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Abstract: The paper considers somer water supply problems related to manganese presence in drinking water as well asmethods for its elimination.
The accernt is put on three basic issues - ihe origin of manganese in ground water, the meclranism of manganesedeposits formation, and manganese removal, where-Bulgaria his 25 y"rr.-ot experience.
The, basic technology named BIOMANGANEsT it desiribed in oetlil including its big advantages compared to othermethods"

1. BbBEEEHT4E

Tlpo6nevrr c MaHraHa B noAgeMHhre Bqp,fi Ha 6rn_
rapHF Bb3HrlKBa MHOrO Cepho3HO npes CeAeMAe_
cerre roAhHn Ha MfiHanrs B€K, BtB eprtxa c BoAoc_
ua6gneaHero Ha rpaA XacKoeo or repacara Ha
p.Maprqa, npr c..fiOr,nxoeo.
lirperre xhAporoenoxKr4 nF]oyqBaHnF B pat4oHa
npes 1951/56r., npoBeAeHn or 14l-lll ,,Eo4npoeKr,',
noKa3Bar, qe BoAara e noAXoAFLqa sa nnrelfiHo_6fi_
roBo Bo4ocHa64neane.
flpes 1967r. ca il3rpaAeHn Z0 6p. npgyqgarenHr4
coHAaxil, ga KoilTo e ycraHoBeHo, Lte B HhxoN ot rgx
MaHraHbT e HaA AonycT[Mara oraHAaprH€l HopMa
0,1 mg/|. Hesaeilcfift,to or roBa e HanpaBeHo xt/Apo_
reonoxKo 3aKnrcrqeHhe, Lie qpe3 ilHTeH3hBHO BOAO_
qepneHe MaHTaHbr rqe h3ve3He. Brg octjloaa Ha ro_
Ba npe3 1968r, sanorlBa il3rpil(qaHe Ha 30 6p, ex-
cnnoaTaqHoHHt4 COHAaXfi fi npoeKrfipaHq Ha BoAoc-
Ha64ltrennara cilcreMa,,F6tnropo,, c opa3MepilTe_
neH Kanallilrer 660 l/s. Ha 1S anpun 19Zgr, ca Bb_
BeAeHM B qacTilLtHa eKcnnoaTi2qilfi nocTpoeHuTe Be_
ve 10 6p. rpr6ur KnaAeHLll/ (TK) c OyHxepnr nou_
neHr4 craHl{r4r,r (El-lC), Ho 6es npeqilcrBaHe Ha BoAa_
ra. Cropo clreA ToBa ce KoHcrarupa, qe MieHtaHbr
ce yBenHqaBa, el He HaMar.rFBa tr ce nosBqBa BbB
BcrlLlKn KnaAeHLll/, 3ano.{ea cnelrJHo npoeKrhpaHe il
ilsrpa4aHe Ha npeqhcrBarenHij craHllt4F. 11;res
u,$eepyapm 1982r. qgnara BrlAo(lHa6.qilienna crc_
reua BC"fi6bnK()go", BKnicLtilTenHo npeqncrBaren_
HaTa cTaHqilF, e BbBeAeHa B eKCn.noaTatJttfr.
B npoqeca Ha fi3rpa4aHero Ha npellilcrBal.eflHara
craHllilq ( 1980r,) pbKoBoAcrBoro Ha 6rBulara cro_
naHcKa ArpeKLptF CB"BnK,, BbBflara Ha HVITU
,,EKOAKBATEXII;3aAaqa Aa AaAe cnelrtHo pelueFtile

Ha HgKOnKo Bbnpoca, c TorlFMO 3HaqeHre 3a chcTe_
MaTa, KaK'o cneABa:

. l-lpoilsxoAbr t4 ArHaMVKara Ha MaHTaHa B Te_
pacHhTe BOAI4.

' BfilrsHrero Ha MaHraHa B-bpxy rexHrqecKoro
cbcroJ{Hile Ha BoAocHa64rlenHara crcreMa t,t

Bbpxy Kal{ecrBoro ua nureftnara BoAa". Edren'uBHocrra Ha crponqara ce npeLlucrBa_
Te.nHa cTaHLll4F 3a OTCTpaHFEtaHe Ha MaHfaHa.. Haut,tpaHe Ha rexHilKo-r4KoHoMl4qecKa fi BHcoKo
HaAexAHa TexHonornfl 3a enIMnHilpaHe Ha
rvlaHfaHa fi cbnbTcTBaqilTe ro Apyrr 33M.bpct4_
Te.qfi, Karo avroHFK, HIAT?V11,L|, CepoBoAoBOA r/
noBnuJeHa oKfl cnFeMocT.

3agavilria e sanoLtHafla B HaqeLnoro Ha 1980r., a
npes M,Mapr 1981r, ca AoKnaAB€lHH nbpBr4re pe3vfi_
rarur (13), Oneg roaa, Ha pa3nilLtHil eranrl rs npo_
,qbnxana Ao 1990r, prxoeo4rlen Ha u3cneAoBa_
TencKilfr KculeKTilB npe3 qenfiF neproA e 6rn cr.H.c.
A-p t4HX, 'TeHto [lerlqeB, ToraBi] pbKoBoAfiren Ha
ceKqrg ,,Bo,qocnadgqBaHe il npeqhcrBaHe ga nnrefi_
Hr4 Bo4H", Pesynrarrre or h3cne4BaHnAla ca npeA_
cTaBeHn B CbOTBeTHTTe oTqeTn u ca AOKnaABaHfi Ha

f3url 14_ Mex(4yHapoAH14 KoHr-p€a4 n ct,tvinosuyruu
(1+17). Crqnre ca BHeApeHu e ,4eilcraaqure Hop_
Mil 3a npoeKTilpaHe Ha BoAocHaOgnrennm chcreMfi
N.ca ny6nrxyBaHN e Haprvnrx no Bop,ocHa64naane
(1) u e KHilrara ,,llpegrcrnaHe Hit Bo4rl sa nhrel,tHo
fi npoftn[4LUJteHo Bo4ocHa64ReaHel', (2), flerlcreaLult_
Te npeL{nclBarenHh craHllt4h ,,F(5rnxono,, Ha ,,BttK,,
EOOI, rp.Xacroao r,,flrunrpoBrpaA,, Ha,,BhK,'



OO[, fp.Er4Mr4rpoBrpaA SyHKqr4oHhpar cbrfiacHo
TexHonortlnra "ELIOMAHFAH", cb3AaAeHa no Bpe-
Me Ha tr3cteABaHhffTa.
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ot43xo.q HA MAHTAHA B]rB BOfll4TE 14

TEJ'IHt1 nOCnEEhqrl

npl4poAHhTe BoAH MaHfaHbT Haft-qecro ce np[A-Bcrqrn na6oparopHr fi nrnolHt4 r3cfleABaHilt ca
npoBeAeHil c ecTecTBeHn KaqecTBa Ha TepacHilTe
BoAfi npil c,fiObnxoso, [o rerpa4aHero Ha nCnB
,,fi6bnKoBo" nhnorHnre rHcrataunr ca 6rnr uoH-

xanero Ha noMneHara cranultt, flt,tn lilHcTa-
naqt/1A npOAblxaBa Aa CTOLI, Ha Obqo-

BOAHTe, fi3cne.qBaHfiflTa no Ou oro o6es- BU

MaHraHFBaHe Ca HanbnHo npeKpaTeHh
flpea qenun il3cne,qoBarencKh ca npoBeAe-

eKcnepNMeH-
B

H14 lr14por(oMat4a6un, TeoperhqHn fi
TanHil il3CteABaHHs.

