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EkcnepumeHTanHo u3cneaBaHe Ha HaTOBapBaHETO Ha U30NMpaH
noaabpxaly LenuKk B ycrnoeusTa Ha Haxoauule ,ltogropeka’

ECbeKTI/IBHOCT Npu N3NON3BAaHETO Ha BbXEHW aHKepU 3a
nogabpKaHe Ha NoAroTBUTENTHUTE M3pa6OTKI/I npu cnabu ckasHm
CTEHN

[MpunoxeHne Ha YICNIOBOTO MOZEMpaHe Npu n33emMBaHe Ha
3anacuTe OT rpaHnyHKS Lenvk B 6nok 150 Ha pygHuk Yenoney

Mpou3BOANUTENHOCT Ha LLIMPOKO 0OXBATEH NOABOAEH Pa3poxXBay
MoaBoaeH UK OTKPUT [06MB Ha nonesHu uskonaemu. Monsm u
Bpena

MporHo3Ha oLieHKa 3a paLMoHanHo ynpasneHue Ha oTBanuTe Npu

BOAEHETO Ha MUHHN pa6OTI/1

Moaxoau npu Bb3CTaHOBABAHE Ha NodaTinBu Ha BTEYHABAHE
Hacunuila B CTapu OTKPUTU JIMTHUTHU MUHN

DU3NKO-XMMIYHA XapPaKTEPUCTMKA HA HAcUMULLA C FeomnorMyYHM
MaTepuani, u3rpafeHu npy 4obue Ha MeaHa pyaa

M3cnenBaHe Ha reonoxkm mMaTtepuanu 3a LenmTe Ha

pekynTMBaumsTa

O KonbCKOM MEXAYHapOOHOM KnacTepe TEXHOMOorui obpatleHus ¢
BbICOKOAKTMBHbIMW 0TX04aMM M 0TpaboTaBLUIMM SLEPHBIM TONMMBOM

[pemecTBaHMSA Ha 3eMHaTa MOBbPXHOCT NpK NPOKapBaHe Ha ABa
ycnopeaHu TyHena Ha MeTpoTo - Il vact

/3cnenBaHe Ha NoA3eMHM paMKu, NOLMNOXEHW Ha NIMHENHM
NpeMecTBaHus U TemMnepaTypHU Bb3AENCTBUS

N3cneaBaHe BbpXy AOMbIHUTENHITE HANPEXEHWUS OKOMO Kpbrma
n3paboTka, HaTOBapeHa ChC CbCPELOTOYEHa ChMa

A3uncnnTenHu MeToam nNpu ynpaeneHne Ha BEHTUINALMOHHN MpeXM
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0. 1. NobauyeBa

Bsaumopeiictame Mexay ectecTBeHaTa N MEXaHW4YHa BEHTUIaLNA
Ha TPAHCMNOPTEH TyHEN

I'IporHoavlpaHe 3aMbpCABaHe Ha Bb3ayXa B MUHEH pa|7|0H C npax

4pe3 U3KyCTBEHA HEBPOHHA MPEXa

YHpaBneHme Ha pUCKa 3a 6e3onacHoCT 1 3apase rnpu pa60Ta C
UMaHCbObpXaly CbeAUHEHNA B MUHHATA NPOMULLINEHOCT

Bbpxy OLeHKaTa Ha onacHOCTTa OT NoAaxNb3BaHUA U NagaHnA

MopgenupaHe agucnepeusta Ha SOz, 0TAENEH MHUMAEHTHO B
aTMocepata npv paboTtaTa Ha
TELU ,bobos gon”

W3cnensaHe Ha HeraTMBHUTE e(*)eKTM BbPXYy OKOJTHaTa cpena npu
3aMbpcCABaHe Ha Bb3ayXa CbC CEPEH ANOKCUA

OnpepensiHe Ha koedMLMEHTa Ha TOMMMHEH NPEHOC NPy
KOMMIEKCHO OXNaxjaHe Ype3 KOHBEKLWS W paauaLnoHeH 0OMeH Ha
CckanHu obpasum

BesunaHnaHo u3BnnyaHe Ha GnaropoaHu MeTanm

/3nonasaHe MeToauTe Ha oboraTsiBaHe 3a U3BNNYAHE Ha Xensi3o oT
HEKOHAMLMOHHW NPOAYKTM M OTNaabLy OT NpepaboTBaHETO Ha
XenesHn pyam

VIHTEH3M(MKaLmMs Ha npoLeca Ha dnoTaumus npu npepaboTka Ha
neTnuBeKs npax (nenenuHara) B TONNOENEKTPOCTaHLMS

KomnoautHu mMaTtepuarnu Ha oCHoBaTa Ha runc 1 nenenuHa

PeakTop 3a pasrpaxgaHe no METOAA Ha KUMSALL CNOi, Ha OTNagbK OT

cnoTaums Ha MeaHw Wwnaku B Aypybuc bbnrapus

OThensiHe Ha pa3TBOPUTENM BbB BOAHM CONEHW Pa3TBOPU Ype3
HaTpueB Jodeumn cyndar
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PEHTreHOB N MUKPOCKOMCKM aHanu3 Ha peaneH HeKOHAULIMOHEH
MaTepuan oT NpepaboTBaHETO Ha XeNesHu pyau

A,ElCOpGLI,VIFI Ha MaHraH B CTaT4HU N AUHaMU4HN yCNnoBna —
CbaKTOpI/I OKa3Ballyu BINAHNE BbPXY COp6LJ,MOHHI/ITe npotecu

BrnusHue Ha pa3nn4yHu BUAoBE CenapaTtopn Bbpxy e(i)eKTI/IBHOCTTa
Ha [AByKaMepHa MMKpO6Ha ropunBHa KreTka
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OGoraTsiBaHe Ha Xens3Ha pyaa — kak Aa ro NocTUrHeM ¢ No-Marko
pecypcy
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EKCNEPUMEHTAINHO U3CNEABAHE HA HATOBAPBAHETO HA U30JTUPAH
NOAABPXALL LEENWK B YCNTOBUATA HA HAXOOWULLE ,,r'fOAKOPCKA”

leopau flayee
MunHo-eeonoxku yHusepcumem "Ce. Mgan Puncku”, 1700 Cogbus, georgidachev87@gmail.com

PE3IOME. OnpepaensHeTo Ha €CTECTBEHOTO HamperHato CbCTOsIHME B Macvea € eduH OT Hail-BaHWTe BXOAHW napameTpu Heobxoaum 3a Bcekn mogen. B
NnoA3eMHUSIT AOOMB Ha MOMe3HN U3KOMaeMu BCHEACTBUE HEMPEKbCHATUTE eKCrnoaTaLMoHHN JeHHOCTU Ce MHAYLMpa HOBO Nofe Ha Hanpexexus. [lgeTe noneTa Ha
HamnpexXeHusi (ECTECTBEHOTO MMKOC MHAYLMPaHOTO) 06pa3yBaT LOMbIHUTENHO MONE KOETO Oka3Ba CbLUECTBEHO BMUsIHWE BbPXY HaMperHatoTo U AecopmupaHo
CbCTOSHME B cucTemMaTa Ha paspaboTBaHe M HeuHaTa AbNrOBpeMeHHa YCTOWMYMBOCT. Tasu nybnukauus e MOCBETEHA Ha METoA 3a OleHka npupacta Ha
HaTOBapBaHETO Ha €AVH M30MMpaH NOAAbPXKALL LMK YPE3 eKCNePUMEHTANHM U3CTIeaBaHNS.

Knto4oBm pymu: HanperHaTo CbCTOsHUE, NOAAbPXALLM LENULM, AedopMaLim, KOHBEPTEHLIS, TEXHONOTASI Ha B06WB, MpMGOp

EXPERIMENTAL INVESTIGATION OF THE LOAD OF SUPPORT ISOLATED IN A PILLAR IN TIMES THE DEPOSIT
"GYUDYURSKA"

Georgi Dachev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, georgidachev87@gmail.com

ABSTRACT. The determination of the natural stress state in the array is one of the most important input parameters required for each model. In underground mining
due to continuous operational activities induce new field of tensions. Both fields of stress (natural plus induced) form additional field which has a significant impact on
stress and strain state in the system development and its long term sustainability. This publication is dedicated to a method for evaluating the load on a supporting

pillar by experimental research.

Key words: stress state, supporting pillar, deformations, convergence, mining technology, device

BuBegeHue

3a ocurypsieaHe Ha reoMexaHW4HaTa YCTOMYMBOCT Npw
kamepHo-CTbnboBaTa cuctemMa Ha paspaboTBaHe MHOMO YECTO
Ce U3NOM3BaT MeXOykaMepHW MoAmbpkaly uenuun ¢
pasnuyHa dopma M HanpeyHo ceveHue. Llenta npu Tesm
cucTeMm Ha paspaboTteaHe € aa ce fobue mMakcmaneH o6em
MonesHo M3Komaemo Mpu NOCTUTAaHe Ha  MakcumarHa
OesonacHocT. M3BecTHa e TpygHOCTTa Npu Opa3MepsiBaHETO
Ha uenuuuTe M pa3buUpaHETO KOETO Ce e HanoXurno Aa ce
onpegenu opmata Ha T.H. ,onTumaneH uenuk’. C nomowta
Ha Hero uie 6bge Bb3MOXHO Aa Ce ynpaenssBa W yCTomuu-
BOCTTa Ha cuctemara [lobuwsHa Kamepa/Moaabpxawy Lienuk
(QK/ML). OcHoBHuaT npobriem npu ToBa Opa3vepsiBaHe e
HEM3BECTHOTO HATOBApBaHE Ha KOHCTPYKTUBHUTE ENEMEHTM
(nopabpxawmTe LenuumM) Ab/TKallo Ce Ha: WHTEH3WBHOCTTA
Mpu pasBuTME Ha EKCMoaTaLyoHHUTE NPOLecu, MecTonoso-
KEHMETO B JOOMBHMAT y4acTbK, KOH(MUIypaumsaTa Ha ecTecT-
BEHOTO MOMNe Ha HanpexXeHusi, CTPYKTYPHUTE XapaKTepUCTUKM
M CBOWCTBATa OT KOWTO € MW3rpajeH Lenuka U T.H.
CholLecTByBaT MHOXECTBO pasnnyHu METOAM 3a OnpedensHe
Ha HanperHatoto u pgegopmupaHo cwetosHue (HAOC) B
macvea. OcHOBeH aan 3aemat AedOpMaLyOHHUTE METOaM,
kouto ca 0asvpaHM Ha TeopusiTa Ha EnacTMYHOCTTa M
MexaHuKkaTa Ha aedopmupyemo T8bpao Tano [3,6]. Mpu Te3un

MeToauM AedopmaLuuTe  ce  u3MepBaT C  PasnnyHM
N3MEpUTENTHU CUCTEMU-MEXaHINYHA, VHOYKLUMOHHA, ONTUYHA W
T.H.

MocTaHoBKa Ha ekcnepuMeHTa

3a onpegensHe npupacta Ha HanperHatoTo CbCTOSHME B
e[MH U30NMpaH HOBO OPOPMEH MOAABLPXKALL LEnuK OT Hac e
n3bpaHa cxema Ha M3MepBaHe KOSTO LUe HW Aafe Bb3MOXHOCT
3a onpegensHe Ha: BepTuKanHuTe Ledopmauum B LeHTpar-
HaTa YyacT Ha Lienuka 1 nocpeacTBOM OCTaHanuTe napameTpu
onpegensHe Ha Herosoto HC; namepBaHe Ha KOHBEpreH-
LusiTa MeXOy OCHOBHOTO FOPHULLE W AOMHULLE B LiEHTpanHaTta
yacT Ha pobuBHaTa kamepa. [locTaHoBKkaTa Ha Teau
n3mepBaHus e NpeacTaBeHa Ha curypa 1.

/3BpaHOTO MACTO Ha eKcnepyMeHTa e Ha JOOMBEH XOPU3OHT
675 B Haxopue ,ltoglopcka” B €4MH OT eKCrnoaTaLmoHHNTE
Briokose (19-a) OT HaxopuLLETO, KbAETO Ce BOASAT TEXHOIO-
MYHN Mpoueck CBbp3aHu ¢ fobuBa. B ekcnepumeHTanHus
yyacTbk pexuma Ha pabota e cnegHusT: [MTbpBOHaYanHo ce
ocdhopMms NoagbpXall Lenuk, a Crned ToBa U kamepaTa OKOmo
Hero. ocTaHOBKaTa Ha ekcrnepumeHTa € cnefHata: B eguH
NOAAbPKALY LenuK Hamupally ce B LEHTpanHata 4acT Ha



eKCnnoaTaumoHHNAT 1obueeH BNoK B 4BE CbCeAHM B3aUMHO
NEPMeHaMKYNsSPHA PaBHUHW (CTEHM) Ce WHCTanupaT [Be
3amepHm ctaHuum (3C1 n 3C2) (cburypa 1). 3a nonyyasaHe Ha
JOMbIIHUTENHO  KOMMYECTBO  [aHHW  Heobxogumu  3a
napameTpuMyHOTO M3cnedBaHe ce cneau W KOHBepreHuunata
MEeXZy ropHuwe u pgonHuwe B kamepata (3C3) ot
NpOTMBONONOXHATA CTpaHa Ha BOAEHe Ha [[OOMBHMTE
npouecu. EKCnepuMeHTanHNsT yqacTbk € NnokasaH Ha durypa
3, B KOMTO Ca MoOkasaHW MecCTaTa Ha W3MepBaHe U
nocnefoBaTeNHOCTTa NpK BoAEHe Ha JobuBHUTE npouecu. 3a

Y]

G syl T

®ur. 1. lMocTaHoBKa Ha U3MepBaHUATa B U3CNeABaHUAT y4acTbK

3a u3BbLPLLBAHE Ha Te3n M3MepBaHUsi e Cb3aagdeH npubopa
Hedopmometbp 1.0°, kouTo € npedctaBeH Ha durypa 2.
Ypepa e npepHasHayeH ga Mepu npu pasnnyHa 6asa Ha
n3mepBaHe (gedpopmauuute B MOAAbPKALMTE LEMLM W
KOHBepreHunsta B [JobuBHuTE Kamepw). [nanasoHa Ha
u3mepeaHe Ha npubopa e 10 mm. MobunHoctta npw
“3MepBaHe C T03n Nprubop JaBa Bb3MOXHOCT Aa Ce pasgenst
B00VBHUTE OnepaLym OT NpoLeca Ha M3MepBaHe.

®ur. 2., lehopmomeTsp 1.0”

Tabnuua 1. TexHonozu4dHU napamempu Ha npubopa
Lepopmomemnp 1.0

HanmeHoBaHue CronHocT | MsApka
ObxBat Ha nsmepBaHeTo/ 10,0/ mm
TOYHOCT Ha U3MEPBAHETO 0,01 mm
Ob6xsat Ha usmepsaHeTo/ 50/ mm
TOYHOCT Ha U3MEPBaHETO 0,001 mm

TexXHUYECKM AaHHK: - -
BucoumnHa Ha npubopa 290 mm
LLnpnHa Ha npubopa 110 mm

Terno Ha npubopa 1,60 kg

10

Ja CMe CUTYpHW, Ye MepuM BePTMKanNHM gedopmauuu B
Lenuka (Kakto Ha npecaTa Mpu W3nNUTBaHe Ha LUIMHAPUYHM
AnkoBu 06pasHn) U KOHBEPreHUMs B kamepaTa cme u3bpanm
[a MepuM B LiEHTparHuTe Yactu Ha uenuka. B Tasm vact ot
LennMka Cce OvakeaT MaKCUMarlHW NpeMecTBaHWsl, KOMTO ca
PaBHOMEPHO pa3npefeneHn Ha Hatuck. lMpu T.H. cTbnbo-
00pasHu NoaabpxaLly Lenuum ce CMsTa Ye B LieHTpanHaTa cu
yacT Te Ce HaTOBapBaT BEPTMKAIHO [5].

MeToamnka Ha u3smepBaHeTO

1. Bbpxy HOBO 0(hopMeHVST Lennk ce u3bupat mecTaTta 3a
WHCTanupaHe Ha 3amepHuTe CTaHumu. 2. WHctanupat ce
3aMepHUTe CTaHUMW B CTEHMTE Ha LEnuka, Kakto W B
FOPHULLETO W B JONHWLLETO HA KamepaTa. VHCTanupanute
penepw ce 3aluTaBat OT B3pnBHUTE paboTu. 3. /3BbpLuBar ce
Ha4vanHy OT4eTN BbB BCAKa 3aMepHa CTaHLUuA. B Xo4a Ha
eKcnnoaTauMoHHara [eMHOCT Ce W3BbpLUBAT NEPUOLNYHM
N3MEpPBaHNs, KOWTO B HA4anoTo Ca C BUCOKA YecToTa (BCeKM
JeH), a Crnep aHannM3a Ha pesyntatute ce w3bupa
[ENCTBUTENHUAT WHTEpBaN Ha M3MepBaHe (CedeM  OHM).
CocraBs ce 6asa gaHHW W pesynTatute Ce npeacTassT B
TabnuyeH W B rpadmyeH BuA, KaKTO € AEMOHCTPUPaHO Ha
curypa 4 v Tabrmua 2. 4. Tean m3mepBaHns NpoLbkasar aa
Ce OCbLLECTBABAT 40 NPOMsHA Ha MokasaHusTta. V3mepsa-
HUsTa Ce OCbLLeCTBABaT B cregHuAT ped: Cnea nHcTanupaHe
Ha Tpute 3C 3anoyBa Aa ce cneaum npoueca Ha HaToBapBaHe
00ycnoBeHo OT 0GOPMAHETO Ha CbCEAHUST NOAABbPXALL
LenvK W CBbp3aHWTe C TOBA EKCMNIOaTaLMOHHW MpoLecH;
€[HOBPEMEHHO C TOBa Ce CMEAM UM pasWMpsiBAHETO Ha
kamepara OKOmO ekCriepyMeHTanHUAT HabnogasaH Lemnuk.

PesynTatu

Pe3yJ'ITaTVITe OT M3BbpLUEHUTE MU3MepBaHUA U nocnenoBa-
TENHOCTTa Npu 0C)OpMsIHE Ha MOAAbPXKALLMTE LENMLM W
A0OWBHUTE MpOCTPaHCTBa (kamepuTe) ca MPeAcTaBeHn B
Tabnmua 2 v Ha durypa 3 nosiCHeHM ¢ nereHpa.

Hayanoto Ha u3mepBaHusTa € cbrmacHo ¢urypa 3 a).
3anoyBa fa ce oopmMs TPETUAT NOAAbPXKALY LENWK C NnoLy
0T 55 m2, u kamepaTa OKOMO HET0 KaKTO € MpeACTaBeHO Ha
curypa 3 6). CnegBa passuTue Ha JOOMBHUTE npoueck B
3anagHara 4YacT Ha eKCnnoaTauMoHHUST y4acTek (durypa 3 ¢),
PECMEKTUBHO yluupsiBaHe Ha fobmeHaTa kamepa. Ha durypa 3
d) e npeacTaBeHO KPaMHOTO (HAKTMYECKO MOMOXEHWe Ha
eKCMoaTaLUMOHHMAT JOBMBEH y4acTbK. B MomeHTa B kouTo ce
peanuanpa 0hOpMSIHETO Ha nocmeaHata kamepa (durypa 3d)
ce HabntogaBa paspylaBaHe OT efHaTa (3amagHaTa) CTpaHa



Ha eKCnepuMeHTanHuAaT LUenuk. OT aHanusbT Ha AaHHUTE K yCTaHOBABAT NPU3HALW Ha rPaHU4YHO HanperHato CbCTOAHME B
MexaHu3Ma npu paspyllaBaHe Ha HabntoaaBaHusT Luenvk ce Lenuka.

NErEHOA

M3ONMPAH NOATEPMAL LENMK

NOCOKA HA USMEPBAHE

— JAMEPHA CTAHUWA B KAMEFATA
L ] JAMEPHA CTAHUWA B UENHKA

d)

c)

®ur. 3. Etanu npu OTpGGOTBaHe Ha eKcnnoaTaUyUOHHUAT yHaCTHbK: a) B Ha4aJlHO nofioxeHue Ha U3MepBaHe, b) crep ohopMsiHe Ha CbCeAieH LienuK. C)
cnep ochopMaHe Ha UsnaTa kKameparta okomno HabnoaaBaHUAT Lenuk; d) B Kpas Ha eKcnnoatauusTa npu )opMsHe Ha HOBa Kamepa

Tabnuua 2. EKcnepumeHmanHo noy4eHu pesynmamu om usMepeaHusima

Ne HA OTHETA NEPUOO HA CYMAPHA CYMAPHA IE©OPMALIUA TEXHONOIMYEH NPOLIEC CymapeH o6em
OTYETA[ RE®OPMALIUA B B KAMEPATA “IN SITU”(um) [[OGUBHM paboTy,

OHUY] LIEJTUKA “IN SITU”(um) m?
1 1 0,0 0,0 Ochopmsi ce chCefeH Lennk 10
2 1 0,0 0,0 Ochopmsi ce chCefieH Lenuk 18
3 1 0,0 0,0 OdpopMsi ce cbeeaeH Lienuk 30
4 1 0,0 0,1 Odpopmsi ce cbeeaeH Lenuk 4
5 1 0,1 0,2 Ochopmsi ce cheefeH Lennk 50
6 3 0,3 0,5 Ochopmsi ce chCefieH Lenuk 65
7 3 0,4 0,7 OdpopMsi ce cbeeaeH Lienuk 82
8 3 0,9 0,9 Odpopmsi ce cbeeaeH Lenuk 103
9 3 1,0 1,2 Odpopmsi ce cbeeaeH Lienuk 121
10 3 1,1 1,5 Ochopmsi ce chCefieH Lienuk 130
35 7 8,2 28,5 LIENIMKBT E O®OPMEH 240
36 7 14,0 31,5 Odpopmsi ce kamepa 267
37 7 22,0 33,0 Odpopms ce kamepa 285
38 7 24,5 34,5 Odhopms ce kamepa 302
39 7 26,5 35,0 Ochopms ce kamepa 326
55 7 37,5 48,0 KAMEPATA E O®OPMEHA 460
56 7 38,5 54,0 Odpopmsi ce cbceaHa kamepa 486
57 7 41,5 58,5 Ochopmsi ce chceHa kamepa 512
58 7 41,5 59,0 Ochopmsi ce cbceHa kamepa 534
75 7 41,5 91,0 O®OPMEHA E CbCEJHA KAMEPA U 815

NoaxodA KbM HEA
80 7 41,5 91,0 HE CE BOAAT JOBWBHU NPOLIECKH
90 7 41,5 91,0 HE CE BOAAT JOBUBHW NPOLIECKH
nerenga
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®ur. 4. O6wa rpadmka Ha pesynTaTute NoNy4eHN OT U3MepBaHNATa
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MapameTpuyHo nacnepsaHe Ha HAC Ha uenuka
U CpaBHAIBaHE C eKCNepUMEHTalNHUTe
pe3ynTatu

Mo pesynTatute OT W3BbPLUEHUTE M3MEPBAHUS U
0Tpa3ssBaHeTo Ha [OOMBHUTE MPOLECH e OT4YeTeHa Hayan-
HaTa W kpaitHaTa aechopMaLns B eKCNepUMEHTANHNST LenunK
W KOHBEPreHUMsITa B LieHTpanHata 4acT Ha kameparta.
MpupacTute Cca OTYETEHU EKCMEepUMEHTANHO UM upe3
MoflenmpaHe.

3a pa ce onpegeny npupacta Ha HanpexeHus HaCTbIIU

B Lenuka e Heobxogumo ga Obge onpedeneHo ecrtect-
BEHOTO Mone Ha HanpexeHus. ECTeCTBEHOTO HanperHaTo
CbCTOSHWE Ha MacuWBa € u3CnedBaHo Ha [ABe HWBa
NOCPEACTBOM  aHanUTUYHU [2] W eKkcrepumeHTanHu [6]
metogu. Pesyntatute OT Te3u u3MepBaHus [okas3saTt
CXOACTBO.

CrenpalmaT etan OT W3CMEeABaHETO € OCbLECTBEHO C
MogenupaHe. C noMoLyTa Ha HEro ce Lienu OnpesensHeTo
Ha HayarHOTO HamperHato CbCTOSHUE B  EKCMEPUMEH-
TanHuaT uenvk (durypa 5 a), cneg Koeto ce onpegensi u
npupacta, KOMTO CE CpaBHsIBA C EKCMEepUMEHTanHO Mosy-
YeHuTe faHHu (curypa 5 6).

EkcnepumeHTanHuTe pesynTati nokassat, Ye npupacTa Ha
HanperHaTo CbCTOSHWE B NOAOBPXALMAT LEMNK npw
MbpBUAT eTan oT paspaboTeaHeTo e 1,2 MPa, ¢ pa3suTneTo
Ha MWHHUTE paboTu, Npu BTOpUS eTan npupacta HapacTea
00 2,8 MPa, a B nocnegHuAT TPETU eTan oT ekcnnoarawuusTa
B BOOMBHUAT yyacTbK (hurypa 3 d) OKOHYaTENHMAT npupact
e 4,8 MPa. lonyyeHute pe3yntatm OT NapameTPUYHUST
aHanu3 (durypa 5) ycTaHoBSIBAT MPUPACT Ha HaNpPexXeHusl B
Lienuka cneq ywupsisaHe Ha kamepata ot 3,0 MPa.

a)

6)

dur. 5. P83yJ1TaTVI OT YMCNEeHOTO MoAenupaHe 3a onpeaensHe
npupacTa Ha HanpexeH!s B LieNIUKa

12

OT nomnyyeHnTe pesynTaTi 3a HapacTBalLOTO HAaTOBapBaHe
MOCPEeACTBOM YUCTIEHUTE U eKCNIepUMEHTANHUTE MeToay, 3a
npeacTaBUTENHY Ce NpUeMaT eKkcrnepUMeHTanH1Te, Thbil KaTo
YUCNEHOTO MOENMPaHe Chabpxa HenabexHa uneanusaups.

3aknioyeHue

lpoBegeHUTe U3MepBaHUS  OCUTYpsiBaT — KONMYECTBEHA
OLieHKa Ha CbMbTCTRALLMTE A0OMBA reOMEXaHU4HI NPOLIECH.
3a uenuTe Ha u3creaBaHEToO € Cb3fafeHa M NpeLsiokeHa
MeTOZMKa 3a eKCrIEPUMEHTANHO W3CneaBaHe Ha npupacTa Ha
HaTOBapBaHe B NOAAbPXALUMAT LEnMK ¢ OT4MTaHe
BMMSHWETO Ha TEXHONOMMYHWUTE OMepauui B KOHKPETHOTO
Haxoguwie. AHanM3bT Ha peaynTaTuTe OT M3MepBaHusTa
[0Ka3Ba, Ye CbliecTByBallaTa MpakTika Ha MpecTbpreaHe
Ha M3onMpaHWTe NOAAbPXAlM Lenuum (HamanseBaHe Ha
HocellaTta MM CMOCOBHOCT) reHepupa puck oT 3aryba Ha
YCTOMYMBOCT MOpPagM IMnca Ha [aHHM 3a OCHOBHWUTE
(bakTopy Onpedensiy  yCTOWYMBOCTTA Ha  CcucTemara
[obusHa Kamepa/Tlopabpxaly uenuk (OK/MIL). Monyvenute
pesynTaTi OT Peann3vpaHoTO CbYeTaHWE MEXAY YMCTIEHU
€KCMepuMeHTanHM MeToaN ca OCHOBA 3a MONyyaBaHeTo Ha
HaAEXOHW OaHHM NpW 3axpaHBaHe Ha BCEKM NPOEKT Mpw
pa3paboTBaHETO Ha NOME3HU M3KoNaemu.

Nutepatypa
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lognwHuk Ha MIY, Tom 57, cB. Il, 2014, ctp. 12-14.

2. Hoek E.T. Rock Engineering AA Balkema. Rotterdam,
2001.

3. B. H. G. Brady, E. T. Brown- Rock mechanics and
underground mining, third edition-Canada 2004.

4. Rocscience, Phase2, ver. 8.0 Fine element analysis for
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nybnukyBaHe oT kaT. ,Mof3emMHo paspalboTBaHe Ha NonesHu uskonaemu’.
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JOOEKTUBHOCTb NPUMEHEHMA KAHATHBIX AHKEPOB ANnA NOAAEPXAHUA
NOAroTOBUTENBHBLIX BbIPABOTOK B YCITOBUAX CITABbIX BOKOBbIX MOPOA

10.M. XanumeHduk', A.B. Bpyii', A.C. bapbiwHukoe’

T FocydapcmeerrHoe BY3 «HIY», IHenponemposck, Ykpaura, as_nmu@mail.ru

AHHOTALMA. OgHum 13 pe3epBOB CHIKEHWs 3aTpaT Ha BO30GHOBNEHWE OYMCTHOTO PPOHTA W MOBBILLIEHNS MPOU3BOANTENBHOCTY YrnefobbIBalOLLErO NpeanpusTIS
SIBMSIETCS MOBTOPHOE MCMOMb30BaHWe BblpabOTOK. Takasi TEXHONOrMS MO3BONSIET Peanu3oBaTb MPSIMOTOUHYKD CXEMYy MPOBETPUBAHMUS, YTO [LAET BO3MOXHOCTb
VHTEHCUUKALMN Harpy3Kn Ha O4UCTHOI 3aboi Mo ra3oBOMY M TEMoBOMY (hakTopam, M UCKMKoYaeT 3aTpaTbl Ha MPOBEAEHNE MOArOTOBUTENbHBIX BbipaboTok. [Ans
3(hheKTUBHOTO NOAAEPKaHNS LUTPeka nocrne NpoxoAa MepBoro O4MCTHOTO 3abosi HeoBXOAMMO NMpeAoTBPaTUTL MOTEPU CeveHus BbipaboTku Ha Bcex aTanax eé
akcnnyatauun. Ha waxtax YkpauHbl yCUrneHue Kpenu Briepeay naBbl BbIMOMHSETCS CTOMKAMM YCUNEHUSs, 8 MEXaHU3MpOBaHHas Kpenb conpsikeHus obecneunsaeT
6e3onacHoCTb paboT Ha conpsikeHun «nasa-WTpek». OgHako Ans obecneyveHns BbICOKMX CKOPOCTEN NoaBMraHus o4nCTHoro 3abos (6onee 150 m/mec) Takme mepbl
SBNATCA ManodeKTUBHbIMIA 13-32 BbICOKOW TPYAOEMKOCTW PaboT, 3arpOMOXAEHUS MONME3HOro CeveHus BbIpaboTku. MupoBOI OMBIT MOKasbiBaeT, YTo
NPYMEHEHNE KaHaTHbIX aHKepOB [N1S MOAAEPXaHWs LUTPeka Ha BCEX 3Tamax ero akcnnyartauun SBnsieTcs 3theKTUBHbIM peLleH1eM, MO3BOMSIOLMM UCKNIYNT
CTOWKM YCWMEHUSI U MEXaHWU3MPOBaHHbIE Kpenu-conpsikeHus. HopmaTueHas 6asa, permameHTVpyloLlasi napameTpbl YCTAHOBKM KaHaTHbIX aHKepOB ANs LiaxT
YkpaunHbl, oTCyTCTBYET. [103TOMY NpUMEHEHMe KaHaTHbIX aHKepoB B ycnoBusix cnabbix 60koBbIX Nopoa waxT 3anagHoro [onbacca TpeboBano npegsapuTenbHOro
onpoboBanus. B cTaTbe mpuBeaeHbl pesynbTaThl 3KCMEPUMEHTA MO YCUNEHWNIO KPeny LUTpeKka B 30He OMOPHOTO AaBMEHWS BMEpeam NaBbl M HA COMPSKEHUM Mpu
MOMOLUM KaHaTHbIX aHKepoB B ycroBusiX wWwaxTbl «CTenHasi». MpoBeaeHbl HaTypHble HabMIOAEHUS 33 CMELLEHUSIMI 3NIEMEHTOB CUCTEMbI «KPEMb-MaccuB» B Tpex
BbIpaboTKax C pas3nuyHbIMU CXeMaMu ycuneHust kpenu. NMokasaHo NPeUMyLLECTBO KaHaTHBIX aHKEPOB Nepes TPAAULMOHHBIMU CXEMaMU YCUNEHUS KPEMU, TaKUMM Kak
CTOWKI 1 MeXaHW3MpoBaHHble Kpenu-conpsikeHnsi. OTkaa OT UCMONb30BaHUs CTOEK YCUMEHUS! BNEPEAM NaBbl U MEXaHU3UPOBAHHOM KPeni Ha COMPSHKEHUN NO3BONMI
CHW3UTb TPYAOEMKOCTb PaboT, YMEHbLUUTL 3aTpaThl BDEMEHW Ha KOHLEBbIE OnepaLyuy, YBENnYMTb CBODOAHOE NPOCTPAHCTBO B LUTPEKE U HA COMPSHKEHUN C NaBoW,
yto obecneunno adeKTUBHYI0 SKCmnyaTauuio CTpyroBoro komnnekca DBT ¢ nogsuraHuem ounctHoro 3abost co ckopocTbio 200-220 m/mec, W no3sonumo
YMEHbBLLUWTbL Hakonnexue fedopmaLnit LWTpeka.

KnioueBble cnoBa: kaHaTHbIN aHKep, ycuneHue Kpenu, KoHBepreHuua Bblpa60TKM, HaTypHble HabniogeHus, cnabble nopoAbl.

E®EKTUBHOCT NMPU U3NON3BAHETO HA Bb)XXEHW AHKEPW 3A NOAABPXAHE HA NOAFOTBUTENHUTE U3PABOTKHU
MPU CNABU CKAJTHU CTEHU

10. M. Xanumenduk, A. B. bpyii, A. C. bapuwHukos

Lvpxaser BY3 ,HI'Y” [Inenponemposck, Ykpalina, as_nmu@mail.ru

PE3IOME. EovH OT HauMHMTe 3a MOHWXaBaHe Ha pasxoguTe Npu Bb30OHOBsSBaHe Ha AOOWBHUS (POHT 1 MOBULLABAHE NPOM3BOAUTENHOCTTA HA BbINEA0OUBHOTO
npeanpusT/e e NOBTOPHOTO M3MNON3BaHe Ha u3paboTkuTe. Taan TEXHOMOMS NPaBM Bb3MOXHO PeanuanpaHeTo Ha AMPEKTHaTa CXeMa Ha BEHTUNaLWs, KOeTo nomara
3a MHTEeH3MdMKaLmaTa Ha HaToBapBaHETO Npi A0OWBHIA 360Vl NO ra3oB W TOMNMHEH NOKa3aTenn 1 U3KMioYBa 3arybute npu U3BBLPLUIBAHETO HA MOATOTBUTENHUTE
13paboTkn.3a echeKTMBHO NOAAbPXaHe HAa MUHHATa ranepust cref rokassaHeTo Ha MbpeuTe [OOMBHK 3aboM e HeobxoaMMO NpeaoTBpaTABaHe Ha 3arybute Ha
CeyeHne Ha u3paboTkiTe MpW BCWUYKM eTanu Ha TAxXHaTa ekcnnoatauus. B pyanuMuute Ha YkpaiHa ycunBaHeTo Ha kpenexa npean 3abosi ce u3BbpLiBa C
MOACUNBALLM MOANOPH, @ MEXaHM3NpaHNs Kpenex ocurypsisa besonacHa paboTa Ha MuHHaTa u3paboTka.Bbnpeku ToBa, 3a oCUrypsiBaHETO Ha BUCOKA CKOPOCT Ha
npuaskBaHe Ha AobuBHMA 3aboit ( noseye oT 150 m/Mec)Tesn Mepku ca Manko edeKTUBHU 3apadu BUCOKaTa TPYAOEMKOCT Ha pabotaTta, 3aTnayBaHETo Ha
MoNesHoTO ceyeHue Ha uapabotkara. CBETOBHMAT ONWT MOKa3Ba, Ye U3MNON3BAHETO HA BXEHU aHKEpK 3a NOAAbPXaHe Ha NOATOTBUTENHUTE U3pabOoTKM NpU BCUYKM
eTanu Ha ekcnnoatauus e eeKTUBHO peLLeHIe, MO3BONABALLO M3KMIOYBAHETO Ha MOACUNBALLMTE NOANOPY U MexaHnyHWs kpenex. HopmaTueHa 6asa, Ha kosiTo 6y
MOITIO [ia Ce OMpe U3MOM3BaHETO Ha BbXEHW aHKepy B YKpaliHa, He CbLyecTByBa.ETo 3alLo, 3a ja 6bAaT 13nonasaHu BbeHU aHKepy npy criabute CTpaHnyH1 CTeHN
B ranepumte Ha 3anageH [lonbac, e 6uno Heobxoaumo npensapuTenHo onpobsaHe. B ctatusita ca NOCoYeHM pesynTaTuTe OT MPOBEAEHUS EKCTIEPUMEHT 3a
yKkpenBaHe Ha 3a00s B ranepusiTa B 30HaTa Ha CTPaHU4YeH HaTUCK Npean 3a60s 1 B YCMOBUSATA Ha BbXEHW aHKepy B CneLutmuH1Te YCrioBus Ha ranepus , CtenHas”.
[MpoBegeHn ca HenocpeacTBeHN HabmoaeHus npu edopMaLys Ha eneMeHTUTe , Kpenex-macus” B TpU U3paboTky C pasnuyHM CXEMW 3a YCUNMBAHE Ha Kpenexa.
[MokasaHo e MPeNMYLLECTBOTO Ha BHXEHUTE aHKepy Npef TPaAULIMOHHUTE CXEMM 3a YCUNBaHE Ha Kpenexa, TakuBa KaTo- CTOWKM 1 MexaHuanpaH kpenex.OTkasbT oT
13MON3BaHe Ha YCUNMEHW CTOMKW npedn 3ab0s W MexaHW3npaHW KpenexHu crnobku, NMOHWkaBa TPYAOEMKOCTTa Ha pabotata, 3arybata Ha Bpeme npu
3akniounTenHuTe pabotu, yennyasa ce CBODOJHOTO MPOCTPAHCTBO B ranepusita W Ha CBpb3kaTa CbC 3ab0s, KOETO ocurypsiea edheKTMBHA ekcnnoataums Ha
kombainHoBus komnnekc DBT ¢ npuasmkeaHe Ha fobuBHUS 3a6oit 4o ckopocT 200 - 220 M/Mec 1 HamansiBaHe Ha HaTPYNBaHETO Ha AedopmaLum B ranepusiTa.

Kniouosu AYMU: BbXEH aHKep, yCUNBaHe Ha Kpenexa, KOHBEPreHTHOCT Ha MSPHGOTKMTG, HEenocpeacTBeHn Habniogerus, cnabu ckanHm CTeHmn

BBepeHue MPOMBILUNEHHOCTA  YKpauHbl. [ns  yBenu4yeHus Temnos

MOABUraHMs OYUCTHbIX 3aboeB TpebyeTcs Wcmonb3oBaHWe

MupoBOI OMbIT NOKa3bIBAET, YTO MHTEHCU(MKALMA J0OObIYM CXem NpAMOTOYHOrO NPOBETPMUBAHWA, 4TO MNOAPA3yMEBAET

yrns 6onee Bcero obecneynBaeT noBbilLeHe dPPEKTUBHOCTH COXpaHeHWe BbIEMOYHbBIX LUTPEKOB Kak [0, Tak 4 nocne

yrmepoObiBatowero  npegnpustus.  3T0  HanpasreHue npoxoda naebl, @ Takke 3KCnayaTauuto BbICOKONPOU3BOAM-
ABNSETCH  HeoOXOOMMbIM  YCTIOBMEM  Pa3BUTUSI  YTONBHON TENbHBIX KOMMIEKCOB.
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YBenu4yeHne ConpoTMBNEHNSI OCHOBHOM 1 BCMIOMOraTesbHOM
Kpenu NpuBOANT K YMEHBLUEHUIO KOHBEPreHLun (YepHsik 1 ap.,
1976). Hannune B KpOBMe MPOYHbIX MOPOL M MPUMEHEHME
yCUnuBatoLein kpenu CrnocobCTBYET COXPAHEHWIO LUTpeka
nocne npoxoga naebl. CormacHo (CQOY... 2007), B cnabbix
BokoBbIx mopogax (0w<25-30 MMa), 4TO XapaKkTepHo A
waxt 3anagHoro [loH6acca, nopaepxaHue BbipaboToK 3a
O4MCTHbIM 3ab60em He pekomeHayeTcs. Tem He meHee, Ons
YKa3aHHbIX ycrioBui Bbino BbINOMHEHO BOMbLIOE KOMNYECTBO
nccnenoBaHWA U paspabotaHa WHETpykums (MHCTpykumst mo
nogaepxaquto... 1994) no nogaepxaHuto BoipaboTOK B 30HE
BNUSHWA NaBbl Mpu ckopocT nogsurakns o 100 m/mec.
CornacHo (CQY... 2007), ycuneHue BbIpaboTKM Brepeam
O4YMCTHOTO 330051  peKkoMeHAyeTcs MpoBOAUTL — CTOMKaMW
yCUneHus, nubo YCTAHOBKOW MPOMEXYTOUHbIX PaM Kpenu.
CunTtaetcs, 4TO  WCMOMb30BAHWE  CMeUManbHOW  Kpenu
COMPSBKEHUST MOMHOCTBIO MEXaHW3MPYeT MPOLECC KpenneHus
COMPSKEHUs], CrnocobCTBYET MOBbIWEHWKD 6e30macHoCTU K
npoussoanTensHocTn pabot (LLUupokosu ap, 1987.). Mpu
BbICOKWX CKOPOCTSIX MOABUraHMst 04nCTHOro 3abos (Gonee 150
M/MeC) Takue Mepbl ABMAOTCA Mano3teKTUBHbIMUA U3-3a
BbICOKOW TPYAOEMKOCTM paboT, 3arpOMOXAEHMS MOME3HOro
CceveHms BbIpaboTky.

[MepcnekTUBHBIM peLueHreM ykasaHHbIX npobrnem sensetcs
UCKMIOYEHNE NPUMEHEHUS CTOEK YCUNEHUs Brepeau nasbl W
MeXaHU3NPOBaHHbIX  Kpemnei  COMpSKeHWst  MOCPEeACTBOM
YCTAHOBKM KaHaTHbIX aHkepoB. KaHaTHble aHKepbl LIMPOKO
VCMOMb3YIOTCA NP COXPAHEHWM LUTPEKOB [N MOBTOPHOIO
1CNoNb30BaHNS Ha 3apybexHbix waxtax (Prusek et al., 2011;
Tadolini et al., 2010; Pasymos u gp., 2012). Ucnonb3osaHue
KaHaTHbIX aHKEPOB B ycnoBusx waxt 3anagHoro [loHbacca ¢
npo4HocTblo  BokoBbIX mopog Ao 25-30 MrMa Tpebosano
NpeaBapuTeNnbHOrO  ONpoBOBaHUMA M FEOMEXaHWYECKOro
obocHoBaHus (XanumeHguk 2007).

CraTbsi NOCBSILEHA OMbITHO-MPOMBILLIEHHOR  3KCnnya-
Taymm cnocoba ycuneHus 165-ro cbopHoro wrpeka [1CIM
«laxta «CrenHas» Bnepean oumncTHoro 3abost 165-i naBbl,
KOTOPbLIN NpefycMaTpuBan 3aMeHy LTPEKOBbIX MexaHuau-
POBAHHbIX KpEMeil COMpSIKEHUSt M CTOEK YCUMEHWs Ha
kaHaTHble cTanenonuMepHsle aHkepa AKO1.

Ycnoeus npoBeAeHNUs UCCNeaoBaHMIA

165-71  cOOpHbIn  wWwTpek npompgeH ¢ BocTounoro
MarucTpanbHOro OTkaTouHoro wrpeka rop. 300 M no nageHuo
yronbHoro nnacta Cs Ha rop. 490 M, cpegHwWin YKnoH 4o
YronbHblit nnact Ce - NPOCTOr0 CTPOEHUS, TPeLLMHOBATbIN,
CLENmneHue ¢ nopogamn OTCYTCTBYET, BbIHUMAEMast MOLLHOCTb
- 1,04 m. BokoBble nopodbl NpeacTaBneHbl NepecnanBaro-
LWAMMCH aneBponuTaMm W aprunautamMm C MPOYHOCTBI0 Ha
opHoocHoe oxatue o 25 MIMa u co cnabbim cuenneHnem.
Boipabotka Obina 3akpenneHa pamHO-aHKEPHOM Kperbio
KLWMy-17,7, war ycraHoskn — 0,7 m. KpoBnsi Bbipabotku
ycuneHa  cTanenonvMepHbIMM — aHkepamm ¢ Tny6uHON
aHkepoBaHms 2,2 M (5 wrt. B psgy) NoA MeTanmM4eckui
nogxsat. Ha paccrosHuu 6Gonee 60-70 m Bnepean nasbl
npousBogMnack NogpbiBKa  MOYBbI, MOOHATME  KOTOPOW
NpoM3OWNO  elle Ha CcTagum  NpOBedeHust  LUTpeka.
MopoepxaHue 165-ro cOOPHOro LUTpeKa B 30HE OMOPHOTO
[aBMEHUs BNepeam NnaBbl 1 HA COMPSHKEHWM MPOM3BOAMIIOCH

3a CYeT ABYX PAAOB kaHaTHbIX aHkepoB AKO1 anuHon 6,0 M ¢
HecyLen cnocobHocTbio 210 kH (cm. puc. 1). Mocne npoxoga
OYMCTHOrO 3abos nog pamy YyCTaHaBnMBanMUCb  [Be
[epPEeBSHHbIE PEMOHTMHBI.

| P . =

1 — CeKumMs MexaHu3npoBaHHoN kpenu; 2 — kpenb KLLMY;

3 — LUTAHroBbI aHKep; 4 — KaHaTHble aHKepa; 5 — aHKep AN NoaaepxaHns
BEPHEro anemeHTa kpenu; 6 — aHkep 4ns ycunexns 6poBkv naebl; 7 —
obpesHon psig; 8 — opranHble paabl; 9 — koctep; 10 — GokoBas CToiika Mexay
KpOBMew nnacTa v noYBoil BbipaboTku; 11 — CTOAKK yCUneHms.

Puc. 1. Cxema kpenneHus u ycunenums 165-ro coopHoro wrpeka

Pe3ynbTaTtbl 3KCnepuMeHTa

[ns ycTaHOBNEHWst CMeLeHuii koHTypa 165-ro cOopHoro
UTPeKa Ha 9KCMEPUMEHTANbHOM Y4acTKe C MNOTHOCTbH
YCTaHOBKM KaHaTHbIX aHkepoB 1,4 WwT/m.n. Obinu 06opyaoBaHb
6 HabnogaTenbHbIX CTaHLMIA.

Ha wMmomeHT nepBoro HabniogeHus HabnogaTenbHble
CTaHLMN HaXO4WMUCh Ha PacCcTosHAM 247 M OT ABWXYyLLErocs
OuMcTHOrO 3abost (CpedHsis CKOpOCTb MOABWraHUs Okono 7
m/cyT). Beero BbinonHeHo 18 cepuit HabntoaeHuin o cpeaHen
NEePUOANYHOCTBIO B 3 AHS.

Peakumst cucTeMbl «Kpenb-MaccuBy» Ha OMOPHOE [aBrneHue
BNEpeau Nasbl Hayanack Ha paccTosHum 60 M (puc. 2).
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10 09HCTHOTO 3bon 11 OMHCTHEIM 3aioen
paccTosiHue, M
© ONyCKaHWe KpoBnM
B NOAHATHE NOYBLI
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Puc. 2. CMelLeHne 3NeMEHTOB CUCTEMbI «Kpenb-MaccuBy 165-ro wrpeka
W3 rpadukoB BWOHO, 4TO CymMMapHas BepTukanbHas

KOHBEPreHLmMs LWTpeKka [0 NOAX0Aa Nasbl U Ha CONPSHKEHUN He
npesbiwaet 0,2 m.



PaHee npoBogunuch wWccnegoBaHua npouecca  KOHBEp-
FEHUMM MOLTOTOBUTENbHbIX BbIpaboTok npu  oTpaboTke
cMexHbIX 157 n 161 naB waxtel «CtenHasy. MakcumansHas
CKOPOCTb NOABWraHMA OYUCTHbIX 3ab0eB cocTaensna o 4
m/cyT. B 157 naee Bblemka yrns npouseogunach kombanHom
MB-410E, a B 161-n - cTpyroBoit ycraHoskon DBT.
Bbipabotkm ©Obinu  3aKkpenneHbl  pamHO-aHKEPHOW  KPEMbIo.
Mopnepxanne 159 n 163 cOOPHOro LUTPEKOB B 30HE OMOPHOTO
[ABMeHNs  MpOW3BOAMIIOCH  YCTAHOBKOW  MHBEHTApPHbIX
rMOPaBNUYECKX CTOEK, COMPSDKEHWE LUTPEKOB C  IaBoM
MPOU3BOANNIOCH MPY MOMOLLM ABYXPSGHONM KPEenu-ConpsiKeHus
YKC n psigom cToek, ycTaHaBnMBaeMbIX MO4 MeTamnnyeckui
MPOroH (puc. 3).

ot 1

[ 350
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1 — ceKkums MexaHu3npoBaHHoM kpenu; 2 — kpenb KLLMY;

3 — LTaHroBbI aHkep; 4 — rnapaBnNYeCKue CTOVKN; 5 — aHkep Ans
NOLAEPXXaHUs BEPHETO 3rieMeHTa Kpenu; 6 — ByXpsiiHas Kperb COMpsKEHUS);
7 — 0bpesHoit psig; 8 — opraHHble psabl; 9 — koctep; 10 — GokoBas cToika
MeXay KpoBrel nnacta v no4son BbipaboTku; 11 — cToikv yeunenus; 12 —
6anka ycunenus us CBI.

Puc. 3. Cxema kpenneHus u ycunenus 159-ro coopHoro wrpeka

[MposiBNeHne OMOPHOTO [AaBfiEHMs HaumHanoc B 125 m
Brepean naB. HecmoTps Ha BbIMOMHSIEMble Mepbl MO
noanepkaHuto,  3aMKCMpOBaHbl  3HAUMTENbHblE  NOTEPM
CEYEHWs, KOTOpble elle [0 MoAxoda OunCTHoro 3abos
coctaum 0,4-0,7 m, a Ha conpskeHn — go 1 m (puc. 4).
Mocre npoxoga naBbl  BepTuMKanbHas — KOHBEPreHuus
coctasnana 1,5-1,8 M, T. €. NOTepu CeYeHNs COCTaBMIM OKONO
60%.

paccToAHKE, M
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Puc. 4. CpaBHUTENbHbI
wTpekax

BepTUKanbHOM

rpacmk KOHBEPreHuun B

MpenUmyLLecTBO  MCMOMNb30BaHUA  KaHATHbIX  aHKepOB
3aKMoYanocb B WCKIIOYEHMM CTOEK YCUNEHWs W Kpenew
COMPSIKEHNS], YTO MPUBENO K COKPALLEHWIO 3aTpaT BpeMeHM Ha
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BbIMOITHEHME KOHLIEBbIX OMEpaLuii, yBENMYeHno cBoBogHOro
npocTpaHcTBa B BblpaboTke M mosBonmno  obecnevnTb
3(hEKTVUBHYIO  SKCMMyaTauMio  CTPYroBOr0  KOMMfekca W
0bOpyaoBaHMS Ha COMPSKEHMM «NaBa-LTpek». B Takux
YCroBWSX  YAAnoCb  JOCTUTHYTb  YBEMUYEHUS  CKOPOCTH
noasuraHms ounctHoro 3abos ¢ 90-120 go 200-220 m/mec.
MoMMMO  yBEnWYeHWs MPOW3BOAWTENBHOCTM  MaBbl, 3TO
YNYYLIMIO COCTOSIHWE BbIPabOTKW BNepeam 04MCTHOMO 3abos v
Ha COMPSKEHMM, YTO MPUBENO K YMEHbLIEHWUIO 0BLMX
AecopmaLmii 38 04UCTHBIM 3a00eM.

BbiBoabl

Bnepsble B ycnosusx cnabbix 60KOBbIX Mopos 3anagHoro
[onbacca npon3eegeHO YCUIEHWE BLIEMOYHOTO  LUTPEKa
Briepeay O4MCTHOrO 3ab0s1 kaHaTHbIMM aHkepamu. OTkas oOT
NCMOMNb30BaHMS  CTOEK  YCWIEHWSt  Brnepeau nasbl U
MeXaHU3MPOBAHHON KPEMU Ha COMPSPKEHUM MO3BOMMUI CHU3UTh
TPYAOEMKOCTb paboT, yMeHbWWTb 3aTpaTbl BPEMEHM Ha
KOHLIeBble Onepauum, YBenn4nUTb CBOOOLHOE MPOCTPaHCTBO B
WTPEKe W Ha conpskeHuu ¢ nasoir. 310 obecneumno
3hheKTUBHYIO 3KcnnyaTaumio cTpyroBoro komnnekca DBT c
noaBuraHneM o4ncTHoro 3abos co ckopoctbto 200-220 m/mec,
YTO TakKe MO3BONMIO YMEHBbLINTL HakonneHne gedopmauui
LTpeka.
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NPUNOXEHWE HA YACNTOBOTO MOJENMUPAHE NPU U33EMBAHE HA 3ANACUTE OT
rPAHUYHUA LEENTUK B BNOK 150 HA PYAHUK YENOMEY

TemeHyza Neopauesa’, UeaH Aspamos?

" MurHo-2eonoxku yHugepcumem ,Cs. Mean Punicku®, 1700 Cogpus; t.georgieva@mgu.bg
2 [1vHou Mpewsc Memanc Yenoney” EALL, ¢. Yenoney, Cocputicka obracm; ivan.avramov@dundeeprecious.com

PE3IOME. Cpea n3nonasaHuTe B MMHHaTa MPaKTUKa YUCTIEHN METOAN KaTo MOLLIEH UHCTPYMEHT 3a U3cnefBaHe Ha CbCTOSHUETO HAa MUHHISA MacyB Ce SiBsiBa METO-
ObT Ha rPaHUYHUTE eneMeHTU. 3a aHann3 Ha CbCTOSHUETO Ha rpaHnYHKS Lenuk B 6nok 150 Ha pyaHuk ,Yenoney” npeau 1 No BpeMe Ha U33eMBAHETO My € Mpuro-
KEH CbBPEMEHEH MOAXOA - YNCNOoBO Mofenvpare. C nomoLyTa Ha cneumnann3npanus MuHeH codtyep Map3D e paspaboteH 3D mogen Ha Lienuka 1 OKoMHNS Macvs.
MogenupaHy ca BCUYKM €Tanu OT HEroBOTO M33eMBaHe, koUTo ca 060cobeHn B 26 MUHHM CTbNKM. TO3M NOAXOA NO3BOMNABA fAa Ce NpeAckaxe C Aobpa TOYHOCT 1
Ha[eXaHOCT, KaK LLie pearupa MacvBbT Ha Lienuka npy U3BbpLLBaHE Ha MUHHO-A06MBHM paboTk B Hero. MI3BBPLLEHNSAT aHanu3 Ha pe3ynTatute AaBa Bb3MOXHO Aa
C€ MAEHTU(MLMPAT MecTaTa ¢ NOBULLEHI HaNPEeXeHUs, B KOUTO Ce Cb3fjaBaT YCroBUs 3a NOTEHLMaNHa HeyCTONYMBOCT, KaKTO W fja Ce OLeHU HeobxoaumocTTa oT
JOMbIHNTENHO 3a3[paBsBaHe Ha MacvBa. HanpaBeHa e oLeHKa Ha CTeneHTa Ha 6e30MacHOCT Ypes CpaBHsBaHe Ha anTepHaTUBHYM TEXHOMOTUYHM CXEMM, CBBP3aHH C
nocnefoBaTeNnHoCTTa Ha 33emMBaHe Ha 3anacuTe W ynpaBneHNeTo Ha 04aKBaHUTE reoMexaHnyHn npobnemn Npu NpoTUYaLYMTe B Macuea npolecu. PesyntatuTe ca
13M0oN3BaHK KaTo 0CHOBA 3a 06CHXAAHE Ha HAKOM NPpeaBapUTENHM MAeN W KOHLeNLmn, kouto B1uxa Mormu 4a NocyxaT 3a noBuLLaBaHe Ha besonacHocTTa 1 edek-
TWBHOCTTA Ha BCEKW €[H OT eTanuTe Ha 133emMBaHe Ha Lienvka.

Kniouosu AYMU: YACNOBO MoAenupaHe, rpaHnyeH Lenuk, CbCToAHne Ha Maciea

APPLICATION OF NUMERICAL MODELING FOR CROWN PILLAR EXTRACTION IN BLOCK 150 OF CHELOPECH MINE
Temenuga Georgieva’, lvan Avramov?

" University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, t.georgieva@mgu.bg

2Dundee Precious Metals Chelopech, village of Chelopech, 2087, ivan.avramov@dundeeprecious.com

ABSTRACT. The boundary element method is among the numerical methods used in mining practice and is a powerful tool for investigation of rock mass behaviour.
A contemporary approach — numerical modeling is applied for analysis of the condition of the crown pillar in Block 150 in the Chelopech mine before and during the
mining. Using the specialized mining software Map3D was developed three-dimensional model of the crown pillar and surrounding rock mass. The created model
includes all mining stages, which are divided into 26 mining steps. This approach allows to predict with good accuracy and reliability, the response of the crown pillar
during the mining works. The analysis of the results allows to identify the overstressed areas with potential instability, as well as to evaluate the need for additional
ground support. An assessment of the safety rate has been made by comparing alternative technological methods considering the mining sequence and management
of the expected geomechanical problems during the extraction of the rock mass. The results are used as a base to discuss some preliminary ideas and concepts that
could be used to improve safety and effectiveness of each stage of crown pillar extraction.

Key words: numerical modeling, crown pillar, rock mass behaviour

BuBepeHue YAMTO CBOWCTBA CE M3NON3BaT 3a Lienus macus. Beudku Tesm
obcTosTENCTBA UMAT NPSIKO BRMSHUE BbPXY MpoLeca Ha Mo-

MopenupaHeTo Ha MUHEH MacvB Ce pasnuyaBa 3HaAYUTENHO FAenupaHe 1 BbPXY KpavHWTE pesynTaTi OT PELUeHUeTo Ha
OT TOBa BbB BCEKW Apyr TUM cpefa, T KaTto To Tpsbea aa Ccb3fjaneHns moder. ToBa npepnonara npyu OLeHka Ha Bepo-
0Tpas3siBa M3MEHYMBOCTTA Ha NPUPOAHATA cpeaarta, B KoATo ce ATHOCTTa [ia HaCTbMM paspyllaBaHe Ha Macuea, fa ce npuno-
M3BbPLUBAT MUHHUTE OEMHOCTW. TBbpAe YeCTO [aHHMTE, C X1 MaTemaT4eckn BeposiTHOCTEH NOAXOA, 4pes koWUTo aa ce
KOMTO Ce pasnorara, ca OrpaHWYeHu, HeMmbiHU WNK NIUNCBaT, OTHETE BEPOATHOCTHUAT XapakTep Ha BXOAHWUTE [aHHM B MO-
KOETO Hanara aHanuabT W NPOEKTUPAHETO fa Ce W3BbPLUBAT fiena, KakTo 11 BEPOSTHOCTTA f1a HAacTbMM AafeHo chbutue,
CbC CPABHUTENHO Manko cneLydmnyHa MHPOPMAaLMs 33 KOHK- Hanpumep 3aryba unv 3anassaxe Ha ycToituusocTTa. Vimura-
peTHns obekT Ha macnegsaHe (mogenupade). lMpupogHuTe LMOHHOTO MOA/MPaHE 1 B 4CTHOCT METOALT MoHTe-Kapno e
(paKTOle Ce W3MEHAT B LUMPOKW FPaHMLM WM UMaT criyyaeH €0VH CbBpeMeHeH noaxond, KOUTO BbB BCEKM €4WH MOMEHT
Xapaktep, KOMTO Cnefpa 3agb/KWTENHO Aa Ce OUeHW npu MOXe peasHo Aa oL n3BpaHns puck nNpu B3eMaHe Ha KOHk-
BBBEXIAHETO MM KaTo BXOAHW NapameTpy (Muxaiinos n Tpa- PeTHM TexHuyeckn peluedns (Muxaiinos v Tpanos, 2001).
nos 2001).0T Apyra cTpaHa TpsGBa Aa ce UMa npeasug, ue MogobHo n3cneppaHe B 3HauMTENHA CTeneH Gu yBennuuno
AKOCTHUTE M AeOpMaLMOHHU CBOMCTBA MoraT fa ce pasnu- CTenexTa Ha A0CTOBEPHOCT Ha KpanHITe M3BOAN U O4aKBaHNS,
JaBaT 3HAYUTENHO OT JENCTBUTENHUTE, ThiA KaTo Te Ce onpe- OCHOBABalLM Ce Ha PesynTaTuTe OT YMCNOBOTO MOAENMPAHE.
[IeNsiT upes uacrnedpaHe Ha onpedeneH Gpoii npobHu Tera, CornacHo Wiles (2005) npeuusHocTTa Ha BCMYKA MPOrHO3
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HampaBeHW C MOMOLLTA Ha YKUCMIOBOTO MOAENMpaHe e CTporo
orpaHMyeHa OT ecTecTBeHaTa W3MEHYMBOCT Ha reonoxkara
cpeaa.

Te3u dhakTopu UMaT Han-ronsaMo OTpaxeHue BbPXy Hagexa-
HOCTTa Ha MoMyYeHuTEe MPOrHO3X 3a MOBEAEHMETO Ha MacvBa
N W3MEHEHMETO Ha HEroBWTe CBOWCTBA. ETO 3awlo uenta Ha
MPUINOXEHNETO Ha YMUCIOBOTO MOenupaHe e ga ce gobue
NPeAcTaBa 3a LANOCTHOTO CbCTOsHME (robanHo U NokamnHo)
Ha M3CnedBaHMs MacuB, a He Aa Ce HaBnu3a B AeTalnu no
OTHOLLEHWe Ha reoMEeTpUATa M Ha CTONHOCTUTE Ha W3cnensa-
HWTE XapaKTepuCTUKW B Hero. PasrmexaaHeTo Ha Bceku ge-
Tain ot modena 6w goseno o 3aryba Ha oblarta kapTuHa
OTHOCHO M3MEHEHWSTa Ha CbCTOSHMETO Ha M3cneaBaHus
MWHEH MacuB (kamepa, LIeNnnK, MuHHa 13paboTka, eTax, noge-
Tax, v ap.).

3a noBuwWwaBaHe Ha HaZEXOHOCTTA M MOCTUraHE Ha Mno-
BMCOKa [JOCTOBEPHOCTTA Ha Pe3ynTaTUTe OT YMCIOBOTO MOfe-
NMpaHe, KakTo 1 3a Momy4aBaHeTo Ha No-HaAeXaHa NporHosa
OTHOCHO Bb3MOXHWUTE MeCTa M MeXaHW3MW Ha paspyLuaBaHe
Ha w3cnedBaHWs MacuB, € HeobxoauMo [a Ce M3BbpLUBA
HenpekbCcHATO KanubpupaHe Ha Mopena, MPeaXOXAaHo oT
obpateH aHanu3. CbrnacHo Brummer (Brummer et al, 2003)
HafleXOHOCTTa Ha camusi 0bpaTeH aHamm3 e OTHOCUTENHa W
3aBUCK OT MOJena, OT HEroBUTE MapameTpu W OrpaHUYeHus.
YaayeH Noaxod 3a W3BbPLIBAHETO HA TO3M aHanmu3 e upe3
M3MON3BaAHETO Ha CTATMCTUYECKM METOAM 3a CpaBHsBaHe Ha
pa3nuKUTE OT MHOTO Ha OpOil OTHENHW MPOTHO3N C TAXHOTO
0610 noBeaeHme.

Tean 3aaum BKIMOYBA HECHMHEHO M OCBLUECTBABAHETO Ha
NOAXOASILY, MOHUTOPMHT, KOMTO @ CE OCbLUECTBSIBA Ypes CUC-
TEMa 3a HabntofeHne, ocurypsiealla Bb3MOXHOCT 3a WHCTpY-
MEHTaHN HabMtoeHUs N KOHTPON Ha CbCTOSIHUETO Ha MacuBa
B NPELBapUTENHO ONPEAENEHN XapaKkTepHn ToukM (Muxaiinos,
2007). Ypenute TpsibBa fa ynoBsT TpeHAa Ha HabnogasaHuTe
XapaKTepuUCTUKK, Cned KOeTo [fa onpedenar Hueata Ha
npeaynpexaeHne, kato MarHUTYAM Ha HaNPEeXeHUs B CKanuTe,
aMNAMTYaM Ha [OBWXEHWe, CKOPOCT Ha NpeMecTBaHe U Aap.
Creq 3anouyBaHe Ha MUHHWUTE paboTh 1 OTYNTaHE Ha peanHu-
T€ AaHHM OT AATuMuMTE, reoMexaHUyHWAT mogen Tpsabsa fa
ce kanubpupa cnopes MHCTPYMEHTaNHNUTE [aHHM 3a NpeMecT-
BaHUATa B MacuBa.

HacTosiwara nybnukauus pasrexaa paspaboTeH reomexa-
HWYEH MOLen Ha rpaHuyHua Lenuk B 6nok 150 Ha pygHuk
Uernoney, B KOMTO 3amacute OT Lenuka ce npeaswxba Aa
Obaar M33eTU Ypes npunaraHeTo Ha cucTema C OTKPUTO Jo-
OMBHO NPOCTPAHCTBO - KaMepHa CucTeMa C NOLETaxHO OTOu-
BaHe W NocnenBallo 3ambfiBaHe Ha kamepute. M36opbT Ha
Tas3n cucTeMa Ha pa3paboTBaHe kaTo Ham-edhekTiBeH 1 6e3o-
MaceH HayuH 3a YCoBMUSTA Ha FPaHUYHUS LENVK e pasrnegaH
no-noapo6Ho ot Meoprvesa (2015).

Llen v 3agauu

LlenTta Ha HacToswaTa nybnukauns e ga onuile Cb3gafeHu-
Te reoMexaHu4yHu Moaenu WU3roTBeHn npeaud u3semeaHe Ha
BOOVBHMTE Kamepn B rpaHUYHNS Lenvk, Ha 6asaTa Ha KoWTo
Ja Ce W3BbPLUIM MPOrHO3a, KOATO Aa [aje npensapuTenHa
npefcTaBa 3a NOBEAEHUETO Ha OKOMHW MacuB, U a OTrOBOPM
Ha CregHUTE OCHOBHM Bbnpock: (1) Kakea e HeroBaTta yCTom-
UMBOCT BbB BCEKM €OMH OT eTanuTte My Ha paspaboTsae; (2)
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KaK BMMSISIT Ha YCTOMYMBOCTTa My OTropenexaliute obpyLieHu
cKarnm v KakBo e NOBEAEHMETO My MO TEXHWS ToBap, (3) Kakeo
€ Bb3EeNCTBMETO Ha MpoKapaHuTe HapesHn u3paboTkm Ha
HWBO 345 BBbPXY LANOCTHOTO CbCTOSHUE Ha Lienuka; (4) kaksu
MepKM M MeToaM Aa Ce MpUroxar C Len nocturaHe Ha no-
HafeXgHa MpOrHO3a Ha O4aKBaHOTO MOBEAEHWe Ha MacuBa;
(5) kakBM mMepku M MeponpusTua ga 6boat npeanpuetn 3a
NPOBEXOAHETO Ha ObITOCPOYEH U HAAEKOEH MOHUTOPUHT Ha
MacuBa.

3afjaunTe CBbP3aHU C M3CNEABAHETO Ha NOCTABEHUTE BbIl-
pOCK Ce CBeXaaT A0 narpaxgaHe Ha 3D reomexaHuyeH Moaen
kaTo B cnydas e usnonseaH cogtyepa Map3D. [eomeTpusTa
Ha MOAera, KakTo W BXOBHUTE JaHHW, KOWTO y4acTBaT B HEro
33 pasnuyHUTE BUAOBE Cpeau, TpsibBa MakcManHo TOYHO Aa
npecbsfasa [eNCTBUTENHOTO CLCTOSHUE Ha MofenupaHata
yacT oT mMacvsa. [lpyra 3agaya ce CBexga 40 OnpeaensiHe Ha
Hal-BaXKHWUTE NapameTpn Ha MacwBa, KOWTO OKa3BaT CbLUECT-
BEHO BMUSHME BbPXY HETOBOTO MOBEAEHWE M A0 MPOCreasBa-
He Ha TpeHda M rofiemuHaTa Ha TAXHOTO u3MeHeHue. Tesu
[aHHu cneaBa fa 6baaT CpaBHEHM C MHCTPYMEHTamMHN u3Mep-
BaHWA Ha CbLLMTE NoKasaTenu, ako ca HanuyHu Takuea. Cpea
OCHOBHWTE 3ajauu e Ja 6bgaT yCTaHOBEHM MecTaTa Ha Jio-
KarHa HeYCTOMYMBOCT, B Cry4an ye uma nogobHW uHovkaumm,
KaKTo W fa Ce npeanoxat Mepku 3a npefoTBpaTABaHe Ha
HeXenaHu CbOUTUS CBbP3aHN OCHOBHO CbC 3aryba Ha ycTom-
4MBOCTTA.

FeomeTpua Ha mogena

HekopekTHO MpeAcTaBeHaTa reoMeTpust Ha MoAenMpaHus
0beKkT MOXe Ja JoBefde A0 HETOYHOCTM B KpaiHaTa mporHosa
3a AencTBawmTe B Hero Hanpexenns (Wiles, 2005). Mpu nar-
PaXOAHETO Ha KOHCTPYKUMSITA Ha reoMeTpudHus mogen e
n3nonasaHo CAD npunoxenuneto kbm coptyepa Map3D.

Ha HuBo 330 uenukbT uma npubnuautenyu pasmepn 150 m
ObIDKMHA M wupnHa okono 30 m, a Ha xop. 360 HerosuTe
pasmepu ca CbOTBETHO AbimkuHa 170 m W wupuHa okono 55
m. 3a ga Obae OTYETEHO BL3LENCTBMETO HA OKOIHWUS MacuB
BbPXY NpoLiecuTe, NpoTMYaLLYM B Lienuka, B MOAENa e Cumynu-
paH KOHTaKTyBallMs C Hero Macwe. HenocpegcTBeHo nof
Lenvka mexay xop. 330 u xop. 260 ca MmogenmpaHu KaTo eaHo
TANO U33ETU U 3ambriHEHN kamepu. MMpubnnantenHuTe pasme-
pu Ha Te3n kamepu ca AgbmkuHa 30 m, wwupuHa 20 m u
BucoumHa 60 m. C Len aa ce oTyeTe AENCTBUTENHWUAT TOBap,
KOMTO TpsibBa A MOHECe LieNUKBT W HETOBUTE KOHCTPYKTUBHU
€NTeMEHTW, B MOZENa € BKIIYEH LENUAT KOMMMEKC Ha obpy-
LUeHUTe CKamu Hag Hero, JOCTUrally 4O MOBbPXHOCTTA. Taka
0OpyLLOBKMTE, KOWTO 3ansdraT HEMOCPELCTBEHO Hag TO3M XO-
pU3OHTarneH Lenuk ca ¢ BucounHa Hag 500 m. OT ronsma
BaXKHOCT 3a aflekBaTHOCTTa Ha MOAena € TOoW Aa 0TpassiBa
OCHOBHWTE Pa3pWBHW HApYLUEHWS B W3CMEeABaHWsS MacuB, Mo
KOMTO € Bb3MOXHO [a HaCTBLMAT MPUMITb3BaHE, NPEMECTBaHe
W pasToBapBaHe Ha MacuBa. B HsKou cryvam Moxe ga uma
reonoXkn 0cobeHOCTU, KOUTO He MoraT fa 6baaTt afekBaTHO
Npecb3nafeHn Npyu MoAenMpaHeTo. V3kmiouBaHeTo Ha TakuBa
0coBeHOCTM MOXe [a HanpaBu pes3yntaTute OT MOAena He-
penctautentu (Wiles, 2005). Heobxogumo € npean mopenu-
paHeTo fa ce nosHaBaT JoOpe PaspUBHUTE CTPYKTYPU W Myk-
HaTUHHUTE TPYNM B MacuBa, nopaau KOeTo npefaBapuUTENHO €
n3creaBaHa CTPYKTYpHaTa HapYyLUEHOCT Ha rpaHNYHUS LenuK.
Taka B pasrmexgaHus MOoZen 4pe3 paBHUHW, OTpassBaLLy



JaHHUTE OT M3MepBaHWsiTa (CTPYKTYPHOTO KapTupaHe) ca
BKIIOYEHW TPU PaspuBHK CTPYKTYPY, MO KOUTO Ca YCTAHOBEHM
ABuxeHus - aee Ha xop. 330 (Block 3 = 180/65° n Block 13 =
145/80°) n egHa Ha xop. 360 (Block 23 = 100/85°). 3aganeH e
W KOHTaKTBT B TOPHULLETO Ha PYAHOTO TANo. OnuUCaHusT reo-
MeTpUYEH MOZEN Ha rPaHWyYHKS Lenmk B 6ok 150 e nokasaH B
3D wn3rneg Ha curypa 1.

®ur. 1. 3D mopen Ha rpaHnyHuA Lenuk B 6nok 150 Ha pyaHuk Yenoney:
1) rpaHnYeH LenuK; 2) NpoekTHN AOGMBHM Kamepu B Lenuka; 3) uspa-
GoTKM Ha HUBO 345; 4) U33eTM M 3anbRHEHW Kamepu nop Lenuka; 5)
06pyweHun ckanu; 6) CTPYKTYPHU HapyLUeHUS.

Taka nocTpoeHaTa reomeTpus Ha MoAena Ha rpaHudHus
LienuK npecbaaasa C JOCTaTbyHO A0Bpa TOYHOCT M MbiHOTA
JelcTBUTENHNTE (hOpMa W pasMepy Ha TO3M XOPU3OHTareH
Lenuk. Ha Bcekn eduH OT M3rpaxpallure ro enemeHTu ca
NPUCBOEHN W XapaKTEpHUTE My CBOMCTBA, KOWTO CE& M3MCKBaT
oT codptyepa. ToBa Ce OTHACA KaKTO 3a XapakTepUCTUKUTE Ha
N3rpaxpalyMTe ro ckanu 1 3ambiIHEHUs, Taka 1 3@ CTPYKTYPHU-
T€ HapyLUEeHWs,, KOUTO ro npecuyar.

MU3cneaBaHu napameTpu

MpobnembT 3a KOHTPONA Ha FEOMEXaHUYHOTO ChCTOSIHUE Ha
MacuBa Ce pellaBa C 13CneABaHe Ha AMHaMWKaTa Ha M3MeHe-
HWe Ha HanpexeHusiTa 1 AechopMaLMnUTe B NOATOTBUTENHUTE U
pobusHKTe U3paboTky (Benkos n Muxainos, 2010).

3a uacrnegsaHe Ha HanperHaTo-4eopMMPaHOTO CbCTOSHNE
(HAC) Ha ckanHus macue B OMM30CT 4O NOA3EMHUTE MUHHM
13paboTkM MbPBO € HeobxoaMMo Aa ce pasnonara ¢ Hagexa-
Ha WH(OPMAUMsA 33 HAYarHOTO HamperHato CbCTOSHWE Ha
macvea. CbLLECTBEHO BRMSHME BbPXY Pe3ynTtati OT Mogena
MoraT Aa UMaT U3MEHEHUsATa B eCTECTBEHOTO NOMe Ha Hanpe-
KEHWS B MacKBa 1 MEXaHW4YHWUTE CBOMCTBA Ha CKanu. TAXHOTO
BNUsHWE MOXeE [a 6bae OLEHEHO MO-TOYHO aKo TEXHUTE CTOM-
HOCTW ObJaT YCTaHOBEHM OLLE NPean MacuBbT Aa € NOBMUSH
OT MWHHOZOOMBHUTE JEMHOCTW, T.€. Aa CE OLEHN eCTECTBEHO-
TO NOSe Ha HanpeXeHUsATa B MacvBa.

V3anon3Baiky Bb3MOXHOCTUTE 3a reHepupaHe Ha faHHK Ha
coptyepa Map3D, 0T mogena e HanpaBeHa U3BagKka Ha CTOW-
HOCTWTE Ha CriefHUTE NoKasaTeny NoOTAENHO 3a M3TOYHaTa MU
3anagHara YacT Ha Lenuka:

¢ MaKCKUMarHO M MUHUMAIHO TMaBHO HanpexeHue (a1,
03);
TaHreHuanHu (cpsiaBally) Hanpexenus (1);
00wy npemecTBaHms (dital);
koeduumeHT Ha sikocT (Strength Factor-C).

X3

%

X3

*

®,
0.0
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3a ycTaHoBsIBaHe Ha BMMSHUETO Ha MUHHUTE paboTu BbPXY
CbCTOSHUETO Ha rPaHWUYHUS LIENWK € U3CNeABaHO M3MEHEHMe-
TO Ha ropeonncaHuTe nokasaTenn BbB BCAKA MUHHA CTbIIKa. B
CnefcTMe Ha TOBA Ca YCTaHOBEHM MecTaTa C MOBMLIEHA
KOHLEHTpALMS Ha HaNPEeXeHUst N Te3W, B KOWTO CbLUECTBYBA
OMacHOCT OT HAaCTbMBAHE Ha HeXenaHun cbbutua (3aryba Ha
noKarHa ycToiumBoCT).

C uen uacregsaHe Ha NOCOYEHWUTE NapameTpy BbB BCUYKM
y4acTbLM Ha Lienuka, Npes Hero ca NoCTPOEHN 7 Pe3yNnTaHTHH
PaBHWHM MOKas3aHu Ha dmrypa 2. Te npecuyar Lenuka Kakto
HaAbXHO MO LsAnata My gbmkuHa (Grid 1), Taka n HanpeyHo
BbB BEpTUKaIHO HanpaBneHue C paBHUHW MUHaBalyW B 6nu-
30CT [0 ABaTa (bnaHra 1 B cpepata Ha uenvka (Grid 2+4), a
CbLWO M C XOPU3OHTaNHW HanpeyHu pasHWHM (Grid 5+7) Ha
HuBO 360, 345 n 330.

Mpu peluaBaHeTo Ha Mogena [oOMBHUTEe paboTu Lie ce
0Tpa3AT MPsKO BbPXY pasnpedereHneTo Ha HampexeHusTa.
Mpu enacTuuHNs Mofen, KakbBTO € U3MOJI3BaH B HacTosLaTa
nyonukaLus, CbLUeCTBEHN (HakTOpK, OkasBaLly BIUsSHUE Bbp-
Xy pasnpefeneHNeTo Ha HanpexeHusiTa ca reoMeTpusiTa Ha
Mofiena, ronemMuHaTa Ha HanmpexenusiTa Npean M3BbpLUBaHe
Ha [06MBHMTE PaboTi M (PU3MKO-MEXaHUYHWTE CBOWCTBA Ha
ckarnmTe.

®ur. 2. 3D moaen Ha rpaHUyHMA Lenuk B 6nok 150 Ha pyaHuK Yenoney c
nokasaHW MecTaTa Ha pe3ynTaHTHWUTE pa3pe3Hu paBHWHM: 1) HaAMbKHA
pe3ynTaHTHa pa3pe3Ha paBHuHa (Grid 1); 2) Hanpe4yHW BepTUKanNHM
pe3ynTaHTHU pa3pe3Hn paBHUHU (Grid 2+4); 3) HaNpPeYHN XOPU3OHTaNHK
pe3ynTaHTHU pa3pe3Hu paBHUHM (Grid 5+7).

Pen Ha n3semBaHe Ha 3anacute

3a fa 6be OLEHEHO BMMSHMETO HA MUHHWUTE paboTh BLPXY

CbCTOSIHMETO Ha MacKBa e pasrfiegaH BbNpPoChT 3a Nocneao-
BaTEMHOCTTAa Ha M3BbpLIBAHE Ha A0OMBHWTE AenHocTu. 3a
onpegensiHe Ha ONTUMAaIHNS pef Ha U33eMBaHE Ha Lienuka ot
rmegHa TOYKA Ha reoMexaHuyHUTe hakTopu U Npu OTYMTaHE
Ha onpegeneHara cucTeMa Ha paspaboTBaHe U TEXHONOMS Ha
n33emMBaHe, ca pasrnefanu cregHute 3 BapuanTa (l'eopruesa,
2015):

< BapuaHT 1 — MocnefoBaTenHo M33eMBaHe Ha kame-
pUTE OT CEBEPOM3TOYHMS KbM 10ro3anagHus Gnar;

% BapuaHT 2 — WaxMaTHO U33eMBaHe U 3ambnBaHe Ha
MbPBUYHN U BTOPUYHI KAMeEpH;

R/

< BapuaHT 3 — eHOBPEMEHHO M33eMBaHe 1 3ambliBa-
He Ha KamMepuTe OT LieHTbpa KbM [iBaTa (hriaHra;



PaspaboTtenn ca reomexaHu4H1 MOAENH, Ype3 KouTo Aa ce
Hanpasw npeaeaputeneH aHarm3 3a HOC Ha macuBa ¢ uen
MWUHHWUTE paboTu Ja Ce W3BbPLLBAT NpU Haik-bnaronpusTHuTe
YCIOBKSA OT rrefHa TouKa Ha YCTONYMBOCTTa Ha MacuBa.

[Npun BapuaHT 1 € OTYETEHO, Ye BCSKa kamepa LUe Ce 133eM-
Ba B YCMOXXHEHM YCMOBW, TOECT CTEHUTE WM LUE Ca MOATIOKEHM
Ha HaTOBapBaHe OT MAaKCUMANHOTO [NaBHO (XOPM3OHTAIHO)
HanpexeHve.

BapuaHT 2 nokasBa, 4e BTOPUYHMTE Kamepu, KOUTO B AadeH
MOMEHT LLe CIyXaT 1 KaTo Lenuum, we 6baat NoaioxeHn Ha
KOHLIEHTpaLMs Ha HaNpEeXeHNs 1 NocneaBaLloTo MM 133eMBa-
He LLE € YCTOXHEHO.

[Mpu BapnaHT 3 B Hai-yCrOXHEHM YCroBKS LLe ce pa3paboTear
MbPBUTE HSAKOMKO Kamepu, korato u koeduumeHtsT SF-C wwe
“Ma Hail-Hucku cToHocTh. Cnep ToBa C HanpenBaHe Ha MUH-
HuTe paboTi, CbrMacHO MporHosaTta Ha Mogena, Ce ovakBa
NOBWLLABAHE Ha TO3W KOE(MUMEHT 1 HaMamNsiBaHe Ha KOHLEH-
TpaLusTa Ha JecTBaLMTE B LIENWKA HANPEKEHNS!.

Crepn HanpaBeHUs aHanu3 Ha pesynTtaTtiTe e u3bpaH BapuaHT
3, Npu KOWTO M33eMBAHETO M NOCrnesBalloTo 3ambiBaHe Ha
KamepuTe LUe Ce U3BBLPLLBA OT LEHTbPa Ha Lienuka KbM ABaTta
My ¢naHra. peasuxaa ce nocnegoBaTenHO M33eMBaHe Ha
MPOEKTHUTE KamepuTe B MOCOYEHUS Pef.

Kakto ce Bmkga um oT Our. 3, ycTaHOBEHa € 3HauMTEnNHa
KOHLEHTpauus Ha O1 OWe npeau Hayanoto Ha AobuBHUTE
paboTu B cpepata Ha Lenuka My mexay xop. 330 u xop. 345.
[pyr y4acTbk OT Lenuka, KOHLEHTPaTop Ha HampexeHus ce
SBABAT LiENMUMTE Mexay HapesHuTe u3paboTku Ha xop. 345.
Tesun obcTosiTencTea Tpsiba ga 6bgaT OTYETEHM OLe npeaw
,OTBapsHETO" Ha MbpBaTa JobueHa kamepa.

OnucaHne Ha MUHHUTE CTBLIKW U MOAENUpaHe Ha
NpOMeHNuBaTa reoMeTpus

MPOEKTHUTE Kamepy B PaHUYHUA LIENUK ca MoAenupaHu
kaTo 06eMHM Tena, CUMyNMpaLLyM MacuBa, KOWTO Le Cce U33eme
mexay xop. 330 u xop. 360. MNocnenosaTtenHocTTa Ha M33eM-
BaHe Ha 3anacuTe (kamepuTe) e OTpaseHa B M3rpageHunst Mo-
Jen ype3 cb3fgaBaHeTo Ha 26 6posi MUHHK CTbNKK. Te Hambi-
HO OTpa3saBaT Pa3BUTMETO HA MUHHUTE PaboTK, 3anoYBanki OT
HeHapyLUeH MacuB W JOCTUraliKM 40 U33eMBaHETO W 3ambliBa-
HEeTO Ha nocregHaTa npoekTHa AobueHa kamepa B Lenuka. B
MeXOMHHMTE eTanu ca mogenupanu 11 gobuBHM kamepw,
KOWTO Ce M33eMBarT nocrneaoBatenHo. B muHHuTe ctbnku (MC)
Ha mofena e cnaseHa cnegHata nocnegosarentdoct: MC 1:
CumynupaHa e obpywoBkata Hag rpaHndHus uemvk; MC 2:
[obGaBeHun ca npokapaHUTe Hape3Hu 13paboTku Ha xop. 345;
MC 3: Cumynupanm ca 1 U33eTuTe Kamepu Mof Lenuka Mexay
xop. 330 n xop. 260 kaTo npasHo npocTpaHcTeo; MC 4: A3ze-
TuTE Kamepu mexay xop. 330 n xop. 260 ca cuMynMpaHm KaTo
3aMbfHEHO C MacTOBO 3ambiiHEHWe npoctpaHcTeo; MC 5:
M33eTa e mbpBaTa kamepa ot Lenuka - Ne 15A, kosTo e npea-
CTaBeHa KaTo kato mpasHo npoctpaHcTBo; MC 6: Kamepa Ne
15A e 3anbnHeHa ¢ nacToBo 3ambyiHeHue; MC 7+26: Cumynu-
paHu Ca eTanuTe Ha M33eMBaHe W 3ambfiBaHe Ha BCAka efHa
OT NpoeKkTHUTe JOBMBHW kamepu no u3bpaHus Beye pep, a
umeHHo kamepun NeNe 15A, 13A, 17A, 11A, 19A, 9A, 7A, 21A,
23A, 3A n 1A. Mpe3s nocnegHute ape MC — 25 n 26 ce ussem-
Ba W 3ambfiBa C MacToBO 3ambfIHEHWE eAuHageceTata (moc-
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nefHa) npoekTHa JobueHa kamepa Ne 1A 0T rpaHUYHUS LEnKK,
Hamupalla Ce HenocpefCcTBeHO [0 rpaHuuata Ha pyaHOTo
TANO CbC 30HaTa Ha OpyAsBaHeTo. Taka oopmeHaTa reomet-
pus Ha Mmopena Cb3gaBa 0cobeHo Jobpu BL3MOXKHOCTW 3a
KOPEeKTHO mpocrefsiBaHe Ha MpoLecuTe, W3BbPLUBALLM CE B
MacuBa W 3a Hanpasa Ha JeTalnHu aHanu3u Ha nomnyyaBaHuTe
OT PELLEHNETO pesynTaTy.

]

®wur. 3. Mogen Ha rpaHUyHNA LIENMK C KOHTYPU, NOKa3Balyy ronemMuHara
Ha 01 N0 HagnbxHa paBHWHA Grid 1 npegu 3ano4yBaHe Ha AOGUBHUTE
pab6otu B Hero (MC 4).

Pesyntatu oT mogenvpaHeTo

AHanu3bT Ha CTOMHOCTUTE Ha HaNpeXeHUsTa nokasea Kak Te
ca Ce M3MEHWTW NOf BIUSHMETO Ha AobMBHWTE paboTn B
CpaBHEHWE C TsXHATa rofiemMmnHa npeay 3ano4BaHeTo Ha Aoou-
Ba (Wiles, 2005). PaspywaBaHe Ha MacuBa HacTbMBa, korato
JENCTBALLMTE B HErO HaNPEeXeHWs MpeBuUWaBaT SKOCTTa My.
3atoBa e Heobxoaumo fa ObaaT onpeneneHn KOPEKTHO KakTo
roneMuHaTa Ha HanpexeHusTa B MacuBa Npeam M33eMBaHETO
My, Taka W HeroBaTta SKOCT. YCTaHOBEHa € 3HauMTernHa U3MeH-
UMBOCT B €CTECTBEHOTO HamperHato CbCTOSHWME Ha MacuBa,
chopmmpaLy, rpaHnyHKs Lenuk B 6ok 150 Ha pyaHuk Yenoneuy.
C uen nokanuaupaHe Ha MecTaTa Ha MOBWLLEHA KOHLEHTpa-
LUMS HA HanpexXeHus B HETO W Ha Takuea, NpeBMLIaBaLL/ HO-
cellarta cnocobHOCT Ha MacuBa, € U3BbPLLEH AeTailfieH aHa-
N13 Ha pesynTaTuTe NoryyYeHn Npu peLIeHNeTo Ha Mogena. Te
ca CUCTEMATW3MPaHU U opraHuavpaHu B 6asa OT AaHHW, Cb-
Obpxalla MHGopMaums 3a CTOMHOCTUTE Ha ropeonucaHuTe
neT nokasatensl, KakTo U TEXHUTE U3MEHEHNS BbB BCSKA MUH-
Ha CTbMKa nooTAenHo. B HacToswara nybnukaumus we 6vaat
pasrnefaHu camo Hail-xapakTepHWUTE y4acTbLyu OT Macusa Ha
Lienuka, B KOUTO Ce CuuTa Ye MoraT Aa Ce 04aKBaT M3MEHEHMS!
B MOBELEHMETO MY, B T.4. 3HAYNTEMNHU NPOMEHU HA MarHuTyaa
Ha rmaBHUTe JEeNCTBALLM HaNpEeXeHs B eTana Ha CUMynupaHe
Ha MWHHUTE CTBIMKM, YBENWYABAHE HA roneMmHaTa 1 ckopocT-
Ta Ha NPEMECTBaHNATA, HaMansaBaHe Ha KoeULMEHT Ha AKOCT
C yBenu4yaBaHe Ha Opos Ha M33eTUTE Kamepy OT rpaHUYHUS
LienuK 1 Apyrv OTIIMYNTENHN MPU3HALM.

AHanuabT Ha pesynTaTuTe, MOMyYeHW NpU PELIeHUeTo Ha
MoZena no HagmbxHa paspesHa pasHuHa (Grid 1), npecuyalla
LienuKka no usnara My BUCOYMHA, COHaT 3@ 30HM Ha NoBULLABa-
He Ha CTOMHOCTUTE Ha MAKCUMAMHOTO [MaBHO HanpexeHue O
npu 3anoyBaHe Ha fo6uBHWTE paboTu B Hero (Pur. 4). Tosa
CbCTOSHUE € XapaKTepHO OLUe MpW M33eMBaHETO Ha kamepa
15A (mbpeaTa gobusHa kamepa) B MC 5, KbaeTo Hail-BUCOKM
CTOMHOCTY 33 01 Ca YCTaHOBEHM MO CTEHUTE Ha kamepaTta U B
30HaTa okoro Tax Mexay xop. 330 u xop. 345. UHTepec nped-



CTaBnsBaT W LenuuuTe Ha xop. 345, B KOUTO CTOMHOCTUTE Ha
01 Ce NOBMLLABAT M AOCTUraT BenuumnHn mexay 60 n 66 MPa.

_L“

®ur. 4. Mogen Ha rpaHM4HUA LeNUK C KOHTYPK, NOKa3BalLy ronemMuHaTa
Ha 01 MO HaanbXHa paBHuHa Grid 1 cnep m33emBaHe Ha kamepa 15A
(MC 5).

[Mpn ocTaHanuTe n3cnegsaHW nokasartenu CbLio ce Habmto-
[aBaT 3HauMTENHM NpoMeHn. Taka Hanpumep B cbljata MC
NP1 aHanu3 Ha CpA3BalLMTE HaNPEeXeHWs OT 4BEeTe CTpaHu Ha
kamepaTa no usnaTa m BUCOYMHA ce (POopMUpaT 30HM C NOBY-
LUEHW CTOMHOCTY Ha T. Taau TEHAEHUMS e BanuaHa v 3a BepTu-
KanHUTe HanpexXeHus, AeCTBaLLM B Lenuka Okono kamepara.
Ot gpyra cTpaHa 06paTHONPONOPLMOHANHO Ha rofieMUHaTa Ha
[ENCTBALLMTE HaNPEXEHUs Ce U3MEHSAT CTOMHOCTUTE Ha Koe-
(puumeHTa Ha sKkocT. CbrnacHo peLleHneTo Ha Mogena Mexay
xop. 330 u xop. 345, Toi HamansBa ¢ okomno 20 % B OKOMHUS
MacvB Cnef M33eMBaHeTO Ha mbpBaTa HobOMBHA kamepa B
CpaBHEHME C HETOBUTE CTOMHOCTY B HavanHute MC.

B cnepgawwure etann (MC) npu n33emBaHeTo Ha kamepu
13A n 17A, Ta3u TeHaeHuus ce 3anassa. Crnef ToBa, C Han-
peABaHe Ha [o6uBHWTE paboTi B Lenuka, TEHAeHUMsTa ce
NPOMEHs 1 MOAENbT MPOrHO3Wpa MOCTENeHHO pasToBapBaHe
Ha MacvBa OT MMaBHUTE W CPA3BALLMTE HAMPEXEHWS, KakTo
noBULLIABaHEe Ha KoeduLmeHTa Ha skocT. CbrnacHo peLueHue-
TO Ha MOJena ToBa Ce 0YakBa Aa HaCTbNK Crief U33eMBaHETO
Ha kamepa 19A 8 MC 13.

AHanorMyHo Ha O4YaKBaHuATa, pesynTaTuTe OT MOdeNpaHe-
TO MOKa3BaT, Ye NMPEMEeCTBaHUSATA HA MackBa OKOMO M33eTnTe
kamepu e 6bhaT no nocoka KbM M33ETOTO MPOCTPAHCTBO,
KOETO € OCHOBaHMWe Ja ce Npueme, Ye NporHosuTe ca ageksat-
HW. Tyk cneaBa Aa ce oTOenexu W ponsata Ha nMacToBOTO 3a-
MbITHEHWE, YETO OCHOBHO MPEAHA3HaYeHme € fa He No3Bons-
Ba pPeanuanpaHeTo Ha 3HauMTeNHN NMPEMECTBAHNS B KOHCTPYK-
TUBHUTE €MEMEHTU (CTEHM 1 TaBaHUTE Ha kamepwuTe M rope-
nexawure obpyLIOBKM, KAKTO U Aa OCTaHe JOCTAaTbYHO YCTOW-
4MBO MPU M33EMBAHETO Ha CbCEHUTE Ha Hero kamepa.

OcobeH WHTEpPEC MpeacTaBnsiBa ChCTOSHUETO HA OKOMHWA
MacwB Cried U33eMBaHETO 11 3aMMbIIBAHETO HA BCUYKW MPOEKTHU
[OOMBHK Kamepn OT Lennka. To3u BBMPOC Hal-OTYETNIMBO
Moxe fa 6bae pasrnenaH no OTHOWEHWE Ha KOeUUMEHT Ha
akocT. Ha ®ur. 5 ce Buxga pesyntaTbT OT nporHo3aTa 3a
cronHocTuTe Ha SF-C B MC 26 nomnyyeHa no BCUYKM pesyn-
TAHTHU Pa3pe3Hn PaBHWHM, HA KOWTO Ce BWXAAT y4acTbUM C
Mo-HUCKM CTOMHOCTM Ha SF-C okono pbboBeTe Ha Lenuka 1 no
KOHTaKTHUTE Ha BEPTUKamHUTE My CTEHW C PYAHUS MacKB.
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®ur. 5. Mopen Ha rpaHN4HUSA LIENIUK C KOHTYPW, NOKa3Balyyu roreMuHara
Ha SF-C no Bcuyku paBHUHa cnep 3anbnBaHe Ha kamepa 1A (MC 26).

M3knountenHo noneseH e hakTbT, Ye BeYe € 3anovHano
“33eMBaHETO Ha 3anacuTe OT Lenuka. ToBa No3BosBa fa ce
M3BBPLLUBA HEMPEKBLCHAT aHanM3 U CPaBHEHWE MEXY nomnyye-
HUTE OT pemeHmeTo Ha mojena I'IpOrHO3VI n ,EleI7ICTBVITeJ1HOTO
nosegeHne Ha MachBa B peanHm yCJ'IOBVIﬂ n Bpeme. Hapep, C
TOBa MOrat [a ce NnpaBsAT KOPEKUMM Ha CTOMHOCTMTE Ha napa-
METpUTe, KOWTO XapaKTepusupaT pasnuuHuTe MaTepuariHu
cpeau, yyacTBaly B Mogena.

3akniouyeHue

Cpef OCHOBHWUTE MPEONUMCTBA Ha YMCTIEHUTE METOAM €, Ye
ypes TAX MOXe fa ce Monyyu npeaBapuTesHa NporHo3a, KoSTo
Mpn 3afafeHn KOPEKTHW BXOOHM NapameTpu, ¢ AOCTaTbyHa
HaJeXaHOCT MOXe [a ce MpedBuay peakuusita Ha MUHHMSA
MacuB Mpeau, no Bpeme W cref NpukmnioysaHe Ha [oGUBHUTE
peitHocTy B Hero. OT chyHaaMeHTanHo 3HayeHue e Ja e onpe-
AeneHa HafexaHoCTTa Ha MporHo3aTa, Bb3 OCHOBA Ha KOSTO
Ja Ce OLEHsIBa FeOMEXaHUYHUST U TEXHOMOMMYEH PUCK, KOUTO
UMaT BNUSHNE BbPXY UKOHOMUYECKUTE nokasatenit. OCHOBHU-
AT BBNPOC € HAAEXOHOCTTa, KOATO Ce YCTAaHOBSBA Ype3 Ka-
nubpupaHe Ha Moaena W KOpeKUust Ha BXOOHUTE NapaMeTpy.
ToBa 3agava BKIOYBA M3MEPBaHHS, NMpoBepka W CpPaBHUTENEH
aHanu3 Ha HabrtofaBaHaTa peakuys Ha MacvBa C Tasn npor-
HO3WpaHa oT Mogena. KOHKpeTHUTe pesynTaTti OT YMCMOBOTO
MoflenMpaHe MoraT Mpsko Aa Ce M3Non3saT 3a aHanu3 Ha
Bpb3KaTa Mexay MOBEJEeHWeTO Ha MackBa, aedopMallim,
MPEMECTBaHMsl, HaNpeXeHunsl, KoeUUMEHT Ha 6e30MacHoCT y
pa3mep Ha obpyweHaTa 3oHa. OT gpyra cTpaHa NporHovpa-
HUTE OT PELUEHMEeTO Ha MOfena 30HM, MOKa3BallyM NoBULIEHa
KOHLIGHTPaLMA Ha HanpexeHus B Macvea, creasa fa Gbaat
B3eTM MoJ BHMMaHWe W Ha Teau MecTa Aa ce nposexaar Ao-
MbAHWTENHN MHCTPYMEHTAINHW HabMofeHNsl Ha NpeMecTBaHu-

fTa B MacuBa. Ype3 U3BbPLUBAHETO Ha HENPECTaHEH MOHUTO-
PUHT Ha NOBEAEHWETO Ha MacBa Ha OasaTa Ha CbOpaHu
KOHKPETHM AaHHM CcrieaBa fa Ce HanpaBu CBEpsBaHE Ha M3mMe-
PEHUTE W NpeaBapUTENHO MPOrHO3WpaHU MapaMeTpu, Xapak-
TepuaupalLy nscnefBaHus macus. Ha Tasu 6asa 6u mormo ga
Ce W3roTBAT KPUTEPWUUTE 3a OMPEAEnsiHe Ha YCTOWYMBOCTTA,
WM Ha MOTEHLMANHO HeyCTONYNBOTO MOBEAEHME HA MacuBa
Ha Lenvka.

[lpyr V3KIIOYNTENHO BaKeH aHanu3 e T03u CBbp3aH C OLEH-
KaTa Ha MpOrHo3upaHuTe 00pYLIBAHUS Ha CTEHUTE Ha Kamepu-
T€ BbpXYy MKOHOMUYECKUTE MOKa3aTenu Ha [06MBa M3paseHy
ype3 pa3mepa Ha 3arybute u 0begHsIBaHeTO.



CbBKYMHOCTTa OT BCWUYKW OMMCAHW MPUHLMMM WU MPUNOKHM
acnekTu Ha moaenupareto ¢ Map3D nokassaT nones3HocTTa
€(EKTUBHOCTTA OT NPUMOXKEHNETO HA YMCMOBOTO MOAENMPaHe
B MMHHOTO A€M0 KaTO HECbMHEHO HEroBOTO M3NON3BaHe Mpu
MWUHHOZOOMBHUTE paboTyh B pyaHUK Yenoney e okasano MHo-
TOKPaTHO MONOXUTENEH eGDEKT KAKTO B TEXHOMOTMYEH, Taka 1 B
MKOHOMWYECKM acnekT BbpXy AeWHOCTTa Ha pyaHuka. Tow
NpeAcTaBnsiBa MOLLEH MHCTPYMEHT 3a MPOrHo3a Ha peakuusTa
Ha MacuBa, KOETO cromara 3a MOBWLLABAHE Ha HMBOTO Ha
Oe3onacHoOCTTa W HamansiBaHe Ha pucka Mpu U3BbPLUBAHE Ha
MWHHWTE [EWHOCT, MPUMEP 3a KOETO € NpefCTaBeHUs MOAEN
Ha rpaHnyHus Lenuk B 6nok 150 Ha pyaHuka.
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NPOU3BOAUTENHOCT HA LUWPOKO OBXBATEH NOABOAEH PA3POXBAY

Uealino Konpees?, AHeen lackanes?

" MurHo-2eonoxku yHugepcumem ,Cs. Mgan Puncku®, 1700 Cogpus, ivomad@abv.bg
2 MunHo-2eonoxku yHusepcumem ,Cs. UeaH Puncku®, 1700 Cogpusi, angel.paskalev@gmail.com

PE3IOME: Llupoko obxBaTHMSI MOLBOAEH pa3poxBay Ce MPUUMCISBA KbM rpynata Ha pPOTOPHUTE eKckaBaTopu. TOBa Ca 3eMEKOMHU MALMHM C HEMmpeKbCcHaTo
[AeicTBIe NpY KOTO MPOLIECUTe eKckaBaLs Ha ckanaTa 1 HeliHOTO npemecTeaHe o OyHkepa ca pasaenenu. TakoBa pasfensHe Ha npoLecuTe nossonssa Aa ce
Hamanu eHepronorbLLaemMocTTa Ha paboTHMA NpoLec, Thid kaTo K.n.j Ha poTopHoTo koneno e (0,8-0,9).

Kniouosu AyMu: MoaBozeH A06VB, NONE3HM U3Konaemu, npou3BoOAUTENHOCT

EFFICIENCY OF BULK CUTTER

Ivailo Koprev!, Angel Paskalev?
" University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia, ivomad@abv.bg
2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, angel.paskalev@gmail.com

ABSTRACT. The Bulk Cutter belongs to the group of the rotor excavators. These are excavators machines are working in continuous operation in during which the
processes of excavation and transportation\moving of rocks to the bunker are separated. Such of separation of the processes does allow the energy consumption to
be reduced because the efficiency of rotary wheel will be (0,8 - 0,9).

Key words: underwater mining, efficiency, mineral resources

B'bBe.quMe Ks = tp/(tp+tcn)
KbOeTo tp € BpeMeTo 3a M33emMBaHe Ha efleMeHT OT 336051,

3a onpepensHeTO Ha ekcnnoaTauMoHHaTa MpoM3BOAM- .
Mpes KOETO POTOPLT PEXE CTPYXKKMA, Min.

TENHOCT Ha MalWHUTe OT (hpe3oB TMN Moxe fa Obae
13noni3BaHa METOAMKaTa 3a OnpefensHe Ha npou3BoauTen-
HOCTTa Ha €KCKaBaTopu C MHOrOKOoB paboTeH opraH. [pu ExcnnoartaunoHHa npon3BoAMTENHOCT
TOBa 3a oOnpefensHe koeguuneHTa Ha 3abos ce npuema
00paboTBaHETO Ha eAHa 3axogka MO Lenns (PpoHT Ha Qe Qre*Ter™Ks M3
paboTaTa, NpemecTBaHeTO OT edHa 3axodka KbM Apyra, o= QrexTowKe {m/h}

3apsi3BaHe B 3aX0/IKka W BPEMETO Ha NpasHus it Xo. Kbpeto Tew € NpoabmKMTENHOCTTa Ha CMsHaTa, h;

Ks — KOEHULMEHT Ha M3Non3BaHe Ha MalunHaTa No BpeMme Ha
CMsiHaTa, KOWTO ce Onpefens MNpeauMMHO OT BuAA W
OpraHW3aLusiTa Ha TpaHenopTa.

Ten — NPOABITKUTENHOCT Ha CrioMaraTenHuTe onepauuy npy
n33eMBaHe Ha enemeHTH oT 3abosi, min.

TexHuyecka NPON3BOAUTENTHOCT

Qrex = Qreop.*Ks * K1 {m®/h}

kbaeTo Ks e koeduumeHT Ha TPYAHOCT Ha pa3paboTBaHe Ha Texnuyecky napameTpy Ha HsKonko BUAa

ckanute B 3abos, B 3aBMCMMOCT OT peja UM HauuHa Ha p3poxBava
133eMBaHe Ha eneMeHTH OT 3axokata.
K1 — koeuLmeHT 3aBuCeLL OT CbCTOSHUETO Ha MacuBa. OCHOBHMTE TEXHMYECKN XapaKTEPUCTUKM Ha Mpou3Bexaa-
XapaKTepnCTAKa Ha K HUTE W NEepcrnekTUBHU MawmuHM oT Tuna CM ca mocoyeHu B
[tabn 1/, a Ha /Tabn 2/ ca fjageHn NapameTpuTe Ha MaLLMHUTE
CHCTOAHNETO Ha ckanuTe KCM-2000K paspaBoteHn ot dmpmata ,Kpyn GopaepTexHik".
Cnabo HanykaHw 0,75+0,9
CpenHo HanykaHm 0,9+1,0 PasyeTeHaTta no Tasu MeTogMka roguilHa npousBoauTest-
CUnHO HanyKaHut 1,0 HocT Ha MawwHata KCM-2000K npu HOMWHanH1 napameTpu

Ha 3a00s1 1 pa3yeTHa TexHu4ecka npoussoauTenHoct ot 1400
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m3/uac cuctass 4,4 Munvona M3 mpu aBToMOBUAHMA 1 5,0
MUNMOHa Ky6. M. NPU KOHBEIEPHIS TPAHCMOPT.

KaTto npaBuno, TakaBa TexHWKa OCUrypsiBa Bb3MOXHOCT 3a
obpaboTBaHe Ha MUHEH MacvB CbC CpeaHa TBbpAocT /oo f =
7+8/ Ges npepBapuTenHa npoBMBHO-B3pUBHA MOATOTOBKA.
KoHCTpyKTUBHO-TEXHOMNOMYECKUTE OCOBEHOCTM Ha (hpe3oBuTe
MallMHW  npepfonpefensT  nocnoeeata  obpabotka  Ha
OTCTBNMTE MO BMCOYMHA U 0BpaboTKaTa Ha NONOCK BbB BCEKY
Cro.

MpogbmkuTENHOCTTa U BpOS Ha cnomaraTenH1Te onepawum
3aBUCAT NPEAUMHO OT HauMHa Ha pa3paboTBaHe Ha 3abos. 3a
Hal-NPOM3BOAMUTENHUS HAYMH Ha W33eMBaHe Ha 3abos ¢
BEPTUKanHW MHOropedHu CTPYXKWU cnomaratenHuTe onepaunu
BKITIOYBAT: MPEMECTBAHE Ha POTOpa B rpaHuLMTe Ha cros 3a
n33eMBaHe Ha mopegHaTa CTPYXKa; M3MEHeHWe Ha nocokata
Ha [BWXEHWE Ha paboTHWSI OpraH Npu CHEMaHe Ha CTPYXKKM OT
cnosi; u3BexgaHe oT 3abos W criyckaHe Ha poTopa 3a
obpaboTBaHe Ha No-gony nexalius Cron; npemectaHe Ha
farepa 3a 0CbLLECTBSIBaHE Ha CMeABaLLMS LMKBII.

Tabruya 1
PotopHa cpesa "BuptreH"
Moasarent 2600SM 3000SM 3500SM 4200SM
TeopeTuyHa NPOM3BOAMTENHOCT 3a
pa3poxkaHa ckanHa Maca m3/h 560 1000 1500 2100
lMporHo3Ha TexHMYecka NPON3BOAMTENHOCT
3a MITbTHa ckasiHa Maca m3/h 390 720 1050 1500
LLnpounHa Ha poboTHMN opraH, m 2,6 3 3,5 42
[nameTbp Ha paboTHUs opraH, m 0,95 1,27 1,4 21
MakcumanHa BucounHa Ha paboTHus croi 0,25 04 0,47 0,6
MoLuTHOCT Ha paboTHust opraH B KW 280 280 450 550
HomuHanHa mowHoct kWh/m3 0,72 0,39 0,43 0,37
CkopocT Ha aBwkeHne npu pab. xog m/min 10 10 10 10
Maca Ha malumHaTa, t 65 60 129 155
Tabnuya 2
"Kpyn ®opaepTexHuk" EkckaBatop 'epmaHo-Pycku
n
oxasarenm KCN-2000 KCM-4000 KCM-2000K

TeopeTnyHa NPOM3BOAMTENHOCT 3a

paspoxkaHa ckanHa Maca m3/h 2000 4000 2000
[MporHo3Ha TexHMYecka NpoN3BOANTENHOCT

3a NbTHa ckanHa Maca m3/h 1400 2800 1400
LLInpoymHa Ha pobOTHWN OpraH, m 56 71 6
[nameTbp Ha paboTHUS opraH, m 3,55 3,85 45
MakcumanHa BUCOYMHa Ha paboTHUs croil 25 2,75 3
MolTHOCT Ha paboTHust opraH B kKW 370 740 1100
HomuHanHa mowHoct kWh/m3 0,26 0,26 0,79
CkopocCT Ha fBIkeHIe npu paboTeH xoa

m/min 1,7 24 1,3

Maca Ha mMaLmHaTa, t 190 380 400

3aknioyeHune

LLnpoko 0OxBaTHMA paspoxBay CrMaja KbM rpynata Ha
POTOPHWTE MalUMHW. TOBa Ca MAWWHU C HEMpeKbCHaTo
JEVCTBME MPW KOWTO MPOLECUTE eKCkaBauusi Ha ckanata W
HEWHOTO npemecTBaHe 40 OyHkepa ca pasgeneHu. Takoea
pasgensHe Ha npouecuTe MO3BOMsABA [fda Ce Hamanu
€HepronorbLiaeMocTTa Ha paboTHUSA NpoLec, Thbit KaTo Ha
k.n.g potopHoTo koneno € (0,8-0,9).
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MpouechkT Ha eKkckaBauMsTa Npu Teau MallvHu  ce
OCbLUECTBSBA 338 CMETKA Ha BbPTEHETO Ha LUMPOKooOXBaTeH
paboTeH opraH OT POTOPEH WNIW  LUHEKOB Tum ¢
HEMpeKbCHATOTO XOPW3OHTANHO MpeMecTBaHe Ha UgnaTa
MalumHa. TpaHCTOpTMPaHeTO B MpedennTe Ha MaluHaTa W
HaTOBapBAHETO B TPAHCMOPTHUTE CPELCTBA Ha M33eTaTa pyaa
Ce OCbLLECTBSIBA MOCPEACTBOM MNOMMEH MeTod. PotopHute
eKCkaBaTopy WMaT TonsiMa  MpOW3BOAMTENHOCT — Mopaan
HENpeKbCHATUAT LKL Ha AeiCTBIE Ha paboTHWUS opraH.



Nutepartypa

CrosHoB, [1. — TexHonoaus Ha omkpumusi dobug Ha NonesHu
uskonaemu.

Konpes, W. — [ModgodeH 0obus Ha nome3HuU U3Konaemu.

Neptun Minerals report.
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Nautilus Minerals INC. Annual report.

Cratusita e npenopbyaHa 3a nyénukysate or kat. ,OTkpuTo paspaBoTBaHe Ha
MonesHy 3konaemu v B3puBHM padotu.
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NnoaBOAEH UNU OTKPUT AOBMB HA NMONE3HU U3KOMAEMW. NON3U U BPEQA

Aneen lNackanes?, Usaiino Konpes?

" MunHo-2e0noxku yHusepcumem ,Ce. MeaH Puncku®, 1700 Cogpusi, angel.paskalev@gmail.com
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PE3IOME. [lobvBa Ha nonesHu ukonaemu oT MOPCKOTO AHO BCe olue € cnabo pa3npocTpaHeH B cpaBHeHue ¢ Ao61Ba Ha NOJIE3HM M3KONaeMi no OTKPUT cnocob.
ToBa Ce AbMKM HA TEXHUYECKUTE NPean3BUKaTencTBa NOPOAEHN OT EKCTPEMHUTE YCMOBUS Ha ronsaMa AbnbounHa, BKMKOYMTENHO TbPCEHETO M NpOoy4BaHeTo 3a
Hanu4ve Ha MMHepanhu pecypcu. He no Manko Npepu3BUKaTencTBO € M KOHCTPYMPaHETO Ha MoAXoAsLla TexHukaTa 3a AobuBaHe OT ronemu AbABOYMHI KaKTo 1
TpaHCNopTMpaHeTo Ha AobuTtaTa pyaa 4o cylwaTa 3a nocnegsalla obpabotka. Bee ole CbluecTByBaT ronemu npUTecHeHUs 3a nogsoaHata dnopa u gayHa.

KntouoBu AYMU: NOABOAEH £l,06l/IBl OTKpUT [100vB, NonesHu M3konaemu, MacyBHM Cyﬂd)VIJJ,VI.

DEEP SEA MINING RISKS AND IMPACTS COMPARED TO ON LAND MINING

Angel Paskalev’, Ivailo Koprev?

T University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, angel.paskalev@gmail.com
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, ivomad@abv.bg

ABSTRACT. Extraction of minerals from the seabed is still poorly distributed compared to mining on the land. This is due to the technical challenges caused by the
extreme conditions of depth, including search and exploration of mineral resources. An other serious challenging is the construction of a suitable technical equipment
for extraction from great depths and the transportation of the excavated ore to the mainland for further treatment. There are still a wide range of concerns about the
underwater flora and fauna.

Key words: deep sea mining, land mining, mineral resources, massive sulphides.

BuBepeHue

OnacHocTTa 3a OKorHaTa cpeda MmopofeHa OT MoABOAHMSA
[06MB Ha monesHu uskonaemu e oblia Tema Ha obcbxaaHe
nopaay YHUKANHOCTTa Ha NOABOAHMS CBST U CreuuduyHOCTTa
Ha MWHHO-[OOMBHMS npouec. YacT OT ToBa Ce AbKM Ha
HEW3BECTHOTO, TOBA € CbBCEM HOBA WHOYCTPUS W MON3nTE U
PUCKOBETE OT Hesl BCe ollle He ca [1o6pe M3BECTH.

[lobuB Ha guamaHTh ot MOpPCKOTO ABHO Our. 1. 3emcHapspg 3a noasoAeH Aobus Ha M

[lobuBa Ha gnamaHT OT MOPCKOTO IBHO Kpait bperoseTe Ha e MeTanHy oTnaraHus (yTailkv, ChabpXaLly pasnnyHi
Hamubusa Ha gbnbounHa mexay 90 m u 140 m otgaBHa He e KOHLIEHTPaLMM Ha MeTanu);
Npeau3BMKaTeNcTBO 3a CbBPEMeHHaTa TexHuka. [lHec ,De ®  MOPCKOTO AbHO MacuBHM cyndmau, coabpxam Cu,
Beers” goctura kpait 6peroeete Ha KOxHa Adpuka abnboymnHa Pb, Zn, Ag, Au;
Ha n33emBaHe Ha anamanTn ot 2000 m. MoaBoaHKs 4o6uB Ha ®  MaHraHoBW KOHKpeLuy;
anamaHTh 13nonssa noABOAHW AWCTAHLMOHHO YnpasnAaBaHW e ra3oBuW xugpatu (BO,EI,HG) 6a3y|pa|-|y| TBBHPAM TENa Kato
BepwkHK pobotu (cpur.1). JuamaHtute ce u3nomneat 3aegHo neq, KOUTO CbAbPXaT ras).
C MACBK W YaKbfl KaTo CyCneHsus npes rbBkaBu TPbOM [0 HosuTe TexHonmorum 3a noaBoAeH L0BWB HenpekbcHaTo ce
kopab Ha mnoBbpxHOCTTa. MalwunHute ca  ANUCTaHUMOHHO pasBuMBaT W LENsT BCe M0 Manko BPeHO Bb3AeMCTBUE BbpXY
ynpasnaBaHu 0T Kopa6a. OKonHara cpefa.
[lo61B Ha MMHEpanu oT ronemu AbLNGOYUHU MacuBHuM cynuan oT MOPCKOTO AbHO

MopckiuTe MUHEpanu Hamupally ce Ha ronsMa AbnbourHa Haxomuwata Ha ,Seabed Massive Sulphide (SMS)* ca
Ce OLieHsBaT KaTo ObaeLy M3TOUHULM Ha: CbBPEMEHHWS! eKBMBANEHT Ha [OPEBHWTE BOMKAHOrEHHM
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MacuBHM CynduaHN PygHU Haxogulia HaMepeHu Ha 3emsTa
eKcnnoaTMpaHu M [0 AHec. Haxoguwata Ha cyndwmau ce
HamupaT OKONO Taka HapeueHuTe TpbOOBMOHM pydHW Tena
(dur.2 ) npes kouTo W3BMpa nperpsTa Boga Oorata Ha
MuWHepanu. Bopata u3suMpa Ha uYepHu obrnaun” yacTaum
foratm Ha csipa Hocewm (cyndwaum) - Hanpumep, ONOBEH
cyndug (PbS), umHkoB cyndug (ZnS) u xeneseH aucyndua
(FeS2 ). Mpu pocera Ha nperpsitata Boga Oorata Ha
MWHEpanu CbC CTyAeHaTa MOpCka Bofa Ce noryvaBat yTanku
npocTUpal ce Ha CTOTULM MeTpyU OKOMo TPbOOBUAHMTE
pyoHW Tena. Tean Haxoauwa Ha MeTanHW cyndumam morat aa
CTaHaT OT BUCOKOKa4eCTBEH MaCMBHM Jen0o3nTh Ha CynduaHa
pyLa C TeYeHMe Ha BPEMETO.

®ur. 2 AKTMBHM TPLOOBMAHK PYAHM Tena

[bn6OKOBOAHOTO COHAMPAHE, CKaHMPaHETO Ha MOPCKOTO
ABHO, CEM3MUYHITE MPOYYBAHWS U OPYr METOAM 3@ TbPCEHE
W Npoy4YBaHe Ha MOME3HW M3KOMaeMW Ha MOPCKOTO ObHO ca
OTKpUNM  HAKONMKO obnacT B cBeTa C  MOTeHUWanHo
MKOHOMWUYECKM HAaXOaMLLA Ha MacuBHW Cyndnam:

e Colvile Ridge n Lau Basin (ceeepHo oT Hosa
3enaHgus);
e  Bismarck Sea ([anya Hosa IBuHes);

e  Clarion-Clipperton Fracture Zone (Kpanctgo ToHra B
IOXKHWTE YaCTh Ha Tuxns okeaH);

o  Okinawa Trough (/3T0o4HOKMTaNCKO MOpeE);

e North Fiji Basin (®naxm);

e Red Sea (bnnabk N3TOK).

Hai-HanpegHarmaT npoekT B npomuiuneH mawab e PNG
Solwara 1, HaxoguweTo e 6orato Ha meg (7%) v 3nato (6 git)
Hammpa ce Ha 30 km oT Ha-6nuskust 6par New Ireland
Province. VanonsBaHata TexHONorMsl 3a M3BMMYaHe Ha
nonesxute uskonaemm ot (1600 m) gbnbounHa BkMOYBa
KOMOWHaUMs OT MOApaBHSBALLMS  Pa3poXeay,  LUMPOKO
00xBaTeH pa3poxsay 1 chbupalya MalumHa.

[lobnB Ha none3Hu U3KkonNaeMmn NoO OTKPUT
cnocob

OTKpuTOTO pas3paboTBaHe Ha MOME3HM M3Komaemu gaTupa
olle apeBHocTTa. To € MbpBUAT HAuMH Ha JobuBaHe Ha U
nosHaT 1 mpunaraH oT 4oBeka. C OCHOBaHME MOXe da ce
TBbPAM, Ye B kpas Ha 20-TM BEK € OCHOBHUAT CHabauTen Ha
MPOMMULLIEHOTO NPOM3BOACTBO C  MUHEparHu  CypoBUMHM,
BbIMWLLA, HEPYAHU TMOME3HW  M3KOMaemMum U CKamnHo-
00nMLOBBYHM MaTepuani. He criyyaitHo B JaHHUTE 3a 06Lms
CBETOBEH 0amnaHc ce MocouBa MPOMMLLIEHWS Asn  Ha
OTKpUTaTa TEXHONOIMS, Ha KOSITO ce napa Hag 65% ot nobuea
Ha nonesHn wuskonaemn M 90% Ha KadsBM W TUTHWUTHK
BbIMLLA.

MoasopeH pobus MU, puckose n BbL3AENUCTBUE B
CpaBHEeHWe C OTKpUTMA fobus Ha MU

Ypes SWOT aHanus onpepensvme npegumcreata M
HepocTaTbUMTe NpU MOABOAEH WM OTKPUT LOBMB M 3annaxure
33 OKonHaTa cpefa. Taka CTaBa Bb3MOXHO B3€MaHETO Ha
peouua  CTpaTerMyecku peleHus 3a  pasBUTUETO  Ha
npomuwneHoctTa. Llenta e u3nonssaHe Ha npegumcTeata u
HamangaBaHe Ha e¢>eKTa OT HegoCTaTbUuTe.

PuckoBe u Bb3gencTene

MopBopaeH nobus Ha MU

Otkput go6uB Ha MU

Bbageicteue Ha  gobuea
(bnopata u hayHara.

BbpXY

MogBogHWs [obMB MpemaxBa OKONMHaTa
cnopa u hayHa, Ho abnbounHata My e
pocta nojg apeana Ha pubata TOH
Hanpumep.

BCuukM XMBOTHM W pacTeHus Ousar
MpemMaxBaHu OT rPaHULMTE Ha OTKPUTUTE

DYAHMALY

Mrnow, Ha HeraTMBHO Bb3[eACTBUE Ha
Jobusa

MnowmTe 3acerHaty OT NOABOAHMS
[000MB Ca MHOTOKpaTHO MO-Manku OT
TE3M MpU  OTKPUTMS 3@  CblyuTe
konuyectsa. Ensa 20m B gbnbounHa

OTkpuTUTE pPYOHMUM ca  M3KOMKW C
napameTpu okono 300m gbnbounHa W
1000M no AbrkuHa

MuHHK
nobuea

oTnagblUy reHepupaHu  npu

AMa MHOrO Mamko MWHHW OTMaAbLM
nopagn  BMCOKaTa  cTeneH  Ha
MMHepanu3aLws, U3non3saHata Bogata
ce Bpblia npeuyncTeHa 0oOpaTHO B
MOpETO.

Mma ronaMoO  KOMWUYECTBO  MMHHMU
oTnagbuM KOUTO Ce HacuneaT B
XpaHunMwa unu obpaTHo B U33€TOTO
MPOCTPaHCTBO.

XBOCTOXpaHWnMWa W OTnagbuu OT
npepaboTkata Ha MUHepanHm

He ce n3non3aeat XBOCTOXpaHUIMLLA Win
XMMUKAMNM.

Cb3gaeat Ce ronemu XBOCTOXPaHM-
nuwa. B MHI ce nonseat pekute W
MOpeTo 3a ToBa Ce Moryyasar
3aMbPCABaHMS.

Bb3agencTeus oT npax Unu yTainku

lMpn Hanuume Ha TEYEHWUS! € Bb3MOXHO
[a Ce pasHecaTt uHN yTanku.

FeHepupa Ce ronsiMo KOrM4ecTBO npax
npu fobvBa W B3pUBHUTE paboTy.
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PeKyﬂTMBauMﬂ cnen 3akpuBaHe Ha

Jobusa

OlLe He e [oKa3aHo Janu KWUBOTUHCKMS
CBSIT CE Bb3CTaHOBsBA cnep fobuea, HO
TpLOOBUAHUTE PYAHU Tena cresd Bpeme
ce chopmmupat OTHOBO M Ce nonyyasar
HOBYW OT/IaraHus.

MpaBu ce pekynTMBaLMA HA pyaHULMTE.
Ho moxe ga otHeme 10 roguHu 3a aa ce
[OCTUrHaT 3a[J0BONUTENHW pPesynTaTy.

He,ElOCTaTbLI,VI Ha TeXHUKaTa

TexHukata  paboTm  npu  MHOrO
€KCTPEMHM YCTOBMSI W TOMEMU [Obil-
BOYMHM U W3MCKBAHWSITA Ca MO-BUCOKM
OTKOJIKOTO MpU OTKPUTHUs 06MB

TexHukaTa ce nogabpXxa CpaBHUTENTHO
JIECHO N HE € MN3NOXeHa Ha eKCTpeMHa
OKOINHa cpeaa.

AaMuHUCTpaTUBHO BKUTOB 1 NpepaboTBa-
TerneH KOMNeKkc

Lisroto ynpaeneHue ce W3BbplBa OT
kopab KbAEeTo e HaCTaHeH 1 NepcoHana.
Hama Hyxga OT HaseMHa MH(pa-

Mma Hyxga oT romemu nnowm 3a
NOAAPLKKA Ha MallMHUTE, KakTo W
n3rpageHa WHdpacTpykTypa 3a pabot-

CTPYKTYpa.

