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Usdmdscml 3M5gdB03meo 3603369¢mds. Lobstg GHdoL fywobs s dob gugghby
©o9gdoeo 3560w gdol Jodomo d9ygbowmdol sygbols dobbom, B3qbL dog®,
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DPgem  Bo@®omdolb  Lmegs@ol  dobomgds  B3zgbl  Bogh  Jgdmmogz5D9gdYero
3996 my0mEo 3900900, gbodwgdgeos 459mygbgdmwo 0dbgl Lsdsml sm30L9d0L
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1. 0. bsbiysdzoo, 8. 339w0d300. ,5H5ddMMOL FoMIBOEOEOL LOdSOMLY S
Ao0b gaols godm33ew93s Mfyrm bs@®momdol Luwwxs@ol dowgdol dobbom™.
LE-ob BodgabogMm FMMAgdOL 30930, MBOOLO, LogsdmIEgdem Lsbero
»®996039960 “b039MLoEgEH0 . Ne2 (520), 2021 §. a3. 95-105.

2. 05956 bolimsdzoo. Mo a35boe0s. LLobsMg GHd0L BLIYIODY swgdowo
9500w gd0sb  Mfymrm  BsBHMomdolb  bregzs@ol  domgdol  dgbfogems
99b3960396GHOL  F509FoG0IMMO  ©RJAZ30L  dBom . LEHW-ob  LodgboghHm
96MmIgdol 30900,  ®MdoOobLo,  Logodmdigderm  Lsbero  ,E9d603MM0
mboggMboGgBo, Nel (523), 2022, 43.47-54;

3. . Bolvysdzowo. ,LoboMg GHdol BLIYODY oswgdow s GHOOL HBYI30MHDY
069360350 godmegdoe dsmowgddo bsGMomdol Lmegs@ol d99339wmdols
I9LHoges”. Lodo®mzgarml 3965303mLms sbME0sEo0L F9Mbogro "3gMsdols @
dmfobsgg BHodbmermyogdo”, ¢.24. 1(47). 2022. 48-54.

1539350l 53MMDI305.  OLYOES300L  doboergdo  Imblgbogdmwo  ogm 9o

L5gOMTMOHOLM 3MbTGMH9630s%DY:

9. 9390008300, 0. bsliwysdz0o0. sHsddMEGOL FoMIBOEOEOL LOdsEML s GHdoL
Dgamolb godm3zarggzs doligob Mfyarm bs@momdol bLyergs@ol domqdol dobbom. 09-6
BogOHMsdMOOLM LY 3609HM-3MdE03Mwwo 3MbxgMgbiE0s gmemaool ™msbsdg®mgy
36MMdE939dbY, LodosMmzgwml obgMowMma0MEmo LsbmysMgds. @.fmwm30dol Lsdmm



0bLAHOGHGHO BodommM39wml 39db03M0 Mbogzgdlo@gdo, Mgrges@gdol Hoabo 2020 §.
23.61-62.

UsdmAscmls AEEmds S BEGNIGOS. LoobgO B30 Bsdmmdo Fgygds 39dga0
Bofogdoliogeb:  dglogseo, o Ms@G«eol  dodmbowgs (15 J390930),  33w930L
9900mEadL (8 J3900530), 8909agd0L gsblxs (8 J39ms30) s HoMdmppgboeros 108
A3MOHE9bHg. 9903536 M9HBomAgl, 9 bOowl, 14 bsbobl, 5 LMoo, ©olzzbsl, 76

GOGOMGOME OEGJOSEHIMSL.

1. 33930l 890093900 s 3oBLYS

1.1.  bsbatg GHdoL fyarol Jodomdo 3gergas

B39bL BogM, Lobo®g GHdOL figywol 33935 s0fiym 2019 arol bmgddcmol M30sb s

393M39ws 2021 Herol 056300l ™399©9. 33¢g30 0m35¢0LHobgds MHMYMEOE GHdol
Dgarob (Fo6r0e-39:1m) s GHdsDY godm3M0E)owqdmEo 30w gdols Lobxgdol s©gdsl s

3dMMSGHMO0N 330935L (0b. sbMogro 1), 51939, GHdOL HBYEs3MHBY sGBYOIEO igwols
156329000 BYI30M0L (330 gdsBY 330603905, 139900L dobgz00.

2019 ol bmgddgMdo, @dol bgsdo®mol 360d36gcrmazbo bsforo @sxgscrmeos
9500Wom, OG0 om3MHOLEAEHIWES §Yr0sb. 3Hd580 gofyu0sbgdmwo gsOHDMdGd0
(= 20 — 25%) Obmem© GO0l ©o0sambowol gobfizMog sMob, Lssz fywolb Low®dy
39005609000 FoMIW0s.

0533963900l d0d0bsMGMDOLLL, Qo0BMTs 3596M0L 3H939MHOEHWIGS, G353 95003005
+10°C, 39Lsd530LOE, 3E0BSGHMEO 30HMBYBO, B0MVOWOEHOL F5FMLOIOOLESPOWO©
330> IMH0 30OMBS.

