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MpenopbyBaHa cuctema 3a 6e3LennkoBo paspaboTBaHe Ha
MeTasarexa B yCroBusTa Ha yyacTbk ,Mbp3sH cesep®, MuHa ,Epma
peka”“

[ICTaHLMOHHBIN KOHTPOMb COCTOSHIA TEXHOMEHHbIX MACCUBOB Ha
FOPHbIX NPeanpUATUSX

OpraHu3alsTa Ha aena 3a CTPOUTENHM OTNaabLK
3asfpaBsBaHe Ha NnoYBaTa CbC CUHTETUYHY BNakHa

Hosm WHCTPYMEHTK, KOUTO Morat aa Obaat 13non3saHu BbB
BEHTUTALMOHHN MPEXN

BHeppsiBaHe Ha Ge3B3puBHa TEXHOMOIMS Ha O6WB C M3NON3BaHe Ha
Surface Miner Wirtgen 2500 SM B kapuepa ,Ko3sk*

CpaBHuUTENEH aHanu3 Mexay ABe MHCTanauuy 3a npepaboTka Ha
BapoBWIK, 10OMT B kapuepa ,Kossk"

MpoXxoAMMOCT Ha pyAHUYEH CaMOCBAS NMPE3 TEXHOMOTUYEH MbT CbC
CTPaHU4YeH HaKMOH

[MpunoxeHune Ha MeToZa Ha KpanHUTe eNeMeHTU 3a uscrneaBaHe
yCTOMYMBOCTTA Ha BopaoBeTe Ha OTKpUTH pyaHuLm Oy LyH (Kutan)
1 Mapuua-n3tok (Bbnrapus)

MporpamMHa peanusaumst Ha €AUH HenMHEeeH CToXacTuyeH Mogen B
MexaHuKa Ha MynaaTa — HakNoHeH nnact yacr |

[MporpamHa peanu3aums Ha eayH HEMMHEEH CTOXacTUYeH Moaen B
MeXaHuKa Ha MynaaTta — HakrnoHeH nnact yacr |l

MoXapHU MHLMAEHTM B TPAHCMOPTHM TYHENN — CTaTUCTUKA, aHanms,
MofenvpaHe

BeHTWnaums Ha cknagoBe 3a NPOMULLEH!N B3pHUBHY BELLECTBA C
BETPOBEHTUNATOPY
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AHanu3 Ha paboTaTta Ha CEAMMEHTHWN MUKPOGHM TOPUBHM KIETKM,
3acafjeHu ¢ pasnnyHa pacTuTenHocT
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NPENOPBYBAHA CUCTEMA 3A BE3LIENTMKOBO PA3PABOTBAHE HA METASAJEXA
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PE3IOME. 3a ycnosusita Ha MeTasanexa nog xop.515 Ha yuactbk ,Mbp3sH‘, Ha 0a3ata Ha 3agbnbOYeH aHanmM3 Ha MUHHOTEXHWYECKUTE, TEXHOMOTUYHU U
reoMexaHu4HN YCroBus Ca NPeAnoXeHU TP OCHOBHU BapuUaHTX M NOLBApUaHTU KbM TsX 3@ cUCTEMa W TexHomorus 3a GeslennkoBo oTpaboTeaHe Ha 3anacute B
yyacTbka. 1o ekcrepTHO 13BpaHi W paHx1paHu Mo TEXECT KaYeCTBEHU KpUTEPUM € HanpaBeHa oLeHKa Ha BapuaHTuTe. Ha Gasa MakcumanHa oLeHKa e npenopbyaH
3a npunaraxe BapuaHTbLT ,KamepHa cuctema ¢ MofMopHN KoNoHn", Mocoyern ca npearMcTBaTa U HeloCTaTbUMTE Ha MPEANOYNTaHNS BapUaHT.

KniouoBu gymu: nognopHa KonoHa, 6e3uenukoBo u33eMBaHe, MeTa3arnex, aHkepu, pudpobeToH

RECOMMENDED SYSTEM WITHOUT PILLAR DEVELOPMENT OF METADEPOZIT IN THE CONDITION OF A SECTION

"MARZQN NORTH", MINE "ERMA RIVER"

G. Soyanchev’, E. Mihaylov?, Kr. Dermendjiev?, K.Kutsarov4, G. Dachev’
TUniversity of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail g.stoyanchev@mail.bg
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ABSTRACT. Conditions metadepozit under hor.515 at the "Marzyan" proposed variants system and technology without pillar working off the stocks in the area.
Proposed are three main options and sub them. By deliberately selected and ranked in severity qualitative criteria is evaluated options. Based on the maximum
assessment is recommended for application option "Chamber system with support columns." Set out the advantages and disadvantages of the preferred option.

Keywords: metadepozit, system of exploitation, evaluation, qualitative

lMpu mpoyyBaTeNHN COHOAXHW W MWHHM PaboTu B y4YacTbK
,Mbp3sH* Ha pygHuk ,Epma peka“ npe3 2013 r. e ycTaHOBEHO
MeTacoMaTW4HO OpyasBaHe. To € B Mpamopu, BMECTEHU B
rHaicK, pasnuyHn No BMA U MOLLHOCT. Pa3nonoxeHo e Hag U
NOA PYSHUYHWS XOPW30HT 515 m. PygaTta e MacvBHa C BUCOKO
CbObpXaHWe Ha OMoBO M UMHK U CbMbTCTBALLO cpebpo.
MowyHocTTa Ha 3anexa Bapupa ot 1,5-2 go oko 12 m, a
HaknoHbT 0T 3-50 1o 15-189. CpegHOTO ChabpXaHWe Ha 0fI0BO
e 10%, a Ha umnHka — 20%. CpegHata nnbTHOCT € 3,8 t/m?,

HenocpegctBeHo  Hag — MpamOpHMA  mniact — 3ansrar
MPOMEHEHN, cnabu n HeycTonumBM rHamen ¢ aebenvHa ot 0,3
[0 2 m, KOUTO chopmupaT T.Hap. ,TbXKNMBO ropHuwe®. Hag
Hero 3ansraT NbTHW, 34paBuW FHalCK C BUCOKA YCTOMYMBOCT U
pebenuHa Hag 10 m. HenocpenctBeHOTO AOMHWWE € OT
KanuuT, Ha MecTa MaHraHo-kanuut. To e CroecTo ¢ NPOXMIKA
OT xankonuput 1 nuput. lMo-Hagony cregsa Mpamop C MUPKT 1

B AbNBOYMHA 3ansraT 3apasu enuaoTU3UpaHK ynTpabasutu.

C MWHHM u3paboTkn MeTasanexbT e paspeneH Ha [se
yacTu. [TbpBaTa — 10rou3ToYHa € pasnonoxeHa Hag xop. 515,
BTOpaTa — CeBepo3anagHa nog xop. 515. [igete vactv umart
npubnnauTenHm nnowwm ot okono 5 dka.

UacTTa nog Metasanexa, pasnofioxeHa Hag XopusoHT 515 e
oTpaboTteHa B nepuoga m.oktomepu 2014 — m.sHyapu 2015 1.
OtpaboTBaHeTO € CbC cucTeMa ¢ OTKPUTO JOOMBHO NpOCTpPaH-
cTBO. B 06paboTeHata nnowy ca 0CTaBeHU HEPErYNSPHO PYAHM
Lenuuun. dopmarta UM Hail-4eCTo e HempaBuilHa, a pasmepuTe
Bapupart o1 3x5 go 6x10 m. Mnowra um Bapupa ot 15 go 60
m2. OBeMbT Ha LienuuuTe, No JaHHW Ha MuHaTa e mexay 6-8%
(cperHo 7%) ot u33eTns obem.

B npoueca Ha obcbxaaHe Ha onuTa npu paspaboTeaHe Ha
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yyacTbka Delue yCTaHOBEHO, Ye pydaTa € MacuBHa C BMCOKO
CbObpPXaHue Ha OrioBO U LMHK, M CbMbTCTBALLO cpebpo. T4 e
ycTonumBa 1 necHo ce otbmea c INBP. BapueHute pabotu ce
OCBLUECTBABAT HA OCHOBaTa Ha B3puBHM Aynku. [locTaBkaTa
[0 NpeToBapayHus NyHKT € CbC CKpenepu, a AocTaBkata Ha
Y4aCTbKOBWS NPETOBAPAYEH MyHKT € C YeneH ToBapau.

lMopagyn OTHOCUTENHO HMCKaTa YCTOMYMBOCT Ha CkanuTe OT
HEenocpeacTBEHOTO TOpPHULLE OTKPUTUTE NNOLIN B M33E€TOTO
NPOCTPAHCTBO Ce 3aKpenBaT C aHKEPEH kpenex. AHkepuTe ca
Tun T®A ¢ gbmkuHa 1,2 m, a Mpexara CTOMaHeHa C OTBOpM
50x50 mm.

Tasn cxema Ha paspaboTBaHe Ha MeTasanexa B
CEBEpOM3TOYHMS Y4acTbK Cce Mpuema kaTo oTpaboTeHa -
KOHBEHLIMOHANHa 3a NpakTukaTa Ha MUHaTa.

OCHOBHWUTE pa3cbkaeHust 3a pas3paboTBAHETO Ha CEBEPO-
3anagHaTa 4acT Ha ydyacTbka Ce OCHOBaBaxa Ha 6asarta Ha
OnUTa Ha CreuManucTUTe OT MPeanpuUsTUETO U pearHata
MMHHO-TEONOXKA U MUHHOTEXHUYECKA cUTyauus. Tpu oBCbx-
[aHeTO ce pasrnexnaxa Bb3MOXHOCTUTE HA MUHATA — TPaHC-
nopTa W BEHTUMNaLMsTa, a CbLyo Taka M PasBUTUETO HA MUHHO-
[OOWBHUTE, MOAFOTBUTENHO-HAPE3HUTE W MPOYYBATENHUTE
paboT B yyacTbka. Bsixa OTYETEHW W CMELHUTE HANOXEHM
OrpaHMYeHIs, N3pa3siBalLy ce B CMESHOTO: HeoGX0aMMOCT OT
ocurypsiBaHe Ha ynpaBnsieMo — 6e3onacHo CbCTOsHWE Ha
MWHHWSI MacuB; OCUrypsiBaHe Ha Bb3MOXHOCT 3a U3MON3BaHe U
[ENOHWpaHe Ha CkaHa Maca B W33€TUTE MPOCTPaHCTBa;
HeobxogumuTe WHBECTUUMM fa GbhaT B Manku pasmepu;
W3BBLPLIBAHETO HA MOATOTBUTENHO-HApesHUTe U [06MBHUTE
paboT da e C TPaAULMOHHWTE 3a PyAHWKA TEXHOMorM W
TEXHUYECKN CPEACTBA.

MpeacTaBsHETo, aHanM3bT W OLEHKaTa Ha BapuaHTHUTE
PELUEHNsI Ce OCBLUECTBU AMPEKTHO BbPXY rpachuHiUTE NpUmo-
KEHWs! 3a y4acTbka, Kato:

- MNaH, C MpexaTa OT MUHHU M3paboTKM 1 U33eTH NPOCTPaH-

CTBa;

- MpOuNK — paspesn Ha y4acTbka;

- MNaH Ha U30MOLLHOCTUTE Ha MeTa3arnexa;

- MNaH Ha W30NMWHWMTE HA [OMHWLLETO U TOPHWLLETO Ha

MeTasanexa v KOHTYpW Ha MiacToBaTa U kuiHaTa 4acT Ha
yyacTbka.

B pesynTaT Ha excnepTHUTe 0B6ChbXaaHus Gsxa npuetu 3a
Bb3MOXHW W pauunoHANHW cnegHUTe rpynu BapuaHTU Ha
cucTema 3a paspaboTeaHe:

1.Cuctema ¢ obwo 6e3UuenukoBo [OBMBHO-U33€TO
NpOCTPaHCTBO

Wpoesta 3a cuctemata ce W3pa3sBa B CNegHOTO: MO
nepucepusiTa Ha MeTasanexa, Mo ropHule ce npokapeat
0DXOZHM MWHHK 13pabOTKN C BPB3KA, C OCHOBHUTE ETAXHU U
noaeTaxHu n3paboTku. o JonHuUWe ce mpokapea Mpexa oT
13paboTku, KOUTO Ha MOAXOASLUM MecCTa Ce CBbp3BaT ¢
13paboTknTe MO TOPHMLE, 3a MPOXOAsLiA BEHTUMALMS U 3a
TpaHcnopTHU uenu. OT u3paboTkuTe MO ropHULLE 3anoyBar
[06MBHN paboTh ¢ HenpekbCcHAT PPOHT M No Brokose (C Unw
fe3 ocTaBsHe Ha BPEMEHHW LEenuuM) B MbpBUS CIIOW.
[obuHute paboTh ca CbMNPOBOLEHNW CbC 3acBOASBAHE U
3aKpenBaHe Ha TOPHWLIETO C aHKepPeH Kpenex-creumarnHo
W3MbMHEHNE, OCUrypsiBall, YCTOWYMBOCTTA Ha  OTKPUTOTO
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NPOCTPAHCTBO MO Bpeme Ha [oOMBHWUTE paboTu B yyacTbka.
CrneuvanHuaT kpenex e KOMOMHAaUMsS OT ObNTU BbXEHU
aHkepu (7-10 m); aHkepn TMn TOA-2,4 m u aHkepu Tvn TOA-
1,2 m. [onbnHWTENHO Ce M3Non3Ba Mpexa, MnaHku |
CbeaVNHUTENHN NOLXBATH.

Cneg u33eMBaHe Ha TOPHWS CMOW NOA  3aKPEMEHOTO
yCTOVI‘-WIBO ropHue ce WKu33eMBaT BCUYKM OCTaHann no
MOLLIHOCT 3anacy B y4acTbka.

/33emBaHEeTO Ha Teaun 3anacu, MoXe a CTaBa npy pasnnyHu
CXeMW Ha Haps3BaHe, peJ UM MOCNefoBaTenHoCT  Ha
npoeexaaHe Ha paobusHute pabotu. [lpu BOOEHETO Ha
MWHHMTE paboTn we ce wuanonsea [MBP, HaTtoBapeaHe u
TPaHCMOPT C YerNeH ToBapay WnM/M CbC CKpenepHa JOCTaBka
Ha pygarta.

2. KamepHo-uenukoBa cuctema ¢ nocneasallo U33emBaHe
Ha uenuuuTe

WoesTa Ha Tasu cucteMa Ha MbpBUAT eTan Ha paboTa He ce
pasnuyaBa OT cuUCTemaTa MpUMOXKEeHa 3a W33eMBaHe Ha
yyacTbka OT MeTasanexa Hag xop. 415. Ypes nogxoaswa
Mpexa OT MOArOTBUTENHN, HAape3HW 1 4OBUBHW U3paboTkm ce
n3BbpLLBa A0OMBa B yyacTbka, KaTo Ha pasctosHue (6-10 m)
Ce OCTaBAT PyOHW Lenuuu C pasnuuHn pasmepn (3x3; 4x4;
4x4 m).

Mpwn ocbluecTBABaHe Ha AobuBHWUTE paboTn ce M3BBPLLBA
3aKpenBaHe Ha ropHULLETo ¢ aHkepu Tun TOA-1,2 m n mpexa.
Crep npukniouBaHe Ha gobuBHUTe paboTu, Ha BTOpWS eTan
npes CblyecTByBaljaTa Mpexa OT MoaxodHu W3paboTku
3anoyBa 3ambriBaHe CbC CKanHa Maca Ha U33eTuTe
NPOCTPaHCTBa M MOANMPaHe Ha CbluecTByBalumTe Lenuyn. C
MWHHU u3paboTkn umm ¢ obwa m3pabotka u nogxoan B
HenocpeacTBeHOTO  [OMHWWE  Ha  MeTasanexa  ce
OCbLUeCTBSBA JOCTBN A0 Lenuka. Mog Hero ce oopms yHNs
3a M3TOuYBaHe, Crned KOeTo C ajanTupaHu 3a uenta [1BP
LienuKsT Ce paspyluasa. PaspylueHaTta pyaa ce u3Tousa usnog
3aMbIHEHNETO B M33eTOTO MpocTpaHcTBo. C obepHsBaHe OT
okono 20% 3anacuTe B Liennka Ce M33eMBaT HambIHO.

W33emBaHeTO Ha 3anacute B MeTasanexa Moxe fa ce
M3BBbPLWK MO YTBbPAEHM CXEMU Ha HapssBaHe, pen U
nocreaosaTtenHocT Ha fobueHute pabotu. Mpu BogeHe Ha
BCWYKM MUHHM paboTu ce wanonasat [1BP, HatoBapBaHe U
TPAHCMOPT C YeneH ToBapay WNu/M CbC CKpenepHa JocTaBka
Ha pygarta.

3ambnBaHeTo LWe ce M3BbpWBA CbC CkanmHa Maca oT
MpoKapBaHe Ha CKamHW ranepuu Unu OT BLTPELLUHW Kapuepy.
[octaBkaTa Ha Tasu Maca [0 M33eTUTE NPOCTPaHCTBa LUE Ce
WU3BBPLLUBA C YENEH ToBapay.

3. KamepHa cuctema ¢ noanopH1 KONOHU

ChlUHOCTTa Ha cucTeMaTta Ce M3passBa B CMEAHOTO: Ha
MfaHa Ha y4acTbka, B 3aBUCUMOCT OT HayarHOTO W KpailHO
FEOMEXaHWYHO CbCTOSIHME Ha [OOMBHMS  y4acTbk ce
HabenssBaT MecTaTa 3a M3rpaxgaHe Ha MOAMOPHW KOMOHW.
Mpegewxaa ce Tean komoHW pfa Owbaar  OyToOETOHHM,
apMMpaHM WNW HeapMupaHW, W3rpafeHn GeskodpakHo, B
nNpenBapuUTenHo W33eTW Kamepu, C MOAXOAswa dopma
(NpaBOBILIHUK, KBALPAT, KPBF) U pa3Mepy.



Kamepute 3a konoHWTe ce mpokapeaT Kato KOMWHM C
npowwupsiBaHe OTrope Hagony. [py NpoWMpsSBaHETO CTEHNTE
Ha kamepaTa ce 3akpenBaT (obe3onacsBaTt) C KbCW aHKEPHW U
mpexa. [lpokapBaHETO ¥ MNPOWMPSIBAHETO HA KOMMHA Ce
M3BBPLLBA NO YTBBPAEHW TexHonornyHn cxemu ¢ MBP. Kato
MaTtepuan 3a uarpaxgaHe Ha KOMOHW ce u3nonssa GeToH ¢
npeobnafaBallo KOMMYECTBO CKanHa Maca OT NpokapBaHe Ha
MWUHHU 13paboTKy.

Crep n3arpaxaaHe Ha KOrNOoHWTE OT CbLLECTBYBaLLaTa Mpexa
HapesHW u3paboTku B yyacTbka, 3anoyBa M33eMBAHETO Ha
PYLOHWS MAacT B yyacTbka. /33emBaHeTo MOXe fa CTaBa no
PasnuyHM TEXHOMOTMYHM CXEMW, MpunaraHn B pygHuka. Mpu
NpOKapBaHETO Ha U3paboTk1TE MO FOPHULLE 3a U3rPaXAaHeTo
Ha KOMOHWTe W npu [obuBHMUTE paboTM TOPHULLETO Ha
kamepuTe Ce 3akpenBa C aHkepeH kpenex. KpenexwsT Tpsbea
[a UMa Hocewym 1 cTabunuanpalyn yHKUMM 1 ga ocurypsiea
YCTOMYMBOCT Ha M33eTUTE NpocTpaHcTBa. B TAx TpsbBa Aa
Obae Bb3MOXHO pa3MecTBaHETO W CKaaMpaHeTo Ha CkanHaTta
Maca, gobuBaHa B pyaHWuHWTE yyactbuw. [pedswxpa ce
kpenexwbT Aa Bkntousa aHkepu Tun TOA u Splitset ¢ gbmkuHM
1,2 1 2,4 m, Mpexa, NnaHkM W OOMbAHWUTENHW Hanpsrawy
€NeMEHTH.

lMpu BOOEHETO Ha BCWYKM MUHHM paboTK Lie ce M3nonasart
CbLUeCTByBaLYNTE TEXHUYECKN CpeacTBa, MNBP, HatoBapBaHe u
TPaAHCMOPT C YeneH ToBapay Wunm cbe ckpenep.

4. KamepHa cuctema-Abnrv kKamepu cbe 3anblBaHe

CblUHOCTTa Ha cucTemMaTa Ce u3passiBa B CNESHOTO:
MeTa3anexbT N0 HAKMOH Ce pa3fens Ha KaMepHW y4acTbLm C
WupuHa oT 4 [0 8 m. JOCTBNBLT A0 TE3W Kamepu ce
OCBLLECTBSBA OT ranepuu C OpTOBE UMW OT OPTOBE C ranepum.
OpToBeTe (ranepuuTe) NoacuyaT LIEHTPATHO kamepaTa OT KbM
JOIHWLLE U TOPHULLE OT eNHUS JO LPYrus Kpali Ha kamepara.
OT opTa C MpOLMPEHNs B MNSBO M AsCHO ce AOCTWra Ao
CTEHMTE Ha KamepaTta, Cnef KOeTo 3anousar [obuBHUTE
paboT B pamKUTE Ha Hal-ropHWs CMOM Ha KamepaTta CbC
3aboitHa cteHa 2 — 6 m. Mpu fobuBHKTE paboTy ce U3BBLPLLBA
3aKpenBaHe Ha FOPHULLETO C aHkepu W Mpexa. C onpeaeneHo
n3octaBaHe 6 — 8 m 3ano4yBa W33eMBaHETO Ha OCTaHanaTa,
MO FOpHWS CNOV MOLLHOCT Ha nnacTa U3Lsno Unn Ha Croese.
Mpu n33eMBaHETO Ha pymaTa OT kamepaTa Ce WM3BbpLUBa
3aKpenBaHe Ha CTEHWUTE W C aHKepn U Mpexa. Kpenexwt
TpsibBa Aa OCUrypsiBa YCTOMYMBO CLCTOSHUE HA M33€TOTO
MPOCTPaHCTBO Ha kamepata. Cnepn obpasyBaHe Ha
[0CTaTbYHO NpasHu-133eTn obemn B fobMBHATA kamepa, Npe3
obxogHu m3paboTkM 3a JOCTBN A0 KamepaTa B TOpHWLLE
3anoyBa 3ambfIBAHETO Ha MPa3HOTO KaMepHO MPOCTPaHCTBO.
3anmbnBaHeTo MpofgbikaBa A0 MbHOTO 3ambriBaHE Ha
kameparta. B kpaiHus eTan kamepaTta MOXe Aa ce pasrnexaa
KaTo JIEHTOB W3KYCTBEH LIENUK ,0MakoBaH" C Mpexa 1 aHkepu 1
3ambifHEH CbC CkanHa Maca, Jobuta OT npokapBaHe Ha
CKanHW n3pabotku.

/133eMBaHETO Ha kamepuTe MOXe [Ja Obae WwaxmaTHO, npes
kamepa, KaTo e Bb3MOXHO BTOPWUYHWUTE Kamepu fa He Obaar
3aMbIHEHN. Te3n kamepu Moxe Aa 6baaT oTpaboTBaHM upes
opToBe Camo B AonHuwe ¢ [BP, 0CHOBaHM Ha COHAAXHM
BETPWNA W YENTHO N3TOYBAHE Ha pyaHaTa mMaca.

Tasn cxema pobpe ce cbyetaBa C [O0OMBHUTE U
noaroTBMTENHUTE paboTW NMpW M33eMBaHE Ha 3anacute [0
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x0p.501 Ha xunHaTa Yact — pyaHo tano 1.

MMpu BOLEHETO Ha BCMYKWN MUHHK paboTu LWe ce u3nonssar
CbLLeCTBYBaLLWTE TEXHUYECKM CPeAcTBa, MBP, HaToBapBaHe 1
TPaHCMOPT C YENEH ToBapau.

MocoueHute Nno-rope BapWaHTKW Ce pasrnexaar Kato
OCHOBHM. Ha TsixHa ocHoBa ca pasrnexgaHn u oueHABaHn
MHOXECTBO noABaphaHT B 3aBUCUMOCT OT pas3nnyna B
r€OMETPUYHIN NapaMeTpu, TEXHUKO-TEXHONOTMYHO U3MbJTHEHNE
N OT OpraHun3aunOHEH XapakTep. Tean NnoABapuaHTu He ca
onucaHn, HO € B3eTa NOA BHUMaHWE Bb3MOXHOCTTA 3a
TAXHaTa peanu3auna B OCHOBHUA BapUaHT.

Mpy KOHCTPYMPaHETO, aHaNW3bT W OLIEHKATa Ha BapuaHTUTe,
B 3aBMCMMOCT OT KOHKPETHMTE YCMOBMWS, cneuyudukata Ha
BapuWaHTHWTE pelleHns 1 obXBaTbT Ha TE3W pELIeHus ce
pa3paboTBaT M NpUemaT eKCNePTHO Pa3NUYHM KaYecTBEHU U
KOMMYeCTBEHM KpuTepuu. 3a criyyasi, Npu NPOEKTUPaHeTo W
OLieHKaTa Ha BapuaHTUTE 3a cucTema M JobMBHA TEXHOMOrUS
3a paspaboTBaHe Ha MeTasanexa Osxa 06CbaeHw,
NPEeLNOXEHN U MPUETU MOCOYEHUTe, NO-HOMy KpUTepuasnHu
nokasaresnu:
1.3arybu Ha nonesHo u3konaemo (pyaa);
2.06epnHsBaHe Ha pygata npw fobusa;
3.TpyBHOCT (CNOXHOCT) MpU peanu3auus Ha MPOEKTHOTO
peLLeHVe;
4./A3non3BaeMoCcT Ha CkanHa maca OT MOATOTBUTENHUTE
paboTy 3a 3ambnBaHe Ha U33ETH MPOCTPaHCTBa;
5.Bb3MoxXHOCT 3a O6MB Ha JOCTATBHYHO KONMYECTBO CKasHa
Maca 3a 3ambBaHe Ha U33eTUTE NPOCTPaHCTBa;
6.CurypHocT n 6esonacHocT npu paboTa;
7.HeobxoamMmocT OT JOMbIHUTENHA TEXHWKA 3a epeKTHUBHA
peanu3aumsi Ha NPOEKTHOTO PELLEHNE;
8.HeobxogumocT 0T npunaraHe Ha HOBM Kpenexu W
nacrnopTy Ha KpeneHxe;
9.CreneH Ha 6e30MacHOCT Ha M33eTOTO NPOCTPAHCTBO;

lMocouyeHuTe No-rope KpuTepUanHW nokasaTenu ca rnaBHO
KQueCTBEHW, HO 4aCT OT THAX, OCBEH KAyecTBeH umaT W
konuyecTBeH nameputen. Takuea ca nokasatenute: 1, 2, 4, 7
n8.

3a n3nonasaHe Ha nokasaTenure 3a OLIEHKa Ha BapuUaHTHUTE
pelueHnd, no-gony ca npeacTaBeHN HAKOU NOACHEHUA 3a TAX U
OLeHBbYHUTE CTEeNneHNn.

1) 3ary6u Ha none3Ho u3konaemo. BCuyky reoMeTpuyHm 1
TEXHOMNOMYHM PeLUeHNs ca CBbP3aHW C onpeaeneHu 3aryou
Ha pypa. KauecteHo 3aryOuTe, CBbp3aHW C BapuaHTHWUTE
pelleHns morat ga ObAaT OnuCaHM CbC CTEMEHWUTE: Marky,
CPESHM W ronemu.

2) OGepHsiBaHe Ha pygata npu pobusa. ObenHsiBaHeETO
Ha pygaTta npu [o6MBa € CBbp3aHO CbC CMECBAHETO Ha
pydata CbC CkarHa Maca. ToBa cMmecBaHe Moxe fa Gbae
CBbp3aHO C 0OpylwBaHe, M3TOYBAHE M ApYyrU [LEAHOCTU.
KauecTBeHo 0b6efHsSBaHETO, CBbP3aHO C BapUaHTHU PELLEHMs!
MoxXe Aa Obde OnMCaHO CbC CTEMeHUTE. Marnko, CPeaHo,
ronsiMo.

3) TpyaHOCT  (CROXHOCT) nNpuM  peanu3auus  Ha
NPOEKTHOTO peleHue. [py HarmaraHe Ha rEOMETPUYHW U
TEXHONMOMMYHM  PEelleHUs B MMHHaTa  MpakTika, npw



NPOObIKUTENHO  MONM3BaHe Te  Ce  NpeBpblwar B
KOHBEHLMOHaNHN — pyTUHHU. B criyyauTe, kato ce npegnarat
MPOEKTHN  PELIeHNs, Pas3NUYHM  OT  KOHBEHLMOHANHUTE
NepcoHanbT CBUKHAN C W3MbIHABAHETO HA Te3n peLueHus
cuATa, Ye Te ca TPYAHM (CMOXHM) 33 U3MbhHEHue. Tasu
TPYAHOCT, KauyecTBEHO Moxe fa Obae npeacTaBeHa CbC
CTEMeHUTe: BUCOKA TPYAHOCT, CpegHa TPYOHOCT M HWCKa
(manka) TpyaHocT. OMpOCTEHO CTeneHuTe Ha TPYAHOCT
(cnoXHOCT) CBbp3aHW C TO3M KpuTEepuit MoraTt pda ce
NPeACTaBAT C OLEHKMTE: BUCOKA; CPEAHA W HUCKA.

4) W3nonsBaeMoCT Ha CKajlHa Maca 3a 3anbiiBaHe Ha
M33eTW MPOCTpPaHCTBa. Ype3 TO3M KpuUTepuil MOXe Aa ce
n3passiBa MONOXKUTENHWA edeKkT OT M3NOon3BaHeTo Ha
pobuBaHaTa npu NpokapBaHe Ha CKanmHM M3PaboTkM MWHHA
maca. Mpu u3nonssaHe Ha ckanHaTa Maca 3a 3ambriBaHe ce
HamarsiBaT peauua pasxofy 3a TpaHCMopT W obCryXBaHe U
ce peanuanpa onpeaeneH ekonorideH edekT. OueHkaTa Ha
CUCTEMUTE W TEXHOMOrMUTE, Ha GasaTa Ha TO3M KpUTEpWid
MOXe [a Ce OCbLIECTBM CbC CTENeHuTe. BUCOKA
113N0M3BAEMOCT; CPEHa 1 HUCKA M3MON3BaeMOCT.

5) Bb3MOXHOCT 3a AOGMB Ha AOCTaTbYHO KONMYECTBO
CKanHa Maca 3a 3anmbfiBaHe Ha M33eTW NMpocTpaHcTBa. B
KOHKPETHWTE CUTyaLWW M3NOM3BaHETO Ha CkanHa maca 3a
3ambriBaHe 3aBUCK OT MHOMO (PaKTopK. 3anbrBaHEToO MOXe Aa
CTaBa CbC CkanHa Maca OT MpOKapBaHe Ha NOArOTBUTEMHM
13paboTKM UNK C BKApBaHE Ha CKarHa Maca OT MOBbPXHOCTTA.
Mp HEBL3MOXHOCT 3a O0OMB HA AOCTATbYHO KONMWNYECTBO
CKarHa Maca upe3 MOA3eMHM MWHHM paboTu, Taka e
HeoOXxogMMO [a Ce BKapBa OT MOBBbPXHOCTTA. 3aToBa Npu
npegnaraHe Ha peLleHust 3a 3ambfiBaHe CbC CkarHa maca,
aobuBaHa OT MMHHM K3paboTkM e Heobxoaumo ga ce uMa
npeaBvA Bb3MOXHOCTTA 3a MoNyyaBaHe Ha HeoOXO0AMMOTO
[0CTaTbYHO KONMYECTBO 3a Tasu Len. [pu HEBL3MOXHOCT e
HeobxoaMMO TakaBa Maca Aa Ce Bkapea OT MOBBbPXHOCTTa.B
TakMBa CUTyauuu Ce MpaBsT  [OMBMHMTENHM pasxogu Mo
npepaboTka 1 4OCTaBKa Ha 3anmbrBaly MaTepuan.

KauectBeHo OleHKata Ha BB3MOXHOCTTA 3a [obuB Ha
[OCTaTb4yHOTO KONMYECTBO CKaflHa Maca 3a 3anblfiBaHe Ce
OLeHsABa C: rondama, cpefHa 1 marka.

6) CurypHocT u 6e3onacHocT npu paboTa. Bcsko TexHUKo-
TEXHONOMMYHO pelleHve TpsabBa [Ja ocurypsiBa BMCOKa
curypHocT u 6esonacHocT npu pabota. ToBa W3WCKBaHE €
3afbNXMTENHO M e cBbp3aHo ¢ MNBT, Ho HeroeaTa peanusauus
3aBMCM OT peduua akTopy OT YOBELUKM, NPUPOAEH,
MWHHOTEXHUYECKU W TEXHONMOTMYEH XapakTep. 3aToBa BCUYKM
MWHHM peLueHns u ocobeHo Teaun 3a cucTemarta u gobusHata
TexHororus, npoektute 3a MNBP u kpeneHe v ynpasnexve Ha
TOPHULLETO OCUIYPSBAT B Pa3nuyHUTE YCMOBWS pasnnyHa
CTEMeH Ha CUrypHOCT U cTeneH Ha GesonacHocT npu paboTa.
Hait-06110 — kayecTBEHO Teau CTeneHu ca: BuUcOKa, £obpa,
cpenHa (3agoBonuTenHa).

7) HeoOxogMmocT OT [ONMbNHUTENHAa TEXHMKa 3a
eheKTMBHA peanusaums Ha pewweHWeTo. 3a peanusupaHe
Ha BCAKO LAO0OMBHA TEXHOMOTMYHA CXeMa ca Heobxoanmu
ONpefeneHn TEXHUYECKN CPEACTBA. 3a HanoxeHaTta npakTuka
T€ CE YCTaHOBEHU 1 BCAKA NMPOMSIHA Ha Ta3u NpaKTuka U npu
MPOMsiHa Ha HAKOW €NeMEHTW OT Hesl MOXe Aa Ce MOsiBU
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HeobXoaMMOCT OT M3MON3BaHe Ha AOMbAHWTENHA MNK HOBA
TEXHUKA, C KOSTO [a Ce NOBWWM eeKTMBHOCTTA Mpu
peanu3auust Ha HOBOTO pelueHne. B kayeCTBEHO OTHOLLEHME
HeobxoguMocTTa OT AOMbIHMTENHA TEeXHWKa MOXe [da ce
onpenens c: HaMa HeobXxoaMMOCT, UMa Marka HeobxoamMMoCT;
“Mma ronsma HeobxoaMMOoCT.

8) HeoGxoamMmocT OT HOBM Kpenmexu M CXemu 32
ynpaBneHue Ha ropHuweto. Mpn yTBLPAEHUTE CXemn 3a
yNpaBrieHWe Ha FOPHULLETO CE W3NON3BaT TUMOBU Kpenexu u
nacnopTi Ha kpeneHe. Npy NPoMsiHa Ha HIKOM OT enNemMeHTUTE
Ha cucTemata M TexHomorusita Ha pabota, gopu W npu
3anasBaHe Ha NpUeTusi HauuH Ha ynpaBneHne Ha FOPHULLETO €
Heobxogumo u TpsbBa Oa Ce OCBLIECTBM NpOMsHA Npu
KPEMNeHEeTo W nacnopTa Ha kpeneHe. KayectBeHaTa oLeHka Ha
TakaBa HEOOXOAMMOCT Ce Onpedens 4pe3. Hama, Marnka,
ronsima.

9) CteneH Ha 6e30MacHOCT Ha U33eTOTO MPOCTPaHCTBO.
Mpu paspaboTBaHeTO Ha MonesHu uskonaemm ce chopmupar
T.Hap. W33eTW MPOCTpaHCTBa. Te MMAT pasnMyHO CbCTOSHME
(obpylleHo, 3ambfHEHO, MNPasHO C  LEnuuW, YacTU4HO
obpyweHo W KoMOMHaUMM) M BAMSAT PasiNyHO  BbPXY
reoMexaHWYHOTO CbCTOSIHWE Ha PyLHMYHATA TEXHONOrMYHa
CXema, BKIMIOYUTENHO M BbPXy MPOM3NN3AHETO Ha PasnnyHu
OMacHW SBMeHMs, KaTto HegjomycTumu  aedopMauun 1
NpeMeCTBaHus, BHE3anHM MacoBu 0OpyLUaBaHWsl, Bb3LyLIHU
yaapn W ckanHo-guHamuuHK sienenus. OT rnegHa Todka Ha
NpoW3NuU3aHeTo, Ha MOCOYEHUTE MO-TOPE SBMEHUS, CTEMEHTa
Ha Be30MacHOCT Ha M33eTOTO MPOCTPAHCTBO € B 3aBUCUMOCT
OT HauuMHa Ha ynpaBneHne Ha CKanHUs HAaTUCK N CbCTOSHUETO
Ha W33eTOTO MPOCTPaHCTBO. 3a ToBa CTEMeHTa Ha
BesonacHoCT, kayecTBeHO MoXe fa 6bae OLeHeHa C: ronama,
cpefHa v 3agoBonuTenHa (H1eka).

MpoueaypaTa 3a OLeHKa U M3BOP Ha NPeAnoYUTaH BapuaHT
Ha pelueHVe, Ha GasaTa Ha KaueCTBEHM KpUTEpWUM BKIKOYBA:
paHXMpaHe No TEXECT Ha KAYeCTBEHNUTE KPUTEpUN; AaBaHe Ha
OLIEHKY 3a CTEMNEH Ha yIOBNETBOPSIBaHE Ha KpUTepHs.

KpVITepMaI'IHVITe OLUEHKM npeacTaBnaBat npousBeaeHue ot
OLIEHKaTa 3a TEXEeCT Ha Kputepuna u CTOMHOCTTa 3a CTeneHTa
Ha yOoBNeTBOpPABaHE Ha KPpUTEpPUA OT 3aNOXeHWUTe pelleHns
BbB BapuaHTa.

3a npunaraHe Ha npoveaypaTa OT OLEHsIBaLLMTE eKCrepTy e
cb3gafeHa enekTpoHHa Tabnuua ,lzbor_KK*, ¢ kosto morart
[a ce U3non3eaT pesyntaTTe OT OLEHKUTE Ha OLeHsBaLLuTE
ekcnepTyn, Ha GasaTa Ha KouTo Ja ce u3bepe npeanoynTaHus
BapuaHT.

OueHkaTa Ha pasrnexaaH1Te YeTUpU BapiaHTa 3a cucTema
W JoOMBHA TEXHOMOIUS, N0 MPEANOXEHUTe W paHXMpaHW no
TEXECT KpUTepuanHu TnokasaTenu e  HampaBeHa Mo
nocoyeHaTa no-rope cucTema, a pesyntaTute ca npeLcTaBeHu
B Tabn. 1.

lMpeonounTaHMAT BapuaHT MMa MakcuManHa oblua oLeHka.
Ot Tabnuuata ce Bxaa, Ye NpeanouMTaHuaT e sapuaHT Il —
KamepHa cuctema ¢ noanopHu komonu. Tosu u3bop Gelwe
HanpaBeH 1 MOTBbPAEH Ha Pa3LUMPEHUs TEXHUYECKN CbBET B
CbCTaB OT CMELMannCTX Ha MUHaTa.



Tabnmua 1.

M360p Ha npednoyumaH eapuaHm no Ka4ecmeeHU KpUMepUU 3a OueHka

CreneH Ha Bapuaty
TexecTHa | YOOBETBOPABAH
Ne Kputepuii 3a oueHka KpuTtepus € Ha KpuTepus I i v v Vi
(1-10) cTon
TEKCT HocT 13bpaHa CTOMHOCT/OLIEHKM
1 | 3arybu Ha nonesHo n3konaemo Mankn 3
(pyna) 7 — 9 21 | 2] 14 3| 21 |2]| 14 0 0
ronemu 1
2 | OBepHsiBaHe Ha pyaaTta npwu Manko 3
Aobnea 6 CpefHo 2 12 (2] 12 [3] 18 |2 12 0 0
ronsimMo 1
3 | TpymHocT (CnoxHocT) npu Manka 3
peanusauus Ha MpOeKTHOTO
pelLeHve 4 cpegHa 2 4 2 8 2 8 1 4 0 0
ronama 1
4 | WsnonseaemocT Ha ckanHa Maca vanka 1
OT NOATOTBUTENHUTE PaboTy 3a
3aMbrBaHe Ha 133eTH 5 cpenra 2 S5 12 10 |3 15 131 15 0 0
npocTpaHcTBa ronsma 3
5 | BuamoxHocT 3a fobue Ha vanka 1
[0CTaTbYHO KONMYECTBO CKarHa
Maca 3a 3ambliBaHe Ha 133eTuTe 7 cpeara 2 L I A R R I B 0 0
npocTpaHcTBa ronsma 3
6 | CwurypHoct u 6e3onacHocT npu BUCOKA 3
pabora 10 [06pa 2 20 1] 10 [3] 30 |2] 20 0 0
cpegHa 1
7 | HeobxoammocT OT OMbIHUTENHA ronama 1
TexHuka 3a eheKTBHa
peanuaaLys Ha NpoeKTHOTO 6 cpeara 2 612 12 |2 12 12} 12 0 0
peLlexre masnka 3
8 | HeobxomumocT OT npunaraHe Ha ronama 1
HOBM KPEMeXy 1 NacnopTit Ha
KpeneHe 8 cpegHa 2 8 3 24 1 8 2 16 0 0
maska 3
9 | CreneH Ha besonacHocT Ha ronama 3
133eTOTO MPOCTPAHCTBO 9 cpeaa . 9 |2 18 3 97 3 927 0 0
marka 1
O6Lya oueHka 99 122 153 134 0 0

3aknioyeHune

3a ycnoBusiTa Ha yyacTbka, MpenopbyBaHaTa cucTeMa Ha
paspaboTBaHe ,KamepHa cucTemMa C MOANOPHW  KOMOHMK®,
YAOBNETBOPsBa Hai-gobpe W3MCKBAHMSTA Ha W3NON3BaHWTe
kputepun. 3aTtoBa T Oewe npueTa 3a W3MbIHEHWE U
pa3paboTeHa kaTo NPOEKTHO PeLLeHNe.

NutepaTypHn M3TOYHULIN

Hepmermxkues, Kp. ManonasaHe Ha enekTPOHHM Tabnmum npu
pa3paboTBaHe W B3eMaHe Ha MWHHM pelenus. // Tog.
MrY, 55,2012, Ne2, ¢.18-22.
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Credanos, [p. MogsemeH pygogobus — I (n3bpanun rmasm ot
noasemHusi pypopobms), C., 2003, 185 ctp.

Mpoekt 3a Ge3uenukoBo paspaboTBaHe Ha 3amacu B
meTasanexu OOekT:YyacTbk ,Mbp3sH — cesep®, 6n.10,
nnacT - U3Tok, nog xop. 515. Otyet no gor 2062, Apxue Ha
JTopy6co — 3natorpag” ALl

CraTtusita e npenopbyaHa 3a nybnukysaHe ot kar. ,loasemMHo paspaboTBaHe
Ha nonesHu uskonaemu’.
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OUCTAHLUMOHHBIN KOHTPOMb COCTOAHNA TEXHOMEHHBIX MACCUBOB HA
FOPHbIX NPEANPUATUAX

A.M. lanbnepuH, A.M. lempsikoe, E.A. CemeHo8a

Poccus, 2. Mocksa, HUTY «MUCuC»

PE3IOME. OnbIT 3kcnmnyataLymm 0TBambHbIX COOPY)XEHWUI FOPHbIX MPEANPUSTIN NOKa3bIBAET, YTO MaclTabHble W, B OTAENbHbIX CryyasX, katacTpoduyeckine aBapun
3TUX COOPYXEHWA MPOWUCXOAAT, KaK MPaBWUMO, MPW OTCYTCTBUM HAAEXHOTO KOHTPOMS COCTOSHMS TEXHOTEHHbIX MaccuBoB. [loaTomy paspaboTka adhdeKTMBHbIX
CpeacTB U MeTOZO0B KOHTPOIS SIBNSIETCS aKTyarlbHOM 11 NO3BOMNSET CBOEBPEMEHHO YTOUHSTL KOHCTPYKLMIO OTKOCHBIX COOPYXEHMIA 1 paspabaTbiBaTb apheKTUBHbIE
MeponpusTUs Mo OXpaHe BOAHO-3eMeNbHbIX PecypcoB. [pUMEHEHWE AMCTAHUMOHHBIX METOAOB, MO3BOMSIOLMX OMEpaTUBHO OMpeaensTb KoadUUMEHT 3anaca
YCTOYMBOCTM OTKOCOB M HECYLLYI0 CMOCOBHOCTb Criabbix OTBanbHbIX OCHOBAHWA, HaMpaBMeHO Ha 0becneyeHne MPOMBILLNEHHOM SKOMOTMYeckon 6e3omacHOCTU
0TBarbHO-XBOCTOBbIX XO3SACTB M CMOCOBCTBYET YNyYLIEHMIO WX 3KOHOMUYECKUX MokasaTenen. PaccMoTpeHbl pesynbTaThbl BHepeus cuctemsl «Opden-1» ¢
BecnpoBoaHoit nepefaveit JaHHbIX Ha obbekTax CtoitneHckoro FOKa (Kypckas MariuTHas AHomanus, LieHTpanbHas Poceus).

KntoyeBble cnoBa: yaaneHHbli KOHTPONb, NOPOBOE AABNEHME, OTKOCHBIE COOPYXEHWS, ONon3HeBble fecdopmaLim.

REMOTE CONTROL OF THE MAN-MADE MASSIVES STATE AT THE MINING ENTERPRISES
A.M. Galperin, A.M. Petryakov, E.A. Semenova
Russia, Moscow, NUST “MISiS”

ABSTRACT. The experience of exploitation of the dumping structures at the mining enterprises shows that large- scale and, in some cases, catastrophic accidents of
the following structures happen as a rule with the lack of safe control of the man-made massives’ state. So, development of the efficient means and methods of
control is considered very actual and allows specifying the construction of the slope structures in time and develops the efficient measures to protect water-land
resources. Using of the remote control methods allowing identifying the coefficient of the safety of the slopes stability and bearing capacity of the loose dumping
foundations is directed towards the providing the industrial ecological safety of the dumping tails and provides the improvement of their economic characteristics.
There were considered the results of the introduction of the system “Orfey-1” with the wireless transmitting of data at the objects of the Stolensky GOK (Kursk Magnet
Anomaly, Central Russia).

Keywords: Remote Control, porous pressure, slope structures, landslades deformation.

OnbIT aKkcnnyaTauuu rMapooTBanoB M XBOCTOXPAHUIULL, a MOPOBOTO AABMEHUs KOHCTPYKUMM [MaponpoekTa no3sonstoT
Takke ApYrUX MOPOTEXHUYECKUX W OTBANbHbIX COOPYKEHWN M3MepATb Kak rugpocTaTyeckoe, Tak M obliee (MonHoe)
CBMOETENbCTBYET O BO3HWKHOBEHWM KPYMHBbIX aBapuii U [aBneHne BOAbl B Mopax (B OTNMYME OT CTaHOApTHbIX
3HauNTENbHLIX 0BbEMax OMOM3HEBLIX Macc MpU OTCYTCTBUM Nbe3oMeTPOB). B HacTosilee Bpemsi MCMONb3YKTCA CUCTEMBI
HaAEXHOM MH(OPMALWM O COCTOSHUM TEXHOTEHHbIX MacCUBOB BUCTAHLMOHHOTO ~ KOHTpOns, nepegauu u  06paboTku
(rmmpootean Ne 1 kombuHat «<KMAPyga», 1964r. (1.8 MnH.m3); WH(OPMaLMK O BENWYMHE MOPOBOrO AABMEHUS C KOHEYHBLIM
rugpootean «banka Yyduuesar, Nebeguuckuin MOK, 1981 r. pesynbTaToM B BuAe Ko3apduumeHTa 3amaca YCTOMYMBOCTM
(1 mnH.M3); rugpooTtBan «BekoBckuity, Kysbacc, 1988 r. OTKOCOB, ~ CTeMeHW YNMOTHEHWS  HAaMbIBHbIX  MacCUBOB
(1 mnH.m3); xBocToxpaHunuule Kaukanapckoro MOKa, 1999 r. TOHKOAMCNEPCHBIX TPYHTOB W WX HECYLLEN CNOCOBHOCTM.
(Ceepmnosckas 06m., 5 mnH.m3); xBocToXxpaHunnwe Kapam-
keHckoro MOKa (2 MnH.m3, MaragaHckas o6n., 2009 r.); otBan Orpaxpatowme  pambel  xsocToxpaHuniua — OAO
paspesa «3apeuHbiiiy (Kysbacc, 27 mnH.m3, 2015 r.); otan «CroitneHckuit TOK» saBnsoTca 0bbekToM MccnegoBaHUs
Muxaitnosckoro FOKa (KMA, 10 MaH.m3, 2015 1.)). kadpeapbl reonoruu opHoro wuHcTuTyTa HUTY «MUCKUC»

(paHee MITY) yxe Gonee gecatn net. B atot nepuog 6bin

KOHTpOMb COCTOSIHUS TEXHOTEHHbIX MAacCMBOB OCYLLECT- NpoBeAEH KOMMNIeKC paboT no OnpeseneHno MHXEHepHo-
BNSETCH C MOMOLbIO [JAaTuyMKOB MOPOBOTO AaBfIEHUS U reonorM4ecknx CBONCTB NOPOA OCHOBAHWS TONIOBHOW NAOTUHBI
KOoMOMHMpOBaHHbIX 30HOOB MITY (MateHTsl Poccuiickoi 1 gambbl 3aLLmMTbl OTBAMOB, B TOM YKcre cnaboro rMuHUCTOro
®enepaumn Ne 1624093, 1993 r. u Ne 2025559, 1994 r.). Cnosi; pasBepHyTa CUCTEMA YAANEHHOro ruaporeoMexaHu-

YeCKOTO KOHTPONS; BEAYTCA HENpepbiBHble HabniogeHus 3a

B mMMpoBoIt NpakTvke BO3BEAEHWUS 1 3KCTNyaTauuu ruapo- COCTOSHMEM OTKOCHBIX COOPYXEHWM, BbIMOMHAKOTCA Onepa-
TEXHUYECKIX U OTBAIbHbIX COOPYXKEHNIA LUNPOKO MPUMEHSIHOTCS TUBHbIE pacyeTbl KO3duUMeHTa 3anaca YCTOMYMBOCTM MO
3amepbl MOPOBOTO  JABMNEHUS ANS  KOHTPOMS  COCTOSHUS 3aaaHHbIM cTBopam[1-3].

TEXHOrEeHHbIX MacCWBOB. MCI'IOJ'Ib3yeMbIe B Poccun patumkm
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C paseuTMEM TENEKOMMYHMKALMOHHBIX TEXHOMOTMIA CTano
BO3MOXHbIM CO3[@HWE CMCTEM KOHTPONS U YMpaBlieHus
yAaneHHbIM 06bEKTOM C MOMOLLBH CMYTHWUKOBOW UM COTOBOW
CBA3W, MOCNELHAS U3 HUX OTIIMYAETCS OTHOCUTENBHO HWU3KOM
CTOMMOCTbIO W MPOCTOTOM BHELPEHWS M WUCMONb3oBaHus. B
2008 r. cotpyoHukamu kadeapbl reonorum MITY 6bina
pasBepHyTa CUCTEMA  [WCTAHLMOHHOTO  KOHTpons  3a
COCTOSIHMEM HaMbIBHBIX NNOTWH, pa3paboTtaHHas Bo BHMU
(r. Cankr-TeTepbypr) Ha obbekTax OAO «CroineHckuin FOKb».
3amepbl nopoBoro aaeneHust npoussoaunucs Ao 2010r. Takke
Ha xBocToxpaHunuile OAO «Jlebegunckuin FOK», Ha koTopom
B MOCMeAHWe rofbl peannayeTcsl MpOeKT HapaluBaHus
ronoBHoOM Aambbl 40 BbICOTHI Bonee cta MeTpoB [1].

B TeuyeHne 2012-2013 rogos Obin BLINOMHEH psa paborT,
KOTOPbIIA BKMKOYan aHanmn3 OTEYEeCTBEHHOTO U 3apybexHoro
OnbiTa MCNONb30BaHWs! BECMPOBOAHBIX CUCTEM KOHTPOMS Ha
TOPHbIX  MPEanpuUaATMSX W B CTPOUTENbCTBE, a TaKke
NPOEKTUpOBaHWe W paspaboTky ycTpoiicTBa, obecneyu-
BaIOLLEro YCTOMYMBLIA cOop 1 nepegavy AaHHbIX O COCTOSIHUM
nopogHoro Maccuea. Kpome ToOro, npu 6ecnpoBogHOM
nepegaye [aHHbIX CYLLECTBEHHO Obln pacluMpeH AuanasoH

00BEKTOB BO3MOXXHOTO BHEAPEHNS CUCTEMbI KOHTPOMS, TaK Kak
Ha oTBanax, [Jambax, OMOM3HEBbIX CKIOHAX, CHOXEHHbIX
KPYMHOOBMOMOYHLIM W TMbIDOBLIM MaTepuanoM, npoknagka
kabens npakTUYecKM HEBO3MOXHA. TaKkke CyLeCTBEHHO
ynpocTunach, 3ajada nepeceyeHns Aopor, BOJOOTBOAHbIX
kaHaB W ApyrMX MpUpOAHbIX W TEXHOTeHHbIX nperpag. B
pesynbTaTe NPOBEAEHHbIX paboT ObiMM  CNPOEKTMPOBaHbI
cxembl cbopa M nepefayn [OaHHbIX, NpEACTaBIEHHbIE Ha
pucyHke 1

B nepsom nonyrogun 2013 roga Obina npousBeaeHa
paspaboTka HOBOro YCTPOWCTBA [AMCTAHLMOHHOTO cbopa,
nepBuyHoOit 00paboTkM 1 nepepaum TrMAPOreoNIorUYeCKoi
uHdopmaumm ¢ yyactmem wuHctutyta BCETMHIEO u
COTPYAHMKOB Kacbenpbl reonorvn. [pu ee cosgaHun Bbinu
MaKCUManbHO  YYTeHbl HegopaboTkK npeablayLen
SKCNNyaTUPYeMON CUCTEMbI, MPUMEHEH HOBbI  NOPSAOK

nepefaun gaHHbIx. PaspabotaHHoe yCTPOWMCTBO BKIOYAET B
cebs kopnyc LmnuHapuYeckoin hopMbl, B KOTOPOM HaXoasTCs
GaTapeika, MUKPOCXEMa, aHTEHHA, MNacTUKOBas Kpbilka C
YNMOTHUTENBHON PE3MHOBON NPOKNAAKON BHYTPU (PUCYHOK 2).

MPOBO/IHAS
nepeaaua

6
Jarunku H Jaranorrep

MOOMILHBIN
HHTEPHET

[Iporpamms! -
aHAJIM3aTOPbI

POHHOM MOYTHI

Basa

JlaHHbIX
Cepsep 11eKT-

Puc. 1. YaaneHHbI KOHTPONb YCTOAYMBOCTM Aambbi: a) cxema cGopa ruaporeonornyeckon MHEOpPMaLUu Ha OTKOCHOM COOpYXeHuu: 1- Teno Aamobl,
2- patunk NAC, 3- patanorrep, 4- cTaHUMs NpueMa AaHHbIX, 5- nporpaMma-aHanM3aTop AaHHbIX, 6 - CTaHUMA onepaTopa MOBUNbLHOI CBA3M, 7 - KpUBasA

cKonbXxeHus, 8 — kpusas aunpeccum; 6) cxema nepeaaym u 06paboTKM AaHHbIX

YCTPONCTBO OTBEYAET OCHOBHbIM TpebOoBaHWAM, NMpembsiB-
NSIeMbIM K CUCTEMAM aBTOMATU3NPOBAHHOMO KOHTPONS:
e pacrnonaraetcsi B yCTbe CKBaXMHbl Ha HEBOMbLION
rnybuHe;
e paboTaeT B HEODCNYXMBAEMOM PEXNME LNUTENBHOE
Bpems (6onee nonyroga);
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e  (DYHKUMOHMPYET B MONEBbIX YCMOBMAX B MHOObIX
MOTOAHbIX YCIOBUAX (OTpULTENBHbIE TEMNEPATYPbI, ANEKTPO-
HWKa HaZeXHO 3alluLLeHa oT Braru);

e  MpefycMOTPEHbI Mepbl 3alUThI OT BHELIHETO Mexa-
HUYECKOTO BO3JENCTBUS;

e  obCnyxuBaeT Ao 3-X AaTUMKOB B CKBAKUHE;



e  UH(opMaumMs nepegaetcs C 3a4aHHOW Nepuoamy-
HOCTbIO, @ TaKkKke B Cllyyae MPEBbILEHNS M3MEPEHHBIX
3HaYeHU NpedBapuTENbHO 3adaHHBIX BENWYWMH (mopaetcs
aBapuiHbIn curHan — ALARM REGIME);

Pa3beMm matunka

Bbiok norrepa
OP®EII-1

CBheMHBIN KOJIaKk
jorrepa

Puc. 2. CKBaXMHHbIA KOMNAEKT CUCTEMbI yAaneHHoro koHTpons Opdeit-1

lMoneBon KOMMMEKT YCTaHABNMBAETCS B KaXOYH0 CKBAKWHY,
TakuM 06pa3oM, OCTUraeTCs He3aBuUCUMas Nepefaya JaHHbIX
no 6GecnpoBogHOMY kaHamy. [MpuHLMN hYHKUMOHMPOBAHUS
YCTPOIACTBA 3aKMIO4aETCs B 3anporpaMMUpPOBaHHOM CYUTBIBA-
HUM MHGOPMALMK CO CTPYHHOTO JaTtumka, M ee nepefayun no
MOOUNBHOMY MHTEpHET-kaHany npu AOCTAaTOMHOM YPOBHE
CUrHana MOBMIbHON CBSA3W Ha 3NEKTPOHHYHO NOYTY UMK B BuLe
CMC-COOBLLEHMS HA 3aiaHHbI HOMED.

B ceHTabpe 2013 roga 6bina B TECTOBOM pexXume
yCTaHoBreHa paspaboTaHHas cucTeMa Ha ronoBHOM Aambe
xBocToxpaHunuwa CronneHckoro TOKa. Ha npotsikeHum
HOsI0ps M fekabpsi NPOU3BOLMNUCH SKCMITyaTaLUMOHHbIE TECTbI
Ha NpeaMeT YCTOMYMBOCTU CUCTEMbI K KOnebaHusiM ypoBHS!
MOBWNBHOTO CurHana u ee paboTa B PasMMYHbIX peXuUMax
4acToTbl M3MEPEHMI W nepegayn uHdopmaLn. OnbIT MCnonb-
30BaHUs AaHHOW cucTeMbl Ha npoTsikeHun 2014 . nokasan u
nepso nonosuHel 2015 T. mokasanm, 4Tto OHa paboTtaeT
yCTOM4MBO. Takum 06pa3om co3faHa BO3MOXHOCTb B MHTEpaK-
TUBHOW (hopMe paccuuTbiBaTh KOI(ULMEHT 3anaca yCTon-
UMBOCTY OTKOCHOTO COOPYXEHWUS 1 CYAUTb 06 ero COCTOSIHUMN.

Kak nokasbiBaeT aHammM3 MHOroneTHux HabniogeHuin 3a
COCTOSIHMEM  TONOBHOWM  fambbl  xBocToxpaHumuwa OAO
«CtoineHckmn TOK», HanmeHbwniA Ko3hduUMeHT 3anaca
YCTOMYMBOCTW HabropaeTcs no cTBopy «3» W konebnetcs B
HesHauuTenbHbIX Npedenax okono BemuuuHbl 1,4  (no
ocTarnbHbIM npodhunsam oH coctasnset 1,6-1,7) B 3aBMCMMOCTH
OT PEXMMOB HaMblBa 1 BPEMEHW rofa.
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e  MpeaycMOTpeHa BO3MOXHOCTb nonyyeHns
MHOpPMaLMM NO KOMaHAE M3BHe (B 3TOM pexnme Mogem GSM
[OMmKeH ObITb MOCTOSHHO BKMIOYEH, YTO TpebyeT MOLYHOro
MCTOYHWKA MUTAHUS).

Pasvem i
MO IKJTFOYEHHS
IaTYruKa

1
* FEOTEXUEHTP

B 2015 rogy obopymoBaHa nopobHas cuctema Ha pambe
3allNTI OTBArOB.

C uenblo NOBbILEHUS HArMAZHOCTA pe3ynbTaToB paboTbl
NPOrPaMMHOTO  KOMMAEKca MO BbIYUCIEHMIO KO3DULMEHTa
3anaca YCTOWYMBOCTA W YMPOLLEHUIO €r0 WUCMOMb30BaHMs B
2012-2013 rr. 6bina ocywecTBneHa paspaboTka WHopMma-
LMoHHoM cuctembl Geodamp (cBMAeTenbCTBO O rocypapcT-
BEHHOM perucTpauum nporpammbl  Ne 2012619443 ot
18.12.2012 r). MNporpamMma npegHa3HayeHa AnNs pacyeToBs
koachuLMeHTa 3anaca yYCTOMYNBOCTM OTKOCHBIX COOPYXEHUI
B CYXOM 1 0BBOAHEHHOM COCTOSIHUSX MeToZamm anrebpanyec-
KOro CyMMWpOBaHWS WM MHOroyronbHuka cun. Moxet npu-
MEHSTbC Ans  aBToMaTu3auum paboTbl WHXEHepoB, npu
MPOBEAEHNN Hay4HbIX MCCMEROBaHWiA, B kayecTBe y4ebHOro
MPUIOXEHNS.

Mporpamma  obecneunBaeT  BbINONHEHWE
PYHKUNA:

e OCTPOEHME U BU3yanu3auns ABYXMEPHbIX Mogenen
OTKOCHbIX COOPYX€EHWA,

e  TOCTPOEHME [AEMPECCUOHHbIX KPUBBLIX MO KOOPAM-
HaTaM 1 NoKa3aHWsM AaTYMKOB NOPOBOTO JABMEHNS,

e  MMOPT  MOZeNel  OTKOCHbIX  COOPYXKEHW
topmarta .dxf,

e pacyeTbl K03dhhuLMeHTa 3anaca yCTOMYNBOCTM.

CriefiytoLmx
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Wcnonb3oBahne nporpammbl  Geodamp nosBonseTr B
WHTEPaKTUBHOM PEXMME OLieHMBATb 3Ha4YeHWe koaduLmeHTa
3anaca yCTOMYUBOCTM Ha OCHOBAHWUM UMEILLIENCS UHXEHEPHO-



reoniornyeckon MHGopMaumn 1 nokasavuin gatumkos M[C,
YCTaHOBMEHHBIX B TENIe U OCHOBAHUM OTKOCHOTO COOPYXEHWS
(pncyHok 3).

HassaHue oTkoca: Damba SGOK P3

DO

v=1.754, =10, c=11

7

v=1.826, 9=9,c=13

v=1.855, =27, c=0.1 v=2.03,9=24,¢=0.2

y=19,9=20,¢c=25 v=1.827, 9=26, c=0.1 v=1.965, =29, c=0.05

y=1.762, =28, c=0.1 ¥=1.9,9=31,¢c=0.1

YCTOMYMBOCTL NO METOAY anrebpanyeckoro CyMMUpoBasua

n=141045
YCTORYMBOCTb NO METOAY MHOTOYFONbHUKA CUN
n=143443

Neebt kpant: 44
Mpasbivt kpan: 499 5
BbicoTa otkoca: 47,5

Puc. 3. Pacyet koachchuumeHTa 3anaca ycTOMYMBOCTM MO aBTOMATM3M-
poBaHHomy npodunio 3 ronoBHoi AamMbbl NO COCTOSIHMIO Ha 21 UIOHSA
2016 ropa.

MepcrekTMBHBIM METOLOM Pa3sBUTUS MMAPOrEOMEXaHNYECKOro
KOHTPONA Ha OTBanbHbIX OObeKTax SBMSAETCA BHEAPEeHWe
aBTOMaTWU3MPOBAHHOM CUCTEMbI KOMMIEKCHOTO 30HAMPOBAHWS
C ucnornb3oBaHueM 3oHgoB MITY (pucyHok 4), Ans oueHku
COCTOSIHUS OTBarbHbIX Hacklinei U CnabbiX eCTECTBEHHbIX U
HaMmblBHbIX OcHoBaHWi [4]. Cuctema pormkHa obecneumBaTh
onpepeneHus ConpoTUBNEHUS NOPOS COBUTY W NEHeTpaLum, n
MOPOBOr0 [aBNEHNs1 B BOAOHACHILEHHbIX TOHKOAMCMEPCHbIX
oTnoxeHusix. Cxembl nonyyeHus 1 obpaboTtku MHGopMaLmm
npeacTaBneHbl Ha pUCYHKe 5.

30HAWpoBaHMe U Nepesaqa
MHChopMaLmu
Te= Map/B,' Pu,' P3

T+ 1
Vi : /
[ 2
' 2
N
N o —
1
~ % T V J
4
6
75

Puc. 4. KoHcTpykuus ycTpoMCTBa ANA KOMMJIEKCHOTO 30HAUPOBaHUA
HaMbIBHbIX FPYHTOB:

1- paTYMK NOpPOBOrO JaBNEHUs; 2 — MEepexofHuK; 3 — KoHyc; 4 —
NOPUCTbLIN KaMeHb; 5 — ruapaBRMYeckuii kKaHan; 6 - nonatka

C nOMOLLb0 AMCTAHLMOHHOTO KOHTPONs, Nepefaun u
006paboTk1 MHGOPMALIMM HA OCHOBAHUM BbILLIENEPEYNCTIEHHBIX
AaHHbIX ONpesensitoTcs cTeneHb YNNOTHEHUs Tena Hackinu u
OCHOBaHWSI, M Yepe3 Heé NpoN3BOAMTCS PacyET YCTONYMBOCTM
OTKOCOB M HecyLLel CoCOBHOCTI OCHOBaHMM.

ObpaboTka AaHHsIX N0 Buinenenue (no Ps)

Onpeaenexue cTeneHu

CUCTEMbI Hacbinb OCHOBaHWe

Puc. 5. Bnok-cxema koMnnekcHoro 3oHAMPOBaHUA U 06paboTkM MHopMaLUu

BpaLLATENLHOMY CPe3y WHX-TE0N. 3NeMeHTOB B Tene YINOTHEHHA Unac M Uocx
Tk= F(6n) ¥ OCHOBAHMN COOPYXEHUIA
Pacuer ycToAunsocTH Onpepenetme C(U) u @(U)

Onpepnenexue Paen HecyLLER
€nocoBHOCTH OCHOBaHMA




Cuctemy Opden-1  BO3MOXHO WCMONb30BaTb U MpU
KOMMMEKCHOM  30HOMpoBaHWW. [ng  3Toro  Heobxoaumo
BOCMOMb30BAaTLCS NEPEXOAHNKOM, KOTOPbIA C OAHOM CTOPOHBI
KpenuTcs K LTaHre BMeCTe C AaT4MKOM, @ C APYrol CTOPOHbI
3aKkpyumBaeTcs B 30HA paspaboTaHHbin coBmecTHO MITY-
Anrac.

PaspaboTaHHas coBmecTHO coTpyaHukamu BCEMMHIEO u
kadpegpbl [eonorun HUTY MUCKC cuctema «Opdpeit-1» ¢
HecnposogHoi nepegayen paHHbix B 2013-2015 r.r. Gbina
YCMEWHO BHEOPeHa Ha 2-X  KOHTPOMbHbIX  CTBOpax
orpaxpgatolumx aamb xsoctoxpaHunuwa CromneHckoro MOKa
(KMA). TecToBblE WCTbITAHKUA U 3KCMIyaTauuy Nokasanu, Yto
cuctema cbopa LaHHbIX paboTaeT yCTONYMBO M MO3BONSET B
WHTEPaKTUBHOM hOpMe pacCuMTbiBaTb KOAPdUUMEHT 3anaca
YCTOMYMBOCTW  OTKOCHOTO — COOpYXeHus.  Pa3paboTaHHbii
KOMMIEKC ~ MpOTpaMMHbIX  CPeAcTs,  MEPUOAMYECKME
WH)XXEHEPHO-TEONOMMYECKMe  U3bICKAHWS, NPOBOAWMbIE  Ans
YTOYHEHMS CBOWMCTB MOPOL OCHOBAHWS OTKOCHBIX COOPYXEHMI
W yoaneHHsin cBOp  rMApOreonorMyeckon  WHGopmaLmum
Mo3BONSET C BbLICOKOW TOYHOCTBIO OLIEHMBATb  Tekyllee
COCTOSIHME OrpaxaallLmx aamb u Tem cambiM obecneuunTb
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3KOMOTMYECKYI0 M MPOMBILLNEHHYID Ge30MacHOCTb BeaeHNs
paboT Mo CKMaAMPOBaHIIO OTXOAO0B FOPHOTO MPOU3BOACTBA.

Nutepatypa

1. Tanbnepud AM., MaHcdunos A.KO., MMyHesckun C.A.,
Menarenn W.B. TmpporeomMexaHU4eckuin - MOHUTOPUHT
HaMbIBHbIX ~ COOPYXEHWA  TOpHbIX  npeanpustun [/

l'mppoTexHuyeckoe cTpoutenscteo. 2011. Ne 1. C. 19-24.

2. TanbnepuH A.M. TeomexaHuka OTKPbITbIX FOpHbIX pabor.
Wag. MITY, 2003.473 c.

3. TanbnepuH AM., Kytenos t0.W/., Kupuuenko H0.B. u gp.
OcBOeHME  TEXHOTEHHbIX ~ MacCMBOB  Ha  TOPHbIX
npeanpuatusx. /3. «FopHas kHuray, M.:2012. 336 c.

4. Metpskos A.M. OnepaTuBHbI KOHTPOMb YCTOMYUBOCTM

0DBOLHEHHbIX ~ OTKOCHBIX ~ COOPYXEHWA U HecyLien
CNOCOBHOCTM  OCHOBaHMIA  OTBaNbHbIX MAacCuBOB B
rOPHOTEXHMYEeCKOW npakTuke //  Mapkwengepuss w

Hegpononb3oBaxue, 2013. - Ne6 — C.42-44.

CraTusaTa e npenopbyaHa 3a nybnukyeaHe OT PegakumoHeH ChbBeT.
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OPrAHU3ALWATA HA OEMA 3A CTPOUTENHU OTNAQBLUN

Enena Jemupesa
Munto-2eonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. [lNpoy4BaHETO Ha OpraHu3auusTa Ha MNoLlajkuTe 3a TpeTupaHe Ha CTPOWMTENHW OTMagbLy BKIOYBA ONpedensHeTO Ha AeWHOCTWTE, onepauuute 1
CbOPBXEHUATA 33 TAXHOTO TPETUPAHE U TEXHOMOTUYHUTE BPB3KM MEXOY TSX, OnpedensiHe Ha obWwsA kanauuTeT Ha MnollagkaTta B 3aBUCMMOCT OT TepeHa W
NPOrHO3HOTO KONMMYECTBO Ha OTNagbUuUTe. B cTatusaTa ca npeactaBeHu HSKOW OCHOBHW YCMOBUS, HA KOUTO TpsibBa Aa OTroBapsiT TepeHuTe 3a U3Bop Ha nnoLaaku,
OCHOBHM MalUMHU U CbOPBXEHWS, MUHUMAMNHa paboTHa pbka, Ha BasaTa Ha KoeTo ca paspaboTeHU OCHOBHW TEXHOMOTUYHM BPB3KW U CXEMW 3a pasnonaraHe Ha
(byHKUMOHaNHUTe 30HM. 3a m3bopa Ha efHa UMK Apyra TEXHOMOMMYHA CXeMa BaXHa POMst Urpae Bb3MOXHOCTTA 3@ OCUTypsiBaHE Ha TPaHCMOPTHA BPb3ka CbC
CbLLeCTBYyBaLLaTa MbTHA MPEXa, Pa3MepUTE 1 KOHDUIYpaLMsATa Ha UIMOTA, Bb3MOXHOCTUTE 3a pasLivpeHue v ap.

ORGANIZATION OF FACILITIES FOR CONSTRUCTION WASTE
Elena Demireva
University of Mining and Geology, 1700 Sofia

ABSTRACT. The study of the organization of treatment sites of construction waste includes the definition of the activities, operations and facilities for their treatment
and technological connections between them , determining the total capacity of the site depending on the terrain and the projected amount of waste. The article
presents some basic conditions, for the selection sites, general machinery and equipment, minimal labor, based on was explore technological connections and plans
installation of functional areas. The choice of one or another technological scheme plays an important role in the ability to provide a transport link with the existing
road network size and configuration of the property, potential for expansion and more.

yBOﬂ L4 W3BbH BOOOM3TOYHMLUWNTE U CbOPBXEHWATa 3a

nUTENHO-6MTOBO BOAOCHAOAsBaHe.
lMpoyyBaHETO Ha oOpraHW3auMsTa Ha nnowagkuTte 3a

TPeTUpaHe Ha CTPOWUTENHM OTNALbLM BKNKYBA ONpesensHeTo
Ha [EeMHOCTUTE, OnepauuMTe M CbOPLXEHUATA 3a TAXHOTO
TPETUPaHe 1 TEXHOMOMMYHUTE BPB3KWM MEXDY TsX, onpefensHe
Ha 06LLMs KanauuTeT Ha NnoLlaakata B 3aBUCMMOCT OT TEpeHa
11 NPOTHO3HOTO KOMMYECTBO Ha OTNagbLuTE.

B npaBunHuka 3a pasnonaraHe Ha MnowWapkuTe 3a
TPeTUpaHe Ha CTPOUTENHM OTMaAbLW, MMa yNOMeHaT peauua
3abpaHu 3a GNM30CT Ha MNOLWaAKUTE, CBbP3aHW EBEHTYaNHO
LUYMOBO 3aMbpCsiBaHe, 3a 4NCTOTA Ha NMpUPOAHaTa cpeda U
ypbaHu3npaHata Teputopus.

3a u3bopa Ha efHa UnK gpyra TEXHOMOTMYHA CXeMa BaxHa
porsi urpae Bb3MOXHOCTTa 3@ OCUrypsiBaHe Ha TPaHCMopTHA MpenopLku 3a U360p Ha TepeHn
Bpb3ka CbC CbLUEeCTBYBaLLaTa MbTHA MpeXal.

MecTononoxeHneTo Ha nnolafkuTe 3a TpeTupaHe Ha
OTNafbLy € NpPenopbYNTENHO fa ce u3bupa:

Ycnosus, Ha Kouto TpabBa Aa OTroBapAT TepeHuTe, ° Ha ONTUManHU Pa3CTOAHWS A0 OCHOBHU W3TOYHWLM
u3bpaHu 3a NUIOWAAKM 3a TPETMPaHe Ha CTPOMTENHU Ha oTnagbLy;
OTNagbuu ca NOCOYeHM B [edcCTBaWMTe B CTpaHara . [a ce 13non3BaT HeNpPOAYKTUBHU 3eMefercku 3emMun
HOPMU U NPABUITHULIK. —IX n X kateropus, He3aneceHu, U30CTaBeHN CbOPBKEHUS Ha
HSKOM NO-BaXHY ykasaHy 3a6paHh ca: MVUHU 1 Kapuepu 1 HeraTuBHU peniedhHn 3eMHU hopmu;
. Bb3MOXHOCTW 32 ObAELIO pasMperue Ha NnoLaa-
. [a Ca U3BbH rpaHuumTe Ha ypbaHuaupaHata Tepu- Kata 3a TpeTupaHe Ha oTnagbLy;

TOPUS, U3BBH KUMWLLHUTE  30HW, BUIHW  30HW, KypOpPTH, o OCUrypsiBaHe Ha Bb3MOXHOCTW 3a BogocHabpsBaHe
KYPOPTHW 1 U3NETHN KOMNEKCH, 1 enekTpocHabasBaHe Ha nnoljaakaTa 3a TpeTUpaHe Ha oTna-
o fia He ca B BrM30CT A0 MPEANpUATUAS U CKMafosi ObLY U CBBP3BAHETO 11 CbC ChLUECTBYBALLATa MbTHA MPEXa;
a3 Ha XpaHUTeNHaTa NPOMMLLINIEHOCT, . penea Ha MECTHOCTTa M NocokaTta U CKOpoCTTa Ha
. WM3BbH BOOHM MbTULLA U BOgHUTE 00eKTY; BETPOBETE C OrNeq OCWUIypsiBaHe Ha  Hai-6narompusTHu
. M3BbH rOPCKUTE TEPUTOPUK; YCroBWA 3@ pasceBaHe Ha EMUCUATE Ha BpeaHu Wnu

WHTEH3NBHO MUPULLIELLIX BELLECTBAa,
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o HeoBOxoOMMMTE MEPKM 3a OrpaHNyaBaHe Ha 3aMbpCs-
BaHEeTO Ha Bb3gyxa B palioHa, OCWrypsiBalLy CrasBaHeTo Ha
npeaenHo LOonycTMMUTE KOHLEHTpaLMU Ha BpeaHU BellecTBa
B NPU3EMHUS CRON Ha aTMOCCEPHMS Bb3ayX.

nJ'IOLLla)J,KVITe, BbpXy KOUTO Ce€ npeaswxnar JeiHocTn 3a
TpeTMpaHe Ha oTtnaabuu, NO Bb3MOXHOCT Ca VI36paHVI B
noABeTpeHaTa CTpaHa CnpAMO XUNULLHWUTE 30HM.

OCHOBHM MalKHU, CLOPBLXEHUS U 0bopyaBaHe
3a u3rpaxgaHe Ha geno

B 3aBucumocT OT n3bpaHata TeXHOMNorus 3a cenapupaHe u
obpaboTka Ha CTpoMTENHMTE OTNaAbLM Ce onpeaens u3bopbT
Ha OCHOBHMTE MalLMHU 1 060pyaBaHe 3a npepaboTkata UM,

I/|3rpa>|<p,aHeTo Ha AenoTo W1 nnowagkata 3a cenapupaHe n
npepa60TKa Ha CTpouUTENHW OTnadbUn npegnonarat obesne-
YEHOCT CbC CnefHOTO OCHOBHO TEXHOOrM4HO o6opy,cuaaHe n
CTPOUTENHN CbOPBXEHUA:

1. Byngosep - 3a npubyTBaHe Ha 3eMHW Macy 1 0chopMsiHe
Ha Kyn4uHWUTE AenoHupaH oTnagbk. MalumHata ce 13nonasa u
Npu W3rpaxmaHeTo Ha MHGPaCTpyKTypata Ha MpouM3BOACT-
BeHaTa nnowlazka;

2. YeneH TOBapay - 3a 3axpaHBaHe Ha TpoLlayHaTa
WHCTanauus ¢ matepuar;

3. KaHTap - 3a npeTernsiHe Ha BXOASLMTE CTPOUTENHM
OTNagbUuM W NpeTerfigHe Ha  M3XOOAWM  PELMKNMpaHm
MaTepuanu 3a noBTopHa ynotpeba ;

4. Oduc koHTenHep (tbyproH) 3a obCnyxBaHe Ha KaHTapa;

5. MobunHa mnu cTaumoHapHa TpoLlayHa MHCTanauus w
WHTerpupaHa npecesHa ypeaba;

6. KoHTelHepu 3a [OenoHWpaHe Ha onacHW oTnagbuy, B
TOBA YNCIO:

= 3aTBOPEHU KOHTENHepU ( 3a 6O M xumukanu, 3a ByTumnku
3a CrbCTEH ras, 3a 0TNagbLy OT KNMUMATUYHW MHCTanauum) ;

" Manku KOHTeNHepW — NpegHa3Ha4YeHun 3a AenoHUpaHe Ha
neHonsHa, MaLKyH 1 YMUHUCLEHTHW TlaMnu.

7. CopTMpoBbYHA feHTa C  MpUEMEH
COPTUPOBBLYHATA NIEHTa;

OyHkep  KbM

8. PasnpobsiBalla TexHWKa 3a U3BbHrabapuTHUTE KbCOBE;

9. KoHTelHepy 3a CopTUpaHK OTNagbLn: KOHTEMHEP OTKPUT
3a CTBbKMO, KOHTEAHEP OTKPUT 3a XapTusi, KOHTEAHep 3a
nnactmaca, KOHTeMHep 3a 0sina Kkepamuka, KOHTEMHEpP 3a
ABbPBO, KOHTEWNHEp 3a Apyrv oTnagbLy;

10.Mpeca 3a nnactmaca;

11.TlogBwkKeH nereH — 3a CMECEHW CTPOUTENHN OTNagbLy
OT JKWUIMULLHA PEMOHTH;

12. PbYHM KOnunyky,

13. Ochuc koHTelHep 3a paboTHuLmTE (buTOBKA) ;

14.MeTanHu HaBecM — 3a COPTMPOBLYHA fIEHTA M 3a
TpOLLa4Ha MHCTanauus;

15. MopaynHa npeceBHa ypenba;

16. [Jpobunka 3a AbpPBECUHA;

17.barep, OKOMNINEKTOBaH C XMAPaBAMYEH YyK, rpadeip u
kodha;

18. MoTokap;

19. BogoHocka;

20.MeneTHn KonnuKu.

Ot ropenocovYeHnTe MallnHN U CbOPBXEeHNA, OCHOBHU Ca
MaLUMHUTe CBbP3aHM C npepaboTkaTa Ha OCHOBHMS N0 06eM U
PELMKIMPYEMOCT CTPOMTENIEH MaTepuan — TpowayHa U
npeceBHa WHCcTanauus. 3a opeaHusayusma Ha nnowadkama
usbopa Ha mawuHume onpedenisi pasMepa Ha OCHOSHama
nodpasHeHa U acanmupaHa 4yacm Ha Oenomo 3a
cmpoumenHu omnadbyu.

* mpowayHa uHcmanayus/CH.1/

TpowayHata wWHCTamauus € 3a pasgpobssaHe Ha
CpeaHOTBBLPZ BapOBUK, Tyxnu, 6eToH 1 acanT. basupaiiku ce
Ha napameTpuTe Ha [enoTo W npefBuaeHaTa nnoljagka,
BbpXy KOATO LWe ObaaT CUTYMpaHu MallMHWTE W CbOpPb-
KEHUATA, KakTo W HeobXoOMMWUTE TeXHUYEecKW napameTpu —
NpOW3BOANTENHOCT, rabapuTi 1 Terno, n3bopbT Ha TpoLLayka,
paboTelya B KOMNNEKT C NOABXHA CUTOBA NpeceBHa ypeaba
C BbpTEHe MUHWMYM B [jBe MOCOKM, € W3UAno asToMaru-
3upaHa cuctema 3a yrpaBIieHue.

CHumka 1

OCHOBHUTE TEXHOMOTMYHM €reMeHTM Ha MallMHaTa ca:
yOapHO-POTOPHa TPpOLLAYka, BUBPALMOHEH nuTaTen, NpecesHa
ypenba, MarHuTeH cenapaTop 3a OTBeXJaHe Ha MeTarnHuTe
KbCOBE, 3alUMTHA CUCTEMA 3a OTBEXOAHE HA HATPOLLEHNS
Martepuan.

+ Cumoea npecesHa ypedba/CH.2/

3a nonyyaBaHe Ha (pakuuM C rapaHTMpaH pasMmep,
WHCTanauusiTa Moxe Ja Ob/e AOOKOMNNEKToBaHa ¢ MOGUNHa
WNW cTaLMOHapHa npeceBHa ypeaba.
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CHuMKa 2.

MpeceBHaTa ypeaba € ¢ ABYOMOPHA KOHCTPYKLMS, perynu-
pyeM bIbfl HA HaKMOHa, cUCTEMA 3a AMPEKTHO 3aXpaHBaHe C
MaTepuan M U3LAN0 aBTOMAaTM3MpaHa cucTeMa 3a ynpae-
nexune. MobunHute cuctemu ca cHabgeHu ¢ MeXaHu3bM 3a
npubupaHe Ha KOHBEpa npW TPaHCMOPTUPaHETO  My.
OcHoBHWTE arperatM Ha MallmHata ca: cuTtoBa Yypenba,
GyHKep 1 KOHBEIpY 1 fBuraTen.

OnpepnensHeTo Ha HeobxoguMust MepcoHan e ycrnoeue 3a
N34MCcnsiBaHe Ha OCHOBHM ENEMEHTM Ha paboTHUTE MecTa.



MWHUManHWAT NepcoHar, CbIMacHo YNOMEHAToTO Mo-rope
obopyaBaHe BKIOYBa:

1. MpuemaTeneH KOHTpON Ha BesHata -1

2. bynposepucr -1

3. MawumHuCT Ha YeneH Toeapay -1

4. ObcnyxeaLy nepcoHan Ha MobunHa TpoLwayka - 2
5. paboTHMUM Ha COPTMPOBBLYHA NeHTa -4

6. obcnyxBaLy NnepcoHan Ha npecarta 3a nnactmaca -1
7. barepucr -1

8. moToKapucT -1

9. wodbop Ha aBToLMCTEPHA -1. O6LL0 13 YoBeka.

OYHKLMOHANHN 30HM Ha Aeno 3a CTPOMUTENHM
oTnagbuu

B pamkuTe Ha nnoljagkaTta 3a peuuknupaHe U AenoHupaHe
Ha CTPOWUTENHW OTNaabLy € Heobxoaumo aa 6baat 060cobeHm
CnegHuTe PYHKLMOHANHN 30HN:

lMpuemHa 30Ha — BXOA/M3XOH, KOHTPONM M MponyckaTeneH
NYHKT C KaHTap, A40CTbN Ha BbHLUHK Nkla

Toeapo-pa3moeapHa 30Ha - OCHOBHa nnouwagka 3a
MaHeBpupaHe Ha BXOAALLM U U3X0aALLN TOBapHU MallHU

30Ha prYHO CopmupaHe — NoLLaaKa, No3BoNsBaLLa PbUHO
COpTMpPaHe Ha MpueT HecopTMpaH OTnagbk, OTAensHe Ha
OTAENHM HEeOBEMHM pEeLMKIMpYeMU BMOOBE W OMacH
OTnagbLM; nnowjaakaTa BKMYBA M HaBec 3a paboTa npw
HeBnaronpusTHN METEOPONOTMYHM YCIIOBWS; Ha Mnollaskata
ce nMpedBMKda W CbXpaHeHue Ha [JpebHorabaputHute
COPTUPaHU MaTepuanu, KakTo M Ha OmacHuTe OTMafbLM 3a
13BO3BaHE.

30Ha MexaHu3UpaHo pa3dpobsigaHe — NMnolazka, no3sons-
Ballla PasnonaraHeTo Ha TPOLIAYHO-TIPECeBHa MallMHA MIu
Apyra MallMHa 3a pasgpobsiBaHe Ha COpTUpaHM HACUMHM

Q Q Q Q

NG

ACOAATPAHA NAOLLIGAKA

DBYHO COPTU

=
KQ

AbDBO

ez AR

®ur.1. OTBopeHo 6nokoBa cxema — 06wy BUA

eaporabapuTHW  CTPOMTENHM  OTMafgbLy; NPUEMAHETO M
CbXpaHeHMeTo MM [0 TOBapeHe 3a MOBTOPHO M3MON3BaHe
CTaBa NOCPEeACTBOM TOBapayHa TEXHMKA, HACUMHO Ha KyM4nHN.

O6cnyxsauya 30Ha — CaHUTapHO-BUTOBM NOMeLLEHNS, oduc,
MapKWHr 32 aBTOMOBUIA.

[leno 3a cbxpaHeHue Ha Hepeyuknupyemu obemu.

TexHonornyHu BPB3KW U CXeMU 3a pa3nonaraHe
Ha (byHKUMOHaHHMTe 30HU

®yHKLUMOHAMHO, Te3n 30HM MoraT Aa 6bgaT nogpedeHn no
Pa3nMYHA Ha4MHM B 3aBUCMMOCT OT XapaKTEpUCTUKATE Ha
TEpeHa; OCHOBHMTE HAYMHW Ha pasnonaraHe Mmorat Aa 6baar
0000LLeHN B TPW OCHOBHM FPYMH:

1.0meopeHo 6nokoea cxema. due.1

To3n HauMH Ha pa3nonaraHe Ha OTAENHWUTE (PYHKLMOHAMHN
30HW npedBwxaa OrokupaHe/KOHLEHTpUpaHe/ Ha OCHOBHUTE
AENHOCTW Ha [AenoTo eAHO KbM Apyro 3a nocTuraHe Ha
MaKCUMarHO KbCM MbTUWA Ha BbTPELIHO-NMOWaAKoBUTE
BPb3KW, KbAETO CE OCbLUECTBABAT OCHOBHWTE AEMHOCTM MO
COpTUPaHe 1 NOAroTOBKa Ha OTNafbka 3a NoBTOpHa ynoTpeba.
ToBapo-pa3ToBapHuTE NOTOUM OBMKAnsAT nnowaakaTta ot ABe
Mnn Tpu CTpaHu, Kato NbTuata U MaHeBpPeHUTe MM NNOoLLK
MoraT fga ObAaT YaCTMYHO CbYeTaHW CbC CbLUECTBYBALLM
MbTHU aPTEPUM.

CxemaTa € MoaxoAslia 3a no-rbCTo 3aCTPOEHN UMK YNTbT-
HEHW 4YacTu OT TepUTOPUATA, KaKTO U 3a yp6aH|/|3|/|paHV| 4yactun
OT 3eMmuLaTa, KbAeTO MACTOTO 3a CblUMHCKATa Mnolaaka e
Marko, HO CbLECTBYBAT BEYe W3rpadeHn Noaxoau (MbTuiLa)
OT noseye OT egHa ctpaHa. Cxemata € noaxoaslia v mpu
MHOTO TOMIEMW NMOWAAKM C rONsM KanauuTeT, KbaeTo e
HeobX0aMMO €edHOBPEMEHHO TOBapeHe M pasToBapBaHe C
noBseyve TeXHNKa eqHOBPEeMEHHO.




2, 3ameopeHo 6r1okoea cxema. due.2

CxemaTa npeABukaa pasnonaraHe Ha OCHOBHUTE AEHOCTH
Ha MHCTanauusiTa OKOMO OrpaHMYeHa MMolajka 3a ToBapo-
pasTtoBapHa AeiHocT. [Mpy TO3WM HauMH Ha opraHusauus
HeobXxoguMuUTE MNMOWM 33 MaHeBpupaHe Ha ToBapHaTa
TEXHMKa Ca MUHWUMAmHW, KOETO M03BOMABA MaKCUMAnHoO
OMON30TBOPSIBAHE Ha OCTaHanata 4acT OT nrolagkata.
OTAenHuTe YacT OT MMoWaakaTa — PbYHO U MexaHu3MpaHo

COpTUPaHe, Ca OTAENEHN KaTeropuyHo, kato TOBA NO3BOMSBA
pasBUTWE W pas3lUMPEHNe Ha 30HaTa 3a MeXaHU3WpaHo
pasgpobsiBaHe Npu HeOOXOAMMOCT, KaKTO W pasWwupsiBaHe Ha
obemuTe, roTOBM 3a U3BO3BAHE 3@ NOBTOPHA ynoTpeba.

CxemaTa € NOAXOAslla 3a OpraHuavpaHe Ha no-Marku
Nnowiadkv W3BbH HAaceNeHuTe MecTa W Mo3BONsiBa MeceH
KOHTpOS.

dur. 2. 3aTBOpeHO 6noKoBa cxema — 06wy BUA

3. JluneiiHu cxemu /pue.3 u cpue.4/

NuHenHOTO pasnonaraHe Ha WHCTanauuuTe 3a TpeTUpaHe Ha CTPOUTENHU OTnagbUM e NoaXO4ALO 3a Nrowwaaku, KOUTO HamaTt
[0CTaTbyHa AbnboYMHa unm ca pasnonoxeHu ¢ obNnrata Cu CTpaHa KbM MbTHATA apTepus.

®ur.3. lluHeiiHa cxema — 06wy, BuA




®ur.4. JIuHeliHa cxema 3a MHOFO TECHM NOLWAAKK — 06LW, BMA

B 3akntoyeHue

3a u3bopa Ha efHa Unn gpyra TEXHOMOTMYHA CXEMa BaxHa
ponst Urpae Bb3MOXHOCTTA 3a OCUTypsiBaHe Ha TPaHCNopTHa
Bpb3ka CbC CblUECTBYBaljaTa MbTHAa Mpexa, pasMmepute U
KOHCbUrypaumsiTa Ha MMOTa, Bb3MOXHOCTUTE 3a pasLUMPEHUE U
Ap. MpenctaBeHuTe CXemu M34eprBaT Bb3MOXHOCTUTE 3a
TEXHONOrM4YHM BPB3KM N HEe 3aBUCAT OT MPOrHO3HOTO KONK-
yectBO otnagbuu. OTBOpeHo-6nokoBata W 3aTBOPEHO-
BriokoBata cuMCTEMa Ca KOMMAKTHU M HamanseaT TpaHCcnopT-
HUTE MoToUM BbTpe B mnowaakata. JIMHeiHuTe cxemu umat
CPaBHWTENHO Manko nuue KbM ChblUecTByBaljata NbTHA
Mpexa, KoeTo ocurypsisa no-Aobbp KOHTPON Ha LOCTbNA, HO
M31CKBA MO-TONAM BbTPELLEH TPaHNPOPT.
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Pa3paboTeHUTE CXeMI Ha TEXHOMOTMYHM BPb3KM MoraT fa
NpenoTBpaTAT [PellkM B OpraHu3auusTa Ha NnoljaakuTe,
KOMTO Aa 3aTpyaHsBaT paboTaTa Ha AEMOTO 3a CTPOMTENHU
oTnagbLm.

INutepatypa

1. ®upmena nutepatypa Ha Metso, Sandvik, McCloskey n
Ap.

CraTusiTa e npenopbyaHa 3a nyGnukysaHe oT kat. ,MoA3EMHO CTPOUTENCTBO".
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SOIL REINFORCEMENT WITH SYNTHETIC FIBRES

Ernst-Dieter Hornig
Technical University Bergakademie Freiberg, Germany, Geotechnical Institute, hornig@ifgt.tu-freiberg.de

ABSTRACT. This report describes a laboratory program where the shear strength of a mixture of soil and mixed-grained soils with short synthetic fibers has been
studied. The influence of the quantity of fiber on the shear strength of reinforced soils in the frame shear device and the triaxial shear device according to DIN 18137 was
investigated. There have been non-reinforced and reinforced soil samples under loose and under medium-density storage, and in dry (sand only) and in a fully saturated
condition comparatively studied. The results in relation to the shear strength are clear: fiber reinforcement increases the shear resistance substantially. The shear
resistance of the soil increased with the increase in the proportion of fiber. The investigations show that the maximum fiber content is 0.25% to 1.0%. A larger proportion
of fiber can mix the fibers with the soil not more homogeneous. An increased segregation during the sample preparation at higher fiber content is also observed.

3A30PABABAHE HA NOYBATA CbC CUHTETUYHU BNAKHA
bpHem-fJumep XopHue
TexHuvecku yHusepcumem ,MuHHa akademusi®, @palibepe, 'epmarus, [eomexHuyecku uHcmumym, hornig@ifgt.tu-freiberg.de

PE3IOME. HacToswwmsT foknaa onucea nabopatopHa nporpama, KOSTo U3cnefsa IKoCTTa Ha Cpsi3BaHe Mpu CMeC OT MOYBA M CMECEHO-3bPHECTa MoYBa C KbCu
CUHTETUYHN BrakHa. Mpoy4eHo e BMWSHWETO Ha KONMYECTBOTO BMakHa BbPXY SAKOCTTA Ha CPA3BAHE Ha YKPEMeHW MoyBM B PaMKOBO YCTPOWACTBO 3a M3NUTBAHE Ha
Cpsi3BaHe U TPUOCHO YCTPOICTBO 3a M3nUTBaHe Ha cpsizsake cnopea DIN 18137. HanpaseHu ca cpaBHUTENHY N3cneaBaHns Ha HeyKpeneru 1 YKpeneHm NouBeHin npobu
npu xnabaBo CbXpaHeHWe 1 MPU CbXpaHeHNe CbC CPeAHa MITLTHOCT W MPK CyXO (CaMO MACHK) M HAMBITHO HACUTEHO CLCTOSHME. Pe3ynTaTiTe no OTHOLLEHNE Ha AKOCTTa
Ha cpsi3BaHe Ca 04eBIUAHM: 3a3APaBABAHETO C BNakHa 3HAYNTENHO YBENMYaBa YCTOMYMBOCTTA Ha Cpsi3BaHe. YCTONYMBOCTTA Ha Cpsi3BaHe Ha NnoYBaTa ce yBennyasa ¢
HapacTBaHeTo Ha Aena Ha BrakHaTa. /1acneaBaHusTa nokassart, Ye MakCUManHoTo CbabpxaHue Ha BnakHa e ot 0.25% Ao 1.0%. Mo-ronsiMaTa YacT oT BnakHaTa Morat
fa ce CMeCsT C BMakHa W no4sa, koATO He e no-xomoreHHa. Habniofasa ce CbllUo yBENWYeHO OTAensHe Nno Bpeme Ha MoArotoBkata Ha npobuTe ¢ no-BUCOKO
CbAbpXaHue Ha BrakHa.

1. Investigated Soils

With the examined ground it concerns a narrow-graded sand with the grain size from 0.06 to 2.0 mm (see. Fig. 1).
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Fig. 1. Grain-size curve, coarse sand, strong medium sandy, low fine sandy
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Investigated fiber

With the investigations plastic fibers from Polypropylen were
used.

The delivery fibrillated fibers from Polypropylen or
Technofiber in straight form and the nominal lengths of 12.7
millimetres occurred from a German manufacturer. The specific
identity values can be taken from the table 1.

Table 1: technical product data — fibre proberty

characteristic unit value

material plastic fiber
density [g/cm?] 0,91

E-Modul [N/mm?] 4.900
tensile-strength [N/mm?] 400

melting point [°C] 160 - 170
diameter [mm] 0,004 - 0,15
length [mm] 12,7 (Typ 310)
strain of failure [%] 6-20
flammability temperature [oC] 600

Fig. 2. PP-fibre (Oubelkas 2008)

Testing program und results

The frame shear device (RS) and triaxial shear device (Triax)
became comparative, in loose as well as in dense stored sand,
carried out. The sand was examined first only without fiber in the
dry and in the state saturated with water for his shear behaviour.
Then gradual plastic fibers were given to the sand. Were
covered to the mass of the sand In terms of percentage different
amounts in fibers added, namely: 0.06, 0.1 and 0.25 Gew. -%.

Fig. 3. Sand-fibre-mixture

with 0.25 Gew. -% a maximum fiber amount was reached with
regard to a homogeneous mixture from sand and fiber. With
higher fiber shares and with the examined sand a too strong
demixing appears in the test production or while mixing the fiber.

The following pictures show an clearly trend with the
cohesion: with increasing fiber portion this of C* = 0 kN/m 2
increases with 0% of fiber on at most C" =14 kN/m 2 with 0.25
Gew. -% of fiber.
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Fig. 6. content of fibre — cohesion (loose)

In contrast to the trend of the cohesion the development of the
friction angle does not present itself in dependence of the fiber
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Fig. 7. content of fibre — cohesion (dense)

portion clearly: With the tests in the triaxial shear device the
development of the friction angle is in dependence of the
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content of fiber comparably with the change of the cohesion — flooded sand with increasing fiber portion nearly constant with

he rises with increasing content of fiber from approx ¢” = 38° to ¢ = 43°. The friction angle of the dense, dry sand increases
45° (dense and dry). from ¢ = 37° to 40°. With the loose built-in sand the friction
angle from ¢" = 38° decreases to 35° in the dry state and from

Against it appears in the frame shear device partially a @’ = 36° to 33° in the saturated state.

reverse behaviour: the friction angele remains in the dense,
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Fig. 6. content of fibre - friction angle ¢ (loose) Fig. 7. content of fibre — friction angle ¢ (dense)
Summary und outlook application possibilities of the sand fiber mixture should be

thereby shown also in the traffic routes and sports field

The first investigations shown in this article of the shear construction.
strength one with art material fibers of reimbursed cohesionless
soil, here sand, have shown that with increasing fiber portion the
cohesion clearly increases from C* = 0 kN/m 2 to approx. 14 References
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with ground in general and especially with sand, or with those no
demixing appears in the test production. Besides possibilities
should be examined for the industrial production of the

ground-fiber mixture without appreciable demixing. Particularly Recommended for publication by Editorial board.
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ABSTRACT. Explosion type phenomena which may occur at the level of a ventilation network generate changes of the network’s structure determined mainly by the
destruction of ventilation constructions. The flame front generates a high quantity of buming gases having an extremely high temperature, which leads to their rapid
expansion. The phenomenon of the explosion causes serious disturbances in the ventilation system. May occur reversal of the direction of air flow, unventilated or
poorly ventilated areas or destabilizing the functioning of active fan. These are a few reasons for that restore ventilation becomes priority. Within FFCS Coal RTD
Programme was developed AVENTO project - Tools for Advanced Ventilation Methane Emissions and Control, which had one objective restore ventilation network,
affected by explosion.
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Introduction Due to these situations, the following effects can occur:
+ maintaining the air flowing direction with the decrease of air
When an explosion occurs, there is formed on one hand a flow on some branches;
dynamic wave developing an overpressure ranging between 1- « increase if air flow on some branches;
8 bar in case of methane participation and between 1-11 bar + reversal of air flowing on some branches;
when coal dust also participates, and on the other hand the « intensification of existent spontaneous combustion
flame front generating temperatures of over 2500°C /2;4;7;8/. phenomena:
+ occurrence of new spontaneous combustions;
Due to high pressure generated by explosion in underground « increase of carbon oxide concentrations (up to 2-3% vol.);
mine workings, there occur high forces which action upon all + decrease of oxygen content (up to 3-7 % vol.).
obstacles encountered on the propagation direction of the
dynamic wave.

Ventilation re- establishment
These forces exceed by far the resistance breaking o

compression, shearing strength tensile strength, resistance to Following the occurrence of an explosion in the complex
buckling or torsion specific to materials encountered on the ventilation network, if the active fan is not operationally
dynamic wave propagation direction /1;10/. affected, results a change of the ventilation network structure

The least resistant obstacl tered by the d . and as a consequence a change of the active fan’s operational
€ leas r(?|3|§ ant obstacies encoun (lare dy e yr:armc parameters. Due to these aspects, occurs a new air flow
wave are ventilation constructions — regulator doors, insulation repartition on the branches of the ventilation network

doors, insulation dams. 13:6:9:11:12/,
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For ensuring safety conditions after the event, the re-
establishment of the ventilation network is required.

The re-establishment of the ventilation network is performed
on the basis of critical pathways. In order to identify the critical
pathways there have to be firstly established ventilation
constructions in relation with their related emergency level.

Emergency levels are established in connection with the risk
generated by their destruction upon the active mine workings,
from the point of view of uncontrolled explosive gas releases in
active mines and from the point of view of a new explosion’s
occurrence in conditions of an efficient ignition source
existence.

Emergency levels are established as follows:

+ Emergency levels 1 - of this category are part ventilation
constructions aiming to close the goaf.

* Emergency level 2 — of this category are part ventilation
constructions aiming to adjust air flow in active coal faces.

+ Emergency level 3 - of this category are part critical
ventilation constructions. They are represented by the
ventilation constructions which produce instability in the
ventilation network and as a consequence large variations of
operation parameters of the operating fan. Therefore, by
restoring these constructions, the operational parameters of
the active fan considerably tend to the fans nominal
parameters.

* Emergency level 4 — of this category are part ventilation
constructions aiming to adjust the air flow at the level of the
ventilation network.

+ Critical pathways are represented by ventilation circuits on
which are located ventilation constructions comprised in the
emergency levels.

The restoration of the ventilation network is performed step-
by-step. Within each phase are determined the operational
parameters and is solved the ventilation network in the new
given conditions.

Re-establishment of the ventilaton based on critical
pathways corresponding to an emergency level 1: in order to
perform this, there are identified ventilation constructions
comprised in this category. There are established the
operational parameters of the active fan in the new conditions
and there is solved the ventilation network for the new given
conditions.

Re-establishment of the ventilation based on critical
pathways corresponding to an emergency level 2: in order to
perform this, there are identified ventilation constructions
comprised in this category. There are established the
operational parameters of the active fan in the new conditions
and there is solved the ventilation network for the new given
conditions.

Re-establishment of the ventilation based on critical
pathways corresponding to an emergency level 3: in order to
perform this, there are identified ventilation constructions
comprised in this category. There are established the
operational parameters of the active fan in the new conditions
and there is solved the ventilation network for the new given
conditions.
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Re-establishment of the ventilation based on critical
pathways corresponding to an emergency level 4: in order to
perform this, there are identified ventilation constructions
comprised in this category. There are established the
operational parameters of the active fan in the new conditions
and there is solved the ventilation network for the new given
conditions.

Software for re-establishing the ventilation

For re-establishment based on critical pathways
corresponding to the emergency levels of a ventilation network
affected by an explosion, within the project were developed
two software, in JAVA language, as follows:

+ VENTEX software developed for simulating an explosion at
ventilation network level

+ VENTREF software for simulating the step-by-step process
for restoring a ventilation network affected by an explosion

The two software used for simulating some processes may
work with any external software specialized for solving
ventilation networks. Within this project, VENTEX and
VENTREF operate using CANVENT external software. At the
same time, VENTEX is integrated in the specialized software
VENTREF.

In principle, VENTEX is based on the explosion’s
propagation algorithm.

The purpose of the algorithm is that, starting from the
initiation place of an explosion of established pressure, to be
identified mine workings covered by the destructive blast of the
explosion and the destroyed ventilation constructions.

VENTEX is integrated in VENTREF, VENTREF uses
CANVENT external software for simulating the step-by-step re-
establishment of the ventilation network affected by an
explosion type phenomenon.

VENTREF and also VENTEX can simulate the explosion
phenomenon and the restoration of the ventilation network for
each junction or branch specific for the ventilation network,
respectively for every pressure comprised between 0.1 and 10
bar.

For exemplification, there are presented the results obtained
using VENTREF application for an average intensity explosion
- 6 atm.

Firstly, the junctions and branches which result from the
analysis peformed for determining emergency levels specific
for the ventilation network of Uricani mine unit /5/ are the
following:

Emergency level 1 =27 ventilation constructions:

Emergency level 2 =5 ventilation constructions:

Emergency level 3 = 10 ventilation constructions:

Emergency level 4 = 41 ventilation constructions
which represent the remaining ones.

Details specific for an average intensity explosion simulation
at the level of Uricani mine unit ventilation network are
presented in Figures 1.



Fig. 1. Uricani ventilation network - VENTEX simulation - 6 bar

Figure 2 show the simulation on the restoration of Uricani
mine unit ventilation network based on critical pathways,
emergency level 1.

Fig. 2. Detail BI. IV S - VENTREF simulation — Emergency level 1

Characteristic curves and operational parameters related to
active fans from within main ventilation stations Ventilation
Shaft E are presented in Figure 3.

Fig. 3. Characteristic curve main ventilation station V.S. E - Emergency
level 1

Figure 4 present the simulation on the restoration of Uricani
mine unit ventilation network based on critical pathways, in
relation with an emergency level 2.
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Fig. 4. Detail BI. IV S - VENTREF simulation — Emergency level 2

Characteristic curves and operational parameters related to
active fans from within main ventilation stations Ventilation
Shaft E are presented in Figure 5.

Fig. 5. Characteristic curve main ventilation station V.S. E — Emergency
level 2

Figure 6 present the simulation on the restoration of Uricani
mine unit ventilation network based on critical pathways, in
relation with an emergency level 3.

Fig. 6. Detail BI. IV S - VENTREF simulation — Emergency level 3

Characteristic curves and operational parameters related to
active fans from within main ventilation stations Ventilation
Shaft E are presented in Figure 7.



. .
" T

Fig. 7. Characteristic curve main ventilation station V.S. E - Emergency
level 3

Figure 8 present the simulation on the restoration of Uricani
mine unit ventilation network based on critical pathways, in
relation with an emergency level 4.

Fig. 8. Detail Bl. IV S - VENTREF simulation - Emergency level 4

Characteristic curves and operational parameters related to
active fans from within main ventilation stations Ventilation
Shaft E are presented in Figure 9.

Fig. 9. Characteristic curve main ventilation station V.S. E - Emergency
level 4

From the information presented, there may be noticed that
simulations conducted using VENTREF lead to obtaining the
step-by-step and in safety conditions restoration of Uricani
mine unit ventilation network based on critical pathways in
relation with emergency levels. Also, values of operational
parameters related to active fans from within main ventilation
stations after the last restoration phase are almost identical to

30

the ones specific for the normal conditions before the
explosion.

Conclusions

1. In case of explosion, there is formed on one hand a
dynamic wave developing an overpressure ranging between 1-
8 bar in case of methane participation and between 1-11 bar
when coal dust also participates, and on the other hand the
flame front generating temperatures of over 2500 °C.

2. These forces exceed by far the resistance breaking o
compression, shearing strength tensile strength, resistance to
buckling or torsion specific to materials encountered on the
dynamic wave propagation direction.

3. Following the occurrence of an explosion in the complex
ventilation network, if the active fan is not operationally
affected, results a change of the ventilation network structure
and as a consequence a change of the active fan's operational
parameters. Due to these aspects, occurs a new air flow
repartition on the branches of the ventilation network.

4. The reestablishment of the ventilation network is
performed on the basis of critical pathways. In order to identify
the critical pathways there have to be firstly established

ventilation constructions in relation with their related
emergency level.
5. For re-establishment based on critical pathways

corresponding to the emergency levels of a ventilation network
affected by an explosion, within the project were developed
two software, in JAVA language, as follows: VENTEX and
VENTREF.

6. In the work are presented the results obtained using
VENTREF application for re-establishment ventilation network
after average intensity explosion - 6 atm. for the Uricani mine
unit.

7. The values of operational parameters related to active
fans from within main ventilation stations after the last
restoration phase are almost identical to the ones specific for
the normal conditions before the explosion.
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BHEOPABAHE HA BE3B3PUBHA TEXHONOIMA HA 0OBMB C U3MNON3BAHE HA
SURFACE MINER WIRTGEN 2500 SM B KAPUEPA ,KO3AK“

Ueaiino Konpes, XXaHema CmaHesa, Kocmadux Xpucmos, Tuxomup lMonos

Munro-zeonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogusi

PE3IOME. Kvm 2016 roguHa kapuepa ,Kossk*, rp.CrimBhuua, Coduitcko fobrea BapoBMK B MIOLLTA CM YPE3 M3NON3BaHETO Ha MPOBMBHO — B3pUBHM paboTn n
cnomaraTenHa mexaHusaumsi. Bapusenusit matepuan e ¢ pasmep ot 0 go 500Mm, KOUTO AOMBIHUTENHO TpsibBa fa ce npepaboTu ¢ nomowyta Ha MTCW. Besika egHa
OT onepauuuTe: NpobuBaHe, B3pUBSBaHE, MbPBUYHO TpoLleHe Ha MaTepuana 0 — 500 mm o 0 — 180 MM ockbNsiBa NPOAABaHUAT MaTepuan U BNUsie HeraTMBHO
BbpXY OkonHaTa cpega. C BHegpsiBaHe Ha 6e3B3puBHa TexHonorust u usnonasaqe Ha Writger 2500 SM 3a gobus Ha BapoBWK NPOM3BOANTENHOCTTA B Kapuepara Lue
ce nogobpy v pesynTatute e 6baaT NONOXUTENHM.

IMPLEMENTATION OF NON-EXPLOSIVE TECHNOLOGY FOR MINING BY USING SURFACE MINER WIRTGEN 2500 SM IN
KOZYAK QUARRY

Ivailo Koprev, Janeta Staneva, Kostadin Hristov, Tihomir Popov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. Currently at 2016, the limestone quarrying in Kozjak pit, located next to Slivnitca city, Sofia municipality, is achieved using the drilling and blasting
technique and an auxiliary mechanization. The extracted material, 0 — 500 mm in size, is then processed by means of a mobile crushing plant. Each of the following
operations: drilling, blasting and primary crushing of the yielded limestone, aiming at reducing its size to 0 — 180 mm, increases the final sale price of the material and
has a negative impact on the environment. The implementation of a without blasting technology into the quarry process by using the Surface Miner Wirtgen 2500 SM,
would improve the pit productivity and will show positive results.

BbBeneHue CBETNoCUB A0 cuBo Osn uBsAT. Ha mecTa BaposuuuTe ca

MpOLENeHN C TbHKA KanuuTHU Xunku ¢ aebenmHa 1 MM 1
Mpes nocnegHuTe roHM HapacTBallaTa KOHKYPEeHLMS Ha ObITKMHA [0 HSIKOMKO CaHTUMETpA, PSAKO A0 HSIKOMKO MeTpa.

nasapa Ha CTPOUTENHW MaTepuanu Harnara npepasrnexaaHeTo YunkuTte ca HenpaBUITHO U3BUTW UMM PA3KITOHEHN.

Ha HauMHMTe Ha A06MB, 0GHOBSIBaHE Ha OcTapsinata u amop-

TU3UpaHa TexHuka, ¢ Uen no f4obpu Npou3BOACTBEHM Pesyn- Baposuunte Ha kapuepa-Haxoguwe ,Ko3sk® ca obekT Ha

TaTi, N0 HWCKa NasapHa LeHa U CbOTBETHO NO-roNiAMO nasap- ekcnnoataums Ha noseye ot 40 roguHK 1 ca ce U3non3eanu 3a

Ho ydactie B cektopa. B bnmusoct o rp.Codus u ¢ aobpu dntoc 3a metanyprusta B MK ,Kpemukoupn”. Manku o6emn ot

nepcnekTiei e kapuepa ,Kossk* 3a J0GMB Ha BapoBULM. BapOBWLMTE Ca Ce W3MOoN3Banu M kaTo TPOLeHW dpakuum 3a
MbTHU HACTUNKM M BETOH, Hail-BeYe cried npeycTaHoBsIBaHe Ha

O6wwu cBepgeHunn 3a HaxoauLe ,,Ko3sak“ [ENHOCTTa Ha 0CHOBHUAT noTpebuten MK ,KpemukoBupu”.

Ha 2.5 km 3anagHo ot rp. CrivHuya 1 30 kM ceBepo3anagHo
ot rp.Codhns, e pasnonoxeHo Haxopuile ,Kossik”. To3u paioH
NpUHaANeXu KbM NOAHOXHATA vacT Ha Codouickata KOTMo-
BMHA W Ce xapakTepusupa kaTto cnabo XbAMUCT cbe cnabo-
pasBiTa MOBBLPXHOCTHA peyHa Mpexa. AbcomioTHata BMCO-
YMHa Haf MOPCKOTO HMBO € 765 M., @ OTHocuTenHata — Jo
145 m.