HuumTe. MbTuwwa 1 ap.

3aknoueHune

[bnbokoBogHNTE MWHHM PaboTu Lie OKaxaT Bb3AENCTBUE
BbPXy chriopata 1 payHaTa Ha okeaHckoTo AbHO. OT gpyra
cTpaHa Bce N0 Obp30 HaApacTBallOTO YOBEYECTBO M
PasBUTUETO Ha WHAYCTPUSATA U TEXHOMNOTUNTE CE HYXAasT OT
TE3N LEeHHM M MHoro 6oratu pecypcu. [Mopagu BuCOKMTE
KOHLIEHTpaLuU® Ha MOMe3HM M3KOMaeMu MOLMTE KOUTO Lie
ObAaT HapyleHn 3a w3rpaxgaHe NOABOAHUTE PYAHULM Lie
Obaat MHOro Mo Marnku 3a pasnuka OT Te3n HamupaLy ce Ha
3eMHaTa NoBbPXHOCT.
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Nutepatypa

Konpes, W., MackaneB. A. - CbepeMeHHU MexXHOmo2uU 3a
0obus Ha nonesHu uskonaemu om okeaHckomo AbHO.

Konpes, W. — [MomeHyuanHu eb3moxHocmu 3a 00bug Ha
MemasHu none3Hu uskonaemu om O0bHOMO Ha YepHo
mope.

Neptun Minerals report.

Nautilus Minerals INC. Annual report.

PNG OresomeResources - Minerals and Energy Education.

Cratusata e npenopbyaHa 3a nybnukysaHe ot kat. ,OTkpuTo paspaboTBaHe Ha
MONe3HN M3Konaemu 1 B3puBHI paboTn®.
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NPOrHO3HAA OLEHKA AnA PALMOHAINBHOI O YNPABIEHUA OTBAJIOM B XOE
BEAEHWUA TOPHbIX PABOT

E.B. lNpokoneHko, C.B. bopwesckut, C.B. Macrno

LoHeykul HauuOHanbHb I MexXHUYecKul yHusepcumem

PE3IOME. B HacrosiLee Bpems, kak 1 B 0603puMoM DyayLem, 0TBanHbIe Nopodbl MOTYT NPEACTaBNATb MHTEPEC B KAYECTBE MCTOYHNKA BTOPUYHOTO MUHEPANTBHOTO
Cblpbsi, MO0 LUNPOKWIA CMEKTP Pa3fYHbIX XUMWYECKUX COEAMHEHMA 1 3MEMEHTOB, KOTOpble MPEeCTaBMsloT MHTepec Apyrux obnactax npomuwneHocT. Ha
Teputopun [ombacca HacumTbiBaetcst Bonee 450 0TBanoB YronbHOW MpOMMLLNEHOCTM, @ obwuu obbem oueHuBaeTcs B 273 MnH. m3. CtaTbsi mocBelleHa
(hOpPMMPOBaHNS W NPOEKTMPOBAHWS OTBANOB KOTOPble HEOBXOAMMO BbINONMHUTL C YYETOM BCEX BO3MOXbIX (hakTOpPOB W B OCOBEHHOCTW BCKPBILLIHOTO Maccvsa
MeCTOPOXAEHWS, KOTOpbIE MOTYT OKa3aTb BIMSHWE HA YCTOWYMBOCTL OTBana. PekymeHpyeTcs COCTaBNsHUE XPOHOMOTMYeCckon KapTbl, obpaboTbiBaemoro nnacra
ropbl. MoxHO dopmMupoBaTh 0TBaN Kak TEXHOrEHHOE MECTOPOX/AEHNE C HEMPEPLIBHOM reOMEXaHNYECKOM KOHTPOME YCTORYMBOCTY U MAHAMAMNBHOM SKONOTMYECKM
PUCKOM.

MPOrHO3HA OLIEHKA 3A PALUMOHANHO YNPABNEHWE HA OTBANWUTE NPWU BOOEHETO HA MUHHU PABOTU
E.B. lMpokonexko, C.B. bopwescku, C.B. Macno
LloHeuyku HayuoHaneH mexHu4yecku yHusepcumem

PE3IOME. [MoHacTosiem 1 B 0603pumoTo 6bAelle, OTBannUTe OT MUHHOTO MPOW3BOACTBO Ce M3NON3BAT KAaTO BTOPUYHM WTOYHMLW HA MMHEPAmnHW CypOBUMHM,
nopaay CbAbPXKaLLUTE Ce B TAX LUMPOK CMEKTHP XMMUYECKM CbeAMHEHWUS U eneMeHTH, OT CbLLECTBEH MHTEPEC 3a OCTaHanuTe CeKTopy Ha npomuiuneHoctta. Camo
Ha TepuTopusiTa Ha [loHbac uma Hag 450 otana c 06wy 0bem Hag 273 x.m%. CTaTusATa € NocBETEHa Ha NPOEKTUPaHETO W (HOPMUPAHETO Ha OTBaNM, C OTYMTAHE Ha
BCMYKM BB3MOXHM (PakTOpu M OCOBEHOCTW Ha M3rpaxpaluuTe Ckanu, OkasBall BNWsHME Ha oTeanoobpasyBaHeTo. [lpemopbyaHo € nOCTposiBaHe Ha
XPOHONMUTOMNOIMYHA KapTa Ha pa3paboTBaHOTO HaxXoAuLLe, MUHA, NAACT, KOSITO A1 € OCHOBA 3a NPEBPbLUAHETO Ha 0TBaMNa B TEXHOrEHHO HAXOAMLLE C Bb3MOXHOCT 3a
ynpaBneHme Ha reomexaHnyeckara yCTOAYMBOCT Ha OTBana, Ha pekynTuBaLmsTa My 1 MUHMMAneH eKONorNyeH puck.

B HacToslee Bpemsi BHMMaHWe NPOMbILUMEHHOCTH, KaK B Mpn hopMMPOBaHMM SIPYCOB YUMTHIBAKITCS CredyloLme
JanbHeMm, Tak 1 B 6nvmxHeM 3apybexbe BHOBb ObpalLaeTcs K haKTopb!:
MOPOAHBIM OTBaNaM YronbHbIX LWaxT, T.K. OTBarbHbIE NOPOab!
MOryT MpEeACTaBnsiTb WHTEPEC B KAYecTBe WCTOYHUKA
BTOPUYHOrO  MWHepanbHoro  chipbs.  Lnpokuin  cnektp 2. MakcumaneHas BbicoTa oTBana
Pa3NNYHbIX  XMMWYECKUX  COEOMHEHMA 1 3NIEMEHTOB,
BKMIOYAKLMX TEpMaHuiA 1 pefKko3eMenibHble, a TaK Xe
TMIMHO3EM ANst MPOM3BOACTBA OOKCMTOB, XenesHas pyfda M
HenocpeaCTBEHHO Yronb MpW BbICOKOA AOCTYMHOCTH, HU3KOM

1. Bpems paboTbl LwaxTbl

KonnuyectBo spycoB MpOEKTMPYeMOro MNOPOAHOro OTBana
hopMMpyeT cama LaxTa, C y4eTOM TOro, YTO MaKcumasbHas
BblCOTa OTBana JomkHa obiTb 100Mm.

LeHe 1 MPaKTMYECKN HEeOTPaHWYEHHbIX OBBLEMAX MCXOLHOO Hanpumep, nopodHblit otan waxTbl “Lllernosckasi -
Cblpbsi - MOPOAbl, AEnaeT nepCrneKkTUBHbIM  ykasaHHoe Fnybokas” 3anpoeKkTUpoBaH M3 6-u spYcoB, TaK Kak CPOK
TEXHUYECKoe HanpasrneHue, Tem Goree YTo Ha TeppuUTOpUM OTCbINKW oTBana cocTaeuT 35 neT, To nepeble 2 sipyca ByayT
Ponbacca HacuuTbiBaetcs Gonee 450 0TBanoB yronbHow HacbINaTbCs B TeYeHMe 7 NeT Kaxablil, 3aTem B TeueHue 6, 5 4
MPOMBILUNEHHOCTU  (lWaxT 1 oboraTuTenbHblx (habpuk), a M 3-X NeT COOTBETCTBEHHO. TakuM 0Bpa3oM, KOMM4YECTBO
oblmit  obbem  cknagupoBaHHbIX B - OTBanax  MopoA SpycoB N 06bEM NOPOAbI, 3annaH1POBaHbl B NPOEKTE Kax Ao
(yrreoTxofoB) OLEHNBAETCS B 273 MITH. M3. LIaXThl.

Mopoga, BbljaBaemasi W3 LaxTbl CKUMOBLIM CTBOSIOM, [aHHasi TexHororns hOPMUPOBAHMS TMOPOAHOrO OTBana
aKkymynupyetcs B MpuUeMHbIX ByHkepax CKWNoBOro CTBOMA npeanonaraeT NpOeKTHOe HapallyuBaHie OTOENbHOro spyca B
emkoctbio 100 7. Topopa ¢ npuemHbix ByHkepos ckvnosoro Cryyae, €CMM  MPEeAyCMOTPEeHbl BCE  TEXHOMOrMYeckme
CTBOJI@ COBMECTHO C NOPOLOW, NOMy4eHHOM NOCIEe COPTMPOBKM MeponpusaTus. Ho npu OTCbINKe NOpoA Ha OTBan He BCeraa 3t
ymsa Ha rpoxote [WUT-52, neHTOuHbIMK  KOHBEViepamm YCNOBMS BLINOMHAIOTCA. OTO CBA3AHO C TeM, YTO MOpodbl B
COPTUPOBKI TPAHCNIOPTUPYETCS B NOPOAHBIN GyHKEP EMKOCTbIO OTBan  OTCbINANMCb B Pa3NUYHbIX  COOTHOLLEHMSIX
701, C KOTOPOro 3arpyxaeTca B aBTOCamMocBalbl U BbIBO3UTCA TIUTONOMNYECKUX pa3HOCTel7|, KOTOpPblE  OMpeaenuTb  Wnu
Ha MOPOAHbIN OTBAM K MECTY CKIaaMpoBaHNS. NPOrHO3MPOBaTb JOCTATOMHO CMOXHO.
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MpoekTupoBaHue 0TBanoobpa3oBaHus HeobxoanmMo
OCYLUECTBMNSATb C Y4ETOM BCEX BO3MOXHbIX (DAKTOPOB W
0COOEHHOCTEN  BCKPBIWHOMO  MaccuBa  MECTOPOXAEHMS,
COCTOAHMA OCHOBaHWA, KOTOpre MOFyT OKas3aTb BIUAHWE Ha
YCTOM4MBOCTL  OTBana, CTeneHb €ro BO3LENCTBUS  Ha

okpyxatoLyto cpeay [1].
®opmupoBaHmMe oTBana HOMKHO OCYLLECTBIATLCA C Y4ETOM

€ro nocneaytoLen pekynbTuBauun [2-4] npn HenpepbIBHOM
FEOMEXaHWYECKOM  KOHTPOME  YCTOMYMBOCTW,  HECYLLEN

VL | [z [vaz |

[vaa ]

cnocobHocTu u ocapok. Mo TexHonoru OTBaJ'I006pa3OBaHVIFI
nopoda HacblNaeTcA Ha OTBan He XaoTuyecku, a 3a
onpefdeneHHoe Bpema M B OnNpeAeneHHoM Mecte, TO €eCTb
OUCKPETHO, YTO O3Ha4YaeT M3MeHeHWe, NpoucxodsLlee 4yepes
HEKOTOPbIE NPOMEXYTKU BPEMEHU.

FopHble paboTbl BeayTcs MO OMpeAeneHHon CucTeme W
NMaHUPOBaHMIO, B COOTBETCTBMM C MNAHOTPAMMON Pa3BUTHs!
rOpHbIX paboT (puc.1).
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Puc.1. TexHonorus u nopsAAoK oTNpaBKK NOpPOAbI HA OTBan U3 NPOXoA4YeCcKUx 3aboeB
Ocoboe MecTo B 3TOM Lenoyke 3aHMMaeT nnaHoBOe T2 k
] B B = t,f . . x,y.,z.,7. )
BbIMONHEHNS MapKLIENaepCKMX CLEMOK NOPOAHOro OTBana. iv s R Y 0 L0 7
i=T1 j=1

neprnoa Mexay CbemMKami MOXHO COCTaBWTb CXeMy OTCIMKM
nopoz Ha OTBar, a Takke NpemycMOTPeTb MOPSAOK HAChIMKM
nopogbl M3 KOHKPETHOTO MPOXOAYEcKoro 3abos, KOTOpbIA
COOTBETCTBYET OTPabaTbiBAEMOMY B aHHbI NEPUOL BPEMEHN
nnacry. 3Has NIUTONOMNYECKNI cocTas nopoa
oTpabaTblBaeMoro nnacra, a Takke TEXHOMOTM0 W MOPSAOK
OTNpaBkM  Mopodbl  Ha  OTBal, MOXHO  COCTaBWUTb
XPOHOMUTONOMMYECKYIO kapTy MOPOAHOro oTBarna.
CnepoBatenbHo, CUCTEMaTU3NPOBaHHas OTCbINka Mopogbl Mo
OnpefeneHHoN Cxeme MO3BONSET HANTM MECTOMONOXEHNE
MOPOLHOM Macchl C KOHKPETHOTO FOPHONPOXOAYECKOro yyacTka
C OOHOBPEMEHHON  XapaKTepucTWKOA CcOcTaBa  MOPOf,
OTCbINAEMbIX Ha OTBan. JTOT TEXHOMOTMYECKMA MPOLECC
npeacTaBneH Ha puc.2, rge napametpol Vi, V..V
ONPEAensoT eauHUYHbIA 0BbeM Mopodbl, OTChINAEMON Ha
otean. o eauHMYHbIM 0ObEMOM MofpasymMeBaeTcs Takoe
KONM4YEeCTBO MOPOAbI, KOTOPOE OCLINAETCS Ha OTBaN B NEPUOL,
paBHbI [ekaje wnu opHomy Mecsuy. [lepuog OTCbIMKM
nopogbl Ha OTBan MOXHO PerynupoBatb B 3aBUCUMOCTA OT
MOCTAHOBKM TOM Wi MHOW 3agaun. Lucpamm  1...15
(pabotann K 3aboes) u 16...31 (paborarm K1 3aboes)
nokasaHo, YTO AaHHbIA NEepUOA HaCbINKM paccMaTpuBaeTcs B
TeYeHue OfHOro Mecsla ¢ MHTepBanoM B 15 aHeit.

Tak kak nopoda noctynaet C KOHKPETHOro 3abos B
onpegeneHHoe MeCcTo oTBana, TO AaHHYK TEeXHOJOorM4eckyro
LEenoyky MOXHO npeacTtaBntb C MaTEMATUYECKOM TOYKM
3pEHNA B BUae cne,qyrou.l,eﬁ 3aBUCUMOCTN:
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roe B — obwas xapaktepuctuka nopog oteana; T1 m T2 -
COOTBETCTBEHHO Hayano M KOHEL MHTepBana nepegauu
nopodbl M3 KOHKPETHOTO MPOXOAYECKoro 3abos Ha oTBan; k-
konuyecTso paboTalowmx 3aboes; t- MOMEHT nepefaun U
CKNaaMpoBaHus nopoabl 13 3ab0s Ha OTBan B ONpeaerneHHoe

Mecto, f- CBOWCTBA  €OMHMYHBIX 0OBEMOB  NOPOf,

N3BneKaeMblx U3 32608 (xumnyeckue, usndeckue);

X ,y .,z - KOOpAMHATbl ~TOuEK, yKasbiBaoLye
i i J

pacronoxeHne eanmHUYHbIX 06LEMOB B ONpeeneHHOM MecTe
3a00s; Y- CryyalHass BenuuMHa, 3aBuCAWas OT pexuMa
paboTbl  KOHKpeTHOro  3abos  (UMKNMYHOCTL  paboThl,
aBapuiHble CUTyaLmMu, KpPYrMOCYTOYHBIA PEXuM), a Takke OT
TEXHOMOrMM BedeHuss TopHbix pabot (BBP, ¢ momolybo
kombBainHoB).

Pe3loM1pysl BbILIEU3NOXEHHOE, MOXHO CkasaTb, YTO 3Has
CBOICTBA TOPHbIX NOPOA, M3BNEKAEMbIX 33 OMpPeAeneHHbIil
MPOMEXYTOK BPEMEHU U3 psifia OOHOBPEMEHHO paboTatoLinx
npoxofyeckux 3aboeB, MOXHO (hopMMpoBaTb OTBaN Kak
TEXHOTEHHOE MECTOPOXEHUE MyTeM OTChIMKM W3BMNEYEHHOM
rnopoabl B ONpeferneHHoe MECTO sipyca Mo OnpeseneHHom
CXeMe C y4eToM €ro Mocneaylolen peKynbTMBaLmu Mpu
HEMpepbIBHOM TeOMEXaHUYECKOM KOHTPONe  YCTOMYMBOCTH,
HecyLLel CrocoBHOCTM M 0CaAOK.
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Puc.2. Cxema cuctemaTuapoBaHHOWN OTChINKW MOPOAbI Ha OTBan

LILIL..VI- Homep mecsua; K, K1- konuyecTBo 3a60eB, paboTatowux B AaHHbLIN Nepuos BpeMeH!

CNMUCOK CCbINOK

1. Matnak E. C. Be3oTxogHoe NMpPOW3BOLACTBO - OCHOBHOE
HanpaBneHWe WCMoMb3oBaHUs MPUPOAHBIX PECYPCOB W
OXpaHbl  okpyxatwowen cpegsl /E.  C. Matnax/
O6LLerocyjapCTBEHHbIN  HAYYHO-TEXHUYECKUIA XypHar. -
[JoHeuk: [loHl' TY, 1998.- C. 10-14.

2. OUiHKM €eKOMOriYHOro CTaHy HaBKOMMLUHLOrO CepeaoBuLLa
npu pecTpykTypu3auii ByrinbHOi npomucnosocTi. MeTtoan
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3aXUCTY i BiAHOBMEHHS JOBKINNS : Matepiani MixXHapo4HO!
HayK.-npakT. oHd. / Yronb YkpanHbl.-2000.-Ne7.-C. 24-26.

3. Metognyeckne  ykasaHus N0 MPOEKTUPOBAHWIO
PeKyNbTMBALMM HapYLLEHHBIX 3eMEeNb Ha AENCTBYIOLMX U
NPOEKTUPYEMbIX npeanpuaTNsaX yronbHom
npomMblLLneHHocTH.- Mepmb: BHAUOCyrons- 1991.

4. OxpaHa npupogbl. 3emnu. Knaccudmkaums HapyLueHHbIX
3emenb ans pekynsTtuauun. FOCT 17.5.3.02-84.

Cratusita e npenopbyaHa 3a nybnukysae oT PeaakLyoHeH CbBeT.



TOANWHMK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. MBAH PUNCKIA”, Tom 58, Cs. Il, [lobus 1 npepaboTka Ha MuHepantm cyposiHi, 2015
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 58, Part Il, Mining and Mineral processing, 2015

REMEDIATION APPROACHES FOR LIQUEFACTION SUSCEPTIBLE DUMPS OF FORMER
OPENCAST LIGNITE MINES

Nandor Tamaskovics?, Pavel Pavlov?, Detlev Tondera?, Cathleen Drebenstedt!

1 Geotechnical Institute, TU Bergakademie Freiberg, Freiberg, Germany
2 University of Mining and Geology ,St. Ivan Rilski®, Sofia, Bulgaria

ABSTRACT: The spontaneous liquefaction of soils belongs to the most dangerous types of failure in geotechnics. A local liquefaction failure can occur without any
previous signs and trigger a harmful mass movement extending to large areas. The most conservative and long-term feasible technical solution for the stabilization of
liquefaction susceptible sites extending to large surface areas is their compaction to a necessary and sufficient level with a smooth, fast and economic soil compaction
method, combining geotechnical ground exploration, remediation and quality control in one unified technical process. Under unfavourable geotechnical conditions, soil
grouting could also be applied as an alternative and very efficient stabilization method.

noaxoau NP Bb3CTAHOBABAHE HA NMOQATNMBU HA BTEYHABAHE HACUMNWULLIA B CTAPU OTKPUTWU NNUTHUTHU
MWHHK

Handop Tamawkosuy!, Masen Maenoe?, Jemnee ToHdepa!, Kamnuiin pebeHujad’
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PE3IOME. CnoHTaHHOTO BTeYHsIBaHe Ha MOYBM € eAHa OT Hal-OMmacHWTE aBapuM B reoTexXHWKaTa. JIokanHo BTeYHsIBaHe MOXe Aa ce nonyuu 6e3 Aa uMa Hsikakeu
npeaBapuTENHM NMpUsHaLM 1 [a AoBese A0 BPEAHO ABWKEHWE HA Macu, PasnpocTMpaLLo Ce Ha ronemu nroluy. Han-koHcepBaTMBHOTO U YCTONYMBO BbB BPEMETO
TEXHUYECKO peLleHue 3a cTabunuanpaHe Ha HacunuLia, NOAATNMBM Ha BTEYHSIBAHE, € TAXHOTO YNTbTHSIBaHE [0 HeOBXOAMMOTO UM AOCTaTbYHO HWBO C 6bP3 U
MKOHOMMYECKW M3TOAEH METOA 3a YNITbTHSBAHE Ha MoYBaTa, MpW KOWUTO Ce KOMBMHMpA reOTEXHWUYECKOTO MpOYYBaHE Ha 3€MHUTE Macy, Bb3CTAHOBSIBAHETO W
KOHTPOMNa Ha Ka4yeCTBOTO B €ANH OOLL TeXHUYeCkM npoLiec. Mpn HebnaronpusiTHA re0TEXHUYECKN YCIIOBUS MOXE Aa CE MPUMOXW CbLUO TaMMOHUpaHe Ha novsakaTa
KaTo anTepHaTMBEH 1 MHOTO ehnkaceH cTabunmnsaLMoHeH MeTog,.

Introduction can prevail over long time periods in a soil body and it can be
triggered, when suddenly all geotechnical prerequisites men-
The spontaneous liquefaction of soils belongs to the most ~ tioned above are fulfilled at the same time.

dangerous types of failure in geotechnics. A local liquefaction An especially difficult geotechnical situation emerges, when

failure can occur without any previous signs and trigger a loose and liquefaction susceptible, almost water saturated
harmful mass movement extending to large areas. To a poten- granular soils are situated immediately under the ground sur-
tial liquefaction failure, certain soil physical and mechanical face due to a very high level of the ground water table. The
conditions must simultaneously prevail in the soil . buoyancy forces lead to a very low level of the effective stress-
*  special grain size distribution and smooth grain sur- es and instabilities can be induced by low energy excitations in
face (grain texture) . . . soil regions at low depths. Due to the low density at low effec-
. low density due to high porosity of the soil skeleton tive stresses, the resulting stiffness in the soil skeleton is also
. special orientation of the grains in the soil skeleton low. High compaction energy can lead to a significant density
(skeleton structure) change and high deformations on the ground surface.
° sufficient water saturation in the pores of the soil . . .
skeleton . The elimination of one or more geotechmcal preregwsﬂes
. low effective stresses in the soil in its initial state “.Sted above.c.a.n result i a potent.|al reduction of the liquefac-
. shear strenath dominated by friction with verv low tion susceptibility. Practical experience proves, that the most
cohesion 9 y vy conservative and long-term feasible technical solution for the
- . . , , stabilization of liquefaction susceptible sites is their compac-
o sufficient disturbance in the effective stress field due

tion. In liquefaction susceptible dumps of former lignite open-

to an interal or external excitation (also termed inifial) cast mines, the stabilization of the residual pit slopes should

Neither liquefaction susceptibility nor the danger of a spon- have high priority. The slopes can be stabilized with the tech-
taneous liquefaction failure will be reduced over time, as it is nique of “hidden dams”, using a local compaction zone reach-
the case in other geotechnical applications, where a certain ing to the maximum dump depth and optionally with the more
“natural attenuation” leads to slightly increasing safety factors economic technique of “floating dams”, using a local compac-
with soil age. The danger for a spontaneous liquefaction failure tion zone reaching to a reasonable depth only. Such compact-
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ed zones have successfully been used as adequate stabiliza-
tion solution in numerous geotechnical applications. In the
geotechnical design of the required size of the compaction
zone, earth static methods are used with the assumption that
the force equilibrium must be safely fulfilled, when the soil lig-
uefies on one side of the compacted zone.

In liquefaction susceptible dumps of former opencast lignite
mines, instabilities can also occur in regions far from the resid-
ual pit slopes, when the water table level reaches very high
levels below the ground surface. If the liquefaction susceptible
dump materials extend over great surface areas, their stabiliza-
tion with compacted zones poses a great engineering chal-
lenge. At the selection of the adequate ground stabilization
method must be considered, that the compaction of the lique-
faction susceptible material should be conservative, certainly
excluding the option of failure in loose zones that remain in the
dump body posing a potential danger of a local liquefaction
failure after the ground treatment.

In the selection of potential stabilization methods should be
furthermore considered, that if a liquefaction susceptible dump
site is already used for a certain economic purpose, large dis-
placements on the ground surface are generally not desirable.
If large settlements of the ground surface are provoked, they
have to be levelled or filled up with additional replacement
soils. If the groundwater table level is also very high, large
displacements could also shift the ground surface under water,
leading to new wet surfaces or lakes, posing the problem of the
stabilization along the new shore slopes.

For the stabilization of liquefaction susceptible dumps of
former opencast lignite mines, the optimum solution is the
compaction of the soil skeleton. Prescribing the critical density,
the pressure dependent density limit, where dilatancy sets in at
shear loading, as the compaction goal level, is economically
not feasible and would lead to undesired large deformations in
the subsoil. The significant reduction of liquefaction susceptibil-
ity in the dump material can be reached with a slight, uniform
and sufficient density increase over large areas, leading to a
satisfactory reduction in volume changes at subsequent shear
loading and avoiding a spontaneous liquefaction failure.

The selection of an appropriate ground improvement method
is difficult, as the geotechnical information level on the dumps
of former lignite opencast mines is usually very low and due to
the large surface, a profound geotechnical exploration is too
expensive. Those ground improvement methods are clearly in
advantage, when the compaction effect can be estimated be-
forehand and from the observed ground improvement results,
the efficiency of the resulting ground compaction and the in-
creased stability of the treated ground can be determined.

Ground remediation methods against liquefac-
tion

In practice, ground improvement with soil compaction is of-
ten carried out with dynamic methods, where the compacting
energy is introduced through dynamic excitation of the soil with
a wave field. Dynamic ground improvement methods can local-
ly induce high density changes. The introduced wave field will
also excite other regions of the liquefaction susceptible subsur-
face, laying further away and outside of the soil stabilization
project area. In consequence of the wave field, undesired dis-
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placements of the ground surface and potential liquefaction
failures can be triggered.

Another significant problem with the application of dynamic
ground improvement methods lays in the fact that their action
mechanism is not yet well understood in theoretical models of
soil dynamics and their quantitative dimensioning proves to be
difficult. It is unclear, which compaction effects will result at
which distances to the wave field excitation source and where
could uncompacted soil regions as potential failure zones re-
main in the subsoil after treatment. A reduction of the dynamic
excitation energy leads to a higher density fluctuation and in-
creasing risk of insufficient stabilization.

For the installation of stabilizing compacted soil zones, such
as “hidden dams” and “floating dams”, the method the vibration
compaction and explosive compaction have been extensively
used. If the groundwater table reaches very high levels below
the ground surface in liquefaction susceptible soils, the appli-
cation of these methods turns out to be highly complicated, as
the low effective stresses and high water saturation ratio lead
to very high liquefaction mobility in the soil and the introduced
wave field can simply trigger a dangerous liquefaction failure.

The vibration compaction method introduces the compaction
energy with an excitation unit. The vibration energy can quickly
lead to significant build up of excess pore pressures. It is es-
pecially dangerous, when the vibration compaction is carried
out in an existing, previously compacted zone of the dump of a
former opencast mine, such as the work level of spreaders, as
the wave field triggered by the vibration energy can propagate
to high distances and induce liquefaction failures over large
areas.

As an alternative, a “smooth” version of the explosive soil
compaction method can be used with small charges at low
depths below the water table level. However, the application of
the explosive soil compaction proves to be also very problem-
atic to the compaction of liquefaction susceptible soils in many
respects. Up to today, engineering methods for the quantitative
dimensioning of explosive soil compaction operations are miss-
ing. An approximate quantitative estimate of potential compac-
tion effects can be reached with the extrapolation of existing
empirical dimensioning rules. But, the method proves to be
poorly scalable for the desired densification effects in the depth
and in lateral direction.

The explosive compaction is very likely to cause a bumpy
surface with a high levelling effort afterwards and with badly
controlled and heterogeneous densification effects that are
stronger in the vicinity of the explosive charge and weak in
great distance. In order to avoid a destabilization due to excess
pore pressures, the application of additional drains is highly
recommended, leading to a significantly higher ground treat-
ment effort.

Another great difficulty arises from the fact, that the explo-
sive ground improvement has practically no effect in soil layers
without full water saturation. In the naturally saturated layer,
even a decrease in the density can be expected, as the wave
field form the explosion has a lifting effect on the ground sur-
face above the charge, leading to a loosening and cracking of
the weak soil layer above the ground water table. If the ground
water rises further and saturates the very loose soil layer under
the subsoil surface, the local liquefaction susceptibility can
even increase.



The quality control in the heterogeneous density field result-
ing from the explosive soil compaction poses another difficult
problem. The surface settlements can be readily used for an
estimate of the densification effects in the ground. However,
the quantitative measurement of the spatial density distribution
in the soil with reasonable effort proves to be a practically un-
solvable problem today.

Finally, the non conservative densification of the ground
turns out to be the biggest concern with the application of the
“smooth” explosive compaction method. Without the possibility
for a quantitative densification control, the question for the
sufficient level of ground treatment excluding residual risks of
failure cannot be satisfactorily answered.
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Fig. 1. StaPaC - Technical and geotechnical concept of the static partial
compaction

Technical, geotechnical and economic concept
of the static partial compaction (StaPaC)

Static compaction methods are based on the concept that
the densification effects in the soil emerge from a smooth static
loading, avoiding the dynamic excitation of the treated soil. For
the stabilization of liquefaction susceptible soils, the Static
Partial Compaction (StaPaC) has been developed and recom-
mended by Tamaskovics [Tamaskovics,2011].

The ground improvement with the static partial compaction
method (StaPaC) introduces a slight density and gentle struc-
tural change in the soil skeleton with a slowly moving quasi-
static load on the ground surface and can stabilize liquefaction
susceptible dump soils of former opencast lignite mines. The
ground improvement method is partial, because only a part of
the treated soil over the depth will be compacted and only a
part of the possible densification spectrum is exerted. The
simplicity of the ground improvement method allows for a very
economic solution.

The almost trivial technical concept of the static partial com-
paction (StaPaC) can be observed in a view from above in
figure 1. The ground improvement technology consists of a
large modular dead load moved piece after piece by a mobile
cran. The dead load elements can be advantageously old ship
containers filled with a heavy sediment or simply sand. Ideally,
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iron cubes made from scrap could be also used as long term
investment and the bound capital regained after finishing the
ground improvement operation. Great advantage of the latter
technical and economical option would lay in the more concen-
trated load and simpler handling of the smaller surface loading
units.

The static partial compaction (StaPaC) unifies the geotech-
nical ground exploration, the ground treatment and the quality
control of the ground improvement in one technical process, as
it is practically nothing different than a moving test loading on
the ground surface. The resulting densification effect to be
expected is selective, inducing a higher compaction effect in
more loose soil regions.

The static partial compaction (StaPaC) has a great number
of advantages in comparison with alternative methods of
ground improvement. The loading of the treated soil with a
wave field can be completely avoided. Near protected objects
that are sensitive to a dynamic excitation, the application of a
static loading is the unique alternative.

The soil mechanics process of the static partial compaction
(StaPaC) during the ground improvement introduces a large
loading and unloading cycle of normal and shear stress. During
subsequent loading, due to the pre-load, the improved soil
behaves stiffer in the previously introduced stress range. The
ground improvement procedure is fully applied over the com-
plete subsoil surface and definitely reaches each soil particle in
the ground. Immediately after the soil compaction to a suffi-
cient level, the economic utilization of the subsoil is further
possible.

The static partial compaction (StaPaC) has three adjustable
technical operation parameters. The geometrical extension of
the dead load on the surface influences the depth of soil treat-
ment. The stress level under the dead load determines the
compaction impact and stress reversal intensity. The velocity
of the surface load movement controls the induced excess
pore pressures that provoke a groundwater flow and spatial
consolidation process. For the geometrical extension of the
dead load on the surface, a minimum size of 20mx20m is rec-
ommended, reaching definitively a treatment depth of 20m.
The stress level under the dead load can be adjusted to the
sensibility of the liquefaction susceptible ground to be im-
proved. From the time dependent settlement of the surface
load, the spatial consolidation process and the induced com-
paction effects can be back calculated with inverse methods of
soil mechanics. The measured spatial distribution of the stiff-
ness in the subsoil allows for the estimation of the ground im-
provement operation quality. With additional pore pressure
measurements and auxiliary drainage elements, the spatial
consolidation process can be monitored and the overall ge-
otechnical safety of the ground compaction unit can be in-
creased.

The technical applicability of the static partial compaction
(StaPaC), some prerequisites must be secured. The ground
must be levelled and surface obstacles removed. The ground
improvement method advances slowly, but this can be com-
pensated with the number of loading active units.



StaPaC - Soil mechanical calculation of densification efficiency
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Fig. 2. StaPaC - Void ratio change estimate due to the moving surface load
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Table 1. StaPaC - Quantitative estimation of the compaction effect — Soil mechanical material parameters for the hypoplastic consti-

tutive equation of von Wolffersdorff
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Parameter: Dimension: OLD parameter set: NEW parameter set:
T [kN/m?3] 17,00 17,00
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B 1] 0,99 0,99

ke [m/sec] 5,00 * 10 5,00 * 10
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Cx 1] 0,250 0,10

i [1] 1,000 3,00
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Legende:

: Specific weight at partial saturation
I+ : Specific weight at full water saturation
B : Skempton pore pressure factor for isotropic loading

kx : Hydraulic permeability for flow in horzontal direction

ky :Hydraulic permeability for flow in vertical direction

¢ Friction angle in residual state

Tt Tensile stress limit in the granular skeleton

hs : Granular hardness

n :Compression exponent

ed : Void ratio at densest state in the granular skeleton at reference stress

e« : Void ratio at critical state in the granular skeleton at reference stress

eio : Void ratio at isotropic compression state in the granular skeleton at reference stress
(¢ : Exponent describing the density influence on the shear strength and dilatancy
l'j

- Exponent describing the density influence on the incremental stiffness

Quantitative estimation of the compaction effect
with the static partial compaction (StaPaC)

Based on theoretical modelling, quantitative densification ef-
fects from static partial compaction (StaPaC) of liquefaction
susceptible sands in dumps of former lignite opencast mines
have been studied. In two dimensional plane strain calculations
with the finite element method implemented in the programme
system PLAXIS-2D, the hypoplastic constitutive equation for
sands in the form proposed by von Wolffersdorff has been
utilized, allowing for the modelling of deformation processes in
soils depending on the prevailing effective stress state and
density [von Wolffersdorff, 1996]. The hypoplastic material
parameters of typical liquefaction susceptible sandy dump soils
from former lignite opencast mines are presented in the table
1, derived from older and newer experimental studies.

In the theoretical model, a static load with a normal stress of
0=75[kN/m?] has been assumed under a surface load with a
width of 20m. During the movement of the surface load, a con-
tinuous spatial consolidation process takes place and the ex-
cess pore pressures dissipate depending on the hydraulic
permeability properties of the liquefaction susceptible dump
soil.

Figure 2 shows the change in the void ratio due to the
ground improvement effect with the static partial compaction
(StaPaC) depending on the initial void ratio in the ground in a
depth of 10m. Above this depth, a significantly higher densifi-
cation effect can be expected, leading to an effective stabiliza-
tion in the depth range, where low effective stresses and high
water saturation ratio lead to a high liquefaction susceptibility
of the soil. Additionally, high density changes will occur in the
naturally saturated soil layer directly beneath the surface load,
reducing latent residual liquefaction risks from later changes in
the water table level.

Figure 3 shows the displacement field and figure 4 the void
ratio change due to the densification effect of a marching static
load on the surface with a dimension of 20m width. It is obvi-
ous, that the mechanical depth influence reaches approximate-
ly the geometric size of the surface load. The densification
effects are the strongest below the ground surface and de-
crease slightly with increasing depth. The resulting density field
is homogeneous and all soil particles have been definitely
reached by the ground improvement effect.
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Alternative stabilization methods

The position of the ground water table level is a crucial deci-
sive factor in the selection of potential stabilization methods.
The soil stabilization with compaction is strongly connected
with settlements of the ground surface. If the ground water
table takes a very high level, the ground surface can come
very near of drop below the water table, dominantly changing
the geotechnical characteristics of the site.

The current position of the water table level may also force
an undesired change in the way of the site utilization strategy,
such as agricultural or forest economic use. With soil com-
paction, also additional undesired water surfaces such as lo-
cally wet regions can emerge.

Especially in the case, when buildings or infrastructural facili-
ties have previously been erected on liquefaction susceptible
sites, the application of compaction and induced settlements
would lead to a mostly prohibitive deformation in the building
structure. In combination with a high water table level, the ser-
viceability of the building could be endangered in connection
with the soil stabilization measures.

If the option of soil compaction must be dropped among the
geotechnical stabilization methods on a given site, the soil
grouting in the liquefaction susceptible ground remains the final
and unique ground improvement alternative. The grout material
can fill up the void space in the soil and reduce the water sat-
uration ratio. The grout material can also lead to a cementation
of the granular skeleton building up a cohesive strength com-
ponent additionally restraining the liquefaction failure mecha-
nism. Due to a change in the void space filling, grouting can be
expected to lower the hydraulic permeability characteristics of
the treated ground.

The economic efficiency of the grouting stabilization of lique-
faction susceptible sites depends on the effort in order to install
the grouting tube equipment. Due to the usually very low cone
penetration resistances in liquefaction susceptible soils, the
installation of the soil grouting tube equipment can be mainly
carried out with low effort, leading to an economic ground sta-
bilization method. Below the water table level, the grouting
tube can even fall without any resistance into the loose water
saturated granular soil under fast undrained loading.



The grouting pressure is a very important stability question
and design parameter of a ground grouting operation. High
grouting pressures can lead to locally very high and dangerous
excess pore pressures and trigger a liquefaction failure. In a
ground grouting operation for the stabilization of liquefaction
susceptible soils, basically two strategies can be followed. On
the first hand, grouting can be applied with a high distance of
the grouting points to each other. With high grouting pressure,
cracks can be introduced into the liquefaction susceptible soil
and filled up with the stabilizing material, leading to a rib skele-
ton structure with high shear strength. With this method, grout-
ing can be applied for the stabilization of liquefaction suscepti-
ble soils over large surface areas with a moderate increase of
the shear strength. On the second hand, grouting can be ap-
plied with a low to very low distance of the grouting points to
each other. With a low grouting pressure, the voids in the lique-
faction susceptible soil can be filled up with the stabilizing ma-
terial, leading to a column structure with high shear strength.
With this method, a preferably local stabilization under founda-
tions of already existing buildings can be carried out leading to
a strong local increase of the shear strength.

In the grouting stabilization of liquefaction susceptible soils,
the selection of the grouting material is also a very important
question. The grouting material must be environmentally com-
patible, must exhibit a strong stability against leaching out in
the ground water and must be economically advantageous at
the same time. The optimum solution would be the utilization of
a harmless industrial residual material that would reach sub-
stantial shear strength and would have a long term leach out
stability in ground water at the same time. Lignite ashes as
residuals from coal energy production have been successfully
tested but their environmental compatibility is still questioned.

Summary and conclusions

The spontaneous liquefaction of soils belongs to the most
dangerous types of failure in geotechnics. A local liquefaction
failure can occur without any previous signs and trigger a
harmful mass movement extending to large areas.

Neither liquefaction susceptibility nor the danger of a spon-
taneous liquefaction failure will be reduced over time, as it is
the case in other geotechnical applications, where a certain
“natural attenuation” leads to slightly increasing safety factors
with soil age. The danger for a spontaneous liquefaction failure
can prevail over long time periods in a soil body and it can be
triggered, when suddenly all geotechnical prerequisites are
fulfilled at the same time.

For the stabilization of liquefaction susceptible dumps of
former opencast lignite mines, the optimum solution is a com-
paction of the soil skeleton. Prescribing the critical density, the
pressure dependent density limit, where dilatancy sets in at
shear loading, as the compaction goal level, is economically
not feasible and would lead to undesired large deformations in
the subsoil. The significant reduction of liquefaction susceptibil-
ity in the dump material can be reached with a slight, uniform
and sufficient density increase over large areas, leading to a
sufficient reduction in volume changes at subsequent shear
loading and avoiding a spontaneous liquefaction failure.

The selection of an appropriate ground improvement method
is difficult, as the geotechnical information level on the dumps
of former lignite opencast mines is usually quite low. Those
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ground improvement methods are clearly in advantage, where
the compaction effect can be estimated beforehand and from
the observed ground improvement results, the efficiency of the
resulting ground compaction and the increased stability of the
treated ground can be determined.

For the stabilization of liquefaction susceptible soils with high
groundwater table levels, dynamic ground improvement meth-
ods show application limitations and their use can lead to un-
desired displacements of the ground surface or even to lique-
faction failures due to the spreading of the induced wave field.

The recommended ground improvement technique for the
stabilization of liquefaction susceptible dumps of former lignite
opencast mines with compaction, the static partial compaction
method (StaPaC) introduces a slight density change into the
soil skeleton with a moving load on the ground surface and a
connected spatial consolidation process.

The static partial compaction (StaPaC) method unifies
ground exploration, densification and quality control in one
single process and is economically feasible to induce the nec-
essary and sufficient density change level into liquefaction
susceptible dump soils of former opencast lignite mines that
their economic reuse can be guaranteed on a very low latent
residual risk level.

If the option of soil compaction must be dropped among the
geotechnical stabilization methods on a given site, the soil
grouting in the liquefaction susceptible ground remains the final
and unique ground improvement alternative. The grout material
can fill up the void space in the soil and reduce the water sat-
uration ratio. The grout material can also lead to a cementation
of the granular skeleton building up a cohesive strength com-
ponent additionally restraining the liquefaction failure mecha-
nism. Due to a change in the void space filling, grouting can be
expected to lower the hydraulic permeability characteristics of
the treated ground.
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OU3NKO-XUMWUYHA XAPAKTEPUCTUKA HA HACUMNULLA C FrEONIOrMYHU
MATEPWUANW, U3rPAOEHU NPU AOBUB HA MEQIHA PYJA
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PE3IOME. V3cnepganu ca oTnagbyHu Hacunuila, dopMupaHn npu oTKpuT AobuB Ha MeAHa pyaa oT paiioHa Ha Exo-Meper. MonyyeHuTe pesyntatv nokaseart, Ye
HacunuwiaTa ce XxapakTepuaupaT C U3KITKYMTENHO HUCKO eCTECTBEHO NNoaopoaue. To ce onpeaenst 0T eApoYaCTUYHUS CbCTAB HA MEXaHWYHUTE PpaKLK, HUCKOTO
CbAbpKaHWEe Ha OPraHUYHO BELLECTBO W Ha XPaHUTENHN ENEMEHTM 3a pacTeHUsiTa U CUITHO KucenaTa peakunsi Ha cpeaata (pH BbB Bofa), CbY4ETaHO C NPUCHCTBUE
Ha cynduachbAbpXaM MuHepanu. Hamuyneto Ha TOKCWYHM KONMMYECTBA MeA W LMHK NOCTaBsi OTPaHWMYEHUst MO OTHOLLEHWE W3MOM3BaHETO Ha TepeHuTe 3a
oTrnexaaHe Ha ypaxHa W KynTypHa pacTuTenHocT 6e3 npefgaputenHa menvopauys. MpeanoxeHu ca rpyni 0T MEpOMPUSITUS, KOUTO B MakCcUMarnHa CTeneH Lie
MPEeYCTaHOBAT BPEAHOTO Bb3AEACTBME BbPXY OKONHATa CPEAa W HACceNEeHUETO U e NO3BONAT Aa Ce Bb3CTaHOBW MNOAOPOAMETO Ha HapyLUEHUTE TEPEHN, U Aa ce
nogobpu naHalwadTa Ha MeCTHOCTTa.

PHYSICO-CHEMICAL CHARACTERIZATION OF DUMPS, BUILT DURING EXCAVATION OF COPPER MINING
Martin Banov', Pavel Pavlov?

N. Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection, Sofia

2 University of Mining and Geology “St. Ivan Rilski”, Sofia

ABSTRACT. Dumps built with geological materials obtained in open pit mining of copper ore from the area of Eco-Medet have been exanimate. The obtained results
show that the dumps are characterized by extremely low natural fertility. It is determined by the fractions of mechanical composition, low content of organic matter and
nutrients for plants and highly acidic medium reaction (pH in water), combined with the presence of minerals which content sulfur. The presence of toxic amounts of
copper and zinc puts restrictions on the use of land for growing feed and cultural vegetation without prior reclamation. Have been proposed groups of activities that in
maximum will stop harmful effects on the environment and the population and will allow to restore the fertility of the damaged areas and improve the landscape of the
area.

Key words: geological material, disturbed land, surface mining, biological regeneration, land reclamation.

YBoa npeunsvpaHe Ha eKomnorMyHuTe MeponpusTus, Ha 6asata Ha
nozpoBHO NpeaBapUTENHO NpOyYBaHe.

[o6uBbT Ha MedHa pyaa € CbNPOBOAEH C HapyllaBaHe Ha
OKOMHaTa cpefa M 3aMbpCsiBaHe Ha MouBMTE, BOAWTE W
Bb3ayxa. [pu M3emMBaHETO Ha OTKPUBKATA, HA PYAHOTO TAMO MaTepuan n metoaun
Ce M3rpaxgaT Taka HapeyeHuTe BBHLUHM Hacunuwa, KowuTo
3aemar ronemu nnowM 1 M3LANO NPOMEHNT naHawadTa Ha
MECTHOCTTa, B KOATO Ce NpOBEXAaT MWHHO-OOBUBHUTE
pabotu. [lenoHupaHaTa OTKpMBKa MHOMO YECTO € Ca TOKCUYHA
3a OTrnexpaHe Ha KynTypHa pactutenHoct 6es npegsapu-
TENHOTO MM Menuopupare (XKenesa, E. u gp., 1998).

3a 0bekT Ha u3cneaBaHe nocnyxu Teputopusita Ha Cesepo-
3anagHoTo n CeBepHO Hacvnuwa, uarpageHn npu fobuea Ha
mMegHa pyda B paioHa Ha Eko-Mepet. PygHukeT e pas-
nonoxeH Ha okono 15 km ceeepHo ot rp. MMaHariopuue, Ha
TepuTopusiTa Ha CpeaHa ropa. PenedbT B paiioHa Ha obekta
€ CPEeHO-NMaHUHCKM CbC CTPBbMHM CKIOHOBE [0 450,

ChIbpKalte ce B reonorudHute cy6etpan muputhm  Haamopekata eucouvHa e okono 900 - 1300 m.
MUHEpany ce OKICNABAT MU APEHMPaHeTO Ha FbXAOBHUTE
BOQW Npe3 TANOTO Ha HacunMwata 1 ToBa BOAM [0
BKUCNSIBAHE Ha MOBBPXHOCTHUTE M MOAMOYBEHU BOAM, U [0
3aMBPCABAHETO VM C FONEMY KOMMYECTBa TExXKI MeTany.

FOOMWHMAT XO4 Ha Banexute uma nogyepTaH KOHTUHEH-
TaneH xapaktep. [lponeTHute W neTHW Banexu ca oOT
nopsigbka Ha 155 - 178 (196) mm. TsAXHOTO 3HAuUTENHO
KOMMYECTBO, CbYETAHO C MO-HUCKUTE TeMnepaTypu onpeLenst

HaXOﬂMLLtaTa Ha meqHa pyoa 0OUKHOBEHHO ca OTHOCUTENHO cnabute NEeTHM 3acyllaBaHuA, XapakTepHu 3a
pa3nonoXeHu B NNaHWHCKU TepuTopum, KbaeTo pal7IOHa. Cpe}:lHO roguiiHaTa cyma Ha Banexute ce U3MeHa o1
Bb3MOXHOCTUTE 33 Bb3CTaHOBSiBAHe (pekynTvpauus) Ha 606 (607) mm go 588 mm.

HapylweHnTe TepeHn ca CUIHO OrpaHuyeHn u e Heobxoanmo
I'Ipeo6nanaBaLu,MTe BETpOBE Ca 3anafHu 1 cesepo3anagHu,

CbC cpeaHa ckopoct go 10 m/s.
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3a ycTaHOBSIBaHE Ha (PU3NYHUTE M XUMUYHU XapakTepuc-
TUKW Ha cyBcTpaTuTe, 3rpaxzaally HacunuiiaTa B paiioHa Ha
Eko-Megetr ca B3eTM npobu OT NOBBLPXHOCTTA MM Ha
abnbounHa 0 - 25 cm - KopeHoobuUTaemust croit 3a pacte-
HusTa. Besika npoba e cmec oT 9 eauHWM4HW npobu, B3eTw
PaBHOMEPHO B LEHTbpa W MO NEpUMETbBPA Ha KPbr C
avamvetsp 5 m. Cobpanute npobu ce aHanuampat no
OTHOLUEHWE Ha CReaHUTE nokasaTenu:

- pasnpefeneHne Ha MexaHuuHuTe dpakummn (KaumHckui,
1958);

- 060 KonnyecTBo kapboHaTh (ApuHyLkiHa, 1970);

- cbabpkaHue Ha 06w ebrnepog (MoHomapsoBa W ap.,
1975);

- 06wm chopmm Ha a30T 1 docchop (Ypymoea, 1974);

- peakuus Ha cpegata (pH BbB Boga) (ApuHyLukuHa, 1970);

- 00LL0 KONN4ECTBO MUKPOENEMEHTH (ApuHyLLkuHa, 1970).

Pesyntatu n o6cbxpaHe

lMonyyeHuTe  aHanUTWYHW  pesynTaTM  nokaseat, ue
reonornyHuTe Matepuanu (cybeTpati), oT KOUTO ca U3rpageHu
CeBepo3anagHoTo 1 CeBepHO Hacunuwa ce xapakrepuaupar
CbC CNEAHUTE (DU3MYHM U XUMUYHW NokasaTenu (Tabn. 1, 2 u
3).

Mo OTHOWeHWe pa3npedeneHeTo Ha  MeXaHudHuTe
(bpakuum u3cneaBaHUTe MaTepuanu ce OTNNYaBaT C BUCOKO
CbbpXaHue Ha ckeneT /yacTuuu, no-ronemu ot 1 mm/, koeto
npu NoBEYETO M3cneaBann npobu e Hap 35 - 40% (1abn.1).
KonnuecteoTo Ha ¢msnyHata rmmHa (yactuum < 0.01 mm) e
manko 1 Bapupa go 10 - 12%. KonougHata dpakuus (Yactuum
< 0.001 mm) e B pamkute Ha 1.7 - 8.4%. BaxHa ocobeHocT e
BWCOKOTO CbAbpXaHWE Ha Mecbknueu dpakumm (1abn.1).
[pybOMEXaHWYHMAT CbCTaB Ha MWHEpanHata Maca B
u3cneaBaHWTe MaTepuanu € npeanocTaBka 3a HUCKOTO UM
€CTEeCTBEHO NNOAOPOAME, CBbP3aHO C BMOLUEHU (DU3NYHU W
BOAHO-COM3NYHM CBOWCTBA.

Mpu Nonckoto npoyyBaHe Ha obekta 6e ycTaHOBEHO, Ye
ronsmMa 4acT OT TepuTOpUATa Ha ABETE HacUMLLa e MoKpUTa ¢
eapu ckarHu Kbcose (4o 1 - 2 m B AnameTbp), KOETo ce siBsiBa
OOMbIHUTENHO  3aTpyaHEHWe TNpu  MpOBEXOAHeTO  Ha
PEKyNTUBALMOHHUTE MEPONPUATHS.

CoobpxaHueto Ha o6l Bbrmepoa knacudmumpa uscnen-
BaHWTe MaTepuani Kato HesanaceHu ¢ OpraHnyHo BELLeCTBo -
xymyc (1abn.2). CbOTBETCTBALLO Ha HUCKOTO KOMMYECTBO
OPraHMYHO BELLECTBO Ca W HUCKUTE CTOMHOCTM Ha YCBOMMMWTE
XpaHWTENHW €NEeMEHTU 3a pacTeHusTa - as3oT W hocdop
(Tabn.2).

KucenuHHocTTa Ha cpepata, kato eauH OT Hal-BaxHWTe
thakTopu, OnMpedensly xapakrepa Ha W3BETPUTENHUTE W
no4ysoobpasyBaTenHu NpoLecy nokasea CregHUTe TEHAEHLUN.
Wacnegeannte npobu oT TeputopuaTa Ha obekta ce
Xapaktepusupat CbC CTOMHOCTM Ha pH B rpaHuunMTe Ha
kucenute 3HaveHus - pH BbB Boga ce uameHs ot 2.9 go 4.8
(tabn.2). Huckoto pH e pesyntar oOT CbCTaBa Ha
reonoruyHuTe cybeTpaTi, KOTO NOPagmu CbabPXKaHUETO CU Ha
CyNnduaHM  MuHepanu  JoBexgar A0 LOMbIHUTENHO
BKUCNsSBaHE Ha cpedaTta. M3HeceHu Ha MOBBLPXHOCTTA Te Ce
OKWACNABAT ~ M3KITIOYNTENHO WHTEH3WBHO, MpU KOETO Ce
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obpasyBa cspHa kucenuHa. OkuCneHWeTo Ha cyndmaHuTe
MWHEpPanu ce CbLNPOBOXAA OT 3aKOHOMEPEH W HenpekbCHaT
PLCT  HA  OKUCIMTENHO-PELyKUMOHHWS  MoTeHuuan,
yBenuyaBaHe Ha aKkTUBHaTa W OOMEHHa KMCENWHHOCT W
NOBWLLIABAHE KOHLIEHTpaLMsATa Ha BOAOPA3TBOPUMUTE COMW.
Huckute CTOMHOCTM Ha nokasaTens cb3faBaT YCnoBUs 3a
Hamnuume Ha OKUCHM 1 XUOPOOKUCHW (POPMU Ha TEXKWN MeTany,
KOUTO nonajaTr B MOYBEHWS Pa3TBOP U Ca TOKCUYHM 3a
pacteHusTa (MapunkuHa, 1999).

Tasn noayepTaHo arpechBHa cpeaa OGyCﬂaBﬂ NMPOTHUYAHETO
Ha peauda perpagaunoHHN npouecu, 3a0aBA ecTecTBEHOTO
CaMOBb3CTaHOBABaHE Ha TEPUTOPUUTE, KOETO ' NPEBPBLLA B
aKTMBEH M3TOYHMK Ha BOAHa W BETPOBA €pOo3nd (MapVIHKVIHa,
1999).

Mpn onpegensHe Ha EKOMOTUYHUTE XapaKTEPUCTWKU Ha
nacrneaBaHuTe npobu e manonsyBaHa HopmaTueHaTa basa 3a
JOMyCTUMO CbObPXaHWE Ha LWMHK, MeL, HUKEN, OfoBO W
kagMuin mpn CbOTBETHO pH Ha cpepata (Hapenba Ne 3 3a
HOPMM OTHOCHO [JOMYCTMMOTO CbAbpXaHWe Ha BpeaHu
BelLecTBa B nousata; Hapegba 3a gombnHeHue Ha Hapepba
Ne 3 ot 1979 r. 32 HOPMU OTHOCHO AOMYCTUMOTO ChAbPXAHME
Ha BpedHW BelyecTsa B nousata). MacnegsannsTa nokasear,
ye TepUTOpMATa Ha HacUNULLAaTa ce XapakTepuanpa ¢ Hanuune
Ha TOKCMYHM KOMMYeCTBa Me4 W LMHK B [enoHupaHata
oTkpueka (Tabn.3). [lpn onpegensiHe CTeneHTa Ha
3aMBbPCEHOCT C TEXKM MeTanu e 13nonasaxa cregHata ckana,
cbobpasHo npeaenHo ponyctmute  KoHueHTpauun (MAK)
(MHCTpyKuMs 3a onmpepensHe Ha 3upa M CTENeHTa Ha
3amMbpcsBaHeTo...1994):

- He3ambpcenm - < 1.0 MIK;

- cnabo 3ambpcenm - o1 1.1 go 2.0 MAK;

- cpeaHo 3ambpcenu - ot 2.1 go 3.0 NAK;

- CUNHo 3ambpcenn - ot 3.1 go 5.0 MNIK;

- onacHo 3ambpcern - > 5.0 MOK.

Mony4yeHnTe aHanUTMYHW AaHHW CBUAETENCTBaT 3a CUMHa
[0 OnacHa 3aMbPCEHOCT C LIHK 1 OnacHa 3aMbpCeHOCT ¢ Meg.
Mo oTHOLLEHWe Ha ApyruTe W3CNeABaHU enemMeHTu 0BexTa e
HE3aMbpCEH.

Ha TeputopusTa Ha AenoTo He ce Habniogaeat camo-
3acenunu ce pacTUTENHU BWAOBE, KOETO € AOMbIHUTENHO
[0Ka3aTencTBo 3a M3KMIOUYUTENHO HebnaronpusTHUTE U3nKo-
XMMWYHW YCNOBMS Ha cpeaarta. YCTaHOBEHW Ca camo OTZemHH
pacteHus oT Buaa Betula Verrucosa (bpesa), kouto ce
HabntogaBaTt Ha paBHUTe MOBBLPXHOCTW Ha CeBepo3anagHoTo
HacunuLe.

Kucenute ycnosuna Ha cpefata, Cb4eTaHW C MNOBULIEHOTO
CbbpXaHWE Ha TEXKW MeTanun U Hann4ymeto Ha MUPUTHU
MUHEpann B OenoHupaHaTa OTKpMBKa Npean3BUKBa BKUCIA-
BaHe 1 3aMbpCABaHE Ha AbXOOBHUTE BOAW, KOUTO OpeHupaT
npe3 TANOTO Ha Hacunuuiata. lNonagaitku B pycnoTo Ha p.
Mepetcka, KosTO npeMnHaBa TnMpe3 TepuTopuAaTa Ha
Hacunuwarta, 1€ npeacrtaBnABat oOnpeaeneHa OonacHoCT 3a
OKOIMHaTa cpefa 1 3ApaBeTo Ha Xopata W XKUBOTHUTE.



3aknioyeHue

lMpoBeneHOTO w3cregBaHe MOKassa, Ye Hacunuwara of
paitoHa Ha Eko-Meger, uarpageHn OT reonoxku matepuanm,
MonyyeHn npu OTKpUT [gJo6MB Ha MegHa pyga, ce
XapakTepuaupaT C W3KMIOYUTENTHO HUCKO ECTECTBEHO MIogo-
pogue. To ce onpegens OT €OpOYACTUYHWMS CbCTaB Ha
MexaHU4HUTEe PPaKLWK, HUCKOTO CbObPKaHWE Ha OpraHU4HO
BELLECTBO W Ha XPaHWTENHM EneMeHTW 3a pacTeHusTa W
CUIHO KucenmaTa peakuns Ha cpegata (pH BbB BOga),
CbYETAHO C MPUCHCTBME Ha CyNUACHAbPXKALYM MUHEparu.
Hannuneto Ha TOKCWYHW KONMYEcTBa MEA M LMHK NOCTaBs
OrpaHuyYeHnst Mo OTHOLUEHME M3MOMN3BAHETO HAa TepuTopuATa
3a OTrmexgaHe Ha ypaxHa W KynTypHa pactutenHocT 6es
npeaBapuTenHa Menuopaus.

Ha ocHoBaHWe Ha TrOpEN3NOXEHOTO Npegnarame Mpu
pekynTuBaumaTa Ha obekta fga ce 0ObpHe BHMMaHWe Ha
CregHNTe MeponpusTHs, KOWTO Lie MUHAMM3MPAT BPEAHOTO
Bb34ENCTBME BBPXY OKONHATa CPeda M HaceneHueTo, U Le
MO3BOMAT [a Ce Bb3CTAHOBW MIOLOPOAMETO HA HapyLUEHWTe
TEpeHu, 1 fa ce nogobpu naHawadTa Ha MecTHoCTTa.

1.TlogpaBHsiBaHe MOBBLPXHOCTTA Ha  Hacunuwara u
MPEOTKOCUpaHe Ha CKIOHOBETE.

2. HacunBaHe Ha TeOMOXKM CTPYKTYpU C MOAXOAALM
PU3NKO-XUMUYHHI CBOMCTBA.

3. MenuopnpaHe nNOBBPXHOCTTA Ha Hacunuwata upes
BHaCsHe Ha BapoBu MaTepuani 1 obopcka Top.

4. [pOTMBOEPO3NOHHO  YKpenBaHe Ha CKMOHOBETE Ha
Hacvnuwara.

b.3anecsBaHe M 3aTpeBsiBaHe MOBBPXHOCTTA Ha
Hacunvwata. [a ce 43nOMn3BaT MOAXOAAWM PacTUTENHM
BWAOBE, YCTOMYMBY Ha KUCENUTE YCIIoBUS Ha cpedarta.
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6. V|3Fpa)K,D,aHe Ha CUCTeMa OT CbOPbBbXEHUA 3a ynpaBleHne
Ha NOBBbPXHOCTHUTE BOOU W OTBEXOAHETO UM B €CTECTBEHATa
wa,porpachKa Mpexa. HamansieaHe Ha KOMMYECTBOTO Ha
ApeHupannTe npes3 TanoTo Ha HacunuilaTa obXA0BHU BOAW.
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Tabnuua 1. MexaHuveH cecmag Ha npobu om patioHa Ha Exo-Medem

lMnacToBe 3ary6a ot
Aabnbou. Ha 06pab. cbe Pa3smep Ha Yactuuute B mm
npobata HCI

cyma 1- 0,25 - 0,05- 0,01 - 0,005 - cyma cyma
fcm/ >1 0,25 0,05 0,01 0,005 0,001 <0,001 <0,01
CeBeposanagHo HacunuLe
1.0-25 - 38,5 23,3 16,5 114 24 3.6 4,3 10,3
2.0-25 - 51,3 28,5 6,8 49 1,7 1,7 5,1 8,5
3.0-25 - 27,6 38,2 12,7 8,7 3,1 59 3.8 12,8
4.0-25 - 479 30,8 78 6,7 1,3 1,8 3.7 6,8
5.0-25 - 13,7 371 18,3 10,3 6,4 7,0 7.2 20,6
6.0-25 - 48,2 29,2 6,5 8,1 1,7 25 3.8 8,0
7.0-25 - 29,6 33,9 14,8 7.1 4,0 4,2 6.4 14,6
8.0-25 - 60,6 22,6 74 2,7 1,5 2,1 3,1 6,7
9.0-25 - 38,1 314 10,6 74 1,7 3.6 7.2 12,5
10.0-25 - 54,3 22,6 6,1 8,3 2,1 3.4 3.4 8,7
11.0-25 - 46,3 30,5 9,7 6,4 1,4 2,7 25 6,6
12.0-25 - 38,5 32,7 9,9 7,6 1,9 3.6 58 11,3
13.0-25 - 52,2 242 73 6,9 1,3 35 4,6 9,4
14.0-25 - 43,6 29,8 10,8 8,2 1,8 2,1 3.7 7,6
15.0-25 - 25,6 38,7 13,7 8,6 44 2,7 6,3 13,4
16.0-25 - 32,8 38,8 12,3 5,6 34 25 4.6 10,5
CeBepHo Hacunmle
1.0-25 - 374 40,4 6,8 6,9 3,3 24 2,8 8,5
2.0-25 - 50,2 26,4 12,2 6,1 1,4 1,3 24 51
3.0-25 - 37,9 344 10,0 6,9 3,0 3,1 4,7 10,8
4.0-25 - 8,6 48,8 16,3 10,3 3,8 48 74 16,0
5.0-25 - 43,0 45,0 1,6 1,7 1,2 0,6 1,9 3,7
6.0-25 - 36,1 27,2 9,8 6,4 57 6,4 8,4 20,5
7.0-25 - 29,7 239 17,6 11,9 54 5,1 6.4 16,9
8.0-25 - 40,2 31,9 9,0 6,3 44 3,2 5,0 12,6
9.0-25 - 46,1 31,2 114 29 14 2,7 4,3 8,4
10.0-25 - 50,2 33,3 9,6 3,5 0,4 0,6 24 34
11.0-25 449 28,3 13,1 6,5 2,1 1,3 38 7.2
12.0-25 40,1 32,5 10,1 5.9 3,7 29 48 11,4
13.0-25 - 56,6 22,2 8,2 5,7 1,9 2,2 3.2 7,3
14.0-25 - 314 35,1 10,7 1.1 1,8 4,4 55 1,7
15.0-25 - 32,0 33,7 16,3 75 34 2,3 4.8 10,5
16.0-25 33,9 21,5 12,3 9,7 6,8 8,3 75 22,6
17.0-25 - 55,4 242 7,6 4,3 2,8 24 3,3 8,5
18.0-25 - 33,6 34,3 12,7 6,5 54 2,6 49 12,9
19.0-25 - 38,9 314 13,1 78 24 2,1 4,3 8,8
20.0-25 442 31,2 11,3 57 35 1,8 2,3 7,6
21.0-25 - 35,3 40,9 10,0 4,7 39 2,6 2,6 9,1
22.0-25 - 22,6 43,3 15,1 58 41 3,3 58 13,2
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Tabnuua 2. XumuyHu cgoticmea Ha npobu om palioHa Ha Eko-Medem

MnacToBe ¥ AbNGOY. Ha

Xurpocko-nunyHa

npobata Bnara Obuw C pH  BbB | KapboHaty 06wy asor Obwy
Boda tocchop
fem/ 1%l 1%l %! 1%l 1%l
CeBepo3anafHo HacunuLe
1.0-25 3,15 0,12 41 0,27 0,017 0,135
2.0-25 4,26 0,20 39 0,39 0,019 0,147
3.0-25 3,52 0,10 4,2 0,45 0,009 0,162
4.0-25 2,0 0,24 4,0 0,35 0,027 0,115
5.0-25 3,24 0,37 3,8 0,42 0,027 0,169
6.0-25 4,21 0,30 39 0,32 0,025 0,145
7.0-25 4,32 0,49 4,0 0,42 0,019 0,185
8.0-25 3,55 0,09 35 0,21 0,035 0,123
9.0-25 2,15 0,12 3,7 0,32 0,023 0,163
10.0-25 2,68 0,21 41 0,27 0,018 0,142
11.0-25 3,11 0,14 4,0 0,28 0,009 0,190
12.0-25 3,62 0,30 39 0,35 0,026 0,172
13.0-25 5,12 0,26 43 0,42 0,000 0,267
14.0-25 2,67 0,32 41 0,26 0,032 0,092
15.0-25 3,79 0,41 4,2 0,42 0,027 0,088
16.0-25 417 0,13 3,8 0,38 0,023 0,146
CeBepHo HacunmLLe
1.0-25 217 0,68 3.2 0,019 0,263
2.0-25 2,53 0,57 3.5 0,019 0,226
3.0-25 1,58 0,44 3,1 0,027 0,093
4.0-25 1,60 0,31 3,1 0,009 0,191
5.0-25 4,78 0,16 48 0,009 0,065
6.0-25 3,86 0,30 3.4 0,019 0,172
7.0-25 418 0,15 29 0,009 0,090
8.0-25 419 0,75 3.6 0,009 0,187
9.0-25 2,65 0,22 3,3 0,009 0,119
10.0-25 0,97 0,60 48 0,009 0,140
11.0-25 217 0,25 42 0,018 0,187
12.0-25 3,24 0,13 43 0,011 0,173
13.0-25 1,76 0,63 4,6 0,022 0,175
14.0-25 1,62 0,90 52 0,019 0,181
15.0-25 2,00 0,54 3,6 0,009 0,135
16.0-25 2,53 0,42 41 0,019 0,236
17.0-25 3,05 0,41 3,7 0,000 0,192
18.0-25 3,40 0,32 3,0 0,019 0,156
19.0-25 2,84 0,40 54 0,009 0,131
20.0-25 3,82 0,51 3,2 0,015 0,095
21.0-25 2,55 0,76 34 0,022 0,095
22.0-25 3,48 0,73 31 0,009 0,222
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Tabnuua 3. EkonoeuyHa xapakmepucmuka Ha npobu om patioHa Ha Eko-Medem

Mnactoee n pgbnboy. Ha | pH BbB | lNpeBuwenne cnpamo TOK B CbabpxaHMeTO Ha
npobata BoAa MWKPOENEMEHTH
fem/ Zn Cu Ni Pb Cd
mg/kg mg/kg mg/kg mg/kg mg/kg
CeBeposanafHo HacunuLye
1.0-25 4,1 3,2 15,6 - 0,3 -
2.0-25 39 4,0 24,0 0,3 0,3 -
3.0-25 4,2 45 171 - 0,2 -
4,0-25 4,0 4,5 29,2 04 0,3 -
5.0-25 3.8 6,9 13,9 - 0,5 -
6.0-25 39 52 28,3 0,3 04 -
7.0-25 4,0 4,8 33,9 - 04 -
8.0-25 35 74 14,2 0,2 0,3 -
9.0-25 3,7 8,5 18,6 0,3 0,7 -
10.0-25 41 39 20,3 - 0,3 -
11.0-25 4,0 51 13,9 - 1,0 -
12.0-25 39 6,0 26,8 0,3 0,5 -
13.0-25 43 3,5 13,5 0,3 0,3 -
14.0-25 41 4,3 23,0 0,2 0,5 -
15.0-25 4,2 3,7 239 0,3 0,3 -
16.0-25 38 6,3 239 04 0,6 -
CeBepHo HacunuLe
1.0-25 3,2 6,2 43,2 - 1,9 -
2.0-25 35 78 40,0 - 11 -
3.0-25 3,1 52 11,5 - 1,3 -
4.0-25 31 6,6 50,8 - 0,6 -
5.0-25 4,8 1,3 3,6 0,3 0,8 -
6.0-25 34 6,1 18,8 0,2 3,0 -
7.0-25 2,9 7.8 7,2 - 0,8 -
8.0-25 3,6 34 33,0 01 0,8 -
9.0-25 3,3 5,0 12,5 01 0,7 -
10.0-25 48 2,0 14,2 0,3 0,3 -
11.0-25 42 34 16,0 - 0,6 -
12.0-25 43 3,0 19,7 01 0,8 -
13.0-25 4,6 3,2 29,2 0,2 0,6 -
14.0-25 52 2,1 11,3 0,2 0,5 -
15.0-25 3,6 55 44,0 01 0,9 -
16.0-25 41 29 22,0 - 2,1 -
17.0-25 3,7 49 31,8 - 11 -
18.0-25 3,0 3,3 232 04 0,8 -
19.0-25 54 1,6 8,3 0,2 0,1 -
20.0-25 3,2 6,6 35,8 0,3 1,2 -
21.0-25 34 6,1 26,1 - 1,2 -
22.0-25 31 71 9,5 - 1,7 -
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U3CNEABAHE HA TEONNIOXKW MATEPUAINN 3A LENUTE HA PEKYNTUBALIUATA

Maeen lMaenoe!, MapmuH baHoe?, [Jemnee ToHdepa’

" MurHo-2eonoxku yHugepcumem "Ce. Mear Puncku", Cogpus
2 flHcmumym no no4ygo3HaHue, a2pomexHooauU U 3awuma Ha pacmeHusima "Hukona [Mywkapos”, Cogpus
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PE3IOME. V3cneaBaHy ca reonoxKi 1 NOYBEHU MaTepuank oT [eMo 3a CKaavpaHe Ha XyMYyCHW 1 MOYBEHU MaTepuanit Ha TepuTopusita Ha netuile Codusi; Hacunm
11 MOYBEHU MaTepuanu, AenOHMPaHU Npu U3rPaXIaHETo Ha CTPOUTENHM 06eKTU Ha TeputopusTa Ha rp. Codus 1 TakuBa, HacunaHu Ha AENoTo 3a TBbPAM OTNagbLM
- C. flHa. B pesynTtaT OT NpoBeEHU TEPEHHU MPOYYBAHWUS W MOMYYEHU aHaNUTUYHW PE3yNTaTi e YCTAHOBEHO, Ye M3CNeABaHUTE MOYBEHM M 3EMHW Hacunu ce
XapaKTepuanupaT ¢ NUnca Ha TOKCUYHI ChAbPKaHNS TEXKM METanu v paauoHykneuam. [lokasaHo e, Ye MaTepuanuTe ca MoAXoAsLM 3a U3BbPLUBAHE HA TEXHUYECKA U
GuororniHa pekynTusauus. MperopbyBa ce nogobpsiBaHe Ha BOAHO-PU3NYHUTE M BMOMPOLYKTMBHUTE KayecTBa Ha MOBBbPXHOCTHWS CMOW, Ypes BHaCsHe Ha
MUHEpaIHu, OpraHu4HU TOPOBE UMM NOAXOASLLM CyBCTpaTH.

SURVEY OF GEOLOGICAL MATERIALS FOR THE PURPOSE OF RECLAMATION
Pavel Pavlov!, Martin Banov?, Detlev Tondera?

" University of Mining and Geology “S. Ivan Rilski”, Sofia

2 N. Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection, Sofia
3 TU - Bergakademie, Freiberg, Germany

ABSTRACT. Geological and soil materials from a depot for humus and soil materials in the airport, geological and soil materials collected at building construction
sites on the territory of Sofia and those deposited on the site for solid waste (territory of Yana village) have been studied. As the result of the field research and
obtained analytical results it was found that the test soil and geological materials are characterized by the absence of toxic heavy metal content and radionuclides. It
has been shown that the materials are suitable for technical and biological reclamation. It have been recommended to improve the water-physical and fertility qualities
of the surface layer by the using of mineral or organic fertilizers suitable substrates.

Key words: geological material, disturbed land, surface mining, biological regeneration, land reclamation.

YBon Marepuan u metoam

OLleHFIBaHeTO Ha MNpUrogHoCTTa 3a pPekyntueauna Ha V|3CJ'Ie,ElBaHI/I Ca TreOnoXkn W no4YBeHn maTtepuanu OT
pasHoobpasHnTe Mo CbCTaB M CBOWCTBA, BTOPUYHO OTIIOXKEHM cnegHuTe 06ekTu:
MaTepuanu e cpef akTyanHuTE M 3Hauumu npobrnemu B 1. [leno 3a cknagupaHe Ha XyMyCHI M MOYBEHN MaTepuanu
obractTa Ha Bb3CTAHOBSIBAHETO, Ha HapyLIeHn 3emu. B Hait- Ha TepuTopusiTa Ha neTuwle, rp.Codus.
0buy acnekT, OLeHKaTa Nokassa BapuaHTUTE 3a nogpexaaHe 2. MoyeHn matepuanu, cbbpaHu Mpu W3rpaxgaHeTo Ha
Ha reornoXKUTE MaTepuanu Mpu M3MLIHEHWETO Ha TEXHM- cTpouTenHn obekT Ha TeputopusTa Ha rp. Codms.
YeCKkuna eTan Ha pekyntueauna. 3. ﬂ,eI'IOHI/IpaHI/I Ha HacunuLeTo 3a TBbpAn otnagbun — C.

£Ha rMWUHW 1 NOYBEHM Marepuanu.

CeneKkTuBHMAT NoaXoa Npu U3rpaxaaHeTo Ha PeKkynTusu- OT onvcaHuTe oBekTM ca B3eTu |'|p06VI, KouTo ca

PaHATE 3EMM € BL3MOKHOCT 3a nopobpsisare Ha TexHnTe aHanuaupaHu no OTHOLLEHME Ha CrieaHNUTE MokasaTenu:
XapaKTepuCTUKA 1 CBOICTBA 1 3a HaMansBaHe pasxoauTe 3a - pAANpEneneHre Ha MeXaHMdHuTE thpakiyn (KaunHekui,
pekynTuBaums. CblueBpeMeHHO ce W3Bsrea onacHocTTa oT 1958);

HacunBaHe Ha MaTepuann C TOKCUYHM WUNK HeGMaronpuUaTHU - CHIbPKAHME Ha XDAHWTENHI ENEMEHTU 33 PACTEHMATA —

CBOJCTBA B MOBLPXHOCTHATA YaCT Ha HacunMwaTa. Tbit kaTo a30T (hocchop U Kanwii (Bremner, 1965: Ypymosa, 1974:
TO3M MOAXOL PSAAKO Hamupa TNPUNOXKEHWe B MpaKTukara, Visaros, 1., 1984);

PEKYNTUBMPAHUTE TEPEHW Ce XapaKTepusupaTr CbC CMITHO
XETEPOreHEH CbCTaB, KOMTO 3aTpyAHsBa pa3paboTBaHETO W
NPOBEXAAHETO Ha MEepONpUSATUS 3a NOBULIABAHe Ha TAXHaTa

- CbAbpXaHMe Ha  OpraHW4HO  BELECTBO  (Xymyc)
(MoHomapboBa, MnoTHukoBa, 1975);
- peakuus Ha cpegata (pH BBB BOAa M KanueB Xopua)

MPOAYKTUBHOCT. (ApuHyLukuHa, 1970);

W3cnefiBaHeTo Ha pasnnuHNTe AENOHMPaHI MaTepuani uMa -00Wo  KonuyectBo  kapGoHat  (BuneHckuit, 1945
3a 3a7a4a fa Ce yCTaHOBAT Hait-NOAXOASALNTE N0 DU3NYHI 1 Hukonaes, 1962);
XMMUYHM  CBOICTBA Ccy6CTpaTM, C KOWTO MOXe fAa Ce - CbibpXaHue Ha Texkn metamm — Cu, Zn, Pb, Cd, Co, Niu
OCBLLECTBABA PEKYNTUBALMATA. Cr (ISO 114 66: 1995).
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lMonyyeHUTe aHaNUTUYHN Pe3ynTaTh ca NOCOYeH B TabnmLm
NoNe 1,2 m 3.

Ha ocpegHeHn npobu ot oTgenHute obektn  Gelwe
W3BbPLUEHO M3NUTBAHE MO OTHOLUEHWE Ha LUMPOK Habop OT
PafMOMETPUYHI NOKA3aTENM.

Pesyntatu

WacnegBaHuTe Matepuanu He MoraT TouHO gda Obpar
npuymMcneHn KoM onpefeneHn noYBeHN TaKCOHOMWUYHMK
€0VHULYM, Nopaay aHTPOMOreHHOTO BL3AENCTBUE BLPXY THAX U
CbLLECTBEHOTO HApYLLEHWNE HAa ECTECTBEHUTE UM MEXaHU4HH,
(PU3NYHM 1 XMMUYHK CBOWCTBA. PalioHbT Ha pasnpocTpaHeHue
€ B MHTEH3VMBHO pa3BWTa MPOMULLIIEHA 30Ha, KOETO Hanara fa
Ce M3BBbPLUM KOMMNNEKCHa OLEHKa Ha TAXHUTE XapaKTePUCTUKN
1 CBOWCTBA.

MpenctaBenute B Tabmuua 1 AaHHM MokasBaT, 4ve no
MexaHU4eH CbCTaB OTAENHWTE W3CMEeABaHM MaTepuanu ce
XapaKTepuaupaT ¢ Bapupaly pesynTati, KOETo NOTBbPXAaBa
bakta 3a CWIHO aHTPOMOreHHO Bb3AEHACTBME BBPXY TSX.
YCTaHOBSIBAT Ce YETUPW TPYNK MaTepuani No OTHOLLEHWe
pasnpegeneHneTo Ha MexaHniHuTe pakumm. Mbpeata rpyna
€ npeacraBeHa ot npobute Ha netuwe Codwms, kouto ce
OTNNYABAT CbC CbAbpXKaHWE Ha (M3NYHA MMKHA, NPEaNMHO C
KaOMNMHWTOB CbCTaB, B rpaHuuuTe ot 24.9% o 32.7%. Toa ru
nprobLyaBa KbM Neko 0 CPEAHO NECHYNMBO-TTIMHECTH MOYBM.
lMoyBeHUTe MaTepuanu, CbOpaHW Mpu U3rpaxHaHeTo Ha
cTpouTenHn obektn Ha Teputopuata Ha rp. Codwms ce
rpynupaT B [BE KaTeropum — pOXKaB MACHK, NP KOWTO
npecbnagasat Qpakuumte Ha egpus M apebeH nAcHk, a
CbObpPXaHNeTo Ha u3nyHa rmuHa e okono 3-4% (npobu 5 u
6) w wmaTepuanu, OTNM4YaBaWM CE CbC CPABHUTENHO
PaBHOMEPHO pasnpenerneHn NecbUnmBm 1 Npaxosn dpakumm,

MpU KOWUTO CbOBPKAHMETO Ha (Pu3nyHA rmuHa e okono 21%
(npobu 7 n 8).

Mpobute oT genoTo 3a TBbPAM OTnagbuM — c. AHa -
reonorMyHu 1 NoYBEHW MaTepuanu ca CbC CUMHO BapupaLlo
CbbpXaHue Ha puanyHa rnmHa - ot 25.2% Ao 55.2%, koeTo e
pesynTar OT Pa3nnyHNs MPOU3XOA W BpEME Ha LenoHUpaHe.
Pesyntatute OT HanpaBeHWTE arpOXMMWUYHM W XMMUYHU
aHanuan Ha npobute (Tabnuua 2) nokassart, ye Te moraTt Aa
Ce pas3fensT Ha TPW OCHOBHU FPYNKM CbC CNeHUTE CBOUCTBA:

1. TouBeHaTa peakuns Ha npobuTe OT 4EnoTo Ha neTuLye
Cotusa e cnabo ankanHa. CbObpkaHWMETO Ha OPraHWYHO
BELLECTBO (XyMyC) OMpedens uacneiBaHnTe Matepuanu kata
cnabo sanaceHn. KomuyectBOTO Ha OCHOBHUTE OWOreHHM
enemeHT e HebanaHcupaHo, kaTo 3a chocdopa 1 asoTa e B
HUCKaTa, a 3a kKanusg — B MHOro fgobpata cTemeH Ha
3anaceHocT.

2.TeonormyHnTe 1 NOYBEHM MaTepuanu, cbbpaHu npu
U3rpaxaaHeTo Ha CTPOMTENHM 0OEKTU Ha TepuTopusTa Ha rp.
Cotus ce oTnnyasat C FCHO M3paseHa ankarnHa peakuus u
OedHo cbabpxaHue Ha opraHuka. PocopbT U asoTa NouTH
OTCbCTBAT, @ CbAbPXKAHWETO Ha Kamus e B A0NHaTa rpaHuua
Ha CcpegHaTa 3anaceHocT.

3. AnkanHa peakuus umat M npobute OT MaTepuanure,
JenoHupaHn Ha TabaHa 3a TBbpPAM OTNagbuM — C.AHa.
CbObpkaHWeTO Ha OpraHu4o BeLecTBO M NOCTaBs B
kaTeropusita Ha criaboxymycHuTe. A30TbT € B HUCKA CTEMEH Ha
3anaceHocT, chocchopa 1 kanmus B gobpa u MHoro fobpa.

AHanUTUYHUTE Pe3ynTaTi 3a ChbabPXKaHWE Ha TEXKU MeTanm
(Tabnuya 3) B M3cneaBaHUTE MOYBM W FeONOMMYHIN MaTepuani
Ca OLEHEeHM CbIMacHO W3uckBaHusTa Ha Hapegba Ne3 3a
HOpPMM 3a [OMYCTUMO CbAbPXAHWE Ha BPEOHW BelLecTea B
noysata u JOMbIIHEHMETO KbM Hes. KaTo ce B3eme npeasua,
Ye noyBeHaTa peakuus BbB BOAHA CyCreHaus Ha npobute e >
7.00, TO KOMWMYECTBOTO Ha TEXKM MeTanu € nop npuetute
rpaHuLm 3a npefenHo aonyctumiu koHueHTpauuu (MIOK).

Tabnuua 1. PasnpedeneHue Ha mexaHu4yHUME hpakyuu 8 % KbM 8b30YWHO CyX0 ChCMOsHUE 8 U3cnedsaHUme 2e0/102UYHU U

noyseHu Mamepuanu
Xurp. Pa3mepu Ha YacTuumuTe B mm

Ne Mpoba Bnara | Cyma 1- 0.25- | 0.05- 0.01- 0.005- | <0.001 Cyma
% >1 0.2 0.05 0.01 0.005 0.001 <0.01

1. | Oeno Ha netvwe -
rp.Codpus 4,02 126 | 200 | 214 13,6 12,2 75 13,0 32,7

2. | Deno Ha netuwe -
rp.Codpus 3,08 104 | 171 19,6 27,9 51 47 15,2 25,0

3. | Oeno Ha nemuwe -
rp.Codpus 3,53 9,3 184 | 19,2 27,6 5,6 49 14,9 254

4, | leno Ha neTtuwe -
rp.Codpus 3,98 9,5 189 | 189 26,8 6,3 51 13,5 24,9

5. | Teon. marep. - 1p.
Cocpust 1,41 0,5 574 | 348 39 1,0 1,5 0,9 34

6. | Neon. matep. — rp.
Codus 1,39 0,7 55,3 | 36,7 3,8 1,2 1,4 1,4 4,0

7. | Teon. matep. — rp.
Cocpust 443 24 204 | 392 16,6 12,4 50 40 214

8. | Neon. matep. - r1p.
Codus 3,23 2,0 19,9 | 40,1 16,1 12,0 54 43 217
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[enoxupanu
Hacunule
MaTepuanu

Ha
reon.

3,12

94

18,1

196 | 279

5,2

49

15,1

25,2

10.

[enoHupanxu
Hacunule
Matepuanu

Ha
reon.

4,10

22,6

31,0

0,4

13,6

12,5

7,2

12,7

32,4

1.

[enoHupanu
Hacunuwe
MaTepuanu

Ha
reon.

343

12,5

24,2

0,6

9,5

13,3

94

30,5

53,2

12.

[enoHupanxu
Hacunue
Matepuanm

Ha
reon.

2,51

18,1

39,7

33

7,3

11,1

43

16,2

31,6

13.

[enoHupanu
Hacunule
MaTepuanu

Ha
reon.

3,03

8,1

26,5

79

12,4

12,9

8,4

23,8

45,1

14.

[enoHupanxu
Hacunule
matepuanu

Ha
reon.

3,84

58

20,7

57

12,6

16,3

7,0

31,9

55,2

Tabnuya 2. AepoxuMu4HU U XUMUYHU nokazamesiu Ha u3ciedsaHume 2e0/102U4HU U NOY8EHU Mamepuasu

Ne

MMpoba

pH

N-

NH4

N-NOs

P20s

K20

H20

KCL

mg/kg

noyea

mg/100

g noysa

KapboHa
™
%

Xymyc
%

rp.Codpus

[eno Ha netuwe -

75

6.9

6.99

4.33

4.8

20.6

0.0

1.32

rp.Codons

[Jeno Ha netmwe -

74

6.7

5.72

4.21

5.1

21.6

0.0

1.40

rp.Codns

Jeno Ha netvwe -

7.5

6.8

6.54

5.30

5.5

19.6

0.0

1.27

rp.Codpus

[eno Ha netuwe -

75

6.8

6.20

4.65

5.1

20.6

0.0

1.30

Codpust

leon. martep.

p.

8.5

7.5

3.34

1.99

24

16.7

0.0

1.17

Cocpust

[eon. Marep.

8.4

7.5

3.21

2.25

2.1

15.6

0.0

1.20

Codus

[eon. Mmarep.

8.4

7.0

433

2.33

1.6

13.3

0.0

0.21

Codus

leon. martep.

8.5

7.3

3.53

2.36

1.1

12.6

0.0

0.19

[enoHupanu
HacunuLe
MaTtepuanu

Ha
reon.

78

59

4.23

3.56

8.5

20.6

0.0

1.58

10.

[enoHupanu
Hacunule
MaTepuanu

Ha
reon.

8.7

7.3

5.99

4.99

25.3

23.1

0.0

2.16

1.

[enoHupanu
HacunuLye
MaTtepuanu

Ha
reon.

8.4

7.0

5.87

2.39

20.3

27.0

0.0

1.72

12.

[enoHupanu
Hacunule
MaTepuanu

Ha
reon.

7.9

6.1

4.33

3.56

8.5

20.6

0.0

1.54

13.

[enoHupanu
HacunuLye
MaTtepuanu

Ha
reon.

8.6

7.2

5.90

4.89

9.2

211

0.0

2.16

14.

[enoHupanxu
Hacunue
matepuanu

Ha
reon.

76

7.0

4.33

1.66

18.9

23.8

0.0

1.32
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TaGJ'IVILI,a 3. debp)KaHue Ha mexXku Memarnu 8 u3credgaHume 2e0/102U4HU U NOY8EHU Mamepuanu

Ne Mpoba Cu Zn mg/kg Pb Cd Co Ni Cr
ma/kg mg/kg ma/kg ma/kg ma/kg ma/kg

1. | Oeno Ha netuwe -
rp.Cocpus 19,8 38,0 13,8 <0,50 9,00 14,3 17,8

2. | [leno Ha nemvwe -
rp.Codus 17,6 36,0 11,3 <0,50 9,20 15,1 16,3

3. | Oeno Ha netvwe -
rp.Codpus 18,9 37,5 12,6 <0,50 8,90 15,3 18,2

4. | fleno Ha netuwe -
rp.Cochus 19,2 38,1 14,2 <0,50 9,20 16,5 17,6

5. | leon. wmatep. — rp.
Codus 3,50 14,3 <2,00 <0,50 <2,50 4,50 5,50

6. | leon. marep. — 1p.
Codus 2,60 13,3 <2,00 <0,50 <2,50 3,60 6,10

7. | Teon. matep. - Tp.
Codus 4,30 17,2 <2,00 <0,50 <2,50 4,30 6,20

8. | leon. wmatep. — rp.
Codhus 3,40 151 <2,00 <0,50 <2,50 4,20 5,60

9. | JenoHupanu Ha

HacunuLye reon.
MaTtepuanu 43,3 123 61,5 <0,50 19,8 42,0 35,0

10. | denoHupanu Ha

HacunuLye reorn.
maTepuanu 255 46,0 7,75 <0,50 8,50 10,0 15,8

11. | [enoHupanu Ha

HacunuLye reon.
MaTtepuanu 28,9 98,0 8,95 <0,50 9,50 7,50 16,5

12. | OenoHupanu Ha

HacunuLye reorn.
maTepuanu 33,1 83,5 7,65 <0,50 8,50 7,50 14,7

13. | JenoHupanu Ha

HacunuLye reon.
MaTtepuanu 38,7 111 9,15 <0,50 8,00 10,0 15,5

14. | OenoHupanu Ha

HacunuLye reorn.
maTepuanu 415 105 8,25 <0,50 8,50 9,50 14,5

lpoBefeHUTE M3CNeaBaHUS 3a CbAbpXaHWe Ha paauo-
HYKMeuam nokassaT OTCbCTBME Ha TOKCUYHW KONMYECTBA YpaH-
235, ypaH-238, ue3ui-137, kanmir-40, akTuHuir-228, Guemyt-
214 v onoBo-214 ("OCHOBHW HOPMY 3a pafMaLMoHHa 3almTa’,
2001).

HanpaBeHuTe M3BOAM NOKa3BaT, Ye MOYBEHUTE U F€OOMMYHMU
maTepuann u oT Tpute obekTa MoraT Aa Ce M3nonsyeart 3a
LieNnTe Ha TeXHUYecKaTa peKynTusauus.

3aknioyeHue

B pesyntat oT npoBegeHuTe u3cnegBaHWs MoraT ga ce
HanpaBsT CNEQHUTE U3BOAM U 3aKITHOUYEHMS:

1. AHanu3MpaHUTe HacunaHu Matepuanu OT AEnoTO Ha
TeputopuaTa Ha netuwe, rp. Codwms, cvbpaHnte npw
U3rpaaaHeTo Ha CTPOUTENHM 0BEKTU Ha TepuTopusiTa Ha rp.
Codhus 1 LenoHUpaHuTe Ha LenoTo 3a TBbPAM OTnagbum — C.
fAHa ce xapakTepuaupar ¢ NiMnca Ha TOKCUYHM CbabpaHus
TEXKM METann 1 pagyuoHyKnenau.
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2. W3cneppanuTte Matepuann ca MOAXOLALM 33 M3BbLPLU-
BaHe Ha TEXHM4Yecka W BUOMorMiHa pekynTuBaLus Ha TabaHa
3a TBbpAM OTNagbuW — C. FHa Npu cnasBaHe Ha ocTaHanuTe
M3NCKBAHNA, NOCOYEHN B NPOEKTa.

3. MpenopbyBa ce nogobpsiBaHe Ha BOAHO-PU3NYHUTE W
OMONpPOaYKTUBHNTE KayecTBa Ha MOBBLPXHOCTHUA CrIOW, Ypes
BHAaCsiHE Ha MUHEpaHW, OpraH4YH1 TOPOBE UMW MOAXOLALLM
cybeTpaty.
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AHHOTALMSA. C y4eTom pa3HOCTOPOHHETO aBTOPCKOrO NpodheCCHOHanbHOro onbiTa 1 Apyrux onybnmMkoBaHHbIX MaTepuanos, paspaboTaHa KoHuenuus LoCcTaTouHo
MONHOTO 1 3aBEPLUEHHOMO MEXAYHaPOAHOr0 Likna TexHonoruil obpalleHus ¢ Hanbonee onacHbIMU PaAMoaKTMBHBIMM MaTepuanami (0T UX KOHAMLMOHUPOBAHMUS O
[ONrOBPEMEHHOTO XpaHeHUs/3axopoHeHus). KpaTko npuBeseHsbl upeliHas 6a3a, a Takke OCHOBHble NOMoXeHus KoHuenuuu, npefycmaTpuBaroLLe peanusaumio B
pamKax HEKOero MeXayHapOoHOro KOHCOPLIMYMa Ha TEppUTOpUM, Npexae Bcero, Komnbckoro nonyocTposa.

KnioueBble crioBa: saepHas 3Heprusl, AaepHble 0TXoabl, 0Tpa60TaBLuee A0epHoe ToNNMBO, ropayee U3ocTaTuyeckoe npeccoBaHne, MexXayHapoaHble XpaHunuwa,

reonoryeckie u ropHble TeXHoONorum, Hukenb, Mevyexra, Pocatom, Poccus

ABOUT THE KOLA INTERNATIONAL CLUSTER OF TECHNOLOGIES FOR THE MANAGEMENT OF HIGH-LEVEL

RADIOACTIVE WASTE AND SPENT NUCLEAR FUEL
Victor Samarov’, Vitaly Nepomnutshy?, Elena Komleva’
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ABSTRACT. Based on the multi-faceted professional authors” experience as well as other publications, there was developed a Concept of a rather complete
international cycle of technologies to handle the most dangerous kinds of radioactive materials (from their conditioning up to the long-term storage/ burial). This paper
briefly gives a platform as well as basic framework of the Concept to be realized by an international consortium primarily on the territory of the Kola peninsula.

Key words: nuclear energy, nuclear waste, spent nuclear fuel, hot isostatic pressing, international depositories, geological and mining technologies, nickel,

Pechenga, Rosatom, Russia

Tb1 HuKko2da He pewuwb npobnemy, ecnu bydews dymame
mak xe, Kak me, Kmo eé co3dar.
(A. SUHWMelH)

BBepeHue

[NepBuYHbIE SAEPHbIE MaTepuarnbl, BOEHHOTO U HEBOEHHOTO
HasHaueHws, 0653aHbl CBOMM MOSIBNIEHNEM YETKON MOTUBALMM
M KOHKPETHbIM BaXHEWALWWM TrOCy[apCTBEHHbIM 3adayaM,
MMEIOT KOHKPETHOE HaLMOHanbHOE/KopnopaTMBHOE MPOUCXOX-
JEeHWe W KOHKPETHOTO HaUMOHanbHOrO Bnagenbua. 3a
pamKamMW Cpoka WCMOMb30BaHUS MO MepBOHAYarbHOMY
KM3HEHHO BaXXHOMY Ha3HayeHMi0 fAanbHemwas cyabba
OonblUIMHCTBA U3 HWX NGO Jaxe KOHUenTyanbHO He Obina
CBOEBPEMEHHO oOnpefeneHa, nubo MOCTOSHHO paccMaTpu-
Banacb Kak $BNEHMEe He [MaBHOW NOBECTKM AHS. 3a
MpoLUeALLMe AEeCATUNETUS peanu3aLnn B pexume «sioepHom
TOHKW» Pa3MUYHbIX HaLMOHAmNbHbIX NPOrpamMM, XapaKTepn3o-
BaBLUMXCA  BbICOYANLMM  YPOBHEM  LiEHTpanu3auum u
CEKPeTHOCTW  paboT, Hakonunmucb  Gomblime  06bEMbI
0TpaboTaBLUMX 1 OTNOXEHHBIX (00 pa3paboTkn NpuemneMbIx
Y)XE [J151 YENOBEYECTBa B LIENOM PELLEHNIA MO UX JanbHerLeN
cyabbe) BTOPUYHbIX SAEPHBIX ChIPbEBbIX MaTepuanos, a
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TaKke NpsIMbIX SAEPHBIX OTX0A0B. PeamnbHOCTb TakoBa, YTO
«SAEepHOe Hacreame» HauWOHarmbHbIX NporpaMM  NpeBpa-
TUMOCb B KPYMHYK MeXZyHapogHyto npobnemy, KoTtopas
notpeboBana nepexofa Ha HOBbIA, MEXLYHAPOAHbINA, YPOBEHb
paboT  mocpeacTBOM  MPETBOPEHWMS B XM3Hb  psda
MeXOYyHapoaHbIX MPOEKTOB No obecneveHnto 6e3onacHoCTu
3TOr0 «Hacnegus» - Hekon OOLLEYEenoBEYECKON, HE OYEHb
NPUATHOM W BecbMa OBpEeMEHUTENbHOM, «COBCTBEHHOCTUY.
MHore npeacTaBUTENM «3EMEHOrO» [ABWKEHMS, K CrOBY,
cunTatoT obecneyeHne Ge3onacHoOCT OTpaboTaBLIMX siaep-
HbIX MaTEpPWaroB CyLLECTBYIOLLMMU METOSAMMU HEBO3MOXHBIM.

HoBbIN ypOBEHb W WM3MEHMBLUMECS CO BPEMEHM Havana
«SOEPHON  3pbl»  MOMUTUYECKME, HAY4YHO-TEXHWYECKME U
MHOMMe WHble YCMOBUS [OMKHbI NOPOXAaTb He TOMbKO
obbeanHeHne (PUHAHCOBbLIX, TEXHUYECKMX, METOLNYECKNX,
HOpMaTMBHbIX 0a3 0e3 CyllecTBEHHOro, Kak MpaBuIo,
N3MEHEHUS OPUEHTALMM UCKIIOYMTENBHO Ha BO3HUKILME paHee
HalWoHanbHO-AAEpPHbIE  TEXHONOrM4yeckne Cxembl U CeTb
MOCTPOEHHbIX OOBEKTOB [N MHbIX LENeln HeXenu 3apauu
ynpaeneHnst 6e30MmacHOCTbI0  «sAepHOro  Hacnegus». [ns
HOBbIX 3afay, TEHEpUPYILLMX HOBbIE MOTPEBHOCTM U
BO3MOXHOCTW, HYXHbl U HOBbIE WAEW, OPUEHTUPGI, Pa3yMHbIN
BbIXO4 33 OrpaHuuMTenbHble pamku  SLEepHON  oTpacny,



KOMMIEKCHbIIA MOTEHLMan KOTOPO XOTS M BEMWK, HO BCE Xe N0
MHOrMM HOBbIM MO3WLMAM HEJOCTaTOYeH W MOXeT ObiTb
JOMOMHEH 3a CYET 3aWMCTBOBaHWA W3 Apyrux oTpacrei
NPOMBILLNEHHOCTU.

[Janee Ha npumepe KoHTypoB KoHuenuuu Kormbckoro

MEXOyHapoaHOro  Krnactepa TexHomnoruit  obpaleHns ¢
BbICOKOAKTMBHbIMM  oTX0aamu  (BAO) wu  otpaboTtaBiumm
anepHbim - TonrmBom  (OAT)  nokasaHbl  BO3MOXHOCTb 1
OTAenbHbIE PparMeHTb HOBOTO NOAXOAA.

KOHTYpbl KOHUenuMM KONbCKOro MexpyHapopa-
HOTO Knactepa TeXHONMOrMn oopaweHua ¢
BbICOKOAKTUBHbLIMW OTXOAAaMMU U OTpaboTaBLIKM
AAEPHbIM TONSIMBOM

OcHosaHust:

1) MexXmyHapoaHbli MPUHUMN SAEPHOr0  HepacnpocTpa-
HeHus;

2) o03ByyeHHble npesugeHTom P®  B.B.  TyTuHbIM
WHUUMaTMBLI Pocatoma O pacluMpeHnn Ccnektpa Mexay-
HapogHbIX sAepHbIx ycrmyr (2006r.) B ycnosusx, korga
WHULMATOP, XemawwWwi npogasath, BblAABMMBAETCA C
3apybexHOro pblHka CO CBOMM CBEXWUM SAEPHbIM TOMIWBOM.
EcTb npeanonoxexue, 4To aHanornyHo byaeT u OTHOCUTENBHO
nepcnektus  Pocatoma nonyyatb  ANs KOMMeEpYecKom
yTunusaumm  otpaboTaBluee  SAepHOe  TOMAMBO — ApYruxX
npoussoautenen [1]. Hago ycnetb, MakcUMansHO UCNonb3ys
FOTOBYO HaY4YHO-TEXHUYECKYIO 1 MPOM3BOACTBEHHYI0 6a3y (kak
SOEPHON, Tak U APYrMX OTpacneid  MPOMbILLMEHHOCTH),
copMMpoBaTb Ha MEXOYHapOOHOM YpOBHE, C YAOBHOM
NOTUCTMKOM, BbLICOKOW KOMMEKTMBHON 6e3omacHoCTbi0 M B
TEXHOMNOMYeCKMX Tpaanumsx 60NbLUNHCTBA CTPaH POCCUACKMIA
NpUOpUTET ANA 3aBEpLUaloLLelt CTaauu XU3HW SAEpHOro
TonmmBa 1 6e3 ero paguoxumudeckon nepepaboTku (4TO
Oonee  npuemnemo  ans  3apybexbs,  yunTbiBas
rOCMOACTBYIOWNE TaMm B3rMsAbl Ha OLEHKY TEXHOMOruii ¢
NO3NLMIA HepacnpoCTPaHEeHNs N 3KOMOTWMW), 3HAYMTENBHO W
HeCTaHOapTHO ycunuBas, TeM CambiM, Habop MoTeHLManbHbIX
NPeAsIoKEHU 1 NapTHepoB (B TOM 4MCie, BHE SLEPHOM
ctepbl) Pocatoma. 3T0T npuoputeT He BygeT NpoTMBOPEUMTL
BHYTPEHHEMY  HALMOHanmbHOMY Kypcy Ha  nepepaboTky
poccuiickoro 0TpaboTaBLUEro TOMMMBA, HO [AOMOMHUT  €ro
HOBOW MEXOYHaPOLHOW HULLEN BECbMa NPUBbINbHbIX YCIyT;

3) Hay4Hble ancKyccumn cpeay NnpodhecCoHanoB-SAepLLMKOB
(Hanpumep, [2]) W noTeHUMan 3HaHWA W YMEHUIA, CYMMapHO
HaKOMMEHHbI NP PasHOOBPa3HOM OCBOEHWW U KOMMEKCHOM
nepepaboTke MWUHEPANBHOTO Cbipbsi (FOPHO-TEONOTMYECKUE W
XMMWKO-060raTUTENbHO-METaNNypPruieckne aHanoru-0obekTbl
W aHanoru-TexHonorun [3], a TaKkke KOHKPETHO KOMMETEHLM
OAO «'MK 'Hopunbckuit HUKenb'»);

4) yxe [eNcTBYKLLEE POCCUICKOE 3aKOHOAATENbCTBO W
NOTEHUMANbHO ~ BO3MOXHOE,  CTUMyNMpylOLMe  MOWCK
a[eKBaTHbIX Hay4HO-TEXHUYECKIX PELLEHMIA;

5) TeHAEHUWM PasBUTUS FOPHONPOMBILLIEHHOTO 1 aTOMHOTO
knactepoB MypmaHckon obnacti, o6o3HauyeHHble ‘P E K O M
EHOALUWAMMW «kpyrnoro ctona» Ha Temy «Pa3sutue
3aKkoHopatenbHo 6asbl B 06nactv MpupoaHbIX PECYpcoB,
NPYPOAOMONb30BAHNS U 3KOMOTMN: PErvOHarbHbI acnekT»”
(Th P®, KOMUTET MO TMPWPOOHBIM PECYPCAM,
NMPUPOLOMONB3OBAHUIO 1 SKONTOT W, r. MypmaHck 29
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oktabps 2013 roga) ¥ BbISBNEHHbIE JOMOMHUTENBHO MpM
aHanuae 9TOr0 AOKymeHTa. B yacTHocTW, OTCyTCTBME Kakux-
nm60 3aPMKCMPOBAHHBIX MCTOPUYECKUX NEPCNEKTUB NPUMEHU-
TEMbHO K HEKOrAa BaXHbIM AN CTpaHbl U 0bnactm megHo-
HWUKENeBbIM MeCTopoXaeHuaM MeyeHrn u, k coxaneHuo, OAQ
«'MK "Hopunbckuin HUKenb'» B pervoHe [4];

6) mexgucuMnIMHapHbI NOX0d M TEHAEHUMW WHTEepHa-
UmMoHamM3aumm ycunuin B cdepe S4epHON M- pagnaLyioHHOM
BesonacHoCTH, npeumyLiecTBa nepudepuintHbix  (0COBEHHO
NPUrpaHUYHbIX, C Pa3BUTON WHPACTPYKTYpOit) pervoHos PO
NpY MeXayHapOAHOM U30NALNK AOepHbIX 0TX0A0B [5];

7) apkTudyeckuii BexkTop pa3sutus Poccun, MypmaHckon
obrnacTu (npu HeCoCTOSBLLEMCS Ta30BOM cyacTbe MypmaHa) u
OAO «MK 'Hopunbckuit HuKenb'».

Lenu:

1) oObemuWHeHWe COBPEMEHHBIX  HAY4YHO-TEXHUYECKNX
PELLEHW, MaTepuarnoBedyeckux U  TOPHO-TE0NOrMYecko-
TEXHOMOTMYECKNX, AN MOBbIWEHUS  APPEKTUBHOCTH

CpeHECPOYHON W JONrOBPEMEHHON U30MALMM POCCUACKUX W
3apybesxHbIX (M6 n3HavanbHoO 3apybexHbIX) pamroakTMBHbIX
matepuanos (npexge Bcero, BAO n OAT) ot bunoTbi;

2)  paclWupeHue  TeoronMTMYECKOro  3HaYeHus K
MeXaYHapOAHbIX PYHKLMA MypMaHCKOro TpaHCMopTHOrO yana;

3) nopmepxka, MOZepHM3aUus M auBepcudmKaLms
MPOMbILLAIEHHOrO  MoTeHumana MypmaHckoro  nobepexbs,
Meyenrckoro paitoHa MypmaHckoin obnactn u OAO «MK
'HopunbCkuin HuKenb'»;

4) cosgaHue HOBOTO BECOMOro Oroka MexayHapOaHbIX
9KOHOMMYECKMX OTHOLUEHUH, 3aliulieHHoro Ha byayliee oT
HeOBOCHOBAHHbBIX aHTUPOCCUMCKUX CaHKUMIA (B 4YacTHOCTH,
HecpaBHUMO Goree 3alLMLLEHHOTO, YeM HedhTerasoBbilil).

lopsivee uszocmamuyeckoe npeccosaHue (MUM) u
KOHOUYUOHUpOBaHue KoHmeliHepos/neHanos ¢ BAO/OAT

a) OcHosa IMMM-TexHonorMn — nnactuyeckas aedopmaums
(B 3amMKHyTOM 06beMe rasocTarta) BHeLLHei 060MoukM repme-
TU3MPYEMbIX YMaKOBOK, LMPKOHMS M 3acbIMHOTO Matepuana
Mpy BbICOKWX [aBMeHWM W Temnepatype B artMocdepe
WHEPTHOrO rasa.

6) CyTb HOBOW TeXHOMOrW4Yeckol wugew: apanTayus
OCBOEHHbIX B @3POKOCMUYECKOH NPOMBILLIEHHOCTU METOLOB U
CpeacTB [ansi repmeTmsaum M omoHonmuneanus BAO/OAT
(0@MH 13 MpeLefeHTOB, amMepuKaHO-aBCTpanMNCKuiA, apanTa-
WM 1 NOCTaBLLUMKOB 0OOpYLOBaHWS MPUMEHNTENBHO K HEKO-
TOPbLIM APYrM BULAM PaAMOaKTUBHBIX MaTepuanos — [6,7]).

B) BapuaHTbl MaTepnana o6onouky:

- MoAMMKaLMM HepxXaBetoweid cTanu, B TOM 4ucne C
nobaBkamn 0begHEHHOTO YpaHa;

- kKapbua KpeMHMS;

- anioM1HeEBbIE CNNaBbl;

- HOBblE KamMHenogobHble MaTepumans! (NTble UMK NPecco-
BaHHbIE) HA OCHOBE NPUPOAHLIX MUHEPAroB.

r) BapuaHTbl 3acbinHOro Matepuana:

- theppobop;

- NMPUpPOAHble MMHeparsbl, CnocobHble, B YaCTHOCTM, MOAW-
uuMpoBaTbCs B repMeTukM, ADEKTUBHO  MmornowaTh
TENMOBbIE HEMTPOHbI W/MNM  copbupoBaTb  pagMoHYKNMAbI
([8,9]; aHanor — npombILLNEHHOE ocTeknoBbiBaHe BAO u
TexHonorus Synrock, Synthetic Rock, koTopasi o4eHb X0poLLo
obocHoBaHa Mo yYacTu hM3vkum U reoxumuu, paspaboTaHa,
UAPOKO OMMCaHa W yXe NPUMEHsIeTC aBcTpanuiLamu,
ANSTO, B cBs3ke ¢ rasoctatamu AlP).



ﬂnomadku pa3mMmeujeHus1 2a3ocmamos

BapuaHTbi:

- PTI «Atomcpnot», MypmaHck;

- «[lanbHue 3eneHubl» (noc. MopyHuxa);

- LIeHTp KOHOWLMOHMPOBaHWS U XpaHEHUs! PaaMOaKTUBHBIX
otxopoB (PAO) «Caipga-Tyba», CesPAQ;

- ba3a xpaHeHns OAT/BAO «I'y6a AHapeesa», CeBPAO;

- n. Hukenb/r. 3anonspHbiii, 3ameLleHne BbibbIBatoLLEH CO
BPEMEHEM MeTannyprinieckon/oboraTuTenbHOM MHGpacTpyk-
Typbl OAO «'MK 'Hopunbcknin HUKenb'»;

- npeaBaputensHo [UM-TexHonorus/ee anemeHTbl MOryT
BbiTb 0TPaboTaHbl MO HOBOMY Ha3HAYEHUIO MOA KOHTPOMEM M
npu  y4acTuM  pocCUiCKUX 1 3apyBexHbix (Hanpumep,
komnanun Westinghouse) cneuuanucToB saepHON oTpacnu
npu ogHoit u3 Brimxanwmx ASC (B ropogax lMonsipHele 3opm
nmbo CocHosbii bop), B kpaitHem cnyyae (Ha HeaKTUBHbIX
mogensx), - Ha 6aze OAO «MK 'Hopunbckuit HUKenb'», Ha
npegnpustin  Pocatoma OAQ  «Yeneukuin  mexaHU4eckumn
3aBog», B Asctpanun (ANSTO) wrm  Ha nnowagke
«JlabopaTopuu Hosbix TexHonoruiny B KanngopHum.

Mnowadku Ha3eMHO20 BPEMEHHO20 CKNadupoeaHusl
KoHmeliHepoe/neHanoe ¢ BAO/OAT
(ao/nocne MMI-kOHAMLMOHMPOBAHWS)

BapuaHTb!:

- LleHTp koHanumoHupoBaHust n xpaHenus PAO «Caipa-
l'y6a», CeBPAOQ;

- basa xpaHenns OAT/BAO «l'yba AHapeesa», CesPAO.

Mnowadku nod3emHO20 A0N208PEMEHHO20 XpaHeHus/
3ax0poHeHUs1 KoHmeliHepos/neHanos ¢ BAO/OAT

(nocne MUM-kOHANLMOHMPOBAHKS)

B KOHTEKCTEe BpeMEHW W MOTEHLMarbHOM ONacHOCTU - 3T0
rnaBHoe 3BeHO KoHuenyum.

BapuaHTb!:

- «[anbHue 3eneHubl» (noc. MopyHuxa), onpedeneHa kak
Hammnyywwas (HO C U3NULLHIMW, HeaLeKBaTHO MEXAYHaPOAHbLIM
peanusam, orpaHudeHnamu: Tonbko Ans PAO  rpaxgaHCckux
obbektoB CeBepo-3anagpa P®, 6es OAT, He BOMMaN
MECTOPOXIEHUA MONE3HbIX MCKOMAEMbIX) MO COCTOSIHUIO Ha
2000r. [10], npoekt NUCRUS 95410 nporpammbl TACIS,
3anagHoeBponenckuin - koHcopumym  (dupmbl  SGN-ANDRA-
ANTEA, ®paHums u Tractebel/Belgatom, benbrus), BHAMUST
1 [opHbIi uHcTutyT KHL| PAH;

- «[leveHra» (86rman n. Hukenb u r. 3anonsipHbli, Npu
Bbibope nnowapks «[anbHue 3eneHubl» He paccmatpu-
Banacb, Tak kak nonana nog orpaHuyerns npoekta NUCRUS
95410, HeymeCTHble ceivac), 3amelleHue BblObiBLIER K
BbiObIBatOWen  ropHoW  umHpacTpyktypsl  OAO  «TMK
'Hopunbckuin — Hukenb'»  (ryOokui  kapbep, NOL3EMHble
BbIPabOTKN M COYETAHWE COOPYXEHWA NOZ W Hag 3eMHOM
MOBEPXHOCTbIO),  MOTEHUMANbHYIO  BO3MOXHOCTb  Hanmnuus
NPUHLMNMANBHO NPUroaHbIX Ans pasmelyeHns BAO nopogHbIx
TONW, HesaBucMMO mnokasann .. Topbauesuy (Feonoru-
veckmin mHctuTyT KHLL PAH, 1994r., yctHoe coobuieHue,
uccneposavne kepra CrC-3), KO.M. KysHeuos (MHTL,
«lepcy, npoekt Ne 262, uccnegosaHve kepHa CrC-3, 1994-
1996rr., [11]), B.H. Komnes u gp. (gaHHble no pa3seoyHbIM
ckBaxuHam, 1999r., [12]), A.C. Ceprees u P.B. boragaHos ([13],
uccnegosaHue kepHa CI'C-3, 1999r.).
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lMpumeyarue:

1) nomoBHbIA Moaxon K opraHu3aumn paboT ¢ HaluoHarb-
HbIMn/3apybexHeimn BAO/OAT (TMMN-koHAMUMOHMpOBaHue +
CyWeCTBylOWas sgepHas, reonormyeckas U ropHas
WHpacTpykTypa), B MNPUHLMME, BUOWTCS WM OTHOCUTENBHO
Kasaxcrana (6biBlumii CemmnanaTHCKUIA MOMWIOH), @ Takke
eLle ofHOro kakoro-nnbo pernoHa P®: Hampumep, Ypana (B
TOM uucrne, C npueneveHnem wuccnegoeaduii no Crc-4),
Kamuatku (06bekTbl JansPAO kak, npexae Bcero, niowaaku
ONs  ra3octaToB W BPEMEHHOTO XpaHeHus YnakoBOK C
BAO/OAT), MaragaHckoit obnactu, Akytum, KpacHosipckoro
kpast unm 3abaikanbs (B KpacHokameHcke, Kak u Ha leveHre,
npobnembi ¢ pynoi [14]);

2) ocoboe 3HauyeHMe B psdy NPUMEPOB MNOTEHUMANBHO
NepCnekTUBHbIX pernoHoB P® mMoxeT ObiTb y ceBepo-
BOCTOMHOTO ~ MPUMOPCKOTO ~ aHarnora  (OAHOBPEMEHHO U
aHTMNoga, B 30HE MHOroneTHemepanbix nopogd) MypmaHa —
UyKoTCKOro MonyocTpoBa (kak BTOPOrO BaXHOr0 3feMeHTa
MWPOBOM  CUCTEMbl  MOA3EMHOTO  XPaHEHMS/3aXOPOHEHMS!
BAO/OAT, Bkntovas reHepupoBaHHble bunubuHckoit ASC u
Oynywen nnasydeit ASC, n «aHamnora Haob6opoT» 3HAYEHMIO
UyKoTKM nocre BTOpOI MUPOBOA BOWHbI, «Ham Bbl ToMbKO 3a
Gepexok...3auenntbest...» [15]). TnobanbHas ucTopus yuwT,
YTO yCMewHbIM MOXeT BbiTb TONMBKO Takoe COTPYOHWNYECTBO /
«COTPYOHUYECTBOY, KOTAA EBPOMENCKMA BEKTOP [LOMOMHEH
amepukaHckum.  TasocTatbl  LienecoobpasHo  6bino  Obl
PasMECTUTb B MOMELLEHWSX CHUMAEMOM C 3KCMmyaTauuu
BunubuHckoin ASC, Tem cambiM NMPOANEBast XU3Hb SLEPHOMY
o0bekTy YykoTku. BnomHe BO3MOXHO, YTO npu GOMbLLOM
MPOLUSIOM POCCUACKOM OMbITE B 4acTW MPOEKTMPOBAHUS Anst
YCNOBMIA  Mep3noTbl  (BMPOYeM, Kak M Ans nopog C
MOMNOXWTENbHBIM  TEMNEPATYPHBIM ~ PEXUMOM), NOA3EMHbIE
ODBbEKTbI  XpaHEeHUsI/3axopoHeHus Ha Yykotke u [leveHre
(ropHble BbIpaboTku, ryBoKMe CKBaXMHbBI 40 5 KM 1 BOMbLIOTO
auavetpa [16] unu ux codveTaHue — MOAOBHO COYETaHMIo,
Hanpumep, kapbepa «LleHTpanbHbIi» 1 NOA3EMHOr0 pyAHWKa
«CeBepHblit [nybokuit» Ha MeveHre, yCUNEHHOMY Hannunem
BOnman reonabopatopun CIC-3 ¢ yHWKamnbHbIM OMBITOM U
pesynbTatamun ee OypeHws), CWUHXPOHHO BbINECTOBAHHbIE
BHAMMNT ~ wwmm  TUNPOHWUKENEM  coBmectHO ¢
3apybexHbIMM NapTHepamu (MpeuMyLLEeCTBEHHO M3 'epMaHui
— koTopas [0OpOTHO M 3a CBOM [eHbrM BCEro ILlb
Bocnpoussena B Caiga-Tybe kommto komnnekca [P
TPUALATUNETHEN [ABHOCTM, KaXKYLLYIOCS TEXHOMOTUYECKAM
4ygOM B POCCUICKMX YCIOBUSIX, M COY4acTBYeT B CO3AaHWM
BeperoBoi TPaHCNOPTHON MHAPACTPYKTYPbI MEXIY MyHKTaMu
xpaHenust PAO [17], Benukobputatum, GuHnsHamm, LWeeynm v
KaHapbl), BbisiBUnM Gbl elle ofgHy NpuyMHy HeobxogumocTu
OKOHYaTeNbHOro oTkasa oT xpaHunuiwa CLUA Yucca Mountain
C nepepacnpepeneHmemM  (OMHAHCMPOBaHWA B MOMb3y
POCCUIACKMX BapuaHToB. BecbMa akTyanbHbl W COBCTBEHHbIE
poccuiickue npobnembl ¢ PAO Ha Cesepo-3anaae v Cesepo-
Boctoke Poccum [18;19, puc.1]. Kak u B Mupe B KOHTEKCTE
HaCTyNMBLUEr0 3Tana BbiBOAa SAEPHbIX OOBEKTOB U3
akcnnyaTauym n obbema pbiHka conyTeteytowmx yenyr [20]. K
CMoBY CKa3aTb, COBpPeMeHHoe OypoBoe obopynoBaHue psga
CTpaH, TexHonorus OypeHus rnybokuX CkBaWH BONbLIOrO
JMameTpa U afanTpoBaHHble AN HAX KOHTEAHEepbl/NeHanbl
BenukobputaHuM,  Hemeukne — CPeACcTBa  YBEPEHHOM
BEpTMKaNbHOW  MpoBodku  MyBokmux  ckaxwH w  TUM-
KOHOULMOHMPOBaHWe Mormu  Bbl  obecneunTb  mpuopuTeT
cooTBeTcTBytoLeMy  cnocoby  3axopoHenuss  BAO/OAT,
YCUIeHHbIA B criyyae MeyeHrn peanbHbIM OnbITOM Byperust v



3HaHMS re0Ioro-TEXHOMOTMYECKUX CBOWCTB MOPOL pa3pesa Ha
KOHKpeTHON TeppuTopui. Mo3TOMYy M NnaHMpoBaTb MPOBEPKY
3TOW  @HIMMACKOM TEXHOMOMMM  HYXHO NPUMEHUTENbHO K
Meyenre, a HelHe Tonmbko CLUA. [a ewe u nocpencrtsom
OypoBoro  obopymoBaHMst W CMCTEMbl  ODpalleHns ¢
KOHTEHepamm/neHanamm, pacnonoXeHHbIMI/YKpbITbIMI/MOKa-
NIM30BaHHbIMI BHYTPU/HA OHe kapbepa. Tem Gonee, Yto gaxe
B ycnosusx becnpeueneHTHbix caHkumin CLUA Ha 2015 rop
BbILENAT Hemarble fAeHbr Ans Poccuu ¢ Lenbio yeunuTb
paboTbl Mo npobremMam SAepHbIX MaTepuanoB B ApKTUKE W
SAEpHOro HepacnpocTpaHeHus [21];

3) otmenbHble MonoxeHus KoHuenuuu paccMOTpeHbl W
opobpeHbl  HayyHbiM  coBeTOM no  MeTannypruM W
metannosegeHnto OXHM PAH.

3aknioyeHue

®opmumpoBaH1e HOBOro BanaHca HeOAHOPOAHbIX MHTEPECOB
pasHbIX CTPaH M KOPMopawLui Npu BbIXOAE Ha MEXOYHAPOAHbIN
ypoBeHb  obecneyeHuns 6esomacHocT  OAT wu BAO,
NpUBMEYEHNe K PELLEHUI0 3TOW NpoBnemMbl HeTpaaULMOHHBIX
NS 9AepHOi [esTenbHOCTU YYacTHUKOB W3 Apyrux cdep
HayKu, TEXHUKA M NPOMBILLIIEHHOCTH, NEPECMOTP COLMarbHO-
3KOHOMUYECKUX U TeorpadiMyecknx MPUHLMNOB MPUHATUS
PELeHNn NMpu CO3AaHUM KOHKPETHbIX OOBEKTOB — BCE 3TO
MOXET NO3BOMMTb CO34aTb HAAEXHYI0 CUCTEMY CpeaHe-
CPOYHOrO/Mpe3BbIYaHO  JOMNTOBPEMEHHOTO  XPaHEHUst  Wnu
OKOHYaTENbHOM U30MALMM/3aXOPOHEHUS TaKUX CyneponacHbIX
BbICOKOSHEPreTUYECKMX MaTepuanos. [lpexge Bcero, B
Poccun.
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NPEMECTBAHUA HA 3EMHATA NMOBBPXHOCT NPU NPOKAPBAHE HA [1IBA
YCIMOPEQHU TYHENA HA METPOTO-IIl HACT

Muxaun Bbnkos

MurHo-eeonoxku yHusepcumem ,,Ce.Mear Puncku”, 1700 Cocpusi, mvulkov@abv.bg

PE3IOME. /3cneaBaHeTo e B obnactTa Ha npunoxHara reoMexasuka. Lienta my e fa ce nssegat HOBM chopmynu 3a onpesiensiHe Ha NPEMECTBaHUATA Ha 3eMHaTa
NOBBPXHOCT NPY NpoKapBaHe Ha ABa ycnopeaHu TyHena. MpoBeaeHy ca U3MepBaHus Ha BepTUKanHuTE NpeMecTBaHus Ny NpokapBaHe Ha TyHenuTe Ha COUIACKOTO
MeTpo. AHanu3upaHu ca moryyeHuTe pesynTatu. PasrmefaHu ca CblieCTByBalMTe METOAM 3a NMPECMsTaHe Ha CrisiraHusi MpU CTPOWMTENCTBOTO Ha YCMopeaHw
TyHenu. MpeanoxeH e anropuTbM 3a U3MOM3BaHE Ha JaHHUTE OT U3MepBaHUsITA 3@ aAanTUpaHe Ha eauH OT METOAMUTE KbM KOHKPETHUTE ycroBus Ha rpag Codus u
33 ONTUMU3MPAHE Ha U34UCTIMTENHIUTE NPOLEaYPY.

KniouoBu Aymu: METPO, YCIOPELHI TYHENM, CRsraHus
SUBSIDENCE OF THE EARTH'S SURFACE BY THE CONSTRUCTION OF PARALLEL TUNNELS THE METROPOLITAN I

Michayl Vulkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, mvulkov@abv.bg

ABSTRACT. The problem is in the field of applied geomechanics . Measurements were carried out on vertical displacements while the Sofia subway tunnels were
built. The results are analyzed. The existing methods for calculating the subsidence during the construction of parallel tunnels have been considered. An algorithm is
proposed which uses the measurement data to adapt one of the methods to the specific conditions of Sofia.

