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UDC 628.1.034

ON THE ISSUE OF IMPROVING THE TECHNICAL PROCESSES OF
WATER TREATMENT

Z.Tsikhelashvili, G. Sosdlia, A. Davitashvili, L. Klimiashvili

(Georgian Technical University)

Abstract: The Harrington psycho-physical scale, which establishes the dependence of the de-
sirability function on the variable physical parametersis used, as optimisation meth-
od for controlling of water treatment processes. There is described the quality of the
water with multiple constituent components. The proposed method can be used for

improving the operational efficiency of water treatment plants of sewerage systems.

K ey wor ds: Harrington psycho-physical scale, water quality, water treatment, control optimisation.

1. INTRODUCTION

Required quality of treated water largely depends on the proper organisation of the pro-
cess of technological control over the work of the treatment facilities.

Process control enables operation works in a certain mode and continuous monitoring of
the quality of the initial and treated water.

Generally, the water quality is assessed by various indicators that is defined with sanitary-
chemical and hydro-biological analysis.

As its known, full sanitary-chemical water analysis includes several indicators, such as:
temperature, color, turbidity, suspended solids, residual ash, pH, total number of bacteria, etc [1].

The nature and number of indicators, that are subject to daily monitoring can be vary conside-
rably depending on the type of water source, water treatment methods and requirements for water.

These indicators make it possible to evaluate the effectiveness of treatment plant and all
its facilities.

Continuous monitoring of parameters allows the technologist to efficiently manage the

process of water purification.
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2. THE BODY OF THE ARTICLE

In this paper we consider the possibility to optimise the water quality control process with
many composites (components).

The components that characterize the water quality can be described by a Harrington’s
psycho-physical scale, which establishes a relationship desirability function (dy) with changing
physical parameters [2].

The scale values of d; vary between 0 and 1 and the value d; = 0 is corresponding to ab-
solutely unacceptable quality of i — that criterion, which is corresponding to ideal quality d; = 1

Solving specific technological problems of water quality control process modeling, uses
gradation: "good", "satisfied", "bad", which correspond to the Harrington’s intervals (1,00-0,69)
(0,69-0,37) (0,37-0,00) [2].

For criteria f; (monotonic by preference) Harrington’s function is defined as:

d; = h(z;) = exp [— exp(—z)]
pe Gim 1
(i = 1)
where: z; were coded values of f;, criteria, which are dimensionless quantities: fio, fil -

the within the boundaries of the area "satisfactory" in the physical scale:
d? = hlz;(f")] = 0,37, d! = hlz;(f)] = 0,69

With several d;(I = 1,m) function values, it’s possible to define a generalised indicator

of desirabilityD;, as the average geometric value of the desirable private functions:

m
o= ar
i=1

In this case, if any one of the desirability private function d; is absolutely unsatisfactory
and generalized function of desirability D must be equal to 0, regardless of the level of other de-
sirable private functions it is desirabled;.

If all the private functions desirabilityd;=1 (i=1, m), then D = 1.
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3. CONCLUSION

It should be noted, that the generalized desirability function D is characterised by the same
subjective desirability scales, in which measured a private function.
The method may be used to optimise the water quality control process with many compo-

nents.

REFERENCES

1. Edzwald J. K., Editor. Water quality & Treatment. A Handbook on Drinking Water, 6th edition.
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UDC 628.113

ESTIMATION OF ACTUAL CONSUMPTION OF WATER BY TBILISI
POPULATION

G. Sosdlia, A. Davitashvili, L. Klimiashvili, N. Soselia

(Georgian Technical University)

Abstract: Thilisi water supply and sanitation project considers rehabilitation of water supply
system, based on the results of the pilot project, carried out in the scope of the pro-
ject preparation activities and aimed estimation of actual consumption of water by
Thilisi population, evaluation of leakages from domestic sector, transmission mains
and distribution network.

Bulk and combined water meters were installed at the selected main and distribu-
tion network and, finally, leakages per km of transmission main and distribution net-
work was cal cul ated.

The studies have shown that:

e High pressures on connections cause increase in amount of leakages per capita (L/per
capita/day);

e Leakagesincrease the, risk of damages to buildings.

e Decrease in amount of leakages from transmission mains and distribution network
would reduce production of water and subsequently cost of power energy used by
pumping stations.

Results of the pilot project will be used by international and local consultantsin
order to identify future investment projects for water supply rehabilitation, which

would improve supply of water to the population of Thilisi.

Key words: water supply of Thilisi, leakages, water resources per capita, water losses, flow

meters, water meters.
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1. INTRODUCTION

Water supply system of Thilisi, comparing to other cities of Georgia, is a complex of compli-
cated engineering plants. Supply of water is carried out from Aragvi river valley (ground water),
Zhinvali reservoir on Aragvi River and Tbilisi Sea (surface water). Main consumers of water are di-
vided into the following categories: population, industrial enterprises and public (budget) organisa-
tions. Based on TWSU information 428 million m’ of water is to be produced in 1998, out of which
320 million m’ is to be sold. 400 million m® is supplied to the distribution network. The difference be-
tween production and supply, 28 million m’/year is used in treatment plants and production fields [1].

800 L/day is used per capita of population in Tbilisi, though some districts are supplied with
water several hours per day (defined schedule). The water supply schedule is often violated, be-
cause of power supply cut offs to pumping stations and irrational use of water resources. 45% of
supplied water to the consumers is unaccounted for water, including leakages.

Considering all above - mentioned rational use of water resources, reduction of leakages and
losses from distribution network and reduction of consumption is highly important.

Tbilisi water - supply and sanitation project considers rehabilitation of water - supply system,
based on the results of the pilot project carried out in the scope of the project preparation activities.
The pilot project aimed estimation of actual consumption of water by Tbilisi population, evaluation
of leakages from domestic sector, transmission mains and distribution network.

Phase I of the pilot project aimed estimation of actual water production, leakages from distri-
bution network and domestic households: Phase II of the pilot project considered assessment of ac-
tual water consumption and leakages in domestic sector using installed water meters. Initial objec-
tive of the phase III activities was estimation of leakages from transmission mains and distribution
network, extrapolation of received information for the whole city. Afterwards, it was decided to in-
clude estimation of leakages from budget organisations and industrial enterprises as well.

86 water meters and manometers were installed on connections to residential buildings locat-
ed in different parts of Tbilisi. 8 meters were installed at connections to public organisations, a bulk
water meter was installed at transmission main. 4 combined water meters - at industrial enterprises
and 4 combined meters - at distribution network. Thus, in total 103 water meters was installed dur-
ing the pilot implementation.

Results of the pilot project will be used by international and local consultants in order to iden-
tify future investment projects for water - supply rehabilitation, which would improve supply of wa-

ter to the population of Tbilisi.

10
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2. THE BODY OF THE ARTICLE

The pilot project aimed assessment of actual consumption of water and leakages from trans-
mission mains, outside and indoor distribution network, extrapolation of received information for
the whole city and estimation of average water consumption per capita per day (per hour, per se-
cond) using installed water meters.

Water supplying in Tbilisi is distributed among 10 administrative districts. Typical buildings
surveyed during the pilot project are located in different districts, and they were selected consider-
ing their water - supply schedules, pressures, social and economic factors of the population. In total
103 water meters were installed on connections to different categories of consumers. By installing
bulk and combined water meters at a selected transmission main and distribution network, we esti-
mated water leakages and consumption per day. Special maps were drafted to present selected
buildings and installed water meters.

The information collected during the pilot was extrapolated for the whole Tbilisi, using sever-
al elements of mathematics statistical theories.

Two groups of factors can be applied, as reasons for inefficient operation of water supply sys-

tem. The first group consists of factors, which are very difficult, or almost impossible to eliminate:

1. The topography and different elevations of the city - it is built, as a narrow line (2-4 km)
along the Mtkvari River stretched for about 40-45 km from North-West to South- East. At the same
time 80-85% of the whole water is supplied from one side, North-West, Aragvi river valley. The
difference in the city elevations is 300 meters, but if we take into consideration, that surrounding
villages receive the water from the same source, than the difference is more, than 1000 meters, that
is why in spite of the fact the city network is zoned (4 zones and satellites) the number of pumping
stations is much higher, than acceptable norms and the leakages are higher, than acceptable.

2. The climate is hot and dry, during the summer time the amount of water consumption is in-
creasing dramatically, due to the watering of the yards, streets, plants, walls and roofs, cooling of
food and fruits, which causes the increase of day/night usage ratio, than the norm.

3. It is very difficult and economically not sound to use the technical water in Tbilisi.

The second group consists of reasons, which can be eliminated.
1. The usage of bad quality, or damaged sanitary equipment, which causes a big amount of
leakages inside the buildings, at the same time closing equipment is almost not functioning at all in

the external networks and yards, which cause additional leakages. This factor is not accounted at all
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in the whole balance of water — supply, because it occurs after installed water meters. Thus, it is
counted as the water consumed.

2. On the industrial plants it is virtually non-existent the contemporary systems of multiple
usage of the same water, as a result almost clean water is disposed to the sewage.

3. The public sanitary units are equipped with outdated facilities, which consume water 15-20
times higher, than the norm.

4. The potable water is used for the watering of the streets and public gardens and parks.

5. The zoning of the water supply system in the city needs exact definition of the borders of
each zone, because in the most cases on these borders high pressures are being created. Pressure
gauges are not installed, though this equipment could facilitate the normal distribution of pressures.

6. The measuring of the water supplied and sold is not reliable due to the poor quality of water
meters.

7. The technical conditions of external and internal distribution network (deteriorated pipes,

damaged reinforcement, damages in the network etc.).

Pilot project work plan for three phases was prepared considering these factors.

During the phase I Tbilisi water supply schemes were prepared for 10 selected residental
buildings. Sanitary technical equipment was evaluated in the buildings, leakages were measured and
cost of repairs assessed. Average leakage in selected buildings was 0,2 - 0,4 m’/day per capita.
Phase I of the pilot project can be considered, as a preparation phase, as during this phase 86 apart-
ment buildings, located in different districts of the city, were selected, at connections of which wa-
ter meters were installed afterwards. A map was prepared, as showing location of all selected build-
ings. Pressures were measured in the network and maps were prepared according to the results of
manometer reading.

According to the work plan of phase II of the pilot project, daily meter reading was carried
out on connections. After data processing, meter reading analyses and extrapolation of pilot data for
the whole city, average consumption of water by domestic sector was identified; consumption
equals - 960 L/per capita/day, while leakage is 29,38% out of water supplied i.e. 282 L/per capi-
ta/day. Analyses of received information showed identity of leakages during day and night hours,
which can be explained by increase of pressures in the network at night.

Phase III work plan considered estimation of leakages from water transmission mains and dis-
tribution network. Bulk and combined water meters were installed at the selected main and distribu-
tion network and, finally, leakages per km of transmission main and distribution network was calcu-

lated. Bulk water meter (@ = 500mm) was installed on the transmission main (@ = 600mm) out
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flowing from Samgory water treatment plant, which supplies water to 10 block of buildings in III
Massive settlement, Samgory district. Total amount of population living in the selected area equals
16535 residents. Meters were read at selected hours at day and night. Night leakages from the main
equal 800 m’. Supply of water to all connections to the main was stopped, in order to assess leak-
ages from the main during the day time.

Similar experiments were carried out on Sulkhan Saba Street, Mtatsminda district and I block
of Didi Digomi, Saburtalo district. Leakages from distribution network was identified in block No
10 of III Massive settlement, where combined water meters (@ = 150/30mm) were installed at all
connections.

Water meters were also installed at connections to selected industrial enterprises and public
organisations. These organisations are located in different districts of Tbilisi. Using water meters
their consumption and leakages were assessed. As it is known, leakages also occur during damages
on the network. Approximate leakage per damage was calculated considering number of damages
per year and diameter of pipes in the network.

Regular meter and manometer reading was carried out on connections to the selected build-
ings, aimed to identify average consumption and leakages.

Water meters were installed in specially built manholes and in basements of selected buildings.

The works implemented under the pilot project classified existing problems of water supply
into two groups. Leakages are considered, as one of the problems, which can be eliminated. Works
aimed evaluation of sanitary technical equipment in selected households. By extrapolating pilot data
for the whole city, leakages are assessed to equal 0.2 - 4 m*/per capita/day [2].

Statistical analyses [3] of collected information using water meters installed at 86 buildings
connections, allowed us to identify average consumption per capita per day, which is 960 L. Fur-
thermore, average leakage in domestic sector was calculated: 29,38% out of the water supplying
(282 L/per capita/day). Leakages at night and during the day time are practically equal, because of
pressure increases at night.

Leakages from transmission mains and distribution network were also assessed. Analyses of
the results showed, that leakage per km of transmission main is about 0,186 L/sec, and 0,5 L/sec of
water (40 L/per capita/day) is leaking from distribution network.

According to analyses of amount of damages on the network, 43m’/day is leaking per dam-
age. Furthermore, amount of leakages increase per year, the increase is about 4.5 - 5%, which is

caused by deteriorated pipelines.
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Average leakage from industrial enterprises is about 39-40% out of the water supplying. 37-
42% of water supplied to public organisations is lost or leaking (see Tables 1, 2, 3 and Figures 1, 2)

for combined register of leakages and, losses.

3. CONCLUSION

High pressures on connections cause increase in amount of leakages per capita (L/per capi-
ta/day);

Leakages increase the risk of damages to buildings.

Decrease in amount of leakages from transmission mains and distribution network would re-

duce production of water and subsequently cost of power energy used by pumping stations.

RECOMMENDATIONS

Improvement of conditions of sanitary technical equipment in buildings would reduce con-
sumption and leakages up to 70-80%;

Installation pressure regulators and pressure gauges on distribution network and connections
to buildings would reduce actual consumption and leakages;

Maintenance of distribution network and change of highly deteriorated parts of it would re-
duce amount of leakages;

Installation of bulk water meters at transmission mains to measure total production and supply
and distribute consumption between categories on consumers;

Installation of water meters on connections to all consumers would allow supervision of con-
sumption and reduce actual consumption;

Further analyses of water consumption is recommended, as it is affected by many factors.
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Tablel. Combined register of water leakages and losses

General information
Population (1000) N=986.1*
Territory km® F=350
Total length of the network km® L=3321.8
Supply of water million m’/year 428**
Consumption and leakage in Tbilisi
. . . Mains and dis- Damages on
skokosk
Population Industry Public organisations trict. network the network
Main _5 . PR _5\ - v 2 —_
Consumero| 2 2 3 2 S 5 5 S | 5 5
f water 2= = g Z g z = % 2 2 |2 g
(Types of S .= - |3~ & - S | & - |.E o2 | o |25 B
Consum- g S| S T;_:g:‘ g | S g g | S 3|23 E-‘E éﬁ §E g
ers) 3 g 2|23 81 & 3 g | @ E2|2E|53 § |59l 2
= B Q= B = 4 o E ~< R o =
) < al 3 < 3 < = é o Qs — o =)
= = S |E g < b5} = - O |FE8|l8To & B o 8| &
S S| =223 TRl 8] 5| R | |52 HS| & s 3
& | @ £ ) & | @ g |5 E g |2 @
E | & S £ £ =2 < |2 | g1 £
3 < © < 3 = S - 9 ~ |9 ~
g o 5] g 5] S| 151 8 3
o = = o = — —
@) @)
1| population| 960 | 282 [29.38
2 | Industrial 217 [84.63| 39
Enterprise
3 |Public or- 191 | 925 | 48
ganisation
Mains and
4 |distr. net- 0.185] 0.5 | 40
work
5 | Damages . 43 31
28
6 | Techno- ,
logical use

*Source of information on population: relevant services of Tbilisi Municipality, 1997
**Total amount of water supplied to Tbilisi - 428 million m*/year
*#*Data on consumption and leakages from industrial enterprises is approximate, because of

small amount of selected enterprises
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Table 2. Leakagesin domestic sector

Wat 1
Water | Supply | Leakages ater Supply Leakages
0/0 No of %

N | supply | hours | L/day/per . . (%)

roups | per da capita (considering | Population

Brotps | P Y P territory) 1000m*/day | mil.m’/year
.| “A” 24 282 62.5 616.3 173.8 63.44
2. “B” 16 188 10.5 103.5 19.5 7.1
3.] “C” 8 94 26.7 263.3 24.8 9.03

Total 986.1 218.1 79.57

Table 3. Water lost and leakages

N Consumer, pipes Leakage Q, mil. m’/year Leakage % from total
leakages

1. | Population 79.57 41.31
2. | Industry 3.31 1.72
3. | Public Organizations 5.73 2.98
4. | Mains & network 45 23.36
5. | Damages in the network 31 16.09
6.

s - Total | Consumption | Leakages

; 100% 55% 45

Figure 1. Distribution of leakagesin Thilisi water supply
network (considering type of supply)
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Population Consumption % Categories MIn. m¥per

Network year
18.81 | Population 79.57

17.75 | Network 75.97

6.54 | Technical use 28.00

1.33 | Public  organisa- 5.73

f tions
Technical L \Industry 0.77 | industry 3.31
use Public

organisations

Figure2. Structure of water leakages and loses according
to each categories of consumers
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=63 13 (3tgbs); 3) dOHYger0 ,,Mm3056960" — Log@mem Log®dom 53 1d, Logsboo -
ds> bofoedo — 713, LolJoo — 4 3.

sEagbognos  dgBmbols dgdobogygdo dsboliosmgdergdo s domo @odm 30w dyewgds
®9bdgdggermdaby [1, 2, 3, 4]
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3380930l sdmzobos Lbgswslbgs @9bdgdggemmdol {g@omds®germgsbo dg@m-
boli  39ddgo-aodk0dgol s dg@ols Em@EgoEmdol doMmggdol woagbs.  9Jb3g®odgb-
Ggoom, 3M(335Md0lL 35M5dgBMgdbg oy bmbom, dgdyndoggdbymo Gm@Igmmom, ob-
Lobeg@ml  3mddmboBol 39slmbol  3mgx030gb@do ©s dobo odmgogdyegds  do-
Lognols 3 9699d339e0mdoby.

2. d0@00)5R0 656VOK0

ho@omgdbymos dygwdogo slsgol (t, =28 pmg) 69@mbol b0dydgdol bsbdm gy ©o
(MGGORMdsbY 2odmzEgdo 39ddgeby [1], gododgols [2] o adgboby [3] wowygbognos
dgBmbols 3gdobogyg®o 3o@M53gB®gdo — Lod@ 303y, ©IBMm®Is309d0, dg@ols s ©MAg3e-
mdols dmwyagdo [1, 3, 4]

GM™Ggoemdol 9Jl3gM0dgb@gddo godmEwomo ogm B 96dgdggemdols mmbo ©m-
bol 60dydgoo: W=W,_ =4,7%; W=27%; W=22% ©s W=10% (dsbols dobgogom).
daao 9db3g0dgbhdo (393 dgoby, yododgols ws p@gbaby) mommgye  Hbdgdis3g-
mdobg godmozpgdmes 4 Gyydoligomo bodydo. 6odydgdol sbsgo ogm t) =28 wey.
(GMGGOMdsbY asdmEEgdo ho@odws (t—1)) =180 Eols asbdsgmmdsdo T =20%£1°C
®9939050 MO0l @AM, bodydgdol B gdbmemaon®o 3o@5dgBMgdo, 9Jl3gM0dgb@gdols
d900mM©0 3o, 2odmygbgdaao odmbsiLgeno sbspasMgodo ©S 53OS YOS
aobbognyganos boddmdgddo [1, 4, 5 ]

bbgowolbgs  3gbdgdggemdbols  dgBmbol oy gbogno  393dge-gododgols s
dg@ol 3mEgoRMd0L dodmggdo dmEgdgmos l-gar 3bOog do.
gb®ogeno 1
Lbgoeolbgs @963993390mdols Fg@omdst(3ganmgsbo dg@mbols

3999go-aod0dgols (Mp) s dg@ol (M) 3mEgsembol doMmggdo AMTo, (t—1)) omg

®96d99339200bS (N; N,)-107* 357! Lowowggdo ©GHM®Po
W.% 10 20 30 40 60 90 120 180

My, — pokodgs, o) =178 33

4.7 65.2 742 80.9 854 88.8 93.8 96.6 102.8
2.7 52.8 56.7 60.1 61.8 64.6 68.0 69.7 73.0

24



do®mobgobgdos, Nel-2(21-22), 2016 — Hydroengineering, Nel-2(21-22), 2016 — T'mapommkenepus, Ne1-2(21-22), 2016

o3I gds
22 46.1 51.1 539 55.6 59.0 60.7 62.9 65.7
1.0 37.64 399 41.6 42.1 43.8 449 46.1 46.6
M, — 3099930, o) =124 33
4.7 65.0 73.0 78.0 82.0 87.0 92.1 96.9 101.8
2.7 523 57.1 60.6 62.7 65.0 68.0 70.1 72.5
22 46.2 50.1 51.5 53.0 573 59.2 60.1 61.0
1.0 39.6 40.6 428 43.1 439 45.8 46.7 475
N - acgbo, 05 =228 33
4.7 80.0 90.1 95.0 99.2 105.0 111.0 1152 120.0
2.7 65.0 70.1 74.0 76.2 79.0 83.0 85.8 89.1
22 57.1 61.0 63.0 65.2 67.0 70.2 72.0 74.5
1.0 48.0 50.1 51.5 52.5 53.5 55.0 56.0 57.5

l-ge0 3b@ogool dmbs39d9d0 g30hg9690L, O™ bgBmbols dgdobs o 39ddge-go-

d0dgols 3m@Egomdol doMmggdo 0b@gds Isbognols F96dgdig9e0mdol 3OM3m@(309-

o; aododgobs s 39ddgolsl oy gbogro dg@mbols (3MEgoEMbOlL  dodmggdo 3Gs]-

BOgg@o© gOmbso®os.