Ho-nphnoxHil no3HaHfifl 3a npol43xo,qa Ha MaHraHa B

peLlHrl TepacHh BoAt4t Brlr4sHt4€rTo My F'bpxy TexHh-
qecKoro cbcronHhe Ha BoAocHit64nrennnre cbopb-
xeHilff fi KaL{ecTBoTo Ha Bo.qaTa 3a nueHe, Bbpxy
MeTOAT/Te 3a oTCTpaHflBaHeTO My OT BOAaTa.

3naqrrenuo KonilqecrBo MaHraH Moxe ra nocrbntj
cnegcrBne npoMilBaHero (usnyxaaHero) na noqBa-
Ta or Abx(4oBHfiTe eoAn. f'lph vrfiHepanH3alplr:rra Fra

fiilcra, KopeHu Lt nlroAoBe, cbA'bpxaqr vaHran, Tofr
NrHoro necHo ce oceo6o44aBa or pacrl4TenHara Ma-
ca fi Milrpilpa c AblKAoBHilTe Bo,qh.
B Hqror pellHr4 repacHfi ao4r (nanpuvep p.Mapu-
qa), uauranbr e pe3ynrar or pia3rBapnHe Ha MaHra-
HoBt4 KOHKpeL{rtr, HaMilpaulfi ce BbB BoAoynopa il
8O,0,OHOCa.

Karo uuxpoeneMeHT MaHraHbr rMa BaxHo 3ApaBFlo
r{ xlilt[4eHHo 3HaqeHile" B Ltoeeurug opraHh3bM ce
cb4bpxa B cbpqero, qepHile gpo6 n Hag6r6pevHa-
ra xne3a. Tirrlta ronRuo 3HaqeHfie ea t<preoodpaoy-
BaHero, pacrexa r gefinocrra Ha nonoBlrre xne3il.
illoeilueHoro cbAbpxaHile Ha MaHraHa BbB BoAilre
*roxe Aa cb3AaAe MHoro cephoaHt4 npo6neulr Ha

so4ocna64rrerHrre crcreMfi, BKnqqilTenHo Ao
fllnHoro KoMnpoMerfipaHe. TaxNea orp14qarenHil
,jocneAcTBr4fl ca:

c xenfi3o, Ho B pa3nHqHil KoHqeHTpaqfiil n
B Hacronqara c'tarvt+ o6aqe, aKqeHTbr na-

pxy MaHraHa, Tlil raro ce brcrpaHnBa aHaqh-
no-Tpy,qHo oT xenFsoro u 3aqoro 3a ycnoBu-

6t nraprn e no-npo6neruen aamrpcnr'en.
MHilTe BoAfi MaHranrr o6nruoBeHo ce cb-

Karo AByBaneHTeH MaHraH (Mnt*), roftro e
go6pe pa3rBopl4M, fleyaaneHrniler MaHraH
u Tpy,qHo ce oKrcnsBa oT pa3TBopeHils BbB
KmcnopoA, Tpu u verrpilBaneHrHr4fiT MaHraH
fi3fipa il ce yranBa, rato yrafixa or MaHraHo-

Mn(OH)3 Mn(OH)4, quero pasrBop14-
MOC' BbB BoAara npu pH>7 e eABa 0,01trttr/n.

THHTe BOAI/ (MOpeTa, OKeaHN, e3epa,
u 6nara) MaHFaHbT er ere Soprvra Ha KoM-

fi opraHfiqHh Hnr Konoil.qHh cbeAhHeuns. Te-
3r4 QppMr4 Ha MaHraHa ca pe3ynrar or MfiHepanh3a-
tlr4flTp Ha .qbHHilre opraHfiqHil ytahxu npn anaepo6-
Hh ygnoBr4F.

B nopseuHnre BoAr4, MaHraHb'f Moxe Aa e pesynrar
or fi9BnfiqaHero My oT MaHraHocrAtpxalurl MilHe-
panil B c;KaJrHt4 o6pasonaHms, Karo:

fl.tnno finh qacrhqHo KonMarfipaHe Ha BoAoB-
3eMHilTe CbOobxeHUfi,

Q6pasyeaue Ha MaHfaHoBr4 ornoxeHur no Bbr-
peuHnTe creHil Ha BoAonl)oBo,qhTe H cbopbxe-
HVATA,

r $noLuaaaHe KaqecrBoro Ha HflKon xpaHurenHh
r'|ponyriu il HanilTKr4, xaro 6rpa, cnpeHa, Mac-

40, ne,q, 3axap, coKoBe, QhnMoBt4 neHTLt r nna-
loBe 14 MHoro ApyrH.

Harpfynarnure ce BbB BoAara, npoBoArre r cbopb-
xeH4sr€r MaHraHoBr4 ytailxn BoAsr Ao cne.qHfiTe
M HOro Cb LqeoTBeH r oTp t4 LlaTefl H u n ocn eAN Llr4 :

o $lenpenf,TcrBareQerrrenoro o6esaapa3qBaHe
Ha BOAara.

. llptl nyJtcallilt4 Ha BoAHt4fl noroK B rpr6ure
(pnrpaxe Ha noMnh, aBapfir r,t gp.) ronnua qacr

Qr no-poxraanre yrarlrn n ornoxeHfifi ce ornen-
qaT, cilnHo ce BnouaBa KaLlecTBoTo Ha BoAaTa

a^,rPul

tSll

}1 ta

Br
ro ct4 Mncro e flCnB ,,fi6bnKoBo", BbnpeKh qe or
1989r. ue SynrqroHupa. B pe3ynrar ul Hacrrnrnu-
Te HOBt4 COLIUanHO-t4KOHOMt4Lt€tCKl4 fi nOnhTULteCKt4
ycnoBhF B bbitophF 14 3aKpilBaHeTq Ha HayqHo-
nprnoxHara Aefinocr no Bt,tK N npevhcreaHero Ha

CKANA ooPMytlA 14 UB9T %Mn
flilponvehr lMnOr - qe0eH 60 - 6i3
flsnnouenan l3aM nMnnOr^(OH)o - qepeH 45-60
Xocmaurt lVlnrOa - K?6ge 72
Poaonnr lVlnSiOsl - radqe, qepBeHhKar 42
PoAorpaorr lVnOl" - cBeTno Po3oB 47
bPavnt,tr i3MnrOe.MnSiOr - qeDeH tY.oo
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ynorpe6a.

flopa4n re3lt npfiLl4Hr4, cbAbpxqHhero Ha MaHraH B

nnreftxNre BoAr4 e rhMr4T,4paHo c Hapeg6a
Ne9/2001r, Ha 0,05 rrltr/n, a ne 0,1 nar/n riarro 6eLUe e
oTapilF cTaHAapT.
Ero sarqo,aKo MaHraHt-r e B KoHl{eH'rpallilff

noxffiu cmamuu

14 Tfi CTaBa HenphroAHa n nacHa 3a qoBe[uKa

HAA

0,05 naT/n, BoAara rpneiaa 3aflr,nxt4T$flHo Aa
o6eeMaHraHN.

