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Edwh wpnhwlpulingeyniin

Puwlsnigywu pyh wép hwugbgund L puwlwu wwownpubiph, hwnluwbu
pungpwhwd oph wwhwuowpyh dadwgdwup: &nipp YEuuwwu tpwuwynipinu niutkignn
puwlwu  nbunippu L, npp o qwyunpbu Yppwndnd o wpryniuwpbipnygyut,
gjnnwnuwinbiuntpiwy ninpinutipnud hnnbiph nnngudw, wuwutwwwhnigjwu, huswbiu twl
wpunwnpwlwu gnpdpupwgutph wwywhnydwu uwywwwlubpnyg: Pwugh npwuhg' onipp
puwlywu Eynhwdwlwpgbph wupwdwubh dwuu £ wwwhndbing opwihu opquiuhguubiph
YEuuwagnpdniubinie it ni pwgqdwquunyewt wwhwwunigniup, huswbu twl Unyebipp
2nguiyunnynn:

Lwngpwhwd onptiph  npwlhg &GU Yuwpugwsd ns dhwju  gninuntnbuwlwu
wpwwnpwuph dwywiu nt npwyp, wyle dwpnnt wnnnowlwu  yhéwlyp:  dbpohu
wmwutwdjwlyutipnd  pwngpwhwd  opwiht wwowpubph  uwqgnudp  nupab;  §
hwdwouwphwiht puwwywhwywuwlwu W unghwjwlwu dwpwnwhpwytip: Wu Gpunyep
wwjdwuwynpywd £ Gpynt  hhduwywu  gnpdnuubpny’ Jwpnwsdhu  (wuppnwngbiv)
wgnbgnientuubipny nL Yihdwywlywu thnthnfunyeyniuutinny: Uwpnwdhu
wgnbgniejniuutiph htnlwupny dwybiplinipwihu optipt wnunnunynwd Gu opquiiwljwu ni
wlonpqwuwywu wmwppbip dhwgnieyniuubipny, huswbu uwl wlunwdhu
dhypnopqwuphquutipny, npnup wnwewgunwd Gu EYninghwlwt, uwuhwwpwhhghbuhly ni
wnnnowwwhwlwu [(nLpg fuunhnputip: Uhlunyu duwdwuwy Yihdwywlywu
thnthnfuniggniutbpp,  dwutwynpwwbtiv - dhoht  9bpdwuwnmphfwuh  pwpdpwgnudp,
hwugbigunwd Gu gninpzhwgdwt huwnbuuhyniejwu wéh, hush htnlwupny opnud dadwund
E nwdywsd wnbtiph Ynugbunmpwghw, b ugwgnud § oph npwilyp:

Nnngdwu  gnpdpupwgubpp  Ywpnn Gu  hwugbgut]  hnnbph  wnwwPdwu,
pbippwwnynipiwt ujuwqudwu nt gjninuinunbuuwljuwt wpnwnpnywi npulyh wuydwu:
SGtwnwihu  hwdwlwpgbipp, hnubin  pwnwpwiht n gniquwwu puwlywydwipbph
wmwpwdpubipny, Gupwpyynwd GU npwiug ninnulyh ne wuninquyph wanbignyeniuutbphu:
LUbugwnw)htu, gninununbuwywu Nt wpryntiwpbpulwu wpunwhnupbpp hwugbgunwd Gu
gbitntiph EYyninghwywu hwywuwpwznnigyu fuwfunmdwu, hush htitbwupny glivnwentpp
hwéwlu unyupuly nwnund Gu ng whwnwuh nnngudwt, ntYpbGwghnt Yud inunbuwlw wy
uywwmwlyubipny oginwgnpddwu hwdwn:

Puwlwywiptinhg nu wpunwnpwywu ogwfuutinhg wpwwubwynn Yenumweptpp,
wwpniuwybinyd twppbp phdhwlwu dhwgnypniuubn nt wiunmwdhu dhypnopgqwuhgdubp,
fwywu  Jwwug Gu  ubGplywywgund  puswbu o 9pwbtyninghwlwu,  wjuwbu L
wagpntyninghwywu  hwdwlwnpgbph  hwdwp:  Opqwuwlwu  unebpny wnunnundwi
htinlwupny ujwagnud £ opbipnid  |nwdywd  prywduh pwuwyp, L pwpdpwunwd |
dwupfwpwuwlwu  wywnphynigniup, hush  wpryniupnd  fuwpwpynd £ glivnwhu
Eynhwdwywngbiph puwlwunu gnhpdniubinyeyniun, L ujwgnid L
YEuuwpwqgiwquunipgniup: Uhlunyt dwdwuwy YEuuwpwunpbu Yuyn opgquitwlywu ni
wlopqwuwlwu  dhwgnieniuubipp,  Ynwnwlybind - opwghtu Eynhwdwlwnpgbpnud,
wnwowgunwd  Gu  EYyninghwlwu,  wagpntyninghwywu ni - wnnnowwwhwywu  |npg
Ywnwuqutip:



Jdbpnugjw fuunhpubipp yywynud Gu, np opwjhu nGuniputiph wywhwwunyentuu nu
npwug wpryniwwytivn Yuwnwywpdwu dbuwuhqdutiph dlwynpnwdp ubiplunudu nlubiu ng
dhwju wqqwihtu, wyl gnpw) bpwuwynieniu: Lhwmbwpwp opwiht  hwdwywpgbnph
wnnunywdnipjwu punyrh, npw mwpwddwl swihbph nu nphwuhg plunn dhowyw)pwiht
nhuliph nwnwiuwuphpniginiup, huswbu twle opwiht nGunipuubinh Wwhwwunygjwu ni
Ywntu oqunwgnpddwt wpnniuwybun ninhubph npnundp ghinwwu hGunwgnunnigjwu
wnpnhwlwu wnwetuwhbipe ninnnie)niuutip tu:

