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USEULUNUNFGE8UL LY ULAR? RULNFRUQRLL

{tumwqnunnipjui ptiwh wpphwwinEnibp:  <wbpwpynibwpbtpniEniinp
<wjuunuwith <wbpuybnnipyub whnbunipyui Juwplnp Gninbphg £, uwluyh npu
qupqugnuip  nigtijgdnud © zpgwlw dhgunjuyph  Jpw  qquuh  whubwdhb
wqnbtgnipnihbtpm): <wipwpwph wpynibwhwidwb b hwpunwgdwi gnpdphpwghbtph
wpyniipmyd  wpwpwbind G dhdwdwjuy wnywbphtp, npnip Ynunwlpfnd G
wnswdipwphbipnud b Epllupwdunijtin wqntignipynih G pnninud phwlwh Shewjuyph
wwppbp punuphstiph Ypu: Mngwdpwpbtipp qpuntighnud &b pliqupdwl nwpudphtp,
thnjumd &b pubnpudwh  phwlub  Juengduwdpp W fuwpnn Gi nunbw; hnnbiph,
dwtipmpuyhl nu unnptpypw epbiph, hbsybtu bwl dphnnpunuyhll onh wnnuiwb
wnpjnLp:

Ehduwh wpnhwljwbnpniip  yuydwiwgnpjud £ opwbng, np wnswdpwpbhbpnid
ynunwlynn  wnswbphtipp  wpupnibwynd G dwbp dEwmwnbtp, npnbp phwiui L
wbubwodhi gnpdnhbtph wqptignipyundp Jupnn G mtnuthnpadty hwpwyhg wwpwdphbn:
Ununuhshiph wmwpwdénuip whnh £ nubbiinud thngne wmnuihnpudwib, nphiwudwyhl 9ptiph
Obpputhwbgiwb, tmikplinipuyhll hnupbph b gnnpphwgdwb gnpdphpwughtinh thengny:
Uju gnpdpbpmghtiph hinnbhuhnieynbp Yuhjwd £ wnsunipuph whwgnpddwi Jhéwljhg,
wwpwdph  nhhtidhg,  Yhiwwlwb  wuydwbbtphg, punihbbiph  ghpwlppnn
nqnnipynihitiphg W hnniph  $hqhuphthwlub  hunnlnipynibbitiphg:  <twliwpunp,
wnswipwphtiph  wqnpbgnipjub  qhwhwnndp  wwhwbgnd £t hwdwhp b whinuyhb
wuydwbbtpht hudwyuwmwuhuh dnnbkgnid:

<uyuwumwibth hwbipwpyn bwpbpujub opgwbbbpnd wyu fuinhpp wpwbdbhwhunny
Juplnpnipynih nibh, pwbh np dh 2wpp wnsudpupibp mbinujuygud b phwljuduyptph,
qonipuunbimbunjub uiwlniEjub hnntph b opuyhtt hwdwlwpgtiph hwplowbn ejundp:
Vlwh wuydwhitpmy dwbp dhmwunbtph §nunuynnip hngney, gpnid bk ppruwljubini pyut
Uk Yuwphn E dlwdnply Eynnghwlwb phuljlin’® wqpbing phwlub  hudwljuwpgbtph
Juyniinipyuil, gnipuninbtumljul wpmunpubph npuh b phwlyn pjuwh wenngnipyub
wijuubgnipyub Yypu: Ununl) tinwhnghy £ uyh, np dwbp dhmwnbtpp tpljup dudwiuy
wuwhywiynid & hnnuyht thpwjuypnid b juipnn kb bipgpuyb) ubbinuyhb onpuikpnd:

Qhuywd wngudpwpbbiph 2pgwlw dhewiuyph Ypw wqptignipeywb Jhpwpbpw) weljw
niuntiiuuppnipynihiipht’ <uywunwith wuwydwbbbpnud pinlu wihpudbym G huntuyhp
htinugnunipynLiibp, npnip thwduniwbwl Yatpunkh hnntph, optph b pniuujwbngpyub
wnununjuidnipjubl ghwhwnniip,  wnquonnhshiph wwpwdtwh  nympnLbbtph
pugwhuwymnuip b wgntignipjub gnnhitph nwhiwhwquunnnip:

Wu hunfunnbtipuinnid wpnhwluib £ ny dhuyh wnywdpupbtph wqnbgnipyub phnyph,
dwuwwwphtph b hbwbwbphtph gbwhwwnndp, wylk wnunuopshbph  wwpuonnip
ugtighinn mEhubninghwiljub nrdnnibitiph Wwiynidp:

<twmwgnunipyub wprynibplbtpp jupnn G Yhpumt) wnyunipwphtiph wqptignipub
gnunhiitiph ghwhunniwb b hwhpwpynibwpbpuljuh wwpwdphtiph Eynnghwjub rhuljtiph
juqkgiwb gnpophpwghtpnid:

Lmwgnunipjuill bywwmwlp b fubghpitpp: <twmwgnunipjub buwwwlh
gbwhunnt] hwipwhwpunwgimb dkinhwpynienibibph wnywdipwpbtph wqpbgnipub
pinypep, dwuymwpbtipp b htnbowbphtipp hnquyhl, gpuyhll b pniuwlubh thpunjuyptph
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Jbnmgnnnipjul tywwnwlp b Juunhplbpp: ZEnwgninmpjut  buunualh
quwhunnty hwipwhwpuinwglwh Aintwupympiniitph wnyundpuiplitiph wqpbgnipyui
plnyen, dwuptnuplitpp U htnlutipiipp hnquyht, gpuyht b pniuwljut dhgunduyptph
Jpw  pugwhuynbm]  Swhp  Uknwgkph  wwpwsiwb  hhdbulwh
opptwsunhmpyniibpp b dpwlkn]  wnunndwb wwpwsndp - idwqbghng
ghunuywinpki hhttunpgws dnintignidubp:

1. dEpmsk] wnywdpwpbbph  wqpligmpjub wwpwdplubph  phuluwb
wulwbbkph n phuywhywbwlw wowbdbwhunnlnipynitibpp hugih
wnubiny nhhtdp, Yipduwyulwb gopénbukpp U hhgpnginphuhwljut
wuydwibpp:

2. Mundbuuhpl)] Qtquimoph, Updjwihlhh b Uqupulh wnsudpuplibtph
hnupwgptnh pubwljuiljut b npuiljuljub gmguthpubtpp:

3. Munutuuhpl) Jhwuwlwp ynptph nwpusiubt ophtwsunhnipintbibpp:

4. Uoulky wnsulpupiiiph - wqpkgmpjub  gnnhutph  vwhdwiwquuntwh
uljgpniipiip vwhdwbiting wpnnuniwt nupusiwb gnnhubpp:

5.  Upwll) Ukpnnubp ynyudpuptbtphg b hwpwljhg nwpwsputphg wpunnundub
nwpuodniup juitubjne hwdwp:

ZEnmugnumpjuhb opjkjnp b wrwplub: 2knwgnnnipjub opjljnp Stnuitinigh,
Updywithijh b Ugqupulh yngudpupbbtpb G

Zinmwgnunipjuil wnuplub bpjwd wnswdpupbiph wqpkignipjull gninhtbpnd
dwip Uklnumbbkph nwpusdwl, inuunwuldub b opgulju dhounjuyph pununphsubph
ypw ppuilg wqplgnipjub ophtwsunhmpmibbbpt &b, hywybu bwb wnnnudub

wnwpubdnuup tuqkging wkininghwljuh vhgngunnudubpp:

Zknmgnunipjmb wkuwljub, ykpnpupubwlub b wknEjunyuijwub hhipkpp:

