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Summary

Dissertation work in structure and volume consists of: introduction, four chap-
ters, conclusion and literature list of 68 denominations, also 10 figures and 40 tables.

Chapter 1 is dedicated to the analysis of waste waters according different factors
which comprise chemical composition of natural and waste waters, classification, the
effect of contained matter on sanitary regime of water reservoirs (rivers, lakes, etc.).
Also comprises general methods and principles of waste waters purification, including
the problems of purification of waters contaminated with mineral oil products.

Chapter 2 discusses physical-chemical characterization of adsorption and the
possibilities of its using in purification of oil- and fat containing waste waters, main
diagrams of adsorptive purification with zeolites, also pearlite raw material is charac-
terized as adsorbent.

Chapter 3 presents scientific-research experiments for pearlite material testing as
adsorbent, as the means of filtration-purification of oil- and fat-containing waste wa-
ters. In particular, a series of experimental observations has been carried out in order
to state filtering capacity of raw pearlite in the case of contamination with engine oil
and liquid fat. Respectively, the results of experimental observation data have been
processed (using mathematical statistics methods) and regressive type models have
been composed.

Chapter 4 gives the estimation of mineral oil- and fat-containing waste waters
pollution rate, prognosis and the measures for ecological safety support of draining
systems. With this purpose descriptive models of pollution rate estimation and prog-
nosis of industrial and household waste waters were created. Also, for purification of
waste waters contaminated with oil- and fat-containing products a device is elaborated
for using in different purpose objects (car washing stations, restaurants, etc). The
characteristics of engineering draining systems operation quality (exploitation reliabil-
ity, safety, risk factor) are investigated and their effect on perfection of the conditions
of waste waters purification station operation is investigated.

According to international experience and world practice of waste waters purifi-
cation, the required water purification rate can be generally achieved with inculcation
of modern technological schemes of purification which, in a sense, use sorption proc-
esses. The technologies of purification of industrial and household waters with oil-
and fat-containing floating admixtures are also known which are based on using the
methods of deposition and filtration. The mentioned technologies of waste water
treatment are, in the first place, expensive and in the second place, are awkward for
local type objects. Also it should be mentioned that standard oil-trapping constructions
are of big dimensions (e.g. the length of one section of typical oil-trapper is about 3-6
m and depth 2 m), therefore, their attachment to concrete objects is difficult and often
even impossible. Besides, these constructions work on electric power which is con-
nected with definite expenses. The mentioned circumstances were the reason of our
solution which in local conditions is a cheep and convenient solution of the stated
problem.

The article elaborates effective method of oil- and fat-containing waste waters
purification with the use of active filtering chemical adsorbents on the basis of which
local purification of waste waters polluted with oil- and fat-containing products col-
lected from different objects with treating device before draining into town spillway
networks will be possible. This problem (which enables the softening of town purifi-
cation stations operation regulations and sanitation of water reservoirs ecosystems)
can practically be realized by town municipalities according to the methodology pro-
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posed by us. Generally, it should be mentioned that in Georgia the activity of munici-
pal services should be directed to the solution of protection and sanitation problems of
the adjacent environment for which it is necessary that respective sums be regularly
assigned for realization of purposeful ecology-oriented policy which implies:
e The adequacy of human thinking to ecology-oriented policy and its
strict realization;
e The creation and inculcation of new generation technical equipment
(also progressive technologies), mechanisms with the purpose of provision of
environment ecological safety;
e Softening and avoiding of negative results of human activity on
neighboring environment;
e Creation of ecologically pure enterprises and permanent supervision;
e Development of new legal and normative regulations in ecological
viewpoint and strict execution of them;
e Tightening of responsibility for neighboring environment pollution;
e Using of international cooperation and experience for the solution of
ecological problems.

In the sphere of the mentioned ecology-oriented policy and protection of envi-
ronment adjacent to towns the municipal services of the towns of Georgia (Tbilisi, Ba-
tumi, Kutaisi, Rustavi, Gori, Telavi, Khashuri, etc.) should direct their activity accord-
ing to the Law of Georgia “About water’(in act since 1997), the Law of Georgia “On
environment protection” (in act since 1996), also according to EU directions
91/27/EEC concerning the purification of municipal waste water drainage and accord-
ing to which all municipal and industrial-household waste waters should be collected
and purified (within the limits of allowed concentrations of polluting ingredients) be-
fore draining into reservoirs, in particular:

= Water objects (rivers, lakes, water reservoirs, etc.) protection and ra-
tional using of water resources with consideration of interests of contemporary
and future generations and sustainable development principles;

» Avoiding of harmful effect of water and effective elimination of the re-
sults;

= Sustainable using of water objects for complex water industry monopo-
listic measures (water supply, hydro power engineering, irrigation, recreation,
etc.);

= Preservation of ecological values and functions of waters of Georgia;

* Minimization and lowering of ecological risks of waste waters pollu-
tion and respectively, avoidance of possible losses.

The main results of dissertation work are given in solution:

In the work on the basis of systems approach an engineering problem “Elabora-
tion of effective method of oil- and fat-containing waste waters purification using ac-
tive chemical filtering adsorbents” is solved, particularly:

1. In the sense of human health, ecological safety and environment protection
the researched problem concerns the class of engineering problems of national safety
provision, therefore its solution is urgent and timely.

2. An effective method of purification of industrial-household waste waters pol-
luted with oil- and fat-containing products was developed which is based on scientific-
experimental researches of chemical adsorbents, particularly:

- On the basis of scientific-experimental researches for purification of oil- and
fat-containing waste water the thermally treated (swelled) pearlite was chosen as ac-
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tive filtering chemical adsorbent from the group of adsorbents (clinoptilolite, odenite,
shabazite, erionite, etc.);

- Scientific-experimental researches proved high effectiveness of pearlite mate-
rial used for purification of the mentioned type waste waters, therefore, this material
was recommended for purification of waters of car washing and public feeding objects
before draining into spillway systems.

3. On the basis of scientific-experimental researches the advantage of using
chemical adsorbent — pearlite for purification of water polluted with machine oil and
liquid fat was proved.

- The extreme values of experimental observations extracts and the rate of their
appertaining to general distribution were proved in the sense of statistic reliability;

- On the basis of statistic processing of research extracts the reliable regressive
models have been made which comprise the possibilities of pearlite using as waste
water filtering material in different purpose objects.

4. With realization of the developed measures at car washing stations and other
public feeding objects the quality of waste waters in the towns of Georgia will be sig-
nificantly improved before its draining into water reservoirs (rivers, lakes, etc.) (while
in conditions of Tbilisi the improvement of purification station of Gardabani waste
water regulations and the river Mtkvari ecosystem will be achieved).
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domogo Bg9d3gas@g@ols s (bggol gogergbsl, Go@ byl ¢fymdl bog-
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0090 gdoms  aoblibsl. [goel d@Mogomo bogmogdgds gdmggs bodmgfggenm
hodmbowgbgdom ©s sdo®gdl dJob gy gboanmdsls.

sbgmo 30m3glgdol Igegaee Fyoedo a@mgogds d@sgsgro dgomo,
nbgoo @ 500500 bogmoggds, GOymG3 blbow, ol dg@HogHoggo g
5 O moe® Joymds®gmdsdo [8].

