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UDC 628.1.034

DEVELOPMENT OF EFFECTIVE METHODS FOR ORGANIZATION OF
MINOR WATER CYCLE

A. Bakhtiari, T.Berberashvili, A. Bagration-Davitashvili, D. Gurgenidze,
P.Kervalishvili, L. Klimiashvili

(Georgian Technical University)

Summary: Nowadays, water scarcity beside pollution is one of the most complicated problem in
the world that many scientists are involved to find solutions. Most of the alternatives are
based on saving and pollution prevention. However, they are useful, but not sufficient in
large scale.

Pollution not only damage to environment resources, but also decrease fresh water
resources and it is significant, when constant amount of fresh water on the earth is con-
sidered. Therefore, a comprehensive alternative not only remove water scarcity, but also

save the world from pollutants.

Key words: water crisis; water minor cycle; water economy; reusing water; water resources.

1. INTRODUCTION

Water, as the most vital matter on the earth is prominent enough, that does not need to in-
troduce, how is shown on the maps since ancient times civilization and potable water relation
that all of them were established water resource nearby. However, natural potable water re-
sources are about 3% of water resources in the world and it has not been distributed uniform on
the earth. On the other hand, population growth and industries demand made it more serious,
that resources management is inevitable.

Nowadays, water scarcity' is one the most serious problem in the world, that many organ-
izations are involved to find suitable and reasonable alternatives. Not only changes environ-

ment, but also effect on societal-economic factors, how UN secretary mentioned, "All are plac-

'An area is experiencing water stress, when annual water supplies drop below 1,700 m’ per person.
When annual water supplies drop below 1,000 m® per person, the population faces water scarcity, and

below 500 cubic meters "absolute scarcity".
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es, where shortages of water contribute to poverty. They cause social hardship and impede de-
velopment. They create tensions in conflict-proneregions." [1]

e Around 700 million people in 43 countries suffer today from water scarcity.

» By 2025, 1.8 billion people will be living in countries, or regions with absolute water scarci-
ty, and two-thirds of the world's population could be living under water stressed conditions.

e With the existing climate change scenario, almost half the world's population will be living
in areas of high water stress by 2030, including between 75 million and 250 million people in Afri-
ca. In addition, water scarcity in some arid and semi-arid places will displace between 24 million
and 700 million people.[1]

Global physical and economic water scarcity

Little or no water scarcity
W Physical water scarcity
Approaching physical
water scarcity
M Economic water scarcity
Mot estimated

Figure 1. Water scarcity map in theworld [1]

There are two different water scarcities:

1- Physical

2- Economical

Physical scarcity depends on fresh water scarcity that 17% of world population involved
and 7% are close it.'

Economical scarcity refers to lack of water jobs facilities, then lack of fresh water access
that 23% of world population are involved.[1]

On the other hand, refer to fix amount of fresh water on the earth, resources saving from
pollution are very important too. Meanwhile, wasteshould be managed to prevent environment
pollution. According to water role in the world, as a carrier media, wastewater management is
also significant.In words, resources pollution makes not only fresh water shortage, that effect on
scarcity directly, but also damage on ecosystem then other resources. Therefore, water crisis is
better expression instead of water scarcity and then finding a comprehensive solution for both

scarcity and pollution is inevitable.
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[I.THE BODY OF THE ARTICLE
1. Water economy and routine treatment methods

Refer to Merriam Webster dictionary, economy means thrifty and efficient use of material
resources. There is a fixed amount of water on the earth without increase or decrease and, as a
vital substance, it is necessary for all of the creatures, then it should nourish all of them in the
water cycle to make ecosystem, therefore water is not separated from its cycle. Hence, water
economy is defining:

“The analysis of elements that influence water demand and management and their socio-
economic and environmental impact are of particular interest given that their results help de-
fine policies for the sustainability of the water cycle.”

In fact, analysis without data and indicators is meaningless. On the other hand, beside water
usage directly, there are many other different consumptions, as indirect like agriculture, food in-
dustries, power plants, so on. Then water economy can define relate to its socialized usage also:

“The definition and analysis of indicators related to the environmental efficiency of busi-
nesses, emphasizing the water footprint of products, processes and production units, combined
with the development of cost-effective and cost-benefit methodologies to support decision mak-
ing.

Domessic consumpion

Aquaculture 1%
2% Industrial

5%

Livestock
1%

Mining
1%

Figure 2: Water consumption

Refer to definitions; water economy has two different aspects. First, relates to water hy-
drologic cycle, that is involved in ecosystem, as major cycle, second, is depended on localized
demand than management.

According to population growing up and non-equal water resources on the earth, demand

is increased. On the other hand, more localized usage without environmental considerations and
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hydrologic cycle attention, damage to ecosystem via natural hydrologic cycle deficit; because
more consumption change, natural-balanced hydrologic cycle.

According to figure 2, power generation consumes the biggest water contribution. On the
other hand, energy consumption is related to GDP directly too, what was shown in figure 3.
Therefore, it is approved water consumption relates to economic growth in direct and indirect
aspects and refer to population growth it will be more.Then hydrologic cycle and localized cycle

interferenceislogic.
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Figure 3: World GDP and water consumption relation[2]

Hence, water management should be under environmental considerations, what less is at-
tended these days. To prove the claim, as an example, drinking water supply via reverse osmosis
process in Persian Gulf without environmental consideration is significant. 60% of seawater
treatment plants are in the Persian Gulf and almost 7% increase yearly. [3] All of them use sea-
water as feed, then treat it to drinking, but its waste what known is, as brine puts away in the
sea, that prominent as one of the pollutants with two times TDS greater.

Salinity is one of the most important sea ecosystem factor, that can guarantee its health.
On the other hand, according to geographic conditions, Persian Gulf water replaces during per 4
years, what should considered beside 7% plants growth. Therefore, water supply without envi-
ronmental consideration damage the ecosystem.

Despite of environmental consideration, water product price is one of the most important
factor, that not only effect on drinking water price directly, but also influence on the other prod-
ucts what are related to water (As an example, food industries, energy generation, agriculture

and so on). Therefore, product cost influence on the economy more, than expectations.
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2. Analysis

Refer to data, water crisis is serious, then to find alternatives should be priority. [4] There
are different alternatives suggested by experts, but totally, they are based on saving and keep
clean resources in all of aspects to save environment beside cheaper treatment process to pro-
duce cheaper water.

However, one of the alternatives is reuse water, what can make minor cycle beside major
cycle (figure 4). It means, water is used in a process could be treated again and reuse instead of
wasting. Then, not only resources are saved via fresh resources usage restriction, but also envi-
ronment considerations are observed via waste limitation then less pollution.

rﬂ\ Condensation -..-.._u,_,-_-.. bl
7, P
7

‘_‘v-
d\,\_‘,—-\ ~
ras \_}
w
B

2P
_:-;
g\

Minor Cycle

Transpiration

Precipitation

Evaporation

Percolation

Figure4: Minor cyclein Macrocycle

On the other hand, water treatment means impurities and contaminants release to achieve
standard qualifications. It is obvious, that standards suggest quality according to minimum re-
quirements, what depend on the case.

In fact, treated water quality is depend on usage necessity then, it is flexible. In words,
drinking water standard is not necessary to pass in all of the cases, what means treatment cost
optimization. As an example, irrigation does not need drinking water qualification most of the
times, then maybe first farm waste after light treatment could be the other farms feed water or it
could be used in the first one after a cheap treatment.

Beside treatment flexibility, according to requirements for treatment cost optimization,
waste treatment to find drinking water or high quality water is possible too [5], but often it will

not be feasible via common methods. This is happened in most industries, that feed by fresh wa-
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ter, then their waste will be polluted more, than what needs a cheap treatment as reusing. There-
fore, an innovative process is necessary to make a feasible minor cycle. >

In other words, reused water gives a chance to recharge waste, as feed water source than
environment consideration could be observed too. Beside environment considerations, if treat-
ment cost be reasonable, it will be one the best alternative, that not only preserve environment,
but also produce reasonable price product.

Normally, feed water (treated water) from municipal treatment sources will carry more
impurities after process passing and then it goes back to the resources and should be treated
again. Now, if there is a minor cycle, processed water could be reused. Therefore, not only
waste and pollutants are managed, but also save water resources via less demand. On the other
hand, waste management could make value added via raw material, or semi- raw material recy-
cling; if capable.

Reusing instead of wasting can make value adding via not only material recycling, but al-
so gives a chance to have selective treatment. Then, waste recycling makes value adding instead
of pollution; selective treatment can produce cheaper water to feed and then less demand from
major cycle (or municipal treated water) via minor cycle. Therefore, the minor cycle concept
according to win-win economic strategy could be significant.

Now, current treatment process investigation could be useful to find a comprehensive so-
lution. Totally, water supply cost is depend on three zones:

1- Intake

2- Treatment

3- Transmission

Therefore, per cubic water price is depended on all of the above costs, as their summation,
then each section discount can decrease total price. However, precise judge about cost should be
case study, but treatment cost is the most important item generally, then its investigation could
be useful.

Totally, there are three major impurities in water:

1-TSS (Total suspended solid)

*As an example, if a factory uses fresh water with X impurities summation and wants to reuse waste as
feed, it will have X+Y impurities; Y impurities have been added because of factory process; what means
more expensive treatment, because treatment process equipment then treatment cost depends on quality

and quantity of impurities and contaminants.
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2-TDS (Total dissolved solid)

3-Infection

Solid suspended and infection do not have chemical bond with water molecule and there
are different physical specifications, which used to separate them from water, but dissolved sol-
id has chemical bond in water then it is more difficult to separate. There are two different main
methods for separation:

e Saline bond distract by vaporization 2 MSF, MED, VD

e Saline bond distract by filtration 2 RO

According to the basis of thermal process, in routine method like MSF water has to
change, its liquid phase to vapor, that takes 2260 kj.kg'at 100 °C for vaporization, but in mem-
brane process, it is not necessary. Therefore, water latent heat is the main factor of energy con-
sumption in thermal processes and decrease of latent heat effect in the thermal process gives
lower energy consumption and lower product cost.

Meanwhile, in common thermal processes, water should boil in normal atmosphere pres-
sure (about 100 °C at 1 atm) then vapor cooling after water vaporization is another significant
subject. High temperature of treated vapor effects on its cooling rate and it needs more efficient
heat exchanger. Therefore, phase change of water at lower temperature and decrease of its latent
heat effect are the keys of thermal processes improvement.

As a matter of fact, evaporation means loosing of force between molecules. As figure 5,
bubbles burst not only release heat, but also its turbulence make fine water particles; atomizing,
that splash from the surface then surface/volume ratio through particles is increased by ultra-
sound. On the other hand, evaporation is from the surface more, than contact face, as more con-

tact surface of water and environment, it means more energy exchange and more vaporization.

However, RO is the most favorite desalination method, but refer to concept; it is possible

to make more thermal feasible process, that makes minorcycle of reasonable process.[6]

Water particles or mist

Ultrasonic transducer

Figure5: Ultrasound effect [6]

14



dommobgobg®os, Nel-2(25-26), 2018 — Hydroengineering, Ne1-2(25-26), 2018 — I'mapoumxenepus, Nel-2(25-26), 2018

OI. CONCLUSION

According to water crisis in the world, water economy is one of the most important priori-
ty. On the other hand, water economy without water cycle concept consideration is not possible.
Therefore, alternative without environment consideration is not perfect and damage ecosystem
in long term.

Refer to water utilization in many aspects in the world, minor cycle could be defined, as a
small new cycle what parallel to grand cycle, as hydrologic cycle. This minor cycle is executed,
as reusing water, then saving fresh water resources via demand fresh water restriction and man-
age waste to pollutant limitation could be significant alternative. Shortly, nature way imitation,
as minor cycle, could be the best solution refer to all of the aspects observation.

However, reused water procedure is utilized occasionally, but it is not cultivated generally.
Of course, refer to case, minor cycle doctrine should be investigated. Sometimes integration of
methods makes feasible opportunity not only save environment, but also produce cheaper water.

Hence, innovative ways like ultrasonic heating can break routine rules and make a feasible
minor cycle, then not only supply water through reusing, but also save water resources, as a
comprehensive alternative.

