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1. Introduction

Safety and efficiency are the two primary goals of transportation enginering. The effort
that public agencies put into reducing traffic accidents is highly justifiable. Traffic
accidents place a huge financial burden on society. Two major factors usually play an
important role in traffic accident occurrence. The first related to the driver, and the
second related to the roadway design. (Miaou and Lum, 1993). Miaou (1994) studied
the relationship between highway geometric and accidents using Negative Binomial
regression. In this study, Miaou evaluated the performance of the Poisson regression,
zero-inflated Poisson regression, and Negative Binomial regression. Ivan and O'Mara
(1997) applied Poisson regression for the prediction of traffic accidents using the
Connecticut Department of Transportation's accident data. Results of the model suggest
that the posted speed limit, the annual average daily traffic of the highway are critical
accident prediction variables leading to the conclusion that the Poisson regression
model is preferred than the linear regression model. Shankar et al. (1995) used both the
Poisson and Negative Binomial distributions (Poisson when the data was not
significantly over dispersed and negative binomial when it was) to evaluate the effects
of roadway geometrics and environmental factors on rural accident frequency in
Washington State. Agent and Deen (1975) attempted to identify high-accident locations
with respect to the functional type and geometry of the highway, using accident and
volume data from rural highways in Kentucky collected from 1970 through 1972.
Milton and Mannering (1996) found that narrow shoulder width, sharp horizontal curve,
reduced lane width and high volume of traffic all have a potential effect on increasing
accident frequency. Knuiman et al. (1993) studied the effect of median width on
accident rates using a Negative Binomial regression model. For a median without
barrier, they found that the accident rate declines rapidly when median width exceeded
about 7.6m. (25ft). Decreasing trend seemed to become level at median widths of
approximately 18.9-24.4 m (60-80 ft). (McGee et al., 1995). (Ivan et al., 1999)
specifically that single vehicle and multi-vehicle highway crashes occur under markedly
different circumstances with respect to traffic volume, light and roadway conditions.
Persaud and Mucsi (1995) found that the effect of daylight conditions is different for
single-vehicle and multi-vehicle crashes. For single-vehicle crashes, the potential is
higher at night, whereas for multi-vehicle crashes the opposite is the case. Joshua and
Garber (1990) studied the relationship between highway geometric factors and truck
accidents in Virginia using both linear and Poisson regression models. Miaou et al.,



24 TABUI'bINA NJINMIEP KYPHAJIbI
Ercan OZGAN

(1992) used a Poisson regression model to establish the empirical relationship between
truck accidents and highway geometric on a rural interstate in North Carolina.

In Turkey, among sub-system of transportation, the use of highway is 95 % whereas the
use of railway, airway and maritime lines transportation is 5 % combined. General
Police Headquarters, (2001). In accordance with the high rate of highway transportation
use, thousands of accidents occur in Turkey each year. Because of these accidents,
hundreds of people dying, injuring or become disabled; also resulting in big financial
loses. The relatives of the people who are involved in the accidents also affected
financially and spiritually. Therefore traffic accidents have become a great problem in
our country that need to solve. Traffic accidents occur in accordance with many
including man, the car and the highway (Ozgan, 2003). Traffic accidents results
between 1997 and 2001 years determined two categories in city and interurban
highways in Turkey (Table 1, 2 and 3).

Table 1. Traffic accident results in cities between 1997 and 2001 in Turkey.

Ratio

Years 1997 1998 1999 2000 2001 Total (%)
(]

Number of accident 332358  |375824 (377330 |404167 (363528 1853207 {100.0

Number of mortal

. 1836 1626 1426 1386 1154 7428 0.401
accidents
Number of injured

. 39251 40868 40989 45153 40150 206411 11.138
accident

Number of financial

. 291271 333330 334915  [357628 322224 1639368 |88.461
damage accidents

Number of dead 2197 1847 1682 1542 1309 8577 0.463

Number of injured 59979 63254 62276 71635 62690 319834 17.258

It can see from the table that between 1997 and 2001 years, the financial damaging
accident percentage in city is 88.461 %, injuring accidents are 11.138 % and mortal
accidents are 0.401 %. The ratio of total injured number to total accident number is
17.258 %. The ratio of total number of dead to total accident number is 0.463 %.

Table 2. Traffic accident results on inter 8-0.01890345982 -0.03780691964 urban
highways between 1997 and 2001 years in Turkey.

Years 1997 | 1998 | 1999 | 2000 | 2001 | Total l}‘,a/?)o
Number of accident 55175 |64325 61008 (62218 45879 |288605 (100.0
INumber of accidents causing death 2027 2072 1869 1608 1158 8734 3.026

INumber of accidents causing injures 20145 20679 19231 |17142 (12698 |89895 [31.148

Number of accidents causing financial

33003 |41574 |39908 |43468 32023 (189976 (65.826
damage

INumber of dead 2984 3088  [2914  |2399 1645 13030 [4.515

Number of injured 46167 (51298 47623 44242 (31807 |221137 [76.623
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It can see from the table that between 1997 and 2001 years the financial damaging
accidents percentage in interurban highways are 65.826 %, injuring accidents are
31.148 % and mortal accidents are 3.026 %. The ratio of total injured numbers to total
accident numbers are 76.623 %. The ratio of total number dead to total accident number
is 4.515%. The results of accidents in city and interurban highways compared with
together and given (Table 3).

Table 3. Comparison traffic accidents results in city and interurban highways in Turkey.

. On
Results of the accidents I n city interurban Results
highways .
highways
The ratio of financial The number of financial damage accidents in
damage accidents to total 88 66 cities more than interurban highway’ about
accidents (%) 1.33 times.
The ratio of injuring Injuring accidents occurred on interurban
accidents to total 11 3** highway more than injuring accidents in cities
accidents (%) about 2.81 times.
Ratio of the number of The number of accidents caused death on
accidents causing death to 0.4 3k interurban highway more than in cities’ about
the total accidents (%) 7.5 times.
The ratio of the total The number of accidents caused injured on
injured number to total 17 TTH* interurban highway more than in cities’ about
accidents number (%) 4.52 times.
The nun}bers of total s The number of dead on interurban highway is
dead ratio to the number 0.4 4.5 L .
. more than in cities about 11.25 times.
of total accidents are (%).

It can see clearly from the table that interurban highways more dangerous than in cities’
highways in Turkey.

The methods, using to determine the risky and dangerous section on highways are
Gamgam Z. (2000);

e The Number of Accident Method,

e The Ratio of the Accident Method,

e The Number-Ratio Method,

e The Number Quality Control Method,
o The Ratio Quality Controll Methods

In these methods, distribution of the accidents according to kilometre determines from
traffic accident reports and the risky and dangerous section establishs according to these
datas. But, geometric properties of the way, environmantel conditions, highway’
conditions, field of vision conditions at night and in the daytime, conditions of the sign
of the traffic and signboard properties not to take into consideration in these methods.
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In this study, the number of traffic accidents accordance to kilometre and geometrical
properties of the highway, environmental conditions, highway conditions, field of vision
conditions at night and in the daytime, conditions of the sign of the traffic and signboard
take into consideration. These characteristic affect the accidents directly. So that, taking
into consideration the risky and dangerous sections tried to determine for the highway.
For this aim D100/22 State highway selected as a working route. The highway factor
studied in details and an analysis performed on 22™ part of the D100 State highway.
The risky kilometres on the 22™ part of the D100 State highway determined and
accident risky of this highway measured.

2. Material and Method

2.1. Material

This study conducted in two parts. In the first part, D100/22 State highway section
examined. This highway section’s length is 44 km, number of accidents 134, injured

persons are 253 and dead person are 10, which starts from Tokat province boundary to
D865/03 State highway section on the way to Sebinkarahisar (Figure 1 and Figure 2).

Junction at Junction at
the 8.km. the 20. km. D100/22

\ 1 State Highway

Figurel. Location of the Sivas in TURKEY
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Figure 2. Lolcation of the D100/22 State highway section in Sivas

Generally characteristic of the D100/22 State highway are; average lane width is 3.50m,
shoulder width 1.50m, platform width 10m, maximum gradient in bend between 8 and
10 %, maximum profile’ gradient between 4-9 % and width’ gradient changes between
2-4 %. Minimum horizontal bend’ radius is 250m and this land is wavy in generally.
This route has influenced by terrestrial climate. There is thick snow and covered with
ice on highway’ surface in the winter. Annual Average Daily Traffic (AADT) for
D100/22 highway sections given (Table 4).

Table 4. AADT of D100/22 state highway based upon years.

Years Car Bus Truck Trailer Hﬁzg) t(l")l/:;k Total

1999 895 215 911 117 58,13 2138

2000 1006 129 681 39 45,76 1855

2001 754 125 548 61 49,32 1488

2002 894 129 623 151 50,25 1797

Total 3549 598 2763 368 51,23 7278
2.2. Method

In this study, “Highway Accident Risk™ obtained from the studies done in two different
processes. In the first processes, accident reports for the traffic accidents which occurred
on the 22" parts of the Sivas province city boundary on D100 State highway between
1999 and 2002 used. Accidents that occurred on each kilometre determined according to
the official traffic reports. The number of accidents that occurred in each kilometre and
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the number of dead and injured people are shown in Table 2. Apart from that, a “Risk
Evaluation Score” developed for each kilometre of the highway by giving “1” point for
the number of the accidents, “2” points for injured people and “3” points for fatalities in
each kilometre. Accidents results related to D100/22 highway section between 1999-
2002 years showed a table (Table 8).

Table 8. Accidents occurred on D100/22 highway section between 1999-2002 years.

The number of accidents and the The number of accidents and the
condition of the victims condition of the victims
2 2 8 o 2 2 2 2 o 8
= = = of s = = = of s
s |2 | 2g =2 B| 8 2|2 | 2§ 2 3| 8
518188 8| §| 2| 8 818 (184 g| B 2| ¢
< < S — ] = @ < m S — < 51 = 2
S %S =.8 3 > ) = o o =8 B > e =
S) - S g °©%5 ° b b 154 © = S g °©'g ° b b 154
4] = 2 E 4] % o — — "g 4] = 4] S 4] § o — — "g
7] O3 ©.FH ©¢c < o o 3 7] o 3 L.-H O g < o o =
o | 28 o8 <& E 9 RS = o| 28 o8 <.&§ € 9 9 2
E| 84 Eol Eo 2 g g s E| Egl Eol Eo 2 g g s
Sl 2y 2y 2 £ E} E} % E} E} = = E} =} 5
E| 28 2.8 .8 = ] ] gl 28 g8 &8 = s g
2l 232328 B 2| 2| 2| 2| 28z2dz2g B3| 2| 2|2
Ml ES ESES = = = & M| ES F§ F§ = = [ -
1 1 1 2 2 2 1 12 24 - 1 1 1 - 1
2 - 1 1 1 - 1 3 25 - 1 3 3 - 2
3 - - 1 1 - - 1 26 - 2 3 3 - 9 21
5 - 2 3 3 - 5 13 27 - 1 3 3 - 1 5
6 1 5 8 8 2 12 39 28 - 2 3 3 - 10 23
7 - - 1 1 - - 1 29 - 1 3 3 - 1 5
8 - 3 4 4 - 15 34 30 1 2 3 3 1 5 16
9 - 2 5 5 - 7 19 31 - 2 2 2 - 9 21
10 - 2 4 4 - 4 12 32 1 3 4 4 1 22 52
11 - 2 3 3 - 5 13 33 1 8 9 9 1 19 51
12 - 2 5 5 - 2 9 34 - 1 3 3 - 8 20
13 - 2 2 2 - 4 10 35 - 2 3 3 - 3 9
14 - 2 2 2 - 5 12 36 - 2 3 3 - 9 22
15 - 7 7 7 - 17 41 37 - - 1 1 - - 1
16 - 2 8 8 - 4 16 38 1 1 2 2 1 5 15
17 - 2 3 3 - 7 17 39 - 1 1 1 - 4 9
18 - 1 1 1 - 1 3 40 - 2 2 2 - 10 22
19 1 1 2 2 1 3 11 41 - - - - - -
20 1 3 11 11 1 16 46 42 - - - - - -
21 - 2 3 3 - 4 11 43 - - 1 1 - - 1
22 - 6 7 7 - 22 51 44 - - - - - -
23 - - 1 1 - - 1
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In the second part of the study, observations, controls and topographic measurements on
highway sections in day-time and night-time conditions collected from the accident
reports for four years time period under consideration. In these controls and topographic
measurements, characteristics such as the width of the highway, width of the presence
of a banquette, inclination in the road, width of the road, length of the straight lane,
condition of the curves and their internal inclination, subordinate correction roads,
condition of horizontal and vertical traffic sign, whether these sings were in the correct
place or not, night and day time vision conditions, type of the coating and its surface
condition, driving comfort, position of the barriers, use of the land and environmental
conditions, whether there are climbing lane or not, position of the landslide, drainage
conditions of the highway, fuel-oil stations and resting areas were all subject to scoring.
For each characteristics listed above, present or suitable ones given “0” points, lacking
or inadequate ones given “0,5” points and non-existing ones given “1” points.

This “Risk Evaluation Score” (RES) calculated for each kilometre on this highway. By
adding the “Highway Risk Evaluation Score” (HRES) which is obtained from the
number of the accidents, the number injured and dead people for each kilometre to the
“HRES” which obtained according to all characteristics of the highway, the “Total Risk
Evaluation Score” calculated. “RES” which obtained in accordance with the positions
of the traffic accidents that occured on each kilometre of the 22™ section of the D100
State highway between 1999 and 2002 years. By the risk evaluation scores that obtained
for each km of D100/22 highway section collected to be meaningfully 5 categories and
it coded from 1 to 5 Frequency scatter and percentage of the risk scores showed
(Table9).

Table 9. The frequency & scatter percentage of risk scores for D100-22 highway section.

o o
> > > >
[3) -5 [3) R
5 g gl £ S g gl £g
=] = 5] - O 2 o =] = o = 0O 20
S E | 2| BRI 5| B B OG5 &2
> 3 & > & O A > 3 & > & O &
.00 4 9.1 9.1 9.1 19.00 1 2.3 2.3 70.5
1.00 5 11.4 11.4 20.5 20.00 1 2.3 2.3 72.7
3.00 3 6.8 6.8 273 21.00 2 4.5 4.5 77.3
5.00 2 4.5 4.5 31.8 22.00 2 4.5 4.5 81.8
7.00 1 2.3 2.3 34.1 23.00 1 2.3 2.3 84.1
9.00 3 6.8 6.8 40.9 34.00 1 2.3 2.3 86.4
10.00 1 2.3 2.3 432 39.00 1 2.3 2.3 88.6
11.00 2 4.5 4.5 47.7 41.00 1 2.3 2.3 90.9
12.00 3 6.8 6.8 54.5 46.00 1 2.3 2.3 93.2
13.00 2 4.5 4.5 59.1 51.00 2 4.5 4.5 97.7
15.00 1 2.3 2.3 61.4 52.00 1 2.3 2.3 100.0
16.00 2 4.5 4.5 65.9
17.00 1 2.3 2.3 68.2 Total 44 100.0 100.0
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Risk scores groped 5 categories and coded as 1,2,3,4 and 5. The risk score limits for
each one code number showed a table (Table 10).

Table 10. Risk score limits for coded numbers.

Risk scores limits Corresponding code number
Between 0-10,9

Between 11-21,9
Between 22-32,9
Between 33-43,9
Between 44-54,9 5

The risk scores upon the km and coded datas given a table (Table 11).

Al —

Table 11. Risk scores and coded dates for each km on D100-22 highway section.

T L o I P el P | e
score group score group score group
1 12 2 17 17 2 29 5 1
2 3 1 18 3 1 30 16 2
3 1 19 11 2 31 21 2
4 0 1 20 46 5 32 52 5
5 13 2 21 11 2 33 51 5
6 39 4 22 51 5 34 20 2
7 1 1 19 11 2 35 9 1
8 34 4 20 46 5 36 22 3
9 19 2 21 11 2 37 1 1
10 12 2 22 51 5 38 15 2
11 13 2 23 1 1 39 9 1
12 9 1 24 3 1 40 22 3
13 10 1 25 7 1 41 0 1
14 12 2 26 21 2 42 0 1
15 41 4 27 5 1 43 1 1
16 16 2 28 23 3 44 0 1

According to the coded numbers, the dangerous situation for each km exanimated and
the results given a table (Table 12).

Table 12. Risky state and coded numbers for each kilometre.

Coded | Numbe

0, .
numbers| r of km % Kilometres Results

2,3,4,7,12,13, 18, 23,24, 25,

! 19 4 27,29, 35,37, 39, 41, 42, 43, 44 Less dangerous km
1,5,9,10, 11, 14, 16, 17, .
2 15 34 19.21.26.30. 31,34, 38 Little dangerous km
3 3 6 28, 36, 40 Dangerous km
3 6 6,8, 15, High dangerous km

5 4 9 20,22, 32, 33, Highest dangerous km
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As a result, number of the less dangerous km is 20", the little dangerous km is 15™,
dangerous km is 3™, high dangerous km is 3" and the highest dangerous km is 4™. The
percentage and dangerous situation for each coded number is about 45 % all of the
highway section is “less dangerous”, about 34 % is little dangerous, about 6 % is
dangerous, about 6 % is high dangerous and about 9 % is the highest dangerous.

Conclusions

The number of financial damage accidents in cities more than interurban highway’
about 1.33 times. Injuring accidents occurred on interurban highway more than injuring
accidents in cities about 2.81 times. The number of accidents caused death on interurban
highway more than in cities’ about 7.5 times. The number of accidents caused injured
on interurban highway more than in cities’ about 4.52 times. The number of dead on
interurban highway is more than in cities about 11.25 times in Turkey.

The percentage of the less dangerous km for D100-22 state highway is about 43 %,
percentage of the little dangerous km is about 34 %, percentage of the dangerous km is
about 6.8 %, percentage of the high dangerous km is about 6.8 % and percentage of the
highest dangerous km is about 9 %.

Traffic accidents report, environmental conditions and highway geometric characteristic
must be taken into consideration to determination the risky and dangerous section on
interurban highway. In this way all of the effects caused traffic accidents would have
taken into consideration.
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OPTIMUM CONTROL IN THE PROBLEM OF
MINIMIZATION OF HARMFUL IMPURITIES IN THE
ATMOSPHERE BY PONTRYAGIN’S MAXIMUM
PRINCIPLE AND SPHERICAL HARMONICS METHOD

Prof. Dr. R.R. RAFATOV
Kyrgyz-Turkish University "Manas", Bishkek, Kyrgyzstan

Protection of the environment from the industrial pollution is one of the most actual
problems of modern science and engineering. This paper is devoted to the investigation
of the problem, related to the disposition of industrial objects, which provides the
minimal pollution of nearby economically important objects. It is supposed that all of
the industrial objects in the given region throw out respective quantities of the harmful
impurity in the atmosphere. The problem consist of the determining for each of the
industrial object of such admissible amount of harmful impurity, which provide the
minimum for the integral of their squares. At the same time, the density of the harmful
particles must be as much as possible close, on the average, to the sanitary allowable
norms.

1. Statement of the problem

Consider the area G of n—dimensional space R" \with a border I', which has a form of
cylinder with bases T';, T, and lateral surface T',. We assume that r industrial objects

are located in the points x' = (x],X},...,X}) i=1,2,...,r of G, and throw out

D (t) R (i = l,2,...,r) harmful impurities in the atmosphere. As a result, we come to the
following problem setting [1].

It is given the integro-differential equation of the pollution matter diffusion of the r
industrial objects,

n— 162 aZl//
—+ dy + t - =
P~ Perady + oyt x,6) - "Za . axj .

= ip,-(t)é(x—x")cf( (5’)+ j@(z %0, 8w, x,8hdoy.

Here, y/(t,x,b’) is a concentration of the impurity particles located in the point

x =(x,,x,,..,x,) at the moment ¢ and having a velocity b’:(vl,vz,,__,vn),
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(81// oy Oy

—) is a vector-gradient, 9:(\/1,\/2,...,\/”)69— is a

rady = (——,——,...,
sraay Ox, Ox,  Ox,

. o . .. OV,
velocity vector, satisfying to the continuity condition div(g) = Z L=0,and v,=0
i=1 i

at x, =0 and x, = H , thatison Iy and I',, (I'y and I',, are the bases of the n —

dimensional cylinder G), Q is a sphere of unit radius in R, described by the equation

Z\/iz =1, o, A are the positive constants describing the medium G < R" where
i=1

harmful impurities diffuse, 77, £ are the coefficients of a "horizontal" and "vertical"
turbulent exchange. x = (x;,x,,...,X,) is a spatial point of the area G, @(t, X, V, V)
is the function describing dispersion of the harmful impurity particles,
S(x—x,), &(v—v,) are the Dirak’s & -functions, m(Q2) is the area of the surface of

a unit sphere Q in R" [2]:

m(Q)_z(‘/_) I'(&) = j"ﬁ 'dt .
ry)

0

The non-stationary integro-differential equation (1.1) must be supplemented with the
boundary conditions

w(t,x,0)

0
t<0 ZWO ()C, 8)7 (% - aW) F0><Q= O, (12)

n

oy
Oox

n

L0=0, vt b)a=0 a R<o, (1.3)

where # is a normal unit vector to the external side of surface T of the cylinder G.