950905039000  bogmog@gdgdo. {g0dols s  ommgaol  [yoao
bosaabyg dmbggodolsl gos®gibogl Jgodols wo mobol bofoaszgob.
gL bofoensggdo FyomTo dbgamsw oblbgdosh s dgBog@doggdyen dpam-
do@gmdodo  @hgdosh. dgBog@oggdgee bogmogdgdoms sOLgdmds  [yoendo
bganls ¢denols dob godmygbgdsl Lolidgmow s Lamysbm Lsddggdolomgols.

0mbgd0. Jofol Jg@do dmd@omdobols Fyoendo oblbgds do@oangdo,
OmIemgdoiz  dogd g gdBOmemodgol  [o@dmswagbgb s momdols
dognosbo  @olmEodgdbyaos 0mbgdo. (yomdo doMomswse  g3bgogds
3o (309930,  bo@@oydol, dogboydol, gomoydol, @gobol gomombgdo ©o
sbombgdo@sb — doMomsse  Jem@op- s Lymas@ombgdo.  dybgddog
Ty 9ol wosbanmgdom bgo@®ogydmo @gsjios oJab.

0mbgdo  gOMAsbgmolopgsb aoblibgogogds mgoligdgdom. bmyo ombo
deog®o  Lofod@msgos o  domo  oOLgomdol  godm  [yogmo  dgodangds
93500L0  5@dmhbogl, dop., LEHOMbE0ydo, dg@dogoydo, BYygzos, bo@®e-
Aombgdo dmJLogyg®o bogmog@mgdgdos o Fysendo domo s@Lgdmds ©slisd-
39005 dogrosh 33009 30bi3gbR®s309b00m.

8obbbogro sodgdo. dybgdbdogo (ymgdo gmggamgol dgoiEsgl soMgol,
JoMomoo  gobadol, sbm@l, bobdoddbdow (IV) mfbowl, dzomy Gomwg-
bmdom ggbgogds Fysandowo, dgmsbo, amaodoysamdswo ws Lbg. Fyergddo
aoblboano  50Mgbdo  Lbgowolbgs {o®@dmdmbobss. doom 4 xayae© ymaygb,
9Lgbos: 5@IMLYYHYo0, domJodoyg®o, dgBodm@BYeo,  MooMsIHoMo.

D) 5@dmbggdymo Fo@dmdmdol so®gdos: gobydowo, sHm@Go ©s ob-
9JOBE0 500 gdo.

2) domJodog@o Fo@ImImdol sodgdos: dgmsbo, bsbdo@dowols (IV)
mJbowo, amaodE{ysmdswo, ddodg bobdo®Tysmdswgdo, sbm@o, gobydswo.

3) 39Bedm@ggeo  soMgdos: babdo®dspol (IV) mJbowo, gmyodo-
Tyoemdowo, dgmebo, [yomdowo, bobdo@dowol (II)  mJbowo, sbmGo,
2030000l (IV) odbowo.
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4) @spomsdBoyg@o Fo@dmdmdols so®gdl doggnmgbgds dgenoydo s
Gombo.

69690@0g  Fymgddo  @odmme  s@ol  aog@Emgdgeo  dogdmge -
d963 960, O®MIgamepsb db0dgbganmgsbos omwo. dsl oo Gomgbmdom dg-
03536 begol glgg@ol Fyoedigbs®ggdo. wowo 360dgbgermds ozl sp®gm-
39 BMOL, OMdgols goblsbg@ymo 3mbigbdMo3os >gdxmdglgdl Lsb-
dgemo  Fymol bo@olbl. gom@o a3bgogds @Gmam@ 3 dB3bs®, olg dobgdo-
@ [yangddo. dobgdoemyd (yargddo d60dgbganmgsbo Momgbmdom s®ols
39030, @omogdo, dm@o, Gyéooygdo s bbgs dog@myarydgbGaso [9]

12. hsdwobsto Fyagdol obslbosmgds
Fo03mdmdols dobgogom

(o®dmdmdoll dobgogom hodpobo® [y gdl dJodomswsw ymaygh Lsd
Xo9Bo©: 1) bodggabym-bogogsgbmghgom, 2) baddgiggme ©s 3) sHdemb-
Q9O geo. hodpobs®o [ymol hodggds [yoemlbs@ggdo dgodangds ©dygsgrmo
ob 20o(39bwol dgdgy, 9L odmgoEgdymos sd0bdy®gdols bo®olbls ©o
dolbg Foygbgdyge LoboBo@ye dmmbmgbgdby. Lod@gfggerm hsdwobs®o
Tyemgdo  Fo@dmodbgds  bgomgyeols  dm3mggdols o  gosdydsggdols

OO, sbgmo [ymgdo bod xauno© oymas:
1) dgesdgdom Lygms,

2) 33069 ©od0bdydgdgero,

3) ob0bdyg@goygao.

©5606d9Mgdygao [yagdo [oboslfod Lygmogogds s dgdwgy bogds
dobo  hodggds  Tyomlo@dgggodo.  Loddg(ggem  hodwobsdo  Fyargdo
©ob0b6d7Mgdols dobgogom oymays:

1) dobgdogy@o b0gmogtgdgdbom ©sdobdydgdyemo (yergdo,

2) m@asbygmo bogmogdgdgdom wsdobdymgdyeo [y gdo,

3) mOaobygmo s sOSMMYSbymo bogmog®gdgdom sdobdy@gdegano
Vg goo.

Lsd@g(g9e0m  hodwobos®o  [yamgdol  Jodoygdo  dgoagboemmds  ©o-
dm 3o gdageos do@omsse [o®dmgdol balosmby.
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hodwobo®o [gmgdo gamdsbgmolasb goblbgogogds Gmym® 3 mgobm-
d®030, obg GomEgbmd®ogo dgoagbogrmdom. dosmTo dobsmgggools  3mb-
G96AGSG0s Ighygmdl 1 3p/0d-©sb snmdom smsls dy/d-Iwy.

Fo®dmgdsdo godmygbgdyads Fysamds dgodengds dgodobml Gou@ol ob
dgogol mgoligds, Mol dobgogomsi ozgegds Jobo  sa@gboygermdols
ba®obbo. 5dols dobgogom hodobs® (yamgdl ymeagb 3 wxamasw:

) Lyb@op spdgboyeno (pH =6.0—6.5),

2) danog® spdgloyero (pH <6 an ph>9),

3) s@ssp@gloygeo (pH =6.5-8.0).

Lbod@gfggenm  hodpobo®o  [yagdol  dobomggzgdol  yggeobyg aogm-
BGILJOIL0 X1 IBJO0S:

bogmmdo @ bog3mmd3dmEyd@gdo, GmImgdoi doMomsws® bogmmd-
dmd3mggdgeo s bogmmdysmsdsdydsggdgmo o glgdoyemgdgdol hodwo-
bo@ [y gddo agbggds. bogmmdo (yoemdo o6 oblbgds, dog®sd sl go-
93> 993030039090 dgmds@gmdsTdo.  opo  dgodangds  s@Lgdmdogls
Omam® 3 domsmoldg@loyge, olg odsgrolidg@lboyga doamds®gmdsdo.