In the end, minor cycle doctrine, as a comprehensive alternative, not only solve scarcity,
but also provide a solution via waste management and then improve both sides of water econo-

my, as physical and economical.
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obGmEgdols  sdmboblbo  bmyopo  Loboo hoofgmgos bglgamol  byanmgsbo  @opols
JmEog0300 o9 39bdiogddo [5, 6, 7

v =Cl, (kr)+C,K, (kr) , (13)

oo € o €, 0bdga®odmgdol 3ydoggdos (K, 39bj3ool dsgombogols 39bdios-
Lo 9forgbgh) Lolkr) @o K (kr) gabdaogbo yobygamgbyds Lijgossa® gabigooms
eoobl, @mdagdoi o6 godmobabgds gengdgbBo®ym )9bjiogddo. s30dmd, Lsobgob-
Om 30y JHgoolsl Ligaosmy®o 9bj30gd0l boggmoe bdodop dododmoggb o3
B96J30900b SLod3HmGH YO (bRghym) yodmbsbymgdgol, Gmdmgdos, GmamGa Tabo,
aodmoliobgds o gangdgb@odyamo  gybjiogdol dgdggmdom, 3obygbmdl oG dgbGol
(hggbl dgdmbgggsdo kr-ol) o 8609gbgermdgdls [6, 7, 8] o3 sLod3GmEPYH0 FoE-
g0 gdols gomgo@olifobgdom, bmyso (13) s3mbsblibo hoo§g@mgds dgdpgayo Laboo:

ki
e’ T

=C +C e ™. 14
v Ny 250 (14)

09 25dmg04969dm SLoI3BHME YO0 godmbobymgdols gofo®dmgdol FgLl [4,9], ao-

goFom3dmgdm (14) godmbobymmgdsl s hoglgsdm (12) Lobsbmg®m Jo®modsdo, ¢ ws C,
dy9edoggdo dgbodangdgeros @ogoggebmm gho C I9gpdogsoby:
1 C

o b 1 _»
'_=C - e 0 = (15)
Sk R, N2k R, 2

boo@obsz s@gogse aobolobwg@gds € s C, Iygedoggdo, boam o3 93565L3bg@ms

Cl

holidom (14) godmlobyangdsdo 3m@Egbiosmol Ladogdgeno w bofogo (sd3go@ os)

w:C\/ﬁcoshk(Ro—r). (16)
r

(16) aodmbobyagbols ©s dobo sLod3@m@Gyao [o@dmgdymol hobdoom (1) Lolob-
©3O™M  300M65T0, OMIgmoi LOYmegds Lombol msgolyxsm  bgosdodmby, bowss
r=h, Lodmemmme dogogdn  Fosmey®  dbggsms Lobdodol gobdlsbwgdgen  aob-

A gdsls:
(6-kU,)" coshk (R, —h) = ~g sinhk (R, ~h), (17)
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Amdenols sdmblbols o Lobdo@ols dodos®m gl dgdwgyo Lobg:

G =kU, +/-gktanhk(R,~h) . (18)

Lfmage (18) godmbsobymmgdols Logydgganbyg dgagodmos  godbyx genmm  Lombols
Aoey®o  Ind@omdols  dgedimaniolgye  Jpa@omdsby momddol  Jo®sdwpg  dgg-
Lgdge Fyoemlbs@o®do. 3g@dmw, (18) wodmyowgdyamgdol mobobdsw, gobsowsb {ymols
bgosdomols bodbymo h gmggmmgol bsgamgdos (gs@bo@dodol (pgodsdol) R, ®o-

©oglbyg, bogm Fsmey®o @oabgo k>0, 99bgdz9d dmmoglgdyao Lowowyg Yo@ym-
Q0m0s, Mol 2odm3, (18) aodmlsbyegdom owygbomo Fomey®d @bggoms Lobdomy
30330 gJby@o Goibgos

o =kU, ti,/gktanhk(R, — h). (19)
0y (19) Go@mdomn  asblobwgdger  Lobdo®ols 53 360dgbgermdsls  hogligsdm

Lohomgms ggemol 3m@gbiosemol (6) aodmbsbyegdsdo, sgogs ©sg®(dybogdom,
@md  (19) gm@adymol gOm-gaon gglgl, ggOdme  JoOYmGombodbosbl, dogysgs®m
3mBgboogols @@mol dods@m gJl3mbgbzosy@em bOPs® sdmowgdym gdsdwy:

O~ ", Lo m=gktanhk(R,—h)) (20)

oby Gomey®do IndMomdols s@oIEyMSEMbSdwY.

>dH0 o0, 09 Faoygmo 33gmnol Tysmbs@s®o (3g0dsdo 5b omlswgbo) momJdols
3005d@g> boglyg, 35Tob o3 bogool bgos3omdy swd@gmo bydolidog®o Vgdgmmgds
3930 oo 250bMPGds ©s 35dmofgggL Lombol >Tbgxgdsl [yomlogomol k9@ by.
gL Jmbpgds 35Toboz 3o, dmEs boddy agodab F@oygmo gsobogiggmol momddols 306 s0-
©g d93Lgoyge a@dgan 53bmseb, @MIgandoz [yseo gd@sgos (U, =0).

amEs Uy #0, s@sdpa@omdols gl 2odmgemobgds gobsdo@mdgdl do@omswo, aob-
V30030 @obgdols dgngdbgdsl s (@oygmo 339mol Fgomlo@o@oli god@o®ybo@os-
bemdol dgd300gosl (pog0bligbmm mybosi dmmmowsb [ymol godmlbbdol 3@m3gbo,
Omdganlsi 3gsd osbenogl dogemols Myggs o Lombol 0d3xmby®o 5Tbgagds dmm-
@wols 490Dy, @oEaeb [yoml 9dodl mobsdo®o Lobds®omn godmemgds  dmmanols
dg50¥@mgdgmo gaawowsb).

Foogmo gggmol Fgoabodomgool gdldg@edgbHamo ggeggol Bgwaygoo do@o-
o dalByY®gdl 0d goJBl, @M, GmEs [yslbo@o®o momdol 3o0Msdwgs Logly,
dgBo© Gmgegds Isldo godsgogo Lombol badyxol aobmdgs. Jodmgger Jo@sg-
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@0300L-9J139M0396GoGMOms  gOm-gOmo mgoglshobm  {omdmdsagbgano o. dsbodgo-
o, dob dogd «xg@ gopgy 1947 (gaol  Ho@Bo®gdymmo  Lig@d3gmmmbydo 3w o0l
dggao dogops ©slygbsdwyg [10], @md ,Logds@obo Loodgom  gJb3g@modgb@odmgds
dgbodengdgamos  dbmame  0,93-0,95 D-b (D @osdgd®os) oo  dg3lgdsdeyg. @m3o
dggLgos 033 gdmes 93-95%-wob 100%-dog, 3930l hos@omgds Vgydengdgemo bogds.
dogoliogboll momJdol 3o@sdpyg dggbgdolols gg9d @g0dggers 3903 Loggb@omsiEom
bg@gergdds s 3903 Lomgo@mmgomm @omdgdds®. ao®ws sdobs, @o3 hggbmgols ygg-
wobg 9RO sebsbodbogos, o. dobodgomo oliggbows, @™I ,dogbgosgo Jobmdgdols
G3geroengdols (g.0. Lohdo®ggdol (gerogmgdobs, o3@.), 9JL3g@0dgb@yan dognlswgbdo
doJLodogy®o  25dBoMPbo®osbmds (g.0. Lombol Jpa®swo Loboom goGo®gds, o30.)
>0060dbgdmes  dogolswgbols 92-93%-00  ggbgoolsl™. sdsgg ©@OML, 309000 3g9®
0dbs oagboao, @ gogangbs oJgl ggbBomoEosl (sby dsgdoli d@ol s@Lgomdsl,
536 bmgomow bsgowols Foboswmdsby®.

OmamO ;3 gbgosgm, hggbo mgm@oygmo dgogagdo O dglsdsdobemdsdos o. do-
bodgoenols  odbm@s@m@oygao  33e 3900l dgogagomsb. gl dglsdsdolmds, ao®ws
0dobs, OMI s@odyMsEmdols dobolioomgdgaro m Ishggbgdgeno s@ s@ols @sdmowgdy-
@0 bogools mobsdo®o dmd@smdols U, LohJodgby, gerobpgds 035303, GmA (20) yodm-
Lobogagdol msbobdow, m sdmgoegdgmos (R, —h) ©omdbg Lombol msgolsgego
bgosdodlbs s Fyomls@odmol 490l  dmeol  dgdgmmgdol  @Gogomol  Lopa®dgby
(A=27/k). 53 bowowggdol bHEslmsh g@msm 300wmgds M 31980309600 ©> bogo-
©0 Jool{@ogg0l LEsdogyg®mdol gb.

Fooga Fyombodo®gddo Lombols dmd@omdols mogoligdy®gdols o3 godmgemobgdsls
do@sgmogmbos gomo bofogo Loghome godymyes ©s doshbps, @md Lombol
mbols 353 gdolmsb gomoe bpgds bogools badxol godywdgdyemo do@gds [11], be-
g dgm@agl  (doo  dm@ol  mgom o, dobodgoml o  odgodosiz dsbgs  dohbgyero
do®sgmogol 9ddegergl Lobganddwgsbgenmdo) — @md os@sdy@dsmdbol gl godmg-
@0bgds 50blbgds dgbol gddo@oyemo gm@Igeols gobbmgswgbomn gesfbygm FHoyemo
33900L  (gomlo@omgdbby. 390dme, Tgboll gm@Iygamol  msbobdoe, dosw{ggh  @o
Vyemol bodxo aoM3399a dggbgdols (95%-1 aoygag@ols dobgogoom [12]), msbpsmsbm-
dom 0fggol gangdol ao@gggyer 360d3bgamdsdwyg, @o3 dgodangds (dop®ed domygde-

A030o0  olodygmgdamow) Logydgemom ©ogoml aobbognyao dmgengbols oblbsb.

hggbo 3gerggol dgegaom g0, GmES (@ogmo s3g0m0L Fyomlogsmdo 90%-00 o dg@o-
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s> dgglgdgeo, dgbol Gm@Igmon Lo@ygdmmds ©s9dggdgeos, gobsowsb sbgmo
g3bgdolisl, @mam@E bgdmm ogm bohggbgdo, 3M0bodymap dgndamgdgamos Jpg@oo
bEoEombsdgmo G970dol Hgomobgds, MsLsE3 gglsdsdgds dgbols gm@mdygms.
Lfm@ge, bogopol sMmsdpy@swo  gowobgds 0fgggh momgdol  3o®sdpg  Loglyg
Fgoebo@o®m@o bodxobs ©s LohJs@ol bsb 033gmbiyn® dsGgdsl, bob jangdsl.

bogowols dpg@opmds J3odmgr Ygzbgdge FyomlogodTo. 53 39ddm  bpgdoe
dg3mbgggsdo (bobobo, 8) 6 mes@ymo gymby ©gdgemdl momddol -90°%-0ls Eemen
95@4mgon 360dgbgermdgdls olyg, GmI 3dsgmgomwgds dgdpgao dJosbenmgdbomo  Fm-
@mdgdo: sin @ = —1 s cos @ = 0.

sbgm dgdmbgggsdo oby dmEs Fymol 3m@mobmbBo Fysamls@odmols 396¢®ol Jgg-
dJomss dmJ3ggeo, (2) ©obsdogy@ Lolbsbwg@em 3odmmdsdo h -ols {ob Lododms ,,— bo-
dobo. Yggaow, (5+7) gob@maagdsms LolEgds doowgdl Lobgl:

dv 1dy ,
+— k=0 ; 21
ar* r dr v @h
2 dy
(G—kUO) \U=—g'd—, oM@ r=h; (22)
r
d—w=0, Gm@Es r=R;. (23)
dr

5§53, 0bggg GeymaE (10) gobhowgdsdo, Yoamgdgmyogomos 3m@gbgosmols
dgmerg  @oaol Fo®@dmgdygmo  3m@sdygao  ggonbom, Gmym®i dzodg Lowpowg. gL
90 gogenymas  360dgbgermgbowss  gobdo@mdgdbymo  0domss, @M Gmymeg  (10),
obg (22) Lobobwg®dem 300Mmdgddo, MMIggdoz LOYmEgds Lombol msgobygse bgoes-
300by, o0 ol 3m@gbiosgols Fo®dmgdamo dmes@ygmo 3ymbom.

9)+(11) s 2D+(23) gobmagdsms  LoliEgdgdl dm@ol  Lbgomds ganobogds

dbmerme - bodsbdo, Gmdganoi mogl ohgbls C;—j!-ob F0b (22) Lobobpgdm 3o@mdsdo.

(2D)+(23) LobBgdol sdmblibs RoJBMd@ogow 0dgmmgdl Fobs 39bj@do Imygsbogno
sdmblbol 3Mm@Egeg®sl. of dgdmgoxzsdamagbon dbmwme sdnblbols Lbsdmgmm —
sbod3BmA @0  dggagdols dmyzsbom. 3g@dme, olggg Gmameg Fobs dgdmbgggsdo,
LohJo®gms ggeools 3m@gbigosgo sLodd@m@ydo Lobom hsofg@mgds dgdwgao 3md3emgd-

bg@o ©sdm o gdyen gdom:
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o=y =C, /& coshk (R, —r) o), (24)
r

doa@od o3 dgdmbgggedo, (19) odmjgogdymgdoligsb goblbgeggdom, wolidg@loyeno
353900 Fomey® @bggzoms Lobdodgls o Fomey®d Goibgl dm@ol godmomgen gds

ROOIYD0m:

o =kU, t/gktanhk(R,~h), (25)

@edgol mobobdow, Gomeyg®mo Gbggzgdol LobBomg 56 s@ol jm33mgJlbyd@o Lowowg,
@53 4030000090l Fogea@  ImdBOomIsms  IEy@oEmbsby  [@ogmo  339m0l
Fgoabs@omol dz00ge dgzligdol dgdmbgggsdo.

bogool dpa@spmdol dgbobgd bobggtoe dgglgdnem F@ogmo 3ggomol Fyoem-
bos@o®@do. @mEs [Oogmo 33gmol Fyoebs@omo bobgg@owss dggligdyano, dgygodaos
hogmgo@mm, AmI msgolygog bgosdo®by € 3mmsdygmo Jgmbg o3gengds bymmsb
dobamdmdsdo olg, @md LOYmEgds Igdogyo dosbanmgdomo Gmenmdgdo: sinB=0 s
cos@=11 (bodobo - sowgds LodgH®ool @g@dowsb dodbgbs bobggo®@{@ols  a0b-
boangols dgdmbgggodo. hggb asbgobogrsgm domxggbs bobggedfdgl .+ bodbom, o
>dmzobols LodgB®oyamdols aodm, do®ibgbs bobggzo@f®ol aobbogrgols 0©gbdy®os).

