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opwihu dwlbpbup Ywqdnd £ 2886 hw, nphg gpbpb 83%-p quuynwd L
Upwpwwh, hul  onpg 16%-p° Updwydphph dwpgnud: Upwpwunjwt  nuinnad
unnpbpypjw  opwihu nbunipuubiphg  punhwunip thwunwgh  9pwnp
hnpwwwugpbpny (wn pYnid’ 3-ny b wnwug () 2007p.-hu Ywgdnu Ep 1151.1
diu.@, nphg 400,6 dju. @/nwpht' d4uwpnidnipjut twywuwwyny: 2013p.-hu
punhwuniyn thwuwnwgh opwnh dwywip hwuwy 1753,4 dju.d®-h, nphg 1119,6
du.d-u' sYuwpndnipjwu (Y. 3): 2018p. gpwnp Ywaqubp £ 27144 dju.gd,
opoguwgnpdnidp’ 1926,5 du.u® (83,1%-p' gyninuinuwnbunieiniu, d4uwpnidnipntu
U wunwnunuwnbunpiniu, 7,3%-p' wpryniuwpbpnyeynit, Yndniuw) nunbunyggniu b
shuwpwpnigniu, 9,6%-p' fudbint uy.5):
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Uly. 3 2007 - 2016pfa.-htr thwuypwgh gpwnp
hnpunpuwiugpbpny Upwpuypywi nuizgppnid
(djs #B/tpph) <&-md
2ph wpwughunwiht Ynpnwnubpp Ywagdbp Gu 787,9 djiu &* Jwd gpwnp
29.0%-p: Rpwnh ybpnuguy dSwywp gbpwquugnud £ 1984p.-hu Mwowputiph
whwnwlywu Yndhwbh Ynnihg hwunwnywsd pnywnpbih dhoht mwpblwu opwnh
Swlwyp' 1785 dju d3/wnwph, wn pYnwd 1094 Jiu d3-u hnpwwnwugpbpny, huy
691 diu d3-u puwlwu gpwnpnipubiphg: MM Ynndhg uwhdwudws k, np
unnpbpypjw opwiht nbunipup hwdwp  hwunwndwd  Enywnpbh
oqunugnpdiwlt - Swywin  sgbipwquugnn - gpwnp  sh fuwfuwph - puntipph
thnfuwuwwlgwsd  hwdwlwpgh puwywt hhnpanhtuwdhy ne hhnpnphdhwlwu
hwaytilzhnp:

Ayuwpnidnipjwt ninpunph qupqugdwu  pupwgpnd  unnpbpypw  opwihu
nbunipuubiphg  opwnh  Swywubph oguwgnpddwu  wybjugnuiu  wqnb] &
unnpbpypjw opwwnwn  hnphgnuubph  Bpluwpwdwdlybn Yununygywu Ypw,
husybu twl uwhdwuwthwyb Upwpwinjwt nwownh unnpbipypjw wjwquuhg wy)
uwwuwwlyubipny opogunwgnpddw huwpwynpnie)niup:

Uly. 4 Qywit wpypuwnpnipyuw Swqwiubpp
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Gpypnpn quipumid  ubpluyugyws £ 1966-1984ppe.,2006-2007 5.,
2013p.  uwinpbpypjw  opwihu wwownubiph,  pun 9pogunwgnpdiwl
puwqwywnubph’ opwjht wnunbunipwy puwwywhwywuwlwu hhduwfuunppubph,
unnpbpypjw  onpbiph wykgndbinpwlwu  dwlywpnwyubph  Ginthnfungyniuubpp,
UUU-nwl 9pognwgnpddw pnynynigyniuubpny uwhdwuywsd unnpbipypjw opbiph
ogunwagnpddwt  Sdwdwubph,  dyuwpnidwlywu  wunbunieniuubpnd L
hwiwjupwwbnwpwuubpnd  hpwlwtwgywséd  nwnwuwuhpnigyniubbph L
hwpgnuiutiph, optiph gpowtwnnt hwdwywpgbph wbnwywu W Jdhowqquihu
thnpdh nwnwiuwuhpnieniuubn ne Ybipnidniegyniubipp:

1978-19833pe- UuuU-nid Yuwnwpwd hhnpnBpypwpwuwywu
hGunwfuniquiwt  woluwwnwupubiph  wndjuiutipny, 1983p. npnipjuwdp UUU-nw
wnw 2003 hnpwwwugphg owhwgnpdyty Gu 1593-p: “Hphwughg 878-u
huptwowwpqwunn Gu tink, huy 715-p owhwgnpdyt Gu wndwbpny, npnug
opwbpbpp hwdwwwwnwuliwuwpwp Yuqdb) Gu' 12919,0 /yny Yuwd 12,9 d3/ypy
Ywd 406,8 dju U3/inwph b 21742,0 /dpYy Ywd 21,7 03/dpYy Ywd 684,3 dju d*/wnwnh:

1978-1983pp. Jwuwwpjwd nbdhdwphu  nhwwpynuubph  wdjwiubpp
hwdwdwju' UUU-nwd wnwybjugnyu opwnp Yuwwpdb £ dbigbnwghnu opswuntd
(wwphih Ytuhg dhusp hnynbdpbp) b Ywagdbp £ 51,7 B34dpy Yuwd 1630,4 dju
d¥wmwph, huy ujwqugnyup' ny Ybigbnnwghnu opowunud  (unidpiphg  dhusl
wuphth Ybup) Yuaqdbing 16,4 B3/dpYy Ywd 517,2 diu &3/nwph: Uhohtu wnwpblwu
opwnp Ywaquby £ 34,7 @®/py Yuwd 1094,3 dju d3/wnwph, npp 1984p. MM<Lh
hpwhwugny uwhdwuyti| E npwtiu unnpbipypjw ontiph ogunwgnpddwu wju ntidhd,
npp sh enylwnpynud fuwfuwnt:

2006-2007pp. UUU-nW Ywwwpjwd uwnpbpypw  opwnpynipubpp
gnypwgpdwt wdjujubph hwdwdwu' 2007R. oguniwgnpdynn hnpwwnwugpbiph
pwlwyp Ywqdby £ 1986 36,5 d3/YpYy Ywd 11511 dju d3/inmwph dhohtu Gipny: 1986
hnpwwwugpbphg 1145  hupuwpwwpdwunn  Bu  Gnb' 30,0 Jd3/dpYy  Yuwd
946,1 Jiu ¥3/wnwpph Jdhohu Gipny, L 841" wyndwbipny swhwgnpdynn hnpwwnwugp,
npnug Jdhoht bpp Ywqub § 6,4 43/4ny Yuwd 201,8 dju d3/nwph:

01.07.2013p. npniejwlp UUU-nid  gnnipjniu niutignn 3318
hnpwwwugpbphg  wunwgh  oguwgnpdyt £ 1781p' 55,6 W3/dpYy  Yud
1753,4 Jiu  dwwph  gndwpwhtu  Gpnd:  AYUwpndnipwt bywwnwyny
oqunwgnpdyty £ 470 hnpwuwwugp' 35,5 d3/dpYy Yuwd 1119,5 dju d3/wwph, huy
nnngqudwl, wnbuuhjulwu b fudbini-Yugunuiht tywwnwyubpny ogunwgnpdybi £
1311 hnpwuwwgp' 20,1 d3/YpYy Ywd 633,9 dju.d3/nnwph Gpny: Pupuwowwnpywunn
hnpwwwugpbph pwuwlp Ywqdb £ 895 hnpwwwugp' 47,1 BApYy Jwd
1485,3 Jju.d3/vnwph, phuy wndwybpny swhwgnpdyl; Bu 886 hnpwwnwugp'
8,4 W3/JpYy Ywd 264,9 dju W¥/wmwph bpny: AYuwpnidwlwu nunmbunyeniuubph
Ynndhg gpwnp Yuwwnwnyby £ jwdwht b jwdwwnwy pwpdpnpwy optiph” fudtine b
yugwnwihtu nwquwywpwlywu tpwuwynipniu niutignn gpwnwp hnphgnuubiphg:

Upwpwuwnjwt nwonnd  nnngdwt, opwdwwnwlwpwpdwy, huswbu  uwl
GYuwpndwlwu  Bwlubph  hwdwp, wnwtug hwiwwywwnwuluwtu  ghwnwlywu
hpduwynpdwtu U hwpqwplubph, Ywnngwsd Gu pwqiwphy hnpwunwugptp:



Twug wulwunt b wulwnwywpbh wotuwwnwuph hGnbwupn  wjwquup
Supnudwihu hnphgnuubipp hwywnudb) BU uywndwu Bgpht, wyuhupt' uwunywsd &
wywqwuh  ptwywhywtuwlwtu  hwjwuwpwlgnnigniup:  puiht - puwlwu
wwownpubiph  wnwowgnwip hhduwlwund  wwpdwuwynpdws £ Gpyne funwip
gnpdnutbpny'  gpwbpypwpwuwywu L Yhdwjwhwu:  pubipypwpwtwlywu
nbuwuyniuhg  unnpbipypjw opbiph wwownpubpp  quugnd Bu - dhgjtinuwghu
hwppwlwjptpnud® Upwpwuywt, Untupph, Uwuphlh, $nwdpph b wyju: Uunbn
hwunhwnw Gu unnpbipypjw onptiph hbnlyw thwtipp.

w) Ybpuwentip, qunuynd tu Gpyph dwybtiplinyeht dnwn, pny) pwithwugbih
otpwntpp ((huquubph) ypw, npnup s6U hwunpuwunw opwdwwnwlwpwpdwu Yud
nnngUdwl hwdwp hnwwh wnpjnip,

p) gpniunwihu opkip, npnup ng Gupnwwihtu optip Gu, wnbnwpwsfujwsd hnnh
dwytipunyphg ubippl. wnweht opwdtind 2tpwh Yypw b Ywpnn Gu hwunhuwtw
nnngUdwu Ywphpubipp pwwpwpbnt hnwwwih wnpjnip,

q) dhgotipnwiht, npntp quiuynud GU- pny| pwthwugtih Yudwiht 2tipnbph
dholt, wpnn Gu (hub) ng Gupnidwihu b ugnidwiht,

n) wnpnipubip. upwup unnpbipypjw optiph dh dwut LU, npnup hpkiug
puwlwu hniuny nnipu G quihu (ptinuwpwthynu Gu) Gpyph dwytiplnye:

Uwnnpbpypjw opbiph whwbpp U npwug  wnbnwpwfujwdnipniut puwn

Upwpwunjwt wpnbquu wwquwuh niup uly. 6-nud pepdwd nbupp:

<hdp punniubing «Cwyopuwfuwaghd» huunhwnnunh b wy hinnwgnwnnnubiph

nwnwuwuppnyeyniuubph wduiubpp' opwyhu hwodblonh  hwjwuwpnidu
punhwunip wndwdp Ywpbh | ubiplujwgutp htinbyw| wbupny:
X—E=Y+Upp+Uppp + Uy + Uy, M

npwnbin X-p dpuninpuwihtu wbnnuiubpu Bu, E-U* gnidwpwihu gninpphwgnuip
(EJwwnupwuuwyhpwghwu), Y-p' dwlybpunypwiht  (gbnwihu) hnupp, Uy p-U'
gbwnbph hnbpnd npbuwgynn hnupp, Uge-p' wnpnipubph hnupp, Uy -U°
wpunbqut  wjwqwl  dwnunn  hnupp, U-U' hwupwwbungejut  uwhdwuubphg
htinwgnn hnupp:

Cwyytyonp pbpdwé hwjwuwpnwing hwodwpyws £ hwupwwbnnyejwu
gbinwihu wjwquwuubph opwjht hnuptiph dhoht dtidnieniuutipp: Un.d-nwd pipdwd
£ << wmwpwdph hwaytiyonh pwnwnphsutiph dbdnigyniutbipp:

Unyniuwly 1
<< gpuyhti hupdblpnh punuinphstbiph d6émpyniiibpp, djb. o®
X E Y Ugs Uyiang U Uy

18482

8863

4684

1164

1771

1525

475

100%

48%

25,3%

6,3%

9,6%

8,2%

2,6%
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LU.6. Upnpbiplpyw gpbiph pbnupwzbudwt ufubdwt’ Upwpugpywt nuziph wppbiquit
wywqup oppuwlny. 1-gpnitpuyhts 9gpbiph hnphgnt, 2- [amj[ Gupniduyhts gpbiph hnphqnt, 3-uwluny
spwpwihwig Yuduyht 26pipbp, 4-nidbn Gupnidughtt wpipbiquuitt hnphqnt, 5-9pwdtind 2tpipkip, 6-

Upwpu qbiyp, 7-JGpawgnbip, 8-wnpynipubip, V 1-qpnitnpuyhts gpbiph dwwpnwly, v 2-wpipbquub
hnphantih dulyupnulh bhy [19]

2nwiht hwaytiyonh hwjwuwpnuwihg b ybipp upwsdhg bplnud k, el huspwu
Ywpunp £ uwnpbpypu opwiht wwownpubiph  nbpp  hwupwwbinniejwu
nuwnbunipjut qupgugdwu hwdwp, pwuh np opwdwwnwwpwpdwl Uwywwnwyny
ognwgnpdynn opkiph  dnwn 96%-p Jbpgynwd £ uwnpbipypyw  hnuphg L
wnpjniputinhg:

Cpowlw dhgwywyph wfuwpwpnupjwl «Spgwlw dhgwdwph dnuhpnphugh
U wbnyuwnynpjuu Yeunpnuyny MAUY-h Ynndhg wnpwdwnpytb) £ 2010p. dhusk
2019p. UUU-nwW tnwé 46 nhunwybwbpnd jnipwpwugnip wdhu  hpwwuwgyuwd
donwnpnwpydwu  wndjuiubpt’  pun Swfuuh,  Gupdwl,  Jwlwpnuyh L
otipdwuwinhéwuh, dhusk 2014p. donmwnhnwpldwu guugnd nhunwpyybp Bu 19
swwnpjwunn  hnpwwnwugptp, uwlwju  nhwwpydnn  hnpwwnwugptiph  phyp
htiinghtinnt wybwugyt &, b wjuop UUU-nd nhunnwpyynw Gu 52 nhwnwlybun:

Ybipindtiny dounwnhunwpldwu ndjuiubpp' whwp k ugb) np’

o gpbpt pninp nhunwybwnbpnu dhusl 2014p. uywwnynud £ huswbu dwiuup,
wjuwbiu b 6updwu b dwywpnwyh fuhun nmwwnwunwdubn,

o UUU-p YEunpnuwywu dwunwd tnwwnwunwubpp owpniiwyynd Gu twl
wyuop,

o UUU-p Swjpwdwubpnud, huswytu Upwpwwph b wjuwybu ) Updwyhph
dwpgbipnud, 2016p. dhusk 2019k UWywwnynud E hnpwwnwugpbpnud dwlwpnwlubph
L 6updwl sushu  wwwwunwdubp, pwup np wyn  nwpwdwnpowuubpnid



dyuwpnwdwlwu  wuwmbuneniuutpp pwgwlwind Gu, U opwnh pwuwlubipp
hwibdwwwpwp thnpp Gu:

UUU-nw ybpnidnigjw wpryniuptbipp ubpyujwugynud Gu unnpl gpuwdhlyw-
Jwtu wwwnybpubpnud uly.7 w), p)
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Spwhbhlywlwu wwwnybpubph Jbppndnipgniup gnyg £ wwihu, np dhush
2014p. wdpnne UUU-nd b 2015-2019pp. UUU-h YEuwmpnuwlwu hwndwdubpnid
dyuwpndnipjut qupgugdwu hbnbwupny nhndb) £ opp dwiuuh, dwlwpnwyh b
Gupdwt ujwgbgnud: Ophuwy' 2010p. 8 swwipjwunn hnpwwwugpbpny 21,03 /Y
dhoht nmwpbywu dwfuup 2013p. hwdbtdwwn Yupnyy tjwgb| £ dnnwynpuwtu 3,2
wuqwd' Ywqubing 6,66 |/, husp wbnh b niubghy opwnh Yupnly wybjugdwu
hGuinlwupny:

Unyniuwly 2
Qtupnidnipywl byupwlng ppwdwnpdwé RB-h hwdbdwipnuyayniin' pup puphtbiph

Uunah Ayuwpnidnipjwu twywwnwyny nwpptin dwdwuwywhwnywsdubipnud
wuiinidp Rd-ny wnpwdwnpywd hnpbiph pwuwyp b opwtijpp, |/yply
2008 - 2013pp. 2013 - 2016pp. 2016- 2020ppR.
47 100 11
Unduipn 3543 3804,4 4131,
155 236 246
Unwipuin 18634 21847,8 18611,6
Cunwikup' 202 336 357
UUU-nud 22177 256521,1 20742,82

2016-2020pp. Cpowlyw dhowywiph uwfuwpwpnwu Ynndhg wpyt) b
nwppbp  bywwnwlubpny  9poguiwgnpddwl  Enywnynigniutbp, pun UUU-
ubpywjnwiu gnpénud £ 145 &Yuwiht  wuwmbunyeniu, npnug Ynndhg opwnp
Ywwwpynd £ 357 funppwihtu hnpbph dhongny’ wwpbywu 22,74 03/ Ywd
717 dJiu ¢ Sdwdwpubpnd: Wu 2244 diu ¢* -nd gbipwquugnud Lt 2018p-hu
492,6 Jju &3 9pogqunwgnpddwt Swlwin:

Jdbpnwting b hwdbdwwnbiny  wwpptp  dwdwuwlwhwnygwsdubpnid
opoguwgnpdiwl  pnywnynipniuubph  widjuiubpp  (wynwwly 2)' Yupnn Gup
Ggpwywgub), np wyuon | unnpbpypjw opoguriwgnpddwu fungnpwgnyu opjtiln
tu  hwunpuwund  dYuwpndwlwu  wnunbunyenuttpp'  uywnbin  wpyw
pupwgpnd hpwywuwgynn uwnpbipynuw  opwnh gpbipk 80-90%: Wuop L
Gpywpwaguiwu  dhongny owpniuwyynd Gu gpbpb unyu  pwuwyubpng Lu
hpwlwuwgub] unnpbpypw  puwywt, nwqiwjwpwlywu wwownpubhg opwn,
fuwfunbiiny UUU-h dnunph b Giph pwnwnphsubph hwwuwpwlynnyeniup:

Gppnpn  qunid  nhuwpywd  E o jwpnpwwnp b thnpdwuwppbiph
uywpwgnpnipniuttip W thnpduwlwu hnwgnunigyniuubiph wpryniupubipp:

Undnpwpwp  GYuwpndwlwt  nuwnbunigniutpnud hpwlwuwgynd |
hnpbiphg nnipu GYnn oph hnuwuph prYwduny hwpunwgnu: Uu hpwlwuwgynid
E qwuwqwu wphbunwywu Gnwuwyubpny, husyhuhp Gu (nnugnn L funppwjht
wbpwuwnpubipp: Lnnugnn wbpwwnpubph wupdubph yununwlwu  pwpdnwing
Ywwwpynwd £ opph quugywsdh fuwnunid dpuninpunwght onh hbwn:

Funppwjhtu whpwwnpubpnud oph Swywinw Yndwpbunph dhongny wnpynud k
or, W wmbnh £ niubunwd 9pwnh hnuwuph pRrywduny hwpuinwgnid: Lwwnbup, np
ytpnugjw) nwuwyubpp wwhwugnid Gu wpwnwphtu Fubipghw)h dwfuu:




Upfuwwnwupnud thnpd | wpytp wjwqwu npynn opwiht hnuwupp puwlwt
Swuwwwnhny hwpunwgub) prywduny’ wnwug wpwnwphu Eubpghwih dwiuuh:

Unwowpyh qunwihwpp hbnlywiy £ opwihtu hnuwuph wqwu  pwihph
hpwlwuwgnd' nwppbp dubph Swlwwwihtu Yupdwsdph opwpwhtph dhongny:
Unyu qunwthwpph ppwgnpddwt  pwiwlwywu U npuwlwlwu  wndjwiubpp
unwuwnt hwdwp dowyytp b Ywnngyby £ jwpnpwnnp  thnpdwuwnpp, nph
géwwwwnybpp pipdws E uy.8 w), p)-nud:

Lt 8 w) Lwpnpunpnp thnpdwuwpph géwwunpliipp 1-utinn wdwquit,
2-dunpnignn funnnduly, 3,9-thwlw, 4-punniinn wywqut, 5-pwpwly wupny gpwpuwith,
6-qinhsh wjwquis, 7-guiig, 8-hpppnn pnududp, 10- Giph Yupquynpdwt gphbin:

Pnpdwuwnpp pwnyugwsd £ uunn wjwquuhg' 1, dwwngnn funnnuyhg' 2,
punniunn wywquihg' 4, pwpwy wwwny gpwewihhg 5, quihsh wywquuhg' 6,
gwughg' 7, $hinpnn penuwdphg' 8 b htinwgunn funnnqwyhg' 10:

Utdwu wdwquwuhu onipp wipdnd £ jwpnpwwinphwih dtd  dwywih
wywquwuhg: Uudwu wyjwqwup Ywhwynpywsd £ pwpwly wwwny Bnwlyniu
opwpwny, nph 2unphhy npwund wwhwywuynd £ 9oph  hwunwwnniu
dwlwpnwy:

funnnquyh /2/ ypw wbnunpywsé thwlywun /3/ Yuwwwpynd £ opp
unwghnuwpn pwpdnid:

[ T - ;

= L 1
£| i [Q H FEE
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Cunniunn wjwqwuh swihtpp punpdb) £Bowjuwbu, npybugh npwunwd
wyndnul  swnweowuw:  Cunniunn  wyjwqwuph  Ynnuwiht - wwwbph  nng
pwpdapniejwu Ypw Ywnnigyb) £ ninnnpn. hwpdwpwup, npp dwlwwnwihu tnwpptip
whwbiph opwpwthtph wbnwnpdwu htwpwynpnie)niu £ unbindnud:

@®npduwlwyu  hnmwgnnnipywt  ywwnwlp:  pudwnwlupuwpdwi
opswuwnnt  hwdwlwnpgh  (RTL)  wofuwwmwuph  wpryniuwybinnigniup
wwjdwuwynpyws £ dh pwuh gnpdnuiubpny’

1. opwjhu hnuwuph hwpunwgnd prywduny,

2. 9ph Yeluwpwuwlwu dwppnd' uhniph$hlwghw U nbuhunph$hwyghw:

Upwughg wnwohtup hpwywuwgynu b pprwduh wwjdwuubpnd  Yud
wbpnpwihu  dhowdwypnud,  Bpypnpnp' ng prywduwiht Ywd  wuwbpnpwihu
wwjdwuubpnud:

Utip Ynndhg hpwlwuwgywsd jwpnpwnnp thnpdwpynwubipp Yuwmwpyby Gu
dwpnip opn U hbGwnwwunb] dby  uwywwwl' oph hnuwuph  prYwduny
hwpunwgnd ptwlwu dwuwwwphny:

<hEwnwgnuinipjui wpyniupubpp

Lwpnpwwnp thnpduwlwu hGinwgnunyeniuubiph dwdwuwy Yuwwmwpyb) Gu
snpu quuwquwu nwppbpwyubph dwwwnwihu Yupgwsdpubnnyg opwihu hnuwuph
pwthp' punwy wwwny spwrewihh dhongny:

Quithdwu b hwodwpyh Gupwlw dbdnipniuutinu Gu.