Wu fuunhpubpny wwjdwuwynpywsd dhowywipwihu Junwugutipp ghnwlwunptu
quwhwuwnbint uywunwyny nwunuduwuppyby § <wjwuwnwuh hwpwynd inbnwlwiduws MNngh
glitnh ophwdwp wjwquup: Swpwdph Juplnpwgnyt plwwwhwywuwwu fuunhpubiphg
E YGuguwnwihu nu hwupwpnniuwpbpwywtu  wpunwubinwdubph ns - wpryntiwybin
Ywnwywpnup, husp Ywpnn £ ppe Junwug ubplujwgul) opwihtu Eynhwdwlwngbiph ni
YEuuwpwqiwquuniwt wwhwywunipjwu hwdwn, huswbu twl ujwgbtigul] opwjhu
ntuntputbipnh tunbuwywu oquwgnpddwu wpnniuwybunnienut nL wuywnwugniegnlup:
Npwbu dnnbiuht wwpwsdp' wju wjwqwuh nwnidfuwuppngggniup upng £ Yuiplnp
ghuvwlwu hhdp  wwwhnybp wwl  wy  EYnipghwuwtiv - fungbith  opwywquiutbiph
wnnunywdnipjwu quuwhwwndwu nt hwdwnpbih htimwgnunnyeniuutiph hpwwuwgdwu
hwdwp:

Whnunpwiiph awunpulj ni jpinhplibpp

Unblwpununigwt  uwwuwnwlu £ pwgwhwjnb]  dwpnwdht  wmwpwpunyp
wanbgniejniuutiph wwjdwuubpnud (Gnuwht thnpp gbunwbynhwdwwpgbiph phdhwlwu
nt Jwupbwpwuwlwu wrunundwy wpyniupnd wnwowgwd  dhowdwipwihtu nhulbpp’
Anoh glitnh 9phwywp wywquuh oppuwyny:

Lhnwagnunejwt  tywwwyht  hwutbine hwdwp wnwownpyly Gu  hbnlyw
fuunhntiinp.

1. nwnwWuwuppb] Nngh gbiwnh gphwlwp wljwqwuph gbhnwtynhwdwlwnpgbipp
(Nnoh, USwuwu, Ywswawu nu Gtinh gqbintip) phdhwwt wnunninywdnipjw
(opquuwlwu, Yauuwdhu Unyetpny U hwupwiht wnbpny) pwofugwdnigyniup,

2. hpwlwuwgubi| gbwwentipnd Yhuuwgnighs dhypnopgquiuhqdutipnh (punhwunip
Unthdnpd, tlwg Ynihdnpd ni winhpwyhti gnuwhly pwiljintinhwibin) puwitiwlwlu
nwnduwuhpnientu b gbunwbynhwdwlwpgbiph $64w| nt dwupbwpwuwlwu
wnuninywdnipjwu guwhwinnd,

3. $punnuyuwulunnuwht  hwdwlbgnipwu  opptwlny  quwhwwnb]  ophwywp
wwquwup  glitmwtYnhwdwlwpagbph  hhnpnphnunubph pwuwlyuwlwu  nu
npwywlywu  gnigwuhutiph  thnthnfunieyniuubpp dwpnwdhtu - wgnbignyejwu
wwjdwuubpnd,

4. pwgwhuwjnb]  gbwmwht  Eynhwdwlwpgbiph  phdpwlwt,  GHw;
duwupbwpwuwlwu wnunnunywdnypiwu opwkyninghwlwu, wagpnbyninghwywu
nL nyptwghnu nhuybpp,

5. pwgwhuwjnb| ophwywp wljwqwuh qbwmwtynhwdwlwpgbpnd  dwpnwdhu
wqgnbgniejwu niL wnunnywdniejwi huwpwynp phd Ytwnwbipp:



Yhypwlpu Unpnyep

Nnoh gbtinh ophwywp wywquuh ghwmwbynhwdwlwpgbpnd wnwoht wugqud
hpwlwuwgybi £ gbuwihu fynhwdwywpgbiph phdhwlyw, $tlw) nt dwupbwpwuwlywu
wnnunywdniejwu dhowdwipwihu nhultiph hwdwynndwuh nwnwduwuhpnieniu:

Nwnwiuwuppdtip Gu Nnep, USwuwy, dwswaqwu nt Stinh gbliwbipp, npnugnud
hpwlwuwgyti Gu opwphdhwlwu ni dwupbwpwiwywu gnigwuphpubiph hwdwnpulwu
yGpinwdnigniuutip: Unwgywd  wprynitupubph hhdwt Jpw pwgwhwjingt]  Gu
gnigwuhoubiph thnthnfunieiniuutipp, qbnwentipnh YEuuwdhu unyebinpny nu opquitiwlwu
Swupwpbnuywdnipjwt, hwupw)ht wnbtipny, puswbiv twlb $tYw| Nt Jwupbwpwuwlwu
wnwnunywdnigjwu  phd  Ytwbpp: Upwdwdwuwl quwhwwnyt] Gu npwughg pfunn
opwkyninghwywu, wapnyninghwlwu nu nblypbwghnu Juwugubipp:

Pwgh npwuhg' nunuwuppdbp Bu Nngh  gbwh  gphwdwp  wlwquiuh
gbunwtynhwdwlwnpgbph $hinnwuulnnuh pwuwlwlwu ne npwwywu gnigwuhsubpp’
pwgwhwjwnbing hwdwybgnigywu  Yuwnngwdpwiht  thnthnfunigniuutipp dJwpnwdhu
wagnbgnipjwu wwjdwuubpnid:

Yppwnwlpwt bpwbwlniyeniip

1. UwmbUwlununipjwtu wpryniupubipp Yupnn Gu ogunwgnpdyb) Nneoh gbiinh 9phwduip
wywquwup gbitnwopwihu nGuntpuutiph Yunwywpdw, dunwnhunwnplydwu n
npwyh YGpwhulydwu hwdwwpgbph Yuwwpbjugnpddwu gnpdpupugnid:

2. Nwnwiuwuphpniejwu pupwgpnid duwynpywd wmyjwubph puquu ne Ybpndwywu
wpryntuputipp Ywpnn Gu dwnwib] npwbtiv hhdp gbivwiht Eynhwdwlwnpgbph
phdhwywu  nt dwupbwpwiwlwt  wnununjwdnipjwt  quwhwwdwu  nL
Ywuluwpgbijdwu dhongwnnidubph dowydwu hwdwp:

3. Uwmblwununypjwt oppwtwynid dawlyywsd dninbignidubipp Ywpnn Gu Yhpwnyb
Lwjwuwnwuh nt woluwphh wy| gbivnwht hwdwlywnpgbpnd opwihtu nGunipuubinh
wnnundwu quuwhwwndwu nt dhowywynpwihu nhulytiph ytipindniewu tywnwyny:

4. SGnpduwlwu  wpryntupubipp Ywpnn  Gu ogquiwgnpdyb]  plwwwhwywuwlwu
pwnwpwlwunipjwy Nt nwpwdpwht  qupgqugdwu  dpwgpbpnd®  nipnywd
opwkYyninghwlwu nt wgpntyninghwlywu wuywmwugnipjw wwwhnydwup:

5. Uwnwgywd wpryntuptbipp Yupnn Gu oquwlwnp |hubp twb qyniquintnbuwlw,
ntypbGwghnu  nut wnnnowuwwhwlwu nnpnubph dwutwagbnubpht opwjhu
ntunipuubiph - wuywnwug nt Yun ogunwgnpddwt  nugqiwywnpniiniuubiph
dowlydwu gnpdnud:

Nuwpwuwibiniequup ubpluwjwgynn hpduwnpnypbbpp

1. Ninoh gbinh ophwluwp wywquuh glivwentiph phihwlwy npng gnigwhpubinh
nuntfuwuhpniejwl wpryntupubipp

2. Nnoh gbwp  ophwlwp wdwqwuph qbunwentiph  dwupfwpwuwlwu  npny
gnigwupputiph nwinwuwuppnipjw wpryniupubipp

3. Uwpnwdhu wagnbignipjutu  wwjdwuubipnud Nnoh  gblitnh  9phwywp wywquup
glitnwtynhwdwlwpgbiph $hinnuuuynntuwiht hwdwlbignipjwu pwuwlwlwu ni

5



npwlwywi Yunngwsdph thnihnfunieniuutiph quwhwwnnwdp

4. Nnoh gbiwh  ophwywp wywqwuh gblivwenpbph  phdhwlwu, $Elw| no
dwupbwpwuwwu wnunningwdnipjuwt dhowywipwihu nhuytinh quwhwwnuwip

5. Nnoh qbimmh  gphwywp wljwqwuph gbunwEynhwdwywpgbpnd  dwpnwdhu
wnuninywdnipjwu nt wgnbgnigjwu phd Yhwbph ytphwunwip

WipEupununipul thnpdwhwuwuiphnipyniili nt hpwywipwyinidubpp

UwnbGuwununigjwt ujniebipp puuwpyyb nt ubpluywgytb) Gu Gplwup whnwlwu
hwdwpuwpwup YEuuwpwunyewu wlynynbinh ghnwlwu funphpnh thunbpnd (2016-
2025 pr.), dwjwunwiuh <wupwwbunnyjwy ghunneniubph waquiht wwnbdhwh
Ytunwuwpwunyewu L hhnpntyninghwih ghwnwlwu YGuwmpnup ghwnwlwu funphpnh
Upunnd (2025 p.) nu YEUuwpwgqdwquunipjwy,  wwhwwunygywu L Yhdwih
thnthnfunigwtu dhowqquiht hwdwdnnnynid (Gpliw, 2025):

Uwnbuwfununigywu phdwiny wuwwanybip £ 7 ghunwlwu hnnyws:

WipGtnupununipyut Swjuwipti ni uunnigudpp

Uwnbuwfununigniup Yugddwsd £ ubipwdnieniuhg, 5 qiluhg, Ggpwlywgnipniu-
ubiphg, ogquwgnpdywd gpuwlwuniewt  gwulbhg, npp ubpwnnd £ 134 wunu
ghwlwungniu, b hwybywsdhg: Ugfuwwnnigniund pungpydwsd Gu 30 gdwuljwp ni 1
wrynwly: Unbuwunungjwu punhwuney dwywip Yugdnud b hwdwuwpgswyhu 119 E:

ustuvuhNUNr@E3UL PAYULAULUNRG3NRLLE

Uwnbuwpunuwlwu  wofuwwnwuph  gepwénipyniunyd hhduwdnpdws £ pbdwh
wpnhwywunyeniup,  dbwybpuyyws Gu wouwnwuph  Gwwwnwlu  ne fjuunhpubipp,
utipuwjwgywsd Gu ghwnwlwu unpnypp, Yhpwnwlwt Vpwlwynigntut nt hhduwlwu
ghunwlwu npnypubnp:

QLNhhu 1. LUISPUKUU 2P UISNSUUL uLHhPLENL Nk LBSEUULLLEND

Uwnbuwfununigjwtu  wnweoht  gqiunid  ulwpwagpynd Gu  pungpwhwd  opwjhu
wwownubiph  gppw] hwuwubihnygniup b dwpnwdhu - wgnbgnuejwu  htnlwupny
wnwowgwd  tYynnquuwuhwnwpwlwu  uunpputpp . W npwug  hbGwbwupubipp:
Llwpwagpywsd Gu twl wnnndwu dUubpp W dwpnwdhtu wgnbigniypiwu  hbunlwupny
dwybtipinipwiht - opbipnd  Eynhwdwwpgwiht thnthnfunue)niiubpp: Unwudhu
Gupwqlfund tyupwagpywsd 6u twl nnngdwu oph npwlp nLnpw hbnbwupny wnwowgwd
wagnpnkyninghwwu Jinwugubpp:

QLN 2. NORP 46Sh RMPCUYUL UJURULP EUuNLNGhuuUL
LA PLENL Nk RPUSPL UWELUURURUURULNRSNRLE

Uwnbuwfununigywu Gpypnpn gintfup udppywsd £ Nnoh gbitn ophwguwp wjwquunwd
(Gnuwhwupwihu wpryntuwpbpnueywu hwupwywjptinh b wnswdpwnubiph wpniuwluywu
owhwagnpddwt  pwgwuwlwu hbwbwuputiph  Uwpwagpnigywup: Ppqws Gu twl
wnwnwdph hwupwyw)pwiht W pwnwpwiht wanbignipwu gninhutipnid Eynhwdwywpgbiph
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dbuwuhlwywu, phdhwlwu, Yuuwpwiuwwu b onwiht wnunnundwdp wywjdwuwynpywd
Eyninghwlwt, unghwjwlwu b wnnnowwwhwlwu fuunhpubn: LEpYwwgwd £ Nnop
gbivnh  gphwywp  wlwqwuh  wbhphbhwnuwiht, gnnpbupnuwiht W &Y4uwhu
pwquwquuntgynlup:

qLNRru 3. NRUNRULUWUPMNR@3UL L3NRE Nk UBMRNILEN

Uwnbuwfununigywu tppnpn gntjup udhpywd £ nwnwduwuppngywu Ungeh i
dbpnnutiph  ujwpwgpniejwup: <wyhpd  ubplujuwgdws Gu Mngh gblinh  ophwywp
wywqwuh wouwphwapuwlwu nhppp, wwpwdph Yihdwjwywu wwjdwuubpp W gbnbpph
utdwu aubpp:

Nwnwiuwuphpybp £ Nnoh qbinph ophwywp wywqwup, npnbn puwnpdtp 7
gbnwhwndwd' Nnoh gbwh nt npw USwuwy (Lnpwobuply), dwswqwu nt Gbnh
Juuwyubph  dwpnwdhtu  huwpwynp  wanbigniejwu  gninhubpnd, nphg 1 uwnnighy
ghtnwhwwndwsd' Nnoh glitnh ytipht hnuwupnid (Un. 1), npuntin dwpnwsdhu wgnbignipniup
pwguwlwnud Ep Yud sushu bp:

Unyntuwly 1.

Nneh gbinnp ophwdwp wwquwund nwnduwuhpdwsd gbnmwhwundwdubph Ynnpnhuwnubpp

th{::‘r:rmh Ti::’r:;j‘r‘:r;] hpll::lj‘:;lhnl{g:]mh Thuwlbwh wmbnuljwynipniup
n-1 39°09'26.9" 46°06'47.4" Mnoh qlin’ Lwguipwits punuiphg Ytk
n-2 39°09'00.4" 46°11'30.8" Nnoh gbitn' Pwowpwu pwnwphg ubinpl
n-3 39°1327.7" 46°20'19.4" Noh qhun’ Ywiywl puinwiphg Yn
n-4 39°11'52.5" 46°28'05.4" Nnoh gbin' Mwwwu pwnuwphg ubinpl
U5 39°11'54.9" 46°28'02.8" USwitiw ghun' qbunwpbpwth dnn
Jy-6 39°11'53.5" 46°23'43.8" Ywiswquw gbin’ Ywwwt punwpnid
q-7 39°11'58.3" 46°15'31.8" Qhinh gbun' gbnwpbpwibh dnwn

Nnoh qbtivnh ophwywp wywquwuh gbwwiht EYynhwdwlwpgbph phdhwlwu no
Ytuuwpwuwlwu  wnwnnundwu  dhowydwipwihu  nhulph  quwhwwdwtu  Bwwwnwyny
onwudnutipp hwjwpyb Bu 2016, 2017 L 2020 Rpe. hnihu ni ubiywbdpbp wdhuubphu:

Lpwudnputipnid npnayb) Gu ppYwduh hugopw YGuuwphdhwwu wwhwuop
(fr4Ms), PO, NHe, NOs™, NO»™, Ca**, Mg™*, K*, Na*, S04>, CI7, COs* W HCOs™ hnuutipp,
huswtiu punhwntp dbgndhy, punhwunip Ynihdnpd, Stiluwg Ynihdnpd b wnhpwihu gnihly
pwywnbiphwubiph (hwdwwwwmwufuwuwpwp CUR, CYR, DYP L USP) pwiwlwlwu
gnigwupoubipp: Pwgh wyn, hpwlwuwgyti Gu  Sphunnwwulunuh  pwtwlwlwu nu
npwlwlwu wuwhqutp: Ldnpwnnwiubph pupwgpnd gbnwenptipnud swithyb] Gu utwl
(nywd preywdhup (L), fialupwhwnnpnuwlwunyeniup (E€) ni pH-p:

Ldnpwnnudubipp,  nuwowwiht  swhnwdubpt nu qwpnpwwnnp - wuwihqubipu
hpwlwuwgyti| Gu 9pwphdhwlwu nt opwlbuuwpwuwlwu hbunwagnunnieniuutiph hwdwn
punniujwsd dbpnnubpny: Stwnwihu fynhwdwywpgbiph phdphwlwt nt YEuuwpwuwlwu
wnuininjwdnipjwu  dhowdwipwiht nhulbpp quwhwwndt) Gu <& L wy Gpypubph
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dwytipinipwyhu 9ptinh npwyh unpdbipny: Suwhwwndwu hwdwp quuwgnpdyt] Gu twl
wpwwuwhdwiywu Yuwunuwwngbp nu nwuwlwnpgnwiubip, huswbu twlb dhowywjpwihu
nhulph L YEuuwpwqwdwqunipwu  quwhwwndwt  hwdwp  punnjwd  nwppbp
gnighsubin nL swthnpnghsubip:

qLNhu 4. NORP G6Sh RPCUYUL UdURULP 46SUSPL EUN<UUuuurasrp
£hUhuuyUu Nk UsLUULULULUL UISNSUUL UbRUUUSMrUShL NhUUEMh
qLuUcuSnNhU

Uwnbuwfununigjwu snppnpn gintup udhpywsd £ Nnoh gqlivnh ophwywp wywquith
gbivnwihtu Eynhwdwywngbph phdpwlwu nu YEuuwpwuwlwu wnnnindwu dhowywjpwihu
nhultiph quwhwwndwun:

Nnoh abtimh 9phwywp wywquwuh gbiwmwhtu EYynhwdwywnpgbph opquuwlwu
wnwnundwu  opwkyninghwlwu  nt nGyptiwghnu  nhulbpp  quwhwwbihu  npwbu
opquuwlwu Swupwpbnuwdniejwu wpunwhwjwndwu gnigwuh2 oqunwgnpdytip Gu (F4Ms
nL CUP pwuwlwlywu gnigwupgubipp b LI Ynugbuinpwghwubpp (g6. 1):