ZEnwgqnumipjub nkuwljub hhup ki hwinhuwgl] wynswdpupibph dbunnpdwb,
Jurniggwubph V] owhwgnpéuwt wpwbdbwhunlmpinibbph,
huipupymbwpkpului  puhnbiiph opowlw  dhgunjuyph Ypw wqpkgnipjub,
hiywtu bwb dwip dbnwnubph dhgpughuygh, Ynunuljwi b Eyninghwijut phuljiph
quuthuwndwl YEpwpkpyuy ghnuljub wipiunmpymiibpp:

ZEnwgnonipjuh - Ubpnpupwbuljuh  hjdpp Juquly B qupnught
nhuiwpymuutpp, hoquyhl, gpught b pnuwlwb  inmputph  plnpmpmip,
tnpwniwh, wwhywidwi b jwpnpunnp YEpmdmpubt pigninfws
unwbpupnithpp, hisyybu twb wnwgguws udjugitph hudbfunuljub, pubujulub b
nwpudwlub  Jhpmémpyut  Ukpnpibtpp:  Ugfuunnwbpnud  Yhpundbp i dwbp
Ukwnumbbkph upupmbwlmpyui npnpdwh jupnpuinp Ukpanlbp, wpnnnjwsntppub
wunhgwbh quhunndwt dmnkgmulitp b wnsudpupubph wqnignipjub gnunhukph
vwh'dwbwuqundwb ulqpniiplbp:

ZEnugnuinmpjuln nknkljunnyulmb hjnlp b Sweuyl) ghunuljul qpuijmbmpjul
wfjurtkpp, Uhgwqquuhl b wqquiht tnpuunnpught huwnwpnpbpp, htnwgnugag
nwpudpitph  wpuwphwgpuijuil,  phulphiuguljub hhnpngnphuihwlu
pimpwgpbpp, hiyyhu twb Gnquinigh, Upsqwihljh b Ugqupwyh wnswdpupubph



hwpwlhg  wnwpwdpiippud hpuljwbugjus nuanught. - &t jwpnpunanp
htnwqnuinmpniiiinh wpnynuiplbpp:

Qhunulwh bopnypp’

1. Puguhwpnty ki Umnibhph dwpqh gnpénng b Ynbubpdugyuws wnsunfpuipliiph
wqpignipjull  gnunhibipnud Swbip Utnuniiph  wwpwbulul b dufwibuljught
puphnfutt wnwbdtuwhunnynipynibtkpp” hnnquyht, opwjhlt b pniuwljut Uhpwiduyptph
hunduljgyuws qiuthunndwt hhuwt §pue

2. Munuibwuhpyty Eu tiwpplp ploa htuyuijwb wwpfwbibpmd nbnuluggus
ynywlpuipuitphg dhunfnpyjnn gpklwdughtt pptiph b gninpohwgdwl gnpdplipwghbph
wpyniipmu mmpulbl{ml dwip Ukwnunikph nwpwdwdudwbulughtt  pujudwb
ophwswihnipynttibpp wpwhdughtyng npuitig hhutujutt nupuddwi wpbugutph
nt hunkbuhym pjut wunh&whp:

3. Upuwlply &b wnyunfpupubph snp dwibpinypltphg U gninpphwgduih
qnpodpupwgitph wpymipnud wrwewgnn wnununhsiiph twpwdnulp jwqtghng
inpupwpuljub  wnkjpinnghwlut  dbpnnubp, npnbp wupnwwibdws L 22
wpunuqpbpm]:

Upymiipbkph  Yhpwowlwh bywbwlympymip  Upunnwbiph  wprymbplitpp
Juplnp Yhpuwrwlub tpwbwlmpnih mbkh hyyhu phuywhwwiulub, wbybu §
wninbuwljult nppuoutpnud:  Thnwunuljui  hwipwpwptph  hwipwhwpunugdub
gnpopupugnid wnwgwgnn  wnswdpwpbbtph  wqpkgmpjuit  dwupnwputph U
htnbwtplitph quuhunnnudp, hyyhu twb wpunnnhsitph upusdut Wwuqbgdwh
Ubpnyubph dowljnudp htwpunnpmpinit Gt mughu dbudnply wbjinnghuljub
hurduiljuipg, npp thwdwdwiwl pupkjudnud £ oppwlju dhpuwjuyph b wpnunpnipjub
wprynttu]bnnipyu gmguithoitpp:

Uunugdud wjuubipp Jupng b oquwugnpdyty opguju thgwjuyph untihpnphligh
hudwjupgipnid nuunudiuppynn wnwpwbputph Eyninghwljub Jh&wljh hundwihp
ghwhwwndwl 1 phuljiph wnwpuwduljui pupntqugplut twyunulny: Towlpjwud
Ubkpnyubtpp Yhpwekjh i twl wyp wpunnunjws gpujuquitibph Jiwuwqbpdlub o
UEnuugdwt gnpdplipughipnud:

Upphrunnuitipp nitth ninbuwljui b unghuquiwh tpwhwlmpmi buwunkng
wpynibwpkpujut dkntwpympeiniiiipmd puyuwhwwbwljwh phich juqkgdwip b
plwlsmpjut  wennemipjub  wuwonuuimpubh  dwlwpnujh - pupdpugdubp:
Unwowplyny ubkpnpitpp wupunuuius b Zujuunwuih thpmlqhmmla]mh
wpunniiugntipny b jupnn G tbpypdby wpnunpuiljub wpuynhjuymy’ wwqbgitng
dwlip Ukinwuniikph nwpwédnudp opgwljur dthpunjuypnid:

Ugluunnuiph mulpnpmghmh‘ wppuwwnuwtiph YEpupkpyuy ymptpp qiymgyt) G
Eplynt Uhowqquihtt ghnnudnnnyukpnud:

pnunupuljjus  ghnwljub mg_‘[ummmhphhpn wnbiwjunumpiul  hhdtlub
pojuibquimpiniiip hpunnwpuijus k6 hngjubtbpny, 2 wpnnbwugpbpm]:

Upjumwnmbiphtph wprymuphtph hpwujupwlynud: ZEknwqnuinipjut
wpynibiplibpp hpunnwpulpflp Eb 6 wuughp  wpliuwnmpnibitpnud b 2
wpnnbwgplpnud:  Upyymibipikpp bbpQuyuigy &b hlywbu 2002 2017-2024pp.
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nupbljub  ghnwdnnndubipnul,  wbybu B htinhttwlunp  ghinwdnnndubipnud,

uhpum]uq_‘ XXVII MexxayHapoHas HayyHO-TexHHYecKas Kondepenuus «Hayunrie ocHOBB

¥ IpaKTHKa nepepaGoTKH Py M TEXHOI€HHOI'O ChIpbi», Exarepun6ypr 2022, International

Scientific Conference “Environmental Protection and Sustainable Development” dedicated to

Professor Victor Eristavi's Memory, Georgian Technical University.