Haxoguuwe ,Ko3sk™ e uarpageHo oT eaHO00pa3H MacuBHM,
OMOKNACTUYHM M MMKPUTHW BapOBULM HA TOPHWS okcdopa,
KAMEpWZKa M TUTOHA, KOMTO BU3yanHo TpyaHO MoraT fa 6baar
pasrpaHu4eHm, Bb3PacTOBOTO UM OMpeeneHie e N3BbpLLEHO
no HamepeHaTta bayHa. lMocokaTa Ha pasnpoCTpaHeHWe Ha
nnactoBete e nog brbn 1200 — 1400, 3anagaHeTo € KbM
torosanag nog brbn okono 300 BapoBuuute ca NibTHY,
30paBu, C MUOECT NOM, MO-psSAKO Ca C HEepaBeH NMOM CbC

u. 1. O630pHa KapTa Ha HaxoauLue 3a BapoBuuM ,Ko3sk", rp.CBwua
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KauyecTBeHa xapakTepucTka Ha BapoBULUTE
AobuBaHM B kapuepa ,,Ko3sak“

Mo BbL3NOXEHWE HA HOBMAT KOHLECWMOHEP W MpekpaTsiBaHe
Ha [OCTaBKUTE 3@ OCHOBHUSAT KOHCYMaTop Ha BapoBuka OT
kapuepa ,Ko3sk” € U3BBPLLEHO NpOyYBaHe 3a M3MOn3BaHe Ha
BapoBULMTE 3a TPOLLEH KaMbk 3a HETOHM, B CTPOUTENCTBOTO U
nbTuwara. OT 3abonTe Ha KapuepatTa ca B3eTM epHa
TEXHOMOXKA 1 neT bposi nabopaTopHu Npobu. MatepuansT oT
TSX € OKa4YEeCTBEH:

- cvrnacHo BAC EN 13242:2004+A1-CkaneH marte-
pran 3a HeCBbP3aHW U XMAPaBMNUYHO CBBP3aHM MaTepuanu 3a
13ron3BaHe B CTPOMTENHW CbOPBHKEHWS M MbTHO CTPOU-
TENCTBO (OTrOBapsi Ha HECOpPTMPaH TPOLUEH KaMbK 3a MbTHU
OCHOBMW);

- cvrnacHo B[C EN 13043:2005-CkanHu matepuanu
33 BUTYMHBM CMECMW 1 HACTUMKM 33 MbTWLLA, CAMONETHW MUCTU
W OPYrY TPaHCMOPTHY Nnowy( OTroBaps Ha COpTUPaH TPOLLEH
KaMbK 3a MbTHU OCHOBM M achanToBW NOKPUTUS);

- cbrmacio  BAC EN  12620:2002+A1:2008/HA-
matepuan gobaBbyeH 3a OETOH WM CTPOMUTENHM Pa3TBOPMW.
W3nuTaHmsaTa Ha TPOLLEHNS kaMbk ca 13sbpLieHn B CUL kbm
TPA OOL - Cochusi.

0600LeHNTe (PU3NKO-MEXAHWUYHM NOKa3aTenn 1 XUMWUYeH
CbCTaB Ha BapoBULMTE OT Haxoauile ,Ko3sk”“ ca npeacTaBeHu
B Tabnnua 1.

Tabnuya 1

PesynTatit OT U3NUTBAHETO
lMokasaten

Or Ho CpenHo
1.Xnmuyecku cueras (no 333

Op.npobu, 1961 r.)
Ca0 54,75%
SiO2 0.30%
Al O3 +Fe2 O3 0.226%
SOs 0.035%
P2 Os 0.005%
MgO 0.68%
2.06emHo Terno (1961r)- cm® | 2,68 2,70 2,69
3';AC3|'IGLWI¢)W4HO Terno (1961)- 271 274 272
4.MopuctocT (1961r) - % 11 2,2 1,36
5.f5koct Ha HaTuck (1961r)- 487 1618 | 1099
kr/cm?
6.CvnpotueneHue Ha apobu-
mocT no [esan (1951r) - % | 4 57 4,32
no mMaca
7.C1>;(l)bp>|<a|-me Ha obwa 0,035
capa %
8.CbnpoTtueneHne Ha apobu-
mocT B DapabaH Jloc Amxe-
noc — koed. Jlloc AHxenoc —
obuwo
Mo dpakymm .......... 0-80mm | 31 33 32,1
12-16 33 - 33
8-16 33 33 33
31 31 31

33

TexHonornyHu npouecu B kapuepa ,,Kossak*

[obuBbT ce n3BbpLLIBA Ype3 NpoOMBHO — B3PUBHW paboTy
(MBP). BapueeHaTta ckanHa Maca (cbC 3bpHomMeTpus 0/500
MM) Ce W33eMBa M TpaHCMopTMpa O MpUeMHUs BYHKEP KbM
YencTHaTa Tpollayka ¢ YeneH ToBapay. [peau ga gocTurHe
TpowaykaTa, CkanHata Maca NpemuHaBa Npe3 CUTOBWS W
MoZyn, KOWTo e ¢ pa3mep Ha oteopute 33 MM. HagcutoBusT
maTepuan cbc 3bpHomeTpust 33/500 MM ce Haco4Ba KbM
YenCcTHaTa TpoLayka 3a MbPBUYHO TPOLLEHE, @ NOLCUTOBUAT
TakbB C pasmep Ha 3bpHata 0/33 mm, ce fgenoHupa ¢ uen
u3non3eaHeTo My 3a obpateH Hacun. [lonyyeHust 0/33 e ¢
MpUMecK OT FNMHA W C TOBa MbPBWYHO MpECsiBaHe Ce Lenw
KaKTO MPOAYKLMS Ha TakbB MaTepuan 3a obpateH Hacun, Taka
W MbPBUYHO MPEYMCTBAHE OT MPUMECU Ha CkanHata maca,
npegHasHayeHa 3a nomnyyaBaHe Ha (pakuwm, B KOMTO
HaNMYMEeTO Ha TaKMBa NPUMECH e HeXenaTenHo.

HacouyeHaTa kbM 4enicTHaTa TpoLlayka CkanHa maca ce
HaTpolwaBa A0 pasmep Ha 3bpHata 0/180 Mm u ce
TpaHcnopTMpa 40 NpueMHus ByHKep Ha poTopHa Tpoladka 1
3@ BTOPUYHO TpolueHe. KbM Hest e MpUKpeneH CUTOB MOAynN U
Npu NPeMWHaBaHETO Ha MOJAfeHUs matepuan npe3 Hero ce
OCbLLECTBABA BTOPUYHO NPEYMCTBAHE, KaTo OTHOBO CE OTAEeNs
0/33 kaTo NoACMTOB MaTepuan, a HaACUTOBMST Ce MnoaJiara Ha
BTOPMYHO TPOLIEHE OT poTopHaTa Tpowauyka. [lonyyeHusT
0/33 e mo-uuct, T.e. C MO-Manko NpUMecH OT [NWHA B
CpaBHEHWE C TO3W, MOMyYeH NPy MbPBUYHOTO MpEcsBaHE Ha
ckanHaTa maca.

HaTpoweHusT oT poTopHa Tpowayka 1 Mmatepuan CbC
3bpHomeTpust 0/80 MM MOCPEACTBOM TpaHCMOPTHa NeHTa
pocTra o cuto 1, KbAeTo cref npecsBaHe ce nonyyasar
cnegHute dpakyum: 50/80, 32/50 n 0/32. dpakuumte 50/80 1
32/50 ca kpaeH NpogyKT u ce genoHupart. B cnyyauTe, korato
ce Lienv nNpou3BoacTBO Ha NO-ronsMo konuyectso ot 0/4, 4/8,
8/12 1 12/20, 50/80 n 32/50 He ce genoHupart, a ce u3nonssar
3a MonyyaBaHe Ha TOPENoOCOYEHNTE (pakuum Kato ce
Haco4BaT KbM pOTOpHa TpOLLAYKa 2 3a TPETUYHO TPOLLEHE.

C wnsrpageHaTa HOBa WHCTanmauusi CpegHO Ha Mecel
KONMMU4YECTBOTO MPOW3BELEH MHEPTEH MaTepuan goctura do
50 000 ToHa.

[laHHM W oOTYeTeHW pe3ynTaTM B CBETOBHaTa
npaktuka npu usnonspaHeto Ha Wirtgen 2500
SM

HanpaBeHoTO un3cnegBaHe nokasea Bce MO  ronsMa
nonynsipHOCT Ha u3nonasaHe Ha 6€3B3pMBHM TEXHOMOTMM 3a
A00MB Ha BbITMLLA, BAPOBULM, AONOMMUTYA, BOKCUT, XenssHa
pyoa u gp. B ceetoBeH mawab ce msnonssat Hag 488 6p.
Surface Miner Wirtgen, kato B 3aBMCUMOCT OT A0OMBAHOTO
MonesHo M3KOMaeMo ca pasnpeaeneHu B CleaHNTe KaTeropum:
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padhmka 1

B ocHoBHUTE TpK OAna ca AOGMBBLT HA BapoBULM, CrieABaH
OT [06MBLT HAa BbIMMLEA M HA TPETO MACTO [0BMBBLT Ha
XenasHa pyaa.

CpaBHeHWe Ha NPOU3BOAUTENHOCTTa B 3aBUCMMOCT OT
AKOCTTa Ha HaTUCK Ha cKanute

OnuTLT 1 aHanK3a B HSKOMKO Kapiepu CbC CXOLHMN YCrOoBUS
Ha [pobuB Kkato kapuepa ,Kossk' nokassaT onpegeneHa
33KOHOMEPHOCT Mexay SKOCTTa Ha HaTUCK Ha ckanute W
npoussogutenHoctTa Ha Wirtgen 2500 SM (Fpacdmka 2). B
pasfMYHUTE Y4yacTbLM SKOCTTA Ha HATUCK € pasnnyHa,
NpOV3BOAMUTENHOCTTA CbLUO Ce NPOMEHS, KaTo Npu Mo — Manka
AKOCT Ha HATUCK Ha CKanuTe MpOM3BOAUTENHOCTTA € Mo —
BUCOKA. 3a U3CnesBaHeTo e B3eTa YCPEeAHEHa CTOMHOCT KaKTo
Ha MpOM3BOAMTENHOCTTA, Taka M Ha SIKOCTTA Ha HaTWCK.
[aHHuTe ca B3eTu oT 10 kapuepy 3a 4OOMB Ha BapOBUK

Cpe/IHa CTOMHOCT K2 AKOCT Ha HaTHCK, Mpa NpK B2poBMuM
O MpouszeoguTenHOCT, Tfu

Mpadmka 2

B kapuepa ,Ko3sk" skocTTa Ha HaTuck Ha ckanute (1961 r.)
Bapupa ot 48,7 MPa go 161,8 MPa, kaTo cpeaHaTta CTOMHOCT
e 109,9 MPa. CbnocTaBsiiku CTOMHOCTUTE OT kapuepa ,Kossk"
¢ 00siBEHMTE pe3ynTaT OT aHanW3uTE Ha NoCoYeHUTe 06EKTM
B padmka 2, npomssogutenHoctta Ha Wirtgen 2500 SM B
ycrnosusiTa Ha kapuepa ,Ko3sk‘ Bapupa ot 81 T/4 npu SKOCT Ha
HaTuck 161,8 MPa go 537 /4 npu sKocT Ha HaTuck 48 MPa,
yCpefHeHaTa MpOM3BOAMTENHOCT CMpsSMO  CpefHata  3a
kapuepara skocT Ha HaTuck 109,9 MPa e 272 T/,

CpaBHeHMe Ha NpPOM3BOAMTENTHOCTTa B 3aBUCMMOCT OT
u3nonssaHaTa AbN60YMHA Ha CpA3BaHe

[laHHWTe 3a nocTUrHaTUTE W CpaBHABAHW pesynTaTu ca oT
n3bpanute 10 kapuepu. [TbpBOHAYaIHO € OTYeTEHa MO HUCKa
NPOV3BOAMUTENHOCT, KOSITO € CBbp3aHa CbC 3apaBHABAHETO Ha
MWKPO penedpa B yyacTbka Ha A0OWB, CMHXpOHM3aUusTa
mexgy onepatopa u Wirtgen 2500 SM, aBTocamocBanu u
[00MO3HaBaHe Ha CnocobHOCTUTE Ha MaluMHaTa B [ajeHuTe
ycnosus. B kpas Ha TecTBaHus etan ce BWXda
nopobpsiBaHETO Ha MPOM3BOAMTENHOCTTA, KaTo CTOMHOCTUTE

34

Bapupat Mexay 316 1/u u 370 T/4 ekcnnoaTauMoHHa Npou3-
BOAMTENHOCT Mpn AbnbounHa Ha cpsseaHe 45 — 50 cm, npu
TexHuyecka npoussogutenHoct 700 T4 n gbnbounHa Ha
psizaHe 0o 60 cm.

/3non3Baiiky HanmpaBeHUTE OTYETM W CXOQHOCTTA Ha
ycnoBusTa, B kapuepa ,Ko3sk“ npu gbnboumHa Ha psiaaHe
45cM npon3BoAMTENHOCTTa cnedBa Aa Obae npubnuantenHo
260 T/y.

CpaBHeHWe Ha nokasaTens CKOPOCT Ha fobuBaHe KaTo
¢akTop Bnusiew BbpXy pa3mepa Ha pakuusTa
CkopocTTa Ha fobuBaHe Lie 6bae pasrnegaHa kato daktop
BNMsiel BbpXy pa3vepa Ha MOMyvyeHUsT — maTepuan.
Hanpasennte TectoBe ca OT [0CymapCTBEHHOE YHWTapHOE
npeanpusatve  «YedeHuemeHT», YeueHcka  penybnuka.
Tabnumua 12 nokasea , Ye C yBENMYEHME Ha CKOpOCTTa OT 4 10
10,6 M/MMH KonmuecTBOTO Ha dhpakuuute Hapg 100 mMm ce
yBeENnM4aBa, a Tean ¢ pasmepu <50 MM Hamansea /Tabnuua 2/.

Tabrvuya 2
T V= 4 WkH V= 7 WmiH V= 0 Wi V =10,6 WniiH
Macca, i fona, % Macca, kr Jond, % Macca,kr fona,% Macca,kr Jona, %
>i00mw 12835 103 34946 B0 2045 2875 N5 3679
+50-100mm 3975 4 266,1 70 M5 2682 20385 2406
<i0mm 77945 626 42172 400 47085 4643 369 3915
Bearo 12458 100 105728 100 101385 100 84729 100

Mpu ycnosusTa Ha Kapuepa ,Kossk* ToBa € OT 0COBEHHO
3HaYeHMEe 3a M3crnefBaHeTo Tbil kaTo JocerawHuaT aobus
nokasea, 4Ye MaTepuambT KOWTO MbpBOHAYanHo ce nojasa B
yentocTHaTa Tpowayka e ¢ pasmepn 0 — 500mm. MaxogHust
HaTpOLLEH OT YerioCTHaTa Tpolladka matepuan e ¢ pasmep 0
- 180 mm.

Mpw BHeapsBaHe Ha Wirtgen 2500 SM paboTarta ¢ yentocTHa
TpOLUayKa Lie OTMagHe U AUPEKTHO JOOUTOTO KONMYECTBO Lie
npemMuHaBa KbM POTOpPHa Tpowayka 1 u npu HeobxogmmocT
KbM POTOpHa TpoLLaYka 2.

o T—

e 3 NV 7100 C
yn 4 ama

Poropua Tpowarika 2
258U 843

WcTanaim & xapuepa Koaa™

Cxema 1

ToBa CKbCsBa MNPOM3BOACTBEHUS MPOLEC U Hamansea
pasxoguTe CBbp3aHu C u3nonasaHeTo Ha MBP u yenwocTtHa
Tpowauyka. Wirtgen 2500 SM 3amecTBa HanmbfHO npoLecute
npobuBaHe, B3pWBSIBaHe, BTOPUYHO B3pUBSIBAHE W MbPBUYHO
TpoLLeHe Ha maTepuana (cur.2).



A &. S

Blasting

Drilling Loading Crushing

Cind
g b A T \\
i AN
VIRV g, | A
..._ - E_"“;."““- )

®ur. 2. Wirtgen 2500 SM
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Ha ©asata Ha npeacraBeHUTe no-rope aHanmsn wu

CbMoOCTaBKM Ce CcTura [0 CregHuTe  M3soaM  3a
npOM3BOAMTENHOCTTA Ha kapuepa ,Kossk“ npu BHeApsiBaHe
Ha 0e3B3puMBeH HauuH 3a [oOMB Ha BapoBAUM C

uanonaeaHeTo Ha Wirtgen 2500 SM:

Mpu npubnusutenHo edpekTuBHa pabota Ha CMmsaHa C
mawmHaTa ot 60% n 40% n3paseHn B MaHeBpy, 3apexaaHe
Ha ropuBO W Ap. cnomaraTeNiHu AeNHOCTU Hal-NMecumMmcTnY-
HUTE nporHo3n ca, 4ye Wirtgen 2500 SM ¢ npownssoau-
TenHocT 260 T/4 e yBenuuu npou3BOAUTENHOCTTA Ha
kapuepata ¢ 57%. Ha rpacduka 3 ca nokasaHu pesyntarture
3a mecel, 3 meceua, roguHa.
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Ipadmka 3
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3aknoyeHune

Cnep HanpaBeHWst aHanu3 CnpsMO MokasaTenuTe SIKOCT Ha
HaTUCK Ha ckanuTe, ObnOOYMHA Ha psi3aHe M CKOPOCT Ha
pobvBaHe C BHegpsiBaHe Ha 6e3B3puBHa TexHOMNOMMS C
uanonseaHeto Ha Wirtgen 2500 SM 3a gobus Ha BapoBULYM B
kapuepa ,Kos3sk® npou3BOAWTENHOCTTAa Ha  kapuepata
3HAUMTENHO LU HapacTHe. PesynTtaTute nokaseat HapacTBaHe
¢ 10 65 % Ha mecel,. CblLo Taka NPOM3BOACTBEHMAT NpoLiec
Wwe 6bae cbkpaTeH M We oTnagHe m3nonasaHeTo Ha [BP,
onepauuuiiTe ¢ eaHokodoB Oarep M YemCTHA TpoLlayka.
Surfer Miner Wirtgen 2500 SM gobusa aupekTHo 0T Macvsa
Baposuum c pasmepu O - 180mm. MobunHoctta ©
crnocobHoCTTa 33  MaHeBpupaHe MO3BOMSBAT  PasNNyHK
TEXHONMOMMM Ha [0OMB W M3MOM3BaHE Ha  [OMPEKTHO
HaToBapBaHe Ha MaTepuana B asTocamocBanu. OT gpyra
CTpaHa oTnagaHeto Ha [1BP pgeiiHocTTM W pgeiHocTtute
CBbpP3aHM C egHokotuaT Harep W nogaBaHeTo Ha matepuan
[0 YencTHaTa Tpowadka GrnaronpuaTcTBaT ONas3BaHETO Ha
OKOMHaTa Cpefda kaTo 3anpalleHocTTa B paioHa Hamanssa. B
CpaBHEHWE C NpeaxopHuTe mMogenu Bubpauumte npu Wirtgen
2500 SM cbLuo ca cBefeH! A0 MAHUMYM.

Nutepatypa

PaboteH npoekT 3a kapuepa ,Ko3sk* 2015.

http://www.wirtgen-group.com/

TexHuyecka cneundmrkaums Ha KombaiH Wirtgen 2500 SM.

Muxnep M., MankeBny KO. ,Kombairn Wirtgen 2500 SM
Hau3gecmHaKosoM kapbepe Foreman®, XypHan "[opHas
MpombiwnesHocms" Ne6 2003.

Muxnep M., Maxkesuy 10., Mabaes C-A., MaHkesuy M. ,Bgod &
aKchnyamayuto kapbepHo2o kombaliHa Wirtgen 2500 SM e
kapbepe  YepHozopckozo  mecmopoxdeHus Y1
«YHeyerHuyemenmy*, XypHan "MopHas MpombiwneHHOCMb"
Ne1 2013, ¢ 60.

Muxnep M. ,KombaiHbi Wirtgen 2500 SM e kapbepax
Tuneukozo kapbepoynpaenerus OAO «/luneykuemeHm»*,
XKypHan "MopHas lNpombiwneHHocms" Ne4 2008, cmp. 26.

CraTtusta e npenopbyaHa 3a nybnukysaHe ot kaTt. ,OTkpuTo paspaboTeaHe
Ha MonesHu U3Konaemu 1 B3puBHU paboTtn®.
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CPABHUTENEH AHANKW3 MEXAOY OBE UHCTANALUA 3A NMPEPABOTKA HA BAPOBMUK,
AOBUT B KAPUEPA , KO3AK"

Kocmadun Xpucmoe, Tuxomup lMonoe, XaHema CmaHesa

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus

PE3IOME. lNMpepabotkaTa Ha fobutus B kapuepa ,Kossk* Baposuk B nepvoga ot 2008 rognHa go 2015 roguHa ce e u3BbpLuBana ¢ MOMOLYTA Ha TPOLLAYHO —
COPTUPOBBYHA MHCTANaLMs ¢ [4Ba pexvma Ha paboTa: mbpBu pexum Ha paboTa 3a Npou3BoacTBO Ha dpakumuv 0/4, 4/8, 8/12, 12/20, 22/50, 50/80 1 BTOpU pexum Ha
paboTa 3a mMaTepuan 3a obpateH Hacun 0/80. B kpas Ha 2015 roguHa, ¢ Len yennyasaHe Ha AobvBa 1 konM4ecTBOTO NpepaboTeH MaTepuan e uarpageHa Hosa
TPOLUAYHO — COPTUPOBBYHA MHCTanauus. MoapobHo ca pasrneaaHn  oxapakTepuanpaHi iBeTe MHCTanaLu, HanpaBeH e CpaBHUTENEH aHann3 Ha TAxHaTa AeiHocT
1 eheKTMBHOCT YCTAHOBEHW Ca MpeaMMCTBATa M HeJocTaTbLMTE UM 3a npepaboTka Ha AobUTUS B kapnepaTa MHEpPTEH MaTepuan 1 U3MbIHEHETO HA MPOTHO3HUTE
konnyecTBa AO6UT 1 npepaboTeH BapoBUK.

COMPARATIVE ANALYSIS BETWEEN TWO INSTALLATIONS FOR PROCESSING THE LIMESTONE MINED IN KOZYAK
QUARRY

Kostadin Hristov, Tihomir Popov, Janeta Staneva

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. From 2008 to 2015 the processing of the extracted limestone in career "Kozjak" was performed using a crushing - sorting plant with two modes of
operation: the first one aimedthe production of fractions 0/4, 4/8, 8 / 12, 12/20, 22/50, 50/80 while the second mode of operation was used for producing material for
back filling 0/80. At the end of 2015, in order to increase the yield and the quantity of the processed material, a new crush - sorting plant was constructed This report
characterizes and analyses in details both installations, a comparative analysis of their performance and efficiency was performed, pointing the benefits and the
disadvantages of the two plants for processing of the harvested career inert material and the performance of the forecast quantities of extracted and refined
limestone.

BuBeaeHue KPEAWTHWN TEPUrEHHM M KapbOHATHW CEAMMEHTH, OT KOUTO Mo-
BaxHM ca pugosete Koask, LieHTbpa u Mpaguile. Bb3suiueHune
BapoBukbT € HepyaHO nonesHo uskonaemo, npepcTas- ,K03gK” WMa KOHTpacTeH u3rned, 4WETO OTHOCUTENHO
NiABalllo ceauMeHTHa CKana, CbCTaBeHa npeauMMHO OT NpeBuLLEHNE OT CbCeHUTE MY peneq)HM (*)OPMM e 145 M, a
MWHEPANNTE  Kanuut W aparoHUT, KOMTO Ca PasnuqHu abconioTHaTa BUCOYMHA Hal MOPCKOTO HUBO € 765 M.
kpuctanim opmm Ha CaCOs (kanumes kapboHart). Kato
WHEpTeH MaTepuan Hamupa LIMPOKO MPUMOXEHUE B MHOMO Haxoaule ,Ko3sik™ e u3rpajeHo oT eHOpoAHM BapoBULY Ha
WHAYCTPUArHN KMOHOBE, HO Hall-Beye B CTPOMTENCTBOTO: 3a ropHUsi okchopp, KMMepumKa 1 TUTOHA, KOUTO TyK TPYAHO
u3rpaxmaHe Ha MbTULLA, 3@ NPOWU3BOACTBO Ha acdanT, 6eToH, moraT Aa 6bAaT pasrpaHinyeHi, ocBeH hayHUCTUHo. oco-
LJMEHT, raceHa W HeraceHa Bap. Mamonsa ce ole KkaTo kaTa UM Ha pa3npocTpaHerie e nod bren 1200 — 1400, a 3ana-
O6HMHOBquH mMatepuan 3a Crpagu, kato CypoBuHa 3a [aHEeTO Ha NnacToBeTe € KbM toro3anag noA bron OKoo 300,
nonyyaBaHe Ha Cofa U KaTo TOp B CEMCKOTO CTOMAHCTBO. BapoBMUMTE CA NTBTHI, 3PABU, C MAZECT TIOM, MI0-PSYIKO CA
M3BeCcTHW ca MHOXeCTBO Haxoaulla Ha BapoBUK B P. C HepaBeH JIOM CbC CBETNIOCUB A0 CMBO oan LBAT. Ha mecrta
Bonrapus. Haxoguue ,Ko3sik" e eqHo OT Hal-xapakTepHuTe 3a BapOBMUMTE Ca NPOLIENEHN C ThHKI KanuuTHU Xunku ¢ febe-
BpaHwa. To ce paspaboTsa B npogbImkeHue Ha Hag 40 roguHm nuHa 1 MM W AbIKAHA [0 HSKOMKO CAHTUMETPA, PSako A0
1 € C [10Ka3aHI KaYECTBEHI XapaKTEPUCTUKA. HsIkonko MeTpa. YKUNkuTe ca HEnpaBUNHO M3BMTW UMK pas-
KIOHEHM.

O6wwu cBepeHun 3a Haxoauule ,,Kossak"
CpaBHUTeNEH aHaNM3 MeXay ABe MHCTanaumm

HaxoguweTo e pasnonoxeHo Ha 30 kM ceBeposanagHo oT 3a npepa6oTka Ha BapoBWK, AOGUT B kKapuepa
Cogma 1 Ha 2,5 km 3anagHo ot rpag CnuBHMUA, HA XbnM C

Kossk“
nnow, okono 1 500 gekapa, B KOUTO ce pa3kpuBaT okcdhopa- ”
KAMEpUAXCKA BapoBULM. TO3M paifoH MpUHAANEXN KbM MpepaboTkata Ha pobutus B kapuepa ,Ko3sk‘ BapoBuK B
NOAHOXHATa YacT Ha COCbMMCKaTa KOTIIOBMHA N Ce XapakTte- nepuoaa 2008 — 2015 r. e buna U3BbPLUBaHA C NOMOLLTA Ha
pusnpa kaTto crabo XbNMUCT CbC CrabopassuTa MOBBPX- TPOLLAYHO — COPTUPOBBYHA MHCTanauus | (Cxema 1), a B kpas
HOCTHA peyHa Mpexa. ViMa OTAeNHM, ronu M KameHUCTH Ha 2015 1, C Len yBenu4yaBaHe Ha [06MBa U KONMYECTBOTO

Bb3BULLUEHNS, KOUTO Ca U3rpafdeHn OT TPUacku, tOPCKKU U OONHO
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®ur. 1. MecTononoxeHue Ha kapuepa ,Ko3sk*

npepaboteH matepuan, e buna um3rpageHa Wuctanauws |
(Cxema 2). MpeactaBeH € CpaBHUTENEH aHanW3 Ha TAXHaTa
AEeNHOCT 1 edeKTMBHOCT MO HSAKOMKO napameTbpa C Len
yCTaHOBSIBaHe Ha NpeauMcTBaTa W HegocTaTbuuTe MM 3a
npepaboTka Ha 4OBMTUS B kapuepaTa MHEpTEH matepwan u
W3MbIHEHWE Ha 3anOXEHWTE OT KOHLECMOHEpa B KOHLe-
CMOHHMS AOTOBOP NPOrHO3HW Konuyectea AobuT 1 npepaboteH
BapOBUK.
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AHanu3 Ha 6a3a Ha KOnM4ecTBO NPou3BeAeH MaTepuan
CpeaHo Ha Mecel, KONMW4eCTBOTO MPOW3BEAEH MHEpTeH
MaTepman ¢ uHctanaums | e 23 386 ToHa, gokato npu paboTa
n ¢ uHcTanaums Il ToBa konmuyecto poctura 33 141 ToHa.
ToBa 03HayaBa, 4e C M3rpaxpaHeTo Ha wHctanaums Il u
BbBEXOAHETO W B ekcnnoatauus, CcpegHata MeceyHa
NpU3BOAUTENHOCT Ce e noeuwmna ¢ okono 30% (Mpacvka 1).

CpaBHuTENHMAT aHanu3 e HanpaseH Ha 6asata Ha 06Lwwo
npou3BeeHO KONMWYeCTBO Matepuan 3a 12-yacoB paboTeH
[EH KaTo e BaxHO Aa Gbae yTouHeHo, ye npeau fga Obae
usrpageHa uHctanauus I, npu kosito paboTHUAT geH e 12
yaca M BKMW4Ba camo efHa paboTHa cmsHa, pabotata ¢
WHCTanauus | ce e ocbluecTBsBana npu 24-yacos paboTeH
[€H Ha [Be pabOTHM CMeHW, B pe3ynTaT Ha KOeTo W obLLoTo
MeCeyHO KONMYeCTBO Npon3BeaeH matepuan e 6un noeeye ot
TOBa, KOETO B MOMEHTa Ce MnoflyyaBa crieg npepaboTka c
wHctanaums Il. C uen pa Obge HanmpaBeH apfexkBaTHO
CPaBHUTEMHUAT aHanu3 Mexay ABeTe MHCTanauuv Ha basata
Ha TsIXHAaTa NPOM3BOAWTENHOCT, NPEACTABEHUTE AaHHM Cca
npupaBHeH kbM 12-4acos paboTeH geH.

pachuka 1.
Cpe;um MeCeYHO KOJIH1eCTBO IPOH3BEeIeH MaTepHaa IpH 12-gacos
padoTeH Jen
35000
g 30000
5000 33141

20000
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= 5000
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MHCTAJAIUIS 1 MHCTAJTAIUIS IT

Mpw cpaBHeHne mexay WHcTanauws | u wHcTanaums Il Ha
Basa meceyeH JobVB Ha MHEPTEH MaTepuar, pasnpegeneH no
thpakuum, He Moxe Aa 6bae HanpaBeH KOHKPETEH M3BOL KOst
WHCTanmauus e no-NpoAyKTMBHA, TbW KaTo  MECEYHOTO
KOMMYecTBO, MPOW3BEOEHO OT BCEKM BuUg MaTepuarn, ce
onpegens oT nasapHoTo TbpceHe. M Bce nak Ha Mpadhuka Ne 2
MOXe Ja Ce Buau, ye npu uHctanaumus Il npousseneHoTo
KonnuecTeo OT dpakuumMTe U MaTepuanuTe 3a obpaTeH Hacvn
3a 12-yacoB paboTeH feH e No-roNsMo OT TOBA, MOYYeHO Npu
paboTa ¢ uHctanaums |.

Wakmtouenne npasn  dpakymsta 50/80, umeto MeceuHo
KONMYeCTBO € Mo-Manko OT TOBA, MPOM3BEAEHO C MbpBaTa
WHCTanauus, HO ToBa Ce [ObMkM Ha hakta, Ye 3a
aHanuaupaHus nepuog Ha pabota Ha wmHctanaums I,
Na3apHOTO TbpCeHe Ha Tasn dpakums € 6uno Hucko U
HEtHOTO NPOW3BOACTBO € HUNO 3HAUMTENHO HaManeHo.



padhmka 2.

padhuka 3.

Cpeno Mece no KOINMecTBO IPOMIBeTen o HACTATANAS | B nACTANAnAS I
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AHanu3 Ha 6a3a Ha Bpeme 3a U3BbHPEeAHN PEMOHTHU
OeHOCTTH

B kapuepa ,Kossk" exemeceuHo, Ha 6a3aTa Ha nasapHOTO
TbpCEHe, Ce NnaHupa OODWMBBT Ha WHepTeH MaTepwan u
KOMMYecTBOTO MpOAyuMs. BbB Bpb3ka C TOBa Ce CbCTaBs
MeceyeH paboTeH MnaH Ha MHCTanauusta u ce onpegens
TapretHata M NpOLYKTMBHOCT. BHumaTenHo ce nnaHupar
HeobxoauMMTEe PEMOHTHM OEMHOCTM W Ce 3anara Bpeme 3a
TSXHOTO M3MbSIHEHWe. Bbnpekn ToBa ce cry4Ba B mpoLeca Ha
paboTa Ha WHCTanauusTa [fda Bb3HUKHAT HenpeaBuaeHM
noBpeau M fa Ce Hanoxu HennaHupaHo CchnupaHe Ha
npoussoacTBeHaTa AenHocT. Ha [padwmka Ne3 e nokasaH
LenbT Ha HennaHUpaHUTe MECEYHU PEMOHTHU JENHOCTM Mpu
uHCTanaums | v uxctanauws Il.

Mpv mbpBa WHCTanauWs Te3n PEMOHTHW OEMHOCTW 3aemat
okono 35% 0T nnaHWMpaHoTO 3a Mecela Bpeme 3a paboTa Ha
MHCTanauuaTta, Koeto O3Hadaea, 4Ye CpedHO MHCTanauus |
npou3Bexaa okono 65% OT 3aN0oXEHOTO B MPOM3BOACTBEHMS
nnaH konuyectso npogykumus. Lo ce otHacs [o BTopa
WHCTanauus, AenbT Ha HENNaHWPaHUTE PEMOHTHIU JEHOCTN e
3HAUMTENHO MNO-HUCBK — cpegHo 8 % W cnepoBaTenHo
uHcTanauwms Il B8 92% oT nnaHMpaHOTO 3a Mecela Bpeme 3a
paboTa M Npou3BOACTBO, € B aKTUBEH paboTeH pexum. Mo-
MankusT OAN Ha HEMMaHupaHUTe PEMOHTHU JEMHOCTW npu
WHCTanauwus |l ce Sbmku Ha TOBA, Ye MbPBUYHOTO TPOLLEHE Ha
BbBeJeHata B WHCTanauuMATa B3puMBEHA CKanHa maca ce
OCBLUECTBABA C YEMIOCTHA TPOLLAyka 3a pasnuka OT Mbpsa
WHCTamauws, npu KosTO Tasu (PYHKUMS Ce W3MbhHSBa OT
POTOPHa Tpowadka. [peguMMCTBOTO Ha M3MOM3BaHETO Ha
YerCcTHa TPOLLAYKa 3a MbpBUYHO TPOLLEHE Ce M3passiBa B
TOBa, Ye MpW HATPOLIABAHETO Ha Aobutata ckanHa Maca,
CbAbpXalla PasHOPOAHW MO pasmep 3bpHa, NO-ronemuTe
CKarlHM KbCOBE He Bb3NpensaTcTear paboTata Ha Tpowaykara,
[0KaTo NpK poTOpHAaTa Takaea, NPy BLBEXAAHE B Hesl Ha Mo-
efpa CkanHa Maca, 4eCcTo Ce crnyyBa fda ce oTxnabsr
KNWHOBETE, (hUKCUpALLM YYKOBETE Ha poTopa MMM fda ce
ckbcaT bonToBeTe Ha oTGOMHMTE nnoun. ToBa 6Gnokvpa
pabotata Ha Tpowaykata U € HeobXoguMmo CcrupaHe
JE/HOCTTa Ha WHCTanauwsTa [0 OTCTpaHsiBaHe Ha
TEXHUYECKNS Npobrnem.
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JIs17T HA HeIVIAHHPAHHTE PEMOHTHH Jef{HOCTH 0T
ILTAHHPAHOTO 32 Meécella BpeMe 3a padoTa Ha
Hucrananual

511 HA HelJIAHHPAHHTE PeMOHTHH AefiHOCTH OT
ILIAHHPAHOTO 33 Mecela BpeMe 3a padoTa Ha
Huacrananus IT

[lan Ha npon3BOACTBEHA AEMHOCT Ha MHCTanauusTa, %

B [lan Ha HennaHupaHW PEMOHTHY AeiHoCTH, %

AHanu3 Ha 6a3a Ha pa3xop Ha rOpMBO 3a pyAHUYEH
TpaHCNOpT, CBbp3aH ¢ npoLieca Ha npepaboTka Ha
[BoOMTUA BapoOBUK

C wusrpaxgaHeto Ha WHCTanauus |l ce uenn KakTo
MoBWLLABaHE KOMWYEeCTBOTO npepaboTeH matepwan, gobut B
kapuepa ,Ko3sK", Taka 1 HamansBaHe Ha pasxoauTe, CBbP3aHu
C Mpou3BoACTBeHMs npouec. [lpu  NpoekTMpaHeTo Ha
WHCTanauumsaTa e NpeaBMaeHO HamarnsBaHe Ha TPaHCMOPTHOTO
pascTosiHue oT 3abos o TCW nocpefcTBOM U3rpaxaaHe Ha
cuctema OT TpaHCMopTHW neHTw. ToBa npegnonara M no-
Marnko pasxof Ha ropuBoO 3a PyOHWYEH TPaHCMOPT W No-Marnka
amopTM3aUmMsl Ha MalMHWTE, OCBLLECTBSABALLN NPeHoca Ha
pobutaTa ckanHa Maca [o wHcTanauwsTa 3a npepabotka. Ha
Ipachmka Ned ce BM3yanuanpa CbOTHOLLEHWETO Ha pa3xofa Ha
TOPMBO 3@ PYOHWYEH TPaHCMOPT KbM  KONMKUYECTBOTO
npou3eefeH MaTepuan CbOTBETHO 3a Mbpea W BTOpa
WHCTanauum. AHanusbT obxBalja ABa KaneHAapHW Meceua,
kaTo AaHHUTe ca NPEACTaBEHW B YeTMpM Tpynu: mbpeaTa
BKIIOYBA AaHHW OT MbpBaTa MOMOBMHA HAa MbpBUS Mecel,
BTOpaTa Ipyna — AaHHM OT BTOpaTa MONOBMHA Ha MbpBMS
MeceL, TpeTa rpyna — AaHHu OT MbpBaTa NoroBMHa Ha BTOpUS
Mecel, a 4YeTBbpTaTa — [AaHHM OT BTOpaTa MONoBMHA Ha
BTOPUSI MeceL. W Tyk CPaBHUTENHUAT aHann3 e HampaBeH Ha



BasaTta pa3xog Ha ropyWBO W KONMMYECTBO MOMYYeEH
maTtepuman 3a 12-4acoB paboTeH [eH.

NHepTeH

Ipadmka 4.

CLOTHOIIEHHE HA PAIXO] HA TOPHBO 3 PYAHIYCH TPAHCHOPT KEM KOIHIeCTBO
NPOHIBEIEH MaTepual
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C warpaxpaHeto Ha MWuctamaums |l e HamaneHo
TPAHCMOPTHOTO ~ Pa3sCTOSHWE, KOETO YenHWUTe  ToBapauu
W3MMHaBaT npu obCrnyKBaHe OEVHOCTTa Ha WHCTanauwsTa,
CbOTBETHO € HamaneH M pasxoda Ha ropuBo Ha 0asata Ha
YBENWYEHO B CpaBHeHWe ¢ WHcTanauws | obwo konnyecTso
npepaboteH maTepuarn.

Mpn cpaBHABaHe Ha [aHHUTe, BW3yanuaupaHu Ha
rpacukara, Moxe Aa Obde 3aKmioueHo, Ye B CPaBHEHWE C
WHCTanauus | pasxofbT Ha ropuBo Npy BTopata HCTanauus e
Hamansn, a Konu4ecTBOTO MoMyyeH npu npepaboTkara
maTepuan ce e yeenuuuno. CriegosaTenHo ¢ uarpaxgaHeTto
Ha uHcTanaums Il e nocTurHaTo noBuLwaBaHe Ha NpoAyKUMATa
W CbLUEBPEMEHHO HamansBaHe Ha pasxoauTe 3a pyAHUYEH
TPaHCMOpPT KakTo € 6uno npedBMAEHO fa ce Cayyd  npu
NPOEKTUPAHETO 1.

006o6buieHune

Ha 6asata Ha npeacTaBeHus MO-TOpe CPaBHUTENEH
aHanua Mexpgy WHcTanauus | u wHctanaums Il, morat ga
Obaat HanpaBeH CregHUTe U3BOAW:

1. C wasrpaxgaHeto Ha wuHcTanauus Il ce nosuwasa
06L0TO MEeCeyHo KONMMYecTBO NpPOM3BEAEH MaTepuan,
[obut B kapuepa ,Kossk“ B CpaBHEHME C TOBA, MOMy4YeHO
npw paboTa ¢ uHcTanauus |, T.e. NPOgYKTMBHOCTTa Ha BTOpa
WHCTanawums e no-B1coKa oT Ta3n Ha MHCTanauus mbpaa.

2. [lembT Ha HennaHUpaHWUTE PEMOHTHU LEMHOCTW Npu
MbpBa MHCTaNauus € 3Ha4YUTENHO MO-BUCOK OT TO3W Npu
uHctanauus |l cneposaTenHo W BPEMETO, B KOETO
WHcTanauus | He pabotm pokato 6bge OTCTpaHeHa
noepefaTa, e MoBeye, a KOMMYECTBOTO MPOAYKUMS — Mo-
manko. ToBa o03HayaBa, 4e wuHcTanauus |l ocurypsisa
Bb3MOXHOCT 3a MOBMLWIABAHE [Asna Ha aKTWBHO NpoM3-
BOACTBO Ha MaTepuan u HamarnsiBaHe Ha TO3M Ha Henpensu-
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[EHUTE PEMOHTHM [OEWHOCTU, M CbOTBETHO HEMMIaHWpaHo
cnupaHe paboTaTta Ha MHCTanayusTa.

3. brarogapeHue Ha cuctemata OT TPAHCMOPTHW NEHTH
npu uHcTanauus |l, e HamaneHo pa3CcToOSHUETO 3@ PYAHWUYEH
TPaHCMOPT, amopTM3auMsaTa Ha MallMHUTE, KOWTO O
OCbLUECTBABAT M CNeAoBaTENHO pasxoda 3a ropueBo U
noaapbkka Ha yenHuTe ToBapaun. OT gpyra cTpaHa, KakTo
Beye Oe MOCOYEHO B MbpBMSA M3BOL, MPOWU3BOAMTENHOCTTA
Ha BTOpaTa MHCTanaums e no-Bucoka, KoeTo onpeaens eqHo
OT NpeauMcTBaTa Ha MpunoxeHue Ha wuHctanauws Il npeg
uHcTanauws | 3a npepabotka Ha 4oBUTMS BapOBUK.

3aknioyeHune

Crnen HanpaseHus nogpobeH aHanu3 Ha [OelHOCTTa Ha
nHcTanaums | v wectanaums |l 3a npepaboTka Ha [obutus B
kapuepa ,Ko3sk‘ BapoBMK W MpeacTaBsiHe Ha CPaBHUTENHM
rpadmku, oxapakTepusmpaLy npeguMcTeaTa n
HepgoCTaTbUMTe Ha €4HaTa WHCTanauus npeg apyrata, MOXe
pa 6bAe HanpaBeHO CregHOTO 3aKMoYeHWe: C U3rpaxaaHeTo
Ha nHcTanauws |l e NoBuMLEHO MPOU3BOACTBOTO Ha dpaKLmun 1
maTepuan 3a obpaTeH Hacum, KakTo M e nogobpeHo
KayeCTBOTO Ha MOMyYeHUs MaTtepuan, HamaneHu ca
pasxoauTe, CBbp3aHu C npepaboTkata Ha ckanHa maca u
BpeMeTo, B KOETO WHCTanauusta He pabotn nopagu
Bb3HWKHanNM asapuu. CriefoBaTenHO M3MOM3BaHeTo Ha Tasu
WHCTanauusi 3HauMTenHo e OnTMMM3MPano npoueca Ha
npepaboTka Ha AOBWTWS BapoOBMK M Taka SICHO M3MbKBa
NpeuMyLLecTBOTO Ha MHcTanauws |l npeg nHcTanaums 1.

B cobworto Bpeme e BaxHO da 6bae YTOUHEHO, Ye
MOHACTOALLEM W3rpaxxdaHeTo Ha wHcTanmaums Il He e
3aBbpLUEHO HambrHO, npeactoM fa 6bgaT HanpaseHu
BOMbIHATENHM  NOAOOpeHus, KouTo We fgosejat o
yBenuyaBaHe Ha NPOM3BOLMTENHOCTTA Ha MHCTanauusta C
owe Hskonko npoueHTa. OuakBaHuATa ca crneg MbiHOTO
3aBbplwBaHe Ha WHcTanmauus Il 3HaumTenHo ga 6bae
MOBMLUEHO KAYeCTBOTO, KaKTO Ha eTanuTe Ha npepaboTka Ha
pobutnsa BapoBuk B kapuepa ,Ko3qk', Taka M Ha kpainHaTta
npoayKuus.

Nutepatypa

Oumutep  CrosHoB, [Ipouecu npu omkpumus dAobue Ha
none3sHu uskonaemu, Cocous, 2002

Oumntep CrosHoB, TexHomoeuss Ha omkpumusi 0obus Ha
none3Hu uskonaemu, Cogous, 2002

[xobos WN. Kompes W., Pbkosodcmeo 3a ynpaxHeHus no

npouecu npu omkpumusi dobug Ha nNOMe3HU U3Konaemu,

Coopus, 2014.

CraTusiTa € npenopbyaHa 3a nybnukysaHe ot kat. ,0TKpuTO pa3paboTeaHe
Ha NOMEe3HW U3KoNaeMu 1 B3pUBHYU paBoTu®.
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NPOXOAMMOCT HA PYOHUYEH CAMOCBAI NPE3 TEXHONOMMYEH NbT CbC
CTPAHMYEH HAKIIOH

CmedpaH lNynee

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocpusi

PE3IOME. B Hactoswarta paboTa ce pasrmexpa [BWKEHMETO Ha PYAHWYEH camocBan Mo MPaBOfMHEEH MbT C HAaMpeyeH HakmoH. M3nonsea ce egHoMacos
OMHaMUYeH MOAEN C efHa ceneH Ha ceoboga. 3a oboblyeHa koopanHaTa e u3bpaH bIbibT Ha 3aBbPTaHe OKOMO HaAMbXHATA OC Ha camocBana, M1HaBalla npe3
LieHTbPpa Ha TexecTTa. [iudepeHLnanHoTo ypaBHEHNe Ha HampeyHuTe BITOBU TPENTEHUS € CbCTABEHO W PelleHo aHanuTuyHo. Mpuema ce, Ye CTPaHUYHOTO
npeobpbLLaHe HacTbNBA, KOraTo HopManHaTa peakLys Ha MbTa BbPXy FOPHUTE Konena CTaHe paBHa Ha Hyna. Onpejenenu ca KpUTUYHUTE CTORHOCTY Ha HAanNpeYHus
HaKIMOH Ha MbTS, NPX KOWTO € Bb3MOXHO CTPAaHNYHO NPeobpbLuyaHe.

ROADABILITY OF A MINING DUMPER TRUCK ON ROADS WITH TRANSVERSE SLOPE
Stefan Pulev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. This work investigates the motion of a mining dumper truck on a straight road with a significant transverse slope. A one-mass dynamic model with one
degree of freedom is used. The angle around the longitudinal axis that passes through the truck's centre of mass is chosen as a generalised coordinate. The
differential equation of the transverse angular vibrations is derived and solved analytically. It is assumed that a side overturn happens when the normal force of the
road on the upper set of wheels reaches zero. The critical values of the road's tansverse slope that may lead to a side overturn are calculated.

yBop‘ lMopagun CnoxHOCTTa Ha W3cneaBaHUTe SBMEHWS Ce Hanara
fa Ce M3KN4YaT HecbluecTBeHuTe (haktopu. ETO 3awo B

MpoXoaMMOCTTa € EKCMNoaTaluOHHO CBOWMCTBO Ha aBTo- HAanoTo ce BbBEXAAT CNIEAHNTE AoMyCKaHVA.

MoOUNuTE, U3pa3siBallo ce B CNocobHOCTTa UM Aa ce gBuKar
MpW BNOLUEHN MbTHYU ycrosus.. Mopaau MHOXeCTBO 0BEKTUBHM
1 CyBEKTUBHM NPUYMHW TEXHONOMYHUTE MbTULLA, N0 KOUTO CE
OBWXaT PyAHUYHUTE cCamocBani, ca U3NblIHEHU C HEPABHOCTH,
HaKInoHW, NPenATCTBUA, XNb3raBk 1 NOAATNIMBN y4aCTbLUN. an
TE3U ycnoBus 3arybata Ha NPOXOAMMOCT Moxe fa Obae
MbflHA WNM YacTW4Ha, T.e. OBWKEHWETO Moxe fa Obae
HaMbIHO NPEYCTaHOBEHO WNM f[a MPOABLIKM C HamareHa
CKOPOCT (MPOKU3BOAUTENTHOCT).

1. TbT4T € 6e3 MUKPOrpanaBMHL U HAASTLXHU HAKITOHMW.

2. PypHu4HMs camocBan ce ABWXM C MOCTOSHHA CKOpoCT V
Mo NPaBONUHEEH MbT CbC CTPAHWYEH HAKMOH.

3. M3BbplBaT Ce CamMO HamnpeyHu bIMOBM TPENTEHUS.
MpeHebpersaT ce BepTUKaNHUTE U HAATbXHUTE bITOBK
TpenTeHus.

4. ColuecTByBa CUMETPUS B KOHCTPYKUMSITA MeXAy nssaTta
M [scHaTa CTpaHa CNpsSIMO HaAfbXHaTa pPaBHMHA,
MVHaBaLLa npe3 LeHTbpa Ha TeXecTTa Ha caMmocBana.

5. Konenata 3amaseaT CLENneHWeTO CUM C OMnopHaTa
NMOBBPXHOCT U OTCbCTBA CTPAHWYHO Nib3raHe, KOeTo ou
[OBENIO 0 N3NW3aHE Ha PYAHWYHWS camocBan OT MbT.

HanpaBeHu ca crnegHuTe 03HaveHus:

Hacrosiwata pabota cit nocTaesi 3a LN u3y4aBaHeTo Ha
ycroBusTa 3a 3aryba Ha YCTOMUMBOCT Ha  PYAHWYHUS
camocBarn npy NpeMuHaBaHe Mo NMPaBONMHEEH XOPU3OHTareH
MbT CbC CTPaHWYEH HAKMOH, W3pa3siBalla ce B CTPaHUYHO
npeoBpbluyaHe. LlenTa e onpefensHeTo Ha KpUTUYHNS brbi Ha
HaKrMoHa, NpW KoitTo ce Habniopasa 3ary6a Ha NPOXoAMMOCT. ¢ - 0boblueHa koopanHaTa (HaNpeyHo 3aBbpTaHe Ha pamaTa
Ha camocBana OKOMO HafmbKHATa OC, MUHABALA mpes

[IMHamMuyeH Mogen LleHTbpa Ha TexecTTa);

PasrmexaaMe [ABMXEHME HA PYAHMYEH caMocBan no | - wHepumonen  MomeHT Ha - aBTOMOGWNa - CrpsMO
NPaBO/IMHEEH XOPWM3OHTANEH Y4acTbK OT MbTs, XapakTe- HagJTbXXHaTa OC, MMHaBaLLA NPe3 LIEHTbPa Ha TEXEeCTTa,
M - Maca Ha camocBana, 3aeiHO C TPAHCMIOPTUPaHNs TOBap;

C - npuBegeH KOed')MLWIeHT Ha enacTU4yHOCT Ha NABOTO UMK
AACHOTO OKa4BaHe,

puanpaLL ce CbC CTpaHWyeH HaknoH o (cur. 1). CkopocTtTa e
MOCTOSHHA W MWNCBAT WHEPLMOHHW CUMM B HABMbXHO
HanpaBreHue.
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N,, N, - HopmanHa peakuust Ha MbTS CbOTBETHO BbPXY
NEBUTE U JECHUTE Korena;

Tl’ TZ_ TaHreHumnanHa peakuna Ha NbTa CbOTBETHO BBbPXY
JNieBUTe N OeCHUTE Konena;

h - BucounHa Ha LleHTbpa Ha TeXeCTTa Ha CamocBana,

2| - pascTosHie Mexay nesute 1 AecHUTe Konena.

@ur. 1. AuHamuyeH mogen

KuHeTyHaTa eHeprust Ha TpenTallaTa cucTeMa e QyHKUMS
Ha 060BLLEHNTe CKOPOCTY 1 MMa BUAA:

MoTeHunanHaTa eHeprusl Ha cucTemata ce nopaxga oT
ABETE NPYXUHU 1 €

2
m=c(lp).
CratnyHaTta p,e(i)opmauvm Ha NABOTO N OACHOTO OKayBaHe B
NONOXEHNETO Ha CTaTUYHO paBHOBECKE € CbOTBETHO 510 n

520. 3a ga uma paBHOBECME B 30HATa Ha KOHTaKT Ha

Konenara ¢ MbTs TpsGBa HOpManHUTE peakuuu fa ca paBHM
110 rofeMUHa Ha enacTUYHUTE CUNU B NPYXXUHUTE, T.€.

N,y =Cdy , N,y =CJ,,.

Ot ycnosuata 3a CTaTU4HO paBHOBECWE Ha PyOoHUYHUA
camocBan moraT Aa ce u3peaat paBeHcTBaTa:

__l.m.g.cosa —h.m.g.sinx

N
Lo 21
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_ L.m.g.cosa+h.m.g.sina
N,,= T :

3a AMHaMMYHMTE HOPManHW OMOPHM peakuuu ca B cuna
copmynuTe:

N, = C(51,0 ~-lp)= N, —clp=
l.m.g.cosa —h.m.g.sina
2l

N,=c(,,+lo)=N,,+clop=
I.m.g.cosa+h.m.g.sina +
2l

Mpy fonMpa Ha Korenara ¢ MbTsl Bb3HWKBAT W TaHreHLMamHK
peakym T, u T,, unuto nocoku ca MpOTMBOMONMOXKHM Ha

Nnocokata Ha BB3MOXHOTO CTPaHWYHO nNpemecTBaHe Ha
PYAHUYHMA CamOCBall BbpXy MbTA.

clo,

(2)

cly

3a fa uma pasHoBecue TpsibBa fa e U3MbIHEHO YCOBUETO
T,+T,=m.g.sina.

Curmte OT [BeTe CTpaHM Ha MOCMEAHOTO PABEHCTBO
obpasysar fBomLa C MOMEHT

M =hm.g.sina,
KoMTo € 00ObLeHNIT MOMEHT N0 HanpaBfeHne Ha
0bobuieHaTa koopauHaTa.
M3nonsBaiikv ypaBHeHueTo Ha [larpanx ot Il pog
dor or ol M
dt o¢p O op
nonyyaBame AuEPEHUMANHOTO  YpaBHEHME,  OMUCBALLO

HanpeyHuTe brNnoBK TPenTeHNA Ha caMmocBalna OKOMO LEeHTbpa
My Ha TeXeCTTa

. 2cl> _ hm.g.sina
¢+ | P — | .

ToBa e HEXOMOreHHO AudepeHLnanHo ypasHeHue oT Il peq ¢
MOCTOSIHHU  KOE(ULUMEHTM, YMETO peLUeHMe cyma OT pelue-
HWETO Ha CbOTBETCTBALIOTO MYy XOMOFEHHOTO YpaBHEHWE U
€0MH YacTeH MHTerpan. PeLieHMeTo Ha XOMOreHHOTO ypaB-
HeHue e

2cl? 2cl?

@, = C,cos Tt +C,sin

t,

kbaeto C; n C, ca uHTerpaumoHHn koHcTaHTM. Tbpcum K
©[IHO YaCTHO pelLeHue oT Biaa

n=A,n=i#=0.

Crien 3amecTsaHe Ha 7 B [AW(EPEHLMANHOTO ypaBHEHUe

nomnyyasame

__h.m.g.sina
2cl®



OBwwmaT uHTerpan Ha AudepeHLManHoTo ypaBHeHue e

=@y tn=
2cl? _[2cl?*. h.m.g.sina
=C,cos t+C,sin t+ g 5
2cl
an Hynesun HavalnHu ycnosusa HaMmunpawve, ye

MHTErpauMoHHUTE KOHCTAHTW Ce npecMATat no CcnegHusa
Hau4nH:

_ _hm.gsina

! 2cl?

CnepoBaTenHo 3akOHBLT 3a HanpevyHuTe brnoBu TPENnTeHNA
“Ma Buia:

C,=0.

_hm.g.sina

WE 1-cos
c

3BecTHO e, ye

2c

—1<cosl. T.t <1

ToraBa Hail-ronsiMata CTOMHOCT Ha 0606LUeHaTa koopauHaTa
LLie Ce Mofy4m, KoraTo

2
%.t =-1 :1—0051/2i| =2

n e uMa crneaHna Bua:

cosl.

_ hm.g.sina 3
max - 2
cl?

CtpaHnyHo npeobpbliaHe HaAsCHO MOXE Aa HacTbw,
Korato Macata Ha CamocBalla € OTKIOHEeHa MaKCUManHo
HagACHO M HOpManHatTa peakuna Ha NbTA BbpPXy JeBUTE
Konena CraHe paBHa Ha Hyna. Tesn ycnosus morat fda ce
n3pasAT no CneaHUA HaunH:

¢:¢max " NlSo

OT rophnute ycnosust u ot (1) u (4) ce nonyyaea CnegHoTo
HEepaBEHCTBO 3a ornpedensiHe Ha brbfia, NPW KOMTO HacTbNBa
CTPaHUYHOTO NpeobpbLLaHe:

I.m.g.cosa —h.m.g.sin«
2l

—cly,, <0

l.m.g.cosa —h.m.g.sina h.m.g.sina <0
2l I -

I.m.g.cosa —3h.m.g.sina <0

|
LS
9923
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Hai-MankuaT — Brbfl, KOMTO  YAOBMETBOpSBA  FOPHOTO
HepaBEeHCTBO Ce 03Ha4aBa C O,  NPe/CTaBnABa KpUTMHIA

CTPaHWYeH HaKmMoH. Ton ce npecmsTa no opmynata

o = arct I—
kp g 3h .

WHTepecHo e aa ce cpaBHW pe3ynTaTa 3a a,, no topmyna

(4)

(4) C KPUTMYHWS HaKMOH a,ip , nonyyeH 6e3 oTunTaHe Ha

HanpevyHuTe TpenteHna Ha PyAaHWYHUA camocBarl. Mo umucTo
reOMeTPUYHN c1306pa>Keva Ce nony4yasa 3aBUCUMOCTTa

a,, = arctg Iﬁ (5)

CpasHeHuneTo Ha dopmyrnu (4) u (5) nokasea, 4e TaHreHca
Ha KPUTMYHMS BB MPU  HEOTYNTAHE Ha  HampeyHuTe
TpenTeHus e TPW MbTW NO-TONSAM OT TO3M, MONYYEH C OTYUTaHE
Ha TpenTeHusiTa Ha camocsana.

N3Boaun

Wanonssaiikn u3segeHata dopmyna (4) we npecmeTHeMm
CTOMHOCTTA HA KPUTWYHUS BMbMA, MPU KOUTO € Bb3MOXHO
CTpaHW4HO npeobpbluaHe, 3a pyaHuyeH camocBan BENMA3

75131. Tpn cToiHocT! Ha napametpute h=5mu | =
2,55M ce nonysasa a,, =9,65°. Mopamn HeoTunTaHe

BMMSHMETO HA MbTHUTE HEPaBHOCTM W APYIU  CIyYaiHu
hakTopu, OT CbOOpaXeHUs 3a MO-ronsiMa CUrypHOCT MOXEM
[a npenopbyame MakCUMANHUTE CTPAHUYHU HAKMOHM 3a TO3u

MOZIeN PYAHUYHM camMocBani aa He npesuwasar 9,5° .
Ako ce npunoxu 3asucuMocT (5) 3a Cbluus camocsan ce

I — .

nonyvasa o, = 27°. Pasnukata Mexay CTOWHOCTATE Ha
|

@, W O, € MHOTO ronsma W AOKassa npegumMcTeata u

3HauYeHneTo Ha u3BeaeHaTa gopmyna (4).

MonyyeHuTe pesynTatin MoraT fa focryxar B pagorata Ha
TEXHUYECKUS MepCoHan, 3aeT C  ekcnnoaTauusta  Ha
PYAHUYHUTE CAMOCBAMY 1 C NOAAPLXKATA Ha TEXHOMOTMYHUTE
MbTUW@ B OTKPUTUTE PYAHUUM 3@ HEe[OMycKaHe Ha
MPOV3BOACTBEHN aBapUM ¥ MOBMLLABAHE MPOXOAUMOCTTA Ha
M3NON3BaHUTE TPAHCTOPTHM CPEACTBa.
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MPUNOXXEHUE HA METOLA HA KPAWUHWUTE ENEMEHTU 3A U3CNEABAHE )
YCTOMYNBOCTTA HA BOPLOBETE HA OTKPUTWU PYAHULIN ®Y LLUYH (KUTAW) U
MAPULIA-U3TOK (BBITTAPUA)

Kcuaonune Jlu-lljepesa

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogbus, lixiaoling@abv.bg

PE3IOME: MetoaobT Ha kpaithute enemeHtn (MKE) e uncneH meTod, KOWTO Bb3HMKBA M Ce pa3BuBa OypHO, 3aedHO C NosiBaTa W PasBUTMETO Ha KOMMIOTPUTE.
MeToabT € noaxoasLy 3a 3creABaHe CbCTOSHMETO U MPOTHO3MPaHe NMOBEAEHUETO Ha CKarHUS MacuB 1 B CrlyyauTe, Korato Apyr METOAM, Hanpumep aHamuTu4Hw,
ca Henpunoxumu. MbpeoHadanHo MKE ce npunara 3a peluaBaHe Ha NuHeiHaTa 3afaya Ha TeOpWs Ha enacTUYHOCTTA, HO MHOTO CKOPO Ca KOHCTpyWpaHu Tpu
UTepaTMBHM NOAXOAA 33 PeLuaBaHe Ha (hnaNYecKn HennHelH 3afaun. TakuBa ca 3afa4uTe 3a M3cnefBaHe Ha HanperHaToTo v AedpopMUpaHo CbCTOSHIE Ha cnabu
ckanu. Tyk ce pasucksa mpunoxeHneto Ha MKE 3a uacnepgaHe ycTonumBocTTa Ha GopposeTte Ha oTkputi pyaHuum Oy LLyH v Mapuua — u3ToK, nsrpageru
NPEeaUMHO OT ITIMHECTW Pa3HOBWUAHOCTU. [MonyyeHnTe pesynTati 1 HanpPaBEeHUAT aHanu3 ca B Cbracue C Te3u, MOMyYeHn NoCpPeaCcTBOM TPaAMLIMOHHUTE METOAM,
LUMPOKO NpuraraHu B HallaTa NpakTuka 1 cera. lombnHuTenHaTa nHopmaums, nonyyera no MKE, BbB BCsika TOUKa OT CkanHWs Macve No3BosIsiBa Aa Ce Mony4m no-
MbHa NpeAcTaBa 3a HanperHaToTo v AepopMUPaHO CbCTOsHWE Ha BopAOBeTe 1 CreaoBaTeNHO 3a TAXHATa YCTONYMBOCT.

Kntovyou pymu: Metop Ha kpaithute enementn (MKE), ycToitumeocT Ha BopaoseTte

APPLICATION OF THE FINITE ELEMENTS FOR TESTING THE SLOPE STABILITY OF FU SHUN (CHINA) AND MARITZA-
IZTOK OPEN PITS (BULGARIA)

Xiaoling Li-Shtereva

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, lixiaoling@abv.bg

ABSTRACT: The Finite Element Method (FEM) is a numerical method that appeared and has developed rapidly with the emergence and evolution of computers. The
method is suitable for studying the condition and predicting the behavior of rock mass and is used where other methods, such as analytical ones are inapplicable.
Initially, FEM was applied to solve the problem of linear elasticity theory but very soon three iterative approaches for solving nonlinear physical tasks were developed.
Such are the tasks for the study of the stress and stain state of weak rocks. This paper discusses the application of FEM for slope stability analysis of Fu Shun and
Maritsa-Iztok open pits built mostly of clay varieties. The results obtained and the analyses are consistent with those obtained by traditional methods which are widely
used in our current practice. Additional information obtained by FEM at each point of the rock mass allows gaining a full picture of the stress and strain state of the
slopes and their stability.

Keywords: Finite element method (FEM), slope stability

B'bBe,quue TOYKa OT CKanHuA MacuB MO3BOMsABA Aa Ce Mony4n no-nbiiHa
npeAcTaea 3a HanperHaTtoto W AedopMuMpaHo CbCTOsiHWE Ha
MeToAbT Ha KpanHUTEe enemeHTH (MKE) € noaxopsu 3a 6op,qoseTeV|cnenoaaTenHo 3a TAXHaTa YCTOMYMBOCT.

u3cnefsaHe CbCTOAHMETO U MPOrHo3upaHe NOBeEeHWeTo Ha
CKanHMg MacuB M B CrnyvyauTe, Korato [Jpyr Metoawm,
HanpuMep aHanuTU4HK, ca HenpunoXumu. [TbpBOHAYAIHO OCHOBHM NONOXEHUA Ha METOAA Ha KpanHute

MKE ce npunara 3a pellaBaHe Ha fNuHelHaTa 3agadva Ha efeMeHTH (MKE)

TEOPUS Ha ENacTUYHOCTTA, HO MHOFO CKOPO Ca KOHCTPyWpaHu

TPM WTEpaTMBHA MOAXOAA 3a peluaBaHe Ha (u3nyecku XapaktepHa ocobeHocT Ha MKE e, 4ye HenpekbcHatata
HENMMHENHM 3ada4n. TakuBa ca 3aJauuTe 3a M3cneaBaHe Ha cpefia ce pasrnexaa kaTo ChCTaBeHa OT KpaeH 6p017| OTAerHU
HanperHaToTo 1 AedpopMupaHo CbCTOSHME Ha Crabu ckamm. enemeHTM. ECTecTBEHO, BCSKO  HenpekbcHaTo  TAMO,
Tyk ce pasucksa npunoxernero Ha MKE 3a uscneppaxe pasfeneHo Ha enemeHT, OW npuTEXaBano 3HauuTenHa
ycToiumsocTTa Ha 6opaosete Ha oTkpuTi pyaHuumM Oy LLyH u NOAATAMBOCT, KOETO e J0BEAE 10 ChLUECTBEHM PELLKA Npu
Mapuuia — u3ToK, u3rpafieHin npeaumMHo OT TNMHECTU pasHo- onpegensHe Ha HanpexeHusTa u gedopmauuute. 3atosa ce
BMAHOCTH. nOﬂyquMTe pe3yntat U HanpaBeHUAT aHanu3 ca BbBEXAAT ONpefeneHi NPUHUANKM W NPEeAnocTaBKM, KOUTO
B Cbrfacue C Te3n, Nony4eHn nocpencTsoM TpaduuMoHHUTE no3BoMsBaT Npu OMCKPETU3aUMS Ha CpefaTta, PELIEHNETO Ha
METOAW, LWMPOKO Mnpunarahn B Hawarta fpakiuka n cera. 3afavarta ja 6bae ¢ npuemnvBa 3a npakTukaTta TOYHOCT.

JonbnHutenHata uHcopmaums, nonyyeHa no MKE, BbB Bcska
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3a n3BexgaHe Ha OCHOBHOTO YypaBHeHWe Ha MeToga Ha
KpalHUTE €enemMeHTW, TANOTO e pasfdenieHo Ha kpaeH Opoi
€NemMeHTW C edHakBa ¢opma (Hanpumep TeTpaeapy). Ako e
Heobxoanmo, TANOTO Moxe Aa 6bae pasaeneHo Ha enemMeHTu
C pasnuyHa (opma, KOETO YCMOXHSABA UW3YMCHIUTEnHaTa
pabota, HO BOAM A0 TMOBWLIABAHE Ha TOYHOCTTA Ha
peLLeHMETO.

Mpnema ce, Ye BCUYKM LENCTBALM CUMW Ca NPUNOXKEHN BbB
BbPXOBETE Ha ENEMEHTUTE.

lNoTeHUmManHaTa eHeprus Ha gedopmauuute moxe ga ce
npeacTaBy KaTo (PYHKUMS OT BTOpa CTEMEH Ha HeW3BeCTHUTE
u,vi,wi,i=12..,n:

U =

W)

=

y [aiuf + BVE+ yw? +2(5uy, + uw, + Ew, )] (1)

N =

HeussectHute koeduument o, S, 7, O, 7, & ce

onpenenAaTr B 3aBUCUMOCT OT I,Cl,(Bd)O[I)Mé\LJ,VIOHHl/ITe nokasartenmu
Ha cpefaTa W KoopAnHaTUTE Ha BbPXOBETE HA ENIEMEHTUTE.

AHanornyHo, paboTtata Ha BBHLIHWTE CUIK Lue Ce M3pasu
Taka

Aqr = Fu+(F v+ (F)w ], @

i
KbfeTo (Fx)i,(Fy)i,(Fz)i ,i=12,..,n ca KoopauHaTute Ha

cunnte, NPUNOXeH BbB BbPXOBETE Ha eneMeHTuTe.

CbrnacHo BapvauMOHHWA MpWHUMN, 33 da Ce Hamepu
MWHUMYMBT Ha 0bLLaTa NoTeHUManHa eHeprus Ha cuctemara
B MPOCTPaHCTBOTO OT Wu3bpaHute 6asncHWU yHKUMK, €
HeobXx0AMMO NPOKU3BOAHUTE Aa Ce MPUPABHAT Ha Hyna, T. €.

w_
ou,

0, % = O,ﬂ =0, i=1,2,.,n.
ov, ow,

(3)

Crep ondepeHuMpaHeTo ce nomyyaBa cUCTEMATa NMHENRHM
(anre6puyHy) ypaBHeHus

0u, +... + U +... +0uy + 0V, +.. 4+ 8V +..+0v, +0W, +..+EW,; +...+ 0w, :(Fx)

Ou +...+ Uy +...+0u, +0vy +..+ BV +.. +0v, + 0w, +..+ 7w, +..+ 0w :(Fy)

Ou, +...+ &U; +.. 40U, +0vy + .o+ 7V +o+ 0V, +0W, + o+ W, + .+ 0w = (Fy)y
i=12..,n

Tasu cuctema B MaTpu4eH BUA Ce 3anincBa Taka
[Kluj={F}-

lMony4yeHOTO paBeHCTBO (4) npeAcTaBnsBa OCHOBHOTO
MaTpUYHO YpaBHEHMe Ha METOAA Ha KpailHUTe eneMeHT!.

()

Mpn HenWHeliHa 3aBMCMMOCT MEXOY HanpexeHns W
Jedopmauuv ce roBopu 3a (U3MYecku HenmHenHa 3agada. B
MeXaHuKata Ha TBbPAOTO TANO TakuBa Ce ABABAT 3adayun OT
NNacTUYHOCT, NbN3eHe U OpYrn CNoXHU PeonorMyHu aBneHns,
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KOUTO Ca Hanuue W nmpu ruHUTE OT VI3TOYHO-MapuLLKus
BaceiiH. B MHOro cryyam Te3u 3afaun MoraT ga ce nacrnegsar
0e3 [a ce W3MeHs TsXHaTa MOCTAaHOBKA, T.. HA OCHOBA Ha
CbLLUMTE BapUaLMOHHU NPUHLMNNU, KAKTO U NUHENHUTe 3agaun.

3afayata Ha fnMHeMHaTa TeopWsl HA EnacTU4YHOCTTa B
NpemMecTBaHWs BUHArM ce CBexXaa O pellaBaHe Ha cuctemata
ypaBHeHusi (4). Mpu n3eoga # Oe M3non3BaH 3aKOHLT 3a
NWHelHa enacTuyHocT (0606LLeH 3aKoH Ha XyK) BbB BUAa

{o}=[blig}-1& )+ o0

Tyk {£} ca pedpopmaunnte, {o} ca Hanpexenusta, [D] e
MaTpuLaTa Ha enacTuHuTe KoHCTaHTH, {&,} ca Hayanute
nechopmaLn, {o, | ca HadanHuTe HanpexeHus.

(%)

Mpu pelaBaHe Ha 3afauy Npu Manku Aedopmami, B KOUTo
Ce u3nonseat Apyru, Bb3MOXHO U HEJIMHENHN onpegenaimn
YpaBHEHWs, cregBa Aa Ce M3MeHM CamMo paBeHCTBO (5).
HoBata 3aBMCMMOCT MOXe Aia Ce 3anuLue BbB BUAa

F(lo} {e))=0

npu egHn u  Cblum CTOMHOCTM Ha HanpexeHndata u
AecopmaumTe. NonyyeHoTo pelleHne we bbae TbpPCeHoTO.

(6)

OueBnaHo, Ye Mpu peluaBaHETO e LenecbobpasHo fa ce
“3Non3BaT MTEpaLMOHHU MeToau. AKO NpW uTepauumte ce
n3bepe pa ce npomens matpuuata [D], To ce goctvra fo
M3BECTHUA mMeTo[q Ha npomeHnneaTta KopaBuHa
(NpomeHnuBMTE napameTpn). Ako ce nogbupa MOAXOAALLO
{go} unm {oo}, TO CbOTBETHUTE HaMEHOBaHUS ca MeTOf, Ha

HavyanHute ,D,quOpMaLWIVI UNU Ha HavanHuTe HanpexeHuns.

MeTogbT Ha kpaitHuTe enemenT MKE (FEM) e nonynspeH u
yTBbpAeH meTod. M3nonasa ce ot 1967 r. 3a oueHsiBaHe Ha
HanperHaToTo M OedopMUpaHO CbCTOSIHUE Ha MacuBa, a B
MOMEHTa € ei/H OT Hail-LUMPOKO M3NON3BaHMTE METOAM.

B npeacraBeHaTa pabota 3a 00sicHsIBaHE Ha MexaHW3ma Ha
fedopmupaHe ce W3ron3BaT KOMMIOTbPHW MNporpamMu 3a
HanperHaTo cbCTOsHWE Ha MacuBa. KOMMOTbPHWUTE Nporpamu
ca ajanTupaHu KbM cneuuduyHute ycrnosus Ha Mapuua-
MaTok. MonyyeHuTe pesyntaTu e 6baaT cpaBHEHM C AaHHUTE
33 HanperHaToTo CbCTOSIHUE Ha KUTaCKUS OTKPUT pyaHUK ,dy-
LLlyH". Bb3 OCHOBA Ha TAX LU Ce UHTepnpeTUpa HanperHaToTo
1 fechopmupyemMo CbCTosHME Ha bopaa .

Mpunoxenune Ha MKE Ha Pyauuk ,,®y-LllyH”

OtkputnaT pyoHuk ,®y-LLUyH" ce Hamupa B CEBPOW3TOYEH
Kutan, paitoH Jleo [yH. PyoHukbT e paspaboTeH B nnato ¢
makcumanHa kota 130 m. Ekcnnoatupat ce Bbruwa B
3anafHata 4acT Ha nnatoto ¢ kota 80 m. Ekcnnoarauusta Ha
pyaHuka 3anousa npes 1914r. [lo HacToAwms MOMEHT e
NoSlyYeH ronam uskon ¢ AbSmkuHa 6.60 m, wupuHa 2.20 m
(dur. 1) n gbnboumHa 400 m. brumbT Ha reHepanHnsa 0TKOC €
25— 28°, a BucoynHaTa Ha ctbnanata e 10 — 20 m.
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®ur. 1. Teonoxka KapTa Ha OTKPUTUA BbIMMILEH pyAHUK “®y LLyH”

B nuTONOXKO OTHOLIEHWE HaABBLITULWHWAT KOMMMEKC €
W3rpafeH IMaBHO OT TBHHKOCMOWHW TIMHECTU CeOuMEHTU C
LMMEHTALMOHHN CTPYKTYPHU BPB3KW (aneBpomnuTh), KOWTO
anTepHupaT C MEKU IMHECTU MPOCTONKM C HUCKW SKOCTHM
csoiicTea. [lebennHata Ha Tasw YacT ot komnnekca e 420 m.
Mo Te3n NUTONOXKN Pa3HOBWAHOCTY Ce YCTAHOBSABAT ITIMHN C
BbIMWWHM  BKNIoYeHnss ¢ AebennmHa  okono 116 m.
MpogykTMBHATa 4YacT Ha BLMMWHWMS KOMNMekc e 55 m. B
MOABBLITIMWHAA  KOMMIEKC CE  YCTaHOBABAT  efWHUYHU
BbIMWLHM NacToBe, KOMTO Ce eKCnnoaTupaT YacTWyHO.
LlenuaT nogBbrnumLLEH KOMMMEKC NpeacTaBnsBa peaysBaHe Ha
MACHYHALM M Meprenn ¢ pasnuyHa gebenvHa w pasnnyHo
craturpadpcko nonoxeHune. Toit uMa cymapHa pebenvHa
okono 320 m. OnucaHWTe KOMMMEKCM ca C TepuuepHa
Bb3pacT. [ognoxkata Ha TepumepHus baceitH e npeacTaBeHa
OT KPeOHW MACHYHULW M KBApLMTU C HESICHO M3MeHsa ce
pebenuna. Jiutonoxkata KOMOHKa 3aBbpLUBa C Naneo30MCcKu
aHgesuTw. LlenusiT paiioH e 3acerHaTt OT aKTMBHA TEKTOHCKA
[EHOCT, KoATO 0DXBalla KakTo crapute dopmauun, Taka u
TEpUMEPHUTE OTNOXeHUs. ChLUeCTBYBaT pasceam, KoUTo uMar
[MaBHO HampaBrneHWe 3anmaj-—uM3ToK M npecuyat  Lenus
TepunepeH baceiiH. BTopocTeneHHUTE TEKTOHCKW HapyLIEHNS
ca kocu Ha OaceiiHa (ceBeposanap — toroustok). [lo
pasrneaaHnTe TEKTOHCKM CTPYKTYPU B NMOGHOXKMETO Ha NiaToTo
ca ce opmMpans peku, KOUTO 3anaseaTt obLOTO
HanpaBrneHue Ha AgeTe cucTemu. B TepumepHus macus e
(hopMMpaH BOJOHOCEH XOPWU3OHT OT MyKHATUMHHW BOAM, KOWTO
ce noaxpaHea OT MH(UNITPaLMA Ha aTMOCtepHU Boau U OT
peka XyH — Xb (Ha ceBep OT nnatoto). B pesynrat ot
OPEHNPAHETO Ha OTKPUTWUS PYOHWK W M3rpaxpaHeTo Ha
BOZOMOHU3UTENHN CUCTEMU € YCTAHOBEHO OT HabriogeHus, ye
HWBOTO Ha Nof3eMHUTe BOAM Ce noHwkasa: o1 1930 r. go 1956
r.cokono 8-9m, aor 1956 r. go 1986 r. c okono 3-4 m
(dur. 2). Hanuuveto Ha Te3n BOAM, HE3aBUCUMO, Ye €
MOHWXEHO HWBOTO, Wrpae HebraronpusTHa pons  3a
YCTOMYMBOCTTA Ha OTKOCWUTE W CTbNanarta B OTKPUTUS PyAHMK.
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®ur. 2. U3meHeHMe Ha NOBBLPXHOCTTA Ha NOA3EMHUTE BOAW - CeBepeH
6opa W200
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YcToiuMBOCTTa Ha OTKOCUTE Ha paboTHuTe OopaoBe Ha
PYOHWKA W HaCTbNMnUTe BMOCMEACTBME peguua gedop-
MaLMOHHM NPOLIECH NPEACTaBNABAT MHOTO rofsM MHTEPEC He
CaM0 3a eKkcnnoartauusiTa Ha BBbIIMLIATA W CUrYpHOCTTa Ha
xopaTa M MalWHWTe B pyAHWKA, HO W 3a 3ana3BaHe
CTabWUNHOCTTAa Ha HSIKOMKOTO MPEANPUSTUAST U KUIWLLHY
BrokoBe, MOCTPOEHW Ha MNATOTO B CbCEACTBO C OTKPUTMS
pyaHuK. PaswmpsBaHeTo u 3agbnbaBaHeTo Ha pydHWKa, OT
e[Ha CTpaHa, U pasLlMpsBaHETO MO TEPUTOPUS HA 3aBOauTe,
OT Apyra CTpaHa, AoBede A0 ronemu Aedopmauun BbpXy
CbOpPBbXKEHWSTA (Crpagu, [LanekonpoeBogu W Ap.), KOUTO
3aBbplumxa C paspylwenus. CnoxHoctta Ha mpobrema ce
3agbnboyaBa OT HaNMYMETO Ha aKTUBHU CEU3MUYHU MPOLECU
B panoHa.

Pa3nuyHOTO NONOXEHNE Ha BLIMULLHWS NNACT B TEPLMEPHUS
komnnekc ce ofycnaBs OT MpoUecUTe Ha OrbBaHE U
pascsigaHe. [pn Tesn YCnoBUS Ce € HanoXuno, nopagu
pasnuyHMTE ObNOOYMHM Ha BbrMLWATa, ekcrnoaTtauusiTa Aa
Ce M3BbPLUBA B OTKPUTUS PYOHMK M B y4acTbUM C NOA3EMEH
HauMH Ha M33eMBaHe B M3TOYHaTa W 3aragHata 4actu Ha
pyoHuka. Hactbnunute pedopmaumu  Hanoxuxa fa ce
3aKpUST MOA3EMHMTE yyacTblu. 3a crabunmusaumst Ha
BopaoBeTe B OTKPUTUS PYAHUK ce paboTelle ¢ NoacunBaHe Ha
fopooBeTe C OTKpUBKATa W M3rPaXAaHe Ha BbTPELLHN
HacunvLLa.

N3BbplueHnTe reofesnyHu HabnogeHus BBbPXY
MOBBLPXHOCTTA OTYMTAT CbBMECTHOTO BIMSIHWE HA MOA3EMHMS
W OTKPWUTMS PYOHWUM 3a pasBuTME Ha Aedopmauuute BbB
BpemeTo. Te OTrOBAapAT Ha CreAHWst MOAEN: CKOPOCTTa Ha
pecdopmaumus e no-ronaMa B MOA3EMHUS PyaHWK (dour. 3,
KpuBa 1) OTKONKOTO B OTKpUTUA (cbur. 3, kpuBa 3). AHanor1yHo
€ PasBUTMETO Ha CymapHWTe AedopMmaLyy, NpeacTaBeHo Ha
cur. 3, kpuBa 2 (B NOA3EMHUS PYOHUK) U KpuBa 4 (B OTKpUTUS
PYAHHK).

Vc',]

Our. 3. 3aBMCMMOCT Ha AediopMmauuuTe OT BPeMeTO B MOA3EMEH W
OTKPUT PyAHMK

3a pa ce 00sicHM pa3BUTMETO Ha AeOPMaLMOHHUS NpoLec
B MOA3EMHMS M OTKPUTUSI PYOHWK, KaKTO W CbBMECTHOTO
BNUsiHWE Ha AedopmauunTe OT ABaTa PyAHUKA BbPXY 3eMHaTa
MOBBPXHOCT, Oelle CbCTaBeHa KOMMITbPHA Nporpama Mo
MeToda Ha KpaiHWTe enemeHTW. B mporpamata morat ga ce
BKapaT crefHWTe nokasatenu: E - mogyn Ha enacTuyHoCT,
Mogyn Ha tOHr, m - koedmumeHT Ha [MoacoH; r - obemHa
MITbTHOCT; C - Koxeausl; F - brbfl Ha BbTPELHO TPUEHE U Son -
SKOCT Ha ombH (Tabnuuya. 1). OT gpyra cTpaHa, BCUYKM
napameTpy xapaKkTepusvpaT JIMTONOXKUTE Pa3HOBWUAHOCTM B
AbnbounHa Ha MacKea.



Tabnuua 1. lNokasamenu Ha TUMOIOXKUMe pasHo8UAHOCMU Ha pyOHUK “@y LLyH”

lokasateny Mogyn Ha Koedmument | ObemHo Koxeausi | bron Ha Akoct

TUTONOXKO enactuyHocT | Ha MoacoH TErno BbTPELLHO Ha OMbH
E, MPa m r,MN/M3 | C, MPa | TpueHe F° | son, MPa

onucaHue

1. T19CbYHMLM 1 BapoBULM 5000 0.2 0.028 0.037 35.5 6

2. Brrovuwa 1200 0.2 0.015 0.0289 34.72 1

3. Anesponui (TeKocronCTH 1700 02 0021 |02 3313 3

CTPYKTYPMPAHW TTIMHW C LIUMEHT. BPB3KM)

4. CMHBO3€ENEHU IMUHM C LIUMEHTALMOHHM 1240 0.24 0.023 0.05 270 9

BPb3KM

5. CkanHu pasHOBMAHOCTY B pasceaHa 600 0.35 0.019 0.03 18 04

30Ha(CbC CTPYKTYPHM fedhekTh)

6. IpaHuMTO-rHalicKH 10000 0.2 0.029 0.2 39 10

7. [MCbYHNLM C IMHECTO—BAPOBMTA CMOMKA 5000 0.2 0.023 0.02 22 2

MonyyeHute  pesynTaTM  MpU  M3MON3BAHETO  Ha M
KOMMIOTbpHATa nporpamMa no OTHoLeHWe Ha 61 1 63 pasart 510,81

Bb3MOXHOCT @ Ce YCTaHOBW CneaHoTO (dur. 4):

-
b

®ur. 4. PasnpefeneHue Ha HaNperHaToTo CLCTOSIHWE CrieA MoA3eMHaTa
paspaboTka-W200

- Hait-ronsiMo BnvsiHWe BbpXY HanperHatoTo CbCTOsHWE Ha
MacuBa 1Ma B 30HaTa Ha NOA3EMHMS PYAHWK (30Ha A).

- Hanuuneto Ha nmbpBa pascegHa 3oHa Fi1 (no-6mnso go
0TKOCa) e CBbP3aHO C HapacTBaHe Ha HaMperHaToTo CbCTos-
HWe B AbnboynHa (30Hn B v B') npu paboTa Ha ABaTa pyaHuka.

- HanperHatoto CcbCTOsHME B OTKOCA CE MW3MeHs OT
MOBbLPXHOCTTA B Abf0OYMHA KbM MOTEHUMANHATa XiTb3ra-
TerHa noBbpXHuHa. ToBa 13MeHeHWe JaBa Bb3MOXHOCT [ja ce
oyepTae hopmaTa 1 MACTOTO Ha NMoTeHUManHaTa XimbaraTenHa
MOBbPXHUHA, OT efHa CTpaHa, W OT Jpyra, Aa ce YCTaHOBM
BTOPUYHOTO BNUSHME Ha MOA3EMHUS PYOHWK W pascedHaTta
30Ha F1 BbpXy XITbaraTenHaTa noBbpXHUHA.

fAcHa npeactaBa 3a OMMCaHWTE MO-TOpe Mpouec Ha
HanperHaToTo CbCTOSHWE B MackBa Ce nofy4aea OoT
M3ONMMHMMTE Ha HanpexeHwsta (dur. 5). Ha nocouveHata
urypa e JageHo HanpexeHueTo fmax B AbNOOYMHA OKOMO
NOA3EMHMUS PYOHWK M B 30HaTa Ha rnasHusi pasceq F1. Buxaa
Cce, Ye B HeHapylleHaTa yacT Ha macusa (cur. 4, 3oHm D, D',
D") pasnpefeneHueTo Ha MakCUMamnHOTO CPs3BallO Hanpe-
KEHWE Tmax (Ur. 5) € CPaBHUTENHO PABHOMEPHO U BIUSIHMETO
Ha OTKPUTUS PYAHWUK HE € MHOTO ronsmo.
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®ur.5. UsonuuuM Ha HanperHatoto CHLCTOSIHME Cnep MNoA3eMHaTta
paspaboTka - W200

KoHueHTpaumus Ha HanpexeHuWsiTa Ce YCTaHOBSBAa OKOMO
noasemMHUs pyaHUK (3oHa A). Tasu KOHUeHTpauus Aasa
Bb3MOXHOCT [Ja Ce YCTaHOBM, Y€ MOXe [a Ce HapyLu
cTabunuTeTa Ha NOA3EMHMS pyaHuK. Ho pasnpeaeneHneTo Ha
HanperHaToTo  CbCTOSHWE  OKONO  pydHWKa  Nokasea
Bb3MOXHOCTTa 3a HeONaronpusITHO BIUSIHWE Ha MOA3EMHUTE
MWHHM paboT BBbPXYy OTAENHM y4acTbUM Ha paboTHUTE
fopgoBe Ha OTKpuTMSl pyoHWK. B pascegHata 30Ha ce
YCTaHOBSBA KOHLIEHTpaLWs Ha HaNpeXeHWsTa, KoMTo ca Ham-
rofiemu no cToHocT u obxBat B 30Ha B'. Tasu 30Ha He ce
BNUSIE OT MUHHWTE PaboTi HUTO MO OTKPUT, HUTO MO NOA3EMEH
HauMH. Ho TS ce Bnusie BEpOSITHO OT akTWBHATa CEM3MUYHA
[EHOCT B paioHa (B mocrnegHuTe TOAMHW ca Ce NPOSIBUANM
HSIKOJTKO 3EMETPECEHNS B TO3M paiioH). 3eMeTpeceHusTa He ca
Bunn  paspywutenHu, Ho ¢ur.5 e [okasatencrso 3a
WHULMMPAHW  MaKCUMamHu  Cps3BalyM  HamnpexeHus B
OnMCaHaTa 30Ha, KOWTO YCMOXHSBAT —KapTWHaTa  Ha
NpeLCcTaBEHNs MOAEN.

Mpunoxenune Ha MKE 3a pyaHuk TposiHoBO
ceBep - bwnrapus.

MwHHaTa (MuHHOZOBMBHATa) NpoMuMLLnEHOCT B Bnrapus ce
OCHOBaBa NPEeAMMHO Ha OTKPUTWS HAUMH Ha A0BMB Ha NOMe3HU
uskonaemu. YCTONUMBOCTTa Ha OOpfoBETE Ha pyaHULMTE €
€OWH OT OCHOBHWTE BbMPOCM Npu pa3paboTBaHETO Ha
HaxoguLLaTa Ha MornesHn U3Konaemu no OTKPUT HauMH.



Tabnuua 2. lMokasamenu Ha TUMOOXKUMe pasHoBUOHOCMU Ha pyOHUK “TposiHogo-Cegep”

Mokasatenu Mogyn Ha Koed Ha ObemHa Koxeaus bron Ha AkocT Ha
TIUTONOXKM enacTU4HoOCT MoacoH MNbTHOCT BbLTPELLUHO TPUEHE ONMbH
pasHOBMOHOCTK E, MPa V] r, kN/m3 C, MPa o,0 oon, MPa
[l v Il BbrMWeH nnact, Ac=30% 61.50 0.45 12.50 0.340 11.0 0.279
Mexaynnacrue (cuso-aerex 12.50 0.30 1670 | 0.075 10 0.047
Ma3HW [T1HN)
YepHu rmnHu 7.22 0.21 16.50 0.203 15.0 0.219
CWHbO-3eNEH TMIHN 10.49 0.38 18.20 0.130 6.0 0.080
[MpaxoBO-NECHUNMBM [TIMHM 6.63 0.28 20.20 0.140 20.0 0.290
CMBO-4YEpHM Ma3HM IUHN 25-64 0.40 16.00 0.100 3.0 0.035
CMBO-3eN€EHU MMNHN 11-32 0.36 18.20 0.120 3.0 0.130

Pasrnexpga ce eanH npodun Ha paboTeH 6opg Ha pyAHUK
.TposiHoo-CeBep” (®wr. 6). [okasatenu Ha nMTONOXKUTE
pasHOBUAHOCTY Ha pyaHUK “TposiHoBo-Cesep’(Tabnuua 2).
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®ur. 7. PasnpefeneHne Ha HanperHaTtoTo CbCTOSHME Ha paboTeH Gopa
Ha pyaHuK ,, TposHoBo-Cesep”

K 0 50 'EC 1;43 32;3 0
®ur. 8. U3onuHMM Ha HanperHaTtoTo CbLCTOSIHWE (Tmax) HA PYAHMK
“TposiHoBo-CeBep”

M3umcneHns 3a oleHka Ha YCTOMYMBOCTTa Ha OTKoca ca
NPOBELEHN CbC CheLmanuaupaHara nporpama no Metoga Ha
KpalHWTe enemeHTu.
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MMonyyeHuTe pesynTaTi Mpu M3NON3BAHETO HA KOMMKOTbP-
HaTa nporpama no OoTHOLeHWe Ha 61 1 63 gaBaT Bb3MOXHOCT
pa ce yCTaHoBM CregHoTo (dwur. 7). BuB dmr. 7 cbe 3eneH
LIBAT Ca NOKaHM NocokaTa M roneMuHata Ha 61 u 63 — ronemute
ca 61, a no-mankure ca 63,

MpeacraBa 3a onvMCaHWTE MO-rope MpOLEcH Ha Hanper-
HaTOTO CbCTOSHME B MacuBa Ce MonyvaBa OT U3OMMHUUTE Ha
HanpexXeHnsTa tmax (ur. 8).

UscnepBaHe Ha yctonumBoct no MKE 3a
pyaHuum @Y WYH (Kutan) u TposHoBO cesep
(Bbnrapus)

OueHKaTa Ha cTeneHTa Ha CUrypHOCT cpelly 3aryba Ha
YCTOYMBOCT Ha ECTECTBEHU CKITOHOBE M CTPOUTENHU OTKOCH,
N3BBbPLLUBAHA MO KMacuyeckute (KOHBEHLMOHAMHN) METOAM, Ce
cBexga [0 onpedensHe Ha 0606LeHWs KoeWUMEHT Ha
CUTYPHOCT MpW paspylleHne NO NpeABapuUTENHO 3afafeH
MOZEN Ha paspylueHue — B Cryyast nirb3ratenHa noBbpxHUHA
(Hait-4eCTO npaBa, KPbrOBO-UMNMHAPUYHA MMM MPOM3BOSHO
3ajafieHa B CbOTBETCTBUE C KOHKPETHUTE TEPEHHM YCIOBHS).
KoednumMeHTBT Ha CUrypHOCT, NpeAcTaBnsBaLy OTHOLIEHUETO
Ha 3agbpXaluTe KbM aKTWBHUTE (MNb3raliute) CUAM WK
MOMEHTU, AaBa OLeHKa 3a cTabunuTeTa Ha CkroHa (M3kona) 3a
YaCTHWS cCnydyail Ha paspylleHMe Mo TOYHO MpueTaTa
nib3ratenHa MOBbPXHOCT. 3a Aa Ce u3cneaBa LSNOCTHO
npobnembT, € Heobxoaumo [fa ce u3cneaBaT  BCUYKM
Bb3MOXHU hOpMM Ha paspyLueHue. MomnyyeHUsT MUHUMAneH
KOE(ULMEHT Ha CUIYPHOCT CE CpaBHsIBA C HOPMATMBHO
3afafieHata JonycTiMa CTOMHOCT.

AHanu3 3a YCTOMYMBOCTTA Ha OTKOCA MO HanpexeHue-
pedopmauus Ha MKE: crnopen Teopusta Ha Mohr-Coulomb,
koeduumeHT Ha ycTonumsocT F.O.S. (Tabnuua 3).

o, = 04 + 05 |, O1i — O cos2a, , (7)
2
7 =31 % gy (8)
o;L; =Yw(Hw; + Hw, +1 EL. +g¢, +C,L;
1 1 1 1 2 1 1 [ |
F.OS. = :

Z‘[i L



Tabnuua 3. KoegpuyueHmu Ha ycmotiyusocm(no ¢pue. 4)

KoeduueHT Pewenne c MKE | Knacudyecku metoam
 Ha F.OS. Janbu | sarma
YyCTON4MBOCT F. 1,4 1,38 1,36

3akKnoyeHne u M3Boam

lMonyyeHuTe pe3ynTaTM MokaseaT, 4e CTOMHOCTUTE Ha
Koe(MLMEHT Ha CUTYPHOCT He Ce pasnuyasat ¢ noseve o1 5%
33 pasnuMyHUTE METOAM Ha pelleHne. HepocTaTbk Ha
KOHBEHLMOHAMNHMTE METOAM, B CPABHEHME C PELLABAHETO Ype3
MKE, e HeBb3MOXHOCTTa 3a LSMOCTHOTO OTYMTaHE Ha
HanperHato u gedopMMpaHo CbCTOSHWE Ha W3CreaBaHus
macue. [poBeaeHUTE U3YNCNEHMS MO KNACUYECKUTEe METOAM
0Tpas3sBaT  €AWHCTBEHO  HamperHatoTo  CbCTOSHME MO
npeaBapuTENHO npueTaTa NitbaraTenHa noBbpXHUHA.

Mpu u3nonssaHe Ha pewenns no MKE pesyntatute 3a
koeduuMeHTa Ha CUIYpHOCT CbWO HE Ce pasnnyasat
CbLUECTBEHO, HO B rofsiMa CTENEH ca NPeooneHn onmcaHnTe
HegoCTaTbUM Ha knacuyeckute metogu. Tyk, Ha GasaTa Ha
HanperHaTo W [ecopMupaHo CbCTOSHUE 3a Liennst Macue ce
nonyyaBa ¥ Bb3MOXHOCT 33 pa3pylleHMe MoBeYe
LEACTBUTENHUTE NOBBPXHUHMW (@HANOTUYHW HA MiTb3raTenHuTe)
Ha paspyLUeHue.

B 3akntoueHre Moxe Aa ce Kaxe CrnegHoTo:

1. MpencTaBenuTe Mogenu, n3paboTeHn Ype3 KOMMKTbpHA
nporpama, CbCTaBeHU Ha OCHOBaTa Ha METoda Ha KpaiHuTe
€NeMEHTH, Ca MPUNOXEHW 3a ycroBuaTa Ha pyaHuum “OY
LWYH” n Mapua-nsTok.

2. YCTaHOBEHOTO HamperHato CbCTOsIHWE B MacvBa AaBa
Bb3MOXHOCT [la Ce NOCoYaT 30HUTE C Halt-HebnaronpusTHOTO
pasnonoXeHWe Ha rnasHUTe Hanpexenus (61 u 63), No kouto
MoraT 1a Ce 04epTasT PUCKOBUTE MECTa.
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3. Mpounnute C M30MAMHAW Ha MaKCUManHWTe Cps3BaLu
HanpeXeHWs ca MEPOAABHM NMpU ThbIIKyBaHe Ha MOBELEHMETO
Ha CKaHWs Macue, NPUBbP3aH KbM MUHHUTE paboTy unmn KM
MaKpOCTPYKTYPHU  AedeKTu B MacuBa  (pasceam,
MaKPOMYKHATUHU U T. H.).

4. Mo pasnpefeneHneTo Ha HanpexeHusTa 61 1 63 Moxe fa
Ce 04yepTaBa MOTEHUMANHaTa X/Tb3raTefiHa MOBLPXHWHA B
paboTHUTe GOPAOBE HA OTKPUTUS PYAHMK W MecTaTta, B KOUTO
MoraT fla HaCTbNAT Ha-roNieMu CBaYnLLHK fedopmaLum.

5.Pabotata  CbC  CbBpEMEHHM  CreuuanuavpaHm
FeoTEeXHUYECKN NpOrpaMHi NpoayKTY, 6asupaHn Ha MeTofa Ha
KpailHUTe eNemMeHTH, 1aBa Bb3MOXHOCT 3a eAuH No-pasninyeH
MOAX0A NpU OLiEHKa YCTOMYMBOCTTA Ha AafieH OTKOC.
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IOANLIHWK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. UBAH PUNCKIA", Tom 59, Ca. II, Jobus 1 npepaboTka Ha MuHepanHm cypoBuHu, 2016
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 59, Part Il, Mining and Mineral processing, 2016

NPOrPAMHA PEANU3ALNA HA EOUH HENUHEEH CTOXACTUYEH MOLEI B
MEXAHUKA HA MYTNOATA - HAKIOHEH NJIACT YACT |

Muxaun Bwnkos, PadocmuH Kapakepe3oe

Munto-2eonoxku yHusepcumem ,Cg. Mear Puncku®, 1700 Cogpusi, mvulkov@abyv.bg, karakerezov@abv.bg

PE3IOME. Ctatusta e B obnactta Ha MMHHaTa reomexanuka. 3cnegsaHeTo e CbCpefoToyeHO BbpXy (hOpMMpPaHETO Ha Mynaa Ha 3emHaTa MOBbPXHOCT, KaTo
pesynTaT OT NPOBEXAAHETO HA NOA3EMHU MUHHW paboTi. 3a OCHOBa e W3non3BaHa HenuHetHaTa cToxacTuyHa Teopusi. OCHOBHOTO YpaBHEHME, ONMCBALLO npoLieca
Ha MyngoofpasyBaHe € MOoMyYeHO KaTo HEenMHEeHo napabonuyHo. B cTatusiTa e pasrnefaHa paBHUHHATA 3ajadva 3a HENMMHENHOTO ypaBHeHWe Ha Pypue, KoATO
Bb3HMKBA MPU W33eMaHe Ha HAKIOHEHO NeXally MnacToBe MONe3HO W3KoMaemo. TS € pelleHa YMCIIEHO MO OpUrMHaneH anroputbM. HanpaBeHa € edekTvBHA
nporpamHa peanu3sauys Ha anropuTbMa kaTo ca uanonasanu texHonoruute the HTML, CSS, PHP u Java Script.

KniouoBu AYMU: CKanHa MexaHuka, MUHHa Mynaa, HemnMHeltHa CToxacTuyHa Teopus, HaKNoHeHO 3ansraHe, NPUNOXeH cod)wep

PROGRAM REALIZATION OF A NONLINEAR STOCHASTIC MODEL IN MINING SUBSIDENCE - INCLINED SEAMS PART |
Michail Vulkov, Radostin Karakeresov
University of Mining and Geology, 1700 Sofia, mvulkov@abv.bg, karakerezov@abv.bg

ABSTRACT. This paper is in the field of mining geomechanics. The investigation is focused on the mining subsidence when mining out underground ore bodies. As a
basis, the nonlinear stochastic theory is proposed. The main equation is obtained as a nonlinear parabolic one with the assumption that the rock mass is a stochastic
medium consisting of elastic parts. In this paper the plane problem for the nonlinear Fourier equation by mining out of inclined seams is solved numerically. An original
algorithm for solving the plane problem is proposed. An efficient program realization on the basis of the HTML, CSS, PHP and Java Script technologies is proposed. A
description of the programs used is included.

Keywords: Rock mechanics, mining subsidence, nonlinear stochastic theory, inclined seams, applied software

BbBeaeHue B TaBa n3cneasaHe pa3paboTEHUAT anropuTbM € NPUNOXEH
kam npaBaTa 3afjaya 3a OMPeAensHe Ha MMHHaTa Mynga,
|'|p|/| pa3p360TBaHe Ha HaKMOHEHW nNnacToBM 3anexu nony4yeHa B pes3ynrtat Ha U33EMAHETO Ha HAKIMOHEHO Nexall
npouecute B noapaboTBaHWs MacuB Ce XapakTepusupat ¢ nAacT NomnesHo 13konaemo.
peguua ocobeHocTn. Mynpata Ha NpeMecTBaHe npecTasa Aa
Obae CUMETPUYHA W TouKaTa C MaKCUMamHO CrisiraHe ce W3xopHa e cxemata [4] 3a pellaBaHe Ha MHTepecyBallaTa
M3MecTBa MO MOCOKA Ha M3nasa Ha nnacta. AcMMeTpusTa HY reomexahnyHa 3afada (1) - (3), npeacraseHa Ha (ur.1):
pacTe C yBennyaBaHe Ha brbfa Ha 3anaraHe & [1]. Tesu
0COBEHOCTU M MHOXECTBO [PYrM 3aTPyAHEHMs!, Bb3HUKBALLM hy z 10t
npu ONPeAensHeTO Ha Myngata B Te3u YCMOBWUS MpaesT AR N A\
u3crneaBaHusTa B Tasn 06NacT akTyarnHu 1 3Ha4nMm, \ u | R / i+1
\ o / ’
MeTtoq Ha KpalHWTE pas3nuKM 3a KBa3WUJIMHEMHOTO !
napabonuyHo ypaBHeHue H \ 3 // J1
MeToabT Ha KpaliHWUTE PasnukM e YHUBEPCanHO CPeACTBO 3a 4 h,
pelaBaHe Ha AuQepeHUManHn YpaBHEHUS € YacTHU . f\ /\ 5
NPOM3BO4HMW, @ CNeAoBaTENHO U Ha 3aAayuTe, Bb3HWKBALLW B _ : ‘}'" 0 — ,“_
KWHemaTuka Ha MUHHaTa mynaa [2]. b m xl xr c X
dur. 1.
B [3] v [4] ca pa3srnegaHu v pelueHn npaBaTa W obpaTtHaTa
3ajada Crioped KBaswnMHeilHMsi napabonuyeH Mogen kato e w, = [A(W)WX ]x b<x<c; 0<z<H; (1)
MPEOrnoXeH OpUrMHaNeH anropuTbM W € OCbLUECTBEeHa
ebekTUBHa MporpaMHa peanu3alus Ha anroputbma KaTo ca W(X,O): go(X); 2
usnonseaHn TexHonorumte the HTML, CSS, PHP u Java
Script.
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w(b,z)=wy(2): w(c, 2)=w,(2).

O6nactTa ce u3bupa Taka, ue W1(Z)= W, (z)= 0, Te.
MO rpaHMLaTa Aa UMa Hynesy crsiraHus.

(3)

Mpu pellaBaHe Ha HENUHENHU 3afauu Ce NPEeanoYETEHN 1
MPUIOXEHWN YNCTO HESIBHIUTE CXEMU B CbOTBETCTBME C [3].

Cvn'yauuom-m cxemu

BbB Bpb3ka C paschxaeHusTa B NpeaxogHus naparpad ce
npeanara MeToA 3a KOMMIOTLPHO peanuanpaHe Ha Keasunu-
HeHMA CTOXacTWyeH MOAEN 3a OnpedensiHe Ha npemecT-
BaHWATA B 30HaTa Ha BMWSHWE MPU CIEAHUTE YETUPK Cryyas
(2I:

. M33eMaHe Ha  XOpU3OHTaneH nnacT  MonesHo
N3KOMAeMO W Hanmnyne Ha XOpWU3OHTarHa 3eMHa MOBbPXHOCT
(dur. 2.) Toan crnyyait e pasrnegaH nogpobHo B [3];

. n3eMaHe Ha XOpU3OHTaneH nnact
WM3KOMAEMO 1 HaKMOHEHa 3eMHa NoBLPXHOCT (dur. 3.);

o “33emMaHe Ha HaKMOHeH NMacT Nofe3Ho M3KOMaemo 1
XOPW3OHTaIHa 3eMHa NOBBPXHOCT (chur. 4.);

. Mpn wn33emaHe Ha HaKNOHEH nNnacT MonesHo
M3KOMAEMO 1 HaKMOHEHa 3eMHa NoBbPXHOCT (dur. 5.).

Nnosie3Ho

3a YeTnpute cny4dasa ca npueTn cneagHnTe NnpeanocTaBKu:

Pasrnexga ce paBHMHHa 3adaya 3a ycTaHoBuUna ce Mynja,
¢hopmmpaHa B CNeACTBIE Ha N33EMAHETO Ha YacT OT nnacT no-
NesHO M3Konaemo, 3ansraly Ha [OCTaTbyHO ronsma Abnbo-
unHa (H>150 m). CkanHusT mMacuB B 30HaTa Ha BMWSHWE €
pa3rnefaH kaTo HenuHelHa CToxacTUyHa cpefa.

lMpuema, ye NOBEAEHWETO Ha YacTUUWTE Ha cpedaTa ce
NOAYMHABA Ha KBA3WNWMHEMHOTO NapabonnyHO ypaBHEHWE,
n3segeHo B [1].

0

F____ G

Pur. 2.

MbPBM CIYYAW: TMporpamHata My peanusaums e
npegcrtaseHa B [3]. MporpaMHUAT NPOLYKT € Ha pa3nonoxeHne
Ha noTpebuTenuTe Ha [7] cbc cBoBOAEH AOCTHN.

BTOPW CIYYAM: MMpemectBaHusiTa, NpeoM3BuKaHn OT
MOA3EMHO OTCTPaHsBaHE Ha 4acT OT XOPWU3OHTaneH nnact
MOMe3HO M3KONaeMo Npu HaKMoHeHa 3eMHa NOBbPXHOCT MoraT
Ja Ce nomyyaT KaTo Ce M3MOn3Ba W3NMOXEHUAT Beve
anroputsbM. Hanara ce JOMbMHUTENHO YCroBKe BbpXy U3bopa

Ha CTblKUTEe hX n hZ .
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-1 _
h,h, =tga, (4)
KbAeTO (X € BbrbfbT HA HaKNOHa Ha 3eMHaTa MOBbLPXHOCT
CNpAMO XOpu3oHTanarta.

Ycnosue (4) ocurypsisa NMHUATA Ha 3eMHaTa MOBBLPXHOCT
pa Cbobpka TOYKM OT Mpexara, B KOMTO Ce Onpepenst
npemecTBaHusATa. Tbit KaTo UMEHHO Te3n NPeMecTBaHNs Hal-
4ecTo ca OOEeKT Ha MpaKTMYeckn WHTEpec, HeobXxoaumo e
ronemuHaTa Ha cTbrkute h, 1 h, Aa ce nosbepe Taka, e

pPa3CToAHNETO
d =./h? +h? (5)

[a CbOTBETCTBA Ha Heobxoaumus 6poii TOUKM 3a onpeaensHe
Ha npemecTBaHusTa.

TPETW CNYYAM: Bb3MOKHOCTTA MMHENHUSI CTOXAcTUYEH
MOZen Aa ce npunara npu 133eMBaHe Ha HaKIOHEeHMW NNacToBe
e obocHoBaHa ot A. Cmonapcki .

HenuHelHusT ctoxacTuyeH Moden 06o6Lasa knacuyeckus,
CNefoBaTeNHO Tasy Bb3MOXHOCT € Hanuue 1 npu Hero. BubB
BTOpaTa YacT Ha paspaboTkaTa e npefcTaBeHa nporpamHaTa
peanu3auus MMEHHO 3a TO3W cnyyan. Tom Moxe pga ce
pasrnexga kaTo Kno4voB MpuU peliaBaHeTo M Ha BTOPU M Ha
YeTBBLPTK Criyyau.

PelueHneTo npu T03M MoZen e KnHemMaTuyHo. 10 AaHHmM oT
HaTYpHW M3MEpPBaHUs U OT nacrnegBaHusaTa Ha A. JIucosckuii
[33] moxe ga ce npueme, Ye MBIHOTO MPEMECTBaHE Ha
TOYKMTE OT HEMOCPEACTBEHOTO rOpHMLLE Ha JOOMBHOTO norne e
NepneHanKyNAPHO Ha paBHWUHATA Ha eKcnnoaTMpaHus nnacr.

HDOLlGC'bT Ha HaMupaHe Ha NpeMecTBaHuATa ce obnekvasa,
TbI KaTo pelleHnda npu onucaHata NoCTaHOBKA Ha 3afavaTa
Ca nony4yeHu 3a BCMYKM TOYKWN OT MpexaTa, NpuHagnexatln Ha
nonypaBHUHaTa, nexalla Had W33emMaHusa nnact nonesHo
M3KOnaemo, He3aBMCUMO OT HEroBoTo pasnosioXeHne B
NPOCTPaHCTBOTO.

S IRITAR

"AVAVAYS N9
SRHRRA
QLR Qi‘@

0

®ur. 3.

Kato ce otueTe orpaHN4eHOTO BNMSHWE Ha MOA3EMHUTE
MWHHM paboTh BbpXY CKanHUs MacuB Ce pasrnexpga yact oT
TpUbrbNHaTa 0bnacT Hag nnacta nonesHo W3Konaemo, KOSTO
BKITl0YBa 30HaTa Ha BnusHue (cur.3.). Mpasute ¢ ypaBHEHUS
X = *Kk ce u3bupaT Taka, Ye TOYKMTe UM Aa MMaT Hynesw
npemecTBaHnsa. 3a CTbMKATE HA MPaBObIbAHATA Mpexa, B



YAUTO BB3INN Le Ce u3vucnaBaT npemecTBaHuATa W, i n

J.,eBcvu'|a(1).

ui,

Mopagau MAEHTUYHOCTTA Ha AndePEHLMaNHOTO YpaBHEHHE U
Ha TpaHWYHUTE YCrOBUS, U3XOXAaKM OT MeToga Ha
aHanorumTe, YMCMHOTO pelleHMe MOXe Aa Ce nposede Mo
onucaHust B MbpBM Cryyail anroputbM. HeoGxogumo e Aa ce
otbenexu, Ye pasnukata LLe ce MosiBi BbB (YHKLMOHAMHNTE
koedpuumentn A = A(W), [IOKONKOTO T€ 3aBUCAT M OT

€NacTUYHINTE MPEMECTBAHUS Ha YaCTULWTE OT CTOXaCTMYHaTa
cpeda, a CnefoBaTerHo M OT brbfla Ha 3ansraHe Ha nracta
[1], T.e. nocnegHNTe e ca pasnuyHK NpU PasnUYHUTE HAYMHU
Ha 3ansraHe W pasnuYHUTE HAKMOHM Ha 3eMHaTa MOBbLPXHOCT.
OpraHusauusTa Ha U3uMCnUTENHUS npouec 6e3 3aTpyaHeHue
ce afanTvpa KbM pa3HooGpasHu 3asucumoct A= A(w),

T.€. NPeanoxXeHnsa anroputbM € YHMUBEPCarneH 3a pasrnex-
OaHuTe cnydaun.

Mpu peanuavpaHe Ha anropuTbMa B TakaBa NOCTaHOBKA
MONy4YeHUTE CTOMHOCTW Ha NPEMECTBAHUSTA Ca OTHECEHM KbM
ocn Ox n Oz (dwr.3.). 3a npakTukata ca OT 3HayeHWe
CNAraHeTo W  XOPW3OHTANHOTO NPEMECTBaHE, CBbP3aHM
CbOTBETHO C BepTukanata 1 xopusoHTanata. Mo Tasu npuumHa

ronyyeHuTe  AUCKPETHU  CTOMHOCTH W, jMoug . ce

npemsumcnssar ot kommiotbpa 3a ocu Ox; v Oz, (dur. 3)
Mo penayuuTe 3a poTauust:

Wi =W, CosSa+U;;Sina. (6)

YETBBPTW CIYYAW: Ot pasCLXaeHUsTa 3a NpeaxoaHuTe
TpM Cnyvas cregsa MpUNOXWMMOCTTA Ha  MPEanoXeHWs
anropuTbM 3@ YNACNEHO PpELIEHWE Ha  KBA3MIMHENHOTO
napabonuyHo ypaBHEHME Ha CTOXacTMYHaTa reoMexaHuka U
MpW W33eMaHe Ha HaKMOHEH NnacT MOMe3HO M3KOMaemo Nof
Brbll ¢, CNPAMO XOPU3OHTanata M Mpu HakmoHeHa 3emHa

MOBBPXHOCT MOA BIbM ¢, CNPSMO Hes (cur. 5).

Z)

X]

®ur. 5.
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HeobxogumunTe BXOLHW JaHHW 3a TO3M CNy4al ca;
- 3a reoMeTpusiTa Ha sapavata: Hkm, o, Oy,

sampexara: N, N, k H;

- 3a CKamnH1s MacvB; A(W) ;
- 3a ypaBHEHMETO:

A(w),w,,a,wW(—k, z),w(k, z),w(x,0).