3do®B0go  39ddgoL b aododgol Ygdmbgggedo [1] g@dogo wgrm®dsizogdo & (t)

3obolobwg®gds dgdogyo Be@IyYom:
t
&)= _[H (t,$)doy,
0

bogem 306030 ©gnm@Is3E0g00 &, (1)

e (0 = [[1,t,8) -1, o, (&)

v 39obmbol 3mga303096@0

—V= ‘922(t) _ Hp(t’to)_n(t,to)

b

e TL(LL)
‘dgegaow d030@gdm:
V:—H(t’to) —1.
Hp(t,to)

(3)-006
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1 (27

T, (tt) @

II(t,t) oo Ty(tly) esygbogo bowopggoo dmzgdgmos l-gao  3bGomdo. Lbge-

obbgs  B96dgd3germdols  (g@ods®zgermgsbo  dg@mbols  39slmbo  gmga03096¢ 0L
sEagbs begds Gm@dymon. l-gno 3bGogols Imbszgdgdby oydEbmbom yodmmg-
oo 1+V Lopopggdo dmigdgaos dg-2 bGoendo.

d9-2 gbGognols Imbo3gdgdol sbognobo @g0hg9bgdl, @md 1+V Lowowggdo, G-
©qboz T, eopagbogos  39ddgols ©s gokodgol @MU, ™m@ogg dgdnbgggsdo 3@s]-
Boggmo© gOmbso®os. 1+V bowowggdo dgodangds hsomgoeml dygwdogs — obobo o@
03320 g0s EOMTo s 5@ >0l sIM o dyemo Jobogrols W @96dgd39emdsby.

3999g0Lol oy gbogo I1,-0b dgdmbgggodo (1+V)-ol aolsdgomgdgmo Lowowy

I1+v=121; aodk0d30lL dgdmbgggsdo (1+V)-0l aolodygsmmgdyemo Lowowyg 1+v=1.2.

gb®ogoo 2

(1+V)-b @odmgopgdygmgds dsbomols BgbTgd(3ggemdsls s wHmby

$963993392200> N/Mp, ©o33003980L @A™ t—t;, ©wg

W% 10 20 30 40 60 90 120 180

n/Ny, N, — 39ddgobols

47 123 1.23 122 12 121 121 1.19 1.18
2.7 124 1.23 123 121 118 122 1.23 123
22 123 122 122 123 1.17 1.18 120 122
1.0 121 1.23 1.20 122 122 1.20 120 121

/My, Ny, —gyododgolsls

4.7 123 121 1.17 1.16 1.18 1.18 1.19 1.17
27 123 123 123 123 122 122 1.23 122
22 123 1.20 1.17 1.17 1.14 1.15 1.14 1.13
1.0 127 125 124 124 122 122 121 123

v-I 360dgbgemmds 0dbgds: v=0,21=Vv, =const.
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OmEgbsg V=V, =const=0.21, Ubgopslbgs @F969gdi3g9e0mdol  bodydgbologols

(Igedogo sbsgol t) =28 s @9d3g@o@dymdols T=20£1°C) d98mbols dg@obs s Jydd-

3o-3040d30L d0Mmggol dm@ols 3og3dodl hogfgmm dgdwgao [1] go@Iygaom:
H(tathW)=(1+V0)'Hp(tat0’w)' (5)

(5) ge®Odgmon ©s dg-2 gbGogols Jmbsigdgdomn asdmmgeoao M-I 3bodgbgerm-
b960 3bodgbgeomdgdo dmgdyeos dg-3 3bGogndo.
gb®ogoo 3

bbgoealbgs 39639933390mdol dg@mbols dgHhol 3m3gsmdols
d06Hmggd0 godmmgmomo 39ddgs-aog0dzol mEgoEmdol dodmgol
3odmygbgdoom II =(1+vy)-I15 IT,-b dmbs3gdgdo s@gdgmos dg-2 3bGogrowsb

®YOIEH0YE0

$H3b 939 mds = (1+V,) I,-107* 8357 woggomggdols om t—t,, oy
W%

10 20 30 40 60 90 120 180

I[T=(1+0,21)-N,, N, — oEygbogoo 393dgobsls

4.7 787 88.3 944 99.3 1053 1114 117.2 1232
2.7 63.3 69.1 733 759 78.7 823 84.7 87.7
22 559 60.6 62.3 64.1 69.3 71.6 72.7 73.8
1.0 479 49.1 517 522 531 554 56.5 575

M=1+vy)-I1,, N, — oEygbogro yokodgolsl

4.7 789 89.8 97.8 1033 1044 113.5 116.9 130.8
2.7 63.9 68.6 72.7 74.8 782 823 84.3 88.3
22 55.8 68.1 65.2 68.5 714 734 76.1 79.5
1.0 455 483 50.3 50.9 530 543 55.8 564

d9-3 gbGogols dmbsgdgdol sbogrobo ggohggbgdl: (5) gm@Igmom w©s T, -0l

9Jb39®039b@ a0 dmbsozgdgdom (b®ogo 1) asdmmgeogno M-I mgm@oyeo 360dg-
bgermdgdo (gbGoano 3) godyo dosbanmgdom sbobogl M- 9Jb3g@0dgb@ e dmboig-
d90L (gb@ogoo 1).
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3. R35L336S

Lbgoeolbgs B96dgd339emdols [gdomdsdganmgsbo dg@mbols godmEom  3o3d-
g3obg, aok0dgols o aMgboby aobolobmg®gds 3md3mbo@ol  3yddge-gododgols s
dg@oll 3m@Egoemdol dodmggdo. do@mggdom yodmmgemogo 3obmbol 3mga03096¢9-
0L sbo@obom oy gboaos, @M [g@omdo®gamgabo  dgBmbol 39sbmbol  gmg-
3030gbB0L Loowyg 5@ 5ol sdmjgogdgeo dobogols §96dgdiggemdsbs (W) s
53 300mg0L boby@derogmdoby (t—1)). ©53F 0390905, MM 28 wol (gBomdsmg-
@g5bo dgBmbols 3golmbols jmgxnoEogbdo V=V, =0,21=const. v=const-oon 3db0dgbgenm-
gbo  doMB0ggos  3Md3mbo@gdol Lbgowslbgs do®mgl dm@ol  3ogdodols oy gbs.
9393539090 gm@dgaon ©s My gJuidg@odgb@gmo dmbsggdgdon podmmgeogro M-
ngmaogo  360dgbgemdgdo  godao  LobylRom  slobogh M- gJb3g@m0dgb@d e
dmbo399gdb.

L0OB3IABIMS

1. Caksapenuaze A.B. Bonpocsl BSI3KOYIIPYTOCTH CTPOUTENIBHBIX KOMIO3HIIMOHHBIX MaTEpHUaIoOB
Ha CWJIMKAaTHOI ocHOBe. ABTOpedepaT NoKTOpcKoi nucceprauuu, Toumucu, 1999.- 49 c.

2. A. Sakvarelidze. Dependence of creep nucleus on moisture containing of cement based compo-
site materials at tension First international conference on seismic safety problems of Caucasus
region population, cities and settlements. September, 8-11, 2008, Tbilisi, Georgia. Book of ex-
tended abstracts, p. 59-62.

3. 5. boygo®geoodyg. a®gbolol {g®ogdo®igermgsbo dg@mbol (3m3go0mMdsbg dobogols
®96799339e0mdol  aogagbs /1 Lodgbog@m-@gdbogndo  gu@bogno ,,99bgdenmds”
Ne3(10), 2008. mdogoolo, 3. 87-91.

4. Caksapenuaze A.B. [IpounoctHsie u neopmaliioHHbIe CBOMCTBaA cTaneudpodeToHa // beton n
*K/6. Mocksa, 1986, Ne 8, ¢. 12-13.

5. Cakapenumze A.B. 3aBHCUMOCTh XapaKTEpUCTHK IMOI3ydecTH cranedudpobdberona 28- cytod-
HOTO BO3pacTa MpH MOCTOSHHBIX BIQXHOCTH M Temieparype // MexaHHKa KOMITO3UTHBIX

marepuanoB. Pura, 1986, Ne 3, c. 59-66.
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303 631.626.3

3(M34060®J6IR0O 1530OAILOS6D LORMI6ST(M LOLBIFOL
R@I6IdL FMAHOL 396d0ROL 3S6LOLR3MO

B 35350©5dg0ao*, 3. yyanhos**

(Logodmggeml Bgdbogn®o 960390LoRgd0L - JoAEbygmsgsl
Lobgarmdols {gomms dg9@bgmdols 0bldodgd )

(Lododmnggenml Bgdbogg®o 9bogg@lo@gdo)

4536596056 @Bg500693do, Jsor do@molb joerbymol wsdaremd-

C

Ggboydy: Lofommggarmls
by oswaoarmd@mogo  deobsbengmdols ;6mgm9d30l 9 b b arymRol  Jobbom
bs damddo  dgdemsgs bgdaaros  bodos@mlbosbo ymddobodgdaamo  bop@ybsgm
bobBgdolb  dgdswggbger @@gbydl  dmdol  Jsbdogrol gobbs bmgol  Jgmm@o

@ bsdgboger doargd by bobg@gBgdolb @sm@gbmdol gosbgsmodgdol joby-
@IS 00 JogSEromo.

bo3gobdm Lodyggde: gmaerbgmols @wsdarmdo; bodos@albosbo jmdd0bomGgydaao o@ybsgo.

1. AILO3OR0O

Lodo®mgganml ko®d@gbosh @gyombgddo, oo dm@ols goabgmols ©sdermd by,
S20eMmdM030 dmbobemgmdol 3bmgMgdol 9b@Ybggeygmazobmgol gOm-gOo gooyk-
Gy 3Omdgdo 2393e00bg0s bgsdo®@ymo s aMybHol [ymgdol dmEogmgds ob
domo  ©mbggdol  (3m@obmbBol) @oi dgodangds  odms  ofggs. gl 3@Mdangds
3o50kMgds Ibmerme ©sddAmdo Jlgaols Lsodgommdols ©s dolbo gJldanys@siools
Mol aob®om [6].

©53dOmdo LoliEgdgdol bo@olbols doMoms 3GH0@gM0Ydgdo 9bos hsomgsemmls
309600l (ol 20d@o®ybo@osbmds (Fymoli bodxo), Loddmgd@m Lodsmarol Lo-
bybEol sige o Loodgommds. 535l ao®ws, 9bos asgomgomolifobmm LoliGgdgdols
3983900 ©s asbogo dpa®omds, 3] 3MgR030gbR0, dobogrgdolbs s gbgdgools Ggge-
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©OMdS,  93mbmdoydmds,  @gdbmmmyoy@mds,  Lo®gdmbBme  godgolmds, dydomdols
OO Jobd®maol dglodengdammds ©s o.9. ©M9bogols gmbld®yJaos gbws dgglsde-
d90m©gl LogJldgge@doiEom, 930b6mdogy®, @gdbmemmaoy®d s bbgs dmmnbmgbgdl [2].
od mg0lgdgol dm@ol LogJldgrge@doEom 3Ombdemgdgdls asblsgnmmgdbymo swao-
0 9do@sgl. bodolbols dsbobosmgdangdols dgiEgas Lo@dgbsgm Loli@gdol gJlsaoas-
Ao300l @AOML doMomsps oMy 353doMgdol bodx by brgds.
LY mege olobo sbslbosmgdgh mdogddol gomgdmlmsb g@mogdmJdgogdol dgogal
s g9bJaombodgdols Hgg0dgdols BoJBmdmog 3o®dg@mgdl.
3bmdogo dgibogdo, @glgmols Lmgaol Igy@dbgmdols dgbogdgdoms s3swgdools
s LoJodmggerml dg3bogdgdoms sgowgdools sgogdogmbo . dodEbyasgs[S] s@bod-
bogs, M sddAmdo Lol gdol s dobo mbdogd@gdol badolbol 3@mabmbo®gds dg-
0dgogds 2obbm®30gmeall m@o dods®nygu gdom:
e 399690509 mdogdBols s dobo gbdenys@oiool LobEgdol bs@olbols gm@do-
@960l Bobogy®o s@Lol sbogrobols Logyydggenby;
e 3Byybgdol dmbsi39d9d0l ©sdydoggdol LESGHOLGGYM0 Igmmwgdol godmygby-
b0l boggydggenby.
Lo gbsgm Lolgdol bo®obbol dgaslgds ¥bos gydbmdmogl ba®olbol 3mb3-

9B 3M0dgm0ydgdl, @mdgmmoi edmgowgdygmos gmblE®ydcool mdogddol wo-
bodbygeogdols s [oygbgdym Jmmbmgbgdby.

3bgmols ©sdemmdby hoGo®gdyemmo IMogogFaosbo asdmjgenggs a30h39690L,
Amd  Lop®gbogm LobEgdol Loodgom  Iygdomdobsmgol Logo@ms 3@mGoasIGogyco
Lodydomgdols JmEgermdols s 3g@Homeyemdols sy qbs.

3M3ddobodgdygeo (Gnygmo) bo®gbsgm Lol gdgdobsmgol Ladko@ms boby@darogo
30mgo@sdBogol  Jobobdgfmboammdol, sbggg 3Omgomsg@ogol  ImEyemdols gob-
Lobpg@s, Omdgeoi gbes ho@odegl ymggero Lodydom Gogerols dgdogy.

Lo®gbogm LolGgdgdol, dsm dm@ol jmddobo@gdyaol, gdl3gas@eEool WML,
dmdboby@gdol gOm-gOmo JoMomswo 3OMbangds 3OmRoas]@ogzol ho@o@gdol gowols
3oblob@g@dss.

dolbogngdols sbognobo g30hggbgol, @M Losmgbsgm Lol gdgdbolsmgol, Gmdeng-
b0z boba@derogo 39Momeols aobdogermdsdo ddodg 30MmbgdTdo s dgliggbgdols aomgdy
d9domdl, 3OmgomsIBogg®o  Lbodydomgdols ho@dodgds dobobdgfmbogros  LolEgdol

350339790 bsdy9dggdol dow(ggolsb.
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2. d0600)0R0 65VOK0

L. ®gbgdl dm@ol dsbdogrols sy gbs

3036060 gd o Lodos®ylosbo ©@@gbsgol (Lbsds®mggemml 35@9b@o Ne H3573 B)
dobobos, 9IgommE slsAHMd0 GoMmmdolbomgol [ymols s 3dogMol Gggodol dgd-
bo o Ggyymomgds Lodgy®dbgm gsdmygbgdolomgol Lododm 3s®sdgB®gddo [1].

303060 gd o @gbsgo (bob. 1) dgoagds dofoligggds bod@ognoligddo wmgby-
doligob (1), @mdgems J3gd dmmogbgdygmos [yomdodmgdols (2) dowsao Loddgoaol
3m@ogmoggbols dolbo@olaob wodboswgdygeo dogngdo garoglolgd®o 39ORmA0M9d-
@0 33obdgdom (4).

Vyoedodmgdo gghogdgmos dogboegbmob (3), @mdgmog bodmgmos  {yow-
bogbols goagd@Goddo (5).

3MbLEHOYJ3E0s 0dago05© s@OlL TglG Y gdyano, @M ad9bBol Fymowsb ob ko®-
b0 5@Imbgghgmo bogrgdgdosb gm@domgdygao doFoldggds (Tyeol bogowgdo dmbg-

gl bo3®ooligdd ®g9bgddo (1); dgdwgy doFolijggds Fymol bogowo geroglolgddo
390 x5mO0Mgdgao (4) 3356dgd0lL (2) dodos@myegdom Ind@omdl s dogolowgbdo (3)

3MM3gg0s. dogologbo 9bdyYbggaygmal do@do Fymol L{Gsg dmgomgdsl ©olsd-
OMd0 BoONMS0WSb.

30bLAGYIGool gargdgbHadol Gybgogoo:

* 3003920 05OgLol (1) sbodbyagds byosdo®yo hodmbswgbo Fymmol @gae-
@0@gdos, Moms ol olodggd AmMby 9@ bobl (o@Gdm®gol s boswsyols
odomdgdolsl) o@ dggmgbogl;

e Jgm@g os@gbo — gaoxloligd@o Smeogmomgbol 39MRMO0MdY@o  3mblE-
a9daos (2), @mIgamoi  Ybagbggeymal do®do Ggbol dmobwmJdol boswo-
30056 s dob GOsblgm®dszost ymol bsgowgddo;

e Jgbodg 0odyglo — (yoedodmgdo doano (3), GmIgaoi 9bOYbggaymRl dsd@o@
>Mbgddo (Jogmgdo 5) (yarol dofmegdsl, ad9b@ol Fyarols Lodo®m @mbols
> BgbBggoembols Mgg0dol dgbodhybgdsls.

9690l dm@ols dsbdogno, sy®gmgg geoxglolgddo 3g@xam@omgdygmo  3356dols

3903gBA@oyga  bmdgdo  2odmosbys®m0dgds olg, M sIAMdoL bo®ds  gdm e gl
@™o 989dHAO0 yobryl.
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Joip

T

6ob. 1. gmddobodgdyemo Hgbsgols gsbogzggmo
©®9690L do@ol dsbdognols oy gbols wowo 3GoJBogyeo 360dgbgermds o3,
Sdobmob 00 odMGogdYeos dBsgoE AP FoJBHMOMSb, Gmym@oiss dJmligeo

bogngdgdols 0bBgbloyg®dmds, y@bBol [yamgdol Lodswenrg, Loboswsym ©s bbgs do®o-

050 BoJBmagdo [24].
09696l dm@ols dsbdogno (b) olg ybos dgo@bgl, O™ dmagi3gL a®¥bGHol wmbols
989JB 900 ©s{g3> @AMols dmEgdyae IndgbBdo ©s 9bws dggbodsdgdmegl Lolimeyaem-

Lodg®bgm 3@ @gdol Fysendsgdmgsbo @ggodols m3@odsgry@ dmmnbmgbydl.
303000 @5 a@9bR ol Fyeol Low®dg, sliggg Loboswsogm, do@mygmenmyoy®o, seo-

d5B9@0  300HMdgdo, dgbodgrgdgeos Lobmgem-Lodgy®mbgm  jueE®gool Fysemdsg@m-
3obo ®g7030l gy yeo@gds Lodos@ylosbo 3mddobo®gdbymo w®gbsgol asdmygbgdom [1].
dgmeg bobobby dmgdyeos ©@gbgdl dm@ols dobdognoli oy gbols Losbys@odm

LJqde.