Nneh  gqbwnh  ophwywp  gblivwjwqwund  Juwwpjwd  opquuwlwu
wnnunywdnigjwu  nwnwduwuphpnueniuutpp gnyg Gu wdb,  np glivnwhu
Eynhwdwwpabpp Gupwpydby Gu  dwpnwsdhtu opqwuwlwu  wnunndwu, uwlwu
Eyninghwlwtu ni nGyptiwghnu wmbuwuyniuhg wnwyb| fuunpwhwnpnyg tp Nneoh gqbiwnp
pwnuwpwlht  wpuwubwnnudutipn wwjdwuwynpgwd  wnunnunndp, npp Ywwwu  nt
Lwowpwt pwnwputiph wanbtignyewu gninhubipnd (hwdwwwwnwufuwuwpwn N-4 W N-2
nhunwybunbtipnd) tppbdu Yupnn tp Juwug ubplujwgut] ntypbiwghnt uwywwnwyny
opogqunwgnpdiwl, huly Lwowpwu pwnwph wgnbgnipjwi gnunnd® Ywl ghinwhu
Eynhwdwlwpah  puwlwunu  gnpdniutinggwu  nu 9opwyht YEuuwpwgqdwquuntpjwu
wwhwwuniejwu hwdwp (go. 1):

Sbwnwhu Eynhwdwywngbph yuuwdhu ujnyebinny wnnnundwu
opwtyninghwywu,  wagpnbynnghwywu o ntlypbwghnt  nhulytipp  quwhwwnbint
uwwwnwyny Nnoh glitnh 9phwywp wjwquiuh ghntiphg Yapgywsd gpwiudniputipnid PO,
NHs*, NOs™ nt NO2™ hnuubiph wwpniuwlnigjwu nwuniduwuhpniggniuupp gnyg Gu wnyt),
np Nnoh gbivnp hnubiind Pwewpwu nu “Ywuwwu pwnwpubipny, hul USwuwu qbup
gninuwywu  puwywldwiptipny  Gupwpyybp B pwnwpwihtu Nt gnqwlwu
wpwwubwnndubiph tpwuwlwh wanbgnipywup: Upw  hbGwbwupny N-2, N-4 L U-5
nhunwybwnbipnid  npng  nbwpbipnd  gpwugdy £ glivmwght - Eynhwdwlwpgbipp
wwhwwunypjwup b 9pwihu  opquuhgdutiph  YEUuwgnpdniubiniejwup  uwwnuwgnn
wdnuhnwwhu, Uhwnphwwiht ne pnudwnwht wnunninywdnip)niu:

Cuwn 9ph npwlh wpunwuwhdwujwu Unpdbph’ Nneh gbitnp gphwywp wjwquiuh
gbivnweptipnud  YGuuwdhu unptiph (NOs™, NO27)  wwpniuwlnigntut - wuywnwug Ep
ntiyptiwghntu, huswbu twl wuwunubpp fudbnt bywwnwyny spoginwgnpddwt hwdwp:

Nnoh gbitnh ophwywp wywquuh glivnwonptph hwupwiht wnbtipny wnunundwu
quwhwwndwu nt wnununywdnipjw opwkyninghwlywu nt wgpnbyninghwywu nhulbipp
pwgwhuwjndwt twywwwyny Nnop, Udwuwt, dwswgwu nt Shnh gblivnbiph optipnud
hpwlwuwgyb) tu Ca*, Mg™, K*, Na*, S04, CI7, C0s*, HCOs~ hnuubph ni EC
nwunwiuwuhpneniuubin:
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1,43-28,05 n1 1,05-1,40 wuqud,

e UJwd puwnuwpubtiphg ubippl pulwsd gbunwhwwnjwdutipnd opwbyninghwywu
wbuwuyniuhg pupbuwywuwn 26dp hwdwuwyh gbipwquugh) Gu bwl Snudwnwihu
Ynugbuwmpwghwubpp' hwdwwwwwuuwuwpwnp 1,3-12,2 n 1,4-2,3 wugquwd:

3. Nnoh gbinh “Ywwwu pwnuwphg ubppl puljwd n Ubwuwl gbinnh gbunwpbpwuwihu
hwwnywsdubpnd SO, Na* ni K* hnuubiph hwéwjuwyh wpdwuwgpwsd pwnpdnp
Ynugtiunpwghwubipp uwinbindty Gu glitnwtynhwdwlwngbiph puwlwunu
gnhpdniubingwu  nt opwiht YEuuwpwqiwquuniejwtu  wwhwwunyewt  hwdwn
wupwpbiuywun wwjdwuubp'  gbpwquwugbing  opwkyninghwlywy  Unpdp
hwlwwwunwufuwuwpwp 2,25-4,67, 1,24-1,33 n. 1,02-1,40 wugqw:

4. Eltyunpwhwnnpnwywunyeniuhg  Yupuywsd  uwwppnwh  Jutudwtu  hwpwpbipwy-
gnipjwu wpdbpubpny Nnoh gblitnh ophwywp wyjwqwuh gbnwepbinp hhduwywund
punipwanyb Gu gwdn L dhoht wnwjunipjwdp nu pwpdp nnngbijhnipjwdp, uwlwju
Nnoh gbwnh Ywuwwu pwnwphg ubppl puwsd n Udwuwu gbinh gbunwpbipwuwihu
hwwnjwdubipnud |ndGih vwwnpphnwih winlnup ne LGhh hwpwpbpwygnieywu npng
nbwpbipnid  wpdwuwgpywd wnpdtiputipp gnigwugt Gu hnnh  Yunnigywdpwihu
fuwundwt, bwwnphnidwiht Yninwldwt ne wiuwihtu yuwuqubiph dwupt:

5. Utwgnpnwhu Uwwnphnuwh Ywppnuwnh, dwqubighndh Ylwudwu
hwpwpbpwlygnyewt, wnunbughw| wnwjunyewu gnighsubiph b pwthwugtithniyejwu
huntipuh nt nnnqdwu oph npwlyh hunbipuh wpdbpubpny Nnoh gblivnh 9phwywp
wywquwuh gbinwepbipu punhwunyy wndwdp whwwuh Gu nnngdwy hwdwn, uwlwju
Nnoh qbinh Ywuwwu pwnwphg ubippl puwsd n Udwuwu gbinh gbunwpbipwuwihu
hwinjwdubipnud  gnigwugyt £ Ywupuwpgblhs  Yunwdwpdwt no npbuwdwihu
wpryniuwybu  hwdwlwpgbph  wuhpwdbonnggmt’ wqwywdwu ne hnnh npwyh
fuwpwpdwu Yyunwuqubpp ujuqbgutiine hwdwp:

6. Nnoh qbinh pwnwpwht puwlwyw)ptiphg ubippl puywd hwndwdubpnd punhwunip
Unppnpd nu pElwy Ynhdnpd  pulunbiphwibph  pwuwlwlywu gnigwupoubipny
quwhwwnywd $EHw| nt npwuhg plunn dwupfwpwlwlwy  wnunnjwdnieiniup
unbindt] £ wgpnktyninghwlwu ni unghw-numbuwlwy (nipg nhulbp’ Yuwwsd
nnngiwt, nGYptiwghnt oqunwgnpddw nL gpnuw2nenLejwU quipgugdwu hbwn.

e Puwowpwu n Ywwwu pwnwpubiphg ubppl guuynn gbinwhwwnjwdutinnd
punhwuntp Ynihpnpd pwywinbiphwubiph pwtwlwlwu gnigwuhoubipu
nwnwuwuhpnyywt  nn9  pupwgpnd  glipwquwuglp  Gu nbypGwghnu
opoquwgnpddwu  unpdp  hwdwwwwwufuwuwpwp 2,9-42 n 1,3-2,0, huy
Lwowpwuhg ubippl’ uwl nnngdwu Uwwwnwyny gpognugnpddw unpdp 1,5-2,1
wuquwy,

e UJwd pwnwpubiphg Ubppl puywd  gbnwhwwnjwdutipnd  nEYpGwghnu
opognwagnpddwu unpdp gpbipt dhoun gbpwquugl) Gu uwl $GYwE Ynhdnpd
pwlwnbphwubph pwuwywlywy gnigwuhsubpp' hwdwwwwnwuluwuwpwnp 3,3-5,0
nt 1,3-2,3 wuquw:
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7. Nnoh gtinp ophwydup wywquund hahlwphdhwlywu nt dwupfwpwuwwu hwdwhp
gnigwuhoubipny (FYMs, LIS, PO+*, NH4*, NOs™, NO2™, LiGyunpwhwnnpnwlwunipniu,
pH nt wnhpwihtu gniwyhly pwynbiphwubin) guwhwwywd oph npwlyp (pun Yuuwnwywu
hunbpuh) unnighs nL phs wgnwyphp hwnywdubpnud wwhwwuyb b jwyhg gbipuqug,
huly npn2 nbwptipnud® pwdwpwp dwywpnwyh dpw, dhugnbn Nngh glitnh Lwownpw
Nt Ywwwu pwnwpubtiphg ubtippl pulwds  hwwnjwdubpnd  wpdwuwagpyly Gu
hhduwlwund  uwhdwuwihu  npwlh  gnigwupgubp'  Jyugting - opwkyninghwlw
nhuliph wnlw)njwu dwupt:

8. Nnoh gbinh LPwowpwt n “wwwu pwnwpubiphg ubippl pulws ni USwuwu gbinp
glitnwpbpwuwht hwwdwdutiph  phwnnyuuywnund  hwbwfuwyh nhwndb Gu
Yuwwwmwlwuws ophdnintubph pwuwlwlwu pwnpdp gnigwuhoubip nu gbpwlwynyegniu
(39-99 % puwn pwpwuwlh, 34-96 % pun Yhuuwquugywdh), huswbu uwl
pwqlwquuniwu wuynud® pun Swuunu-dhubph hunbpuh (0,7-2,1" hwdbdwwnwd
unnighs  nhunwlbnh  1,9-25 wpdbputiph  hbw), husp Jyuyb £ dwpnwsdhu
wnnunywdniejwu nt EYyninghwlwt fuwfundwy dwupu:
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OLEHKA SKOJIOTUYECKUX PUCKOB AHTPOITIOTEHHOIO 3AIPA3HEHUA
PEYHbIX 3KOCUCTEM BACCEIHA BOIOC50PA PEKN BOXYU

BAPAT'AIH AHUTA JIEBOHOBHA
PE3FOME

B nocnepHue pecatuneTva cHUMeHWe 3anacoB NpPecHoi BOfibl B OCHOBHOM OOYCIOBIEHO
aHTponoreHHbIM Bo3fielicTBreM. [OpoAckue, CENbCKOXO3AWCTBEHHbIE U MPOMBbILINEHHbIE
BbIOpOCHI  yBENMYMBAKOT OpPraHUMYecKkoe, HEOPraHUYECKOE W MUKPOOHOe —3arpA3HeHue
MOBEPXHOCTHBIX BOA, CO3[aBafd Cepbe3Hble TU[POSKONOTMYECKUE, arpO3KONOrniecKkme,
CaHWTapHO-TUTMEHNYECKNE 1 peKpealMOHHblE PUCKM.

B aTux ycnoBusx wuccnefoBaHME WCTOMHWKOB 3arpA3HEHUA BOAHBIX CUCTEM, WX
pacnpocTpaHeHUA U BO3HMKAOLLMX OT HMX PUCKOB MNpuobpeTtaeT ocobyro akTyanbHOCTb.
Llenbto puccepTaummM ABNAETCA BblIABNEHWE OCODEHHOCTEW XUMWMYECKOTO W MWKPOOHOrO
3arpA3HeHWA B Bojax pek OacceliHa Boxum n oleHka 0bYCNOBNEHHBIX UMW SKONOrMYECKHX
puckoB. [ina sToro 6b1Mo BbIGpaHO 6 PeYHbIX Y4acTKOB, MOLBEPKEHHbBIX aHTPOMOreHHOMY
BozfelicTBMIO, U 1 KOHTpONbHbIN yyacTok. Mceneposanua nposogunuce B 2016, 2017 1 2020
rogax ¢ WCronb3oBaHWeM METOLOB W MOAXOAOB, MPWHATBIX ANA TULPOXUMUYECKUX W
rMAPOBMONOrMYECKNX UCCeloBaHUM, a TaKkKe [J1A OLEHKN SKONOTMYECKUX PUCKOB.