OYHKUMOHAMHNTE KOB(ULMEHTU A(W), XapakTepuaupaLLm

cToxacTuyHata cpega, TpsabBa pa ce onpedenat 3a
KOHKPETHUTE MUHHO-TEONOXKA M MAHHO-TEXMHUYECKW YCIOBMS!
kaTo Ce M3Non3BaT [aHHW OT HaTypHW M3MEpBaHUs Ha
NPEMECTBaHMATA U MOAXOLAWM METOAW 3a MaeHTU(MKaLms
WNM3a pellaBaHe Ha KoeduuMeHTHaTa 3agjada Ha Henu-
HeiiHaTa CTOXacTu4Ha reomexaHuka [1].
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Cratusita e npenopbyaHa 3a nybnukyBaHe OT KaT. “TexHuYecka MexaHmka'.
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NPOrPAMHA PEANU3ALNA HA EOUH HENWHEEH CTOXACTUYEH MOLEN B
MEXAHUKA HA MYTNOATA - HAKIOHEH NIACT YACT li

Muxaun Bwnkos, Padocmun Kapakepe3oe
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PE3IOME. Ctatusta e B obnactta Ha MMHHaTa reomexanuka. 3cnegsaHeTo e CbCpefoToyeHO BbpXy (hOpMMpPaHETO Ha Mynaa Ha 3emHaTa MOBbPXHOCT, KaTo
pesynTar OT NPOBEXAAHETO HA NOA3EMHU MUHHW paboTi. 3a OCHOBa e W3nonaBaHa HenvHenHaTa ctoxactuiHa Teopusi. OCHOBHOTO ypaBHEHMe, OMUCBALLO NpoLeca
Ha MyngoofpasyBaHe € NoMyYeHo KaTo HenuHenHo napabonuyHo. B cTatusiTa e pasrnefaHa paBHUHHATA 3ajadva 3a HEMMHEHOTO ypaBHeHue Ha Pypue, KOATO
Bb3HMKBA MPM M33EMaHEe Ha HaKMOHEHO NeXaLly NnacToBe None3Ho U3konaemo. TS e peLleHa YMCNEHO Mo OpUrMHaNeH anroputeM.  HanpaBeHa e edbekTuBHa
nporpamHa peanu3sauys Ha anropuTbMa kaTo ca uanonasanu texHonoruute the HTML, CSS, PHP u Java Script.

KniouoBu AYMU: CKanHa MexaHuka, MUHHa Mynaa, HemnMHeltHa CToxacTiHa Teopus, HaKNoHeHo 3andaraHe, NPUNoXeH cochyep

PROGRAM REALIZATION OF A NONLINEAR STOCHASTIC MODEL IN MINING SUBSIDENCE - INCLINED SEAMS PART II
Michail Vulkov, Radostin Karakeresov
University of Mining and Geology, 1700 Sofia, mvulkov@abv.bg, karakerezov@abv.bg

ABSTRACT. This paper is in the field of mining geomechanics. The investigation is focused on the mining subsidence when mining out underground ore bodies. As a
basis, the nonlinear stochastic theory is proposed. The main equation is obtained as a nonlinear parabolic one with the assumption that the rock mass is a stochastic
medium consisting of elastic parts. In this paper the plane problem for the nonlinear Fourier equation by mining out of inclined seams is solved numerically. An original
algorithm for solving the plane problem is proposed. An efficient program realization on the basis of the HTML, CSS, PHP and Java Script technologies is proposed. A
description of the programs used is included.

Keywords: Rock mechanics, mining subsidence, nonlinear stochastic theory, inclined seams, applied software

Hacroswara cratus npeacraenssa npogbkeHue Ha [5]. Mo Bpaysepu. index.php nogmaBa uype3 CKpUNT HamucaH Ha
Ta3n NpuYnHa HoMepaumaTa Ha naparpacute, Ha opmynuTe JavaScript. W3non3eaHata pesoniouns Ha noTpebutenckus
1 Ha purypuTe e NogbImKeHWe Ha Tasu OT MbpBaTa YacT. MOHUTOp, KoATO B nognporpama Graphics.php e HyxHa 3a

MalLabupaHe Ha rpadukara.
MporpamHo ocurypsiaHe

lMporpamata € OCbLUECTBEHA M3MON3Balku TEXHOMOruuTe: lpoepama 3a 8xo00HU daHHU - input.php.
HTML, CSS, PHP, JavaScript n e YEB 6asupaHa. ToBa aaBa MMoTpebuTensT BbBEXAA B MHTEPAKTUBEH PEXUM:
Bb3MOXHOCT nporpamata ga Obge pasrnexgaHa OT LUMpoKa - [aHHu 3a Mpexata:
rama notpebutenn, a peanusauusTa W [aBa rapaHuus 3a o Bpost cTbnku no X —i;
CbBMECTUMOCT C BCWYKM nOTpebutencku nnatopmu U o BB Ha HAKMOHa Ha nnacTa - q;
cogtyep 3a Gpaysepu. - [JaHHn 3a napameTpute — KOE(ULMEHTM Ha
HenmuHenHoTo ypasHeHne A(W)=0A+OB(W) - OA 1 OB;
Onucanue Ha nporpamara - [paHWYHM yCrIoBUS:
lMporpamata ce CbCTOW OT 4 OTAENHWM MOLyna CBbp3aHw, o nsBa rpaHnla — b;
4pes3 rmasHa nporpama — home.php; o [JsCHa rpaHuua — c;
- noAnporpama 3a BXogHu AaHHmM — input.php; o MakcumasHa gbnbounHa Ha 3ansraHe — H;
- noanporpamMa 3a M34UCNsSBaHE Ha HENVHENHWTE - HauanHu ycrnoBust — napameTpy Ha CnsraHeTo Ha
ypasHeHus — NonLinearEquation.php; HenocpeACTBEHOTO FOPHWLLE Ha u3paboTkaTa I, xr u m;
- nognporpamMa 3a BW3yanu3WpaHe Ha BXOAHUTE U - HWBaTa Ha W3uepTaBaHe (KoM CTbMKW No Z Aa ce
U3XOAHMTE JaHHu — preview.php BM3yanuaupar).
- nognporpamMa 3a W34yepTaBaHe Ha [daHHUTE -
Graphics.php. loneMuHaTta Ha CTbrKkaTta no X M rofieMuHaTa Ha CTbrkata
no Z — HX n HZ ce msuncnsizat no chopmynute HX = (c-b)/i n
naeHa npozpama — home.php. HZ = tg a *HX;

Ynpasnsiza nognporpamute. K3nonsea ce koguposka UTF-8
3a npemaxeaHe Ha npobnema C kupunuuaTta B pasnuyHuTE
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JAHHH 3A MPEJKATA

‘ Brregere 1 - 6poi crhmku o X H Brba ¢, Ha 1U1acTa (B rpagycH)
S A\ o W ANZA AW S L (SSY SNy i= e= [3
"‘V ‘»'%% 4 0 " ‘0‘0 JAHHH 3A TAPAMETPHTE

Brgegiere xoedriEenTHTe B HelmHelHOTO ypaeHeHHe A(W)=0A+0OB.W

(X4
SRR P e m—
’0"‘*“”"‘0\"‘0@ BrBejieTe rpaHHTHHATE YCIIOBHA - JIABA H ASCHA TPAHHIA H MAKCHMAIHA JBIOOTHHA HA 3aIATaHe
5 % b= H-
0 ‘Q’ g:::ﬁi?:;pﬁgzenga CIIATAHETO Ha HENOCPECTBEHOTO TOPHHIIE Ha H3paboTkara:
a - ne
HHBA HA H3UEPTABAHE

BreesieTe HHBaTa Ha H3depTaBaHe (KOH CTHIKH 10 Z Ja ce BH3YaAIH3IHPAT),
pazzaenenn cee SAITETAS (mprmep: 1,35 .. <=3 ):
Hasa: [1,1020 |

[ U34nCIn

®ur. 6.

ﬂodnpoepama 3a usyucnsieaHe Ha  HenluHellHume

ypaeHeHusi — NonLinearEquation.php.

[MbpBaTa cTbNKa € fa ce HynupaTt egHoMepHns macus F[] u
psymeprute W[l » U[l[] (toBa no nmpuHumn B8 PHP He e
HeoOxo@MMo, HO Ce MpaBu 3a Mo-ronsiMa MpernegHocT Ha
U3X0JHUTE [aHHW).

Mpegn ga wswmcnuM cucTemara NUHERHW ypaBHEHWS,
ronemuHata Ha Crbfkata no Z ce wu3uucnsea crnopeg
CbOTHowWeHneTo HZ = tg a *HX. ToBa rapaHTupa, 4Ye no
LANOTO MPOTEXEHWE HA M3cCnedBaHWs MiacT W Ha 3eMHaTa
MOBLPXHOCTLLE MMa TOUKM OT peLleTkaTa, CKOSTO e MoKpuTa
30HaTa Ha BNWsSHWE Ha NO43eMHUTE MUHHU paboTh.

PelwaBa ce cuctemarta iMHENHM YPaBHEHUA.

Wi ~Wij _

hz
_1 i B Witj+1 = Wij+1 (o Wi+~ Wi j+1
“x A|+1(W|,J)T - A (WLJ)T

3a uenTa ce opraHu3upar ABa LuKbra:

- MbpBU, KOMTO € Mo HapacTBaHe Ha R (6post CTbhku
no Z);

- BTOPM, KOWTO € Mo HapacTeaHe Ha N (Bpost CTbNkM no
X);

Tulh kaTo ce pasmexga TpeTus crnyyaid  cnopeq
HOMepauusiTa B MbpBaTa 4YacT Ha paspaboTkata (3a
“33eMBaHe Ha HaKMOHEeH MnacT Mpu XOPU3OHTanmHa 3eMHa
MOBBPXHOCT), TO MpU HapacTBaHe Ha Opos CTbhkM C efHa
CTbMKa Mo 0¢ Z no oc X 6posiT ce HamarnsBa C e4Ha CTbrka.-
BWX cour. 6. 10 TO3N HaYMH Ce nonyyaBa ABYMEPHUAT Macus,
CTOMHOCTUTE Ha KOWTO Ce HamMupaT, kaTo peLLeHre Ha cucTema
OMdEepeHYHN ypaBHEHNS.
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Modnpoepama 3a eusyanusupaHe Ha 6x00HUMe U
u3xo0Hume OaHHu - Preview.php.

BusyarmanpaHeto Ha BXOAHWTE U W3XOOHUTE OaHHU Ce
OCblUecTBAIBA C MoAnporpamMa HanucaHa C nomowTa Ha
TexHonorumte PHP (maTemaTnyecku n normyecks onepauuu,
Bpb3ka ¢ 6asa paHum u ap.), HTML n CSS (npepasat
BBbHILHMA 0BMvK Ha cTpaHuuaTa). B Hauyanoto Ha ekpaHa ce
BM3yanuaupaT BCUYKM BXOLHW [aHHM, @ MMaHo: [aHHn 3a
MpexaTta — 6pos cTbiku N0 X W Z; nsyncneHara ronemmHa Ha
crbnka X — HX 1 usyucneHata ronemuHa Ha cronka Z — HZ;
[aHHu 3a koeUUMEHTUTE Ha HENUHENHOTO ypaBHeHUe — OA 1
OB; 'paHnyHK ycrnoBus — nsaBa W gscHa rpaHula b u ¢, kakto n
AbnbounHata Ha 3ansraHe H; HavanHn ycnosus — napameTpu
Ha CrsraHeTo Ha HenocpeaCcTBEHOTO ropHiuLLe Ha u3paboTkaTa
m, xI=-a u xr=a (dur.7).

B kpas Ha m3uucnuTenHarta npoueaypa ce Bu3yanusupat u
U3X0aHUTe faHHU — B Tabnnua - dur. 7 1 rpadmyHo — dur.8.
3a daHHume -

Modnpozpama Ha

Graphics.php.

uzyepmaeaHe

3a 134yepTaBaHETO Ha WU3XOAHUTE JaHHM B rpacduka (dur.8)
ce uanonsea nakera ¢ oteopeH kog pChart. pChart e PHP
OubnuoTeka cb3gageHa C LEN NECHO WHTErpupaHe Ha
rpacpmka 3a web 2.0 npunoxenus. pChart e 6e3nnatHa u y Hac
ce pasnpocTtpaHsea no GPL nuueHs. [JaHHM moraT aa Obaart
n3enuyanm Ype3 SQL 3aseku, CSV bainose, unu pbyHo. Ha
cokyc paspabotuMumte ca MOCTaBWAWM  anroputbMa 3a
CbCTaBsiHe Ha rpadmka. leHepupa ce JPG daiin, konto ce
Bu3yanuanpa. NpepaboTBaHeTo Ha Manka vact oT Gubnuo-
TekaTa € HyXHO C Len aceMbnupaHeTo M KbM nporpamara.
BbB Bpb3ka ¢ paspaboTkata e JobaBeHo:

- C V3BMMYAHETO Ha AaHHWTE 3a pesoniouutTa Ha

notpebutens, ce npecmsTa MakCUManHWs pas3Mep Ha
reHepupaLus ce JPG dain;

- MallabupaHe Ha BepTMKanHaTa pasrbBka Ha
rpacukara;

- nodaBaHETO Ha AaHHM Ce M3BbpLIBa C ABa LWKbNa,
KaTo TO3W KOWUTO onpegenda HMBOTO Ha WU34epTaBaHETO Ha
CNArBaHeTo € BbHLUHKA.



ur. 7.

dur. 8.

0.1

-0.34+

-0.78

k22

-1.66

-2.1

LK
70 %0 Vi VAW AWY

REK

NeYedee® ¢
Neete

BXOHH JAHHH

JAHHH 3A MPEXXATA
1=30 ;=260 HX=133 HZ=0.77

ITAPAMETPH HA YPABHEHHETO

SR P L AW-05%0A10W
TPAHWYHHU VCJIOBUS
Xy b=0 c=40 H=200
HAYAJTHU VCJIOBUS
x1=10 xr=30 m=2 a=30
H3XOJHH JAHHH
HEJIMHEWHO YPABHEHUE
I J W) U@h
0 1 0 0
1 1 5.54594028264E-7 -2.07972760599E-7
2 1 3.6707481486E-6 -1.16855779513E-6
3 1 237413617227E-5 -7.52648009029E-6
4 1 0.000153468627949 -4.86477248349E-5
5 1 0.000992037123444 -0.000314463185811
6 1 0.00641262882107 -0.00203272188661

I'padmka Ha cnsrBaHeTo

HOBO W3YMCIIEHWUE

OTITIEYATBAHE HA TAHHWUTE
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3aknouyeHue

OT n3noxeHOTO MorarT a Ce HanpaBsT CNeaHUTE U3BOAM:

1. TlpeanoXeHWsT KOMMOTbPEH METO4 3a  unCneHa
peanu3auus Ha HENMHEeWHMs  CTOXacTMYeH Mogen U
CbOTBETHUTE MY MPOrpaMHM MPOAYKTW Ca YHWBEpCamnHu 3a
yeTMpuTE pasrneaaqu cnyyas.

2.. PeleHneTo Ha HenuHEeHOTO napabonuyHo ypaBHeHue C
YaCTHM NPOM3BOAHM € U3IMTBITHEHO C HECNIOXHM MaTeMaTU4ECKM
onepauuu, MOOXOAAWM 3a KOMMOTbpHa obpaboTka M 3a
MpaKTUYeCcKo npunaraxe.

3. TlonyyeHute pelleHus paswupsasat obnactta Ha
NPUNOXEHNE Ha CTOXacTMYHaTa reoMexaHuka B peauua BaxHM
3a npakTukaTa cryyawm.

4. Tlo aHamornyHu anroputmu Ouxa MormM [fa ce
peanuavpaT YMCIIEHN PELUEHWS U Ha OCTaHanMTE NIMHEAHW K
HENMWHEMHN CTOXaCTUYHW MOLENW, MpunaraHu B KUHeMaTuka
Ha MUHHaTa Mynaa.

npOFpaMHOTO peanusnpaHe Ha HENVHENHNS CTOXacTUYeH
mModen B MeXaHuKa Ha MyngaTta ro npespblla B MOLLHO,
YHMBEpPCaITHO W NECHO 3a npunaraHe CpeacTBo 3a pellaBaHe
Ha reoMexaHn4Hu 3aga4un OT pasrnexaaHara np06nemaTMKa.

Nutepatypa

1. BbnkoB M., HOBM CTOXaCTM4HWM NWMHEMHW U HENUHERHM
MOENM B TeopusiTa Ha ClSraHETO Ha 3eMHaTa
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mynpaara, C.,MK “Cs.Ms. Punckn”, 2006
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€0UH HenuWHeeH CTOXaCTM4eH MoJen B MeXaHuka Ha
myngata - npaBa 3agadva, VIl uHTepHaumoHanHa
KOHhepeHUMss No reomexaHuka, BapHa, Bbnrapus, crp.
349 - 356.

4. BvnkoB M., Kapakepesos P. [NporpamHa peanusauus Ha
€0UH HenuWHeeH CTOXaCTM4eH MoJen B MeXaHuka Ha
Mynpgata - obpatHa 3agava, VIl wHTepHauwoHanHa
KOHhepeHUMst No reomexaHuka, BapHa, Bbnrapus, crp.
357 - 362.

5. BvnkoB M. Kapakepesos P. [lporpamHa peanusaums Ha
€0UH HenuWHeeH CTOXaCTMYeH MoJen B MexaHuka Ha
Myngata — HaknoHeH nnact — | vacT, FoguWwHKK Ha MY
,CB.MB.Puncku”, 1. 59, cB. Il, nog nevar.

6. Litwiniszyn J., 1956 Gebirgsbewegungen Uber einem Abbau
als stochastischer Prozes aufgefasst, Freiberger
Forschungshefte, C 66, 45-64.

7. Litwiniszyn J., 1974., Stochastic Methods in Mechanics of
granular bodies, Wien, Heidelberg, New York, Springer
Verlag.

8. http://www.pchart.net/ - gokymeHTaums.

CraTusita e npenopbyaHa 3a nybnukyBaHe oOT KaT. “TexHuyecka MexaHmka'.
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NOXAPHU WHUWOEHTWU B TPAHCNOPTHU TYHENWU - CTATUCTUKA, AHAIIUS,
MOAENUPAHE

Juana MakedoHcka ', EneHa Bnaceea 2
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PE3IOME. [NoxapH1Te MHLMAEHTU B TPAHCMOPTHUTE TyHenw 3a nepwoda 1995-2009 ca 3asbpluniv ¢ 1193 xepTeu 1 ronemn Matepuantm wetn. Tesn cubutus
NPOBOKMPAT NpeasBABaHe Ha BICOKW M3NCKBaHMS 3a 6€30MacHOCT B CbBPEMEHHUTE TYHENM KaTo OLLe Ha MPOEKTHO HWBO Ce Mpuema cucTema 3a BesonacHocT 3a
paneHns TyHen. Taan cuctema BKMKYBA Pa3niyHM MOACUCTEMM, KOUTO MPWU HECLINAcyBaHOCT MpW aBapuitHa CUTyaLWst MOXe Aa BRowaTt BMECTO Aa nopobpsT
ycnosusTa B TyHena. Ctatusta npeAcTass noapobHa CTaTUCTIKa 3a NOXapHM MHLMAEHTM B TYHENW KaTo M3SACHSBA Hal-4eCTUTe MPUYMHK 3a TAX. Ha Tasn ocHoBa ce
AVCKYTUpAT MPUNOXVMIN METOAN W MOAXOAN 33 MOAENMpaHe Ha aBapuiHK CbOUTUS C Lien n3y4aBaHe MOBEAEHWETO HA BEHTUNMALMOHHATA CucTeMa Mpu aBapus B
TyHENa 1 Ha Bb3MOXHOCTUTE Ha NPOTUBONOXAPHUTE CUCTEMMU B HETO.

KntouoBu gymu: noxapy B TyHenu, aBapuitHa BEHTUNaLWS, NoxaporacuTenHmn cucTemMu, cuctema 3a besonacHoct

FIRE ACCIDENTS IN ROAD TUNNELS - STATISTICS, ANALYSIS, MODELLING
Diana Makedonska, Elena Vlasseva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, didi_fire@abv.bg; elena.viaseva@mgu.bg;

ABSTRACT. For the period of 14 years (1995-2009) fire accidents in transport tunnels cause serious material damage and 1193 human lives. These events
instigated greater requirements for safety system in transport tunnels. Yet at a design level safety system should be a part of the whole project documentation. Safety
system incorporates different sub-systems which non-coordinated performance in accident might worsen the situation rather than improve it. This paper presents
throughout statistics for fire incidents in transport tunnels making stress on most frequent reasons for their occurrence. The reflection of monitoring systems’
parameters and accidental ventilation mode on accident development and elimination are discussed. Further applicable methods and approaches for accidental
situations modeling are presented in order to study in advance ventilation system behavior and its interaction with other safety sub-system in the tunnel — monitoring
and fire suppression systems.

Keywords: fire in road tunnels, emergency ventilation, fire suppression systems, safety system

BbuBepeHue B Bbnrapus obliarta gbmkuHa Ha TPAHCMOPTHUTE TyHENN e
okono 8 km, kaTo Hal-gbnrvaT TyHen e ButuHs ¢ gbimxuHa
Mpes nocneaHute 15 rofvHM B CBETA ca NOCTPOEHM 39 1155 m. HesasvcuMo, |e B HaliaTa CTpaHa TpaHCnopTHUTe
TyHena (aBTOMOOUMHM M XKeNe30mbTHN) C AbITKUHA NO-ronsMa TYHENM He ca C ronsiMa AbmkuHa 1 6poiA, BKNioYBAHETO Ha
oT 13 kunomeTpa, KOETO NpeBullaBa MOCTPOEHUTE OT TO3M CTpaHata HM B TpaHCropTHata cuctema Ha Espona
knac 3a npeaxogHuTe TpWU AeceTUneTust (70-90 rO,U,VlHVl) Ha npegnonara cnasBaHe Ha W3UCKBaHUATA 3a 6e3onacHocT,
MUHanus Bek. 3aeHo C ToBa HapacTBa 1 obluaTta gbimkuHa Ha KakTo ¥ Ha u3fadeHata npeau roguda Hapepba 3a
MbTHUTE TyHenu. YBENWYaBaHeTO Ha MWHAMBMAyanHaTa npoekTpaHe Ha MbTHU TyHenu [17]. Ouwe noseuye, ye uma
ObIDKMHA Ha TYHENuTe BIMSIe KAaKTO Ha BEPOSITHOCTTA 3a uoem U npoektu 3a usrpaxpaHe Ha HOBW  MOA3EMHU
Bb3HUKBaHE Ha aBapuu B TSX, Taka M Ha TeXecTTa Ha nocne- CbOPBXEHNUs B MbTHATa MH(PACTPYKTYpa Ha bunrapusi.
AULNTE NPY peanusalmsita Ha Te3n onacHoCTU. YBenudaea ce
" BpeMeTo 3a NMpebvBaBaHe Ha MbTHULMTE B TyHEMUTe, T.e. Tabnuua 1. Tyxenu ¢ ObmkuHa Had 1500 m
HapacTBa eKcnosuLyusiTa npy nosiBa Ha onacHocTTa. CrpaHa Bpoi ObmxuHa, km
CTpemexbT 3a Cb3faBaHe Ha Mo-eheKTMBHA ABTOTPaHC- ;TV;?:H g?g 15851 41
nopTHa CMCTeMa B YCMOBUSITA HA HapacTBaHe Ha MOTOPHUTE
NpeBO3HUTe CPeacTBa M MITbTHOCT Ha Tpadmka € OCHOBHUST ﬂ”_o"”"ﬂ 123 A
CTUMyN 33 HapacTBaHe Ha 6posi M AbMKMHAaTa Ha aBTo- Weeiuapus 89 270
TyHenute. B Tabnuua 1 ca NokasaHu CTPAHUTE C Hali-MHOO AscTpys 56 190
TPAHCMOPTHM TyHeNM ¢ AbmkiHa Hag 1500 m [13]. ®paHums 39 123
'epmanuns 37 83
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B nutepatypaTta HAMa npeacTaBUTErNHa CTaTUCTUKa, KOSITO
[a [10Ka3Ba, Ye YecToTaTa Ha MPOU3LIECTBUS B TYHENUTE € Mo-
ronsiMa OTKOMNKOTO MO CPaBHUMMW @BTO-MbTULA M3BBH TsX. B
CbLLOTO BpEME HsMa CbMHeHWe, Ye NocneauuuTe oT aBapim B
TYHenuTe Cb3gaBaT No-rofieMu OMacHOCTY W NO-TEXKM 3ary6u
3a MbTHUUMTE W MaTepuanHaTa cpeda, BKIIOYUTENHO 3a
KOHCTpykumsiTa, 0OOpYyABaHETO Ha TyHena M MpeBO3HMTe
CcpefcTBa B Hero. ToBa Hanara MbfiHa KONMYECTBEHA OLIEHKa
Ha pucka BbB (hasaTa Ha MPOEKTMpaHe W MpedBwxaaHe Ha
afleKBaTHU pelUeHWs 3a YrpaBreHWe Ha OnacHoOCTUTe W
PUCKOBETE NPY aBapuu B TYHENMTE.

B cuctemara 3a 6e30macHOCT Ha TPAHCMOPTEH TyHEN MOXe
Ja ce oTaenar 7 nogcuctemu, npeacraseHu Ha ¢wur.1. C
uskniovyeHme Ha [flacuBHa 3awmta‘ u ,CeH3opu“ BCUYKM
OCTaHanu enemeHTM Ha cuctemata 3a OesonacHoCT ca
AVHaMWYHW CUCTEMM, YMMTO [ENCTBUS Ce Onpedenst ot
KOHKpETHaTa aBapuitHa cuTyauus 1 Tpsbea Aa ce pasrnexaar
kaTo B3aMMHO 3aBuCEWW egHa OT fpyra. B Hopmute 3a
npoektupaHe [17] ca fageHn HacoKM MW NPOEKTUPAHETO UM,
HO cneuuduyHaTa KOHUrypaumus 3aeucu OT peanHuTe
obekTn.

" Moxapo- .
racutenHa
“_cuctema _

A

CeH3opu

Cucrema 3a
6e3onacHocT
Ha TyHena
CnacutenHu
OelcTBusA;

®ur.1. Cuctema 3a 6e30nacHOCT Ha TyHen

Llenta Ha HacTosiaTa cTaTMs € Ha OCHOBaTa Ha
CTATUCTUKATa 3a CTaHanu aBapun B TYHENNUTE C NPUOPUTET Ha
Te3u, 3anodyHanmM C noXap WNW  WHUWAEHT [oBen A0
rnocneagaly noxap Aa ce OTAENAT Hail-yecTo CpellaHuTe
MPUYMHK, AOBENM 0O MOXapeH uHUMAeHT. MoapobeH aHanus
Ha peanuaupaHi Tak1Ba aBapuu 61 NOCNYXUN 3@ M3SICHAABaHE
Ha B3aUMOAENCTBMETO Ha cucTemMuTe 3a 6e3omacHOCT Ha
TyHena — MONOXWTENHO M oTpuuaTtenHo. Ha Tasu 6asa ce
oyepTaBaT Bb3MOXHOCTU 3a MOAENMpaHe Ha MoXapHu
CbOWUTMSA B 3aBICUMOCT OT BUAA Ha TyHena v Tpaduka B HEro U
Ha MPUNOXAMUTE CUCTEMM 3a NOXaporaceHe.

CTaTMCTMKA Ha peanu3vpaHu NOXapHW aBapumn B
TPAHCNOPTHU TyHENM

3a nocnegxnte 18 roguHu camo B EBpona ca pernctpupanm
10 ronemu noxapa 1 MHOro Manku noxapHu MHUMAeHTH. Camo
3a 2 roguHn (2002-2003) npu noxapw B TyHENM ca 3aruHanu
221 pywu, NPUYMHEHN Ca CEPUO3HW KOHCTPYKTUBHW MOBpean
JOHEeCnM ronemu (uHaHcoBu 3arybu. B Ttabnuua 2 [2] ca
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nokasaHW noxapute B TyHenu ¢ xepTeu 3a nepuoga 1995-
2009.

B Tabn.3 e nokasaHa cbopHa uHdopmaums 3a 177 noxapHu
nHumaeHTa [2,6,7,8] B TyHenu (aBTomMobunHM, XKI1 TyHenu u
MeTpo) no Abpxasu. Fonsm Gpoi NoxapHU MHUWAEHTM ca
CTaHanu B MeTpO W XN TyHenn. Tyk Te He ce AuCKyTMpar,
3aL0TO Bb3MOXHWTE MPUYMHK 33 MOXap, KaKTo U cucTeMnTe
3a 6e3onacHOCT ce pasnuyaBaT 3HAYMTENHO, B CPaBHEHWE C
MbTHATE TYHENM.

Tabnuua 2. 3azuHanu npu noxapu 8 myHenu (1995-2009)

BPON
TYHEN OBPXABA KEPTBU

BocHa 35
Mont Blanc OpaHuus 39
Tauern Tunnel AscTpus 12
Vierzy Tunnel OpaHuus 108
Pfander Tunnel AscTpus 3
Huguenot Tunnel KOxHa Adpuka 3
Nihonzaka Anoxns 7
St Gottard Tunnel LUseiuapus 11
Hokuriku Anoxns 34
Pecorile Tunnel Wtanus 8
O'Shimizu Tunnel Anoxns 16
Salang Tunnel AdbranucTtan 700
Kings Cross Anrnng 31
Izola della Fammine Wtanwns 5
Velsen XonaHaust 5
Kaprun AscTpus 155
lNanepmo Wranus 5
[MmanHanm AscTpus 5
Onondhaxen Hopserus 1
dpexyc PpaHums-Uranns 2
BbpHK AscTpanus 3
AlkecyHa Hopserus 5

OBLO 1193

Tabnvua 3. Moxapu 8 myHenu no Obpxasu

Ne |[dbpxaBa Mepuog Bpoit noxapu/
0T-10 ObIDKMHA, km

1 | AdpraHuctaH 1982 1127

2 | AscTpanus 2007 1134

3 | AscTpus 1984-2002 15/78.53

4 | AsepbengxaH 1995 1/ metro

5 |benrus 1987-2004 2 [ metro

6 |Kanapa 1971-2000 6 / Metro

7 |Kutait 1998 1/0.84

8 |[aHus 1994 1/ npu CTPONTENCTBO

9 | ®paHuus 1842-2004 21/26.5

10 | ®paHums/Utanua | 1974-2004 7/8251

11 | ®paHuus/ 1996 1151
BenukobputaHus

12 |Tepmanus 1968-2001 15/3.22

13 | XOHKOHT 2000 1/1.8

14 |Wranus 1983-2001 8740

15 | AnoHus 1967-1980 5/3.5

16 | Mekcuko 1975-1985 2 [ metro

17 | XonaHgws 1978-2001 3/ metro, airport

18 | HoBa 3enaHaus 2002 1/1.2

19 |Hopserus 1990-2003 11/42




20 |MNopTtyranus 1976 1/ metro Tabrvua 4. MpuyuHu 3a noxapu 8 myHenu
21 |Pycus 1974-1991 4 [ metro [MpuynHa 3a noxap B TyHen OtHocuTenex
22 | CrnoBeHust 2003-2004 3/15 aan, %
23 | OxHa Adprika 1994 1/3.9 lMoBpeaa B auraTens 36
24 |tOxHa Kopes 2003 1/0.4 Karactpodpa 27
25 | Wcnanus 1944-2003 3/33.3 OnacHu ToBapw 8
26 | Wsewns 1955-1960 2/ metro MoBpena Ha cinpayHa cuctema 7
27 | Weeituapus 1969-2001 13/112.6 MleTponHin npoaykTH 6
28 | Benukobputanns | 1866-1994 15/ metro ABapU¥ 10 BpeMe Ha CTPOMTENcTB0 5
29 | CAll 1949-2007 30/10.7 + mefro MoBpeaa B enekTpuyeckaTa MHCTanaums 5

; 30 | Krocnasus 1971 17115 3anansaHe Ha rymu 1 ryMeHM yNiTbTHEHWS 3

Bkntountento 6 noxapa B TyHen MoH bnaH (1974, 1978, Teu Ha XUAPABIMHA TEUHOCT 2
1981, 1988, 1990, 1999)
2 TloseyeTo noxapy ca B XK1 rapy 1 BbB BNakose Ymuwnen nanex 1

8- 4 noxapHu MHUmMAeHTa B TyHen Gleinalm ( 8.32 km) u 3
noxapa B TyHen Tauern (6.4 km);
4 — 3a Kutai HMa MHOTO aHHW, HO UMa MHLMGEHTY

Ha ¢wur.2 e nokasaHa uHdopmaLUmMs 3a noxapute camo B
aBTO-TyHenw.

MoXXapHU MHLUUAEHTU N0 AbPXKaBU
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®ur. 2. MoxapHu MHUMAEHTH No AbpxaBu (1866-2007)

MpuunHKM 332 NOXapHU MHLUMAEHTU U MOCneauum
OT peanusauusita um

MoxapuTe B TyHENW Ce CbMPOBOXAAT OT  PasnnyHu
SBMEHNS, HAKOM OT KOUTO Ca XapaKTepHW 3a BCUMYKM Moxapy, a
ApYrv camo 3a Te3u B TYHENUTE, @ UMEHHO:

o [IpuTOK Ha Bb3ayX KbM 30HaTa Ha FOPEHETO;

o [IpepgaBaHe Ha TOMMMHA KbM KOHCTPYKUMSTA Ha TyHena w
pasnpoCTpaHeHNe Ha NPOAYKTUTE Ha FOPEHETO B 3aBUCUMOCT
oT paboTaTa Ha BEHTUNALMOHHATA CUCTEM;

o [lechopmauuv 1 yBpexaaHe Ha CTPOUTENHM KOHCTPYKLMK;

B Tabn. 4 ca cucTtemaTu3vpaHn NpUYMHWTE 3a NOXapuTe,
cuctematuampanu Ha cur. 2. OT aaHHuTe B Tabnuuata ce
BMWXAa, ve Hai-4ecTo cpemaHaTa npquHa 3a Bb3HUKBAHE Ha
noxap € noBpefa Ha [BuraTen Ha TPaHCMOPTHO CPEACTBO,
KaTo Hall-4yecTa MpuuMHa 3a TakaBa noBpeda e AedekT Ha
enekTpuyeckata cuctemMa Ha asTomoGuna. KaTto BTopa no
3HAYMMOCT MpUYMHA € KaTacTpocha Mexay ABa WiM NoBeye
aBTomobuna.
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B egHo mawabHo uacnegsaHe, duHaHcupaHo OT EBpo-
nemnckus Ccbto3 [4,5], ce aHanuavpaT NpUYMHUTE 3a NoXapu B
TYHENM, KaKTo W BULA Ha TPAHCMOPTHUTE CPEeACTBa, y4acTeanm
WAN NPUYMHUAKM MHUMAEHTa. Ha dour. 3 e nokasaH yacT oT Tesu
aHanuau, OT KOWTO Ce BUXAa, Ye TexkotoBapHute (HGV)
asTomobunu ca ¢ gocta BUCOK Aan (61%).

TaHHep;

ABToﬁycf\
PC; 31%

®ur. 3. Tun TpaHCNOPTHU CPEACTBA, y4acTBany B NOXapHN MHLNAEHTH

Ha cour. 4. ca nokasaHn NpoLEHTUTE Ha XepTBX OT NoXapu
B TyHenu 3a nepuoga 1987-2006 r no BuA Ha TPAHCMOPTHOTO
CpeLCTBO, y4acTeano B MHUMaeHTa. OTHOBO TEXKOTOBapHUTE
aBTOMOOMIM AOMMHMPAT U B Ta3un CTATUCTMKA.

®ur. 4. Moxapw ¢ XepTBU — BUA Ha TPAHCNOPTHO CPEACTBO

Kakto ce Bwxga OT rpadukuTe, TeXKOTOBapHUTE
asTomobunu (HGV) umat cepuoseH gsan npu noxapute B
TyHenm 3a nocneghute 20 roguHn. OcBeH TsX, AAN MMaT M
TaHKepuTe, TPaHCMOPTUPaLLW ,0nacH! ToBapu' KaTo NETPONHM
npoaykTM u BTeuHeH ra3 (LPG), kbM kouTO crnefpa ja ce
00bpHe cneumanHo BHWMaHue. HGVs TpaHcnopTupallm
0BWKHOBEHW CTOKM, Hanp. Mebenu, CbLLO ca C BUCOK PUCKOB
noteHuman. C no-orpaHu4eHo yyactue ca aBtobycute, HO Npu
TAX XYMaHHMAT PUCK MOXe [a Ce OKaxe C MO-BUCOK



npuopuTteT. Knacudukaumsra ,0nacHW CToku® npegnonara
OCTaHanuTe, W3BbH CMMCbKA [a Ce CYMTaT 3a HeOMmacHM, KOeTo
He BMHary e Taka Npy aHanuaa Ha peanuaupaHn MHUMOEHTU.

Tabnuua 5. MowHocm Ha noxap Ha mpaHcnopmHo cpedcmeo

EnvH manbk nek asTomobun 2.5 MW
EnuH ronsam nek aBTomobun 5 MW
2-3 aBTOMOGMNIa 8 MW
EnwvH BaH 15 MW
EavH aBTOOYC MNn NeKoTOBapEH KaMMOH 20 MW
TexKoTOBapeH kamunoH Be3 onaceH Toap 30 MW
TexkoToBapeH KaMMOH WKW LUCTEpHa C 100 MW
onaceH ToBap

LinctepHa ¢ BbrneBogopoam unu tpennep 200 MW

lMocneguuuTe OT Bb3HWKHAN MOXap 3aBUCAT OT NOXapHWs
kanauuTeT — MakcumanHata MowHocT Ha noxapa (HRR),
KOMTO 3aBMCM KaKTO OT BWAA Ha TPAHCMOPTHOTO CPEACTBO Taka
W OT 3ananeHns matepuan. Cnefpaiikn norukata Ha Tasu
cTatucTuka B Hapepbata 3a npoektupaHe [17] ca 3anucanm
BMOBETE NOXapH, KOWTO CrefiBa Aa ce aHanuaupar B NpoekTa
Ha eauH TyHen (Tabn. 5).

AHanu3 Ha noxapu B TPaHCMOPTHU TyHeNM

EguH OT Hal-gMCKyTMpaHWTe Bb3HWKHAMKM O MOMEHTa
noxapu e To3u B TyHena Mon-bnaH, ctanan Ha 24.03.1999 r.
MoxapbT e 6un ¢ npogbmkuUTENHOCT okono 50 vaca, kato
nocrneauuuTe oT Hero ca 39 3aruHanu BKIOYMTENHO W eauH
noXapHukap, 34 YHULLOXEHN MOTOPHM NPEBO3HN CPeAcTBa (B
TOBa YMCNO ¥ [Ba NPOTUBOMOXAPHW aBTOMObMMA) W TEXKM
LETW HaHECEHM Ha CaMUSIT TyHen.

MoxapbT Ce e pasBun MO CreaHUst HauMH: TeXKOTOBapHa
kona ce 3ananBa BHe3anHO B KONOHaTa, TpbrHana oT (peH-
cKaTa CTpaHa Mexgy LUeCTUs U CeaMMus KunomeTbp. OrbHAT
Obp30 06xBaHan u ocTaHanuTe NpeBo3HM cpeacTsa. Obpasy-
BanusT ce MbCT AWM, M3Nn3all kbM PpaHums, nonpeymn Ha
cnacutenuTe Aa MPOHMKHAT B TyHena. Temnepatypata B
MSCTOTO Ha WHUMpeHTa ce e nosuwwuna ga 1000 °C. Ot
00rassiBaHETO eOMH OT NOXAPHMKApWUTE MOYMHAM, a HSKOIMKO
Apyrv 6unu cepuosHo yBpeaeHu.

TyHen MoH BnaH e egHOTpBOEH C 4BYNOCOYHO ABUKEHME W
C Nony-HanpeyHa cuctema 3a npoeeTpsiBaHe [6], uarpageHa 35
rofvHM Npegm cuouTMeTo. YucT Bb3ayX ce e Joctassan ot 16
BeHTUnatopa ¢ obwa mowpoct 7000 KW n gebut 600 m?/s.
CwmykaTenHata BeHTUnauus e ¢ kanauutet 300 m¥s. Onepa-
TOPBLT € 3Haen 3a HegoCTaTbUWTe Ha cucTemarta, Tbi KaTo
rofiHa No-paHo € NpefCTaBeH [OoKNaf 3a HEBL3MOXHOCTTA A
ce CnpaBu B Cnyyail Ha noxap. B feHs Ha uHUunaeHTa ce e
NPOMEHMNO HeobuyalHo aTMOC(EPHOTO HansraHe U B
pesynTaT Ha ecTecTBeHaTa Tdra ce e monyyun obpateH Ha
HOpMarnHaTa nocoka Bb3AyLLEH MOTOK OT H0r KbM CEBEp, KONTO
JOMbITHATENHO € Nonpeymun Ha paboTtaTa Ha BEHTUNALMOHHATA
cuctema [22].

AHanM3bT Ha NOCNEAOBaTENHOCTTa OT CbOMTUSATA, Pa3BUIK
Ce W3KMKYNTENHO 6bP30, BKIHYBA HECBIMACYBAHOCT B pabo-
TaTa Ha HAKOJIKO cucTeMM 3a 6e30MacHOCT:
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e Bb3aywHata cpeaa B TyHena ce € KOHTponupana oT Aea
LeHTbpa (eauH B UTanus n eguH BbB OpaHums), KOUTO He
ca 0bMeHsNn nHopmaLs;

o [lopagw rpelweH curHan oT NpeaulHus JeH CEeH3opuTe 3a
OMM BbB (PPEHCKUST LIEHTBP Ca OWUMK WU3KIMKOYEHM W He e
“Marno B1aeo MHopmaLms;

e OT WTannaHckus LEeHTbP 3a ynpaBneHWe nogaeaT uucT
Bb3OyX, 3a [a CnacaT 3acefHanute B TyHena MPeBO3HN
CpeAcTBa OT MTanMaHckata 4YacT, C KOeTO MoXapbT ce
ycunBa M [OMMHWTE ra3oBe AOCTWraT ckopocT 6 m/s, ¢
KOETO camo 3a 5 min ce 3aguMmMsiBa 30Ha OT Okono 2 km.

Cref, peKkoHCTpYKUMATa Ha TyHena Te3n U Jpyri KOHCTa-
TUPaHU HECLOTBETCTBYS Ca OTCTPAHEHM.

EavH npumep 3a gobpa KoMyHMKaLms Mexay cuctemuTe 3a
BesonacHocT [4, 21] e noxapsT B TyHen Burnley, Asctpanus,
ctaHan Ha 23 mapt 2007 r. Hsakornko nocrnegoBaTtenHi UHLm-
AEHTA, NPUYMHEHM OT CrykaHa ryma Ha KammoH — katactpoda
¢ Tpn HGVs n yetupn PC goBexaa [0 noxap npu HaToBapeH
Tpacuk. Tpuma MbTHUKA B TpU MPEBO3HM CPeLCTBa 3arvear.
TyHenbT e AByTpbOEH €OHONOCOYEH C TPU JIEHTU BbB BCAKA
Tpbba. ObopyasaH e CbC CpUHKNEpoBa BOGHO OPOCUTENHA
cucTeMa 1 CbC CUCTEMa 3a OTBEXAaHe Ha auma. B koHTpon-
HUS LIEHTBP Ce NoNyyaBa BWAEO CUrHanm M B pamKiTe Ha ABe
MWHYTW BOAHATa CUCTEMA e 3afeiiCTBaHa pbyHo. Taka e orpa-
HUYEHO Pa3NPOCTPAHEHMETO Ha NoOXapa, AMMBT € HacoyeH
W3BbH TyHena npe3 ynpaensieMu Knanu Ha BEHTWUNALMOHEH
kaHan nog TaaHa. [oxapbT € HeyTpanuaupaH eanH Yac cneg
nHumpeHTa [4]. EBakympanm ca 400 gywm.

AHanu3bT Ha ApYr NOXapHU MHLUMAEHTY NOKa3Ba CneaHuTe
npobnemu [14,15]:
e  KbCHO nokanuaupaHe Ha MACTOTO Ha WHUMAEHTA JOBENO
[0 3a4pbCTBaHe Ha HaBMnesnu MPeBO3HW CPeACTBa (TYHembT
Ha woce Tokuo-Haros npe3 1979 r.);
e Hepgobpa curHamusauwss Ha y4acTbK C  PEMOHTHM
AenHocTu (B TyHen ,TayepH* go 3anuybypr npes 1999r.);
e HanuuMe Ha eKCTPEMHO BMCOKW TemnepaTtypu npu
pasBMTWETO Ha noXapa, KOWTO YBpexgaT He Ccamo
KOHCTPYKUMSITA Ha TyHena, HO W Bb3NpensaTcTeaT AencTBUETO
Ha cucTemute 3a 6€30MacHOCT (YHULLOXEHW BEHTUNATOpN W
NPOTUBONOXapHU CUCTEMM (noxapuTe B TyHena ,OkneHge” B
CALL -1982r.; B ,TayepH* -1999r., MonbnaH 1999 r.);
e He pobpe npoekTupaHa aBapuiiHa BeHTWNALWs, KOSTO
naurpaBa HeratuBHa pons npu noxapa (PenbeprayepH u
HuxoHaaka);
e [lpeBo3BaHe Ha OMacHu TOBapW W IecHO3ananmu
TEYHOCTM; OTAENsiHE Ha BPEOHM BeLiecTBa Npu noxap OT
HeknacuuumpaHm kaTo onacHu ToBapy.

KoHCTpyKTHBHUTE 0COBEHOCTM Ha TPAHCMOPTHUS NapK, KakTo
W Bb3pacTTa My, CbLIO Ca CblUecTBEH dhakTop. YBenuua-
BaHETO Ha pe3epBoapuTe npeanonara No-ronsmo MoxapHo
HaToBapBaHe. CrnefBa MHOro CTPOrO [a Ce KOHTponmpa
QUCTaHUmMsATa npu ABWxeHue ocobeHo cnep u npeg HGVs,
BKMIOYUTENHO U cna3BaHe Ha OucTaHuuMa mexagy cnpenute
NpeBO3HI CPEACTBA NPY NOXapeH MHLKMAEHT. HecnasaHeTo Ha
Te3W U3NCKBaHMS MOXe [la JoBe/ie 10 No-Gbp3o paspacTaHe
Ha noxapa 0T €[JHO NPEBO3HO CPEACTBO KbM ApYro.



MopaenupaHe Ha aBapuitHN CbOUTUS B TYHENU

N3scHsBaHe Ha CbLLUECTBEHIN MEpPONpUATUS 3a HamansasaHe
Ha MoXapHaTa OMacHOCT B TPaHCMOPTEH TyHeN MoXe fa ce
OCbLUECTBM Ype3 HSKONKO MOAXOAa, B3aUMHO CBbp3aHW M
MOCNeA0BaTENHO U3MbITHEHM:

o MogenupaHe Ha PUCKOBM CLEHApUK CbC CheluanuaupaH
codhTyep 1 C NOAXOAALL MaTEMATUYECKM anapar;

e BeHTUNaLMOHHM MepomnpusTUS 3a OTBEXAaHe Ha AUM W
noXapHu rasoee, 3a GesonacHa eBakyauus Ha xopaTta, 3a
ocurypsisaHe Ha [O0CTbM HA NOXApHW M ApYr4 CracUTeNHU
rpynu 3a OBnaasiBaHe Ha MHUMOEHTa;

o MopgenvpaHe Ha JeiicTBIETO 1 edekTa Ha NPOTUBONOXKAPHM
MeponpusiTUs 33 OXMakgaHe Ha 3acerHata 3oHa U
He[oNycKaHe Ha CepUO3HN KOHCTPYKTUBHM HapyLLEHNS.

MogenupaHe cbc cneyuanuampan codptyep 1 ¢ nogxoasLy
mMaTemaTuyecku anapart

MogennpaHeTo Ha MOXapHW CLeHapuu NpemuHaBa mnpes
HAKOMKO €Tana W 3aBUCM OT NapameTpuTe Ha TyHena
(obmkuHa, HanpeyHn Bpb3kM, Tpadmk). B Hapepbata 3a
NpOeKTMpaHe Ha MbTHW TyHenwu [17] oueHkaTa Ha pucka ce
pernameHTMpa B 3aBUCUMOCT OT AbMKMHATa M Tpadmvka B 5
kaTeropun. B mbpBa kaTeropusi ce OTHAcAT eAHOTPLOHM
TYHenu ¢ ABYNOCOYeH Tpadmk, 6e3 MexaHuyHa BEHTUNALMA 1
¢ gbmkuHa ot 400 go 1000m, a BbB BTOpa — Te3n Hag 1000 m.
B octaHanute Tpu KaTeropun ce knacuduumpat ABYTPHOHU
TYHENM C e4HOMOCOYHO ABWkeHue. CnpsMo AbMkuHaTa ce
pasgensT kakTo crefpa:
o |Il kateropust - o1 400 go 1000 m;
o |V kateropus - ot 1000 go 3000 m;
o \/ kateropus - Hag 3000 m.

3a mopenvpaHe Ha noxapu B TyHen € Heobxogumo fa ce
WSICHAT CreaHnTe napameTpy (cur. 5):
o /I3TOYHMK Ha noxapa (3ananuMm maTtepuan) — CKOpOCT Ha
OTAensHe Ha TONMMHA, TeMnepaTypa Ha MOXapHOTO OTHULLE,
BMOMMOCT Ha pascTosiHue OT MSACTOTO Ha 3ananBaHe, CbCTaB
Ha MoXapHUTe ra3ose, MOLLHOCT Ha noxapa [7,8,18];
o [lnavetsp Ha noxapHoto orHuwe (Df), BucoumHa Ha
nnambka (hf), AbmxuHa Ha cTpaTUdUUMpaHns uMeH wneid
(Lf), Bpeme 3a focTuraHe Ha TaBaHa Ha TyHena.

®ur. 5. MapameTpy Ha noxap B TyHen

3a BCWYkM KaTeropuM noxapu K3BpoeHUTE  MO-TOpe
XapakTepucTuki TpsibBa Aa ce onpegensT, kaTo 3a TyHenm oT |
n Il kaTeropus aHanu3bT Ha MOMyYEHWTE pesynTatm e
[0CTaTbYeH KaTo MoAenupaHe 3a oLeHkaTa Ha pucka.

3a TyHenuTe OT OpyruTe TpW KaTeropuu crnedsa Aa ce
W3BLPLWN MOJENMpaHe CbC  CheuManuanpaH  codTyep.
ABTOpUTE Ha cCTaTMsTa WM3MON3BaT — MporpamuTe  Ha
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amepukaHckata komnanus Mine Ventilation Services INC
(https://www.mvsengineering.com/), a UMEHHO:

* VnetPC - mogenupaHe Ha Bb3AyxopasnpeneneHneTo B
TyHena npu 334afeHN  BEHTMNATOPHM  MOLLHOCTM B
CTaLMOHAPEH PEXNM;

« Mfire n HoeaTa Bepcus MfirePro+ - mopenupaHe Ha
noxap, OTAENsHE Ha NOXapHW ra3oBe 1 TOMMNHA BbB BPEMETO
(HecTauMoOHapeH pexum) B TyHena W CBbp3BalLMTE ranepuw,
KaKTO W BEHTUNMALMOHHM MaHEBpU 3a HeyTpanuapaHe Ha
aBapuiHaTa cuTyauus.

MpoLechbT Ha mMogenupaHe € MpeAcTaBeH Ha Mpumepa Ha
€[JHOMOCOYEH ABYTPLOEH XOPW3OHTanmeH TyHen C AbMKMHA
2750 m. Mpes 500 m ca w3rpageHu MeXOWHHU BPB3KM
(cBbp3Bawy ranepun) mMexay [nBete TpbbM Ha TyHena.
MpenBuaeHa e HaanmbkHa cxema Ha nposeTpsiBaHe [3,20] ¢
nopTanHu BeHTunatopu. Ha cur. 6 e nokasaHa mpexosata
KOHUrypaums Ha TyHena.
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®ur. 6. Tononorus Ha TyHena

Mogenupa ce 3ananBaHe Ha nek aBTomMoOwn B KnoH 3-4 —
Ha okono 900 m ot Bxoga Ha TyHena. [loxapbT € ¢ MoWHOCT
6MW. Ha dour. 7 e nokasaHO pasnpOCTpaHEHWETO Ha AWUMHM
ra3oBe — KOHLEHTpaums B yacTute Ha TyHena cneg 10 n 20
min OT Ha4anoTo Ha aBapusTa. Ha cur. 8 - B CbLynTe MUHYTH
ca nokasaHW TemnepaTypute B yyacTbuuTe OT TyHena. [pm
pasBUTMETO Ha MOXapHaTa cuTyauws Ha 5 MuHyTa ce
obrassiBa TpeTaTa HanmpeyHa Bpb3ka, Cref KOeTo NOoXapHu
rasoBe TpbrBaT MO HenoxapHata Tpbba, a MMEHHO OTTaMm
TpsibBa [a ce OCBWECTBM eBakyauusTa Ha MbTHALMTE.
Temnepatypata B NoXapHOTO orHuwie 10 min cnep Havanoto
Ha noxapa e 1291 °C.

14 (0023) 13 12 i 1 10 9 s
Y s
(=]
N
2
o
’i (0.012)
. STYPY ¢
21 2 3 62607 4 4224675 o 7
a) 10 min cnep HauanoTo Ha noxapa
14 (0023 13 o 12 Ny 10 9 5
] -~ 00390 | “* .
'°> o
] o
S g
: , . oy ‘
21 ) 3 63084 4 62744 5 62272 6 a -
6) 20 min cnep HayanoTo Ha noxapa
®ur. 7. PasnpocTpaHeHue Ha NoXapHU razose
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®ur. 8. Temnepatypa 10 min cnea HayanoTo Ha noxapa


https://www.mvsengineering.com/

MopenupaHe Ha
oTBeXJaHe Ha guma

Ha cpur. 9 ca nokasaHu Bb3MOXHW BapuaHTW 3a 0TBEXAAHE
Ha AMMHM ra3oBe U3BbH TyHena [3]. Teau npuitomn cnegga aa
Ce NpeaBuaAT Npu OLiEHKaTa Ha pucka OT NOXapHW UHLMAEHTH
W Ja ce BKMIYAT B aBapuiiHWA nnaH Ha TyHena. B npska
Bpb3Ka C OTBEXAAHETO Ha AMMa CnedsBa da ce pasrnexaa
TMNa BEHTUMaUMs, KOSTO € MPOeKTMpaHa, KakTo M Moxapo-
racuTENHUTE UHCTanaLWn B Hero.

BEeHTUNALUUOHHKW  MeponpuAaTua 3a

a) eCTeCTBEHO NPOBETPSIBaHE

€) ObMmK1Ha Ha obraeHaTa 30Ha

®ur. 9. OTBexAaHe Ha noXxapH! ra3oBe U3BBLH TyHena

3a npumepa Ha dwr. 6 ¢ nporpama MFire ce mogenupa
crefHaTa BeHTUNaUmMoHHa MaHeBpa:
e Ha 5-Tata MuHyTa Ce peBepcupa BEHTUNATOpPbT B
HenoxapHaTa Tpb0a, C KoeTo Ce ocurypsiBa Y1CT Bb3AyX KbM
€BaKyupaLLmTe Ce MbTHULY;
e Cblo Ha 5-TaTa MWHyTa Ce OTBapsAT [BETe Bpat Ha
BTOpaTa CbeuHUTENHa ranepus (knoH 3-12).

Ha cur. 10 e nokasaHo pasnpoCTPaHEHWETO Ha AUMHM
rasoBe 15 MWHYTW cref Hayanoto Ha noxapa u 10 MUHYTH
cnen pesepcusta, a Ha ¢ur. 11 — owe 5 MuHyTM cneq
peBepcusTa.
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®ur. 10. KoHueHTpaums Ha noxapHu rasose 10 min cnep peBepcusTa
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®ur. 11. KoHueHTpaums Ha noxapHu rasose 15 min cnep peBepcusita

OT nokasaHuTe MOCOKM Ha PasnpoOCTPaHEHWe Ha AUMHWTE
rasope CraBa $CHO, Y€ MbTAT 33 eBakyauus € YuCT.
PeBepcuata Ha BeHTMUmatopa obpblja nocokata B
HenoxapHaTta Tpbba, KaTo Aaxe ce obpblja M nocokata B
mbpeata CBbp3Balia ranepus (knoH 2-13). dopmupa ce
TEYEHWe OT YUCT Bb3AYX CPeLLy eBaKyupaLuTe ce MbTHULM Mo
KnoH 3-12 1 ce HamansBa [0 MUHUMYM MPUTOKBLT Ha Bb3AyX
KbM Moxapa.

Cuctemn 3a raceHe C BoAa M OrpaHu4aBaHe
Pa3npPoOCTPaHeHUETO Ha Noxapy B TyHenu

MoxapbT B TYHEN HE € HUTO NOXap Ha OTKPUTO, HUTO MoXap
B OrpaHW4eHo MpOCTPaHCTBO. TOW WMa eNemMeHTW KakTo OT
eOuHUs BUO, Taka W OT Apyrus Bug. B TyHena BuHar uma
HacoYeHO BB3AYLWHO TEYeHWe, 3a pasnuka OT noxapa Ha
OTKPUTO, HO MpU MOXap B 3aTBOPEHO MOMELLEHWE HsiMa
LOMbIIHUTENEH MPUTOK Ha kucriopod. OT Tesn cbobpakeHus
rpunaraHeTo Ha MoXaporacuTemnHW MHCTanauum uMa cBouTe
ocobeHoCTH, KoUTO creaBa ia Ce aHanuaupat npu usbopa Ha
nogxogsiua cuctema.

MoTywaBaHeTo Ha NoXap € 3agaya Ha noxapHuTe Cryxou.
lMoxaporacutenHuTe MHCTanauuW B TyHena umaT 3agaya Aa
TpaHchopmMmupaT HeynpasnseM Mnoxap B KOHTPONMpaH noxap

(cour. 12).

HEKOHTPONuUpaH noxap

aKTusupaHe

KOHTpON Ha noxapa

raceHeg Ha noxapa
1

Bpeme

MowHocT Ha noxapa HRR, MW

®ur. 12. 3apaya Ha noxaporacuTenHa MHCTanaums B TyHen



AKTVBMpaHETO Ha WHCTanauusTa crneaBa Aa Ce M3BbPLUN
Bb3MOXHO-HAll paHO B mpoueca Ha YyBenuyaBaHe Ha
MOLLHOCTTa Ha noxapa v Aa n3sbpLum cnegHoro [8,19]:

o [la Hamanu ToNnMHHATa MOLLHOCT Ha noxapa ¢ KOeTOo L ce
Hamanu BeposITHOCTTA Ja Ce 3anansiT NpeBo3HM CPeAcTBa B
Brmsoct go noxapa;

e [la ce Hamann KOMMYECTBOTO M KOHLEHTpauusiTa Ha
TOKCMYHM ra3oee;

o [la ce 3aLnTW KOHCTPYKLMSITA Ha TYHENa;

e [la ce ocurypn JOCTBN Ha NOXapHaTa 3a NOTylaBaHe Ha
noxapa.

B mexagyHapogHuTe LOKyMEHTW [5], KakTO U B HauuoHan-
HWTE Hapedbw 3a m3rpaxgaHe Ha MoXaporacuTeNiHW WHCTa-
nauMmM B TPAHCMOPTHM TyHENW HAMa TBbPLO YyKasaHu
M3NCKBaHUS W pernameHT. B mHoro nybGrnukaumm [8,19] ce
aHanuaupaTt npeguMcTBa M HEROCTaTbUyM Ha Hal-4ecTo
CpeLlaHnTe NOXapOoracuTENHU WHCTanaumMm B TyHENM U B
apyrv obektn. BbnpochkT e po ronsma cTeneH OTKpUT W
NOAMEXN Ha N3CNeaBaHus, TECTOBE W aHamu3u.

Hain-pasnpocTpaHenute racutenHn uHcTanauum Ha 6asa
BOAA Ca T.Hap. CMPWHKIEPHU UM APEHYEPH MHCTanaumn [9,
10, 11, 12].

MpuHUMMBT Ha paboTa Ha BOZHWUTE MOXaporacUTENHU
cuctemn (MrC) [9,10,11,12] ce 6asmpa Ha CBOMCTBOTO Ha
BojaTa MAa npekpaTsiBa T[OPEHETO upe3 OxnaxaaHe Ha
ropawms matepuan.

CnpuHknepHaTta cuctema [14] ce CbCToM OT 3axpaHBaHe C
BOJA W edHa WnM NOBeve CMPWHKIEPHU MHCTanauuu; BCska
WHCTanauus ce CbCTOM OT KOHTPOSHO-CUTHAMHO YCTPOWCTBO U
ped OT Tpbbu, cHabgeHu cbC CnpuHknepHn rmasu. Cnpuh-
KNepHWUTe [MaBu Ce MOHTMpAT Ha OnpefeNieHn MecTa nog
TaBaHa.

CnpuHKnepuTe ce 3aAencTeaT Npu NpeaBapuTenHo onpe-
[eneHu TemnepaTypu, 3a Aa M3nyckaT Boda B MAowTa nog
7ax. [lOTOKbT BOfA MNpe3 CUrHamHUS KnanaH WHULMMPA
noxapHa Tpesora. B oOWus cnyyaii TemnepaTypata Ha
3afeiicTBaHe Ce onpefdens Taka, Ye Aa CbOTBETCTBA Ha
TemnepaTypHUTe YCroBUS Ha cpefaTa. 3apeiicTsar ce camo
CNpUHKNEepuTe B BNM30CT 40 MOXapa, Te3n KOUTO ca 3arpsiTu.
CnpuvHKNepHaTa MHCTanauns, C OMpeaeneHn M3KMYeHus,
TpsibBa fAa ce pasnpocTMpa B LANOTO  MOMeLUeHMe.
EdekTMBHOTO [AeilcTBME HA  CMPWHKNEPHUTE MHCTanaLum
BIUsie BbPXY GbP30TO MOTYLIABAHE HA NOXapa Unk NocTUraHe
Ha ynpaBreHie Ha Noxapa B paHHUTe My CTaauM.

KOHBEHLMOHaNHUTe CMpUHKIEPHN MOXaporacuTenHu Cuc-
TEMW Ca eQHO OT Hali-HAAEXOHUTE, MKOHOMUYHK W 6e3onacHm
CpefCTBa 3a KOHTPONMpaHe U MoTyLaBaHe Ha noxapu. Te ca
BesBpedHu 3a okonHaTa cpega v BesomacHu 3a xoparta, HO
Mpu MOCTaBsSHE B TYHENW crieABa [a Ce M3SACHAT Bb3MOX-
HOCTUTE 3a M3rpaxaaHe Ha Takasa UHcTanauus [8].

WHcTanaumute 3a pasnpbckBaHe Ha Boja MW Taka
HapeyeHUTe [OpPEHYepPHW WHCTamauum wmoraT fga  Obpar
MOLXOASILLM B HAKOM Clydau 3a raceHe Ha noxap, a B Apyrv
cryyan 3a NpefoTBPaTsBaHe Ha PasnpoCcTpaHeHue Ha noxap
W MoraT Ja ObaaT M3NON3BaHW CaMOCTOSTENHO WNK KaTo
AOMbITHEHWE KbM [Py (hOPMM Ha 3aLLTa OT noxap.
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WHcTanaumusta 3a pasnpbCkBaHe Ha BoAa Ce CbCTOM OT
3axpaHBaHe C BOAa W €fHa WNK NoBeYe, HOPManHO OTBOPEHU
pasnpbCKBalLM [A03M; BCAKA MHCTanmauus ce CbCTOW OT
KOHTPOITHO-CUTHaNHO YCTPOMCTBO W TpbbHa peauua, cHabaeHa
C pasnpbCKBALLM A3N.

WHcTanauuute 3a pasnpbckBaHe Ha Bofa morat fa 6baar
MOHTMpaHN 33 3alUUTa Ha crpaau v 0BeKTH, Npu KOWUTo ce
oyaksa Gbp30 pa3NpOCTPaHEHWe Ha OrbHA M Bodata e
noaxoAALLo raCMTeNHoO BELLIECTBO.

[pyra cuctema 3a noxaporaceHe B TyHENW, KOSTO BCe MO-
4ecTo Ce [AuckyTupa € aBTOMaTW3upaHa cuctemMa C BOAHA
mbrna (dur. 13). Cuctemmute 3a noxaporaceHe ¢ BOAHA Mbrma
[19] ca HoB BMCOKOEGEKTMBEH METOA 3a raceHe C NOMOLLTA Ha
BOAA, KOWTO CbyeTaBa MpeauMcTBaTa Ha rasoBuTE W
KOHBEHLMOHAIHUTE CMPUHKIEPHM CUCTEMM.

®ur. 13. Cuctema 3a BoAHa MbINa B ANOHCKM TyHeN

B Anonus creg noxapa B TyHen Huxowsaka npes 1979 r.
TakaBa cCHCTeMa € 3agbiXuTeNHa 33 MbTHW TyHenu C
AbrkuHa Hag 10 km, unu 3a TyHenu ¢ ObmxuHa Hag 3 km ¢
ronsiMa nbTHOCT Ha Tpadmka (Hag 5000 PCU/24h). B Espona
1 B CALL| ca n3BeCTHN Camo HAKOIKO MPUIOXEHUs Ha TO3W BUA
YCTPOWCTBA, BbMPEKM Ye pe3yntatu OT W3CMedBaHus W
TecToBe ca obHaaexaasally. Kato ronsmo npeamMmcTBo Moxe
[a Ce MOCOMM OrpaHMyaBaHe Ha pasnpPOCTPAHEHMETO Ha
noXapHW rasoBe KbM KonoHaTa OT aBTomMobunu 3ag noxapa,
HO KaTO HegocTaTbk ce 0TOEeNs3Ba BroLAaBaHe Ha cpeaaTa no
MbTA Ha eBaKyauusTa, KakTo 1 OTAENSHETO Ha ropeLua napa B
komBuHaLus ¢ aum (cpur. 14). Dombanutentn npobnemn Moxe
Aa Bb3HWUKHAT Mpu (DyHKUMOHMPAHE Ha BCUYKW ENEMEHTM Ha
cuctemata (ynpaeneHue, nomnu, Ato3n, Tpbbonposoan) B
ycrnosusiTa Ha obLwo B3eTo HebnaronpusTHaTa 1 NPOMEHNMBA
npe3 rognHaTa cpeaa B TyHena.

CvcTemuTe ¢ BOAHA MbIfa ca NOAXOAsLM 3a WMpoK obxBaT
OT npunoxeHus.. A3nonseat ce 3a raceHe Ha noxapy knac A,
B 1 C: kabenHu KonekTopu/TyHemnu, poTopHU TYpBUHM, TpaHc-
(hopMaToOpHM MOACTaHUMM, MOMELLUEHUSI C ENEKTPUYECKO W
eneKTPOHHO  06OpydBaHEe, XWUMWUYECKM TNpPEeanpusaTAS, KOM-
MIOTHPHU W TENEKOMYHUKALMOHHN LIEHTPOBE, NPOU3BOACTBEHM
MOMELLIEHNs, MalUMHHM 3amW, [BUraTenn W antepHaTopw,
CKIafoBe, apX1BM, TYHENN W ap.
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®ur. 14. [leiicTBMe Ha cCMCTEMA C BOAHA MbINa

3aknioyeHune

AHanMabT Ha CTaTUCTUKATa Ha NOXapHU MHUMOEHTU Noka3ea
HeOBYCMUCNIEHO, Ye cuCTemMuTe 3a  6e30nacHocT  Ha
TPAHCMOPTHUTE TYHENW He BUHArV [eicTBaT B CUHXPOH Npu
aBapuitHo CbbUTHe. 3SCHABAHETO Ha OCHOBHUTE MPUYMHM 32
noxapu B TyYHENM M3NCKBA MOMENMPaHe Ha MoXapHust
W3TOMHWMK UM XapakTepHU NapameTpu 3a pa3BUTMETO Ha
noxapa. B Tasu Bpb3ka W3ACHABAHETO Ha NOAXOAALLMUTE
METOAM M UHCTPYMEHTM B 3aBUCUMOCT OT perniaMeHTpaHuTe B
HapenbaTa 3a npoekTMpaHe Ha MbTHW TYHENM KaTeropuu e
3afaya, BbpXy KOSTO aBTOpUTE Lie NpOAbIKAT M3cned-
BaHMATA CU. BaxeH enemeHT OT ocurypsiBaHe Ha Ge3onacHu
YCNIOBMS B TpaHCTIOPTHUTE TyHenu e u3Bop Ha noaxoasiua
CACTEMA 3a NOXaporaceHe B 3aBUCMMOCT OT KOHKPETHUTE
napamMeTpu Ha TyHena M NoXapHaTa onacHocT. Bbaewm
W3CredBaHWs Ca  HacOyeHW KbM  OpasMepsiBaHe Ha
XapaKTEePUCTUKITE Ha Te3l MHCTanaLun — MACTO W HaunHN 33
MOHTVpaHe Ha Jlo3uTe, pa3mep Ha KarnkuTe, CUHXPOHU3MpaHe
C OCTaHanuTe cucTeMu 3a 6e30nacHocCT.
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BEHTUNALUA HA CKNALOBE 3A MPOMULLNEHU B3PUBHU BELLECTBA C
BETPOBEHTUITATOPHU

3axapu [JuHyes

Munto-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus; dinchev@mgu.bg

PE3IOME. [NpoBeTpsiBaHeTO Ha 06EKTW CbC CreLpaneH pexuM, kato CknagoBe 3a NPOMULLNEHN B3PWBHU BeLLeCTBa e cneumdmyHa 3agaya, npegonpeaeneHa ot
ocobeHus pexum Ha OOoCTbN OT edHa CTpaHa M OT Apyra — C U3NCKBaHWA 3a NoAAbpXaHe Ha onpefeneHu MUKPO-KNUMaTUYHK YCroBus B TAX. I'IpvmaraHeTo Ha
MexaHu4Ha BEHTUMaLWs! NpeaocTaBs Cneuvantu U3UCKBaHNS KbM eNEKTPUYECKUTE ChbOPBXEHUS U YECTO MbTH ce 13bsrBa. CbrnacHo LeiicTBalLMTe NpaBUiHALM 1
VHCTPYKLW BEHTUNALMATA Ha CKNagoBeTe Ce U3BbPLUBA Ype3 MHGUATPALUS 1 Ype3 eCTECTBEHO HAaCOYEHO NPOBETPsBaHe MOCPELCTBOM OTBapsiHE Ha NPO30pLMTE U
BpaTV 3a onpegeneHo Bpeme. YoBelwkusT hakTop onpeaens Bb3MOXHOCTTA U LienecbobpasHocTTa Ha NpOBETPSBAHETO Ha CKIALoBeTE 3a MPOMMLLNEHN B3PUBHU
BELLECTBa, KOETO BOAM [0 He3amoBOnuTenHu pesyntati. CtaTusTa npeactaBs eanH 0cobeH moaxod — MpoBETpsiBaHe Ha TakvBa ODEKTW C He eneKkTpUYEecky,
3a[BVKBAHN OT EHEPrusiTa Ha BATbPa BETPOBEHTUNATOPU. AHanM3npaHu ca HeobXoaMMWTE YCOBWUS 3a MpunaraHe Ha TO3W NOAXOL - MPefBapUTENHM aHannau,
M3MEPBaHUs 1 U34UCTIEHNS, CbOTBETCTBME C PEXMMA Ha paboTa W NpoBeTpsiBaHe Ha CKNafloBeTe 3a MPOMMLLNEHW B3pUBHM BeluecTea. [peactaBeH e meTop 3a
1360p Ha MoaxoAswWy Tunopasmepy W Opoil BEHTUNAToOpW 3a OCUrypsiBaHe Ha BEHTUMaUMsTa C KOHKPETHM BWAOBE BETpOBeHTUNatopu. [ladeH e mpumep 3a
Opa3smepsiBaHe Ha peanHu CkIagoBe 3a CbXpaHsiBaHe Ha MPOMULLIEHN B3PUBHY BELLECTBA.

Kniouosu AYMU: BEHTUNALNA; €CTECTBEHO NPOBETPABaHE; BETPOBEHTUNATOPK,; CKNaJoBe 3a eKCN03KBU; CbXpaHABaHE Ha B3PMBHU BeLLECTBa

WIND VENTILATION OF INDUSTRIAL EXPLOSIVES STORAGE FACILITIES
Zahari Dinchev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, dinchev@mgu.bg

ABSTRACT. Ventilation of special facilities such as industrial explosive stores is a specific task predefined by the particular access regime, on the one hand and by
the requirements for maintaining of exactly specified micro-climatic conditions therein, on the other hand. Mechanical ventilation is associated with special
requirements in respect of electrical equipment, and often avoided its implementation. Under the current rules and instructions ventilation of stores is done through
infiltration and directed by natural ventilation by opening windows and doors for a specified time. The human factor determines the possibility and advisability of
ventilation of stores for industrial explosives, leading to unsatisfactory results. The paper discusses and presents one particular approach - ventilation of such
premises by means of engineless wind driven ventilator. The necessary preconditions for implementation of such approach are analyzed - preliminary analyses,
measurements and calculations, compliance with work regime and ventilation of explosive stores. Presented is a method for selecting the suitable windventilator and
number of fans to provide ventilation. An example for windventilation of real stores for industrial explosives.

Keywords: ventilation, storage, industrial explosives, windventilator, natural ventilation, wind driven ventilator

BbuBepeHue

HacToswara cratus npeactass MaesTa 3a OChlUECTBABaHe
Ha BEHTUNALMATA Ha CKMNagoBE 3a MPOMULLMEHM B3PUBHM
BellecTBa C BETPOBEHTUNATOpU. TypOMHHUTE BETPOBEHTU-
naTtopu Cce M3Non3BaT KaTto e(eKTMBHO CPeacTeo  3a
W3CMyKBAHE Ha Bb3dyxa OT 3aTBOPEHW NPOCTPaHCTBA

(nomelLeHst), KOUTO HAMAT MPOM3BOACTBEHM pasxogu 3a ®ur.1. Mpumep 3a U3non3saHe Ha BETPOBEHTUNATOPY
eNeKTPOEHeprNs W MOAAPbXKA nopagn (akta, Ye ce
3agBwxkBaT OT BATbpa. [lpe3 nocrefHuTe rOAMHW  Ce * Ananu3 Ha obekma 3a nposempseae;
HabniogaBa yBennyaBaHe Ha M3NON3BaHETO Ha Te3n TWUNoBe OBemu 1 pasnoNoOXeHNs Ha NOMELLEHNATa, KOHCTPYKTUBHM
BEHTUNATOpU 33 MPOBETPsiIBaHE HA  MPOWU3BOLCTBEHM 0cobeHOCTH, TeMMepaTypyu W BRAXHOCTW, pexuMn Ha paboTa
NOMELLIEHUS , CbC CMELMMUYHN U3UCKBAHUS NO OTHOLLEHWE Ha Ha CbOPbXEHMETO KaTo [EMHOCT U kaTto HauuH Ha
BeHTUnaumsTa Ha obexta (cur. 1). nposeTpsBaHe

e HopmamueHU U3UCK8aHUsI U CbanacysaHocm;

Mpeov pa ce nogxoan KbM W300P Ha MOOXOASALM Lenta e pa ce ycraHoBAT HeobxoauMuTe KOmM4ecTBa
CbOPBXKEHUs! M BETPOBEHTUNATOPW CnedBa Aa Ce M3BbpLuar Bb3fyX 3a OCbLUECTBABAHE Ha NOAXOAAWA BeHTUnauus Ha
HSIKOM NPeABapUTENHM aHan1aun, pasyeTi 1 U3MepPBaHIS, KaTo: obekTa, KakTo 1 Aa cnassaT cneuuduyHMTe M3UCKBaHWS Mo

OTHOLLEHME Ha PasMU4HM  HOPMaTWBHU  [OKYMEHTW W
CTaHAapTH.
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o MemeoponoauyHu usmepsaHusi Ha MSicmomo Ha obekma;
Llenta e fa ce uscrensaTt MOCOKATE M TONEMMHUTE Ha
BATbPA, BMMSHWETO Ha penedia, fa Ce YCTaHOBM Bpb3ka C
apyru namepsaHus ot OM3KK METEOopPONornyHn CTaHuuun, aa
ce npoBepu BpeMeTo Ha Oe3BeTpue, KakTo W CE30HHUTE U
AEHOHOLLHM KonebaHus. [la ce oLeHu BETPOBMS NOTEHLMAN Ha
MSICTOTO Ha 0BekTa 3a BeHTUMaLus.
o [lpunoxumu cxemu U CbOPBXEHUsS 3a npogempsisaHe Ha
obekma.

CknapoBe 3a npoMuLLNeHn B3PUBHU BelleCTBa

CknagupaHeTo M KPaTKOBPEMEHHOTO CbXpaHeHWe Ha
B3pVMBHM MaTepuanu M3nonasaHu 3a MPOMMLLIIEHW Lerv ce
u3BbpLWBA B crneuynanHo obocobenn cknagose. B3pusHuTe
BellecTBAa W MaTepuanM Ce cknagupar B PasnnyHu
MOMELLEHNS B KOWUTO CE M3BBLPLUBAT OCHOBHUTE [LEMHOCTH
CBbp3aHu C HOPMaIHOTO (PYHKLMOHMpaHe Ha cknaposeTe. Hail
- 4eCTO Ce CKnagupaTt MpOMWLLMEHN B3pUBHM BELLECTBA M
MaTepuanu npegHasHayeHW 3a M3Non3BaHe B MUHHATa
WHAYCTPUS, KaTo  TPOTUA W TPOTUNMOBM  MPECOBKY,
rpy6oamucnepcHu amonuTy (TOA), aMmoHUTH, HadTO-CenUTpeHu
€KCMNo3nBM,  Kancyn  AeTOHaTopu ,  OeTOHMpawm u
OrHenpoBofHW LWHypoBe U Ap. CknapgoBeTe OBWKHOBEHO ce
W3rpaxgaT Ha eduH eTax C enemMeHTV OT Nek mMaTepuan u ¢
NOAXOASLLO 3aKpenBaHe C Bb3MOXHOCT 3@ NECHO M3XBBLPIISHE
npu eBeHTyanHa ekcnnoaus  (¢wr.2). [okpueute ce
NPOEKTMpaT OT HEropUMM MaTepuanmi W W3AENus, KOUTO
TpsibBa [a ca NeKu 1 NECHO U3XBBPIIALLM Ce NPy B3pHB.

e

st kY 5 .
®ur.2. MomelueHne Ha cknap 3a NPOMMULLIIEHU B3pUBHY BelecTBa

Ha teputopusita Ha eauH cknag (¢wr.3) obukHOBEHO ce
uarpaxgar HAKonmko Ha Opod  obBanoBaHM MOMeLLEHMs
(crpagm) B KOUTO Ce CbXpaHsBaT OTAEMHUTE MO BUA B3PUBHM
BEllecTBa W MaTepuanu, OTAaneyeHn efHo OT Jpyro Ha
pa3cTosHWe He MO3BONABALLO MpedaBaHe Ha AeToHauusTa
Mnpy eBEHTYyarneH B3puB.

Mpu cKnagMpaHeTo Ha MPOMMLLNIEHU B3PUBHM BeLLECTBA U

MaTepuanu B MOMELLEHMsITa Ha CKNafoBeTe 3a CbXpaHsiBaHe
Ce OTAENST OCHOBHO @30THWU U CEpHU OKCUAW, KAKTO W Manku
Konn4yecTtBa BbITIepoAeH auoKcua. I'IpanmHoro CbXpaHsaBaHe
rapaHTupa nogabpXxaHe Ha XapaKTepucTuknTe Ha
MaTepuanuTe B onTUManeH 3a ynotpeba sug. BeHTunauusta
Ha TakvBa cknafoBe TpsibBa fa ocurypu:
e [oambpkaHe Ha KOHLEHTpaUMWTE Ha BPegHOCTU MoA
OesonacHuTe HMBa, 3a ocurypsiaHe Ge30macHW yCroBust Ha
TPYA Ha nepcoHana, KOWTO M3BbpPLUBA OCHOBHUTE onepaLymu
(pasToBapBaHe, NpeHacsiHe, CKnaguMpaHe, MOYUCTBaHE U
NpoBETPsIBaHe Ha CKIagoBeTe U fp.);
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e loagabpxaHe Ha  NOOXOASWM  MUKPOKIMMATUYHM

ycnoBus (Temnepatypa, OTHOCUTENHA BRAXHOCT, NOABWKHOCT
Ha Bb3ayxa, KPaTHOCT Ha Bb3AyX0006MeHa).

JIETNCY
(D~ cxnaahe 1 53 BB
@~ cxnaa Ns 233 8B
@~ conan Ne3 52 BB
@)= cknag Nod 2a B3
(@~ cknan aa MM cpepcrea
®~ kapaynHa Byara
(@~ aauicTpatvena crpaga
(- arperatiio
Bl rpadonocr
O = KB c1hib © ocRaTNRkKE
@ rpwuonTaan
oo~ OrpaAa 13 BIPNBHKA CKNBA

®ur.3. MpumepHO pa3nonoxeHne Ha CrpaguTe Ha TePUTOPUATA Ha CKNazg
3a NPOMMILINEHN B3PUBHM BELLECTBA

W3uckBaHus KbM BeHTMNALUATa Ha cknapoBeTe

MperneLbT Ha HOPMATUBHUTE U3UCKBAHWS 33 MPOBETPSBAHE
Ha CknafioBe 33 CbXpaHeHWe Ha B3pWBHM BELLECTBA JOBEXaa
[0 W3BOAA, Ye B HSKOMKO M3TOYHMKA Ce TpeTupaT pasnnyHu
npobnemu, HO NUNCBa LANOCTHA KOHLENUMS 33 ocurypsisaHe
Ha 6e30nacH1 BEHTUNALMOHHI YCIIOBMS.

B ,Hapedba Ne 2 om 10 tonu 2000 e. pazden mpemu — Mn.
33. (1) e 3anucaHo: ,0TONNEHNETO, BEHTUNALMATA U KITUMATK-
3auusTa Ha ctpoexute 3a BBOOB ce npoektupat cbobpasHo
obwuTe M3McKBaHWS Ha HopmuTe 3a npoekTMpaHe Ha oTom-
NIUTENHMW, BEHTUNMALMOHHM U KIUMATUYHW WHCTanauun“. Te ca
nybnukysaHn B BlONETMH 3a CTPOMTENCTBO W apXuUTekTypa
(BCA), 6p. 6,7, 8 n 9 oT 1986 r.; n3m. u gon., 6p. 6-7 ot 1991
r., 6p. 10 ot 1993 r. u 6p. 4-5 ot 1994 r.), kaTo € 3agbn-
XUTEMHO fAa Cce cnaseaT cneuuduyHUTe W3UCKBAHUS Ha
Hapepnbara.

Mo kbcHo mpe3 2005 roguHa ,Hapedba Ne 15 om 28 tonu
20052. 0TMeHs HOpMUTE 3a MPOEKTUpaHe Ha OTOMMWTENHN,
BEHTUNALMOHHA W KMMUMATUYHU WHCTanauuu npensuoeHu B
npegxogHata Hapenba, kato He [aBa ficHa npeAcTasa 3a
BEHTUNALMATA Ha NoAoBeH Tvn crpaay.

Kbm MOMeHTa B MOBeYeTO CKMNaAoBe NUMCBA BEHTWUNALMS
WK TS CE M3BBPLUBA YPe3 WHQMATPALMS M HampeyHo npo-
pyxsaHe. [Mpu 13BbpLUBAHE HA MPOBETPSBaHE, OTTOBOPHUKBLT
Ha cknafa oTBaps MPO30pLMTe U BpaTUTE, He Hamycka paiioHa
Ha MOMeLLeHMeTO, kaTo My e MnpepocTaBeHa 3afjavata ja
onpegens Bb3MOXHOCTTa M LenecbobpasHOCTTa Ha MpoBeT-
PSIBAHETO, 8 UMEHHO:

e 3alpaHa 3a NpoBETPSIBaHE NPU MbIMA, AbXA, CHEroBanex
1 BUCOKA OTHOCUTENHA BRAXHOCT Ha Bb3ayxa (85-100 %),

e 3abpaHa 3a MpoBeTPsIBaHE MO BpEME Ha CUNeEH BATBP,
rPBMOTEBNLM 1 Bypu;

o 3abpaHa 3a NpoBETPsIBaHe NPW TEMNEPATYpH Ha BLHLLHNS
Bb3ayx Hag 30°C.

MMonesHo BOMbIHEHME MO OTHOLIEHME Ha W3WCKBaHMSATA 3a
BEHTUrauusTa MOXe Aa ce u3sneye ot yn.16 Ha Mpunoxexue




Ne4 ot [MpaBunHuka no Be3onacHoCTTa Ha Tpyha Npu B3pUBHY
pabotu:
e 4n.16. MNMoaseMHUTe CknagoBe 3a B3pWBHM MaTepuanu ce
NPOBETPSIBAT C OTAENHA Bb3ayllHA CTPys, ocurypsisalla 3a 1
yac 4-kpatHa obmsaHa Ha Bb3dyxa BbB BCUYKM M3paboTku Ha
cknaga.”

[Opyr HopmatuB, Ha KOWTO MOXEM [fa Ce MO030BeM Mo
OTHOLUEHME Ha KOMMYEeCTBOTO HAa Bb3JyXa HYXeH 3a
NPOBETPSIBAHE HA MOMELLEHME CbXPaHSBALLO MPOMMLLIEHU
B3pWBHM BellecTBa, € naparpad 28 ot lMpunoxenue VI Ha
MET B NOA3EMHM BBIMMWHWA  PYAHULMW, Cnopen KOWTO
KOMMYECTBOTO Bb3JyX Ce U3UMCrsABa Ypes n3pasa:

Q=0,083Vck, m3/min M

kbaeTo: Vck e 06emMbT Ha NnomMeLleHneTo B CKnada , m3

B npumepHuTe pelueHwsi, npeacTaBeHW Mo-HaTaTbk B
CTaTuATa, Ca W3NON3BaHW WAeuTe W  pernameHTuTe B
LMTMPaHNTE [OKYMEHTH.

MeTeoponoryHm usmepBaHus

MeTeoponoruyHu gaHHM U U3MepBaHus B Bbnrapus

Mo odpuumanuu paHHu B Bbnrapus geicteat Hag 120
METEOPOIIOTUYHM CTaHLMK, KOUTO PEerucTpupaT CKopocTTa U
nocokata Ha BaTbpa. CbOpaHWTe JaHHW OT W3MepBaHusATa
topmmpat 6asa gaHHM OT METEOPONOrMYHM HabMoaeHus.
Hanuyun ca gaHHu 3a nepuop oT Hag 70 roguHu, a 3a
nocnegHute 10-15 roguHu e cb3gafeHa v aBToMaThyHa Oasa
[aHHU OT MeTeopOnorMyHU HabmiofeHUs CbC CbBPEMEHHM
M3MepBaTENIHA METEOPONOTMYHM  CTaHUMK. WHCTUTYTBT no
xugponorus M meTeopororust  kbM  BAH  nybrukysa

cTaTucTMyeckn 0bpaboTeHN AaHHM OT Te3n M3MepBaHus , Kato
Hanpumep B Tabn.1. Ha 6asata Ha Tesu AaHHW, ce CbCTaBsAT
KapTV Ha BETPOBWSA NOTEHLMAN Ha TepUTOpUATa Ha CTpaHaTa,
KaTo HanpuMep kapTaTa nokasaHa Ha (gwr.4)

Average Wind Speed (m/s)

®ur.4. BetpoBa kapTa Ha Bbnrapus

OcBeH paHHuTE OT uamepBaHusita Ha HUMX npu BAH B
nocnegHuTe roguHu ce Habniopaea M dopmupaHe Ha 6asa
AaHHW C MeTEeOpOnOrMYHM U3MepBaHus OT Apyrn upmn u
WHCTUTYLUMU B W W3BbH NpegenuTe Ha Bbnrapus. O6MeHa Ha
WHOPMALMS, MHTEPHET U BCE MO-JOCTBLMHUTE aBTOMAaTUYHU
METEOPOMNOTMYHM CTAHLMM , KAaTO LieHa 1 Bb3MOXHOCTU NpaBsT
LOCTBIMHM [aHHW OT MHOTO MecTa B bbnrapusi, 0cobeHo Ha
MecTa KbfEeTO MMa NeTuwla Win Apyrv rpaxaaHckn obektu.
BknoyBaHeTO M [OOCTbMA HA [aHHW OT HSAKOM KOCMWYECKM
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TexHomnorum (kato HabmngeHNs OT caTenuTh) Cbllo dopMupar
cobctBeHn 0Oasn gaHHM Beye ¢ no Hag 10 roguHu 3a
MeTEOpONOrYHNTE HabnogeHust no ceeta U B Bbnrapus,
Makap v B o efbp Malyab kato Teputopus.

/3non3saHeTo Ha AaHHM OT HEO(MULMANHM U3TOYHULM Kpue
PUCKOBE MO OTHOLUEHMETO Ha NPOEKTMPaHETO Ha BeHTMna-
LIMOHHN CUCTEMM M MHXEHEPHN CLOPBHXKEHWNS nopagyn akTa,
Ye B MOBEYETO Cryyau He ca Cras3eHW W3UCKBaHWUATa Ha
HOPMaTMBHUTE JOKYMEHTU 3@ METEOPONOrMYHN HabnopeHns'.
[aHHuTe oT Tean HabnAeHUs MOXEe Aa Cryxar 3a OpUEHTUP
W CrepdeHe Ha TeHAEeHUMM Npy HabniogaBaHWTe napameTpu v B
MHOTO Marika cTeneH 3a npoekTupaHe. OBUKHOBEHO ckopocTTa
Ha BATbPa Ce M3MepBa Ha BucounHa 10 m Hag TepeHa, kato
Ce OTyaTaT CTOMHOCTM, YCPEOHEHW 33 [ECETMMHYTEH
uHTepBan ot Bpeme . B CheanHeHuTe Wat 0CpeaHsBaHETO
ce npasu 3a WHTepBan OT 2 MuHyTW, a B WHaus — ot 3
MWHYTW. Te3an 1 [Jpyrv pasiuku ce OoTpassBaT Bbpxy
cnocobHocTTa ga 6baaT cpaBHEHW AAHHMTE OT M3MepBaHusTa
3a BETPOBUS PECypC Ha AaAEHOTO MACTO.

lMpn nNpoeKkTMpaHeTo Ha ecTecTBEHa M MexaHuyHaTa
BEHTWNALMS 33 pasnuyHu PErMoHW Yy Hac ce W3nonssart
cucTemMaTmanpaHu TabnnyHW gaHHW, KOWTO ca Ha 6asata Ha
Hag 40 — 50 roguwHu MeTeoponornyHn HabnaeHus 3a
CbOTBETHUTE reorpadpcku MecTa. 3a CbXaneHue Tesn gaHHM
He ca akTyanuaupaHu oT 6mm3o 15-20 roguHn ¢ nocnegHuTe
[aHHW OT METEOPOSIOrMYHUTE HabmoaeHNs, KOeTo MoXe Aa
[OBeAe [0 ronsM MpOLEHT rpeluka Mpu MPOEKTUpaHeTo.
Vimanku npeasug, Ye TabnnyHnTe gaHHU ca camo 3a HAKOW Mo-
ronemu rpagoBe Mpu CbBPEMEHHOTO MPOEKTUpaHe Ha
BEHTUNALMOHHN CUCTEMM LLE € HYXHO Aa Ce ThPCAT KOHKPETHM
[aHHW 32 MeTeoponoryHuTe HabmiofdeHWst Ha MSCTOTO Ha
M3rpakaaHeTo UM UMK [Ja Ce ThPCU MOAXOAsLLA B3aMMOBpb3ka
(kopenauusi) ¢ AaHHW OT Hal-brM3Ko CTosWMTE METeopono-
TUYHM CTAHLMM UMW SHArOrognLLIHM HabnoaeHns

B nocnegHute roguHn ce HabniogaBa M WM3MEHEHWE Ha
napameTpuTe, KaTo CpedHM TemnepaTtypu M CKOpOCTW Ha
BATbPa, KakToO W Ha Jpyrn napameTpu B rOAMHUTE Hasapg,
KOETO BOAM O OCHOBATENHM BBMPOCK 3a NPOLbIIKUTENHOCTTA
Ha PeTpPOCMEKTUBHUS NEpUOL NMpU WU3NON3BaHETO Ha JaHHUTe
3a npoekTUpaHeTo. Hakon aBTopu cmaTar, ye bu Tpabeano ga
Ce aKTyanuaupaT MOCTOSHHO [aHHUTe M Te aa He Gbaar no-
ctapu ot nepuog 10-15 roguun. ToBa Hanara chopMupaHeTo
Ha aBTOMaTW4HM 0asn [aHHM CbC CbBPEMEHHW METeo-
POMOTUYHA CTAHUMM 33 W3MepBaHe C ronsMa MITbTHOCT Ha
pasnonoxeHue, KOWTO [da MOKpUBaT BCE MO  OBLIMPHH
TEpUTOPUN.

O6paboTka  cuctemaTUaMpaHe Ha METEOPONIOTUYHUTE
AaHHU

HannyHute BETPOBM pecypcu CUIHO  3aBUCAT  OT
KOHKPETHOTO MECTOMOMNOXeHne Ha obekta u 3aobukansiiara
ro cpepa. [laHHUTE BbB BpEMeTO OT OnuM3kuTE METEOoposo-
TMYHM CTaHUMK CTaTUCTUYeckn ce obpaboTteaT u 0bobLiaBar.
Hanpumep oT meTeoponornyHata ctaHuus B rp. [xeben ca
nybnuKkyBaHu CrefHUTe JaHHWZ, NokasaHu B (Tabn.2.).

1 WORLD METEOROLOGICAL ORGANIZATION (WMO)
2 KnumamudeH cnpagoyHuk 3a HP bvneapus, Tom IV Batbp. Codonst, 1982



Tabnuua 2. CpedHomeceyHa ckopocm 3a 2p. [keben

CpepHoMeceyHa CKOpOCT Ha BATbpa 3a TpW Yaca B .

Bpewe 8 [EHOHOLUMETO At

[EH. 2
f[wacal | I 10 f ] V]V VEVIVIfIX ] X | X)X

7 1412 116]16]0.8]/0.6]06]0.5|05(09[1.1]1.6]1.1

14 |[35]51]51]57|41]|36]35[3.9|3.7|13.8(3.6]3.6]4.1

21 (16]26]24]22|14[12]12|1.3|14[15]|16| 2 |17

M3non3eaHeTo Ha Beve 06paboTeHM [aHHM BOAWM OO
OrpaHn4eHns 3a Hyxgute Ha NPOEKTUPaHeTO Ha BEeHTUna-
LIMOHHNTE CUCTEMM, MPOM3TUYALLM OT HAYMHA HA CbOUpaHe u
cTaTucTUyecka obpaboTka Ha AaHHKTE.

Meteoponoruynute faHHm ot  HUMX-BAH, wmakap wu
cTatuctuyeckn obpaboTeHu 3a [JafeH nepuom W KOHKPEeTHO
MECTONONMOXEHNe, Ca C BMCOKA LeHa, a [JocTbna [o
,CypoBaTa“ basa OT JaHHM € HEBB3MOXKEH MMM CKbMO MNaTeH,
KOeTO BOAW A0 WKOHOMMYECKM HEONpaBhaHu pasxoan 3a
NpOeKTUPaHe Ha BEHTUMNALMOHHU CUCTEMM OCOBEHO 3a Manku
obektn. Jobpa npakTuka € 3mMepBaHeToO B peanHo Bpeme OT
METEOPOMNOrMyHa CTaHUMs Ha MACTOTO Ha obekTa C KoeTo ce
OCUrypsiBa Bb3MOXHOCT fja ce HaTpyna cobcTBeHa b6asa faHHM
338 KOHKPETHOTO MSACTO (pa3noniokeHWe) W NpedocTaBs
OOMBbNHUTENHM BB3MOXHOCTW, 3a BMAA W HaA4YMHA Ha
0bpaboTka Ha AaHHWTE OT M3MEPBaHMATA.

Cu6upaHe 1 06paboTka Ha AaHHU OT METEOPOSIOTUYHM
HabnoaeHus
EgHa cbBpeMeHHa MeTeoponornyHa ctaHums (cur.5) moxe
Aa peructpupa 1 3anuwe ronsm obem AaHHW. [danHute ce
rpynMpaT no pasnuyHu NnokasaTenu:
o CpegHu WM MakCUManmHM  CTOWHOCTM  Ha
TEMMepaTypa, aTMocepHO HansraHe, CKOpOCT Ha
BATBPA, MOCOKa;
o  [IHEBHW/HOLLHM CTOMHOCTM Ha M3BpoeHuTe no-rope
XapaKTepUCTUKL;
o MeceyHu, CE30HHM, FOANLLHN XapaKTEPUCTVKK 1 ap.

4

®ur. 5. MeTeoponoruyta ctaHuus Vantage Pro 2

OT rpynupaHeTo 1 cTaTucTUYeckata 06paboTka Ha AaHHUTE
MoraT Aa GbaaT MonmyyeHu pasnuyYHW MapameTpi Ha MUKpO-
KNMMaTUYHUTE YCTOBUMS HA JafleHO MSCTO 3a OnpedeneHu
nepuoau.
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YecmomHo pasnpedenieHue Ha ckopocmume

3aBMcMMOCTTa Ha crieuuduyHaTa eHepriis Ha BSTbpa OT
TpeTata CTeneH Ha CKOPOCTTa OMpedens To3u napameTbp
KaTo Knio4oB MNpW onpegensHe Ha BETPOBUA KanauuTeT.
BATbPbT Ce MEHM KaTo ronemMmHa 1 Nocoka 3a AafeHo MSCTO
Mo Ce30HW, NO AHMW, N0 YacoBe. Tean nNpomeHu Tpsibea ga ce
OTYEeTaT MpU NPOEKTMPaHe Ha W3MON3BaeMOCTTa 3a HyxauTe
Ha BETPOBEHTUNALMSTA.

[pomeHUTE Ha BATbpa 3a AadeH nepuod OT BpeMe ce
onuceat  uype3  (YHKUMS HA YECTOTHOTO BEPOSITHOCTHO
pasnpegeneHne. Hai pobpe BapuauuuTe Ha BSTbpa Cce
OMMCBaT Ype3s BEpOSITHOCTHOTO pasnpenenexne Ha Benbyn:

K)(w ) {ﬁjk
hiw)=|—||—| e"°
c/Lc 2

KbeTo. h(W) € BEePOATHOCTTa Aa UMa BATHP CbC CUna w;

W,
I — u3mepeHa ckopocT Ha BATbPa, M/s;

C — KOB(MLMEHT Ha roNeMMHaTa Ha ckopocTuTe, m/s

k — KoedhuUmMeHT Ha chopmaTta Ha pasnpeaeneHneTo.

KoednumeHtute B pasnpeneneHneto Ha Beibyn umat
CNEHNS CMUCHIT:

e C - rokassa Konko € "BeTpoBuUTO" Ha MSACTOTO Ha
M3MepBaHe M VMa [OWPEKTHO OTHOLIEHWE KbM
cpefHaTa CKopocT;

e K - e OespasmepHa BenuuMHa, XapakTepusupalla
rPyNMpaHOCTTa Ha AaHHWUTE OKONO JafeHa CTOMHOCT
— KOMKOTO CTOMHOCTTa Ha K € no-ronsiMa TOrkoBa
[aHHUTE ca rpynupaHu B TECEH AMana3oH OKOMO MUK
B cpefaTta Ha onpefeneH uHtepsan (cur.6).

50 ¢
c=Tm/s

Ha

,.
cxopocmma Ha eambpa [%]

P

0 5

10 15 20 25

CkopocT Ha BATbpa [m/s]
®ur. 6. BnusHue Ha koedhuumeHTa ,,k“npu pasnpegeneHue Ha Beibyn

PasnpeaeneH1eTo Moxe Aa ce NpesbpHe W B NPOLEHTU Uin
OTHOCUTENHW €OMHULW, KOETO € U MO-YECTO CPEL|aHOTo
npeactaBsiHe. CKOPOCTHWTE MHTEPBANW Ce MPEeLcTaBAT CbC
cTbnboBE C pasnuyHa OCHOBA B 3aBMCUMOCT OT HaTpynaHaTta
6asa paHHW, Hampumep 0,5 m/s (¢ur.7). o opauHaTa ce
HaHacsT 4ecToTMTe (MNM B YacoBe MMM B MPOLEHTM) Ha
peanusaumsiTa Ha T03u CKOPOCTEH WHTEPBa B MU3MEPBAHETO.



3000

2500

YecroTa, 6p.

0 1 2 3 4 5 6 7 8
CpeaHa CKOPOCT Ha BATLPa, M/s

®ur. 7. YecToTHO pasnpepeneHne Ha CKOPOCTTa Ha BATHPA.

Cratuctuyeckata obpaboTtka 3a HamupaHe Ha YeCTOTHOTO
pasnpedeneHne Ha BATbpa HW [faBa no-gobpa 6asa 3a
npecMsiTaHe M OLUEHKAa Ha  MPOM3BOAMTENHOCTTA  Ha
BETPOBEHTUNATOPUTE, KOSITO 3aBWCU KaKTO OT CKOpOCTTa Ha
BATbPa, Taka W OT YecToTata W NPOOBbIDKMTENHOCTTAa Ha
NosIBSIBAHETO Ha Ta3u CKOPOCT.

Kopenauus Ha daHHU om Memeopos102UYHU HabrdeHus

MpegumcTBaTa Ha BsTbpa KaTo €HeprMeH Hocuten (3a
A00MB Ha enekTpuYecka EHeprust Unu 3a W3nonseaHe npw
NpOBETPsIBaHE C BETPOBEHTUINATOPM) Ce OLEHSBAT Bb3 OCHOBA
Ha BETPOBMS PECYPC, C KOMTO MPOEKTHUs 0BeKT pasmnonara.
MamepBaHuns e Heobxogumo Aa Ce M3BbpAT TOYHO Ha
MSICTOTO, KbETO Ce MnaHupa uarpaxaaHe Ha BeTpPOBEHTUNa-
LMOHHA MHCTanaums.

Korato He ca HamMuHM JOCTaTbYHO AaHHW 33 OpMUpaHe
Ha YeCTOTHO pasrnpefeneHne Ha BaTbpa, 0OUKHOBEHO TON ce
OLieHsIBa Ha OCHOBAaTa Ha U3crnefBaHnsa 3a cpegHaTa CkopocT
Ha BATbPa C NPOABLITKUTENHOCT He NO-Marnko oT 1 roguHa. He
BuHarW obaye e ygayHo NPOLBLITKWTENHO M3MepBaHe, a OT
Jpyra cTpaHa MOXe Aa ca HanuyHU U3MepBaHus B 6nmM3ocT 4o
obekta. 3atoBa Ce TbpCW Bpb3ka (kopenauus) Mmexay
HanMWYHW JaHHM B OnM30CT O MSCTOTO U KPaTKOCPOUHU
“3MepBaHus Ha camus 00eKT. B 3aBMCMMOCT OT KOHKpETHUTE
ycrnosus kopenauus (dur .8) Moxe fa ce Tbpecu MO HSKOMKO
HauuHa:

e HanuuyHu gaHHW OT eayH, ABa WM NOBeYe NyHKTa 3a
MOHUTOPUHT, pa3nonoxexu B 6nusoct go obekta

e Jlunca Ha AaHHM B LUMPOKWTE rpaHuLM Ha obekTa u
HEBb3MOXHOCT 3a MpoBexaaHe Ha CoBCTBEHM
“3MepBaHNs B BNIM30CT [0 KOHKPETHWs obekT, a
CaMO KPaTKOCPOYHM Ha camusi 0BeKT;

BeTpoBeHTUnaTopm

/3non3BaHeTo Ha ENeKTPUYECKM CLOPBKEHUS B CKNajoBe
33 CbXpaHeHue Ha B3pWBHM MaTepuanu ce u3bsrea OT
CbODpaxeHUst 3a CUrYpPHOCT M MpU CrieumanHu M3MCKBaHMS
(B3p1BOGE30MACHO N3MBMHEHNE W OP).
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W,,=0.085 - 0.207Wj + 0.209W,2 + 0.122W,3
Coef of determination, R-squared = 0.972
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®ur. 8. Kopenauus Ha faHHM Mexay ABe CTaHLMK

EnHa antepHaTiBa e NpoBETpsiBaHE C BETPO-BEHTUNATOPU
(ur.9) - 6e3MOTOPHM CLOPBLKEHUS, 3aOBUKBAaHU OT EHep-
msTa Ha BATbpa. CkOpoCTTa Ha Bb3OYyLWHOTO TeYeHue e
onpefensiia BeNMWYMHa 3a W3MON3BaHETO Ha BATbpPHATa
eHeprus, kakTo Gele KOMeHTMpaHo no-rope. [leicTBueTo Ha
CbOPBKEHNETO € CUIYPHO M NpocTo. [laxe u Han-cnab BATHLP,
Npeau3BMkBa 3afBWkBaHe Ha

[OCTWrHAN [0 nonaTkute,
TypbuHara.

®ur.9. Typ6UHHU BeTPOBEHTMNATOPK

LlentpobexHata  cuna, Bb3HUKHanNa  BCMeACTBUE
OBVKEHNETO Ha TypbuHaTa, Cb3aaBa YacTUyeH Bakyym B Hes,
KOMTO Npean3BUKBA JBUKEHUE HA Bb3AYLUHUA NOTOK OT NOMe-
LWEHMETO KbM BEHTMNATopa M KbM BbHLUHATa atmocepa.
CkopocTTa Ha BbpTeHe Ha TypbuHaTa e nponopuuoHanHa Ha
CKOPOCTTa Ha BATbPa W He 3aBUCW OT HeroBata NoOCOKa
(OuHueB, 2013). TypbuHHMTE  BEHTWNATOpM  3acuneat
nposeTpsiBaHeTo (chur.10) npes NoLNOKPUBHOTO NPOCTPAHCTBO
MO aKTUBEH 1 MACWBEH HAYVH.

®wur.10. NMpoBeTpsBaHe C BETPOBEHTUNATOPK



OTBOpPbT Ha [IbPROTO Ha BEHTUNMATOpa [JonpuHacs 3a
nofobpsieaHe Ha CLOTHOLUEHWETO BXOOHW/M3XOLHU OTBOPU
(nacMBeH HauuH), [OKATO Cb3fajeHata MexaHudHa U
€CTeCTBeHa Tara npeAcTaBnsiBa aKTUBHO CpeacTo  3a
ycuriBaHe Ha BeHTWNaUWsTa. ,YNaBSHETO" Ha BATbpa Npasu
BETPOBEHTUNATOPA BATbPHA TypOWHA, HO W3HACSHETO Ha
Bb3dyxa OT MOMELLEHMETO Ype3 BbpTEHE Ha rnaBuHaTa ro
OnpunMyYaBa Ha BEHTUNATOP.

BeTpoBnTe NOKPMBHM BEHTUNATOPM Ca MHOMO Neku (Macata
uMm e oT 9 go 27 kg), HO u3gbpxaT CWUMHM BETPOBE — OT
nopsigbka Ha 240 km/h, KaTo yCTOMYMBOCTTA UM Ha OMbH M Ha
NPOHMKBaHE Ha BOLA NP WHTEH3WBHW Banexu v npasu Bce
no NpUMamIMBX 3a OCBLLECTBSBAHE Ha CMELMMUYHN BEHTU-
NauMoHHM 3apjaun. Hskou OT npegumcTBata mpu M3NON3-
BaHETO Ha BETPOBEHTUNATOPUTE Ca:

v' PaboTaT HenpekbCHATO npe3 LSNoTO [EeHOHOWME, C
VHTEH3MBHOCT 3aBuCeLLa OT CKOPOCTTa Ha BATHPA;
lMpon3BOAUTENHOCTTA HA BETPOBEHTUNIATOPA HE 3aBUCK OT
nocokara Ha BATbpa;

HvkakBu Mnu MHOTO Marmku eKkcnroaTauuoHHU pasxoam,
BKIMIOYMTENTHO U 3@ eN. eHeprus;

MpakTuyeckn HGE3LIYMHM KaKTO Ha MSCTOTO Ha MOHTaxa
Taka 1 B MecTtaTa Ha M3CMyKBaHe OT NOMeLLEeHusTa, Jopu
NPy BUCOKM CKOPOCTU Ha BATHPA;

Moxapo6e3onacHu 1 BbTPELHO B3puBObe3onacHw;

Jlunca Ha BMGpaLMM MO Bb3LYXOBOAMTE W KOHCTPYKUMATA
Ha crpapara;

lMpy BBPTEHETO CU MOBEYETO KOHCTPYKLMM He reHepupat
TPENTEHUs Ha Bb3gyxa C YECTOTU KOWUTO Aa BIUAST
HEeraTUBHO Ha YOBELLKWUS OPraHU3bM UMK NTULUTE;

He npornyckaTt Boga u CHAr JOpU NPW NPOLbIMKUTENHU U
WHTEH3MBHW Banexu;

PasnuuHn matepuanu M MNOKPUTUS, B 3aBMCUMOCT OT
XMMUYecKkaTa akTUBHOCT Ha U3HACSHUTE BPEHOCTYU , KaTo
KMCENMMHHM Napu 1 ap.

Bb3MOXHOCT 3a nponyckaHe Ha CbHYeBa CBETIMHA Mpes
BEHTMNaTopa 3@  eCTeCTBEHO  OCBETSBAHe  Ha
NOMELLEHUATA;

lMoBeye OT 4 MbTU NO-NEKN OT E€KBWBANEHTHUTE MO AeOUT
€NEKTPUYECKM BEHTUNATOPY;

JlecHo ce apanTupaT CbM  pasnUyHKTE
KOHCTPYKLAW 1 HaKIMOHMK;

Bbp3o Bb3BpBLLAHE Ha BIOXEHUTE CPEACTBA;
AMOPTH3aLMOHEH NEPNOZ — NO-TONSAM OT 15 roguHu;
W3pabotBaT ca OT BMCOKOKA4YEeCTBEHWM MaTepuamy W
€NeMEHTH, KOETO MM rapaHTMpa AbSTbr KMBOT* Ge3
NPOMsIHA Ha XapaKTepuUCTUKUTE CU. ATPaKTUBEH AM3aiH U
pasnuyHu LBeToBe, cbobpaseHu ¢ hacazaTa Ha crpapara;

v

v

MOKPUBHM

{\

[aHHn 3a paboTaTta Ha BETPOBEHTUNATOpPUTE MpW Onpege-
NEHN BETPOBM YCIOBWS CE NPESOCTaBAT OT MPOM3BOAUTENHUTE.
3a TypbuHHuTe BeTpoBeHTUnatopn HURRICANE Ha dupmata
Edmonds Pty Ltd B (Muxainos n gp.,2007) ca usBeaeHu
3aBMCUMOCTI MeXAy CKOpOoCTTa Ha BATbpa Wa 1 u3cMyksaHus
pebut Qv (1abn.2), a Ha cwur.11 u ur.12 ca npencTaBeHn
rpacuyHo.
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Tabnuua 2. Ckopocm Ha ésimbpa - debum

T OGemeH gebur
“n BeTPOBEHTUNATOP Q, m3h
H 150 Qv = 217,026xWa + 33,49
H 225 Qv = 356,76xWa + 54,054
H 300 Qv = 454,92xWa + 212,53
H 400 Qv = 559,24xWa + 400,27
H 450 Qv = 663,56xWa + 624,01
H 500 Qv = 899,65xWa + 385,12
H 600 Qv = 1040,49xWa + 498,72
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®ur.11. XapakTepucTMKM Ha ManmbK pas3mep BeTPOBEHTUNATOPU Ha
Edmonds Pty Ltd
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CKOpOCT Ha BATbpa , m/s

®ur.12. XapakTepucTMKM Ha cpedeH pa3mep BETPOBEHTMNATOPU Ha
Edmonds Pty Ltd

Mpe3 BETpOBEHTMNATOPa NMPOTMYAT fBa NOTOKA — 3aCMYyK-
BaHWUs 4eBUT OT MPOBETPABAHMA OBEKT U YacT OT BETPOBUS
MOTOK, KOITO HaBMK3a B MPOCTPAHCTBOTO MeXy NONaTkuUTe Ha
TypGUHATa OT HaBeTpeHaTa CTpaHa M MnpemuHaBa npes
npoHuLaemMoTo paGoTHO koneno. Bbe BeHTWnaTtopa [gata
rnoToka ce pa3mecBaT M HamyckaT paboTHOTO komemno ot
rnoABeTpeHaTa cTpaHa MHOro J06pe CMeceH!.

MMOTOKbT, KOWTO NOCTbMNBa BbB BETPOBEHTWNATOpa OT
npoBeTpsiBaHWs 0BeKT unu nomelleHne, ce dopmupa OT
BEeTpoBata TAra M ecTecTBeHaTa TAdra. BeTposva MOTOK
3aBMCM OT CKOPOCTTa Ha NOTOKa, KOMTO 06TM4a BeTpo-
BEHTUNaTopa.



Opa3mepsiBaHe Ha BeTPOBEHTUNALUA

LlenTa Ha opa3vepsiBaHETO Ha BETPOBEHTUNALMATA 3 E4HO
MoMeLLeHe Ha CKMaf 3a MPOMWLLIIEHN B3PUBHU BELLECTBA €
fa ce noabepe npaBWiHWS BWA, Tumopasmep, Opoit U
pas3rnonioXeHne Ha BETPOBEHTUNATOPUTE 33 OCHLUECTBSBaHE
Ha NpoBeTpsBaHeTO. 3a MOCTUraHe Ha TO3u pesynTar e
HeoGXOAMMO Ja Ce Crasu criefHaTa NocnefoBaTenHoCT:

e Ctbnka 1 - CwbupaHe, aHanua u obpaboTka Ha Hanu4yHUTE
MeTEOopOOrMYHM HabNaeHNS 1 AaHHN;

e Ctbnka 2 - [I3bop Ha BMOa Ha BETPOBEHTUNATOPUTE U
M34YMCNSIBaHE Ha KOMMYECTBOTO HA 3aCMyKBAHUAT AebuT OT
BCEKM edyWH Nogxodsiy, Tunopa3mep BeTpoBeHTUnaTop Qa B
3aBMCMMOCT OT CKOpOCTTa Ha Bsitbpa Wa u yectoTtata Ha
nosiBsIBaHe Ha CKOpOCTTa Ha BATbpA.

eCtbnka 3 - lsuucnsieaHe Ha KONMYECTBOTO Bb3yX
Heobxoanmo 3a NpoBeTpABaHE Ha MNOMELLEHNETO CbrnacHo
HOPMaTUBHUTE U3NCKBAHNA N OOKYMEHTU;

e CTbnka 4 - MsuncnssaHe Heobxoanmms Bpot BETPOBEHTH-
naTtopy 3a BCEKM eauH Tunopasmep, Heobxogumu 3a
BEHTWUNALMATA HA NOMELLEHNSITA Ha CKNaaa;

e Ctbnka 5 - M360p Ha pasmepa, 6pos 1 pasnonoxeHNEeTo Ha
BETPOBEHTUIIATOPUTE.

MpumepHu pelueHmns

Mpumep 1

[a ce opasmepu BETPOBEHTUMAUMS HA CKNag 3a B3PUBHM
BeLLECTBa HaxogsLy ce B panoHa Ha rp.byprac. [la ce u3bepe
NOAXOASLL, TUMopaMep 1 Aa ce NpecMeTHe Heobxoaumus 6poii
BetpoeHTunatopu HURRICANE Ha cupmata Edmonds Pty
Ltd.

