yysl OOBEKTHBHUPOBAHHBIEC, COLHUAIBHO
3aKpEIUICHHBIE CTAHAAPTHl — METOABI BOCIIUTAHUS U
00y4eHUs, Y4eOHUKH, ITAIOHBI, aBTOPUTETHI U T. II.,
OHa, B KOHEYHOM HTOre, NMPHUBOAUT K TOMY, UTO

BLIpaGaTI)IBaIOTCH CTCPCOTUIIBI BHyTpeHHeﬁ
PEIUTUO3HOCTH UHAUBUIOB — KaHOHBI PEJIMTUO3HOT'O
NepeKUBaHMs, PEIUTUO3HOTO MBIIJICHUA,

PEIMIHO3HO HANpPaBICHHOTO BOJICBOTO akTa. Mx
BEIpAa0OTKA SIBIISETCS KOHEYHOH 3ajadeil CHCTEMBI, ’
MOTOMY OHHM BBICTYNAIOT Kak (hopMHUpyrOIHid
CYLLECTBEHHBIN €€ NMPUHLUUI. B penuruo3Hoi xu3Hu
GosbImoe 3HaUCHHE nMeeT HUMEHHO
HMHTEPCYOBEKTHBHBIN XapaKTep 3THX COCTABILIONINX:
JUIL BEpYIOLIEro, Kak IpaBWJIO, U OYEBUAHO, U
Ba)XHO, YTO COJAEpXaHHsi, O0pasylollue ero
BHYTPEHHIOIO PEIUTHO3HOCTD, SIBIISIFOTCS
CYIIECTBEHHBIM CBS3YIOLIMM 3BEHOM MEXIy HUM U
peNUTHO3HONH  OpraHu3anueid, MeXTy HUM U
€MHOBEpIIaMHU, a 3TO caMO 0 ce0e IpeAcTaBisIeT
BaXHBIH Icuxosornaeckuit paxr [8].

Ecnu B HacTosimee BpeMsi MOIBITATHCS yKa3aTh
(aKTHYECKUH IIPEAMET ICUXOJOTHH PEIUIHH Kak
YaCTH MCUXOJIOTHYECKON HAyKH, TO BHYTPEHHUH MHD
BepyrolIero OyaeT oTHeceH K HeMy 0e3 KoeOaHui.
OnHako BHEHIHAS CTOPOHA PENMTHH — PEIUTHO3HbBIC
OpraHu3aIiy, KyJIbT U €r0 MaTepUalibHbIE aTPUOYTHI,

PEIUTHO3HOE MOBEICHHUE, Xapakrep
JKHU3HEACATCIBbHOCTHU PEIINTUO3HBIX HUHAWBHUIOB,
COO0IIECTB, HepapXuii, TUICPOB H T. O., — CTaua

00BEKTOM BHUMAHUS HCCIIENOBATENCH COLUAIbLHON
ncuxonorun. Ilcuxonorus penurud, B  CBOIO
ouepenb, HAXOOUT TECHYI CBS3b C COLMAJIbHOM
NICUXOJIOTHEH, TOCKOJbKY BO BHEIIHEM ILIACTE
PEAMTHO3HBIX  SIBIEHUH NPUCYTCTBYIOT —AacCHEKTHI,
KOTOpBbIE HaXOJsT CYILLECTBEHHOE H
MPEUMYIICCTBEHHOE OOBACHEHHE HE CTOJIBKO B
00CTOSATEILCTBAX COLIMOJIOTUYECKOTO AITH
HUCTOPUYECKOTO MOPSIKA, CKOJIBKO B OCOOCHHOCTSIX
YeJI0BEUECKOU TICUXHUKH.

TaKI/IM o6pa30M, HpI/I BBIJACJICHUU IICUXOJIOTHUU

penurud B KayeCTBE  OTACIbHOW  HAy4YHOU
JUCUMIUIMHBl ~ O4Y€Hb  TPYJHO  JaTb  €IMHOE
ONpeNeNICHHEe NpeAMeTa IICUXOJIOTUH  PEIUrud,
KOTOpoe He BbI3BaJo Obl Bo3pakeHnid. Ecnm
copMyIHpoBaTh neduHunmIo, KOTOpas
MakCHMaJIbHO TOYHO OTpaxkaia Obl peaJbHYIo

KapTHHY WCCJICIOBaHUN B NaHHOW oOiacTé u Obuia
N0  BO3MOXHOCTM  Oojiee  HEWUTpaJbHOH 1O

OTHOIICHUIO K yxKe N3BCCTHBIM HIKOJIaM )4
mapagurMaM, ~TO ~ MOXKHO  COTJIaCHUTBCA  C
OTIpe/leIeHueM TpeaAMeTa MCUXOJIOTHH PETNTHH Kak
N3Yy4YCHUA TICUXOJIOTHYCCKUX ACIICKTOB )4
3aKOHOMEPHOCTEH PeNNTHO3HBIX SBICHHH [8].
OpHako  NCHUXOJOTHSl ~ PEIMIHM  MOXET
CTPOMTBCS Ha 0a3e HE TOJNbKO €CTECTBEHHO-

Hay4YHOTO palHOHAIN3MA,
MHUpPOBO33peHusi. B 3Tom
KOH(ecCHOHAILHOM, I

HO W PEIIMTruO3HOI0
cjlyqya€e TOBOpAT O
KOH(i)eCCI/IOHEU'H:HO
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OPHEHTHPOBaHHON ncuxojorun peiuruu. OHa
MHOTZA CYIIECTBYET B MHCTUTYIHOHAIBHBIX paMKax
HEKOTOPOW PpEIUTrHO3HOM OpraHu3aliy, a WHOTAA
pa3BHBaeTCs BHE M HE3aBUCHMO OT TAaKOBOH: Tak,
XPUCTHAHCKYI0 KOH(ECCHOHAIBHYIO TCHXOJIOTHIO
pPEeNMIUd MOXKHO TOAPA3JeNUTh Ha IEPKOBHYIO U
BHELICPKOBHYO [2].

Kpome »o3Toro, 3amerHoe MecTO 3aHMMaeT
TICHXOJIOTHUS penurun B TEOPETHUECKUX
UCCIIEIOBaHUAX, BEYIIUXCS oz 3TUAOH
KAaTOJIMYECKON LEPKBU U NPOTECTAHTCKHUX LIEPKBEM
Ha 3amage. Takoe BOIUIOIICHHWE ICHXOJIOTHH
penWruM  CBSI3aHO,  TJIaBHBIM  00pa3oM, C
BHYTPEHHUMH 3aJadaMH IICPKOBHOH JKW3HH H
MHTEpIpeTalyeld BepoydeHHs. OTO CBS3aHO C
HINPOKUM BHEJIPEHHEM TICUXOJIOTHH "
NICUXOTEPAllM B IPAKTUYECKYI0 MOBCEIHEBHYIO
JKM3Hb ~ KaTOJMYECKOTO MM  NPOTECTAHTCKOTO
NpuXxoja, IMOYBY JUIi Yero IOJrOTOBMIIA MpPEXIe
BCETO JIaBHSS " Ooraras TpaguLuUs
JYIIETIONEYUTEIECKON AEATEIbHOCTH XPUCTHAHCKOM
LIEPKBH. Jymenonedenue Ipearongaraet
WHIBUIYaJIbHYIO pabory CBSIIIICHHUKA c
NpUXoXKaHUHOM. CBSIIEHHUK HAET K BEPYyIOLIEMY
KaKk 4deJOBEK K 4YeNOBEKy W BEIEeT pas3roBop,
NpPEeANOoNaralouii  BHAMAaHWE K  JHYHOCTHBIM
0COOCHHOCTSIM CBOETO IMOJIOIIEYHOr0, BKJIOYas, B
MEepBYIO ouepenb, MPOOJIEeMbl €ro JIyHIEeBHOH |
JIyXOBHOU JKU3HU. ITone3a OIIpENEIICHHBIX
TICHXOJIOTHYECKUX 3HAHUH M IICHXOTEPaneBTHYESCKUX
HaBBIKOB B TaKOTO pOJia JESATEINbHOCTH OYEBH[HA, U
9TH 3HAHWS W HABBIKM AKTHBHO HCIIOJIB3YIOTCS
nepkoBsio, HaunHas ¢ 20-30-x r.r. XX B [9, c. 123—
126].

Jpyras nmpu4rHa IPOHUKHOBEHUS IICHXOJIOTHH
B XPUCTHAaHCTBO CBsS3aHAa C HEOOXOIMMOCTHIO
TEOJIOTUUECKOM pedaexcun HaJ TeMH
AHTPOIIOJIOTHYECKUMH  BBIBOJIAaMH, K  KOTOPBIM
MPUXOAUT COBpeMeHHas mcuxoyorus. OcoOGeHHO
rIy0OKO W 3aMHTEPECOBAHHO paboTaeT B 3ITOM
HAlPaBJIEHUM  JK3ETETHUKA. B oTOii  cBs3M
MPOCJIEKHUBACTCS €MHCTBO: NICHXOJIOTHS UCCIEIyeT
peNuruio, YTOObI JOMOJIHUTH CBOM 3HAaHHS O
YEJIOBEUECKOH TMCHXHMKE M3y4YeHHEeM (PEeHOMEHOB
PENUTHO3HOCTH, XPHCTHAHCTBO UCTIONIB3yeT
MICUXOJIOTHIO, YTOOBI BHEIPATh €€ B IIPAKTUKY
MIOBCETHEBHOW ~ JEATEIHHOCTH  CBALICEHHUKOB H
YKPEIUISITh O3UIMK Teojioruu [9, c. 123-126].

WurepecHo TO, 4TO BHEILIEPKOBHAsI
KOH()ECCHOHAIILHO OPHEHTUPOBAHHAS TICHXOJIOTHSI
penurud  He  CBsi3aHa, KaKk  OpPaBHJIO,  CO
crenudUYecKd  LEpKOBHBIMH  33JlayaMH,  HO
NpeINosaraeT B KaueCTBe METOAOJIOTHYECKOH 0a3bl
PEIUTHO3HY IO aHTPOIIOJIOTHIO. Hanpumep,
MICUXOJIOT, ~ OPTraHM3allMOHHO  HE3aBUCHMBIH  OT
LEPKBH, MOXET IEPEOCMBICIUTE C  IO3MLUH
BEpPOYyYeHHsT  TO, YTO  W3BECTHO €My W3
MICUXOJIOTHYECKOM Teopun W NpakTHKH. Eciau B
LIEpKOBHOM TICUXOJIOTUH oOHapyKUBaeTCs

CTpPEMIICHHE IIEPECMOTPETh T€ WIIM HHBIC pa3[eiibl
TEOJIOTUH C MO3ULUHA IICUXOIOTHH, NPUBJIECYb €€ JUIs
OOBSICHEHUsT W MHTEPHPETALMH TeX DSJIEMEHTOB
BEpOyYCHHS M KyJibTa, KOTOpPbIE B CHIY CBOCH
UPPALMOHATIBHOCTH I0X0 BOCIPHHHUMAIOTCSI
COBPEMECHHBIMU BEPYIOLIMMH, TO BO BHEIECPKOBHOI
MCUXOJIOTUH HAOMIOAAeTCsl TEHACHLHMS YHTH OT
JKECTKOTO paIMOHAIN3Ma, MEPECMOTPETh OCHOBHbIE
pazzensl HAayKH C IO3MIMH IPEACTABICHUS O
gesoBeke kak o homo religiosus [2].

Juis icuxonoroB OOJBIIyIO TpoOIeMy co3aet
TEHE3UC PEIUTHH U PENUTHO3HOCTH. OCHOBBIBAsCh
Ha  OMIMPUYECKHX  METOHaX,  COBPEMEHHas
TICHXOJIOTHSI TOJILKO ONHCHIBACT PEIUTHO3HBIE (BaKThI
TaK, KaK HUX BOCIPUHHUMACT 4YENOBEK, WJIM TpyIma
moneil M Jaer MX OOBSCHEHHE C IOMOIIBIO
Pa3IHIHBIX TEOPETHUCCKUX TIOJIOKEHHH.
[lcuxonoruss ~ penWrud  paspemiaeT  IPHU3HATh
TPAHCIICHICHTHBIC  OMBIT M  YOSKACHUS, HE
MPUCOCANHSACH K UCCICIOBAHUSIM PEaJbHOCTH MU
BEPOSATHOCTH TPaHCLCHACHTHOTO npenMera.
[lcuxonorus penurdd He 3aHUMAETCsl BOIPOCAMHU
00BeKTUBHOTO cymecTBoBaHus bora, Ero Oiaronaru
— 3T0 BOmpocH (pmiocoduu u GOrocioBus, HO OHa
HCCIIeyeT KaK KOHKPETHBIM 4YeJIOBeK WM TpyIma
JIOACH TOHMMAeT CyIIeCTBOBaHWE BceBbINIHErO0 u
Ero nelictBus B xu3Hu 31UX JMroaei [10].

IMomo6Hast TpakTHKA CTaBUT PSA  CIOKHBIX
TEOPETHYECKUX  BOIIPOCOB, Ja€T HMIIYJIbC K
pa3paboTke mpoOJieM, HAXOMAIIMXCS Ha CTHIKE
COIMANBHON MCHXOJIOTHH, MCHXOIOTHH JINYHOCTH H
PEIIMTHOBENICHUS, a TaKXKe TPeOyeT HCTOPHUYCSCKUX H
COLIMOJIOTHYECKUX HcciefoBaHui. Bee aTo Bemer k
BBIPA0OTKE  HOBOI'O  HMHCTPYMEHTApHs, HOBOTO
MOHATHIHOTO anmnapaTa, KOTOpbIi ObLT OBl aIeKBaTeH
ULt BceX cdep ICHXOJIOTHH PEIIMTHU KaK OTACIbHON
JMCUUIUIMHBL. 3aJaHie He CBOAUTCSA K BBIPaOOTKE
HEKOTOPOTO CBEPX-s3bIKa, MOCKOJbKY B JIaHHOM
cilydae  BO3HHMKaeT rmpofjemMa HE  CTOJIBKO
NepPEUMEHOBAHHS, TaK KaK KATErOpPHUAIbHBIN armapaT
— HE COBOKYIHOCTh O00O3Ha4YeHHi: KaTeropuu
ONPEACNAIOT yroj 3peHHs, 3aJaloT IOAX0J K
UCCIICJIOBAHUIO, B UTOTE€ MOJEIHPYIOT €ro OOBEKT.
OmucanHas paboTa BeleT K CTaHOBJICHHIO TaKoOif
MOZENU  IICUXOJIOTHYECKOTO  3HAaHHsA, KOTOpoe
OJIHOBPEMEHHO OTpakaja Obl 3alIPOCHI ¥ PEITUTHH, U
NICUXOJIOTMH. B cBeTe 3TOro HEoOX0AMMO OOpaTUTh
BHUMaHHE HA TO, YTO MOYTH BCE COBPEMEHHBIC
BEPOYUECHHUSI UMEIOT CBOIO 3HAYMTENIbHYIO TPAAUIHIO
AQHATM3UPOBAHKS PEATbHOCTH JyXOBHOW JKH3HH.
CrenioBatenbHO, COMNOCTaBJICHHE PEJIUIHO3HOIO |
TICHXOJIOTHYECKOTO oToOpaKkeHH
JICUCTBUTEILHOCTH HEMHHYEMO MHOCTaBUT BOIIPOC O
KOPPEISIUSIX HAYKH W PEJIMTHH — B 3TOM W Oymer
3aKII0YAThCSl OPUTMHATIBHOCTh M HOBALMS MpeaMeTa
MICUXOJIOTUH PEITUTHHU B €0 HOBEHIIIEM BBIPAXKCHHH.
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Buoieoowt

Hus  Toro, dYTOOBl pPaccMOTPETh pa3BHUTHE
JUYHOW PEITUTHO3HOCTH CPEICTBAMU IICHXOJIOTHH
pEeIUTUU, HEOOXOMUMO MPEXKJIE BCEro, OMPEICITUThH
OCHOBaHHUsI M3y4yeHUs dToro pa3ButTus. [loHnmaHue
MCUXOJIOTUH  PEJIUTUU  KaKk  CaMOCTOSITeNbHOM
JTUCLMITIAHEI B CUCTEME COLIMAJIBHO-
TICUXOJIOTHUECKON HAyKH SIBISETCS MPUOPUTETHHIM,
MOCKOJNIBKY B W3YYCHHH PEIUTHO3HBIX SBICHHNA
MPUCYTCTBYIOT  ACIIEKTHI, KOTOpPBIE HaXOIAT
00BsICHEHNE KaK B YEJOBEUECKON IICMXHMKE, TAaK U B
00CTOSATENBCTBAX COLIMOJIOTHYECKOTO u
HCTOPUIECKOTO MOPSIIKA.
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COBEPIIEHCTBOBAHUE BA3bl JAHHBIX TEJATOTOMETPUYECKHUX MOJIEJIEA
KOHTPOJIBHOT'O OPII'AMMHOI'O AHAJIM3A OBPA30OBATEJIBHBIX OB BEKTOB

Annomayusn:  Paccmompenvl  OCHOGHble — HANPAGIEHUS — COBEPUEHCMBOBAHUSL  0A3bl  OAHHLIX
nedazo2oMempuieckux Mooenel KOHMPOIbHO20 3PYSAMMHO20 AHAIU3A 00pA306AMENbHBIX 00bEeKMo8 npu
Gopmuposanuu mamemamuyeckux mooenell yYueOHOU O0essmeNbHOCIMU OMHOCUMENbHO XAPAKmepa O0CHUNCEHUS.
Kpumepues JIcusHedesimeibHoCmu, YUKIUYHOCHU, CUCHEMHOCIU U SMANHOCMU, KOMopble 00pazyiom 6a3ucHylo
AUeUKy 00pa306amenbHO20 NPOCMPANCMEd, a4 MAKdice NpUMeHeHue O08eHadyamu KOHEYHOU 36e30bl Dpyeammbl
OMHOCUMENLHO NPEOCAGLEHUS NPUHYUNA IPYSAMMHOCIU, KOMOPbIL ONPeOeium 0CHO8bL NEAA2020MEMPUKU Yepes3
Gopmoobpazosanue npeomMemHbiMU MEMOOAMU 2UNEPAPOCIPAHCINEA NPOPDECCUOHANLHOU JHCUSHEOESIMENbHOCHIU,
ACUXOI020-NEAA202UHECKOU MeopUll OesimeibHOCHU, NCUXON020-NeOd202ULeCK020 CUCMEMHO20 AHAIU3A U MEeopUl
DOPMUPOBAHUS YMCNBEHHBIX OCUCTEUIL.

Knrouesvle cnosa: 6aza Oanuvilx, KOHMPOIbHGIL IPYSAMMHBIL AHAIU3, 0OPAZ06AMENbHBIU 00BEKMm,
neodazo2oMempuKd, HCUHeOEsIMenIbHOCHb, YUKIUYHOCHb, CUCIEMHOCHb, SMANHOCMb, 36e30a Dpyeammol.

Introduction

CoBepIIeHCTBOBAHUS 6a3bl JAHHBIX
HeﬂaFOFOMCTpI/I‘{eCKI/IX MO}ICJ‘IGf/i KOHTpOJ‘IBHOFO
3pIIFaMMHOFO aHaJin3a 06pa3OBaT€J'H:HI>IX 06T>GKTOB
npu  (OPMHUPOBAHMM MAaTEMaTHYECKHX MOJIEIICH
yqe6H0171 JACATCIIBHOCTU OTHOCUTCIBHO xapaKTepa
JOCTUXKCHUSA KpI/IT epHeB JKHU3HCACATCIIbHOCTHU,
OUKJIWYHOCTH, CUCTEMHOCTH M 3TaIlHOCTH, KOTOpLIC

o0pa3yroT 0asucHyr sdeliky 00pa30BaTeIbHOTO
TIPOCTPAHCTBA. 2710 MIPOSIBIISIETCS B
COBEPIIIEHCTBOBAHMH 0a3bl JAHHBIX MATEMATHIECKUX
MOJIeieli OTHOCHTENILHO YPOBHSI TPEICTABBICHHUS B
y4eOHOM Tporecce: 0a3MCHOW 3BE3[BI DpIraMMbI
runepnpoctpancTBa  kusHenestensHoctn  (El);
6aznucHoro [EJIOCTHO-CUCTEMHOTO [HKJIA
xm3HenesTenbHocTrn  (E2);  0a3sucHOM — 3Be3nbI
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Oprrammel  cuctemHoro aHanmmsa (E3); Gasmcroro ITO3HABATEIHHOTO TUIIEPIIPOCTPAHCTBA
NPOSBICHUS ~ IBEHAALIATH  3TalloB H  (GopMm KU3HEIEATEIEHOCTH OTHOCHUTEIIEHO
MTO3HABATEIIEHOTO THIIEPIIPOCTPAHCTBA oOpazoBatensHOTrO mporecca (E4) u ycraHoBmeHHH
KU3HEACATECIBHOCTH OTHOCHTEJBEHO WHBapHaHTHOTO YPOBHS SpLramMHO-
oOpasoBatenpHOTO npouecca (E4). negaroromeTpudeckoro nercteus (E0).
COBEpIIICHCTBOBAaHUE 3aJaHOM 0a3bl JTAHHBIX
MearorOMETPUYECKUX  MOJeJeldl  KOHTPOJBHOTO Materials and Methods
9PLIraMMHOTO aHalInu3a 00pa3oBaTelbHBIX 0OBEKTOB C CoBeplICHCTBOBaHHUE 6a3bl JIaHHBIX
NPU3HAKOM 0a3MCHO-HOPMATHBHON SpLTaMMHOCTH, NeJarOrOMETPUYECKUX ~ MOJeNed  KOHTPOJIBHOTO

HE3aBHCHUMO OT LECJICBOIO0 HA3HAYCHHS, BBINNOJIHACT

COOCTBEHHYIO (hyHKIIHIO TICUXOJIOTO-
MaTeMaTHYeckoro  IMPEACTABICHUS,  MMCIOLIEro
COOTBETCTBYIOIIMH MOKa3aTelb 0a3ucHO-

HOPMAaTHBHOTO IIEJIOCTHOTO Pa3BUTUS OTHOCHUTEIHHO
XapaKTEepUCTUK COOCTBEHHOM 3HauMMocTH. Kaxkbiit
0a3rCHO-HOPMATHBHBIN r100anbHbIil 00bekT (E1N,
E2N, E3N, E4N) o6pa3oBaTensHOro NmpoCTpaHCTBA
BBITIOJIHSAET CHH(A3HO JBEHAIIATh CPABHUTEIBHBIX
¢yHKIMiA:  cMbIcooOpasyomeld  OpHEHTHPOBKHY,
CMBICIIO00Pa3yOIIETro HCTIOJTHEHHUS,
CMBICIIO00PA3yIOIEro KOHTPOJS, OPHEHTUPOBKH B
NPUHATAM PEUICHUS, WCIOJHCHUH B IPUHATHH

penIeHus, KOHTPOJII B TIPUHATHH pEIICHHS,
abcomroTHON OpPHEHTHPOBKH, abCOIIOTHOTO
WCTIOJTHEHUS, abCoIIOTHOTO KOHTpOJIS,

OPHCHTHPOBKH B NPOTHO3E PAa3BUTHS, UCIIOIHECHUS B
NPOTHO3€ Ppa3BUTUS M KOHTPOJII B TPOTHO3E
pa3BUTHsL COOCTBEHHOHM (pa3bl COBEPLIEHCTBOBAHUS
00pa30BaTeIbHOTO nporecca OTHOCHUTEJIBHO
HOPMaTHBHOMN y4eOHO-TIpohecCHOHATIbHOM
JIeITENIbHOCTH JPLraMMHOTO THIA. Toraa MOXKHO
NPOBECTH COBEPLICHCTBOBAHHE 3aJaHHOH  0a3bl
JaHHBIX NEIaroroMeTpUYeCKuX  MOAeINeH
KOHTPOJILHOTO 9PLIaMMHOTO aHaM3a
00pa3oBaTeNbHBIX OOBEKTOB MNpPU  DPLTAMMHOM
KOHTPOJIE  TI€AaroroMeTPUYECKOro  HCCIIeIOBaHUS
M03HABATEIbHOM AKTHBHOCTH, BBIpaKaronien
CTENIeHb ~ MHOTro(a3HOro  pa3BUTHUS BCEX
COCTaBIIIOLIMX IIPOLECCOB OOYYCHUS CTYAEHTOB.
Ilpy O5TOM MOXHO TPENCTaBUTh JBEHAJIATH-
3TAIHYI0 MOJIENb Oa3MCHOIO AEHCTBUS, COCTOSIIETO

U3  CMBICIIOOOpa3oBaHUE  JCWCTBUS, TMPUHITHE
JIEWCTBUS; OPUEHTHUPOBOYHOM 4YacTH JeiCTBuUSA;
WCIOJHUTENIbHOM YacTH JEWCTBUS; KOHTPOJIbHAS

qacTu I[Gﬁ()TBI/IH U TIPOTHO3a pa3BUTHUA HeﬁCTBHH

OTHOCHUTEIIFHO coOCTBeHHOH OPHEHTUPOBKH,
UCIIONIHEHUsI ¥ KOHTPOJSL — TPEJCTaBIIAIONIETO
WHBApPHAHTHYIO OCHOBY 00pa3oBaTeIbHOM

aktuBHOCTH [1]. TIpH 3TOM peIIaroTcs COPOK BOCEMb
3a1a4 (dhopmupoBanus LIEJIOCTHO-CHCTEMHOM
JIMYHOCTH ILIFOC IBEHAAIATh 3a1a4 MHBAPUAHTHOI'O
APpLraMHO-NIEJArOrOMETPUYECKOTO JEHCTBUA.
IIpouecc penieHust Kaxaou 3a1auu pa3BOpavyuBacTCs
OTHOCHTEJIHO  peanu3aluud  0a3ucHOM  3Be3bl
DpIraMmel THIIEPIPOCTPAHCTBA KU3HEACATSIHHOCTH
(E1); ©0a3ucHOTO IIEIOCTHO-CUCTEMHOTO  LIUKJa
xkusHenestenbHocTH  (E2);  OasucHOM  3Be3jbl
Oprrammel  cuctemHoro ananmmsa (E3); GasucHoro
NPOSIBIICHUS  JBCHAIIATH  dTanmoB ®  (opm

SPUraMMHOTO aHaIHM3a O0pa30BATENBHBIX OOBEKTOB
npd  GOPMUPOBAaHMHM MAaTEeMaTHYSCKHX MOJeleH
yueOHOIl esATeNPHOCTH OTHOCHUTEIBHO —CcIocoda
JOOCTIDKCHUS ~ KPUTEpHEB  SpLUraMMHOCTH  Ha
Pa3INYHBIX LEIOCTHO-CHCTEMHBIX NPEACTABICHUAX O
NpoQeCCHOHANBHON TPAKTUYECKOH JIeSTEeIbHOCTH
CBSI3BIBACTCS C DPAa3IMYHBIMH HMH()OPMAIIMOHHBIMH
NPEACTaBICHUAMU 00 OPUEHTUPOBOYHBIX,
HCIIOJIHUTCJIIbHBIX u KOHTPOJIBHBIX KadecTBax
00pa3oBaTeIbHO-TeXHOIOrnIeckuX mpoireccos [10].

CoBeplIEHCTBOBAHUE KOHTPOJILHOT'O
TIeIarOTOMETPUIECKOTO MaTeMaTHIeCcKOTro
MOJIETTMPOBAHHUS npouecca (bopMupoBaHUs
MHTEJJIEKTa CBSI3BIBACTCS c OTpaXEHHEM

CYIIECTBYIOIIEH CTPYKTYpHI 3TAmoB (HOpMUPOBaHHS
HWHTEJUIEKTa OTHOCHUTEIBHO Pa3JIMYHBIX METOJOB
MIPEACTABICHUS 00pa3oBaTeNEHOTO npotecca.
AHanu3  KOHTPOJBHOTO  MEJAaroroMeTpuYecKoro
MaTeEMaTHYECKOTO MOJETUPOBAHUS rpoiiecca
(GhopMHUpOBaHUSA  WHTEIUIEKTAa  YIOAOOISICTCS ¢
Hpe}lCTaBﬂeHI/IeM CUCTCMBbI praBHeHI/Iﬂ nu
JUATrHOCTUKH y‘lG6HOI71 JCATCIIBHOCTU B Bep6am)H1)1x
MPOOJIEMHBIX Cpeaax.

IIpu 5TOM NPUMEHSUIUCH MOJOKEHUS TEOPHUU
BEPOSITHOCTH, KOMOWHATOPHKH, CHUCTEMHOT'O
aHaJIM3a, METOJOB KOMIIBIOTEPHOIO0 MOJIEIMPOBAaHMUSI,
KHOCPHETHKH, TEOPHH KOHEYHBIX aBTOMAaTOB. [Ipu
MPOTrPAaMMHOM peanu3aliy MOTYyYEHHbIX KOHLEMUUH
WCTIONB30BAIMCh METOJBl: TEOPUU AITOPUTMOB H
SI3BIKOB MPOrpaMMHUPOBAHUS; 00BEKTHO-
OPHUEHTHUPOBAHHOI'O MIpOrpaMMHUPOBaAHNS,
MaATECMATUYICCKOI'O MO}ICJ’II/IpOBaHI/ISI n BI/13yaJ'II/I3aIII/II/I,
OHI/IpaIOHH/IeCH Ha METOAbI BLIHHCHHTCHLHOﬁ
MaTEMAaTHKH. 910 IMO3BOJINJIO: pa3paboraTh
MaTeMaTH4ECKYIO MOJEIb HHPOPMALIMOHHOTO
B3aMMOJICHCTBHS YIIPABISIONIECTO [IEHTPa U 0O0BEKTa
yIOpaBJIeHUS B BHAEC CHCTEMBI NeETeNb OOpaTHOM
CBA3M, 3aJaHHBIX PEKYPCUBHBIMU YpaBHEHUSIMH,
ONMCBHIBAIOIIMX HW3MEHEHUE pecypca, BEIUYUHBI
paCCOFHaCOBaHI/Iﬂ Me>1<)1y ICJIICBBIM H TeKyHII/IM
COCTOSHHEM; IIPOTHO3UPYEMBIM U  peallb-HbIM
3HaueHWeM  (YHKIUU  [EHHOCTH ¢ Y4E€TOM
CHUHTAKCHYCCKUX nu CCMAHTHUYCCKUX CBOﬁCTBa
JIEUCTBHI; CO3JaTh CHUCTEMY AaBTOMAaTHYECKOTO
yIpaBIeHUs yI4eOHON AEATENBHOCTHIO 10 PEUICHHIO
3amad B BepOaJbHBIX NPOOJIEMHBIX Cpeaax, Ha
OCHOBE MOJIEJIH, MO3BOJIAIOIIEH MOMy4aTh MOJE3HBII
pe3ynbTaT HE3aBUCUMO OT MHAMBHUIYAIbHBIX KAUYeCTB
U CBOICTB O0BEKTa YIPaBJICHUS C OTPAHUICHUEM
pecypca oO0bema pabOT M BpEMEHH, MO3BOJISIOIIAM
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ONIPENCIIATh ONTUMAJIBHOE BpEMSA HOCATCIBHOCTH CUTyalMsX; YCTaHaBJINBAIOT CTPYKTYpPHO-
o0bekTa yrpasieHus [2]. (YHKIHOHATIFHYIO OpTaHM3AINI0 CUCTEMBI
CoBepIIeHCTBOBaHNE KOHTPOJIBHOT'O YOpaBJIEHUS]  KAYyeCTBOM  TECTOBBIX  3aJaHUM,
NneaaroroMeTpnuiIcCKoro MaTEMATUYICCKOI'O OTJIMYAIOIINXCsd BBCIACHHUCM 6HOKa IIOHUCKa 3a,[[aHHﬁ
MOJCJIMPOBaHUA nmponecca (l)OpMI/IpOBaHI/ISI HE COOTBCTCTBYIOIIUX MOICIN Pama wun 61101<a
HUHTCJIJICKTAa TaKXeE OIMpCACIACTCA HpOGJ‘IeMOﬁ aHaji3a KadcCTBa JUCTPAKTOPOB, IMO3BOJAIOMINX
pa3pa60TKI/I MOJECIN U aJITOPUTMbI KOHTPOJIA 3HAHUU co3aaBaThb TCCThI I KOH-TPOJIA YPOBHA

MO0  TIYMaHUTapHbIM  JMCUMIUIMHAM,  KOTOpas
pemraeTcs C IOMOLIBIO CEMAaHTHYECKOTO aHaIn3a
nH(pOpMAaLUH, UCIONB30BAHMUS aNNapaTa HEHPOHHBIX
CceTell W METOAOB MENAaroru4ecKoi KBaJIUMETPUH.
Jns  peammzanuu  POTPaMMHOTO  0OECHEYECHUS
UCTIONB3YeTCs: CHCTeMa ImporpaMmMupoBanus Borland
C++ Builder 6, cmcrema ynpaBieHus O0azamu
JaHHeIx  MySQL, JipaiiBep IIPOrPaMMHOI0
untepdeiica mocryna k ©Oaszam nmanHbIx MySQL
Connector ODBC u C++, kpocc-mnarhopMeHHbIH
MHCTPpYMEHTapuil  pa3paboTKH POrPaMMHOTO
obecnieuennst Qt. [Ipu aToM opmupyercs: anroputm
aHanu3a orBeToB NeuroLD, OCHOBaHHBIN Ha pacueTe
B3BEIICHHOTO  paccrosHUs  JleBeHmrTeiliHA |
HEHUpOoHHBIX ceTell KoxoHeHa, KOTOpBIH MO3BOJSIET
KIacCH(UIMPOBaTh TEKCT WM MPEITIOKEHHUS IO
CMBICIIOBOMY 3HA4YCHHUIO; OTPabaTBHIBACTCS MOJCIb
TECTUPOBAHMs, OCHOBaHHAas Ha METOJE YTOYHEHUS
pe3ynpTaTta OTBETa, KOTOpas MO3BOJSIET OLECHUTH
3HaHUA TCECTUPYEMBIX 3a CUCT Y4d€Ta YaCTUYHBIX
OTBCTOB; TMPCACTABIACTCA MOACIbL TCECTUPOBAHUA
3HaHUH, OCHOBaHHAas HA METO/Ie KOPPEKIMU OLINOOK,
KOTO-pas OG’I)CZ[I/IH}IGT 3aKPBITBIC U OTKPBLITHIC TUIIBI
3aJlaHUH ¥ TO3BOJISIT UCTIBITYEMOMY BBIOpPAaTh OTBET
WIN 1aTh €ro B CBOOOHOI (popMe MpH CTPYKTYpHOM
anamuse [3].