od Beoemdgdols gomgseolfobgdom, dodomse gobGmengdoms (5)+(7) Lol@gds
©gdemol Lobgl:

2 2
oy 1oy 1 .a_W_kZW:(); (26)

or* r or r* 90’

2 d
(G—kUO) l|!=§~a—\g, OmEs =03 (27)
?)_\’If:(), ooEs r=R, . (28)

AmamO 3 gbgosgm, (26)+(28) aob@magdsms LobEgds dbodgbgammgbo asblb-
3530905 bgdmem gobbogye  brg@ua dgdmbgggoms (9)+(11) s (21)+(23) Lol@gdyg-
d0laob. gl Lbgomds, 3o@ggen @ogydo, gemobogds mogolbygom bgosdodby os@lgdyam
(27) 306Md5To, GMIgedoz Fowmy® @bggoms LobTdodyg ©@odmowgdymos  3m@gb-
3oool (o®dmgdam by 3mmo@ygmo gymbom. m@o bbgosbbgs >®avdgbGom gob-
Lobmgdygao (27) s (28) Lobobmg®m 3o0mdgdo doagsbodbgol, @md asblsbognggen
dg3mbgggsdo dglodgrms 5dm3obsls 3Jmbogls ddsgomo sdmboblibo o6 doggomomgdogl
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bobggdo dgglgdygao F@oymo 33900L 3@O0bMbEsE Y@  Fyombo@Go®do ©obgdols
SOl @ doa®omdsby.
3. Rd3365

odago®o, (ymol  Gogey®  Jmddsmdoms [OBogo mgm@ools Rodyegddo,
Lo0obgob®m  3@o]@ogodo  3oMggmoe  slodygmps  godyom  3bmdogmo  g539]@0, o3
25dmobs@gds momJdol 30Ms3g dgglgdyemo FHoygao 3ggmol dJmbg Jodm@gdbogn®
boggdmdgddo Fymol bogool 0d3gebydo sdbggngdgdom [yomlogo®mols dgdbyg, o
s0blibgds Ibmenme Fyamol Gomey®d dgdgmmgdsms s@sdpa®smdom. gl 989Jd0 o>
>0l sdmoEgdymo 5@ bogool Lobdomgbs @ oA dog@ols Mol s>@Lgdmdsby
Tyemoll  bgesdo@ls o (yobs@dodol ool dm@ol, ©odmizowgdygmos  dbmamo
Tyoelo@dodol dggligdols @mbgby.

dgm@g db®og, 09 [Ooygmo 339006 [goebs@o®o ob 3m@mobmb@ogy®o 30@0b-
OO0 530 dbmme bobgg®sdwgs dg3ligdymo, domdo ob Log@omme o@ sodg®gods

Aoeegdo ob 0 smod@s, 83 Goewgdl gJbgds dognggso ob Mgy msd o baolosmo.
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@3dgbBol (Loddgbgdenrm aobgomomygds) gogasm dowgdyamo 9.0, ,,Lobgdaools sby
3930900 9B9IHO", °by 3oGogEo, pobyzomedydgmo dofol bogggmol @odgdy-
@gds boggdmdols osbsdgbgoemom Loko®dm dslbomgdosbow, Gmym® Fglo, bsgengdo ©o-
@90 gbdobos, go®g 9339 dgbmdo-boggdmdgdom gogdxmdglgoyeo, 3gmogdm{ymdo-
oo dofol bsgggmo.

Lodob@m  g3mbmdogols 300mbgddo bgdolidogdo 3o®ols sdmizobss dsJlodsgnydo
Lo gogero doo@ml dol s3gdwgdo@gdodo s@lgdygmo sJ@oggdologsb. bogmgdowasb,
doo do@ols ¢d@ogo bogmgdowsb, @mam® 3 bgdmm osmgbodbgm, dglodagdgemos wodg-
b9 gdol M@0 2obbmdogngdom Lodygdamds. bogmgdols godmygbgdol g4ggesbyg gogm-
(9 goY0 A  30M3geo  o5by oMo YMo  WoMgdymgbols godmygbgds. dg-
bedo-boggdmdols gobboangolsls ogyerolbdgds dobo godmygbgds Lobmgdgdbemsw, mog-
Jgbog@o, Loamdsm s o.9. dgbmds-boggdmdols @wo®gdyagdols Ibmenme 3 bofo-
ol a0dmygbgdos dybgd®ogo, mydizs gl bodwgomse sMss Lodpgdanol ols dslo-
d9do, @Gobo Jomgdsi odgosbss dglodengdgano. dgbmdol @wodgdyamgdols dgmmg oob-
bmdogngdols godmbisygbgdms® opo bogmowsh Jmbgdoe 9bps aowsodigl oby doliby
boggo®gool ggagds gbes ofbgl dm3mggdygmo, @@ dbmmme goJhmomogo do@m-
bmdon o6 doowlgze wo gmbidgdham Lobgerdfogm gfygdsdo, jg@dme 9ddeg bog-
0g0bg  YR@gdoms  Jo@guolG®odgdbgan  Mm@asbmdo, Loxs®m @gglG®ol  gHemgbyyan
boog9b@™do, 9@ gdoll @ga0lE@sEoomss dgbodergdgeno.

Lobogmm gxangdol @gaolEdsEoom bogmo asdmwol 9., ,,d3305600 god30@sgols™
@9903006, 0d393>  Jobgdow, Fglisdodoloe g3y mogobyggmor ggdwos Bog@mel
Lodo@mnegd®og s 93mbmdogy®d dObgsdo. Jgggsbsdo wwgdwg s@Lgdym s go@o-

@@ YR gosms MgaobE@sizool  Lobgadfogm 3mao@ogs, obggg odgsde  dod-
©obo®g @gxnm®dgdo  gdbobydgds Lim@go mgmodpoye  degmds@gmdsdo  dgmezo
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Lobogmm sJBogols Lodo®megdb®og ,,a5dmEmEbangdsl®, 93mbmdosy® s@9bsbg dom dg-
dmyggebols o, s@bodbyaol dgogasw, Jgg960L dmenosbo doys 3OmEYJBol Rmo-
do®gdodo dom 0bodmbofoegmdslis @s 3mbo@oyg® 3mbG®odyzosl.

03mmgge Jngaro mogobo 3nbodog@o gggddon Lim@ge 3 dmdgbdowsb gOm-
390> Loddgdo, 3g@dme o0go 3odmoygbgol ¢ddsgo Jmbgdol @mam® 3 aoMgash, do@g-
@oog®, obg Fobogsb, 306G @oMdgmgdal, bome sygdgmomgdygeo Josy-
mdom obegbll Mo0dg Lobol go®gdmgdols dosbmggge-gbdebggaymasl, msbsi olg,
Omd  Ogoy@o  dgboderms oA gobpgl  s@bodbymo  wodgdyegbols o g@oos-
0bgds Loko@m.

3063900 dogogomgdo  Jorgy  YBOM  mgoglbishobml  gobrol  03mmggols
9989J6L. (omdmgoaobmon sgsdogeo, golo®gdmb@gdgmmo ghmbs@myamosbo Logbmgdg-
dgemo Lobgoo, @md@ols @odgdygemgds 20 sosls @s®dl dgoagbl. oy o3 Lobeols og-
GZoO?MS3m 0300300, bogm Sgdygm msbbsl 10 smslio @s@ol mgbmdom dmgsb-

dodo Jollogg 2o9dxmdglgdsl, dgogase dogomgdm 3H3o3g, 3>Mgdnb@gdyge, Jgmogn-
dofgmdoa bogol, @mdeols mo@gdymgds >dgomse dgdo o0dbgds, gowmdg 30 smsbo

@o@0. gl 30@g9a0 989J@0s, M3 dgbsdargdgamos 0dmmgzom 0dbgl dow( gyao.
sbeors dmgobobmm Lobaol ¢9u®Mm gobgoms®mgds s ©ogsdgbmm ghmo bo®-

0geo. sdobsmgol, 33esg ©oRAZOMMN Y339 3oMJIMbRgdgmo  Lobgero, sdyxg@o
0o30b9Bms© 0dbgds dgbsdangdgero 9339 >@o 10, s@sdge 20 smobio s yu®m dg@o
mEgbmbdols Agly@Lol dJomgds, @MIgalo oy odogg Lobeols dmgobdo®m, dggyo
dogowgdm momJdol 80 smobsdwyg wo®gdygagdol Jmbgdsl.

50b0dbyeo 2-Lo@mygaosbo Lobaol aob@oemo mo@mgdymgdols 03mmygzydo b-
G9bggeymgzom  dglodggdgemos 9339 40 smolodwg @gbyy®@lols dmdogrobgds, mI-
oms dgbodergdganos s@bodbygero Loberol mogosdo®ggamo dpymds@gmdol sbognm-
209®0, 4 Ubbgs ULobgools do@ggensmo aoydxmdglgods. dgdoamd, msgol dbdog, od
bobargdbg dgodegds, 03mmy3g6o g89dHob Fgsmmdom, gobdromo wodgoygagdols
5JB®03900L dowgds s sSbogrmyoy®o ogeol 0@ gasEos. dglodsdobsw, ombodbyemo
30m3gbo dgbodenms 3Gs]@oggemom Ylsldygmmo 0dbgl op®dgan gdyano.

0300mg3oL, Omym®ai3 0blB®YIgb@l, ¢dbodgbgermgsobglio seaogo ghodogl  do-
6503 dgbgdamdomo Loddgbgdbenm dobbglol Fo@mdo@gdsdo. s>@bodbyen dobodrby dJmm-
bomgbols dbosdgl [o@dmowagbgb wddsgo Jmbgbdols dgdgbom ws0bBg@mgligdygao 3o@gdo,
09983> dom  YIMogegbmdol 5@ aoohbos s@bodbyao  Jmbgdol dgbsdgbse  Lako®m
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@glyeLgdo LOYo JoEyemdom, bogm Jofmegdol Fbodgl — ©gggerm3g@gdo, Gm-
dgemmsi by@m domo Loddgbgderem 3Omeydiool 989G 900 s MgbGodgemy@do @go-
@obsios. LFm@go s@bodbyen LodgsEosdo ghmggds Loddgdo odmmgsydo dgdsbobdo,
390de  Lodo@mo@y®mog@mnmdsdo  dgdmols  mogolygsmo  gobsblyg®do  @gly@lol
dJmbg 3000 (Omgmeg Fgbo, 3mIgdEogeo dsb30), GMAgeoE 530330090l s dgbod-
wgdgaols beol dmmbmgbols s dofmegdols Fbsdggbol Lodygdaosh gm@gensiosl.
030mg3900 3gJobobdol Lodygsemgdom 033G 9ds Lodggmbs (ogoo s dgbadangdgeno
bgds Bobsbly@o bogogdols dmd@omds dsb@ol dmbsfoaggdl dm@ols.

33630

odom)zMho
b8 zmebyoo

esacroiroo] (I so0055mpoco

2Mbog@ymo o gadzol 30Mmmdgdbdo 03mmgzol 3mboGoydo gxgddo Igbsdargdgemos
39M3IgAO0gmo  3Omy@gloom  as0bs®eml, ogo  gJudmbgbR@o  bolosmobss, ™y
3°03399%20  Jgbgrggdom. @bodbymo ggadHho oby dopo @odgdgmgdol  yodmyggbgds
Loggme®o  mogols aolsdaog@gdmse  dglodanms  gogy@og s dgostogl 0d dmg-
@ 9bol, MmEgloE do®MMbds Joybdsybgbds Loggms®o msgo s 3bgbo mogew, Lsgymo®o
do@0m  5dMnM0s  komdosb. sigmogg, msbsi doLIBsoyg®o 989]Bol dmbogbss dglsd-
9dge0 J399565Td0 M3B0do@u@s© Mm@asbobgdyemo 03mmygzy@o 3gdsbobdoom.

Jbegaom  dobobagmdol 9dg@glo bofomo 03mmggzy®o Lgbbgdoom Lo®ygdamdls
0@ do@FM 9dAogo Jmbgdol dglodgbow, >®sdg Lbgs dmmbmgbogngdgdols @slis jdoym-
Qo goss3. 53 dbcMog LoobGgdglms Jbmgmomdo s@Lgoymo Faog@o LaddmEgb@m
25b65339m0L  MmEgbmds  03mmgs® Lglbgdby, g9@dme s@bodbymo IJmbsigdo  ygzgemsby
3bSE0s 0530605d0 s L16%-1 dgopgbl, dgdwgy dmwols dggoiedos — 144%, gobgmo
— 149%, a9®3sbos — 149%, dg90gmo — 1,89%, Lanmgsggmo — 1,94%, Logdsbygmo — 2%,
hgbgmo, Bo0g560 s @o@gs — 2,05%, Lobysdydo — 2,1%, sgld®os, wobos, 3mbymbyo,
gL3obgmo, bgana 05, gLlEMbYMo, oFs@0s, bog@Mesbogdo, bmMggaos, oB30s, MO Y-
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AO05, 3obos, oo dM0Fsbgmo, @¥dobgmo, olidsgero, LsdbGgmn gm@gs, Lanmggbos,
dogn@o, 3m@mbgmo, Loygeols o®sdgmo, oG@sbos, 99, 3303@mbo, bgOdgmo, o@o-
dgmols 3590m05bgdygeo  Logdo®mgdo, hogog, ogLFH®ogos ©s .9, yggaobg do@ogo
dohggbgdgemos 5@y gbBobsdo — 2594%, Lodo®mggermdo — 11,86%, @ylgmndo — 11,98%,
930506530 — 21,05%, Lemdbgmdo — 13,27%, sbg@dsoxsbdo — 9,47%.