Pasmepute Ha nomelleHueto (cpur.13) ca gbmxkuHa 35m,
wupoumnHa 5m, n BucoumHa 3.5m. O6emMbT Ha NOMELLEHUETO €
V=612,5 m3. Heobx0aMMo e 0CbLUECTBSBAHETO HA MAHUMYM 4
KpaTeH Bb3ayxoobMeH Ha vac.
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3.5m
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35m
®ur. 13. Momelwwenne Ha cknap 3a BB 3a npoBeTpsiBaHe B BETPOBEHTU-
natopu

Cmubnkat
Obpabotka n cucTemMaTM3MpaHe Ha MeTeopoNorMyHUTE
HabnogeHus:

B paioHa Ha cknafa 3a B3pMBHW BeLLECTBa Ca NpoBeaeHU
€[HOTOOMWHN MeTeoponorMiHu Habnopenns. B tabn.3 ca
[afleHn cTaTucTnyecki 0bpaboTeHNTe aHHM 3a CKOPOCTTa Ha
BATbPA B panoHa.

Cmbnka?2

M3umcnsea ce KONMMYEeCTBOTO HA 3acMyKBaHWAT Aebut oT
BCEKW €OMH NoaxoasLy BeTpoBeHTUnaTop Qa B 3aBUCUMOCT OT
ckopocTTa Ha BaTbpa Wa M 4ecToTaTa Ha nosiBsiBaHe Ha
CKOPOCTTa Ha BATbPa, M3NOM3Balku AaHHWUTE OT (Tabn.2) u
(dour.11 n 12). Hanpumep 3a BeHTunatop H150 ¢ ypaBHeHue:
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Tabnumua 3. Yecmomu Ha eambpa

CkopocT Ha | AGconioTHa OtHocuTenHa
BATbLPA, m/s | yecToTa, Op. yecToTa

0 8731 0.167
04 5501 0.106
0.9 4301 0.092
1.3 5188 0.100
1.8 5107 0.098
2.2 4461 0.086
2.7 3862 0.074
3.1 3182 0.061
3.6 2788 0.053
4 2774 0.053
45 2122 0.041
4.9 1414 0.027
5.4 972 0.019
5.8 626 0.012
6.3 326 0.006
6.7 177 0.003
7.2 48 0.001
7.6 48 0.001
8.5 7 0.0001

Qv = 217,03xWa + 33,49, m¥h npu ckopoct Wa=2,2m/s u
OTHOCMTENHa 4Yectota Ha noseasaHe 0,086 nonyyaBame
pebut 43,7md3/h. Cvbupaiku 1ebutute No OTAENHUTE YECTOTM
Ha nosiBABaHe Ha BATbpa MonyyaBame oOWMAT pedbut
3aCMyKBaH OT BEHTMMNATOpa B NPOABLITKEHNE HA €OMH Yac npu
AaAeHOTO YECTOTHO pasnpeaeneHne Ha CKOpoCTTa Ha BATbpa.
[aHHUTe OT n3umucneHusTa 3a 4 Tna BETPOBEHTUNATOPM Ca
npeacTaBeHu B Tabn. 4

Tabnuua 4. MsqucneHu debumu

OtHocutenna | BebuT Ha BenTunatopa, m¥h
Wa, m/s

yecToTa H150 | H225 | H300 | H400

0 0.167 0.0 0 0.0 0.0
04 0.106 12.7 20.8 | 41.6 | 65.8
0.9 0.092 21.1 345 | 57.3 | 83.2
1.3 0.100 314 51.5 | 80.0 | 112.2
1.8 0.098 415 68.2 | 101.0 | 137.8
2.2 0.086 43.7 71.8 [ 103.8 | 139.5
2.7 0.074 459 75.4 |1 106.7 | 1415
3.1 0.061 43.1 70.8 | 99.0 | 130.2
3.6 0.053 43.6 716 | 98.9 | 129.1
4 0.053 48.0 78.8 | 108.1 | 140.3
45 0.041 411 67.5 | 92.0 | 118.7
49 0.027 29.8 489 | 66.2 | 85.2
54 0.019 22.5 36.9 | 49.8 | 63.8
58 0.012 15.5 255 | 342 | 438
6.3 0.006 8.8 144 | 192 | 245
6.7 0.003 5.1 83 | 11.1 | 141

7.2 0.001 15 2.4 3.2 4.1
7.6 0.001 15 2.5 34 43
8.5 0.0001 0.3 04 0.5 0.7
06wy aebut Qa, m3/h 456.9 |750.3 1076 |1439

Cmbnka 3

MauicrisiBa ce KONMMYECTBOTO Bb3AyX Heobxogumo 3a
NpOoBETPABaHEe Ha NMOMELLEHUETO NpU 3aaaeHaTa KpaTHOCT Ha
Bb3gyxoobmeHa Nk=4h!



Q=V.N¢=612.5*4= 2450 m3h,

kbaeTo V = 35¥5*3.5=612.5 m3 e obema Ha cknaga 3a B3puUBHU
BeLLeCTBa.

Cmubnka 4
Wauncnsisa ce Heobxogumusit Bpolt BETPOBEHTUNATOPK 3a
BCEkM eauH Tunopasmep no 3asucumoctta Nv=Q/Qa wu
nomny4aeame:
e 3aH150=5.36 bpos ;
e 3aH225=3.26 6pos;
e 3aH300=2.27 6pos;
e 3aH400=1.7 6pos;

Cmpbnka 5

M360op Ha Tuna, Opos U pPa3NOMNOXEHMETO Ha BEHTWUNa-
TOpUTE.

C orneqn Ha reoMeTpUYHUTE pasMepy Ha NOMELLEHMETO ce
n3bupa BETPOBEHTUNAUMATA [Ja Ce OCbluecTsBa C 6 6post
BeHTunatopn H150, kouto ga 6baat B €AuH pen Ha egHakso
pascTosHue 0T 5 MeTpa eauH oT Apyr. 1o T03n HauuH We ce
U3BBPLUN NO-PABHOMEPHO pasmnpedeneHne Ha W3CMyKBaHMS
Aebut oT cknaga , OTKOMKOTO ako uanonssame 4 6pos H225
unu 3 6post H300.

Mpumep 2

[a ce nogbepe u npecmeTHe HeobxogumuaT Bpoit BETpPO-
BeHTunatopn HURRICANE 3a BeHTUnauusiTa Ha noMeLLeHne
Ha Ccknag 3a B3pWBHM BellecTBa ¢ 00w obem V=432 m3 .
PaioHa Ha cknaga ce Hamupa B BrimsocT go rp.byprac cwe
cpedHa cKkopocT Ha BATbpa oT 2,4 m/s. Heobxogumo e
OCbLLECTBSBAHE Ha MUHUMYM 4 KpaTeH Bb3yXx00OMeH Ha yac.

Peluenue:

CnegBaiikm  CTBbMKMTE MOMyyaBame ClegHWUTE [daHHW  OT
u3uMcneHusTa 3a 6pos M BMOA Ha BETPOBEHTUNATOPUTE
npeacTaBeHu B Tabn.5.

Tabnuua 5. Peaynmamu om usqucneHusma

Heobxoanm CropocT Bpoit BeHTNaTOpY
KpatHocT|  pmebut |

m3h M'S 1 H150 | H225 | H300 | H400 | H450
4 1728 24 [312]190 (132099078
5 2160 24 390|237 (1661240097
6 2592 24 |468|285/(199 149|117
7 3024 24 | 546[332(232|174 136
8 3456 24 |623(380265]198]|156

OT HanpaBeHUTE W34YMCNEHUSI MO-TOPe Ce BWXAa, 4Ye 3a
OCUTYpsIBaHETO Ha NMpenopbYMUTENHaTa KpaTHOCT No-roNisma ot
4 ca HeobxoaumK 3a NOMeLLEHNETO Ha cknada 2 bpos H225,
KOWTO OCUrypsBaT KPaTHOCT Ha NpoBeTpsiBaHeTo Nk= 4;2.

Ako u3bepem ga MoHTMpame 2 6pos BETPOBEHTWNATOpa
H300 vnu 3 6post H225 T0 npu fageHuUTe yCnoBuMs e NoCTHr-
HeM Hag 6 KpaTeH Bb3fmyxoobMeH Ha yac. OKOHYaTENHWAT
u3bop ce npaBu Ha BasaTa Ha Bb3MOXHOCTUTE 3@ MOHTUPAHE
Ha BETPOBEHTWUITATOPUTE W HAAEXAHOCTTAa Ha METEOPONorny-
HUTE AaHHW.

3aknioyeHune

BeHtunauusta Ha obektn, B kouto pabotar, npebusasat
Xopa wunn ce W3BbpPLIBAT TEXHOMOMMYHW AEMHOCTH, UMa 3a
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Len Aa nofabpxa onTUManHa BbaayluHa cpefa. [paBuiHoTo
NpoBeTpsiBaHe Ha eauH 0DEKT U3MCKBa NoaaBaHe, OTBEXdaHe,
npemecTBaHe UNu LiUpkynauus Ha onpeaeneHn obemn Bb3ayx
B [paHMUMTE Ha MOMELUEHWETO Taka, Ye TemnepaTtypata,
BMAXHOCTTAa WM YMCTOTaTa Ha Bb3fdyXa Aa Ce Moaabpxar B
onpefieneHu rpaHuLK, KOUTO ca HeobXoauMK 3a HOpManHOTO
npoTuyaHe Ha npouecute UM pabotata B  [1aAEHOTO
nomelLieHue.

3a cknafose C ONacHM matepuani, Npu KOWTO e 3afdbrl-
KUTENHO [1a Ce Cna3Ba CrieLManeH PexuM Ha [OCTb, HO Ce
Hanara npoBeTpsiBaHe 3a OcUrypsiBaHe Ha Ge3onacHu ycroBust
Ha CbXpaHeHue, € NOAXOAALO0 TOBa NPOBETPABaHE fAa ce
OCBLLUECTBABA C BETPOBEHTUNATOPU. TO31 NOAXOA € UKOHOMMU-
YECKM M EKONOTMYHO U3rodeH, He & MHOrO NOMyNAPeH, KOETo o
MpaBn akTyarneH M C HeobBXoaumocT OT AOMbIHMTENHO
nonynsapuanpaxe, NOAKPENEHO C AOMbIHUTENHN U3CNeaBaHNs!
3a [oMbriBaHe Ha XapakTepUCTUKMTE Ha PasNiyHM TUMoBe
BETPOBEHTUNATOPY.
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KOHLUEHTPALUA HA BbIMEPOOHUA OUOKCUA B ATMOC®EPATA HA NNEKLUMOHHA
3ANNA C ECTECTBEHA BEHTUINALIUA

Kanunka Benuy4koea, Matiss Baykuyesa, [lnameH Casoe

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogbus, k.velichkova@mgu.bg

PE3IOME. BbrnepogHusT AMOKCUA € €[vH OT BaXHUTE NapameTpu, OnpedensiyM KayecTBOTO Ha Bb3[yXa BbB BbTPELIHATA CPeAa Ha MOMELLEHWS, BKITIOYNTENHO
y4ebHuTe 1 nexkumoHHMTe 3anu. MoBuLLABaHETO My ABa W MOHAKOra A0CTa MoBeye MbT HaA npueTata Hopma (400 ppm - 1000 ppm, cbrnacHo DIN-1946-6) Bnusie
HebnaronpuATHO BbPXY KOHLEHTpaLMATa Ha BHUMaHWETO 1 yMcTBeHa paboTa Ha obyyaBaHuTe W npenodasatens. 3a ocurypsisaHe 1 NoAAbPXaHe Ha NpuemMnuBo
HMBO Ha KOHLeHTpaumaTa Ha CO2 BbB Bb3Ayxa Ha y4ebHW 3anu u paboTHW nomelleHNs e HeobxoanMo fAa ObAe OCbLLECTBABAHA NOCTOSHHO MMM NEPUOANYHO
BEHTUNMauMa Ha Bb3fyxa. B HacTosdwara paboTta ca mokasaHn pesyntaturte OT M3CMEABAHETO Ha MPOCTPAHCTBEHOTO pasnpedeneHue Ha KOHLeHTpauusTta Ha
BBITIEPOHNA AVOKCMA W TemnepaTtypata B [Be NekuvoHHn 3amm ¢ obem 103 m3 u 300 m3. OcseH ToBa € mpocrnedeHa eBomnioLMsTa Ha Te3n napameTpu B
3aBUCMMOCT OT Bpost Ha xopaTa B 3anaTa U MHTEH3MBHOCTTA Ha CTECTBEHOTO NPOBETPSBAHE.

KntoyoBu gymu: BuriepoeH avokeua, kauecTeo Ha Bb3ayxa, eCTECTBEHA BEHTUMALMS, BbTPELLHa yYnuLHa cpesa

INDOOR CARBON DIOXIDE CONCENTRATION OF A LECTURE HALL WITH NATURAL VENTILATION
Kalinka Velichkova, Maya Vatzkitcheva, Plamen Savov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, k.velichkova@mgu.bg

ABSTRACT. Carbon dioxide (CO) is one of the important parameters determining air quality in indoor rooms including classrooms and lecture halls. Its raising twice
and sometimes a lot more times than the accepted norm (400 ppm - 1000 ppm, according to DIN-1946-6) adversely affects the concentration of attention and mental
work of the students and the teacher. To provide and maintain an acceptable level of CO2 concentration in the air in classrooms and workplaces it is necessary to
performed continuously or periodically air ventilation. In the present work the results of the study of the spatial distribution of the carbon dioxide concentration and
temperature in two lecture halls with a volume of 103 m3 and 300 m3 were presented. Furthermore, the evolution of these parameters depending on the number of
people in the hall and the intensity of natural ventilation was tracked.

Keywords: Carbon dioxide, indoor air quality, natural ventilation.

BuBepeHue OcHoBHMTE ~ 3ambpcuTenn  Ha  atMocepata  BbB
BbTpellHaTa cpeja Ha NOMELWEHUsITa UMaT  W3TOYHWLM,
KauyecTBoTo Ha Bb3dyxa B 3aTBOPEHW MOMELLEHUS Ce HamMpaLLu ce NpeAuMHO B camuTe crpaau. Toea ca Hail Beve
onpegens Karo HeOGXOD,MMVlﬂ Ha YOBEK CBEX W MpusTEH O6V|TaT€J'|V|Te, KOUTO Kn3guwiat oborateH Ha BbrnepoaeH
Bb3AYX, KOWTO fAa He BPeAM Ha 3mpaBeTo My, Aa uma pvokens (COz) Bb3myx. CbAbpKaHUETO Ha BbITEPOAHNS
NONOXUTENHO Bb3AECTBME M fla CTUMyNMpa paboTtaTa My i AvoKcug B okonHata cpeaa apupa mexay 0,03 % (300 ppm)
[1a noBuLwaBa npoussoautenHoctTa My (Fanger, 2006). 1 0,06% (600 ppm) B 3aBUCMOCT OT paitoHa. B naauwanms ot
YyoBeK Bb3ayX TO e OKOMo 4.5%
BRMSHUETO Ha CbCTaBa Ha BbajyXa B 3aKPUTU MOMELLEHIS (http://solbulgaria.eu/safe/L %20C0O2.pdf). [ipyrv 3ambpcutenn
BbPXY YOBELWKOTO 3apaBe € oun obekT Ha LieneHaco4eHu Cca eMucumTe OT CTPOUTENHUTE MaTtepuanu, MeﬁenMpOBKaTa,
HayuHM u3cniedsaHMs oT mpemu 150 rOgMHM, olwe ¢ Gou, pasTBOPUTENM M T.H., WHTEH3MBHOCTTA Ha KOWTO
Bb3HWKBAHETO Ha HaykaTa 3a xurveHata (Sundell, 2004; HamansBea [0 Hyna B paMK1TE Ha HAKONTKO Mecela.
Bosmxues, 1990). Yuctotata Ha Bb3gyxa B MOMELLEHUS W
ObuUCM OKasBa Bb3AEHCTBME W BbPXYy Ka4yeCTBOTO Ha CkopoctTa, ¢ kosiTo uoBek reHepupa COz, 3aBuCKH OT
,U,eleOCTTa, KOSITO pa60'|'e|_u'y|Te B Ta3nW cpeda M3BbpLUBAT NPOABMIXUTENHOCTTa U WMHTEH3UBHOCTTA Ha (*)I/I3V|'~|eCKaTa n
(Wargocki et al., 2006; Liu et al., 2010; Satish et al., 2012). MO3byYHaTa aKTWBHOCTM, KakTo U OT cTpeca (Lazovi¢ et al.,
2015). TlpogbmKUTENHOTO U3naraHe Ha atMocdepa C
CbBpEMEHHNTE M3NCKBAHWS 3a eHEpPrninHO eGIeKTUBHO HOBO NoBULLIEHA KOHLIEHTPALA Ha BBIMEPOACH AUOKCUA NPUYNHABA
CTPOMTENCTBO M OOHOBSIBAHE Ha CTapy crpagn C Orneq BroliaBaHe Ha BHUMAHMETO, BNUSAE HETaTMBHO BBLPXY
HaMmarnsiBaHeTO Ha KOHCYMaLMSITa Ha eHEprust U CBbP3aHUTe ¢ CTeneHta W NPOABLIKUTENHOCTTA Ha  KOHLEHTpauuaTa,
TOBa Pa3x0fM CBEXAAT [0 MUHUMYM ecTecTBeHaTa 0bMsHa Ha yBenuyaBa pascesHOCTTa, BOAK A0 rmasofonue U no-Gbpsa
Bb3AYX Ype3 MHMNTpaLus. ToBa Hanara HeobxoaumocTTa ot ymopsiemocT Ha obutatenute (Wargocki at al., 2006).

OOMbITHUTENHO NPOBETPABAHE HA NMOMELLEeHNATA.
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Mopagn Tasn MpuynMHa KOHLEHTpauusTa Ha BbrnepogeH
AVOKCHA LIMPOKO Ce M3MOM3Ba KaTo eAuH OT nokasatenute Ha
KauecTBOTO Ha BbTpelHaTa atmocdepa B oduck, paboTH
nomeLLeHns 1 0coBeHO B yunnuLa.

lonamaTta nAbTHOCT Ha obuTaBaHe Ha KnacHWTe Crawm,
Bb3pacTTa Ha obutatennte 1M LenTa, 3a KOATO Te ca Tam,
npasn npobremMbT 3a KayeCcTBOTO Ha Bb3gyxa BbB
BbTPELlHAaTa Cpefa Ha yunnuwata W3KMYATENHO BaXKeH.
MMpogbMKMTENHOTO M3NaraHe Ha 3aMbpCEH Bb3AyX MOXe fa
[oBefe [0 TpalHu 3apaBocrnoBHM npobnemn. OcBeH TOBa,
kayeCTBOTO Ha Bb3dyxa BbB BbTpelWHaTa cpeda Ha
yynnuwata Tpsbea ga nogobpsisa kauecTBoTo Ha 0By4eHneTo
Ha yvawwrte ce (Fanger, 2006), T.e. cnocobHocTTa UM Aa
Bb3npuemar, pasbupat v HayyaBaT npenoaaBaHus matepuan,
a CbLUO 1 nocTkeHuaTa uMm. Pesyntatute OT u3cneasaHusTa
Ha Heschong Mahone Group, California Energy Commission
(2003) noTBbpkOaBaT MONOXMTENHOTO BMMSHME HA Bb3JyX C
po0py napameTpy BbpXy 34PaBETO Ha AelaTta U yynnuiiHaTa
IM aKTMBHOCT BbB BCUYKI DOPMM.

KoHueHTpauusita Ha CO2 B aTMocdepaTa Ha 3aTBOPEHM
MOMELLIEHS MOXe [a Ce Hamar Ype3 eCTECTBEHOTO UM UK
MEXaHWYHO UM TNpoBeTpsiBaHe (BeHTURAuusl). EcTecTBeHO
MPOBETPEHN MOMELLEHUS Ca Te3n MOMELLEHWs, B KOMTO
TONAMHHWTE YCMOBUS Ce PErynupaT NpeauMHO OT camuTe
obuTaTenu ypes oTBapsiHe 1 3aTBapsiHE Ha MPO30PLIM.

MHTEH3MBHOCTTa Ha NPOBETPSIBAHE CUNHO BINSIE BbPXY
TeMna Ha W3MEHeHWe Ha KayeCTBOTO Ha Bb3dyXa B
001TaeMOTO MPOCTPAHCTBO, @ CbLUO Taka M Ha TOMIMHHWS
komcpopT Ha obutatenure (Celis et al., 2009).

Ha cdhoHa Ha ronemus 6poii uacneaBaHus Bbpxy (aktopute
W HaYMHUTE, MO KOUTO Te BIUSIAT BBLPXY KAYECTBOTO Ha
aTmocepata BbB BbTpElIHaTa cpeja Ha yuunuwara,
nogobHM u3cneaBaHWs 3a KayecTBOTO HA Bb3dyxa BHB
BUCLLMTE Y4ebHM 3aBEEHNS NINMNCBAT.

Llenta Ha HacToswara pabota e fAa ce aHanMaupa
Ka4ecTBOTO Ha Bb3dyxa B [Be NEKUWOHHU 3anu, ¢ pasnuyHa
rOMeMMHa, PasfuYHO U3NOXEHWe U pasnuyHa obKpbkaBalla
cpeqa, B npofbikeHre Ha 90 MUHYTU MpU HOPMarTHW YCIIOBHS
(No BpeMe Ha NeKLysl) U B YCTOBUS Ha NCUXUYECKN CTPEC (Npu
MpoBeXaaHe Ha W3NUT) Ypes U3MepBaHe Ha KOHLEHTpauusTa
Ha BbIEPOAHUS OMOKCUS W 3aBUCUMOCTTA i OT HanMumueTo
WHTEH3WBHOCTTA Ha MPOBETPSIBAHETO U OpOs Ha CTYAEHTUTE B
3anara.

EKCNEPUMEHT

JleKunoHHm 3anm

3a ekcnepumeHTa ca 130paHu aBe NEKUMOHHM 3amn Ha MY
“Ce. MeaH Punckn” — 3ana 162 u 346 Ha [eonoro-
npoyyYBaTenHUs (haknTeT, KOUTO CE pasnuyaBat Nno ronemuHa,
Mo W3NOXeEHWe, NO BUCOYMHA Had 3EMHOTO HUBO, KaKToO W no
BMOA Ha TepeHa, C KOMTO ca B cbcefactBo. Ha our. 1 e
MOKa3aHO TSXHOTO Pa3mnonoXeHue.
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et
®ur. 1. PaznonoxeHue Ha 3anuTte, 3NoN3BaHN B €KCNePUMEHTa.

(https://www.google.bg/maps)
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®ur. 2. a) Cxema Ha nekuMoHHa 3ana 346 ¢ o3HayeHMe Ha 3aeTuTe MecTa:
M1 po N8 - npo3opum, K — kategpa, B — Bpata; 1, 2, 3, 4, 5, 6, — TO4kM Ha
u3mepBaHe; 6) npodoun Ha 3anara.

3ana 346 ce Hamupa Ha TPETU eTax, OpUEHTUpaHa € Ha
CEBEPOM3TOK, NPO3opUNTe it rMeaaT KbM BbTPEeLIHUS 4BOp Ha
MWHHO-TEONOXKUS ~ YHMBEPCUTET, C OOWNMHA  ObpBECHA
pacTuTenHocT. PasmepuTe i ca: wupounHa 8,20 m, obimxuHa
13,50 m, BUCOYMHA B MACTOTO Ha Kategpata 3,40 m, BUCOUMHa
B CpellynnoxHusa kpan Ha 3anata 2,10 m. [llogbT uma
peHuenaums 1,30 m. ObembT Ha ctasTta e 304 m3. Vma 8
npo3opeLa, Bcekn ¢ oTBapsieMa nnowy 1,2 x 1,2 m2, Cxema Ha
3anata C TOYKMTE 3a M3MepBaHe Ha KOHLEHTpauusTa Ha
BbITIEPOAHNS ANOKCUE, € NokasaHa Ha ur. 2 a, 6.

NekumoHHa 3ana 162 ce Hamupa Ha MbpBUS €Tax W e
opuveHTMpaHa torozanagHo. [lpen  Tpute  nposopeua
(1,2 x 1,2 m2 oTBapsiema nnoLw) Ha 3anara 1uMa acantipaqa
yNnua, KOSTO Ce M3MOM3Ba U KaTo MapkuHr npes3 geHs. 3ana
162 e TpK MbTW No-Manka ot 3ana 346 ¢ pasmepu: WKUPOUMHa
480 m, pbmkuHa 5,80 m, BucounHa 3,70 m u obem 103 m3.
3anata Hama peHuBunauus. Cxemara i ¢ pasnpefeneHueTo
Ha CTyAEHTUTE e nokasaHa Ha our. 3.
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®ur. 3. Cxema Ha nekuMOHHa 3ana 162 ¢ 03HayeHUe Ha 3aeTuUTe MecTa:
M1 go N3 - npo3opum, K - kateapa, B - BpaTa; 1 - Touka Ha u3MepBaHe.

==

WU3non3eaHu ypeau n meton 3a 06paboTka Ha AaHHUTE

/3mepBaHETO Ha KOHLEHTpaLMATa Ha BbIMEepoaeH AMOKCUA
€ MpOBEAEHO C MOpTaTMBEH aHanM3aTop-forep Ha Bb3gyxa
TROTEC BZ30. YcTponcTBOTO €AHOBPEMEHHO M3MepBa W
3anucea koHueHTpaumsaTa Ha CO2 (0 + 9999 ppm, ¢ TouHOCT
+ 5 %), Temneparypata T (-5 -+ +50°C, ¢ TouHocT + 0,1°C) u
oTHocuTenHata BnaxHocT RH (0.1 +99.9 %, £ 0,1°%). bewwe
HanpaBeHa NPoBEpKa Ha CTOWHOCTUTE Ha KOHLEHTpaLusTa Ha
CO2, nonmyyeHa 4Ype3 OCpegHsBaHe Ha W3MEpPBaHWATa BbPXY
TPUMUHYTEH U eOHOMUHYTEH WHTEpBanu. 3a ABaTa MHTepBana
Ce nonyynxa AOCTaTbyHO 6nm3kn CTomHoCTK. 3aToBa ce npue
koHueHTpaunsata Ha CO2 pJa e ocpegHeHaTta BbpXy
€[JHOMUHYTEH WHTEPBAN CTOHOCT.

[dvHamnyHuTe (BpemeBnTE) 3aBUCMMOCTM Ca 3anucaHi B T.6
B 3ana 346 n B 7.1 3a 3ana 162 (dur. 2 n dur. 3).

YcnoBus Ha NpoBexgaHe Ha eKcnepuMeHTa

Hait-Hanpep Gelle NpoBeAeHO NpeaBapUTENHO M3CHeaBaHe
Ha KoHueHTpaumata Ha CO: B 3ana 346 (npasHa) B 16
pasnuyHu Toukw (3 fo AbckaTta, No 3 Ha mbpBata, AeseTaTta U
lecTHaaeceTaTa GaHkM 1 2 B [BaTa brbfa B Hall 3agHaTa
yacT Ha 3anara). OcBeH ToBa, NPeABapPUTENHUTE N3MEPBaHNS
MOKpMBaxa YeTMpU pasfMyHu HUBA B U3MEPUTENHUTE TOYKN:
nod, Ha BucounHn 45cm, 85¢cm n 190 cm Hapg nopa. Ha
fasata Ha aHanu3 Ha CTOMHOCTWTE OT TE3U W3MepBaHWS U
u3BoauTe oT pabortarta Ha Shuzhao et al. (2010) BucounHaTa
85cm Hap noga Ha 3anata (HMBOTO Ha W3dMILaHUS OT
npuchbcTBawuTe Bb3ayx) Oe m3bpaHa kaTo mogxopswa 3a
NPOBEXJaHe Ha eKCMEepPUMEHTA W LIECTTE TOYKM, NOKa3aHu Ha
our. 2.

MamepeHusTa B 3ana 346 ca HanpaBeHW Npu cregHuTe
YCIOBMS (pexumu): npasHa 3arna u 3aTeopeHu nposopum (M1);
npasHa 3ana v BCuuKku npo3opum oTBoperm (M2); 31 yoseka B
3anata W 3atBopeHu nposopun (M3); 31 uoeeka w
npoBeTpsiBaHe camo ¢ ocmu (M8) oTBopeH nposopey (M4); 27
yoBeka W nposeTpsiBaHe ¢ Mbpsy (M1) n ocmu nposopel, (M5);
25 yoBeka 1 NpoBeTpsiBaHe C Mbpau, 4eTBLPTH (M14) M ocmm
npo3opel, (M6). [se nscnegsaHus ca nposefeHn No Bpeme Ha
nekumsi npes mapTt (15.03.2016 r. n 18.03.2016 1.)  aBe — no
Bpeme Ha w3mmuT npe3 man  (31.05.2016r1.) u  toHM
(06.06.2016 1.). Mpe3 mapT BpemeTo Belle TOMMAO U CyXO
(T=21+22°C, RH =28 + 29 %), a npe3 mMail-toHu1 — Tonno, ¢
no-Bucoka BraxHocT (T = 23 + 24°C, RH = 55 + 56 %).

MoBeaeHneTo Ha KoHueHTpaumsaTa Ha CO2 BbB BpeMeTo €
NpOCEeNeHO Cnefd 3anoyBaHETO Ha yaca (M3nuT, nekuws) B
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OTCbCTBME Ha BEHTUNAUMS W MpU BEHTUNAUMS C pasnuyHa
WHTEH3WBHOCT — npu ycrosue M4, M5 n M6.

B 162 3ana e u3cneaBaHo camo BPEMEBOTO MOBELEHWE HA
koHUueHTpaumata Ha CO2 no Bpeme Ha WU3NMUT nNpu
npoBeTpsiBaHa 3ana camo ¢ eauH ([13) oTBOopeH npo3oped,.
EkcnepumenTsT € npoBegeH Ha 01.06.2016r. (T =23°C,
RH =56 %).

CrypeHTuTe ca pasnpedeneHn paBHOMEPHO MO BPeme Ha
n3nut (Pur. 2, a, dur. 3) a no Bpeme Ha nekuus bsxa 3aeTu
nbpauTe HaHKK.

MeTtog Ha obpaboTka

Mpu aHanu3a Ha eKCnepuMeHTanHUTe AaHHW OMycHaxme,
ye BbL3OYXbT B 3anuTe € [Jobpe CMeceH (XOMOreHeH).
KoHueHTpauusta Ha CO2 B Ha4anoTo Ha u3MepBaHeTo e oTbe-
nsasaHa ¢ Co. BbrnepogHuAT guokena B 3anute ce onpegens
oT u3guwaHus ot obutatennte CO2, xapakTepuaupaH upes
CKOpOCTTa Ha reHepauyst (G); BbrMepoHUs AMOKCL, KOUTO ce
BTMYA B CTasiTa OTBLH, XapakTepuanpaH ¢ koHueHTpaumsTa Cy,
W BBIMEPOAHUS AWOKCMA, KOWTO M3TMYa OT CTasTa HaBbH,
XapakTepusupaH C KoHueHTpauusta C. YpaBHeHueTo 3a
MacoBwsi 6anaHc e

VdC = Gdt +QC, dt —QCdt, (1
kbaeTo Q e 0OMEeHSHUAT C BbHLUIHATA Cpeaa Bb3gyLueH noToK
3a BpeMe efjHa CekyHaa.

PasrnegaHu ca gBa YacTHu cryyas:

1.B 3anata uma CTyaeHTM U He ce nposeTpsiBa (Q=0).
YpaBHEHWETO Ha MacoBus BaraHc uMa Biaa

VdC = Gdt . (2)
Ako npuemem, 4ye ckopocTTa Ha reHepupaHe Ha CO:2 He ce
NPOMeHS! C haKTopH, 3aBUCELLYW OT BPEMETO, PELLEHNETO €

G
C=Cot it (3)

2. 3anata ce nposeTpsiBa (Q # 0). ToraBa KoHLEHTpauusTa
Ha BbIMepoaHMA ONOKCUA Lie Ce M3MEeHA eKCrnoHeHUnanHo ¢
BpeMeTo

G G -9
C:CV+V—(CV+V—C0]6 v, 4)

Upes anpokcumauns Ha excrepuMeHTanHuTe [JaHHu B
pexum M3 moxe Aa ce OLEeHW CKOpOCTTa Ha reHepupaHe G Ha
CO2, a B pexxum M4, M5 1 M6 — ckopocTTa Ha 06eMHUs NOTOK
Q.

Pesyntatu u amckycus
WU3mepBanusi Ha CO2 B M3MEPUTENTHUTE TOYKM

Pesyntatute o1 n3amepaaHusita Ha CO2 B pasnunyHu TOYKM Ha
3ana 346 ca npeacraeenn B Tabnumua 1.



Tabnmua 1.

Konuenmpauyus Ha COz 8 wecmme mOYKU Ha U3MepeaHe.
Ycrnogusma Ha ekcnepuMmeRma U CbOMBEMHUmMe UM
03HaYeHUsT ca onucaHu 8 mekcma.

31.05.2016 r., 3ana 346, 11-13 h, 15 YoBeka, u3nut

Touka  Ha CO2, ppm
namepsaHe | M1 M2 |M3 |M4 |M5 |M6
1 581 - 929 |[956 |[722 -
2 516 - 922 991 |[712 -
3 544 - 911 |908 |[721 -
4 550 - 858 792 |701 -
5 515 - | 849 |740 |692 -
6 516 - 894 |735 |639 -
cpegHo | 537 - |893 (854 [698 -
OTBBH 450

06.06.2016 ., 3ana 346, 10 -12 h, 31 yoseka, u3nuT

1 520 | 452 | 854 | 960 | 612 | 493

2 510 | 446 | 881 | 993 | 622 | 504

3 485 | 432 | 928 | 1012 | 666 | 515

4 467 | 427 | 981 | 1116 | 691 | 535

5 467 | 434 | 1018 | 1107 | 664 | 546

6 471 | 435 | 1040 | 1048 | 622 | 537
CpefHo 487 | 438 | 950 | 1039 | 646 | 523
OTBBH 400

Pasnpegenenneto Ha CO2 ot omnuta Ha 31.05 e
CPaBHUTENHO PaBHOMEPHO B 3anata. AKO BCEKW MPUCHCTBALL
oTAens npu HopManHo cbetosHue no 200 mi/min, kakto €
nokasaHo ot [ly6posckuit (2002), n To3n m3gmwaH CO: ce
pasnpedenst pPaBHOMEPHO B 3anata, TO W3MEHEHMETO B
KOHLEHTpaUWsTa Ha OTHenHUTe MecTa LWe ce MOoBUWW OT
364 ppm go 483 ppm. Kakto ce Bukga, ToBa € noseye OT
M3MEHEHMETO B CbOTBETHATA M3MEPUTENHA TOYKA, KOUTO Ca B
untepBana 308 — 406 ppm. CrnegoBaTenHo xopata OTAensT
Manko Mo-Manko OT MOCOYEHOTO B nuTepaTtypata. Toea
nokassa, Ye B PamMKWTE Ha rpeLukaTta HaMame ApYr U3TOYHMK
Ha CO2, ocBeH npucbCTBaLLmMTE B 3anata xopa. OT gaHHuTE ce
BUXAA CbLUO, Ye creq oTBapsHeTo Ha 18 3a 13 MuHYTW cTaBa
npepasnpegenenne Ha CO2 B 3anata, npu TOBa B MecTaTa,
Orm3kv [0 BBHILHATA CTEHA, TS HaMansea, a B APpYruTe TOUKK
cnabo HapacTa, T.e. N0-3aMbpCEHN Ce OKka3eaT MecTata Ao
BbTpellHaTa cteHa. OTBapsHeTo Ha owle eauH (M1) nposopel
JOMbIHATENHO HamansBa koHueHTpauusta Ha CO2 ¢ 9% go
14%.

3a HarnegHoOCT pasnpedeneHneTo Ha KOHLEHTpauusiTa Ha
COz2 B n3mepuTenHuTe TOYkM, oT4eTeHn Ha 06.06, e nokasaHo
kavecTBeHO Ha ®ur. 4. OT cpaBHsIBaHETO Ha CTOWHOCTUTE B
Tabn. 1 AcHo ce BMXaa, Ye HAapacTBAHETO Ha KOHLEHTpauusTa
Ha CO2 B 3anata e No-CUIHO, OTKOSKOTO TOBA B EKCIEPUMEHTA
ot 31.05, kboeTo 6posT Ha obuTaTenHuTe € gBa MbTU No-
mManbk. BTopata OCHOBHa pasnuka € B AuHamMuKaTa Ha
pa3npegeneHneto Ha COz. [la otbenexum, Yye nopaam Mankus
Bpoit cTypeHT Ha 31.05, makap M paBHOMEPHO pasnpepe-
NeHwn, Te ca HacTaHeHn 40 9 BaHKka BKIHOYMTENHO, AOKATO Ha
06.06 — Te 3aemat mecTaTta Ao 16 OaHka, BKIIOYUTEMHO, T.6.
usnata 3ana.

Pasnpenenenneto Ha CO2 B 3anarta npean Havanoto Ha
yaca e 6513ko0 4O PaBHOMEPHOTO, NOAOOHO Ha OTYETEHOTO 3a
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31.05, HO C ManKo MO-HUCKW CTOMHOCTW, MOpaau Mo-HUCKaTa
koHueHTpauns Ha CO. BbB BbHWHATa cpeda. [10-BUCOKO €
cbabpxaHneto Ha CO2 B HMCkaTa BbTpeWHa CTpaHa Ha
3anata, kbM cteHata (1.1). HamanssaHeTo Ha CO2 kbm agaTa
cbCeaHn brbna e ¢ okono 10%, KaTo KOHLEeHTpaumaTa Ha rasa
nokpam BbHWHAaTa cTeHa (B 1.4, 7.5 1 1.6) cnabo Hamanssa B
Mocoka KbM NO-BUCOKWS Kpai Ha 3anata. Toea € NoruyHo, Kato
ce B3eme npeasug, Ye CO2 e mo-TexbK OT Bb3gyxa M ce
yTasiBa B MO-HWUCKUTE MeCTa Ha nomelyeHneTo. HavanHoto
NPOBETPsIBaHE Ha 3anata He MPOMEHS NPOCTPAHCTBEHOTO
pasnpegeneHne Ha KoHueHTpaumsta Ha CO2, a camo
MOHWXaBa CTOMHOCTTA W, KaTo BCE MaK TS OCTaBa C OKONO
10 % no-Bucoka OT BbHLWHaTa. Hait-ronsima e pasnukarta Ha
cbabpxaHueto Ha CO2 (8o 5,5 %) mexay 1.1 1 1.5, kosT0 €
HarMomnoBWHa OT cnyyas Ha HenposeTpeHarta 3ana (11 %).

'

|
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®ur. 4. KayecTBeHO npefcTaBsiHe Ha KOHLeHTpauuaTa Ha CO2 u usme-
HEeHWeTo 1 NpU NpoMsiHa Ha ycnosusaTa: a) M1; 6) M2; B) M3; r) M4; g) M5;
e) M6. Mo-TbMHUTe yyacTbLM OTFOBapsAT Ha MO-BUCOKM CTOMHOCTW Ha
CO..

Mo Bpeme Ha 21-mMuHyTHata paboTa Ha CTygeHTUTe B
HeBeHTUNMpaHaTa 3ana KoHueHTpauusita Ha COz cunHo
HapacTBa 3a BCAKA OT W3MepuTenHuTe Toukmu (o1 1,5 mbTn 3a
T.1 g0 2,4 nbTn 3a T.6), @ NPOCTPAHCTBEHOTO ¥ pas3npe-
JeneHne ce NMPOMEHS, KaTo Mo-BMCOKATa KOHLEHTpauus € B
no-H1ckaTa 4acT Ha crtasTa, HO Ao nposopuute (Our. 4, B).
HepaBHOMEPHOTO HapacTBaHe Ha koHueHTpauusta CO:; B
pasnuyHMTe TOYKM M MpOMSIHATA Ha pasnpegeneHneTo i
CMPAIMO  HA4YanoTo Ha Yaca € CBbp3aHa C Mo-BUCOKaTa
Temnepatypa Ha W3AMWaHWA Bb3gyX OT TasW B 3anata W
NpUuMHEHaTa OT TemnepaTypHata pasfuka ¥ pasnuyHaTta
koHLeHTpauwus Ha CO2 umpkynaywms.

[TbpBOTO HE MHOrO MHTEH3WBHO NPOBETPSIBAHE Ha 3anata
npu HenpoMeHeH OPOM CTYZEHTU NPOMEHS1 OTHOBO Mpo-
CTpaHCTBEHOTO pasnpeaenerne Ha CO2, kaTo No-3aMbpCeHu
Cce oka3BaT MecTaTa [0 BbHLUHAaTa cTeHa (1.4, 7.5 1 T.6) u Hait
3aMbPCEHO € MSCTOTO B GNMN30CT [0 OTBOPEHMSI Npo3opeL, —
1.6 (Pur. 4,r), KbOETO KOHLEHTPaUMsSTa Ha BbINEPOAHMS
puokenp poctura ¢ 16% no-Bucoka cToHOCT. Pasnpene-
NEHMETO Ha TemnepaTtypaTta B 3anara noeTaps Tosa Ha CO2, a
WHTEpBasTbT, B KOMTO T51 ce uameHs, € po 0,7°C. OceeH ToBa,
TemnepaTtypata B 3anata CTaBa MO-BMCOKA OT TasW Ha
BbHLIHWA Bb3gyX. Pasnukata BbB BbTpELUHATa M BbHILHATA
Temnepatypu BOAM [0 BbB3HWKBAHETO Ha [ABWKEHME Ha
Bb3ayXa nopagu T.H. koMuHeH edpext. OtBapsHeTo v Ha 11 12
MWHYTU NMO-KbCHO BOAWM [0 HamansiBaHe Ha KOHLEHTpauusTa
Ha CO2 ¢ 34-40 %, no-cunHo M3paseHo B MecTata Ao
BbHIIHATA CTeHa Ha 3anata, kaTo He MPOMEHs pas3npe-
penexHveto W. TemnepaTtypata MMa MOYTW PaBHOMEPHO



pasnpegenenne, ¢ 0,2-0,3°C e no-eucoka O BbHLUHATA
CTEeHa W FOPHUAT BBHLUEH bIbN Ha 3anaTa. M3secTHo e, ye
MaKkcumanHaTta AbnbounHa, 4O KOSTO Bb3AyXbT MPOHMKBA B
3anata, Npy eHOCTPaHEH OTBOP € [Ba MbTW BUCOYMHATA 1 Ha
MSCTOTO  KbETO € Npo30peubT, T.e. Okono 4m
(http://www.eneffect.bglimages/upload/GV-4_MP_zmg.pdf).
To kato ocHoeata Ha [18 e Ha nopa, NO-CTyOEHUST
(T=23°C) n cBex BbHIWEH Bb3AYX focTura bnuskute 00
BbTpELLHATa CTeHa MecTa, a no-TonnmaT u oborateH Ha CO:2
Bb3OyX, W3guwaH oT obutatenute, Cce U3Tackea KbM
OTBOPEHUS MPO30peEL, U HaBBbH. Tean ABWXeHUs MHOro fobpe
Ce CbrnacyeaTt C eKCnepuMeHTarnHuTe AaHHu 3a pasnpegene-
HWeTO Ha TemnepaTtypaTta W koHueHTpauusta Ha CO2 B pexum
M4 n M5. OtBapsHeTo Ha cpegHus (I14) nposopel He
NPOMeHsl XapakTepbT Ha pasnpegenenneto Ha CO: B 3anarta,
HO [JOMbITHUTENHO MOHWKABA KOHLEHTpauusTa My ¢ owe 14 -
23 % - CTOWHOCTUTE Ha KOHLEHTpauusTa Ha BbIMepoaHus
auokena, gocturaTt HuBa ¢ okono 10% no-BUCOKM OT Tean B
pexum M2 u TakoBa, KakBOTO € OWNO crnef HayanHoTo
OTBapsiHe Ha 3anata — pexum M1,

Kato wusnonssame cpegHute cronHocTM Ha Cv, C w
YPaBHEHWETO Ha MacoBus banaHc cme OLeHUNM KoeduumeHTa
Ha reHepaums G - 506 mé/(min.p) 3a 31.05 1 236 mf/(min.p) 3a
06.06; ckopocTTa Ha Bb3fyllHMS NOTOK Q B pexum M4 -
cboTBETHO 22,6 {/(s.p) n 3,9 £/(s.p); B pexum M5 - CbOTBETHO
31 8(s.p) n 30&(s.p); n pexum M6 - 42 £/(s.p). OueHkute
nokassart, 4Ye B ekcnepumeHTa Ha 06.06, koraTo nmbTHOCTTa Ha
obutaBaHe € ABa MbTM MO-rofisiMa, MPOBETPSBaHE CaMoO C
eanH npo3opel, € abContTHO HeJoCTaTbyHO 3@ OCUrypsiBaHe
Ha cBex Bb3gyX. Pexumute M5 u M6, obaue, ocurypsisat
[0CTaTbyHO J0OpO OCcBEXaBaHe, Thil KaTo ca 4-6 MbTW Hag
Heobxogumata Hopma ot 7+10 £/(s.p) (ASHRAE 62-1989).

OuHaMuyHu namepsanus npv ycnosue M3
MoBeneHneTo Ha koHueHTpauusta Ha CO2 ¢ BpemeTo B
pexum M3 e nokasaHo Ha our. 5.

400

ACOz, ppm

= 346,15 Mart 10 stud. lecture
o 346,06 June 31 stud. exam
2 346,18 Mart 16 stud. lecture

t,s

®ur. 5. UameHeHue Ha koHUeHTpauusTa Ha CO; (Hap ¢oHa) B pexum M3.
3a npernefgHoCT, KpUBUTE cCa OTMECTEHM MO ocTa Ha Bpemeto. EaHo
ZeneHue no octa Ha BpeMeTo e paBHO Ha 100 s.

Kakto u TpsibBa na ce oyakea, koHueHTpauusita Ha CO2
HapacTBa C Mo-BIUCOKa CKOPOCT, korato BposiT Ha obuTatenure
B 3anata e no-ronaM (B cnyyas 2-3 mbTu). [lpasu
BrieyatneHue, Yye HapacteaHeTo Ha CO2 e no-ronamo 3a 15.03
npu nbTHOCcT 0,03 m3, oTkonkoto 3a 18.03 ¢ nmbTHOCT
0,053 m3. ToBa MOoxe Aa ce AbmkM Ha dakta, Yye 15-20
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MWHYTW Cref HayanHa nekuust CTyAeHTUTe ca 3anovHanm aa
pelasaT 3afayn. Bb3aMOXHO € No-MHTEH3WBHaTa AENHOCT Ha
MO3bKa Ha CTYAEHTUTE Mo BPEME Ha U3NMWT Aa AaBa Marko no-
ronsiM npuHoc B HapacTeaHeTo Ha CO:2 B 3anata u Ha 06.06.
M3uncneHnTe CTOMHOCTY Ha CKopocTTa Ha reHepauust Ha CO:
ca npeacrasexyn B Tabnuua 2.

Tabnumua 2
Temnepamypa, 8/1aXHOCM U CKOPOCM Ha 2eHepupaHe Ha CO2
8 pexum M3 3a 3ana 346.

Jata yac T,C |RH% rii/(min.p)

15.03.16,

nekLus,

HeprHomepHo 10:00- 12351258~ gq
1015 |224 |284

pasnpeqeneHm,

noseye fony

18.03.16 915- (21,0- [26,8- 167

nekums 9:30 21,1 28,7

HEPaBHOMEPHO | ..

pasnpeaerneHm, gg; g;; ggg 140

noseye fony ’ ’

06.06.16

okl 10:00- | 234 - |55,6 -

(3Tuoseka) | 4091|943 |554 |18

PaBHOMEPHO

pasnpeaenexn

OTnnumeTo B CTOMHOCTMTE HAa G Ha pasnuyHWTe Aath
CNOPef, HaC Ca CBbP3aHM [MaBHO C Pa3fMYHUS HAYMH Ha
pasnpeaerneHne Ha CTyAeHTUTE B 3anaTa, AWHaMuKaTa Ha
Temnepartypara i ABWKeHWETO Ha uaguwanms CO2 B pesyntat
Ha TemnepaTypHWs rpagueHT W audyansTa, M B no-mManka
cTeneH ¢ pasnpegenexneto Ha CO2 npean HavanoTo Ha vaca.
Bucokata ctomHocT Ha G Ha 15.03 moxe ga ce ObMXu Ha
akTa, Ye MO BpPeMEe Ha feKuus CTyAeHTUTe 3aemaT mno-
npegHuTe GaHKM, Pa3noNOXEHW B HUCKATa YacT Ha 3anata,
KbETO € NOCTaBEH YpeabT.

Kakto ce Buxaa ot dur. 5 ckopocTTta Ha reHepupare Ha CO2
Hamansea crep 15-Tata MUHyTa, B Cryyast Ha NpoBeXdaHe Ha
nekuws Ha 18.03. ToBa MOXe [a Ce AbITKW Ha NOHMXKaBaHe Ha
MO3bYHaTa akTUBHOCT Ha 0ByyaBaHUTE N0 BPEME Ha NeKkuus —
Te Ca NPeauMHO MacvBHW y4acTHULUM B y4ebHMS NpoLec v He
ca ymcTBeHO aHraxwvpanu. OcBeH TOBa, MonyyYeHaTa CKopocT
Ha reHepauusi e OCpefHeHaTa MO BCWYKM XOpa, Taka 4e
BEPOSITHO OTHOCUTEMNHUAT AN Ha aKTUBHWTE B Yaca CTy4eHTU
€ CpaBHWTENHO MambK. 3a Hac, npenogasaTenuTte, ToBa
O3HayaBa [a TbCPUM HauMHW, Jaxe Mo BpeMe Ha Nekuus, aa
aKTMBMpaMe CTYLAEHTUTE B NpoLieca Ha TAXHOTO 0byyeHue.

Ekcnepumentute Ha 15.03 v 06.06 B pexum M3 ca ¢ no-
Manka npogbmkutenHocT (15 —20 munyTn). Kakto ce Buxga
oT Tabn. 2, oTyeTeHaTa CKOpPOCT Ha reHepauust Ha 18.03 3a
TaKkbB MHTEpBan Cblyo He Ce NMpoMeHs. Taka Ye e Bb3MOXHO
n3meHeHue B G [a He MOXe Aa Ce YCTaHOBM 1 MOpaau Kbeus
WHTEpBan OT BPEMe, B KOITO Ce NpoBeXaa U3cneaBaHeTo.

Cuntame, ye G =188 ml/(min.p) e npeacraBuTenHa, Tbi
KaTo TS € OnpefenieHa Npu PaBHOMEPHO pasnpefeneHne Ha
CTyAEHTWTe B 3anata, NpM TOBa C [OCTATbYHO BUCOKA
NILTHOCT. Ta3u CTOHOCT € MHOMO CXOAHA C Ta3u, NokasaHa oT
[y6posckuit (2002). OTAMYMETO OT Hesl MOXe Aa Ce Ob/KM Ha
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HEepaBHOMEPHOTO pasnpeaereHne Ha koHueHTpaumsTa CO2 u
3aHMXeHaTa 1 CTOMHOCT B MSACTOTO, KbAETO € U3MepeHa
BpemeBaTta 3aBMCMMOCT. 3a TOBa CBMAETENCTBA U pasnukara
Mexgy croiHocTuTe Ha G (236 mé/(min.p)), nonyyeHu oT
HeaMHAMUYHUTE 1 AMHAMUYHUTE U3MEpPBaHMSI.

BbamoxHo e G fa ce NPOMEHS ¢ BPEMETO W NOPaau Apyr
tbaktopn.  Obaye, KkakTo Oe  ycTaHOBEHO  MO-TOpE,
€OMHCTBEHMAT M3TouHMK Ha CO2 ca xopaTa B 3anara, Taka 4e
KaKBaTO W NPOMsiHa fa cTaBa ¢ G e nopagn NpoLecu, KouTo
npoTUYaT B Xoparta.

[uHamnyHm nsmepsanusa npu ycnosue M4

BpemeBata 3aBMCMMOCT nNpu efwWH OTBOPeH nNpo3opel
(pexum M4) 3a BCUUKM W3CNeBaHM Criydau € nokasaHa Ha
dur. 6.

1400

1200

e

162, 01.06.16, 11, students, exam

4 o
] 3 o 346, 06.06.16, 31, students, exam
600 - 2 & 346, 18.03.16, 14 students, lecture
] x 346, 15.03.16, 10 students, lecture
400-||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIII
I I I I
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®ur. 6. BpemeBa 3aBUCMMOCT Ha KOHLeHTpaumsATa Ha CO2, B nbnHa 3ana
B paxum M4. 3a npernegHoCT, KpUBWUTE Ca OTMECTEHW MO OCTa Ha
BpemeTo. EQHO aeneHue Ha ocTa Ha BpeMeTo e paBHO Ha 100 s.

[TbpBOTO KOETO Ce BMXOA OT CPABHEHMETO Ha kpueK 1 1 3 e,
ye npu paBeH Bpoii CTyLeHTU KoHueHTpauusaTa Ha CO: B
Mankarta 3ana goctura 6nm3o 1,5 mbTi NO-BMCOKW CTOMHOCTY M
npw ToBa HapacTea 7 MbTu No-6bp30. ToBa € NOMMYHO KaTo ce
B3eMe NpefBuA, Ye MITbTHOCTTa Ha CTydeHTUTe B 3ana 162,
0,107 m3, e 3 MbTV NO-BMUCOKA OT Ta3n Ha CTyOEHTUTE B 3ana
346 ¢ nnbTHocT 0,033 m3. [MpuHOC MOXe ga uma M no-
BMCOKaTa CKOPOCT Ha reHepaums Ha CO2 ot cTygeHTuTe B 162
3ana, KoUTo ca Ha W3nuT.

MopobHa 3aBUCUMOCT OT NTBTHOCTTA Ha OBUTaTENUTE MOXE
Aa Ce BWAM 1 oT ABeTe Hamansasawm nuHuM Ha CO2 (kpuam 2 1
4). KoHueHTpauusta Ha CO2 B no-nmbTHO oOWTaBaHaTa 3ana
(0,103 m-3) e ¢ okono 30 % no-BucOKa 1 Hamansiea no-obp3o,
BEPOSITHO NMopaam no-Bucokus rpagneHT Ha COz. HesaBsncumo
OT HWUCKATa WHTEH3WBHOCT Ha BEHTWMauMsATa, MPOABITKN-
TENHOTO MpOBETPsIBaHE MOHWXaBa cToiHocTUTe Ha CO2 go
HOPMAIHOTO M KaKTO SICHO CE BWXAA OT KpWBa 2, AOPW MUMA
TEHAEHUMS KbM YCTaHOBSIBaHe Ha CTaLMOHapHa CTOMHOCT.

®akTbT, Ye 3aBucumoctTa Ha CO2 e HapacTBawa B fgBa OT
ekcnepumenTuTe (kpuem 1 1 3) nokassa, ye obmeHeHnsT COz ¢
BbHIWHATA cpeja e Mo-Manmbk OT reHepupaHus oT obwTa-
Tenute. Ho 1 Tyk MOxe Aia ce oyaksa (Mo-scHO npu kpuea 1),
ye MNpu MNpOOBIXMTENHO MpoBeTpsBaHe B pexum M4
HapacTBaHeTo Ha CO2 ce 3abaBs n Ce CTpeMW KbM HsKakea
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MOCTOSIHHA CTOWHOCT, MPW KOETO M3AMULIAHUAT BbINEPOAEH
AVOKCWO KOMMEHCWMpa HamarnsiBaHeTo My B pesynTaT Ha
0OMeHeHWs! C BbHILHATA Cpeda BbadylleH noTok. Bce nak
cronHocTute Ha CO2 B 162 3ana octasart Bucoku, 1400 ppm, 1
PEXIM Ha NPOBETPSIBAHE YPE3 CaMo eanH OTBOPEH NPO3opel
3a Tasu 3ana, 3aeta ¢ 30% ot kanauuTeTa cu, € abComTHO
HenoaxoasLL,

CTOMHOCTUTE Ha Bb3AYLWHWTE NOTOLW, W3YMCMEHN OT
BPEMEBUTE 3aBMCMMOCTM, Ca nokasaHu B Tabnuua 3.

Tabnuua 3

Temnepamypa, 81axHocm U 06MeHsIH 8b30YyLWeH Nomok Q
[Jata yac T7,C RH% | Q, /s
15.03.16, 346 10:35- 226- |27,5- 363
nekums, N8, M4 11:25 21,7 30,9 '
18.03.16, 346 9:52- 21,8- 1293 417
nekums, N8, M4 10:34 19,7 -26,7
01.06.16, 162 11:45- 22,8- | 55,9- 44
uanur, M3, M4 12:21 24,0 55,5
06.06.16,346 10:00- 251- | 55,6- 847
u3nur, M8, M4 10:21 25,2 55,4
06.06.16, 346 10:49- 25,7- | 53,7- 704
nanut, M1 1 N8, M5 11:00 247 53,3
06.06.16, 346 11:07- 251- | 53,0- 706
uanur, M1, N4, N8, M6 | 11:19 244 56,1

BnusiHve Ha WHTEH3MBHOCTTa Ha OTBapsHe BbPXY
KOHLeHTpauusaTa Ha CO2
Ha our.7 e nokasaHa 3asucumoct Ha CO2 B 3anarta oT

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 100 200 300 400 500 600 700
t,s

WHTEH3MBHOCTTA Ha NPOBETPSIBAHETO.

Our. 7. BpeMeBa 3aBMCUMOCT Ha KOHLEHTpauusita Ha CO2 npu pa3nuuHa
WHTEH3UBHOCT Ha NPOBETPSIBaHeE.

NornyHo ¢ yeennyaBaHe Ha Bposi Ha OTBOPEHUTE NPO30PLM
koHueHTpauusta Ha CO2 HamansBa M npu MakcumarnHata
BeHTUNauus (pexum M6) goctura CTOMHOCTW, NogobHM Ha
Te3n B Ha4anoto Ha yaca. [1oTOKbT, mpecMeTHaT B TO3W
cnyvan, 706 {/s, e paBeHa Ha moToka B pexum M5, koeTo
nokasea, Ye npu NIbTHOCT Ha 3ana 346 ot 0,103 m3 pexum
M5 ce oka3Ba NOAXOAsLY 3a OCUrypsiBaHe Ha cpefa c Lobpo
kayeCTBO Ha Bb3gyxa. BeposTHO To3u pexum 6u Bun
nogxogsw, v 3a 3ama 162, kosTo Mma nopgobHa MITBbTHOCT,
0,107 m3,



3aknoueHue

OcurypsiBaHeTo Ha atMmocdepa € [oBpo Kayecteo B
y4yebHUTe 3aBefeHust e HeoDXoOMMO YCroBME 3a MPUATHA W
edekTuBHa paboTa Ha CTyAeHTUTE MO Bpeme Ha Yy4yebHus
npouec. Hawerto uscnegBaHe mnokasa, Ye ecTecTBeHaTa
BeHTMNauus npu obuyaiiHata 3aeToCT Ha M3CnefBaHuTe
NEKLMOHHW 3aMK € HaMbIHO NOAXOAsLLA 3a Tasw Lien, cTura aa
e cbobpaseHa ¢ 6pos Ha ctygeHTute. Pexum M4 ¢ noHe 25
MWHYTHa BeHTMnauws e [obpo pelenve 3a 3ana 346, npu
NbTHOCT Ha 3ana okono 0,05 m (toBa e camo 10% ot
kanauuTeTa Ha 3anarta) ¥ HepaBHOMEPHO pasnpedeneHune Ha
CTY[EHTUTE, KaKTO € Mo Bpeme Ha nekuun. C yBenuyaBaHe Ha
Bpos Ha obutatenute (KpUTWYHA NABTHOCT Ha obwTaBaHe
noseye ot 0,1m3, 20% oOT KanauuTeTa Ha 3anata), €
Heobxo4uMMo Ja ce OTBOPW 1 BTOpM npo3sopel. 3a 3ana 162,
3aeTa ¢ 40 % ot kanauuTteta cu, pexum M4 He e fOCTaTbYEH.
3atoBa 6u 6uno fobpe, ako ce U3Non3ea 1 gpyra MexaHn4yHa
BeHTMNauus, ocobeHo B3eMalku npegsua, Ye Ce Hamupa
611130 4O MbTA M HUBOTO Ha LUYMa e MO-BUCOKO.

Heobxoammo e no-AeTainHo uacneasaHe Ha AMHamMukaTa Ha
pasnpedeneHMeTo Ha Temnepatypata W BbIMepogHMs
AMOKCK, 3@ Aa Ce OTYEeTe BMNSHWETO i MPW M3YMCNSBAHETO
Ha ckopocTTa Ha reHepauus. Cblo Taka e Heobxogumo
AVHaMWYHUTE N3MepBaHWS Ha KoHueHTpaumsaTa Ha CO2 pa ce
npoBexpaaT 3a No-ronamM MHTepBan oT BpMe, 33 fa Ce BUau
Aany HamansiBaHeTO Ha CKOpOCTTa Ha reHepauus G npw no-
NPOAbIKATENHUTE  M3MEPBaHMA e peanHo. [1o-ToyHoTO
OTYMTaHE Ha CKOPOCTTa Ha reHepauus 61 4ano Bb3MOXHOCT
Aa Ce YCTaHOBAT NMPOMEHN B WHTEH3MBHOCTTA HAa MO3byYHaTa
AEHOCT MPpY HOPMASTHY YCMOBMS (NEeKLKs) M YCOBUS Ha CTpec
(v3rm).

Bb3MoXHOCTTa HamarsiBaHeTO Ha CKOPOCTTa Ha reHepaums
Aa ce AbMKM Ha HaMansBaHETO Ha MO3byHAaTa aKTUBHOCT Ha
obyyaBaHMTe MO BpeMe Ha Nekuusi, Hanara HeobxogumocTTa
OT MpunaraHe Ha HOBM METOAM, YPe3 KOMTO Aa Hanpasum
CTyOQeHTUTe aKTUBHW Yy4aCTHMUM B npoueca Ha TAXHOTO
obyueHue.

Mpenswxaame B Gbelle [a NpoBeaeM NogodHO M3cneaBaHe
npes 3umata, Korato NpoBeTPABAHETO Mo BpeMe Ha 4aca e

3HaunTenHo no-cnabo oT cbobpaxeHus 3a  no-gobbP
TONMMHEH KOMGOPT Ha 0by4aBaHuTe.

BnarogapHocTu

ABTopuTe  M3Ka3BaT OrarogapHOCT Ha POHE  HayyHw

u3cnenBaHusa 3a uHaHcoBaTa noakpena ypes gorosop JOHN
02/19.
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TEXHONOI’M4YHU Bb3MOXHOCTU 3A MAKCUMAITHO PASKPUBAHE HA PYOHUTE
MWHEPAINHU ®A3U NPU 3bPHOMETPU4YHATA NOArOTOBKA HA CYPOBMHATA B
0o ,,ACAPEN"

MapuH PaHyes

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, kamedpa “ObozamsgaHe u peuukrnupaHe Ha cyposuHu”, inishkov@gmail.com

PE3IOME. B MuHepanHo-CypoBUHHUAT OTPachil, 3bPHOMETPUYHATA MOAFOTOBKA (TPOLLEHE, CMUNaHe, MpecsiBaHe, KnacupaHe W [p.) e CbLUECTBEH eTan npu
npepaboTkata Ha CypoBWHWUTE, MOpaay HeOBXOAMMOCTTa OT pasKpuBaHe Ha LIEHHUTE KOMMOHEHTU OT CKanHuTe (CTEepUNHU CbCTaBku) mpumecy. ChLUHOCTTa Ha
3bpHOMETPUYHATa MOATOTOBKA, OW MOrma CbLIO Taka Aa Ce OnuULe KaTo npouec Ha obpasyBaHe Ha HOBW MUHEparHM MOBBPXHOCTW C AetuHUpaH pasMep.
MakcumanHoTo paskpuBaHe Ha pygHUTE MUHEpanHu (asu e OT ChLUECTBEHO 3HAYEHMe 3a OCHOBHUTE MPOLECH Ha cenapauus, kato noTauusi, rpaBUTaLMOHHY,
MarHuTHY UNu enekTpuyeckn Metoam Ha oboraTsBate. LienTa Ha HacToswaTa cTatus € Aa ce NPeACTaBAT YacT OT MOMyYeHNTe pe3ynTaTii, aHannsn 1 Npenopbky,
cnep w3sbpLueHns npe3 2014 rof. TEXHONMOTMYEH OONT Ha LMKbA ,3bPHOMETPUYHATA NOAroToBKA Ha pydata“ B oboratutenHa dabpuka ,Acapen‘. O6xBaTbT Ha
“3cnesBaHeTo BKMoYBa paspaboTBaHe Ha METOAMKM 3a onpobBaHe Ha OCHOBHUTE TEXHOMOMMYHM MOTOLM B LMKbIIA Ha 3bpHOMETpUYHa nogroToska B O¢ ,Acapen”,
aHarnms 1 0bpaboTka Ha Mony4YeHUTe AaHHW, Bb3 OCHOBA Ha KOUTO Ca HafpaBeHW KOMEHTapW U NpeanoxeHus 06XBalLaLLy Bb3MOXHITE TEXHOMOTUYHW NOLX0AM 33
MaKCUMasHO paskpuBaHe Ha PyAHUTE MUHepanHn aan OT KOETO CUITHO 3aBUCY KaYeCTBOTO Ha (hNIOTALMOHHMNS MPOLIEC.

Kniouosu AYMU: paskpusaHe, pyaHU MUHEPanHu hasu, TEXHOMOMMYEH OANT, IbPHOMETPUYHA NOATOTOBKA

TECHNOLOGICAL POSSIBILITIES FOR MAXIMUM MINERAL LIBERATION IN THE COMMINUTION CIRCUIT OF ASSAREL
CONCENTRATOR

Marin Ranchev

University of Mining and Geology “St.Ivan Rilski”, 1700 Sofia, Department of Mineral Processing and Recycling, inishkov@gmail.com

ABSTRACT. The comminution circuit (crushing, grinding, screening, classification etc.) in the mineral processing industry, could be qualify as a significant stage
during the processing of the mineral raw materials, due to the necessity of the valuable minerals liberation from the gangue. Furthermore, the character of the
comminution technologies could be described as a process of formation of newly mineral surfaces with defined particle size. The maximum liberation of the valuable
mineral surfaces it is of great importance for the conventional mineral-separation processes, such as flotation, gravity concentration, magnetic and electrical
separation. The aim of this paper is to review a part of the results, analysis and recommendations, obtained after the accomplished technological audit of the
comminution circuit in Assarel concentrator. The scope of the research includes a development of sampling procedures for representative sampling of the main
process streams in the Assarel concentrator, analysis and data preparation, on the basis of which a comments and recommendations covering the feasible
technological methods allowing a maximum liberation of the valuable minerals, from which the quality of the flotation process strongly depends.

Key words: liberation, valuable minerals, technological audit, comminution

BuBepeHue CynduaHK, BTOPUYHOCYNGUOHN U OKMCHW pyau (BorgaHos u
BorpaHosa, 1981); (BoraaHos, 1987); (MeTtpyHos u ap., 1991);
B usnaTta MCTOpUS Ha YoBelKaTa LMBMNM3ALMS npepa- (Ctpatwvmupos, 1992).
BoTkaTa Ha MWUHEParNHW CypOBWHWM € CBbp3aHa C NPOU3BEX-
[1aHETO Ha NO-CUTHU 1 NO-(HMHN pa3Mepy Ha NpoayKTa oT ro- MoHacTosilem B oboratutenHa abpuka ,Acapen” ce
ronemute pasmepu Ha HadanHus Marepuan (Moues M npepaboTsat Hap 14 MAH. TOHA MeHW PYAM TOAMLIHO.
Mpuropoga, 2013). MpepaboTBaHaTa CypoBMHA € CbC CPABHUTENHO CROXeEH
MWHEpaneH CbCTaB — BWUCOKO CbObpXaHWe Ha NUPUT U
Ha Teputopusita Ha bbnrapus ca W3BecTHM peauLa MeaHo- M3BBHPEAHO BWCOKO CbABPXKAHME HA MIMHECTW MUHEpasn.
rlOp(bleHVl HaxoauLia, KOMUTO Ca pasnonoXeHu B 4 pyLHN Aprl/lﬂI/I3V|T|/|, NponunnUTN U BTOPUYHU KBApLUTK Ca OCHOBHUTE
paioHa: [Manartopcko-Etpononcku, Awboncku, Codwmiickn 1 TMNOBE XUOPOTEPMArHo NPOMEHeHN BMECTBally ckan,
MankoTbpHoscku  (Boraaros, 1987).  MegHonopdmpHoTo XapaKTepH# 3a HaxoauLLeTo. Teau Tpu Tuna NPOMEHeHU ckanu
Haxoauuie ,Acapen” e pasnonoXeHO B LiEHTpaHaTa YacT Ha Ceé pasnnyasar kakTo MO 3IbPHOMETPWUYEH, Taka U NoO
Acapen - Me,ﬂ,eTCKOTO PYyOHO TOMe Ha OKomo 5 km MUHepaneH CbCTaB. Cﬂeﬂ, MbPBUYHO TpOLUEHE B YesCTHU
ceBeposanagHo ot rpag MaHaropuwe (Monos u gp., 2012). TPOWa4KkKW,  [MHECTUTE arperat  Ce  paspyllasar  Mpu
MUHEpanHUST CbCTAB Ha PYAUTE € CPABHUTENHO Pa3HO- npoLiecuTe Ha MPOMMBAHE W YACTUYHO aBTOTEHHO CMUNaHe,
obpaseH, koeTo ce 06ycrnaBs OT PasBUTUETO Ha MbPBUYHO- ocblyecTssiBaHW B oTaeneHne [lesuHterpauus’.  [lpyra

XapaKkTepHa uYepTa Ha u3xogHaTa pyaa e  (UHOTO
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pasnpegenexne Ha NpOMULLIIEHUTE MUHEpPanu, B pesynTar Ha
KOETO Ce M3NCKBa CMWUMaHe Ha pygaTta npegu gnotauws go
egpvwHa Ha 3bpHata 80.00 % ,-0.100 mm‘. Bcuuku Tesm
obcToaTencTBa ONpefensT CroxHata Cxema Ha 3bpHOMET-
pW4yHa MOAroTOBKA Ha pyaaTta C Uen no edgeKTMBHOTO pas-
KpWUBaHe Ha pPyaHWUTE MUHEpanHW gasu npeaun rnoTauuoHHUs
LUMKDBII.

TouHocTTa Ha 0OcnedBaHETO Ha HeobxoaumuTe [aHHW,
3aBuCW OT LiennuTe Ha nscneaBaHuATa. VlsyanaHm;l Ha UnKbna
Ha pa3apobsiBaHe 06UKHOBEHO Ce NpaBsiT 3a [a Ce reHepupart
HaAEXOHW [aHHM, KOWTO MoraT Aa GbaaT OLEHeHW 3a Aa ce
ONPEeMeni KaK Ja ce U3BbPLLN e4HO OTHOCUTENHO NofobpeHue
Ha cxemaTa Ha 3bpPHOMETPUYHa NOAroTOBKA.

Llenute Ha TexHonormyHus oput Tpsbea ga Gbgat SAcHO
YCTaHOBEHW, NMPEeau HEroBOTO MiaHMpaHe W npoBexgaHe. Te
MoraT [a BKMKYBaT YTBbpXAaBaHe paboTata Ha OTAeneH
Bb3en (Mpean WM cneg  ONTUMMU3WPaHe), aHanuad  Ha
LiANOCTHATa TEXHOMNOMYHa Bepura unu CbbupaHe Ha faHHu ¢
Lien oueHKa Ha paboTHuTe napameTpu. WscneasanuaTa morat
Ja BKMOYBAT 3bPHOMETPUYEH aHanu3 Ha npepaboTBaHuUTe
npoaykTv (cneg TpoLeHe, CMUnaHe, NpecsiBaHe U T.H.), MacoB
fanaHc Ha Knacupawo YCTPOMCTBO (XMZAPOLMKIIOH) unu
LANOCTHO onpobBaHe Ha  TEXHOMOTrMYHUTE MOTOUWM B
oboratutenHata cabpuka. EgHO usnoctHo onpobsaHe 6u
MOrfI0 a ce AeduHmMpa KaTo uacrnessaHqe npu koeto aebuture
no Maca, 3bpHOMETPUYHWUSI CbCTAB M CbObPKAHMETO Ha
TBbpAa (asa BbB BCEKM €OMH TEXHONMOrMYEH MOTOK €
Bb3MOXHO Ja ObAaT onpeaeneHu.

EgHa OT Hal-BaxHUTE 3aauu, KOSTO BCSKO MPOM3BOACTBO
paHO WNK KbCHO CpeLla € ONTUMU3MPAHETO Ha BbBEAEHUTE
npouecy 1 onepauwmn. Kato npumep 3a HeobxogumocTTa OT
NpoBeXaaHeTo Ha onpobBaHe W aHanmM3 Ha TEXHOMOrnyHaTa
cxema Ha npepaboTka, 61 MOrno Aa ce MocouM MyckaHeTo B
ekcnnoataums npes 2011 rog. Ha oboratutenHa cabpuka
,Copper Montain's* (Konnep MayHTuH), MpuHCTOH, BputaHcka
Konymbus, Kanaga (Rose et al., 2015). Cxemata Ha
3bpHOMETpUYHA nogroBka B oboratutenHata (habpuka
cbeTosAWa ce OT nonyaeToreHHa MenHuua (MAM), koHycHa
Tpowayka 3a kputuyHata knaca ot MAM n aBe 6apabaHHu
TOMKOBM MEMHULUM € MpOeKTUpaHa Aa nocTura npou3BoauTen-
HocT oT npubnuautenHo 1585.00 t/h. Owe oT camoTo Havano,
3aTpyOHEHWsITa KOUTO He MO3BONSBAT Ha MoMyaBTOreHHaTa
MenHuua [ga noCTUrHe 3anoxeHata NPOW3BOAMTENHOCT,
HanaraT npoBeXAaHeTo Ha u3crefsaHns, obxsallawm
B3pWBHWUTE 1 BOBMBHUTE AEMHOCTY, ONTUMM3MpaHe Ha MAM no
OTHOLLEHME Ha pa3Mepa Ha CTOMaHEeHWTe TOMKW, NMbTHOCT Ha
nynna, Au3aliH Ha pasToBapBallaTa pelleTka M Apyru.
lMapanenHo e U3BbLPLIEHO MOENMpaHe Ha Cxemata Ha
3bPHOMETPUYHA NOLFOTOBKA CbC Cneyuanuaupar cogtyep ,JK
Sim Met*, uanonasaly cneyuduyHuTe napamMeTpu Ha pygata
(A * b), onpedeneHu crnes W3BbPLUBAHETO HA  LUMPOKO
pasnpoctpaHeHus Tect — JK Drop Weight Test (DWT),
XapakTepuaupall CMANaeMoCTTa Ha pygaTta B ycrioBusiTa Ha
ABTOTEHHO MMM NOSTyaBTOTEHHO CMUMaHe.

MpeactaButenHy npobu OT mM3xogHaTa pyAa, MocTbhBalya
Ha npepaboTka, ca OTAENeHU UM U3cnegBaHW, kato CTOW-
HOCTUTE Ha napameTpute A u b cneg mssbpliBaHeTo Ha DWI
TecTa, nokaseaTr cTomHocTM okono 24.00 3a npeobnaga-
BalLMTE PyAHW IMTOMOMMW. [JOMBMHMTENHO Ca W3BBLPLLEHM
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TECTOBE, kaTo nHAekc Ha boxg (BWI, kWh/t), ¢ uen namepsaHre
CMUNIAEMOCTTa Ha CKaruTe, KaKTo M WHAEKC Ha abpasvBHOCT
(Ai, g/t), nokasBaly abpasnBHaTa ,cuna“ Ha matepuana (Mouyes
u M'puroposa, 2013).

Ha 6a3a nonyyeHuTte pesyntat, Noka3gally HanuuMeTo Ha
W3KMIOYMTENHO TBBbPAM Pyau B npepaboTBaHaTta CypoBWHa
kakTo 1 OrnarogjapeHvMe Ha MHGopmauusTa MonyyeHa creg
MOZJEMNMPAHETO Ha TEXHOMOrMYHaTa CXema CbC CUMYMaLMOH-
Hus codtyep Ha JKTech ce yctaHoBsiBa, Ye Hanl-KpUTUYHUS
bakTop 3acsraw edekTMBHOCTTA Ha pabota ¥ CbLOTBETHO
NpOW3BOAMTENHOCTTA Ha MONyaBTOTEHHATa MemnHuUa e
enpwnata (Fso) Ha 3axpaHBawyms npogykT. Cneg obcwbxaaHe n
aHanu3 Ha Hamn-LenecbobpasHuTe BapuUaHTW 3a HamansBaHe
3bPHOMETPUYHNS CbCTAB Ha MOCTLMBALLA Ha MOMyaBTOreHHO
CMUNaHe CypoBWHa, B TEXHONOrM4YHaTa Bepura Ha obora-
TutenHa pabpuka ,Copper Montain's" Oewe 3anoxeH
LOMBbIHATENEH €Tan Ha HaTpowasaHe Ha pypata (pre-
crushing) npegu nocTbMBaHETO 11 B MOMyaBTOreHHaTa
MenHuya. [lpeguMmcTBaTta Ha  WMHCTanupaHata  KOHycHa
Tpowavka (XL 2000, FLSmidth) BkntouBaT KakTo yBenuyasaHe
npoussogutenHoctta Ha [MAM pgo 1600 th, Taka wu
pedyuMpaHe KOHCyMauusiTa Ha CMunialyy TOMKW, BOZELO A0
3HAYNUTENHO MO-HIUCKW ONEPaTMBHM Pa3xoau.

OcBoboxaaBaHETO Ha MWHEPANUTE Ha LEHHUS KOMMOHEHT
OT TeXHUTE CPacTbUy C ApyrM MUHepanu e Hai-BaxHara
npeanocTaBka 3a  LENEHACOYEHOTO  MPUIMOXEHME  Ha
MpoLecuTe Ha KOHLEHTpaLWs B TexHUKaTa Ha oboraTsiBaHe.

OnTMW3MpPaHETO Ha MPOLECUTE Ha 3bPHOMETPUYHA MOATO-
TOBKA, KaTo TPOLLEHe, NPecsiBaHe, CMUMaHe W Knacupaxe, 1 no
TO3M HaYMH YBENUYaBaHE ChbObPXAHMETO Ha 3bpHAaTa Ha
Pa3KPUTUTE PYOHM MUHEparnu, HEMUHYeEMO Lie [oBefe [0
MOBULIABAHE W3BMMYAHETO HA LEHHUTE KOMMOHEHTU OT
npepaboTBaHaTa CypoBuHa.

OcHoBHaTa Lien Ha HacTosilaTa CTaTus € Ja ce NpeacTaBsT
YacT OT NOMyYeHWTe pesynTaTW, aHanman W Npenopbky,
BCreAcTBue Ha u3sbplueHns npes 2014 roa. TeXHONOrUYeH
OOUT Ha 3bPHOMETPUYHATA NOATOTOBKA Ha CypoBWHATA B
oboratutenHa dabpuka ,Acapen’.

MeToam un mMatepuanu

HanpaBeH e nbneH nperneq Ha TeXHOMornyHata cxema Ha
UMKbN ,3bPHOMETPUYHA NOAMOTOBKA Ha CypoBuHaTa” B obora-
TuTenHa cpabpuka ,Acapen”. Pa3paboTeHn ca meToguku 3a
onpobBaHe, aHanu3 1 OLEHKa Ha LMKbA ,3bpPHOMETPUYHA NoA-
rOTOBKa Ha CypOBWMHaTa“, BKITHOYBALL OCHOBHUTE TEXHOMOMYHM
3BeHa - Kopnyc ,Eapo TpoweHe”, Otpenexve ,[esuHTerpa-
uns”’, kopnyc ,CpeaHo u cutHo TpolueHe® (KCCT) u ,MenHnyHo
otgeneHve’. OnpobBaHeTo Ha UuKbha ,3bPHOMETPUYHA
NOAroToBKa Ha CypOBMHATa® € W3BLPLUEHO MPW ONTUMArneH
pexuM Ha paboTa Ha CbOTBETHUTE KOPMYCU M OTAENEHMS.

B paspaboteHuTe MeToauKM 33 OMpPoOBaHE Ha TEXHONO-
MMYHaTa Bepwra, KaTo eOMH BaXeH acnekT 3a YCMeLHOTOo
pellaBaHe Ha NOCTaBEHMTE 3afauu e obbpHaTO creuuanHo
BHMUMaHWe Ha KONu4ecTBOTO Ha npobara, Heobxogumo 3a
NoCTUraHe Ha XenaHaTa NpeLMsHOCT Ha U3MepPBaHETo, C KOETO
Ce OLeHsiBa NokasaTensl Ha Ka4yecTBOTO Ha OnpobBaHus



matepuan. Hskom OT OCHOBHMTE TEXHONOMMYHW MapameTpy
3aMOXEHN B EKCNIEPUMEHTAITHUTE METOANKM Ca KaKTo criefsa:
Bnara Ha pygata (%); cbabpxaHue Ha TBbpAa (hasa B
pasnuuHuTe  TexHonoruyHn notoun (%); 3bpPHOMETPUYEH
cbeTaB; febut Ha notouute (m3/h); pasxom Ha enekTpo-
eHeprus (kWh) u gpyru. lMpumepHa cxema Ha anapatute C
MOCOYEHN TOYKM Ha onpobBaHe, 3anoxeHa B MeTogukaTa 3a
uacnedBaHe Ha kopnyc “CpefHO M CUTHO TpoOLieHe" e
npeacTaseHa Ha urypa 1.

®ur. 1. BepukHa cxema Ha anapatute B KCCT ¢ nocoueHu TOYKM Ha
onpo6BaHe

C uen no-kayecTBeH aHamM3 W MbiiHA WHTEpnpeTauus Ha
MoryyeHUTe [aHHM Ca MOCTPOEHW CREAHUTE  rpacdmyHm
3aBUCUMOCTU:

¢+ 3bpHOMETPUYHA XapaKTEPWUCTMKA Ha W3CneaBaHWTe
MPOAYKTY;

+¢+ Octpota Ha pasgensHe (CeueHve Ha pasgensHe) npu
npoLecuTe Ha NpecsiBaHe W KnacupaHe;

«+ PasgenutenHu kpueu Ha Tpomn (Tromp curve)

CeueHue Ha pasgensiHe (OcTpoTa Ha pa3gensiHe)

WMHTepeambT Ha nNpuUNoKpusaHe ce [eduHMpa  KaTto
pasCTOAHMETO Mexay dmin 33 HaAcuToBMS U dmax 3a NOA-
CUTOBMS MPOLYKT. MHTEpBambT Ha MpUMOKpUBaHe MOXe Aa
CNyxu 3a npubnuanTenHa oueHka Ha edeKTUBHOCTTa Ha
pasgensHe. KonkoTo e mo-LUMpOK MHTEpBambT Ha MpUMOKPY-
BaHe, TONMKOBa € MO-HWUCKA ,0CTpOTaTa Ha pasgensHe’ u
0BpaTHo, KOeTO Ce siBsiBa KaTo Mspka 3a e)eKTMBHOCTTa Ha
paboTa Ha KnacupaLLoTo YCTPONCTBO.

C pasgenutenHa egpuHa, rofieMuHa Ha paspenuTenHoTo
3bPHO  WNM  CevyeHMe Ha  pasgensHe, 0603HauaBame
TEOPETUYHATa CTOMHOCT MpU MpeanHa ocTpoTa Ha pasaenisiHe,
KoaTo oBosHayaBame kato Dp. Kato mbpBo npubnuxeHne
MOXeM [Oa MpuemMeM CTOMHOCTTa Ha pasmepa, KOWMTO
CbOTBETCTBA Ha cpeaaTta Ha Taka OnpedeneHns UHTepean Ha
NpUMOKPUBaHE.

Pasgenutennu kpusu (Kpusm Ha Tpomn)

B mHoycTpuaneH mawab onepauunte Ha pasgensiHe HUKora
He npoTMyaT upeanHo. ToBa ce [ObMKM He CaMo Ha
pasnnyHUTe BpeMeHa Ha npebrBaBaHe Ha OTAEMHUTE 3bpHa B
pabOTHOTO MPOCTPAHCTBO MPU HEMpPeKkbCHATUTE MpOoLecH, Ha
koneGaHus unu Apyru CMyLLEHWS NPy BOAEHETO Ha npoLeca,
HO CBbIIO W YycnoBusTa Ha pasgensHe B pabOTHOTO
NPOCTPaHCTBO Ha MalLnHaTa.
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EdektnBHOCTTa Ha pa3pensHe moxe Aa 6bae npeacTaBeHa
OT HaKIoHa Ha pasfenuTenHaTa Kpuea Uy Kpusata Ha Tpomn
(Tromp Curve).

3a no-npeuusHaTa oUeHKka Ha paspenuTenHus Npouec ce
onpefiens efpuHaTa Ha pasfensHe, KakTo 1 KonM4ecTsaTa Ha
JPeLLUHUTE" 3bpHa 3a U3CNenBaHNs NPOAYKT.

Bb3 ocHoBa Ha WU3BbPLUEHUTE WU3YUCNEHUA U NOCTPOEHUTE
KpMBW Ca OnpefeneHu ClegHUTe NokasaTenu Ha ocTpoTaTa Ha
pasgenste (Gupta and Yan, 2006):

+ Tnowy Ha ,rpelwHNTe” 3bpHa (,FPELUHO pa3ToBapBaHe”);

«+ BepostHocT Ha Ecart Ep;

«+ PasceliBaHe Ha 3bpHaTa (k) ¥ HECHbBBPLUEHCTBO Ha
pasgensHe (Imperfection - 1)

XMMUYEH U MMHEPanoXKN aHanusm

3a uacneaBaHe BeLLECTBEHMS CbCTaB Ha NpepaboTBaHaTa B
oboratutenHa cabpuka ,Acapen‘ pyga ca npoBeAeHN MUKPO-
CKOMCK/ aHanu3u B OTpa3eHa CBETIMHA W XUMWYHU aHanusm
Ha NpeacTaBUTENHW Npobu OT TpuUTe TMNA PyAM, KaKTO M Ha
npobu OT NpPEenuBMTE Ha XMAPOLUMKIOHWTE, OTAENEHW npu
onpo6BaHeTo Ha ,MenHN4YHO" OTAENEHNE.

MuHepanoxkuTe 1 XUMWUYECKUTE WU3CNeaBaHus MPOBEAEHN
BbpXy 0bpasun OT TpuUTe TMNa pyau ca paspeneHn B Ceaem
3bpHOMETPKYHK knacy (- 3.0 + 2.0 mm; - 2.0 + 1.0 mm; - 1.0 +
0.40 mm; - 0.40 + 0.20 mm; - 0.20 + 0.10 mm; -0.10 + 0.080
mm u -0.080 mm). AHanuaupanu ca npegcTaBuTenHU Npobu
OT (OMHWS NPOAYKT, NOCTLNBALLY HA pnoTayns (CNvB XMAPOLMK-
MOHW), KaTO XapakTepHWUTE 3a NOTOKA 3bPHOMETPUYHW Kracy,
MOAMOXEHU Ha XUMUYECKN 1 MUHEPANOXKM aHamnman ca Kakto
cnegga: - 0.40 + 0.20 mm; - 0.200 + 0.100 mm; - 0.100 +
0.080 mm; - 0.080 + 0.045 mm u - 0.045 + 0.00 mm.

PesynTatu un guckycus

Bb3 ocHoBa Ha pesyntaTTe OT aHanu3a Ha AaHHWTe crneg
N3BBPLUEHOTO OnpobBaHe Ha LWKbA ,3bPHOMETPUYHA MOAro-
TOBKA Ha CypoBuHaTa“ B oboratutenHa cabpuka ,Acapen’,
BKIIOYBALLO AETAWMHOTO M3crnefaHe Ha kopnyc ,Eapo
TpoweHre®, otgenenve Jesunterpauus”, kopnyc ,CpegHo u
cutHo TpoweHe* (KCCT) m ,MenHuyHo* otaenexue, 6buxa
Mornu ga 6bAaT NpeaCcTaBeHu CriegHUTE NO-BaXHW U3BOAW U
KOMEHTapu:

Kopnyc ,Egpo TpoweHe" pabotu crabunHo u ocurypsiea
CypoBMHA CbC CXOACTBO BbB BELUECTBEHWUS CbCTaB U
TEXHOMOTMYHUTE NOKa3aTenu - 3bPHOMETPUYEH CbCTaB, Bnara
1 KONMYECTBO Ha pyaarta.

3bpHOMETPUYHMAT CbCTaB HA  LUMXTOBaHaTa pyaa B
CBHOTHOLLEHUE apausIu3umu/8mopuyHU Keapyumu/nponuaumu
ocurypsiBa pepgyLupaHe Ha MpOLEHTHOTO CbAbpXaHWe Ha
efpuTe KbCOBE W CPABHWTENHO NO-PAaBHOMEPHO pasnpese-
NeHWe Ha KnacuTe Mo eapwHa B MOCTbMBALLATa Ha TpOLLEHe
CypoBMHa. Ha dmr. 2 ca nokasaHW OTaeneHuTe npepcra-
BUTENHU I'IpO6VI OT TpuUTe TUNa MeTacoMaTWU4HO NMPOMEHEHU
opyaeHn ckanu. Ha Bcska npeactaButenHa npoba ca
onpegeneHu: 3bpHomeTpuyeH cbetaB (Dso), Bnara Ha pygata



(%), XMMMYEH 1 MUHEPaNOoXKU aHanmuav no knacu. Ha dur. 3
ca NpefCcTaBeH 3bPHOMETPUYHUTE XapaKTEPUCTUKM Ha TpUTe
TMna onpobBaHu pyau.

OCHOBHM HOCWTENW Ha (PUHMTE Knacu ca aprunnanutute u
nponunutute. OT U3BBLPLUEHUAT XMMUYECKW aHann3 Ha npea-
CTaBUTENHM NPobyn OT TpUTe TUMa PyAM Ce YCTaHOBSBA BUCOKO
CbAbpkaHue Ha Meg B Tpu knacu: - 0.40 + 0.20 mm; -0.20 +
0.10 mm; -0.10 + 0.080 mm. XMMUYHUSAT CbCTaB Ha CUTHUTE
(bpakuum Ha aprunuanToBaTa M NPONUNMUTOBaTa Npobu, nokas-
BaT 3HAYUTENHO NO-BUCOKO OT HOMWHAMHOTO ChAbPXaHWE Ha
Mef, kaTo B mbpBaTa npeobnagasa B MbTY NoBeYe.

P AT

Apl'HJI H3UTH

BTOp HYHH KBAPLUHTH

®ur. 2. OCHOBHU TMMOBE XUAPOTEPMANHO NPOMEHEHU BMECTBALLM CKanu,
XapaKkTepHu 3a Haxoawie ,Acapen*

MuHepanoxknaT aHanu3 nokasea, Ye B pyaHata npoba ot
BTOPUYHW KBApLMTK OCHOBHUTE HEPYAHW MUHepanu ca keapl
W TTIMHECTU MUHEpanu (CepuuuT W rmunu). Pygrute MuHepani
ca NpefcTaBeHu OT MAPUT W MbPBUYHU (XanKoMMpUT) WU BTO-
PUYHM (XanKoLWT W KOBENUH) MedHM cynduamn. KonuyectsoTo
Ha pyOoHWTE MWHepanu HapacTBa C HamansiBaHe Ha pa3mepa
Ha knacara. Mog 0.100 mm ce Habntogasa fobpo paskpuBaHe
Ha pyoHuTE MUHepanHu dasu. MMpu aprunusuTuTe e Hanuue
rofisiMO  KOMNMYECTBO TTMHECT KOMMOHEHT. BTopocTeneHHuTe
HepyaHU MUHEepanu ca nnaruoknas, rmnc u xnoput. PyaHute
MWHEpanu ca OpPUEHTUPaHN KbM PuHUTE Knacu. [JomuHmpaLy
MeAeH MUHepan e XankonupuTbT, YacT OT Hero € OKUCIeH A0
BOpHNT, KOBENWH W xankouut. B nponunuToBaTa CbCTaBka
OCHOBHOTO KOMMYECTBO Med € MPeACTaBeHo OT  MeAHu
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Cynman C MbpBUYEH NPOM3XOA — XanKOMMpUT W BOpHWT.
[o6po paskprBaHe Ha MegHWUTE MUHEpanu ce Habnogasa BbB
dpakummte nog 0.100 mm. MUHEPANOXKUAT U XUMUYHMS
aHanmu3 Ha BCUYKM pyaHU Npobu NoKasBaT BUCOKO ChabpiaHie
Ha Meq B rMnHecTaTa dpakums.
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our. 3. 3bpHOMETPUYHA XapaKTepUCTUKa Ha TPUTE TUNA onpobBaHN pyau

OT npoBefeHOTO AeTanHo onpobBaHe M aHanu3 Ha
3aNOXEHNTEe TEXHONOrM4YHU napameTpu B MeToaukaTta 3a
onpobeaHe Ha oTgeneHve JleanHTerpauus‘ Moxe pga ce
3aKni4mM, Ye oTaeneHneTo paboT mpu MPOM3BOAUTENHOCT
Hag cpepgHaTta 3anoxeHa no paboteH npoekt 3a 2014 roguHa
(Pwr. 4).

Crnag sapyaa

-250.00 +0.00 mm Iso
HHO
Hagcuroe npoayxkr,
_Gapabammo o 2 80.00 +12.50 mm
S amo N
3 HER :
"\: 4 MesaMHeH OPOAYKT,
AEToreHHa waaca -12.50 +5.00 mm
MEJHHOA
‘ I

ToAcHTOE IPOAYKT, Kaaca
-5.00 +0.00 mm

®ur. 4. Cxema Ha aBTOTEHHO CMWNaHe U KOHTPONHO NpecsiBaHe B
oTaeneHue ,JlesuHTerpauus“ Ha o6oratutenHa gabpuka ,Acapen”

CpaBHEHMETO Ha 3bPHOMETPUYHMS CbCTAB Ha XapaKTepHW
knacv B pyAaTta, nocTbrBalla 3a npepaboTka B aBTOTEHHUTE
MenHuum (AM) nokassa, Ye TS € C UAEHTUYHO 3bPHOMETPUYHO
pasnpedernexue 3a nepuopa Ha onpobeaHe. B 3axpaHBaHeTo
Ha OTOENeHWeTo HAMa ronsMa pasfuka B efpuHata Ha
nocTbnBaLaTta pyda. YCTaHoBsBa Ce BUCOKO CbAbpXaHWe Ha
cutHu (-5.00 +0.00 mm) u dunn knacw (-0.100 +0.00 mm) B
pydaTa, KOeTO OKkasBa BMMsHWE BbPXY MpoLeca aBTOreHHO
cmunaHe. CvabpxanuneTo Ha knaca +80.00 mm (+100.00 mm)
B pygata e B rpaHuymte Ha 6.00 go 12.00 %, 6narogapexue
Ha KOeTo B npoueca He Ce NposiBABa M3NULWBLK Ha ,MeneLmn”
Tena. Ha dwmrypa 5 ca npeactaBeHW 3bpPHOMETPUYHUTE
XapaKTepUCTUKW Ha pypaTta, MOCTbMBAW@ Ha aBTOTEHHO
CMMNaHe W Ha CMnsHaTa pyda, 3axpaHBalia [ABOWHOTO
BapabaHHo cuTo.
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®ur. 5. 3bPHOMETPUYHO pa3npedeneHne Ha YacTULMTe B 3axpaHBawma
AM un cmnenus ot AM npoaykTu

Nobus, %

100 1000

YCTaHOBEHO €, Y€ CbabPXaHUETO Ha TBbpAA (hasa B nynna
Ha MENHMLMTE OKa3Ba CbLUECTBEHO BIMSIHWE BbPXY MpoLeca
Ha CMuUnaHe, Kato Mpu MO - MITbTEH Mynn CMWNAHeTo ce
Browasa. [1o-BUCOKA CTeneH Ha CMWMaHe B aBTOrEHHUTE
MenHuuM Cce nocTura, Korato B 3axpaHBawara pyda
CymapHuAT JobuMB Ha no - eapuTe Knacv B 3aXpaHBaHETo € no-
BMCOK 11 CE MOAABbPXKA CbAbPXaHWe Ha TBbpAa hasa B nynna
Ha MenHuuaTa B onTumanHuTe rpaHuuy 60.00 - 65.00 %.

Mocturat ce 3Ha4NTENHM eqeKTUBHOCTM Ha CMUNaHe no
pasueTHu knack - 80.00 + 12.50 mm u - 12.50 + 5.00 mm.

AHanu3bT Ha 3bPHOMETPUYHWS CbCTAB Ha MNPOAYKTUTE
nomyyeHn crnep npecsisaHe BbpXy ABoWHaTa bapabaHHa
CUTOBA MOBBLPXHOCT, KAaKTO W Bb3 OCHOBA Ha orpefeneHarta
efipyHa Ha pasfernsHe W KONWYecTBaTa Ha ,rpeLHuTe” 3bpHa
3a U3cneABaHWUTe NPOAYKTW, MOKasBaT 3HAYMTENIHO no-
BUCOKaTa eqeKTMBHOCT Ha pasfensHe Ha BbTpelHaTa
NpeceBHa NOBBLPXHOCT.

Ha dwurypa 6 no-gony e nokasaHa pasgenuTenHara kpusa
32 BbTpellHaTa MNpeceBHa MOBLPXHOCT Ha  [ABOWHOTO
6apabaHHo cuto — 12.50 mm. PasgenutenHaTa eapuHa no dso
3a npeceBHaTa NoBbPXHOCT e npubnuautenHo 9.80 mm.

Iaowu Ka "zpewHume 3spHa”
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®ur. 6. PasgenutenHa kpuBa 3a BbTpelHaTa NpeceBHa NOBBLPXHOCT —
12.50 mm

MpomsBoguTeNnHOCTTa B KOpnyc ,CpeaHo M CUTHO TPOLLEHE"
€ Haa CPeaHOTO HaToBapBaHe 3aroXeHo B PabOTHWUS MPOeKT
3a 2014 rog.
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YCTaHOBEHUAT 3bPHOMETPUYEH CbCTaB Ha MPOAYKTUTE,
npeaum M crnepg npecsBaHe B [ByAekoBaTa BMOpaLMOHHA
npeceBHa ypeaba, KakTo M eeKTMBHOCTUTE Ha MpecsBaHe
nokasear, ye:

MpecsBaHeto no pasmep 10.00 mm (ropHa cuTOBa
MOBBLPXHOCT) € JOCTaTbyHO eEKTUBHO, HO CTOMHOCTTa Ha
TO3W NokasaTen BEpOATHO MOXe Aa Ce MOBULM C ONTMMArHO
nopabpXaHe Ha NMPECEBHNTE MOBLPXHOCTU.

MpecsBaHeto no pasmep 3.00 mm (gonHa npecesHa
MOBBLPXHOCT) € edeKTUBHO, HO  KOHTPOMMpaHeTo Ha
M3HOCBAHETO Ha ropHaTa NpeceBHa MOBLPXHOCT, KaKTO M
HaTOBApBAHETO Ha BMOPALMOHHOTO CUTO € OT M3KITIUMTENTHO
BaXHO 3HaueHwe.

HoBoBbBeeHaTa Cxema Ha TPOLIEHe (3aTBOPEH LKL
,TPOLLEHe - npecsBaHe”) B kopnyc ,CpeaHo M CUTHO TpoLLeHe"
OCUTypsiBa MOBMLIABAaHe Ha CTEMEHTa Ha TPOWeEHe Ha
KOHYCHMTE TPOLLAYKM, CbOTBETHO 3@ CPELHO W CUTHO TPOLLEHE.

B nepuoga Ha onpobeaHe Ha oTgeneHve ,MenHuyHO!
cpefHaTa NPOM3BOAMTENIHOCT Ha W3CMEABaHUTE  TOMKOBU
MemnHULM e B CbOTBETCTBME CbC 3afjajeHata B TexHuyeckata
XapakTepucTuka Ha HamuuyHoto obopyaBaHe. Pypgara,
nocCTbMBaLLa Ha CMUNaHe B ONpobBaHUTe TOMKOBW MENHWLM €
¢ 6mmsko go 3anoxeHoto 90.00 % cbabpxaHue Ha knaca -
10.00 +0.00 mm (®ur. 7). MocTura ce OTHOCUTENHO €4PO
CMWUNaHe npu HEBMCOKO CbabpaHue Ha knaca -0.100 +0.00
mm. 3a ga ce u3berHar 3aTpydHeHusTa B nocnefsallara
onepaums Ha knacvpaHe B 6aTepuute XuapoLnKioHH, e Heob-
X0AMMO Aa Bbe NOCTUTHATO MOCTOSHCTBO B 3bPHOMETPUYHNS
CbCTaB Ha CMIEHNs NPOLYKT, CbAbPXKaHWETO Ha TBbpAa (hasa
1 pedura.
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®ur. 7. 3bpHOMETPUYHA XapaKTepuUCTMKa Ha M3XoAHaTa pyAa, NocTbm-
Balya Ha cMuUnaHe B TonkoBu MenHuuu Ne 1,2 n 3.
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3bPHOMETPUYHUST CbCTAB Ha NACLLUMUTE Ha XUAPOLMKIOHUTE
noka3Ba, 4e KaKTo CbAbpXaHWeTo Ha pasyeTHa knaca (-0.100
+0.00 mm) Taka 1 cbabpXkaHWeTo Ha TBbpaa (hasa, Bapupa B
LUMPOKM rpaHuLM. BUCOKOTO ChabpXaHMe Ha pasyeTHa knaca B
MACbUMTE HA XWOPOLMKIIOHWUTE, KOUTO Ce SBABaT LMPKyna-
LIMOHEH TOBAp Ha TOMKOBUTE MENHULM, HamansiBa edeKTuB-
HOCTTa Ha CMWNaHe Mopagu pefyuMpaHeTo Ha edpuHaTta Ha
yacTuuuTe B ODLIOTO 3axpaHBaHe Ha MeNHULWUTe W NoBMLLA-
BaHe BUCKO3WTETA Ha Nyrnna B Hes.

Mpy CbLiECTBYBALOTO HATOBapBaHe Ha MeNHULMTE,
3anbfiBaHe C TOMKOB TOBap, 4YecToTa Ha BbpTeHe Ha
GapabaHa, npochun Ha obnuLOBKaTa, KaKTo W NOAAbPXaHUTe
TEXHOMOTMYHM NapaMeTpu Ce OCUrypsiBa CbAbpkaHie Ha



pasdetHa knaca -0.100 +0.00 mm B rpanuuute ot 16.00 go
25.00 %. [Mpaktmkata 3a nogobHM pyan noka3ga, 4e e
Bb3MOXHO, NOCTUraHe Ha MO-BUCOKO MPOLEHTHO ChAbpKaHue
Ha pa3dyeTHa knaca B npogykTa cneg cmunae. OTTyk cneasa,
Ye e HeobxoauMo onpefensiHe, KakTo Ha ONTUMArHUTE TEXHO-
MOTMYHM MapameTpy Ha paboTa Ha MenHWUaTa, Taka W
W3crnegBaHeToO Ha ApYrM napameTpu kato - Npodunm Ha
obnuuoBkaTa, TOMKOB TOBap C Pa3fnyeH AWameTbp, Maca u
NABTHOCT (MOBBPXHOCTHA M 0BEMHA), YeCTOTa Ha BbPTEHE U
Aap.

Ha cur. 8 ca nokasaHn 3bpHOMETPUYHUTE pasnpepeneHus
Ha 3bpHaTa B 3aXpaHBaHETO, MACbUWTE W ChMBa Ha
XMApOoLMKNOoHa, paboTely B 3aTBOpeH pexum ¢ HapabaHHa
TOMKOBA MenHWUa. lonemmHata Ha pascTosHUeTo (MHTepaana
Ha NpunokpuBaHe) Mexay dmin 3a NACLLMTE W dmax 3@ NPENUBA
Ha XWOPOLMKIIOHA CMYyXM 33 OUeHka Ha edeKTMBHOCTTa Ha
paboTa Ha KnacupaLLoTo YCTPONCTBO.

3a nsacbuuMTe Ha XMapouMKnoHa ce otynTa dmin = 0.045 mm,
a 3a npenvBa dmex = 0.200 mm, npu KOeTo KaTto MbPBO
npubnKeHne 3a paspgenuTenHo 3bpHO MOXe fa ce npueme
cpefaTta Ha Taka onpefeneHns MHTepBan Ha MpUMoKpHUBaHe
Dp=0.140 mm
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Pasmep Ha yacTuumTe, mm

®ur. 8. OcTpoTa Ha pa3aensiHe Ha KnacvpailoTo YCTPOICTBO

3bpHOMETpUYHUAT cbCTa, AebutsT (M3/h), KonmyecTBOTO
Ha roTOBWS MPOOYKT W CbObPXaHWETO Ha TBbpaa hasa B
NpenvBuTE Ha XUOPOLMKMOHUTE OT PasnuyHUTe pexuma Ha
paboTa Ha MENHWYHWUTE arperati, BapupaT B M3BECTHA
creneH. ToBa BOAM [O HEMOCTOSHCTBO B  MpOAyKTa,
nocTbNBALY BbB (hNOTALMOHHO OTAENeHue, koeTo 1 Mormno aa
Ce 0Tpasn BbpXy TEXHOMOrMYHUTE nokasaTenu Ha droTa-
LIMOHHWMS NpoLec.

Bb3 ocHOBa Ha M3BBLPLUEHUTE MUKPOCKOMCKW aHanusu B
OTpaseHa CBeTNMHA Ha NPeACTaBUTENHN NPobu OT NpenuBa Ha
XWOPOLMKNOHUTE (3axpaHBaHe Ha (hroTaLMOHHO OTAEneHue),
Ouxa MOrnm fja ce HanpaBsT CNEAHUTE NMO-BaXHU KOMEHTapU:

$a3oBMAT CbCTAB HA MEHWUTE MUHEpanu B OTAENeHUTe 3a
aHammM3 mpobu e U3KMYNTENHO efHooOpas3eH — OCHOBHO
XankonupuT, B Manka CTeneH BTOPUYHU MegHu cynduau,
pasBUTM NO XanKOMUPUT U HE3HAYUTENTHO KONMYECTBO DOPHUT
C MbpBUYEH Mpom3xoq; B eppute knacu ocHoBHaTa 4vacT OT
MeOHUTE MWHepanu e npeactaBeHa nog gopmata Ha uHM
npopacTBaHus ¢ HepyoHu MuHepanu; C  HamansBaHe
e[lpyHaTa Ha 3bpHaTa NPOLIEHTHO HamarsBa KoNUYeCcTBOTO Ha
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(OVHO MpopacTHanuTe MegHW MWHEpanu, Kato B CbLiOTO
BpEMe HapacTBa KONMYeCTBOTO Ha PasKpWUTMTE M TFOTOBW 3a
croTaums pygHu MuHepantu dasu; KonmyectsoTo Ha MegHo-
OKWUCHUTE MWHEpanu e HEesHauMTeNnHoO, KaTo Te ca Cbepeno-
TOYeHM BbB (puHMTE knacu; 3abenssBa ce TeHAEHUMS Ha
HapacTBaHe CbabpXKaHUETO Ha Meq (%) BbB uHUTE (pakLmmn
B OTAENHWTE 3a aHanu3 npoobw.

N3Boaun

PaspaboTenute MeTogukm 3a onpobBaHe Ha  LMKBI
,SbPHOMETPWYHA NOArOTOBKA Ha CypoBMHaTa" B oboraTutenHa
tabpuka ,Acapen’ BKMIOYBALY, OCHOBHWUTE TEXHOMOMUYHU
3BeHa - Kopnyc ,Egpo Tpowene”, Otoenexve ,[esuH-
Terpauus”, kopnyc ,CpegHo u CuTHO TpolueHe” 1 ,MenHu4HO"
otgenenve, 6uxa mormu ga GbAaTt npunaraHu B M3crneno-
BaTesnickata 1 Npon3BOACTBEHA MpaKTMKa Ha creumanucTuTe B
00 ,Acapen*.

Bb3 0CHOBa Ha pesynTaTiTe OT U3BBLPLUEHNST TEXHOMNOMMYEH
OJMT, aHamu3 1 OLeHKa Ha NomyYeHunTe JaHHu, 6uxa Moru fa
CE HanpaBsiT CriegHUTe No-BaXKHW M3BOLM W MPenopbki 3a
nofobpsiBaHe paskpUBAHETO Ha PyAHUTE MUHepanHW dasu B
TexHomnormyHara sepura Ha oboratutenHa abpuka ,Acapen’:

Onpe,qenﬂHe onTumManHuTe napamMmeTpu Ha npoueca aBTo-
T€HHO CMunaHe C uen I'IO,ElOGpFIBaHe Ha Heroeata ereKTVIB-
HOCT.

o,
0‘0

HatoBapBaHe aBToreHHuTe menHuum (t/h);
3bpHOMETPUYEH CbCTaB Ha 3axpaHBalyara pyaa;
Pa3xoa Ha Boga, nogaBaHa B aBTOrEHHUTE MENHNLK;
CoabpxaHue Ha TBbpaa asa B nynna.

o,
0‘0

o,
0‘0

o,
0‘0

OnpegensHe onTUManHWTe MNapameTpu Ha MpoLecuTe
NpoMWBaHe W MpecsiBaHe C Uen nogobpsiBaHe Ha TAXHaTa
€(EKTUBHOCT.

++ Pasxopn Ha BoAa, nogaBaHa Ha [BOMHOTO GapabaHHo
CHTO;

¢ [lpOMeHM B KOHCTPYKTMBHWTE enemeHTW (nrow, Ha
NPEeceBHUTE MOBLPXHOCTH, pa3Mepu Ha OTBOPUTE W
Ap.) Ha 6apabaHHOTO cuTo.

W3cnensaHe Bb3MOXHOCTUTE 3@ (DMHO CMUNaHe C BaruloBa
Tpowayka (HPGR) Ha Hskou onpegeneHn npogykT B kopnyc
,CPemHO 1 CUTHO TpoweHe" ¢ Len obnekyaBaHe paboTtaTa Ha
ABYyOEKoBaTa npeceBHa ypenoa.

WacnegaHe BMMSHMETO HA pasnuMyHM No  ¢opma M
TEXHUYECKN MapamMeTpu (anameTbp, NOBbPXHOCTHA M 0DeMHa
MITbTHOCT, Maca) CMUNaLumM cpeau, KOeULMEHT Ha 3ambiBaHe
C TOMKoB TOBap, npodun Ha OOMMLUOBKMTE, YecToTa Ha
BbPTEHE HA MENHULMTE.

YCbBbPLIEHCTBAHE pexuma Ha pabota Ha YacT OT
TOMKOBWTE MENHMLM, 4Ype3 BbBEXLaHe Ha NpefBapuTenHa
knacudmkaums Ha npoaykTa oT oTaeneHue ,JesuHterpauus” (-
500 + 0.00 mm) ¢ uen, HamansBaHe BMMSHWETO Ha
NPOMEHsLMTE Ce NapameTpu KaTo: LebuT, CbabpkaHue Ha
TBbpAa hasa u 3bPHOMETPUYEH CbecTaB. C BHeOPSBAHETO Ha
npenBapuTenHa knacudukauus Guxa mormu Aa ce pelwart
HAKOW OT CIEHNUTE TEXHONOMMYHM HEQOCTaTbLY:



+«+ 3aemaHe Ha noneseH obeM B TOMKOBaTa MeNHULA
ype3 HamansiBaHe KONMYEeCTBOTO Ha LMPKYNaLMOHUs
TOBap;

¢ lpecMunaHe Ha pasKpUTU MUHEpanHU YacTuuy,
BOZELLO A0 npobnemu B OCHOBHA (hnoTauus;

% HawmansisaHe CpefHOTO BpeMe Ha MpecToil Ha
NACbLWTE B MEMHWULATA, C KOETO LLMAaMyBaHETO Le ce
HamamM W LWe Ce YBEnu4YM MpOM3BOAUTENHOCTTA Ha
MenHuLaTa no HoBooBpa3yBaH pasyeTeH Knac;

% BHedpsBaHeTo Ha HoBa Cxema Ha pabota Ha

MENHUYHNA arperat, CbCTOoALla ce B npeaBaputenHo

knacupaHe Ha npogykta ot [lesuHTerpauns®, Lwe

noBuLLM ehEKTUBHOCTTA U Le cTabunuavpa paboTarta

Ha CMUaLLMS 1 Knacupallus anapaty.
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AWHAMWKA HA ABYKOPMNYCHA PE3OHAHCHA NPECEBHA YPE[IBA

CmedpaH lNynee

Munxo-2eonoxku yHusepcumem “Ce. UeaH Puncku”, 1700 Cogpusi

PE3IOME. Pasnexga ce [ByMAcOB MexaHW4eH MOAEN Ha pe3oHaHcHa npeceBHa ypeaGa C efHa cTereH Ha ceoGoga. [udepeHumMantute ypasHeHUs Ha
ABIKEHMETO Ca M3BEOEHM M PELLEHN C METOANTE HA aHanMTUYHATA MexaHuKa. 3aKOHBT 3a ABWKEHWE HA MPECEeBHUTE MOBBPXHOCTM W aMMMUTYOHO-YECTOTHATA

XapaKTepucTUKka Ha TPENTEHWUsTa Ca MONYYEHU U NPEACTaBEHN rpachinyHo.

DYNAMICS OF A TWO-MASS RESONANCE SCREENING SYSTEM

Stefan Pulev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. A two-mass mechanical model of a resonance screening system with one degree of freedom is investigated. The differential equations of motion are
derived and solved analytically. Graphs for the law of motion of the screening surfaces and for the of amplitude-frequency response of the vibrations are also

provided.

OnucaHMe Ha p[AByKopnycHata
npeceBHa ypeaoa

Pe30HaHCHa

[lByKOpMYCHWUTE PE30OHAHCHW NPEeCeBHM ypeabu ce npunarat
3a NpeBapUTENHO 1 OKOHYATENHO CyXO UMW MOKPO NpecsiBaHe
Ha BbITMLLA, aHTpaUWT W Apyr Neku Matepuani. OCHOBHUTE
MM npegMMcTBa ca Manka Maca, ronsiMa npeceBHa
NOBBPXHOCT Mankn OUHaMUYHN HaTOBapBaHWUS, 61:p3a M necHa
NpoMsiHa Ha YecToTaTa M amnnuTyaaTa Ha TPenTeHusTa B
LMPOKM TpaHuuy. PaboTata B pe3oHaHCEH PexuM ocurypsisa
Mambk pasxof Ha enekTpoeHeprus. [locTura ce BuUCcOka
eeKkTMBHOCT Ha npecsBaHe oT 85-95%. [loHacTosiem
BCUYKWN CBETOBHW NMPOM3BOAMTENMW npeanarat B NpoayKroBaTa
Ch rama cuta OT TO3M TN C BCE MNO-yCbBbPLUEHCTBaHa
KOHCTpyKUMs. Ha durypa 1 e npefcraBeHa npuHUMMHATA
cxema Ha [BYKOprycHa pesoHaHcHa npeceBHa ypeaba Pl

pycko npon3BoacTBO. CbCTOM Ce OT FropeH U AoneH kopnyc 1 1
2, CTaBHO CBbP3aHu C ABe ABOWKM paBHOPaMEHHM focTose 3.
Ocute Ha komeHaTa Ca €nacTMMHO  OKAYEeHW  BBPXY
HenoaBwxHuTe CTOMKM 4. VI3TOYHWMKLT Ha TpenTeHusTa e
EKCLIEHTPUKOBNS BUOPOBBL3OYAMTEN C €nacTuyHa MOTOBMIIKA
6, MOHTMpPaH BbpXy [OOMHWS KOPMYC M CBBbP3aH C FOpHUS
kopnyc. 3aABKBaHETO Ha EKCLEHTpUKa Ce OCblUecTBsBa OT
enekTpogsuratens 8, nocpeacTBOM peMbyHaTa npedaska 9.
[BaTa Kopnmyca W3BbpLUBATA PABHUHHO [BWXEHWE BbB
BEpTMKaNHa paBHMHA M Ca €NacTUYHO CBBbP3aHM MOMEXIY CU
nocpencTeom bycepute 5. [IBata kopnyca umaT paBHW Mach U
Ca CBbp3aHW CUMETPUYHO nopaanM KOeTO Te M3BbpLUBaT
TPenTeHus ¢ efiHaKkBa YecToTa U amnnuTyda B NpoTUBodasa.
HanpaBneHneTo Ha TpenTeHWsiTa 3aBUCKU OT HaKMOHAa Ha
noctoseTe 3.