3" nPOil3XO.q HA MAHTAHA B TEpACh{hTE
BORH HA P.MAPT4UA
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{3qe n HaLranoro Ha

KOHCTaTNpaHO, qe:
fi3cne,qBaHfiFTa npe3 1980r, e

a

I

yta'ilxu,
Tepacnure BoAr ce ,xapaKrqFrr43rpar cbc cne4-
HfiTE KALICCTBCHN NOKA3ATCNh:

MaHraH ltrrtn',-) - 0.55 + 7,5 mg/l
aMoHrK (NH"") - 0 + t1.50 mg/l
Hr4rpr4rr4 (NOr-) - 0 + 0.25 mg/l
nepMaHraHarHa oKhcnneMocr - 1 .34 + 4.56 mg/lO2

> xenF3o (Fe'-) - 0 Ao 0.1 0 mg/l

r QuNT]:PHATA qACT HA KNAAEHLIilTC L1 CMYKATEI'I-

HUTe LleAKh Ha nOMnr4Te Ca KOnMaTUpaHil c MaFt-

TAHOBN OTNOXEHTfl, KOI4TO HAMAJ-IFBAT TFXHATA

npoBoA14MocT.

Brs ocHosa Ha cr6pauara nbpBtlr{Ha unQropuaqrn
fi cbcraBeHUre cnequ$l,rqHfi MeroAr4Kt4 rla npoBeAe-
HH CneAHfiTe BilAOBe rl3cne,qBaHfiR:

" XttAporeoroxKr4 t,r .flr4Tonoxxiil npcfyL{BaHtAn 3a
BOAOHOCa I BOAOynOpa Ha Tepacar€il,

. CnequaneH ,,Efiorecr" 3a ,4oKasBaHe Ha Mexa-
Hr3Ma na o6pasyaane Ha MaHraHrlBllle orno-
XCHilF.
Jla6oparopntA L4 nt noJ+t4 r4screABaHilF 3a HaMil-
paHe Ha onThManHa TexHonorilF 3a oTcTpaHrr-
odnc nd lvtdntdnd.

Bogara na p.Mapuq? He cr,flrrpxa MaHraH,
Crqecreyea npffKa :KilApaBll4qHa Elpb3Ka Mex-
Ay repacHfire BoAr4 n p.Mapr,tqa.

[e6rrur Ha KnaAeHqnre npo[pecilBHo HaMafisBa,
flo eogonpoBoArre N pe3epBoapil're e Harpy-
nan 4e6en cnoft or MaHraHr3Br4 o'rnoxeHhff 14 t

a

. Mnrpo6honofrqecKn r43cneABaHhF sa HanfiqNe-
To Ha MaHraHooKNonFBaLqh 6ari'eprr. Tyx e
cpeulHara MHoro TonsMa rpy4Hocr, rlri xarr:
ul,txoii e Srnraprn rqo ToraBa He ce e 3aHfiMa-
Bafl 0 roaa, Ho 6narogapeHue ycvtnfiFTa Ha
cr,H.c, 6uon, Bacnfl Ceuoe, npoOneulr e pe-
ueH ycneuHo.

ExcnepuruenranHo e AcKa3aHo, qe Bo4oynopbr Ha
TepacaTa e fi3rpaAeH o'l' fl4Bo-Bt4oneToBo ot-lBeTeHH
nfliloqeHcKr4 fnr{Ht/1 c qepHfi MaHtaHOBl,4 (nNpOnyanr)
KoHKpellhr4 c pa3Mepil Lo HFKonKo vunrverpa, Bo-
AOHOCbT e CbCTaBeH OT 3arnt4HeHfi nFctur4 cbc cb,
rJ-lure KoHKpequr. MexaHh3Mbr Ha pa3rBapnHero Ha
nilpony3uroBure KoHKpeLIHN (Mn'-) BbB BoAoHoca e
npeAcraBeH xa Qnr.1.

B pesynrar na 6uoxruutr{Horo pa3rpa(Aane Ha op-
raHilqHrlTe Beu.lecTBa BbB Bo,qoHoca npoTt4qaT
cneAHhTe ocHoBH14 npoLlecfi :

Crnno ce HaManFEla pasrBopeHuflT Kficnopo.q
BbB BoAara, KofiTo llocrnra no 0,5m9/1.
noHnxaea ce pH go 6.5 + 7 "2.
floHhxaea ce peAo!(c noreHqhanbr Eh go 80 +
'120mV"

Crs4aear ce peAyKLlfoHHr4 ycnoBhn 3a npeMLt-
HaBaHe Ha Mn"* B Mn'*, xoftro ne npoMeHn qBe-
Ta il BKyCa Ha ElOAaTa, HO npeAfii3Elr4KBa MHO|-O

HexenaHfi npo6nevn no nbrr Ha EloAara go Bo-
gonorpe6rren Hre,

VcrauoeeHo e, qe B TepacHure BoA14 fiMa Haflfiqfie
Ha MaHfaHooKr4cflFBaqfi (uanranoan) 6arreprN
Leptothrix u Apyrn ueun,4ernShqfipaHH Bt4AoBe, Ma-
Kap u caMo 1 + 2 col/ml. Tegil 6arrepun yqaerBar B

novaoo6pasoBarelrHhre npol{ecll fi npoHt4KBar BbB
BOAOHOCHT4Te nnaCTOB€r npn uHQt4nTpfipaHeTo Hil
noBbpxHocrHrre BoAn. Koraro oraBa Bbnpoo 3a Mil-
Hepanhgaqfiq na 6narua pacrhrenHocr, 6opoarHxur,
KbnfiHfi tl Apyrfi, cbo 3HaqfiTenHO CbA'bpxaHHe Ha
MaHraH, 6ponr Ha AocrnralllilTe Ao BoAoHoca MaH-
raHoBr4 6arreprr e noBeqe,
Aro ebg BoAara ce BHece pa3TBopeH Kncflopo,q, 3a-
noqBa 6upso pagMHox€tBaHe Ha MaHraHoB/lre 6ax-
TepNh N 6rpoo obpaayeiane Ha ornoxeHilfi.
ExcneprueHTanHhre h3cne.qBaHuq ca npoBex(,qaHr
t4 B Apyrn repacil na p.lVlapnqa - rp.ulNpnaH, rp.!n-
Mr/rpoBrpa4, rp.CuweoloBrpaA u c.Kanrran An.qpe-
eBo; Ha p,[yxaa npn c,l\ilgenrrp, o6n.Crnilcrpa, Ho
Te He ca npeAMeT Ha cTiaTfiFTa,
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* SS(AHI43bM HA OEPA3YBAI.IE| HA MAHTA.
IfOBT,ITE OTNOXEHt4ff