LEo@olGogg®o dmbsizgdgdom  Lodo@mgganml dmlsbargmdols bobggedbyg  dg@o
oby 93mbmdogydo sJBoygdo 2 Janb. ssdosbosb 1,16 3gnb. 3bmg@mdl Lmegmsw,
booi  ©0393909ebo  5®05b  @odosgno  0bBgblbogmdol  mgomgdodo  g9@Ig@H a0
(Lobmgam-bsdgy®bgm) Logdosbmdom. LasJlGs@ol ,,g0mbssmosbo  @slisJdgdygemdols®
3003 gM07dol aomgomolifobgdom, Lmgmsw Izbmgmgdo aagbgdo g3gmgbosh mgom-
slioddgdagmms  3oBgam@0sl, @o3 LHSEA0LE03YO 3mboi39dgdby aogegbsl obgbl.
>0bodbyero IgmmemEmyoom ®mxsbol YBOMLO Fomsbsd®gdygaos ,,0bpogooysey@
d97o®dgbmsb®”, bmgrm myxobol obs®hgbo {g3®gdo, GmImgdo wobdo@mgdols {9396
dg9@bgmdols  aodwmensdo,  geroliogoEo®gdymo  5@0sh, @MAMAE  ,,0bsbwoy®gdols
200999 dmdydogggdo. LEsGoLGZM0 dmbogdgdol wsdydaggdbol s@bodbyao dgmm-
OOMEMA00056 odmdeoboty, ¢3dyxdgg@mdol mby LMoo dgg@oe ©odsano dohgg-
bgdangdom asdmobabgds (48% 2015 Fgaol o 5% 2016 Fgeol), gop@g Joasdow
dgbmg@gdbms sbogomaoyg®o dohggbgdgao, Lo@si o@bodbygeo dmbsigdo 20%-056 60d-
byanls sko®dgdl.

Lodo@mgganmdo  dobsdgy@bgmdol (myxobgdol) dgdmbogangdo Lbgswslbgs m@g-
bmdom, 0ygdis LEsdogag@s o0b®gds 2000 Faowsb. 2004-2016 Fangddo dgdmbog-
@agbdo 3-x90 IgBoe 250bo®ws, boam 2016 {gaol, [obs (gemsb dgosdgdom, 2%-
0560 353 90> woxgoJloGws.
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2017 Qaool I ggo®d@oe@do  Lodo@mgganmTo  gobbm@ogagdymds  3o@s30®ds
93bmy@ds 0bggb@oogdds 594,5 dab 5Td meEs®o dgoa0bs, Loowsbsz 03mmg n®
obo@Mob  30Msado®  3ogdomdo Igmago LgdBm@goo dgoygbl s@bodbymo @gliy@Lols
JoMomo  3m33mbgb@gol. 39MdmE, 30Mgger S0 bgs BMSbL3m®ELs ©s JogdoMasd-
dgeemdol bgdpm®o 177.8 danb. 5T @ees@on (29,9%), 3gmeag swyombg — 3dgsame
d39bgdemdols  Lgd@medo 1162 daob. 59d @eas@on (19,5%), dgbsdyg oaomby —
96962900390 Lgddmao 723 deob. 59T mens®om  (12,2%), dgmmby sgoembg —
Logg0boblm Lgd@m@o 71,5 3enb. 599 mensdon (12%), dgbygmgbg — Lol yddmgdobs ©s
@9bAMAbgdol LgJBem®o 30,1 darb. 599 mes@on (5,1%), boanm 399]3bg swyom by —
9 dygogme 9ddsgo Jmbgdol Lgd@m@o 20,6 danb. 599 wmms@om (3,5%).

3. R5L3360

339956590 @odmgg0gdarmdol dm3mggdoesh ©Egdey yobbmdGogmgdgmwoe G-
RmOIgdo, sbggg 9ddog bogmgdbdby yaegdboms MgaolG®sEool sdgsdobogao Lobgend-
Fogem 3mao@ogs 9bos gdboby@gdmwgl aogme@oyge dpymds®gmdsdo dymeao Lbsbog-
0 5JBogol Lods@megdb@og ,,aodmEmibergdsl®, g3mbmdogy® s@9bsbg dom dgdmy-
gobols o, s@bodbyaols Igogasw, J3ggbol dmerosbo dogs 3OMEYBol Bm@IoMgdsdo
dom 05b5dmbsf o gmdols s 3mboFoy®d 3mbG®odyiosl. ambogdymo waqgadgols 3o-
Mmd9ddo 03mmgzol 3mboGogdo 989JBolL gobOws ggmdgdGoygmo 3Gma®gloon gl-

3mbgbRdoss dgladggdgano, Mo ogBMIsRPdo odmofggal dobIBsdyd 9539]BL
Loddgbgdem LgdBma by.

R0BIAOB IS

L. 3o30@ogols dolGg®os — @o@md bg0dmdl god30Gosmobdo wobsgmgmdo s Fody-
do@gdgeos sbs®@hgb JbmymomTo. g@bsbom ©g Lm@em, 2000§.

2. bogodmggenml Lodmomsgm jmwgdlo. LoJo®mggerml 3s@asdgb@o, 1997§.

3. 3o®s3do®o gsbmygdo 0bgglBoiogdo g3mbmdogol Lgddm@gdol dobgogom, Lsds®o-
39l bEsAoLbE0Z0L gOmgbyeo Ladbabymo. 2017§.
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953 628.1

VIROL 55@0LLOL GIBILIBS LBSBOLBN3ID0 303MIMNIBOL
BILSAMVIIBIROK o 3IMNMIKOL 353 JI6IB00)

s. dg3059goao, . Lmbgmos
(Lodo@mnggeoml B gdbogydo 9bogg@lodgdo)

@gb0ogdyg:  bhoBobBosamo Fmimmgbolb dgbsdefdgdemse a  Jgmmwolb godmygby-
o0 dgbsdargdgaos [yarol bo@mobbolb d9%obgds Imbwgl Jsmgdsdo-
Jamo  dmpgarolb  godmygbgdoom od  dedmbggge do. Geis  [obobfomss
bmdoaro y09903096(950b babBo Jbodybgarmdgdo.

sdm0b5  doboboangds mmo Jodmmgbol — fyarol  dogmds@ymdols
(13690900 @ dogby) dgdmfdgdsby.  dob gowsbsgmgaroe gbso@g 0-
@mdm  @@90d560bs @5  (39006e0060L  mgmG0 d0m, Goms oG byl
»Pgeols 3odfabeol”  gymberdoggdo  0bdgdgbydol  gs gwrgdgerymrys
(50 gomdgomgl bo@macgdo). godmmgarobsl gl Sommds dbywgacrmds do
Joo@yds.  05mmybols  bsdogrmm  dawgso  Jmigdaaros  ;b@ogn do.
Jlgbos & o - Jbodgbgarmdgdo — ,,[gaol godfdgboobs” wo [yaolb
ImdbdsG9darobmgol.

boggobdm Lodyggdo: bdmfobBosmbo @Gmgdomo @ 5005935 domgdsdoyadmo Jem-
@mwobo;  ©olblgmbos;  bBodobdogmmo F03mmgbs;  LGon-
@650l 3sbsfoangds; @G0B0 a0 Joosde.

1. L5350

Loldger  Fyombyg sbo@m3mygbyao bgdmJdgogdom doygbgdygeo boGogols dg-
©gyoe Fygmol bodobbol dgbogslgbol d@sgso dgmmeo s@Olgdmdl. Fyamol bodol-
bol  LEobpo@@Bgoo w@oagboanos 800-bg dg@o Jodoy® dgbsg@moliongol. olbiobo 3
X3RO 0gmgs: Log@mm-boboGos®oygeo; Lobo@os®oygan-@mJlojmermaoyg®o; mGasbm-
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93 03900. Jom osloagbow 53moygbgds dgmmems Fo@mnm o3 gdbo: gobomanm-
209®0; 400 J0d09M0; B0bo Y@-domgdo@ogy®o s Lbgs. mobsdgodmgg Ggdbogy®o bo-

Fgogdgdo 9bOYbgaaymal Yyoawdo s@lgdym, 3@sJHoggmee, g3oms 0bytgeogh-
Aol 3oblobwg@sl, Gmdgeoi dobdo dmbgps Sbm®M3My9byeo bgdmJdgwgdom.

0dol godm, M3 gl Jgmmegdo Logdome AOMIsGggo0s s dommgol sdmygbyg-
40 535M5HMs bogdom Lodmgeoliss, olbobo 3@sBogedo bdodse o6 godmoygby-
b5, boobgm®@dsiom dsbol LOgmgmaol dgdmbgggedo dgbodergdgemos domo LEsGob-
A03g00 303mmgbols Jgmmwomn oy gbs. J3gdmm dmEgdygemos o3 dgmmeols go@yo-
Lbemdols dglFogams.

2. I0800SR0 65V0R0

aobbogogeoo Lbgs dgmmegdo gdgedgds obgm Jowamdsl, GmEglsi Fobsbfs@os
3bmdogmo C,, C,,..., C, 30983030963 gd0L bybEo (Mgogy®o) 360dgbgarmdgdo, GmIg-
o3 oEy0bes dnigdymo  Fymol Fyo@mbomgol. @goemy@om 3339350l body
sdgb C.j=n 93306G0mm s@bggom dmbsgdgdmsb, LEMIslGHgn60 ©EOH®IB0M0 ©s 4
3003960056 30 — 3M0b303Y@o SeEdsmy®o J0@Mmds 0dol 2odm, AMI SbnEM3MYqby-
@0 BoBe@gdo s@sbEE0MbsGOYms© bgdmJdgwgdl.

gondgom, (C,, C,,...,C,)" {gom@o dobsdgggool 30bzgbd®dsiool  dgdmbgggomo
39JBmMG0s, Gmdols gangdgb@gdo odmyz0gdgmos s 0bmdgds dgdmbgggomo (M-
Bogogdoo. gogeo § gmddmbgbiol gnbegboHacost (= (Ln) ofgh aobsfomgbol boe-
oo 35bmbo — domgdo@osg@o dommwobom M{C,} o olbdgdloon D{C,}.

©og9 3300, pgodgl Fomdmdowpgbemmdomo s@hgge (C, )V dmggmmdoms ws yo-
bmdggool 3s@oggera@o  dbodgzbgamdols N, dogbg bogmog@gdoms  3mbgb@@siz0om,
@53 Lddgoggdols odgggs dogo@mo 3o@sdg@@ol dggobgds C,M{C;} domgdsdosagmo

dogmeobom ©s §, — D {C, 2 Lodgogom  ggo@s@ygero aosb@oli ‘dgdmbgggomo

N;

N; .
Ybododobo  pobofomgdon  C, . (C,)=>.C, /N, ,S,= [Z (c,-C)/ f]} SR NS
i=1

i=1

fi =N, -1 mogolggomo bopowols ba@olbols Goigbgos S; G=(1,n) .
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aobgobogomm  (yaol bodolbol dgxolgdols dgbodanm  3md3agdlydo dowamds
CanlluH?2.1.5.980-00 (yogdo Jodoyg®o bogmog@gdols s@dmbgbolisl, @mIganmsi gom-
bso@o  @odoBo@gdymo dogbgdermdbdol bodsbo ofgl. s@dmhgbogr  3mbi3gb@MsGosms
xodol dglodsdobmds doJlods@yg®o ©sdggdol 3m9R03096@MSb,

U= C1 + Cz +”'+C—n 1’ (1)
MPC, MPC, MPC,

5O 9bes 0gml gOmbg dgBo. Go@Igaol 25dmygbgdololi opgeolbdgds {ymol bo-
@olbol dgg3oligdol m@o gogyo — “9gbgdgemo” U<l s “dogbgdgero” u>1.

@oEaob C; 053560bd9mgbdganos, 3mbi3gbd®siogoo dgdmbggzomo Lowowggdos ©s
Tyemol bodolbol 3G0dg®oydgdos, Gsdwgbosi obobo dombgs ©oxydbgdaemo, oliggy
d9d:nb3ggz0m0 0bgds. Fyemols bodolbols dglogslgdase o930 gdgeos gobomygdamm
LEASGHOLA0gYM0 do3mmgbol mgm@oom (ggodsbo, 1964).

Tyemol  odobdygdgdols s dohggbgdeols domgds@ogyg®o dmameobols dga3sligdols
LEs@obEogs dgodamgds godmomgsaml (1) go@dgmon, Lowss C; 36M0dgBMgool bog-
@o© hoolidgds dsmo Fglsdsdolo Fgnsligdgdo — Ej:mzzn: Ci/MPC — u; 5 9sJlods-

=
@O0 ©F3960L J0gBo30gbHo bodwgoaro, Ago@y@o Logowgs.
S, 2= ob Yggelbgds Dt s D, obdg@logdom — Fymol bodobbol 8ob-

396909800 U odmomgagds RMEAOI Y om:
Sy =>87IMPC; -0, =D{u}; S.=YS;/MPC;-N,. )
j=1 ]

QM@ y@do Sdmobs dgdpgado dpamdo®mgmdl: syiomgdbgamos Fymol bo@ol-
boli dgnolgds Imbegl m@o dodmmgbol — H,:p< 1 (93bgdger0) oo Hy:p> 1(ds5369)
dododm, dgdm{dgdol abom. sdobomgols godmgoygbgdm @ godsbols (1964) s (3908-

e0bols (1984) mgm@ogdls:
1. 303mmgbol LEsEoLBgY® dobosbosmgdesw somgds LE0YgbGol gobsfoggds,

nogobynamgdol bodobboon 3oy dbodgbgamdolsmngols f(l <f< 25) ©> Z bm®do-

@900 aobsfomgboon domsao Lowowggdolmgols f(f> 25).