®ur. 1. MpuHUMNHA cxemMa Ha ABYKOPNYCHA pe30HaHCHa NpeceBHa ypeaba




it

(’Jr -)"
- A4 e
/ LA % € , /
0 2 4’#/7 %4
o s LA T At
1 Pl " A "\_ & ‘__,f"
/ I NS /
4 £ ™ /
L— e
‘ B \\VB -\\I i BN P

®ur. 2. inHamnyeH Mogen Ha ABYKOpPNyCHa pe3oHaHCHa npeceBHa ype.qﬁa

[nHamunyeH moaen

[OvHamnuHuaT  Mogen Ha  [BYKOpMYCHa  pe3oHaHCHa
npecesHa ypeaba e npeactaseH Ha dur. 2. CbeTon ce oT ase

PaBHOMACOBW TeNa Ha ropHuUs 1 JONHUA KOpNyc ¢ Mach M,
KoWTO ca OkadeHu ctasHo B Toukute A, A, B u B .
Noctosete AB n A B umar paBHM ObmkuHW, M3BLPLIBAT

potauus okono cpeaute cu (toukute O u O ) u macute um
ca npeHebpex1Mo Masku B CPaBHEHWE C TE3W Ha KOprycuTe.
3a CKOpOCTUTE Ha TOYKUTE € B CUMa paBeHCTBOTO

—

VA

V.=V, =V,

A B

[lBata kopnyca M3BbpLIBAT TPAHCMALMOHHO [BMXEHWE B
MPOTMBOMOMOXHM  Nocoku.  CnepoBaTenHo  TpenTswata
cucTemMa e C efgHa cTeneH Ha csobopa. 3a 06o6LieHa
koopauHaTa e yaobHo Aa ce usbepe npemecTBaHeTo X Ha
ropHusi kopnyc. MpemecTBaHETO Ha AOMHMS KOPMYC € CbLyoTO,
HO MPOTUBOMNOCO4HO. 3a ronemuHUTE Ha CKOPOCTUTE BaXu
PaBEHCTBOTO

Vi=V, =V, =V, =X,

EnactuyHata BPb3Ka MeXOy [BeTe Macu Ce cyuta 3a

NMHelHa 1 e ¢ koeduumeHT C, . Bubposb3byautenar sHacs B

Tpentdwara cuctema KUHeMaTuyHO CMyLleHue, KOeTo ce
npeacraea ¢ U3pasa

&= e.coswt.

KoHcTaHTMTE € W @ ca CbOTBETHO eKCLeHTpuunTeTa 1"
‘brnoeata CKOPOCT Ha eKCLEeHTPUKa. EnactuyHoctta Ha

MOTOBWIIKaTa Ce XapakTepuaupa ¢ koeduumenTa C; .

[AndhepeHynanHoTo ypaBHEHWe, OMUCBALUM [BUKEHMETO Ha
npecesHaTa ypesba ce nonyyasa ¢ NOMOLLTa Ha YPaBHEHNETO
Ha larpanx ot Il pog

d(oT) oT _ o

dt\lox ) ox  ox
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KuHeTnuyHata eHeprust Ha TpenTAwaTta cuctema € (hyHKUmS
Ha obobLyeHaTa CKOpOCT U Ce NpeacTass ¢ u3pasa

T =mx?*
Q:Zm)’(,i 8_T :ZmX,E:
% dt{ oy ox

lMoTeHuManHaTa €eHeprUs Ha cucTemata € KagpaTHa
yHKUMS Ha 0600LLEHOTO NpeMeCcTBaHe 1 MMa B1aa

H=%cl(2x—§)2 +%cz(2x)2 |

ol1
= 2¢,(2x— &)+ 4c,x.

Cnep «kato 3amectum n3pasute 3a KMHETU4HaTa W
noTeHunanHaTa eHeprua B ypaBHEHNETO Ha Ha J'IarpaH>K ot ll
poa nony4asame CnegHoTo umcbepqumanHo YpaBHEHKE!

5 C,.e
X+k?x=-2=coswt .
m

HanpaseHo e nonaraHeTo

k2 — 2(cl + CZ)
—m )
KbAeTo C
k = 2(C1 + CZ)
m

€ 03HayeHa cobcTBeHaTa YecToTa Ha TpenTdlwara cucrema.

YpaBHeHneTo (1) 3a [BWKEHWE Ha pasrnexpaHata
MexaHuyHa cuctemMa e OT BTOpU ped,  C MOCTOSIHHM
KOE(ULMEHTN 1 OBLMAT My WHTErpan € Cyma OT peLueHneTo



Ha XOMOreHHaTa My 4acT M €OHO YaCTHO peLleHve.
PelleHMeTo Ha CbOTBETCTBALIOTO XOMOTEHHO YpaBHeHKe
n3passiBa CBOOOAHWTE He3aTUXBalUW TPEMTEHUs W Ce AaBa C
n3pasa

X, = C;.coskt+C,sinkt.
YacTHoTo pelueHne TbpCm BbB B1aa

X = A.coswt. (2)

(2) npeAcTaBs 3aKOHA Ha YNCTO MPUHYAEHUTE
KOWTO Ce W3BbpWBAT C YecToTata « Ha

cmywenmeto  ¢.  Crneg 3amectBaHe Ha  (2) B
AndepeHLManHoTo ypaBHeHne Ha Mankute Tpentenus (1)

M3pasa
TpenTeHus,

npupaBHsBaHe Ha koeduuueHtuTe npeg COSw! ce

nory4yaea CnegHUAT U3pas 3a amnnuTyaarta Ha TpenTeHusaTa:
c,.e

A= . (3
mk° —w

CnepoBaTenHo  YACTO  MpUHYAEHUTE  TPEnTEHWS  Ha

pasrnexpgaHara npecesHa ypeaba ce M3BbPLUBAT N0 3aKOHa

c,e
= 5 2 Coswt.
m‘k ) ’

06LwoTO peLueHue e Ha AndepeHynanHoTo ypasHeHue (1) e

x = C,.coskt+C,sinkt+
c,.e (4)

+ COSwt.
mik2 —w? )

[Mpu HyneBu HavanHu ycrosus
x(0)=0u x(0)=0

3a peLLeHneTo Ha andepeHLnanHoTo ypasHeHue (1) ot (4)
ce nonyyasa

X = R%)(COSM —sinkt).

W3pa3bT (5) NpeAcTaBnsBa 3akOHbT 3a ABWXKEHWE HA FOPHUS
1 OOMHMS KOPNYC Ha npeceBHaTa ypeaba, T.e. Ha NPeceBHUTE
NOBBLPXHOCTW. ToW MOXe [da NOCMyXu KaTo OcHoBa 3a
ONTUMU3NPAHE Ha NPOWU3BOLCTBEHUTE PEXWUMM Ha CUTOTO B
33BMCUMOCT OT NOCTABEHUTE LIENU.

(%)

YucneH npumep

3a npumep e B3eTa pe3oHaHcHaTa npecesHa ypeaba P 72
CbC CNeAHUTe CTOMHOCTM Ha TEXHONOIMYHUTE NapameTpy:
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C, = 400000 N/m
C, = 60000 N/m
M = 7400 kg
€=5mm
®=108S
k=1115S"

1

1

C n3nonssaHe Ha aHanMTUYHO M3BEAEHaTa 3aBMCMMOCT (3)
3a amnnuTygata €  MofyyYeHa ammIMTYgHO-YecToTHaTa
XapaKTepUCTUKA Ha YMCTO MPUHYAEHUTE TPenTeHus. Ta e
npeacrtaseHa rpagmuHo Ha ¢wur. 3. AcHO ce Buxaga

-1
pesoHaHcHaTa Yectota o1 11,15 S, npu KoATO amnnuTyaaTa
Ha TpenTeHusTa e 6e3kpainHo ronsma.
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aMNAUTYAa Ha TpenTeHuAaTa [m]
o

o
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o
o
(=]

o

; : : : : 3
4 6 g 10 12 14 16
o [rad/s]

®ur. 3. AMNNUTYAHO-4eCTOTHA XapaKTEPMCTUKA Ha TPENTEHUATa

Ha durypa 4 e npeacraBeH rpaduyHO 3aKOHBT Ha
TpenTeHusTa Ha ropHus kopnyc cnoped dopmyna (5).
lpadhmkata 3a OOMHMA KOpPNyC € pasnonoxeHa ornejarHo
cnpsamo abcuumcHata oc. Mopagu ronamata 6nu3octT mexay
cobcTBeHaTa M NMpuHydeHaTa 4ectoTa Ha Bubporpamata ce
HabniogaBa sBnexneTo bueHe. Hanuuneto Ha Gydepute 5 ot
durypa 1 Ha npaKkTMKa OrpaHuyaBa TOBa SBMEHUE W
TpenTeHnsTa ca C No-Marnko NPoOMeHsLLa ce amnnTyaa.

3aknioyeHue

Kato obobujeHne Ha momyveHuTe pesyntat moraT ga ce
HanpaBsT crieaHUTe KOHCTaTaLuu:

1. TNopagu ronemure BBH3MOXHOCTH, KOUTO
NPeAoCTaBAT ABYKOPMYCHUTE PE3OHAHCHW MPECEBHM
ypegbu  wMpoko ce npunaraT B MUHHO-

oboraTutenHuTe npeanpuaTua.

2. AHanuTuuHo u3BepeHuTe 3asucumoctn (3) u (5) 3a
3aKOHa 3a JBWKEHME Ha NPECeBHUTE MOBBPXHOCTM U
amnnUTYaHO-YeCTCOTHaTa  XapakTepucThka — Ha
TpenTeHnsTa MoraT fga ca OT nonsa 3a
YCbBbPLLEHCTBaHE paboTaTa Ha TO3u BU CUTa.



3. PesynTatute OT TOBa M3cnefBaHe ca hopmynupaHu n30op Ha OMTMMarneH PeXuM Ha ekcrmoaTauust Ha
MpeLusHo, KpaTko, AOCTAaTbYHO SCHO M MoraT fa ABYKOPMYCHUTE ~PE30OHaHCHU MPECEeBHU ypeaou.

MocnyxaT Mpy KOHCTpyMpaHe, MOAEpHU3MpaHe U
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®ur. 4. 3aKoH Ha TPenTeHMsATa Ha FOPHUA Kopnyc
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PA3PABOTBAHE HA TEXHOJIOTMYHA CXEMA HA NMUNOTEH XUAPOMETANYPI'MYEH
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PE3IOME. Pa3paboTBaHeTo Ha MbriHaTa TEXHONMOTMYHA CXEMa 3a XMAPOMETamnypruyHo M3BnMYaHe Ha mef v 6naropogHu MeTamu OT pasfuyHN MeTamypruytm
oTnapbLm e 6bAe NpeaMeT Ha NUOTeH TecT B kpast Ha 2016 roguHa. MUNOTHUAT TECT Lue BKMIOYBA TPETUpaHe Ha OTNaAbLMTE B HAMBIHO UHTETpUPaH, cneLuanHo
KOHCTPYMpaH NUNoTeH 3aBoA, KOATO Aa NOTBbPAW, Ye NoAobHM MaTepuani MoraT fa ObaaT M3nyxeaHu B NOAXOAALATa Cpefia W Ye TEYHO-eKCTPaKLMOHHUTE K
NpeuunuTaLmnoHH1TE cucTeMn Morat Aa 6baaT u3nonaeaHu 3a M3BMMYAHETO HA Meq v BnaropogHn MeTanu noA gopmarta Ha TbProBCKW MPOAyKTW. MaxoaHuTe
CYPOBWHU, KOUTO Lye ObaaT TPeTMpaHu BKITKOYBAT OTNaAHN MaTepuani, reHepupanu OT ranBaHUYHM LiEXoBe, 3aBOAW 3@ MeTanHu NOKPUTAS 1 MeTanku paduHepum
KaTo MeTanypruyHm LWnaki 1 npaxoBe, yTailkn OT MOKPOTO 0De3npaluaBaHe Ha M3ropeny rasoBe, KakTo M HAKOW OCTaTbLy, NOMy4YeH Npu NPoLEecUTe Ha TOMeHe.
/36paHusT 3a NUNOTHMA 3aBOA TEXHOMOTWUYEH MPOLIEC BKMIOYBA OKUCTMTENHO W3NY)XBaHE MOA HansraHe Ha OMOKPEHUTE/CMMEHUTe OTNadbLy, KOHBEHLWOHaNHa
TBbPAO-TEYHA Cenapauys Ha U3nyXeallaTa CycreH3us ¢ MOMOLLTa Ha BUCOKOMPON3BOANTENHA UTbP-NPeca, MeaHa TeYHa eKCTPaKLMS 1 eNeKTponn3a 1 u3ennyaqe
Ha BnaropogHuTe MeTanu kaTo cnnas [lope Ype3 u3nyxBsaHe, LeMeHTaLMs C LMHKOB npax u ToneHe. OCHOBHUTE Lien Ha MUMOTHUA TeCT Lie 6baaT TecTBaHeTo U
AEMOHCTPUPAHETO Ha XUMU3Ma M TPETUPAHETO Ha MeTanypruyHuTe OTNadbLy B pamKUTe Ha NPOABIKATENEH Nepuod OT Bpeme, KakTo W MonyyaBaHeTo Ha
KoMepcuanHm kpaitu npoaykTu. Hactosiata pabota BktouBa npernes Ha npeAnoxeHata TEXHOMOMMYHA CXeMa W TEXHUYECKUTE XapaKTePUCTUKM Ha M3nonasaHnTe
npoLecy, 1 OLieHKa Ha NoTeHLMana 3a NpoM3BOACTBO HA BUCOKOKAYECTBEHM NPOAYKTV Ha MeA 1 BrniaropofH1 MeTanu oT OTnaAHN MaTepuany.

Kniouosu AYMU: MeTanypruyHn otnagbun, mes, 6naropop,Hm MeTanu, usnyxeaHe, Teé4Ha eKCTpakuua, npeyunutaymns

DEVELOPMENT OF HYDROMETALLURGICAL PILOT PLANT PROCESS FLOWSHEET FOR COPPER AND PRECIOUS
METALS RECOVERY FROM METALLURGICAL WASTES
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ABSTRACT.The complete process flowsheet for hydrometallurgical copper and precious metals recovery from different metallurgical wastes will be the subject of a
pilot plant test at the end of 2016. This pilot plant will treat the wastes through a fully integrated, custom built pilot plant with the major focus to confirm that these
materials could be leached in an appropriate media and that the solvent extraction and zinc dust precipitation systems could be used to recover copper and precious
as commercial products. The target waste materials will be those produced by electroplating shops, metal finishers and metal rafineries like metallurgical slags and
dusts, sludges from the wet dedusting of burned gases, and melting losses. The process selected for the pilot plant involves oxidative pressure leaching of the
milled/wetted waste, conventional solid/liquid separation of the leach slurry in high rate filter press, copper solvent extraction and electrowinning, and recovery of
precious metals as a Dore bullion product via leaching, zinc dust cementation and smelting. The pilot plant test goal will be to test and demonstrate the chemistry and
processing of the metallurgical wastes over an extended period and to produce final products for evaluation and commercial sampling. The purpose of this paper is to
review the proposed process flowsheet and characteristics of the processes used, and to comment on the potential to produce high quality copper and precious
metals products from waste materials.

Keywords: metallurgical wastes, copper, precious metals, leaching, solvent extraction, precipitation

BbBeaeHue CbAbpXaHWeTo B Teau MaTepuani Ha 3HaYMTENHW KOnu-
YecTBa OCHOBHO Mefl, KakTO M Hannyueto Ha GnaropogHu

Or MeTanypriyH1TE NpPOM3BOACTBA CE MOMyvaBaT OTNagHM, MeTanu, B rondaMa CTeneH YCrNoXHABa KOMMIEKCHOTO WM
Med-CbabpKallyy NMpOoAyKTW, BKIHOYBALLM 3HAYUTENHU CbObp- ycBOSIBaHe N0 TpaAULMOHHM MeTanyprudiu cxemu. G uen
XaHWs Ha CbMbTCTBALM MOME3HM KOMMOHeHTU. TakuBa ca HamupaHe Ha edekTUBEH HauuH 3a npepaboTka Ha
ME[OHW KEKOBE OT ONOBHO-LMHKOBUTE KOMOMHATW, ONOBHU MeTanypruiHuTe oTnagbuy e paspaboTeHa cxema 3a MunoTeH
npaxoBe OT MeAOLOOMBHWTE, CbLO M OTMagHW Matepuani, XnapomeTarnyprudeH 3aBof, BKMOYBalla: W3NyXBaHe Ha
reHepUpaHu OT ranBaHWYHW LieX0Be,3aBoaM 3a MeTanHu Meata W bnaropopHuTe  MeTanu;  TeYHO-EKCTPAKUMOHHO
MOKPUTUS U METaNHN pacpuHEpUN Kato MeTamnypruydHi LUNakv v KOHLEHTPUPAHE; ENEKTPOXMMUYHO OTriaraHe Ha Me[Ta noj
npaxoBe, yTalku OT MOKpOTO oDearnpallaBaHe Ha M3ropenu (opmata Ha MefHW kaToaM; LEeMEHTMpaHe 1 TomeHe Ha
ra3oBe, KakTo 11 HSKOM OCTaTbLW, NOMyYeH NpK NpoLecuTe Ha briaropoHuTe MeTanu [O nonyyasaHe Ha 3naTHo-CpebbpeH
TOnEeHe. KOHLEHTpaT. Tbil KaTo U3BNMYAHETO HA MEATa U TPYAHOCTUTE
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npy pasfensHeTo M OT [PYrM HEXenaHu MeTanu, ce
onpenensT oT eheKTUBHOCTTA M CENEKTUBHOCTTA Ha U3Mon3-
BaHWTE MPOLECH, 3a W3BNNYAHETO HA MeATa ca NpeaBuaeHu
[Ba OCHOBHM MPOLIECA - CSPHOKMCENO W aMOHSIYHO U3NyXBaHe
(Silva et al, 2005), B 3aBucumocT OT hopmaTa Ha MenTa B
matepuana, nocneasaHn OT KUCENWHHA M aMOHAYHA TEYHU
eKcTpakLuy.

Ll,enTa Ha TO3M NMNOTEH NPOEKT € Aa Ce OLeHW 1 NOTBbPAK B
no-ronam Mama6 XungpomeTtanypruyHaTta cxema 3a U3BnuyaHe
Ha Meg u 6naropo,qu| MeTanu oT oTnagHu MaTtepuanu u aa ce
c1:6epaT OOMbITHATENHW [aHHM 3a NO-HaTaTblUHO KOMEp-
chanusmpaHe Ha npoueca.

Mpernea/cpaBHeHWe Ha TEXHUKUTE 3a
npepaboTBaHe Ha MeTanypruyHn oTnagbLum

OCHOBHUTE Bb3MOXHOCTM 3a TPETUPaHE Ha MeTanypruyHuTe
OTNagbUM BKMKOYBAT MMPOMETanyprudHu, Xugpometanyp-
TUYHK, (DU3MKOMEXAHUYHU M (DU3NKOXMMWUYHKM TexHukn (Rao,
2006).

lMvpomeTanypruyHUTE TEXHWKM BKIIOYBAT TOMEHE Ha OTna-
AbUMTE B CMeUManHu peaktopu, Mpy KoeTo ce monyyasar
Lfiaka, Crnas M nenen ¢ PasnuyHo CbabpkKaHWE Ha TEXKM
metanu (Quality in Non-ferrous Pyrometallurgy, 1995). ®nota-
UnsaTa npescTaBnsBa U3NKOXMMUYHA TEXHUKA 3a TPETHPaHe,
BKIIOYBALLA CENEKTMBHO oboraTsiBaHe Ha LiEHHWTE KOMMO-
HeHTU. TOBa e NpoLec Ha B3auMogencTame Mexay Tpu daau,
KOWTO 3aBWCU OT MHOrMO (hakTopu — (PROTALMOHHW peareHTy,
pH, pasmep Ha w4acTuuuTe, NABTHOCT Ha nynna W apyru
(Shean et al., 2011). Wsnon3sa ce 3a pasgensHe Ha
nonMmeTanHu CynduaHu maTepuani, Npy KoeTo ce nonyyasat
TPU DpaKUWM: KOHLEHTPAT, MEXOWHEH MPOLYKT W OTnagbk.
EnektpomartntHata cenapauws (Eddy Current Separation)
npeacTaBnsBa (U3NKOMEXaHWYHa TEXHWKA 3a TpeTuUpaHe, npu
KOSTO Ha OCHOBaTa Ha pasnukaTta B eneKkTponpoBOAMMOCTTa
Ha MUWHeparnHWTe uYacTWuW, MaTepuanmbT Ce pasgens Ha
cnegHuUTe pakuumu: MarHuTHa dpakums, dpakumus Ha LBETHM
MeTanu 1 HemeTanHa pakumsi. Toau npouec ce uanonaea 3a
M3BMMYaHE Ha LBETHM METanm OT TBbPAM OTMaAbLM U ChLLO 3a
pasfensHe Ha peauua UBeTHW MeTanu eaguH ot apyr (Dalmijn,
1990). XugpomeTanypruyHuTe TEXHUKM 3a TpeTupaHe Ha
MeTanypruyHu oTnagbly Ce OCHOBABAT Ha U3NyXBaHe B KUCe-
NIMHHW UMK ankanHu pasTBOpW, MOCNEABAHO OT CENEKTUBHO
oTdensHe Ha MeTanuTe OT Te3u pa3TBOpKM C MOMOLWTa Ha
TEYHO-EKCTPAKLMOHHU, OHOOOMEHHM, ENEKTPOXUMUYHW WK
npeuunutaumoHHn metogm (Canterford, 1985; Cooper et al,
1995). Mo-gony e HanpaBeH Npernes U cpaBHEHUE NO HSAKOMKO
nokasaTensi Ha OCHOBHWTE TeXHMKM 3a npepaboTeaHe Ha
MeTanypriyHm oTnagbLm.

EcheKTUBHOCT Ha peLuknupaHe

XuOpoMeTanypruyHoTo  TpeTUpaHe Ha  MeTanypruyHu
OTNagbUM npeanara MHOTO  BUCOKA  eqeKTMBHOCT — Ha
peuuKnmMpare, gbnxala ce Ha KoMbuHaLmsaTa oT NpoLeck Ha
U3NyXBaHe B PasNWUyHM CPedM, M3NON3BaHETO Ha BUCOKM
TEMMEPATYPU 1 HANAraHws, U U3KMIOYUTENTHO CENeKTUBHUTE
NpoLEecK Ha TeyHa eKkcTpakumus u enektponusa. Beuuko ToBa
no3sosifBa TPETUPAHETO Ha PasnuyHK oTnagbuu, AocTuraHe
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Ha MHOrO BMCOKA CTEMEH Ha M3BMWYaHe M MoJlyYaBaHe Ha
KpaiHW NPOLYKTY C BUCOKO Ka4eCTBo.

Mpyn NMpOMeTanypruyHUTe TEXHWKKM, roTaLmusiTa 1 enekTpo-
MarHuTHaTa cenapaumsi epeKTUBHOCTTa Ha peLuKInpaHe He e
TONKOBA BMCOKA, TbW KaTo Mpu MbpBUTE CE NOJMy4vaBar
TEXHUYECKM MeTan (CbbpXaly ronsMo KONMYeCcTBO NpUMecH)
W LWNaka, KosTO KOHLEHTPUPA CKanHUTE MPUMECH 1 nenenTa ot
FOPMBOTO, @ MpU OCTAHanUTE - MPOAYKTU, KOUTO 3afbilKu-
TENHO W3WCKBAT No-HaTaTbLUHa NpepaboTka.

Bb3pelicTBMe BbPXY OKONHATa cpeaa

XnapoMmeTanypruyHoTo TpeTMpaHe Ha MeTanypruyHu oTna-

ObUM UMa MUHUMANHO Bb3AENCTBME BbPXY OKOMHaTa cpena,
AbMkaLlo ce Ha:

o HesHauuTeNnHM KONMYECTBA Ha NpaxoBu U razoobpasHu
€MUCUM, KOWUTO FIECHO C& MWHUMM3MPAT, YNaBsT M
npeyncTBar;

o JleceH KOHTPON Ha TeYHUTE
3aTBOPEH LKL,

e Bb3MOXHOCT 3a TpeTupaHe (OMOM30TBOPSIBaHE W
obe3BpexaaHe) Ha OTMagHW MaTepuanu, Kouto B
MOBEYeTO Cry4an ca KnacuguuupaHu kaTo onacHW 3a
OKorHarta cpepa;

e [eHepupaHe Ha OCTaTbUM Cried M3MyXBaHETO, KOWUTO
MOraT [ja ce peLuKnmMpaT Unn 13nonsBar 3a Apyru Lenu.

notoun u pabora B

B cbLLoTO Bpeme npu gpyruTe TEXHWUKM B MOBEYETO Chyyau
Ce NpoayLMpaT ronemiu Konm4ecTBa TOKCUYHI ra3oBe, NpaxoBu
emucum v TBbpam otnagbuy (Canterford, 1985; Liew, 2008).

Bb3MOXHOCT 3a TpeTMpaHe Ha PasNUy4yHN CYPOBUHM

XngpomeTtanypruyHute npouecn [aBaT Bb3MOXHOCT 3a
TPETUpaHe Ha pasnuyHM MO XWMMYEeH U (hasoB CbCTas,
CbAbpkaHue W dopMa Ha MeTanuTe, MeTanyprudHu
oTnagbuy. MupomeTtanypryHuTe NpoLEecH Cblio NO3BONABAT
TpeTMpaHe Ha pasNMuYHM  OTMagbLW, HO MPU  HUCKM
CbObPXaHWs Ha MeTanu B TAX, MPOLECHT € WKOHOMMYECKM
HeedpekTuBeH (Pavez et al., 2004). ®noTaynoHHuTe npouecu
Ce M3Mon3eaT eAMHCTBEHO 33 TpeTupaHe Ha CynduaoHu
matepuanu (Barnes et al, 1993; Simon et al., 2013), a
efekTpOMarH1THaTa cenapauus — Ha MaTepuani, B KOUTO
LieHHUTe KOMMOHEHTY ca B MeTarHa opma.

Hucka KoHcymaums Ha eHeprus

OcHoBHa  anTepHaTMBa  Ha  XWUOPOMETaNypruyHOTO
TpPETUpaHe Ha MEeTanypriHK1 OTNagbLyM NO TO3W MokasaTen e
enekTpomarHuTHata cenapauusi (Dalmijn, 1990), HO HeltHOTO
npunaraHe He BOOM [0 MONyyaBaHe Ha KpaeH MpOAYKT.
MpoMeTanypryHUsST METOL W3NUCKBA MHOTO MOBEYE eHeprus
Ha e[MHMLA NPOLYKLMS, B CPABHEHWE C XUAPOMETaNypruyHus
MeTod. XMOPOMETaNypryHOTO  TpeTUpaHe paboTn  npw
CPaBHWUTENHO HWCKW TEMMEpPATYpu, CPaBHEHU C TemnepaTypu
ot 1000-1500 °C, kouTO Ca TUNUYHM 3a MUpOMeTanyprusTa
(Peacey et al, 2004; Liew, 2008; Marsden, 2008). OceeH ToBa
MHOrO OT TOMAMHATa, OTAENeHa  NMPOMETamnypruyHoOT
TpETUpaHe e TPYOHO UM HEBBL3MOXHO Aa Ce Bb3BbpHE. Mpn
croTauusTa KOHCyMaUWsiTa Ha eHeprust € BUCOKa, Hali-Beue
nopagn HeoOXo4uMMOCTTa OT NpefBapuTENHa MOArOTOBKA Ha
MaTtepuana — HaTpoLlaBaHe, CMUNaHe.



TexHonornyHa cxema

MbnHaTa TexHOMOrMYHa CXxema 3a XUOPOMETanypruyHo
W3BMMYaHE Ha Med W GnaropodaHn MeTamy OT pasnuyHu
MeTanypriyHu OTNafbLy, NpeacTaBeHa Ha Gurypa 1, BkiouBa
CrieaHuTe NocreaoBaTeNHM onepaLuu:;

o AruTauMoHHO/aBTOKNABHO U3NyXBaHe Ha Mef — pa3TBa-
psHe Ha MeTanypruyHuTe OTnagbUW C KUCENUHEH WUnu
aMOHsIYeH pasTBOp B ArUTALMOHHM CbOBE C Bb3MOXHOCT
3a pabota npu HOpMarHW M BUCOKM TeMmnepaTypu U
HansraHus. [lo BpemMe Ha W3MnyxBaHeTo, MeaTa OT
MaTepuana npemMiuHaBa BbB BOAEH Pa3TBOP, KOWTO ce
Hapuya HaboraTeH ManyxBall pa3TBOp, a 3MmaToTo W
cpebpoTo Ce KOHLEHTPUPAT B TBbpANS OCTATHK.

TeyHa eKCTpaKuMsi Ha Med — CenekTMBEH KbM MeaTa
OpraHWyeH peareHT, HapU4YaH eKCTPaKTaHT Ce pasTBaps B
opraHWyeH pasTBoOpUTen W Ce cMecBa C HaboraTeHus
WaNyXBall, pa3TBOp, MOMyyYeH Mpu nmpoleca Ha

aruTaLMOHHO/aBTOKIABHO — M3MykBaHe.  EKCTpaKTaHTbT
W3BMMYa MeATa OT pasTBOPUTE M TO TpaHcdepupa B
opraHudHaTa chasa. Pa3TBop Ha cspHa kucenuHa (GepeH
€NEKTPONKT OT eNneKTPONN3aTa) ce CMecBa C opraHudHaTa
(hasa, nMpU KOeTo MefTa Hes MpemuHaBaT BbB BOAEH
pa3TBop, NpefcTaBnsABaly 6oraT enexkTponuT, roToB 3a
npoLieca Ha enekTponnaa.

Enektponusa Ha Mep - enektponusa Ha 6oratus
€reKTponuT, NpodyuupaH npu npoueca Ha TeuyHa
€KCTpaKUwWs, npn KOETO MEAHUTE MOHWM Ce OTnarar Bbpxy
kaToga W ce MonyyaBa KpaeH NpOAyKT — MEOHW KaToau C
unctota 99,999%.

UanyxBaHe, npeLmnuTaums 1 ToneHe — 3a 13BNMYaHe Ha
BrnaropofHUTe MeTanu 1 Nony4YaBaHe Ha 3MaTHO-CPEOBLPEH
MPO/YKT C BUCOKO KauecTso — cnnas [ope.

MeTanypriuyeH oTnagbk
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®ur. 1. TexHonorMyHa cxema 3a XuapomeTtanypruiHo usBnuvyaHe Ha meg u Gnaroponﬂu MeTanu

OnucaHue Ha U3NON3BAHUTE TEXHONMOTMYHM
npouecy

U3nyxBaHe

MpenBuaeHUTe 3a TpeTMpaHe OTNALbLM Ce NnopaBaT BbB
BUOpaLUMOHHa MeNHWULa, KbAETO Ce CMuUmaT W OMOKPAT [0
nonyyaBaHe Ha nactoobpaseH NpogykT. MonyyeHusT npogykT
ce nogaBa yYpe3 MOMMM KbM €Tama Ha  aruTauvoHHO
M3NyxBaHe, KbeTO B peakTopu ce [obaBs cspHa KCEnuHa B
koHueHTpauwusa ot 10 go 100 g/l 3a capHO-KMCeno pasTeapsiHe
Ha MeTanuTe, UNK Pa3TBOP Ha aMOHSK B KOHLEHTpauum go 60
g/l 3a amoHsuHO pastBapsHe. [lonyyeHata u3nyxBalla
CyCTieH3Wst Ce TmojaBa B CekuusTa 3a TBbpAO-TEYHa
cenapauus, KbAeTo C W3non3BaHe Ha UNTLPNpecH ce
nonyyaeaT TeuyHa (pasa, CbAabpkalla pasTBopeHaTta mefd, U
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Hepa3TBopeHa TBbpaa (hasa, B KOSTO EBEHTyanHo ca
KOHLIEHTpUpaHW BnaropopHUTE MeTanu W Apyr  LIeHHM
KOMMOHEHTW.  ABTOKNABHOTO M3NyXBaHE MOXe fa Ce
nposexga go Temnepatypa 200°C, HansraHe — go 20 atmn ¢
[06aBsHE Ha OKMCIIUTENM, KOMMIEKCUPALLM areHTW U ApYTH.

TeuHa ekcTpakums

HaboraTeHute wanyxsauy pasTBOPU MOMyYeHU Mpu
MpoLieca Ha aruTaLyOHHO/aBTOKMABHO W3NyXBaHe MoCTbMBaT
B CMeCUTEeNHAaTa Kamepa Ha CMECUTer-yTauTen, KbaeTo KOH-
TaKTYBAT C OpraHNYeH eKCTPaKTaHT, paspeaeH ¢ pasTBopuTen
- leapoMaTuanpaHa kepocuHosa dpakuus. Hecmecaalute ce
opraHuyHa v BofHa (hasa oGpasysar eMmyrcus, ocurypasatia
W3KMIOYMTENHO ePUKACEH MOBBLPXHOCTEH KOHTAKT, MO BpeMe



Ha KOWTO €eKCTpaKTaHTa W3BM4a MeaTa oT HaboraTeHuTe

W3NyXBallM pa3TBOPU uypes  MOHOOBMEHHUTE  peaKuum,
rokasaHu no-aony:
2RH + Cu* — RCu + 2H* (1)

3a KUCENNHHAaTa Te4YHa eKCTpakuma
[Cu(NH3)4]?*(ag) + 2RH(org) <> R2CUiorg) + 2NH3(aq) + 2NHa*(aq) (2)

3a aMOHAYHAaTa Te4YHa eKCTpakuma

kbaeTto: RHiorg) € EKCTPaKTaHTa B opraHnyHata ¢asa;
[Cu(NH3)4]?*aq) € MemHO-aMOHSIMEH KOMMMEKC BbB
BogHaTa (asa;
R2Curg €  MegHO-eKCTpaKTaHTHWS
opraHnyHata ¢hasa.

KoMnnekc B

Cren TOBa BOAHO-OpraHWYHaTa €Myrncus nNocTbnBa B
yTauTens, KbaeTo gBeTe (hasv Ce pasgensT U BCska OT TAX
npes OTAeneH NMPEeNVBHUK 0TMBA KbM CreaBalloTo CTbnaro.
BopHarta ¢hasa, oT KOATO MeTanuTe BeYe ca U3BMNeYeHm 1 cnea
KaTo e MpemuHana npes ekcTpakuMoHaHa Bepura ce BpblUa
KbM npoueca Ha uanyxsaHe. [pemuHaBanki npes NPOMMBHO
cTbnano/a, HaboraTeHaTa C MeA oOpraHuka MoCTbnea B
PEEKCTPaKUMOHHNA CcmecuTen ytauten. B cmecutenHata
kamepa Ha PEEeKCTPaKUMOHHOTO CcTbnano HaborateHata
OpraHWKka KOHTaKTyBa C PEEKCTPaKUMOHHEH pasTBOp, KOWMTO
BCbWHOCT € eneKkTponuT, BbpHAT OT  eneKTPONU3HOTO
otgenenve. Mo Bpeme Ha KOHTaKTa B CMECUTENS eNeKTponuTa
,cBans” (0Taens) meara oT opraHuyHaTa dasa no cregHata
peakums:

R2Cu (org) + 2H+(aq) - ZRH(org) + CU2+(aq) (3)

Crnep TOBa B YyTauTens, peekcTpaxupaHata OpraHuka 1
eneKTponnuTa Ce pasfensT W opraHukata Ce Bpblua KbM
EKCTPaKUMOHHNTE CTbnana, a HaboraTeHWAT enekTponuT ce
nofaBa KbM eNeKTPONN3HOTO OTAENEHME.

KoHdurypaunsta Ha MegHaTa KUCENMWHHA TEYHO-EKCTpaKk-
unoHHa Bepura e 2Ex1Wx2S — 2 ekcTpakunoHH, 1 npoMMBHO
W 2 peeKkCcTPaKUMOHHM CTbnana, AoKaTo KOHQuMrypauusta Ha
amoHsyHata € 1TEx2Wx1S - 1 eKcTpaKLMOHHO, 2 NPOMUBHM 1 1
PeeKCTPaKLMOHHO CTbNano.

Enektponusa

OcHoBHaTa Len Ha EneKkTPONM3HOTO OTAEneHue e
nornyyaBaHeTo Ha MedHM KaTogu C BUCOKA 4WUCTOTa Mpu
CPaBHWTENHO BWCOKW NABLTHOCTM Ha Toka (250-300 A/M2) u
upe3 noaabpxaHe Ha pobpa edektHocT no Tok (Hag 90%).
HaboraTeHuAT enekTpornuT, Hamyckall peekcTpakuusta npe-
MWHaBa Mpe3 [Ba OTAENHW eTana Ha unTpupaHe npeau Aa
MOCTBNN B €NEKTPONM3HOTO OTAEMNEHWE, a MUMeHHO: (roTa-
LIMOHHW KOMOHU M eNeKTPONUTHY onnTpu. MpeuncteHnsT Beye
foraT enexkTponuT NpemMuHaBa npe3s TOMNNOOOMEHHWK, KbAETO
ce nogrpsBa [0 onpegeneHa Temnepartypa, OTuBa B
pesepBoapa 3a borat enekTponnT U CNef ToBa Ce noaasa KbM
€NeKTponu3H1Te BaHW. MpemunHan npes TAX TOW MOCTbMNBA B
pesepBoapa 3a 6efjeH enekTponuT 1 0TTam 0THOBO Ce BpbLa
KbM PEEKCTPaKLMOHHOTO CTbNaro.
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Korato enexTponuta Teye npes eNeKTPOSIM3HUTE BaHH, KbM
aHoA-kaTofHaTa erekTpuyecka Bepura ce NoAaBa enekTpu-
Yecku TOK W MefTa OTNara BbpXy KAaTOOHWTE MIOCKOCTW MO
creaHaTa peakuus:

CuSO4 + H20 — Cu +1/2 O2 + H2SOq4 4)
U3BnuuaHe Ha GnaropoaHNTe MeTanu

TBLPAMSAT OCTaTbK, MOMYYEH Cred W3BNMYaHETO Ha MeaTa
ce MofaBa B aruTaUMOHHM peakTopu 3a pasTeapsiHe Ha
BnaropogHnte MeTtanu. ManyxsaHeTo ce npoeexaa C
Tuokapbamma B cnabokucena cpegja B MPUCLCTBUME HA
OKMCIIMTEN MpW CMEHUS CbCTaB HA M3NyXBaLLMTE Pa3TBOPU;
5-10 g/l Tvokapbamug wn 109/l H2S0s, «kakto  m2-
6 g/l Fe3* kato okucnuten. 3a crabunusmpaHe Ha TuOKap-
Bamuga ce u3nonssa HatpueB Metabucyndut. OCHOBHUTE
napameTpy, KOUTO ce HabriogasaT no Bpeme Ha npoueca ca
pH 1 pemyKUMOHHMS NoTeHUMan. YcnoBusTa Ha UanyxsaHe ce
OonpedensT OT CbCTaBa Ha  M3MON3BaHaTa  CypoBMHA.
MonyyeHaTta cycneHans ce punTpyBa Ha punTbP-Npeca u ce
Manpawia 3a LEeMeHTauusi Ha pasTBOpeHuTe OrnaropoaH
MeTanu. MonyyYeHnsT NpeLunuTaT Hakpasi OTUBA 3a TOMEHe B
WHAYKLMOHHA NeL [0 nonyyaBaHe Ha cnnae [ope.

CypoBMHM U KpanHW NPOAYKTK

MeTanypruyHuTe OTnagbLy, KOUTO ce npegswxaa Aa obaar
TPETUpPaHW B MWNOTHWS  XWOPOMETanypruyeH 3aBog ca
npeacrasenn B Tabnnua 1.

Tabnmua 1.

HaumeHosaHue u kod Ha omnadbyume u cbAbpKaHUE Ha
nosnesHume KOMNOHeHmMu

HanMeHoBaHMe CbabpxkaHue Ha NONE3HU

Ne kon KOMMOHeHTH % (g/t)
Cu | Zn | Pb | (Au) | (Ag)

[Mpaxose oT
1 | enekTpocunTpy

100603* 25% | 9% | 31% | 40 | 140
9 OnoBHu

npaxose,100603* 3% | 8% | 45% | 1 120
3 lMpaxoBe OT pbKkaBHM

¢untpm,101009* 5% | 55% | 0% 0 0
4 OUNTHPHM

kekose, 110205 45% | 5% | 5% 0 | 300
5 anBaHW4HK yTalky,

10109* 15% | 45% | 0% 0 0
6 MeTanypruynm

wnaku,1010 03 27% | 40% | 0% 0 0

an XNOpoOMeTanypruyHOTO TPETUpaHe Ha MeTanypruyHu
OTnadbuUmM Ce nonyvasat NpoAyKT C MHOrO BUCOKO Ka4eCTBO:

MegHu kaToAu, OTTOBapsILLM Ha CNEHUTE CTaHAApTH:

e ASTM B115-10: enekrponutHu megHu katogu (ASTM
B115-10);

e SO 197-1:1983: pacuHupaHa meg (1ISO 197-1:1983);

o BS EN 1978:1998: megHn katoau, Cu Cath-1 (BS EN
1978:1998).




MegHute katogu e otroBapaT u Ha Copper Grade A,
cbrnacHo JloHpgoHcka MeTtanHa ©Oopca - London Metal
Exchange (LME) u cbabpxat munnmym 99,99% Cu.

3naTHo-cpeObpeH KOHLEHTPAT C BUCOKO KAaYecTBO (Cnnas
[ope).

3aknioyeHune

OCHOBHMTE LN Ha MUMOTHUS TECT 3a XUAPOMETanypriiHo
W3BMMYaHe Ha Med M OnaropogHW MeTamu OT  PasfnyHU
MeTanypriuyHu  OTmagbuUu, KoWTo wWwe Obae npoBedeH B
HaMbMHO WHTErpUpaH, CrneuuanHo KOHCTPYMpaH MNUMOTEH
3aB0J ca NpeacTaBeHu no Lony:

o OntummuaMpaHe Ha oOnepaunoOHHUTE napameTpu Ha

13Mon3BaHNTE NpoLEeCH;

o WsyyaBaHe Ha edekTTe OT peuupkynupaHe Ha
NPOLIECHUTE MOTOLM M aKyMynMpaHeTo Ha npuMecy 3a
no-gbnbr neprog oT Bpeme - 6 meceua;

o [onyyaBaHe Ha wWH(opmauus, Heobxoguma 3a
NPOEKTUPaHe Ha KOMepcuarnHus 3aBOf M 3a W3roTBsHE
Ha [eTaiinHa OLEeHKa Ha KanuTanHUTe 1 onepaLyoHHUTE
pasxoau;

o TeCTBaHe Ha KOHTPOMHMTE CUCTEMM, ONepaLnoOHHUTE
npoLeaypu 1 KOHCTPYKTUBHIUTE MaTepuany;
OnTumMmM3MpaHe Ha au3aiHa Ha 0bopyaBaHETO;
[obvBaHe Ha npakTU4ecku OnUT 1 ODyyeHue Ha
nepcoHana;

o [lonyyaBaHe Ha [OCTaTbYHO KONMYECTBO KpamlHM Npo-
BYKTW (kaTogHa mef W 3naTHO-CcpebbpeH KOHLEHTpar)
KoMTO Aa ObAaT HaMbIHO OXapaKTepU3npaHu.
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LLEMEHTALUXA HA BINATOPOAHU METAIU OT KUCEJ1 PA3TBOP HA THOKAPBAMUA
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PE3IOME. BbpanTte TemMnose Ha pa3suTie Ha DesLmaHngHo u3BnyaHe Ha 6naropofHu MeTanu AoBexaaTt A0 HeobXoAuMOCTTa OT M3cnenBaHe Ha nocneasaLyyTe
MeToaM 3a LeMeHTaumsaTa uM. poyyBaHnsTa Ha npoLeca LemMeHTauns Ha 3nato 1 cpebpo OT kucen pasTBop Ha TMokapbamug Hail-4ecTo Ce U3BBPLUBAT C LMHKOB,
anymuHeB W XeneseH Mpax, WK uype3 yTasBaHe C HaTpues cyndma. B ceetoBeH Malwab ca npoBedeHM MHOXeCTBO NnabopaTopHu TecToBe 3a OnpefensiHe
eeKTUBHOCTTa Ha Tean MeToan. [onyyeHNTe BUCOKM CTENEHN Ha LiEMEHTALMA Ha LIEHHM KOMMOHEHTM aBaT OCHOBaHME Te3n METOAM Aa Ce CYMTaT 3a NOAXOAALM
3a 13M0M3BaHe Mpu KOHKPETHM YCMOBMS.

Kniouosu AYMU: LieMeHTaumn4, xeneseH npax, TVIOKapGaMVIJJ,

CEMENTATION OF PRECIOUS METALS FROM ACIDIC THIOUREA SOLUTION
TeodoraYankova
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Department of Mineral Processing and Recycling, irena_mt@abv.bg

ABSTRACT. The rapid development of non-cyanide recovery of precious metals leads to the need of study the follow methods to their cementation. Studies of the
process cementation of gold and silver from an acidic thiourea solution are most often carried out with zinc, aluminum and iron powder, or by precipitation with sodium
sulphide. Worldwide have been conducted numerous laboratory tests to determine the effectiveness of these methods. The obtained high degrees of cementation of
valuable components give reason those methods to be considered suitable for use under particular conditions.

Keywords: cementation, iron powder, thiourea

BbuBepeHue Lenta Ha HacToAWOTO M3credBaHe €  U3yyaBaHe

edeKTUBHOCTTA Ha MeToaW 3a U3BMMYaHe Ha bnaropogHu

M3BnuyaHeTo Ha GnaropogHu MeTann ype3 u3nonasaHe Ha MeTanu OT Kicen pa3TBop Ha Tuokapbamup. HanpaseH e
Tokapbamug e efHa OT Hai-npocnepupalLuTe anTepHaTuBm KpaTbk 0630p Ha CBETOBHMS ONUT MpH TSXHOTO Npunaraxe.

Ha UMaHugupaHeTo. ToBa ce AbMKM Ha HUCKaTa TOKCMYHOCT
Ha mpoleca M BMCOKaTa CTEMEH Ha M3BMUYaHe Ha 3naTo U
Ccpebpo MOCTUrHaTK Upe3 Hero. 3a YCMEeLWHOTO MpuraraHe Ha WU3BnuyaHe Ha GnaropogHu MeTanu cneg

npoueca B NPOMWLLMEHM YCNOBWS CbLieCTBYBaT peauua LuaHMpaHe
OrpaHuyeHus. Kato TakvBa MoraT fa Ce MOcovaT BUCOKM
pa3xoiu 3a [ETOKCM(MKALWS, OrpaHiyeHa Bb3MOXHOCT 3a B cBeToBHaTa npakTMka ce npunaraT Tpu MeTofga 3a
peuuknupaHe 1 He nek 3a KOHTPOn  ekcnnoatauloHHU “3BNMYaHe Ha BNaropogHM MeTanu cnep LaHupaHe:
napameTpu.
e Knacnyecka cxema, KOSITO BKMIOYBA pasgensHe Ha

KaTo ocHoBeH npobnem npu npunaraHeTo Ha Tuokapbamug TeyHata (pasa OT TBbPAATA, YPe3 MPOTUBOTOYHA
3a W3BMMYaHe Ha OnaropogHW MeTanM Ce  OTKposiBa nekaHTauMs  unM  punTpauus,  M3BUCTPSHE W
nocreABalyaTta LeMeHTauns Ha 3maTHuTe W CpebbpHU oHM 06e3K1CTIOPOAsiBaHE Ha pa3TBOPUTE W yTasiBaHe Ha
CbAbpXally ce B pasTeopa. GnaropofH1Te MeTanM ¢ LMHKOB npax, B NPUCHCTBME

Ha OMOBHM COMM KaTo KaTanu3aTop;
MHOXeCTBO NpoLiecH ca NpefaraHit 3a U3Bn1YaHe Ha 3nato e Vanon3saHe Ha fioHoOGMEHHY CMOMM 3a copBLs Ha

1 cpebpo OT Kkucen pasTBop Ha Tuokapbamua. Han- nomynsip- BRaropoOSHUTE MeTanu T PasTBOPU WM AUPEKTHO
HUTE OT TAX Ca 4pes LiemeHTauus ¢ metanu, apcopbuns ¢ oT nynna:

aKTUBEH BbITIEH, €eNneKkTponu3a, Wu3non3eBaHe Ha IOHHO

e  Apncopbuus Ha OnaropogHM MeTanu C aKTMBHW
0BMEHHM CMOIW, yTasiBaHe Ypes AnHaTpueB cyndug.

Bbrivwa (bantos, 2012).
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Knacuueckarta cxema 3a yTasBaHe Ha bnaropogHu Metanm ¢
UMHK € npeunsHo paspaboTeHa BBB BCWYKM CTaguu U
obe3neyaBa BMCOKM MOKasaTeNM Npu W3BMMYaHE Ha 3MaTo M
cpebpo ot pastopute. B MHOro cnyvam ocsobogeHute oOT
BrnaropogHu mMeTanu pasteopu cbabpxar 3nato o 0.01 mg/l.
HenoctaTbyHO u3buCTpeHUTe pasTBOpWM BOAAT OO Hamans-
BaHe Ha W3BMMYaHETO Ha OnaropogHu MmeTamM W Ao
BIOLLIABAHe Ha Ka4eCTBOTO Ha MOJyYEHUTE LIMHKOBW YTalKu
(PuwmaH n gp.,1976).

M3non3saHeTo Ha MOHOOOMEHHM CMONM He e HaBnsi3No B
MacoBaTa npakTika nopaau:

e HeobxogumocTTa OT CHMHTE3MpaHe Ha CMOMM CbC
CeneKTUBHa CnocOBHOCT W KanawuuTeT Mo OTHOLLEHME
Ha bnaropogHu meTany;

e  CrioxHocTTa Ha cxemuTe 1 anapaTypHoTo odopmne-
HWE Ha UMKbNa entoauus, Npy M3nonasaHe Ha Cpas-
HUTENHO HECENEKTUBHU CMONMK;

e Bucokus pa3xop v BUCOKATA LieHa Ha CMOUTE;

e [lpobnemn npu pereHepauusi U MHOTOKPATHO W3-
non3saHe (bantos, 2012).

Mpe3 nocregHuTe OECeTUneTUs B TEeXHOMOTUYHUTE CXEeMMU
HaBnM3a npoueca Ha aacopbuust Ha GnaropogHu MeTanu,
pa3TBOPeH B LMAHOBM Pa3TBOPW, C MOMOLTA Ha aKTUBEH
BbITIEH.

MexaHu3mbT Ha agcopbuys Ha 3naTo OT aKTUBEH BbITIEH €
W3yyaBaH AbArO Bpeme, KaTo CbLUECTBYBAT TPU OCHOBHM
Teopuu konto oboblasaT HabmiogeHusTa Mo TO3W BbNPOC
(Nicol, 1979).

e 3natoTo ce agcopbupa kaTo aypuLmMaHuaEH KOMMMEKC,
3agbpxaHo OT enekTpocTaTuyHata My BaH pep
Baancosa Bpbaka.

e 3naTtoTo npemuHaBa OT aypuLMaHWAEH KOMMAEKC B
anateH uuanug (AuCN) n ce agcopbupa B T031 BUL.

e 3natoTo ce pedyLypa [O MeTarHo W KaTo TakoBa ce
afcopbupa Ha NOBbPXHOCTTA Ha aKTUBHUS BBITIEH.

lMpouechT Ha M3NON3BaHe Ha aKTUBEH BBITIEH Ce Mpunara B
npakTkata B TpU PasfMYHn MoaMcMKaLMKM, KOWUTO HOCST
HasBaHwaTa: ,BbMMeH B Nynn‘, ,BbMMeH B W3NyXBaHeTo* U
,BbIMeH B konoHu* (bantos, 2012).

KauecTBOTO Ha M3NON3BaHUTE aKTMBHM BBIMMLLA, MO-TOYHO
TAIXHAaTa MexaHW4ecka YCTOWYMBOCT, CEMEKTMBHOCT M kana-
LUMTeT Ca OT pellaBallo 3HaYeHWe 3a MpUNaraHeTo UM Mpw
LiMaHupaHeTo. 3HaunTenHo no-4obpu ca Tean nokasaTenu Ha
BbIIMLLATa, MOMyYeHn OT YEPynKW Ha kokocoBu opexu. Oba
XapaKTepucTka Ha Te3u BbIMWLLA € MokasaHa Ha Tabn.1
(Nicol, 1979).

MeTogute 3a U3BNMMYaHe Ha GnaropogHu  MeTanu
ChAbpXKaly ce B LMaHWAHN pasTBOPH, YCMEWHO ce mpunarat
W TIPU W3BMMYAHETO UM OT KUCEN PasTBOp Ha TWokapbammp.
MpoBeaeHu ca peauua MpoyyBaHUs 3a onpefensHe Ha
TsIXHaTa eheKTUBHOCT.
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Tabnmua 1
Hskou ghusuyHu ceolicmea Ha akmueeH 8basieH

MapameTbp MepHa egeHnua CroiHoCT
O6wa nnowy m?/g 1150-1250
HenctButenHa g/cm3 2.0-2.2
NABTHOCT
Hacunna 0.45-0.48
NIBLTHOCT
0O6em Ha nopute B cmd/g 0.70-0.80
yactuumre
HeszaeTa o6em % 38-42
NPOCTPaHCTBO
CneuuduyHa kcallkg/1°C 0.20-0.25
TONMAMHA NpK
100°C
MenenHo % 1-4
cbAbpkaHue
Pasmep mm 3.36-1.68
TebpaocT % 95-99

W3BnuyaHe Ha GnaropoaHu MeTanu ypes
LeMeHTauus crea TMOKapHabuAHO U3nyxBaHe

LleMeHTaumst Ha 3naTo C W3nonaBaHe Ha LWHKOB npax He e
NOAXOASILY NMpW TOKapbaMuaHM pa3TBOpU Tbil kaTo OTAens-
HeTO Ha BOAOPOA AOBEX4A A0 BUCOKA KUCENMHHA KOHCYMaLust
(Simpson, et al., 1982). MNpu npoBexgaHe Ha mpoueca
LeMeHTauMs Ha 3nato W cpebpo OT Kucen pasTBOp Ha
TMokapbaMua ce W3NON3BaT CrieaHUTe MEeTanu: anyMUHWIA,
KENA30 1 0NOBO. Bceku 0T 13non3saHUTe MeTanHu enemMeHTy
Ce Hamupa npeau 3natoTo U cpebpoTo B pefa Ha OTHOCH-
TENHa aKTWBHOCT Ha MeTanuTe. ToBa e MpeAnocTaBka Aa
W3MECTBAT OT TEXHUTE COMM W Ja MpoTeye npoueca LemeH-
Taums.

Kakto € W3BEeCTHO, eneKkTPOXMMMYHUTE MorypeakLum Ha
LeMeHTauns Ha 3nato W cpebpo OT kucen pasTBOp Ha
TMoKapbaMuz ca cnegHuTe:

e  3apeakuunte NpoTMYaLLM Ha aHogda

In=ZIn** +2e,E° = —0.736V (1)
Fe=Fe* +2¢,E° = —0.440V (2)
Al= AP + 307, E° = —1663V (3)
e 3a peakuuuTe NpoTMYaLLM Ha KaToaa
AulCS(NHEDDE 427 = Au + 205N, E° = —0.380V (4)
Ag(CS(NH)): +e~ = Ag +3CSINH), E° = —0.025V (5)

CkopocTTa Ha LieMeHTUpaHe Ha 3naTo u ¢pebpo, ce ovakea
fa 6bae NponopuUMOHaNHO Ha NNoLWTa Ha MeTanHus npax u
CbLLO Taka NpOMOPLMOHANHO Ha pasnukaTta B KOHLEHTpaLusTa
Ha 3naTo 1 cpebpo Mexay pasTeopa U MeTanHaTa noBbPXHOCT
(Lee, et al., 1996).



W3non3BaHe Ha anymuHWeB npax

EnekTpoxuMuyHMTE Nonypeakumu 3a LeMeHTaums Ha 31aTo
1 cpebpo OT Kucen pasTBoOp Ha TuUokapbamug nocpeacTBOM
u3non3eaHe Ha anymuHueB napx ca cnegHute (Lee, et al.,
1996):
24ulCE(NED ) + Al = 34u + 6CS(NH,), + A1

(6)
(7)

345 (CSNH)): + Al =345 + 9CSINE, ) + Al

Hait- 0BWwMpHM NpoyyBaHust 3a LIEMEHTALMS C anyMUHUMIA ca
U3BBPLLIEHN BbB (PaKynTeTa M0 MMHEPANHM TEXHOMOTMM Ha
BRGH, ®paHums (Van Lierde, et al., 1982). AsTopute npeg-
CTaBAT edekTa Ha BpeMeTo, Temnepartypata W KOHLEHTpa-
UMsTa Ha anyMUHWEB Mpax BbpXy LiEMEHTauusTa Ha 3nato,
cpebpo n pgpyrm enemeHtn. Cropen MOmyyeHUTe OT TsX
pesynTati, 3naToTO Ce LeMeHTMpa no-6bp3o npu Temne-
patypa 70°C 1 npu Mambk pasxop Ha anyMUHUEB npax, AOKaTo
3a LieMeHTauws Ha cpebpo e HeobxoaMMOo no-ronam pas3xoa Ha
anyMuHuiA. M3cneBaHusT OT TsIX KUCEN pa3TBOp € Cbabpxan
CrnegHUTe KOMWYecTBa LEeHHU komnoHeHTu: Au oT 15 go 20
ppm n Ag ot 30 go 50 ppm. Mo Bpeme Ha npoBeaeHuTe
TECTOBE Ca MOMyyYeHu crepHuTe n3enuyaHus: Au ot 97.2 go
99.5% un Ag ot 90.5 5o 94% (Raudsepp, 1987).

WU3non3BaHe Ha xeneseH npax

OnoBoTO ¥ KeNsA30TO NPOSBABAT CXOAHM EKCTPAKLMOHHM
CBOWCTBA, HO ONTOBOTO NMPUTEXABa NPEAMMCTBA MO OTHOLLEHNE
Ha KMHETMKa Ha LEeMeHTauusiTa, Mo-HUCKA KOHCyMauus Ha
peareHT 1 Mo-HUCKK kanuTanosw BroxeHus (Lee, et al., 1996).

EnekTpoxummnyHuTE nonypeakumu 3a LeMeHTaumus Ha 3naTo
u cpebpo OT kucen pasTBop Ha Tuokapbamug nocpeacTeoM
u3rnonasaHe Ha xeneseH napx ca cnegHute (Lee, et al., 1996):

(8)
©)

OcBobogeHnTe OT aHogHaTa MoMnypeakuus EneKTPOHW Cce
NPUOBMKBAT Mpe3 KenesHWst EenekTpon KbM CbCeaHWTe,
MnonoXWTENHo  3apedeHn  cpebbpHM  yyacTbun.  Teau
HEKOMMEHCUPaHX  OTpULATENHM 3apsgn  Ce  HacousaT U
pasnonarat Ha rpaHuuata Ag-enexkTponuT W ydyacteaTr B
00pasyBaHETO Ha [BOEH ENeKTPWUYeH CMoW C OTpuLaTeneH
3apsf Ha MeTanHaTta MoBbPXHOCT, NPUBIMYALL, NOSNOXUTENHM
MOHM OT enekTponuta. Taka, BbPXY MOBbPXHOCTTA Ha
cpebbpHMTEe  3apogWlK, NOCTBMBALMTE OT  Xenss3oTo
eneKkTpoHu ce npuemat (ycsosizat) oT Ag IoHW. [lopagm
ronsMoTo enexkTpoaskello HanpexeHue (EOH = 24.1 V) Ha
Taka obpa3syBaHWTE ranBaHU4HU EeNEeMEHTH, BbPXY KenssHaTta
MOBBbPXHOCT 3anoyBa Obp30 HapacTBaHe Ha CpebbpHuTE
otnaraHusi. C Te4eHWe Ha BpEMETO pearHarta nroLy, KakTo Ha
KaTogHWTE, Taka M Ha aHOOHWTE yyacTbly HapacTea, a
CLOTHOLLEHVETO Mexay TAX 3aBuCWM OT Mopdonorusita Ha
W3pacTBalMTE MpU LEMeHTauusTa CpebbpHM  [LenosnTw.
MimeHHO MopdhonorusaTa Ha OTNOXeHUsTa MMa BOAELLa pons B
KMHeTMKaTa Ha LeMeHTaumoHHuTe npouecn. Obpasysawute
ce fgenosut morat ga 6bgat nAbTHM W Magku Wim
OEHOPUTHW, M C HUCKA aaxesns KbM  peakuMoHHaTa

24ulCE(NH)): + Fe = 2Au+ 4CS(NH), + Fe*

245 (CS(NH)): + Fe = 24g + 6CS(NH,), + Fe**
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MOBBLPXHOCT. 3a pasnuka OT MIbTHUTE, Gnokupawm
MOBbPXHOCTTA OTHAraHus, Te3W C [EeHAPUTHA CTPYKTypa
yckopsiBaT KuHeTMKaTa Ha npoueca. Konkoto noseve ce
passMBa BbB BPEMETO kaTogHaTa MOBLPXHOCT, TONKOBA
noBeye ce obrnekyaBa katogHaTa peakuusi, nopagu no-neceH
[OCTbN Ha CpebbpHW 10HM OT pasTBOpa [0 NOBbLPXHOCTTA.
Mpn ONY3MOHEH UM CMeCeH  ANKY3MOHHO-KUHETHYEH
KOHTPON Ha peakuusiTa Ha oTnaraHe Ha cpebpo, no-passuTaTta
MOBLPXHOCT Lle [AOBede [0 HamansBaHe Ha kaTogHaTa
nonsipusaLys, yeennyaBaHe Ha CKOPOCTTa Ha LiemeTauns
BEPOSITHO [0 W3MECTBAHE Ha CMECEHWs MoTeHuuan B
nonoxutenHa nocoka. CrefoBaTeNHo, KWMHETMKAaTa  Ha
LEeMeHTaUMATa Ce BNWse CUMHO OT NpoMsiHaTa  Ha
MopdonorusiTa Ha Aeno3nTa ¢ BPEMETO, KOETO Ce onpeaenst
npeau BCMYKO OT MpuUpoAaTta W KOHUEHTpauusitTa Ha
npuchCTBalMTe B pasTBOpa BeLleCTBa, TemnepaTypata W
ENEKTPOMBMKELLOTO  HAMpEXeHWe Ha [edcTBaluTe Ha
MOBBLPXHOCTTA MUKpOranBaHUiHN enemeHTn. Hai-o61wo moxe
[ia ce TBbPAM, Ye KOMKOTO MO-TONsIMO € ENEKTPOABUKELLOTO
HanpexxeHWe (MoTeHUManHaTa pasnuka Mexgy aHogHata W
KaTofHaTa Morypeakuus) Ha ranBaHuyYHWs enemeHT, TorkoBa
no-6bp30 M ¢ No-puHa JeHApuTHa (MOpbO3Ha) CTPYKTYpa Lie
HapacTBaT cpebbpHuTe kpuctanu (Metposa, 2014).

NoHoo6MeHHM cmonu

MoHooBMeHHMTE  cMonM  OBMKHOBEHO  MposBABAT
HECENeKTMBHN  XapaKTepucTUKM 3a  aacoplums,  Koeto
YCrIOXHsIBa AecopbuusiTa Ha 3nato 4 cpeGpo M Moxe fa
OTPOBM CMONUTE W Aa AOBEAE O 3aMbpCsBaHE Ha enoata.

MeTogbT 3a 3apexgaHe CbC 3nato u cpebpo or GepeH
pasTBOp Ha TuWokapbamup Moxe Aa Obae CbBMECTUM C
npouedypata Ha enoupaHe W Aa Gbge M3nonseaH npu
M3BMMYaHETO Ha 3naTo. Toea TpsbBa Aa Obae necHa u 3a
npeanoynTaHe fokasaHa TeXHONorna.

3natoto Moxe fa ce gecopbupa OT AOHOOBMEHHM CMOMU
WM Ype3 XUMUYHA peakuust UnW uype3 uamecTeaHe. [lpu
METOAUTE C U3NOM3BaHE Ha XUMWYHA peaKuus, 3naTHUTe
KOMNMeKcH Ha cmona ce pasnaraT u ce dopMmupa 3nato, a
cmonata ce otMmuea (Stofkova et. al, 2002). MexaHnsmbT 3a
06MeH € cregHus:

4 AulCRNHD ) = X + Au(CEINHD): (10)

KbaeTo: X* e iloHHaTa chopma Ha cMonaTa.

EntovpaHeTo Ha 3nato e nuraHg - oOMeHeH npoLec, korato
TMOKapOaMMOHUST NUraHg, ce 3aMeHst C TMocyndaT. AHUOHUST
komnnekc AuS:03 ce copMmpa B 3aBMCUMOCT OT CriegHaTa
peakuus:

AulCSINED D +5,07 = AuS,07 + 25C(NH,), (11)

Peakuuute ce CTpeMmsaT KbM MoMny4YaBaHe Ha CTabunHus
KOMMMeKC Aus:0f CbC cTabunuteTHa KoHcTaHTa logB=26.
CrabunuteTHaTa KOHCTAHTa Ha KOMMNeKca AulCsiNH).): e
logp=22.



Enekrponusa

YTasiBaHeToO Ha 3MaTo OT KWUCen pasTBOp Ha TMokapbamup
4pe3 enekTpoNN3a ce OCHLLECTBABA N0 CriefHaTa peakums:
Au(CE(NH)): + 27 = Au + 2C5(NH], (12)

ToBa e AMMY3MOHHO KOHTPONMWpaHa peakuus C kaTogHa
noteHyuan Bapupawym ot -0.15 go -0.35 V. Ako KaTogHus
notexuman ce yesenuuu ot -0,5 go -0.6V, otnaraHeto Ha 3nato
LLle NpoTeye 3aedHo C 0TAensHeTo Ha Bogopod. Obpasysar ce
HeMaeHTUUUMPaHM NONMMEPH, CBBP3aHM C HanMMYMeTo Ha
FTIIOKOHAT UMW LWTPaTHW MOHM B Pa3TBopa, KOETo e npobnem
NPy U3MON3BaHETO HA KWUCEMWHHW LMAHWGHU  pasTBOpU
(Muiner, 1969), korato ce u3nonsea Tokapbamug ce Habnto-
Aasa otaensHe Ha sogopog (Groenewald, 1977).

Tuokap6amMuabT He NPSAKO AONPUHACAT 3a KAaToAHA peakuus
Ha 3raToTO, HO HEroBWSIT OKMCMEH MpOAYKT, hopMaMUAMH
,EI,I/ICyJ'I(*)I/I,El, MOXe [Oa HamandBa Ha KaTodHaTa MOBBbPXHOCT.
Heobxoaumo e ga ce OTAENM aHOAHa W KaTodHa kamepa B
€NEeKTPONnUTHATa KneTka, 3a Aa ce u3berHe BKMIOYBAHETO Ha
csipa B NoNy4yeHaTa 3naTHa nnacTUHKa W [a ce npeaoTpaTy
pasnagaHeTo Ha 3MaTo OT OKCUAAHTW, obpa3syBaHW Ha KaTtoa
(Groenewald, 1977).

MoHuxaBaHe Ha HansAraHeTo

Toan MeToA € Mo3HaT Mpu  yTasBaHe Ha nnatuHa, poaui,
nanagun u cpebpo (Findlay, 1982), (Webster et al., 1957).
Makap 4e He e Bb3MOXHO Aa ce 0TAensT 6naropogHu MeTanu
OT UWaHuaHuW pasTBopu nopau cTabunHocTTa Ha KOMMMek-
CUTe, W3MNON3BAHETO My 3a yTasiBaHe Ha BnaropoaHu MeTanu
OT pa3TBOpU Ha Tuokapbamug e ycnellHo. Pepykuusta Ha
snato (l) TvokapbamupeH KOMNMekc OT Kucen pasTBOPHA
TI/IOKap6aMWJ, NpoTMYa No cnefHaTa peakuus:
Aul(CENHD D + Yo H, = Au+205(NE), +H* (13)

Peakuusita ce katanuaupa OT NnaTHa v Huken. Mma faHHm
3a 98% yTasiBaHe Ha 3naTo 3a €AMH Yac Mpu WU3NOn3BaHe Ha
nnatyHa. Hanuuneto Ha wu3nuUWbK  OT TI/IOKapﬁaMWJ, B
pa3TBopa Brnusie HebnaronpusTHO BbPXY yTasBaHETO Ha 3NnaTo
(Fitzpatrick, 1997).

3aknioyeHue

B HacToswata paspaboTka e HanmpaBeH kpaTbk 0630p Ha
Han-obeLlaBalTe MeToanm 3a W3BMMYaHe Ha GnaropogHu
MeTanu OT Kucen pasTBop Ha Tuokapbamug. Bunpeku sHauu-
TenHus 6poit Ha mposeneHuTe nabopaTopHM M3cneaBaHus,
MOBEYETO, aKO HE BCUYKW OT MOCOYEHUTE, MOKa3BaT HSKOM
OorpaHu4yeHns, Kouto ouxa Bb3NpenATcTBanM CbBPEMEHHOTO
UM TMpUNOXeHWe B MUHHATa, MeTanypruyHata u apyru
npomuwneHocTy. [poBexaaHeTo Ha npoueca LemeTauus,
Hanpumep BCe OLLE € He [OCTaTbYHO W3YYeHO 3a [afeHuTe
YCIOBWSI, KOETO BOAM [0 OrpaH1yaBaHe Ha NpUMOXEHUETO My,
3a TOBa AA0MPUHACAT U He NEKUTE 3a KOHTPOI EKCMOTaLMOHHM
ycnosus. OT gpyra cTpaHa BUCOKUTE CTEMEHW Ha M3BMMYaHE
Ha GnaropogHW MeTanu MOCPEACTBOM W3NOM3BAHETO Ha
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anyMUHWEB W XemneseH Mpax [aBaT OCHOBaHWe Te Aa Obaat
YCMELIHO NpunaraHit B npakTukara.

Bucokuat pa3xop u LieHa Ha NOHOOBMEHHUTE CMONH, KaKTO M
TAXHaTa HECENEKTUBHOCT 1 CNIOXHO anapaTypHO 0hopMIeHe
Ca OCHOBHW (pakTOp¥ MOpagu KOWTW Te He ca HaBnesnu B
MacoBata nmpakTvka. lpouecuTe 3a M3BMMYaHe Ha 3mato U
cpebpo OT Ki1cen pa3TBop Ha TMokapbamug Ypes enekTponusa
W MOHWXEHO HansraHe noKa3BaT 3HAYMTEMHU OrpaHUYeHUs
OTHOCHO EKCMNOTaLMOHHWTE napameTpu. ToBa AOBexaa [0
Bb3NPENATCTBAHE Ha MPUNOXEHUETO UM B CbBPEMeHHaTa
WHBYCTPYWS.

Mamexgy — BCMYKM  MOCOYEHM  MO-rope  MpoLec,
LileMeHTaLusaTa NOCPEACTBOM U3MON3BaHE Ha anyMUHUEB UMK
XeneseH npax u3rnexgart Kato Han-brnaronpustHW onuun 3a
W3BMMYaHETO Ha 6naropogHu MeTanmu OT KUCEN pa3TBop Ha
Tuokapbammp. Bbnpekn ToBa, Npu pa3paboTBaHETO Ha Teau
MeTOAM, OT U3KMKYMTEIHO FONISIMO 3HAYEHWe € HamansBaHETO
Ha KOHCyMaLusiTa Ha peareHTu W nofobpsisaHe M3BINYAHETO
Ha LieHHWs KOMMOHEHT (3nato, cpebpo u ap.).
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CYANIDES CONCENTRATION AND SPECTROPHOTOMETRIC DETERMINATION,
MEETING THE TIGHTEN REQUIREMENTS FOR SURFACE WATER MONITORING

Marinela Panayotova, Gospodinka Gicheva

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

ABSTRACT. Tightened requirements for surface water monitoring pose in front of small laboratories challenges related to determination of cyanides concentrations.
A reliable simple method for cyanides preconcentration in real water samples, preserved by addition of NaOH to pH 12.0-12.5, is proposed. The optimum conditions
found are: water samples evaporation, as alkalised, at 70 °C, while being stirred or without stirring, for up to one hour to achieve 2.5-3.5 fold concentration of the
sample. The cooled preconcentrated samples, can be analysed using Spectroquant® 1.09701 Cyanide Test, which corresponds to DIN 38405-13 and is analogous to
ISO 6703, EPA 335.2, APHA 4500-CN-E, and ASTM D2036-09 D. Concentrations in the range of 0.001 — 0.005 mg/L free CN- can be determined with satisfying
accuracy and reproducibility.

Keywords: cyanides, surface water, spectrophotometry, monitoring, ion exchange,

KOHLUEHTPUPAHE WU CEKTPO®OTOMETPUYHO ONPEOENAHE HA LMAHUOW, OTFTOBAPALLO HA NOBULLEHUTE
U3UCKBAHMNA 3A MOHUTOPUHI HA NOBBLPXHOCTHU BOOU

MapuHena lMaHallomosa, 'ocnoduHka uyesa

Muno-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus, marichim@mgu.bg

PE3IOME. [oBuleHnTe W3NCKBAHWA KbM MOHUTOPUHTA Ha MOBBLPXHOCTHWTE BOAM MOCTABAT NMped Mankute nabopaTopuy Mpeans3BMKaTeNncTsa, CBbP3aHM C
OornpefiensiHe Ha LyaHnan B HUCKW KOHLEHTpaLmu. B paboTata ce npeanara HagexaeH v NpocT MeTOA 3a NPpeaBapuTENHO KOHLEHTPUPaHE Ha LyaHuau B peanHu
BOAHM Mpobu, koHcepsupann Ype3 pgobassHe Ha NaOH po pH 12.0-12.5. OntumanHuTe onpedeneHn yCroBus Ca: W3napsiBaHe Ha BOAHWTE Mpobu, Kakto ca
ankanuaupanu, npu 70 °C, npn pasbbpkBaHe unn 6e3 pasbbpkeaHe, B NPOALIKEHNE HA eAuH Yac, 3a Aa ce nocTurHe 2.5-3.5 kpaTHO KOHLEHTpaHe Ha npobarta.
OxnapenuTe KoHLEeHTpUpaHu npobu, MoraT Aa ObaaT aHanuanpaHm, kato ce uanonaea Spectroquant® 1.09701 Tect 3a uMaHman, koiTo cboTeeTcTBa Ha DIN 38405-
13 1 e aHanornyeH Ha ISO 6703, EPA 335.2, APHA 4500-CN-E n ASTM D2036-09 D. KoHueHTpauum B obxsata 0.001 - 0.005 mr / n cBoBopHn CN- Moxe aa ce
OnpeaensT ¢ yA0BNETBOPABALLA TOYHOCT M Bb3NPOM3BOAUMOCT.

Kniouosu AYMU: LUMaHnaKn, NOBbPXHOCTHU BOAK, CNEKTPOMETPUA, MOHUTOPUHT, /ioHeH 0bmeH

Introduction and physical conditions and are reffered to as “strong cyanide
complexes”.
Cyanides enter the environment from natural and
anthropogenic sources. Industrial wastes are the most “Free cyanide” is bioavailable and toxic to mammals and to
important sources. Cyanides are used in electroplating, organisms in aquatic environments. Cyanide's toxicity results
plastics and pharmaceutical production, meta”urgy’ mining from its tendency to bind irreversibly to the iron of the enzyme
activities, etc. Various industries worldwide produce around cytochrome C oxidase, hindring the electron transport from
1400000 tons of cyanide per year (Rosentreter et al., 2015). cytochrome C oxidase to oxygen and resulting in hypoxia.
Under normal conditions, the concentrations of hydrogen Tissues that mainly depend on aerobic respiration, such as the
cyanide (HCN) and cyanide ion (CN-) are equal at pH of central nervous system and the heart, are mainly affected. The
approximately 9.4. At lower pH value the amount of HCN “dose—-effect” curve of the acute effects of HCN and CN- in
increases reaching practically over 99 % at pH < 7, and at pH humans is steep. While slight effects occur at exposure to HCN
>11 practically only CN- are available in the water (over 99 %) levels of 20-40 mg/m?, 50-60 mg/m3 can be tolerated for 20
(Scott and Ingles, 1981). The sum of HCN and CN- in a sample min to 1 h without immediate or late effects, 120-150 mg/m3
is refefred to as “free cyanide”. For analytical purposes “free are dangerous to life and may lead to death after 0.5-1 h, 150
cyanide” is defined as the amount of HCN liberated from a mg/m? dose is likely to be fatal within 30 min, 200 mg/m3 is
solution at pH 6.0. Metal cyanide complexes (of Zn, Cd, Cu, likely to be fatal after 10 min, and 300 mg/m? is immediately
Hg, Ni, and Ag) that dissociate under weak acid conditions of ~ fatal. Acute exposure to cyanide has occurred most frequently
pH 45 - 6.0 to produce environmentally significant by the oral route from suicides or by accidental poisonings. It
concentrations of free cyanide are refefred to as “weak acid was estimated that death occurred after absorption of an
dissociable” (WAD) cyanide. Complexes of cyanide with gold, average of 1.4 mg CN-/kg body weight. The lowest determined
cobalt and iron are strong and stable, in solution they degrade fatal dose is 0.54 mg CN-/kg body weight. In most poisoning
much more slowly than WAD cyanide under normal chemical cases, a large amount of the ingested cyanide remained in the
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gastrointestinal tract (thus, using the dose ingested as an
indicator of the lethality of cyanide is misleading) (UNEP,
2004). Acute toxicity concentrations to various fish species is in
the range of 20-640 yg CN- per liter. The more sensitive
rainbow and brown trout generally exhibit acute toxicity in the
range of 20-80 pg/L of free cyanide. Chronic toxic effects are
reported in fish in the range of 5-20 ug/L. Cyanide
concentrations that kill fish often do not adversely impact lower
aquatic organisms like crustaceans and mussels (Ingles and
Scott, 1987). The highest concentration of cyanide allowed in
drinking water by the US EPA (Environmental Protection
Agency) is 200 ug/L (EPA, 1983). The Directive 1998/83 of the
European Parliament on the quality of drinking water sets
lower limit of 50 pg/L (EU, 1998), while the maximum amount
of cyanides allowed in mineral waters according to Directive
2003/40/EU is 70 pg/L (EU, 2003), which is the same as the
World Health Organization limit in drinking water (WHO, 2008).
For preserving ecosystems lower limits are needed and that’s
why Australian and New Zealand Environmental and
Conservation Council set a standard of trigger values for
freshwater and marine water (that provides for protection of
99% of the species) as 4 and 2 pg/L, respectively (ANZECC,
2000).

Bulgarian legislative documents (Decree Ne 9 / 2001 for the
quality of water intended for drinking purposes, Decree Ne 12 /
2002 on quality requirements for surface water intended for
drinking water supply and Decree 1/ 2007 for exploration, use
and protection of groundwater) introduced 50 ug/L as a
maximum allowable concentration of cyanides (Bulgarian
Council of Ministers, 2001; Bulgarian Council of Ministers,
2002; Bulgarian Council of Ministers, 2007). Decree N-4 on the
surface waters characterization (Bulgarian Council of Ministers,
2013) gives as the maximum allowable concentration of 5 ug/L
free cyanide (CN-), however, the regulated average annual
value should be 1 pg/L free cyanide. To check the compliance
to such standards is demanding work.

Methods for free cyanides determination

The aquatic “free cyanide” analytical method reports the sum
of both forms of free cyanide — the cyanide ion (CN-) and
hydrogen cyanide (HCN), plus cyanide from the breakdown of
the weak complexes that dissociate into free cyanide at pH 6 to
pH 8 in an aquatic environment. Methods applied to determine
“free cyanide” concentrations should not alter the stability of
stronger cyanide complexes, as they may otherwise be
included in the free cyanide result.

Optical methods

Titrimetric determination of cyanides is based on the
development of turbidity due to silver cyanide that forms as a
result of the reaction between the cyanide and added silver
nitrate solution. Various modifications to the argentometric
procedure have been suggested.

Spectrophotometric methods for cyanide assessment are
based on direct, indirect and enzymatic reactions. Conversion
of cyanide into cyanogen chloride or cyanogen bromide
followed by chromogenic reactions with pyridine solutions of
barbituric acid or isonicotinic acid-barbiturates have been
suggested for use in static mode for determining cyanide over
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the concentration range 0.04-1.20 pg/mL with a detection limit
of 0.02 pg/mL and for hydrodynamic analysis of 0.4-5.2 ug/mL
cyanide (Hassanet al., 2007). Direct reaction of cyanide with
2,2-dihydroxy-1,3-indanedione in alkaline media (Drochioiu,
2002) or ninhydrine to give colored products has been reported
(Chueachot and Chantal, 2014). Enzymatic spectrophotometric
determination of cyanide involves catalytic oxidation of I-
tyrosine using tyrosinase enzyme. The dark colour, developed
due to the formation of melanin, is suppressed by cyanide ion
(Tatsuma et al., 2000).

Determination of cyanide by indirect methods is based on
decoloration of some colored complexes such as Ag*/N-(2-
thiozolyl-2-hydroxybenzamide) (Garg et al., 1999), Cu2*/N,N-
diethyl-1,4-phenylene-diamine  (Hoshino et al, 2003).
Determination of cyanide in drinking and ground waters is
described, which is based on its catalytic effect on the
oxidation of Janus green (and decrease in its absorbance).
The method can be applied in the range of 0.01 — 0.5 mg/L CN-
with a detection limit of 0.007 mg/L (Abbasi et al., 2010).
Reaction of cyanide ions with a chlorinating agent to form
cyanogen chloride, which in turn reacts with 1,3-
dimethylbarbituric acid to form a violet dye (pyridine-free Kénig
reaction), which is determined photometrically, is the basis of
Spectroquant® 1.09701 Cyanide Test, which is widely
accepted. The method corresponds to DIN 38405-13 and is
analogous to 1SO 6703, EPA 335.2, APHA 4500-CN- E, and
ASTM D2036-09 D. The method can be used in the range of
0.002 — 0.5 mg/L CN-. Many cyanine dyes are both colored
and fluorescent. Shang and Dong (2009) have described a
way of measuring cyanide, based on the fact that in an
oxygen-bearing solution (air exposure), cyanide forms
aurocyanide complex. Fluorescence is observed when a
fluorescent dye and gold nanoparticles present in the same
solution under "tuned conditions". When cyanide is added to
this solution, it rapidly attacks the gold nanoparticles, reducing
their size and the observed fluorescence emission changes. A
limit of detection (LOD) of 0.6 pM was reported. The
fluorescence of CdTe quantum dots (QDs) is significantly
reduced by the presence of small amounts of Cu?* ions which
adsorb on the CdTe QDs and the paramagnetic Cu2* quenches
the fluorescence. In the presence of cyanide, the fluorescence
is restored as CN- complexes the Cuz* and removes it from the
QDs surface. The LOD of 0.15 uM is reported (Shang et al.,
2009). A fluorescence method is described for selective and
sensitive determination of cyanide ion in aqueous solution
based on functionalized zinc sulfide (ZnS) quantum dot as
luminescent prob. The ultra-small ZnS nanoparticles exhibited
a strong fluorescent emission at about 424 nm. The
fluorescence quenching is observed in presence of CN- ions,
which interact with ZnS QDs. The method can be applied in the
range 2.44 x 10 to 2.59 x 10-5 M CN- with a detection limit of
1.70 x 107 M at pH 11 (Shamsipur and Rajabi, 2014). Gavrilov
et al. (2005) reported a method based on the enhanced
chemiluminescence of alkaline solutions of luminol, containing
p-nitrobenzaldehyde and hemin, in presence of cyanide. They
claimed a LOD of =4 nM.

Electrochemical methods

The cyanide titration with AgNO3 with potentiometric endpoint
determination was first reported in 1922. The most widely used
indicator electrode is the silver rod. Two points of inflexion are
obtained in the potentiometric titration curve, the first being due



to the formation of a soluble silver complex, and the second is
related to the appearance of insoluble silver(l) cyanide:

Ag* + 2CN- — [Ag(CN)2J
Ag* + [A(CN)2] — Ag[Ag(CN)2].

The change in slope of the first potentiometric inflexion is
about ten times greater than that of the second and it is less
susceptible to interferences. That's why, it is normally used in
practical applications.

Commercial ISEs for cyanide are available, however, they
display numerous interferences with halides, sulfide and
various metals that are complexed by cyanide, e.g., cadmium,
silver, zinc, copper, nickel and mercury (ATSDR, 2014).

Amperometric titrations are the choice for relatively low
concentrations of cyanide and for automated procedures. For
amperometric titrations, rotating or vibrating platinum
electrodes are preferred, with dilute silver nitrate solution as
the ftitrant. The developed electrode, made of silver
nanoparticles doped silica nanocomposite on gold, uses the
electrochemical reaction that occurs between the Ag
nanoparticle and CN-. The reported LOD is 14 nM (Taheriet
al., 2009). The amperometric detection of CN- is subjected to
interferences and the electrode response changes over time.
The electrode must be frequently reconditioned and
recalibrated. The first is achieved by carrying out a
chromatographic separation prior to amperometric detection.
The second problem is avoided by rapidly cycling the electrode
through pre-measurement, measurement and cleaning
potentials. The two techniques together are referred to as ion
chromatography with pulsed amperometric detection (IC-PAD)
(Ma and Dasgupta, 2010). Christison and Rohrer (2007)
stabilized cyanide by treating the sample with sodium
hydroxide, then removed transition metals with a cation-
exchange cartridge, and applied amperometric detection
achieving a LOD less than 40 nM cyanide.

Modern instrumental analysis

The cyanide can be measured by indirect flame atomic
absorption spectrometry (FAAS). Cadmium carbonate on silica
gel bed was used and a LOD of 0.2 mg/L was achieved
(Noroozifar et al., 2005). Dadfarnia et al. (2007) applied a
micro-column  of  immobilized  (N,N"-bis(salicylidene)
ethylenediamine) on sodium dodecyl sulphate - coated
alumina, saturated with silver ion. With dilute NaOH as carrier,
they inject a 250 L aliquot of the cyanide bearing sample. A
detection limit of 0.06 mg/L cyanide was reported.

Mass spectrometry, gas chromatography-mass
spectrometry, gas chromatography (GC) with nitrogen-
phosphorus detector (NPD), and the electron capture (ECD)
detectors have been developed and used mainly for
determining the cyanide in biological samples (blood, plasma,
urine). Their LOD is in the range of 0.57 - 3 pg/L (Themelis et
al, 2009; Ma and Dasgupta, 2010). A gas chromatography—
tandem mass spectrometric (GC-MS/MS) method has been
established for the determination of cyanide in surface water.
This method is based on the derivatization of cyanide with 2-
(dimethylamino) ethanethiol in surface water. The organic
derivative was extracted with 3 mL of ethyl acetate, and then

measured by using GC-MS/MS. Under the established
conditions, the detection and quantification limits were 0.02
Mg/L and 0.07 pg/L. The common ions Cl, F-, Br-, NO3-, SO42,
PO43, K, Na*, NHs*, CaZ*, Mg?*, Ba2*, Mn**, Mn?*, Fe3*, Fe?*
and sea water did not interfere in cyanide detection, even
when present in 1000-fold excess over the CN- species (Kang
and Shin, 2014). Table 1 compares different analytical
methods for determining cyanide in environmental water
samples, on the basis of the data, available in the already cited
papers.

Table 1. Comparison of different analytical methods for
determining cyanide in environmetal water

Method LOD, Method LOD,
ug/L ug/L
Amperometry with 0.4 HPLC - FLD 0.1
novel electrodes
Atomic absorption 60 HPLC - UV 10
spectrometry
Chemilumines-cence 0.1 IC - PAD 1
FIA/ 20 ISE/Potentio- 50-650
Spectrophotometry metry
FIA/FAAS 60 QCMM 2
Fluorimetry 15 QD Fluorimetry 0.4
GC -NPD, GC - 06-3 Spectrophoto- 2
ECD metry
GC-MS/MS 0.02 Titrimetry 1000
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FIA - Flow injection analysis, FAAS — Flame atomic absorption spectrometry,
ISE - ion sensitive electrode, UV - spectrophotometric method, FLD -
Fluoriscence detector, QCMM - Quartz crystal mass monitor

As it can be seen from the Table 1, the spectrophotometry —
a method which can be used practically even in not highly
equipped laboratory, gives good results in the low
concentration range. If the sample can be concentrated 2- 4
times by simple methods, the spectrophotometry would be the
suitable choice to monitor surface water in compliance with the
latest stringent requirements for surface waters protection.

Methods for cyanides concentration

In general, some ions in a sample can be concentrated
using: selective precipitation followed by dissolution; solvent
extraction followed by stripping; ion exchange, followed by
elution; and sample partial evaporation. Of course, in the latter
case, the concentration of all ions presenting in the water is
increased. Since the aim was to concentrate water bearing
very low concentrations of CN-, precipitation was not
considered as suitable method.

Four cycles of cyanide extraction from water samples (500
mL) with 25 mL of 025 M tributyltin hydroxide in
trichloroethylene, which is then stripped with 2 M sodium
hydroxide, the organic reagent being used for a further
extraction of the water sample, followed by titration with silver
nitrate solution, with p-dimethyl-benzylidene-rhodanine as
indicator, gave a LOD of 4 pg/L (Wronski, 1981). The method
is labor intensive and uses a compound of the banned TBT
(UNEP, 2009).

That's why the present work was aimed at studying ion
exchange, followed by elution, and sample partial evaporation
as means for cyanides concentration.




Cyanides preconcentraton by the wuse of amine-
functionalized anion-exchange resins, followed by back-
extraction with a sodium hydroxide solution has been reported
(Pohlandt et al., 1983; Kurama and Catalsarik, 2000). It has
been found that cyanide decomposition depends on the
temperature and time. At initial CN- concentration of 0.2 M
(with pH of 13.3), the observed loss of cyanide was
correspondingly 0.0 and 1.1 and 57 % - for 30 min at
temperatures 50, 72 and 95 °C. For the same temperatures,
but for 24 hs, the loss of cyanide was correspondingly 2.2, 20.2
and 84.5 %. The oxidation of cyanide is facilitated in the
presence of oxygen in the cyanide-bearing solution (Adams,
1990). These findings directed us to the idea of working at 55
and 70 °C and of studying the impact of water stirring.

Methods and materials

Experiments were conducted with model waters, bearing
0.005 mg/L CN-, prepared by spiking distilled water and three
different types of table-water (Table 2) with 1 mg/L KCN
solution (prepared by using 1 g/L KCN Merck Ref. No.
H032.01.0.L1, 99.99% KCN and distilled water). Five liters of
different matrixes model waters were prepared to be used in all
experiments, and solutions pH was risen to 12.3 by adding
sodium hydroxide, following the procedure used to preserve
field real water samples. Chosen method for concentration was
applied also to real surface and ground water samples.

The ion-exchange resin, Wofatit AD 41 was used.
Experiments were conducted batch wise in a cylindrical glass
column with a diameter of 10 mm and a height of 75 mm. The
resin (10 g) was packed into the column above glass wool. 50
mL of cyanide bearing water was left to contact with the resin
for 2 hours. Then, the elution was carried out in 3 stages, each
one with 5 mL 0.2 M NaOH solution. (Volumes, contact time
and concentrations used were determined by preliminary
experiments, carried out with distilled water spiked with KCN
solution.)

Table 2. Macro-parameters of used table-water matrixes.

Water type, Type | Type ll Type lll

Component
Na* 20.0 84.21 28.00
K* 3.1 0.57 0.40
Caz 72.7 8.29 1.60
Mg?* 7.8 1.10 3.5
Cl- 7.7 11.66 2.84
S04z 69 107.2 19.75
HCOs 231 78.08 15.25
COs* - 8.40 27.01
pH 7.23 8.71 9.65

1 BS/em 550 420 140

Type | - Hydrogen carbonate-sulfate-calcium; Type Il - Sulfate-

hydrogencarbonate-sodium; Type Il - Carbonate-sulfate-sodium

Evaporation experiments were conducted with 50 mL
samples of different table waters, bearing cyanide. Impact of
temperature, water pH value, treatment time, and sample
stirring was studied. The impact of pH value was studied by
carrying out experiments with CN- - bearing water with initial
pH values of 9.8 and 12.3. To reach a concentration coefficient
(initial water volume to water volume after evaporation) in the
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range 2.5 — 3.5 was aimed. Temperature was kept with the aid
of Huber MPC K6 thermostat, pH was measured with Hanna
pH 211 and adjusted with H2SO4 (1:1), 2 M H2S04, and 2 M
NaOH. Concentration of cyanides was determined with
Spectroquant Cyanide test kit and Spectroquant NOVA 60
spectrophotometer.

The relative error (A, %), standard deviation (o) and the
confidence limits (&) were calculated using the following
equations:

A, %= (Xr - Xav) [ X, (1)
where x; — real value (0.005 mg/L CN-), achieved by precise
addition of known amount of standard solution of KCN; Xav —
the average of all measured values;
o = {[X (xi—Xa)?] / (n-1)}'"2, (2)
where, xi — the corresponding measured value; xav — as above;
and n — number of measurements;
E=Xa t(t.o)/n" 3)
where t — the Student's (T) distribution factor for two-sided

critical regions, taken for 95 % statistical probability, n and xav—
as above.

Results and discussion

lon-exchange experiments carried out with distilled water,
polluted with CN-, showed good accuracy and reproducibility of
the method. However, when table-waters were used as CN-
carrier, the accuracy decreased and the determined
concentrations were around 50 % of the theoretical one. These
data could be explained by the fact in the presence of metal
ions cyanides are known to act as a strong ligand forming
stable complexes. It has been shown that organic anion
exchanger has very high affinity towards some of the metal-
cyanide complexes (Dainton, 1965). That is the reason why
their elution becomes challenging procedure. It was
established that using ion exchange resin (as well as other
type of sorbents) to remove heavy metals (zinc, copper) from
pure systems is very effective but in the presence of cyanide
ions the resins capacity rapidly decreases (Bose, 2002). One
must also take into consideration the fact that in “real” water
the concentration of presenting anions - macro-components is
a lot higher than the concentration of cyanide anions, so that
those anions can affect the ion exchange process by
competition for functional groups. Other major problem is that it
is difficult to find resin which is selective towards cyanide
anions. That contributes to the problem, especially when
cyanides concentration is in ppb range (Fernando, 2002). That
obstacle could be overcome by using reactive ion exchange
method as some authors suggest. The process includes in situ
precipitation of metal cyanides (in form of hexacyanoferrate (Il)
and (Ill)) thus allowing preconcentration of ppb range with a
factor of 100 or more. However, the procedure requires
significant time and efforts.



Data from experiments, carried out with three parallel
samples of the each of the three types of CN- - bearing water
matrixes, at temperatures of 55 °C (at time of 3 hours) and 70
°C (at time of 1 hour), and initial pH value of 9.8, gave as result
of the analysis, cyanide concentrations around 50 % of the
theoretical one. Data from experiments, carried out under the
same conditions, but at the initial pH of 12.0 gave as result of
the analysis, cyanide concentrations in the range of 60 - 90 %
(for 55 °C), and in the range of 92 - 102 % (for 70 °C),
compared to the theoretical one. The conclusion drawn is that
real water samples have to be concentrated in the state as
received from the field sampling, i.e. preserved with NaOH till
pH of 12 - 12.5.

Data from additional to above-described experiments, carried
out with three parallel samples of the each of the three types of
CN- - bearing water matrixes, with initial pH value of 12.3, and
different times - 3 hours (at 55°C) and 1 hour (at 70 °C), gave
as result of the analysis, cyanide concentration in the range of
65 - 93 % (for 55 °C), and in the range of 95 - 105 % (for 70
°C), compared to the theoretical one. Lower concentrations,
especially for samples concentrated at 55 °C, were measured
when types | and Il of water matrixes were used. This could not
be attributed to the impact of matrix water initial pH value on
the cyanide speciation, since initially water pH was raised to
12.3 and then CN- was added.

Since better results were obtained for shorter evaporation
times at higher temperatures, further experiments were
conducted under these conditions. Three parallel samples of
the each of the three types of CN- - bearing water matrixes,
with pH 12.3 were heated for 40 min at 70 °C and mixing (300
rev/min, MR 25 stirrer, Germany). Results, obtained for
cyanides concentrations were in the range of 95 - 105 %,
compared to the theoretical one. Consequently, samples
mixing for relatively short heating time at 70 °C did not lead to
a decrease in the analytical results.

Ten parallel samples of the each of the three types of CN- -
bearing water matrixes were evaporated for 1 hour at
temperature of 70 °C without mixing. A concentration
coefficient in the range 2.5-3.5 was achieved, the difference is
attributed mainly to the difference in thickness, diameter and
glass type of the beakers used, as well as to small variations in
heating time. In general, no significant differences in the
determined cyanide concentrations were found for the upper
and lower limit of the concentration coefficient range. Data
obtained were used to calculate the accuracy and precision —
Table 3.

The preconcentration method (evaporation for 1 hour at
temperature of 70 °C) was used to analyze real samples of
surface and groundwater, which were preserved by addition of
NaOH to reach pH 12.4. Concentrations obtained were in the
range of 0.001 — 0.004 mg/L CN-. Good assay reproducibility
was obtained, based on three determinations for each water
sample.
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Table 3. Macro-parameters of used table-water matrixes.

Water type, | A, % o & mg/L
parameter
Type | -7,8 | 2,589.10% | 0,0046+0,000002
Type Il -66 | 2,441.10% | 0,0047+0,000002
Type llI +7,8 | 1,909.10% | 0,0054+0,000001
The three -2,2 1,071.10% | 0,0047+0,000008
types together
Conclusion

A reliable simple method for cyanides preconcentration in
real water samples, preserved by addition of NaOH to pH 12.0-
12.5, has been developed. Water samples have to be
evaporated, as alkalized, at 70 °C for up to one hour to achieve
2.5-3.5 fold concentration of the sample. Samples stirring can
decrease the heating time to 40 min. The preconcentrated
samples, after being cooled, can be analyzed using
Spectroquant® 1.09701 Cyanide Test, which corresponds to
DIN 38405-13 and is analogous to ISO 6703, EPA 335.2,
APHA 4500-CN- E, and ASTM D2036-09 D. This way
determinations can be realized which meet the tighten
requirements for surface waters characterization.
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BIUAHUE HA PELIMKNUPAHETO HA NMNYTOHUA BbPXY MATEPUAINTHUA BANAHC HA
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PE3IOME. MoHacTosiLieM Hali-pa3npoCcTpaHEeHUsIT TN SIBPEHO FOPVBO 3a EHEPTUNHN PEAKTOPH e ypaHoB auokena ¢ oboratasaHe no uotona ypa-235 go 5%. Cneg
NPOM3BOACTBOTO HA OMPeAeneHo KoMMYecTBO TOMMMHHA eHeprUs B PesynTaT Ha sApeHaTa peakuus Ha AeneHe, KOHLEHTpauusaTa Ha ypaH-235 Hamanssa kaTto
[OCTHra CTOHOCTM, MPU KOUTO MOALBPXAHETO HA BepuxHaTa siapeHa peakuust Ha AeneHe cTaBa HEBbL3MOXHO. B T03u MOMEHT oTpaboTeHOTO Beve ropuBo ce
“3BeXaa OT SAPEHUs PeakTop U ce 3aMeHsl Cbe cBexo. [opaay akTa, Ye 3a Aa ce U3pa3xoABaT BCUYKW sifpa Ha AenswuMTe ce M30TONW, peakTopbT Tpsibea fa
paboTu Be3kpaitHo Abro, B 0TPabOTEHOTO rOpPUBO Ce ChABPXKAT HEONOM30TBOPEHM AENALLM ce n3oTomm — okono 1% ypar-235 n 1% nnyTorui. Vimaiikv npeasua, Ye
TOZVMLLHO OT eAMH EHEPrYEH PEaKTOp C BOAA Noa HansraHe ce u3sexaat mexay 20 u 30 ToHa oTpaboTeHo ropuBo, KakTo 1 TOBa, Ye B cBeTa paboTaT Hag 430 TakvBa
peakTopa, 0CTaTbyYHUTE YpaH W NAYTOHUA MOraT a Ce Pa3rnexaat kaTo A0MbIHUTENEH eHeprieH pecypc. EAuH OT HauMHUTE 3a ONon30TBOPSIBaHE (PeLMKIMpaHe)
Ha Teau u3oTonu e npepaboTkata Ha 0TpabOTEHOTO ropuBO, U3BMMYAHETO HA AENSLMS Ce MaTepuan U NPOWU3BOLCTBOTO HA CMECEHO YpaH-MNYTOHWEBO OKCUAHO
ropugo (MOX), koeTo MOXe Aa Ce M3nonaea B CbBPEMEHHUTE EHEPTUNHIA PeakTopu. B HacTosWmMs foknag e pasrneaaHo BAMSHUETO Ha M3MOM3BaHETO Ha CMECEHO
OKCWAHO rOPMBO BbPXY HEOOX0AMMMTE KONMYECTBA YPaHOB KOHLIEHTPaT, oboraTeH ypaH, pasfenutenHa pabota, HeobxoaumaTa MOLLHOCT Ha 3aBOANTE 3@ M30TOMHO
pasgensHe, kakTo M BbpxXy KonmuyectBata oOefHeH ypaH, KOMTO Ce nonyyasaT npu oboraTsBaHeTo W B 06lWMs cnyyal ce cknagupaT. AHanuavpaHu ca
peanuanpaH1Te CNecTsBaHUS HA YPaHOB KOHLEHTPAT W paspenuTenHa paboTa, KakTo U BNMSHUETO Ha PELMKIMPAHETO BbPXY CTENeHTa Ha OMon3oTBOpPsiBaHe Ha
MbPBUYHNS EHEPTUEH pPecypC.

Knio4uoBm ayMu: SapeH ropuBeH LMK, NYTOHWIA, CMECEHO ypaH-niyToHneso ropuso, MOX, maTepuaneH GanaHc

IMPACT OF PLUTONIUM RECYCLING ON NUCLEAR FUEL CYCLE’S MATERIAL BALANCE
Ivaylo Naydenov
Technical University of Sofia, Department of Thermal and Nuclear Power Engineering, 1000 Sofia, ivaylo.naydenov@gmail.com

ABSTRACT. Currently, the most widely used nuclear fuel type for power reactors is enriched uranium dioxide. The uranium-235 enrichment level is up to 5%. A
certain amount of thermal energy is produced as a result of the nuclear fission reaction which leads to decreasing of the uranium-235 concentration to such levels that
sustaining nuclear fission chain reaction becomes impossible. At this moment the spent fuel is discharged from the reactor and is replaced by fresh nuclear fuel. In
order to use up all fissile isotopes in the fuel, the reactor must operate infinitely; therefore, some unused fissile material is left in the spent fuel — some 1% uranium-
235 and about as much plutonium. Considering that the spent fuel discharged from a single light water reactor amounts at 20 to 30 tonnes, and there are more than
430 such reactors operating worldwide, those residual uranium-235 and plutonium could be considered as an additional energy resource. One way to recycle these
isotopes is by spent fuel reprocessing, fissile material extraction and mixed uranium-plutonium oxide (MOX) fuel manufacturing. This fuel type could be used in the
contemporary nuclear power reactors. This article considers the impact MOX fuel usage has on the needed amounts of uranium concentrate, enriched uranium,
separative work, uranium enrichment plants’ capacity, and the quantities of depleted uranium produced during uranium enrichment that are usually warehoused. The
savings of uranium concentrate and separative work are analysed, as well as the effect the recycling has on the primary energy resource utilization.

Keywords: nuclear fuel cycle, plutonium, mixed uranium-plutonium fuel, MOX, material balance

ﬂnpeH ropuBeH LIMKBLI U MaTepuaneH 0anaHc MOXe [a Ce U3Mon3Ba KaKkTo B PeaKTopu Ha TOMMHHK, Taka u
B peakTopu Ha 6bpan HeyTpoHn (dununos n HangeHos, 2015).

lNocnegosatenHocTTa OT NPOM3BOACTBEHN N TEXHONOTMYHU

npouecy, CBbP3aHN C NPOW3BOLCTBOTO HAa SAPEHO TOPMBO, 3a pa 6bme nocturHata onpedeneHa AbnbouvHa Ha
nomnyyYaBaHeTO Ha eHeprusl B SOPEHWUTE PEaKTopu, KakTo W C u3rapsiHe B (MpoussefieHa TOMMUHHA eHeprust OT TOH TeXbK
yNpaBneHNeTo M CbXpaHeHWeTo Ha OTpPaboTEHOTO SAPEeHO MeTan) e HeoOXOAMM YypaH c paboTHo oboraTsiBaHe B
ropuBo (OAlN) u paguoaktueHute otnagbun (PAQ), e konn4ectso Gi:

W3BECTHA NOJ HAUMEHOBAHMETO SAPEH ropuBeH Lkbn (Benes

n ®ununos, 2008). B 3aBMCUMOCT OT HauuHa Ha ynpasreHue G - Q NTLo W )
Ha 0TPabOTEHOTO FOPUBO, FOPUBHUTE LIMKNM GUBAT OTBOPEHM W x~ B B By

3aTBOPeHU. 3aTBOPeHM ca Te3u Pa3oBMOHOCTW, MPU KOWTO
0TpaboTeHOTO ropuBo ce npepaboTBa U YacT UK BCUYKK OT
u3BneYeHuTe densawm ce matepuanu ce peuumknupat (OECD
NEA, 2006). Hai-4ecTo peuuKnupaHuaT maTepuan e
MNYTOHUST, KaTo TOW Ce Ononm3oTBopsiBa nog opmara Ha
CMeCeHO ypaH-nnyToHneBo okcmpHo ropuso (MOX), koeTo

B (1) ¢ Q e obosHayeHa OpyTHaTa TOMMMHHA eHeprus,
npousBegeHa OT CbOTBETHaTa Maca ypaH C paboTHO
oboraTsiBaHe 3a fadeHus kanenpapeH nepuog B MWh, B e
nocTurHatata AwbnbouMHa Ha usrapsHe B MWAATM, N -
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OpyTHa enekTpuyecka MOLLHOCT Ha eHepruitHua 6nok, MW, Ty
— KaneHAapHo Bpeme, 1) — BpyTeH TepMOAMHAMUYEH K.N.4. Ha
€HepruitHma Bnok, @ - KOeWUMEHT Ha W3Non3BaHe Ha
WHCTanupaHaTa MOLWHOCT Ha eHepruiHus 6nok u W — 6pyto
€reKTPonpon3BOACTBO 3a kaneHaapHus nepuog, MWh.

MacaTta Ha NpupofHUst ypaH, HeoOXOAMM 3a NPOU3BOLCTBO
Ha ypaH ¢ paboTtHo oboraTtsBaHe Gy, €:

x (2)

B ypaBHeHue (2) ¢ x e 0603HaueHo paboTHOTO oboraTsBare,
Co © NpUpoaHaTa KOHLEHTpauust Ha ypaH-235 B u3oTonHaTta
cmec Ha ypaHa (0.711%), a y e KoHUeHTpauusiTa Ha ypaH-235
B obeaHeHus MaTepuaneH notok. Macata Ha ypaHoBust
KoHueHTpaT Gusos, HeobXo4MM 3a MpOW3BOACTBOTO HA
npupoaeH ypaH ¢ Maca Go €;

_ My

G G, . )

U305
U308

kboeto My e monapHaTa mMaca Ha MeTarnHus NpUPOAEH YpaH,
a Musos € MomapHaTta Maca Ha YpaHOBMSI KOHLEHTpaT.
PeaktopuTe Ha TOMAMHHW HEYTPOHW C TOMMOHOCUTEN W
3abaBuTen neka BOAa, KaKTO M peakTopute Ha Obpau
HEYTPOHM W3NCKBAT KOHLIEHTpaLWsTa Ha ypaH-235 B ropuBoTo
pa Obfe no-BuCOKa OT MpupogHaTa. TakbB ypaH ce Hapuya
oborareH. Mpu npoueca Ha u3oTonHo oboraTsBaHe Ha ypaHa,
Hapef c oboraTeHaTa dpakuus, ce npousBexaa U obeaHeH
YPaHOB MOTOK, B KOWTO KOHLEHTpauusiTa Ha ypaH-235 e no-
HMCcka OT nmpupopHaTa. MacoBusT NoTok Ha obefHeHWst ypaH
Gy MOXe [ia Ce U34NCNN CbIMacHo ypaBHeHve (4):
G, =G, -G, @)

MaTepuanHuTe noToLm, U3YUCNEHU CbrnacHo paseHcTa (1)
— (4), He BkmtoyBaT B cebe cu HemsbexHUTe 3arybu Ha ypaH,
CbMbTCTBALLM TEXHONMOMMYHUTE MPOLIECH B MPEeAHWs kpal Ha
TOPUBHUS LIKBII.

3a [a ce nonyyu NoBuLLABaHe Ha KOHLEHTpaLUusTa Ha 25U e
Heobxogumo fa 6bae u3BbPLLIEHa onpeaeneHa paboTa, kosTo
ce Hapuya pasgenuTenHa paborta. Tasu pabGota moxe Aa
Oboe onpedeneHa KaTo Ce OLEHW BENMWYMHATA, KOSTO
XapaKkTepuavpa M30TOMHOTO pasfensHe npy  MPOM3BONHO
3a/jaZieH U30TOMEH CbCTaB Ha TPUTE MaTepuanHu noToka — Ha
3axpaHBaims npogykt (Ge), Ha oborateHns ypaH (Gx) u Ha
obepHeHus ypaH (Gy). 3a OLeHsIBaHETO Ha Tasn BEWYMHA Ce
u3nonsea yHkumaTa V(n), KoSTO ce Hapuya pasgenuTeneH
noteHuman.  PaspenutenHata  pabota  npeactaBnsiea
W3MEHEHMETO Ha Ta3n PYHKUMS. PasnenuTenHusT noTeHuman
3a MpOW3BOSIHA KOHLEHTpauust Ha ypaH-235 n mMoxe fa ce
ONpefeni ¢ JocTaTb4yHa TOYHOCT CbrmacHo 3aeucuMocT (5), a
pasgenutenHara pabora, Heobxoguma 3a oboraTsiBaHe Ha
MPUPOLEH YpaH 40 NPON3BOMHA KOHLEHTPaLWs X Ce onpeaens
cbrnacHo (6) (Benes n ®ununos 2008, Cunés, 1987).
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V(n):(2n—l)lnﬁ

AU =GV (X)+GV (y)-G (c,)

WU3meHeHMe Ha cbCcTaBa Ha AAPEeHOTO ropuBo

B pesynTat Ha npoTuyaLlata sapeHa peakumus Ha feneHe Ha
sgpaTa Ha ypaH-235, KOHUeHTpauusTa My B SOPEHOTO ropuBo
HamarnsBa 3a CMeTka Ha nonyyeHaTa eHepris u 0bpasyBaHuTe
HOBW MO-NIEKM HYKMWAW, HapeyeHu MNpogyKTM Ha [AeneHe.
KoHueHTpauusiTa Ha ypaH-235 HamansBa W B CnefcTeue Ha
normbLyaHe Ha HeyTpoH Bes ga HacTbnu AeneHe, KOeTo BoAu
[0 06pa3yBaHeTo 1 HAaTPYNBaHETO Ha ypaH-236.

OcBeH u3rapsiHeTo Ha YypaH-235, B SAPEHOTO rOpWBO
npoTWYaT U Apyrn NPOLECH, HAN-CbLUECTBEHWAT OT KOUTO €
HEroBoTO Bb3NPOW3BOACTBO. [1pyn TO3W Npouec, B pesynTar Ha
MOrfbLyaHe Ha HEYTPOH OT Onpefene Hefensiy ce M3oTon
(Hanp. ypaH-238), ce nonyyasa HoB fensw ce matepuan. o
TO3W HAYMH B YPaHOBWUTE rOpMBA CE MOMy4aBa AENsWMAT ce
M30TON NMNYTOHMIA-239, KaTO MEXaHM3MbBT Ha NOMy4YaBaHETo My
€ UNICTPUPaH ¢ sigpeHata peakywns (7) (Cunés, 1987).

238,

0 B 239
od +n° >

" 2
o ) 39

U Np—£— 2Pu (7)

B pesynTat Ha Tesu npouecw, NpubnmanTenHUAT CbCTaB Ha
0TpaboTeHO ypaHOBO rOPUBO OT JEKOBOAEH PEaKTop ¢
HavanHo oboraTsBaHe OT 5% cnep gocTuraHe Ha AbnbounHa
Ha usrapsiHe ot 60 000 MWdATM e: ypaHn-235 - 0.70%, ypaH-
236 - 0.66%, npogyktn Ha geneHe — 5.50%, nnyToHuA (ot
komTo okono 2/3 ca genswm ce usotonu) — 1.05%, MUHOPHM
aktuHngn — 0.12% u ypan-238 — 91.96% (Kessler, 2011).
Kakto ce Buxaa, B 0TpabOTEHOTO ropvBO MMa 3HAYUTENHM
KonuuecTea fensly ce Matepuan, KOeTo ce AbMKK Ha dakTa,
ye 3a ga 6baat M3pa3xodeHu, SAPeHUAT peakTop Tpsbea Aa
pabotn GeskpaiHo ObAro Bpeme. lonsama 4act OT Te3u
Hyknuan Moxe fa Obaoe M3BneyeHa Ype3 pagvoXMMMYHA
npepaboTka ¥ BbpHaTa Mof pasnuuHa opma B SOPEHNS
ropvBeH LuMKbr. Ha ToBa CBOWCTBO Ha SAPEHMTE ropuea ce
OCHOBaBa KOHLENUMSTa 3a 3aTBOPEHNS SAPEH FOPUBEH LKBA
(Benes v ®ununos, 2008).

CMeceHo ypaH-NyTOHMeBO OKCUAHO FOPUBO
(MOX)

[TbpBOHAYaNHO, CMECEHUTE YpaH-NAYTOHWEBM OKCWUAHU
ropusa (MOX ropuBa) ca pa3paboTBaHM KaTo MeToh 3a
YTUNM3WpaHe Ha HenpekbCcHATO HapacTBaliuTe KOMW4ecTBa
MAYTOHWA, NOMYYEHW OT BOEHHWM W LMBUIHW M3TOYHULM.
CTpykTypaTa Ha CMECEHWUTE OKCMOHM TOpWBA MOXE [a
npeacraensea AsydasHa cmec ot UO2 m PuO2 wvmm
efHodhaseH TBbpga pasteop — (U,Pu)O2. TernosHWST asn Ha
PuO; moxe fa ce M3MeHs B LUMPOKW rpaHuum — ot 1.5% o
30%, B 3aBMCMMOCT OT TWNa Ha peakTopa, 3a KOWTO e npeg-
HasHaueHo ropusoTo (Burakov et al., 2011). YpaH-nnyToHue-
BOTO TOPWBO NO3BONSBa 6bp30 BpbLUaHe Ha MAYTOHMSA OT
0TpaboTEeHOTO FOPMBO B TOPUBHUS LMKBI, W3MON3Balikm ro B



NEKOBOAHN pPeakTop WM peakTopu Ha 6bp3au HEYTPOHM
(Crossland, 2012).