Hah-'{ ecro cpeu.laH HTe 6arrelprn n pr 6r,ronorr.r.r noro
:Ifr:?,uTu Ha xernsoro ca Gailiorlella Ferruginea
ta Lpptothrix"
flrbaara 6apaara 6amept4fi e aepo6Ha fi aBTorpoeHa. MHo_
ro floope ce 3aKpenBa Bbp)ry nscbqHl4Te sbpHa fillfloope ce 3aKpenBa Bbp)ry nscbqHilre sbpHa fi
ooqasyBa Abnfh H14ruKoBNAHt4 CTpyKfypr4. Bropara ecbr]lo aepo6Ha, uo noA s()pMaTa Ha v3onnpaHL|
KNETKT NNV BEOWW.

Oc4oeH nre BrAoBe MaHTaHooKrcnqBalr{t4 6arrepn n ca :

a

a

Hyphomicrobium vulgare
tinomicdtes

Bc KV 5aKreptALA ca aepo6nlr h xerepoTposnr,l, r.e.
oprit H t4r{eH BrrnepoA.

o{r'1

IA L]
l4snoMneaHara repacHa BoAa e 6egma Ha Kilcno_
poA, Ho ct'Airpxa Mn'*, NHun, NO2', NO3', pOa3-, op_
raHfiqHh BeulecTBa, MaHraHooKt4cnhelaqu, HtTpn_
Quqnpar"r4,r H MHoro Apyrn 6elKrepnri. AKo B HeF ce
BHece KilcropoA, cb3AaBar cer ycnosi,tn sa per3Br4Tfie
Ha MaHraHooKhcncBar { lr4, Hr4Tpr4sil LilrFraqfi v Apytvl
aepo6Hn 6arreprr, 3au.loro ca HanhLle noAXoAFtIl/
xil3HeHn 3a Tgx ycJtoBt4ff, KaTC):

. xpaHilTe|Ha cpeAa (Mnt*, NHo*);. 6roreHHVycnoBLtf, - (N ra p);

. noAxo4flqa reMneparypa (B + 2510);. noAxoArqn pH, Eh;. pa3rBopeH KhcfiopoA.

PasreopenrFT KilcnopoA ce BHac, oir ropnNx cnorl
Ha BoAoHoca, Kolzro e B KoH-raKT c HeroBaT,a Bb3_
AylrtHa (cyxa) qacr; npfi xtlApieBnfiqH14 naAose; nph
cbsNareflHo aepfipaHe Ha Bo.qara r l.n. Toaia eo4ngo 6r,poo pasMHoxaBane na aepoour,lre oarreprn'n
3aKpenBaHeTO HM Ha TBrpAr4Te nopbpxHocTn Ha
creHnre Ha BoAonpoBoAhre n pesepgcraprre, MaH_
raHoBure 6arrepn u oKrcnn Bar M n?*' 4o o6pasyeane
Ha Mn02 (nr,tponyer,lr), KotiTo c r43Mr,1paHero Ha 6aK_
repfiure fi pa3rpaMaHeTo H€l rsxHaTa opraHhqHa
qacT, ce HaTpynBa Bbpxy BbTpelrjHfiTe oTeHr Ha BO_
AOnp0BOAt4Te, KaTO qepHo MaHraHoBo o.ff.loxeHh e.
Tpn6aa h3pt4rtHo Aa ce noAL{eprae, qe aKo BoAara
cbAbpxa AByBaneHTHo xeng3o Fezn, 6erKre0 vtnre ce
HaCoqBaT npnopilTeTHo Kt M HerO, 3al4oT.o nonvqa_
Bar noBeqe eHepr[F. .laara npoL]eca, xran,trqno r
ononorilqHo oKrcnFBaHe Ha xeI.rF3O t4 MaHraH, Ca
B3arMHO CBbll3aHh, HO XeflF3r3TO Ce OKilCnFBa X[4_
MhqecKh 3HaqhrenHo no_flecHo n no_6tpso. B gaeu_
cl4Moc'l'or roBa, xorl eneueHr npeo6na.qaBa il KaKBo
e cboTHouleHileTo MexAy TFX, Ce pa3BhBaT rLlnhg{t|
xene3Hh nnn rnnvvHn MaHraHoBn 6arrepmn, Hqxoil
oT TfiX MOfaT Aa oKhctFBaT Xer.lF3o 14 MaHTetH, HO
nph pa3fi fi r{Hr4 ycnoBfi F.

Ocnoen rre B nAoBe xenn3ooKt4cJ.rs BaLUh 6arrep r u ca:

. Thiobacillus

. Sphaerotilus
r Leptothrix
. Siderocapsa
. Gallionellaferruginea

floqril Bct4r{Kt4 xene3Hr 6arreprr ca aaro.ipo$nn n

i:L?T?it pasrPo.p.ell{re BbB BoAara Ce2u 6r,rxap_
ooHarHHfl aHnoH HCO3', Karo N3ToL{Hhx Ha e.srne_
poA.

rHraH, asor, eoc$arr, xanqrDi r gpyrr, pH,
fi HanrqileTo Ha nHxu5vttopu.

KcnoreHlll4anlr Eh n pH ca $arropr,r c il3Kno-
rJ Ho ronfrMo 3HaqeHile s,a 6tpeoro pagMHoxa-

Ha xen e3Hl4Te h MaHraHoBhre 1arreonra.
C.l ce, qe onTilManHaTa TeMnepaTypa 3a pa3Bil-

MaH

pH
Hl/l

p,Be pa3nrqHH .l.eoprh 3a MexaHh3Ma
HA

nd tl

PCA

peHhe F{a npon3Be)l(AElHnTe oT KnerKaTa Bo_
eH npeKnc r cneqnexvHr eHsfiMt4. Toea

laxHfiTe ycnoBils 3a pasBrrilero Ha 6arreorlr-
: cbAbpxaHfie Ha pasTBOpeH KfiCnopoA, xenF_

?HoBhre Oaxreprn Moral- Aa ce pa3BilBar npll
5.5, HO BklrloKt4Te clotlHo,:lh ca ue6naronprgr_

KTephanHOTO OKt4cfiFBaH(} Ha xe.nF3OTO t4 MaH_
Cnopeg e,qHara, oKficn()Hfiero ce h3ElbpuBa

BbpxHoclra Ha 6arrepretnHara KnerKa, a cno-
Bbrpe B KnerKar,a. Ho r e ABara cry_
le'l'o e eK3OTepMfiLtHO t4 KaTaflilTt4l{HO,

a rexHfis Mela6onilslrr,l, 6narogapeut e Ha
aBaHara ceo6o4Ha eHeprilg.