Key words: metropolitan, parallel subway tunnels, vertical displacements

BbBepeHue HOCT 3a npemecTBaHe. Ypes KOHCTPYMpPaHETO Ha Tasu

(YHKUMS MO [aHHM OT NpOBeAEHUTe W3MepBaHus ce

B ocHoBaTa Ha pasrnexaaHust anropuTbm € Knacuyeckara peanusnpa aaanTUpaHeTo Ha HoBaTa 3aBUCMMOCT  KbM

thopmynata Ha KaiHxopcT, npegHasHayeHa 3a onpegensHe Ha KOHKDETHWUTE  NPUPOAHA M TEXHONOTU4HW  YCNoBWS  Ha
MUHHATa MynAa, MofyyeHa Ha 3eMHaTa MOBBLPXHOCT Mpy M3y4aBaHms y4acTbK OT TpaceTo Ha CoguickoTo MeTpo.

nposexaaHe Ha NoA3eMHU MUHHN paﬁom.
Anroputbm
Ts uma Bupa:
TeopeTnyHa 3aBUCUMOCT
v_v(x,H)zamf (x) (1) Ponsta Ha (yHKUMS Ha BnusHWEe B 3aBMCMMOCT (2) ce
; Bb3nara Ha crnegHata penauusi 3a OnpedensHe Ha
MaKCMManHOTO BEPTUKANHO MpemMecTBaHe Ha 3emMHaTa

KbJETo a - KOeULMEHT Ha crisiraHe; m - M33emaHata MOBBPXHOCT MPW MpOKapBaHe Ha [Ba YCNOpedHW TyHena,
MOLLHOCT; f(x) - (DyHKUMS Ha BNMSHWE, NOKa3Balla n3segeHa 1 060CHOBaHa BbB BTOpATa YacT Ha M3CNEABaHETO,
T.€!

noTeHuManHata BB3MOXHOCT 3a MNpPemMecTBaHe B TOYKa,
nonyyeHo OT U33EMaHETO Ha onpeneneH obem nonesHo

2
M3KONaemo. az R ) 2wzv/a x?
Wi =W | 1-25- O - .exp| — 5
z\/a R27 2az
3a pa ce cb3gage HoBa (opmyna 3a OmMpedensHe Ha
npemectBaHuaTa, 0OasuMpaHa Ha npeactaeeHata B [2].
CMCTEMATUKa, TA Ce KOHCTPYVpa BbB BIAA: (3)
kbaeTo ® e uHTerpanHata dyHkuma Ha Fayc.[1]. Tabnuunuat
w(x,H)=am.f(x).g(x), 2) P byHKy ye.[1]
BMA Ha Taan yHKLWA Moxe fa 6bae HamepeH B [1].
KbaeTo g(x) e dyHKUMs, onucBalla peakuusTa Ha Macuea Ha [aHHW OT HaTypHU U3MepBaHUA
npeanoxeHata Bb3MOXHOCT 3@ MPEMECTBaHE, T.€. pernameH- OYHKUMATA Ha peaKums Ha MaciBa Ce KOHCTPYMpa, kaTo ce
Tupallla KOHKpEeTHaTa peanusauns Ha Cb3nafaeHata Bb3MOX- “3Non3BaT AaHHWUTE OT HaTypHUTE M3MepBaHWs, NpeacTaBeH!
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Cbllo BbB BTOpaTa 4acT Ha paspaboTtkata. M3nonsea ce
anropuTbMbT, paspaboTeH B [1].

VlamMepeHnTe CTONHOCTM Ha CRSraHeTo Ce pasrnexaart kato
[ENCTBUTENHO peanu3upanute Ce W OnpedenieHn upes
npeanaraHara 3aBMCUMOCT (2), @ npecMeTHaTUTe No (3)- KaTo
Cb3fjafieHa Bb3MOXHOCT 3a MPEMECTBAHE CMOpes NOrMyeckus
MOZen, BbPXY KOITO € 6a3npaH anroputbma.

KOHCTpYMpaHe Ha dJYHKLWISITa Ha peakKuua Ha macuBa
Heka npecMeTHaTuTe No HOBaTa 3aBMCUMOCT CTOMHOCTU

Obaat 03Ha4YeHu ¢ W, KbaeTo
w(x H)=amf (x),

a Tea Mo apanTupaHata Ccrnopes  NpUpoaHUTE W
TEXHOMOTMYHUTE YCIIOBUS Ha NpOKapBaHe Ha ycnopeaHuTe
TYHENW 3aBMCMMOCT, KOWTO Ce W3MCKBA [a CbBnajat C
W3MEepeHNUTe CTOMHOCTM, Ca 03HayeHn ¢ W K ce npecmsrtar
upes (2), T.e.

w(x,H)=amf (x)g(x) .

Toraea pasnukata Mexay NpecMeTHaTUTe no TeopusTa Ha
JVTBMHUIWMH - KaitHXopcT W U3MEPEHUTE CTOMHOCTU Ce
onpegens ot

Aw(x,H)=maf (x)-maf (x)g(x) . (4)

AKo nocneagHoTo paBeHCTBO Gbae pelleHo cnpsamo g(x), ce
Hamupa

AW(x,H) L AW(x,H)

900 =1 e n) Wik ©

MonyyaBaHe Ha KpaiiHaTa 3aBUCUMOCT

Mpoueaypata no hakTM4ecKkoTo onpegensHe Ha PyHKUmATa
Ha peakuus Ha MacuBa cnopeg AaHHUTE OT NpOBEAEHUTE
M3MepBaHNS Ce OpraHuaupa no CrieaHUs HaumH.

CucraBs ce cnegHaTa TaGJ'II/IL[aZ

Tabnuua1
ol fwx) [ w(x) | aw(x)=wn)-w(x) | AW | a(x) | y(x)
[m] [mm] [mm] [mm] W( X )
1 2 3 4 6 ! 8

B cegmara konoHa Ha Tabnvuata ce nomnyyasa (yHKUMSATA
Ha peakuus Ha CKanHUs MacvB Ha Cb3aafeHaTa Bb3MOXHOCT
3a MpemecTBaHe Mpu NPOKOMaBAHETO Ha ABata YCnopemnHu
TYHEena Ha MeTpoTo.

/3BbplwBa Ce MHTepronaums Ha nomyyeHata B TabnuueH
BMA (DyHKUMS Ha peakumsaTa Ha macuea g(x). 3a peanusupare
Ha WHTEpronauuWoHHaTa npouedypa € npeanoyeTeHa
€KCTIOHEHLManHa yHKLMS.

Toau B1A OYHKUWM UMAT peaunLa npeanMcTsa, Han-BaxHUTe
OT KOWTO 3a peanuanpaHoTo Mofenupaxe ca:

. OyHKUMATA (HEMHWUTE HAKMOHM M acuMeTpus ) Morat
Aa ce ynpaensBat 4pe3 npoMsHa Ha Mambk 6poit napameTpy.
B pasrnexgaHus cryyan ca n3bpaxu asa.

o EkcnoHeHUManHata  yHKuMs mopagu  CBOsTA
MbBKaBOCT AaBa Bb3MOXHOCT 3a [0Opo ajanTupaHe Ha
n3yncnuTENHaTa npouesypa KbM - KOHKPETHWUTE  MUHHO-
FeOMNOXKM M TEXHOMOTUYHN YCMOBMS Ha Pa3rnexaaHns y4acTbk
OT METPO TPAaceTo.

3a uHTepnonauusTa ce M3bMpa EKCMOHEeHLUManHa Kpuea,
“maLla Buaa:
y(x) = c.exp(—+x2)  npuk >0, (6)
KbETO C U K Ca HEM3BECTHM KOHCTaHTW, KOWTO NOANEXaT Ha
onpegensHe.

3a uenta paBeHCTBO (6) ce norapuTMyBa MpW OCHOBA
HenepoBOoTO YMCIO € 1 Ce 3anuncea, KakTo creasa:

Iny = Inc —kx2. (7)

Cnen nonaraHeTo
z=Iny; A=Inc

3aBucumocT (7) npuema Buaa
z=A—kx2 (8)
PenauusTa (8) ce uHTepnonupa ¢ NONMHOM OT BTOpa CTeneH
33 TOYKUTE, B KOMTO (byHKUMATA € 3agageHa. MonnHoMbT uMa
BMAa:
ao +anxtax?=A —kx? 9)
npu ar=0.
HopmarnHata cuctema 3a nonMHoMHaTa perpecus (u3bpanu

ca efyHafeceT NPUMEPHU TOYKW) OT BTOpPa CTeneH uma obLyms
Bug [3]:

11 u 11
Llag +| 2% |a+| 2% (a2 =D Vi
ia i1 i1
11 u u 1
DX lag | X (A 2% Az = D0 %Yi
i1 i1 i1 i1
U, u U, u
DX |+ K [+ X A= XY
i1 i1 i1 i1

(10)

Cucrema (10) ce pelaBa no METOfa Ha M3KIOYBAHETO, B
pesynTaT Ha KOeTO Ce HamupaT CTOMHOCTUTE Ha [JBeTe
KOHCTaHTU B (6) - C U K.



Taka BMObT Ha WHTepnonupallata (yHKUMS € HambiHO
OrpefeneH.

MopobHa npouegypa Moxe fa 6bae npunoxeHa U npu
1360p Ha Apyr NOAXOASLY BKA Ha MHTEpRonupallaTa yHKUuS.

BuobT Ha nonyyeHata MHTEprionMpalia yHKuMs aaBa
Bb3MOXKHOCT [la Ce MpaBsT 13BOAM 3a (pUanyeckaTa ChLIHOCT
Ha peaKuMsTa Ha TOYHMTE OT CKanHWA MacuB  Ha
NpeAnoXeHaTa Bb3MOXHOCT 33 NMPeMeCTBaHe, KakTo U 3a Mo-
AbNOOKO NPOHVKBaHE B CbLUHOCTTA Ha SBNEHUETO.

C HanpaBeHaTa aHanorus ce [okassa, Y€ Ype3 OCHOBHOTO
ypaBHEHWe Ha TeopusiTa Ha JIMTBMHWLWMH - KaiHxopcT Moxe
YCMeELLHO Aa Ce OnMeBa NPOLECHT Ha Myrn[oobpasyBaHeTo Npu
npokapBaHe Ha TyHemnu no Mog3eMeH HaumH.

3aknoueHune

B HanpaBeHoTO wu3cregBaHe Ca MOMyYeHW CheaHuTe
pesyntaru:

o loka3aHo €, Ye CrisiraHeTo Ha 3eMHaTa NOBbPXHOCT,
MOMYYEHO MPU MpOKapBaHe Ha [Ba YCMOpegHu TyHena 3a
CKOpPOCTHaTa NOA3EMHa KenesHuua B rpafckyu panoHn ypes
npunaraHeTo Ha TyHeno-npobuBHa MalwwHa, MOXe Aa ce
Onpedeni uYpes pellaBaHe Ha noaxoasawo opmynupaHa
3apava Ha Kowm 3a ypaBHeHueto Ha ®ypue. M3xogHoTo
ypaBHEeHWe B Teopusita Ha JTMTBUHULLMH - KaiHxopcT gonycka
W1 PELLEHNS, KOUTO Ca XapMOHUYHU GOYHKLMK, T.e. MOXe Aa ce
OvYaKBa, Ye YPaBHEHWETO Ha Myngarta, nonyyeHa npw
NpOKapBaHETO Ha TYHENW 3a pasrnexgaHuTe YCroBus, MOXe
[a Cce Hamepu W KaTo pelleHue Ha 3ajadara Ha [upuxne 3a
YpaBHEeHWETO Ha Jlannac;

o PelueHa e noctaBeHaTa HavasnHo rpaHnyHa 3agava;

. Mp  M3NON3BaHETO  Ha  SACHA  (PM3ndecku
NpeanocTaBKku e u3segeHa opmyna, 6nmska no cTpykTypa Ha
emMnupuyHaTa penauus Ha Caraceta [6], KOSITO OT CBOSI CTpaHa
€ 0006LeHVe Ha 3aBucuMocTTa Ha P. Tek [5];

o lMpocnegeHa e pAvHamukata Ha npoueca Ha
BEpTUKaNHW MPEMECTBAHWS Ha 3emHaTa MOBbPXHOCT Mpu
pabota Ha TyHeno-npobuBHatTa MawwHa. OTgeneHn ca
eTanuTe Ha U3guraHe 1 Ha CrisiraHe;

J OboblleHn ca M ca npegcTaBeHn [aHHM  OT
MapKLLUaiaepcku M3MepBaHus 3a fBata eAHOMbTHU TyHena ot
MbpBU MeTpoaMameTbp Mexay meTpocTaHuus "Cepauka” u
meTtpocTaHums "CY Cg. KnumeHT OXpuacku”, Mally BbHLLEH
anameTbp 5,8 m. [4];

. PaspaboteHa € MeToguka 3a apanTupaHe Ha
HOBOMOMyYeHaTa 3aBUCUMOCT KbM KOHKPETHUTE YCMOBUS Ha
npokapBaHe Ha TyHenn Ha MeTpoTo B rpag Codus;

o lpeanoxeH e anropuTbM 3a onpegensHe Ha
(DYHKUMATA, HapeyeHa OT aBTopa 'peakuus Ha CkanHus
MacuB" Mo OTHOLLEHME Ha MynLoobpasyBaHeTo.
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Tbit KaTo U34MCIIUTENHATA NpoLeAypa MO HOBOMOMyYeHaTa
3aBMCMMOCT 3a MPECMsiTaHe Ha BepTUKanHUTE NPeMecTBaHust
Mpu NPOKapBaHeTO Ha [Ba YCMOPESHW TYHENa Mo LUMTOBMS
METOS W Ha HElHOTO afanTupaHe KbM KOHKPETHUTE MUHHO-
FEONOXKA W MUHHO-TEXHOMOTWMYHW YCTOBUSI € CBbp3aHa ChbC
3HauuTenHa no obem W TPYAHOCT MauMCTuTenHa paboTa, TO
npeacTon fa Gbpe CbCTaBeHa KOMMIOTbPHA Mporpama 3a
peanuavpaHe Ha NpeanoXeHUs anropuTbM.

Mporpamata wWe Obge HamMcaHa Ha MPOTPaMHWS €3UK
Python 2.7.5. kaTo ce n3non3ea (yHKUMATa quad OT nakeTa
scipy.integrate. Taau nognporpamta ( quad ) npecmsTa
WHTErpanuTe Ha (yHKUMM Ha efHa MPOMEHNMBa Mexay OBe
TOYKW, KaTO M3MOM3Ba TeXHMKW OT OubnuoTekata Ha
FORTRAN, a umeHHo QUADPACK.

[pyra nepcnekTvBHa Hacoka 3a 6bAelya pabota ce cBbp3sa
C Bb3MOXHOCTUTE Ha ApYrM (DYHKUMM [a Wrpast ponsTta Ha
3aBUCUMOCTU, OTHUTALLN peaKkuuAaTa Ha HOﬂpGGOTeHVIﬂ CckaneH
MacuB Ha npegocTaBeHaTa OT NOA3EMHUTE  CTPOUTENHU
paboTi Bb3MOXHOCT 3a MPEMECTBAHE B 30HATa Ha BIUSHUETO
UM. B 3aBMCMMOCT OT HanMyHUTE AaHHM OT U3MepBaHusTa in-
situ (HanpeyHo Ha 0CTa Ha TYHENNUTE UMK YCOPEeaHO Ha Te3u
OCM) OCBEH Beve pasrnefaHata eKCroHeHUmanHa GyHKUms,
MHOTO MepcneKkTMBHA U3rMexaa Bb3MOXHOCTTA fda  ce
n3nonaeaT CUHYCHU cyHKuMM U [obpe paspaboTeHute OT
MexaHukaTa MeTOaW 33 MOLENMPAHETO C TsiXHA MOMOLY Ha
CMOXHW NPOLIECH M SIBNEHNS (CieKTpaneH aHanu3a Ha Qypue).
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W3CNEQBAHE HA NOA3EMHU PAMKW, NOANIOXEHW HA IMHEMHN NPEMECTBAHKSA

W TEMNEPATYPHU Bb3OEACTBUSA

Buonema TpughoHosa-IleHoga

MunHo-eeonoxku yHusepcumem “Ca. MeaH Puncku “, 1700 Cogbus, violeta.trifonova@yahoo.com

PE3IOME. B pafotata ce uacrefsaT paspesHuTe YCUnusi B NOA3EMHU PaMKM, YMMTO OCHOBM CE MpemMecTsaT Mof AeVCTBUE HA XOPWU3OHTanHM cunu. 3a
W34YMCIISIBAHETO MM € MPUNOXEH METOA, KOWTO M3nonasa AedpopMupaHa MsYMCrMTENHA cxema. KbM BBHWHOTO HaToapeaHe e A06aBeHO BNMSHUETO Ha
Temneparypara. B pesyntar Ha npeanoxeHns HaYMH Ha MOLENMPaHe Ca MoMy4YeHn aHanuTUYHITE U3Pasi 3a OrbBATEIHUTE NIMHUN U PA3PE3HUTE YCUINS B PaMKa.

KniouoBmn gymu: Temnepatypa, paMKoB kpenex, pemecTsanus, AeopmMupaHa cxema

STUDY OF UNDERGROUND FRAMES SUBJECT LINEAR DISPLACEMENTS AND TEMPERATURE INFLUENCES

Violeta Trifonova-Genova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, violeta.trifonova@yahoo.com

ABSTRACT: The work examined the internal forces in underground frames, whose foundations are moving under the action of horizontal forces. For their calculation
is proposed the method, which used deformed computing scheme. To the external load is added the effects of temperature. As a result of the proposed method of
modeling were obtained analytical expressions for bending lines and internal forces in the frame.

Key words: temperature, frame support, horizontal displacements, deformed scheme

YBoa

CraTyHo HeonpedenuMa pamka MOXe Aa Ce peln PbyHo,
npunaranky U3BECTHN METOAM ONCaHN B MHOIO JIUTEPaTypHM
u3touHuum. Korato obaye pamkata Ce CbCTOM OT HSKOSMKO
0TBOpAa, TO U3YMCNUTENHATA paboTa e OrpoMHa 1 nopaay ToBa
ce npenopbyBa 4a Ce M3rnon3ea KOMMTHP.

[pyra Bb3MOXHOCT € MaTpuyHaTa hopMa Ha peLeHneTo Ha
CTaTUYECKN Heonpeaenuma pamka no cunoB MeTod, nogpobHo
onucaHa B nybnukauumte Ha CtosHos (CtosHos, 2012, 2013).
Mpn Hes ce cbcTaBd MaTpuuara Ha MOMEHTUTE OT
eOWHUYHWTE auarpami W OT BBLUHOTO HaTOBapBaHe B ABaTa
Kpas Ha yyacTbLyuTe 1 MaTpuLaTa Ha nogaTnmeocTuTe.

PeluieHneTo Moxe ga ce Mmonyuu U YMCReHo, C nporpamu
paspaboteHn ot MunkoB u BaumHo (MunkoB w BauuHos,
1981). ABTOpNTE CBCTaBAT AN(EPEHLMArNHOTO ypaBHEHNE Ha
npaBus MpbT W [0 pewasaT MO METOAa Ha HavarHuTte
napameTpu.

[ethopMMpaHOTO NONOXEHWE HA ENEMEHTUTE OT Pasrnex-
JaHUTe pamKu e OTHYETEHO NpW onpefensiHe Ha pa3pesHuTe
ycunus B pamka B npeauiiHa pabota Ha aBTopa (TpuchoHoBa-
leHoBa, 2007). Tyk ca OTYeTeHM MpemecTBaHUsTa Ha
OCHOBWTE, NOA AENCTBMETO HA XOPU3OHTASHN CUMU.

Llen Ha Tasu paGoTa e ja Ce OnpefensT paspesHnTe yeunms
B paMKa, NP1 MPeMecTBaHe Ha OMopuTe W NpWU OTYMTaHe Ha
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pasnuyHaTa TemnepaTypa MO BMCOYMHATA Ha HaMpPeyHOTO
CeyeHme.

N3noxeHue

MocTaHoBKa Ha 3ajavarta

Pasrnexga ce pamka, sambHata B OCHOBUTE, KOATO Ce
npemecTBa Ha XOPM3OHTamNHO pascToHne U . Ts e HaToBapeHa
Mo purena ¢ paBHOMepHO pasnpefeneH Tosap. B pesynTar Ha
TOBa MpemecTBaHe pamKkaTa ce fedopmupa, kato Bbaen C
Ce MpeMecTsa XOPWU3OHTANHO Ha pascTosHue O  (cpur.1).
MoaymbT Ha enacTUyHoCTTa Ha pamkata e E , uHepumonHns
MOMEHT Ha KorloHaTa W purena ca cboteetHo J, u J,, a

kopasuHute ca EJ; n EJ .

OcHoBHaTa cxema, criopeq onucauns metog (TpudoHosa-
leHosa, 2007), e konsonHa konoHa AC . B cBoGopHus Kpail

C ca npunoxenn orbealyyst momeHT M, cpsisBalyata cuna

Q, v HopmanHata cuna N, . Te npencrasnsear pas-

Pe3HUTE YCUNMS B CTATMYHO Heomnpeaenumata Heaedop-
MUpYEMa paMka W ca Cyma OT pa3pesHuTe YCUNUS B ChLUOTO
CceyeHue Npy peluasaHe Ha ABe 3agaqu. B mbpearta ce otyuTa
BMMSHMETO CamMO Ha BBHLLHOTO HAaToBapBaHe, a BbB BTopara —
npomsHaTa Ha TemnepaTtypaTa. Bcska oT Tesu 3agaun Moxe
[a Ce peluy pPbyHO, Ype3 M3NomnaeaHe Ha Tabnuuw W roToBM



copmynu, Ypes npunaraHe Ha matpuyHus metod (CTosHOB,
2012), uype3 CTaHpapTHO cbcTaBeHa mporpama (Munkos W
Bauutos, 1981, PesHukos, 1964), upes rotoB NporpameH naket
(MATLAB, 1992).

q=2t/m 1
\ 5 i TTT
P LR
Gyc .o \D
5 +} Y 54
E t°
\lcrz a a 120 ]
= Ll
4 A Ay B B,
e 777
j:,l.zu ;:4??? t;__ u

®ur. 1. Cxema Ha paMKa'

OudepeHunanHo ypaBHeHMe Ha npaBuA MNpPBLT Npu
HepaBHOMEPHO HarpsiBaHe

TemnepaTtypaTta No BUCOYMHATA HA HANPEYHOTO CeyeHue ce
M3MEHs N0 NWHeeH 3akoH. Pasrnexga ce enemeHT or
KonoHata C Marnka [AbmkuHa. KoraTo HarpsBaHeto e
HEepaBHOMEPHO, TO BBHLUHWUTE HULLKK CE YObKaBaT NoBeye oT
BbTPELLHATE HULIKW, NOpagW KOETO KOMoHaTa Ce M3KpMBSBa.
OT Tyk Ce 3anucBa paBEHCTBO Mexdy pasnukata Ha
OBIKMHATE Ha JOIHWUTE 1 FOPHU HULLKW 1 NPOWN3BELAEHMETO Ha
ereMeHTapHUs brbi MO BUCOYMHATA. 3HAKLT MUHYC B U3pasa
Cce nocTaBs Nopajau TOBa, Ye Korato TemnepaTypHaTa pasnvka
€ MONoXWTenHa, TO KopaBWHaTa € oTpuuaTenHa u obpaTtHo.
Taka ce nonyyasa aMdepeHUNanHoTo ypaBHeHUe BCNeacTeue
Ha HarpsiBaHeTo (Munkos v bauuHos,1981).

HugpepenyuanHo ypasHeHue Ha O2bHamama oOC npu
HepagHOMEePHO HazpsieaHe

Mpuema ce, Ye N3MEHEHWETO HA TeMmnepaTtypaTa e efHaKBO
3a usnata pamka. Cnopeg npueTust MeTO4 ce Onpegpenst
NUHAMTE Ha OrbBaHe 3a BCEKM ENeMEeHT OT pamkaTta
(TpuchoHoBa-leHoBa, 2007).

HudbepenyuanHo ypasHeHue 3a KOH30/IHama KOJI0Ha

B3auma ce nog BHUMaHWE AnchepeHUManHoTO ypaBHEHME 3a
NpaBoONMHEEH NPbT, BCNEACTBUE HArpsBaHETO M AudepeH-
LManHOTO YpaBHEHWE Ha OrbHaTaTa KoroHa OT LUTUpaHus no-
rope W3TOYHUK U Ce 3anucBa AWEpeHLManHoTO ypaBHEHWe
Ha orbHaTaTa KofoHa C OTYMTaHe Ha TemnepaTtypara

7' +a’z=-b-c(h-x)-a’s,

KbOETO
BZMn_atAt. a2:Nn. C:in
EJ, h EJ, EJ,
Tyk @, e TemnepaTypHus  KOe(ULMEHT, At e

TemneparypHara pasnuka (At =t —t;), h sucounara
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Ha HanpeyHoTo ceyeHne, X € TeKylwo pascTosHue B

konoHata (ur.1). Paspesnute yeums M ,Q., N, ce
nonyyaBaTr C OTYMTAHE Ha TemnepaTypata Mpu CTaTUYHO
CbCTOSHME Ha BBLHWHOTO HaToBapeaHe. OT ycnoeueTo B
ropHus kpai Ha konoata X =h u Z =—0 ce nonyyasa
XOPU3OHTANHOTO NpemecTBaHe (cur. 2):

O0=-U+0,+0,, )
KbaeTo

b(1 C t
o=—|—-1{; Oo,=—|-h+2],
toatlc 2 al a
c,=cosah; t =tgah.

A u A z

®ur. 2. U3uncnutenHa cxema Ha KonoHara

PeluenneTo Ha ypaBHerue (1) uma suga:

z=D,cosax—D,sinax+ D,x—D,, (3)
KbaeTo

c D
D, =5 +6;; D2:¥; D3=?2;
D,=u+D; 53:(::1—J2rb.

JHudhepeHyuanHo ypaeHeHue 3a puzena

PurensT ce nacnemsa kato enacTUYHO MofnpsHa rpeda Ha
ABe Oropu, HAaTOBapeHa C YCUnusaTa NpeaafeH Ha KOroHUTe

(cpur. 3).

0y,
|4 T /

N.TK C l ' D~
o/ O ) ™~N
clo, Dufsy

5L‘ X

®ur. 3. U3uncnuteHa cxema Ha purena



[nchepeHUManHoTO ypaBHeHWe Ha orbBaTeNHaTa NHUS UMa
BMAA:

z' +a’z=-bi—&d, —dyx, )

KbAeTo
6‘12:Nn00505—Qnsinoz.
EJ, ’
- M, oAt -M,
b1= — ; 1= .
EJ, h IEJ,

OBLWwAT MHTerpan Ha ypasHeHve (4) uma Buga:

z=-B,cosa, - B,sina, —-B,x-B,,

KbAETO _
- 2b1 B, = 2d-1| B :_d_;;
a’cosa, a’sina, a’
B4=—b1;25d1;az=81(5+><):as=31|;

a,=005a; a;=a,—a,.

Pa3pe3Hu ycunus

lMonyyeHaTa enactuyHa nuHMS (3) W HelHaTa NPOM3BOAHA
Ce 3amecTBaT B W3pasWTe 3a pa3pesHuTe ycunus 3a
NPOU3BOIHO CeYeHWe OT BepTUKanHaTa KOroHa W TexXHWT
OKOHYaTeneH Buf €:

M (X): Mn +Qn(h - X)+ NnAll’
N(x)=-N,cosa, +Q,sine,;
Q(x)=-N,sine, +Q, cosa, ,

(6)

KbAeTo
A, =D,cosax—D,sinax+ D, - J;;

a, = 7/(x)=—aD,sinax — D,acosax + D,.

PaspesHuTe ycunus B purena, ce nony4asaT No aHanoruyeH
Ha4WH, 13nonasanku (5):

M, (x)=M, A, +2(N,cosa —Q,sina); (7

N, (x)= —ZI\IA” sina, —Q,, Cosa,;

Qp(x):—ZI\I/l” cosa, —Q, sina, ;

KbAETO

A, =1—IE(5+ x);s, =sinah; c, = cosah;
Q, =Q,sina—N, cose ;
a=17(h)=-aD;s, - D,c, + D;,;

a, =—Ba sina; — B,a, cosa, — B,.
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Bb3 ocHoBa Ha (6) 1 (7) ce onpeaensiT YNCNEHNTE CTONHOCTH
B AMarpamMuTe Ha paspesHuTe ycunus B pamka NoanoxeHa Ha
MOCTOSIHHO HATOBapBaHe, BMMSHWE Ha TemrepaTypata M
npeMecTBaHe Ha OCHOBUTE.

PelueHneTo Moxe aa ce M3nonssa npu nog3emMHU paMKu,
HaToBapeHu cnopep ronemMmnHata Ha 3eMHUA HaTUCK.

HanpexeHus
HanpexeHusita Mo BMCOYMHATA Ha HAMPEYHOTO CeYeHMe Ha
pamKaTa camo OT HepaBHOMEPHO HarpsiBaHe ca:

:&_'_Mt—(x) — _Eattm — EO{tA'[%,

8
A J; ©

X,t

kepeto 1 = 0,5('[l +t2), a A e nnow Ha HampeyHoTO
ceveHue.

KbM Tesn HanpexeHus ce npubaBaT HanpexeHwsTra oOT
HaTOBAPBAHETO, B KOWTO y4acTBaT paspesHUTe ycunus OT
ypasHeHus (6) u (7).

AKO MaKCMarHWTE OMbHHM YCUNUS HAABWLLABAT SKOCTTA Ha
OeToHa Ha OMbH, KOHCTPYKUMATA Lie ce Hanmyka. 3a ga He ce
JONyCHe TOBA Ce Harnara Aa Ce yBEnWuu BMCOYMHATA Ha
CEYEHWNETO MNKM Aa Ce yBenuun Mapkata beToH.

3aknioyeHue

M3uncnsBaHe Ha KOHCTPYKUMS Mo AechopMupaHa cxema ce
“3non3ea Mpu B3WMaHe Mof BHUMaHWE Ha OCOBWSI TOBap,
KOWUTO € npuet 3a AO0CTaTb4YHO NO-ManbK OT KPUTUYHWKA. Oor
NpUMeEpK B MPEeAULLIHN U3CNEABaHUS Ha aBTOpa CE OKa3Ba, Ye
Jvarpamata Ha OrbBaLyysi MOMEHT no AedopMupaHa cxema e
no-ronsiM, @ B OCHOBAaTa MW 3ambBaHETO pasnukata Mexay
HEro 1 CbOTBETHUS MOMEHT, MOMyYeH no HeaedopmupaHa
cxema pgoctura 20,7%. ETto 3awo u3cnegsaHeTto no
pedopmMmMpaHa CxemMa €  HanoXWTENHO 3a  MO-TOYHO
ONpeLeNsiHe Ha pa3MepuTe Ha HaNPEYHOTO CEYEHNe.

TemnepaTypHUTE W3MEHEHWS NPEAN3BUKBAT YCUINSA, KOUTO
CYNeproHupaHn C OCTaHarnoTo HaToBapBaHe, MoraT fa
[0BefaT 40 HanykeaHe Ha 6eToHa, ako pamkaTa e U3MmbiHeHa
OT TaKbB MaTepuar. MogobHo ucneaBaHe e xenaTenHo fa ce
npaBu B OHE3W Cryyau, KOraTo pasnukata Mexagy Temnepa-
TypaTa no BbTPELUHaTa W BbHLUHATA NMOBbPXHMHA HA pamKaTa
e 3HauutenHa. OCBEH TOBa BNMSHMETO HA CbCbXBaHe W
HabbOBaHe BOAM 0O OOEMHW W3MEHEHUs, KOUTO ca paB-
HOCTOMHW Ha eHO HEPABHOMEPHO OXMaXhaHe Uin 3aTonnsHe
Ha KOHCTpyKumsita. ETO 3aljo nomyvyeHuTe HampexeHus 3a
OTAENHN BUOOBE HATOBApBaHWSI Ce CynmeproHupaT W ce
rnonyyaBa BbMOXHO Han-HebnaronpusTHOTO HaToBapBaHe B
CTPOUTENHWUS U eKcromnoaTaLyoHeH nepuoad. Taka ce onpe-
JENnsAT pasMepuTe Ha CEYEHMETO, MPW KOETO Ce rapaHTupa
YCTOMYMBOCT Ha KOHCTPYKLMSATA.
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U3CNEABAHE BbPXY AOMNBIHUTENHUTE HANPEXEHUA OKOJO KPBITA
U3PABOTKA, HATOBAPEHA CbC CbCPE[JOTOYEHA CUINA

Buonema TpughoHosa-IleHoga

MunHo-eeonoxku yHusepcumem “Ca. MeaH Puncku “, 1700 Cogbus, violeta.trifonova@yahoo.com

PE3IOME. B pa6otata ca u3crnefBaHu JOMbIHUTENHUTE HAMPeXEHWs OKONMO MMHHA W3paboTka, HaTOBapeHa CbC CbCPefoToYeHa M paguanHa cuna. Te ca
Momy4eHn NoCpenCTBOM NPUBNU3MTENEH BapuaLMOHeH MeTop 3a [iBa BiAa cpeau. B mbpeaTa cpeaa ca npeHeBperHatn HanpeyHUTe npemMecTBaHus. By BTopata
cpefia e B3eT Moj BHUMaHWe MbIHUAT BEKTOP Ha NMPEMEeCTBaHusiTa. BnusiHMeTo Ha HaToBapBaHeTo € OrpaHNYeHo B kpaitHa obnacT okono uapabotkara. Tyk €
NPeanoXKeH eAVH anropuTbM 3a ONpefensHe Ha CyMapHOTO [EiCTBIE Ha HanpeXeHUsTa B paauanHo ceveHue Ha Tasu obnact. 3a KOHKPETEH ckaneH Macs ca
MOMy4YEeHN YUCTIEHO AOMBbIHUTENHUTE PAANaNHUTE HAaNPEXeHUsITa 3a [iBa BULA CPeaU.

KniouoBu AyMU: I'IpI/I6J'IVI3VITel'IeH BapuaunoHeH MeTop, Kpbrna I/I3p660TKa, CbCpeaoTo4eHa cuna.

RESEARCH ON ADDITIONAL STRESSES AROUND THE CIRCULAR MINING LOADED WITH CONCENTRATED FORCE
Violeta Trifonova-Genova
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, violeta.trifonova@yahoo.com

ABSTRACT. The paper examined the additional stresses around circular mining, loaded with concentrated and radial force. They are obtained by an approximate
variational method for two types of environments. In the first environment are neglected displacements in the transverse direction. The second environment is taken
into account the full vector of displacements. The influence of the radial force is limited in the final area around mining.

An algorithm to determine the cumulative effect of stress in the radial section of this field is proposed here. For a particular rock massif were obtained numerically
additional radial stresses for two types of environments.

Key words: approximate variational method, circular mining, concentrated force.

YBoa
Tosau npuHUMN € NpuUnoXeH 3a ABa Buaa cpeau. B nbpeata e
3anayata 3a HamMMpaHe Ha HanpexeHnsaTa u aedopmaLumTe npexebperHato  HanpewHoto npemectsaHe  (TpudpoHosa-
B Kpbrra U3paboTka, HaToBapeHa CbC ChCPeAoTOYEHa cuna ce leHosa, 2011). BbB BTOpaTa Cpeaa ce oT4MTa BIUSHUETO Ha
CBeXOa [0 pellaBaHe Ha [ABe 3ajaus: 3a enacTMyHOTO MbiHUA  BEKTOp Ha npemecTBaHeTo (TpucoHosa-leHoBa,
paBHOBECYE Ha 0BMacTTa OKOMO HeakpeneHa uapaboTka u 3a 2015, 31-36). 3a ABeTe Cpeay ca Mony4eHn npemecTBaHUATa
PaBHOBECKETO Ha KPbroB MPBLCTEH, HATOBAPEH M0 BLTPELUHUSA W HampexeHnsiTa ¢ TOYHOCT [0 KOHCTaHTy. [locnednute ce
KOHTYp CbC CbCpefoTOuyeHa cuna. 3a [BeTe 3afjaum ce OmNpedensT OT YCIOBUS MO HanpaBneHue Ha HaToBapBaHeTo. B
CbCTaBSAT CUCTEMM YaCTHU AMKEPEHLMANHN  YPaBHEHUS NPpK TE3U YCnoBus yuacTeaT NpemecTBaHUATa U HANPEeXEHUATa,
Oonpeaenexm rpaHdHK yenosws. MbpBaTa cucTema e pelueHa KOWTO AeiCTBaT B paAuarHo ceyerie Ha Tpboarta.
aHanuTUYHO, a 3a BTOpaTa Ce TbpCu NPUBNMUTENHO
peLueHye. B tasn pabota ce Uenu ga ce uacreasat AOMbIHUTENHUTE
HanpexeHWs!, KOUTO AeiCTBAT B paauanHo ceyeHre Ha kpaiiHa
EQHO BB3MOXHO pelleHMe Ce OCHOBaBa Ha Knacu4yeckus obnact okono kpbrna 13paboTka, KaTo Ce OnuLLe anropuTLM
BapuaLMoOHeH NPWHUMN Ha TeopwsTa Ha enacTUYHOCTTa, 3a OnpefensiHe Ha HaNpe4YHNTE N HAQITBXHNTE HaNPEXeHWs B
cnopef koiTo ,AeicTBuTenHata opmMa 3a paBHOBecue ce CE4EHNETO 1 fia Ce NOCOo4M TAXHOTO NPUOXKEHNE.

0TNM4YaBa C TOBA, Y€ NMpU Hesl MbHaTa eHeprus Ha cucTemata
npreMa MUHUManHa CTOMHOCT”. TO31 NPUHLMN ce npunara BbB
¢opmaTta Ha AedhopMaLMOHEH METOA — KOraToO HeW3BEeCTHUTE MN3noxeHune
ca npemecTBaHusTa.
MocTaHoBKa Ha 3apgayata

Mpn hopMynMpaHeTo Ha BapWaLMOHHUTE MPUHLMNKN UMa Ot pgbnra kpbrna w3paboTka ce u3cnefea nnacTuHa C
3HaueHne MPUHLMAMBT  Ha  Bb3MOXHUTE  (BMpTyanute) ObMKMHA O 1O HarpaBreHue Ha octa. T e HaToBapeHa no
npemectsaHus. Cropen Hero, ako Ha fajeHa cuctema ce KOHTYpa C XOPWU30HTaNHa Cuna, YNeTo BIUsSHUE Ce NPOCTMpa B

npuaage Bb3MOXHO (BVIpTyaJ'IHO) npemecTBaHe, 3a Aa OCTaHe

KDbrOB NPLCTEH C MOWHOCT /2 . PaguychT Ha napabotkarta e
B paBHOBeCKe, paboTaTa Ha BCUYKM CUnK TpsAGBa f1a e Hyra.
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R . Cpeparta e nsotponHa ¢ moayn Ha enacTuyHoctta £ u
koehuLmeHT Ha lMoacoH 4 .

AHanUTMYHUTE M3pasn 3a LOMbMHUTENHUTE MPEMECTBAHNS,
AeopMaLmy 1 HanpexeHns ca MosyyeHn Ype3 BapuaLmoH-
Hus metog Ha Bnacos (TpudoHosa-leHoBa, 2011, 2012,
2015). Tean wn3pasu OTroBapsaT Ha [nBe nogobnactm Ha
KPBroBKS MPBCTEH OKOMO OTBOPA Ha M3paboTkaTta O3HauYeH C
| u Il. TaxHaTa oblia rpaHuLa e HanpaBneHneTo Ha cunara.
Mo Hest NPeMeCTBaHMATa M HaNPEXeHUATa Mo ObiKUHATA Ha
pagmarHo ceyeHne oT n3cneaBaHaTa 0brnacT ca eaHaKBy.

JonbnHutenHmn HanpexeHusas B paguanHoO ce4YeHWe Ha
30HaTa Ha BnusHKe

ToBa ca TaHreHUnanHoTo HanpexexHne 7, , 1 TaHrMpaLloTo
Hanpexexwe o ,, KOUTO JencTear B paaunanHo ceyeHue C

nrow, F=0Oh (dpur.1). Tesn HanpexeHus ce cymupar 3a
LSANOTO CeveHune 1 ce nomyyasat 0606LLeHn cuni (dur.2):

5(0)=5 7, Oolo

7(60)= 6 [ o, r, O ()i

KbETO
R =R+h.

®yHKLMMTE (0(r) =@ n l//(r) =1/ 3aBMCAT Camo OT
papvanHara KoopauHaTa 1 ca nnHeHM.

®ur. 1. HanpexeHus B enemeHT dur. 2. 0606wweHn cunu

OT KPBroBMA NPBLCTEH

Toau 06y B1A Ha 060BLLEHUTE CUMK CrieaBa Aa Ce MPUoXM
3a [1BeTe Cpeau 1 3a ABeTe nogobnacTy.

0606weHu cunu 3a cpeda om mun 1
3a Hes HanpeyHWTe NpemecTBaHUs ca npeHeGperHaTy.
ToraBa ¥ =, a HanpexeHusTa Ca W3paseHn upes

0606LLeHMTE BITOBM U paguaniv yHKLMM 1 UMaT Buga:

o (0)= E(lqu

Ug(r,9)= El(—(pU + yOU(z)'j,
r
KbJIETO

61

U:U(H);El—lE”z,

E 7 E
E=—-"*"—<u=—"—:E = .
RS0 R BT 8%

Wapasute (2) ce 3amecTBar ce B (1) v 3a TaHrMpawara
HanpeuyHaTa CWNM B pagManHoToO CeYeHWe Ce Hamupat
n3pasuTe :

Ry 2
7(0)= EléfU((D— + ,uoqogojdr ;
r
R

Ry 2
S(0)=Es[U ar.
R

r

(3)

OyHKUMATa Ha pagwanHata koopauHata  (TpudoHoBa-
leHoBa, 2011) M HeliHaTa NpouM3BOAHA Ce 3amecTBaT B
rOPHWTE U3pasm:

T(@) = El[an - luokll]l/ ; S(@) = EzU'an : 4

OyHKUNATA Ha BrMOBaTa KOOPAMHATA OT ChLUMS U3TOUHWK M
HelHaTa Npou3BogHa ce 3amecTsart B (4). Torasa 0bobLLeHNTe
CVnK B [iBeTe NoA06NacTi 1 CbOTBETHUTE UM I Ca:

T’ (‘9) =T,6,C,; S[(H) =-5,6,C;;
0<0<rl2;
T (9) =T,eC; s” ('9) =3S,6C;

—712<60<0. (5)

OT rpaHuU4HMTE YCroBUS, OnUcaHK Mno-aony, ce nonyyasat C;

n C,.Yact ot koedpuumerTuTe B (5) MMaT BUAA:

T, = El(all - /uokll); S, = Ezanz;

e = exp(ﬁ&); e, = exp(— EH), (6)

a OCTaHanuTe mMoraT Aa Ce BUASAT B LUTUPaHIS U3TOYHMUK.
0606weHu cunu 3a cpeda om mun 2

3a Hea ce OT4YMTAT KaKTO paauvanHuTe, Taka U HanpeyHuTe
npeMecTBaHWs. Toraea HampexeHusTa W3paseHn dpes

(yHKUMMTE Ha npemecTBaHeTo ca (TpudoHosa-IeHoBa, 2015,
25-30):

|

o, (r0)= El[U(% + yo(p'j + V't//} ,

KbAeTo

U=uU(9);V=v(0).



Te3n Hanmpexenus ce 3amectsat B (1) u 3a oboblieHnTe
CUNK Ce Mmomny4aBaT n3pasute:

Ry 2
7(0)= Elé'_[{Ut//(2 + uvqoj + W—V}dr ;
o r r
B[ 2
S(0)=E5| [(D—U' + Vgo(y/' - ﬂﬂdr L@
L7 r

lMprema ce, Ye pagnanHuTe yHKLMM ca paBHu (@ =/ ) 1

umat Bupa, gageH B (TpudpoHosa-TeHosa, 2015, 31-36).
Toraga (8) npvema Buga:

T(H) = El[(U +V )all - /uonll];
S(H) = E, [(U =V )y, — an]- 9)

O6obLieHnTe hyHKLUMM Ha BrrioBaTa KOOpPAMHATa OT ChLUMS
U3TOYHUK 1 TeXHUTE Npou3BoaHM ca 3amectsar B (9). Cnen
TOBa ce onpegensT oboblieHnte cunm 3a Bcska nogobnact,
KaKTO U CbOTBETHUTE BIIIN:

T’(r, 0)2 ez(— GyoS + Gglc); (10)

S'(r,9)=ez(Gg2s—G;3c); 0<6<7l2;

T(r,0)= el(Géos + Gglc);

S”(r,@):el(ngs+G;3c); -712<6<0.
KoeduumerTute G,.' (i=50+53) ca papew B

NMPUNOXEHNETO, a TPUTOHOMETPUYHUTE U EKCNOHEHLNanHn
q.')yHKLWIVI ca [fafeHun B NPUIIOXEHNETO Ha LUUTUPaHUA

U3TOuHMK. B TAX yuacTBaT HemsecTHuTe koedmumeHtn C) 1

C, , KOUTO Ce OMPeAeNnsT OT YCIOBWSI, OMUCAHI NO-AOTY.

Ako B u3pasute (7)-(10) ce npeHebperHe o00o6LieHaTa
BroBa PyHKUNMA 7 1 HeltHaTa npou3BogHa, To ce nomnyyasat
uspasure (2)-(5).

MpunoxeHune Ha 0600WeHNTE CUNK
lMonyyennte n3pasm (5) 3a mbpeata cpega u 0bobLeHaTa
pagnanHa QyHKUWS y4acTeaT B YCroBMATa 3@ paBHOBECUE Ha
U3ps3aH enemenT (dur.2):
s"(0)-s'(0)=P; U'(0)=U"(0). (11)
Taka Cca OnMpederneHn KOHCTaHTUTE B W3pasnTe 3a
HanpexeHusTa, feopmavunte 1 NnpemecTBaHusTa.

PaBHOBECHITE YCIIOBUSI MO HanpaBneHue Ha cunata P 3a
BTOpMS TMN cpega ca (TpudoHosa-IeHoBa, 2012):;
s"(0)-s'(0)=P; V' (0)=7"(0). (12)

Cnep 3amecTBaHe Ha (10) 1 obobuieHaTa brioBa yHKUMS
OT CbWWS W3TOYHWK B TOPHUTE K3pasn Ce nosydyasar
TBPCEHUTE KOEULMEHTH.
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YucneH npumep
[agenn ca pa3mepbT MO HanpaBneHWe Ha oOcTa Ha

-2
nspabotkata O =10""m, pamycer R =15m,
MOLIHOCTTA Ha 0BnacTTa Ha BMUSHUE HA HATOBAPBaHETO
h=15m. Koeduumertst Ha MoacoH e 1 =0,22, a

MoaymbT Ha enacturoctta - £ = 6700MPa (Crosuyes
u Jepmenaxues, 2007).

KoedmupeHtute 0T (2), CBbp3aHN C (PU3MKOMEXAHUYHUTE
xapaKTepucTvkv 3a cpeparta, ca E; = 7649,2963MPa n

E, = 26131045MPa .

3a pasnn4HM CTOMHOCTW Ha brrioBaTa koopanHata & Ha
TOYKUTE OT KOHTypa Ha u3paGoTkata ce M3uucnsBaT

pafManHUTe HanpexeHWs 3a cpega OT  MbpBA UM
(TpuchoHoBa-lTeHoBa, 2011). TexHuTe  CTOWHOCTM  ca
noApeaeHm B cnefgallata Tabnumua.
Tabnuua 1
PaduanHu HanpexeHus 8 cpeda om mun 1

0 0,107 0 c,.10°

[e] [e]

MPa MPa

0 -24,94 45 -13,87

15 -20,53 60 -11,47

30 -16,91 75 9,38

45 -13,87 90 -1,73

3a cpepa OT BTOPK TMN MbPBO Ce onpeaensT 0bobuieHuTe
cunm criopeg (10) v cnep ToBa ce 3amecTsart B ycrnoaue (12):

2G, =P ; G,=0,

unn

0,955C, +2178C, =0;

0,153545C, +0,48469C, =50.10°°. (13)

Or 1y ce nonysasar C, =-0,84775.10"° «

C,=0,37172.10"°.

PaguanHute Hanpexewus ce nonydyaBaT OT M3pasa
(TpuchoHoBa-leHoBa, 2015, 25-30):

o, = e,(—7,019s — 25,887¢). (14)

KbAeTo

e, =exp(-2,1786); s =sin(0,9556);
¢ =¢0s(0,9556).

Taka ce nomnyyaBaT CTOMHOCTUTE WM,
cnepgalyara Tabnuua.

nogpeaeHn B



Tabnuua 2
PaduanHu HanpexeHusi 8 cpeda om mun 2

0 c,.107 0 0,107
° MPa ° MPa
0 -25,886 45 12,71
15 -21,803 60 8,612
30 17,43 75 5,204
45 12,71 90 2,036

Ha dwurypa 3 ca nokasaHu guarpamuTe Ha paguanHute
HanpexeHus 3a aBeTe cpeau. Te ca NomyyeHu, U3Monasaiiku
Tabnuuute. 3a cpega TMn 2 e u3bpaHa npaBa NWHMS, a 3a
cpeaa OT MbPBY TUM — MYHKTUP.

y

®ur. 3. inarpamu Ha paguanHuTe HanpexeHUs B ABe Cpeay: a- cpeaa ot
BTOPYW THN W 6- Cpeaa OT MbpBY THN

OT Tean rpacmku ce BUXKOA, Ye paguanHiuTe HanpexeHus 3a
[BETe Cpeay Ce pasnuyaBart, KaTo MakCUMarHOTO OTKMOHeHWe
HapacTBa npu no0nkaBaHe Ha BepTukanHaTa oc. B Touka 4
Ta3u pasnvka € 8,3%, a B Touka 2 — 5,8%. ToBa ce abmku Ha
OTYUTaHe Ha MbJIHNA BEKTOP Ha NPEeMeCTBaHNATA.

CpaBHsiBaHeTO Ha Tean KpuBK M pe3yntaTute B Tabnuunte
nokaseat, Ye BTOpaTa cpega ce Aobnuxaea O peanHata
3agava. BpemeTo 3a u3umMcnsiBaHe Ha TbPCEHUTE NapameTpy
obave e noseye. [lonyyeHuTe pesyntatm cnegsa fa ce
NPOBepAT 1 3a APYr1 BUOOBE CKasW.

3aknioyeHue

MpennoxeHuTe npasn 3a 060GLIEHNTE CUNKM Y4acTBaT Mpu
OrNpefensiHe Ha KOHCTaHTUTe B U3pasuTe 3a AOMbIHUTENHUTE
HanpexeHusTa. C ToBa 3ajayaTa 3a PaBHOBECHETO HA KPBIoB
NpbCTEH, HaTOBapeHa CbC CbCPENOTOYEHa curna e peLueHa
aHanuTyHo. MonydyeHuTe pesynTaTti ce CyneprnoHMpaT KbM
HanpexeHUsiTa OKONMO He3akpeneHa u3paboTka W ce
nonyyaBaT HampexeHusiTa okoro u3paboTka, ykpeneHa ¢
aHKepeH Kpenex.

Taka ONUCaHOTO pelueHWe MOXe fa Ce [opassue M 3a
Cny4as, KkoraTo chnarta € NPpOoM3BOJIHO HaKMOHEHa.
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MpunoxeHue
1. dopmynnsa Gy =+ G,

G, =05G,.

2. dopmynn 3a Gy + Gy
=k, (A501C1 + A502C4)
E2 (ASlJ.Cl + A512C4)
Ey(AinC, + 45,C,)
E, (A531C1 + A4g3,C, );
3. Gopmymn 3a  Agyy + Aeoy

Asyy = "11221(11‘411 — A2 4" ) + (all — ok )AZI?
Ay = —aMZu(ZlAlZ + ZzAll) + (an - ,uakll)Azz ;
Ay = allZlezzzl - (an - ,uokll)A22 ;

A, = all(Zf - Zi )221 + (an - ,unkll)AZI;

Ay = allzlA21 + allzzA22 + Zzl(all + kll)A11 ;
Aspy = ‘11111‘6122 - anzzAZl - Z21(0‘11 + kn)AlZ;
Agyy = ay A2 4™ — a JnA® — ke And™

Agy = ayy A2 A% + a, i A* — ke A A™,

’
)
’

GSO
GSl
G52
G53
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COMPUTATIONAL METHODS FOR VENTILATION NETWORKS MANAGEMENT

Doru Cioclea, Constantin Lupu, lon Gherghe, Florin Radoi, Vlad Mihai Pasculescu

National Institute for Research and Development in Mine Safety and Protection to Explosion — INSEMEX, 332047 Petrogani,
Romania; doru.cioclea@insemex.ro; constantin.lupu@insemex.ro; ion.gherge@insemex.ro; florin.radoi@insemex.ro;
vlad.pasculescu@insemex.ro

ABSTRACT. Mining ventilation is an extremely sensitive and complex domain which includes a variety of disciplines aimed for supporting and maintaining
underground safety conditions. In this regard, solving ventilation networks using computational techniques is a giant step forward which provides the specialists to
view in real-time the changes occurred on the network and, what is the most important, to anticipate possible perturbations in the ventilation system. The network of
mine workings required for the exploitation of minerals is of a high complexity level, with different shapes and sizes and which may reach tens of kilometres in length.
For achieving proper ventilation for each mine working is required the optimization of air flow reparation over each branch of the ventilation network. In this regard is
required the solving of the ventilation network at the level of the entire mine. Worldwide are used for solving ventilation networks advanced IT equipment and
specialized software such as 3D CANVENT, VENTSIM Visual Advanced, VENT-GRAF, VENPRI, Mine Ventilation Services, Venet PC, Duct SIM, Clim SIM, MIVENA,
VUMA, ICAMPS Mine Vent etc. An example of a complex ventilation network belonging to Lupeni mine unit which is analysed using VENTSIM Visual Advanced is
presented.

Key words: modelling, simulation, solving, ventilation, ventilation network

U3YUCIIUTENHW METOOM NPU YNPABINEHWE HA BEHTUITALIMOHHU MPEXU

Hopy Yuoknea, Koncmarmun Jlyny, Aon Yepae, ®nopur Padoll, Bnad Muxaii [Mackynecky

HayuoHaneH Hay4HO-uscnedosamesncku UHCMuUmym no MuHHa besonacHocm u 3awjuma om excnnosuu — INSEMEX, 332047
[Mempowanu, PymbHus; doru.cioclea@insemex.ro; constantin.lupu@insemex.ro; ion.gherge@insemex.ro; florin.radoi@insemex.ro;
vlad.pasculescu@insemex.ro

PE3IOME. MuHHaTa BEHTMNALMS € M3KMIYUTENHO YYBCTBUTENHA U CROXHA 0BMacT, KOSITO BKMKOYBA Cepwst OT AMCLMMIMHM, HACOYEHW KbM NOAAbPXAHE Ha
6e3onacHu ycnoBus Ha TPy Npv NoA3eMHUs oOMB. B ToBa OTHOLLEHWe, peLIaBaHETO HA BEHTUMALMOHHM MPEXM Ype3 M3MOM3BaHETO Ha U3YUCTTUTENTHW TEXHUKU €
TUraHTCKa CThIKa Hanpep, kosTo AaBa Bb3MOXHOCT Ha CrieLManucTUTe a BUXAaT B peanHo BpEME HACTLMUNMTE NPOMEHW B MpEXaTa W, KOETO € Hail-BaXHo, fa
npeaBukaaT Bb3MOXHM OTKIOHEHMS! BbB BEHTWUMALMOHHATa cucteMa. Mpexata 0T MUHHK U3paboTki, Heobxoauma npy JobuBa Ha NOME3HW M3KOMaeMmu, € MHOro
CrOXHa, C pa3nuyH1 hopMM W pa3Mepy U MOXe Aa AOCTUTHE AbMIKWHA OT [eceTku kunomeTpu. 3a nocTuraHeTo Ha Aobpa BeHTMMauus BbB BCSKa OT MUHHUTE
13paboTku € HeobXoaAMMO ONTUMU3NPAHE Ha PEMOHTHUTE AEMHOCTY 3a OCUTYpSIBaHE Ha Bb3AYLLUHWS MOTOK BbB BCSKO PA3KMOHEHWe Ha BEHTUNALMOHHaTa Mpexa. 1o
TasM MpuUyMHa Ce Hanara peLlaBaHeTo Ha BEHTUNALMOHHATa Mpexa B Lenus pyaHuk. Mpu cnpaBsHeTo ¢ Teau npobnemu B ceeta ce usnonasa mogepHo UT
obopyagaHe 1 cneunanusmpar codptyep kato: 3D CANVENT, VENTSIM Visual Advanced, VENT-GRAF, VENPRI, Mine Ventilation Services, Venet PC, Duct SIM,
Clim SIM, MIVENA, VUMA, ICAMPS Mine Vent  ap. MpeactaseH e npumep 3a KOMMMEKCHa BEHTUNALMOHHA Mpexa B pyaHuK JlyneHu, KosiTo € aHanuaupaHa 4pes
VENTSIM Visual Advanced.

KniouoBu AYMU: MOAenupaHe, cumynauus, pelleHne, BeHTunaunsa, BeHTMnaumMoHHa mpexa

Introduction For achieving an efficient ventilation at the level of each
mine working there is imposed the optimization of air flow
The main measure for ensuring optimal occupational health repartition in each branch of the network, fact due to which is
and safety conditions in underground hard coal mining is the required the solving of the entire mine’s ventilation network.
achievement of proper ventilation (Baltaretu and Teodorescu, ) o ) ) )
1971: Teodorescu et al., 1980) Eor solving ventilation networks is required the processing of
a high amount of data, therefore are currently used specialized
The ventilation of mine workings aims to achieve four main software operating on specific IT equipment.
objectives:
Etr;fl;rmg the oxygen concentration required for underground Lupeni mine unit ventilation network
- Diluting explosive and/or toxic gases which may occur in the Lupeni mine unit is located in the western part of Jiu Valley
network of mine workings (Cioclea, 2011); - coal basin. The ventilation network of Lupeni mine is complex
- Exhausting the heat resulting from the human activity, and comprises mine workings for connection with the surface
respectively the geo-thermal gradient which is released into and horizontal mine workings disposed over several horizons
the network of mine workings; (horizon 300, horizon 400, horizon 480 and horizon 650).
- Exhausting humidity from underground into the atmosphere. Fresh air entrance into the underground is achieved through 5
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mine workings, namely: Stefan shaft, shaft no. 12, shaft with
skip, coast gallery horizon 650 and auxiliary shaft South.

Underground mine workings are ventilated under the
depression of two main ventilation stations; Main ventilation
station Central Rising, equipped with two axial fans VOKD 1.8
and main ventilation station Shaft 1 East equipped with two
axial fans type VOD 3.0.

Lupeni mine unit has five longwalls in exploitation (Covaci,
1983; Craciunescu et al., 1993) as follows: longwall with
undermined coal bed Panel 1, seam 3, Block Il Sublevel II,
longwall with undermined coal bed Panel 1, seam 3, Block Il
Sublevel llI, longwall with undermined coal bed Panel 11,
seam 3, Block V, longwall with undermined coal bed Panel 3,
seam 3, Block V and longwall with mechanized complex Panel
2C, seam 3, Block IV.

VENTSIM Visual Advanced software

For modelling and solving Lupeni mine ventilation network
was used VENTSIM Visual Advanced software (User Guide,
2012).

Ventsim Visual Advanced has been developed for
responding to the requirements for simulating and designing
underground environmental conditions (Patterson, 1992; Le
Roux, 1990) in order to ensure proper conditions for miners
and equipment. Firstly, it has been designed as a ventilation
tool which may operate independently of other software for
mine planning, but it ensures a high compatibility level.
Ventsim Visual ™ provides a set of integrated tools for the
analysis of air flows, heat input, contaminants and financial
aspects of mining ventilation.

Ventilation network solving

For modelling and solving Lupeni mine unit ventilation
network was used the database of geodesic coordinates
specific for structural changes of the ventilation network
(Cioclea et al, 2013; Gherghe, 2004; Annual ventilation
project, 2015), respectively air flow and pressure
measurements carried out on site. After the input of geodesic
coordinates into the database of Ventsim Visual Advanced, it
calculates automatically the spatial distance between two
consecutive junctions and instantly draws up the specific
branch.

After modelling the ventilation network in 3D there are
inserted for each branch the technical data, respectively profile
and shape of mine workings and ventilation constructions. The
next phase consisted in the input of parameters for the fans
located in main ventilation stations, by inputting onto the
software’s database the aerodynamic parameters specific for
each fan in accordance with individual characteristic curves.

Following the previously mentioned phases, the ventilation
network is balanced and solved and the animation is activated
for air flows and fans from the main ventilation stations. In this
phase are available information specific for each branch, the
modelled and solved network is prepared for performing each
simulation required.

For solving the ventilation network of Lupeni mine were
inserted 386 junctions and 481 branches.

Figure 1 presents the 3D ventilation network of Lupeni mine
unit. Figures 2 to 6 present details from the ventilation network
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of Lupeni mine unit, representing the areas of active longwalls
with undermined coal bed Panel 1/3/Il Sublevel I, Panel 1/3/Il
Sublevel lll, Panel 3/3/V and the longwall with mechanized
complex Panel 2C/3/V.
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Fig. 1. 3D ventilation network of Lupeni mine unit
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Fig. 3. Detail-longwall with undermined coal bed Panel 1/3/Il Sublevel Ill
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Fig. 4. Detail-longwall with undermined coal bed Panel 11/3/V
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Fig. 5. Detail-longwall with undermined coal bed Panel 3/3
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Fig. 6. Detail-longwall with mechanized complex Panel 2C/3/V

Following the ventilation network’s solving resulted the
following:

- Air flow on the fresh air supply circuit at horizons 650, 480,
400, 300, branches with unique number 587, 267, 481, 410,
343, 115, 288, was of 85.4 m3/s.

- Air flow at the level of the longwall with undermined coal bed

no. 1, seam 3, bl. Il Sublevel Il, with unique number 742 was

of 3.2m3/s.

Air flow at the level of the longwall with undermined coal bed

no. 1, seam 3, bl. [l Sublevel llI, with unique number 732 was

of 3.2mi3/s.

Air flow at the level of the longwall with undermined coal bed

no. 11, seam 3, bl. V, with unique number 663 was of 4.0 m3

Is.

Air flow at the level of the longwall with undermined coal bed

no. 3, seam 3, bl. V, with unique number 634 was of 3.7 m3/

S.

Air flow at the level of the longwall with undermined coal bed

no. 2C, seam 3, bl. V, with unique number 623 was of 6.6 m3

Is.

On the return air exhausting circuit related to longwall no. 1

seam 3, bl. II, Sublevel I, with unique number 753, air flow

was 8.7 m3/s.

On the return air exhausting circuit related to longwall no. 1

seam 3, bl. Il, Sublevel I, with unique number 753, air flow

was 8.6 m3/s.

On the return air exhausting circuit related to longwall no. 11

seam 3, bl. V, with unique number 386, air flow was 8.1 m3/

S.

On the return air exhausting circuit related to longwall no. 3

seam 3, bl. V, with unique number 645, air flow was 16.3 m3/

.

On the return air exhausting circuit related to longwall no. 2C

seam 3, bl. V, with unique number 629, air flow was 10.1 m3/

S.

At mine level, branches with unique number 216 and 568 it

was of 83.7 m3/s.

At ventilation network station level, with unique number 569

and 593 was of 85.4 m3/s.

Conclusions

The main measure for ensuring optimal occupational health
and safety conditions in underground hard coal mining is the
achievement of proper ventilation.

For achieving an efficient ventilation at the level of each
mine working there is imposed the optimization of air flow
repartition in each branch of the network, fact due to which is
required the solving of the entire mine’s ventilation network.
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For modelling and solving the very complex ventilation
network of Lupeni mine unit was used VENTSIM Visual
Advanced software.

For solving the ventilation network of Lupeni mine were
inserted 386 junctions and 481 branches.

Results obtained from the ventilation network’s solving
highlight the fact that at the level of the ventilation network is
circulated an air flow of 85.4 m3 /s, through the two main
ventilation stations, Central Rising and Shaft 1 East. For the
level of longwalls were obtained the following results:

- Air flow at the level of the longwall with undermined coal bed
no. 1, seam 3, bl. Il Sublevel I, with unique number 742 was
of 3.2 m3/s.

- Air flow at the level of the longwall with undermined coal bed
no. 1, seam 3, bl. [l Sublevel IlI, with unique number 732 was
of 3.2m3/s.

- Air flow at the level of the longwall with undermined coal bed
no. 11, seam 3, bl. V, with unique number 663 was of 4.0 m3
Is.

- Air flow at the level of the longwall with undermined coal bed
no. 3, seam 3, bl. V, with unique number 634 was of 3.7 m3/
.

- Air flow at the level of the longwall with undermined coal bed
no. 2C, seam 3, bl. V, with unique number 623 was of 6.6 m3
Is.
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B3AMMOLENCTBUE MEXIY ECTECTBEHATA U MEXAHUYHA BEHTUNALMA HA
TPAHCMNOPTEH TYHEN

EneHa Bnacesa, 3axapu [JuH4yee

MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku”, 1700 Cogbus, elena@mgu.bg; zdinchev@gmail.com

PE3IOME. 3a BeHTMNaumusi Ha TPaHCMOPTHU TYHENM YeCTO Ce mpunara HapmbxHa cxema Ha nposeTpsiBaHe. [pu Tasu cxema MEeTeoporiorMyHUTE (hakTopu npu
nopTanuTe okasBaT BNUSHIE 33 ECTECTBEHOTO reHepupaHe Ha Bb3ayLUHM TeyeHns. locokata v ronemMinHaTa Ha Tean TeHeHUs 3aBUCAT OT HAKOMKO (akTopa, KouTo
NPOMEHST JEHOHOLLHO /N Ce30HHO. [peoaonsBaHe Ha Tasn MPOMEHMMBOCT Ce NOCTUrA C U3rpaxaaHe Ha MeXaHu4Ha BEeHTUNaLMS, B pas4eTuTe Ha KoATo creasa
Aa ce oT4yeTe y4acTUeTO Ha ecTecTBeHUTe TeueHus. CtatuaTta pasrnexaa TUNMYHU KOHPUIypaLM 3a U34MCIIfBaHe M OLeHsIBaHE Ha nocokaTa W ronemuHata Ha
reHepupaHuTe TeYeHWUst MPU ChMOCOYHOCT MIW NPOTUBOMONOXHOCT Ha Tpadhuka, eCTeCTBeHaTa N MexaHnyHa BeHTUNaLws. MokasaHn ca ugen 3a onTUMU3npaHe Ha
pa3xoauTe 3a MexaHu4Ha BEHTUNaLms npu cbbnioaasaHe Ha akTopuTe Ha OkpbxaBallata cpeaa.

Kniouosu AYMU: BEHTUNALMA HA TPAHCNOPTHN TyHeNW; eCTeCTBEHO NPOBETPsABAHE; MeXaHW4YHa BeHTUnauus, butalen efekt

NATURAL AND MECHANICAL VENTILATION INTERACTION IN ROAD TUNNELS
Elena Vlasseva, Zahari Dinchev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, elena@mgu.bg; zdinchev@gmail.com

ABSTRACT. For road tunnel ventilation often is applied longitudinal scheme. It imposes significant influence of meteorological factors around tunnel portals which
lead to naturally generated flows. Their direction and amount change seasonably or/and daily. Due to this variability natural ventilation need to be combined with
mechanical one. Its design should take into account natural condition in order to be more effective. This paper presents typical configurations for calculation and
evaluation of generated flows, assuming unidirectional and opposite directions between traffic, natural and mechanical ventilation. Some ideas for expenses for
ventilation optimization under different ambient conditions are shown.

Key words: road tunnels ventilation, natural ventilation, mechanical ventilation, piston effect

BbBepgeHue EctectBeHata TAra u OyTanHuaT edekT ca C NPOMEHNMBM
napamMeTpu MO TOfEeMMHAa U MOCOKA, A0KaTO MeXaHWyHaTta

BeHTunaumsaTa Ha TPaHCNOPTHUTE TYHENW € BaxHa 4acT OT BEHTUNAUMA MOXe Aa Ce KOHTponvpa v no nocoka u no

OesonacHata ekcnnoartauusi Ha Teau CbopbxeHns. Cxemute ronemuHa.

Mo KOWTO MOXE [a CE OCBLLECTBU Tasn AEMHOCT Ca pasnnyHu

(Bnacesa, 2014, Hopmu 3a npoekTupaHe 2014). EqHa oT Hail- Moxe Aa ce Habntopasart crieHuUTe cryyam:

YecTo npunaraHuTe cxemu (MpPeayMHO 3a TYHENM C AbIDKMHA e EcrectBeHara Tara cbBnaga ¢ nocokata Ha Tpaguka, Ho

po 3-4 km) e HapnbkHaTa. [lpy epgHa OT  HeWHuTe MexaHWyHaTa BeHTMnauus e B obpaTHa nocoka (Hamp.

KOH(Urypaumum Bb3AyXbT NOCTHbMBA MNPE3 eAuHus nopran, [BYMOCO4HM TyHenM);

NPUABWXBA CE NO AbMMKMHATA Ype3 CTPYIHWN BEHTUNATOPH U ce e  [EcrectBeHaTta Tdra M MexaHW4HaTa BeHTUNauMs ca

OTAena Wunu npes [pyrus noptan WM npe3 cneuuanHo CBINOCO4HM, HO Tpachika e B 0BpaTHaTa Mocoka;

W3rPajeHN  BEHTUMAUMOHHM  CbOPBXEHUs  (BepTukamnhu, e  bytanHuat edekt M MexaHnyHaTta BeHTWNAUMA ca C

HaKMOHEHN WNN XOPU3OHTanHW u3paboTku). Ta3u cxema Ha €[iHa Nocoka, a ecTecTBeHara Tara e NPOTUBONONOXHa.

npoBeTpsiBaHe Ce BMWse OT METEOPONIOrMYHMTE  YCroBUS

“3BbH TyHena. Ce30HHO MM AEHOHOLLHO TEe3W YCroBuS Ce AHanuavpaHuTe no-rope CrmyyaW ca npeacTaBeHn B

MPOMEHST M Ca B 3aBUCUMOCT OT MUKPOKITMMATUYHUTE YCMOBWS Aoknaga. Pasvepa v B3aMMOZENCTBMETO MeXay SBNeHusTa e

B TYHENa, BbPXy KOMTO OT Apyra CTpaHa BIUSIST TPAaHCMOPTHUS AEMOHCTPUPAHO C MPUMEpHW W3uucnenns. HanmpaseHun ca

NOTOK U OTZENEeHUTE OT NPEeBO3HUTE CPEACTBA BpegHocTH. B BaXHU W3BOAM M MPENopbKM 3a OCUrypsiBaHe Ha HopMarHa

pesynTaT OT BCWYKM Te3n SBMEHWS MoraT fa ce nomyyar aTtMoccbepa B TyHena ¢ no-Marku pasxoau.

B3aWUMHO BNUSIELLW CY TeYEHIS!, 00YCIIOBEHO OT:
e EcrecTBeHaTa Tdra OT pasnukM B Temrnepatypata Ha

Bb3AyXa U3BbLH W BbTPE B TYHeNa; OCHOBHM 3aBMCUMOCTHU
o byTaneH edekT OT [BWKEHWETO Ha TPaHCMOPTHUTE
cpeactea, BkniouBaT onpegensiHe Ha  eCTECTBEHM TeyeHus OT
e MexaHuyHa BEHTUNauuaA, opraHu3npaHa 3a M3HacAHeTo Ha JeHuBenaums Mexgy nopranute, TEMNEpaTypHU Pasfvku,
OTAENeHUTE B TyHENa BPEAHOCTML. BNUsIHWE Ha BATbPA, ByTaneH eekT, KakTo 1 NnapameTpuTe Ha
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MexaHu4yHaTa BeHTUnauus 3arybu Ha HansraHe OT TPUEHe,

Hanop v AebuT 3a MOHTMPaHW MOLLHOCTU. Tean TeyeHus ce

onpegensT 4pes onpefensHe Ha pasnukuM B HamsraHeto,

npeansBuKaH1 OT PasnuyHK hakTopu, KaKTo creasa:

o  Om pasnukume 8 memnepamypume (nTbmMHOCMUMe) Ha
gb3dyxa

P, = ApgAH Pa (1)

Ap = (pout _pin) kg/m3

Pt — ecrecTBeHa TAra B pesynTaT Ha pa3nukuTe B
TeMnepaTtypuTe (MTbTHOCTUTE) Ha Bb3dyxa, Pa

[out — NITBTHOCT Ha Bb3AyXa U3BbH TyHena , kg/md;
[in — CPe[Ha NITbTHOCT Ha Bb3ayxa B TyHena, kg/m3;

AH - pasnuka Ha reogesnuHUTE BUCOUMHM MeXny fsata
noprana, m

o Om eamnpa npu exo0a/usxoda Ha myHena

P, =2 poli coS (B sign(cos(p) pa (2

Pw - ecTecTBeHa TAra OT [AEACTBMETO Ha BATbpa MNpw
nopatnute, Pa

Uw — CKOpOCT Ha BATbpa, m/s

{3 — bIbN MeXay BEKTOpa Ha CKOpPOCTTa Ha BATbpa U OCTa

Ha TyHena, deg

e Om pasnuka 6 bapoMempuyHOmo HasnseaHe Mexdy
nopmanume

PBar = IDl - P2 3)

P1— ATMocdepHo HansraHe Ha MbpBKA nopTan Ha TyHena, Pa

P2 — ATMocdepHo HansraHe Ha BTOpus nopTan Ha TyHena, Pa

e bymaneH echexm om Oguxewju ce npego3Hu cpedcmea
A) CbnocoyHo dsuxeHue Ha npego3Hu cpedcmea 8 myHena u
6b30ywHus nomok (Road tunnel, 2004):

]

if

pc'' pc

P(+)

ision = %%(NPCS + NhVShvifhv)(vv -V, )2 (4a)

t

b) HacpewHo dsuxeHue Ha npego3Hu cpedcmea 8 myHena
CnPAMO 8b30yLWHUS NOMOK:

P, =2 L0 (N, S, if, +N,,, S,

piston 2 S pc—pc''pc hgv~hgv""hgv
t

)V, +v,)" ¢46)

kvdemo:

Npc— Gpoit neku asTomodunu, %/100;

Nhgv— 6poIi TOBapHW 1 NekoToBapHK asTomMoouu, %/100;
Spe— nnoLL, Ha 06TYaHe Ha ek aBTomMoous, m;

Shgv— Mo Ha 06TMYaHe Ha ToBapeH aBTomobun, m;
ifoc— KOEULMEHT Ha 0BTUYaHe 3a Nek aBTomobun, -
ifagv— KOEULMEHT Ha 06TMYaHe 3a TOBApeH aBToMoOu, -
V/y— CKOPOCT Ha [iBWXEHME Ha aBToMOBunmMTE, M/s;

Vi— CKOPOCT Ha Bb3aYLWHOTO TEYEHNE B TyHena, m/s;
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St— Hanpe4yHo ce4YeHne Ha TyHena, m2

CkopocTTa Ha Bb3OyWHOTO TeuyeHWe B TyHena Vi |
PECMEKTUBHO BEHTUNALMOHHMA [ebuT, ce onpegens oT
u34ucreHnsTa 3a HeoOXOOQMMM M [OCTATbYHM KONWMYECTBA
Bb3gyX 3a nopobpkaHe Ha OesonacHa cpega B TyHena u
M3HacCsHe Ha OTaeneHuTe B Hero BpegHoctu (Bnacesa E.,
2014). Tasn cTOMHOCT Ce M3non3ea W BbB HOpMynuTE,
3anncaHun No-HaTaTbK B TEKCTA.

o 3acyba Ha HansieaHe Oom mpueHe npu OsuUXeHue Ha
8b3dyxa 8 myHesia — MECMHU U JTUHEUHU CbNPOMUBIIEHUS:

B =| A +e+1lp, Vi 8

e

L — agbmkuHa Ha TyHena, m

De— eKBMBaNeHTEH AMaMeTbP Ha TyHerna, m

A — 6e3pa3mepeH KoeULMEHT Ha TpUEHe

& - cymapeH Koe(UUMEHT Ha MECTHUTE CbMPOTUBMEHUS!
(BxO[, 3xo[, 3aBO M Ap);

[pyra BaxHa XxapakTepucTuka, CBbp3aHa C OCbLLEeCTBABaHe
Ha HaAnbkHa BEHTUNAUMA € [enpecusTa, KOATO Cb3aasa
eanH cTpyeH BeHTunatop. OnpegensHe Ha TO3M NapameTbp
MOXe [1a Ce U3BBLPLLM MO HAKOMKO 3aBMCMMOCTM ( 6, 6a, 60). B
TAX yyactBaT (pabpuyHUTE XapaKTepucTUKM Ha  CTpyeH
BEHTWNATOP, @ UMEHHO:

+  EHeprus (tnacbk, Tara) — Sst (ctatiuna), N

+ Mouwoct Nyr kW

+ CKOpOCT Ha n3Tu4aHe Ha cTpysTa VJr, m/s;

+ OBemeH nebut Qur, m3s;

* WHctanaupoHeH  caktop k. €(0.85+0.95) B

3aBMCMMOCT OT Ha4WHa Ha MOHTaX Ha BEHTUNaTopa
+ [lnameTsbp Ha Kopnyca Ha CTpynHUS BeHTUnaTop d, mm;

« S);, m2 nnow, Ha W3XOBALMA OTBOP Ha CTPYItHUA
BEHTUNATOP.

e HanseaHe, cb30agaHo om cmpyeH seHmurnamop APy, Pa

AP, _Ke 1—i S . Pa (6)
S, Vie
APJF = kJF M ]__L (6a)
S Vie
S
APy =Ky p, (VJF - Vt)VJF = (6b)

t

Mo 3aBucumocTn (6) — (66) ce nomy4aBaT aHanorUyHu
pesynTaTu. 3anucaHu ca W TpUTE M3pa3a 3a MbfIHOTA Ha
W3NOXEHNETO, 3alLOTO CE CPeLLaT B PasnuyHu IUTEPaTYPHM
uatoynmum (O'Gorman et al 2012, Jacque E.at al. 1999).

Mo 3aBucumoctn (1, 2 1 3) ce onpedens T.H. eCTeCTBeHa
TAra, no 3asucumocT (4a u 46) — OyTtanHusa edekt oT



ABWXEHWNETO Ha TpaHCMOpTHUTE cpeacTea, no (5) — 3arybaTta
Ha HansraHe OT TpUeHe, KoATo TpsbBa [a ce Npeogonee Unm
OT eCTecTBeHaTa Tara Unu/m OT MexaHuYHaTa BeHTUNaLNS.

B3aumopeiicTBue
MeXaHWYHa Tara

Mexgy ectectBeHata M

EcTecTeeHaTa Tara e NpoMeHnuBa Mo nocoka W ronemuHa
Mpy MPOMEHNMBM BBHWHM (METEOPONOTMYHM) hakTopu W
MUKPOKIMMaTUYHM YCroBus B TyHera. Obliata BenmM4MHa Ha
€CTeCTBeHaTa TAra MoXe fa ce 3anuLue Kato:

P

nat

=tP P, +P,_, @

B 3aBMCMMOCT OT XeraHaTa MOCOKa Ha BEHTUNALMOHHUSA
MoTOK CTOMHOCTTA Ha ECTECTBEHaTa Tara MOXe Ja € ¢
oTpULaTENEH 3HaK, T.€. a [eiACTBa CpeLLy TEYEHUETO, KOeTo
MPOEKTAHTBT Xenae Aa OCbLUECTBM.

[enpecusita B TyHena (APw)Tpﬂ65a fa npeodonsiea

3arybute Ha HansraHe OT TPUEHE W a OTYMTa BAMSHMETO Ha
ecTecTBeHuTe pakTopu. 3arybata Ha HansraHe OT TpUeHe e
BUHAr C MOMOXWTENEH 3HaK, [OKATO OCTaHanuTe napameTpu
ca C NPOMEHNUB 3HaK:

P

piston

AP, =F,tFtP, = (8)

Ako ecTecTBeHa TAra e MpOTMBOMOMOXHA MO MOCOKA C
NpoeKTupaHaTa BeHTUnauua Cb3fageHata genpecua B TyHena
TpsbBa ga g npeogonee. ToBa 03Hayasa Ye B 06wwms BanaHc

3a (A:Dtu)eCTeCTBeHaTa Tara € C MNONOXWUTEeNeH 3Hak.

CroitHocTTa Ha (AF’tu)e rno-ronsmMa W creAga pa ce

NPeaBUAAT MO-roNeM MOLLHOCTM 3@ MEXaHUYHa BEHTUNALms
3a fa Ce MOCTUrHaT xenaHuTe pesynTati. Mpu cbnocoyHa
€CTecTBEHa TAra AOMbIHUTENHUTE MOLLHOCTA MOXeE Aa ca no-
Manku. BanaHcbT Ha B3aMMOLENCTBMETO MeXay BNMSAHUETO
Ha ecTeCTBEHMTE (haKTOpW W pesymnTaHTHaTa Aenpecus ce
nony4aBa OT CNefHUTe TEYEHWS!:

e Tedetue ot ectectsena Tsra (P, ) ;

e TeueHue ot OyTanHus edrekT Ha Tpaduka (Ppismn) ;

e Heobxopyma nocoka Ha BbaaywHoTo Teverme (P, ) .

onpedeneHa npu u3bopa Ha Cxema 3a MpOBETpsBaHe
(Bnacesa, E.B, 2014; Hopmu 3a npoekTMpaHe Ha MbTHU
TyHenm, 2014).

Tesun TpKN TEYEHNA MOXe Aa Cca CbMNOCOYHN, HO MOXE U HAKOWN
OT TAX da Ca C NpOTMBOMOSIOKHO HanpaBneHune, 0CcobeHO
CNpAMO XenaHata MOoCOKa, onpedeneHa no npoekTa 3a

sentunauus (P, ). Mocnesosatento ca npeactaseHn

3aBUCUMOCTUTE TMpPU  pPasfniMyHNTE KOH(bVIpraLI,VIVI Ha Te3n
TeYeHus.

o PesynmanmHo HanszaHe 3a nposempssaHe Ha myHena
npu cbNOCOYHO OBUXEHUE Ha meyeHusma (¢ue.1):
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I
®ur.1. CbnocoyHo ABMkeHUe (Tpaduk, ecTecTBeHa TAra, Bb3XOAALWO
npoBeTpsiBaHe)

CbnocoyHocTTa Ha TeyeHusTa noanomara paboTata Ha
MexaHW4Ha BeHTVIJ'IaLWIﬂ. Pe3yJ'ITaHTHaTa ,qenpecvm ce
nonyyasa OT 3arybute OT TpueHe, HamaneHa ¢ OyTtanHus
eeKT 1 ecTecTBeHarta Tsra:

_ P(+)

APtu = lDfr - P piston !

nat

Pa (9a)

e  Heobxo0umo HansiecaHe 3a nposempsieaHe Ha MmyHena
npu HacpewHo AsuxeHue Ha mpaguka cnpsmo eb3dyxa

(pue.2):

=

I
®ur.2. MNpoTUBONONOXKHO ABMXKEHWE Tpaduk - ecTecTBeHa TAra npu
Bb3XO0AALO NPoBeTpsBaHe

—_—— F;'Jislon

Mpn TO3M cnyyail MNPOTMBOMOMOXHOCTTA Ha Tpadmka
Cb3gaBa [OMbMHUTENHO 3aTpyAHEHWE 3a peanusvpaHe Ha

obwata genpecust Ha TyHena (AF’tu) 1 3aToBa ce npubass
B banaHca:

+ P

piston

APt.‘u :Pfr_P

nat

Pa (96)

banaHcoBOTO HansraHe npu OBYMbTEH TyHen ce oT4MTa no
3asuecumoct (98):

+ P&

piston ’

APtu :Pfr_PtiPwlipwz_P(Jr)

piston

Pa(9s)

KbOETO: Pwl € HanAraHeTo OT BATbPaA Npu €ANHNA nopTtan,

sz € HanAraHeTo OT BATbPa Npu Apyrud nopTtar;

Kakbe 3Hak da ce B3eme Npu MopTanute 3aBuCK OT
KOHKpETHUTE YCIOBMS.

e PesynmaHmHo HansizaHe npu HU3X00aWo hpogempsigaHe
(ecmecmgeHa msiza npomMUBONOIOKHA NO NOCOKa C
mpacpuka u MexaHu4Hama eeHmunayus) (¢pue.3)



—_—

—= ~Fnech
Prat__,

L, =,
7 S I
—_— F;’:islon

e ———
®ur.3. MpoTuBononoxHo ABWkeHWe TpadmK - ecTecTBeHa TAra npu
HU3XOAALLO NPOBETPSIBaHe

I'IpM TO3n CﬂyanI NPOTMBOMONOXHOCTTA Ha eCTeCTBeHaTa
Tdara Cb3faBa OOMbITHUTENHO 3aTpPyAHEHUE 3a peanunpaHe

Ha O6LIJ,aTa aenpecusa Ha TyHena (AIDtu) N 3atoBa ce

I'Ip|/|68B$'-I B 0OanaHca, a CbNOCOYHMS C MexaHuYHaTa
BEeHTUNauna 6yTaneH e(beKT Ce n3Baxna:

AP, =P, +P

nat

—P{) . Pa (9r)

piston

o PesynmaHmHo HanseaHe npu 8b3x00aWo npogempsgaHe
(ecmecmeeHa msza U mpacpuk NPOMUBONOOKHa No
nocoka ¢ MexaHu4YHama eeHmurnayus) (gpue.4)

i ﬁ ST
= Ristan

dur.4. Bbaxoasio npoBeTpsiBaHe — 06paTHa ecTecTBeHa Tara U Tpadmk

AP, =P, +P,_ +P.) Pa (98)

nat piston ’

lMpn TO3M cnyyail NPOTUBOMONOXHOCTTA HAa €CTeCTBeHaTa
TAra cb3gaBa AOMbIHUTENHO 3aTpPyAHEHWE 3a peanusvpaHe

Ha 06LIJ,aTa aenpecusa Ha TyHena (AIDtu) n 3atoBa ce

npubass B HanaHca, kakTo M 0oBpaTHUS Ha MexaHWyHaTta
BEHTUNaLms Tpaduk.

AnroputbMm 3a onpefensiHe Ha BEHTUNATOPHUTE
MOLLHOCTH

AHanusbT Ha nonyyeHuTe pesyntatn 3a (ARU)HOBG)KHG

[0 CrnefHWs anropuTbM 3a onpefensHe Ha Heobxoaumu
BEHTUNATOPHW MOLLHOCTM;
e Axo AP, <O TO TyHermbT MOXe Aa ce nposeTpsiza 0e3

JOMbIHATENHA MeXaHWyHa TAra; eCTeCTBEHUTE TeyeHus
npeofonaBaTt 3arybute OT TPUEHE U OCUrypsBaT MPOEKTHO
onpeneneHaTa CKOPOCT PECMEKTUBHO BEHTUNALMOHEH Ae6UT
3a ocurypsisae Ha 6e3onaceH MUKPOKNMMAT B TyHena;

e Axo AP, >0 TO TyHenmbT Ce Hyxaae OT AOMbAHNTeNHa

MeXaHW4Ha T4ra 3a npeoaonsaBaHe Ha 3ary6|/|Te Ha HandaraHe.

[onmbnHuTenHata MexaHudHa Tsra 3a OopraHusnpaHe Ha
HaanbXHa BEHTUNaUMa CbC CprI?IHVI BEHTUNATOPK 3aBuUCK OT
BMAa M napamMeTpute Ha I/136paHI/ITe BEeHTUNaTopn wn OT

AENPEecUsTa, KOSTO TakbB BEHTUINATOP Cb3faBa (3aBUCHMOCTY
6, 6a, 606). bposT CTpyiiHK BEHTUMATOpK, HeobxoaumM 3a aa
npeoponesT onpeaenexara saryba Ha HansraHe AP, v Aa

OCUTYPAT NPOEKTHUTE nebutn ce u34ncnsBa no 3aBUCUMOCTTA:;

AP,
N, = AP“' (10)

JF

KbaeTo:
N & © Opoit CTPYIHIM BEHTUMATOPH, BCEKN OT KOUTO Cb3fiasa

nenpecus AP .

WniocTtpauus Ha npeacTaBeHnTe U3YMCNIUTENHM
3aBMCMMOCTM, KaKTO 1 pa3Mepa Ha reHepupaHuTe HansiraHus v
TEYEHNS Ca JEMOHCTPUPaHN C MPUMEPHW PELLEHMS, MOKa3aHN
B CreaBaluus naparpad.

MpumepHM peleHus

BxogHu gaHHu
TyHen ¢ [AbmKMHA L =2000m, CEYEHUe s, —67,5m* U

NepuMeTbP 7, =32m € C JEHMBENauMa AH=20m ¥ C

HaknoH 1%. Tpadwka e 429 veh/day 3a Bcska neHTta Ha
TyHena. CTpykTypata Ha Tpacduka e 71% neku aBTomMobunm
(Npc=0,71) n 29 % TexkotoBapHu asTomobunm (Nuev=0,29).
CkopocTTa Ha BEeHTUNaLnoHHOTO TeveHue Vit e n3bpaHo 3a Tpu
ocobeHu cnyvas:

e MMHMMAnHa ckopocT 1 m/s;

®  KPWUTMYHA CKOPOCT NPy noxap B TyHena 3 m/s;

e MakcumanHa ckopocT 6 m/s.

BeHTUnauMoHHMTE U3YMCIIEHNS Ca HANPaBEHW CbC CTPYWHM
BeHTMnatopu TAS11,2 Ha HemckaTa coupma TLT-Turbo GmbH.
BeHTunatopute Cca pEBEPCMBHW W Ca CbC CREOHUTE
XapaktepucTukm (Tabn.1):

Tabnuua 1. [JanHu 3a cmpylHUMe 8eHmMuIamopu

Sst = 1400 N NyF =50 kW
d=1120 mm S,F=098m? L,,=1100 mm
QuF=33,9m¥s | vyr= 34,4, mis k, =0,9

M3uncrnenmnsiTa ca HanpaBeHM 3a CTYAEH M TOMbA Nepuog,
KaKTO M 3@ ABYMOCOYHO [BWXEHWE, KOETO Ce Hanara npu
MNaHOB WNW aBapWeH PEMOHT Ha efHaTa TyHerHa Tpbba.
JlaHHWTE ca nokasaHu B Tabn.2.

Tabnuua 2. TemnepamypHu daHHU

CrygeH nepvwog

Tonbn nepuog

t,=5Ct, =15C;
Pout =L 2Tkg I M®;
P, =122kg I m®;
P, =978hPa

atm

t, =25C;t, =15C;
Pout =1,18kg I m*,;
., =122kg I m®,
P, =970hPa

atm

ObbpHaTO € BHWMaHWe Ha OpUeHTauusTa Ha mnopTana
CNPSIMO MocokaTa M ronemuHaTa Ha BetpoeeTe. Ha dour. 5 ca
nokasaHW HWBaTa Ha reHepupaHaTa BeTpoBa TAra Mpu
cKopoCTW Ha BaTbpa OT 1 go 10 m/s npu pasnuyHM BN



MeXgy ocTa Ha TyHena (nopTarna) v nocokara Ha BaTbpa. Hait-
BMCOKW CTOWHOCTW Ce MnofyyaBaT Mpu CbMNOCOYHOCT Ha
OpueHTauusTa Ha nopTana u nocokara Ha BATbpa ( ﬂ=0°)'

[0 60 Pa 1 CbOTBETHO Hal-HUCKW MpK NPOTUBOMONOXHOCT Ha
[BEeTe  MOCOKU ( B= 180°). Tosn pesyntaT e MHOrMO

nokasateneH u obycnass Heo6X0AUMOCT OT CrneLManmanpanm
METEOpONOrYHN U3MEePBaHNS Ha MecTata Ha mopTanuTe 3a
NPOABIKUTENEH Nepuop, BKIIOYBALLY TOMbA W CTYAEH CE30H.
W3uncnennsTa ca u3BbpWeHU € brbn 45° u BATHP CbC
ckopocT 3 m/s.

80

&0

-80

CKropocT Ha BATLPa, M/s

®ur.5. BeTpoBa TAra npu nopTanute Npu pasfnyH1 CKOPOCTU Ha BATbpPa
¥ BIBLA CNPSMO nopTana

CTyneH nepvopa

MocokaTta Ha ecTecTBeHaTa Tara npu CTYAEH Nepuos e ¢
nonoXuTeneH 3Hak, T.e. € OT OKOfHaTa Cpefa KbM
BbTPELLHOCTTa Ha TyHena. Pesyntatute 3a HeobxogumocTTa
OT MeXaH14Ha BeHTUnaums 1 6pos Ha CTpyiHUTE BEHTUNATOPU
npu pasnuyHMTE KOHUrypaLumu Ha TeyeHnsiTa (CbnocOYHOCT
u/nn NPOTMBONONOXHOCT) ca NPeAcTaBeHu B Tabn.3.

Tabnuua 3. Pe3ynmamu —cmydeH nepuod

Vi=1mls Vt=3mls Vt=6m/s
AP, <0 AP, >0 AP, >0
7/7 38 8CUYKU camo npu 90 50 km/h
777 | ckopocmu Ha | mpagpuk 0o
mpacpuka 10 km/h N,e(2+7)
. AP, >0 AP, >0 AP, >0
25 [N €(4+25) [N, €(12+32) |N,- <(35+48)
L
AP, <0 AR, >0 AP, >0
L “ | 3a8cudku 0o 20 km/h 0o 60 km/h
7 | ckopocmuHa | N F=3 N, €(3+8)
7 mpacuka
Jleeenda: — > > -=>
Mocoka Ha mpa(pUK MexaHu4yHa ecmecmeeHa
8eHmunayus eeHmunayus

MunumanHa ckopocT Vt = 1 m/s CpaBHUTENHO NECHO ce
peanuaupa. INpy CbMOCOYHOCT Ha TEYEHWsITa Ha Tpaduka u
BEHTWUNALMSATA, AaXe 1 NPW NPOTUBOMONOXHA eCTeCTBEHA TAra
He Ce Hamara BKITlOYBaHe Ha CTPyWHM BeHTunatopu. Korato
obave Tpadmka e NMPOTMBOMONMOXEH Ha XKenaHaTa Mocoka B
3aBMCMMOCT OT CKOPOCTTa Ha Tpaduka ce Hanara BkItoyBaHe
Ha BEHTUNATOPW B Pa3nuyHKU KoHUrypauuu. Mpu no-Huckute
CKOpOCTM Ha Tpadmka bposT e ot 4 go 10, a npu No-BUCOKUTE
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poctura o 25, [lpn  no-BUCOKMTE  CKOPOCTW  Ha
BEHTMMNALMOHHOTO TeyeHue (3 n 6 m/s) peayntatute ca gocrta
no-pasnuynn. [axe W npu CbMNOCOMHOCT Ha Tpadmka K
BEHTUNALMOHHOTO TeyeHne 3a ckopoctu cned 50 km/h ce
Hanara BKIOYBaHe Ha BEHTMNATOpW okono 6-7 Ha 6poit. Mpu
NPOTUBOMOMOXHOCT Ha Tpamka W kenaHata nocoka Ha
TEYEHNETO BPOSAT Ha BEHTUNATOPUTE 3a OCUTypsIBaHE KaKTo Ha
KpUTUYHATa CKOPOCT, Taka M Ha MakCumarHata gpacTuyHO ce
yeennyasa: 12 go 32 Ha 6poit npu 3 m/s u 35 -48 npu 6 m/s.

Tonbn nepuopg

lMocokata Ha ecTecTBeHaTa Tara npu TOMbA NEpUod € ¢
oTpULAaTENEH 3HaK, T.€. € OT BbTPELHOCTTa Ha TyHena KbM
oKonHata cpefda Husxopsawo (cwurd.) Pesyntatute 3a
HeobXoaMMOCTTa OT MexaHWyHa BeHTUnauws u 6posdT Ha
CTPYAHUTE BEHTMNATOPW MpW PasnUyHWUTE KOHAUrypauun Ha
TeYeHuaTa (CbMOCOYHOCT W/MnM  NPOTMBOMONOXHOCT) Ca
npeacTaseHu B Tabn.4.

Tabnuya 4. Pesynmamu —monb/1 nepuod
Vt=1mls Vi=3mls Vt=6m/s
AP, <0 AP, >0 AP, >0
7 IMpu ecuuku camo npu 0o 50 km/h
Z,’ cKopocmu Ha mpacpuk 0o
k mpaghuka 20 km/h N, e(B+7)
S AP, >0 AP, >0 AR, >0
i
77 IN-e(5+26) |N,e(13+33)|N,e(32+49)
e
_| AP, <0 AP, >0 AP, >0
2| Mpu scuuku 30 20 km/h 9o 60 km/h
e cKopocmu Ha N,=1 N,.e(2+7)
mpaguka
fleseroa: — — —_—> -=>
Mocoka Ha mpad)u1< MeXxaHu4Ha ecmecmeeHa
8eHmunayus eeHmunayusi

MonyyeHnTe pesynTaTv ca A0CTa CXOAHW C Te3u 3a CTyaeH
nepuod. B To3M cnyyai ecTecTBeHaTa TAra onpegerns
HU3XOMALIO TeYeHWe, KoeTo e C obpaTHa Mocoka Ha
Bb3XOAALIOTO BEHTUNALMOHHO TeyeHue. MpaBu Bnevatrnexue,
Ye onpemenalo npu HeoBXOAMMOCTTa OT BEHTUMALMOHHU
MOLUHOCTW € MpOTMBOMONOXHATA MOCOKA TpadUK-OCHOBHO
TeyeHue. ToBa Olle BEAHBLX MOTBLPXKOABA HEMUCAHOTO
NpaBUro 3a CLMOCOYHOCT Ha Tpathika W BEHTUMALMOHHOTO
TeyeHue. AKO TYHENbT Ce CbCTOM OT ABe TpLOW B efHaTa
TpsibBa Aa Ce OCbLECTBM Bb3XOAALLO TeYeHue, a B apyraTa —
HM3X0AAWO, 3a Aa ce cneasa Tpaduka. OcTaBa OTKPUT
BbNPOCHT 33 HeLoNyCkaHe Ha peLypkynalus oT egHaTa Tpboa
Ha TyHena B apyrata.

3aknoueHune

AHarmMsbT Ha nonmyvyeHuTe pesynTaTu nokassa, ue
BEHTUMAaLMATa Ha TyHen e AMHaMuyHa cucTema, 0CobeHo
KoraTo 3aBuUCK OT aTMOCEPHUTE YCHOBMS, KaKbBTO € Cry4asT
C HaAmbXHaTa BEHTUNALMS CbC CTPYIHW BeHTUNnaTopy. C Hai-
rofieMM MOLWHOCTM Ce OCUrypsiBa XenaHata nocoka Ha
BEHTUNALUMOHHUS Bb3AyX MPU HACPEeWHO [BWXEHWE Ha
Tpacuka. INpn OBYNOCOYHO ABWXKEHWE ByTamHMAT edekt Ha



NPOTUBOMOMOXHO [JBWXKELLMTE Ce MNPEeBO3HW CPeAcTa ce
HeyTpamuanpa [0 okono 60 Pa u OCHOBHO BEHTMMALMOHHO
TEYeHWe € TPYAHO f[a Ce OCbWECTBUM CbC  CTPYMHN
BeHTMNaTopu. ToBa 03Ha4aBa, Ye Npu 3aTBapsHe Ha efHata
Tpbba 3a PEMOHT M OpraHu3vpaHe Ha ABYNOCOYEH Tpagmk B
gpyrata Tpbba, TpsAbBa ga ce nmomMMCIM 33 CrioMaraTemnHy
BEHTUMTALMOHHM PEXWMM, KOUTO ChedBa fa Ce OCUTYpsT C
OpYrv CPeacTBa, a He CbC CTPYMHU BEHTUNATOpW. YnpasneHue
Ha BEeHTUNauuaTa B 3aBUCUMOCT OT MOAENUPaHUTE TeYeHNs n
BKIMIOYBAHE HA MOLIHOCTW MpU HeobXoaumocT Moxe Ja
Hamarnu CbLUECTBEHO Pa3XxoauTe 3a ENeKTPOEHepTUS.
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MPOrHO3UPAHE 3AMbPCABAHE HA Bb3[YXA B MMHEH PAUOH C NPAX YPE3
U3KYCTBEHA HEBPOHHA MPEXA

Becenun Xpucmoe?, Padocmun Kapakepe3oe?, CmaHucnae Tonanoe3

" MurHo-eeonoxku yHueepcumem "Ce. Mean Puncku", 1700 Cogpusi, veso@mgu.bg
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PE3IOME. Bb3 0cHOBa Ha fjaHH!TE 3a 3aMbPCABAHETO Ha Bb3fyxa C Npax B YeTUPK U3MEPBATENTHU CTaHLMM B paitoHa Ha rp. CTapa 3aropa ca oGy4eHu HEBPOHHM
Mpexu. YCTaHOBEHO €, Ye KayecTBOTO Ha 0GyyeHre Ha MpexXuTe MO3BOMsBA NPOTHO3MpaHe 3aMbPCSBAHETO B 3aBMCMMOCT OT CiraTa W Nocokata Ha BSTbpa U AeHs!
ot roanHata. Cb3fajeHa e nporpama peanuanpaliia HeBpOHHUTE MPEXi, MO3BOMABALLA MPOTHO3VPAHETO [a Ce U3BLPLUBA OT EKOMO3NTE B CTaHLMUTE,

Kniouosu AYMU: HEBPOHHU MPEXU, 3amMbpcABaHe C Npax, NPorHo3npaHe, MUHEH paioH

DUST AIR POLLUTION PREDICTING IN A MINING AREA BY ARTIFICIAL NEURAL NETWORK
Veselin Hristov!, Radostin Karakerezov? Stanislav Topalov?

" University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, veso@mgu.bg

2 KPRJ Ltd, Sofia, karakerezov@kprg.bg

3 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, stopalov@gmail.com

ABSTRACT: Neural networks are trained based on dust air pollution data in four measuring stations near the town Stara Zagora. It was found that the quality of
training networks is allowing pollution forecasting depending on the strength and direction of the wind and the day of the year. A program realizing the neural networks
was created that allows forecasting to be performed by ecologists at the stations.

Key words: neural networks, dust air pollution, prediction, mining area

YBopn 3a PErucTpupaHUTe U3MEepBaHUs Ha (BMHW MPaXoBU YacTULM
nog 10 um (®MY+0) Ha aTmocepHus Bb3gyx 3a 2011 n 2012
MpaxbT e OCHOBEH aTMOC(hepeH 3aMbPCUTEN Ha Bb3dyXa. roavHu B pavioha Ha rp. Ctapa 3aropa M pervoHa Ha
BpenoHuaT My 3gpaBeH edekT 3aBUCW MMaBHO OT pasamepa U npomuLLNeHns kommneke ,MapuLia 3Tok” ce npeanara noaxop
XMMWYHUSE CbCTaB Ha CyCMEeHAMPaHWTE MpaxoBW YacTuum, OT 33 NpOrHosupaHe Ha pPasnpoCTPAHEHMETO Ha M3CnefBaHus
ancopGupaHuTe Ha MOBBPXHOCTTA UM APYTA  XMMUYHY rokasaTen C OTYMTaHe BNUSHMETO Ha BeTpoBeTe. [laHHuTe ca
CbeanHeHwsi, B ToBa uucro mytarequ, JHK - Mogynatopu u B3eTM B CMefHUTE MyHKTOBE: ABTOMAaTWYHA M3MepBaTenHa
[p., KaKTO M OT yyacThbka Ha pecnupaTopHata CuCTeMa, B craHums (AUC) rp. Mbbboso, [udeperumantata ontudxa
KOSITO Te Ce oTnarar. abcopbumonHa cnektpockonna (JOAC) c. Ocrtpa moruna,
OOAC c. PuxeHa n AUC 3enenus knuH - rp. Ctapa 3aropa
Ha 6asata Ha B3eT OT MambmHuTenHa areHyus no  (durypa 1). B Tabmuua 1 ca cucrematuaupaHn faHHuTe,
okonHata cpega — PUOCB Crapa 3aropa exenHeBHU AaHH U3MEPEHN Npes ABeTe M3creaBaHi roanHu.

Tabnuua 1. Cucmemamusupanu aHHU om u3MepsaHusma e Yemupume nNyHKkma

MyHkT 1 2 3 4

AUC bnbboBo” 701 129 | 125.0/126.0 40.0/334
HOAC ,Octpa moruna” 712 17 70.3/59.3 24.2/22.3
JOAC ,PbxeHa” 728 69 103.5/90.1 26.9/23.3
AWC ,3eneHus knuy’ 722 72 122.3/96.9 3221335

Jle2erda 3a konoHume Ha mabnuua 1
1 — 6poll peaucmpupaHu daHHU 8 24-4acosu KoHueHmpauyuu; 2 — 6pol npeguwasaHus Ha MK [50 ug/m]; 3 — makcumarnHa
usmepeHa cpedHoyacosa KoHueHmpayus [g/m3] (2011/2012); 4 — cpedHa 200utiHa KoHueHmpauus [ug/m3] (2011/2012).
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Lpagwha

®urypa 1. MectononoxeHue Ha YeTUpUTE U3MEPBATENHN CTaHLMK

O61L0TO CbCTOsHWE Ha Npobnema 3a 3aMbpcsiBAHE C PUHM
npaxoBW YacTuum e Buanmo ot Tabnuuarta. 3abensssa ce, ye
3aMbpcsiBaHe MMa B YETUPUTE W3MEPBATENHM CTAHLMM, KaTo
muHumanHo e B JOAC ,PbxeHa’ (MakcumanHo oTganeyeHa ot
npegnonaraemMust  3ambpcuTen), a MakcumanHo e B ANC
[ bb00B0” (80 Npegnonaraemusi 3ambpcuten). Kayecteoto
Ha aTMocdepHus Bb3gyx B parioHa Ha O6wuHa Mbrb6oBo,
O6wwHa Crapa 3aropa u otyactn O6wmHa KasaHnbk ce
hopmmpa NpeaMHO C ONPeaensLLOTO BMUSHWE HA CREfHUTE
QHTPOMOrEHHN  AEHOCTM -  MPOMMLLNIEHN MPOM3BOACTBA,
TPaHCMOPTHAa AEMHOCT, oTonneHne (BUTOBO W KOMYHAmHO),
CEMNCKOCTOMAHCKM AEHOCTM 1 Ip.

Hait-ronsimMo BrvsiHve BbPXY Ka4eCTBOTO Ha Bb3[yxa Oka3Ba
JenHOCTTa Ha eHepruitHna komnnekc ,Mapuua Matok” [dumos

Po3a Ha BeTpoBeTe N

\ g
\ bns6080

Cr., Cr1. Tonanos, 1992]. YacT oT komnnekca e pasnonoxeHa
Ha Teputopusta Ha ObwuHa PagHeBo - komnnekc ,MuHM
Mapuua ustok” n TEL| ,Mapuua natok 2" EALL.

3a pasnpocTpaHeHWeTo Ha MpaxoBUTe  3aMbpCUTENH,
W3XBBPMSHW B aTMOCKEPHMS Bb3AyX BATHPLT € Hait-
3HaYMMUAT MeTeoponornyeH dhaktop. KoHueHTpauusta Ha
3aMbpCUTENUTE OT MOCTOSIHHO [JeiCTBalM U3TOYHULN €
00paTHO NpoONoOpLMOHaHa Ha CKOPOCTTa Ha BATBPA, @ aKo Tow
€ YCTOW4MB MO NOCOKA - 3aMbPCABAHETO € MO-TonsAMo,
OTKOJTKOTO MpyW BATBLP € NpomeHnuea nocoka [Christov V., St.
Dimoff, 1995]. Ha dourypa 2 ca nokasaHu posuTe Ha BETPOBETE
(Halt-ycToMuMBMTE NOCOKM) 33 TpWUTe OOLUMHM, B KOUTO Ce
HamupaT YeTUpuTe CTaHLuK.

NE

ObwwuHa Mbmbb0oB0O

3

ObwwHa Crapa 3aropa (3eneH KivH n

SE

O61wmHa KasbHmbK (PbxeHa)

OcTtpa moruna)

®urypa 2. Poza Ha BeTpoBeTe Mo 0GLWUHN

Pasrnexaaiikin KoHLEHTpaLmsTa Ha npax B YeTMpUTE NyHKTa
no AWM (curypa 3) ce BWXZA HanMYMETO Ha WM3BECTHA
CE30HHOCT - MO-BICOKA KOHLIEHTPALMS Mpe3 3UMHUSI NepPUOL, U

no-Hucka - npe3 neTHus. ToBa CbOTBETCTBA HA MHTEH3UTETA
Ha paboTtata B MUHWTE U TOMIOENEKTPUYECKUTE LIEHTpanu B
komnnekca ,Mapuua naTok".
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®urypa 3. Cbabpxkanue Ha @MY 3a u3cneaBaHnsa nepuoa no AHU
MporHo3upaHe Ype3 U3KYCTBEHN HEBPOHHU nanonseaH MopynbT Automated Neural Networks Ha

MPEXM Ha 3aMbPCABAHETO C )MHU NPaXOBU
yacTuum

Hsikou 0T OCHOBHWTE nNpeaMMCTBA MpK W3NON3BaHe Ha
HEBPOHHM MPEXM 33 OLIEHKA 1 MPOrHO3a Ha ChbPXaHUETO Ha
OMY10 B MMHEH paioH MmoraT fga Obaar 0606LeHm, KakTo
cneaea:

e [lpunoXeHWETO Ha MeToda € €[HAKBO 3a BCUYKM
paioHn M Tol Moxe [ga Oboe M3non3BaH 3a
NMPOCTPAHCTBEHO pa3nonoxeH Habop OT AaHHM.
Bb3MOXHO € M3MOMn3BaHETO Ha [Apyra BXofHa
MHGOpMaLMs KaTo AOMbIHEHME KbM [aHHMTE 3a
MECTOMOMOXEHNETO,  (HanpUMep  KIMMaTUYHW
AaHHW), kaTo ce [00aBAT AOMbIHUTENHO BXOAOBE
KbM BEYE M3MON3BaHMTE B HEBPOHHATA MpeXxa - He e
HeobxofMMa NpoMsiHa B OCHOBaTa Ha MeToAa.
MeTogbT He W3NCKBA NOCTPOSIBAHE HA  CIOXHY
MaTeMaTW4HW  MOMENW KaTo NpaBi  HSIKOMKO
NPEANONOXKEHUs 3@ CTATUCTUYECKOTO pasnpene-
NeHUe Ha AaHHuTe.

Maxoxpanku OT HamWyHUTE AaHHM 3a 3aMbpCsBaHETO C
OMY10 B YeTUPUTE CTAHLMM M OT OmpedeneHaTa 3HaYMMOCT
BbpXy PasnpoCTPaHEHMETO Ha MpaxoBUTE YacTUUM Ha
(haKTOpWUTE: CUMA Ha BSITbPa, MOCOKA Ha BATbPA W [eH OT
roguHata ca o6y4eHM HEBPOHHM Mpexu. 3a uenTa e

cuctemara Statistica v. 8 Ha oupmara StatSoft Inc.

MogynsT Automated Neural Networks gaBa Bb3MOXHOCT 3a
TbPCEHE Ha HEBPOHHM MpEXW ONMTUMANHO MOLenupaLLy
nacnedBaHus npobrnem. 3a uenTa ce 3agaBaT  BXOAHM
(He3aBUCUMK) U WU3XOAHM (LEeneBn) NPOMEHNNBY, U3BaAKK 3a
o0yyeHne W TecTBaHe W Ha MapamMeTpu Ha MpexuTe W
o0yyeHneto. Cuctemata [aBa Bb3MOXHOCT Aa ce u3bupa
BMOA Ha aHanu3a, M3BbPLUBAH OT TbpCeHaTa Mpexa, Mexay
PErpecuoHeH, KnacuukaumoHeH Unn ¢ BpemMeHHu pegose. B
HaCTOALIOTO u3credBaHe e u3bpaHa HEBPOHHA Mpexa 3a
perpecroHeH aHanua. 3a TO3W BMf aHanu3 ce npegnarat Aga
Buaa Mpexu: TpucrioeH nepcentpoH (MLP) u mpexa c
paguantm 6asucHu dyHkumm (RBF).

M3BbpLIEHO € TbPCEHE Ha OTAENHa ONTUMAnHW Mpexa 3a
BCAKa efHa OT 4YeTupute CTaHUuK. Kato BXOOHW NPOMEHNUBK
Ha TbPCEHUTE MpEeXU ca onpefeneHu: OCpefHeHa [OHEeBHa
curna Ha BATbpa W OCpeJHeHa OHEBHA MOCOKa Ha BATbpa 3a
JafeHa CTaHuMs W nopedeH HOMEpP Ha AeH OT roguHata.
M3xogHa NpoMeHnuBa e AHeBHaTa KOHLUeHTpaums Ha MY+ 3a
CbOTBETHATa CTaHLUA. Hanuunute AaHHWM Ca pasfgeneHn no
CyyYaeH HauMH Ha [BE MOYTW paBHM W3Bagku: obyyasalia u
TecTBawa. Pesyntatute oT 0OyyeHMeTO Ha HamepenuTe
HEBPOHHW MPEXU Ca NMokasaHu B Tabnuua 2.

Tabnuua 2. HegpoHHU Mpexu 06ydeHU 8bpXy OaHHU 0m Yyemupume cmaHuyuu

Training Training Error Hidden Output
Punkt Net. name Test error . . DR ..
error algonthm function activation | activation
T'ana6oso | MLP 3-11-1| 0.019074 0.019557 BFGS 37 SOS Tanh Exponential
Octpa | opr3.30-1| 0012003 | 0019661 | RBFT S0S Gaussian | Identity
MOTHJIa
Pa:xxena | RBF 3-36-1| 0.014264 0.015549 RBFT SOS Gaussian Identity
3enen komu| MLP 3-11-1| 0.015078 0.018026 BFGS 34 SOS Tanh Exponential
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Abpesuatypata MLP 3-11-1 o03HayaBa - MHOrOCMOeH
MepcenTpoH ¢ 3 ¢ros (BXOLeH Cron OT 3 Bb3ena npuemalim
CbOTBETHUTE BXOAHM [AaHHM, cKpuT croit ¢ 11 Bb3ena w
M3XOZEH Crioi C eAMH Bb3en aBall LienesaTa u3xogHa aaHHa
3a nokasatens. RBF 3-39-1 o3HayaBa mMpexa C paguanHu
0asncHM (PYHKUMM M CBOTBETHUTE BB3MKM Mo croese. SOS
(sum-of-squares) e rpeLkata Ha dyHkumsTa (Error function).

Buxpa ce, ye 3a cTaHUMKUTe, KOUTO Ce HammpaTt no-6mm3o o
3aMmbpcuTend, HaMepeHute Mpexu Ca  MHOrocrnoeH

Station Input Data
Galabovo _ S wind
Ostra mogila
Rajena ANG wind
Zeleniya klin

Date

Dust Prediction

Calculate

®urypa 4. BbHweH BuAa Ha nporpamata Dust Predictior

Cnep HamMMpaHeTO Ha ONTUMANHWTE HEBPOHHU MPEXM, C
nomolyTa Ha nporpamuus npogykT Statistica, ca reHepupanu
Ha nporpamMHus e3uk C yeTupu MOAyna, peanuanpaim
MPEXWUTE - MO e4WH 3a BCAKA €AHa CTaHuws. Tesan mogynu
Cref TSXHOTO npenporpamMupaHe Ha esnka C++, ca
OpraHu3upaHu B nognporpamm u ¢ nomowyta Ha Microsoft
Visual C++ e cb3pgapeHa nporpamata Dust Predictior 3a
MPOrHO3WpaHe Ha 3aMbpCABAHETO B YETUPWUTE W3CMEABaHM
cTaHumu. Mo 3apapeHuTe napametpu: S wind (ckopocT Ha
BaTbpa), ANG wind (brbi Ha BATBPa) MOXe [a Ce NporHoaupa
konnyecteoTo Ha @440 B KOS fa € OT YeTMpuTe CTaHumuu 3a
nocovyeHa Aata. Ha durypa 4. e nokasaH BbHLUIHMSA BUA Ha
nporpamara.

3aknioyeHue

AHanM3sbLT Ha AaHHUTE 3a 3aMbPCABAHETO Ha aTMOCHEpHMS
Bb34yX C Npax B paiioH, B KOWTO Ce 3BbPLLBA MUHHO-LOBMBHA
JEHOCT — p[oOWMB HA JIMMHUTHW BbIMMWA W TsAXHaTa
npepabotka — ocHoBHo B TEL| ,Mapuua wustok 2" EAL u
Bb3NPUETUAT NOAXOL 33 MPOTHO3MPAHETO My (M3KYCTBEHM
HEBPOHHW Mpexu), AaBa Bb3MOXHOCT 3a anpobupaHe Ha
€BPUCTUYEH MeTOoA, OCHOBAaH Ha W3KYCTBEH WHTENEKT 3a
pellaBaHe Ha 3ajada, Nnpu KOATO MpuraraHeTo Ha Tpaaw-
LMOHHN MaTeMaT4eckn MOAENM € He CbBCEeM [OCTaTbyHO.
[MpUNOXeHMATa Ha HEBPOHHWUTE MPEXM W3WCKBAT Pasnos-
HaBaHe Ha MOZEenu, Npu KouTo ce ,pasbupar u pasnosHasar’
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nepcenTpoH CbC CPABHUTENHO Manko Ha 6poi CKpUTW Bb3Nu,
A0KaTo Mpu  MO-OTAAneYeHuTe CTaHuMM Mpexute ca ¢
paguanHu BasucHu yHKUMM € gocTa ronsMm Gpon CKputi
Bb3NW. TO3M pesynTaT nokasea MO-ACHO  W3paseHa
(DYHKLMOHaNHa 3aBUCMMOCT Ha AaHHuTe 3a ®NY1 3a fgBeTe
no-6nm3ku CTaHUWMW, AOKAaTO AAHHUTE Ha MO-OTAaneveHuTe
CTaHUMW UMaT no-cnyyaeH xapaktep. ®yHKUMOHanHaTa
33BMCMMOCT Ha AAHHUTE NOKa3Ba CUIHO BUSHWE HA OCHOBHUS
3ambpeuten ,Mapuua-nstok’ Bbpxy TAX.

===
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nauncnenue [Topalov St., Hristov V, 2007].

Nutepatypa

Ounmoe Ct., Cr. Tonanos, AHanu3 Ha €KOmo2u4HOMO
3ambpcsisaHe 8 palioHa Ha CMEK “Mapuya — Usmok” ¢
yen cb3dasaHe Ha Mamemamuyecku Modern 3a KoHmMPOs u
aHanu3 Ha kayecmeomo Ha ammocgepHust 8b30yx, lop.
MrY, Codons, 1992. — 38, Ne4 -(c.95-110)

Christov V., St. Dimoff, Analysis of Air Pollution with Aerosols
and Dust Based on the Mathematical Model of Pasquill and
Gifford - in ISU, Wissenschaft und Umweld, no.2, 1995, 85-
88.

Topalov St., Hristov V, 2007. Prognostication of Geological
Parameters Value Using Neural Networks., Proceedings of
Xlll-th ISM International Congress, Budapest - Hungary, 24
- 28 Sep.( No 048).

http://www.starazagora.bg/worktemp/Aktualizaciq_na_Program
a_KAV_STARA_ZAGORA_2011-2015_ciala.pdf

http://eea.government.bg/bg/soer/2009/4health/1air-health
http://radnevo.acstre.com/assets/Socialna_sfera/Ekologig/Mobi
Ina_st.pdf

http://178.169.162.59/param.php?param=25

http://eea.government.bg/bg/nsmos/spravki/2010/air2

CraTusTa e pelgHaupana ot aou. Mopaarka AHactacosa U npenopbyaka 3a
nybnukyBaHe oT kar. ,/iHdopmaTika®“.



TOANWHMK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. MBAH PUNCKIA”, Tom 58, Cs. Il, [lobus 1 npepaboTka Ha MuHepantm cyposiHi, 2015
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 58, Part Il, Mining and Mineral processing, 2015

YNPABJEHUE HA PUCKA 3A BE3OMNMACHOCT WU 3APABE NPU PABOTA C
LUMAHCBABPXALLUN CLEANHEHUA B MUHHATA NPOMULLNEHOCT

Bnazosecma Bnadkosa

MurHo-eeonoxku yHusepcumem "Ce. Mean Puncku”, 1700 Cocbus, b_vladkova@yahoo.com

PE3IOME. LinaHugute ca conu Ha umaHosogopogHata kucermHa HCN, Hanpumep NaCN (Hatpues umanug), KCN (kanveB uwanug, umaHkanmin). CN-rpyna
CbabpKaT U APYTM XUMUYHW CbEAVHEHUS - HUTPWUIM, YPeTaHu W Ap. LinaHoBMAT aHioH, YMETO MMe HOCAT uAnaTa rpyna CbeAnHeHUs € W3rpafeH OT efnH
BbITMepo/ieH aToM 1 euH asoTeH atom [CN-], cBbP3aHM C TpoiHa Bpb3ka. Linannante ce uanonasar B MUHHATa MPOMMLLNEHOCT 3a W3BNWYAHE Ha 3naTo oLle OT
Hayanoto Ha MuHanus Bek. OLe OT BpeMeTo Ha MbPBOTO My MpunaraHe B MuHM B HoBa 3enaHaus npe3 1887 r., HAaTpMeBMAT LaHug uanrpasa kiio4osa pons 3a
13BMUYAHETO Ha 3MaTo U ApYrv MeTanu kato cpebpo, Mes v LMHK OT Pyau B MHOTO CTpaHy no ceeTa. B aeicTBuTenHocT npu Aobuea 1 Npon3BOACTBOTO HA OKONO
90% oT 3naToTo B CBETA CE M3MON3Ba Luanug, pasnpeaeneH B okono 460 ot obuo 875-Te paboTelyyn 3nath MUHHOZOOMBHYM NpeanpuaTMS no ceeTa. ManonssaHeTo
Ha UMaHMau NpeacTaBnsBa MO-BUCOK PUCK 3a OKonHata cpefa, OesonacHocTta Ha paboTHuumTe W 06LLECTBEHOTO 3apaBe, 0CODEHO B CTpaHW, KbaeTo
WHOYCTpUanHuTe CTaHAAPTV WK perynaTopHaTta pamka ca cnabu. Cned HAKoM OT NOCNEAHUTE MHLMAEHTYU C LMaHNAM W TAXHOTO OTPULIATENHO Bb3AeACTBUE BBbPXY
OKoMHaTa cpepa, 06LecTBEHOTO MHEHVE 33 LiMaHWANTE KaTo OTPOBA € Hal-4eCTO OTPULIATENHO M KaKTO 1 TOBA HA MECTHOTO HaceneHue 3a MUHHUTE onepaLuy.

RISK MANAGEMENT FOR SAFETY AND HEALTH BY WORK WITH CYAN-CONTAINING COMPOUNDS IN THE MINING
INDUSTRY

Blagovesta Vladkova

University of Mining and Geology "St. Ivan Rllski" 1700 Sofia, b_vladkova@yahoo.com

ABSTRACT. Cyanides are salts of cyanohydrogenic acid (HCN), for example NaCN (sodium cyanide), KCN (potassium cyanide). CN-group consist of another
chemical compounds - nitrites, urethanes, etc. The cyanide anion, which name all compounds of the group take, is built up of one carbon atom and one nitrogen atom
[CN-], connected with triple bond. Cyanides are used in the mining industry for extracting gold since the beginning of the last century. From its first application in
mines in New Zealand in 1887, sodium cyanide played key role in the extracting of gold and other metals like silver, copper and zinc from ores in many countries
around the world. The use of cyanides is of greater risk for the environment, safety of workers and public health, especially in countries where the industrial standart
or the regulatory frame are weak. Among the last accidents with cyanides and their negative impact on the environment, the public opinion about them as a poison is
mostly negative as well as that of the native population about the mining operations.

BbBeaeHue 3arpuKeHOCTTa CUM 3a NWNcata Ha TOYHA MHopMmaums,
OMPEKTUBA 11 MOHWTOPUHT HAa  MWHHUTE  MPeanpusiTUS,
Tbi KaTO MUMa MHOMO Manko NPaKTU4eCkn anTepHaTtuBu Ha M3Non3BalyM  LmaHuawm. Ton TBbPAW, Y€ MHOMo acnekTu
uvaHuauTe npu aobusa Ha 3nato, v Te3n anTepHaTuBM KaTo OTHOCHO TEOXMMWYECKUTE CBOWCTBA W TOKCUYHOCTTA Ha
L{Ano ca 3Ha4MTenHO Mo-CKbnu, BAPHO €, Y€ 3a no-ronsamara LUMaHMaMTE M TEXHUTE BOAHM CbeduHeHMs ca cnabo nosHaTty.
4acT OT MWHO-AOOMBHUTE NPeAnpusTUS B Lenus CBAT Le lMopagu peguua cnyyan Ha pasnueuM W MHUMOEHTU HapacTea
CTaHe WKOHOMUYECKN HEM3rofHo Aa paboTsAT Ge3 LuaHMaHM TpeBorata Ha OBLUECTBEHOCTTA OTHOCHO BRWSHMETO Ha
TEXHOJIOTNN. B'bl'lpeKI/I TOBa, npoAbinkaBallnTe OnacHOCTH, MWHWTE, W3MON3BalLM LMaHMOM BbpXy OKONMHaTa cpefa,
npeg KOWUTO € W3npaBeHa OKoNMHaTa cpeda W YOBELKOTO YOBELLIKOTO 3ApaBe 1 NpaBaTa Ha YOBeka.