EQHO OT Hal-ronemnte NpeaMMCTBa Ha OKCMAHUTE TOpUBa €
CBbP3aHO C BH3MOXHOCTTA 3a MO-NECHOTO yBennyaBaHe Ha
KOHLIEHTpaUMaTa Ha Oensims ce Matepuarn, B CpPaBHEHWe ¢
oboraTsiBaHeTO Ha ypaHOBWTE rOpMBA, Thil KaTo AensLWwuTe ce
“30TONM MPEACTaBnsABaT OKONMO 2/3 OT NMyTOHMEBaTa CMeC.
[Mo-ronsiMOTO KOMMYECTBO Ha AENALWTEe Ce M30TONU OT CBOSI
CTpaHa Nno3BonsiBa 4OCTUraHETO Ha No-ronsiMa AbnboynHa Ha
u3rapsHe W CbOTBETHO MO-MbIHO U3rapsHE Ha SAPEHOTO
ropuo. [punaraHeTo Ha 3aTBOPEHM SAPEHN FOPUBHN LMKIN 1
PeLMKNMpaHeTo Ha MyTOHWEBUTE M30TONM Mog dhopmata Ha
CMECEHM OKCMOHM FOpMBa MMa pellaBallo 3HAYeHWe B OLle
HSIKOINKO OCHOBHW HaCcoKW — pasLLmpsiBaHe Ha pecypcHata 6asa
Ha siopeHaTa eHepreTuka y HamansiBaHe Ha 3aBUCMMOCTTA OT
NPUpOaHUS pecypc, nopobpsiBaHe Ha YCTOMYMBOCTTA Ha
HepasnpoCTPaHeHNe Ha SOPEHW MaTepuanit U 3HAYMTENHO
HamansBaHe Ha 00eMWTe Ha CknagupaHuTe MAYTOHUA U
obenHeH ypaH (dununos n HangeHos, 2015).

OnpocTeHa cxema Ha TOpUBEH LMKBLIT C PeLuKnupaHe Ha
NAYTOHUS B NIEKOBOAHW peakTopu noa dopmata Ha MOX e

nokasaHa Ha cur. 1.
- BAO
| Mpep z
Ha OAr A {

}7 e f cao
l HAO
PWR h

®ur. 1. Cxema Ha ropuBeH LMKBLN C peuuknupaHe Ha NAYTOHUA noA
¢opmara Ha MOX ropuBo B nekoBogeH peaktop (LWR) (OECD, 2006)
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PeanuanpaHu cnectaBaHms npy M3Non3BaHeTo
Ha MOX

3a aHanu3 Ha maTepuanHuTe cnecTaBaHus, peanuanpaxu ot
U3MNON3BAHETO HA CMECEHO YpaH-NnyTOHMEBO T[OPUBO €
pasrnefaH pedepeHTeH peaktop ¢ Boga nog Hansrade (PWR)
¢ GpyTtHa enektpuyecka mowHocT 1000 MW, koeduumeHT Ha
U3non3eaHe Ha WHcTanupaHata mowHocT 0.85 n GpyTeH
TEPMOAVMHAMMYEeH K.N.0. Ha eHepruitHus 6nok ot 32.6%.
Pa3srnegaHu ca maTtepuanHute noTouWM Npu M3non3saHe Ha
YpaHOBO W ypaH-NNyTOHMEBO TFOPUBO M Ca MpecMeTHaT
MaTepuarnHuTe CrnecTsiBaHWS MpW PasnuyHu bnbouMHN Ha
narapsHe 1 pasnuyeH gan Ha MOX ropuBoTO B aKTuBHaTa
30Ha. YpaHOBOTO Topueo € ¢ oboraTsiBaHe Mo ypaH-235 ot
4.4%, panbT Ha nnytoHus B MOX ropusoto e 7.23%, a
ocTaHanata JacT € 0befjHeH ypaH C KOHLEHTpaLus Ha ypaH-
235 o1 0.3%. MpecmsTaHMsATa ca U3BBPLLEHM CbC COPTYep 3a
aHanu3 Ha matepuantus BanaHc Ha ropusHuTe Unknu VISTA,
paspaboteH oT MAAE (IAEA, 2007)

PeaynTatute, nokaseawy peanuaupaHuTe CNecTsBaHWsS OT
nanonasaHe Ha MOX ropuo B CpaBHeHWe C W3NON3BaHe Ha
YPaHOBO FOPMBO B 3aBMCMMOCT OT JOCTWrHaTata AbnbounHa
Ha u3rapsHe M KOMWYEeCTBOTO YpaH-MIyTOHMEBO TOPMBO,
3apefeHo B aKTWBHATa 30Ha, Ca MokasaHW Ha ur. 2 — ¢ur. 4.
Ha cbur. 5 ca nokasaHu konuyecTBaTa HenpouaseseH obeaHeH
ypaH B pe3ynTaT Ha HamaneHata HeobXxoaMMocCT OT oboraTeH
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ypaH. B Te3u komnyecTBa He € BKMtoueH OBEAHEHWST ypaH,
W3Mon3BaH MpW  MPOM3BOACTBOTO HA  YpaH-MyTOHMEBOTO
rOpBO.

MpuposeH ypaH, ToHa TM

Ian HaMOX
aKTUBHaTa 30Ha

[OrnBoyrHaHa narapaxe, GWdATM
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=50% =100%

!

®ur. 3. PeanuaupaHu roauiiHKA CNecTsABaHNA Ha yPaHOB KOHLIEHTpAT
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®ur. 2. PeannanpaHu roauHu CNecTABaHNA Ha NPUPOLEH ypaH
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®ur. 4. PeanuaupaHu roauiuHKA CNiecTsIBaHWA Ha pasdenuTenHa pabora
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AannaMOX s
aKTneHaTa 3oHa

®ur. 5. Maca Ha Henpou3BefeHNs roauWHO o6eAHeH ypaH B pe3ynTar Ha
HaMansBaHeTo Ha HyxpAara oT o6oraTeH ypaH

OT pesyntatuTe, nokasaHu Ha Qurypu 2 — 4 ce Buxaa scHa
TEHOEHUMS Ha YBENMYaBaHe Ha CMEecTABaHMSATA Ha YpaHOB
KOHLEHTpaT, MpUpOdeH YypaH U pasgenvTenHa pa6orta.
/13non3BaHeTo Ha CMECEHO OKCMAHO TOPMBO KakTo Mpw
peakTopu, Npu KOUTO € Bb3MOXHO 3apexaaHe Ha akTWBHaTa
30Ha ¢ MOX po 1/3, Taka 1 Npu MO-CbBPEMEHHU PeaKkTopy,
kouTo nossonseat pabota cbc 100% 3apexgaHe C ypaH-
MNyTOHNEBO TOPUBO, MO3BONSIBA  peanusnpaHeto  Ha



3HaYMTENHM UKOHOMMW Ha MbPBUYEH PECYPC NMOA thopmaTa Ha
KOHLIEHTPAT ¥ MPUPOLEH YpaH, KaKTo U Hamarnsiea Hyxaute oT
pasgenuTenHa paboTa, CbOTBETHO HamarsiBa Hyxgata OT
WHCTanMpaHa MOLHOCT Ha 3aBOAWTE 3a M30TOMHO pasaensHe.

LombnHuteneH nonoxuteneH edekT OT M3MON3BaHETO Ha
YpaH-NyTOHWEBM rOpuBa € Bb3MOXHOCTTA Aa Ce YTUInaupar
Mo-MbJIHO AENSAWKUTE Ce MaTepuant, HanmyHu B 0TpaboTeHOTO
SOPEHO TOPMBO, KaKTO M Jda Ce Onon3oTBopu 0b6eaHeHWsT
ypaH, fBABaLL, ce O0TnageH NPOAYKT OT npoLeca Ha M30TOMHO
oboraTsiBaHe, KOWTO MOHACTOSALLEM MPEUMYLLECTBEHO Ce
CKMaampa 1 Hammpa OrpaHNyYeHo NPUMOXEHNE.

BnusHue Ha AbNGOYMHATA Ha U3rapsiHe BbPXY
Heo6X0AMMOCTTa OT MbPBUYEH pecypc

OT hur. 2 — 4 cTaBa BUAHO, Ye C YBENMYABAHETO Ha Asna Ha
MOX ropuBOTO B aKTMBHAaTa 30Ha 3a YBenu4yaBaT W
mMaTepuanHuTe CnecTsBaHWs B MPEAHUSt Kpail Ha sapeHus
ropuBeH  uukbA.  [lpyra  OTYeTnMBA  TEHAEHUMs e
HamansBaHeTo  Ha  abCOMITHUTE  ChecTsBaHWS  C
yBENMYaBaHeTo Ha AbnbounHata Ha wsrapsHe. Mmaiku
npeaeua, ve npu 100% 3apexaaHe Ha akTMBHATa 30Ha C ypaH-
NNyTOHWEBO rOpUBO, KOETO Ce NPOoM3BeEkaa OT 06eaHEH ypaH U
MNYTOHWIA, M3BEAEH OT OTPabOTEHOTO SAPEHO  rOpWBO,
crectsBaHMATa Ha nbpeBuyeH pecypc ca 100%, 10 €
HeobxoanMo [1a ce u3cneapa BRNUSHMETO Ha AbnboynHaTa Ha
u3rapsiHe Bbpxy HeoOX0AMMOCTTa OT MbPBOHAYaNEeH pecypc.
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®ur. 6. MloguwHa He06X0AUMOCT OT ypaH ¢ paboTHo oGoratsBaHe (Gx) B
3aBMCUMOCT OT AbNGOYNHATA Ha U3rapsiHe

CobrnacHo ypaBHeHue (1) Moxe Aa ce onpegeny roguwHara
HeobXxogMMOCT OT TexbK MeTan 3a NPOW3BOACTBO Ha
OnpedeneHo KONMMYECTBO eNEKTPOEHeprusl npu  3agjageHa
AbnbounHa Ha uarapsHe. 3aBUCMMOCTTA € BanMaHa KakTo 3a
YPaHOBO, Taka W 3a ypaH-nnyToHueBo ropuso. Ha dur. 6 ca
nokasaHu Konmdyecteata ypaH C paboTHo oboraTsiBaHe 3a
[OCTWraHe Ha CbOTBETHUTE AbNO0YMHM Ha u3rapsiHe oT 30 4o
50 GWd/ATM 3a peaktop C BOAa MOA HansraHe C
enektpuyecka mowHoct 1000 MW, «koedmumeHT Ha
u3ronagaHe Ha MHcTanuMpaHata mowHoct 0.85 u OpyTteH
TEPMOAMHAMMYEeH K.N.O. Ha eHepruitHna 6nok oT 32.6%.
OueBngHa € HamansBaljata TeHAEeHUMs, KOSTO Nokasea
0YaKBaHuUs ak, ye c yBenmyaBaHe Ha
€HEepronpousBOACTBOTO  OT  efuHMUa  Maca  MeTar,
HeobxoaWMuTE KONMKUYecTBa HamanssaT. [1oBULLIABAHETO Ha
e(heKTMBHOCTTA Ha W3NON3BaHETO Ha MbPBUYEH PECYPC
00siCHsSBa M HamansiBaHETO Ha PECYpCHUTE CMecTsiBaHWs B
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HOMWHAIHIN CTOMHOCT C YBENMYABaHETO Ha AbNbounHaTa Ha
narapse.

3a pa Obaar oOUEHeHU MO-MbMIHO CMECTABaHWSTa Ha
npupoaeH 1 oboraTeH ypaH, NPON3TUYaLLM OT yBENuYaBaHeTo
Ha abnbounHaTta Ha w3rapsHe, e ynobHO Aa ce M3nonsea
cneununyHMAT  pasxo  3a  Mpou3BeLeH  TepaBartyac
enekTpoeHeprus. Ha cur. 7 € unicTpupaHo HamansiBaHeTo
Ha cneunduuHus pasxod Ha MpUpoAeH n oboraTeH ypaH ¢
yBENMYaBaHeTo Ha LbnbounHaTta Ha uarapsHe. Tosa cnomara
W 33 HamansBaHeTO Ha HyXHWTE KONWYeCTBa YpaHOB
KOHLEHTpaT W ypaHoBa pyda, Kakto W Heobxogumata
pasgenurenta pabora.

HamansiBaHeTo Ha He06X0AMMOCTTa OT NPUPOAEH YpaH (Mpu
YPaHOBO rOpuBO) U OT obOraTeH ypaH W ypaH-nnyTOHEBO
TOPMBO € MPaBOMPOMOPLUMOHANHO HA YBENWYEHWETO HA
AbnboynHaTa Ha urapsiHe, npu e/[]HaKBO
€NTeKTPONpON3BOACTBO (Cour. 7).
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®ur. 7. Heo6x0AaMMO roAMILHO KONWYECTBO NPUPOAEH U oboraTeH ypaH
3a npousBoacTBoTO Ha 1 TWh enekTpoeHeprus

Peanusupanu cnecTaBaHWUA NpW aHanu3 Ha
peaneH ropuBeH LMKbLN

N3BbpLueHUTE AOTYK MPECMATaHUS SICHO NOka3eaT nonsata
OT peuuKNMpaHeTo Ha [AendwuTe Cce  Hyknuau  oT
0TpaboTeHoTO AApPeHo ropueo. Te, obaye, ca WU3BbPLLEHN 3a
pecthepeHTeH peakTop M ca NpPOBEeHN CbC CPeACTBO, KOETO
OLeHsBa MaTepuarnHuTe criecTsiBaHus 6e3 fda onpegens
[eVCTBUTENHUTE KOMWYecTBa NNYTOHMA, KOMTO MoraT fa
ObaaT Npou3BeAEHU M PELMKIIMPaHW 3a rofuHa OT pearieH
eHEepr1eH peakTop.

3a uenTa e HeobxoauMo aa 6bae M3cnenBaHo U3rapsiHeTo
Ha ypaHoBO ropuso, Aa Gbae onpeaeneH U30TOMHUAT CbCTaB
Ha MnyTOHWS Cried OTNexXaBaHeTo My U Aa Gbe NpecMeTHaTo
[OMbIHUTENHOTO EHEepronpon3BOACTBO OT BbpHaTUTE B
LMKbNa 0BeHeH ypaH W NIyTOHWM.

3a npoexgaHe Ha aHanu3a e M3non3BaH COMTYEepHUST
npopykt SCALE6.1, paspaboteH ot nabopatopuute ,0Oyk
Pugx®, CALl, uueTo npepHasHayeHe e [pda npecmsTa
M3MEHEHMETO Ha M30TOMHUS CbCTaB Ha SAPEHOTO FOPUBO MpU
usrapsHe u otnexasaHe (ORNL, 2011). PasrnegaH e
AENCTBUTENEH 3aTBOPEH FOPUBEH LIMKBIT HA EHEPIUEH peaKkTop
C BOAa NOf HansraHe, KOMTO MOXE [da W3Mon3Ba KakTo
YPaHOBO, Taka 1 ypaH-NnyTOHMEBO rOPHBO.



3a uenta e nogbpaHO SAAPEHO TOpMBO Ha ,YeCTuHrxays"
W17x17, ¢ HavanHo oborataBaHe 4.8% w npoekTHa
abnboumHa Ha uarapsHe 62 000 MWAATM (Westinghouse,
2008), koeTo € TUNUYeH NPeACTaBUTEN HA Hall-CbBPEMEHHNTE
sipeHu ropuea. MapamMeTpuTe Ha peakTopa ca enekTpuyecka
mowHocT 1000 MW, «koeduumeHT Ha u3non3eBaHe Ha
WHCTanupaHata motHoct 0.85 u GpyTeH TepmogMHamuyeH
K.N.0. Ha eHepruiHnsa b6nok ot 32.6%. B Toan cnyyait, npu
W3ron3BaHe Ha YpPaHOBO TOPMBO, HYXHOTO  FOAWLUHO
3apexpgaHe ¢ oborateH ypaH e 15.35 tTM, a HeobxogumusT
npupogeH ypaH 3a npoussBoacteoto e 168.06 {TM.
MonyyeHnsaT B pesynTaT Ha oboraTsiBaHeTo 0b6edHEH ypaH e
152.71 {TM.

Tabnuua 1.

M3omoneH cbcmas Ha NiymoHUs, U3efie4eH Om ypaHo8omo
OAlr cned 10-e00uwHO omiexasaHe U U3Noi36aH 3a
uzeomesHemo Ha MOX

M3oTon Jan KOHuegg)ra A B
w% g/tT™M
Pu-238 3.07 392.7
Pu-239 52.54 6717.0
Pu-240 25.24 3226.0
Pu-241 9.81 1254.0
Pu-242 9.34 1194.0

B pesyntat Ha pabotata Ha peakTopa, B 0TpaboTEHOTO
rOPUBO MMa M3BECTHO KONMMYECTBO MMYTOHMIA, KOETO MOXe Aa
ObOe peuuknMpaHo CbriacHO cxemara, nokasaHa Ha dur. 1.
Mopagu BMCOKATa CU aKTMBHOCT, OTPabOTEHOTO rOpMBO
OTNexaBa HAKONMKO rofuHM npean Aaa 6vae npepaboTeHo u
nNyToHMAT fa Obge w3eneveH. M30TonHMST CbCTaB Ha
MONyYeHUs MAYTOHWA W KOHLEHTpaUuUTe Ha pasnnyHuTe
usotonn cneq 10 roguHM OTnexaBaHe ca NPecMeTHaTW CbeC
copryephus nakeT SCALE6.1 v ca npeacTaseHm B Tabnuua 1.

BbB BTOpMS €Tan Ha ropuBHWA LWKbIT — M3MOM3BAHETO Ha
MOX, e u3non3saH NNyTOHWA CbC CbCTaBa, MOKa3aH B
Tabnuua 1, Kato MacoBMAT My AAN B CBEXOTO ypaH-
MNYTOHWEBO ropuBo e 7.23%, a ocTaHanaTta 4acT e 00efHeH
ypaH C KoHUeHTpauus Ha ypaH-235 0.3%. [llocturHata e
AbnboynHa Ha u3rapsHe, WAEHTUYHA C Tasu Ha TOPWUBOTO
W17x17 — 62 000 MWd/tTM, npn CblyuTe ekcnnoaTaLmoHHM
XapakTepucTukn Ha peaktopa. B pesyntar, Heo6xogumoTo
HayanHo KONM4yecTBO TeXbK MeTan oTHoBO e 15.35 tTM, Ho B
cnyyYas He € HeoOXOAMM HWTO NPUPOLEH YpaH, HUTO Cce
npoussexaa obegHeH ypaH. B cnyyas ca koHcymmpanm 1.11
tTM nnyToHui n 14.24 tTM obegHeH ypaH.

Ot T1ean 1.11 tTM nnytonuin, 0.69 tTM ca pensawm ce
u3otonu. 3a cpaBHeHUe, 3a NOCTUraHe Ha cbluata AbnbounHa
Ha w3rapsHe ¢ ropueo c oboratsiBaHe no ypaH-235 4.8%,
roguwHo ca Heobxopumm 0.74 tTM gensium ce u3oTonu.

B pesyntat Ha no-Bucokata e(EKTMBHOCT Ha YypaH-
NMNYTOHMEBOTO TOPUBO W HA MOBTOPHOTO W3MON3BaHe Ha
MaTtepuanu, nony4yeHu OT MbpBOHAYanHUs NPUPOAEH ypaH —
obefHeH ypaH W Bb3NPOM3BEEH MIYTOHWIA Ce MOBMLIABa U
M3MON3BAEMOCTTa Ha NpuUpopHus pecypc. [Mpu oOTBOpEH
ropuBeH Uukbn ¢ ropuso W17x17 3a npou3BogctBoTo Ha 1
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TWh enektpoeHeprvisi ca Heobxogumm 22.57 tTM npupogeH
ypaH KaTo mpu HEroBOTO NMPOM3BOACTBO ce nonyyasat 20.51
tTM obegHeH ypaH.

3a npownssoacteoTo Ha 15.35 tTM MOX ¢ koHLeHTpaums Ha
nnyToHuin 7.23% ca HyxHu 1.11 {TM nnytonuin u 14.24 tTM
obegHeH ypaH, OT KOWTO ce reHepupar 7.446 TWh
enektpoeHeprua. OT Te3au AaHHM Ce YCTaHOBsBa, 4Ye 3a
npoussogcTBoto Ha 1 TWh ca Heobxogumm 148.94 kgTM
nnyToHuin n 1.911 {TM obeaHeH ypaH.

Ot 1 tTM nbpBOHAYanHO 3apefeHO YpaHOBO FOPUBO Ce
nonyyasat 12.784 kgTM nnyToHuid. lMpu oboraTsiBaHe no
ypaH-235 Ha ceexoTo ropuso ot 4.8%, 3a nonyyaBaHeTo Ha 1
tTM oborateH ypaH ca Heobxogumu 10.95 tTM npupogeH
ypaH, npu koeto ce reHepupat 9.95 tTM obegHeH ypaH. Tosa
03HavaBa, Ye ot 1 tTM npupogeH ypaH ce nonyyasat 1.167
kgTM nnytonmn u 0.909 tTM obeaHeH ypaH, npu Taka
pasrnexgaHara cxema Ha uarapsiHe. [pu OTBOpeH ropuseH
uukbn 3a npou3soacteoto Ha 1 TWh enektpoeHeprvs ca
HyxHU 22.57 tTM npupogeH ypaH, OT KOMTO moraT ga ce
reHepupat 26,34 kgTM nnyToHui, KouTO Aa Aonpou3sedart
owe 0.18 TWh enekTpoeHeprisi Npu peLMKnMpaHe, KoeTo e
MOBWLLABAHE Ha W13NON3BaEMOCTTa Ha MbpPBOHAYANHNS pecypc
¢ 18%.

3akntoyeHune

BpblyaHeTo Ha NNyTOHWUS B TOPMBHWS LMKbA BOAW [0
3HAYNTEMNHM MKOHOMMM Ha MbpBOHAYaneH pecypc (MpupoaeH
ypaH) — mexay 5 n 100% OT HyXHUs 33 NPOWU3BOACTBOTO Ha
oboraTeH ypaH 3a egHo 3apexpaaHe, B 3aBMCUMOCT OT Jsna Ha
MOX ropuBoTO B aKkTWBHaTa 3oHa. B pgombnHeHwe, upes
M3MON3BaHETO Ha CbBPEMEHHU SAPEHM ropuBa W egHOKPaTHO
PELKNMpaHe Ha NIyTOHWsl, MONy4eH OT 0TpaboTeHO YpaHOBO
ropuso, MOXe [a Ce MOCTUrHe MOBULIABaHE Ha M3non3sae-
MOCTTa Ha MbpBUYHUS pecypc ¢ Ao 1/5. BbamoxHocTTa 3a
yBenuyaBaHe Ha AbnbouMHATa Ha M3rapsiHe CblUO BOAM
NpaBONPONOPLIMOHANHO A0 AOMBIHUATENHN CNECTABAHMS.

JombnHuTenHu eq:)eKTVI OT 3aTBapsAHETO Ha UWKbna ca
Onon30TBOPABAHETO HA ronemMu Konmyectsa obeaHeH ypaH u
HamansiBaHe Ha HeoOX04MMOCTTa OT M30TOMHO oboraTsBaHe.
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NPEYUCTBAHE HA COHOAXHW BOAWU, SAMBPCEHU NMPU OOBUB HA HE®T

Uean Kanasupcku, lNems NeHyesa

MurHo-2eonoxku yHueepcuteT ,Ce. UsaH Puncku’, Cocpusi 1700, CmydeHmku epad, p.gench@gmail.com

PE3IOME. CoHpaxuTe Ha HeT ca CbNPOBOAEHN U C U3BNUYAHETO HA MOBWLLEHO KOMMYECTBO BOAA, KOATO yBIn4a CbC cebe cnun Hedr. I'IpqueHM Ca meToau 3a
npeyncTesaHe Ha CoOHA4aXHW BOOM, 3aMbpCeHU npu pobusa Ha HedT. M3cnensaHo e BIWSHWETO Ha [Ba peareHTa, KouTo npeanssukeat Koarynauua, nocneasaHa ot
ceguMeHTaumns U nocneasallo npevectsaHe. I'Ipep,noerm Ca MepKu 3a npeynctsaHe Ha COHAAXHW BOAW. HanpaBeHm Ca aHanu3n Ha Bofata HenocpeacTBEHO

npeau 1 cried NpoLecuTe Ha NpeyncTBaHe.

Kniouosm aymu: npeuncteare, conpaxtn soau, Al2(SO4)3, 3e0nuT.

TREATMENT OF OILY WASTEWATER
Ivan Kanazirski, Petia Gentcheva

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Student Town, Bulgaria, p.gench@gmail.com

ABSTRACT. Qil drilling is accompanied by extraction of huge amount of water that contains dissolved and dispersed organic compounds. In this paper treatment of
oily wastewater by coagulation is reported. The effect of two reagents on the coagulation and sedimentation processes is studied. The wastewater was analyzed

before and after treatment.

Keywords: treatment, oil wastewater, Al2(SO4)3, zeolite.

BuBepeHue

lonsiMa YacT OT NPOMULLIIEHNTE onepaLmuy NPy COHANPaHe U
pobvB Ha HepT ca CBbP3aHU C OTAENSHETO M Ha OrpOMHM
KOnmyecTBa BOAa, KOATO € yBRskna CbC cebe cu 1 opraHnyHa
Maca OT JobuBaHWAT NpoaykT. Tesn oTnagHu BoAW B peauua
cry4au moraT fa CbabpXaT TOKCUMHU KOMMOHEHTH, KaTo YacT
OT TAX MPEMWHaBaT B CbOTBETHW Pa3TBOPUMK HOPMW U MO
TO3W HAYMH MOraT He Camo [a NposiBABAT CBOSITA TOKCUYHOCT,
HO W @ MWrpupaT Ha ronemu pascTosHWs, 3aMbPCABANKK
BOLHM 11 CYXO3EMHI EKOCUCTEMM 1 OKa3BalKN TOKCUYEH edhekT
BbPXY TexHuTe obutatenm (Lillo n cuTpygrmum, 2002).

MeToam 3a npevyncreaHe Ha COHAaXXHN BOAU

V13BecTHM ca criegHUTE METOAM 3a NpeuncTBaHe Ha BoAa:
-OU3MKO-MEXaHNYHO MPEYNCTBAHE;
- ®U3NKO-XMMUYHO NPEYNCTBAHE;
- XMMWUYHO NPEYUCTBAHE;
- JonpeuncrteaHe (TPETUYHO);
- TpeTupaHe Ha yTankuTe.
/136opbT Ha MeTOA 3a NPeYMCcTBaHE 3aBiCK OT XapakTepa Ha
3aMBbPCSABAHETO M CTENEHTa Ha BPEAHOCT Ha NMpUMecuTe.

du3uko-mexaHU4HOMO npeyucmeaHe

Mpunara ce 3a oTgensHe Ha rpybute BewecTa - 4pes
npeuexgaHe, ytasBaHe W unTpyBaHe. TO3W METOL MHOro
PSOKO Ce mpurnara KaTo €OuWHCTBEH, mopagu dakta, ye
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OTCTPaHsBa CaMO efipUTe HepPa3TBOPEHM BELLECTBA U TEXKM
npumeck. B noBeyeTo cryyam ca uarpageHu ot cToMaHoBeToH
1 Ce MOCTaBAT Npef MbPBUYHUTE YTaUTENM.

®U3UKO - XUMUYHO npevyucmeaHe
M3non3ea ce 3a (DMHO CcycneHaupaHuTe BbB BOgata

YacTWLW, KaKTO UM Ha HsAKOW pa3TBOPEHM BelecTBa OT
COHAaxHUTe Boau. Moaxoaswwm npolecu 3a npeyncTBaHe Ha
COHZ@XHU BOAM ca:

- Koarynauws, onokynauus;

- ®roTayws;

- Copbums;

- MloHeH obMmeH;

- XunepdunTpaumsi, obpatHa 0CM03a;

Koaeynayus, hnokynayus

MexaHW4YHOTO NMOYUCTBAHE € KpalHO HEeAOCTaTbYHO, 3aTOBa
ce npunara koarynauus ¥ nokyrnauus, 3a noBuLaBaHe
e(eKTbT Ha NPeYncTBaHe Ha BOAWTE OT AMCMEprupaHn M
KonougHu 3ambpcsiBalM BellecTsa. 3a Lenta ce u3nonsear
MWUHepariHu koarynaHtu u (nokynaHtu. KoarynautsT crnomara
yeapsiBaHETO Ha (hMHUTE YacTuLK, KOETO r1 MpaBu NecHW 3a
3agbpxaHe BbB (unTbpa. ChbLUO Taka enuMUHMpa ronsma
4acT OT OopraHuyHWTe 3ambpcutenu. dnokynauusta e edek-
TMBEH MeToA 3a nopoOpsiBaHe KayecTBOTO Ha BogaTa.
®nokynaHTbT € npenapart, KouTo ce fobaBs BLB BogaTa, npu
koeTo (bnokynuTe Ce 3adbpxaT Ha MNOBbPXHOCTTA Ha
3ambpcsBalUTe YacTUuuTe, KaTo yBenuyasaT pasmepa UM u
no3BONsBaT Ha UNTbPa Aa r ynoBu.



dnomauyus

®roTaTopbT € ChbOpbXKEHWe 3a OTCTpaHsBaHe Ha (MHO
AUCNEepripaHnTe YacTuuy OT BogaTa, KOUTO ca XuapodobHum.
lMpUHLUMMBT Ce OCHOBAaBa Ha NPOAYXBaHE C MHEPTEH ra3 npes
BOAATa, 3a [a Ce nomyyaT rasoBW MexypuyeTta, KOUTO ce
3anenBat KbM 4acTuuuMTe W M3nNnyeBat Ha MNOBBPXHOCTTA,
KbETO Ce OTCTPaHSABAT MEXaHNYHO.

Copbyus

Copbumsta e npouec Ha TpaHcep Ha pPasTBOPEHU
BellecTBa (copbati) M (PUKCMpPAHETO UM B T.Hap. COpOeHT.
Copbuusta e obpatum npouec. Hapeg cbc copbupaHeTto Ha
BELLECTBOTO OT pa3TBOpa Ce M3BBLPLLBA M NPOLIEC HA HETOBOTO
oTpensiHe ot copbeHa — gecopbuus. Mpouecute Ha copbums u
pecopbums npotnyat egHoBpemeHHo. CopbunoHHUTE npo-
Lecu ca MOAXOASLM 3a OTCTpaHsiBaHe Ha OMOPE3NCTEHTHU
OpraHWYHM pasTBOpYM, KaKTO M 3@ BELWECTBa OT HsKOM
NPOW3BOLCTBEHN OTNALbYHM BOOW — apOMaTHU CbeAMHEHUS,
Barpuna, xugpodobHn anndaTnyHu CbeanHeHNS.

WoweH obmen

MoHOOBMEHHMST MpoLec Ce npunara 3a npemaxsaHe Ha
HeOpraHW4HUTE 3aMbpCUTENH, KOraTo Te He MoraT aa Ovaart
OTCTPaHEHW B [OCTaTbYHA CTeneH, NMpu punTpupaHeTo wnm
yTasBaHeTo. [lpn NOHHUMAT oBMeH ce momyyaBa O6MeH Ha
VIOHUTE C eQHAKBW 3apsan Mexay Bofata v cnewlmanti CMoS.
Bogarta ce npeuncTBa, upe3 NpomyckaHeTO W Mpe3 KaTUOHHa
CMOr1a 1 IOHMTE Ha Kanuus U MaHraHa BbB BogaTa ce 3aMeHsT
OT WoHu Ha Hatpws. Korato 1oHooOMeHHaTa cmona ce
n3yepnu (Hanpumep obegHee Ha HaTpui), TH Ce pereHepupa ¢
HaTpueB xnopua. Bopata ce nponycka nmpes cron cnabo-
Kucena CMOMa W OHWTE Ha Kanuus W MaHraHa ce 3aMeHsiT C
/oMM Ha Bopopoaa. MoHnTe Ha Bogopoaa pearnpart ¢ MoHuTe
Ha kapboHaTuTe W OukapboHaTuTe 3a NOMyyaBaHe Ha
BOZOPOAEH Auokcud. TBbpAOCTTa Ha BojaTa Mo TO3W HauuH
ce Hamansea 6e3 yBernuyaBaHe Ha HaTpusA. AHUAOHHWAT
oOMeH MOXe Aa Ce M3NoN3Ba 3a OTAENSHE Ha HUTPaTH, KOUTO
Ce 3aMeHsIT ¢ xnopuau. KaTuinoHHMAT 0OMeH MOXe Aa oTaenu
HAKOW TEXKW MeTanu. [loTeHUManHo W3nonaBaHeTo Ha
AHWIOHHM CMOITK, OCBEH HUTPATK, MOXe Aa OTCTPaHK apCeH W
CerneH.

Xunepgpunmpayus, o6pamHa ocmosa

Xunepduntpaumsta e npouec Ha NpeuexaaHe nog BUCOKO
HansraHe npe3 duHOMOpecT MemOGpaHu, KOWUTO mponyckat
BOAHWTE MOMEKyrM M 3agbpkaTt no- eapute MONEKynu Ha
pasTBOpeHuTe  Belwecta.  [lpornycknueute  MembpaHu
3aAbpXaT BCWYKM pa3TBOPEHW CONW, OpraHU4HU BellecTBa,
BUpYcM W Oaktepuu. Ako ABa pasTBOpa Ce pasgenst oT
nonynponyckn1ea membpaHa (Hanpumep membpaHa, no3sons-
Balla NPEeMWHABAHETO CaMO Ha Pa3TBOPUTENs, HO HE U Ha
Pa3TBOPEHUTE B HEro BELLECTBA), Pa3TBOPUTENST MO
€CTeCTBEH MbT LWE MNpPeMWHe OT HUCKOKOHLIEHTPUPaHWS
pasTBOP BbB BUCOKOKOHLEHTpUPaHUs. ToBa sBReHWE €
W3BECTHO KaTo OCMO3a. Bb3MOXHO e 0baye NpUHYLUTENHO
pasTBOPUTENST fa Ce NpuoBWKM B obpaTHa nocoka - OT no-
BMCOKATa KbM MO-HUCKATa KOHUEHTpALMA, KaTo ce yBenuyasa
HanAraHeTo0 BbB BMCOKOKOHLEHTpUpaHus pasteop. Heobxo-
AUMaTa pasnnka B HansiraHeTo e M3BECTHa KaTo OCMOTUYHO
HansraHe, a npouecsT - kato obpaTtHa ocmosa. ObpaTtHa
ocMo3a npotuya npu paboTtHo HansraHe ot 10-50 6apa, B
3aBUCUMOCT OT MpunoxeHneto. ObpaTHaTa 0CMO3a OTKIMOHSIBA
MOHOBANEHTHN WOHW 1 OPraHUYHUTE MOMEKYNM C MOMEKYMHO
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Terno noeeye ot 50 (pasmep Ha mopute Ha MembpaHata no-
masnku ot 0.002mm). Haii- pa3npocTpaHeHOTO NPUNOXEHWE Ha
obpaTHaTa ocmo3a — obe3consiBaHe Ha coneHaTa U MopckaTa
BOAA.

Xumuy4HO npeyucmeaHe
Mpunara 3a kopekunsTa Ha pH 1 3a OTCTpaHsIBaHE Ha HSKOW
pasTBOPEHW BeLieCTBa OT MPOMMLLIIEHW OTNagbyHu BOAM.
OcHoBHu npoueck:
- XUMUYHO OKUCREHME;
- EnexkTpoxumnyHo okucneHue / pegykuus;
- Heytpanusauus.

XUMWYHOTO MpeuYMCTBaHe Ha BoAaTa MMa 3a Uen Aa
nocturie HeytpanHo pH. OB6MKHOBEHO NpoLECHT Ce npoBexaa
B peakTopy — CMECUTENU, AMPEKTHO B Liexa WnW 3aBoja, B
KOMTO TEXHOMOTMYHMTE BOOW CE 3ambpcsiBaT. BbamoxHu ca
ABa cnyyas. Ao oTnagbyHMTE BOAW MMAT arnkareH xapakTep,
T.e. pH>7. B T0311 cnyvait Bogute ce 0bpaboTBaT ¢ KUCENMHM
[0 MOMnyyYaBaHETO Ha comu. AKO OTMagHUTe BOAW MMaT Kucen
xapakTep, BoguTe ce 0bpaboTBaT ¢ pa3TBOpPM Ha OCHOBW, KaTo
HanpuMep HaTpueBa, kanuesa, Kanuyesa OCHOBA M aMOHsAYHa
Boga. PesyntatbT e 0OpasyBaHeTo Ha pa3TBOPUMM UIU
Hepa3TBOpUMM  CONMW. HepasTBOpUMMTE CbeaMHEHUs Cce
oTnarat BbB BUf Ha yTaiika, KaTo 3a LenTa ce u3nonssar
cneuuanHn yrautenn. Xumu4eckoTo MpeyncTeaHe € npouec,
MpM KOMTO Ce TNPOMEHs arperatHOTO  CbCTOSHME  Ha
MaTepuana, koTo e pa3TBOPEH Wi nonagHan BbB Bogata. B
npoLeca Ha XMMIWYECKO MPEYMCTBAHe BeLlecTBaTa B OTNagHu
BOAM C ONTMManHa KMCEMUHHOCT Ce yTasBaT upe3 fobassHe
Ha XUMWYECKM BeliecTBa. [lpunaraHeTo Ha  XUMMYECKO
npeyncTBaHe MMa 3 CTbNKU: riokynaumus, koarynauus u
yTasBaHe.

MpeyncTBaHeTo Ha COHAAKHMTE BOAM € 0CODEHHO aKTyaneH
BbMPOC MoOpagu pasBuMBaWms ce B MOCMEAHO Bpeme
yepHoMopcku  wend. B HacToAWoTO uM3cnendBaHe e
npocnefeHo BRUSHUETO Ha KOMMMeKC OT Koarynupaiu u
unTpUpaLLM XMMUYHW CUCTEMW 3@ YynaBsHe Ha (HUHHO
AMCNEPCHU OpraHYHU 3aMbPCUTENM.

ObekT Ha HacToOAWOTO u3cnedBaHe e ABYCTaauinHO
npeyncTBaHe Ha 3aMbpCeHU COHOAXHWN BOAMW. n'prI/I cTragun
OT M3CNefBaHETO € NPeAU3BUKBAHE Ha NPOLIEC Ha XMAponM3a
W nocrepBawa koarynauus. Brtopus etan e  dmauko-
MeXaHW4yHO OTAeNidAHe Ha OHeYUCTBaHuATa C MNOMOLUTa Ha
3601MT.

N360pbT Ha anymuHnesa con Al2(SO4)s Be npoaukTyBaH, o1
cnocobHocTTa Ha TOBA BELWECTBO [Ja Bb3felcTBa Ha

3aMbpcsBaLuTe areHTy, kaTo AecTabunusmpa
MUKPOYaCTULMTE, U Ypes Xuapornusa 1 dnokynauus yensaea fa
npeuncTn Bevye 3ambpceHata Boga (Stechemesser

cuTpyaHuuy 2005), (Bratby 2007), (Griffiths 2003), (Duan
2003).
I'IpeqwcTBaHe Ha coHOaXHu BOAU

W3cneaBaHa e coHgaxHa BOga CbC CbCTaB MOCOYEH B
Tabnmua 1.


https://www.google.bg/search?espv=2&biw=1280&bih=894&q=%D1%83%D0%B5%D0%B4%D1%80%D1%8F%D0%B2%D0%B0%D0%BD%D0%B5&spell=1&sa=X&ved=0ahUKEwi35KaC6d7NAhUF6xQKHWaDAlMQvwUIFygA

Tabnmua 1
Cncmag Ha coHOaxHama 800a

Cobcras KoHueHTpauus [mg/l]

Ca 85
Mg 40
Na 155
K 57
S04 200
Cl 220
HCO; 479
BOD5 11.9 mglL
COoD 47 mg/L
pH 76
NPOBOAMMOCT 4.5 mS/cm
pa3TBOPEH KMCNOPOA nog 0.08 mg/L
HedpTonpoayKTYH 3.91mg/L
theHomm 0.006 mg/L

lMopagn oTHOCUTENHATa YMCTOTA Ha COHAAXHaTa Boga Ce
Hanmoxu Aa A 3ambpcuM JombaHuTenHo ¢ 1 g/ HedTonpo-
pyktn. OT Beye 3ambpceHaTa Boaa, bsxa nogroteeHn npobu
ot no 100 ml, kbm konTo Gelle gobaBeH HAacUTEH pas3TBOP Ha
0,01 ml Al2(SO4)s, cnep koeto belwe HabnoaaBaH Npouec Ha
koarynauus.

®ur.1. CoHpgaxHa BoAa, cnej NpoTMYaHe Ha npoueca XMAPONM3a,
cnepcTBue peakuuata ¢ Aly(SOq)s

Taka monyyeHata koarynupaHa cuctema, Gelue nponycHarta
npe3 unTauuMoHHa KOMOHa OT  3eonuT. M3non3saHusT
NPUPOAEH 3€0NUT € OT KNMHONTWUMOMMTOB TUM OT HaxOAuLie
Benn Mnact, W3tounn Pogonu, Bbnrapus, ¢ dpakuyms 2.5 —
5.0 mm. EnemMeHTHWST My CbCTaB € KaKTo CrieaBa B MPOLEHTY:
SiO2 - 67.96, Al20s3 - 11.23, Fe203 - 0.83, K20 - 2.85, Naz0 -
0.74, Ca0 - 3.01, MgO - 0.06, TiO2 - 0.90. KatnoHoo6MeHHUAT
kanauuteT u obmeHHuTe ioHM B mgeq/100g ca CbOTBETHO:
CEC - 112,75, K* - 33.88, Na* - 21.01, Ca?* - 63.48, Mg?* -
2.68.

®ur.2. Mpoueca Ha dmnTpauus npes 3e0NMTOBa KONOHa
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®ur.3. 3eonuTHU 3bpHa aacopbupany Ha NOBBLPXHOCTA CU HedhTonpo-
AykTH

BnarogapeHue Ha copbupalyute cnocobHOCTM Ha 3e0MuTa,
COHAaXHaTa BoAa, NpeMUHaBalikv Npes 3e0NUTHUTE YacTuLM,
cdunTpaTa Hanyckalle konoHata Ge3 BUOMMM 3aMbpCsABaHUA.
AHanu3bT Ha BeYe NpeuyncTeHaTa BOAA € NpeacTaBeH B
Tabnuua 2.

Tabnuua 2
Cncmas Ha coHdaxHU 800U cried 08ycmaduliHo npeyucmeaHe

CbcraB KoHueHTpaums (mg\l)
Ca 15
Mg 10
Na 12
K 4
SO 155
Cl 200
HCO3 250
BOD5 10
CoD 42
pH 75
npoBOAMMOCT 3.2 mS/cm
pasTBOPEH KMCIopog nog 0.08mgl/l
HedbTONpOAYKTM cnean
theHonm cnegu
3akntoyeHue

OT Taka npOBEAEHOTO u3creaBaHe, Moxe gAa 6Obae
HanpaBeHO 3aKMio4eHneTo, Ye n3bpaHus ABycTaaueH MeTog €
noaxXoasily 3a MPeynucTBaHe Ha 3aMbPCEHW COHOAXHW BOAM.
HacuteH pastBop Ha Al(SO4)s koarynupa OpraHW4uHM
3ambpcsiBanus. [Nocreapaliata unTpauus npes 3eonuTHa
KOMOHa, HaMbfIHO NPEYMCcTBAa COHJaxXHaTa BOAa, C KOETO
3eonuTa fAokassa cBouTe A06pM COpOUMOHHM KayecTBa.
MpencTaBeHusT OBYCTAANEH METOL € NECHO MPUNOXUM U C
HUCKY MHBECTULMOHHM Pa3XOfM.
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OILFIELD PRODUCED WATER - CHEMICAL COMPOSITION AND ASSESSMENT OF ITS
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ABSTRACT. Waste water from crude oil production is often polluted by organic compounds, suspended solids, heavy metals and microorganisms. On one side
discharge of oilfield produced water into natural water bodies could lead to environmental pollution and on the other side the contaminants hamper reuse of the water.
The article presents the results of analysis of produced water from an oilfield in the Republic of Bulgaria - in terms of chemical composition, physicochemical and
microbiological parameters. The data obtained show that produced water meets the legislation requirements and it cannot be considered as a source of
environmental pollution. Field observations and analytical results revealed that most probably the microbial activity causes clogging and corrosion of the enterprise
pipelines.

Keywords: oilfield produced water, oily wastewater

OTMALBYHA BOOA OT HE®TO[IOEMB - XUMUYEH CbCTAB U OLIEHKA HA BL3OEACTBUETO U BLPXY OKOJTHATA
CPEQA

Mapurena IMaHaitiomosea, Henu MuHyeea, MocnoduHka luyeea, CeemnaHa Bpamkoea, Jllo6omup Oxepaxoe
Munro-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus, marichim@mgu.bg

PE3IOME. OtnagbyHata Boga OT J0GMB Ha CypoB HE(pT YECTO € 3aMbpceHa C He(TOMpOAyKTW, HepasTBOPEHW BeLecTBa, (DEHONMM, TEXKW MeTarm U
MUKPOOPraHu3Mm. 3ayCTBAHETO 1 B CTECTBEHU BOLHY Tena 61 MOrno fia AoBese A0 eKONOrvyHYM Npobnemu. 3aMbpcsiBaHETO 3aTpyHsBa 060POTHOTO M3NoM3BaHe
Ha BofjaTa. B cTatusTa ca npeacTaBeHu pe3ynTaTuTe OT aHanu3 Ha npobu OT pearnHa MPOM3BOACTBEHA OTNagbyHa BOAA OT NpeAnpusiTve 3a AoOWB Ha HedT Ha
TepuTopusita Ha P Bbirapusi — no OTHOLWEHWE HA XMMWYEH CbCTaB, (M3MKOXMMUYHA M MUKPOGMOMOrMYHM nokasatenw. onyyeHuTe OaHHM fokaseaT, ye
OTnafbyHaTa BOAa OTrOBaps Ha M3MCKBAHWATA HA 3aKOHOZATENCTBOTO M He MOXe [ja Obie eBEHTYyaNeH U3TOYHUK Ha 3aMbpCsiBaHE Ha OKoMHaTa cpefia. B3 ocHoBa
Ha TepEHHU HabMIoAEHS 1 PE3yNTaTUTe OT aHanM3uTe, MOXe Ja Ce 3aKmioun, e MUKpOBHaTa aKTUBHOCT € OCHOBHA MPUYMHA 38 HaMarsiBaHe Ha NOMesHo ceyeHne
Ha TpBOOMPOBOAVUTE HA MPEANPUSTUETO.

KntouoBu gymu: oTnagbyHa Bofa oT 406MB Ha CypoB HedIT, OTNaAbYHa BOLA, 3aMbPCeHa C He(hTOMpOaYKTH

Introduction and phenols are the most soluble compounds in produced
water. Organic acids (formic and propionic) are typically found

Despite the deve|opment of renewable energy sources and in prOdUCGd water. Al|phat|C hydrocarbons, phen()ls, CarbOXy"C
their implementation, nowadays industry and everyday life stil acid and low molecular weight aromatic compounds are most
needs increasing amounts of crude oil. Oil well production fluid often included as soluble oil compounds in produced water.
usually consists of oil and water that is generally separated by Usually PAHs and some of the heavier alkyl phenols (C6-C9
physical techniques. The water stream is referred to “oilfield alkylated phenols) are less soluble in produced water and
produced water” or in broader sense - oily wastewater. present as dispersed oil. Dissolution of formation minerals
leads to availability of inorganic anions and cations (including

The composition of produced water depends mainly on the heavy metals - cadmium, chromium, copper, lead, mercury,
oilfield geological conditions, the recovery method and the age nickel, silver, and zinc), and radioactive materials in produced
of the production wells. Although concentrations of different water. Salt concentration can vary from a few parts per million
pollutants can vary by order of magnitude, the contaminants of (ppm) to about 300,000 ppm. Sulphate concentration in
produced water can be divided into the following groups: produced water is generally lower than in seawater. Radium-
dissolved and dispersed oils, dissolved formation minerals, 226 and radium-228 are the most abundant naturally occurring
production chemicals, production solids, and dissolved gases radioactive materials in produced water. Most often they co-
(Fakhru-Razi et al., 2009). Oil is a natural mixture of precipitate with barium sulfate. Production chemicals (such as
hydrocarbons, such as benzene, toluene, ethylbenzene and scale and corrosion inhibitors, biocides, emulsion breakers,
xylenes (BTEX), naphthalene, phenantherene, antifoam, water treatment chemicals, etc.) are added to treat or
dibenzothiophene (NPD), polyaromatic hydrocarbons (PAHs) prevent operational problems. A wide range of polar and
and phenols. Water-soluble are the polar constituents, charged molecules are used (such as alkylbenzen sulfonate
distributed between the low and medium carbon ranges. BTEX (LAS), alkyldimethylbenzenylammonium compounds, 2-alkyl-1-
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ethylamine-2-imidazolines, 2-alkyl-1-[N-ethylalkylamide]-2-
imidazolines, and di-[alkyldimethyl-ammonium-ethyl]ether),
however their concentration in produced water usually is as
low as 0.1 ppm (Veil et al., 2004). Production solids are a wide
range of materials (formation solids, corrosion and scale
products, bacteria, waxes, and asphaltenes). In anoxic
produced water, sulfides (polysulfides and hydrogen sulfide)
are generated by sulfate reducing bacteria (Neff, 2002). Since
different toxic chemicals are available in produced water, few
microorganisms can survive. Some analyses show that there
are 50-100 cells of microorganisms per mL, in which the
majority of microorganisms are aerobic Gram-positive bacteria
(Weidong et al., 2001). Bacteria can cause corrosion of
equipment and pipelines or clog those (Veil et al., 2004). Some
inorganic crystalline substances (SiOz, Fe20s, FesOs, and
BaSOs) are found in the suspended solids (SS) in produced
water (Shubo et al., 2009). Usually dissolved COz, O2 and H2S
may be found in it (Fakhru'l-Razi et al., 2009). Produced water
is the largest waste stream generated in oil industry (Hosny et
al., 2015).

Table 1 summarizes the range of produced water
characteristics in different oilfields in the world (Tibbetts et al.,
1992; Bessa et al, 2001; Li et al, 2006; Lu et al., 2006;
Ahmadun et al., 2009; Li et al, 2010; Hosny et al., 2015).

Table 1.
Range of produced water characteristics in different oilfields in
the world

Parameter Value Parameter Value
pH 4.3-10.0" Phenols, mg/L 0.009-23
COD, mg/L 274-2517 Chlorides, mg/L 274-2517
BODs, mg/L 11-212 Sulfates, mg/L 2-1650
TOC, mg/L 0-1500 Bicarbonates, 77-3990
mg/L
TSS, mg/L 1.2-1000 Sulfides, mg/L 0.144
TDS, mg/L 675- Sodium, mg/L 132-97300
141522
0&G, mg/L 31-275 Potassium, mg/L 24-4300
TPH3, mg/L 49-64 Calcium, mg/L 13-25800
Total polar, 9.7-600 Magnesium, mg/L 8-6000
mg/L
Higher <1-63 Barium, mg/L 0.25-650
acids, mg/L
Volatile, 0.39-35 Strontium, mg/L 0.02-1000
BTEX, mg/L
Total oil 2-565 Heavy metals®, 0.068-48.38
(IR), mg/L mg/L

"Most often: 6.7 -7.4

20nly Lietal., 2010

3Total petroleum hydrocarbons

4 Only Lu et al., 2006

5 Considered elements in this case are: Sb, As, Be, Cd, Cr, Cu, Pb,
Hg, Ni, Ag, V, and Zn

Produced water is considered an oilfield waste which has to
be managed in the following hierarchy: a) minimization of
produced water production; b) reuse and recycling, and c)
disposal - as the last desired option. Reuse and recycling of
produced water comprise underground injection applied for
increasing the oil production; use for irrigation, livestock or
wildlife watering and habitats, and various industrial uses (such
as dust control, vehicle washing, power plant makeup water,
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and fire control) (Veil et al., 2004). Reuse in oil operation can
be applied after treating the produced water to meet the quality
required to prevent / reduce formation damage. When
produced water is used for irrigation and restoration, or for
cattle and animal consumption it should be treated to meet the
corresponding standards.

When discharge is the applied option, the produced water
has to be treated to meet the environmental standards.
Discharge of non-treated or non-sufficiently treated oily
wastewater can affect the environment in the following
aspects: (1) polluting drinking water and groundwater
resources, endangering aquatic life; (2) endangering human
health; (3) atmospheric pollution; (4) affecting crop production;
(5) destructing the natural landscape. Even safety issues may
arise due to coalescence (Wenhu et al., 2013).

Salinity is considered as a major contributor of toxicity of the
oil produced water (Neff et al., 2002). Dispersed oil and
droplets increase the biochemical oxygen demand (BOD) of
the affected water. They rise to the surface of water, where
volatle and/or toxic compounds evaporate. Nonpolar
hydrocarbons and hydrogen sulfide in produced water are
toxic. Some production chemicals can increase partitioning of
oil compounds into the aqueous phase at high concentrations
(Henderson et al., 1999). Heavy metals toxicity is less than that
of nonpolar organics in produced water (Elias-Samlalsingh and
Agard, 2003).

The environmentally acceptable disposal of oily wastewater
is a current challenge to the petroleum industry. As it can be
seen from Table 1, the composition of produced water
significantly differs for different oilfields. In order to implement a
proper management of the produced water and to protect the
environment, the parameters of the specific wastewater have
to be investigated and monitored on regular basis. That is why
the present work is concentrated on studying the
characteristics of produced water from an oil field in Bulgaria,
as well as to assess the environmental impact of water
discharge.

Methods and materials

Six samples (noted as No 1, 2, 3, 4, 5, and 6) were collected
from six discharge points of a Bulgarian oil extracting
company. Temperature, pH value, ApH value (index of water
saturation with respect to CaCQOs), Eh value, and specific
conductance were measured at sampling points by using
electrometric methods (with combined electrodes and WTW
Multi 340i/SET device). Collected samples were preserved
following the standard procedures and were transported in a
cooling bag to the laboratories where other parameters were
measured.

In the course of sampling the pipes clogging and corrosion
were observed.

Dissolved oxygen was determined by using Winkler method.
Hardness, respectively concentration of calcium and
magnesium ions, was found by ftitration with EDTA.
Concentration of chloride and bicarbonate ions were
determined by ftitrimetric methods - titration against silver



nitrate (Mohr's method) and hydrochloric acid solution (methy!
orange method), correspondingly. Turbidimetric method was
applied to determine the concentration of sulfates.
Concentration of metals, selenium and arsenic were
determined by ICP-AES. Oil hydrocarbons concentrations were
determined by spectrophotometric method in UV range, after
their separation by extraction with CCls. Total suspended solids
(TSS) were found by weight method as samples were dried at
103-105 °C for 2 hours (ASTM, 1979; EPA, 1983; BSS, 1989;
APHA, 1992; Krawczyk, 1996; UNEP/WHO, 1996).

QOil and grease (O&G) was measured following EPA Method
1664, by extraction in n-Hexane (EPA, 2010). Only two
samples were analysed — number 2 and 6.

Total organic carbon (TOC) was determined by catalytic
combustion method (Pt catalyst, 680 °C) using a TOC Analyzer
SHUMATZU model TOC-VCSH.

Phenol amount was determined spectrophotometrically by
using Spectroquant NOVA 60 and Spectroquant phenol test.
The method is analogous to EPA 420.1, APHA 5530 C+D and
ASTM D 1783-01.

Suspended solids mineralogical composition was determined
by X-ray diffractometer (Dron - UM1, Russia) under the
following conditions: 2 Theta / 5\ + (0) -85\ + (0); Cu / Ni; 30
kV /20 mA; 0.09 / 1 s. Suspended solids of sample No 2 were
analyzed.

Chemical oxygen demand (COD) was determined
spectrophotometrically by using Spectroquant NOVA 60, a
Merck COD cell test, after chloride depletion and sample
digestion in a Spectroquant TR420 device. The method
corresponds to DIN38409-41-2, DIN I1SO 1575 and is
analogous to EPA410.4, APHA 5220 D, and ASTM D 1252-06
B. Biological oxygen demand, 5 days, 20 °C (BODs) was
determined following widely accepted standard procedures
(Young et al., 2003).

Count of viable microbial cells was made by the plate or
liquid media count methods (Parks and Roland, 1997). Aerobic
heterotrophic bacteria were counted by plating on agar, as
three replicates were made for each dilution. A three-tube
most-probable number technique was applied for estimation of
the number of anaerobic heterotrophic bacteria, bacteria
fermenting sugars with gas production, denitrifying bacteria
and sulphate-reducing bacteria.

Results and discussion

Data on integral physicochemical parameters of the studied
samples are presented in Table 2. The values of concentration
of macro-components and micro-components respectively are
summarized in Table 3 and Table 4.

By comparing values presented in Tables 1 and 2, it may be
stated that the pH value of studied water is in the range of the
typical values. Having in mind the existing relation between
salts concentration and specific conductance, it is clear that
studied produced water is practically in the low edge of the
worldwide reported salt concentrations of produced water.

Measured Eh values are indicative for anaerobic conditions, in
accord with very low concentrations of dissolved oxygen in
most samples (Table 2). The fast ApH test showed that waters
are oversaturated with respect to calcium carbonate and pipes
corrosion, due to the impact of CO2 forms in water, is not
expected.

As it is typical for produced oilfield water, Na* is the major
cation and ClI- is the major anion found in studied waters (Table
3). Amounts of all water macro-components are in the low
edge of the worldwide reported concentrations in produced
water (Tables 1 and 3).

Table 2.
Integral physicochemical parameters of the studied water
samples
No | ¢ pH Eh, % ApH | Diss.O2
°C mV mS/cm mg/L
1 1280|786 | +164 3.28 +0.40 0.42
2 265|759 -52 3.38 +0.08 <0.08
3 | 260 | 7.78 -40 3.92 +0.27 <0.08
4 | 278 | 761 -92 4.05 +0.13 <0.08
5 | 284 | 773 | +176 4.28 +0.15 0.51
6 | 282|755 | -104 6.08 +0.13 <0.08
Table 3.
Macro-components of the studied sample, mg/L*
No 1 2 3 4 5 6
Ca?* 84 85 88 85 86 110
Mg?* 32 32 40 40 40 52
Na* 605 | 681 770 | 823 | 805 | 1273
K* 206 | 204 | 198 | 202 | 210 220
Cl- 1064 | 1165 | 1413 | 1314 | 1387 | 2133
HCOs 480 | 480 | 520 | 527 | 488 615
S04z 20 50 5 20 32 21
Hardness | 3.4 34 3.8 3.8 3.8 4.9

*Hardness — in mmol/L

Table 4.
Micro-components of the studied water samples, mg/L

No 1 2 3 4 5 6
As <0.1 | <0.1 <0.1 <0.1 | <0.1 <0.1
Be <0.1 <0.1 <0.1 <0.1 | <0.1 <0.1
Cd <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Cr <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Cu <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Pb <0.1 | <0.1 <0.1 <0.1 | <0.1 <0.1
Hg <0.1 | <0.1 <0.1 <0.1 | <0.1 <0.1
Ni <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Se <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Ag <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Tl <0.1 | <0.1 <0.1 <0.1 | <0.1 <0.1
V <0.1 | <0.1 <0.1 <0.1 | <0.1 <0.1
Zn <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
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Studied waste water can be classified as hard water.
Attention is drawn to the relatively low concentrations of SO42.
Future work has to be carried out in order to be elucidated
whether this fact is due to precipitation of sulfates (mainly
calcium sulfate) or to sulfate reduction either to sulfur or to
sulfide ion, the latter followed by precipitation of sulfides. The
hypothesis for possibility of heavy metals sulfides precipitation




is supported also by the data on the concentration of heavy
metals in studied waters (Table 4). Slightly alkaline pH values
also may facilitate the precipitation of heavy metals.

Table 5 summarizes data on some integral chemical
parameters of the analyzed water.

Table 5.

Integral parameters of the studied water samples, mg/L

No | COD | BODs | Oilhydro- | Phenols | TSS | TOC

carbons

1 13 | 591 24 0.020 5 8.76
2 44 | 36.18 10.7 0.079 40 | 24.38
3 26 | 7.86 3.9 0.004 5 10.86
4 27 | 11.96 3.9 0.006 2 18.76
5 20 | 5.16 34 0.017 170 | 9.37
6 41 ]19.16 5.2 0.019 20 12.14

Measured COD values are below those reported for non-
treated produced water by other authors (compare with Table
1). Data for COD point out that all studied samples show low
concentration of chemically oxidizable (by dichromate) ions
and compounds. Total suspended solids also were practically
at the low edge of concentrations cited by other works (see
Table 1).

Determined concentrations of oil hydrocarbons and phenols
are below the limits of the Bulgarian legislation. Described
results, combined with the found correlation between the
concentrations of determined phenols and hydrocarbons
(coefficient of correlation r = 0.912), hinted to the idea that
probably heavy organic compounds present in the waste water
as tiny droplets. They might be determined as total amount of
oil and grease (O&G) by extraction in hexane. That is why two
samples were analyzed for O&G content. O&G found in
sample No 2 was 32 mg/L and in sample No 6 — 135 mg/L.
These values are in the range of concentrations, pointed by
other authors (cf. with Table 1).  Obviously the heavy organic
compounds are more soluble in hexane than in
tetrachloromethane and the concentration of O&G, especially
for sample 6, is significantly higher than that of oil
hydrocarbons. The finding is consistent with the high density of
the crude oil reported as 0.9383 g/cm? by Balinov (Balinov,
1980). We have determined an average value of 0.952 g/cm?.
The oil can be classified as heavy crude oil - with density in the
range of 0.88 — 1.00 g/cm3 (Fingas, 2015). It is supported also
by the brief gas chromatographic measurement that shows not
only typical low weight mass hydrocarbons but also
compounds having molar mass higher than 300 g/mol and
corresponding to polycyclic aromatic hydrocarbons (Marvin,
1999). According to Fingas (2015), heavy crude oil is rich in tri-
to pentacyclic terpanes and aromatic steranes.

The X-ray powder diffraction of TSS of sample No 2 revealed
the presence of the following solid materials: sulfur (S°, Ss, Ss);
iron sulfides (FeS, FeSy); heavy metal sulfides (CuzS, CuS,
MnS, MnSz); iron oxides (Fe20s, FesO4); sulfates and chlorides
[Fe(NH4)2(S04)2(H20)s  and  NHsMgCl3.6H20], silicates
[(Caz(MgFe?*)sSig022(0OH)2  and  NaAl2(OH)2AISi3sO1] and
carbonates (CaCO3.MgCOs). Although we obtained X-ray data
for only one sample, we may propose that most likely the
problems with pipes clogging and corrosion are due to
electrochemical corrosion. Initially the cathodic depolizer is the
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dissolved oxygen and in the later stage — microbially produced
sulfide ions, which precipitate metal sulfides, such as iron
sulfide, manganese sulfide, and copper sulfide.

BODs parameter varies between 5.16 and 36.18 for the
series of samples and those values are similar to reported by
other authors (Li at al., 2010). On the other side these are
relatively low values found in wastewaters and meet national
requirements. A good correlation between BODs values and
the concentrations of determined hydrocarbons (coefficient of
correlation r = 0.974) was found. This implies that probably
natural microorganisms in the produced water are living on
energy from bio-oxidation of some of the available
hydrocarbons.

The numbers of different groups of microorganisms in the
studied waters are presented in Table 6.

Table 6.
Microbiological analysis of the studied water samples

Cells/mL
3 4

Groups of micro-

organisms 1
Aerobic
heterotrophic
bacteria
Anaerobic
heterotrophic
bacteria
Bacteria
fermenting
sugars with
gas
production
Denitrifying
bacteria
Sulphate-
reducing
bacteria

2 5 6

1.5x102(4.4 x 10%1.4 x 102|11.1 x 102|5.1 x 102|4.8 x 103

2.5x10"\4.0 x 103|4.5 x 102(3.0 x 102|7.5 x 102|9.5 x 103

<10 <10 <10 <101 <101 <10

<10" |7.5x102| <10 <10 [6.5x%102|4.5x 108

<10 6.5x102(9.5x102/2.5x 10| <10' |6.5x 102

Data, presented in Table 6 show that the amount of microflora
is directly dependent on the content of biodegradable organic
substances in water. The highest number of aerobic and
anaerobic heterotrophic bacteria were found in the water
samples No 2 and No 6, in which the values of BODs are higher.
The lack of bacteria fermenting sugars with gas production
indicates that the organic compounds in water samples possibly
are hydrocarbons and their derivates - mainly organic acids and
alcohols.

Sulfate-reducing bacteria (SRB) were found in the samples,
which are characterized by low Eh value. Despite that the
concentrations of the sulfates in the water samples were low (in
the range of 5 to 50 mg / L) the number of these bacteria was
about 102 cells / mL. The presence of SRB in some of the
samples is related to their ability to use a variety of oil
hydrocarbons and phenols as source of carbon and energy.
Since hydrogen sulfide is the product of the sulfate-reduction
process, the corrosion problems of the pipes may be due to the
microbial activity of these bacteria.

The presence of denitrifying bacteria in some of the samples
indicated the possible presence of their final electron acceptor —
nitrate.



Requirements toward the oil-drilling companies for
discharging produced water or re-injected water are given by
the Decree 6 (Bulgarian Council of Ministers, 2000). The main
parameters of wastewater that must be followed and the limits
which must not be exceeded are given in Table 7.

Table 7.

Maximum permissible concentrations / levels of water
pollutants subjected to observation in oilfield production water
intended for discharge (Bulgarian Council of Ministers, 2000)

Parameter Threshold value
pH 6-9
TSS 50 mg/dm3
BODs 50 mg/dm?
Qil hydro-carbons 20 (40") mg/dm?3
Phenols 1.0 mg/dm3
Sulfides 1.0 mg/dm3
Heavy metals (totally)2 5.0 mg/dm?3

' - at production capacity less than 10000 t/day
2-8b, As, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Tl, V, and Zn.

The comparison between the upper limits given in Table 7
and the values found and presented in Tables 2, 4 and 5
shows that all water samples meet the legislation criteria
(except for sample 5, TSS) and they cannot be a source of
environmental pollution. Many oil and gas companies around
the world are working towards the implementation of “zero-
discharge” of contaminants in produced water in accordance
with the EU water framework directive (EU, 2000). Since then,
the environmental requirements have been strengthened with
respect to oil hydrocarbons (up to 5 mg/dm? in some
countries). Therefore, in the future produced water from
stations 2 and 6 could pose some problems.

Conclusions

A wide range of parameters of oilfield produced water were
determined and analyzed.

Studied produced water samples meet the legislation and
cannot be considered as a source of environmental pollution.

Based on field observations and analytical results, most
probably, the microbial activity is the main reason for clogging
and corrosion of the enterprise pipelines.

Further studies are needed to reveal the mechanism of the
microbial effect and the eventual impact of heavy oil
hydrocarbons on the company pipes and equipment and on
the environment.
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CbCTAB U TPETUPAHE HA OTNAOQBYHU BOOU OT NOBMBA HA HE®T

Henu MuH4yesa

Munxo-2eonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cocpus, nmintcheva@abv.bg

PE3IOME. B cBeToBeH Malyab 40OMBBLT Ha He(pT 1 ra3 NpoAbKaBa Aa 3aema BOAELLO MSCTO 3a 3af0BONsBaHe Ha EHEPrUiHUTE Hyxay Ha xopata. Hag 70 % ot
pobuBaHNs NOTOK Ce Naja Ha BogaTa, Kato TO3u MPOLEHT NPe3 NOCNEAHUTE FOAMHU HApacTBa U NPeLCTaBNsBa BaXeH NpoGneM OT Hay4HO W MPUNOXHO 3HaYEHMe.
Cren [obuBaHeTO Ha (hrywaa Ha MOBLPXHOCTTA Ce OCbLIECTBABA pa3fensHe Ha BbIMEBOAOPOAMTE M BofaTa, kosiTo TpsibBa ga Gbae M3xebpneHa wmm
OMONI30TBOPEHA MO MOAXOASILLY, HAYMH — Ypes 3ayCTBaHe BbB BOAHN OaceliHu, peMHXEKTUpaHe B 3eMHUTE Heapa, PeLMKIvpaHe B MPOWU3BOLCTBOTO, U3NON3BaHe 3a
HanosiBaHe, M3MMBaHe W Ap. 3a Tasu Len OTnagbyHUTE BOAM CE MOANIaraT Ha MpeYncTBaHe M TPeTUpaHe 3a MOCTUraHe Ha W3MCKBaHMSITA 3a Ka4ecTBOTO Ha
OTnafbyHuTe BoAM. B Tasu cratus e npeactaBeH 0630p 3a Mpou3xoga W CbCTaBa Ha OTMagbyHUTE BOAW OT [0OMBA Ha HE(T W ras, npunaraHuTe METoan 3a
NPeYnCTBaAHETO UM, KaKTO W CbBPEMEHHM NMOAXOAM 3a OMON30TBOPSIBaHE Ha OTNAABYHUTE BOAM.

KniouoBu gymu: Heptogo6uB, OTNALbYHM BOAM, METOAM 3@ MPEYMCTBAHE

CONTAMINATION AND TREATMENT OF OILFIELD PRODUCED WATER
Neli Mintcheva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria, nmintcheva@abv.bg

ABSTRACT. In the world economy the production of crude oil and natural gas still continue to play a major role for energy demand of the population. Produced water
is more than 70% of the total fluid and it has increased gradually in the recent years instigating to new challenges in the industry and research. A large amount of
produced water remains after the oil-water separation that is discharged in the sea, injected underground, re-used to boost oil production, recycled for irrigation,
washing or drinking. Numerous treatment technologies are applied for produced water in order to meet the legislation requirements. This paper is a review about the
origin and contamination of oilfield produced water, current treatment methods for produced water and perspectives for its utilization.

Keywords: oilfield produced water, treatment methods, oilfield wastewater

BuBepeHue bbl/d 3a kOMnaHWK, CUTYUPaHK B MOPETO, KAKTO COYaT AaHHUTE
or Jan n cvastopu (Dal Ferro, 2007). Mpogbmx1TENHOTO
Kakto npu BCAKO MPOM3BOLCTBO C& MOMy4YaBa NPOAYKT W ekcnnoatMpaHe Ha €[HO  Haxoauwe Cblo Boau [0
0TnagbK, Taka npu HepToA00MBa NApanenHo ¢ OTAENSHETO Ha yBenuyasaHe Ha obema Ha oTdenexara Boja. 3a da ce
HedbTa Ce reHepupa OrPOMHO KONMWYECTBO OTMagbyHa BOAa, npeogonee To3n npobnem ce paspaboTBaT HOBM HaxoAuLia
3amMbpCeHa C pasnuyHN HEOPraHUYHU U OpraHUYHW BELLECTBA. WM ce OMTMMM3MPA MpoueckT Ha pobusaHe, kato ce
Mpu COHOaXHUTE OEWHOCTW, chef KaTto OCHOBHUAT nyua Bb3OeNCTBA BbPXy (pakTopute, BrMsewy Ha obema
Obae n3BefeH Ha NOBLPXHOCTTA, CTaBa pasgensHe Ha HedTa 0Tnafb4Hn BOAW, TakMBa KaTO METOA Ha COHOMpaHE U
1 BOAaTa, Haln-4yecTo Mo rpaBuTaLMOHEH MeTod. M3TouHuumuTe pasnonoxeHne Ha COHAaXa, TeXHONorvs Ha paspensHe Ha
Ha CbMbTCTBALLATa BOAA MOraT [a ce pa3fensT Ha Tpu rpynu: BOJa-He(T, WMHXEKTMpaHe Ha BOAA 3a MOBUWAaBaHe Ha
Boda, KOSTO Ce Hamupa noj WNM Haj 3oHata oT npogykumsTa u op. Bbe BCuykn crydan obade, oTnagbyHUTE
BBITEZOBOPOAYN; BOAA, KOSITO Ce Hamupa B caMusi HedhTeH BoAM OT Hedro- U rasogobusa ca  HeusbexHu, Te
nnacT; Bofa, KOATO Ce UHXEKTUPa NpU COHAMPAHETO. npencraBnAaBaT OCHOBHMA OTNaAbK 1 Ca CEPUO3EH np06neM 3a
HedpTogobuBawmTe kommaHuM. ETo 3awo Te ca obekT Ha
CboTHOLEHUETO Mexay BodaTa W HedpTa € pasnuyHo 3a peauua HaydHu W3crefBaHus 3a HamupaHe Ha edeKTMBEH
PasnnNYHUTE HaXOAMLLa, KaTo CPeaHO 3a CBeTa TO Ce OLEeHsBa HauYMH 3a MPeYUCTBaHe M ONon30TBOPsIBaHE. Ha mbpBO MACTO
kato Boga:Hedt = 3:1 (Fakhru'l-Razi, 2009). B KanudopHus € BaXHO [a Ce 3Hae KakbB € TEXHWUS XUMMYEH W (DU3NKO-
ToBa choTHolweHue e 9:1, unm 90 % ot gobutaTa TeyHocT ce XMMuYeH cbcTaB. CbabpxaHMeTo Ha pasnuyHuTe BUAOBE
naga Ha sogata (Sommer, 2014). B Bbnrapus Haxoauwiara ca KOMMOHEHTW CUITHO 3aBWCKU OT FEONOXKOTO MECTOHaXOXAeHue
oule no-6egHu M nena Ha BogaTta goctura A0 98-99% Ha o00ekTa, reonoXKkoTo (hopMMpaHe ¥ Bb3pacTTa Ha
(banuHoB, 1980). B rnobaneH acnekT KOMMYECTBOTO Ha HaxoAWLLETO, TUNa Ha BbINEBOAOPOANTE B HedTa U rasa,
oTnagbyHaTa Boda NocTeneHHo HapacTea npes3 roauHuTe — ot TexHororuaTa 3a [obusaHe v pasnensHe v ap. Bunpeku ye
160 munnoHa 6apena/gHesHo (bbl/d) npe3 1990 rogwHa go CbCTaBbT Ha OTNagbyHMTE BOOW MOXe [Ja Bapupa B
220 wmwunuoHa bbl/d npes 2014 roguHa 3a KOMMaHMM, 3HAYMTENHW TPaHMLY, OCHOBHWUTE KOMMOHEHTW MpuHagnexar
pobueawym Ha cywarta u ot 20 munmona bbl/d go 90 munmona kbM cnegHuTe rpynn (Fakhru'l-Razi, 2009):
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- Pa3TBOPEHU U AUCTIEPTVpaHI OPraHUYHM BELLECTBA;
- Pa3TBOPEHU MUHEpan;

- Pa3TBOPEHM ra30BE;

- pa3TBOPEHM TBbPAM BELLECTBa;

- XMMUYHI CbeaMHEHMS, 13Non3BaHu npu 1o6uBa.

XuMuyeH U PU3NKO-XUMUYEH
oTnagbyHuUTe BOAU

CbCTaB Ha

Pa3TBOpeHM W AuCneprMpaHn OpraHWYHU BelecTBa:
HethTbT € cMec OT BbrMEeBOAOPOAN C pasnnyHa MOrekymnHa
Maca, CbOTBETHO [Ob/KMHA Ha BbINEpOAHaTa Bepura, ¢
pasnuyHN (yHKLMOHAMHW rpynu (XMOPOKCUITHM, KapBOKCUITHN),
KOETO onpedenst pasnuyHata pPa3TBOPUMOCT Ha OpraHUYHUTE
BellecTBa BbB Bofata. OcBeH anudaTHW BLIMEBOAOPOAM, B
HedbTa ce cbabpkaT OeH3eH, TonyeH, eTUNBEeH3eH U KeurneH
(T. Hap. rpyna BTEX), apomaTHu BbreBOLOPOAM C ABE Mnu
TpK sapa (HadTaneH, deHaHTpeH, AubeH30THOeEH), nonm-
apomaTthu Bbriesogopoau (T.Hap. rpyna PAHS) u deHonn.

Pa3TBOpMMWTE OpraHW4HW BeLlecTBa Ca Te3W C MOMSAPHY
MOMeKynu, C Kbca [0 CpedHa Ob/KMHA Ha BbrnepogHata
Bepwra, cnocobHu ga obpasyBaT Makap W crnabu BOAOPOAHM
Bpb3kM C Bogata. TakuBa ca KapOOKCUIHW  KUCEMNMHM,
anudathu  Bbrmesogopoayn, eHorm, BTEX wu  gpyrm
HWCKOMOMEKYNHW apOMaTHW CbEeAWHEHUS, KOUTO CE ChbpXKaT
KaTo pasTBOPEHM BeLLECTBA B OTNagbyHUTE BOAMW. TaAxHaTa
pasTBOPUMOCT W KONMYECTBOTO MM BbB BoAHaTa (hasa 3aBucK
0T CbCTaBa Ha HedTa, CHOTHOLEHWETO HedT:BoAa, PpH,
Temneparypa, HansraHe. C yBennyaBaHe Ha pH u Temnepa-
Typata ce yBenWyaBa pas3TBOPUMOCTTA Ha MOCOYEHUTE
OpraHUYHU CbEeAMHEHUS U CbOTBETHO TAXHOTO KOMMYECTBO B
OTnagbyHaTa BOfa, [OKATO HansraHeTo W COneHocTTa cnabo
BMUSAST BbPXY pa3TBopumocTTa WM. [pu yBennyaBaHe Ha
ankuImMpaHeTo Ha apoMaTHOTO sApo (T.e. HapacTBa OpoAT Ha
ankunHWTe rpynu CBbp3aHu ¢ OEH30MHOTO $Apo) PasTBo-
PUMOCTTa Ha OpraHWYHWUTE CbEAMHEHUSI CWMHO Hamansea U
KOHLIEHTpaLWsTa Ha 3aMecTeHuTe HadTaneHu, (eHaHTpeHM 1
(heHonNM BbB BoAaTa CbLUO Hamansea.

[vcneprupaHuTte OpraHuyHM BelecTBa npegcTaBnssar
MHOrO Manku MasHW Kanuuuu pasnpbcHaTW BbB BogaTa.
TAXHOTO KOMMYeCTBO B OTNagbyHaTa Boda 3aBUCM OT NAbLT-
HOCTTa Ha HedTa, HauMHa Ha obpa3yBaHe Ha kanuuuuTe,
KOMMYECTBOTO  Ha  yTaeHus  HepT,  MOBBPXHOCTHOTO
HanpexeHue Mexay HedTa W Boaarta. [lonuapomatHute
BbINEBOLOpoaM U Hakon  no-Texkun  deHornm  (Ce-Co
ankunupanu eHonu) ca Manko pasTBOpPUMK BBB BOJa M
NPUCLCTBAT UMEHHO KaTo AMCNEPTMPaH B OTNALbYHUTE BOAN.
Te ce oTAENAT N0 NOBbPXHOCTTA Ha BOAATa KaTo ThHBK punm,
MOCTENEHHO Ce U3NapsBaT 1 Taka NPeAn3BUKBaT 3aMbpCABaHe
KaKTO Ha BoAaTa, Taka M Ha Bb3gyxa. ApoMaTHUTe  0cobeHo
nonuapoMaTHUTE BBLINEBOAOPOAM, APYrM BUCLIM OpraHUyHU
Cbe[MHEHUs Ca CUMHO TOKCUYHM 3@ OpraHU3MUTE BbB BOLHUTE
BaceitHu. TOKCUYHOCTTa Ce U3pa3sBa KaTto OcTpa W XPOHUYHA
TokcuyHocT. OcTpata TOKCMYHOCT ce u3mepBa upe3 LCso
TECTa, OOKATO XPOHWYHaTa MMa ObIroTpaeH edekT Bbpxy
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OKOfHaTa cpefa M YoBeka, U ce onpeaens no-tpygHo. ETo
3allo  BUCWKTE anudaTHM W apoMaTHM  CbeauHEeHWs
NpeLcTaBnsiBaT Hal-CepUo3HMs 3aMbpCKTEN 3a OKOnHaTa
cpefa, Te He MoraT ga ObaaT OTCTPaHEHW Ype3 (hn3nueH
MeToa 3a pasfensHe Ha HedhTa M BogaTa U NPeMUHaBaT BbB
BogHata hasa nog copmarta Ha pasTBOPEHM WnW gucnep-
rMpaHu BelLlecTBa. 3a TAXHOTO TPETUPaHE W OTCTpaHsiBaHe ce
W3MON3BaT XMMUYHU METOAMN.

HanuuneTto Ha opraHuyHM BeLLecTBa B OTNagbuHUTE BOAM
npuunHsaBa yBennuasaHe Ha BOD (biological oxygen demand)
Ha BogaTa, KOeTo e NnokasaTen 3a HENHOTO 3aMbpCsiBaHe.

PastBopeHn MmuHepanu: PasTBOpeHWTe  HeopraHu4Hu
BELLeCTBa ca M3TOMHMK Ha ronam Gpoit aHuoHn (Cl, SO4Z,
COs%, HCOg), KaTMOHM Ha ankanmHuTE U arKano3emMHWTe
metaru (Na*, K+, Ca2*, Mg2*, Ba?*, Sr2*), kaT1OHM Ha NPEXoaHu
u Texkn metanm (Fe, Cr, Cu, Cd, Ni, Zn, Ag, Pb, Hg). Kvm Ta3u
rpyna cnafaT M ecTeCTBEHUTEe PafMOaKTMBHM MaTepuan,
KOMTO CbabpkaT Hai-Beye 226Ra n 228Ra, 4muTO MOHM Cce
cbyTassat ¢ BaSOs. (Gafvert, 2006)

PastBopeHn rasoBe: B otnagbuHuTe BOOM HaW-4yecTo ce
cvabpxar COz, O2 n H2S. Te ce obpasysar 0T genHoCTTa Ha
BakTepumTe Un 0T XMMUYHM peakumy BbB BogaTa.

PasTBOpeHn TBbpAM BewecTBa: B xoga Ha 1061BaHeTo BLB
BOAATa NPEMWHABAT TBBbPAM YaCTULM OT FTIMHU, NACHK, yTaiku,
NPOAYKTW OT Kopo3usiTa, HakTepuu, CMa3o4HKU Macna 1 apyr
cycnenampanu  conu.  CyndaT-pegyumpawute  Haktepum
oOpasyBaT 0T cydatute cynman  (nonucyndoman,
XngporeHcynuam), KoUTo ce OTAENAT KaTo YTanku.

XUMUYHM BelecTBa, M3NON3BaHM npu pgo6usa: [pu
[o6vBa Ha HedT 1 ra3 ce M3nonaBaT XUMUYHW CheOUHEHNS,

KOWTO nognomarat onepauuuTe unu  npeanasgaTt  oT
TEXHU4YeCcKn I'Ip06J'IeMVI. TakuBa KnacoBe CbeduHeHWs ca
aMUHKUTE, KBaTtepHepHuTe aMWUHN, MMNOA30NnHUTE,

nonukapbokcunatute, ochoHatute. Taka Hanpumep Kato
WHXMOUTOPM Ha KOpO3UsiTa CE W3MonaBaT ankur3aMecTeHy
amuaM W MMUOA30NUHK, KaTo  eMynratopu NIMHENHM
ankunbeHseH cyndoHaT, NONUIINKONOBY ecTepy W ap. Hskom
OT Te3n CbeAMHEHWS MOraT [a YBenu4aT KOHLEHTpaumsTa Ha
HebTeHMTE OpraHWYHN CbEeAMHEHWS BbB BOAHATa hasa, unu
[a ce yTasaT W fa ce akymynupaTr B MOPCKUTE CefaMMEHTM
(Henderson, 1999). T'onsm Bpoii CbeuHeHUs ce OTKpWBAT B
oTnafbyHaTa BoAa, Makap M B HUCKW KOHLEeHTpaumm (Grigson,
2000). Mpwn pobuea Ha ra3 AOMbITHATENHO CE BHACAT MeTaHon,
€TWNEH TNNKON, TPUETUNEHIMKON, KOWUTO BMOCNEeACTBUE
npeMuHaBaT B OTNagbyHUTe Boau. Tpsibea ga ce otbenexy,
ye OT rasopo0MBaHETO CE WM3XBBLPIIS 3HAYUTENHO MO-MarKo
KONMYecTBO BOAA, KOSTO MpOM3XOXda OOWKHOBEHO OT
ekcnnoatupanus nnact (Johnson, 2008).

CbObpkaHWeTo Ha BellecTBaTa OT BCAKAa egHa OT
MOCOYEHUTE TPYN Bapupa B MHOMO LUMPOKWA T[paHuunM B
3aBucuUMocT oT ocobeHocTUTe Ha Haxogueto. B Tabnuua 1
ca MOCOYEHM HSIKOW MapameTpu Ha CbCTaBa Ha OTNagbyHu
Boau o1 HedpTopobws (Fakhru'l-Razi, 2009).



Tabnmua 1.
[ModbpaHu napamempu 3a cbcmaga Ha omnadby4yHu 800U om

Heghmodobus

MapameTbp CToiHoCTH MeTanu CToiHOCTH

(mg/dm?)

MmbTHOCT (kg/m3) 1014 - 1140 Ca 13- 25800
OBBPXHOCTHO 43-78 . Na 132 -97000
HanpexeHue (dyn/cm) 43-10 K 24 - 4300
pH 0-1500 Mg 8- 6000
TOC (mg/dm3) 1,2 - 1000 Ba 1,3-650
TSS (mg/dm3) 10-1220 Al 310-410
COD (mg/dm3) 2-565 Fe 0,1-100
Hedpronpoayktu 04-35 . Cd 0,005-0,2
JleTnuew BeLyectea 80 -200 000 Cu 0,002-1,5
(mg/dm3) 77 -3990 Mn 0,004 - 175
Xnopuau (mg/dm?) 2-1650 Pb 0,002-8,8
XupporeHkap6oHaTh 0.009-23 Zn 0,01-35
(mg/dm3) 2-4900 As 0,005-0,3
Cyndpat (mg/dm?3) Hg 0,001 -10,002
®eronm (mg/dm3)
Hucwwn macTHm kucenuHmn
(mg/dm3)

MU3nckBaHuMA 3a cbCTaBa Ha OTNaAbYHMTE BOAU

OtnagbyHuTe BoAM TpsibBa Aa OTrOBapAT Ha M3NCKBAHMSTA,
NpeBUAEHN OT 3aKOHOJATENCTBOTO Ha AajeHaTa CTpaHa, 3a
Aa GbAaT Te M3XBLPNEHU UMW OMON30TBOPEHM 3@ KOHKPETHM
Hyxgu. ETo 3aWo uUenTa Ha TPeTMPaHETO Ha OTMafbyHWTE
BOAM € WMEHHO [ja Ce MOCTUrHaT U3NUCKBaHUTEe CTOMHOCTW Ha
OnpefenieHn nokasatenu, Cnef koeto BoauTe aa Obaar
OTHOBO  M3MOM3BaHM MPU  COHOaxHUTe  pabotn, B
NPOMMULLINEHOCTTa UNK B GuTa.

EouH oT nokasaTenute, KOMTO HaW-4eCcTo U CTPUKTHO Ce
cneau ca gucneprupaHuTe HeTONPOAYKTM BbB BOAATA, KaTo
TOW Ce OTHACA KbM [AHEBHA, MeceyHa unu roguiHa 6asa u e
00Bbp3aH C JOMyCTUMOTO MaKCUMarnHO KONMMYEeCTBO BoAa 3a
usxsbpnaHe. Taka Hanpumep, USEPA (United State
Environmental Protection Agency) nossonsBa MakcumarneH
BHEBEH NUMUT 3a HepTONPOAYKTM 42 mg/L 1 CpesHO MeceyHo
29 mg/L (USEPA website). 3a HedhTogoOMBHMTE KOMNAHUK MO
OperoBete Ha ABCTpanusi [OMyCTUMMTE CTOMHOCTW 3a
HedpTonpoayktu ca 30 mg/L aHeBHo. C Len HamansBaHe Ha
BpeaHnTe emucun, Kutaim BbBEXKAa CTPOri opraHuyeHus 3a 10
mg/L Hedptonpogyktn meceyHo u 100 mg/L COD B
naxsbpnsHute Bogu (Fakhru'l-Razi, 2009). KonseHumsATa 3a
3awmta Ha Mopckata ekocuctema B CeBepo-u3TOYHWS
Atnantuk, OSPAR (Oslo Paris Convention) npegswxga 30
mg/L HedpTonpoaykTi cpeaHo roguiHo (OSPAR Commission.
2008; OSPAR Commission. 2015). WauckeaHusta KbM
HedpTonpepaboTBalwmTe  KOMNaHuM B bbrirapua  3a
M3XBBPISHE HA OTMaAbyHM BOAW BbB BogHuTe Gaceiu ca 20
mg/L HedbTonpoaykTH cbrnacHo Hapenba 6 Ha MuHucTepcku
cbBeT (Munuctepcku cbaeT, 2000).

EBponeiickata pamkoBa aupektusa ot 2000 r. (Directive
2000/60/EC) ce aHraxmpa ga ce nocTurHaT Hyneeu emucum ¢
Len edeKTUBHO OMa3BaHe Ha OKOMHaTa Cpeda M B YaCTHOCT -
BogHWTe BaceitHn. 3a nocturaHe Ha Tasu Len, acoumauusTa
Ha HedpTeHaTa wHAycTpus B HopBerns BbBEXaa T.Hap.
environmental impact factor (EIF), koito oTuuta BCWYKM
3ambpcuTenM B OTnagbyHuTe Boau. [lpe3 2012 rogwHa
cpefHaTa KOHLEHTpauusi Ha HedTompoaykTM B OTnagHWTe
Boau 3a Hopaerus e 6una 11.7 mg/L, gokato Hamocnembk
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BbBEXAAHETO Ha HOBM METOAW 3a TPETUPAHE MOHWXABA TO3M
npar o no-manko ot 5 mg/L (Bakke, 2013).

MeToau 3a TpeTMpaHe Ha OTNagbYHUTE BOAU

Hait-yecTo B npaktukata cneg [fobuBaHe Ha BOAHO-
HedpTeHaTa emyncus OT 3eMHUTE Hedpa, Ce npunara
pasfensHe Ha Bogata M HedTa MO rpaBMTALMOHEH METOA.
MocrenpaLoTo TpeTUpaHe Ha OTNAAbYHUTE BOAM Lenu Aa ce
OTAENAT AucneprupaHnuTe HedpTOMpOAYKTM M Macna, fa ce
N30MMpaT Pa3TBOPEHUTE OpraHNYHW BELLECTBA, fa CE MOHWKM
COMNEHOCTTA, fja Ce OTCTPaHST CyCMeHAMPaHUTEe Yactuuu U
nsicbka, pasTBOPEHMTE ra3oBe, Aa CE Hamamnu TBbpAOCTTa /A
(omekoTsiBaHe), ga ce AesvHduKumMpa. 3a Tasm uen ce
npunarat peauua U3nYHU, XUMUYHU U BUONOTUYHIN MeTOoaN.
MHoro yecto ce noabupa KOMOGMHALMSI OT TexHonmoruu 3a
e(heKTMBHO O4MUCTBaHe Ha OTMagbyHUTe BoaM, CbobpaseHa C
xapakTepHus cbctaB Ha Bopata (Yu, 2013; Technical
assessment, 2009). Tyk ca nocoyeHu MO-BaxHW METOAW 3a
TpeTupaHe Ha OTNagbyHW BOAW UM Ca AafeHM MpenpaTki KbM
MOLAXOASLUM TNTEPATYPHMN USTOUHMLIN.

®uU3nYHN U PU3UKO-XUMUYHM METOAN
Adcopbuyusi Ha opaaHuYHU MOJIEKYIU 8bPXY copbeHmu

Peonua OpraHW4HM CbeguHEHWS 1 LOpU HAKOM TEeXKM
MeTanu ce 3agbpxart eeKkTMBHO Mo NOpbO3HaTa NOBLPXHOCT
Ha aKTMBEH BBIMEH, 3€0MUTH, MONMMEPK N CMONW. AKTUBHUSAT
BbreH copbupa pastBopeHnte BbB Bogata BTEX, a
MOAMMUUMPAHNTE  3€0MUTU  OTCTPaHABAT HEepa3TBOPEHUTE
Bbrnesogopoau (Hansen, 1994; Doyle, 2000; Carvalho, 2002).
PereHepupaHeTo Ha copbeHTUTe MOXe fda CTaHe C BRaXeH
Bb3AyX (32 BbINEHa), NPOMUBAHE C KUCENMHA W OpraHnuyeH
pa3TBopuTen. 3a CbxaneHue HedocTaTbK Ha TO3W METod €
FeHepUpPaHeTo Ha HOBW KONMMYECTBA XMUMUYHWM OTMagbLy
(Janks, 1992). Bbnpeku ToBa agcopbuusita BbpXy NOMMMEPHU
CMOMM Ce mpunara OT HAKOM OCHLUIOPHM KOMMaHWW 3a
MOHWKABaHE Ha KOHLEHTpauusTa Ha pa3TBOpPEHUTE U
AVUCTIEPrUPaHM OpraHWMYHM BellecTBa, a JOpM MOHsKora npw
KOMOMHaUMs C OEHTOHWT W aKkTWBEH BbBIMEH Ce mnocTura
KOHUeHTpauna Ha BTEX n BbrneBogopoan nog oTkpusaemus
MuHumyM (Ali, 1998, Doyle, 1997).

Komnanusita EARTH Canada Corporation e paspabotuna
TEXHOMOrMS 3a OTCTpaHsiBaHe M Bb3CTAHOBSBaHe Ha
QUCNeprupaHuTe Bellectea C pasvepu O 2 pm, uypes
MyMTUCTENEHHA cucTeMa 3a agcopbuus, copbuns u cubupane
Ha opraHuyHata ¢pasa (Plebon, 2005). 3a oTcTpaHsiBaHe Ha
MeTanute OT OTNapbyHUTe BOAM Adewumi M CbaBTOpU
(Adewumi, 1992) npegnarat ueTMpUCTENEHeH npoLec,
BKITIOYBALY KopurupaHe Ha pH, aepupaHe 3a nmpoTuyaHe Ha
OKWCreHWe, yTasBaHe 1 (UnTpyBaHe npes NACLYHU UNTPU.

W3napseaHe

MpouecbT M3napsiaHe € B OCHOBAaTa Ha HSIKOM METOAM 3a
npeyncTBaHe Ha oOTnagbuyHuTe BOgu. [lpes 1992 r. e
paspaboTeHa T.Hap. Freeze thaw evaporation - TexHonorus 3a
TpeTUpaHe Ha OTMagbyHN BOAM, KOSTO BKIKOYBA 3aMpassiBaHe,
pasmpassiBaHe 1 usnapenue. [lobpe M3BECTHO e, Ye conute u
OpyrM pasTBOPEHW BeLLeCTBa MOHKABAT ToukaTa Ha
3ampb3BaHe Ha Bogata nog 0 °C, eTo 3aLlo KoraTo Bogara ce
oxnagn nog 0 °C, HO He nog TouKaTa 3a 3amMpb3BaHe Ha
pasTeBOpa, Ce MOMy4yaBaT OTHOCUTENTHO YUCTM KpUCTamu U



He3amMpb3Han pasTBoOp (CbObPXall, BUCOKA KOHLEHTpaUus Ha
Pa3TBOPEHM BELLECTBA), KOWUTO Ce M3TouBa. JlegbT ce cbbupa
1 Ce CTOMSBa, 3a Ja Ce Nony4u no-4ncta BoAa. Taka morat ga
ce otctpaHaT Hag 90% OT TexkuTe MeTanu, pasTBOPEHUTE
BELLeCTBa, NETNMBUTE OpraHuiHu cbeauHeHus (Boysen, 1999;
Boysen, 2007). Toan meTor paboTu fobpe npes aumata unu
Ha MecTa C HWUCKW TemmnepaTypu 3a fo-ronsma 4act of
rognHaTta, Ho CbLLO M3KCKBA roNeMM MIoWM 3eMs U reHepupa
3HAYNTENHO KONMMYECTBO CONEHM PasTBOPU W HeT, KOUTO ca
BTOPWYEH 3aMbpCUTEN.

Hskou yuyeHu npegnaraT gectunauus 3a NpeyucTBaHe Ha
COMEHN HepTeHN OTNALbYHN BOAW, MaKap Ye B NPOMMULLIIEHM
ycnosust okorno 95% oT pasxoguTe Ce najaT Ha eHeprusATa
(Heins, 2005; Becker, 2000; Lefebvre, 2006). EdektuseH
meTopq 3a 0b6e3consiBaHe Ha OTnagb4HK BOAM € pa3paboTeH oT
Altela Ins., koTO Ce OCHOBaBa Ha TONNOOOMeH B NPOTMBOTOK
3a nonyyaBaHe Ha fgectunupaHa soga (AltelaRainTM System
ARS-4000, 2007).

®nomayus u Koazynauus

Mpn crotauuata C¢ nomowTa Ha (UHU Bb3AYLUHW
MexypyeTa Cce paspyllaBa emyncusTa HepT-Boga, kato
MamnkuTe Kanyuum HepT Ce npukayaT KbM Bb3OYLWHUTE
MexypyeTa W Ce u3gurat KbM MOBBPXHOCTTA, 0BpasyBamki
nsiHa, KosTo ce cbbupa. Taka MankuTe Kanyuuu HedT, KOUTO
He ca ce yTaunu npu CeguMeHTauusaTa, moraT Aa Owvpar
ynassHu. EcpektBHOCTTa Ha  pnoTaumATa 3aBucu  OT
pasnukata B MIbTHOCTUTE HA TEYHOCTTA M 3aMbpCUTEnuTe,
kouTo TpsibBa fa Ce OTCTPaHAT, OT pasmepa Ha HedTeHuTe
kanuiuM, OT Temnepatypata. MetogbT [faBa gobpa
edektnaHocT (80-90%) npu  nO-BMCOKO CbbpXKaHWe Ha
HedbTonpogyktn (3000 14000 mg/L), Ho ronsmoTo
notpebneHve Ha eHeprus e HeroB HegocTaTek (Wang, 2007).
3a nogobpsiBaHe Ha chnoTauMsiTa ce M3NOM3BaT pPasnuyHu
(rnoTaunoHHN peareHTW. Taka Hanpumep Hamia 1 cbasTopy
(Hamia, 2007) usnonssaT aKkTMBeH BbIMeH W noTauus 3a
MOHMXaBaHe He CaMO Ha HedTonpomykTute, HO Ha COD u
BOD. fpyrn yyenn pobassat Alz(SOs)s kato cprokynant (Al-
Shamnani, 2002) wnu aHWoHeH cbpdakTtanT (Painmanakul,
2010) 3a noHWkaBaHe Ha KOHLEHTpauusTa Ha BCUYKM
3aMbpCUTENM B OTNaAbYHUTE BOAK.

AKO ce BKMKYM KoarynauumsTa Kato npeasapuTeneH npouec,
notaumusTa Moxe Aa ce nogobpu cbliectBeHo (Almad,
2006). Hanpumep £06aBSHETO Ha LIMHKOB CUMMKAT M aHUOHEH
nonuakpunamug —gonpuHacat  3a  99% ouuctBaHe OT
HedpTonpogyktute (Zeng, 2007). TpsbBa pa ce otbenexu
obaye, ye upe3 rnotaums He MoraT ga Ce OTCTpaHsT
Pa3TBOPEHUTE BbB BOAATA OPraHNYHM 3aMbPCUTESTH.

MembpanHo ghunmpyeare

MembpaHuTe ca MUKPOMOPLO3HK PUnMK, CbC CrieLmduyeH
pasMep Ha nopuTe, KOUTO CENEKTUBHO Pa3fensT TeYHocTTa U
HelHWTe KOMMOHeHTU. MemGpaHHUTe npouecn ce knacu-
uumpatr B YeTUpU TWNa: MUKPOUATPYBaHE, ynTpadmnTpy-
BaHe, obpaTtHa ocMos3a M HaHodwmnTpyBaHe (lgunnu, 2012).
MopuTe Ha MemOpaHuTe 3a MUKPOCUNTPYBAHETO UMAT Hai-
ronam pasvep (0.1-3 pm) u cnyxat 3a OTAensHe Ha
CyCNEeHAMpaHU YacTULUM — Han-PUHUTE YacTULM OT [IIUHM,
Bogopacnu, 6akrepuu. Mpu ynTpadunTpyBaHeTo pasmepa Ha
nopute e mexgy 0.01 u 0.1 uym » morat ga ce oTgendr
Makpomorekynu, Bupycu. W pgBata npoueca wsuckeat
CPaBHWUTENHO Manko TMOBWLLIEHWE HA HamnAraHeTo Haj
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aTMOCEPHOTO 1 Ce WU3MOM3BaT Kato eTanu, NpeaLlecTBaLm
obpaTtHaTa 0cM03a, HaHOUNTPYBaHETO, eneKTpoAnanusara.
Mpu HaHOUNTPYBaHETO Ce OTAENST MHOTOBANEHTHN MOHW U
He MHOro Marki MOMekynu, a npu obpartHaTta ocMo3a - Jopu
€OHOBaneHTHN WoHW. MembpaHuTe 3a obpaTHa ocmos3a ca
KOHCTPYMpaHW Taka, Y€ Aa nponyckat caMO BOAHWU MONEKynu,
HO Te He MoraT Aa Bb3npensTcTBaT NPeMUHABaHETO Ha ra3oBe
W apyrm manku monekynu. ETo 3awo npeuuctaHeTo Ha
BoAaTa Ype3 obpaTtHa 0CMO3a € Han-ePEKTUBHUAT METOA U Ce
n3non3ea 3a npeuncTBaHe Ha Mopcka Boga (Technical
assessment of produced water treatment technology, 2009).

XUMUYHKM MeTOaN

Te ce npwnaraT, 3a Aa Ce MOHWXKW KOHLEHTpauusTa Ha
pa3TBOPEHUTE BELLECTBA, KOWTO HE CE MOBMWSBAT OT WU3NON3-
BaHeTo Ha (uanyHuTe meTogn. OCBEH CbAbPKAHWETO Ha
HedbTONPOAYKTUTE M MeTanuTe, Ce MaHWmynupaT nokasa-
Termte COD (chemical oxygen demand) u BOD (biological
oxygen demand), KOMTO KOCBEHO MOKa3BaT 3aMbPCABAHETO HA
Bogata.  Cnopes MpoOLECHT, KOWTO MpoTHYA XUMUYHWUTE
MeTogM MoraT fJa Ce Ppa3fensT B HSKOMKO KaTeropuu:
yTasiBaHe, OKMCMNEeHWe, enekTPOXMMUYHM U (hoToKaTanMTUYHK
npouecH.

Ymasieane.

PaspaboTeHn ca pasnuyHM HauvHW 33 yTasBaHe Ha
MaKPOKOMMOHEHTUTE OT OTMagbyHWTE BOAM — Hanmpumep 3a
yTasiBaHe Ha TEXKW MeTanu ca u3nonssaHu Fed* noHu u
rokynaHT 3a oTcTpaHsBaHe Ha As u Hg (Frankiewicz,
2000). FMA e HeopraHuyeH cmeceHo-meTaneH (Fe, Mg, Al)
nonusiapeH nonuMep, KOMTo e obbp koarynaHT 1 edekTUBHO
OTCTpaHsBa pa3TBOPEHW BeLlecTBa U HedpTonpoaykth (Zhou,
2000).

XUMUYHO OKUCnEHUE

Mpu TO3W MeTog C MOMOLWTA Ha CWMEH OKUCIUTEN
3aMbpCcuTeNUTe OT OTMafbYHUTE BOAM CE OKUCNSBAT U
OTCTpaHsiBaT. YecTo M3NON3BaHWM OKUCTUTENW Ca O30H,
nepokcua, NepmaHraHart, kucnopog, xnop v ap. CteneHta Ha
NpoTMYaHe Ha  OKUCIUTENHO-PEOYKLUMOHHWS  npouec, a
CrefoBaTENHO M NPEYMCTBAHETO CUITHO 3aBUCST OT NpUpofaTa
W [o3aTa Ha OKWUCTIMTENS, Ka4ecTBOTO Ha OTMafbyHaTa BOAa,
BPEMETO 3a KOHTaKT Mexay peareHTute. OKUCIEHNeTO MoXe
[a ce npunara 3a OTCTPaHSBAHE Ha OPraHW4HM W HSKOW
HEOpraHWYHM BELLEeCTBA, KAaTo TE3W Ha Xens3oTo, MaHraHa.
Kato criegpallia CTbrka e Bb3MOXHO [ia Ce Hanara oTaensiHe
Ha yTailkaTa, obpasyBaHa OT OKMCNEHUTE NPOAYKTW cnef
PeLoKe npoLeca.

OkucneHneTo € BOJOPOAEH  MEPOKCMA  3HAUMTENTHO
HamansiBa CbObPXKaHUETO HA Pa3TBOPEHUTE  OPraHU4HU
BellecTBa, KkakTo nokassat AaHHuTe B (Wenhu, 2013).
VacnefBaHo e XMMUYHOTO OKUCIEHWE Ha OTMagbyHu BOAM OT
razopobus upes tpetupaHe ¢ H202, Ca(ClO)2 m O3 , u e
HaMepeHo MOHWXKaBaHE  Ha napameTspa CoD
(Shokrollahzadeh, 2012). KatanuMTuyHO 030HMpaHE Ha TEXKK
BbIIEBOAOPOAM OT HePTEHN OTNAgbYHM BOAW BbPXY aKTMBEH
BbfleH, HaHeceH BbPXY MaHraHoB OKCME BOAM 40
pasrpaxgaHe Ha ronemute MONekynu A0 no-manku u ao
MWHEPanM3MPaHeTo UM, KOETO CUHO pedyLmpa TOKCUYHOCTTa
Ha Bogarta (Chen, 2014).



EnekmpoxumuyHo u @omokamanumu4Ho mpemupaHe

Peovua wm3cnegBaHust pasrnexaar  (hoToKaTanuMTUYHOTO
OKWCTIEHNe Ha OpraHW4YHW MONEKYNM B MPUCHCTBME Ha
nonynposogHum kato TiOz, ZnO u obnbysaHe ¢ UV
cBeTNMHA. TO3M METOod 3HAYMTENHO MOHWXKABA KOHLEHTpa-
UMSATa HAa MHOMO OpraHuyHM BellecTBa W Hamanssa COD
CTOMHOCTUTE Ha OTnagbyHuTe Boam (Bessa, 2001; Li, 2006).

Makap ¥ no-psgko npunaraHu 3a HedTeHUTe OTMafbYHM
BOAN, €NEeKTPOXUMUYHUTE TEeXHUKN CbLLo BOAAT [0 YCNEeLwHO
npeuncTsaHe (Santos, 2006).

Bronornynun metogu

lMpn BuomnormyHuTe METOAM Ce M3Mon3BaT aepobHu W
aHaepobHU MUKpOOpraHu3MK 3a TpeTUpaHe Ha OTMafgbyHuTE
Boau. [pu BuonormyHoTo okucrnenne GesspegHu Baktepuu,
rebu, BOZOPACNM MPEBPBLUAT PA3TBOPEHUTE  OPraHU4HK
BELLECTBA 1 amOHska BbB BOAa, BBIMIEPOAEH AMOKCWA,
HUTpaTh n HUTpUTK (Palmer, 1981). MpeobnapaBalumsaT mexa-
HW3bM Ha NpemaxeaHe Ha BbITIEBOAOPOAMTE OT MUKpoopra-
HM3MuTe e  OwopasrpaxgaHeto M GuodnokynauusTa.
AKTVBMpaHWUTE yTalku WMaT CBOWCTBOTO Aa aacopbupat w
3agbpkaT He CaMO pa3TBOPEHWUTE, HO W HEpasTBOPEHWUTE
matepuanu.  baktepuute  npowssexgaTr  MOBBPXHOCTHO-
aKTMBHM BeluecTBa (6uocbpdakTaHTh) U emynratopy, KOuTo
yBENMYaBaT nokanHata NceBLO-pPa3TBOPUMOCT Ha BBITEBO-
popoauTe M Taka nopobpsBar npeHoca MM KbM buopas-
rpaxpawute baktepun. buopasrpaxgaHeTo Ha no-manku u
NIMHENH MOTEKYIW, Hanp. ankaHu € No-NecHO, OTKOMKOTO Ha
FONIeMM W CINOXHU MONeEKYNW. Hskou no-TpyaHO pasrpagumu
MOSEKYIM Ce 3aSbpKaT Mo MAKPOOPraHW3MUTE W Taka ocTaBaTt
B yTalkaTa, KOATO NepuoanMyHo ce cbbupa Ha cneumantu
[ena, Tbl KaTto NpefcTaBnsBa onaceH matepuan (Hommel,
1990). MoppobHO M3crneaBaHe CouM, Ye HadhTaneHbT He MOXe
pa Obae OwopasrpageH (Gallagher, 2001). 3a cunHo
KOHLIEHTpUPaHU OTMagbyHU BOAW, aepobHOTO pasrpaxgaHe
Moxe Aa 6bae fobpa anTepHaTuBa.

CoblyecTByBaT pas3nuyHM  KOMOMHALMKM OT CnOMeHaTuTe
MeTOAM M Opyrv TEXHWKMA 33 NOCTUraHe Ha BUCOKa CTEMEH Ha
OuuCTBaHE Ha HehTeHU OTMagbyHM Boau. Taka Hanpumep, El-
Naas u cbaBTOpW pa3BuBaT U TeCTBAT TPU-CTEMEHEH METOA,
BKMIOYBALLY enekTpokoarynauus, buopeaktop u agcopbums ¢
aKTWBEH BbIMIEH 3@ NPeuncTBaHe Ha oTmagbyHu Bogu (El-
Naas, 2014).

TpeTupaHeTo Ha OTMagbyHM BOAWM OT HedpTogOOMB upes
aHaepoBHM npoueck N MUKPOENEKTPONM3a Cblyo € noneseH
NoAxoA 3a npunarate B npaktukata (Li, 2010).

HauuHu 3a ononsoTBopsiBaHe

Mpe3 nocrnegHUTe TOQMHM BCUYKM  HepTOROOMBHM K
rasogobuBHM KOMMaHWM MO CBETa Ce CTPEMSAT KbM mpunaraHe
Ha W3WCKBAHETO 3a ,HYNEBM eMUCUM” B OTNALbYHUTE BOAW, A
CbLUO TaKka Ce BbBEXAAT HOBW W e(DEKTUBHW TEXHOMOMMM 33
MpeyncTBaHe Ha OTMagbyHWTe BOAW, 3a Aa MoraT Te fda ce
M3Mon3eaT 3a WHOYCTPUANHW HYXOW, raceHe Ha moxapw, 3a
MocpeLLaHe Ha HyXauTe Ha CenckoTo CTOMaHCTBO, 0COBEHO B
paloHUTE CbC 3acyllaBaHe — 3a HanosiBaHe WNW 3a
OTrMeXaHe Ha XWUBOTHW, unu 3a apyru uenu B 6uta (Daniel
Arthur, 2005). Taka Hanpumep oT 2014 roguHa B KanudopHus
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eoHa  OT  Hal-ronemute  HedTogoOMBHM  KOMMaHMM
NpesocTaBsAT BOfa 3a HanosiBaHe Ha CTpajallute OT cylara
CcenckocTonaHcku paronn (Sommer, 2014).

3aknioyeHue

B Tasu cratus e HanpaBeH nperneq Ha npowsxoga W
CbCTaBa Ha OTNAAbyYHM BOAM OT HedTogobMB, NpencTaBeHu
ca CbBPEMEHHM METOAM 3a TPETUPaHE Ha OTNambYHIUTe BOAM C
Len nocTuraHe Ha 3aKOHOBWTE W3UCKBaHWATA, AOMyckalim
U3XBLPISIHE Ha OTNadbuYHWTE BOAW BbB BOAHWUTE GaceiiHw,
WK U3MONI3BAHETO UM B MPOMULLINEHOCTTA U BuTa.

BnaropapHocT: Ta3u pabota e nognomorHata no MpOeKT
J3cneaBaHe Ha XMMWYHWSI CbCTaB Ha OTMAgbYHKM BOAM OT
HedpTogoOMB 1 TpeTMpaHeTo WM C Len HamansBaHe Ha
OTPWLATENHOTO BB3AENCTBUE BbPXY OKOMHATa cpefa‘ no
Hapegba 3 3a Hay4Ho-u3cnegoaTtencka paboTa kbM MuHHO-
reoNOXKN YHUBEPCUTET.
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HAHOPA3MEPHU YACTWULIX OTNOXEHU BBHPXY APAMUOHU BITAKHA

IMems NeHyesa

MurHo-eeonoxku yHusepcumem ,Ca. Me. Puncku”, Cocbusi 1700, CmydeHmku epad, p.gench@gmail.com

PE3IOME. M3cnepgaHa e Heropma TbkaH Ha OCHOBaTa Ha apamup, MOAXOAsLA 3a 3allMTHa ekvnupoBka Ha paboTewuTte B MUHHO- [0BMBHOTO Aeno. Cuctemata ot
apamuaHv BnakHa e NoAXoAsLLa 3alyMTa Mpy BIUCOKM TeMnepaTypy, pa3ToneH MeTan 1 MexaH4Hu HaToBapeaHus. AnpeTypHaTa 06paboTka ¢ HaHO-pa3MepeH CUNULVeB
AVOKCUA Cce npunara ¢ Lien nofobpsisaHe Ha PU3NKO-MeXaHYHUTE XapaKTepUCTUKI Ha TbkaHTa. HanpaBeHo e U3nuTBaHe 3a 3apaBuHa CbINacHO METOANKa KbM CTaHAApT
BC EU ISO 13934 1: 2013. CkaHupaLLa enekTpoHHa MUKPOCKOMNS, YCTAHOBSIBA HANNYMe Ha OTIIOXEHWU HAHO Pa3MEePHU CUITMLIMEBM YaCTULM BbPXY apaMUaHNTE BRakHa.

Kniouosu AYMU. HAHOEMYNCUK, cunuunes anokcua, apamuaHu BnakHa

NANOSIZED PARTICLES APPLY TO ARAMID FIBERS
Petia Gencheva
University of Mining and Geology, Sofia 1700, Student Town, Bulgaria, p.gench@gmail.com

ABSTRACT. Examined non-flammable fabrics based on aramid suitable protective equipment for workers in the mining case. The system of aramid fibers is adequate
protection at high temperatures, molten metal and mechanical loads. Finish treatment with the nano-emulsion based on silicon dioxide is applied in order to improve the
physical and mechanical characteristics of the fabric. Testing is made for incombustibility, and strength is performed according to BDS EU ISO 13934 1: 2013. Scanning
electron microscopy, detected nano-sized silicon particles on aramid fibers.

Keywords: nanoemulsions, silica, aramid fibers

BbuBepeHue maTepuana. To e mateHToBaH npe3 1974 r. u noHacToALEM
“IMa MHOTO LUMPOKO MPUIOXEHUE B Pa3nuYHU Cdhepu.