CoBepIeHCTBOBaHNE KOHTPOJILHOTO
MeJaroroMeTpUIECcKOro MaTeMaTH4eCcKOro
MOJICTTMPOBaHHUS nporecca (dopMupoBaHUs
MHTEJUIEKTa TI03BOJSIET MPEACTaBUTH METOA H

aJITOPUTMBI U3MEPEHUS JTATEeHTHBIX IEPEMEHHBIX MTPH
yOpaBlieHUHW B 00pa3oBaTenbHBIX cucTeMax. [lpu
3TOM HCIIONB3YIOTCSI METOJbl CHCTEMHOTO aHajH3a,
TEOPHUH YIPABJICHHUS CIIOKHBIMU HH()OPMAI[HOHHBIMH
CHUCTEMaMH, TEOPUU aJTOPUTMOB, UMHUTAIIMOHHOTO
MOJIETUPOBAHUS, MaTEMaTHYECKOTO TUIAHUPOBAHHSI

OKCIICPUMCHTA, HpI/IKJ’I&Z[HOﬁ MaTeMaTHIECKOM
CTAaTUCTHUKH, KOTOPBIC MPUBOAAT MCTOA U AJITOPUTM
TCHEPUPOBAHUSA 3HAYCHUMN HWHAWKATOPHBIX

MEPEMEHHBIX B COOTBETCTBUE C MoJenbto Pamia,
OTJIMYAIOIIUHICS TEM, YTO Ha OCHOBE MMHTAIMOHHOI'O
MOJEIUpOBaHus  (OPMHUPYETCS  MOJHBIA  KJacce
SKCIEPUMEHTAIbHBIX CHUTYallUd M TO3BOJISIFOUIUHN

WCCIIeIOBaTh TOYHOCTh HW3MEPEHHs  JIATEHTHBIX
MIEPEMEHHBIX MeTOJIaMHt MMUTAIIOHHOTO
MOJIETTUPOBaHUsS; (OPMHUPYIOT CPEICTBA OICHKH

TOYHOCTH HSMGpGHHﬁ JIaTCHTHBIX TEPEMCHHBIX B
3aBUCUMOCTH oT quciia JUXOTOMHYCCKHUX
WHAUKATOPHBIX MEPEMCHHBIX, OTJIMYAOLIUECS TEM,
YTO TOYHOCTH PI3MCpeHI/Iﬁ OIICHUBACTCA Ha JIMHCHHOM
HIKaJe, qTO IIO3BOJISICT pacuimpuTb 00J1acTh
MNPpUMEHCHUA pa3pa60TaHHHx CpPCACTB B PA3JINYHBIX

NOATOTOBJICHHOCTU CTYACHTOB Ha JIMHEHHON IIKaye

[4].

CoBepIICHCTBOBAHUE KOHTPOJIbHOTO
MearoroMeTpUIECKOTO MaTEMAaTHYECKOTO
MOJIENUPOBAHHS nporecca (hopMupoBaHUs
HMHTEIUIEKTA  CBS3BIBACTCA  C yIpaBJIEHUEM
00pa3oBaTEeNbHEIM TPOIECCOM II0 BEKTOPY 3HAHUH
yepe3  METOMNOJIOTHMI0  CHUCTEMHOIO  IOJXO0Ja,
NPUHLUIBL  CUCTEMHO-CTPYKTYPHOI'O aHajimsa,
NIPUYUHHO-CIIEACTBCHHBI, MH(OPMALMOHHBIH
XapakTep  B3aUMOCBSA3€d B  HMHTEIPUPOBAHHOU
CHCTEME YNpPaBJICHUS 00pa30BaTEIbHBIM IPOLIECCOM.
IIpu 9TOM ¢dopmupyetcs COBOKYITHOCTh
MaTEMAaTUYECKUX  MOJENEH,  MPeACTaBISAIOIINX

MEeXaHN3M 00ydeHUs cucteMoi auddepeHnaIbHbIX
YPAaBHEHUH C HCIIOJBb30BAHHEM HHTEIUICKTYaTbHBIX
ONEpaTOpOB B COOTBETCTBUM C  BEKTOpPaMH
YIOPABISIONIMX ~ BO3ICHCTBUA W yHpaBIsEMbIX
KOOpAUHAT, MO3BOJISIOIIAS TIOBBICHTb
3¢ GEKTHBHOCTD MIPOBEJICHUS HCCIeI0OBaHUM
MeXaHH3Ma yIIpaBJICHUs 00pazoBaTenbHbIM
MPOLIECCOM € HCIOJIb30BAHUEM HHHOBAIIMOHHBIX
TEXHOJNIOTHH  OOy4YeHHWs;  CO3JAIOTCS  YCIOBHUS
MIPOCKTUPOBAHUS NpOrpaMMHON riatgopmsl,
KOMIUIEKCA MPO-TPaMM, METOJMK U alrOpPUTMOB,
00eCIIeYNBAIOIINI TIPOBEICHIE MATEMATHYSCKOTO U
(bu3nIecKoro MOICITUPOBAHUS TEXHHYECKHX
OOBEKTOB W CHCTEM YIpPAaBJICHHS B YCIOBHUSIX
HUHTETPUPOBAHHOTO KOMILIIEKCa CETEeBBIX
ABTOMATHU3HPOBAHHBIX naboparopuii,
OTIPEIeISIFOIIINX ITAIBI PA3BUTHS HHTEIUIEKTA [5].
CoBeplICHCTBOBaHHUE KOHTPOJILHOTO
HeJaroroMeTpU4IecKOro MaTeMaTH4ecKoro
MOJICIIMPOBAHUS npotecca (dbopmupoBaHust
UHTEIUIEKTa  TaKKe  ONpEeNesieTcsl  CO3JaHueM
aJIalITUBHOTO YIIPaBJIEHHsSI KAueCTBOM IPEIMETHO
NOATOTOBKM HAa  OCHOBE  KOMIIETEHTHOCTHOTO
MOAXO0Ja TP HCIIOJIB30BAHMU METOJOB CHCTEMHOTO
aHaAIIN3a, TEOPHH aJaNTUBHOIO YIPABJICHUS, TCOPHU
YIpPABJICHUsS] COLMANTBHBIMA M OPraHU3alOHHBIMU

CUCTCEMAaMHU, AUCKPETHOTO OIITUMAJIBHOI'O
YIIpaBJC€HUA U CETCBOI0 MOJACIIUPOBAHUA. HpI/I 9TOM
TIOCTPOCHA MOICIb agalTUBHOI'O yYHpaBJICHUA

NPEAMETHON IMOATOTOBKOM CTYAEHTOB Ha OCHOBE
KOMIIETEHTHOCTHOTO Y IIPOLIECCHOTO IOJXOJOB;

paspaborana KOMIIETEHTHOCTHAs MOZEIb
NPEAMETHOM  IOATOTOBKM Kak  HEpapXUUECKOU
CTPYKTYPbl ~ pe3yJibTaToB OOydeHHs; BbIENIEHA
METOAHKA IIOCTPOEHHUS WHIUBUAYaAJIbHBIX

06pa3OBaT€J'ILHLIX ’I‘paeKTOpI/If/'I CTYACHTAa Ha OCHOBE
MO,Z[y.]'H:HOﬁ TCXHOJIOTMU OpTraHU3aluu yqe6H0r0
mnmponecca U CE€TeBOro MOJACIUPOBAHUA HpCHMCTHOﬁ
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MOATrOTOBKH c HCIOJIB30BAaHNCM KJIaCCOB pecypcoB ¢ TpUMEHEHHeM HaOOpOB  IPaBHI
OKBHUBAJICHTHOCTHU, BBIACIICHA MCETOAMKA OILCHKHU MN3MCHCHHUS TEKCTOBBIX TAaHHBIX, KOTOPBIE B OTJINYUE

KadyeCTBa OCBOCHUA MNPEAMETHBIX KOMHeTCHHI/Iﬁ
ImyTeM (bOpMI/IpOBaHI/IH CHUCTCMbI  CIICHUAJIbHBIX
KPUTCPUCB U MHAUKATOPOB, KOTOpas pc€ajn3oBaHa B
(l)opMe YeJIOBEKO-MAIIIMHHON  CHUCTEMBI KOHTPOJIA
JOCTUTAaCMbIX PE3YJILTATOB 06pa3OBaHI/I$I; MMOCTPOCH

ANTOPUTM aJalITUBHOTO yIpaBJIeHUs
00pa3oBaTeIbHBIMU TPACKTOPHA-MH Ha MHOXECTBE
KIacCOB  JKBHMBAJICHTHOCTH,  INPEIIIOJIArarolIui

BO3MOJKHOCTb y4€Ta WHIWBHAYAIBHOMN IIPEIBICTOPHU
00y4CHHMS CTYICHTA M €r0 MOTHBAIIUK B IIOBBIICHAN
ypoBHSL 00pa3oBaHWsI B paMKax IPEIMETHOI
HOArOTOBKM TIPU  PCANM3alliil HHAWBHAYAIBHBIX
00pa3oBaTenbHBIX TPACKTOPHA [6].

CoBeplIeHCTBOBaHNE KOHTPOJIBHOTO
Me1aroroMeTpHUYecKoro MaTeMaTH4eCKOT0
MOJICTTMPOBaHUSA mporiecca (dbopmupoBaHus
UHTEJIEKTa MO3BOJISIET MIPEICTaBUTh
MaTeMaTHueckoe M IporpaMMHoe oOecredeHHe

MOAJICP)KKA TIPUHATHS YIPABICHUYECKUX PELICHUH

JUIs OpraHu3aluu JOTIOJTHUTENBHOTO
npodeccronansHOrOo  oOpasoBaHusi. Ha ocHoBe
MeToAa CTaTHCTHUYECKUX UCHBITAHHH,
MaTEMaTHYECKOW  CTaTUCTHKH,  PErPECCHOHHOIO
aHanusa, 9KOHOMETPHKH, OHTOJIOTUYECKOTO
MOJICIUPOBaHMS, TEOPUH MPUHATHS  pELICHUM,

NpOrpaMMHUPOBaHUs, pa3paboTKu 0a3 JaHHBIX |
MH()OPMALIMOHHBIX CHCTEM IPECTABICHBI: METOJ
00paboTKM  BpPEMEHHBIX  pSJIOB  Ha  OCHOBE
TPEXMEPHOTO Npe/ICTaBICHUS JIAHHBIX c
MOCJICAYIONINM aHAJIM30M CE30HHOH BOJIHBI, TPEHIA
W TapMOHHMKH JUIl pENIeHUS 3a7ad  yNpaBICHUS
COIMANBHOW  CHUCTEMOM  Y4peskJeHHs JOIOJHH-
TEJIBHOTO TPO(ECCHOHATBHOTO 00pa3oBaHus; METO]
Momnre-Kapno cimydaifHOiT BBIOOPKH KOJIHUYECTBA
cirymiartenei YCEUYEeHHOTO HOPMaJIEHOTO u
OKCIIOHEHIIMAIHOTO PACIPE/IeNICHUs] BEPOsSTHOCTE!
JUISL IPUHSATHS PELICHUI B COLMAJIBHBIX CHUCTEMax B
YCIOBUSIX pHUCKa; (opmanu3anuss M I[OCTAHOBKA
3aJja4yd TPUHATHUS YINPaBICHYECKOTO PELICHUs O
BBIOOpE ONTHUMAJIBHOTO pexumMa paboTsI
YUPEKICHUS IOTIOTHUTEIBHOTO PO(ecCHOHAIBHOTO
obpazoBanus [7].

AHanu3 KOHTPOJIBHOTO MENaroroMeTpudeckoro
MaTeMaTHYECKOTO MO/JIETTMPOBAHHUS nporecca
(opMHpOBaHMS ~ HWHTEIUIEKTa  CBS3BIBACTCS  C
TOBBIIIIEHUEM 3¢ PeKTUBHOCTH YIIpaBIICHUS
o0yueHueM Ha OCHOBE CUCTEMBI
ABTOMATH3MPOBAHHOTO  CO3/IaHMsl  AJIEKTPOHHBIX
y4eOHBIX pecypcoB. Ha ocHOBE METOZOB CHCTEMHOTO
aHaIIN3a, TEOpUH yIIpaBJICHUs, TeopHuu
MHPOPMALMOHHBIX CHCTEM M 00pabOTKHM ITaHHBIX,
METOJIOB HCCIEOBaHHsS W TOCTPOSHUSI CHCTEM
XpaHeHHs U 00pabOTKH MHPOPMAIMU C yIaJCHHBIM
JIOCTYIIOM, ONepalnuii MaTeMaTH4ecKOH JIOTUKH
pa3paboTaHsbI: Croco0bl MOBBILIEHUS
3¢ PEeKTUBHOCTH yNpaBiIeHUs OOyYEHHEM 3a CYET
YCKOPEHHsI  CO3/IaHMsl  OJIEKTPOHHBIX  Y4EOHBIX

OT OOIIEHCIIONB3YEMBIX S3BIKOB IPOrPAMMHUPOBAHUS
MaKCHUMaJIbHO ~ TPHONMKEHBI K  €CTECTBEHHOMY
YeJIOBEUECKOMY SI3bIKy M NpeIHa3Ha4eHbl IS
BBINOJIHEHHUS ~ Y3KOCIHEINAIM3UPOBAHHOW  3aJauu
CO3JJaHUSl  DJICKTPOHHBIX  Y4eOHBIX  PECypcoB;
YCOBEPILIEHCTBOBaHA TEXHOJIOTHUS 00paboTku
JOKYMEHTOB, npu KOTOpOH nHpopmanns
CETMEHTHPYETCS [0  TNPHUHIUIY  BHU3YaJbHOTO
0TOOpaXKeHH, KOTOpoe 00padaThIBaeTCs C IIOMOIIBIO
MaKpOKOMaH] U MPOBOJUT KOPPEKIMIO KOHTEHTAa Ha
OCHOBE KOHTpPOJISI YCBOGHHS Y4E€OHOrOo Marepuaia
HE3aBHCHUMO OT TuIa coaepkanus u (Qopmara
HCXOJIHBIX TaHHBIX [8].

Pa3Burue KOHTPOJIBHOT'O
NeIarOroMEeTPUIECKOro MaTeMaTHYECKOTo
MOJIEITMPOBaHUs mporiecca (dbopMupoBaHust

MHTEJJIEKTa TAaKKe OIPEAeNsieTCs MOICISIMU U
QIrOpUTMaMHU IOAJEPKKH IPUHATHA PELICHUS B
3aa4aXx AaJalTUBHOIO  YIPAaBICHUS KadeCTBOM
nefaroruyeckoi cucremsl. Ilpu 3TOM, ¢ moOMoOLIBIO
CHCTEMHOTO  aHalu3a, TEOpHUH  yNpaBJICHUS,
SKCHEPTHBIX CHCTEM, KOPPEIALMOHHOTO aHalln3a,
TEOpHH nHpopmanny, MIPOEKTUPOBAHUS
MHQOPMAIMOHHBIX W  TENArorHYecCKUX CHCTEM,
Teopud TpadoB, cTPyKTypHbIX MaTpui lllaThxuHa,
BbIOOpa W TPUHATHSA PEIICHUS, TEOPHHM HEUeTKUX
MHO>KECTB, MaTEMaTHUYECKOI'0 MOJACIUPOBAHUSL U
MIPOrpaMMMpPOBAaHUs  pa3pabOTaHBl:  CTPYKTypHas
MOZENIb IIOBEJIEHUS IIEarOTM4YEeCKOM  CHCTEMBI,
OCHOBAHHas Ha TEOPETHKO-MHOKECTBEHHOM
ONMMCaHNH (PYHKIMOHUPOBAHHUS CHCTEM, B KOTOPOH
HCIONB3YIOTCS ~ CHUCTEMHBIE  KaTErOpUU  BpeMd,
COCTOsIHME, (YHKIMSA, TPOIECC, IO3BOJISIONIAs
OIPENIENIUTh YCIOBHUS, IPU KOTOPBIX IeJarorndyeckas
cUCTeMa  pa3BUBAETCA, CTarHUPYET; MPENTI0XKEHBI
COPOK aJrOPUTMHUYECKHX TIPaBWI, OOpa3yIOIINX
OCHOBY JUJISl HEUETKHUX QJITOPUTMOB ILUIAHUPOBAHUS B
KaKJOW KOHKPETHOM CHUTy-alluu YIPaBISIOLIUX

BO3JCICTBUIL u YpOBHEH PETryJIATUBHOCTH
TpernoaBareiei ¥ IpoOBOANMOCTH 00ydaeMbix [9].
CrpykTynpoBaHue KOHTPOJIbHOTO
Me1aroroMeTPUUECKOTO MaTEMaTH4ECKOro
MOJIENAPOBAHUS nporecca (bopMupoBaHus

HMHTEIUIEKTA MO3BOJSET NPEACTaBUTh HOAJEPKKY
yIpaBiIeHUss y4eOHBIM MPOLIECCOM Ha OCHOBE
NHQOPMANMOHHBIX ~ TEXHOJOTMH  MHOTOMEPHOTO
aHanM3a  JaHHBIX. Ha  OCHOBe  KOHIEHINH
HEIIPEPBIBHOU nHPOPMAIITMOHHOM IO JIEPIKKI
mporieccoB km3HeHHBIX nukiIoB (CALS), meromos
TEOpHH OpTaHU3aI[OHHOTO yIIpaBJICHUS,
CHCTEMHOTO aHaiu3a M OoOIIed TEOpUH CHCTEM,
MaTeMaTHYeCKOM TEOpHH MHOXECTB, CHCTEMHOTO
MOJISTIMPOBAHMS, a Takke Teopuu 0a3 JaHHBIX
MOJKHO TIPEJICTaBUTh pelieHue NMpodieM: pa3paboTka
cocoba  HepapXUUECKOro CTPYKTYpUPOBaHHUS
MH(GOPMAMOHHOTO MPOCTPAHCTBA JUISI MTOCTPOEHHS
MHOTOYPOBHEBBIX MoJeNield y4eOHOro mpolecca;
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(opMupoBaHHE CTPYKTYPHO-JIOTHYECKOW MOJCIH CaMOOpraHu3alMid ®  dTamax  (HOpPMHUPOBAHHA

€IMHOTO HHPOPMAITHOHHOTO NIPOCTPAHCTBA po(eCCHOHATHHOTO MAaCTEPCTBA.
y4e0HOTO TpoIecca I OPraHU3aINH OIICPATHBHOTO CoBepIIIeHCTBOBaHHUE 6a3sl JTAaHHBIX
MoJy4yeHus, 06p8.60TKI/I, XpaHCHUA I/IHq)OpMaIII/II/I; negaroroMeTpuiIeCKux Moaeneﬁ KOHTPOJIbHOTO

MPEJICTABJICHHE METO/a TOIYUYCHUsI U MHOTOMEPHO#
0o0pabotkn  wmHpopMarmu  JId  obOecreueHUs
ONePaTHBHON uH(GOPMAIIMOHHON MOJIEPIKKH
yIpaBieHUs] y4eOHBIM MPOLECCOM Ha BCEX JTarax
€ro XHU3HEHHOTO IHMKJIa; (OPMHPOBAHKE CTPYKTYPHI

MHGOPMALMOHHOW  CHCTEMBI  JUIi  peajM3alluu
NPEeUVIOKEHHBIX ~ MOZENIeH W MeTona; aHAIN3
3((eKTUBHOCTH  NPUMEHEHHS  TNPEIJIOKCHHBIX

MoJeneil W MeToAa Ui TOMIEPKKH YIPaBICHHS
yae6HbIM mpoteccom [10].
AHaM3 KOHTPOJBHOTO IEJaroroMeTpHIECKOro

MaTeMaTU4ECKOI0 MOJIENTUPOBaHU nporiecca
(dopMHpOBaHMS ~ HWHTEIUIEKTA  CBSI3BIBACGTCS  C
MOHUTOPUHIOM KauecTBa BY30BCKOI'O
JONOJNHUTENBHOTO  00pa3oBaHUsT HAa  OCHOBE

UHTETpUPOBaHHBIX moKazateneil. Ilpu sToM, Ha
OCHOBE TEOPHHU YIPABICHHS OPraHU3aIMOHHBIMU
CHCTEMaMH, TCOPUH MPUHSITHS PEIICHUH, CHCTEMHOM

aHaIM3e, a TakXKe HCIOJIb30BAaHWM  METOJ/OB
yTIpaBICHUS Ka4ecTBOM, MaTeMaTHYECKOH
CTaTHCTHKH, OOpPATHBIX BBIYMCIICHUH, SKCIIEPTHBIX
OLICHOK, METOJZIOB CTPYKTYPHOTO

NpOrpaMMHUPOBaHUsI, TEOpPUH 0a3 JAaHHBIX PEIIATUCH
3aja4yn: pa3paboTKa CHCTEMBI IOKa3aTelieil KauecTBa

BY30BCKOT'O JIOTIOJTHUTETILHOT O o0Opa3zoBaHus,
OTIIMYAIOIIASACS  HCIIOJIb30BAHUEM  arperaTMBHBIX
TPyNmn ToKa3aTesiel, dYTO TMO3BOJIUIO  OILICHUTH

HAMpaBJICHUsI JEATEIbHOCTH TOApa3/eICHUs] BY3a,
OCYIIECTBIISIOIIETO MOJIrOTOBKY o
JIOTIOJTHUTENIBHBIM  00Pa30BaTENbHBIM POrPaMMa;
(hopMHpOBaHHE TEOPETHKO-MHOXKECTBEHHON MOJIEIH,
oTuyaroeics OIMHCAaHUEM
c1abo(hopMaNM30BaHHEIX 00BEKTOB MOHHTOPHHTA C
UCIIONIb30BAHUEM TEOPHHM HEYETKUX MHOMKECTB,
MO3BOJISIIOIASsl  ONPENENIUTh  MHTErpUPOBAaHHbIE
MOKa3aTeM KauecTBa BY30BCKOTO JIOMOIHHUTEIHLHOTO
00pa3oBaHus; MpeICTaBlIeHa METOIUKA MPOBEICHUs
MOHHUTOPHHTIa Ka4ecTBa BY30BCKOT'O
JIOTIOJIHUTENBHOTO  00pa3oBaHMsl, OTJIMYAOIIAsCS
HCIIOJIb30BaHUEM MeXaHu3Ma 00paTHBIX
BBIYHMCIICHUH,  4YTO  MO3BOJsSET  (POPMHUPOBATH
YIPaBICHYECKUE PEIICHUS HAa OCHOBE aHau3a
HMHTETPUPOBAHHBIX nokasaresnei KavyecTBa
obpazosanwus [11].
CoBepllieHCTBOBaHUE
MearoroMeTpu4ecKoro
MOJICJIMPOBaHNE y4eOHOro IMpolecca OTpakaer
obmee HaIlpaBJICHHE aBTOMAaTH3aIH
00pa3oBaTeNbHBIX TEXHOJOTHI, HANpaBICHHBIX Ha
COBEPIIECHCTBOBAHNE  ITUKIMYECKOH,  Oa3HuCHOM,
(yHIaMeHTaIbHOM u MIMPOKONPOHUITEHON
MOATOTOBKH  CIIEIIMAINCTOB, KOTOPBIE  JIOJDKHEI
OPHEHTHPOBATHCS B o0meit CTPYKTYpe
NPOM3BOJICTBA,  COBOKYITHOCTH  METOJIOB  €ro

KOHTPOJIBHOTO
MaTeMaTHIeCKOTO

SPLUraMMHOTO aHaju3a o0pa30oBaTeNbHBIX OOBEKTOB
npu  (GOPMUPOBAHHUM MaTEMaTHYECKUX Mojeeit
y4eOHOM JIesITeIbHOCTH  OTHOCHTENIBHO — criocoba
JOCTHKEHHS KpPHUTEpHUEB 9PUraMMHOCTH
MaKCUMaJIbHO JOCTHUIAeTCS NpH aHaNn3 Oa3MCHBIX
NeJarorOMETPUYECKAX MAaTEMAaTHYeCKHX MoJelel
y4eOHOH [HeATeTbHOCTH  Ha OCHOBE IICHXOJIOTO-
NeJaroruyeckoro CHCTEMHOTO aHaJIu3a,
NICHXOJIOTUYECKOH TEOpUH IEATEIEHOCTH, TEOPHU
(GOopMHpOBaHNA HHTEIUIEKTa, THIEPIPOCTPAHCTBA
LEIOCTHO-CUCTEMHBIX LIUKJIOB YKM3HEAEATEIbHOCTH

SPUraMHOTO (hopMooOpazoBaHuUsl. IenoctHo-
cuctemHoe yueOHoe paeiictBue (LICY /) cocraBuser
0a3sUCHYI0  CTPYKTYPHYIO  OCHOBY  IIJIOCTHO-

cUcTeMHOro Imukia sxuzHeaesrensHoctu (LICLDK),
COCTOAIIETO W3 JABECHAINATH KOMIIOHEHTOB 3BE3JIBI
OpuUraMmsl. Kaxxnprit 3JIEMEHT LCIPK
MPEACTABISETCS METOAAMHM CHCTEMHOrO aHaiau3a
yepe3  JBEHAALATh  IICHXOJIOTO-IEeNaroruueckKux
JNEUCTBUI, KOTOpbIE B MPOLECCE HHTEPHOPU3ALUHI
MPUHUMAIOT [BEHANNATh OCHOBHBIX (QOpPM  OT
OPUEHTALIMOHHOM O BHYTPEHHEH M TaKXe HMEIOT
JeSITeIbHOCTHYI0 OCHOBY. C yu€TOM MpOIEecCOB
KOMMYHHUKATUBHOW JESITENbHOCTA JIOTOJHUTEIHLHO
BBIJICJIIOTCS YETHIPE IIEIOCTHO-CUCTEMHBIC yueOHbIe
neiictBusi. CyIIecTBYeT COpPOK BOCEMb Oa3HMCHBIX
HCv a1, KOTOpBIE UMEIOT MpeIMeTHO-
JESTENIbHOCTHYI0O OCHOBY oTHocutenbHo LICLDK,
TICUXOJIOr0-MEAArOTMYECKOr0 CUCTEMHOTO aHAJIN3a U
npoiecca (hopmMupoBaHus MHTEJIEKTA.
MaremaTnueckoe MOJIETTUPOBAHUE LIEJIOCTHO-
CHUCTEMHOTO  y4eOHOrO  JCWCTBHUS  OMpeAessieT
0a3uCHYI0 3aJa4y rneaaroroMmeTpuxu [1].

Besixoe L[EJIOCTHO-CUCTEMHOE y4ueOHoe
neiictBue wuMeeT TpU Oa3uCHBIE KOMIIOHEHTA:
OPUEHTUPOBOYHBIN, WCTIOTHUTENbHBIN 51
KOHTPOJIbHBIM, KOTOpBIE OINPENEeNsioT OCHOBHBIE
HalpaBJIeHUs] MaTeMaTHYeCKOTO  MOJICIUPOBAHUS
IHCYA. MHoxecTBO 9JIEMEHTOB  y4eOHOTO
JNEUCTBUSI MOXHO 3amucaTb B BHIE Habopa
MOCJIEI0BATEIbHBIX 3JIEMEHTOB  CHCTEMHBIX
onepanui. Kaxnprit 3JIEMEHT HCcvyn
XapaKTepU3yeTcst KOHKpPETHBIMU CBOMCTBaMH,
KOTOpbIE OIHO3HAYHO ONPEHENISAIOT €ro B JaHHOU
cucreme. COBOKYIMHOCTh BCEX CBOWCTB 3JI€MEHTa
y4eOHOTO NIEHCTBUS YCTaHABIMBAET €TO COCTOSHHE.
Mexny  OasucHbiMH  kommoHeHTamu  L[CVY]]
KOHCTaTHUPYIOT CBS3b - MHOXECTBO  CUETHBIX
3aBUCUMOCTEH  CBOMCTB  MEXIY  DJIEMEHTaMu
CHCTEMBI  y4eOHOTO JEHCTBHS, COCTaBIISIOIINX
BeIylLUE KOMIIETEHIIHH. Oto onpenenser
COOCTBEHHYIO CTPYKTYpPY Ppa3BHUTHS KaXIOW W3
COpOKa BOCHEMHU 3ana4 (OPMHPOBAHUS LEIOCTHO-
CUCTEMHON JIMYHOCTU COBPEMEHHOIO CHELHaTUCTa
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yepe3 pelieHHe O0a3uMCHOW 3a7a4d O CTPYKType
spuramHo-riearoromerpudeckoro aevicteus (E0).

Conclusion

Ilouck © aHanM3 OCHOBHBIX HAaNpaBICHUIA
pa3sBUTHS W COBCPIICHCTBOBAHUS 0a3bl JaHHBIX
MEeAaroroMeTpUYecKux  MOJAENEeH  KOHTPOJIBLHOTO
JPLUraMMHOTO aHaju3a 00pa30BaTEIBHBIX OOBEKTOB
OTHOCHUTEILHO [eJaroroMeTpUIECKOro
MaTeMaTH4YCCKOTO MOZEIUPOBAHUS y4eOHOTO
mporecca CBSI3BIBACTCS C rpoueccaMu
COBEPILIEHCTBOBAHUS NIPOTrPAMMHUPYEMBIX
MaTeMaTHYECKUX MOJeNeH y4eOHOH NesTeThbHOCTH
OTHOCHUTEJILHO XapaKTepa MPEeACTAaBICHUS KPUTEPUEB
JKM3HENEATEIbHOCTH, [UKIMYHOCTH, CUCTEMHOCTU U
JTAHOCTH, KOTOpPBIC 00pPa3yroT O0a3HCHYIO SYCUKY
00pa3oBaTeNIbHOTO  MPOCTPAHCTBA,  OMPEIENSIIOT
YCIIOBHSL Pa3BHUTHUS aOCOJIFOTHOTO 00pa30BaTEIBHOTO
[IUKJIa, OTPAXKAIOIIECTO CICIH(PUICCKYIO CTPYKTYPY
MOATOTOBKH — HIMPOKONPO(UIBHBIX — CIIEIHMAIUCTOB
MIPY peaNn3aliil MeXITyHapOIHBIX 00pa30BaTEIbHBIX
cragaaptoB. [lpm 3TOM BaXHO  YCTAaHOBUTH
HaIpaBJICHUE Pa3BUTHE U CHOCOOBI (POPMHUPOBAHUS
YPOBHSI COCTOSTHHSI OCHOBHBIX 0a3MCHBIX MMapaMeTpOB
BCEX OCHOBHBIX YETBIPEX CTPYKTYp LEIOCTHO-
CUCTEMHBIX  3BE€37  OpuraMMmbl, CTENEHb  UX
B3aUMOCBA3U B Hal'[paBJ'IeHI/II/I HCCIICOOBAHUS
JIBEHAJIIATU-)JIEMEHTHOW ~ CTPYKTYphl ~ 0a3MCHOTO
LIEJIOCTHO-CUCTEMHOT'O JIEUCTBUSL. Kaxmas
KOHTpOJIbHAs 3amada (OPMHUPOBAHUSA IIEJIOCTHO-
CUCTEMHOM  JIMYHOCTH  3a7a€TCsi  KPUTEPUIMH
JOCTIDKECHHUS YpOBHEH MYJIBTUIUIMKATUBHOTO
MPOCTPAHCTBA IIMPOKOMPOPIITFHON JesTeIbHOCTH
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1. Introduction

There is a great variety of different enterprises,
whose activity is inseparably linked with making
various reports, graphic means of business analysis,
representing the results of their activity at seminars
and meetings. Certification and expert organizations
are related to the above mentioned enterprises. The
reports of certification centers frequently represent
the outcome of -certification process, auditors’
workload and other significant data, which are
indispensable for carrying out profound business
analysis.

In spite of information technologies’
development a lot of employees do not cope with
methods of working with different software. In
connection with this feature and the influence of
human factors, a great variety of unacceptable
mistakes and design defects appear in finished
reports or these reports fail to be done in time. It is
obvious that these mistakes might be critical in

matters of stable and successful financial future of
the company.

Hence, automation of making reports makes it
possible to reduce the influence of human factors,
thereby to decrease expenses, report creation time
and increase correctness and timeliness. Furthermore,
the automation enables to find out bottle necks,
significant tendencies of organization’s activity,
which are represented in a visual form, and reflect
the reality in different frames of reference.

This article is devoted to automation of making
reports in the area of management systems’
certification via Business Intelligence system namely
Oracle Business Intelligence. Thus, the paper tells
about Business Intelligence systems, Oracle Bl, its
possibilities, components, processes of creating
reports and dashboards using a database as a data
source, reports’ delivery in terms of certification and
expert organizations’ activity.
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2. The features of Business Intelligence

Business Intelligence systems combine data
gathering, data storage, and knowledge management
with analytical tools to present complex internal and
competitive information to planners and decision
makers [1, p. 32]. In other words, Business
Intelligence systems are analytical systems, which
unite data obtained from various data sources,
process these data in a particular way, which makes
it possible to estimate received information, carry out
business analysis and make decisions which
contribute to a favorable outcome. Moreover,
Business Intelligence systems are capable of making
reports, which can be used for both business decision
making and keeping important documents. It is
supposed that 97% of organizations whose revenue
exceeds $100 million use Business Intelligence
systems to some extent [2, p. 5368].

Owing to the development of information
technologies and growth of competition on the
market, a lot of Business Intelligence systems have
appeared. The list of the most widely-known
examples includes Oracle Business Intelligence, SAP
Business Intelligence, Microsoft Business
Intelligence, QlickView, IBM Cognos Bl, SAS BI
and Prognoz Platform. All the above mentioned
systems vary in price, simplicity of installation and
security of serviceable condition, supported data
sources and OLAP’s modes, possibility of using
different expansions, profusion of graphical aids and
so on. On the basis of systems’ characteristics
companies choose the system which is the most
suitable for their business processes, which have to
be taken into account.

Nowadays Business Intelligence technologies
are becoming more and more popular. Various Bl
solutions can be found in different branches, whose
activity refers to the great amount of data. For
instance, BI technology is used in
telecommunications for identifying reasons for
customer churn, in utilities for power usage analysis,
and health care for outcomes analysis [3, p. 89].
Furthermore, spread of Bl approves another fact.
Business Intelligence and Business Analytics
software has been included in many information
systems curricula [4, p. 23].

3. Oracle Business Intelligence and its
possibilities

Oracle Business Intelligence is a Bl system,
which is provided by the American transnational
company Oracle. Thus, Oracle Business Intelligence
is the package of analyzing instruments, which is
oriented to transformation data into structured
information, which can be used for both business
analysis and reporting. An important aspect in which
Oracle has a different approach from the other
providers is the use of the ELT architecture for data
integration, rather than ETL [5, p. 66]. The work
with Oracle Bl is implemented by Web interface,

which is notable for clearness, the hierarchical
structure of provided possibilities and the support of
various languages. It should be noted that the tools of
the software are available for both users who are IT
specialists and those whose activity is not connected
to having technical skills.

Oracle BI consists of different components
ensuring its functionality, with basic components
being Oracle Bl Server, Oracle Bl Publisher,
Presentation Services, Repository, Oracle BI
Delivers, Oracle Enterprise Manager and Office Plug
— in. The first component represents a core super
high-speed component, which is a connecting part
between the repository and data sources. The second
component is responsible for scheduled creating
reports in widespread formats and their delivery to
different destinations such as mailboxes, printers and
faxes. Presentation Services include Oracle BI
Analysis Editor and Oracle Bl Dashboards, which
are used to create data panels, or dashboards, and
interact with Presentation Server connected to Oracle
BI Server. The repository stores metadata which will
be used by Oracle Bl Server subsequently. Oracle Bl
Delivers are the means of reports’ delivery and
notification of users. Oracle Enterprise Manager is
used for the administration of Oracle BI instance.
The last one represents a set of tools for integration
with Microsoft Office.