30paBe OT W3MON3BaHeTo My, MPeACTaBMnsABaT 3HAYMTENHA
npeyka 3a MocTuraHe Ha YCTOMYMBO pasBuTUE. 3a MUHHATa
WHOYCTPUS e TNpeau3BUKATeNcTBO CrnocofHOCTTa Aa  ce
MOCTUTHAT XenaHUTe UKOHOMIUYECKM, COLMANHIN U eKONOrnUHM
XapaKTepucTuKkA. B cbpLeTo Ha KOHLenuusTa 3a yCcToMdYMBO MHHa MHAYCTpUA OkonHa cpega
pasBuTWE CTOM 3adadaTa yrotpebarta Ha LnaHuan Ja Moxe faa
Ce CBbpXe C KOHLENUMATa 3a CMpaBefNMBO pasnpeaeneHue
Ha NPUPO/EH, YOBELLKW, COoLManeH 1 hUHAHCOB KanuTar.

MpuHLUMNKM Ha yCTOWYMBOTO pa3BUTHE

B cBosTa pabota "[ekoanpare Ha unanuga" /®eb. 2002/ o-p
MopaH, KOHCYNTaHT Mo reoXUMMst U Xuaporeonorus ¢ Hag 29-
TOWEH OMUT B MMWHHO-AOBMBHAaTa NPOMMLLNIEHOCT, M3Ka3Ba

our. 1.
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CbrmacHo MpUHLMNUTE Ha YCTOYMBOTO pa3BuTHe, UMa
B3aWMHa Bpb3KA MEXOYy BCUYKM CEpU Ha YOBELUKOTO
obuiecTBo. Te ca Hepa3prBHO CBbP3aHM efHa C apyra 1 BCSKO
JeiicTBue B fageHa cdepa, BOAW MO MOCneavuy BbB BCUYKM
OCTaHanu, BbMpeKM Ye LienuTe ca pasHoPOaHM.

MUkoHomuyecka chepa

. Makcummsmpate Ha 6raroCbCTOSHUETO Ha YOBEKa;

. OcurypsiBaHe Ha eheKTUBHO M3MON3BaHE Ha BCUYKM
pecypcu, MpUPOaHM W NO [APYr HauWH, 4pes MakcumanHo
yBENWYABaHe Ha HaemuTe (T.e. 3annallaHe Ha noTpebuTencku

TaKcu);

. Ctpemex [fa ce oOnpemenar M WHTepHanuaupart
€KOMOMMYHMTE M COLManHM pasxoau;

. MopabpxaHe M nogobpsiBaHe Ha YcrioBusTa Ha

(hyHKLUMOHMpALLWTE NPeanpUATHS.

CoumanHa ccepa

. OcurypsisaHe Ha CnpaBeAnMBO pasnpefeneHne Ha
HeraT1BuUTe W NOM3NUTE OT PAa3BUTUETO 3@ BCUYKM;

. YBaXeHWe U YKperBaHe Ha OCHOBHWTE MpaBa Ha
X0pa, BKIIOYUTENHO rpakaaHCK1Te U NonmUTYeckuTe cBoboawm,
KyNnTypHa  aBTOHOMMWS, COLUManHMTE W MKOHOMUYECKUTE
cB060AM, M NMYHATA CUTYPHOCT;

. TbpceHe 1 NoaabpxaHe Ha NofgobpeHus ¢ TeyeHue
Ha BPEMeTO - Ypes 3amaHa ¢ Apyrv hopMuK Ha Kanurar, 3a aa
CE rapaHTMpa, Ye W34epnBaHeTO Ha MPUPOJHUTE PECYpCH,
HAMa @ MWK GbaeLLmTe NOKONeHus.

ExonorunyHa cpepa

. HacbpyaBaHe Ha OTFOBOPHOTO CTOMAHWCBaHe Ha
NPUPOAHUTE PECYPCM M OKOMHaTa cpefa, BKMHOUMTENHO 3a
Bb3CTAHOBSIBAHE HA MUHAMM LLETH;

. HamaneTe 40 MWHUMYM OTMagbuUuUTe U €KOMOrMYHM
LTV MO UsinaTa Ob/MKMHA Ha BepuraTa 3a AOCTaBKY;

. pepnasnueocT, Tam, KbAETO Bb3eNCcTBUS Ca
HEN3BECTHU NN HECUTYPHU,

. [leNHOCTY B paMK1TE Ha eKONMOTMYHN OrpaHNYEHNS W
3alLMTa Ha KPUTMYHWUS NPUPOAEH KanuTarn.

3akoHoparenHa cepa

e T[logkpena  Ha  [JemMoKkpaTW4YeH  npegcTaBuTen,
BKIMIOYNUTENHO C y4acTne npu B3EMaHe Ha peLLeHns,

e HacbpuaBaHe Ha cBobogHaTa MHMLMATMBA B paMmKuTe
Ha CICTEeMa OT SICHW W CIPaBEANMBI NPaBUNA U CTUMYIA;

*  U3bsareaHe Ha npexkomepHaTa KOHLEHTpaUus Ha BRacT
4pe3 NoaxoAsiLLM NPOBEPKM 1 BanaHck;

e OcurypsisaHe Ha MpO3paYHOCT Ype3 MpefocTaBsiHe Ha
JOCTbN [0 Nogxogdwa M TOYHAa WHGopmaumMs 4O BCUYKM
3aNHTEPECOBAHM CTPaHH;

e OcurypsiaHe Ha OTYETHOCT 3a PELUEHWs U AENCTBMS,
KOMTO Ce OCHOBaBAaT Ha BCEOOXBATEH W HAZEXAEH aHanus;

*  HacbpyaBaHe Ha CbTPYAHWUYECTBOTO, C LN Aa M3rpaau
[0Bepue 1 06LLM Lienn 1 LLEHHOCTY;

e [paHuMs 3a TOBa, Ye peLIeHMsTa ce B3emaT Ha
CbOTBETHOTO PaBHWLLE, NPUAbPXKANKA CE KbM NPUHUMNA Ha
cybCMaMapHOCT, KbETO & Bb3MOXHO.

ACHO e, Ye MUHHWTE MPeanpUsTUS MOTEHUMANHO Bb3felt-
CTBAT BbPXY YCTOMYNBOTO PasBUTUE B MHOTO Hacoki. OTHOCHO
BbMNPOCUTE, WAEHTUDULMPAHA KaTo OCHOBHW (hakTopn 3a
LENCTBIE C LieN NOCTUraHe Ha YCTONYMBO PA3BUTUE, MUHHOTO
[AEno e, uni uma noTeHuman aa Obe (akTop 3a BCekn eAnH.
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KniouoBu dakropm, kouto onpeaensT Heo6xoAUMOCTTa OT
OeNCcTBUA 3a NpunaraHe Ha yCTOWYMBO pa3BUTHE:

. Bce no-ronsam gucbanaHc B pasBUTUETO Mexay
pasnnyHUTE CTPaHK;

. Cnab Hanpegbk B HamansBaHeTo Ha 6egHocTTa B
MHOTO CTpaHu;

. Bucoko u yBenuuaBawwoTo ce noTpebneHne Ha
OTPaHNYEHUTE PECYPCH, CBbP3aHM C MPOAbIKaBaHe Ha
HapacTBaHeTO Ha HaceneH1eTo;

. YBennyaBaHe Ha 3aMbpCABAHETO, CBbP3AHO C
YBENMYaBaLLoTo ce NoTpebnexue;
. HenpeasuaeH 1 HexenaHu NocnencTens Ha NoLoTo

yNpaBneHWe Ha OKoMHaTa Cpefa M CcouManHo Bb3geicTaue,
KaTo M3MEHEHMETO Ha KNUMaTa, LieNocTTa Ha eKocucTeMUTe 1
B1onornyHoTO pasHoobpasue;

i OTpMLI'aTeJ'IHVI Bb3OENCTBMS BbpXy Kyntyparta, Kato
HAKOM KyNTYpW Ca NOYTN Ha n34e3BaHe
. OuyeBnaHM nonau 3a Kopnopauuite U akuuoHepute

ypes rnobanusaupsTa, 3a CMeTKa Ha Mo-Manku HaLMoHanHu u
MECTHM MHCTUTYLIN 1 OBLLHOCTK;

. BbageicTne Bbpxy 3a€TOCTTa U KOHKYPEHTHM
HeLocCTaTbUyW B No-cNabo passuUTUTE CTPaHW KaTo CreacTeue
OT HenpeKbCHaTO NoACbpsBaHE Ha TEXHOMOrMNTe.

LlenTa 3a mocTuraHe Ha YCTOMYMBOCT € OCHOBEH Mpobriem,
Npeg KOMTO e W3npaBeHa MWHepanHata WHAYCTpUS OHeC.
Imobannuat MMSD-moknag 3aknioun, Ye "EfHO OT Hail-
ronemuTe npeausBMKaTencTaa, Npen KOMTO e U3npaBeH CBeTa
OHEC € WHTErPUpaHETO Ha MKOHOMMYECKaTa aKTUBHOCT C
eKororMyHaTa UanocT 1 counanHute npobrnemu. Llenta Ha
TasW WHTErpauMs Moxe da Ce Oonpegenu karto "yCTOMYMBO
pa3sute™ (MMSD 2002). YacT oT ToBa Npeam3BUKaTencTBo €
MWHHWS OpaHW fa Ce aHraxupa 3a NocTUraHe Ha YCTOMYMBO
pasBUTUE 1 OCUTYpsIBaHe Ha JOCTaTbYHO PECYPCH M MoZKpena
Ja ro Hanpasu. [lpyra YacT Ha npean3BuUKaTencTeoTo e Ja ce
Habenexar KOHKPETHM AENCTBMS, KOMTO ca Heobxogumu Ha
MACTO B MWHHO-LOOMBHWUTE NpeanpusaTus, M npunaraHe Ha
YCTONYMBOTO pa3sBUTHE 3a BCUYKM BUOBE YOBELLKM CTPEMEXM,
KaTo € 3abITKUTENTHO HETOBMTE MPUHLMMK [a Ca M3Pa3eHN BbB
BMCOKO HMBO W pOOBM Tpaguuun. Hamwue e mamko mHdop-
Mauus, 3a Aa MOXe [a Ce Aafde CbBeT 3a TOBa Kak Te3n obLum
NpuHUMNM MoraT Aa 6baaT NpunoXeHu KbM CreunduyHmn
WHAYCTPUANHM acnekTy.

Taka ye, cneasa BbMPOCHT Kak MUHHUTE MPEANpUSTIAS MoraT
Ja npunarart npakTukW, C KOWTO e Ce MOCTUrHE YCTOMYMBO
passuTMe Ha pe3yntatute? [lpe3 nocnegHuTe ABapjeceT
FOOMHYM, U3WNCKBAHWS W OYaKBaHUS OT CTpaHa Ha MpaBuTen-
cTBaTa, MOTpeduTenuTe U LuMpokaTa OOLIECTBEHOCT ca
JOMPWHECIN 33 PasBUTMETO Ha HAbOp OT WHCTPYMEHTW 3a
ynpaBneHne 3a nopobpsBaHe Ha pabortata B obrmactta Ha
BesonacHoCTTa 1 OMa3BaHe Ha OKOrHaTa cpefa, kakTo v da ce
HaManu Bb3OENCTBMETO BbPXY 0OLWECTBOTO. Beuukn Te3m
WHCTPYMEHTM CIyXaT 3a HacoyBaHe Ha dhokyca BBPXY
CcoUManH1TE W eKONMOrMYHMTE (hakTopK B MpoLeca Ha B3eMaHe
Ha peLleHns Ha HMBO, NOJODHO Ha TOBa Aa ce JajaT Apyru
BusHec uenm - ¢ gpyrM Oymu, 3a Aa NpUeme TPOEH MOAXoa
NIMHUS HA OCHOBATA, KbAETO YCNEXLT Ce U3MEPBA YPe3 OLiEHKa
Ha U3MbIHEHWETO CNPAMO NOCTABEHUTE LiENK W nokasaTtenu 3a
coupManHa XapMOHUs, OfMasBaHe Ha OKonHata cpeda W
peHTabuUIHoCT.



WHCTpyMeHTH 3a ynpaBneHWe, HACOYEHW KbM
[ENHOCTUTE 3a MNOCTMraHe Ha YCTOMYUBO
pa3sutue (Sustainable Development)

. YnpaBneHne Ha pucka (Risk Management) -
00xBallia cUCTEMATUYHO NpUnaraHe Ha MonmuTUKK, MpoLeaypu
W MPaKTUKM 33 UOEHTM(UKALMSA Ha ONAcHOCTWTE, OLEHKa Ha
MOCMeACTBMATa OT TE3W OMACHOCTM, OLIEHKa Ha pucKa, OLeHKa
Ha Te3n HUBa Ha PUCK CPeLLy CbOTBETHUTE KPUTEPUM U LIENH,
KaKTO 1 B3eMaHe Ha pelueHus 3a CBeXdaHe 40 MUHUMYM Ha
uaeHTUMLMpannTe puckoe (06bpHETe ce KbM GpoLypuTe
3a YnpaBneHue Ha pucka 3a oKornHata cpeqa).

. Bench-marking* - npuemaHe Ha  KOHKPETHM
pesynTaTy, H1Ba WK MPaKTWKKA KaTo XKenaH CTaHgapT, CnpsiMo
KOSITO Ce M3MepBa KavecTBOTO Ha feiHoctTta. Bench-marking
ce npunara, 3a 4a Ce 3aBbpluaT MHTErpupaHu CUCTEMMU, KaTo
HanpuMep Cb3gaBaHETO Ha CUCTEMA 3a YMpaBlieHMEe Ha
OKOMHaTa Cpefa Ha egHa MWHA KaTo €TanoH 3a Apyrv
onepauuw.

*BEHYMAPKWHI
C TepmuHa "OeHumapkuHr', ce o0O3Ha4YaBa eauH OT
WHCTPYMEHTUTE 3@ YCbBBPLLEHCTBAHE Ha AEMHOCTTA.

Ha3ssaHneTo Ha MeToAa NPOM3XOXKAAa OT aHrMUACKUTE SyMK
"bench" (HuBO, BMcouMHa) M "mark" (Mapkep) u ce TpakTysa
pasnunyHo - "onopeH Mapkep", "eTanoHHO CpaBHEHWE" U T. H.
BEHUYMAPKWHIT E MPOLIEC HA WOEHTUOWLUWPAHE HA
COBCTBEHOTO MPE[CTABAHE C TOBA HA HAW-

[NOBPUTE B CbOTBETHUA BPAHLL.

Opranmz auua

Iponsensa ce
OPT AHH3 AN

®ur. 2. *BeHUMapKUHr = TbpCeHe Ha HOBM MAeW + apanTauusTa Um +
npunaraHeTo UM.

(MempaHka  ®uneea, Xpucmo  Tyxapos: ,TomanHo
ynpasrneHue Ha Kayecmeomo unu Hogama urnocopus Ha
busHeca”)

. KoHTpon Ha kayectBoTo /Quality Assurance/ TQM
- MpunaraHe Ha Mepkw, 3a Aa ce MUHUMM3MPA PUCKBT OT JIOLLO
W3Mb/IHEHWE Ype3 TakvMBa MPUHUMMKM Kato Te3n Ha
BeHumapkuHra n HenpekbCHATO YCbBbLPLUEHCTBAHE. [punara
Ce KaKTo MbPBOHAYarHo, Taka 1 3a pyTUHHO HabnioaeHue Ha
W3Mb/THEHNETO W MPUNAraHeTo Ha Kopurupawy AencTsus,
KaKTO Ce U31CKBa.

. AHanu3 Ha xu3HeHUsA uuKbN /oueHka Life Cycle
Analysis/ Assessment - WHCTPyMEHT 3a OLUEHka Ha
Bb3[ENCTBUETO BbPXy OKONMHATa Cpeda, CBbp3aHO C JafeH
NPOAYKT, NPOLIEC UNM YCIyra Npe3 LIeNus My XU3HEH LMK, OT
pobvBa Ha cypoBuHM 3a npepaboTka, TPAHCMOPT, M3NOon3BaHe,
MoBTOpHa ynoTpeba, peuuknmpare uin obesspexaaHe.

. Yucto npomsBopcTBo (unmn Eco-efficiency) - Exo-
€(heKTUBHOCTTa M MPOM3BOLACTBOTO HA YWACTU MpOJYKTU ca
cTpaterus, kouto OW3HeCbT MOxe [fa Ce wW3non3sa 3a
nofobpsiBaHe Ha MPOW3BOACTBOTO M B CbLIOTO BpeMe W Ha
€KOMOTMYHNTE NoKasaTenu.
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. Product Stewardship (Mpopykt Stewardship) -
OnepaTopbT MOeMa OTFOBOPHOCT 33 BCUYKM acrekT Ha
Bb3MOXHUTE Bb3AENCTBUSA, MPSKO UMM KOCBEHO, CBbP3aHM C
WM3MON3BaHETO MMM NPOM3BOACTBOTO HA [AafeH MPOLYKT.
MwHHaTa koMnaHus Bu creaBano A4a YCTaHOBK W MUHAMU3NPA
PUCKBT, CBBbP3aH C LWaHWg, BKIIOYWTENHO TPaHCMOPTBT MY,
W3MON3BAHETO U YHULLOXaBAHETO Ha MACTO; [ponssoguTensT
CbLLO Taka yCTaHOBSIBA Te3W puUCKOBe M paboTu C MUHHWUTE
KOMMNaHWK, 3a fa Ce rapaHTMpa, Ye NoTeHUManHTe pucKoBe OT
ynotpefaTta Ha npofykTa ca Bb3MOXHO Hait-Hucku. (Product
stewardship features in the benchmark Australian Minerals
Industry Code for Environmental Management).

Tean MHCTPYMEHTM Ca MEeXaHWU3Mu, Ypes KOUTO MOXe Aa ce
MOCTUTHAT YCTOMYMBI pesynTaTi. VHCTpymeHTUTe creaga fa
Obaar NpueTH 3a YNpaBNEHNETO Ha LaHUaKM B paMka, KOSTo:

. e BceobxBaTHa 1 OpUeHTMpaHa KbM ObaeLLeTo;

o KOATO Ce onpeaend B AbIOCPOYEH NilaH, KakTo U 3a
KPaTKOCPOYHM Lienu; v

. KOSTO onpenens Habop OT AEACTBUS, 4pe3 KOUTO

MOXe Aia Ce MOCTUTHe KOHLEMNLWs 3a YCTOMYMBO pasBuUTHE.

[eicTBusTa 3a ynpaBneHue Ha LWaHWOM, KOUTO ca B
CbOTBETCTBME C MPUHLMMUTE Ha YCTOMYMBOTO pasBuUTME ca
JafeHn B Tabnuuata. Tean fgencteus we ObgaT HambiHO
e(EKTUBHN MO MbTH KbM YCTOMYMBOCT, ako Te Ce M3nonasat
ype3 npunaraHe Ha VHCTPYMEHTUTE 3a ynpaBrneHue, n3bpoexu
no-rope.

MnaH 3a ynpaBneHue Ha unaHugute

B ocHoBaTa Ha lnaHa nexat 4eBeT npuHuMna, NOCOYEHN B
Kopekca v ca kakTo cnefsa:

. MpuHuun 1 - HacbpyaBaHe Ha OTTOBOPHOTO
NPOWU3BOACTBO HA LMaHUOM Ypes OCBLUECTBABAHE Ha COEMNKM
camo C npou3BoauTenu, kouto paboTtaT no BesonaceH M
eKonorocbobpaseH HaumH;

. MpuHUMn 2 - 3aWwmTa Ha HaceneHWeTo M oKomnHaTta
cpefa no BpeMe Ha npeso3a Ha LiMaH1auTe;
o MpuHumn 3 — 3awmTa Ha paboTHULMTE U OKoMnHaTa

cpega no Bpeme Ha pabota C UMaHMAMTE W TAXHOTO
CbXpaHeHwe;

) MpuHumMn 4 — ynpaBneHne Ha LUMaHWAHUTE Pa3TBOPU
W 0TNaAbYHUTE NOTOLM MO HAYMH, KOWTO rapaHTMpa 3aliuTa Ha
YOBELLKOTO 34PaBe M OKOMHaTa cpeaa;

. MpuHumMn 5 — 3almMTa Ha HaceneHneTo 1 OKornHata
cpefa OT eKCnosvuus Ha LuaHuau ypes paspaboTeaHeTo u
W3MbIIHEHWETO Ha MNaHoBE 3a M3BEXAaHe OT eKcrnoaTtauus
Ha CBbP3aHNUTE C LUNaHNAUTE CbOPBKEHMS;

. MpuHumn 6 - onasBaHe
GesonacHocTTa Ha paboTHuuuTe U
Bb3AENCTBMETO Ha LmaHuau;

) MpuHUMn 7 - onasBaHe Ha HaceNeHUeTo 1 OKomnHaTa
cpeda upes paspaboTBaHe Ha CTpaTerum W Bb3MOXKHOCTM 3a
[eiCTBIME NPy aBapuu;

. MpuHumn 8 - oOyyaBaHe Ha paboTHWLMTE K
aBapuiiHMa nepcoHan 3a 6esonacHO U ekonorocbobpasHo
ynpaBneHue Ha LuuaHuauTe, u

. MpvHuun 9 -  obuwecTeHn
npeLocTaBsHe Ha MHGopMaLMS.

Ha 3[paBeTo K
HemonyckaHe  Ha

KOHCynTauuu



Tabnuua 1. AdanmupaHe Ha 0bwume NPUHYLNU 3@ ycmoliyueomo pasgumue kbM MuHHama deliHocmma

MNpemecTBaHe OT KOHLENLKATA 3a AeNCTBUE 32
YcToitumBo passutue (MMSD 2002)

I'IpeunaraHe Ha MMHHHO KOpPnopaTMBHO HUBO

CrabunHa pamka, Bb3 OCHOBa Ha AOrOBOPeH Habop ot
obLyMTe NPUHLMNK.

MnaH 3a ynpaeneHne Ha MuHHaTa [EVNHOCT, KOMTO BKIOYBA
ACHW  eKONorM4yHW W counanHun - Lenn (OTHaCﬂ ceé KbM
OOKYMEHTUTE Ha MUHHO nnaHMpaHe)

PasbupaHe Ha KMKOYOBMTE MpeaW3BMKATencTea U
OrpaHNYeHnsl, Mpes KOUTO € W3NPaBeH CeKTopbT Ha
Pa3NMYHA HMBA M B PA3NYHM PETVIOHM U [eACTBUATA,
HeoBXOAUMI, 3a [a Ce CpelLHaT Unu fa Ce MpeomonesT,
33€HO CbC CbLOTBETHUTE POMM W OTFOBOPHOCTM Ha
y4aCTHULMTE B CEKTOpa.

3agbnboyeHo pasbupaHe Ha UMaHMgHATa  TEXHOMOrus,
CbOTBETHUTE  KOAEKCM, Hapenbu, OTHacAwmM ce [0
TPaHCnopTUpaHe, cbxpaHeHue, ynotpeba u obesspexaaHe Ha
OMacHW Matepuanu, perynaTopHi eKONOrMYHUTE M3MCKBAHMS.
Onpegenst ce ChpsMO Ha CheuudUyHUTE 338  MSCTOTO
0COOEHOCTM-  pabOoTHULM,  eKoMorMyHa UM counanHa
YyBCTBUTENHOCT. HOMMHaUWS Ha OTFOBOPHUTE OJTbXHOCTHU
nua (c generauuM M NpaBOMOWMS) 33 ynpaBheHue W
ynotpeba Ha UuuaHug (B OpolypuTe 3a OUEHKa Ha
Bb3OENCTBMETO BbpXy OKONMHAaTa cpega W OnacHuTe
marepuanm).

MpoueckT Ha OTFOBOP Ha TE3W NMPEAM3BMKATENCTBa, KaTo
Ce 3auuTaT npaBaTa M MHTEPECUTE HA BCUYKM Y4aCTHULM,
W e B CbCTOSHME [a CE ONPedensT npuopuTeTH W
rapaHTupa, Ye ce npeanpuemat AeNCTBUS Ha NOAXOASLLO
HMBO.

KoHkpeTeH nnaH 3a ynpaBneHWe Ha UMaHugW Ha MSCTO,
BKIIOYMTENHO POnsTa 1 OTFOBOPHOCTUTE 33 OTFOBOPHWTE NuLa,
KaKTO 11 Ona3BaHeTo Ha OKOMHaTa Cpeda, HacoveHa cneLyanHo
KbM LaH1auTe (BUX Ha CUCTEMM 3a YNpaBNeHWe Ha OKonHaTa
cpeda W onassaHe Ha OKOMHaTa cpefda, W 3a ynpaerneHue Ha
pucka).

WHTerpupaH Habop OT WHCTUTYLUMM W WHCTPYMEHTW Ha
nonuTWKa, Lenslwa OocurypsBaHe Ha  MMHUMaHW
CTaHZapTV Ha cnassaHe, KakTo W OTFOBOPHU A0BPOBOMHM
[encTBuS.

MnaH 3a ynpaereHve Ha LWaHWauTe, MHTErpupaH ¢ Apymm
pEeneBaHTHN NNaHoBe, BKMIOYUTENHO yrpaBneHne Ha BoauTe w
nnaHoBe 3a aBapuiiHO pearupaHe. OnepaTuBHUTE NNaHoBe W
rpaduun 3a paboTHuUMTe M pecypcuTe, 3a obyyeHne Ha
paboTHaTa cvna 1 LOroBOPEHOCTW Ce OTHACAT 3a ynpasreHne
Ha BOAMTE, MO-YMCTO NPOW3BOACTBO, MOBWLLIABAHE Ha
paboTHaTa cuna u onacHUTe Matepuanu.

MpoBepuMM MepKM 3a OLEHKa Ha Hanpedbka MU
HacbpyaBaHe Ha NocneaoBaTenHoTo nogobpsiBaHe.

lporpama 3a MOHWTOPWHI Ha OKONHaTa cpefa, BKMIOYBALLA
rpaduum, mMecrata W TEXHWUKATE 33 B3eMaHe Ha LMaHWOHW
npobu. AHanu3 OT He3aBMCMMW akpeauTupaHu nabopatopuu.
PenoBHO TbiKyBaHe M OTYMTaHe Ha pesyntatute. PefoseH
oouT u nperneq Ha lnaHa 3a ynpaerneHue Ha LMaHuauTe u
nporpama 3a MOHWUTOPMHI Ha OKOfHaTa cpeda (B GpoLuypu
33 MOHWTOPUHI Ha OKOnHaTa cpepa W edpekTMBHOCTTa M 3a
ONWT HA OKONHATA coena)

OO6yyeHue n kBanudmkaums

Bewuku cnyxutenu, kouto paboTat ¢ uywanua, Tpsabsa aa
6bAat WHMOpMMpaHW 3a OMacHOCTATE OT W3naraHe Ha
3aMbpcuTens 1 HeobxoguMWTE MpeanasHu  Mepku  3a
npegoTBpaTABaHe Ha LeTH 3a TAXHOTO 3apase. Cnyxutenute
TpsibBa ga 6baat obyyeHn 3a noaxogAlM npoueaypu, 3a ga
ce rapaHTupa, Ye Te M3BbPLLBAT CBOSITA paboTa, Taka ye aa ce
npon3sBexaa KonkoTo ce MOXe No-Marnko 3aMbpcsBaHe, KakTo,
M 3HAYEHWETO Ha MPaBUMHOTO M3MON3BAHE HA BCUYKM
npeanasHu Mepkn CpeLLy uanaraHeTo Ha cebe cu 1 konerute.
Moaxoaswo obyyeHne, KakTo Npy NPaBUIHOTO U3MbIHEHWE Ha
3afjayara, Taka M Mpu M3MON3BAHETO Ha BCWYKM CBBP3aHM
WHXXEHEePEH KOHTPOM, KaKTO M Ha KakeBuTO W Ja BWUno nuyHm
npennasHu CPeACTBa, € OT ChbLECTBEHO 3HAYEHME.

80

Cnyxutenute, U3NOXeHM Ha 3ambpcsBaHe Tpsbea fa 6baat
0by4eHn 3a OMacHOCTUTE M Npu HEOBXOAMMOCT 3a NPaBMITHOTO
n3nonasaHe Ha CbOpbXeHus, 06nekno 1 obopyasaHe, kaTo no
TO3W HauMH Ce MOAAbPXA BUCOK CTAHAAPT Ha NUYHA XUrueHa.
CneuuanHo BHMMaHue TpsibBa ga ce 0ObpHe Ha CUIypHOCTTa
3a TOBa LENUST MepcoHan ga e pas3bpan WHCTpyKuuuTe,
0Cc0BEHO HOBOHA3HAYEHN CITYXUTENMN.

Mpeou obpaboTka Ha BCsKakBM MaTepuanu, OT AOCTaBYM-
unte TpsibBa ga 6bae nonyyeH nmct 3a 6esomacHoct. lNpen-
CTaBMTEN Ha PBbKOBOACTBOTO TpsibBa Aa 6bae HOMUHMPAH KaTo
OTFOBOPEH 3a [oCTaBkaTa W MOAAPLXKKATa, KakTo M 3a
0by4eH1eTo 1 NMYHUTE MpeanasHu cpeacTea. YBepeTe ce, e
BCWYKM  cryxuTenu [pobpe pasbupaT npouegsypute 3a
©€e30MacHOCT, CBbP3aHu CbC CbXpaHeHNeTo 1 obpaboTkaTa Ha
Umanua. Tosa TpsibBa fa BKM0YBA NporpaMa 3a 13non3saqe 1
NOAAPBKKA HA CPeACTBa 3a AuxaTelHa 3aluTa.



THE CoMMITTEE FEELS THAT
YOU MISHT B PG

FRO - ACTAITH A

BIT o FAR,

®ur. 3. ,KomuteTbT cuMTa, Ye nposiBABaTe MpPO-aKTUBHOCT, HO Manko
noBeye OTKOMNKOTO TpsbBa....”

O6yuyeHue

Llen Ha lMporpamata 3a obyyeHue e Aa No3BOMsiBa ChLLO
Taka ugeHTdMuMpaHe U CcbbupaHe Ha BaXHW 4YacTv Wmw
eneMeHTH, KouTo TpsibBa Aa GbaaT NpefaneHm Ha cryxuTens,
OTHOCHO HEOBXOAMMUS HAYWH 3a U3MBbITHEHWE HA Pa3NnyHUTeE
3afjauu, CBbp3aHm ¢ LuaHuguTe. Mporpamata 3a obyyeHume Ha
€[IHO MWHHO MpEeanpUsATUE Onpegenst KOHKPETHUTE ENTEMEHTH
33 ynpaBneHve Ha UMaHUaWTe, 3a KOMTO BCEKW CryXUTEn
Tpsbea ga 6bae obyyeH, 3a Aa U3BbPLUBA NPABUMHO CBOSATA
pabota. B ocHoBata Ha 0oOyuyeHMeTO ca nUCMeHUTE
CTaHOapTHW paboTHM npouesypW, KOUTO Ce pasrnexpar B
lMpakTnyecku ctaHgapT 4.1.1 1 ca B CbOTBETCTBME C HETO.

OOyuyeHneTo e cbliecTBeH enemeHT oT [lporpamarta 3a
yNpaBfieHWe Ha LuaHupuTe. T. Hap. KynTypeH‘ nogxon B
OCHOBaTa Ha nporpama 3a oby4eHue. To3u Noaxo4 Moxe fa
CE OMnULLe HaKPaTKO MO CIEAHUS HAUMH:

e KomyHukauus - wHdopmMpaHe Ha BCUYKM  XOpa,
yyacTBallM B [EMHOCTTa 3a OCUrypsBaHe Ha 3apaBe W
©e30MacHOCT, KaKTO W Bb3AEACTBUSATA, KOUTO Ca CBbP3aHu C
UMaHugMTe, a Cbl0 W NOTEHUManHUTE  EKONOrNYHM
Bb3AEACTBMS, CBbP3aHW C  U3MbIHEHMETO, HO  He
npeacTaBnsBalLm Han-fobpa npakTuka;

e MoTuBMpaHOCT - MOTMBMpaHe Ha paboTHUUWTE K
cnyxutenute fa cbbniogasat Hai-gobpaTta npakTuka no
BCSIKO BpEME.

o BopayecTBo - pa3paboTBaHe, noakpena 1 nogobpsisaHe
Ha e(PEKTMBHOCTTa Ha rpyna xopa Taka, Ye Aa npogbrikasar
Aa NnocTuraT LeninTe ¢ BPEMETO.

e PaGota B eKkum - MO3NTMBHOTO B3aMMOAEHCTBUE
(cuHeprus) Ha YneHoBeTe Ha ekuna Mo3BOJIsSBA MOM3BaHe Ha
YMEHMSATA M 3HAHUSTA Ha BCUYKY.

e PasOuparenctBo - nognomaraHe Ha xopata [a
nofobpsT 3HaHWsATa c1 U Aa NPUAOBUSAT HOBW YMEHUS, KOETO
Ja noseonu no-gobpo pasbupaHe W crnpaBsHe C HOBM
cuTyaLmm.

o lpun3HaHUe — NO3WUTMBHO W HEraTUBHO MOTBbPXAABAHE.
MpusHaBaHeTo TpsbBa Aa Obae KOHKPETHO 3a 3agadara,
He3abaBHO, CbOOPA3eHO C Bb3MOXHOCTTA 3@ HENHOTO
W3MbIHEHWE W WM3WCKBA Pa3yMHO BHUMaHWe OT CTpaHa Ha
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BUCLLETO PbKOBOACTBO;

¢ YNbNHOMOLWWABaHe — aenernpaHeTo Ha OTrOBOPHOCTU Ha
YfieHoBe Ha eKkuna 3a U3NbNHEeHWe Ha 3adaudu. Ll,enermpaHMTe
YneHoBe Ha eKkuna OTroBapAT 3a JencTeusiTa  cu.
PbKoBOACTBOTO 0TroBaps 3a NOCTUraHeTo Ha 06LLWITe uenw.

Temute, KOMTO Ca npeaBMaeHM B nNporpamara 3a
obyyeHue, BKNOYBAT:

® TOKCMYHOCT Ha LMaH1amTe 3a Xopa 1 KUBOTHHU;

® CUMMNTOMM Ha OCTpa W NO-Neka eKCrosnLns;

o MpenopbyaHn aBapuiHW AeicTBUS NpU OTpaBfHe C
LuaHuam;

e 0Cb3HaBaHe, uYe Bb3AENCTBMSATA BBLPXY 30pPaBeTO W
CMMMTOMMTE Ha OTPABSIHE HE 3aBUCAT OT MbTS HA EKCNO3NLNS;

e 0aabpXaHe Ha YMcToTa Ha paboTHOTO MSCTO;

e MOTEHUWanHW MoCneacTBUS NMpU rpelkm B paboTHMS
npoLec; n

o HabnsraHe BbpXy NpaBWiHUTE NpoLeaypu 3a OercTBue
Npu OnacHu onepauuu, Kkato OTBapsHe Ha CbAoBe 3a
CbXpaHeHWe, pa3TBapsHe Ha rpaHynu Ha HaTpueB LuaHug u
MOYMCTBAHE Ha LiaHNOHN pasnusMm.
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BbPXY OLLEHKATA HA ONACHOCTTA OT NOAXNTb3BAHUA U NAOAHUA

Cuneus MeaHoea, Muxaun Muxatinos

MunHo-eeonoxku yHusepcumem "Ce. Mgan Puncku”, 1700 Cogpusi

PE3IOME. Llenta Ha npefcTaBeHOTO u3crneaBaHe e Aa ce aHanuavpa npobnema ¢ nagaHeTo W HapaHsiBaHWsITa B CNeACTBUe OT NoAxXb3aBaHe. [loBeye oT nonosuH
Bek (ot 1953r.) AuckycunTe 3a MPUYMHUTE 3a MOAXITb3BAHWSA M MajaHNs Ce Haco4yBaT MoBeYe KbM KPUTMKA HA HECHCTOATENHOCT Ha (OpPMYMMPaHN XUNOTE3n
obpaboTka Ha cTaTUCTM4ecka MH(OpMaLWS, OTKOMKOTO KbM Cb3[aBaHETO Ha Peanv CTU4YHM MOLENN 3a U3CnedBaHe Ha Taau Hali-yecTa MpUynHa 3a 3Monomnyku —
TPyAoBH 1 6uToBw. MocnenHUTe 3acaraT Hal-4ecTo Bb3PaCcTHY Xopa 1 Aelia. 3a knacuduumpaHe Ha XTbaraBocTTa Ha NOBbPXHOCTY 3a ABIKEHWE Hama obLyonpueTta
€[VHHa MeToZoNorMs 1 anapatypa. B pasnuyHuTe CTpaHM ce M3nonaeaT pasnuyHM METOAM, pasnuyaBalyy ce No M3nonasaHaTa anapartypa 3a KONMYecTBEHO
XapaKTepuaupaHe Ha Xb3raBocTTa. [03HaBaHETO Ha KoeuLMeHTa Ha TPUEHe Ha XapaKTepHUTE MOBBLPXHOCTM, MO KOUTO CE ABWXAT XopaTa, Mo3sonsea fAa ce
yNpaBnsBa, Ype3 TEXHUYECKM PELLEHINs, TPMEHETO W Aa Ce HaMamnu ONacHOCTTa OT NOAXNb3BaHMA. [lo MOMEHTa HsIMa €MHHO MHEHWe KOl OT ABaTa koeduLmeHTa Ha
TpueHe TpsbBa Aa Ce npveme 3a ONpeAensly OnacHoCTTa OT NOAXMTb3BaHEe. AHIMMIACKUTE W3CNefoBaTeny ce CTPEMAT Aa HanoxaT kaTto esponeiicka HopMa
OMHAMUYHUS KOeULIMEHT Ha TpueHe, gokato B CeeepHa AMepuka W B Apyru CTpaHW Ce pernameHTupa M KOHTpormpa besonacHa CTOMHOCT Ha CTaTMuHUSA
koedmLMeHT Ha TpueHe. B foknaaa ce aHanuanpa KpUTUYHO CbCTOSIHUETO Ha npobrnema B HaLMOHanHaTa HopMatveHa 6asa, npunaraHnTe METoAuTe U ypeauTe 3a
onpefensHa Ha koeuLMEHTa Ha TPUEHE Ha NMOBBPXHOCTW 3a ABWXEHWE MO Pa3NU4YHN HOPMATUBHI M3NCKBaHWS. B 3aknioyeHne ca AadeHn u3BoAM OT aHanusa v
npenopbki 3a NoaobpsiBaHe Ha HOPMATWBHATa OCHOBA 3a OLiEHKa W KaTeropuanpaHe Ha onacHOCTTa OT NOAXTb3BaHE.

SLIP-AND-FALL HAZARD ASSESSMENT
Silvia Ivanova, Michael Michaylov
University of Mining & Geology “St. Ivan Rilski”, Sofia

ABSTRACT. This study aims to analyze the issue of falls and injuries caused by slipping. For over half a century (since 1953), discussions about what triggers slips
and falls have been focused on criticism of alleged causes and processing of statistical information rather that development of realistic study models for this common
reason for accidents — both occupational and everyday life events. The latter predominantly affect the elderly and children. There is no commonly accepted method
or equipment for assessment of surface slipperiness. Different countries employ different methods in terms of lubricity measuring tools. Knowledge of friction factors
of specific walking surfaces would allow adequate friction control, via technical solutions, hence slip hazard reduction. At present, there is no consensus as to which of
the two friction factors is the determinant one with regard to slip hazard. UK researchers tend to set the dynamic friction factor as European standard whilst in North
America and other countries, a safe limit value of the static friction factor is specified and monitored. The report presents critical analysis of the issue in the national
regulations, the methods and tools employed for measuring friction factors of walking surfaces according to various norms. In conclusion, recommendations are
provided for improvement of slip hazard assessment and rating standards.

3HaummocT Ha npobnema Ha dwur.1 e npeactaBeHo CLOTHOLIEHWETO —MeXay

lMooxmb3BaHMATa M MpenbBaHUATa Ha MOBLPXHOCTTA 3a 3M0nonykuTe B PE3yNTaT Ha nafanns W BCUYKK 3M0NOMYKK,
OBWKEHME HA NELeXodun Ca Hail-yecTuTe NpuYMHN 33 craHanu npes 2010 roauxa B pasnudHuTe cTpaHi. Cropen
3Mononykk, Cnep  aBTonmpouawecTausiTa.  [oax/Tb3BaHETo AaHH!Te Ha ¢ur.1 cpedHo efHa YETBBPT OT BCUHKA 3N10MONYKA
BbPXY NOBbPXHOCTTA HA ABWKEHME € Hail-vyecTaTa npuymHa 3a B CTpaHuTe OT EBponeiickaTa 0OLHOCT Ce AbmKaT Ha najaqe
nafjaHe Ha 4YoBeKa Ha CbLIOTO WMM HA [JOMHO HMBO B Ha CbLYOTO W Ha [OMHO HMBO (OT BMCOYMHA). Bbnrapus e
WHOYCTpUanHaTa Cpefa 1 B YacTHOCT B MUHUTE W KapuepuTe. manko (¢ 1.6%) Had Toa cpefHo HMBO. OBLMAT Bpoii
EpHa neta ot 3nononykute B MHAYCTpUsiTa U Buta ce abnxar najaHus Ha edHo HuBO npeAcTaBnsea 14% OT BCUYKH
Ha NafaHe Ha CblLOTO HMBO. MMoaxmb3BaHMsATa W NapaHuaTa 3710MONYyKM, B pesynTaT Ha KouTo paboTewmte OTCLCTBAT 3a
Ha [ONMHO HMBO, Makap W Mo-pedkuM WMaT 3HAYMTENHO Mo- Bb3CTaHOBABAHE MOBeYe OT 3 OHW. AKO M3KMIOYUM efHa oT
TEXKW, [0 dhaTanHm, nocneamumn. MHOro TEXKW, kKaTo NpaBuIo, cTpanuTe - ®uHnaHaus (Fl), 3a kosiTo Hama AndepeHLpate
ca nocreauuUuTe OT NagaHe oT CTbABK 1 Mo cTbnbuLa. ToBa no nokasatens Ha ¢ur.1, noseye ot 1/6 0T 3nononykuTe ca B
OYEBMIHO M3MCKBA MO-TOMAMO  CNPOTMBREHME  Cpelly pesynTaT Ha najaHe Ha CblUoTO HuBO. Mo faHHM 3a 2010
NOAX/Tb3BaHe, BKIIOUMTENHO NPU HAMOKpsSHe ¢ BoAa U Apyru roauHa CbOTBETHUST Gpoit cnyyan e npeactaenssan 15%.
TEYHOCTM. CnepoBatenHo, no-ronsiMaTta 4acT OT MajaHusiTa CTaBaT Ha

CBLLOTO HYBO.
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Heobxoaumo e aa ce oThenexu, Ye Hail-BUCOK OTHOCUTENEH
AAn Ha 3nononykute Ha paboTHOTO MSACTO OT MapaHns Ha
eoHo HuBO — 24% ce Habriopgasa B wHAycTpusTa. B
TpaHcrnopTa, CKMaaupaHeTo U B CTPOWUTENCTBOTO Te 3aemat
15%, a B ToprousaTa — 14% [1]. MNagaHusaTa Ha eaHO HUBO Ca
Hal-yecTaTa MpuYMHA 3a MPOW3BOLACTBEHM TpaBMW, Ha
paboTewy B CpedHa Bb3pacT - 27% OT BCUYKM HELLACTHM
crnyyau NpeacTaBnsBat NagaHns Ha eaHo HUBO Ha nuua ot 45
o 54 roguhn, a 33% - Ha nuua ot 55 o 64 rogwHw.
Moaxmb3BaHUsiTa M CMbBaHWSITA MOraT Ja MMaT Cepuo3Hu
nocrneguuM - rpbOHa4YHM TpaBmu, (pakTypu, W MO3BYHO
cbTpeceHne. B 35% or cnyyaute nmepuogbT  Ha
HEeTPyAoCnocoBHOCT, HeobXxoauM 3a Bb3CTAHOBSIBAHE €
MWUHUMYM eaunH meced, [1].

KakTo B Bbnrapus, Taka 1 B CBETOBEH MaLab, MHUNAEHTUTe
cnep noaxmb3BaHe MM CMbBaHE C MafaHe Ha HWBOTO, Ha
KOeTO Ce Hamupa paboTelusT, ca Hai-yectata npuuuMHa 3a
TpyaoBust TpaBMatuabM. Mpe3 2013 r. nopagy Te3n NpuYKHN y
Hac ca craHanu 503 oT 2277 TpyooBu 3MOMONYKM Ha
paboTHOTO MsAcTO [2] unm 22% OT BCUYKM PErUCTPUpaHM
TPYAOBM 3MOMONYKM.

[BeTe cbOMTUA — NoAXMb3BaHe U NpembBaHe ce TpeTupar
33aegHO B CTATUCTMKWTE, nopagu  nogobueto  Ha
BUOMEXaHUYHUTE MPUYMHM U TPABMaTUYHUTE NOCMeduUM OT
napanuaTta. MpUYMHHOTO NoaoGKe € BbB BHE3aMHOTO U PA3KO
M3MEHEHWe B TPaeKToOpUATa Ha LieHTbpa Ha TexecTTa Ha
YOBELLKOTO TAMO NpW  ABWXKeHMe. [lpn  NOAXNTb3BaHETO
npudYMHaTa e NITb3raHe Ha eauHWs UNK 1 [BaTa kpaka, Korato
cliennieHne ¢ NOBbPXHOCTTA CTaHe MHOTO Marko, JoKaTo npu
npenbBaHeTo — HePaBHOCT Ha MOBBPXHOCTTA Ha [BWKEHMe,
KOATO CUpa ABWXEHWETO Ha Kpaka, a TANOTO Npoabiixasa aa
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ce ABwkM Hanper. OGekT Ha Tasu CTaTus ca anapaTtHuTe
METOAM 3a OLIEHKA Ha OMACHOCTTa OT MOAXITb3BaHWS, NOpaam
KoeTo € HeoBXoANUMO Aa Ce AOMbHM (hOPMYNMPOBKATa U CbC
OMacHOCTTa OT MOAXITb3BaHE, KOSATO Bb3HWKBA MPU MpoMsiHa
Ha HaKIMoHa Ha MOBBPXHOCTTA 3a [BUKEHME.

1. W3uckBaHUA B HaLMOHANHUTE HOPMU

W3sagka OT M3UCKBAHWATA, KOMTO Ca NPEAsBEHU B
HaUMOHamnHWTe HOPMW 3@ yMpaBfleHMe Ha pucka  OT
noaxmb3saHe € npeactaBeHa B Tabn.1. TekcToBeTe nokasear,
Ye Te3W U3MCKBaHUS BapupaT OT NpeanpuemMaHe Ha ,Mepku 3a
npeanaseaHe OT NOAX/Tb3BaHe”, npes ,MpedoTBpaTABaHe Ha
noaxnb3BaHe”, A0 ,M3KNOYBaHE” W ,HEBB3MOXHOCT® 3a
nopxmb3BaHe.

Uutupanmte B Tabn.1 W3NUCKBaHMA Ca KayecTBEHU U
npegnonarat ekcrnepTHa OLeHka, Npu Nunca Ha KonmyecTBeHa
AeVHILNS B HALLWTe HOPMM 33 CTEMEHTa Ha X/Tb3raBoCT Ha
MOBBPXHOCTUTE 3a ABMXKEHNE Ha XOopa.

MpernegbT Ha HOPMaTMBHWTE W3WCKBAHWS, HE CaMo 3a
UuTMpanuTe B Tabn.1, nokasea, Ye e Heobxogumo da ce
pa3paboTM HOB HOPMaTWB, CbAbPXaLl, KONM4YECTBEHO
onpegdeneHne M KnacuukauuMs Ha - Xmb3raBocTTa  Ha
MOBBPXHOCTUTE 3a [BWXEHWE Ha XOpa, KaKTo W METoau U
anapatypa 3a W3NWTBaHE Ha CbLLUECTBYBALLM NOBLPXHOCTU W
HOBM Matepuanu 3a nogoBu NOKPUTUA.



Tabnuua 1

HOPMATUB

M3INCKBAHE

HAPE[IBA Ne 9
3]

Un. 9 an.1 CraumoHapHuTe MeTanHu Nnowagky, CTbnbute u npeanasHuTe napanety ce noggbpxar B
WU3NpaBHOCT, NEPUOAMYHO Ce MOYWUCTBAT M 3alluTaBaT MpOTUB KOPO3NSA U Ce NpeanpueMar Mepku
cpewy noagxab3BaHe.

HAPE[IBA Ne 5
4]

Un. 7. YacT B "YkasaHus n nHCTpyKLmK 3a BesonacHa ekcnnoatauus” Cbabpxa CliegHUTe nosuuum:

an.3. cnassaHe Ha npaBunaTa W HopMWTE 3a noxapHa 6e3onacHoCT, 3apase, 3aliuTa OT LWyM W OnasBaHe
Ha OKonHaTa cpeda, BKN. npeanasBaHe OT: NoAXNb3BaHe, CNbBaHe, ygap OT najawiu
npeaMeTy OT NoKpuBea unu pacagara v ap.

HAPE[IBA Ne 7
o]

Un. 71. PaboTHUTe MecTa Ha OTKPWUTO Ce M3rpaxaaT WM OpraHusvpar Taka, ye paboTewmte aa Obaat
npeanasexm oT:
T.4.4. nagaHe nnoAxXxnb3BaHe.

HAPE[IBA Ne 12
[6]

Un. 13. Mpu 3acHexaBaHe unu 3anegsBaHe Ha MbTULLATa UK OTKPUTUTE CbOPBKEHUS HA TEPUTOPUSTa Ha
NPEAnpUSTUETO (rapakHW NNOLAAKA, paMnu, ecTakagu 1 [p.), Ha KOUTO ce M3BbpLUBA paboTa, ce
NnoYMcTBatT OT CHAr Unn nef unuM nocuneat C NOAXOAALLN mMaTepuanu (I'IﬂC'bK, nyra, crypud, nenen u
4p.) 32 NpeAoTBpaTABaHe Ha 3M10MOMNYKK, CBbP3aHN C NOAXNTb3BaHe Ha Xopa 1/unu asTomoobunu.

Mpunoxenune 1, T. 7. Bbpxy kKaHanuTe 0T NOTOYEH TWUM Ce MOCTABSAT MPOXOAHM MOCTHETA C LUMPOYMHA He Mo-
manka ot 0,8 m, ¢ noa OT yCTOMYMB Ha NOAXJTb3BaHe MaTepuan, ¢ napanet v ¢ 6opaoBa Abcka,
KOMTO NpY HYX[a MOraT Aa Cce NPeMecTBaT Mo Ab/KMHATA Ha KaHana.

HAPELIBA [7]

UYn. 50. YactuTte OT MawmnHaTa, BbpXy KOMTO € NpeABUAEHO Ja Ce ABMXAT Mnu Ja cToAaT
xopa, TpabBa Aaa ce npoektupat u u3paboTeaTt Taka, 4Ye Aa npepoTBpaTABaT
noaxnb3BaHe, 3aryba Ha paBHOBECHe WM najaHe.

HAPEJBA [8]

Un. 29. [luyHnTe npeanasHu cpefctBa 3a 3aliuTa OT NajaHe nopaau nNoAxNb3BaHe
TpsbBa f[a ce npoekTUpaTt, MPOWU3BEXAAT M KOMMMEKTYBAT C AOMbIAHUTENHN
efleMeHTH, Taka Ye fa OCUTypABAT AOCTAaTbLYHO AOOPO cuenneHne UMK TPUEHe
B 3aBUCUMOCT OT BUAA U CbCTOAHMETO HAa NOBbPXHOCTTA.

HAPE[IBA Ne 3
[l

T.15. MogBMXHKN Xoauna, YCTOIZHMBM Ha TonnunHa, npo6o>K,ane nnu noaxnb3BaHe.

HAPE[IBA Ne 92
[10]

Un.16. MogBuxHNTe nnatdopMn unum ctbnanata ga 6bgaTt KOHCTpyupaHu, m3paboTeHu
M MOHTMpPAHW Taka, Ye Aa U3KNIOYBAT PUCK OT NOAXNTb3BaHeE.

HAPE[IBA Ne 52
[1]

6. Han-H1cKkoTo CTbNano Aa e pasnosioxeHo Ha pascTosiHue A0 550 mm OT onopHaTa MoBbPXHOCT, KoraTo
CTtbnanata unu ctonbute ga ca npoekTupaHu u n3paboTeHn Taka, 4ye cnepj
CTbNBAHE Aa € HEBBH3MOXHO NoAXAb3BaHe NO TAX

2. (DaKTOpVI, KOUTO OKa3BaT BJIUsAHUE BBHPXY
OMacHOCTTa OT NoAXNb3BaHe

BeposiTHOCTTa 3a nogxiTb3BaHe 3aBUCH OT MHOTO (hakTopw,
KouTO MoraT a ObaaT OTHECEeH! B CNIeAHUTE TPU KaTeropuu:

- BBHWHKU dpaktopu. ToBa Ca OCHOBHO HEPaBHOCTH,
BEPTMKANHO MpPeMecTBaHe Ha Mnoum,

XTb3rasu
MocrnennuTe ABa hakTopa Morat Aa bbaat ynpaenssaHu upes
HOPMATUBHW U3NCKBAHWS U TEXHUYECKA PETMAMEHT 3a TAXHOTO
KOMUYECTBEHO M3MepBaHe 1 KoHTpon. Mexay ynpasnsemute
(haKTopW Ha OKOMHaTa cpeda Ham-3HauMM € OCBETEHOCTTa Ha
NOBBPXHOCTTA Ha ABWKEHME, 0COBEHO B MECTaTa Ha NpoMsHa
Ha HeilHaTa reoMeTpus 1 ApYr1 XapakTepucTUKK.

NPa3HNHNK,
OCBETIEeHKe,

OByskuTe CbLLO MoraT Aa Ce npuemar 3a BbHLUEH (hakTop,
3al4OTO HEMOAXOASWM WIN W3HOCEHW MOLMETKM CTaBar

Te moraT fa 6baaT NoBNMSHM OT CTPEC, yMOpa, OTBNINYAHE
Ha BHUMaHWeTO, OT HACTPOEHMETO Ha YOBEKa M OTHOLLEHWUETO
My KbM cnasBaHe Ha npasunata 3a GesonacHocT. Kbm
BbTpeLlHNTe 3a YoBeka (DaKTOpM MOXe Ja Ce OTHece U
PEXAMBT Ha [BWXeHWe - 6aBHO, HOpManHo, 6bp3o,
YCKOPUTENHO, 3aKbCHUTESTHO, TUYaHE;

tyrm, - ¢husmnonornyHu hakTopm - crapeeHe, HapyLIEHO 3peHue

MOAoBM  HACTWITKN M HAKIOHW. W (OU3NHECKN YBPEXAAHMS, BIUSIELLM HA [IBIKEHNETO.

YeTupu hakTopa, OkasBaT BNSHIE BbPXY TPUEHETO MEXMY
06YBKMTe Ha YOBEKA 11 MOBBLPXHOCTTA N0 KOSATO TO CE [IBIXM:

=  MaTepuanbT Ha MOBLPXHOCTTA Ha ABMXEHWE, KOHUry-
pauMsTa M rpanmaBocTTa Ha HeroBata MOBBPXHOCT,
3aBbpliBawata obpabotka (koraTo e npunoxuMa) W
MEeXaHW4HOTO N3HOCBAHE Ha MOBLPXHOCTTA;

=  HanWuneTo Ha OMOKPSILLM TEYHOCTU, TEXHWS BMA U

npyYvHa 3a NOAX/Tb3BaHe. XapaKkTepucTki,
= MaTepuanmbT UM KOH(UrypauusiTa Ha nogmeTtkata Ha
XapakTepa Ha W3BbplBaHaTa paGoTa (Hanp.npeHacsHe, obyBkara;

OytaHe W [Op.), KOWTO MOXe [a oOrpaHMyaBa BPEMEHHO
BMOUMOCTTA Ha MOBBbPXHOCTTA 3a ABWXEHWA unu Aa Boau Ao
HapyLlaBaHe Ha DanaHca npu ABWKEHNE Ha YOBEKA;

- BbTpeWHW hakTopu -
OMacHOCTUTE Ha OKoNHaTa cpefa.

=  JWHamuKaTa Ha ABWKeHue (noxoakata) Ha YoBeka.

MeTusT hakTop Ha BNUSAHME - HAKIOHA Ha NOBBPXHOCTTA Ha
OBWKEHWe, KOWTO CbLIO MMa 3HauyeHue 3a 3arybata Ha
CTAabMNMHOCT W MOAXITb3BaHe, Ce pasrexpa BuHarM B
KOMBUHaLWs ¢ MbpBUTE TPU thakTopa.

peakuMu Ha xopata KbM
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Mbpeute TpU ropensbpoeHn chaktopa ca ynpasnsemi B
npakTKkaTa, KOraTo e W3BECTeH KOe(hULMEHTLT Ha TpUeHe
MEX[Y KOHTAKTHUTE NOBBPXHOCTH.

3. KoedmumeHTH Ha TpueHe U HOpMaTUBHA
ypeaoa
[lo3HaBaHeETO Ha XapaKkTepHUTE NOBBPXHOCTU, NO KOUTO Ce
OBWXaT xopata, MO03BONsBa [Aa Ce YynpasnsBa u4pes

TEXHUYECKM peELUeHns TPUeHETO U aa Cce Hamann onacHoCTTa
OT NoAxXNb3BaHNA.

IMpubnmxeHneTo, KOETO AMOHTOH NpaBy B 3akoHa Ha KynoH
[12] e egHO3HAYHO MPUETO U CTaHAAPTU3MPaHO B aHanMsa u
HOPMUPAHETO Ha Koe(UUMEHTa Ha TpUeHe MNpu  MOKOW

(cTaTdeH fLig ) v Npu NiTb3raHe (auHamuyeH L, ) (dur.2) B
u3crnenBaHusTa Ha NOBbLPXHOCTUTE 3a JBUKEHUE:

- ronemuHaTa Ha cunara Ha TpueHe npu nokon Fg e

NponopuyoHanHa Ha HopManHms HaTtuck Fy,

F
=F./F,=—%
Hs s/ N mg

Fs=Fyxus = (1)

- fonemuHata Ha cunata Ha TpueHe npu nib3raHe Fd e

MponopLmoHanta Ha HopmanHus HaTtuck 7, u He sasucu ot
CKOPOCTTA Ha OTHOCUTENHOTO [BIKEHME.

=
F, =F, x =F, /F,=—¢ 2
d=InXHg = Hq=Fy/Fy mg (2)
(j=m.g
Fs= F
. 5= Hsx Fu
Fa= pa = Fu

- ]

]

FN
Dur. 2.

ToBa npubnuxeHne e NpUeTo B METOANTE 3a U3NUTBAHE Ha
XMb3raBoCTTa Ha MOBbPXHOCTUTE 3@  ABWXeHue. B
[ECTBUTENHOCT KOEMULUMEHTLT Ha TPUEHe Npu OBUXKEHUE
3aBMCK OT CKOPOCTTA Ha nitb3raHe. C oTuMTaHe Ha To3n hakT

meTogure 3a onpegensie Ha | 4 ce cTpemsit ga cumynmpar
11 XapaKTepHaTa CKOPOCT Ha CpelliaHe Ha Kpaka Ha YoBeKa C
MOBLPXHOCTTA Ha [BUXEHUE, KOBTO MpaByu NOCTOSHCTBOTO Ha

l"t d MPUEMIBO.

OueHka Ha onacHocTTa OT MOAXTb3BaHe Ha MOBbLPXHOCTTA,
BbPXY KOSTO CE OCBLLECTBABA ABWKEHNETO, CE MONyYaBa 4pes
uacnefsaHe KoeuuMeHTUTe Ha TpueHe. [1o MOMEHTa HaMma
€0VHHO MHEHWe KO OT fABaTa KoeduuuMeHTa Ha TpueHe

Pur. 3.
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TpabBa fa Ce npueme 3a Onpedensl, omacHocTTa Ot
nopxmb3BaHe. AHMWACKATE W3CnefoBaTeny ce CTPeMAT Aa
HanoXaT KaTo eBponercka HoOpMa AMHAMUYHUS KOEULMEHT
Ha TpueHe, pokato B CeBepHa AMepuka W B MHOTO ApYyru
CTPpaHM Ce pernameHTpa U KoHTponupa besonacHa CTOMHOCT
Ha CTaTNYHUS KOe(ULMEHT Ha TPUEHE.

HepeanuaupaHuaT npOEKT Ha MexayHapogeH CcraHgapT
ISO/DIS 10545-17 BknouBa ABa OT TE3M YeTMpU MeToda 3a
n3mepBaHe Ha auHamuynus (Metog A) unm ctatnynns (Metog
B) koeduuUmeHT Ha TpueHe, B ONUT Aa CbrMacyBa [AsaTa
MeTofa, 060CHOBaBaHu OT ekcnepTuTe:
= MeToObT Ha KOCTEHypKaTa, KOITO M3MepBa TPUEHETO Ha
nogose (FFT) ¢ nnb3ray, npeasuxaaH pbyHO € pa3paboTteH B
AHIIMSE M M3MepBa AMHAMUYHUS KOEUUMEHT Ha TpueHe
(MeTog A) Ha cyx nog;
= MeTogbT Ha cTatTuyHMs  nmbarady  (Metog  B),
pernameHTupad B ASTM C 1028 [13] v n3nonasaH B CeBepHa
Awvepuka, M3MepBa CTaTU4HUS KOE(ULMEHT Ha TpueHe (B
MOMEHTa Ha 3anoyBaHe Ha [BMXEHWETO) Ha XOPU3OHTamHa
MOBBLPXHOCT C MOMOLTA Ha  Ternew, AvMHaMOMETbP.
/lamMepBaHusiTa Npu TO3M METOL Ce W3BbPLUBAT C PasnuyHu
BEPTWKaIHN TOBapBM BbpXy NiTb3raya, KoWTo Bapupar ot 4,5
kg 8o 22.7 kg;
= MeTogbT Ha HaknoHeHata nosbpxHocT (Metog C),
pernameHTupaH B Mepmanus cbe ctaHaapT DIN 51130 [14] e
pa3paboTeH 3a TEeCTBaHe Ha MOJoBM MOKpWUTWA. ManuTBa ce
NPOTWBOX/Tb3ralluTe CBOMCTBA Ha Moda C XOAeHe Mo
HaKMOHEHa MOBLPXHOCT Ha pamna C MPOMEHNMB BrbA Ha
HaKmMoHa.

4. Ypeau 3a usmepBaHe Ha KoepuUUeHTUTE Ha
TpUeHe

B Hacrosiwara paspaboTka ce npeacTaBaT Tpu MeToda 3a
n3mepBaHe Ha KoeUUMEHTUTE Ha TPUEHE:

41. UudpoB TectoB npnbop ASM 825A 3a onpepensiHe
Ha CTaTU4HMA KOe(ULMEHT Ha TPMEHE HAa CYXM N MOKPU
NOBbPXHOCTH

Kannbpupane. pu BKMtouBaHe Ha ypeda Ce M3Mon3saHe
OyToHa, M3KMNoYBaHe Ha 3HaKa ,+ B NIBATa YacT Ha Aucnnes.
W3bupaHe TecT Ha cyxo. 3a kanubpoBaHe Ha ypeda e
HeoOxogumMo Toi e ObAe M3nNpaBeH Ha efHaTta My CTpaHa.
Cnep kato Objie 3aKkayeHa KykaTa Ha ocTa ce nosaura 6aBHo.
lMoka3aHneTo Ha aucnnes Tpsibea ga e 1.00 Kanubpupare *
1%. 3a HamansBaHe MoOKa3aHWETO OCTa Ha ypeda Ce 3aBbpTa
no-nocoka Ha YacoBHWKoBaTa CTpenka Ha 1800, kakTo €
nokasaHo Ha ur.3.




a) 6)

Our. 4.

TectoBu npouegypu. C TOKy-LLO NOCTABEHWUTE UMK YNCTH
CEH30pu Cce u3bupa TECTOB PEXWM: Ha cyxa WM MOoKpa
MOBLPXHOCT. YpeabT ce NOCTaBs BHUMATENHO BbpXy
MOBBbPXHOCTTA KOSTO e 6bae TectBaHa. CBbp3Ba ce
HaNMOHOBOTO BbXE 3@ KykaTa Ha ocTa ypega. Bwbxeto ce
M3MbBa NO Heroeata gbMuHA. PbkaTta Tpsibea Aa e Ha egHa
NMHMS M Ha efHa BMCOMMHA C Yypega. Wanonssa ce
rnokasarneubT, KOUTO e B NpbCTeHa 1 6aBHO ce npubupa Kbm
ANaHTa JoKaTo ypeaa noMpbAHe NEKO M Ce crieaum BU3yanHo
HeroBoTo nokasaHue. Cnep ToBa TeCTOBUAT BYTOH Ce HaTucka
[Ba MbTU W TecTa Ce NOBTapsi AOKATO CE MoNyyaT nokasaHus B
yetupute reorpadocku nocoku. OcpenHeHaTa CTOMHOCT OT
nokasaHusiTa OT YeTUPUTE MOCOKN 1 Ce 3an1cBa KaTo YKCIO B
Tabmmua (safety log). HeobwuaitHo BMCOKM WM HUCKN
nokasaHusi ce npeHebpersaT W ce NpaBsiT HOBU M3MEpBaHWs.
BuHaru TpsibBa fa 6bAaT NounUCTEHU CEH30pUTE CbC YeTKaTa
Mpeam v creq BCEKM TECT CEH30PUTE Ce NOYMCTBAT C YeTka 3a
Ja ce NpefoTBpaTh HAaTPYNBaHWs Ha 3aMbpCsIBaHMs, KOUTO ca
061yaitHo BbpXY NOLOBUTE NOBBLPXHOCTH.

Pur. 5.

TecTBaHe Ha NOBBLPXHOCT - CyXa U OBNaxHeHa. BaxHo 3a
W3BbPLUBAHE Ha M3MEpBaHWATA “Ha Cyx0' TPUEHE € KakTo
MOBBPXHOCTTA, Taka 1 Nb3raya Aa ca CbBCEM CyXM, 3aL0TO
JOpU W HaW-Manko HanuuMe Ha Boda Mexgy TAX MOoXe [a
KOMMpOMeTMpa TOYHOCTTA Ha mnokasaHusaTa. [loctass ce
anapata B csobogHa nosuums, Taka Ye Aa Ce AbpkKU OT
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8) 2)

TecTBaHe Ha CyXu MOBBLPXHOCTH. [10BLPXHOCTTa TpsibBa
Aa Ob[ie NoYNCTEHa OT 3aMbpCABaHMS.

TectBaHe Ha MOKpM nOBBLPXHOCTW. [lpn TO3KM TecT
MOBBPXHOCTTA TPsibBa fa 6bae paBHOMEPHO OBMaXHEHa, Ype3
HanpbCKkBaHe UMW HamassaHe. Cnepn nocTaBsHe Ha ypeda
BbpXy HaMOKpeHa MOBBLPXHOCT cobcTBeHaTa My Mmaca fa
W3Tnackea Brarata nog TECTOBMTE CEH30PK W MOHsKOra ce
nony4asa 3anensaHe. Komkoto no-6bp3o cres HaMOKpsSHETO
3anoyHe TeCTa, TOMKOBA MO-BEPHY LLUE Ca NoKasaHusTa.

4.2. MpeHocum ypen - Maxano 3a onpefensiHe Ha
AMHaMMWyeH KoehLMeHT

MaxanoTo Ha ¢ur.5a e CbC CTaHgapTHa TEXECT Ha Kpas Ha
nogswxeH noct. Ypes craHpapTHa npouedypa  cneg
0cBoOOXAaBaHe OT XOPW3OHTANHO MOMOXEHWe enacTuyeH
nob3ra4 Cce TpMe B  M3NWTBAHATA MOBLPXHOCT  Ha
npeaBapuTenHoO 3agageHo pasctosiHue (ur.56). MokasatensT
Ha npubopa oTuMTa NO ckanata B NIABO (chur.5a) ANHAMUYHMS
KoeULMEHT HA TPUEHE Ha TyMeHaTa NOBLPXHOCT Ha NMiTbarava
C M3nUTBaHaTa NOBBLPXHOCT.

oceoboxaaBalLms

MeXaHU3bM
nokasaneua Ao nocnegHata nosuvums. Ocsoboxpaasa ce

(ckoba).  3aBbpTa Ce
MaxanoTo, KOeTo Mpu NpaBusi Max ce TpUe B MOBbPXHOCTTA.
Mo Bpeme Ha obpaTHUS My Max ce XBalja C pbka, Npeau
nib3raya fAa e [OKOCHan MOBTOPHO (Ha  BpbluaHe)
MOBBPXHOCTTA. [MHAMMYHWS KOe(DUUMEHT Ha TpueHe ce

OTYNTa OT CTOMHOCTTA, KOSITO MOKA3aTeNAT COuM.



/amepBaTenHata npoueaypa NpuM MOKpa MNOBbPXHOCT e
cbllaTta, HO M3NWUTBaHaTa MNOBLPXHOCT TpsibBa ga Obhe
npesBapuTenHO OBMaxHeHa. M3nonasa ce AecTunupaHa unm
nuTeliHa BOAA, KaTo BHUMATENHO Ce  HaBMaXHsiBa

MOBBbPXHOCTTA KOSITO L ce TecTsa. LisinaTa 3oHa, KosiTo Lie e
B KOHTAKT C NiTb3raya TpsibBa Aa e obpe oBnaxHeHa.

T
—

5. MeToa Ha HaknOHeHa NOBBLPXHOCT

Mpu To3u meToa (ur.6) ce M3NUTBAT NPOTUBOXNTb3raLLMTe
CBOWCTBA Ha MOAA C XOAeHe MO HakMOHeHa MOBBPXHOCT Ha
pamna (cpur.6a) ¢ NPOMEHNMB bIbN Ha HaknoHa. (dwr.60).
W3secteH e
NOBBLPXHOCT".

KaTo “HEMCKM MeToA Ha HaKnoHeHata

——
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Tabnuua 2
Ouetika Mukmanen wron O O6xBar cnopea GUV-l 8527
rpyna Ha HaKNoHa

12°S e S17°

XopeHe Ha Docu kpaka MO NELEXOAHW MbTekU (rmaBHO
cyxu); OBy 1 nHameuoyanHu cbbnekantu; CayHu u apyru

A

MeCTa 3a NoumBKa (rMaBHO CyXxu).

Mopemun nnowaakyu; bacenHn 3a manku geua; Ctbnow
B 18° < e < 930 Bogelm o Bofa; CTbnbu u cTbnana M3BbLH paiioHa Ha

nnyBHus 6aceiH; CayHa 1 ocTaHanuTe obnactu, KOUTo He
cnagar kbMm rpyna A.

c 0 > 24°

MeToobT Ha HaKnoHeHaTa MOBbPXHOCT € TecT Ha
npunnb3BaHe M3NON3BaH 3a TecTBaHe Ha MaTtepuans 3a
HacTWMKX Ha MOBBLPXHOCTM 33 [BWKEHWe, CboBpasHO
cneundmKaLMsaTa Ha NPoayKTa - NoAoBaTa HacTurka. Mpunara
Ce nopagu TOBa, Ye HSKOM MOAOBM HACTUIKM He MoraT Aa
OboaT uM3cnedBaHM Ha MACTO. ManuTBaT ce npoTMBO-
XMb3ralMTe CBOICTBA HA noga C XofeHe MO HaKMOHeHa
MOBBPXHOCT Ha pamna ¢ MPOMEHMMB BbIb Ha HAKIMOHA W Taka

CTbnbw, BogelM BbB BOAA, KOUTO HE MpUHAZNexar KoM
rpyna B; YnpaxHeHus B Gaceithn; HaknoH 3aobukansiy
NAYBHUAT BaceiH.

YOBEKLT CTLMMM BbPXY HES WUMWUTUpPA XOOEHe BbpXy
3aMbpCeHa NOBLPXHOCT. HaknoHa Ha pamnaTa nocTeneHHo ce
NpOMeHs ,4OKaTO YOBEKbT BbPXY HESA Ce MOAXITb3He.
TecToBETE CE M3BBLPLLUBAT HSKONKO MbTW Ha CyXu, MOKPU M
3aMbpceHn HacTunku. MHoro EBponeiickv npomssoguteni Ha
MOLOBM HACTUIKM W3MOM3BaT TO3W METOA Ha HaknoHeHaTta
MOBBLPXHOCT, 3a Aa knacuduumMpaT XJTbaraBocTTa Ha CBOWTE
npogykT npeou npogaxba. MeTogbT e noruyHo 6nmabk Ao



YCMOBMSITA Ha MPWIOXKEHUE Ha pesynTatute OT Tecta W
wupoko nmpusHat B EBpona, Asctpanusi, CuHranyp u Hoea
3enangusa. Msnonssa ce U OT AMEpUKaHCKWS KepamuyeH
uHeTuTyT (CTIOA) 3a cneumdmnyHM criydam v matepuani —
HanpuMep KepamMu4HW kepemuau. VacnensaHeTo ce ocHoBasa
Ha ekcnepumeHTanHus metogd, 3anerdan B DIN 51130 u DIN
51097[15].

B nMpocTpaHCTBa W3NOXEHM [MaBHO Ha HAMOKpPSsHE,
obLecTBeHn chOnekanHu unu TepaneBTUYHN CbOPBXEHNS 3a
KbMaHe B MOYMBHM CTaHUMKM, MPWUNaraHeTo Ha MeToda Ha
pamnata Ha 6ocu kpaka no3BonsiBa OLEHSABAHETO Ha piucka oT
noaxmb3BaHe, CbrmacHo pokymeHT GUV-I  8527[16] wu
nokasaHo B Tabnuua 2.

N3sogu

CratnuHna KoeULIMEHT Ha TPUEHE MK MOKOWM Lig HE MOXe

Aa 6bge yHMBEpCanHa XapakTepucTuka Ha noTeHuwana 3a
noaxnb3BaHe BbpXy €AHa NMOBbPXHOCT 3a [ABWXEHWE Ha Xopa
u MawwHu. OnacHocTTa OT MOOXTb3BaHe 3aBuCKH  OT
CbCTOSHMSITA Ha MOBBPXHOCTTA — CyXa, MOKPA, W3HOCEHa Wnu
3amMbpceHa (BMOA Ha 3aMbpCUTENs), KakKTO WM OT Buaa W
CbCTOSHMETO Ha nogmeTkata Ha obyskata. CybekTuBHuTE
MPUYUHIA NPON3TUYAT OT BLTPELLUHK hakTopu (onucaHu B T.2)
Ha 40BeKa, BbpXy KOWTO Ce eKCroHWpa omacHocTta oT

nogxmbagaHe.  lpaHudnata  ctoiHoct  ug=0,5 e

onpegeneHa MbpBOHAYanHO Ha OCHOBATa Ha M3crneaBaHus Ha
OBWKEHMETO Ha nelexodel, nopagu KOeTo He MOxe
CaMOCTOSITENHO [Ja OTYETE BCUYKM M3BPOEHN thakTopu. PuckbT
OT NnoAxnb3BaHe, Npu paBHK ApYru YCNOBKUSA HapacTBa, KoraTo
XapakTepuCTUKUTE Ha MOBBbPXHOCTTA 3a [BWXKEHWE Cce
BMOWABAT, KOETO W3MCKBA MEPUOAMYHM  MPEBAHTWBHM
W3NUTBAHMSA W Ceq 3nonoryka.

B pabotHaTa cpefa BEpOSTHOCTTa 3a NOAXITb3BaHE 3aBUCK
1 OT BMAa Ha u3BbpLUBaHaTa paborta. OnepauuuTe, CBbP3aHu
C npeHacsHe, 3aBuBaHe, OyTaHe W TerneHe Cb3gaBar
JOMbIHATENHa oOnacHocT 3a paboTHuka. Bcska oT Tean
onepauum MOXe [a M3WUCKBA pasnnyHu KOEWLMEHTW Ha
TPUeHe Ha MOBBbPXHOCTTA 3a ABWKEHWe 3a Aa 3anasu YoBeka
paBHoBecKe. He cbluecTByBa OBLIONPUET pPernameHT Ko oT

[Bata KOG(bVILlI/IeHTa Ha TpueHe (/JS usnu ,ud) € MepoaaBeH

W [JocTaTbyeH 3a OLEHKa Ha OnacHOCTTa. TakaBa OLeHKa
npegnonara Hann4nMeTo Ha 4OCTaTb4HO ronamMa 6asa oT fJaHHK

3a Ug U,le Ha pa3fnyH NOBBPXHOCTN Ha ABWXEHWE U IN

situ M3vepBaHusi B OGEKTUTE C MOBMLIEHA OMACHOCT Mpu
XapaKTepHU CbCTOSIHME Ha MOBLPXHOCTTA 3a OrepauunTe ¢
MOBULLEHA ONAaCHOCT U Bb3MOXHUTE 11 3aMbpCABaHUA.

Korato koemUMEHT Ha TpuUeHe ce npuema Ha OCHOBaTa Ha
cpefHaTa CTOMHOCT OT M3MepBaHUS B HAKOMKO HanpaBreHus,
OCBEH Ta3W CcpegHa CTOWHOCT TpsibBa aa ce gobasu W
131CKBAHE 3@ MMHUMaNHA CTOMHOCT Ha KoehuLMEHTa B Koe Aa
€ HanpaBneHve.

HOpMI/IpaHI/ITe M3NCKBaAHNA 3a npefoTepaTsaBaHe Ha
OMacHocTTa 0T Moaxmb3eaHe B paboTHata cpeja B
HauMoHanHata HopMaTuBHa 0asa ca KayecTBEeHW, KOeTo u
MpaBW  VHXEHEPHO  HEMPUIOXMMM,  HECPaBHUMU U
HEKOHTPONMPyeMU. Hail-kpaTkus MbT 3@ KOpeKUMs Ha ToBa
aKTyarHo CbCTOSHWE € Ha OCHOBaTa Ha CpaBHUTENEH aHann3
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W u3cnedBaHus fga ce paspaGoT  Knacudukauus Ha
OMacHoCTTa OT NMOAXITh3BaHE HA MOBBLPXHOCTW 3a [BKEHME B
paboTHaTa cpepa, kosTo fja Aage:

>  KOMMYECTBEHO  OMpedeneHve  (TpaHuuy)  Ha
KaTeropunte Ha Xxnb3raBoCT Ha NOBLPXHOCTUTE 3a ABUXEHUE;

> HauMHUTe, METOAUTE 1 anapaTypaTa 3a onpeaensHe
Ha Te3n KaTeropim — 3a CbLLECTBYBALUM NOA0BM NOBLPXHOCTH
W HOBW MaTepuarnit 1 NoKpUTLS);

= aa nane npumepu 3a BIMAHUETO Ha HAMOKPAHETO Ha
NOBBPXHOCTTa C PasNNYHN TEYHOCTU W OTNaraHeTo Ha Apyru
3aMbpcuTENN  BbPXYy HapaCTBaHe Ha OnacHOCTTa OT
noaxnb3BaHe.

TakaBa Hapegba TpsbBa [ga OTXBBbPNM KayeCTBEHUTE,
BKIIOUMTENHO M MapruHarnHuTE, M3MCKBAHUS B feicTBalmTe
HOpPMaTWBHW JOKYMEHTW 3a Ge30MacHOCT W fa M 3aMecTu C
HOBOBbBEJEHUTE KONMUYECTBEHN KAaTETOPUM Ha OMacHOCTTa OT
noaxTb3BaHe.

BbaewyTte u3cneaBaHus 3a ynpaBneHne Ha onacHocTTa ot
noaxTb3eaHus B paboTHaTa cpepa TpsibBa Aa ce HacouaT KbM
OlUeHKa Ha Komnnekca ,NOBbPXHOCT 3a [BWXEHWe -—
3aMbpCsBaHNs — 06yBKI™ B KOHKPETHM 06EKTH, He camo 3a Aa
ce noMorHe Ha paboTtopaTens — 3asBMTEN, HO U 3a Aa ce
HaTpyna [OCTaTbyHO rofsiMa 6asa faHHW 3a cneuudmkaTa Ha
yrpaBneHNeTo Ha ONacHOCTTa.

Moxe fa ce u3ucksa Npou3BoguTeNnUTE Ha paboTHu obyBKM
Aa  Knacuuumpat TexHWTe NpOTMBOMIBL3raly XapakTe-
PUCTUKA 33 PaA3NWUYHW MOBBLPXHOCTW Ha [BWKEHWe: rnapka,
npodmnupana; TBbpaa, Meka, Cyxa, 3anpallieHa Wiau MoKpa,
KaTo (hyHKLMS OT TBBLPAOCTTA Ha NogMeTKaTa, reoMeTpusTa Ha
CTBNANOTO W MUKPOrpanaBocTTa Ha Matepuana.

3aM'prﬂBaHVI$ITa Ha MNOBBPXHOCTUTE 3a [ABWXKEHWE C
NpaxoBe 1 NpaxoBu OTnaraHu ¢ pasniyHa nebenuHa, nanckear
M3NnUTBaHMA No METOAAa Ha HaKlOHEeHaTa MOBBbPXHOCT, KOWTO
MOXe [a Xapaktepusupa HaVI-peaJ'IVICTVI‘-IHO onacHoctTa ot
noaxnb3BaHe.
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MODELING OF THE SO, DISPERSION IN ATMOSPHERE ACCIDENTALLY RELEASED
DURING THE OPERATION OF TPP “BOBOV DOL”, BULGARIA

Plamen Georgiev, Cvetelina Ivanova, Vasilina Yankova

University of Mining and Geology “St. Ilvan Rilski”, 1700 Sofia, ps_georgiew@abv.bg

ABSTRACT. The aim of study was modeling of SO2 dispersion, released accidentally in the atmosphere during the TPP “Bobov dol” operation, by means of METI-LIS
Dispersion Model. The model was based on the following assumptions: the emission rate of SO, in atmosphere was constant, the atmosphere conditions
(temperature, wind speed, etc.,) on hourly base were constant, and the wind speed was higher than 0.9 m/s. Having in mind the above-mentioned assumptions, it was
calculated that emission rate of SOz in the atmosphere could be 3.57 g /m3ys if the desulfurization unit for the flue gases treatment of TPP “Bobov dol” doesn't work.
SO: dispersion was modeled in dependence on the atmospheric stability categories which determined the respective values of gas dispersion coefficients (ay, 02) and
the effective plume-rise height (he) in the atmosphere The wind rose determined that in the period November 2014-February 2015 in the most cases the plume
released in the atmosphere would be transported in north direction to Radomir town by means of the south wind as the prevailed wind speed was up to 5 m/s.
However, the model determined that the ground concentration of SOz would be higher than the Maximum Admissible Concentration (MAC) at a distance of 1-5 km
from TPP “Bobov dol” only in the cases when the wind speed and solar radiation are in the range of 1.0-1.2 m/s and 0.015-0.029 kW/ m?, respectively.

Keywords: sulfur dioxide, modeling, TPP, atmosphere stability categories

MOJENUPAHE OUCMEPCUATA HA SO,, OTAENEH WHUMOEHTHO B ATMOC®EPATA MPU PABOTATA HA
TEWU ,,50B60B fon”

lMnamen eopaues’, LjeemenuxHa UsaHoea, BacunuHa SlHkoea

MurHo-eeonoxku yHueepcumem ,,Ce.UeaH Puncku”, Cogpusi 1700, ps_georgiew@abv.bg

PE3IOME. Llenta Ha ctatusta 6e aa mogenupa aucnepcusta Ha SO, 0TAeneH MHLUMAEHTHO B aTMocdepaTta npu pabotata Ha TEL| ,bobos gon” nocpeacteom
amenepcvoHHuaT mogen METI-LIS. Manonasanmat mogen Oewwe 6a3vpaH Ha crefHuTe NPeAnorioXeHWs: CkopocTTa Ha otaensHe Ha SO2 B aTmoccdepata e
nocTosiHHA, ycnoBuaTa B aTMocdepata (TemnepaTypa, CKOPOCT Ha BATbPa M [pyrin) ca NOCTOSHHM Ha YacoBa OCHOBA M CKOPOCTTa Ha BATbPA € no-ronsma ot 0.9
m/s. Vmaiikn npepBua rope-cnomeHatute npeanonoxenus betue nsdmncneHo e 3.57 g /m3ys Buxa ce otaenunn B atMocdepara, ako MHCTanauusTa 3a npeqncTsaHe
Ha AumnuTe rasose Ha TEL| ,bo6os gon” He dyHkumoHnpa. Mogenupare aucnepcusita Ha SO2 Gelle oCbLLECTBEHa B 3aBUCUMOCT OT KaTeropumte cTabunHocT Ha
aTtmoccepata, KOeTo onpefent CbOTBETHUTE CTOMHOCTU Ha [ANCMEPCHOHHUTE KOeDUUMEHTN Ha rasa (Oy, Oz) U edeKTUBHATa BUCOYMHA Ha M3AUraHe Ha rasoBus
notok (he) B aTMocepata. PosaTa Ha BsTbpa onpegeny ye 3a nepuopa Hoemspu 2014-Gespyapu 2015 roauHa, B NOBEYETO CRydau OTAENEHUSIT AUMEH NOTOK B
atmoccpepata 6v 6un TpaHCnopTMpaH B CeBepHa Nocoka KbM PafoMup OT HoXHUS BATBP, YnsTO npeobnapasalua ckopocT 6e Ao 5 m/s. Bunpeku ToBa, bele
OnpeaeneHo Ye npusemHata koHueHTpaums Ha SOz 6u 6una no-sucoka ot MpeaenHo fonyctumute KonuerTpauwm (MOK) Ha pasctosuue 1-5 km ot TEL, ,bo6os
[Aon’, camo B CIly4anTe KoraTo CKOpOCTTa Ha BATbPa U ClibHYeBaTa paanauns ca B rpahuuyute 1.0-1.2 m/s 1 0.015-0.029 kW/ m2, cbotBeTHO.

Introduction Svante Arrhenius was the first scientist who predicted the
global warming having in mind the significant emissions of CO;
Coals are widely distributed on the Earth and for long period generated during the coal burning and their accumulation in
of time they have been a cheap source of energy which the atmosphere (Arrhenius, 1896). However, agreements at
allowed the Industrial society to emerge and develop rapidly for International level to reduce the emissions to the atmosphere
a relatively short period of time. The coal burning is connected (Grubb and Depledge, 2001; Review of the Gothenburg
with taking of significant amount of carbon, nitrogen, sulfur, and Protocol, 1999) and the practical measures for their application
heavy metals and toxic elements from their respective have been achieved almost 100 year after that fist publication.

depository reservoirs and their relevant reactive gases and fine
particles are the waste products released in the atmosphere.
Strong absorptive and/ or acidifying properties of the emitted
gases as well as the toxicity of fine particle matters determine
the detrimental effect of the coal utilization on the Earth
ecosystems at global, regional, and local scale. The regional
effect is triggered when by means of dry or wet deposition the
relevant pollutants are transported from atmosphere to the
earth ecosystems in doses higher than the critical limit which
the relevant ecosystems could sustain.

TPP “Bobov dol” is situated in Southwest Bulgaria and it
consist of three 210 MW units and 630 MW is the total install
capacity of the plant. The power plant was initially designed to
utilize the local brown coals characterized with high ash
content. In our days, the power plant operates also on the coal
supply from other Bulgarian mines-brown coals from Pernik
and Pirin mines as well as lignite coals from Sofia Mining
Basin. By this way, the heat value of burning coal mix is
maintained in the range of 2200-2400 kcal/ kg. The annual
output is around 2000 GWh which is generated by the burning
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of around 2 million tons of coals enriched with sulfur and
mineral part (South-East European Industrial Market. 2010).
From the very beginning, electrostatic precipitators have been
used at the power plant for the removal of the particle matters
from the flue gases. However, the burning of coals enriched
with sulfur was the reason for the formation of flue gas
enriched with sulfur dioxide which by means of 200 m stack
had been released in the atmosphere for a long period of time.
For that reason, TPP “Bobov dol” ranked at 68t place among
the largest point sources emitting sulfur dioxide to atmosphere
in Europe with net release of around 43 ktS per year (Barrett
and Protheroe, 1994).

The negotiations between Bulgaria and EU on Chapter 22
“Environment” fixed the transitional periods towards Bulgarian
Large Combustion Plants (LCP) which emissions to
atmosphere were higher than the relevant Emission Limit
Values (ELV). By this process the main technical measures
needed for bringing the existing LCPs into compliance with the
ELVs was determined — decommission of old coal boilers,
installation of desulfurization units, installation of low-emission
burners, reconstruction of the existing abatement techniques,
switch to fuels with lower S content (Ordinance Ne10, 2003).

In period of 2010-2015 year, the three units of TPP “Bobov
dol” were or are process of rehabilitation which made possible:
o the power plant to start to operate in accordance to the
environmental standards for SO applied in EU;
o theinstalled capacity per unit increased to 223 MW;
o the retirement date postponed after the end of 2020.

As a result of the rehabilitation, a desulfurization unit for the
sulfur dioxide catchment from flue gases of unit 1 and 2 was
installed. A second desulfurization set-up for unit 3 of TPP
“Bobov dol” has to be put in operation to the end of June of
2015. Apart from the sulfur removal, primary and secondary
reduction of NOx in the flue gases and the additional reduction
of fine particles matters content by means of additional
electrostatic filters is also applied. The treated flue gase is
released in the atmosphere at height of 80 m, as the total air
flow when all units work simultaneously is about 1100 Nm?/ s.

TPP “Maritza East-2" was among the first Bulgarians TPP
where desulfurization units for flue gas treatment have installed
and a lot of practical experience has been gained for these
years of operation. It was noticed that the quality of used
materials was the main reason some problems connected with
the desulfurization of flue gases to arise (Jecheva et al., 2011).
As a result, non-treated flue gases enriched with sulfur dioxide
are released in the atmosphere accidentally (Dnevnik, 2014).

The main aim of the article is the SO2 modeling in the
atmosphere when it is released accidentally during the
operation of TPP “Bobov dol” and what would be the pollutant
concentration in the below-lying atmosphere layer at the towns
Radomir, Kyustendil, and Dupnitza in dependence on the local
climatic conditions.

Materials and methods

The data about the atmospheric pressure, the direction and
wind's speed, temperature, and rate of precipitation in the area
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of Bobov Dol, Radomir, Kyustendil and Dupnitsa was checked
on hourly base from the bulletins of National Institute of
Metereology and Hydrology at BAS within the period
November 2014 — February 2015. These data was averaged
for each month and the mean temperature, the prevailed wind
direction and the wind speed for both halves of the day were
determined.

Table 1.

Main properties of the coals burnt at TPP “Bobov dol”
Index Mine “Bobov dol” | Mine “Pernik”
Humidity, % 18.0 18.0
Ash content, % 38.0 25.0
Sulfur, % 1.6 1.5
Heat value, kJ/ g 1.7 18.0
Consumption, ty 1040 000 960 000
Total consumption, t/'y 2000000

Table 2.
Main properties of flue gases generated during the burning of
coal at TPP “Bobov dol”

Index Scenario
1 2

Outlet flue gases temperature, °C 59 170
Specific gravity of flue gases, g/cm? 1.013 | 1.307
Outlet flue gas volume, m¥ s 1140 | 1383
Outlet flue gas, kg/ s 1125 1166
Emission of SOz, kg/s 0.13 2.75
Rate of SOz emission generation,g/m®s | 0.17 3.57

The SO2 emission generated during the burning of coal in
TPP “Bobov dol” was calculated by means of CorinAir
methodology (EAE, 2007). Two million tons of coals were
accepted as the total amount of coals burnt at the power plant
per year, and to simplify the calculation it was accepted that 52
% and 48 % of that amount was mined at Bobov dol and Mine
Pernik, respectively. The data about the utilized coals are
presented in Table 4 and 5.

The main properties of flue gases and the emission rate of
SO: are presented in Table 2, where two scenarios were
evaluated. Scenario 1 considered the dominating situation
where the flue gas desulfurization unit works properly and 95
percent of the generated sulfur dioxide is removed efficiently.
Scenario 2 considered the accidental release of non-treated
flue gases in the atmosphere.

SOz modeling in the atmosphere was carried out by means
METI-LIS Dispersion Model (Kouchi et al., 2004). It was based
on the following hypothesis:

1.The emission rate of sulfur dioxide to the atmosphere was
constant;

2.The wind direction and wind speed were constant at the
relevant climatic conditions;

3.The pollutant dispersion was carried out in horizontal
direction mainly;

4.50; didn’t undergo any transformation in atmosphere at a
distance up to 30 km in relation to the point source of
pollution;

5.Wind speed was > 0.9 m/s.



Table 3.
Atmospheric stability categories according Pasquill

Wind Daytime Nighttime
speed 2l | Solar radiation Q (x0.01 KW/ m7)
%3;8 60< | 3059 | 1529 | 1-14
m/s
<20 A A-B B D F
2-2.9 A-B B C D E
3-3.9 B B-C C D D
4-5.9 C C-D D D D
>6.0 C D D D D
Table 4.
Atmospheric conditions at TPP “Bobov dol” during the day for
the period of observation
Index Month/ Wind speed (m/s)
November December January
02 | 25 [ 02 | 25 [ 02 ] 25
Northeast direction
t,°C 4-11 | 127 - - - -
Stability AB/B C i i i i
class
Southeast direction
t,°C 6-8 - - - - -
Stability AB/B i i i i i
class
South direction
t,°C 59 [10-11] 4-5 2-3 25 | 24
Stabilit A-B/
e | ABIB| BIC |ABIB| BIC | "y |BIC
Southwest direction
t,°C - - 57 - - -
tabilit
Slass ! i . AB/B i i i

The pollutant dispersion in atmosphere was calculated by
Gaussian dispersion equation (Beychok, 2005) having in mind
the relevant climatic conditions and the effective plume rise
height (he). The latter was determined by the Briggs equation
(Briggs, 1965). The correction of wind-speed elevation at 200
m height was adjusted by the wind power law (Peterson &
Hennessey, 1978).

RESULTS AND DISCUSSION

TPP “Bobov dol” is situated at altitude of approximately 690
m and it is surrounded by the Konyavska Mountain. In north
direction at a distance of 20 km by air is situated Radomir
town, which population is within the range of 14 000 people. In
southeast and southwest direction at a distance of 14.5 and
27.0 km by air are situated Dupnitza and Kyustendil towns with
37 000 and 47 500 inhabitants, respectively.

The studied period, November 2014-February 2015,
covered approximately the second part of the autumn and the
first part of the winter, when TPP “Bobov dol” worked
continuously because of the higher demand of energy. During
the day (08-18 h), the south wind was dominated distinctively
which determined the positive daily air temperature even
during December and January (Table 4). The incoming solar
radiation steadily decreased and for that reason, the ration A-
B: B: C stability classes of atmosphere changed from
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Fig. 1. The wind rose of the area around TPP “Bobov dol” for the day (08-
18 h)

almost equal for November to the sole domination of classes B
and C for January. In the same way, the averaged air
temperature changed from +10 - +11 °C for November to +2.8
-+ 4.8 °C. Regardless of the month during the studied period,
the dominant speed of south wind was in the range of 0-2 m/s,
as lower incoming solar radiation was as higher was the wind
speed. In January, there was uncommon period in which the
lower incoming solar radiation was combined with south wind
with speed higher than 6.5 m/s. That combination determined
Class D of atmosphere stability.

During the day, winds with northeast, southwest and
southeast direction was also detected and Classes A-B and B
were the sole stability classes which they determined (Figure
1). By means of southwest and southeast winds the air
temperature was higher than the air temperature measured
when the south wind prevailed. However, the wind speed in
both cases was lower than the speed of south wind.

The south wind was also dominating during the night (19-07
h) and its prevalence reached up to 50 % for December.
Understandingly, the mean air temperature during the night
was lower in comparison to the air temperature measured
during the days for the relevant months. Something more,
when the sky wasn't covered by clouds for the period
December-January, even negative air temperature was
measured (Table 5). In dependence on the sky's cloud cover
and the wind speed, only E and F stability atmospheric classes
was determined during the night. The wind speed for both
classes was changed in a narrow range as the sky's cloud
cover was higher (> 50 %) the wind speed was higher too. In
January, there was uncommon period in which matching of the
sky's cloud cover higher than 50 % and south wind with speed
higher than 6.5 m/s determined Class D of atmosphere
stability.

Northeast, east, and southeast were another directions of
wind speed during the night as the south, southwest, and
southeast winds were with higher speed (Figure 2).

These classes of atmospheric stability correlated closely to
the vertical gradient of air temperature which has directly effect
on the rate of pollutants diffusion released in the atmosphere
by means of point or line source of pollution (Briggs, 1965). For
that reason, the wind speed at 200 m above the ground (us)



and the effective plume rise height (he) were the key
parameters for the SO2 modeling in the atmosphere.

Table 5.
Atmospheric conditions at TPP “Bobov dol” during the night for
the period of observation
Index Month/ Wind speed (m/s)
November December January
02 | 25 | 02 | 25 | 02 | 25
Northeast direction
t,°C 5-11 - - - - -
Stability
class E/F i j
Southeast direction
t,°C 6-8 - - - - -
Stability
class E/F i i
South direction
t,°C 5-6 59 37 | (5 | 13 | (-2-0
Stability
olass E/F | E/F | E/F | EIF E/F | E/F
Southwest direction
t,°C - - 4-5 - - -
Stability
class i j E/F
N
40,00%
W E
S
—fe=2-5m/s  ==lll=2-5m/s 5-10 m/s

Fig. 2. The wind rose of the area around TPP “Bobov dol” during the
night (19 - 07 h)

Al calculations made regarding the SO2 dispersion in
atmosphere when flue desulfurization unit at TPP “Bobov dol”
works properly (Scenario 1) shown that the pollutant
concentration at all classes atmosphere stability would be
considerable lower than Maximum Admissible Concentration
(MAC) of the pollutant on daily basis, in spite of the lower
height of release of the treated flue gas in the atmosphere.

All calculations below concern the SO: dispersion in
atmosphere when flue gases generated at TPP “Bobov dol”
wouldn't be treated (Scenario 2).

The classes A and B are classified as unstable and they are
related to higher or average incoming solar radiation and wind
speed up to 3.9 m/s. Having in mind, the mean wind ground
speed values for each month, the wind speed at 200 m in the
range of 1.24 — 2.07 m/s and 1.63 - 3.67 m/s for A and B
classes, respectively, would be. These values related to the
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following ranges of 39.8 — 27.3 m and 32.3 — 17.6 m for the
buoyancy induced plume rise height (Ah), respectively, which
shown that almost the insignificant difference in the wind speed
determined the significant difference in the effective plume rise
when the hot released flue gas would be released in the
atmosphere with significantly lower temperature and wind
speed. Sulfur dioxide was dispersed in horizontal direction
solely and at a distance of 5 km from TPP “Bobov dol” its
highest concentration in the below ground air was predicted by
this model (Table 5, Figure 3). However, the pollutant
concentration determined by this model for the prevailing
atmospheric conditions of the observed period was quite lower
in comparison to the MAC. The additional calculation which
was made shown that if the ground level wind speed dropped
below 1.0-1.2 m/s, the ground air concentration of sulfur
dioxide at 2.5 km from the point source would be higher than
the permissible level of 350 ug/m3. The south wind which was
the most typical wind during the observed period would
transported the pollutant in north direction and its concentration
in Radomir (situated at 20 km from TPP “Bobov dol” by air)
would be in the range 4.0-6.5 pg/m3. The pollutants dispersion
at these climatic conditions would be carried out in horizontal
as well as radial directions and as a result sulfur dioxide
concentration would steadily decreased from the plume’s
centerline (Table 6, Figure 4).

The class C is classified as a slightly unstable and it was
typical at about 25 % of the daily time of observed period. The
south wind determined solely this class of atmosphere stability,
as the ground wind speed was in the range of 2.85-3.80 m/s
and between 4.52-6.00 m/s was the variation of the wind
speed at 200 m height, respectively. At these climatic
conditions, the buoyancy induced plume rise height (Ah) would
be in the range of 12.25-14.75 m. This would determine lower
concentration of sulfur dioxide at a closer distance to TPP
“Bobov dol” in comparison to the stability classes A and B, and
at a distance to the power plant higher than 10 km the
pollutants ~ concentration would be higher than the
concentration determined for the classes A and B. Meanwhile,
the speed of radial pollutant dispersion in the atmosphere
steadily decreased and at a distance higher than 25 m from the
plume’s centerline the pollutant concentration would be drop
significantly (Table 6, Figure 4).

The class D is classified as neutral and it was the only class
observed during the day and night when the sky cloud cover
was higher as well as the wind's speed was higher than 5 m/s.
In that case, the wind speed at 200 m and the buoyancy
induced plume rise height (Ah) would be changed in very
narrow range (13.17-13.25 m/s and 6.6-7.0 m), respectively.
At these climatic conditions, the accidentally released plume
would be dispersed in the atmosphere in horizontal and vertical
directions solely with higher rate which would determine the
highest ground level concentration of sulfur dioxide at a
distance of 10 km from TPP “Bobov dol” (Table 5). At the same
time, the variation in the pollutants concentration in vertical
direction at the same distance would be also in a narrow range
(Figure 5).

The classes E and F were observed during the night and
both classes related to the stable atmospheric conditions
expressed with minimal vertical transfer of masses and energy.
The northeast, southeast, and southwest winds associated



Table 5.

Concentration range of SO (ug/m’) in the below ground
atmospheric layer (2 m) in dependence on the atmospheric
stability and the distance to TPP “Bobov dol”.

Stability Distance from TPP “Bobov dol”, km
class 25 50 | 10.0 | 15.0 | 20.0 | 30.0
A 176- | 56.7- | 15.2- | 6.9- 4.0- 1.0-
285 94 254 1.6 6.6 3.0
B 134- | 45.7- | 12.2- 5.1- 3.2- 1.4-
288 93.4 25.1 1.4 6.5 2.9
c 1034- | 674- | 24.3- | 123- | 74- 3.6-
1337 | 88.8 32.2 16.3 9.9 4.8
D 0.9 124 20.7 17.7 14.4 9.8
E < 0.4- 4.7- 6.3- 9.4- 8.3
0.05 0.9 13.2 184 | 284 215
F <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | 0.5-0.9
Table 6.

Radial concentration of SOz (ug/m’) in the below ground
atmospheric layer (2 m) at a distance of 20 km to TPP “Bobov
dol” and at different climatic conditions.

Stability Distance from the plume’s centerline, m
class 1 25 50 75 100
A 46.7 3558 | 2338 | 1.1-1.8 | 04-0.7-
B 3265 | 2.5-51 12-25 | 0.3-0.8 <0.05
C 7599 | 4863 | 1216 | 0.1-0.2 <0.05
D 14.4 52 0.2 <0.05 <0.05
E 9.5-284 | 1546 | <0.05 <0.05 <0.05

F 0.2-0.4 0.05 <0.05 <0.05 <0.05

almost equally to both atmospheric classes. However, the
winds associated with class F had speed higher with 20-40 %
than the winds associated with class E. For example, 1.1-1.2
m/s was the typical ground level speed of northeast and
southeast winds which related to class F and the winds speed
at 200 m and the buoyancy induced plume rise height (Ah)
would be in the range of 14-15 m/s and 6-6.5 m, respectively.
In contrast, 0.8-0.9 m/s was the typical ground level speed of
both winds related to class E and 4.3 m/s and 11.3 m would be
the meand values for the wind speed at 200 m and the
buoyancy induced plume rise height (Ah), respectively.

The south wind, which was dominating in the area of TPP
“Bobov dol” also during the night, determined such kind of
climatic conditions associated with clear dominance of class E
over class F. Nevertheless, the wind speed for both classes
was almost equal. For example, the mean value of south wind
speed associated with class F was in the range of 1.3-1.5 and
2.3-2.9 m/s, while the values of the same wind related to class
E were in the range 1.1-1.3 and 2.6-2.8 m/s. Despite the higher
difference of the wind's speed related to class F and the higher
variance of the wind speed at 200 m (between 16.5-36.0 m),
the values of buoyancy induced plume rise height (Ah) was in
a narrow range (between 3.15-5.75 m). In relation to class E,
the wind speed at 200 m was in range of 5.5-14.00 m/s, while
the buoyancy induced plume rise height (Ah) varied in a wide
range (6.5-13.0 m).

For atmospheric classes E and F the pollutant’s dispersion
would be realized at a higher height and for that reason
relatively lower concentration of sulfur dioxide would be
expected to be detected at ground level layer. For example, the
highest concentration of sulfur dioxide for class E would be in
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Fig. 3. Mean concentrations of sulfur dioxide in the below ground
atmospheric layer (2 m) in dependence on the different classes climatic
conditions and the distance to TPP “Bobov dol”
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Fig. 4. Mean radial concentrations of the sulfur dioxide concentration at a
distance of 20 km from TPP “Bobov dol” for the below ground
atmospheric layer (2 m) in dependence: on the climatic conditions
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Fig. 5. Vertical variation of the sulfur dioxide concentration at 10 km
distance from TPP “Bobov dol” in dependence on the difference classes
climatic conditions



the range of 27-29 pg/ m3 at a distance of 20-30 km from the
power plant. Something more, all ground concentrations of the
pollutant for the observed period and for all area in
characterization never would exceed 1 pg/ m3 when climatic
conditions are within the frame of class F (Table 5). For that,
the accidental release of sulfur dioxide in the atmosphere
during the night would have a negligible negative effect on the
health of inhabitants of Radomir, Dupnitza, and Kyustendil. The
main reason was the minimum vertical dispersion of the
pollutant from the higher height of atmosphere to the ground
level as this process would be lowest for class F in comparison
to all other classes of atmosphere stability. As a result, the
radial pollutant transport would be also negligible and the
pollutant concentration would be dropped rapidly only at a few
meters aside from the plume’s centerline (Table 6, Figure 4).
Meanwhile, the pollutant concentration would be increased at a
higher level above the ground and even at average and longer
distance (15-30 km) from TPP “Bobov dol” would be in the
range of 75-250 ug/ m3. In such case, the main negative effect
of the sulfur dioxide, accidentally released in the atmosphere
during the night, on these towns would be washout of the
diluted sulfuric acid and its wet deposition on the short-
distance situated towns and terrestrial ecosystems as acid
rains. That conclusion is in accordance to the data of the
National Institute on Hydrology and Metereolgy at BAS which
regular monitoring in the area shown that pH of rains in
Kyustendil are with the lowest pH in comparison to the rains’
pH measured in the other Bulgarian towns where similar
monitoring is also applied (Monthly Hydrometereological
Bulletin, 2014).

Conclusions

1. The south wind with speed 0-2 and 2-5 m/s was the
most typical wind for the area around TPP “Bobov dol” during
the day and night for the period November 2014 - January
2015.

2. All kind of Pasquill’'s atmospheric stability classes
was determined for the period of monitoring as the most typical
classes during the day were A and B, and classes E and F -
during the night.

3. The combination of lower incoming solar radiation
and wind speed lower than 2 m/s, which was typical for class
B, determined the highest concentration of SOz in the below
ground atmosphere at a distance of 2.5 km from TPP “Bolov
dol” when its desulfurization technique is not working. Only if
the wind speed would be lower than 1.0-1.2 m/s at the moment
of pollutant’s emitting, its concentration at that distance would
be higher than Maximum Admissible Concentration (MAC) of
SO2 on hour basis. However, Radomir, Dupnitsa, and
Kyustendil are situated at a longer distance from TPP “Bobov
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dol” and direct negative effects on the health of their
inhabitants would be not expected if the SO is released
accidentally in atmosphere for a short period of time.
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ABSTRACT. The development of human society lead to a negative technogenic and anthropogenic impact on air quality. Both at European and national
environmental policy major objective is to prevent, limit, damage and improve air quality in order to avoid adverse effects on human health and the environment as a
whole. Knowing the negative effects on the environment presents actual effects of human intervention in nature and projected its reckless serious consequences on
ecosystems and the population. Considering the above, for health insurance, it requires knowledge of the concentrations of sulfur dioxide monitoring using
standardized measurement methods and suitable equipment. This paper will review the analysis of sources that generate air pollutants, the effects of air pollution on
environment issues and concepts regarding ecotoxicology, dispersion phenomena due to the existence of SO pollutant in the environment.
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HayuoHaneH Hay4HO-uscnedosamesncku UHCmuUmym no MuHHa besonacHocm u 3awjuma om excnnosuu — INSEMEX, 332047
Mempowanu, PymbHus; toth.lorand@insemex.ro, artur.gaman@insemex.ro, angela.calamar@insemex.ro,
kovacs.marius@insemex.ro, sorin.simion @insemex.ro.

PE3IOME. Pa3BuTneTo Ha YOBEYECTBOTO € [JOBENO [0 HEraTMBHI TEXHOEHHI W aHTPOMOTEHHI BIMSIHUSI BbPXY KA4YECTBOTO Ha Bb3ayxa. Kakto Ha eBponelicko, Taka
1 Ha HaLMOHaMHO HUBO, OCHOBHATA Lien Ha NoNuTMKaTa 3a onasBaHe Ha OkornHaTa cpefa e Ja NpefoTBpaTsBa M OrpaHuyaBa BpeaTa v Aa nofobpsiBa kayecTBoTo
Ha Bb3fyxa, 3a fa ce u3berHe HebnaronpusTHUTE Bb3EACTBUS BbPXY YOBELIKOTO 3/paBe W OKONHaTa cpeda kato usno. Mo3HaBaHeTo Ha HeraTBHUTE edhekTh
BbPXYy OKONHaTa cpefia MokasBa PeanHoTo Bb3fEiCTBME Ha YOBELIKATA HaMeca BbpXy Mpupojata M [aBa MpeAcTaBa 3a CEPUO3HUTE MOCMEACTBUS BbPXY
eKocucTeMara v HaceneHueTo. maiiku npeaBua ropHoTo, 3a OCUrypsiBaHe Ha 34paBeTo, & HeOBXOANM MOHUTOPUHI Ha KOHLIEHTPALMUTE Ha CEpPEH ANOKCHA KaTo ce
W3Mon3eaT CTaHaapTHU MeTOAM 3a W3MepBaHe M Noaxofsio obopynsaHe. Tosw [OKNa pasrmexpa M3TOYHULMTE Ha 3aMbpCUTENW BbB Bb3ayxa, ediekta ot
3aMbpCABAHETO HA Bb3gyxa BbpXy OKONMHaTa cpefa M npobrnemu, CBbp3aHW C eKOTOKCMKOMOrMsiTa W (PEHOMEHa Ha pasnpocTpaHsiBaHe, AbMkal, ce Ha
cbluyecTByBaHeTo Ha SO2 B OKONHaTa cpea.

Knto4oBm pymu: 3amMbpcsiBaHe, OKONHA CPefa, EKOTOKCHKONOTUS, HEraTUBHI €EKTH, CEPEH AMOKCU,

Sources that are generating atmospheric - Primary air pollutants (sulfur dioxide, nitrogen oxides,
llutant carbon monoxide, volatile organic compounds and particulate
pofiutants matter);

Sources of the pollutants are extremely varied, with - Secondary air pollutants (resulting from chemical reactions
numerous classifications otherwise in this respect, reflecting that occur between primary pollutants in the atmosphere and
mainly the role of anthropogenic factor. Figure 1 summarizes natural environment sometimes involves components such as
the main classifications of sources of atmospheric pollution. water and oxygen).

Between the two types of pollutants are continuously inter-
correlation. The most important pollutants are ozone, sulfur
dioxide, nitrogen oxides and particulate matter.

Dups ORIGINE Dupd FORMA Dhupd MORILITATE Dhupd INALTIME ()

puncinske
five (viafionare)

e supratais

" | Of the many air pollutants particular attention is given to:
e ozone (Os), particulate matter (PM2s and PMio), carbon

mubile

:
|

Fig. 1. Classification of air pollution sources monoxide (CO), nitrogen oxides (NOx), sulfur dioxide (SOz)
and lead due to the risk they can pose to human health and
There are two types of pollutants: influence on the environment.
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Negative effects on the environment due to air
pollution with SO

Sulphur dioxide (SOz) is a colorless gas with a pungent
characteristic odor, heavier than air. Very soluble in water, the
solutions are slowly oxidized to form sulfuric acid. SO is
soluble in alcohol. A liter of liquid SOz goes off about 500 liters
of gas.

It has reduction character: reducing iodic acid, hydrochloric
acid, mercuric chloride and permanganate fade. It is fixed by
lead oxide (PbO2), manganese oxide (MnOy).

- Molecular weight: 64;

- Melting point: - 75.5° C;

- Boiling point; - 10° C;

- The critical temperature: 158° C;

- Relative density, gas: 2.3 (air = 1);

- Relative density, liquid 1.5 (water = 1);
- Vapor pressure at 20° C: 3.3 bar;

- Solubility mg / | water: hydrolysed;

- Appearance / Color; Colorless gas;

- Smell: Pungent;

- Auto-ignition temperature: Not applicable.

Effects on health: exposure to high concentrations over a
short period of time can cause severe breathing difficulties
(especially in people with asthma, children, the elderly and
persons with chronic diseases of the airways); exposure to a
low concentration in the long term may result in respiratory
tract infections, may increase the dangerous effects of ozone.

Effects on plants: affects many plants visible negative
effect on the structure and tissues is noticeable to the naked
eye.

Effects on the environment: the atmosphere, contributing to
the acidification of rainfall, with toxic effects on vegetation and
soil; increasing the concentration accelerates the corrosion of
metals due to the formation of acids; can erode stone,
masonry, fiber, paper, leather and electrical components.

Acid rain is defined as atmospheric precipitation at pH <5.6.
The term "acid rain", namely "acid rain" currently means of
acidic deposition in rain, snow, fog or dry particles.

Acid rain occurs when SOz and NOx emitted into the
atmosphere are absorbed by water droplets, after passing
through a series of chemical transformations. The compound
drops back to earth as rain, snow, mist, dry powder, sleet, hail,
increasing the acidity of the soil and affecting surface water
hydrochemistry. The term "acid rain" is sometimes used more
broadly, including all forms of acid deposition - both wet
deposition, acid gases and particulates that are entrained from
the atmosphere by rain and other precipitation and dry
deposition, which entrained gases and particles in the
atmosphere without precipitation (Fig. 2).
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- Particulate.

Fig. 2. The formation of acid rain

Determination of SO2, is performed using the reference
method, namely by ultraviolet fluorescence.

Figure 3 shows equipment for determining the immission of
sulfur dioxide.

Fig. 3. Analysis of sulfur dioxide continuous kind Ecotech Serinus 50

Fluorescence is a phenomenon of photoluminescence which
involves the generation of a first absorption phenomenon.
Luminescent molecules excited by certain quantum states (in
this case in the ultraviolet irradiation) remain in this state at
least 10° seconds after returning to the ground state by
emission glow. This secondary emission is proportional to
molecules of sulfur dioxide (SO2) in the sample and captured,
converted and transmitted as electrical signals by
photomultiplier tube (PMT) of the device.

Dispersion of gaseous pollutants

The harmfulness of industrial gaseous effluents that may be
considered potential aggressors environment (people, animals,
vegetation, materials), depends primarily on the concentration
of these substances in the air in the vicinity of the ground. It is
therefore important to specify the conditions for dispersion of
pollutants in the atmosphere and effectiveness of means
available to control this release.

The emission of the pollutant in the atmosphere may be
accompanied by a significant rise of the pollutant plume, as if
hot gases emitted from industrial chimneys. The element rises
more, the greater the dilution vertical scattering that occurs
before the pollutant to be observed on the ground.

Pollutants discharged down the chimney have a certain
kinetic energy and forms a jet in the vertical direction. This
effect is reinforced by buoyancy forces that arise due to gases,
which have a much higher temperature than the surrounding
atmosphere. By mixing with ambient air, it creates a
temperature balance that by sharing environment cancels jet
pulses.



Pollutant dispersion simulation by mathematical equations is
inevitable in areas such as analysis and completion of
remediation strategies for compliance with imissions,
evaluation of critical episodes, broadcasters optimal spatial
location, location alarm systems exceeding maximum
permitted levels of pollution and correlating and analyzing
simultaneity operation of pollution sources.

Ecotoxicology of surronding environment

Toxicology is a discipline of interest include the basic
sciences (pharmacology, biochemistry, epidemiology, etc.) and
dealing with adverse effects from exposure to the action of
chemicals living organisms.

Ecotoxicology is a sub-discipline of ecology that studies the
effects of toxic chemicals on people and ecosystems.

Ecotoxicological effects materialize through changes in state
and dynamics of a body or a different level of biological
organization (cell, tissue, individuals, populations, ecosystems)
resulting from exposure to chemical substance.

Concentration - response dependence

In toxicology, one of the basic principles is the dose -
response. This dependence is underlying the assessment of
environmental impacts due to toxic chemicals.

The overall ecological response to dose (concentration of a
pollutant) comprises three areas:

- The effects are measurable;

- The effects are measurable effects in the population;

- The adverse effects are measurable in the community and
| or ecosystem, while increasing the concentration of toxic
chemicals.

This model is observed that organisms in an ecosystem has
a different sensitivity to chemical exposure, and the answer is
more or less severe depending on the level of exposure.

Exposure time - effect dependence

The time between exposure to various pollutants and when it
is observed impact is different from the population at the
community and ecosystem.

The time between exposure to various pollutants and the
appearance of the effect (response) differ so pollutant nature
and the nature of the organisms exposed to the pollutants
concerned.

Accommodative response time to effect refers to the time of
propagation of individual populations and the time required for
feedback disrupted due to environmental interactions of
chemicals.

Conclusions

The atmosphere is the broadest driver of pollutants whose
effects are felt at the local level to the global level of all biotic
and abiotic elements.
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The major objective of environmental policy at both
European and national levels, the prevention, restriction,
damage and improve air quality in order to avoid adverse
effects on human health and the environment as a whole.

Knowledge of the mechanisms of atmospheric pollution,
involves studying the phenomena of four categories, namely:

- Emissions of air pollutants related to natural and
anthropogenic sources;

- The transfer of pollutants from the source to the receiver
(transmission);

- Immission, in other words, spatial distribution temporalo
and concentrations of pollutants in the atmosphere;

- The effects of pollution on human health, the environment,
construction and materials.

Ecotoxicological effects of air pollution is reflected by
changes in state and dynamics of a body or a different level of
biological organization resulting from exposure to chemical
substance.

Description of air pollution dispersion phenomena, is
according to the three components of the speed are using the
continuity equation, the Navier - Stokes and Euler equation.

Among the gaseous pollutants of air, high potential harm
includes: sulfur dioxide, nitrogen oxides, hydrocarbons and
heavy metals.

Air pollution with sulfur dioxide generates acid rain that
attacks mainly the leaves of plants (by blocking the respiratory
system and disrupt the photosynthesis phenomena), and tree
roots (neutralization of soil nutrients). Also, increasing the
concentration of sulfur dioxide into the atmosphere accelerates
corrosion of metals and can erode the stone, masonry, fiber,
paper, leather and electrical components.
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ONPEAENAHE HA KOE®ULIMEHTA HA TOMNJIMHEH NPEHOC NPU KOMMNEKCHO
OXNAXOAHE YPE3 KOHBEKLUA U PAOUALIMOHEH OBMEH HA CKAJTHU OBPA3LIU
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PE3IOME. Pa3paboTBaHeTo Ha OTKPUTMTE Kapuepu M3UCKBa Aa Ce B3MMAT MEpKU 3a CBOEBPEMEHHO OTCTPaHsIBaHE Ha ra3oBWUTE M aepo30MHM 3aMbpCUTENW B
TAXHaTa aTMocepa. Pasnukata B Temna Ha OxnaxgaHe Ha pasmWyHUTE BMOOBE CKanu, BMM3aLM B CbCTaBa Ha NOAMNOXHAaTa MOBBPXHOCT Ha kapuepara,
NpeAoCTaBs Bb3MOXHOCTM 33 eCTECTBEHO NMPOBETPsBaHe Ype3 Cb3faBaHe Ha Bb3XOAALWM Bb3AyWHM noTouu. BbB Bpb3ka C TOBa MHTepec npeacTaBnsBsat
(U3NYHNTE XapaKTePUCTUKM Ha CKanuTe, onpeaensim MO[OBETE Ha OXMaxaaHe Ha NOBBPXHOCTTA Ha KapuepaTa — KOHBEKTUBEH, PaaMaLyOHEH Ui KOMNIEKCEH,
BKIIOYBALL MbPBUTE [iBa. B HacToslaTta paboTa ca NpecTaBeHn ekcnepuMeHTanHUTe pesynTatv OT U3MepBaHUsTa Ha TeMNa Ha OXNaxaaHe Ha PasnuyHK CkanHu
obpasum. Hanpasena e oLeHka Ha koeduLeHTa Ha TOMNMHEH NPeHoc oT 06pasLiTe KbM OKOMHATa cpefa Ccropes Buaa Ckana, KakTo 1 Ha 3aBUCMMOCTTa Ha TO3u
koeULMEHT OT pa3MepuTe Ha M3CneaBaHUTE CkanHu Kbcoe. [MpeaBua CMOXHOCTTA Ha (M3MYHUTE MPOLECH, CbNPOBOXAALM OOMEHa Ha eHeprus ¢ OkonHaTta
cpefia, eKCNepMMEHTaNHOTO OnpefensiHe Ha koeduLMeHTa Ha TONMMHEH NPEHOC AaBa Bb3MOXHOCT 3a CreABalLy 3CneaBaHNs Ha eCTECTBEHOTO NPOBETPsBaHe Ha
OTKPUTM Kapuepu.

Kniouosu AYMU: ae€P0O30JTHN 3aMbPCUTENM, NOANOXHE NOBBPXHOCT, KOHBEKTUBHO OXNaXaaHe, paauallMOHHO oXnaxaaHe, KOe(ULIMEHT Ha TONMUHEH NPEeHOC

CALCULATION OF HEAT TRANSFER COEFFICIENT FOR COMPLEX COOLING BY CONVECTION AND RADIATION
EXCHANGE OF ROCK SAMPLES

Maya Vatzkitcheva', Plamen Savov?

T University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia, mayavack@gmail.com

2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, psavov@mgu.bg

ABSTRACT. The development of quarries requires to take measures for the timely removal of gas and aerosol pollutants in their atmosphere. The distinction in the
rate of cooling of different types of rocks that formed the base surface of the quarry provides some opportunities for natural ventilation by creating rising air flows. In
this respect it is important to establish the physical characteristics of rocks defining the modes of surface cooling of this career - convection, radiation or complex,
including the both of them. This paper shows the experimental results of measurements of the rate of cooling of various rock samples. An evaluation of the coefficient
of heat transfer of the samples to the environment according to the type scale and the dependence of this ratio on the size of the studied rocks was made.
Considering the complexity of the physical processes accompanying the exchange of energy with the environment, the experimental determination of the coefficient of
heat transfer will allow the further research into the natural ventilation of open quarries.

Key words: aerosol pollutants, convective cooling, radiative cooling, coefficient of heat transfer

BBBGHEHME Ha TONJIMHEH NpPeHOC B 3aBMCUMOCT OT ephHaTa Ha KbCOBETE

1 Buaa Ha ckanute. lNokasaHo e, Ye Te3u Koeq'.)I/ILlMeHTVI ca

BB BPBb3Ka C Bb3MOXHOCTTa 3a reHepupaHe Ha eCTeCTBeHO CNOXHa (*)YHKLWIFI Ha WaMbyBallaTa MOBLPXHOCT W KYXMHUTE
npoBeTpABaHe N ynpaBlieHNe Ha MHTEH3UTETa W NOCOKaTa Ha MeXay OTAENHUTE CKaMHU KbCOoBe.

Bb3XOLAMTE BB3OYWHM noTouM B atmocdepata Ha
OTKPUTATE PYOHULM W Kapuepw, WHTEpeC npeacTaBnsiBa
13y4aBaHETO Ha TEPMOAMHAMWUYHUTE MPOLIECH Ha HarpsiBaHe u TeopetudHa nocTaHoBka Ha pasrnexnaHus
oXnaxgaHe Ha noanoxHaTa nosbpxHocT (Gabaes n ap, 1987; npo6nem

Bepechesny v ap, 1990; Hukutue n butkonos, 1975; Bodnor
et al., 2008). Tesn npouecu B 06wWMs cryyal ca ChoxHa
(DYHKUMS OT BMOA HA CKanuTe WWmM MUHepanmuTe, TaxHaTa
rofnemuHa, pasnpeperneHMeTo MM MO CKIOHOBETE  Ha
KapuepaTa 1 He Ha NocneaHo MACTO U Ha METEOPONOrMYHUTE
napameTpu.

MpouiecuTe Ha OXNaxaaHe Ha ckanuTe, BM3allM B CbCTaBa
Ha MOMNOXHATa MOBBLPXHOCT Ha OTKPUTA Kapuepa, Ca KOH-
BEKTMBEH W pagmaumoHeH. Mpu KOHKPETHU MeTeopOsorvyHM
YCrOBMSI B Kapuepata M B 3aBUCMMOCT OT (PU3NuYHUTE
XapaKTepUCTVKM Ha CKanuTe MOXe Aa Ce OLeHM oOWoTo
BNUAHWE Ha Te3un ABa Biaa 06MeH Ha eHeprus.

B Hacroswara pabota ca npenctaseHu pesynTtat of

n3crnedBaHe Ha CKOPOCTTAa M HauMHa Ha OxnaxpaHe Ha
pasnuyHu ckanHu obpasuu. OnpegeneHun ca koeuuneHTnTe

OxnaxgaHeTo Ha JafeHO TANO KaTo KOMMMEKCEH NPOLEC ce
JaBa C EMMMPUYHO M3BEAEHOTO AMGEpEHLMANHO YpaBHEHNE
Ha HioToH (Incropera, F.P et al.)
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=Sl 1), (1
kbaeto dQ e KonM4ecTBOTO TOMMMHA, MPEHECEeHO npes
NoBbpXHMHATa Ha TAnoTo S 3a Bpeme df. T e TemnepaTtypaTa
Ha TAMoTO, a Tswr — Ha OKOMHaTa cpeda. a e T. Hap.
KOeUUMEHT Ha TOMMWHEH MPEHOC, KOWTO 3aBucu  OT
reoMeTpusiTa Ha TANOTO, CbCTOSHUETO Ha MOBLPXHOCTTA MY,
MOZa Ha TOMMHEH NPEHOC U ApYrW (hakTopM.