Baboagdo  Fgoado  bgwgds goJargdol  powsdygdaggdol  dgegyoe.
BbO@gdo 53@Ingy oo GomEgbmdon Fgwol jmbjodogdo Foddmgsol
hodobo® (yargddo. ggbmargdo dogbg gogangbsls sbpgbgb mEbsg M-
23ob0bdgdbyg, oM syEomgdgeos  hodwobs®o  (yegbols  gofdgbes
39bmen gdolsasb, Mo doMomssw gduG®sdicool ybom bogds.

bagegodag®o ©> bgegsGyoo ogodgéo dodomswse  3gmgmmbol
3oadgdoggdol Bodrobod [yargddo agbgrgds. Lgmgoda®o 3gmgmmbs
Bo0wgds  390J60Logsh, GMIganbsi ©d93sg9096 Ca, Mg, NHs' ©s Na-ols
doEOmbymagodgdol gmpodmgsbo  dgogol  blbs®om dowogn  Fgddg®e-
AYOsbY. obgm sdydoggdols gfmegds Lyeago@ydo bo@dgs, @mdgano
JgBo© Omgmo 3OmEgbos. domgdgmo Isbowsb odmymagh Ggegambsl,
@hgds bobo@do blbomo, MmIganlsi bLyamgodg®o mygmdo gfmogds.

G gembol Foddmgdsdo bobds®o  (yseo  gmggamgols dgozogl
bg@god @ ©o bgmgsdhyg® ngodgdl.

Mm@aobgmo dgoggdo sOLgdmdl Jodoydo, 33gool s dGsgogmo Lbgs
d09Vg9emdols hodobo®  (gmgddo. dompsb ygggemsobg dgdos  Losbikgg-

30



537585, ddoMgogs, dgoybdygegs, Lognoiogolidgsgs ©s bbgs. m@sbygano
dgo3900 (o®@dmodbgds mgom (ysendoi I@ogogro bogmogdgdol Jodog@o
> d0M@MY0Y@0 AoMEs]dbols dgogasw. dgoggdol s@OLgdmbds ©oydggdg-
oo hodobs® [y gddo, @oash sbgmo  Fysemo 0fgg3b  @ommbms
30OMbosL.  domJodoy®d  30m3gLgdbg  godymizomo  bgdmJdgogdols  godm
Lodo@ms dgoggdol dgdggero [y gdol aobgo@@smgds.

5390™bL  dgoogl  @od-Lowgdsggdol, Jodoygdo, GomBo3930 L0,
3eoolbBdolgools o Lbgs Lofo®dmgdols hodwobs®o (yegdo. my (yoeTo
539H™B0L  JobEgbdMoGos 20 dp/d-05, ol sbgagdls Fyarol Bo@®ogo-
35600l 306gg9@  gobol, bomam 1003p/0d j0b3gbp®sEos 53 36mEgllL
obdmdl Modegbody wmom. o53gH™bologsb [ymol 9s(dgbwol yggersby
999J6 900 Igmmeos dJobo domJodoy@o ©sdydsggds.

SOOMOYb o dodoangdo  ymggmmgol o@OLgomdl @mym@ i dybg-
4®03, obyg hodobo® [y gddo. 4g9esbyg 2og@3gegdygmos  gogoz0gdols,
dogboydols, sdmboydol, saoydobol, @gobol, L3ogngbdols o dogboydols
dodogngdo.

dooo AmJbogy@mds sbobosmgdl o®odbobol, Bygzools s ULbgs
@ommbgbols Jo@oangdls, s5a@gmgg, (305600gdlL, AMIegdlsi [yomo o-
356990 Losdjdmgdowsb 0dgbls.

bgesdodygame  sJBogdo  bogmogdgdgdo (bob) [yomTo asblbolsl
5d30M98L  dol bypsdodym  ododymmdsl. gl bog@mgdo  3mens@myeno
53909 gbolos s gy gos JoEOMBoEYHo s JoEAMABMYA0 bofogg-
d0logob.  domo  Jopdmgogydo  bofogos  Jo@dmJbognol,  Lyeas@ols,
bygengmbos@ols xa9ngoo: 30OMmamdyao bosfomos sepogsdy®o s sO™-
doHgeo bobBodgomdoegdol Gorogamgdo. gggmaby dgBor 3o30GIRg-
6gos> bog@mgdo, Gmdgams Jnwgsgmol jHmo domm JorGmYomg@os,
dgmeg 3o — 30MOMABMEY@O.

bgsdo@ygmae  sJBoygdo  bogmogMgdgdo segomse  SElm®doMEgds
396030039092 boFomsggdlo o gmopgmsbhydel Gogdgdby, Go@ Soe-
30 9ol Vyawosb dom dmgomydsl. bypsdo@ygman sJHogdo bogmoghg-
dg60 Jabol Joxgli (yamol bgwsdodbyg, @o3 o bosbl oygbgdl Losg®e-

GOm 65396M393L ©s Fyoalis®gggdl.

31



12.1. 153gn®bgm-gg35e09®0 hodpobsdo Fyangdols
Jodogdo Bgoagbogmds

bodg@bgm-gggoeydo  Fymgdol  gm@dodgds  bpgds  Loddanols
Jodbopgdols o kyddeol @g3bgol, Losbo@dodymo @amangdol, bod-
93bomgdols, 5d5bmgdols s Losdsbobmgdol dmJdgwgdols Iggasw. olobo
©5606d9Mgdygaos dMsgogo MEAASbYmo s SOSMMysbymo bogmog®gdom,
539039, d03Omm@asbobdgbom. 53 [yangdol gbdd ©Eg-@sdgdo Fgoygmdls
100-56 400-3p0g /-0l go@am g3 do.

bogmazo3bmg@gdm  hodwobo®o  [yamgdolbomgol  sdsbslosmgdganos
sobermgdom  Igedogo gy gboenmds.  obobo  dJo@omsws®  ©obobdy-
90905 I39b0Mgymo s 3bmggeg@o Fo@dmdmdol m@sbyeo bog-
0090909600,  dgo3egh  sOsm@aobyan  60gmog@Mgdgolsi,  OmAgemagsb
dJo@omoos: Jgodol, mobol, Jopolbs o 3o®E0l bofomsjgdo, Jo@oangdo.
sbgom  (yogdo o@ol @mym@i  blbswo, olg gblbswo bogmogmgdgdo,
Omdggdoz 99B03003909%0, JMemog® ©s blbsw dymdsmgmdsdos.

hodwobo®o  Fymgool  2ofd9bwol  dgmmegdols  dg@hggs  gdgecdgds
domndo  dgdogoeno  bogmogdgdgdols  dybgdsl @  dEamds@gmdsl.  olobo
o0 lgomdgb  [yagddo dgBogdoggdgmo ©o  gmermoyg®o  bsfogs3gdols
Loboo ob blbose dwymdodgmdsdo. oy [yol m@asbymo bogmog®gdgdo
99300, domo aofdgbs dgodergds dogOmm@ysbobdgdbol bgdmJdgwgdoom.
donbg gogmgbol sbgbl sa®gmgg Bgd3gas@yds, (bggs, gobydowo wo
bbgo 953963900, @mIagdlsi  dgyderosm  godmofgomb  gmoggans0s,
Jobygo-omwagbs o bbgs gobogy®-Jodogdo 3@migLgdo.