Factor & in the condition (1.2), in the case of three-dimensional space R? ,
characterizes a probability of the substances, laid-down to the ground surface, to get
back into the atmosphere. Condition (1.3), in the case of n = 3, means that the particles
which leave the domain G, do not return back into the this area.

The problem is to find such functions p,(¢), (i =1,2,...,7), on which the functional

o= Y B[ p} it + [dG[ly (T x.8) (v B d2 (14
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reach the least possible value. Here (//(t,x,L';) is the solution of the problem (1.1) -
(13), T> 0 is defined, y,(x,5) is the known function from W, °[GxQ)],
B, = const >0, (i = 1,2,...,r)-

Admissible controls are the various functions p = (pl, Daseees pr) from L [O, T ] The
control p = ( Pis Pas s D, ), which gives the solution of the considered problem, will
be called the optimal and denoted by po = (plo R pg yeees p,(.) )

2. Optimality Conditions

To determine the optimality conditions, we give some admissible increment A p = (A,

A, ..., Apr) of the control p and denote by Ay the corresponding increment of the

function l//(t , X, V). It is obvious that the function Al//(t,x,v) is the solution of the
boundary-value problem [2]

2

oy + ggradAl// + aAl//(t,x,B) —nViAy =& 0 A;// =

ot 0z (21)
= Ap, ()5 (x - x,)5(8 - 8) + A j O, x,5,8 Ay (t,x,5)d.

mQ)

Al//t<0:O7 (aAl//_aAlr//jFxQ 0,
B Ox, ‘
AM raa=0 at (8,19) <0, Ay ra=0 (2.2)

ox

n

By the direct calculations we find that the functional J [p] (see (1.4)) has the increment

MIp1= Y 5| [ 20,009, 0t + j[Ap,.(t)]zdt} .

+2[dG[[y(T.x.8) -y, OWy T x. a0+ [dG [[Ap (T x.B)] dcr.
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Let's consider the arbitrary function (D(t, X, v) € WZO’I’O. Then, obviously that the next
equality takes a place,

IdtJ.dGI(D(t X t)o){+19gmdl//+m// U"Zl‘gzz _5 2

Vl

S ; WA , -
_Z p.(O)S(x—x)5E -8 )—@ i@(t,x, 8.8 (t,x,5)d0 }dQ -0.

Denoting the left hand side of this equality by A[(D, p] , we obtain

(Dp] jdtjdGI@(txg){+19gradw+aw 77”21:62 _5 -

2 2
o oy
r ) ) y)
- p05(x—xV6BE- Y-~ [0, x,8,8 )W, x,8)d [da = 0.
INAOLCEESLCRED m(@)i %88 (1%,
Integrating by parts, we transform the equality (2.4) to the form of
T
[dG Ap(Tx. BT 2. D)2 + [ e dGf Ayrta.x. ) x
g Q 0 G Q
LD 0D )
x{—a—ggmdDJro@ nZ—i— gj— (Q)IG(t xﬁg)q)(txg)dQ} -

o ot o flon-{a% o

i=1 o
+jdtdeL e ;?J— rj /,{(D aang/ —szj}rza

Here 19;2) is a projection of the vector 1[/) to the unit vector # .

Up to now (D(t , X,V ) was the arbitrary function from W20,1,0 ([O,T ]x G x Q). Let's
define it now as a generalized solution of the boundary-value problem
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i%) + Egmdd) -od(t, x, g) + Iyg 66:? +& 86;(51) + 06
+ m(ﬁQ) i @, x, b, By, x,6)dQ’ = 0
[ZCCI:—&(DJ =0, S;D =0, @ 0=0 ar (ER)20
O(T,x,8) = 2w (T.x.0) -y, (x.5)]. @.7)

Taking into account (2.1), (2.2), (2.6), and (2.7), the equality (2.5) can be simplified.
Namely, the second term at the left side in (2.5) vanishes due to (2.6). Because of the
third equality from conditions (2.2) and the second of the conditions (2.7), and since

cos(h),xl) = cos(ﬁ),xz) =..= cos(ﬁ),xn_l) =0 and gg =0onI and I,
T
[at]dr [ apwda=0.
0 r Q

By virtue of the second condition in (2.2) and first of the conditions in (2.7), we have

T Ay ov ). .
!dtrj;dl“iv{(b A )

In view of the last condition from (2.2) and a penultimate condition from (2.7), the
equation (2.5) takes the form of

2[dG[ Ap(T 2 DT 2.8 —p (' D i + ijAp (O, x', 5t = 0.

J=1 0

From this, by virtue of the last condition from (2.7), it follows that the increment
AT [p] of the minimized functional from (2.3) is transformed to the form of

Mp1= X[ 49,028,005 8 i+

. (2.8)
+ 24 [, T di+ [dG[[Aw (T, 8] do.
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Now, applying a technique of the work [3], the following theorem can be proved.
Theorem (principle of the maximum). Necessary and enough condition of optimality of
the admissible control po = (plo peres pf ) and corresponding to it solution of the
boundary-value problem (1.1) - (1.3) is a satisfying by the functions

Hy(®(t, x',0" ) wp)=pi @(tx' ,v') - Bipd, i=1,....r (2.9)
of the conditions

i i:w spi =maxki; i9‘~|js isi: seees Iy .
Hi(@.",y’,p:") Hi(®.°,y°,P), i=1 (2.10)

where (I)? = q)o(t, x', vi), (i = 1,2,...,r) is the solution to the boundary-value
problem (2.6) - (2.7) subject to ¥ =/ ,,.

3. Construction of optimal control

For the optimal control construction, first we assume, that no restrictions are imposed
on the domain of admissible control parameters. Then it follows from (2.9), (14) that

optimal control po = (plo yeers pf ) must satisfy the conditions

pi(t)zzlﬁcl)(t,xi,z)pi), i=1,..r G.1)

Thus, the problem of construction of optimal control is reduced to the determining of
P’ =(pY.p?), ' and ®° from the equations (1.1) - (1.3), (2.1), (2.2) and (2.6),
2.7).

For the simplicity of reasoning henceforward, we assume that » = 3 and then
X, =X, X, =, X; = z, and the unit velocity vector in this case is f= (V5 v,,V3),
where v, =sinfcos@, v, =sinfsing, v, =cosf. We will investigate the

boundary-value problem (2.6) - (2.7), where, in accordance with [3 R 4], we assume

®(tax5yazaé/>¢):g(/u0)’ luo :§,§+ \1_42 \1_4”2 COS(¢_¢I) (32)
Then the equations (2.6) and (1.1) take the form of
ob  9'd 0D o’

aﬁq)+s,in€cos¢76¥q)+sinz9singoa¥q)+COS¢9f—77( 2 TS
or ox o A X

ﬂ‘ ¥ !1 !/ r !’
+ 2 [do'[ g(uy)0(t,x,,2,¢ ", 9)d¢ =0
4r %
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8—l//+sinﬁcosgpa—l//+sinﬁsingoa—l//+cos«9a—l//+0'1//(t,x,y,z,go,9)—

ot ox oy oz

L AN 2N L A Y RN Y I Tl
8x2 8y2 822 472_ : 71g /uo H 5ya H s

3 R SERN: S VR
i=1 P

We apply the spherical harmonics method to equation (3.3). For that, we consider the
system of spherical functions [4] :

C; = P(cos@), C;' =P"(cos@)cosmp, S =P"(cosd)sinme (3.5)
k=0,1,2...,m=0,1,2, ...,k
Here

1 d*
25k du”

B’ (u) =P (1) = [(u2 - l)kl k=0,12,... (3.6)

are Legendre polynomials [5],

A B _ (=) dt

R e [ =] k=012,.; m=012,..k (.7)

Bl ()=(1-4)
are the attached Legendre polynomials [4, 5]. It is known, that functions (3.6) and (3.7)

satisfy the orthogonally conditions of on the interval [— 1, 1],

1,j=k
0,j+k

2 (k+m)!

B 3.8
2k +1 (k—m)l 9

1
[ B (P (wdu = 5/, where & ={
-1

Function g(44,) can be presented as (see (3.2))

1& 1
g(ug) =S D kg P (y) where g, = [P (u)g(uy)dy (39)
k=0 —1

Here

P (uy) =B (P () + 2zm P/ (O)P/({Ycos(p—@)  (3.10)
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Solution of the equation (3.3) will be found in the form of

2k +1 (k—m)! A" (k M) o 3.11
{Zzuaz (ke N P U=y } o

k=0 m=0 k=1 m=1

where C" , S;" are determined by formulas (3.5) - (3.7), and 4," , B," are unknown
functions of arguments ¢, x, y, z.

The system of spherical functions (3.5) forms the orthogonal functions on the unit
sphere and complete function set in the Hilbert space. Therefore any continuous

function (D(t 2 Xy Vo Z, Q, 9) can be decomposed on the spherical functions to any
accuracy. In the decomposition (3.11), coefficients are defined by means of the integrals

2 1 2 1
= [do[ P (u)odu, 47 = [do| B (#)cosmpddy,
oA oA (3.12)
2z 1
= [do[ P (u)sinmpddyu
|
For convenience, we present function (3.11) as

(k—m)!
+m)!

O= " {Z(2k+1)P°(§)A° +2Z(2k+l)z P (&) A" cosmep+ B! sinm(p)}
T

Using this function and equalities (3.8) - (3.10), integral term in the equation (3.3) can
be transformed to

- jd¢ j gl YO(1,%, y,2,0',¢ VS —{Z(zz +1)g, P (1)4] +
(3.13)

+22(21+1) Z( ]) P’ (1)(A/ cos jo+ B/ sm](p)}

Now, the equation (3.3) can be presented as
2 2
—+«/1 — i COS(p—+«/1 smgo—+,u6g ob+ 77(a o 6—) fa
& G14)
+8{Z(21+1)g,P0(/J)A7 +2Z(2z+1)g,z( -/ ) Pf (1)(4/ cosjo+B/ sin W)}

2
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Equation (3.14) can be reduced to the system of differential equations with respect to
A", B, (k=0,1,2,K, m=0,1,K, k). For that, we multiply the equation (3.14)
inwm by B(a) (k=0,12K), 7 = B (u)cosmg, and S = P (u)sinmg
(k =0,1,2K, m=0,LLK, k), and integrate with respect to angular variables ¢ and
A in the limits from 0 up to 277 and from -1 up to 1, respectively. The following
recurrence relation from [4, 5] are used:

(ke 1 ()= = D )+ )7 ).
e e R 10

T e () (SR el PO (R e e )

G.15)

0<m<k-1

So, we multiply (3.14) by P, ( ,u) = Pko (y) and integrate a result with respect to variables
@ and 1 . Then, by virtue of the first of the formulas (3.12), we get
04"

J.dgoj‘—P ,u)d,u——jdgoj.d)P dy— Py (3.16)

Thus, we have found a transformation of the first term in the equation (3.14).

The second term of this equation will be equal to

o oD 1 0
[do[\1-p’ cosg— ~ P (u)du = Clal,+al) G
0 -1

2k+10x

Here, we used the first two formulae in (3.12), and the second identity from (3.15):

fwfﬂ P (u coswfdﬂ—ff -[Zk 1[k+1(ﬂ) P! (u)]cosgdy =

_[ Im )cos gD — Idwjﬂll )cosgDdu | = ! a(A]H1 Al)

2k+lf}x 2k +10x

The third term is treated by the similar way,
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2z

fdcofx/l 1 P (u snwf ﬂ—i f j[lm ' ()]sin g =

0

2k+1ayj Ikﬂ Jsin pdu - Idﬂl’kl )sin pddp

As aresult, we have
I . 0D 12
'([déﬂ'[x/l—#zﬂo(ﬂ)smfﬂaydﬂ = 2k+16y(3k+1 B, 1)

Now, we consider the fourth term of that equation. We use the first identity from (3.14)
for m=0:

2z 1
'(').dgo'l‘lﬂpk()(#)ai) a 2k+1 Id(o.[ i [k+1 F)k(ll( )+ kpko,l (,u)]dy =
2k1+1: {k“ Jd(ﬂfl@ﬂ‘ll dﬂ+kjal(pjlcpp,f1 )d,,} (3.18)
= D, )

The fifth, sixth, seventh and eighth terms contain constant coefficients, therefore they
are transformed to the following expression,

0° o 0°A4!
— oA’ +77[8+8y2)A" +& azzk (3.19)

Now we consider the next term,

A jd(pjpo S (20 + 1)g, P (i )Ady—8—27zz 2,+1gA,jpo P =

i=0

A

= é2(21' g —2— 5 = %(21{ +1)g, A4 Tl EgkA/‘f (k=0,1.2,.)
+

45 2k+1

A
Combining the formulae (3.15) - (3.19) and Egk A , we obtain the system with

respect to Af , A,i , B
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a1 o

ot 2k+1|ox
A o o 0

+[2gk —O'JA,? +77[8)62+8)/2]A£ +§g14,? =0, k=012,...

Lets  multiply now  equation (3.14) by C!"=P" (y)cosm(p for
(k =0,1,2,K, m=0,1,K, k) and integrate the result with respect to ¢ and £ from

(A/iﬂ - Ali—l )+ 88)/ (Bliﬂ - B/i—l )+ é‘ax ((k + I)A/(c)H + kA/(c)—l )} +
(320

0 to 27z and from -1 to 1, respectively. As a result, the first term takes a form of

0

5A,:" . To find expression for the second term, we use the second and third of
t
identities (3.14),

271

J‘J:/l—,u COS(/)—P )cosm@dycw:

a o 1 m+ m+
o R () B Gleos(om + )t +
0

271
2 6x I-[ 2k
S (" zmr () eos(m ~ g -
1 a m+l m+l
= —\4" -4
2(2k +1) ox ! =)+
1
+
2(2k+1)a
Let's transform the third term in the equation (3.14),

2z 1
Jdgojwll—,uz sin go(zﬁl’k”’(y)cos medu =
0 -1 Y

k +m)k+m—-1)P"" (u)-

0 [k+m)(k+m—1)A,f:' —(k—m+1)k—m+2)4"]

2z 1
=ij‘d¢j 1—yzﬂm(y)®sin¢cos modu =
Yo o5
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R S e SRR _
:5 Id(ﬂf 1—,uZPk (,U)‘DE[Sln(erl)(O—Sln(m—l)go]dy -
0 -1

2z 1

=y 3ry ) el el ()= e Galsinon + -
L0 g [k s mk+m - 1R ()

20y 2k+119 4 -
—(k—m+1)k —m+2)P"' (,u)]sin(m ~pdy =

10 1
S22kl B - B -

10 1

T eyoe (k+mYk +m—-1)B" = (k—m+1)k —m+2)B"']

Now we transform the fourth item in the equation (3.14), using the first of identities
(3.15):

2z 1 aq)
Jd(ﬂfﬂa—sz’" (12)cos mepdu =
0 -1

1 % oD ) )

gty o ke ) Gomee s
1 a 2z 1 . i

T 2k+loz !dgﬂjl[(k = m+ )R (1) + (k- m)PL, (1) o cos mepd s =
1 o i )

- 2k +1 5{(]( —m+ I)Akﬂ + (k + m)Ak—l }

The fifth-eight terms in the equation (3.13) take the form of

0’ 0* 0*
o+ —+— |[+E— |4
{ n(6x2 8y2j 5822} k

Now we find the last term at the left hand side of the equation (3.14):
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2z
A jdgojP”’ (u )cos m(/{z (2i +1)g, P (u)cos 0pA +

8 °

0
+2) i+ l)gl-zl (l:_ ]:)P,-"(u)(/l,-’ cos jp + B/ sin jo)|du =
i=0 Jj=1 (l + ])!

ﬂv 2z

0 1
=> . jdgoij’” ()cos m P, (1 )cos 0pdu(2i +1)g, 40 +
i=0 0 -1

+—2Z (2l+1)gl _J)J.dgoj.d,up"’(,u)x
X COS mgoP’(u)(A’ cos jo + B/ sin ]go)—

L3 Gieney ’),Ipm(mP (u Mz | -
:—Z(2z+1)gl (l )—5'A = (k m)‘ -

(G+mY2k+1 """ "(k+ )'

Thus, we have a system for determining of 4," and B,",

6 m 1 a m+1 m+l

A ——— (A — 4

ot * +2(2k+1)ax( ki - )+
1 0

+M£[(k+m)(k+m -4 —(k—m+1)(k—m+2)A/f"+]l]+
1 a m+1 m+1
— B - B )=
+2(2k+1)6y( k+1 k-1 )

10 - -
—2(2k+1)5(k+m)(k+m—1)Bk_11—(k—m+1)(k—m+2)Bk+ll]+

1@ ) ) or o’ Gk .
( )éz[(k m+1)A", + (k+m)Ak1]+{ry(ax2+ay] f—o}A
il (k - ”’)A,f"zo, k=120 m=12, k; (3.21)
T8 “(k+m)

Let's multiply the equation (3.14) by S = P (,u)sm me, (k =12,.; m= 1,2,...,k)
and integrate with respect to ¢ and g from 0 to 277 and from -1 to 1, accordingly.

Clearly that (':D is transformed to SB:’ , (k =12,.., m= 1,2,_“,k). Then,
t t
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Id¢jV1_ﬂ COS€0—P u)sin mody =
:a Id(oj 1—,u2Pk’”(ﬂ)Q)—[sin(m+1)go+sin(m—1)¢]dlu -

—1 a 7 1 m+l1 .
202k +1) ox I q’f [Pz (u)= Py (0))sin (m + D + (3.22)

S S R ——

_(k—m+1)(k—m+2) 1 (41 sin (m — 1 )pd gt =
1 a m+1 m+1
- —[B"-B
2(2k+1)ax[ el
10

+2(T+1)§ (k +m)k +m—1)B"] _(k_m+1)(k—m+2)3/:n;]1]

Further we have:

27 1
deﬂfx/l—/f sin(ﬂaa%am(y)sinm(pdu _
0 -1
a 2z 1 1
= 5[[6&0.[\/1 - uzpkm(#)cbz[cos(m — 1) —cos(m + l)go]dy} =
0 -1

(3.23)

mﬁ IM)ICD [k + m Yk + m = 1) (1) -

—(k—m+l)(k—m+2)Pk+1 (,u)]cos (m —1)pdu -
ma jdcojchM ()= P2 (u)eos (m + hpd s =
1
" 2Qk+1)ay

1 0
——_A A m+1
2(2k+1)ay[ p - ar]

O [k +m)k +m—1)4r7 —(k—m +1)k —m +2)477 ]
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Then we have:

R L .
Idcojﬂfl’k'” (u)sin mody =

7.[ ¢_[ k4l k m+ 1P () + (k +m)P", ]smmgody—

-1

1 m
= 15 O f-m0BE, + (4 m)Br ) (3.24)
The fifth-eighth terms from the equation (3.13) are transformed to the next form,
2 2 2
0 0
_o+ inr e B (3.25)
ox® oy’

Finally, the last term in the equation (3.14) is transformed to

AT dqojdy[i 21+ 1)g, P (1) +

+2Z(21+1 glzl: g_}_j;P’(,u)(A’cos jo + B/ sin ]go)} km(,u)sin me =
i=0 Jj=1

(326
—Z 2i+1 gl g )IIP (,u)B’P’”(,u)sm josin mopdpdu =

jﬂ'; (2i +1)g z: ])TBJJ‘PJ ()P (10)dus! =
ji(ZlH)g, (.+ §B IP (ﬂ)Pm(ﬂ)dﬂ_* ngrm;

Combining all of these expressions, we obtain the another one system with respect to
A, B,

0 m 1 0 m+1 m+1
— B+ ———(B/" - B"
ot 2(2k +1) ox (52 -
1
+—
2(2k +1) ox

1 6 m—1 m—1
Ma[(k'f‘"’l)(k‘l'm—l)Ak_] —(k—m+1)(k—m+2)Ak+] ]—

0 [+ m e+ m—=1)B" = (ke —m+1)k —m+2)B" |+
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! i(A;”jll—A,f’fll)+ L 9 (k—m+1)B!, +(k +m)B", ]+

202k +1) oy (k+1)oz
o* o A (k—m)
_ B" 4+ — —BmZO’ 3.27
+|:77(62 P J“‘f } k+2gk(k+m)! k ( )

k=12,., m=12,.k;

4. Derivation of the spherical harmonics method equations for the initial state

Let us rewrite equation (3.4) in the form of

a—l//Jm/l—yz cosqoaa—yl+w/1—y2 singo%—l//+ya—l//+
X

ot Oz

62
[0—77(5—2 ) f ; W.x.y.2,0,0)=
X
ﬂ, 2z 1
=1 Jdcﬂ'jg(ﬂo)l//(t,x,y, z,¢",9")dd" +
72'0 -1
11 . | | . . _
+EZ;®(t,xl,y’,Z',q0,9)5(x—x’,y—y’,z—z’)é((p—(p’,&—é”).(4.1)
i=l1 i

In order to apply a spherical harmonics method to this equation, we multiply (4.1) by
spherical functions (3.5) and integrate the result with respect to ¢ and g by turns,

within the limits from 0 to 277 and from —1 to 1, respectively. We use again the
recurrence relations (3.15).