*  opwpwihh Gugnuip -H,

* ohph htinwhwpniejniup -L,

* opwjht hnuwuph prYwsuny hwpunwgdwt pwuwlwywu gnigwuhon:

2pwjhtu hnuwupnid prYwduh wwpniiwynipjwu swihnwiubpp Yuwwwpyb) Bu
tiptp wbnnut® punniunn wywqwundd, gpwpwihh onipph Ypw b quiphsh wjwquiup
$hpnph pintywdph dwlbiplinyeh Jpuw:

Uunn bGpp swipyt) £ Swdwjwihu Gnwuwyny: (Spywdup  swihnwiubipp
hpwywuwgytiy Gu wdbphyjwu «HACH HQ40g multi» dwluhoh dniywnphdbunph
ogunipjwdp (LY. 9):

Uwnnpl pbipdwd GU Jbpnhhgw) dbdnipyniuubph pwuwlulwu ndjwubpp'
puwn wnwppbpwyubpp.

UY.9 Ppqwéth swihhs uwpp



Swppbpwly 1- pwpwy ywwnny hwpe onipeny opwpwth
w) onuwipwthh jwjunieiniup puwnpybg £ b = 20 wd:
“thunwnpyyt £ dnnbih Gph Gpynt daénieyniu.

1. @=051/:
Cuwn gpwpwihh bph pwuwaslp’

Q =mb,[2gH%? | M
npnaynwd £ opwpwihh Gugnuip'

2/3 2/3
_(_¢@ _ (@) _

(1)-nwd wnlw dEdnieynuubpp hwdpunhwunp hwynup U, m-9pwpwthh bph
qnpdwlhgu k:

puipwihh swihywd Guondp' Hy =1,5ud:

Quihdwd b mbuwlwunpbu npnpqwd dupnwiubiph twppbpnieiniup uwwd
£ opwpwihh Gph hpwlwu gnpdwlgh Ghon npnpdwt htw, pwth np pwpwy
wwuwiny opwpwihh biph gnpdwyhgp hwywuwp £ m=0,41-h: pupwihp unnyg
pwpwly wwwny sk, wn huy ywwnbwnny wuhpwdbtionnygniu £ wnwowgh) 6ok
thnpatwlwt nbnulw)dw hwnra 2mnram{ snwpwthh Giph gnpdwlhgp’ my-p.
(1)-hg niubup ' m = = 0,34

b 2gH, s 2 T 20+44.27+1.43/2
1

Chrh swihywd htnwhwpnipniup ywwnhg P = 75 wl wuljdwl pwpépnipjwu

nbwpnuw Yuqdbg L=1,2 ud:
2. @=101/:
Cuwn 1 pwuwalh b Gondwd ml; hopwpwhh duonuip Yhup'
M3 r1000\2/3
H= (m:ﬁ) =(3) =22

Pnpdh wpryniupnud opwewthh swihywd Guonip unwgybtg dnuinwynpuwbiu
2 ud, npp Yyywynud £ Giph gnpdwlygh 6aindwd wndbtph dwuhu:
Cheh swihywd hbnwhwpneniup wwwhg P =75mi wuldwl pwpépniejuu
nbwpnuw Yuqibg L=4,0 ud:

(Fpqwduph pwuwlnyeyniup punniunn wjwquund' 6,20 dg/, $hpiph
pbnuwdph dwybpunyeh Jpw' 7,70 dg/i:

Uuwhund' hwpe onipend pwpwy wwwuny gpwpwihh ypwny - pwihph
wwpwgwjnd oph hnuwuph whpwgdwtu hGwnbwupny pRrYwduny hwpunwgnuip

Yuaqubg' “="=x100 = 24%

p) npwbugh dtdwgyh 2hph htnwhwpnigniup phpnph peinudwdph Ypw,
opwpwthh [wjunyenup punpbup' b = 10 wi:
TYwnéjw| nhunwnyyt b dnnbih Gph Gpynt deénieiniu.
1. @=051/:
Qnuipwthh dupnuip Yhup'
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2 2
-(—2 3—(500)5—2211

2nwpwthh swihywd Gupnwip' H,=2,1ud:
Cheh swihywd hbinwhwpnieniup ywwnhg P = 75 wi wuldwu pwpdpnipjwl
ntiwpnd Yuqubkg L=9,0 ud:
2. @=10y4:
Qpwpwthh dupnuip U ghph hbnwhwpnieniup  hwdwwywwwuluwuwpwn

Yihut' .
2/3
_ ("H:‘ zg) - (%) — 3,5uf:

Pnpdh  wpryntupnid  opwpwithh  swihjwd  Gugnwip  uwnwgybig

dnunwynpuwbu' - 3,4 ud:
Chpeh swihywsd hbnwhwpngniup wywwhg P =75 wi wuldwu pwpdpnigjut
ntwpnw Yuqdtig L=15,0 ud:

(Fpqwdup pwlwyniejniup punniunn wjwqwund® 6,20 dg/|, $hiwph
ptinujwdph dwytipunyph Jpw' 7,70 dg/:

Wuwhuny' hwpp 2nippny pwpwly wwwny gpwpwthh Ypwyny  puithph
wwpwgwjnd oph hnuwuph whpwgdwt hGwnbwupny pRrYwduny hwpunwgnuip
Ywqubg ' ”i 2 X100 = 22,3 % :

Uuwhuny opwpwihh (wjunyejwt thnthnfunigniup nbwh thnppwgnud pbipnid
£ prywduny hwpuinwgdwu swihwuhoh twqiwu, npp dhwugwdw)ju hwulwuwih
£ wpunwhnunn 2heh dwytpunyeh thnppuwgdwt uywnwnnuwiny:

Swppbpwly 2. uwupwdlk ubnugnn wugptpny hwpp nippny pwpul
wuwwny gpwpwth (wquwn pwhpny, ul.10)

2ph hnuwupp pRYwduny hwpumwg'uhlm gnpdpupwgh mwpquwbdwh
hwdwp npnpybp £ ninnwéhg
ninnypjwdp uwupwdl ubnugnn
wugptipny hwpp 2nippny pupwy
wwuwnp nbnwihnfubip nhdhwpwjhu
wwnh uywuwndwdp: Unyu
thnpdbph  Uwwwwlp  9ph
prywduny hwpuwnwgdwu
pwlwlywlywu wnyjwiubpp
npngnwit ' Ywhudws  ohph
htnwhwpnigyntuhg L wuldwu
pwpanpnipntuphg:

Unjnuwy 3-nud
ubpywjwgdws Gu  ninnwaéhgh
ninnyRjwdp thnihnfudwu
wwpwagwntd unwgywd
wnryntupubipp:

UY.10 Uwlpwale gpwpwth



Unyniuwly 3

Uwiipwél ubnugnn wiugpbpny hwpp 2nippny pupwly wunpny gpwpwith (wquip pwihpny)