Koraio xenn3oro 14 MaHraHa ca npeAcraBeHn Karo
AByBqneHTHU Ot<Uct/t, oK[cnsBaHeTO npoTt4qa C],r_
nacHq peaKLlt4hTe:

. 
?L"?. 

ylor\s1:o -- 2FeioH)3 + 10s7 AlKayna;. zli/nO + 02 + 2H2O - 2MnCr(OH)2 + 167 Rxayna.

Tne
l-lor

a Oarrepnnre e 25
o4et{fiTe crorlnoc
tvwlJ vd ,

+ 28"C"
Ttt Hzt Eh n pasrBopeHhl

Eh, mV 02, msll
o6, 3xene3qBaHe 40 - 100 4.2 +2
O6r 3MAHTAHgBAHE 100-200 0.2+2
HurpnSrxauun 300 - 500 8 -:10
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cmamuu
Snxqqa ce, qe npil oKhcnsBaHero Ha xene3oro ce
nonyLtaBa uJecr nbrt,t no_rorRMa ceo6o4ua eF{epfnfl,
orKofiKoro npr MaHtaHa. Ero 3arqo 6fionorfiL{Horo
orc4cnnBaHe Ha xefiggoro e MHoro no-necHo u 6ar_
?ephfiTe ro npeAnoq[TaT, npeA TOBa Ha MaHraHa.
Ho Koraro nhncBa xenn3o, Te ce aAanrr/petr KbM
$aHraHa. Aro sogara cbAbpxa eAHoBpeMeHHo xe_
fi93) tt1 MaHraH, oanepnnre oKrcfiFBaT nbpBo xe_
nfi3oro, a cneA ToBa MaHrana. l-ongua pong B noo-
:{eca ilrpaflr 6rpsara agcopCiqr,tn sa Fe2* 14 M'n2*
sbpxy 6axrepnannara KnerKa h Karartrrhqxo ,qefi-crBre Ha MnO2 Bbpxy oKilcnflBaHeTO l.ta xeng3oTox MaHraHa. l4aupenrre xeneoHfi 6ameprn oraBar
r#rroqHt4K 3a opraHuqeH BbrnepoA Ha MaHraHoBilTe
&xrepru.
lpafinnrr npoAyKr or 6ronorNLtHoro oOeguanraus_
saHe e MaHraHooB ,qByoKt4c, xoilro e copOenr il Kara-
nfi3arop ga Mn'*. fieara npoLlr_lca cop6qras il Kara_
$il34 ce peAyBar HenpeKbcHar.o. Ero eaqo duono_

m 4'
,/ "1^+Mil

---- LLlo^ ;.r *
-r\q311'3--/

l. Faxrepnx

l/ r3bpxy BbH[JHara o6eilsxa Ha Oaxreprannu_
3 KneTK[4.

KrepilanHo oKficnfiBaHe na a4cop6r,rpaHhre

nfiTl4qHo oKficnFBaHe Ha Fe2* r Mn2* B nDr_
Bnero Fta MnO2 (cnyvail S).

+ fl2o

+ Hzo

Opr:anrt6err Koa,rn,rigKC

Croxno o'be/Ifiileritie

Sarreirua 1

Haicrepnx 2

11202

)-t-
'1* -t g3. Haxrepnl

"*=sa?J- --"
*' 3+

, lc
4. $axr:epi,rr T' 

". 2"t. I
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Hayu n o- n p un oKH u c m am u u

:J }i::j:11:.rjff:.1:,:i['r.:?i"]_1Ha xerrs3o- oxm{nneanero Ha Mn2n craBa cbc cunu1oKncnilre-To r MaHraHa n npeBptlLlaHero 4M B TBbpAlr-l,,.y1^ nr,t ({son,. xnop, xfiopeH AByoKr4c rnn KanNeB neFqu e pe3ynrar or ABa npoqeca - OaxrepilanHo ri,rarrrbnar) no cneAHhre xhMt4qecKh peaKl{rjl4:oK[4CnflBaHe il Lil4CTO Xt4Mt4qecKo OKHCngBaHe.UKYISTRBAHE il LII4CTO XI4M I4qECKO OKHCNgBAHE.
MHoro6pofinrre qyxqh il Haulh l43cneABaHhs Ha- . {Mnr' +02+zH2e*+2Mnoe+.4H*nbnHo noTBbpx(qaBaT Ka3aHo.ro no_fope, 38rrqoTo
BbnpeKr H,cxolo pH-7 vtHVcKun peAoKc ngTe-llran Tasn peaxqilfi e MHoro 6aeFrar, rAsncxeace BilcoKoEh na repacHrre BoA,, ce oopasyear MaHfiilHoBh pH > 9,5 

i^L{vrr t' rvrnur v ua'Hal

oTnoxeHrF BbB BOAOnpOBOAt4Te.

Aa.rtrarepnanu (snaro, cpe6po, Me,q, no.n
PVC, crrxno, as6ecroqhMeHr, AbpBo, ru^;i:li,ffiX: !:?.P.Pf ravr vt Il,,il (11) oxNcnnBaHero Ha MaHraHa
KepaMvlKa, croMaHa fi Ap.), KoHcrairaparo 

", 
ru,t*t; :l,$tltpoAa 3aBhcn or craeirnHocrra Ha cbeAh-

B nbpBnre 2-3 gnu, Brpxy pr6oeere x. o.ir.u-"*jl ffiiffil pH, reuneparypara, penoKcnoreHqnana
Tepvann ce nogBffBar qepHr roqKfi, ro[ro c;nea 2-3 -::: 

" l'-'''4Ll[ero na o6paeyeaHn Beqe qernpfiBaneH-Tepvant{ ce noFBffBaT qepHr ToqKfi, ro[ro ^--- ^ ^ Ltt vt lattnHnero Ha oopa3yBaHn Beqe qeTnpfiBaJleH-
Meceqa noKprBar Llsnara ilM noBbpxH#] "til;;: :1'^tT:"toBr4 cbe,qilHerns. Tasv pu"*'t"-ro;.
crBeHo Bbpxy ofiaroro, cpe6poro r,l rr,regra r'"l1E .u 3:^::^T?."AcraBr 

qpes cIlBflHcro grcpepexqnanuo
oopasyeann ornoxeHnF, rrfi xa.ro re rMar oarcrepN_ 

ypaBTeHNe:

C qen Aa ce AoKaxe 6nonorrqHrln xapaKrel^ili _.!. " f,lrll + 03 + H2O * MnO2 .+ 02 + 2H*pasyBaHeTo Ha MaHraHoBl4 oTroxeHrfl e n
cneuutaneH 'rEr4orecr" 3A rrpnra "*" ..^-'l:i':t:t ' |\{nl. + clz + Hzo + Mnoz + Zcl' + 4H+

;ffi:13ffi:'iffi;'L :i,l'ffiHtrTxil,ffi; : fri:i ;:sr;ri 
= 

ili?,r \ffn, * 0,.
"fibbnKoBo" ca 6nnu noroneHil nnacrhHKr4 

"; 
;,;;;- ' 3Mn" + 2Mttoq-+ 2H2Q * SMnoz + 4H*

Llt4AHt4 csoftcrBa. O6pasyaanero Ha ornoxeHrflT€ rrr,r3anoqBa or pr6oeere Ha Mareprana, 3autoro raM .,,",n2*)/dt = Ko(Mn2*) + K1Mn2*) . (Mnoa)
hMa HeypaBHoBeceHil a4cop6quonHn cvnv. CneAo_

;t/il;; K=K'.po2(crH-)2
e cop6qrrra.

3acerHeM ocTaHanilTe MeTOAt4 :

' Ofigilqecxo o6esr4aFtrar'BaHe rio'roo6n,,en; 
6' El4 nOffqHO OEE3MAHI?HflBAHE

uen,tOpannr rexHonorfi n,. 6uo.norrqHo o6esMaHraHFBaHe :'_:l:1I" npoyqBaHfiF Bbpxy Oarrepurre, oKncnfi_

' orsnxo-xr4Mr4lrecKo ooesMaFtraHsBaHe ?3ifl T:T::,,1, 11:t1!-ga npoBeAeHn oqe npe3' 3Hi*:# rii 1 v ?irl "ir :i:1& :r::.,r:r ; ::; t I.Jffii TffJ'; Iixr#J n":.ili: **#;: :BaneHreH MaHraH Aa ce npeBbpHe B xepasrao_ , ;.;F;, :;;;;,;;;il"il;1ffi"#ffiJ]lX:pl4Mo MaHraHoBo cbeAnHeHfie, Koero cneA ToBa nr.n.J.,i' ^-^.o,,,,.,,Aa ce.yravt h aaAbpxr4 era rpunrprt" e," tllil Xijr"tkf,praHhqHn 
r HeopraHnqHu BeulecrBa'

m#li"ll""u"'?,1""."*-'y:il,1;- yri n;;: i1'""': ETr-',,?,i'il;1t 
r spvrrr)' KaKro t4 or Hann-

rvrt4HfipaHero Ha MaHraHa nporr4qa B Tpfi nc^-^ ^"- - l

AoBarenH4 erana: 
Y'rs'v!"''-'q u rHvr rrvr'/rrc'- bcx^tlKq Ka3aHo e r.2 ea o6pasynaHero Ha MaHfaHo-

BNTe olnoxeHilff BbB BOAOnpoBoAhTe, Baxfi H npfi

l?xeHrr ycnoBftFTa 3a npoThqaHe Ha npolleca e.

..j g:.:y.:i"l nopaA!{ Harilqhero Ha ronsMa rB.bpAa
KoHraKfHa noBbp):Hocr ara Sun.rprre,

Ko, K r K' caxoe$nqileHrfi 3aBilceulfi or
paqilHTe Ha Mn'n, MnO2, 02 r,t OH""

5" OTCTPAFIflBAHE HA MAHTAHA OT BOflATA 
^^^".1,-^.rJ,epMyraTa noKa3Ba, qe peailqHgTa npoTr4qa no_

EnrnarunpaHero Ha MaHFaHa or BoAara e Bb3ryox- 3.1!t.ol:-1*o 
Beqe !4Ma o6paoyeanr MaHraHoB AByo-

Ho Aa ce n3Bbprur no p_a3nnqHn MeroA?r - cp',svrvec- yl;l[?"#f:il,T"r ::,,T:]:nJ::,lsl;J"-.il"nu::Krl, xl4Ml4tlecrr, riaurpoSuonorhLtecKfi rnn rqveirna- :^1:.lPoutuntlrl4qeH, 3au-loro xpafturnr npoAyKr or
r.tnq Mexqy rRx. Btg Bcr4L{Kr4 cny'qan o6ave, ;;;;;- ::i:f:t:, v]T,::3^:_"1!gto npo1n:ale_, or<r,rcne-
cn onThMar.rHara TexHofiorrr*u i,rar;._" 

,_, vv , ey_ HfieTo c Clz ce npenopbqBa npra pH > g,S. npr,l Ha_
Ttil raro craTfiRTa ce oTHacg sa 6fionorNq - nfvL[e Ha KaTafl/lTl4L{Ha Sr,tlrparr-l,toHHa cpeAa, xno-
MaHraHnBaHe Ha BoAara, caMo ,npoor.r,l':r:ti: pTpanpro Moxe Aa 6tae'esexrilBHo nph pH > B



llpes nepnoAa 1972+1988r., a 6ileut[n Hayuno-us-
cneAoBarencKh t4Hcl4Tyr no EMK (3 +17), 6n.xa npo_
BeAeHH MHoro sagtn6overn ta6oparopH14 h n!4nor-
HU eKcneprMeHTfi 3a HaM[paHe Ha onTuManHa Tex-
flonorilf, 3a npeltilcTBaHe Ha BOAaTa, T.e, c MLTHH_

ManHn KanfiTanHN H eKonnoaTaqiloHHr4 pa3xoAr4 Aa
ce nocTl4fHe BoAa, KO9TO Aa OTTOBapF Ha S.qpaBHo-
xl4rneHHtaTe tt3vctaa+nn ErcnepunlteHTHpaHN ca
Skrnrpallrr c npeABaprrenHo noAaBaHe Ha xl4Mt4-
trecKm pearenrr (xnop, KanHeB nepMaHraHier ,;lnvl
cson), KaKro N beapearenrno Snnrprpane. vcraHo-
seHO e, Ve r'liurpoononorHL{HoTo o6egMauraHgBaHe
e nafi-onrunaanHVF Mero.q, flopa4r,t ra3[4 npilLtrHa,
tdeTOAbT e AOpa3BilT C nOBTOpHO il3non3BaH€r H? OT-
naAbLrHnre npoMt4BHt4 BoAl4, Kot4To crqo cia 6rnn
o,6err Ha eKcnephMeHTilpaHe, B pesynrar Ha u3-
cneABaHfiFTa e cb3AaAeHa TexHoflorfiFTa.EI4OMAHfAH" (Snr.3) npn3Hara aa uso6perreune.
YcraHoeeHo e, qe r npil cKopocrlt 4o 25-30 nr/h nito-
Pre Aa ce nocrrlrHe nbltHo o6ersrvaHraHsBaHe.