First, we decompose function ¥ (, X, ¥, z,®,6) on the spherical functions (3.5),

{Z(2k+l)P°(§)ak +2Z(2k+l)z(k ’") P’” ()@} cosmp+b]" sinm(p)}, (4.2)

ml

where decomposition coefficients are determined according with the formulae

2z 1
—IdcojP v, af' = [do[ P (u)y cosmpdu,
oA (4.3)

= Idcof%m(ﬂ)wsinmcodﬂ
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Multiplying (4.1) by Pk(,u) = Pko (,u) and integrating with respect to the variables @
and 4, analogically with (3.16), we get
oa;

44
Py (4.4)

0
Id I l//PO )dy —Jd(pj.l//P dyz
Analogically with (3.17), we have

Id¢J\/1 e WP ()cos pdp =

2k +1 ; ( bt azlﬂ) 4.5)

The third term of the equation (4.1) takes a form of
2z 1 \/— 61// 1 a
d 1—p® ——=P°(u)sin =——1(b b ) (4.6)
_([ (”J‘] H o k(ﬂ) pdu 2k+lay(k+l kl)

We rewrite the next term by analogy with (3.18),

2z 1
of \O¥w ., 1 0
{dw_fl/lpk ()= dp === Ak + 1), +kal ). (4.7)
By analogy with (3.18), we obtain
0’ 0’ 0’
Lol G i) e it @9

The first term from the right hand side in the equation (4.1) is transformed to the form of

iIal(DJ.PO 2l+1)g (1a 0d,u——27rz 2i+1)g,a IJ.PO PO (1)dpe =
A 2 L A A
=N 0i+ead®—=—6 =Z0k+1)o,a® ———=Z04°

Now, we turn to the transformation of the second from the right term of the equation (4.1).
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r 27 1
S o] il ... 0.0Plp- 000 M.y 22
i=1 i o -1

@.10)
_2;1.5("_xi’y_yiaZ_Zi)B(O(ﬂi)q)(faxi,yi,zi,goi,ei),
where
PO(,U Yo(t,x', Y,z ,0') = Id¢jpo(#)§(¢ o .0-0du, @10

-1

From (4.4) - (4.10), we get the system of equations for determining of @, ,a, ,b, ,b, ,

agtk + 2k1+ 1 {aax (allm - allc—l )+ ;;(bliﬂ - bli—l )+ %((k + l)a/(f)ﬂ + ka’?*l )} +

+[ & —o+ ﬁ_{_i +§ﬁ ]ao—
ng g ox® oy’ o> T *

22;5(x—xi,y—yi,z—zi)ﬂo(yi)Q(t,xi,yi,zi,wi,Hi), k=0,1,2,3,... (412)

i=1

Now, we multiply equation (4.1) by C}" = P (1)cosm@ for (k=0,1,2,...;m=12,....k)
and integrate it with respect to ¢ and £ over the limits from 0 to 277 and from -1 to 1,

0
respectively. As a result, we obtain the first term in the form of —a,". To find the

expression for the second term, we use the previous reasoning for the A,f "B ,:" ,

271

_”w/l—/l cosgo—P’" )cosm(pdyd(p =

:2(21i+1)§x{ (a,'ffll _afjl)+[(k+m)(k+m—1)a]:"_‘ll _(k_m+1)(k—m+2)a,’f+‘ll] | (4.13)

2z 1

faof = sino 2 B lcosna

L @ @14)
1 1 0

Eﬁa{ [,ﬁ? _bﬁtl]_[(k+m)(k+m—1)blgl —(k—m+ 1)k —m+2)B"; 1] }
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The firth term in the equation (4.1) turns to

ot o * 4.
Lo S g -or b 19

By analogy with (3.14), the last from the right term in the equation (4.1) takes a form of

2z 1 0
iIa’(pJ‘P (1 )cosm(p{z (2i +1)g,P"(1)cos O’ +

87[ 0 1 i

+2°° (2i +1)g, i ({—J:)'R,(ﬂ)(a cos jo +a’ Smm)}dﬂ_ (4.16)
i=0 Jj=1 (l+])'
2R (i=m) - 2 (k-m)
o 2y e S G

By analogy with (4.10), we transform the first term of (4.1) ,

r 2 1
;Z; Id¢f Pkm(ﬂ)c()sm(ul)([,xi,yi’zi,¢,9)§(¢—¢[,9—9i)dﬂ6(x—xi,y—yi,Z—Zi)=
i=l Mi o -1

=;Z;5(x—xi,y—yi,z—Z")I’{”(ﬂ”)cosmqo"%,x",y",z",qo",é”')
=l Mi

Taking this into account and combining (4.12) — (4.16) , we have

gam + 1 E(amﬂ _am+1 )+
a " 202k+1)ox T
+2(2]1+ 0 ke + m)e+m=1)al = (k —m+ 1)k —m+2)a |+

+2(2/i+1)ai{ (b =)=k m = = (k= m 1)k 2

1 5[(k_m+1)a;1.+(k+m)a;”1]+{6—{az+82j ﬁ_é “ m)}

+7
(2k+1) &z o o) " 2% (erm)

EZ ﬁé(x X y=y,z=2)B' () cosmg ®(t,x ' 2 .¢.0),
i01

k=123,.;m=123,...m. 4.17)
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Now, we multiply equation (4.1) by S/ —P"’( )smm(p for (k = 0,1,2,...; m

=1,2,....k) and integrate the result over the limits from 0 to 27 and from -1 to 1 with
respect to ¢ and £/, respectively. Repeating last reasoning, we obtain a system with

respect to a," , b,

Oy 1 8{(bk+1 bk e m— 1) (e —m 1 —m+ 2| }+

T ok+) o

I ¢ { [(k+m)(k+m )", (k—m+1)(k—m+2)a,f;1]—(agl —a,':jl) }+

Ao
0 . ” o* & o A (k-mp|,
+(2k7+ [k m+lbk+l (k"'m)bkl]‘{o-_’{axz"'@/z] (172 Egk Ek+mﬂbk =

=EZ—§(x—x’, y—y =B () sinmgp O, ¥,y 2 ¢ .0, k=123,..m=123,...k
=l M

(4.18)

Equations derived from the boundary conditions for (1.1) and (2.6), namely the
equations (3.3) u (3.4), written not for general n-dimensional case, but for the n=3,
should be added to the equations (3.2), (3.21), (3.27), (4.12), (4.17) and (4.18). Since

the domain G in this particular case of three-dimensional space R . represents the
region with the boundary I of the form of a cylinder with the bases Iy and I', (z=0
and z = H), and lateral surface I ( x> +y>=p® with p being the radius of the

cylinder I"), we have

0
220 =0 F}V: z=H :O’ ‘//([sxsy,Z,(l),éz)‘rI:O fol" _1<‘u<0 (419)

_o, @

(? - a@j =0, Otx,3,2,0,8) ;=0 for 1>u>0 (420)
/A

Here, 4 is determined by the second of the equations (3.2). Conditions on the ends of
the control time interval [0 , T ] take the form of

W(t,%,9,2,0,8)| <0 =V (%, 3,2,0,8)

4.21)
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O(T,x,,2,0.8) =20y (T,x,3.2,0.£) ~y,(x.y.2.0.5)]  (422)  Boundary
conditions (4.19) — (4.22) for coefficients 4," , B, and a," ,b," k=0, 1,2,...;m
=0, 1, 2,..., k) in decompositions (3.11) u (4.2) of functions D(z,x, y,z,®,&) and
w(t,x,y,z,0,5) on spherical functions (3.5) have the form of

0A;"
Oz

OB i, O
= Oz

z=0 :( (32 k

_ B}

-H —
: Oz

-H :03

(———a4)

A (t,x,y, z,(p,f)‘ r, =B, x,y,z,gp,f)‘ r, =0 for 1>p>0423)
To derive the conditions, similar to (1.2) u (4.20) for decomposition coefficients (3.2) u
(4.2), on the ends of the control time interval [0 , T ], the functions ¥ (x, y,z,9,<&)

and y,(x,y,z,¢,&) from (1.2) and (4.20) must be decomposed on spherical
functions (3.5),

Vi p 2, E) = {izzk“(" MY g 3T 2k + 1)?‘ ’"i Z"b;':}

S=S1+6, (k+m)! k=1 m=1

Here a; , b} are Fourier coefficients of functions w,(x,y,z,¢,&) and

vi(x,0,2,0.8):

i —Jdcoj v, (62,20, OB (w)cosmpdu, byl = J dcoj v, (52,20, OB (u)sinmedu:
-1 -1

where i = 0,1. Now, from (3.2), (4.2), (4.19) - (4.23), it follows that
a:(taxayaz)‘,go :ag’k(x,y,z), bm(t X, y,Z) <0 bok('x y’Z) (424)

A'(T,x,y,z)= —2[a,:" (T,x,y,z)—a; (x,y, Z)], 4.25)
BIT(Tax’yaz) = —Z[b,:"(T,x,y,z)—bl’;‘{(x,y,z)] B

k=0,12,...,m=0,12,.. .k

Thus, optimal control functions p,(t), (i =1,2,...,7) in the problem of minimization

of pollution of the environment by detrimental impurities particles, where the
performance criterion has a form of integral quadratic functional (1.4), are determined

according with formulae (3.1). In particular, in the case of R 3, function from these
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formulae, are transformed into function ®(¢,x,y,z,,&), which is determined as a

solution of the equations (3.3) and (3.4) subject to the boundary conditions (4.19) —
(4.22). Method of spherical harmonics [3, 4, 6, 9] of this problem is reduced to the
infinite system of partial differential equations (3.2), (3.21) , (3.27) and (4.12), (4.17),
(4.18), subject to the special boundary conditions (4.23), (4.24) and (4.25).
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Introduction

Wastewater treatment plants (WTPs) remove primarily the organic matters and in some
WTPs, nitrogen and phosphorus. Conventional WTPs reduce the numbers of coliforms,
but effluents still contain high numbers of fecal microorganisms [1, 2]. Wastewater
treatment plants should minimize the discharge of pathogens to environment, to limit
the infection cycles of pathogenic microorganisms. Most countries follow the World
Health Organization (WHO) and United States

Environmental Protection Agency (US-EPA) standards for irrigation of food that can be eaten
raw and landscape irrigation. In addition, many European countries are adopting themselves
to microbial guidelines in the European Union (EU) bathing water directive (Table 1).

Table 1. Coliform limit values according to different authorities and laws [3-5].

WHO®  US-EPA®® EUY Turkey®  Greece®  Cyprus®
Fecal coliform /100 ml <1000 <200 <100 <200 <200 <250
Total coliform /100 ml - - <500 <1000

(a) Limit value for restricted irrigation of crops likely to be eaten uncooked, sports fields and
public parks.

(b) Limit value for domestic wastewater being discharged standards in to lakes
(c¢) Limit value for agricultural reuse after secondary disinfection.

(d) Limit value for quality of bathing water.

(e) Limit values for recreational use and deep sea discharge.

As counts of indicator organisms such as fecal coliforms are usually not reduced to
tolerable levels in a conventional treatment process, additional subsequent disinfection
step is unavoidable. Types of disinfection techniques are various, which include
physical, chemical and biological methods [6].

UV disinfection is characterized by a short contact time and a more efficient bacterial
action. Many factors (such as lamp envelope, lamp ageing, turbidity, concentration of
suspended solids and micro-organisms, and fluid thickness) affect the efficiency of UV
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irradiation [7, 8]. Efficiency of UV disinfection depends also on the UV dose and the
aggregation state of bacteria in water [9].

The aims of this study were (I) to investigate the disinfection of municipal WTPs
effluents by UV system, (II) to determine the removal of solid matter, turbidity, total
coliform, fecal coliform and Escherichia coli in a UV unit combined with the expanded
perlite filter (EPF).

Material and methods

The study took placed in wastewater laboratory (Department of Environmental
Engineering, Firat University) using monolamp UV pilot equipment supplied by Arbiol
(Istanbul, Turkey). The UV reactor has a useful volume of 4.2 1. A low-pressure
mercury vapor discharge lamp has length of 900 mm, diameter of 13 mm, wavelength
of 254 nm and power of 65 W. A quartz sleeve were used to mechanically protect and
seal the lamp. For protect of UV lamp and energy saving, a filter was added to the UV
system (Fig. 1). Expanded perlite was used as filter packing material. The properties of
expanded perlite were given in Table 2. To ensure optimal particle sizes, the expanded
perlite was screened using a mechanical shaker with sieves. The fraction of expanded
perlite remaining on the 1 mm sieves was used as the filter packing material.

The EPF has an effective volume of 2.7 | and medium porosity of 0.313. Filtration velocity
was kept to be 5.75 x 10° m/s. To investigate the performance of EPF on disinfection,

experiments were run with and without EPF for same samples. Flow rate was kept to be
0.035 Is.

1 <—E <
A
—
1
.
7
8

1. Feed Tank 5. Electrical input
2. Flow meter 6. UV lamb
3. Expanded Perlite filter 7. UV reactor
4. Ballast 8. Disinfected effluent

Figure 1. Schematic view of EPF-UV combined system [10].
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Table 2. Physical and chemical properties of expanded perlite [11].

Physical properties Chemical properties
Color White pH 6.6 —8.0
. S . Na,O%  2.9-4.0

Melting point, °C 1300 Si0, % 71-175 TiO, % 0.03-0.2
i .03-0.

Thermal conductivity, Kcal/Mh°C 0,034 —-0,045 Fe,05 % 0.5-1.45 K 02 0/0 45

Density, kg/m’ 32-200 ALO; % 12-16 CZO (y" 02.0.5
a .2-0.

Sound absorbing, db (125 Hz) 18 MgO :%  0.03-0.5 ’

Wastewater characterization was assessed by total solids (TS), total suspended solids
(TSS), volatile suspended solids (VSS), total coliform (TC), fecal coliform (FC),
Escherichia coli, total hardness, total alkalinity, pH, conductivity, and turbidity.
Conductivity, pH and turbidity were measured WTF-LF 330, Orion-SA 720 and
Torbidimetro Velp—115, respectively. Total nitrogen (TN) and total phosphorus (TP)
were measured with spectrophotometer (Nova 60). Transmittance at 253.7 nm measured
in a spectrophotometer (Shimadzu UV160U) equipped with a 1 cm rectangular cell.
Other parameters were analyzed according to Standard Methods [12]. The samples were
collected from secondary effluent of biological (activated sludge system) municipal
WTP located in Elazig (Turkey), during 15 weeks. The characterization of the WTP
effluent was summarized in Table 3.

Table 3. The characterization of secondary effluent.

Parameters N Minimum Maximum Mean values SE

pH 24 7.60 8.11 7.80 0.02
Temperature, °C 24 22 28 249 0.39
TCOD, mg/1 15 80 176 123.07 7.60
TN, mg/l 15 10.10 34.27 20.90 1.89
TP, mg/l 15 0.80 2.24 1.37 0.12
Alkalinity, mg CaCO;/L 24 480 520 498.75 3.42
Total hardness, mg CaCO;/L 24 324 668 504.50 23.36
Conductivity, uS/cm 24 1117 1345 1221.29 13.99
TS, mg/l 17 670 790 717.33 7.33
VSS, mg/l 17 490 660 525.33 10.41
TSS, mg/l 17 20 80 51.66 4.72
Turbidity, NTU 17 1.80 8.40 5.37 0.59
TC, MPN/100 ml 17 110,000 260,000 192,000 11159.49
FC, MPN/100 ml 17 62,000 150,000 95333.33 7687.33

N= Number of samples and SE= Standard error

Bacteriological analysis included the estimation of total coliform, fecal coliform and
Escherichia coli. The estimation of numbers of the coliform group was carried out with
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the Multiple Tube Dilution (MTD) methods by lactose broth. E. coli was determined by
EMB agar according to Standard Methods [12] by confirmed test. The calculation of
MPN of coliforms was done by combination of positive and negative results in the
multiple tube tests [12]. The corrected MPN tables proposed by Man (1983) were used
[13]. It was used a statistic program (SPSS 12.0, Microsoft Corporation Inc.) for
calculations of means, standard errors and t-test values.

UV doses in the irradiation chamber were evaluated using the empirical method
recommended by Qualls et al. (1989) [14]. This method considers the UV incident
intensity, measured on the surface of the quartz sleeve, and the depth of the water layer
crossed by UV radiation. Thus, the dose at the area e of 1 cm? in the irradiation chamber
is defined as follows:

Dezlm'tc'T(I) (1)

Where, De is calculated UV dose at the area of 1em?, mWs/cm?;
I,, the average UV incident intensity measured on the surface of quartz tube, mW/cm®;
t. = exposure time, s. [t, = irradiation chamber volume (1) / flow rate (1/s)];

Ty is the value of UV transmittance determined in the laboratory using a
spectrophotometer (UV-visible) with different length quartz vessels and wastewater.

The incident intensities at the liquid surface, at 254 nm, were measured with an
International Light Radiometer (Model 14000A) with a SEL 240 sensor. The exposure
time was calculated based on approximate plug-flow conditions. Transmittance was
determined on one each sample (TSS=76 mg/l) in the WWP effluent and (TSS=32 mg/1)
in the EPF effluent (Fig. 2). A 20 ml aliquot of the wastewater sample was placed in
sterile Petri dishes (90 mm ID). The layer of water crossed with UV rays was 3 mm
deep. Each experiment was repeated at least three times. The concentration of total
coliform before and after exposure to UV light was determined. Dose expressed in
mWs/cm? was calculated using (1).

100 2
1 —o— EPF effluent
X —a— WTP efluent
3
g
i
2
g
10 i T T T T A
0 1 2 3

Path lenght crossed by UVrays, cm

Figure 2. Transmittance UV according to the optical way of UV rays.
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Results and Discussion
Disinfection with only UV

Effective UV doses in the UV system are variable. Three types of doses were defined: (i) the
minimal dose determined inside the irradiation chamber, which is relative to a layer of water
with 3.0 cm deep, (ii) the maximal dose calculated at the exterior surface of the quartz
sleeve, and (iii) the median dose corresponding to the middle (1.5 cm) depth of the
irradiation chamber. Effective UV doses were calculated in the UV system (Table 4). The
doses in the irradiation chamber changed between 96 and 820 (median 164) mWs/cm” at an
exposure time of 120 s.

Table 4. Estimation of the UV radiation at different exposure times.

I,®, Path length crossed T, ® o Exposure time'®, s
mW/cm? by UV, cm © 7 30 60 120 180

UV Doses, mWs/cm?

Minimal - 3 10 24 48 96 144
Median 8 1.5 17 41 82 164 245
Maximal - 0 100 240 460 820 1230

@ Mean of UV incident intensity measured on the surface of the tube of quartz and
expressed in mW /cm’.

® UV transmittance calculated according to abacus in Fig. 2.

© Exposure time (s) = flow, I/s / Volume of the irradiation chamber, 1.

For UV doses of 82 and 164 mWs/cm?, it was respectively found to be total coliform of 300
— 600 MPN/100 ml and 95 — 310 MPN/100 ml, and fecal coliform of 100 — 430 MPN/100
ml and 54 — 150 MPN/100 ml. Total coliform was less than 350 MPN/100 ml, and fecal

coliform was less than 150 MPN/100 ml at exposure time of 120 s and UV dose of 164
mWs/cm? (Fig. 3).

350
_ aTC
300 ]
_ mFC
_ 250
=] _ -
2 200
Z 150 +p] ol I -l
=
100 A
o

1 2 3 45 6 7 8 9101112 13 1415

Operatin time, week

Figure 3. The changes of coliforms in the effluent of UV system at exposure time of
120 s and UV dose of 164 mWs/cm®.
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The results showed that with the UV dose of 164 mWs/cm?, the average reduction of
total and fecal coliforms was in the range of 2.9 — 3.3 log units. Hassen et al. (2000)
achieved about 3 log unit reductions in order to attain a minimum disinfection value of
10° fecal bacteria/100 ml at the outlet of the UV pilot system for average reduction of
fecal coliform at UV dose of 108 mWs/cm? [8]. In general, UV dose prescribed in water
disinfection is a function of the characteristics of installation, exposure time and the UV
absorption of water. According to study by Moreno et al. (1997), a dose of 27 mWs/cm®
was sufficient to reach the fixed limit of 10° fecal coliform /100 ml for a secondary
effluent with a low bacterial load, and the dose had to be increased to 32 mWs/cm? with
an increase in the contamination [15]. Loge et al. (1996) used a dose of approximately
140 mWs/cm? to meet a permitted effluent coliform concentration of 23 MPN/100 [1],
having similar to characteristics in the present study. Paraskeva and Graham (2005)
were able to achieve total coliform reduction to point of 100 — 200 CFU/100 ml with
dose of average 300 mWs/cm® [16].