The above mentioned components characterize
Oracle Business Intelligence as a powerful tool
enabling to create common and interactive reports,
which contribute to monitor company’s trends and
carry out the analysis of used corrective measures.
Furthermore, due to the components, the following
functional abilities can be specified:

71 support of different data sources, which
include relational databases, OLAPs, which
operate in  relational, hybrid and
multidimensional modes, XML files and
Excel files;

| implementation of multidimensional
business analysis and decision making;

| creation of dashboards and reports in
common formats (RTF, PDF, HTML);

| repository development for metadata unity;

| support of high extent of personalization;

‘1 notifications and report’s delivery and
bursting;

71 integration with Microsoft Office;

71 assignment of roles to different users to
provide established security police.

To sum up, it should be noticed that this
analytical package has various positive features,
which can be marked as significant benefits. Thus,
Oracle BI is characterized by high performance,
scalability, correctness, integration simplicity and
availability for the employees who have different
levels of skills of working with software products.
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4. Making reports via Oracle Bl Publisher

As it has been mentioned before, creating
common reports and their delivery is implemented
via Bl Publisher, which has an ability to operate
separately from the full Oracle Bl package. It should
be noted that Oracle Publisher is based on separation
of data and templates of the documents’ formatting.
This feature contributes to flexibility of reports’
development and simplicity of the development
process.

The procedure of creating reports based on
information of a particular database is linked with the
following algorithm: the connection to data source is
implemented by means of JDBC driver, a data model
is created, a template and a style template, if it is
necessary, are formed.

The connection to data source is implemented
on Administration page. It is necessary to state the
name of data source, driver type, driver class,
connection string and the name of the user, whose
schema includes required information. The
connection string includes the database’s host, port
and SID.

The second step consists in creating a data
model via Data Model Editor on the basis of joint
data source. Data model represents a collection of
data sets, which, in turn, represent natural queries to
a chosen data source. Data models are stored in the
repository for fixed availability support. It may also
contain parameters with a list of values, bursting
definitions and other structures or properties that
determine how data are provided to a report [6, p.
95].

The next step is creation of a template by means
of Template Builder or Layout Editor. Layout Editor
is an online tool, which is accessible via Bl interface.
Template Builder is an extension of Microsoft Word.
Thus, Template Builder seems to be more familiar
for the vast majority of users. The process of
templates’ development via Template Builder refers
to the following actions: selecting the data model,
choosing containers such as tables, lists, graphs and
so on for the data set of the data model and
personalization of the report. Personalization can be
implemented by means of Microsoft Word abilities
and XML and XSL languages.

In connection with the paradigm which uses Bl
Publisher it is possible to implement scheduled
delivery of reports and their bursting. Bursting is a
process of generating multiple documents from the
same report, and delivering each document to a
different destination [7, p. 108]. To deliver reports it
is necessary to join the installed mail server to Bl by
means of specifying a master domain and a server
network address. Bl Publisher interface enables to
create report jobs which are used for reports’
delivery. These jobs contain a report, used template,
output name and format, locale and time zone,

addresses and schedule which determine the data of
the report creation and its delivery.

Functionality of report jobs includes not only
the delivery of created documents by a developer, but
also automatic creation of the reports on the basis of
specified schedule. This feature makes it possible to
automate entirely the report’s making and workflow
of an organization. Thereby it provides timely
creation of reports and reduction of labor
expenditures.

Thus, Oracle Bl Publisher enables to create
different reports, which show basic trends of a
company’s activity or are suitable for business
analysis and decision making. Furthermore, the
process of creation is simple and fast, which is very
important in case of large organizations interested in
their competitive power.

5. Layers of Oracle Bl Repository

Various dashboards are frequently preferred as
the way of reflecting significant data which are used
for carrying out business analysis. However
availability of the dashboards depends on Oracle Bl
component called the repository. Oracle BI
repository represents one of the most important
components of Oracle Business Intelligence. The
repository makes it possible for users to work with
finished dashboards or create them by means of
working with Oracle Bl Analysis Editor and Oracle
Bl Dashboards. As it has been already mentioned,
users vary in their technical skills, purposes and
specificity of their work. In connection with the
feature three layers of the repository have appeared.
Hence, the repository is divided into physical,
business model and mapping and presentation layers,
which are adapted by Oracle Administration Tool.
Furthermore, Oracle Business Intelligence does not
limit the company in what concerns the number of
data sources and their heterogeneity due to presence
of the repository.

Physical layer is a fundamental layer, because
dashboards will not be available, if the layer is not
adapted. It includes basic information about one data
source or several data sources whose data have to be
retrieved. If the data source is relational database, the
layer reflects information about the database,
connection pool, user’s schema, tables, columns,
keys depending on the configuration created by a
developer. The connection pool is a connection string
to the data source. When the physical layer is
adapted, creation of dashboards is possible by means
of direct queries to the data source.

Business model and mapping layer defines
business, or logical models, of the data and specifies
the mapping between the business models and the
physical layer schemas [8, p. 111]. The first stage of
the layer’s configuration is creation of the business
model, which includes logical dimensions. Logical
dimensions, in turn, are divided into various logical
tables making up a special common hierarchical
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structure. Business models might be connected to
different physical sources and logical tables —
different physical tables.

Presentation layer is developed for the work of
end users. Thus, dimensions which have been created
on the previous stage are grouped into subject areas
depending on the category of dimension’s data and
their orientation. Correspondingly, only required
objects with correct and appropriate aliases will be
added to a particular subject area. In other words, this
layer serves the purpose of presenting data in a
customized view.

6. Making dashboards via Oracle Bl

Making dashboards via Oracle BI s
implemented by means of using two components:
Oracle Bl Analysis Editor and Oracle BI
Dashboards. It should be noted that a dashboard is a
page in business Intelligence application that
displays content [9, p. 52]. When the repository is
adapted, the developer should create Bl analyses,
which consist of data source queries, for instance,
SQL queries. The creation of analysis is carried out
by means of the first above mentioned component
and indication the name of connection pool to get
access to data of used data source.

Furthermore, it is important to choose a
container for Bl analyses, which can be a table, bar
graph, bubble graph and so on, and select properties
for the container. However, the properties of
containers and their data depend on the profoundness
of the previous setup of the repository. For instance,
filters, groups and objects’ hierarchy and other
advanced properties are available after the full setup

of the repository. The process of working with a
container is simple: a developer has to drag a
particular column in the container model.

When all necessary analyses are created, the
dashboard’s layout can be made by dragging a
particular analysis to a particular section of a column.
Users have an ability to add not only created
analyses, but also images, links, text, alert sections
and action links. All sections and columns have their
features, which can be specified in a determined way.

7. The characteristics of certification
process

Certification is a checking of a particular object
against requirements, which are fixed in different
standards. The list of these objects includes
management systems, goods, stuff, educational
centers and other objects, whose presence depends
on the accreditation of a certification center.
However, the most popular and widespread object is
a management system such as quality management
system, food safety management system and
environmental management system.

Different contractors and auditors participate in
the  certification  process.  Contractors  are
organizations that are being certified, and auditors
are employees, who carry out an audit in compliance
with the management scheme and standard. It should
be noted that the necessary standard and management
scheme are chosen by the contractor in compliance
with the contactor’s needs and are reflected in the
concluded pact which, in turn, represents other pact’s
conditions. The simplified diagram of the
certification process is shown on the Figure 1.

__»(Certification

centerfe—_ .

Applies to

[Organization |

Employees

T Certification scheme
AKO

Contractor Chooses—————» Standard «——Corresponds to

Descrlbes

Carry out

[Management system|

Figure 1 - The simplified scheme of the certification process.

8. The implementation of automation of
making reports via Oracle Bl

As it has already been mentioned, the first step
of making reports via Oracle Bl Publisher is the
connection to a data source by means of JDBC
driver. In this implementation Oracle 11g database
serves as a data source. Thus, the driver type is

“Oracle 11g” and the driver class -
“oracle.jdbc.OracleDriver”. The connection string
appears in the following way: “jdbc:oracle:thin:
@localhost:1521:0orcl”, where “localhost”, “1521”
and “orcl” are host, port and SID of a chosen
database, correspondingly.
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Reports which are created in the
implementation refer to the results of the certification
department’s activity and the workflow of the
organization during the current month. For instance,
one report includes a list of contractors, who have
made a contract during that month, a list of
contractors that have been certified, summary table
of certification results, summary table of auditors’
activity and other required information. Another
report shows created documents during the current
months and the process of their agreement. Every of
the above mentioned parts of the reports represents
SQL query or PL/SQL function and, thereby,
represents a data set, which is included in Data
Model which refers to the joint data source.

Every data set is placed in a suitable container
such as a table, list or diagram via Template Builder.
Properties such as page layout, headlines’ styles,
font, size, color of text and so on can be adapted by
means of Microsoft Word. Furthermore, XML and

cells of a total row, XML and XSL might be used,
correspondingly. The examples of the made report’s
parts are shown on the Figure 2 and Figure 3. All
data of the examples are fictitious and has no relation
to the reality. The first example shows color indicting
of auditors depending on the results of their month
work. XML code appears in the following way:
<?if@row:number(DIFFERENCE)<07?>

<?attribute@incontext:backgroundcolor;

‘HFOE1B5"?>

<?attribute@incontext:color;'Red'?><?attribute
@ Incontext: font-weight; 'bold'?>

<?end if?>.

The second example demonstrates documents
which have been created during the current month.
The total row is united by means of following XSL
code: <?if: LOCATION ='"?>

<xsl:attribute xdofo:ctx= "block"

name="number—columns—
spanned">3</xsl:attribute>

XSL are frequently used in report’s personalization. <?end if?>.

For instance, if it is required to mark out auditors

whose activity has been insufficient and unite the

Auditor Contractor Current salary Wage Difference
Smimov A S. Gubemnskie Apteki 10000
Smimov A. S. Gazprom Neft 10000
Smimov A S. Hlebnv Dom 15000
Smimov A. 5. Totals: 35000 30000 5000
Petrova A. B. EXTERRAN 10000
Petrova A B. Gubemnskie Apteki 10000
Petrova A. B. Totals: 20000 30000 -10000
Sergeev 5. N. VeroPharm 20000
Sergeev 5. N. Gazprom Neft 10000
Sergeev 5. N. Totals: 30000 30000 0
Figure 2 - Financial efficiency of auditors (example of XML)
Document Location Creation date
Writ C:\Users'Documents'writ 1 05.05.2016
C:\Users'Documents'writ2 06.05.2016
Order C:\Users'Documents'orderl 10.05.2016
C:\Users'Documents‘order? 11.05.2016

Explanatorv C:Users'Documents'EM]1 12.05.2016
memorandum C:\Users'Documents'\EM2 12.05.2016
Eeport C-\Users'\Documents'report 13.05.2016
Fecord C:\Users'Documents'record 14.05.2016
Totals: &

Figure 3 - Created documents (example of XSL)

The process of created reports’ delivery has
previously been described. In matters of this
implementation, ComminiGate Pro in conjunction
with Microsoft Outlook and MAPI Connector have
been used in the capacity of a mail server. Report

jobs include schedule, which launches the process of
report’s creating and delivery on the last day of a
month. In that case scheduled report’s creation is
possible owing to using SYSDATE in SQL queries.
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Creating dashboards is similar to creating
reports. However, availability of dashboards depends
on the setup of physical layer of the repository.
Hence, if the source is Oracle database with defined
features, which can be found in file called
tnsnames.ora, the connection pool appears in the
following way:

“(DESCRIPTION = (ADDRESS =
(PROTOCOL = TCP) (HOST = 127.0.0.1) (PORT=
1521)) (CONNECT_DATA = (SERVER =
DEDICATED) (SERVICE_NAME = orcl.5.5.3)
(SID =orcl)))”.

Turning back to the certification centers, it
might be possible to reflect the number of contractors
who have made a pact depending on the quarter and
year, the percentage ratio of old and new contactors,
years when contractors make a pacts and other basic
information about contractors. Each piece of data

e quantity of contractors, which made a contract

0 , * ‘
2013 2014 2015
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Summary table of contractors' quantity

@
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wuwN
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5
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-
=)
LN OGN
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13
20
39

represents a retrieved data via direct queries to the
database or Oracle Bl Analysis. Retrieved
information refers to the last three years and is placed
in a particular container. Properties of the container
can be adapted in matters of their style, size, fixed
size, the availability of prompts, which filter the
results of embedded analyses to show only the results
that match the prompt criteria [10, p.139], scaling
and scrolling and so on. All the created containers
are located on a dashboard in a special way. For
instance, the size of tables is fixed so as not to
damage the layout of the dashboard. The example of
a created dashboard is shown in the Figure 4. The
image is a link to another page of the dashboard. The
conversion is shown in the Figure 5. All the data
shown on the dashboard are fictitious and has no
relation to the reality.

 Contractor

Stora Enso 2013, 2014, 2015
TA3MPOM 2013, 2014, 2015
Tasnpom kedTe 2013, 2014, 2015
EXTERRAN 2013, 2014, 2015
VeroPharm 2013, 2014, 2015
Pexeccanc-Kanutan 2013, 2014, 2015
Kamas 2014, 2015
rybepHckme anTexn 2014, 2015
CasywuH MpoayxT 2014, 2015

Kalev 2014, 2015
Banuo CMB 3A0 2014, 2015

LIKB Mporpecc 2014, 2015
XnebHuit aoM 2014, 2015
BpamKoHdH 2015

BaHk OTkpeTHe 2015
AnmMaz-AxTei 2015

Degital Design 2015

KRKA 2015
AnmupanTedickue spdm 2015

Nexznepro 2015

Main information about contractors (click on the picture
to move)

Figure 4 - The company's activity dashboard
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Main information about (click on the picture o
to move) Main information about contractors
Sector Nuuesas oTpacns v
Ka| — KazaxcTaH, r. Tannus, Parguvalia, a. 6A Naspos M. C. maxlavrov@gmail.com
BpsHKOHOU Poccus, . BpRHCK, yn. BoK3ankeHas, 4. 116 NeoHos B. B. leonovadim@gmail.com
Banuo CNB6 3A0 Poccus, r. CankT-Netepbypr, np. MpuMopckuii, A. 54/1A Bapcyk E. B, elenabarsuk@gmail.com
CasywiuH MpoaykT Poccus, r. Mockea, AnTydeesckoe w., A4. 41A CupopeHko M. M. sidorenkomisha@gmail.com
XnebHew oM Poccus, r. CaHkT-Netepbypr, yn. CMoneHckas, 4. 18 A A lexk ! l.com

Figure 5 - Linked page of the company’s activity dashboard

9. Conclusion

To sum up, Oracle Business Intelligence is a
powerful high-technology tool for carrying out
business analysis and making reports. This package
makes it possible to create correct reports and deliver
them in time, create colorful and informative
dashboards which are characterized by high
personalization and suitability for decision making.
All the above mentioned features are demonstrated
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INTRODUCTION

If in gear, the material and geometrical
parameters are optimized simultaneously then it is
common to assume  empirical ~ formulas
approximating a relation between  material
parameters for example the bending fatigue limit
(Sbf) and ultimate tensile strength (UTS) as a
function of hardness. If the choice of material is
limited to a list of pre-defined candidates, then two
difficulties can be appeared. First, a discrete
optimization process should be followed against
material parameters. Second, properties of different
alternatives materials may not indicate any obvious
correlation in the given list. The main goal is to
choose material with best characteristic among
alternatives.

OVERVIEW OF GEAR MATERIAL:

Gears are commonly made of cast iron, steel,
bronze, phenolic resins, acetal, nylon or other
plastics. The selection of material depends on the
type of loading and speed of operation, wear life,
reliability and application. Cast iron is the least
expensive. ASTM / AGMA grade 20 is widely used.
Grades 30, 40, 50, 60 are progressively stronger and
more expensive. Cl gears have greater surface
fatigue strength than bending fatigue strength. Better
damping properties enable them to run quietly than
steel.

Nodular cast iron gears have higher bending
strength together with good surface durability. These
gears are now a day used in automobile cam shafts.
A good combination is often a steel pinion mated
against cast iron gear. Steel finds many applications
since it combines both high strength and low cost.
Plain carbon and alloy steel usage is quite common.

Through hardened plain carbon steel with 0.35 -
0.6% C are used when gears need hardness more
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than 250 to 350 Bhn. These gears need grinding to
overcome heat treatment distortion. When
compactness, high impact strength and durability are
needed as in automotive and mobile applications,
alloy steels are used. These gears are surface or case-
hardened by flame hardening, induction hardening,
nitriding or case carburizing processes. Steels such as
En 353, En36, En24, 17CrNiMo6 widely used for
gears.

Bronzes are used when corrosion resistance, low
friction and wear under high sliding velocity is
needed as in worm-gear applications. AGMA
recommends Tin bronzes containing small % of Ni,
Pb or Zn. The hardness may range from 70 to
85Bhn.Non metallic gears made of phenolic resin,
acetal, nylon and other plastics are used for light load
lubrication free quiet operation at reasonable cost.
Mating gear in many such applications is made with
steel. In order to accommodate high thermal
expansion, plastic gears must have higher backlash
and undergo stringent prototype testing.

MATERIAL PERFORMANCE INDICES

The main characteristics considered in the
design of

gears are:

v’ surface fatigue limit (Ssf),

v root bending fatigue limit (Sbf),

v wear resistance of tooth’s flank

v' High tensile strength to prevent failure
against static loads

v' High endurance strength to withstand
dynamic loads

v Low coefficient of friction

v" Good manufacturability

Generally cast iron, steel, brass and bronze are
preferred for manufacturing metallic gears with cut
teeth. Where smooth action is not important, cast
iron gears with cut teeth may be employed.

Commercially cut gears have a pitch line velocity of
about 5 metre/second. For velocities larger than this,
gear sets with non-metallic pinions as one member
are used to eliminate vibration and noise. Non-
metallic materials are made of various materials such
as treated cotton pressed and moulded at high-
pressure, synthetic resins of the phenol type and
rawhide. Moisture affects rawhide pinions. Gears
made of phenolic resins are self-supporting on the
other hand other two types are supported by metal
side plates at both ends of the plate. Large wheels are
made with fretting rings to save alloy steels. Wheel
centre is commonly cast from cast iron. The ring is
forged or roll expanded from steel of the respective
grade specified by the tooth design.

DESIGN CONSIDERATIONS

The accuracy of the output of a gear depends on
the accuracy of its design and manufacturing. The
correct manufacturing of a gear requires a number of
prerequisite calculations and design considerations.
The design considerations taken into account before
manufacturing of gears are:

[1 Strength of the gear in order to avoid failure
at staring torques or under dynamic loading during
running conditions.

[1 Gear teeth must have good wear
characteristics.

[1 Selection of material combination.

1 Proper alignment and compactness of drive

[1 Provision of adequate and proper lubrication
arrangement.

Problem Definition

An organization has got 9 different materials
with different specifications for gear. The decision
maker considered 7 selection criteria. The materials
are as follows:

Table 1

SL. NO. Material GRADE
Material 1 Cast iron SAE J431-43500
Material 2 Ductile iron EN-GJS 418
Material 3 S.G. iron BS 2789
Material 4 Cast alloy steel BS 2795
Material 5 Through hardened carbon steel SAE 4140
Material 6 Surface hardened alloy steel SAE 8620
Material 7 Carburised steel SAE 8620
Material 8 Nitrided steel EN40B
Material 9 Through hardened carbon steel 817M40
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Table 2

The selection criteria are as follows:

C1 Surface Hardness (Bhn)

Cc2 Core Hardness (Bhn)

C3 Surface Fatigue Limit (MPa)

C4 Bending Fatigue Limit (MPa)

C5 UTS (MPa)

C6 Cost (INR) Per kg

C7 Supply Lead Time (In week)

Out of 7 criteria, 5 criteria viz. C1: Surface
Hardness (Bhn), C2: Core Hardness (Bhn), C3:
Surface Fatigue Limit (MPa),C4: Bending Fatigue
Limit (MPa),C5: UTS (MPa) are beneficial criteria
because their higher values are desirable and
remaining viz. C6: Cost (INR) Per kg,C7: Supply
Lead Time(In week) are non-beneficial criteria
because their lower values are desirable.

Formation of decision matrix:

The objective of the decision maker is to assess
the performance of the materials. Counseling the

above 7 criteria to ultimately select the best material.
The decision maker applied SAW, TOPSIS and
MOORA methods for their simplicity, adaptability,
applicability and is of applications. The decision
matrix for the materials with respect to the criteria
shown below:

Table: Suggested materials and their properties
in a gear material selection problem”

Table 3
Surface Core Surface Bending | UTS | Cost Supply
MATERIAL Grade (Bhn) (Bhn) Fatigue Fatigue | (MPa) | (INR) Lead
Hardness | Hardness Limit Limit Per Time
(MPa) (MPa) kg (In week)
(C1) (C2) (C3) (C4) (C5) (Co6) (Cn
Cast iron SAE J431- 200 200 330 100 380 55 2
(M1) 43500
Ductile iron (M2) | EN-GJS 220 220 460 360 880 55 2
418
S.G. iron BS 240 240 550 340 845 47 3
(M3) 2789
Cast alloy steel BS 270 270 630 435 845 66 4
(M4) 2795
Through hardened SAE 270 270 670 430 620 58 5
carbon steel (M5) 4140
Surface hardened | SAE 8620 542 229 1160 680 1850 60 6
alloy steel (M6)
Carburised steel | SAE 8620 647 297 1500 920 2300 60 5
(M7)
Nitrided steel EN40B 693 297 1250 760 1250 72 5
(M8)
Through hardened| 817M40 185 185 500 430 635 74 5
carbon steel (M9)
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http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.westyorkssteel.com%2Falloy-steel%2Fnitriding-steel%2Fen40b%2F&ei=qeCgUv7OLsbZrQf9x4HABw&usg=AFQjCNEVC7cSxBj5iu9TTBXSW5D_GX9_3w&bvm=bv.57155469,d.bmk

[ ISRA (India) = 1.344
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia) =0.564
{JIF =1.500 |

Impact Factor:

AData(except material grade,cost and supply
lead time) are taken form Hofmann (1990) where
Vickers hardness values have been converted to
Brinell values using conversion tables in
http://www.gordonengland.co.uk/hardness/brinell_co
nversion_chart.htm

AData (material grade,cost and supply lead
time) are taken form Bill Forge Private Limited
(Plant 1) 9C, Bommasandra Industrial Area,Hosur
Road,Bangalore - 562 158, India

SOLUTION METHODOLOGY:
Simple Additive weighting method (SAW)

Step 1: Formation of decision matrix
Step 2 Formation of Weight Matrix,
W = [Wi.....Wj...... Wh] 2

Different importance weights to various criteria
may be awarded by the decision makers. These
importance weights forms the weight as follows.

Step 3 Normalization of performance rating

Units and dimensions of performance ratings of
columns under criteria differ. For the purpose of
comparison, these performance ratings are converted
into dimensionless units by normalization using
following equations

X;i
Y. — J
Xij = m_aX‘Xij ) for benefit criteria j 3
|
min (x; )
Y.. — 1
Xij = X for non-benefit criteriaj (4)

ij
Normalized decision matrix

A= [aij ]nxm’ ajj = Xi/j/

Az[aij] . & =Xi’j

nxm

Step3 Determine the positive ideal and negative
ideal solution from the matrix A.

| SIS (USA) =0912 | ICV (Poland)  =6.630
| PHHIJ (Russia) =0.234 | PIF (India) =1.940
i ESJI (KZ) =1.042 | IBI (India) = 4.260
SJIF (Morocco) =2.031 |
A1 [f1.1 R SR f1~n—|
)? = Aé l[fi} . fi} fin‘i (5)
Am JZml fmj fmn mxn

Step 4 composite score: Computation of
composite score (CS;) for alternative i
n

j=1

Step 5 Ranking and selection of best
alternative: Ranking of products in descending
order of composite scores (CS;).

TECHNIQUE FOR ORDER PREFERENCE
BY SIMILARITY TO IDEAL SOLUTION
(TOPSIS)

Algorithm of TOPSIS method under MCDM

The idea of TOPSIS can be expressed in a series
of steps:

Stepl All the original criteria receive tendency
treatment. We usually transform the cost criteria into
benefit criteria, which is shown in detail as follows;

(i) The reciprocal ratio method (X ij = 1/X ij),
refers to the absolute criteria;

(ii) The difference method (X ij = 1 —X ij), refers
to the relative criteria.

After tendency treatment, construct a matrix

A=lay] . i=12..n j=12..m (6)

Step2 Calculate the normalized decision matrix
A. The normalized value aij is
calculated as:

P iz12..n j=12,..m (7)

A" =(ai+1,ai+2,...,ai+m) ajj :]rga;f(aij), i=12,...m 8)
A :(ai’l,ai’z,...,ai’m), aj :max(aij), i=12,...m 9)

1<i<n

Step4 Calculate the separation measures, using
the n-dimensional Euclidean distance. The separation
of each alternative from the positive ideal solution is
given as:

(10)

Similarly, the separation from the negative ideal
solution is given as
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(11)

Step5 For each alternative, calculate the ratio
R; as:

Dy
[ —

i=12,...,n (12)
Dy +D;
Step 6 Rank alternatives in increasing order
according to the ratio value of R; in stepb.

MULTI OBJECTIVE OPTIMIZATION
RATIO ANALYSIS (MOORA):

Algorithm of MOORA method under
MCDM

The MOORA method starts with a matrix of
responses (performance measures) of different
alternatives on different criteria (objectives or
attributes). The matrix is shown below (Equation 1).

C, --- C; C,
A [ X1 X1 X1n |
X=A|Xg - Xj - Xy (6)
Am _Xml ij an_

Where X;; is the performance rating (response)

to the ith alternative (A;) under jth criterion (CJ- ) m

is the number of alternatives and n is the number of
criteria.

The MOORA method employs a ratio system in
which each response of an alternative on an attribute
(criterion) is compared to a denominator. The
denominator is a representative for all alternatives
concerning that attribute (Brauers et al. 2007;
Kalibatas and Turskis, 2008).

Brauers et al. (2008) considered various ratios
such as the square root of the sum of squares of each
alternative per objective, total ratios, Scharlig ratios,
Weitendorf ratios, Jutter ratios, Stop ratios, Van
Delft and Nijkamp ratios of maximum value, Korth
ratios, Peldschus et al. and Peldschus ratios for
nonlinear normalization. They concluded that the
square root of the sum of squares of each alternative
per objective is the best one for the denominator
which is given below.

i \/ Z (X.J ) 7

i=1

Xij
respect to attribute j. In the current research work, the
maximum score under each attribute has also been
used as the denominator of the ratio system and an
effort has been made to exhibit that this ratio system
is also suitable for finding the optimal solution. The
following ratio system is the second best for
normalization process in MOORA.

* Xij

max (x;; ®)
|

is normalized value of response i with

For the computation of normalized response
using the above Eq. (2b), first the maximum score
under each attribute is found. Then all the scores
under certain attribute irrespective of benefit or non-
benefit are divided by the concerned maximum score

using Eq. (2b). x is a dimensionless quantity in the

interval [0,1] representlng the normalized score of
alternative i on attribute j. However, sometimes the
interval could be [-1; 1]. For example in the case of
productivity growth of some factories, industries,
sectors, regions or countries may be negative instead
of positive thus the interval becomes [-1;1] (Brauers
et al., 2008).

For  multi-objective  optimization  these
normalized performances are added in case of
maximization and subtracted in case of minimization.
Then the optimization problem becomes

g n
:zlxij_ E:Xij ©)
j=1

i—g+1

Where g is the number of benefit criteria to be
maximized and (n-g) is the number of non-benefit

- - - - - * - - -
criteria to be minimized. y; is final score of it"

alternative with respect to all the attributes. In the
above case it is assumed that all the attributes are of
same importance.

9 n
— Ve v
_ZWJ Xij ZW, Xij  (10)
=1 j=g+1
Where W]-( is the weight of jth attribute

(criterion), which can be evaluated using any well-
known approach either AHP or Entropy method.
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Impact Factor:

{ ISRA (India)

= 1.344

| 1SI (Dubai, UAE) = 0.829

| GIF (Australia)
L JIF

=0.564

= 1.500 |

| SIS (USA) =0912 | ICV (Poland)  =6.630
| PHHIJ (Russia) =0.234 | PIF (India) =1.940
i ESJI (KZ) =1.042 = 4.260

| 1BI (India)
SJIF (Morocco) =2.031 |

The value of yi* may be positive, negative or zero.
These yi* values are arranged in descending order.
The best alternative is one which is associated with
highest yi* value and the worst alternative is one

which is associated with the lowest yr value.

ENTROPY

Stepl Calculate p;  (the im scheme’s ji

indicator value’s proportion).

fij

:r”,

Pij =
%
value
Step2 Calculate the jth indicator’s entropy value
ej.ej = -k X7 pij In pi, k=1/In - m, m is the
number of assessment schemes.
Step3 Calculate weight w; (jw indicator’s
weight).
wi=(1-g) /¥j-1(1—ej),n is the number of
indicators, and 0 < wj< 1,37 wj=1

lij is the in scheme’s ji indicator

In entropy method, the smaller the indicator’s
entropy value ej is, the bigger the variation extent of
assessment value of indicators is, the more the
amount of information provided, the greater the role

of the indicator in the comprehensive evaluation, the
higher its weight should be.

MATLAB

MATLAB supports a variety of graphs that
enable you to present information effectively. The
type of graph you select depends, to a large extent,
on the nature of your data. The following list can
help you select the appropriate graph:

v/ Bar and area graphs are useful to view
results over time, comparing results, and displaying
individual contribution to a total amount.

v Pie charts show individual contribution to a
total amount.

v’ Histograms show of data values.

v/ Stem and stair step plots display discrete
data.

v' Compass, feather, and quiver plots display
direction and velocity vectors.

v' Contour plots show equivalued regions in
data.

v' Interactive plotting enables you to select
data points to plot with the pointer.

v" Animations add an addition data dimension
by sequencing plots.

Computational result by MATLAB:

ENTROPY METHOD:

RESULT:
ENTROPY METHOD
criteria C C, Cs Cy Cs Cs Cs
weighted 0.1635 | 0.1129 0.1634 0.1290 0.1143 0.1336 0.1833
values
SAW METHOD

Material My M; M3 My Ms Ms M- Mg Mo
The values of | 3.3105 3.9933 3.9247 3.7710 | 4.0601 | 4.9866 | 6.1170 5.2557 | 3.0018
(s)

Arranging the final value in descending | M7 >M8> M6 > M5 > M2 >M3>M4 > M1 > M9

order:-
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7 19 T 19 19 T 19 T 19 T
@
s
1 2 3 4 5 6 7 8 9
GEAR MATERIAL -—-->
Figure 6
MOORA METHOD:
RESULT:
STEP 1 Determination of normalized decision matrix
Cl Cz C3 C4 Cs CG C7
M 0.1623 0.2685 0.1258 0.0597 0.1000 0.2990 0.1538
M: 0.1785 0.2953 0.1754 0.2149 0.2316 0.2990 0.1538
M3 0.1948 0.3222 0.2097 0.2029 0.2224 0.2555 0.2308
Mg 0.2191 0.3625 0.2402 0.2596 0.2224 0.3588 0.3077
Ms 0.2191 0.3625 0.2555 0.3223 0.3131 0.3153 0.3846
Ms 0.4398 0.3074 0.4423 0.4058 0.4868 0.3262 0.4615
My 0.5250 0.3987 0.5720 0.5491 0.6052 0.3262 0.3846
Ms 0.5623 0.3987 0.4767 0.4536 0.3289 0.3914 0.3846
Mo 0.1501 0.2484 0.1907 0.2566 0.1671 0.4023 0.3846
STEP 2 Determination of weighted normalized decision matrix:
Ci C Cs Cs Cs Cs Cr
M1 0.0268 0.0301 0.0203 0.0075 0.0113 0.0409 0.0287
M2 0.0295 | 0.0331 0.0283 0.0270 0.0261 0.0409 0.0287
M3 0.0322 0.3222 0.2097 0.2029 0.2224 0.2555 0.2308
My 0.2191 0.3625 0.2402 0.2596 0.2224 0.3588 0.3077
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Ms 0.0362 0.0406 0.0413 0.0404 0.0353 0.0431 0.0717
Ms 0.0727 0.0344 0.0715 0.0509 0.0548 0.0446 0.0860
Mz 0.0868 0.0446 0.0924 0.0689 0.0682 0.0446 0.0717
Ms 0.0929 0.0446 0.0770 0.0569 0.0371 0.0535 0.0717
Mo 0.0248 0.0278 0.0308 0.0322 0.0188 0.0550 0.0717
STEP 3: Determination of weighted multi objective optimization:
(the value of a is the sum of all weighted normalized values for all beneficial column)
Material M1 M2 M3 My Ms Me Ms Mg
The wvalues | 0.0960 | 0.1439 0.1526 0.1732 | 0.1938 | 0.2843 | 0.3609 | 0.3085 | 0.1344
of (a)
The value of b is sum of all weighted normalized values for all non-beneficial column
Material M1 M2 M3 Ma Ms Ms My Ms Mo
The values | 0.0696 | 0.0696 0.0779 0.1064 | 0.1148 | 0.1306 | 0.1163 | 0.1252 | 0.1267
of (b)
Material | M1 M3 M3 Mgy Ms Me Mz Mg Moy
The 0.0264 0.0744 0.0747 0.0668 0.0790 0.1537 0.2446 0.1833 0.0077
values
of (a-b)

Arranging the final value in descending order:-

M7 > M8 > M6 > M5 > M3 > M2> M4 > M1 > M9
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0.25
0.2
n
i 0.15
=)
L
5
g
= o1
>
0.05
0
1 2 3 4 5 6 7 8 9
Gear material ---->
Figure 7
TOPSIS METHOD BY USING MATLAB:
Material | M1 M Ms Mgy Ms Ms M7 Ms Mo
The 0.3286 | 0.3944 |0.3273 |0.2967 |0.3508 | 0.5560 | 0.6905 | 0.5941 | 0.1932
values
of Ri

Arranging the final value in descending order:-

M7 > M8 > M6 > M2 > M5 > M1> M3 > M4 > M9

Value of R() >

MATERIAL ——->

Figure 8
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Table-4
Comparative analysis of ranking of gear materials using MCDM methods:
MATERIAL SAW MOORA TOPSIS
(RANK) (RANK) (RANK)
M1 8 8 6
M2 5 6 4
M3 6 5 7
M4 7 7 8
M5 4 4 5
M6 3 3 3
M7 1 1 1
M8 2 2 2
M9 9 9 9
DISCUSSION: SAW, TOPSIS and MOORA methods are observed

From the result we see that for the three
different process of MCDM, the result is almost
same. The ranking of 1t ,2NP 3RD and 9t Materials
are same for those three different processes. For the
simplicity, prompt result getting the accurate value
and also getting the best ranking we have used the
MATLAB software. By this software we can also
make rank of any system for any number of
alternatives and criteria within a fraction of second
with accuracy.