@5l gdoMobow oFdgbwoan Fyoels dgydaos os@®goml Fys@lsd-
9306 mgomas{dgbool  gbodo.  hHodwobsdo  Fyaols  dgGogdoggdyero
bofogs3goo 0fg93b @odol Fo®ddmJdbols (yoebo@dggdo. oy @osdo m@-
2aobygemo  Fo®ddmdmdolss, ogo 0fgggl domJodogdo gobygol 3OmEglgdl,
@by 0bodxgos Fyomdo goblbogno gobadswo.

S>@5loliyg@gger dgogagdl 0fg93L 3bodgdols s bgmgdol Jobodgggdo
Vgo@@o. obobo (yeol bgosdodbyg Jdbosh d@g39L, @53 byl 9denols
dob'do  dogMol g ggol, odo@mad dgodargds [goebo@ggdo gobadowols
97030 @s0MM3gl.
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denog® Lododos dmdfsdansg bogmogdgdoms d9dggemds hodwobo@
Ty gddo. bmgo domasbo 0fg93L Fgamol domenmpon®  LEg@omobsiosl
> byl ¢gfygmdl  m@asbobdobomgol Lsdodo Ssmmpgby®o  dog@mme-
2o60bdgdol gobgomsmgdsls [10].

12.2. 1553g70bgm-gg35e09@ Fyargddo
gdsgoe b59M000> doMOMS©O X QYR

Josjolb bsdoobsio Fyargdo
Jogoodol hodwobs®o (yargdo bolosmwgds @mygero ©s (3350 gdo0

g gbogmdom, @by IMsgomo FoJHmmo sbegbls gogergbsl. sligmo
Vyegooll bo@olbo o dgoagbogomds db0dgbgermgbom os®ols @sdmgowyg-
deo Fyoalowgbols Fyemols d9bgoobs o @omegbmdoby. gl 93obsl ;-
bgero  goblobegMagl  dobos@gggdol  gobboggdol  bodolbl. Goi  dg@oo
Tgomlowgbol (ymol @omegbmds, @mdganlisi 04gbgdl dmbobangmds, dom
bogagdos adobdy@gbols ba@olibo, g.o. {goedo dmbggo@omo bodhgbgdols
306396GGSGE0s s oo YBO®M SEgos BAoMEgds MmAYSbym bogmog®yg-
doms domJodoy@o sTans.

9Om-g6mo 360dgbgermgsbo gsJdmmos (yosedo goblibogro gobadswo.
53 BOM Jo@oos gobadowols 3mbi3gbd®sios [yomlbswgbol {ysendo,
doo 9guem 0bGgbloygdsw bgds dsbdo dmbggo@domo mEAsbymo bog-
009095960l domJodoyg@o sTas. gobygol 3@m3glgdo 0fygds  Joensdols
30 gdBdm@Tdo s byl 9Fgmdl  m@yebygm  bogmogdgdoms  ogebagols
20d(39be boggdmdgddo. goblboa gobgdowl ymggammgol dgoegh bgwe-
30090 Fyagdo. dofolbgzgds (yagddo ol momgdol o6 a3bgogds.
Vyomliooggddo  gobpdowo  dgoodgboon oo  @omegbmdom  s@ols
aoblboao bogbymTo, OmEs [yomdigbo®ggdo dolbmd®ogem goms®gds.

Lod9(g9e0m @bogd@Bgdbg bdodo 0y4gbgdgb Bgdbogn® Fyoel, @m-
dgenoi  3oFdgbpogos  bofoemd@og, dog@ed o3dogmgomgdl Fomdmgdols
30m39Lol Jmnbmgbgdl. @gdbogycdo Fymol bo@olbo gogagbsl obwgbls
hodwobo®o (yagdol dgoagbogmdsls s domo 2o(dgbwols 3GM39Lgdby.

Joems ol hodwobodo Fyargdol dgoagboammdasby aogangbol sbwgbls
3O gdBmagdol Lopa®dg. Jogoodol gmegddmeo msegoligdydo a53fdgbwo
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boggdmbas, dsl'do 3og800lsls Fygoao 500939, ‘396030039000
bofoansggdo 9a3@m 0bFgblboyds dmd@omdl, 0b®gds domo @olidg®lo-

geomdol  badolbo, bmgo goblbogno  m@ysbymo  bosgdmo  goboiwols
do@m@obl. o3 YBO® a®ddgamos o gddm@o, dom YBO® 989G YO ©
d0dobo@mgmdls gl (33eoegdgdo. AMEs oegddmaols Loa®dg diodys,
20d(39b  boggdmdgddo  dgeols  hodwobsdo  Lombyg, @mdamols  Lsfyolbio
g gbogmds s 0golgdgdo momdol 9igmgmos.

5530560l 3bmggerdmJdggdsls  Jmbggl  bodhgbgdol  woga®mggds
domemao@o s bofo@dmm 3OmEglbgdol gogaom. gl bodhgbgdo mogl
04@ols (9o do, dmdgeroz d9dogy bgogds (yoelbs@ggdo, Loowsbsi ol ogm
Q9O garo.

Loldgero Fyangdologob oblbgoggdom, hodwobs®o Fyamol sbogrobo
0mgoeol{obgol s o 3ggeo 3md3mbgbRgdol, s@sdge bogOmms xaw-
3900l 2oblobmg@sl. sbogoby® @odm@AsAMG0sL o3l Modogbody @ ob-
Yogoen gds:

1) hodgobo®o yarols,
2) bogngdgdols,
3) domgrmyoy@o.

hodwobo®o Fymgdol sbogrobol dodomswo dobsbos:

1) Fygamol ©odobdy@gdols ba@olbobs ©s dgoagboamdols goblisb-
mg®s, Mol boggydzgaenbgi dgbodagdgaos 5(dgbool dgmmegdols  ©o
2097dgbe bopgomdoms gmblE®yjiogdol dgdhggs;

2) Lobodpgoenm dobomgggdol d9diggermdols goblsobmgds;

3) hodobsdo  Fyargdol  Lbgowolbbgs  dobogoosbiosb  g@mogdm -

d900900l d9bgbdols godmggemggs;
4) (goedo Gmdbogydo dJoboscgggdol dgdggermdols yoblobwgds;

5) Pyeool 2o(dgbols 3mb@G®mano.
123. hs8pobs@o Fyemgdols @gsjios

hodwobo®o  Fymgdol @godiosl  goblsgymndmgdygao db0dgbgambds
gbodgds.  3bmdognos,  @md  Fgoge  Fymgdo  dawosh  gmangd@m@gdols

boFoagdl, gogy 9ROM oo gydoemgds g9dzgge hodwobsdo Fymgdols
@95J0ol dsmo gofdgbwols @MU,
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oo  dgogosbmdols 56 FyBosbmdols dJmbg hodwobodo Fymgdo o@
ho0'dggd0sb  (yoelodgggddo. o3 dgdmbgggedo  Lodo®ms domo  aobgo-
AOoggds, Mol Igdgasi dgodangds domo hodggds 20d(dgbo  dmfgm-
60 mdg6do. gomgoolfobgdyaos, O3 [yombawgbols goero, dmdgeroi
2odm04ggbgds Lodg@bgm 30bbgdolomgols s Laldgmsw, gmggamgols bos
0gelb bablo  Hadg  @gedaoob  3Jmbg,  oblobrgdygmo  Lybiho GG
@god3os  oJab  op@gmgg  Lodgy@bgm-g3gzoey®  hsdwobod [y gdlise.
OmamO ;3 3bmdognos, @god3os godegds gogogmm  @s3dglols  Jowogn-
om, dog@sd dolbo godmygbgds Igogy®mdbols s GyBosbmdol bod@olibols
aoloagdo 5@ dgodangds. 3gogy@mdol s FYHoobmdol @osmwgbmd®ogo
2oblobwgds  wgobomgol  bogds  [yomdsombgbols  3mbi3gb@®dsiools
dobggom.  @mamai  3bmdogos  Jodoowsh,  [ymols  dmengigegdo
25603056 @olimE0sE0sl Fyomdbow- s Jo®mJbowombgdols {o®dmJdbom:

H,05 H' +OH

Jodoydoe Lygms Fysendo Fyomdbdowols s Jodmbowols 0ombgdols
306396@Gs30s  9dbodgbgenms.  3g9@dm, [ymol g gd@@masdBodmmabols
dobgogom ymggeo smo dognombo @o@®o [gomo dgoasgl ghm wolmo-
Moy Jmegaaeosl, o5Jgosb godmdpobomy, [yomdse- ©s JodmJlogn-
0069600 J0b3g6EGSG0s @l 107, g.0.

[H'] =107; spégmg9 [OH] =107
dmJdge dsboms 3obmbols mobsbdsw:
[H'] [OH] = const,
g0 [H7[OH] = 10"
od  Lopowpgl  (ymol ombycdo bod®ogero  gfmwgds s  dobo
dbodgbgammds 03gergds 0-sb 14-dwy.
Gmas [H1> 107, @godzos sGol goga@o,
[H'] <107, @godGgos 60l @9@g,
[H'] =107, 6g5]3os >0l bgo@odomado.

blbo®ol dgogy@mdboli obobsbosmgdans dmbgdbgdyaos pH-ols po-
dmygbgds,  Mmdgeoi oMol Fysgmdoswombgdol  3mbigb@@siools  dg-
dH9bgd o Lowool @mas®omndo:

pH = -Ig [H'], 5>Jgwsb
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Goge> pH>T7 = (adg ©gedcos
pH< 7_ 3go39c00 @g5]300,
pH=7 — bgod@sgydo GgojEos.

PH-0b  3obbsdmgis  Fgodangds  ymare@Gmdydeaao  dgorm@oo.
s 960gos, MM bsdgy@dbgm-ggsoeydo (yamgdols pH=7.2+74

o3 d90mEom 2obbsbrgdygmo bsdgy®bgm-ggzoeydo Ty gdolomgols
©odoboloomgdgamos  Lgbo Budg Ggodaos o0s 939p9L 12 18 boe-
dogny@o blbs®obs gom @o@®by.

Tyogmdswombms  3mb3Egb@@sEost oo 360dgbgammds o3l Fyenols
537 doggool  3@miEgLdo.  gobago-s@wagbols dMsgsao  @gojios bdodow
03gol  dodo@myagdols  Fyomdoombms  3mbi3gbd®dsiools  dgigerom.
Tyomdopombms 3mbigbd®oEos s@lgdom gogmgbsols sbegbls domJodoy®o
3OmEYLYdeL  bgargeemdoby, jmoygmsgosby, m@odmol  Jgodgddo  do-
boymol FomdmJdbsls s dobo mogowsb sEoagdols 306Gmdgdby.

9dogemgl  d9bgdbdog  Fyamgol  sbobosmgdl  pH-ol  Iygedogmds
(6.8-7.3) [11].

124. hs3pobsdo Fyergdol ganslbogogsEos
Jod s g3 Ignsmegdol Lowowols dobgwgom

hodwobo®o (ymgdo gmggemgol dgoiegh m@ysbya bogmog®mgdgdl,
OmIgems  xody®  dgdE3gmmdsls  oxoligdgh  3.0.9, 749 ©o 39®dsb-
3oboGamo gobagoemson.

domJodoyg@oe  gobgopo  m@psbymo  bogmogdgdgdom  dgnog
©5606d9Mgd @0 hodwobs®o [ymgdolsmgol dgxeo®wgds 76d : gdd < 0.5.

30@39e0  x3980L  Fgargdolb 3ofdgbes 30bobTgimbogros  domarmyo-
900 Jgoegon, bogo Jgnog xyggols — gobogg@-Jodog@o Ignmegdon.

Vyemol domdodogdo ao(dgbpols 3GmiEgldo Jggemogds gdd : yJd
d30Mgds, d0m YBOM Jog®o, Mo3 YROM Mdo bogds ao(dgbos. gl
VgRoOwgds  dgodangds dgd00egl 14%-dpg. o3 oL Fyoemdo @hgods
Jo@omoEs domJodoygde oygebysgo bogmog®gdgdo.
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12.5. hodobsdo Fyawgddo s@OLgdbymo bogmogmgdgdols
3ogegbs Fgomliodgggdol Lobodosdyge @gg0dbg

09 hsdobo®o [gomo 5@ @0l Lomobswme ao{dgbwogno, dgodagds
dobo (goerbo@ggdo hodggdolols Fo@dmoddbols @sdo, o3 ©odweydggmsw
dmJdgegdl maboge m@yobobdgdby. o9 bsgngdo m@ysbyemo bogmogdy-
dgo0bogob dgoagds, ol aobogeol domJodoy® ao@s]dbsl, @sbgwsi ob-
sOx g0 Fyoedo goblboano gobpdowo. 5dol aodm Fyselis@dggol Fyoeols
‘dgodangds  Jmogagls gobydowo, ©szoMaml  mgomys{dgbwols 9bs@o ©o
093bgd0 dmol3mb.

hodwobo®  yawgddo dgodgmgds  ogml  aoblbogro  olgmo sOSMG-
aobyao  bogmogdgdgdo, @mIagdo  goboEwosh  Jodoy®  ao®sdbgdl,
033 gds  Tyemols Fyoemdoa@o dohggbgdgero s (omdmodbgds a@odo.
sbgmo bogmog®gdgdos: o390, BA9@ggdo, Lbyeaowgdo, oo, ddodg @o-
0mbgdols 0mbgdo.

09y hodwobs® (yoedo dg@dgyaos 3bodgdo s bgmgdo, Fysebsdggdo
dobo hodggdolisl Fyamol bgosdo®by [omdmolddbgds osxlgo, gl go dsg@ols
dgo(g93oL o Fgomlodggol Lobo@odym dpamds@gmosls syomgligdl.

Vgomlodgggdbyg dogbyg gogmgbsl obogbl Lowmgdsggdol, dm@odgnsgo
bogmog@mgdgdols s Ggolbigdol gdiggero hodwobo®o  (yangdo, gL bog-
009095960 0g5bggds, @by 0bodxgds mogolygemo gobydswo.

hodwobo® [y gddo dobgdogy® bogmog®gdsms dgdggeods dd@sa
bodmbg aoosbyo®odgoom o@ @bes smgds@gdmogl 1000 Hg)/gg83-ls, Jeo -
Mogools 3mbEgbG®oEos wslsdggdos 350 36/Q33, byganggogbdols 3o — 500
o/ 0d-309.