There was a linear relationship between TSS and coliform, and a strong correlation
between turbidity and coliforms in samples passed through only UV (Fig. 4). It was
shown that the number of total coliforms was less than 300 MPN/100 ml when turbidity
value was 7 NTU.

ATC AFC A 300
250 . ATC AFC A
R*=0,9183 250
— i 2_
gzoo = 200 - R*=0,8356
(=} f=3
= 150 4 S
= = 150
3 g
=100 A = 100 A
2 _
50 | R’ =0,8742 50 |
0 T T T T ! 0 T T T T T T T T T 1
0 20 40 60 80 100 01 23 456 78 910
TSS, mg/L Tubidity, NTU

@ (®)

Figure 4. The Correlations a) between TSS and coliforms, and b) between turbidity and
coliforms in the UV effluent.

Disinfection with EPF-UV

Several studies showed that the disinfection performance was highly influenced TSS
concentration [6, 17 — 21], due to the fact that TSS could protect bacteria and viruses [1,
8]. It was shown that the expanded perlite filtration increased the disinfection capacity.
TSS and turbidity were respectively reduced in the levels of 33 — 67% and 19 — 67% by
using only perlite filter. Lubello et al. (2004) stated that the reductions of TSS and
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turbidity received up to 89% and 59%, respectively, by dualmedia pressurized filters
[19]. Hamoda et al. (2004) indicated suspended solids removal at 95% and volatile
suspended solids removal at 99% by sand filtration [21]. On the other hand, Hassen et
al. (2000) emphasized that sand filtration did not change the efficacy of the disinfection
and the increase of UV dose, beyond the mean of 108 mWs/cm?, did not seem to have a
significant effect on the efficacy of the disinfection [8]. In the current study, TSS
concentrations reduced less than 40 mg/l by using the expanded perlite filter (Fig. 5).
According to results, optimum removals were achieved at TSS of 20 mg/l and turbidity
of 1.8 NTU. The differences in total suspended solid (P<0.01) and turbidity (P<0.05)
values between UV and EPF-UV effluents were statistically found significant.

10
9 — O Influent —| lgg O lInfluent
- 8 ] M Effluent [} %0 M Effluent |
= 7 HIN o0 |l 70 ]
- 6 = 60 1] o
2 5 =
5 ; j 50 -
) b | L ! |
S 3] 1 | % 40
= 30 ~ HH i
24 20 A HIH H i
1+ HEH i 10 4 L :‘-F l
0 i T T T T T T T T T T T L 0 R R S R R B B B R R R R |
Operation time, week Operation time, week

Figure 5. Turbidity and TSS concentrations in the influent and effluent of EPF-UV
system.

It was found that total coliform and fecal coliform in the EPF-UV effluents were 62 —
196 MPN/100 ml and 24 — 100 MPN/100 ml with removals of 99.70 — 99.93% and
97.72 — 99.94%, respectively (Fig. 6).

It was proved that the EPF-UV system reduced of total coliform and fecal coliform,
because of reduction effectively in TSS and turbidity. Mann and Cramer (1992)
emphasized that TSS concentration had to be less than 30 mg/l in effluent before
disinfection [22].
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Figure 6. The coliform changes in the effluent of EPF-UV system.

The numbers of total coliform in the effluent of EPF-UV system were less then that in
the effluent of UV and the differences were statistically significant (P<0.001). This
showed that some microorganisms adhered in solid matter were eliminated. The
turbidity was less than 5.4 NTU with the addition of EPF to the system and as a result
better elimination of coliforms was optained. A strong correlation (R > 0.94) was found
between turbidity and total coliform number (Fig. 7). The effluent characterization of
EPF-UV combined system is given in Table 5.

200 1 s,
ATC AFC 200 -
ATC AFC
150 4 2 A
R"=0,9541
’ 150 + R?=0,8893
E 100 E
g g 100 |
Z Z A
= s
50 A 5o |
R’ =0,9049
0 ‘ ‘ ‘ ‘ ‘ 0 e
0 10 20 30 40 50 0 1 2 3 4 5 6
TSS, mg/1 Turbidity, NTU

Figure 7. The Correlations a) between TSS and coliforms, and b) between turbidity
and coliforms in EPF-UV combined system.

The elimination of Escherichia Coli increased with the reduction of turbidity and TSS
by using EPF-UV combined system in wastewater samples with TSS of 20 mg/l and
turbidity of 3 NTU. In particular, the results obtained by EPF-UV showed that an
effective removal of E .coli occurred in TSS concentration less than 30 mg/l (Table 6).
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Table 5. Characteristics of the EPF-UV effluent.

Parameters N Minimum Maximum Mean SE
TS, mg/l 15 220.00 410.00 298.00 14.28
VS, mg/l 15 90.00 240.00 177.33 10.58
TSS, mg/l 15 10.00 40.00 26.00 3.05
Turbidity, NTU 15 1.00 5.20 333 0.36
TC, MPN/100 ml 15 62.00 196.00 124.80 11.85
FC, MPN/100 ml 15 24.00 100.00 64.20 5.79

Table 6. The presence of E. coli according to results in the multiple tube tests.

—_
—_

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 4 p
E .coli - + 4+ o+ o+ - + - + o+ o+ o+ o+ - +
uv
TSS, 4 2 4 7
mg/l 0 45 80 70 80 40 60 0 30 40 60 40 60 0 0
. i - + - + + - + - - - - - + - +
o is;o“ 2 1 2 3
uv s
meg/l 0 26 38 40 38 20 30 0 10 16 20 24 40 0 2

Distinction should be made between restricted and unrestricted irrigation, on the basis
of irrigated crops and modes of operation. Crops for restricted irrigation include forests
and areas where access to the public is not expected, fodder, industrial crops, pastures,
trees, seed crops and products which are processed before consumption. With respect to
irrigation methods the spraying is not allowed. For restricted irrigation, the minimum
treatment required is secondary biological treatment and disinfection producing an
effluent with SS concentrations below 35 mg/l and fecal coliforms concentration below
200 FC/100 ml. For unrestricted irrigation, the treatment is a secondary biological
treatment followed by a tertiary treatment (normally coagulation, flocculation,
sedimentation, filtration) and disinfection producing an effluent with SS concentrations
below 10 mg/l and turbidities below 2 NTU as an average value. Fecal coliform
concentrations should be also below 5 FC/100 ml and not exceeding 100 FC/100 ml in
any sample [3, 23]. The unrestricted irrigation includes all other crops such as
vegetables, vineyards, crops, with products that are consumed raw, greenhouses. UV
disinfection studies carried out after usage of EPF as a unit of tertiary treatment in the
current study ensured the restricted irrigation criterions, but not ensure the unrestricted
irrigation criterions, proposed by EU directive and Greece Standards.

Conclusions

Experimental results with only UV indicated major limitations for the use of the effluent as
an irrigation source in plants. The results showed that filtration was most effective for
removal of TSS, but slightly effective for coliforms. The value of fecal coliform (<100
MPN/100 ml) was constantly satisfied according to the criterions of restricted irrigation. The
effluents obtained by UV and EPF can be used for irrigations in only forests and areas where



64 TABHUI'BIA WJIIMMJIEP )KYPHAJIBI
Yusuf SAATCI, Ayse OZGUVEN, Yavuz DEMIRCI

access to the public is not expected, fodder, industrial crops, pastures, trees, seed crops
which are processed before consumption. Spray irrigation should not be practiced. It was
shown that UV and EPF effluents were not effective for unrestricted irrigation.
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YH OHAYPYIIYHO MUKPOBHOJIOI'UAJIBIK KOHTPOJIb:
MUKOTOKCHUHAEPIHN BOJYII YbII'APT'AH
MHUKPOOPI'AHU3SIMIEPJIUH TAPAJIBIIIbI

MIpod., nokt. Tunatun J1OOJIOTKEJIJIUEBA
Keiprei-Typk «Manac» yHuBepcurery, bumikek

Crynenr Cyartan UMAHI'ASUEB
Keiprei-Typk «Manac» yHuepcureTy, buikek

Kupumyy

MUKpPOCKONITYK TY3YJIYIITOI'Y KO3y KapbIHIApABIH OCNTWIYY TYPAOpPY BUIAUBIKTYY
mapTTapia TaMak as3bIKTapblHIAa ©cCYll eHYIYI, KWIIWre, >KaHelOapiapra jkaHa
KaHATTyJapra yy KeareH merabonutrepan Oenymnm ubirapaT. MbeHDail meraboiuTrep-
MHUKOTOKCHHJEp JereH rpymnmara OHpUKKeH. MHKOTOKCHHAEPAM KapMaraH TaMmak
a3bIKTapbIH NalJanaHyyJaH KeJIUI YbIKKaH yyJlaHyyJlap MUKOTOKCHKO3/I0p A€l aTajar.

MUKOTOKCHHIEPAN O6JIyNm YbIrapyydy MHKPOMHUIICTTEPANH Typiiepy KeOyHUe
Aspergillus, Penicillum xana Alternaria ypyycyHyH oKyimepy. MHUKOTOKCHHIEPIN
Oeiyn YpIrapyydyy MHKPOMHIIETTEp OyJ Yy 3aTTapAbl KallaH TaHa ITaH ©CYMIYKTep
OCYIl JKaTKaHIa TMaima KpUI0ACTaH, MaHABI KBIPMaHAa CaKTOO ME3TWIHHIE Iarbl
YIaHTHIIIB MYMKYH {1, 2, 3,4, 5, 6}.

KpIpre3cTaniblH MapTHIHAA MHUKOTOKCHHACPAN OOIYIT YbIrapraH MUKPOMUIICTTEP IIH
JIaH 6CYMIYKTOPYHI® Tapanyycy, 3bISH ajiblll KeIYY ACHIIIJIICPH YIIyTd KYHI'® YeHHH
aTailbIH WIMMMEI HEern3A¢ U3MWIACHE dJIeK.

By u3n110016pIYH HErH3r MaKcaThl

Keipreizcranna Oyynainel  kaipa HMIOTETYYdY OHAYPYLIYHA®  MHKOJOTHSIIBIK
W3WIe6JI6PAYH KapiaMbl MEHeH Oyyail JaHIapbIHbIH )KaHa YHIYH MUKOTOKCUHJIEPAX
naiija Kpulyydyy MHKPOMHIIETTED MEHEH OyiraHyy MAEHII3JHMH aHbBIKTO0O, ©HIYPYY
MPOLIECCHH/IETN TIaTOTeH MEHEH JKYTyllyyra MyMKYH OOJTOH KOPKYHYYTapibl e
PUCKTEPAH aHAIU3/1006.

M3nnnenyydy MaTepuaiiap kaHa KoOJIOHYJTaH MeTOoA10p

JlaHOBIH kaHa YHIYH YITYJIOpPYH alyy TOMOHKY cXeMaa KYpry3yJay:
1-U3unnenyyuy kep—Kammana cakrairas gas.

2-U3unpenyydy xep-/laHabpl MEXaHUKAIIBIK Ta3aJ00J0H 6TKOPYYUY >Kaill.
3-Uzunnenyy4y xep-aHasl cyy MEHEH XyyII Taa3aioovy >kail.

4-N3unpenyyuy xkep-Janabsl Kypratyydy »kaHa Maiijaiooro JaspAaoouy xKau.
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5-M3unpenyy4ay xep — YH (1-copT).

6-Msunnenyyuy xep — YH (2-copr).

7-Nznnnenyyqy xep — YH (JKoropky copr).

Yirysiep yd KOy aJbIHBII KEJIUH/IN KaHa Y4 KOy KalTaJlaHbIIl U3WIIEHIU.

MHUKpPOCKONTYK  TY3YJAYIITOry KO3y KapbIHAApAbl OCTYpyNl alyy, alapAblH Tas3a
KyJbTYpachblH, OIIOHIOH 3€ ajapablH  (M3HOJOTHSIBIK JKaHa MOPQOJIOTHSIIBIK
Kacuertepud u3winee YuyH UYameka wueiipecy, Ilenton-/lexcrpo3a arapsl
nmaiinananplAbl.  CyloNTyy BIKMachblH KOJNJOHYY MeHeH — Oyynaid JaHaapblHaH
MHUKPOMHIETTEPMH KOJIOHHSUIAPBIH OCTYpYI anyy Oenrmwiyy Kox plkmachiHa bUIaibIK
Kyprysyiaay. KyabTypanablk KepceTKyuTeply H3wiaeene - HerusuHeH Penicillum
MmeHeH Aspergillus ypyynapeinna keOypeek kenyn Oypyiny. KomonustmapipiH ecyy
BUIIAMABITBIH Oalikar ka3zyy yd temneparypana +4°C, +26°C,+37°C xypry3yiany. Kosy
KapbIHIap/IbIH KyJbTYpPaIbIK kKaHa MOPQOJOTMSIIBIK OenruiaepuH OasHIar >Kazyycy-
aHBIKTOO YUYH AaTadblH aHBIKTarsdTap KoJImoHyImy {7, 8, 9 }. Arap delinepyHae ecyn
YBIKKAaH KOJOHWSUIAPABIH CAHBIH OJCENTee JKaHa OCNTWIYY KeJeMaery ajiapibH
KapMaJIbIIIBIH aHBIKTOO TOMOHKY (OpMyJia MEHEH aHBIKTAIIEI :

M= a*10”

, M - 100 r manma kapMmairaH KOJOHHSUIAPIBIH CaHBL, a - OENTrmiIyy

CYIONITYyJaH ©CYI YbIKKAH KOJOHUSUIAPJbIH OPTOUO CAHBI, # - CYIONTYYHYH CaHBbI, V —
ceOyy YYYH aJIbIHTaH CyCIIeH3USHBIH KeyloMy, Mil ke 100 r caiMakTarsl JaH/bIH CaHBbI.
JlaHna Ke3#emKeH MUKPOMHMIET KOMIUICKCTEPHHHH KeIl TYPAYYJIYTYH 0aanoo Y4yH
IleHHOH MHAEKCH KOJAOHYJIAY :

P LgP
p_2b &b,
Lg
TypayH MaaHWIYYIYTYH aHBIKTOO YYYH MHKPOMHLETTHH KE3AELIYY >KAIITHITbIHBIH
KPUTEPHUIH KOJIIOHYINY:

Typ Ta0bLIraH yJaryiaepayH canbr*100%

MeNKHHIUKTE Ke3AenyY KamTeIrel (%) =

Kannpl yJaryJiepayH canbl

AJIBIHTAH KBIABIHTBIKTAP

1-4n M3WIIEHYYYY Kep - KaMIIaHbIH HYHMHAE CaKTAJIBII TypraH Oyynaid nanmapsl. byn
xKepae Oyynal NaHZAapbIHBIH KOK JaT KO3y KapblHIap MEHEH OyiraHyy ASHIDIIIH
xoropy 6onmy. By TaGsITEII Tpoiecc, Tajmaaga ecyn TypraH Ke3uH e e OyynaiiibH
ca0arbIH/a, )KanObIparblHAa, MallarbiH/la )KaHa JaHbIHAA KOl TYPre KUpreH ap TYPAYY
MUKpPOOPTraHU3M/IEp JKaIlaiT. AnapiasiH Oup Oenyry canpoduTrep KaTapbl TUPUUUINK
oTkeperT 0. a. ecyMIyK Oenynm ublrapraH OpraHHKaJbIK KOIIyJMajap >aHa 4YaH
OeJlyKueJepy MEHEH a3bIKTaHBII , OCYMIYKTYH ©3YHe 3bIsiH KentupOeir. Koz Oup
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JKarbIMChI3 ~ KJIMMATTBIK — [IAPTTapa, OCYMAYKTYH YbIAAMIYYJIyry TOMOHIOTOH
yaypiapjaa carnpouTTep MapTTyy HaTOTCHAUK TYPJIOPTY OTYI KETHIIH MYMKYH. AJ
sMH Oamka Oeiyry oopy KO3rorydyrap, MHUTEIMK THPHYMIMK OTKepyydyJep. Auap
HETU3MHEH 6CYMAYKTYH THPYY KJICTKaJapbIHBIH SCEOMHEH JKalar, 39CHHUH OpraHHu3MHU
Y4YH Kell 3ajajjiapipl Maiia KbulaT, ajgapAblH WYMHEH Yy 3aTTapisl TOITOO
KacHETTepHHE 33 00JIyyCy KOPKYHYUTYY. Yy TONTOJIOH JaH/IAH jKacalraH TaMakK amTap
aQHJaH apbl ajgaMIbIH OpraHM3MHHE KUPYY MEHEH ap TYPAYY OOpyJIapIblH maina
6omynryra anei keier (1- cyper).

2-44 M3WIAEHYY4Y JKeple - MeXaHUKAJbIK Ta3aJl00J0H OTKeH xaiiia Oyynail
JAHIAPBIHBIH KOK JaT KO3y KapblHAap MEHEH OyiraHyy IEHI?3Jd  Oup KaHda
TemeHnereny Oatikanmer ( 19,0%). MexaHukanblk —Ta3anoo yOarblHIa JaHIBIH
YCTYHKY O€THHIIE >XapMAIlbIll, KATHII KAJTaH YaHAap, TOMypaK OeJyK4elepyHeH
apBUTYYCY KYpPry3yiet. HaTelixkana 4yaHIbIH HYMHAE KallaraH , TOIMypak jkaHa Oarika
KUp Hepcelnep MEHEH KelIreH MHUKPOOPTaHM3M/ICP/ACH [arbl MEXaHUKAJIbIK apbUIyyra
nyymap 6070T (2-cyperT).

3-uy M3WIIEHYYYY JKeplie - Cyy MEHeH :KYyHn Ta3ajioouy KaiilaH eTKeH Oyyaai
JaHAAPBIHBIH OCTUHJE KailpaJaH KOK JaT KO3y KapblHIAap MEHEH OyJraHyy AE€HIDI3JIH
JKOTOpyJIaranabirsl anblkTanabl (32,2%). Byn kyOynymuTy MeIHAAH Jern TYIIYHAYPYYTo
6onor. Cyy MEHEH XyyJlyy ME3THJIMHAE JaHAbIH YCTYHAe KapMajiraH Ko3y KapblHIap
TOIyTY MCHEH Cyyra 4YbIKIAWT, ce0cOM amap aTailblH aAre3uBAMK KaOBINIYy JKaHa
BIHralJIaHyy ©3Te4eNYKTepyHY 33 OOJITOHAyKTaH, >KaOblIKaH OOWHJOH Kauar,
HBIMIYYJIYKTYH JKOTOpPYJAIlbIl MEHEeH ajap abaaH Te3 ke0eilyy MyMKYHUYIYKTOPYHO
xerumier. Jlarer Oup e3redenmykTy Oenrmien KeTHII KepeK, al IaHObIH JKyKa
KaOBITBIHBIH aJIBIHIA MEKEHIETeH KO3y KaphIHAAp Jarkl HEIMAYYIYKTYH >KOTOPYJIaIbl
MeHeH Te3 Ke0eilyy MYMKYHUYIYKTepyHe 33 06onoT. M3mnnmeere myymap OOJroH
MaHmapaslH HEIMAYYIyry 18- 20% ra 4elinH KeTepylreHAYTY aHBIKTairaH. Jlemek
W3WIZeOre 4YeWWH JJie JaHIbIH OETHHIE MHMKPOMHLETTEPIHH TYHYJIAYKTOPYHYH
YKaHIaHBIIIIBI Y)KaHa keOeiyry Oamrtairas (3- cyper).

1-MBUWIJEHYYYY XKEP, kamna

A B B
72 22 30,55555556
72 30 41,66666667
72 14 19,44444444
JKaansl opTo 3cedu:
72 22 30,55
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£/

1-Cyper. Kammnana xapmanran Oyy/jail AaHAapblHbIH KOK JaT KO3y KapblHIap MEHEH
OyJraHnyy JEHIIAIIH.

A- YeiipeHyH OeTHHE OTYpry3yJirad Oyynai JaHbIHBIH CaHbI
B- Kex naT ko3y KapeIHIapHl ©CYT YBIKKAaH OyyIail JaHBEIHBIH CaHBI

4-yy M3WIAEHYYYY KepjAe - JaHAbI MaHAaI00ro *KeHeTYy aJAbIHIa KapMajraH
JKaliia JaHgap KyprareLiaT, HeIMAYYIyk 16-17% ke uwelimH Tymer. YiryHpaai
HBIMJIyYJIyK OPHOTYJITaHAaH KMHWH TaHa JaHpl Maiianan TapTyyra )keHeTyeT. MbIHa
YIIyJ >Kep/eH alblHraH JMaHIapAbl H3WIICTeHAEe KOK JaT KO3y KapbhlHIap MEHEH
OynraHyy AEHI?3JM KadpajaH TYWKeHAyry Oaiikanmpl, an 21%-tu Ty3ay. OmeHTun
yHTa aiinanyydy JaHObIH OyJraHyy AeHr3nmau 2 1%-ke KakpIHIalT (4- cyper).