YpaBHeHue (1) moxe ga 6bae M3paseHo W Ype3 TOMNMHHNS
kanauuteT C Ha TAnoTo kato ce uma npeasug, ye Q = CT.
ToBa e no-yoobHO 3a NpaKTUYecKU Lenu, [LOKOMKOTO
CTOWMHOCTMTE My ca foOpe M3BECTHU 3a Pa3NNyHK BELLECTBA, B
TOBA YMCIIO 1 33 pa3HooBpasHu BUAOBE CKanu.

dT S
E = %(Tsur - T) = k(Tsur - T) : (2)

ToBa ypaBHeHIe UMa peLLeHKe OT B1AA
T(t) = Tsur + (TO - Tsur)e_kt ) (3)

kbaeTo To € HavyanHaTa Temnepartypa Ha TAnoTo.

YpaBHeHue (3) nokasea, ye Temnepatypata Ha Tanorto T
EKCNOoHeHUManHo Hamangea, Kkato ce CTpemu Oa AOCTUrHe
Temnepartypata Ha okonHata cpega Tsur, M Y€ TEMMBT Ha
OXITaXAaHETO 3aBUCK OT CbOTHOLLEHWETO

_as

C

k (4)
KonkoTo cToiHocTUTE Ha K ca no-BuUCOKM, TONKoBa no-6bp3o e
oXnaxagaHero.

MocTtaHoBKa Ha eKkcnepuMmeHTa

Mopaau ronemust Opoit  chakTopu, OT KOUTO 3aBUCK
KOe(UUMEHTBT Ha TOMAMHEH MPEHOC O (PECMEKTUBHO OT THX
3aBucK U k), HEroBWTe CTOMHOCTW MoOraT ga Ce onpefenst
CaMO eKCrepUMEHTarHO.

B Hactoswata pabota e npencTaBeHo W3crnensaHe,
npoBefeHo B ABe yactu: 1) onpegensiHe Ha 3aBUCUMOCT Ha
KoedpmuMeHTa Ha TOMMMHEH MPEHOC OT efpuHaTa Ha CKamnHu
KbCOBe; 2) onpeensiHe Ha koeduLMeHTa Ha TONMMHEH NPEHOC
3a Pa3nuyHN BUOOBE CKamu.

Onpe,qenm-le Ha 3aBUCMMOCTTa Ha a OT eapuHaTa Ha
CKallHUTe KbCOBe

/lamMepBaHusTa ca npoBedeHM 3a TpW efHakBu no obem
obpasela, CbCTaBEHM OT CKanHM KbCOBE BAPOBHK C eapuHa 1-
2 cm, 2-5 cm, 510 ¢cm u eguH MOHOAMTEH KbC - 20 cm.
O6embT Ha BCWukW 00pasLy e paBeH Ha TO3M Ha MOHOMUTHUS
kbC— V=4,2.103 m3.

Obpasunte ca Harpetn g0 40 °C n ca ocTaBeHW [a ce
OXMakaaT Npy KOHTAKT ¢ okomnHus Bb3ayx (20 °C). 3a nepuog
ot 100 min e uamepBaHa TemneparypaTa UM npes UHTepBanu
ot 10 min, kaTo e nanon3eax Tepmuctop - NTC 8.20M.

EkcnepumeHTanHute pesyntatu ca npegcraseHu Ha dur. 1,
2, 3 n 4 no HapacTBaHe Ha anameTbpa D Ha KbcoBeTe.

D=1-2cm
40 - .
. Fit Data1_D to yO+Ale™(-x/t1):
38
36 . Parameter Value Error
34 . y0 18,12369 0,48176
A1 20,52845 0,43251
321 6549307  3,00403
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®ur. 1. OxnaxaaHe Ha BapoBUK — 1-2 cm

40 4 D=2-5¢cm
ol it Data1_C to yO+A1er(-x/t1):
36 1 N
1 Parameter Value Error
34 .
] y0 18,3409 1,5512
324 . Al 20,62064 1,38545
51 t1 61,3051 9,36763
L 304
= 1 [ ]
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®ur. 2, OxnaxgaHe Ha BapoBUK — 2-5 cm

M3mepeHuTe CTOMHOCTM Ha TemnepaTypaTa ca WHTepno-
NYpaHK ¢ yHKLMA OT BUaa

yx)=yo +Ae ™t (5)

3anoxeHa B onuuute Ha nporpamata Origin, ¢ kosTO Ca
0BpaboTBaHu pesynTatute.

D =5-10cm
40
- Fit Data1_B to yO+A1e™{-x/t1):
38
. Parameter Value Error
36 +
. y0 15,37202 1,47984
34 4 A1 23,32492 1,39372
. t1 101,39598 10,13896
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~ 304 .
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dur. 3. OxnaxgaHe Ha BapoBUK — 5-10 cm



D=20cm

Fit Data1_E to yO+Ale(-x/t1):
sy "
. Parameter Value Error
36 4 2 yo 13,76035 471474
- A1 24,5651 4,6454
t1 218,18244 52,23366
_ 344 -
e .
~
32 -
L]
-
30 4 b
-
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®ur. 4. OxnaxgaHe Ha BapoBUK — 20 cm

Ot cpaBHenueTo mexay uspasute (3) u (5) ce Buxaa, ye
koeduumeHTuTe B (5) UMaT cnegHUs CMUCHN

Yo =Tsurl
A =Ty-T

sur

==
Lk
PaBeHctBa (6) M (7) u cTOWHOCTUTE Ha KoedULMEHTUTE
(mMoraT pa ce BWAAT Ha urypuTe) nokaseart, Ye uma [obpo
CbBMafleHMe MeXay TEeopus W EKCMEPUMEHT, KOETO € W
OCHOBaHMe 3a M3MoMn3BaHe Ha OMUCAHWS TEOPETUYEH MOAEN.

PaseHcTBO (8) AaBa CTOWHOCTUTE Ha KoeduuneHTa k, a
0TTaM U Ha KoeduLMeHTa Ha TOMMMHEH NPeHOC a. M3nonaeaxm
ca CnefHWTe CTOMHOCTM 3a TOMMMHHMS KanauuTeT Ha
BapOBMKA U MMOLTa Ha MW3MbyBaTENHaTa MOBbPXHOCT Ha
obpasyute: C = 10,5 kJ/K, S = 0,13 m2. Pesyntatute ca
npeacTaBeHun Ha auarpamute Ha dur. 5 v 6. Te nokasear, ye ¢
yBENMYaBaHe Ha rofieMmHaTa Ha ckanHuTe KbCoBe, CKOpocTTa
Ha oxnaxaaHe Obp30 HamansBa. [pu ckanHW KbCOBE C
pasmepn 2-5 cm, obaye ce HabniogaBa NokaneH MakcuMyM
(korTO MOXE W [a e rmobarneH) B CKOpPOCTTa Ha OXMaxzaaHe.
Tosu edhekT 61 MOMbN Aa Ce AbMKM Ha HAKOMKO dhakTa unm Ha
TSXHOTO OOLLO BNUSIHME — KOHKPETHWS pasmep M dopma Ha
Bb3OYLWHATE KYXWHU MEXOy CKanHuTe KbCOBe, BWAa Ha
cKanata W napameTpuTe Ha OKONHaTa cpefda (Temneparypa,
Bnara, Bb3gylWHM TeueHus). Ho 3a fa ce kaxe ToBa CbC
CUIYpHOCT Ca HeobXoauMM [OMbAHUTENHM W3MEpBaHUS Ha
TE3U NPOLECH.
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®ur. 6. CTONHOCTH Ha KoeduumeHTa a

Onpe.qenm-le Ha a 3a pasnnM4Hu BUOOBE CKanu

KoeuUMeHTLT Ha TONMWHEH MPeHOC € OrnpeaeneH U 3a
HAKONKO BWAa CKanwW, KaTo Ce W3non3Ba CbliaTta MeToauka
KaKTO B MbpBaTa YacT Ha U3crneaBaHeTo.

kC cm
- === ©)
S S
KbETO C € CreLndrYHIS TONMHEH KanauuTeT, a m e MacaTta
Ha obpazseua.

TemnepaTypata Ha okonHaTta cpega e 24-25 °C.
XapakTepucTukiTe Ha BCeku obpasel, ca nocoyenu B Tabn. 1.
[aHHuTe 3a  KoepUUMEHTUTE HA WHTEpronauusaTa ca
npeacTaBeHu Ha rpadpukute o1 dur. 7 go dur. 11,

Tabnuua 1
Bup m, kg S, m? ¢, Jkg.K
Mpamop 1,85 0,0355 420
rabpo 0,45 0,0165 590
NACHYHMK 0,5 0,0165 900
BYIIKAHCKM Ty 4,6 0,0768 1380
rpaHuT 0,6 0,0165 700
gg-_ = Mpamop
56 ] " yO+A1er(-xit1)
54-: \ _
52 et
a8 1 N Chi*2/DoF =0.23264
46 h R*2 = 0.9976
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®ur. 7. OxnaxgaHe Ha Mpamop
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®ur. 8. OxnaxpgaHe Ha rabpo
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®ur. 11. OxnaxaaHe Ha rpaHuT

M34ncneHute CTOMHOCTU Ha Koeq)VILlI/IeHTa Ha TOMJIMHEH
NMPEHOC Ca KaKTo cneasa:

Tabrnuya 2
Bupg, a, J/ K.m?
Mpamop 399
rabpo 229
NACHYHMK 815
BYIIKaHCKU Ty( 1178
rpaHuT 790
3akntoyeHue

OT aHanM3a Ha  eKCTIepUMEHTarHuTe  pesynTatv U
CBbP3aHUTE C TAX MOAENHU MpecMsiTaHus e nokasaHo, ue
KoeULMEHTBT HA TONNMHEH MPEHOC, ONpeaensily CkopocTTa
Ha oOXnaxgaHe Ha ckanuTe, € CroXHa (yHKUMS Ha
OXNaaallaTa NoBbpXHOCT.
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BE3LUWAHMAHO U3BNMUYAHE HA BJTATOPOAHU METANNX

Teodopa SHkoea, MapuH PaHuyes, UpeHa puzopoea, UeaH Huwkoe

MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku”, 1700 Cogbusi, kamedpa “ObozamsgaHe U peyuKiupaHe Ha CyposuHu’,
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PE3IOME. MpobnemuTe npu 13non3BaHETo Ha LMaHAN B MUHHATa W METanypriyHa UHAYCTpUs, pOpMUpaT 3HAUUTENHO ronsam Bpoit M3cneaBaHms, HaCo4eHN KbM
pa3paboTBaHETO Ha eKoNorocbobpa3HM TEXHOMOMAN 3a U3BNMYaHe Ha bnaropogHu meTanu. MpoLechT UmaHupaHe ce pa3BuBa MHOMO MHTEH3WBHO. 3a BPEMETOo OT
BbBEX/JAHETO My B MpOMMLLIEHa ekcrnoaTauus (kpas Ha XIX Bek n Hayanoto Ha XX Bek) M [jo AHEC TOBA € OCHOBHWSAT TEXHOMNOIMYEH MPOLEC 3a NonyvaBaHe Ha
BnaropoaeH MeTan kato kpaitHa npoaykuus. Mpea nocnesHUTe roanHn ce Habnioaasa Cepro3eH MHTEPeC B HaMMPaHETO Ha anTepHaTUBY Nk nofobpsBaHe Ha Beye
13npo6BaHu, HO He [JOTaM paLVoHaN13npaHI NPOLIECH NpW U3BAUYAHETO Ha BNaropofsHM MeTanu. BucokaTa TOKCMMHOCT Ha ankarnHuTe Conn Ha LiMaHOBOLOPOAHATa
kucenuHa, HanaraT HeobXoaMMOCTTa Aa Ce BOAST WHTEH3WBHW u3cnegoBaTenck paboTu 3a 3aMeHsHETO WM C Mmo-cnabo TOKCWYHW peareHT. B ctatusTa ca
CUHTE3MpaHN Hall-0beLyaBaLLuTe TEXHONOrMK Kato — TMokapbamuaHo 1 TMocyndaTHO M3BMMYaHe, XMOPUAHO, BPOMHO 1 TUOLMAHWAHON3MYXBaHe, KaKTo W HAKOU
XanoreHuan u arnomepauuu oT TUna ,8ba/Iula - Nempon” N He Ha NOCAeAHO MACTO Pa3fnyHK LaMoBe MUKPOOPraHuamu. Beekn eanH ot nabpoeruTte no-rope
npoLeck MMa CBOUTE MPEAVMCTBA W HeJOCTaTbLUM CMPSMO BCEM3BECTHOTO LMaHMAHO W3BNMYaHe. B cBeToBeH Malab ca npoBesfeHn MHOXecCTBO nabopaTopHu
TecToBe 3a onpeaensHe eheKTMBHOCTTa Ha Ten MeToau. o Bpeme Ha M3nyXBaHeTo NPOTMYAT CHIOXHM XUMIUYHI NPOLIECH 1 € HeobX0AMMO MOCTOSIHHO NOAABbPXaHE
Ha napameTpuTe Ha cucTemarta. [onyyeHnTe BUCOKM CTEMEHM Ha U3BMWYaHE Ha LIEHHW KOMMOHEHTY 1 no-criabaTa TOKCMYHOCT jaBaT OCHOBaHWE Tean MeToAyM fia ce
cUMTaT 3a NOAXOAALYM anTepHaTUBM Ha LiNaHMAHOTO M3BNMYAHE.

KnrouoBu gymu: n3enuyaHe, GnaropogHu MeTanu, MeToau, TeXHonorum

NON CYANIDE RECOVERY OF PRECIOUS METALS FROM METALLURGICAL INDUSTRY

Teodora Yankova, Marin Ranchev, Irena Grigorova, Ivan Nishkov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Department of Mineral Processing and Recycling,
inishkov@gmail.com

ABSTRACT. The issues surrounding the use of cyanide in the mining and metallurgical industries, has incited considerable amount of investigations into the
development of more environmentally benign technologies for extraction of precious metals. Lately, the cyanidation process has developed very intensively. Since the
time from its introduction into the industrial use (by late 19t century and early 20t century) and today, it is the main technological process for the obtaining of noble
metals, as a final salable product. Over the past years, a serious interest in finding an alternatives or improve on already tested, but not so streamlined processes for
recovery of precious metals has been observed. The high toxicity of the alkaline salts of hydrogen cyanide acid, impose the necessity of intensive research in order to
replace these salts with less toxic reagents. The most promising alternatives as: thiocarbamide and thiosulphate leaching, chloride, bromine and thiocyanate leaching,
as well as some halides and “coal-oil” agglomeration and last but not least various strains of microorganisms have been discussed in this paper. Each of the
abovementioned processes has its advantages and disadvantages to the notorious cyanide leaching. Numerous laboratory tests to determine the effectiveness of
those methods have been globally conducted. Usually, complex chemical processes during the leaching operation have occurred and the constant maintenance of
the system parameters it's required. The high precious metals recovery rates and the lower toxicity are giving cause, that these methods could be considered as
suitable alternatives to the cyanide leaching.

Key words: recovery, precious metals, methods, technologies

BbBeaeHue MpouechT UMaHUpaHe Ce pasBUBa MHOTO MHTEH3MBHO. 3a
BPEMETO OT BbBEXJAHETO My B MPOMMLLNEHA eKcrnnoaTaLms
CbBpeMeHHUTe TeMnoBe Ha pasBuTe Ha WHAYCTpUSTa, (kpast Ha XIX Bek 1 Havanoto Ha XX Bek) 1 [0 AHEC ToBa €
HamansBaHeTo Ha 3anacute OT MUWHEepanHu CypOBUHMU, OCHOBHMAT ~ TEXHOMOTV4YEH TMpouec 3a rofydaBaHe Ha
CbTbTCTBAHO OT HAPAcTBALOTO UM MoTpebrieHne W He Ha bnaropoieH meTan kato kpaitHa npoaykuys. Mopaau BiucokaTa
nocnegHo MSCTO BUCOKUTE  EKOMOMMYHWM HOPMU  MOCTaBST TOKCMYHOCT Ha ankanHute COnMM Ha  LaHOBOAOpOAHATA
npobrema 3a MbIHOTO UM U €KONOroCcbObPa3sHo 3BNMYAHE He KuCernvHa, W3nonssaHi no Bpeme Ha TO3W Mpouec, Bce mo-
CaMO OT MbPBUYHI U3TOYHULM, HO U OT anNTEepHATVUBHM TaKMBa. 4eCTo Ce THPCAT HEroBM eeKTVBHM  anTepHaTuBM.
CbLUEeBPEMEHHO C TOBA CE THPCST W1 HOBU U3TOYHMLIN, OT KOUTO
ChbluecTBeHa pons B MKOHOMWKATAa Ha pasBUTUTE CTPaHM buxa mornu Aa Obaar ussneyeHn bnaropogHu MeTanm.
nma pobusa Ha 6naropogHu MeTanu. Kato TakuBa ca nosHatw
3nato, cpebpo, nnatuHa 1 apyru. OCHOBEH MeTof 3a TsxHaTa YCTaHOBEHO €, e NOAXOASLLM TakuBa Ca HsKoW NPOAYKTY OT
npepaBoTKa € LiMaHIPaHeTo. XvgpoMeTanypruyHata  npomuwneHoct. B cbcTaBa  Ha

CYPOBUHWTE MONyYeHU Cries OKUCTIMTENHO MbpXeHe ce
BKMKOYBAT Manki KonudecTsa cpebpo 1 3nato. C nomolLTa Ha
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NoAXoAALLa TEXHOMNOMS 3a TAXHOTO OMON30TBOPABAHE, Morat
Aa GbAaT 10BeeH 10 XenaH KpaeH NpofyKT.

Llenta Ha HacTosILOTO W3CNeABaHe €  W3yyaBaHe
eheKTUBHOCTTa 1 eKkonorocbobpasHocTTa Ha besumaHngHuTe
METOAM 3a W3BMMYaHe Ha OnaropogHu MeTanu OT Teau
MPOAYKTM U OT HAKOW METanHW KOHUEHTpaTW. HanpaeeH e
KpaTbk 0630p Ha CBETOBHMS OMUT MPM TSAXHOTO Npunaraxe.

LuaHuaHo n3snuyaxe

YCTaHOBEHO €, Ye pa3TBapsHETO Ha 3naTo 1 cpebpo B cnabu
pa3TBOPYW Ha ankanHu LuaHuau Moxe fa Obae 13non3saHo 3a
pa3BUTME Ha e(DEKTVBEH TEXHOMOTMYEH NPOLIEC, NPU KOWTO e
nocTura  MakcUMarmHM  TEXHONMOTUYHW  MokasaTenu  Mpu
CpaBHUTENHO HUCKW 0bwym pasxoam (bantos, 2012).

MexaHu3mMbT Ha B3aUMOAENCTBME Ha 3naTo M cpebpo ¢
UMaHWAHM CONMM MOoXe Oa ObAe npeacTaBeH CbC CheaHWTe
peakumm:

2Au+4CN~ + 1/,0, + H,0 - 2[Au(CN,)]~ + 20H"
2Ag +4CN™ + 1/,0, + H,0 - 2[Ag(CN,)]™ + 20H~

(1)
(2)

LinaHngHmute 1OHM ca  TOKCMYHW. Hskou comm  KkaTo
HaTPMEBWA LMaHUL HaMMpaT MPUIOKEHWE B MOBEYE OT eauH
npoLec, HanpuMep ranBaHOTEXHMKA M M3BMKUYaHE Ha 3naTo
(Jones, 1976).

LinaHmgHn conu, kato HaTpUeB LMaHUG, Kanues LpuaHug
(KCN) v kanuueB umanug [Ca(CN,)] ce u3nonseat kaTo
M3TOYHULUM HA LMAHWOHWM WOHM B u3nyreaHeto. Te ce
pasTBapsT BbB Boda M oOpasyBaT MeTaneH KaTuoH W
cBOBOAHM LyaHnaHm itoHn (CN)~. VloHnTe xupponuanpat BbB
BoAa 4 ce nonyyasa LuaHoBogopod (HCN) W XvapOKCUITHM
(OH™) WoHn. B ankaneH pastBop npu pH okono 9.3,
LMaHWaMTE ChLLECTBYBAT KaKTO KaTo LMAHOBOLOPOA, Taka M
kato cBODOAHM UMaHugu 1oHu. [o-Bucoko pH ot 9.3
yBENNYaBa KONMYECTBOTO Ha CBOOOLEH LMaHug B pasTBopa
(Srithammavut, 2008).

Pa3TtBapsHeTO Ha 3Mato C UMaHWaM € OKUCTIUTENHO
PEdYKUMOHEH MpoLec, B KOWTO LMaHuaeH WoH obpasysa
ctabuneH komnnekc ¢ Aut- [Au(CN,)]. OT nokasaHata no-
rope peakUusi ce yCTaHOBsIBa, Ye 3MaToTO Ce pasTeaps B
CWMHO paspefeHn LuaHuaHu pasteopu. CkopocTTa Ha
pasTBapsiHe Ha 3MaTOTO Ce YBEeNMYaBa JMHEMHO C
yBenuYaBaHe Ha KOHLEHTpaLMsTa Ha UMaHna 4o AOCTUraHe Ha
MakcumyMm. Crieq TOBa yBENM4YaBaHETO Ha KOHLEHTpaLuusTa
Hama edpexT, (cur. 1), (Habashi,1999).

Mpe3 nocrnegHWTe [OBE [ECETUNETWS, 3HAYUTENeH Bpon
nybnukauyum (noseve ot 500), pasrnexaat Hai-pasnpocTpa-
HEHWUTE anTepHaTMBM Ha NpoLieca LiaHnpaHe.

B tabnuua 1 ca nokasaHu npuONU3UTENHUTE MPOLEHTHM
CbOTHOLUEHUS! Ha CTaTWuTe W naTeHTuTe, MybnuKyaHu 3a
BCEKW €OWH OT npeanaraHuTe Bb3MOXHM 3aMeCTUTENN
(Aylmore, 2005).
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®ur. 1. EcheKT OT KOHUEHTpaLMATA Ha LiaHUA BNusiela Ha CKopocTTa Ha
pa3TBapsiHe Ha 3NaToTO BbB Bb3AYLWHO HacuTeH pa3teop (Habashi,
1999)

Tabnuua 1. Uanyesauwu eewjecmea, anmepHamusHU Ha
yuaHudHume komnoHeHmu (% nybnukayuu)

1. Tuocyndart (Cu (I) =NH3 = S»-03) | 33%
2. Tvoypes (Fe (Il1), CS(NH2)2) 26 %
3. Xanorewnam (Clz, Br, I2) 15 % 15 %
4. XNopnaHo OKUCIIUTENHU NpoLecy 4%
Lapcka soda; Kucen gpepuxnopud;

IMpouec Ha Xabep

5. CyndmgHu cuctemu 5%
Hampues cyngpud; MNMonucyngpudu;
Buocyngpamu

6. AmoHsk/ Oz unm Cu (1) 2%
7. Baktepun/ NpUpoOaHU KMCENUHN 3%
8. Tvoumanug/ Fe (Il) 4%
9. Hutpunu/ O2unm Cu (1) 3%
10. UuaHugm + gpyri komGuHaumm 5%
AMoHUe8 uaHuo; AnkanHu yuaHo
CbEeOUHEHUS;

Kanyues yuaHamud; bpomo yuaHud;

11. pyrn | 2%
Enexkmponu3sa Ha pydeH nynn; CSUT;

DMSO; DMF; BioD peazeHm

Tpu uetBbpTM OT pabotata ce okycupa BbpPXY
TMOCYNaTHOTO, TMOKAPOaMMAHOTO U XanuaHUTE M3MNyraealm
cuctemu. lMopagn ToBa B Hactosiwata paspaboTtka, OCHOBHO
BHUMaHVWE e ce 0ObpHE Ha TE3W TpW U3Nyreally MeTofa,
KaKTO W Ha TUOLMaHWAHOTO M BPOMHOTO, a CbLLO M MeToauTe
0T Tvna ,Aaiomepayuu, evaiuua-nemposn-3namo”,

TuocyndatHo n3snuyaHe

MMo-ronsma yYact OT npoydyBaHUsATa Ha TUOCYNdaTHUTE
cucTeMU ce (hoKycupa B M3MYXBaHETO Ha MeTarHu 3naTto u
cpebpo. Bbnpeks uye, Tean peakumm ca TepMOAMHAMUYHO
BraronpusTHN, M3NYXBaHETO HE MPOTAYA B PE3YNTaT HA MHOTO
HWUCKaTa CKOPOCT Ha MOHWXaBaHE Ha kucnopoga (Zipperian et
al., 1988, Aylmore et al., 2001).

249 + 6 5,037 + 1/, 0, + 2H* > 249(S,05)5™ + H,0

(3)



Mopagn Tasn npuumHa ce pobasat megHn (Cu?t) w
amoHueBM NH, kaToHu. B Toan cnyyait med-TeTpaamuH
komnnekca [Cu(NH;)3*] neitcTea kato MbpBUYEH OKUCTUTEN
(Aylmore et al, 2001). MNMpumepHaTa CTEXeOMETPUS Ha Tasu
peakups e (Zipperian et al., 1988):

Au + 55,02 + Cu(NH)2 - Au(S,05)3" + 4NHy + Cu(S,05)3"

(4)

MexaHu3ma ce yCrnoxHsBa OT MOTEHLMANHOTO OKUCNSBaHe
Ha Tuocyndara Jo TputMoHaT S;O0¢~ u TeTpaTuoHat S,0¢~,
kouto ce obpasyeat necHo nog pH 10 (Aylmore, 2001; Ahern,
2005).

ManyxBaHe Ha cpebpo ¢ Tocyndart Bce oLe ce npoBexaa
B parnoHn Ha Mekcuko (Dreisinger, 2011 r.), Bbnpekn, 4e
MOHACTOSALLEM Mo-TonisiMata 4acT OT cpebbpHUTE pyau ce
n3Bnu4yaT 4Ype3 MeToda LUuaHupaHe. I'IpvmaraHm Ca MHOro
Ha4uMHM 3a U3nyxBaHe Ha cpebbpeH cyndug ¢ Tocyndart, ¢
13MON3BaHe Ha PasnuyYHN SOMbIHUTENHU PEareHTH 1 yCroBus.
MegHo-aMOHAYHATa KaTanusMpaHa CUCTEMA € Han-4yecTo
W3yyaBaHaTa, nopagu CrocobHoCTTa [ga w3emMya 3naro,
cpebpo u cpebbpHu cyndmam (Flett et al., 1983; Briones et al.,
1998; Aylmore et al., 2001).

M3nonasaHeTo Ha TvocyndaT npy U3BMMYAHETO Ha 3naTo €
Bb3NPENATCTBAHO  MOPafy  Pa3NMYHU  MPUYMHM,  KaTo
Hanpumep: BUCOKAa KOHCYMaLMsi Ha peareHT, NPOTUYaHETO Ha
HAKOMKO OKWUCTIMTENHM peakumn. HexenaHute edektn ca
pesynTaT OT HaNMYMETO HA APy METanM W HIcka CKOPOCT Ha
npoueca (Kuzugundli, 1999).

TuokapbamuaHoO U3BNMYaHe

M3nyxBaHeTo Ha cpebbpHU U 3NaTOHOCHM pyau C TMOYpes
3a nNpbB MbT e npunoxeHo npe3 1960 roguHa B Pycus. B
CbBpEMeHHaTa nuTepaTtypa To3u MEeToh € pasrnexpaaH kato
MeToq 3a oboraTsiBaHe Ha pyau PaBHOCTOEH HA OMPEKTHOTO
LmaHmpaxe.

EkcTpaxupaHeTo Ha TpygHo oboratumm CpebbpHM U
3MaTOHOCHW MPOAYKTM, U3MNON3Balku Kucen pasTBop Ha
TMOypesl, MNpeLCTaBnsBa MPOrPECMBEH W3MYXBaL, MeToA.
TuoypesiTa HamansBa pa3TBapsSHETO Ha Mef, XEensso, LUWHK,
apceH, aHTMOH ¥ OMnOBO, 3a pasfuka OT  LMAHMOHO
U3NyXBaLUTe pasTBOPU, B KOWTO TE€3U MeTanum U TEXHUTE
cyncuam ca necHo pastBopumu. 3a fia ce NOCTUTHE BMCOKO
u3BnMyaHe Ha OrnaropogHWTe MeTanu C  Tuoypes e
HeoOXO0MMO 3HAYNTENHO KPaTKO BPEME 3a U3NyXBaHe.

[VpeKkTHOTO unaHupaHe Ha TpyaHo oboratumu pyau He e
MKOHOMMWYECKW U3rofHO, MOpaamM HUCKOTO OMOM30TBOPSBAHE Ha
BnaropogHute metanu. Cpes HEKOHBEHLMOHAMHUTE M3MyX-
BalLM peareHTu, TMOYpesTa u3rnexaa Ham-eeKTmsHa.

B cpaBHeHWe C AMPEKTHOTO LMaHMpaHe, W3NyXBaHEeTo
nocpeAcTBOM Tuokapbamug, € No-noAxoAswo nopaau crep-
HUTE NPUYMHM:

o TpyoHO pasTBapsi Mefd, Xensiso, UMHK, apCeH, aHTUMOH,
ONOBO W Cyndmau, [OKATO B LMaHWOHUTE pasTBOPK Teaw
€NEMEHTN W CbeaNHEHUS ca NECHO pPasTBOPUMM B NOBEYE
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WIW NO-Marnko CIOXHU LIMAHOKOMMIEKCH, KOUTO pedyumpat
pasTBapsHETO Ha 3naTo 1 cpebpo v yBenuyasat pasxoga Ha
peareHT.

o [lpy un3nyxeaHe C Tuoypes He € Heobxogumo mnpeaBa-
PUTENHO TPETUpaHe Ha TPyAHO oboraTMMuTe pyaw, Kakto
npeau umaHupaHeTo. Takaea npeaBapuTenHa obpaboTka
BKIIOYBA OKWUCITUTENHO MbpXKEHe, BMOMOTMYHO W3nyxBaHe,
npoMmnBaHe NoA HanAraHe, OKUCIUTENHO U3NnyXBaHe U T.H.
(Vodvarka, 1987).

TOKCUYHOCTTa Ha M3MYKBAHETO C Pa3TBOp Ha TMOypes He
Moxe Aa 6bae HambiHO 06sicHeHa. Cnoper HAKOU U3TOUHULM
Tokapbammpa e cnabotokcuyeH (Becker et al., 1983;
Deshanes, 1986), nokato ctapu meauumuHcku kHuru (Marhold,
1964; Vondarecek, 1985) onuceat Tokapbamuza kato BUCOKO
TOKCMYHO BELLECTBO BRMSELO Ha ncuxukata. MHorokpaTHaTa
WHTOKCMKaLMs MOXe 0 [oBeae A0 TpalHu nocneavum (3aryba
Ha 6enu kpbBHW Tena). Mpes nocnegHUTE roOAMHK Ce JOMycka,
Ye TMOypesTa € KaHLEPOTeH.

VanyxBaLLuTe npoueck ¢ 13non3BaHe Ha Tuoypes ca Gumm
TECTBAHM Ha pasnnyHu CypoBWHU. 3a40BONMTENHM Pe3ynTaTy
ca NOCTUTHATK C MUPMT, aPCEHOMMPUT W XanKONMPUT, aHTUMOH-
3MaTHW  KOHUEHTpaTM M T.H., Kboeto ce cbobuwasa 3a
u3BnuyaHe gocturawo 99%. Teau matepuanu obaye ca MHOro
cneumuyHm, Taka Ye pesynTatute OT U3MyrBaHETO He morar
Aa ce 0606wt (Vodvarka, 1987).

TuoumaHnaHo u3BnuYaHe

3a mbpBn mbT npe3 1905 roguHa ce AEeMOHCTpupa, ue
TMOUMaHUONTE  pasTBapaT  e(EeKTMBHO  3MaToTo B
MPUCHCTBMETO Ha nopgxoasw, okucnseaw, peareHt (White,
1905). U3nyxBaHeTO Ha 3NaToTO C TUOLMAHWAM, OCHLIECTBS-
BaHO npu pH mexgy 1 u 2, no3sonsiBa W3Mon3BaHETO Ha
xensso (ll) kato okucrmTened areHT. [lo Bpeme Ha
pasTBapsHeTo Ha 3natoto ot xenesnute (Ill) — TmoumraHuay,
Fe (lll) e pegyumnparo po Fe () nokato Tpae okucneHneTo Ha
SCN™, npousBexaankn HSKOMKO MEXAWHHWM hopMKU KaTo
(SCN)3~ n (SCN),, KOUTO MOraT Aa OKUCMAT W KOHFMO-
Mepupat 3natoto. BbB BOOHM Pa3TBOPU MOAKUCHEHWST
TMOLMaHUL MOXE Aa pasTBOpU 3naToTo, 3a Aa ce obpasysat
Au (1) n Au (Il) komnnekcu, KoeTo [0 ronsiMa CTENeH 3aBuUcK
OT pepoKc-moTeHuMana Ha pasteopa. Kommoropos w Ap.
(Kholmogorov et al., 2002) nocoyBaT CBEAEHNS 3a W3BNMYAHE
Ha okono 95 % ot 3natoto OT cnabo kucenu pa3TBOPH,
Bb3CTAHOBABAWKA TUOLMAHWOHUTE KOMMMEKCH MOCPEenCcTBOM
BbIIepoaHu agcopbeHTH 1 HOHOOBMEHHM cMonu.

Xanorennau

M3non3eaHeTo Ha XanoreHngHu (ChnyopuaHu, XNOpWUAHW,
OpomMuaHW, WOOMAHM M acTaTUHUOHM) CUCTEMW 3a pasTBa-
psHeTO Ha OnaropogHM MeTanu, NpeflecTBa npoueca
UmaHupaHe. Te KakTo BCWYKWM ApYr MPOLECH Ha M3myxBaHe
uMat csouTe npegumctea M Hepoctatsuy (laBrooy et al.,
1994).

Hamupaluw ce B 7A rpyna oT nepuoguyHaTa cuctema, Tesm 5
HemetanHu enementa (F, Cl, Br, I, At) cbgbpxat no 7



€IIEKTPOHA BbB BBHLUHWUTE i1 ODBMBKW 1 OKUCTIUTENHO YMCIIO
-1. XanoreHuTe CbLUECTBYBAT NpM CTalHa TemnepaTypa v B
33BMCMMOCT OT arperaTHoTO CbCTOSIHWE Ha BellecTBata Ce
XapakTepusupar no CNeaHnsa HauuH:

e Tebpdo — Mod, Acmamuii;
TeyHo — bpow;
[aso0bpasHo — @nyop, Xnop.

C wm3kntovueHue Ha dnyopa (F) u actatust (At Astatine - Hait-
PSAAKO CPeljaHust papmMoaKkTUBEH XWMUYEH eNeMEHT Ha
3emMATa), BCWYKM XarnoreHn ca Ounu TectBaHW um/nnm
M3NON3BaHW 3a W3BMMYaHE Ha OnaropogHW MeTanu Kato
3nato, cpebpo v gp. (Moir, 1906).

Mpea Hayanoto Ha LWAHWOHOTO U3BMKMYAHE, KaTto
W3NY)XBalLL, peareHT Ha 31aTo OT yrapku, Pyau W KOHLEHTpaTH,
W3KIIOYMTENHO LUMPOKO Ce € W3non3ean xnopa. /anonasaxu
Ca pasnuyHu MeToaM Ha W3nyxsaHe. Hsakou oT metoauTte
BKIMIOYBAT M3MON3BaHeTo Ha xnopeH ra3 (,Deetken” wnm
,Mears" npouecu), ApyrM npunarat XxJiopHa Bap M CspHa
kucenuHa (,Munktell* npouec), TpeTh MeToan uHopMMpar 3a
CMECBaHe Ha kanueB nepmaHraHat (KMnO,), HaTpues
xnopug (NaCl) w cspHa kucenmHa (H,SO,) - ,Black-
Etard“npouec. Cmecu oT xnop v conHa kucenuHa (HCL) Bce
OLLe Ce 13MoN3BaT, C LieN pa3TBapsAHETO Ha 3MaTo M MeTanu o1
rpynata Ha nnatuHata (PGM's - Pt, Ru, Rh, Pd, Os) B
pasnuyHK pachuHepun no ceeTa.

M3BnuyaHeTo Ha 3naTo Ype3 XNop CTaBa CPaBHUTENHO
6bp30, 0COBEHO NMpY HUCKW CTOMHOCTM Ha pH Ha pasTBopa:

2Au + 3Cl, = 2AuCl, (5)

VIHTEH3MBHOCTTa Ha XNOPUpaHETO ce nofobpsBa Npu: HUCKO
pH, BMCOKM pa3xogu Ha Xrop, MOBWLLEHA TemnepaTtypa M
ronsiMa MOBBbPXHOCTHA Nnow, Ha obpaboTBaHaTa CypoBMHA.
Bbnpekw, Ye pa3TBapsHETO Ha 3MaTOTO C XNOp € 3HAYUTENHO
no-6bp30 OT LMaHWAHOTO, HUCKUTE KOHLEHTPaLum Ha cynduam
WM MPU HanuuMe Ha HAKOW peaKTWBHU KOMMOHEHTU B
W3XoAHaTa CypoBMHa, MOXe [Aa AOBede [0 3HaunUTENHa
KOHCYyMaLusi Ha peareHTn u pegyuupaHe Ha AuCl; aHWoH
obpaTHO 0 MeTarnHo 3naro.

Peouua wuacnegsaHuMs ca NpoBEAeHM 3a onpegensHe
€(EKTUBHOCTTA Ha XNOPHUTE CbeaWHEHUS NPU U3MYXBAHETO
Ha OnaropogHM MeTanu. B wucTopuyecku nnaH, aHWOHHMS
AuCl, KoMnnekc e W3BNMYyaH OT W3NyXBallua XIopeH
pasTBop, NOCPEACTBOM €CTECTBEHO OTNaraHe BbpXY BbInepos
WM BbIMEH 3a NonmyvyaBaHeTo Ha MeTanHo 3nato. Cnen
U3rapsHETO Ha ,HaboraTeHus" BbIMEH, 3MaToTo Cce OTAens
KaTo KpaeH rotoB NpoaykT. [JHeC MeTarnHoTo 3nato OT 3naTHo-
XTIOPHUS  KOMMMEKC Ce W3BMMYa C MOMOLWTa Ha aKTMBEH
BBITIEH, KOETO KaTo LiANo BOAM A0 3aryba Ha LieHEH KOMNOHEHT
B OTnagbka, nopagn 3axabsBaHeTO Ha (PUHUTE 3naTHM
4acTMUW OT MOBBPXHOCTTA Ha aKTUBHWS BbITIEH. XNOPULHOTO
U3ryXBaHe e MO-TPYOHO 3@ MPUMOXEHWe, B CPaBHEHWE C
UMaHWZHMTE NpoLecK, nopaaun Hakonko npuymntu (Hilson et al.,
2004), a »MeHHo:

e3a [ga Moxe obopyaBaHeTo fda YCTOA Ha CUMHO
KOPO3WBHUTE KUCENMUHW UM  OKUCIIUTENHM YCTOBUS €
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HeobxogMma fga Oboe w3paboTEHO OT  cheuumarnHa
HepbXgaema cTomaHa 1 06nmMLOoBaHo € ryma;

o XMOpHUS Ta3 € CUIHO OTPOBEH UM HEroBOTO 3afbpXaHe e
3ab/KUTENHO, 32 [a Ce MO3BOSIM  ONTUMAIHOTO My
OMon30TBOPsBaHe W fa ce u3berHe pucka 3a 3apaBeTo Ha
Xopara;

o Borpekn ye, npes 80-Te roguHn Ha XX BEK XNOpUPaHETO
Ce € npunarasno 3a NpeaBapuTENIHO TPETUPAHE Ha TPYLAHO
obpaboTBaemn 1 kapOOHaTHW pyan B HKOMKO habpuku B
CALL, ot ToraBa ca M3BECTHW CAMO HSIKOJIKO MWMOTHM Wi
[EMOHCTPALMOHHN MPOYYBaHWS 3a W3MOM3BaHETO Ha Tean
cucTeMM.

BpomHO u3BnuyaHe

3a mbpeu mbT 6pombT (Br) e npeacTaBeH KaTto pa3TBOpUTEN
Ha 3naToTo npe3 1846 roguHa. B npucbCTBME Ha KaTMOHM,
Hanpumep - NH;} 1 okuCnuTeneH areHT B paboTHUS pasTeop,
CKOPOCTTa Ha MW3MyXKBaHe 3HAYMTENHO CE YBenuyaea.
BpomuabT Moxe pa ce fobaBu KbM M3NyXBalMs pasTBOp
33e[1HO C XMOp WM HATPUEB XMMOXIIOPWZ KAaTO OKUCIMTEN,
npespbluatk 6pomuga (Br~) B 6pom (Br) (Yannapoulus,
1991).

Bbnpekn, ye OT AbAro BpemMe e NpuU3HaT Kato MOLLEH
eKCTPaKTaHT Ha 3natoTo, OT CbBCEM CKOPO HEroBOTO
NpUnoxeHue, 3anoyBa CEPUO3HO Aa ce obmucns. Bpombt
npegnara peguua  NpeguMcTea,  BKlouBailkn  Obpsa
eKCTPaKLMs, HETOKCMYHOCT W MPMCNOCOBMMOCT KbM LUMPOKUS
AuanasoH Ha pH cromHocTuTe. HesaBucuMO, uye BUCOKUTE
TEMMOBE Ha pa3TBapsHe, NpugaBaT onpeLeneHo NpeaMMcTBO
npes UWaHWgHWTE MeToaw, YecTo npu GPOMHOTO M3BMMYaHe
ce HabniogaBa BMCOKA KOHCymauus Ha peareHTn. B
BOMbIIHEHWE, NPW TO3W BUCOK Pa3xod Ha peareHT! € MHOro
Bb3MOXHO, B3aMMOAENCTBMETO WM C APy €neMeHTapHu
BellecTBa, 0OpasyBaikM TOKCUYHM CbefuHEHWs, Npu KOeTo
pasxooute 3a OONMUOBBYHM MaTepuanu, kouto Ouxa
W3ObPKaNM Ha T3 TEXKM YCMOBUSA W Bb3AENCTBMETO BbPXY
30paBeTo Ha xopara, MoraT Aa 6bAaT U3BbHPEOHO BUCOKM.

Bce no-ronsmo BHUMaHWe ce otaens Ha “Gpomng-6pomHaTa
cuctema“, ocobeHo cnen kato “Great Lakes Corporation”
naTeHToBaT GpOMeH NpOLEC 3a U3BNMYAHe Ha 3naTo, KOMTO ce
Gasvpa Ha [ENCTBMETO Ha W3MyXBally peareHT C HauMeHo-
BaHue: AMOpPOMO  OMMETUNXMOAHTOMHOBO  CheAVHEHWe
(dibromo dimethylhydantoin), (Tran et al., 2001).

Arnomepauuu oT TMNA ,,BbLINMLIA — NETPON —
3naro“ (coal-oil-gold agglomeration CGA)

MeToabT Bbrnmwa — netpon - 3nato* (BM3) e ycraHoseH
KaTo efHa OT anTepHaTMBMTE Ha LMAHWOHOTO M3BAMYaHE Npu
no-LunMpoko MawabHute onepauum. Hanocnegbk T03v mMeTof,
npugobuea MONyNsAPHOCT W KaTo 3aMECTUTEN Ha MO-HUCKO
npou3BOAUTENHUTE CXeMM Ha npepaboTka, MOCPeacTBOM
MeTofa Ha amanramauus (pasTtBapsiHe Ha LieHHUTE MeTanu B
XUBaK).



MeToabT BbMUWA — NETPON - 3nato® e Cb3gadeH M
MaTeHTOBaH OT M3cnegoBaTencku ekun Ha “British Petroleum”
(BP) npe3 80-te roguHu Ha XX Bek M ce 6asupa Ha
W3BMMYAHETO Ha  xuapochobHUTe  (oneodmnHk)  3naTHu
YyacTMuM OT PyAHW/ MeTanmypruyHu MynnoBe B arnomepary,
00pasyBaHW OT BLIMMULLHM WU HedTeHU NpoaykTh. HedteHute
Macrna wWrpasT ponsTa Ha CBbp3Ballo BELWECTBO Mexay
BbIIMWATa M 3MaTHATE YacTuyW, KaTto BbrMMWata ca
HOCWUTENUTE Ha MWHepana, KOeTo [aBa Bb3MOXHOCT 3a
nocneaBaLioTo eekTMBHO OTAENsHE Ha MacrneHaTta asa.
ArnomepaTute 8benuwa — nempon” ce BpbliaT OTHOBO B
npoueca C Len [OMbIHWTENHO afcopbupaHe Ha LieHeH
KOMMOHEHT, Crieq KOETO Ce OCbLIECTBABA pasgensHe U o
HaTaTblHa npepaboTka 3a nonyyaBaHe Ha 3nmaTeH ,0ynboH’.
Ha ®urypa 2 cxemaTuyHO € nokasaHa OCHOBHaTa KOHLenuus
Ha meTofa ,Bbrnuila — netpon — 3nato” (CGA).

Haxoeden npodykm
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l !
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AHATH3HPAHED BATAHC

®ur. 2. OcHoBHa KOHLiENUMA Ha MeToAa ,,BbLIMKLA — NeTpon — 3naTto”

3aknioyeHue

B Hactoswarta paspabotka e HanpaBeH kpaTbk 0630p Ha
Hal-obeLyaBalLMTe anTepHaTVBI Ha LWMaHWOHUTE TEXHOMOrUN
npu npepaboTtkata Ha 6naropogHu MeTanu. Bwbnpeku
3HauuTenHus  Opoit  Ha  npoeedeHuTe  nabopaTopHu
n3cneaBaHns, MOBEYETO, aKo HE BCUYKA OT Bb3MOXHWTE
3aMecTuTenu Ha UMaHuWOHWA npouec, nokasear HAKON
OrpaHn4eHnd, KouTo Buxa Bb3npenATcTBann CbBPEMEHHOTO
WM MPUIIOXEHWe B MMHHATa, MeTanypruyHata W apym
npomuLneHocTn. TuokapbamupgHoto (Tuoypes) u3BnMuaHe,
Hanpumep, BbMpeky, Ye e JokasaHa 1 NOAXoAsLla TEXHOMOrUs
npu M3BNMYAHETO Ha 3naTo, cpebpo u Apyry LEeHHU meTanu,
Ce CBbp3Ba C BUCOKM pa3xoaM 3a AeTOKCUMKALWS,
OrpaHWyeHa Bb3MOXHOCT 3@ peLMKIMpaHe M He Neku 3a
KOHTPOM eKcrrnoaTaLyoHHu napameTpy.

HesaBucumo 0T npegumcTBaTa, KOWTO TWMOCYNaTHOTO
W3BNMYaHe npegnara, npu TO3M npouec ce Habniogasar
CblUMTE HeJOoCTaTbLM, KaKTO MpW TUOYpesTa — pasxoau 3a
OTCTPaHsIBaHE Ha HEXenaHu OCTaTb4HM enemeHTu K criaba
peLuKMpyemMocT. B CbLLOTO Bpeme, TUOUMaHUAHWS METof,
kaTo no-cTabuneH B CpaBHEHWEe C MPEAUWHUTE [Ba,
npogbmxaBa Aa Obde ycuneHo wu3yyaBaH € uen
npeofonsiBaHe Ha HAKOW 3HAYUTENHWU HeAOCTaTbLM, Npean aa
MOXe [a Ce pasrnexia kato HagexaHa antepHatuea Ha
UMaHUOHOTO M3BMWYaHe. ManyxBaHeTo u4pes xanoreHuau,
OCUTypsiBa MO-TONiMa MbBKABOCT B CPABHEHWE C LMaHUOHUTE
npoLiecu, KaTo 4O3NTe Ha M3NON3BaHUTE peareHTU MmoraT Aa

107

ObAaT KOHTPONMpaHW, C Len MoBWLWABaHe CKOpOCTTa Ha
pasTBapsHe. Bbnpeku ToBa, 3natHute xanorenuan (AuX) ca
HEeCTabuIHN W KPUTULMTE OCTaBaT CKEMTUYHO HACTPOEHM, Tbi
KaTo Mo-Bpeme Ha npoLieca ce U3I1CKBa NOCTOSHEH KOHTPON Ha
XMMUYHWUTE W OMepaunoHHUTE mapameTpu, C Len noaabp-
XaHeTo Ha 3nato B pabotHus pastBop (Aylmore, 2005).
Mpouecbt CGA wnm armomepauuy OT Tuna ,BbIvWa —
netpon — 3nato” (coal-oil-gold agglomeration), paspaboteH u
naTeHTOBaH npe3 cpepata Ha 1980 roguun e nogxoasLy camo
3a 0bpaboTka Ha cBOBOAHM 3naTHU YacTULM U € NO-BEPOSITHO
[a Ce NpeBbpHE B 3aMECTUTEN Ha XWBayHa amanramauus,
OTKOMKOTO Ha LmaHuaHus npouec (Gavin - Hilson, Monhemius,
2005).

Vamexgy  BCMYKMW  MOCOMEHWM  MoO-rope  npouecy,
TMOCYNaTHOTO, TMOKapBaMMOHOTO M XIOPUAHOTO U3NyXBaHE,
n3rnexaar Kato Hai-6narompuATHA ONUMKM Ha LWaHWBHWUTE
MeToam npyu npepaboTkata Ha 6yaropogHu mMeTanu. Bunpeku
TOBa, NpW pa3paboTBaHETO Ha ANTepHATUBHUTE METOAM, OT
W3KMIOYMTENHO TONMAMO  3HAYEHME € HamansBaHeTo Ha
KOHCYMaLusiTa Ha peareHTu 1 nogobpseaHe U3BMMYAHETO Ha
LieHHMS KOMMOHeHT (3nato, cpeBpo u Aap.). MpensapuTenHu
Npoy4BaHNS 3acsraly eKOrOTMYHUTE W YOBELLKUTE PUCKOBE,
TpsibBa HECbMHEHO Aa Bbar B3eTW noj BHUMAaHWE, npeau
Komepcuanu3aumsaTa, 0cobeHo B eKOMOMMYHO YYBCTBUTENHM
paitonm (Aylmore, 2005).
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PE3IOME. [Mpe3 nocneaHuTe roguHn ce Hamara npepaboTBaHe Ha XenesHu pyau C HamaneHo MeTanHO CbAbpkaHue 1 € Heobxoaumo paspaboTBaHe Ha HOBU
TEXHOMOrMN 3a MofyYaBaHe Ha KayecTBEHWU KOHLEHTpaTh OT GeaHn xenesHn pyau. Upes npunaraHe Ha HOBM TEXHOMOTUYHM CXeMU MOXe fa ce mpepaboTeat u
TEXHOTEHHM OTNaABLM OT NPEANLLHM U HACTOALLM NPOU3BOACTBA. He3aBUCKMO KakBa e CypoBMHATa, TA Ce Noanara Ha npepaboTeaHe, 3a Aa Ce MonyyaT XemnesHu
KOHLIEHTpaTX C onpeaeneHm ka4ecTBEHM 1 KONMYECTBEHW NOKa3aTeNM, KaKkTo 1 ia Ce MOCTUrHe Mo-eeKTUBHO M3NOM3BaHe Ha CypOoBUHUTE.

Hacrosilwara pabota e nocBeTeHa Ha U3cneaBaHe Ha HEKOHANLIMOHEH XeNsA30ChAbPXALL NPOAYKT, MONyYeH npu npepaboTBaHETO Ha XKenesHu pyau. Tosu NPOAYKT e
nony4eH npyu oboraTsiBaHe No TEXHOMOTWS, BKMIOYBALLA MarHUTHa cenapaLys B cenapatopy C BACOKOUHTEH3MBHO MarHUTHO none. CbAbpkaHUETO Ha Xensi3o B HEro
e okono 42%. WscneaBa ce NPUNOXEHNETO Ha Pa3nuyHM MeToan 3a oboraTaBaHe, 3a Aa Ce MOBMLIAT TEXHMKO-MKOHOMUYECKVTE NoKasaTeni Ha HEKOHAMLIMOHHMS
npoaykT. Llenta e nonyyaBaHe Ha NOAXOAAL| THPrOBCKM MPOAYKT C NasapHa peanu3auns. Ypes npunaraHe Ha HOBa TEXHOMOTWYHA CXEMa € YCTaHOBEHa
Bb3MOXHOCTTa 3a JooboraTsiBaHe Ha HEKOHAWLMOHHMA NpoaykT. Han-edekTuBeH mMeToa Ha oboraTsiBaHe Ce oka3Ba (noTaumoHHuAT. MocTura ce nonyyasaHe Ha
KeneseH KOHLEHTpaT C A0OpM TEXHOMOMMYHIM NoKasaTenu. acneAsa ce 1 WnambT, MOMyYeH KaTo OTnagbyeH NpoAyKT Npy MpoTMYaHeTo Ha drotaumsTa. Ton e ¢
BIMCOKO CbbPXaHWe Ha XEeNs3o 1 Ce Lienu Aa ce HaMepsT METOAM 33 U3BMIMYAHE Ha KenesHUTe LWNamoBm YacTuuy. NpoBeAeHN ca ekCriepyMeHTH 3a neneTusauns
Ha nony4eHns pnoTaLmoHeH KeneaeH KOHLEHTpaT. [lokasaHa € Bb3MOXHOCTTa 3a NoMy4yaBaHe Ha neneTi ¢ [00pK XapakTepucTuki 3a AOMEHHO MPOU3BOACTBO.

KniouoBu AYMU: XenesHu pyan, HeKOHANUUOHHM NPOAYKTU, OTNaAbLK, oboratsBaHe, (bnmauym, nenetusayua

USING BENEFICIATION METHODS FOR EXTRACTION OF IRON FROM LOW-GRADE MATERIAL AND WASTE FROM
PROCESSING OF IRON ORES

Velichka Hristova

Kardzhali Branch of the University of Mining and Geology “St. Ivan Rilski” - Sofia, 6600 Kardzhali, hristova_velichka@abv.bg

ABSTRACT. Recently, iron ores with decreased metal content have to be processed and this requires development of new technologies for obtaining quality
concentrates from poor iron ores. Technogenic waste from past and present beneficiation can be processed through the application of new technological schemes.
Irrespective the raw material, it undergoes processing to produce good quality iron concentrates, as well as to achieve more efficient use of raw materials.

This work is devoted to studying a low-grade iron product resulting from iron ore processing. The product is obtained by beneficiation with the aid of high intensity
magnetic field separation. The iron content in the obtained material is about 42%. Different beneficiation methods have been studied, aimed at increasing the
technical and economic parameters of the substandard product. The aim is to obtain appropriate marketing product. The possibility has been established for further
beneficiation of the studied low-grade product by applying a new flowsheet. Flotation turns the most effective beneficiation method. Iron concentrate with good
technological parameters has been obtained. Fines, produced as a waste product in the course of flotation have been studied. The fines are with high iron content
and the intend is to find methods for the iron extraction from particles. Experiments were conducted for the pelletization of the resulting iron flotation concentrate.
Pellets obtained show good characteristics for iron blast production.

Key words: iron ores, low-grade material, waste, beneficiation, flotation, pelletization

BbBepeHue Hanara HeobGxomuMocTTa OT pas3paboTBaHE Ha  HOBU

TEXHONOMMM 3a NOMy4YaBaHeTO Ha KAYECTBEHM KOHLEHTpaTH OT
MuHepanHuTe pecypcu ca OrpaHUYeHU W HEBB3CTAHOBUMU GeoHn xenesHu pyau. 3a Cb3gaBaHe HA  eEKTMBHM
MONE3HU  U3KOMaemMu, KOWTO M3UCKBAT  KOMMMEKCHO W TexHonorum e HeobXoaumo 3adbnboveHo W3yyaBaHe Ha
exonorocbobpasHo yceosiBaHe. OT CHLLECTBEHO 3HAYEHME € BEIIECTBEHMA CbCTaB HA pyAUTE U TEXHONOTUMHWTE UM
TOBa 3a pyauTe, Thil KAaTO TEHAEHLMATA, XapaKTepHa 3a Lenus cBOMCTBA.

CBAT, € KbM HamarnaBaHe Ha MeTaNHOTO UM CbbpxaHue. B
TOBA OTHOLLEHWE HEe NpaBW U3KMIOYEHME W XensiaHaTa pyaa.
Hanpepnga oTpaboTBaHeTo Ha ronemute 1 GoraTit Haxoguuia B
CBETa, a OTKPUBAHETO Ha HOBW M3TOYHULM Ha MUHEPAsHU
CYPOBMHW CTaBa BCE MO-CMIOXHO M CKbMO CTpyBallo. B
ekcnnoatauus ce BbBEXOAT Haxoaula Ha GefHu XenesHu
pyou, KOUTO MW3uckBaT edekTMBHO npepaGoTBaHe. Tosa

HapacTBalyoto TbpCeHe Ha XenesHu pyan 3a YepHata
MeTanyprus  HacbpyaBa npepaboTBaHETO Ha  TPYAHO
oboraTumu 1 6eHM Ha METarHO CbabpXaHUE KENEe3HN Pyau,
KOWTO W3MCKBAT CMOXHM KOMMMEKCHW TEXHOMOTMW  Ha
oboraTsiBaHe W U3NON3BaHe Ha CbBPEMEHHA TexHuka. B
npakTikaTa TpaHO HaBnu3a CTPEMEXbLT KbM KOMMMEKCHOTO
ononsoTBopsBaHe Ha pobutute pyau. [pes nocnegHuTte
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TOOMHM Cce HabriofaBa W HapacTBaHe Ha MHTepeca KbM
oTnagbka, MonyyYeH npu npepaboTBaHETO Ha KenesHu pyau,
BKMIOYATENHO M KbM HaTpynaH OTMagbk B OTNAAbKOXpa-
HUMULLA. Bb3MOXHOCTMTE 3a npepaboTBaHETO Ha Tean
OTnaabLy MM NpeBpbLUAT B LigHHa CypOBMHA.

B Bbnrapus ca npeycraHoBeHn fo6uBLT U npepaboTBaHETO
Ha XenesHu pyau. KbM MoMmeHTa nuncsat CTpaternn 3a
Bb30OHOBSIBaHE [0OMBA Ha KENE3HM pyau B CTpaHata M
pasBUTWE Ha YepHaTa MeTanyprus.

HacTosiwara pabota npegcraes nonyyeHuTe pesyntatn oT
pooboratABaHETO HA HEKOHAMLMOHEH Xens3oChabpkall
NPOAYKT, NOMyYeH Mpu NpepaboTBAHETO Ha XENME3HU pyaou.
MpoaykTbT e nomyyeH npu oboraTsABaHE MO TEXHOMOrUs
BKIIOYBALLA MarHWTHa cenapaumsl, Cneq TPOLLEHE U CMUMaHe,
B Cenapatopu C BWUCOKOMHTEH3WBHO MarHWTHO More.
CbabpxaHneTo Ha xensso B Hero e okono 42%. [lNopagm
HWUCKOTO CbAbpXaHWe Ha Xens3o, MarHuTHaTa dpakuus ce
HaTpynBa M HAMa MOTEHUWanHu Kynyeauu. Heobxogumo e
TbPCEHETO Ha eheKTUBHM METOAM 3a AooboraTaBaHe Ha To3w
MaTtepuan, 3a ga Ce MOMyyYu TbProBCKM MPOAYKT C nasapHa
peanusauus (CbC CbabpXKaHue Ha Xens3o okono 52-53%).
HemarnuTHaTa hpakups, cbabpkalla 6aput, e noanoxeHa Ha
BaputHa dnotaums 1 e nobueaH HapuTEH KOHLEHTPAT, KOWTO
Hamupa nasapHa peanusauws (JamsHos, 1992). W3cneasaxm
ca BMMSHUETO Ha CMUNAHETO BbpXYy pasnpedeneHueTo Ha
KENs30 Mo knacu, (rioTaumMoHHOTO  oboraTsBaHe  Ha
HEKOHANLMOHHMS! XENA30ChabPXaLL NPOAYKT Cres CMUNaHe u
neneTM3aumsaTa Ha NonyyYeHus xeneseH koHuUeHTpar. LienTa e
nonyyaBaHe Ha MenetM OT Kenesuust  (proTaLmoHeH
KOHLEHTPaT 3a [AOMEHHOTO MPOW3BOACTBO, C MNOAXOAALLM
AKOCTHM KayecTBa. HammpaHeTo Ha HOBa TEXHOMOTMYHA Cxema
1 MOMyYaBaHeTO Ha KpaeH TbProBCKW NPOAYKT 3a peanu3auus
Ha MexXOyHapooHWs nasap 3a MeTanM € OT 3HauYeHue B
MKOHOMMWYECKM, COLMANEH M eKOMOrNYEH acmexT.

O6wwa TexHONOrMYHa cxema 3a npepaboTBaHe

KenssocbabpXallmTe CYpOBWHM, KOUTO CE M3MOM3BaT 3a
JOMEHHOTO  NPOM3BOACTBO, TpsibBa [fa OTIOBapsT Ha
onpedeneHn M3UCKBAHWS KakTO MO  CBOS  XWUMUYEH W
MWHepaneH CbCTaB, Taka UM MO  (PUBMKOXMMUYHUTE U
tbmanynmTe cu cBoicTea (Bvnues n ap., 1975). B Ta3m Bpb3ka,
HEe3aBMCMMO KaKBa € CypOBMHATa - XeNsisHa pyaa, aobuta ot
PYLHWLM, HEKOHAMLMOHEH NMPOLYKT OT oboraTuTeneH npouec
UM OTNagbK OT MWHANO WM  HAcTOsIE NPOMMULLNEHO
MPoOM3BOACTBO, TA Ce nognara Ha oboratsBaHe 3a
npuaobuBaHe Ha ONpedeneHn Ka4yecTBEHW W KONMYECTBEHM
nokasateru. C oboraTsiBaHeTo ce Lenu ga ce MOHWXM [0
MUHUMYM CbObPXaHUETO Ha CKanHW W BPegHU NpuUMecH B
XENEe3HUTE pyau, NPOAYKTA Uin oTnagbLy oT oboraTsiBaHe, 3a
Ja Ce MOBUWK CbObPKAHMETO Ha MeTan (Kens3o) B TAX.
Bcuuku meToan Ha oboraTsiBaHe ca OCHOBaHW Ha pasnuknTe B
CBOWCTBATA Ha PyAHUS MUHEpan U ckanHust npumec. VIMeHHo
pasnukaTta, KOSiTo CbLUECTBYBa B JafeH Cryyal onpenens u
MeToda, KOiTo TpsibBa da ce npunoxu. Kbm Hactosiwms
MOMEHT Haf 85% OT LoBuUTMTE XenesHn pyau ce noanarat Ha
oborataBaHe. [enbT Ha oboraTABaHETO Ce € YBENMYWN
3HauuTenHo. Pa3BnTneTo Ha npoueca Ha oboratsiBaHe ce
XapakTepusnpa C WHTEH3U(UKAUMSTa Ha  OCHOBHM W
MOArOTBUTENHM NPOLIECH NOPaau BROLWABALOTO CE KAaYecTBO
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Ha pobuTaTa xenssHa pyAa 1 BCe NO-HapacTBaLlnTe N3UCKBa-
HNA KbM Ka4eCTBOTO Ha XeNe3HUA KOHLeHTparT.

TexHonornyHata cxema 3a npepaboTBaHETO Ha Xens3o-
CbObPXally CypOBMHW BKIIOYBA CEHUTE OCHOBHWM €Tanu:
TPOLUEHE U CMMMaHe, mpecsiBaHe M knacudukaums, obora-
TABaHe, YCpeOHsIBaHE W yedpsiBaHe u4pes arromepauus,
nenetusauus unv 6puketupaHe (Knucypaxos v [leHesa, 1986;
AspamoB u fap., 1994; [pakanuickm u LlaHes, 1998). B

fMpakTukata Cce npumaraT —pasnuyHn  KoMOMHauuM  OT
n3bpoeHUTe MeToan 3a npepaboTBaHe. KomkoTo ensso-
CbAbpXKalyTe CypoBMHM Cca no-GedHn, TomkoBa Te

npemuHaBar npe3 no-ronsm 6poi Metoam 3a npepaboTaaHe.

C npunaraHeto Ha npoLecuTe TPOLIEHE W CMUNaHe,
npecsieaHe U Knacudukaums npu  npepaboTBaHeTo Ha
KENA30ChAbPXALLMTE CYPOBWHM Ce MOCTMra OMTUManHaTa
epuHa W pasKkpuBaHe Ha Kens3o-HocewmTte asu oT
cpacTbUMTe, BaxHa MpeanocTaBka MNpW  MOCNeABaLiOTo
oboraTsiBaHe.

W3BecTHO €, Ye 3a oboraTsBaHETO Ha XenesHn Pyau ¢ HUCKO
MonesHo CbbpPXaHWME Ce W3NON3BaT pasnuyHu  METOAM:
MarHuTHa cenapauusi, noTauus, rpaBuTALMOHEH MeTof,
MarHeTU3MpaLLo MbPXKEHE.

®noTaUMOHHUAT METOA € ePeKTUBEH Npyu 0BoraTABaHeTo Ha
onpezeneH Bug cnabo marHuTHa pyga.

[paBUTALMOHHUS METOZ, € LLIMPOKO Pa3npoCTpaHeH, HO TOW e
NOAXOAALY Camo 3a OMpederneH BUA KenesHu pyau, kato 3a
HErosoTO MpunaraHe U OCblUeCTBsBaHe € Heobxoaumo
3HAYUTENHO KOMMYECTBO BOZa. TO3U METOA He € Bb3MOXHO [a
Obae M3non3BaH B palioHmM C HeJoCTUr Ha BOfa.

MarHeTMaupalLoTo MbpxeHe e CKbM MpOLEC, 3aToBa Hail-
YecTO Ce M3Nomn3Ba MarHWTHaTa cenapauus 3a oboraTsBaHe
Ha GeaHu xenesHu pyan. MarHuTHUAT MeTof € edeKTUBEH W
WKOHOMMYECKM LienecbobpaseH npu  oboraTsiBaHeTo Ha
onpefenermn TMnoBe (hMHO BpbCHaTa XeNs3Ha pyaa.

Llenta Ha ycpeaHsiBaHeTo € Aa ce Hamanw konebaHueTo B
XMMWYHWS! CbCTaB U (PU3NYHIUTE CBOICTBA Ha MaTepuana, T.e.
Ja ce cTabunuavpa ka4yecTBOTO. YcpeaHsiBaHeTo TpsiGBa aa
Ce OCbLieCTBSIBa BbB BCWYKM €Tamn Ha npepaboTka Ha
maTtepuana.

MorydyeHuTe 3KemnesHW KOHLEHTPaTW ce mnognaraT Ha
yenopsisaHe. MpunaraT ce Tpu MeToga Ha yeapsiBaHe —
OpvkeTupaHe, arnomepauus u nenetusauns. OT TaX MbPBUAT
METO[ Beye Ce M3Nonasa MHOro psako. [pyrute ABa metoaa
Hamupar No-TonsMo PasnpoCTpaHeHKe.

Heobxogumo e pa 6bpat m3crnefgBaHu pasnuyHn komou-
HauumM OT MeToau, 3a aa 6bae edekTnBHO 0boraTsaBaHETO Ha
KenesHu CypoBUHU C HUCKO MeTalHo CbAbpXaHue.

MpunaraHe Ha HOBa TeXHOMOTMYHA CXeMa W
nony4yeHW pesynTatm OT npepaboTBaHETO Ha
u3cnepBaHus MaTepuan

W3cnegBaHo e  BAMSHMETO HAa  CMUNaHeTo BbpXYy
pasnpeneneHnNeTo Ha Xenaso No knackh KU e onpegeneHo
ONTUManHOTO BpPemMe Ha CMUnaHe. JocmunaHeTo  Ha
Martepuana BOAW [0 NO-MbMHO pPasKkpuMBaHE Ha Xene3Hute



MMHEeparHu YacTuuy oT cpacTbuuTe. MocTUra Ce MOBMLLEHO
CbbpXaHMe Ha Xensi30 BbB (hnHaTa Knaca.

[okasaHo e, Ye MarHuTHaTa cenapauuss ce siBsBa
HeedeKTMBEH MeTOA 3a NpepaboTBaHETO Ha HEKOHAMLMOHHMS
maTtepuar, nonyyeH npu npepaboTBaHETO Ha KPEMUKOBCKMTE
Kens30ChAbPXKaLLM Pyau.

lMpoBegdeHn ca peguua NOTaLMOHHU EKCTIEPUMEHTN C
pa3nUyHN peareHT! 1 Npu PasnuyHA YCroBMS. YCTaHOBEHa e
Bb3MOXHOCTTA 3a pAooboratsBaHe Ha  HEKOHAULIMOHHMA
MaTepuan ype3 (roTaLuoHeH MeToz 1 noryyasaqe Ha Aobpu
TEXHOMOrMYHM nokasaTenu. Ha durypa 1 e npencraseHa
npuHUMNHaTa TexHomornyHa cxema. MocTura ce nonyvasaHe
Ha XeneseH KOHLeHTpaT C npuemnve O06MB M U3BMMYaHE,
CbbpKaHne Ha xens30 53,91%.

KpaiiHaTa Len Ha wUsnata TexXHONorMyHa cxema e
noryyaBaHe Ha MeneT OT KenesHus  (proTauuoHeH
KOHLIEHTpAT, KOUTO Aa ca MOAXOAslua CypoBMHA 338 AOMEHHO
MpoOM3BOACTBO. [MOCTUTAHETO Ha TasW Len e Hanpasy
npofaBaem [0000raTeHNs! HEKOHAULIMOHEH MaTepuan.

IIpoba

Cumnane

Ocuoena daputHa droTaima

Kontponua baputHa
dnoTauma

BapuTen KoHIEHTpaT

1 pemnamarpia

II pemnamaria

1 arurarpa
I Taan

11 armrampa

_Ocnoena obparsa duoTarpa

i

Kontponna obparna
oTaLua

OfeIuHeH NeHeH NTPOIVET
(oTmagnK)

AKenesen roHmeHTpaT

®ur. 1. Cxema Ha hnoTaums Ha HEKOHAULMOHHUA Xene3eH MaTepuan

MonyyeHusT Wnam, KOWTO ce sBsBa OTMagbk oOT
(hroTaUMoHHOTO 0BoraTsiBaHe, € CbC 3HAYNTENHO CbabpXa-
HMne Ha xensso - 37%. Tosa ce nomyyaBa 3apagu
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[OCMUNAHETO, KOETO BOAM A0 BTOPUYHO LUMAMyBaHe Ha
KenesHute MuHepanu. [posegeHu 6sixa u3criedBaHust C
fpunaraHe Ha grokynauumsTa kato MeTog 3a oboraTsiBaHe 3a
MOCTUraHe Ha MakCUManHo U3BMMYAHE Ha Xensi30To OT LUNama.
MocTurHaTMTE NpUEMNMBM  pE3ynTaTM OT  NpOBEAEHMTe
ncrefBaHWs [aBaT OCHOBaHWe Cbluute fa  Obpar
3a0bnbOYEHN 33 W3ACHSIBaHE Ha BBMPOCH, CBbP3aHU C
HEOBXOAWMUTE ~ KOMMYECTBA pPeareHTu, MPUNOXEHWe Ha
[JBYKOMMOHEHTHA CMCTeMa — (hrOKyNaHT-KoarynaHT v u3bop Ha
METOZ 3a cenekums u oboraTsiBaHe Ha Lwnama. OTAEnsHeTo
Ha LNaMOBUTE XENs30ChAbPXKAllM YacTUuM e AoBede A0
Mo-eheKTUBHO U3MON3BaHE Ha MaTepuana.

YenpsiBaHe Ha MONyuYeHWs! Kene3eH KOHLEHTpaT upe3
neneTusauus

YenpsBaHETO Ha  KENA30CHObPXALMTE CYPOBUHM €
HeoBXOAMMO 33 OCBLIECTBSBAHE Ha MeTanypriyHaTta WM
npepabotka. OCHOBHO NpPeaWMCTBO Ha yeapsiBaHETO €
Bb3MOXKHOCTTa Ja Ce  OCbLECTBM  NpeaBapuUTENHO
ochniocoBaHe Ha CypoBWHWTE. XapakTepHa O0COBEHOCT Ha
YEOPSIBAHETO YPe3 MeneTusauns €, Ye npu To3u Mpouec ce
OCbLUECTBSABA MOMY4YABAHETO HA OKPYMHEH MPOAYKT C HOBM
MeTanypruyHu CBOWCTBA, KOMTO He Ca XapakTepHu 3a
npupogHuTe cyposuHu (Opakanuickn u Llanes, 1998). 3a
OCbLUECTBABAHE HA MeMneTu3aumsaTa, KbM CUTHUS XeneseH
KOHLiEHTpaT ce A06aBs BoAa W Ype3 MeXaHUYHO [BUXEHWE Ha
KOHLieHTpaTa OT Hero ce obpa3syBaT CypoBM CEPUYHM Tena
HapeyeHu neneTu, KOWTO crnej TOBa Ce YsK4yaBaT uypes
BMCOKOTEMNEpaTypHa obpaboTka.

lpoBedeHn ca ONUTA 3a MeneTusauusTa Ha MonyyeHus
(brOTaLMOHEH  KEMEe3eH  KOHLEHTpaT, OTroBapsl, Ha
HeobXoaUMMTE KaYeCTBEHU U KONMMYECTBEHW NokasaTenu. [pu
npoBexgaHe Ha onuTuTe ca npubasenn no 1% BeHTOHMT, 3a
yBenuyaBaHe skocTTa Ha nenetute, 20% Bopa. uameTbpbT
Ha HanpaBeHuTE CypoBu nenetn Gewe mexagy 9 — 15 mm.
Menetute ce macywuxa B cywmnHs npu 200° C. CyweHeTo
yBENMNYaBa AKOCTTa WM W MO TO3WM HA4MH Ce mpednaseat ot
paspyLlaBaHe npy BUCOKOTEMMNEPATYPHOTO HarpsiBaHe. Ysk4a-
BaHETO Ha MeneTuTe Ce M3BbLPLWM B MELL Npu TemnepaTypa
1000° C. BpemeTo 3a pegykuus npu Tasu Temnepatypa — 1
yac. Kato pegyktop ca uanonssanu 20%, cnpsiMo mMacaTta Ha
npobara, kadsiBu BbrmnLa ¢ egpuHa 5 — 0 mm.

WU3cnepBaHe cBoMCTBaTa Ha neneTute

KayecTBOTO Ha u3neyeHuTe nenetm ce onpedena ot
rPaHyNnoOMEeTpUYHNA UM CbCTaB, AKOCTHUTE WM MNoKasatenu u
XUMUNYeCKnsa CbCTaB.

HeoOxogmMmo e u3neyeHuTe nenetu fa Mmat SKOCT Ha
HaTtuck 1,5 - 2,5 kN (Bwvnues v gp., 1975).

W3crnensaHa e skoCTTa Ha paspyLuaBaHe Ha 6 6pos neneTu B
nabopatopHa npeca. OnpegeneH e AMamMeTbPBT Ha BCEKM
nenetT M € npeTerneHa HeroBata Maca. HaTuckbT Ha
paspyLuiaBaHe e onpegeneH B kg u kN. [laHHuTe oT oTaenHuTe
npobu ca 0bpaboTeHn CTATUCTUYECKM, KaTO Ca W3BEAEHU
OCpedHEHW [JaHHW 3a [OuaMeTbp, Maca UM HaTuCK Ha
paspyLuiaBaHe. Pesyntatute o1 nabopaTopHuTe U3cneaBaHus
ca npeacraBeHm B Tabnuya 1.



Tabnuua 1.
Pe3ynmamu om sikocmHume uscriedeaHusi Ha neflemume

Ne Ounametbp | Maca | MakcumaneH ToBap
nenet (mm) (9) Ha paspyluaBaHe
kg kN

1 13 3,08 212,00 2,08

2 10 2,55 153,00 1,50

3 12 2,71 181,00 1,78

4 11 2,63 158,00 1,55

5 12 2,89 208,00 2,04

14 3,67 230,00 2,26

Cpeatm 12 2,92 190,33 1,87

CTOMHOCTK

flkocTTa Ha uM3cnedBaHWTe nenetu JocTura A0 cCpeaHa
croiHocT o1 190 kg/nener. lNMpu pBYHOTO NpousBexnaHe Ha
nenetTu TpyoHO ce JocTura cdepuyHa ¢opma, €enHaKsu
pasMepu M Maca, KOeTo Ce OTpassBa Ha NO-TONsSIMOTO
OTKIOHEHMe B AKOCTHUTe napameTpu. OCBEH TOBA NMPOLIECHT &
GaBeH u Tpyooembk. Bbnpeku ToBa, nenetute ca ¢ Lobpu
SKOCTHM XapakTepucTuki. ToBa, Ye (PROTALMOHHWAT KOH-
LieHTpaT e (1H e NpeauMCTBO 3a 3ApaBuHaTa Ha neneTuTe.

V3BbpLUIEHN Ca XUMWYECKM aHanuau Ha W3crnefBaHuTe
nenetn. CpeaHoTo cbabpxaHne Ha Feoswo € 65%. MNeneTute,
MOMyYeHn OT HEKOHOWUMOHHMS MaTepuan ca ¢ [obpu
XMMUYecki napameTpu. CbabpxaHUeTo Ha ONOBO B NeneTuTe
e 0,04-0,06%, KOETO € OT CbLECTBEHO 3HAYEHME.

MN3Bogu

MpoBeneHnTe W3cneBaHWs AaBaT Bb3MOKHOCT fAa Ce
OLEHM MPUNOXUMOCTTa Ha (PrOTaLMOHHUTE MeToau 3a
oboraTABaHe Ha HEKOHOMLMOHEH MaTepuan U OTnafbK,
nonyyeH Npu NpepaboTBaHETO Ha KENEe3HW pyau.
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YcTaHOBEHO e, Ye  MarHuTHata  cenapauus e
HenepcnekTueeH metod. Obelwasaly meTod, Aasall Lo6pu
pesynTati e ProTaLUMOHHWAT, OCHLLECTBEH MO NpeanoXeHaTa
cxema.

OT HOBOMOMYYEHWS! (hIOTALMOHEH JKENE3eH KOHLEHTpaT Nnpu
MPOBEAIEHNTE EKCIEPUMEHTN Ce Momnyynxa nenetn ¢ [obpu
MoKa3aTeNny 3a JOMEHHO NPON3BOACTEO.

W3cneaBaHusT maTepuan Moxe fa ce npepaboTv MbpBeo o
(hnoTaLMoOHeH MbT M Cried ToBa Ype3 neneTwsauus ga ce
MoNy4Yn KpaeH THbPrOBCKM MPOAYKT, MOAXOASWM neneTy 3a
JOMEHHO NMPOM3BOACTBO.
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WHTEHCUOUKALIUA MPOLIECCA ®NOTALIUM NMPU NEPEPABOTKE 30/IOYHOCA

TENNO3NEKTPOCTAHLUN

Hamanbs 3eseunyesa’, KoncmaHmuHx 'ymeHiok?

" Kaghedpa obozauieHust nonesHbIx uckonaemsix, [JoHeuKul HayuoHanbHbIl mexHudeckull yHusepcumem, 2. [JoHeuxK,

n_a_zvyagintseva@mail.ru
2 [lupekmop OO0 «Pecypc NHXUHUpuHe», 2. [JoHeuk

PE3IOME. B cTatbe uccrienoBaHbl BOIMOXHOCTM U3BMEYEHUSI Hepoxora U3 3ombl yHoca Ctapobewesckon TPOC metogom dnoTtaumm. PaccMoTpeHo BnusiHuE
pa3nnyHbIX hakTOPOB Ha Ka4ecTBO NMEHHOro MPpofyKTa. PekoMeHAoBaHbI ONTMManbHble TEXHONOrMYECKUE PeXMMbI (hnioTaLmuy NeTyyent 30Mbl C LENbo MomnyveHus
NpOJYKTOB, NPUrOAHbIX ANs AaNbHENALLEro ucnonb3oBaHus. MomnyyeHa MaTemMaTieckast MOAENb, XapakTepuayioLLast BMsIHWE OCHOBHbIX NapaMeTpoB npoLiecca.

KnioueBble crnoBa: 3ona YHOCa, ¢)ﬂ0TaLl,Vlﬂ, HeJoXor yrng, matemaTuyeckoe MoaenvposaHue

WHTEH3U®UKALIUA HA MPOLIECA HA ®JIOTALUA NPU NPEPABOTKA HA NETIINBUA NMPAX( NENENNHATA) B

TOMNNOENEKTPOCTAHUWA
Hamanus 3eseunyeea’, KoHcmanmuH 'ymeHIOK?

Kadedpa ,Obo2amsgaHe Ha nonesHume uskonaemu’”, [loneuxu HayuoHaneH TexHudecku YHugepcumem”, ep. [JoHeuk, YkpauHa,

n_a_zvyagintseva@mail.ru
2[lupekmop OO0 ,Pecypc UHxuHUpuHe”, ep. [JoHeuk

PE3IOME. B cratusita ca u3cnegsaHy Bb3MOXHOCTUTE 33 M3BNMYaHe Ha netnueus npax B Ctapobelesckata OboratutentHa cabpuka upes metoga rotaums.
[MpenopbyannTe ONTUMaNHM PeXUMM Ha (hnoTauns Ha NETNMBMS Npax, LENsT nony4aBaHeTo Ha NPOAYKTW, KOUTO MOraT Aa Ce M3Mon3Bar v cnep Toa. [onyyeHnst

MaTemaTu4eckn Moaen Xxapakrepuampa 0OCHOBHUTE NapaMeTpu Ha npoueca.

KntouoBwn gymu: netnus npax, hroTauus, nenenmHa, MaTeMaTuyecko MoenmpaHe

BBepgeHue

OnekTpocTaHumm, paboTatowme Ha yrne, Npou3BOLAT
MWNJINOHBbI TOHH 30J1bl U LLNAKa. |-|pI/I CXuraHun TBEpPOOoro
TONMMBA B TOMKax 9MeKTPOCTAHLUMA 3a CYeT Heaoxora
00pa3yloTcsl 30MbHbIE YHOCHI, MOTEPWU TOMAMBA B KOTOPbIX
coctaBnsaoT 3 — 5 % OT konu4yectBa CkuHaemoro yrms. B
CBSI3W C MPUMEHEHNEM MarloKanopUiAHOTO U BbICOKO30MbHOMO
TONNMBa 06BEM 30MbHbIX YHOCOB €XErogHO BO3pacTaeT, uTo
YBENMWYMBAET  pacxodbl Ha WX  CKNAgMpoBaHWe B
30/10LLNAKOBbIX OTBariax, MOBEPXHOCTb KOTOPbIX SIBNSETCS
O[HUM W3 UCTOYHWKOB HETaTUBHOTO BAMSIHUS HA OKPYXatOLLYHo
cpeny (MbineHne B atMocdepy W 3arpsisHeHWe BOZOEMOB).
I'IpeBpameHMe 0TX0A0B B UCTOYHMK BTOPMUYHOTO ChbIPbA OKaXeT
MOMOXWUTENbHOE BMUSHWE HA 3KOHOMWKY 3NEKTPOCTaHLMIA.
Otnagetr  HeoOXomMMOCTb B COOPYXEHUM  30M10- W
LUINaKoOTBAsoB, 3TO 06ECNEUNT SKOHOMUIO 3EMENbHBIX Yroauii
11 CO30aCT BO3MOXHOCTb UCMONb30BAHUS HEAOXOTa B Ka4ecTBe
,ELOGaBKI/I K OCHOBHOMY TOMnuMBY. LlinakoBble mMaTepuanbl nocne
yoaneHuna roploqeﬁ MaccCbl MOTYT UCNONb30BaTLCA B Ka4eCTBe
HEpPYOHOTO  Cbipbsl B MPOWM3BOACTBE  CTPOWUTENbHBIX
MaTepuanos. [puroaHoOCTb 30Mbl U LWhaka Ans AanbHelwero
CMONb30BaHUs ONPeaensaeTcs Coaep)aHWeM B 30M0LLMaKax
BpeOHbIX  KOMMOHEHTOB. K unMcny  HexenaTenbHbIX
COCTaBNSIOLLMX B 30f1€ YHOCA OTHOCATCS COEAMHEHUs Cepbl,
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HECrOpeBLUME YacTULbl TBEPLOrO TOMMMBA, CBOOOAHAS OKWCH
kanbLus, MarHus 1 ap. 30Mbl OT CKUFaHWsS KaMEHHbIX Yrmen
PasnU4HbIX MECTOPOXAEHWA OTIMYAKOTCA Opyr OT Apyra
COOepXaHWeM CTEKMNOBMAHOM Macchl, aMopgu30BaHHOM
[MWHUCTOTO  BellecTBa, (DOPMOA U CTPOEHMEM  3EpEH.
CopepxaHue HEeCropeBLUMX WMWM He MOMHOCTLIO CrOpeBLUMX
4acTuL TOMIMBa B 30M€ 3aBUCUT OT BUA TOMMMBA, TOHKOCTM
€ro nomora, yCTpoNCTBa TOMOK M PEXUMA CXUraHus Tonnvea u
konebnetcs B npegenax ot 0,5 no 20% u 6onee.

AkTyanbHOCTb 3TOr0 BOMpoca npeponpeaenseT Heobxo-
AMMOCTb KOMMIIEKCHOTO MCCIeIoBaHist CocTaBa NeTydeit 301bl
W CBOICTB 30MOLLNAKOBbIX CMECEid, OTMNYAIOLIMXCA CBOUM
HEMOCTOSIHCTBOM.

WUccnepoBaHne o6oraTUMOCTM neTyyel 30Mbl
CrapobeweBckon TOC meToaom dnoTtaumu

Crapobewesckass TAC cxwuraeT aHtpauut mapok AL u
APL co cpepHen 3onbHocTbio 30 %. Mpoba neTyyen 30mbl
nocne oOxuraHms TonnvBa Obina  uccnegoBaHa B
nabopaTopHbIX YCMOBUSX, WU3YYeH IpaHynoMeTpUYeckuint
(hpaKLMOHHbIN cocTaB 301kl (Tabn. 1).



Tabnuua 1. paHynomempudeckuli u hpakyUOHHbII cocmag iemyyel 301b1

pr"HOCLbMK”aCCOB’ Boixog, % 30MbHOCTb, % HHOTHOiTr7M?paKLW’ Boixoa, % 30M1bHOCTb, %
+0,2 10,5 82,6 1800 15,9 48,9
0,1-0,2 29,5 75,0 1800-2000 18,9 56,6
0-0,1 60,0 80,3 2000 65,2 93,1
Wtoro 100,00 79,0 Wtoro 100,0 79,2

/13 paHHbIX Tabn. 1 BUOHO, YTO BO BCEX Kraccax KpynHOCTM
€CTb Hegoxor. YIMecoaepxalime KOMMOHEeHTbl Ccocpeno-
TOYeHbI BO (ppakuusx nrnoTHocTbi MeHee 2000 kr/m3. dpakuus
nnotHocTblo Gonee 2000 kr/mM3 npeacTaBneHa B OCHOBHOM
MWHeparnbHOM  YaCTblo,  COAEepXalled  He3HaYUTEeNbHOe

KOMM4EeCTBO OKOKCOBAHHOTO Yrnsi. 3epHa yrns B BonbLUMHCTBE
(hOpMbl,

Hel'lpaBI/IJ'IbHOI7I nopuctele, O4YeHb nerkve, C

XapaKTEPHbIM aHTpauuMTOBLIM Grieckom (puc. 1,a). 3ona yHoca
B 3HAYUTENbHO CTENEHN COQEPXUT CTEKNOBUAHYIO a3y (puc.
1,6), OCHOBHYK YaCTb KOTOPOW COCTaBMSAKT OYeHb nerkue
cthepuyecke yvactuubl anametpom oT 5 go 130 mkm, B
cpegHem okono 100 mkm (puc. 1,8). Mukpoccepsl yacto
norble 1 0BpasyloT NeHy Ha MOBEPXHOCTW OTBANOB 30fbl U
OTCTOWMHMKOB.

Puc. 1. CocTaB 30nbl YHoca: a) OKOKCOBaHHbI€ YrofibHble YacTULbl; 6) CTeKnoBuAHbIe YaCTULlbI; B) anoMocunmkaTHble MMKpocdepbl

HecmoTpst Ha Tepmuyeckoe BO3AEUCTBME B TOMKE KOTNa,
yronbHasi opakums 30royHoca coxpanuna rmgpodobHoCTb no
CpaBHEHNKO C MI/IHepaJ'IbHOVI 4YacTblo  yrnd, NO3TOMYy
pasfeneHMe ee BO3MOXHO MNpu noMowy  chroTauuu.
WccnepoBaHa BO3MOXHOCTb WCMOMb30BaHWA [Nl TOHKO-

Mpu uccnegoBaHun npouecca hnoTtauuu onpegensnuch
Hambonee BrMslOWMEe Ha npouecc (PakTopbl:  pacxod
peareHToB, BpeMs (ProTaLuM, WMHTEHCUMBHOCTb Nepeme-
WwueaHus. B nabopaTopHbIX YCMOBWSX WCMOMb30Banoch
Hanbonee pacnpocTpaHeHHOe B yrneoboralleHun coveTaHme

OUCMEPCHOM  30Mbl  yHOCA  (DIOTALMOHHOTO  MeTofa peareHToB: B KayecTBe cobupatens - KEPOCWH, B KayecTse
oboralleHus ¢ Lenbto pa3paboTku TEXHOMOTMM [OM3BIIEYEHNS neHoobpasoeatenss - T-66. Pesynmbtatel  (bnotauum
yrnepogocogepkalmx — pakuuin, a Takke MonyyeHus npuBeAeHsI B Tabn. 2.
npogykTa C MamnbiM WX COAEPXaHWeM, NpUrogHoro Afis
MPOU3BOACTBA Pa3MMYHbIX CTPOUTENbHBIX MaTEPMAroB.
Tabnuua 2. Pe3ynsmamei ¢hriomayuu 307161 yHOCa
Pacxon Pacxon [MeHHbI NpoaykT KamepHbIi npoaykT [MuTaHue dnoTauum
kepocuHa, rit | T-66, r/1 Bbixoa, % 30nbHOCTb, % Boixoa, % 30nbHOCTb, % Bbixoa, % 30nbHOCTb, %
1750 100 10,7 32,8 89,3 83,4 100,0 78,0
2000 100 11,6 32,9 88,4 84,0 100,0 78,1
3000 100 13,1 33,6 86,9 85,7 100,0 78,9
1000 200 13,6 25,6 86,4 86,6 100,0 78,3
1500 200 14,9 25,8 85,1 86,9 100,0 778
1750 200 18,9 38,2 81,1 87,5 100,0 78,2
2000 200 19,8 38,3 80,2 87,9 100,0 78,1
3000 200 21,7 38,6 78,3 88,8 100,0 779
1750 300 213 40,0 78,7 88,3 100,0 78,0
2000 300 21,6 40,2 78,4 88,7 100,0 78,2
3000 300 23,8 40,8 76,2 89,8 100,0 78,1

lMonyyeHHble AaHHble Nokasanu, YTo Ans 6onee nomHoro
W3BMEYEHNS1 YacTWL, HeOoXora M3 30M0yHOCA  PacXof
peareHTa-cobupatens gomkeH coctaBnsatb 1750 — 3000 r/T,
pacxof peareHTa-neHoobpasosatens 200 — 300 r/1. Mpwn Takux
pacxofax 30MbHOCTb KaMepHOro npogykta gocturaet 87,5 —

89,0 %, 30MbHOCTbL MEHHOO NPOAYKTa konebneTcs B npeaenax
38,2 — 40,8 %. lMeHHbIA NPOaYKT NpW TaKoi 30MbHOCTU MOXET
BTOPUYHO MCMOMb30BaTLCS B KayecTBe A06aBKM K OCHOBHOMY
TONMMBY B TOMKaXx KOTMNOB.
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Ons  u3yyeHnss  BRUSHUS  BpemMeHM  rotauum  w
VHTEHCMBHOCTY MepeMeLUMBaHNS NyMbMbl HA 3PQPEKTUBHOCTb
pasgenenns Obinu NpoBeaeHs! OnbITbl N0 APO6HON noTauum
netyyei 3ombl. Cbem NeHHbIX NPOAYKTOB NPOM3BOAWICS Yepes
kaxgble 5 ¢, obwee Bpems ¢noTauum coctasnsno 60 c.
CKopoCTb BpalLeHWst UMnennepa uameHsnacs B npegenax 11

824

—=— ZoneHocTe oBlerc nesHoro npoayKTa

386

CyMuapHaR J0LKOCTE NEHHOra NPagYITA, %
n
&

28,6

5 10 15 20 25 0 35 40 45 50 55 60
BpeuadmoTaumm, ¢

Puc. 2. CymmapHble xapaKTepucTMKM NEHHOTO NpoAyKTa ApobHoI hnoTaumumn

MartemaTnyeckoe MopenupoBaHue npouecca
¢noTauum

Mpn nccnemoBaHMM Mpolecca (hroTaLuy 3010yHoca Bbino
UCMONb30BAHO ~ MaTeMaTuYeckoe MOLENUpPOBaHWe  aKcne-

+ 15 ¢!, Kak nokasanu pesynbTaTbl 0MnbIToB, B nepable 10-15 ¢
npouecca B MeHHbIM MNPOAYKT MonagatT  MUKpocdepsl,
3HaYMTENbHO  YBENMWYMBAIOLLME €70 30MbHOCTL  (puc. 2).
MoaToMy HEobXOAMMO  YCKOPWUTb  BPEMS  BCMMblBaHMS
MUKpocep 1 yaaneHus ux u3 hnoTomaLlmHbl.

MM APHEI B0 REHHOM RPOZYNTA, %

-8 —=—Brixog ofwere nesssodo npoaykTa

2 B 6

5 10 15 20 25 30 35 40 45 50 55 80
Epeundinotaumm

GenbHbI NnaH BTOPOrO Mopsgka Ans YeTblpex (hakTopos,
BbIBPaHHbIX Ha OCHOBE NpedbIAYLLMX ceneaoBaHnin. GakTops
W NpUHSITbE TPaHWLbl WX BapbMpOBaHWS NpuBESeHbl B
Tabnuue 3. LleneBas (yHKUMS — 30MbHOCTL Ad MEHHOro
npogykta. [lnaH-mMatpuuya 9KCMepuMEHTa MpuBedeHa B
Tabnuue 4. [ns obpaboTkn aKcnepUMeHTamnbHbIX AaHHbIX

pumeHTa [1-3]. npMMeHanacb  CTaHOapTHas  KOMMbIOTEpHas  mporpamma
[na nonyyeHns perpeccuoHHOW MOAENW Wccregyemoro Statgraphics [4].
npoLecca NPUMEHSANCS LIEHTPanbHO-KOMMO3MLIMOHHBIN pOTOTa-
Tabnuua 3. @akmops|, 8nusOLWUE Ha 30/IbHOCMb NEHHO20 NPOAYKMa hromauyuu, U 2paHuybl UX 8apbUpo8aHust
®akTop Kog Eavnnuya YpoBHU hakTopoB
thakTopa “3MepeHus -1 0 1
CkopocTb BpallieHus umnennepa, w X1 c! 11 13 15
Pacxopn cobupatens (kepocuH), ge X2 rT 1750 2000 3000
Pacxog neHoobpasosatens (T-66), gn X3 rT 100 200 300
Bpems dnotaumu, tg X4 c 15 30 60

[onyyeHHbI NONMHOM UMEET BUA:

Ad = 40,45 - 1,41597"X1 - 1,39167"Xz - 1,76146™Xs - 5,3"X4 +
1,12986"X+2 - 1,675"X1"Xz2 + 1,31563"X1*Xs + 0,65"X¢"Xs +
0,266319*X22 + 1,325"X2"Xs + 2,075"X2"Xs + 1,16736"Xs2 -
0,225*X3*X4 + 3,77882"X42 (1
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roe Ad — 30MbHOCTb NEHHOro npogykTa, %; X1, Xz, X3, X4 -
koAbl (hakTopoB, NPUBEAEHHBIX B Tabnnue 3.

KoadpcpuumeHTbl Mogenu npuBeaeHsl B HOPMUPYEMOM BUAE.
Bbicokoe 3HaueHue koadduumeHTa aetepmmuHanmm (R2 = 98,5
%) W Manoe 3HayeHWe CTaHAapTHOM Owwnbkn oueHkn (SE =
0,2533) cBupeTenbCTBYT 00 afeKBaTHOCTM MOMYYEHHOM
MOZAEenu uccnegyemomy npoweccy.



Tabnuua 4. Mampuya nnaHupogaHus u pesybmams| ucciedosaHull ghrnomayuu 30510yHoca

3iaueHus ¢pakTopos B BespasmepHom 3HaueHus pakTopoB B HaTypanbHOM Maclutabe
Neo macwrabe 3onbHocTb A9, %
Xi X2 X3 X4 w, ¢! Qe, M7 qn, I/T ty, C
1 0 -1 -1 0 13 1750 100 30 471
2 0 1 -1 0 13 3000 100 30 411
3 0 0 -1 -1 13 2000 100 15 52,1
4 0 -1 0 -1 13 1750 200 15 53,5
5 -1 0 0 1 11 2000 200 60 40,3
6 -1 0 0 -1 11 2000 200 15 52,0
7 0 1 0 -1 13 3000 200 15 47,0
8 1 1 0 0 15 3000 200 30 37,6
9 1 -1 0 0 15 1750 200 30 43,6
10 0 0 0 0 13 2000 200 30 40,5
11 -1 0 -1 0 11 2000 100 30 476
12 1 0 -1 0 15 2000 100 30 41,6
13 0 0 -1 1 13 2000 100 60 42,3
14 1 0 -1 0 15 2000 100 30 40,6
15 1 0 0 -1 15 2000 200 15 49,0
16 0 0 1 -1 13 2000 300 15 48,7
17 0 0 0 0 13 2000 200 30 40,3
18 0 0 1 1 13 2000 300 60 38,0
19 -1 -1 0 0 11 1750 200 30 425
20 0 1 1 0 13 3000 300 30 39,2
21 -1 1 0 0 11 3000 200 30 43,2
22 -1 0 1 0 11 2000 300 30 428
23 0 -1 1 0 13 1750 300 30 39,9
24 0 0 0 0 13 2000 200 30 40,6
25 0 0 0 0 13 2000 200 30 40,4
26 0 -1 0 1 13 1750 200 60 38,2
27 1 0 0 1 15 2000 200 60 39,9
28 0 1 0 1 13 3000 200 60 40,0

Ha puc. 3 nokasaH CTaHOapTU30BaHHbIA NapeTo-rpacduk,
COrMacHO KOTOPOro MOXHO BblOpaTh koadpdmumenTsl D, DD, C,
B, A, BD, AB, CC, AA, BC u AC, koTtopble sBRsTCS
CTaTUCTMYECKN 3HAUMMBIMA.

Standardized Pareto Chart for Ad

=
=

_D.I | _

I I I
16 20 24

o
=
@

12
Standardized effect

Puc. 3. 3HaummocTb KoadhdmumeHTOB Moaenu (napeTo-rpadmk)

Ha napeTo-rpacuke nokasaH xapakTep BMWSHWUS (hakTopoB
1 3hHEKTOB MX B3aUMOZENCTBIS Ha 30MNbHOCTL Ad. Tpu aToM

BblAeneHbl  hakTopbl W 3hdekTbl —  COCTaBnsLmMe
perpeccuu, ysenuuusatolwe 3051bHOCTb MEHHOrO MpPOoAyKTa
(ucTorpamMMbl  CO  3HAKOM  «—») W CHWxawowwue eé

(rMcTorpammbl €O 3HaKoM «+»). BepTukanb oteevaer 95 %

Hm +3HaummocTh. Ha puc. 4 nokasaHbl TPEXMEpPHbIE CEeYEeHUnA

/= -

116

rMNepnoBEPXHOCTM LieneBon yHKLun Ad,




Estimated Response Surface  X1=0,0 X3=00

Estimated Response Surface  X3=0,0 X4=00

Puc. 4. TpexmepHble CeYeHUs TMNepPnoBepXHOCTH LieneBow dyHKUuK: a) Ad (qc, ty); 6) Ad (w, gc); B) Ad (e, gn); T) Ad (w, gn); A) Ad (w, tp); €) Ad (qn, te)

Hanbonee Ha 30MbHOCTL MEHHOMO NPOAYKTa BMUSET BpeMS
broTaumm, YTO CBSI3aHO C W3BMEYEHWEM B MEHHbIA CrIOW
BMECTe C Yrnecoepkallumn YacTuLamy amoMOCUIMKATHbBIX
mukpocdep. [loatomy HeobxoguMo  COKpaTUTb — Bpems
BCMMbIBAHUA MUKpOCHEP W yaaneHus ux u3 rioTomallmHbl.
OpHM  u3  nyTed pelieHns 3ToM npobrnembl  ABMSETCS
YBENUYEHNE  VHTEHCWBHOCTM  MEpeMELnBaHUS  Nymbribl.
[anbHelwne vccnegoBaHUst HanpaeneHbl Ha onpegeneHue
ONTMMAnbHON CKOPOCTY BPALLEHWS UMNennepa, npu KOTopoil
MOryT ObITb AOCTUTHYTHI Tpebyemble nokasaTeny npogyKToB
pasfeneHus.

I'IonyquHaﬂ mModenb MOXeT OblTb MCMOnb3oBaHa [ans
yrny6neHHoro ncenenoBaHna BNUAHNA Ha npouecc danmau,mw
30/10yHOCa Bbl6paHHbIX BapnaTUBHbIX (baKTopOB, a TaKke ansa
NPOrHo3npoBaHnA 3HAYEHMI1 30MbHOCTM NPOAYKTOB cbnowuww.
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KOMMNO3WUTHU MATEPUAIIU HA OCHOBATA HA TUMNC U NENENUHA

Teodopa TuHkoea, UpeHa puzoposa, leopau lMapackoe, UeaH Huwkoe

MunHo-2eonoxku yHugepcumem "Ce. Mear Purnicku", 1700 Cogbus, tinkova@mgu.bg

PE3IOME. /3cneaBaHo € BNUSIHWETO Ha reHepupaHaTta oT U3rapsiHETO Ha BbIMMLLA NenenuHa, BbpXy CBONCTBATA HA CTPOMUTENHN MaTepuany Ha OCHoBaTa Ha runc.
[pou3BOACTBOTO Ha MMNCOBK KOMMO3WTW ChAbPXKALLM MPOM3BOACTBEHN OTNaLbLM 61 OTFOBOPUIO HA HYXANTE Ha CbBPEMEHHUTE TEXHONOTUN 3a Cb3AaBaHETOo Ha
3eMeHN CTPOMTENHN MaTepuany, creaBaiiki nonuTikaTa Ha yctoitumBo passuTie. OcHoBHaTa Lien Ha TOBa Npoy4BaHe e Aa Ce M3crneaBa NpoMsHaTa B NOBEAEHNETO
Ha runcoBara CycrneH3us 1 U3roTBeHUTE runcosm obpasuy Ypes AobaBsHE Ha pa3nuyHO NPOLEHTHO ChabpxkaHue nenenuHa B peuentata (5 %, 15 %, 25 %, 35 %, 45
%). ObxBaTa Ha u3cneaBaHeTo BKITOYBA NPOBEXAAHE Ha TabopaToOpHU U3NUTBAHMS OTrOBAPSAILLM Ha CTaH4APTUTE, KaTO PA3NMBHOCT Ha rUNCoBaTa CYCNeH3us, Bpeme
Ha CBbp3BaHe W CbOTHOLUEHWE BoAa-TMnc. bsxa wacneaBaHW AKOCTHWTE MOKA3aTeNn Ha MPUTOTBEHWTE TUMCOBM Tena, TAXHaTa BOAO- M MOXapoyCTOMYNBOCT.
[MonyyeHnTe pesyntatv nokassaT MoBMLIABAHE HA TEYNMBOCTTA Ha rUNCOBaTa CMEC W YAbkaBaHe BPEMETO Ha CBbp3BaHe B pe3ynTaT Ha HamansBaHeTo Ha
KONMYeCTBOTO CBBP3BALLO BELLECTBO.

KniouoBu AYMU: nenenuHa, runc, yCTOVIHVIBO passutue

COMPOSITE MATERIALS BASED ON GYPSUM AND FLY ASH
Teodora Tinkova, Irena Grigorova, Georgi Paraskov, Ivan Nishkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, tinkova@mgu.bg

ABSTRACT. It was investigated the influence of the generated fly ash from coal combustion on gypsum based building materials properties. Gypsum composite
manufacturing with high content of industrial waste would meet the needs of advanced technology in production of green building materials, following the policy of
sustainable development. The main objective of this study was to investigate the changes in the behavior of the suspension and prepared gypsum specimens by
adding different percentages of fly ash in the recipe (5 %, 15 %, 25 %, 35 %, 45 %). The scope of the study includes conducting of laboratory tests on gypsum slurry
based on the standards as flowability, setting time and water-binder ratio. It was examined strength properties of prepared gypsum bodies, their water and fire
resistance. The results obtained show an increasing of gypsum slurry flowability and increasing of setting time as a result of binder amount reduction.

Key words: fly ash, gypsum, sustainable development

B'bBe.quMe Tbil KaTO THAXHaTa peanusauusa B NPOMULLITEHN YCIOBUA HE
BWHaru nputexasa noteHuman.

npOVI3BOL|CTBOTO Ha 3eneHn CTPOUTENHW MaTtepuanu

nanckBa fa GbaT credBaHi MOJENUTE Ha YCTOMYMBO pas- MNopaav cneuycudHuTe CBOIACTBa, 0ByCNIOBEHY OT dhasosuTe
BNTWE, Ype3 nogobpsiBaHe Ha LYKbIA Ha XMBOT Ha KpaiHuTe npexoay 1 0GpadyBaHeTo Ha HOBY hOPMK, TUNCHT € CPed Hail-
npoaykTi. CTpeMeXsbT KbM NOCTUraHe Ha 6e30TnagHn npoms- LLIMPOKO MPpWNaraH1TE MUHEPANHN CyPOBMHI 3a NPOU3BOACTBO
BOACTBEHM TEXHOMOMMM 1 HEOBXOMMOCTTa OT PeLKnnpaHxe, Ha cTpoutenHu npodykt. CtpoutenHust CaSOs2H0 Ha-
ype3 edHOBPEMEHHO 3amasBaHe UMM I'IO/J,06pF|BaHe Ha Mupa npunoxeHue CamoCTOATENTHO 3a U3rOTBAHE Ha rMNCcoBuU
KayecTBata Ha matepuanute e npefnocTtaBka 3a npunaraHe Ma3urky; LINaknosku; 6riokoBe; rnenuna; 3amasku; rmncosu
Ha anTepHaTMBHW METOAM 3a YTUIM3aLMst Ha TEXHOreHHM CTPOUTENHN NNOCKOCTK; TMNCOBU BNakKHECTU NIOCKOCTU; pas-
CypoBMHM. TOBa He CaMO e Pedyuvpa KomM4ecTBOTO NIMBHM MOAOBE UIM KaTo MbJIHUTEN, KOMMOHEHT B peLentuTte
JenoHUpaHu 0TnagbLyM, HO € OTIIMYEH HAUMH 3@ KOHTPON Ha Ha CTPOUTENHM pa3TBOpY 1 GETOHM; KaTo A0BaBKa B LIMMEHTO-
3aMbPCABAHETO Ha OKOMHaTa cpeda. NPOW3BOACTBOTO, U3MbMHABANKA (DYHKUMATA Ha CBbp3BaLy

KOMMOHEHT MeXOy UHEePTHUTE MaTepuann B CMecute.
I'Ipes nocnegHuTe roauHu BCE NoBeYe W MNO-akTUBHO Ce

paboTM 3a YCTOMYMBOTO pas3BUTME HaA CTpOUTENHaTa WH- CbBpemeHH!Te aBaHrapAH1 NOAXOAN B MPOM3BOACTBOTO Ha
pyctpus. OT egHa cTpaHa BueaTt NpoyyYeHn Bb3MOXHOCTUTE 3a CTPOUTENHN MaTepuani Ha oCcHoBaTa Ha rmncosu CBbP3BaLLy
onTUMMU3ALMS Ha CBOMCTBAaTa Ha KOMMo3uTMTE, @ OT Apyra BellleCcTBa Ca 633V|paHV| Ha Bb3MOXHOCTUTE 3a NPUNOXeHne Ha
HaykaTa 1 MHXEHEPCTBOTO BCE OLLE ThPCAT ePEKTUBHI HauM- TEXHOTeHHU OTMaAbUN YPE3 MHKOpNopupaHe B Matpuuata Ha
HW 3a CnpaBsiHe C rorieMuTe 0Bemu reHepupaHu oTnaabLyn oT komnosuTute.

pasnUYHUTE MHOYCTPUANHM NpPOM3BOACTBA. Bbnpeku TOBA,

HSIKOM WAEW Ce OCbLLECTBSBAT CamMo Ha nabopaTopHO HMBO, Kato pesyntar oT npoueca Ha W3rapsHe Ha BbImMwa B

€efieKTpoueHTpannuTe Cce reHepupat ronemm Konuyecrtsa
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NPOMULLIIEHM OTNAAbUM KaTo Crypuu U MEnenu, YMeTo
JEenoHMpaHe MpeacTaBrsiBa Cepuo3Ha 3annaxa 3a OKonHaTa
cpeda, napagu cneuudukaTa Ha reoXMMUYHIS UM CbCTaB.

B cBeToBEH nnaH CTpaHuTe, B KOUTO Ce reHepupar Hai-
ronemm konuyecTsa nenenuHa ca Kutam, Pycus n CALL, a Ha
TepuTopusTa Ha EBponeiickus Cblo3 ce reHepupat 0mm3o
95mn1H. ToHa rogmiuHo (Feuerborn, 2005).

I'Iopa,qM pa3nuymAaTa B [ObpPXaBHOTO 3aKOHOAATENCTBO,
KIMUMaTU4HUTE YCIOBUA U Ka4eCTBEHWUTE MOKasaTesin Ha Tasn
rpyna otnagbun, CTEneHTa Ha Onof30TBOPABAHETO UM B
OTAenHuTe CTpaHu e pasnnyHa.

B pamkuTe Ha EBponeiickus cbio3 3a noBTopHa ynoTpeba ce
uanonasar 35 + 50 % o1 o6wus 0bem nenenuHa. MNenenuHata
ce knacucuumpa kato: anyMo-CuUnnuumMeBa; CunnumueBo-anymu-
HWeBa; cyndhaTHO-KanumMeBa 1 kanuuesa (BapoBuTa) nenen.

npOBeD,eHVI Ca MHOXeCTBO M3cCnensaHuA 3a OrpaHu4aBaHe
Ha AenoHUPaHeTo a, nopaan Bb3MOXHOCTUTE 3a U3NyXBaHe U
MUrpauna Ha onacHu 3a OKOJiHaTa cpefa XUMUYHN ENEMEHTH,
M BUCOKaTa CTENeH Ha pa3npallaBaHe oT Aenata.

MeToguTe 3a yTunu3auus Ha nenenuHa BKMKOYBAT BbBEX-
[aHeTo U KaTo KOMMOHEHT B peLenTuTe 3a NpoM3BOACTBO Ha
LINIMEHT; KOHCTPYKTMBEH 1 NOAMNOXeH BETOH; B CTPOMTENCTBOTO
Ha MbTULYA; 33 M3rPaXAAHETO Ha NOA3eMHM M3paboTku, Ypes
3aMbNBaHE Ha KYXMHW, MUHHU LIaXTV; 3@ Bb3CTAHOBUTEMHM
[EMHOCTW B OTKPUTU PYOHMLM, Ype3 CMECBaHe C OTKpUBKaTa,
U3rpaxaaHeTo Ha BPEMEHHW PYAHUYHM MbTULA U JenOHUpaHe
Ha crypootsanu ([paraHos u Masnos, 2003).

I'Ipwno»(el-me Ha nenennHata B CTPOUTENIHATA
MHAyCcTpua

ColuyecTByBaT M3CneABaHUs 3a NOTEHLMANa Ha NpUIOXeHNe
Ha MmenenuTe MOMyYeHU OT W3rapsHETO Ha BbITMLLA B NpOu3-
BOACTBOTO Ha MNCOBW CBbP3BalLy BellecTBa. [poekTupaHa e
peuenta 3a CBbP3BAll0 BEWECTBO Ha OCHOBaTa Ha
Jecyndorunc, nenenWHa u rpaHynupaHa AOMEHHa Lunaka
(Shiyun Zhong et. al., 2012). B cbcTaBa Ha pelentata
yyactBaT 12 % OeHTOHMT W  cynmepnnmacTudmkaTopy.
MonyyeHnsT npOOyKT npuTexaBa BWCOKA SKOCT, Mopagu
npoTMYaHe Ha BTOPUYHA peakums ¢ obpasyBaHe Ha ETPUHIUT.
ToBa sBneHWe e [OKNagBaHO OT peauua M3cnepoBaTenu
(Singh and Garg, 1995; Yan et. al., 1999; Fraire-Luna et. al.,
2006; Demir et. al, 2008; Telesca et. al., 2013). HabniogasaHo
€ TMOBWWABAHE Ha Te4MBOCTTa Ha CMecTa, nopaau
pasnuuneTo BbB (popmaTta Ha 3bpHata. Telesca u gp., npes
2013 rogvHa wum3cnegBat KoOMMosWT cbCTaBeH oT 40%
npupogeH rmnc, 35% Ca(OH) wn  25% nenenuHa.
MpuroTBeHaTa cycneHaus ce obpaboTBa Npu XMApPOTEPMUYHM
YCMOBWS 3@ Pa3nnYHN BPEMEBW NHTEPBAIH.

[oknageaHo e pobpo nyuonaHoBOo MoBefeHMe  Ha
pobaseHata nenenuHa. B pesyntar Ha komOuHaumsaTa OT
KOMMOHEHTM B HOBAaTa KOMMO3WUTHA CTPyKTypa Ca Habnioga-
BaHM HSKOW HOBM (hOpMaLMK KaTo ETPUHIUT U Kanuues
CUnMKaT XuppaT (pesynTart oT peakuusiTa Mexay nernenuHara

W kanumesus cyndat). HoBoobpasyBaHute hasu ocurypssat
cTabunHocT BbB BPEMETO M [OOPU SKOCTHM CBOWCTBA, KOETO
npaBu Ta3n KOMNO3UT NPUINOXKUM 3a CTPOUTENHU Lienn.

Mpe3 1999 roguHa Yan u gp., paboTaT Hag KOMMO3WT Ha
OCHOBaTa Ha (hnyoporunc, nenenuHa, NOPTHAHALMMEHT W
kanueso-anymMuH1eB Aucyndat KpuctTanoxuapar ¢ KOMMeHCH-
paHe Ha CBMBaHeTO.

®n3nKo-MexaHNYHNTE CBOMCTBA M BOLOYCTOMYMBOCTTA Ha
M3CNeABaHMAT KOMNO3UT Ca M3NWTBAHW Cred  PasnnyHu
nepuoam ot Bpeme. HOBOTO CBbP3BALLIO BELLECTBO NpUTEXABA
BUCOKM SIKOCTHW mokasatenu. HabniopaeaHo e, ye sikocTTa Ha
13roTBeHUTE 00pa3suM NOCTENEHHO HapacTBa B mpoueca Ha
xnapatauusi. Cnen 28 oHu BbB Boga, 0bpasuuTe ca nokasanu
no-gobpa SKOCT Ha HaTUCK, B CPaBHEHME C TE3W OCTABEH! BbB
Bb3gylHa cpeda. [oknagsaHo e, ye o0emMbT Ha Tenata
MOCTENEHHO Ce CBMBA A0 NOCTOSHHA CTOMHOCT cnef 28 AHW Ha
XuapaTtupaHe, KOETo Moxe Aa ce obsicHu ¢ nyyonaHoBaTa
peakuMsi Ha nenenuHata. [JoOaBeHWAT KanueBo-anyMWUHUEB
Jucyndar Kpuctanoxuapar yckopsisa npexoga Ha (hrnyopo-
aHXUAPUT KbM (hITyopoanxmapar.

Pa3bupa ce, CblecTBYBaT W U3CNEABAHWS 3@ anTepHaTUBHO
NpuroXeHue Ha nenenvHata, He CamMo B CbCTaBa Ha
rUNCOBUTE CBbP3BALLM BELIECTBA, HO W B CTPOUTENCTBOTO Ha
MbTULWA B OTKpUTUTE pyaHuUmM (banukos u CmunsaHos, 2005) u
npou3BoaCcTBOTO Ha Tyxmm (Capby v ap., 2003).

EkcnepumeHTanHa yact

3a uenuTe Ha ekcnepumeHTanHarta paborta e u3nonasaHa
npoba ot genoto 3a nenenvHa Ha TEL| ,Mapuua Watok 3. B
ereKTpoLeHTpanara ce u3rapst AUrHUTHU Bbruvwa. dusny-
HWTE XapaKTepUCTUKM Ha MenenvHata ca NpPeACcTaBeHu Ha
Tabnmua 1, a Ha ®urypa 1 e wumocTpuUpaHa AeTainHa
3bPHOMETpUYHATA XapaKTepUCTUKA Ha MaTepuana.

3agayata Ha eKCnepuMeHTWTe € pJa ce npocneasr
M3MEHEHUsITa B KOMMEKCa OT CBOWCTBA Ha ONTMMU3UPAHM
CbCTaBW MNCOBK CMECYH 1 TeNna Ype3 BbBEXAaHe Ha nenesnnHa
B konnyectBo 5 %, 15 %, 25 %, 35 % n 45 % ot obema Ha
matpuuyata. [pobHute Tena u cmecu 6sxa npuroTBeHn ¢
MOCTOSIHHO BOAO-TUNCOBO OTHOLLEeHKe - 0,70.
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®ur. 1. 3bPHOMETPUYHA XapaKTePUCTHUKa Ha M3NON3BaHaTa 3a
M3NMTBaHeTo NenenuHa



Tabnuua 1. QUaUYHU XapakmepuCMUKU Ha U3no3gaHume

mamepuanu
ARamms Tun Emmnma f- [enzmma
TOTYXHAPaT
[ImeTHOCT B gem’ 0.719 0972
&, glem’® 1.128 133
CremuGuvEa MOBEEREOCT /g 4780 1099
1o Brefin
pH 6.03 6,36
MR CEB{ARA % 6,34
BOM
CaS0, % 039
basoncpeTan Ca80:03H:0 Y 88.57
Caf0s (5) % 0.31

3a onpepensHe Ha napameTpuTe Ha runcosata cMec Osxa
“3MepeH BPEMEHa Ha CBbP3BaHE M AMaMeTbp Ha pa3nuBaHe.
PesynTatuTe OT M3NUTBaHWATA ca NpeAcTaBeHn Ha durypa 2 u
Tabnuua 2.

OT nonyyeHnTe AaHHW MOXe Aa Ce BUAW, Ye C yBenuyaBaHe
Ha npoueHTa nenenvHa (FA) B cbcTaBa Ha runcosata CMec,
AMaMeTbPLT Ha pasNMBaHe Ha CYCMEH3WsTa 3HAYNTENHO
HapacTtea. CpaBHeHa ¢ eTanoHHaTa npoba (175 mm), cmecTa,
MPUroTBEHa ChC CbabpXaHWe Ha nenenuHa 5 % ot cbeTasa ce
XapakTepusupa C nosullaBaHe Ha pasnueHocTTa ¢ 20 %.
KoraTo KbM rMncoBOTO Tecto ce [00aBaT 25 % nenenuHa,
AMaMeTbpbT Ha TMncoBaTa NuTa HapacTea ¢ Hag 57 % po 275
mm, cnpsimo pedbepeHTHaTa npoba. [lobassHeTo Ha 35 % 1 45
% nenenuHa B KOMNO3WUTHaTa CMEC BOAM A0 HamansiBaHe Ha
BuckoaHocTtTa ¢ 71 + 80 % cnpsiMo eTanoHHaTa CTOMHOCT.
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Eranon S%FA 13%FA D%FA  3IWFA  40%FA

[Temems %

®ur. 2. 3aBMCUMOCT MeXAY AWamMeTbpa Ha pasnuBaHe U KONMYeCTBOTO
nenenuHa B cbCTaBa Ha cmecTa, 5 - 45 %

Hapeq ¢ npomsHaTa B TEYNMBOCTTa Ha rMncoBaTta CycreH-
318, belle OTYETEHO W 3HAYUTENHO M3MEHEHWE BbB BPEMETO
Ha CBbp3BaHe Ha KOMMO3WUTHOTO TeCTO (Hayano / kpaw).
[obaBsHeTo Ha 5 % WHepTeH MaTepuan He Oka3Ba CbLUECT-
BEHa NMpoMsHA BbPXY NMOBEAEHNETO Ha CBbp3BaHe, HO npn 15
% CbObpXaHWe Ha MenenuHa, Ha4yanoTo Ha CBbp3BaHe ce
yabmkasa ¢ 25 s, a kpasit — ¢ 45 s. Korato cbabpxaHueTo Ha
nenenuHa HapacHe ¢ owe 10 % ce 3abensssa ysenuyeHne Ha
MbpBOTO BpeMe ¢ 40 s, a KpasT Ha CBbP3BaHe Ce yAbMxasa C
80 s. W npu TO31 nokasaten, Hal-CbLUECTBEHO € U3MEHEHNETO
cnen nobaesHe Ha 35 % u 45 % nenenuHa. YabnxaBaHeTo Ha
BPEMEHaTa Ha CBbp3BaHE € CbOTBETHO; 3a Havano ¢ 55 + 65 s
v kpan cue 100 + 145 s.
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Tabnuua 2. Bpeme Ha cebp3saHe Ha onmMuMU3UPaHa auncoea
CMeC CbC CbObpXKaHUe Ha nenenuHa, 5 + 45%

Bpeue ma |Emmmma 53 Frato Fomiee TE0 MenemiEa  cMecTa, Yo
CEB[UEARE ) HNEPEARS e 1% N% 3% 4%
1 1 3 [ E ] 1 g
Hawamo | mins 0143 | 035 0200 0225 (235 (2353
Kpail mins 0347 | 0330 030 0705 0723 0810

MexaHu4Hu cBOMCTBA

MacnepgBaxme SKOCTHO-AEGOPMALMOHHATE XapaKTEPUCTUK
Ha MPM3MaTUYHW TUNCOBK TeNa, CbCTaBeHM OT B-nonyxmapar u
HapacTBalL, NPOLEHT nenennHa B MaTpuuara, NpeaBapuTenHo
W3CYLLEHW [0 MOCTOSHHO TErno W KOHAMUMOHMPAHU B
ekcukatop. B cwotBetcTBME CbC cTaHpapta EN 13279 3a
BCEKM MPOLEHT apMupaly matepuarn, 6sxa NnpuroTBeHM No Tpu
Bpos runcoeu Tena ¢ pasmepu 160 mm x 40 mm x 40 mm.
Pesyntatute ca untoctpupanmn Ha ®urypa 3.

anIFOTBeHI/ITe KOMMO3MTKU Ha OCHOBATa Ha nenesivHa n B -
nonyxugpara noka3eat TEHAEHUMA KbM HamandBaHE Ha
NBTHOCTTA U NMaBHO NOHMXaBaHe Ha AKOCTHUTE MNMoKasaTenu.

e Ty0ceT Ha omeE, [HinonT]

=3
=
=

bt 00T Ha BarneE, [Hmnt] 21,00
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tn
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HAroer, [Nimm2]
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L
=
=

b
=
=
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Eramon % 15% 35%

[ememeza%

®ur.3. 3aBMCUMOCT Ha AKOCTHUTE CBOMCTBA Ha TMNCOBU Tena oT
KONUYeCTBOTO NenenuHa B cbeTaBa, 5 - 35 %

IMpn 0BemHo cbabpkaHue Ha nenenuHa 5 %, NITbTHOCTTA Ha
npoBHuTe Tena ce noHwkaea ¢ 3,51 %, a AKocTTa Ha OMbH NMpu
orbBaHe ¢ 26,36 % (4,47 N/mm?) cnpsmo pedepeHTHaTa
ctonHocT (6,07 N/mm?). Tyk € OT4yeTeHa M SIKOCT Ha HaTUCK
11,75 % (19,00 N/mm?) no-Hucka ot eTanoHa (21,53 N/mm2),
KaTo MOZYMbT Ha eNacTUYHOCT Ce 3anasgal.

Tasn TeHaeHuuss ce 3abensisBa M Mpu NO-BUCOKUTE MpO-
LIEHTHM CbabpXaHMs Ha nenenvHa. Komnoantute cbC Cbabp-
xaHue Ha 15 % pobaBka B CbCTaBa Ha mMaTpuuaTta nokassat
MOHWKaBaHe Ha AKOCTTa Ha OmbH ¢ 26,7 % npu OT4eTeHa
NMbTHOCT 6mmM3o 8 % no-HMcka OT CpaBHUTEMHUTE NpPODM.
/3non3BaHeTo Ha nenenvHa Npeau3BMKBa MNOHWKaBaHe Ha
AKOCTTa Ha HaTuck ¢ Hag 38 % Ao 13,33 N/mm2.

3amecTBaHeTo Ha 25% B-nonmyxugpaTt C nenenvHa pesyn-
TMpa B NOHWXKaBaHe Ha NTbTHOCTTA C 13,34 %, AKOCT Ha OMbH
42,33 % (3,50 N/mm?) u sakoct Ha Hatuck — 43 % (12,27
N/mm?) no-Hucka oT onpocTeHata npoba. C nosuiuaBaHe Ha
CbObpPXaHNeTo Ha uHepTeH Matepuan ¢ owe 10% B cbCTaBa,
Oe oTyeTeHO pepyuupaHe Ha yctoiumBocTTa ¢ 48,10% 3a



AKOCT Ha OfbH M 56,48% 3a sIkocT Ha HaTuck, npu 6rm3o 14%
Mo-HUCKa MITBTHOCT Ha NpobHuTe Tena. MogymbT Ha HOHr
MMaBHO Ce NOHWXaBa, C YBenuYaBaHe Ha KOMMYECTBOTO
nenenuHa. Han-CbLUECTBEH pesynTaT € OTYeTeH 3a npobute
CbC CbabpxaHue Ha 35 % nenenuHa, 3a KOUTO € PerucTpu-
paHa 6n13o 32 % no-HUCKA CTOMHOCT Ha €nacTUYHOCT OT
CcpaBHMTENHaTa npoba.