—
e
—
-
—
SR
—

7 ER B _;eé?fxﬂ
: .

7528

;1“ T\Ii/ E3
R

NIk

6ob. 2. 09690l w0l 8sbdogmols Lasbys®odm LJgds
0go®ogmo s boggerg 33eggzgdol sbogrobom domgdbyao ©odmowgdaagds,
Losbao@odm Lgdol (bob. 2) gomgogolifobgdom, dgodergds godesgddbom [2], Gmdg-

o3 999y d00gdls Lobgl:
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VIIK 697

OCOBEHHOCTHU MUKPOKJ/IMMATA ITPABOCJIABHBIX XPAMOB

O.I'. llypuenaaze, H.M. Menapumsuiau, U.A. /lenncosa

(I'py3uHCKMI TEXHUYECKUN YHUBEPCUTET)

Pe3loMe. B npasociasHuix Xpamax 2nagHbiM Gakmopom Komgopma A6iAemcs MUKpOKIUMAM
gHympu nomewenus. OcobeHHo ocmpo npooremvl ¢ MUKPOKIUMAMOM BO3HUKAIOM 80
8pemMsi YEPKOBHbIX NPA30HUKO8, K020d KOIUYECMBO NPUXONCAH NOPOl npesviulaem
pacuemuvle 3HaueHus. B ciyuae menpasunvnoco pacuema unu yempoucmea cucmembvl
OMONNEHUS. U BEHMUNAYUU 8 NOMEWEHUU XPAMA, MOXHCEm NOBbICUMbC meMnepamypa u
BNIANCHOCMb. BblCOKAsA 61ANCHOCb MOJCEm Bbl36AMb HA GHYMPEHHel NOBEPXHOCU
HAPYHCHOU 02paxcoaroujeli KOHCmMpyKyuu o0paso8anue 800sHbIX NApos (KOHOeHcama,).
Boosinvle napvr  docmasnsiom  ouckomgopm NpuxodicaHam, a Mmaxdice sGIAOmMCs
NPUYUHOL NOPYU HACMEHHOU JHCUBONUCU U OpY2UX d1eMeHmo8 yopancmea. B Odamnoi
cmamve  paccMampusaromcs  (akmopsl, npu  KOMOPLIX BO3MONCHO  BbINAOEHUE
KoHOencama. Iloonumaemcsi 60npoc GIUAHUSL NPABUTLHO20 PACHemd CONPOMUGIeHUs
menjionepeoaie  02paxcoarowux — KOHCMPYKYUti 01 no00epicaHus  mpebyembix

napamwempoe MuKpoxKjiumama.

KnioueBble clioBa: genmunayus xpama, 6vinadeHue KOHOeHcama, memnepamypa 6HympeHHeu

noeepxHocmu, OMHOCUMENbHAA 61AANCHOCNb, NMOYKA POCHL.

1. BBEIEHHUE

[Ipn npOEKTUPOBAaHUM OTOIUICHMSI, BEHTWISILUU U KOHAUIMOHUPOBAHMS MPABOCIABHBIX Xpa-
MOB, OCHOBHOI1 3aj1aueil SBIIETCS MPaBUIIbHBIN pacueT TEIUIO- U BO3AyX000MeHa sl 00ecredeHHsI
TpeOyeMBIX TapaMeTpoB MHKPOKJIMMAaTa BO BHYTPEHHEM IIOMEUICHHH Xpama. OTO JOBOJBHO
CIIOKHasl 3aJjaya, TaK KaK Xpambl SBIISIOTCS YHHUKAJIbHBIMH apXUTEKTYPHBIMH COOPYXEHHUSIMHU C
HEOPIMHAPHON CTPYKTYpPOM BHYTPEHHErO IpocTpaHCTBa. ClielyeT YYWThIBaTh HEPABHOMEPHOCTh

NoCCHICHUA XpaMoOB, IIPOCTOU MCKAY CJ'Iy>K6aMI/I U PasHYK CTCICHb 3allOJIHACMOCTHU. HpI/I
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PEKOHCTPYKIIMU M CTPOUTENIHCTBE HOBBIX XPaMOB HEOOXOJWMO HE TOJIBKO CO3/1aTh KOM(OpPTHBIE
yCIIOBUSL JJIl TIPUXOXaH, a TakXke 00eclneyuTb COXPaHHOCTh BHYTPEHHEro yOpaHCTBa Xpama,

(pecok, UKOHOCTACOB U JIPYTUX 3JEMEHTOB.

2. OCHOBHASA YACTb

MUuKpoKIMMaT B 3JaHUU 3aBUCUT, IPEXKIE BCErO, OT KIMMAaTUYECKUX YCIOBHM, OT apXUTEKT-
YPBI, TEIITOPHU3NUECKUX XapaKTEPUCTHK CTPOUTEIBHBIX MAaTEPHAIOB M OT HAJTMYUS WA OTCYTCTBHUS
CUCTEM HUCKYCCTBEHHOM KJIMMaTu3auuu. [[1si mpaBUIBHOTO BHIOOpA M HACTPONKU PEryIUpPYIOLINX
JIEMEHTOB CHCTEM OTOIUIEHUS, BEHTWIALUU U KOHAWLUOHUPOBAHMS BO3/yXa, TEIJIOBOH OajaHC U
BO3/1yXOO0OMEH CJIelyeT pacCUMTHIBATh NP PAa3HOM CTENEHM 3allOJIHAEMOCTH XpaMa MpUX0KaHaAMH,
C YYETOM pa3HBIX TEIJIO- M BJIATOM30BITKOB B IIEHTPAJIbHOM dYacTH xpama. Ciemyer TIIATETbHO
paccuuThIBaTh MEPEXOJHBbIM M 3UMHHUI NEpHOJ, TaK Kak B 3TO BpeMs HauOojee BEPOSTHO BbI-
MaJicHue KOHJeHcaTa. BaxHelmiend 3amadeil sABISIETCS NPaBWIbHBIM TEINIOTEXHUYECKUU pacyeT
Hapy>KHBIX OTPAXKAAIOLIMX KOHCTPYKIMH, CTEH, CBOAOB U Oapabana. B OapabaHe riaBbl, Kak
MIpaBWJIO, TOJIIIMHA CTEH YMEHBILIAETCS, YTO CBMJETENBCTBYET O BBICOKOW TEIIONPOBOIHOCTH
KOHCTPYKLIMH M HU3KOM TeMIlepaType BHYTPEHHEU MOBEPXHOCTH B MEPEXOAHBIA U 3UMHHMU NIEPUOL.
Heo6xonuMo mnpeaycMOTpeTb MEpONpPUATHS MO AONOIHUTENBHOM TEIJIOU30JIALUN KOHCTPYKIMH
cTeH 6apabaHa U JONOJIHUTEIBHOMY 00OIpeBY BepXHEH 30HbI Xpama.

Brlnagenne KoHeHcaTa 4acToO MPOUCXOIUT B BECEHHEE BPEMsI, KOTJa XpaM MPOBETPUBAIOT B
TEIUIyIO0 MOToAy, MpH 3TOM TeMIlepaTypa CTE€H XpamMa HUXKE TeMIlepaTypbl Hapy>KHOTO BO3ayXa.
ITosTOMy HazoO MPOBOIUTH PETYNHPYEMbIE NMPOBETpUBaHUA. [IpoBETpUBATE MOXKHO TOJIBKO B TOM
clly4ae, €CJId TOYKa POChl HAapy’KHOIO BO3JyXa HM)KE€ TEMIEpaTypbl BHYTPEHHEH INOBEPXHOCTHU
cTeHbl. COBpEMEHHBIE TEPMOTUIPOMETPHI MO3BOJISIOT Cpa3y ONpPENEIATh TEMIIEPATYPy TOUKH POCHI,
0€e3 UCMoIb30BaHUs MOKPOTo TepMomMeTpa U Id-nuarpaMmel.

BaxHylo posnb urpaer BbIOOp CTpOMTENbHBIX MaTepuanoB. Hanpumep, ans obecnedyeHus
MapOIIPOHUIIAEMOCTH CTEH M3 KUPIUYHOM KJIaJKM BMECTO LIEMEHTHO-IIECYAHOTO PAacTBOPA PEKO-
MEHJIOBAHO HCII0JIb30BATh U3BECTKOBO-IIECUAHYIO CMECH, KOTOpask B OTJIMYHME OT LIEMEHTHOI'O pacT-
BOpa 00JazaeT MEHbBIIEH TEIIONPOBOJIHOCTRI0 U CIIOCOOCTBYET OBICTPOMY OCBOOOKICHHUIO
BHYTPEHHHUX IIOpP CTEH OT 3aCTAaMBAIOILIEroCs B HUX BIAKHOIO Bo3ayxa. He pexomennyercs Hapyx-
HYI0 ITOBEPXHOCTh OTPAKAAIOIIMX KOHCTPYKIMM IOKPBIBATh NMAapOU30JISALUOHHBIMU MaTepHajIaMH,

O0JIMIIOBBIBATh KEPAMHUUECKOM IUIMTKOM MM OIITYKATypUBaTh LIEMEHTHO-TIECYAHOM IITYKaTyPKOM.
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Heobxoammo ucnosib30BaTh JBOWHOE MM TPOWHOE ocTekieHne. Ha ctaauu mpoeKTUpOBaHMs
3/1aHMS BAXKHO OTPECIUTh PAIMOHAIBHOE PACIIOI0KEHHE OKOHHBIX OJIOKOB C LENbI0 NCKITIOUCHUS
BO3MOXKHOCTH BBITIQJICHUS KOHJCHCAaTa WIM MPOMEp3aHusi KOHCTPYKIMH OKOHHBIX OTKOCOB. He

PCKOMCHAYCTCS YCTAHABJIMBATHL COBPCMCHHBIC TCPMCTHUYHLIC IIJIACTUKOBBIC U MCTAJUIMYCCKHE

OKOHHBIE TIEPETIJIETHI CO CTEKIONAaKeTaMH, BO N30€KaHNue BOSHUKHOBEHHUS! KOMITAKTHBIX BO3/TyIITHBIX
IIOTOKOB TIpU OTKPBIBAHUHU HAPYKHBIX ,Z[Bepel\;l, YTO MOXKCT BbI3BATH 3aTyXaHUC cBEeUeH U
pacKayuBaHHUC JIaMIIald. B ClIyd4a€ YCTAaHOBKH INIACTUKOBBIX WJIM MCTAINIMYCCKUX OKOHHBLIX IICPC-
IUIETOB CO CTEKJIONIAKETaMH, 0053aTeIbHO YCTAHOBUTH Ha HUX BO3AYIIHBIC KinanaHbl. [Ipyn Hammaun
pa3eNbHBIX OKOHHBIX TEpEeIvIeTOB, IS 3allUThl OT TMPOHUKHOBEHHS BJIarH B MEXKCTEKOJIBHOE
OpoOCTPAHCTBO, CICAYCT YIUIOTHATH BHyTpeHHI/Iﬁ MEPCILICT. HpI/I BO3MOXHOM BBIIIaACHHUU
KOHACHCATA Ha MOBCPXHOCTAX OKOHHBLIX CTCKOJI HGO6XOI[I/IMO npeaAyCMOTPETb MEPOIIPHUATHUSA T10 €TO
cOOpy M OTBEIICHHUIO.

[To mepumerpy 374aHUS HEOOXOIUMO YCTPOUTH OTMOCTKY C YKIIOHOM B HAaIlPaBICHUH OT
3AaHud XpaMa, JJI 3alllUTbL (I)YHI[aMeHTa OT OOXKACBBIX BOA. HO,Z[BGMHYIO qaCTb I_[OKOJIBHOI\/'I KiIaaKu
HEOOXOAMMO YTEIUISTh HE MEHEee TIIyOMHBI POMEP3aHUs TPYHTA PailOHa CTPOUTENLCTBA.

[lpy MakcMMaidbHOM 3alOJIHEHMM XpamMa [pPUXOKAaHAMH, BCIEACTBHE TEIJIO- U
BJIATOBBIACTICHUI OT JIIOJCH M 3a)OKCHHBIX CBEYEH, B LIEHTPAJBHON YacTH Xpama IPOUCXOIUT
MOBBIIICHUE TEMIIEPATypbl M BIAXKHOCTH BHYTPEHHEro BO3ayXxa. Bo3gyx, Io mepe ynaneHus OT
paboueii 30HBI, TOJHUMAsCh HABEPX, HarpeBaeTcs. boipmmas 4acTe BO3AyXa yaaiseTrcs depes
BBITSDKHBIE OTBEPCTHS, HO B IEHTPAJIbHOM YacTH XpaMa IOTOK HAarpeToro BO3AyXa JOCTHUTaeT
O6apabana u kynosa xpama. OObIYHO CTeHbI OapabaHa MMEIOT MEHBILIYIO TONIIMHY, YEM HECyIIHe
KOHCTPYKIIMU. DTO JeNaeTcs C Lenblo olnerdeHus: Harpy3ku. OJHAKO 3a CYET 3TOro CHIKAeTCs
COIPOTHBIICHHUE TEIJIONEpeaue CTeH TaBbl Oapadana. To ke MOKHO CKa3aTh Mo Kymour. Tak Kak
TeMIlepaTypa BHYTPH TOMELICHUS JOCTUTAeT MaKCHMAJIBHBIX TPENENIOB Ha YPOBHE KOHCTPYKLIUH
OapabaHa, HEOOXOJMMO MPOM3BOAMTH PACUET CONMPOTHUBIICHUS OTPAXKIAIOIIUX KOHCTPYKIMH C
YUCeTOM TCMIICPATYDP B HaHHOﬁ 30HC. PCKOMCHIIyeTCﬁ AOMOJHUTCIIbHAA TCIUIOU3OJISAINUA KYIIOJla U
cTeH OapabaHa Bo n30exaHHUe BbINAJACHHS KOHJEHCaTa.

Konpnencar kpaiiHe HETaTHBHO BIIMSET Ha KOHCTPYKIMHM Xpama. Ha yBmaXHEHHBIX orpax-
JAIONIMX KOHCTPYKIMAX BO3MOXKHO TOSIBICHHE IUICCHEBBIX I'pHOOB. B ciydae 3amep3anus mepe-
YBJIAXHCHHBIX OI'PpAXIAr0IINX KOHCprKI_[I/II\/'I, BO3HHMKAET 00BEMHOE HAIMpsAKCHUEC, YTO BbLI3BIBACT

pa3pylieHre MaTepHaa.
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Ncxons u3 BBIIECKA3aHHOTO, MEPBOCTENEHHONW 3ajauyeid MpH MPOCKTUPOBAHUM OTOIUICHUS,
BEHTWISIIIMM ¥ KOHIUIIUPOBAHUS SIBIISETCS HEAOMYIIEHUE TepeyBIa)kKHEHUSI KOHCTPYKIUU U obec-
TIeYCHHE yCIOBUH /711 HEBBINACHHS KOHIEH CATa.

OOpazoBaHMe KOHJCHCAaTa Ha OTPAKIAIOIIMX KOHCTPYKIUSX OOYCIIOBICHO TeMIepaTypoi
BO3JIyXa M Orpa)XAArOlIMX KOHCTPYKLHH, OTHOCHUTEIBHOM BIJIAJKHOCTBIO BO3/lyXa B IMOMEUIEHUU H
TEMIIepaTypoil TOYKKM pOChl MpU JAaHHBIX ychoBusx. [lomHumasice u3 paboueil 30HBI BO3AYX
HarpeBaeTcs, MPH TOM Orpa)kIaloIe KOHCTPYKIIMK HArpeBatoTCs TOpasio MeAJICHHEE, YEM BO3TYX.

B CII 50.13330.2012 [1] HOpmMuUpyeMOe 3HA4Y€HHE TPUBEIACHHOTO COMPOTHBICHUS

HoPM (2 -°C)/BT ClIeyeT OnpeaenaTh o hopmysie

TEeIIonepeiaue orpax/aaronie KOHCTPYKIUH, Ko

Ry =Ry my (1
rae R,” - GasoBoe 3HayeHHe TPeOyeMOro CONMPOTHBIICHHS TEIUIONepeade OrpaXkaaronieil KoHe-
tpykimu, M° °C/BT, CIeiyeT NpPHHHMATh B 3aBHCHMOCTH OT TPagyCO-CYTOK OTOIHTENHHOIO
nepuopa, (CCOII), °C-cyTt/rof, peruoHa CTpOUTEIbCTBA;

mp - KO3(QQUIMEHT, yJUTHIBAIOIIMHA OCOOEHHOCTH PEruoHa CTPOMTENLCTBA, IMPHUHUMAETCS
paBubIM 1, [1]

['OCII = (tB - tOT)ZOT' (2)
TZI€ for, - CPENIHASA TEMIIEPATYPA HAPYKHOIO BO3ayXa, °C;

Zor - IPOJIOJKUTEIBHOCTD, CYT/TO/I, OTONUTEIILHOTO NIEPUO/Ia, TPHHUMAEMAst IO CBOJTY TTPABHII
JUTS TIEPHOJIA CO CPEAHECYTOYHOM TeMIIepaTypoi HapyKHOTO Bo3ayxa He 6onee 8 °C;

fy - pacdeTHas TeMIepaTypa BHyTPEHHET0 Bo3ayxa 3nanus, °C, [1].

R’ = al'OCII + b, (3)
rne a, b - KodpPUIHEHTH, 3HAYEHUSI KOTOPBIX CIIEAYeT MPUHUMATH IO JaHHBIM TaOIUIBI IS
COOTBETCTBYIOIIMX T'PYII 31aHui (Tabmwmma 3. [1]).

B Cranmaptr ABOK-2-2004 [2] npuBeneHHOE CONPOTUBIEHHUE TEIUIONEpPEaadye OCHOBHBIX
OTPAKIAIONINX KOHCTPYKIMM CTPOSIIIMXCS W PEKOHCTPYUPYEMBIX XPaMOB PpPEKOMEHAYIOT
NpPUHMMATh HE MEHee 3HA4YEeHUH, oOmpeAensieMblXx Io (opmyse, KoTopas HE YYUTHIBAET
MIPOAOIKUTEIBHOCTh OTOIMTEIBHOTO MIEPHOAA:

p _ n(tz—ty)
RO - ) (4)
Aty ag
rae n-kod3h(UIUeHT, NPUHUMAEeMbIi B 3aBHCHMOCTH OT TIIOJIOKEHHUSI HApYKHOH MOBEPXHOCTHU
OrpaKJa0NINX KOHCTPYKIUH M0 OTHOIIEHUIO K HAPY)KHOMY BO31yXy (Tabmuna 6 [1]);
fy-pacueTHasi TeMIepaTypa BHYTPEHHETO Bo3yxa, °C;

ty-pacyeTHas TemIeparypa Hapy>KHOro Boszayxa, °C;
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At,-HOPMUPYEMBII TEMIIEpATYPHBIN NIEpenal MeKly TEMIEPATYpOH BHYTPEHHETO BO3AYyXa f;
Y TEMITepaTypoi BHYTPEHHEH MOBEPXHOCTH Orpakaatoiieit konctpykuuu, °C, (tabmn. 5 [1]);

05-KOd(OUIIUEHT TEMJI00TAaYU BHYTPEHHEH MOBEPXHOCTH OTPAKIAIONTNX KOHCTPYKIIUH,
Br/(M*-°C) (taGmuua 4 [1]).

TemrmepaTypa yXoasI1Iero Bo3ayxa pacCUYiThIBaeTCs o Gpopmyiie

t, =ty + grad t(H — hpls_), (5)

e fy - TEMIIEpaTypa yXxoaauero sosayxa, °C;

t5. -TeMIepaTypa Bo3ayxa B paboueii 30ue, °C;

grad t -TpaJlMeHT JMHEHHOIO ypaBHEHMs TEMIIepaTypbl HaJ pabodeil 30HOH, 0 YpOBHS
BBITSDKHBIX OTBEPCTHH, B 3aBUCUMOCTH OT TEIUIOBOTO HampspkeHus nomerienws, °C/m; [3];

H - BbIcOTa MOMeIeHUs (BBITSKHBIX OTBEPCTHI), M;

hp 5~ BbICOTA paboyeii 30HbL, M [3];

TemnepaTypy BHYTPEHHEH MOBEPXHOCTH OJAHOPOJHOM, OJHOCIOMHOM WM MHOTOCIOMHOMN

Orpa)x1aroliei KOHCTPYKIUHU C OJTHOPOTHBIMU CIIOSIMU CIIEAYET OTMPEAETATh 1Mo (hopMyiie

(tB_tH)
o, =g ———, (6)

Ro g
IZI€ ts . - TEMIIEPATypa BHYTPEHHEN MOBEPXHOCTH OTpakJaroleil KoHCTpyKiuu, °C;

ts b, Ro W 04 - TO ke uTO B (1).[4]

PaccMoTpuM mpuMep pacuyeTa TEMIIEpPATypHBIX MapamMeTpoB BO3AyXa U OTPaKIAOLINX
KOHCTPYKIIUH Xpama, CTposierocsi B MOCKOBCKOM 00JIaCTH B 3UMHHUIA IEPUO/T, IPU MAKCHMAITLHOM
3aMOTHEHNH MPUXO0XKAHAME: IIIOMAAb [EHTPaNbHON 30HE xpama 10M x10M=100 M%; BBICOTA 10
BBITSDKHBIX OTBEpPCTHH (OKOH) H=7 M, TemmepaTypa Hapy>KHOTO Bo3nayxa t,— —28 °C, pacueTHas
TeMIepaTrypa BHYTpeHHero Bo3ayxa, t,=14 °C (tabmuuna 1 [2]); cpenss temmepaTypa BO3Iyxa,
nepuojga co cp.cyr.temi. Boszayxa <8°C, fornep.= —3,1°C [5]; mpOIOIKUTENBHOCTD MEPHOAA CO
cp.cyT.Temi. Bomyxa <8°C: Zor.mep.= 214 cyr. [5]; as=8,7 Bt/(M*°C); n =1; At,=4,5 °C [1];
hps=2M [3]. MakcuMallbHOE KOJIMYECTBO IPUXOKaH - HA OJHOIO NPUXOKaHHHA 0,25M2 IO IH,
100/0,25=400 genoBexk [6].