2- TBWIJAEHYYUY XKEP - MexanuxkaJbik Ta3zanoo

A B B
87 14 16,09195402
87 20 22,98850575
87 17 19,54022989
2Kannwvl opmo acebu:
87 17 19,54

5 4

2- cypet. Ta3zamooduy >kaiinaH 4blKKaH Oyynail JaHJApBIHBIH KOK AT KO3y KapbIHIap
MEHEH OyNraHyy JCHIIJIH.
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A- gelipeHYH OeTHHE OTYpry3yiraH Oyyznail JaHBIHBIH CaHbI
b- Kexk naT K03y KapbIHAApbI 6CYII YbIKKaH Oyy/ail JaHbIHBIH CaHbI

B- Oprouo Oynranyy naibI3sl

3-MBUJIAEHYYYY XKEP - Kyyayuy xaii

A B B
54 9 16.66666667
54 25 46.2962963
54 18 33.33333333
54 17.33333333 32.09876543

60 ~ A A A

50 B
&

40 — 1
L B B

30 +— —

1=3
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3- cyper. XKyynydy xaiifiaH yblkkaH Oyynai JaHIapbIHBIH KOK JaT KO3y KapbIHAAp
MEHEH OynraHyy JEHIIIIIH.

A- YeiipeHyH OeTHHE OTYpry3yJirad Oyyai JaHbIHBIH CaHbI

B- Kok mar xo3y KapbIHIApBI 6CYI YbIKKaH Oyyiail TaHBHBIH caHbl, B- Oprodo OynraHyy HaibRel

4- NIBNWJIAEHY YUY KEP - Terupmenre OepuireH :xai

A b B

65 21 32.30769231
65 9 13.84615385
65 11 16.92307692
65 13.66666667 21.02564103
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4- cyper. Terupmenre OepuireH skaiimarsl Oyynail NaHAAapblHBIH KK JaT KO3y
KapbIHJap MEHEH OyJraHyy JeHID3JIH.

A-YeiipeHyH OeTHHE OTYpry3yira Oyynail TaHBIHBIH CaHBI
b- Kexk naT k0o3y KapbIHAApbI 6CYII YbIKKaH Oyy/aail JaHbIHBIH CaHbI

B- Oprouo Oynranyy naibI3bl

JlaHaaH ’kaHa YHJAH 06JYHYN AJILIHTAH K6K JaT K03y KapbIHIApAbIH Kel
TYPAYY/IYTY.
1-4m M3UAIEHYYYY Kep Ke KAMIAHbIH HYM

Kammara kenun TYLUIKeH JaHAapbl U3WiIeene 8 ypyyra KUpreH MHUKPOMHIIETTEDIHH
OKyIIepy TadbuLbl. AnapabiH nuuHeH Penicillium ypyycynnarsutap lllenHon unaexcu
0OIOHYA YCTOMIYK KBUIBIIITBI, JKaIIbl Ke3lIelIKeHaepaAnH uuuHeH 39,1% amapiasiH
yiaymyHe Tyypa kenau. OxuHun opyHaa Cladosporium ypyycyHaarsuiap 0Oosiay,
aHIaH KUHMHKK opyHIy Alternaria ypyycyna kuprengep saneau. [lemek Oyin sxepae
JlaHJa JKallaraH MUKPOMHUIETTEPAWH TaOBITbIi TYpAYK KaTHAUIbl KOPCOTYIAY el
acenrtecek 0oJoT (5-cyper).

2-4u  M3WIEHYYYY CKep JKe MeXaHHMKAJIBIK Ta3ajaHyyAaH eTyydy JKep.
MexaHHKAJIBIK Ta3aJlaHyylaH OTKOH JaHIapabl H3WIeene 6 YPYyHYH OKYIIepy
Tabbuael.  AsapabiH  wunmHeH — IllemHoH — mHmexkcu — Ootonya  Cladosporium
ypyyCyHIarsulap YCTOMIYK KBUIBIIITHE, aJapIblH CAaHIBIK KapMajbIlIbl  KaJIIbI
Oynranyynapiasin  64,7%-tuH Ty3gy. An osmm Penicillium  ypyycyHmarsumapabia
KapMalblllbl KamIara cajbllThiprania Oup Heue a3 Oonny — 11,24%.  [lemek
MEXaHUKAIBIK Ta3aJlaHOO0 YYypyHIA YaH e TOolmypak MeHeH komo Penicillium
ypYyyCyHIarsuiapra KUpres Typiep AaHAbIH OSTUHEH CypyJyIl 4blrapsiiat. by sxepae
JKaJIIbl TYPAYK CaHbl azaiinsl (6-cypert).
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5- cypet. Kammara kenum TYIIKeH AaHAAapAaH ©CYI YbIKKaH MUKPOMHIIETTEPIIH
TYPAYK KaTHaIIbI

70 647
60
50 |
40
30
20
11.24
10 5.88 5.88 5.88 5.88
o ; ; ; I N
O & R y
Qé‘ ,&69,7 s & & V%

6- cyper. MexaHHMKaNBIK Ta3aJaHyylaH OTYYUY JKepJSH albIHraH, JaHAaplaH ecyll
YBIKKAH MHKPOMHUIICTTEPINH TYPAYK KaTHAIIIBI.

3-4y U3MIIIEHYY4Y Kep JKe CYY MeHeH 5KyyN TazajJaHyyldaH eTyy4y sKep.

Cyy MEHEeH Xyyll TazaJaHyyIaH oTYYUY JKepJeH alblHTaH YITYIepay H3Wigeene 5
ypyyra KupreH MUKpOMHLIETTEPANH oKynnepy karranasl. by sxepae lllenHOH MHIEKCH
6ororya Helmintosporium ypyycyHmarsuiap YCTOMAYK —KBUIBIIITHL  JKaHA IKAJIIBI
Ke3Jenken ko3y kapbiHnapabia 50,0%-un Ty3ay. Omonmoii sne Fusarium ypyycyna
KHpPTeH OKYIIepPYHYH caHbl Oyn sxepue sxoropy Oonmy (18,75%). Amap HBIMOyy
4eiipe/e e34epyHe KarbIMIyy HIapTTapibl Taam, Te3 kebeityyre etymer. by xepzae
Aspergillus ypyycyHaarsuiap KaTTaiaras sxok (7-cyper) .
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4-gy M3MIEHYYYY Kep

Jlan OyynaiinapblH TErHpMEHIe Mai1aiooro KeTe TypraH )KEepPHHEH jKaHa KypraTbUITbIH
xkeppae munaerenne Aspergillus ypyycyHunarsuapaas Oamkachkl ap KaHaai IpoOmeHTTHK
KaTHAIITa O0apIbIK ypyyIarsl MUKpOMHUIIETTep KarTangsl. Helmintosporium ypyycysna-
pUIap YCTOMIYK KbUIIbl (46,6%). Penicillium >xana Fusarium ypyycyHaarsuiapabiH
canbl Oaapwl Oup sxoropy 6osmy-20,0% (8-cyper). Jlemek yHra TapTbulyydy >Kepje
nannapabin Oerunge Aspergillus 6omborony menen Penicillium jxana annan KuiuH
Fusarium 0eirunyy KOpKyHyuTYY TYYAypyydy areHTTep Karapbl KaTTaJIIbl..
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7- cyper. Cyy MeHEH Ta3alaHyyJaH OTYYdy JKep/IeH ajblHTaH, MaHmaplaHd ecyll
YBIKKAH MHKPOMHUIIECTTEPIUH TYPAYK KaTHAIIBL.
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8- CYpoT. TeerMeHre Maﬁz[anooro KETC TypraH XCPUHCH aJIbIHI'aH AJaHAap/iaH ©cCYIL
YbIKKaH MHUKPOMHULCETTCPAWH TYPAYK KaTHAIIbI
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TernpmeHnieH ap KaHAal AeHI33JAe MalAajJaHbIN, TAPTHUIYYra y4yyparaH yHAYH
YJTYJI6PYH H3WJIA66/16H AJBIHIAH KbIHBIHTBIKTAP

Tonyry menen “B” »xama “C” rpynmachlHOAarsl TETHPMEHIEpPAC HINTETIUITCH JXaHa
9JIEKTEH JJICHUII OTKOPYIITOH YH 1.copT kaHa 2.copT 6oyn 0eJIyHYN LHCTEpHAIapra
TPAaHCHOPTTONOT. B1 TermpMeHaeH YblkkaH YHIYH KeceK (pakUMACHIH M3MiAereHne 6
ypyyra KUpreH MUKpOMHLETTepIHH Typiiopy Tabsuinbl. llleHHOH MHAeKcH OoroHYa Oy
xepre Cladosporium jxana Mucor- ypyycyHyH OKylaepy OachIMAYYJIyK KbLIIbI
(28,5%). Demex 40% >xanubuirad Oyyaaid JaHbIHA HETU3UHCH CANPOQPUTTUK TaOBITBIN
MUKPOGIIOPAaHBIH  OKYJIIepYy YycTemayk Keuiabl (9-cypert). bupok Penicillium,
Alternaria >xana Fusarium oKIIOroH TOKCHH Oepyydy ypyy/apIblH MaaHHIYy CaHza
6omynry Bl termpmenum narel sie G0JICO  3BISHCBI3 JKaHa KOOIICY3 a3bIKTHI allyyra
KOpKyHy4y Oap >xep zien scenteere 00JI0T.
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9- cypet. Bl TermpmMeHWHEH YBIKKAaH YHIAH alblHTaH KOK JaT KO3y KapbIHAAPIbIH
TYPAYK KaTHAIIIbI.

B4 termpmenIepIeH NIITETHITEH YHAYH YITYIOPYH H3WIAETeHIEC KO3y KapBIHAAPAbIH
TYPAYK KaTHAIIbI KECKUH KBICKapraHABITHI Oaiikansl. by skepae 60arony y4 ypyyHyH
oKyaepy kesaemtu. [larsr ame 6osco llennon naaekcu o0ororuya Cladosporium sxaHa
Mucor- ypyyCyHyH OKYJmepy OaceiMayyiyk Keuiabl (43,7%). Penicillium ypyycyna
kuprenaepaud  yaymy 12,5%-mu ty3my (10-cypert). [emex paret 6up 40%-tuk
KaHYBUIyyJaH OTKOH YHJIYyH KOK JaT KO3y KapblHAap MeHeH Oyjranyy IeHId3J11
TOMOHJIONT.
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Byaranyy %

Mucor Cladosporium Penicillum

10-Cypet. B4 TerupMeHHHEH YbIKKaH YHJAaH QJIbIHTaH KOK JaT KO3y KapbhIHAAPJAbIH
TYPAYK KaTHAIIBL.

C1 TerupMeHIEH WINTETWITeH YHIYH YITYJIOPYH HM3HWJIIEreH]e KO3y KapbIHAApIbIH
TYPAYK KaTHaIIbl Mypharsl terupmenzaeit 6oy . Byn xepnme marsr Cladosporium
’kaHa Mucor- ypyycyHyH eKkyiaepy OackiMayynyk Keuiasl (42,8% xana 50,0%).
Bupok Oyn skepme Alternaria ypyycyHyH exynmepy Tabsuimel (11-cypet). Byn
TETUPMEH/ICH 6TKOH YHIYH JIarsl 3Jie 00JICO KOK JaT KO3y KapblHAap MEHEH OyyJraHyy
JIEHTIRITH JKOTOPY O0Iy.
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Atemaia

11- cypet. C1 TermpmMeHAEpACH MINTETWITEH YHIYH YJTYJIOPYH M3HWIACTEHAE alIbIHIaH
KO3y KapbIHAAPbIH TYPAYK KaTHAIIIbI.

C4 TerupMeHIIeH WINTETWITCH YHIYH YITYJIOPYH HM3WJIIEreH]e KO3y KapbIHAApIbIH
TYPAYK KaTHAIIBIHAA OOJITOHY KM T'aHa YpyYyHYH eKymniepy karranas! (Mucor - 50,0%
skaHa Cladosporium - 50,0%) (12-cyper).
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Buznuz u3uineenep caryyra )xeHOTYJI® TYpraH yHJa canpo(UTTUK KO3y KapbIHIApIbIH
KOIl caH/a KapMalbIIIbIH KOpCOTTY. MUKOTOKCHH KapMOOUy KO3y KapbIHAAP/bIH CAHBI
yJlaM a3aiblll OTypyI, YHIAY HIITETYYHYH asKKbl CTaausUlapblHAa >KOKKO 3ce Ooimy.
Byn wumrernnyy yOarslHza JaHga KapManraH criopajap YHAYH KaOBbI'bl JkaHa
yJIIaKTapbl MEHEH KOIIO YbITBIIIBI MEHeH OaimaHbluTeipcak 0oioT. Jlemek
WINTETUTYYHYH asKKbl TENKHMYTEPHHAE T'aHa MHUKOTOKCHH Oelym dbIrapyydy KO3y
KapbIHIap MEHEH OyJraHyy KOOICY3IyTy K€ KOPKyHYy4y JKOK OOJIy.

Mucor Cladosporium

12- cypet. C4 TerupmeHepJeH UIITETWITeH YHIYH YITYIOPYH U3MWIICTEH e aJIbIHIaH
KO3y KapbhIHIAAPABIH TYPAYK KaTHAIIBL.

HN3unneenepayH Herusuniae Oyyaaii JaHaapbiHaH 06JYHYN AJIBIHTAH MUKOTOKCHH
O0eayn ubirapyyuy Aspergillus :xana Penicillum ypyycyHaarsl Muxkpomuuerrep
AHBIKTAJIIBI.

IItamm Asp — 4. Bya muxpomuuer Aspergillus ochraceus 6oyn aHbIKTaJABI.
Aspergillus ochracues- 2-uym m3uIneHYYYY kepaeH 0.a. MEXaHHKaJIbIK Ta3aJI00I0H
OTKOHJIOH KuiinH Oyynail naHblHaH OenyHyn anbiHAbl. Aspergillus ochracues —
Ochratoxin A, Ochratoxin B, Ochratoxin C, Penicillic acid, Viomellein
MHUKOTOKCHHJEPHH OOy YbIrapyydy KaTapbl OCITHIYY.

ItamMm Asp — 1. Bya mukpomuuer Aspergillus flavus Link; Raper, Fennel, 361
oonyn ambikTamabl. Aspergillus flavus — 1 um m3uinenyy4y xepien 0.a kammara
Kenun TymkeH Oyynait nanpapeiHaH OeiyHny. Aspergillus flavas temenky yy
MeTabomuTTepau Oesyn ybirapyyuy Oonym cananat: Aflatoxin B1, Aflatoxin B2,
Aflatoxin M1, Aflatrem (alkaloid), Aflatrem (indol alkaloid), Aspertoxin,
Cyclopiazonic acid, 3-Nitropropoinic acid, Sterigmatocystin, Versicolorin A.

IItamm Asp — 3. Bys mukpomuner Aspergillus sulphures ( Fres) Thom et Church;
Raper, FennelLl, 271 6o1yn aHBIKTAJABI.

Aspergillus sulphures garpi- 1-un n3miaeHyyuy xxepJeH 0enyHay.



78 TABUIbIA HJIUMJIEP JKYPHAJIBI
Tunatua JOOJIOTKEJIUEBA, Cyatan HMAHI'ASUEB

Aspergillus sulphures- Ochratoxin A TokcuHAN 06y Yblrapyy4dy KaTapbl OSJITHIYY.

Hltammaap Pen-2 :kana Pen-5. Bya mukpomuuer Penicillum martensii Biourge,
Raper, Thom , 500 6osyn aHBIKTAJ/bI.

Penicillum martensii -1uyn jxaHa 24M M3WIACHYYYY oKepAeH 0.a. MeXaHHMKaJbIK
TA3aJI00/I0H OTKOHJIOH KMWUH Oyynail maHbiHaH OenyHyn anbiHabsl. Byn Penicillum
martensii TapaGbIHaH 06JYHIOH MUKOTOKCHHEP JKOHYH/IO MaajibIMarTap TaObUIraH
HKOK.

IItamm _ Pen-1. Byn mukpomuner Penicillum cyclopium Westi: Raper, Thom ,
453 Ooayn anbikTadAbl. Penicillum cyclopium- 2-yu m3unpenyydy sxepreH 0.a.
MEXaHUKAJIBIK Ta3aJI0010H OTKOHIOH KUIHNH Oyynail maHeIHaH OeIyHYI aibHABL. By
Mukpomuuet [laTymnaau-6enyn gysrapyydy Katapsl OeNTHIYY.

AIJABUATTAP

1.Bhat, R.V. and Vasanthi, S. 1999. Mycotoxin contamination of foods and feeds.
Overview, occurrence and economic impact on food availability, trade, exposure of
farm animals and related economic losses. ftp://ftp.fao.org/es/esn/food/myco4a.pdf

2.Davis, N. D. and Diener, U. L. 1987. Mycotoxins. In “Food and Beverage Mycology”
(L. R. Beuchat, ed.), 2™ Ed., pp. 517-570. Van Nostrand Reinhold, New York.
3.Bayman, P., Baker, J.L., Doster, M.A., Michailides, T.J., and Mahoney, N.E. 2002.
Ochratoxin A production by the Aspergillus ochraceus group and Aspergillus alliaceus.
Appl. Environ. Microbiol. 68, 2326-2329.

4. Christopher J. Schwab and David C. Straus The Roles of Penicillum and Aspergillus
in Sick Building Syndrome/Advances in applied  Microbiyology, volume 55, 2004,
215-231.

5. Keipreiz  PecriyOnmkaceiabiH Tamak  AsbiktapbiHbiH Koorcy3ayry sxaHa CamaTsl
00r0HYa MHPOPMAIUUITBIK OroJuteTeHu, bumkek, 2005.

6.M. F. Dutton. Mycotoxin Research in South Africa/ Advances in applied
Microbiology, Volume 53, 2003, 213-232.

7.Barnett H, L., Hunter B.B. (2005).Illustrated Genera of Imperfect Fungi. /APS
PRESS The American Phytopathologic Society St.Paul, Minnesota, And Fourth Edition.

8.Cheremisinov N.A. and others. (1970). Fungi and Fungous Diseases of Trees and
Bushes. Moscow: Forest Industry, p. 392.

9.Stakman E.C., Harrar S.G. (1957) Principles of Plant Pathology, New York.



TEXHOI'EHJIUK KOMYPTEKTUH KOIII KbIUKbIJIBIHBIH
YO POI'e TUMITU3TEH 3bISIHIYY TAACUPUH DCENITOO

KA3HEB B.A.

Keipren-Typk «MaHacy yHUBEPCUTETH
OKONOTHSIBIK HHKEHEPHS 06JYMYHYH OYTYPYYdY CTYIASHTH

Ipod., ap. 3apasik MAMUMEKOB

ByTypyy umTus mwinmui xxeTeKuucu
Keipren-Typk «Manacy yHUBepcuTeTH, bumkex

Kupuim ce3

OHep ’kail MEWITEpHHEH YbIKKaH TYTYH Ta3blHbIH JKaHAa aHbIH KOMIIOHEHTTEPHHHUH
Yeipere TMHIHU3reH TaaCUPHH 3CENTeo, KapaThUIBIIITE KOProo MeXaHn3MIepHH 0aaloo,
3¢ PEKTUBAYY MEXaHM3MICPAN HINTEN YBITYY, OIIOHY MEHEH OMpre YhITBIMAAP.IBI TOJI00
IAPTTaphlH JATHIee as3bIpKbl Ke3[AeTH S5H OpUYyHAYYy MacelelepauH Oupu Oomym
acenrreniet. KepceTynreH mpoOiemManapablH WIMMAN HETH3IEPH a3bIPKBI YIypAa TOIYK
W3WIICHTeH 3MEC, KONTOereH JKApaThUIBINTEI KOProo JKaHa AaHBIH OalIBIKTaphIH
capamKaiayy HaijantaHyy WINTEpUHAEC CyOBEKTHMBAMK JKOJIIOP, HaThliDKamap Oap. By
yKarjaiiap Kapablll )KaTKaH MPOIECCTep TUHAMHKAJIBIK MIapTTa OPYH aJIbI, 9H TaTaal
OONroHIYKTaH jkaHa 0a3ap IKOHOMUKACBIHBIH TEOPHSUIBIK, MPAKTHKAIBIK HETH3Aepu
SKOJIOTHSUIBIK Maceeliepre KEHUpU KOJIOHYJIOaraHIbIKTaH, uedpere Taacup OepreH
JIOOPJIMK  3aTTap[blH YEKTYY JAEHIIAJJIErd KOHLEHTPALMSChl TaK 3MeC OOJDKOJILYY
MaaHure 33 OONynly MEHEH AalwiiAeHeT. YIIyNl jKarjaiiaapIpl 3CKe ajblll OepHireH
OYTYPYY HMILIMHIE KOMYP KBIUKBUI I'a3bIHBIH YOHpere THHTM3IreH Taacupu Kapajiisl. by
MaceseHn yeuayy YayH CO, delipere yslrapyydy HETH3TH OylakTap, Ta3OblH (H3HKAIBIK,
XAMUSITBIK KaCHETTEPH, KOIIOHYIIYINY, CTPYKTYPAIBIK TY3YJIYIIY, aHBIH KOHIICHTPAIIUs-
CBIHBIH ap TYPAYY YOHOYKTapAaH Ke3 KapaHIBUIBITHI, abaJarbl TapalbIlibl )KaHa aHBIH
TaacHpHH/Iery aba bIpalbIHBIH ©3repYIIY, «MAPHUKTHK 3GPEKTHHY» TYHHOIYK SKOIOTHS-
JIBIK MaaHUCH OOIOHYA TOJYK aJaOMATTHIK aHAIN3 JKaCaJbIIl, WIITHH AKCIIEPUMEHTAIIBIK
MaceleIepy aHbIKTAIIBI XKaHa m3miaeHu [ 1-8].