Gd580 (396¢®30, Fywom IBIOMWO FsOMMdO, 080l 5609698905, H@B +10°C-
B9 9509 14oeo 2ooxIMIOMEo 56 6oL Na,S0, - 10H,0-000 @ s80@ma, Lo
399m36M0LESE90s 396 dmbs.

LMoo dgagwrowos 2019 forol 939909630, 58 OML, GHool 39M0dgxEMBY

090560 BsOHOMBGO0 MROH™ 6530095 ML HoMIm®gbowo, 30Mg 0gm bmgddgHdo.
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9m093bm ™3980 (05635030), GHdBY MOMMYOOE 90M SMOL s DBYI30MmO
OIBIOME05 Fsdom. 090903500l 13930, GHOOL DB30M0 FIMSWOS S IVIOWIX0S
0900 BHIOEOM, OMIJOF SOJME0s MObMZb boergdgddo.

Ads LOMO dgo3bm fymoom 2020 Herol Fooldo @S oYMl 3H933gMHoEHOOL
95%)905bmb gMMs©, o0fYym Herol smmmdwgds, Mods3 0mdg3bm ™3990d0 89593065
09;c00l Lo®30L bgsdomo.

03obol s 9330LEHML 399030, Mbg0 boengdgdols 4sdm, GHdsdo fywol Lo®zmeo
©90530600 FoHBOOWOS S BHBOL 3M6EMOHO BogBH0MHS LOMWOHE SOOL IGO0
Dyeroo.

1994399830l 3900, 3d5do fyseo 860d3bgwm3bs sl J9d30609dMwo s GHdoL
65306909 4909g0s690mEo Besdos oMdmygbowo. md@maddgmdo s bmgddgmdo,
Ao0L B9s306HDY igoo Bsg@oMMs© 5oL, begrm 2020 (ool ©939dd9Mmdo s 2021
ferol 05635030, GHdsdo 0bg3 0330603905 figoeo, 535LmMsb, ©939ddM0L ™3980, GdoL
6530690%B7 51939 IBOJLOMS FoMOOL 3MOLESWYdO.

30639 gbMowdo  dm3gdmwo 9999006  godmdobsty,  Fga30deos
53553360, MMI L3330 BHOOL fyol Fgoaqboermds Lybmbgdol dobgwozom
335C905005. 256M9dmL gd3gMHo@EIMHOL Fo@gdobmab ghms, GHdol igsedo Fo@emdl

439w 2593390 00mbol 3mb3g6G ™30, bragrm 39339MoG Mol 3agdslimsb ghmo
- 3090 MBU.

LobMY BHOOL oo, 335530 SGOL J53MboEMIO LYYW RHEHMMO S JEMOHOYO
016905, 9oLB, LMExksGHOL 0mbgdol 30mb3gbE®MsE0s 36033b9crm3bo  90gdsdgds

Jm®ol 0mbgdol 306396 5309L.

509 Lobxgddo godm3zgMEo 35000MmbBgdOEIL sMlsbodbsgos Nat o Mgt
g39ws Lobxdo, bsB®omdol 3mbi3gbBH®oE0s 5FoMdgdL  ogbomdol  3mbiEgbEHMmoiEosl,
399290m9;, 2020 Herols 0gerolol Lobxgddo, GMmEILsg Y39ws 0Mmbolmzol sgoJlLoMmES
om0 3mb396GHM5309, BsBHM0mTol 0mbol 3mbi3gbE™mo308 dgoaobs 30610 dp/cv,
beenm 35360930l 0mbols 3mb396¢ (3050 - 2616 A/,



3gbGowo 1. bszzegzo Gdol Jodomeo dgwygboemmds

5

3

5 cl™ HCO;3 co3” Na* K* caZt | mg?*

% S0y~

% /e W | e | Byl | B | e | e | S

8
Bmg. 2019 | 41036.0 | 4963.0 - - 19360.0 | - 520.0 | 2568.0
©93-2019 | 28800.0 | 3105.4 1122.0 <0.5 13000.0 | 424 520.0 | 1632.0
056.2020 | 9280.0 497.0 246.4 <0.5 5060.0 32,8 92.0 148.0
90.2020 | 7983.2 421.6 198.7 <0.5 4987.9 31.4 86.5 126.7
0565.2020 | - - - - - - - -
536.2020 | - - - - - - - -
050.2020 | 34310.0 | 1474.0 605.2 <0.5 26690.0 | 45.60 | 520.0 | 1316.0
036.2020 | 41847.0 | 2460.0 529.2 <0.5 21600.0 | 57.8 830.2 | 29815
03¢~.2020 | 54310,0 | 3474,0 805,2 <0.5 30610,0 | 60,1 7200 | 2616,0
533.2020 | 9854.0 1939.0 821.0 <0.5 11245.0 | 435 689.2 | 2954.1
1592020 | 8632.0 4885.0 623.0 <0.5 8325.0 42.1 128.7 | 365.1
§.2020 | 7325.0 5907.0 245.0 <0.5 8111.0 36.4 95.3 253.7
60192020 | 6598.0 4891.0 189.0 <0.5 7632.0 32.1 86.1 111.2
©93-2020 | 26548.0 | 1233.0 532.0 <0.5 15364.0 | 33.3 354.6 | 724.3
006.2021 | 23156.0 | 2365.0 423 <0.5 13256.0 | 32.8 4321 | 8964