[Iposenem pacuet no CII 50.13330.2012.

[To ganaeiM Hamero npumepa ['OCII=((14—(-3,1))-214=3659 °C-cyt. a=0,0003, h=1,2 [1].
TpebGyemoe conmpoTuBieHHE TEIUIONEpe1ade CTeH:

R1,7=0,0003-3659+1,2= 2,297(m*-°C)/BT.
MunumanbHOE NpUBEJEHHOE conpoTuBiieHue Temonepeaaue no ABOK-2-2004 pasusercs:

R2™P = X=C28) 1y 73 (»2°C)/Br.
4,5-8,7
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TemnepaTypa BHyTpEHHEN TOBEPXHOCTH OTPAXKIAIOIIEH KOHCTPYKIIUH:

tian = 14 — 22211 59 (TTo CI1 50.13330.2012)
toan = 14 = 222 = 9 5 °C; (Ilo ABOK-2-2004)

Temmepatypa yxoIsmiero Bo3ayxa B 000ux ciaydasx Oynet paBHsatbes (grad t = 0,3 °C/wm, [3]):
t, =14 +0,3(7 — 2)= 15,5 °C.

B BepxHeii 30He Xpama TemrepaTypa BHYTPEHHETo Bo3ayxa nmoanumaercs ao 15,5 °C, tak kak
OTpaKIAIONINEe KOHCTPYKIIMU HArpeBalOTCS Tropa3lio MeEAJIEHHee BO3[AyXa, 3a TeMIeparypy
OTpaKIAIONICH KOHCTPYKIIMH B BEPXHEU 30HE XpamMa MOKEM MPUHSATD gy U £2py.

TemmepaTypHbIii Tiepenaa BHYTPEHHETO BO3JyXa C OTpakJaromieldl KOHCTPYKIueH Oyner
PaBHSTHCS:

AH=15,5-11,59 =3,91°C < At,=4,5 °C, yaoBIeTBOpseT HOpMUPYEMBbIE TPEOOBAHMS;
At,=15,5—-9,5=6 °C > At,=4,5 °C, He yAOBIETBOPSET HOPMHUPYEMBIC TPeOOBAHUS.

[IpuBeneHHOE CONPOTUBIEHHME Temonepenade R1,""  ynosneTBopser TpeOOBaHHAM
HOPMHPYEMOTO TeMIIepaTypHOTO nepemnaja. M KoHJIeHcaT Ha CTeHaX 00pa3oBhIBaThCS HE Oy IET.

Bo BTOpOM pacuere, u3-3a HU3KOTO MPUBEJICHHOTO COMPOTUBIICHUS TerUionepeaade R2, BO3-

MOKHO BBINTIAACHUEC KOHACHCATAa HAa ITOBEPXHOCTU CTCHBI BBIIIC pa60qef/’1 30HBI.

3. 3AKVIIOYEHHE

1. Pacuer mpuBEACHHOTO CONPOTHUBIICHHUS TEILIONEpEaade OCHOBHBIX OTPAXKIAIOIIMX KOHCT-
pykumid, mo pexkomenmyemoit dopmyne (4) ABOK-2-2004, MoXXeT NpPHBECTH K BBIMAJICHHUIO
KOHJIGHCATa Ha OTPaXKJAIOMIMX KOHCTpYKUuAX. Hopmupyemslii nepenan pocturaercs npu H<h,, ;.
ITpu 3Hauenusix H>h,, TemnepaTypHbIi Iepenaj BHYTPEHHEro BO3ayXa OOJblle HOPMUPYEMOTO
nepenaaa Aty ¥ CO3IAI0TCS TEMIIEpaTyPHbIC YCIOBHS ISl BBINAJCHUS KOHJICHCATA.

2. B CIT 50.13330.2012 dopmyna (4) maercs nns pacueTa 3HAYCHHs] COMPOTHUBICHUS
TEIUIONepeIaye CTEH, B CIIydasX PEKOHCTPYKIWHU 3AaHHM, IS KOTOPBIX MO apXUTCKTYPHBIM WIIH
WUCTOPHYECKIM TPUYMHAM HEBO3MOXXHO YTEIUICHHE CTEH. B Takux ciydasx, BO H30ekaHHE
MOSIBJICHHSI KOHJICHCATa Ha CTEHAaX, HAJIO B IICHTPAJIbHON YaCTH Xpama YBEIHYUTHh BO3IyX00OMEH,
YTO BEJET K 3HAUUTEIHHBIM YHEPro3arpaTam.

3. JInst TOCTWKEHUS JOMMyCTHMBIX ITapaMeTPOB MHKPOKIMMATa B IIEHTPAILHON 30HE TPaBOC-

JIABHBIX XPaMOB, NPH pacueTe Oorpakaarommmx KoHCTpykiui, BMecto ABOK-2-2004, memecoo0-
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pa3Ho mnonbs3oBaThes pekomenpanusmMu CIT 50.13330.2012 ¢ yyeTtom TemmepaTyp BO3AyXa Ha
pa3HOW BBICOTE TOMEIICHHs. JTO oOecneduT KoM(opTHOE MpeObIBaHHE MPUXO0XKAH B Xpame BO
BpeMs TPOBENEHUS MPA3IHUYHBIX CIyk O M 00eCleYnT COXPAHHOCTh BHYTPEHHEro yOpaHCTBa
xpama, GpecoK, MKOHOCTACOB U JPYTHUX IJIEMEHTOB.

ABTOpBI  BBIPXKAIOT OCOOYI0 ONaroJapHOCTh 3a COJIEUCTBHE B CO3/JaHUHM  CTaThbU
npenoaasatento MAMMU k.1.H. Cunuubiny Baneputo BaHOBHYY M HaYaJIbHUKY BEHTHJISIIUOHHOTO

610po AO «3ABOJ] «KKOMITIOHEHT» Xpucrodoposoii Upune I'enHanseBHe.
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UDC 628.16

ABOUT SIMULATION MODELLING OF WATER PURIFICATION
PROCESS

G. Sosdlia, A. Davitashvili, L. Klimiashvili, N. Soselia

(Georgian Technical University)

Abstract: On the basis of the theory of general system analysis, complex discrete process of
water treatment has been studied and classified. The integral conceptual scheme of investiga-
tion and simulation of the complex water treatment process based on the principles of the gen-

eral system approach has been introduced.

Key words: water treatment, water treatment plant, simulation.

1. INTRODUCTION

In the development of a simulation model, first of all, must be chosen a conceptual
framework for describing the simulated water treatment system. This scheme should be based
on a specific methodological approach, in which described the functional relationship of water
purification systems [1]. If imagine that the water treatment system is a complex set of intercon-
nected buildings (chemical plant, mixers, settling tanks - illuminators, filters, chlorinators), it’s
clear that water treatment is complex ongoing process.

At the same time, in this complex processes presence of the operator (human) is unavoid-
able as a system chain. It causes a system of wide methodological approach used for the survey

of water treatment systems.

2. THE BODY OF THE ARTICLE

In this case, the term "system" is a relative term. In system approach a certain set of ele-
ments can be viewed only as a small part of the larger system or subsystem. On the other side of
the same body can be in the center of interest of researcher and therefore this may itself be con-

sidered as a system [2].
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The scope of any simulation model determines the features of the problem, for which so-
lutions developed this model [3]. To determine the scope of the waste-water treatment system,
first, it is necessary to identify all of its borders of study and composition. During determination
of the boundaries of the system there are identified not only the physical, but also the causal link
between its constituent elements.

In general simulation modeling variables of the model may vary discretely, continuously
or as continuously superimposed discrete jumps. Time changes either discrete, or continuous.

In the process of water treatment, it is desirable to present variables as discrete (these ele-
ments may be individual equipment and construction of water treatment systems, water flows,
etc.) that are included in the simulation model and called its components. It should be noted,
that a human can also be regarded, as a necessary component of the system.

Feature of digital simulation is the ability to play interactions involving all components of
the system. For this must be separated temporary state of the system and described actions that
transfer them from one variable state to another. Thus, imitation is the dynamic "portrait" of the
system’s state in time.

During discrete simulation system status can be changed in time of the event and may
vary by its movement in time, from the perfect event for the new.

The relationship between the concepts of the event, the action and the process of water

treatment can be represented by the following scheme (Fig.1).

Water treatment process

P

| |

Action

|
> |

|
\|’ 5|1 Time T
= A
Event Event Event >
“arrival” “start of service” “end of service”

Figure 1. Schematic diagram of the water treatment process

The event culminates in the moment, when a decision is made about the end, or the begin-
ning of a new action. The process of water treatment is oriented in time sequence of events,
which may consist of several technological processes, leading to a specific goal (the desired

quality of water treatment).
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Note, that in the process of water treatment can be influenced by various factors, so that
account certain reliability is not always possible.

However, if they are it’s possible to take into account (even partialy) then,

- or including these factors in system;

- or neglect them;

- or considering them, as inputs to the system.

If external factors are considered as inputs into the system, it is assumed, that they are

functionally defined by a value, the empirical data tables or equations.

3. CONCLUSION

Thus, the whole process of water treatment is a set of interacting elements, that may influ-
enced by external factors, in addition to factors such as finance, organisational, logistical, eco-
nomic and others.

Fig. 2 shows a simplified model of water treatment

Organisational Finance
principles

Operators,
wastewater
treatment
process

Supply of raw
materials

Marketing

Figure 2. The basic model of water purification
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UDC 634.8:581.54

PECULIARITY OF DETERMINATION OF VINE’'SWATER
REQUIREMENT

T. Odilavadze, K. Bziava, |. Inashvili, A. Davitashvili

(Georgian Technical University)

Abstract: Among the many natural and climatic factors affecting the dynamic processes of agricul-
tural crop development a special significance acquires such climate index, as evapotran-
spiration (ET). Determining factors of evapotranspiration for the different climatic con-
ditions are key indicators of water requirement and its optimal productivity for agricul-
tural crops.

For determination of the vine evapotranspiration was used Blaney-Criddle method
according to which with high accuracy were determined Regulated Deficient Irrigation
(RDI) of vine's crop.

On the basis of the 2013 experiment using the method of L. Williams at the experi-
mental plot of the Georgian Agrarian University for the vine breed "Rkatzteli" we
identified the crop coefficient (K¢) and respectively its water requirement during the crop
growing season.

K ey wor ds: evapotranspiration; coefficient of biological water demand; regulated deficient irrigation.

1. INTRODUCTION

The influence of agrometeorological factors and modern irrigation technologies on the vine’s
water requirement and respectively on grape yield and its qualitative indices has hardly been stud-
ied. These issues require special attention gaining global climate change.

Georgia became involved in global warming and the some negative impact of the country's
agriculture has been made. As a result, significant alternation of air temperature, precipitation, solar
radiation and other climate indicators, caused serious harm of agricultural crops, especially - the
vine. Considering that viticulture is the profiling sector of country’s agriculture and its share in total

agriculture production 20-25 years ago was of 18-20 per cent it’s easy to imagine what a great loss
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is expected. Water shortage and, therefore, lack of moisture due to the vine cannot develop normal-
ly and received product has a low quality. This often caused crop losses of over 30-40 per cent. In-
crease in temperature and decrease in precipitation observed in the viticulture regions of eastern
Georgia. During such global climate change observed trend of deterioration of product’s quality.

In this regard, introduction of drip irrigation, as the modern irrigation technology in irrigation
farming viticultural regions can be considered as the most efficient for productive usage and man-
agement of water resources. Drip irrigation technology provides maximum, sustainable and ecolog-
ically pure crop adoption of minimum labor, material and technical resources charges on final em-
blements per unit volume. It is necessary to note, that drip irrigation technology actually eliminates
the risk factor for providing of vine’s water _ supply of the entire crop growing period. This is ar-
gue with the results of large-scale usage of drip irrigation in the United States, where this technolo-
gy is used at 2 000 000 hectares in viticulture regions, such as California and Washington.

Models for agricultural productive process mainly developed for annual crops. This, primari-
ly, can be explained by the fact, that in perennial crop formation more complex and numerous fac-
tors are involved and architectonic and geometric structure of perennial plants (vines) is complicat-
ed. Therefore, the quantitative description of radiation, heat transfer and water regimes of vines

canopy involves great difficulties.

2. THEBODY OF THE ARTICLE

Increasing of vine productivity (yield and quality) requires quantitative assessment of
agrometeorological, agricultural and technological processes. These issues are actual and their study
and practical application of obtained results will significantly improve irrigated viticulture regions,
the socio-economic situation by the intensification of agricultural production, which includes mod-
ern irrigation technology — usage of drip irrigation technology, based on the analysis of local natural
and climatic characteristics database, that provides regulation of vine productivity and grape quality
characteristics.

From such dynamic process, as air temperature, atmospheric precipitation, relative humidity,
wind speed and direction, solar radiation, soil temperature and humidity that affects to growth and de-
velopment of agricultural crops, it assumes special importance such comprehensive indicator, as

evapotranspiration, as it is the major expenditure component of the water balance.
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The study of evapotranspiration and its determining factors in the different climatic conditions
is the basic indicator for determination of crop water requirement and optimal productivity of water
resources.

In order to determine vine’s water requirement in condition of limited climatic indicators it
can be used Blaney-Criddle [1] evapotranspiration determining method, that is recommended by the
UN Food and Agriculture Organization (FAO), which makes it possible to determine the crop water
requirement.

Evapotranspiration of crops is generally determined by the formula [1]:

ET, = K, x ET,, (mm)
where:

ET. is the actual evapotranspiration, mm;

ETy — reference evapotranspiration, mm,;

K. — crop coefficient, which depends on the biological characteristics of the crop and climatic
conditions.

In order to determine agricultural crop’s reference evapotranspiration (ETy), we use FAO-
recommended Blaney-Criddle empirical formula [1]:

ET, = C[P(0.46T +8)], mm/per day,
where:

T is the average daily temperature, °C;

P — daily percentage of annual daytime hours %;

C - correction coefficient.

For example, in 2013, during the experiment provided at the experimental plot of Georgian
Agricultural University, value of evapotranspiration was highest in July:

ET, = 6,0 mm/per day.

Given that K.=0,65, the vine’s evapotranspiration will be:

ET, =3,9 mm.

Considering the vine Regulated Deficient Irrigation (RDI) — 75%, then:
ET, = 3,0, mm/per day

The dropper consumption of each vine take up to 3 1/h, while the location scheme of vines on
total area - 2m x 2,5m. Under this scheme on 1 ha area the number of vines will be 2000. Amount

of water to be supplied in 1 hour will be equal to: W= 6 m”.
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Irrigation rate of a single vine takes up to 6 1/hr. Then for irrigation of 1 ha it will be necessary
12m* of water amount. For ten time irrigation it will be necessary of 120 m® of water amount, for
twenty time - 2400 m’, etc.

The amount of water, which loses, as a result of the vine transpiration in a certain period of
time, may vary according to the development of the vine’s canopy. Accordingly, for the vine crop
coefficient K, with respect to the reference evapotranspiration, we can determine only that amount
of water, which was used by the vine. It is known, that vine crop is highly adapted to drought and
accordingly the value of its crop coefficient is much less than indicators of such reference crops as
alfalfa or grass. Vine crop coefficient varies during the crop growing period and is directly linked to
the growth and development of vine’s canopy.

In general, in the conditions of full development of vine’s canopy K¢= 0,65 for wine varieties
and K. = 0,85 — for table grapes varieties.

According to the L. Williams method, vine water requirement can be determined [2]:

ET. - ET(I)E : K. ,
where,

ET) is a reference evapotranspiration per day, week, etc., mm;

K¢ — crop coefficient;

E # - irrigation efficiency, which during usage of driping irrigation technology varies within
0,85-0,95.

For determination of K for red wine varieties of vines, that was found by L.Williams, vine
canopy’s shaded area is in linear correlation with as vine water requirement (ET,), as with (K)
when the sun at noon (12°°-13* hr) is in the zenith.

L. Williams was found relationship between K. and the percentage value of shaded area at the
bottom of the vine plant [2]

K. =0,002+0,017x

Where X is the ratio of vine shaded area in the bottom of plant with the area occupied by the
single vine, expressed as a percentage and the numeric indicator 0.017 is the value of slope of equa-
tion of linear correlation between shaded canopy’s area percentage and crop coefficient.

There are several reasons why the vine’s water requirement and crop coefficient is related to
percentage of shaded area in the bottom of plant in a case, that sun is located in the zenith.

e The highest rate of solar radiation is observed from 11am to 14pm hours of the day;
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e Approximately 75% of daily usage of water is from 10am to 14pm;

e The vine shaded area in the bottom of plant is indirect indicator of solar radiation absorbed
by canopy;

¢ The vine shaded area in the bottom of plant is changing from 9am at 3pm;

e During vine growth and development stage, absorbed solar radiation gradually increasing
(rising shadow area) and accordingly increasing water requirement until they established a stable
canopy development conditions (in accordance with the shaded area)

The L. Williams method was adapted at the Tbilisi’s Digomi experimental plot for vine breed
“Rkatsiteli” foresight the full range of the local weather conditions.

There were determined crop coefficient and accordingly actual evotranspiration with consid-
ering of regulated deficient irrigation in the following order:

¢ Area occupied by single vine in our case was:

o=0xb=2.0mx2.5m=5.0m",
where

¢ is the distance between the vines, m;

b - the distance between the vine rows, m.

e The vine canopy shaded area in the bottom of plants was average of 0.5 m (taken from 12
hr to 13 hr period, where the sun is in the zenith);

¢ Canopy grape vines at the foot of the canopy of the shadow width where the sun is in the
zenith);

e Vine’s single shadow area (SSV) is determined by:

SSV =2.0mx0.5m=1.0m’.
¢ The percentage of shaded area in relation to area occupied by single vine will be:

2
SV 100% = 150“;

PSA= x100% =20% .

@
During the given stage of vine growth and development the crop coefficient in our case will
be:
K. =PSAXx0.017=20x0.017=0.34.

Vine crop coefficient for III and IV stages of development is K.=0.34.
It should also be noted, that on the basis of specific nature of local agro-technical events, vine
crop coefficient, that was obtained and calculated during the experiment, is 1,5 times less than val-

ues found by L.Williams in the same stages of development and growth.
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This is primarily due to the fact, that in Georgia it is decided to spend so called vine’s “Green op-

erations”, which is almost impossible in the US, because vine-occupied areas are very large.