OnpepenanvMcb  KOHLUEHTpaLUWM  MATUHEBHOTO  OMOXMMMYECKOro  noTpebneHus
kucnopopa (BlNKs), doccata (PO+*), ammonna (NHa*), nutpata (NOs™), Hutputa (NO27),
MUHepanbHbIx conel (Ca**, Mg**, K*, Na*, SO+, CI~, COs*", HCOs™), oTHowweHWe agcopbuum
Hatpua (OAH), npoueHT pactBopumoro Hatpua ([1PH), Koacbcbuumnent Kennm (KK),
ocTaTouHbIl KapboHaT HaTpusa (OKH), oTHoweHne agcopbuun marbua (OAM), noTeHuManbHan
coneHocTb ([1C), uHaekc npoHuuaemoctn (UM), nMHAekc KadvecTBa opocuTenbHOl BoOAbI
(MKOPB), Kanapckuii nHaekc Kavectsa Bogbl (KUKB) u unpekc LLleHHoHa-Bunepa. Msyyvanuck
KONMYeCTBEHHbIE NoKasaTenu obLLero konmyecTBa mesounbHbix baktepuii (OKMB), obero
KonuyecTBa KonncpopmHbix bakTepuii (OKKB), dekanbHbix KonugopmHbix baktepuii (PKB) n
KuweyHol nanodkmn (KI), a Takme MpoBOAWMNCA KONMMYECTBEHHbI M KavyecTBeHHbI aHanm3a
coutonnaHkToHa. Bo Bpema otbopa Npod TakKe W3IMEPANNUCH COAEPMaHWE pacTBOPEHHOTO
kucnopoga (PK), snektponposogHoctb (211) 1 pH.

Uccneposanus, npoBefieHHble B OacceiiHe pekn Boxuw, BbIABUNWM aHTPOMOTreHHYo
OpraHUYECKYIO Harpysky Ha pedvHble KOCUCTEMbl. 3arpAsHeHue, Bbl3BaHHOE TOPOLCKUMU
Bblbpocamyt, HbINo 0cODEHHO BblpaMeHo B 30He BIUAHWA ropopos KanaH v KapskapaH, roe B
HEKOTOPbIX CNy4asX OHO MOTTIO OrpaHUYMBaTh PeKpeaLMoHHOE NCMONb30BaHUE PeYHbIX BOA, a
B 30He BIMAHMA ropofa KapskapaH TakiKe MOro yrpoaTb HOpMallbHOMY (DYHKLIMOHUPOBaHHO

peyHol sKocucTeMbl U BropasHoobpasuto.
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Peka Boxuu, npotekatowwiaa Yepes ropoga KapmapaH u HKanaH, n peka AvaHaH,
npoTekatoLlas Yepes CeNbCkUE HaceneHHble MYHKTbI, OblM  3HAYUTENbHO 3aTpPOHYTHI
FOPOACKUMM 1 CENbCKNMM cTokamu. B pesynbTaTe B HEKOTOPbIX Cilyyasnx 6biIo 3acpUKCMpOBaHO
3arpA3HEHWe  aMMOHMEM, HUTPUTOM U dochaToMm, YTO  Yrpomano  HopmalbHOMY
hYHKLMOHMPOBAHUIO PEYHBIX SKOCUCTEM U MU3HELEATENBHOCTU BOLHBIX OPraHn3mMOoB.

B  npocTpaHCTBEHHOM — OTHOLIEHWM — MakcumanbHble — 3HaveHus  3I1  6biu
3ahMKCHMpPOBaHbI B ycTbe pekn AdaHaH. M3-3a BnuAHWA pekn AyaHaH Bbicokue 3HadeHua 1
Takie 6binu 3adhuKcUpoBaHbl B peke Boxun Hmke mecTa cnuaHuA. Bbicokne 3Havenua 311 B
ycTbe pekn AyaHaH CBMETENbCTBOBANM O HeONaronpUATHbBIX MMAPO3KONOTMYECKUX YCIOBUAX
W, BEPOATHO, OblNM OOYCNOBINEHbI BIUAHWEM CENbCKOXO3AWCTBEHHON U ropHopobbiBatoLLel
peAaTenbHocTH. Bbicokne koHueHTpalmm noHos Na*, K* 1 SO4° Takie 6binmn 3adhMKCMpoBaHbI
B ycTbe pekn AdaHaH U B peke Boxuu Huke KanaHa, 4TO BbI3bIBaNIO BOLOIKONOrMYECKUE
pUCKU.

Pesynbtathl uccnepoBaHua kombuHuposaHHoro adbchekta OAH m M1 nokasamu, 4To
bonbliasd YacTb W3YYEHHbIX MOBEPXHOCTHBIX BOJ, XapakTepuoBanacb HU3KOW U cpepHei
CONEHOCTbH, HU3KUM COAEpKaHWeEM HaTpUA W BbICOKOW MPUrofHOCTBIO [NIA OpoLlleHUA. A
BbICOKaA CONEHOCTb, 3achMKcUpoBaHHaA B peke Boxum Huxe KanaHa M Ha ycTbeBOM yyacTke
peku AyaHaH, CBUIETENBCTROBaNA O HEODXOAUMOCTU 3hheKTUBHON ApeHaMHON cucTembl U
[OCTAaTOMHON MPOHMLAEMOCTU U aspaliy NoYBbl. Arpo3KONOrMYecKne pUCKK, OLeHeHHble No
3HaveHuam [MPH v KK, 6binu BbiABNEHbI TONBKO Ha yCTHEBOM yHacTKe pekn AvaHaH. 3HayeHus
OKH, 3admKcupoBaHHble B TouKax HabniofeHuA Bbille U Huxe ropofa KapmapaH Ha peke
Boxuu, yKasbiBanu Ha BO3MOMHOCTb HAKOMNIEHUA HAaTPUA B NMOYBeE.