5939 29L5m350oLf0bgdg0s, BMT FoM9dML FgddgMo@IMHOL oBgoslmsb ghms,
AOOL §yoedo, SOF? 0mbgPmb gomo© Fo@memdls Cl~ 0mbgdol 3mbgg-bEH®oEosy.
Jm®ol sOLYOdMOOL BogdBHMOL 493wgbs 996905 OHMYMEE FoMd0-WoFHOL WOMdOLS

3993600LESEgO0L 3060HMdYdDY, 0lg MHym BsBM0MTol brEgsEOL godm3MOLEW9dOL
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306Mmd90Dg. 3960dM, OEIMGHMOIo {igommgdol dobgzom, Mfywm bs@Momdol
LBMegs@ol 2o8m3@mobEegdol ¢$g839ms¢mms +32,38°C 39339603 v®0@sb, Jewmcol
3MB639bGH®o300L Jobgz00 Fqbsdegdgeos 85930609l ssbemgdoo +17°C-dy.
50bodberol aomzoolfiobgdom,  BHgdbmwmaom®  3Gm3glgddo  domgo-
obfobgdmo Mbos 0gdbsls NaCl-ol s MgCl2-ol 259m360bEswgdol goddmeo [71].

1.2.  bobatg GHdob glizghbg ©sergdow s Gdol Bgsdo®bg 8396gd@M0350
399M3M0LEsgdMer 35M0egddo bo@Mmomdol lrymmas@ols 399339wmdols

33J30°

©@0oGJOSGHMOMo  ysermgdol dobgpzom, 8096906030 FsM0wblBsMGdOL  ©s
95600900l BsdSEMIOOL 3309350 563965, OMT Fomsb dowgdmwo ddMswo borgdol
obemgdom  93%-L  mobo  doMomso  doMoo  JJoqbl,  OHMIgEms
WOHN0JONPIMJIBS 2odMobsEHds 890qabsoMoq [6]:

2NaCl + MgSOs4 < Na2SOs4+ MgCl2

BsG®0dol Ly ags@o dmbgds80 2o36MEIXgdI0s Lbgsalibgs obgMaols Labom,
9ugbos:  BH9bsMmoE0, FoMIdOOF0, SLBEGHMIbIBOE0, AWIMBdIOOG0, JWsBIMOEO,
09039030 s  Ubgs.  293M39wgool  dobggzom,  3bmdowos  BH9bsmod -
9065000@MO0 LobIMRIOM F0o00LgMWOo s GHdOL FH030L LHdSMYdO. F>MI0E0560
A0900L {gagdl s Foo BLIGOHI IBIEY9dL, OO 36odBH03Mwo 360dzbgEMds
9603905 Bo@GE®030L Lyergs@ol dm3m3zgdol MoglsdMobom.

#hgerm Bs@®omdol Lmwas@ol dowgdol doBbom, 2019 fiewols bmgdd®mosb 2021
Dol 05636599, HoMImads GHdoL BLIIODY oswgdoeo FsMogdol, dgrsdols o
BsdnMHoL 396MH0MI0, 39690600350 259 3MOLEIWYOMEo FoMH0gdol 33eg3s.

AoolL gLzgebBy sOLYOMM IBsWg]gddo, sg3g GHOoL Bgo3oMBy BsdmMOL
39600mdo 39690600350 45dMIOOLEIMGOME Fomowdo, BoGH@Mowdol Lbvyegs@ol o
dobs693900L Lobom Lbgs FsM0Egdol MomYbmdol oEYgbol dobbom, B396L dog

BOGHIMO 5dMMOEGHMMHONMEO 33¢0939.
10



15330093 Lol HoMmBMogbs BHdoL gLB3IM0L6, Lbgzssbbgs HgdEowgddo
50900 b5 gdgdol 3 Lobxo, dwsdol 1 Bodxdo s 2019 fierob 939909630, 2020
Parolb  ©939889G30 s 2021 ool 0635080, GHdoL  Bgsd3omby  0bgdM0350
399 3600LEEG0E0 FoM0Ed0 Mo Lobxo.