3. CONCLUSION

Conducted experiments and computations show, that taking into consideration the particulari-
ty of natural and climatic conditions and the characteristics of the vine cultivation in Georgia it is
possible to determine crop coefficients for all stages of growth and development of wine or table
vines and accordingly determine water requirement for the whole crop growing period with consid-

ering regulated deficient irrigation, that can be provided by usage of drip irrigation technology.
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ou ou o
—+U,—=-g—;
o o Sox
%JFUO%:_GHV
ot ox ox

(1)

’

Loog Uy(x) ©s H(x) 3wobodols Gomegdom d99dammgdgmo ©s3go®gdgmo bsgo-
ol (335 gdo@o LobhJodg s Low®dgs Ox wg®dol golifg®og (bob.l); OZ wg®do do-
5O Y05 39O A0gom o bgdmm; u(x,f) — Lombols bsfomoszgdol g@dogo Lobdseg,
Fom3mJdbogmo bpgoesb dmdsgomo p@dgemo Gommadol bydmJdgegdom; &(x,1) — mo-
gobygomo Gomeydo bgsdo®ol gg@Bogsomg®o jomOEobs@o. gobdmagdoms [@go-
30 Lob@gdol (1) godmygobolsl sp®gmgg dohbggeros, ™I dobodmols bsgools LobJomy
bwgol dodo@mnygamgdom yossyomgbolsl 03gergds @Gogmey®o dgdagmmgdgdol Loh-

ou, ou
<< —.
ox ox

Jogbg oo gdom @M JgoMge o6y LEY@Egds JoMmdbs:
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a(xl i -— 1,

s p = 0

o A~ A
- CAAVAR i

Iy

\\j_fiio

bob. 1. a®dgmo Gomrmgdol BMbLym@mdsiool bgds dwobstol
Ygbodmog b6y

l-gan bob-bg dImgdyaro Losbao®odm Ljgdol dobgwgom, LEsEombos@yemo ©obg-
0L do®omo dobosboomgdbagdl Jm@ols @sdmowgdyagds dgodangds Fo@dmgoaobem
‘dgdwga0 Laboom:

Hy=ix, U»=-"2=1, )

oo g dgbsd@meg 53353 m@0sdo dobosdol Logsbols dobgwgom wsygsboano bggo@o-
00 bs®x0s, bogom ij - glggeol Jobmdo.
u(x,t) s &(x,1) Lowowggdo [o@dmgoyobmmn ©Omby 3gMomegmep w©odm jo-

oo g96J3ogool Lobom: u:;(x)ei“ > E=E(x)e’ (bosi i Fo®dImbobgomo g@-
2 _

M JYE00; G=—ﬂ - Qomeoll @bggoms Lobdodg; T — 3g9@omo, bmgrm u(x) ©
T

E(x) - Pgeool bofogmszgools Lobhds@ols s (ymmol bgosdo®ols Gomoyd @bggoms
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2 2 . -
. q d u . 2gioc | du , =
- . +2 — L+ =0. 3
[glox (iox)zj dx’ (glo iox) dx o ®

Loobols LEsEombs@geo dnddsmdol g gdgeygmaol dgdmbgggsdo, 9.0. OMES

g=0, (3) gobBmamgds ©s0ygobgds dglgaol aob@Bmagdsbyg, Gmdaol sLod3GmEy@o
sdmblbs  gdmbgggs  bodo@mob  dosbarmgdolols a@dgano  Gogmgdols  sd3ao@yols
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5d3e0@ges 0@ Y1/ x ©5dm 30 gdymgdols dglodsdobse by Fyaol Low@dols

71



do®mobgobgdos, Nel-2(21-22), 2016 — Hydroengineering, Nel-2(21-22), 2016 — T'mapommkenepus, Ne1-2(21-22), 2016

380 g05lmob  gOmoE  sd3o@ s o P@mdl  a®obols  gm@dygeols  dglodsdobogw:

E(x)=4/1/H(x) [4,7].

a5bgoboermm  Go@ey@o Ind@omdgdo, GmEs g#0 ©s 0d Igsagoobmgol, be-
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0
LOygagds momJdol gggers dpobs@ols dgbodmsg 9dobdo. 53 dgdmbgggsdo (3) gob-
A gds ©s0ygabgds dgliganols Godol gobBmergdsby:

2 ; _
27Uy H du ot oo, )
dx giy ) dx gi,
AmIenols sdmblibols 356390l g9biol wobdomgdom gdwgao Labyg ogl:
1 gl ox
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30L396 dodoGmya Gommgodl.
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u(x,t) = C\/: ‘/glo e cos{oT—ﬂ l+2 O-X—EEJ. (6)
giy x gi, 4

bogowols mogolygogmo bgessdo®obogol, (5)-0b gomgsgolfobgboom, (1) Loli@Ggdol

d9m®g 35bGmagds Gomeuy®o bgwsdo®Molbmgol dgdogao Lobom hoo§gmgods:

3 2 2
\/7 /gl 4 _\/X ‘]2.4_x74.5+ 35]2‘5/2_)(3 sinl ot +2 O'.)C_O'_.qz‘l_z . (7
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(6) o (7) wodmygoEgdyangdgdbdo C s C' 0bFga®gdols bgdboldogmo dypdoggdo
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K :&ZW,I_FFOS/z(HO/HX)S/z_Fr()(HO/Hx). ®)

a 3/2
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300@0 ©0bgdols yodydy, Tgarol Low@dggdol dgdiodgos ofgagh Hogreol Lodsearol
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sd3emo@ s o@{g3l  a, <039H, 360dgbgenmdsols [3]. dopa®ed dwobo®ol dgdbggo@o
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‘4993009500  35b6300Mdgd o FAogmol Lodsmaol bOEol 0b@9bLoyg®Mosl. 9Yu®M
39003, gbodmsg ¥dsbdo wobgdol swds dobs®ols Lohds@ols dgdwamdds  do@gdsd
‘dgodangds  Gogmol  sd3godgdols bOwols 3Gm@iglo, gobdo®mdgdbyaro  Low®dgms
e gdom, dgigoml sd3godogdols gagbol 3@mEglom s Log@mme ©sdamgml
Gomeol 30303980 gos dobo®ol Lofoboswdogam dodo@mygagdom, @53, (8) ©odm-
300909 gdol mobobdow, godmobs@gds @ogrmol sd3emo@yool gobyangdsdo. slggy,
0y boFgol gggmdo dwobo®ol g@ywols Gogbgo Fry 20,57, bmgowsb dmbymo @Gogo-
©g60 Logdmme 3g® dgooll dJpobs@ol  goemsdm@do  sd3amo@eols d3g9m@0  oby-
gdol godm. bgdmmdgmo bomgemos 392, o bob-by [o@dmygbogro dOY©ggdom,
GOdeadoi 0pgdgeos (8) wsdmgowgdymgdol boggdggmby.

G553 dggbgds ool Log@dgl, dobo (33e0oagds  aobolobrmg®gds Fogrwols
obol oby (6) o (7) ©odmgoegdyegdgddo  F®ogmbmdgddogamo  gybiogdols
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Lodmogol Lom®dgbs s ©o dobs®moll g@Yeols Moibgby, s@sdge Fommyu® @bggol
o LobTdodmgby (3g@omebyg), G®dgeoi omgargds InEgdygee  dyedog  Lowowgo
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‘d930d@0s 25dmg05ba500dmmn Jgdgao sdmowgdbyagdm [5,6]:

2—”{L—1/gH(x)} = const . 9)

O =
A(x) [ H(x)
3odmdobodyg (7)-©sb, t Amols dmdgbddo, GmES O't=%, Gomol Log@ddols
AOSbLBM®Io300L 3mgR03096G0 3obolsbmgdgds Bm@IPaom:
i [H®| 1 JFrn (i1, Y
KZZ_XZ - > (10)
Ao H, |1-\Fr, 1-\Fr\H(x)

Losi A, o Fry, dgbodedobsw, @ommol Loaddg ©s 53@ygool Moibgos dmagdye H,
Low®dgdo, Lowsi wobgdol gogangbs 9dbodgbganms. (10) yodmbobyagdols dobgwgom, dg-
2, & bob-bg spgdgeos dpobs@ols gbsdmogdo Gogomols Loa@dol G@sblgm®adszools jm-
990096@gd0l  I@Yggdo,  O®Igams  mobosbdow,  dobs@ols  Lobdo®ol  Fo@gde,
Low®dggdol  dgdodgdols  aodm, dos@mesi  boOwols  bwgol  IbGowsb  dgdmk@oao
Aoemgdols  Log@dol  gemgdols  0b@gbloy@mdsl, gobdo®mdgdygeml  Fymmol  Lom®dgms
JE2JO00.

|-: -'Il ] |
0 02 04 06 08 1.0 0 02 04 05 08 1.0
H{x)/H, 5) Hix)/H, '

B)

6ob. 2. Gomeol GASbLEm®IsE00l 3mgzn0E0gbdgdol sdmogdymgds ROl Gogbgby dpobsdgms
gLodmsg 9dbgddo: o) Gommols 330Gyl GMSbLgm@Bsizool jmgno30gbdol IGmgda; b)
Bom@ol Log®dol @Hsblygm@dsiool 3mgneEogbggdol 8GHwggdo
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3. R35L336S

1. 03 dgdmnbgggsdo, OmES Fomgdo 3O GIEgds brgosh dwobs@ols dglo@mo-
30L396, dobo@ols LohJo®ol doGgds 589Obgdl Gomwgdol Lodswerols do@gdols s
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aggoboan bodx by, sMsdge dgdmd@omo Gogmgdols Gbggzol Lobdodgbys.
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9JU39403dgbBobomgols  as3mygbgdyer odbs He-Ne sbgdo, gJlsmbodgdols @d™
dmoioges 1 §yob. mommgye 0bGgdh8goma@sdsby woxgodlods Gmym®E o3 bogg-
by@ol ©os@godmgols dglsdsdobo owoswyomgdols ggddm@ol ggero bodydol bgoo-
300bg, obggg dbo@ol Log@dg, dolo 3gobolBoGogyg®o bl EAML. dbo@ols 3go-
BobGoBogy®o boOwol se{gBoa dgdobobdby woyhwbmdom dgbsdamgdgemos  gobg-
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Lobwg@mon K 360dgbgermds dmgrma@dsgoygao 0b@g®agmmdg@@ools dgmmool go-
deygbgdoom.

09 doqo@oms© -9@ 0bGgORINMyMsdoby workoJlodgdym obs dbo®ol Loy®-
dJol dmdsBgds, 35dob -l 0bFgHRgOma®sds ggbsdsedgds bpgdym  damdo®gmdsl,
Omdeols gogaosi os@godmgols domg dmds@gdom ofygds gobgoms@mgds. dsTdsbioo-
d9, 099 6bo®ol dobgomdga @o0dg §gdGoado, GMI@ol 3me@s@yeo 3mMAO0bsEgdos
T s 0, 2o8bmdogm vV gowosyomgdol  ggddm@ol  3md3mbgb@Bl  mommgya  Lo-

3gby@bg, Jomo xod0 dmag3gdlb 0d Ve beg@agem aowsseaomgdsl, Gmdegrols dgdmgas
0{ 4905 dbo@ols gobgomo®gds.

i=1
Vc = ZVK (1)
K=0

09y 3o3mbobyegdsdo hoglgsdm 1 s 61 dg@bgyao FgdGomol gmm@obs-
A9ol, gowsswaomgdol  ggddm@ol bpgdya db0dgbganmdol s dgbodsdol IJmee-
@gdls, dgbodangdgemos aobglobwgdmm Ki-l 360dgbgamds.

Omam6 3 bgdme s@gbodbgm, 53 gBedbyg ho@dodgdymmo ggarggol dobobo ogm @op-
390065 @odgbo d60dgbgarmgobos Kic g®o@dgmoydo (39996@ 0L Jaobomgol. (3goeng-
o odBm@se dJogowgm [yom-39996@ 0l GoMmds. dgbsdsdobs@, s3mgEeogm Mo
Lg@ools 60dydo, @dmzs (/3703 ws §/(3704. dogowgmn Kic-U m@o 360dgbgermds, Gomsc
oEA0bes, @Mmd 53 mAo0 Lg®ool bodydgdolbomgol Fodmdomo EEMmdomgds bop®d-
bedanoe aoblibgogogdmeo.

GORMOG 9330 >0gbodbgm, Kic  3GoGg@ogdo  dopgdygmos  {OGogo  ©@gze00
Owgg30L  3gdobogol  3Mo@gdoydse. 9Jl3gM0dgb@yemo gy goosb  asdmdoobsdy,
(39996®0L Jgo> B0g379mgbgds R0z w@ggom dobognsl, dog@sd, Gmym® g Kic-b 3dye-
e a5bmdggdds 3bowym, hggb Bog® s@hgyeo {Oxgogo Jmpgao 360dgbgermgbowss
©5dM 30 oo Fgom-39996@ 0l Bomomdsby. o3 RodBol sblbs 0domn dgodargds, Gm3
Vyoe-3999630L  godmmdbol bOslmsb gohmse 0bGEgds (39996@0L  Jgol by
A9O0L 5@5gOmago0mgbgds s, dgbodsdobow, dobsgrols mgoligdgdo goblbgoggdyemos
FOg030 ©Ogzo0 dobognoliogsh.

3bmdogros, @m3 (39996 0L J30l LEOYJBH YOl gOmyzoMMgbgds M jowgdyeros
oMo @™  Bgdbmemyoy®  godBdm@gdby, Gmym@oiges  Fysm-3999b@ol  godomds,
>M5dge 0d 2oMg 300Mmdgdbg, OMIgendoi bogds dJobo gm@dodgds (Bgd3gOs@yds, @g-
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boobmdbs s Lbgs). s@obsjangd 360dgbganmgobos godys®gdols LEswos, dg3300L 3GM39-
Lo, @oyeb Lfmdgo o3 LEswosby bpgds 39996@0L Jgol LE®YJ@@ol bodolbmd®o-
30 g®JoMgds, dgdwamddo o3gergds dbmenme dobo GomEgbmd®ogo dobslbosmgdengdo.

sdgbse, ol dowymds, AmIgenoi dmiEgdye bodOmddos Fo®dImwagbogno, 39@-
do  dosbogrols  mgolbgdgdol dgLfsgams dolbo podgedgdols Lofgolo LHswoowsb s
‘dgdpamddo Gwggzol dgdobogol 3@0Bg®09dgoby woyMwbmdom dslogol dgdsbogydo
3505393 gd0l oagbs, LAOYIAYOOL gomgs@olfobgdom s msbsdgodmgg Kobo-
3900 dgmmEgdol aodmygbgdom, 390L3g]@ogemos s godgomgbgdbm, Gmd dgdwymdo
3350935 Lodgoagdsls Imgggdl 9uOm @@dse hogfgegomn s@bodbye Lsjzombls.

bgdmm Jmygobogro godmbobyangds bodygommgdsl agodaggl aobolsbrgaml K¢
d60dgbganmds. (36mdognos, @md gl 3oMedgBdo sdmgogdyaos 0d §g@Goeol dwg-
55Mgmdobg dbodol [3g@ml 0do@m, MmIgandoi gbmdsgm o@ss@yomgdsl. @owasb
3@my@sg0gmo 063 9MBgOma®dsgool  dgmmeol  asdmygbgdom gl 3Omd@gds 5@
aobbognygans, @o@g@o@y@sdo 5@ dJmodgobgds 0dols dzo®o gobdo®@gds, 0y db@o-
b @ do5bdognbg 9bs 250bmAML s@bodbyemo yo@sswyomgdgdo.

aobgobogrmm gl Losgombo. Fomdmgswaobmm dgdogao aodmbsbyagds:

Vv

K,=——B 2
1 \/F , (2)
bogo
B C\27x 3)
sina(Z v cos? aj
2 1+v 2

FOgog0 Owggzol  dgdobogol dobgogom v bogmogdgdols dsbslbosmgdgaos  ©o
dydogo Lowowgs. sbggg B dygedogo Lowowgs 03 dgdmbgggsdo, myy smgas bpgds Y
mg®@dol aoL{gM0g, OMAmol Lomsgg dgdo@gmdl dbodol (390 do o FoOmnmdyeos
dbo@ols Lod@@ygobe.

dodob (2) dgodengds hogfgdmm dgdwgao Loboo:

Ve % = const . (4)

Jr

OMaMOG @odJOsGYMoEsb s®ol 3bmdogmo, 3999640l Jgobomgol Kic 360dgbg-
@eds 05 683 15 @ogolos. hggbl dgdmbgggodo B-l 360Tgbgarmds 0.0810° g3
@ogobos. 35T0b (4)-sb
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Vo = 6-10°r .
535300 53 odmlobyegdol a®oq030.

2oMhg30L99b65@056mds A/4

| | | | | —

OO 3M5803005b Hobl, 0dobsmgol, @M gl yemogl (3) Goermds, dbodols
V39006 doobgrmgdsbmsb  gohmow  9bs dgdEodegl  o@sswyomgdols  ggd@maols
db09gbganmds. 53539 g®ox03bg Jmzgdgmos dmgma®sgoygmo 0b@gOBgOMIgR Mool

3o0hg30L99b5M05bmd0l  Jggos  bpgs®o, @mIgaoi  wssbanmgdom %z0.1'10_6 dgd

@ogobos. dodobowsdyg, dmama®srgoymo 0bdgagngnmdgd®ool dgmmwo, as@hggoliybs-
@05b6mdol Igbeyogol aodm, Lsdygsamgdsl agodangal 4 33-bg ygd®m sbanm dogysb-
@emgegon dbodol (ggdlL. 0d dgdmbgggedoi go, oy Sbomgangdls sgomgdom 4-9 33
063 g goedo, 0dol aodm, @M sbherm goGm Jggos bwgs@meb, 339]69ds (LMIoag-
3g60. m49 dbsdol (390L oo dsbdogrom (Hdwgbody LsbEodgd®om) wogdm@mgdom,
OMAMOGE 0gmA00wEsh s@ols 3bmbdogo, Kic-l aoblabrgs @ 0dbgods 3m@gd@yero.

5Jgob  godmdpobady, dmygsbogno @oibgomo 3b0dgbganmdgdo bos@olbmdmogew
Lfmese slobogl dbodol (g9MTo B0dwoboty 30mi39LgoL. Goigbgomo dmbsgdgdols
LobyglRol gods, gJb3g@m0dgbBol ¢bogogy@mmds damds®gmdls dglsda goenmdsdo,
Omd 05330089056 gofo®@dmgdmn  Igos@swgdgano  mgogom  gobysgy@sw  gboasg
30m3gLgdby, @mIemgdoi  Loggerggo 60dydol  Lbgyedo  dodwobo®gmdl.  dogogmo-
nolbmgol dmzgdgeos Gsdwgbodg Lydomo.
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Lbbgs god@mdols @M.

33229306 Loggadgaarby 3939bG0b Jgoby wadborgdgmo bodydgdol Fysar-9dgbdol
godmdom 03 s 04 opagbogn 0dbs 0b@gbloygdmdols 3@odoggeo  3mgano30gb@ol
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YIK 621.227.3

Omnpenenenue BeTHYMHBI OBBILICHUSA 1aBJICHUS B TPyOe npu

r'mjpaBJIH4Y€CKOM yaape

M.B. Tonypus, A.I' CypmaBa

(I'py3uHCKHIT TEXHUYECKUI YHUBEPCUTET)

Pe3tome. Paccmampusaemcst HAnopHoe 08udiceHue HCUOKocmu 8 mpyode 6 ciyyae MSHOBEHHO20
3aKpuIMUsl Kpaud, 6ciedcmeaue KOmopo2o 4acmuybl HCUOKOCMU COBEPUIAIOM 3AMYXalo-
wue Konebanus, 0OHOBPEMEHHO C KOMOpuiMU 0y0em UZMeHAmbCs OdaslleHue U coom-
BEMCMBEHHO CKOPOCHbL  3d 8eCbMd MATbIL NPOMENCYMOK epemenu. [[is noaydenus
PACYemHOU 3a8UCUMOCMU UCNOIb3YEMCsl MeopeMd 0 KOAUYeCmEe O8UNCEHUS, CO2NLACHO
KOMOopou npupauwjerue nocieoHell 3a HeKOMopblil RPOMENCYMOK 8PEMEHU PABHO CYMME
NpoeKyull UMNYIbCO8 CUL HA HanpasieHue osudiceHus. Ommeuero, 4mo npu 2uopasiuiec-

KoM yoape noeviwenue Hanopa 6 mpybonpoeode paeno (vc/g,20e L—ckopocmb)

CKOpOCMU pacnpocmpaHenust yOapHoul 60JIHbl.

KuroueBble ciioBa: cudpasnuueckuil yoap, HanopHoe O08UlCEHuUe.