CONCLUSION

It is quite clear that selection of a proper Gear
Materials for a given manufacturing application
involves a large number of considerations. The use of
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HNEJATOTMYECKWE NHHOBAIIAA B KOHTEKCTE ®OPMUPOBAHUS MIPO®ECCUOHAJIBHOMN
KOMIETEHTHOCTHU WH)XEHEPHBIX CIHEIIMAJIMCTOB MOPCKOM OTPACJIN

Annomayun: Paccmompenvl nedazoeuyeckue UHHOBAYUU 68 KOHMeEKCMe (opMuposanus npogheccuoHanibHbIx
KOMnemeHyutl cneyuanucmog mopckozo @roma. Ocoboe eHumanue yOeneHO UHHOBAYUOHHBIM OUOAKMUYECKUM
MEXHON02USM KAK CNOCOOY NOSblueHUs. dPDEKMUSHOCU 0OUWEHAYYHOT NOO2OMOBKU 6 MOPCKOM YHUGepcumeme.

Kniouesvle cnosa: nedazocuueckue uHHOBAYUY, NPOPDECCUOHANLHAS KOMNEMEHMHOCb, CUCTEMA BbICULE20
MOPCK020 00pa3osanus

Introduction KBaJTU(UIHPOBAHHBIX  KaJPOB, 3aHATBHIX B CHCTEME
OmHO¥ W3 BaXHBIX 3amad pedopMUpOBaHHS 00pa30BaHMs;, HACTOSATEILFHOW W BCE BO3pACTAIOLICH
POCCHIICKOH CHCTEMBI BBICIIETO OOpa30BaHUSA B MOTPeOHOCTRI0 B TEXHOJOTHYECKOM OOHOBIICHHUH
LEJIOM U HHXXEHEPHO-MOPCKOTO, B YacTHOCTH, yuebHoro mpoiecca[l].
OCYLIECTBJIIEMOE B HAcTOsLee BpeMsi B Hamlei
CTpaHe, sBJIAeTcS pa3padOTKa W  BHEAPEHHE Materials and Methods
WHHOBAI[MOHHBIX TEXHOJIOTUH OOyUYeHHs B Y4COHBIH OnHako yka3aHHbIC (haKTOPBI HE PEATU3yHOTCS
MPOLIECC BBICHICH IIKOJBI C IEJIbI0 TIOBBIICHHUS aBromMarnyeckd. Ha myTm wuX mpeBpamieHust B
Ka4yecTBa MOJArOTOBKHU OYIyIIMX CTIEIIHATUCTOB. HWCTOYHWUKH HWHHOBAIIMOHHOTO pocta B  chepe
HHOBAIMOHHBINA MEJATOTUYECKHUI ITOTEHIIHA HHXEHEPHO-MOPCKOTO 00pa30BaHUsl BCTAET IENBII
Poccun  pocrarouHO BeNMK M ONpeEAessieTcs psaa mpoOieM, TpeOYIOIMUX aKTyalbHOTO PEIieHHs.
ciaenyromuMu  (GaKTOpaMu: HAJTUYHEM  Pa3BUTOM Jeno B ToM, 4TO MHHOBAIIMOHHAS COCTAaBJISIOIIAs B
CHCTEMEI YHUBEPCUTETCKOTO " BBICIIIETO 9TON cdepe TEXHUIECKOTO 0Opa3oBaHUs MPOSIBISCT
MEIarOrMYeCKOr0 00Pa30BaHMS;CYIICCTBOBAHIEM 10 ceOs HemoctaToyHo akTwBHO. [loatomy  ©Oe3
HEKOTOPBIM HamnpaBJICHUAM IICUXOJIOr0- BBISIBJICHUSI TMPUYMH, MPEMSITCTBYIOUIUX MIUPOKOM
IeJaroru4ecKux HCCJIEeIOBAaHUN  MPU3HAHHBIX peanu3aly  HMHHOBALMOHHOTO  IMEJAaroruyeckoro
HAy4YHBIX IIKOJI MHPOBOIO YPOBHS; HaJIMIueM MOTEHIMada B  BBICIIMX  MOPCKHX  y4eOHBIX
3HAYUTEILHOTO KOJIMYECTBA 3aBEJICHUAX, HENB3sS MPeUIOKUTh 3()PEeKTUBHYIO
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0.564
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ESJI (KZ) =1.042 | IBI (India) = 4.260

WHHOBAITOHHYIO MOJIENTb TOJTOTOBKY CICIIHAIICTOB
MOPCKOM OTpaciiy.

B poccuiickoi cucreme BBICILIETO
TEXHHYECKOTO O0pa30oBaHUs KaK B ICJIOM, TaK H
WHXEHEPHO- MOPCKOTO B YAaCTHOCTH, B HACTOSIIEE
BpeMsl HaOJIIOJAaCTCs, HA HAIll B3MJISAN, OTCYTCTBUEC
JIOCTATOYHO MACINTAOHBIX TMEPCICKTUB pPeaTnu3alluu
WHHOBAIIMOHHOTO TEJaroruueckoro MOTEeHLUana |
CO3/aHMs WHHOBALIMOHHBIX MOJeNeH oOydeHus,
OCHOBAHHBIX Ha PBHIHOYHBIX TPeOOBaHUAX K
MOJTOTOBKE COBPEMEHHBIX HHXCHEPHBIX KaIpoB.
Pacman JIaHOBOM 3KOHOMHUKH MIpUBEN K
HapymeHnsM B paboTe OTHCNBHBIX  3BCHHCB
o0Opa3zoBaTenbHON CQEpsI, A YCTPAHEHHS KOTOPHIX
W TpUJAHUS IIEJIOCTHOTO XapakTepa CHCTEMBI
00pa3oBaHus HEOOXOIUMO:

- TNOBBICUTH  3()(EKTHBHOCTH  MOATOTOBKH
MeJarorndeckux  KaapoB  JJIi WHHOBAIIMOHHOM
JIESITEbHOCTH B chepe 0Opa3oBaHus;

- CcO31aTh LIEHTPBI HallMOHAJILHOM
KOOpAWHAIINN WHHOBAIIMOHHOHN ITeAarormyecKon
NIESTeTHbHOCTH;

- OpraHM30BaTh u
MaciTaOHbIe
HCCIICTOBaHHS;

- pacmupuTh
neJarorudeckoi HHGopMaum;

- pa3BepHYTh MAaCHITa0HYIO peaIH3aluio
MEIarornyeCKuX HHHOBAIMKA B BBICIINX YYCOHBIX
3aBEICHUSX.

3amMeTuM, UYTO pealu3alusi I[eJaroruiyeckKux
HOBIIIECTB B YYEOHBIX 3aBEJCHHUAX BO3JCIHCTBYET
OJTHOBPEMEHHO HA  pa3jIudyHbIe CTPYKTYPHI
MeIarOTMYECKON CUCTEMBI, TaKMe KakK ITOATOTOBKY
MEeIarOTMYECKUX KaapOB, OPTaHW3AIMI0 HAYYHBIX
HCCIICIOBaHUH, BHEIpPEHHE WHHOBAITMOHHBIX
TEXHOJIOTHUECKUX pa3paborok u np. Heobxommmo
TaKKe  y4UThIBaTh, 4TO  cdepa  CO3MaHUs
MEeJarorndecKuX HOBIIECTB  SIBISIETCS YaCTHYHO
aBTOHOMHOM, a YaCTUYHO HCIIBITHIBAET BO3/EHCTBUE
HOBBIX 00I1IeCTBEHHBIX noTpeOHOCTEH,
hopmupyOmMUXCS B X0/Ie TOTPEOICHHUS Pe3yIbTaTOB
npeablaymux nHHoBauuu. [Ipu 3ToM Kaknas cBs3ka
B CJIO)KHOM IIENOYKEe B3aUMOJEHCTBUI KOHKPETHBIX
CTPYKTYp  TEJarorm4ecKodl  CHCTEMBI  TpeOyer
BEIPAOOTKHU crenuGuIecKux e TarOTMYECKIX
MEXaHU3MOB u METOJIOB yIIpaBIICHUSL
nearoriyeckuMu HHHoBarusimu [2,3].

Pedopmuporanue CUCTEMBI BBICIIIETO
oOpa3oBaHus, MPOUCXOJAIIEE B HaIIed cTpaHe,
pasymeercs, TpeamnonaraetT pedopMupoBaHHE U
IIKOJILHOTO 00pa30BaHus. B COBpPEMEHHBIX yCIOBHUIX
BBICIIas ~ IIKOJAa  OINIyI[AaeT, 4YTO  KadecTBO
TpaJUIIMOHHO CIIOYKUBIIIETOCS ITKOJILHOTO
o0pa3oBaHUs u3-3a HU3KOTO YPOBHS
(hMHAHCHpOBaHMS IOCTENICHHO yXyAmaercs. He
HalleHpl TOKa (OPMBI M METOIBl OPHCHTAIMH
IIKOJBHOTO ~ 00pa3oBaHWUs  HAa  HOTPEOHOCTH
OOIIeCTBEHHOTO  pa3BuTHs. Pedopma  BEICIIEro

(uHAHCHUPOBATH
Hay4YHO-TIeJarOTHYEeCKUe

CUCTCMY HAy4YHO-

o0Opa3oBaHMsi, KaKk W CpegHEW MIKOJBI, Tpedyer
MO/JICpHU3AIMN TEXHOJIOTHIH U MPOrpamMM OoOydeHus,
YTO  TECHO  CBSI3aHO € OCYLICCTBIICHUEM
MEIarOTMYCCKUX WHHOBAI[MOHHBIX IPOIECCOB B
oOpaszoBatenbHON cepe. OmHAKO pEHICHHE 3TOH
MPOOJIEMBI HEBO3MOXKHO 0€3 MIMPOKOH MOOHITU3AIUH
COLMANILHBIX CTUMYJIOB M TPEBPAILICHUS O0YUCHUS U
BOCITUTAHUS B TBOPUECKHIA mporiecc [4,5].

[lpuMeHnTENPHO K CHCTEME  BBICLIETO
WH)XEHEPHO-MOPCKOTO  o0pa3oBaHHMsA  Hambojee
aKTyalbHBIMHM WHHOBAIlMAMM, Ha Haml B3IJIAL,

SIBISIFOTCSL TEXHOJIOTHMH OOYyYEHUs, HAIpaBIICHHBIE,
MIPEXJE BCEro, Ha MEPEOPHEHTAINIO IIEIEH BBICIIETO
MOpPCKOTO  00pa3oBaHHMsA  Ha  OIEPEXKAIOIIYIO
MOJrOTOBKY ~ CIIEIMAIUCTOB U NPO(EeCCHOHAIIOB,
o0J1alaronux ONTHUMAJIEHBIM Habopom
WH)KCHEPHO-MOPCKUX KOMIIETEHIIMH, MO3BOJISIOIINM
BBIIYCKHMUKaM ~ MOPCKOTO  YHHMBEpCHTETa  OBITH
KOHKYPEHTOCIIOCOOHBIMM ~ Ha  pBIHKE  TpyJa,
TOTOBBIMH K  OCYIIECTBJICHHIO WHHOBALMOHHOM
WH)XCHEPHOH JESITCIIFHOCTHU TIPH NEPeXoe U3 OIHOMH
MOPCKOI IPOU3BOJICTBEHHOH C(epsl B APYTYIO.

[IpodeccnonansHas KOMIICTEHTHOCTb
WHXKCHEPHBIX ~ CHELHUAINCTOB MOPCKOW  OTpaciu
HMEET  CIIOKHYIO  CTPYKTypy, B  KOTOPOH
nenecoobpa3Ho, Ha  HAIl  B3MVISLA,  BBLACIUTH
WHBAapHaHTHYIO M BapHaTHBHYIO o0Oonouku. Kaxnas
u3 3TUX obomnouek MOXET BKJIFOYATh
COOTBETCTBYIOIUK pPsifi ypoBHed. Tak, B kadecTse
s7pa MHBAapUAHTHOM 00OJOYKM MBI paccMaTpHBaeM
0a30BbIii, HUHXCHEPHO-TEXHOJOTUYECKU,
CIEIMATIbHO-MOPCKOH  ypOBHH, a  TaK e
HMHTETPaTUBHO-KOHTEKCTHBI YPOBEHb HHOS3BIYHOM
MOJTOTOBKM MOPCKHMX HMHXEHepoB. B  cocrase
BapUaTUBHOH  OOOJIOYKM  MOXHO  BBIICIUTH
OOILEKYIbTYPHBIH, COLMAIIbHO-TIPABOBOM "
JMYHOCTHO-KPEATUBHBIH YPOBHH.

Bce o0003HaueHHBbIE BBIIIE YPOBHHU COJEPIKAT
aJileKBaTHBINA podrito GopMUPYEMOTo CrieIHaIncTa
Ha0Op KOMIETCHIMH, BKIIOYAIOUIMHA IPEIMETHO-
cnennpudeckue, 0O0IIEKyIbTypHBIE u
npodeccHoHalbHble COcTaBisIomue. B mpouecce
001IeHayYHO OATOTOBKU CIIEIIMAIIMCTOB MOPCKOTO
¢rmoTa  GopMHPYIOTCS  KOMIICTEHIIMH  0a30BOTO
ypoBHs. B MOpckoMm yHHBepcuTeTE MaTeMaTHIECKHE,
€CTECTBEHHOHAYYHbIE M JIPyrHe AUCIMIUINHBI IUKIA

oOrmIeHayIHO MOJITOTOBKH obecrieunBaroT
WHCTPYMEHTApUA  (OPMHUPOBAHUS  COBOKYIHOCTH
BEAYIINX HpeAMETHO-CIIeNN(PUIECKUX,
0OIIEKYIETYPHBIX u mpodeccnoHaTbHBIX
KOMIIETEHINH CIEHAINCTOB HHXEHEPHO-MOPCKOTO
npodust [6].

Oco60o OTMETHM, 49TO OpTaHU3aIH

oOmeHayYHOlH TMOATOTOBKM B CHCTEME BBICIIIETO
MOPCKOT0 00pa3oBaHus Ha 0a3e WHHOBaIMOHHBIX
KOMITBPIOTEPHBIX M JUJAKTUYECKUX TEXHOJOTHi
TpeOyeT MepecMOTpa HE TOJNBKO COICPKAHUS WU
CTPYKTYPHBI, HO ¥ CIIOCOOOB YCBOCHUS OOIIEHAYIHBIX
JUCUUIUIMHAPHBIX ~KYpCOB, KOTOpBIE Hapsay C
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CHUCTEMOW  TIpeMETHO-CIIeHU(pUIECKUX  3HAHHUH
JOJDKHBEI (pOpMHUpPOBATh aleKBAaTHBIC BHIBI YUeOHOI
KBa3UMPO(eCCHOHATLHON JeATEbHOCTH,
BKJIIOYAIOLIME  MEXaHU3MBl  CaMOpPa3BUTHS |
JIMYHOCTHOTO TPO(ECCHOHATIBHOTO POCTa OYIyIIHUX
CIICIHATICTOB MOpCcKoro ¢utota [7].

Peanuzanusi meparornvecKkux HMHHOBAUMH Ha
oTane OOIIEHayYyHOH MOATOTOBKM B  MOPCKOM
YHHUBEPCHUTETE OTKpPBIBACT BO3MOXKHOCTH
npeoOpa3oBaHUs TPAJUIHOHHOTO OOydYeHHS IO
OOIIeHayYHbIM JAWCHMIUIMHAM W3 HEJOCTATOYHO
3(p(exKTHBHOTO H  yCTapeBIIero 10  CBOEi
OpTraHU3aIlMd W METOAWKE B BBICOKOA((PEKTUBHBIN
mpo¢eCCHOHANBHO  OPHEHTHPOBAHHBIA  y4eOHBIN
nporecc, COOTBETCTBYIOIINI HOBBIM
00pa3oBaTeIbHBIM CTaHAapTam MOCJIE/THETO
nokonenust [8,9,10]. Passutme 0a3pl  JAHHBIX
MeIaroroMeTpUIeCKUX Mozene(hOpMHUPYIOIIETo
3pLTaMMHOTO aHajM3a 00pa3oBaTeNbHBIX
00BEKTOBIIPU (hopMHUpOBaHUMMATEMaTHYECKUX
Mojened y4eOHOI MeATETbHOCTH OTHOCHTEIHHO
croco0a NOCTHXEHHsI KPUTEPHEB 3PLIaMMHOCTH Ha
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SECTION 27. Transport.

FACTORS INFLUENCING THE LIKENESS OF IMPORTED AND
LOCAL CARS

Abstract: This is a field based exploratory study around automobile industry of Pakistan. The aim of this
research was to identify and evaluate the key factors that were influencing the likeness of imported and local cars
in general public. To conduct this research, a structured questionnaire wasprepared to collect data from various
car owners and potential buyers from selected areas of Pakistan. The structured nature of the investigation around
hundreds of respondents generated a large amount of quantitative data. Statistical Package for Social Sciences
(SPSS) was applied for the analysis of the data. The results indicate that although the trend of purchasing imported
cars is increasing day by day but still the local car industry is dominant. The interesting finding is that the
respondents acknowledged and favored the durability, comfort-ability, and innovative features of imported cars
over local cars but still they are purchasing local cars to reduce the cost of after sale services and to have more
resale value.The extreme likeness of imported cars indicates that they can easily compete the local car industry by
simply reducing import costs and by providing reasonable after sales services. The resale value of imported cars
will automatically increase when after sale services for imported cars will be up to the mark.This study clearly
indicates that although local cars are dominant because of their resale value and reasonable after sales services
but the trend of switching from local to imported cars is increasing day by day because of the innovative features
and latest models of imported cars.

Key words: imported cars, automobile industry of Pakistan.

Language: English

Citation: Iftikhar AB, Iftikhar F (2017) FACTORS INFLUENCING THE LIKENESS OF IMPORTED AND
LOCAL CARS. ISJ Theoretical & Applied Science, 03 (47): 143-173.

Soi: hitp://s-0-i.0rg/1.1/TAS-03-47-25  Doi: éos¥®f hitps:/dx.doi.org/10.15863/TAS.2017.03.47.25

1. Introduction of Auto Industry automobile companies Toyota, Honda and Suzuki.
Two of them have assembly plants in Karachi and
Auto industry is referred to as ‘Industry of Honda has its plant in Lahore, all co-owned with
Industries’ in the developed world. The auto industry local partners.
of many regional countries is playing a vital role in The production data analysis of all the
transforming  those  countries into  economic subsectors revealed that the growth of production
tigers.Pakistan is amongst the group of 40 countries remained negative over the period of 2006-07 to
in the world that produce automobiles. 2015-16. At the same time the imports of Pakistan in
The Automotive industry is  one  of Pakistan's auto industry has increased, which shows inverse
growing industries  dominated by Japanese- relationship between production of domestic vehicles
manufacturer's, most of whom have their plants in and parts and import of wvehicles and auto
the country. Pakistan’s market is considered among parts;average sales value of Rs 1.5 million per unit
the smallest but the fastest growing in South Asia, and import of 36,000 vehicles per year.
with 180,000 cars were sold in the 2014-15 fiscal
year, rising to 206,777 units during 2015-16 fiscal 2. Background
year. The auto policy passed on March 19, 2016, According to Ministry of Industries, Pakistan
offers tax incentives to new entrants to help them produced its first vehicle in 1953, at the National
establish manufacturing units. In response, Renault- Motors Limited, established in Karachi to assemble
Nissan, Kia Motors and Audi have expressed interest Bedford Trucks. Subsequently buses, light trucks and
in entering the Pakistani automobile industry. The cars were assembled at the same plant. The industry

local market is dominated by three Japanese
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was highly regulated until the early 1990s. After
deregulation, major Japanese manufacturers entered
in the market and created some competition in this
sector. Assemblers of Hino Trucks, Suzuki Cars
(1984), Mazda Trucks, Toyota (1993) and Honda
(1994), entered once deregulation was introduced.

Assembly of Daihatsu and Hyundai cars (1999) and
various brands of LCVs and range of mini-trucks
commenced recently. Following are the some well-
known locally assembled car models and imported
car Models:

Locally Assembled Cars
Suzuki (Wagon-R)
Suzuki (Liana)

Suzuki (Khyber/ Cultus)
Suzuki (Baleno)

Suzuki (Alto)

Suzuki (Swift)

Suzuki (Margalla)

Suzuki (Mehran)

Honda (Civic)

Honda (City)

Toyota (Corolla XLI)
Toyota (Corolla GLI)
Toyota (Corolla ALTIS Grande)
Hyundai (Santro)

Nissan (Sunny)

Daihatsu (Cuore)

Imported Cars
Toyota Vitz
Toyota Agqua
Suzuki Every
Dihatsu Mira ES
Toyota Prius
Toyota Passo
DihatsuHijet Van
Toyota Land Cruiser Prado
Toyota Land Cruiser
Honda Fit Hybrid
Honda Vezel
Suzuki Alto

3. Factors Influencing the Likeness of
Imported and Local Cars

Nowadays trend of imported cars is increasing.
People are shifting their minds. Few years back
people were not taking risks to buy imported vehicles
but now there is an increasing trend for imported
vehicles. Competition for local industry has been
increased. Local industry is frequently launching new
innovational models like imported cars to compete
imported car industry. Mainly there are two types of
cars: one is sedan and second is hatchback. Local
industry is also launching new innovative model of
sedan but still local industry is suffering in launch of
hatchbacks at low cost, consequently trend of
imported hatchback has been increased. Thisresearch
has investigated the factors which influence the
likeness of the imported and local vehicles. The
research identified and investigated the lead factors
which were playing their role in shaping buying
behavior towards local and imported cars.

4. Statement of the problem

Buying behavior of customers towards local or
imported cars depends on their potential satisfaction.
Their satisfaction is influenced by a range of factors
including price, quality, safety, durability and overall
performance of the vehicle. The focus of this study is
to identify and investigate the key factors which are
playing their role in determining priorities for local
or imported cars. The purpose of the research is to
develop  substantive understanding ~ among
automobile companies about buying trends and

satisfaction parameters of customers towards local or
imported cars. The findings will guide them in
reshaping their marketing strategies to grow and
succeed in the market.

5. Previous research

Noany previous research was found on similar
topic in Pakistan. There were some researches related
to auto industry with different directions and
conclusions. So this research is unique in its nature
and discovered some valued facts and figures about
people’s buying behavior and their level of
satisfaction towards local and imported cars.

6. Nature of the research

It was exploratory research in its nature. The
investigation wasundertaken through face to
faceinterviews and questionnaire based field survey
around a wide range of respondents. Interviews were
conducted with dealers of local cars as well as with
those who were inclined to import foreign
cars.Thereafter an extensive questionnaire was
designed and circulated among hundreds of
respondents to collect their views about leading
factors playing their role in shaping buying behavior
and patterns among customers to have local or
imported cars. The dual approach of gathering data
gathering process through interviews and survey
contributed a lot in getting diversified
findings/results ~ with  different angles and
perspectives.
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7. Research questions and objectives

After completing interviews and field survey,
the research figured out some important relationships
between dependent and independent variables.
Drivervariables like age, gender, income, marital
status, occupation, etc.have strong relationship with
the research problem. Therefore, this research was
designed to discover the relationship between our
chosen variables based on pre-study to research and
satisfaction for an existing car.The researchers
figured out that there are some independent factors
which affect the likeness of imported and local cars
e.g. quality and satisfaction. Satisfaction depends on
quality of car. Quality is an independent variable
measuring the attributes of the car either local car is
of good quality or imported one.

Conceptual Model

Independent Variable s

Quality

Safety Features

After Sales Services
Performance
Innovation

Fuel consumption
Environment Friendly
Reliability

Awareness

Resale Value

Price

8. Variables

Driver variables and independent variables

These variables were drawn after an exploratory
research (based on interviews) and literature reviews
(facts and figures, auto policy). Initially the model
included complicated and large number of variable
which were interrelated but to squeeze or keep the
questionnaire short, the researcher made logical
relationships between some independent variables
and dependent variables and excluded some
extraneous relationships.

8.1 Driver variables

The driver variables (as referred above) drive
the research in a particular direction. For example,
our null hypothesis is a person who is earning
handsome amount will go for imported car because
he/she can bear risk of buying that car, but average
earning person can’t take that risk. Our research
conclusion will tell us the true picture. The other
question will be related to the risk factor which may
resist customers to buy imported car. The most
probably the answer to this question will be the lack
of after sale service for imported cars. So it means
there is a relationship between after sale service and
satisfaction; therefore after sale service is another
factor which affects the likeness of imported and
local vehicle. The research measures the effects of
independent variables with satisfaction level of car
owner.

Dependent Variable
Customer
Satisfaction
8.1.1 Age

Age is the main driver variable which has
relationship between dependent and independent
variables. It is so because lower the age, there will be
lesserincome or pocket money. So low age customers
are expected to have less costly cars. On the other
hand, higher aged customers who are married and
have large family size would prefer car having
maximum seating capacity. Nowadays youth is tech
driven or attracts towards the technology. They
always prefer cars having more technological
operations.
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8.1.2 Gender

Our society is male dominant society. A family
will have a car which was purchased by the decision
of male member. On the other hand, females avoid
going for maintenance of car on weekly or monthly
basis so they will buy the new car which serves them
in long term.

8.1.3 Income

It is another driver variable which tellsabout the
capacity of person to buy new or used car. He will
buy risky imported car or locally assembled new or
used car. Income of person also tells us that how
much person is conscious about the fuel
consumption,maintenance cost, cost of spare parts of
a car etc.

8.1.4  Family type

If there will be joint family system than they
will have more than 1 vehicle or 7 seated vehicle.
Now they will do market research which 7
seatedvehicle is more comfortable and durable -
imported or local. If there will be nuclear family
system, then they might go for two door hatchback or
sports car depends on their decision. They may also
go for less engine power vehicle.

8.1.5 Marital status, number of family
members

Like family type, the choice and preferences to
buy a car differ with marital status and number of
family members.

8.1.6  Occupation

It is another basic driver variable. Income case
applies here e.g. if person have its own business he
may afford luxury cars. So he might have unique
opinion for that specific high model either for
imported or local. If a person is employed in small
organization he will prefer a car which is more
economical and have good fuel consumption.

8.2 Independent variables
8.2.1 Quality

It is the main independent variable. Quality
mainly depends on finishing of car, instruments used
in and attributes or characteristics of that car. Quality
also depends on comfort-ability(Auto, power seats,
retractable power mirrors & windows, push start,
external locking).So it has direct relationship with

satisfaction level of a car. So this research will tell us
which car is of best in quality - imported or local.

8.2.2 Performance

Performance is another independent variable.
The research revealed that people are inclined to
compare the cars’ performance on different basis.
They compare the cars on the basis ofthe network
where they drive. For example, our null hypothesis
is: people prefer sedan cars with good performanceon
highways as compared with the city drive. People
compare which car performs better having same
engine power. Either 1000 cc imported car performs
better or 1000cc Local car. So performance depends
on durability, engine performance and type of drive
of a car.

8.2.3  Safety features

Now in 21% century, world is forcing auto
company to bring as much safety features as they
can. So to measure safety features in a car ABS
(Antilock Braking System) new enhanced breaking
technology which stops the car very quickly with
minimum jerk. Airbags have become a basic safety
feature which comes out from steering during
accidents keeps driver and other passengers safe
from fatal injuries. Cruise control is control of
maximum speed. The driver sets the maximum speed
of car during drive so that car does not cross that
level and very indeed security system. It keeps the
car safe from thieves.In short, more the safety
features more the satisfaction level of owner for that
particular car.

8.2.4 Innovation

Innovation is all what customers eagerly wait
for in any product. So same is the case with auto
industry. This is human nature that he/she attracts
towards new and innovative things. Auto
transmission, Hybrid technology, Power steering,
Push start, Remote based or Keyless entry, Eco Idle
feature and climate control are some features which
tell us how much vehicle is innovative according to
21 century which brings satisfaction for the owning
vehicle in the mind of owner.

8.2.5 Resale factor

Resale is another factor which has direct
connection with likeness of imported or local vehicle
or it affects the decision of purchase of imported and
local car. Some people are very conscious about
resale value of car and some prefer brand and some
go for the features of the car. So this is also a result
driven approach.
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8.2.6  After sales services

Availability of mechanics, spare parts and price
of spare partsdetermine quality of after sale services
being provided by the company. Furthermore, after
sale services of local vehicles are easily available or
not and what sort of after sale services of imported
cars aremore important for owners of these vehicles.

8.2.7  Fuel consumption

This will tell us whether our respondent is
satisfied with the fuel consumption of imported car
or local car, or which car gives better millage than
other. As revealed by our exploratory research
nowadays this is a major concern of customers while
buying any car.

8.2.8 Price

Last but not least, price is a unique factor which
is dependent as well as independent. It is independent
because satisfaction of owner depends on price
which is independent variable. On the other hand,
price depends on all other features respondent will
consider but in less price. So price to features ratio
determines which car gives a lot of features in
minimum price than other. The researchers have
made a 3 price brackets in thequestionnaire which
will determine that what people prefer in that specific
price range. So it will give us interesting figures.

9. Method of the study

Mixed method of research design was adopted
because the purpose of this study was to examine the
factors that were Influencing the likeness of imported
and local cars. Though many inquiry forms could
have beenused, but this mixed design was the most
appropriate for the completion of the task. It was
easy and comfortable with respect to time saving and
for analysis of the received data.

9.1 Target Population/Respondents

The participants were the university students
and employees who owned a car either imported or
local. Other than university, questionnaires were
filled by several government and public sector
employees, businessmen, lawyers, car dealers,
bankers etc. In addition through online questionnaire
we got random respondents from all over the
Pakistan belonging do different fields. Close-ended
questions were asked to get quantitative data.

9.2 Sampling Frame

The sampling frame or working population for
this study wasthe car owners from all over the
Pakistan. We targeted University students and
employees on first priority basis. Then we got
questionnaires filled by friends and family. Due to
lack of time it was not possible to approach
respondents from all over the Pakistan in this short
time, so through online questionnaire we got
respondents from all over the Pakistan.
Questionnaires were also filled by different car
dealers based in Islamabad after undertaking their
interviews.

9.3 Sample Size

We planned to get 100+ questionnaires filled by
random respondents including students, employed
and unemployed car owners, government servants
and businessmen from different urban and rural areas
of Pakistan. It was anticipated that by simply
following the random sampling procedures, we will
achieve our desired results without any effort given
to purposely selecting men or women, employed or
unemployed to balance the study.

9.4 Sample Unit

Sampling units were the car owners selected
using the random sampling method outlined below in
sampling methods and sampling procedures.This
survey is the combination of nominal, ordinal,
category and constant some scale. This survey was
administered by using random sampling method
throughout Pakistan.

9.5 Sampling Method

Simple random sampling (also referred to as
random sampling) was used to collect data from
different car owners. Each member of population
irrespective of age, gender, occupation, employment
status, income etc. has equal chance to be chosen as
part of the sample. The logic behind simple random
sampling is that itremoves any biasness. We
randomly distributed questionnaires among students,
university employees, businessmen, lawyers, bankers
and many other respondents from different fields and
occupations. We personally visited some car
showrooms in Islamabad and got the responses of
Imported and Local car dealers through
questionnaires. We made sure that the respondent
completely understands the questions by explaining
the questionnaire to respondents who were confused
about some questions.

During our visit to car showrooms in Islamabad
we had an extensive discussion with dealers of
imported and local cars about the current purchasing
trend of imported and local cars and the factors that
are influencing the customers purchase decision to
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buy an imported or a local car.We also created an
online questionnaire to target those car owners to
whom we were unable to distribute questionnaires
because they were from other cities of Pakistan. We
searched famous blogs, forums and social media
groups related to auto industry and shared the link of
our online questionnaire in those groups. We got a
huge response through online questionnaire.

Online Questionnaire Link:
https://www.go0.gl/ZQKXBY

9.6 Sampling Procedure

a) We distributed questionnaires randomly
among the university students and
employees.

b) Each member personally visited some of his
family and friends who owned a car and got
the questionnaire filled by them.

¢) The respondents were properly guidedabout
questionnaire  so  they were  more
comfortable while filling the questionnaire.

d) The link of online questionnaire was shared
in renowned blogs, forums and social media
groups related to auto industry.

e) The link of online questionnaire was also
shared with family members and friends,
who were far away, through WhatsApp and
Facebook.

f) Group members managed to visit some
renowned showrooms and administered
extensive interviews and gathered detailed
information.

10. Questionnaire

To introduce our questionnaire to the

respondents we created a short cover letter and
attached it to the front of each questionnaire. This
short cover letter helped in giving the study an
increased level of credibility which in return helped
in achieving high response rate.

11. Research Design

This research was a field study and the research
design was descriptive in nature. The study was
undertaken in order to understand the factors that
were influencing the likeness of imported and local
cars in general public. The researchers utilized
questionnaire as a primary data collection mode. It
was realized that field study is appropriate for this
research topic because researchers were interested in
connecting the large number of car owners in a short

span of time. The questionnaire method enabled the
researchers to evaluate the large sample of
population quickly at low cost.

The researchers also created an online
questionnaire and shared it to different social media
groups related to auto industry and in different
forums of online websites to get maximumresponses
from the public. We got random respondents from all
over Pakistan through the online questionnaire. The
link of online questionnaire was shared with all
family members and friends on WhatsApp and
Facebook to get maximum responses.

Other than questionnaire  method, we
conductedin-depth interviews from some renowned
imported and local cars dealers in Islamabad for
secondary data collection. Through these interviews
we gathered a lot of information about customers’
preferences and priorities about the car and the
factors that were influencing their choice, either to
buy local or imported cars.

We used quantitative research method instead of
qualitative method because respondents were not
willing to spend more time to fill up the
questionnaire. We selected this method so that the
respondent can easily respond us.

12. Budget, Schedule and Resources

This research had a modest budget of Rs.5000
that covered the cost of photocopies to produce the
questionnaires, stationary expensesand fare for
visiting different dealer showrooms in Islamabad. It
took two weeks to get all the questionnaires filled.
For in-depth interviews the researchers were already
prepared about the queries to be asked from the
dealers. They visited three renowned showrooms in
Islamabad and met the car dealers and asked several
questions related to the customer’s buying behavior
and priorities to buy a car and the factors that were
influencing their choice, either to buy a local or
imported car.

13. Results

We strived to meet at least 95% significance for
all our tests. All of our analysis achieved the 95%
significance level. Although we realized that
everything with high significance level is not always
relevant. Unless otherwise noted we stated only
significant and relevant results.The table below
summarizes general descriptive statistics of
sample population.
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Descriptive Statistics: The table summarizes general descriptive statistics of sample population.

26.88

92.4%

55.7% 41.8%

39.2%

14. Inferential Statistics showing that the respondents from 30 or above age

either have a locally assembled new or used car.
Anova

» Age to car you own

Method Used One-Way ANOVA; Sig = .072,
[Appendix A].The result shows that the respondents
from 20-26 years of age preferred to have an
imported used car. On the other hand, Appendix A is

» Marital Status to Features Given in less
price

Method Used One-Way ANOVA; Sig = 0.066
[Appendix B]. There is a significant relationship
between marital status and buying behavior towards
local or imported car. Graph in Appendix B is
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showing that married persons were more inclined
towards imported because of more features in less
price compared to local cars but single persons were
inclined towards local cars and they were less in
favor of the statement that imported cars give more
features with price.