Ap xaHmail Ky0aTTyyJIyKTarsl ©Hep *ai MEIITSPUHCH YBIKKAH TYTYH Ta3apbIHIarbl
KOMYPTEKTHH KOII KBIYKBUIBIHBIH KOHIICHTpanusachl, CO CanpIITRIpMAyy 3CENTEIHII,
aHBIH HETHW3WHIC Ta3 arbIMAApBIHBIH CApITANBIIIBL, TEMIIEPAaTypachl, TETUKTEPINH
CBI3BIKTYY ©a9eMIepy dcke anbiHbi, CO, yeiipere THHTH3TEH TaaCUpPH, 3bITHIYYIYTY
YKaHa ara OaiIaHBIITYy OOJTOH TeIeMAOPAYH YOHIYKTAPHI IIAPTTYY TYPAO ICEITEIIHII
YBITapeUIIEl. KOMYPTEeKTHH KOII KBIYKBUIBIHBIH 3BITHAYYIYTY OOIOHYA aNbIHTaH
HaTblKaNnapAblH HETU3UHJE Ta3[blH KOHLUEHTPALUSAChIH 4OHpee a3alTyyHyH alpbIM
xonjopy Oepuian. AnapabiH nuuHeH 3G dexTuBayY xKonaopayH oupu karapel CO; cyy
’)KaHa MOHOJTaHOJIAMUHIWH DJSPUTMECHU apKbUIyy COpYYy, Ta3fbl KOHBEPCHSIIOO,
OTYHIAPIbIH KypaMbIH ©3TepTYYy, (HOTOCHHTE3HM KOJIOHYY IIapTTapbl KOPCOTYIIY.
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ByTypyy ummMHAe anblHraH HaTbliKanap[belH HETM3WHAE rasjapislH, aiipeikuya CO,
yeiipere THHIH3reH Taacupu OaajlaHbIN, AHBIH 3KOJOTHUAIBIK-DKOHOMHUKAJIBIK JKaHa
COLMAJLIBIK MAaHUJICPU KOPCOTYILAY.

Metoanop

AxTtuBnyy OynraHyy aifMarsIH 3centee. byiranyy Oynarsl katapsl ap TYpAYY OTYHIYH
HETU3MH/E UINTETCH XbUTYYJTYK 3JIEKTP CTAHIMACBHIHBIH TpyOachl Kapanapl. MbIHIan

IapTTa aKTHUBAYY OyJIraHyy aiiMarsl Oeirmiyy paanycy Oap makekdeHu tyser [7,8]:

R ,=2¢h
R.=20¢h.

Mbina h - OyJaakTeiH OUHAMKTHTH, M; P-OUpIUKCH3 KO DHULIUEHT;

¢ =1+ (AT/75°C)

AT -TeMIiepatypaHbIH albIpMachl, TPaL;

AxTHBIYY OynraHyy aiiMarsIHBIH asHTHI (SaGa‘Mz) TOMOHKY (hopMyJia OOIOHYA aHBIKTAJIAT:
Saon = TR rss = R c)-
AtMmocdepaHbI OyIT00A0TY 3BITHAYYIYKTY 3CEITOO:
u =yoMf.

2002-xpu1AbIH OaanapblHAa CalbILITBIPMa 3BIAHAYYIYKTYH (Y) caHAbIK emdemy 2,34
pyOsb/ToHHA TY36T (pyOJib MEHEH COMIIYH 3KBHBAJICHTH MLITE 3CKE aibiHaT) [7].

AxTtuBIyy Oynroo aiimarbiHaarsl arMocdepanbik abaHbIH CAJBILITHIPMANyy OyJaraHyy
KOPKYHYY KOPCOTKYUYH (8) acemnTer ubiryy 3apbii. CeOeOu akTuBayy Oyiranyy aiimarsl
Ouppeii aMec JkaHa ain ap KaHxai Thntyy aimakrapaas typar (Sy, S,,S3,S4,Ss5). Ap 6up
TUNTETH S; YIYH O; KOHCTAHTAJIaphl TAaHIBIK. Ap OMp aKTUBAYY OyJiraHyy aiMarbl YIYH
OpPTOYOJIOHTOH O YOHAYTY TOMOHKY (hopMyJia OOFOHYA aHBIKTANIAT:

S Sy

i=1 SAAA

MbIHza 6-akTHBAYY KUP/Ee aiMarbIHAarsl aTMOC(EpaHbIH CAIBIIITHPMATYY KUPAO©
KOPKYHYUYYHYH KOPCOTKYUYY (OMPAMKCH3 YOHAYK); S,5, — JKAIIBI aKTUBAYY OyJiraHyy
alfMarsIHBIH asiHTHI (Ta), i- aba OeIYTYHYH HOMEpH, aliMaKTapAblH OMpUHE TaaHABIK; S;
—aliMaKkTapablH OWPWHUH asHTHL (ra); O; 1- THUOTETH aiMaKTapIblH YCTYHAOTY
aTMOC(epaHbIH CANBIITHPMATYY Oy/IraHyy KOPKyHYY KOPCOTKYYY;

Abara ypIrapbuirad XbUIABIK Oysroody 3artapabiH Maccachl (M=M,qum,) I'a3 TYpYHIOrY
’KaHa a’po30JIAyK apajaliManapIblH CyMMacblHaH Typar:
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M = Mra3 + Mﬁ3p030ﬂl>‘

I'a3 TypyHImery apanammaiapisiH abara 4blrapbUIraH >KbUIIBIK TALITAH/bLIAPBIHBIH
Maccachl (M;,;) TeMOHKY popmyiia O0rOHYA SCENTENET:

6
M= Am -
JJ

J=1

AJl 5MH a3p030JTyK apaialiManap/bH TallaTaH(bUIapbIHbIH Maccachl (Masposom,):

2

Maaposons =. Z Am. -

7T
J=1

MeHIa My, KaHA Mgyposom — a0ara ubIrapblIraH SKbULIBIK Ta3 jKaHa a’3po30JIyK
TAIUTaHABUIAPABIH Maccachl;j- Oyiroody 3arThlH TYPY (ji,jo- adpO30JIyK 3aTTap;
J3Jasjssj6- Ta3 TYPYHIOrY 3artap; Aj - j TYPYHIOTY apalaliMaHblH CaIBIIITHIPMAILYY
arpeccuBIYYJYK KOPCOTKYTY.

ApanammanapasiH aTMocdepaaa TapabliblH KOPCOTKOH f- Oupankcn3 KodpGHIueHTH
TOMOHKY (popMysia GOFOHYA aHBIKTAJIAT:

a) ra3 TypyHzuery as0ai a3 yeryy bulIaMIbIrbIHA 33 apanammiap yayH (1 m/c):

f,=1f,,= 100(m) . 4(m/ cex) :
100(m) + @h  1(m/cex)+ y

6) 1 - 20 M/cex 4eWWHKH YOrYY BUIOAMIBITBIHA 33 OONTOH Oexykdenep (a’po30Jb)

YUYH:
f,=fop= 1000(m) . 4(m/cex)
60(m)+@h 1(m/cex)+y
MBIH/Ia Y - IIAMaJJIBIH BUIIAMJIBIK MOJIYJIYHYH OPTOYO JKbUIIBIK YOHAYTY (M/CEK); ¢-
oupaukcus ko3¢ uuueHt; h - Tpyda OuitukTury.

Iazpapabin  atMocepara THHrM3reH 3bpIsIHAYYJayry. JKannbl 3bIIHOYYIYK 3KH
TYpayy napamerpiepre 33. F (fr,, xana f,,,) oxu Typayy apanammanapasid (M, %aHa
Msp) TAIITAHBIIAPBIHBIH 3bISHAYYYKTapbIHEIH CyMMachiHa 6apabap. OIOHIyKTaH,

u=u; +u,=jofM,; +tjofMasp.

AOaHbI 0yJro0g0ry TeJie0 aKbICBIH 3CENTOO6. AKBIHBIH >Kajlllbl CyMMachl TOMOHKY
(opmyra OOIOHYA ICETITEINET:

H)kannm = Hl + H2 + HS.
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Meinapa I1; — yexTyy neHrasnaeru tamtanabl YuyH akel (U T); I, — uektyy neHrasnuex
amikaH, OMpOK yOaKThUlyy MaKyJIAalIbUIraH YeKTerw TaiuTanapuiap yuyH aksl (YUT);
I1; — y6akThuTyy MaKy/IJambuIrad YeKTEH allkaH TamTasasuiap yayH akel (YUAT).

I1,,I1, Il; Mmaanunepu TeMeHKY (opMyia O0I0HYA ICETITENET:

H] = PM],
H2: 5PM2,
H3 = 25PM3

Moiana P- akel HopMmatuBH (com/miapT. T); M| —4eKTYY AEHII3JIIerd TallTaHAbIHbIH
Maccachl (mmaprt. T); M, —4eKTYy ASHI?3J/IeH aiTkaH OMpoK YOaKTBUTYY MaKyJIalibuIraH
YEeKTEerd TAIlTaHABIHBIH Maccachl (WapT. T); Mz — yOakThulyy MaKyJIAIIbUIraH YEKTeH
alTKaH TallTaHABIHBIH Maccachl (IapT. T).

M;, M, M; MaaHHJIEPHH aHBIKTOO
a) JKBUTJIBIK JKaJITIbl TAIITaHABIHBEIH MacCaChl (M ):

M)Kanm,l = Ml + M2 +M3

0) yOakTBUIyy MaKyJNAIIbUITaH YeKTeH alllKaH TAIITaHIBIHBIH Maccachl Oynroody
3aTThIH JKaIbl MaccacklHbIH AM(%) YOHIYTYH TY36T. M3 YOHIyTY:

M3 = MMaanlAM(%)
100%

B) M, s)xaHa M, YOHAYKTapbIH YCENITEHON3. ATapIbIH CYMMACHI:
Ml + M2 = M)K'd.l'[l'lbl - M3

Orepie yOaKTBUTYy MAaKyJJallbUITaH YEKTeTH TaIlTaHIbl YEeKTYY JCHII3JICTH
tamranasiaad 20% ke 00co aHfa,

YUT = 1,2M; ; an asMu My, = YUT + AM = 1,2M, + AM.
Tuemwenyy Typle,

Ml = Mmmnbt - AM
1,2

My = Mocans =AM () .
1.2
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Ta6auuna 1. Ambikua aba merneH CO keJieMy OpTOCYHAArbl GaiTaHbII

Kyityyayn Kyityyayn Kyityyayn
OINTHUMAJIIBIK [IAPTTaPhI JKAKIIIbI HIAPTTapPh Tepe MapTTapsl
Oraee Omuee Omuee
C02 C02 C02
12% 11,5% 10%
CO CO
CO
<< 50 ppm > 50 ppm > 50 ppm
co co co
[ppm] 4 (ppm] 4 (ppm] 4.
1 il T
600 600 600 +
il 1k
300 + 300 + 300
10 12 10 8 6 [%] 0 12 10 8 6 [%] 10 12 10 8 6 '[%]
CO, CO, CO,

TyTyH rasmapslHIarel KeMYp KbIUKbLT Ta3bIHBIH ©MY6MYH AaHBIKTOOAO K33J€ Oallka
ra3apra CajblIITBIPMANIyy O3CENTee JKOIYH KOJIOHyIIaT. AHTKEHM ail TYTYH
ra3lapblHjia CajblITHIpMalyy a3 ejuemae kapmanar skana anel CO kapara Ta0yy
piHrainyy. JKoropky rpadukre KyWyy IpolieccHMHAe maiia OoJroH TYTYH
rasaapblHAarbl KOMYPTCK KbIYKbLIbBI MCHEH KOMYPTEK KOII KbIYKbUIBIHBIH OPTOCYHAAT'bl
Ke3 KapaHIbUIbIK OepunreH (tabin-1). I'paduxre kepynrenngeit CO, 10% xesunge CO
170 ma™ (ppm) canIbIK eTdemre 33. DCenTeenopay yuIyl Ke3 KapaHIbUIbK GOXHUA
KYpry3e6ys. 170 ppm Mr/m’ eTKe3yy Y4YH TOMOHKY TeHIEMEHH KOIJIOHOOY3:

P=1,22. 10 M/T.

CO rassr yays 20°C temneparypana : p = 1,22° 10* 0,028/293 = 1,16 xr/m® = 1,16. 106
mr/v® = 1,16 mma™. Ao = 1,16, Cco = 170. 1,16 = 197,2 mr/m’. Omu CO Tyypa kemren CO,
TabbIur yayH nporopuus Ty3e6y3: CO, = 197,2. 10/ 100 = 19,72 mr/ »’. Jlemek, rpacduxk
6ororva TyTYH raseiHga CO 170 ppm 6oico CO, 10% 6Gomot. TIpONEHTTHK KaThIITAp
6otorua CO, 19,72 Mr/M® GOIym WYBIKTEL Bysl TEHICIITHKTH MBIHIAH apKbl MIAPTTYY
3CENTONIIOPAe KEHUPH KOJJIOHOOY3. . AJIBIHTaH HaThlibKaap Tabimna-2 Oepusim.
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Ta6umuna 2. OHep-kaif MEIITEpUHEH YBIKKAaH TYTYH raszgapeiaaarsl CO, equemy kaHa
AHBIH 3BISHIYY TaaCUpH

Memrre H D Vv T. . T U Cco, Cco, v
P M) | () | (Meex) | (°C) | (xpun) | (m/c) | (Mr/m’) | (T/xbim) | (com/xbim)
14,4
JIKBP-2,5-B 125 2,28 4,223
JIKBP-6,5- B 32 0,6 | 14,86 120 | 0,33 3.4
AE- 10-14 3.5 0539 | 1,026
3,0 ’ ’
;?g 10,017 | 19,37
JE-25-14CM) | 80 3,0 992 130 | - 1,5 ’
10
8.5 3,1305 | 5,70
12,5
I'M- 50 (2) 106 43,73 39,04
JIKBP-6,5/13(2) | 83 3,0 | 11086 | 130 | - 43 ’
B-25-15(T'M) 3,9 13.64 12.17
3,0 ’ ’
2’2 0,17 0,4307
E-1/9-IM 2M) | 22 0,6 | 0833 135 | - 2,7 ’
3,5
29 0,092 0,082
31,0
229 2,44 3,33
JIKBP-4/B 40 2 2,5 185 | - 3,7
14,0
10.4 1,10 2,75
g?g 21,44 29,27
[ITBM- 30M 40 2 39,72 185 | 0,58 3,7 ’
12,5
95 1,56 2,12
KE.- 4o 14 2’325 0,576 1,3
e 25 1,0 | 544 130 | 0,416 | 3,0 ’
(2 naana) 301
25 0,21 0,48
B 1o M Z’(z) 0,094 0,21
- 24 0,4 | 0413 135 | - 3,2 ’
(4 naana) 37
31 0,048 0,1
KBP- 4/B 451’(3) 1,55 3,86
AKBP- 23 |oe |9271 | 174 |- 3,0 ’
(3 naana) 27
20 0,78 1,94
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Harplitxanap

Kyityy mporeccunie KeMYpTEKTHH KbIUKbIIIAPBIHBIH Taiifa 0oyy >kaHa anapAblH Oupu-
OupuHE OTYY MEeXaHU3MIEpH, abajarbl KbIYKbUITEKTEH K63 KapaHIbUIBITBI JHarpamma
*aHa rpadUKTUK cxeMmaiapia Oepwiau. KeMypTeKTHH KbIUKBUIBIHBIH SKCIIEpPHMEHTA-
JIBIK KOHLIeHTpauusicbiHa Oaitnanbiutyy CO, ra3 (a3achiHaarsl eJ4eMy jkaHa arpeccuB-
JOYYAYTY IHapTTYy MaaHuAe OScenTengu. Ap TYpAyY KyOaTTyyJdyKTarbl eHep Kaii
MEIUTEPUHEH UBbIKKAH TEXHOT€HIUK TYTYH Ta3fapblHAarbl KOMYpPTEKTUH KOUI
KbIYKBUIBIHBIH 4eHpere THHTH3reH TaaCHpU MOPAYH OWHMKTHIHMHE XKaHa IHaMeTpHHE,
IaMaJIIbIH  BUIAMABITBIHA, TEMIIepaTypaHblH MaaHHCHHE OalaHbIITyy SCENTeNuIl,
YOMpeHYy KHUPACTYY ASHTHI aHBIKTAIBIN, KENTHPWITCH 3bITHAYYIyKKa Kapara Telee
emuemzepy Oenrunenan. Yelpenery TEXHOTEHAWK KOMYPTEKTHH KOII KBIYKBUIBIHBIH
3BIAHLYy TAaCHUPHH a3alTyyHYH 3KOJIOTHSUIBIK, (PM3NKA-XUMHUSUIBIK YKaHa TEXHOJIOTHSUIIBIK
HKOIIOPY CYHYIUTAIIBI.

Cynymrap

KeMypTeK KOII KBIYKBUIBIHBIH 4OHpere THHIH3reH 3bIHIYY TAacHpHH a3alTyyHYH
KOIZIOPY aJaOMATTBIK KaHAa HSKCIEPUMEHTAIIBIK aHAIM3IMH HETH3UHIE OeNTrHIeHIIH:
CO, armocepara ubrapOaii okeaHablH TYOYH® 4OH KeOYK TypyHme copaypyy; CO,
Oenrmnyy Oup OenyryH QOTOCHHTE3IWH HETH3WHIE CHHUPYY; Ta3[dbl KYHYYdY OTYHIOAaH
@XBIpaTyy; ra3Ibsl TePMETHKAIBIK KOHTeWHepiepae cakroo; TOLl enayy upu Oynroody
OynakTapia MOHOSTAaHOJIAMUH MEHEH Ta3/bl KapMmall Kaylyy; >KbUIYyJIyK SHEpPIUsICHIH
anyyna CO, caHbIH a3aiiTyy; KEMYPTEK KaMTbITaH OTYHIy aTaiibiH Oyy KaHa KbIUKBUITEK
MEHEH HIITETHIL,CUHTETUKAIBIK Ta3ibl allyy; CyyTeK BHEeprerukacblH Kosponym, CO,
npoﬁneMacmH TOJYK 4Y€uyY, ras/ibl CaKTOO TCXHOJIOIMACBIH HUINTCIH YbITYY.ra3gbl TY3
KOOYKYOJIOpYHO CHHUPYY (CHIMKATTap MEHEH apakeTKe Kejull, KapOoHAT jkaHa Oukap-
OoHaTTapIbl Taiijia KbUIAT); JKaHbl TEXHOJOTHSHBI KoJMOHyn MetannaH CO, Oemym,
3BISIHYY Ta3/bl Kaiipa AeHN3re CHHUPUII TYPYY YUYH ACHU3IMH TYOYHIOTY CyY JKaHa KyM
KaTMapblH KOHTEHHEp KaTapbl KOJJIOHYY;KOMYPTEK KOLI KBIYKBUIBIH OWp KIIETKaIyy
OaybIpaapapl Ke0eiTyyae KoimoHyy; atMocdepanarbl KOMYPTEK KOII KbIYKBUIBIH JKalll
Kaparaiinap, Oanarsuiap apKbULyy CHHUPYY;0HAYPYIITOpre GUIbTpIepau KAPTU3YY KaHa
UINTEN YbITYY; SKOJOTHSUIBIK JXKAKTaH Ta3a SHEPrusl OyJaKTapbhlH KOJJIOHYY; TAIlTaH-
JIBICBI3 OHIYPYII TEXHOJOTHSIAPEIH MaiilaaHyy; yHaanapAblH Ta3lapblH a3aiTyy *XKaHa
IIaaprapzsl, avbUIgapabl KallbULIAHIBIPYY; SHEPIHSHBIH JKaHbl OylaKTapblHA OTYY;
TEeIMOTETUKTEPAN JKaHA IIaman KbIHMBULAATKBIYTAPBIH KOJNJOHYY MEHEH OJIIEKTpPO-
SHEPTUSAHEI allyy.
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Ozet

Medeniyet gelisimi biitiin teknik biliminin iserisindedir [1]. Gelisen teknoloji 6zellikle
sanayi devriminden sonra insanlarin enerjiye olan ihtiyaglarini gittikce bagimlilik haline
getirmistir. [2].