1. BBEJIEHHUE

[Inpoko W3BECTHOE SIBIEHHME THIPABIMYECKOrO yaapa B TpyOax 4acTO CO3/1a€T MHOKECTBO
mpo6seM B BoJonpoBoaax. [IpuunHOi ABIseTCA N3MEHEHHE JaBJIECHUS B KUJKOCTH TP HAIIOPHOM
JBUKCHHUH, BBI3BIBAEMOE PE3KUM M3MEHEHMEM CKOPOCTH TEUEHUS 3a BEChbMa Majblii MPOMEKYTOK
BPEMEHHU. YBEJIIMUECHHUE AABJICHUS IPU TMAPABINYECKOM yJape MOXKET IIPUBECTH K Pa3pbiBy CTEHOK
TpyObl. Llenbio cTaThu SBISETCS YTOYHEHHWE BEJIUYMHBI TOBBIIICHHUS TaBJICHUS B TpyOe mpu
THIpaBIMYEcKOM ynape. PaccmarpuBaroTcs NpuUMEpbl ONpEesieHUs MOBBILIEHUS Hamopa IpH

THIPaBIMYECKOM yJape B YyTYHHBIX TpyOax.
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2. OCHOBHASA YACTb

Ecnu npu HanmopHOM JIBM)KEHUH KHMIKOCTU B TpyOe (puc. 1) MrHOBEHHO 3aKpbITh KpaH, TO
JBIDKYILASCS KUIAKOCTh OCTAHOBUTCSI, KHHETHUECKasl SHEPIHsl NMOTOKA M3PacXOLyeTcsl Ha cyKaTHhe
KHUJIKOCTH M PACIIMpPEHHE CTEHOK TpyObl. BeienacTBue cxaTus >KUAKOCTH U PACIIUPEHUS CTECHOK
TpyOBbI M000€ ceueHne A — A, B3ATO€ B KUIKOCTH, CMECTUTCS 110 HAIIPABJICHHUIO JBUKEHUS B I10-
noxenue b — b. Ananornunele SBI€HUS NMPOU30HIAYT U CO BCEMU OCTaJIbHBIMU CEUEHUSIMU. TakuM
o0pa3oM, BCSl KHUIKOCTh B TpyO€ MO OKOHYaHUHU JedOopMaIlii OKAKETCS CHKATOW, a TOITOMY
oOmanaromeit OoJbIIe SHEPTHel, YeM KUAKOCTh B Oake. B pe3ynbprare 3TOr0 HauHeTcs oOpaTHOE
JIB)KEHUE KUJKOCTH U ceueHue b — b, npoliasg cBoe nepBoHavyaibHOE MOJNOKEHHE A — A, 3aliMeT
MecTo B — B. AHanornyssle ABM)KEHHS COBEpPILAT U BCE OCTAJIbHBIE CEUEHMSI, BCIEIACTBUE YETO B
TpyO€ cO3/1aeTcsl MOHWKEHHOE JIaBJICHUE M JKUAKOCTb JIBUHETCA OT COCyJa K KpaHy. 3aTeM Bce
SIBJICHHE TOBTOPUTCS U OyJeT MOBTOPSTHCS CHOBA M CHOBA, IMOKA MOJ| BIMSHUEM COIMPOTHBIICHHUH

OHO IIOCTCIICHHO HE IPECKPATUTCA.

l -
B ABbB l
[ i l
- T KpaH
u— 1t I Ye—po
l + 1 I 1
L ¢ BAB I

Puc.1

Wtak, yacTulbl XKMIKOCTH OyIyT COBEpIIATh 3aTyXamllue KojeOaHWs, OJIHOBPEMEHHO C
KOTOPbBIMU 6yILGT U3MCHATHCA U HAaBJICHUC. N3menenue AABJICHUA B JXKUAKOCTH HpU HAIIOPHOM
JBUKEHHUH, BBI3bIBAEMOE PE3KMM HM3MEHEHHEM CKOpPOCTH TEUEHHS 3a BEChbMa MaJjblii MPOMEKYTOK
BpPCMCHU, HA3bIBACTCA TUAPABIINUCCKUM YIAApPOM.

VYBenuueHue AaBieHUs MPU TUAPABIUYECKOM yJlape MOXKET MPUBECTU K Pas3pbiBy CTEHOK
TpyObl. DTO yBeNWYEHHUE AABICHHUS B MEPBbIii MOMEHT MPOUCXOAUT HETMOCPEJCTBEHHO Yy KpaHa, a
3aTeM OHO TMepelacTCs Yepe3 COCeIHUE CJIOM 10 BCeW JuMHEe [ JI0 ee Hadajga ¢ HEKOTOpOu
CKOpPOCTBIO €. DTa CKOPOCTh HOCUT HAa3BaHUE CKOPOCTH PaCHpOCTpaHEHHs yJaapHOH BoJiHBL [lo

WCTEUEHWH BpeMeHM [ =//c ynapHas BojiHa 1OiifeT 10 Hayana TPyObl M BCS JKUIAKOCTH B TPYOE

OCTaHOBMTCH.
BennuuHy noBbIIIEHUS AaBICHHUS B TPyOe MPHU TUAPABIMYECKOM yAape MOXKHO ONPEICTUThH

CIIEAYIOIHUM 00pa3oMm.
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OO0o3HauuM B ropu3oHTaNbHON TpyOe (puc. 1) naBieHue B ceueHun 1-1 OykBoi p,, a
JlaBJIeHUE B CEYEHUU 2—2 (TIpU TUAPABINYECKOM yJape) — p,, IUIOIAAb [TONEPEUHOr0 CEYEHUS — @,
a paccTosiHre MeX 1y cedeHussMu 1—1 u 2-2 — OykBoit /.

Bocnonb3yemcsi TeopeMoil O KOJIMYECTBE MABIIKEHHs, COTJACHO KOTOPOM IpHpalleHue

KOJIMYECTBA JBUKEHHSI CUCTEMBI 3a HEKOTOPHIN MPOMEXKYTOK BPEMEHH PaBHO CyMME IPOEKIIHi

HUMITYJILCOB CHUJI Ha HAITPABJICHUC NBUKCHUS.
PaccmoTpuM kuakocTh Mexay cedeHusMu 1-1 um 2-2. B MOMEHT 3akphITHs KpaHa

KOJIMYECTBO JBHIKCHMS 3TOM KHUJIKOCTH PpaBHAIOCH ml)(l"I[C m—mMmacca XUIKOCTHU, paBHasA pa)l, a

U—CKOpOCTB), a 4Yepe3 TNPOMEKYTOK BpeMeHu [ =I[/c, T.e., Korma Bcs JKHAKOCTb B TpyOe
OCTaHOBUTCSI U CKOPOCTh OyAET paBHa HYJIIO, KOJIMYECTBO ABIKEHHS Takke OyAeT paBHO HYIIIO.

CJienoBaTeENbHO, 3a BpeMs ¢ =[/c TpupaleHie KoIndecTBa JBHKEHUS paBHO (—p@lv).

B TeueHue 3TOTO K€ BPEMEHH, T.€. BPEMEHHU [ =1/c, Ha )HUIKOCTb JEHCTBOBAIN CIEMYIOIIHE
CHWJIBI, HE CUMTas CUJI TPEHUSI, KOTOPbIMH NpeHeOperaem:

1) B ceuenuu 1-1 cuna p,w;
2) B ceueHuHu 22 cuwiia p,o;

3) cwia Tsokectr xuakocta G .
[TepBbie ABE CHUIIBI TOPU3OHTANIBHBI, TPEThSI BEPTUKATbHA.

CymMa mpoeKiuii UMITyJIbCOB 3THUX CHJI Ha HAlpaBJeHHUE JBWKEHHUS, T.€. HA TOPU3OHTAIBLHYIO

0OCh, paBHa
!
(p0— p,0)—.
C
CormnacHo TEOPEME O KOJIMYCCTBE ABUKCHUS, ITOTyHacM
i
- polv=(po-— pzw)z-

Cokpariast Ha @l , UMeeM

—pl)zpl_pz

OTKyJa

b, —p =puLc.

O0o03Ha4as NOBBIILIEHHUE JaBIEHUS p, — p,; OyKBOH p, HAXOIUM

p=pue. (1)

PaznenuB Beipaxenue (1) Ha pg , HOTYyYUM
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P _ wm H=—. (2)
rg 8 g
N3 hopmyiiel (2) BUIHO, UTO MPH THAPABINYECKOM yape MOBBIIICHHUE HATOpa B TPYOOIPOBO-

Jie paBHO UC/ g .

UucnenHoe 3HaueHUE BEJIUYUHBI ¢ Takxke BbiBeaeHo H.Y. XKykoBckum u ompenensercs mo

S

c: =

1

Yo,
(1+DJ \/HElD’
pEl sE, Eys

cnenyromen Gopmyiie:

3)

I7ie O — IIIOTHOCTH KUIKOCTH;
E| —MonyJb yIIpyroCTH KHJKOCTH;
E, —Moaynb ynpyroctu CTeHOK TpyOBbl;
D —BHYTpeHHUH AuaMeTp TPYyOBbI;
S — TOJIIIMHA CTCHKU TPYOBI.

IIpumep 1. OnpenenuTs NOBBIIEHUE HANIOPA MIPU THIPABINYECKOM YJape B UyTyHHOU TpyOe

D =200MM, ecliu TOJIMHA CTEHKH TPYObl s = 10,5 MM, MOyJIb yHIpyrocTd Bojsl E, =2-10° H/M,

MOZLyTb ympyrocTi uyryna E, =10 u/m%, a ckopocTs TeueHus 0 =2 m/cex.

Pemenne. ITo popmyiie (3) Hax0AUM CKOPOCTh PACIPOCTPAHEHUS YAAPHOM BOJIHBI:

c= =1203 Mm/cexk.

tooo| L. 92
2-10° " 0,0105-10

[To popmyne (2) onpenensieM MOBBIIIEHUE HAOPA.

ve 21203
H =—=———=245 mm BoOJ. CT.
g 9,81
Kak cka3aHo BbllIe, THIPABIMYECKUN yaap MOXET MOBPEeAUTh TpyObl. s mperoxpaHeHus
TpyO OT pa3pylleHHs IPUHUMAIOTCS CIIETYIOIIUE MEPBI.
1. U3 dopmynst (1) BUAHO, YTO MPOMCXOAUT YBEIMYCHHE IABJICHUS MPONOPIHMOHAIBHO

CKOPOCTH TE€UEHHUS U, IIOATOMY B TPYyOOIIPOBOJIaX HE CJIEIYET JOIMYyCKAaTh OOJIBIIUX CKOPOCTEH 0e3

NPHUHATHA COOTBECTCTBYIOIINX NPCAOXPAHUTCIIBHBIX MCP.
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2. IlpnanHO#M THAPABIMYECKOTO yapa sBISETCs OBICTPOE 3aKpBITHE KpaHa, IOATOMY CIIETyeT
yCTpamBaTh KpaHBl M 3aJBUKKH, 3aKPHIBAIOIIMECS MEIUICHHO; BpEMs 3aKpBITHS [ B CEKyHIaX
MOKeT ObITh oAcuuTano 1o gopmyie H.E. XKykoBckoro
2pul 20l

Ui t2 R “4)
D gH,

t2

A€ O — IIOTHOCTh XKUJKOCTH, KF/M3;

U — CKOPOCTb T€UEHUSI, M/CEK;
[ — nmuHa TpyOOMpORBOIA, M;

2
P, — I0IYCKaeMOe MOBBIIIEHUE JaBICHUA, H/M ;

H, — noryckaeMoe MOBBILIEHHE HAIIOPA CTOJI0a KMIKOCTH.

Puc. 2

HeoOxomuMo oTMETHTh Ha OCHOBaHUHM (OpMyIbl (4), 4TO BpeMsl 3aKpbITHs ¢ TIPSMO
MPONOPIMOHATIBHO JUTMHE TpyOOnpoBoaa /, T.e. ueM UIMHHEEe TPYOOIpPOBO/, TEM JITUTEIbHEE JOIIK-
HO OBITh 3aKPHITHE KPAHOB U 3a]IBUXKEK.

3. JInst yMeHbIIEHUS] BPEAHOTO IEHCTBUS JaBJICHUS IIPU TUAPABINYECKOM YJape YCTPauBarOT
NPEeJOXpAaHUTEIbHbIC  KJIalaHbl, KOTOpbIE, OTKPBIBAsACh IPU  OMNpPEJCICHHOM JaBJICHUH,
MIPEIOXPaHSIOT TPyOOIIPOBOA OT pa3pyLICHUsI.

4. Kpome npeoXpaHUTeNbHbIX KIAMaHOB, JI1 YMEHBIIEHHS JaBJI€HHUs MPUMEHSIOT BO3TYII-
HBbIE KOJMaku (puc. 2). B MOMEHT MOBBIIICHHUS JaBJICHUS JKAIKOCTh BXOAHUT B KOJIMAK U CKUMAET
HaXOJALIMICSA B HEM BO3/YX, YTO YMEHbIIAET NOBBIILICHUE JaBICHUS.

IIpumep 2. Onpenenuts BpeMs 3aKpbITHS 3aBHKKU Ha TpyOOIpOBOJE, €CIU JUIMHA TPYyOO-
npoBoga [ =800 M, v=3 Mm/cek, nomyckaemoe naBieHue B Tpyodomposoae 1000000 H/Mz, a TUn-

pocraTmaeckoe gasierne p = 200000 u/m’.

Pemenue. JlomyckaemMoe  TOBBIIIGHWE  JABJICHHS  OT  THAPABIMYECKOrOo  yjaapa

P, =1000000—200000 =800000 /M.

2 pvl
P

t2
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WIH, TIOACTABJISISI YUCICHHbIE 3HAYCHHUS, TIOTyYUM
2-1000-3-800
t2———=6
800000

CCK.

3. 3AKVIIOYEHHE

[Ipy UCHONIB30BAaHUM TEOPEMBI O KOJWYECTBE ABM)KCHHSA, COIVIACHO KOTOPOW INpHUpPALLECHUE
IIOCJIEIHEW 3@ HEKOTOPBIM IIPOMEKYTOK BPEMEHH PAaBHO CYMME IIPOCKLUN HMMIIYJIBCOB CHJI Ha
HaIIPABJICHUE JBYKCHMS,YTOUYHEHA PAcUeTHas 3aBUCHUMOCTH JJIA MOBBIIICHUS HAIlOpa B YyI'yHHOM

TpyOOIPOBOJIE MPH FMIPABINYECKOM yAape.
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V30 0R3omG3R(M3560 33BM60L IMGIKRMSO0)0
GMG3SRMJOL 30AMB0L obORO dS3MLOLIRIbY,
A(M3IIRNOC JOLOROL BJ6FIFG3IRMBdSL 0MBSROLVO6IdL

>, baygsdgerody
(Lododmnggenml Bgdbogy®o 9bogg@lo@gdo)

@gbondy:  g9/b3900d96596000  dglfsgarogros  bbgowsbbgs (596 dgdiggermdol  [amogm-
Is@35e005560 395mbol (3903550m30L bsgombo yaddeolbsb, gododsobs o
509b0bsb. wowggbogros 0330 ool jaddgs-gododgols ws dg@ol eige-
@60lL  doGmggdo. 3m355@0080b d0Gmg9dlL dmdGol  pogdo@mol  dgdy dogyg-
Saaro ge@Edgaon godmmgarogos [a@oards@garmgsbo S95mbol dmeo-
a@30m0  (30903350Mm30L  doGmggdo, Jsbsgrolb bbgowsbbgs (596 98590 0-
3ol @@b.

99 Joggdaaros  j033mboBolb  Jezarmdomo  ogoemdol  doGmgols

sboaro godmbsbyangds, mgs@omndagaro gmbiiz09300 §odmy969300m.

boggobdm Lodyggdo: ;oigo@mds; doaarmds; dg@ms; jmddgs: gododgs; doGmgo; apm-
S3G0md0; Rb;05: B96 993590 m35; §odmbsbyangds.

1. AILS3SR0

hoBo@gdgmos  gJb3g®0dgbBgdo  d9Bmbols mEgomdsby  39ddgolol, gokodgols
s a®Mgbolol. gJlb3gM0dgb@do aodmoiows 4 bbgswslbgs mbols @9bdgdzggemdols bo-
d9dgdo. 60d9dgool bobdmgeng asdmELom oaobs dsbsgnols 3gdsbogy®o dobslios-
09d@gdo, (3ME3EMSbY godmEon go — Lbgowsbbgs Ggbdgdggermdols {g®oan-
dod3380mgobo dgBmbols dg@ols o 3¥ddge-gododgols 3mEgoRMdOL dodmggdo.
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(MGgomd0l dodmggdl dm@ol 3ogdodol gm@Iygmon asdmmgmognos  30d3m-
bo@ol JnEygmbomno 3M3geoEMm0l dodmggdo (dg@ols o 31ddge-godkodgzol 3mEgo-
©mdol boMmggdols asdmygbgdom).

2. 30@00)5R0 656V0OKR0

ho@o®s Lbgoswslbgs Fgbdgdiggermdol {g@omdodgermgsbo dg@mbol bsbdm ;-
@y ©> bobp@dmogo (3MEgoRMdsbY) 3odmERIc0 Jgddgolbel, aododgols s a@gbo-
bob. bobdmgmg ©o@306089600 asbolsbog@s 60dgdgool boddgo3e, ©IBMAOIsE0930,
dg@ol s Mgzoemdols Imeyan gdo.

aodmosws t; =28 wmoli slsgol bodydgdo: 313d35bg — 3G0bdgdo 4x4x16 o
Tx7x28 13 (bobdmgeng ©o (3MEgoEMdsbY 3odmEegdo). ogobpdgdo — d=7 ©s
(=6313 (bobdmyang o (3MEZMSDbY) — a@gbobygs dOFYgeo ,,M3056900¢ Log®Hmm
Lopg@doo 53 1sd, Lopoboo d9ds bofogndo 7 I s Lobjom 4 LI — aododgoby.

(GMGgoMdsbg 3o godmois bodydgdo G9bdgdiggemdom: 4,7%; 2,7%; 2,2% ©o
1,0% (3sbols dobgogom).

6039 dgd0l  Bgdbmmmaoy@o 3s®edgBMgool, asdmbsGgmo obswysMgdols s
330M5@ g0l gJl3gM0dgbBgdol  Igmmeogol  Iglobgd  ImEgdyeos  dgbsdsdols
o@g@o@yasdo [1, 2, 3, 4]

(3MGE3oPMdolL dodmggoo 39ddgzolsl (M), gododgols (M) s dg@obols Imzgdygmos

I-9e0 3b®ogndo.
3ab®ogno 1

bbgopolbgs @9b6399339emmdol Fg@omds®(3ganmgsbo dg@mbols
3997go-a5%0330L (Mp) ©> dgdol (M) 3mEgsEMdol dodmggdols
©33M3oRJdYmgos eAMDY, (1-1;) oy

53 g00mg0ls ®96999339- (N; M,)-1074 33571 Lowowggdo ©@H®To
ooy o 83> | emeads W% [ 10 | 20 | 30 | 40 | 60 [ 90 | 120 | 180
N, — aok0dgs
47 652 74.2 80.9 854 88.8 93.8 96.6 | 102.8
0 2.7 52.8 56.7 60.1 61.8 64.6 68.0 69.7 73.0
On = 1,78 22 46.1 51.1 539 55.6 59.0 60.7 629 65.7
1.0 37.6 399 41.6 421 438 449 46.1 46.6
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3530 dgangds

N, — 49995
47 65.0 73.0 78.0 82.0 87.0 92.1 | 969 | 1018
o' =124 27 523 57.1 60.6 62.7 65.0 680 | 70.1 | 725
1 ’ 22 462 50.1 515 53.0 573 592 | 60.1 | 610
1.0 39.6 40.6 428 43.1 439 458 | 467 | 475

N — a6gbs
47 80.0 90.1 95.0 992 [ 1050 | 1110 | 1152 | 120
o' =298 27 65.0 70.1 74.0 76.2 79.0 830 | 858 | 89.1
2" 22 57.1 61.0 63.0 652 67.0 702 | 720 | 745
1.0 480 50.1 515 525 535 550 | 560 | 575

l-eno 3b@ogools sbogmobo a30hg9690L, GmA dsbogol mEgoemdols do®mnggdo
0bOEgds 3mI3mboGol GgbdgdEggemdol 3OMm3m@Gogms©; dg@mbols  39ddge-yokod-
30l doGmgol Lowowggdo, 3sblsbwgdyamo 39ddgolol s gokodgzolol, 3MoJE0syes©
‘dgodangds  gOmbso®o s@dmhbegl. 1-gno bdognols dmbszgdgdom s 3md3mbo@gdols
(3MGE3oPMd0L do@mggdl dm@ol 3ogdo®ols dgdydsggdygeo gm@dygmon [3] Lbgowo-
Lbgs 3963933390 mdols Fgdomdsdganmgsbo dg@mbols dmEyemdon (MGEgo0MdgdL
(wommggmo Hbddgammool @AML) yobglobeg@sgn goddgmoon:

IT, =911, - 61T, (1)
bowoi M1 dmEgemdono 3m@Egoembols do@mgos; M — dg@ol 3mEgsemdol do®ngo;
My — 39d9g5-go40d30L 3mEgoMmd0l do@mgo — dgodangds goboGagdemm 39ddgol ob
3o&0dg0l dmboi39dgdom ob sgommo dsmo Lodgogm gm@dyas (1). l-gno 3b®ogools
dmb5(39990bg @oyMEbMmdom sdmmgmogo  3md3mbodol dmEymmdomo (3m3goLMd0l
d0Mmggdo dmizgdygeos 39-2 3bGognJo.

gbdogno 2
Lbbgowobbgs @g63gd;339mdol 6039Tgdols ImEymmdomo 3m(3g50MI0bL

500m3gd0L ©sIM o dgmgds O™y, (t-t)) ©my

H9b399339- M- 1074 33571 ©o33003980L wHM (t—t,) ©ey

emds W% 10 20 30 40 60 90 120 180
4.7 105.0 117.0 132.0 144.0 153.0 162.0 182.1 196.0
2.7 80.0 939 1014 108.3 111.6 114.0 1152 118.0
22 73.8 849 85.5 87.0 93.0 95.7 101.0 102.0
1.0 684 654 76.2 729 74.1 82.0 84.0 85.0

() ge@dymsdo  godmmgmgbolsl My-ol 360dgbgermdgdo  swgdyemos  39ddgols
9JU394 08963 00sb.
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d9-2  @bGogols dmbsgdgools  sbognobo  gg50hg9bgdl, @™  Bgbdgd3g980mdols
donger ©0535bmbdo (LO<SW <4,7%) dm@Egemdono 3m@3gsemdol do®mnggdo mommgey-
oo W-L dgdmnbgggedo godaow 530mJbododegds amys@omdymo g9bioom:

t-t

- 2)

Hl(tato aW) = Al(to :W) + Bl (tO:W) lg

bowo M doEygemdomo 3m3goeMmbol do®mgos; t — @™ bodydol sdboswgdowsb,
hggbl dgdmbgggodo 0<t<208 mg t =t-t; =2 mg t-t;=0<t-t; <180 (my
(3ol boby@daogmods); W — §9699di3390mds bodydol godm@ools aobdsgeomdsdo,
LO<SW <4,7% (3sbol dobgwgom).