Koxe3us Ha sgpoTo

3a u3cnedBaHe Ha KoxesusiTa Ha §4POTO Ha ONTUMM3M-
paHuTe runcosute Tena npunoxuxme craHgapta EN 520 3a
W3NUTBAHE Ha rMMCoBM CTPOUTENHM MITOCKOCTY.

Kato 6asucHa CTOWMHOCT € peructpupaHa YCTOMYMBOCT Ha
Tenata ot 10 s. Tyk TpsibBa fa ce B3eMe Nof BHUMaHWe, Ye
OMpOCTEHUTE CbCTaBM HE ChAbpXaT apMupalyd BhakHa W
MOKPUBHA XapTusi, KOUTO @ OCUTYPST LOMbIHUTENHA SKOCT W
crabunHocT Ha obpasuute. Lienta e aa ce oT4yeTe €AMHCTBEHO
BNUAHMETO Ha ﬂ06aBF|HVIF| MHEepPTeH maTepuan.

BkntousaHeTo Ha 5 % n 15 % MHepTeH maTepuan B CbCTaBa
Ha rMNcoBMTE Tena Ce XapakTepuaupa C yABOsiBaHe Ha Bpe-
MeTO Ha noxapoycToinumeocT. Cnea nosuwasaHe Ha nenenu-
Hata c owe 10 % oT obema Ha maTpuuaTa e perncTpupaHo
3HauyMTeNHa MPOMSHA Ha YCTOMYMBOCTTA, KAaTo Ha MpakTuka
HapacTBa ¢ 67 s. OnTUMM3MpaHUTe CbCTABM CbC CbAbpXKaHNe
Ha menermHa 35 % noka3saT Onwsku pesynTatv M yobi-
XaBaHe Ha BPEMETO Ha YycToiumBocT ¢ 69 s cnpsmo
BasncHaTa CTOMHOCT.

Tabnuua 3. Koxesus Ha cbpueguHama

lpoba  Emmomme  Peswmar Peramam
FOMiuecTED MememmAa B CHeaTa, %
Eranox  mins 00:10 % 13% 2% 3%
lememema  mins 00:21 w2 017 0119

MbnHa abcopbumsa Ha Boga

Cnepgpaiikn anroputbMa Ha ekcrnepumeHTa u3bpaxme Aaa
npoeefeM nabopaTopHu TecToBe 3a MbiHa abcopbuus Ha
KyOW4HM TMNCOBK Tena C pasfniyHo 06EMHO CbabpkaHue Ha
nenefMHa B CbCTaBa. YCTaHOBUXME, 4Ye B pe3yntaT Ha
BapupaHeTo Ha KONMMYECTBOTO MemMennHa B MaTpuuata Ha
npobHUTe Tena ce NoBULIABA CTEMEHTA HA BOLONOMbLLAHE B
rpanuumTe Ha 0,5 + 6,6 % oT cTeneHTa Ha nbrHa abcopbuus
Ha pedepeHTHUTE Npobun. 3a BCSKO MPOLIEHTHO ChAbpKaHue
nenenuHa, 6sixa U3roTeeHn no Tpu npobHK Tena, 3a ga bbae
aKypaTHO onpefiefieHa B3auMOBpb3KkaTa Mexay napameTpute
Ha CbCTaBa 1 NOBEAEHWETO Ha TeNaTa BbB BOAHA Cpeja.

35%

5%

Bllerenroa METan

15%

Menenroia, %

%

23 14 25 26 7 18 9 kii] 3l

Tlsnaa abeoplipmna soga, %

®ur.4. 3aBucumoct mexny a6cop6|.|mrra Ha BoAa Ha runcoBuTe Tena n
KONn4yeCTBOTO NenennHa B Matpuuarta
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FAIcHO €, 4Ye KOMKOTO MoBeve nenenvHa ce [0baBs KbM
npobHWTEe MNCOBW Tena, TOMKOBA MO-BUCOK € MPOLEHTHT
BOAONOIMbLUAHE Ha aHanuaupaHuTe npobu. MbpBoHaYanHoTo
npubaBsHe Ha 5 % nenenvHa 0OkasBa HE3HAYMTENHO
noBuilaBaHe Ha abcopbuuoHHaTa cnocoBHOCT Ha Tenata ¢
0,63 %. BvB BTOpa cTbMKa, cnen npubassHe Ha owe 10 %
BOAONOIMbLLAHETO HapacTsa ¢ 2,14 %, a ¢ 25 % nenenuua - ¢
4,19 % cnpamo 6asucHata cTonHOCT. MakcumanHoTo Konu-
4ecTBO [06aBbyYeH maTepuan, BOAM [O AOMbIHUTENHO Ha-
pactBaHe Ha abcopbuwsta u Taka npobHMTE Tena mokassar
6,62 % mo-BUCOKO BOZOMOrITbLLAHE OT pedpepeHTHaTa CTou-
HOCT.

CsuBaemoct

3a uenuTe Ha Tasu rpyna onuTU NPUNOXWUXME U3NUTBAHE C
ABa TemnepatypHu nHTepaana ot 750°C n 930°C ¢ Bpeme Ha
obpabotka ot 20 min, 3a ga OTYETEM pa3BUTMETO Ha
CBWBAEMOCTTa MpM MOBULIABAHE Ha TemnepaTtypaTta Ha Harps-
BaHe. 3a OKOHYATENEH Pe3ynTaT Npuexme cpegHarta CTOMHOCT
OT M3NWTBAHETO Ha TpW NpobHK Tena.

Otnetute npobHu Tena Gsixa npeaBapuTENHO U3CYLLIEHN [0
MOCTOSIHHA Maca B CYLUMITHS U KOHAWULMOHMPAHN B EKCUKATOP.
OT aHanu3a Ha NonyyYeHuTe pesynTatn Moxe Aa ce TBbpau,
Ye C MoBMLUIABAHE HA KONMMYECTBOTO MEMeNiHa B CbCTaBa Ha
rUncoBuTE MpuU3MM ce HabniogaBa TEHAEHUMS KbM cnabo
noBuLaBaHe Ha obwWata CBMBAEMOCT Ha TenaTta npu
Temnepatypa 7500C. 3a cpaBHeHWe € u3mepeHa CBMBAEMOCT
Ha eTanoHHuTe npobHu Tena ot 2,29 %, a npu 35 %
CbObpXaHue Ha MHepTeH matepuan, T8 Hapactea Ao 2,60 %.

CKIOHHOCTTa KbM MOBWLIABAHE Ha CBMBaeMoOCTTa € Mo -
CWIHO M3pa3eHa MpW MOBWLABAHE Ha TemnepaTypata [o
930°C. B Tasu rpyna omutu bsxa uamepeHn 3,16 %
CBMBAEMOCT Ha onpocTeHaTta npoba, HapacTawm ao 4,13 %
npu cbabpxaHue 35 % nenenuHa B CbCTaBa Ha Tenara.

3aknioyeHune

Hawata uen e fa ObAe Cb3nafeHO HOBO MOKONEHME
TUMNCOBM CTPOMTENHM KOMMO3WUTU, YWUMTO Hay4HO-MPUIIOKHM
nonau aa 6baaT npeanocTaBka 3a TaxHaTa NpPUNoXUMocT. Bb3
OCHOBA Ha MONyYeHuTe OT nabopaTopHUTE M3creaBaHus
[aHHU 1 HabnaaBaHUTE M3MEHEHNS, MOXe Aa ce 0000Lu Ye:
3a perynupaHe Ha obpaboTBaemMoCTTa Ha runcoeata
CMEC e LENeBo MPUNOXKEHWETO Ha MenenuHa, Tbil
KaTO HapacTBaHeTO Ha OBEMHOTO CbAbpXaHue Ha
WHEepTeH MaTepuarn noBWlIABA TEUNMBOCTTAa Ha

cycrneHausTa.
e PeuenTute C BUCOKO CbAbpXaHWE Ha nenenvHa
pesynTMpaT B yAb/KaBaHe Ha BPEMETO Ha

CBbp3BaHe, KOETO B1 MOrNo fa okaxe 6naronpusTHO
BNUsIHWE 32 MPOWU3BOACTBOTO Ha TMMNCOBM KOMMO3UT!.
PenyuMpaHeTo Ha CBbp3BALlOTO BELLECTBO 3a
CMETKa Ha HapacTBaloTo 06EMHO CbbpXaHWE Ha
nenennHa KaTeropuyHo MOBWLLABA MNOXapoyCToR-
4MBOCTTa Ha MMNCOBUTE Tena.

HeratvueH edpekt 6e oTyeTeH BbpXy abcopOumoH-
HaTa cnocobHOCT Ha Tenara.
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PEAKTOP 3A PA3rPAX[IAHE MO METOA HA KUNALL CNOW,
HA OTNAAQBK OT ®JIOTALMA HA MEAHW LLNAKWA B AYPYBUC BBIIFTAPUA

WeaH MpaduHapoe’, Bukmop Cmounoe?, Jumumbp eopaues’

" Aypybuc brnizapus AL, i.gradinarov@aurubis.com
2 Aypybuc bvneapus ALl v.stoilov@aurubis.com
3 YHusepcumem “Mpocp. 0-p Ac. 3namapos” bypeac, dgeorgiev@btu.bg

PE3IOME. B HacToswmaT goknaj ca pasrneaHn BbNPOCH, OTHACAWM ce A0 paspaboTBaHe Ha TEXHOMOrMA 3a OMONM30TBOPABAHE HA Keneso-CUMMKaTeH npax —
hasnuT, nonyyeH B OBoratutenHa dabpuka B Aypybuc Bbnrapus Al cnep cdnotauns Ha MegHu wnakv. OCHOBEH eTan OT TexHomnorusiTa e Aa Ce OCbLLECTBM
pasrpaxgaHe Ha asnuta, kato ToBa ce noctura npu temnepartypa 900-1100°C B pexxum Ha kunsw, cnoir”. 3a Ta3w Len ce paspaboTBa NUMOTEH peakTop, npu
KOITO B CMeLWanHo MpurofeHa OrHeoropHa kamepa ce reHepupa (rywaeH Kunswy cron’, ocUrypsiBall, AMHaMWUYeH pexuM, HeobXoauMm 3a pasrpaxaaHe Ha
hasnuTa 1 pasfensHe Ha CBbLP3BALLMTE rO KOMMOHEHTU. B kayecTBOTO Ha thnywa ce U3non3sa npeAsapuUTenHo 3arpsTa cmec (¢ Temnepatypa okono 800 °C) ot
Bb3/YX U ra3, KoATo Ce BAyxBa B paboTHaTa kamepa W Npu nocTuraHe Ha cTabuneH ,Kunsy cnoit” ce AaBa Bb3MOXHOCT MPU CPaBHUTENHO MO-HIUCKa TemnepaTtypa Aa
Ce NoCTUrHe Heobxoaumunsa TepmmuyeH edekT Ha pasrpaxaaHe. MogobHu peakTopy W MHCTanauum B Bbarapus He ce non3eart, kaTo WAesTa Ha HayyHaTa 3ajaya B
TO3W Cry4al, € Aa Ce pereHepupa OTnagHus asnuT, KOUTO € JOCTaTbyHO GoraT Ha LieHHW meTanu (pocTuraim o 40%), kato no TO3M HauMH Lie Ce MOBULLM

e(heKTMBHOCTTa Ha NPOM3BOACTBOTO U CTaBa Bb3MOXHO Aa Ce HamManu KONMYeCcTBOTO Ha ENOHMpaH1Te OTNagHu NPOLAYKTY.

KniouoBu gymu: kunsiw cnom, hasnut, xeneso-cunukateH npax, Oboratutenta dabpuka

DECOMPOSITION OF FLOTATION TAIL FROM AURUBIS BULGARIA FLOTATION PLANT BY FLUIDIZED BED REACTOR
Ivan Gradinarov', Victor StoilovZ Dimitar Georgiev3

T Aurubis Bulgaria AD, i.gradinarov@aurubis.com

2 Aurubis Bulgaria AD, v.stoilov@aurubis.com

3 University “Prof. D- r Assen Zlatarov” Burgas, dgeorgiev@btu.bg

ABSTRACT. The present report deals with issues relating to the development of technology for utilization of iron silicate powder (fayalite) obtained in the flotation
plant in Aurubis Bulgaria AD. The main stage of the technology is to make chemical decomposition of fayalite, it will be achieved at a temperature of 900-1100°C by
"fluidized bed" technology. For this purpose, a pilot reactor is developed with special refractory chamber to generate fluid "fluidized bed". It will provide dynamic mode
required for decomposition of fayalite and separation of the binding component. As a fluid will be using a preheated mixture (having a temperature of about 800 °C) of
air and gas which will be blown into the working chamber. Attainment of sustainable "fluidized bed" will allows to be achieve the required thermal effects of
decomposition at relatively lower temperature. The idea of construction of such reactor and installation is to regenerate the waste fayalite, increase production
efficiency and reduce the amount of disposed waste.

Key words: “fluidized bed” technology, iron-silicate powder, Flotation plant

BbBepeHue MMHaBa Mpes3 olle ABa eTana Ha oGpaboTka, MbPBO Mpes
aBTOreHHa MemnHuLa, W cred ToBa Nnpes TonkoBa MenHuua. Ha
Mpu TeEXHomorMsTa Ha MeTanypruyHus  npouec B wur. 1 e nokasaHa pa60THaTa cxemMa Ha OCHOBHUA
O6oratutenHa cabpuka Ha Aypybuc Bbnrapus, wnakute ot TexHonoryeH npoviec Ha OboratuTenHa abpuka. Kpaihmst
tbnalu newyra, KakTo U OT KOHBEPTOPUTE CbObPXKAT OCTaTbYHA MPOAYKT Cried XWAPOLMKIIOHUTE € OBEKT Ha  Krachyecky
Meq KOSTO Ce W3BMM4Ya 4pe3 cMunaHe M crotauusi. OT riotaumorHeH npotec. CrneA (roTaLMoHHUTe KNeTku nynna
MeTasnypriiHo MPOM3BOACTBO MOCPEACTBOM PENCOB MbT Ce M3nomMmnBa KbM CrbCTUTEN. Cﬂe,ﬂ CrbCTUTENA KOHLEHTpaTa
LunakaTa ce TPaHCMopTipa W M3CUMBA B KPUCTANMU3aLMOHHM OT LUNakTe MWHaBa mpe3 UATbP npeca OT KbAeTo
aMkn. Cnep Hau-manko 24 4acoB MPOLEC HA Bb3AYLUHO W roNy4eHust MefIeH KOHLIGHTPAT e M3npatlia 0THOBO BbB (hrall
BOOHO  OXMaxdaHe,  KpuCTanmuaupanata  lnaka  ce newa. OT pabotHusi npouec B Oboratutenta dabpuka ce
TpaHCMopTMpa A0 TpOLLaYHa Kyna KbaeTo ce pasgpobssa. 3a 0bpasysar /Ba NpoayKTa: (roTaLyMoHeH MeAeH KOHLEHTpaT
MHHO CMUNaHe M cenapupake crief TPOLaYHa Kyna, Wrakta  Keneso-CUnKaTeH Mpax Ui HapuyaH olue asnut /1/.
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®ur. 1. TexHonornyHa cxema Ha pa6oThua npouec B OGoraTutenHa
¢abpuka Ha ,,Aypyouc” Bunrapus

Knacudmkauus Ha cpasnuta

OasnuTbT € npaxoobpaseH MaTtepuan C BMCOKO Cbabp-
xaHue Ha Fe (45 -50 %) n SiO2 ( 26 -32 %) noa dopmarta Ha
MUHepanu, OCHOBHWTe OT kouto ca: dasnut (Fe2SiOs),
marHeTnT (FesOs), nupokceH, keapy, (SI02) u apyrv ¢ HesHa-
UMTENHO KOMM4ecTBO. Ha dur. 2 ca nokasaHM CHUMKM Ha
hasnuta B Cyxo CbCTOSHWE M MpU NPOBEAEH MMKPOCKOMCKY
aHanms.

®ur. 2. dasnuT: a -B cyxo cbeTosiHMe , b - SEM aHano3

B 7a6r. 1 e NpeAcTaBeH XMMUYECKUS ChCTaB Ha MaTepuara
3a pasrpaxpaaHe.

Tabnuua 1. XumuyeH cbcmas

Enement CbabpkaHue, % paHnuy, %
Cu 0.5 (04-1.0)
S 04 (0.3-0.8)

EnemeHT CbabpxaHue, % [paHnum, %
Fe 46 (42 - 49)
Pb 0.2 (0.1-0.49)
As 0.05 (0.03-0.09)
Zn 1.2 (1-3)
Ca0 15 (1-2)
MgO 0.7 (05-1.0)
SiO2 26 (24 - 32)
Al203 3.5 (2-5)

I'Iopa;m BWCOKOTO CbbpXaHNE Ha Xend3o U TexHonoruata
Ha nony4asaHe, (baﬂJ'IMTe Ce Xapaktepusnpat CbC CnegHute
d)MGMKO-MeX&HMHHM nokasartenu, npeacTaBeHn B Ta6n|/1u,a 2.

Tabnuua 2. lNokasamenu

Mokasaren CroifHocT
CneunduyHo Terno 3.8-4.2glcm?
ObemHo Terno 24 -2.7glem?
‘brbn Ha BbTPELLHO TPUEHe 30-38¢
Koxeaus 30 - 34 kPa
Ligst CUBOYEpHO
Tun oTnambk HeonaceH
European Waste Code: 10 06 01

MpunoxeHus

Qasruta ce M3Mon3Ba B LMMEHTOBAaTa WHAYCTPUS KaTo
pobaBka, chabpxalla xensso, 6e3 HeobxoguMocT oT npeaBa-
puUTenHa XummUyecka WM MexaHudHa obpaboTka. Bopelm
NPOU3BOANUTENM B LMMEHTOBATA UHAYCTPUS Ca YCTAHOBWIM Ye
(UHHMTE 3bpHa Ha (asnuta, nepdekTHo cybcuanpar B
NPOU3BOACTBEHUTE pa3TBopu. Moxe Aa Obae M3nonssaH 1 B
Apyrv obnacti Ha CTPOMTENCTBOTO, KaKTO M KaTo M3X0fdHa
CypoBMHa 3a [obuBaHe Ha xensso. Tbil kaTo OCHOBHaTa
CbCTaB Ha hasinuTa e XenesHu CUNMKaTh, UMa OTHOCUTENHO
HWcka Toyka Ha ToneHe (~ 1200 ° C) u Moxe Aa ce Hamanu
TEMNepaTypata Ha KafLuHIpaHe Ha LYMEHTOBUS! KITMHKEP.

®dasnuTa ce U3Non3BaH W Npu Nofy4aBaHe Ha reononMepw,
KOUTO npeau3BuKaxa B nocrnegHuUTe roanHu ronam nMHTepec C
€KONMOMMYHM NpUroXeHus. eononumepuTe ca egHo peanuc-
TUYHO PeLLeHWe 3a ynpaBreHne Ha creumduyHu OTNagb4Hu
mMaTepuanuM 1 Mo TO3M Ha4YMH Ce HacbpyaBa YCTOMYMBOTO
pasBuUTUE Ha CheunuduyHn MHOYCTpUanHu cektopu. Te ca
CpaBHUMKU C LUMEHTOBWU CTPOUTENTHK Matepuanu HO C MHOro
Mo HUCKA €MUCUM Ha NapHUKOBW ra3oBe MPW NoMyvyaBaHe M
13Mnon3saHe.

®asnuT e TeCTBaH W KaTo KOMMOHEHT 3a MPOW3BOACTBO Ha
TYXW ¥ pesyntatute nokassar, ye Ao 15% ot matepuana
MOXe Aa ce w3nonssa 0Oe3 npomsHa Ha CBoicTBaTa Ha
TYXIUTE, KaTo I0PU MHTEH3MBHOCTTA Ha LiBeTa ce nopobpsea.

Mopaon BMCOKOTO CbAbpkaHWe Ha Xemns3o e Bb3MOXHO
LUMPOKO MPUIOXEHWe Ha (asnuTa f[a ce Tbpci B YepHaTa
MeTanyprusi. ETo 3allo OCHOBHaTa LN Ha aBTopuTe € fAa
pa3paboTAT MUNMOTHA WHCTanauus Mpu KOsTO fa ce TecTea
pasrpaxaaHeTo Ha asnuta U OTAENSHETO Ha Xens3oTo U
CUnNLMS.



PasrpaxpaHe Ha dasnuTa

ABTOpUMTE Ha HACTOSLMS AOKNad NPeABMXKOAT KOHCTpyupa-
He 1 u3paboTBaHe Ha MUNOTHA CUCTEMA 3a pasrpaxpgaHe Ha
thasinnTta W OTAENsHe Ha OCHOBHUTE KOMMOHEHTM OT CbCTaBa
My. OCHOBHaTa uaes Ha TEXHOMOIMSATA € [ja Ce OCbLEeCTBU
pasrpaxaaHe Ha asnuTa, kaTto ToBa Aa Ce OCbLIECTBU Npu
Temnepatypa 900-1100°C B pexum Ha ,kunsiLy crion”.

3a TasM Uen ce KOHCTpyupa M paspaboTBa NWUNOTEH
peakTop, Npu KOWTO B CneuuanHo npurogeHa OrHeomnopHa
kamepa ce reHepupa ,kunsiy Cron’, ocurypsBaLl, AMHamuyeH
pexum, HeobxogMm 3a pasrpaxgaHe Ha dasnmmMta M
pa3fenisHe Ha CBbP3BALLMTE [0 KOMMOHEHTH.

2Fe0 . SiOz + 1/2 02 —Fe20s + SiO2
2Fe0 . Si02 + 1/3 02 — 2/3Fe304 + SiO2

(1)
(2)

Matepuarna e B NpaxoBo CbCTOsHWE C rONIEMMHA Ha 3bpHaTa
no manku ot 200 um, koeto OM NO3BOMMNO WHTEH3MBHO
U3MbIIHEHWe Ha npoLeca.

B kavectBoTo Ha paboTeH nymp e ce w3nonaea
npeaBapuUTenHo 3arpsita cmec (¢ Temnepartypa okono 900 °C)
OT Bb3dyX U ras, KosiTo ce BAyxBa B paboTHaTa kamepa 1 npu
nocTuraHe Ha cTabuneH ,KUMSL, Cron” ce AaBa Bb3MOXHOCT
npu CPaBHUTENIHO MNO-HWUCKA TemnepaTtypa Aa Ce MOCTUrHe
HeobxoaumMms TepMuyeH edhekT Ha pasrpaxaiaHe.

|

Wzxopen oTeOp 38
paboTHHA dinyng

®ur. 3. PaboTHa kamepa Ha cucTeMa 3a pasrpaxaaHe Ha dasnut

Ha dour. 3 e nokasaHa paboTHata kamepa (1) Ha cuctemata
33 pasrpaxgaHe Ha dasnut. Ta e u3paboTeHa OT BMCOKO-
TEMNepaTypeH LUMEHT 1 0BrMLoBaHa ¢ KOPYHAO0BM Mioum (2),
C Bb3MOXHOCT 3a CMeHsiHe. PaboTHusa dnyng ce Boyxea npes
BUCOKOTEMMNEPATYPEH BeHTUN (3), KaTo HeroBata Temneparypa
ce perynupa u peructpupa ypes gatumum (5) Ha BXo4 M Ha
usxog. MaTepuana 3a pasrpaxgaHe ce nogasa W ce u3Bexaa
B kamepata 4pe3 cuctemata (4). Taka B paboTHaTa kamepa
CTaBa BBb3MOXHO Aa ce dhopmupa CBOe0BpasHO KPbroBo
OBWXEHME Ha «KUMSLWMS Choi» Ha cucTemata asnut —
tnyma, npu Temnepatypa 900 — 1100°C.

PaboThusa cnyun ce reHepupa ot [openka egHocTeneHHa
3a pabora ¢ LPG - WEISHAUPT- WG 5 F/1-A LN 1/2", kosito
ocurypsiea Heobxofymata TemnepaTypa Ha CMecTa Bb3ayX —
ra3 ot 900 go 1100 °C. Ha ¢wmr.4 e nokasaHa nocoveHata
ropenka.
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dur. 4. Mopenka egHocTeneHHa 3a pa6ota ¢ LPG - WEISHAUPT- WG 5
FM-ALN1/2"

PaBotHaTta cmec ce noaasa OT ropenkata B npeBapuTenHa
rOpUBHA Kamepa, KbdeTO Ce OCbLieCTBABa M3rapsHe Ha
cmectTa. [opewmsaT  dywa, noCpeacTteoM  cuctema  OT
BMCOKOTEMMNEPATYPHU BEHTWNM Ce nojaBa B paboTHaTta
kamepa. EgHoBpemeHo ¢ ToBa B kamepaTa Ce BbBeXAa M
onpefeneHo  KOnuyectBo  (pasnuT, Kato B Chyyas e
HeoOX0AMMO [a Ce YCTaHOBM CTaburneH XugpoavHaMuyeH
PEeXUM 4pe3 J03MpaHo NofaBaHe Ha dnynaa.

lMpoueca Ha pasrpaxpaHe € UMKIMYEH U Ce OCbLUEeCTBsBA
3a onpefeneHo Bpeme, KOeTo Bapupa oT 2 fo 4 min, cneg
KOETO pasrpajeHaTa CMeC Ce OTBeXga OT kamepaTa U ce no-
JaBa cnefpallara o3a OT MaTepuana. ToBa Ce OCbLUEeCTBsBA
OT cuCTEMA OT BMHTWAM MPW KOETO Ce MOCTUra PEXMM Ha
BCMYKBaHe WIn U3yxBaHe Ha npaxoobpasHus matepuan /2-4/.

MogobHu peaktopu W WHCTanauun B Bbnrapus He ce
nona3Bart, kato uaesTa Ha HaydHaTa 3agada B TO3M Cryvail, e
Ja ce pereHepupa oTnagHus asnuT, KOUTO € [OCTaTbyHO
Borat Ha UeHHW meTanm (gocturaiwm go 40%), kato no To3m
HauYMH e Ce MOBMLUM eHEKTVBHOCTTA Ha MPOM3BOACTBOTO M
cTaBa Bb3MOXHO [Ja C& HamanW KONMYecTBOTO Ha
[ENOoHMpaHUTE OTMafHN NPOAYKTU.
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SOLVENT SUBLATION IN WATER-SALT SOLUTIONS BY SODIUM DODECYLSULFATE

O. L. Lobacheva

National Mineral Resources University “Mining”, 199106 Saint-Petersburg, olga-59@yandex.ru

ABSTRACT. Theoretical and experimental data of the solvent sublation of Ce (3+), Sm (3+), Y (3+) from nitrate solutions with sodium dodecy! sulphate as a collector
were obtained. The ratio of distribution coefficients from pH aqueous phase has been analyzed. Separation coefficients for all pairs of rare earth metals have been
estimated.

Key words: solvent sublation, rare earth elements, distribution coefficients, sodium dodecylsulfate

OTOENAHE HA PASTBOPUTENM BB BOAHW CONEHW PA3TBOPU YPE3 HATPUEB OOAELIUN CYNOAT
0. /1. Jlo6ayesa
HayuoHaneHn muneH yHusepcumem, 199106 Cankm Memepbype, olga-59@yandex.ru

PE3IOME. lMonyyeHu ca TEOPETUYHN W eKCEPUMEHTANHN AaHHM 3a oThensHe Ha pasteoputeny Ha Ce (3+), Sm (3+), Y (3+) OT HUTpaTHM pasTBOpM C HaTpueB
pofeuun cyndar kato ynosuTen. AHanuanpaHo € CbOTHOLLEHWETO Ha KOEULIMEHTUTE HA pasnpocTpaHeHune oT pH BoaHaTa dhasa. Mauncnen ca npubnusntenHo
koedULMEHTITE 33 OTAENAHE Ha BCUYKN PEAKW 3eMHM MeTanu.

Kniouosu AYMU: OTAENAHE Ha pa3TBOPUTENN, PeKN 3EMHU ENEMEHTH, KOeMULMEHTN Ha Pa3npOCTPaHeHne, HaTPUEB [OAELN C\/J'Id)aT

Introduction In this study, we examined the possibility of recovering
) _ cerium(lll), samarium(lll), europium(lll) ions by solvent

Solvent sublation, an adsorption-bubble method for surface sublation, with an anionic surfactant (sodium dodecy! sulfate,
separation in which floating-up gas bubpleg carry a substance NaDS) serving as a collecting agent, and isooctanol, as a
they adsorbed (sublate) from one fluid into another. The flotation extractive agent. The concentration of metal ions in

method was first suggested by Sebba in 1962. The solvent
sublation is a combination of flotation of ions or molecules
with fluid extraction. In the given case, the term sublate means The goal of our study was to determine the optimal solvent
a chemically individual substance, in which the ion being sublation conditions of yttrium ions from nitrate solutions.
recovered (colligend) is concentrated on the surface of

bubbles. In contrast to the ordinary fluid extraction, the mass Experiment

transfer in solvent sublation from the aqueous to organic

model solutions was 0.001 mol kg—1.

phase involves bubbles. This eliminates a number of problems In solvent sublation, we used a classical glass column made
associated with emulsification. In addition, the volume of the ~in the form of a cylinder with a Schott filter serving as its
organic phase is comparatively small because of being only bottom. A gas (nitrogen) was delivered from a cylinder
determined by the capacity for the sublate and by the cross- through a porous partition. In each run, a 200-mL portion of a
sectional area of the apparatus. The process is performed at solution of Me(NO3)3 under study, containing sodium dodecyl
low gas flow rates not disintegrating the upper layer of the sulfate whose concentration corresponded to the reaction
organic fluid. The method is used in recovery of valuable stoichiometry, and 5 ml of the organic phase (isooctanol) were
components from lean technological raw materials and placed in a column 0.035 m in diameter and 0.45 m high.The
wastes formed in ore processing, quantitative determinations gas delivery rate was chosen (3.3 x 10~4 m3 h~1) so that the
of trace amounts of metals and surfactants, and wastewater |ayer of the organic solvent was not strongly disrupted. A run
purification. At the same time, studies devoted to use of was performed during 2 h. It should be noted that the presently
solvent sublation to recover valuable components and, in available data on the nature of the organic phase are scarce.
particular, ions of nonferrous and rare-earth metals are few Sebba and others report that the organic phase (‘trap”) must
in number and nonsystematic. However, such a specific feature possess a certain polarty and conform to the main
of solvent sublation as the possibility of multiple concentration requirements to the organic phase in solvent sublation:
of metal ions in small amounts of an organic solvent shows that density lower than that of water, minimum solubility in water,
this method is promising for recovery of valuable components  maximum capacity to accumulate the sublate. Isooctanol used
with the aim of their subsequent regeneration. as the organic phase satisfies these requirements.
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The solvent sublation process was performed to constant
residual concentration of Ce (3+), Sm (3+), Y (3+) ions, found
by the standard method [12]. The solution pH values were
monitored using an anion-7010 ion meter with a glass
electrode. The solution pH values were determined using
solutions of nitric acid or sodium hydroxide. Solutions of the
metal salt were prepared by gravimetry from Me-nitrate
hexahydrates of chemically pure grade.

To find the content of the dodecyl sulfate ion (DS ) in
solution, we chose the potentiometric titration with an anion-
selective membrane. the method developed at the chair of
physical chemistry, St. Petersburg state university, can
determine the concentration of dodecyl sulfate ions from the
variation of the electromotive force of a galvanic cell in the
course of titration. the titration was performed with a solution of
cetyltrimethylammonium chloride of “chemapol” brand with a

concentration of 0.001 mol kg‘1. The relative error of titration
was 2%.

The distribution coefficient, which is the ratio between the
substance concentrations in both phases, is dependent on the
distribution conditions and independent of phase volumes.

It has been shown in numerous studies that the distribution
of a substance in solvent sublation is determined by its ability
to be adsorbed on walls of bubbles passing through the
solution and is independent of the phase volume ratio. Thus,
the sublate adsorption is the key factor of the process.

The solvent sublation was performed in a pH range of 5.5-
8.0. The results are listed in Tables 1, 2 and pictured in Figs. 1,
2.
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Fig. 1. Solvent sublation column: 1- organic phase (2-octanol), 2-aqueous
solutions (Me(NOs)s + NaDS), 3- Shott filter

Table 1. Degree of recovery, a, and distribution coefficient of
Y(lll) at a process duration of 120 min and cqg = 0.001 mol

kg1

Cor Caq
pH Ky a
mol kg‘1
55 0.0098 7.0 0.32 24.56
6.0 0.0090 7.5 0.29 22.62
6.8 0.0366 0.8 11.10 91.73
74 0.0396 0.02 102.09 99.03
8.0 0.0342 1.0 5.99 85.71

127

120

6.0

3.0 pH

Fig. 2. Distribution coefficient Kq of yttrium(3+) ions vs. the solution pH

7.0
at an initial Y3* concentration of 0.001 mol kg~

It can be seen from experimental data that yttrium ions are
removed in the initial phase of the process (5-10 min),
compared with further flotation. thus, it is possible to find
the optimal duration of the flotation process in yttrium nitrate

solutions with an initial concentration of 0.001 mol kg—1. The
kinetic curves of solvent sublation show that the maximum
recovery of yttrium ions occurs at pH 7.4 in the course of 30
min.

In the course of time, the concentration of yttrium ions
asymptotically approaches a certain final value, which is
characteristic of the attainment of a steady state by the system.
The kinetic dependences in fig. 1 can be described by first-
order reaction equations, in agreement with Posner and
Alexander’s theory.

The results of these calculations are listed in Table 2. The first
order of the solvent sublation process indicates that it occurs
in the steady diffusion mode, in which the diffusion of particles
being recovered in the stern layer near the surface of gas
bubbles is the rate- determining stage. The adsorption of the
particles being recovered at the solution—air interface is
described by the stern adsorption model in which adsorption
occurs on a certain area in a monomolecular layer [16].
Attention is attracted by the fact that three kinds of kinetic
curves are observed (considered experimental data),
depending on the pH value: (1) at pH 5.5-6.0, the process of
solvent sublation recovery of yttrium passes to the steady
mode with high equilibrium concentrations and maximum
degree of recovery of 25%; (2) at pH 6.8-7.4, the
equilibrium concentration decreases, with a tendency toward
an increase in the process rate; and (3) at pH 8.0, the rate of
yttrium recovery sharply falls.

The observed behavior can be explained by analysis of
forms of diffusing species at various pH values. It was
found in [17] that monohydroxo complexes of yttrium are
formed in an aqueous solution at ph values in the range from
5.46 t0 6.7; at pH 6.7-7.2, dihydroxo complexes are formed; at
ph 7.2-7.4, the hydroxide is formed; and at pH 7.4, the
hydrate formation ends.

In [18], the dissociation constant of dodecyl sulfuric acid was
found to be 1.7 x 10-6 and, accordingly, pK 5.77. At pH =
pK, the degree of dissociation is 50%. At pH 4.8, it is about
10% and solvent sublation hardly occurs because the dodecyl



sulfate interacts with yttrium cat ions in the anionic form. At pH
6.8, the degree of dissociation of dodecyl sulfuric acid exceeds
90% and must hardly affect the recovery of yttrium as the pH
value is raised further.

Table 2. Steady-state yttrium concentrations in the aqueous
phase and rate constants of solvent sublation in relation to pH

pH Cagy M x 104 k, min-1
5.5 7.00 0.046
6.0 7.50 0.007
6.8 0.84 0.027
74 0.02 0.169
8.0 1.00 0.019

The concentration gradients of dodecyl sulfate anions and
monohydroxo complexes of yitrium in the stern layer
increase with ph because of the growing degrees of both
dissociation and complexation. as a result, the rate constant
becomes more than two times larger. Y(OH)(C42H250S03)5 is

the form being recovered (sublate). in the equation of the
mass action law, the concentration of dodecyl sulfate anions
is squared, the equilibrium is shifted toward the reverse

reaction, and, consequently, the degree of recovery of Y3+
ions does not exceed 25%. At pH 6.8-7.4, yttrium is in the
aqueous phase in the form of dihydroxo complexes, and at pH
72-74, parlly as Y(OH)(C1oH250S03)7 because no

hydroxide precipitate is formed. Y(OH)(C42H250S03)7 is the

sublate. Because the exponent at the concentration of
dodecyl sulfate anions decreases to unity and less, the
equilibrium shifts toward the forward reaction. The rate constant
of the process decreases at pH 6.8 and then increases at pH
7.4 in accordance with the variation of the concentration
gradient of dihydroxocomplexes.

Table 3. Degree of recovery, a, and distribution coefficient of
Sm(lll) at a process duration of 120 min and cgp = 0.001

mol kg~
pH Corg Caq-104 Kequiliy o %
5,1 0,0135 6,60 0,51 33,9
6,1 0,0141 6,30 0,54 354
6,9 0,0314 2,10 3,66 78,5
8,0 0,0392 0,17 55,56 98,2
9,9 0,0374 0,65 14,43 93,5

As stated, in aqueous solutions at pH 5.3-6.1 is formed
Sm(OH)(C12H250S0s)2 . Thus, removal Sm (lll) occur in the
forms of monohydroxododecylsulfate and Sm(C12H250S03)s.

So far as Ce(lll), these cations form Ce(OH)(C12H250S03)s,
which are removed from dilute aqueous solutions by solvent
sublation process at pH=6.
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Conclusions

The forms in which the dodecyl sulfate and Me (3+) are
present in the aqueous phase vary with its pH value, which
results in that there are three different solvent sublation
mechanisms.
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PEHTTEHOB U MUKPOCKOIMNCKWU AHANIU3 HA PEANIEH HEKOHOWUWOHEH
MATEPWAI OT NPEPABOTBAHETO HA XXENE3HWU PYIX

Benuyka Xpucmosa

Qunuan - KepOxanu Ha MurHo-2eonoxku yHusepcumem ,Ce. Mgar Purncku” — Cocpusi, 6600 Kepdxanu, hristova_velichka@abv.bg

PE3IOME. B bbnrapus ca npepaboTBaHi COXHM MO CbCTaB Xenesun pyau. XKenesHute pyau, CbCTaBeH! rMaBHO OT NIMMOHMUT, XeMaTuT U cuaeput ce oboratseat
4pes3 npunaraHe Ha MarHuTHa cenapauusi B cenapatopu tun ,Jones DP 317" ¢ BUCOKOWHTEH3UBHO MarHuTHO mone. MonyyaBaHaTta MarHUTHa ppakLus e C HIUCKO
CbbPXXaHWE Ha Xens3o U ce SBSBA HEKOHAMLMOHEH MaTepmar, 3a KOUTO Ce ThPCAT Bb3MOXHOCTM 3a edheKTMBHO NpepaboTaaHe. PaspaboTBaHeTo Ha TeXHONOMMYHa
cxema Ha oboraTsiBaHe C NoaxoAsila KoMBuHaLWs 0T MeToav Le AoBeae A0 NoryvaBaHe Ha KOHAMLMOHEH W NPOAABAeM Kemne3eH KoHUEHTpaT. ToBa e OT 3HaueHue
KaKTO B MIKOHOMUYECKY, Taka U B COLMAMNEH W EKOMNOrMYEH acrekT.

B HacTosiyata paboTa ca NpeAcTaBeHN U3MCKBaHWSATA KbM KAaYeCTBOTO Ha XENE3HUTE PyAM, KpaTka XapakTepuUCTMKa Ha pyauTe, CbabpXaluyu ce B u3cneapaHus
MaTepuan, TexHornorusiTa 3a npepaboTBaHe Ha pyAaTta 1 nonyyeHu NpoAyKTW, HanpaBeHuTe U3CneaBaHNs Ha HEKOHAMLMOHHMS MaTepuan oT npepaboTBaHEeTo Ha
KENE3HU Pyau Ype3 PEHTIEHOCTPYKTYPEH U MUKPOCKONCKM aHanu3. MuHepanoxkuTe u3cneaBaHus ca BaxHa npegnoctaska 3a usbopa Ha metogy 3a oboratsBaHe.
Upe3 npoBeAeHUTe aHamM3u Ca YCTAHOBEHU OCHOBHUTE XENs30-HOCEWM (hasn M TEXHUTE CPEJHOCTAaTUCTUYECKM pasMepw. Pesyntatute couat, uYe npegu
npunaraHeTo Ha MeToam 3a oboratsBaHe e HeobX04MMO JOCMUNaHe Ha MaTepuana 3a paskpuBaHe Ha MUHEpPanuTe OT CpacTbLyuTe U NofobpsBaHe M3BMMYAHETO HA
KEeNesHUTe YacTyLM, KaKTo 1 Ye 3a NoNy4YaBaHeTO Ha KOHAULIMOHEH KOHLIEHTPAT OT M3cnefBaHus MaTepuan e HeobxoauMo npunaraHeTo Ha KoMOUHaLMs OT METOAM
3a oboraTsiBaHe.

KniouoBu AYMW: XenesHu pyau, MmariutHa cenapauus, HeKOHAMUUOHEH MaTepuan, oboratsiBaHe, PEHTreHOCTPYKTYPEH aHann3, MUKPOCKONMNCKK aHanun3

X-RAY AND MICROSCOPIC ANALYSIS OF WASTE FROM THE PROCESSING OF IRON ORES
Velichka Hristova
Kardzhali Branch of the University of Mining and Geology “St. Ivan Rilski” - Sofia, 6600 Kardzhali, hristova_velichka@abv.bg

ABSTRACT. Complex iron ores are processed in Bulgaria. Iron ores consisting mainly of limonite, hematite and siderite are beneficiated by magnetic separation in
separators of "Jones DP 317" type using high intensity magnetic field. Obtained magnetic fraction is low in iron and represents a low-grade material. Opportunities are
searched for its effective treatment. The development of a beneficiation technology, comprising a suitable combination of methods, will yield a marketable iron
concentrate. This is important in economic, social and environmental terms.

This work presents: the quality requirements for iron ore, brief characterization of the ores contained in the studied material, the technology applied for the ore
processing and products obtained, X-ray diffraction and microscopic analyses of the low-grade material resulting from the iron ores processing. Mineralogical studies
are an important prerequisite for the selection of beneficiation methods. The major iron-bearing phases and their average size are established through the analyzes
made. The results indicate that prior to the application of the beneficiation methods an additional grinding of the material is needed, in order to release the minerals
from intergrowths and to improve the extraction of the iron particles, as well as that for the preparation of a marketable concentrate from the material under
investigation it is necessary to apply a combination of beneficiation methods.

Key words: iron ores, magnetic separation, low-grade material, beneficiation, x-ray diffraction analysis, microscopic analysis

BuBepeHue KOHLEHTPaT oT O6emHM pyau, KakTo W MO-MbiHOTO U
edekTMBHO npepaboTBaHe Ha pyaara.

XKenasoTo e Hait-ynoTpebsiBaHuAT meTanm B cBeTa. T03u

MeTan cToun B ocHoBaTa Ha n3rpaxgaHeTo Ha Kenesnute pyAn Ca O0CHOBHa CypOBWHa 3a NPOU3BOACTBOTO
WHOYCTPUanu3npaHnTe WKOHOMUKA W OKa3Ba CbLLECTBEHO Ha YyryH u ctomana. 1o nporHo3HM AaHHM Ha ,MakeHsn u
3HaYeHNe 3a CHBPEMEHHOTO CblUECTBYBaHe M pa3BUTUE Ha KomnaHus” TbpceHeTo Ha CToMaHa B CBETOBEH MalLad Lie ce
4YOBEYECTBOTO. PBCTLT Ha MOTPEBGNEHMETO Ha Xemnsiso Luye yBenuuun ¢ okono 3,8 % B nepuoga 2010 - 2020 r. Cropen
MPOOBIKA fa Ce YBEeNmvyaBa AMHAMUYHO BCMEACTBUE ,BXI BunuTbH" NporHo3ata € 3a pbeT oT 3,6% B TbpPCEHETO
WHOYCTPUanM3aLMATa Ha JbpxkasuTe ¢ Gbp30 passuBaLLa ce Ha cTomaHa o 2025 r. Kutaih e OCHOBHUMSIT noTpebuTen, Ho
MKkoHOMMKa. nobanHuaT fobus Ha xenssHa pyaa npes 2010 T cropes nporHo3u B CTOMAHOA0BMBHATA MHAYCTPUS [eNbT Ha
Genexu pbet oT 144% cnpsmo 2000 r. no AaHHM Ha WHaus B rnobanHoto notpebrneHne Ha CTOMaHa e JOCTUTHE
leonoxkara cnyx6a Ha CALL (Pages, 2015). Hyxaarta oT Bce 30% npes cnepgatyute necet ropukn (Pages, 2015). OcseH
MO-TONSIMO KOJMYECTBO Xers30 U U3Aenus OT Hero Hamnara Bce NPou3BOACTBOTO Ha CTOMaHa BaXHO MACTO 3aemMa W
Mo-4ecTo Aa ce npubsrea n KbM M3NON3BaHETO Ha No-OefHn u MPOU3BOACTBOTO Ha YyryHa. B Tasn Bpb3ka, 3a notpeGHocTuTe
MO-TPYAHO pedylupyemu pyau (Bbnues u gp., 1975). Ha YepHaTa MeTanyprus e HeoBXOOMMO MOMy4aBaHETO Ha
Heobxogumo e nomyyaBaHe Ha KayecTBEHW KemnesHu KENe3HW KOHLIEHTPaTK C ONpeaeneHin KoHAULMM, [0CTaTbYHN

no KOMMYEeCTBO W KayecTBO. 3a LUenta € Heobxoaumo
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HaMnpaHe Ha KOMMNJIEKCHM MeTodn Ha oboraTsBaHe 3a
XenesHu pyaun ¢ HUCKO None3Ho CbAabpXKaHue.

B Buarapus npe3 2005 r. crmpa pabotata Ha pyaOHUK
.Kpemukosun” AL, a Bnocnegcteue npe3 2009 r. u Ha
MeTanypruyHus KoMBKHaT, KOETO NpeycTaHoBsBa LOOMBBLT U
npepaboTBaHETO Ha XenesHwn pyau. Kbm MOMeHTa nuncear
MaHOBE 3a Pa3BUTHE Ha YepHaTa MeTanyprus B CTpaHarta.

Hactoswara pabota e cBbp3aHa C u3cregBaHe Ha
HEKOHAMLMOHEH MaTepuan oT npepaboTBaHETO Ha KenesHu
PYAN Ype3 PEHTFEHOCTPYKTYPEH W MMKpPOCKOMNckK aHanma. OT
3HaveHmne 3a n3bopa Ha MeToaM 3a edheKTMBHO NpepaboTeaHe
Ha maTepuana e pasoBata UAEHTU(MKALMSA HA MUHEpanuTe,
KOMTO Ce CbAbPXaT B HET0, KOMMYECTBEHUAT M (ha30B CLCTaB,
ronemMuHa Ha YacTuuuTe, TEKCTYPU U Ap.

KayecTBO Ha Xenesnute pyau

OT 3HayeHWe 3a KayeCTBOTO Ha KENesHWTe pyau e no-
BUCOKOTO CbbpkaHue Ha Fe v nonesun npumeck (Mn, Cr, Ni,
W, Mo, V), Bb3MOXHO MO-Manko CbAbpXaHue Ha BpeaHu
npumeck (S, P, As, Pb 1 Ap.), KakTo 1 CbCTaBbT Ha CKarHus
MPUMEC Aa OCUrypsiBa Mosly4aBaHETO Ha LNakv ¢ onpeaeneHm
CBOWCTBA NMpW NPOTUYAHETO HA JOMEHHUS MPOLIEC.

Cuura ce, ye pyau ¢ 60 — 67% CbabpxaHue Ha xensso ca
Goratu, ¢ 50 - 60% - cpegHn, ¢ 40 - 50% - GedHm
(Qpakanuiickn n LiaHes, 1998).

OCHOBHM (hM3MYHM CBOWCTBA Ha IKEnesHWTe pyou ca
TBBPAOCT W SKOCT, MUHEPANEH CbCTaB, TEKCTYpa, CTPYKTYpa,
MarHuTHa Bb3MPUEMYMBOCT, MOPECTOCT, e4puHa Ha YacTuuuTe
u gp. TekcTypaTa, CTpyKTypaTa M MMHEPAHUAT CbCTaB ca
Ba)XHM NpeSNnoCcTaBKkM Npu M360p Ha MeToA 3a oboraTsBaHe.

Korato noGusaHuTe pyau ca GeHu ce Hanara fa npemuHar
npes pasnuyHu eTanu Ha MOATOTOBKA: TPOLLEHE W CMUNaHe,
npecsiBaHe W knacudmukauus, oboraTsiBaHe, ycpeaHsiBaHe U
yenpsisaHe. Mopaau HamansiBaHe Ha CPEAHOTO CbAbpXaHue
Ha Xens30 B J0BWBaHWTE PyaW Le HapacTa Hyxaara OT
TbPCEHETO Ha PasnM4YHA  kOMGUHALMWM OT METOAM Ha
oborataBaHe. B Tasn Bpb3ka, TEHAEHUMSATA e KbM HapacTBaHe
Ha OTHOCUTENHUS! AN Ha 06oraTABaHeTO.

Xapaktepuctuka Ha
u3cneaBaHus Matepuan
B npupogarta xenesHute pyaM ce cpellar OCHOBHO nof
copmMata Ha OKCMOHM, XWAPOKCUOHM W KapBOHATHW pyaHW
MuHepanu. OT CbLYECTBEHO 3HAYEHWE € MUHEPANOXKUAT
XMMUYHUSIT CbCTaB Ha XENesHUTe pyan — CbAbpkKaHue Ha
XEena3o, ckanHW 1 BpedHW npumMecu U Ip., criopes KOUTo ce
onpegens Lenecbobpa3HOCTTa OT TAXHOTO NpepaboTBaHxe.

ce B

pyauTe, CbAbpXalM

lMonesHuTe nskonaemu, KOWTO CE CbAbPKAT B HAXOANULLETO,
W OT KOWTO € MOMyYeH W3CrefBaHuAT matepuarn, morat aa
6baat npeactaeenn B Tpu rmaeHW Twuna (Kaypkos, 1988;
[Opakanuiicku u LiaHes, 1998):
- KenesHu pyaou
NMMOHNTOBM;
- Bapwur;
- 0onoBHa pyga.

COepuToBK, XemMaTuTtoBun W
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MTbpBMAT TWN XensisHa pyga - CuAepuToBaTa € Mo-TOYHO
MaHraH-cugepuToBa pyaa, Kosito € CbC CbObpxaHue Ha Fe
kbM 23%. OCHOBHMSAT MUHEpaneH CbCTaB Ha TO3W TUN pyaa €
MaHraHocuaepuT B acouuauust ¢ Manko LOnomuT, 6aput u
keapy. 3aema okono 21% oT obwuTe 3anack Ha XenesHu
PYaN B HAXOAULLETO.

XematuToBaTa pyAa € BTOPUST TUN XenssHa pyada,
HaxoAsiLLa ce B PyAHOTO TAro 1 3aema okorno 13% ot obwute
3anacn. Ta e CbC CpeaHo cbabpkaHue Ha Fe okono 46%.
Toan Tvn pyaa € NpefcTaBeHa OT MacUBEH XEMATUT, C PeaKu
BNpbCeLy oT 6apuT, KBapL, U ApYri MUHepan.

OcHoBHaTa Xens3Ha CypoBMHA € NMMOHWTOBaTa pyaa,
3aema 66% ot obLymTe 3anacy. Toan TpeTu TWN Xens3Ha pyaa
NpeLCTaBnsBa CoXHa CMEC OT MHOTO BTOPUYHU MUHEpany,
KOUTO Ca MPOAYKTM OT OKUCIIEHWETO Ha pa3HoobpasHu
MbpBMYHO 00pa3yBaHu MuHepanu. [naBHWAT uarpaxpaLy
MWHEpan e TbOTUT  (XMOPOrbOTWT), MO-OrpaHUYeHo ca
MPELCTABEHN XWOPOXEMATUTLT W NEMUAOKPOKUTLT. PuHO
CMECEHW C IbOTUTBLT NPUCHCTBAT OKCUAWTE M XUAPOKCUANTE Ha
MaHraHa, cbgbpxalum ot 2 0 8% Mn. CpeaHoTO ChabpKaHue
Ha Fe B numonuToBUTE pyam € 31%, CbabpxaHneTo Ha Baput
W KBapl CblUO € 3HAYMTENHO, NOOTOENHO BapupaT B
rpaHuunTe ot 2 fo Hag 20%, cbabpxar ce cbwo Pb n Cu B
HWCKM KOHL|EHTpauuu. B onpefeneHn yyacTbUn Ha pymaHOTO
TANO € MOBWLLIEHO CbAbPXaHWETO Ha 0foBO (Hag 1%) v Ha
meg (okoro 0,2%).

[pyrute no-BaxHW NPUMECH B XENE3HUTE Pyau Ca CNeaHuTe:
V,Cr, F, S, Sb, W, Mo, As, pasnuuyHu okcuauy 1 ap.

BapuTHaTa cypoBuHa e npefcTaBeHa oT Gaput — BaSOa.
BaputbT ce cpela nog hopmaTa Ha CaMOCTOSITENHI MaCUBHH
Tena, cpeaHu 1 ApebHM NeLm 1 rHesaa ¢ HenpasuiHa (opma,
KWMK C PasNnYHa MOLLHOCT M KaTO KOPUYKN CPed NUMOHUTHUTE.
Ha MecTa B MaciBHUTe GapuTOBY Tena ce CpelLLaT BKIoYeHMS
Ha raneHuT 1 Xankonupur.

OpyosiBaHETO Ha OnoBHaTa pyfda e cyndugHo (OnoBHO,
mMegHo W L|,I/IHKOBO), BMECTEHO B MachB OT AOJIOMUTHK
BapoBuuu. Cpelua ce W 3HaYUTENHO KONUYECTBO OT BTOPUYHM
OfOBHW pyaW — OKCUOHW, kapOoHaTHW W fJp., KOWTO ca
MPUMECEHN C KENs30-MaHraHookcuaHata  (MMOHWUTHATa)
MUHepanu3auus.

TexHornorusaTa 3a npepaboTBaHe Ha XensA3HaTta
pyAa v nony4eHn NpoAyKTH

CbrmacHo TexXHomorMyHata cxema Ha npepaboTBaHe,
Kensi3HaTa pyda Ce nogfiara Ha TPOLIEHE M CMuUnaHe 3a
paskpuBaHe Ha MWHepanHuTE 3bpHa OT CpacTbuuTe U
OCblUeCTBABaHe Ha nocrnefsalio oboratsiBaHe. XapakTepHo
33 KPEMMKOBCKaTa XEnsisHa pyda € HanuyMeTo Ha romnsmo
KOMMYEeCTBO  MbPBMYEH LWAM M CKMOHHOCTTa  KbM
wamoobpasyBaHe B MpoLEcUTe TPOLLUEHE M CMUNaHE, KOeTo
Cb3faBa MHOTO TPYAHOCTW B TeXHOMorMyHaTa W npepaboTka
(Knucypanos u pgp., 1978). Pypata ce nognara Ha
oboraTABaHe 4pe3 MarHWTHa cenapauus B cemapatopu Tun
Jones DP 317" C BWUCOKOMHTEH3WBHO MarHUTHO none.



lMonyyaBaHaTa MarHWTHa (PpakuMs € CbC ChAbPXaHWE Ha
*ensa3o okono 42% w ce SBSBa HEKOHOMLMOHEH MPOAYKT,
KOWTO € HaTpynaH W Ce TbPCAT Bb3MOXHOCTU 3a €(DEKTUBHO
npepaboTBaHe. HemarHutHaTa (ppakums ce nopasa Ha
GaputHa cnoTaums u ce nomyyaBa GapuTeH KOHLEHTpaT,
KOMTO Hamupa nasapHa peanuaaums (JamsHos, 1992).

3agbnboyeHoTo M3cneaBaHe Ha HEKOHAMLMOHHWS MaTepuan
Ou [oBeno [0 BBL3MOXHOCT 3a paspabotBaHe Ha
TEXHOMOMMYHA Ccxema Ha oborataBaHe C nogxogsLwa
KOMOMHALMS OT METOAM 3a MONy4aBaHe Ha KOHAMLMOHEH W
NpofaBaeM Xemne3eH KOHLEHTPaT (CbAbpkaHWe Ha Kensso
okono 52-53%). MonoxwutenHute eektn ot npepaboTBaHeTo
Ha TO3M OTnagbk Ca OT WKOHOMMUYECKU, couManeH wu
€KOmMOTMYeH acnexT.

W3cneaBaHna Ha HEKOHAULIMOHHUA MaTepman oT
npepaboTBaHe Ha XensA3HaTa pyaa

PeHTreHOCTPYKTYpeH aHanu3

V3BbplUEH € PEHTreHOCTPYKTYPEeH aHanu3 3a onpegensHe
MUHEpanHuAT CbCTaB Ha B3eTa npefcTaBuTenHa npoba oT
MOMyYeHNs HEKOHAMLIMOHEH maTtepuan npu npepaboTeaHeTo
Ha xenssocbabpxawute pyan. Ha ¢urypa 1 e npeacraseHa
peHTreHoBaTta audpakrorpama.

W3cneppaHaTta npoba uMa cregHusT hasos CbCTaB:
A: Cugepur (FeCOs)
B: XematuT (Fe203)
B: Baput (BaSQa)
I Tbotut (FEO(OH))
[: Cunmupes guokeng (SiO2)
E: Oonomut (CaMg(C03)2)
XK: Ankeput (Ca(Fe2+, Mg)(COa)2)

Pe3yJ'ITaTMTe OT aHanu3a covart, 4Ye B uscneaBaHata np06a
Hal-BUCOKO € CbAbpXaHNETo Ha cuaeput, cnedeaH OT
XeMatTuT M rbOTUT. HanuumeTo Ha 3HauMTEenHW KonuyecTea
Xenaso B OKCMAHM W XMAPOKCUOHW MUHepann HacoyBa KbM

1200 —
1000 —f
800 —f
600 —
400 —

200 —

Intensity pls

HeoBX0AMMOCTTa OT NpuUnaraHe Ha KOMOUHaLMs OT MeToau Ha
oboraTsiBaHe.

Mwukpockoncku aHanus

3a npoBexdaHe Ha MWHepanoXkWTe u3cneaBaHWs ca
W3roTBEHM NpenapaTi 0T MaTepuana v CBbP3BaLLo BELLECTBO,
C KOETO Ca CMoeHu, BNocneaCcTBME MONMPaHN No MeToaumkarta
3a MOAroToBKa Ha aHWnMgw. AHwmuguTe ca HabnoaaBaHn B
MWUKpOCKON C oOTpaseHa cBetnuHa ,Meiji Techno”, kato
obekTUTE Ca 3acHeTW C kamepa kbM Mukpockona DK 1000 u
CHUMKMTE ca obpaboTeHn ¢ nporpama Infinity 1.

Mpu HanpaBeHuTe HabMIOAEHUS B MONMPaHMTE MpenapaTti
Ce YCTaHOBSBAT pa3HO0Bpa3HM enesH! XMLPOKCUAN W MUPUT.
MWpMTLT MMa TBLPAE OrPaHUYEHO pPa3npoCTPaHEHWe W ce
Habntofaea kaTo eauHUYHW M3OMETPUYHM 3bpHA C pasMepu
okomno 50 pm (dur. 2 u 3). He ce Habniogasat cpacTbum Ha
NUpMTa C APy MUHEpPanu.

Xenesunte xuppokcuagu ca TBbpAE pasHoobpasHu no
opMa W pasmepu. TaxHaTa eOHO3HAYHA AMarHocTuka e
HEBb3MOXHa caMo Mo onTU4HM Benean. Ha uBsT Te ca cuen —
OT CBETNO [0 TbMHOCMBM, HAKOM OT TAX MOKaseaTt
aHW30TPONHW CBOWCTBA M BbTPEWHM pednekcu. 3a no-
TOMHaTa WM JMarHocTUKa ca Heobxoaumm creynanuanpaHi
DOMbIHUTENHN aHanmau, BKIIOYBALLM PamaHoBa
CMEKTPOCKONMUS,  KOMMYECTBEH  MUKPOCOHAOB  aHarms W
PEHTFEHOCTPYKTYPEH aHanu3 3a HAKoW OT TsX, (KOUTO nokassar
KpucTanHm dopmn).

Ha curypu ot 2 go 11 ca nokasaHn pasnuuHu KbcyeTa oT
KENE3HU OKCUAM W XMAPOKCUAM, C Pa3HOOBpasHi CTPYKTYpHN
ocobeHocTH.

Bb3 ocHOBa Ha MeToaa Ha CTaTUCTMYECKo HabniogeHwe B
3aBUCUMOCT OT MPOBEAEHUTE MUHEPANOXKU W3CreaBaHus,
MOXe [ja Ce HanpaBu M3BOABLT, Ye ONTUMANHWAT pasmep 3a
pasgensHe e 45 — 60 um. CnegoBaTtenHo, Npeayn npunaraHeTo
Ha MeTogu 3a oboratsBaHe e Heobxogumo [JocMUnaHe Ha
MaTtepuana, kato OCHOBHaTa Maca cnef cMunaHe Tpsbea ga e
mexay 40 n 45 pm.

Siderite FeCo3
Hematite Fe203

Barite BaSO4

Goethite FeO(OH)
Quartz si02

Dolomite CaMg(CO3)2
Ankerite Ca(FeMg)(CO3)2

T T T T
20 40

60 80

2 theta s 2°-85° Cu / Ni; 30 kV / 20 mA; 0,09 / 1s

®ur. 1. X-ray gudpakrorpama



®ur. 2. Kbcye oT NUpUT (CBETNOXBNTO) CpeA XKene3Hu XMapoKeUan ®ur. 3. Kbcye oT nUpUT (CBETNOXBNTO) CPeA XKeNe3H! XMAPOKCUan
(cBeTno go TbMHOCKBO). Pasmep Ha BUAHOTO none 425 pm. (cBeTno Ao TbMHOCKBO). Pasmep Ha BUAHOTO none 425 pm.

. 'e e ) ”"' P
®ur. 4. Arperat oT pa3nuyHy Xene3Hu XMAPOKCUAK (CBETNO A0 TbMHO ®ur. 5. ArperaT OT KONOMOP(HM Xene3HU XMApOKCMAW (CBeTno Ao
CUBO, LeHTbP). Pa3mep Ha BugHOTO none 425 ym. THMHO CUBO, LIeHTbP) cped HepyheH MuHepan (cBeTnocuBo). Pasmep Ha

BuAHoTO none 850 um.

v b i . . . v o
®ur. 6. CkeneTeH TUN CTPYKTYpa Xene3HU XuapoKcuan obpasysar KaHT ®ur. 7. ®parMeHT OT MBMYECTO-30HANEH arperat OT KONOMOp(HM
OKOMO Manka kaBepHa, NonyyeHa npu n3nyxsaHe Ha MMHePanHoTo Kene3HW XMApOKCMAM (CBETNO [0 TbMHO CUBO, LIEHTLP). Pasmep Ha
BeLecTBo B LeHTbpa. Pasmep Ha BugHoTo none 850 um. BMAHOTO none 850 um.




> .
®ur. 8. HenpaBunHO KbcYe OT Xene3HM XWAPOKCMAW C YAaCTUYHO
KonomopdHa CTPyKTypa (LeHTbp). Pa3mep Ha BugHOTO none 850 pum.

- Lﬁ’ .
®ur. 10. 'CpaBerenHo XOMOFeHHO
BMAHOTO nosne 850 pum.

N3Boau

Upes npoBeAeHWTE aHanMan Ca YCTaHOBEHW OCHOBHWTE
Xenaso-Hocewy a3 U TEXHUTE CPEeAHOCTATUCTUYECKM
pasmepu. Pesynrtatute couart:

a) 3a nomy4yaBaHeTO Ha KOHOMLMOHEH KOHLEHTpaT oT
u3cneaBaHMs Matepuan e HeobXxoauMo npunaraHeTo Ha
koMBuHaLusi 0T MeToau 3a oboraTsiBaHe;

0) npemu npunaraHeTo Ha MeTogu 3a oboraTABaHe e
Heobxo4MMo JOCMMMNAHE Ha MaTepuana, kaTo MakcuMarnHaTa
efpvHa cnep cMunaxe Tpsbea fa 6vae 40 - 45 um.

HanpaBeHuTe aHanuau Ha MONUIPAAMEHTHUSI KENe3eH
maTepuan ca OT CblUECTBEHO 3HayeHWe 3a u3bopa Ha
e(eKTUBHM METOAM 3a HeroBoTo oboraTsiBaHe M MOBHLLIABAHE
Ha TEXHUKO-MKOHOMWUYECKUTE MY MOKasaTenu.

Nurepatypa

Bovnues, U. W., K. A CankeBa, M. M. Tabakosa, W. B.
Uepke3oB. Memanypaus Ha yyeyHa. C., TexHuka, 1975. -4
c,-13c.

OamsHoB, X. MuHepanoxka oueHka Ha npogykTuTe OT
NonUrpagMeHTHa MarHuTHa cenapauus Ha pyaW oT

133

our. 9. Hsikonko Henpasmm KbCYeTa OT XenesHu XuApoKCUAU C
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850 pum.
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®ur. 11. HenpaBunHo Kbede OT 2 THna )KneaHvu XUAPOKCMAM C YaCTUYHO
KonomopdhHa CTpyKTypa (LeHTbp). Pasmep Ha BugHOTO none 850 um.
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ACOPBLIUA HA MAHT'AH B CTATUYHU U AMHAMWUYHW YCITOBUA - ®AKTOPU
OKA3BALLUX BITUAHWE BBPXY COPBLIMOHHUTE MPOLIECH

HeeeHa Kexaiioga
Qunuan - Kepdxanu Ha MunHo-2eonoxku yHusepcumem ,Ce. MeaH Puncku” - Cogpusi, 6600 Knpdxanu, n.kehayova@abv.bg

PE3IOME. MaHraHbT e efiH OT eneMeHTUTe C LIMPOKO Pa3npocTpaHeHue B npupoaata. HanmumeTo Ha MaHraH BbB BUCOKW KOHLIEHTPALMK B OTNabyHN BOAU MOXeE
Aa [0Beae CEepuo3HM MoCNeamnLM 3a YOBELLKOTO 3apaBe W 3a okorHaTa cpeda. OKUCTITENHUTE MPOLECH ca Hail-npocTUTe U euKacHM METOAM 3a NPEYNCTBaHE Ha
BOAM, CbAbpXKallM MaHraHoBM iOHW. B ankanHa cpefa € Bb3MOXHO MaHraHbT fa ce yTau B kapGoHaTHa (opMa, KOSITO B MPUCHCTBME Ha KMCTOPOA MOXe Aa Ce
okuenm 4o MnO,. MaHraHbT 1 Kens3oTo 0BMKHOBEHO Ce CpeLyaT 3aedHO B eKocUCTeMaTa, Thil KaTo MMAT CXOAEH MbT Ha TpaHcdopmaLys. XUMUYHUTE MeToaN 3a
TPeTMpaHe Ha BOAMW, CbAbPXKALLM MaHraH, M3MCKBAT M3NON3BAHETO Ha CKbMM peareHT. B npakTukaTa ce mpunarat peguua METOAM 3a TpeTupaHe Ha BOAW,
3aMBPCEHI G /iOHN Ha TEXKITE MeTanm, Kato XVIMUYHO yTasiBaHe, ioHeH 0BMeH, MeMBpaHHO pasfensHe v aacopbums. FIoHooBMeHHITE 1 aacopBLIMOHHI NPOLIECH
W3MION3BaHETO HA MPUPOLHN 360MMTU KaTo COpOEHTM MMaT MPEeAUMCTBO MU OTCTPaHsIBaHE Ha 3aMbPCUTENM JOPW MPWU OTHOCWTENHO HUCKM KOHLEHTpaLuM, B
CpaBHEHWE C Apyri XUMUYHM W BronornyHn npouecy. MpupofHUTE 3e0nMUTH (KNMHOMTUMONUTY) Ca eAHU OT NEPCNEKTUBHUTE ECTECTBEHM COPBLIMOHHN MaTepuany,
HamupaLyy BCe MO-ToMsiMO MPUMOXEHUe NPU TpeTUpaHe Ha BOAY, 3aMbPCEHN C OHM Ha TEXKM MeTan. YHUKanHOCTTa UM Ce CbCTOM BbB BUCOKATa CENEKTUBHOCT
KbM KaTWOHM. B HacTOSMS [OKMa € HanpaBeH Npernes Ha OCHOBHUTE (hakToOpU U YCIOBMS, KOUTO BAMSST BbPXY COPBLIMOHHUTE MpoLieck 3a MOBUAn3aLmsiTa Ha
OHW Ha TEXKUTE METANM OT NPUPOLHN 3€0NUTH (KNMHOMTUMONUTM) MPU CTATUYHW W AMHAMUYHI YCTIOBUS. PasrneaaHo e BIUSHUETO HA HSIKOW OCHOBHYW MapameTpu,
KaTo HayanHa KOHLeTpaLms Ha METasHus OH, CbCTaB Ha TeyHaTa (pasa, pa3Mep Ha YacTuLMTe, Maca W BIA Ha u3nonasaxnst copbeHT. PasrnefaHo e BIMSIHMETO Ha
TemnepaTypata U KUCENMHHOCTA Ha pa3TBopa, KaKTo 1 HamMuMeTo Ha KOHKYPEHTHYW oMM B pasTBopa BbpXy npoueca apcopbums. OT HanpaBeHuTe NpoyyBaHus
CTaHa sicHo, Ye TUMBT Ha apcopbara, pH Ha pasTBopa, KOHLEHTPALMATa Ha MeTarnHus oH, pasMepbT Ha YacTuLUTe W BUABT Ha copbeHTa, 0BUKHOBEHO ca Hail-
CpeLLaHuUTe NapaMeTpu, KOUTO BIUSSIT BbPXY aacopbumsiTa. B Hakou cryyan HanuumeTo Ha Apyru iOHW BbB BOAHWSI PA3TBOP BOAM 40 HEGNaronpusiTHO Bb3eicTBIe
BbPXy UMOBMNM3aLMSIT HA METaMHM HOHN.

Kniouosu AyMu: aﬂCOpﬁLlMﬂ,Te)KKVI MeTanu, MaHraH, 3eonut (KJ'IVIHOI'ITVIHOJ'IVIT)

MANGANESE ADSORPTION UNDER STATIC AND DYNAMIC CONDITIONS - FACTORS IMPACTING SORPTION
PROCESSES

Nevena Kehayova

University of Mining and Geology “St. Ivan Rilski”, Branch of Kardzhali, 6600 Kardzhali, n.kehayova@abv.bg

ABSTRACT. Manganese is an element widely distributed in nature. The presence of manganese in high concentrations in wastewater can cause serious
consequences for human health and the environment. Oxidation processes are the simplest and most effective methods for the treatment of water containing
manganese ions. Manganese precipitation in the carbonate form is possible in basic conditions; in presence of oxygen manganese may be oxidized to MnOx.
Manganese and iron are typically found together in the ecosystem because they have a similar way of transformation. The chemical methods for the treatment of
water containing manganese require the use of expensive reagents. Several methods for treatment of water contaminated with heavy metal ions are applied in
practice, such as chemical precipitation, ion exchange, membrane separation and adsorption. lon-exchange and adsorption processes and the use of natural zeolites
as sorbents have an advantage in the removal of pollutants even at relatively low concentrations compared to other chemical and biological processes. Natural
zeolites (clinoptilolite) are a promising natural sorption materials finding an increasing use in the treatment of water polluted with heavy metal ions. Their uniqueness
consists in their high selectivity for cations. This paper represents a review of the main factors and conditions impacting the sorption processes for immobilization of
heavy metal ions by natural zeolites (clinoptilolite) under static and dynamic conditions. The paper discusses the impact of some basic parameters, such as initial
metal concentration, composition of the liquid phase, grain size, mass and type of the sorbent used. The influence of temperature and acidity of the solution and the
presence of competing ions into the solution on the adsorption process are also discussed. From reviewed studies it became apparent that the type of the adsorbate,
pH of the solution, the metal concentration, grain size and the type of sorbent are generally the most occurring parameters that influence the adsorption. In some
cases, the presence of other ions in the aqueous solution has an adverse impact on the immobilization of metal ions.

Key words: adsorption, heavy metals, manganese, zeolite (clinoptilolite)

BbBeneHue MaHraHbT € eduH OT eneMeHTUTe C Hal-ronamo pasnpo-
CTpaHeHve B npupopata. [ByBaneHTHUAT maHraH e gobpe
pasTBOPUM BbLB BOHM Pa3TBOPW Mpu HUCKO pH, T.e. B kucena
cpefa, KOeTo ro npaBu MHOMO MOLBWXKEH M HapacTBa Bb3-
MOXHOCTTa My 32 MUrpaLus B ApeHaxHUTe Bogu. MaHraHbT €
€NTEMEHT, KOWTO BbMPEKM MPOMEHNMBATA CU BaNEHTHOCT Mpu
OKWCTIUTENHW TpaHCGopMauuW, He OTHEns eHeprusi, KOSTO
MOXe fda nogabpxa asToTpodeH MeTabonuabM. Mukpo-
OpraHu3MuTe, KOWUTO MOraT [a OKUCNSBAT [BYBaNEHTHOTO

[loBe4yeTo MOHM Ha TexkuTe MeTanu, kato Fed*, Mn2+ Zn2*,
Cd?*, Pb2* 1 gp. ca CUrnHO TOKCUYHW U He ca Buopasrpagumm
(Moreno et al., 2001; Sprynskyy et al., 2006; Bailey et al.,
1999), KoeTo Hamara TSXHOTO OTCTPaHsiBaHe OT 3aMbpCEHH
BOAM, 3a Aa OTrOBapsAT Ha BCe MO-CTpOrUTe CTaHAapTh 3a
Ka4yecTBOTO Ha OKoMHaTa cpega.
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ENS30 Ypes MPEeKUCeH MexaHnsbM, 0OMKHOBEHO MoraT Aa
okucnsagat 1 MaHraH (AHrenos, 2009).

KOHBEHUMOHANHMTE METOAM 3a OTCTPaHsBaHE Ha MaHraHOBU
JIOHM OT OTNagbYHM BOAN OBUKHOBEHO N3WCKBAT U3MON3BAHETO
Ha CUITHW OKUCIUTENW KaTo Ka/neB MepMaHraHat, Xmop, 030H
¥ Op. HepoctaTbk Ha Te3n METOAN e reHepUpaHeTo Ha apyru
3aMbpCUTENW W TOKCUMYHM BELLeCTBa B MpeyncTBaHata Boga
(Teng et al., 2001). TpagMLMOHHOTO XUMWUYHO yTasiBaHe e Hail-
WKOHOMUYHMAT METOL, HO HeedpeKTMBEH 3a paspefeHu
pa3TBopy. MoHoo6MeHbT 1 0BpaTHaTa 0cMO3a ca edeKTUBHM
MeTOoaM, HO C BUCOKM ekcnnoaTaumoHHu pasxoay (Teng et al.,
2001).

Ancopbumsita 1 HOHOOOMEHBT Ca HaN-4eCcTO NpUNaraHUTE u
13MON3BaH1 MEeTOAM MPU NPeyncTBaHe Ha BoaM, 3aMbpCeHn C
loHM Ha Texkute MeTanu. Kato copbeHT ce w3nonaear
COPOLMOHHN MaTepuanit ¢ BUCOKA crieumduyHa NOBLPXHOCT.
OcHoBHaTa WM XapaKTepWUCTWKa e TsIXHaTa aKTMBHOCT
(normblyatenHa cnocobHOCT UM aacopOUMOHEH KanauuTer)
(AceHos, 1977).

MpupogHMTe 3€0/IMTK (KNMHOMTMIONUTY) Ca €AHM OT Hait-
NEepecnekTMBHUTE  eCTECTBEHW  COPOLMOHHM  MaTepumany,
HamupallmM BCe NO-ronaMo npunoxeHwe npu TpetTupaHe Ha
BOOM, 3aMbpCEHM C WOHM HA  TeXKATe  MeTamm.
KaT1OHOOOMEHHNST UM KanauumTET 3aBUCH OT MbpBOHAYamHNs!
KaTMOHEH CbCTAB, Tbil KAaTO HE BCWUYKM KATMOHHM B
CTpYKTypaTa My Ca AOCTbIHM 3a kaToHooOMeH (Langella et.al.,
2000).

fo MoMeHTa MHOTO uW3cnepoBaTencka [AENHOCT €
hoKycupaHa BbpXy KMHETMKaTa Ha COpOLMOHHMTE MpoLecy,
TepMOAMHaMMKaTa 1 (haKTOpUTE, OKa3Baliy BMSIHWE BBPXY
afcopOUMOHHMTE CBOWCTBA, KakTO W MEXaHU3MUTE Ha mno-
HaTaTbWHOTO MoauduumpaHe Ha copbeHTute, C Uen
yBenu4yaBaHe Ha akTMBHOCTTa UM U adnHUTETa UM KbM [JafeH
3ambpcuten (Mumpton et al.,1977).

B HacTodAWMA OOKNnah € HanpaBeH KpaTbK npernea Ha
OCHOBHWUTE 3aBUCUMOCTM 1 (DaKTOPW, OKa3BalM BhWSHWE
BbPXYy MPOTUYAHETO Ha npoueca aacopbuws, kato HavanHa
KOHLEHTpaLMs Ha METasHWs 1oH, CbCTaB Ha TeuHaTa ¢hasa,
pH Ha cpepata,Temnepatypata, pasmMep Ha YacTuuuTe U BUA
Ha 13Mon3BaHus COpOEHT.

BuoreoxumuyeH KpbLroBpaT Ha MaHraHa

B npupogata Mn?* ce okucnsea o Mn*, kato orpomHa
4acT OT TpaHcdopmaLumTe ca BronorvyHN 1 Ce N3BbpLLBAT OT
PasnuyHM  XeTepoTPObHM  MUKpoopraHuamu.  durypa 1
npeacTass BUOXMMWYHUS KPBrOBpaT Ha MaHraHa B npupoaata
(Nealson, 1983). XeTepoTpohHMTE MUKPOOPraHM3mMu AeicTear
upe3 MPEKUCEH MEXaHW3bM, Kato NpW Pa3BUTMETO CW, 3a
CMETKa Ha oOpraHwyeH cybeTpar, CekpeTupatr BOZOPOLEH
npekuc (H202), KOMTO € CUMHO TOKCMYeH 3a TsX. 3a Aa ce
npeanassT oT TOKCUYHOTO AENCTBUME Ha MaHraHa, KaTto
3alUMTEH MEXaHU3bM MUKpoopraHuamuTe cekpetupat Ha02 v
eHauma kaTanasa. EfHM mukpoopranmammu moraTt camu [fa
OCbLLEeCTBABAT TO3M MEXaHW3bM, a Npu Apyru ce Habnogasa
cumbrosa OT OpraHusmu (eOMHWAT CekpeTupa BOAOPOZEH
npekuc, a apyrusaT — katanasa). Mn* e cnabo pasrteopum u
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naga Kato YTHVIKa, KOETO BOAM [0 NOHWXaBaHE Ha CbAbpXa-
HMETO My B ekocucTemara.
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®ur. 1. BuoreoxumuyeH kpbrospar Ha MaHraHa (Nealson, 1983)

OkucnnTenHuTe Mpouec ca Hai-npoctute M edukacHu
HaYMHW 33 MPeYMCcTBaHE Ha BOAM, CbObpXal¥ MaHraHOBM
NOHW. Bb3MOXHA € 1 XMAPOOKNCHA NpeLmunuTaLmns Ha MaHraxa,
cnen kato 6bae okucned go 3 unn 4 BaneHTHa dopma. Tbi
kato MnOOH e HecTabuneH, cnen Bpeme ce OKMCNSiBA 0 Mo-
cTabununs nuponyaut (MnO2), BbpXy YMSTO MOBLPXHOCT Ce
agcopbupa Mn*2. B ankanHa cpefa e Bb3MOXHO MaHraHbT Ja
ce yran B kapboHaTtHa (opma, KOSATO B MPUCLCTBME Ha
kucnopog moxe aa ce okuerv o MnO2 (Axrenos, 2009).

TpeTupaHe Ha BOAM, 3aMbPCEHM C MaHraH upe3
NpunaraHeTo Ha pasfNu4yHN COPOLIMOHHU
TeXHONOruu

MoamduumMpaH  CUHTETUYHW  3€0NUTM, NMONYYeHW OT
oTnagbyHa BbravwHa nenen (Moreno et al., 2005), ca
YCMELLHO MpunaraHn 3a TPETUPaHE Ha KUCENN PYAHUYHW BOZM.
B notoka Ha TpeTupaHuTe BOAW Ce YCTAaHOBSBAT ChAbPXaHMS
Ha Zn, Cu, Pb, Cd u Fe nog 0,1 mg/l, kaTo no OTHOLIEHME Ha
MaHraHa KpaiHuTe JOCTUrHaTH KoHLeHTpauuu ca nog 0,8 mg/l.

Mpu opyrv nscnefBaHus, KaTo MHOMO MOAXOASLUM 3@ BOAM,
cbabpxawy Mnzt n Cd?*, ce npeanaraT pasnuyHn Moandu-
LMpaHu ectecTBenu rmuHm (Bosco et al., 2006).

B npaktukata ce npunaraT OCHOBHO [Be CTaHAapT¥ npo-
Ledypu 3a OTCTpaHsiBaHe Ha 3aMbpUCUTENK OT OTNaAbYHU
BOAM, U3NON3BalKK1 3e0NNTK KaTo copbeHTu - “Batch” npouecn
- B CTaTU4HM YCTIOBS W KOMOHHM NPOLECH.

Mpu cTatnuHm ycnosws, apcopbeHTLT Cce nojasa B
OTnagbyHaTa Bofa B pa3gpobeH BuA, cref KOeTo ce oTAens
OT MpeyncTeHaTa Boda upes yTaseaHe W unTpupaHe. Tbid
kaTo agcopbeHTHT rybu ceosiTa afcopbLmoHHa cnocobHOCT
Heobxoammo fa ce pobaBsi HOB B MpeyucTBaHaTa Boga. [lpu
T.Hap. “Batch” npouecn ce u3nonssa onpegeneHo Konm4ecTso
€CTECTBEH (MOAMMULMPAH) 3e0MNT, MOCTABEH B KOHTAKT CbC
CUHTETMYEH pa3TBOp UMK peanHaTta npoba OT NpeyncTBaHaTa
BOfa 3a ornpefeneHo Bpeme. To3u TUM mpoLeck 0OMKHOBEHO
Ce MpoBexaaT Mpu NOCTOsiHHA Temnepatypa W XuopoauHa-
MWYHW ycrnoBusi. TTbAHOTO OTCTpaHsIBAaHE Ha TEXKM MeTanu
W3WCKBA NO-rONsMa MPOABLITKUTENHOCT Ha TPeTMpaHe U no-



BMCOKa [03a COPOEHT (3eomnuT). MakcumanHoTo 3agbpkaHe Ha
MeTanu 061KHOBEHO Ce NOCTUra B HAYanHoTO Ha npoLeca, npu
pH Ha cycneHsusTa B HeyTpanHus auanasoH (pH = 6-8)
(Shoumkova, 2011). YcTaHoBEHO e, Ye BaxHW napameTpu B
TO3M Cnyyal Cca CKopocTa Ha pa3bbpkBaHe WM BPeMETO Ha
KOHTaKT TBbpAa (hasa/TeuHocT. [10-4bAroTo BpemMe Ha KOHTaKT
BOAM A0 MOBMLIABAHE ankamHoOCTTa Ha pasTBopa, KOeTo OT
CBOS CTpaHa YrecHsBa OCTPaHABAHETO Ha MeTanHu WOHM
(Hanpumep 3a Mn2* un Fe¥) uypes yTasBaHe KaTo
Hepa3sTBOPUMM XVAPOOKCUAN BbPXY NMOBLPXHOCTTA Ha 3eoMnuTa.
MoHnTe Ha TexkuTe MeTanu BbpXy 3e0NMTHATa MOBBLPXHOCT
MoraT fda ObgaT YaCTUYHO TreHepupaHuM W PeuuKInpaHu
(Shoumkova, 2011).

Mpu apcopbums B AMHaMUYHW YCMOBUS 3aMbpCeHaTa Boga
npemMuHaBa npe3 GuiTbp C aacopbLMOHEH hunTpaLMOHeH
matepuan. Crnepg oOnpedeneHo Bpeme Ce  HamarnsBea
aacopbumoHHata  crnocobHocT  Ha  copbeHTa, kato B
npeyncTeHaTa Boja Ce MOSIBABA OCTATbYyHO 3aMbpCsBaHe
(AceHoB,1977). Tpu npunaraHeTo Ha KOMOHHWTE MpoLecK
BMMSHME BBbPXYy [AWHAMMKATa Ha YCBOSBaHe Ha MeTarHu
KaTMOHW OT 3€ONMTa, OKa3BaT [NaBHO (akTopyu Kato
Temnepatypa, pH Ha pasTBopa, CKOpOCTTa Ha MOTOKa,
MbpBOHAYanHaTa KOHLEHTpauus Ha OTCTpaHsBaHUS MeTarneH
ioH, npegBapuTenHata obpabotka Ha pa3TBOpa, KaKTo M
HanMuMeTo Ha KOHKYpupaliy WOHW B MpeuyucTBaHaTa BOAA.
CBoicTBaTa Ha W3M0N3BaHWs afgcopbeHT Cbllo Oka3Bar
BNUSIHWE, KaTO pa3mMep Ha YacTuLuUTe, Hanuune Ha NpuMecH u
3aMbpCsABaHNs B 3eonnTHaTa npoba.

[HaMnyHOTO aacopOLUMOHHO aBTOKATanNMTMYHO 06e3maH-
raHsiBaHe e BUCOKO ecdpektueeH meTof (Diem &. Stumm, 1984),
MpM KOMTO NPOTMYAT HAKONKO OCHOBHM NpoLieca kaTo 0bMeHHa
agcopbuus Ha Mn2z* ¢ H* apcopbuust Ha MaHraHoBuUTe
[BYBAneHTHW KOMMNEKCHU CbEOMHEHUSt W aBTOKaTanuTU4YHO
okucnsBaHe Ha apacopbupanms MnZ* nog [encTBMeTO Ha
pasTBOpeHns kucropod. Ha curypa 2 e npegcraBeHa cxema
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®ur. 2. CxemaTM4HO NpepcTaBsiHe Ha KOHUeHTpauuute Ha Mn? u H* B
rpaHNyYHNA AUY3MOHEH CNoW OKOMNO NACHYHUTE 3bpHa (Diem & Stumm,
1984)

Ha OCTaTbyeH MaHraH BbB BUCOYMHA HA (PUITTBPEH CrOA Mpu
aacopbUMOHHO  unTpupaHe 4pe3 OMaHraHeH nschbk. [pw
obmeHHaTa agcopbunst MaHraHoBUTE W BOGOPOLHUTE KaTUOHM
Ce [OBWXaT B MNPOTMBOMONIOXHA MOCOKa BbPXy BOAHATaA
00BuBKa Ha 3bpHaTa. CKopocTTa UM Ha ndyans ce onpeaens

136

OT rpagveHTa Ha KOHLEHTpauusTa WM B TpaHUYHWS BOAEH
cnoi. HenocpeacTtseHo B 0bMeHHaTa 30Ha fBata npoleca ca
B3auMoCBbp3aHn (pur.2). OT 3HayeHWe € CbOTHOLLEHWUETO
MeXZy MaHraHoBuTe W BOOOPOAHWUTE KaTWOHM, cBobogHaTa
MOBBbPXHOCT Ha MaHraHoBWS OKCUA, KakTo U 0OMEHHOTO
KOMMYECTBO Ha MaHraHa ¥ BO4OpOAA 3a eAMHMLA Bpeme Ha
eMHMLA NOBBbPXHOCT (AHrenos, 2009).

OCHOBHU NapameTpu, BNuseLwm npu
NpOTMYaHeTO Ha npoueca aacopouus

ARCOpOLMOHHMAT KanauuTeT Ha copbeHTa U KMHEeTUKaTa Ha
3afbpxKaHe OT TeyHaTa (hbasa 3aBUCKM OT HSAKOMKO (PU3MKO-
XMMUYHU hakTopa, CBbP3aHM KakTO CbC copbeHTa, Taka u ¢
XapakTepucTUkUTE Ha TeyHaTa (pbasa, BKMOUMTENHO pH Ha
pa3TBOpa, MbpBOHAYanHaTa KOHLEHTPALMS Ha MeTanHus NOH
B pasTBOpa, HanuMumMeTo Ha Apyrv KaTUOHM, WOHHA cuna,
Temnepatypa, TMna Ha TeuyHaTa chasa, BWOA Ha MUHepana,
pasmep Ha vactuuute My, npegsaputenHata obpabotka u
CKOPOCTTa Ha pa3bbpkaaHe.

MbpBoHayanHa KOHLEHTPALMA Ha MeTanHUsA WOH

HayanHata KOHLEHTpauus Ha MeTanHuTe WOHW B TeyHaTa
(hasa okasBa 3HAYMTENHO BMMSHWE BbPXY MPOTUYAHETO Ha
npoueca Ha agcopbuws. B noBeyeTo cryyan yBenn4aBaHeTo
Ha MbpBOHAYarHaTa KOHLEHTpauus BOOM 4O HapacTBaHe Ha
KonuuecTBoTo apcopbupaH MeTan 3a eouMHULa Maca oT
agcopbenta (Coruh and Ergun, 2009; Erdem et al., 2009;
ljagbemi et al., 2009).

Peouua w3cnegBaHWs — OOKYMEHTMPAT — BIMSHUETO Ha
MbpBOHAYanHata KOHLEHTpauMs Ha MeTanmHu WMOHU BbpXy
NMOBMNM3ALMATA HA Pa3NNYHU FOHM Ha TEXKUTE MeTanu, C
N3NON3BaHETO Ha 3e0nUTW (KMMHONMTUMOMMTK) OT Pa3nuyHM
Haxoguwa (Shoumkova, 2011).

YCTaHOBEHO €, 4Ye YyBEenM4yaBaHeTo Ha MbpBOHAYanHaTa
KOHUeHTpauns Ha Ni2* oMM BOAM [0 NOBULIABaHE
paBHOBECHATa KOHLEHTpaLua B TBbpAaTa (asa 3a ecTecTBeH
N XMMUYECKWN TPETUPAH KMMHOMTWONMUT, KaTO CbLLEBPEMEHHO
ce HamansBa edekTuBHOCTTa Ha oTctpaHseaHe (Coruh and
Ergun, 2009).

MpoBegeHo € u3cnedBaHe 3a MmobunmsauwsTa Ha
MaHraHoBM WOHW OT MPUPOAEH 3e0MmUT (KMMHOMTWUNONWUT) B
CUHTETWYEH pa3TBOp, CbAbpXal, MNOHM Ha Mn2* B
koHueHTpauum 10, 25, 50, 75 u 100 mg/l. Mpu HavanHa
KoHLeHTpauusa Ha Mn2* - 10 mg/l n npu cToitHocT Ha pH 3.0,
5.0 n 7.0 cnep 180 min 6sixa oT4eTEHU CHOTBETHO 96.2, 97.6 M
99% apcopbupaHn WMOHM Ha MaHraHa. [lpu HavanHa
KOHLeHTpauns Ha MaHraH - 100 mg/l 3a cblms nepuog oOT
BpEMe Te3n CTONHOCTY Ca NO-HWUCKM, CbOTBETHO 84, 88 1 91 %.
Belle ycTaHOBEHO, Yye e(EKTMBHOCTTA Ha OTCTpPaHsBaHE Ha
MaHraH OT TpPeTMpaHWTe Pa3TBOpW € Hal-Bucoka ot 97% no
99% npu NPeYnCcTBaHETO Ha BOAU, ChAbpXallyW NOHU Ha Mn2+
B KoHUeHTpaumm 10 n 25 mgll.

[pyro u3scneaeaHe OTHOCHO agcopbuumsTa Ha Zn2 * MOHU OT
NPMPOLEH 3€0NUT NOKa3Ba, Ye eheKTUBHOCTTa Ha aacopbums
Ce MOHWKaBa C MOBWIABAHE HA KOHLEHTpauuaTa Ha
MeTanHusT noH (Erdem et al., 2009).



CbcTaB Ha TeyHarta cpepa

MpoyyBaHeTo Ha apgcopbumsita Ha MeTanHu WNOHM OT
pasnuyHu copbeHTH BbB BOAHWM pa3TBopu 6u mMorno ga He
0Tpa3siBa WCTUHCKOTO NOBeJeHWe Ha copbeHTa Mpu CrIoXHM
TEYHOCTM, KOUTO Ce TpeTupaT. ToBa O3HayaBa, ue
apcopbumsaTa TpsbBa ha ce OueHsiBa B TEYHOCTTA, KbAETO
JENCTBUTENHO Ce M3BBbPLLBA NpoLec Ha agcopbuus (Vieira dos
Santos, 2007).

lMpy HanMMYMeTO Ha NMWraHaM, Hampumep, B MpeYncTBaHaTa
BOfa, eheKTUBHOCTTA Ha aacopbeHTa e Mmo-Hucka, koeTto 6w
MOTTIO [a CE ObITKM Ha KOHKypeHUWsiTa MEXOy nuraHaute 1
MeTanHuTe MOHW 3a CBOOOAHMTE MECTa Ha MOBbPXHOCTTA Ha
ancopbeHTa (Yang et al.,2009; Langella et al.,2009). Toga
BOAM [0 HamansBaHe Ha KOHLEHTpaUusiTa Ha pasTBOPUMMS
MeTaneH KaTioH, AOCTbNEH 3a aacopbupaHe OT M3Non3BaHus
aacopbeHT.

pH Ha cpepata

KncenuhHocTTa Ha cpepata, u3MepBaHa 4pe3 pH Ha
pasTBOpa, OKasBa 3HAYNTENHO BMSHWE BbPXY CTENeHTa Ha
1ioHM3aLusl, MOBEAEHNETO Ha MeTarlHUs MOH 1 CBOWCTBATa Ha
MoBBbPXHOCTTa Ha copbeHTa (Dimirkou, 2007; Lin and Yang,
2002; Ansarietal., 2011).

pH Ha cpegata e eduH OT HaW-BaxHWTE napameTpu,
BNMSEWN BbPXYy CTeneHTa Ha Aaucouwaums (Yang, 1999).
Pa3nuyHuTe BWAOBE MOHM Ha TEXKATE MeTanu, JOMUHMPALLM
BbB BOAHWS Pa3TBOP MpuU pa3nuyHo pH, ce pasnuyasat no
CBOSI 3aps4 M Bb3MOXHOCTTa Aa 6bgat agcopbupaHu ot
copbeHTa. AKTMBHOCTTa (OEACTBMETO) Ha (PYHKLMOHamNHUTE
rpynu Ha agcopbeHTa e CUITHO NoBNMsHA OT pH Ha pasTBopa.

B ankanHa cpega pasTBOPUMOCTTA Ha MeTafiHUTE WOHU
HamansiBa, NO3BOMNsBalkM [a Ce MOMy4u yTasiBaHe, KOETO
MOXe Aa ycnoxHn copbuponHute npouecu (Vijayaraghavan,
2008). ETo 3aLo e BaxHO, koraTo Ce u3cneapa noBeLeHNETo
Ha fageH agcopbeHT nmpu BMCOKM CTOMHOCTM Ha pH ga ce
onpefen KOHUEHTpauuaTa Ha pa3TBOPeHWs MeTan npeap
pobassHeTo Ha agcpoberTa (Malamis and Katsou, 2013).

MMpu nabopaTtopHo u3cneaBaHe BbpXy MMoBMUNM3aumsTa Ha
Mn2* OT eCTEeCTBEH UMIMACKM 3€0NUT € YCTAHOBEHO, Ye
ankanHocTTa Ha pasTBopa BMWSIE  3HAYUTENHO  BbPXY
ckopocTTa Ha aacopbumst Ha Mn2*, kaTo Hait-fobpu pesynTtaTtu
3a umoburmsaums ce nonyyasat npu pH 6-6.8 (Taffarel and
Rubio, 2009). Mony4yeHnTe KUHETUYHW U TePMOAMHAMUYHU
JaHHW mokaseaT, 4ye wumobunmsaumsta Ha Mn2+ BBpXY
MOBBPXHOCTTA HA 3€0MNMTA € B PE3yNTaT OT HAKOMKO peakuuu,
kaTo NoHOODOMeEH, xemmucopbums n agcopbuwns. MakcumanHuaT
ancopbumoHeH kanauuTteT Ha Mn2* MOHW BbB BOAEH Pa3TBop €
1.12 meq/g (Taffarel and Rubio, 2009).

YCTaHOBEHO €, Ye Han-ronsm kanayuteT Ha uMobunmaaums
Ha Ni* ot ecTeCTBEH W MoauduumMpaH  3eonuT
(knuHonTMNONKT) ce Habnioaasa B rpaHuumTe Ha pH ot 7.0 go
8.0, NpoLeHTLT Ha aacopbuns e Cbllo No-BUCOK U cTabuneH
npu pH ot 4.0 8o 6.0 (Coruh and Ergun, 2009).

Temnepatypa
TemnepaTtypaTta e npsko CBbp3aHa C KMHETUYHATA eHeprus
Ha MeTanHWTe ioHM B pasTBopa. Bcregctve  Ha

NoBWLLIABAHETO i, ce yBenn4yaBa CKOPOCTTa Ha ,EIVId)ySVIFl Ha
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copbara (Malamis and Katsou, 2013) v kuHeTU4HaTa eHeprus,
KOETO OT CBOSI CTpaHa yNecHsiBa JOCTbMA Ha MeTarHW 1oHN
(Pb2,Cd2* n Zn?*) po akTuBHUTe agcopbumoHHu mecta (Goyal
et al., 2003). MNoBuLIaBaHETO Ha MOBBLPXHOCTHATA AKTMBHOCT
Ha copbeHTa, BOAM [0 MO-BUCOK athMHUTET KbM 3adbpXaHeTo
Ha meTanHuTe onm (Goyal et al., 2003).

Cnopeg w3cnegBaHe Ha (Rajic et al, 2010) npu
ocTpaHsBaHeTo Ha Ni2* n Zn2* oMM OT OTNagbyHa BOAa, C
M3MON3BaHETO Ha NPUPOSEH 3€0NUTEH Ty(, NOBULIABAHETO Ha
Temnepatypata ot 25°C go 65 °C Bogu 4O moyTv Tpn MbTw
yBENMYaBaHe Ha agcopbuusTa, T.6 NPOLECHT € EHOOTEPMINYEH
W CnoHTaHeH. ToBa 61 MOrMo Aa ce AbMKM Ha HapacTBaHeTo
Ha aKTWBHWTE MeCTa, nopaguW npoMsiHaTa B pasmepa Ha
nopuTe W NoBHLLIEHAaTa CKOPOCT Ha Andysus (Rajic et al.,2010).
B npyro npoy4BaHe OTHOCHO MMOBMNM3aLWATa Ha MaHraHoBU
MOHM OT cpbOCKM MOAMDMLMPAH 3€0MUT (KITMHOMTMIONKT) ce
yCTaHOBsIBa, Y€ MakcumanHata agcopbums Ha Mn2t ce
noctura npu pH=6.0 (Rajic et al., 2009).

Pa3mep Ha yacTUumMTe M BMAa Ha copbeHTa

YacTuuute ¢ nmo-mMambK OMameTbp CE XapakTepuaupat C
ronsma creumduyHa NOBBPXHOCT, KaTo Taka ce MoBuWLIaBa
kanauuTeTbT Ha aacopbums 1 3a No-KpaTKo BpeMe Ce [oCTura
[0 paBHOBECWe B cucTemata TBbpAo/TeyHo. HamanssaHeTo
Ha pasmepa Ha 4acTuuMTe ce ouakea fa bnaronpwsTcTsa
KMHETWKaTa Ha agcopbums (Malamis and Katsou, 2013).

W3cnenBaHeTo, Hanpumep, no OTHOLLEHWe UMoBunmu3aumsTa
Ha Ni2* oT BOOHM pa3TBOpPM MOKasBa, Ye XUMUYeckaTta
obpabotka Ha ectectBeH 3eonut ¢ HCl n NaCl nosuwasa
ancopbunoHHMs My kanauuteT. TpeTUpaHeTo CbC CorHa
KMCENMMHA M HaTPUEB XIOpUL MOXE Aa npemaxHe UHHUTE
MpaxoBy YacTULM OT NOBBPXHOCTTA Ha KMMHONTWIONUTA KaTo
nopute B KpWCTanHaTta My CTPYKTypa CTaBaT OCTbMHM 3a
obMeH C MeTanHuTe MOHW. KanmauuTeTbT Ha apcopbuns e
3HaYMTENHO MOBMWSH OT MpomsHaTa Ha pH, B pesynTtar oT
ankanHa W KkucennHHa o6paboTka Ha MPUPOAHUS 3e0muT
(Coruh and Ergun,2009).

Mpn wu3crefBaHe KuHETMKATa UM TepMOAMHaMMKa Ha
oTcTpaHseaHe Ha Ni2*, Cd?* u CuZ* oHW C M3NON3BaHETO Ha
TpetupaH 3eonut (kmuHonTunonmut) ¢ NaOH, NaCl w
CH3COONa ce ycTaHoBsBa, Y€ 3HAYMTENHO Ce yBeruyaBa
nmobunusaumsta Ha Ni2t, Cd?* m Cu?* oHM OT BOAHU
pa3TBOpM, [OKAaTO TPETMPAHETO CbC COMHA KUCENMuHa WUMa
oTpuuateneH edekt Bbpxy npoueca (Panayotova, 2001a;
Panayotova and Panayotov, 2001b).

CboTHOWweHMe "Maca Ha agcopbeHTa / 06em TeuHocT"

Macata Ha agcopbeHTa BbB BOAHWUS pa3TBOP CbLLO Oka3sa
BMMSIHWME BbPXY MPOTUYAHETO Ha agcopbuusTa, Thbit KaTo T
ONpesens HanMYMeTo Ha akTBHUTE MecTa. [oBMLWaBaHETO Ha
KONMYeCTBOTO Ha TBbpAaTa (pasa BOAM [0 YBENWYaBaHe Ha
creumduyHaTa NOBbPXHOCT Ha aacopbeHTa, KOeTo OT CBOS
CTpaHa BOAM A0 HapacTBaHe 6posi Ha CBbP3BALLMTE MeCTa 3a
cblms obemM Ha TEYHOCTTa, KaTto Taka Ce YBeNnWyaBa M
KONMWYECTBOTO Ha OTCTpaHsBaHUTE MeTanHu oHn (Esposito et
al., 2001). BcrnegctBue Ha ToBa o0badye KOMMYECTBOTO
agcopbupaH MeTan 3a eauHMLa Maca Hamanssa.

Bsaumogencteusta Mexgy MUHepanHWTe 4actuum ca oT
ocobeHo BaxHO 3Ha4eHue, korato macata Ha aacopbeHTa B



TeYHaTa hasa e no-rofisiMa U Moxe Aa foeeae Ao 6rokvpaHe
Ha Hsikou afcopOLUMOHHM MeCTa, HAMansBaiikv epeKTMBHOCTTA
Ha agcopbums (Sen et al.,2011).

B cnyyau Ha HuCKM CbOTHOLWIEHMs TBbpaa asa / TeYHOCT,
MeTanH1Te WOHWM BbB BOAHWA pasTBOp He ce apcopbupar
caMo BbpXY MOBBPXHOCTTA Ha COpBeHTa, HO NPOHMKBAT W BbB
BbTpewHocTTa My. [lopagu TOBa, BbNpekn Ye OPosAT Ha
afcopbuMOHHMTE MeCTa Ha eduHuua Maca OoT aacopbeHT,
crefBa Aa OCTaHaT MOCTOSHHM, HE3aBWCWMO OT Macata Ha
afcopbeHTa, ¢ yBennyaBaHeTo Ha pasmepa Ha agcopbeHTta B
pageH ofem BOgeH pasTBop Ce Hamansea OposT Ha
HanuyHWTe  aAcopbuMOHHM MecTa 3a efuHMua  Maca
apncopbeHT, HamansBalku cneuuduyHata MOBBPXHOCT Ha
copbeHTa (Gupta et al.,2006).

Hannune Ha KOHKYPEHTHM HOHN BLB BOAHMA pa3TBoOp

HamansBaHeTo Ha edekTMBHOCTTA Ha copbeHTa 3aBucu OT
HerosaTa CenekTUBHOCT U aMHUTET KbM CbOTBETHWS 11OH, B
CpaBHEHWE C KOHKYPEHTHUTE WOHM, KaKTO W OT WMOHHWTE
CBOWCTBA W CbLOTBETHATA KOHLIEHTpaUWsi 3a BCEKM WOH
(Malamis and Katsou, 2013).

MokasaTenure, OkasBally BNMSHUE BbPXY eqEKTUBHOCTTA
Ha agcopbeHTa ca CBbP3aHM C XapaKTepuUCTUKUTE Ha Ccop-
OeHTa, CBOWCTBATa Ha MeTanHUTe MOHM W XapaKTepuUCTUKUTE
Ha TeyHata cpega (Yang et.al.,1999).

MeTanHuTe MOHM, KOUTO MMaT Mo-MambK XMapaTeH MOHEH
pagnyc no-fecHo AOCTUraT A0 MUHepanHaTa noBbPXHOCT U ce
pasnpocTpaHsBaT (audysupar) no-necHo BLTPe B NOpUTE Ha
copbenta. OT gpyra cTpaHa, HanM4ueTo Ha MOHW C MO-TONAM
iOHeH paguyc, BoaW [0 no-O0bp30 HacuwaHe Ha apcopb-
UMOHHMTE MecTa B KpucTamnHata pelleTka Ha apcopbeHTa
(Malamis and Katsou, 2013).

[TbpBOHaYanHaTa KOHLEHTPaLMA Ha KOHKYPEHTHUTE KaTUOHU
B TeYHaTa (ha3a CbLyo BNMse BbpXy aacopbLusaTa Ha NoHW Ha
TeXKUTEe MeTanu. Hanuumeto Ha MeTanu ¢ no-B1COKa MbPBO-
HayanHa KOHLEHTpauus BbB BOOHWS PasTBOp OBMKHOBEHO €
CbMPOBOAEHO OT NMO-BUCOKA afcopbums, nopagn KOHKYPEHT-
HUTE CW NpeaMMCTBA B CPaBHEHME C [PYrU MeTarnu, KOUTO
npucLCTBAT B pasTeopa. [pyr1 haktopu, okassalyn BAUsHUe
BbPXY KOHKYpeTHaTa afcopbuns ca BaneHTHOCTTa, eHeprusTa
Ha xwuapatauus, AOHHUAT NOTEeHLMan, napameTpu, KOUTO MoraT
fa onpegensaT pefa Ha CENeKTUBHOCT Ha copbeHTa KbM
nMoBunuaaumsaTa Ha MOHM Ha TexkuTe MeTanu (Malamis and
Katsou, 2013).

MMpn n3cneasaHe agcopbumsiTa Ha KIMHOMNTUMONUT OTHOCHO
umobunusauusTa Ha Fe¥*, Znz*, Cuz 1 MnZ* iioHM OT Kucenm
pyoHudsm  Bogu  (Motsi et al., 2009) e ycraHoBeHO
npubnuantento 80%, 95% v 99% apcopbupaHe Ha CbOTBETHO
Mn2*, Zn2* u Cu?* 10HW OT €HOKOMMNOHEHTHM pasTeopu. Camo
ancopbumsTa Ha Fe®* MoHN He ce NOBMMsIBa OT HANMYMETO Ha
KOHKYPEHTHM MOHW BbB BOLHWS Pa3TBOP, KOETO CE AbITKM
Moxe OM Ha MexaHuaMa My Ha yTasiBaHe Mpy MPeYUCTBAHETO
(Motsi et al.,2009). HanuuneTo Ha Opyru KaTUOHW BbB BOLHWS
pasTBOp B HSAKOW Cry4an OKa3BaT OTpULATENHO BIWsHWE
BbPXy MNpOTMYAHETO Ha npoueca Ha apcopbums (Wang
et.al.,2006).
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MpeauiHN M3cneaBaHns NoKasBaT HE3HAYNTENHO BRUSHUE
Ha CaZ* n Mg?* ioHun npu 3agbpaHeTo Ha Cu?* (Panayotova,
2001a), Ho npucbeTBUETO Ha Ca? B KOHLEHTpaLMK, paBHM
WM NMO-BUCOKM OT KOHUeTpauwsta Ha Zn?* Hamansea
W3BMMYaAHETO Ha Zn?* oT oTnagbyHuUTe Boau (Panayotova and
Panayotov, 2001b). MpUcbCTBMETO Ha TE3W KOHKYPEHTHM AOHM
(Ca?* u Mg?* noHN) HamansBa 3HAYNTENHO YCBOSIBAHETO Ha
Cd?* ot otnagbyHyM Bogy (Panayotova, 2000).

3aknioyeHue

MpunaraHeTo Ha aacopbumsTa kaTo METOA 3a TPETUPAHE Ha
BOAM, 3aMbPCEHN C IOHW Ha TEXKM MEeTanu, e pasrnenaHo ot
peovua aeTopu. B nutepatypata ce cnomeHaBaT peguua
MpOy4BaHNsl, OTHOCHO Bb3LEWACTBMETO Ha HSKOM MapameTpu
BbpXy npoueca Ha agcopbunst M BAMSHUETO WM BbpXY
afcopOLUMOHHMS KanauuTeT Ha U3NON3BaHNs COPOEHT.

OT pasrnegaHuTe NpoyyYBaHUS M aHanuaW, ce BUXAa, Ye
TUMBLT Ha agcopbarta, KMCENMHHOCTTA Ha cpepata (pH Ha
pa3TBopa), KOHLEHTpaLMsTa Ha MeTanHus 1oH, pasmMepbT Ha
yacTMuMTe M BUOBT Ha agcopbeHTa, OOMKHOBEHO ca Hail-
CpeLaHuTe napaMeTpu, KOUTO BNUSIST BbPXY NPOTUYAHETO Ha
npoueca agcopbums. Temnepatypata Ha CUCTEMUTE CbLLO
OKa3Ba 3HA4NTENHO BNUSHWNE BbPXY afCcopOLMOHHMS ediekT.

TunbT n BUOBT Ha apcopbeHTa Oka3BaT BRMSHUE BbPXY
OCbLUECTBABAHETO Ha npoLieca afcopbuns v 3agbpxaHeTo Ha
MeTarHu WoHU oT BoAHW pa3TBopu. OBMKHOBEHO XUMWYHATa
nvnn TepMuyHa obpaboTka Ha CopbLMOHHUS MaTepuan, BOAu
[0 MOBWLLABaHe Ha afcopOUMOHHMS KanauwTeT, a B HSIKOM
crnyyau Moxe Aa ce Habnogasa u 06paTHOTO.

HanuuneTo Ha Apyru KaTMOHW BbB BOAHMS Pa3TBOP B HSAKOM
Cry4an okassaT OTpULIATENHO BNUAHME BPXY NPOTUYAHETO Ha
npoveca Ha aacopbums.

BnarogapHocTu:
Pabotata e u3rotBeHa ¢ (puHaHcoBata nogkpena Ha ¢ HW" —
porosopu no Hapenba Ne 10, norosop ®K-014/2015.
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IMPACT OF DIFFERENT TYPES OF SEPARATORS ON THE EFFICIENCY OF A DUAL-
CHAMBERED MFC

Katerina Nikolova, Anatoliy Angelov, Svetlana Bratkova, Ani Stefanova

University of Mining and Geology “St. Ivan Rilski”, Department of Engineering Geoecology, Sofia

ABSTRACT. Microbial fuel cells are an ecofriendly modern technology for production of energy from alternative sources. They provide an opportunity of wastewater
or wastes treatment with a simultaneous electricity generation. For the purposes of the present study there was designed an U-shaped two-chambered microbial fuel
cell, based on the process of dissimilative microbial sulfate reduction, whereby there was no necessity of mediator addition in the anodic chamber. Graphite
electrodes with equal surface areas were used and as a catholyte - a buffered solution of Ka[Fe(CN)s] with pH 7. Numerous laboratory experiments were carried out
with variants of classic salt bridges and recently preferred cation exchange membranes in order to establish the influence of the type of the separator between the two
sections, the cathodic and the anodic, on the efficiency of microbial fuel cell. The electrochemical behavior of the fuel element was observed with each one of the
separators designs.

Key words: Microbial Fuel Cell, Wastewater Treatment, Alternative energy

BNUAHWE HA PA3JINYHU BUOOBE CENAPATOPU BbPXY EPEKTUBHOCTTA HA ABYKAMEPHA MUKPOBHA TOPUBHA
KNETKA

KamepuHa Hukonosa, AHamonuii AHzenos, CeemnaHa bpamkoea, AHu CmeghaHosa

MunHo-2eonoxku yHugepcumem “Ce. MeaH Puncku”, kamedpa ‘VHxeHepHa 2eoexonoeus”’, Cogus

PE3IOME: MukpoGHUTE TOpWBHM KNETKM NpeAcTaBnaBaT MOLepHa exkonorowaasila TexHomorusl 3a AoGuB Ha eHeprus OT anTepHaTMBHM M3TOYHMUM. Te Aasat
Bb3MOXHOCT 3a TPETUpaHe Ha OTNagbLy N OTMAgbYHIM BOAW €OHOBPEMEHHO C MPOM3BOACTBO HA ENEKTPUYECKA EHEpris. 3a LennTe Ha HACTOALLETO M3CreBaHe e
KOHCTpyupaHa e U-oGpasHa [BykamepHa MUKpoGHa ropuBHa KreTka, GasvpaHa Ha MpoLeca Ha AvcUMUNaTMBHA MUKPOGHa CyndaT pesyKums, Mpu KoeTo oTnaja
HeoBXxoauMocTTa OT foGaBaHe Ha MeguaTtop B aHogHata ofnact. ManonasaHu ca rpadMTeHn enexkTpoau C eaHakBa MOBBLPXHOCT U GydepupaH pa3Teop Ha
Ks[Fe(CN)e] ¢ pH 7 kato katonut. MpoBeaeHn 6sxa peauua naGopaTopHU ONUTY C BapUaHTM Ha KNac4ecky ConeBu MOCTOBE W MPEANOUNTaHM HanoCHeAbK KaTUOH-
obMeHHM MeMBpaHu C Lien YCTaHOBSIBAHE HA BNMSHMETO Ha BMOA Ha cenapatopa Mexdy ABETe CeKuuW, KatoaHata M aHogHaTa, BbpXy edeKTMBHOCTTa Ha
MUKpOGHaTa ropuBHa KieTka. ENeKTpOXMMUYHOTO NOBESEHNE Ha TOPUBHUS ENIEMEHT € MPOCTIEAEHO NPY BCEKV B[IMH [IU3aiiH Ha cenapaTtopa.

Kniouosu AyMu: MVIKp06Ha rOpUBHA KNeTKa, npevncTsaHe Ha oTnagbyHi BOAK, anTepHaTBHa eHeprus

Introduction The sulfate-rich wastewaters are widespread around the
world (Kosinska, 2009). They occur from mining and industrial
Due to the expanding lack of infinite oil and gas reserves processes, but also as a natural reaction. These effluents
there is a severe need of renewable sources of energy. Among contain hlgh concentrations of dissolved heaVy metals, that
the appropriate and well-known alternatives to fossil fuels, can be lethal to the inhabitants of the ecosystems, if they are
such as wind, hydropower, solar energy and biofuels, in the discharged untreated.
last century (especial!y Iagt two decades) the scientists. have The MFCs based on the process of dissimilative sulfate
stared and on the microbial fuel elements as a potential for reduction combine the removal of sulfates from wastewaters
wastewater treatment with electricity production (Wang et al., with power generation. Under anaerobic conditions the sulfate-
2012). reducing bacteria use sulfates as a terminal electron acceptors
Microbial fuel cells (MFCs) are devices that allow to produce for the degradation of organic compounds and produce
an electric current from the microbial vital activity. MFCs hydrogen sulfide (Angelov, 2012). The bioproduced HzS serves
ordinarily consist of two compartments, anodic and cathodic, as a mediator and there is no need of adding another one.
separated by a membrane, permeable to protons, but not to The aim of the present study was to evaluate the type of the
rr_ucrqblal cells, organic and inorganic compounds. The external separator between the two sections, the cathodic and the
pwcwt connects thg anode to.the cathode. The anodic champer anodic, on the efficiency of the fuel element. Numerous
is usually fed continuously with fresh wastewater, that supplies laboratory experiments were carried out with variants of classic
the microorganisms with necessary nutrient substrates. salt bridges and recently preferred cation exchange

membranes. The electrochemical behavior of the fuel element
was observed with each one of the separator designs.
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Materials and methods

Design of the laboratory scaled MFC

A dual-chambered U-shaped MFC was designed especially
for the purpose of these experiments. This design allowed an
easy replacement of the separator, a salt bridge (SB) or a
membrane, between the two sections, the cathodic and the
anodic (Figures 1 and 2).

Potentiostat

)
_r./
i

Fig. 1. Laboratory-scaled U-shaped MFC, based on the process of MDSR
1 - Feeding tank, 2 - Dosing peristaltic pump, 3 - MFC, 4 - Buffer tank, 5 -
Potentiostat, 6 - Load circuit, 7 - Air, 8 - Recirculating pump, 9 - Collector tank.

Fig. 2. Two operational modes of the U-shaped MFC, based on the
process of MDSR
MFC with a membrane (up), MFC with a salt bridge (down)

The volume of the anodic and cathodic chambers of the MFC
itself were of 0.48 dm3. The volume of anodic section together
with the buffer tank was 1.2 dm3. As electrodes were used

graphite rods with a diameter of 8 mm and a length of 9 cm. To
separate the two compartments were used different types of
separators (Table 1).

Table 1.
Different variants of separators used for different operational
modes of the MFC

Variant | Type of | Descripton of the type

separator (composition) of separator
1 Salt bridge 10 % of agar-agar
2 Salt bridge 10 % of agar-agar, 1 M KCI
3 Salt bridge 10 % of agar-agar, 3 M KCI
4 Salt bridge 10 % of agar-agar, 5 M KCI
5 Salt bridge 10 % of agar-agar, 1 M NaCl
6 Salt bridge 10 % of agar-agar, 3 M NaCl
7 Salt bridge 10 % of agar-agar, 5 M NaCl
8 Salt bridge 10 % of agar-agar, 3 M NaCl,

3% graphite powder

CMI-7000S, cation exchange,
Membrane International Inc
CMI-7000S, covered with a fim
of Nafion 274704, Sigma-Aldrich
Nylon membrane, 0,45 pm,
covered with a film of Nafion
274704, Sigma-Aldrich

The salt bridges consisted of PVC pipe (diameter - 25 mm,
length — 65 mm) filled with electrolyte (KCI or NaCl) and
gelified with agar-agar to prevent mixing of anolyte with
catholyte. The three types of membranes are also given in
Table 1. Each one of them had an area of 0.0012 m2.

9 Membrane

10 Membrane

11 Membrane

Almost half of the volume of the buffer tank to the anodic
chamber was filled up with 0.3 kg modified zeolite with
elemental composition as follows: 67.96% SiO2, 11.23% Al203,
0.83% Fe20s, 2.85% K20, 0.74% Naz0, 3.01 CaO, 0.06%
MgO, 0.90 TiO2. The zeolite was saturated with NHsCl and
KH2PO4, because these biogenic elements were important for
the achievement of high sulfate-reduction rates. The fraction
size was 2.5-5.0 mm and the particles were used as a carrier
of the electroactive sulfate-reducing biofilm. Cation exchange
capacity and the exchanged ions in meg/100 g were
respectively: 112.75, K+ — 33.88, Na* — 21.01, Ca?* — 63.48,
Mg?* — 2.68. Thus, the reported U-shaped MFC design formed
two zones: anodic one, where electroactive biofilm on zeolite
derived electrons from organic substrates and produced H2S
and cathodic one, where the oxygen was the terminal electrons
acceptor and reacted with the released protons.

The anodic chamber was inoculated with 50 ml mixed culture
of sulfate-reducing bacteria. Then, MFC was feeding
continuously with culture medium after biofilm formation. The
adherence of the biofilm on the carrier took nearly 3 months.
The formation of active biofilm was carried out through periodic
replacement of 50% of the liquid phase of MFC with fresh
medium. Replacement of the liquid phase was performed after
sulfate concentration reduced below 0.2 g/l. In the end of this
period it was started continuous feeding of the anaerobic
reactor with a modified culture medium of Postgate.

Each experiment with a different separator proceeded 24 h.
At the end of the cycle the electrochemical behavior of the
element was observed. Then the separator was replaced with



a new one. The ambient temperature was relatively constant -
in the range of 21 - 22 °C.

The catholyte in the cathodic chamber was a solution of 100
mM Ks[Fe(CN)s] in 67 mM phosphate buffer with pH 7.0. The
final electron acceptor was oxygen in air, which in reduction
together with the protons located in cathodic space, formed
water. The operation of the MFC was implemented under open
air mode for the cathodic chamber.

Cultivation of sulfate-reducing bacteria

During these series of laboratory investigations in the anodic
area of the installation were treated solutions containing high
concentrations of organic compounds and sulfates - synthetic
solutions (media for sulfate-reducing bacteria). The culture
medium for SRB contained in g/dm?: K2HPO4 - 0.5, NH4CI -
1.0, Na2S0Os, anhydrous - 2.0, CaClz - 0.1, MgS04.7H:0 - 4.0,
Na-lactate - 6.0, yeast extract - 0.25 and pH 6.5. The sulfates
in the nutrient medium had a concentration of 3 g/dm3, thus the
the proportion between organic carbon and the terminal
electron acceptor was 0.67.

Analytical methods

Eh, pH and the potential in mV were measured in some
certain points of laboratory installation. The same places were
sampled for spectrophotometric determination of sulfates.
Electric parameters of MCF were monitored with a portable
digital multimeter Keithley Model-175. A precise potentiometer
with maximum value of 13.5 kQ was used for measurement of
the external resistances. For the establishment of the system
electrochemical behavior was used a potentsiostat - ACM 3
connected to PC for reporting and analysis of the accumulated
data.

Results and discussions

As Ramya Nair stated in his comparative study, 2013, the 10
% agarose salt bridge (SB) was showing maximum efficiency
with a maximum power density. So for the preparation of salt
bridges in this study it was chosen this concrete concentration.

The first aim was to investigate the feasibility of using
agarose salt bridges for proton transport in Microbial Fuel Cells
(MFC). The second aim was to compare the obtained results of
classical salt bridges to these of the three design variants with
widely used membranes. As the agarose salt bridges are not
long resistant to the impact of the two fluids (catholyte and
anolyte), the time for implementation of each experiment was
specified to 24 h to prevent leakages of one of the liquids into
the other.

The chemical composition of the feeding solution is given in
Materials and Methods. The initial value of COD was 8.24
g02/l, of SO4 - 3 g/l and pH was adjusted to 7.0. The averages
of main operational parameters of the anolyte of MFC in the
24-th hour from the beginning of the experiments for all 11
variants are presented in Table 2.

Comparing the results obtained from the design variants of
salt bridge, the highest value of power density was observed
when using a SB with 3 M NaCl. This variant was chosen to be
modified by adding an extra compound - graphite powder, 3%,
to improve the proton transport in the MFC and thus - its
efficiency.
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Table 2.
MFC performance in the 24-th hour

Parameter Initial value Average value
(24" hour)
pH 7.0 8.2
Eh, mV 277 -250
TDS, g/l 6.42 5.2
S04, gll 3.08 1.49
H2S, g/l 0.1 0.25
COD, g0/l 8.24 6.48
ocV, mv 354 678
COD reducing rate, - 21.3
%
Vsr, gS04/l.h - 0.088

Figure 3 shows the potentials dynamics at different
resistances at the 11 different separator designs.

0.65 >
0.6 1
055 ]

—e—CMI

—a— CMI + Nafion
—— Nﬁlon membrane + Nafion
—>— 8B + IMKCI

——SB + 1M NaCl
——SB + 3M NaCl
—o— SB + 5M NaCL

—o—SB - agar
—a— SB + 3M NaCl + graphite

15 1 0.5 0

R, kQ

3 25 2

Fig. 3. Drop of potentials at different resistances under 11 different
operational modes with different types of separators

At Figure 4 are presented the dynamics of power densities at
different resistances at the 11 different separator designs.

0.3

—e—CMI

—a— CMI + Nafion
—A— Nylon + Nafion
—>SB IMKCl
—*— SB 3M KCI
—@—SB 5 MKCI
—+—SB 1M NaCl
——SB 3M NaCl
—o— SB 5M NaCl
——SB -agar
—a— SB 3M NaCl+graphite

0.25

0.2 4

T T T
15 1 0.5 0

R, kQ

T T
3 25 2

Fig. 4. Dynamics of power densities at different resistances under 11
different operational modes with different types of separators

The effects of different sodium chloride (potassium chloride)
concentration on Potential (V) and power density (W/m?2) per
graphite electrode surface area are presented in Figures 3 and
4. When salt concentration was increased from 1M to 3M the
corresponding power densities increased and at the both
variants — with KCI and NaCl. The best results were observed
when using salt bridges with 3M KCI or 3M NaCl, as with the
second one the power density attained to 0.289 W/m2.



Increasing the salt concentration facilitated the transfer of more
protons from the anode to the cathodic chamber and it also
reduced the activation loss. More than 3M salt in the SB had
no major effect on the MFC performance, on the contrary,
there is a drop in its efficiency.