» Family system

Method Used One-Way ANOVA Sign=.033,
[Appendix C]. The perception that buying a car is
investment varies from joint to nuclear family
system. According to Appendix C Joint families
think buying a car is an investment but Nuclear have
a mindset that buying a car is not investment. There
can be reasons that Joint family members have
responsibilities to feed whole family; whereas,
nuclears have small family size so they don’t think
buying a car is an investment. This is also the reason
that there is the significance relationship between
family system and effects of resale value on purchase
decision.

» Education to quality of imported car

Method Used One-Way ANOVA. Sign=.062,
[Appendix D]. There is a significant relationship
between education and quality of imported car. As
per Appendix D there is a mix and interesting trend.
The people who are less educated think that quality
of local car is satisfactory; same is the opinion of
highly educated people. On the other-hand the
respondents whose education is in progress or who
have achieved some medium level of education were
found of the opinion that quality of imported cars is
highly satisfactory.

» Education to consciousness for safety
features

Method Used One-Way ANOVA. Sign=.024,
[Appendix E]. There is a very interesting relationship
between education and consciousness for safety
features. Appendix E is telling us that if a person is
uneducated or just primary pass that person is less
conscious about safety features in a car and vice
versa. This may be because of less education and
traditional thinking that he doesn’t think about new
safety features in car.

» Employment Status to Consciousness
about Resale value

Method Used One-Way ANOVA. Sign: 0.082,
[Appendix F]. There is a little but note-able
significant relationship  between above given
variables. Salaried and Unemployed persons are
more conscious about resale value of car because
they have limited or low income as compared with
those who are running their own businesses or self-
employed. graph is given in Appendix F.

» Occupation to Buying a car is Investment

Method Used One-Way ANOVA. Sign: 0.098,
[Appendix G]. There is a significant relationship
between occupation and thinking of people either
buying a car is investment or not. There is mix trend
but it is clear that no one strongly agreed that buying
a car is an investment except teachers. Graph is
attached in Appendix G which is telling us that a
person is earning higher slabs of income doesn’t care
much about resale value of car.

» Monthly Income to Effect of Resale value
on purchase decision

Method Used One-Way ANOVA,; Sig = 0.010,
[Appendix H]. It means there is a significant
relationship between what people earn and effect of
resale value on purchase decision. According to
appendix 20 the persons who have lower income,
there purchase decision mainly depends on resale
value of car and those who have higher income level,
there purchase decisions are not affected by resale
value of car. It means Lower income people also
think that buying a car is an investment and they will
not purchase out of market car either it is imported or
local.

» Monthly Income to car purchase in 2
Million

Method used ANOVA. Sign: 0.014, [Appendix
I]. It means there is a significant and important
relationship between these two above given
variables. According to Appendix 2 the person
whose income is low thinks that if he/she has two
million he/she would go for new imported car but on
the other-hand the people who are earning handsome
amount they prefer new local assembled car. It has
already explained that local industry is launching
new and innovative models but in sedans with higher
price bracket so people don’t go for imported car if
they have 2 million. It is so because that they don’t
face any issue in after sale service for local cars.

» Residential Location to Quality of Local
car

Method Used One-Way ANOVA. Sig: 0.007,
[Appendix 1]. According to appendix | there is a
significant relationship between residential location
and quality of local car. Urban say quality of local
cars is just satisfactory but rural based customers
think that quality of local cars is dissatisfactory. It
means marketing team of local industries should
consider the views of rural customers.

15. Frequencies
» Car you own

According to Appendix 1,people have 35%
locally assembled new cars, 31% have imported used
cars and 29% have locally assembled used car. It
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means the market is still dominant of local assembled
used and new cars. The results also show us that
people don’t import new cars because their cost is
high.

» Car Company and Model

According to Appendix 2, the results are
revealing that 34.21% of people have Suzuki local
assembled car while 19.7% have Toyota imported
cars and 16% have Honda local assembled cars and
15% have Toyota local cars it means Suzuki in
Pakistan is dominating its competitors.

» Quality of Imported Cars

According to Appendix 3, the results reveal
that 51% of our respondents are highly satisfied with
quality of imported cars and 38% are satisfied with
quality of imported cars. It means people perceive
that quality of imported cars is better compared to
local ones. s

» Quality of Local Cars

According to Appendix 4, the results are
showing that 53.25% of respondents are satisfied
with the quality of local cars and 28% were not clear
(Neutral) about the quality of local cars. It means
most of the people are just satisfied with the quality
of local cars. On the other hand, 51% of people are
highly satisfied with the quality of imported cars.

» Comfortable and durable Cars

According to Appendix 5,60% of people were
found of the opinion that imported cars were more
durable and comfortable, while 29% said that both
imported and local cars were comfortable and
durable and 11% said local cars were more
comfortable and durable.

» Consciousness of safety features and their
priority Levels

According to Appendix 6, the results reflect
that 66% of people are highly conscious and 21% are
conscious up to some extent about safety features in
a car. 74 and 71% think that ABS and airbag
respectively are their first priority in safety features.
Furthermore 64% say cruise control is their 2nd and
3rd priority. In the case of cars security system, 58%
of respondents see this safety feature as first priority,
so it concludes that ABS, Airbag and Safety System
are the major safety features which affect the
people’s behavior of buying a car.

» Car equipped with more safety features

According to Appendix 7,82% of people said
that imported cars are equipped with more safety
features. As in appendix 6, it has been informed that
majority of the people are highly conscious about
safety features and this result is revealing that
imported cars have more safety features, so it is

obvious fact that people prefer imported cars over
local cars in case of safety features.

» Buying a Car as an investment and
consciousness about resale value of car

According to Appendix 8, the results are
showing that 50% of people agree that buying a car
is an investment, 29% were neutral about this.
However, 53% of people are less conscious about the
resale value of car but 33% are highly conscious
about resale value of car. So to find interesting
results we will briefly explain the relationship
between these two questions in ANOVA technique.
Appendix 9 is also giving hint that majority of the
people are less conscious about the resale value of
car. It means there is attractiveness for foreign
investors to invest in Pakistan in auto industry.
Newly established auto company can sell its product
to Pakistani just by little efforts because buyer is
conscious to some extent about the Resale value of
car. It can also be the reason of emerging trend of
imported vehicles in Pakistan.

» Performance in hilly areas, highways and
cities

According to Appendix 9, the results are
showing that 36.8% of people think local car
performs better in hilly areas and 31% says both
imported and local cars perform better on hilly areas
and 23% says imported cars are better in hilly areas
than local cars.With respect to highways drive 46%
people prefer imported Vehicles and 38% says both
imported and local cars perform equally on
highways. With respect to cities people says
imported car performs better in cities having 49%
over local cars and 33% says both imported and local
cars perform equally with in a city

» Fuel Consumption

According to appendix 10, 57% are highly
conscious about fuel consumption of vehicles and it
was surprising that 29% remaining respondents are
less conscious about fuel consumption of the
vehicle.As per as fuel consumption on highways is
concerned 58% Respondents said imported cars
consumes less fuel on highways and 20% said both
are equal. Same is the case in city driving. It can be
threat in near future for local industry that local cars
are less fuel efficient in both type of driving
conditions.Imported cars are double in number than
local cars.

> Price to Features Ratio

As shown inappendix 11, according to 75% of
respondents, imported cars are giving more features
than local cars which is a big figure and can be threat
for local industry.12% said local car gives more
features in less price so appendix 12 is revealing that
price is the basic factor which influence buyers
towards imported cars.
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16. Conclusion

Results of this study allowed us to know exactly
about the factors that are influencing the likeness of
imported and local cars.

» The result indicates that, although the trend
of purchasing imported cars is increasing day by day
but still the local car industry is dominant.

» This study clearly indicates that although
local cars are dominant because of their resale value
and reasonable after sales services but the trend of
switching from local to imported cars is increasing
day by day because of the innovative features and
latest models of imported cars.

> Lack of auto quality policy provides room
for lack of implementation of safety and quality
standards for vehicles in Pakistan.

» There is an extreme likeness of imported
cars because these cars are loaded with various
features including ABS brakes, power steering, air
bags etc. they are considered a very attractive and
cost effective.

» The after sale services of imported cars is
non-existent and most of the times cars are left at the
mercy of unskilled technicians for service and
repairs.

» The availability of spare parts at fixed prices
and on the spot is non-existent in most of the cases.
The cost of parts being imported from Japan or any
other country is very high.

» The research indicates that imported cars
can easily compete the local car industry by simply
reducing import costs and by providing reasonable
after sale services. The resale value of imported cars
will automatically increase when after sale services
for imported cars will be provided.

» The interested finding is that the
respondents acknowledged and preferred the
durability, comfortability, and innovative features of
imported cars over local cars but still they are
purchasing local cars to reduce the cost of after sale
services and to have more resale value.

» We found a significant relationship between
the car respondent owns and the satisfaction level for
his car. The results indicate that owners of Toyota
imported cars are highly satisfied with their cars;
whereas, owners of Toyota local cars are just
satisfied.Owners of Honda imported cars are highly
satisfied with the cars even more than the satisfaction
level of Toyota imported cars.On the other hand the
person who owns the Suzuki local cars were less
satisfied with their cars.
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Appendices providing above stated facts and figures are given below

Appendix A
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features according to price?
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Appendix C
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Appendix D
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=0.564
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Appendix E
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Mean of To what extent you are conscious about safety
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Appendix F
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Appendix 1

Which car do you own?

B An Imported Used Car
B An Imported New Car
DLocally Assembled New Car

.Locallv Assembled Used
Car

Coont own a car
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Impact Factor:

{ ISRA (India)
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia)
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= 1.344

=0.564
=1.500

| SIS (USA) =0.912
i PUHII (Russia) = 0.234
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Appendix 2

Appendix 3

Your car company and model?

M Toyota Imported
E Toyota Local
O Honda Imported
W Honda Local

[ Suzuki Imported
M suzuki Local

& Hyunclai

[ Nissan/Dihatsu
[E Mercedes Benz

The qguality of
imported car is:

W Highly Satistactory
B satisfactory

O reutral

M Dissatisfactary

O Highly Dissatisfactory
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Appendix 4

The quality of local
car is;

W Highly Satisfactory
[ satisfactory

O nevtral

M Dissatisfactory

O Highly Dissatistactory

Appendix 5

In your opinion which
caris mare
comfortable and
durable?

W imported

HLocal

OBoth Imported and Local
W Neutral
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Appendix 6
To what
extent you

are conscious

about safety

features in a
car?

M To great extent
[ To some extent
O neutral

W not Conscious

What is your
priority level for
the following
safety features?
?ABS)

1 st Priority
[H 2nd Priority
Oara Priority
W 4th Priority

What is your
priority level for
the following
safety features?
(AirBag)
15t Priority
[ 2nd Priority
Oard Priorty
M 4th Priority
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‘What is your
priority level for
the following
safety features?
(Cruise Cantral)

W15t Priority
[ 2nd Priarity
Oara Priority
[ 4th Priority

What is your
priarity level for the
followiq)g safety
features?(Security
System)

B 1 st Priority
[ 2nd Priority
O 3rd Priority
[ 4th Priority

ISPC Technological breakthrough in

science, Philadelphia, USA

161

THOMSON REUTERS

Indexed in Thomson Reuters




[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI(KZ) ~ =1.042 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
Appendix 7

In your opinion which
car is equipped with
mare safety
features?

M imported

B Local

O Bcth Imported and Local
W Heutral

Appendix 8

Buying a caris
an investment?
W strongly Agree
M agres
Cneutral
W Cisagree
O Strongly Disagree
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To what
extent you
are CONscious
about Resale
value of car?

M To great extent
H 1o some extent
Cneutral

W Mot Conscious

Which car performs
better with in city?

M imported

HLocal

Oecth Imported and Local
Neutral
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Appendix 9
Which car performs

W imported
ELocal

W Heutral

W imported
ELocal

M Heutral

better in hilly areas?

O Beth Imported and Local

Which car performs
hetter on highways?

OBeth Imported and Local
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| GIF (Australia) =0.564 |
{JIF =1.500 |

Impact Factor:

| SIS (USA)
{ PHHII (Russia) = 0.234
{ ESJI (KZ)
i SJIF (Morocco) = 2.031

=0.912 | ICV (Poland)
{ PIF (India)

=1.042 | IBI (India)

=6.630
=1.940
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Appendix 10

To what
extent you
are conscious
ahbout fuel
consumption
of vehicle?

W To great extent
[ To some extent
O Newtral

M Mot Conscious

Which car is more
economical with
reference to fusl
consumption on

highways?

W imported

W Local

OBeth Imported and Local
W Heutral
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| ISRA (India) = 1.344 |
| 1SI (Dubai, UAE) = 0.829 | ,
| GIF (Australia) =0.564 | ESJI (KZ) =1.042 | IBI (India) =4.260

{JIF =1.500 | SJIF (Morocco) = 2.031

Impact Factor:

| SIS(USA) =012 | ICV (Poland) = 6.630
| PUHIY (Russia) =0.234 | PIF (India) =1.940

Which car is more
economical with
reference to fuel
consumption in

cities?

W imported

HLocal

OBoth Imported and Local

W Heutral

Oz
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Impact Factor:
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Appendix 11

Appendix 12

According to you
which vehicle gives
you more features
according to price?

W imported

HELocal

O Beth Imported and Local
M rietral

Which car will you
purchase if you have 1
million?

M An Imported Used Car

B An Imported New Car

ElLocsIIv Asszembled Mew Car

.Locallv Assembled Used
Car
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{ ISRA (India)
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia)
{JIF

Impact Factor:

= 1.344

=0.564

=1.500 | SJIF (Morocco) = 2.031

| SIS (USA) =0.912
i PUHII (Russia) = 0.234
i ESJI (KZ) =1.042

| ICV (Poland)  =6.630
i PIF (India) =1.940
=4.260

| 1BI (India)

Which car will you
purchase if you have 1.5

million?

W &n Imported Used Car

H An Imported Mew Car

DLocaIIy Assembled New Car

.Locally Assembled Used
Car

Which car will you
purchase if you have 2
million?
B An Imported Used Car
[ &n Imported New Car

OLocally Assembled New Car
.Locally Assembled Usecl
Car
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Appendix 13 Questionnaire
Factors Influencing the Likeness of Imported and Local Cars
1. Age | Years |
2. Gender ‘ [1Male ‘ []Female ‘
. Marital -
3 [ISingle [IMarried [1Divorced Lwidow
Status?
4. Type of family system in which you are [INuclear Joint
living?
5. Number of family members?
6. Your education?
[IPost
[JUneducated | [JPrimary | [IMiddle | [dMatric | [JIntermediate | [1Graduate Graduate or
above
7. Your Employment OEmploy C]Self-
tatus: CJUnemployed
Status: ed Employed

8. Your Occupation:

9. Your Monthly Income from Job/Business or Pocket Money in case of student? (In

Thousands)
200 or
0-30k | 30-70k | 70-100k | 100-125k 125-150k 150-175k | 175-200k above
10. Your residential [ JRural [ lurban location?

11. Which car do you own?

0 An Imported Used car
New car
L] Locally assembled Used car

[0 An Imported New car

O Don’t own a car

O Locally assembled

Company Name Model Name Year
12. Your Car Company and
Model?
13. The car you own is:
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[] Given by Parents [ Self Purchased [ Leased [

Other

14. For what purposes you use your car on daily basis, tell us in percentage out of 100%?
For Office For Shopping For Outing/ For Rent For Family
purpose Trips use

15. How much do you spend on maintenance for your car in a year? (In thousands)
O o-15 [ 15-30 U 30-45 O 45-60 U 60-75 U 75-90
go-100

16. Type of location where you drive your car, tell us in percentage out of 100%?

Rural Urban Highway

17. The quality of imported car is:
[ Highly Satisfactory [ Satisfactory [INeutral [0 Dissatisfactory CIHighly

Dissatisfactory

18. The quality of local car is:
[] Highly Satisfactory [ Satisfactory [INeutral [J Dissatisfactory [IHighly

Dissatisfactory

19. In your opinion which car is more comfortable and durable?
CImported [Local [0 Both Imported and Local O
Neutral

20. To what extent you are conscious about safety features in a car?
[] To great extent  []Tosomeextent []Neutral [ Not Conscious

21. What is your priority level for the following safety features?

Sr. No Safety Features

D
15t Priority ond Priority 31 Priority 4th Priority

1 Anti-lock Braking System

2 SRS Airbag

3 Cruise Control

4 Security System
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22, In your opinion which car is equipped with more Safety features?
CImported [Local O] Neutral [J Both

23. Which of the following Innovative features are more important to you than other?

Sr. No | Features

h h
1st ond 31‘d 4’t 5t

Priority Priority Priority Priority priority

1 Automatic

Transmission

2 Hybrid Technology

3 Power Steering

4 Push Start

5 Keyless Entry

6 Eco Idle Feature

7 Climate Control

24. Buying a car is an investment?

[ Strongly Agree [ Agree [0 Neutral =~ [0 Disagree [ Strongly Disagree
25. To what extent you are conscious about Resale value of car?

[0 To great extent  []Tosome extent [JNeutral [ Not Conscious
26. Resale value effects your decision of purchasing a car?

[] Strongly Agree L] Agree 0] Neutral [] Disagree [ Strongly Disagree

27. Which car has more resale value?

CImported [Local [IBoth L] Neutral
28. Which of the following after sale services for imported vehicle is more important than
other?

Sr. No | After Sale Services 15t Priority | 2nd Priority 3rd Priority

1 Mechanics Availability

2 Spare parts Availability

3 Cheap spare parts

29. After Sale service for local cars is up to the mark:

ISPC Technological breakthrough in

science, Philadelphia, USA 171 % THOMSON REUTERS

Indexed in Thomson Reuters




[ ISRA (India) = 1.344 | SIS (USA) =0.912 {ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI(KZ) ~ =1.042 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i

[] Strongly Agree [ Agree [0 Neutral = [0 Disagree [ Strongly Disagree
30. Which car performs better in hilly areas?
OImported [ Local [Both Imported and Local O
Neutral
31. Which car performs better on highways?
CImported [Local [IBoth Imported and Local O
Neutral

32. Which car performs better with in city?

OImported [Local [0Both Imported and Local O
Neutral

33. According to you which car performs better having same engine power?
CImported OLocal [0Both are equal O
Neutral

34. To what extent you are conscious about fuel consumption of vehicle?
[] To great extent  []Tosome extent []Neutral [ Not Conscious
35. Which car is more economical with reference to fuel consumption on highways?

CImported Local [JBoth are equal ] Neutral

36. Which car is more economical with reference to fuel consumption in cities?
CImported Local [JBoth are equal ] Neutral
37. Have you done market research before purchase decision of car?
CYes [INo [] Neutral
38. If yes, then from which source you got maximum information?

[Social Media [Online information review [1Suggestions from friends and
family
COther

39. To what extent you compare price of imported and local vehicles while making purchase

decision?
[0 To great extent  [] Tosome extent [JNeutral [J Don’t Compare

40. According to you which vehicle gives you more features according to price?

CImported [Local [Both are equal
[Neutral
41. Which car will you purchase if you have 1 million?
[JAn Imported Used car LJAn Imported New car
[JLocally assembled New car [ULocally assembled Used car

42. Which car will you purchase if you have 1.5 million?
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JAn Imported Used car JAn Imported New car

Locally assembled New car

43. Which car will you purchase if you have 2 million?
[JAn Imported Used car

[1Locally assembled New car

44. Are you satisfied with your existing car?

[IHighly Satisfied

Dissatisfied

OSatisfied

O Neutral

[JAn Imported New car

O Dissatisfied

[OLocally assembled Used car

[Locally assembled Used car

[IHighly

45. Are you satisfied with the car you own? Kindly rate the satisfaction level of your Ride:

Highl Highly
Features Satisfied Neutral | Dissatisfied . .
Satisfied Dissatisfied
Price
O O O O 0
lit
Quality O O 5 - -
Fuel Efficiency
O O O O 0
After Sale Servi
er Sale Services . O O - -
Exterior Desi
xterior Design . O o - _
Interior Desi
nterior Design . O o - _
Innovation
O O O n 0
Perf
erformance O O - - -
Resale Value
O O O O |
Reliabilit
eliability . O - - -
Environment
Friendly O O O O O

Thank you for completing this questionnaire. We appreciate your feedback.!
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Abstract: Developed polymer composition consisting of starch, CMC and sericine as a thickener has the
characteristics of the highest washability. At a temperature that equals to 800C, for 40 minutes washing circuit
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INTRODUCTION Table 1 shows the thickener compositions and
In this research paper, several factors such as printing dyes investigating in printing cotton material
the temperature, time flushing and composition of in a laboratory setting with engraved print shaft [1]

printing dye and their effects on thickener wash
ability and ink compositions were studied.

Table 1
Thickener compositions and printing dyes.
Ne Thickener Ne Printing dyes (ink)
p/n p/n
1 Thickener consisting of simple starch 4 Thickener 1, 2, 3 with active dye
2 Polymer composed thickener consisting of | 5 Components of printing ink without dye
starch and CMC
3 Thickener on the base of polymer | 6 Components of printing ink with active dye
composition, consisting of CMC and sericine
MATERIALS AND METHODS IN THE The dependence of thickener removal of the
STUDY water temperature and the washing time at constant
Two coloring agents have been selected for the movement speed -60m/min was studied [2]
study, they are: monochlorotriazine bright purple 4K According to data presented in Figure 1, a
and dichlortriazine bright-red 5CK. After printing conventional thickener and modified starches washed
and drying the samples have steamed. Flushing away approximately in 40 minutes at 500C, which
process was carried out on a laboratory model corresponds to the curves I, 1 °, | ™, in Figure 1 a, b,
setting, which is considered to be a unit of aggregate, c. The degree of cleansing consists of 24-27% from
where the sample was directed to the expanded state. initial amount. However, as the curve I " in picture
The machine does not allow water removability. 1(g) reveals the thickener of manutex is removed

better, at 34%.
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Temperature rise of washing tub has a weaker
effect on manutex RC removal compared to starch
thickeners as shown in Figure 2 (g), the curve 1"
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compositionsat 500 ° C, L, 1", 1", 1" - a thickener; 2,

2',2', 2" - thickener with dye; 3,3 ',3 ", 3" -printing paint without pigment; 4,4 ',4 ", 4" - printing ink
dye; a-native starch; b, v - polymer composition; g - manutex.

However, taking into account the rigidity of
washed samples it is possible to make a conclusion
that even with a small degree of the stiffness of
washed samples, which are printed manutexRS
thickeners, are significantly less in toughness rather
than the samples printed with starch thickeners.
Apparently, the film of manutex is less in stiffness.

The presence of the dye in the thickener causes a
nucleation of printed structure, due to the reactivity
of active dyes which form a covalent chemical bond
with the hydroxyl groups of the starch and reduces
the degree of thickeners removal from the tissue that
does not occur in the case of manutex thickener as
shown in curve 2", picture (g)
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Picture 2. The Kinethics of various printed compositions at 80°C , LI',]"”, I""- a thickener; 2, 2,2",2"- a
thisckener with dye; 3, 3’,3"”,3" -printing paint without pigment; 4, 4', 4" ,4"- printing ink with dye; a-
native starch; 6,8- polymer composition; r- manutex.

Degree of thickener

removal increases

significantly through adding urea and alkalic agent to
the printing composition. Apparently, the washabilty
of thickener gets better, comparing to the both cases0
with printing composition without dye and full

composition of printing ink.
It is clear that urea,

which provides the

inturgescence of thickener pellicle, provides better

removal of thickener.

Coloring agent and other components of printed
ink effect approximately equally on the removal of
thickener from the material in washing process, at
50°C. According to data presented in picture 1 (g),
the curve 3" and 4", the washability of thickener
stands at 37-53%. In case with starch thickener, the

addition of dyes decreases

the washability of

thickeners dramatically, whereas, the addition of urea
and alkali agent rises this figure up to 6-21% for
usual starch thickener that has been shown in the
curves 3, 4, picture 2; and 18-25% for the thickener
of polymer composition appropriately to the curves

3'4', 3" and 4", picture 1

(a, b), at 50°C temperature

of washing tub in the interval of 40 minutes.

The same results can be observed in the usage
of fully composed printing dye. At the temperature of
80°C with 40 minutes time interval, the washing
process removes printed compositions with the
thickeners from polymer compositions at about 75%
as it was clearly stated in the picture 2 (b), the curves
3', 3", 4" ; and in case of simple starch thickener only
10% of the mass is removed.
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CONCLUSION more, the highest degree of washability belongs to

In  conclusion,  water-miscible  polymer the polymer composition consisting of starch, CMC,

composition can be removed easier and fully
compared to ordinary starch consistency. What is
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INTRODUCTION

Since ancient times the mankind uses fibrous
materials for production of clothes, tools, as well as
for medical purposes. For example, the use of fibers
in medicine was first mentioned in ‘Surgical
Papyrus’ nearly 4,000 years ago. In the Indian
manuscript 'Susanta Sambita' written approximately
2,500 years ago, a variety of fibrous materials are
mentioned such as horse hair, leather strips, cotton,
animal sinews and fibrous tree bark. At present,
textiles have found their way into a variety of
medical applications. In addition to protective
medical clothing, textiles in the form of fibers and
fabrics are used as implants, filters and surgical
dressings. Recent decades have witnessed major
development in the production of medical textiles, as
well as in materials and technologies used to
manufacture them.

The global problem of technogenic
deterioration of environmental conditions for life on
the Earth have been considerably aggravated in the
21st century. The problems of local reduction of
detrimental effects of the changed environment on
human beings and the sphere of their existence have
become topical as never before.

In the system “human — textile product —
habitat”, the textiles act as protection for a person.
The new generation textile products which are
produced taking into account the adverse changes in

the ecological environment are actively minimizing
their effect. Additional functional properties are
being imparted to polyester fibers which are
traditionally incorporated into the composition of
practically all textile fabrics to increase their wear-
and crease-resistance. The best world samples of
polyester fibers possess antimicrobial activity, ability
to discharge static electricity, demonstrate the
reduced combustibility and have other special
properties. American, Chinese, Japanese and other
textile products have appeared in the market which
react “smartly” on the change of the parameters of
the environment reducing its harmful effects on a
human being. Targetedly modified polyester fibers
are an indispensable component of such products.
Chemical fibers are obtained from products of
chemical processing of natural polymers (artificial
fibers) or from synthetic polymers (synthetic fibers).
Despite continuous improvement of the textile
production and advancement in technologies for
chemical fibers, not so many methods to impart them
with special properties are developed. Classical
methods for filling and plasticization of the polymer
base have long remained a sole instrument to
regulate the chemical fiber properties. Currently, the
targeted modification of the surface layer of fibers
which does not affect their core has become the
leading trend in the textile materials science. Such
modification is implemented predominantly by the
diffusion mechanism using the technological
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environments  which  are  thermodynamically
compatible with the polymer base of the fibers. The
latter condition is a significant limitation to the range
of technological impact on the surface layer
structure, thus making it impossible to introduce a lot
of very effective target modifiers into it.

As an alternative, production of multilayer
fibers consisting of polymer core (which properties
essentially  determine the deformation-strength
characteristics of the fiber) and one-two external
layers which impart the fiber with special properties
(wettability/non-wettability, frictionality/anti-
frictionality, high fusibility/low fusibility, etc.) has
experienced active growth in many countries in the
1990s. However, interest in them quickly faded due
to high costs of the considerably sophisticated
industrial equipment, low stability of technological
process of extrusion “facing” of the fibers,
unreliability of multitubular extrusion heads and
complexity of their repair.

The situation was radically changed at
introduction of the methodology of surface
modification of chemical fibers based on
implementation of the crazing phenomenon. Crazing
is a process of plastic deformation of polymers which
brings them into a specific structural state. At loading
levels and properties of the environment (which are
individual for each material), special areas of the
oriented state — crazes — occur in the specimen.
These are microcracks which walls are connected by
fibrils less than 10 nm in diameter. The extent of
crazes opening in the polyester fibers (in glassy state
at room temperature) subjected to orientational
drawing in the surface-active liquid media which
promote cracking of fibers provides for the
possibility to introduce into the surface layer of the
fiber any substances irrespective of their physico-
chemical nature. At first, crazing was used in the
processes of water-repellent fibers dyeing, and in the
1980-90s — to produce semiconductor and low-
combustible chemical fibers.

Nevertheless, crazing has not found application
yet in large-scale production of chemical fibers and
is very seldom used in the technology for their
processing. As a rule, basic methods for chemical
fibers modification by the mechanism of crazing are
know-how of the leading manufacturers of fibers with
special properties which are closed to third-party
experts.

1. PROBLEM OF TEXTILE FABRICS
BIODETERIORATION

"Biodeterioration" is defined as the damage of
materials, raw materials or products under the
influence of biological factors [1] — microorganisms
(bacteria, microfungi), insects (moths, khapra
beetles, wood-boring beetles, termites, cockroaches)
and mammals (rat and mice).

Materials biodeterioration can be classified into
three main categories [2]: actual biodeterioration,
biofouling, biological contamination.

Actual biodeterioration takes place by two
mechanisms: 1) use of organic substances by
microorganisms as the source of nutrients and energy
(assimilation); 2) damage of materials caused by
microbial products (destruction). Biofouling is the
accumulation of aquatic organisms (bacteria, algae,
sponges, etc.) on the surfaces of products. Biological
contamination is the colonization of dust layers,
mineral and organic matters on hard materials'
surfaces by microorganisms.

Textile fabrics biodeterioration
occurs at various stages of their life cycle: in the
course of fiber preliminary processing at spinning,
weaving and finishing stages due to high
temperatures and humidity; during storage,
transportation and operation when the standard
conditions are not met. Most of the damage caused to
textile fibers occurs due to putrefactive bacteria
(Bacillus, Pseudomonas, Bacterium) and mold fungi
(Aspergillus,  Penicillium,  Trichoderma). The
deteriorating effect of bacteria is due to their ability
to use practically any nitrogen- and carbon-
containing sources of energy and nutrients of organic
and inorganic origin [3]. Biodeterioration caused by
mold fungi takes place due to stress rupture of the
product surface layer by the expanding mycelium in
combination with biochemical enzymatic effect.
Characteristic features of biodeterioration are fabric
discoloration and sheen, appearance of spots with
putrefactive smell, decrease in acid- and alkali
resistance and strength characteristics, loss of weight,
damage of surface layer and fibers stratification [4].
Mechanisms of textile fibers biodeterioration are
determined by their origin and chemical composition.

Natural fibers are the most affected by the
adverse effects of biodeterioration. Destroying agents
are proteolytic enzymes (i.e. the ones that catalyze
the breakdown of proteins) produced by
microorganisms. Biodeterioration of wool fiber
protein basis starts at pH 8.5. Ammonia
accumulation in fibers leads to pH increase,
following which alkaline enzymes that are actively
destroying fibers come into action [5]. Self-heating
of insufficiently dry cotton and wool in the pile
occurs due to intensive development of
microorganisms in them. Heat energy is released
when organic compounds of fibers are oxidized by
waste products of aerobic bacteria. Microbiological
stability of wool fibers is higher than that of cotton.
Deterioration of wool takes place at a higher
moisture content in it (over 24 %) whereas
development of microorganisms on cotton starts at 9
% [6].

Process of synthetic fibers biodeterioration
starts with adsorption of microorganisms on them.
Their metabolites (intermediate  products of
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metabolism) are diffused into the fiber micropores
and cracks. Process of biological degradation is
facilitated by availability of functional groups in
macromolecules, weak orderliness of supramolecular
structures, low degree of polymer material
crystallinity. Therefore, fibers based on heterochain
polymers — polyether, polyamide, etc. — are less
bioresistant. Bacterium and fungus colonies occur on
lavsan on the 30th day when kept in the active
microbial environment. Carbochain polymer based
fibers (chlorin and ftorlon) are more resistant to
microbiological damages [7].

Methods of textile material
protection against  biodeterioration  are
applicable at the stages of textile products handling
and consumption, as well as in their manufacturing
process.

The first group contains the following methods
[71:

— creation of temperature and humidity
conditions for products storage and transportation
under which the microorganisms lose their ability to
reproduce (I = 12+18 °C,
humidity 50+70 %);

— short-term exposure to radiation and UV-rays;

— purification of the air inside the warehouse;

— using ultrasound for product processing;

— airtight packaging;

— textile products dry cleaning and washing
using disinfectants.

Since these methods do not produce a long-term
effect, antiseptic properties are imparted to textile
materials in  the  manufacturing  process.
Antimicrobial activity of synthetic fibers is created
using three groups of methods:

1) Composite methods of modification [8]:
polymer granulate processing with metal cations;
introduction of bactericide agents into the melt or
solution of fiber-forming polymeric compound;

2) Methods of surface modification [9]:
impregnation of fibers and threads with bactericides;
imparting antimicrobial properties to textile materials
in the process of their dyeing and final finishing;
target impregnation of fabrics, knitted goods, non-
woven fabrics with solutions of antimicrobial
preparations; hydrophobization of fibers' and threads'
surface; crazing technology by introducing antiseptic
substances into the crazes;

3) Crazing technology by introducing
antiseptic substances into the crazes on the fiber’s
surface [10].

2. ANTISEPTIC COMPONENTS OF
FIBERS

Antiseptic additives to synthetic fibers shall meet
two basic requirements: suppression of growth of
microorganisms and safety to human health. Various

additional aspects of the production schedules defining
technological effectiveness and consumer properties
of textile products make it more difficult to meet these
requirements.

The antimicrobial substances used in chemical
industry are usually classified according to three
criteria: 1) origin and chemical composition, 2)
mechanism of action against microorganisms, 3)
spectrum of action.

By origin and chemical
composition, antimicrobial components are
divided into [11]:

- inorganic substances (silver, calcium,
magnesium, copper compounds);

- organic compounds (nitrofuran class
derivatives; benzene derivatives; 8-Oxyquinolines;
sulfonamide compounds; aldehydes; organic acids
and their salts; surface-active substances (SAS) and
compositions on their base;

- bioorganic  substances which are
created by processing bacteria, fungi, plants or their
waste products (antibiotics).

By mechanism of action against
microorganisms, the following substances are
distinguished [12]:

—bactericidal, i.e. the ones that kill
microorganisms;

—bacteriostatic, i.e. the ones that inhibit their
reproduction.

By efficiency of impact on various classes
of microorganisms, antimicrobial substances are
divided into groups which spectrum of action can be
defined as [13]:

- broad spectrum, if antimicrobial
substances kill or inhibit a wide range of Gram-
positive and Gram-negative bacteria (in 1884 Danish
microbiologist H. Gram developed a method for
differentiating bacteria: when stained (using the
method proposed by him) cells of one type of
bacteria — Gram-positive ones — get colored, while
cells of other bacteria — Gram-negative ones — are
decolorized);

- limited spectrum, if they are effective
against certain types of Gram-positive and Gram-
negative bacteria or bacteria and fungi;

- narrow spectrum, if antimicrobial
substances are active against representatives of a
relatively small number of taxons of microorganisms,
for example, against Gram-positive or Gram-
negative bacteria.