'MPC - dg (Bodbodsgg@mo sdggdols jmgno3096@30)
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2. Hy 303m09bol go@dgeo®gdolols dg@omdon gopsaemds odgnggs ©ow bo-
obl. dogogoms, Fgomlo@dggzol gzmbobEgdol mgomlsb@obom, Hy asob®ds, oo
ol 49ddo@o@os, doggoggebl 9gcdm ddodyg dgogasdwg, gowdg hggymgd@dogo H,
amegbsi obog  &gddo@o@os. ofgoeb  asdmdwobodyg, Hj =H, :u=1 seo@gdbs@dogols
Lbado@olbdo®me

H =H, :n<l. 3)

3. a.-b gdanggs 3®o@ogageo @mbol d60dgbgammds (390@e0bol dO™Igddo. 0b-
AgOgoemo 0,3<a, < 1, dmas 3obygbolidygdbenmds ©oliyggbgdby dognosh dizomgs, dsTob
0,1 <a,< 0,3 — dzodgs, 0,03 <a, < 0,1 — hggyargddogo, 0,00l<a, <0,03 — oo s
0 <a,< 0,001 — 3s5Jbodsgny@o.

4. hos@odgds oy3ogdgmo 9Jl3g®0dgb@gdo, GMAgmms dJobobos dJogowmm [o@-

<

)ji/l doggmmdon N, - C; (l’:l,n] dmbogdms 3609g-

dmdswygbamdoms dgmhggs (C

i

bgermdol oMo geny@o gobmdgom.

L4

5. 209m00 g0 gds a mby (@ dgbodm{dgdgano 303mmgbol dgEomdomo posb®s
H;, oy ol 99dod0@005):

- 0.6118-Z2 035
0(:0,5—0,5-[1—6_' } , )
bowog Z,=L-[L =2, -(f+3)]7, L=f+15xt, +31, .

a 5@l byws begs@o bBogegbdol pobosfomgoom (1, > 1)cf mogolygmydols

bodolbom, @mdgamoi  godmomgegds  ggabsl  gm@dgmon  (d@oybeoo,  1977):

n 4
f=8,/>.S IMDK}-f,.

=
0 yoboboagds Hy=H, , 35F0b t,, Geogoo:
tf’a=(l—;j/S;. 5
6. dglodm{dgdgero gogao doowgds byegmgebo 3d03mmgbol gowsb@ol 3o@m-
d0@ob O;SaK; 0 0;>aK, d5dob H 303mmgbsl godggmam.
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byyaomgsbo  dodmmgbols H, @o®dgagdo s@bodbogl “Fyemols dmdbdsmgdaols”

dgbgoygegdsl, g0 dobobgrgmdol, ®mdamgdoi dmobdo®gb [yoml @mam®g  Lsb-
dgeoo, olg Logmazsabmgdgdm ©sbodbygamgdom. d3mdbdo@goeol 3mboioom, dodmmg-

bol Fgarmdon  gyam@gdggmasl (Vgsmo ggeo botolbbolss) dgodagds dmdgggl
ddodg dgegao. ax -l gBoBogyo dbodgbganmds s0@bggs do@ogo ob dogosh Jo@sgno
35bgbolidygdmmdon — @ = 0.01.

1939 9bs yogomgomolifobmm “Fymol 3:3Fdgbrol” gambmdogg@o 0bigdgldog.
0P GO ILIOILYOGogR0>  J030mgbs = [gogro Lggoss H, ©> @mwgbog gl d99-
d560E 9005, 35d0ob  dzoMEgds bodxgdo 0dsbmsb dgos®gdom oy dgaemdon o] Hy
Yy gdgengmgzoos. sdodmd, L,Fymmol godfdgbpolngol H =H, n<1 H =Hy:p> 1
Fobosmdgy -l bgos bogsdo bHonwegb@ol asbsfomgdom 0d6gds:

zfﬂ—(ﬁ—l)/sz. (6)

‘dgbodm{dgdgamo  Fo dodmmgbobomgol dgodangds dggo®bomon  gu®em “@dogo”

©mbg Logggdol 3sbygbodagdemmdstby. 5y, 3G0Boggeo d60dgbgenmds o= 0.1.

(0 <<ay) (@ [WC;WU’]D? byanmgsbo d0dmmgbologob gosiomdsl  j@odo-

3982l g orgdgb.
36000390 Josdm Fad-logol s@ol pip, <p< o, boge §& — p: 0 <p<p..

(4)ols LoVgogmgdomn segomos 1, -0l godmbobgs. p-ob j@o@ogge 360d36gemdgdo do-
00905 (09560330, (390@0bosb 1999) domo (5) s (6) holidoo.

a=a =1 —t,,0 o=

u o2 Kwu *

l‘lch: 1 +tf’a/1 5 Kwo;l‘llcwu

bobobby 1 RubiEool aobsfoggds dmzgdygeos, Gmwgls H, kgdds@o@os Fu
(Vyoeaod(dgbolomgol) o P(<p) — (ygaol dmdbdo@gdaolomgol. bsmgeros, @mI

P(p) = 1-F(p).

'wce- Fyemols 95dF39bo (Water Cleaner);
WU- Vyeool Imdbds@gdgeno (Water User)
3 “Pyemol o0§dgbeo”
4 Pyeol dmIbIodgdgemo
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d03mmgbols 49ddo@o@gdols dobgogom gogaols
©>d3900 08 3060l 3mboios, ©o©pgb>
OMdgeoi s gbl H,:m<1 %3690gem0 H,:m>1
©oligghols Vyoeo dogbg Fygoeo
Q) d ds: obols
40g0Be 3993s@oB0s: JERIST ODRO
H,:m>1 Vgawol 303§dgbeo dowaboboel Goym®3
B I 0 (¥3) aosbobol 0wgdls bt bofsd “
SAM0 909e0bg, Lobsdwgoangdo
369000 Q39 e 36939 gy Y3009V 1Y QFoRY
ol dogbgo
/) ds: 0bpols Gmym®;
Fyemols 3990s5@0B05: obols JERM: 0BROD BORHOEG
9369090 by, dog®sd
dodbdotrgdgeno (F3) | 93bgogm Vyommby
0fodmgds dogby Fymom
Fgimds: (gsools 39935@B0B0s: Logkodms
Vawol 0373gbeo
YOAYMGS N 0 (T3) 3oVd9b0obg bgodg@o bodxgdo Fyaols
0390
H,:m<1 RedBe 1o bty 2oboldgbow ob xomds
dds s Lodode
Fyiomds: Vyeol 393dsG0B0s: Loko®ms
Fgoao Vool Gk batxgdo {ymols
956D JmIbdo@gdgeno (§9) JORIRGON V9beygogao dofmwgdols
Og0PJoIR 0 oI 3990 bodxo
odm
4
o  obol  3b0dgbgarmdgdos @00 bogs@dby,  [yol  bo@olbol
dobggbgdgao 4 0d  3oGmomgol, goba o@gdl  aowofyzgBoggosl: o) Fymol

2od(dgbwo; &) Tyaols dmdbds@gdgano.

FVgemol bodolbols dgolgdolol s@Olgdmdls o g0 (Lo <HU<Uge), O0dgeo-
‘doz d3bggds Lowsgm bsgombgdo. (o o (3-b mgo@lob@oboms dm@ols 53 3@mdang-
dob posbog@gmop gbos gogbodmmn N, dgdbhggoms doggmmds. (3) go@dgmol
0obobdoE, Lodygomm  ggo@s@ Yo osb®os Su, H-ol dSbogoo  Jggoligdom N,
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d300©9ds 0 Lows Igoggoo d300gds. Yg®m bogangdo bodyxos, Gmabsi mM0gy
b99609JBL  dodols dmbogds dgmsbbdgds s gosolobygds gModoggeo bwg®gdol
dbodgbgamds.

3. R5L3360

bgdmm Imygobogno Jgmmom ©0bEgds FPoe g0 (U, <U< ), Om3genToc
agbggos (ymols dmdbdodgogmols o (ymol odbo@x ol mgoglsb@obms (obsswmd-

©JAM0>. 53 3OMdmgdol go@olod@gmo 9bes go0boGEml N, Jg@bggoms o m-

do. U-ol dsbogro Jggoligdom N, dbodgbgembols dgdzodgdom doowfggs meogy ULy-

b09dBmomgols  bodxol  dgdzodgds. gl 93oboligbgemo  Lodygoagdols  odarggs  po-
s0Lobxml 3®o@oggeo brgdgdols dbodgbganmdbgdo.
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960)@(™M3(M3I6IRN0O HIFMJIZINRIBOL FIRIBSKR 30JI6IBFIR0 bOIGIROL
R30BROL LOIMEBDHMR) @SOME0L 3IMIK0

s, g3059goao, . Lembgmos
(Lodo@mnggeoml B gdbogydo 9bogg@lodgdo)

agboydy:  dmgdaaros  gym60doyaG0 bosGogroli wowggboli bodo do@omswo  dgoremwo:
bogmbdomarm  Gs0mbgdol  (9dys@gds  @odobdy@mgdyarlbs s  Jo@mmdomow
boygosl), sbogroBoymmo sdmoogdaargdol (9995@905 domgdsBoyam  jog-
doml, 3sg., dDSGo RS B0rG0560 Sbogrobo) s mISobodgdyano.
J399m  gobgobogrogm  bogebl@mme  Gsombol Jgmowl,  Godyaos
Saeolbbdmdl dobolbfogaro Goombol dgb-bogargdoe  dylbodsdolmds do  Jye-
20 bsymbB@mmane  Gsomboli d9mbggel, obggy dob dodomse 3G0bz0596bs
@ 3300 dbs@ggdb. 5d Jgmemwol godmygbgds dgbsdargdgaros bbgows-
bbgs 2mby@965 a0 m309450bsmgob.

boggobdm Lodygggdo: bBoBobdoyamo wodndsggds: sbosarodoymmo  mGmog@mgog dodo;
@98 @gbools wmbg; RabJi05 — RoJBG0.

1. L5350

gesdofols dmlbsbagmdol bOws 0f393L @gdbmamaogdols aobgoms®mgdsl, sbggg
Lofo®dmm ©o bsdgy®dbgm dmEgmmdgdol bO©sLsE. 0b®Egds gobygobagdoe bgoang-
Yeoms  godmygbgdsi. 3oEmMdM0omdol Los@lgdbm os®gogol  bOolol Log@dbmdansw
0(338090> 35653g ©od3300Mgd o 3obmbbmdog@gdgdo. swsdosbol bgdmJdgogdols —
Sbn@m3mygbyaols Igogasw, bdod dgdmbgggedo, godgdml segds oo dsLIEsdols
bodomo. Fo®Imgdol, dgyu@bgmdols, sbogo Jognsnddgbgdbamdol s @ods-slobeng-
3960l a3@MmJBgdolols syEoegdgemos dggobogl ol bgdmdgogds, @mIganlsi byd-
Mo hsdmmgmogro 4odmofgggl. Lobydggeos o osyioegdgao Fobsb{od aobobsbwg-
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aml d6g{ggermdol, dg9@bgmdols, gdldgs@oiool godggdol dgdogy @o Mgogmdsl-
0ob 939d690> bogdg. g3mbmdoyg@o bodogols dggolgds bogds gl s@Obgdyemo dgd-
930 doM00MsEo d900M©gdoesb: 30MEs30M0 osmgmols (bsjmb@Omem @sombols dg@-
hggo) SbsgroBogyg®o; 3mddobodmgdymo; gddodogao. LEsGoLE03YM0 3MMmabmbomgdols
d90m©9b005b  Jg9dmm asbbograamos 3oMggeo — Logmb@@menm @sombol dg@hggols
dgmoro, dnggdgmos dobo dJogary s@fa@s ©s godmyggbgdol 396L3g)dHogao dodod-

090 9d9do0.

2. I0800SR0 65V0R0

LogmbB@menm  @sombols dg@hggs 0dagoMo begds, MmA dsldo 93030963 go0ls
g mds@gmods (dog., dmbsbagmdols bgbmd@og-Fermgsbgdomo dgdswagbanmds, Lodgwo-
306m 3mdLoby@gools mby, ao®gdml ba®olibo, dgy@bgmdols JsbdBsdo s LEOYIBYOS
©> >.3) dosbgrmgdygmo  ogol ©> gR@m  Pzgmgbos 0y Homo  ofbgds  boggargg
@500mbmsb.  Logmb@@manm  @sombo, Gmam®ai [gbo, ymggmo @mgsgyg@o  bo@sgo-
Lbomgol ‘dgo@bggs 0bwogo@ysy@s®, @o3 Logdome @mygeo sdmssbss. 5dol godm,
333093500 9gbegds dOogomo 5dM3obol Aoak@s. doMgga @ogdo 0dols yodm, ™A,
0930500 25dmbsgaoliols ao®Es, dogrosh dbgarwgds oligmo Gsombols dmdgdbs, G®Iaols
dohg9b9de9d0 ©od0bdYMgd o @o0mbol 0 bY@, MMM G godMELOEgds 43350-
bobmobl, dobobdgfmboaos  Lofyol  gBo3bg 2obolobmg®dml ol dohggbgdangdo, G-
dgenoz 3M0mA0RJHY0S MommIYeo 30bi@g@geo dgdmbgggolsmgols. sdsgo®mges©
‘dgden gdoboggo@o  gbps dmbegl  Ermdoggdsms  bo@olibgools  dge3oligds. dgmay
db@og, dOsgoeo dohggbgdberols @om@gbmdols goblobwgds dgudergdganos, @o@asb o6
@0l bogdo®olo@ 0bgm@dsioygeo, 5do@md Jobobdgfmboaos ©oggy@©bmo  3@s]@o-
390 25dm3E0mgdsl s Saommd®ogo b3giosmoli@gdol 0b@ygoiosl. aods >dobs,
Lo 3mbBOmEm @s0mbo 5@ [o@dmoagbls sobmey@ @ Lygmsl, Gowysh sl o-
d0bdy@gdol  gomyggnmo  ©@mby. L{m@ge odo@dmd Logodms asdmmgangdolsl  sliggy
©oE0bEIL 309B0G0gbHIS0, Gmdmados bodgsmadol Jmps3odl doiEgdgm Fgegagdby
dmgobobmm 30 gdBodgds, Goms olobo dgglsdsdgdmogl Ggogny® damdo®gmdsl.