Quonywbywbnpjubp bpiuwywginn hhfuwmwb npmjphtph kb

- Qhnubnoh, Updjuihlh, Uqupulih U Ynbubpjugjus  Ontjupnunh
wnswdpwpbbph wqnkgnipjui gnunhikpnud hagtiph, optiph b poiuwljwimpeyuib
dSwip  Ukwnwnbbpny  upunmjuwdmput dwhwpgulibpp qquhnpki
qhpuquiignud kb phulut  $nbughtt wpdbpibpp  Abunfnpling wnuppkp
wuwnhdwih wnunnunyudnipjub gnuinhiibp:

- Mnyunipwpbbphg Swbp Uknunbbph vhgpughwit ppuljwiugymd t thnpne
nwpwddwl, npkbwduyhtt  opkph  Ubkppunhwbgdwh b gninpohwguwb
qnpoplipughtph  thgngny, npnig hunbkiupympmip wupdwbugnpqus L
ntnuiph pluljhduwjuut  wwplwbibpm] b punibph  ghpulonng
nunnipnLiitkpny:

- Znnbkph, opkph b pmuwljuimpyub dky dwip dknwnbbtph wyupnibwulnipub
hudwlhgyud mumdbwuhpmpyuit  hhdwt  Jpu vwhdwbwquundl) G
wnyunipuptph wqphgnipjul gnnhlitpp U puguhwnodty ki wynninhsibkph
nupusdul hhutuljut ninmpjnihbkpl nL nwpudwuljub
ophtwsunhn pjniiibpp:

- Upwhjwd wnkjubnnghwlwh pdmubbpp mynjus wnswipwplbph thnonn
Uwlipinyputph wdpugdwbp b gninpohwgdwi gnpéphpughbph wpyniipnud
duwiip Ukwnunibkph wnwpwsiwt wjuqkgiwip, htwpunpmpmb i wnwhu
juqkguky opowljur vhguJuyph Jpw pugumuwlui wqpkgnipiniip b jwpnn G
Yhpunk) hswbku gnpénrn, wyhgbu ) nhubpjugyus wyngudpupbbph ghuypnud:

Uphwwnwmbph Yuwemgjuwépp b dufuyp  wopunnwipp  Yuqujws
bkpwémpimbhg, 5 quhg, qpujwimpuit guulhg: Ujh owpumpjws E 124 Eonu,
wyupniinuynud k31 aljup b 21 wipgniuwly:

Uwnkbwjununpjwb hhttwlwh pnjwinuynmpyniip

Ubpwdmpmbimy hhfuwnpwsd b phlugh wpphwlwimpenibp, swpunpjus b

byunulj m wwonupuimpyub ipYuyugyng npoypttpp, hknwgninmpjub opjklni

n wnwipljuil, hywbu twb wounnwiiph Yhpunwluh bywbwlmpeyniip:

1.ZULVRUMSBNRLURELUYUL ZUUULPLULECP MNUULUNLESD
U2TESNPRE3NEULL TMRAUYU UPQUIUSCh YU

Qnip I-nd  Uhpluyugduws o hwhpwpymbwpbpuub  hundwihpibph
wnyufpupbbph ppgwljm dhgurjuyph Ypw wqpbgmpyub Jepwpbpjuy ghuuljub
qruijmimput  JEpmsmpimbp: Qwndbwuppyly B hwhpwpynibwpbpmpyub
qupqugiwl  dunlwbwlwlhg  Jdhumuubpp,  wnswbpibph — wewpwguwh
wnubdiwhunnymipyniiibpp b npuitg Rkpp npugbu opewlm hgwjuyph wpunuiul
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hpftlult  wnpympltphg dkyp: dhpmdyl) b wnyudpwpibpmd  Ynunwljyng
puthnbiibph phihwlwb juqup, hunfuybu dwip dknwnutph wupmbwlmpoip,
husybu b gpuitg nupusdwb b Uhgpughugh wnwbidtwhuwnympinitiibpp pluljub
Uhgujuypnid:

Qpuljuilt nfjun iiph nuunudiiuhpmpyniip gnyg b wuydky, np wnywdpwpbpp Yupng
Ei  Gpupuwdundyin  wqpbgmpmbt ntbbbug  ppgwilw  dhpwduyph  niwppbp
punuphsiikph  Jpu bwwuwnbing  gpughl, hnquyhtt b onuyhlt  dhgwduyptph
wnunuiwip:  Unwbdbwhuwwnntl npunpmipimt t nupddl] dwbp dknwngubkph
wqngmpjubp dwhpimpught U unnpbpypyw gpkph, hnnquyhtt nkunipulitph,
poruwuiimpjult b jEluwpuquuquimpui Jpue: Lutwplly b twb pplught
gphiwdukph  wnwpwgdwb, thngm  wnwpuddwh b Eynhudwlupgipmd  swbip
Ubinunukph §nunuljuwb htan uupws jpunhptpp:

dEpmsdk) Eb wwppip Ephypbbph topdp b ghnwljwmb  gpuiljwimpub Uk
ubpuyugyud dunfwbwluijhg dninbgnidiitpp’ nunqus wnsundpupiibph winnubqg
junuupdwbp, opkph  dwppdwbp, thnom  nwpwsiwbt  Juijuwpgbpdwip b
wnnmnyjwd nupwsplbph Ypulubqinfubp:

Gpujwimipjut Jhpnismpjut wpmgniipmid hhdtwdnpdly & np wnsudpupbitph
wqnlgnipjwb ghwhunndwb hundwp withpudton Ehudughp dnnkgnud, npp Yukpunh
hnnquyhl, opuyht b pnwuulwbt dhowluyptph hudwnbny nundbwuhpnipnih,
wnunnhsbibph nwpwsdwb ophtiwswhnpiniiitph pugwhwnnud b wqptgnippub
gnunhibph vwhdwbwqunnud:

2. ZBSUQNSNRhE3UL ORA3EYSULELL, LBNREEIL Y UEENILELD

Qnifju 2-md Ukpluyugdus i hknmwgninmpjut opjilpnutpp, munudbwuhpyws
nwpudpubph phwlju wuwypdwbikpp, hiyyhu bwb hpuljubugws nupnughtt b
(wpnpunnnp hknwgninmpmbikph juquujipydwi b hpujuiugdui dkpnqujui
hhupbpp:

Uhpuyugjws G - Zujuunwbh  Zwbpuybnnmpput - Upbhph  dwpgnud
wnbnujuyjuws  Qhquinph, Updjubhhth U Uqupulh — wnywdpwpbbph
uwpiwphwgpuijub  nhppp,  hpdtwlulh  pimpwqplpp U pwhwgnpdiuwh
wnwbdtwhunnnipinibiipp: Lutupldty B hknwgnunynn nupuspubph nhjhEyught,
Y hduguub, hhgponghwljui b hhgpnginphuhwljut wupdwhtkpp, npntp buljub
nbp nubibb wqunnunhsitph nwpustwl, Ynunwljdwi b thgpughugh gnpéplpugibpnud:
Unwbidtwhuwnmy nipunpoipjnct Eyupdafb) ugh phwljub gnpéniitipht, npntip Yupng
tb wqnly wnswdpwphbph wqpgmpjub gnnhlitph dugnpdwt b Swip dknwnbtph
inwpuduljub pugjudub Jpur

QqJunwd ttphuyugywd th hnquyht, gpught b poiuwiljub dnpukph plwnpniejul,
yuwhywivwl, wnkquihnjudwh b pwpnpunnp hnuqnnmpynibiibph dbennpubpp:
Uljupugpyws ki iimpwniwh uukdwitpp, hnwgnunjnn dhguuyptph pinpmpjub
hhttunpmudtbpp bt Yhpungus dhowqquyhlt uwinwbpupnibpp: Owlip dknwnbbtph
wupnt twlnipyuh npnodwh hundup oqunugnpéfty ki pigminfws whwihuhyuljul
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ubpnnikp, npnp htwpunnpoipynit B ul] wnwbwy hujuunh b hunfwplh
wprynibplibp:

Puigh uyn, tphuyugiws ki hinwgnunnipyjut pupwgpnd Yhpundgws wudjuyitph
Upwljwh U qiwhunniwb Uninkgmuubpp, npnbg hhdwb dpu hpuljwbmgll £
nunUtwuhpynng - nwpwdplbph  Hynnghwub - dhdwlh - qiwhunmap,  Swip
Uknunitph wpusdwb ophtwyunhmpniiitiph pugwhuynnudp b wnywdpwpiikph
wqntgnipjull gninhlikph qwhunnuwb hunfwp withpwdkon dkpnyuiljwb hhpkph
Abunjnpnudp:

3. ONrQAULULUYUL UMSNRULRLENT Y YETNRONRESNRLLENT

Qqniju 3-nud kpluyugus ki Gtnuinigh, Upsjwihlh, Uqupulh b @nijupnunh
wnyulpuplitiph wqpgnipjut gninhipnud hpuubugyus nugnuyhi b jupnpunonp
htwnwgnuumpenibtiph  wpymbpbbpp: Nwunudbwuhpdl) &b honughl, gpughtt b
puwuitt  inupbbpnud dwp  dkwnwnutph u.lmpmhull]m]a]mhhhpg‘ lunnul
niikiiuyny ghuwthwnty wpnnufudnipejub dwljwpnuljp, puguhwynk] wynnnhsitph
nupudiut opplrusunhm pynttiikpp b uvwhdwbwquint) wnywdpwpubph wqngnipyub
gnunhitpp: Unugyuwd wpynibipbpp gnyg B wyl), np mumdbwuhpws pojnp
wnswlpwpibpp  wwpplp  wunh&wbbipn]  wegmu B gppwlu  dhguduyph
pununphstph Jpu dbunnplyny Swip Uknwnitkpny wynnnywd gnnhiikp, npnig
nwpwdwljul pinypp wuydwbwdnpjws b hsybu wkjish, wybytu £ pholub
qnpdniikpny:

QEnubmgh wonswipuph wwpwédph hbnmwugqnuumpynitikp:

Qhquimioh wnswdpwiph twpwdpnid ppujubugyws hnwgnnmpymbbbpp (Ux,
1, Un. 2, UY. 4, UY. 5) gnyg bkl um]ky, np wnyunipuph hwpuiljhg nupusptpmd hngtph
L opkph Swip dtnumbbpn] wqunujudmpmbp weun]l) pupdp ko huy
htounpmpjut  dbdwgdwip gqmgpipug  Wwwugmd b Jyuylny  wpnnundwh
nupudwlub piinyph dwuhb: Unwugdus wpynibpitpp hwununnid & wnsudpuph
Epjupunnt wqntignieiniip b wpunnnhsibph dhgpughwib opgwlju dhgunjuypnud:

Gtnuimoh wnswdpuph wwpwbdph tinpkph htnmugqnuinmpinih (dg/lyq)
Unniuwy 1

Mo| Sr |Pb|(As|(Zn |[Cu |[Ni|Co| Fe |Mn|Cr| V | Ti | Ca K | Ba

dal/
.

236 |20 [ 15 | 109 | 75 | 63 | 240 | 33695 | 789 | 140 | 146 | 3757 | 42202 | 16265 | 323
230 [ 20 | 13| 93 | 81 | 68 | 285 | 34011 | 814 | 138 | 148 | 4007 | 42996 | 17017 | 387
224 (13| 12| 99 | 79 | 68 | 288 | 42233 | 933 | 126 | 172 | 5061 | 19157 | 12602 | 301
204 (28 | 16 | 158 | 119 [ 58 | 202 | 36648 | 815 | 148 | 166 | 4485 | 25555 | 18432 | 277
Udnwy 1 - hnnh zhme: wnyudpuph hupujuyhl wdpwpunulhg:

Luny 2 - hnnh zhpmg.‘ ynswupwph hmuhuuyght wdpupuuljhg:

Luniy 3 - hnnh zhpm]}‘ wnswupwiph hupu] 400 :

Uiintp 4 - hnnh okpunp wngwuipwinph hymuhu 400 d:
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Qbnwunizh Annh wnuinunjwdnipjwl Awdbiwwmpn

mﬁ’ﬁ‘

o == Cu
B = 7n
- . As

o mmpp

Ui
s ™
LY. 4 Stnuiniph wnswidpwph nwpusphg idnupwnyws hnnh wpunnjwbdnipyui
hunfbdunnuljut gpuidhly
Qhnuiniph wnyundpwph nwpwsdphg hnwgnuinmpymbtitn (Ug/)
niuuly 2
sl Mo | § Zn | C F Cr \' Ti Ca K
tnimy r u e i
ininip 1 | 0,001 | 0,027 | 0,037 | 0,016 | 0,084 | 0,002 | 0,001 | 0,006 | 3,856 | 0,104
ninip 2 | 0,001 | 0,032 | 0,002 | 0,004 | 0,066 | 0,002 | 0,001 | - | 4436 0,124
mimp3 | - [0,023]0,007 [0003) 0049|0002 - [0016 3,373 | 0,092
uimp 4 | 0,001 | 0,044 | 0,018 | 0,007 | 0,118 [ 0,004 | 0,001 | - |[6,230 | 0,126

Luni 1 - gmp FEquitmy glnhg, ynsundpuph hwpujuyght dwuhg:
‘L1 2 - gmp Ghquiiniy ghwnhg, wnsundpuph hintuhuughtt dwuhg:
‘Lunip 3 - gmp Fnuitiniy gkwnhg, 400 U hinunnpnipyub Ypu wngunlpuph hwpudught

Uwuhg:

Ldmy 4 - 9nip Fhquitiniy qlwnhg, 400 U hEknunpmipyut Ypu wngunlpuph hyntuhuwght

Uwwuhg:

0.12 1

0.10 4

0.08 1

=)

0.04 4

2 0.06 1

Qbnwbiniz gbwnh gnip - UL

RiMU puwn tiniwadwy Yeinh

. Cu
- Zn
. fe

™

>

Ut

‘-\P‘w

e
RV a@

«,,\\\\"\“
Ny

LY. 5. @bty glwnh opbpm dwhip Wknuniitph hubdunmpyub gpudhy pun
nywniuh Yntph hnunjnpmpejmutitph
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Upsjwhyh ynywdpuph nwpwbdph htnwqnunipjnibbbp:

Upduithyh wnsulpwph wqngnipjub qnunnid hpuljutugws
numUubwuhpmpmibbtpp gnyg i uwdlp Swbp  Jbwwnbph  pupdp
yupniuynmpnibikp  hywybu honbpnud, wjbybu ) pouuwlub Gdmpbbpoud:
Uwnwgjuwd  wpymbplbpp  Jyuymd kb wqunnhsibph wwpusdui U
JEiuwlnunuljdwi gnpdpipwghibph wnljuynipyjut dwuhb, hgp pumpwgpmd kudjuy
wnwpwsph pupdp nkutwshh swbipwpntjwdnipyniip:

Unpsyuthyh wnswdpuph nwpusphg tnpbp (Ug/lyg, dg/h)

Unniuwly 3

dal/imy [ Mo [ 2Zr St [ Rb [ Zn | Cu Fe Ti Ca K )

1 - 152_| 4155 | 354 | 829 | 628 | 39524 | 4580 | 22814 | 9716 115

2 155 | 3137 | 484 | 82 | 614 | 36017 | 3600 | 59284 | 10893 -

3 - 135 | 3068 | 186 | 845 | 804 | 48479 | 4552 | 20191 | 5828 -

4 161 | 1117 [ 217 | 99 | 141 | 1787 | 29564 | 3871 | 10953 | 2506 | 1722

5 129 | 56 | 164 | 88 | 125 | 143 | 1460 | 156 | 8128 | 31125 | 1170

6 167 | 58 | 70 | 81 | - | 166 | 921 | 541 | 3435 | 824939 | 4248

7 128 | 66 | 125 | 58 | 369 | 341 | 519 | 153 | 6299 | 91953 | 25755

8 151 | 78 | 682 | 30 | 905 | 503 | 6242 | 332 | 15175 | 28145 | 1231

9 67 | 1636 | 4599 | 285 | 427 | 112.9 | 45720 | 48999 | 50158 | 10546 | 3485

10 64 | 39 | 821 | 33 | 95 | 4 618 | 332 | 28187 | 69862 | 4405

11 11 | 76 | 1721 | 76 | 877 | 754 | 2129 | 9.1 | 68623 | 3192 | 6988

12 98 | 22 | 263 | 16 | 131 | 213 | 654 - | 60030 | 580 | 9367

Luny 1 - Znn Updjwithyh wynswdpuph hyniuhuhg (20...50 ),
Luni 2 - 2o Updjuthjh ynywdpuiph hwpuighg (20...50 ),
‘Lunip 3 - 2nn Upsyuhijh ynyundpuinh wiplikjphg (20...50 W),
Lnwy 4 - 2nn Updwbthyh ynywdpuphg wpldmnphg (20...50 ),
Ly 5 - Zuyujuu (Udwbwb gjniy),