15330930 9960 9d0L 60dYIgd0E6 ITDIIIME blbsMgdTo, 4obolyBMgzms pH,
Na*, SO+, ClI, Ca*, Mg¥*, HCOs, CO3* @5 K'ombgdo. 6033900l Jodomdo 33¢0930L
39092900 9399905 89-2 3bOOEI0, M00MYMEo Bobx 0B sdmymaowo »Mblbswo
658m0b HoMm©gbmds (M) dm39deros dg-3 gbGowdo.

b0 2. LabsMg GHOOL BY30M0EB s RBBZIMOEB 0gdYEo FsBGowwgdol Jodomo 33wgaol

39g9%0

396LsBW3OMo | 2obLOBO3® | bBodwd | bodwmd | bodwd | bodwd | bodmd | bodmd | bodmd
35659930900, ob dgoomo | oN1* | oN2* |oN3* |oN4* | oN5" | oN6™ | oN7™
96090 (Oqmod
0)
pH obm 10523- | 7,65 7,55 7,45 7,65 7,55 7,55 7,45
2008
393030, PRI - - - - - - -
dp/ 23268.5-
1978
35¢09do, 3/ | obem 9964-3- | - - - - - - -
1993
dsgbomdo, dp/e | amb® 2,8 3,22 2,304 | 3,29 2,8 2,18 2,78
23268.5-
1978
Bo@®omdo, dy/e | obm 9964-3- | 29,75 | 26,624 | 27,743 | 23,624 | 18,06 | 16,38 | 17,79
1993
300MOM35MdMbs | b <0,5 <0,5 0,6 <0,5 <0,5 <0,5 <0,5
&o, 3y 23268.3-78
396OdMbs@0, PTG <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 <0,5
dp/a 23268.3-78
LM Rs@0, 33/ | obem 9280- | 54,8 52,479 | 44,966 | 45,305 | 34,48 | 31,2 34,28
1990
Jwm®ogdo, PO 1,8 2,31 1,531 1,71 1,72 0,96 1,44
dp/qm 23268,17-78

*609dwmdo N1-N4 - $dol gl3gmhol sbsgrgdo, *60dmdo N5-N7 - ool 993060056 s0gdwmo bodwdgdo
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3bGoo 3. LsbsMg GHOOL BYE30M06 s BI3gMOB s®YPIMEO FoM0Ergddo sGLYdMEO wIblbso
65dmo

N 60380 60dmdo 60dmdo 60dmdo 60odxdo 6odxdo 6odw~do
N1~ N2~ N3~ N4~ N5** N6™ N7
(0¢sd0)
mblbso | 9,83 12,36 15,63 25,46 42,59 51,24 43,27
Bsdomo, %

*609dwmdo N1-N4 - ¢dob g3ghol sbsgrgdo, 6odmdo N5-N7 - ¢dol bgws306osb spgowmemo bodwmdgdo.

OMPMO3 9650 Bol 990929000 BB, ygzgws Lobxo FgoiEegl Hyswdo Mblbs
90b6569390L 5 506060 F0b65693900L MoMmEbMds, Lbgsalibgs Lobxdo Lbgsalibgss.
<bLbs0 J065693930L OO M3MEY6MdS 906036935 BHOOL BBIYMOEL 5©gdE Jersddo
5 G0l Bg306BHg 3m69g06MH0350 F3M3MOLEHIWGOME FoMr0E9dTO.

GO0l Bg30600sb 50gdme 60dmdgddo, MbLbso Fobscg39d0L MOM-EIbMdS
50blbgds 080m, H©MA LobxgdoL 50gdol MM, GHdOL BYLI30MHO 0gm ofYywr0sbgdMEo
360G 9d0 gm0 0Ym 3HOOL BYsd3oMby sMLYdME dbgdMo3 eMMbEHdo (dersdo)
Q5 3530 2obEsw 393905 BoJG0IMS© F9dEgdIO 0YM.

653 999bg0s  BHooL BLIIOO0L vPVYIM Boergdgdl, domdo yowdo MbLbso
9065693900l 99339 MOS  FOEOWJOOD  QIBIP0S S IbwMmgdom  9-15  %-ob
RoMRGOd0 033edo.

365¢00Bgd0L 999900l dobgzom, GHOoL boewgdgddo o 51939, BYLIZ0MHBY
5OLgdME M0 gddo,  bsBHMomdol s LYWRSGHOL  0mbgdol  MomEgbmdo,
3600369036500 509853905 B39bL JogM A59M 33w g0 Lbgs 0mbgdol Gomgbmdsl o
Q9bermgdom 85-90% -0l BoMyegddos. ds®ogddo 396 0465 50dmbgbowo 35¢n30dol
Q5 35¢003ob 0mbgdo dso LoIEoMOL godm, bmwrm 35MmdMbIEHOL s 30OMISOOMBsEOL
3063965309, 439 Lobxdo 0,5 3Y/w-Bg VWY, 50B0TEMOEIL FodmIoboty,
9065000@0lL  3Mm3™m3930L  M35eLIBOOLOmM, Tobgsb Mhguwm bsG®omdol domgdol
doBbom, 36083690 mz560 HGLMOLOS sGS TbMmEME LMY BHOOL Fyseo, 5089, dob