These outcomes can be set against variants with
membranes, especially with the preferred in previous
investigations ~ CMI-7000S.  This  membrane  was
cationexchange, not selectable to protons. It was possible to
conduct variable cations and thus to influence the conductivity
of the anolyte and respectively — the electrochemical
performance of MFC. The same effect was observed at the
variants with SB. The forming of thin film of Nafion on CMI-
70008 led to slight increase of the electrochemical parameters
of MFC. The maximal power density changed from 0.195 to
0.204 W/m2,
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Fig. 5. Cyclic voltammetric characteristic of MFC with 3M NaCl salt bridge
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Fig. 6. Cyclic voltammetric characteristic of MFC with 3M NaCl salt bridge
with added graphite powder

The addition of graphite powder to the composition of 3M
NaCl SB had not a crucial impact. The values of monitored
parameters remained in the same range, even the maximum
power density decreased slightly in. For this reason
subsequent experiments with added graphite to the other
options were not carried out. However, there was observed an
increase of 18% of the area of CVA at the modified variant of
SB (Figures 5 and 6). This was probably due to the facilitated
proton transport through the salt bridge.
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Conclusions

This study investigated the type of separator affecting the
performance of a specially designed dual chambered U-
shaped MFC, based on the process of microbial dissimilatve
sulfate-reduction. The proton transport was implemented
through agarose salt bridges with different molar
concentrations of KCI and NaCl. Then this constructive
element was replaced with more contemporary one - 3
different variants of exchangeable membranes. The increase
of salt concentration in salt-agar bridge (o 3 molar
concentration of NaCl or KCI) improved power production,
because of the change in electroconductivity of the anolyte and
the decrease of its internal resistance. The agarose salt
bridges are not long resistant to liquids and although they are
easily replaceable and not very expensive they are not
convenient for long-term operation of MFC. The higher power
production is short-term and does not fulfill their use.
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NPEMOPBKU 3A 3ALLUTA OT KOPO3UA HA BETOHHW NOBBPXHOCTU

Mems NeHyesa

MunHo-2eonoxxu yHugepcumem "Ca. Uear Puncku’, 1700 Cocpusi, p_gencheva@abv.bg

PE3IOME. MacnenBaHa € koposusi Ha BETOHHM MOBBLPXHOCTU B LEX 3a GMONOTMYHO TPETUpaHe Ha XpaHW C M3TEeKbA CPOK HA rogHOCT Ha Teputopusita Ha Ofl
"CTonn4HO NpeanpusiTie 3a TpeTupaHe Ha otnagbuyn’. OnpefeneHn ca OCHOBHUTE KOPO3WOHHO-GECTBALLM areHTH OT OTAeneHnuTe dnyuaun. bruonornyHus otnagbk
ce [JOCTaBAT B LieX 3a 6MOMNOrMYHO TpeTUpaHe, kato BPEMEHHO Ce CbXpaHsiBa B GETOHOBM KMETKM B Liexa, HeNoCpeaCTBEHO NPpeay NOCTaBSHETO UM B LUpesepa 3a
nocrieaBallo cMunaHe U aHaepobHa obpaboTka. B criefcTBMe Ha CE30HWUTE TEMMEPATYpHWU amnnuTyau, BUOMOMMYHOTO pasnaraHe W nocnesBaluuTe THAMOCTHU
npouecn Ha OTNagbLUTe Ce OTAENs PasnMyHNU MO CbCTaB W CBOWCTBA (priymau, KOUTO MPOHWUKBAT B MUKPOMYKHATUHWTE HA OETOHa W NMpean3BUKBAT KOPO3WS.
[MpenopbyaHu ca MepKkM 3a MOHUTOPUHI Ha Mpoleca Ha KOpo3us M Ca MPeAnoXeHW MOKPUTUS 3a 3alluTa Ha MOBBPXHOCTUTE CbODOPaseHn C ycrnosusTa Ha
ekcnnoatauusita. MonyyeHute pesynTaTi U NpefocTaBeHaTa Hay4HO-MPUNOXHA MHEOpPMALWs Le NOANOMOrHaT ONTUMU3MPAHE Ha NpoLecUTe U LWe aosedat Ao
yObkaBaHe BPEMETO Ha ekcrnoaTalps.

Knio4oBm aymu: Koposusi, LIMMEHT, MeToau 3a 6opba ¢ Koposust

RECOMMENDATIONS FOR CORROSION PROTECTION OF CONCRETE SURFACES
Petya Gencheva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, p_gencheva@abv.bg

ABSTRACT. Examined the corrosion of concrete surfaces in a industrial unit for biological treatment of food with expired of date within the ,Municipal enterprise for
waste treatment”. Defined are the main corrosion-active agents in separate fluids. Biological waste is delivered in a factory for biological treatment by temporarily
stored in concrete area at the plant immediately before placing them in the shredder for subsequent grinding and anaerobic treatment. As a result of seasonal
temperature amplitudes, biological decomposition and the subsequent decay of the waste is separated different in composition and properties of fluids which
penetrate into the microcracks of the concrete and cause of corrosion. Measures have been recommended for monitoring the process of corrosion and coatings are
proposed to protect surfaces comply with conditions of operation. The results provide scientific and applied information will help optimize processes and will extend
the time of operation.

Key words: corrosion, concrete, methods to combat corrosion

B'bBe.quMe OeToHHaTa NOBBPXHOCT U NOCPEACTBOM HaAKMOHW Ce OTBeXAa
[0 APEHAXHNTE CUCTEMN.

BeTOHbT € KOMNO3WTEH CTPOUTENEH MaTepuar, MoryyeH B
pesynTaT OT BTBbpASBAHETO HAa CMEC OT LWMEHT, Bofa M
MACHK, eabp fo6aBbyeH MaTepuan (TPOLEH KaMbK U peyveH
YaKbM), @ B HAKOM CRyyaum XUMUYHU W/MAM  MUHEparHi
pobasku. Mpean BTBbPASBAHETO CU MaTepuanbT Ce Hapuya
OeToHoBa cMec. LlumeHTa e CBbp3BaLlO BELIECTBO, KaTo
MacoBO M3Non3BaH B MpakTukata e MOPTNaHALMMEHT.
Knacupmkaumsta UM TeXHUYECKUTE  M3UCKBAHUSI  KbM
nopTnaHuumeHtTa ca pasrnegain B BAC EN  197-1.
AHTUKOPO3NOHHUAT edbekT BbpXy apMupaliata cToMaHa ce
onpedens oT BUCOKaTa ankanHocT Ha BetoHa (pH 12-13,5).
Tasu BUCOKO ankanHa cpefa fonpuHacs 3a hopMUpaHeTo Ha
CMOW, KOWTO Mpednassa apmatypata oT koposus. C TeueHue

®ur. 1 BeToHHa HUMILA 3a BpEMEHHO CbXPaHeHNe Ha XPaHu C U3TeKbN

Ha BpemeTo BETOHBT ce BTBbPASABA W B HETO NpOTMYa NpoLec CPOK Ha FOAHOCT.
Ha kapbOoHM3aLms, Npu KOETO KOHCTPYKUMUTE CTaBaT BCE MO
noJaTnueu Ha KOpo3ua. Koposusta Ha OetoHa ®ur.2. B uexa 3a OuomnornyHo

TpeTupaHe Ha OTNafbLM € npeaussikaHa OT  PU3NYHK,
XMMUYHM W BuonorniHu pakTopu. dusmdeckata koposus Ha
BeToHa e npeau3BUKAHA OT  CE30HUTE  TemnepaTypHu
amnnuTyau, NOBULLEHA BNAXHOCT HA BbAyXa U OT MEXaHWUYHM
yBpexgaHus (abpasusi), CneactBue OT AMHAMWYHM YECTO
MPOMEHSALM Ce HaToBapBaHus MNpW NpeaBWxBaHe Ha

B uexa 3a GuonornyHo TpeTupaHe, npegn obpaboTtka Ha
OMONOTMYHUS OTNALbK, ChLUMS BPEMEHHO CE CbXpaHsiBa B
BEeTOHHM HuWK ¢hur.1. B 3aBUCUMOCT OT BMAA M CTeNeHTa Ha
HacTbIUNMTE GMONOTMYHW NPOMEHN B BUOMOMMYHMS OTNALbK,
OT HEro ce OTAENs WHGUNTpaT, KOUTO Ce pasnnBa Mo
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TEXKOTOBAapHa TexHuka B Lexa. TemnepaTypHute konebaHus
npean3BuKBaT MPOMsSHa B MITLTHOCTTA M YCTONYMBOCTTA Ha
BeToHa, egHOBPEMEHHO C TOBa arpecuBHUs dryna NpoHMKBa
B MMUKPOMyKHaTUHUTE Ha BeTOHHaTa MOBBPXHOCT U Cb3aasar
cpega 3a Obp3o pasBuBalia ce KOposws. XuWMudHata W
BronornyHa koposus Ha 6eToHa € creacTeie Ha arpecuBHOTO
JeACTBME Ha pasnMyHM Mo cbcTaBa cu  nyuan ot
BronornyHus oTNaabK (MPEaMMHO XpaHu C M3TeKbN CPOK Ha
FOOHOCT), YMATO CbCTaB Bapupa B LUMPOKM rpaHuumM. 3a
TOYHOTO OnpefensHe Ha NPUYMHM Ha KOpOo3us € HeobXoaumo
Aa Ce HanpaBsu aHarnu3 Ha XUMUYHWS CbCTaB Ha OTAENALLMA ce
WHUNTPAT, KaTo W Aa ce onpefenu Buaa Ha bakTepunTe B
XpaHuTe 1 B3aNMOLENCTBUETO UM C BeTOoHa.

®ur. 2. BeTOHHa NOBBLPXHOCT B CTaAuiA Ha o6lwa koposus.

O6pasyBaHeTO Ha MyKHATMHU Cb3faBa Bb3MOXHOCT Ha
WHGMITPaTa Aa NMpOHMKHE HAabnOOKO BbB BeYe NOBpefeHa
MOBBbPXHOCT. Te3n paspylleHust Bb3npensTcTeaT [o6poTo
MoYMCTBaHE Ha MOBLPXHOCTUTE, a C 3acunBaHe Ha npoLeca Ha
Koposusi Lie 3aTpyAHW MpWABMXBAHETO W paboTata Ha
MalLLWHWTE 1 NepCoHana B Liexa.

Knacudukauua Ha arpecuBHata cpega

la3oBa arpecuBHa cpeaa

ArpecuBHaTa cpeaa ce obycrnass OT CbabpXaHWeTo, BUAA U
KOHLeHTpaLusiTa Ha arpecuBHU ra3oBe, KaTo BbINEPOAEH W
CepeH AMOKCWA, CEPOBOAOPOA, a3oTHW okucu. CTeneHTa Ha
arpecuBHOCT Ha rasoBaTta cpeja 3aBuCK 1 OT pa3TBOPUMOCTTa
Ha rasa, OTHOCMTENHaTa BNAXHOCT W TemnepaTypata Ha
cpeaaTta. XapaKTepHO €, Ye BCUYKW YKasaHW arpecuBHi ra3oe
npu pasTBapsHe BbB Boga 0OpasyBaT kucenuHu. Bopata, B
KOSTO ce pasTeaps rasa, Moxe Aa 6bae atmocdepHa unm
KOHAEH3Ha - obpa3yBaHa MO MOBLPXHOCTTA, PECMEKTMBHO B
nopute Ha Mmatepuana. OT HEMHOTO KOMMYeCcTBO W OT
Pa3TBOPUMOCTTA Ha rasa ce Onpeaenst U KOHLeHTpauusiTa Ha
KucenuHaTa, BCNeACTBME Ha KOETO apMupoBkata  Ce
Jenacumeypa U € CKIOHHa KbM kopoaus npu pH<11.8.

TeuHa arpecuBHa cpefa

TeyHnTe arpecBHM cpean ca  Hal-GnaronpusTHu  3a
KOPO3MOHWUTE NPOLIECH, TbIl KAaTO T€ HACTbMBAT NPU 0OMEHHM
peakuun C HanM4mMeTo Ha TeuHa (asa, KOSATO CblieBPEMEHHO
BrnaronpusiTcTBa MpoLEca Ha pasTBapsHe M W3BMMYAHE Ha
pa3TBOPUMUTE KOPO3MOHHM NPOAYKTU. ArpecuBHOCTTA Ha
HeopraHuyHaTa TeyHa cpefa cnpsiMo OeToHa ce onpeaens ot
OukapboHaTHa ankamHOCT, BogopogeH nokasaten (pH) Ha
cpeparta, CbbpKaHne Ha BbITeHa KUCENMHA, aMOHMEBMN COMK,
cyndatin, ankanHu OCHOBM W CyMapHO CbAbpXaHue OT TsX,
nybnukysaHo ot M. [awarotosa (2007). CreneHta Ha
arpecyBHOCT Ha TEYHUTE Cpean BbpXy OETOHa 3aBUCH OT Biaa
M CTOMHOCTTAa Ha arpecuBHWs MokasaTes, OT Buaa W
MIbTHOCTTa Ha OeToHa, OT Temnepatypata, U OT
MPOABITKUTENTHOCTTA Ha Bb3AENCTBYE.
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TeBbpAK arpecuBHa cpeaa

CrteneHTa Ha arpecuMBHOCT Ha TBbpaM cpeau (comw,
aeposonu, npax) npu 6eTOHa 3aBMCM OT TEXHWUS Buf,
[MCNEPCHOCT, XUrPOCKOMMYHOCT, Pa3TBOPUMOCT BbB BOAA U OT
OTHOCUTENHaTa BRaXHOCT Ha Bb3dyxa. [pu paBHM Apym
YCNOBUSI CTEMEHTa Ha arpeciBHOCT HapacTBa C YBENUYEHME
Ha [WCNEPCHOCTTA, XMIPOCKOMMYHOCTTA, PasTBOPUMOCTTA U
OTHOCUTENHATA BMaXHOCT Ha Bb3ayxa. Cnpsmo 6GeToHa
arpecuBHy ca  conuTe, CbAbpKaLLm cyndatu
(MgSO,4,FeSO,  u  gp.), xnopuan ( NaCl,MgCl,
Ap.),Hutpatn 1 HuTpUTH (NaNOg, NaNO, ), kapboHaTn Ha
ankanHu metanu (NaCOs, K,COz ), OCHOBUTE Ha HaTpus u

kanus ( NaOH, KOH ).

FHunocTHU npouecu

Mpouec Ha pasrpaxaaHe Ha NpoAyKTM NOA OEWCTBUETO Ha
THUNOCTHU MUKPOOPraHn3Mn, KOUTO Ca HOpManHu obutatenu
Ha xpaHocmunaTenHaTa Mukpodnopa, kouto 6usat aepobHu 1
aHaepobHM, B 3aBMUCMMOCT OT OTHOLIEHWETO UM KbM
kucnopopa. BaxeH (hakTop 3a HacTbnBaHe Ha rHWeHe uma
BnaxHoctta. [lpu cromHocT Hag 75% ce nognomara
pa3MHOXaBaHEeTo, Pa3npPOCTPAHEHNETO U MPOHWUKBAHETO Ha
MMKpPOOPraHu3mMuTe B 0TNaabka. baktepun urpast BaxHa ponst
B GuopasrpaxkgaHeTo v eNCTBaT YBPEXOALO Ha CTPOUTENHU
matepuanu M. Diercks n cvTpyaHuum (1991).Hai BeposiTHOTO
npucbeTeue Ha thiobacilli 6aktepum e npuumHa 3a nosiBata Ha
kopoaus Ha BeToHa, BCNeAcTBUe JenHocTTa Ha bakTepuuTe ce
OTAENAT CApHA KWUCENUHa, KOATO pasrpaxda CBbp3BaLLus
mMatepuan. MuKkpoopraHusmuTe Cca B CbCTOsHME Aa
MeTabonuanpaT HeopraHn4H BeLLecTBa kato aMoHsik n NO ot
3aMbpCABaHETO Ha Bb3gyxa. Hutpudmumpalynte opraHuamm,
OTAens asoTHa KCenuHa creacTsne Ha MeTabonuTeH npolec
W NPUYMHSBAT CUIHA KOPO3WS.

C uen npeanpueMaHe Ha afeKksaTHM MepKkM 3a 3alimTa e
HeoBX0aMMO He CaMo [a Ce OLEHN BUOLT Ha KOPO3WUSTa, HO U
[ia Onpegent CTeneHTa Ha KOpO3WOHHOTO paspyluaBaHe ypes
KOPO3MOHHUTE NoKasaTenu.

Kopo3noHHu nokasarenu

BennunHuTe, No KOMTO ChAUM 3a CKOPOCTTA Ha Kopo3ust Uiu
3a CTeMeHTa Ha KOPO3WOHHO paspyluaBaHe, Ce Hapuyar
KOPO3WMOHHW MOKa3aTeNH, KaTo Ypes TsX Ce NMpaBy OLeHKa 1 Ha
KOPO3WOHHATa YCTOMYMBOCT HA MaTepuanuTe Npu onpeaeneHm
YCIIOBUS Ha cpeaaTa.

KOpO3MOHHVITe nokasatenu ce pasdendat Ha OBe Tpynu:
Ka4eCTBEHU U KONUYECTBEHN.

KauecTBeHWTe KOPO3WMOHHW MOKa3aTeNM ca CBbp3aHu C
HabnaeHNs Ha BbHLUHMA BUA Ha 0bekTa uunm 3a naMeHeHus
B KOPO3uOHHaTa cpefa. [poeexgaTr ce BU3yanHW w/mnu
MWKPOCKONCKM M3CNeaBaHNs 3a yCTaHOBSIBAHe Ha XapakTepa
Ha KOPO3WOHHOTO pa3pyluaBaHe (s13BW, NETHA, NyKHATUHW,
WHTEpKpUCTanHa kopoaus U T.H.). Moxe fga ce w3anonaear
LIBETHW MHAMKATOPM 33 OTKPUBAHE Ha KOPO3WMOHHW NPOAYKTU U1
nykHaTwHu. B crnyyas 3a onpedensHe Hanmuuueto Ha
NYKHUTUHM B OETOHHATa MOBBLPXHOCT Ce MpenopbyBa
MOHUTOPUHT Ype3 NeHeTpaHTH.



KonuuecteeHute KOPO3NOHHW MOKa3aTtenn Kato TEersioBeH U
AbnboYNHEH B Cchny4yas ca HenpunoXxumMmu.

Upes neHeTpaHTM MOXe fAa ce onpeden u 6posT Ha
KOPO3NOHHWUTE MOPaXEHWNS (A3BM, TOUKM), Bb3HWKHANM 3a
ONMPEefeneH0 BpeME Ha eduHWLa MOBLPXHOCT OT OeToHa.
W3cneaBaHeTo He MOXe f[a MOCNyXW 3a OMpedensHe Ha
AbnbounHaTa, kakTo e nacnegsaHo ot P. Kacbpos (2013).

Aeposonnte 3a  6e3paspylUMTENHO  M3NUTBaHE  (T.Hap.
NEeHeTPaHTH) ce M3NON3BaT 3a MAEHTUULMPAHE Ha NYKHATUHM
€ eguH OT ycnewHo npunaraHute 6e3paspyLunTenHuTe
METOAM 3a TEXHOMOTMYEH KOHTPOM chur. 3. HapeyeH e olle
KanunsipeH MeTop,.

Upes Hero ce OTKpMBAT MOBBPXHOCTHM W MPOXOZHM
HEeLANOCTHOCTU (AedhekTn) B pasnuyHM 0bekTn OT MeTanu u
HemeTann. OcobeHo eheKTUBEH € MW TEXHOMOTUYEH KOHTPON
Ha 3aBapeHn CbeaWHEHWS W Pa3NMYHL METaNHN KOHCTPYKLMM
1 CbOPBXEHNS.

i Immspcalpigs | ) Neémempasm
Kowrpipn Ko ctghr
E-,ll'huu:rrp-i roucm 1) NpoaBumes Frguicmoea caiga
v-mm % Heumacmsiocm
T F=Tiiasgdn obeRT
B Mesigmpasm 1 i Miguiamopsa caa
Hemsaocmuocm Heumacmsocm
L e Ll

®ur.3. KanunsipeH MeTop 3a GeapaspylwmTeneH KOHTPO.

Lnpoko ce w3non3eBa B MpakTUKaTta e LBETHUAT MeTod
nopagy OTHOCUTENTHO ONPOCTEHUTE W3WUCKBAHMSA 3@ HEroBOTO
npunoxeHue. TEXHOMOTMYEH NpoLec cneasa onpeaeneH 6pon
onepauuu, nokasaHu Ha gur. 3: NoYMCTBaHe NOBLPXHOCTTA Ha
KOHTpOnupaHust 06exT (cpur. 3 6); HaHacsHe Ha NPOHMKBALLATa
(andysHa) TEYHOCT — MeHeTpaHT (dur. 3 B); MouncTBaHe Ha
KOHTPONWpaHaTa MOBBPXHOCT OT W3MWLLHOTO KOMMYECTBO
MEeHeTpaHT Cnep onpefeneH nepuog OT Bpeme (dwmr. 3 T);
HaHacsHe Ha NpOosSIBUTEN BBbPXY W3crenBaHaTa MOBbPXHOCT
(cowr. 3 p); ornea 3a HanMuMe Ha MHAMKALWK OT NOBBPXHOCTHM
HECbBBPLUEHCTBA; PErucTpupaHe Ha OTKPUTUTE WHAMKaLWM
crneg onpeaeneH nepuog ot Bpeme (dur. 3 e).

3agbmKuTENHO €  W3CMedBaHWUTE MOBLPXHUMHW fJa  Ce
noanoXat Ha MexXaHM4yHO WM XUMUYHO NOYUCTBaHEe OT
3aMbPCSBAHNS, KOUTO 3HAYUTENHO MOraT [a MOBMNSAT BbPXY
pesynTatuTe OT M3CnefBaHeTO W KoHTpona. [louncteHaTta
NOBbPXHMHA CE MOKPMBA C MEHETPaHT uype3 obnuBaHe wnu
HanpbCKBaHe, Taka ye Aa Obae omokpeHa gobpe. Komkoto e
NO-TbHBK CNOAT MEHeTPaHT, TONKoBa MNO-Nb/IHO € TOoBa
OMOkpsiHe. Heobxogumo e pga ce onpegenu BpemeTo 3a
NPOHWKBAHE B HELAMOCTHOCTUTE, KOETO NPAKO 3aBUCK OT
TEMnepaTypaTa Ha u3cnegsaHust 06ekT. To e Hail-ronsmo npu
JOMHaTa rpaHuua Ha npunoxumoct Ha metogda (10°C) u Hai-
Marsiko Npu ropHata rpanuua — okono 50 °C.

146

Kato kpaeH etanm OT KanunsipHWs METOR € Bb3MOXHO
[OKyMEHTUpaHe Ha pesyntatute 4ype3 oTorpadiCkm CHUMKM
Mnn ceBanAaHe Ha OTneyaTbk BbPXYy chneunanHn neHTn.
Pesyntatute moraT ga nocrnyxar 3a OLEHsBaHe KayeCTBOTO
Ha CbOTBETHWSI OOEKT M KOHTPONM Ha Heroeata ekcnroata-
LiMOHHA NPUTOZHOCT.

Kbm oCHOBHMTE npegumcTBa Ha MeToga Morat da ce
n3bposST NMECHOTO My MPUINOXeHWe W BuUCOKaTa My
YYBCTBUTENHOCT KbM BCWUYKM HEUANOCTHOCTKM C M3na3 Ha
NOBBPXHOCTTA (MyKHATWHW, ra3oBW MOpW, KpaTtepu U Ap.),
YHMBEPCANHOCT N0  OTHOLUEHWE  pasnuyHUTE  (PU3KNYHN
ocobeHoCcTM Ha ODekTUTe Mpu M3MON3BaHe NEHETPaHTU W
nposBMTENM Nog hopmara Ha crpei wnu nyneepusaTopu,
BaXXHO NpeanmcTBO Ca U OTHOCUTENTHO EBTUHNTE KOHCYyMaTUBK.

3a ycnosusTa Ha Lexa 3a OMOMOrMYHO TpeTupaHe Ha
OTMagbuM e NPenopbyYUTeNHO Aa ce Hanpasu obcrneasaHe ¢
MEHETPaHT 3a [a Ce YCTaHOBM XapaKTepbT HA KOPO3WNOHHWTE
paspyleHnus. He e Heobxogumo m3cneapaHe Ha bGaktepuuTe,
Tbil KaTo MOBEYETO CHBPEMEHHM OOMMLIOBKW, KOWUTO Ce
npegnarat OT NPOW3BOAMTENNTE, OCUIypsiBaT MbfiHA Mpo-
TEKLMS CpeLLy TAX.

AHTMKOPO3WOHHA 3aluuTa

3a npegoTBpaTABaHe npoLeca Ha kopoausi B CbOTBETCTBUE C
yCroBusiTa B Liexa 3a 61MonornyHo TpeTupaHe Ha oTnagbLm ce
npenopwbyBat cnasgaHe Ha BC 9075 3a aHTWUKOPO3MOHHA
3awmTa. M3non3saHeTo M npuraraHeTo Ha 3awurtaTta 3a
OeToHHM cuctemn B FepmaHns ca perynupanqu Ypes "3awura u
Bb3CTAHOBSIBAHE Ha OETOHHM KOHCTPYKumu" My6nmukyBaHM OT
Hemckust komuteT 3a crtomaHobeToHa (DAfStb). AkTyamnHu
CTaHOapTX permamMeHTupaly cucTeMW 3a  3awmTa  Ha
nosbpxHocTTa Ha 6etoH ca DIN EN 1504-2 Ha npogykTu:
2005-01, a B l'epmanus cbe ctaHgapt DIN'V 18 026.

Tabnuua 1.
AHMUKOPO3UOHHA 3aujuma Ha KOHCMPYKUuU Ha czpadu u
CbOPBKEHUS
CTeneH Ha arpecvBHOTO  [Bua Ha 3alyuTaTa Ha NOA3EMHIUTE KOHCTPYKLMN
Bb3[eiiCTBME Ha cpeaaTa,
cvrnacHo BAC 9075
CraBoarpecusha g/lasaHa XMAPOU3oNaLms OT BUTYMHM Unn
NTYMHOKay4yKOBW MaTepuanu
NeneHa nucToBa XMapou3onaLms ot GUTYMHM
MaTepuanu CbC 3aluTHa
CpenHoarpecuBHa CTEHa OT TYX/M Ha LMMEHTONSICbYEH pa3TBOp C
InebenutHa 1/4 Tyxna
LLinaknoBka OT enokcHaHOKaTpaHeH KuT
NeneHa nucToBa XMapou3onaLms ot BUTYMHM
MaTepuani CheC 3aluTHa
CTEHa OT TyXnu Ha 6uTymeH kuT ¢ febenuHa 1/2
Tyxna
CunHoarpecuBHa NeneHa nucToBa XMAPOU30NALWS OT NOMUMEPHM
MaTepuanu (nonumao-
OyTUNeH, NONMBIUHIN XNOPWA) CbC 3aLYUTHA CTEeHa
(0T TYXAM Ha LIMMEHTONSCh-
MeH pasTeop ¢ aebenvHa 1/2 Tyxna.

MpoeKTMpaHeTo Ha NOAOBETe Ha MPOMMLIMEHUTE Crpaau,
fpefHasHayeHn 3a ekcnioaTauus B arpecuBHU Cpeau, ce
W3BbpLUBA B 3ABUCMMOCT OT CTENEHTa Ha arpecvBHOCT Ha
cpemara W OT HsIKoW 0COBEHM U3IUCKBAHMS Ha ekcrinoaTtauusTa
32 MexaHuyHa AKocT, Ge31CKPOBOCT 1 Ap, NPOEKTUPAHETO Ha
nogosete TpsiGBa Ja Ce W3BBPLUM MO CMeLMarnHu yKasaHus.
MpU NpOeKTMpaHe Ha BBTPELIHA MOAOBM HACTUMKA BbpPXY
TepeHa, Mexy GeToHHaTa 0CHOBa Ha Noja W nodsaTa Aa ce
fnpemBuaM  MOCTAaBAHETO  HA  XMMMYECKM  YCTONuMBA



Xvapousonauus, KoaTo Aa npednasBa  noyeata  oOT
Bb3OENCTBMETO HA arpecuBHUTE TEXHOMOTUYHM TEYHOCTH,
KOUTO € Bb3MOXHO [a NPOHUKHAT npe3 noda v Aa 3aMbpcaT
noyeaTta M HanmuyHu mognoyseHu Boau. MMogoseTe, KOUTO ca
U3NIOXXEHN Ha AENCTBMETO HA arpecuBHU cpegu, Tpsibea aa
MMaT HaKMoH no-ronsam 2% KbM KaHanu, CbOupaTtenHm waxtm
M CUPOHM Ha OTTOYHATa MHCTanauus. 3a odopmsiBaHe Ha
HaKMoHa Ha nogoBeTe B npoekTa Tpsbea ga ce npeaswxaa
W3MbIIHEHWE Ha U3paBHABALLY NnacT oT ApebHO3bpHeCT 6eTOH
cbCc cpepHa aebenuHa 60 mm. Pvbosete Mexagy nopa u
CTEHWTE, KOMOHWUTE M (PYHAAMEHTUTE MOS MALLMHW W anapaTtu
TpsibBa fa ce 3a0bnaT ¢ paguyc B mm. OyHaameHTuTE Mog
MallVHK, anapaTti U NepBa3n OKOMO CTEHUTE W KOMOHWTE C
BUCOUYMHA Hai-manko 300 mm ce 3awwmTaBaT CbC CbluuTe
u3onaunm kakto nogoseTe. BugbT Ha xugpowsonauusTa Ha
rnoga ce onpesens B 3aBUCUMOCT OT CTEMEHTA Ha arpeCcBHOTO
Bb3[ENCTBIME HA TEYHWUTE CPEAM M NHTEH3MBHOCTTA Ha TAXHOTO
Bb3AECTBUE:

- Npyn manka MHTEH3MBHOCT U cnaba cTteneH Ha arpecueHo
Bb3aencTene TDHGBa fja Cce npegswxga  MasaHa
xuapousonauuna ot 6VITyMHVI W NONUMEPHN KNTOBE,

- NpW cpedHa M ronsMa WHTEH3MBHOCT Ha Bb3OeNCTBME Ha
cnaboarpecuBH1 TEYHWU CPean UK Npu Manka WHTEH3UBHOCT
Ha Bb3AENCTBME HA CPEAHO - U CUIHOArPECUBHU TEYHU CPeam
TpsbBa [a ce npedBwkaa nMCTOBA XWApOM3OMauusi OT
OUTYMHN UnK NONMMEpPHN NINCTOBM MaTepuanu (1-2 nnacray;

- Npu TOMSMa  WHTEH3UBHOCT HA Bb3AeicTBUE Ha
CUIHOArpeclBHM TEYHM cpeau TpsibBa ga ce npeaBuxaa
xugpousonauma OT  nNONMMEpHU JNNCTOBM  Matepuann C
yBenuyeH 6poil Ha nnacToeTe B CpaBHEHME C 6pos Ha
nnacToBeTe, ykasaH B ropectosiwus absaul. M36opbT Ha
MaTepuanu 3a MOAOBMTE M3onaUuMW (HACTUMKW M MOKPUTHS)
TpsibBa fja Ce 13BbpLUBA B CbOTBETCTBYE C Tabnmua 1.

X“MUYHa yTONUYMBOCT Ha BUTYMHUTE MaTepuanu

BuTyMHMTE MaTepuanu HamupaT BaXHO MPUIOXEHWE B
XMMWYeckaTa MpPOMMLLIIEHOCT M CTPOWUTENCTBOTO. Butymute
NpeacTaBnsiBaT  CrOXHW  CMECM OT  BMCOKOMOMEKYNHM
BBEBOAOPOAN 1 TEXHW NPOM3BOAHM BbB BUCKO3HO-TEYHO UMK
TBBPAO CbCTOsHME. Mo nponsxod BuTymuTe ca NPUPOSHK UM
W3KYCTBEHW NPOLYKTY, NOMyYeHN rnaBHo npu npepaboTkaTa Ha
HedT. XUMUYHUAT CbCTaB Ha NPUPOAHUTE BUTYMW 3aBKCK OT
ycnoBuATa Ha obpasyBaHETO WM, @ Ha M3KYCTBEHUTE - OT
CbCTaBa Ha W3XOAHWTE HEqTONPOAYKTM W TexHornorusTa Ha
TAXHaTa npepabotka. 3a nogobpsiBaHe Ha  (PU3MKO-
MexaHuUyHUTe nokasatenu Ha butymute ce pobassaT
nnacTudmkatopy (KoNodoH, CUHTETUYEH KayyyK, NONMMEpU 1
Ap.) W MWHEpanHW MbrHUTENM (Npax OT LWamoTt, rpadmr,
KBapL, aHgesuT, BapoBuK, asbect u gp.). o To3n HaumH ce
nOBWLLABA NMACTUYHOCTTA, YCTONYMBOCT MpW TemnepaTypHu
NPOMEHM 1 MEXaHUYHN HAaTOBapBaHMs.

B  aHTUKOpoaMOHHAaTa MpakTuka OUTYMMTE  HamupaTt
NPUNOXeHWEe [MaBHO KaTo NaKkoBOBOSMKUMIACKA MaTepuan,
pasNMyHu  OUTYMHM  KOMMO3ULMK, PYNOHHM UM [IEHTOBM
W30MaUMOHHM  MaTepuanu. BuTymHUTE  KOMMO3uUMM W
PYNOHHUTE MaTepuanu (Ha kapToHeHa UMK NnaTHeHa OCHOBA)
Ce M3non3eaT  Kato  CaMOCTOSATENHO — MOKpUTME  3a
XMOpousonauns W 3alWuTa Ha MeTanHu U BETOHHM
CbOpbXeHUst oT criaboarpecusHi cpean. OcobeH MHTEpecC 3a
aHTMKOPO3WOHHATA  MpaKTMKa  MpefcTaBnsBaT  GUTYMHO-
Kay4yKOBUTE CMECH, KOUTO MMAT NO-H00pPH (M3NKO-MeXaHNYHM
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CBOWCTBA M XMMWYHA YCTOWYMBOCT B CPABHEHME C YUCTO
OUTYMHUTE KOMMO3MLMN.

Bb3 ocHOBa Ha HanpaBeHusi mpernef Ha CBOMCTBaTa Ha
W3BECTHUTE W30MaLMM Ca MOTBbPCEHW TEXHUTE aHanosu Ha
nasapa. Matepuan 3a u3onupaHe Ha OeTOHa Moxe aa ce
NPEAnoXM CMOPed XapakTepucTUKM U LeHa. XnapodobHo
WMNpEerHupaHe 3a 3awuta Ha OETOH, KaTto MOYTM HaMmbiHO
npeaoTBpaTsiBa NPOHWKBAHETO Ha Brara W arpecuBHK areHTu
Moz NOBBPXHOCTTA Ha MOKPUTUETO.

Mpenopbkun 3a HACTUNKK HA LUMEHTOB NoA,

OCHOBHOTO NpeaHa3HaueHne Ha BCUYKI NOKPUTUS HAHECEHM
BbpXy OETOHHWTE MOBBPXHOCTM € [a Cb3gagar xuapodobHa
MOBBPXHOCT, KOSTO fAa npeanasv GeToHa edeKTMBHO U
ObNTOTPaiHO OT  arpecuMBHOTO BMMSIHME HA  KOPO3MOHHO
[eicTBaLLMTE areHTy.

Camopa3nnBHU NOAOBU HACTUITKM

Hactunkute ca [BYKOMMOHEHTHU (PUHULWHM MONMMEPHN
cucTeMu Ha Basa cmonu, OUBETUTENW, BTBbPAUTENHM, FPYHA,
KBapLoBu u Ap. MbnHuTenu. lNpegHasHayeHn ca 3awwmta ofT
KOPO3USt U MEXaHWYHW HAaTOBapBaHMs (Marnku, CPeHM, BUCOKM)
Ha pa3nnyH1 BETOHHM, LUMEHTOBM 1 KEPAMUYHI MOBBPXHOCTH.
basspaHn Ha pasnuMyHM  BWOOBE CMOMHM  CUCTEMM U
MbAHUTENW TE3M HACTUNKW Ha NpakThka UmaT HeorpaHu4eHo
MPUINOXEHWe, KaKTo 3a PasnYHUTE HYXOW Ha WHOYCTpuUATa,
Taka CblWO M 3@ HYXAUTe Ha rpaxgaHckoto W 6GuToBO
CTPOWTENCTBO — THPrOBCKM, OCPUC Crpaau, LUOYPYMH, rapaxi,
anaptameHT u gp. lNopagn nuncata Ha ¢yrn camopas-
MIMBHUTE HACTWIKM Ca U3KIKOYMTENHO MOLXOLALLM 32 HyXauTe
Ha XpaHWTErNHO BKycoBaTa WHOYCTPUS (MPOM3BOACTBEHM
LiexoBe, CKMafoBe), (hapmaLeBTUYHaTa MHAYCTPUS, BOMHUYHM
3aBefeHNs, 1 MecTa KboeTo e Heobxoguma 6esynpeyHa
XWIMEHa 1 NECHO NOAAbPKAHE HA HACTUMKUTE.

BugoBe camopa3nvBHY NOJOBU HACTUIIKM:

EnokcugHu

Moxe ©Ou edgHM oOT Hai [OoOpe NO3HATUTE U YecTo
W3MON3BaHN MOAOBK CUCTEMM 3@ WHAyCTpuanHa u Outosa
ynoTpeba, KakTo W 3a M3MbIIHEHME HA LEeKOPaTVWBHM MOAOBE.
lMpenHasHaveHm ca 3a ynotpeba Ha 3akpuTo.

MonuectepHu

MonuecTepHuTe NOLOBM MOKPUTWS Ca  MpeaHa3HaYeHu
OCHOBHO 33 WHAyCTpUanHo npunoxenue. MputexasaT BUCOKU
SKOCTHM ~ MOKa3aTenu, YCTOMYMBOCT KbM  KUCEMUHW U

Pa3TBOPUTENM, HE Ca MOLXOASILLM 3a arKasHu Cpea.

BuHun-ectephu

BuHuUn-ecTepHUTe NoJoBK NOKPUTUS Ca BUL WNKW NOA BUA HA
nonuecTepHuTe. XapakTepuanpar ce C BUCOKa YCTON4MBOCT
KbM KUCEMMHW U OCHOBMW, YCTOWYMBOCT Ha KOPO3Ws, BUCOKM
SKOCTHM nokasatenu, UV yctonumnsocT.

Akpunathu

AKpunaTHuUTe NOLOBM NOKPUTUS CE XapakTepU3nparT ¢ BMCOKa
YCTOMYMBOCT Ha aTMocepHu Bb3dencTaus, UV ycTonumsocT,
KpaTko BpeMe 33 [MpenokpuBaHe W  BbBEXAAHEe B
ekcnnoaraums.



THHKOCNOW|HM NOAOBM MOKPUTUSA

TBHKOCINOMHUTE MOKPUTAS MPEACTaBNABAT ABYKOMMOHEHTHM
CMOMHM CUCTEMM MpefHa3HaYeHn 3a noraraHe Bbpxy rmagku
BeToHHN NoBbPXHOCTY. [punarat ce Kato (UHULLHW NOKPUTKS
Ha MOL3EeMHM rapaxu, xaneTa, cknagose, odmcy ap, kaTo ce
npegnarat B Oorata LBETOBa ramMa M pasfMYHO HWBO Ha
rmagkocT. Hactunkute npuTexaBaTa BWCOKA CTeneH Ha
M3HOCOYCTOMYMBOCT, ObTbI eKCMIoaTaLyMOHEH XMBOT, BUCOKA
XMMWYECKa  YCTOYMBOCT KbM  MOYWCTBALLM  NMpenapaty,
PasnUYHN XUMUKanu, KACENMHK, OCHOBW, METPOMHN NPOAYKTH,
u ap. Kem rpynata Ha HacTUIKu Ha OCHOBAaTa Ha enokcuaHa
cmona Ha 6bnrapckus nasap ca Sika-EpoCem wn Sikagard-62,
enokeu kut, CHEMI TECH U.S.R n DUROFLOOR.

Sikagard-62 moxe pa ce nonara Bbpxy OETOH, KaMbK,
LMMEHTOBM Pa3TBOPU U LUMAKIOBKY, EMOKCULMMEHTHM CbCTaBm
(Sika-EpoCem), enokcuaHu 3amaskn M CTOMaHa, Cblio ce
npunara npu  3awuTHa  obBnMUOBKAaTa UM Cb3gaeat
@HTUKOPO3NOHHO MOKPUTUE Ha LIMCTEPHU, CUMO3M , Mpunara ce
B NPeanpusaTMs OT XpaHUTEmNHO-BKycoBaTa MPOMMLLIEHOCT,
NPEeYNCTBaTeNHN CTaHLMM, CEeNCKOCTONAHCKM MpeanpusTus,
XUMWYHM W hapMaLleBTUYHW  NpeanpusaTus,  GyTunupalup
npeanpusTAS 1 fp.

Sikagard-63 N e [OBYKOMMOHEHTHO 3aLWTHO MOKPUTWE Ha
Basara Ha enokcugHa cmona, cbe 100% cbabpkaHue Ha cyxo
BELLECTBO (CbrMacHo MeTod 3a w3nuTBaHe Ha “Deutsche
Bauchemie) abpaauoHHO YCTOMYMBO YHUBEPCANHO NOKPUTME C
MHOro obpa XMMWYHA M MexaHuyHa ycToinumBocT. Moxe ga
ce nonara Bbpxy OETOH, LWMEHTOBM 3aMa3ku 1 LUMAKIOBKA,
enokcuaHn 3amasku (BkmtountenHo Sika-EpoCem), cTomaHa w
anyMUHWA 3a 3awwuTa Ha obnmMuUoBKa Ha LMCTEPHN, CUMO3N
koputa. [punara ce KaTto aHTMKOPO3WOHHO MOKPUTWE 3a
NPEAnpUATAS 0T XPaHWUTENHO-BKyCOBaTa  MPOMMLLMEHOCT,
MPEYNCTBATENHM CTaHLMM, CEMNCKOCTOMAHCKM NpeanpusaTus,
XMMUYHU M (hapMaLeBTUYHU  NpeanpusTus,  GyTunmpaiym
npeanpusTAs 1 ap.

EMOKCU KUT - psykomnoHeHTeH. [lpefHasHaveH e 3a
nonpaeka Ha GETOHOHM MOBBLPXHOCTW, MOBPELEHN OT TEXKM
XMMUYHUA, MEXaHWYHW MnM aTMOCepHN ycroBus Ha pabora.
W3paBHsBa 1 3awwuTaBa 6eTOHOBaTa MOBLPXHOCT, HE Ce CBUBA
B npoueca Ha BTBbpAsBaHe. lMogxogsw 3a ynotpeba Bbpxy
XOPU3OHTANHW W BEPTUKANHW NOBLPXHOCTW. YnoTpebsiea ce B
komOMHaLms ¢ BTBbpAUTEN 3a enokcugHa cmona 5 — 6 %.

EMOKCWMOEH TPYHL EN-0710 (BE3 PA3TBOPWUTENW)
OBYKOMMNOHEHTEH  rpyHO4  (M3nMTaH  OT  akpeauTUpaHa
nabopatopust “CtpoutenHa xumust u usonauumn” kem WLC-
HWCW-EOOL, npotokon Ne731-3-238/23.09.2008 r.)

lMpegHasHayeH € 3a rpyHaupaqe Ha NiTbTHU, Cyxu (Nog 4 %
Bflara) OCHOBM, KaTO 3ambniBa, 3a3apaBsBa, nopobpsiea
crnengallara cnocobHOCT Ha CTapu W HOBM MITbTHA OCHOBM
(6eTOHOBM, LMMEHTOBM, MO3AEYHW 1 OpYri) NPeau HaHacsHe
Ha enokcupgHM nokputus. [Mogxopsw, 3a  6e3uBeTHO
3aneyaTBaHe Ha GETOHOBM MOBBPXHOCTU, B3 CKIOHHOCT KbM
noxbnTaBaHe. 3awurtaBa HoBuTe OETOHOBM MoJoOBe OT
3aMbpcsiBaHe NO BpeMe Ha MOHTaX Ha obopyaBaHe.
MpuTexaBa OTMMYHO CLENNEHME C OCHOBaTa, Cb3AaBa
3ipaBuHa, XMMUYECKa YCTONYNBOCT, MEXaHUYHa CTabuUITHOCT.

Enokenpruat rpyHa EM — 0710 e nogxogsly CUHTETWYEH
pa3TBOp 3a HambJIBaHE C KBAPLIOB MACHK (YUCT, CyX, HAKarneH ¢
tpakums 0,1 — 0,6 mm) B TETMOBHO CbOTHOLWEHKE (1,5-2): 10.
C npuroTBeHust pasTBOp Ce 3ambfiBaT MopW, MyKHaTWHW U Ce
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3arnaxgar  HepaBHOCTW no  OeToHoBaTa  MOBBPXHOCT.
YnotpebsiBa ce B kombuHauus ¢ EnokempeH sTebpauTen H-3 B
TErnoBHO (06eMHo) CboTHOLWEHNE 2 : 1.

[IBYKOMNOHEHTHO ~ CaMOpa3nMBHO  €MOKCMAHO  MOAOBO
nokpute DUROFLOOR e uBeTHa 2-KOMMNOHEHTHA enoKcuaHa
cuctema. OcurypsiBa BUCOKA SKOCT UM YCTOMYMBOCT Ha
abpasns. YctomumBa € Ha OpraHMYHM U HEOpraHU4HM
KMCENUHW, NETPONHKM MPOAYKTW, OTmagbLy, MOpcka Boga U
MHOrO pa3TBopuTENM. YcToumBa € Ha Temnepatypu ot -30 °C
no +100 °C B ycnoBusiTa Ha Cyxu TEXHONOTMYHM Npouecu 1
Hag +60 °C npu mokpu. Kateropusupa ce kato SR-B2,0-
ARO0,5-IR4 cnopen ctaHpapt EN 13813. DUROFLOOR ce
N3non3yBa Kato CaMOPa3NMBHO MOKPUTME BbPXY LMMEHTOBU
nogoBe, KbOETO € Heobxoguma BWUCOKA MeXaHWyHa unu
XMMUYHA YCTOMYMBOCT. Moaxoasily e 3a NPOMULLNIEHM LIEXOBE,
cKrnagoBe, CynepmapkeTu, nabopaTtopuu, rapaxu, XoTenu, ras
CTaHUWM, MecTa C Texbk Tpadwk u gp. Mogxogsw e 3a
MOBBPXHOCTY, KOWTO LU MMAT MPSK KOHTAKT C XpaHu, cropea
nancksaHusTa Ha 1SO 8467.

Bb3 ocHoBa Ha GUTYMHO-kayyykoB MaTepwan ce npegnara
HacTunkaTa AkBabuT, € egHO UK [BYKOMMNOHEHTHA BUTYMHO-
KayyykoBa W30Mauus, KOSTO e rotoBa 3a ynoTpeba. Ta e
CTy[eHO moraralja ce M e C OTNNYHA afxesnst KbM MouTH
BCUYKW BWAOBE CTPOMTENHM MaTepwanu. [logxogsw, 3a
XMIPON30NaLs HA HOBM MOKPUBM U PEMOHT Ha CTapu MOKPUBM
Ha BUTyMHa OCHOBa, OCUrypsiBa aHTUKOPO3WOHHA 3aluMTa Ha
TPBOM U LMCTEPHN, TPaiiHO MONoXeHn B 3emaTa. Moaxoasila
n3onaunst 3a NMOMELLEHUs MOAJIOKEHN Ha BUCOKA BIaKHOCT-
OCHOBM Ha Crpaau, MOKpY MOMELLEHNS], CTEHU;

Xnppousonauusi Ha BCWYKM  BMOOBE ETEPHUTOBM W
namapvHeHu MOKPMBM, MOAXOAALWA MpWU CRoXeH pened.
Cb3gaBa OTNMYHA agXe3wst KbM MOYTU BCUYKM CTPOMTENHM
MaTepuanu (EeTEPHWUTOBM MOBBPXHOCTY, ObpBeHa, OEeTOHHa,
TyxneHa, wmetanHa). OcwrypsBa enacTuyHa membpaHa cC
BMCOKa 3[paBWHa Ha paskbCBaHe W rapaHums Hag 10 roguHu.
EkonornyHo unMcT npogykt M e BesomaceH 3a pabora.
XapakTtepuaupa ce C BIUCOKa eGheKTUBHOCT Npu NonaraHe, kato
ocurypsea yctonumBa MemOpaHa 3a npegnasHaBeHe OT
BpegHnte UV nbun. [pu nornaraHe Ha [BYKOMMOHEHTEH
AkBabut 2 (c nucToneT), Ce MOCTWra  MOMEHTarHa
nonuMepmu3auns 1 “Bynkanusauns” Ha membpaHara.

XuapousonaLumoHHo 3aluTtHo nokputie Akpodnekc 2K PU e
Ha OCHOBaTa Ha nonuypetaH. Cryxu 3a aHTUKOPO3WOHHa U
XVOPON30NaLMOHHa 3alimMTa Ha METanHU  KOHCTPYKLMM W
nokpueu. [lomara ce M KaTto  U3HOCOYCTOMYMBO U
XMMUKOYCTOWYMBO MOKpuTWe 3a  6eToHHM nogoee. [lo
n3rpafeHarta noBbLPXHOCT MoraT Aa Ce [BukKaT aBToMobuny,
MoTOKapu 1 p. 6e3 Aa HapyLaBaT LanocTTa 1 3apaBuHaTa Ha
nokputneTo. lNputexasa OTNMYHA afxes3nst KbM PasHOPOZHM
CTPOUTENHN MaTepuanu 1 cb3aaea oTinyHa UV 3awura.

3a HafexHa 3alMTa Ha MOBbPXHOCTTA Ce creau 3a
CnasBaHeTo Ha [febenuHa Ha MOKPWUBHM CrOeBe, BUA Ha
npunaraHuTe Ha NOKPUBHU MaTepuani. 36opbT Ha nogxoasLy
MaTepsn LLe Ce Onpeaent No KOHOMUYECKM NOKA3aTEeNH, KaTo
maTepnana u3bpaH 3a NOKpUTWE, € Mnpsika 3aBUCUMOCT C
YCMOBUSITA NMPU KOUTO LLE Ce TPETMPa NOKPUTUETO, KATO BaHO
YCroBMe & OCUrypsiBaHe Ha 1o6pO CLiENNeHneTo Mexay HeToH
W MOKPUTMETO M MEXAY pasnuuHuTe crioese. [lebenvHarta Ha
MOKPUTMETO OCHOBHO BNUsie BbPXY TPaltHOCTTa W CBOIACTBA Ha
cucTemara 3a 3alluTa Ha MoBbPXHOCTTA.
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WASTE FROM FERROUS METALLURGY AS RESOURCE

Marinela Panayotova, Vladko Panayotov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, marichim@mgu.bg

ABSTRACT. Waste streams from extractive metallurgy often bear different metals in concentrations higher than concentrations of those metals in ores. The amount
of pig iron produced in the world in 2010 was 1.025 billion tons and the amount of steel - 1.417 billion tons. An average 12.5 % slag is formed during these processes.
The blast furnace slag may contain up to 340-420 kg/ton hot metal, the basic oxygen furnace (BOF) slag - up to 200 kg/ton. More than 20 kg of dust and sludge per
1 ton of produced metal are generated in the BOFs used in steel metallurgy, where the amount of the generated dust is 7-15 kg per ton of produced steel. The BOFs
dust contains approximately 1 — 6 % Zn and 54 — 70 % Fe. During the production of steel from scrap in an electric arc furnace (EAF) approximately 15 - 20 kg of dust
are released per ton of steel product. The zinc and lead content in the EAF dust is 15 - 25 wt %. Dust from stainless steel production is with high content of Ni, Cr, V
and other metals used as alloying components. Recycling of above mentioned materials, besides producing metals, reduces the risk for the environment pollution,
resulting from the transition of metal compounds, contained in stored waste materials, into the surface water, groundwater and soil. The paper presents data on
available quantities of slag, dust, sludge from ferrous metals metallurgy, mineralogy and chemistry of those waste materials, their metal contents and possible ways
for valuable metals extraction.

Key words: recycling, waste from ferrous metallurgy, slag, metallurgical dust

OTNAOBLUMUTE OT METANYPIUATA HA YEPHU METAIU KATO PECYPC
Mapurena lNanaliomoea, Bnadko [MaHaliomoe
MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku”, 1700 Cogbus, marichim@mgu.bg

PE3IOME. OTnagbyHuTe NOTOLM OT MeTanypriyHuTe NPEAnpUsATUS YeCTO ChAbPXaT Pas3nuyHM MeTanu B KOHLEHTPaLMN NO-BUCOKW OT KOHLEHTPALMWUTE Ha Te3n
MeTanu B pyauTe. KonnyectBoTo YyryH, npon3seneHo B ceeta npes 2010 1. e 1.025 munnappaa ToHa, a Komn4ecTBOTO Ha cTomaHata - 1.417 munuappa ToHa. CpeaHo
125 % wnaka ce chopmupaT no Bpeme Ha Tesu npouecu. Llnakata ot gomeHHuTe newy Moxe Aa cbabpxa A0 340-420 kg/t ropew metarn, wnakata ot
kucnopogHuTe koHBepTopHU nelwm (BOFs) - go 200 kg/t. Moseye o1 20 kg npax v yTtaitka Ha 1 TOH npoussegeH metan ce reHepupat B BOFs, uanonssavu B
MeTanyprusiTa, Kb4eTo KonM4ecTBOTO Ha reHepupanus npax e 7-15 kg Ha ToH npousBeaeHa cTomana. MetanypruuHusat npax ot BOFs cbabpxa npubnuautenHo 1-6
% umHK 1 54-70 % xens30. Mo Bpeme Ha NPOM3BOACTBOTO Ha CTOMaHa OT cKkpan B enekTpoabrosy nelwuy (EAFS) ce renepupat npubnuautento 15-20 kg npax Ha ToH
cTomMaHa. CbAbPXaHNeTo Ha LMHK 1 0noBo B npaxa ot EAFs e 15 - 25 TernosHn %. MpaxsbT 0T NPOM3BOACTBOTO Ha HepbXAaeMa CToMaHa € C BUCOKO CbAbpXaHie
Ha Ni, Cr, V 1 apyrv meTanu, uanonasaHi kato nervupaLyy kOMMOHeHTW. PeLyknupaHeTo Ha NOCOYEHNTE No-rope MaTepuany, 0CBEH Ye BOAW A0 NPOM3BOACTBOTO HA
MeTanu, HamansiBa pucka 3a 3aMbpcsiBaHe Ha OKonHaTa Cpefa, B Pe3ynTaT Ha npexofa Ha MeTamu, CbAbpXally Ce B CbXpaHsiBaHUTE OTNagbyHU Matepuani, B
NOBBLPXHOCTHUTE, NOA3EMHMTE BOAM M noyBaTta. CTaTusaTa NpefcTaBs AaHHN 3a HaNMYHUTE KONMYECTBa Lunaka, MeTanypruiHu NpaxoBe, yTailku OT MeTanyprusta Ha
YepHN MeTanu, MiHepanorusTa U XMMUYHUS CbCTaB Ha Te3n OTMafbyHM MaTepuanu, CbAbPXKAHWETO Ha MeTanu B TAX W Bb3MOXHUTE HauMHM 3a M3BMUYaHE Ha
LieHHW MeTanu.

KniouoBu AYMU: peuuknupaHde, otnagbk OT YepHaTa MeTanyprig, LWnaka, MetanypruiyHin npaxose

Introduction granulated slags are vitrified granules. Steel slags result from
steel production. The molten Fe from the blast furnace and

S|ag is a waste from the pyrometa||urgica| processing of scrap steel are combined with alloying metals, fluxes and coke

ores. Ferrous slags are obtained during production of Fe or (for BOF process) to produce a particular type or grade of
steel. Different types of slag result from the various furnaces steel. The primary steel slag is usually categorized based on
used (Piatak et al., 2015). Blast furnace slag (BFS = Fe slag) the type of furnace used: open hearth, basic oxygen furnace
is waste from a blast furnace for Fe production. Iron oxides are (BOF) slag, i.e. BOFS, and electric arc furnace (EAF) slag, i.e.
reduced to molten Fe in the fumace by adding flux, fuel and EAFS. In the BOF the charge (molten pig Fe and small
coke (reductant). Often trace elements in BF slag are As and amounts of scrap steel) is oxidized by oxygen at temperatures
Mn. The molten Fe slag can be solidified by different ways: reaching 2000 °C. BOF is generally speaking also known as
slow cooling under atmospheric conditions (air cooled), Linz-Donawitz (LD) process, correspondingly the solid waste
moderate cooling with the use of controlled amounts of water is LD slag (LDS). An EAF uses an electric current to heat and
(expanded or foamed), quick cooling in air (pelletized), or melt the steel scrap with lesser amounts of molten Fe from the
quenching with high-volume, high-pressure sprays of water BF. The temperature in these furnaces commonly reaches
(granulated). The rate and method of cooling determines the 1650 °C. Steel slags are usually slowly cooled under
properties of the slag. Air-cooled slags are crystalline and atmospheric conditions and form crystalline materials. In
vesicular, expanded slags are a porous crystalline and glassy addition to slag produced in the primary stage of steelmaking,
material, pelletized slags are glassy and crystalline pellets, and slags are also produced in secondary steel refining operations
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that adjust C content and remove remaining S, gases or
impurities. Molten BOF and EAF steel may be refined in a ladle
metallurgical furnace (LMF) with the possible addition of
alloying metals and fluxes to produce different grades of steel.
Thus, ladle slag (LMFS) is produced. Often trace elements in
steel slag are As, Cr and Mn.

Except of slag, the other solid waste types are dust / sludge
from the control of air pollution in blast furnaces, dust / sludge
from the control of air pollution in furnaces for steel production
and refining.

Studies of slag use are in three main directions: utilization as
a construction material, environmental remediation applications
and metals’ recovery. The hard and dense air-cooled BFS is
suitable as a construction aggregate (Piatak et al., 2015). The
cementitious properties of granulated slag are the basis for use
in concrete for strength increasing. For example, of the 25.6
million tonnes of BFS produced in Europe in 2000, 66% was
used for cement production and 23% - as aggregates for road
construction (Motz, 2002). Pelletized and expanded slag (with
low density) is used as a lightweight aggregate (Van Oss,
2013). The significant acid-neutralizing capacity, possessed by
ferrous slag, due to the presence of Ca silicates, carbonates,
and oxides, is used, for example to neutralize acid rock water.
The BFS can be used also in the preparation of materials such
as ceramic glass, silica gel, ceramic tiles, bricks, etc. (Das et
al., 2007). In 2013, the Europe steel industry slag is used for
road construction (45%), interim storage (17%), internal
recycling (14%), fertilizer (3%), hydraulic engineering (3%),
and for cement production (3%). However, the left amount was
dumped into landfills or stockpiled for long periods at steel
plants (Hocheng et al., 2014). Because of the presence of
heavy metals, the steel industry slag is considered as
hazardous waste (Langova and Matysek, 2010). Data from
tests made by the Environmental Protection Agency
(EPA,1990) of the United States show: a) The main
contaminants that can leach from the slag from blast furnaces
are Mn, Fe, Pb, As, Al, Ag, Hg, Sb; b) The main contaminants
which can leach from the slag from the furnace for steel
production (especially where older technology was applied or
in historic piles of slag) are Mn, F, As, Pb, Ag, Fe, Mo, Ba.
Taking into account only those elements that are relatively
mobile in groundwater (given the existing slag management
methods and expected pH levels of leachate), As and Hg can
be referred to as contaminants which are the main potential
threat at leaching of blast furnace slag. EPA analyzes show
that: a) The main contaminants that can leach from the dust /
sludge from the control of air pollution in blast furnaces are Mn,
Pb, As, Al, Fe, Zn, F, Se, Tl, Ag, Hg, Cu, Sb, Cd, Cr, Ba, Ni; b)
The main contaminants that can leach from the dust / sludge
from the control of air pollution in furnaces for steel production
are Zn, Mn, Cd, Fe, Mo, Pb, Se, Hg. Test data show that As, F,
Se, Hg, Cd and Cr can be referred to as contaminants which
are the main potential threat at leaching of dust / sludge from
the control of air pollution in BF. Cadmium, Mo, Se and Hg are
the greatest potential threat at leaching the dust / sludge from
the control of air pollution in furnaces for steel production. For
that reason questions are being raised on landfilling of steel
industry slag, on its treatment in order to reduce its metal
content, as well as on its recycling to extract valuable metals.
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Available quantities, chemistry and mineralogy

Based on data published by World Steel Association (WSA,
2011) 1.417 billion tons of steel was produced in the world in
2010. The amount of hot metal (pig iron) is 1.025 billion tons.
WSA estimates that an average 12.5% slag is formed during
steelmaking. According to Genet (2000) slag production from
blast furnace reaches a plateau around 260-270 kg/t of pig
iron. The calculated amount of ironmaking slag which was
produced in 2010 is around 271.63 million tons. The estimation
of total iron and steelmaking slags in 2010 is 446 million tons.
The amount of slag production will increase continuously in line
with the increasing of steel production in the world. Van Oss
(2013) estimated that 0.25-0.30 t of slag are generated per ton
of pig iron in modern blast furnaces for typical Fe ore grades
(60-66% Fe), while steel production furnaces typically
generate 0.2 tonnes of slag per ton of crude iron. This slag, up
to half of which is metal, is returned to the furnace (where
advanced technologies are applied) for further metal recovery.
After final processing, the steel slag generated is
approximately 10-15% of crude steel output. Based on Fe and
steel production data, approximately 260-330 Mt of BF Fe slag
and approximately 150-220 Mt of steel slag were produced
world-wide in 2011 (Van Oss, 2013). In 2000, 25.6 million tons
of BFS was produced in Europe (Motz, 2002). It was estimated
that 12 millions tons (Mt) and 8 Mt of BOF slag were generated
annually in Europe and United States, respectively (Proctor et
al., 2000; Motz, 2002). In Europe the total amount of steel slag
generated in 2004 was about 15 million tons (Hiltunen and
Hiltunen, 2004). Steel and steel slag annual output in 2010 in
China reached to 626.7 million tons and 90 million tons
respectively (Ren et al., 2012). The amount of deposited steel
slag (mainly BOFS) in China has been estimated to more than
300 million tons, which leads to the occupation of farm land
and pollution of groundwater and soil (Yi et al., 2012).

More than 20 kg of dust and sludge per 1 ton of produced
metal are generated in the BOFs used in steel metallurgy
(Gargul, 2015), where the amount of the generated dust is 7-
15 kg per ton of produced steel (Trung et al., 2011). This waste
contains many non-ferrous metals, such as zinc. The content
of this metal in dusts ranges from 1 to 6% (Gargul, 2015).
Slag, dust / sludge from iron and steel production should be
properly stabilized / treated in order to protect the environment
and even more - they can be beneficiated as resources.

For example, the EAF dust is rich in Zn / Pb. It is estimated
that the world-wide annual production of EAF dust is as high as
5 million tons, all of which must be treated / recycled or land
filled (Hughes et al., 2007). According to Das et al. (2007) the
slag / sludge from an average plant in India contain hot metal,
in kg/ton: 340-421 - in BFS, 28 - in BF dust / sludge, 200 - in
LDS, 15-15 - in LD sludge, 22 - in mill scale, and 12 - in mill
sludge.

The chemistry and mineralogy of slag / dust depend on the
metallurgical processes that create the material. Table 1
summarizes the major, minor, and trace element chemistry of
different slag types from over 100 samples from over 40
studies (Miklos, 2000; Windt et al., 2011; Yi et al. 2012;
Zultan, 2013; Chiang et al., 2014; Das et al., 2014, Piatak et
al., 2015) - some of them, summarized by Piatak and co-



authors (2015). When the average (av.) is given, this is the
average value, appearing in the work of Piatak and co-authors.

The chemical composition of BFS is not much different
between different blast furnaces because most BFs operate
within the same chemical constraints. The content of NiO,
Cr203 and CuO in blast furnace slag can be ignored because
the presence of these components in the blast furnace
charging material is strictly prohibited and well controlled
(Zulhan, 2013). In addition of components, presented in Table
1, the convertor slag may contain other metals, such as Ni
(1%), Cu (0.7 %), Co (0.65 %), Zn (0.15 %), Pb (0.05 %)
(Perederiya et al., 2011). The chemical composition of BF flue
dust from India plants is presented in Table 2 (Das et al.,
2007). The chemical composition of steel-making plants flue
dust from different producers is presented in Table 3 (Hughes
et al., 2008; Trung et al., 2011, Zhang, 2012; Kukurugya,

Table 1.
Major, minor, and trace elements in different slag types

2013). Dust coming from carbon steel production is with high
content of zinc (up to 40 %), mainly due to processing of
galvanized steel scrap (Kukurugya, 2013). Dust from stainless
steel production is with high content of Ni, Cr, V and other
metals used as alloying components. Dusts can be used to
recover metals (Zn, Cr and Ni), because of the: decreasing
supply of primary raw materials, increasing price of chromium,
nickel and zinc, and higher content of metals compared to
primary raw materials.

The main phases identified in steelmaking dust from carbon
steel production are: franklinite ZnFe2O4, magnetite FesOs,
zincite ZnO, quartz SiO2. The most frequently occurring phases
in dusts from stainless steel production are: chromite FeCr204,
magnetite FesOq, calcite CaCOs and calcium silicate CaSiz2Oa.

Component, % BFS BFS pre-1990 BOFS EAFS BOFS sludge! Slag fines (BOFS
(av.) and EAFS)?
Ca0 39-42 15.2 42-60 30-50 8.9-10.59 15.46-36.10
Si02 33-39 45.2 9-15 10-20 0.71-1.97 4.94-11.94
Al203 9-14.3 10.6 0.5-5 10-18 0.32-0.95 3.07-7.59
Fe20; 39 5-6 1.43-2.79
FeO 1.6 = Fewtav. 16.1= Fetot av. 7-20 8-22 76.93-79.58 17.54-52.64= Fewt av.
MgO 6-9 8.87 1-13 8-13 0.38 1.39-13.63
MnO 0.1-1.9 0.95 2-10 5-10 0.10-0.24 0.99-5.31
TiO2 0.4-3.0 0.79 0.66 (av.) 0.66 (av.)
P20s 1-4 2-5
P 0.101-0.126 0.06-0.33
S 1.2-14 0.19 <0.30 <0.25 0.01-1.25
Cr03 <2 <2 0.06-1.69
C 0.14-2.53
V 0.06-0.25
K20 0.99 (av.) 1.41 0.24 (av.) 0.24 (av.)
Na20 0.49 (av.) 0.36 0.16 (av.) 0.16 (av.)
LOI 1.86 (av.) 0.65 3.55 (av.) 3.55 (av.)
" Data from Das et. al. (2007) only; 2 Dry based, data from Ma and Houser (2014)
Table 2.
Chemical composition of BF flue dust from India plants
Consti C Fex0s | SiO2 Al03 | CaO | MgO Pb Zn MnO | K0 Na20 Feto
tuent
% 29.90- 51.10 6.31- 512- | 490- | 0.88- | 0.024- | 0.042- | 0.58- | 1.22- 0.47- 35.7-
33.62 -49.50 8.30 2.54 196 | 1.33 | 0.019 | 0.028 | 0.02 | 0.154 0.07 34.62

The most frequently occurring phases in dusts from
stainless steel production are: chromite FeCr.0s, magnetite
Fes04, calcite CaCOs and calcium silicate CaSi204. Zinc
presents as ZnO and/or zinc ferrite ZnFe2O4 (Kukurugya,
2013). Zn0O is very easily soluble even in low concentrated
acidic or an alkaline solution, but zinc ferrite — ZnFe204 is a
very stable phase which is soluble only in very strong acid
solutions at high temperature. Chromite is very stable phase.
Mixed metal oxides, such as Nio2sZno7sFe204 also can be
found.

The primary mineralogy of the pre-1900 Fe slag include
quartz, plagioclase ((Na,Ca)(Si,Al)40s) and cristobalite. Other
Ca-rich silicates and aluminosilicates identified were olivine
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((Ca,Fe)2SiOa4)-, melilite-, and pyroxene group phases, mullite
(AlgSi2013), garnet (XsY2(SiO4)3), glass, and calcite (CaCOs)
Fe and Ti oxides were also mentioned (Piatak et al., 2015).
The mineralogy of modern Ca-rich steel-making Fe slag
includes mostly pseudowollastonite and  gehlenite
(Ca2Al2SiO7). Melilites, in particular gehlenite, were the most
often reported phase in Fe slag that was cooled slowly. Other
most reported silicate phases are Ca and / or Mg silicates
(olivine  group, merwinite  (CasMg(SiOs)2),  bredigite
(Ca1sMg(SiOa)s), wollastonite (CaSiOs) and glass. Calcium
sulfide (oldhamite) and Fe metal were also identified in minor
to trace amount. Steel slag is composed mostly of di-Ca
silicate (Ca2SiO4, larnite), tri-Ca silicate (CasSiOs, rankinite),
and Ca oxide (CaO, lime) if slags are cooled slowly and



crystalline phases are formed; if the slag was quenched it
represents mainly Ca silicate glass. Aluminum, Fe, and Mg
are less abundant and are generally present in Ca silicates
that can accommodate these elements, e.g., monticellite
(CaMgSiO4), melilite, and merwinite. Al, Fe, and Mg oxide
phases including spinels and SiOz (quartz or cristobalite) are
generally found in steel slags (Piatak et al., 2015). Looking at
mineral chemistry, the most reported primary phases in
ferrous slag are olivine-group phases with the general formula
(Ca, Fe, Mg,Mn)2SiOa4. Larnite is the most common, followed
by monticellite; forsterite (Mg2SiO4), fayalite (Fe2SiO4), and
kirschsteinite—glaucochroite (CaFeSiOs~CaMnSiOs) were also
reported. The next reported phases in ferrous slags are oxides
[(Ca, Fe, Mg, Mn)O] and melilites. Glass present in only trace
amounts and it is usually dominated by the following major
elements expressed as oxides: SiOz, CaO, Al:0s, and MgoO
(Piatak et al., 2015).

Table 3.
Chemical composition of steel-making plants flue dust
Element EAF BOF EAF EAF
Carbon Stainless
Zn 21.6-25.8 2.74 17.05-33.0 0.96-8.1
Fe 23.14- 477 24-45 19.37-
295 35.88
Pb 1.3-3.45 0.18 0.2-4.05 0.29-14
Cd 0.58 0.9 0.48
As 0.12
Sb 0.01 0.31
Sn 0.23 0.200
Cu 0.1-0.2 0.100
Cr 0.010 0-0.81 9.99-18.6
Ni 0.090 0-0.1 1.4-4.1
Co 0.020
S 0.5
Ti 0.048-
0.096
Si 0.61 0.34-1.12 1.7-2.69
Mn 1.70 Mn 0.49 Mn 1.03- Mn 1.67-
411 4.55
Mg 1516 | MgO0.55 Mg 2.19-
3.28
Ca0 5.0-6.64 Ca6.80 Ca09442 | Cad71-
10.84
Al 0.37-0.53 Al 0.21-0.39
Si 1.87-2.62

Studies on metals extraction

BF flue dust usually bears some undesirable elements (Zn,
Pb and alkali metals) that can cause operational difficulties at
dust recycling in the furnace. Sometimes the dust contains
toxic elements (Cd, Cr and As), which make it hazardous
waste. A suitable beneficiation method has to be applied
before dust recycling to the BF. Acid leaching, leaching with
CaClz, NH4Cl, etc. has been suggested for dealkalification of
BF dust. BF flue dust and sludge is leached under both acid
and oxidizing conditions for recovery of Zn and Pb. After
separating the carbon and iron from the leaching solution, the
latter can be passed through an anion exchanger to remove
Zn and Pb and then recirculated to the reactor (Das et al.,
2007). Selective leaching by low concentration H2SO4 at room
temperature was reported to recover about 80% of initially
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available Zn. Zinc from Zn-bearing blast furnace wastes may
be also separated by froth flotation and wet cyclone methods.
Treated blast furnace dust, containing around 1% Zn, can be
pelletized and sent to sinter plant. Waelz kiln (rotary kiln) can
be used to reclaim Zn and Pb from BF sludge. The Institute of
Gas Technology, USA has developed a fluidized-bed process
for recovering directly reduced iron from BF flue dust. Up to
95% of the iron oxides contained in the waste stream could be
reduced to elemental iron. Studies showed that it is possible
to recover coke fines from BF flue dust with more than 80%
carbon with 30% yield by column flotation techniques. The
flotation tailings are rich in magnetite and can be recovered by
low intensity magnetic separation technique giving a product
with 62-65% Fe at a yield of 30% (Das et al., 2007).

Three ways of BOFS recycling were considered (Chen et
al.,, 2011): (1) Hot slag splashing technology, followed by slag
crushing, and magnetic separation. Most of the recycled Fe
returns to sintering process, some - to the BF smelting
process, and little - to the BOF smelting process. The method
is simple, requires low investment and is applicable in small
and medium iron and steel enterprises. (2) Water quenching is
used to treat the steel slag. Then the slag is crushed and
magnetic separation process is adopted for recycling iron. The
residue goes through a multiple crushing / magnetic process
repeatedly, before being sent to the fine powder production
workshop or sintering process as material. About 44% of the
recycled iron returns to sintering process, and about 47% of
that returns to the BF smelting process, while only about 7%
returns to the BOF smelting process. Because this treatment
is more complex and requires higher investment, it is suitable
for large to medium iron and steel enterprises. (3) Both water
quenching and wind quenching are used to treat the slags
from different BOF smelting sections. Steel slag can be
divided into five types, e. g. converter slag, desiliconization
slag, desulfurization slag, dephosphorization slag, and refining
slag. Water quenching technology is only suitable to treat
desiliconization slag, while wind quenching is adopted to treat
others. The slag from water quenching is dealt with processes
introduced in (2). The iron in crushed slag from wind
quenching is with fine particles. Most of the Fe recycled could
be returned to the BOF smelting process directly. All of the
residual sulfurization slag returns to sintering. All of the
residual converter slag and refining slag returns to BOF or in
BF. Some of the residual dephosphorization slag returns to
sintering and the other as well as residual desiliconization slag
are sent to the fine powder production workshop as material.

Hydrometallurgical processing of BOF sludge in the H2SOa
solutions under atmospheric pressure and temperatures up to
100 °C, carried out at laboratory scale, at optimum conditions,
resulted to 70% extraction of available zinc. Iron was removed
from the solution by pH adjustment (Trung et al., 2011).

The non-magnetic Fe2Os part in the converter slag (steel
slag) could be efficiently reduced to magnetic iron by pure Hz,
and CO at a temperature below 1000 °C. The slag after
precise reduction had high degree of dispersion and did not
get sintered. The reduced material was enriched by magnetic
separation. By using magnetic sorting, precise reduction and
magnetic separation 33 kg iron particles, 150 kg iron-rich
material and 700 kg cement could be obtained from each ton
slag (Gao et al., 2011). To recover Fe from a slag, rich in



fayalite, it was rapidly reduced (before fayalite melted) with
carbon added pellets. Then Fe was recovered by nugget iron
reduction process. Addition of CaO and Al:Os; spurred the
reduction of fayalite. The metallization rate was 88. 43% under
the optimized conditions (Cheng et al, 2013).

High pressure oxidative acid leaching (HPOXAL) was used
to treat slow-cooled converter slags from Vale’s operations in
Sudbury (Ontario, Canada). Extractions of Ni, Co and Cu
exceeded 95-97% after 45 min at 250 °C, 70 g/L initial H2SO4
and 90 psi Oz overpressure (Perederiya et al., 2011). Co-
leaching of pyrrhotite tailings (with 0.6% Ni content) - as a
source of sulphuric acid - with converter slags at the same
temperature, oxygen partial pressure and equivalent
stoichiometric H2SO4 amount had a similar kinetics to that of
leaching with sulphuric acid. Fayalite and magnetite from the
slag are dissolved by sulphuric acid, releasing ferrous and
ferric iron into the solution. Ferrous iron is then oxidized and
ferric iron is hydrolyzed, thus regenerating acid. The following
reactions take place:

Fe2Si0s +4H* = 2Fe?* +H:SiOs(aq) (1)
FesOs +8H" = Fe2 +2Fe3 +4H,0 2)
Fe2* +1/40; +H+ = Fe3* +1/2H;0 (3)
2Fe* +3H,0 = Fes03 +6H* (4)

Compared to atmospheric leaching, HPOXAL requires
significantly less H2SO4 due to acid regeneration. It was found
that an acid addition of only 20 wt% of slag weight is needed,
while a minimum of 175 wt% would be required stoichiomet
rically according to reactions 1 and 2 at atmospheric leaching
(without acid regeneration).

An alkaline roasting — acid leaching was proposed for
extracting vanadium from LD slag. The maximum V recovery
of ca. 95% was achieved at 70 °C, S/L = 1/15, 3 M H2SO4 and
leaching time of 150 min. It was found that the maximum
extraction was achieved at the particle size < 0.850 mm
(Aarabi-Karasgani et al., 2010). Valuable metals (V and Cr)
can be recovered (at 98% metalization of slag) from LD slag
by smelting reduction technique using a Tamman furnace.
The slag can also be reduced in an electric furnace to
separate the slag and metal (Das et al., 2007).

Magnetic portions of the steelmaking slags (BOFS, EAFS
and LMFS) are often screened into three products: “A” scrap -
with particles above 75 (or 50) mm, “B” scrap - with particles
between 75 (or 50) mm and 12.5 (or 9.5) mm and “C” scrap -
with particles below 12.5 (or 9.5) mm. “A” scrap is often
recycled back into the steelmaking process. “B” scrap is
usually recycled in the BF ironmaking process. Both “A” scrap
and “B” scrap, in general, do not pose any problem in
recycling. However, due to the low iron grades, high impurity
concentrations, and small particle sizes, “C” slag fines cannot
be economically or environmentally friendly recycled back into
ironmaking and steelmaking processes in significant amounts
without further treatment. A recycling technology of weak
magnetic separation (below 1000 G, and especially between
200 and 800 G) coupled with selective particle size screening
has been developed at Arcelor Mittal Global R&D - East
Chicago Laboratories for recycling of steelmaking slag fines
(“C” scrap). Clean iron-rich products are obtained, with
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sufficiently high iron contents and low levels of impurities, to
be reused (Ma and Houser, 2014).

Bioleaching of 76-78% Zn and Al from EAF sludge was
demonstrated by Solisio et al. (2002) using At. ferrooxidans in
presence of a sulfur containing substrate. Bioleaching was
studied for recovering metals from EAF slag. Different cultures
were tested. The slag pH was reduced initially from 11.2 to 8.3
by water-washing. At thiooxidans culture supernatant
containing 0.016 M H2SOs was found most effective for
bioleaching of metals. Repeated bioleaching cycles lead to
metal recoveries of 75%, 60% and 27%, for Mg, Zn and Cu
respectively (Hocheng et al. 2014).

Most of dusts from steel making are recycled through sinter
making in more advanced countries. There are two types of
processing methods: pyrometallurgical and hydrometallurgical
or their combination. One of the major problems related to
steelmaking dust processing is its chemical and mineralogical
heterogeneity. That's why it is difficult to design “versatile”
technology for processing steelmaking dusts. The technology
must be adjusted to chemical and mineralogical composition
of concrete steelmaking dust. Pyrometallurgical processes
generally are expensive and energy consuming, compared to
hydrometallurgical ones. Problems related to hydrometallur-
gical processes are the necessity of eliminating Fe, Cd, Ni, Co
etc. from the leachate and the large consumption of acid for
iron oxides digestion.

In order to use BOF dusts as iron-bearing material in ferrous
metallurgy, the Zn content has to be < 1%. Ammonia leaching
(using NH4Cl, (NH4)2COs and NHsOH) was proposed to
transfer Zn from BOF waste into the liquid phase with minimal
loss of iron in this process (Gargul, 2015).

A technology for recovering of Zn from EAF dust by leaching
in NaOH solution with lead carbonate as additive and
facilitated by mechanical activation was proposed. Around
45% Zn in EAF dusts can be extracted, compared to 25% Zn
extracted by chemical leaching of non-activated samples
(Zhanga et al., 2012).

Direct smelting of EAF dust by applying Ausmelt Top
Submerged Lancing Technology (TSLT) can be carried out
by two process routes: (1) smelting and reduction in a two
stage batch process producing ZnO fume and a discardable
slag (with 1% Zn), and (2) continuous smelting by producing
Zn0 fume with periodic slag tapping producing a slag with 1%
Zn. Zinc recoveries, are summarized in Table 4. The TSL
technology at Korea Zinc treats EAF dust and produces
benign slag for construction and (after alkali washing of the
TSL reactor product) cake entering the Zn plant (Hughes et
al., 2008).

Table 4.
Results at applying TSLT direct smelting to EAF dust
Stage Zn Pb Fe SiO2 Ca0
Input | 21.6+25.8 | 1.3+1.9 | 205242 | 4+56 | 7+93
Output
Fume | 56.7+59.7 | 5.3+5.9 0.3+1 15+24 | 01
Slag 0.1+0.7 | 0.05+0.1




Conclusions

Slags, dusts and sludges from the control of air pollution
resulting from iron and steel production have to be regarded
as sources of iron and of non-ferrous metals.

To extract valuable metals pyrometallurgical and
hydrometallurgical technologies, facilitated by mineral
beneficiation technologies (magnetic separation, flotation) can
be applied, depending on the waste type, chemistry and
mineralogy.
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BIOTECHNOLOGICAL CLEANING OF POLLUTED WATERS BY MEANS OF A SYSTEM
PRODUCING LARGE AMOUNTS OF BIODEGRADABLE ORGANIC MATTER

Irena Spasova, Marina Nicolova, Plamen Georgiev, Stoyan Groudev

Department of Engineering Geoecology, University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria, spasova@mgu.bg

ABSTRACT. Acid drainage waste waters polluted by heavy metals, arsenic and sulphates were treated by means of a laboratory-scale passive system consisting of
an alkalizing limestone drain, a permeable reactive multibarrier (intended for microbial dissimilatory sulphate reduction, biosorption and additional chemical
neutralization) and a constructed wetland arranged in a series. The main structure in this system was the multibarrier which was filled with a mixture of biodegradable
organic substrates (mainly plant biomass, compost, cow manure) and was inhabited by different anaerobic microorganisms (mainly sulphate reducing bacteria and
microorganisms metabolically connected with these bacteria). The treatment of the polluted waters by this system resulted in the removal of the heavy metals, arsenic
and sulphates and in enrichment of the multibarrier effluents with soluble biodegradable organic compounds. The preliminary tests revealed that such waters will be

suitable for electricity generation by means of a microbial fuel cell. The effluents from this cell were subjected to cleaning by means of the constructed wetland.

Key words: Passive systems, Multibarrier, Electricity generation

BMOTEXHONIOMMYHO NPEYUCTBAHE HA 3AMBPCEHW BOOU NOCPEACTBOM CUCTEMA NPOAYLUPALLA FONEMHA
KOJIMYECTBA BUOJIOr'NMYHO PA3rPAOUMA OPTAHWYHA MATEPUA

Upena Cnacoea, MapuHna Hukonosea, lnameH eopaues, CmosiH pydes

MunHo-eeonoxku yHusepcumem "Ce. MeaH Puncku”, 1700 Cogpus, buneapus, spasova@mgu.bg

PE3IOME. Kucenu fpeHaxHW OTMafbyHN BOAM, 3aMbPCEHU C TEXKW MeTanW, apceH W cyndatu, bsxa TpeTupaHu NocpeacTBOM MPOMyCKNMBa peakTUBHA
myntubapuepa (npegHasHayeHa 3a MUKpobHa AucuMWnaTMBHA cyndat pepykums, Guocopbums W AOMbMHUTENHA XWMWYHA HeyTpanu3auus) W W3KYCTBEHO
MouypuLLye, CBbP3aHM B cepus. [naBHaTa CTpykTypa B Tasu cuctema Gewe myntubapuepata, kosTo Gelue 3ambiHeHa CbC CMEC Ha GMONOMMYHO pasrpagvMm
OpraHudHK cybeTpaTu (rmaBHoO pacTuTenHa Guomaca, KOMMOCT, roBexaa Top) u Oelwe obuTaBaHa OT pasnuyHU aHaepobHU MUKPOOpraHuamu (rmasHO cyndat —
peayuvpaluy 6akTepum M MUKpPOOpraHu3mMin MeTabonuTHO CBbP3aHu C Te3n OakTepum). TpeTupaHeTo Ha 3aMbpCeHWTe BOAM Ype3 Tasu cucTema Bofelle A0
OTCTPaHsBAHETO Ha TEXKUTE MeTanu, apceHa 1 cyndatnte u o HaboraTaBaHe Ha U3TU4aLLMTe OT MynTubapuepaTa BOAU C pa3TBOpUMY 61OPa3rpadMiM OpraHnyHm
CbeanHeHus. MpeaBapuTeNnHUTE eKCNepUMEHTU Nokasaxa, Ye TakvuBa BOAM Ca MOAXOAALLM 33 reHepupaHe Ha enexkTpu4ecTBO MOCPeACTBOM MUKpOOHa ropusHa
knetka. BoguTe, 3TUyaLLy OT Taau knetka, bsixa NOANOXEHN HA NPEYUCTBAHE Ypes U3KyCTBEHOTO MOYYpPHLLE.

Kniouosm gymu: MacueHn cutemu, Myntubapuepa, FeHepupaHe Ha enekTpu4ecTso

Introduction reactors, precipitators, clarifiers and thickeners with high costs
for reagents, operation, maintenance and disposal of the

Acid drainage waters are persistent environmental problem resulting metals laden sludge. The only alternative of such
at many active and abandoned mine sites. This phenomenon high-cost schemes are the passive treatment systems
is connected with the oxidation of pyrite and other sulphide ~ (Cambridge, 1995; Costello, 2003; Johnson and Hallberg,
minerals as a result of which acidic waters containing sulphuric 2005; Groudev et al., 2007).
acid, dissolved heavy metals and solid iron precipitates are These systems have been developed on the basis of
released to the environment. Toxic and radioactive elements naturally occurring biological and geochemical processes in
such as arsenic and uranium are also solubilized from minerals  oder o improve the quality of the influent waters with minimal
containing these elements. In most cases the main role in  goeration and maintenance costs. The main advantage of
these processes is played by different chemolithotrophic  these systems over chemical neutralization is that large
bacteria which are the prevalent inhabitants of these volumes of sludge are not generated, the contaminants being
ecosystems (Hollberg and Johnson, 2001). precipitated mainly as sulphides.

Several methods for treatment of acid mine waters exist, A wide range of passive treatment systems is available
depending upon the volume of the effluents, the type and currently. This paper contains some data about the treatment
concentration of contaminants present. The most largely used of acid drainage waters polluted by heavy metals, arsenic and
method is connected with the chemical neutralization of the sulphates by means of a laboratory-scale passive system
waters followed by the precipitation of metals. Such active initially consisting of an alkalizing limestone drain, a permeable

treatment requires the installation of a plant with agitated
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reactive multibarrier (intended for microbial dissimilatory
sulphate reduction, biosorption and additional chemical
neutralization) and a constructed wetland arranged in a series.
Howevevr, on the basis of the results obtained during this
study, a second variant of the passive system was developed.
In this variant the rich-in-dissolved biodegradable organic
compounds effluents from the multibarrier were treated by a
microbial fuel cell for electricity generation, and the effluents
from this cell were subjected to purification by means of the
constructed wetland.

Materials and Methods

The laboratory-scale unit consisted of an alkalizing limestone
drain, a permeable reactive multibarrier and a constructed
wetland arranged in a series. The alkalizing drain was
cylindrical plastic column 50cm high, with an internal diameter
of 20 cm and a total volume of 15.7 I. 20 kg of limestone (with
98.1% CaCO0s) crushed to minus 10 mm particle size were put
in this column. The permeable reactive multibarrier was also a
plastic cylindrical column but 80 cm high, with an internal
diamenter of 30 ¢cm, and volume of 56.5 I. The column was
filled with organic matter consisting of spent mushroom
compost, fresh leaf compost, animal manure and sawdust.
These components contained their own viable indigenous
microflora. Iron shaving were mixed with the organic matter to
react with the excess of hydrogen sulphide produced in situ by
the anaerobic sulphate-reducing bacteria. The decrease of the
concentration of the hydrogen sulphide was necessary to avoid
its inhibitory effect on the sulphate-reducing bacteria and other
microorganisms inhabiting the multibarrier. Apart from the
natural microflora of the organic substrates, inoculum
containing such microorganisms was initially introduced into a
nutrient solution containing (in g/l) : Na2SO4 5.92, NH4CI 0.30,
K2HPO4 0.15, MgSO47H20 0.50 and CaCl2.2H20 0.10. The
initial pH of the inoculated nutrient solution was adjusted to 4.5
and the multibarrier was filled with such solution. The
inoculated multibarrier was put into a thermostate at 32°C for a
period of 45 days. Sampling and analyses were carried out
regularly using aliquot samples whose volume was replaced by
distilled water.

The constructed wetland was a plastic vessel with
rectangular form and a volume of 180 | (120 cm long, 60 cm
wide and 25 cm deep). The bottom of the vessel was covered
with a 20 cm layer consisting of a mixture of compost, soil with
a high organic content, silt and sand. This layer was used to
support the growth of the higher plants which were planted in
the vessel, as well as a source of organic substances for the
growth of the heterotrophic microorganisms which developed
in this system. Water-torch (Typha latifolia) sod mast were
placed in this layer, spaced evenly in the vessel, together with
other emergent vegetation, mainly such related to the genus
Zygnemophyta, as well as the water clover (Marsilea) were
placed in the vessel which was filled with tap water. Fertilizers
containing nitrogen, phosphorus and potassium in suitable
forms were added to the vessel and artificial light was applied
to enhance the growth of the vegetation. The vessel was
maintained at 18-20°C in the course of two months. A stable
biocenose developed during this period. Apart from the above-
mentioned  plants, the biocenose contained various
microorganisms, protozoa, insects and other invertebrate
organisms.

The microbial fuel cell was plexiglass rectangular container
already described (Groudev et al., 2014). The feed stream ,i.e.
the multibarrier effluents, was supplied to the bottom anodic
section of the container at rates varying in range of 10-50 ml/h
and the effluent passed through the cathodic section and
exited at the top continuously. Air was injected during the
treatment to the cathodic section.

Elemental analysis of the water samples was performed by
atomic absorption spectrometry and inductively coupled
plasma spectrometry. The isolation, identification and
enumeration of microorganisms were carried out by the
classical physiological and biochemical tests (Karavaiko et al.,
1988) and by the molecular PCR methods (Sanz and Kéchling,
2007).

Results and Discussion

The pH of the mine waters was increased in the alkalizing
limestone drain from the highly acidic values of 1.7-2.1 to
values higher than 2.5-3.5 which facilitated their further
treatment in the permeable reactive multibarrier (Table 1).

Table 1.
Data about the mine waters before and after treatment by the
permeable reactive multibarrier

Before After Permissible
Parameters treatment treatment levels for
waters
used in
agriculture
and
industry
pH 251-3.74 6.71-7.65 6-9
Eh, mV +384) - (+572) |(-97) - (-245) -
Diss. Oz, mg/l 02-08 0.1-0.2 2
Solids, mg/l 41-148 23-104 100
Chemical oxygen 21-53 320-710 40
demand (COD),mg/
SO+s2mg'll 392 - 1980 170 - 640 400
Cu, mg/l 37-41 <05 0.5
Zn, mg/l 1.7-32 <05 10
Cd, mg/l 0.01-0.17 <0.01 0.02
Ni, mg/l 09-7.1 <05 0.5
Co, mg/l 06-438 <05 0.5
Pb, mg/l 0.08-0.32 <0.1 0.2
Fe, mg/l 95 - 1430 <1-12 5
Mn, mg/l | 6.8-77 <05-37 0.8
As, mg/l 0.05-0.32 <0.01-0.1 0.2
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It was found that an efficient removal of pollutants from the
water being treated was achieved in the multibarrier even at
dilution rates as high as 0.3-05 h'. The residual
concentrations of pollutants in most cases were decreased
below the relevant permissible levels for waters intended for
use in agriculture andfor industry. This was due to different
biological, chemical and physico-chemical processes but the
main role was played by the microbial dissimilatory sulphate
reduction. This conclusion was made on the basis of the data
about the generation of hydrogen sulphide, the significant
decrease of the concentration of sulphate ions and of the
levels of redox potential (Eh), as well as about the increase of




the number of sulphate-reducing bacteria, the level of the pH
and the content of insoluble sulphides of the heavy metals and
arsenic in the multibarrier. These heavy metals and the arsenic
were precipitated mainly as very fine particles of the relevant
sulphides. However, portions of these pollutants were
precipitated mainly as hydroxides and carbonates or were
removed as a result of their sorption by the organic matter in
the multibarrier.

At the same time, the concentrations of organic compounds
in the waters treated by the multibarrier (expressed in the
Table 1 as a chemical oxygen demand) increased considerably
with respect to these concentrations before treatment. This
was connected with the much higher concentrations of different
saprophytic microorganisms in the multibarrier (Table 2).

Table 2.
Microflora of the mine waters before and after their treatment
by the permeable reactive multibarrier

Microorganisms Before After
treatment treatment
Cells/ml

Fe2* - oxidizing 104 - 108 0-10

chemolithotrophs (pH 2)

Aerobic heterotrophic bacteria | 10" - 104 101-103

Cellulose - degrading ND - 101 0-10"

aerobes

Anaerobic heterotrophic ND - 102 104- 108

bacteria

Cellulose - degrading ND - 10° 104 - 108

anaerobes

Sulphate — reducing bacteria ND - 108 108-108

Fe’* - reducing bacteria ND - 108 102-104

Bacteria fermenting sugars ND 103 -107

with gas production

Ammonifying bacteria ND 102-10¢

Denitrifying bacteria ND 102108

Methane - producing bacteria ND 102-10¢

Note: ND = not detected

These saprophytes degraded the biopolymeric organic
compounds and provided the sulphate-reducing bacteria with
suitable monomeric organic sources of carbon and energy.
The concentration of ammonium ions in the multibarrier was
also increased due to the ammonification of the organic matter.
The concentration of phosphate ions were also increased
mainly due to the solubilization of a portion of the phosphate
present in the spent mushroom compost. The organic
substrates in the multibarrier were slowly degradable and
supported microbial growth over the long experimental period
of about 14 months. It was found that the substrate utilization
during this period was about 40%.

The multibarrier effluents during the first 3-4 months since
the start of this experiment were subjected to the treatment for
the removal of the dissolved organic compounds, ammonium
and phosphate ions by the constructed wetland. This treatment
was very successful and the concentrations of these
components in the wetland effluents were decreased below the
relevant permissible levels. At the same time, the preliminary
tests revealed that the multibarrier effluents were very suitable
for electricity generation by means of microbial fuel cells. It was
also found that these effluents contained some
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electrochemically active microorganisms. Some of these
microorganisms were able to transfer electrons from the
organic substrates in the multibarrier directly to the anode of
the microbial fuel cell used in this study. Some other
microorganisms present in the multibarrier effluents, mainly
sulphate-reducing bacteria (Table 3), were able to perform the
electron transfer by means of secreted metabolites, such as
the hydrogen sulphide. For that reason, some multibarrier
effluents containing both soluble organic substrates and the
relevant microorganisms were directly used for electricity
generation in the microbial fuel cell constructed for this
purpose. However, apart from this way of treatment, in some
cases the multibarrier effluents were additionally inoculated
with some electrochemically active microorganisms and then
were directed to the microbial fuel cell.

Table 3.
Sulphate - reducing bacteria in the effluents from the
permeable reactive multibarrier

Sulphate — reducing bacteria Cells/ml
Desulfovibrio (mainly D. desulfarions) 105-107
Desulfobulbus (mainly D. elongatus) 108 -107
Desulfococcus (mainly D. postgatei but 102 - 105
also some non - indentified species)

Desulfobacter (D. multivorans) 1021098
Desulfotomaculum (D. nigrificans and 101 - 103
some non-identified species)

Desulfosarcina (D. variabilis) 108 - 105
Desulfomonas (mainly non - identified 102 - 104
species)

The preliminary test revealed that such waters are suitable
for electricity generation by means of the microbial fuel cell
used in this study (Table 4).

Table 4.
Data about the electricity generation in the microbial fuel cell
(MFC)

Parameters Values
Influents in the MFC; COD, mg/l.d 300 - 700
pH 6.90-7.35
Eh,mV (-210) - (-235)
Temperature, °C 28-32
Effluents from MFC; COD, mg/l.d 15-250
COD used in the MFC, mg/l.d 255 - 550
% from the initial 64 -95
Current density, mA/cm? 0.077 -0.180
Voltage of the open circuit, mV 82-175
External resistance, ohm 20-100
Power, mW/m? 230-930

The effluents from this cell still contained some dissolved
organic compounds in total concentrations higher than the
relevant permissible levels. However, these residual dissolved
organic compounds were efficiently decreased to total
concentrations below the permissible level by means of
treatment in the constructed wetland.
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PREVENTION OF THE GENERATION OF ACID DRAINAGE WATERS IN A HEAP
CONSISTING OF URANIUM-BEARING MINING WASTES

Stoyan Groudev, Irena Spasova, Marina Nicolova, Plamen Georgiev

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, groudev@mgu.bg

ABSTRACT. The generation of heavily polluted acid mine drainages was an essential environmental problem in most of the Bulgarian uranium deposits after the end
of their industrial scale development. Different methods to prevent this generation were tested and one of the most efficient of them is present in this paper. An
experimental heap consisting of about 550 tons of rich-in-pyrite mining wastes located in the uranium deposit Curilo was a site, after rainfall, of generation of drainage
waters with a pH in the range of about 1.5 - 3.5 and polluted by radionuclides, heavy metals, arsenic and sulphates. The generation was connected with the presence
of numerous populations of acidophilic chemolithotrophic bacteria which oxidized the pyrite, the other sulphides and uranium present in the heap and the products of
the relevant oxidation reactions solubilized in the drainage waters. The inhibition of this process was achieved by the construction of an about 40 - 45 cm layer
consisting of a mixture of soil, solid biodegradable organic substrates (plant compost, animal manure, straw) and crushed limestone to form a heap cover with a
slightly alkaline pH (about 7.5 — 8). Some herbaceous plants were sowed in this cover. This new ecosystem was inhabited by a microbial community consisting mainly
of different heterotrophic microorganisms and by periodic addition of limestone was made not suitable for acidophilic chemolithotrophic bacteria.

Key words: Acid drainage, Uranium, Mining wastes

NPEANOTBPATABAHE HA FTEHEPUPAHETO HA KNCENW OPEHAXXHW BOOU B XANOA, CbCTOALLIA CE OT YPAH-
CbAbPXALLUN MAHHW OTNAOBLM

CmosiH 'pydes, UpeHa Cnacoea, MapuHa Hukonoea, lnameH Meopaues

MurHo-eeonoxku yHusepcumem "Ce. Mgan Puncku”, 1700 Cocbusi, brneapus, e-mail: groudev@mgu.bg

PE3IOME. l'eHepupaHeTo Ha TEXKO 3aMbpCEHM KUCEeNW PyAHNYHN ApeHaxHN Boan Gelle CbLUECTBEH eKonornyeH npobnem B NoBEYETO OT GbArapckuTe ypaHoBM
HaxoaMlLa cref npekpaTsABaHeTO Ha TAXHOTO MpomuLneHo paspaboTsaHe. Pa3nuyHn meToaM 3a Aa ce NpedoTBpaTi TOBA reHepupaHe bsxa TecTMpaHu W Haw-
euKacHWIT OT TsX € NpeACTaBeH B Tasw nybnukauus. EkcnepumeHTanHa xanaa, Cberosilla ce ot okono 550 ToHa 60raTv Ha MMPUT MUHHK OTNALbLM, Pa3nonoxeHa
B YpaHoBOTO Haxoamwe Kypuro, belue crea Abxaose obekT 3a reHepupaqe Ha apeHaxHi Boay ¢ pH B obnactta okono 1.5 — 3.5 1 3aMbpcenn ¢ paanoHyknnan,
TeXKM MeTanu, apceH u cyndati. leHepupaHeTo belue CBbP3aHO C NPUCHLCTBANETO Ha MHOMOYUCAIEH MOMyNaLvi Ha aLMAODUIHA XeMONUTOTPOMDHN bakTepum,
KOWTO OKuCMsBaxXa MUpuTa, ApyraTe cynduam 1 ypaHa B Xxangata, kakto 1 HAKOM OT pasTBOPEHWUTE B APEHAXHUTE BOAW NPOAYKTU OT CbOTBETHUTE OKUCTMTENHM
peakuumu. MHxnbupaHeTo Ha To3u npouec Belle NOCTUrHATO Ype3 KOHCTpyMpaHeTo Ha okono 40 — 45 cm nnacT, CbCTosL ce OT CMeC Ha Noysa, TBbpau 61onorniHo
pasrpauMu OpraHnyHu CybCeTpaTh (pacTuTeneH KOMMOCT, XMBOTUHCKM TOp, Crama) U HaTpOLLEH BapoBWK, 3a Aa Ce 0bpa3syBa BbpXy XarjaTa NOKPUBEH MNacT CbC
cnabo ankanHo pH (okono 7.5 — 8). Hsakon TpeBncTM pacTeHns bsxa HacajeHn B TO3W NOKPMBEH nnact. Tasn HoBa ekocucTema belue obutasaHa OT MUKPOGHO
cbObLYECTBO, CbCTOSAA Ce [MABHO OT PasfMYHU XeTepOTPO(HN MUKPOOPraHM3MK, KaTo Ypes MepuopuyHO BHacSHe Ha BapoBWK TO3W nnacT Gelle nopAabpxaH
HenoaxoAsLy 3a aumaoduHUTe XeMoNUTOTPOHN bakTepuu.

KntouoBu aymu: Kncenu gpeHaxHu Boau, YpaH, MuHHW oTnagbLm

Introduction the mining waters, generating in this way acid drainage waters

containing the contaminants above-mentioned in soluble forms

The uranium deposit Curilo, located in a short distance from (most of them mainly as the relevant sulphates but lead as
the capital city Sofia, for a long period of time was a site of complexes with some organic acids).

intensive mining  acfivities including both open-pit and Different methods to prevent and/or inhibit this generation

underground techniques as well as in situ leaching of uranium. were tested and one of the most efficient of them is present in

The mining operations were ended in 1990 but until recently
both the surface and ground waters and soils within and near
the deposit were heavily contaminated with radionuclides
(mainly uranium and radium) and toxic heavy metals (mainly
copper and zinc but also cadmium, lead, nickel, cobalt,
molybdenum, iron) and arsenic. The main sources of these
contaminants were some dumps and heaps consisting of
mining wastes which only few years ago were subjected to an
efficient recultivation. These dumps and heaps were inhabited
by different chemolithotrophic bacteria which oxidized the
pyrite, sulphide minerals and the tetravalent uranium present in

this paper.

Materials and Methods

An experimental heap consisting of about 550 tons of rich-in-
pyrite mining wastes located in the Curilo deposit was a site,
after rainfall, of generation of drainage waters with a pH in the
range of about 1.5 — 3.5 and polluted by radionuclides, heavy
metals, arsenic and sulphates.
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Data about the chemical composition of the mining wastes
and their essential geotechnical parameters are shown in
Tables 1 and 2, respectively. Pyrite was the main ore mineral.
Uranium was present mainly as uraninite, nasturan, torbernite.
Chalcopyrite was the main copper-bearing mineral but some
secondary copper sulphides such as covellite and chalcocite
were also present, together with some copper oxide minerals.
Zinc was present mainly as sphalerite, and lead mainly as
galena. Arsenopyrite was the main arsenic-bearing mineral.
Quartz was the main mineral of the host rock.

Table 1.

Data about the chemical composition of the mining wastes
Component Content Component Content
SiOz 68.6 % Cu 815 git
Al203 5.94 % Zn 541 git
Ca0 0.35% Cd 28 git
MgO 0.18 % Pb 419 g/t
S total 1.61 % Ni 102 g/t
S sulphidic 1.16 % Co 88 git
Fe 3.98 % Mo 51 git
U 149 git Mn 591 gt
Ra 122Bgkg | As 104 g/t

Table 2.

Essential geotechnical parameters of the mining wastes
Parameters Value
pH(H20) 2.75
Bulk density, glcm? 1.69
Specific density, g/cm? 2.81
Net neutralization potential, kg CaCQOal/t -23
Porosity, % 44
Permeability, cm/h 32

The elemental analysis of the heap effluents was done by
atomic adsorption spectrometry and induced coupled plasma
spectrometry. Sulphate was determined photometrically. The
radioactivity of the samples was measured, using the solid
residues remaining after their evaporation, by means of a low
background gamma-spectrometer ORTEC (HpGe-detector
with a high distinguishing ability).

The main geotechnical characteristics of the heap, such as
permeability and wet bulk density, were measured in situ using
sand-core method (U.S. Environmental Protection Agency,
1991). True density measurements were carried out in the
laboratory using undisturbed core samples. Such samples
were also used for determination of their acid generation and
net neutralization potentials using static acid-base accounting
tests.

The isolation, identification and enumeration of the
microorganisms were carried out by methods described
elsewhere (Karavaiko et al., 1988; Johnson and Hallberg,
2003; Escobar et al., 2008).

The inhibition of the generation of acid drainage waters was
achieved by means of construction of an about 40 — 45 cm
cover on the mining wastes. A mixture of a slightly leached
cinnamonic forest soil (which is typical for this region), with
some solid biodegradable organic substrates (plant compost,
animal manure, straw) and crushed limestone, was used to
form this heap cover with a slightly alkaline pH (about 7.5 - 8).

The main component of the heap cover, i.e. the slightly
leached cinnamonic forest soil, had pH of 6.8 (in H20) and
contained 1.90 % humus, 78.1 % SiOz, 2.35 % Fe203, 0.10 %
total nitrogen, 2.21 % K20, 0.15 % P20s as the essential
components. The soil contained viable microflora which
practically was the main source of microorganisms in the
constructed cover on the mining wastes. The fertility of the soil
cover was enhanced by adding compost to the soil at amounts
of 10 - 20 % on dry weight.

The preparation of the compost, i.e. the procedure of
composting, was carried out with a mixture consisting of plant
(leaf) biomass, animal manure, cinnamonic forest soil and a
biofertilzier obtained by processing of activated sludge from the
system for municipal wastewater treatment (Nicolova et al.,
2012). The components were mixed in a ratio of 7:1:1:1 on dry
weight.

The batches of compost produced in this way had pH of
about 6.8 — 7.1 and contained 50 — 55 % dry substances, with
40 — 45 % ash content and 55 - 60 % organic content ( with 40
— 45 % organic carbon and nitrogen content of 2.0 - 2.5 % at a
ratio of C:N of about 20 (all these contents are on dry weight).
The moisture of the different batches of compost was about 45
-50 %.

The heap cover contained some non-ferrous metals (Cu, Zn,
Pb, Ni, Co) but each of them in concentrations lower than 50
mg/kg on dry weight)

Results and Discussion

The generation of acid drainage waters in the heap before its
recultivation was connected with the activity of the indigenous
microorganisms, mainly of the acidophilic chemolithotrophic
bacteria, which oxidize the pyrite and other sulphide minerals
producing in situ diluted solutions of sulphuric acid containing
dissolved heavy metals, uranium and arsenic as the main toxic
pollutants. Radium was only slightly soluble in these highly
acidic solutions, mainly in the form of complexes with some
organic compounds.

The mesophilic chemolithotrophic bacteria At. ferrooxidans
and L. ferrooxidans were the main species participating in
these oxidation processes but some moderate thermophiles
(mainly Sulfobacillus thermosufidooxidans) were also involved,
although in lower extent (Table 3).

Table 3.
Microflora composition of the heap consisting of mining wastes

Microorganisms Cells/g dry sample
Acidithiobacillus ferrooxidans 105108
Acidithiobacillus thiooxidans 102108
Leptospirillum ferrooxidans 104-108
Moderately thermophilic 0-104
chemolithotrophic bacteria (Thiobacillus

caldus, Sulfobacillus

thermosulfidooxidans)

Extremely thermophilic archaea 0
(Sulfolobus, Acidianus)

Chemolithotrophic bacteria growing at 101 -103
neutral and alkaline pH (Thiobacillus

thioparus, T. neapolitanus, T. novellus,

T. denitrificans)

Heterotrophic bacteria 0-10°
Fungi 0-102




The soil cover constructed on the mining wastes was a
completely different ecosystem enriched in biodegradable
organic substances, with a neutral pH (in the range of 6.8 -
7.1) and practically free of radionuclides and dissolved heavy
metals and arsenic (Table 4). This cover had a microflora
composition typical for the rich-in-organic fat lands (Table 5).
The content of chemolithotrophic bacteria in this cover was
quite low and consisted of species able to grow at pH values
close to the neutral point. Some herbaceous plants grew well
on the cover.

Table 4.
Chemical composition of the soil cover formed on the heap
consisting of mining wastes

Parameters Values
pH (H20) 6.8-7.1
Organic substance (including humus) 38-47%
Total nitrogen 0.23 %
SiOz 76.1 %
Al203 12.2 %
Fe20s 2.01%
P20s 0.11%
K20 1.61 %
Ca0 0.54 %
MgO 0.37 %
Table 5.

Microflora composition of the soil cover formed on the heap
consisting of mining wastes

Microorganisms Cells/g dry sail
Aerobic heterotrophic bacteria 3.108 - 8.108
Cellulose-degrading bacteria 3.106 -2.107
Nitrifying bacteria 9.105-6.10¢
“Silicate” bacteria 5.105-4.10¢
Ammonifying bacteria 6.106 - 8.107
Nitrogen-fixing bacteria 9.104-7.108
Anaerobic heterotrophic bacteria 6.104 - 1.10¢
Fungi 7.105-2.107
Chemolithotrophic S-oxidizing bacteria 4.10"-2.10¢

The construction of the soil cover deeply changed the
environmental conditions in the mining wastes located below
this cover. The former heap of mining wastes changed into a
mainly anaerobic ecosystem, with a neutral pH, i.e. a system
unfavourable for the growth and activity of the acidophilic,
mainly aerobic, chemolithotrophic bacteria. The former typical
mineral ecosystem gradually was enriched in organic
compounds fransported from the soil cover by the drainage
waters. This new anaerobic system containing biodegradable
organic substrates at almost neutral pH was inhabited mainly
by different sulphate-reducing bacteria. The metabolism of
these bacteria was connected with the process of the microbial
dissimilatory sulphate reduction, which generated hydrogen
sulphide (H2S) as an essential product. The hydrogen sulphide
precipitated efficiently as the relevant sulphide each heavy
metal penetrated into this anaerobic zone by the drainage
waters from the top soil cover. The soluble hexavalent uranium
was reduced and precipitated as the insoluble tetravalent form.

As a result of these deep changes, the effluents from the heap
of mining wastes after rains were with a composition
completely acceptable with respect to the current
environmental standards (Table 6).

Table 6.
Chemical composition of the heap effluents before and after
the recultivation of the heap

Parameters Before After Permissible
treatment | recultivation levels
pH 1.54 - 3.52 6.5-7.1 6-9
Diss. Oz, mg/l 19-44 14-23 2
TDS, mg/l 842 -2394 | 745-1250 1500
Solids, mg/l 41-125 37-95 100
Diss. Corg, mg/l 0.3-0.9 21-46 -
Sulphates, mg/l | 451-1465 | 280-415 400
U, mg/l 0.32-3.74 | 0.21-0.51 0.6
Ra, Bg/l 0.05-0.37 <0.10 0.15
Cu, mg/l 0.77-7.12 <05 0.5
Zn, mg/l 122-154 03-14 10
Cd, mg/l 0.02-0.10 <0.02 0.02
Pb, mg/l 0.15-0.64 <0.10 0.2
Ni, mg/l 0.32-1.20 | 0.08-0.28 0.5
Co, mg/l 0.25-1.07 | 0.10-0.23 0.5
Fe, mgl/l 152 — 1252 4-31 5
Mn, mg/l 09-146 0.3-0.8 0.8
As, mg/l 0.05-0.37 <0.10 0.1
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POSSIBLE USE OF METAL-MODIFIED CLINOPTILOLITE FOR CHROMIUM REMOVAL
FROM WASTEWATER

Marinela Panayotova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, marichim@mgu.bg

ABSTRACT. Chromium and its compounds are widely used in many industries such as metallurgy, metal finishing, production of chemicals. The effluent from these
industries contain hexavalent chromium, Cr(VI), at concentrations ranging from tens to hundreds of mg/L. Different methods have been proposed for Cr(VI) removal
from wastewater, such as: chemical reduction followed by precipitation, solvent extraction, ions exchange, electrochemical reduction and precipitation, membrane
processes. These methods are cost intensive and are often unaffordable for large scale treatment of wastewater that is rich in Cr(VI). Zeolites are an appropriate
material for removing heavy metal ions from wastewater because of their relatively low price coupled with the harmlessness of their exchangeable ions. Natural and
metal modified - with Cu (1), Fe(ll), Fe(lll) and Pb(ll) - Bulgarian zeolite clinoptilolite from East Rhodopes region has been studied for its ability to remove chromium
oxyanions from model wastewater. It has been found that natural and Cu(ll) - modified zeolite possesses negligible ability to uptake Cr(VI) from soft neutral model
industrial wastewater. Zeolite’s modification by its pre-treatment with Fe(ll), Fe(lll) and Pb(ll) solutions increases its uptake capacity. Pb-modified zeolite removes over
95 % of available Cr(V1) in one step for 30 min at initial Cr(V1) concentration of 30 mg/L and pH=6. Over 45 % of available Cr(VI) were removed in one step for 30 min
at initial Cr(VI) concentration of 10 mg/L and pH=6 by Fe(lll) modified zeolite. These facts could be a basis for using this natural clinoptilolitic rock to remove in
consecutive steps firstly Pb(ll) or Fe(lll) ions and then already loaded zeolite to be used for Cr(VI) removal. Having in mind results obtained, it can be stated that
chromium removal decreases with increasing the pH value of wastewater, subjected to treatment. The zeolite uptake capacity increases with increase in pollutant's
initial concentration. Kinetics of Cr uptake by Fe(ll) and Fe(lll) modified zeolite obeys the pseudo-first order kinetic equation for adsorption. This fact, together with the
correlation that was found between Cr uptake and Na* and K* release into solution, shows the importance of ions-exchange processes in Cr immobilisation by iron-
modified zeolite. Kinetics of Cr uptake by Pb-modified zeolite is described by the equation for the first order irreversible reactions. The findings support the idea for
mechanism of the surface chemical precipitation of PbCrOs.

Key words: zeolite, wastewater, chromium (V1)

Bb3MOXHO U3NON3BAHE HA KIMHONTUNONNUT, MOOU®ULINPAH C METANK, 3A OTCTPAHABAHE HA XPOM OT
OTNAABYHM BOAU

MapuHena NaHallomoea

MurHo-eeonoxku yHusepcumem "Ce. MeaH Puncku”, 1700 Cogbusi, marichim@mgu.bg

PE3IOME. XpoMmbT 1 HEroBuTE ChbEAMHEHWS Ca LUIMPOKO M3MON3BaHW B MHOMO OTpaciy kato Metanyprusi, 0bpaboTBaHe Ha MeTanu, MPOU3BOLACTBO HA XMMMKAIA.
OTnagbyHNTE TEYHM NOTOLM OT Te3U MHAYCTPUM ChAbPXaT LecTBaneHTeH xpoM, Cr (VI), B KOHLEHTpaLuy, BapupaLuy oT aeceTku fo ctotuum mg/L. Mpeanoxenn ca
pa3nuyH1 MeToam 3a oTcTpaHsiaHe Ha Cr (V1) OT oTnagbyHu BOAM, KaTo: XMMUYHA PeayKUMs, NoCneaBaHa OT yTasiBaHe; eKCTpaKLys C pasTBOpUTEN; HOHEH 0BMeH;
€NEKTPOXUMUYHM TIPOLIECH, AMPEKTHO yTasiBaHe, MeMOpaHHW npouech. Tesu MeTogu Ca CPaBHUTEMHO CKbMM W YECTO Ca MKOHOMUYECKW HeedeKTMBHM 3a
npeuncTBaHe Ha ronemn obemu otnagbyHu BoaW, 3ambpcenu ¢ Cr (VI). 3eonutute ca noaxoasw, maTepuan 3a OTCTpaHsIBaHe Ha TEXKW METanHW WOHM OT
0TnagbYHU BOAK, NOpaaM TAXHaTa OTHOCUTENHO HUCKA LieHa, CbyeTaHa ¢ (hakTa, e 0bMeHHUTE UM HoHK ca 6esonacku. EctecTaeH n mogudmumpan ¢ Cu (I1), Fe(ll),
Fe(lll) n Pb(Il) 6bnrapcku 3eonuT KNUHONTWNONUT OT pervoHa Ha Matounute Pogonu e wacneaBaH 3a cnocobHOCTTa My Aa OTCTPaHW XPOMHM OKCUaHWOHW OT
MoZJernHa oTnagbyHa Boda. YCTaHOBEHO e, Ye MpupogHuaT v moguduumpanmat ¢ Cu (Il) 3eonut nputexasa Hucka cnocobHocT fa umobunuaupa Cr (VI) ot Meka
HeyTparnHa npoMuLLNeHa OTnagbyHa Boaa. MoanduumpaHeTo Ha 3eonuTa Ype3 npeaBapuTenHoto My obpaboteaHe ¢ pasteopu Ha Fe(ll), Fe(lll) n Pb(ll) ysenuuasa
kanauuteta My ga 3agbpxu Cr. 3eonutsT, mogudmumpan ¢ Pb otctpaHsiBa Hag 95 % oT mbpBoHavanHo HanuuHus Cr(VI) npu egHokpaTHO TpeTupaHe B
npogbmkeHne Ha 30 min, npu 30 mg/L HavanHa koHueHTpauus Ha Cr(VI) u pH=6. Hag 45 % ot HanuuHute Cr(VI) HoHm ce oTcTpaHsiBaT B eauH eTan 3a 30 min npy
10 mg/L HavanHa koHueHTpaums Ha Cr(VI) u pH=6 ¢ nomowwTa Ha Fe(lll)-moauduumpaHn 3eonut. Teau dakt moraT ga 6baaT OCHOBA 3a M3NON3BaHe Ha NPUPOAEH
KMMHOMTUMONUT 3a OTCTpaHsBaHe B NOCMeoBaTenHN CTbrku mbpeo Ha Pb (II) wunm Fe (II) iionm n cnep ToBa - Ha Cr (V). Ha 6asata Ha nonyyenuTe pesyntatute
MOXe [ia ce Kaxe, 4Ye eDeKTUBHOCTTa Ha OTCTPaHSIBAHETO Ha XPOM HamansBa C yBenuyaBaHe Ha pH CTOMHOCTTa Ha OTNafgbYyHUTE BOAM, MOAMOKEHN Ha TpeTUpaHe.
KanauuteTsT Ha 3eonuta Aa umobunmuavpa 3ambpcuTens HapacTBa C yBENnuYaBaHe Ha MbpBOHAYanHaTa KOHLEHTpauus Ha 3ambpcutens. KuHeTwka Ha
umobunmsaums Ha Cr ot 3eonut, moguduumpaH ¢ Fe(ll) u Fe(lll) ce nogunHsBa Ha NCeBAO-MbPBU NOPSABK KMHETUYHO YpaBHEHUETO 3a aacopbums. Tosu cakT,
3ae/iHO C KopenauusTa, HamepeHa Mexay 3afbpxaHeto Ha Cr u u3nyckaHeto Ha Na* u K* B pa3TBopa, nokasBa BaXHOCTTa Ha OHO-0BMeHHWTE mpolecy B
umobunusaumsta Ha Cr. KuHeTuka Ha 3apbpxaHe Ha Cr ot Pb-mogucuumpaH 3eonuT ce onucBa OT YpaBHEHMETO 3a MbpBY NOPSABK 3a HeobpaTuMK peakuum.
PesyntaTute nogkpensiT ugesta 3a MEXaHU3bM Ha NMOBBHPXHOCTHO XUMUYHO yTasiBaHe Ha PbCrOs.

Knto4yoBu gymu: 3eonut, otnagbyHa Boaa, xpom (VI)

Introduction production of chemical compounds (dyes, chromate colour
pigments, corrosion inhibition pigments, inks, certain glues);

Many industries can be source of wastewater, polluted by industrial use of chromium compounds (in glass and ceramics,
chromium and its compounds, such as metals' extraction in tanning of leather, in textile dyeing and wood preserving
(mining, mineral processing, metallurgy); metal finishing; industries). The effluent from these industries contain
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hexavalent chromium, Cr(VI), at concentrations ranging from
tens to hundreds of mg/L - fortunately - most of them in the low
edge of the range. Chromium (V1) is known to be more toxic to
humans, animals, and plants, and more mobile in the
environment than chromium (lll). Water insoluble Cr(lll)
compounds and chromium metal are not considered a health
hazard, while the toxicity, carcinogenic and mutagenic
properties of Cr(VI) are well known (IARC, 1982).

Different methods have been proposed for Cr(VI) removal
from wastewater, such as: chemical reduction followed by
precipitation (Su and Ludwig, 2005), solvent extraction
(Cooney et al., 1992), ions exchange (Rengaraj et al., 2003),
electrochemical reduction and precipitation (Rayman and
White, 2009), membrane processes (Alliane et al., 2001; Peng
et al., 2005; Mousavi et al., 2009). These methods are cost
intensive and are unaffordable for large scale treatment of
wastewater that is rich in Cr(VI). Adsorption using the activated
carbon is an effective and quite popular method for treating the
industrial effluents polluted with Cr (VI) (Selvi et al., 2001;
Leinonen and Lehto, 2001). The cost associated with use of
the commercial activated carbon is very high which makes the
adsorption process expensive. Cost effective alternate
adsorbents for treatment of Cr(VI) contaminated waste streams
are needed. Different low cost adsorbents have been studied -
hazelnut shell (Cimino et al., 2000), leaves (Babu and Gupta,
2008), loamy sand soil (Fonseca et al., 2009), iron oxide
coated sand (Dhagat et al., 2013).

Zeolites are an appropriate material for removing heavy
metal ions from wastewater because of their relatively low
price coupled with the harmlessness of their exchangeable
ions. Behaviour of Greek natural zeolite-clinoptilolite towards
chromium was studied with a positive result (Loizidou et al.,
1992). On the other hand, it is accepted that anions were not
adsorbed by the zeolites (Zamzow et al., 1990; Silva et al.,
2008). In order to improve their uptake capacity for Cr(VI)
species, zeolites were modified in different ways — with metal
ions (Bolortamir and Egashira, 2008) and organic compounds
(Warchot et al., 2006; Leyva-Ramos et al., 2008). Chromium
and Cu(ll) co-removal by use of fluidized sand columns has
been described (Sun et al., 2007). Metal modified zeolites
(MMZs) can be obtained by two ways: a) simple ion-exchange
of zeolite ions with metal ions with great affinity for the Cr (VI)
oxyanions; b) formation on the zeolite of metal oxide species
allowing direct adsorption and further retrieval of oxyanions
(Figueiredo and Quintelas, 2014). Chromate / dichromate salts
of Ag(l), Al(lIN), Ba(ll), Fe(ll) or Fe(lll), Hg(1l), Pb(Il) and Zn(ll)
are insoluble, so it is expected that zeolites exchanged with
these cations, would be able to immobilize Cr (VI) oxyanions.

Bulgaria is rich in zeolites. That is why, this paper is devoted
to a study on the possibility to use natural and modified
Bulgarian zeolite for removing Cr(VI) from industrial
wastewater.

Methods and materials

Natural Bulgarian zeolitic rock from East Rhodopes region,
containing mainly clinoptilolite was used. Its chemical
composition was the following, in mass %: SiO2 — 68.70, Fe203
- 2.28, TiO - 0.15, Al,03 — 11.83, CaO - 2.66, MgO - 0.76,
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MnO - 0.04, Na20 - 1.60, K20 - 4.01, P20s - 0.14, SOs -
0.225, ignition loss — 7.62, totalling — 100.02. Composition of
zeolite was determined by means of classical silicate analysis.
Cation-exchange capacity of clinoptilolite, determined as
described by other authors (Kallo and Sherry, 1988), was
134.30 meq/100 g.

The zeolite was modified by placing it in contact (at solution
to mass of zeolite ratio of 1 L: 50 g) with 0.1 M solutions of
Cuz, Pb2 Fez, and Fe’, obtained correspondingly by
dissolving CuCl2.2H20, Pb(NOs)z, Fe(S04)2.6H20 and FeCls (all
p.a.) in distilled water. Initially suspension was stirred for 8
hours and then - left for 1 week. To prepare Fe(lll)-modified
zeolite, the procedure generally proposed by Du and co-
authors (2012) was modified and used. The pH of the
suspension of zeolite with FeCls solution was adjusted to pH 6
by addition of 5M NaOH solution, the mixture was allowed to
settle and the supernatant - removed. The solid was washed
with distilled water till obtaining a negative result from
qualitative reactions for determining modifying reagents in the
water released after the washing. Then the modified zeolites
were dried at 95 °C. Thus zeolites — CL-Cu, CL-Pb, CL-Fe(ll)
and CL-Fe(lll) were obtained.

A stock solution containing 1000 mg/L of Cr(VIl) was
prepared by dissolving potassium chromate (K2CrOs) in
distilled water. This solution was diluted with distilled water as
required to obtain the solutions with concentrations of 5, 10
and 30 mg/L of Cr(VI). The average concentration of calcium
(Ca?*) and magnesium (Mg?*) ions in natural Bulgarian water
are around 70 and 27 mg/L correspondingly. In order to take
into account the impact of water hardness ions, they were
added to the prepared solutions as corresponding amounts of
CaClz and Mg(NOs)2.6H20 so as to give Ca?* and Mg?
correspondingly 100 and 30 mg/L. The solution pH was
adjusted by adding 0.1 M HCI and 0.1 M NaOH solutions and
measured by a laboratory pH meter. Concentrations of metal
ions were determined with an ICP-AES analysis. Experiments
were conducted batch-wise: 0.5 g of zeolite, contacting with 50
mL of Cr(VlI) bearing solution, was shaken with an
ESZTERGOM (Hungary) shaker (20 strokes/min, throw of 6
cm) for corresponding time.