00go@® Lo3mbG®mmem @sombo@ dgodangds hsomgsgols ol, @mIgaoi 0dymeyg-
b5 ©od0bdyg®gdol dgbododols ggmydsgoyge [gd@Gomdo s @mol Lbgopsbbgs 3g@o-
mdo 360dgbgamgbo brgdmws dobo ©sbobdy@gdol bo@olibol (33eo@gds. ©sdob-
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M g60l  mbggdols s Ib0dgbganmdgdols  g3mbmdogy®o  dshggbgdagdol  Igoo®gds,
©05606d9M9bd5dg o> d0bdyYMgdol Jgdgy, Lodgoggdol dmggi399L  @obobdy@gds
25dm0bosBmMb msbbmd®ogow. 53 Lo@ysiool bsmgao dogsgomos bobEgdol ‘dgl§ogas
Lod®gF 39800 mdogdBol IFgmo@do dglgansdwg (Omdganoi dmdsgsgndo 0dbgds ©odob-
9960l Fyodm) o dgdpamd; obiggg 2odf39bwo boggdmdols 39 doggdedwyg s dgdwgy.
3039  dgdmbgggodo LoFyol gBodby agdmbs doMmdomsw byxnms @sombo, bmenem
9damd ©odobdy@mgdyeo, dgm@g dogomomdo — 3oMoJom. aodEs sdobs, boGomols
‘dgxzobgds mygaos 0dol godm, @M Loko@ms oo GomEgbmdols 30Mggmswo 0bgm®-
doi00l dgaemggods, Mo IOsgoe BoJBm@Mmsbss s 3ogdo®gdyao, 39@dme 53 0bgm®-
doiool dobowgdoe Loko®ms dGsgsmo bbgswslbbgs dodo@myangdols 3g360g@ol mobb-
390005, Logmb@®@mamm  ©s  ©sb0bdy®gdymo  Gsombgdols  dshggbgdagbols  Igosmgds,
Lbgoslbgs ®93030964bg  bgdmJdgogdolsl, dgodengds godmobs@ml dgdpgyo gme-
dgoon: AY = [Y(D-Y (@], bosgAY ©yGosogbhol  drpmds@gmdols  geromgdols
dohggbgogmos; Y (@) — dolo dpamdsgmds ©s606dy@gdaem Gsombdo s Y () - 0039
L53MbFAGMEM @>0mbdo. 53 M@y sdo goblibgoggos sowgds sdlmay@g@o dohggbgd-
@00, @oysb Logmb@@mem @s0mbdo 3OmEYJByemds ¥bos ogml dg@o, gowedyg ©s-
b06d9@gd e To. LogmbG®menm @oombgdols dgmmwo Lodgoggdsl ggodanggl dogowmm
BoJH™MOM030 s 5@ 3OMAbmboMgbowo bo@ogo.

3. RdL3360

Lo 3mb@G@manm Gs0mbols dgmmeols dodmbogrgols dgogaoe dosGmgdygaos hogmge-
goemm, @emd dobo godmygbgds 0d dgdmbgggedo, @megbsi dglodengdganos bsimb@@m-
@ @o0mbol doJlodogy@om dosbanmgdygeo dgmbggs dgbslfogemsb dglodan gdgenos,
doo 93gHab 3 JgooEols 3odmyggbgdolol gowgom 3mbgdaH g Bgwgagol.
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SUMMARIES

UDC 628.1.034

DEVELOPMENT OF EFFECTIVE METHODS FOR ORGANIZATION OF MINOR
WATER CYCLE. A. Bakhtiari, T.Berberashvili, A. Bagration-Davitashvili, D. Gurgenidze,
P.Kervalishvili, L. Klimiashvili / Hydroengineering, Ne1(25), 2018, c. 8-15.

Summary: Nowadays, water scarcity beside pollution is one of the most complicated
problem in the world that many scientists are involved to find solutions. Most of the alternatives are
based on saving and pollution prevention. However, they are useful, but not sufficient in large scale.

Pollution not only damage to environment resources, but also decrease fresh water resources
and it is significant, when constant amount of fresh water on the earth is considered. Therefore, a
comprehensive alternative not only remove water scarcity, but also save the world from pollutants.

Key words: water crisis; water minor cycle; water economy; reusing water; water resources.

UDC 627.521.1

STABILITY OF FREE-FLOW STREAMS IN ROUND-CYLINDRICAL CONDUITS.
Sh. Gagoshidze // Hydroengineering, Ne1(25), 2018, c. 16-26.

Summary: There is well known in hydraulic engineering practice, taking into account the
fact, that for a nearly fully filled gravityflow tunnel with a circular cross section the water flows
with shocks, i.e. unstable. Such a phenomenon also occurs, when emptying a bottle, but no
mathematical confirmation has been so far found for it. There is shown, that the instability of
wave perturbations in such channels depends only on the length of the wave disturbances and
does not depend either on the velocity of the main stream, or on the presence of an interlayer of
air between the free water surface and the channel ceiling.

In the paper, the estimate of the flow stability is obtained also for two limiting cases: -
when the channel of circular cross-section is nearly empty, i.e. the water flow in the channel has
small depth, as compared with the radius of the water conduit and when it is half fulled. In both

limiting cases, the wave motion in a channel is always stable.

The work is carried out within the limits of FR 35/9-120/14 grant of Shota Rustaveli

national scientific fund.
Key words: free-flow conduit, circular cross section, wave motion, stability of flow.
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UDC 628.1

ISSUES OF SETTLING VELOCITY OF SOLID PARTICLES IN WASTEWATER.
Z. Gvishiani, L. Klimiashvili, G. Soselia, K. Gordeziani // Hydroengineering, Ne1(25), 2018,
c. 27-34.

Summary: There are reviewed wastewateris, as a complex polydisperse, heterogeneous
and aggregate of unstable system - suspension. A device has been developed for determining the
particle settling velocity in waste water, taking into account their non-transparency. Our results
and data obtained by other authors are compared and presented using graphs and empirical
equation. The dependences deducted from empirical data, allow to carry out calculations with
sufficient accuracy to be used in engineering work.

Key words: waste water, polydisperse, heterogeneous, aggregate unstable system,

suspension, settling velocity, horizontal gravity settler.

UDC 628.1.034

EFFECT OF SHAPE OF PARTICLES ON THEIR SETTLING VELOCITY DURING
THE MECHANICAL WASTE WATER TREATMENT. Z.Gvishiani, D. Gurgrnidze,
Z. Tsinadze, S. Bukia // Hydroengineering, Ne1(25), 2018, c. 35-42.

Summary: There is reviewed effect of shape of particles on their settling velocity during
the mechanical wastewater treatment. Our results and data obtained by other authors are
compared and presented using graphs and empirical equation. The dependences deducted from
empirical data, allow to carry out calculations with sufficient accuracy to be used in engineering
work.

Key words: waste waters; mechanical waste waters treatment; settling velocity; effect of

shape of particles.

UDC 628.339

STUDY OF THE DYNAMICS OF CHANGES THE CONCENTRATION OF THE
SUSPENDED SOLIDS IN SEDIMENTATION TANKS FOR WASTE WATER TREATMENT.
I. Inashvili, I. Denisova // Hydroengineering, Ne1(25), 2018, c. 43-49.

Summary: The article deals the dynamics of changing the concentration of suspended
solids during waste water treatment in sedimentation tanks, under gravitational sedimentation.
Based on the hypsometric law of Laplace, the equation of the dependence of the volume
concentration of suspended solids on the settling depth have been obtained. The value of the

boundary concentration, between the laminar and transitional modes of flow around the
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particles have been determined.In the article, it has been calculated at what depth does the
laminar mode flow around the particles changes into the transitional mode.
Key words: waste water, hydraulic size; sedimentation, fall velocity, boundary

concentration, regimes; flow around the particle.

UDC 691.32

CHEMICAL-PHYSICAL ASPECTS OF CONCRETE FILLERS. L. Klimiashvili,
D. Gurgenidze, A. Chikovani // Hydroengineering, Nel1(25), 2018, c¢. 50-60.

Summary: To activate local materials and technical-genetic waste, increase singularity of
their mechanical-chemical refinement in crushing machines. If crushing happens in combination
with surface-active materials, we get organic-mineral filler, which is effective for use in
constructional welding and concrete.

Key words: chemical and mineral additions; microfillers; grind; activation; dipole;

compositional astringent; silon; silicon; polarization; additivity.

UDC 631.367

IRRIGATION OF STRATEGIC CULTURES THE IMPROVED IRRIGATION UNIT
OF POSITIONAL ACTION. V. Nanitashvili // Hydroengineering, Ne1(25), 2018, ¢. 61-69.

Summary: The question of the irrigation of tea and citrus cultures is discussed as a
significant measure, which gives a guarantee of the achievement of high and qualitative harvest
oriented on the increase of export production.

Construction diagrams of the irrigation water-sprinkler for tea and citrus plantations, main
units and principles of operation as well as engineering data and irrigation technology are given.

Key words: irrigation technology; water-sprinkler; lrrigational erosion; ecological safety;

irrigation.

UDC 332.025

THE EFFECT OF INCLUSION OF “DEAD CAPITAL” IN THE COUNTRY'S ECONO-
MIC TURNOVER AND CONSTRUCTION BUSINESS. E. Kristesiashvili, R. Makhviladze,
I. Gogoladze // Hydroengineering, Ne1(25), 2018, c. 70-76.

Summary: There is reviewed the role of animation of "dead capital" possessed by
population in the world, including Georgia, in the development of the country's economy,

including construction sphere.
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Key words: hypothec; dead capital; material and internal values; building-constructions;

immovable property; material active; development; cumulative effect.

UDC 628.1

TESTING OF WATER QUALITY AND IT’S PURITY TO TEST STATISTICAL
HYPOTHESIS USING A METHOD. A. Begiashvili, G. Soselia // Hydroengineering, Ne1(25),
2018, c. 77-83.

Summary: Rating quality of water using method for testing of statistical hypothesis is
doable if predefined coefficients are known using mathematical formula. The goal of the task is
to test 2 hypothesis: state of water (safe or dangerous), to answer the questions of two theories
(Lehman and Ceatlin) - not to ignore economic interest of “water purification”. This condition is
mandatory during calculations. After final result is collected, the table is created, which enables
analysis of hypothesis results. The results of hypothesis are also in the table. Definition and -1, -
a) For “water purifier” also, 2. -b) for water users.

Key words: stochastic temporal observation, mathematical expectations; dispersion;

statistical hypothesis; critical environment.

UDC 628.1

METHOD OF THE CONTROL AREA FOR CALCULATING THE LOSSES RECE-
IVED UNDER ANTHROPOGENIC INFLUENCE. A. Begiashvili, G Soselia // Hydroengine-
ering, Nel1(25), 2018, c. 84-87.

Summary: There is shown the consideration of the method of the control area for
determining the amount of economic losses. Three main methods are used for this purpose: the
control area (which is based on contaminated and conditionally pure material), analytical (which
is based on a mathematical connection, for example, multifactorial analysis) and the third,
combined method. The method of the control area, which implies the selection of the
appropriate control area, is presented.There are given the main principles and positive aspects.
The application of this method is possible for many specific objects.

Key words: relative index of control region; recipients; statistical processing, analytical

interconnection, regress level, function-factor.
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UDC 628.1

WASTE NORMALIZATION AND ENVIRONMENT MONITORING. A. Begiashvili,
G. Soselia // Hydroengineering, Ne1(25), 2018, c. 88-93.

Summary: Acceptable levels of environmental influence have been reviewed. Up-to-date
statistics are shown for environmental damage. In addition, there is presented classification of
object, with dirty water, it’s integral characteristics and total values of chemical damage.

Key words: normalization; as possible acceptable concentration; as possible acceptable

level; temporarily accepted pour in; water pollution index; total values of pollution.

UDC 621.81

THE FORMATION OF DROPLETS DURING CONDENSATION AND THE ANALY-
SIS OF THE HEAT TRANSFER PROCESS. Sh. Mestvirishvili // Hydroengineering, Ne1(25),
2018, c. 94-98.