TexHonorilqra "El4OMAHfAH" e 100% Guonorrqua
TexHonorfis. Toea fiMe e il3no.n3BaHo, 3a.qa cle noA-
qepTae, qe Tff BKn|oL{Ba CneAHilTe OQHOBHH npoqecfi
src nbTr Ha BoAaTa:

* FlpeAgapilre.flHaaepaL{HF.

" EegpeareHTHa $rnrpaqltn npe3 "vepeH,,, T.e.
oMaHraHeH ngcbK.

" flporuhgaHe Ha Sunrupa c npeqficrena, Ho He
xnopilpaHa BoAa.

. Peqnprynaqmn (eprqane) ua yraeHara orna-
AbqHa npoMrlBHa eo4a (TICB) 3a noBToplto
Srnrpt,tpaHe

. flbneH 3arBopen TexHonorhl{eH qhKbn, 6eg ns-
nycKaHe Ha oTnaAbqHfi Bollfi BbB BOAOnpfieMHil-
LlhTe.

*opagn u3rbKHarilre no-rope cneqrsrvnr xapaK-

"eFE{crLiKr4, 
TexHofloruqra EIzIOMAHFAH (10) e 6r,lo-

sFrqHa fi eKonorfiqecKil qhcT€t.

Sqrosli MoMeHT ToBa e naft-erlrunara, Hafl-ttlcHara
* rloAAbpxaHe H ynpaBneHile o6esMaHraHurenHa
.*:&il"l|4q, 3a LqoTo :

.

* Fle ce nprnafaT HrKaKBh pLlafeHTu.
'* He e neo6xo4nruo o6aaae4gaHe r $yrrqNoHra-

F€H€ Ha rexHonorrvHa na$oparopr4n cbc cbor-
EereH nepcoHan,

if SagrpxarenHnAT Kanallhrer ua Srnrpnrr:
Ei4OMAHI-AH e 5 + 10 nbr'il no-roflenil B cpaB-

:. irsfiHe c d:unrprre, pa6orerultt c xt4Mti4qecKo:: ofiHcneHfie Ha MaHraHa.
'. TexHonorfiqra e eKonofilqecKt4 L{t4cra.

* flpevmcraarenHara craHlpln Moxe.qa 6rp,e na-,, fibflHo aBToMaTr43t4paHa,.6rle neo6xogilrraocr or

cmamuu

nocTofi HeH eKcnnoaTauroHeH nepcoHafl , KOeTO
ocilrypfi Ba BilcoKo ycrofi .tue npeqHcrBareneH
eQeK:T.'

OcloeHnre npc,Llecil B TexHofiorflsra EtzlOMAHl-AH ca:

. Aepaqfiq
r Qr4"nrp3t{[ja npe3 necbrtFta cpeAa crc cop6llu-

oHHo-KaranHTfi qHr csofi crea.
. Peqr,tpKvnaqilF Ha yraeHara rexHol.lorhqHa npo-

MhBHa BoAa 3a noBropHo ennrpupaHe.

Ae$aqmnra Ha cypoBara BoAa e 3aAbnxfiTenHa, Tc
HMq 3a Llen Aa BHece BbB BOAaTa AOCTaTbqHo Konil-
qeclBo pa3TBopeH KficnopoA neo6xognHa 3a aKrfiB_
Ho qporuqaHe Ha npoLlecnTe Bt B $nnrrpa.
Ohfrpaqnsra e cneABaulnfl npoqec c Llen 3aAbp-
xaFre Ha BchrtKr4 3aMbpcl4Tefifi, HaMrpaqil ce BbB
BgAera B rn.noro na 6lp:rna Sunrtp, HapeqeH
" 5t4pMAH fAH", n porrr{ar cl.l oxH t4 rpner,tuecxn, xn-
MilqecKkt n 6rtlc>xututvtuHil npoLlecr, B 3aBhct4Mocr or
cbAlbpxalqrre ce B cypoBaTa BOAa 3aMbpcilTenr,
Karq MaHraH, l,tenn3o, aMoHFK, cyn$n4r, opraHilqHul
BeLqecrBa h T.H.

flpQrlecnre no enhMnHklpaHero Ha MaHraHa B nfl-
cbqlrhn cnoft ca no4o6nn Hai npolleca o6pasyeaHe
Ha \naHraHoBt4Te ornoxeHrn, onficaH Beve e r.2. Ho
ryr p6pasyeaHero Ha MaHraFroeara yrafixa craBa Ej

ycn9Bnff Ha qrilnTpaLll4F npe|3 nFCbL{eH cnoft, cbcl
cilnflo pa3Bfiret KoHraKrHa 3bpHecra cpe4a. Manra_
Hbr ce 3aAbpxa no qffnara Bficor1fiHa Ha cprnrr,p_
nfir cnofr, Ho nopaAfi cfinHara a4cop6qrn Ha qep-
HfiF nf,CbK, TOBa Ce fi3Bl,pLlJBit OUle B rOpHilTe CJtOe-
Be, IpoHr4KBaHero My B no-AonHilTe cfloeBe craBa B
peslnrar Ha eianauca Mel44y 3aAbpxaHilfl AByBa-
neHIeH MaHraH, cao6ogHara KoHTaKTHa cop6r_lron-
na iloetpxttocl n 6uonorhl{Horo My oKficnlBaHe Acl
MnQz. Taeu nclarpxHocr e 3HaqfirenHo no-roflFMa,
Korqro Beqe ilMa o6paeyeaner 6arreplranna 6rova-
ca. C nocreneHHoro HarpynBaHe Ha 6uor,taca w

MnQz, ce yBenfiqaBaT XilApaElnhqHfiTe cbnpoTilBne-
Ht4r BbB $rnrupa. B saehcnMocr or cbAbpxaHnero
Ha n/'[aHraH B CypOBaTa BoAa, 3bpHoMeTpHLtHl4F cbC-
TaB Ha nncbKa il cKopocrra na Slrnrpaqua, $rttn-
Tporrlr4Kbnbr MOXe Aa 6tAe c npo.qbnxilTenHocr Ao
1 celqMhqa I Aopt4 noBeqe. He ce npenoprvea o6a-
qe, fosh cpoK Aa HaABiluaBix 1 cegHauqa, nopaAh
onaqHocrra or cnenBaHe Ha nficbLtHt4re aupna u o6_
pa3yBaHe Ha "K'anoBH Ton.lera".
Axo cypoaara BoAa cbAbpxa xenngo il aMoHflK, B

Hat4-fopHilF cncltl ce 3aAbpxa xenn3oro, a nncbKbr
noj-ryqaBa pb)lqlt4Bo ol{BerrBaHe. flpnqrnara 3a ro-
Ba el qe xenF3oTo ce oKficncBa MHofo no-fiecHo xt4-
mnv$crn. flpn no-roneMu KoHlleHrpaqfiH Ha xennso,
orcrpaHflBaHero My ce fi3BbprlBa B orAeneH $rnrup.