3L3YODY 3OLYOMEPO IBIW9JgdOg.
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AOolL  Bg300M06 50O FoMOWOOL  3MOBEIWYODY  S193g  BoBOMIS

M9baMbmwmyom®mo 331935 (ob. LyGsmo 1).  M9bagbma®sdol  dmbsgdgdol

dobgz0m, 15331930 3OOLEIGO0 FJ0EO3L OMAMOE JOMOMIE oMol (bs@EMomdol
bMExzs@L) 91939, 930609 MIMmPIbMdom Jum®0IOL s FobzMOL F35BL. Bs3zwgz0
956000l 3mb39bGHME0s sbMmgdom 70%-0b Bocygddos.
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T.047
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50 2

3.232.

33stgo - 11,317;. 8,719; 7,087; dobmamol 83xho - 4.740; 4.471; 4.251; 3.919; 3.762; 3.482; 3,340;
: 1.817;

BadomBols Lemenagsdo - 2.965; .2.801; 2.630; 2.457; 2.372; 2.234; jenmto@ado - 2.182; 1.994; 1.961; 1.881

1.742.
L5000 1. 3GobEsgd0l HYbwabma®sds

1.3.  Lsbotyg 3Hdol gllzghbg sergdowo 3sM0wgdosb Mfigwm bs@®owmdols
bmemg3sBol doggdol dgloges gdudg®odgb@ol 35098s@03mMo ©sgad3zol
abom

Pgem Bo@®omdol bryengzs@ol domgdol doBbom, LobsMg @GHdsDY Bodocmgdreds
LgDMbME®Ts 53306039050, 51939 BHdOL Hgaobs s GHdOL BLIYMHDY EgJowo FsGowols
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Jo80H35 339350, LOEYdS JY339, V39T 9JU3IMOIIPGHVIEO 33wI3900, Goxs
9939608963930l Bo9gFoEGH03MNM0  ©RJRIZ0L B0 WR39PODs  godmergd30L
33035 MH0 3060M0JO0 s FodL0ToEMMO Q5MLOZ5WO.

BoGoM90ME  053306039090L5 S oG IMGHVIOM Fysmrmagdby IYHEbMdom,
3933000005 300J35m, OHMA 36005E )OO S 30OMEMAO0YOO BoJEMMYIO obLoBO3MS396
956000560 309d0L fiyerols IoMmgodor® Mgx0dl. 393396MHoEGHWIMOL (330 gds 253egbsl
sbgbl BHdsdo fymol @mbgbyg, Fysedo goblbowo BsMowgdol 3mb3gb@MmsEosby,
9560gd0L 2odm3MOLEHGdOL, 56 30MH0Joo Fomo goblbol 3MmEqldbY.

Ad0L BL39OBY swgdoeo dsool Jodoemo 33¢930L dobgz0m, ygzgws Lobyxo
3903393L §goedo Mblbs F0bs619390L s Bsmo 90339 Mds dBMgdom 10 - 15 %-ol
396 gOd0 0(3390d. 58539 LObxKJdT0, boEMOMIOL S L RsEOL 0MbYIdOL MoMmEYbMdS
3600369036500 509353905 B39bL ogM A59M 3300 b3y 0mbgdol Gomgbmdsl o
Q9bMgdom 78-83 % -0L BIGYEGdF0S, bragm B Mgdom 3-5 % dmeol bbgs blbs
95600909, MHMIGMQ6 F56MH3MBL Fogbodol JermMoo.

MOMamO3  @oBgMo@GOwo  gommgdosb  sMolb  3bmdogro,  Bos@®momdol
beyanggoBob fyoedo blbomds, 20 °C 39839Ge@H Moty 89s5wa9bL 16,3 %-b, beagorm 100 °C-
g - 29,7 %-UL. 324 °C%g bo@®omdol ULumargsdol  899339wo  blBsGo@sb
3993600LE9I0s My Bo@®odol Lyeas@o. 9939 golomgzgawolfiobgdgaros oliog,
63 32.4 °C-%Bg ©odse (}Hnd39MoB Moy bLbsM0IL 500 9d3l JoMmIBOOEOL
29000¢9939L, GMIgeog LHmMg 32.4 °C-Bg ofiygdl @womdsl s 03wwgds Bs@Mowdol
LY@ BIGI ©d Fywo:

NazSO4- 10H,0 — Na2S04 + 10H20
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1.4.  36m3gbol Mm3G085¢rMo 30MMmdYdOL IGDs 9idgModgb@gdol
0500905303196M0 539930l bom

99b396M08963Hgdol  FoMgTsBHOIMEO  ©RJRI30L  B0Bbom,  M93WI30MZYS©
396BgMo 0dbs Lom3EGH00BsEFOM 3565390 (Y %-b5EHM0Tol Ly xsEHolL godmengdzol
bsolbo) o dsLby Imddgo  FodBMMdo  (X1-Bgd3gModyds °C; X2-80M9d0wo@ob
3b63396¢M9309 (C1-a6/¢0); X3-0536030L Jerm™oob 3mb6396EHMs30s (C2-36/)).