Characteristics and a list of basic groups of
antimicrobial substances used in the commodity
production are given below.

2.1. Silver-based colloidal systems

Silver is the most active antiseptic agent among
metals [14-16]. It's no secret that silver has been used
to combat bacteria throughout history. The earliest
records show that in ancient days, silver was used to
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line water vessels during long sea-going voyages. In
the middle ages, Church made its chalices and
Eucharist trays of silver to prevent the spread of
disease. Although some other metals, such as copper,
zinc and cobalt, have attracted attention as effective
antimicrobial agents for textiles, silver is by far the
most widely used in general textiles as well as in
wound dressings.

For about a thousand years, silver is known to
be a very efficient agent against infection. However,
only application of nanotechnology made it possible
to obtain a long lasting antimicrobial effect by means
of silver compounds. The reason for this is as
follows. Silver (in the form of metal blocks) deliver
Ag* ions to the environment in insignificant
quantities while soluble silver salts are strong
antiseptic agents which act, however, for a very short
period of time. Silver particles with sizes between
10-30 nm provide for optimum ratio between
antimicrobial activity and antiseptic effect duration.

Silver, as compared to other disinfecting
preparations, has the following advantages:

(1 broad spectrum of action covering about
600 microorganisms (the majority of antiseptic
agents and antibiotics are active against no more than
20 microorganisms),

1 high activity at low concentrations of about
5-10° g/l

71 harmless to humans and warm-blooded
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| long-lasting antiseptic action.

Silver biological activity pertains to the fact that
Ag"* ions, firstly, connect to the membrane proteins
of microorganisms thus disturbing the membranes'
function, and, secondly, produce solid complexes
with DNA nucleotides as a result of which DNA
helical structure is broken. Both of these factors stop
bacteria from reproducing.

The kinetics of microbes dying off under the
antiseptic agent influence is one of its key
characteristics. Die-off rate of FE.Coli bacteria
(colibacillus) under the influence of silver ions
depends on ion concentration. So, at a concentration
of 1 mg/l the colibacillus is killed in 3 min., at a
concentration of 0.5 mg/l — in 20 min., and at a
concentration of 0.2 mg/l — in 50 min. At a
concentration of 0.05 mg/l it takes two hours to
obtain complete bactericidal effect [13].

Effect of silver salts solutions is 1750 times
stronger than that of carbolic acid with the same
concentration, and 3.5 times stronger that that of
corrosive sublimate. According to [14], antimicrobial
action of silver ions is stronger than that of chlorine,
chlorinated lime, sodium hypochlorite and other
strong oxidizers with the same concentration.
Comparative data of disinfecting preparations are
presented in Fig. 1 as dependences of the number of
the killed bacteria versus time of contact t.
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Figure 1 - Comparison of bactericidal action of some disinfectants against colibacillus («) and fecal bacteria
Str. Faecalis (b): 1- silver water; 2 —ammargen; 3 — phenol; 4 — chlorine; 5 — chlorinated lime. Reagent

concentration 1 mg/l, temperature 7 °C [14]

E. Coli bacteria are more sensitive to silver ions
action than Str. Faecalis. Complete inactivation (loss
of activity) of Str. Faecalis bacteria in water with
concentration of 10* species/l occurs after 3 + 4
hours of contact with silver solution (0.2 mg/I), while
one hour is enough to suppress E. Coli under the
same conditions [15].

Besides the listed bacteria, causative agents of
typhus, olm, salmonella, chromobacteria, vibrioes,

causative agents of diphtheria and other dangerous
microorganisms are killed rather quickly under the
influence of silver ions. It is characteristic that newly
identified strains are more resistant than the old ones
which are stored in a laboratory. Silver does not kill
spore-forming bacteria, but spore germination in the
presence of silver ions is delayed. Gram-negative
bacteria are more sensitive to silver than the Gram-
positive ones. Yeast and yeast-like fungi are poorly
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suppressed by silver. Silver has no effect on mold
fungi [17]. As a rule, pathogenic (disease-producing)
microorganisms are more sensitive to silver than
saprophytes (organisms that feed on organic
substance of dead material). Silver solution with

concentration of 0.5 mg/l at temperature of 37 °C
and time of contact of 1-2 days deprives
bacteriophages (bacterial viruses) of life.

Temperature increase  reduces  resistance
(endurance) of microorganisms to silver. These data
are well agreed with the ideas on silver effect upon
bacterial enzyme systems: enzymes activity
decreases as temperature increases and they are
easier inactivated by inhibitors.

The bactericidal effect of silver is higher at
alkaline values of pH environment. Thus, test
experiments showed (at pH = 8 + 9) a significant
growth in E. coli bacteria, while the growth of
microbes was not registered after 30 minutes of
bacteria contact with 0.2 mg/l silver solution. At pH
< 7, silver has no noticeable bactericidal effect on
collibacillus [18].

For synthetic fibers, silver particles can be
incorporated into the polymer before extrusion or
before nanofiber formation using electro spinning.
The treatment of natural fibers with metals can only
be undertaken at the finishing stage and various
strategies have been devised to enhance the uptake
and durability. Cotton has been pretreated with
succinic acid anhydride, which acted as ligand for
metal ions to enhance the subsequent adsorption of
metallic salts (Ag* and Cu?*) and to provide very
effective antibacterial activity.

Concerning the studies of fiber/silver
nanocomposites, most researches have been interest
in preparations of ultrafine fiber containing silver
nanoparticles. Surface modification of cotton
microfibers with silver nanoparticles can increase
both the price and purpose of the fibers. [19]. For
example, today, AgION Technologies, a Nexera
trusted technology partner is using its patented silver
based antimicrobial compound to control destructive
microbes for use in medical applications, food
packaging and more. And now, the same silver based
technology incorporated into the Nexera's
SpectraShield-9900 Series of respirator masks can
provide protection from these microbes [20].

The materials impregnated with silver salt
solutions (silvered water, silver citrate or lactate, as
well as silver chloride) promote wound healing and
prevent its suppuration. However, practical
application of silver is not feasible in view of its high
cost. Besides, direct sunlight causes the
decomposition of silver salts resulting in
discoloration of the material [21].

2.2. Organic antimicrobial substances
At the current stage of polymer products
manufacture, organic antimicrobial substances are

becoming more effective than inorganic ones thereby
forcing the latter out of the market. By chemical
nature, the following groups of antimicrobial
additives used in polymer materials are distinguished
[22, 23].

Aldehydes, organic acids and their
derivatives. Salicylanilid is a colorless and odorless
crystal powder; soluble in alcohols, ethers, benzene;
poorly soluble in water; T, ~ 136 <+ 138 °C; used as
a fungicide (agent that destroys or suppresses
pathogenic fungi) for non-metallic materials and as
an antiseptic agent in production of film materials
and artificial leather. Methoxyacetaldehyde, which is
used as the antimicrobial plastics modifier, is soluble
in water, alcohol, acetone, less soluble in ether;
possesses sweet taste; 7, = 92.3 °C. Benzoic acid is a
white crystal powder having a characteristic odor;
poorly soluble in water, freely soluble in alcohol,
ether, benzene; Tn = 122.3 °C, Ty = 249.2 °C; it is an
antiseptic and preservative agent used in production
of dyes, medicines, fragrances. Sodium benzoate has
long been known as a preservative agent, stabilizer
for polymers and corrosion inhibitor; it is a crystal
powder that is soluble in water and alcohol. Copper
naphthenate (technical product) is a greenish-blue
pasty substance; insoluble in water; marginally
soluble in organic solvents; fungicide, antiseptic
agent for wood, ropes, fabrics. Magnesium acetate is
a crystal substance; soluble in water, methanol; T, =
323°C (with decomposition); deodorizing, antiseptic
and disinfecting agent; main field of application:
disposable non-woven products (napkins, towels).

SAS and SAS-based
compositions. Cationic antimicrobial agent
Katamin AB is a colorless or yellow transparent
liquid; soluble in water; used to disinfect fabrics,
surfaces of metal and wooden products; can be
introduced into the cement mix. Altosan MB is a
transparent colorless liquid; soluble in water; used as
a bactericide, de-emulsification agent and corrosion
inhibitor; it has a wide range of antimicrobial
activities. Katapins are brown liquids or salvy
substances; soluble in water, alcohols, benzene;
insoluble in ethers; used as corrosion inhibitors,
broad-spectrum antimicrobial agents, wetting agents,
emulsifiers.

Compound ethers, phenols and their
derivatives. The most common parabens (paraben
acid  derivatives) are  methylparaben  and
propylparaben - white or yellowish crystal
substances with slight specific (“phenolic") odor;
they are soluble in alcohols, partially soluble — in
water; they are used as preservatives in cosmetics
[24]. Triclosan — white color powder with slight
pleasant odor; poorly soluble in water, freely soluble
in alcohols, organic solvents; Tn ~ 55-60 °C, is used
as a broad-spectrum antimicrobial component for a
large number of cosmetics and perfumery products
[25].
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Other antimicrobial substances.
In the last decades, a new class of substances —
water-soluble polymers (polyguanidines) with broad-
range and stability of antimicrobial action and low
toxicity — has occupied its niche within the biocides
market [26]. Metacide — salvy substance of light
yellow color, odorless, soluble in water and organic
solvents — is a typical representative of substances of
this class. It is used to impart antimicrobial activity
to genuine leather, paint coatings and products made
of polymer materials. Polyguanidines are a part of
antiseptic agents allowed for household use
(Inkrasept). Copper 8-oxyquinolate (Cuprocin) is
used to protect fabrics, paper, wood, paints and
plastics against microbial damage.

According to hygienic classification, all listed
antimicrobial substances are related to Class 3
(moderately hazardous) and Class 4 (slightly
hazardous). For example, LDs indicator (lethal dose
which causes the death of 50% of a group of test
animals, in grams per kilogram of animal body
weight) for methyl- and propylparabens is about 8
o/kg; benzoic acid — 1.7 g/kg; salicylic acid — 0.89
o/kg [24]; thriclosan - 4.3 g/kg; values for
polyguanidines are within the range 0.2 to 0.4 g/kg
[18].

The analysis of the list of antimicrobial agents
used by modern industry has led to the following
conclusion. Triclosan and colloidal silver solutions
are best suitable for use (by criteria of antimicrobial
activity, safety to human health and technological
effectiveness) as basic biocides for PET fibers
modification using the crazing technology.
Development of modifying compounds based on
these substances is addressed in the following
paragraphs.

2.3 Modifying compounds based on Triclosan

Triclosan is a substituted diphenyl ether, to be
more precise, 2.4.4-trichlor-2-hydroxydiphenyl ether
with the molecular weight of 289.5. Its structural
formula is

OH Cl

-~
Cl Cl

Triclosan (Tr) was developed in the 1960s as a
broad-spectrum antibacterial agent. Its developer —
Ciba-Geigy company — has become its main supplier
to the world market. At first, Tr was believed to be a
nonspecific antiseptic agent destroying any cells.
Soon it has been established that Tr has a selective
effect on microorganisms by primarily suppressing
prokaryotes — bacteria that lack a membrane-bound
nucleus and typical chromosomal apparatus. The
majority of pathogenic bacteria are prokaryotes. 20
years of clinical tests and accumulation of facts have
led to conclusion that Tr is effective in small doses,
has a broad spectrum of action and no negative
effects on human health and the environment which
favorably distinguishes it from the majority of
antimicrobial agents [27].

Tr has a wide range of action against gram-
negative and gram positive bacteria. This compound,
owing to the presence of the acaricide benzyl
benzoate, also offers protection against mites and is
used in acaricide (spray or powder) formulas, as well
as in a solution (25% concentration) for the treatment
of scabies. This compound is nontoxic. Benzyl
benzoate is an acaricide that acts, chemically,
directly on the mites. Due to its antibacterial
properties, Triclosan has found widespread use in a
variety of consumer products including toothpastes,
deodorants, soaps, polymers and fibers [28].

According to the data provided by of F.F.
Erisman Federal Scientific Center of Hygiene (Table
1) Tr is active against the majority of pathogenic
microorganisms settling on the skin's surface [25].

Table 1
Microorganisms which growth is suppressed by Triclosan
Gram-positive bacteria Gram-negative bacteria Fungi and yeast microorganisms
Staphylococcus aureus Esherichia coli Candida albicans
Staphylococcus epidermidis Enterobacter cloacal Epidermophyton flocssum
Streptococcus pyogenes Enterobacter aerogenes Trichophyton entagrophytes
Propionibacterium acnes Klebsiella pneumonial Tricophyton rumbum
Clotridium tetani Proteus vulgaris
Corynebacterium species Proteus mirabilis

Salmonella paratyphi A, B
Salmonella choeraesuis
Shigella flexneri

Shigella dysenterial
Vibrio choleral

Tr importance as a broad-spectrum antibacterial

agent is confirmed by the practice of intrahospital
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infections suppression with its help [29]. Besides, Tr
has anti-inflammatory effect [30] by blocking
synthesis of inflammatory mediators in fibroblasts
(main cellular form of connective tissue) and
suppressing the eukaryotic cells which initiate
inflammation.

Thus, the safety criterion has become a primary
argument in selecting Tr (given other conditions
being equal) as the antimicrobial component for PET
fibers. Tr biocompatibility is confirmed by the results
of numerous laboratory, toxicological and long-term
clinical trials.

The main problem of Triclosan introduction
into the crazes of the fibers is considerable viscosity
of its solutions and their poor wetting of PET fibers.
Attempts to overcome this challenge by Tr
dissolution in alcohols and other organic solvents
result in occurrence of many other problems. It
seemed like an optimum solution to substitute Tr true

solutions with its aqueous suspensions. Water is
much cheaper than solvents being irrecoverably lost
in the production process, is compatible with PET
fibers oiling agents and is environmentally safe.
Actually, the development of stable surface-active Tr
aqueous suspensions has determined competitiveness
of antimicrobial PET fibers obtained by the
mechanism of crazing.

Tr water emulsions were prepared using the
surface-active  components to stabilize the
thermodynamically unstable suspension of Tr
microdrops in water. It seemed feasible to use for
this purpose the substances which are part of the
process liquids ensuring the oiling effect at PET
fibers processing.

Sintezin was the first investigated substance of
this group. The main characteristics of sintezin 41-82
— commercial product purchased by chemical
industry enterprises — are presented in Table 2.

Table 2
Sintezin 41-82 technical data
Parameter description Value
Appearance White color paste
Water content, % by mass, no more than 42-46
pH of an aqueous solution of 10% by mass 7.5-8.5

The modifying emulsion preparation process
consists of three operations: 1) Tr dissolving in
alcohol; 2) preparing the sintezin aqueous solution —
mixing the sintezin in 1/3 of the total amount of
water, heating the mix to 50 °C, adding the
remaining water while stirring; 3) mixing the first
and second solutions using a high-speed mixer. A
suspension with the smallest particles (diameter ~ 1
mcm, determined by an optical microscope) is
received when using the following ratio of
components, % by mass: Tr — 1, sintezin — 1, ethyl
alcohol — 30, distilled water — 68.

The emulsion thus obtained has a pronounced

antimicrobial activity. At microbiological testing, a
zone (7-8 mm wide) of suppression of growth of
microorganisms being tested is formed around the
emulsion drop specimen on an agar plate (Fig. 2).

In the course of bench tests, an essential
drawback of such modifiers was revealed:
stratification of the mix and settling out of crystals
occur in approximately 5 h after preparation of the
solution. It is conceivable that stratification is caused
by physical and chemical bonding of alcohol and
Sintezin molecules resulting in depletion of Tr
solution with solvent.

Figure 2 - Petri cup inhabited with Staphylococcus-type bacteria with antimicrobial emulsion samples:
1 —with sintezin, 2 — with sintanol.
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Sintanol is SAS used in standard compositions
of oiling agents for PET fibers (individually or in the
mix with sintezin). Sintanol DC-10 manufactured by
Hoechst (Germany) is a mix of polyethylene glycol
monoalkyl ethers based on primary fatty alcohols
CnH2n+10(C2H40)mH, where n = 10+18, m = 8+10.
Experiments on Tr water emulsions preparation
using this substance were held by controlling IR
spectra of the received products. They give evidence
of physical and chemical interaction between
emulsion components which, most likely, results in
Tr microdrops stabilization by creating (on their
surface) a structural and mechanical barrier against
nonionic molecules of Sintanol [31]. Particles of
such microemulsion are characterized by a very low
surface tension at the boundary of water [26]. The
following composition of Tr emulsion [32, 33], % by
mass, has been developed to implement the crazing
technology for obtaining antimicrobial PET fibers:

Triclosan — 0.8 + 1.0,

Sintanol  —3.0+4.0,

distilled water — 95.0 + 96.2.

Neonol is another surface-active component of
oiling agents for polyether fibers. It is a polyethylene
glycol monoalkyl ether based on secondary fatty
alcohols (CnH2n+1)(CnHom+1)CHO(C2H40),H, where
n+m=10+20, p = 12. A modifying compound for
PET fibers was prepared using Neonol aqueous
solution in which Tr is dissolved. Optimum
compound composition, % by mass, is as follows: Tr
1.0+1.5; Neonol 3.0; distilled water 95.5+96.0. This
compound is surface active and PET fibers drawing
in it is accompanied with intensive crazes formation.
Crazes are filled with the liquid phase which retains
antimicrobial activity inherent to Tr [34].

In conclusion, it should be noted that the
optimum area of Triclosan utilization in the crazing
technologies for synthetic fibers modification is the
creation of its emulsions in aqueous environments
possessing surface activity.

2.3. Modifying compounds containing
silver and bimetallic particles

Introduction of silver and compounds based
thereof to the fibers' structure, results, along with
clear benefits (bactericidal action, lack of skin irritant
effects, long-term antimicrobial effect), in significant
increase in the price of fibers (cost of precious metal
additives is added to the fibers price). Expediency of,
firstly, modifying the fibers' surface layer only to
avoid "trapping" of silver particles in polymer
matrix, and, secondly, using colloidal, preferably
nanodimensional silver particles, in the modifying
compounds to maximize area of their contact with
the microbial environment is evident. These
problems can be rather simply solved by introduction
of silver to the fibers structure by the mechanism of
crazing [10].

Antiseptic compounds for fibers processing

should address the following issues. Firstly,
acceptable balance between the basic level of the
modifying fibers antibacterial activity and duration
of their antiseptic action shall be ensured. Secondly,
mandatory retention of antimicrobial effect when
washing the modified-fibers-containing textile
products shall be ensured. These requirements are
inconsistent and therefore creation of antiseptic
compositions demanded the structure optimization
and development of non-standard methods for their
preparation. It is obvious that fibers with high silver
ions concentration on the surface will have the
greatest antiseptic activity. However, in this case the
duration of silver action is small as ions of metal will
leave the fiber surface layer within a relatively short
service life of a textile product.

Optimization of the structure and mechanism of
action of a silver-containing modifier of fibers by the
"activity/duration of action" criterion can be carried
out observing several technological principles, the
most significant of which are the following.

1) Use of silver particles in colloidal or
nanodimensional range [35].

2) Use of slightly soluble antiseptic compounds
[36].

3) Immobilization (fixation) of silver ions by
the fibers polymer matrix containing functional
groups which bind the ions [37].

When applying technologies envisaging the use
of precious metals, the problem of reducing the
consumption of the latter is always of crucial
importance. A task was set to reduce silver
concentration in the modifying compound by adding
another, cheaper metal which creates antiseptic
effect. It was solved by cultivation of colloidal
copper particles on  which  surface the
nanodimensional silver particles are settled.

The methodology of obtaining modifying
compounds with bimetallic particles is as follows.
When a colloidal copper solution is added to the
silver nitrate solution, copper particles serve as a
silver ions reducer by the exchange reaction
mechanism

2Ag* + Cu = Ag + Cu?.

Bimetallic particles demonstrate complex
antiseptic action: silver — against fungi, bacteria and
viruses; copper — predominantly against fungi,
especially mold ones. Exchange reaction of ions
reduction prevents formation of silver dendrites as
the growth of silver particles is localized at the
centers of reduction and is limited by the size of
colloidal copper particles.

The method of obtaining a modifying
compound with bimetallic particles from the mix of
silver nitrate and copper acetate Cu(NOgz)2-3H,0
aqueous solutions was offered [38, 39].

By means of the instrument [40] it is
established that all compounds mentioned in these
paragraphs initiate crazes formation.
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3. ANTIMICROBIAL ACTIVITY OF
FIBERS

Efficiency of the developed compounds as the
technological medium which imparts antiseptic
properties to polyether fibers is assessed by
processing the fibers by the mechanism of crazing.
Experimental samples of antiseptic fibers were
subjected to microbiological trials.

Bactericidal and bacteriostatic fibers were
manufactured as a part of the pilot batch. Bactericidal
fibers (from bacterium and the Latin caedo, meaning,
"1 kill") are fibers that are capable of killing bacteria,
and bacteriostatic fibers (from bacterium and Greek
statis) do not upset the balance of bacteria on the
skin, but temporarily stop bacteria from reproducing.

Bactericidal fibers were obtained by using the
modifying compound with Triclosan and sintanol.
The composition was prepared as follows [32]:
sintanol was diluted upon stirring in a small volume

of water warmed up to 50 °C, triclosan batches were
being added and the solution was being diluted with
the remaining water. Bactericidal fibers production
was carried out at the bundle speed of 16.1 m/min
and draw ratio of 210%, temperature of the
modifying compound amounted to

28 °C.

Bacteriostatic fibers were processed with the
compound based on triclosan and sintanol in which
the triclosan concentration was reduced twofold and

a solution of colloidal silver (Adjetta trade mark) in
the amount of 4 % by mass was additionally
introduced. The composition was prepared similarly
to the previous one, then the Adjetta solution was
being added in batches to the mix. Fibers of the pilot
batch were manufactured with speed of 13.6 m/min,

draw ratio of 230%, modifier temperature of 26 °C .

The standard methods for assessment of the
textile fibers antimicrobial effect are developed in
many countries. The fibers antiseptic properties were
determined  using the methodology  which
summarized the essential features of similar purpose
standards — AATCC 100-1993 (USA), SN 195924-
1983 (Switzerland), JIS 1902-1998 (Japan).

Cultures of microorganisms were sowed in Petri
cups with the agarized nutritive medium. A sample
of modified fibers (~ 0.03 g) was placed into the cup.
The cups with samples were kept in a thermostat at

temperature of 29+2 “C and relative humidity in air
of 90 % during 14 days. Width h of a zone of
suppression of bacterial growth around the sample
was registered according to the Russian State
Standard (GOST) 9.802—-84. The basics of the
method are explained in Fig.3 where it can be seen
that the biofilm of testing bacteria St. ep. has grown
to the edges of the sample from the initial PET fibers
(@), but has not entered the zones of bacterial growth
suppression which are forming round the fibers and
which had been processed by the colloidal silver
solution (b) and Triclosan (c).

Figure 3 - Suppression of growth of testing bacteria St. ep. by PET fibers: a — initial fibers, b and ¢ —
modified by compounds containing silver [36] and Triclosan [33], h — width of suppression zone.

In the course of heat and wet processing, the
fibers lose their ability to suppress vital functions of
microorganisms. Stability of antiseptic characteristics
of the modified fibers was estimated by subjecting
them to repeated processing according to the method
described in [41]. The fiber sample was placed into a
beaker with a washing solution (5 g of detergent per

1 | of water) heated to 7= 45 °C ., The sample was
brought into rotation with frequency of 50+5 rpm

during 5 minutes using a magnetic stirrer, then it was
rinsed under running water (1 min.) and left at room
temperature until dry. This processing corresponds to
soft conditions (method 7B) of textiles washing in
the activator-type machines [42]. Antimicrobial
activity of fibers and fabric samples was controlled
after each washing.

In the course of crazing modification, PET
fibers and products thereof acquire a stable property
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of suppressing growth of pathogenic microflora on
the human body and its environment. In the textile
technology, PET fibers are used in the mix with
cotton, woolen, silk and other fibers. It allows to
regulate antimicrobial activity of textiles by varying
the share of antimicrobial fibers in the mix. At the
same time, antimicrobial fibers retain the strength
and anti-friction properties inherent to PET and make
the textile fabrics crease-resistant. The results of

assessment of these properties of PET fibers
modified by the crazing mechanism and textile
materials based on them are shown below.

Experimental samples of PET fibers processed
with different antiseptic compounds demonstrate
antimicrobial activity which indicators are shown in
Table 3 [43].

Table 3
Antiseptic indicators of the modified PET fibers
Indicator h (mm) after heat and wet processing (cycles)
Modifier 0 10 20 30 40 50 60
Althosan solution concentration (%):
10 7-9 >1 0 - - - -
50 8—-10 >1 0 - - - -
Kathamin solution concentration (%):
10 5-7 >1 0 - - - -
50 9-10 >1 0 - - - -
Compound based on Triclosan [28] 9-13 8—12 7-11 6-9 4-8 3-6 2-5
Compound based on silver [35] 3-5 3—-4 2—4 2—3 1-2 1-2 0
The following conclusions can be drawn based samples. The method of samples contamination
on comparison of these data. Kathamin and Althosan (infection) with testing microbes has conclusively
aqueous solutions are intensively removed from the demonstrated antibacterial and antifungal activity of
crazes during heat and wet processing of fibers, fabrics.
while the removal rate has little dependence on the Experts of the Central Scientific Research
solution concentration. Colloidal silver particles Institute for Complex Automation of Light Industry
trapped in the crazes "work™ long enough. Triclosan (JSC TSNIILKA, Moscow) established that the
is not washed away from the crazes even after 60 optimal composition of fibrous textile with
fiber processing cycles. It might be considered that bioprotective capability is as follows (% by mass):
the colloidal silver particles and Triclosan introduced natural and/or chemical fibers — 70 + 95, biologically
into PET fibers by the crazing mechanism meet the active fibers — 5 + 30 [47].
requirements imposed by the textile industry on the
new generation fibers for manufacturing products for
personal use and special purposes [44]. 4. FIBERS WITH ANTIMICROBIAL
Antimicrobial activity of the fibers containing PROPERTIES
colloidal bimetallic (Cu-Ag) particles is higher than
that of fibers containing silver particles and is Products made of antimicrobial fibers have
comparable with the indicators of activity of fibers found their niche in the market of the new generation
modified by Triclosan. The mass of active textiles. The demand for them continues to grow
components of antimicrobial compounds trapped by which has resulted in the change of priorities in
the crazes is within 0.9 + 3.3% of the mass of initial textile products consumption. So, the demand for
fibers [45]. fibers with antimicrobial activity has respectively
Technological effectiveness and assortment grown. The demand of Western European countries
possibilities of the cotton yarns with introduction of in these products in 2005 amounted to 17.6 thousand
3050 % of antimicrobial PET fibers have been tons, in 2010 — 28 thousand tons. In Russia, this
positively evaluated [46]. value is close to 15 thousand tons [48].
Microbiological testing of fabrics with different World's leading textile companies have been
content of antimicrobial fibers was performed in the manufacturing antimicrobial chemical fibers for
accredited laboratory "Scientific Research Institute more than 20 vyears. Trevira (Germany) has
of Epidemiology and Microbiology" of the Ministry developed polyether fiber of Trevira Bioactive brand.
of Health of Belarus. A conclusion on the expressed The antibacterial effect is achieved by volumetric
biological activity of fabrics of optimal composition chemical and physical modification of fibers that
with respect to St. an. and Es. coli was received. The provides for long-term retention of the effect even
antimicrobial effect remains after 5 dry cleanings of after 100 washings. Trevira Bioactive creators claim
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that the fiber protects the person against all forms
and types of bacteria, thus ensuring purity and safety
of the textile fabric. The fiber can be used in a range
of applications, including production of workwear,
overalls, aprons, trousers and shirts worn by medical
personnel, food industry employees, etc. [49].
International ~ company  Nylstar  (Italy)
introduced bacteriostatic  polyamide fibers -
Meril®Skinlife. They impart long-term antiseptic
effect to the textiles without causing adverse
reactions to a person. Such fibers are used in
production of cloths and fabrics, including medical
and filter ones. The technology of antiseptic
modification is based on introduction of a silver-
based bactericidal agent into the surface layer [50].
Amicor®, the fiber developed by Schoeller
Bregenz, is considered to be an achievement in the field
of bactericidal materials. This is a polyacrylonitrile fiber
with antimicrobial agent triclosan. The technology of its
production constitutes the company's trade secret.
Fibers are used as a part of fabrics for production of
sportswear, hosiery, as well as for production of linen
and special purpose fabrics, lining materials [51].
Polypropylene fibers Prolen® (manufactured by
JSC Chemosvit Fibrochem) containing a silver-based
bactericidal agent are intended for production of

fabrics, knitted goods and non-woven fabrics. Textile
products with the "Sanitized" logo have appeared in
the European market. This marking means that
antimicrobial Sanitized® fibers manufactured by
Clariant Co. were used in manufacturing of the
product [52].

Also of interest is Mirawave fiber introduced by
Huvis Corporation (South Korea). These polyether
staple fibers have the ability to emit infrared
radiation and, due to this, display long-term
antibacterial activity. ABF polyether fiber suppresses
the development of microorganisms owing to the
bactericidal agent being part of it [53].

DAK Americas Co has introduced the
antimicrobial polyether staple fiber with the adjustable
level of hygroscopicity under "Deleron Hydro Pur"
brand [50]. The fiber comprises an antibacterial agent
under the trade name "Alpha San" and ion exchange
resin based on zirconium and silicon phosphates
containing silver which inhibits the growth of
microorganisms.

A range of products available on the Western
European market of antimicrobial fibers is presented
in Table 4.

Table 4
Range of synthetic bactericidal fibers [49, 50, 54]
Manufacturer Trademark Mgterlal Antlba}c_terlal
fibers additive
Accordis Kelheim GmbH, Germany Danufil Viscose Triclosan
Lenzing AG, Austria Lenzing Viscosa Viscose Silver
Montefibre SpA, Italy Terital PET Silver
R. Stat SA, France R. Stat P, PET, Silver
R. Stat N PA
Accordis Acrylic Fibres UK Ltd. Courtek M, PAN Triclosan
Amicor PAN
Clariant, Switzerland Sanitized — Triclosan
Noble Fiber Technologies X-Static PA/PET Silver
Saniwear Terital, Leacril PET, PAN Silver
Kanebo Livefresh PA Silver
Rhovyl Rhovyl PVC Triclosan
Research institutes of Russia and Eastern Medicine  "Zaschita"  ("Protection™)  develop

Europe are also engaged in development of

antimicrobial materials for medical use. Katamin

antimicrobial materials. So, the Slovak Scientific-
Research Institute of Chemical Fibers has obtained
polypropylene-based fibers resistant

to the action of microorganisms and mold
which are used in the productions of textiles and for
medical purposes. The Institute of Chemical Fibers
(Poland) conducts researches on the use of
chitin/chitosan as additives to bactericidal fibers.
Moscow State University of Design and Technology
together with the All-Russian Center of Disaster

AB, as well as a compound comprising potassium
iodide and naphthalene sulphonate (in addition to
katamin) are used as the antimicrobial agent [55].
A.N. Kosygin Moscow State Textile University
together with the Institute of Synthetic Polymeric
Materials (Tver, Russia) has developed a method to
impart bactericidal properties to viscose fibrous
material by impregnation
Polyhexamethyleneguanidine hydrochloride
(metacide) which has low toxicity, prolonged effect
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and is a cationic surface-active substance is used as
the bactericidal agent [56].

In certain cases, manufacturers of antimicrobial
fibers report what active additives are introduced into
the polymer base, but far more often they do not
provide such information trying to protect their
know-how;

however, in recent years they usually name a
group of substances to which the additive belongs to
show the consumer that fibers do not contain
substances hazardous to health. Since suppression of
the activity of microorganisms is not a sole
requirement to the antimicrobial component of
synthetic fibers, it is reasonable to consider the full
range of such substances and to define criteria which
they should meet.

5. ANTIMICROBIAL FIBERS’ USE IN
MEDICINE AND CLOTHING

Textile materials and products that have been
engineered to meet particular needs are suitable for
any medical and healthcare application in which a
combination of strength, flexibility, and sometimes
moisture-and air-permeability is required. Materials
used include monofilament and multifilamenl yarns,
woven, knitted, and non-woven fabrics, and
composite structures. The applications are many and
diverse, ranging from a single-thread suture to the
complex composite structures used for bone
replacement, and from the simple cleaning wipe to
the advanced barrier fabrics used in operating rooms
[57].

Over the last few years, the textile industry has
developed different methods for obtaining fabrics
and fibers with an antimicrobial action for use in
hospital environments and for other purposes [16].
With the growing public health awareness of the
pathogenic effects, malodors and stain formations
caused by microorganisms, there is an increasing
need for antibacterial materials in many application
areas like medical devices, health care, hygienic
application, water purification systems, hospital,
dental surgery equipment, textiles, food packaging,
and storage [58-60].

Various groups of antimicrobial substances
belonging to the classes of organic and inorganic
compounds are applied with the aim to create
biologically active textile materials with wide-
spectrum antimicrobial activity and resistance to
different processing methods. The most common of
them are metals and their salts, salts of quaternary
ammonium bases, phenolic compounds, various
heterocyclic compounds, including nitrofuran class
compounds, antibiotics, antimicrobial dyes, etc.

The following antibiotics are also used to
impart bactericidal properties to textile materials:
cephalosporin, tetracycline, etc. Clinical studies of

antibiotics have shown that the gram-positive and
gram-negative microflora, including the colon group
of bacteria, olms, blue pus bacillus, is sensitive to
them [61].

The common carriers of antimicrobial materials
are fabrics made of cellulose fibers manufactured by
simple interlacing with smooth homogeneous
surface. Among cellulose fabrics, the fabrics with
chemically-bonded antimicrobial agents which are
characterized by ability to retain the long-lasting
bactericidal effect after repeated washings,
sterilizations, autoclave treatment, etc. are of the
greatest interest to medicine. For this purpose,
cellulose is subjected to preliminary treatment in
order to introduce (into the macromolecule) the
reactive functional groups capable to interact with
bactericidal or fungicidal preparations.

Antimicrobial fabrics made of cellulose fibers
are used in production of medical bandages, tissues,
sanitary products, underwear and bed-linen, hosiery,
sock liners, as well as protective workwear for
persons dealing with dangerous pathogens, plague,
anthrax, brucellosis, etc. [58].

Wound dressings intended to accelerate healing
of septic wounds and burns which application
reduces the term of their treatment by half have been
created on the basis of modified cellulose with
reactionary active groups of medicinal substances
[62].

Tissues made of low-grade cotton raw
materials with surface density of 120-170 g/m and
content of antimicrobial, antifungal or deodorizing
additive of 10-70% of the mass of the material are
related to sanitary products which are used for
domestic and industrial purposes.

Medical bandages representing a sterile cotton
gauze or similar textile material with a
pharmaceutical carrier in the form of an ointment,
paste, aerosol, etc. have found application in
treatment of ulcers of the patients confined to bed.
For example, a bandage on the base of a plain-woven
cotton fabric and a layer of medicinal substances
reduces microbial contamination of human skin and
interrupts the mechanism of infectious diseases
transmission [63].