09y Tyomo dobg@oeny® 3goggdl dg0i3ogL, dol golobgo@@ogmgdemsw oy-
9690696 bgbolidog® Gy@gl, dog@sd Ig@do aodmbswgaos godo (CaO) ob jogn-
309dols s dogboygdols JoMdMbs@gdo, MMIagdlisig bybidgbbogdol Lobom oy-
969096. gL @95296@ g0 0550 ©s bgedolofgomdos. My wobsdydsggdgano Ty
S0 aMa0Mdgegols dgoogl, aobgo@@ogmgds dgdwgabso®sw dodwobs@gmdls:

H,SO4+ Ca(OH) ; —»2H,0 + CaSOs,
H,SO4 + CaCO3; — CaSO4+ CO; + H,0.
Lobo@odygao Fymgdols gofdgbolsl do@omswse godmoygbgds dgd-
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@30 Yobgoo:
1) sdsaoldg®loygemo ‘4960300390800 bofoansggdols
dogomgos ©o@gom s Moy gEsGoow,
2)  9JbBGsg0Mgds,
3) opbm®adzos,
4) 3go3g00l s gudggdol aobgod@omgds,
5 PEmaGSE0o,
6) oJarm@go,
7)  Jodoygdo go§dgbs,
8) domdodog@o gofdgbs.

12.6. 9993395 bogmog@gdoms gjoy@dgbse ©sbsdggdo
3063963530980 (9©3) ©s 35m0 gsbdlsobwgMgmo goJBmdgdo

hodwobo®o [gagdol hodggdol Ggayeomgds gdgo@gds 3 gdyamgdsls:

1) bsdobbobs s Igopgboermbols  bo@ds@oygamo  dohggbgoen gdo
o glgdygmos  o@s  hodwobo®  Fymgdbyg, o@sdge  0d  Fyoelis@gggd by,
Omdggbdlsi obobo gdo@gds;

2) bo@dsBoygen  dohggbgoemgdls  Lbgowslbgs  3b0dgbganmds o3l
Lbgowolbbgs @obodbyegdol Tyangdols B0ds@m;

3) beo@ds@oygaro Iohggbgdegdo gOEgmgds [yoebs@ggol o@s bg-
d0Ldog@ bbby, 5@sdge gbgds hodwobs®o Fyeols hodggdols spoemols

J39300m dpgdodg bofoal.

Tyoebs@ggol Lobo@odygmo dpgmdstgmds s dobo Fyamol bos®obbo
5gbol  saombg  9bps  dggbododgdbmogl  dgdoagbgan  bogmog®gdoms
930090glboe  solsdggd  3mbgbG®o3ogdl  (9wy), @mdengdoi  oMy-
MBons 5O  dmJdgogdl  osdosbol m@asbobdby o YbOYbggegmyls
bodg@bgm-Lolidgeno  ob gy @ Y@ yen-boymazsibmg®gdm  ©sbodbyagdols
Tyeol 20dmygbgdols bea@dogy® 300Mdgdl.

dogby  bogmogdgdoms g0yl  ©slsdzgd  3mbi3gbB®Msiogdl
(9904) 25bLobLgMoggb Jodoydo s domemyoyg®o asdmjgengggools Logged-
390bg. bogmog®gdols gzo09dgbow ©sbsdggdo 3mbigbdMsiools Lowowyls
dJodomos  dobo 69bgds  2oblobwg@magl. 360dgbganmdbds  ofgl  sa@gmgg
bbgo 603m0g@dgdgdol msoboss®@ligdmdsls [12].
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©535606d9Mgdge bogmogMgdoms 93007@gbse sbsTggdo

3063396 @530 Fysmbs@ggol Fyserdo

gbGogno 1.1

dogbgmdols gobalob-

30RO o

bogmog@gods mgdgeno dohggbgdgeno slsdggdo jmb-
G6OHOSG0o, T/ 0d’

SEOM0b0 M@ 5bme g3&0 3960 0.002
>390™b305b30M0bo Lobo@o®gyan-

Adbogmamaogdo 0.001
dg@ogooydo | e 0.0002
ogmoegg@ibaolfysgo | e 0.0001
bgeogbo e 0.001
B9Bd@sgmoggs@s [ e 0.0002
HIGGsgoogpygos | -
gnoedg@d 3@ JemmGooo | - 0.0001
dBognmbo MO25bm@ 9330390 0.0003
go3@sJto e -
dgmoendg@god@sbo | e 0.0002
Lbodsbobo (gyblboo) | - -
noy@sdo | e -
}9bogoo | e 0.001
godbogombo | e 0.001
A9AOSJm@bmbsbo | e 0.003
A9 Jerm®3gbHobo | e 0.005
noogeobo | e 0.003
AOoJemmdygbogoo | e 0.004
A9dOsJerm®3g3dobo | - 0.0025
bog®mdgmsbo | e 0.005
dgmoendgbbers@o | e 0.001
0bm3dgbo | e 0.005
oJem®ggbogoo | e 0.002
M-EoJem®dgbbmgno | e 0.002
b-poJerm@dgbbmeoo | e 0.002
seododbo -
gonogosg@ogsdo | e 0.005
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13. hodpobodo [ymgdol oFdgbos

hodobo@o [ymgdol 9o(dgbwols dgmmegdo ogmas 2 xaRe©: ©g-
bHOgdaogmo ©o Ggygbgdozogo.

abBOYJeogmmo  dgomegdo  omgoolifobgdl  0sdsd0bdyMmgdgeno
6030009095950l Jodoy@® sl o Mgodiool 3GmEyddgool (ymowsb
Jodo@gosl gobol ob boangdol Lobom. o3 dgmemel doggzymgbgds (yaols
domJodoydo 2ofdgbws bgermgby® boygdmdgddo.

093969053090 25(dgbws b0dbogl Fyoedo asblbogno bogmogdyg-
3900l 0dm3@gdol o [oMImgdsdo  3gameg  2odmygbgdol. oy Ggagb-
9JO5307E0  sdydoggoom  [yoemo Lomsbopme gg® ao0(dobes, oyEoeg-
690> ©gbHGYJEogmo Jgomegdol 3odmygbgde.

bsdoobs@mo  [yangdol gofdgbool @yoggbdaero dgom@gdo.  joou-
@5b@gdom  [yol 539doggdgb dolpgob doomwoldg®lboygemo bofomsyg-
dobo s gmeErmoEyg®o bogmog®gdgdols dmbszoa gdans.

300 Eoldg@loygmo  (gbgdeolidg@boygemo)  bofomsigdols  dmbs-
oggdoee Vol oymghgdgh, @ol Jgrgasre Abgdydo bofomsggéo sdm-
A03003©g0> Fymol bgosdo®bg, 3dodg bosfoasggdo go oggdgds Klgg®-
by, 09 osfemdol 30mEglo bgas dodwobs®gmdl, dodo®moggb jmopy-
@5300L. 3moggesb@Bol @mbol Lobmg®eggh Labobyxo gmogygasiool ho-
Ao®gdom. hodpobos®o [yamgdol gmogyesioobomgols 04gbgdgb @gobols ©o
sgodobols do@oengdl, oJBoy® Logroioyddgegol o 3maosg®ogsdowls.
30095305 dgodgngds  ho@odgl pH-ol dgigerom. o3 gbom  godmo-
ydads Gosemgabo  bogmoghgdgdo,  Gedmgdog  Yoggmegoh  s@Ljomdl
B03o29® Vi godo.

bgod@omoboizosl  0ygbgdgb  dgoggdol  ob  FyBggool  dgdggero
Ty gdol slodydoggdbemam. gl bogmog@mgdgdo gds@gds Fyoel Lod®gf-
3o ©oFabgdgmgdgedo Hgbmmmyoydo 36miEgligdol Jgpgyown.