LoM3GH0TODBIGOM  39M5TYBHM0  ©MIOEIOME0s  BoJBHMOYPPDY s gL
©59M 3009019905 25dMmolobgds 3o m®mol 3merobmdom, Mmdgwlisg 390gyo Lobg od3l:

Y =by +byX; +byXy + -+ byXpy + by 2X1 Xy + -+ bno1ynXn—1Xn + by X5 + - +

bymXn (1)

053 MBOM 39@0d 193000 MomEIbmds 30w0bmdsdo, Jom MBOM BMLEHIE S>0HgMl
030 3MMm3gLL, FoaGsd, 59 Jgdmb3z9g35d0 MW Yds FIBEHMEgdOL 5dmblibs, s8o@Hm™a
3054mx30¢0g0056 296@E™gdolL HH 5030 bofowom, HMmIgulisi 99990 Lobg 5J3L:b

Y =bg + b1 X; + byX; + -+ + byX,, + by XXy + -+ b_)nXn—1Xn (2)

b 296EMEgds Homdmoygbl sMliGMe 3350MSEGHM (MgyMglool) gob@megdsl.
LoAdMEMgdO Do, D1, bn, 39390 B5JBHMMIOOL 3mgB0E0gbEHIO0S, bergrm b1z, ,bn-1)n —
39dBHMMGO0L 9OPOOHMMo BgdmJdggdol. Jomo 2odmmM3w0m ©s (2) obEHmmgdsdo
B30 30090 MdM 3OHMEJLOL oo 03IMO drEYL.

36O3960L  FomgBoBH03Mo  dmEYEo, Lodwgeegdsls  0dwngls,  boLEBOZGML
3394 BHMMGO0L  493wgbs  LEMIFHOT0DOEOM  39MxBHMYODY @S BMm0dgdbML  3HMEgLOL
™33030BsEgool 3bo.

B39bl  F9dmbggzedo, 3OHMEglol  08E0bsMgmdsby  dmddgo  Bogd@HMM9dOL
Gom©gbmds k=3. 94b3gm0dgbEHJOOL BomgBsBH03MMO  WORIRIZOLMZ0L  BoloBsMmgdgwro
(309000 M5MYbMdY, 25M0MZW9ds BMEOTMEOOM:

N=2%= 23=8

BoBo690ME0 300900l 393dol oMM Foboslosmgdergdo dmiEgdmeos dg-4

3b®0do, bergnm 94u396H0396¢gdoL oggadz0L dodMoiss d9-5 sbMoedo.
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b0 4. Bo@sMgdmeo 3gdol 3g3dol doMmomao dsbalioscgdemgdo

BJOHMOIB0 Xi—t°C X2- C1 6/ X3- Cog®/e
do6H0ms0 ©MbY 30 200 5
35M0M9d0L 063 gHZ5¢0 5 20 0.5

b5 mbY 35 220 5,5

43005 g 25 180 45

3b®odo F5603m©ag60¢0 doM005@0 MBOL 3565993MYd0 50gdvYEs Fobsliffomo Lsliobyxo 3wgd0o.

3bMowo 5. gi3gM0dgbEgdol sygadzol ds@EHEmoas

ool | Xo | X1 | Xo [ X5 | XaXo | XaXs | XoXs | XaXeXs | Vi Y, Y S?
Ne
1 2 3 4 |5 6 7 8 9 10 11 12 13
1 +1 | -1 |-1 |-1 |+1 +1 +1 -1 4035 | 40.05 | 40,2 0,045
2 +1 | +1 |1 |-1 |-1 -1 +1 +1 46.15 | 46.5 | 46,325 | 0,06125
3 +1 11 [+1 ]2 [ +1 1 +1 4595 | 46.15 | 46,05 | 0,02
4 +1 | +1 | +1 | -1 | +1 -1 -1 -1 5095 | 50.10 | 50,525 | 0,36125
5 +1 |1 [1 [+1 [+1 -1 1 +1 407 | 426 |41,65 | 1,805
6 +1 [+1 |1 [+1 |1 +1 -1 -1 4535 | 463 | 45,975 | 0,78125
7 +1 -1 [+1]+1 |1 -1 +1 -1 4325 [ 443 | 43,775 | 0,55125
8 +1 | +1 [+1 | +1 | +1 +1 +1 +1 424 1426 | 42,5 0,02
o003 dMbgdmoz0  FoMoErgdol 9339 bLbsMgddo, 9M  a3dmbs

d9L5dgdEMdS, Hobolfot AoBLIBMIOO 29830L Jobgz00 F939339s Bod®odols

LEgsGHols s 3ogbomdnl JermMool 3mbi39bGH®30900L MIbIBIMIMBS, (30gd0L

BoLOEIMGOWO©, 2odmygbgdo 0dbs JodowGo Lmgms Bo@®momdol LyERsEHoL s
35260m30L JemGH0EOL d5DsBY ITDIOIMO IMPYOHO FoM0EbLBIMYdO.