9930096 3goAs@ms dgmmeon oagboero A s By 3mbl@ob@gdo swgdygmos
dg2 3bOogoEsh s 332 Fe@IYeosb ©s dgBsbogros dg-3 3b@ogndo.

abGogoo 3
A > B 3mblesb@gdol 36093bgemmdgdo 603y9dgdols
bbgopolbgs @96399339e0™dol @MU

636(335‘*/&03/5)%@”60 Ar10-6 935! B;-1076 335!
47 537 6841
27 628 30.98
22 614 2262
10 535 1648
0 573 0

d9-3 gbGogools Imbozgdgdbon A ~W s B~W. A 30bL@sbds @ s@ol ©sdm-
300gd 9o 396dgd(339emdoby s gowgdm dob Lodygogm Lowowgl, hggbl dgdmbgg-
3590 A, =57,3-107 33571 B ©odmj0opgdgmgds  #g69g9359e0mdaby  Logds@olo  Lo-
bybGom smo(gmgds F@xog0 g9b6icoom:

B (28 W(=B,(28.0) + o -[B(28W,) - B28.0)]. ®)

B,(28,0) doowgds 39-3 gbGognols 360dgbgermdgdol 0b@g@3mesizoom; W mg@ddby
2055030l 539000 ©og0§dnbogdom, dmI B (28,0)=0.

o3 dbodgbgamdgdol dg@obom dogomgdm JoEyermdomo 3mMEgsEmMbOL do®mngol
960390 Logny@  asdmbsbyangdsl, @mIgeroi omgsgolifobgdl dg@mbols Bgbdgdggermdsls
dygdogo osbogol o Ggdsg@s@ycdol w®mmb

93



do®mobgobgdos, Nel-2(21-22), 2016 — Hydroengineering, Nel-2(21-22), 2016 — T'mapommkenepus, Ne1-2(21-22), 2016

IT, (t,t,,W) = A (28,0) + B(28,Wm)Wﬂlgt;t° , “4)

m 1

Loo M doagmmdomo  3m3gomdol  dodmgos;  A(28,0)—A28W)—  Lsdysenm
d609gbgenmdgdo, os@sbogmo W=0 @gdddbg LO<SW<47%; W, =W_ =47%-3dsLols
dobgogom; B (28,W,)—B -0l 360dgbgermds, @miEs W=W_=4,7%.

d9-2 3bdogol dgegagdols Jobgwgom spgdgemo M1 s dg-3 gbGoaol dmbszgdy-
dom s g4 go@Igmon ysdmmgeogo My 360dgbgermdgdols dgoemgdbomn ©ogm{dyb-
©gdom, @m3 olobo Logds@olo LobylBom gdmbgggs gHmIsbgml.

3. Rd5L3E36S
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gobo 69 mbolmgols.
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SUMMARIES

UDC 628.1.034

ON THE ISSUE OF IMPROVING THE TECHNICAL PROCESSES OF WATER TREAT-
MENT. Z.Tsikhelashvili, G. Soselia, A. Davitashvili, L. Klimiashvili / Hydroengineering. Nel-
2(21-22), 2016, p. 6-8.

Summary: The Harrington psycho-physical scale, which establishes the dependence of the
desirability function on the variable physical parameters is used, as optimisation method for control-
ling of water treatment processes. There is described the quality of the water with multiple constitu-
ent components. The proposed method can be used for improving the operational efficiency of wa-

ter treatment plants of sewerage systems.

Key words: Harrington psycho-physical scale, water quality, water treatment, control optimi-

sation.

UDC 628.16

ABOUT SIMULATION MODELLING OF WATER PURIFICATION PROCESS. G. Soselia,
A. Davitashvili, L. Klimiashvili, N. Soselia // Hydroengineering. Ne1-2(21-22), 2016, p. 9-17.

Summary: On the basis of the theory of general system analysis, complex discrete process of
water treatment has been studied and classified. The integral conceptual scheme of investigation
and simulation of the complex water treatment process based on the principles of the general system

approach has been introduced.

Key words: water treatment; water treatment plant; simulation.

UDC 551.49

CLASSIFICATION AND TERMINOLOGY OF WATER EROSION PRODUCTS. Z. Danelia,
M.Topuria // Hydroengineering. Ne1-2(21-22), 2016, p. 18-22.

Summary: this article is dedicated to classification of any erosion products and introduction

of terminologies in Georgian hydrological researches and in similar fields.

Key words: alluvion; sediments; paralluvion; proalluvion; suspension deposit.
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UDC 691.32

INFLUENCE OF MOISTURE CONTAINMENT AND TIME ON COEFFICIENT POIS-
SON OF FINE CONCRETE. A. Sakvarelidze, N. Narimanidze, N. Gudushauri // Hydroengine-
ering. Ne1-2(21-22), 2016, p. 23-28.

Summary: There are investigated the issues of creep of fine concrete with different moisture
containment in stress, tension and torsion. In experiments the specimens had humidity 4,7; 2,7; 2,2
and 1,0% (by mass).

The experiment has shown, that stress-tension and shear creep nucleus of specimens is in-
creased in proportion to moisture containment.

Creep nucleus are determined by theoretical treatment of the results of experiment.

Appropriate formulation of creep nucleus application is determined by Poisson coefficients.

There is proved, that coefficient Poisson practically do not alter in time and moisture con-

tainment. coefficient is constant.

Key words: creep; nucleus; presure; tension; moisture containment; shear creep nucleus; poi-

son coefficient.

UDC 631.626.3

DETERMINING OF THE DISTANCE BETWEEN DRAINAGE CANALS OF THREE-
STAGE COMBINED DRAINAGE SYSTEMS. G. Gavardashvili, M. Guguchia // Hydroengi-
neering. Nel1-2(21-22), 2016, p. 29-35.

Summary: Within the wetland regions of Georgia, in order to improve the local social and
economic conditions, methods for determination of distance between three-stage combined dranage
canals and specific examples for defining the number of vents on the drainage pipes, have been

conducted.

Key words: Kolkheti lowland, three-stage combined drainage.

UDC 621.317.36

DETERMINATION OF MAXIMUM AMPLITUDE OF CATASTROFIPHIC WAVES US-
ING LOCAL NON-STATIONNARY METHODS. L. Ghogheliani, E. Khatiashvili, Z. Askurava,
G. Mchedlishvili // Hydroengineering. Ne1-2(21-22), 2016, p. 36-41.

Summary: There is considered the process of formation of catastrophic waves in the water
reservoirs under the influences of mud streams, avalanches and land-slides.

For the basement of theoretical research there is used the theory of local instability, which is

based on the basic equations of non-stationary hydraulics.

Key words: catastrophic waves; local; non-stationary; amplitude of waves; hydraulic spring
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UDC 628.3

MAGNITUDE OF STORM WATER DRAINAGE COLLECTOR. N. Natsvlishvili,
M. Natsvlishvili // Hydroengineering. Ne1-2(21-22), 2016, p. 42-45.

Summary: There is considered issue of estimation sizes (capacity) collectors (tunnels) neces-
sary for storm water drainage on the example of the characteristics of flood of 13-14 June 2015 on
the river Vere in Tbilisi. There is determined rain reporting flaw and analyzed water quality in a va-
riety of capacity speeds time. There is recommended reconstruction of tunnel to increase the limited

capacity.

Key words: intensivity of rain; collector; single overflow period of collector; expense report-

ing; capacity.

UDC 628.81:697.3

FLOOR HEATING SYSTEMS IN ANCIENT CIVILIZATIONS. O. Purtseladze, N. Mepaishvili,
I. Denisova // Hydroengineering. Ne1-2(21-22), 2016, p. 46-52.

Summary: The article deals with the underfloor heating systems of ancient civilizations, the
emergence and development of these systems in Europe and in Asia. Described Korean ondol heat-
ing system existing in the III century BC and the system of hypocaust discovered during archaeo-
logical excavations in Georgia, Dzalisi dated I-IV centuries AD.

Key words: warm floor; ondol; Dzalisi; hypocaust.

UDC 697

FEATURES OF THE MICROCLIMATE OF THE ORTHODOX CHURCHES. O. Purtseladze,
N. Meparishvili, I. Denisova // Hydroengineering. Ne1-2(21-22), 2016, p. 53-59.

Summary: In the orthodox churches the main factor of comfort is the microclimate in the
premises of the temple. The problem with microclimate is especially acute during religious holi-
days, when the number of parishioners, sometimes exceeds the estimated number. In case of wrong
calculation, or allocation of heating and ventilation systems, the temperature and humidity may in-
crease; high humidity induces moisture of walling and the occurrence of condensation, it causes
discomfort to the parishioners, as well as causes deterioration of wall paintings and other elements
of decoration. There is discussed the factors, that allow condensation. There is arised question of the
influence of the correct calculation of thermal resistance of enclosing structures, to maintain the re-

quired parameters of the microclimate.

Key words: ventilation of a church; to fall out condensate; temperature of internal surface;

dew point.
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UDC 628.113

ESTIMATION OF ACTUAL CONSUMPTION OF WATER BY TBILISI POPULATION.
G. Soselia, A. Davitashvili, L. Klimiashvili, N. Soselia // Hydroengineering. Ne1-2(21-22), 2016,
p. 60-62.

Summary: Tbilisi water supply and sanitation project considers rehabilitation of water supply
system, based on the results of the pilot project, carried out in the scope of the project preparation
activities and aimed estimation of actual consumption of water by Tbilisi population, evaluation of
leakages from domestic sector, transmission mains and distribution network.

Bulk and combined water meters were installed at the selected main and distribution network
and, finally, leakages per km of transmission main and distribution network was calculated.

The studies have shown that:

e High pressures on connections cause increase in amount of leakages per capita (L/per capi-
ta/day);

¢ [cakages increase the, risk of damages to buildings.

e Decrease in amount of leakages from transmission mains and distribution network would
reduce production of water and subsequently cost of power energy used by pumping stations.

Results of the pilot project will be used by international and local consultants in order to iden-
tify future investment projects for water supply rehabilitation, which would improve supply of wa-

ter to the population of Tbilisi.

Key words: water supply of Thilisi, leakages, water resources per capita, water losses, flow

meters, water meters.

UDC 634.8:581.54

PECULIARITY OF DETERMINATION OF VINE’S WATER REQUIREMENT. T. Odila-
vadze, K. Bziava, 1. Inashvili, A. Davitashvili / Hydroengineering. Ne1-2(21-22), 2016, p. 63-68.

Summary: Among the many natural and climatic factors affecting the dynamic processes of
agricultural crop development a special significance acquires such climate index, as evapotranspira-
tion (ET). Determining factors of evapotranspiration for the different climatic conditions are key in-

dicators of water requirement and its optimal productivity for agricultural crops.

For determination of the vine evapotranspiration was used Blaney-Criddle method according
to which with high accuracy were determined Regulated Deficient Irrigation (RDI) of vine’s crop.

On the basis of the 2013 experiment using the method of L. Williams at the experimental plot
of the Georgian Agrarian University for the vine breed "Rkatziteli" we identified the crop coeffi-

cient (K,) and respectively its water requirement during the crop growing season.

Key words: evapotranspiration, coefficient of biological water demand, regulated deficient

irrigation.
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UDC 626.9

CALCULATION OF LONG WAVES IN THE EQUATORS OF RIVER ESTUARY.
M. kodua // Hydroengineering. Nel1-2(21-22), 2016, p. 69-75.

Summary: There is presented asymptotic solution for the propagation of long waves in the
equator of the river estuary, as the initial use of linear shallow water equations. It is shown, that in the
depth decreases the propagation of waves in the direction of the mouth of the river, the river flowing
reduces the growth rate of wave heights and at the same time will prevent a reduction of its length.
The obtained relations show, that the transformation of the wave-length depends not only on the pa-

rameters of the river flow and depths of the river, but also on the frequency of the wave oscillation.

Key words: estuary; long waves; the speed of the river stream; variable depth; wave trans-

formation.

UDC 693.54

INVESTIGATION OF DESTRUCTION PROCESS OF CONCRETE AND REINFORCED
CONCRETE BY HOLOGRAPHIC INTERFEROMETER METHOD. G. Dalakishvili, K. Khazalia,
M. Sanikidze, G. Soselidze, D. Khimshiashvili / Hydroengineering. Ne1-2(21-22), 2016, p. 76-83.

Summary: There is considered experimental research, with the help of that there was estab-
lished one of the main components K. — crack stableness in such actual building material, what is
cement. There were carried out tests by the holographic interferometer method on the prismatic
bars, made from portland cemement of mark M-400. There is described the meaning of this experi-

ment, its exactness and turned out how much is important use this method in building work.

Key words: phenomenology; coefficient of tension intensity; holographic interferometer; He-

Ne Laser.

UDC 621.227.3

DETERMINATION OF VALUE OF PRESSURE INCREASING IN THE PIPE AT THE
MOMENT OF WATER-HAMMER. M. Topuria, A. Surmava // Hydroengineering. Nel1-2(21-22),
2016, p. 84-89.

Summary: There is considered crowding motion of water in pipes in case of momentary clos-
ing of tap (stopcock ), after what, elementary particles of fluid are accomplished damped surging
.Together with this there will be changed pressure and accordingly velocity of flow in very small in-
terval of time.

For the getting calculative dependence there was used theorem of quantity of motion, accord-
ing which increasing of speed in very small interval of time is equal to sum of projection of impuls-

es of force on the direction of movement

Key words: water hammer; presure flow.
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UDC 691.32

THE THEORETICAL DEPENDENCE OF VOLUME CREEPING NUCLEOS OF FINE-
GRAINED CONCRETE, CONSIDERING THE MOISTURE CONTAINMENT OF MATERI-
ALS. A. Sakvarelidze // Hydroengineering. Ne1-2(21-22), 2016, p. 90-94.

Summary: There are investigated the issues of creeping of fine-grained concrete with differ-
ent moisture containment in pressing, tension and torsion.

The experiment has shown, that creeping of specimens is increased in proportion to moisture
containment. Pressing-tension and shear- creeping of nucleuis are determined by treatment of the
results of experiments.

The theoretical dependence of volume creeping nucleus of fine-grained concrete, considering

the materials moisture containment at permanent age and temperature has been elaborated.

Key words: creeping; volume; shear- pressing; tension; nucleos; logarithm; function; mois-

ture containment; representation.
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PE®EPATDI

VK 628.1.034

K BOITPOCY Ob VJIVUIIEHMN TEXHUYECKUX ITPOLHECCOB OUYMCTKU BOJbI.
HuxenamBuau 3.U., Cocenusi I'.A., JaputamBuian A.H., Knumuamsuan JILJ. / T'ugpounxe-
Hepwust, Nel-2(21-22), 2016, c. 6-8.

Pe3rome: /[yt ymydineHus POLECCOB OUYUCTKH BOJIBI ObLJIa MCMONB30BaHA MCUXO(PU3NIECKas
mKanga XappuHITOHA, KOTOpas yCTaHAaBIMBAET 3aBHUCHUMOCTh MEXAY (YHKIHEH KemaTelbHbIX U
MMEIOIINXCS TIEPEMEHHBIX, UCTIOIB3YIOMUXCS I KOHTPOJISI ATOTO Tpoliecca. bbuti onucanbl KOM-
TTOHEHTHI OTPEACIICHNS KAYeCTBA BOJIBI.

[IpennoxeHHHBI METOJ MOXHO HCIOJIB30BaTh JUISl YIYUIICHUS ONEPAMOHHONW 3P PEeKTHB-

HOCTH OYMCTUTEIIHLHON CTaHLIMU CTOYHBIX BOJI,.

KiroueBble cjioBa: nicuxodusnyueckas mkajia XappuHITOHA; Ka4e€CTBO BOJIbI; OYMCTKA BOJIBI;

YIIyYIIE€HUE KOHTPOJIS.

VK 628.16

Ob UMUTAIITMOHHOM MOJEJIMPOBAHHWU TTPOLHECCOB OUYUCTKH BO/IbI. Co-
cequs I'.A., JasutamBuwim A.H., Kmuvunamsumam JILI., Cocenuss H.I'. // Tunpourxenepus,
Nel-2(21-22), 2016, c. 9-17.

Pe3tome: Ha ocHoBaHMu Teopuu OOILEro CHCTEMHOTrO aHanu3a ObUT M3yueH W Kiaccudu-
[IMPOBAaH KOMIUIEKCHBIN Tporiecc o0padoTku Boabl. [Ipenoxkena nHTErpupoBaHHasl KOHIIENTyaabHas

cxema mporecca 00pabOTKH BOJIbI, KOTOpasi OCHOBaHA HA OOIIMX MOAXO0/1aX CUCTEMHOTO aHaJn3a.

KiroueBnle cj1oBa: ouncTKa BOJBbI; CTAHIIUHW OYUCTKU BOAbI; CUMYJISIHA.

YK 551.49

KIIACCUDOUKALIVISA U TEPMUHOJIOTUS IIPOJYKTOB BOJHOM BPO3UU. Jlane-
Jaua 3.H., Tonypusi M.B. // I'napounxenepus, Ne1-2(21-22), 2016, c. 18-22.

Pe3tome: Crarhsi MOCBSIIEHA KiIacCU(UKAIMKA MPOAYKTOB JIOOBIX 3pO3WA W BHEAPCHUIO
CHEIHaIbHON TEPMUHOJIOTUY B TPY3UHCKUE THIPOJIOTHYECKHUE UCCIIEI0BAaHUs, €€ UCIIOIb30BaHUIO B

Hay4YHOU JIUTEPAType ITOU OTPACIIU.

KuaroueBble ci10Ba: ajuTtoBUi; 0CaJKH; NTapaauIlOBUI; MPOAJUTIOBUI; B3BEIIICHHBII HAHOC.
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YK 691.32

BJIMAHUE BJIAT'OCOLEPXXKAHUA U BPEMEHU HA KOOODOUILIMEHT [TYACCOHA
MEJIKO3EPHUCTOI'O BETOHA. CakBapesmase A.B., Hapumannaze H.M., I'ynymaypu H.A.
// Tunpounxenepus, Nel1-2(21-22), 2016, c. 23-28.

Pe3tome: lccnemoBaHbl BONPOCHI  IMOJI3YYECTH MEJIKO3EPHUCTOTO OCTOHA  Pa3IUYHOTO
BJIArOCOJIEP)KAHUSI TIPU KPYUEHUH, CXKATUUM U PACTSHKEHUU. Y CTAHOBIIEHBI SApa TMOJI3YYECTH
pPacTsDKEHUSA-CKATUSL M CABUTA OOPAa3IOB PA3NIMYHOTO BiarocojepkaHus. Bo BpeMs HcHbITaHHA
oOpasnpl umenu BiaxHocts 4,7; 2,7; 2,2 u 1,0% (mo macce). JlokazaHo, 4To siApa MOI3y4YECTH
MEJIKO3EPHHUCTOr0 OETOHA YBEIIMYMBAIOTCS TIPOIIOPIIMOHAIEHO BIArOCOACPKaHUIO MaTepHara.

Pazpaborannoii ¢GopMmynoii MO JaHHBIM siIep TMOJIBYYECTH KOMIIO3HMTA OIpPEAeTICHBI
koapdunmentsl [lyaccona. YcranoBneno: xkoddduiment Ilyaccona He 3aBUCUT OT BIaKHOCTH
Matepuana u januTenpHocTH HarpykeHus. Kosddunuent Ilyaccona sBisieTcs BeaHMUHMHOM

HOCTOSIHHOM V = CONSt.

