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Summary

According to structure and volume the dissertation work consists of
Introduction, 4 Chapters, Conclusion and List of Literature with 124 denominations,
also 25 Figures and 8 Tables.

Introduction presents the general characterization of the work: the urgency of the
problem, objectives of the work and research problem, research objects, research
methods, scientific innovation, practical value and realization of results, scientific
conclusions and the proof of recommendations validity, approbation of the work,
work structure and volume.

Chapter I considers contemporary state of the problem and research tasks.

The reliability of the process of water supply provision to the consumers greatly
depends on reliable and rhythmic operation of water supply system purification plants.
In this respect the work presents literary review, critical analysis and contemporary
state of the problem. Contemporary methods and technologies (including modern
membrane technology) of water purification are characterized which give exhaustive
possibilities of practical implementation of these methods at purification stations. It
should be mentioned that the existing works do not consider systems problems of
operative management, monitoring, description and modeling of process-conditioning
factors of water purification technological processes which are the very subject of the
given work.

In order to solve the research problem the systems approach is proposed which
considers the technological process at water purification stations in complex on the
basis of analysis and modeling of process-conditioning factors with the purpose to
state effective regimes (operation regulation) of structure complexes included in water
purification scheme.

Chapter Il gives the principles of operative-dispatch management of water
purification technological process: the possibility of operative-dispatch management
of water purification technological process using the principle of “implicit logic
regulator”; principles of statistic management of characteristic parameters of water
purification technological process; plotting of control and regulating maps on example
of the Samgori purification station of Tbilisi.

Chapter III considers the construction of descriptive-type models of regulation
and quality control of water purification technological process specific parameters on
example of the Samgori and the Ghrmaghele purification stations of Tbilisi.

According to process-conditioning parameters, with the aim to work out
operative-dispatch management strategy of water purification technologic process the
possibility of stating the areas of duty-cycle ratings and its variation (upper and lower
precautionary and regulation limits) is proposed using preliminarily composed
discrete models. The decision making rule in such case is confined to two items: 1.
The general qualitative evaluation of water purification can be considered
“satisfactory”, “good” or “excellent” only in the case if each evaluation of
simultaneously acting water purification specific parameter is at least P>0.37
according to the received models. 2. The general qualitative evaluation of water
purification will be considered “unsatisfactory”, if and only if, P<0.37. In this case
technological process of purification happens unsatisfactorily (even in the case of one
“detected” parameter) which means that specific parameter is out of precautionary
limits of control maps.

In order to bring the process to stable condition the correction of “detected”
parameters within determined ratings is necessary. Here P is the so-called “objective
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achievement” function which reflects quality state corresponding to upper and lower
precautionary limits on control maps plotted according to the process-conditioning
parameters.

Chapter IV discusses the development of the principles of technological process
control at water purification stations (in social-technical, as well as, in organizational
systems) and respective recommendations with the aim to polish-up operative-
dispatch control. The operative control principles are formulated for effective control
of water purification station technological process. In this case the organization of
water purification station unified system operation is based on consideration of water
purification technological process in symbiosis with social-technical characteristics:
purposefulness, structurality, self-organization, interrelation of elements, interaction
of integrity and alienation, etc.

The control maps plotted according to process-conditioning factors, in respect to
arbitrary situational condition formed in operative-dispatch control process, enable to
determine adequate water purification quality differentially for each parameter, as
well as, integrally according the integrity of analyzed parameters.

The general characterization of the work considers:

Urgency of the problem. Uninterrupted water supply of clientele greatly depends
on effective regulation and normal functioning of water purification stations
technological process.

The technological parameters (transparence, turbidity, color, smell, test, PH,
ammonia, residual chlorine, chlorides, general hardness, residual aluminum, C, index,
general quantity of bacteria, etc.) conditioning water purification technological
process according to raw water content undergo seasonal changes. Therefore,
operative control of these parameters and regulation of potable water standards are
necessary in technological process of water purification.

The acute seasonal variation (particularly, in spring) of natural water quality
parameters  deteriorates the normal procedure of purification technological process
and demands the transition of construction complexes to induced (forced) regimes and
the change of operation schedule. This condition, in its part, causes the deterioration
of water supply and water quality.

In Georgia (as well as abroad) the traditional water purification technological
schemes and station complexes are generally adopted their function being sanitation
of pollution existing in natural waters and bringing of potable water condition to the
accepted standards.

The process of water purification technological process is affected upon with
different factors (external, as well as, internal) characterized with certain irregularity.
In real conditions, in evaluation and operative control of water purification
technological process the operative-dispatch personnel is mainly guided with
subjective-intuitive considerations and solutions which may be negatively reflected on
water quality stability.