The cotton-fabrics-based hosiery and sock
liners have a distinctive mycocide effect resistant to
repeated washings. They are applied for treatment
and prevention of skin diseases.

Artificial and synthetic fibers and threads are
effective carriers of antimicrobial preparations. So,
fabrics made of polyvinylalcohol,
polyethylenterephthalat, ftorlon, hydrocellulose and
acetate fibers and threads are obtained by introducing
various bactericidal agents into a spinning solution or
polymer melt. However, they lack the antimicrobial
effect resistance to repeated washings. Therefore,
such fabrics can be used for the products designed
for a limited number of washings or intended to be
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used under conditions where they are not subjected
to processing with water. However, as discussed in
this chapter, the antimicrobial polyester fibers
produced by the crazing technology can endure
repeated wet processing with practically no decrease
in antimicrobial activity.

Antimicrobial fabrics from polyvinyl alcohol,
polyacrylonitrile, polyamide threads are used, for
example, to produce sanitary products, hosiery, as
well as rugs for hospitals.

Antimicrobial synthetic threads have a wide
application in the form of suture materials — threads.
Such surgical suture represents a new pharmaceutical
form of chemotherapeutic preparations to prevent
side effects on the human body and tissues which
frequently occur when traditional methods of
medicines administration are used. According to data
of the A.V. Vishnevsky Institute of Surgery (Russia),
polypropylene and polycaproamide suture threads
possess the highest and prolonged therapeutic action
among all known antimicrobial suture materials.
Synthetic threads with antimicrobial properties are
also used as vascular implants.

Besides the fabrics, knitted cloths have found
application as textile carriers for antimicrobial
materials. The knitted cloth (unlike the fabrics)
possesses  good  flexibility, elasticity and
stretchability that allows to obtain products in the
form of tubes of various diameters and shapes. The
type of the knitted material weaving is one of the
main characteristics which defines its properties:
stretchability, unknitting, shape stability, etc. Knitted
cloths with the main types of weaves (jersey
structure, rib structure, tricot, etc.) are widely used in
medicine.

Knitted fabrics based on polyester and
polyamide threads, as well as spindleless spinning
cotton yarn with surface density of 140-280 g/m are
used to produce dressing materials [64-66]. They
possess high capillary action, lightness and can be
freely separated from the wound surface. High shape
stability at washing and resistance to sterilization
allow the reuse the products made of knitted
synthetic materials (up to 10 times).

Knitted fabrics made of synthetic threads, for
example, polyester ones, can be used in the
bandaging products as an atraumatic layer [67].

Cotton knitted materials with a complex of
therapeutic and antimicrobial substances are applied
in medical bandages and tissues. They rapidly absorb
wound  secretions,  possess the  expressed
antimicrobial properties, are characterized by the
increased therapeutic effect, provide for dynamic
clearing of infected wounds, prolonged medical
action and less frequent change of bandages at
practically complete atraumaticity.

For example, AKTIVTEKS antimicrobial
bandages and tissues made of cotton knitted fabric
are designed for treatment of trophic ulcers and

ulcerous defects at diabetic foot infections. They
contain medicinal agents of local anesthetic,
antiseptic and wound-healing action along with a
biocompatible polymer-polysaccharide which swells
when moistened and forms a gel, thus ensuring a
prolonged introduction of medicines into the wound.
Application of AKTIVTEKS tissues increases the
efficiency of trophic ulcers treatment because of the
fact that, at the first stage, combination of antioxidant
and antimicrobial action leads to the improved
medical outcomes, while, at the second stage, the
combination of antimicrobial and wound-healing
action leads to reduction of the healing time [68].

Cotton-lavsan knitted fabrics with antimicrobial
properties are used as medical swabs and surgical
bandages. They are elastic, can be easily placed on
contoured surfaces of wounds and introduced into
slit-like wounds (as well as easily and relatively
painlessly removed from them); they possess high
hygroscopicity and capillarity and ensure drainage
(the most important factor of treatment for wound)
while their basic properties are as good as the ones of
the medical gauze swabs and bandages. The design
of products (knitted weaving, plain edge) simplifies
operation of cotton-lavsan swabs and excludes the
possibility to leave the tiniest threads of dressing
material in the wound which is often the case when
gauze swabs are used [69].

Flat knitted mesh cloths made of antimicrobial
polypropylene threads have been successfully used in
reconstructive surgery for many years, while mesh
knitted fabrics made of polypropylene threads in
combination with polyamide ones are used (instead
of gauze tissues) as antimicrobial dressing for burn
wounds [70].

Non-woven cloths are promising carriers of
antimicrobial preparations. Non-woven fabrics
obtained by needle-punching and canvas-sewing
techniques, thermal bonding, adhesive bonding or
their combinations are the most widespread ones.

Needle-punched non-woven fabrics made of
polypropylene fibers with surface density of 100
g/m? and higher, as well as the ones based on
polyvinylalcohol fibers with chemically bonded
antimicrobial agents have found application as
biologically active swabs [71]. Since polypropylene
fibers have cation- and anion-exchange groups and
medicinal agents have basic or acid groups of
different ionic strengths, it is possible to control the
bonding strength between the two which accordingly
provides for the possibility to obtain biologically
active non-woven fabrics with variable time of
therapeutic action.

Medical non-woven material in the form of
threadless canvas-sewn cloth made of the bleached
modified viscose is used for bandages. It possesses
high hygroscopicity, it rapidly absorbs and
effectively withdraws the secretions from wounds.
Air permeability of a bandage made of such non-
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woven cloth is 4 times higher as compared to a
cotton gauze bandage.

Thermally-bonded non-woven fabrics made of
polyurethane threads are used to produce elastic
bandages. Along with high elasticity, they possess
good air permeability.

The problem of textile materials "dusting"
prevention in surgery has been one of the most
important challenges for a long time. Particles of
fibers (when they get into an open wound) often lead
to granulomas. The use of polypropylene non-woven
materials with latex binders reduces the amount of
large (more than 3 microns) particles in the wound
by 90% as compared to cotton fabrics. They are used
to produce tissues and sanitary products.

Thus, fabrics, knitted fabrics and non-woven
cloths are the main textile carriers of antimicrobial
materials used in medical practice.

Fabrics and knitted fabrics are used widely
enough in production of clothes, linen, surgical
dressings, sanitary and other products. Non-woven
cloths are not commonly used yet and have come
into use mostly as surgical dressings. However, non-
woven antimicrobial fabrics start to be used for
production of workwear and bedding items, but most
often such products are single-use ones.

Antimicrobial materials used to manufacture
medical wear, including special clothes for surgeons,
occupy an important place. Such clothing not only
provides for reduction in postoperative pathologies,
but also protects the surgeon against infections which
is particularly relevant with regard to the spread of
such diseases as AIDS.
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UCCJIEIOBAHME BOJbT-AMIIEPHON XAPAKTEPUCTHKH ®OTOPE3UCTOPA

Annomayun: Cmambvs noceéaujena Uccied008aHuio B0abM-AMNEPHOU XAPAKMePUCMUKY omopesucmopa 6
memMHOme U NPU 0C8eUfeHUL €20 UHMESPATbHBIM C8EMOM 8 COOCMBEHHOU 00Iacmu NO2AOUWEHUsL.

Kniouegvie cnosa: nonynposooHux, 601bmamMnepHas XapaKxmepucmura homopesucmop, conpomuegneHie npu
memHoOme, COnpomugneHue npu 0CeeujeHulU.

Introduction SHEPrUM KBAHTa M3JIyYEHHs B COOCTBEHHOU 00IaCTH

Cmamopsa nocseawena ucciedo8anuio 8oabm-
amnepHoll  xapakmepucmuxu gomopesucmopa 8
memMHOmMe U NpU OCBCUEHUU €20 UHMESPANbHLIM
c8emom 6 cobCMEeHHOU 001ACMU NO2IOUJeHUS.

OOmen3BecTHO, dTO TPH OOYYCHHH Kypca
(hM3MKK Ha OCHOBE YIITyOJICHHOH €€ IMpOTrpaMMBI IS
COOTBETCTBYIOIINX YYEOHBIX  3aBEJCHUA  WIH
KJIACCOB, B CHJIy pa3BUTHA COBPEMEHHOU (H3HKH,
TEXHUKH U HOBBIX MIPUMEHSIEMBIX METOJIOB
HCCIIeTOBaHUH mpeJnoJiaraet yrIIyOUTh
TEOPETUYECKUX 3HAHUN M NPAKTUYECKUX YMEHUH
yuammxcs B o0yueHuu (usmke. OIUH U3 Takux
HarpaBJIEHUH SIBJISIETCSL  M3y4YCHHE CBOMWCTB
MOJIYIPOBOJIHUKOBBIX ~ 3JIEMEHTOB U MX
(usnveckux cBoWcTB. [laHHAsh CTaThs IOCBSIICHA
OJIHOMY H3  TaKHUX BOIIPOCOB  OpraHMU3aluu
nabopaTopHOW  pabOTBl — HW3YYCHHIO  BOJIBT —
aMIEepHON XapaKTepUCTUKA  (POTOPE3HCTOPOB B
YIIyOJICHHBIX KJaccax.

DOoTOPE3UCTOPHl - ITO TMONYIPOBOJTHUKOBHIE
AJIEMEHTHI, KOTOPBIE TOJ JIEHWCTBUEM CBETA MEHSIOT
ANEKTPUIECKOE CONpoTHUBIeHUe. [IpuHIUT paboOThI
(hoTopesnucTopoB OCHOBaH Ha  BHYTPECHHEM
dbotosnextpudeckom sddekre. [Ipu morioumeHUn

TIOTJIONIEHHUA 32 CYET OTPhIBA KOBAJEHTHOW CBA3H
aTOMOB TIONYIPOBOJAHMKA B HHX TCHEPHPYIOTCA
CBOOO/IHBIE  HJICKTPOHHO-JIBIPOYHBIC  IAphl, 4YTO
MIPUBOJUT K PE3KOMY YBEIMYEHHIO KOHIIEHTPALUH
HocHTeNnel TOKa u TIOBBILIEHHIO
JIEKTPOIIPOBOAHOCTH. B OTIIMUME OT 3JIEKTPOHHO-
JBIPOYHBIX TEPEXOJ0B WM PA3IMYHBIX APYTHX
JUOMHBIX CTPYKTYp THma OapbepoB llloTTku

(mepexol  METaJUI-NIOJIYNIPOBOJIHUK,  MMEIOIIHii
BHYTPEHHUH pa3aensaomui 6aprep) B
doTopesucTopax OTCYTCTBYET BHYTPEHHHUH

DJIEKTPUYECKUN Oapbep, pasIeNsiomuil HOCHTENe
Toka. HampaBieHHOE JBUXEHHE OJJIEKTPOHOB U
IBIPOK OCYIIECTBISIETCS O] NEHCTBHEM BHEITHETO
ANIEKTPHYECKOTO OIS, CO3]aBAEMOT0 MTOTCHIIHAIAMHU
METaNIMYECKUX  DJEKTPOJOB, MpUIAsHHBIX Ha
Pa3IMYHBIX KOHIAX (OTOpe3nucTopa (METaTUIECKUE
KOHTAaKThl SIBJISIIOTCS. HE TOJBKO DJIEKTPOJIaMH,
3aal0IIUi MOTEHIMAN, HO W y4YacTBYIOT B cOope
HOCHTENEH TOKa).

DOTOPE3UCTOPHI  LIUPOKO HCIOJB3YIOTCA B
CaMBbIX pa3JIMYHbIX o0JacTax HayKHW, TEXHUKHU M
mpou3BoaAcTBa. OHM MPUMEHSIOTCS U PeTUCTPAIIH
n HU3MEPCHUA CIIa0BIX CBETOBBIX IIOTOKOB KakK B
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BUANMOW, TaKk M B HEBUONMOH HWH(paKpacHOU
obmacTn wm3nMydeHHs. B cBA3M € 3TUM U3ydEHHUE
(hOoTOPE3NCTOPOB BKIFOYEHO B MPOTPaMMy YIeOHBIX
3aBEJICHUH CPEHET0 CIIEHAIbHOr0 00pa3oBaHMs C
yriryOinEHHBIM o0y4yeHueM ¢usuke B
aKaJieMUYeCKuX Jumesx [1].

Materials and Methods

B nacrosmieit pabote MpUBOIATCS HEKOTOPEIC
pe3yNbTaTBl  HCCICAOBAHUS  AIIEKTPOYUINUECKUX

CBOWCTB (DOTOPE3NCTOPOB, KOTOPHIE HMMEIOTCA B
KaOmHeTax  (M3WKM  aKaJeMHYeCKHUX  JIMIICEB,
npencraBiaeHHBIX [10 «Qn-Xonxmuary (Y30eknucTan).
DKCIIepUMEHTANBHBIC PE3yIbTAThl OBUIA TIONTYYCHBI
HA U3MCPHUTECIILHOW YCTaHOBKE, JJICKTpHYCCKAs
cXxeMma KOTOpoil mpejacTaBieHa Ha puc. 1

-

Pucynok 1 - DulekTprueckas cxeMa U3MepPHUTeJIbHOM YCTAHOBKHM /1JIsl CHATHS BOJIbT-aMIIePHO
XapaKTepUCTUKH (poTope3ucTOpAa.

Ha »kcrepumeHTe OBUIM  W3Y4YEHBI BOJIBT-
aMIIepHBIE  XapaKTEpPUCTUKH  (HOTOpe3ncTopa B
TEMHOTE W TpU OOJyYEeHWH €ro HHTETPalbHBIM
CBETOM OT PTYTHOW JIaMIIbl B HIMPOKOM HHTEpBaje
BHEIHETO JJIEKTPUYECKOTO HAmNpsDKEHUS Kak B
MOJIOXKHUTEIBHOM, TaKk M B  OTPHUIATEIIEHOM
HanpaBleHusX. Bcsg  u3MepurenbHas — 4acThb
YCTAaHOBKHM OblIa IOMEIIEHa B DKPAaHUPOBAHHOM OT
BHEIIHETO OCBELICHUS CIIEIaIbHOM smmke. Ha
OCHOBE 3KCIEPHUMEHTAIBHO IMOJYYEHHBIX BOJIBT-
aMIIepHBIX ~ XapaKkTepUCTHK  (oTope3ucropa B
TeMHOTE  OBIIO  BBIUMCIEHO €ro  TEMHOBOE

JIEKTPUUECKOE COIMPOTUBIICHHE, KOTOPOE HMENO0
3HadeHne paBHOe 9,9 MQ (pumc. 2). U3 srtoro
rpaduka BUJHO, 4YTO 3aBUCHMOCTh TOKa OT
MIPUJIOKEHHOTO HAIPSDKEHUS] B 000MX HaNpaBICHHUSAX
HMeeT YUCTO JMHEeWHBIH Xapaxtep — | U, sto
O3HaYaeT, 4TO IEePEeHOC ToKa d4epe3 (oTopesuncTop
noauuHseTcs 3akoHy Oma. DTH pe3yabTaThl TaKkKe
MOJTBEPXKAAIOT, YTO METALIMYECKUE KOHTAKTBHI
SIBJISIFOTCSI YCTO OMUYECKHMH, CTPYKTypa HE UMEeT
BBINPSIMIIIOIIETO CBOWCTBA, CJIEAOBATENILHO, Ha
KOHTaKTaxX OTCYTCTBYIOT BHYTPEHHHE Oapbephl.

[

[
= 0

Pucynok 2 - BorbT-aMnepHasi xapakTepucTHKa ¢oTOpe3ncTopa Npu TeMHoTe. Rien = 9,9 MQ.
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Pucynok 3 - BoibT-amnepHasi XxapakTepucTiuka GoTope3ucTopa npu ocBemeHnu. Ryoro = 4,58 k€.
Ha puc.3 IoKa3aHa BOJIbT-aMII€pHas J = g-n-v )
XapaKTepUCTHKA (POTOPE3UCTOpa TPH OCBEIICHUHN L
€ro MHTErpajbHbIM CBETOM OT PTYTHOM JIaMIibl B TA¢  (— S7MCMCHTAPHBIM 3apsd, N — KOHUCHTPAIA
CB060,E[HLIX DJICKTPOHOB, 1 — CKOpPOCTb

00J1acTH COOCTBEHHOIO TIOTJIOIIICHUA. BI/II[HO, qTO

Kak B TEMHOTe, TaK M TPH  OCBCIICHUH
¢oTopesucTopa coxpaHsieTcs JTUHEeHHas
3aBHCUMOCTh MEXAYy TOKOM U HampspkeHus — | ~ U.

OnHako, P OCBEIICHUH HAOMIOAACTCS PE3KUH POCT
cuiel Toka npumepHo B 2000 pasa, 4uro o3Hauyaer

YMEHBIICHHE  CONpPOTUBIEHHUS  (OTOpe3nucTopa
NPUMEPHO B CTOJBKO k€ pa3. Ha ocHoBe »Tmx
JaHHBIX  OBLIO OTIpeIeTIeHO BEJINYMHA

CONPOTUBJICHHST (HOTOPE3UCTOPA IIPU OCBEIICHHH,
KOTOpO€ uMeno 3HaueHne ~ 4,58 kQ. Ot
pe3yabTaThl MOKA3BIBAIOT TAK)KE, YTO OCBELICHUE HE
NPUBOAMT K IOSIBJICHUIO BHYTPEHHHUX 0apbepoB, T.e.
BBINPSMIISIONINE CBOWCTBA CTPYKTYPHI M B 3TOM
cily4ae He IPOSBIIAIOTCS.

Crporo nuHEHHBIN XapakTep 3aBHCHUMOCTH | ~
U kak B TEeMHOTE, TaK M NPH OCBEIIEHHH TOBOPUT
eme O TOM, 4YTO Ha KOHTaKTax MeTayi-
MOJIYIPOBOJHHUK TaKXKe OTCYTCTBYIOT Pa3Jesolie
6apbepebl, T.€. OHHU SIBISIFOTCS] OMHUYECKUMH.

Bericoxkas (hOTOUYBCTBUTEIHHOCTH
(orope3ncTopa CBHAETENBCTBYET O TOM, 4TO
¢oropesucTop  sBIAETCS  CIAOOJIETHPOBAHHBIM
MOJYIPOBOJHUKOM, M B HEM KOHIEHTpAIHs

CBOOO/IHBIX 3JIEKTPOHOB OJIM3Ka K KOHIIEHTpALUH
cBOOOMHBIX JAbIpOK. Tok uepes (oTope3nucTop
OIIpe/IeTIsIeTCsT CYMMAapHBIM TOKOM, OOpa3oBaHHBIM
cBoOoaHbIME  dnekTpoHaMu () ¥ CBOOOAHBIMU
neipkami (lp), T.€.:

I:In+lp, (1)

Korma o6pasern ogHOPOIHBIH M OTCYTCTBYIOT
BHYTPEHHHE Oapbhepbl, BIMAIONINE Ha JIBIDKEHHE
HOCHTEJeH TOKa, DIIEKTPUYECKUI TOK uepe3 oOpasell
OIPECALCIIACTCA TOJIBKO YIopAA0YECHHBIMHA
JBIDKCHUSIME 3JICKTPOHOB TIOJ| JICHCTBHEM Pa3HOCTH
MOTEHIIMAJIOB, MPIJIOKCHHBIX K KOHIAM 00pa3ia, u
IUIOTHOCTh TOKa dYepe3 o0pa3el MOXXHO BBIPA3UThH
CIIeYIOUIM 00pa3oM:

YIOPAI0YSHHOTO JABMKEHUS 3JIeKTpoHOB. Ha ocHoBe
(1) m (2) nnda NIOTHOCTH TOKAa MCCIENOBAHHOTO
doTope3ucTopa MOXKHO  HAIMCATh  CIEAYIOIIee
BBIpa)KCHHUE:

J=J+J,=q-n-u,+q-p-v,, (@3

rne Jn, Jp — IUIOTHOCTH TOKa, OOpa3OBaHHEIC
CBOOOTHBIMU JIEKTPOHAMH u IIBIPKaMH,
COOTBETCTBEHHO, Un, Up, - CPEAHHE CKOPOCTH
VIOPSAIOYCHHOTO IBM)KCHUS 3JCKTPOHOB W JBIPOK,
COOTBETCTBCHHO, p — KOHIICHTPAINs CBOOOIHBIX
IBIPOK.

Kak moxa3pIBaloT pe3yibTaThl SKCIIEPUMEHTA
MpU MaJbIX 3HAYCHHUAX HANPSHKCHUS W CHIBI TOKA,
(puc. 2, puc. 3), KOHIEHTpalus CBOOOJHBIX
3JIEKTPOHOB U JIBIPOK, a TaKXK€ CKOPOCTH U n, U p HE
3aBHCAT OT TMPHJIOKCHHOTO  HANpsDKEHUS, W
COOTBETCTBEHHO, oT HATIPSHKCHHOCTH
anektprdeckoro noist (E). [lpu mocTosHHON cuie
Toka |n, lp, cormacHo BeIpaxkeHHIO (2), TaKxke
NnocTOAHHBL. HO Tpu 3TOM Ha 3JEKTPOHBI U ABIPKH
JeHCTBYeT CO CTOPOHBI MOJIS MOCTOsIHHAs cwia F =
gE. Ecam onexkrtpuueckoe moyie  mepecTaéT
JNeHcTBOBaTh Ha 3apsDKEHHBIE YACTHIBI, TO TIOX
JNEHCTBHEM CONPOTHUBICHUS CpPEAbl TOK OBICTPO
MpeKpaIaeTcs, T.e. MPEKPaIIaeTcs YIOPSII0YCHHOE
IBIDKEHHE HOCHTENel Toka. Bpems, 3a KoTopoe

MPAKTUICCKU IpeKpamacTcsa YHOPpAA0YCHHOC
JBHI)KCHUC 3apAaa0B, Ha3bIBACTCA BpPEMCHEM
peiiakcaluu.

IIpn wmampix ToOkKax ckopoctu In m 1§
IUIOTHOCTH TOKAa UMEIOT TaKXe MaJible 3HadeHus (3),
CIIEIOBATENbHO, CWJIBI  CONPOTHUBIICHHA  CPEIbI,
neiictByromue Ha 31eKTpoHBI (Fcn) M Ha  ABIPOK
(Fcp), MOXKHO CUHTAThH TPSIMO TMPOIOPIIHOHATBHBIMHE
CKOPOCTSIM U | U p, T.€. [2]:

I:c,n = kn “Un, I:c,p = kp “Up (4)
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rme kn, Ko — KOdpOUIMEHTHI IS 3IEKTPOHOB U
IBIPOK COOTBETCTBEHHO, CUMTAEM HE3ABUCAILMMH OT
CKOPOCTH H, COOTBETCTBEHHO, OT IPHUIOKEHHOIO
JNIEKTPUYECKOTO TOds B obpasue. Ilo BTOpOMy
3aKoHy HbIOTOHA ypaBHEHWs ABUKEHUS 3JIEKTPOHOB

nu Z[LIpOK OIIUCBIBAKOTCA CJ'IeZ[yIOHH/IMI/I
Bpra)KeHI/IHMI/I:
do
M dtn ZQ'E_ann,
dup E_k
My at =0 -E=Kpbp (5)
rme Mp, My — MAacchl CBOOOMHBIX 3JIEKTPOHOB H
IIBIpOK B HOHprOBOHHI/IKe, COOTBCTCTBCHHO.

CunrtaeM, 4TO MMPU MAIBIX MEKTPUUECKUX HOJIAX My,
Mp nocTossHHBI. Eciin B MoMeHT BpemeHu t = 0 cuna
okazanach paBHod Hymo F = -E= 0, a ckopoctu B

10T MOMeHT Un(0) = vno, Vp(0) = vpo, TO
ypaBHEHHS (5) yIpOIIAOTCA:
do dl)p
m, —+ = —k,v —=-k.v
"4t nen, PTGt pPUp.  (6)

W3 ypaBHeHmii (6) crmemyer, 4to OBICTpOTa
OBIBAaHHS CKOPOCTEH Uny U U p, A0 HYJIS HPSIMO
P

MPOMOPLIMOHANIbHA OTHOIIEHHIO — . OTMETHM, UTO
m

m
BCIIMYMHA ? HUMCECT PA3MCPHOCTb BPECMCHHU. BBeZ[eM

0003HaueHHS
My mp
Th=7,Tp=7 . (7)
Ky K,
Torma u3 ypaBHeHUs (6) TOIyIHM
do, 1 do, i @®
dt 7, 0 odt Tp .

Bemmuunel 7, W T, ONpEACIAIOT BpEeMCHa

YMEHBILIEHHUS] CKOPOCTH YIOPSAOYEHHOTO ABUKEHUS
3JIEKTPOHOB U ABIPOK /10 HyJisl. Yem Gonbiue 7, u 7,
, TEM MeJJICHHee MPOUCXOJUT yOBIBAaHHE CKOPOCTH,
CJIEI0BATEJIbHO, MOXHO IPEAIOJOXKUTh, YTO T, U
Ty OIPEACIIAIOT

BpEMCHa peiiakcanuun

YHOPAAOYEHHOI'0 ABUXCHHUA DJJIEKTPOHOB M JBIPOK,

COOTBETCTBEHHO. Pemenuss  ypaBHeHuit ®)
OTHOCUTEJILHO CKOpOCTEi HUMEIOT
OKCIIOHCHIMAJIbHBIC BHU/IbI:
t t
EN T,
Upn =Une€® ", Up=Up€ ° 9)

W3 ypaBuenus (9) cuenyer,
BEJINIMHBI

YTO CMBICII
BpEeMEHU 7, U Tp — 9TO BpeEMs, 3a
KOTOPBIX CKOPOCTH YIOPAAOYECHHOI'O AIBUIXCHUA

9JNIEKTPOHOB U [JBIPOK YMEHBILAIOTCA B € pas,
COOTBETCTBEHHO.

[TockobKy MBI ONPEENIN BPEMEHA T, U T,

TENEPb Ha UX OCHOBE MOYKEM ONPEHENIUTh CKOPOCTH

Un ¥ Up. lIpyu 10CTOSHHOM TOKE, KOTAA U n = CONSt u
~ d Uy 0 d o 0

vp = const, T.e. xormga = — = u3

dt dt
ypasuenuii (5) u (7) cnenyer

‘T q-7
m
n p
VYuureiBas (10) u Ha ocHOBe ypaBHeHus (3)
MOJYYUM BBIp@KEHHE JUIsi IUIOTHOCTH TOKa B
OJTHOPOJHOM  MOJYNPOBOJHUKE, KOTAa B HEM
OTCYTCTBYIOT BHYTPEHHHE Oapbephbl

Un (10)

2 2

n-z, 9qpP-7
q ny p

m m

J=

-E. (11)

n p

Korma n=p JUIsL  HEJIErMPOBaHHOI'O
NOJIYIPOBOAHUKA, HWIIW MOJYIIPOBOAHHWKA C MaJbIM
KOJIMYECTBOM HpHMeCGﬁ BBIpAXXCHUE JId MJIOTHOCTHU
TOKA UMEET CIICAYIOUIUN BUI:

T T
m, m,
Okcnepumenransias 3aBucumocts | = f(U)

(puc. 2 wm puc. 3) OIA  HCCICTOBAHHOTO
(oTope3ncTopa UMEET YUCTO JIMHEWHBIN XapaKkTep —
| ~ U, 1.e. BeInonHseTcs 3akoH OMma:

J=0c-E , (13)
re o - yOenbHas MPOBOAUMOCTB, KOTOpAs B HAIIEM
cllydae UMEeT BUJ
i) (14)
m, m, |

n p

Jluneiinas 3aBHCUMOCTD | ~ U
SKCIEPUMEHTANbHBIX KpPUBBIX (puc. 2 u puc. 3)
NOATBEPKIACT  BBIMOJHEHHE 3akoHa Owma
HE3aBUCHUMOCTE YIEIbHOM POBOIUMOCTH
(dboTope3nucTopon oT HATPSKEHHOCTU
3JIEKTPUUYECKOTO IMOJIS1 B MCCIICOBAHHOM JHAINIA30HE
HATIPSDKCHUS.

CrnemoBarelbHO, KOHIICHTpAaUs ¥ BpEMEHa
penmakcaliM Tn M 7, TaKkKe HE 3aBUCAT OT
HAMPSHKEHHOCTH JICKTPUYECKOTO OIS, Y BeIHUCHHS

T

Toka B ~ 2000 pa3a mpHu OCBEIICHUU (puc.
3), TmMO-BHIUMOMY, OOYCJIOBJICHO YBEIHYCHUEM
KOHIIEHTPALMK ~ HOCHUTENeH  Toka  3a  cYeT
(ororenepanuu JIEKTPOHHO-IBIPOYHBIX nap.
[lockonbKy  MHTEHCHBHOCTH — OCBELIEHHs — Oblia
HEBBICOKas, TO HE TIPOSBIAIOTCS HEJIWHEHHbIC

3(QdEKTb, 7 n U 7 p, @ TAKKE Mp U M, HE 3aBUCAT OT
UHTCHCUBHOCTH  OCBEIIeHHWs.  Torma  MOXKHO
3aKJIFOYHUTH, YTO POCT YHCNBHOH IPOBOJUMOCTH
(otopesnucTopa 0OYCIOBICH TOJBKO 3aBUCHMOCTBHIO
KOHIICHTPAIIMH HOCHUTEJICH TOKA OT MHTEHCHBHOCTH
OCBELIEHHUS.
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BKIIFOYCHUU 700050 BBIKJIIFOUECHU U Pa3sINMIHBIX
Conclusion YCTPOHCTB.

Ilocne mnpoBeneHHs OSKCHEPUMEHTA IOJIE3HO
0o0paTUTh BHUMaHHE Y4YallUXCsl HA TOT (aKT, 4TO
HIUPOKOE  NPUMEHEHHE (oropesucTopos B
ABTOMATHKE OOBSCHSAETCS HMMEHHO BBICOKOM
4YBCTBUTEIBHOCTHIO ux 3JEKTPUUYECKOTrO
COTIPOTHBIICHHS K BHEITHUM Bo3aeicTBusAM. OTCIona
CIIeyeT TaKxke, IpH  pe3Koe N3MEHECHNE
SJIEKTPUYECKOTO COTPOTHUBICHUS  INIPH BHEITHEM
BO3ACUCTBUH HPUBOIUT K M3MECHEHHWIO CHIIBI TOKA B
e, YTO IIO3BOJISIET HCIIONB30BaTh (POTOPE3UCTOP
UL aBTOMAaTHYeCKOTO KOHTPOJS OOBeKTa IpH
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®EHOMEH TBOPYECTBA B ®OKYCE COIIMAJIBHO-®NJIOCO®PCKOT'O UCCJIIEJOBAHUS
MOCTMOJIEPHOM UHTEJUIEKTYAJBHOM COBCTBEHHOCTH

Annomayun: B cmamve ocywecmenén Kpamkuii aHaiu3 (heHomeHna meopuecmed 6 NOHUMAHUU €20 KAK
npoyecca, u Kak cO3u0aAmenIbHO20 UHCMPYMEHMA, Usparuje2o KIouesylo poib 8 603HUKHOBEHUU NPOU3EEOCHUl
UCKYCCMBA — Pe3yIbmamos meopuecmad, KOmopbole u CIAHOBSIMCSL 6NOCIEOCMEUU 00bEKMAMU UHMELEKMY AlbHOU
cobcmeennocmu. Cneyugpura copemMenno20 meopyeckKo20 Npoyecca AHAIUBUPYemcst ¢ YYEMmoM HbIHeUWHUX
UHPOPMAYUOHHBIX peanuil, U ¢ NONPABKOL HA cumyayuio nocmmooepua. Obwuil 661600, KOMOPLIL MONCHO U36/LEHDb
U3 NPeoCmaAsieHHO20 6 CMmAambe MAmepudald, MmMAaKo8: COBPEeMEHHAsl KYIbmypd 6 HeKOmopulx cghepax
OeMOHCmpupyem meHOeHYUIo K nepexooy om meopyecmed UHOUBUOYAIbHO20 K MBOPHeCmsy KOIEKMUGHOMY, d
HbIHEWHUEe KOMMYHUKAYUOHHBLE MEXHONIO2UU OeLaron O3MONCHBIM COABMOPCHIBO M00ell, KOMopble 0ddice Mo2ym
ObIMb HE3HAKOMbL MedcOy 000l Henocpedcmeenno. Bcé smo ne o3mauaem, umo epsioém Kowey UHCHMUMyma
UHMENIEKMYANIbHOU COOCMBEHHOCMU, HO 6NOJHE ONPEOeléHHO CEUOEMENbCMEYem O MOM, YMO COOepICaHue
VHOMSHYMO20 COYUANLHO20 UHCIMUMYMA UMEem 3HAYumenbHble NePCnekmuebl K pacluuperuro, 00HOGLEHUI0 U,
KOHEYHO Jice, HYICOaemcs 8 Haonexncaujem nepeoCcmMulCieHuu — u 8 puiocopcKom, u 6 pUOULEeCKOM.

Knrouesvte cnosa: meopuecmeo,  UCKYCCMBO,  «OMKDbIMOE  NPOU3BEOCHUE»,  UHMENLIeKMYalbHas
COBCMBEHHOCIb, UHPOPMAYUOHHBIE MEXHONO2UU, NOCMMOOEPH.

Introduction MIPEACTAaBISIETCSl BAXXHBIM PACCMOTPETh  heHoMeH

B kontekcTe ucciaeanyemMoro ¢ (1)I/IJIOCO(1)CKI/IX meopdecmed. BCHL HUMCHHO OHO JABJIICTCA TEM
ITO3UIIHI COIIMAJIBHOTO HWHCTUTYTA KIIFOYEBBIM HCTOYHUKOM, B IIPOIECCC MHNPOABIICHUA
HHTeJ’IJ’IeKTyaJ’IBHOﬁ COOCTBEHHOCTH HaM CO3UIaTeIbHOMN CYITHOCTU KOTOPOTO MW BO3HUKAIOT
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HU3BECTHBIC HaM 0O0BEKTEI HHTeHHeKTyaHBHOﬁ cpene HA4YUWHAIOT OCO3HABATHCA KaK
CcOOCTBEHHOCTH pPa3HBIX BHJIOB — TIIPOM3BCIACHH OrpaHUYMBAIOIINC CB060,I[y JIEHCTBUS XyJOXKHHUKA.
n300pa3UTEIbHOTO  HMCKYCCTBAa, KHHO, MY3BIKH, KouBeprenuus HCKYCCTBa, HayKH Hu

autepatypsl U nap. He MeHee BakHO W TO, YTO
TBOPUYECKHE MPOLECCHl PEaM3yIOTCsl CEerOJHS B
ocoboM COIIMOKYJIETYPHOM MPOCTPAHCTBE,
CYIIECTBOBaHUE KOTOPOro OOYCIIOBJICHO pa3BUTHEM
uHdopmanmonHoro ooOmecTsa ¥ (HOPMHPOBAHHEM
MOCTMOJCPHBIX KYJIBTYPHBIX TEHACHIMHA B KHU3HH
MOCTHUH/TY CTPHATBHON TUBUIIN3AIIH.