HeobxoaMmMocTTa OT OMeKOTEHM, KaYECTBEHU APEXU W eKuni-

poBka C A0OpWM 3aWWTHM M EeKCmoaTaunMoHHW CBOWMCTBA 3a o e
paboTelwnte B MWHHOAOOWMBHATA WHOYCTPUS, Hanara BbBEX- o NH ~ DR
AaHETO Ha BMCOKOTEXHOMOTMYHM HayKW KaKBWUTO Ca HaHOTEXHO- H:N,J ! CW/Q)L PRI u’j I ~
noruute (Vissokov, 2003). Ypes ynpaeneHue Ha maTepusita Ha o N

—-n n

HaHOHMBO MoOraT fa ce MoaucuuMpaT M Cb3gapaT HOBY

cBOiACTBA (Slavova’ A, v ap. 2009)' ®ur. 1. Kevlar cuHtesupaH B pa3tBop oT MoHoMepuTe 1,4-heHnneH-guammH

(napa-thenunauamun) u Tepedptanounn xnopma.
BHeﬂpHBaHETO Ha HaHOTeXHonornnTe e C uen aa ce I'IOD,O6pFIT

nokasaTenM KaTo MeXaHWyHaTa 34paBuHa, YCTOMYMBOCT Ha OuHnwHaTa obpaboTka Ha TEKCTUMHWTE MaTepuann no3eo-
W3TpUBaHe, CTapeeHe, XUMUYHU peareHTW, BOLOYCTONYMBOCT, nsiBa NpuAaBaHe Ha HOBM CBOMCTBA Ha MaTepusiTa B NOCNeHMs
napanponycknueoCT, HeropumocT W Ap. Matepuan nogxoasiy 3a cTagum Ha obpaboTBaHe. MIMNperHupaHeTo Ha pasnuyHu ThkaHu
13paboTBaHe Ha ONEKOTEHW 3alUMTHW obnekna e TbkaH Ha W HETBKAHW TEKCTUNHW CTPYKTYpM, MPW KOETO Ce M3non3eat
OCHOBaTa Ha apaMWZHU BfakHa C TPUBMANHOTO Ha3BaHWe pasnuyHu CBbP3BALLM BELLECTBA 3a NPOM3BOACTBO Ha Mate-
(Kevlar). Kevlar e cHTe3anpaH e ot pa3TBop Ha MoHomepuTe 1,4- puanu ¢ pasnuyHu xapaktepucTuku. CbBpeMeHHaTa XuMnyecka
(beHuneH-gnamu  (napa-teHunguamuH) M TepedTanoun NPOMWLLNEHOCT Npegnara LUMpoKa rama OT MNpoaykTM 3a
xnopug cwr. 1. CBbp3BaHe - (beHondopmanaexugHy, MenamuHdopmanie-
XWBHWA, enOKCUOHW, Kay4yKoBM W ApYrn enactomepu, ocuryps-
OTkpuT € no cnyyaiHocT B nabopatopusita Ha dupmara Balm fobpa agxesws 1 3gpaBuHa. Te moraT Aa 6baaT Kakto
,DuPont” OT amepukaHcka XumUYKa OT TMONCKM NPOU3X0A peakTonnacTu, Taka u TepMonacTu.
Credpann Ksonek npes 1964-65 r. MocteneHHo, TexHomorusTa
Ha NMPOW3BOACTBO Ha keBnap Tbpnu pa3suTtie npe3 1965 1., a B TexHUYeCKkATe XapaKTEPUCTUKM Ha KOMMO3WLMOHHUTE MaTe-
Havyanoto Ha 1970 r. 3ano4yBa TbProBCKOTO MPOM3BOLCTBO Ha puanu ce onpeaensT, OCBEH OT TEKCTUNHATa CbCTaBNsABALLA, HO
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[0 rofisMa CTEeMeH W OT CBbP3BALLOTO BeLyecTBO. B noeeyeto
Cnyyai TOBa € CMEeC OT MOSIMMEPHMU MPOAYKTW U CMOMMU, OCHry-
psBalM CreynudnyHM CBOMCTBA, KaTO AMHAMMYHA OCTaTb4Ha
Aedopmalus, 3npaBuHa, MBKaBOCT, 6anuCTYHa YCTONYMBOCT MU
T.H. B 3aBMCUMOCT OT MPedsiBEHUTE M3NCKBAHUS KbM KpalHus
MPOAYKT.

B HacTosiwus Tpyn e M3non3BaHa MaTepust Ha OCHOBaTa Ha
apamuaHu BrakHa, KOSITO € WMperHupaHa C pasTBop Ha nonu-
BMHWI arkoxor U HaHOPa3MepHM YacTVLM OT CUIIMLIMEB AMOKCHA,
CBpbXMankusT pasMep Ha YacTuLMTe N OMpexaBallaTa crnocob-
HOCT Ha WMMperHupallus MaTepuan BOAST A0 yskyaBaHe Ha
TEKCTWNIA W MpeuusHo BHeJpsBaHe Ha HaouacTuuute B
apamuaHaTa MaTpuua.

PesynTtaTti n o6cbxaaHe

OOpaboTBaHe Ha apammHa TbKaH C HAaHOeMYNCUs

ManonssaHaTa apamugHa TbkaH Tvn “Style 363”,c nnow Ha
maca 180 g/m? 3gpaBuHa Ha Huwka 200 cN/tex, rbCTMHa
120/120 Huwku/cM. MaTepusiTa € UMNpEerHpaHa ¢ ga pasnnyHu
Mo CbCTaB Pa3TBOpPa, C Lien Aa ce Npocneam BMNUSHUETO BbPXY
34paBuHaTa U NPOMSHATA Ha TErnoTo.

O6pasuute ca pasgeneHn B ABe rpynu, Kato efHata €
obpaboteHa ¢ 10 % BOAeH Pa3TBOpP Ha MONMBUHWUA arkoxor
(PVA) n 10 mac. 4. %CHsCOOH, ¢ uen auetunupaHe Ha
NONWBMHWN ankoxona. Bropata rpyna npobu ca obpaboTenn ¢
pastBopu Ha 10 mac. 4. % BOOEH Pa3TBOP Ha MOMMBMHWN
ankoxon (PVA) n 10 mac. 4. % CHsCOOH u 1g SiOz, ¢ paamep
Ha yactuumte Dpart=18nm Scn=210m2/g.

[obaBsHeTO Ha nedeHa oueTHa KuCenuMHa e C  Len
nognomaraHe Ha OMpexaBaHeTo U NMpuaaBaHe Ha enacTUYHOCT
Ha MatepusaTa. [puroTBeHWTE pas3TBOpUTE CE HaHacAT Ha
NOBBLPXHOCTTA Ha 06pa3auy oT ThkaHTa "Style 363", no MeToga Ha
KnacuyeckaTa Mokpa anpeTypa. TEYHOCTTa M HanW4HUTE B €OuH
OT pPa3TBOPUTE HAHOPa3MEpHU YacTMUM MPOHWUKBAT, Mexay
BMakHaTa 1 ycnsiBa 4a U3MbiHU MUKPOKYXMHUTE HA MaTepusTa,
W13CyLUaBaHeTO € Npy CcTaiiHa Temnepartypa.

U3nuTBaHe 3a 3apaBuHaTa

MexaHu4HUTEe U3NUTBAHWS 3a CUMa M Pa3TErNIMBOCT NPY OMbH
(no ocHoBa u BbTHK) Bsixa NpoBegeHu Ypes auHamomeTsp WPM
,Llonep”, B CbOTBETCTBME YTBbPLAEHA METOAMKA KbM CTaHAapT
BAC EN ISO 13934-1. "Tekctun. CponcTBa Npu OMbH Ha
nnatoe. Yact 1: OnpegensiHe Ha MakcWManHaTta cuna u
pasTernMBOCT MpPU MakcuMarHa curna 4pes K3non3BaHe Ha
STRIP metog”, a usmepBaHe Ha macata € cbrnacHo B[IC EN
12127 "Tekctun. Mnatoee. OnpegensHe macata Ha eguHULA
nnoLl, 4pes3 u3nonaeaHe Ha Manku npobu’. Pesyntatute ot
M3NUTBaHWATa 3a onucanu B Tabnuya 1,
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Tabnmua 1

Qu3uKO-MexaHU4YHU U NoKa3amesnu Ha apamudHume mamepuanu
Howmep BapnaHTV KOMNO3ULMOHHN Akoct Maca,
Ha maTtepuanu Ha
uscnen- OMbH, [g/m?]
BaHeTo [N]
1 Yucr Kelvlar 1723 187,5
2 PVA, 10 mac. 4.% CH3COOH | 1961 238
3 PVA, 10% mac. 4.% 2206 199

CH3COOH, 0,5g SiO2

pachuyHaTa 3aKOHOMEPHOCT MeXay 3apaBuHaTa W MacaTta Ha
uanuTBaHMTE 06pa3LKM € NpeacTBeHa Ha urypa 2.

2300
2100 //’
1900 /
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1100 —&— AKacT Ha
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900 —A— TEerno
700
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300
e &
100 T T
yuncT Kevlar PVA, 30 mac. PVA, 30% mac.
4.% CH3COOH 4.% CH3COOH,
0,5g Si02
| | | |
3apaBuHaA
as3
E |2
o1
maca
g/m2
0 500 1000 1500 2000 2500

®ur. 2. MpadmyHo npeacTaBsAHe Ha 3aBUCMMOCTTa Ha cunata npy onbH (N)
OT Ternata Ha apamMuWAHW BnakHa, oTOpaboTeHM C Pa3nuUyHM MO CLCTaB
pasTBOpH.

DOU3NKO-MEXaHNYHUTE UN3NUTBAHNS [0Ka3Bat, 4Ye WMMNpPerHun-
paHeTo Ha KeBnapa C ABaTa pa3Teopa, MOBWLLABA 3ApaBuMHaTa
Ha maTepusTa, kato MaTepusita obpaboTeHa C HaHOpa3MEpPHH
CUNNLMEBY YaCTULM € C Hail-BIUCOKa 3ApaBMHA U ChLUEBPEMEHHO
ce HabnofaBa NoHxaBaHe Ha Macata.




W3nuTBaHuA 3a naponponycknmeocT

lMaponponycknMBOCT Ce UM3NMWUTBA CbITACHO  yTBbpAeHa
meToaMka 3a uanutBaHe no crtaHpapT BAC 6783 T1.8. "Koxa
M3KyCTBEHa Ha TeKCTUrHa ocHosa.” OTYETeHUTE CTOMHOCTW 3a
HeobpaboteH Kevlar wn3cnegeaH 3a naponponyckIMBOCT €
n=7,8mg/cmzh, Kevlar obpaboteH ¢ 10 % pa3TBop Ha NONWUBUHWN
ankoxon 10 ml CH3COOH wn 1g SiO2 otyeTeHaTa CTOMHOCT 3a
naponponycknueocTTa € n=3,3mg/cmzh.

Mopdonorusita u eneMeHTHUA CbCTaB

Mopdoonorusita M €nemMeHTHUs CbCTaB Ha  obpasuute
TPETVPAHM C HAHO eMyncus ca W3credBaHM C MOMOLLTa Ha
CKaHupaLja enekTPOHHa MMKPOCKOMMS W PEHTEHOB EHEepriiHo-
QUCNEPCUBEH ENTEMEHTEH aHanu3 (CkaHupaly EneKTpPOHeH
mukpockon JEOL JSM 6390 u INCA Oxford TtBBpROTENEH
[ETEKTOp 3@ XapaKTepUCTUYHO PEHTTEHOBO MbueHue). M3nons-
BaHM Ca M30DpaxeHUs MOSyYeHW BbLB BTOPUYHM ENEKTPOHM
(Mopdhonornst Ha OTNOXeHUTe yacTUuy U aebenuHa Ha Huw-
kute). Ha dwmr.3 e npencraBeHo u30BpaxeHue B 06paTHO
pascesHN enekTPOHU, KOETO € MONyKONNYECTBEH aHanus, Ha
KOMTO OTNOXEHWUTE YacTULW Ce BKAAT KaTo Mo-CBETNN 0BeKTH.
Habniogaea ce BUCOKO CbabpkaHue Ha Bbrnepog (C), ynoseHu
Ca W N3BECTHM KONMYECTBA KMCMOPOA, a30T W 3HAYUTENTHW KOMK-
yecTBa CUnMUM. Taka JEeTEeKTUpaHWTe eNeMHTU JokassaT OTno-
XEHW HaHO YaCTMLM Ha NMOBbPXHOCTTA HA apaMUaHUTE BlakHa.

X30 16 40 SEI

®ur. 3. CkaHupawa eneKkTpoHHa MuKkpockonusi Ha obpasey ot Kevlar ¢
oTnoxeH yactuuu ot SiO2 npu ysennyenme x30 1 500 ym

,1” ﬁ {1
ES R
¢

20kV X200 100pm 11 40 SEI

®ur. 4. CkaHupalla enekTpoHHa MMKpockonus Ha obpasel ot Kevlar c
OTMNOXEH BBLPXY HEro HaHo pa3mepHu vacTuum ot SiO2 npu yBenuyexne
x200 1 100 pm

20kV X500 1140 BEC

50pum *

®ur. 5. CkaHupawa enekTpoHHa MMKpockonusi Ha obpasey ot Kevlar ¢
OTNOXEH BbpXy HEro HaHo pa3mepHu yactuum ot SiO2 npu yBenuuyeHue
x500 1 50 ym

20kVv  X1,000 10pm 11 40 BEC

®ur .6. CkaHupawa enekTPOHHa MMKpockonus Ha o6pasey ot Kevlar ¢
OTNIOXEH BBbPXY HEro HaHo pasmepHu 4actuum ot SiO2 npu yBenuuyeHue
x1000 1 10 pm

Ha curypu 3,4,5 n 6 scHo ce Bukgat (kato cBeTnm 0b6ekTH)
OTNOXEHW B KITbCTEMHM TPYNM CUMMLMEBM YacTULM ,OMPEXEHM
OT WMMperHupalms pasteop. HabnwopaBa ce npomsHa B
MopdonorusiTa Ha BrakHaTa, kaTo MMMperHupaHata TbkaH e ¢
n3paseHa NMBLTHOCT M MAAKOCT Ha BrakHaTa B CpaBHEHWE C
HeobpaboTeHaTa MaTepus, KOeTo Aoka3Ba obpa3yBaHETO Ha
HenpekbCcHaT ~unM, MPOHMKHAN B  MUKPOMYKHaTMHUTE Ha
apamugHuTe BriakHa.

N3Boau

B pesyntaT Ha nNpoOBEAEHUTE EKCMEPUMEHTU U MOMYYEHN
pesynTaTu, MoraT ia Ce HanpaBsiT ClefHNTE U3BOAM:

- HaHacsiHeTO Ha nokpuTMe OT NOMMBMHUN ankoxon obpasysa
YCTOMYMB (WM BbPXY apaMWaHUTE BNakHa, KOETO e CBbp3aHo ¢
u3rnaxgaHe Ha CTPyKTypaTa, Ype3 U3MbIiBaHe Ha MUKPOMyKHa-
TUHUTE Ha MaTepusTa, CbLUEBPEMEHHO MaTepusiTa npupobuea
MOBWLLEHA 3[paBKHa B CPaBHEHWE C HeoBpaboTeHus MaTepuan.

- AMnperHupaHeTo Ha apammaHaTa TbkaH C pa3TBOp Ha Mnonu-
BMHWN aNKoOXON CbAbpXKall HaHOpPa3MEpeH CUIULMEB AMOKCUA
noeuwasa ¢ npubnmautenHo 20% 3gpaBuHaTa Ha MaTepusTa,



KaTo CbLUEBPEMEHHO Ce MOHWXKaBa TErnoTo, KOeTo cromara 3a
LISANOCTHO ONEKOTSIBaHe Ha 3aLnUTHOTO 0BNeKro.

- [poBeaeHNTe U3NUTBAHMS 3@ NapONPONYCKUBOCT, A0Ka3BaT,
Ye WUMMPErHMpaHUs MaTepuan npuTexasa CPaBHUTENHO Jobpa
OMILAEMOCT 1 MaponponycknMBOCT B CpaBHeHWe ¢ Heobpabo-
TeHUsa Kesnap.

Taka vMnperHupaHaTa keBapeHa MaTpuua e Noaxofsila 3a
KOHCTpyMpaHe Ha 3allMTHa eKMNMPOBKa Ha paboTeLumTe B MUHHA
NOAMOXEHU HAa BbPXOBW HAaTOBAPBAHMSI.
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LEMEHTHbIVA 3ABO[, BYAYLLErO

Memoodu 3names, llemep 'pomiioxaH

HAVER NIAGARA GmbH

PE3IOME. HAVER NIAGARA — cunibHbIl MapTHep B TEXHOMOMM 0BoraLLeHms.

OcHoeHas komneTeHuns HAVER NIAGARA GmbH HaxopsT peluerus B 06nactu CopTUpOBKM, MPOMbIBKI U OKOMKOBaHMS. [ins 3TOro Mbl npeanaraemM KOMMEKCHbe
peLLeHIs:, KOTOpble 0DBEANHAIOT N peanu3oBbIBaTh UHAMBIMAYANbHbIE 3aMPOCh! KIMEHTOB.

AccoptumenT npoaykum HAVER NIAGARA GmbH sBnsietcss UenHoit npouecc B obnacTi [obbluM MOME3HbIX MCKOMAeMblX, MPOMbILLAEHHBIX MWHEPAINoB,
XMMWYECKNX BELLECTB, CTPOUTENbHBIX MaTEPUANOB W PELMPKYNALMNA MPOMBILINEHHOCTU BO BHUMAHVE.

B HacTosilee Bpems accopTUMEHT MpoayKumu "TexHororum nepepaboTkn” BapbMpYeTCs OT WHAMBMAYaNbHOTO PELLeHNs C OJHON MAlUMHOW, MO KOHAMrypaLmm
CMCTEMbI MOA KIIoY K Nepeaye CroXHbIX CUCTeM. B COTPYAHMYECTBE C HALLIMMM KITMEHTaMM W C BEAYLYMMM MHXUHAPUHIOBBIMI (hMpMamMi 1 [aT4uki NpoLiecca, Mbl
pa3pabaTbiBaeM yCTONUMBLIE PELLEHNS ANS NOMHOTO YA0BNETBOPEHNS HALUMX KIMEHTOB.

CEMENT WERK DER ZUKUNFT
Metodi Zlatev, Petar Grotjohann
HAVER NIAGARA GmbH

ABSTRACT: HAVER NIAGARA - |hr starker Partner in der Aufbereitungstechnik.

Die Kernkompetenz der HAVER NIAGARA GmbH sind die Losungsfindung in den Bereichen Sieben, Waschen und Pelletieren. Hierfiir bieten wir Gesamtldsungen,
die individuelle Kundenwiinsche integrieren und realisieren.

Das Produktprogramm von der HAVER NIAGARA GmbH tragt der Prozesskette in den Bereichen Mining-, Industriemineralien, Chemie-, sowie Baustoff- und
Recycling- Industrie Rechnung.

Das aktuelle Angebotsspektrum der ,Aufbereitungstechnik” reicht von der Individuallésung mit Einzelmaschinen, (iber Systemkonfigurationen bis zur schliisselfertigen
Ubergabe komplexer Anlagen. In Zusammenarbeit mit unseren Kunden oder auch mit fiihrenden Engineeringsfirmen und Verfahrensgebern entwickeln wir
nachhaltige Lésungen zu vollsten Zufriedenheit unseren Kunden.

TexHoMorMyeckme WUCCMNenoBaHns B LIEMEHTHOM Mpows- [na pewenns aTMx 3agad TpebyeTca aHanu3 Myt
BOLCTBE NpeXme BCEro OPWEHTUPOBAHHBI Ha creaytoume NpeoBbpasoBaHMst UCXOOHOTO Cbipbsi U3BECTHSKA B LIEMEHT B
rnokasaTenu; npoLecce NPOU3BOACTBA.

- CokpalleHe NOTPEONeHUs 3HepruM Npu Mpous-

BOACTBE LiEMeHTa B pamkax 3Toro aHanusa OyayT yKasblBaTbCs HOBbIE

- OnTUMM3aLMIO  KauecTBa M OFHOPOAHOCTU CErMeHTbl MPOM3BOACTBA, a Takke HOMEHKNaTypa MpoAyKLMK
MpOM3BOAMMOTO LieMeHTa HAVER NIAGARA GmbH.

- MuHUMK3aLMIO BLIGPOCOB B MPOLIECCE NPOU3BOACTBA

LieMeHTa [1], [2] Ha Puc.1 ucxogHbii Marepuan ans npouM3BoacTBa LIEMEHTa,

cmecb u3BecTHska (npum. 70...80 M.-%) 1 rmuHbl /Meprens
(npum. 20...30 M.-%), koTopas npuUCyTCTBYeT BO MHOTUX
MECTOPOXAEHUSIX  LUEMEHTHOTO  Cblpbi B €CTECTBEHHOM
COCTOSHWW [2]. B 3aBMCMMOCTM OT XMMWYECKOrO COCTaBa
MeCTOPOXAEHUA MPUMEHSIIOTCA KOPPEKTUPYIOLME MaTepuanbi
(Hanpumep xenesHas pyga unu necok). [locne ropHown
p00bluM  OYPOB3PLIBHBIM MMM 3KCKOBATOPHBIM  CMOCOOOM
cnegyeT TpaHCMOpTMpOBKa Ha LWebeHOouHbI 3aBog, rae
ropHas mMacca NpeABapuTENbHO M3MenbyaeTcs (Hanpumep
YAAPHO-0TpaXaTenbHOM WK MONOTKOBOI Apobunkoit) u nog-
BEPraeTcs LUMXTOBKE (MPUrOTOBNIEHWE PABHOMEPHOW CMecH).

MpoWnbIA OnbIT [0KAa3bIBAET, YTO MPOM3BOACTBO U CObIT
LleMeHTa MOXeT ObiTb CUMbHO 3aBUCUM OT PETMOHAMNbHBLIX K
KOHBIOKTYPHBIX konebaHui. Y1obbl KOMMNEHCUPOBTL NOCNEeaCT-
BUA 9TWUX BRMSHWA MalumMHOCTpouTenbHeld 3aBog HAVER
NIAGARA GmbH r. MioHcTp cneumnanuct B ropHom obopy-
[0BaHMN CTaBUT CBOEI LIENbio C AeBU30M ,LieMeHTHbI 3aBog
Oypywwero* cnepytowme 3agaum:

- lMoBbllweHne  3HPEKTUBHOCTU  MCMOSNb30BAHUS
PECYpCOB U NX XpaHEHUs

- PacluMpenme accopTMeHTa 3a C4eT yCTaHOBKY 3aTeM NpoBOAUTLCS TOHKOE U3MEMbYEHNEe CMECH B BANKOBIX-
[I0NONHUTENBHOrO 0BOraTUTENBLHOTO 060PYA0BaHNA B rpaHit- WM WAPOBbIX MEMbHALAX 0 ChIDbEBOM MykM. CbipbeBas
L|aX Un1 HemocpPeCTBEHHOM BMM30CTU OT LIEMEHTHOrO 3aBofia. MyKa pacKVCTISETCS (HEWTpanmMayeTcs) B KIUHKEPHON yCTa-

HoBke, CaCOs pacnapaetca Ha aBa komnoHeHta CaO und
COo..
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http://www.haverniagara.com/produkte/sieben/
http://www.haverniagara.com/produkte/waschen/
http://www.haverniagara.com/produkte/pelletieren/
http://www.haverniagara.com/industrien/rohstoffe/
http://www.haverniagara.com/industrien/baustoffe-und-mineralien/
http://www.haverniagara.com/industrien/chemie/
http://www.haverniagara.com/industrien/baustoffe-und-mineralien/
http://www.haverniagara.com/produkte/anlagenbau/
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Puc. 1. YnpolueHHas cxema npou3BoAcTBa LieMeHTa C CerMeHTaMu Npou3BoACTBa

3atem nponcxoauT obxur npum. npu Temnepatype 1450 °C
B Bpallaowencs neus pans cnekanus. B pesynbrate
LiEMEHTHbI KNMHKEP MOCIe OXNaXLEeHUs M3MENbYaloT B Liexe
nomona ¢ pobaBneHnem Hocutenen cynbdarta (Hanpumep
rMnca) Ha pasnuuHyl (Ka4yecTBa LiEMEHTa) CTENeHb M3Menb-
yeHus. [OTOBLIN LEMEHT OTrpyxXaeTcs noTpebutensm ua curo,
B MelkKax Cygamu, XenesHoW [OOPOrod WM LOPOXKHbIM
rPY30BbIM TPAHCNOPTOM. NaBHbIMM NOTPEOUTENAMU LiEMEHTA
SBMNSIETCA NPOMBbILLNIEHHOCT TOBAPHOro 6eToHa (Npum.52%) 1
npou3soauTeny GETOHHbIX anemMeHToB (MpuM. 26%). Takum
00pasoM MOXHO YTBepkhaTb, YTO MPOLECC NpOW3BOACTBA
LleMEHTa BCErda CBSI3aH C HanMuMeM COOTBETCTBYHLLETO
WMCTOYHMKA ChIpbS.

OcapouHble NOPOAbl «M3BECTHSKAY CYMTAKOTCS CaMbIM pac-
NPOCTPaHEHHbIM TUNOM TOPHbLIX NOPOA, KOTOPble HEe TOIbKO
HeO6XO,£lVIMbI B L|,€M€HTHOI7I NPOMbILLIIEHHOCTU, HO Takxe
SBNSIOTC BXKHBLIM CbIPbEM B CTPOUTENbBHOM MHOYCTPUM,
CENbCKOM XO3AWCTBE, YNpaBNeHUs BOAHbIMW pecypcamy, a
Takke B MPOM3BOACTBE CTanW, CTekna, yoobpeHun 1 uenmto-
NO3HO-OYMaXHON NPOMBILLIEHHOCTY.

B HacTosiLLee BpeMs NPOAYKTbI MECTOPOXAEHUA U3BECTHSIKA
L06LIBAOTCS 1 NPOJANTCS TOPHBIMU MIPEANPUATUAMM (Harpu-
Mep LyebeHOYHbIMK 3aBofaMK).

Ans Toro, ytobbl ynyywuTs 3dEeKTUBHOCTL paspaboTku
MEeCTOpOXaEeHUA HeobXoauMo Gonee WMHTEHCMBHO WCMOMb-
30BaTh MUHEPANbHOE Chipbe LIEMEHTHbIX 3aB0/0B.

OcobeHHo B hoKyCe BHUMaHUS M3BbITOYHbIE MPOM3BOACT-
BEHHHbIE MOLLHOCTU MECTOPOXAEHUIA CbIpbsi  LIEMEHTHbIX
3aBOI0B, HO Takke BCTPEYAKTCA Y4acTKM MeCTOPOXAEHMS,
KOTOpble W3-32 MPUMECE UMW C CUMbHBIM OTKIIOHEHUEM MO
XMMUYECKOMY COCTaBy He MOAXOAAT Ans NPOW3BOLCTBA
LieMeHTa.

B oboux cnyyasx uyacTb nopogsl MpW NEPBUYHON UMK
BTOPWYHOM cTagum ApobneHnst mMoryT ObiTb WMCMOMb30BaHb
AN NPOW3BOACTBA Pa3NMyHbIX MPOAYKTOB KPYMHOMO  Unu
Menkoro LwebHs. (cm. Puc 1, 1).
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B nouckax pelueHus MOXHO NpuOEerHyTb CHOBa K OMbITY
HAVER NIAGARA GmbH, 3aBoa ropHoro 060pyaoBaHust
paspabaTblBeT MHOMBMAYarbHble peleHus Ans  CBOMX
KNWEHTOB M3 00nacTu LEMEHTHOW-, MUHEeparbHOW-, XuMu-
YeCKOW-, NULLEBOI-, KOPMOBOW-, & TaKkKe CbiPbEBON MPOMBbILL-
NEHHOCT!.

OcHosHble HanpasneHus npoussoactea HAVER NIAGARA:
OTAenbHbIE MallMHbI, YacTW4YHas — UMM KOMMnekcbl ¢ obo-
py#OBaHMEM [Nl MPOLECCOB  MPOCEWBAHMS, MPOMbIBKY,
arnomepauum 1 TPaHCMOPTUPOBKM B COOTBETCTBWM C MOXe-
naHnamu  3akasumka. [lpoekTMpoBaHWe, KOHCTPYMpPOBaHME,
NpowW3BOACTBO, BBOA B 3KCMMyaTaumio M ANUTENbHbIN
KOHTPOMb, 4TOObI KNMEHT WMEN BO3MOXHOCTb JOCTUIHYTb
MaKCUMasbHON 3PAEKTUBHOCTI N HAAEKHOCTM B BbIMOINTHEHUM
NOCTaBMeHHbIX  MPOW3BOACTBEHHbIX 3adady  oboralyeHus
MWHEpPanbHOro Chipbsi. (cM. Tabn. 1). Hwke npuBegeHs
HekoTopble npoekTbl, koTopble HAVER NIAGARA peanusosan
L5 CBOWX 3aKa34nKoB B MOCNEAHWE rogbl.

B nepuog 2012/13 B kapbepe TBEPAbIX FOPHLIX  NOPOA
mectHocTu  Kleinhammer (Sauerland) cnpoektupoBaH 1
MOCTPOEH HOBbIA APOBUIIBHBIN KOMMMEKC C MHTErPUPOBaHHBIM
NpOW3BOLACTBOM OMOYHOrO KaMHS NSt TUOPOTEXHUYECKNX
COOpYXEHUN [4].

B koMnneKkT NoCcTaBKM Hapsily ¢ NEPBUYHbIM JpoBneHreM 1
MPOM3BOACTBOM KaMHsi [Nl TMOPOTEXHUYECKUX COOPYXEHWUN
BXOAWT MOABLEMHO-TPAHCMOPTHAA TEXHWUKA, MPOMEXYTOUHbIN
OyHKkep, cuno nbineyaaneHus. MpoBOAMNOCE NNaHUpoBaHMe
KanuTanbHbIX COOPYXeHui u obias cbopka.

Mpumepom rMOKOro MpOW3BOACTBa CRYXMT 0BOpyaoBaHMe
MOATOTOBKM KaMHS 1S TMAPOTEXHUYECKUX COOPYXeHuit. Mpu
HeoOXOAMMOCTM Ha KOMMMEKCE MOXHO OJHOBPEMEHHO WNW B
OTAENbHOCTU COPTMPOBaTb MO BECOBLIM Knaccam 4..40 kr u
10...60 kr aByms Tspkenbimu rpoxotamm Tun — NIAGARA (cm.
Puc. 3)



Tabnuua. 1:
Ob6nacms komnemeHyuu HAVER NIAGARA GmbH Miinster [8]

MpocensaHne TMpombieka  OKOMEOBaHWe MNogaua Mpownssoacteo WHMUHMPHHT**
npom.obopyaos. Cepeuc***
L

Chipbe X X X X X X
LemeHT X X X X

CTpouTentHbIe X X X X X X
MaTepuansl, none3xHble

ncKonaemsle

XumMmuyeckue X X X

MaTepuanbl

(NpownzeoAcTES yACGPEHUMIA)

MNuwesasn - 1 kopMmoBasn X X X

oB6bACHEHHE:!

OpobneHune-w ycTaHOBKN ANA rPOXOYEHMA, NPOMBIBOYHBIE YCTAHOBKM, YCTAHOBKN OKOMKOBaH M5

TeXHUKO-3KOHOMUYecKkoe 060CHORaH ne

ool CepBic 3anacHbIX 4acTeil, OByueHue, MHCnekUUA- U cepEUCHOe oBcnyXUBaHWe, ONTUMMU3aLUA oBopyAoBaHUsA, NPOMBIBKa- 1

CUTOBbIN aHaNM3, 3alyMTa oT W3Hoca.

3D MMpoekTHOE M30DpaxeHue PeannsoBaHHoe
Puc. 2. MocTpoiika Bcero komnnekca ¢ 060pyA0BaHNEM U NPOU3BOACTBOM KaMHsi ANA MMAPOTEXHUYECKUX COOPYKEHNN.

=

|F.

Puc. 3. FpoxoTa ¢ akcueHTpucuteToM npuBogHoro Bana Typ NIAGARA DS 1600x5000
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lMepuog peamu3auuy npoekTa OT Hayana [O BBOAA B
3KCMyaTaLuio 3aHAN BCEro 0koso 12 mecsues.

bonee nogpobHy0 MHOPMALMIO O NPOEKTE MOXHO HaMTK
Ha Puc. 4.

[oroBop mnocTaBku ewe Oonbliero npoekta 3TOrO0 Xe
3aKasuuka Obin 3aknoyeH netom 2015r.

[pyroi GonbLuon 0BnacTblo NPUMEHEHNS! 0CaA0YHbIX NOPOS,
N3BECTHSKA SIBNSIETCS MPOWU3BOACTBO HEralleHHON W3BECTU.
HeralweHHas M3BeCTb (kanbLEeHUpoBaHHbIA u3BecTHsK (CaO)
npegcTaenseT coboii NOPOLLOK , KOTOPbIA NOMyYaeTcs myTem
obxwra n3secTHsika npu Temneptype 800 °C. Mpu fobasneHun
BOLb! KamnbLiEHWPOBaHHAs M3BECTb BCTYMAaeT B XUMUYECKYHO
peakumio C BblENeHWeM CWUNbHOTO Tennma W NepexoauT B
rMgpaTHylo u3BecTb (raweHas ussectb Ca(OH)2). aweHHast
W3BECTb MCMOMb3YETCA B PasfM4HbIX OTpacnsx MpoMbIL-
NeHHoCTW. TaK Hanpumep B CTPOMTENbHOA OTpacnu B
kauectBe [06GaBKM [NSi M3TOTOBMEHWS CYXMX CTPOMTENbHbIX

CMecel, MpoM3BOACTBE W3BECTKOBbLIX yA0OpeHWn (Tyk) wnn B
kayecTBe (PMOCOBLIX [0OABOK B CTanenUTeiHON MPOMbILL-
NEHHOCTM Ans AecynbdypuaaLnm GOMEHHOTO YyryHa.

lalweHHas 13BEeCTb MOXET Takke ObITb MCMONb30BaHa, Kak
anbTepHaTWBa W3BECTHAKY B Aecynbdypusauum ObIMOBbIX
rasoB TennosbIx anektpoctaHuuit [1], [2], [3].

B 2009/10 rogax B obnactu Graz nocTpoeH wiebeHOuUHbIA
3aBog Peggau, Wietersdorfer & Peggauer Zementwerke
GmbH ¢ npuemom B akcnnyaTauui0 M3HOCOCTOMKOW, 3HEpro-
3 heKTUBHON U PECYPCO-3KOHOMUYHON MPOMBIBOYHOM CUCTE-
Mbl BbICOKOTO AaBfieHusi, 0becneumnBaloLLer BbICOKOKaYecTBe-
HHbIMM  (DPaKLUMSIMM  W3BECTHSIKA [anbHeMWne MNpoLEecCh
oboratuexus [7].

[ns npoMbIBKM 3arpsi3HeHHOrO Cbipbst 103.5 6bina npume-
HeHa yCTaHOBKa BbICOKOTO AaBneHusi, kotopas noTpebnset
Tonbko 1,5 M3 BoAbl Ha TOHHY OT 3arpyaemoro Matepuana c
0YEHb XOPOLUMMM PE3YTbTaM1 O4NUCTKM.
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Puc. 4. TexHonoruyeckas cxema o6oraTutenbHoro oGopy.qoaaHml

MpomonmKk1TenbHOCTL NoAauM Matepuana B MpOMbIBOYHYIO
kamepy (4) coctaBnset npubnusutensHo 3-8 cek. BeiBog
mMaTepuana 1“3 MOIOLWEN Kamepbl MPOUCXOAUT Yepes pery-
NIMPYEMYI0 CKOPOCTb MPOTSKKW NeHTbl (5). Mpu uameHeHnm
CKOPOCTW ABWXKEHUS NEHTbl M3MEHSAETCS BpeMs BO3AEACTBUS
Ha MPOYHOCTb CBA3EH B MaTepuane (paccMaTpuBaeTcs: BuA
CBSI311,-TUN U —MOHOMNUTHOCTb) MEXAY LIEHHbIM MaTepuanom
HeXenaTemnbHOM MPUMECHIO, TakuM 0bpasom perynupyertcs
Ka4yecTBO MPOMbIBKM. JTO NO3BONSET MMOKO pearnpoBaTb Ha
konebaHns  U3MKO-MexaHWYeckMx CBOWCTB  Cbipbsl  Ha
pa3NMYHbIX yyacTkax MeCTOPOXOeHUs M 3a Bpems paboTbl
npeanpusTUs AOCTUrHYTb PaBHOMEPHOrO addekTa oumncTkn. B
ponornHeHne Kk oboraTuTenbHOW — YCTaHOBKE  BbICOKOTO
AABMEHUS MPUMEHSIETCH  MPOMBIBOYHBIA  TPOXOT  MOKPOWA
knaccudpmkaums ans nonyvenus dpakuymn 0/5, 5/30 n 30/70.
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Mocne npombiBkM KpynHas dpakums 30/70 sarpyxaetca B
n3BecteoobxXuratenbHylo neyb (0OOMOKEHHas W3BECTb), a
Mesnkasi MCMomnb3yeTcss Ans W3rOTOBNEHWSI CyXWX CMECem.
icnonb3oBaHHy AN Mpouecca NpOMbIBKA BOLY MPOCBET-
NS0T B BOAO-OYMCTUTENBHOM YCTAHOBKE W MOAANT CHOBA B
3aMKHYTbIA  LWKN  O4MCTKM MaTepuana. [pu atom npe-
CCOBaHHas rMHa B Ka4eCTBE KOPPPEKTUPYIOLLEro Matepnana
UCTIONb3YeTCs B MPOM3BOACTBE KnuHKepa. [lpu cosgaHum
«LlemeHTHOro 3aBopma OygyLlero» mNpUMEHeHWe BankoBO-
TapenbyaTod MENbHULbI MOMYYMNo B MOCREAHWe rofbl
JanbHeillee pasBuTE B OOHOM M3 BaXKHEMLUMX acnekToB [5],
[6]. Oo cux nop Ans npou3BOACTBA CbIPbEBOA MYKWU Npu-
MeHsI0TCS 0ObIYHOTO TWMa BankoBO-TapenbyaTble MEMbHULbI C
WHTETMPOBaHHbIM  LIMKIIOHOM-CENapaTopoM  Ans  FOTOBOrO
npogyKkTa, roe [HOMyCTUMOE KOMMYECTBO TOHKOM hpaKumuu



MOXET OblTb OTPErynMpoBaHO Yepes3 W3MEHEHWE 4YacToThbl
BpaLUeHus LMKoHa-cenapartopa. CoBpemeHHble  BasnkoBo-
TapenbyaTble MeNbHNLbI UIMEKT CreLuansHoe YCTaHOBKY Ans
TPaHCMOPTMPOBKM (BbIHOCA) KpYMHOM ppakuum (-0/2mm) nocne
cenapaTtopa HaxoasLUMMCS BHYTPU MENbHULLbI.

M3BecTkoBasi Menoyb, Hanpumep ¢ 3epHom 0,1/1,2mMm
SBMAETCA WAeanbHbIM MCXOOHbIM MaTepuanom Ans ganb-
Henwwen obpaboTkM Menkux hpakumin necka, kak Hanpumep
QNS U3rOTOBNEHUS LieMeHTa ¢ obaBkamMu WnK Ans NPUroTos-
NEHNs LWITYKaTYpKU U Cyxux cmecel. Puc. 6 lNMokasaHa cxema
obopyaoBaHus Ans oboralleHns Menoum.

Puc. 5. NpuHumnuanbHas cxema Hydro-Clean

Mocrne MenbHULBI NOMONA ChbipbeBON MKW MENOYb N3BECT-
Hska yganseTcs cenapatopoM (yAaneHuwe TOHKUX Mbinesua-
HbIX YacTuy <0,09MMm 13 noToka MaTepuana) U HanpaenseTcs
Ha rpoxoTa TOHKOW Knaccudukauuu Ans — pasgeneHns Ha
hpakumm.

3epHa d < 2 MM MOryT ObITb UCMOMbL30BHBLI ANst AECYNby-
pu3auun ObIMOBbIX ra3oB, HanpuMep B BUAE CyXuX CMecew,
B06aBOK K LIEMEHTY.

1. Aufgabematerial
2. Waschrotor

3. Wasserdiisen

4. Waschkammer
5. Materialaustrag
6. Schmutzwasser

HAVER Fine-Line
1500x2500 2D C

0-100

W

Puc. 6. Cxema oGopyaoBaHus Ans o6oralieHns Menkoro 3epHa
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HAVER Fine-Line
1500x3750 2D C

071-12 05-071 0.1-05 \

0,75-0.15 0-0.75

AT




Puc. 7. 'poxoTa ToHkow knacudpmkauum ,,HAVER-FINE-LINE HD 1850 x 3750

lMpaKTyeckoe NpPUMEHEHWe MOKa3ano, YTO MpW WCMOMb3o-
BaHun HAVER-FINE-LINE rpoxotoB ( puc.7) u paccesa
MENKON  (ppaKkuuM W3BECTHSKA C  BbLICOKOW MPOMYCKHOM
CNOCOBHOCTbI0  JOCTUraeTCA XOpOWee KayecTBO  rpaHuy
pasfenexus Ans Npou3BOACTBa NMPOAYKTOB CyXMX CMECEN ( CM.
Puc.1, 1l).

OpHon 13 rmaBHbIX 3agay B gopore K « LiemeTHomy 3aBogy
Bypywero» sBnseTcs paspabotka ,[lpocenBanne knuHkepa
Ans pasgensHoro uamenbyenus‘(cm. Puc. 1, 1Il). OtnpasHoi
TOYKOW pa3mbllunieHuit Gbina npobnema 06pa3oBaHNst MENKOro
KNWHKepa 13-3a BbICTPOro OXNaXAEHNS packaneHHbIX KOHKpe-

1

£

un knuHkepa (1450 °C) nocrne Bbixoga W3 BpalLaloLLencst
TpybyaToil neuu W BbIMyCK B NOCNE4OBATENbHO MOAKITHO-
YEHHbI KOMOCHUKOBBIN XONOAWUMbHUK ( OXNaX4eHue npuM. go
100 0C) [8]. W3BecTHO ,4TO CKOPOCTL OXNAXAEHUS KIMHKEpa
BMMSIET Ha YCMOBWS KpUCTanmM3aumy u cTeknoobpasHomn dasbl
B KNMHKEpe W crnefoBaTenbHO MO3Xe BNIWSIET Ha rvapas-
NMYecKne CBOWCTBA LIEMEHTA K 3aCTbiBaHMIO. OXnaxaeHHbIR
KNWHKEP  MeperpyxaeTcs TPAHCMOPTEPOM B KMWHKEPHbIN
cknag. B npoueccee oxmaxgeHus M TPaHCMOPTUPOBKM
nomny4aeTcs [ONs Menkoro knuHkepa <5 mm go 30%.

O.0.C.
OOOOOO

Puc. 8: MpuHuMnManbHas cxema npocenBaHus KNUHKepa ¢ nocneayowWwmM pasaenbHbIM U3MeNbYeHUeM.
1 Neys / Kiln; 2 KnunkepHbiit xonogunbHuk!/ Clinker Coolerwy 3 Mpoxot / Screening Machinew 4 LLlaposas menbhuua / Ball Mill

5 BankoBo-Tapenbyaras MenbHuua / Vertical Mill

Ha npoTsxeHuM MHOTMX NET AN M3MENbYeHUs KNMHKepa
MPUMEHSINUCL XOPOLLO 3apeKoMeHoBaBlLMe cebsi LapoBble
MEbHULbI.

BbICOKYl0 BHEpreTU4eckylo MoTPeBHOCTb TakuX MENbHUL|

MOXHO 0Obinmo Obl  CHU3NTL Yepe3  KOMOWHWMPOBaHHOE
M3MeNbYeHNE C BaNKOBLIMM NPECCaMU BbICOKOTO JABNEHNS.
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TeM He MeHee COBpeMeHHasi TEHAEHUMs MAET K OaHOCTY-
MeHYaTOMy M3MErbYeHUo C  BEepPTUKambHbIMU-, TOPU3OH-
TanbHbIMWA MeNbHULAMU U BarkoBbIMi NPeccami BbICOKOMO
AaBneHus.

Mo CpaBHEHMO C LUIAPOBbIMA MENBbHULAMW  3KOHOMUS
notpebnexus aHeprum npum. 4o 40%.



3TV MenbHULbI NOAXOLSAT [1s1 U3rOTOBNIEHUS CTaHAAPTHOO
LieMeHTa.

CneupanbHble COpTa LEMEHTA C ONMTUMarnbHOM TrpaHyro-
MeTHeil MoNyYalTes , KaKk v NPeXae B LIapoBbIX MembHULAX.

Ha ocHoBaHWM 3TWX W APYruX PbIHOYHBIX CheLudUyecknx
MPUYMH MOXHO NPELNOoNOXUTb, YTO U B JanbHeiwem GyayT
MPUMEHSITECS B PABHOW Mepe LIApOBbIE — M BamKoBble
MENbHULbI AMs UBMENbYEHMS KITMHKEPA.

I'I03Tomy ncxoga U3 pacCMOTpeHuA 3HepFeTVI‘-IeCKOVI
OKOHOMUUKN UMEET CMbICN pasnnyHble (*)paKLUAM KNnHKepa
pas3genbHO n3MenbYath B MenbHULAX.

Kak nokasaHo Ha Puc.8, nydiie Bcero npoucxoguT Knaccu-
(PuKaumMa KnuMHKepa C KavyeCTBEHHOW IpaHULEN pasgeneHus

rpy6oii n ToHkon chpakumm Ha rpoxotax NIAGARA. (cm. Puc.
9).

UTo Kacaetcsi 3HEepreTMYeckux NPevMyLLEecTB, TO B 3TOM
cnyyae rpybas cpakuMs uM3MenbyaeTcs B BarkoBOM
MenbHULE, @ Menkas (opakLmMs B LLIAPOBON MENbHULIE.

B wurore atoro npouecca npou3OALET  MOBbILIEHME
cneundnyeckon NPOMYCKHOA CMOCOBHOCTM npu  OAHOBpeE-
MEHHOM  YNyYLIEHUM SHEpreTMyeckon dPEeKTUBHOCTM B
npoLiecce U3MenbYeHNs.

lMpUMeHeHVeM pasfenbHOTO M3MENbYEHUSt MOXHO AOCTUr-
HYTb 3KOHOMWM 3Heprumn 4o 10%.

[anbHellume npenmyulecTBa 3TO CMOKOWHas pabota w
HWU3KWIA M3HOC Ha BasIKOBO-TapesibYaTon MenbHULE.

Puc. 9: HAVER NIAGARA rpoxot knuHkepa MD 2000x6000 — 2 leku

Hosble MHOBALMOHHbIE  peLUeHNa  OTKPbIBAKT
MOXHOCTb W MO3BONSKOT LieMEHTHOMY 3aBody rnbko pearu-
poBaTb Ha byayliee M3MEHEHUs Cnpoca Ha PbiHKE CTaHAAPT-
HOro-, cneuumansHoro-, ¢ pobaBkamn U ApYrMX COPTOB
LUeMeHTa, a Takke Cyxux cmeceit. B sakmioyeHue cnepyet
poGaBuTb, YTO CUMbHAsi CBS3b MEXOY LEMEHTHbIMA W
OETOHHbIMK 3aBOAAMM B3auMOBbLIroAHa (cM. Puc. 1, [n V).

Opranusaums npoussogcTea OeToHa u nepepaboTka Ha
npunerawLlei  TepputopuM  LEEMEHTHOTO 3aBoda  MOXET
CYLLECTBEHHO CHWU3UTb CKINALCKMe 1 TPAHCMOPTHbIE 3aTpaThl, a
6nm30CTb Ha MECTHOCTM LEMEHTHOTO 3aBOfa No3BonuIo Obl 3a
CYyeT MHOroobpasusi MPOAYKTOB 3HAYMTENBHO  YBENNYMTH
pervoHarnbHbIi CobIT.

BO3-

Literatur

[1] ZKG-Handbuch Zementanlagenbau 2013/2014 - Leitfaden
fur Einsteiger in die Zementindustrie. Bauverlag BV GmbH,
Giitersloh, 2013.

[2] Verfahrenstechnik  der
Tatigkeitsbericht 2005 — 2007.

Zementherstellung.  VDZ-

136

[3] Zementrohstoffe in Deutschland - Geologie, Massenbilanz,
Fallbeispiele. Bundesverband der Deutschen
Zementindustrie e.V.; Verein Deutscher Zementwer -ke
e.V. — Disseldorf: Verlag Bau + Technik, 2002

[4] Vorbrechanlage und Wasserbausteinaufbereitung
Sauerland. AT Mineral Processing 05/2015, S. 20-21.

[5] Jung, O.; Kraft, B.. Hochleistungssichter fiir MPS-
Walzenschusselmuhlen. Sonderdruck aus 58. Volume
(2005), Nr. 6, S. 55-60.

[6] Kotowski, C.; Schnabel, U.; Reichardt, Y.: Gleichzeitige
Herstellung von Kalksteinmehl und Kérnungen minus 1,2
mm mit einer MPS-Walzenschisselmihle. ZKG
INTERNATIONAL, Nr. 6/2003 (Volume 56), S.73-75.

[7] Plank, J.: Einsatz einer Hochdruckwasche im Werk
Peggau der Wietersdorfer & Peggauer Zementwerke
GmbH (firmeninternes Material).

[8] Technische Unterlagen der HAVER NIAGARA GmbH,
Munster.

im

Cratusitae npenopbyaHa 3a I'IyﬁJ'IVIKyBaHe oT Pe,D,aKLlVIOHeH CbBeT.



FOANLHWK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. UBAH PUNCK", Tom 59, Cs. II, [Jobus n npepaboTka Ha M1HepanHu cyposuHm, 2016
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI”, Vol. 59, Part Il, Mining and Mineral processing, 2016

ADSORPTION/DESORPTION OF ARSENATE ON/FROM GOETHITE AND HEMATITE

Ivelina Zheleva, Plamen Georgiev, Stoyan Groudev

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

ABSTRACT. Arsenic migrates in environment as anions and for that reason its mobility is not strong dependent on pH and redox conditions in the ecosystems. The
main aim of this aricle was to study adsorption/ desorption processes of arsenates on the surface of crystalline ferric iron oxides (goethite and hematite) as the main
mechanism to decrease the exposure of aquatic organisms to that pollutant. Adsorption and desorption isotherms as well as the relevant kinetic rate constants,
determined by pseudo- first and pseudo-second order equation rate, were the main parameters for the adsorbents evaluation. The results shown that point of zero
charge (PZC) of the relevant type iron oxide and the pH of treated waters were the key factors governing arsenate adsorption.

Keywords: aresenate, goethite, hematite, adsorption, point of zero charge (PZC), kinetic

ALCOPELUAILECOPELUA HA APCEHATHU WOHU BBLPXY/OT FTbOTUT U XEMATUT
UeenuHa Xeneea, MnameH Meopaues, CmosiH pydee
Munro-2eonoxku yHusepcumem ,,Ce.MsaH Puncku”, Cogpusi 1700, ps_georgiev@mgu.bg

PE3IOME. ApceHbT Murpupa B OKOMHaTa cpefa Nof (hopmara Ha aHWOHM W Mopayv Ta3u MpUYMHA HeroBaTa MOBWUNHOCT He e CUNHO 3aBucuma oT pH
PEeayKLUMOHHUTE YCTIOBMS Ha exocucTeMuTe. [MaBHaTa Uen Ha craTusTa Ge ga uacnedsa apcopbumstal ecopbuusTa Ha apceHaTHW HOHM BbpXy MOBBPXHOCTTA Ha
KPMCTaTMHHM JKEeMNe3HN OKUACK (TbOTUT M XeMaTuT), KaTo OCHOBEH MEXaHW3bM 3a HamansBaHe eKCrioaVLMATa Ha BOAHU OpraHuaMin KbM To3u 3aMmbpeuTes. OCHOBHIUTE
napameTpy 3a OLieHka Ha [BaTa aacopbeHTa Gsixa CbOTBETHUTE afcOPOLIMOHHM U AECOPOLIMOHHM U30TEPMM, KAKTO U CKOPOCTHUTE KOHCTaHTM, ONpeaeneHn ypes
CbOTBETHUTE YpaBHEHUS OTNCEBO-MbPBU W MCEBRO-BTOpU ped. PesynTaTuTe mokasaxa 4Ye TouKaTa Ha HyNeB 3apsii Ha CLOTBETHWS XeneseH okuc W pH Ha
3aMbpCeHUTE Boau Bsixa KoYoBUTe (hakTopw, ynpaBnsBaLLyM agcopbuusTa Ha apceHa.

Introduction Iron is the most common metal on Earth and it is presented

Mining and mineral processing industries as well as by huge variety of minerals in dependence on the local
application of As-containing compounds as biocides in environmental conditions. For that reason, these minerals
agriculture and chemicals against materials corrosion are the ~ Played a key role in the transformation of the inorganic and
main sources of pollution with arsenic of environment. Arsenic organic pollutants in the contaminated ecosystem and by that
in dependence on the local conditions (pH and Eh) is way they determined indirectly the exposure of organism to the
presented as arsenite and arsenate in soluble form and relevant compound presented in biotope.
because of their net negative charge arsenic is highly mobile. Taking in consideration the relevant kinetic and sorption data
Because of the chemical similarity between arsenate and about arsenate removal from waters with slightly acidic to
phosphate, the organisms in an exposure adsorb and slightly alkaline pH by some crystalline ferric iron (hydro)oxides
accumulate it easily. In that case, different kind of toxic  (gqethite and hematite) and how effectively the pollutant
symptoms are evolved which strength is determined by the elluted and desorbed from thei surface were the main aim of
exposure duration as well as the pollutant concentration this article.

(Sharma and Sohn, 2009).

A lot of mechanisms and different kind of active and passive )
systems being used into the practice for treatment of arsenic Materials and methods
contaminated waters. At acidic pH, beside of arsenic, some

heavy metals, toxic elements, iron, aluminium, etc., are also Goethite (y-FeOOH) and hematite (a-Fe20s3) as wide-spread
presented in wastewater and their treatment is based usually crystalline ferric iron oxides in environment were used as
on the waters neutralization combined with oxidative or sorbents of arsenate in this study. Goethite was formed as a
reductive processes (Vogel and Johnson, 1998; Altun, M. et result of bacterial oxidation of ferrous iron at acidic pH by
al., 2014). However, the operation costs are higher and higher means  of  mesophilic  chemolithotrophic ~ bacteria
residence time is usually needed to be applied. In waters with (Acidithiobacillus - ferrooxidans, Leptospirillum ferrooxidans).
slightly acidic or alkaline pH, arsenic is the only pollutants and Hematite formed by means of heating of preliminary acidified
in that case water treatment relied usually on sorption solution of Fe(NQs)s for 7 days till the the bright, red precipitate
processes on suitable sorbents (Mohan and Pittman, 2007). formation. It was separated by centrifugation, washed several

times and dried to constant weight (Penners & Koopal, 1986).
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The chemical content and main properties of both iron oxides
are presented in Table 1. The active and exchangeable acidity
of both minerals were determined in destilled water and 1M
KCI, respectively, at 1:2.5 ratio solid and aqueous phase
(APHA, 1995). The point of zero charge (PZC) was determined
by potentiometric titration of a seria of suspensions of the
relevant type iron oxide in 0.01 - 1.0 M KCI with standard
solutions of HCI or NaOH (Marcano-Martinez and McBride,
1989).

A spring waters with slightly alkaline pH was used as a
model solution in this study (Table 2). Aliquots of that water
were spiked preliminary with arsenate stock solution (1 000
mg/ L arsenic as K2HAsO4) to its final concentration within the
range of 750 - 800 pg/ L. Diluted solution of sulfuric acid was
used to correct pH within the range of neutral to slightly acidic
value.

Batch tests for arsenate sorption on the crystalline ferric iron
(hydro)oxides were carried out in polypropylene beakers (500
ml) at very low pulp density (0.5-1.0 %). Overhead stirrer
FALCAT-M equipped with a tephlone propeler was used for the
suspension stirring at 220 rpm. The temperature during the test
was constant (20 °C) and it was maintained by means of a
JULABO water bath. Water samples were taken at equal
intervals by means of plastic syringes equipped with a
micropore filter (0,45 pm). The transperant solutions were
stored in a refrigerator (at temperature below 4 °C) till arsenic
determination. Arsenic concentration was measured by means
of spectrofotometer MERCK SQ22 at 820 nm and 20 mm
cuvette (Johnson and Pilson, 1971). Each sorption experiment
was carried out triple. pH measurement were carried out by
WTW pH-meter equipped with combined pH-glass electrode.

Ferric iron oxides was separated from solutions by means of
centrifugation (15 000 rpm, 10 minutes) at the end of relevant
sorption experiment. The adsorbent was washed with destilled
waters and then dried to the constant weight. Already dried iron
oxides were mixed having in mind pH at which the relevant
sorption experiment have been carried out. By that way, the
sufficient amount of the relevant type iron oxide were collected
to carry out the desorption experiments. These experiments
were realized at the same conditions at which the experiments
for arsenate sorption were carried out. 0.1 M HCl and 0.1 M
NaOH were the desorption solutions used in the study.

The percentage of arsenate sorption/ desorption (D) was
calculated by means of the equation:

D, % = (Co - Ce/ Ca)x100, (1)

where

Co and Ce are equilibrium concentration of arsenate in solution
at the start and at the end of sorption experiment (in mg/L), or
equilibrium concentration of arsenate on ferric iron oxide at the
start and at the end of desorption experiment (in mg/ g),
respectively.

The kinetics of arsenate sorption/ desorption on/ from
crystalline ferric iron oxides was evaluated by means of
pseudo-first and pseudo-second order rate equations
(Lagergren, 1898; Ho et al., 2000).
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Table 1.
Data about the chemical content and the main properties of
goethite and hematite used for arsenate sorption experiments

Index y-Goethite a-Hematite
Fe, % 98.3 99.6
Al, % 15 0.01
Cu, % 0.010 <0.005
Zn, % 0.008 <0.005
pH (H20) 4.55 4.56
Free acidity, mmol/ L 15.6 21.2
pH (KCI) 4.76 6.52
Total acidity, mmol/ L 54.2 5.8
Point of zero charge (PZC) 5.35 7.75

Table 2.
Data about the spring water used as background solutions for
arsenate sorption on crystalline iron oxides

Concentration, mg/ L Value
Na 45.7
K 1.7
Ca 54
Mg 0.3
F 45
Cl 6.4
S04 24.5
COs3 15
HCOs; 67.2
HSIiO3 0.9
H.SiO3 47.9
Properties
oH 8.88
DS, mg/ L 219.3
As,pg/L pH
1000 9
800 A\ -8
W\ ¥
600
\ \\._. -6
400 ] \ - ) - 1
200 \ L4
0 T T T IS 3
0 2 4 6 8
Time, hours
=== As at pH 8.66 eimn \s at pH 4.74
e=ll==pH, slightly alkaline water ®==pH, slightly acidic water

Fig.1. Arsenate sorption on goethite from waters with slightly alkaline
and slightly acidic pH

A Langmuir equation was employed to analyze the arsenate
sorption/ desorption in dependence on the background
solution:

De/qe = 1/KdDm + De/Dm, (2)

where



As, pg/L pH
1000 9
800 :;'*._. -8
cob

600 \ = -
-6

400 A

\A\ -5

A
200 T,
0 . . . . 3

0 2 4 6 3

it As at pH 8.66 Time, hours

e=jll==H, slightly alkaline water

eiwms A\s 3t pH 4.74
pH, slightly acidic water

Fig.2. Arsenate sorption on hematite from waters with slightly alkaline
and slightly acidic pH

De— amount of asenate sorbed (desorbed) on (from) ferric iron
oxide, mmol/L; Dm — maximum content of arsenate that could
be sorbed (desorbed) at the relevant experimental conditions,
mmol/ kg ferric iron oxide; ge — content of sorbed (desorbed)
arsenate, mmol/kg ferric iron oxide; K¢ — sorption (desorption)
constant, L /kg.

A Lineweaver-Burk regression method was applied to
calculate Dm and Kd.

Results and discussion

Hematite and goethite were characterized by higher content
of iron (above 97 %) as some non-ferrous metals as zinc and
copper as well as aluminium as impurities were detected in the
goethite (Table 1). The pH values of both minerals in destilled
water were slightly acidic. The exchangeable acidity of goethite
was almost ten times higher than the acidity determined for
hematite. Point of zero charge (PZC) was 5.35 and 7.75 for
goethite and hematite, respectively.

Arsenate sorption on hematite and goethite was studied at a
broad spectrum of pH of one and the same model solution.
The final results revealed that at all studied pH range arsenic
sorbed on goethite quite faster and effectively than sorption on
hematite (Figure 1, 2). For example, the arsenic concentration
at the end of experiment with goethite with slightly alkaline
water (pH 8.66) was 62 pg/ L, while in experiment with
hematite it was 711 pg/ L. At the end of the experiment with
slightly acidic water (pH 4.74), the residual concentration of
arsenic was 18 and 193 pg/ L when goethite and hematite was
used as sorbent, respectively. For both sorbents, lowering of
model solution pH determined the better sorption of arsenic on
the surface of iron minerals. However, the percentage of
arsenic removal was in the range of 91.7-97.6 in all
experiments with goethite, while the values about the pollutant
removal by hematite were in the range of 5.2-74.3. It could be
explained by the surface proprties of both minerals and the
point of zero charge chiefly. Its value for goethite was 5.35
(Table 1) and when the surround soultion was with lower pH a
surface positive charge emerged on the minerals surface
which greatly enhanced the arsenate attraction and sorption on
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Table 3.

Constants and correlation coefficient of Langmuir isotherm of
arsenate sorption on goethite in dependence on the model
solutions pH

pH of model Isotherm parameters

solution q max, Mg/ g Kd,L/g R2
8.66 313.6 11.09 0.9962
7.33 325.2 12.64 0.9893
6.33 377.6 16.44 0.9922
4.74 402.3 40.67 0.9827
Table 4.

Constants and correlation coefficient of Langmuir isotherm of
arsenate sorption on hematite in dependence on the model
solutions pH

pH of model Isotherm parameters
solution q max, M9/ g Kd,L/g R?
8.66 7.04 0.055 0.9758
7.33 13.18 0.89 0.9896
6.33 614 1.37 0.9795
4.74 64.4 2.89 0.9909

the relevant mineral surface. For that reason, the highest
percentage of arsenic sorption was determined when the
model solution was with slightly acidic pH (4.74). However,
arsenic removal by goethite was quite efficient process even in
the experiments with neutral and slightly alkaline waters. At
such conditions, the goethite surface charge was negative and
theoretically arsenic sorption have to be retarded significantly
due to the repulsion between the same charged surfaces.
However, considerable reduction of arsenic sorption wasn't
noticed. The reason was the higher surface area and higher
exchangeable acidity of goethite which enabled significant part
of water alkalinity to be consumed and pH to be buffered within
the range of 4.87-5.74 in all experiments (Figure 1). For
example, the surface are of goethite varied in the range of 45 -
54 m?/ g (Grossl, and Sparks.1995; Manning et al.,
1998).These processes weren't manifested so significantly
during the sorption experiments with hematite because of its
lower surface area and exchangeable acidity. Its surface area
is in the range of 4.9-6.0 m% g (Ramos-Tejada et al.,
2003.).For that reason, pH in experiments with slightly alkaline
and neutral waters changed insignificantly and the efficiency of
arsenate sorption depended on the hematite's PZC (Figure 2).

All data from sorption experiments were modeled by
Langmuir equation which is still one of more oftenly used into
the practice. The relevant constants and correlation coefficients
for arsenate sorption on goethite and hematite which had been
determined by Langmuir isotherms, are presented in Table 3
and Table 4, respectively. Their values confirmed preliminary
results about arsenate sorption on both sorbents. For example,
the maximum sorption capacity (q max) of goethite towards the
pollutant steeply increased from 313.6 to 402.3 g/ g with the
lowering pH from 8.66 to 4.74 (Table ). At the same time, the
distribution coefficient (Kd) increased almost fourfold to
maximum value of 40.67 L/ g. R-squared value of the
isotherms were with an acceptable significance (0.98-0.99).
The relevant constants describing arsenic sorption on hematite
were considerably lower. For example, the highest value of Kd
(at pH 4.74) was 14.1 times lower than the value determined at
the same conditions with goethite. It revealed also that despite



Table 5.

Kinetic of arsenate sorption on goethite in dependence on the
pH of model solutions evaluated by means of pseudo-first
order and pseudo-second order rate equations

pH Equation parameters

Pseudo-first-order Pseudo-second-order

equation equation
ki, min | ge, U9 /g | ko, g.pg'.min! | Qe, pg.g!

8.66 |5.08.103| 346.1 0.936 3731
7.33 |5.17.103| 349.8 0.0898 376.6
6.33 |7.50.103| 353.0 0.0842 378.4
474 | 2.0410°| 376.9 0.0809 404.8
Table 6.

Kinetic of arsenate sorption on hematite in dependence on the
pH of model solutions evaluated by means of pseudo-first
order and pseudo-second order rate equations

pH Equation parameters
Pseudo-first-order Pseudo-second-order
equation equation
ki, min' | ge, Mg /g | ko, g.ug"min' | Qe, pg.g!
8.66 |5.06.103 6.49 16.23 7.14
7.33 | 4.73103| 11.73 12.60 12.60
6.33 |6.60.103| 49.55 0.751 52.6
474 | 4.95.103 | 126.37 0.321 133.3
As, g/ L
1400
1200
1000
800
600
400
200
0 T T T 1
1,3 3 4,5 6
time, h
=== goethite, 0.1 N HCI === goethite, 0.1 N NaOH
e hematite, 0.1 N HCI e=@== hematite, 0.1 N NaOH

Fig.3. Arsenate desorption from hematite and goethite in dependence on
the desorption solution

of conditions favouring the arsenate sorption, the process have
been retarded significantly and for that reason qmax barely
reached 64.4 g/ g.

Data from batch tests was evaluated by means of pseudo-first
and pseudo-second order equations rates. It allowed not just to
determine the rate constants for the relevant experimental
conditions but also to reveal mechanisms which have been
involved in sorption of arsenate on goethite and hematite. The
arsenate sorption on goethite as well as the sorption on
hematite at pH 4.74 revealed that two separate phases, fast
and slow phase, have been manifested. The fast phase carried
out during the first two hours from the begining of the
experiment when significant part of arsenate (62-96 %) from
the model solution removed. It was determined by the higher
number of surface-situated reactive groups with higher free
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energy which sorbed arsenate with higher rate. For example,
the rate constants (k1 (min'') and k2 (g.Jug".min"")) of arsenate
sorption on goethite and hematite at pH 4.74 were 0.0308 and
0.295, and 7.97.10- and 0.614, respectively. The slow phase
carried out during the rest of batch test and the arsenate
sorbed with significant lower rate. The freely accessable
reactive groups on the sorbent surface had been saturated
during the first phase and it was the main reason for the
second phase occurence. During that phase, the process
carried out by the reactive groups which weren't exposed on
the mineral’s surface and for that reason a longer period of
time was needed for sorption on them (Smith, 1999). The
average values of the rate constants of pseudo-first and
pseudo-second order equation rates of the arsenate sorption
on geothite and hematite are shown in Table 4 and Table 5,
respectively. These values are significantly lower in
comparison to the relevant values determined for the fast
phase of process. These results are with significant importance
for the practice. They revealed that if the arsenate removal
from polluted waters is carried out continuosly by means a filter
filled with iron hydroxides with higher surface area, the rate of
sorption process will be very high and the residual pollutant
concentration could be maintained below the revant
permissible levels.

By means of the relevant rate equations, arsenate
equilibrium concentration (ge) on the relevant sorbent was
determined. Its value for all experiments were higher when
pseudo-second order equation rate was applied in comparison
to the value determined by the pseudo-first equation rate.
When the model solution pH was 4.74 equilibrium
concentration of arsenate (ge) on both sorbents reached its
maximum values (Tables 4 and 5). R-squared values
calculated from the relevant experimental data revealed that
kinetic of arsenate sorption on hematite and goethite was
described considerably better by pseudo-first order equation
rate than the pseudo-second order equation. It mean that
arsenate removal by means of goethite and hematite was
connected probably with formation of the pollutant monolayer
on surface of relevant sorbent (Mok and Wai, 1994.).

In dependence of the compounds being sorbed and
conditions at which the sorption process nave been carried out,
each sorbent has maximum sorption capacity. When this
sorption capacity is reached, a regeneration of sorption’s
surface is needed to be applied. It is achieved usually by
dilluted solutions of acids or bases and the main mechansims
of the compound desorption are acidolysis and anion exchnge,
respectively. In this study, arsenate desorption from goethite
and hematite were realized by means of 0.1N HCI and 0.1 N
NaOH. These experiments were realized with goethite and
hematite on which surface arsenate had been sorbed at slighly
acidic pH 4.8-5.0. The initial content of arsenate was 714 ug/ g
and 448 g/ g for goethite and arsenate, respectively. Total
duration of desorption experiment was 6 hours and when the
process was realized at acidic pH, 91.5 % and 48.1 % of
arsenate from goethite and hematite, respectively, had
desorbed. At alkaline conditions, 81.5 % and 514 % of
arsenate had desorbed from the same sorbents (Figure 3).

The arsenate desorption from goethite and hematite carried
out by two separate phases too. The fast phase lasted the first
ninety minutes from the experiment beginning and between 38-
69 % of arsenate had been desorbed from the



Table 6.

Kinetic of arsenate desorption from goethite and hematite in
dependence on the desorption solution evaluated by means of
pseudo-first order and pseudo-second order rate equations

Index Equation parameters
Pseudo-first-order Pseudo-second-order
equation equation
k1, min-t | e, Mg.L" | K2, g.ug".min | Qe, pg.L"
Goethite
0.1 N HCl 0.0074 196.2 0.3855 208.3
0.1NNaOH | 0.0075 173.4 0.4096 188.68
Hematite
0.1 N HCI 0.0079 134.5 0.2651 144.9
0.1NNaOH | 0.0069 164.2 0.1687 176.9

relevant sorbent surface. In that case, the percentage of
pollutant desorption from hematite was higher than the value
determined for goethite. The R-squarred values of the kinetic
data revealed that arsenate desorption from both sorbents was
described better by pseudo-first order rate equation (R2 = 0.97-
0.99) than pseudo-second ones (R? = 0.86-0.93). Arsenate
desorption from goethite at acidic pH carried out with higher
rate during the fast phase of the process. However, the
process rate decreased during the second phase, while the
rate of the pollutant desorption at alkaline pH increased during
this period. For that reason, the average values of rate
constant determined by pseudo-first equation rate were almost
equal. However, arsenate equilibrium concentration (ge) in both
desorption solutions weren't equal as higher was the content in
the solution with acidic pH. Arsenate desorption from hematite
carried out with higher rate at alkaline pH during the both
phases than the desorption rate determined at acidic pH.

Results from this study revealed that process of arsenate
sorption/ desorption carried out with higher rates and intensity
on/ from goethite surface in comparison to those determined
for hematite. For that reason, goethite will be tested for
arsenate removal from model solution by means of column
experiments in future.

Conclusions

1.The results of batch tests revealed that arsenate sorption on
goethite was significantly more efficient process than in the
presence of hematite. The chemisorption was the main
mechanism involved during the pollutnat removal on the
surface of both minerals.

2.Because of the higher surface area and PZC (5.35), goethite
adsorbed arsenate very efficiently from model solution at
acidic as well as slightly alkaline pH. These properties
determined goethite as a suitable sorbent for arsenate
containing in waters where it is the only pollutant.

3.Arsenate desorption from goethite carried out with higher
rate at acidic pH as the sorbent's surface was restored
almost completely.
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MODELING OF THE ATMOSPHERIC DISPERSION OF FINE PARTICLE MATTERS (PM1o)
RELEASED DURING THE OPERATION OF TPP “MARITZA EAST-2", BULGARIA

Plamen Georgiev, Borislav Penchev
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ABSTRACT. The main aim of this article were modeling of PM+o dispersion in the atmosphere released during the operation of TPP “Maritza East- 2" and at what
distance their concentration in the ground atmospher could be higher than the relevant Maximum Admissible Concentration (MAC). The model was based on the
following assumptions: the lignite consumption and the pollutant's emission rate to the atmosphere were constant, the atmosphere conditions (temperature, direction
and wind speed, efc.,) were also constant on hourly base, and the wind speed was higher than 0.9 m/s. Having in mind the lignite's ash content and the efficiency of
electroprecipitators operation, 2.45 g PM+ /m3s was calculated as the emission rate of the power plant to the atmosphere. PM1o dispersion was modeled in
dependence on the atmospheric stability categories which determined the effective plume-rise height (he) in the atmosphere at the relevant climatic conditions and the
specific values of pollutant dispersion coefficients (ay, az). The wind rose for a period July 2015 — January 2016 determined that the plume released in the atmosphere
will be transported in north .direction to Nova Zagora town by means of south wind with prevailing wind speed up to 5 m/s. However, the model determined that the
ground concentration of PM1o would be higher than MAC during the night and at a distance of 6.25 km from TPP “Maritza East - 2 if the hour lignite consumption was
higher than 2250 tone coals/ h as well as the ground wind speed was lower than 5 and 10 m/s for atmospheric stability classes E and D, respectively.

Keywords: particle matters (PM10), modeling, TPP, atmosphere stability categories

MOOENUPAHE OUCNEPCUATA HA ®UHHU MPAXOBU YACTULW (PM1o) B ATMOC®EPATA, OTOENEHU NPU PABOTATA
HA TEU ,MAPULIA U3TOK-2"

lnamen eopaues, bopucnas lMeHyes

MurHo-eeonoxku yHusepcumem ,,Ce.UsaH Puncku”, Cogpusi 1700, ps_georgiev@mgu.bg

PE3IOME. OcHoBHaTa Lien Ha cTatusTa Be mopenupaHe Aucriepcusita Ha uHHW npaxosn yacTuum (PM1o) B aTmMocdepata, otaenenu npu pabotata Ha TEL|
,Mapuua W13Tok-2" n onpepensHe pa3cToOsHUETO, NPU KOETO TAXHATa KOHLEHTpauus 6u 6una no-ronsma ot cvotBeTHUTe MNK. MogensT ce basupatue Ha cregHuTe
BOMyCKaHs: KOHCYMaLMATa Ha BBITIWLLA W CKOPOCTTA Ha OTAENsHe Ha 3aMbpcuTens B aTMocdepaTa 6e nocTosiHKa, aTMoCcepHUTe YCroBus (Temnepatypa, nocoka
11 CKOPOCT Ha BATbpa ) Ca MOCTOSHHW Ha YacoBa 0asa, CKOPOCTTa Ha BATHPA He e no-Hucka ot 0.9 m/s. CkopoCTTa Ha eMUCUsATa Ha (MHHW NPaxoBK YacTALM B
atmMocepata (2.45 g PMyp /m3s) Belle onpepeneHa OT CpPegHOTO NEMENHO CbAbpXKaHWE Ha NUMHUTHUTE BBIMMLLA W e(EKTMBHOCTTa Ha MPeYnCTBaHE Ha
enektpodunTpuTe. [lucnepcusta Ha Tean Yactuuy bele MofenMpara B 3aBMCUMOCT OT KNacoBeTe CTabunHOCT Ha aTMocdeparta, KouTo onpeaensixa edekTnBHaTa
BICOYMHA Ha M3aWraHe Ha rasoBus noTok (he) B aTMOCepaTta npy CbOTBETHUTE KIMMATUYHI YCIIOBUS U CbOTBETHUTE CTONHOCTW Ha AMCEPCUOHHINTE KOB(ULIMEHTM
(0y, 07). Po3ata Ha BsiTbpa 3a nepvoga Honu 2015 — Axyapu 2016 onpeaenuxa, Ye rasoBUST NOTOK, OTAENEH B aTMocdepaTa Lye ce TpaHCnopTipa B CeBepHa
nocoka kM rpag Hosa 3aropa, ¢ npeobnagagatya CkopocT Ha BATbpa A0 5 m/s. Bunpekn ToBa, MOAENBT onpefeny Ye Npu3eMHaTa KOHLUEHTpaUUs Ha UHHM
npaxosu yactuuy (PMio) 61 6una no-ronsama ot MK npe3 HowTa n Ha pasctosHue 6.25 km ot TEL| ,Mapuua A3Tok-2", ako pa3xofbT Ha MUTHUTHM BBIMNLLA € Mo-
ronsim ot 2250 ToHa BbINMLLA/ Yac, KaKTo W MpU3EMHaTa CKOPOCT Ha BATbpa e no-Hucka oT 5 and 10 m/s 3a aTmocdepHm knacose E u D, cboTBETHO.

Introduction
TPP *Maritza East 2” is the largest thermal power plant in

Coals are widely distributed on the Earth and for long period Bulgaria with total install capacity of 1620 MW. The power

of time they have been a Cheap source of energy which plant is a part of Maritza East Complex which Operates on the
allowed the Industrial society to emerge and develop rapidly for local lignite coal mined by Maritza East mine. TPP “Maritza
a relatively short period of time. The coal burning is connected East 2" produces about 21 % of total electricity generated in
with taking of significant amount of carbon, nitrogen, sulfur, and Bulgaria as its portion in comparison to all thermal plant reach
heavy metals and toxic elements from their respective about 40 % (South-East European Industrial Market. 2010).
depository reservoirs and the relevant reactive gases and fine The coal lignites utilized by the power plant characterized with
particles are the waste products released in the atmosphere. low caloric value and higher content of sulfur and ashes. For
Strong absorptive and/ or acidifying properties of the emitted that reason, TPP “Maritza East 2" is among the top ten largest
gases as well as the toxicity of fine particle matters determine industrial enterprices in Europe releasing higher amount of
the detrimental effect of the coal utilization on the Earth contaminants in atmosphere. In order to meet the national and
ecosystems at g|0ba|, regionaL and local scale. The regiona| international regUlationS Conceming the concentration of the
effect is triggered when by means of dry or wet deposition the main contaminants (ordinance N910, 2003), a lot of funds have
relevant pollutants are transported from atmosphere to the been invested during the last ten years in sulfur removal
earth ecosystems in doses higher than the critical limit which installation and improvement in the way of operation of
the relevant ecosystems could sustain. electroprecipitators for the flue gases treatment.
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Table 1. Table 3.

Main properties of the coals burnt at TPP “Maritza East 2” Atmospheric stability categories according Pasquill
Index Value Wind Daytime Nighttime
Carbon, % 20.0 speed at —

: I t .01 kW/ m2

Hydrogem, % 215 ground ng rad|3a0|_%g Q (’1(3_ ;)9 /1"1‘ 4)

Nitogen, % 0.3 levels,

Sulfur, % 25 m/s

Oxygen, % 7.3 <20 A A-B B D F

Ash content, % 35.0 2-2.9 A-B B C D E

Heat value, MJ/ kg 6.5 3-3.9 B B-C C D D

Total consumption 4-5.9 C C-D D D D

(average), t/'y 11000 000 >6.0 C D D D D
Table 2. Table 4.

Main properties of flue gases generated during the burning of

coal at TPP “Maritza East 2”

Index Value
Outlet flue gases temperature, °C 65

Specific gravity of flue gases, g/cm3 1.007
Outlet flue gas volume, m¥ s 893.3
Outlet flue gas, kg/ s 876,4
Emission of PM1q, kg/s 1.9747
Rate of PM1o emission generation,g/m3ys 2.445

The main aim of this article were modeling of PMio
dispersion in the atmosphere released during the operation of
TPP “Maritza East- 2” and at what distance their concentration
in the ground atmospher could be higher than the relevant
Maximum Admissible Concentration (MAC).

Materials and methods

The data about the atmospheric pressure, the direction and
wind's speed, temperature, and rate of precipitation in the area
of of Radetski village, District of Stara Zagora was collected on
hourly base from the bulletins of National Institute of
Metereology and Hydrology at BAS within the period July
December 2015. On month base, the data was averaged and
the mean temperature, the prevailed wind direction, and the
wind speed for both halves of the day were determined.

The PM1o emission generated during the burning of coal in
TPP “Maritza East 2" was calculated by means of CorinAir
methodology (EAE, 2007). Eleven million tons of coals were
accepted as the total amount of coals burnt at the power plant
per year. The operating hours were averaged to 5300 hours
per year. The data about the utilized coals are presented in
Table 1.

The main properties of the generated flue gases and the
emission rate of PM1o from TPP “Maritza-East 2” are presented
in Table 2. Emission rate of fine particle matters to atmosphere
was calculated having in mind the total amount of burnt coals
per hour, their ash content and 97.5 percentage efficiency of
the electroprecipitators operation being used at the power plant
for treatment of flue gases.
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Atmospheric conditions at TPP “Maritza East 2” during the day
for the period of observation

Index Month/ Wind speed (m/s)
July - October November -
September December
02 | 25 [ 02 | 25 [ 02 ] 25
Southeast direction
t,°C 14-30 | 127 - - - -
Stabiity | AB/ | ] ] ] ]
class B-C
Southwest direction
t,°C - - 9-18 315 | 315 | 1823
Stability ~ | aps| Bc |AB/ | AB
class C C
West direction
t,°C 25-31 | 5-13 - - - -
Stability AB/B | BIC i i i i
class
Norththwest direction
t,°C 2030 | 1318 | 1318 | 1820 | 916 | 8-19
Stbiity | p | B | aB |ABB| NB|BIC
class

PM1o 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 PM1o to atmosphere was constant;

2.The temperature of atmosphere, the wind speed and
direction were unchangeable at the relevant climatic
conditions;

3.The pollutant dispersion carried out in horizontal direction
mainly;

4 PM1o 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.

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 135
m height was adjusted by the wind power law (Peterson &
Hennessey, 1978).



Results and discussion

TPP “Maritza-East 2” is situated at altitude of 120 m almost in
the middle of Thracian valley. For that reson, a lot of towns and
villages are situated around the station at a distance within the
range of 30 km to the plant. In north direction at a distance of
10.5 km and 24.1 km by air are situated Mlekarevo village and
Nova Zagora town, which population are 700 and 24 00
people, respectively. In west direction at a distance of 14 km is
situated Radnevo town with population of 13 000 people.
Galabovo town is situated at about 24 km from TPP “Maritza-
East 2" and it has 8 600 inhabitants. General Toshevo village
and Topolovgrad town are situated at a distance of about 14
and 24 km in south/ southeast directions and their population
are 400 and 5500 people, respectively (National Statistical

Institute. Main Towns Census 2011, 2013).

The studied period, July — December 2015, covered the
second part of the year, when TPP “Maritza East 2" worked
continuously at a relatively constant coal consumption because
of the higher demand of energy (Annual Individual
Management Report, 2014). The southeast, west and
northwest directions of wind dominated during the day (08-18
h) for the summer months (July-September) as the dominating
wind speed was in the range of 2-5 m/s (Figure 1). For the rest
part of observed period, the dominating wind ditections were
south, southwest, and northwest as the typical wind speed was
in the range of 2-5 m/s too. Winds with speed higher than 5
m/s were non-typical for the area (with a frequency in the
range of 0.8-5.3 %, Table 4). The atmosphere’s temperature
was higher during the July and August and the lowest value
measured during December. For example, the usual
atmosphere temperature during the summer was in the range
of 26.3-31.3 °C. In all cases, the west and southwest winds
determined the atmosphere temperature with 2.5-3.2 °C higher
than temperature measured when the southeast wind
dominated. The same tendency was observed during the
autumn as the northwest and southwest winds determined the
warmer atmosphere in comparison to the temperature
measured when south wind dominated. For example, the
difference reached almost 4 °C during December.

The incoming solar radiation steadily decreased and the
dominance of classes of atmosphere stability gradually
changed from A, B (duing the summer) to C class (in
December) (Table 2). Those processes determined the
observed difference in the winds® speed. For example, the
warmer winds with southwest and northwest directions
determined higher atmosphere turbulence and wind speed
within the range of 3.3-4.1 m/s. The typical wind speed with
southeast direction was in the range of 2.3-2.6 m/s. The
decreased incoming solar radiation during the autumn
determined the lower wind speed (in the range of 2.2-3.48 m/s)
in comparison to the speed measured during the summer.

It was found that the class of atmosphere stability F
dominated during the summer night, especially in the case
when the wind speed was lower than 2 m/ s. At higher wind
speed and colder temperature of the atmosphere, the
dominating classes of atmosphere stability were D and E
(Table 5). In comparison to the day period, the seasonal
changes in wind speed wasn't so clearly shown.
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Table 5.
Atmospheric conditions at TPP ‘“Maritza East 2” during the
night for the period of observation

Index Month/ Wind speed (m/s)
July - October November -
September December
02 | 25 [ 02 | 25 | 02 | 25
Southeast direction
t,°C 1623 | 1521 | 1115 | 11-13 5-12 4-11
Stbiity \ ¢ | gp | FE | BD | FIE | FID
class
South direction
t°C - 1314 | 10-12 7-12 6-10
Stability - | Fme | &0 | FE | BD
class
Southwest direction
t,°C 1522 | 15-28 | 1214 | 1113 6-14 2-6
Stabilty | e | gp | FE| E | FE | E/D
class

et (-2 M/, sSummer S «=@==2-5m/s, summer

e=jm= (-2 m/s, autumn e==fll==2-5 m/s, autumn

Fig. 1. The typical wind rose of the area around TPP “Maritza-East 2”
during the day (08-18 h) for period July-December

==f==2-5m/s, summer S e=lll==2-5m/s,summer
=@==72-5m/s, autumn

2-5 m/s, autumn

Fig. 2. The typical wind rose of the area around TPP “Maritza-East 2”
during the night (19 — 07 h) for period July-December
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Table 6.
Mean concentration of PM1o (ug/m?) in the below ground

atmosphere (2 m) in dependence on the atmospheric stability
and the distance to TPP “Maritza-East 2”

Stability Distance from TPP “Maritza-East 2", km

class 7625 | 84 | 150 | 200 | 250
A 1.64 38 0.77 0.6 0.50
B 8.55 5.00 1.60 0.92 0.59
c 10.43 8.98 25 1.52 1.02
D 8.17 8.79 6.75 5.63 4.22
E 0.81 1.80 3.82 4.36 4,07
F 0.02 0.07 0.56 0.83 1.02

Table 7.

Mean concentration of PM1o (ug/m?) in the below ground
atmosphere (2 m) in dependence on the distance to plume’s
centerline at the relevant climatic conditions (a 8.4 km distance
to TPP “Maritza-East 2”)

Stability Distance from the plume’s centerline, m
class 1 25 50
A 1.27 0.68 0.08
B 448 1.41 0.07
C 8.98 1.08 0.003
D 9.07 0.08 0.003
E 1.80 0.003 <0.003
F 0.07 <0.003 <0.003

The atmosphere temperature and wind speed were the key
factors determined the particle matters dispersion after their
emiting to the atmosphere. Both parameters determined what
the vertical gradient of air temperature would be. It has direct
effect on the rate of pollutants diffusion, which had released in
the atmosphere (Briggs, 1965). For that reason, the wind
speed at 135 m above the ground (us) and the effective plume
rise height (he) were the key parameters which have been
used for the PM1o modeling in the atmosphere.

Data about the mean concentrations of PM+oin dependence
on the distance to TPP “Maritza East 2, the distance to
plume's centerline and the stability of atmosphere are
presented in Tables 6 and 7.

These data shown that during the day, when the classes A,
B, and C dominated, the pollutant’s dispersion in atmosphere
carried out on the x axis mainly. 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 model predicted wind speed at 135 m in the range of 6.45
- 6.98 m/s and 6.04 - 16.66 m/s for A and B classes,
respectively. These values determined the buoyancy induced
plume rise height (Ah) value in the range of 163 — 172 m as
the plume rise height was higher when the temperature of
atmosphere was lower. At that conditions, the emitted flue gas
elevated easily in vertical direction before its dispersion in
horizontal direction started. The fine particle matters dispersed
in horizontal direction solely and for that reason, the applied
model predicted their higher concentration at lower distance to
TPP *Maritza East 2" (Table 6). However, the pollutant
concentration predicted by this model for the prevailing
atmospheric conditions of the observed period was quite lower
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in comparison to the MAC. The northwest, west, and southwest
winds dominated during the day for the period of observation
and the southeast, east, and northeast were the directions for
pollutants transportation to Topolovgrad town, General Toshevo
village, and Boyadjik village, respectively. The class C is
classified as a slightly unstable and it was typical within the
range 11.3-17.5 % of the daily time of observed period. The
southeast, south, and southwest wind connected solely with
the appearance of that class of atmosphere stability in the
area. The typical wind speed was in the range of 3.4-3.8 m/ s.
In that case, the wind speed at 135 m and the buoyancy
induced plume rise height (Ah) would be in very narrow range
(19.1-32.9 m/s and 35.0-70.3 m), respectively. At these
climatic conditions, the used model predicted the maximum
concentration of PMo in the below ground atmosphere in
comparison to the other classes stability of atmosphere
ocurring during the day.

The class D is classified as neutral and during the autumn it
was more typical (about 19.2 %) in comparison to the summer.
The typical wind speed at below ground atmosphere was in the
range of 3.4-3.8 m/ s and the main winds directions were
southeast, south, and southwest. At these conditions, the
typical maximum concentration of PMip measured at a
distance of 8.4 km was in the range of 8-10 g/ m3.

The classes of atmospheric stability E and F appeared
during the night and the are correlated with minimal vertical
transfer of masses and energy. For that reason, these classes
are classified as stable and at these conditions the dispersion
of PM1oin atmosphere carried out in a thin layer of atmosphere
on the x axis at a significant height above the ground. For that
reason, the model predicted the highest concentration of PM1o
in the ground layer of atmosphere at a higher distance to TPP
“Maritza East 2" in comparison to the already discussed
classes. The model predicted the maximum concentration of
pollutant at classes of stability E and F at distance 15-25 km
from the source in the range of 4.8-5.6 ug/ m® and 0.46-1.2
Mg/ m3, respectively, (Table 6). The class E dominated in July
(23.8 %) and its appearance correlated with the southeast
wind. The typical atmospheric conditions connected with this
class were temperature and wind speed in the range of 19 - 22
°C and 11 — 15 m/ s, respectively. In the period October —
December, the atmosphere temperature and wind speed
dropped to the values within in the range of 13 - 2.5 °C and
1.8 - 3.6 m/s, respectively. The southwest wind determined
these atmospheric conditions.

The class F reflected the most stable atmospheric conditions
which appeared during the night. For that reason, this class of
stability dominated during the summer (July and August) and
December when the typical atmospheric conditions for the
relevant season had reached. For example, class F appeared
in the range of 38.8 — 41.1 % for the summer night. The
southeast and southwest winds determined the average
temperature and winds speed in the range of 21.3 - 25.6 °C
and 2.47 — 2.72 m/s, while in December the value were in the
range of 4.7-5.2 °C and 1.4 - 2.5 m/ s. In dependence on the
season, the wind speed at 135 m and the buoyancy induced
plume rise height (Ah) varied in a wide range: 20.1 — 49.8 m/s
and 59 — 33 m, respectively.

The radial dispersion of PM+o carried out on the x axis and
for that reason the pollutant concentration decreased signifi-
cantly at higher distance from the plume’s centerline (Figure
4).
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Fig. 3. Mean concentrations of PM1, in the below ground atmosphere (2
m) in dependence on the climatic conditions and the distance to TPP
“Maritza-East 2”
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Fig. 4. Mean radial concentrations of PM1y concentration in the below
ground atmosphere at a different distance to TPP “Maritza-East 2” in
dependence on the climatic conditions

The next task of that study was to determine at which
climatic conditions the concentration of PMio in the below
ground atmosphere could reach the relevant Maximum
Admissable Concentration of 20 g/ m3. That calculations were
restricted to classes of atmosphere stability B, C, and D for
whom the model predicted the highest concentration of PM1oin
the below ground atmosphere. The results shown that with
lowering the temperaure of atmosphere at these classes, the
wind speed (us) decreased too and the below ground
concentration of the pollutant increased. For example, at 5.4
m/s for class B and 152 m/s for class C the predicted
concentration were 11.2 and 13.3 pg/ m3. For class D, at the
lowest temperature of atmosphere, (9.9 °C) and value of 23.3
m/s for us, the model predicted below ground concentration of
of PM1o at distances of 6.25 and 8.4 km from TPP *Maritza
East 2” 13.00 pg/m3and 12.74 pg/m3, respectively.

These results shown that at the regular coal consumption (at
about 2075 t/ h) and operation of electroprecipitators at TPP
“Maritza East 2, the rate of fine particle (PM1o) emission to
atmosphere was 2.445 g/m3s. However, the pollutant
concentration was lower than the relevant MAC at all climatic
conditions at at all distance up to 25 km from the point of its
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emitting. If the power plant increased the coal consumption by
70-75 % on the hour base, the concentration of PM1o higher
than the relevant MAC would be measured at distances of 6.25
and 8.4 km and at unstable conditions of atmosphere (classes
B and C).

Conclusions

1. The southeast, south, and southwest winds with speed 0-2
and 2-5 m/s were the most typical winds for the area around
TPP “Maritza East 2” during the day and night for the period
of observation July — December 2015.

2. All kind of Pasquill's atmospheric classes of stability 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 applied model predicted that at coal consumption of
2075 t/ hour, the higher concentration of fine particle matters
(PM10) in the below ground atmosphere could be expected
at distances of 6.25 and 8.4 km for atmospheric classes B
and C. The atmospheric conditions associated with class D
determined the higher concentration of pollutant at the same
distances to TPP “Maritza East 2”. However, the predicted
concentrations in all cases were considerably lower than the
relevant Maximum Admissable Concentration (MAC) with a
value of 20 ug/ md,
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AHAIU3 HA PABOTATA HA CEAUMEHTHU MUKPOBHU TOPUBHU KNETKW,
3ACALEHU C PA3NUYHA PACTUTEINTHOCT

PoceH UsaHoe, CeemnaHa bpamkoea, AHamonuii AHzenoe

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogbusi, e-mail: rosen_iv@abv.bg

PE3IOME. CeanmeHTHUTE MUKpOBHM ropusHi kneTkn (CMIK) ca cpaBHUTENHO HOBa TEXHONOTMSA, MPUHLIMIHO pasnuyaBalla ce OT Knacuyeckata MUKpoBHa ropusHa
kneTka, B KOUTO OKUCIISIEMU BbITIEPOAHN CbEAWHEHUS W APYTM KOMMOHEHTM B yTalkaTta unu mopobHM cpeayn Ce w3nonaeaT 3a MPOWM3BOACTBO HAa EHEprys.
PactutenHute CMIK tpaHcdopmupaT CiibHYEBaTa €HEprisi N0 €KOMOTUYHO YMCT W eDEKTUBEH HAuYMH, Ype3 MHTETpUpaHe Ha KOPEHWTE Ha XWBO pacTeHue B
aHopHaTa obnacT Ha cefuMMeHTHaTa MUKpobHa ropuBHa KneTka. HacTosiLoTo u3cnedBaHe € CBbp3aHO C onpedensHe Ha edektuBHocTTa Ha CMIK, B kouto
BEreTMpa pasfiMyHa pactuTenHocT. 3a LenuTe Ha NpoyYBaHETO Ca M3NON3BaHu NeT CeAMMEHTHIN MUKPOOHM rOPUBHM KIETKM, B TPW OT KOUTO Ca 3acafeHn TUMNYHI
Bopontobueu pactenus (Carex acuta, Carex disticha, Typha angustipholia), B eoHa e M3BbpLUEHA MHOKYNALUWA CbC CMECEHa KynTypa 3eNeHn W CMHbO3ENeHU
Bogopacnu (Chlorella, Scenedesmus, Oscillatoria), a nocnegHata cenMeHTHa kneTka Cnyxu 3a koHTpona. CybcTpaThT 3a ceiMEHTHUTE MUKPOBHN rOPUBHM KNETKM
e u3bpaH cnep npeaBapuUTENeH aHanua Ha enekTPOXMMUYHITE NoKasaTen Npy pa3nuyH1 CbOTHOLLEHUS NoYBa — Topd. Creq ABYMeCceyeH nepuog Ha Beretauus ca
OnpeaerneHn 0CHOBHM €NeKTPUYECKN NapameTpu, pH, OKUCTIMTENHO-PeAYKLMOHEH NOTEHLMan, enekTPoNpOBOANUMOCT, NEPMaHraHaTHa OKUCIIAEMOCT U KOHLIEHTpaLus
Ha 61oreHHn enemeHTV BbB BoaTE. [onyyeHnTe AaHHW Nokasaxa, Ye Hai-[obpu enekTPOXUMUYHM MapamMeTpy ce NocTuraT B CEANMEHTHa KreTka 3acaaeHa ¢ Carex
disticha.

Kniouosu AyMu: Pactutennu ceanMeHTHU MMKpOGHVI FOPUBHU KNETKN, CeuMeHTHM MMKpO6HM FTOPUBHU KNETKN

ANALYSIS OF THE SEDIMENT MICROBIAL FUEL CELLS OPERATION, PLANTED WITH DIFFERENT VEGETATION
Rosen Ivanov, Svetlana Bratkova, Anatoliy Angelov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: rosen_iv@abv.bg

ABSTRACT. Sediment microbial fuel cells (SMFC) are a relatively new technology, fundamentally different from the main microbial fuel cell, in which the oxidizable
carbon compounds and other components of the sludge are used for energy production. The plant SMFCs transform the solar radiation into green electricity in a
clean and efficient manner through the integration of roots of a living plant in the anodic compartment of a SMFC. This study is related to determination of the
efficiency of SMFC where vegetate different plants. For the purposes of this study are used five sediment microbial fuel cells, three of which are planted with typical
water plants (Carex acuta, Carex disticha, Typha angustipholia), one is inoculated with a mixed culture of algae (Chlorella, Scenedesmus, Oscillatoria) and the last
sediment cell is used as a control. The substrate for sediment microbial fuel cells is selected after preliminary analysis of electrochemical parameters in different ratios
soil - peat. After two monts of vegetation were studied basic electrical parameters, pH, redox potential, conductivity, permanganate oxidation and concentration of
nutrients into the water. From the obtained data it is found that the best electrochemical parameters are achieved in sediment cell planted with Carex disticha.

Keywords: Plant sediment microbial fuel cells, Sediment microbial fuel cells

BbBeaeHue npe3 MouBeHWs CroW, Wrpaely ponsta Ha cBoeobpasHa
membpaHa (Bojun et al., 2015).

B npupomata uecto ce HabniogasaT  OKUCIMTENHO-

PeayKUMOHHM rPagneHTH B PasiniHu MOPCKW U CNafKOBOAHM Pactuteniute ceauMeHTHM MMKp06HV| TOPUBHWN  KNETKKN
cequmenTn.  Tean  [pagMeHTM ca  pesyntat  oT (PCMIK)  TpaHcopmupar  cribH4eBata  eHeprus Mo
NPOCTPAHCTBEHOTO pasfensHe Ha MUKPOGHO-MeauMpaHuTe EKOMOTMYHO YNCT 1 eeKTUBEH HauH, Ypes MHTerpupaHe Ha
OKMCAUTENHO-PeaYKLMOHHN peakLuy, CBbp3aHu c KOpeHUTe Ha XWBO pacTeHWe B aHoAHaTa obnact Ha
BVMONOrMYHOTO pasrpaxdaHe Ha OpraHWYHUTE CheauHEHWs ceaumeHTHa MukpoGHa ropusHa knetka.. Kopenute Ha
cbabpkawm ce B cegumeHTa (Bardarov et al., 2013). pacTeHusiTa  eKCKPETUPAT ~ OPraHWYHM  CbeduHEHWs 1
CeanmeHTHUTE MUKPOBHY ropushm kneTku (CMIK) ca eguH ot noanomarat  pasBuTMETO Ha  ENEKTPOXMMMYHO  aKTUBHU
anTepHaTMBHUTE Bb3OGHOBAEMM WM YCTOMUMBU EHEpruiiHY pusoccpepHn Gaktepun (Kothapalli, 2013). BakTepuute B
uatouHmnun. CMIK npousBexaar eHeprust OT pasnukata B aHopHata obnact WrpasT CblUecTBeHa pons 3a Mo-BUCOKa
ENEeKTPUYECKMS NOTEHLMAN Mexay aepobHaTa 30Ha (BofaTa) v MoWHOCT  Ha  kneTkata.  OCHOBHO — MpeauMCTBO  Ha
aHaepoGHata 3oHa (cemumenta) (Peeva et al, 2012). PacTUTENHUTE CELUMEHTHM MUKPOOHW TOPUBHW KMETKM €
MukpoopraHuamMuTe B yTalkaTa pasrpaxaaTr OpraHuyHata YCTOWYMBOCTTA, NOPaAN HEMPEKbCHATOTO MpodyuupaHe Ha
MaTepusi, KaTo Mo TO3M HAYMH MPOAYLMPAT ENeKTPOHU M BbINiepof  OT  KOpeHoBaTa  CuCTEMa Ha  pacTeHuATa.
NPOTOHW. ENeKTpoHUTE ce NpexBbpnsT KbM KaToga 4pes MpoM3BOACTBOTO  HA  €MNEKTPUYECTBO 4pe3 ynaBsHe Ha
BBHLUHA enekTpuyecka Bepura, AOKaTo NPOTOHUTE NPEMUHABT CIbHYeBaTa €Heprust OT pacTeHus W koMOuHauusTa UM ¢
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MWKPOOHM TOPMBHM KNETKA € aTPaKTMBHO, 3alioTo Te3u
cuctemm  obewlaBaT  TeHEpUPaHETO Ha  eHeprus  OT
Bb30DHOBSEM M3TOYHMK MO YCTOMYMB HaumH (Kwong-Yu et al.,
2013). KeM MOMeHTa eHeprisiTa reHepupaHa oT pacTUTenHUTe
CeAMMEHTHW  MUKPOOHM TOPMBHW  KNMeTkM Cce  3anassa
CPaBHUTENHO HUCKA. Hai-HoBMTE M3cnedBaHust nokasear, e
pactutenin CMIK cbc cnagkoBogHu pacTeHusl, moraT fa
reHepupaT MakcumanHa MibTHOCT Ha MOLWWHOCTTa Bapupalla
OT Hskonko go gecetkm mW/m2. [peaussukatencrsata 3a
nogobpsiBaHe Ha NPOM3BOAWTENHOCTTA BKIIOYBAT HAMansBaHe
Ha BbLTPELIHOTO  CbMPOTUBIEHWE Ha  cucTemara U
nogobpsiBaHe aKTMBHOCTTA Ha [ABaTa eNekTpoaa.

BogHuTe pacTeHus ca OCHOBHMSI M3DOp 3a pacTuUTenHuTe
CeAMMEHTHN  MWKPOOHM ropusHM  kneTku. W3bopa Ha
NOAXOASLLO pacTeHe e OT BaXHO 3HAYEeHWe 3a reHepupaHe Ha
Mo-BUCOKA ENEKTPOeHEPrUs. /3nonaBaHeTo Ha MHOrOroAuLLIHM
BOOHM pacTeHus HamansBa pasxoguTe 3a  EXEerofHo
3acaxgaHe Ha HoBu pacteHust (Mahesh et al, 2014).
MpogyumpaHata eHepruss OT  PacTUTENHU  CEeAUMEHTHM
MUKPOOHM TOPMBHM KMETKM MOXe [a MMa  pasnnyHo
NPUIOXeHWe, HO 3a reHepUPaHeTo Ha Mo-ronsimMa MOLLHOCT U
peHTabunHO  npunaraHe ca  HYXHW  LOMbIHUTENHM
W3CrnedBaHMs N0  OTHOLUEHWE KOHCTPYKUMS, M3MOM3BaHu
eneKTpoay, Beretupalla pactuTeNnHoOCT U apyrn. HactoswoTo
W3cnegBaHe € HaCOYeHO WMEHHO KbM  YCTaHOBSIBaHE
BMWSHUETO Ha BMOBT BEreTMpalla pPacTUTENHOCT BbpXY
€(heKTBHOCTTa Ha rOpUBIS ENEMEHT.

Marepuanu n metoam

C uen wusbop Ha onTumaneH cybetpaT 3a pacTUTenHu
CEAMMEHTHIN MUKPOOHU KNeTKW ca pa3paboTeHu neT BapuaHTa
CEOMMEHTHN MUKPOBHM ropuBHW kneTkn (Tabrmuya 1) ¢
PasnMYHO COTHOLLIEHWE HA CEAMMEHT OT BNaXHa 30Ha M Topd
(tabnuua 2) B cybetpata. CegumeHTHaTa MUKpOBHa ropuBHa
KneTka ce cbCToM OT nnacTMacoB cbf ¢ obem 1000 cmd.
3anbnHeHn ca cbc cybetpat ¢ obem 800 cmd. Cnep
nocTaBsiHe Ha CybCTpaTta, KneTkuTe ca 3ambiHeHu ¢ Boga. Ha
ABHOTO Ha KneTkaTa e MOCTaBeH enekTpof OT Hepbxaaema
ctomaHa ¢ nnow, 0.0040m2. Ha noBbpXHOCTTa BbB BOAHWS
CNoi € PpasnonoXeH BTOPM ENEKTPOS OT Hepbxaaema
cromaHa ¢ nnowy 0.0030 m2.

Tabrmua 1.
Cncmas Ha cybempama 8 CMIK

Bapuant CuotHolweHne CeanmeHT : Tpod
1 CeoumeHT
2 CeaumeHT:Topd — 3:1
3 CenumeHT: Topd — 1:1
4 CenoumeHT: Topd — 1:3
5 Topo

Tabrmua 2.

XumuyeH cbcmag Ha mopgha
N (NH4 1 NOs) 100 — 250 mg/l
P (P20s) 120 — 300 mg/l
Fe 4o 65 g/m?
MukpoenemeHTH 50 g/m?
pH 55-65
EnekTponpoBognmocT 1-2mS/cm
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MapaboteHn ca o6WO NeT pacTUTENHM CEAMMEHTHM
MUKPOOHM ropuBHK KneTku. PCMIK (®urypa 1) ce cbCTon OT
UMIMHAPUYHa ocHoea ¢ obem 3650 cm3. JbHOTO Ha cbaa €
MOKPUTO CbC CMOM Yakbn ¢ gebenuna 7 cM (= 3 kr). PasmepbT
Ha vactuumute € ot 10 go 20 mm. B ueHTbpa Ha cbha e
nocTtaseHa nepcopupaHa B ocHoeata PVC Tpvba ¢ anamersp
110 mm u BucoumHa 440 mm. B ocHoBaTa Ha Tpbbata e
nocTaBeH eneKkTPOA OT HepbXaaeMa CTOMaHa, ¢ SbmkuHa 112
CM ¥ LWmpuHa 4 cM. EnekTpogbT € HaBWUT Ha cnupana, YvsTo
nnowy, e 364 cm? . EnekTpoabT € MOKPUT CbC CNOW Yakbn C
pebenuHa 7 cMm. Harope Tpbbata e 3anbfiHEHa CbC CMeC OT
ceaMMeHT W Topd B CbOTHoweHue 3:1. B Tpu ot
CEeOVMEHTHNTE MUKPOOHW TOPMBHM KIETKM € 3acafeHa
Bnarontobusa pacTuTENHOCT (TECHONMCTEH manyp, TPLCTUKA U
ocTpuUa), a edHa e WHOKynupaHa C MWKPOBOZOPacnn M
unaHobakTepumn. B koHTponaTa He e 3acajeHa pacTUTEnHoCT
MW He e OCbLECTBEHA WHOKYNnauusi CbC CUHbO3ENEHH
Bogopacnu (Tabnmua 3). CbopbXeHusiTa ca 3ambiiHEHU C
BOZa M B MOBBLPXHOCTHMS CrOi HA BOAATa € NOCTABEH BTOPY
€NeKTpoa, urpaeLy ponsta Ha katod. KatogbT e uspaboteH ot
HepbX4aMeHa CTOMaHa C BbIMEPOAHO MOKPUTHE 3a no-gobpa
npoBoaMMOCT. PaamepuTe Ha katoga ca: AbixuHa 400 Mm 1
wiupoymnHa 20 MM. KaTogbT CbLUO € HAaBUT CMPanoBUAHO.

Tabnvua 3.
Cxema Ha ekcnepumeHma
BapuaHt PacrteHus
1 Octpa octpuua (Carex acuta)
2 [BypeaHa octpuua (Carex disticha)
3 TecHonucteH nanyp (Typha angustipholia)
4 Bopopacnu (p. Chlorella, Scenedesmus n
Oscillatoria)
5 KoHTpona 6e3 pacTeHus u Bogopacu

Potentiostat
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®ur. 1. Cxema Ha nabGopaTopHaTa WHCTanauusi Ha pacTUTenHa ceau-
MeHTHa MUKPOGHa kneTka

1 - W3xopaw pastBop; 2 — lepuctantuyHa nomna 3 — PacTuTenHa
Cef;IMMEHTHa MMKpoOHa ropuBHa KneTka, 4 Myntuuer, 5
MoTteHumocTart, 6 — ChoupaTeneH cbya




PesynTtatu u o6cbxaaHe

Cnepn 3sanbnBaHe cbC cybcTpaT M noaobpxaHe Ha
MOCTOSIHHO HMBO Ha Bopata B CMIK, B npombnxeHue Ha
mecel| Oelue CnefeHo HanpexeHWeTo NMpu OTBOPEHa Bepwra.
[laHHu OT M3cneaaBaHeTo ca NpeacTaBeHun Ha durypa 2.
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®ur. 2. [lnHaMMKa Ha HanpexeHue NpuW OTBOpPeHa Bepura B neTTe
BapuaHTa CeANMEHTHU KIeTKU

OT dmrypa 2 ce Bwkga, 4Ye Cned HSKOMKO [OHEBHO
crabunuanmpaHe Ha  OTAEMHUTE  KNETKM,  Hal-BUCOKO
HanpexeHWe npu OTBOPEHA Bepwura npe3 Lenus nepuog Ha
eKkcnepuMeHTa ce mogabpka B CeauMeHTHa knetka BapuaHt
2, NpW KOWTO CbLOTHOLIEHMETO ceaumeHT:Topd e 3:1.
CTOMHOCTUTE Ha HaNPEXEHWETO Ce MoAAbpXaT B MHTepBana
510 - 600 mV. Tpu M3nNON3BaHETO HAa CEAMMEHT KaTo
cybetpart (BapuaHT 1) HanpeXeHWeTo Mpu OTBOPEHa Bepura
npes nocregHuTe ABe CEAMMUM OT eKkcnepumeHTa 6e B
uHTepeana 390 — 410 mV.

OT nonyuexuTe pesynTatv Moxe Aa 6bae HanpaBeH U3BO4a,
Ye C MOBMLLABAHE Ha KONMMYECTBOTO Ha Topdha (BapuaHTu 3, 4
1 5) HanpexeHWeTo Npy OTBOPEHA Bepwra Hamansea, KoeTo
Hai-BepOATHO Ce [ObMKW Ha MO-BUCOKaTa WOHHA curna Ha
pasTBopa. Hai-nowm pesyntatu nokassa CefiUMeHTHa KneTka
BapuaHT 5, 3ambnHeHa cbc cybcTpaT TOpd), MpW KOAITO
HanpexeHueTo cnagHa nog 200 mV B kpasi Ha ekcnepuMeHTa

Cnep crabunmavpaHe Ha eneKTPOXWMUYHMTE napameTpu,
Bsixa cBaneHu NoNsApU3aLMoHHM KpUBK Ha NeTTe BapuaHTa. Ha
turypu 3 M 4 e HanpaBeHO CpPaBHEHWe CbOTBETHO Ha

HanpexeHueTo n NABTHOCTTA Ha MOLLHOCTTa Ha
CeaANMEHTHUTe MVIKp06HI/I FOPUBHU KNETKN.
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®ur. 3. CpaBHeHUe Ha HANPEXEHUETO Ha MeTTe BapuaHTa CeAMMEHTHM
MMKPOOHM rOpPUBHU KNETKM
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®ur. 4. CpaBHeHMe Ha NABLTHOCTTA Ha MOLWHOCTTA Ha NeTTe BapuaHTa
CeAMMEHTHN MUKPOOHU FOPMBHM KNETKN

[aHHuTe nokasgart, Ye Hal-BUCOKO HanpexXeHue U MITbTHOCT
Ha MOLLHOCTTa Ce AOCTUra B CeAMMeHTHa knetka BapwaHt 2
(ceanmenT:TOopd — 3:1). MakcumanHaTa MOLLHOCT NpW Hes e
17.56 mW/m2, npu nnbTHOCT Ha Toka 43,46 mA/mZ n
NPUNOXEHO CbMPOTUBIIEHNE 400Q. Hai-nowm
€NEKTPOXMMUYHI NOKA3aTeNu ca YCTaHOBEHM B CEOMMEHTHA
knetka Bapwaut 5 (Topd). MakcumanHata [focTurHata
NBTHOCT Ha MoLHocTTa € 3,69 mW/m?2 npu NITbTHOCT Ha Toka
23,56 mA/m2, JlowwuTe pesyntatu npu BapuaHT 5 ce gbnxar
Ha BUCOKOTO CbAbpXaHue Ha BUOTreHHU U MUKPO ENeMEHTU B
cybctpata, OT KbAETO M yBenWyeHaTa MPOBOAMMOCT Ha
pasTBopa. TbWl KaTo OT MPOBEOEHUS EKCIEPUMEHT ce
YCTaHOBM, 4Ye edqeKTMBHOCTTA Ha CeaMMEHTHa KneTtka -
BapuWaHT 2 e Hal-BUCOKa, kato cybcTpaT 3a pacTUTEenHuTE
CeAMMEHTHN MUKPOGHK ropuBHu kneTku Be usbpaHa cmec ot
CEAMMEHT 1 TOp® B CbOTHOLIEHKE 3:1.

Cnen pBymeceyeH nepuop Ha Beretaums, B PCMIK ca

onpedeneHn  OCHOBHW  €NEKTPUYECKM  napaMeTpw, pH,
OKucnuTenHo-peaykUunoHeH noteHyunan,
€NeKTponpoBoAMMOCT, NepmaHraHatHa  OKUCNAeMoCT U

KOHLIEHTpaLus Ha BUOreHHM enemeHTy BbB BoguTe (chocdaTy,
HUTpaTW 1 amoHueB a3oT)(Tabnuua 4).

Tabnuua 4.
OcHosHU xumuyHu napamempu Ha PCMIK-u
Bap. | pH Eh, EC, MO, | PO+* | NOg, | NH4*,
mV | mS/cm | mg/l | mg/l | mg/l | mg/l
1 6,68 | 310 1,1 | 27,02 | 346 | 1,25 | 4,66
2 6,7 | 349 0,76 | 27,87 | 2,06 | 08 | 2,92
3 | 644 | 335 0,68 |2063| 375 | 097 | 425
4 | 664 | 290 071 | 4715 4,69 | 1,33 | 7,55
5 | 653 | 276 1,12 | 37,02 | 504 | 258 | 6,73

Mpn BCMYKM BapuaHTM pH Ha BogaTta B MOBBLPXHOCTHATA
30Ha € B Anana3oHa 6.44 — 6.7. Mo-okucnutenHu ycnosus (Eh
B nHTepaana 310 — 349 mV) ca ycTaHOBEHM BbB BapuaHTUTe C
BMCLLM pacTeHus, KOeTO € CBbP3aHO C MO-WMHTEH3UBHU
npouec Ha oTocuHTesa. [laHHMTE 3a nepmaHraHatHa
OKUCMSEMOCT ~ MOKa3BaT, 4e Npu  Te3n  BapuaHTu
KOHLIEHTpaLusTa Ha pPasTBOPEHWU OpraHWyHW BeLecTsa e mo-
HWUCKa OT BapwaHTa C BOZopacnu W KoHTponata. Hain-Bucoku
CTOMHOCTM Ha TO3W NapameTbp Ca YCTaHOBEHU BbB BOAMUTE Ha
BapuaHT 4 — Bogopacnu, BEPOATHO BCIEACTBUE HA OTAENEHN
OT Te3n OPraHM3Mu OpraHUyHW CbeAMHeHus. B cpaBHeHue ¢



KOHTpOMaTa KOHLEHTPaLUUTe Ha BCUYKM BUOTEHHU eNemMeHTy
ca MO-HUCKM, KOETO Ce MAbIKM Ha acuMunaumsta um ot
BEreTMpaLLMTe pacTUTENHN BUAOBE U amru.