Our previous studies (Panayotova and Hristova, 2010)
showed that the ratio 100 mL of wastewater : 1 g of zeolite
(volume to mass — v : m) was the optimum ratio. This ratio was
used in all experiments and the zeolite particles’ size was 0.09-
0.325 mm (also found by previous studies as suitable one to
study the impact of other process parameters). The impact of
solutions’ pH value on Cr(VI) uptake was investigated under
the following conditions: solutions’ concentration - 10 mg/L
Cr(VI); contact time — 30 min and pH value of solutions to be
treated: 6.0 and 4.0. The impact of initial Cr(VI) concentration
on the pollutant removal was studied under the following
conditions; contact time of 30 min, pH=6 and Cr(VI)
concentrations — 5, 10 and 30 mg/L.

Desorption experiments were made in order to check how
strongly Cr ions were immobilized by zeclite. One g of
preloaded zeolite was placed in contact for 8 h with 100 mL of
distilled water.



Each experimental result was obtained by averaging the data
from two parallel experiments. Data obtained were processed
with the aid of EXCEL computer program.

Results and discussion

Zeolite uptake, i.e. removal of Cr(VI) was calculated using
the equation:

Removal, % = [(Co-C.) /C] x 100 (1)

where Co is the initial and C. is the concentration of Cr(VI) at
any time t, mg/L.

Kinetics of Cr(VI) removal is presented in Figure 1. As it can
be seen from the Figure, over 75 % of the Cr(VI) available
were removed in 30 min. That is why contact time of 30 min
was chosen in order to reveal more clear possible differences
in Cr(VI) removal, due to influence of initial concentration and
pH value of solution.

—

yas

100
90 A
80 -
70
60
50
40
30
20
10

0 - T T T T T
0 20 40 60 80 100

Removal, %

120

Time, min

Fig. 1. Kinetic curves for Cr(Vl) removal: 10 mg/L, pH = 6, v : m = 100,
particles’ size 0.09-0.325 mm: 1 - CL-Fe (ll); 2 - CL-Fe (lll); 3 - CL-Pb

As it can be seen in Figure 1, best results were observed for
CL-Pb, followed by CL-Fe (Ill) and CL-Fe (1l). Similar maximum
uptake of Cr(VI) by Pb-modified zeolite, out of different MMZs
was observed by other authors (Faghihian and Bowman,
2005). Most probably, the explanation lies in the formation of
low soluble PbCrOs. Non-meaningful results were obtained for
CL-Cu and natural zeolite and for this reason they are not
presented in the Figure.

Kinetic data found were fitted to different kinetic equations.
Data fitting was tested in the usual way, i.e. processing the
data in suitable manner and checking whether they obey the
straight lines found after mathematical transformations of the
corresponding kinetic equations.

For the first order irreversible reactions:
In(Co/ C;)=k .1

For the second order irreversible reactions:
(Co-C)/(Co.C)=k .1
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In (2) and (3) k denotes the reaction rate constant and Co, C,
and t are as described above.

For the Lagergren pseudo-first order kinetic equation which
usually describes adsorption of liquid / solid system, based on
solid capacity:

log (0e-q) = log Qe — Kads X T/ 2.303 (4)

where ge, mg/g is the amount of solute adsorbed at the

equilibrium; g, mg/g is the amount of solute adsorbed at time <,
Kads, min-! — the adsorption constant.

Equations (2), (3) and (4) were found by different authors as
describing the kinetics of Cr(VI) removal.

It has been found that the kinetics of Cr(VI) removal by CL-
Fe (I1) and by CL-Fe (1ll) is best described by the pseudo-first
order kinetic equation (correlation coefficient r = 0.956 and
0.995 correspondingly). A correlation (r > 0.90) was found
between Cr uptake and Na* and K* release into solution for the
case of CL-Fe (Il) and by CL-Fe (lll). This supports the idea
that ions-exchange processes take part in Cr immobilisation in
these cases.

Kinetics of Cr(VI) removal by CL-Pb obeys the equation for
the first order irreversible reactions, with a correlation
coefficient r = 0.997. This implies for different mechanisms of
Cr(VI) removal - for the case of CL-Fe - by adsorption, and in
the case of CL-Pb - by a chemical reaction - precipitation of
PbCrOs. Iron oxides-hydroxides in the case of CL-Fe(lll) and
PbCrO4 were even visually observed on the filter paper used to
separate loaded zeolite from the solution.

Results showing the impact of wastewater pH on Cr(VI)
removal efficiency are presented in Table 1.

Table 1.

Impact of wastewater pH on Cr(VI) removal efficiency: 10 mg/L
Cr(VI); 30 min; zeolite particles’ size: 0.09-0.325 mm; v : m =
100

Type of zeolite, pH Removal, %
pH =6 pH =4
Natural 0.3 2.8
CL-Cu 1.5 27.3
CL-Fe (Il) 18.2 455
CL-Fe (Ill) 45.5 54.5
CL-Pb 91.3 99.1

It can be seen from the Table that Cr(VI) removal is
increased at lower pH value for all types of modified zeolites,
even for CL-Cu meaningful results were obtained. A trend of
increase in Cr removal with pH decrease was observed by
other authors (Pandey et al., 2010; Du et al., 2012; Baig et al.
2013).

Results obtained on the impact of initial Cr(VI) concentration
in on removal efficiency are presented in Figure 2.

Having in mind results shown in Figure 2, it can be stated
that increasing the initial pollutant concentration (in the studied
range) decreases its removal, expressed as % of the initial
concentration in all cases, except of - zeolite, modified with
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Fig 2. Impact of initial Cr(VI) concentration on removal efficiency: pH = 6;
30 min; zeolite particles’ size: 0.09 - 0.325 mm; v : m =100 : 1 - natural
zeolitre; 2 - CL-Cu ; 3 - CL-Fe (ll); 4 - CL-Fe (lll); 5 - CL-Pb

lead, where an increase is observed. However, the uptake
capacity increases with increase in initial concentration of
pollutant (Figure 3).
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Fig 3. Impact of initial Cr(VI) concentration on the pollutant uptake, mg Cr
| g zeolite: pH = 6; 30 min; zeolite particles’ size: 0.09 - 0.325 mm; v: m=
100 : 1 - natural zeolitre; 2 - CL-Cu ; 3 - CL-Fe (ll); 4 - CL-Fe (lll); 5 - CL-Pb

Similar results were obtained by other authors (Pandey et al.,
2010) in the range of 10-30 mg/L Cr. In the case of CL-Cu, CL-
Fe (Il) and CL-Fe (lll) the result could be explained by higher
driving force possessed by adsorbate at higher concentration
which facilitates overcoming the mass transfer resistances of
the metal ions at their movement from the aqueous to the solid
phase resulting in higher probability of collision between Cr(VI)
ions and the zeolite active sites. As a result higher uptake of Cr
(VI) is observed. All data and results imply that in the case of
CL-Pb the uptake mechanism is different from adsorption,
most probably - surface precipitation. This could explain the
different appearance of the line for Cr(VI) uptake by the CL-Pb.
Data, presented in Figure 3, show that in the case of CL-Cu,
CL-Fe () and CL-Fe (lll) the uptake process reaches
saturation (most probably when all available adsorption sites
are occupied), while in the case of CL-Pb, the uptake capacity
is far from reaching. This is in line with results of other authors
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(Faghihian and Bowman, 2005) who obtained the uptake
capacity (at equilibrium) of 29 mgCr/g zeolite, modified with Pb.

In addition it has to be recalled that it was found that Cr(V)
presenting in the wastewater can interact with Pb in
wastewater forming anionic complexes, thus significantly
diminishing the Pb removal efficiencies by naturally occurring
Mexican clinoptilolite (Mier et al., 2001).

Results from desorption experiments showed that Cr(VI) ions
were stronger immobilised by CL-Cu and weaker immobilised
by the other studied types in cases when the Cr(VI)
immobilization is most probably due to ions-exchange
processes. About 8 % of Cr(Vl) immobilised (at an initial
concentration of 10 mg/L) by CL-Cu were released in the
solution by zeolite contacting with distilled water. About 12 %
of Cr(VI) immobilised by CL-Fe and about 10 % of Cr(VI)
immobilised by CL-Fe(lll) were released in the solution by
zeolite contacting with distilled water. About 2 % of Cr(VI)
immobilised (at an initial concentration of 30 mg/L) by CL-Pb
were released in the solution by zeolite contacting with distilled
water but about 10 % were released at a contact of loaded
zeolite with water having pH 2, acidified with HNOs. The
probable dissolution of lead chromates under extremely acidic
environmental conditions, and the toxicity associated to that
compound renders this approach undesirable for
environmental remediation. A feasible approach could be to
use natural zeolite to remove Pb from wastewater and then to
apply already loaded zeolite to remove Cr(VI). Then ether the
loaded with PbCrO4 zeolite should be treated as hazardous
waste, or PbCrO4 could be extracted as compound by zeolite
contact with diluted HNOs and zeolite - recovered. A good
compromise between performance and environmental safety
can be achieved when CL-Fe (lll), or eventually less toxic
metal ions are used in MMZs.

Conclusions

1. Natural Bulgarian zeolite from East Rhodopes region
possesses negligible ability to remove Cr(VI) from soft slightly
acidic and neutral industrial wastewater.

2. Zeolite’s modification by its pre-treatment with Cu(ll), Fe(ll)
Fe(lll) and Pb(ll) increases its uptake capacity. Significant
increase in the Cr(VI) removal was observed for lead-modified
clinoptilolite. This fact could be a basis for using this natural
clinoptilolitic rock to remove in consecutive steps: firstly Pb(ll)
and/or Fe(lll) ions and then already loaded zeolite to be used
for Cr(VI) removal.

3. Kinetics of Cr uptake by CL-Fe (Il) and CL-Fe (1ll) obeys
the pseudo-first order kinetic equation for adsorption. This fact,
together with the correlation that was found between Cr uptake
and Na* and K* release into solution, shows the importance of
ions-exchange processes in Cr immobilisation.

Kinetics of Cr(VI) removal by CL-Pb obeys the equation for
the first order irreversible reactions. This finding, together with
other obtained facts (i.e. uptake as function of the initial Cr(VI)
concentration, manner of pollutant leaching from loaded



zeolite), supports the idea for other uptake mechanism, i. e.
surface chemical precipitation of PbCrOa.

References

Alliane A., N. Bounatiro, A.T. Cherif, D. E. Akretche. Removal
of chromium from aqueous solution by complexation-
ultrafiliration using a water-soluble macroligand. Water
Res., 35,9, 2001. -2320-2326.

Babu, B.V., S. Gupta. Adsorption of Cr(VI) using activated
neem leaves as an adsorbent: Kinetic studies. Adsorption,
14, 2008. -85-92.

Baig, S. A., Q. Wang, X. Lv, X. Nu. Removal of hexavalent
chromium by limonite in  aqueous  solutions,
Hydrometallurgy, 138, 2013. -33-39.

Bolortamir, T., R. Egashira. Removal of hexavalent chromium
from model tannery wastewater by adsorption using
mongolian natural zeolite. J. Chem. Eng. Japan 41, 2008. -
1003-1009.

Cimino, G., A. Passerini, G. Toscano. Removal of toxic cations
and Cr(VI) from aqueous solution by hazelnut shell. Water
Res., 34, 2000. -2955-2962.

Cooney, E., B. Luo, J. W. Patterson, C. Petropoulou. Toxicity
reduction methodologies. In: Ford D. L. (ed.) Water quality
management library, 3, Lancaster, PA: Technomic, 1992. -
109-181.

Dhagat, A., B. Goyal, L. Sailo. Removal of Cr (VI) in aqueous
solution using iron oxide coated sand (IOCS), International
Journal of Scientific & Engineering Research, 4, 5, 2013. -
1-4.

Du G,, Z. Li, L. Liao, R. Hanson, S. Leick, N. Hoeppner, W.
Jiang. Cr(VI) retention and transport through Fe(lll)-coated
natural zeolite, Journal of Hazardous Materials, 221- 222,
2012.-118-123.

Faghihian H., R. S. Bowman. Adsorption of chromate by
clinoptilolite exchanged with various metal cations. Water
Res., 39, 6, 2005. -1099-1104.

Figueiredo, H., C. Quintelas. Tailored zeolites for the removal
of metal oxyanions: Overcoming intrinsic limitations of
zeolites, J. Hazard. Mater., 274, 2014. -287-299.

Fonseca B., H. Maio, C. Quintelas. A. Teixeira, T. Tavares.
Retention of Cr(VI) and Pb(ll) on a loamy sand soil
Kinetics, equilibria  and  breakthrough.  Chemical
Engineering Journal, 152, 2009. -212-219.

IARC, Monographs on the evolution of the carcinogenetic risk
of chemical to humans. Supplement 4,1982.

Kallo D., H. Sherry, Eds. Occurrence, properties and utilisation
of natural zeolites. Akademiai Kiado, Budapest, 1988.-488.

Leinonen H., J. Lehto. Purification of metal finishing waste
waters with zeolites and activated carbons. Waste
Manage. Res., 19, 1, 2001. -45-57.

Leyva-Ramos R., A. Jacobo-Azuara, P. E. Diaz-Flores, R. M.
Guerrero-Coronado, J. Mendoza-Barron, M.S. Berber-
Mendoza. Adsorption of Cr(VI) from an aqueous solution
on a surfactant-modified zeolite. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 330, 1, 2008. -
35-41.

Loizidou M., K. J.  Haralambous, A.  Loukatos, D.
Dimitrakopoulou. Natural zeolites and their ion exchange
behavior towards chromium. Journal of Env. Sci. Health,
Part A, 27, 7 1992. -1759-1769.

167

Mier, M. V., R. L. Callgjas, R. Gehr, B.E.J. Cisneros, P.J. J.
Alvarez. Heavy metal removal with mexican clinoptilolite:
multi-component ionic exchange, Water Res., 35, 2. 2001.
-373-378.

Mousavi R. S. A., S. A. Mirbagheri, T. Mohammadi. Using
reverse osmosis membrane for chromium removal from
aqueous solution. World Academy of Science, Engineering
and Technology 57, 2009. -348-352.

Panayotova M., V. Hristova. On the possibility to use
clinoptiloplite for chromium (VI) removal from wastewater.
In: Science and Society Conf., 2, Kardjali, 13-14 October
2010. -286-292.

Pandey P. K., S. K. Sharma, S. S. Sambi. Kinetics and
equilibrium study of chromium adsorption on zeolite NaX.
Int. J. Environ. Sci. Tech., 7, 2, 2010. -395-404.

Peng C., H. Meng, S. Song, S. Lu, A. Lopez. Elimination of
Cr(VI) from electroplating wastewater by electrodialysis
following chemical precipitation. Separation Sci. technol.,
39, 7, 2005. -1501-1517.

Raiman S., R. E. White. Simulation of reduction of Cr(VI) by
Fe(ll) produced electrochemically in a parallel-plate
electrochemical reactor. J. Electrochem. Soc., 156, 6,
2009. - 96-104.

Rengaraj S., C. K. Joo, Y. Kim, J. Yi . Kinetics of removal of
chromium from water and electronic process wastewater
by ion exchange resins. J. Hazard. Mater., B 102, 2-3,
2003. -257-275.

Selvi K., S. Pattabshi, K. Kadirvrlu. Removal of Cr(VI) from
aqueous solution by adsorption onto activated carbon.
Bioresour. Technol., 80, 1, 2001. -87-89.

Silva, B., H. Figueiredo, C. Quintelas, I. Neves, T. Tavares,
Zeolites as supports for the biorecovery of hexavalent and
trivalent chromium, Microporous Meso-porous Mater. 116,
2008. -555-560.

Su, C., R. D. Ludwig. Treatment of hexavalent chromium in
chromite ore processing residue solid waste using a mixed
reductant solution of ferrous sulfate and sodium dithionite. -
Environ. Sci. Technol., 39, 2005. -6208-6216.

Sun J. M., R. Li, J. C. Huang. Optimum pHs for Cr(VI) co-
removal with nucleated Cu(ll) precipitation in continuous-
flow fluidized metal strippers. Water SA, 33, 1, 2007. -137-
141.

Warchot J., P. Misaelides, R. Petrus, D. Zamboulis.
Preparation and application of organo-modified zeolitic
material in the removal of chromates and iodides. J.
Hazard. Mater., 137, 3, 2006.- 1410-1416.

Zamzow M. J., B. R. Eichbaum, K. R. Sandgren, D. E.
Shanks. Removal of heavy metals and other cations from
wastewater using zeolites. Separation Sci. and Technol.,
25, 13-15, 1990. -1555-1569.

Acknowledgements. This work was supported by the project
FK-14/2015 at the University of Mining and Geology -
Regulation No 9 for Scientific and Research Projects.

The article has been reviewed by Assoc.prof. N. Mincheva and recommended
for publication by department “Chemistry”.



TOANWHMK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. MBAH PUNCKIA”, Tom 58, Cs. Il, [lobus 1 npepaboTka Ha MuHepantm cyposiHi, 2015
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 58, Part Il, Mining and Mineral processing, 2015

MICROBIAL REMOVAL OF HEAVY METALS FROM ACTIVATED SLUDGE FOR
PRODUCING A HIGH-QUALITY COMPOST

Marina Nicolova, Irena Spasova, Plamen Georgiev, Stoyan Groudev

Department of Engineering Geoecology, University of Mining and Geology “Saint Ivan Rilski”, Sofia 1700, Bulgaria,
mnikolova@mgu.bg

ABSTRACT. Activated sludge contaminated with heavy metals (mainly iron but also several toxic non-ferrous metals) was subjected to pretreatment for removing
these metals making the pretreated sludge suitable for producing compost for soil remediation and agriculture. The most efficient removal of the heavy metals was
achieved by leaching the sludge with mixed cultures of acidophilic chemolithotrophic bacteria at pH of about 1.7 — 1.9. Such leaching, however, was connected also
with the considerable removal of some essential agrobiological elements (N, P, K) from the sludge. The leaching by mixed cultures of chemolihotrophic and
heterotrophic microorganisms at pH in the range of about 2 — 3 proceeded at slightly lower rates but removed also considerable portions of the heavy metals and
relatively small portions of the agrobiological essential elements. Such activated sludges were very suitable for preparing a high-quality compost.

Key words: Activated sludge, Heavy metals, Bioleaching

MUKPOEHO OTCTPAHSIBAHE HA TEXXKU METANW OT AKTUBHA YTAMKA 3A NMONMYYABAHE HA BUCOKOKAYECTBEH
KOMMOCT

Mapuna Hukonoea, MpeHa Cnacoea, [lnameH eopaues, CmosiH pydes

MunHo-eeonoxku yHusepcumem "Ce. MgaH Puncku”, 1700 Cogpus, buneapus, mnikolova@mgu.bg

PE3IOME. AkTuBHa yTaiika, 3aMbpCeHa C TeXK/ MeTann (rMaBHO XEens3o, HO CbLLO W peauLa TOKCUYHW LBETHU MeTanu), belle noanoxeHa Ha npefsapuTanto
TPeTMpaHe 3a OTCTpaHsBaHe Ha Teau MeTanu, NpaBeiiki TakaBa yTailka NOAXoAsLLa 3a NofyvaBaHe Ha KOMMOCT 3a Bb3CTaHOBSABaHe Ha Mo4BK 1 3emeaenve. Hait-
ehM1KacHOTO OTCTPaHsIBaHE Ha TEXKUTe MeTany belle NoCTUrHATO Ype3 U3nyrBaHe Ha yTamkata CbC CMECEHN KyNTUypU Ha aumaoduHn XeMonuToTpodHu 6aktepum
npu pH okono 1.7 — 1.9. Takosa n3nyreaxe obave Gelue CBbP3aHO ChLUO CbC 3HAUUTENHO OTCTPAHSBAHE Ha HSKOW ChblyecTBeHM arpobuonornynmn enemerT (N, P, K)
OT yTankata. ManyreaHeTo ypes CMeCceH! KynTynu Ha XeMONMUTOTPOMHN 1 XeTepOTPOMHIN MUKPOOpraHnami npu pH okono 2 — 3 npoTuyalle Npu Manko No-HUCKM
CKOPOCTH, HO CblLO OTCTPaHsBalle 3HAYUTENHM YacTu OT TEXKUTE MEeTanu M CPaBHUTENHO Masnki Yactu OT arpobuoNorMyHO ChLUECcTBEHUTE eneMeHTW. TakvBa
aKTVUBHW yTaitku 651xa MHOTO MOAXOLSLLM 3@ MPUTOTBSIHE Ha BUCOKOKAYECTBEH KOMMOCT.

KntoyoBu aymu: AkTiBHa yTanka, Texku MeTanu, bruonorniHo usnyrsaxe

Introduction The removal of organic contaminants in most cases is
connected with their full or partial degradation to relatively non-
The recultivation of dumps and heaps of mining wastes, as toxic components or with their isolation from the environment.

well as of soils contaminated with heavy metals, radionuclides,
toxic elements such as arsenic, and different organic
contaminants  (polyaromatic hydrocarbons, oil products,
chlororganic pesticides, etc) is connected with the application
of large amounts of biodegradable non-toxic organic
compounds. Some of the above-mentioned contaminants,
mainly of the inorganic type, can be removed by leaching with
different chemolithotrophic bacteria. Such way of treatment in
several cases is connected with the subsequent utilization of
the removed components, mainly non-ferrous and precious
metals, and uranium. Huge commercial-scale operations for in
situ, dump, heap and reactor leaching of uranium and some
non-ferrous metals (mainly copper) from low-grade ores and
mining wastes since a long time are one of the most efficient
and economically attractive way for treatment of toxic wastes
(Spasova, 2009; Groudeva et al., 2010; Gentina and Acevedo,
2013).

At the same time, the cleaned organic matter can be used for
different purposes, mainly as a source of energy and useful
nutrients containing assimilable forms of nitrogen, phosphorus
and other elements for microorganisms, plants, animals and in
most cases indirectly — for the people.

The microbial treatment of activated sludge from the
municipal operations for wastewater cleanup is one of the most
typical examples for utilization of the rich-in-organic matter
wastes as sources of assimilable organic compounds for the
bioremediation of heavily polluted ecosystems, as well as
sources of valuable metals (Bias et al., 1993; Chan et al.,
2003; Groudev et al., 2013; Nicolova et al., 2011, 1012; Pathak
etal., 2009).
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This paper contains some data on the extraction of heavy
metals from an activated sludge from the municipal water
treatment operation in Plovdiv by means of biological leaching.
The sludge cleaned in this way was used for preparation of
compost intended for the recultivation of heaps consisting of
toxic mining wastes.

Table 1.
Some essential data about the anaerobically digested sludge

Materials and Methods

Data about the chemical composition, particle size distribution
and some essential physicochemical properties of the sludge
are shown in Table 1.

The fresh anaerobically digested sludge contained high
concentrations of microorganisms, mainly of heterotrophic
anaerobic bacteria (Table 2).

Parameters Values Parameters Values
Solids, % 5.3 Net neutralization potential, kg CaCOslt 67.7
pH(H20) 7.1 Content of heavy metals, mg/kg dry sludge:
Eh, mV -244 Cu 2840
Particle size, %: Zn 264
>0.25 mm 3.0 Cd 350
0.25-0.05mm 61.1 Pb 590
0.05-0.01 mm 4.1 Ni 590
<0.01mm 14.0 Cr 3704
Chemical composition of the dry sludge: Mn 941
Ash content, % 57.2 Fe 27351
Organic content, % 42.8 Contents of organic pollutants:
Organic carbon, % 217 Polyaromatic hydrocarbons, % 3.2
Total nitrogen, % 4.20 Qil products, % 1.9
Total phosphorus, % 2.32 Chlororganic pesticides, % <0.5
Total sulphur, % 1.04
Sulphidic sulphur, % 0.32
Carbonates, % 4.64
Table 2.
Microorganisms in the anaerobically digested activated sludge

Microorganisms Cells/ml Biological pollutants Cells/100 ml
Heterotrophic anaerobic bacteria 2.108 Coli bacteria (Escherichia coli, Klebsiella spp.) 140
Sulphate-reducing bacteria 8.106 Streptococcus spp. (S. faecalis, S. viridis) 77
Denitrifying bacteria 1.107 Spore-forming anaerobic bacteria — Clostridium 23
Fermenting bacteria 8.106 spp. (C. perfringens, C. difficle, C.
Thiobacillus denitrificans 4103 acetobutilicum, C. butiricum)
Chemolithotrophic aerobic bacteria 5102
Fungi 2.102 Eggs of helminths 86

The amount of chemolithotrophic bacteria was low, with the
anaerobic  Thiobacillus ~ denitrificans as the prevalent
microorganism in this group. Some pathogenic microorganisms
were also present (mainly Escherichia coli and species from
the genera Klebsiella, Streptococcus and Clostridium) but in
relatively low concentrations. The preliminary experiments
revealed that the removal of the heavy metals from the sludge
proceeded at higher rates under aerobic conditions at acidic
pH (< 3.0). It was found that the treatment under such
conditions eliminated most of the pathogenic microorganisms.
However, some spores of the pathogenic bacteria of the genus
Clostridium were still viable after the treatment. For that
reason, the sludge was subjected to prior autoclaving (at 121
°C for 30 min) to eliminate all biological pollutants. It must be
noted that the chemical composition and the distribution of the
heavy metals into the different mobility fractions were changed
only to a negligible extent as a result of the autoclaving. The
largest portion of the non-ferrous metals were present in the
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relevant carbonate and oxidizable mobility fractions in the form
of carbonates and secondary sulphides.

The bioleaching of the pretreated sludge for removing the
heavy metals was carried out by means of four different
microbial cultures to compare their efficiency in this respect.

The first culture consisted of the mesophilic
chemolithotrophic bacteria of the species Acidithiobacillus
ferrooxidans, Acidithiobacillus thiooxidans and Leptospirillum
ferrooxidans. The optimum growth and activity of this culture
were at 35°C. The second culture consisted of the moderate
chemolithotrophic bacteria of the species Sulfobacillus
thermosulphidooxidans and  Acidthiobacillus caldus —with
optimum growth and activity at 55°C. The third culture
consisted of the facultative chemolithotrophs Thiobacillus
novellus and Thiobacillus intermedius, together with some
heterotrophs of the genera Pseudomonas and Aeromonas.
The optimum growth and activity of this culture were at 37°C at




pH values within the range of 4.5 — 7.0. The fourth culture
consisted of Thiobacillus neapolitanus, T. acidophilus and
heterotrophs related to the genera Acidiphilium and
Pseudomonas. The optimum growth and activity of this culture
were at 37°C at pH values from 2.5 to 3.5.

These cultures were adapted to the sludge by consecutive
transfers of late-log-phase cultures to sludge suspensions with
increasing pulp densities.

The bioleaching was carried out in glass buffled reactors with
mechanical stirring containing 500 ml leach solution, i.e. an
additional nutrient medium for the microorganisms, with 1.0 g/l
(NH4)2S04, 0.5 g/l K2HPO4, 0.5 g/l MgS04.7H20, and 0.5 g/l
KCl, inoculated by one of the above-mentioned cultures, to an
initial bacterial concentration of about 5.107 cells/ml and
different concentrations of sludge solids (from 5 to 20 % on dry
weight). The pH of the leach suspensions was maintained at
the values shown in the different tables by addition of sulphuric
acid, and distilled water was added to compensate the losses
due to evaporation. The leaching was carried out at different
temperatures (usually at 35 and 55°C) for 15 days. Samples
were withdrawn from the reactors to determine the
concentrations of dissolved metals using inductively coupled
plasma spectrometry and atomic absorption spectrometry.

Removal of heavy metals from the activated sludge was
tested also by means of chemical leaching. Ammonium
acetate, hydrochloric and sulphuric acids were used as
leachants at different pH values.(from 2.5 to 4.8).

The sludge obtained after the removal of the biological
pollutants (mainly by the autoclaving) and considerable
portions of the heavy metals (mainly by the bioleaching) was
used for preparation of a high-quality compost. The mixture
subjected to composting contained, apart from the pretreated
sludge, also plant (mainly leaf) biomass, animal manure and
even suitable soil (as a source of specific microorganisms
intended to be essential members of the future recultivated
soil). The composting was carried out in lysimeters and was
characterized by the typical two phases — the aerobic (with
duration of about 18 — 20 days and at a temperature gradually

Table 3.

increasing to about 65 — 70°C) and the anaerobic (with
duration of about 30 days with a temperature gradually
decreasing to about 25 — 30°C).

The sludge obtained after the removal of the biological
pollutants (mainly by the autoclaving) and of the heavy metals
(mainly by the bioleaching) was used for preparing a high-
quality compost. The mixture subjected to composting
contained, apart from the pretreated sludge, also plant (mainly
leaf) biomass, animal manure and even suitable soil (as a
source of specific microorganisms intended to be essential
members of the future recultivated soil). The composting was
carried out in lysimeters and was characterized by the typical
two phases — the aerobic (with duration of about 15 — 20 days
and at a temperature gradually increasing from the initial 15 —
20°C to about 65 — 70°C under enhanced aeration) and the
anaerobic (with duration of about 30 — 35 days at a
temperature gradually decreasing to about 25 - 30°C).

Results and Discussion

The bioleaching of heavy metals from the sludge was quite
efficient (Table 3). The results obtained by the mixed culture of
mesophilic chemolithotrophic bacteria at 35°C, and by the
mixed culture of moderate chemolithotrophic bacteria at 50°C
were quite similar. This was connected with the ability of some
of these bacteria, mainly of At. ferrooxidans at 35°C and of
Sulfobacillus thermosulfidooxidans at 50°C to oxidize efficiently
the sulphides present in the sludge. The analyses of the
sulphidic sulphur in the solid residues after the leaching of the
sludge by these two cultures revealed that more than 85%
from the initial content of sulphides was oxidized to the soluble
sulphatic form. For that reason, most of the heavy metals were
dissolved in the leach solutions as the relevant sulphates.
However, lead was solubilized as complexes with some of the
dissolved organic components of the sludge, mainly with
organic acids and exopolysaccharides. Relatively small
portions of the other dissolved heavy metals were also present
in the forms of such complexes.

Leaching of heavy metals from the activated sludge by means of acidophilic chemolithotrophic bacteria

Heavy metals Before leaching, After leaching by chemoalithotrophic bacteria
mg/kg At 35°C by mesophilic chemoalithotrophs At 50°C by moderate thermophiles
ma/kg Extraction, % ma/kg Extraction, %

Cu 2840 190 93.31 152 94.65
Zn 264 34 87.12 38 85.61
Cd 350 23 93.43 21 94.00
Pb 590 280 52.54 235 60.17
Ni 590 41 93.05 51 91.36
Cr 3704 820 77.86 790 78.67
Mn 941 82 91.28 75 92.30
Fe 27351 6417 76.54 6840 75.00

Duration of leaching — 15 days; pH of the leach suspensions was maintained at 1.7 — 1.9 by means of sulphuric acid. Initial pulp

density 10%.

Sulphuric acid was generated during the leaching as a result
of the bacterial oxidation of sulphides. However, the leaching
was possible only by addition of sulphuric acid from outside,

due to the positive net neutralization potential of the sludge.
Ferrous ions were also generated during the leaching as a
result of the solubilization of the iron present in the sludge



(mainly as FeS and other sulphides but also as iron present in
carbonates, hydroxides and in some organic components of
the sludge). Some of the chemolithotrophic bacteria (At.
ferrooxidans. L. ferrooxidans and S. thermosulfidooxidans)
oxidized the ferrous ions to the ferric state and in this way
produced in situ an efficient oxidizer of the sulphides. It must
be noted that the addition of soluble ferric iron from outside
accelerated the oxidation of sulphides.

The bioleaching by the mixed culture consisting of the
facultative chemolithotrophs T. novellus and T. intermedius
and some heterotrophic bacteria at the slightly acidic pH (from
(4.5 to 6.0) was not efficient and the extractions of the heavy
metals were relatively low (within the range of about 15 - 25%
for the period of 15 days). The prolongation of the leaching
period to 45 days resulted in the increase of the metal
extraction to about 32 — 41%. The analyses of the solid
residues after the leaching revealed that the residual contents
of the heavy metals were present mainly in the relevant
oxidizable mobility fractions, mainly in the sulphides. It is
known that the facultative chemolithotrophs present in this
culture are not able to oxidize sulphides but only S° and some
soluble sulphur-bearing compounds such as thiosulphate.

The bioleaching of the sludge by the acidophilic mixed
culture containing the chemolithtrophs T. neopolitanus and T.
acidophilus and the heterotrophs of the genera Acidiphilium
and Pseudomonas at pH 2.5 — 3.5 was also less efficient than

Table 4.

that by the cultures containing bacteria able to oxidize directly
the sulphides and ferrous iron. The extractions achieved by
this culture were to some extent close to those achieved by the
acidophilic heterotrophs at pH 2.5 but were obtained for a
much shorter leaching time (15 days).

The bioleaching of the sludge by means of mixed cultures of
acidophilic heterotrophic microorganisms strongly depended
on the pH of the leach system (Table 4). The best results were
achieved by means of the culture growing under the highly
acidic conditions (pH 2.5) maintained by addition of sulphuric
acid from outside. However, these results were considerably
lower than the results achieved by the cultures of the
chemolithtrophic bacteria for a shorter period of leaching
(Table 3). The leaching by the heterotrophs was connected
also with a more essential degradation of the organic matter of
the sludge and a much higher consumption of the
biodegradable organic compounds in comparison with the
relevant values obtained as a result of the bioleaching with
chemolithotrophic bacteria. These changes resulted in a more
considerable decrease of the nutrient potential of the sludge
pretreated by means of heterotrophic microorganisms.

The chemical leaching of the heavy metals from the sludge
by means of different solutions at different pH values was not
efficient (Table 5). Such solutions are usually used for
determination of the easily soluble mobile forms of metals in
the activated sludge.

Leaching of heavy metals from activated sludge by means of acidophilic heterotrophic bacteria

Heavy Before leaching, After leaching by heterotrophic bacteria
metals mg/kg AtpH4.5 AtpH3.5 AtpH25
ma/kg Extraction, % mg/kg Extraction, % ma/kg Extraction, %

Cu 2840 2473 12.92 1540 45.78 1205 57.57
Zn 264 184 30.30 142 46.21 70 7349
Cd 350 224 36.00 82 76.57 67 80.86
Pb 590 509 13.73 271 54.07 257 56.44
Ni 590 473 19.83 291 50.68 140 76.28
Cr 3704 3251 12.24 2120 43.77 1470 54.78
Mn 941 790 16.05 512 45.59 280 70.25
Fe 27351 2415 11.70 18254 33.26 14261 47.86

Duration of leaching — 45 days; pH of the leach suspensions was maintained at 1.7 — 1.9 by means of sulphuric acid. Initial pulp
density — 10%. Temperature — 35 °C

Table 5.

Chemical leaching of heavy metals from the activated sludge

Heavy Before Leach solutions
metals leaching, CH3COONH; (pH 4.8) CHsCOONH4 + HCI (pH 3.0) H2S0s4 (pH 2.5)
mg/kg Residual Extraction, ma/kg Extraction, ma/kg Extraction,
content, mg/kg % % %

Cu 2840 2762 2.75 2105 25.88 2059 27.50
Zn 264 221 16.40 214 18.94 202 23.45
Cd 350 218 37.82 161 54.00 150 57.20
Pb 590 573 2.80 505 14.41 515 12.74
Ni 590 506 14.25 404 31.53 382 35.20
Cr 3704 3634 1.90 3252 12.20 3115 15.90
Mn 94 898 4,51 842 10.52 838 10.90
Fe 27351 26771 212 23891 12.65 24156 11.68

Duration of the leaching 15 days, at 35 °C. Initial pulp density of 10 %.
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The pretreated sludge was an essential component in the
mixture containing also plant (leaf) biomass, animal manure
and cinnamonic forest soil, and subjected to the process of
composting. The compost obtained on the basis of this mixture
contained 52 — 55% dry substance, with 55 — 60% organic
content (with 28 — 31% organic carbon) and 40 — 45% ash
content, 1.7 — 2.1 % total nitrogen, 0.8 — 1.0 % phosphorus
and 1.5 1.8 % potassium, at pH of 6.8 - 7.1.

The compost contained also the other essential
macroelements (S, Ca, Mg) and all essential microelements
(Fe, Mn, Cu, Zn, Mo, Co, B) in the relevant acceptable
concentrations. The addition of the compost to different soils in
ratios in accordance with the chemical composition of the
relevant soil had a highly positive effect on the growth of
different plants.
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MEPKW 3A OrPAHUYABAHE HA KOPO3UATA HA METAJIHU TPbBU B
NPEYUCTBATEITHA CTAHLUWNA 3A UHOUNTPATHU BOAU

lMems enyesa’, Teodopa Xpucmoea?

 MurHo-2eonoxku yHugepcumem ,Cs. Me. Puncku”, Cogbusi 1700, Cmydermcku epad, p.gench@gmail.com
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PE3IOME. Vi3cneaBaHa e kopoausi Ha CTOMaHeHu Tpbbu, paboTel B npeyncTaTenHa CTaHums 3a MHAUNTPaTHW BoAM Ha Teputopusita Ha OM ,CTONUYHO
MPEAMPUATUE 3A TPETUPAHE HA OTMNAOBLW" paiton CaguHa. OnpeaeneHu ca OCHOBHWUTE KOPO3WOHHO-AEACTBALLM areHTW, Ype3 NpoBELEeHUs! XUMUYEH
aHanu3 1 pH Ha uHunTpaTHUTE BoaM. Ha Basa Ha MHCMEKUMS Ha CbOPBXEHUATa 1 aHanu3 Ha NMOBBPXHOCTTA Ha CTOMaHEHUTe AeTaiinu MoXe Aa ce Npueme, ye
npeobnafasa oblua Kopoaus (CbIMacHO TUMa Ha paspyLUeHWe) U enekTPOXMMMYHA KOpo3usi C KUCNOpoAHa Aenonsipusauns (CbrmacHo MexaHu3Ma Ha Koposus).
[MpennoxeHn ca Mepky 3a orpaHn4aBaHe Ha KOpo3usiTa, CbobpaseHu ¢ YCroBusiTa Ha ekcnnoaTauusiTa uM. MpoyyeHn ca MeToguTe 3a MOHUTOPWHT HA CbCTOSHUETO
Ha MeTanHUTE CHOPLXEHWS M Ha cpefcTata 3a 3alurata. [MonyyeHuTe pesyntatv U npefocTaBeHaTa HayYHO-MPUIOXHA MH(OPMaLUs Lie NoAnoMorHaT
NpeBeHLMATa Ha KOPO3MOHUTE MPOLIECH W e OrpaH1yaT MpexaeBPEMEHHOTO W3NN3aHe OT eKcnnoaTauus Ha anapatypara, Lie AONpuHecaT 3a HamansBaHe Ha
npecTouTe Npu aBapuy 1 NpeoTBpaTsBaHe Ha (uHaHCOBM 3arybu.

KniouoBu gymu: ctomaHeHmn TpbOu, kopoausi, MOHUTOPKHT 3a 6opba ¢ kopoausTa.

MEASURES TO REDUCE CORROSION OF METAL PIPE TREATMENT PLANTS INFILTRATED WATERS
Petya Gencheva', Teodora Hristova?
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ABSTRACT. Studied corrosion of steel pipes operating in purification station for infiltrated water in the ,Municipal enterprise for waste treatment”. Defined are the
major corrosive agents, by conducted by chemical analysis and pH. Based on the inspection of equipment and surface analysis of steel parts can be assumed that
the predominant uniform corrosion (according to the type of destruction) and electrochemical corrosion with oxygen depolarization (according to the mechanism of
corrosion). Proposed methods to limit corrosion, comply with conditions of their operation. Proposed methods for monitoring of metal, equipment and protection.
Results from scientific practical information will help prevent processes of corrosion and reduce untimely damage to the equipment will help reduce downtime in
emergencies and prevent financial losses.

Keywords: steel pipe, corrosion monitoring to combat corrosion.

YBog XMMmu4yeckaTa, HedqToxuMMYeckaTa, Lenyno3Ho-XxapTueHaTa,
HedhToaoBMBHaTA U ra304o6MBHATa NMPOMMLLNIEHOCT, LiBETHATa

Kopo3noHHOTO paspyLueHie mpu MeTanuTe € CneacTeue Ha W YepHata MeTanyprud, TOnno- 1 atoMHaTa eHepretuka,
[ECTPYKTUBHM M3MEHEHWS Ha CTPyKTypaTa Ha MeTana nog aBuayuAaTa, pakeTocTpoeHETo 1 Ap., 38 KOUTO Ca XapakTepHu
Bb3AENCTBME HA arpecuBHW cpean. ArpecuBHata cpepa CWHO arpeciBHM CPeau, BUCOKM TeMnepaTypu, HansraHua u
B3aMOLENCTBA C MaTEpUannTe W 1 paspyluasa B pesynTat CKOPOCTW Ha MoToOLMTE, T.e. (hakTopu, CnocoOCTBALM 3a
Ha U3NYHU, XUMUYHM U DM3MKO-XMMKUYHKM  npouecn. C Pa3BUTUETO Ha KOPO3WOHHWTE MpoLecu. 3a Tesn oTpaciu
Pa3BMTMETO Ha MPOMMLLIEHUS NOTEHLManN U yBenuMYaBaHe Ha KOPO3WOHHATA YCTOMYMBOCT Ha KOHCTPYKLMOHHIUTE MaTepuani
Macata Ha W3rnon3eaHWTe B CBeTa MeTanu HapacTsar U onpeaens [0 rornaMa CTeneH HaAexngHoCTTa U Cpoka 3a
3arybute OT kopo3us. TemnoBeTe Ha YyBenu4yaBaHe Ha eKcrnoarauus Ha TeXHOMOrMYHOTO 0bopyABaHe W rapaTvpa
KOPO3WOHHKTE 3arybu BbB BCUYKM CTpaHK 0baye 3anoyHaxa aa HenpekbCHaT MPOM3BOACTBEH Mpolec. Taka Hampumep B
U3NpeBapBaT TEMMNOBETE Ha HapacTBaHe Ha MeTanHus ¢)0Hﬂ- Xumu4yeckaTta NPOMULLNEHOCT KOPO3NATa € Npu4MHa 3a OKOIo
Taka Hanpumep B CALL| obwute 3ary6u ot kopoaus 3a 20 60% o1 cnyvaute Ha NPEXHEBPEMEHHO W3nU3aHe Ha
roguHu (ot 1955 go 1975) ca ce yBenuuunu 7-8 mbTu, LOKATO o6opyaBaHe 0T CTPOS, @ OTHOCUTENHUAT [N HA KOPO3VOHHUTE
NpOW3BOACTBOTO Ha CTOMaHa 3a CbLUMS NEPUOS € HapacHano 3arybu B T031 OTPACHT € OKOMO 3 MbTU MO-BICOK OT CPEAHNS
camo ¢ okono 20%. MogoGHO € nonoxeHneTo U B apyrvTe 3a UANOTO HauMOHaNHO CTOMAHCTBO. OcseH TOBa Kopo3udaTta
NPOMULLNIEHO pa3BUTW CTpaHW. Ha mbpeo MsCTO TOBa ce Ha MeTaruTe npu €ecTecTBeHW YCNoBUA, KbAETO Ce
00sicHsiBa C M3MEHEHWSITa B CamaTa CTPYKTypa Ha MeTanHus ekcnroarupa no-ronamara 4act OT MeTanHus ¢oHa, cTaea
CbOHﬂ. |’|pe3 nocnegHuTe 30 - 40 rOAVNHN 0CODEHO CUIMHO ce BCE MO-WUHTEH3MBHa NopaAn HapacTBalloTO 3aMbpCABaHE Ha
pasBuxa TakuBa METanoemMkn MPOMULLNIEHM OTpacnu Kato aTMoccpepara, mo4yara W BOAUTE C  KOPOMOHHOAKTUBHM
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BELLECTBa 1 NMPOMULLNEHM OTNagbun. He Ha nocrneaHo MACTo
npyyMHa 3a yBeNMYaBaHe Ha abCoNKTHaTa CTOMHOCT Ha
KOPO3WOHHUTE 3arybu ca M pacTAlLMTE LEeHW Ha MeTanuTe,
KOBTO € CBbp3aHO C MOCKLMBAHETO HA CYPOBMHUTE U
€HeprusiTa B CRETOBEH Malal.

OGeKT Ha uscnegBaHe

ObekT Ha pasmexgaHe ca CTOMaHeHu TpbOu Ha
TEPUTOPUSITA Ha NpeyncTBaTeNHa CTaHUMS 3a MHUATPaTHN
Bogu npu O ,CTONIMYHO NPEQNPUATUE 3A TPETUPAHE
HA OTNAOBUW“ B mectHocTTa ,CaguHa’. lMpuumHute 3a
KOpO3Wsi Ca PasnuuYHM: KOPO3WOHHO [ENCTBALMTE areHTW Ha
cpepata, BpeMe/TemnepaTypHUTE pasnuku BCNEACTBME CMsHA
Ha ce30HuUTe, aTMocdepata ¢ Gorato CbabpKaHue Ha WOHM
[ECTBALLM arpecuBHO Ha NOBLPXHOCTUTE CIOEBE Ha MeTan-
HuTe feTannu. CbopbxeHusiTa paboTewwm Ha TeputoprsTa Ha
npeyncTBaTenHaTa CTaHuus ca W3MOKEHW Ha Bb3OEACTBMETO
Ha cpefa ¢ Gorato cbabpkanue Ha asoT amoHueB (NH4-N),
OpraHuyeH Bbrnepoa, cyndatu, Xropua U KUCnopog, KOeTo B
CbYeTaHMe C HannyMe Ha [enonsipu3atopu OT Bb3ayxa
Cb3[aBa YCOBKS 3a YCKOPSIBAHE Ha MPOLECUTE OKUCNEHWE W
Bb3HWKBAHE Ha OKCMOHA MOKPMBKA CbC Cnabu 3alwuTHM
CBOWCTBA. B cTatsTa ca NpeanoxeHn Mepkn 3a HamansBsaHe
Ha KOPO3MOHHWTE Pa3pyLLEHWs W KOHTPOM Ha CbCTOAHWETO Ha
TpbOONPOBOAa Bb3 OCHOBA HA aHanM3 Ha Bb3MOXHMTE KOPO-
3MOHHM NopaxeHus. 1o MpOTexeHWeTo ¢ TPLOONPOBOALT
npemMu1HaBa ¥ npe3 MHAUITPaTHUTE BOAM U B MPOCTPAHCTBA Ha
BOZOCOOpHMTE BaceiHu.

BupoBe KOPO3MOHHM NOpaxeHUs

B npoueca Ha nNpeynctBaHETO Ha WHGunTpata B
npeyncTBaTenHarta CTaHUuMs CTOMaHeHUTe TPbOM U MeTanHm
petannu pabotewm B OnM30OCT UMM B MPSK KOHTaKT C
WHGUNTPATHUTE BOOM Ca MOAMOXEHM Ha obwa koposns
CreacTBME  HA  KOPO3MOHHO — OEWCTBALLM — areHTn B
KOHOEH3MpaHa hasa OT BOAHW Napu, KUCNOPOA 1 NPOMEHNMBM
KnumatuyHi ycnosums. Ha cdurypa 1 ca npeacrtaBeHn MeTanHu
JeTainm, YusaTo NMOBBLPXHOCT € CUITHO 3acerHaTta oT Kopoaus.
Pesynrat 0T eJHOrOAMILHO JEMCTBME Ha arpecuBHaTa cpeda e
HamarnsBaHe Ha gebenvHaTa Ha cTeHaTa Ha TpbbuTe ¢ 1 MM.

®ur 1. MeTanHu getannu obxeaHaTa oT o6La KOpo3us
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CbcTaB Ha cpeparta

XUMWYHUST aHann3 Ha wHunTtpata (Tabnuua 1) nokassa
CbbpXaHWe Ha XMOpHW 1OHM, KOETO e B [J0CTaTbyHa
KOHLIEHTpaLys, Ye Aa paspyLum nacuempallms croit. B cnyvas
XNOpbT BMM3a B peakuus CbC CTOMaHaTta, obpasyBaiki
MexauHeH eneseH xmopug (FeCl). Ha Tesn wmecra,
cTOMaHaTa Ce aKkTuBupa KaTo CuneH aHog, a 6mmako
pasnonoxeHaTa BCE OLLe MacuBHa MOBLPXHOCT opMupa
KaTog. XMaponuaaTa Ha XenesHust Xnopug npoussexaa conHa
kucenuHa (HCI) u pesynTatsT e koposust nof dhopmata Ha
nokanuaupaHo HagynusaHe. Crieg nosiBa Ha BATbOHATUHA B
CTOMaHaTa, kucenara cpeda nogobpka akTMBHOCTTA, Nog-
nomara ro-HataTbLUHaTa KOpo3us 1 yBenuyasa gbnboynHarta
uM. B mecTaTa CbC 3aBapku € Bb3MOXHO Aa HAaCTbMU CTPeC
Kopoaws.

Tabnuya 1.

Cncmaea Ha uHgpunmpama obpabomeaH 8 npe4yucmeamerHa
cmanyus Of "CmonuyHo npednpusimue 3a mpemupaHe Ha
omnadsyu" mecmHocmma ,,CaduHa’”.

HaumeHoBaHwe Ha Egvnuua Ha | PesynTatu ot
nokasarens BENMYMHaTa | M3NUTBAHETO
1. Asot amonueB (NH4-N) mg/dms3 233
2. AsoT HutpateH (NOs-N) | mg/dm? 0.16
3. AsoT HutputeH (NO2-N) | mg/dm3 <0.02
4. ApceH mg/dm3 0.031
5. bapui mg/dm3 0.25
6. Kensizo mg/dm3 0.86
7. XvBak mg/dm3 <0.50
8. Kagmuii mg/dm3 <0.0010
9. Meg mg/dm3 0.38
10. MonunbaeH mg/dm3 <0.0050
11. Huken mg/dm? 0.077
12.061w, opraHnyeH mg/dms3 264
sbrnepos (TOC)

13. OnoBo mg/dm3 0.018
14. CeneH mg/dm3 <0.010
15. Cyndpaty mg/dm3 114.2
16. Pnyopuan mg/dm?3 0.59
17. dochaty mg/dm3 6.3
18. Xnopuau mg/dm? 863
19. Xpom mg/dm? 0.17
20. LnHk mg/dm?3 0.078

XapaKTepHO 3a XPOM-HMKENOBW CTOMaHu BbB  BOAM,
CbObPXallW XIOPHU WOHW, € TPaHC-KPUCTANHO IOKarHO
paspyllaBaHe, kaTo KOPO3NOHHAaTa MykHaTUHa ce pasnpocTpa-
HsiBa Npes camuTe MeTanHu 3bpHa. ToBa MOXe fAa fosede Ao
HanpeyYHo ,CKkbCBaHe" Ha TpbbaTta. [JOmbiHUTENEH arpecuBeH
thakTop B MpoLeca Ha NpeyncTBaHe Ha UHUATPATHUTE BOAM
€ MPUNOXEHOTO BakTepuanHo NpeYncTBaHe, KOETO mnpes-
nornara u Bb3HWKBAHETO Ha OMONorMyHa Kopo3n4. I'Ipe,qam,q
0bpasyBaHETO Ha pbXaa BbB BbTPELLIHATa NOBbPXHOCT Ha Mo-
KbCEH eTan OT eKCTnoaTaLuOHHWA NEPUOS LUE MMa eposus,
WHULMMpaHa OT ABWXEHWETO Ha KOpO3upanmu 4acTuuu BbB

dnyunga.



Bnusxue Ha pH Ha cpeparta

Mpn  enekTpoxummyHata koposus pH Ha cpepata e
CbLieCTBEH BbHWeEH akTop. BrmsHueto Ha pH BBbpXY
CKOPOCTTa Ha KOpO3WA Ha Xenasoto ce onpedens of
Xapaktepa Ha [enonspusnpalims npouec W OT XMMUYHaTa
YCTOMYMBOCT Ha 0OpasyBaHMTE KOPO3MOHHM MPOAYKTM. B
HEOKUCIUTENHM  KUCEMMHM  KOPO3USTA Ha  KEensasoTo  ce
W3BbPLUBA MOYTW W3UANO C BOAOPOAHA AEnonspusauus npu
KWHETWYEH KOHTPONM Ha npoueca, [OKaToO B  HEyTpanHu
pasTBOpPU T MPOTMYA C KUCHOPOAHA fenonspusauns v B
MOBEYETO CHyYan Ce KOHTPonMpa oT Andy3nsiTa Ha Kucnopoga
KbM MeTanHaTa noebpxHocT. CpegHata CTOAHOCT Ha pH 3a
epHoropuweH nepuog (Tabnuua2) Ha WHUATPaTHM BOAW
TPETUpaHW B npeyncTBaTenHara ctaHums e pH 7,9, a Ha
CMECEH NOTOK WHAUITPaTHU BOAM € CbC CPedHa CTOMHOCT e
pH 7,73.

Tabnuya 2.
CmouHocmu Ha pH 3a uHgunmpamuu godu om deno
,CaduHama“ u cmeceH NOMoK.

[Jara WHdunTpat  |CmeceH
Jeno noToK
anpun 2014 r. 8,43 5,75
toHn 2014 . 7,95 7,96
tonn 2014 . 8,06 7,63
asryct 2014r. 7,27 749
centemspun 2014 r. 8,16 8,47
oktomBpu 2014 . 7,94 8,43
Hoemepu 2014 . 8,28 7,24
nekemspn 2014 . 7,48 8,38
aHyapu 2015T. 8,15 7,76
cespyapn 2015r. 18,21 8,23

B cnabokucenm 1 HeyTpanHu BogHu pa3TBopu ce obpasysar
MOKPUBKW OT HEPA3TBOPUMUW BTOPUYHI NPOAYKTU Ha KOpo3usTa
(CnoXHKM xuagpaTpaHu okcK - T. Hap. "pbxaa”), Ho Cbe cnabm
3alMTHN  cBoUCTBa. PasHopogHaTta  MHGuATpaTHa CMeC,
HaMMYMETO Ha MPOMEHNMBA  KUCEMMHHOCT U CE30HHM
KMMMaTW4YHU  MPOMEHWM  3aTpygHsiBaT B ronsiMa  CTened
€[JHO3HAYHOTO pellaBaHe Ha npobnema C Kopo3nsTa Ha
MeTarHUTE CbOpPbXeHus, paboTeln Ha TeputopusTa Ha
npeyncTBaTenHaTa cTaHuus.

Paznuka B KOHUEHTpauuuTe Ha Aenonspusatopa WU
nacusaropa

Mpn Hanuume Ha HepaBHOMepeH no AebenuHa cnon
€IEKTPONNT, BbPXY METanHaTa NOBLPXHOCT ce 0bpasysa ran-
BaHWYEH ENeMEHT Ha andepeHumnanta aepauns. Y4acTbKbT,
KbAETO KOHLEHTpauusiTa Ha KUCMOpOo4 (pecn. aepauusTa) e
no-ronsiMa ce npeBpblla B KaTOA. Y4YaCTbKbT, A0 KOWTO
JOCTBITLT Ha KUCTOPOZ, € OrpaHuyeH, CTaBa aHog,

Mepku 3a 3awmra

CbluecTByBaT pas3nuyHM Mepku 3a Gopba c koposusTa,
UMATO LeN e HaMansBaHeTo Ha pucka OT Kopoausi o
NPMEMITMBO HUCKO HWBO. MepkuTe 3a 3awuTa OT KOPO3us,
KOMTO MoraT fa ce TMpwuioxar Ha TepuTopusTa Ha
npeyucTBaTenHata CTaHUMs 3a WHGWUNTpaTHM BOAM ca:
obpaboTka Ha cpegaTa uYpes W3Mon3BaHeToO Ha WMHXWOUTOPY,
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BbBEXJaHe Ha METO[ 3a HenpeKkbCHaTa MHCNEKUNA, M360p Ha
yCTOVILIVIBVI MeTanHu cnnasW, HaHacAHe Ha 3allUTHO NOKpUTKe.

WUHxubuTtop

O6paboTkaTa Ha KOpO3WOHHATa Cpefda C Len HamansiBaHe
Ha HENHOTO arpecuBHO AECTBIME BbPXY METaNUTE € Nonyyuna
ronsiMo pasnpocTpaHeHne B NPOMMLLIIEHOCTTA KAaTo METOA 3a
3awmra OT kopo3us. [loHWXaBaHe Ha KOpO3WOHHaTa
arpecvBHOCT Ha cpefata npu enekTPOXUMUYHA KOPO3Us MOXe
Ja Ce NOCTUrHe NOCPEeACTBOM HamansBaHe Ha ChAbPXaHWUETO
Ha [denormspu3aTopa M BbBEXAaHe Ha WHXMOMTOPKM Ha
kopoawusTa (MHxMOMTOpHa 3awuTa).

[pyrv mepku 3a orpaHnyaBaHe Ha NpoLeca Ha Koposus Ype3
npoMsiHaTa Ha cpefaTta MoXe fa Ce NOCTUrHe W NpW NOHMXa-
BaHe Ha TemnepaTtypata M KOHLEHTpauusiTa Ha arpecuBHU
oHu B cpepata. MHxubutopHata 3awuta e uenecbobpasHa
npu orpaHnyeH obem. 3a ycrnoeusiTa Ha npeyncTBaTenHaTa
CTaHuus, ce obpaboTBaT BOAM C npomeHNMBa obeMm K
KOHLEHTpauus, nopagu TasW MpUYMHa MOCTABAHETO Ha
NHXMOUTOPM He ce mpenopbuBa. TpsbBa fga ce othenexy, ye
33 ENEeKTPONUTM C MPUCLCTBUE HA XMOPHA WOHM KMa
pa3paboTeHn MHXMOUTOPK, HO Te He ca MOAXOAALLM 3a CPeam C
GaktepuanHo npeunctBaHe. 3a u3bop Ha nogxogALy
WHXWMOUTOP, KOWTO He OW MOBNMAN Ha HUTPUdMUMpaLLuTe
Oaktepun npepsaputenHo 6w TpsbBano ga npemuHe npes
nabopaTopHU M3NUTBaHMS.

Moabop Ha noaxoasw maTepuan

N36opbT Ha YCTOMYMB KOHCTPYKLMOHEH MaTepuan WU3uckea
YCTAHOBSIBAHE Ha MPUYMHUTE 3@ KOPO3WSl Ha MeTanwuTe,
onpefensHe xapaktepa Ha KOpO3WOHHaTa cpefa, BuA Ha
aenongapusaunara, oueHaBaHe BIUAHMETO Ha OCHOBHUTE
BBLTPELLUHN U BLHLUHM (hakTopy Ha KopoausTa. MpunaraHeTo Ha
TE31 MEpKN € NOAXOAsLLO MPU PEMOHT WM NOCTABAHETO Ha
HOBW TpbOW. MogxogsAwm cTomaHu 3a Cpeda, Cbabpxalla
NH4-N n opraHnyHu BellecTBa, Ca CbC CbAbpXaHue Ha
nervpawm enementn Cr, Si; Ni 1 Mo unm taka u3BectHute
XPOM-HUKENOBM CTOMAHW WM XPOM-HUKENOBU-MONMOAEHOBH
ctomanu. MonnbaeHbT npefoTBpaTsaBa NETHUCTATa KOPO3us 1
Ta3n B 3aBapkuTe. 3a n3bsreaHe Ha obpasyBaHe Ha neTHa e
HeobXxoaMMo HUCKO CbabpxaHue Ha Cu. BaxeH KOMMOHEHT B
nervpaHata cTomaHa e CUnMumMsT, KOMTO cnocobeTBa obpasy-
BaHeTo Ha crabunHa KpucTanHa pelleTka, ocobeHo npu
MeTanu paboTelwn npu BUCOKM Temnepatypu. MeTanHute
CBbOPBXEHNS HA TEPUTOPUAITA HA MPeYncTBaTENHaTa CTaHuus
Ce eKkcnnoatupat npu HOPMamnHu TemnepaTypHU YCroBuS,
KOETO He U3WUCKBA BUCOKA KOHLIEHTPALMS Ha CUMMLIMEBMN NOHM.

3a HamansiBaHe WNM NpekpaTsiBaHe Ha WHTEPKPUCTanHa,
CTPEC KOpo3usi W edeKTbT OT T.Hap. NPUNIb3BaHE Ce
npenopbyBa M3paboTBaHETO HA MeTanHUTE AeTannm ga ovae
oT cnnae, nermpaHa ¢ asoT (N), kaTo nNO HauMHa Ha
NPOM3BOACTBO CE pasnuyaBaT BUCOKO W HWUCKO mnervpaqu
cToMaHu. JlernpaHeTo Moxe [a Ce M3BbpLUM B TEYHO UNK B
TBbPAO arperatHo CbCTOsHME. W3non3saHuTe 3a LenTa
WHCTanaumm 1 METOAM Ca: WHAYKUWMOHHA MeLl, enexkTpuyecka
neLy, aproHHo-kucrnopogHa fekapbopusauns (AOD), ras or
NpoYNCTBaHE OT Pa3TOMEH MeTan, €neKkTPOLLNakoBO MpeTo-
nsiBaHe NOf HansiraHe, AbLrOLNAKOBO TOMEHE, AbronnasMeHo
TOMeHe W ToneHe nof BUCOKO HandraHe ¢ HIP Balachandran



(2004). Te3n maHunynauum ce W3BbpLUBAT B MPOM3BOACTBEHM
YCMOBMS M BOAAT O 3a3dpaBfBaHe Ha CTPyKTypaTa Ha
KpucTanHata pelleTka, C KOETO Ce HamansBa CKopocTTa Ha
CTapeeHe Ha CTOMaHata Mpu YCroBue, 4Ye asoTbT € B
[oCTaTbyHa KoHUeHTpauus. C HapacTBaLloTO M3non3BaHe Ha
BUCOKO-N HepbXOaemMn CTOMaHW, edekTuTe OT asoTHata
Kopo3usi ca 6unm 06eKT Ha MHOTO MHTEH3MBHU W3CMEABaHMS.
Pesyntat 0T wu3cregsaHusTa Ha MHOTO OT YYeHWUTE ca
Hee[JHO3HaYHM 1 CTUraT WU [0 NPOTUBOMOMOXHM M3BOAW. Taka
Hanpumep e YCTaHOBEHO, Ye YCTOWYMBOCTTA Ha KOpOo3us Ha
cToMaHaTa Hamansea cneg kato N (asoT) HagBuwaBsa
onpegeneHo HuBo. MpoyysaHe Ha Speidel (1991) npeanonara,
ye KOPO3WOHHWAT MOTEHUMAn Ce yBenuyaBa IMHEMHO C
a30THOTO cbabpkaHue. OT Apyra cTpaHa e u3cneaBaHo, Ye B
TakMBa CTOMaHW Npu BAMSHWE HA aMoHWeBa cpeda ce
obpasysat NO2 u NOs, kouTo fgeicTBat kato uHxubutopu. B
KpaliHa CMeTKa 3a pasrnexaaqus Tpbbonposog e 0606LeHo,
Ye OTPULATENHO 3apedeHu asoTHM WoHu He 6uBa ga ce
npubaBsT B OKCMOHMS CMOA Ha CTOMaHata, NMpu Hanuuve B
KoHTakTHa cpepa Ha Cl w Apyr BpedHW 1OHM, 3aLlOTO
3anoyBar npoLecu Ha penacusaums. MocnegHoTo u3cneaBaHe
[0Ka3Ba, Ye 3a YCMoBMATa B MPEYUCTBATENHATa CTaHUMs e
NoAxoAsilia asoT-nerupaHa CTomaHa, a He OKCWAHO MOoKpUTHe
CbC CbAbpXaHue Ha asoT.

OcBeH BWAa Ha nervpaliuTe eneMeHT! e BaXHO fa ce
otbenexu n (pasata, B KOATO Te Ca pasnofioxeHn. 3a
AYNNEeKCHU CTOMaHN KaTo ayCTeHUT 1 epuT, 3a YCnoBns Ha
amoHWeBa cpefa, € nogxogdwa S dasa, nomyyeHa upes
nerupaHe ¢ asoT. A3oTupaHeTo TpsbBa ga ce M3BbpLUBA NpK
HWUCKW TemnepaTypu Ypes NnasmMeHo asoTupaHe, MarHeTPOHHO
pasnpawsaHe K. Loa (2009) wnu nnasvmeHo noTansHe 3a
JIOHHa MMMMaHTaLws, 3aLoTo npu TemnepaTtypu Hag 500°C ce
nornyyasaTt HATPMAW Ha Xpoma. Tosa Lie MOBMLIN W3HOCO-
YCTOMYMBOCTTA W LLUE Hamanu KOpPO3MOHHATa YCTOWYMBOCT.
®asata Ha S Moxe pa ce obpasysa camo ako Fe, Cr u Ni
npucecTBat, 6e3 ga e HeobxoguMma aycTeHUTHa MMKPO-
cTpyktypata Tvn FCC. Mpu Tasu ¢asa ctomanata uma gobpa
M3HOCOYCTOMYMBOCT, CbMPOTUBIIEHNE HA KOPO3WS U TBBPAOCT.
lMocnegHOTO CBOWCTBO € BaxHO NOpagW BEpPOSITHOCTTa OT
€po3us.

lMpemaxeaHeTo Ha npumeck (P n S) e eekTBeH HauMH 3a
noBuLIABaHEe Ha YCTOAYMBOCTTA W W30sArBaHe OT Apyru
npobnemm KaTo MHTEPKpPUCTANHA KOpO3Usi W KPEXKOCT Ha
MeTana. Bbnpeku, ye P moxe ga 6bae OT nonsa npu HAKOU
obcToATeNncTBa, HanpuMep MOBULWABAHE HA KOPO3WOHHATa
YCTONUMBOCT ype3 obpasyBaHeTo Ha dhocaty, KOUTo ynec-
HSIBaT nacuBauusTa. B pasrnexaaHus npumep cpeacreata 3a
npefoTBpaTABaHE Ha Pa3npOCTPaHEHNE Ha MHTEPKPUCTANHNUTE
NyKHaTWUHU, M3BECTHO KaTo ,MbN3eHe” e nervpaxe ¢ utpun, ¢ B
n Ce, KaTo mocnegHWTe yBenuyaBaT YCTOAYMBOCTTA CpeLly
KaBuTaLMS.

Mpegnonara ce, 4e umMa puUCK OT  MUKPOOMOMOTMYHO
uHayumpara koposusi (MIC), kosito npuumHsisa obpasyBaHe Ha
S3BM UM pas3TBapsHe Ha bepuTa M aycTeHuTa B CTpyKTypaTta
Ha cTomaHata F. Kajiyama (1997). Cnegga na ce otbenexu,
Yye C BMCOKMTe HMBA Ha N, HepbXaaemute CTOMaHM ca
CKNOHHM kbM MIC, ocobeHo B MpUCHLCTBMETO Ha HUTpUCDK-
umpawmte Oaktepum K. Loa wn cbTpygHuum  (1991).
[obaBsHeTo Ha Si m Ag npugaear aHTMbakTepuanHo
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CBOJACTBO, HO TOBA BaXM B MO-roNiiMa CTEMEH 3a UHCTanaluy,
paboTeLLM Npu NPeYnCTBaHe Ha NUTelHa Boaa.

Bb3 ocHoBa Ha HampaBeHWsi aHanu3 3a HeobxogumuTe
nervpawiy enemMeHTM B CTOMaHata MoraTt fa ce npenopbyar
cnegHute  Mapku ctomaHa  10X147M14H4T, 10X14Ar15,
07X13Ar20, kouto ca 3amectutenu Ha ctomanu Tun X18H10T
B Cpeau C OTHOCUTENHO cnaba arpecuBHOCT.

O6paboTka Ha NOBBLPXHOCTTA

OcBeH nervpaHe Ha HaHOCTPYKTYpUpaHe, 3a HamansBaHeTo
Ha obpasyBaHe Ha 61MOMAM, NpK EKCNEPUMEHTM € J0Ka3aHo,
ye edeKTMBHM MeToaM 3a 0bpaboTka Ha MOBBPXHOCTTA Ha
CTOMaHWTE ca NACHKOCTPYEHE NIOC TEPMUYHO OKUCTIEHME.

3a 3acunBaHe Ha aHTWUKOPO3WMOHHUTE CBOWCTBA Ha MeTana
MOXe fa Ce MPUNoXu npegsaputenHa obpaboTka npu BUCOKa
Temnepatypa WnnW BUCOKO HansraHe, KOETO AOMpWHacs 3a
CTabUIHOCT Ha MMKPO3bpHECTaTa CTPYKTypa Ha CTOMaHarta.
Hos meTopn 3a paduHupaHe Ha (epuTHM Hepbxaaemm
CTOMaHW € aucrneprupaHe Ha OKkcuau BbB (hepuTHa MaTpuua
WM BanuyBaHe npW  MO-HUCKM  Temnepatypu. [pu
obpaboTBaHe C nmyncvpaLin MarHuTHU noneTta, npubaBsHe Ha
HAKOMKO Nerupaiyy enemeHTa unv cbagasaHe Ha Hall-Petch
BPb3kW, CTOMaHaTta npuaobuea (uHa CTpyKTypa, KOeTo
cnomara 3a npuaobuBaHe Ha KOPO3WOHHA YCTOWYMBOCT W
HamansiBaHe Ha WHTepkpucTanHaTa koposusi. Mopobpsisat ce
M MexaHW4yHWTe xapakTepucTuku. CnocobHocTTa pga ce
obpa3yBa OKCMOEH HAHOCTPYKTYypWUpaH CrOW CbLLO MOXe Aa
Hamanu 3HaYMTEeNHO eneKTPOXUMMYHOTO B3aUMOAENCTBUE
Mexay cybcTpaTta u okonHaTta cpefa.

[pyra TexHuka e Laser obe33apa3ssBaHETO Ha HepbXaaemm
CTOMaHM. Ypes Hero ce OTCTpaHsiBa NOBLPXHOCTHUS OKCUOEH
Crnoit Ha Hepwbxaaemu ctomanu P. Psyllaki (2000), Hamanssa
Ce MUKpOBHOTO 3aMbpCsiBaHe W Ce MOBWLLABA YCTONYMBOCTTA
Ha MOBBPXHOCTTA CPELLY pa3BuUTHe Ha SI3BN.

BbBexaaHeTo Ha BbITMEPOA B CTPYKTypaTa Ha CTOMaHata,
6e3 pa ce nonmyyaBa obpasdyBaHe Ha kapbuau, KOWTO
MOHWXaBaT KOPO3WMOHHATa YCTOMYMBOCT. 3a M3BbPLLUBAHE Ha
Ta3W npoueaypa UMa pasnuyHW TEXHONOMMM, HO pesynTaTt ot
TAX € MofobpsiBaHe Ha pasnMyHW MEXaHWYHW CBOWCTBA,
MoBMLIABAHE Ha TBbPAOCTTA M MNACTUYHOCTTA, KAKTO U
yOoblkaBaHe Ha eKcnnoatauuoHHMA CPOK Ha CTomaHarta.
O6pa3yBaHeTO Ha MacuBMpalLy, Croi Nog Bb3OeNCTBMETO Ha
MPOMEHNMBa NOMApU3aLmMs Mexay BOAOPOA W KUCHOPOA,
nsnaraHe Ha UV CBETNMHa WnM enekTpononupaHe Boau Ao
HamansiBaHeTO Ha pasBUTME Ha FOKanHW paspylleHus. Kato
MaTepuanu Cce M3NON3BaT aproH, HATPUEB HUTPAT WM

cocdar.

TexHukuTe Ha 3akansiBaHe TpsibBa Aa ce npaBsAT Taka, Ye
CTpyKTypaTa [a He Ce Haculia C BOJOPOAHW aToMmu. Te
npeau3BMKBaT — TPOLMBOCT, CTPEC KOpo3us W umar
CBOWCTBOTO fa ,M30yTBaT” OT KpUCTarnHaTa peLeTka HaKkou oT
nervpawuTe enemeHTu unu ga obpasyeat ,Mexypn’. Teau
CBOWCTBA Ce Hapuya ceHcubunmusaums. G. Plaumbo u
cbTpyaHuum (1990) npegoTBpaTaBaT ceHenbunmuaaumsTa, Ypes
MOHWXaBaHe Ha CbAbPKAHWETO Ha BbIMEPO W kapbuam ypes
pJobassaHeTo Ha Ti, Nb 1 Ni unu Hukenosm cnnasu. P. Lin
cuTpyaHuum (1995) paboTaT ¢ ayCTEHWTHM HepbXhaemu
CTOMaHu  4Ype3  TEepMOMEXaHUYHO  MbYeHME,  3al0To
yTasBaHeTo Ha kapbuam, 3aBucy OT eCTECTBOTO Ha rpaHuLaTa



Ha 3bpHOTO. OT npoBefeHun u3cneagsaHns Bbpxy AISI316L u
AISI304L ce ycraHoBsiBa, 4e B MogaTnMBata Ha epo3us
cTomaHa obpaboTeHa upe3 Te3n MeToau Ce Hamarnsea
WHTepKpucTanHata koposust D. Wasnik n cbTpygHuum (2002),
KOeTo € Apyra anTepHaTuBa 3a 06paboTka Ha MOBbLPXHOCTTA
Ha mMeTana.

3alnUTHM NoKpUTMS

ObpaboTkata Ha CTOMaHaTa BktouBa M 00pasyBaHeTo Ha
OKVCHM NOKPUTUS Ype3 MpUnaraHeTo Ha pasnuyHu TEXHOMOrK.
Mpn npegnpveMaHe Ha MepkuTe 3a 3aluTa € BaxHO fAa ce
OTOENEXM, Ye OKUCHUAT Croi He TPsOBa [1a UMa NPEKOMEPHO
ronsiMa [gebenuHa, 3alloTO € Bb3MOXHO Oa Ce OTCrow,
0cobeHo BbB (DEPUTHUTE BUCOKOTEMMEPATYPHO BariLlyBaHM
CTPYKTypy. MpudmnHaTa e B ronsiMaTta TBbPAOCT Ha XPOMOBUTE
oKeuam.

Cpeacteo 3a NOACUNBAHE Ha OKCWAHWTE MOKPUBKK €
MOCTaBAHETO HA W30NALMOHHM NOKPUTUS, YMSTO aaxeaust ce
nopobpsiBa Ype3 U3norasaHe Ha CBLP3BALLM BeluecTsa. Te ce
NpnbaBaT 3a 3aluTa Ha BPbL3KATE, 33 MPeAoTBpaTsBaHe Ha
HaTpyrBaHeTO Ha Briara M 3amMbpcsiBaHus. CnyxaT M kato
pe3epBoap Ha WHxubuTOpK. MaTepuanuTe 3a ynmbTHEHWE ce
npunaraT 3a NpeaoTBPaTABaHe Ha U3TUYAHETO Ha PasnnyHM
nyuaM, HO CbLO Taka Te HaMansBaT HaTpynBaHeTO Ha
Bnara. Cebp3BalLuTe BellecTea TpsibBa Aa ca enacTUyHu U Aa
Mo3BONsBaT JeCeH AEMOHTaX Ha OTAENHUTE yYacTi Ha
CbOPBKEHMETO. 3a LiefTa ce 13NonasaT pasnuyHy rymu. Te ce
BTBbPASBAT AOCTATbYHO, 3@ Aa MoraT Aa ce Gosaucat, Ho
ocTaBaT [0CTaTbYyHO bBKABM, Ye Oa He ce Hanykat. Haii-
YecTo Ce  M3nonsBaT  NOMMCYNGWOHM,  ChObpXalLy
WHXMOMTOPK, YNNbTHSBALLM MaTepuanu. Te ca 0cobeHo
e(heKTMBHM, KOraTo Ce W3NoMn3BaT 3a 3aluTa Ha Bpb3kM B
CbOpPbXeHWsl, paboTelly BbB BNaXHM YCNoBMS M 3a
130NMpaHe Ha PasnuyH1 MeTanu eauH oT Apyr.

Mpensua hakta, Ye aHTMKOPO3MOHHATA 3alyuTa € Hayka OT
Ha4yanoTo Ha MUHanMs BeK, HeMpeKbCHATO ce paspaboTsar
HOBM MOKPUTWS, KaKTO M MeTogM 3a MOCTaBsHETO MM. Taka
u3onauumMte OT €OMH W CblyM MaTepuan MmaT pasnuyHu
MeXaHU4H1 N XMMUYHW 3aluTHK CBoVicTBa. Kato matepuan 3a
0bnuuoBKa, Noaxoasll 3a amoHueBaTa cpefa, Ce npegnara
MOMMCTUPON,  CTHKINONMAcTW,  EMOKCUMAHM  MOMMMepH,
TEKCTONNT, CWUMMKOHOBM Kayyyuu 1 gpyru. 3a u3bop Ha
NoAXo4sAWa M3onauus Moxe [a Ce OLEHST NpeasiokeHuTe
BapuaHTu cnipsamo BC 15704-83, BLAC 15705-83 unu gpyru
kputepum 3a u3bop. TakuBa MoraT Aa ca Knacauuute Ha
Kputepuu crnopep YectotaTa Ha Bb3HUKBAHE Ha aBapum:

1. CbBMeCTUMOCT C KaTofHa 3alyuTa (korato ce OTHacs 3a
NOA3EMHA KOPO3usi).

2. Hanuume v pasmep Ha gynku.

3. [IncboHOMEHT, KOETO e OTNENSHETO Ha W3onaumsTa npu
[ENCTBME Ha kaTofdHa 3aluTa.

4. OBbpasyBaHe Ha Mexypu.

5. Aoxeauns.

6. Koxesus e 3aryba Ha cOnkaBaHe Mexay CrioeBeTe Ha
130nauus, KOETO € XapakTEPHO NPY MHOTOCIONHM U3onauum 1
Hann4yne Ha CUnHa agxesns.

7. MNpocmyksaHe Ha Boda.

8. MNpoHMKBAHETO Ha ra3ose.

Mopagn MHOrooGPa3nNeTo OT M30MALMOHHWN MaTepuann
HeobXoaMMOCTTa Te [a OTroBapsT Ha W3BPOEHUTE KpUTEpU
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kaTeropuyeH n3Bop MOXe [a Ce HanpaBu Cried peanHo
TeCTBaHe Ha 06pasuy ¢ NpeanoXeHUTe NOKPUTHS.

3a [ombNHATENHA 3aliMTa HA CbOPBXKEHWSTA C HAHECEHM
MOKPUTWSA Ce M3NON3Ba enekTpoxummyeckaTa sawura. Mopagu
cneumdukata Ha cpefaTa, Bb3MOXHOCTTA 3a onupa Ha xopa
W HapyllaBaHe Ha npaBunata 3a 0es3onacHoCT Ha Tpyaa,
MeTOAbT e Henpunoxum VeaHoB v cbasTopu (2011).

MHcneKums 1 MOHMTOPUHT

HesaBucMO OT MPUIOXEHWUTE MEpKM 3a 3aluTa Mo Bpeme
Ha eKcrnoaTaums e Heobxo4umo OTTOBOPHO MPOBEXAaHe Ha
WHCMEKLMM 3@ YCTAHOBSIBAHE HA CbCTOSHUETO Ha MeTanHuTe
CbOpPbXKEHWs. Bb3 OCHOBa Ha HanpaBewws nperneg W
HEBBH3MOXHOCTTA 3a NpUNaraHeTo Ha MHXMOUTOPHA 3aluuTa ce
NpenopbyBa fa Ce Creau HUBOTO Ha Kopoaws. Kato BapuaHT
3a obcregsaHe C mo-HUCKka ceBEeCTOMHOCT 3a W3MepBaHe Ha
HWBOTO Ha nokarHata (CTpec) Kopo3ust ce mpeanara AaTuwk,
paboTeLl Ha Pe3nCTMBEH NPUHLMN, U3paboTeH oT mMatepuanu
cbobpaseH C MeTana Ha 3aliuTaBaHaTa CTpyKTypa M
OCBLLECTBABAHETO HA CHUCTEMA 3a [OMCTAHUMOHHO Habrio-
neHne XpuctoBa M cbastopu (2010). 3a um3cnegpaHe Ha
CTEMEHTa Ha Kopo3usi MOXe Aa ce npurnoxu u gebenomep
paboTeLy Ha ynTpa3sykoB NpuHLMN. A3nonasaqu B NpakTukaTta
ynTpa3ssykoBu aebenomepu ca mogenu 27 MG n 45 MG Ha
dmpmata OLYMPUS. MMupeusit pebenomep He npepnara
3aMnC Ha AaHHWTE, JOKaTO BTOPMAT Mogen uma onuun 3a
3anMC Ha MNpeaXoOHW M3MEpBaHUs, Ype3 OOMbIHUTENHM
copTyepHn npunoxeHus. Bb3 ocHoBa Ha 3anaseHuTe
XapakTepucTUKK cnopesn coTYEPHUTE NPUOKEHUS MoraT Aa
ObaaT HanpaBeHM aHamM3u 3a HapacTBaHe Ha KOpOo3usTa BbB
BPEMETO M U3CrefBaHe BMUSHMETO Ha OTAENHM akTopu
BbPXy HerHaTta CKOpOCT. AKTMBHW KOPO3WOHHW Mpoueck mno
BbHLLUHATa MOBBPXHOCT MoraT Ja 6bAaT WHCMEKTUPaHW Kato
Ce W3non3eaT M3mepBaTenu Ha koposusta paboTtewm Ha
NPUHLMNA Ha BUXPOBMTE TOKOBE. 3a M3MepBaHe Ha ymopara
Ha marepuana W perncTpupaHeTo Ha MyKHATWHU Ha MHOr0
paHeH eTan MOXe fa Ce W3non3BaT MeHeTpaHTW, MarHUTHU
nnn akycTaHu metogu. MocnegHute gasat gobpa kopenaums
Mexgy npoMsHaTa Ha CurHana v passutueTo no Gpon Ha
nykHaTMHuTE. AKO € HeobXogMMO M3MepBaHe Ha TsxHaTa
ObIKMHA WM Pa3npoCTpaHeHue Mo-eheKTUBEH € MarHUTHUST
MeTod. Te3u M3MEepBaHMs ca CTpPOro  CreuudnyHn 1
HanpaBeHW B paHEH €Tan OT eKCMnoaTauuOHHWA nepuoa
no3BONSBAT 4a Ce NPOMEHST CPeACcTBaTa 3a 3aluTa.
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CWHTE3 HA NoNYNPOBOAHWKOBW HAHOYACTULIU OT METAJTHU KCAHTOTEHATH

Focnodunka Muyesa, Henu MuHy4esa

MunHo-2eonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cocpus, e_gospodinka@yahoo.com

PE3IOME. HaHouactuum oT ZnS ca nonyyeHu OT LMHKOB KCaHTOreHaT B Cpefa OT eTUneHAuaMuH npu cTailHa Temnepatypa. KaTto n3xogHu cbeauHeHus ca
13M0M3BaHN [Ba BAA KCAHTOTEHATU — LIMHKOB €TUMOB KCAHTOreHaT W LMHKOB aMWIOB KCAHTOreHaT. YCTaHoBeHa € pasninyHa peakTUBOCMOCODHOCT Ha MOCOYeHUTe
conn. KcaHToreHaTHUSIT MOH W eTUNEHAMAMUHBT WIpasT ponst Ha KOHKYPEHTHW NUraHau, CBbp3Baliy Ce C MeTanHus LeHTbp (Zn? unm Cd2*). WsonupaHute
nomnynpoBOAHMKOBM HaHovacTuun ot ZnS ca oxapaktepuaupanu ype3 UV-Vis, SEM n XRD aHanu3. YcTaHOBeHW ca pasmepa, dopmata 1 mopdonoruata Ha
yacTuumTe.

METAL XANTHATE PRECURSOR FOR SEMICONDICTOR NANOPARTICLES PREPARATION
Gospodinka Gicheva, Neli Mintcheva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria, e_gospodinka@yahoo.com

ABSTRACT. Nanoparticles of ZnS were prepared from zinc xanthate in ethylendiamine at room temperature. Two types of xanthates -zinc ethylxanthate and zinc
amylxanthate were used and different reactivity was found. Xanthate ion and ethylendiamine are competitive ligands in coordination to the metal center (Zn2 or Cd2+).
The ZnS nanoparticles were characterized by UV-Vis, SEM n XRD analysis.

BuBepeHue B nutepatypata ca W3BECTHU KCAHTOTEHATHWU KOMMNEKCH Ha
NPexofHUTe MEeTanu, B KOWTO KOOPAMHALMATA Ha NUraHaa ce

MeTanHuTe KCaHTOreHaTM Ca CONMWM Ha KCaHTOreHoBaTta OCBLUECTBSABA KaKTO Ype3 S,S-AOHOPHUTE aToMW, Taka U ypes
kncenmHa (ROCSSH) ¢ obwa d¢opmyna, ROCSSM. 0,S-6uneHtatHo cebp3BaHe (Singhal, A. Et al. 2007; Rehman,

OpraHnyHata rpyna R- moxe pna 6Gbge etunosa CoHs-, A. etal. 2009)

nponunosa 1 usonponunosa CsHr-, Bytunosa u u3obytunosa

C4H9-’ amunoBa C5H11.7 Xekcunosa CGH13', XenTunosa C7H15-, KcaHToreHaTHM conu Ha MeTanu ca OunK 13non3BaHu Kato
oktunosa CsHi7- u gp. C yBenuyaBaHe Ha BbrepogHaTta npekypcopu 3a Mony4aBaHeTo Ha CynduaHM HaHouacTvLy
BepUra pasTBOPUMOCTTA Ha KCaHTOreHaTMTe BbB BOAA (Han et al, 2009). OcBeH KcaHTOreHaTHM MOHM B NUTEpaTypaTa
Hamansea, OCODeHO KoraTo [bMKuHaTa Ha BbrnegopHaTa Ca [oKnadeaHn W Opyrv  cApa  CbAbpXaly  nuraHaun
Bepura € C TMoBeye OT LUECT BbINEPOAHN aToMma. M3MNON3BaHN 3a CMHTE3a Ha HaHO4YaCTUUM OT edNH U3TOYHUK —
Pa3TBOpMOCTTa CblLO 3aBUCK OT NMpuUpoaaTa Ha MeTarHus FMIOKOPOHOBA W TUOITUKONOBA KUCEnuHa (Nelwamondo et al,
ioH — COMMTe Ha anKamHuTe MeTamu ca MHoro gobpe  2012), Toypea, Tvoatetamun, auTnokapbamat (Onwudiwe et
pasTBOpUMM BbB BoJa M Lwpoko ce wanonsgar npu Al 2014)nap.

rotaumusTa  Ha  CynchuMoHM  MWUHepanu, Tbi  KaTo
cbbupaTenHuTe CBOWCTBA Ha KcaHToreHatute ce basupat Ha
obpa3yBaHWTE  Marnko pa3TBOPUMM  KCaHTOreHaTM  Ha
npexogHute metanm (Inemboukuin u gp. 1961; MutpodaHos

Fonemusi UHTEPEC, KOMTO MPEAN3BMKBAT MONYNPOBOAHNKOBUTE
HaHopasMepHU MaTepuani ce AbMKN Ha YHUKAMHUTE OMTUYHM
1 eNeKTPOHHM CBOWCTBA, KOWTO MpuTexasaT. bnarogapeHie

1962; MuTpodhaHos 1967; XaH u ap. 1986; Kaveos 1988; Ha edbekTa Ha T.Hap. KBAaHTOBO OrpaHUyeHue, Mpu TsX ce
MuHuesa 1 ap. 2012; MuHuesa v ap. 2013; Muruesa u p. nosiBABAT AMCKPETHU ENEKTPOHHU HWBA W Te MOrMbLUAT (U
2014). W3bYBaT) CBETNMHA C TOYHO OMpedeneHa AbIKUHA Ha
BbiHaTa B 3aBMUCUMOCT OT TexHWsi pasmep. Toea M Npasu
ﬂmcoumaumﬂ'ra Ha KCaHToreHatuTe BOAW [0 06pa3yBaHe Ha MHOIO LieHHM OT rmefHa To4ka Ha CbBPEMEHHUTE TEXHOOrMn
MeTaneH KaTMoH W KcaHToreHaTeH aWvoH (ROCSSY), umsto  (Coe et al., 2002). Hait-umpoko npunoxerne Hamupar kato
CTPyKTypa € nnocka, C paBHM pasctosHns C-S, nopaow chnyopecligHTHM Mapkepu B Guonorusta U MefvuuHaTa, a
[EenoKann3auns Ha enekTpoHHaTa MITbTHOCT M MOXe Aa ce CbIO W KaTo aKTMBHA KOMMOHEHTA B CITbHYeBU baTepuy
NPE/ACTaBY CbC CRIEAHUTE BE PE30OHAHCHM CTPYKTYpH: (cpoToBonTaMUY), cBETOM3MbYBALLYM AnoaM v nasepu (Guezi et
al., 2000).
S S
R—O—C/< — R—O—Cg
S S
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ExcnepumeHTanHa yact

MaTtepvanu u anapatypa: Bcuuks nocoveHn peakTvBM ca
TBPrOBCKM MPOLYKTM C YMCTOTa Y.3.a. U ca u3nonasaHn 6es
ponmbnnutenHo npeuncteaHe.  Zn(NOs)2.6H20  (Banepyc);
Cd(NO3)2.4H.0  (Teokom); KkanueB €TWNOB  KCaHTOreHar,
C2HsOCSSK (Acros organics); kanueB amuroB KCaHTOreHar,
CsH11OCSSK (TCl); eTuneHamamuH; eTaHomnm; AecTurMpaHa
BOAa.

MpuroTBsHe Ha M3XOAHUTE MeTarnHU KCaHToreHaTu: LJuHKos
emurnos  kcaHmozaeHam, (C:HsOCSS)2Zn: B 10 ml
JectunvpaHa Boga ce pastBapatr 0,7437 g (2,5 mmol)
Zn(NOs)2.6H20 n 6aBHo ce npubassaT kbm 30 ml pa3TBop Ha
kanues etunos kcaHtoreHat (0,8015 g; 5,0 mmol) npw
HenpekbCcHaTO  pasbbpkBaHe U CTaiiHa  Temnepatypa.
MonyyeHata 6sina ytanka npectosea 10-12 yaca, dunTpysa
ce Mog Bakyym, NpoMWBa Ce C AECTUIMpaHa Bofa U eTaHor.
Cylwum ce Ha Bb3ayxa, NpW CTaiHa Temnepatypa.

Uunkos  amunos  kcaHmozeHam,  (CsH11OCSS)2Zn:
Mpuroteat ce faBa pasteopa - 0,7437 g (2,5 mmol)
Zn(NO3)2.6H20 B 10 ml gectunupana soga u 1,0119 g; 5,0
mmol kanueB amunoB kcaHTtoreHat B 30 ml gectunupaHa
BOAAQ, cren Koeto BGaBHO Ce CMecBaT NpW HEMpeKbCHATO
pa3dbpkeaHe C MarHuTHa Obpkanka. [lonyyenata Osna
cycnensus npectosea 10-12 yaca, duntpysa ce nog Bakyym,
npomuBa ce ¢ aectunmpana Boga. Cywm ce Ha Bb3agyxa, npy
CTalHa Temnepatypa. Kadmuee emunos KcaHmozeHam,
(C2H50CSS)2Cd: 1,5423 g (5,0 mmol) Cd(NOs)2.4H.0 ce
pastBapsaT B 20 ml gectunupaHa Boga U ce Ao6aBAT KbM
1,6030 g (10,0 mmol) kanueB eTUNOB KCaHTOreHart, pa3TBOPeH
B 60 ml pectunupaHa Boga. YTamkata Npectosisa HsKOMKO
yaca, urTpysa ce nog BakyyMm, MPOMMBA Ce C BOfa 1 Ce CyLun
Ha Bb3ayxa.

CuHte3 Ha ZnS HaHovactuum: Kvm 0,2095 g (0,7 mmol)
UMHKOB ~ E€TWNOB  kcaHToreHaT ce npubaBAT 5 Mn
eTuneHgnamuH. KcaHtoreHaTbT ce pasTBapsi 3a HSKOMKO
MUHYTU, @ Cred HAKOMKO Yaca 3arnousa Aa ce obpasysa uHa
yTanka. Cmecta ce pasbbpkBa Ha MarHWTHa Obpkanka, npu
CTaliHa Temnepatypa 3a 5 gHu. Creg ToBa ce npubasst 10 ml
JecTunMpaHa BOfga, CYCMeH3nWsTa ce aucnepripa B
yNnTpasBykoBa BaHa 3a 3-5 MWH M Ce LUEHTpodyrmpa.
OtpeneHata yraiika Ce npomuBa 2 KpaTHO C AeCTunvpaqa
BOAA, 4Ba MbTU C €TaHON U Ce Cylum Ha Bb3gyxa 3a 1-2 OHu.
Mpobata ce cTpmBa MHOro Jobpe 1 ce aHanuampa.

Mo aHanorMyeH HauMH ca MPOBEAEHN PeakuuuTe C LIMHKOB
aMWUNOB KCaHTOreHat W KagmMuMeB €TUIOB KCaHTOreHar. Axo
KaTo MPeKypcop Ce W3non3sa LWHKOB amWNOB KCAHTOreHar,
KOHKYPEHTHO MPOTAYAT OKACIUTENHO-PEOYKLMOHHN peaKLum,
BOAELWM J0 obpasyBaHe Ha ZnS 1 KOMNNEKcoobpasyBaTenHu
MPOLLECH C Y4aCTUETO Ha eTUNeHANaMIUHa, KOWTO AenCTBa KaTo
NimraHg 1 necHo 06pa3yBa KOMMNJIeKCHN CbednHeHna C
pasnuyeH cbctas, [M(en)y%, M=Zn, Cd, x=1-3 (Ma et al.
2005).

Mpn peakumsTa Ha KagMWEB €TUNOB KCAHTOrEHaT ¢
€TWUMEeHaMaMMHa Npu CTaHa Temnepatypa He ycnsixme Aa
nsormpame CdS. CobBcem ckopo Han et al. nybnukysaxa
nogobeH cuHTE3 Ha HaHouvacTMum oT CdS npu ocobeHo
KPUTWUYHM YCroBust — BICOKa TemnepaTypa (160 °C) B aBToknaB
¢ TecpnoHoBn nuHM (Han et al, 2015). Hanarat ce cneumantu
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W3NCKBAHWSA 3a amapatypaTta, Tbil Kato eTUneHauMamuHa e
NeCHO 3ananum, C TemnepaTtypa Ha 3anansaHe 38 °C wu
Temnepatypa Ha kuneHe 118 °C, TOM e cunHO
peakTMBOCMOCOOEH areHT, MOXe [a pasTBaps peguua
nnactMacu, C M3KMIOYeHMe Ha nonuTeTpacnyopoeTuneHa
(Teflon).

3a pasnuka OT KagMWUEBWS KCaHTOreHaT, [pyrv MeTanHu
KCaHTOreHaT Ce W3MON3BaT YCMEWHO 32 NonyyaBaHe Ha
HaHoyacTMuM ot PbS wu Bi2Ss npu pgocta no-Hucka
Temnepatypa (Sun et al, 2008, Sun et al, 2011). OueBugHo
0bpa3yBaHeTO Ha NpoAyKTa MeTaneH Cyndua CUMHO 3aBucH
OT NpupogaTa Ha MeTamnHus oH B CbOTBETHUS KCAHTOrEHaT,
W3M0N3BaH KaTo M3XOLHO CbeaMHEHNE.

ET0 3aL0 HMEe HacouMxme yeunusta Cu KbM M3cnedBaHe Ha
LMHKOBMTE ~KCAHTOTEHaTW KaTo W3TOYHMLUM Ha cApa W
BNWSIHMETO Ha opraHuyHarta rpyna (R) Bbpxy hopMupaHeTo Ha
LIMHKOB cyndmga.

Pesyntatu u o6cbxpaHe

B Tasn ctatus npepcraBsMe noryyaBaHe Ha HaHOYaCTMLM
ZnS OT UWHKOB €TUNOB KCaHTOreHaT B ETWUNEHAMAMMH,
AeiicTBaLY, kaTo Pa3TBOpUTEN U KaTo pepykTop. MpekypcopbT
unHkoB eTunoB kcaHToreHat ((C2HsOCSS)2Zn) e nonyyeH npw
peakums Ha Zn(NOs)2 W KanWeB eTMNOB KCaHTOreHat
(C2HsOCSSK) B cboTHoweHWe 1:2 BbB BogHa cpepa. [o
aHarnorMyeH HauuH ca MoMydyeHu W Jpyrute [Be M3XOOHU
CbeAMHEHNS: UNHKOB amunoB kcaHToreHat ((CsH11OCSS)2Zn)
n kagmueB etunos kcaHToreHat ((C2HsOCSS).Cd). HaHouyac-
TMUMTE OT ZnS ca nonyyeHn ot peakyns Ha (C2HsOCSS)2Zn B
€TUNEHAMAMMH, NPU CTallHa TemnepaTtypa M HenpekbcHaTo
pa3bbpkBaHe 3a 5 AHM. KbM peakumoHHaTa cMec ce fobaBst
BOfa, CYCMEH3NsTa ce XOMOreHM3upa 1 gmHata ytaiika ot ZnS
Ce 130nMpa Ypes LiEHTpodyrmpaxe.

Mopdornorusita Ha 4acTuuuTe € u3crnefBaHa 4pes3 CKaHu-
palla enekTpoHHa Mukpockonus (cour. 1). Yactuuyute umat
cthepuyHa chopma, ¢ npubnuantentm pasmepn 100-120 nm.

x17,000% 4 pm f‘%

@ur. 1. CHumka ot CEM Ha HaHouyacTuum oT ZnS

PentreHosuaT aHanua (XRD) Ha npobata (®ur. 2) nokassa
YWWPEHN MWKOBE, TUMMYHM 338  HAHOYACTMLM,  KOMTO
CbOTBETCTBAT Ha pedonekcn oT kybuuen ZnS ([111], [220],
[311]). CpegHusT pa3mep Ha KpucTanuTuTe B AMAMETHbP
u3umcneH no gopmynata Ha [lebai-Llepep e npubnmsutenHo



D=4,3 Hm. HopmarnHo e, pa3mepbT W34YMCNEH MO Tasn
opmyna pa ce pasnuyaBa OT TO3u, nonydyeH ot CEM
1300BpaxeHnsITa, NOHEXe BbPXY NONYYEHUAT pesynTaT okaseat
BMWSIHUE MHOTO (hakTopy (HEXOMOTEHHOCT W HECHBBPLUEHCTBA
B KpUCTarnHata peLuetka).

—

®ur. 2. PeHTtreHoBa AndpakTorpama Ha npo6a Ha HaHoYacTMum ot ZnS

MonyyeHnsT HaHopasamepeH ZnS Gelue OxapakTepuavpaH W
ypes UV-Vis cnektpockonus. OT 3acHETUS CNEKTHbP BbB BOAHA
cpena (cur. 3). ce BUKAA eanH SicHO 060c06eH MakcUMyM Npu
210 HMm, KOWTO Ce acouumpa C eHeprusTa (LWmMpuHaTa) Ha
3abpaHeHata 30Ha Ha U3cneaBaHus Matepuar.
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®ur. 3. UV-VIS cnekTbp Ha BogHa AMcnepcus Ha HaHovacTuum ot ZnS

3aknioyeHue

M3cneaBaHo € MpUNOXEHWETO HA UWMHKOB W KafMWeB
KCaHTOreHaTM  KaTo MPekypcopu 3a  roryyaBaHe Ha
HaHoyacTum ot ZnS n CdS npu cTanHa Temnepatypa W B
cpefa OT eTUNeHAMaMUH. YCTaHOBEHO €, Ye NpU Tesn YCrioBus
CaMo LIMHKOBWS ETUIIOB KCAHTOTEHAT CE MPEBPBLLA HAMbITHO B
UMHKOB Cyndma W TOM MOxe Aa Obae noneseH M3TOYHWK Ha
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cApa 3a yTasBaHe Ha HaHOYaCTUUM OT LMHKOB Cyndmpa no
Ge3onaceH 1 MKOHOMKUYEH crnocob. MonyyeHnTe HaHOYaCTULM
ca OxapakTepusupaHu W € onpedeneH TexHus pasmep,
MOPEONOrus 1 ONTUYHW CBOMCTBA.

BnaropapHocT: ABTOpuTe OnaropapsT 3a (bUHaHCMpaHeTo Mo
porosop MT®-145/2015 kbM MUHHO-TEONOXKIS YHUBEPCUTET.
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IRON ORE WASHING - ACHIEVE MORE WITH FEWER RESOURCES

S. Silge, M. Zlatev?

1 HAVER Australia, 35 Millrose Drive, 6090 Malaga, Australia, s.silge@haveraustralia.com.au
2 HAVER Niagara, Robert-Bosch-Str. 6, 48153 Muentser, Germany, m.zlatev@haverniagara.com

ABSTRACT. Producers of primary resources such as iron ore face the challenge of processing crude materials with increasing levels of impurities, which may result
in the requirement for wet processing. This requirement results in a significant increase in water usage, power consumption and operating costs. Given the remote
locations of most operations in Australia [2, 6], the required volumes of power and fresh water for wet processing can be very difficult to achieve. HAVER&TYLER is
renowned across the world for their screening technology in wet and dry processes. The innovative Hydro-Clean® system represents a technology that may offer a
cost-effective and eco-sensitive way to clean any crude materials and material blends with a grain size distribution of 0-150 mm that are contaminated with adhesive
clay, slit and other impurities.

OBOrATABAHE HA XXENA3HA PY[A - KAK A FO MOCTUIHEM C MO-MAJIKO PECYPCHU
C. Cunee, M. 3names

1 HAVER Australia, 35 Millrose Drive, 6090 Malaga, Australia, s.silge@haveraustralia.com.au

2 HAVER Niagara, Robert-Bosch-Str. 6, 48153 Muentser, Germany, m.zlatev@haverniagara.com

PE3IOME. Mponssoanten1Te Ha OCHOBHUTE PeCypcH, KaTo XenssHa pyaa, ca UnpaseHu Npea NpeaunsBukaTencTBoTo a npepaboTear HeoboraTeHaTa pyaa ¢ Bce
noBeye MpUMecH, KOEeTo MoXe Aa AoBeae [0 HeobXxoaMMOCT OT BOAHM npoueck npu oboraTsBaHeTo. ToBa W3nCkBaHe BOAM [0 MOBULLEHA KOHCYMaLMs Ha BOAA,
€neKTPUYEeCTBO 1 HapacTBaHe Ha MPOM3BOACTBEHMTE pa3xoau. Kato ce umat npedsua OTZANeYeHoCTTa Ha noBeveTo paboTHM nnowagkn B ABcTpanus [2,6],
OCUrypsiBAHETO Ha HeOBXOANMMTE KONMMYECTBA MOLLHOCT W YMCTa BOAA 3a BOAHWTE npolecy npu oboratsBaHeTo Moxe Aa ce okaxe TpyaHo. HAVER&TYLER e
13BECTHA MO LAN CBAT C TEXHONOTUATA CY 3a NpecsiBaHe Mo CyX 1 MOKbP HaumH. MHoaTuBHaTa cuctema Hydro-Clean® e TexHonorus, KosTo MoXe Aa Npeanoxm
MKOHOMWYEH 11 eKONMOTMYEH HauMH 3a NpeyncTBaHe Ha HeoboraTeHa pyaa W cMeck, ¢ pasmep Ha 3bpHata oT 0-150mm, 3aMbpCeHy C afxesnBHI IMNHK, NPopesn 1
Apyrv npumec.

Introduction factor of further importance is water and tailings management,

, . ) with its associated costs and risks.
High-end steel production at a low coke consumption level

and a high productivity rate can only be achieved by using Iron ore producers with high mine operating costs may suffer
high-quality, lumpy iron ore. As more pellets and sinter are from a low iron ore price on the spot markets in China.
used in the blast furnace burden, leading to an increase in the Beneficiation, particularly washing (scrubbing), can be the key
quality restrictions for sinter fines and concentrate for pellets, to upgrading the ore to earn more per shipped tonne.
eco.nomical bgneficiation processes become more important. Depending on the ore type, quality and its degree of
While some iron ore companies are already marketing the degradation, a washing and classifying plant can increase the
green’ iron ore pellet, other mining companies have only just ron content by 2-5%, while reducing the silica, alumina,
comme.nced. development of beneficiation processes for their titanium oxide, sulphur and phosphorous content through
production sites. removal of fines below 0.063mm by washing. For example,
For a high-grade iron ore deposit, >62%, a dry crushing and decreasing the alumina content reduces the blast furnace coke
sizing process is sufficient to achieve the required product consumption level, while increasing the productivity and
quality and size fraction as lump ore, sponge ore or sinter reducing the consumption of flux.
fines. Other deposits with lower ore quality, <58%, could use To increase the iron ore quality, it is necessary to liberate
selective mining and blending methods to achieve nominated soft and friable lateritic masses, fine sand and limonitic clay
grade targets, but today's quality restrictions often require particles adhering to lumpy ore. This may also be required for
advanced processing and beneficiation such as washing, iron ores which consist of coarse and fine granular particles of
separation and concentrating. hematite intermixed with barren sand or sticky limonitic clay, or
A beneficiation process to increase product quality is, by its in hard and porous hematite lumps, which invariably have
nature, related to capital investment, and operational costs for ~ cavities / pores filled with goethite / limonite and lateritic clay-
the core equipment need to be considered. An influencing like materials that need substantial elimination [1].
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Scrubber drums, log washers or screw washers are
commonly used in the industry today. These machines
consume high volumes of water and energy. High-pressure
washing with a HAVER Hydro-Clean® could offer an
opportunity to save approximately 50% water and 10% energy
compared to the traditional washing systems, whilst also
reducing the capital and operational costs.

The small footprint and the low weight of the HAVER Hydro-
Clean® compared to the traditional washing equipment create
new opportunities and support innovative ideas in mining by
making semi-mobile or completely-mobile units on trailers
technically and economically feasible.

This paper presents a theoretical comparison of an iron ore
washing process using a traditional drum scrubber system and
a HAVER Hydro-Clean® high-pressure washing system. It

b) binders

d) agglomerates

Fig. 1. Binding types of particles and agglomerates

The bonding forces between the particles are affected by
attracting forces between the grains, e.g. capillary forces from
fluid bridges, solid bridges and van-der-Waals forces between
the grains. Washing processes apply energy in the material
bed to dissolve these bonding forces. By these means, the
impurities are suspended in water and can be separated in a
classification or separation process. During the washing
process, only a certain amount of energy should be applied —
sufficient to loosen the bonding forces and low enough not to
comminute the materials or create unnecessary wear.

The variables influencing the washing process are retention
time and energy intensity. The energy input results from the
product of both variables:

Energy input = retention time x energy intensity [Ws]

The success of the washing process is bound to the
interaction of the variables. For optimal washing results,
minimum values for retention time and energy intensity are

e) concrescence
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delivers a high-level overview addressing water usage, energy
usage, product quality and potential value for the user,
underpinned with results from the HAVER Hydro-Clean® lab
and pilot scale test works.

Fundamentals of washing processes

Run of mine material (ROM) consists mainly of two
components — usable material and impurities. In hard rock and
unconsolidated rock processing, impurities consist of clay-like
and loamy components — fine particles with a grain size <
63um. Different types of impurities occur within the feed
material. They are either loose between the usable particles,
binders, coatings, agglomerates or concrescences (Fig. 1).

c) coatings

L1
]

impurity

useable material

necessary, but these values depend on the specific
granulometrical, mechanical, chemical and mineralogical
properties of the usable material and the impurities. [3]

SYSTEMATICS OF WASHING MACHINES

A global analysis of the function and construction of the main
washing technologies differentiated between two groups of
stress in the washers: impact stress and shearing stress. As
the result of this analysis, a construction catalogue was
developed where the majority of washing machines were listed
and classified.

The construction catalogue (Fig. 2) consists of two parts:
process and equipment. In the former, the machines are
differentiated by their main and micro processes, the form of
energy input and mechanisms. In the latter, a schematic
diagram of equipment, a name and a numeration are given.
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Fig. 2. Schematic diagram of washing equipment

Scrubber drums are based on shearing stress, where the
material is stressed by the rotation of the active mechanical
component. A shearing stress between the feed material and
the washer tub occurs. Due to friction between the particle
surfaces, agglomerations and impurities associated with clay
and loam are dis-agglomerated and their bonding forces are
dissolved. The simultaneous flow of water and feed material
through the process area enables the dispersion of the fine
particles in water and their classification. The retention time is
determined by the length of the washer tube. Retention time
may be varied by adjusting the inclination angle.

In contrast to machines operating with shearing stress,
machines operating with impact stress use impact or
compressive forces to dissolve the bonding forces. Impact and
compressive forces differ in their stressing speed. In these
machines, either hydraulic or mechanical energy is applied to
the material. In the vibrating washing drum, exciters generate a
high-force, vibrating action, resulting in an intensive scrubbing
process.

High-pressure water jets are used to apply hydraulic energy. In
this case, the individual water drops act as the ‘action tool'.
Depending on the water pressure, very high stressing speeds
can be achieved. In these cases, the retention time is a result
of either the length of the washer tube or the speed of the
discharge belt, as in in the case of the HAVER Hydro-Clean®.

(3]

A comparison of the different machine types can be made
with the help of independent classification numbers. According
to Hoeffl [8], the following technical / economical classification
numbers are used:

Specific power consumption: W = installed power [kW] / feed
rate [t/h]
Specific water consumption: H = water amount [qm/h] / feed
rate [t/h]
Specific energy density: E = installed power [kW] / machine
volume [gqm]

Technical description Hydro-clean® wash
machine

The HAVER Hydro-Clean® iis completely new machine
technology for the mineral processing industry, although water-
jet monitor guns have been used in commodities such as
alluvial gold, diamonds and emeralds [9]. The first application
of the Hydro-Clean® was for washing aggregate minerals.
Subsequent to this conventional application, today there are
units in operation within the recycling industry (building rubble)
and minerals industry (diamonds, gold, limestone and

gypsum).

The newly developed HAVER Hydro-Clean® is a high-
pressure washing system. It can be used for economical
cleaning of sticky clay, soil and other impurities from raw
material with a size fraction of 0—150mm. The water pressure
is adjustable at the equipment and can reach up to 16,000 kPa
with a water and energy consumption between 0.08-0.2 m3/t
and 0.28-0.56 kWit of feed material. The intensity of water
pressure and hydraulic force are: determined beforehand and,
in most cases, lie in the range of 6,000-16,000 kPa.



Electrical cabinet
with PLC controller

High-pressure
pump module
(pump and drive)

Fig. 3. HAVER Hydro-Clean® technical description

The HAVER Hydro-Clean® (Fig. 3) consists of a vertical
washing drum, which has a feed hopper mounted on one side
and a discharge conveyor belt on the other. The washing
chamber, the central element of the HAVER Hydro-Clean®,
consists of an upright cylinder which is lined with polyurethane
panels. The washing chamber contains a rotor, which is
mounted on its top side and consists of several water nozzles.

Some additional features of the HAVER Hydro-Clean®
include the variable height adjustment at the rotary wash head,
the discharge belt and the controlled feeding system that can
be optimally adjusted to the bulk material and can produce
outstanding washing results.

The HAVER Hydro-Clean® mode of operation begins with
the material being continuously fed by a conveyor belt into the
feed hopper. Small water jets are mounted on the side wall of
the hopper, creating a low pressure downstream current, which
helps the material, particularly sticky material, to flow into the
washing chamber. The height of the material in the hopper is
constantly monitored by a laser level indicator. From there the
material passes a slide gate into the washing container and
forms a column of material. The material is cleaned by being
exposed to high-pressure streams of water that come from the
washing rotor and spray nozzle combination, located on the
top third of the cylinder. Water jets strike with a speed of up to
200 km/h on the particle surfaces. The nozzles are adjustable.
When they are positioned in the movement direction of the
rotor, the water distributed to the reactor is forced through the
material, creating a ploughing effect. The cleaning process is
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assisted by the friction and sheer forces resulting from the
material movement around the chamber in a vortex. Liberated
fines material and process water are discharged from the
washing chamber through the openings in the polyurethane
panels at the side and are collected by a waste water pipe. The
waste water discharge is sent for water treatment or further
processing. The washed material passes through the run out
hopper onto the variable speed discharge conveyor and is sent
to a washing screen where the dis-agglomerated
contamination is rinsed off.

The above process makes the HAVER Hydro-Clean®
different from all washing technologies available in the market.
Its ability to incorporate automation through advanced
programmable logic controller makes it the most
technologically advanced machine in the washing market
today. [3]

Laboratory test works

To determine the general feasibility of high pressure washing
for a certain material, HAVER developed the laboratory scale
test unit: Hydro-Clean® 200 Lab (Fig. 4). The Hydro-Clean®
test unit treats a material sample in a similar way to the
industrial scale process by using a high-pressure water jet. A
sample is placed on a stack of two wire mesh sieves with top
size of 2mm and bottom 0.8mm to allow the water and
liberated fines to rinse through while washing. The stack with
the sample sits in an acrylic-glass covered process chamber.



In the top of the process chamber, above the material sample,
a rotating, high-pressure nozzle is installed and connected to a
high-pressure water pump delivering up to 16,000 kPa water
pressure. It is possible to adjust pressure level and retention
time parameters.

To demonstrate the effect of high-pressure washing on iron
ore, a material sample 0-10mm was taken from a dry
screening plant and split into representative samples for
testing. Some physical properties, such as grain size
distribution, bulk density, moisture content, and visual
description (Fig. 5), chemical characteristics such as loss of
ignition (LOl) and a generous element analysis were
determined to aid interpretation of correlations between
material pre- and post-treatment.

The target of the washing tests was to liberate the impurities
from the valuable material (substrate) by de-agglomeration,
disintegration and elimination of fines bonded to the material
surface and cavities / pores. The test series, at a pressure
level of 14,000 kPa, was carried out at two retention times: 6
and 12 seconds.

Fig. 4. HAVER Hydro-Clean® 200 LAB

A visual examination of the particles of the unwashed dry
material sample showed an irregular particle shape and
surface structure with significant amounts of fines adhering to
the rugged and edged surface.

[P

5

1L . | L1
Fig. 5. Dry Material Sample 0 - 10 mm; Washed Material Sample 2 - 10
mm

A particle size distribution of the feed material (Fig. 6) was
prepared as a dry and wet sieve analysis using a HAVER EML
200 test sieve shaker. These distributions showed that the feed
material still contained 2—4% of free fines in a size —0.063mm
and, in addition to this, about 7-10% of bonded fines —
0.063mm.

The chemical analysis (table 1) of the feed material sample
in a size of 0-10mm showed an iron (Fe) content of about
61.0%, silica (SiOz) content of 4.5%, alumina (Al2O3) content of
3.2% and an LOI of 4.4%. The analysis of the fine fraction of -
0.063mm presented an iron content of 52%, silica 8.1%,
alumina 7.1% and an LOI of 6.4%.

Table 1. Chemical analysis of dry feed fines and washed
product

Fe Si02 | Al203 | LOI | P205

Dry Feed Material | 60.87 | 4.42 | 3.15 438 | 0.04
0-10mm

Fines -0.063mm 5232 | 812 | 718 6.44 | 0.04
Washed Material 64.39 | 252 | 1.97 3.34 | 0.01
2-10mm

Washed Fines 62.62 | 4.78 | 2.31 3.35 | 0.03
0.063-2mm
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The material characteristic shows that the fine dry material
0-10mm contains up to 12% fines —0.063mm that has poor
quality with a low iron content and high amounts of impurities
as SiO2 or Al203. Assuming the fines attached to the surface of
the larger particles are responsible for the lower product quality
of the dry fines 0-10mm, a liberation and elimination of those
particles would increase the quality of the coarser particles.

The washed material appeared in two fractions on the
Hydro-Clean® 200 Lab after the treatment: a top sample with a
size of +2mm and a bottom sample with +0.8mm. Both
fractions of all washing tests at 6 seconds and 12 seconds
show a full liberation and elimination of fines (Fig. 7). The
chemical analysis of the washed material samples shows a
significantly higher amount of iron and a lower amount of
impurities in the fraction 2-10mm compared to the dry feed
material sample 0—10mm (Table 1). For the fraction 0.063-
2mm the results are similar to the fraction 2-10mm, except
silica, which is on the same level as the feed material.
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Fig. 7. Grain Size Distribution - Iron Ore Pre- and Post Hydro-Clean® Treatment

Based on a spot market price for an MBIOI-62 type iron ore Pilot test works

from January 2015, the value-in-use for the washed material If a laboratory-scale feasibility study shows positive results
compared to the unwashed material would increase by  and evaluation of a business case demonstrates a benefit for
approximately 11 US$ per shipped tonne [4, 5]. an industrial-scale operation, a pilot scale test can be

conducted. In such cases, a HAVER pilot test plant Hydro-
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Clean® 350 with a capacity of up to 12t/h can be used to prove
the functionality for a commercial-scale plant. The pilot test
plant can be either a semi-mobile sea-container solution (Fig.

8) or fully-mobile on a trailer. Both test plant solutions consist
of a Hydro-Clean® 350 high-pressure washing unit and a
horizontal rinse screen with spray bars.

Fig. 8. Hydro-Clean® 350 semi-mobile pilot test plant

A stockpile of low quality, fine iron ore with an average iron
content below 53% Fe in a size of 0-30mm (Fig. 9) was tested
in a semi-mobile washing plant. The -0.063mm content of the
feed material was about 20%, which included both free and

bonded fine particles. The trial objective was to increase the
iron content of the fraction in the size of 1-30mm and minimize
the amount of SiO2 and Al20s. The test was conducted with a
feed rate of 8t/h. The cut size on the rinse screen was 1mm.

Fig. 9. Iron Ore Fines 0 — 30 mm, left before washing, right after washing

A continuous test run demonstrated good liberation of fines
and an increase of the iron content and elimination of SiO2 and
Al203 (TAB 2) in the washed material (Fig. 9). The chemical
analysis of the washed material showed an average iron
content of 58% and a significant decrease in Silica to
approximately 4.5%. The washed material became a more
valuable product [7].

Table 2. Chemical analysis of dry feed and washed iron ore

Fe AI203 | SiO2
Dry Feed Material 0-30mm 52.8 2.2 1.5
Washed material 1-30mm, 8t/h | 58.1 1.9 4.4
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Iron ore process route with Hydro-clean®

In this theorefical scenario, a medium-grade hematite
deposit with an average quality of about 58% Fe is chosen as
an example. The maximum feed capacity of the plant is 800t/h.

The feed material characteristics, e.g. the clay content, vary
with mined block location in the pit. The moisture content of the
ROM fluctuates between 3 and 8% depending on the seasonal
weather conditions.

The chosen flow sheet (Fig. 10) consists of a heavy-duty
feed hopper with an apron feeder. As the feed material can
contain up to 35% of fines 0—10mm, a scalping step based on
a HAVER F-Class DS with a double deck conFig.uration of
150mm top deck and 10mm bottom deck is selected to relieve



the crusher and produce a fine product cut size with 0-10mm
on one machine.

The oversize material 150-1000mm is crushed in a jaw
crusher with 100mm closed gab. The crushed material is then
sent to a HAVER F-Class D with a double deck conFig.uration
with negative screening setup on the second deck. The top
deck cut size is 80mm and is used as a relief deck. That
material is sent to a secondary crushing circuit together with
the oversize material from the bottom deck. The bottom deck
creates two products at the same time: one fine product in a
size of 0-10mm in the first part of the screen deck and 10-
35mm lump size material in the second part of the screen.
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The secondary comminution process uses a cone crusher
with a 38mm gap in a closed circuit with a HAVER F - Class D
with a two deck conFig.uration. The oversize material 35-
80mm from the top deck is sent directly back to the cone
crusher. The bottom deck delivers a lump ore product of 10-
35mm and, as undersize, a sinter fines product measuring 0-
10mm.

The lump ore stream 10-35mm and the fine ore stream 0-
10mm can be sent either to a washing plant for further
upgrading, or, if the quality is high and no processing is
required, the material stream can be sent to the product
stockpile.

Washing and De-sanding

Fig. 10. Flow sheet of a 5.000.000 t/an iron ore operation with HAVER Hydro-Clean®

The washing plant consists of two HAVER Hydro-Clean®
2000 high-pressure washing units: one for the lump ore and
one for the fine ore. Both washing units are designed for a
maximum capacity of 400t/h consuming 45m3/h water. For the
lump ore material, the washed material and the wash water are
discharged onto a HAVER XL - Class rinse screen with a one
deck set up at a cut size of 10mm and three spray bars on the
top deck with a water consumption of up to 150m3/h. The
oversize material is an upgraded lump ore that is transferred to
the stockpile as a product. The undersize material and most of
the wash water flows to the product screen for washing of the
sinter fines, using gravity to support the rinse effect of the
screen. For the sinter fines material, a HAVER XL-Class rinse
screen with a two deck set up and three spray bars on the top
deck with a water consumption of up to 100 m3h is used. The
top deck works as a relief deck with a cut size of 5mm while
the bottom deck prepares the fine cut at 2mm. The oversize
material of the top deck and bottom deck are taken to the
stockpile as an upgraded product.
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The tailings from the primary washing and rinsing process
consisting of the undersize material -2 mm of 120t/h and the
wash and rinse water from the prior process of about 280m3h
could then be treated further in additional beneficiation steps.
This could be done in a sand recovery system to recover the
fine fraction between a size of —0.063mm and 2mm using a
dewatering screen with a cut size of 0.3mm in combination with
a bucket wheel. Using a dewatering screen before the bucket
wheel reduces the total solid mass transport in the tailings
stream to 60t/h and the volume flow to 270m3/h.

The 260m3/h overflow water from the bucket wheel still
carries fine material in a size fraction -0.063mm. That can then
be directed to a further processing step using a waste water
treatment system, including a flocculation system combined
with a lamella clarifier to recycle the water back into the
primary washing and rinsing process.

The thickened tailings from the: lamellar clarifier are pumped
to a tailings pond for further settling. The clarified water is
pumped to a recycling water tank where fresh water is added



to compensate for water losses during processing. The tank
water may be directly used on the rinse screens, whilst the
water for the Hydro-Clean® is filtered before it enters the high-
pressure pumps to minimize wear and tear.

Comparison Hydro-clean® VS. Scrubber drum

By exchanging traditional scrubber drums with Hydro-
Clean® washing units, several benefits in the process and
plant layout can be achieved. A direct comparison of a Hydro-
Clean® and a Drum Scrubber (Table 3) points out the major
differences of both systems.

For the process scenario described above, the total
calculated water flow using two drum scrubbers and two rinse
screens is 800m3/h for processing 800t/h of ore. The balance
sheet using two Hydro-Clean® washers and the required
screens requires 390m3/h water for 800t/h of ore. The Hydro-
Clean® process requires 354kW while the process using
scrubber drums need 344kW. The specific water consumption
of the Hydro-Clean® in combination with the rinse screen can
be considered as 0.49m3/t compared to 1m3/t with the scrubber
drum setup.

Table 3. Comparison of one drum scrubber, one Hydro-Clean®
unit and one rinse screen, process related data

Unit Drum Hydro- Rinse
Scrubber | Clean® screen

Solid Feed 400 400 400

Capacity [t/h]

Retention Time 180 3 60

[sec]

Wash Water 250 45 150

Consumption

[m3/h]

Specific Water 0.63 0.11 0.38

Consumption [m/f]

Installed Power 135 140 37

[kW]

Specific Energy 0.34 0.35 0.09

Consumption

[kWIH]

Fig. 11. Sand Recovery System: left Hydro Cyclons in combination with Dewatering Screens, right Bucket Wheel

Saving water in the washing process can lead to several
further potential savings along the process chain. For a sand
recovery system, using less water makes it possible, for
example, to use a bucket wheel (FIG. 11). The calculated
settlement area for a bucket wheel using the Hydro-Clean®
process which requires 390 m3/h of water is 24m2 compared
to 50m2 using drum scrubbers requiring 800m3/h. That
qualifies the Hydro-Clean® process for using a bucket wheel
and disqualifies the use for the drum scrubber application, thus
another sand recovery system needs to be chosen. A common
method is the use of hydrocyclones in a closed circuit with
dewatering screens (Fig. 11).

The energy consumption of a hydrocyclone in combination
with a dewatering screen and the required pumps can be
considered 144kW. The required energy for a dewatering
screen and a bucket wheel for this application can be
considered with 42kW installed power.

Table 4. Comparison of hydrocyclones and

process related data

bucket wheel,

Unit Hydrocyclone | Dewatering
and Screen and
Dewatering Bucket Wheel
Screen

Cut Size 0.063 0.063

Solid Feed Capacity [t/h] | 120 120

Water Flow [m3/h] 800 390

Installed Power [kW] 144 42

Specific Energy 12 0.35

Consumption [kWH]

Hence, in the sand recovery step, the Hydro-Clean® in
combination with a bucket wheel requires about 92kW less
power than the scrubber drum process with hydrocyclones.




Table 5. Comparison of one drum scrubber, one Hydro-Clean®
unit and one rinse screen, design related data

Unit Drum Hydro- Rinse
Scrubber | Clean® screen
Feed Size max. 360 150 100
[mm]
Length [m] 10 4 6
Width [m] 4 4 2.8
Heights [m] 4 4 25
Volume [m?] 160 64 42
Specific Energy 0.84 219 0.88
Density [kw/m?]
Static Weight 40 10 16
empty [t]
Static Weight 85 15 25
loaded [t]

Fig. 12. HAVER Hydro-Clean® 2000 mobile plant

CONCLUSIONS

A systematic overview of the available washing technologies
in the market has been given. The laboratory and pilot scale
test work results demonstrate the potential use in iron ore
applications, with substantial cleaning results. The Hydro-
Clean® process is an innovative alternative with significant
water and energy saving potential compared to a common
washing process with a drum scrubber. The compact and
modular design of the Hydro-Clean® allows the construction of
semi-mobile and fully-mobile plants or reduces required
steelworks for a stationary plant.
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The design schematic shows ai total required build in volume
for the two drum scrubber plus rinse screens of 395m? and a
static weight in operation of 220t. Compared to the two Hydro-
Clean® in combination with rinse screens, the build in volume
is about half, with 204m3, and a static weight in operation is
about a third, with only 80t. This has an essential impact on the
required steel structure of a building. Due to given facts, a
semi-mobile or even fully-mobile plant with one or more drum
scrubbers can only be considered using a heavy-duty steel
construction, e.g. mounted on a caterpillar drive, while a
Hydro-Clean® unit with rinse screen can be installed and
operated on a standard truck trailer (Fig. 12).
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