Materials and Methods

B nmaHHOM  craTke MBI IIpeAsiaraeM
paccMaTpuBaTh HCKYCCTBO (xak cgepy,
HOPOXKIAEMYIO  TBOPUYECKOH  OestmenbHOCMbIO)
HE TOJIBKO KaK O3CTETHYECKMH OINBIT, HO U Kak

Ype3BbIYAHO Ba’KHBIM COLMAIILHBIA IIPOEKT, T.€. KaK

0O0I11eCTBEHHBIH UHCTUTYT. Kaxk OTMEYaIOT
HEKOTOPbIE uccnenonatenu [1], HbIHEIIIHEE
HUCKyCCTBO  —  3TO  MacCOBO€  TEXHUYECKHU
BOCIIPOHM3BOIUMOE HCKYCCTBO
TEXHOJIOTU3MPOBAHHOW COBPEMEHHOCTH. BO3HHKIIO
OHO Tocie wu3obpereHus ¢ororpadum, Koraa
MOSBUIIACh BO3MOXKHOCTb PenpoaynNpOBaTh

YHUKAJIbHBIC TPOU3BCACHHA HCKYCCTBA B BUIAC
I/IHHIOCTpaHI/Iﬁ, IJIaKaTOB, OTKPBITOK W T.A. To xe
MOJXHO CKa3aTb U O MY3BIKC: 3I10Xa MaccOBOU 3BYKO-
U BUACO3allMCU MOJIOXKUJIAa KOHEL HECTIOBTOPUMOCTHU

KOHIICPTHOT'O HUCIIOJTHCHUA. Bo3MoOxHOCTH
MHOT'OKPATHOI'0 BOCIIPOU3BCIACHHSA OPUTHHAJIBHOT'O
MMPOU3BECACHU A HCKYCCTBa OKa3zajia B IICJIOM
Pa3pymnuTCIbHOC BOS,I[CﬁCTBPIe Ha  KOHICIIIHUIO
«CAVMHUYIHOCTH, YHUKAJIbHOCTH, MNOAJIMHHOCTU [2]
Bo3moxHOCTB IIOYTH HCOIrpaHUYCHHOI'O
MCXAaHUYCCKOI'0  peupoAyurupoOBaHusA  IMpPEBpaTUiia

«HACKYCCTBO JUII HEMHOTHX» B «HCKYCCTBO JUIS
Bcex». Emé omHWUM IIaroM Ha ITyTH SBOJIOINH B
BOCIIPOU3BOJAUMOCTH OOBEKTOB HCKYCCTBA MOXKHO
cuntaTh NUGPOBBIE TEXHOJOTHH, KOTOPHIC TOBOIST
BOCIPOM3BOJAUMOCTh  JI0  HEBHUIAHHBIX  JIOCEJC
MaciTabOB: MOUIMHHUK 33a4acTyI0 HEOTJIMYUM OT
KOMNHH, OT PENPOAYKIUH, B CHIYy HX HUDPOBOIA
TOXKIECTBEHHOCTH.

[ocne BO3HHUKHOBEHHUS B Wnrepuer-
MPOCTPAHCTBE TAKHUX SBICHUH, KaK «IBIDKCHHE 32
cBOOOAHBIA / OTKpbITHIA KoHTeHT» (free / open
source), Buku-cooOmecTB, OJIOTOB, HHPUHTOBHIX
(daitmooOMeHHBIX) ceTell, NPaKTUK COBMECTHOM
kaTeropuzanuu uHMopmaluu (CchlIoK, GoTo, BUaeo
W T.I) T[OCPEICTBOM TEroB, BcemMupHas ceTh
BOBJICKACTCSI B C(epy HCKYCCTBA M 3aHUMAET CBOE

MECTO B TBOPYECKHMX Ipoueccax. XyJI0KHUKU
Ha4YMHAIOT HCIIOJIb30BaTh TEXHOJIOTUYECKUE
BO3MOXHOCTH Cetn JUISL «TBOPYECKOTO

MPOU3BOJCTBAY U MUCTPHOyIHH [3]. DTO M3MeEHsET
MPUBBIYHBIE XYJI0’)KECTBEHHBIE MPAKTHKU W KaHAJBI
pacnpocTpaHeHus mpousBeaeHud. B ogHOuacke
TaKhe IOPUAMYECKUE KATErOpHH, KaK «aBTOPCTBOY,
CIPOUCXOXKJEHUE», «ABTOPCKOE IMPaBO» B JIAHHOM

TEXHOJIOTHH, MEJUICHHO MPOTEKAaIOIasi MPaKTHYeCKU
ot snoxu Bo3poxnenus, ¢ nosiBieHneM BeemupHoii
CeTH TMO3BOJIAET IIOCTaBHTh II0Jl BOIPOC Camo
MIPEACTAaBICHUE O TOM, KaK HCKYCCTBO CO3Ha&Tcs M
KaKOBBI €ro npeaMeT U QyHKIuu B oOmectse [4]. B
KaKOW-TO CTENECHM Jake€ MOXHO CKa3aTb, 4YTO B
YCIOBUSIX TEXHOJOTH3UPOBAHHON COBPEMEHHOCTH
MIPOM30IILIA CBOETO POJia TPAaHCMYTalus TBOPUECTBA:
CyIIeCTBEHHO (M  BHE3amHO)  yBEIHWYHBIICECS
KOJIMYECTBO TIOTCHIUAIBHBIX (M OYEHb pPAa3HBIX)

YJaCTHUKOB ~ W3MEHWJIO  MOAYC  Yy4acTHsi B
TBOpueckoM mporuecce. M. Jleprysoc [5] Beimensier
YyeThbIpe XapaKTepUCTUKU UCKYyCCTBa
nH(OPMaIMOHHOH SNOXH:

1. CencopHast  BOBJIEUEHHOCTH B  IIpoOIEeCC

BOCTIPUATHUS C MOMOIIBIO BU3YaJIBHOTO U CIYXOBOTO
MOTPYKEHUSA, TAKTUJIBHBIX OLIYIIEHUH, M3MEHEHUM
TeMIlepaTypsl W Jaxe 3amaxoB (o0 Mepe
COBEPIICHCTBOBAHMS TEXHOJOTUH XyIOXKHUKH OyIyT
cO3JaBaTh TPOM3BEIEHMS, Hecymue Bcé Oouee
pearbHbIE, OJTHBIC U TITyOOKHE EPEKUBAHS).

2. lnTepakTUBHOCTh (HECMOTpPST HA TO, YTO
WHTEPaKTUBHBIC TNPOW3BEACHHUA — KHUTH, (PHUIBMBI,
KOMIIbIOTEPHBIE UTPHI, JTaxe MBECHI c
IBTCPHATUBHBIMM CLIEHApUSAMHU yXKe CYILIECTBYIOT,
OXKHMJaeTcss, 4T0 HMH(MOPMAIOHHBIE TEXHOJOTHUH
BBIBEIYT CTENEHb B3aUMOICHUCTBUS B  paMKax
ayJMOBH3YaJIbHBIX HCKYCCTB Ha 0oJiee BBICOKHI
YPOBCHB).

3. KomnexktnBHas wrpa (B mpomecc TBOPEHHS
KaKoro-JIM00 TPON3BEICHHUS MOXKET OBITh BOBJIICYECHO
00JIBIIOE KOJIMYECTBO YEJIOBEK, OOBEAMHEHHBIX C
MTOMOILBIO nH(pOpPMaNOHHO-KOMMYHHKaTHBHBIX
TEXHOJIOTHH; 3TO CBOHCTBO M ObUIO 0003HAYECHO
VY. DKO KaK «OTKpPBITOE TPOU3BEIACHUECY).

4. lemokparu3aimsa  (TposIBIISAETCA,  MPExXJe
BCEr0, B TOM, UYTO MHPOBOE HCKYCCTBO CTajIO
JOCTYIIHBIM MUWJUIMOHAM JIIOJAEH YJaJIEHHO, T.€. B
pexume OHJIANH. OmnutaitHOBBIE IIOPTAJIBI,
MOCBAIIEHHBIE HCKYCCTBY, IpeJIaraioT
KOJIOCCAbHOE  KOJMYECTBO  ayAuo-,  BHJIEO-,
rpagu4ecKuX M TEKCTOBBIX MaTepuasioB, HH(POBBIX
KONMM KIACCHYECKHX M HOBBIX HNPOM3BEICHHH

HCKYCCTBA).

Kak otmeuaer A. CosjoBbEB, NpPOU3BENCHUS
COBPEMEHHOTO  HCKYCCTBA, COOTBETCTBYIOIIHE
TIePEYHCICHHBIM XapaKTepUCTHKAM,
MPUCYTCTBOBATIM Ha BBICTaBKe «ApT-KEmpH» B
2009 rony (Ké&npHckas spMmapka COBPEMEHHOTO
nckycctBa). bomee 200 Tranepell  HAMOJHUIHN

MPOCTPAHCTBO SIPMApKU O] OOMIMM Ha3BaHUEM
«Témuas komHata» (Dark room). Cama xe spmapka
nmpoxoJuia Iox Jo3yHroM «MckyccTBo — Tmwiofn
CIIOHTAaHHOW WIPBI pa3ymMa M BOOOpa’keHHs, TEMHas
30Ha co3HaHus». KypaTtop mpoekra The Dark Room
oTMeyajla, 4YTO BpeMs  «UCKycCTBa-(eTHmay,
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HUCKyCCTBA — «BEmH B cede», HCKyccTBa Kak MO3TUKM ApHUCTOTENs,, @ BMECTE C HEd — U OT
coolmiecTBa HEMHOTHX M30paHHBIX KaHYIIO B JIETY, a MPEJCTaBICHAS OO0 OJHOHAIPABICHHOM TEUCHHUH
COBPEMCHHOC MCKYCCTBO — D3TO npoyecc, a HC BpECMCHH B OJHOPOJHOM IIPOCTPAHCTBE — HC
Ppe3ybTaT; 9TO «CHUAHUC H3BEYHOM KpaCoTbL ocTaércst cleaa. YreHue Takoro MPOU3BECACHUA

NPUPOJBI TIepes BpataMu HeObITH» [6, c. 177]. D10
«CUSIHHME» Ha YHOMSHYTOW sIpMapKe BBIPaXajoch
ayJAMOBH3YaJbHBIMU KOMITO3HULIUSIMY, BUJIEO-
MHCTAJUILASIMHY, CBETOBBIMH u NPOYMMHU
s¢p¢dexramu. MOTHBBI TPHUPOABI W COBPEMEHHEIC
TEXHOJIOTUH  CIWINCh B HMH()OPMAnMOHHOM
cumbuoze. I[Iporpammuas ¢pa3a «coBpeMeHHOE
HCKYCCTBO — 3TO IIPOIIECC, & HE PE3YJITAT» OTCHUIACT
Hac K TIOHMMAaHMIO HCKycCTBa Kak 0a3bl JaHHBIX,
KOTOpasl MOCTOSIHHO MOMONHAETCSA, HO HHUKOTIa He
3aBepiaercs [6, ¢. 178].

B t1.H. kubep-uckyccrBe XXI Beka TriaBHBIM
XYAOKHHKOM,  CyOBEKTOM  HCKycCTBa,  OyaeT
«uHkeHep MupoBy. I1o muenuto I1. JIeBu, nHXKEHEPHI
MHpPOB — 3TO  CO3JaTelid  BUPTYaJIbHOCTEH,
KOHCTPYKTOPBI HOBBIX KOMMYHUKaTHBHBIX
MPOCTPAHCTB, paspaboTamuku KOJUIEKTHBHBIX
MHQPACTPYKTyp paclno3HaBaHUS W  HAKOIUICHHSA
nHpopmanuu (0a3 JaHHBIX), a TAK)KEe BCEBO3MOKHBIX
HHTepakuii ¢ nupoBoi BceleHHoM [7, c. 125]. B
TaKoH MIPOCTPaHCTBEHHO-BPEMEHHON cpeze
HCKYCCTBO KaK TIPOM3BEICHHE, KaK IpeaMeT,
MHOTOKPaTHO BOCIIPOM3BEJICHHBIH, TepsSeT CBOE
NPUCYTCTBHE BO BpPEMEHU M MPOCTPAHCTBE, CBOE
YHHUKAJIbHOE CYIIECTBOBAaHHE B MecCTe, IJe eMy
ciyyunoch ObiTh. IlpucyTcTBue u cyObexTa, |
obbekTa HCKYCCTBa 3aMeHsIeTCst
«TENETIPUCYTCTBHEM», NPH KOTOPOM IIPOM3BEICHHUE
TEpsieT CBOIO MPHUBSI3aHHOCTh K JIOKAJIBHOCTH.
Tenenpucyrcraue MIPEACTaBIISET coboi
3CTETHYECKUH MapagoKc: OHO 00ecHeYnBaeT JOCTYI
K BHUPTYaJbHOMY TIIPOCTPAHCTBY Ha IJIOOAILHOM
YPOBHE, KOTODPBIH OIIYIIAeTCs OJHOBPEMEHHO Kak
npeOblBaHHE M KakK I[EPEeMElICHUEe B COBEPILEHHO
pasnuunbie Mecta [ 1, ¢. 20].

Wuorma  nmist  XapakTepUCTHKH  HOBOTO
HCKYCCTBA, KuOep-ucKyccTBa, UCTIOJIb3yeTCs
CIIOBOCOYETAHUE «CETEBOE MCKYCCTBO», KOTOPOE

He (UKCHPOBAaHO KaK MaTepualibHbIi O0O0BeKT (Ha
X0JIcTe, B KaMHe, THIICe WM MpaMmope, Ha Oymare
WIX B JepeBe, WU XOTsA OBl Ha POTO-, KHHOIUIEHKE),
a  «...pa30pocaHO 1O 3JCKTPUUSCKUM  CETSIM,
IBIDKETCS, TpaHcPopMUpyeTcs, H KaXIbIH W3
nonp3oBaresiei CeTH MOXKET BHECTH B HETO CBOKO
Joito TBopuecTBay [8, c. 230]. B cTons u3meHunBOH
M BBICOKOJMHAMUYHONH HWH(OPMAIIMOHHON cpene

MIPOM3BEICHUS KubOep-uCcKyccTBa OTBEYAIOT
KpUTEPUSIM «OTKPBITOTO MIPOM3BEICHUS,
ompenenéHHpiM Y. Oko. Jlasg  omucaHWS  9THX

XapaKTEePUCTUK OH HCIOJIb3YeT B KayecTBe IpuMmepa
rnaBy / smu3ox «biyxnaronue ckanb» U3 poMaHa
«Ymuce»  (Ulysses)  Jlx. Ixoiica [9, smm3on 10].
YnoMsHyTas  rigasa, 10  MHEHUIO Y. OKo,
«...00pa3yeT Majblii YHHBEPCYM, KOTOPBIH MOKHO
paccMaTpuBaTh C Pa3HbIX TOYECK 3PEHHs, U TOe OT

MMO3BOJISICT YUTATENI0 CaMOMY IPOKIAABIBATE cehe
MyTH, @ €ro MNEepeYUuThIBAHHE MOKHO HAYMHATH C
JM000ro MecTa TOYHO TaK K€, KaK MOXKHO BOWTH B
TOpoJ ¢ JIt0OOW CTOPOHBI U COCTaBUTH O HEM ApYroe
npeacraBiaeHue. B Takodl cuTyanuM  4uTaTteib
CTaHOBUTCS COTPYIHUKOM aBTOpa B JEJie CO3AAHUA
mpousBeneHus» [10, c. 80]. Amnammsupys npyroit
poman k. Jlxoiica, «Ilomunku no ®dunuerany»
(Finnegans Wake) [11], V.Dko no0Gasiser emé
HECKOJIbKO XapaKTEPUCTUK OTKpPBITOTO
MPOU3BEACHUS, MPHUMEHSIS K TEKCTy Metadopy
«...KOCMOCa, MCKPHBJIEHHOTO, 3aMKHYTOTO Ha cebe
camMoOM, T[I/le HayajgbHOE CJOBO COBNAJaeT C
KOHEYHBIM, HO KaK pa3 MO3TOMY NpOU3BEJIEHUE
CTaHOBHTCS OecnpeiebHBIM. .. OTta
OecrnpellesIbHOCTh  TaKKe  BBIpaXKaeTcs  4epes
LIEJOCTHYI0 MHOTO3HA4YHOCTb, B KOTOPOW HECKOJIBKO
Pa3IHYHBIX KOPHEH COYeTaroTCsS TaKUM 00pa3oM, ITo
OJIHO CJIOBO CTAaHOBHUTCS BMECTHJIMIIEM 3HAYEHUI,
KaXJ0€ U3 KOTOPBIX CTAJIKHUBAETCS U COOTHOCUTCS C
JPYTMMH CPEJOTOUMSAMU AJIIO3UH, B CBOK OYepeldb
OTKPBITHIMU ISl HOBBIX BapUAHTOB M BO3MO>KHOCTEM
npoutenusi» [10, c. 81].

Ho B cnywae c Jlx. JIxoiicoM B 4YacTu
BOCHIpUATUA, NTOHUMAHUA, ACIa 06CTO§IT JOBOJIBHO
HETMPOCTO: XOTS €ro NPOM3BEJNCHUS, BEPOATHO, W
SIBJIAOTCA WIITIOCTPAaTUBHBIMU npumMepamMmu
«OTKPBITBIX TPOU3BEICHUI», HO BIYMYHBOE UX
MPOYTEHIE €J[Ba JIM BO3MOXHO 0O€3 IMapajuIelbHOTO
YTEHUs] NOJCTPOYHBIX KOMMEHTApUEB  JIIOJEH,
KOTOpbIE CHELHAJIbHO 3aHUMAJIUCh HCCIIEIOBAaHUEM
TBOpYecTBa M Omorpaduu camoro aBropa. Ham xe
KaXeTcs Kyoa Oollee TPOCTBIM, JIETKOJOCTYITHBIM
JIISL BOCHIpUATHUA n JOCTAaTOYHO TMOMMYJIAPHBIM
CEroHs, MIpUMEDP JIpyroro «OTKPBITOTO
NPOM3BECHIUS», KOTOpPOE OOpeno IO-HACTOSIIEMY
r100aNbHBIA MacmTad U SBISETCS He3aBePIIEHHBIM
B CHUJIy TOT'O, YTO KM3Hb U MBINIJICHHUC Y€JIOBCUCCTBA
HE OCTaHaBJIMBAIOTCA HU Ha MTHOBeHME. Peub UIET O
npoekte Wikipedia.

ITo cyrn, Bukunenus — 3170 oauH U3 Hawmbolee
ro0anbHEIX TPOoeKToB B CeTH, pealn30BaHHBIX B
COOTBETCTBUU c KOHLENTOM «OTKPBITOTO
npousBenenus».  Kpome  Toro,  Bukunenus,
HECOMHEHHO — SIBJICHHE IOCTMOJEPHOE, M I Heé
XapaKTCpHbl TaKWC TIIPU3HAKU: CONPHUYACTHOCTD,
COaBTOPCTBO, BOBJICUEHHOCTD JIIOJIEM B CO3/aHHUE U
pelaKkTUPOBaHWE CTaTed; B IIEJIOM OECKOPBICTHOE

COIEUCTBHE MacCOBH3alMU 3HAHHS,
WJUTIOCTPATUBHOCTE; BceoOIas JIOCTYITHOCTb,
«IepNUTApU3alMs»  3HAHUS;  MHTEPAKTUBHOCTb,

JUHAMUYHOCTD B Pa3BUTUH U OOHOBJICHUU.

Kak Ol HE KpuTHKOBaNM Bukuiennto, KTo ObI
HU OOBUHsN ¢ B «HCHAyYHOCTH», OTCYTCTBHH
TyOWHBI, TWICTAHTCTBE, TEM HE MEHEe, Ha CEerOIHS
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3TO OOWH W3 Hamboiee
MPOCBETUTEIHCKHUX

BBIJAIOLINXCA HAYYHO-
TIPOEKTOB, Korga-muoo
CYIIECTBOBABIIMX B  KYJbTYpHOH  HCTOpPHH
yejoBeyecTBa. Mnes Buxumenmm serna Ha
OnarogaTHyo MOYBY nH(pOpMaMOHHO-
KOMMYHUKAIIMOHHBIX ~ TEXHOJIOTHH, KOTOpbIE H
MO3BOJIMIIM €l peaiu30BaThCcsi B TOM BCEMHPHOM
¢opmare,  KOTOpHIA  HaOMIOJaeTCs  CErojHs.
A. Ounpo, XK. ao’Amambep u Opyrue BEITUKHE
MPOCBETUTENH, HABEPHAKA, MEUYTaId O YEM-TO
MoJO00HOM, HO W TIPEACTaBUTH ceOe HE MOTIH, YTO
TaKue MacIITaosl MacCOBH3aINN 3HAHUH
JIOCTIDKAMBI B PEaIbHOCTH yike gepe3 250 et ¢ Toro
MOMEHTa, KaK BBIINIK B CBET TOMa UX
OHIUKIONEIUH.

Koneuno, Bukwumnenust He uieanbHa W, CTajlo
ObITh, HeE JMIIEHAa HEJOCTATKOB, TaKUX  Kak
HETOYHOCTH, HETOITBEPKACHHbIC HUCTOYHHKH
LUTUPOBaHKS, B OTICIBHBIX CIIydasX — HEHay4YHbIH
CTHJIb PAcCyKICHUHN, CyOBEKTUBU3M, SKCIIPECCUBHAS
OKpacka HEKOTOpBIX cTaTed, u mpounx. OmHAKO
OOJIBIIMHCTBO MAaTEPUATIOB, COCTABIISIONINX KOHTEHT
CBo0oHOM OHIUKIONEINH, BCE-TaKU
COOTBETCTBYIOT OOBEKTUBHON JEHCTBHTEIBHOCTH,
MMEIOT HayYHOe 0OOCHOBAHHE, U BCET1a MOTYT OBITH
HIepPETIPOBEPEHE, OCIIOPEHHI, TIEPECMOTPEHBHI,
UCIIpaBJEeHbl 110 WHHULIMATHBE HeOe3pa3InuHbIX
nojb3oBaTeneil. 37ech BaXKHO IOJYEPKHYTh, UYTO
Bukuneauss cooTBETCTBYeT 0OIIeMy IyXy OSIOXH
nocmmooepHa, B YaCTHOCTH, TaKUM acleKTaM e2o
U/ICOJIOTUH, KaK IOCTMAaTepUaIN3M, SKIEKTHYHOCTb,
THOPUIHOCTD, OOLIEOCTYIIHOCTh. Benp ymoMsHyTas
SHIUKIIONEANS SIBIISIETCSI GecrutaTHOH "
MOJMTUYECKH HEUTpalIbHOH (HE3aaHTaXHPOBAHHOW),
HE MPETEeHIyeT Ha KaKylo-TH0O0 OKOHYATEIHLHOCTh W
KaTerOpU4HOCTD CYXJICHHH, SIBIISIETCSI
penakTupyeMol M peryIspHO OOHOBISIEMOH, M He
HCKITIOYaeT BO3MOXKHOCTH oOpamratecs K
aNnbTepHATHBHBIM  HCTOYHHMKaM  (Goiee  ToOTO,
CCBUIaTCSI Ha HHMX U TpedyeT OT COaBTOpOB
COOTBETCTBYIOIIEH BepH(PUKALNU B BHJIE CCHUIOK Ha
NEepBOMCTOYHMKA  WJIM  HMHBIE  ABTOPUTETHBIE
WUCTOYHUKN).
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Conclusions
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nooxoovl x meopuecmgy (Kak K Tpoleccy) U
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mensiomces. COOTBETCTBEHHO, M UHTEIUICKTYalbHAsI
COOCTBEHHOCTh, OyAy4Yd JHIIb OpPraHU3alHOHHO-
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PE3YJIbTATOB TBOPYECTBA W MbBINIJICHUA, JOJDKHA
NIPETEPIETh COOTBETCTBYIOIKE U3MeHeHu. 1o Mepe
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TpaHcOpMaluK U JAHHBIA COLMAIBHBIAH UHCTHUTYT.
D710, B CBOKO O4Yepe[b, O3HAYACT, YTO BO3MONKHO
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TEHJAEHIIMA U3MEHEHUA OBFBEMOB JIEIIO3UTOB B MTHOCTPAHHOM BAJIIOTE U
JIPATOIEHHBIX METAJIJTAX B POCCUMCKAX BAHKAX

Annomayun. B ycnosusx necmabunvHocmu 6 OAHKOBCKOM CeKmope O0elamb HNpPOSHO3bl HA OdieKyr
nepcnekmugy He 00CmMAamoyHoO 3PHeKmueHo, maxk KaK 6HYymMpeHHUe U SHeUuHUe aKmopbl, OKA3bIEAIOWUE GIUSHUE
Ha opmuposanue 0eno3umHnozo puiHka 6 PD, mozym nepeuepkHyms 6ce aHAIUMUYECKUE 6bI600bI U PACUembl
POCCUUCKUX U  MENCOYHAPOOHbIX OKcnepmos. Hecmompss Ha 9mo, HaA polHKe OenO3UMHbIX — BKIAO08
NPOCAEAHCUBAIOMCS ONPedeNeHHble MEeHOeHYUlU, U MONCHO NpPOCIeoums K 4eMmy OHU npugedym 6 Onudcaviuem
o6yoywem. B cmamve paccmompenvi mMeHOeHYUU U3MEHEHUss 00beMo8 0eno3umos 8 UHOCMPAHHOU eaniome U
OpazoyenHbix Memaunax 6 Poccutickux Kpeoumnvix opeanu3ayusix.

Knrouesvte cnosa: Brnao, Oenozum, OaHK, OenediCHvle Cpeocmed, UHOCMPAHHAS 8An0mMd, OpAa2OyeHHble
Memannl.

Introduction - YuCcTKa OaHKOBCKOTO cekTtopa bankom Poccrm
B uemom Ham poccHiCKOM 3IKOHOMUKOM B U €€ NPOJI0JDKEHHUE;
JTaHHBII MOMEHT BpEMEHHU npeodagaet - pe3epBbl ATEHTCTBA 110 CTPAXOBAHUIO BKJIAJIOB
HecTabuILHas reOIOIUTHYECKAs 00CTaHOBKa, Y MX BO3MOXKHOE HCUEPIIaHHE;
IIO3TOMY aKTyaJbHO IIPOBEICHUE WCCIENOBAHUS C - BOJATWIBHOCTH pyOns u monbiTku L[ P®D
LENbI0 IPOCIEKUBAHUS HU3MEHEHUS CHUTyallud Ha yaepxkats ero kypce.[1, c. 220]
POCCHIICKOM PBIHKE AETIO3UTHBIX IPOAYKTOB.
Bonemioe  BiamsHMe  Ha  (hOPMHPOBAHHUE Materials and Methods
JIeno3uTHOro pelHKa B Poccuiickoit ®exnepanuun
OKa3BIBAIOT MHOTOYHCIICHHBIE BHCIITHIE i C yuyeToM BIUSHUSI Ha PBIHOK JIEMO3UTHBIX
BHYTPECHHHUE (PAKTOPHI: NPOIYKTOB M  YCIYI, PAacCMOTPUM HM3MEHEHHs
- MPUCOEANHEHNE HOBOTO PErMOHa U Pa3BUTHE MPOUCXOJAIIAE HAa PBIHKE BKJIAJOB(JICIIO3UTOB)
0aHKOBCKOI1 cucteMsl B Kppimy; (hU3MYECKUX JIVII, TIPEICTABICHHBIC Ha PUCYHKE 1.

- CAaHKIOWKU 3anaja IO OTHOUWICHHMI K piagy
TOCYTapCTBEHHBIX q)HHaHCOBBIX UHCTUTYTOB H HUX
BO3MOKXHO€ YKECTOUYCHUC,
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Pucynok 1 - Tenaenuusi 00eM0B cpecTB

Hcxons w3 naHHBIX OTOOpaXEHHBIX Ha puC. 1,
MOJKHO C/ENAaTh BBIBOJ, YTO IO 0OBEMY CPEJICTB Ha
cueTax B KPEOUTHBIX HMHCTHTYTaX, Hambolee
MPEAMOYTUTEILHBIM ~ BAPHAHTOM JUISl  HACEJICHUS
SIBISIETCSI BJIOYKEHHSI CPEACTB B pyOusix. Ha wawaio
2014 ronma BKIAIBI(IEIO3UTHI) B PYOIISTX COCTABIILIN
14,8 TpnH. py0., a 10N CpPEACTB B MHOCTPAHHOW
BalOTe cocraBwia 2,1 TpaH. py0., 9TO B 0OIIEM
o0beme cpe/cTB paBHsUIOCH 16,9 TpiH. py6. Ha mapr
2015 roma memo3uTHas 0Oasza B pyOJIiX COCTaBHJIA
14,5 TpnH. py6., HO IPUPOCT B MHOCTPAHHOU BAIIIOTE
ObL1 BhIIIE yeM Ha Hayano 2014 rona, u cocraBui 4,7
TpaH. py0., B 06mmem obwveme 19,2 tpuu. pyob. [4, c.
45]

TeHmeHnuss pocTa BKIAAOB B pPYyOIsIX w
WHOCTPaHHOU BaloTe, coxpaHuiaack u B 2016 roxy,
Korma B (eBpane OblIa TOCTUTHYTA MaKCHUMallbHas

HaceJIeHHsl HA 0aHKOBCKHUX cUYeTax

oTMeTKa obmero obbema B 22,9 TpinH. pyo., mpu
9TOM BKJIaJBl B pyOIax cocTaBmwin 16 TpiH. py0., a B
WHOCTPaHHOH BaJIFOTE W IParoleHHBIX MeTamiax 6,9
TpiH. py0. DTO CBHIETENBCTBYeT 00 HMHTEpece M
JOBEpUH HaceleHWs OaHKaM B XPaHCHHH CBOMX
coepexennid. CTOUT OTMETUTD, YTO Ha NMPOTHKCHUH
HCCIIeyeMOTO MIEpHOa BPEMEHU B IIEJIOM, IPUPOCT
BKJIaJIOB (JICTIO3MTOB) B HMHOCTPaHHOW BallOTEe U
JAparoucHHbIX MeTai1ax YBEJIUYUBAJICA
3HAYUTECIIbHO, B TO BPEMS Kak 06’I>eMI)I CpC€ACTB B
pyOIsiX ocTaBajHMCh Ha cTaOHIBHOM ypoBHE. [5, c.
35]

PaccMoTpuM  CTpYKTYypy CpeICTB  BKJIAJOB
(memo3uToB) (U3MYECKHX JHI B  KPEIUTHBIX
MHCTUTYTaX, B PD, OTKpbIBacMbIX B MHOCTPAHHOM
BaIIOTE W JParoleHHBIX METAJIAX, IPECTABICHHOM
Ha pUCYHKE 2.
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Bc eocTpedoBaHnA

PucyHnok 2 — CTpykTypa BKJIJA0B (1€N03UTOB) HacejieHUsl B Poccuiickux 0aHKax 0TKpbIBaeMbIX B
HHOCTPAHHOM BAJIOTE U IPArOleHHbIX MeTaJLIaXx.

I[lo mnpeacraBieHHBIM JaHHBIM Ha pHC. 2,
MOXXHO OTMETUTh, 4TO Ha nepuox c¢ 2010 roma mo
0216 Ttom, Oomee 50% BKIAZOB (JICTTO3WTOB) B
WHOCTPAHHOH BaJIFOTE OTKPBIBACTCA Ha CPOK OT 1
roga no 3-x user. Ilpuuem B 2014 romy »TOT
nokazatenb Joctur oTMeTku B 60%. Ilepuon ¢ 2015
no 2016 rr. xapakTepusyercsi CHIKEHHEM o0bema
CpPelICTB Ha JETNO3WTHBIX cueTax mmodtd Ha 9%.
BTopoe MecTo mo BenuunHE BKIAA0B (JEMO3UTOB) Ha
cuetax B OaHKax, 3aHMMAaeT BIIOKCHHUS CPEICTB
(u3nyeckuMu JuraMu Ha cpok oT 181 mas mo 1
roga. B 2010 romy 3TOT mnokazaTesib COCTaBIISI
20,7% ot obmero oobeMa BKJIaI0B, Mocieayromue 4
rona cHwkainca a0 13%.onnako B 2015 romy oH
noctur nokasareneit 2010 roga, a B 2016 rogy u
BOBCe BbIpOC No4TH Ha 11% mo cpaBHenuro c¢ 2015
rogom. [6, c. 200]

Takxe, MOXHO OTMETUTh, YTO (huU3HIECKHE
WA TPOSIBISUIA WHTEpEeC K OTKPBITHUIO BKIIAja
(memo3uTta) Ha CpOK cBbIie 3-X JieT. JlaHHBII
rmokasarenb, HaunHasg ¢ 2011 mo 2013 rr. crabuiasHo
coctaBisi nmpumMepHo 13% B oO0IIel COBOKYITHOCTH
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Conclusion

Takum 00pa3om, HECMOTPSI HA HECTAOMILHOCTh
pa3BUTHsI OAHKOBCKOTO CEKTOpPa, BKIAIBI (JIETIO3HUTHI)
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TOJB3YIOTCS Yy HAceJeHHWs JOCTATOYHO OOJIBIINM
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«Theoretical & Applied Science» - MexIyHapoIHbIH HAYYHBIH KYPHAJ 3apETHCTPUPOBAHHBIN Bo DpaHIuy,
W BBHIXOOAMMA B Qopmare MeXIyHaApOIHBIX HaydHO-TIPAaKTHIESCKUX HHTEpHET KoH(epeHmmid. KonbepeHmn
MPOBOISTCS exeMecssqHO — 30 Yucna B pa3HbIX FOpoJax M CTpaHax.

IpenpuHT XypHana nMyOJIMKyeTcs Ha caiiTe 3a JeHb 10 KOH(pepeHuuu. Bee jxenamoiune MOryT y4acTBOBaTh B
"OOMeHe MHEHHSMU'" 110 MIPEACTABICHHBIM CTaThsIM.

Bce momaHHble aBTOpaMHM CTaThM B TEYCHHH 1-ro OHs pasMmernarorcst Ha caiite http://T-Science.org.
[eyaTHbIii 3K3EMIUTAP PACcCHUIACTCS ABTOPaM B TeueHUe 2-4 JHEH, cpa3y Mmoclie MPOBEACHUS KOHDEPEHIINH.

UmnakT dpakTop XKypHana

Im pact Factor 2013 2014 2015 2016
Impact Factor JIF 1.500
Impact Factor ISRA (India) 1.344
basedcn Incrnatonal cnatonepercicry | 0-307 | 0.829
Impact Factor GIF (Australia) 0.356 | 0.453 | 0.564
Impact Factor SIS (USA) 0.438 | 0.912
Impact Factor PUHI (Russia) 0.179 0.234
Eovkson . rasan Cration Report (ECR) 1.042 | 1.950 | 3.860
Impact Factor SJIF (Morocco) 2.031
Impact Factor ICV (Poland) 6.630
Impact Factor PIF (India) 1.619 1.940
Impact Factor I1BI (India) 4.260
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