Ly 6 - Uwynp (U&wtuh gjnin),

Luny 7 - LnjhYy (ULwitih gjniy),

Uiniy 8 - Uhwutiniju (Ugwiul gyniy),

Limy 9 - Znn (ULwlwuh gjnin),

Liuniy 10 - Jupnupnith (Upsdwithly ulnzmdpmp 100 u),
Liniy 11 - Qunuh (UpsJuithly wnyurlpuip 200 u),

Uiy 12 - Ukpllupy (Updduithy ulnzu.ldpmp 200 )

10



Fyutiph Ldnizbbph Swbin dburwnbbipny wynninudmppul gbpduwhl pwmnby Unplwjwgws URY-nd)

e
o

LS (Cwinwwnntn)

e
©

udni26 (Uwinp)

e
R

tadma? (Laghl)

e
o

o
@
0g10(1 + Udth qbpwqulglwl anpduwlihgl

ninzB (Ulnulinifu)

tdni210 (dwnnwpnih)

Lini11 (Yunth)

Udni212 (Ubnlyhy)

® ¢ 4 o ¢

Ulj. 6 Pnyyubkiph infnpitiph dwiip Uwnwn ukpnyg
wnnnnunyudmpjuib gipduyhl pupuinkq

Uqupulh wynywipmph nmupwbdph htnmuqnunnpiniibikp:

Uqupuljh ynswdpuph inupuspmu wpdwbwugnpyt G wnudh, tpljuph, ghijh b dh
owpp wy] wwppkph pupdp yupmbwlneniutp: FEnh tunudpltph b ppiuwljut
wntbiph nunudtwuhpmpibitpp hwununnty b wynswdpuph wqpgnipniip
hwpuljhg nwpwdphiiph b gpuyhtt hundwluipgbph Jpu

Ugquinuljh wyngundpuph tnupwdphg iintpwnmdubp (Ug/lq)

Unniuwly 4
R 1| Mo Sr Pb Zn Cu Ni Fe Mn Cr V
1 4705 157 147 899 837015 | 47 336017 727 57.0 16.3
2 292 352 69.3 522.5 1690.8 74 | 335125 | 9963 | 1513 | 147.0
3 1246 | 197 18 76.1 1366.5 52 19200.4 474 61.2 101.1
4 30.0 169 9.6 46.6 316.8 41 11907.7 | 311.3 414 83.1
5 3417 | 130 | 4114 | 1434 141686 - 353180 | 855.3 98.2 62.6

Lniy 1-Znn Uqupulh wynswdpuiphg 10-30 4 hinunjnpmipjuit Jpu
Lunwy 2-Znn uygmg Uquipuijh wnswdpuphg 200 U hEnunnpnipjub pw
‘Luniy 3-Gkwnh inhnu vhlish ynyunlpupp

‘Luny 4-Gkinh inpnu wynswdpuphg hkwnn

Uty 5- Mntjuym wnsunipuiphg

11



Ulj. 7 Uqupuljh wnswdpwiph wnwpwudphg idnipungws hnnh dkg dwip ykinumitkph
Unnghtunpughwitph hudbdwnwlui qpuidhly

L) gty g |

Ul 8 Uquipuiljh yngunipuiphg wnwg b htnn intpumjws gnh tuinjwbph Uty swtip
Unumikph Ynngkinnpughwkph hudilunuljub gpudhly

Uqupulh wnywdpuph wnwpwéphg poyubiph idnpikpnd swbip Uknwnukph URY

ghpuquibigdub wnpnuuly
Unniuwly 5
‘Lunipukp Cu Zn Fe Mo Cr A\
(Ug/yg) | (de/hg) | (Ug/yg) | (g/yg) | (Vglyg) | (g/lg)

URY(Ugq/lig) 10.0 50.0 500.0 10.0 2.0 1.0
Yhwupnt 41.2 54.1 128.5 3.9 29.7 5.8
Lojhl(Uwpslwt) | 67.3 86.2 4535 5.6 16.3 43
Lnthly(uygh) 82.5 65.3 289.3 51.9 11.2 0.0
Udpniy 87.2 85.6 198.2 47 9.3 0.0
Utplyluhy 21.3 33.1 109.2 2.1 7.4 0.0

12



Vawlwpniyubp - URY gbpwquitigdwl gbpdwiht pwpinkq

Lhunu

Lnjhy
(9yninuiljwli)

Lnjhy S5
(Wqbgnpduwljuits) O

Udpniy 18 Ay

URM-hg pwpdp wuqud

ubnylht

Ul 9 Owbip Wnunutph wjupmibwmpiniip wquipubh hwpulhg uygm
piuwntumljutipmy b ipubg URG-ubph qipuquiiguwh okpudught pupunkq

®nijupmunh Yntutpjugiws woswdpuph hbnwmqnnmpinihbibp:

Omijupmunh §ntutpdugius wynywdpwph nunulwuhpmpgniip gnyg k wyly, np
tnyithuy guhwgnpdmulhg nnipu pipdud wnywdpwpitpp swupntbuynd Ea wwhupuily
opgwju Uvhgunjuyph wpuumndwb tkpnidp: Znnh wdnpibpmud wpdwbwugpjws Swip
Ubinunbbph pwpdp wupnibwlnipmbibpp Juymd &b Gpupunt whutwshi
wqnlgnipjub vwuht:

Onijupnunh Ynbubpiugyws ynyunipuph nmwpwbphg iimolikp

Unniuwly 6
Suippkp | Znnh dmo
Ug/lyq
Mo 7,342
Zn 263,551
Cu 826,134
Ni 60,354
Co 259,053
Fe | 74439,125
Mn | 524,675
Cr 81,778
Ca | 13112,113
K | 11920,128

13



2udEdwnulub JEpmbnmpynih:
2021 1 2024 pywlwitiiph w]juy biph hudbdwnuljub Epnisnipeiniiin gnyg i
wnubidhl Swip Uknwnbitph yupnibwympniiiiph wé, hiyp qYuynid £ umunndub

qnpdplpwghitiph pupnibwljujub pinyph dwuhb:

Zutidunnulwb wpynuuwly 2021 U 2024ppe

Unjniuwly 7
ndjuybp | Upsywithy 2021 | Updjwihy 2024 | Qbnquiiniy 2021 | Shnuibinty 2024
Fe 48 479 56 175 20 154 49 444
Cu 1787 582 83 582
Zn 427 1867 377 3325
As 0.0 109,6 37 88

Nnywf

et et e s e
mm UpdJwUhYyh hnn 2021 p.
= UpdywUhyh hnn 2024 p.

Emm Qtnwunizh hnn 2021 p.
B QLnwunizh hnn 2024 p.