439@0obg bdodow Lod@gfggerm hodwobod® (ymgddo os@ols goyo-
3035, SbmEdgogs, doMogdgegs, dgoegbom bsjangdo — sbm@mgsbo
37535, @Bobym®dgegs, amyoOEFYsmdowo, amaoMomgsbo dgogs, JOmI-
dgogo, ddo®dgogs, Igoybdygegs, Logogomdgsgs, doobkggandgsgs. Lod®g(-
39200 hodpobo® [y gddo dgog9d0l dgdiggermds hggne godogo® do@aeo
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o0 >@0l (3%-dwg), dog®sd bmy dgdmbgggedo dewog® owos. Lod®gl-
3900 609]Bg0byg, Lowsr mdasbygmo Lobmgbo Fodgds, hsdwobs®o
Vyemgdo 03088 oo @Gosmegbmdom (40%-dg) amaod©dgegsl.
hodwobo®o  (ymgdol  ©odydoggdols s@Omygdl domdo  Igoggomsb
gOmo  3dodg @ommbgdols s@Lgdmds, @oash bgod@omud  ©s Gy
o>Mgdo obobo {omdmJdbosb dbgemom blbosw Jow@mJbowgdl, @mdggdoc

0g09dgds oA @gdol bgosdo®dby s byl ¢denols dom dmJdgogdsb.

dgogol  dgdiggeo  Fyangdol  gobgo@@samgds  60dbogl  [yomdswo-
65500 J0b396EMo300L 9d300gdsl 107 a-0m6/©d -3y 69 pH-ol -
353 gool  7-dg.  Audol  dgdzggero  Fymgool  asbgod@smgds  60dbsgls
Jo@mJlognombgdols 3obEgbE@sEool dgdGodgssls 107 a-0mb/d-dwpg 564
pH-ols 993300 905L 7-dwy.

2obgod®oggds  gdgodgds  Jo®mJbmboydols (H;0") ©>  do@M-
JLognols 0mbgdols YOm0 g@H® Jdgogdsbs.

H;0"+ OH—2H,0
ob 2035003909 oc:
H'+ OH — H,0.

LodBg(ggem hodwobodo (yagdol ©sdydaggdolols sygEoemgdgeno o@
>0l LOyeo aobgo@d®oggds, g.0. {ysdosway®o dohggbgdanols byb@ow 7-
g syggobs. Logds®obos (ymols Fysmdswy®o dohggbgdgero dmgdigl 6.5-
©sb  80-dpg Godpamgddo. IoTobowsdy, hodwobos®o  Fyaol  bgo@@e-
@wobsios  gbws ho@dodwgl 0d  dgdmbgggedo, ey dobo Fyomdswy@o
dohggbgdgemo bsgangdos 6.5-bg ob dgHoo 8.0-by. Loddg{ggerm hodwobs®
Vi gddo aogomgdoo gg6em bdodse agbgrgds d3oggdo, gop@y G6HIgdo-

3obg0@ @ gds bo®ogegds do@omswse bsdo dgmmom:

D 3go8> ©> Ha09 Vagdol gdmogdoJdgegdom,

2) @95396@ 900l ©sds@gdom,

3) olgm  dobognsTdo  gogoan@g@om, ®mdgeobsi  dggdenos  gobgo-
BOoggoo.

dgoge ©o 39dg Tymgdol 9@mog@mgsbgo@@samgdol dgmmel gom-
0mE 094969896 Jodoy® 36 9(g9e0mdsTo.

0953960 Jgmmel 0949bgdgb d5dob, MmEgLsi Lod@gfggerem mdbdogd-
A9obg oOLgomdl dbm@me  dgogol ob  Gydol  gdzggeo  hsdwobs®o
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Vygogo. o3 dgmmel 0ygbgdgb 3@ omow dgoggdol aobobgod@om gdesw.
09 {gomo dobg@omy®@ dgoggdl dgoiogl, gobsbgo@@dsmgdas 049bgdgb
6960L3dog® BAYBgL, Jog®sd YROM aodmbowgaos oo ob goenioydols ©s
dogboydol  3o®Mdmbo@gdo. 3o@l 0ygbgdgb @dol, bmam 3o@dMbo@gdls —
Lgl3gbbool Lobom. gl Ggoagb@gdo 0og30s s bgadolisfgomdo.
09 ©sbodydsggdgeo Fgomo amayo®dgogsl dgozogl, bgo@®ogmo-
bo@os dodwobs®gmdl dgdwgybso@s:
H,SO4 + Ca(OH;) — CaSO4+ 2H,0,
H»SO,4 + CaCO3 — CaSO4 + H,O + COa.

bgoG@smobogool  grgyer  doggdgmo  gogEoygdol  bygmgsdol
3m6396H@>G0>  EodmgoEgogaos  dgogal  Lofgol  3mbiEgbBHaGosby.
GoEasob 9ddogangl dgdmbgggedo amaodedgegsl 3mbgb@®aios hedwo-
bod (ywgddo domogmo o® o@ol, goeroygdol byamas@ols 3mbigb@®e-
(3053 obggg dgsdgdom dzoMgs, g.0. dol dJodo@m blbodo gobboggdyeos.

F9H>E0 900 3oBomBHFOS yobgoH@smgdols gHm-gdmo do@omswo dg-
0ME0S, MMIJE0E  ROMME  godmoygbgds hodwobs@o  Fyamgdols  @sbe-
d93oggogse. goen@®o 094gbgdgb o@Jgol, 3503L, wmemdo@ls (CaCOs:
MgCO3) s 203mdfgo6 memdo@l by “dogbmdolols”. wmanmdo@ol ao-
do§gobols gogrizoydols s dogboydol go®dmbs@gdo 0dagds mJlowgdsw:

CaCO3; — CaO + COo,
MgCO; —-MgO + CO..

5do@md godmdfgomo dobs doBomswose mJlowgdoloysb dgopgds, do-
@53 dgoiogl Lofyol 3o@bdmbo@gdlsi, GmImgdo oydamgano w@o®bs,
5do@md dopabmdslol g gbogmmdsls godmbiobsggb @m@dygeom:

xCaO - yMgO - zCaCOs - pMgCO;

X, ¥, 2 @5 P bHdomdghogmoe 30mggoEogbhados @ >@bodbogh dmnay-
a0 603m0gMgogdol MomEgbmbdom mobogs@momdsl dom ba®ggdo (dogy-
bmdslsdo).

o0 @B g@o0ls Lohdo®g ©odmzowgdygmos gog@@ol dslbogsby ©o
Jgoagbl  doJlodynd 5 Lo, Goew@E@msb Fymols 3mb@oddol bsby®d-
@0gmdss sMabogagd 10§ m.