Summary: In the work a new vision is given for analyzing the process of heat transfer
and the formation of droplets during condensation, which is based on classical studies of
physics and colloid chemistry. The mechanism of the formation of droplets and condensate film
is given. The role of generating droplets in the process of heat exchange in terms of their
magnitude is also presented. Comparison of heat transfer coefficients of droplet condensation of
water and mercury is carried out and the concept of secondary vapor and its role during the
condensation process is introduced.

Key words: dropping condensation; formation of droflets; secondary vapor; condensate;

critical radius.

UDC 691.32

UNIVERSAL SHRINKAGE MODEL FOR SELF-COMPACTING CONCRETE.
A. Sakvarelidze // Hydroengineering, Ne1(25), 2018, c. 99-106.

Summary: There was studied shrinkage of self-compacting concrete of different age
to=14, 28, 60 and 180 days. Experiments were conducted over cylindrical specimens with
diameter 70 mm and length 70 and 300 mm. Specimens were kept in environment of 100 %
relative humidity during of different ty=14, 28, 60 and 180 days after preparation and afterwards
were tested in environment of 70, 50, 20 and 0% relative humidity.

The shrinkage deformation changes of spesiments containing were determined during the

tests nonlinear dependence of shrinkage of moisture content vere proven.
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There is created universal model of self-compacting concrete shrinkage. It is first time,
that universal model of shrinkage takes into account the age and moisture content of material.

Theoretical calculation is in consensus with experimental data.

Key words: shrinkage; age; self-compacting concrete; rectilinear; coefficient of

shrinkage; moisture; relative humidity; law; formula; experiment; model.

UDC 691.32

SWELLING OF SELF-COMPACTING CONCRETE. A. Sakvarelidze // Hydroengine-
ering, Nel(25), 2018, c. 107-110.

Summary: There was researched swelling of self-compacting concrete. Experiments were
conducted over cylindrical specimens with diameter 70 mm and length 70 and 300 mm.
Specimens were kept in environment 100 % relative humidity during 28 days and dried in
drying cabinet until moisture content of 0 % (by constant weight).

Afterwards there were tested in environment of 70 and 100 % relative humidity. There
was dettermined, that the swelling deformation increases proportionally, to the proven moisture
content of material. Linear coefficient swelling of self-compacting concrete is determined.
Theorefical conclusions are in consensus with the experimental data.

Key words: self-compacting concrete; swelling; specimen; cylinder; rectilinear; coef-

ficient of swelling; relative humidity; moisture; experiment; deformation.
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PE®EPATDI

YK 628.1.034

PA3PABOTKA JOOEKTHMBHOI'O METOAA U1 OPITAHM3ALIMM BO/IHOI'O
MHWHOPHOI'O [TUKJIA. bBaxtuapu A., bepoepamsuiau T.M., barparnon-/lapuramsunin
A.H., I'yprenunze J.P., KeppamunmBuau I1.J{., Knumunamsuau JI.JI. / Tunpounxxenepus,
Nel(25), 2017, c. 8-15.

Pesrome: B HacTosiiiee BpeMs 3arps3HEHHE BOABI SBIISETCS OJHOW U3 CaMbIX CIOXHBIX
npobjeM B MUpE, B MMOMCKE PEIICHUH KOTOPOH y4yacTBYIOT MHOTHE y4YeHbIe. BOJIbIIMHCTBO anb-
TEPHATHB OCHOBAaHbl Ha COXPAHEHHMM YHCTOTHI M INPEAOTBpAllleHUuH 3arpsisHeHus. OgHako, B
OoNBIIMX MacITabax OHU MOJIE3HbI, HO HEJOCTATOUHBI.

3arps3HeHre He TOJIBKO HAaHOCHUT YIIepO BOAHBIM pecypcam, HO TaKKe BaXKHO €r0 yUHUThI-
BaTh, KOT/Ia PacCMaTpUBAIOTCS MHPOBBIE 3amachl IpecHoi Boabl. [loaTomy BceoObemItromas
albTEpHATHBA HE TOJIBKO IIOMOTaeT YCTPaHUTh HEXBATKY BOJABI, HO M CIACAaeT MHUpP OT €€
3arpsi3HUTEIICH.

KuroueBble c10Ba: BOJIHBIE peCypChl; BOAHBIA KPU3UC; MUHOPHBIM BOJHBIN LUK, MOB-

TOPHOC UCIIOJIB30BAHUC BOABI; SKOHOMUS BOJBI.

YK 627.521.1

YCTOHYUBOCTH BE3HAIIOPHBIX IOTOKOB B KPYTJIOIUJIMHJIPUYEC-
KX BOAOBOJAX. I'arommase 1. H. // Tunpounxenepus, Nel1(25), 2017, c. 16-26.

Pe3tome: CraThd MOCBSIIEHA MCCIEIOBAHUIO YCTOMYMBOCTH PACIpPOCTPAHEHHUSI BOJH B
0E3HANOPHBIX KPYTIO-IIWINHIPUYECKIX BOIOBOJAX (B TOHHENSX, B TpyOOmpoBoAax W T.A.).
BriepBeie TeopeTrueckn 00OOCHOBBIBAETCS XOPOIIO WM3BECTHOE M yYUTHIBAEMOE Ha TPAKTHKE
TUIPOTEXHUYECKOTO CTPOUTENbCTBA SIBICHME, 3aKifoyarolieecss B COOWHOM MPOTEKaHUU
KHUJKOCTH B KPYTJIOUMIMHAPUYECKUX KaHallaX B YCJIOBHSIX HUX TMOYTH MOJHOTO HAIOJIHEHUS.
[TokazaHo, YTO HEYCTOMYMBOCTH BOJTHOBBIX BO3MYIIEHHH B TaKUX KaHAJIaX 3aBUCHUT JUIIb OT
JUIMHBI BOJIHOBBIX BO3MYIIEHHH W HE 3aBUCUT HU OT CKOPOCTH OCHOBHOI'O MOTOKa U HU OT
HaJIMYUs MPOCIONKH BO3IyXa MEKIy CBOOOTHON MOBEPXHOCTHIO BOJIBI M CBOJIOM KaHaa.

BreiBozATCsA Takke aCUMOTOTHYECKHE YpaBHEHHS JUIsl ONMHUCAHUS BOJHOBBIX JABM)KEHUU B
Majoll CTENeHW M HAIMOJIOBUHY HAMOJHEHHBIX KaHallaX KPYTJoro IONEepeYHOro Ce4YeHwus,

Ka4eCTBEHHBIN aHaIN3 KOTOPBIX YKAa3bLIBACT HA YCTOP'I‘{HBOCTB MMOBCPXHOCTHBIX BOJIH.
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PaGora BbImOJIHEHA B paMKax HAUMOHAJIbHO-HAYy4YHOro ¢gounaa I'panta FR 35/9-

120/14 lora PycraBesu.

KuroueBbie cijioBa: Oe3HAmOpHBIA BOJOBOJ; BOJHOBOE IBIDKCHHE, KPYIJIOE CEUYEHUE;

YCTOMYUBOCTb.

YK 628.1

K BOITPOCY YTOYHEHMSA I'MJPABJIUMYECKON KPYIIHOCTHU TBEPJIOU
®A3bl CTOYHBIX BOA. I'emmmanu 3.0I., KouvmuamBuam JLJ, Cocemus I'.A.,
T'opnesuanu K.I'. // Tunpounxenepus, Ne1(25), 2017, c. 27-34.

Pe3rome: PaccMoTpeHbI CTOUHBIE BOJIBI KaK MOJIMIUCIIEPCHAs, T€TepOreHHasi U arperaTHo-
HEYCTOMYMBAs CUCTEMa — CycrleH3us. Pa3paboTaHO YCTPOWCTBO IJIsi ONPENENICHUS CKOPOCTH
OCQXKJIEHUS YacTHUI] B CTOYHBIX BOJAX C Y4YeTOM HUX Hernpo3padyHocTu. [lomyueHHble HamMu
pe3yNbTaThl U JJaHHBIE MPEACTaBICHBI B rpaQMuecKUX W SMIUPUUYECKUX (opMax, U COMOCTaB-
JIEHBI C pe3yJbTaTaMH APYTUX aBTOPOB. [IpeasiokeHHbIE SMIUPUUYECKHE 3aBUCUMOCTH TO3BO-
JISIIOT MPOBOAUTH PACUEThI C TOYHOCTBIO, IOMYCTUMOM B MHXKEHEPHOW MPaKTHUKE.

KuroueBble ci1oBa: arperaTHO-HEYCTOMUYMBAs CUCTEMA; FeTEpPOreHHas; TUpaBiInvecKas

KPYIHOCTh; TOPU30HTAIbHBINA OTCTOMHUK; MOJUAUCIIEPCHAS; CTOUHBIE BOJIbI; CYCIICH3USI.

YK 628.1.034

BJIUAHUE ®OPMbI YACTHUL HA THAPABJINYECKYIO KPYITHOCTD ITPU
MEXAHUYECKOM OYUCTKE CTOYHBIX BOJ. I'summanu 3.I, T'yprennaze JI.P.,
Hunanze 3.0., bykust C.K. // T'unpoumxenepus, Nel(25), 2017, c. 35-42.

Pe3ome: Paccmorpeno BiausiHME (POpPMBI YBCTHI] Ha TUAPABIMYECKYIO KPYHHOCTH HpHU
pellIeHNH 3a7ad MEXaHUIECKONH OYHCTKU CTOYHBIX BOA. [loydeHHbIe HAMU pe3yabTaThl U JaH-
HBIC TPE/ICTABJICHBI B rpaduyecKux U sMmupuueckux Gopmax. [IpemiokeHHbIe SMIUpUIECKHe
3aBUCUMOCTH TO3BOJIAAIOT IMPOBOAUTL PaCUYCThl C TOYHOCTHIO, ,Z[OHyCTHMOfI B HH)KCHCpHOfI
MIPAKTHUKE.

KiroueBble cjioBa: BivstHEE (DOPMBI YaCTHIL; TUAPABIAYECKAsE KPYITHOCTD; MEXaHUYeCKast

OYHCTKA, CTOYHBIC BOJBI.
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YK 628.339

HNCCJIEJOBAHUE JANHAMUKU N3MEHEHUSA KOHIEHTPAIIUU
B3BEIIEHHBIX BEHIECTB B OTCTOMHUKAX JJIsI OYMCTKH CTOUYHBIX BO/I.
NuamBuian U. /1., lenucosa U. A. // I'mapounxenepus, Ne1(25), 2017, ¢. 43-49.

Pe3rome: B crathe paccCMOTpCHa AWMHAMHKA HW3MCHCHUSA KOHICHTPAIIMKU B3BCHICHHBIX
BEIICCTB MPH OYUCTKE CTOYHBIX BOJ B OTCTOHHHKAX METOJOM TPABHTAIMOHHOTO OCAXKICHHS.
OCHOBBIBasiCh Ha THIICOMETPHYECKOM 3akoHe Jlamaca, IMOJIy4eHO pacdyeTHOe YypaBHEHUE
3aBHUCUMOCTH OOBEMHOW KOHIIGHTPAIlMM B3BEIICHHBIX BEIIECTB OT TJIYOWHBI OCEIaHMS.
Onpe;[eneHO 3HAYCHUC rpaHHquﬁ KOHOCHTpAllMK MCKAY JIAaMHUHAPHBIM W MTCPCXOAHBIM
peXuMaMu OOTEKaHHs YacTUI KHUIKOCTbIO. PaccumTaHo Ha Kakod TIIyOMHE NPOUCXOAMT
nepexo] JAMHHAPHOTO PEKUMa 0OTEKaHUs YaCTHII B ICPEXOIHBIA PEIKUM.

KiarueBble cioBa: ruapaBinyecKas KPYIMHOCTh; TpaHWYHAS KOHIICHTPAIUS; DPEXHM

00TeKaHUs qacTul, CCAMMCHTal s, CTOUYHbBIC BOJHI.

YK 691.32

XUMHUKO-®PU3NYECKHUE ACIIEKTbBI BETOHHBbIX JOBABOK.
KanvunamBuiau JILJ., lyprennnze JI.P., YukoBanu A.B. // Tunpounxenepus, Nel(25), 2017,
c. 50-60.

Pe3tome: AKTHBAIMS U MOBBIIIEHHE OJHOPOAHOCTH MECTHBIX MaTepHalIOB M TEXHOT€H-
HBIX OTXOZIOB OCYIIECTBIISIOTCS ITyTEM UX MEXaHO-XUMHUECKOW 00pabOTKH B IOMOJIBHBIX arpe-
rarax. B ciyyae momosa yka3aHHBIX MaTepUalOB COBMECTHO ¢ foOaBkamu [1AB nomydaror op-
raHOMUHEPAJIbHYIO 100aBKy, 00JIaJaronlyl0 BBICOKONH OJHOPOJHOCTBIO M HU3KOM BOJOMNOT-
peOHOCTHIO, KOTOpast MOXKET 3P (HEKTUBHO MPUMEHATHCS B CTPOUTEIIBHBIX PACTBOpaxX U OETOHAX.

KiroueBble c10Ba: XUMHUECKUE U MUHEPAJIbHBIC JOOABKH; MUKPOHAIIOIHUTEIH; TOMOJT;
aKTUBAILMS; SMUTEKIMS; TUIO0Jb; KOMIIO3UIIMOHHOE BSIKYIIEE; CUJIaH; CHJIMKOH; MOJISPU3ALUS;

aJUTHUBHOCTbD.

YK 631.367

OPOHIEHUE CTPATEI'MYECKHUX KYJbTYP YJAYUIHIEHHBIM ITOJIMBHBIM
ATPET'ATOM NO3UIMOHHOI'O JEVCTBUS. Hanutamsuiu B. O. / I'mapounxene-
pus, Ne1(25), 2017, c. 61-69.