104 ]
103?
102 4
10! 3

100 §

3
4

Unugtuwnpwgahw (Uq/q, (ng. uwbinqul)

10-1 5

10-2 +
Fe

Qu

Zn As

UY. 10 @bquiiniph b Upsywithh ynswdpupitph wupubphg hnnh dbkp dwip
U tkiph wwpmbwlmpub hudidwnwljub qpuphly 2021-2024pe

4. LUURLELP NPNNRESUL UNESNRPSARLE NNUULUMUECP
SUCUULLELPS DULL UBSUNLED UPSLUSHPUSH YU

Qniu 4md  nunlbwuppdt; b pundhtiph  nugpmipjub wqnkgnipniip
unsulpwptph inwpudpibphg swhp dknwnitph dhgpughuyh b wnpunnnhsibph
nwpwdiwb Ypu: Upsjwithlh, Stquibniph b Uqupuilh ynywdpupbitph wwpuspbph
huhwp  ppujwbgyty t pudhibph qupgbtph Ybpnisnipymt, gqhwhunndl) b
wnununpyiiiph mwpwdiwh hhdbwlwh moggmpmnibtitpp b Juqul] weptgnipyub
gnunhutiph ujukdunnhly pupunbkqubp:
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funthbiph Jupnbph b wbnuiph wpwbdtwhunympniibtph hwdungpuui
wipynLipnid pugwhwjnyl] ki wnununhsibph wnwyl] hujwiwui nwwpusiuh
nulqmp]mhhhpg, hsp htwpwynpmipnit £ wtp hhubunnpl] wnswdpwpubph
wmqrigm pjuil gninhitiph wu ulbul ulh ulhulumui

v

) l. 4 .
Wnbuwd HIE)
| musUuLULUL LEULLEP |
i "‘{ Fwpdp wnunoore [ Wwoniynl
.'A‘ ; np JOGNE
Y, [ A mn l

ul. 11 Upbl[mhhl]ll ulnzunlpmph unlmnmqmbm_p]mh
nwpwsiwl uukdunhl pupinkq pun punthiikph
nipnnipjut b gpitwduht hnuptph

uy. 12 Q-hqw.hmzb u.1n>_u11[pu1ph wqmnunlmbmla] ulh
nupuwsiub ujubdunhly pulpmhq puw pundhikiph
niunnipjut b ngpEtunduyghtt hnupbph
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UY. 13 Ugqupujh ynsudpuph wnunununjusnipjui
nuwpwsiub ujukdwnhl] pupnkq pun pudhubph
nignoipjub b ngpiiwdughtt hnuptph

®nonL mupusdwh hjwmqkgiwt nkjininghwljuh thgnguonidukp

Mnsulpuipibph ~ snp dwbplnypltphg  tnom  wnwpwsdwi  njuqkginb
tyunnwyny dpwlyk b wpunninugnyk) Enkininghwlub jmdnud, npp hhuujuws k10—
15 Ud hunhjwsunhny dwbpwpsh b 40% wnjhyhuhjugbnunught phuwbpuhuygh
hufunnkn Yhpundwb Jpu: @npdwpupulubl wpyniipbbtpp gnyg B k), np
wnwowpyus (msnulp bujwunnd b hngnt wpnwbbinmdbbph b dwljipinipuyght
Epnghuyh juqbguwibp:

Unniuwly 8
®npdh ugh Lowdnyph | MHU ‘Linigh ‘Lilnigh
hudwpp | dwubhlukph pwtnuljp Ynghklnnpughwt | thywhwinfwh quiqush

swithp ud U2 % dundwtiulyp, ¢ Ynporun %
1 30-45 10 40 48 3.8
2 30-45 8 40 48 4.2
3 30-45 8 30 48 7.6
4 30-45 7 40 48 5.0
5 20-30 8 40 48 3.8
6 20-30 8 30 48 5.9
7 10-15 8 40 48 2.2
8 10-15 8 30 48 4.6
9 10-15 7. 40 48 3.3
10 10-15 6 40 48 9.7

16



Owbp bwnunbtph yhgpughuyh bjuqtgiwh hgnguondubp
Mnyulpupliph  gpuyplt dwhtiplnypliphg dwbp  Wnwnbtph  Uhgpuighuh
Wjuqbguul bupunnwln] wowgwplplky & hpbgiwd whohwh Yhpunoulp npugbu
unpplnn Wmp: 2bnwgnunmpmbibph wpymbpbbtipp gnyg b vty np wbnjnp
typuunnd £ Swbp dbnunph p dweh Yuldwbp shwpwpbinyg  plwljub

qninpwgiub gnpdplipwigp:
Uryniuwly 9
N | Znupwpph Zoupwgp | Oplgrlwd | Gnpnpugie | Zoupwypp Pptgwd
pununpapmb | b uboppwh | bdwdwhbwhp | punuapnipgml | gkognh
0 pubwlp | qubqud | (dunl) n pununpnpymb
puwn npn2 dwlp | () p pun 12 puwn dbwlbp | p thnpap
Winmwunitiph Uwltptup Uwnwntbpp wijwpwnpb
(vig/) (dg/p)
Cu - 1406.7 1 03 10 Cu - 844 Cu - 568.62
Zn-140.0 Zn-91 Zn-49
Mo - 895 Mo -53.7 Mo-358
Fe - 1847.0 Fe - 1108.2 Fe-738.8
0.4 10 Cu-8159 Cu-590.8
Zn-854 Zn-54.6
Mo -51.9 Mo - 376
Fe - 1052.8 Fe -794.2
0.3 20 Cu-825.4 Cu-5813
Zn-88.6 Zn-514
Mo -53.2 Mo - 36.3
Fe - 1096.4 Fe - 750.6
Ujuwhuny, pupibph nmupnmpibbbph  Jipmdmpul,  wnwpwdwljmb

quwhundwb b hpuljuwbwgyws thnpdwpuwpulub hbnugninmpmbutph hhdwh Jpm
Upwlyt) &b wnyudpwpbbph  wqpigmpjub  Wwqkgdwb  wkjubnpnghwljwb
uhgngunnuifutip, npnbip Jupnn Eb hhpuryl) thnpnt nupusdwb vwhdwbunhwljpdul,
dwibp Ununbtph vhgpughugh tjwqbgdwh b wnyudpupbph phuywhuywbwljwh
wijunubgnipjub pupdpugdmb buunwyng:
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5. SLSEUUYUUL Y6LNRONRESNRL

Qqnihu 5-mud junnumty E wnwguiplypynn dkpngutph ntnbkuwlwi hhdunnpoad:

®npnn twlkplinyph undpugnud Qmnpphtitpnud dwitip knwniikph
juqtignud
Unyniuwly 10 Unyniuwly 11
lr 8mgmbhy | Updhp 8mgwulihy Updtp ]]
Upwllnn vwlkpbu 6788 12 Uuilyynn dulbpbu 32000002 |
Tugh Sujuy 81.459 U° Nknjhnh quiigyuwsd 112000lq |’
fush wpdtp 93677 220 Mbnyhwh swyur 1400 0 |
fugh mknunhnjadwb wpdbp| (75000 223 N kphnh wpdtp 28000000 22}
fugh pinhwiinip wpdbp 168677 22} MNtn hnh wknuthnjudwb wpdtp|(10500022%
PVA-h quigqud 56002 Yq MNtnhwnh pinhwinip wpdtp 29050000 22}
PVA-h wpdtp 67203428 22 Uphiwnnidh wpdtp 5120000 22}
Upjuwwnnidh wpdbp 960000 22} Cunhwunp wpdtp 34170 000 22"}k
Cunhwinip wpdbp 68 332 105 22} 1 u2-h dSwdynph wpdtp 106.78 22}/u?
1 U2-h dwslnyph wpdbp ||10066 22¥/u?