99-5 gbGowwdo, 306039 1393Hdo HoMmdmAqbowos 300900l bmdmgdo, beem 2-9

139399300 - LEM3EHOTODOFOM 356599EBHMYODY BmJIgO BoJBHMMYOO S Fom0 B5FGISZEYdO,

59 139@®90d0 3OHMELBY Imddgo BOJBHMOMYd0 FgBEsbowos 30EO0MBMWO (33¢EJOOL
Lobom +1 5060363l g ©Mbgls, beaeom -1, 395 MbgL; d9-10 s I9-11 Lg9gEHYddo -

16



doMOMIPO S 355G MM0 3009001 F99a900s (%); 99-12 1393HT0 - 35O YIMHO
3900L  Lodmoem  860d3bgemdgdo (%), bmem  39-13  bggBdo  339MOGHMIWO
bmdogdgdo.

30639 ©0ado  2obolasHP3MS  35MOWIMMO  30J00LS S Y3gWws 3oL
303093900 s 3MmbO9bOL 300GHIM0MTom IER06, MOMA 30MmT0ogdgd0 EsLSTZ90
D036090d0s.

36Mm39LoL  8509353H03MM0  dmEgol  (2)  259mboy3sbs  A9FM30035¢g0
396@Mgd0l 3983030963900 bo,b1,bs++ bo Q9dmomM3egds BMOIMEom:

bo=% XY
bem ©sbs®bgbo 3mgx803096@E 900
b= 5 X;i ¥,

B99mm dm399 BMOIMEqddo, dgLsdsdolo dmbsgdgdols dg@sbom dogowgdm,
™0: bo=44,625; b1 =1,70625; b2=1,0875; b3 = -1,15; bs=-0,90625; bs = -0,94375; b = -1,425;
b7 =-0,49375

50 36033690 md9d0L M9gMaLOOL 25bEMEgdsdo dg@sbom dogomgdom:

Y=44,625 + 1,70625X1 + 1,0875X> — 1,15X3 -0,90625X1X2 — 0,94375X1X3 — 1,425XoX3 —
0,49375X1X2X3

09309L00L 396EHMWYdOL 309803096EJO0 T9BILBS BEGH0IBEHOL 3O0GHIMOTom.
50dmBbs, ®MA 439w 398303096G0 b7-0b oMo , 360T36gemz560s. dobo odmMoibgo
3900099 36M39b0L 350935303296 IMEYWL 996905 9990 Loby:

Y=44,625 +1,70625X1 + 1,0875X> — 1,15X3 -0,90625X1X2 — 0,94375X1X3 — 1,425X2X3

50b0dbmeo dmEgwo 999mHds 909d35GMOMdIBY 330dgMHOL  3M0EHGMH0MTom.
3096256000909005 230P3965, M 30dgMoL 3M0GHIM0MA0L Q5dsm3wowo 360d3zbgwMmds
Bogergdos bMowr® 8600369wmdstHy, Mo dowmmomgdl 0dsbg, MHMI Jowgdmwo
396G ™M9ds 5009J353 M9 SO 3OM39LL.

90090990 Imgol 5b5¢0do 93639690, H™A Bsdogg BoJEHMOMO o3 gbsls SbbL
399930l 3OM39LBY. 9J9Ib 306M39w0 MmMOL (BHgd3geMsdMMs s 3MBEIBEGHMSE0Y)
239HMs BOOL  45dmgdzol bsGoLbL (Jomo b0dsbo ©IIdBOMOs), bmerm dqLsdy
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(5260730l 3mb39gEHMSE05) 30M0dom - 593060908 (603560 MoGYMBOMOs). Y39WwsBy 993
39309bsll  5bgbl  BHgd3gcsd M, oD  dobo  3Mm9gB0309bGHOL  SBOLBMWEH IO

36083690 mds y39asBg dg@os
B90m»  mddwol  dbgzgermdsdo  dopgdom  3OHMEgLOL  M3EH0T0DsE0S

39635bmeE0gmgm  LHOsx0 90dsligeroll dgmm@om, 98 doBbom godmmgzmowo ogbs
339dBHMEMGO0L sbogro doxgdo (At=1, ACi1=2; AC;=-0.05) ©> 509335 99d9ga0 300,
Mmdgwog Homdmygbowos d9-8 3bGowodo. bGowol, 30639 1393 do dmE9wE0s
35006M00L 06¢ M350, BodEBHMMJO0L MbYgdo s 30gdoL bmdMgdo; dg-2-4 13939ddo -
BomM3EG0d0Bo30M 3561599BHMGODY dmddgo BoBHMOMYd0, 39-9 3OLMZ0L 50O 0gbs
30900Lm30L JgMBgMo d0MOMOEO EMbYgdo, MMIgwog JmEgdmos sbMowodo 4.
30900 M5e0Ds300l 89092900 FoMdm©ygbowros 39-6 3bGHowol 89-5 b3g@do.