Glinlimiizde zorunlu hale gelen enerji ihtiyacti ve olumsuz sonug¢larna kars
gelistirilmeye c¢aligilan projeler, temiz ve doniisebilen enerji kaynaklari olarak dnemini
arttirmaktadir. Bu ¢aligmalar sayesinde alternatif enerji kaynaklari iretilebilmektedir ve
en Onemlisi bu enerjinin temiz olmasi dolayisiyla ikincil kirleticiler olusmamasidir.
Temiz ve doniisebilen enerji kaynaklari ¢evresel felaketlerin kacinda olmasi da su anda
insanligin bagvurmasi zorunlu olan adreslerden biri olarak goziikmektedir.

Giibre igerisinde ¢ok degisik tiirde mikroorganizmalarin bulunmasit miimkiindiir. S6z
konusu bu deney giibre igerisindeki mikrobiyolojik faaliyetleri varligin1 gostermektedir.
Yalniz bu deneye biyogaz olusumu agisindan baktigimizda ise olugsan gazin biyogaz
olma ihtimali yok denecek kadar azdir. Ciinkii giibre ya da giibreler taze olmasa bile
akla ilk gelen biyogaz kriteri olan siire ideal biyogaz olusum siiresi degildir. Olusan gaz
icerisinde metan gazi olugsa bile istenilen oranin ¢ok altinda kalacaktir. Olusan gazin
tiiri karbondioksittir ve biyogaz olusum siireci olarak baktigimizda bu biyogaz olusum
stirecinin birinci agamasi olan Fermantasyon ve Hidroliz asamasidir.

Dogal gaz gibi yollarla enerji liretim yollar1 diger metotlara kiyasla daha temiz gibi
goziikiiyor olsa da yenilenebilir bir kaynak olmadigindan sinirlt bir kaynaktir. [3].

Anahtar sézciikler: doniisebilen enerji kaynaklari, giibre, biyogaz.

Giris

Kirgizistan’da ve ozellikle baskent Biskek’te hava kirliligi 6nemli problemlerden
biridir. Bu yilizden temiz enerji kullanimin yayginlastirilmasi bu agidan da dnem tasir.
Omegin Biskek’te merkezi 1sitma birimleri (TELI) sehre 300 ton toksin madde ve her
giinde 15 kilogram agir metal sagmaktadir [4].

Kirgizistan’da o6zellikle son yillarda diinya capinda gereksinimi artan temiz enerji
ihtiyac1 yerli ve yabanci proje kaynaklartyla desteklenmeye baslanmigtir. 18 Mart 2004
tarihinde Japon “JICA” merkezi Kirgizistan temsilciligi tarafindan biyogaz teknolojisi
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ve biyogaz Ogretisinin yayginlastirilmasi yoniinde c¢alisanlar arasinda toplanti
diizenlenmistir. Bu toplantida Kirgizistan temsilcileri tarafindan sunulan raporlar
dinlenmis ve ayn1 sekilde Kazakistan temsilcileri tarafindan da Kazakistan’daki biyogaz
teknolojisinin imkanlari {izerinde durulmustur.

Japon temsilciler tarafindan sunumu gerceklestirilen konularda 6zellikle Japonya’daki
biyogaz iiretim teknolojisi siirecinin nasil isledigi, giiniimiizde bu alanda hangi
kazanimlarin elde edildigi ve hangi problemlere sahip olundugundan bahsedilmistir.
Kirgizistan temsilcileri de sunumlariyla Kirgizistan’daki biyogaz iiretim teknolojisinin
durumundan bahsetmislerdir.

Toplant1 sonunda asagidaki kararlara varilmistir:
1. Ciftgilere diistik faizli mikro krediler 6nermek.
2. Bu alandaki 6gretinin yayginlastirilmasina destek vermek.

3. Kirgizistan’da bu yonde gelisen organizasyonlarla s6z konusu alanda isbirligi
yapmak.

Glinlimiizde anlagilmistir ki, Biyogaz iiretimi i¢in tarimsal atiklarin modern ¢evresel
temiz teknolojik yolla isletilmesi alaninda Kirgizistan’da yiiksek diizeyde imkanlar
bulunmaktadir. Bu alanda Kirgizistan’daki olanaklarin yaninda ispat edilmistir ki bu tip
tesislerim tarim alaninda genis Olgekli kullanimiyla kirsal kesimdeki yasayanlarin da
hayat standartlarin1 yiikseltmektedir. Kisi kendi bahgesindeki hayvan artiklarinin
isletilmesiyle alinan biyogaz1 giinliik ihtiyaclar i¢in kullanabilir ve kullanilmis artiklarda
organik giibre elde edebilir. Ayni sekilde kisi ya da kisiler biyogaz ve giibre satist
yoluyla kendi isini kurma imkanina erisebilirler. 2003 deki verilere gore Kirgizistan’da
biyogaz tesisi olanaklari i¢in danismanlik hizmetlerine 20 kdy sakini katilmistir. Ve ii¢
¢iftci proje siparigi vermistir. Geriye kalanlar ise bu alandaki yogun ihtiyaca ragmen
tesislerin kurulum denemelerini reddetmislerdir. Biyogaz tesisi ingaati ve tesis
igletilmesi siparigi veren ¢ift¢ilere danigmanlik hizmetleri sunulmaktadir. Bu hizmet
sayesinde ¢iftciler minimum {icretlerle biyogaz iiretim tesislerinin montaj ve insaat
alanlarinda ayni anda tecriibe sahibi olurlarken bu tesislerin kendileri tarafindan kendi
koylerinde isletilmesi olanaklarini da elde etmektedirler.

Su anda Kirgizistan’da orta oOlgekte 10 adet modern (20-150 m?* kapasiteli
biyoreaktdrler) ve 10 adet de 3 m® den 10 m® ‘e kadar kapasitedeki el yapim
biyoreaktorler bulunmaktadir. Ulkede biitiin islenebilir topraktaki giibre ihtiyacini
karsilayabilmek i¢in tilkedeki mevcut giibrenin %50’sinin (2,5 milyon Ton) kullanimi
yeterli olacaktir. Ustelik boylece 100 milyon m® biyogaz ve 1,2 milyon ton organik
giibre elde edilmis olacaktir. Bu problemin ¢6ziimii i¢in iilkede 10-12 yil igerisinde
ciftlik ve avlularda 10 bin’e kadar biyogaz tesisinin kurulmas: gerekmektedir. Bu 1,2
milyon ton artifin kullanilmasiyla isletilebilir topraklarin organik giibre ihtiyaci
karsilanabilir. K&y halkinin ¢ogunlugu biiyiik ve kiigiikbag ev hayvanlarina sahiptir. Bu
hayvanlardan meydana gelen artiklar kurutulmakta ve kezek (Tiirkiye’de tezek,
Rusga kizyak ) adi verilen kaliplar halinde yakilarak kdylerde 1sitmada kullanilmaktadir.
Ne var ki bu artiklar giibre seklinde ancak bir kisim toprag: giibrelemeye yetmektedir.
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Zaten 1sitma icin kullanilan tezekte kisin 1 odanin isitilmasit i¢in kullanilmaktadir.
Elektrik aydinlatma igin kullanilmakta ve o da sik- sik kesilmektedir. Kolhozlarin
ortadan kaldirilmasiyla kdy halkinin ezici gogunlugu issizdir. Kendi topragini isleyen bu
kisiler ve sezonluk caligmalarla kiigiik ticretlerle ve diisiik tirtinlerle hayatlarin1 devam
ettirmektedirler. Halkin 6nemli bir kismi ise biyogaz iiretim tesisi kurabilecek ve
isletebilecek kapasiteye sahip olduklari tesviyecilere, kaynakcilara, traktorciilere ve
soforlere sahiptirler. Biyogaz tesisleri sicak su temini i¢in kdylerde kullanilabilir. Ayni
sekilde elde edilecek gaz evlerde, gazla c¢alisan motorlarin isletilmesinde, araglarin
depolarinda, benzin ve dizelin yerine de kullanilabilir.

Koy alanlarinda biyogaz iiretimi igin gerek is giicii gerek hammadde olsun her sey su
anda bulunmaktadir. Gerekli olan yani olmayan tek sey ise imkanlardir.600.000 ailenin
yasadig1 kdy yerlesim bolgelerinde binlerce kisi bu tesislerden istemektedir. Her 50-60
aileye bir tesis olmak {izere 10—12 bin tesis civarinda bir rakama ihtiya¢ duyulmaktadir.
Biyogaz tesislerinin genis 6l¢ekte kullanilmasi tilkedeki fakirlik oraninin azaltilmasinda
biiyiik oranda olumlu etki gosterecektir. Organik giibrenin sistemli bir sekilde elde
edilmesinin ardindan kullanilmastyla iiriin oranlarinda %15-20 oraninda bir artis
beklenmektedir. Boylece bu tesislerin kurulumu ne kadar kisa siire icerisinde
gerceklestirilirse kdy insaninin hayatina olumlu yonde etki edecek ve kdylerdeki yasam
standartlarini gelistirecektir. Bir kdyliiniin avlusuna kurulacak olan 10 m?*’liikk bir reaktor
ile bir yilda 3—4 bin m® biyogaz ve 100—150 ton organik giibre elde edilmesi miimkiin
olacaktir. Kigin elde edilen gaz tam anlamiyla evlerde isinma ve yemek yapma
faaliyetleri icin kullanilacaktir. Ornek olarak verilecek olursa yazin elde edilecek 1200
m?® biyogaz m*’ii 3 somdan satilacak olursa bu kisiye 3600 som gelir saglayacaktir.
Organik giibrenin 100 ton oldugunu 6rnek verecek olursak 1 ton’u 500 som olarak
satilmasi durumunda ise 100*500 = 50 bin som gibi bir geliri yilda saglayabilir. 50.000
somdan fazla olacak bu gelir koyliiye layik olan hayat standardini saglayabilir. Su anda
bu yontemle elde edilecek olan organik giibrenin 1 tonu 500 somdur ancak bu oran daha
da yiikselebilir. Bugiin Rusya’da ayni 1 ton organik giibreye verilen fiyat 5000 somdur.

Ulkede biyogaz iiretiminin yavaslamasinin sebebi olarak asagidaki faktorler
goriilmektedir:

1. Halkin fakirligi

2. Halkin biyogaz iirerimi konusunda yeterince bilgi sahibi olmasi ve yok denecek
kadar az olan pilot tesisler.

3. Teknik ve kurulum yardimi verecek kuruluglarin ve mikro kredi saglayacak
sirketlerin bulunmamasi.

4. Hiikiimetin bu alanda yeterli desteginin bulunmamasi.

Yukarida bahsedildigi gibi iilkede biyogaza olan ihtiya¢ gercekten ¢ok biiytiktiir.
Ustelik kdy alanlarinda gerilemeyi durdurmak ve iiriin miktarin1 arttirmak, kdy halkini
1sinma ve yemek pisirme amagli biyogaz ile temin etmek, kdy insanina daha kaliteli bir
hayat sunmak i¢in biyogaz iiretimi 6nem arz etmektedir[6].
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Kirgizistan’da su anda biyogaz iiretimine verilen yukarida bahsedildigi gibi hissedilir
Olciide artmistir ve yayginlastirilmas: beklenmektedir. Bununla birlikte Biskek’te 14
Aralik 2006’da yenilenebilir temiz enerji kaynaklarmin kullanimi adiyla bir konferans
diizenlenmistir. Konferansta giinlimiiziin belli bagli temiz enerji kaynaklar1 olan giines,
riizgar, jeotermal, biokiitle ve dalga enerjilerinin kullanim olanaklar1 goriisiilmiistiir.
Konferansta Kirgizistan’in konumu itibariyla yilda 4,64 milyar MW/saat giines enerjisi
aldigindan bahsedilmistir. Riizgar enerjisi ile ilgili olarak da yerden yiiksekligi 100
metreye kadar olacak yiikseklikte elde edilebilecek enerji miktarinin yilda 2 milyar MW
oldugundan s6z edilmistir. Biokiitle enerjisi yoniinde de Alaybek Obozov’un
degerlendirmesine gore Kirgizistan’daki organik kaynaklarm kullanilmasi ile yilda 1
milyar 61 milyon m* metan gazinin alinmasina olanak verecek sartlar bulunmaktadir.

Konferans sonunda agiklanmistir ki su anda Kirgizistan’da sanayi kuruluslari ve
enstitiiler giines konvertisorleri ve giinesle su isiticilar tesislerinin ve ayni sekilde de
biyogaz tesislerinin donanimlarinin faaliyete gegmistir[7].

Materyal ve Metodlar

Universitemizin Cevre Laboratuar’inda biyogaz elde etmek iizere ii¢ gesit giibreden
yararlanilmigtir. Bunlar kiigiikbas, biiyiikbas ve kiimes hayvani giibreleridir. Biiylikbas
hayvan giibresi i¢in inek giibresi, kiiglikbag hayvan giibresi igin kegi giibresi ve kiimes
hayvani giibresi iginde tavuk giibresi kullanilmistir. Deney 6ncesinde giibre teminindeki
farkliliklarin deneylere etkisi kaginilmazdir. Ornegin kullanilan inek giibresi gok taze
olmasina ragmen diger iki giibre 6zellikle tavuk giibresi kuru ve beklemis bir giibre
olmast deney sonuglarini etkilemistir. Deney sonuglarinin yorumu yapilirken bu
farkliliklar da g6z 6niinde tutulmustur.

Birinci Deney
Amag: Belli bir siire iginde biyogaz olusum siirecinin baslangici olan mikrobiyolojik
faaliyetlerin basingdlgerle olas1 gosterimi.

Yapihsi: Birinci deneyde ii¢ giibre cesidi bulundurduklart kati madde oranlarini seyreltil-
mesi i¢in 6ngoriilen oranlarda su ile karistirilmistir. Deneyde kullanilan basingdlgerin birimi
kg*kuvvet/cm?’dir. Ve basing dl¢timleri siselerin tepeleri delinerek yapilacaktir.

Tablo 1. Deneydeki Giibreler i¢in Seyreltme Oranlar

Giibre Cesidi Seyreltme Orani (Giibre / Su)
Tavuk (Kiimes Hayvant) 1/3
Kegi 2/3
Inek (S1g1r) 1/1

Tavuk giibresi 1/3 ( Giibre / Su), keci giibresi 2/3 ( Giibre / Su) oraninda, inek giibresi de
1/1 (Giibre / Su) oraninda her tiir giibreden 4 adet olmak iizere toplam 12 adet 500 ml. lik
pet siseye %50 oraninda koyuldu. Yani her pet sisede 250 ml. lik giibre-su karigimi elde



FEN BILIMLERI DERGISi 91
Tarim Atiklarindan Biyogazin Elde Edilmesi

edilmis oldu. 12 pet sise mezofilik sartlar i¢in uygun olan 21-25 °C sicakliklari arasinda
bekletilmek iizere 25 Aralikta 6glen 12°de agizlar sikica kapatilarak laboratuara koyuldu.
27 Aralik sabah saat 9.00’da yani tam olarak 45 saat sonra 3 giibre tiiriindeki ii¢ pet
sisenin basinglart 6lgiildii ve kaydedildi. Ayni islem 3’er saat arayla 3 kere daha
tekrarlanarak aksam saat altida biitiin Ol¢limler tamamlanmig oldu. Yapilan islemler
sonucunda alinan sonuglar agagidaki Tablo 2’de gosterilmektedir.

Tablo 2. 1. Deney Sonunda Elde Edilen Sonuglar

Basing Basing Basing Basing
kg*kuvvet/ cm? | kg*kuvvet/ cm?® | kg*kuvvet/ cm?® | kg*kuvvet/ cm?

T=22 °C, 9:00 T=23°C,12:00 | T=24°C, 15:00 | T=25°C, 18:00

Biiyiikbas 0.1 0.1 0.1 0.1
Kiigiikbas 0.0 0.0 0.0 0.0
Kiimes 0.3 0.4 0.5 0.6

Elde edilen degerlerle bir grafik ¢izildiginde ise asagidaki sekil ortaya ¢ikmaktadir.

—o— Kiiciikbag —®—Biiyiikbag A Kiimes

0,8
0,6 A
A
0,4 A
A
0,2
B L L a
0 L g T A g T A g T \ g
9:00 12:00 15:00 18:00

Sekil 1. 1. Deneyde Alman Olgiimlerin Grafigi

ikinci Deney
Amag: Ug giibre tiiriinden ngoriilen siire igersinde biyogaz iiretiminin saglanmasi ve
elde edilen gaz miktarlarinin karsilagtirilmasi.

Yapilisi: Bu deneyde ayni ii¢ cesit giibre alinmustir.( Kegi, Sigir ve Tavuk Giibreleri ).
Alman giibreler tablo18 deki karistirma oranlarina gore seyreltilmistir. Ug giibre drnegi
li¢ adet birer litrelik pet siseye 750 ser ml doldurularak 27 Aralikta ilk 2 giinliigiine 37 °C
deki termostata koyulmustur. Bu sicaklik biyogaz olusumu i¢in uygun bir sicaklik
oldugundan deney basindaki mikrobiyolojik faaliyetler deney ortasi ve sonuna gore daha
hizli olmustur. Daha onceki denemelerde sise agzina kadar dolduruldugu igin tagma
oldugundan bu deneyde bu hata tekrarlanmayarak siseler agizlarma kadar
doldurulmamistir. Bu islemde siselerin agizlar1 saglam bir sekilde gazin birikebilecegi
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balonlarla kapatilmigtir. Siseler iki giin bekledikten sonra, gazin daha rahat birikebilmesi
icin daha yiiksek ve biiyiik olan 26 °C’lik termostata koyulmustur. 29 Aralik itibar ile
kiimes giibresinde belirgin 6l¢iide gaz birikimi gdzlemlenmistir. Bu tarihten sonra siseler
laboratuara alinmis ve kalorifer yanindaki bolgede yaklasik olara 30-35 °C sicaklik
altinda bekletilmis ve her giin karigtirma islemi giibrelere uygulanmigtir. Deney’e 16
Ocakta yeterli goriildiigii i¢in son verilmistir. Yaklasik olarak gecen 20 giinliik bekleme
stiresi sonucunda, belirli miktarlarda gaz olusumlari gézlenmistir. Deney sonucunda tavuk
giibresinden 110,27 cm?, sigir giibresinden 110,91 cm?®, kegi giibresinden de 158,77 cm?
gaz elde edilmistir. Elde edilen gazlarin analizi igin en gecerli ve uygulamasi kolay
yontem olan yakma iglemi kullanilmistir. Her pet sise iizerindeki balonlarin iizeri bantla
kapatilip bir ucu cam boruya bagh siringalarla delinerek, cam boru ucunda yakma islemi
gerceklestirilmistir. Sonug olarak gergek anlamda yanma kegi giibresiyle elde edilen gazda
gozlenmistir. Diger siseler olan tavuk ve sigir giibresinden elde edilen gazlar yakilmaya
calisildiginda dogal gaza benzer bir yanma olay1 gergeklesmedigi icin bu iki sise iizerinde
biriken gazlar biyogaz 6zelliginde degildir.

SONUCLAR

1. Deney: Almman bu basing Olgiimleri siseler icerisindeki giibrede meydana gelen
mikrobiyolojik faaliyetlerin bir sonucudur. Deneyde goriildiigii gibi en fazla basing artist
yeni olmayan ve saflig1 net olmayan kiimesten alinan tavuk giibresine meydana gelmistir.
Gtibreler i¢indeki en taze olan sigir giibresinde ise belirli bir basing olusmus ve sabit
kalmistir. Keci giibresinin bulundugu sisede ise bir basing degisikligi gozlenmemistir.
Giibre igerisinde ¢ok degisik tiirde mikroorganizmalarin bulunmasi miimkiindiir. S6z
konusu bu deney giibre igerisindeki mikrobiyolojik faaliyetleri varligimni gostermektedir.
Yalniz bu deneye biyogaz olusumu agisindan baktigimizda ise olugan gazin biyogaz olma
ihtimali yok denecek kadar azdir. Ciinkii giibre ya da giibreler taze olmasa bile akla ilk
gelen biyogaz kriteri olan siire ideal biyogaz olusum siiresi degildir. Olusan gaz igerisinde
metan gazi olugsa bile istenilen oranin ¢ok altinda kalacaktir. Olusan gazin tiirii
karbondioksittir ve biyogaz olusum siireci olarak baktigimizda bu biyogaz olusum
stirecinin birinci agamasi olan Fermantasyon Ve Hidroliz asamasidir. Ciinkii bu agamada
fermantative ve hydrolytic bakteriler olarak isimlendirilen bakteri gruplari organik
maddenin ti¢ temel 6gesi olan karbon hidratlar1 (C¢H;¢Os),, proteinleri (6C 2NH; 3H20)
ve yaglar (CsoHoOg) pargalayarak CO,, Asetik asit ve biiylik bir kismin1 da ¢6ziilebilir
ucucu organik maddelere doniistiiriirler. Bu deney sonucunda goériinen mikrobiyolojik
faaliyet sonrasi olusan gaz bu asamada meydana gelen karbondioksit gazidir.