2nwpwihh

(Fpywduh

</h gLP/D Gugnidp cheh hhnwhl;mmmnmn wwpniuwyniginitup ¢ f&pl{tu&hndl{ %
v H ud Lu qunhsh wjwquwunw dg/| wpunugnuin %
onwprwthh 2ninpp hwywun b uwtph 2nippht
1 0,5 1,5 15 7,65 23,38
1 2 19 7,70 24,19
Uwupwdal hwppe onipeny pwpwly wywnp ninwdhgh uywndwdp hobigwsd £ Tud-ny
5 0,5 2 17,5 7,66 23,54
1 2,3 20,5 7,72 24,51
Uwupwdl hwpp onippeny pwpwy ywwnp ninwdhgh tuwndwdp hobigywsd | 2 ud-ny
3 0,5 1,5 21 7,74 24,83
1 2 25 7,82 26,13
Uwupwdal hwpp onipeny pwpwl wywnp ninwdhgh ujwndwdp hobigywd £ 2,5 ud-ny
4 0,5 1,5 24 7,77 25,32
1 2,5 27 7,86 26,77
Uwupwdl hwpp onippeny pwpwy wwwnp ninwédhgh ufwwndwdp hobigywd b 3 ud-ny
5 0,5 1,5 24 7,75 25
1 2 26 7,81 25,96
Uwupwdal hwpp onippny pwpwy wwwnp ninwédhgh ujwwndwdp hobigwd b 3,5 ud-ny
6 0,5 1,5 24 7,73 24,67
1 2 25 7,79 25,65
2nppnpn qiumid nhinwpyyws Gu dnnbjwiht b wpnwnpulwu hnpduwlwu

htitnwgnunigyniubinh wpryniupubipp:
Unnbjwjhu thnpdwpwpuywu hGunmwgnunnyeiniu

Npwbiu hpwlywu Yuwnnigwdp punpyb) £ dYuwpnidww inunbunipjut dkl
hwugnyg' pwnyugwsd wwund nipnuulniu Yupduwdph 15x135x1 J swihbpny 7
wywquuubiphg, npnug utunn gnwwpw)hu Gipp Ywugdnwd £ Qo = 750 |/Y:

Glubnd dyuwpnildwlwu nunbunyejwu puwgwywnh wnwowwmwnp tipynubiph
thnpahg' opowtwnnt oph pwdubdwup punndudby b uunn Giph 40%-h swiny:

Ujuhupt opowlwnnt Giph dbdnigniup Yhup '
Q.= 0,4Q = 300 1/:

Pwg hniuh dnnbjwynpnudp Yunwpdws £ pun dnninh swwuhoh.

Fry=Fry,

npntin Fry W Fry, hwdwwywwwuuwtuwpwnp dnntih b hpwlwuh Snninh pybnpu

Lu:

Unnbjwynpdwtu  Gpypwswipwlwlt Jwupnwpp' K, -p punpbup’ Glubing

(wpnpwwninphwih huwpwynpnugyniutbphg: fdnn K =

10’

Lwjynuh k, np Gph Jwupnwpp' Ko -U L bphpuswhwlwt Jwupnwpp
Yuuwwd Gu hbwnlyw| wnbupny

r
-5/2

Ko=K;":
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Nipbdu ' Kq = (0,1)5/2 = 0,00316 :
<bwnlwpwp dnntjh Gph Yihuh'

Q= Q. x K, =300x0.00316 = 0,950 1/y
Cunniubiup dnnbifh Gpp ' @u= 1.0 /Y :

Un ntiwpnud 2pgwiiwnnt btpln Yihup*

1
I _— _ — .
Q= Ky ~ 000316 16 UL
Lhnbwpwp opgwtwnnipjwu gnpdwlhgp Yhup '
Q] 316

—= =——=0,421 juni 42,1 %
Qp 750

Unnbjwjht  thnpdwpwpwlwtu b jwpnpwnnp  hbnwgnunnigyniuutiph
wpryniupnud wnwowpyynn opowuwnnt opwidwmnwlwpwdwu hwdwlwpgp ntup
uy.12-nd pbpdwé  ufubdwwhy  Ywnngwdpp:  Gubind  dbpnugjug
bqpwlwgneyniuhg b inpduwlywu  wwiubphg'  Jwpnn  Gup  wub,  np
wnwowpyynn  hwdwlwpgp huwpwdnp £ Yppwnbp npwybu  opowtwnnt
opwdwwnwlwpwpdwtu  hwdwplwpg'  Yuwpndwlwl  nunbuniyeniuubph
htnwgynn optiph  YpYuoguwgnpddwu  twwwwyny:  Wu  hwdwlwpgp
huwpwynpnigyniu £ pudbinnid  ujwgbgutp unnpbpynw  wywquuhg opwnh
Swywiubpp' Jhwdwdwuwy wybjugubing s4uwpnidwlwu nunmbunyejwu 9pwjhu
U wpunwnpwywu dwyw(ubpp:

% )
O UmnnUnum‘Lu [au.ul'uu gnu.rf 60% : I \
4 3 Py Y 5
1 B EY Ed EXED B | tawe
Bl Sl S S i t
RN EY B B EY L K '
g— t
2 )
§ g '
g 2
3 =
Mnd O S v
>

wnbinwywl hnupny \
YEuuwaunpsh wdwgut Y
| Utituwuhyuwilyuwu
uwlinwal unwgnn Uwpnuwl wywquils

wiligpbinnd huinp 2ninpy
puinwil wuwinny gpuipwt

LY. 12 Unwowplpnn QT Ynuphgnipughwii



Upwnwnpulyw thnpdwuw uljwpwqpnipniu

Upunwnpwlwu thnpdwuwppp hhdugwd £ jwpnpwnnp thnpdwuwpph dnnbih
dpw' Jdhwyu dbY wwppbpnigyudp. uunn wjwquuh ginfjuwpbt wu RBwpnid
oguwgnpdnud Bup wyndy' dYuwpnidwywu nunbuneiwu  wjwquuhg opwnh
hpwlwuwgdwt twywwwyny: Unnpl uly.11-nwd ubpyujugdwsd £ wpunwnpuywi
thnpéwuwpph Yunnigywdpn:

Lhwnwgnunniegniutbipp wdpnnonipjwdp  hpwlwuwgyl) Gu dluwpnidwlwu
nuwnbunigniunut®  oguwignpdtiing - wuwnbuniginiuhg  hbnwgnn - wpnwnpwlwu
ytinwwoenipp: Lbnwgnuinigjuu dwdwuwly wwwhnyyby £ oph 1 /4 Gp nbiwh
thnpdwuwpp’ wnduwh oqunipjwdp:

$Pnpdwuwnpp hpbuhg ubplwjwgund £ uwupwédl ubnugnn wugpbpny
hwpe 2nippny pwpwl wwwny gpwpwihh dhongny opnul nidJwd  peYwduh
pwpdpwgdwl, wpunthbnl  YEuwpwuwlwt  dwppdwt  gnpdpupwgubph
hwonpnwlwuniejniu:

700

1 700 |

Lu.11 Rpp hnuwph ppyuwdund hupupwgdw b YEhuwpwbwlwy Juppdwl wppunpulwi
thnpdwuwpph Yunnigdwépp, 1-yndyy, 2,8-thwlwt, 3-punnitinn wjwqut, 4-pupwly yuwgpng
gpwpwth, 5-qinhsh wjwqui, 6-guitig, 7-phpppnn plintdwép), 9- phpppdws gphbin funnnduily:

Uwppdwu gnppupwgnud npwtiu $hiinpnn pinudwdp nbinwnpyt £ tipyotipwn
wbdqw' npwbu  YEluwpwuwlwl pwnwup: <Enwgnuinypjwu  swihndubpp
hpwlwuwgyt| tu huswbu wnbnwupnw, wjuwbu b jwpnpwwnnp wwjdwuubpnd'
udnypwndwu dhongny: &ph hnuwuph prYwduny hwpunwgdwu swihnuiubpp
hpwlwuwgyby Gu 2 opp UGy wuqwd pundhonuiubpny’ hhug dninbgdwp: Unnpl
wrynwiwy 4-nd ubipyuywgywd Gu thnpdwplydwu wpryniupubipp:

Utp  thnpdwuwpph  Yeuuwguhsubpnd  wdnuhwyp  Gupwpyynud |
opupnugdwt' npw dwlwpnwlubpp gwdpwgubint hwdwp, b yepwidnfudh gwdp
pniuwynpnigjwtu  uhwnpwwh:  Lhunphdphlwgndp  (wdnuhwyh  opuhnwgnidp
uphwpwunh) bplythnywung gnpdpupwg £ Unwoht' wdnupwlu opupnwgynd
upwnpwwnh pwqdwwnbuwy pwywbphwubph dhongny, npnughg wnwyb) hwjwnup
wbuwl £ Nitrosomonas-p:  Ujunthtinlk  uhwphint opupnwgynud £ dh owpp
pwlywnbphwubiph dhongny, npnughg wnwyb) hwjnuh wnbuwly £ Nitrobacter-p:
Lodws Gpynt pwytpp, npwbu Yuunt, hpwlwuwgynuwd Gu hbppwlwuntgjwdp:

NHF + 20, - NO; + H* + H,0 + tubpghw
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Unyniuwly 4

Upypunpuljuts hnpdwuwpph gnmd (nidfwd ppywdth swhdwl wpyniiipubipp puyp opbiph
mglmonis | nimgmona | OPdusind
</h Uduwphy ppUwSth ppUwsth hwpuu:%wgmdg
wwpniuwynipiniup dg/| wwpniuwynipiniup dg/|
1 6,87 19,47
2 6,93 20,52
01/05/ 2020p. 5,75

3 6,94 20,96
4 7,05 22,6
5 7,05 22,6
1 5,93 13,38
2 6,56 25,43
3 04/05/2020p. 5,23 6,77 29,44
4 6,78 30,1
5 6,81 30,21
1 2 3 4 5

1 7,21 15,73
2 7,41 18,94
3 06/05/2020p. 6,23 7.46 19.83
4 7,45 19,58
5 7,50 20,38
1 7,30 16,98
2 7,35 17,78
3 09/05/2020p. 6,24 7,31 17,0
4 7,37 18,26
5 7,40 18,6
1 6,87 33,13
2 6,87 33,13
3 13/05/2020p. 5,16 6,88 33,33
4 7,02 36,04
5 7,02 dg/| 36,04

Upwnwnpwlwu  thnpdwuwpph  uhnphpwlugdwt  wpryniiwybnngegniup
unnigbiint  twwwwyny hpwlwuwgpt] Gup uunn
wywquwuhg udnwnywsd opbiph (wpnpwwnnp hitmwgnunnyeynit (wnynwwly 5):

Ldnipungwé gpbiph qupnpunpn

hE

wywquuhg b quihsh

Unynwuwly 5

a9

1

ynipyul wpnyniupbibipp.

Aquupniénipju hwdw
Uwnnigiwt tnwppp Eg:g;ur;llﬁuct&w;nllg Tg:glwl:jﬁgl;:rng unth':uhh[hpl;hgull{wjp "
opwnyd wnkp 0,041 0,041 —
P>0s 0.8 dq/| 0,7 dg/| —
K20 5,8 iq/| 5,7 iq/| <50
pH 7,7 7,8 6,5-8,5
N-NO; 4,6 Uq/| 2,2 ig/| <25
N-NH, 3,1 dg/| 2,3 Ug/| <20
N-NO, htinpkp htwnpkp < 0,01




huswbu bBpunwd £ wnynwwy 5-hg, dbp wnwowplwd wnbnwulwu hnwipp,
npwybu Ybuuwgunhsh  pbnudwép, gnigwpbipnd £ pwpdp  wpryniupubp, W
uhwnphdhlwgniihg htwnn wdnuphwyh, uhwnphwinp L uhwnpwnh
wwpniuwynigniutubpp - wwlwunwd  Bu dnunwynpwwbu  45-50%-ny:  huswbiu
ghwbiup, quhsh wjwqwuhg nnipu GYwd opowtwnnt onipp fuwnuynd £ 60%-
pwpd opny, UL wpryniupnud  unwgywd opwiht  fuwnunipnp  npulwwbu
hwilwwwunwutuwunw £ d4ubph wébgdwu hwdwp punniubih wwjdwuubiphu:

dbpouwpryniupnud  Ywpunp £ Ggpwlwgub, np wwwpwunydwd
thnpdwuwpph  dhongny  dyuwpnidwpwuhg  hbnwgynn  onipu - opwpwthh
Gupwpyybiny hwpunwunwd £ prywduny, b $hpinpdwu htnmbwupny upw dhohg
ujwgbtigynid  Gu  wgnwh dhwgnigniiuipp, npnup  Juwuwwp B &yubiph
wnnnontpjwl hwdwn:

Pnpéwpynwittpp dwdwuwy Ywuwwpdb] £ dywu whndph tdnpwnnd L
pwnwnpnijwu npnadw wpnpwwnnp hGunwgnuingniu: Unnple wnnwwly 6-nud
ubpyujugyws Gu jwpnpwwnnp hnmwgnuiniejwu wpryniupubipp:

Unynuwly 6
Aytwpnidwlwl ptipbunypynishg bdnipwndwé pnhndh qwpnpunpnp hbypwqnipnipyui wpynibplbipp
2np ynuetin, % 31,05
tunuwynipiniu, % 68,95
pH 7,8
2nwinyd wnbiph wwnpniwynyeyniup, % 0,500
) Ca?* Mg?
nwjihu pwoqwdpnid% 0.016 0.040
Pnyubiph dwwgkiih vuunwwnwnppbpp, 100g onwsnp udninud, dg/kyy
N P205 K20
128,52 40,00 44,99

huswbu Gplnud £ wnynwwy 7-hg, udnpwnwsé nphndnw pnyubiph hwdwp
dwuwnsbilh uutnwwwppbpp 2w pwpdp Gu: Spowuwnnt opwdwwnmwywpwpdwu
hwdwlwpgnw  dbluwuhluwlywu  Jdwppdwtu  gnpdpupwghg hbnn - wnwowgwsd
whndp Yupbh £ Jepwdowyb) b oginwgnpdt gyninuntunbunypgjwu dbg, npwbiu
pwndap wpryniuwybnngeiniu niutignn ywpwpuwujnge:
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GRrULUSNRE3NMLLEN BY UNURUMUNKRS3NRLLEN

bquhwgmmnmhhp

Uwupwadl Yupdwsdph dwlywwnny opwpwihh dhongny powtwnnt onh
hnuwuph 9wwinuit wnwudhtu 2hpbph pbpnwd k, wnwug wpunwphu

tubpghwyh ubpdnddwu, hnuwuph prYwduny qqwih hwpunwgdwu, npp
huwpwynpnip)niu E pudbnnud ujwqgbigubi wbipwwnnpubiph
Eleyupwtubpghwh dwiuup:

Mnhdbpwiht dwglwt  wpunwnpulwu  unebpn  YEtuwpwuwlwu
quhsh wjwunwywu pbnujwdph thnfuwphunwip mbnwywu Unypbpny
huwpwynpnipgniu £ wwihu bdwuwgut] hwdwlwpgp b pwpdpwgub
opswuwnnt oph dwppdwu wpnyniuwybunieiniup:

Cpowuwnnt  oph  pErYwduny hwpunwgdwt U  Jwpwlwgbinddwu
hhnpwyhyuywu hwdwywpgh Ywnnignwip gnpdwnwlwiht
wwjdwuubipnwd Jdhwwbuwy wnwppbiph  (yandukauma) Yhpwnnigjwu L
dyuwpnidwlwu  gnpénn  opwywquuubph  Ypw  hboin  dnunwddwu
huwpwynpnipniu £ unbindnud:

Lwpnpwwnp  thnpdwuwpph  ypw  Yuwuwnwpdwsd  hbwnwgnunnieiniuubipp
wpryniupnud - Yuwnwindlp £ oopwugninnt  swthwht - dogpuninudubin,
wjunthtinl, puin dnninh swihwuhoh hhnpwyhywywu dnnbuynpdwdp,
npn2yt £ wpnwnpulywt hwdwlupgh swihbp ne eanuipldnn. Gep,
npny wwwhnyyt £ owpdnwdutiph nhuwdhywywu udwunieniup:

. Uuwpndwlwu wnuwnbunieniuhg Udnpwnywd wnhndh pwnwnpnyjwu

npn2dwt jwpnpwwnnp hbwnwgnunnieniup gnyg £ wyb), np udnpwndwd
wnhndnud pnyubiph hwdwp dwwngkih uuunwunwppbipp 2w pwpén tu:

Unwowplnipyniuubp

1.