GoruyusNkhe3Nku

Upjuwnwbiph  oppwbulmd  hpwlubwgyt; t  Zujwuwnwbh btpkp  jungnp
ulnzmdpmphhpll‘ Upsywbhyh, Shquiniph b Uqupulh wqpbgnipjul qgiuthunnnudp
opouwut Uhgurjuyph Jpur: Unkhwinumpyuit hhttuljub wpnyn iptikpp hnbyub G

15

Numubtwuhpdly b pimpugpdt] o hwipwpymbwpkpuljub nnpunh tpkp
Jungnp qnpény  Qbquimish, Updjwihlyh, Uqupulh b Yntubpluglws
®ntjupniwn ulnzmdpmpﬁhph wpluphwgpuijuily,  phwljjhdugulpmt b
Eyninghwlut wuydwubpp:
Ppuljuiiugyty kb juyiwsun]w) thopduwpupuui hknwugnnnipyoiiitp Swip
Ubnunbbph - wponndudmpul nynoppunp hwdwupunuuuuh
nupudpltph hnquyht Swslnypnid b wénn poiuwljutinipyub Uky:
Unwiguiplyyty Eunyunipumplibph snp swéynypliphg pundhlitph dhgngny swlip
Ubwnunbph U wy wqonnbsibph gpoulp qubjunn Unp bqubwy, app
yupnuyuiiyly £ 22 wpnnbugnna:
Unwguiplyt) E wnsunipuiptibph dwykplnyphg gninpphwguul thgngay suibip
Utnumibph nupwsnilp Jubjung tnp bqubwl, npp wuonuuinty k22
wpunniugpm:
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5. Guunwpyh] b wntnbuwghnwlwi  Jhpoidmpimt, nph  wpgmipnd
hpttunpylp £ wnwgwplpjny  dbpnnubph  pluguhwwbulwh
whunbuwljub wpnynibun]bnnupynibp:

Uwnkbwjunumpjmb phduyny] hpunwpuljjwsd wlunwbipitph gubly*

[1] S. U. Punpuuwpjuil, «Gpguiju dhgwijuyph qpw Ynbubpjugdub wnsudpupibph
wqnpbgmput  YEpmompinity, fubptp.  Lplpwlub b phwwywhywbulub
ubjutnjnghwiitip, phy 2, Zugwuwnwith Uqquyht Mnjhunbjuthulwb Zudwpuwput, ty
86-91, Gpluub, 2018 p.

[2] S. U. Punpuumpjul, «Zwbpwpymbwpbpului dntwpympjub wynsunfpupbbph
wqnbgmpyniip  2pgwljw  uhgwijuyph  Ypuw, Lpwpkp.  Ghuwlul hopjuisibph
dnnnjwédny, dwu I, Zuywunwh Uqquyhlt Mnjhunbubihjuluwh Zudwjuwpwb, b 284~
288, tplwb, 2020 p.

3] S. U. Punquuupub, «Enpénn wnywdpupbph onmpep thnphdupdwb dkpnnh
Yhpwndwt twuhiy, Fubipkp. Lhithuljwb b phugpwhywiulub inkjutininghwibp, phy
1, Zuguwuwnwh Uqquyhll Mnjpwnbuthjuljub Zunfujuwpub, b 64-71, Gplwb, 2020 p.
[4] S. U. Punpuuwpyub, M. U. Quljuiyui, E. (. Unwpbnjuw, U. L. Sphqnppub, U. U.
Quuuyui, ¢ @ Twqupuib, «Insunipupitph dwhkpkuhg gninpohwguwt thgngm]
dwhp Whnumubph wpnuibndwb juqkgiwb  Ukpngps, Fubpp. Lhuthwuljub b
pluyuwhywiwlui  wkjbnnghwitp, phd 2,  Zuwjwunwbh  Uqquyph
Nnjhnbjihuljub Zudunuupub, tp 52-57, Gplwl, 2021 p.

[5] A. B. Tagesocss, T. C. Bargacapss, I1. C. BockausH, «OLeHKa BIHSHAS XBOCTOXPAHHIHIIY
Ha OKPYIKAIOIIyIO Cpefly M pa3paboTKa MeTOZOB MUHMMH3AIMH SKOJOTHIECKOH HAarpysKu»,
Marepuamsr XXVII MexayHapogHO# Hay4HO-TexHHYecKoi KoHpepennuu «Hayqamsie
OCHOBBI ¥ IPAKTHKA IepepabOTKH PyZ ¥ TEXHOTEHHOTO CHIphsi», EkarepunOypr, 7-8 ampens,
crp. 41-45, 2022.

[6] A. V. Tadevosyan, A. A. Safaryan, T. S. Baghdasaryan, and P. S. Voskanian, “The impact
of the mining industry tailings on the environment and the ways of its reduction.”
Proceedings of the International Scientific Conference “Environmental Protection and
Sustainable Development” dedicated to Professor Victor Eristavi's Memory, Georgian
Technical University, pp. 370-381, Tbilisi,2024. doi: 10.36073/978-9941-512-47-6

[7]S. U. Pumnuuwpyuiy, U. 9, ugbnuyul, 1. U, Qulwiywl, «Pngnn dulkplnypitph
unipuguul Enuitulyy, 22 Munnkinn Ne AM20200089Y, huywn 622, 02.10.2020 p.

8] S. U. Puppuuwpui, U. 9. Guplnupui, M. U. OQujwijub, «Qpuupupbbph
Uwppdwh Enuibiulyy, 22 Mwwnking Ne AM20220066Y, hwyjwn 714, 06.07.2022 p.

19



BATZIACAPSTH TATEBUK CUMOHOBHA

Huvccepranus Ha Temy «Omenka xapaxrepa, MacmrTa6oB ¥ IOCIeACTBH:
BO3Ze#CTBAA XBOCTOXPAHHIMIL HA OKPYI)KAIONYIO CPeAy» 10
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reorpadMM ¥ re0JIOTHH.