Pe3rome: PaccMoTpeH BOmpoc OpOIIEHUS! YalHBIX U HUTPYCOBBIX KYJIbTYp KaK 3HaMEHa-
TEIbHOE MEPONPUATHE, KOTOPOE NaET TapaHTHUIO MOJIYYUTh BHICOKHI M Ka4eCTBEHHBIN yposkaid,

OpPUEHTUPOBAHHBIN HA YBETUYEHUE HKCIIOPTHOM MPOTYKIIHH.
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HaHH CXEMBI 1 KOHCTPYKIHU ITOJMBHBIX AOXKIACBAJIBHBIX YCTaAaHOBOK IJIA JalHBIX U ouT-
PYCOBBIX HHaHTaHHﬁ, OCHOBHBIC Y3JIbl U NPHUHIUIILI pa60T, a TaKKC HUX TCXHHUYCCKHUC Ilapa-
MCTPLBI U TCXHOJIOTHA OPOIICHUS.

KiaroueBble ¢J10Ba: MOJIHBOYHAS TEXHUKA, UPpPUTalUOHHAasA 3PO3Us; DKOJIOIMICCKaA 6e30-

MMACHOCTD; JOKIEBaHHUE.

YK 332.025

IOOEKTUBHOCTDb BKIIIOYEHUA «MEPTBOI'O KAIIUTAJIA» B OKOHO-
MHUYECKOM OBOPOTE CTPAHBI U B CTPOMTEJIbHOM JESATEJBHOCTH.
KpucrecuamBuau E.H. , Maxsunanze P.JIL., loronanaze U.A. // Tunpourkenepus, Nel(25),
2017, c. 70-76.

Pe3rome: B paGoTe paccmaTpuBaeTcsi poJib BKIFOUCHHS ,,MEPTBOTO KaluTaza“ HaXxoIsIe-
T'OoCA B (baKTI/I‘-IGCKOM BJIaICHUN HACCJICHUA B MUPC, U B TOM YUCJIC B pr31xm, B Pa3BUTHUH DKOHO-
MHKHU CTPAHBI B TOM YHUCJIC.

KuroueBble ci1oBa: UMoTeka; MEPTBBIN KaluTajl; MaTepuaibHasi U BHYTPEHHSS LIEHHOCTD;
3eMJIsl; 3/1aHUS; COOPY)KEHUS; MaTepUAIbHBIN aKTUB; JI€BEJIONMEHT; KYMYJISILIUOHHBIA 3PQeKT;

HEeIBIDKUMBIA KaIllUTal.

YK 628.1

OIIEHKA KAYECTBA BOJBbI 1JISI TIPOBEPKH CTATUCTUYECKOM I'MIIO-
TE3bl IPUMUWHEHUEM o - METOJA. bernamsuau A.L, Coceana I'. A. // T'uapo-
umwkenepus, Nel(25), 2017, c. 77-83.

Pe3tome: [[i1s1 mpoBepKH CTaTUCTHUUECKOW THUIOTE3BI C MCIIONIBb30BaHHEM AJb(a Merona
OLICHKH KayecTBa BOJABI MOXHO NPUMEHUTh MATEMAaTHYECKYI0 MOJEIb, B TOM CIlly4ae, €CIIH
3apaHee M3BECTHO TOYHOE 3HaueHHe KodpduuueHTta. Jlns NPOBEPKHM COCTOSHUS BOJBI
(6e3BpemHas WM BpeAHAs) 3aJa4ya CBOAMWTCS K MPOBEPKE ABYX rumotes. st perenus 3amadu
nonb3yemcst Teopusamu Jlerimana u Llewitinaa. [locne nonydyeHnus OKOHYATEIBHOIO pe3yibTaTa
cocraBjeHa TalJuIla, KOTOpas MO3BOJSET aHAJIM3UPOBATh MOJydeHHbIe naHHbIE. [1o pe3ynb-
TaTaM THUIIOTE3 MOCTpoeH W Tpaduk. B HEM manHble 3HaueHwil Anbpa u Mro, Korma a) KTo
"ouunmiaer Boay", 0) I "MoIb30BaTENS BOJBI".

KuroueBblie c10Ba: MaTeMaTHUuECKUE OKHUJIAHUS, AUCTIEPCUS], CTATUCTUYECKAsl TUIIOTE3a,

pacmpeiesieHue cTeOIei.
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YK 628.1

PACUET YIIEPBA C MPUMEHEHUEM KOHTPOJIBHOI'O PAVIOHA IIPH
AHTPOIIOTEHHOM BO3JEMCTBHUU. Bernamsuan A.III, Coceana T'. A. // Tuapo-
nmkenepus, Nel1(25), 2017, c. 84-87.

Pe3ome: IlokazaHo: oOCyXIeHHE YCTAaHOBJICHHMS HKOHOMHYECKOTO yiiepbda MeToJ0oM
KOHTPOJIbHBIX pailoHOB. [l ycTaHOBJIEHHUs yliepOa NPUMEHSAIOT 3 METOJla: KOHTPOJIbHBIX pa-
HOHOB, KOTOpble 00OCHOBaHBI CPABHEHUEM 3arpsI3HEHHOTO M YCIOBHO YUCTOI0; aHATMTHYECKON
B3aUMOCBsI3U (0OOCHOBAaHBI IO MaTEMaTUYECKOMY COOTHOIIEHUIO, HAlpuUMep, MHOTo(dak-
TOPHOMY aHAJIN3Y), U TPETHI - KOMOMHUPOBAHHBIN METO/I.

[TpuBenEHHBIN KOHTPOJIBHBINA PaliOH, KOTOPBIH 110 XapaKTepucTUKe Oosee-MeHee OJIM30K ¢
M3Yy4aeMbIM. YKa3aHbl OCHOBHBIE IPUHLUIIBI U MOJIOKUTEIBHBIE CTOPOHBI TOTO METOAA. DTOT
METOJ{ MOKHO IIPUMEHUTD U JUISL IPYTUX PAWOHOB.

KiroueBble c1oBa: craTucTuieckas oOpabOTKa; aHAIMTUYECKas B3aUMOCBS3b; YPOBEHb

perpeccuu; GyHKIUA-PAKTOP.

YK 628.1

HOPMUPOBAHUE 3ATPA3ZHEHUSA U IMTOKA3ATEJIb COCTOSIHUA ITPU-
POJHOM CPEJIBI. Bernamsuan A.II, Cocenna I'. A. // Tunponmxkenepus, Nel(25), 2017,
c. 88-93.

Pe3rome: OOcykaeHa B3aUMOCBSA3b MEXKIY pPa3pelIeHHbIMH M HOPMAaTHBHBIMU Tapa-
METpaMy TpU BO3ACHCTBUM Ha OKPYXKAIOMIYI0 cpeny. [IpuBenéHo coBpeMeHHOE omnpeaeiieHue
HOPMATHBHOTO TIOKa3aTeisi B3aUMOJICHCTBHS C TPUPOJIOH, TaKKe MPHUBEICHBI Kiaccu(ukamus
BOJIHOTO OOBEKTa; WHTETpajbHAs XapaKTEPUCTHKA KayecTBa BOJBI U CyMMapHbBIE IMOKa3aTeln
XUMHUYCCKUX 33I‘p$I3HHTCJ'I€I>i.

KiroueBble ciioBa: HopManHM3alysa; MaKCUMalIbHO JOMYCTHMAasi KOHIICHTPAIIHs; MaKCH-
MaJIGHO JIONTYCTUMBIA YPOBEHB; BPEMEHHO pa3pelleHHBIH HHICKC 3arpsi3HEHHs BOJBI, OOIIHIA

YPOBEHb 3arpsi3HEHUS.

YK 621.81

KAIIJIEOBPABOBAHUE BO BPEMSI KAINEJbHOW KOHJAEHCAIIUM H
AHAJIN3 MTPELHECCA TEIIJNIOOTAAYUN. MecrBupumBuiau II. A. // Tuagpounkenepus,
Nel(25), 2017, c. 94-98.

Pe3rome: B pabote na€rcst aHanm3 KameiabHOW KOHACHCAIMKM BO BPEMs TEIUIOOTIAYH B

COBCPHICHHO HOBOM B3IUIAC Ha MPOLECC, OCHOBAaHHBI Ha KJIACCHUYECKOM HCCiIcJ0BaHUU
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¢bu3ukK 1 KoJutouaHON XuMuu. Jlaéres Takke MeXaHU3M KaruieoOpa3oBaHUs U BOSHUKHOBEHHS
WIEHKH KoHAeHcara. OmpezeneHa posib OOpa3oBaHHBIX Kamelb B IpOIece TErIo0Taaun
COTJIACHO UX Pajuycy, CBEpeHbl KOA(PHUIMEHTHI KaneIbHON TEIUIOOTAAYH U PTYTH, BMECTE C
TE€M, BHECEHO MTOHATHE BTOPUYHOIO [1apa U €ro Pojib B MPOLECCE KOHIECHCALNH.

KuroueBble ciioBa: xamnenbHas KOHAEHCAIUs; KarjieoOpa3oBaHKe; BTOPUUHBIN map; map;

KOHJIEHCAT; KPUTHYECKUH painyc.

YK 691.32

YHUBEPCAJIbBHAA MOJEJIb YCAJIKH CAMOYIUVIOTHAIOLETOCSA
BETOHA. CakBapeanase A.B. // T'uapoumxkenepus, Nel(25), 2017, c. 99-106.

Pe3iome: M3yuena ycagka caMOyIUIOTHSIOIIETOCS OE€TOHA pa3IMyHOTO Bo3pacTa ty=14, 28,
60 u 180 nmHeii. B skcnepuMeHTaX UCHBITHIBAIMCH OOpa3UbI-IMIMHAPKEI AuameTpamMu 70 cM u
mmuHo 70 m 300 mm. Jlo umcmbITaHuil 0Opasibl XpaHWINCh B Kamepax € OTHOCUTEIIbHOU
BiakHOCThI0 100 %. OOpasipl Bcex BO3PACTOB HCIBITHIBAIUCH B CpPelax C OTHOCHUTEILHOU
BraxkHocthio 70, 50, 20 u 20%. OnbITE MOKa3adu: 3aBUCUMOCTD AeGopMaiui 00pasuoB (Bcex
BO3pacTOB) OT BJIArocojJep:kaHus MaTeprasa HeJMHeHa.

Ha ocHoBe sKkcriepuMEHTANBbHBIX JaHHBIX pa3paboTaHa yHHBEpCATbHAas MOJAEIb YCaIKH
Komro3uTta. BriepBbie pa3paboTaHa Mojenb yCaaKd CaMOYIIIOTHSIOIIErocs OeToHa, KOTopas
YUUTBHIBAET BO3PACT U CTPYKTypy MarepHuaia. TeopeTHueckrue BBIUMCICHHS XOPOIIO COTJa-
CYIOTCS C DKCIIEPUMEHTAJIbHBIMU JaHHBIMHU.

KiroueBble ci10Ba: ycalaka; BO3pacT; MOJENb; CaMOYIUIOTHSIOIIUIICS OETOH; BIaroco-

neprxkanue; nedopmanus; cpena.

YK 691.32

HABYXAHHUE CAMOHAIIPATAIOHIEIOCSA BETOHA. CaxkBapeaunase A.B. //
I'mnpounxenepus, Nel1(25), 2017, ¢. 107-110.

Pe3iome: I3yden Bompoc HaOyxXaHHsS CaMOHAMpSTaromerocs OeToHa. DKCIEPHUMEHTHI
MPOBOAMIIMCH HaJ oOpastaMu-nuauHapamMu guamerpom 70 mm u mmuHOM 70 1 300 mm. Tlocme
W3TOTOBIIEHUS 00pasnbl XpaHWIUCh B nomemeHud npu 100% oTHOCHTENbHON BIaXXHOCTH 28
CYyTOK. 28- cyTOuYHBbIE OO0pa3Ibl BHICYIIMBAINCH JI0 TOCTOSHHOTO Beca (BJIarocojepkaHue
W=0%), mocie OHM UCHBITHIBAINCH HAa HAOyXaHHE B CpPelax C OTHOCHUTEIbHOW BJIaKHOCTHIO
Bozayxa 70 u 100%.

OneITH TIOKa3aIM, YTO Ha0yXaHWE KOMIIO3MTA BO3PACTACT MPOMOPIHOHAIHHO BIAro-

COJZICp)KaHUIO MaTepHaja. YCTaHOBJIEHO, 4TO JedopMaius HaOyXaHUs BBIYHCISACTCS OJIHUM
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TUHEeWHBIM K03 dunrenTom HaOyxanus. [lana dopmyna onpeaeneHus HAOyXaHUsT KOMITO3UTA.
YcraHnoBiieHa BeIMYMHA KO3 GUIHEHTA JIMHEHHOro HaObyXaHHs CaMOYIUIOTHSIOIIErocsi OeToHa.
Teopernuecku omnpenenéHubie nedgopmannu HaOyXaHUs C XOPOIIEH TOYHOCTHIO COTIACYIOTCS C
9KCIIEPUMEHTAILHBIMH JaHHBIMHU.

KuroueBrbie cjioBa: HaOyxaHWe; CaMOYIUIOTHSIOMMICS OeTOH; oOpaselr; Biarocojiepika-

Hue; nedopmanus; TMHEHHbIH K03 UIMEHT Ha0yXaHuUs.
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