Quuwpndwlwu  nuwnbunyeniuubpnud  opowuwnnt oph  hwdwlwpgh
ubpnpnwip wbwnp £ hwdwpbp Upwpwujwu nuonwydwiph unnpbpynjw
onh fuwfunywsd hwjwuwpwlonnipjuu ytpwywugudwu
dhongwnnuiubinhg wdbkuwhpwwnwwp:

Ninpinnp - wumbujwpnnh  Ynndhg  ndgnhnipiniu shwpnigbine  hwdwp
uywuwlwhwpdwp £ gnpdpupwgh ulqpuwywu thnynd opowtiwunnt
onh swihwpwuwyp uwhdwub) 40 % :

Glutiny ubpnpywé hwdwlwnpgh owhwgnpddwu thnpdhg  wwphubiph
pupwgpnd  Jdtdwgub]  gpowlwnnt  oph  swihwpwdhup, npp
wpunwnpwyw unp dwywutiph hhdudwu huwpwynpniegntu Yuwnbindh:
Luwpwynphuu thnfuwphub vwuyhund gnpénn dEfluwupyulwu dndwu
hwdwlwpgbpp  hwdbdwwnwpwnp  thnpp  hgnpnipjwt  hwdwlwpgbpny,
npnug dhongny dluwpnidwpwuhg htinwgynn onipp (40%-ny wwljwu)
pnnwnyb] dnnwlw hnnwwnwpwsdpubiph nnngdwt uwwwnwyny:
Cpowuwnnt  opwdwwnwwpwpdwt  hwdwlwpgnwd  dEfuwuhyulwu
dwpppdwtu  gnpdpupwghg  htwnn  wnwowgwd whndp  Jupbh |
Yyopwdowyb] b oguiwgnpdt) gyninunumbunipjuu dbe' npwbiu pwpdp
wnryntuwybinnigyntu ntubkignn ywpwnpunwujnie:



Uwnbuwfununipju hhduwlwu npnypubkpp UL wpryniupubpp
hpwwnwpuwljws Gu htnlyw) wluwnnipyniuubpned:

1.

LlHarunsn C . M., ApyTtionan A. Jl. , Bo3moxHOCTU BHeppeHnA 0OOpOTHbIX
CUCTEM MOA3EMHbIX BOA B pblOONOBCTBE apapaTCKOW  paBHUHbI W
BOCCTaHOBNieHMe  banaHca  akocucTeM,  [py3MHCKWMIA  TeXHWuYecKuit
yHuBepcuteT, bBenoctokckuii  TexHuueckuit  yHusepcutet, W3 cepum
MoHorpachuii  “sKkonorua okpysatowieii cpeabl” Tom 1, “Esponeiickue
MHHOBALIMOHHbIE TEXHONOTUM BOAOCHAOMEHNA U BOJOOTBEAEHUA B YCIOBUAX
toxHoro Kaskasa”/Tébunncu 2019 ¢.378-392:

hwswnpyu E.£., wpnipyniyyu U.R., vwswunpjut U.E. << opwjhu
wwpwnpubiph quwhwwndw, opogunwgnpddwu Ywnwywpdwu
hhduwfuunhp-ubpp U npwug Mddwu ninhubipp, BCKUL Shunwlwu
woluwwnipyniuutp, <1 (76), bplwu, 2020 30-43 ky:
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APYTHOHAH APMEH J$OHUKOBUY

NPOBJIEMbl NPUMEHEHUA CUCTEM BOOOOYUCTKU U LLUPKYNALLUN,
UCNOJb3YEMbIX B PbIEHO# NMPOMBILAEHHOCTN B UCKYCCTBEHHBIX BACCEHAX

PE3IOME

ApTe3mnaHckuii bacceliH ApapaTCkoil paBHUHbI ABNAETCA OOHUM U3 CaMblX
LleHHbIX MOA3EMHbIX 6acceliHOB NpecHbIX BOA, B ApmeHun. DTu BOApbl, KOTOpble
VICTOpVNeCKVI ncnonb3oBaJiInCb AnAa nMnTbA N B MperaLl,MOHHbIX uenax, ABNAKTCA
3aMnacoM  BbICOKOKAYeCTBEHHbIX  MOA3EMHbIX  BOAHbIX  PeCcypcoB W MOryT
ucnonb3oBaTbcA Jfa NuUTbA 6e3 pononHuTenbHoi obpabotku.C Havana 2000 r.
pbl6OBOACTBO 6bINO  BKIOYEHO B MpOrpamMmbl PasBUTUA MPUOPUTETHbIX cdep
rocygapctsa M Nporpamm o cokpatleHuto begHocTn B ApmeHuu. 3a 3TOT Nepuog B
ApapaTckoii  jonuHe  0bpasoBanoCb  3HAYMTENbHOE  KOMMYECTBO  YacTHbIX
pr6OBOJ],‘~leCKVIX XO3F|I7ICTB, OCHOBaHHbIX Ha BbICOKOKA4YE€CTBEHHbLIX MNOA3EMHbIX
nuUTbeBbIX  Bojax.HeadpdpekTMBHOE UcMonb3oBaHWe BOAbI,  XapakTepHoe  AniA
HU3KOMHTEHCUBHbIX PbIOHbIX XO3AICTB B ApapaTckoli [JonvHe, MpeBpaTUIOCh B
CTEPIKHEBYIO 9KOMOrnyecKyto npobnemy B ApmeHum.

B 2016 ropy 6bino pobbito okono 1,6 munavapga M3 MOA3EMHON BOApl,
nonoBMHa KoTopoli 6bina ucnonb3oBaHa B LUENAX pa3BefeHuA pblbbl B
HU3KOMHTEHCUBHBIX  PblOOBOAYECKUX xo3aiictBax. B  pesynbtate  Takoro
HecTabunbHOro wucnonb3oBaHuA BoAbl,06bem Boabl B 6onee 300 apTesuaHcKux
rnybuHHbIX Konoauax ymeHblumnca npumepHo Ha 90%. 3a nocnepHue 20 nert, us-3a
CHWXEHUA JaBfeHuA B MoA3eMHbix Bojax, cebiwe 200 cKBaMuH yTpaTUam
cnocobHocTb camousnusane. bonee Toro, paspywmTensHoe Bo3sgeiicTeue aedmumta
BOAbl HabnojaeTca Ha Menkue U/ unn cpepHue pbibHble xo3alicTBa. 3a nocnegHue
nBa ropa okono 100 pblboBoAYECKUX XO3AINCTB MpeKpaTUAM CBOK AeATEeNbHOCTb. B
HacToAllee BpeMA, B LENAX CoAelcTBuA cdpepe pblOOBOACTBA M CHUMEHMA
HEraTMBHOrO BO3AEICTBUA BOAHbIX KylbTyp Ha OKPYMKarolyl Cpedy, AOMKHbI
pa3spabatbiBaTbca 6onee 3apcpeKTMBHbIE M 3KONOrMYecKM bGesomnacHble — MeToAbl
NEeNCTBUN.

Hapo yunTbiBaTb, YTO KOHEUHON LENblo ABNAETCA 3aliuTa apTe3naHckoro bacceiiHa
ApapaTcKoii paBHUHbI OT JabHENLLIErO UCTOLLLEHWA NOA3EMHUX BOA,.

Wcnonb3oBaHne cHUCTEMbl BOJOOYUCTKU B PbIOHOW MPOMBILLNEHHOCTU B
UCKYCCTBEHHbIX bacceiiHax U MpUMEHEHWE CUCTEMbl LMPKYNALMKM BOAbl B ApmeHuu,
ABNAETCA BaHelLLel npobnemoi.



Llenbto  aucceptaumm  ABMAETCA MOUCK BO3MOXHOCTU pa3paboTku u
NPUMEHEHUA TEXHOMOTMUIA OYUCTKU CTOYHbIX BOA, PblOOBOJYECKOE XO3AWCTBA U UX
LIMPKYTALMOHHBIX CUCTEM Hay4YHbIMM METOjamu, W Ha OCHoBe 3Toro — obpaboTka
CTOYHbIX BOA,.