Pesiome
Hccrepopanue NOCBAIIEHO OLEHKE BKOJOTHYECKOTO BO3ZIEMCTBUS XBOCTOXPAHHUIHIL
rOpHOAOOBIBAIOIMX NpPEANPHATHI APMEHMH M pa3pabOTKe METOJIOB CHIDKEHMS MUTPAIH
3arPASHAIONMX  BEmECTB. AKTyalmbHOCTh pabGoTel  00yciOBleHa HEOOGXOAHUMOCTHIO
IpeIOTBpaIeHys JeTrpafilallii 3eMenb, a TakoKe 3arpsA3HEHUs BOAHBIX U aTMOChepHBIX
SKOCHCTEM B PaOHaX HHTEHCHBHOM MOGHIYH MELHO-MOTUOAEHOBBIX Py,
Ilenso mMCCIENOBAaHMSA SBISAETCA KOMIUIEKCHAs OLEHKA MacmTaboB BO3ZIEMCTBUA
XBOCTOXpaHWIMIN Arapaka, I'eramyma u ApuBaHHMKAa Ha OKDY>KAION[yIO CPEZy, BBIIBIECHHE
3aKOHOMEDHOCTEH DPaCIpOCTPaHEHMS TDKENBIX META/IOB M Pa3paboTKa TEXHONOTMIECKHX
penesyi M0 OrpaHWIEHHIO HX MUTPAITHH.
Brsum m3ydeHBI reorpaduueckue, MPHUPOAHO-KIMMATHIECKHE M SKOJOTHYECKUE YCIIOBHS
TpeX KpYIHBIX JEeHCTBYyIOIIMX XBOCTOXPAaHMIMIL a TAKKE 3aKOHCEPBHPOBAHHOIO
xBocroxpaammma ITyxpyr.
IIpoBezeHsI OEBbIe B 1a00paTOPHbIE HCCIEAOBAHNA IPOO OB, BOAHI ¥ PaCTHTEIFHOCTH.
YcranoBneHbl 3HAYMTEIBHBIE MPEBHINIEHUS KOHIeHTpauui anremenToB Cu, Zn, Fe, Mo u
APYyTHX.
ITosrygeHHBIE Pe3yIbTATHI IIOKA3aJ/IH, YTO YPOBEHD 3arPA3HEHMs KOMIIOHEHTOB OKPY Kalomeit
Cpeabl CYImECTBEHHO 3aBHCHT OT PAacCTOSHHS JO XBOCTOXPAaHWIMIN, HAIpPaBICHUSL
Ipeo6IaZalomIX BETPOB M 0COOEHHOCTeH ApeHaxHOro croka. Haubonpume KoHIEHTpaum
TOKEMBIX MeTa/ioB ObUIM  3aQMKCHPOBAHBI B  HEIOCPEACTBEHHOH GIM30CTH  OT
XBOCTOXPaHMJIMII[ ¥ IIOCTENEHHO CHIDKAIHCh IO Mepe YAaJIeHHs OT HICTOYHUKOB 3arpA3HEHN,
YTO CBUZETEABCTBYET O BHIPAXXEHHOM IIPOCTPaHCTBEHHOM XapaKTepe MX PaclpOCTPaHEHMS.
KomrexkcHEI# aHaIM3 MOYB, TOBEPXHOCTHBIX BOJ, ¥ PAaCTUTEIBHOCTH IIO3BOJIM/I ONPEEIAT
OCHOBHBIE HANPABJIEHWS MUTPalliM 3arps3HAIONUX BENIEeCTB, YCTAaHOBHTH 30HBI
MaKCHMaJIBHOTO SKOJIOTHYECKOTO PHCKA M OIEHUTH CTENeHb BO3/EHCTBUA XBOCTOXPaHIIIHII
Ha IIpHIeralolyie TEpPHUTOPHH.
C ygerom IpOBEZIEHHBIX HCCT@IOBAHMIA YCTAaHOBIEHO YTO PACIPOCTPAHEHHE 3arpsA3HAIONIX
BemecTB OCYMECTBIAETCS ABYMS IIYTSMH: BO3ZYIIHBIMHU IIOTOKAMH M APEHAKHBIMH BOJAMH.
arpssHeHHe IIOCDPEJICTBOM BO3JYNIHBIX NOTOKOB HPOMCXOAMT KAK C IOBEPXHOCTH
XBOCTOXPaHMJIAINA, TaK ¥ C OPMJIETAIONIMX CyXMX TeppuTopwii. Ha oCHOBaHMH pe3y/IbTaToB
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IIPOBEIEHHBIX MCCENOBaHMi OBUIM paspaGOTaHbl TEXHHYECKHE METO/ABl, 3allMIEHHbIE
COOTBETCTBYIOUMMH IATEHTAMH.

1. Vipemnemue mnsuUteobpasylomuX OBEPXHOCTEH, HaHeceHMeM Ciod meGHA
¢dpaxuueit 10-15 Mm ¢ nocnexytomeit o6paGorkoit 40%-Ho# NOMMBHHIIALETATHON
mucnepcueit (7-8 1/m?). Meroz ofecneunBaer CHHKEHUE NBUICBbIAENECHHS JI0 50 %
¥ TIOBBINIEHHE IPOYHOCTH NOKpEITHs 210 60 % (7).

2. CHiDKeHHE MHIPalMM TSDKENBIX METa/uIoB B IIPOLECCe MCNAPEHHA, MOKPHITHEM
BOJHOI IOBEPXHOCTH BCIy4yeHHbIM nepautoM (1,25-5 mm, 0,35 kr/m?), KoTopsiit He
IPEIATCTBYeT UCIAPEHHIO, HO COPOUPYET MOHBI METaJUIOB, YMEHBIIAA UX TIEPEHOC
B armocepy [8].

PaspaGoraHHBIE TEXHONOTHM IIOKA3aMM BBICOKYI0 3(QQEKTHBHOCTD M OKONOTHYECKYIO
6esomacHoCTs. VX IpHMeHeH e I03BOJISeT 3HaYHTeIbHO COKPAaTHTh 3arpA3HEHHE BO3AYXa U
BOJbI, CTaGHIM3HPOBATh IBUIEOOpPasyIoOlye MOBEPXHOCTH M CHM3HTh MMTPALMIO THKENBIX
METaJUIOB B 30HE BO3/IEMCTBHA XBOCTOXPaHM/IHIIL,

ITpaxrigeckas 3HATUMOCTS PabOTHI 3aKII09AETCA B BOSMOXHOCTH BHEJIDeHNUS pa3paboTaHHsIX
METOZOB B TOPHOPY/AHEIX paifoHax APMEHHH C IIebI0 CHIDKEHHS SKONOTHIECKOH Harpy3Ku K

YAy4IIeHus COCTOSHMS OKPYKalOIIEH CPEABL. é ;

BAGHDASARYAN TATEVIK SIMON

Dissertation on the topic “Assessment of the Nature, Scale and Consequences of the
Impact of Tailings on the Environment” in the specialty ID.04.01 — Geoecology for the
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Street, Yerevan 0025, Republic of Armenia.

Abstract

This study focuses on assessing the environmental impacts of tailings storage facilities in
Armenia and developing methods to reduce the migration of pollutants. The relevance of the
research is associated with the need to prevent land degradation and protect water and air
ecosystems in regions affected by intensive copper-molybdenum mining activities.

The aim of the study was to evaluate the extent of environmental impacts caused by the
Agarak, Geghanush and Artsvanik tailings storage facilities, identify the main patterns of
heavy metal dispersion, and develop technological approaches for limiting their migration in
the environment.

The geographical, climatic and environmental characteristics of three active tailings storage
facilities, as well as the decommissioned Pukhrut tailings facility, were investigated. Field and
laboratory analyses of soil, water and vegetation samples were conducted. Elevated
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concentrations of Cu, Zn, Fe, Mo and several other elements were detected in different
environmental compartments.

The obtained results demonstrated that the level of environmental contamination was
strongly influenced by the distance from the tailings storage facilities, the prevailing wind
directions, and the characteristics of drainage flow. The highest concentrations of heavy
metals were detected in the immediate vicinity of the tailings storage facilities and gradually
decreased with increasing distance from the pollution sources, indicating a pronounced spatial
distribution pattern of contaminants. The integrated assessment of soil, surface water, and
vegetation made it possible to identify the principal pathways of pollutant migration,
delineate areas of elevated environmental risk, and evaluate the extent of the impact of
tailings storage facilities on the surrounding ecosystems.

The results showed that pollutant transport occurs primarily through two pathways:
atmospheric dispersion and drainage water flows. Airborne contamination originates both
from the exposed surfaces of tailings storage facilities and from adjacent dry areas. Based on
the findings of the study, several engineering solutions protected by relevant patents were
developed.

1. The first method involves the stabilization of dust-generating surfaces by applying
a 10-15 mm layer of gravel followed by treatment with a 40% polyvinyl acetate
(PVA) dispersion at a rate of 7-8 L/m?. The method reduces dust emissions by up to
50% and increases surface stability by up to 60% [7].

2. The second method is aimed at reducing heavy metal migration during evaporation
by covering the water surface with expanded perlite (1.25-5 mm; 0.35 kg/m2). The
perlite layer does not interfere with evaporation but effectively sorbs metal ions,
thereby reducing their transfer into the atmosphere [8].

The proposed technologies demonstrated high efficiency and environmental safety. Their
implementation can significantly reduce air and water pollution, stabilize dust-generating
surfaces, and limit heavy metal migration within the areas influenced by tailings storage
facilities.

The practical significance of the research lies in the potential application of the developed
methods in mining regions of Armenia to reduce environmental pressures and improve
environmental quality.
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