Ha
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Hayuucv cmamuu

lir#bsrxvar cbu"lo 14 Hrarpn$nxaqfioHHt4 npollecil, Kot4-

i;.,€s.aqe ce Hy}(qaFT OT 3HaqhTenHo no-foneMo ct-
jEi#aaHne Ha pa3TBOpeH K[cnopoA,

':.:,ftrre4eauilffTa Bbpxy rexHonorrqHara ornaEbqHa!,rffi (TOB) or npoM[BaHero Ha Sr,rnrpr,rre noKa3_
s;r, r{e:

* tsogara 6rpeo ce yrasBa B crar[LtHt4 vcnoBilF 14

, 6eg ynorpe6a Ha peateHru
* Yrafixara e 90% MnO2.
i I ue6ncrpeHara BoAa ilMa xfi3HeHo aKrfiBHtd

saHfaHoBlr 14 Apyrv 6arcrepNla, no4o6uo Ha ,'aK-

TilBHara yrahKa" B npeqhcrBarenHilTe cr€lHut4r
, € ornaAlqHil eo4u. Tear 6arrepnu Moriitr Aa

axrrBhpar npoqecilTe ere cpunrupHhfi nbflHex.

i,,&ag!t ropHure KoHcraraLlfit4, TexHonoffifiTa
t,ffffidAHl-Ahl BKnpqBa raxro 6ronorfiqHoro or_

;1,:*p*ltB?He Ha MaHraHa, TaKa fi TpeThpaHeTO Ha
;:-.:fiS c peqfipKyflauhe 3a noBropHo $rnrpupaHe.

i,1,1,.ffi @ynrar Ha nonyqeHrre no.floxfirenHil pe3yrra-
5:* *.{e npe3 nponerra Fta 1gti2r., noAaBaHero Ha
a.:@faHfaHar s nCnB "fi6bfiKoElo,' e npeKparel{o.
..$-,fuexnearero Ha Sunrpure ce fi3BbpulBa cetMo c
;.ffiaoprpaHa BoAa. HanpaeeHunr eKcnepfiMeuT Ha

:r@r$3aHe c xnopfipaHa BOAa, BeAHara e AoBen Ao
i.: :ffi,!.€BaHe Ha ooesnjaHFaHfiTenHHc edeKr.
i,r 'fi*wreoro Ha nlcbKa ttna roJ.rtMo 3HaqeHile 3a
.:'..{l*e{fa Ha npelthcTBaHe B HaqanHHg nephoA Ha eK_
;,. ia;Irrsaraql4n. Axo ToBa e',qepeH nflcbK,,, npeAElapil_

- ea rp.flltmfiTprlBrpaA. k1 gaer.e cTaHqhil ." o**
:rt p":cypoBet BoAa or AecHhre repacu na p.Ma-
pilqq, Bce olqr-. o6ave, HffMa o6egnaaxranurenHil

9lT-fir, 3a rp.CrnileonoBrpaA, rp.Xapmannn,
rp.ulfineHrpag, Bo4ocua6gr-renxa rpyna,,Ernra-
l H': BbnpeKfi qe MaHraHbT cb3AaBa cepho3Hn\,,n : F Dr rvi'Kyr \ic MaHraHb.l- cb3AaBa cepho3Hl,l
npoofleMil.il KaqecrBoro na nNrefiHara BoAa He or-
roBapn Ha HapeA6a Ns9.

3AK.NloL{EH14E

1. {rnroroArauJHuqr onfiT' na Ernraprq e 6fiono-
rl4qHoro o6eguatraHnBaHe Ha noA3eMHr BoAl4
AaBa ocHoBaHUe Aa ce HanpaBf,T CneAHhTe fi3_
BpAu 3a rexHonorfi era,,ElzlOMAHl-AH',:

1f 1. TexuonoruATa e c MHoro BilcoK u cra6rnen
npequcrBareneH eeem no orHotreHfie Ha
MaHfaH, aMoHFK V HtATpt Tu.

1f 2. TexHonorhffTa e c tafi_nlrcKr4 Kan!4ranHt,t fi

i:'.,. rF{O OMaHfaHeH nO HFKaKBa MeTOAilKa fnfi B3eT
': @ geilcTBalqa cTaHL$4S, srnrt,prT BeAHafa Bn!43a

r*arHBeH pexrM.
Sr ec'recreeHilre Marephann naft-go6lp e setont4-

-r1,; ffi nficbK, rrfi xaro e cop6ent, KaKTo Ha MieHra_
:::trFr*, TaKa il Ha Xene3Hkt fi aMOHileBH ftOHt/. TafrB
frrrup Bnusa B aKrfiBeH pexilM ea 7+14 Anra.
.fua*arroBfiffT nscbK e cbqo noAxoAfiLLl MaT.epil_
aE. 3auloTo e MHoro pr6ecr v tlMa runoro6ortfisn
.:gSrtnonnr 3oHri,
f,**enogxoAflLLl e KBaplloBfiqr nrcbK, 3allloro MMa# cop6qfioHeH a$uxurer KbN4 Mn2*.
+,** ce ynorpe6nea KBapLloB nncbK, Moxe Aia ce
i#rbfil4 no cneAHHTe Tpl4 HaqfiHa:

' flpegeapurenuo (roarn Sranrrpa) oMaHraHfiBa_
' H€, Koero e 3HaqfiTenHo rpyllHo,
* flo4anare Ha KanfieB nepM€lHraHar Ao oMatHra_

ilfiBaHe ua Snnrupa.a CauoonaanraHrBaHe (cavoarrrerpaHe) Ha ns_
sbKa, Ho TO3fi nepiloA npoAbnxaBa HFKOfiKO Me_
ceua.

3,l=c flMa ABe roneMn npeqltcrnarenHr craHuilt4 c
€e*oruqno ororpaHnBaHe Ha MaHraH, KoklTo 0a B

. rrene uap 25 roEuHtA. Toea c;a ,,fi6bnKoBo,, _ 3a
ryocna64rBaHe Ha rp.Xacroeo u,,,QruurpoBrpa4,,

eKcnnoara[][oHHt4 pagxo.qr n c Hafi-necHa
noflApbxKa B CpaBHeHhe c BefiqKfi nprfla_
rAHH TEXHONO|H14 B CBETA.

l/{anoa Vle. V1 np. "HapbeHrK no eogocHa6pr-
BaHe" il3A. TelxHnxa, 1982r,
14tlaroa f1., Flefiqea T. "flpre.{ncTBaHe Ha BoAH
3a nfiTefiHo h npoMt4trln€Hic Bor4ocHa6,qfiBaHe"
uep. Texnnra,1982r.
fl{ftvee T. fi Ap. "l4scne4EtaHe BflnsHhero Ha
MqHraH B repacara na p Maprqa npil ceno
ffQrnroao Bbpxy e$errNsnocrra u HaAexgHoc_

't
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