2. Deney: Yukarida da bahsedildigi gibi deney sonucunda tavuk giibresinden 110,27
cm?, sigir giibresinden 110,91 cm?®, kegi giibresinden de 158,77 cm® gaz elde edilmistir.
Deneyde gaz birikimi gozlendiginden Deney siiresi icin 20 giin yeterli gorilmistiir.
Yalniz deney sonucunda tavuk ve sigir giibrelerinin istenilen kalitede sonu¢ vermemesi
giibre 6zelligine bagli olabilecegi gibi bekleme siiresinin yetersizliginden de olabilir. Bu
deney sirasinda ki karsilasilan en bilyiik problem karigimi iceren pet siselerin bulundugu
ortamlarda olusturdugu istenmeyen kokular olmustur. Bu problem bekleme siiresinin
yeterli goriilmesinin de bir bagka sebebidir.
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TABUT'bII WJINMJIEP KYPHAJIBI

Manac yHUBEPCUTETUHHUH KypHalbl, anTel aiina Oup sxapblkka uybraT. JKypHanabH
IJIaHJAJITaH MOOeHOT HWYMHJIE JKapbISUIAHBIIBIH PEAAKLUSUIBIK KEHEIl KO36MOJIIONuT.
Penakuusanplk Kemwell MakainajlaplIblH PELEH3MsJIaHBbIIIbIH Tajan KbuiaT. Makananap-
Jlarbl WIMMHM JKBIMBIHTHIKTAPTa JKaHa O MUKHUpJepre aBTOp(JIop) skKaHa PEIeH3EHTTEP
JKOOITYY.

XKypranra opuruHanayy WiMMuil Makananap KaObUT aJlbIHAT.

’Kenetynren makama MypyH Oamlika >KypHals, ra3eTa KaHa KHUTENTe >KapblsulaHOaraH
Oosryyra THHMII. DIl apaiblk CHMIIO3UyMJapa >KaHa KOHIPecCTep/e KOJJIOHYJTaH
Makaiajap peIaKIHsUIbIK KeHell TapaObIHaH KapanraHaaH KuinH Oacmara Oepuiier.

XKypHanra TYpK, KbIprbl3, aHIJIUC JKaHa OPYC THIIEPUHIIE JKa3blIraH Makajiauap KaObul
aJbIHAT.

Penakuumsra TYIIKeH Makana SKapbUUIaHCa Ja, okapblsulaHOaca Ja  aBTOpro
KaWTappuTOaiiT. BacMamaH dpIKaran Makaia apXuBJIE CaKTajar.

Texkcr, OapakThiH Oup jkak OeTHHeE, call apachl 2 MHTEpBal MeHeH, yerrepuHe 30 MM
opyH TamrTanbm, mpudtr emuemy 12 (Word), 210x297 cdopmarrarel ak karasra
KoMIbloTeplie OackuiaT. Pelakuusiblk KeHEIIKe MakajJaHbIH OMp TYIl HYCKAachl, 9KH
KOUypMecy JKaHa JTUCKETTErH dJIEKTPOHIYK BapUaHThI )KUOEPUIIET.

Makasajgarsl KETUPWITeH TIpaMMAaTHKaJbIK JKaHa CTWIMCTHKAIBIK KaTajap Y4YyH
aBTOP(JIOP) JKaHa PELEH3EHTTEP KOOMNTYY.

XKypHanra kenreH Makanajnap, THEIIETyY TapMaKTarbl 5K OKYyMYIUTYYyra peLeH3usra
xubOepuiieT. PelieH3eHT OepuiireH MOOHOTTO MakalaHbl Kapall 4blKraca, Oalka aJucke
Oepuirer.

MakasaHbplH KapbLUIAaHBIIIBIHA PELEH3CHTTEPANH OUpH MakyJs, SKUHYUCH Kapllbl
00JicO, MakaJla Y9YHYY PELEH3CHTKE >KHOCpHIIET KaHa aHBIH OCpPreH JKbIMBIHTHITBIHA
XKapaira 6acyy Tyypailyy 4€4HM 4blrapbLiar.

PeresenTke Makama aBTOPYHYH aTBHI-)KOHY, IOAaperH KepcoTylaOel (aHOHHMM) OepIITHII
0aaaHIBIPBUIAT. ABTOPIO MaKajgachblHa KUM PEICH3Hs OCpreHu OMIITUPHUIIOCHT.

KTMVYHuyH Oacyy k000CyHa BUIAWBIK aBTOPTO >KypHaJl KapBIKKAa UYBIKKAHIAH KUHIH
QHBIH 9KU HYCKAChI )KaHa MaKaJIaChIHBIH OH alipbIM 0achUIMACHI (OTTUCKH) OepuiIeT.

Perien3eHTTepre yHMBEPCHUTETTHH PpENAKIMSIBIK KEHEIIM Tyypa KOpreH er4eM[e
pELEH3Hs aKBICHI TOJIOHOT.

MaxkaJianbl 1asipA00 dPeKeTepu:

- MakanaHbIH TeMachl KbICKay4a >Ka3bUIbIN aHbIH Ma3MyHY KOHYH/I® MaalbIMaT OepuIin
Kepek. TeMaHbIH anJblHAa aBTOPAYH(IOPAYH) aThl K6HY, WIMMMH Japakachl jKaHa
HaaMbl, H3WIJ166 KYPIY3YJITreH MEKEMe e OKYY jKaifbl, e-mail kepceTyer.

- AHHOTaL[I/lH MakaJia Kas3blIraH THUJIAC >XaHa aHIJIMCYEC JKa3bLiaT. AHHOTa]_Il/Iﬂ TEMaHbI
KaMTBIN, YaKaH KOJOMIe JXa3bllyy MEHEH OWpre MakalaHblH OapIblK MAaHUIYY
JKEPIICPUH YarbUIABIPBIIBI 3apbUL. AHHOTALMSHBIH TOMOH JKAarblHIA AYKBIY CO36p
(Key Words) >ka3bUIbILIBI KEPEK.

- Konmonynran amabusitrapra TeKCT HWYMHAE KaTapsl MEHEH HOMepiiep OepmieT.
AnabusatteiH HOMepH [1] ChIIKTYy KBaApaTThIK Kallaa MYHMHE aJiblHAT. MakallaHblH
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asTbIHIA KOJIOHYJTaH ana0usaTTap THCIIeNyY HOMEpP MEHEH THu3MeJeHeT. Tusmese
anabuATTap bl XKa3yyHYH MUCAIIAPhl TOMOH/® KOPCOTYJITOH:

Makana: E. Oztekin, W. M. Warmuth, Molecular Phys., 17 (1969) p.105

Kuren: R. A. Serway, S. V. Wyk, R. V. Green, L. H. Cadwell, Physics for Scientist
and Engineers, ed. R. A. Serway, vol. 1 (S. College Publishing, London, 1992) 65p.

Kurentun kotopmocy: P. A. CepBaii, Ta0usaT wmjiumaepu >KaHAa HH:Ke-HEPAUK
¢pusuxa, Kor. pepaxrop. K. Honakxoray, mykada 1 (Ilanema, Aakapa.1995) 65 6.

- Maxkanagarsr Tabnuma xaHa cypeTTep (cxema, Auarpamma, 9uiimMe K.0.) aJIbIHIarsl
yKa3yyJiapbl MCHEH TEKCTE THEIICTYY OPYHIapra KOKJYI UPIITH MEHEH HOMEPJICHUIIIH
KEpeK.

JKypHanabiH xkapbldiaHrad caHbl IHTepHeTTe OKypMaHIapra CyHyII KbUIBIHAT.
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Fen Bilimleri Dergisi hakemli bir dergidir. Fen Bilimleri Dergisi, alt1 ayda bir ¢ikar.
Makalelerin ortaya koyduklari ilmi degerlendirmeler goriislerden yazar(lar) ve hakemler
sorumludur.

Dergiye gonderilen makalelerin 6nceden herhangi bir yerde (dergide, gazetede ve
kitapta) yaymlanmamis olmasi gerekir. Uluslararasi sempozyumlarda ve kongrelerde
teblig olarak sunulan makaleler, yaym kurulu tarafindan incelendikten sonra
degerlendirilecektir.

Yazim dili Tiirkce, Kirgizca, Ingilizce ve Rusca’dir. Dergiye gonderilen makaleler
yayimlansin veya yayinlanmasin iade edilmeyecektir. Yayinlanmayan makaleler, arsivde
saklr tutulacaktir.

Metin sayfanin tek yiiziine, ¢ift aralikli, kenarlarda 30 mm bosluk birakilarak 12 punto
kullanilarak (210x297) boyutunda beyaz kagida bilgisayar (Word) ile yazilmalidir.
Makale sahibi Yayin kuruluna biri orijinal ikisi fotokopi olmak {iizere ii¢ niisha ve
diskete vermelidir. Makale iginde dergide basildig1 haliyle goriinen hatalarin
sorumlulugu yazarlara ve hakemlere aittir.

Dergiye gonderilen makaleler, sahasinda otorite olarak kabul edilen iki bilim adamina
incelettirilecektir. Makalenin gonderildigi hakem, zamaninda inceleme raporunu
dergiye gondermedigi taktirde ¢aliyma baska bir hakeme gonderilecektir.

Raporlarin birinin olumlu, digerinin olumsuz gelmesi durumunda makale, tgiinci
hakeme gonderilecek ve gelen rapora gore yayin karari alinacaktir.

Hakemlere incelenmek iizere gonderilen makalelerde caligmay1 hazirlayan yazarin adi
ve adresi ¢ikarillacaktir. Makalenin yazari, makaleyi sahasinda hangi hakemin
inceledigini bilmeyecektir.

Dergi yayinlandiktan sonra yaym kurulu tarafindan yazara iki adet dergi ve on adet ayri
basim gonderilecektir.

Hakemlere, Universite yaym kurulunun uygun gordiigii bedel iizerinden “rapor
inceleme ticreti” 6denecektir.

Hazirlanan makaleler asagidakileri icermelidirler:
- Baglik kisa ve konu hakkinda bilgi verici olmalidir.

- Bagligimn bulundugu sayfada yazar(lar)in agik adi, iinvani, arastirmanin yapildigt
iiniversite veya kurumun adi, e-maili bulunmalidir.

- Her makalenin yazim dilinde ve Ingilizce 6zeti olmalidir. Ozet konuya hakim olmal,
kisa yazilmali ve makalenin biitiin 6nemli noktalarini vurgulamalidir. Her makalede,
Ozet altinda, Anahtar sozciik verilmelidir

- Metin i¢inde ilk verilenden baglayarak birbirlerini izleyen numaralari alir ve metin
icinde kaynagin aldigi numara esasina gore kaynaklar listesinde yer alir. Kaynak
numarasi [1] gibi koseli parantez iginde yer alir. Makalenin sonundaki kaynaklar
listesinin yazi1 drnekleri asagida gosterilmistir:

Makale: E. Oztekin, W. M. Warmuth, Molecular Phys., 17 (1969), p. 105.

Kitap: R. A. Serway, S. V. Wyk, R. V. Green, L. H. Cadwell, Physics for Scientist and
Engineers, ed. R. A. Serway, vol. 1 (S. College Publishing, London, 1992) 65 p.
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Kitabin cevirisi:R. A. Serway, Fen ve Miihendislik icin Fizik, Cev. edit. K.
Colakoglu, cilt 1 (Palme, Ankara. 1995) 65.

- Makaledeki tablolar ve biitiin goriintiller (¢izim, diagram, harita v.s.) metin iginde
yerlestirilerek ard1 sirayla numaralandirilmalidir.

Derginin yayinlanan sayilari, Internet’te okuyucularin hizmetine sunulacaktir.
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KYPHAJI ECTECTBEHHBIX HAYK

XKypnan ynuBepcutera «MaHacy BBIIYCKaeTCsl pa3 B ILIECTh MeCSLEB. PenakiMoHHBII
COBET HECET OTBECTBEHHOCTH 3 CBOEBPEMEHHBIN BBITYCK JKypHaIa. 3a HAYYHBIC OLICHKH U
B3IJIAABI, KOTOPBIE OTPKEHBI B CTAThAX, OTBETCTBEHHBI aBTOP(bI) M PELICH3EHTHI.

KypHan yauBepcuteTa «MaHac» MPUHIMAET CTaThbl OPUTUHATIBHBIX NCCIIEOBAHMI.

OTnpaBieHHbIE B KYpPHAJI CTaThbH HE JNOJDKHBI OBITh paHee OonyOJMKOBaHBI (B raserax,
XKypHaJlax, KHUTax). JloKmaapl, IpeACTaBICHHbIE HA MEXIYHAPOIHBIX CUMIIO3MYMax U
KOHTpeccax, OyIyT paccMaTpUBaThCs PEIKOIIIETHEH.

S3BIKK OMyOJIMKOBAHUS TYPEUKWH, KBIPTBI3CKUH, aHTIHICKUAN W pyccKuid. Marepuansl,
OTIpAaBJIEHHBIC B XKypHAaJ, HE BO3BPAIAIOTCS, HE3aBUCUMO OT TOTO, OITyOJIMKOBAHA CTAThs
win HeT. HeonyOnrkoBaHHbBIE CTaThU OYAYT XPAHUTHCS B apXHBE.

Texcr momkeH ObITh HAOpaH Ha KOMITBIOTEPE HA OJHOW CTOPOHE OENIoro JIMCTa, C ABOMHBIM
MHTEPBAJIOM, C JIByX CTOPOH HY>KHO OCTaBUThH mojist o 30 MM, pasmep mpudra 12, pasmep
oymarn (210X297). B penakipioHHBIN COBET OTIPABISETCS TEKCT B 3-X ASK3eMIDBIpax, |
OpHTHHAI U 2 KCEPOKOIINH, a TAKKe 3JIEKTPOHHBINA BApHAHT CTaThU HA JIHCKETE.

OTBETCTBEHHOCTh 32 I'PAMMATHYECKHE W CTHIHCTHYECKHE OMIMOKH, IOIMYIICHHBIC B
cTaTbe HecyT aBTOP(BI) M PEIICH3EHTHI.

OTmpaBneHHbIe B XKypHAI CTaTbu OyOyT PacCMOTPEHBI IBYMS OKCIEPTAaMH, ABTOpPH-
TETHBIMU B JAHHOHN 001aCTH.

Ecnn peneHseHT, KOTOpOMy Oblila OTIpaBiI€Ha CTaThsi, BOBPEMs HE BBILUIET OT3bIB, TO
pabota Oyzer nmepenaHa IpyromMy pereH3eHTy.

Ecin omuH M3 OT3BIBOB OKaXETCS ITOJIOKUTENIBHBIM, a4 BTOPOWH-OTPUIATEIBHBIM, TO
paboTta OyzeT oTmpaBieHa TPEThEMY pelleH3eHTy. Perenue o moBoay ormyOIHMKOBaHUS
OyZeT NPUHSTO C Y4ETOM IOCIEAHET0 OT3bIBA.

B craresix, OTHpaBIEHHBIX PELEH3EHTaM MIJIsl PAacCMOTPEHHs, HEe OyIyT yKa3aHbl
(damMuimu aBTOPOB MW WX ajpeca. ABTOpPY CTaTbU He CJeqyeT 3HaTh, KeM Obuia
paccMOTpeHa ero paboTa.

CoracHO MOJIOKEHUIO O IMyONMKalMsAX I0CIe BBIXOJA M3 IeYaTH HOMEpa, aBTOpY
OyZIyT OTHpaBIICHBI ABA 3K3EMIUIIPA )KypHaIa U JECATh OTTHCKOB CTaThH.

Omiata paboThl PELEH3EHTOB MPOU3BOIKUTCS B pa3Mepe, ONpenessieMOM PeAaKIMOHHBIM
COBETOM YHHBEPCHUTETA.

IIpaBusia opopmiieHUs CTATBU:
- Tema nomkHa OBITH KPATKOM U COAEPKaTh HH(GOPMAIIHIO O CTaThe.

- Ilox TeMo¥ MOMKHBI OBITH YKa3aHbI TIOJHOE UM aBTOpa (aBTOPOB), yUCHOE 3BAHUC U
yuYeHas CTeleHb, Ha3BaHWE YUPEXKICHHS WIM Y4eOHOTO 3aBeleHUs, Tae Obuia
BBINOJIHEHA paboTa, e-mail.

- AHHOTaIMs THUIIETCS Ha AHTJIMHACKOM M Ha f3BIKE, Ha KOTOpPOM OBUTa HamdcaHa
CTaThsl. AHHOTAIMS TOJDKHA OBITH KPATKOM M OTPaXkaTh CyTh CTAThbH W €€ OCHOBHBIC
MOMEHTBI. B KOHIIe aHHOTaIMK Aar0Tcs KiroueBbie ciioBa (key words).

- Hcnonb3oBaHHas TUTEpATypa YKa3bIBa€TCs 110 MEPE CCBUIKU B TEKCTE M JIOJKHA OBbITh
npoHyMepoBaHa. Homep cChUIKM 3aKiIoyaeTcsi B KBaJpaTHBIC CKOOKH, KaK HarpuMmep
[1]. TlomHOE Ha3BaHWE WCTOYHWKA IOJDKHO OBITH YKa3aHO B KOHIIE CTaThH B BHIE
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CIIUCKa B COOTBETCTBUM C HyMepauued. Hupke npuBeneHbl IpUMeEphbl 3alllcu
JIMTEPATYPHI B CIIUCKE:

cratbs: E. Oztekin, W. M. Warmuth, Molecular Phys., 17 (1969) p.105.

kamra: R. A. Serway, S. V. Wyk, R. V. Green, L. H. Cadwell, Physics for Scientist
and Engineers, ed. R. A. Serway, vol. 1 (S. College Publishing, London, 1992) 65p.

nepeBon kamru: P. A.CipBeii, @Pu3nka 1Jisi €CTECTBEHHMKOB M WH:KEHEPOB, pejl.
nepesoaa K. Hoanakoray, tom 1 (Ilansme, Ankapa. 1995), 65 c.

- Bce Tabnuiupl n pUCYHKH(CXEMBI, TUarpaMMBbl, YEPTEKH M JIp.) C MOSCHEHUSIMH U
MOJIHUCSIMU K HAM JIOJDKHBI OBITh Pa3MEIeHbI B TEKCTE U IPOHYMEPOBAHBL.

W3nanHble HOMepa KypHasa OyIyT NIPeACTaBICHBI YHTATENIIM depe3 MIHTepHeT.
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Natural Sciences is a periodical with arbitrators. It is published once in six months.
Writers and arbitrators are responsible for the ideas and evaluations suggested by them.

The articles sent to the periodical mustn’t be published in any of periodical, newspaper
before. The articles, which were presented at the symposiums and congresses, would be
evaluated after the publishing council decision.

The languages in the periodical are Turkish, Kyrgyz, English and Russian. The articles
sent to the periodical won’t be given back whether it has been published or not. The
unpublished articles will be kept in the archives.

The text must be only one side of a white paper (size 210x257), double-spaced,
character is 12, and the text must be printed in the Word Format. Owner of the article
should give three copies (one of them is original) in a diskette. After the publishing the
mistakes are under the responsibility of the author and the arbitrators.

The articles sent to the journal will have the scientists checked who are the authority in
that field. If the arbitrator, to whom the article was sent, didn’t finish article checking on
time, that article would be sent to another arbitrator. If one of the checking remark to
the article is positive and the other is negative, in that case, the article will be sent a
third one, and according to the reports result the publishing council will decide-to
publish or not. The names and the addresses of the authors of the articles, which sent to
arbitration will be taken away from the articles. The author of the article won’t know
the name of the arbitrators.

Two periodicals and ten separate article publishings will be sent to the author by the publishing
council in return for examine. According to University editorial council’s decision the
arbitrators will be paid a suitable price approved by the council as “report inspection fee”.

The articles must include the following items:
- Heading has to be short and clear.

- On the sheet where the heading is should be available the name, title and working
place, e-mail of the author.

- For every article there have to be a summary in English and it should contain every
point of the article, and it should be short and clear.

- The resources in the text have to be numbered one another they should be available in
the references part/ The number of the reference is taken in an parenthesis with angle
like [1].

The examples of the references are as in the following.

Article: E. Oztekin, W. M. Warmuth, Molecular Phys., 17 (1969), p. 105.

Book: R. A. Serway, S. V. Wyk, R. V. Green, L. H. Cadwell, Physics for Scientist and
Engineers, ed. R. A. Serway, vol. 1 (S. College Publishing, London, 1992) 65 p.

Translation of the book: R. A. Serway, Fen ve Miihendislik i¢in Fizik, Cev.edit. K.
Colakoglu, cilt 1 (Palme, Ankara. 1995) 65.

- The tables and shapes (drawing, diagrams, maps, etc.) should be inserted in the text
and should be numbered one another.

- The published periodical numbers will be on Internet for the readers.