3bMoo 6. Lsm3EH0T0BsE0M (300900 356M539GHMYO0 ©s FoWYdMEo F9gRJo0

390069008 0bGHgMZswo o X1 X2 X3 Y (%)
3394 BHMM9d0L oMby
1 2 3 4 5
doM0MO©O ©MbY 30 200 5
356009030 06E9MH35w0 5 20 0.5
6936M9boob 3m5303096@0, bi
6536530 Gi=biAX 1,70625 1,0875 -1.15
Ax: 8,53125 21,75 -0,575
BIOEOMOS B:b—::o.l
doxo AX;=0.1¢i 1 2 -0,05
3©go0 9 30 200 5 47,0
10 31 202 4,95 48,6
11 32 204 4,9 54,2
12 33 206 4,85 52,09
13 34 208 4,8 47,58
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Abstract

The mining industry makes a significant contribution to the development of the local
economy. An important challenge for the mining industry is the mitigation of environmental
impacts, after the completion of mining operations recultivation the territory and at the same
time maintain the positive economic benefits. Extraction of minerals is advisable only if
economic, ecological and social interests are proportionately taken into account, which is
achieved by improving mining technologies.

It is known that Georgia has had natural resources, which include ore and non-ore
minerals. From the non-ore minerals are important lakes of Azamburi group, which are placed
in Sagarejo Municipality and they are located at the Mirabilit deposit. Lakes of Azamburi Group
are presented of 3 lakes, named: Sakhre-Lake, Garejela and Kachaal-Lake. Only the first two
are important in terms of Mirabilit stock.

The issue of obtaining anhydrous sodium sulfate from a brackish lake in the form of salt-
water at the Mirabilite deposit and its surface has not been resolved yet.

At the mine, the area of the lake’s mirror surface changes seasonally. In the autumn-
winter period it declines sharply and the deposit is covered by a layer of mirabilite crystals.

According to the seasonal change in the climatic conditions of the region, in order to
determine the composition of seasonally crystallized mirabilite at the Mirabilite Mine and from
it, we, in 2019, 2020 and 2021, at one-month intervals, examined the crystallized mirabilite
complete chemite and salt-water.

In December 2019, the water level of the Sakhare-Tba is significantly reduced. The
surface of the lake, free of water, is covered with a layer of mirabilite crystallized from salt-
water. In January and February 2020, there is practically no salt-water on the surface of the
lake, and its traces are recorded only in the form of small individual puddles. In addition, the
mirabilite layer crystallized in December, in January-February, moved to Tenardite. The
chemical composition of the salt-water itself has also changed. Sodium and sulfate ions
dissolved in salt-water decreased by about 0.6 times in January-February compared to
December. Molar appropriateness of compounds in crystallized mirabilite and in salt-water do
not differ significantly from each other.

The research material consisted of 3 samples of sediments taken from the bottom of the
lake at different points, 1 sample of sludge, and one sample each of naturally crystallized salts
on the surface of the lake in December 2019, 2020, and 2021.

As can be seen from the results of the analysis, all samples contain water-insoluble
impurities, and the amount of said impurities is different in different samples. A large amount
of insoluble impurities is observed in the sludge taken from the bottom of the lake and in the
naturally crystallized salts on the surface of the lake.

As for the sediments taken from the bottom of the lake, the content of water-insoluble
impurities in them is much lower and varies around 9-15%.

According to the results of the analysis, the amount of sodium and sulfate ions in the lake
sediments and also in the salts on the surface is significantly higher than the number of other
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ions we have investigated and is around 85-90%. Calcium and potassium ions could not be
detected in the salts due to their scarcity, while the concentration of carbonate and
hydrocarbon is below 0.5 mg/l in all samples. Based on the above, from the point of view of
extracting mirabilite, for the purpose of obtaining unaged sodium from it, not only the water
of Lake Sakhara is an important resource, but also the sediments on its bottom.

The study of the Mirabilith deposit of the Azambur Group, namely Lake Sakhare, allowed
us to plan the experiment by mathematical planning of the experiment in order to obtain
anhydrous sodium sulfate, conduct experimental studies and calculate a theoretical solution of
the reaction.

To do this, we selected the optimization parameter and the factors affecting it, according
to which experiments were planned and conducted.

The validity of the results obtained in the experiments was tested according to the criteria
of Fischer, Kohren and Stiudent. Then was chosen a mathematical model of processes. This
model was tested for adequacy for each experiment.

After the relevant calculations confirmed the adequacy of the model, process
optimization was carried out and parameters were selected to ensure the maximum solution of
the reaction.

In addition, a technological scheme for the production of anhydrous sodium sulfate from
mirabilite was developed.

23