2356703 @s@gdsl bgeols 9daool [yoendo ddodg gommbgdols s@lg-
dmds, MoEash gobgod®omgdol dgdwgy, OmEglsi Fysmdswydmo dshggbg-
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dgeo  7-L aoosds®dgol, olobo ogngdgds s dgydmosm  gogE@ols
3ok ggs. dmMgogo®g o @®gdols 25dmygbgds dJoygmgdgaeros olgmo Fyemols
©olodBoggoamo, HMmIgadoi amaodEdgegel Jmbcgbp@sgos 15 o/wd-
by gBoo, MoEash GoE@Omsb dgbgdolsl dobdo FomdmJdboano  gogn-
309930L byganags@ols 3mbigbd®oios s@gds@dgos dol blbspmbsls s oang-
Jgdo. bogmgdo 9530b69ds BoeB@L s bgaols 9daols dobmsb Fgogols 3mb-
AoJBAL, MomsE 96@3megdl bgo@d®ogmoboiosl. sbigmo (yegdols aslobgo-
AOomgdms©  gdxmdgbos  GoE@msb  dopboydol  goMdmbs@ols  asdm-
4969ds. 53 dgdmbgggsdo bgoG@oobsiEool 3OmyJGos dogboydol  Liygen-
35@0, OHMAgeoi Fyoedo blibowoo.

>0bodbyemo Qo A@gdoab yggeoby Ygg9mglos dogbmdals, Gowash
dobdo Fyeol aoxgom@Eg@oliols dgogols sbgoG®omgdls mJlbowgdo, doGomes-

sE 30 dsaboydol mJLowo:
MgO + H,SO4 — Mg SO4+ H,O.

hodwobo®o  [ymgdol gobgo@@oggdobomgol Logodm  @obswaysmgbo
(m9D9Og509d0, doanlowgbgdo, @GYddmgdo s Ubbgs o30Mo@y@s) 9bos
odbopEgl gogopsddeng dolbogoliogsh.

Fgob353930bs> @ S 600l Jeafdawgds. §5ba3oL 04969896 BmJbogy-
@0 bogmogmgdgdols dgdggero hsdwobs®o [yegdol goloygbgdensw, dgob-
23939000 3o — Jaomal, goenioydol  dodmdem@o@l, bos@d@oydol  dodmd-
@Rl Jem®izodl, mbmbls ©s gobadowl, sa®gmgg, (ysmdswol  3g-
@ Jbowl, d5baobydol mJLbowgdl, goeoydol 3gMmdsbasbs@ls s doJOmdo@l.

Jeom@ls o dob dgdEggee bog@mgdl go@mme 0ygbgdgb (300bowy-
bd0l, gmaodE{yomdswol, ULymaowgdol, dgmoadg@od@ebols ©s Ubgs
H®Jboga@o bogmog@gdgsol Fgdgamo Vymgool wolisdydaggdarse.

(30560wgdol dgdiggeo hodwobo®o [yamgdol gm@dodgds bpgds dob-
Jobonlisdgh  wo  @ommbEsdedydoggdga  Jo@bbgddo, gogrgebyd  Losd-
Jomgddo. godwbs® (3056009630 ommbol bsggmmdoms FOmmdols dgdwygy
doo @g93boggh, Mol Jgegas doowgds 53 Gmlbobgdol dgdggero hodwo-
bo@o [y gdo. sbigm (ymgddo (305bowgdol dgdi3ggemds dgoagbls 20-0sb
100-30 g/ 08,

3056owombo  (CN') segomse 0gobygds ©s go@esnddbgds (300653~
0mbsw (CNOY), @mdgemoi dgdege d0OmEobogds:
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CN + 20H — 2e + CNO + HO,
CNO™ +2H,0 — NH, "+ CO5™.
odmboygdols s 3oMdmboGombgdo, GmAmgdo 53 Mgod30gdol dgwg-
2o d000gds, sOSEMJLoyM0s.
B98I0I IGO0 §Fdgbos
93960309 Jgnmrgdl 0ggbgdgh Vymopsh dgo@gabo dobodggy-
b0l 5dmbogMgdow, Tomdmgdsdo domo bgansbens gsdmygbgdols dJobbom.
M939b9@>309m0  sdydoggéolols Fysemro olg o@ 0fdobpgds, ®md
godegdmegl obo Bobggds Pysmbapgazdo, sdodmd suzomgdgmos dobo
©ado@gdomo gofdgbes wglG@giaogmwo dgmmwgdom.
hodwobo®o (yagdol gofd9bwolsl godmoygbgds doGomswsw dgdwgao
Palgdo: 1) @odsmmeolidg@lboneo  Fg@o360g9dam0  bofomsggdol dmo-
@gds o gdgoms s Jmoamsizoom, 2) gJli@®egomgds, 3) sebm®dos,
4) yosegbs [ymol m@mJmon (93o3m@sz00), 5) dgoggdobs s ¢ydggodols
3°bgoHOomgds, 6) FEmAE0s, 7) EsJmmdgs, 8) Jodogdo ao{dgbes, 9)
4G0LEs@obo305, 10) dommmaonGo  gotdghes, 11) Bsdwoboto  Tymols
bogngdol oygds sbsg@mdye J0®mdbgddo.

14 bogmmd3hmee]@gdom ©5806d9®gdgo
hodwobo®o [y gdol oFdgbws

hodwobo®o  Fyamgdoli  bogmmd@mydBgoobogsb 2ofdgbps  slm®-
3300 390000 Lodgomgdsl odgnggs ao0fdobpml hodwobs®o Fysao
bgdoldogdo  dmmbmgbols ©mbgdwg dsLdo @o0dg Igm@swo  sdsdobdy-
9o gools dg@obols go®gdg. sdom asdmo®hggs (yeol go(dgbools ow-
bodbyemo dgmmwo Mgoy9b@eroliogsb.

bogmmd3dmEyg]Hgool  Bgdegamo  bodwobodo  Fgargdol  aofdgbes
Lom®dgbBgool sbdodgdom dgodengds asbbm@zogeogl d9dwgao bygdbg-
dom:

) Lom®dgb@gdom dg3lgdygeo dmEg@sgg dseggdom ImGogdogg bog-
0™Md3OME]Bgd0L dnsbmJdom;
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2) Pyeol  Dbgesdod®dg  gbgboamoligd®o  Lo®dgb@gdol  §dygsem

Y9Bobomn s b3300Mb3MMEYJBgdom  goxgMgdbymo  L3gaosemygdo  dmfym-
doemdgdols Lodygoggdoom.

3) gFampodydgmo ©s goblbogmo bogmmds@meydgool Bgdaagmo
Tyeol aogom@Eg®on mmdgb@gdol 5gbgdl dm@ol, Fyemgdol @@ds gof-
d9b600ls dobboo.

beo®dgb@gdo 20dmoyggbgds d9bgd®ogo ©s bgermgby®o Gm@mgsbo
dobogmgdo: mg@dyemoe ©sdydoggdygmo seydmbogogs@gdo, doy., 3g@ao-
A0,  355JH0Mgdymo  bobdoMo, GmO®gsbo 3merodg®gdo, Lbgowslbgs
dmd 3mgobo dslogngdo, bol dy@dydgems ©s bbg.

> bobodbogos, @M obogngdo (senydoblognogo@gdo ©s dobog@ol
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