KawueBble c10Ba: M0I3yUeCTh; SAPO; CIKATHE, PACTSDKEHHUE, BIarocoaepkanue; koddduiu-

et Ilyaccona.

YK 631:626.3

OINPEJEJIEHHUE PACCTOSHUA MEXAY JAPEHAMU B KOMBHUHUPOBAHHBIX
TPEXBAPYCHBIX JAPEHAXXHBIX CUCTEMAX. I'aBappamsuau I'.B., I'yryuus M.M. //
I'uapourkenepus, Nel-2(21-22), 2016, c. 29-35.

Pe3iome: B pernonax ['py3un, rae HaOmo1aeTcs MOBHIIIICHHAS BJIAXXHOCTH (B TOM YHCIIE Ha
Konxerckoil HU3MEHHOCTH), AJS YJIYyYIICHHUS XM3HM HaceleHHs B paboTe MPEACTaBIE€H METOJ
OTIpEICTICHUSI PACCTOSHUS MEXIy APEHAMU B TPEXBIPYCHBIX KOMOMHHMPOBAHHBIX JPEHAKHBIX

CUCTEeMaXx, a TaK)Ke IPEJICTaBJICH MIPUMEp pacueTa KOJIMYeCTBa OTBEPCTUI HAa IPEHAXKHBIX TPyOax.

KarwueBble ciioBa: Konxerckas HI3MEHHOCTD; TPEXbPYCHbI KOMOMHUPOBAHHBIN APEHAK.

YK 621.317.36

OITPEJEJIEHUE MAKCHUMAJIBHOM AMITIUTYIbl KATACTPO®UYECKNX BOJIH
[MPUMEHEHUEM METOJA «JIOKAJIbHOM HECTAIIMOHAPHOCTWy». Toresmann JLJI.,
XarnamBuau J.b., Ackypasa 3.U., MuermmmBuaun I''M. // Tunpounxenepus, Nel-2(21-22),
2016, c. 36-41.

Pe3ome: PaccmoTpensl mporiecchl BOTHOOOpa3oBaHUil B BOJOEMaX MPH CEJIEBBIX U OMOJ3HE-
BO-OOBAJIBHBIX yJIapHBIX BO3ACHCTBUSAX, MPU KOTOPBIX CYHIECTBYET ONACHOCTh BO3HUKHOBEHHS
KaTacTpo(UIeCKUX BOJIH.

3a TEOPETUYECKYI0 OCHOBY MPUHSATA TEOPUS JIOKAJIBbHOW HECTAIMOHAPHOCTH, KOTOPasi, B CBOIO
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ouepelb, OCHOBBIBACTCS Ha OONIMX YpaBHEHUSIX HECTAIMOHAPHOW runpaBiuku B ¢opme CeH-Be-

HaHa - byccuHecka.

KiroueBbie cjoBa: karacTpoduyecKWe BOJHBI, aMIUIUTYAa JIOKAJbHOW HECTAIlMOHAPHOMN

BOJIHBI, FI/II[paBJII/I‘ICCKI/Iﬁ CKa4doK.

YK 628.3

K OLEHKE BEJWYMHBI JIMBHEBOT'O BOJOOTBOAAIIEIO KOJUIEKTOPA.
Haumumsuian H.B., Hausaumsuau M.H. // Tuapourmxkenepust, Nel1-2(21-22), 2016, c. 42-45.

Pe3rome: PaccMoTpeH BOmMpoC OIEHKH pa3MepoB (IMPOMYCKHOW CHOCOOHOCTH) KOJIJIEKTOPOB
(TOHHenel) HeoOXOIMMBIX ISl OTBOJIA JMBHEBBIX BOJ Ha MpPUMEPE XapaKTEPUCTUKH HABOJHEHUS
13-14 urons 2015 roga Ha pexe Bepe B r. TOunucu. Omnpezenena BeIMUMHA PACYETHOTO pacxoaa
JOXKIS ¥ MPOAHATU3UPOBAHA CTENEHb MPOMYCKHOW CIMOCOOHOCTH CYIIECTBYIOIIETO TOHHEIS MPH
Pa3IUYHBIX CKOPOCTSIX TEUeHHs BOJbl. PekoMeHJOBaHAa pPEKOHCTPYKIMS TOHHENS C IENbI0

YBEJIMYEHUS €T0 MPOITYCKHOM CIIOCOOHOCTH.

KioueBble ¢ji0Ba: BOJOOTBOAIINI KOJUIEKTOP; MPOITYCKHAs CIIOCOOHOCTD; JIUBHEBBIC BOJIBI.

VK 628.81:697.3

CUCTEMBI OTOIUVIEHUMA TTOJIAMU B IPEBHUX LHHUBUWIM3ALIUAX. Iypueaanze O.I'.,
MenapumBuiau H.M., lenncoBa U.A. // T'napourkenepus, Nel-2(21-22), 2016, c. 46-52.

Pe3tome: PaccmaTtpuBaroTCs CHUCTEMBI OTOIUICHHS TIOJIAMH B JPEBHUX IIUBWIJIM3AIUSX,
3apOoXKACHUE M pa3BUTHE ITHX CUCTEM Kak B EBpore, Tak u B cTpaHax Asuu. OmnucaHa Kopenckas
cHUcTeMa OTOIUICHUS—OHOJI, cyuiecTByromas B Il Beke 10 Haiiei 3pbl, U CUCTEMa TMIIOKAYCTa,
oOHapy»XeHHasl MPHU apXeoJOTMYEeCKHX packomkax B ['py3um Ha Tepputopum [3amucu, Aatu-

poBanHas [-IV BB Hamel 3pbl.

KuroueBble ci10Ba: TEIUIbIN 1M0J1; OH10; J[3anKcH; THInoKaycr.

YK 697

OCOBEHHOCTHU MUKPOKJIMMATA IMTPABOCJIABHBIX XPAMOB. Ilypuenanze O.I'.,
Menapumsuiau H.M., /lenncoBa U.A. // T'uapounxenepus, Nel-2(21-22), 2016, c. 53-59.

Pe3romMe: TpaBOCITaBHBIX Xpamax TIJIABHBIM (aKTopoM Kom¢opTa SBISETCS MHUKPOKIAMAT
BHYTpH nomenieHus. OcoO0eHHO OCTpO MpOOJIEeMBI ¢ MHUKPOKJIMMATOM BO3HHKAIOT BO BpeMs IIep-
KOBHBIX TPa3JHUKOB, KOT/Ia KOJMYECTBO IMPHXOXKaH MOPOH IMPEBBIIIACT pacueTHhIC 3HaueHUs. B

CiIydac HCIIPAaBHUJIBHOIoO pacdyera HIH YCTpOﬁCTBa CHUCTEMBI OTOIINICHUA MW BCHTWIAOHUH B
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MOMEILEHUU XpaMa, MOKET MOBBICUTHCS TEMIIEpaTypa M BIaKHOCTb. BhICOKas BIIaXKHOCTb MOXKET
BbI3BaTh HAa BHYTPEHHEW MOBEPXHOCTH HAPYKHOM OTpakIarollell KOHCTPYKUUH OO0pa3oBaHHE
BOJSIHBIX TapoB (KOHHAeHcaTa). BoasHble mapbl JOCTaBISIOT AMCKOMQOPT MPHUX0XKaHaAM, a Takke
SIBJISFOTCSI TIPUYMHOM TIOpYM HACTEHHOW J>KMBOIMCH W JIPYTHX JJIEMEHTOB yOpaHcTBa. B nmanHO#
CTaThe paccMaTpUBAIOTCS (AKTOPBI, NPU KOTOPBHIX BO3MOXKHO BBINAJCHWE KOHJCHCATA.
[lonHuMaeTcss BOIIPOC BIMSHUS TNPABUJIBHOIO pacdyeTa CONPOTUBIIEHMS TEIUIONEpeadye Orpax-

JAIOIMX KOHCTPYKIUHN 1715 TOAAepkKAaHUS TpeOyeMbIX apaMeTpOB MUKPOKIINMATA.

KiroueBble cjioBa: BEHTWISALUS XpaMa; BBINMAJEeHUE KOHIEHCATa; TEMIlepaTypa BHYTpEHHEN

MOBCPXHOCTU,; OTHOCUTCIIbHASA BJIAXKHOCTD, TOUKA POCHI.

VJIK 628.113
OLEHKA ®AKTHUYECKOI'O IIOTPEBJIEHMA BOJIbl HACEJIEHWMEM TBUJIMCH.
Cocesns I'.A., JapuramBuiau A.H., Knumuamsuau JI.J., Cocesus H.I'. / Tunpounxenepus,
Nel-2(21-22), 2016, c. 60-62.
Pe3ome: [IpoexT BojgocHaOXeHHMS W KaHaM3auuu TOWIMCH mpenarnoyaraeT (GaxTHYECKOe
KOJIMYECTBO TOTpeOIsieMoil BOMIbI HaceleHWeM TOWIMCH HAa OCHOBAaHWHU IMPOBEIEHHBIX HCCIENO-
BaHUH, OIEHKAa KOJHMYECTBAa yTEUEK KaK B ITOM CEKTOpe, TaK U B MArucCTPaJbHOM M JUCTPHU-
OYIIMOHHOM CETH.
B momoOpaHHBIX y9acTKax MarucTpalbHOW JUCTPUOYIMOHHOH CeTH OBUT CHeNlaH MOHTaX
00BEMHBIX U KOMOMHHPOBAHHBIX BOJOMEPOB U OBLIO BBIYUCICHO KOJIMYECTBO YTEUYEK HA KaXKIOM
kunomerpe. MccnenoBanus mokasaim, 4To:
® B TOYKAX COCIUHEHHS TPYO BBICOKOE JABJICHHUE BBI3BIBACT IMOBBIMICHUE YTCUCK HA YTy
HacesieHus (J1 / Ha Aylry HaceneHus / B ICHB).

® VYBCIIMYCHHE YTCUKH IMOBBIMIACT PUCKH MTOATOTUICHUS 3aHUH .

® JIMKBHJIAIMS YTEUEK B MaruCTPAIbHOW M TUCTPUOYIIMOHHOW CETH BBI3BIBAET YMCHBIIICHHE
KOJIMYECTBA TMOJAYM BOJBI M COOTBETCTBEHHO YMEHBIIIEHHE 3aTpaT HCIOJIb30BAHHON
ANEKTPOIHEPTHH B HACOCHBIX CTAHITUSX.

HUrorn mpoekra B Oyaymem OyAayT HCHOJb30BaHbI MEXIYHAPOJHBIMH M MECTHBIMHU
KOHCYJIbTAHTAMH B WHBECTHUIIMOHHBIX TPOCKTaX pPEaOMIMTAIIMN CUCTEMBl BOJOCHAOXKCHUS, YTO

YIYUIINAT TOAAa4Yy BOJbI HaceIeHHIO TOMITHCH.

KarwueBble c1oBa: BojocHa0OxeHue TOWIMCH; YTEUKH; PeCypchl BObI HA JyIly HACEJICHHUS;

NOTCPU BOAbI; BOOOMCPEI; paCXOAOMCEPHI.
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VK 634.8:581.54

OCOBEHHOCTH OIPEJEJIEHUS BOJIOOBECIIEYEHHOCTU BUHOI'PATHOM JIO3bI.
Onunasanze T.B., bauasa K.I'., UnamBuau WU.J., JapuramBuau A.H. / 'unpounxenepus,
Nel-2(21-22), 2016, c. 63-68.

Pe3tome: Cpenn MHOTOUYMCICHHBIX TPUPOAHO-KIMMATHUYECKUX (PAKTOPOB, BIUSIOMIMX Ha
JTUHAMHYECKHE MPOLIECChI PA3BUTHUS CEIHCKOXO3IHCTBEHHBIX KYJIBTYpP, OCOOYIO 3HAUMMOCTH MPHO-
OpeTaeT Takoi KJIMMAaTUYEeCKUIl MOKa3aTellb, KAKOBBIM SIBIISIETCS HBANOTpaHCIHpaIus (CyMMapHoe
ucrapeHue). DBanoTpaHcnupanus U odecnedrBaomuye ee GakTopsl, 1 pa3HbIX KIMMAaTHYECKUX
YCJIOBHM, SIBJISIFOTCS OCHOBHBIMH TIOKA3aTENISIMH OIMPEACIICHHS BOJIOIOTPEOHOCTH B €€ ONTUMATIbHOM
MIPOYKTUBHOCTH JJISI CEIbCKOXO03SUCTBEHHBIX KYIBTYP.

Jlns ompeneneHus: SBaOTPaHCIUPALUYA BUHOTPATHOM JIO3bI HAMU OBLT HCIIONB30BAaH METO]I
X. bnuan-B. Kpunana, ¢ moMoIpio KOTOPOTo ¢ BICOKOH TOYHOCTBIO OBLITM OTIPECIICHBI 3HAUCHUS
PETYIHPYIOMIETo AeUIIUTa HPPUTAITUN BUHOTPATHOM JIO3BI.

Ha ocnose nposenenHoro B 2013 rogy skcneprMeHTa Ha MOJIMIoHe I'py3MHCKOro arpapHoro
YHHUBEpPCUTETA, C UCHONIb30BaHueM Merona JI. BumbsiMmca, Ans BUHOTpagHOU J03bI copTa «Pxarm-
TEJIW» MBI ONPESTII KOAIPUIIMEHTH OMOJIOTHYECKON BOJOMOTPEOHOCTH M COOTBETCTBEHHO, €€

BOJIOTIOTPEOHOCTH B MIEPUO]T BETE€TAIHH.

KiroueBble cjioBa: 3BanoTpaHcnupanus; Ko3ppuunueHT GHoI0ruyeckoi BOIONOTPEOHOCTH;

peryIupoBaHHBINA ACQUIUT UPPUTALTIH.

YK 626.9

PACYET JJJIMHHBIX BOJIH B AKBATOPUIM PEYHbIX YCTBEB. Koxya M.A. // Tunpo-
umkenepus, Nel-2(21-22), 2016, c. 69-75.

Pe3rome: PaccmoTpeHa 3ajaua pacyeTa BOJH B aKBAaTOPUSAX PEUYHBIX YCThEB, KOTOpas, B
OTJIMYUE OT CYMIECTBYIOIIUX SHEPreTUYCCKUX MOJEJICH, HEIMOCPEJACTBEHHO OIUPACTCS HA aHaJH-
TUYECKOE DPEIICHHE JIMHEHHOTO ypaBHEHHS W3MEHYMBOCTH BOJHOBOTO JBMIXKECHUS B TITyOWHHBIX
OTMETBHBIX MOTOKAX.

[Toka3aHo, 4YTO BOJHM3M PEYHOTO YCThS, B MAJIbIX MOPCKHUX TJIyOMHAX, TEYECHUE pEK
3aTPyAHEHO KaK MHTEHCUBHBIM POCTOM BBICOTHI BOJIH, TaK U YMEHBIIICHUEM UX JUTHHBI.

[Toy4yenHble pe3ysbTaThl MOKA3aJIA, YTO JUTMHA BOJHBI 3aBUCUT HE TOJIBKO OT IapaMEeTpOB

TEUEHUS PEKU U INTyOUHBI MOPSI, HO U OT YaCTOThI BOJTHOBBIX KOJICOAHUH.

KiroueBble ciioBa: ycThe peKkH; JJIMHHAS BOJIHA; CKOPOCTh TEUCHHUS; MepeMeHHas TiyOunHa;

TpaHchOopMaIHs BOJIHBL.
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YK 693.54

NCCJIEJOBAHUE ITPOLIECCA PA3PYIIIEHWS BETOHHBIX 1 XXEJIE3OBETOHHBIX
KOHCTPYKIMIM METOJIOM I'OJIOTPA®UYECKOW UHTEPOEPOMETPUMN. Jlanakumsu-
au I'JL., Xazanua K.P., Canukuaze I'.C, Xummmamsuau JI.B. / Tunpourxenepus, Nel-2(21-
22), 2016, c. 76-83.

Pe3tome: [IpoBeneHo dKcIepUMEHTATIbHOE UCCIEI0BaHUE, C TIOMOIIBI0 KOTOPOro ObLI ycTa-
HOBJICH OIMH U3 TJIaBHBIX KOMIOHEHTOB - K. — TPEUIMHOCTONKOCTH B TAKOM aKTyalbHOM CTPOU-
TEJIBHOM MaTepuaje KakuM sBIseTcs LeMeHT. ONBIT HNPOBOAWICA METOJOM TIojorpapuueckon
uHTephEpOMEeTpHH Ha OpycKax MpPHU3MBI, M3TOTOBJICHHOW W3 mopTiaHameMeHTa mapku M-400.
OmnucaHsl X0 3TOrO SKCIEPUMEHTA, €r0 TOYHOCTb U BBIICHEHO HACKOJIBKO Ba)KHO IPUMEHEHHE

9TOro Meroaa B CTPOUTCIIBHOM JICJIC.

KawueBble cjioBa: (eHOMEHOJOTHS;, KOHTHHYAJIbHBIN; KOA()(UIIMEHT HANPSHKEHHOCTH WH-

TEHCUBHOCTH; Tosorpaduueckas nuurepdepomerpus; nazep He-Ne.

VIK 621.227.3

OITIPEAEJIEHME BEJIMUYMHBI ITOBBIINEHWA JTABJIEHWA B TPYBE I1PU I'MIPAB-
JIMYECKOM YJIAPE. Tonypuss M.B., Cypmasa A.I'. / T'uapoumxkenepusi, Nel-2(21-22), 2016,
c. 84-89.

Pe3rome: PaccmarpuBaeTcsi HamopHOE JABM)KEHUE KUJIKOCTH B TpyOe B Cilydae MIHOBEHHOTO
3aKpBITUSL KPaHA, BCIEACTBUE KOTOPOTO YACTHIIBI KUAKOCTH COBEPIIAIOT 3aTyXarolue KojaeOaHus,
OJTHOBPEMEHHO C KOTOPBIMHU OyIyT M3MEHATHCS aBJICHHUE M COOTBETCTBEHHO CKOPOCTH 3a BEChbMa
MaJlblil IPOMEKYTOK BpeMeHH. J{Js MoyueHHus pacyeTHOM 3aBUCUMOCTH UCIOJIb3YETCsl TEOpeEMa O
KOJIMYECTBE JIBM)KEHUS, COIVIACHO KOTOPOH NMpUpAIEHUE MOCIEIHEN 3a HEKOTOPBIM MPOMEKYTOK
BPEMEHHU PaBHO CyMMe€ IPOEKLUN MUMITyJIbCOB CHJI Ha HalpaBieHUE ABUKEHUsS. OTMEUYEHO,UTO IIPH

TUJIPABIMYECKOM yjape TOBBIIICHHE HAropa B TPyOONpoBojae paBHO (UC/Qg.IIe U —CKOPOCTH),

CKOPOCTH PaCIpOCTPAHEHUsI yIAPHON BOJIHBIL.

KaroueBnle cioBa: FI/I,Z[paBHI/I‘{eCKI/Iﬁ yAap; HaAITIOPHOC ABUKCHUC.

YK 691.32

HOBAS ®OPMVJIA OBFBEMHOI'O SJIPA TIOJI3VUECTU MEJIKO3EPHUCTOI'O BE-
TOHA, KOTOPAS YUUTHIBAET BJIIATOCOJAEP)KAHUE MATEPUAJIA. CakBapennaze A.B. //
lMunpounxenepus, Nel-2(21-22), 2016, c. 90-94.

Pe3rome: VccnemoBaHbl BONMPOCHI TON3YYE€CTH MEIKO3EPHUCTOIO OETOHA MPH CXKATHH, pac-
TSOKCHUU M KPYUYCHHH.

Ha ocHOBaHuU oOIpeleneHHbIX MapaMeTpoB IOJI3YYEeCTH KOMIIO3UTa YCTAHOBIIEHBI spa
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00BEMHOM TIOJI3YYECTH MEJIKO3EPHUCTOTO OETOHA Pa3IMYHOro Biarocoaepkanus. Paspaborana
HOBast TeopeTudeckas popMmysia 00bEMHOTO sIpa TMOI3YyYECTH, KOTOpask YUUTHIBACT BIAr0COICp:KaHIEe

Matepuala. OHpeI[eJ'ICHLI KOHCTAHTEI B (l)opMlee AJIs1 KOMITIO3UTa Pa3JIMdHOTIO BJIAroCOACPIKaAHU.

KiroueBble cioBa: Moi3ydyecTh;, 00BEM; CIBHUT, CKAaTHE; PACTSDKCHHUE; SIPO; JIOTapU(M;

¢byHKIMA; BIarocoaep:kanue; Gpopmyna.
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