In the mentioned context the urgency of the researched problem is conditioned
with unified systemic approach to analysis and evaluation of water purification
technological process at purification stations (in social-technical, as well as, in
organizational system) which considers the mentioned process in complex. In this case
human controller has an effective instrumental possibility of simultaneous analysis
and evaluation of water purification technologic process continuation in arbitrary
(“implicit*) situation with consideration of process-conditioning factors and operation
regimes (and operation schedule) of building complex included in purification
scheme.
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Scientific innovation. Systems approach to water purification technological
process regulation and normal operation (in social-economic, as well as, organization
systems) of water supply system purification stations is developed which gives the
operator-dispatcher the real instrumental ability to analyze process-conditioning
factors according to the set situational conditions, to state effective regimes of
construction complex operation included in purification scheme and to make operative
control decisions.

Practical value and realization of results. The systems approach of regulation
and quality control of specific parameters of water purification technological process
is worked out which allowed mathematical description of operative-dispatch
management of water purification technological process with the use of the principle
of ‘implicit logic regulator”:

e Method of plotting of control and regulation maps;

e Descriptive-type models of differential and integrated evaluation-prognosis of
water quality process on example of Ghrmaghele and Samgori purification
stations of Tbilisi water conduit;

e Construction of descriptive model of quality evaluation of 1 1 reagent
consumption frequency (min) which depending on raw water (transparence)
quality variation determines the expediency of corresponding frequency of
reagent dozing (on example of Ghrmaghele purification station of Tbilisi water
conduit).
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4 | gorz0 0,63 0,80
5 [ domosh gotgo 0,80 1,00
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gbeomols 0\3.51580636000 '331)06@363;:)0 Bg\)abo Bgdomrmmaoméo 360(39b0b



dsbalosmgdgmo 35613398900l Logymeom® dogmds®gmdsms (339 gbsemdol dga3sligds
3563yBo30l  Gmaemt  gomggame,  sbyg)  gPoeGmymo  (3mdmylinéo)
(35 gdsmdol  306m39630.  [eddmwagbomo  (3bGMomo, msgols dbMog, Lsnsmgdsls
0dmgzs  sbsbosmegl dodeabsdrg  Bgfommmaondo  3Omiglols gdmasbo  g39ddne0
97000 Lbgsslbgs Lodyneon® dpgmdstgmdsms dobgogom. s@bodbrmo  bszombols
FodsBgdomn  ass(y3gde, (beos, Fgudmadgmo  0fbgds  Fbomme  m3g@sdome-
Bgdoogneo 3g@bebsmols gsdmzomgdsls ©s abBmoz0sty  sgPbmdon.

“30B60l  dom(g30L" 3mb 300l 83GImJlods300l LeBremgdse Bgodmgds asdmyg-
6o 0dosl m®dsgo 9JL3mbgbsosmgo Labol dsmgdsdogneo  ©sdmoegdnmadgdo
[1], &m3egdlscy 94698sm Fgdeagao bsby:

P, = exp[- exp(-b, ~b X))} G

80 sdmgoegdnmgdol  gstsddbs  dgodemgds  Fqgdrgan  Lsboo: b0+b|Xi =
ININ(L/P). 53 358mbsbmmgdsdo by s b Gga6b00l gmgs0c096d 003, Godgmos

33dm s gmgems “d0%Bbols dom{g30l %'36{](30.)'30” Bﬂboaj@gﬁog dgoehg39b
30m(39L3963530608909em0 35613390l bsdolbmd@ogo dpamdsdgmdol m® 300969l

doh396989mb - (3ol s gesdal - (X”,Xiz), AIgmos  dodegztmdon  hRsligedgb
Lobd)gdols Fgledsdols asb@emegdgdda:
b, +b X, =-InIn1/P,)

b, +bX., =—Inin@W/P,) [’ G2

Goamei §abo, X, s X, 3603369mmdgsol Bgls@Bggee 0mgdgb X i -obs
© X 0b booegidl s s bmdogddn@ee  Bgnledsdgdss P, =0.2  (3s6e-
30l 3o doamdstgmds) s P, =0.8 (3s0s39860b 45630 dogmdstrgmds)
3603369mmdgdl. 33 dm@gmol 33980kl ©s0Bg938s, GBI smgdm ofésk: P =0.8 —

6m3obsgrm®o  mbols  Fqlsdsdobo  Lowowg  (3sMa0  bstolbmddogo  Bggsligds) s
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“o%ﬁ)m&ﬁ)OBO TVobssAlols” sdc 3oEgdmgdgdo dgdegan Lsbom:

C, =Ilg(P, .. P P Px_%dg)_):lngboai+IgPX_dA+IgPX.aL\5'+IgPXW)_.(3.3)

Xgoddk. " X.J." X.gob.

oy s0gbodbsgo lgP =C lg Py 4= Cj" lg Py PN Cﬂ.sﬁ. Q3

Kooy 0008

IgPy 4.4 = Cigo.r 35806
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C,=C, +C,+C  +C (3.4)
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—:O, =0. =0. 35306 mmgognGo  39380607980L  dsgmsblols
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ar — -
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65J-

d530b, MmEgls;
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