B AuccepTaumm paccmaTtpuBaeTca MoMbiTKa OCYLLECTBEHUA eCTECTBEHHOro
oboralleHnA KNCNopoaoM (aspauma) NoToka BoAbl B pblboBopueckux bacceliHax 6e3
pacxoja BHellHeil 3Hepruu. [lanee nonbiTka NOABEPrHYTb 3TOT MOTOK BOAbI
6uonorunyeckoin obpaboTke u, B Kauectse DUILTPYIOLLEl 3arpy3ku, MCMONb30BaTb
MECTHOE HaTypalbHOEe Cblpbe BMECTO MPOU3BOACTBEHHbIX 3EMEHTOB MOIMMEPHOrO
npoucxoxaenna. [lnA MnonyYeHUA KONMMYECTBEHHbIX W KayeCTBEHHbIX [aHHbIX ANIA
peanu3aumm 3Toil uieu, 6bin paspaboTaH U cospaH NabopaTopHbI UCMbITaTENbHbI
npubop.

MCCJ’Ie,I],OBaHI/Iﬂ I'IpOBOJJ,VIJ'II/ICb I'IOCpe)J,CTBOM (*)M3I/|KO—XVIMVILIeCKVIX
na6opaTopr|x n nNoneBblX 3KCI'Iepl/IMeHTOB, Ha OCHOBE O4YUCTKN BOAbl U
MOp,eJ'IVIpOBaHVIﬂ Ll,VIpKyﬂﬂU,VIOHHbIX CUCTEM, aHalun3a Memp,yHapop,Horo onbliTa,
TEOPETUYECKUX U 3IKCTMIEPUMEHTAIbHBIX pPELUEHWIT U TpeboBaHWii, C NpUMEHeHUeEM
COBpeMEHHOro 0bopyA0BaHNA, MMeIOLLLEroca B ApMeHuu.

Pabota 6bina cmogenvpoBaHa Ha OTKPbITOW KpoBaTW B COOTBETCTBUM CO
ctaHgaptom Ppyga. OanH ysen pbiboBoayecKoro xo3aiicTea bbin BbibpaH B KayecTse
peanbHOi KOHCTPYKLWW, COCTOALLE M3 7 MynoB MpAMOYrofbHOrO cpesa pa3Mepom
15x135x1 M, cymmapHasa Npoun3BoamUTeNnbHOCTL KoTopbix coctasnaeT Qo= 750 n/ c.

Ucxopa n3 onbiTa BeayLLmMx cTpaH B obnactu pblbOBOACTBA, A0M1A 0OOPOTHOW
BoAbl NpuHATa B pasmepe 40% ot obbema Npon3BoACTBA KOPMOB.

B pesynbTate nccneposanna 6bino foKasaHo, YTO cBOOOAHBIN MOTOK BOARI,
NOCpPeaCcTBOM BOJOCAMBA C TOHKOW CTeHOU € rpebHeobpasHbIM rnafkuM Kpaem,
CnocobCTBYeT CyLLEECTBEHHOMY ObOralLeHuto BoAbl KUCIOPOAoM. A oTxoapl Tydha uim
Nem3bl MECTHOTO CbIpbA MOTYT MOMHOCTbIO 3aMEHUTb BUONOrMYecKyto UIBTPYHOLLYIO
3arpy3ky paspaboTku CTOYHbIX BOA, obecneunsaa npouecc 3pHEeKTUBHOW OUUCTKM C
HaMMeHbLUMMK 3aTpaTamu.

PesynbTathbl nccnepoBaHUA MOCHYMWAM OCHOBOW [JIA rapaHTUKM TOrO, 4TO
KOMOMHMpPOBaHHaA MpPOW3BOACTBEHHAA CUCTEMa OOOrallleHWA BOAblI KUCIOPOAOM U
HUTPUMUKALMA LUPKYIALMOHHBIX BOA, 3(PdheKTMBHA U MOMET ObiTb MOMHOLLEHHO
UCMONb30BaHa B PbIOHON MPOMBILLNEHHOCT B KayecTBE LMPKYNALMOHHOW CUCTEMbI
BojocHabxeHuAa. CospaHue  ruppaBnuyeckoll  cuctembl — oborawieHus — BoAbl
KUCNIOPOAOM U [ie3UH(IEKUMM  LMPKYIUpYloLell BOAbl MO3BONAET B  3aBOACKUX
YCNOBUAX OCYLLECTBUTb YHUDMKALMIO U Nerkuii MoHTax [AeiicTeytolumx bacceiiHos
pbiboBoacTBa.
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HARUTYUNYAN ARMEN JONIK

ISSUES OF THE WATER TREATMENT AND RECIRCULATING SYSTEM APPLIED IN FISHING
INDUSTRY IN ARTIFICIAL PONDS

SUMMARY

The Artesian basin of Ararat Plain is considered one of the valuable fresh
groundwater basins of Armenia. The water, which is historically being used for
drinking and irrigation is a storage of high-quality groundwater resourses and safe
for drinking without extra refining. Since 2000, fish farming has been included in
the programmes of the development of the main spheres and poverty reduction in
Armenia. In the meantime, in the Ararat Plain a large number of private fish
breeding farms were established based on high-quality drinking groundwater.
Inefficient water use, which is common for low-intensity fish farming systems in the
Ararat Plain, has become a key environmental issue in Armenia.

In 2016, approximately 1.6 billion m3 of groundwater was extracted, half of
which was used for fish farming purposes in low-intensity fish breeding farms. Given
such inefficient use of water, the volume of water in more than 300 artesian deep
wells was decreased by 90%. Over the last 20 years, due to the decrease of
groundwater pressure, more than 200 boreholes have run out of the ability to
extract water. Further, the dreadful impact of water deficiency is noticed on small
and/or medium-scale fish breeding farms. Over the last two years, about 100 fish
breeding farms have stopped their activity. Today, to support fish breeding and
decrease the negative impact of aquaculture on the environment, more efficient and
eco-friendly strategies need to be developed. It is necessary to take into
consideration that the main goal is to protect the artesian aquifer of the Ararat Plain
from future consumption.

Water treatment and recirculating water systems applied in the fishing
industry in artificial ponds in Armenia are one of the major issues.

The aim of the dissertation is to seek an opportunity for developing and
applying scientific methods of the technologies of the drainage treatment and
recirculating systems of fish hatcheries and based on which the development of
drainage refining.

An experiment was done to aerate naturally the water supply delivered to
the pond without the use of external energy supply. Moreover, put it in a process of
a biorefinery and as a load for filter use local raw material instead of polymeric
origin industrial elements. Laboratory equipment was designed and built for



obtaining quantitative and qualitative data for putting the particular idea into
practice.

The studies were conducted through physical and chemical laboratorial and
field-testing methods, based on modeling of water treatment and recirculating
systems, analysis of international experience, theoretical and practical solutions, and
requirements via existing modern equipment of Armenia.

The work was modeled on an open bed according to Froude's standard.

One node of the fish farm was selected as the real structure, consisting of 7
pools of rectangular cut size 15x135x1 m, the total output of which is Qo = 750 1/ s.

Based on the experience of the leading countries in the field of fish farming,
the share of circulating water has been accepted in the amount of 40% of the feed
output.

The study has shown that the implementation of free water flow through a
brush shaped overflow with smooth edges and thin walls plays a significant role in
aeration of water flow. Further, local raw tuff scraps or pumice can be a perfect
substitute for biological filter load of water drainage treatment, providing an efficient
treatment process with small investment.

The results of the study are considered as a basis to prove the combined
production system of the aeration and disinfection of recirculating water is efficient
and completely can be applied as a water supply recirculation system in the fishing
industry.

The build of hydraulic system of aeration and disinfection of recirculating
water in industrial conditions gives an opportunity for use of identical elements
(unification) and easy installation of fish farming ponds.
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