Mukpobuonornyeckne uccnefoBaHuA, NpoBefeHHble B peYHbIX sKkochcTemax bacceliHa
pekn Boxuwu, 3adpukcupoBany dekanbHoe U MUKPOBHOe 3arpAsHeHWe peqHbIX 3KOCUCTEM,
KOTOpoe B OCHOBHOM 6bino MpobneMaThyHbIM € TOYKU 3PEHWA 3KONMOTMYECKMX PUCKOB Ha
yyacTkax peku Boxuum, nopsepmeHHbix ropopckum (KamwapaH u KanaH) 6biToBbIM CTOKaM.
Takoe 3arpA3HeHNe MOKET cTaTb NPUYUHOW arposKONOTUYECKUX N TYPUCTUHECKNX OMacHoCTeH
B Cllyyae OPOLLUEHWUA U PeKpeaLMOHHOIO UCMONb30BaHUA PEYHbIX BOJ.

CornacHo  3HadeHumam KWKB, kayecTBo BOAbl B 30Hax TOPOACKOrO U
ropHofobbiBatLLero BospeicTBuUA pekn Boxun 6bino oLeHeHo B OCHOBHOM Kak NorpaHuyHoe,
4TO CBUJIETENBCTBYET O HAIMYUN TULLPOIKONOTNYECKUX PUCKOB.

B cutonnaHkToHe pekn Boxum Huse ropopos KapmapaH u KanaH v B ycTbe peku
AyaHaH npeobnagani BUAbI CUHe-3eNeHbIX BOLOPOCHEN, KOTopble MMEHT LUUMPOKUI fnanasoH
TONEPaHTHOCTU U ABNAKOTCA MHIMKATOPaMU OpraHUYecKoro 3arpasHeHus. Kpome Toro, Ha sTnx
PeYHbIX y4acTKax Takie Habnofanocb CHUKeHWe pasHoobpasua UToNNaHKTOHa, OLleHeHHoe

Nno UHJEKCy LUGHHOHa—BVIHepa, 4YTO yKa3biBalo Ha 3KOJIOrMYECKoe HapyLleHune.
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ASSESSMENT OF ENVIRONMENTAL RISKS OF ANTHROPOGENIC POLLUTION
IN THE RIVERINE ECOSYSTEMS OF THE YOGHJI RIVER CATCHMENT BASIN

VARAGYAN ANITA LEVON
SUMMARY

In recent decades, the decline in freshwater resources is mainly due to anthropogenic
impacts. Urban, agricultural and industrial emissions increase organic, inorganic and
microbial pollution in surface waters, creating serious water ecological, agro-ecological,
sanitary and hygienic and recreational risks.

In these conditions, scientific study of the sources of pollution of water systems, their
distribution and the risks arising from them is particularly important. The aim of the
dissertation is to identify the features of chemical and microbial pollution in river waters in
the Voghji River catchment basin and assess the environmental risks caused by them. For this
purpose, 6 river sections subject to anthropogenic impact and 1 control section were selected.
The research was carried out in 2016, 2017 and 2020, using methods and approaches
accepted for hydrochemical and hydrobiological studies, as well as for environmental risk
assessment.

Five-day biochemical oxygen demand (BODs), phosphate (P0O4*7), ammonium (NH4*),
nitrate (NOs™), nitrite (NO2™), and mineral salts (Ca**, Mg**, K*, Na*, SO+, CI~, COs>", HCO3")
concentrations were determined, as well as sodium absorption ratio (SAR), soluble sodium
percentage (SSP), Kelly ratio (KR), residual sodium carbonate (RSC), magnesium absorption
ratio (MAR), potential salinity (PS), permeability index (Pl), irrigation water quality index
(IwQl), Canadian water quality index (CWQI) and Shannon-Wiener index. The quantitative
indicators of Total Mesophilic Bacteria (TMB), Total Coliform Bacteria (TCB), Fecal Coliform
Bacteria (FCB), and Escherichia coli (ECB) were studied, and a quantitative and qualitative
analysis of phytoplankton was performed. Dissolved Oxygen (DO), Electrical Conductivity (EC),
and pH were also measured during sampling.

Studies conducted in the Voghji River catchment area showed anthropogenic organic
load of river ecosystems. Pollution caused by urban emissions was especially pronounced in
the zone of influence of the cities of Kapan and Kajaran, where it could in some cases limit
the recreational use of river waters, and in the zone of influence of the city of Kajaran, it could
also endanger the normal functioning of the river ecosystem and biodiversity.

The Voghji River, flowing through the cities of Kajaran and Kapan, and the Achanan
River, flowing through rural settlements, have been significantly impacted by urban and rural

discharges. As a result, in some cases, ammonium, nitrite, and phosphate pollution has been
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recorded, threatening the normal functioning of river ecosystems and the vital activity of
aqguatic organisms.

Spatially, the maximum values of EC were recorded in the estuary of the Achanan
River. Due to the influence of the Achanan River, high EC values were also recorded in the
Voghji River downstream of the confluence. The high EC values in the estuary of the Achanan
River indicated unfavorable water ecological conditions and were probably due to the
influence of agricultural and mining activities. High concentrations of Na+, K+and SO.2' ions
were also recorded in the estuary of the Achanan River and the Voghji River downstream of
Kapan, which caused water ecological risks.

The results of the study of the combined effect of SAR and EC showed that most of the
studied surface waters were characterized by low to medium salinity, low sodium content, and
high irrigability. And the high salinity recorded in the Voghji River downstream of Kapan and
in the Achanan River estuary sections indicated the need for an effective drainage system and
sufficient soil permeability and aeration. Agroecological risks assessed by PSS and KR values
were only identified in the estuarine section of the Achanan River.

The RSC values recorded in the observation points above and below Kajaran city on
the Voghji River indicated the possibility of sodium accumulation in the soil.

Microbiological studies conducted in the river ecosystems of the Voghji River
catchment basin recorded fecal and microbial pollution of the river ecosystems, which was
mainly problematic in terms of environmental risks in the sections of the Voghji River affected
by urban (Kajaran and Kapan) domestic discharges. Such pollution can cause agroecological
and tourism hazards in the case of irrigation and recreational use of river waters.

According to the CWQI values, the water quality in the urban and mining impact zones
of the Voghji River was assessed as mainly borderline, indicating the presence of water
ecological risks.

In the phytoplankton of the Voghji River downstream of the cities of Kajaran and Kapan
and in the estuary of the Achanan River, blue-green algae species that have a wide tolerance
range and are indicative of organic pollution predominated. In addition, a decline in
phytoplankton diversity assessed by the Shannon-Wiener index was also observed in these

river sections, indicating ecological disturbance.
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