[JaHHn 32 M3MepeHW enekTpUYecKM napameTpu Ha
npeacTaBeHn Ha curypu 5 u 6. MakcumanHu CTOMHOCTU Ha
HanpexeHne 1 NITbTHOCT Ha MOLHOCTTA Ca YCTaHOBEHW BbB
BapuaHT 2 - pgaBypegHa octpuua (Carex  disticha).
HanpexeHneTo npu 0TBOpEHa Bepura npu 1031 BapuaHT e 791
mV. MakcumanHa nibTHOCT Ha MowHoctta - 9,2 mW/im2 e
yCTaHOBEHa Nnpu NpunoxeHo Hanpexexne 200 Q.

HanpexeHnue, mV

20 25 30 35 40

15

45
MnbTHOCT Ha Toka, mA/m 2

—8—Bap.1 —A—Bap.2 ——Bap.3 —x—Bap.4 —E—koHTpONna

®ur. 5. CpaBHeHMe Ha HanpeXeHWs OT MONAPU3ALMOHHW KPUBM Ha
pasnuyHNUTe BapuaHTH

MMo-HMCKM CTOMHOCTM Ha TOpenocOYeHUTE napameTpu ca
YCTaHOBEHN BbB BapuaHT 1 -ocTpa ocTpuua (Carex acuta).
CbC 3HAYMTENHO MO-HUCKO HAMpPeXeHWe W MITbTHOCT Ha
MOLLHOCTTa Ce XapaKTepuaupaxa pacTUTeNnHuTE CeaUMEHTHM
TOPUBHW KNeTkW BapuaHTu 3 (TecHonmucteH manyp (Typha
angustipholia) v 4 (anru), HO OT cmrypaTta ce BWXga, ue
HanMuMeTo Ha (HOTOCWHTE3NPALLM OPraHM3MK € OT KITHHOBO
3HaYyeHMe 3a Cb3faBaHe Ha MoTeHUWan mexgy aepobHata u
aHaepobHaTa 30Ha.
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dur. 6. CpaBHeHMe Ha NNBTHOCT HA MOLWHOCTTA OT NONApPU3aLMOHHU
KPUBM Ha pasnnu4yHuTe BapuaHTu

Hail-Hucka MakcumarnHa CTOMHOCT Ha MITbTHOCTTA Ha
mowHocTTa — 0,8 mW/m2 e ycTaHoBeHa B KOHTponarta, npu
KOSTO HIMa BereTaums Ha hOTOCUHTE3NPALLM OpraHU3MK.

MogobHM M3BOAM Ca HampaBeHW W OT LMKIUYHWUTE BONT-
aMNepHN XapakTEepUCTWKU Ha MeTTe BapuaHTa pacTUTENHW
CeaVMMEHTHY KNeTKM NpeacTaBeHn Ha durypa 7.
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®ur. 7. CpaBHeHMe Ha LMKNUYHWTE BONTaMMNEPHN XapaKTepUCTMKM Ha
netre BapmaHta PCMIK

MonyyeHute pe3yntath OT LMKNMYHUTE BONT-aMnepPHU
XapaKTepuCTUKA Ha PacTUTENHWTE CEeAMUMEHTHWM MUKPOGHH
FOPVBHY KNETKN OMbIIHUTENHO NOTBbPXXAABAT 3aKITOUEHNETO,
ye ot nette BapuaHta PCMIK, Hai-edbekTnBHa € BapuaHT 2 -
[OeypeoHa octpuuya (Carex disticha). Ot dwmrypa 7 ce
YCTaHOBSIBA Ye, aMNAMTyaUTe Ha NOTEHLMANUTE Npu Apyrute
4eTVpu BapuaHTa Ca Mo-HWUCKM, CbLYOTO Ce YCTaHOBsBA M 3a
nowwTe Ha nonyyeHnte xuctepesncu. OT aHannsa Ha CVA-
puarpamuTe MOXe Aa Ce Hampasi M3BOga, Ye Hail-nmowm
ENEKTPOXMMUYHM  XapaKTEpUCTUKW CE  YCTaHOBSBAT  Mpu
BapwuaHT 5 - koHTpOna.

U3Boau

OT npoBefeHUTe M3CNEABaHUS Ca NOMyYeHu pes3yntatu no
OTHOLIEHWE  BNMSHWETO  Ha  cybcTpata  (pasnuyHo
CbOTHOLUEHME CEAMMEHT:TOP() B CEAUMEHTU  MUKPOOHM
ropueHu kneTku. C Han-gobpu napamepTn ce xapaktepusupa
BapuaHTa CbC CbOTHOLLEHNE ceaumeHT:Topd — 3:1. Tpu Tasu
cefMMeHTHa kneTka belle JocTUrHAaTa MakcumarHa nibTHOCT
Ha mowHocTTa oT 17.56 mW/m?2, npu nAbTHOCT Ha Toka 43.46
mA/m2 u ToBapHo cbnpoTueneHne 100Q. [onyyeHuTe
pesynTat Ca W3non3BaHM npu wu3bop Ha cybetpat 3a
KOHCTpYMpaHe Ha pacTUTENTHWA CEAUMEHTHIU MUKPOBHM ropnBHU
KNeTKu.

B wn3paboteHute PCMIK crnepn ABymeceuyeH nepuog Ha
BereTauust Ce YCTaHOBM, Y€ OKUCIUTENHO-PEOYKLMOHHMS
MoTeHUMas uma no-BIUCOKN CTOMHOCTM (B MHTepBana 310 — 349
mV) BbB BapUaHTUTE C BUCLLW PACTEHMs], KOETO € CBbP3aHO C
MNO-MHTEH3WBHU MpoLecM Ha oTocuHTe3a. MakcumarnHu
CTOMHOCTU Ha HamnpexeHue W MNBbTHOCT Ha MOLLHOCTTa ca
YCTaHOBEHW BbB BapuaHT 2 - aBypegHa octpuua (Carex
disticha). HanpexeHneTo npu OTBOpEHa Bepura npu TO3u
BapuaHT e 791 mV, a MakcumanHara NMbTHOCT Ha MOLLHOCTTa
- 9,2 mW/m2 e n3uucneHa npu TOBapHO CbMPOTUBIIEHME OT
200 Q. CbC 3Ha4NTENHO MO-HICKO HaMpEXeHWe 1 MITbTHOCT Ha
MOLLUHOCTTa Ce XxapaKkTepusupaxa CefMMeHTHaTa ropuBHa
kneTka C anrM M KoHTponata. [lonyuyeHute pesynTat OT
LWKNUYHATE BONT-aMnepHm xapaktepuctukm Ha PCMIK cbluo
NOTBbPXKAABAT 3aKMIOYEHUETO, Ye Npu BereTaumusTa Ha Buga
aBypenHa octpuua (Carex disticha) ce nocturat Ham-gobpu
nokasaTenu — MakCUManHu amniuTyau Ha noTeHuuanute u
NMOLL, Ha NOMYYeHUs XUCTEPesuC.
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HIGHLY-LUMINESCENT CARBON NANOPARTICLES AS SENSORS FOR MONITORING

OF HEAVY METALS

Polina Mladenova, Alexandre Loukanov, Anatoliy Angelov

Laboratory of Engineering NanoBiotechnology, Department of Eng. Geoecology, University of Mining and Geology “St. Ivan Rilski” -

Sofia, Bulgaria

ABSTRACT. Here we develope highly-luminescent carbon nanoparticles as sensor for monitoring of heavy metals in aqueous solutions in microscopic scale objects.
The sensor systems possess selectivity and sensitivity towards the detection of some biologically important metal ions as Fe3*, Zn?*, Ni2+ and etc. To achieve this goal
the nanoparticles were synthesized by microwave assisted pyrolysis. Their quantum yield is over 50 % and with blue photoluminescence peak at 450 nm wavelength.
The nanoparticles at fixed concentration were tested on various soluble metal ions. For first time the observed chemically induced fluorescence was detected by
fluorescence microscope and CCD camera. Thus it is enables to measure the generated signal in microscopic objects by software ImageJ. The results revealed that
the surface of carbon nanoparticles exhibit high sensor affinity to pH of sample solution and some dissolved ions.

Keywords: carbon nanoparticles, sensor systems, fluorescence imaging

BMCOKO NYMWHWUCLIEHTHW BbIMEPOAHU HAHOYACTULIM KATO BUOCEH30PU 3A MOHUTOPUHI HA TEXKW

METAIN

Monuna Mnaderoea, AnekcaHdbp JlykaHoe, AHamonuii AHzenoe
Jlabopamopus urx. HaHobuomexHonoeus, Kamedpa ,MHxeHepHa 2eoekonoaus’, MuHHO-2e0m0xKu yHugepcumem ,Ce.MgaH

Puncku® - Cogpus, bbneapus

PE3IOME. B o3 goknap ca paspaboTeHi BUCOKO MYMUHUCLIEHTHN BbIMIEPOAHIN HaHOUaCTULM, KAaTO CEH30PM 33 MOHUTOPUHT Ha TEXKW MeTanu BbB BOAHW pa3TBOpK
B MUKPOCKOMWYHM N0 pasmep o6ekTi. CEH30pHUTE CUCTEMM MPUTEXABAT CENMEKTUBHOCT 1 YYBCTBUTENHOCT NPY AETETKLUMATA Ha HAKOM BMONMOTMYHO BaXKHW MeTamnHu
ioHu, kato Fe®*, Zn2*, Ni2* n gp. 3a Aa ce NOCTUrHE Tasu Lien HaHovacTuumMTe Bsxa CMHTE3MpaHW Ype3 MUKPOBBIHOBA Nupomnn3a. TEXHUST KBaHTOB A06MB € Haj
50 % ¥ nuka Ha TAXHaTa CMHS NyMUHUCLEHUMS e C AbMKWHA Ha BbnHaTa 450 nm. HaHovacTuumTe npu dukcupaHa KOHLEHTpauus Bsxa TecTBaHN C pasnuyHm
pasTBOPMMM MeTanHM ioHW. 3a MbpBK MbT HabnofaBaHaTa xumMnyecka MHAyLMpaHa dnyopecueHums belle AeTekTupaHa Ypes dnyopeclieHTeH mukpockon u CCD
kamepa. o TO31 HauMH Ce AaBa Bb3MOXHOCT 3@ M3MEPBAHe Ha reHepupaHns CUrHam B MUKpOCkonyHM 0bekTu upes codtyepa Imaged. PesynTatute nokassar, ye
NMOBBPXHOCTTA Ha HAHOYACTULMTE NPOSIBABA BUCOK CEH30peH apuHuTeT KbM pH Ha npobaTa v koW pasTBOPEHH NOHM

KntouoBu gymu: BbrmeposHn HaHOYACTULM, CEH3OPHW CUCTEMM, (DIyOPECLiEHTHO 130BpassiBaHe

Introduction

Among several methods for biosensing of heavy metals,
fluorescence is a broadly used characterization technique,
because of its characteristics such as high sensitivity, simple
and fast response. Fluorescence is a form of luminescence
which is the light emitted by a substance that absorbed lighjt or
electromagnetic radiation. The observed fluorescence of the
studied carbon nanomaterial is a form of electronic
phenomenon of molecules which contain n-electrons. When
the molecules having conjugated m-electrons absorb light
radiation, the m-electrons firstly jump from the ground state to
gigher energy state. To be capable of fluorescing, the majority
of electrons go from the higher vibrational levels to the lowest
one and are ready for radiative emission back to the ground
state which resulting the emitted fluorescence. The
photoluminescence of the C-dots may be the result of the
optical selection of various nanoparticle size and the emissive
traps on the C-dots surface.
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in the past few years the carbon nanodots, so called C-dots
a kind of novel nanomaterial, that are inspiring increasing
attention among researchers. C-dots are defined as a form of
nanoparticles with features of discrete, quasi-spherical and
size usually below 10 nm. C-dots will be one of the ideal eco-
friendly nanosensors due to their unique advantage of low
cytotoxicity, thus imparting them with favorable property of
biocompatibility. Microwave route has been demonstrated to
be a green and effective synthesis route for C-dots production
and highly studied in the past few years [1,7]. In addition to the
excellent fluorescent activity, the as-prepared carbon nanodots
are also envisioned to be of great sensitivity and selectivity in
tracking and detectiong some metal ions in water [6,8]. In this
study, we established the C-dots fluorescence based
nanosensor, which sense metal ions [2-5,9] in fixed plant cells.
Carboxylate and amine functionalized C-dots are acted as
fluorescence probes for detection of iron ions.



Experimental Procedures

Synthesis of carbon nanodots by microwave assisted
pyrolysis

Citric acid (1 g) was diluted with 10 ml distilled water and
ethylenediamine (0.2 ml, 0.18 g) was injected to the solution
under vigorous stirring. The clear transperant solution mixture
became a yellowish brown gum after microwave irradiation for
3 minutes at microwave oven (750 W), as shown on Fig. 1.
The carbonization proceeded very fast and no inorganic salt or
acid was needed. When cooled down to room temperature, the
obtained yellowish brown solid was dissolved in Milli-Q and
dialyzed against pure water through a dialysis membrane
(MWCO of 100 - 500 Da) for 3 days [5]. Finally, 50 ml red-
brown aqueous solution containing both, reaction precursor
and C-dots was obtained and the nanoparticles were purified
by dissolving in acetone (water : aceetone = 2 : 13) and
centrifuged (2500 rpm, 10 min). Finally, the obtained
precipitate pellets were collected and vacuum-dried at room

temperature.
®
oo .
HO o NHy H.0 % .
OM o n . dialysis
10 * Ethylene diamine MW, 3min i

Citric acid

Fig. 1. Synthesis of carbon nanodots by microwave assisted pyrolisys

Preparation of cell culture

Tobacoo cells were cultured in Murashige-Skoog (MS)
medium on rotated 110 rpm by rotary shaker. MS medium
contain various ions and vitamins, as shown on Table 1:

Table 1.

Components of MS medium
Micro element Amount (mg/L)
CoCl2.6H20 0.025
CuS04.5H20 0.025
FeNaEDTA 36.70
H3BO3 6.20
K 0.83
MnS04.H,0 16.90
Na:Mo04.2H.0 0.25
ZnS04.7H0 8.60
Macro elements
CaCl 332.00
KH2PO4 170.00
KNO3 1900.00
MgSO4 180.54
NHsNO; 1650.00
Vitamins
Glycine 2.00
Myo-Inositol 100.00
Nicotinic acid 0.50
Pyridoxine HCI 0.50
Thiamine HCI 0.10

Staining protocol

First, the cells were incubated for 4 days in MS culture
medium. After that the obtained suspension was centrifuged
and washed twice with MS medium. Second, such prepared
cells were incubated with each C-dots (20 mg/ml) at ambient
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temperature for several hours. Finally, the labeled cells were
fixed glutaraldehyde and washed with Milli-Q to remove the
excess of C-dots.

Future, the prepared cells were teated with HEPES buffer
solution, which contains iron ions with different concentrations.
Fluorescent and transmission images were takken by light
optical microscope BX53 (Olympus).

Result and discussion
Optical characterization of carbon nanodots

The absorbance and photoluminescence spectra of C-dots
are shown on Fig. 2.
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Fig. 2. Absorbance and photoluminescence specta of bare C-dots,
prepared by microwave assisted pyrolysis

On the absorbance spectrum there is one main peak at 350
nm with a tail extended to 500 nm. This broad peak is
attributed to n —m* transition, which correspond to the
carbonyl / amine functional groups on the nanoparticle surface.
It might shift to longer wavelength depending on the pH of the
solution. Fluorescence spectra of C-dots were recorded at
different excitation wavelength and the resultant fluorescence
spectra obviously represent that C-dots have multi-emission
nature and depending on the excitation wavelengths. Upon C-
dots excitation varying from 320 to 450 nm, the emitted
fluorescence maximum was red shifted from 420 to 520 nm
and higher fluorescence intensity was observed at 340 nm
excitation [2].

Detection of metal ions

The photoluminescence intensity of the C-dots was
significantly quenched when HEPES buffer with Fe3* is applied.
The intensity was found to decrease with increasing
concentration of Fe3* ions, but peaking at the same position
even in the presence of highest iron concentration. The
observed fluorescence quenching of the nanoparticles may be
due to non-radiative electron transfer from the excited state of
the C-dots to the d-orbital of Fe3* ion, as it is shown on Fig. 3.
The quenching rate constant reveals that the high efficiency of
quenching process is in the excited state and it suggesting that
the Fe3* ions plausibly coordinate with -COOH groups on the
carbon nanodot surface. When the concentration keeps
increasing, the relation Stern-Volmer (S-V plot) begins to
deviate from linearity, indicating rhat the observed quenching
process may be due to both dynamic and static process.



Fig. 3. Schematic representation of the quenching of nanoparticle
photoluminescence and the sensing process of metal ions with C-dots

Biosensoring of iron (lll) ions in plant cells
On figures 4 and 5 are shown fluorescence microscopic
images of labeled with C-dots plant cells.
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Fig. 4. Control experiment: labeled plant cells with carbon nanodots,
fixed and washed with Milli-Q. (A) light microscopic image, (B)
fluorescence microscopic image and (C) plot profile of the microscopic
image

The cells are first labeled with carbon nanodots and after that
fixed with 2 % solution of glutaraldehyde. In the control
experiment the labeled cells are future washed with ultra pure
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water. As it is shown on fig. 4 they have very high
photoluminescence under irradiation in light microscope. As it
is shown on fig. 4C the plot profil of the image possess very
high peak (over 200 units). It correspond to the high quantum
yield of the nanoparticles. Nevertheless, if the labeled cells are
treated with solution contains iron (Ill) ions in buffer solution
with concentration 10 mg/L there is a strong quenching of the
photoluminescence, as it is shown on fig. 5. The intensity of
the profil plot on fig. 5C is significantly lower (around 50 units)
in comparison with the control experiment. The reason for this
quenching effect is the interaction between carboxyl groups on
nanoparticle surface with the iron ions and the followed
formation of complex compounds as it was shown on fig. 3.
The decreasing of the photoluminescence in the labeled cells
is linearly depended of the iron concentration. This is an
evidence for the biosensing properties of carbon nanodots for
detection of heavy metals within individual microorganism.
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Fig.5. Biosensing experiment: labeled plant cells with carbon nanodots,
fixed and treated with iron (lll) ions in buffer solution. (A) light
microscopic image, (B) fluorescence microscopic image and (C) plot
profile of the microscopic image



Conclusion

In this report we developed carbon nanodots as biosensors
for detection of heavy metals. Their quantum yield values are
linearly depended from the concentration of the iron (Ill) ions in
HEPES buffer. Due to this reason the concentration of Fe3* in
individual cells can be detected by the correlation between the
obtained fluorescence image and its plot profile produced by
the software ImageJ.
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APPLICATION OF CARBON QUANTUM DOTS FOR DYE-SENSITIZED SOLAR CELLS

Ivan Nikolov, Alexandre Loukanov, Anatoliy Angelov

Laboratory of Engineering NanoBiotechnology, Department of Eng. Geoecology, University of Mining and Geology “St. Ivan Rilski” -
Sofia, Bulgaria

ABSTRACT. The emergence of quantum dot-sensitized solar cells (QDSSCs) has provided an alternative way to harvest sunlight for energy conversion. Efficiency of
a QDSSC depends on the fabrication method of the quantum dots, morphology of the photoanode, type of electrolyte used and the choice of the counter electrode. It
is therefore, imperative for engineering of materials and optimization of the fabrication method for the improvement of QDSSCs performance. As a new class of
fluorescent carbon nanomaterials, carbon quantum dots(CQDs) possess the attractive properties of high stability, good conductivity, low toxicity, environmental
friendliness, simple synthetic routes as well as comparable optical properties to quantum dots. CQDs can be used as photosensitizer in dye-sensitized solar cells and
the photoelectric conversion efficiency is significantly enhanced. A novel synergistic photosensitized mechanism is proposed for the obtained hybrid CQDs /TiO
energy conversion system. It is based on a design of new generation C-dots with higher corrosion stability, charge transportation and controlled photocatalytic
properties for oxygen reduction reaction, especially in terms of band gap energy, chemical composition and surface modification. The advantages of C-dots as a
promising alternative of the expensive and unsustainable Ru-complex sensitizers are enhanced power conversion efficiency, good photoinduced electron transfer
ability, environmental friendliness and lower cost of fabrication. This is a new direction for improving the efficiency of solar cells.

Keywords: quantum dots, carbon nanomaterials, photosensitizer, solar cells.

MPUNATAHE HA BLIIMEPOOHW KBAHTOBW TOYKWA B PA3BUTUETO HA OPFTAHUYHUTE ®OTOYYBCTBUTENHU
CNbHYEBW KNETKN

Wean Hukonoe, AnekcaHonp JlykaHos, AHamonuli AHzenos

Jlabopamopusi unx. HaHobuomexHonozusi, Kamedpa ,MHxeHepHa e2eoekonoeusi®, MuHHO-2e0noxku yHusepcumem ,Ce. MgaH
Puncku”— Cogpus, bvneapusi

PE3IOME. lMosiBata Ha KBaHTOBA TOYKa-4yBCTBUTEMHM CITbHYeBM kneTkn (QDSSCs) e ocurypuno anTepHaTMBEH HauWH 3a ynaBsHe Ha CribHYeBaTa CBETNMHA M
npeobpasysaHeTo M B eHeprus. EdbektveHocTTa Ha QDSSC 3aBucM OT MeToAa Ha MPOW3BOACTBO HA KBAHTOBW TOuKW, Mopdonoris Ha ¢potoaHopa, TMMa Ha
13noN3BaHMs enekTponuT M U3BopbT Ha 0BpaTHMS enekTpoa.ToBa € HANOXMNO WMHXEHEPUHT Ha Matepuani 1 ONMTUMWU3ALMA HA MeToAa Ha MpOM3BOACTBO 3a
nopobpsiBaHe Ha npoussoguTenHoctTa Ha QDSSCs. Kato HOB knac oT hnyopecLeHTHW BbIMepoaH HaHoMaTepuany, BbrnepofeH kaHToBn Touku (CQDs)
npuUTeXaBaT aTpakTUBHM CBOWNCTBA Ha BUCOKA CTabUMHOCT, 06pa NPOBOAMMOCT, HUCKa TOKCUYHOCT, FpuxaTa 3a OKonHaTa cpefa, MPOCTU HAUNHY 33 CUHTES, KaKTO 1
CbMNOCTaBMMM  C ONTUYHUTE CBOMCTBA Ha kBaHTOBUTE ToukM. CQDs moraT Aa GbaaT M3nonasaH kato (hOTOMYBCTBUTENEHM eneMeHT B Bou-4YyBCTBUTEMHM
CITbHYEBM KMeTkW M (hoToenekTpuyeckata UM edekTUBHOCT Ha npeobpasyBaHe € 3HaunTenHo nopobpeHa. POTOUYBCTBUTENEH MeXaHU3bM € MpeasnoxeH 3a
nonyyasaHe Ha xubpugHa CQDs / TiO2 cuctema 3a npeoBpasyBaHe Ha eHeprisi. TS Ce OCHOBaBa Ha Au3aliHa Ha HOBOTO nokoneHue C-TOuKM C Mmo-BUCOKA
CcTabWIHOCT Ha KOpO3Wsl, Takca TPAHCMOPT U KOHTPOMNMPaHKW (OTOKATANUTUYHUTE 33 PELYKLMS Ha KUCTIOPOA, 0COBEHO OT rMeaHa ToUKa Ha NeHTa NpasHuHa eHepris,
XMMU4YEH CbCTaB M 3a MpOMAHA Ha MOBBPXHOCTTA. [lpegumcTata Ha C-Touku kaTo obellaBalja anTepHaTMBa Ha CKbMWUTE M HEYCTOW4MBM Ru-COXHM
ceHeunbunmaaTopu ca nofobpenn eHepruitHa edeKTMBHOCT npeobpa3yBaHe, [OOBLP €NEKTPOHEH TpaHcdep, rpuxaTta 3a OKoNHaTa cpeda W Mo-HUCKW pasxoau Ha
MpON3BOACTBO. TOBa e HOBa MocoKa 3a NofoBpsiBaHe Ha ePEKTUBHOCTTA Ha CONapHUTE KNeTku.

KniouoBu AYMU: KBAHTOBU TOYKM, BbrNepoaHN HaHOMaTepuanu, ConapHn KNeTku.

Introduction study, we report that N-doped C-dots can combine with rutile
TiO2 and form hybrid nanocomposites with enhanced
photocatalytic activities under visible light irradiation (Zhang et
al., 2013). We propose a new synergetic photosensitized
mechanism for operation of the dye-sensitized solar cell. A
preliminary study shows that under sun illumination (AM 1.5),
the open circuit voltage and fill factor values reach 0.44 V and
42 %, respectively, achieving a power conversation efficiency
of 0.11 % in the proof-of-concept TiO2 based solar cell device.
N-doping lowered the work function of carbon nanodots, which
was responsible for enhanced photocatalytic activity of C-
dots/TiO2 and better quantum dot-sensitized solar cell
(QDSSCs) performance.

Carbon quantum dots (C-dots) have recently emerged as
viable alternatives to traditional semiconductor quantum dots
because of their facile and low cost synthesis, long term
colloidal stability, and low environmental and biological toxicity
(Li et al., 2012). The compatible surface chemistry, good
solubility in polar solvents and extensive optical absorption
throughout the visible and near-infrared wavelength regions
render C-dots as potentially useful sensitizers for photovoltaic
applications (Mirtchev et al., 2012). N-doped C-dots have
attracted much attention because the doping can induce new
unique physical and chemical properties of carbon. In this
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Experimental Procedures

Preparation of hybrid nanomaterials as energy conversion
systems

Carbon nanodots were prepared according to our previous
report (Loukanov et al., 2016).Citric acid (1 g) was diluted with
10 ml distilled water and ethylenediamine (0.2 ml, 0.18 g) was
injected to the solution under vigorous stirring. The clear
transperant solution mixture became a yellowish brown gum
after microwave irradiation for 3 minutes at microwave oven
(750 W). The obtained yellowish brown solid was dissolved in
Milli-Q and dialyzed against pure water through a dialysis
membrane. The diazotization reaction was performed in ice
bath at temperature between 0 and 5 °C. While 20 mL of
concentrated hydrochloric acid was diluted with about 60 g of
crushed ice to which 2.5 g sodium nitrite dissolved in 10 mL of
water was added. 5 — 7 mL of such prepared nitrous acid (blue
color) was added to 20 mL solution of 5-amino-fluorescein with
concentration 5 mg/mL (the color of precursor solution was
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changed to orange - yellow). The prepared diazonium ion was
slowly added dropwise to 20 mL solution of naked CDs (with
concentration 20 mg/mL) at alkaline pH (pH ~ 9). The color
mixture was changing from light yellow to dark red. The
obtained Fluorescein-N=N-CDs were purified from the
reaction mixture by centrifugation and washed with acetone (as
described above). 200 mg carbon nanodots modified with
diazofluorescein (or Fluorescein-N=N-CDs) were dissolved in
2 mL MilliQ water. The prepared aqueous solution was injected
in a triple flask, which contains 1 mmol metal chloride (iron or
copper) in 50 mL solution of ethylene glycol under Ar
atmosphere. The reaction mixture was refluxed for 4 hours at ~
180 — 190 °C. The color changed from a dark black to a bright
yellow in approximately two hours. The resulting solution was
then cooled down to room temperature and analyzed. The
obtained [Fluorescein-N=N-CDs]Me2* nanoparticles were

purified from the reaction mixture by centrifugation and
washing with acetone.
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Fig. 1. Schematic drawing of the designed quantum dot-sensitized solar cells showing the principles of operation

Fabrication of quantum dot-sensitized solar cells

The as-prepared TiO2 electrode and 22 mg of C-dots were
put into 50 ml of distilled water. Then they were hydrothermally
treated at 100 °C for 4 h. After that, the C-dots sensitized TiO2
electrodes were rinsed with absolute ethanol for several times
and dried under vacuum. The liquid electrolyte contained: (i)
0.6 M of tetrapropylammonium iodide, 0.1 M of I2, 0.1 M of KI,
0.5 M of 4-tert-butylpyridine in acetonitrile, or (i) aqueous
buffer solution saturated with oxygen at alkaline pH. QDSSCs
were assembled by dropping a drop of liquid electrolyte above
the C-dots sensitized TiO2 porous film electrode. A graphite
counter electrode was placed above it. The two electrodes
were clipped together and an adhesive was used as sealant to
prevent the electrolyte solution from leaking. The device
structure of QDSSCs is shown on Fig. 2. -V measurements
were obtained by using a solar simulator (Newport) with an AM
1.5 G filter under an irradiation intensity of 100 mW cm-2. The
light intensity was calibrated using a standard silicon
photovoltaic solar cell. The active cell area was 0.15 cm2.
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Result and discussion

Principles of operation of the classical dye-sensitized
solar cell

The luminescence studies on dyes adsorbed onto
semiconductor electrodes have shown that the excited states
could be efficiently quenched on these surfaces. With
semiconductors, oxidation of the dye takes place through
transfer of an electron from a molecule’s excited energy level
to the conduction band of the semiconductor. In an
electrochemical cell using semiconductor as bulk electrodes,
the excited-state charge injection manifests itself as
photocurrents, measurable quantitatively under anodic
polarization. Exposure of the classic dye-sensitized solar cell
assembly to visible light lead to a sequence of reactions.
Figure 2 shows schematically these processes. We first
consider the reactions that take place at the anode, where the
absorption of the light by the dye S leads to formation of its
electronically excited state S*;

S + hv — S* (photoexcitation)




The molecule in the excited state can decay back to the
ground state or undergo oxidative quenching, injecting
electrons into the conduction band of TiOx.

S* — S+ hv’ (emission)

S* — S* + e-cb (TiO2 charge injection)
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Fig. 2. Schematic drawing of a dye-sensitized solar cell showing the principles of operation

The injected electrons travel through the mesoporous
network of particles to reach the back-collector electrode to
pass through the external circuit. The oxidized dye is reduced
rapidly to the ground state by the donor (iodide) present in the
electrolyte:

25* + 3I- — 2S + I3~ (regeneration of S)

In the absence of a redox mediator to intercept and rapidly
reduce the oxidized dye (S*), recombination with the electrons
of the fitania layer takes place, without any measurable
photocurrent:

St + e (TiO2) — S (recombination)

The electrons reaching the counter-electrode through the
external circuit reduce in turn the oxidized iodide (I-) so that the
entire sequence of electron transfer reactions involving the dye
and the redox mediator (I271-) is rendered cyclic:

I3~ + 26~ — 3 I- (regeneration of I)
If cited reactions alone take place, the overall effect of

irradiation with sunlight is to drive the electrons through the
external circuit, i.e. direct conversation of sunlight to electricity.
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Key efficiency parameters of a dye-sensitized solar cell

The spectral response of the dye-sensitized solar cell
depends on the absorption properties of the dye.
Characterization of the cell depends on a number of
experimentally — accessible  parameters, including the
photocurrent and photopotentials measured under different
conditions (open and closed circuit, under monochromatic light
or sunlight illumination): loc, Voc, lsc and Vsc. The term incident
photon-to-electrical conversion efficiency is a quantum-yield
term for the overall charge-injection collection process
measured using monochromatic light (single wavelength
source).

Exploiting the excellent optical properties of C-dots, we
demonstrated the design of hybrid TiO2/C-dots complex to
harness the use of the full spectrum of sunlight (based on the
upconversion luminescence properties of C-dots). Upon
illumination of TiO2/C-dots the hybrid nanocomposite absorb
visible light, and then emit shorter wavelength light (325 to 425
nm) via upconversion, which in turn excites TiO2 to form
electron/hole (e-/ h*) pairs as shown on Fig. 3. Consequently,
N doping is responsible for enhanced photocatalytic acitivity of
C-dots/TiO2. The reason is that N doping can lower the work
function of carbon nanomaterials.



»

Carbon quantum dot

Fig. 3. Proposed photooxidation mechanism of C-dots/TiO2 hybrid nanocomposite as energy conversion system

The lower work function of N-doped C-dots will produce
much barrier between C-dots and TiO2. When excited by
visible light, photogenerated electrons more efficiently transfer
to CB of TiO2 and subsequently convert into other reactive
oxidative species. As a result, C-dots/TiO2 displays higher
photocatalytic activity than the control experiment. Therefore,
N doping lowers the work function of C-dots, which is probably
main reason for enhanced activity.

The solar-cell current voltage and associated parameters
show that all hybrid nanocomposite improve the efficiency
compared to the uncoated (TiO2) devices. QDSSCs device has
the highest efficiency owing to a combination of relatively high
open-circuit voltage (Vo) and short-circuit current (Jso)
associated with relatively low series resistance (Rs) and high
shunt resistance (Rsh), as it is shown in Table 1:

Table 1.
Solar-cell parameters of C-dots sensitized TiO2 solar cells
derived from J-V characteristics

Sample Jse Voc FF PCE Rs Rsh

[mAcm-2] [mV] [%] kQ] [kQ]
Uncoated 0.083 15  0.34 0.0004 027 0.30
C-dots  0.690 440 042 0.1120 0.85 9.18

The power conversion efficiency of 0.112 % for the QDSSCs
device is the best one obtained in our experiments.
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Conclusion

We have developed C-dots/TiO2 quantum dot-sensitized
solar cells, which showed a synergetic power conversion
activity, due the doping of nitrogen in the nanoparticles. This is
attributed to the lower work function, induced by N doping. So,
the performance of the device is depended on the absorbance
and functional groups on the carbon nanodot surface.
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IN SITU BIOREMEDIATION OF A SOIL HEAVILY CONTAMINATED WITH NON-FERROUS
METALS AND ARSENIC

Plamen Georgiev, Irena Spasova, Marina Nicolova, Stoyan Groudev

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

ABSTRACT. Two experimental plots of an acidic soil heavily contaminated with non-ferrous metals (mainly copper, zinc and cadmium) were treated in situ under real
field conditions using the activity of the indigenous soil microflora. This activity was enhanced by suitable changes of some essential environmental factors such as pH
and water, oxygen ad nutrient contents of the soil. The treatment was connected with solubilization and removal of contaminants from the top soil layer (horizon A)
due to the joint action of the soil microorganisms (mainly of the acidophilic chemolithotrophic bacteria) and the leach solutions used to irrigate the soil (diluted
sulphuric acid). The dissolved contaminants were removed from the soil profile of one of the plots (Ne 1) through the drainage effluents. The dissolved contaminants in
the plot Ne 2 were transferred to the deeply located soil subhorizon B2 where they were precipitated as the relevant insoluble sulphides as a result of the activity of the
sulphate-reducing bacteria inhabiting this soil subhorizon. This activity was enhanced by injecting water solutions of dissolved organic compounds (lactate and
acetate) and ammonium and phosphate ions through vertical boreholes to this soil subhorizon).

Keywords: soil cleaning, heavy metals, arsenic, soil micloflora

BMOPEMEOWALINA IN SITU HA NO4YBA TEXKO 3AMBPCEHA C LLBETHA METAINU U APCEH
MnameH eopaues, UpeHa Cnacoea, MapuHa Hukonosa, CmosiH pydes
MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpusi, bvneapus

PE3IOME. [IBa ekCriepMeHTanHy yyacTbka Ha kucena noysa, TEXKO 3aMbpCeHa ¢ UBETHWU MeTanm (rnaBHO Mefl, LMHK U kafMuit) 1 apceH Gsxa TpeTupatm in situ
Mpyu peanHu MoneByu YCOBYS, U3NON3Baik akTUBHOCTTA Ha eCTecTBEHaTa NouBeHa MUkpodiopa. Tasn akTMBHOCT Gelue MOBMLEHA MOCPEACTBOM NOAXOASLN
MPOMEHM Ha HAKOW OCHOBHM EKONOTMYHN (hakTopy kato pH 1 ChabpKaHusi Ha BOAA, KUCMIOPOA U XPAHUTENHM BELLECTBA B Noysata. TPeTupaHeTo Ha noysarta Gele
CBbP3aHO C pa3TBapsiHe M OTCTPaHsABaHe Ha 3aMbPCATENM OT TOPHWTE MOYBEHM MIACTOBE (XOPU3OHT A) nopagu CbBMECTTHOTO [EACTBME HA MOYBEHUTE
MUKPOOPraH1amy (FMaBHO Ha auuaoduUIHUTE XEMONMTOTPOMHI BakTepuM) U Ha M3nyrealuuTe pasTBOpM, U3NON3BaHW 3a OpOCsiBaHe Ha nouBaTa (pa3peseHa cApHa
KucenuHa). PasTBopeHUTe 3aMbpcuTeny Gsixa OTCTpaHeHM OT MOYBEHWUS NPOUN Ha eauHus oT yyactbluTe (Ne 1) upe3 apeHaxHuTe Bogu. PasTBopeHuTe
3aMbpcuTent B yyactbk Ne 2 Gsixa ocTaBeHn Aa ce NPUABMKAT A0 AbNGOKO PasnofOKEHUs MOYBEH MOAXOPUINOHT Bg, KbaeTo Bsixa yTaeHn kato ChOTBETHUTE
HEpasTBOPUMM CyNMaM B Pe3ynTaT Ha akTUBHOCTTA Ha Cyndatpeayumpalute Gaktepun, 06UTaBaLLy TO3M NOYBEH NOAXOPU3OHT. Tasu akTMBHOCT Gelle noBuLeHa
upe3 UHXeKTUpaHe Ha BOHW PA3TBOPW Ha PA3TBOPEHU OPraHUYHW CbeOMHEeHUs (MakTaT W aueTaT) W amMoHWeBM W (hocaTHu OHW MPe3 OTBECHW COHAAXMW,
AOCTUraLLy A0 TO3 MOYBEH NOXOPU3OHT.

KniouoBu AYMU: Npe4ncTBaHe Ha NoYBK, TEXKN MeTanu, apceH, no4YBeHa MVIKpOCbJ'IOpa

Introduction Materials and Methods

The large commercial-scale operations for dump and even The soil used in this study was a typical leached cinnamonic
for heap bioleaching of ores of non-ferrous metals and uranium soil heavily polluted with non-ferrous metals (mainly Cu, Zn
are often connected with contamination of environment with and Cd) and arsenic. The soil profile was 125 c¢cm deep
several toxic elements. The remediation of waters and (horizon A, 25 cm; horizon B, 75 c¢m; horizon C, 20 cm) and
especially of soils contaminated with such pollutants is a was underlined by intrusive rocks with a very low permeability.
difficult problem (U.S. Environmental Protection Agency, Data about the chemical composition and some essential
1991). Traditional efforts to manage such soils until recently geotechnical parameters of the soil are shown in Table 1. The
focused on their removal by extraction followed by off-site contaminants were located mainly in the horizon A (Table 2).

treatment/disposal as well as on the in situ monitored natural
attenuation or passive capping using the installation of clean,
inert material over the contaminated soil. However, the
application of some in situ methods based on the chemical
and/or biological removal of such toxic contaminants is steadily
increasing due to their effectiveness and less expensive and
less risky management (Knox et al., 2008; Groudev et al.,
2010). Some data about the in situ bioremediation of a soil
heavily contaminated with non-ferrous metals and arsenic are
shown in this paper.

Two experimental plots of the soil with a size of 120 m3 each
were treated under real field conditions. The treatment was
connected with solubilization and removal of contaminants
from the horizon A due to the joint action of the soil
microorganisms (mainly of the acidophilic chemolithotrophic
bacteria) and the leach solutions used to irrigate the soil.
These solutions consisted of water acidified to pH 2.5 - 3.5 and
containing ammonium and phosphate ions in amounts
sufficient to maintain their concentrations in the soil pore
solutions at about 30 and 15 mg/l, respectively.
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Table 1.

Characteristics of the soil in the plot before and after the treatment

Parameters Before After Parameters Before After
treatment treatment treatment treatment
Chemical composition, % pH (H20) 411 2.85
SiO2 76.5 77.2 Net neutralization potential (kg CaCOslt) -35.0 -18.7
Al203 14.6 14.2 Bulk density (g/cm3) 1.54 1.50
Fe20s 3.20 2.62 Specific density (g/cm?3) 2.64 2.58
P20s 0.05 0.07 Porosity (%) 54 51
K20 2.26 1.94 Permeability (cm/h) 15.4 12.5
N total 0.10 0.11 Particle size, mm (%)
S total 1.50 0.80 >1.00 3.2 2.1
S sulphidic 1.20 0.62 1.00-0.25 28 19.8
Carbonates 0.17 0.03 0.25-0.01 50.9 53.2
Humus 1.69 1.43 <0.01 25.1 24.9
Table 2.
Content of contaminants in the horizon A of the soil treated in the experimental plots
Parameters Cu | Zn | Cd | As
Contents of contaminants, ppm
Before treatment 484 520 6.4 82
After treatment 64 82 0.8 15
Permissible levels for soils with pH<6.0 80 200 1.5 25
Permissible levels for soils with pH 6.0 - 7.4 150 320 2.0 25
Bioavailable fractions, ppm
a) By DTPA leaching
Before treatment 195 137 0.8 32
After treatment 19 1 0.07 3.5
b) By EDTA leaching
Before treatment 156 80 0.41 23
After treatment 7.7 6.2 0.07 2.1
Easily leachable fractions, ppm
Before treatment 305 245 1.7 42
After treatment 15 19 0.12 2.8
Inert fractions, ppm
Before treatment 82 73 0.65 12
After treatment 77 70 0.59 1
The composition and irrigation rate of the leaching solutions The isolation, identificaion and enumeration of

were adjusted in connection with the levels of the local natural
rain fall and temperature to maintain the water-filled porosity in
the horizon A at about 60 - 70% and the pH of the soil pore
solutions within the range of about 2.8 - 3.2. The upper layers
(horizon A) were ploughed periodically to enhance the natural
aeration.

The contaminants dissolved in the first plot (Ne1) were
removed from the sail profile through the drainage effluents.
The pregnant drainage effluents were collected in a collector
pond and then were treated by a constructed wetland located
near the soil plots. The contaminants dissolved in the plot Ne2
were transferred to the deeply located soil horizon B where
they were precipitated as the relevant insoluble sulfides as a
result of the activity of the indigenous sulfate-reducing bacteria.
This activity was enhanced by injecting water solutions of
dissolved organic compounds (lactate and acetate) and
ammonium and phosphate ions through vertical boreholes to
this soil horizon. Regardless of the removal of contaminants,
the relatively barren drainage solutions from the plot Ne2 were
also treated by the constructed wetland.

microorganisms, as well as the determination of the bacterial
activity in situ, were carried out by methods described
elsewhere (Groudev et al., 2010; Karavaiko et al., 1988;
Escobar et al., 2008; Sanz and Kéchling, 2007).

Results and Discussion

The leaching of contaminants in the horizon A was very
efficient and within a period about 9 months (from March to
November to avoid the cold winter months in Bulgaria) their
concentrations were decreased below the relevant permissible
levels (Table 2). The treatment was connected with
considerable changes in the composition of the soil microflora
(Table 3). The mesophilic acidophilic chemolithotrophic
bacteria related to the species Acidithiobacillus ferrooxidans,
At. thiooxidans and Leptospirillum ferrooxidans became the
prevalent microorganisms in the horizon A (Table 3). These
bacteria were able to oxidize the sulphide minerals present in
the soil and to solubilize their metal components. The non-
ferrous metals (Cu, Zn, Cd) and arsenic were solubilized
mainly in this way and as the relevant cations were removed
from this soil horizon.
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Table 3.

Microorganisms in the soil horizon A before and during the leaching of contaminants

Microorganisms Before treatment | During treatment
Cells/g dry soil

Aerobic hetertrophic bacteria 104 - 107 108 - 105

Acidophilic chemolithtrophs oxidizing Fe?* and/or S° 102- 104 105-107

Chemolithotrophs able to oxidize ScatpH 4 -9 103105 101 - 103

Nitrifying bacteria 102-103 101 - 102

Fungi 10" - 108 10" - 102

The activity of the chemolithotrophic bacteria depended on some essential environmental factors such as pH and temperature
(Table 4), presence of essential nutrients (mainly sources of N and P), as well as on the levels of soil humidity and aeration.

Table 4.

Microbial activity in situ at different environmental conditions in the experimental plots

Sample and conditions of testing

Fe?*oxidized for 5 days, g/l

14C0:2 fixed for 5 days, counts/min.g

Soil suspensions in
10K nutrient medium
with pH 3.7 +Fe2* (10g/l) at 9 - 12 °C

0.71-1.59 1700 - 3200

Soil suspensions in
10K nutrient medium with pH 3.7 +Fe2* (10g/)
at15-18°C

1.98 - 4.86 3600 - 8100

Soil suspensions in
10K nutrient medium
with pH 3.7 +Fe2* (10g/l) at 20 — 23 °C

2.55-6.82 4100 - 12200

Soil suspensions in

10K nutrient medium
with pH 3.0 +Fe2* (10g/1)
at9-12C

1.55-3.32 3700 - 7200

Soil suspensions in
10K nutrient medium with pH 3.0 +Fe2* (10g/1)
at15-18¢°C

2.84-6.44 4300 - 12000

Soil suspensions in

10K nutrient medium
with pH 3.0 +Fe2* (10g/1)
at 20 — 23°C

3.07-8.15 4600 - 15500

The removal of contaminants from the pregnant drainage
solutions generated in the horizon A of the experimental soil
plots by treatment outside the soil plot Ne 1 and by treatment
inside the soil plot Ne 2 was very efficient and the exact choice
of the more attractive variant depends on several factors, some
of which are not directly connected with the type of the soil and
the kind and the concentration of the contaminants. In any
case, after the end of the operation for removal or
detoxification of the contaminants, the treated soils are
subjected to some conventional melioration procedures such
as liming (if necessary), grassing, moulching, addition of
fertilizers and animal manure as well as periodic ploughing and
irrigation.
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MECHANISMS OF BIOLOGICAL OXIDATION OF URANIUM IN NATURAL ECOSYSTEMS
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ABSTRACT. The utilization of mesophilic and moderately thermophilic chemolithotrophic bacteria, possessing ferrooxidizing activity and producing ferric ions at acidic
pH of the medium, is currently applied under industrial scales for extraction of uranium from mineral raw materials (mainly ores and concentrates), as well as for
cleaning soils polluted with this element. The studies carried out in some of the developed in the past and, at the present, recultivated to a different stage uranium
deposits in Bulgaria revealed that in these biotopes uranium is oxidized and passes in soluble form also by other microorganisms as the extreme thermophilic
archaea, heterotrophs producing hydrogen peroxide, nitrifying and denitrifying bacteria producing uranium oxidising nitrogen oxides (NO2, NO, N20) as a result of the
processes of nitrification and denitrification. The possibilities for biological removal of uranium from polluted waters and soils were tested.

Keywords: uranium, microorganisms, biological oxidation

MEXAHWU3MW HA BUONOr'M4YHO OKUCNEHWE HA YPAH B MPUPOAHN EKOCUCTEMU
CmosH pydes, UpeHa Cnacoea, lMnameH Meopeuee, MapuHa Hukonoea
MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Coghusi, bvneapus

PE3IOME. /3non3saHeTo Ha Me30(UIHM 1 YMEPEHO TePMOMUIHIA XEMONMTOTPOMHM BakTepun, npuTexaBaluy hepooKCAA3Ha aKTUBHOCT U reHepupaLuy depu
JIOHW NPV KNCENO PH Ha cpeaata, ce npunara MoHacTosLeM B MPOMULLNEHN MaLLabu 3a N3BNMYaHE Ha ypaH OT MUHEPaNHU CYpPOBWUHW (TaBHO PYAN W KOHLIEHTPATH),
KaKTo 1 3a MpeuncTBaHe Ha MOYBM, 3aMBPCEHN C TO3N enemeHT. W3creaBaHnsTa, MPOBEAEHW B HAKOM OT paspaboTBaHMTE B MMHANOTO W MOHACTOSLIEM
peKkynTMBMPaHW B pa3ninyHa CTeNeH ypaHoBW Haxoauwa B Bbnrapus nokasaxa, e B Teau GuoTonu ypaHa ce OKUCNsSiBa U NpemMUHaBa B pa3TBopeHa dopma v ot
APy MUKDPOOPraHW3MK, KaTo EKCTPEMHW TEpMOUIHM apxew, XeTepoTpocu, Npogyuupaliy BOAOPOLEH MPEKUC, HUTpUdMLMpaLM U OeHUTpUdULMpaLLyM
BakTepupun okucnsBaLy ypaHa Ypes asotHn okuck (NO2, NO, N2O) B pesynTat Ha npoLecute HUTpUdMKaLms n JeHnTpudukaums. TecTupanu ca BbP3MOXHOCTUTE
3a BMONOrYHO OTCTpaHsBaHe Ha ypaHa OT BOAM 1 MOYBM, 3aMbPCEHM C TO3N ENEMEHT.

Kniouosu AYMU: ypaH, MUKPOOPraH13mu, 61onormyHo okucneHne

Introduction as heap leaching using heaps with the shape of a truncated
pyramid and consisted of ore crushed usually to minus 1 — 3
Different microorganisms are able to leach uranium from the cm particle size, aerated by air supplied to the ore through
relevant minerals and ores. The industrial-scale bioleaching of ~ Several perforated pipes and irrigated by solutions containing
uranium which is currently applied in several countries is based sulphuric acid and ferric ions. The heaps are inhabited by
on the activity of some acidophilic chemolithotrophic acidophilic chemolithotrophic bacteria and, apart from the
microorganisms (bacteria and archaea) which are natural sulphuric acid and ferric ions, some nutrients (mainly sources
inhabitants of the uranium deposits. These microorganisms are of nitrogen and phosphorous) are added to the ore;
able not only to leach the easily soluble hexavalnet uranium as reactor bioleaching in agitated tanks containing
present in some oxide minerals such as carnotite and suspensions of finely crushed ore or even concentrate, under
pitchblende but can oxidize the insoluble tetravalent uranium conditions optimum for the growth and activity of the relevant
(e.g. in uraninite) to the soluble hexavalent form. This microorganisms.
oxiadation is carried out by different bacteria and archaea able
to oxidize the ferrous iron to the ferric state and/or the sulphur The uranium deposit Curilo located in a short distance from
(present as S in the sulphide minerals) to sulphuric acid or the Sofia, for a long period of time was a site of intensive mining
relevant sulphates (Karavaiko et al., 1988; Schippers et al., activities including both open-pit and underground mining
1995; Tuovinen and Bhattit, 2002). techniques as well as in situ leaching of uranium. The main
uranium-bearing minerals in the ore were nasturane,
The industrial bioleaching of uranium is applied by different torbernite, metatorbernite, pitchblende, metaotunite  and
systems: as underground in situ leaching by injecting solutions basetite. The ore was rich in pyrite and, apart from uranium,
of sulphuric acid and, in some cases, ferric ions usually contained some non-ferrous metals such as copper, zinc and
obtained as a result of the preliminary bacterial oxidation of lead, present mainly in the form of sulphide minerals. Quartz
ferrous ions, via boreholes to the uranium bearing ore layers; and feldshpars were the main minerals in the host rock. Clay

minerals and some iron hydroxides were also present.
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The mining operations in the deposit were ended in 1990 but
since that time the deposit was for several years a source for
generation of acid mine drainage waters. These waters had
low pH (usually in the range of about 2 — 3) and contained
radionuclides (mainly uranium and radium), heavy metals
(mainly iron, copper, zinc and manganese), arsenic and
sulphates in concentrations usually much higher than the
relevant permissible levels for waters intended for use in
agriculture and/or industry. A portion of these waters consisted
of groundwaters arised after the closure of the underground
mine and coming from the underground mining works. The
other portion consisted of drainage waters arised after rainfall
from the fractured ore body and from the dumps consisted of
rich-in-pyrite mining wastes and low-grade ores. The
generation of these acid drainage waters was connected with
the growth and activity of the indigenous chemolithotrophic
bacteria which are able to oxidize the pyrite and other sulphide
minerals present in the ore body (Suzuki and Suko, 2006;
Nicolova et al., 2010). These microorganisms are of a great
scientific and practical interest since are largely used in
commercial-scale operations for extracting uranium and
different non-ferrous metals from ores, concentrates and
mineral wastes, as well as for pretreatment of different
sulphide-bearing substrates (mainly concentrates) for exposing
the precious metals and different rare earth elements finely
disseminated in these substrates accessible to subsequent
leaching. On the other side, the spontaneous and without an
efficient control growth of such microorganisms can be the
reason for heavy contaminations of the soil and water
ecosystems located near the dumps of toxic mineral wastes.
The data present in this paper contain some results from
studies on the character of contamination of some of the
ecosystems of this type before their effective remediation.

Materials and Methods

The sample of mining wastes used in this study was taken
from the dumps located in the Curilo deposit before their
recultivation. The sample contained 0.1 % uranium, mainly in
the form of uraninite, nasturane and pitchblende. Apart from
uranium, the sample contained some non-ferrous metals
(copper, zinc, lead) and arsenic present as the relevant
sulphide minerals. However, the pyrite was the main ore
mineral in these dumps. The mineral composition of the dumps
made them after rainfall an intensive source of acid drainage
waters heavily contaminated by radionuclides, heavy metals,
arsenic and sulphates in concentrations much higher than the
relevant permissible levels for waters intended for use in the
agriculture and/or industry (Table 1). The contamination was
connected with the activity of some microorganisms, mainly
chemolithotrophic bacteria, which were inhabitants of the rich-
in-sulphides and still non-recultivated sites in the deposit.

On the basis of the data on the rates of oxidation of Fe2* and
S0 some of the microbial strains isolated in this study, related
to different taxonomic species and characterized by different
levels of their oxidative ability, were used in experiments for
bioleaching of the uranium ore sample mentioned above. The
bioleaching was carried out by the shake-flask technique using
Erlenmeyer flasks of 250 ml containing 90 ml of 9K nutrient
medium, 10 ml microbial inoculum taken from the late-log-
phase during the cultivation of the relevant strains on different
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substrates (Fe?*, SO or ore) and 20 g of the ore milled to minus
100 microns. The cultivation of the microorganisms and the
bioleaching experiments were carried out at different
temperatures (usually at 30 — 35 °C for the mesophilic bacteria,
50 - 55 oC for the moderate thermophilic bacteria and 70 °C for
the extreme thermophilic archaea.

Bioleaching experiments were performed also in percolation
columns each of them containing 30 kg of ore crushed to
minus 2.0 cm. The leach solutions consisted of diluted
sulphuric acid with and without dissolved iron ions (as Fe?*
and/or Fe¥) in different concentrations. The columns were
inoculated by mixed microbial cultures able to grow at the
different temperatures mentioned above.

Table 1.
Data about the chemical composition of the acid drainage
waters generated in the dumps of mining wastes

Parameters Content Permissible
levels
Temperature, °C (+0.1) - (+29.7) -
pH 1.81-4.40 6-9
Total content of dissolved 510 - 3740 1500
substances, mg/l
Insoluble substances, mg/l 21-212 100
Dissolved organic carbon, mg/l | 0.3-6.2 20
Sulphates, mg/l 332-1918 400
Uranium, mg/l 0.21-5.90 0.6
Radium, mg/l 0.05-0.62 0.15
Copper, mg/l 0.28-17.2 0.5
Zinc, mg/l 0.80 - 28.0 10
Cadmium, mg/l 0.01-0.14 0.02
Lead, mg/l 0.08 -0.91 0.2
Nickel, mg/l 0.32-8.24 0.5
Cobalt, mg/l 0.21-7.12 0.5
Iron, mg/| 64 — 1928 5
Manganese, mg/| 0.71-68 0.8
Arsenic, mg/l 0.01-0.71 0.2

The parameters measures of the leach and pregnant
solutions included pH, Eh, dissolved oxygen, chemical
composition, total dissolved solids, temperature and
concentrations of the different microorganisms. Elemental
analysis of the solid samples was performed by digestion and
measurements of the ion concentrations in solution by atomic
absorption spectrometry and inductively coupled plasma
spectrometry. Mineralogical analysis was carried out by X-ray
diffraction techniques.

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 (Escobar et al., 2008; Sanz and
Kochling, 2007).

Results and Discussions

The microbiological analyses of the dumps located in the
Curilo deposit revealed that a large number of different
microorganisms were present in this quite specific ecosystem
(Table 2). The acidophilic chemolithotrophic bacteria able to



oxidize the sulphide minerals (mainly pyrite), the ferrous iron,
elemental sulphur and tetravalent uranium were the prevalent
microorganisms in the dumps and in the acid drainage waters
generated after rainfall as a result of the microbial oxidation of
these inorganic substrates to sulphuric acid, soluble ferric and
sulphate ions and hexavalent uranium. The mesophilic
Acidithiobacillus ferrooxidans was the main representative of
these bacteria and its number in some ore and water samples
was higher than 108 cells/g (or cells/ml). Leptospirillum
ferrooxidans was also present in large numbers in the dumps
but usually in lower concentrations the At. ferrooxidans. This
was probably due to the fact that L. ferrooxidans is able to
oxidize only ferrous iron but not any form of the sulphur.
However, mixed cultures of L. ferrooxidans with
Acidithiobacillus thiooxidans, which possess only sulphur-
oxidizing ability, were quite efficient during the oxidation of
pyrite and the leaching of the mineral wastes from the dumps.

Table 2.
Microfiora of the acid drainage waters generated in the dumps
of mining wastes

Microorganisms Cells/ml
Mesophilic microorganisms

Fe2*-oxidizing chemolithotrophs (at pH 2) 108 - 108
S%-oxidizing chemolithotrophs (at pH 2) 108 - 107
SY-oxidizing chemolithotrophs (at pH 7) 108 - 107
Aerobic heterotrophic bacteria 102 - 106
Nitrifying bacteria 0-103
Fungi 0-103
Anaerobic heterotrophic bacteria 0-103
Denitrifying bacteria 0-10"
Sulphate-reducing bacteria 0-103
Fe3*-reducing bacteria 0-102
Methanogenic bacteria 0-10"
Moderate thermophilic microorganisms

Fe?*-oxidizing chemolithotrophs (at pH 2) 0-108
S0-oxidizing chemolithotrophs (at pH 2) 0-108
Aerobic heterotrophic bacteria 0-103
Nitrifying bacteria 0-10?
Anaerobic heterotrophic bacteria 0-102
Sulphate-reducing bacteria 0-102
Thermophilic archaea

Fe?*-oxidizing archaea 0-102
S0-oxidizing archaea 0-102
Aerobic heterotrophic archaea 0-102

In some rich-in-pyrite parts of the dump the internal
temperature usually was higher than 40 - 42 °C and
sometimes reached about 50 °C. Some moderate thermophilic
bacteria, mainly  of the  species Sulfobacillus
thermosulphidooxidans, Acidithiobacillus caldus,
Acidimicrobium ferrooxidans and Leptospirillum ferriphilum
were isolated from these parts and usually were prevalent
microorganisms in the biotopes. S. thermosulphidooxidans was
able to oxidize Fe?* and S° and even as pure cultures oxidized
efficiently by tetravalent uranium. However, the highest
oxidation rates towards the uranium and pyrite were achieved
by mixed cultures of S. thermosulphidooxidans with At. caldus.
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Some extreme thermophilic archaea also found and isolated
from some rich-in-pyrite parts of the dumps. Most of these
archaea were related to the species Sulfobacillus metallicus
and Metallosphaera hakonensis and were able to oxidize the
Fe2t, S0, pyrite and U(IV) at temperatures higher than 70 °C.
Archaea related to Ferroplasma acidiphilium were found only
sporadically.

Three cultures of nitrifying bacteria, two cultures of
denitrying bacteria and two cultures of hydrogen peroxide
producing bacteria were also isolated from the soils and
drainage waters polluted or in contacts with the mining wastes
in the deposit.

The cultures consisted of nitrifying bacteria oxidized
relatively small portions of the ferrous ions present in the leach
solutions, i.e. about 0.8 — 1.4 g/l from the initial content of 9 g/l
or 4.5 g/l added as ferrous sulphate by solutions containing
also other components of the nutrient medium of Gilty. The
oxidation was carried out by means of the oxygen contained in
the nitrogen oxides, mainly in NO2 and NOs, generated during
the process of nitrification. The ferric ions obtained in this way
oxidized a portion of the tetravalent uranium in the ore to the
soluble hexavalent state. The extraction of uranium from the
ore by this treatment was low (less than 15 % for 30 days of
leaching). It must be noted that the chemical leaching of the
ore by means of the sterile nutrient medium of Gilty without the
nitrifying bacteria resulted in uranium extraction of about 8 — 10
% for the same period of time. These extractions were due to
the molecular oxygen present in the well-aerated system for
cultivation of the nitrifying bacteria (the content of O dissolved
in the leach solution was usually higher than 5 mg/l).

The nitrogen oxides mentioned above were generated also
during the process of denitrification in which the nitrates were
reduced to molecular nitrogen (N2) through the consecutive
generation of intermediate gaseous nitrogen oxide products.
Several bacterial species were involved in the denitrification
process and some of the intermediate products reacted with
sunlight and ozone producing nitric acid, a component of acid
rain. The effects of the nitrogen oxides generated during the
denitrification on the oxidation of uranium, ferrous ions and
sulphidic and elemental sulphur was negligible and the
extraction or uranium from the ore by this mechanism was low
(about 5 - 7 % within 30 days of leaching).

Data about the maximum oxidation rates towards the most
essential energy sources for these microorganisms, i.e. the
Fe2* and S9, as well as data about their ability to leach uranium
from the ore used in this study, are shown in Tables 3 and 4.
The data revealed that the efficiency of uranium leaching
depended on the rates of Fe?* and S° oxidations by the
relevant microbial strains. In general, the highest oxidation
rates during these experiments were achieved by some strains
of the extreme thermophilic archaea related to the species
Sulfolobus metalicus. At the same time, it was clear that the
individual distinctions between the strains related to one and
the same taxonomic species were quite great, e.g. some
mesophilic strains were able to oxidize Fe?* and/or SO at rates
higher than these of some of the moderate thermophilic or
even of some of the extreme thermophilic strains.



Table 3.

Maximum rates of oxidation of Fe2* and S9 by different strains
of chemolithotrophic microorganisms at the relevant optimum
temperatures

Microorganisms Number | °C | Maximum oxidation
of strains rate, mg/l.h

FeZ+ SO
Ac:d;th:pbac:llus 17 35 | 125-971| 42_95
ferrooxidans
Leptosplr/llum 12 35 | 114 - 235 B
ferrooxidans
Sulfobacillus
thermosulfidooxidans 12 50 | 159-284 | 68132
Sulfolobus metallicus 10 70 | 177-295| 82-145
Metalosphaera 6 |70 |155-280 | 62-114
hakonensis
Table 4.

Bioleaching of uranium ore by the shake-flask technique at
different temperatures by different strains of chemolithotrophic
bacteria and archaea

Microorganisms Number |°C | Maximum oxidation rate,
of strains % for 30 days

Ac:d/thlgbacﬂlus 8 35 41-75

ferrooxidans

#eptospmllum 6 35 35_68

‘errooxidans

Sulfobacillus

thermosulfidooxidans 6 50 59-84

Sulfolobus metallicus 8 70 64 — 86

Metalospﬁaera 4 70 4477

hakonensis

The oxidation rates achieved by some mixed cultures of
chemolithotrophic microorganisms towards the Fez* and S, as
well as the extractions of uranium from the mining wastes used
in this study, were slightly higher than the relative data
obtained by the same strains when they were used as pure
cultures (Table 5). However, this symbiotic effect was not
present by some other mixed cultures.

Table 5.

Microbial oxidation of Fe2* and S° and bioleaching of uranium
ore by means of different mixed cultures at different
temperatures

Number |°C Rates of Fe?* and S°
of culture oxidation, mg/l/h, and U
tested extraction, % for 30 days

Type of the
mixed culture

Fe2t S0 U

Mixed cultures 8 35
of mesophiles 250-280 | 82-93 | 59-79

Mixed cultures 2
of moderate 6 50 | 64-293 | 86-140| 68-88

thermophiles

Mixed cultures
of extreme 6
thermophiles

70 | 271-299 | 91-147| 71-95

It was found that the considerable distinctions between the
strains related to one and the same taxonomic species were
connected with the activity of the different enzymes
participating in the oxidation of the energy sources, i.e. of U%,
Fe?* and SO, and in the CO: fixation. The strains differ also with

respect to the optimum conditions for their growth and activity
(such as pH, type and concentrations of some nutrients such
as sources of nitrogen and phosphorus) and with respect to
their stability to different toxic elements. It must be noted that
most of the strains tested in this study were able to oxidize U4
directly, i.e. in the absence of dissolved iron, peroxides and/or
the nitrogen oxides present during the processes of nitrification
and/or denitrification. It must be noted that the sample of
uranium-bearing mineral wastes used in this study contained
some iron (mainly in pyrite but a small portion in oxide
minerals) and a portion of it dissolved during the leaching. In
the leach solutions acidified by means of diluted sulphuric acid
the dissolved uranium is present as uranyl sulphate, i.e. as the
uranyl cation (UO22*). In some cases it is possible this uranium
to inhibit the microbial oxidation of Fe2* ions. It is also known
that even the tetravalent uranium can inhibit the microbial
oxidation of Fe?*. For that reasons, the well-known BACFOX
(BACterial Film OXidation) process, which is largely applied
under industrial-scale conditions, is based on the microbial
oxidation of Fe2+ in the absence of uranium, i.e. after the
removal of dissolved uranium from the pregnant leach
solutions.

The microbial transformations of uranium, including its
oxidation to soluble forms, were applied in large-scale
operations for extractions of this element from mineral raw
materials as well as for remediation of contaminated waters
and soils located within or near uranium deposits (Groudev et
al., 2008; 2010).
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BIOLEACHING OF METALS FROM A WASTE ORE IN CONNECTION WITH COPPER
RECOVERY, ENVIRONMENT PROTECTION AND ELECTRICITY GENERATION

Irena Spasova, Marina Nicolova, Plamen Georgiev, Stoyan Groudev

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

ABSTRACT. A waste ore dump located in central Bulgaria, near Sredna Gora Mountain, after a long period of industrial and then spontaneous bioleaching process,
still contained about 0.14 % residual copper and was inhabited by different acidophilic chemolithotrophic bacteria. After rainfall, as a result of spontaneous bacterial
activity, acid drainage waters were generated and polluted the environment. To solve this problem, an experimental laboratory installation to treat samples of such
waters was constructed. The installation consisted of percolation columns containing samples from the dump, a collector pool for the drainage waters, a cementation
unit for copper precipitation and a BACFOX (BACterial Film OXidation) unit for bacterial oxidation of the ferrous ions to the ferric state. The solutions treated in this
way were recycled to the ore subjected to leaching. Another portion of the barren solutions from the cementation unit were treated by means of a permeable reactive
multibarrier. The effluents from this multibarrier were enriched in biodegradable organic substrates and were characterized with a pH close to the neutral point,
absence of dissolved oxygen and low electrochemical potential and were inhabited by anaerobic heterotrophic microorganisms, including some electrochemically
active bacteria possessing iron or sulphate anoxic respiration. It was found that these effluents were suitable for generation of electricity in microbial fuel cells. The
treatment of the effluents from these cells in the BACFOX unit made these effluents suitable for leaching copper from the waste ore.

Keywords: waste ore, metal bioleaching, electricity generation, environmental protection

BMONOrM4YHO U3NYrBAHE HA METANU OT OTPABOTEHA PYJA, CBbP3AHO C JOBMB HA ME[], ONMA3BAHE HA
OKOINHATA CPELA U TEHEPUPAHE HA ENEKTPUYECTBO

WUpena Cnacoea, MapuHa Hukonosa, lnamen Neopzues, CmosiH Mpydes

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Coghusi, bvneapus

PE3IOME. Hacvnuwe ot otpaboTeHa pyaa, pasnonoxeHo B Bbnrapus, 6nuso go CpeaHa opa, cnea Abnbr nepuoa Ha Npoueck Ha NPOMULLAEHO U CMOHTAHHO
6uonormyHo M3nyreaxe, Bce olle cbhabpxale okorno 0.14 % octatbyHa Med n Delwe obuTaBaHO OT pasnMyHM auMAOUNHM xemonuToTpodHu baktepun. Criea
AbX[A, B Pe3ynTaT Ha CroHTaHHaTa bakTepuanHa akTWBHOCT, Ce reHepupaxa KuCcenu [peHaxHn BOAM, 3aMbpCsBally OKOMOHaTa cpeda. 3a pellaBaHe Ha TO3u
npobney, belwe koHCTpyMpaHa nabopaTopHa WHCTanauus 3a npepaboTBaHe Ha yacT OT Tean BopW. MHCTanauusta ce CbCTOELe OT NepKOMaLMOHHU KOMOHM,
CbAbPXKaLLM Npobu OT HACUNULLETO, KonekTopeH BaceilH 3a ApeHaxHWTe BOAW, CTPYKTYpa 3a yTasBaHe Ha MeATa W CTPYKTypa 3a GakTepuanHo OkvcneHue Ha
tbepoitorute [0 GepuitoHn. PasTBopuTe, TPETUPAHM MO TO3M HAYMH, CE peLuknMpaxa KbM W3nyreaHata pyga. [pyra yact oT obeamefeHuTe pasTBopu crieq
LMMeHTaLmsTa Ce TpeTupaxa 4ypes Mponycknuea peaktvBHa MynTubapuepa. Bogute, m3twyawm ot Tasu myntubapuepa, bsxa HaborateHu Ha 6uonorMyHo
pa3rpaguMu opraHnyHu cybeTpaTh W ce xapaktepuaupaxa ¢ pH 6nusko 40 HeyTpanHusi NYHKT, OTCLCTBME Ha Pa3TBOPEH KUCMOPOA W HUCBK eneKTPOXMMUYEH
noteHuuan un 6sixa 06utaBaHN OT aHaepobHN XeTePOTPOPHN MUKPOOPraHN3MK, BKIIOUMTENHO OT HAKOM €NEKTPOXMMUYHO aKTUBHI BaKTepuu, NpuTexaBaLLy Kensso
unu cyndatHo aHaepobHo AuwaHe. YcTaHoBeHo Gelue, ye u3TuyawmTe OoT MynTubapuepaTa Bofn Osxa MOAXOASLM 33 reHepupaHe Ha enekTpU4YecTBOTO B
MWKPOBHM rOpUBHY KNeTKM. TPETMPaHETO Ha M3THYaLLMTe OT Teav KrneTku Boam B cTpykTypata BACFOX rv npeBbpHa BbB BOAM, NOAXOAALLM 3a U3MYrBaHe Ha Mef OT
otpaboteHata pyaa.

KniouoBu AyMU: benHa pyaa, U3Bnnu4aHe Ha MeTanu, reHepupaHe Ha eneKkTpu4ecTBo, onaseaHe Ha OkonHaTa cpeda

Introduction constructed by transformations of the existed ore piles. The
solution percolated through the dumps and dissolved copper.
The ore piles located at the Tsar Asen copper mine, located Most copper was solubilized from the oxide minerals by means
near the Sredna Gora mountain, in Central Bulgaria, initially (in of the sulphuric acid which was added to the effluents from the
1983) contained about five million tons of copper oxide ores cementation unit before their recycling to the dumps. The
from the open cut mining. The initial copper content was about sulphur content of this ore was too low to permit the formation
0.30 %. Malachite was the main copper-bearing mineral but of sufficient amounts of sulphuric acid during the bacterial
about 20 % of the copper was contained in sulphide minerals, oxidation of sulphide minerals.
mainly i.n chalcocite. The lost rock consisted of granite-diorite It must be noted, however, that the role of acidophilic
porphyrites. chemolithotrophic bacteria present in the ore dumps was also
The piles containing such low-grade copper oxide ore were essential and a considerable amount of the copper present in
subjected to commercial-scale bioleaching by using the the ore (mainly the copper in the sulphide minerals) was
classical, at that time, flowsheet of such operations. The leach leached as a result of the bacterial activity (mainly of
solution Containing bacteria (main|y native ac|d0ph|||c Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans
Chemo”thotrophs), dissolved oxygen, Su|phuric acid and iron but also of Leptospirillum ferrooxidans which presence in the
ions was pumped to the top of the ore-bearing dumps ore was established later). The role of these bacteria in the

leaching of the ore steadily increased in the course of time
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which was connected with the much faster leaching of copper
from the oxide minerals in comparison with the much more
difficult leaching from the sulphides, especially from the
chalcopyrite, which was connected with the oxidation of these
minerals. The leaching of copper oxide minerals by means of
sulphuric acid can be performed as a chemical process using
sulphuric acid added to the system from outside. However, the
chemolithotrophic bacteria inhabiting the ore facilitate this
process and make it economically more attractive by
generating sulphuric acid in situ by the oxidation of sulphide
minerals (mainly of pyrite and chalcopyrite) present in the
relevant ore. The bacterial oxidation of these sulphides can be
a direct process carried out by bacteria attached on the mineral
surface or to be carried out by means of ferric ions produced
as a result of the preliminary bacterial oxidation of ferrous ions
(Groudev, 1994; Groudev and Groudeva, 1993; Groudev et al.,
2014; Groudeva et al. 1987).

The different amenability of the copper minerals to leaching
results step by step to changes of the residual mineralogical
and chemical compositions of the relevant copper ores. In
general, these changes consist in the decrease of the total
content of copper in the partially leached ores and in the
increase of the relative portion of the sulphidic copper in these
ores. In some cases, these changes are connected with the
generation of acid drainage waters as a result of the bacterial
oxidation of the residual sulphides, mainly of the pyrite, still
present in such ores.

The generation of acid drainage waters in principle is a very
serious environmental problem since in most cases these
waters contain different toxic elements, such as heavy metals,
radionuclides and arsenic. The prevention of this process is
usually much more desirable than the subsequent treatment of
such waters. Unfortunately, the efficient prevention of acid
generation in the huge dumps of rich-in-sulphides waste ores
or other mineral wastes is usually an extremely difficult and
costly process. In some cases is necessary, even after the
total remediation of the environment, to treat polluted drainage
waters arising mainly as a result of the activity of some of the
indigenous microorganisms inhabiting the relevant territory.
Such treatment can be connected with the extraction of some
valuable components such as some non-ferrous metals and
rare earth elements, and even with the production of electricity
by means of especially constructed microbial fuel cells
(Groudev et al., 2014).

This paper contains some data about the possibility to
combine the bioleaching of copper from an waste ore with the
subsequent processing of the copper-bearing pregnant
solutions for recovery of cement copper, enrichment of the
barren solutions from the cementation in biodegradable
organic substrates, followed by the recovery of electricity from
the treatment of these solutions in a microbial fuel cell.

Materials and Methods

The ore in the real dump was subjected to a periodic control
including the parameters essential for the bioleaching
processes (humidity, chemical and mineralogical composition
of selected ore samples, presence and numbers of
chemolithotrophic bacteria attached on the ore particles, as
well as pH, Eh, chemical and microbiological composition of
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the liquid phase in contact with the ore and of the dump
effluents.

The laboratory installation for studying the bioleaching
processes consisted of a system of percolation columns
containing samples from the waste ore, collector ponds for the
pregnant column effluents, cementation units for copper
precipitation and BACFOX (BACterial Film OXidation) units for
bacterial oxidation of the ferrous ions to the ferric state.

The system for leaching of the ore consisted of four identical
plastic percolation columns 80 c¢cm high and with an internal
diameter of 20 cm. Each of the columns contained 80 kg of
waste ore, with a particle size minus 20 mm. The ore was
inhabited by its natural consortium of chemolithotrophic
bacteria. The ore in two of the columns was irrigated by
solutions from the cementation unit, and in the other two
columns — by solutions from the BACFOX unit. Ammonium and
phosphate ions were added to these solutions as nutrients for
bacteria.

The cementation unit consisted of four plastic cylindrical
columns also 80 cm high and with an internal diameter of 20
cm. The columns were filled with iron shavings characterized
by large free surfaces to facilitate the precipitation of the
cement copper. Each of these columns was connected to
receive the pregnant copper-bearing effluent from the relevant
percolation ore-containing column.

A portion of the barren solution from the cementation unit
was treated by means of a permeable reactive multibarrier.
The multibarrier was a plastic cylindrical column 80 c¢cm high,
with an internal diameter of 30 cm. The column was filled with
a mixture of limestone (crushed to minus 10 mm particle size)
and organic matter consisting of spent mushroom compost,
fresh leaf compost, animal manure and saw dust. These
components contained their own viable indigenous microflora
consisting of different anaerobic microorganisms, mainly
sulphate-reducing  bacteria and other interconnected
microorganisms. Apart from the natural microflora of the
organic  substrates, inoculum  containing  selected
electrochemically active microorganisms was also added to the
multibarrier effluents, together with a nutrient solution
containing biologically essential elements. Such solutions were
subjected to continuous-flow circulation from the inlet and
outlet of a membrane-less microbial fuel cell. This fuel cell was
a plexiglas column 50 c¢m high, with an internal diameter of 10
cm, with corrugated slab graphite anode and cathode
electrodes located in the bottom and in the top sections of the
column, respectively. The treatment of the effluents from the
fuel cell in the BACFOX unit made these effluents suitable for
leaching copper from the waste ore.

The BACFOX unit consisted of nine plastic columns 80 cm
high and with an internal diameter of 3.0 cm each, installed
together in a vertical position on the false bottom of a larger
plastic column also 80 ¢cm high and with an internal diameter of
20 cm. The surface of the plastic columns was corrugated for
increasing the total area for the formation of the biofilms able to
oxidize the ferrous iron to the ferric state. These biofilms
consisted of ammonium and potassium jarosites densely
populated by acidophilic chemolithtrophic bacteria mainly of
the species Acidithiobacillus ferrooxidans and Leptospirillum
ferrooxidans. The numbers and activity of these bacteria were
maintained by keeping the whole unit operating during the



solutions circulation or submerged in a nutrient solution
containing biologically essential elements (usually the 9K
nutrient medium was used, with a pH in the range of about 1.8
- 2.3 and with ferrous iron added as ferrous sulphate as a
source of energy). The growth and activity of the bacterial films
were stimulated by the aeration of the unit with air enriched in
carbon dioxide (to about 0.2 %).

The composition of the circulating solutions was monitored
at different sampling points located at the inlet and outlet of the
units included in the system described above. Elemental
analysis was done by atomic adsorption spectrometry and
induced coupled plasma spectrometry in the laboratory. The
analysis of the elements in solid samples from the ore and
precipitates was carried out by decomposition of the samples
and measurements of the concentrations of the relevant ions in
solution. Mineralogical analysis was carried out by X-ray
diffraction techniques. The isolation, identification and
enumeration of the microorganisms was carried out by the
methods described elsewhere (Karavaiko et al., 1988;
Bergey's Manual of Determinative Bacteriology, 1994; Sanz
and Kaéchling, 2007; Escobar et al., 2008; Johnson and
Hallberg, 2003).

Results and Discussions

The bioleaching of the initial low-grade copper ore in the real
dump to a great extent was connected with the chemical
solubilization of the copper oxide and carbonate minerals by
the sulphuric acid added to the leach solutions from the outside
(Table 1).

The copper extraction from the sulphide minerals, especially
from the chalcopyrite, was connected with the oxidation of
these minerals, mainly by the chemolithotrophic bacteria
inhabiting the dump (Table 2).

This first stage of the leaching turned the initial susceptible
to chemical leaching low-grade copper ore (with 59.4 % from
the copper present in oxide and carbonate minerals) into a
much more refractory low-grade ore with copper predominantly
present in sulphides, mainly in chalcopyrite and covellite. A

Table 1.

representative sample of this ore was taken from the dump and
was tested under laboratory conditions to obtain a stable
information about the possibility to continue further the
treatment of this ore. The initial experiments revealed that the
deep changes in the mineral and chemical compositions of the
ore resulted in a quite different efficiency of the copper
extraction during the subsequent leaching tests. The leaching
by means of sulphuric acid was efficient only towards the
residual copper present in oxide and carbonate minerals.
However, the stimulation of the chemoalithotrophic bacteria still
present in the ore by adding nutrients (mainly ammonium and
phosphate ions) and maintaining the pH of the leach solutions
within the range optimal for these bacteria (from 1.70 to 1.90)
resulted in a very efficient bioleaching of sulphides, even of
chalcopyrite. The content of copper in sulphides was
decreased from the initial 112 mg/100 g ore to 49.6 mg/100 g
(i.e. extraction of 55.72 %) for a period of 180 days by leaching
in the percolation columns mentioned in this paper. A very
positive effect on this leaching was connected with the
maintaining of a relatively high Eh potential of the leach
solution (higher than 550 mV/) by the bacterial oxidation of the
ferrous ions after the cementation process to the ferric state in
the BACFOX unit. The continuous irrigation of the ore in the
columns was very efficient when the leach solutions treated in
the BACFOX unit, apart from the predominantly ferric ions,
were aerated and contained some dissolved oxygen.

Portions of the barren solutions from the cementation unit
(Table 3), instead to be treated for ferrous ions oxidation by the
BACFOX unit, were subjected to treatment by means of the
permeable reactive multibarrier (Table 4). This treatment was
connected with the removal of the toxic components dissolved
in these solutions (mainly of the heavy metals and sulphates).
The microbial dissimilatory sulphate reduction and the sorption
of dissolved metals by the dead plant biomass in the
multibarrier were the main mechanisms participating in the
water cleaning. The sulphate-reducing bacteria and some
metabolically connected microorganisms, mainly cellulose-
degrading and sugar-fermenting bacteria, were the prevalent
members of the microbial consortium inhabiting the
multibarrier.

Data about the bioleaching of a typical low-grade copper ore under different conditions

I The initial ore sample was subjected to industrial and then spontaneous natural dump bioleaching for a period of about eight

years

Copper content and phase distribution in the ore

Before leaching After leaching Cu extraction %
mg Cu/100 g % mg Cu/100 g %
Cu in oxide and carbonate minerals 243.5 594 28.0 20.0 88.5
Cu in secondary sulphide 116.5 28.4 71.0 50.7 39.1
Cu in chalcopyrite 50.0 12.2 41.0 29.3 18.0
Total Cu content 410.0 100.0 140.0 100.0 65.85

IIl. A sample taken from the ore treated in the first stage and with the composition mentioned for the sample after the above

leaching was subjected to new bioleaching in percolation columns for a period of 180 days

Before leaching

After leaching Cu extraction %

mg Cu/100 g % mg Cu/100 g %
Cu in oxide and carbonate minerals 28.0 20.0 74 13.0 73.6
Cu in secondary sulphide 71.0 50.7 27.6 48.4 61.2
Cu in chalcopyrite 41.0 29.3 22.0 38.6 46.3
Total Cu content 140 100.0 57.0 100.0 59.3
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Table 2.

Microfiora of the effluents from the real ore dump in Tsar Asen

and from the ore-containing laboratory percolation columns

addition, it was possible to increase the efficiency of electricity
generation by such cells by involving some electrochemically
active microorganisms from outside to these systems.

Microorganisms Cells in the effluents from:
Real ore dump | Lab percolation Table 4. ,
columns Data about the treatment of barren solutions from the
Cellsiml ceme'ntation ynit gf the laboratory installation by the permeable
Acidithiobacillus 105106 105108 reactive multibarrier __
ferrooxidans Parameters t Betfore t t AIter t Pe:mlslsmle
e T YEETT; reatmen reatmen evels
Adihiobacilus 10210 10810 oH 260-3.25 | 712-752 | 6-9
Leptospirillum 102-105 105-107 Eh, mv (+405) - (+563)|(104) - (235)] -
ferrooxidans Diss. Oz, mg/l 0.3-1.0 0.1-0.2 2
Thiobacillus 0-102 0-10" SO"dS, mg/l 53-125 25-95 100
thioparus COD, mg/l 32-T71 345 - 684 40
Thiobacillus 0-101 0 S04, mgll 415-1926 | 198 -590 400
denitrificans Cu, mg/l 32-153 <05 0.5
Sulfobacillus 0 0-10¢ Zn, mg/l 82-23 <05 10
thermosulfidooxidans Cd, mg/I 0.03-0.14 <0.01 0.02
Acidithiobacillus 0 0-10° Fe, mg/l 307-1440 | 14-82 5
caldus Mn, mg/l 6.2 - 41 <05-17 0.8
Heterotrophic 101 -103 0-102
bacteria The microorganisms used in this study, apart from the
Fungi 10— 10° 0-102 sulphate-reducing bacteria, which transferred electrons from
Algae 0-102 0 the organic substrates to the anode electrode located in the
Profozoa 0-102 0 anoxic section of the MFC by means of the hydrogen sulphide
acting as mediator, included also bacteria of the genera
Table 3. Geobacter and Shewanella. These bacteria formed biofiims on

Data about the recovery of copper by means of cementation of
the pregnant leach solutions from the ore dump and from the
ercolation column

Parameters Pregnant solutions from
Dump Percolation
column

Content of the copper in the 05-12 | 08-17
pregnant solutions, g/l
Recovery of copper from the 86 - 92 92-95
pregnant solutions, %
Retention time, min 75-90 70-80
Iron consumed per kg of copper | 29-34 | 2.8-3.2
precipitated, kg
Copper content in the cement 60 - 68 80-84
copper, %
Copper content in the effluents 37-131 32-97
from the cementation unit, mg/|

Note: The effluents from the cementation unit were acidified and recycled to
the dump or to the BACFOX unit.

It was possible to decrease further the concentrations of
dissolved organic compounds and sulphates in the multibarrier
effluents by increasing the residence time. However, the
efficient reduction of sulphates to hydrogen sulphide followed
by precipitation of the dissolved metals as the relevant
insoluble sulphides was connected with the presence of
relatively higher concentrations of dissolved organic
compounds as donors of electrons for the sulphate-reducing
bacteria. This usually resulted in high residual concentrations
of dissolved organics in the multibarrier effluents at a moment
when the metal concentrations in these effluents were
decreased below the relevant permissible levels. This made
possible the connection of the removal of these organics with
the generation of electricity by the microbial fuel cells (MFC). In
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the anode and were able to transfer electrons from the organic
substartes via the bacterial respiratory chains directly to the
anode. It must be noted, however, that the formation of active
and stable biofilms of this type was a slow process and about
five months were needed for obtaining the maximum current
density generation. Data about the optimum conditions for the
connection of the water treatment with the electricity
generation in this study are shown in Table 5.

Table 5.
Data about the optimum conditions for the combined
wastewater treatment and electricity generation

Parameters Values
Characteristics of the feeding wastewater:
COD, mg O2/l.h 170 — 680
S04%, mg/l.h 147 - 590
COD/S04Z, ratio 23-35
pH 7.12-17.52
Eh, mV (-104) - (-235)
Temperature, °C 30-35
Heavy metal concentrations Bellow permis-
sible levels
Optimum conditions in the MFC:
Voltage of the open circuit, mV 260 - 280
Current density, mA/cm? 0.32-0.35
02 dissolved in the cathodic section, mg/l 75-8.0
Power, mW/m?2 750 - 800

The continuous treatment of the effluents from the
permeable multibarrier by the MFC was connected with a
gradual increase of the maximum COD and sulphate removal
rates to 248 mg O2/l.h and 114 mg/l/h, respectively. It was
possible to decrease the residual concentrations of dissolved
organic carbon and sulphates in the effluents below the



relevant permissible levels for waters intended for use in
industry, i.e. less than 20 and 400 mg/l, respectively. It must be
noted, however, that the treatment of the polluted waters at
relatively lower concentrations of the organic donors of
electrons (less than 150 mg O2/l.h) decreased considerably the
efficiency of water cleaning and electricity generation. The
decrease was connected with the impossibility of these
concentrations to satisfy the needs of the microorganisms
forming the biofilm on the anode. It was also found that the
species composition of the biofilm gradually changed in the
course of time.

Comparative experiments for treatment of the multibarrier
effluents by means of conventional aerated bioreactor revealed
that it was also possible to decrease the concentration of
dissolved organic carbon below the relevant permissible level.
However, the concentration of sulphates during the treatment
was increased and the amount of sludge was much higher (by
about one third) than that generated during the anaerobic
treatment by the MFC.

Conclusions

The waste ore used in this study and containing only 0.14 %
copper was efficiently leached in percolation columns by
means of a mixed population of acidophilic chemolithotrophic
bacteria. 59.3 % of the copper was leached for a period of 180
days. The pregnant copper-bearing effluents from the columns
were efficiently treated by cementation with zero-valent iron
and a cement copper containing from 80 to 84 % copper was
produced at a very high recovery of 92 — 95 % from the
pregnant solutions. The barren solutions from the cementation
unit were a subjected to cleaning by means of a permeable
reactive multibarrier and the levels of most essential
parameters of the effluents with exception of the dissolved
organic carbon and sulphates were decreased below the
relevant permissible levels for waters intended for use in
agriculture and industry. The effluents from the multibarrier
were efficiency used for generation of electricity with power of
750 — 800 mW/m?2 by means of MFC.

The results obtained during this study are a solid base for
the testing of this research approach under pilot-scale
conditions.
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ADSORPTION/ DESORPTION OF ARSENATE ON/ FROM GOETHITE AND HEMATITE

Ivelina Zheleva, Plamen Georgiev, Stoyan Groudev

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

ABSTRACT. Arsenic migrates in environment as anions and for that reason its mobility is not strong dependent on pH and redox conditions in the ecosystems. The
main aim of this aricle was to study adsorption/ desorption processes of arsenates on the surface of crystalline ferric iron oxides (goethite and hematite) as the main
mechanism to decrease the exposure of aquatic organisms to that pollutant. Adsorption and desorption isotherms as well as the relevant kinetic rate constants,
determined by pseudo- first and pseudo-second order equation rate, were the main parameters for the adsorbents evaluation. The results shown that point of zero
charge (PZC) of the relevant type iron oxide and the pH of treated waters were the key factors governing arsenate adsorption.

Keywords: aresenate, goethite, hematite, adsorption, point of zero charge (PZC), kinetic

ALCOPELUA/ DECOPELNUA HA APCEHATHU UOHU BBPXY/ OT TbOTUT U XEMATUT
UeenuHa Xeneea, MnameH Meopaues, CmosiH pydee
MunHo-2eonoxku yHusepcumem ,,Cg. Mear Puncku”, Cogpus 1700, ps_georgiev@mgu.bg

PE3IOME. ApceHbT MUrpupa B OKOMHaTa cpeda nog hopmata Ha aHWOHM U MOpaan Tasu MpudnHa HeroBata MOGWMIHOCT He € CUMHO 3aBucuMa oT pH u
PeayKLMOHHUTE YCroBUS Ha ekocucTemMuTe, MMaBHaTa Len Ha cTatusTa 6e Aa uacneasa apcopbunstal Aecopbunsata Ha apceHaTHI HOHM BbPXY NOBBPXHOCTTA Ha
KPMCTaTMHHM JKEeMNe3HN OKUACK (TbOTUT M XeMaTuT), KaTo OCHOBEH MEXaHW3bM 3a HamansBaHe eKCrIo3VLMATA Ha BOAHU OpraHM3mMu KbM TO31 3ambpeutest. OCHOBHUTE
napameTpu 3a oueHka Ha aBsaTta apcopbenTa Gsixa CbOTBETHUTE aacoPGLMOHHI U [ECOPBLMOHHN M30TEPMM, KAKTO M CKOPOCTHUTE KOHCTaHTH, Onpepeneqn Ypes
CbOTBETHUTE YpaABHEHUS OTMCEBAO-MbPBA U MCEBAO-BTOPU ped. Pesyntatute nokasaxa ye TOuKaTa Ha HyneB 3apsd Ha CbOTBETHWS XeneseH okuc M pH Ha
3amMbpceHuTe Boay Bsixa KnouoBuTe hakTopy, ynpasnaBsaLLm afcopbLmsTa Ha apceHa.

Introduction Iron is the most common metal on Earth and it is presented

Mining and mineral processing industries as well as by huge variety of minerals in dependence on the local
app”cation of As_Containing Compounds as biocides in environmental conditions. For that reason, these minerals
agriculture and chemicals against materials' corrosion are the ~ Played a key role in the transformation of the inorganic and
main sources of pollution with arsenic of environment. Arsenic organic pollutants in the contaminated ecosystem and by that
in dependence on the local conditions (pH and Eh) is way they determined indirectly the exposure of organism to the
presented as arsenite and arsenate in soluble form and relevant compound presented in biotope.
because of their net negative charge arsenic is highly mobile. Taking in consideration the relevant kinetic and sorption data
Because of the chemical similarity between arsenate and about arsenate removal from waters with slightly acidic to

phosphate, the organisms in an exposure adsorb and slightly alkaline pH by some crystalline ferric iron (hydro)oxides

accumulate it easily. In that case, different kind of toxic (goethite and hematite) and how effectively the pollutant
symptoms are evolved which strength is determined by the elluted and desorbed from thei surface were the main aim of
exposure duration as well as the pollutant concentration this article.

(Sharma and Sohn, 2009).

A lot of mechanisms and different kind of active and passive )
systems being used into the practice for treatment of arsenic Materials and methods
contaminated waters. At acidic pH, beside of arsenic, some

heavy metals, toxic elements, iron, aluminium, etc., are also Goethite (y-FeOOH) and hematite (a-Fe20s3) as wide-spread
presented in wastewater and their treatment is based usually crystalline ferric iron oxides in environment were used as
on the waters neutralization combined with oxidative or sorbents of arsenate in this study. Goethite was formed as a
reductive processes (Vogel and Johnson, 1998; Altun, M. et result of bacterial oxidation of ferrous iron at acidic pH by
al., 2014). However, the operation costs are higher and higher means  of  mesophilic  chemolithotrophic ~ bacteria
residence time is usually needed to be applied. In waters with (Acidithiobacillus - ferrooxidans, Leptospirillum ferrooxidans).
slightly acidic or alkaline pH, arsenic is the only pollutants and Hematite formed by means of heating of preliminary acidified
in that case water treatment relied usually on sorption solution of Fe(NQs)s for 7 days till the the bright, red precipitate
processes on suitable sorbents (Mohan and Pittman, 2007). formation. It was separated by centrifugation, washed several

times and dried to constant weight (Penners & Koopal, 1986).
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The chemical content and main properties of both iron oxides
are presented in Table 1. The active and exchangeable acidity
of both minerals were determined in destilled water and 1M
KCI, respectively, at 1:2.5 ratio solid and aqueous phase
(APHA, 1995). The point of zero charge (PZC) was determined
by potentiometric titration of a seria of suspensions of the
relevant type iron oxide in 0.01 - 1.0 M KCI with standard
solutions of HCI or NaOH (Marcano-Martinez and McBride,
1989).

A spring waters with slightly alkaline pH was used as a
model solution in this study (Table 2). Aliquots of that water
were spiked preliminary with arsenate stock solution (1 000
mg/ L arsenic as K2HAsO4) to its final concentration within the
range of 750 - 800 pg/ L. Diluted solution of sulfuric acid was
used to correct pH within the range of neutral to slightly acidic
value.

Batch tests for arsenate sorption on the crystalline ferric iron
(hydro)oxides were carried out in polypropylene beakers (500
ml) at very low pulp density (0.5-1.0 %). Overhead stirrer
FALCAT-M equipped with a tephlone propeler was used for the
suspension stirring at 220 rpm. The temperature during the test
was constant (20 °C) and it was maintained by means of a
JULABO water bath. Water samples were taken at equal
intervals by means of plastic syringes equipped with a
micropore filter (0,45 pm). The transperant solutions were
stored in a refrigerator (at temperature below 4 °C) till arsenic
determination. Arsenic concentration was measured by means
of spectrofotometer MERCK SQ22 at 820 nm and 20 mm
cuvette (Johnson and Pilson, 1971). Each sorption experiment
was carried out triple. pH measurement were carried out by
WTW pH-meter equipped with combined pH-glass electrode.

Ferric iron oxides was separated from solutions by means of
centrifugation (15 000 rpm, 10 minutes) at the end of relevant
sorption experiment. The adsorbent was washed with destilled
waters and then dried to the constant weight. Already dried iron
oxides were mixed having in mind pH at which the relevant
sorption experiment have been carried out. By that way, the
sufficient amount of the relevant type iron oxide were collected
to carry out the desorption experiments. These experiments
were realized at the same conditions at which the experiments
for arsenate sorption were carried out. 0.1 M HCl and 0.1 M
NaOH were the desorption solutions used in the study.

The percentage of arsenate sorption/ desorption (D) was
calculated by means of the equation:

D, % = (Co - Ce/ Ca)x100, (1)

where

Co and Ce are equilibrium concentration of arsenate in solution
at the start and at the end of sorption experiment (in mg/L), or
equilibrium concentration of arsenate on ferric iron oxide at the
start and at the end of desorption experiment (in mg/ g),
respectively.

The kinetics of arsenate sorption/ desorption on/ from
crystalline ferric iron oxides was evaluated by means of
pseudo-first and pseudo-second order rate equations
(Lagergren, 1898; Ho et al., 2000).

Table 1.
Data about the chemical content and the main properties of
goethite and hematite used for arsenate sorption experiments

Index y-Goethite a-Hematite
Fe, % 98.3 99.6

Al, % 15 0.01
Cu, % 0.010 <0.005
Zn, % 0.008 <0.005
pH (H20) 4.55 4.56
Free acidity, mmol/ L 15.6 21.2
pH (KCI) 4.76 6.52
Total acidity, mmol/ L 54.2 5.8
Point of zero charge (PZC) 5.35 7.75

Table 2.
Data about the spring water used as background solutions for
arsenate sorption on crystalline iron oxides
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Concentration, mg/ L Value
Na 45.7
K 1.7
Ca 54
Mg 0.3
F 45
Cl 6.4
S04 24.5
COs3 15
HCOs 67.2
HSIO3 0.9
H2Si03 47.9
Properties
pH 8.88
TDS, mg/ L 219.3
As,pg/L pH
1000 9
800 A\ -8
W\ ;
600
\ \\._. 6
400 ] \ - ) - 1
200 \ L4
0 T T T IS 3
0 2 4 6 8
Time, hours
=== As at pH 8.66 eimn \s at pH 4.74
e=ll==pH, slightly alkaline water ®==pH, slightly acidic water

Fig.1. Arsenate sorption on goethite from waters with slightly alkaline
and slightly acidic pH

A Langmuir equation was employed to analyze the arsenate
sorption/ desorption in dependence on the background
solution:

De/qe = 1/Kd.Dm + De/Dm, (2)

where




As, pg/L pH
1000 9
800 :;'*._. -8
cob

600 \ = -
-6

400 A

\A\ -5

A
200 T,
0 . . . . 3

0 2 4 6 3

it As at pH 8.66 Time, hours

e=jll==H, slightly alkaline water

eiwms A\s 3t pH 4.74
pH, slightly acidic water

Fig.2. Arsenate sorption on hematite from waters with slightly alkaline
and slightly acidic pH

De—- amount of asenate sorbed (desorbed) on (from) ferric iron
oxide, mmol/L; Dm— maximum content of arsenate that could
be sorbed (desorbed) at the relevant experimental conditions,
mmol/ kg ferric iron oxide; ge — content of sorbed (desorbed)
arsenate, mmol/kg ferric iron oxide; K¢ — sorption (desorption)
constant, L /kg.

A Lineweaver-Burk regression method was applied to
calculate Dm and Kd.

Results and discussion

Hematite and goethite were characterized by higher content
of iron (above 97 %) as some non-ferrous metals as zinc and
copper as well as aluminium as impurities were detected in the
goethite (Table 1). The pH values of both minerals in destilled
water were slightly acidic. The exchangeable acidity of goethite
was almost ten times higher than the acidity determined for
hematite. Point of zero charge (PZC) was 5.35 and 7.75 for
goethite and hematite, respectively.

Arsenate sorption on hematite and goethite was studied at a
broad spectrum of pH of one and the same model solution.
The final results revealed that at all studied pH range arsenic
sorbed on goethite quite faster and effectively than sorption on
hematite (Figure 1, 2). For example, the arsenic concentration
at the end of experiment with goethite with slightly alkaline
water (pH 8.66) was 62 pg/ L, while in experiment with
hematite it was 711 pg/ L. At the end of the experiment with
slightly acidic water (pH 4.74), the residual concentration of
arsenic was 18 and 193 pg/ L when goethite and hematite was
used as sorbent, respectively. For both sorbents, lowering of
model solution pH determined the better sorption of arsenic on
the surface of iron minerals. However, the percentage of
arsenic removal was in the range of 91.7-97.6 in all
experiments with goethite, while the values about the pollutant
removal by hematite were in the range of 5.2-74.3. It could be
explained by the surface proprties of both minerals and the
point of zero charge chiefly. Its value for goethite was 5.35
(Table 1) and when the surround soultion was with lower pH a
surface positive charge emerged on the minerals surface
which greatly enhanced the arsenate attraction and sorption on
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Table 3.

Constants and correlation coefficient of Langmuir isotherm of
arsenate sorption on goethite in dependence on the model
solutions pH

pH of model Isotherm parameters

solution q max, M9/ g Kd,L/g R?
8.66 313.6 11.09 0.9962
7.33 325.2 12.64 0.9893
6.33 377.6 16.44 0.9922
4.74 402.3 40.67 0.9827
Table 4.

Constants and correlation coefficient of Langmuir isotherm of
arsenate sorption on hematite in dependence on the model
solutions pH

pH of model Isotherm parameters
solution q max, Mg/ g Kd,L/g R2
8.66 7.04 0.055 0.9758
7.33 13.18 0.89 0.9896
6.33 614 1.37 0.9795
4.74 64.4 2.89 0.9909

the relevant mireral surface. For that reason, the highest
percntage of arsenic sorption was determined when the model
solution was with slightly acidic pH (4.74). However, arsenic
removal by goethite was quite efficient process even in the
experiments with neutral and slightly alkaline waters. At such
conditions, the goethite surface charge was negative and
theoretically arsenic sorption have to be retarded significantly
due to the repulsion between the same charged surfaces.
However, considerable reduction of arsenic sorption wasn't
noticed. The reason was the higher surface area and higher
exchangeable acidity of goethite which enabled significant part
of water alkalinity to be consumed and pH to be buffered within
the range of 4.87-5.74 in all experiments (Figure 1). For
example, the surface are of goethite varied in the range of 45 -
54 m?/ g (Grossl, and Sparks.1995; Manning et al.,
1998).These processes weren't manifested so significantly
during the sorption experiments with hematite because of its
lower surface area and exchangeable acidity. Its surface area
is in the range of 4.9-6.0 m? g (Ramos-Tejada et al.,
2003.).For that reason, pH in experiments with slightly alkaline
and neutral waters changed insignificantly and the efficiency of
arsenate sorption depended on the hematite’s PZC (Figure 2).

All data from sorption experiments were modeled by
Langmuir equation which is still one of more oftenly used into
the practice. The relevant constants and correlation coefficients
for arsenate sorption on goethite and hematite which had been
determined by Langmuir isotherms, are presented in Table 3
and Table 4, respectively. Their values confirmed preliminary
results about arsenate sorption on both sorbents. For example,
the maximum sorption capacity (q max) of goethite towards the
pollutant steeply increased from 313.6 to 402.3 g/ g with the
lowering pH from 8.66 to 4.74 (Table ). At the same time, the
distribution coefficient (Kd) increased almost fourfold to
maximum value of 40.67 L/ g. R-squared value of the
isotherms were with an acceptable significance (0.98-0.99).
The relevant constants describing arsenic sorption on hematite
were considerably lower. For example, the highest value of Kd
(at pH 4.74) was 14.1 times lower than the value determined at
the same conditions with goethite. It revealed also that despite



Table 5.

Kinetic of arsenate sorption on goethite in dependence on the
pH of model solutions evaluated by means of pseudo-first
order and pseudo-second order rate equations

pH Equation parameters

Pseudo-first-order Pseudo-second-order

equation equation
ki, min | ge, U9 /g | ko, g.pg'.min! | Qe, pg.g!

8.66 |5.08.103| 346.1 0.936 3731
7.33 |5.17.103| 349.8 0.0898 376.6
6.33 |7.50.103| 353.0 0.0842 378.4
474 | 2.0410°| 376.9 0.0809 404.8

Table 6.

Kinetic of arsenate sorption on hematite in dependence on the
pH of model solutions evaluated by means of pseudo-first
order and pseudo-second order rate equations

pH Equation parameters
Pseudo-first-order Pseudo-second-order
equation equation
ki, min"' | Qe, ug/g | kz, g.ug".min" | Qe, ug.g’
8.66 |5.06.10%| 6.49 16.23 7.14
7.33 473108 | 11.73 12.60 12.60
6.33 |6.60.10% | 49.55 0.751 52.6
474 495103 | 126.37 0.321 133.3
As, pg/ L
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Fig.3. Arsenate desorption from hematite and goethite in dependence on
the desorption solution

of conditions favouring the arsenate sorption, the process have
been retarded significantly and for that reason qmax barely
reached 64.4 g/ g.

Data from batch tests was evaluated by means of pseudo-first
and pseudo-second order equations rates. It allowed not just to
determine the rate constants for the relevant experimental
conditions but also to reveal mechanisms which have been
involved in sorption of arsenate on goethite and hematite. The
arsenate sorption on goethite as well as the sorption on
hematite at pH 4.74 revealed that two separate phases, fast
and slow phase, have been manifested. The fast phase carried
out during the first two hours from the begining of the
experiment when significant part of arsenate (62-96 %) from
the model solution removed. It was determined by the higher
number of surface-situated reactive groups with higher free

energy which sorbed arsenate with higher rate. For example,
the rate constants (k1 (min'') and k2 (g.Jug".min"")) of arsenate
sorption on goethite and hematite at pH 4.74 were 0.0308 and
0.295, and 7.97.10- and 0.614, respectively. The slow phase
carried out during the rest of batch test and the arsenate
sorbed with significant lower rate. The freely accessable
reactive groups on the sorbent surface had been saturated
during the first phase and it was the main reason for the
second phase occurence. During that phase, the process
carried out by the reactive groups which weren't exposed on
the mineral’s surface and for that reason a longer period of
time was needed for sorption on them (Smith, 1999). The
average values of the rate constants of pseudo-first and
pseudo-second order equation rates of the arsenate sorption
on geothite and hematite are shown in Table 4 and Table 5,
respectively. These values are significantly lower in
comparison to the relevant values determined for the fast
phase of process. These results are with significant importance
for the practice. They revealed that if the arsenate removal
from polluted waters is carried out continuosly by means a filter
filled with iron hydroxides with higher surface area, the rate of
sorption process will be very high and the residual pollutant
concentration could be maintained below the revant
permissible levels.

By means of the relevant rate equations, arsenate
equilibrium concentration (ge) on the relevant sorbent was
determined. Its value for all experiments were higher when
pseudo-second order equation rate was applied in comparison
to the value determined by the pseudo-first equation rate.
When the model solution pH was 4.74 equilibrium
concentration of arsenate (ge) on both sorbents reached its
maximum values (Tables 4 and 5). R-squared values
calculated from the relevant experimental data revealed that
kinetic of arsenate sorption on hematite and goethite was
described considerably better by pseudo-first order equation
rate than the pseudo-second order equation. It mean that
arsenate removal by means of goethite and hematite was
connected probably with formation of the pollutant monolayer
on surface of relevant sorbent (Mok and Wai, 1994.).

In dependence of the compounds being sorbed and
conditions at which the sorption process nave been carried out,
each sorbent has maximum sorption capacity. When this
sorption capacity is reached, a regeneration of sorption’s
surface is needed to be applied. It is achieved usually by
dilluted solutions of acids or bases and the main mechansims
of the compound desorption are acidolysis and anion exchnge,
respectively. In this study, arsenate desorption from goethite
and hematite were realized by means of 0.1N HCI and 0.1 N
NaOH. These experiments were realized with goethite and
hematite on which surface arsenate had been sorbed at slighly
acidic pH 4.8-5.0. The initial content of arsenate was 714 ug/ g
and 448 g/ g for goethite and arsenate, respectively. Total
duration of desorption experiment was 6 hours and when the
process was realized at acidic pH, 91.5 % and 48.1 % of
arsenate from goethite and hematite, respectively, had
desorbed. At alkaline conditions, 81.5 % and 514 % of
arsenate had desorbed from the same sorbents (Figure 3).

The arsenate desorption from goethite and hematite
carried out by two separate phases too. The fast phase lasted
the first ninety minutes from the experiment beginning and
between 38-69 % of arsenate had been desorbed from the



Table 6.

Kinetic of arsenate desorption from goethite and hematite in
dependence on the desorption solution evaluated by means of
pseudo-first order and pseudo-second order rate equations

Index Equation parameters
Pseudo-first-order Pseudo-second-order
equation equation
k1, min-t | e, Mg.L" | K2, g.ug".min | Qe, pg.L"
Goethite
0.1 N HCl 0.0074 196.2 0.3855 208.3
0.1NNaOH | 0.0075 173.4 0.4096 188.68
Hematite
0.1 N HCI 0.0079 134.5 0.2651 144.9
0.1NNaOH | 0.0069 164.2 0.1687 176.9

relevant sorbent surface. In that case, the percentage of
pollutant desorption from hematite was higher than the value
determined for goethite. The R-squarred values of the kinetic
data revealed that arsenate desorption from both sorbents was
described better by pseudo-first order rate equation (R2 = 0.97-
0.99) than pseudo-second ones (R? = 0.86-0.93). Arsenate
desorption from goethite at acidic pH carried out with higher
rate during the fast phase of the process. However, the
process rate decreased during the second phase, while the
rate of the pollutant desorption at alkaline pH increased during
this period. For that reason, the average values of rate
constant determined by pseudo-first equation rate were almost
equal. However, arsenate equilibrium concentration (ge) in both
desorption solutions weren't equal as higher was the content in
the solution with acidic pH. Arsenate desorption from hematite
carried out with higher rate at alkaline pH during the both
phases than the desorption rate determined at acidic pH.

Results from this study revealed that process of arsenate
sorption/ desorption carried out with higher rates and intensity
on/ from goethite surface in comparison to those determined
for hematite. For that reason, goethite will be tested for
arsenate removal from model solution by means of column
experiments in future.

Conclusions

1.The results of batch tests revealed that arsenate sorption on
goethite was significantly more efficient process than in the
presence of hematite. The chemisorption was the main
mechanism involved during the pollutnat removal on the
surface of both minerals.

2.Because of the higher surface area and PZC (5.35), goethite
adsorbed arsenate very efficiently from model solution at
acidic as well as slightly alkaline pH. These properties
determined goethite as a suitable sorbent for arsenate
containing in waters where it is the only pollutant.

3.Arsenate desorption from goethite carried out with higher
rate at acidic pH as the sorbent's surface was restored
almost completely.
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3a pasBUTMETO HA MKOHOMMKATA Ha MHOMO CTpaHW B CBETA
rorsiMo 3HauyeHWe MMa YCBOSIBAHETO Ha NPUPOLHUTE Pecypcu,
B TOBA YMCIIO M Ha 3eMHWTE Heapa. KoMnnekcHoTo ycBosiBaHe
W 3anasBaHe Ha 3eMHWTe Heapa e obnacT OT YoBeLllKkaTa
AEHOCT, KOSITO € CBbp3aHa C M3y4aBaHETO U NpaKTUYecKoTOo
13MOM3BaHe Ha 3eMHaTa MOBLPXHOCT C Lien MocTuraHe Ha
HeobXoaUMUTE XIU3HEHM CTaHAAPTM Ha 06LLECTBOTO.

OT obwwar npobnem Ha YCBOSIBAHETO Ha NOA3EMHOTO
NPOCTPaHCTBO, KaTO M3KMIOYATENHO BaXHO HarpaBleHue
cregBa fa ce oTbenexu YCBOSIBAaHETO Ha MOA3EMHOTO
MPOCTPaHCTBO Ha ronemMuTe rpagoBe - meranonucu [1].

PacTalmaT MHTepec KbM YCBOSIBAHETO Ha MOA3EMHOTO
MPOCTPaHCTBO [0 ronsiMa CTeneH ce onpegens OT pegwua
NPeaUMCTBa Ha MOA3EMHUTE CbOPbXEHWS. YCBOSIBAHETO Ha
MOA3EMHOTO MPOCTPAHCTBO C Len pasnornaraHe B ToBa
MPOCTPAHCTBO Ha 0OEKTM C Pa3nnyHO NpeaHasHayeHne, OCBEH
noByLIaBaHe Ha e(heKTMBHOCTTA MpW U3MON3BaHe Ha HegpaTa,
WKOHOMWS Ha TEepUTOpWUS 1 3ana3BaHe Ha ekomorusTa,
no3eofisiBa fa Ce HamansT pasxogW Ha eHeprus 3a
OTONMSABAHE M OXNaxAaHe Ha MOMELLEHNsTa, 4a Ce HamansT
€KCTII0aTaLMOHHNTE Pa3XOAU B CPABHEHME C anTepHaTVBHW
CbOPBXKEHNS HA MOBBPXHOCTTA, @ CE& HamManm BMSIHETO Ha
KnumaTuyHuTe ycnosus. CnocobHOCTTa Ha CkanHust MacuB fa
npeanassa OT BbHLIHW Bb34EeNCTBIS MO3BOMSBA LIMPOKO Ja ce
M3NON3BaT MOA3EMHUTE CbOPBXKEHUS KaTo CKpuBamMwa 3a
Xopa OT OpbXWs 3a MacoBO NOpasfBaHe W 3awuTta fpu
kaTacTpodu 1 CTUXUAHN BeacTBuS.

177

BbB Bpb3ka C HamansBaHe Ha CBOOOAHUTE TEPUTOpPMM 3a
KUMULLHO CTPOWTENCTBO WM CbOTBETHATa MHpacTpykTypa B
ronemuTe rpagoBe, Ce 3acursa WHTepec kbM npobrema 3a
YCBOSIBAHE Ha rPafckoTo NOA3EMHO MPOCTpaHCTBO. C Kakea
Len, KO M Kak e AfbXeH fda pewn To3u npobnem?
MpobrembT uma rnobaneH KOMMMEKCEH Xxapaktep M 3a
PELIaBAHETO My € MPUBIIEYEH LUMPOK KPBF OT pasnnyHi Hayku
W cneumanHocTy. BaxHata pons npu pelwaBaHETO Ha TO3M
npobnemM ce OTpeXAa HAa MUHHUTE WHXEHEPU-CTPOUTENM,
KOMTO Ha NpaKTWKa MOraT Aa peanuavpat Hail-CrioXHW NpoeKTy
3a YCBOsIBAHE Ha MOM3EMHOTO MPOCTPaHCTBO B rpapose. B
HacToslaTta CTaTus ca aHanuaupaHu CbCTOSHUETO Ha
npobnema, Bb3MOXHUTE HACOKM 3a PELIaBAHETO MY, @ CbLLO
Taka ca (hOpMyNMpaHW OCHOBOMOMarawuTe BbNPOCK NPy
YCBOSIBAHETO Ha MOA3EMHOTO MPOCTPAHCTBO Ha  Mera-
nonucuTe, pellaBaHeTo Ha KOUTO LLe NO3BOMM Aa Ce peLat u
BbNpocuTe 3a NogobpsiBaHe Ha KOMKOPTHOCTTA Ha XKMBOTA Ha
rPafiCckoTo HAaceneHwe.

BbpansaT pbCT Ha YMCMEHOCTTa Ha HaceneHueTo Ha
nnaHeTata onpegens 1 pbCTa Ha NokasaTens Ha NibTHOCTTA
Ha HaceneHweto. B Tabn. 1 ca nokasaHu msbuparenHute my
cTonHocTK 3a 20 cTpaHu.

lMopapgn Tasn TeHOeHUWs, B Lenus CBAT NpobnembT C
HEeROCTUra Ha TEPUTOPUN B FONIEMUTE rpagoBe CTaBa BCe no-
ocTbp. ToBa HaW-gobpe ce BwkOa, Hanpumep, B
meranonucute Ha Kutam, ugus, Makuctan, AnoHus, Typuus,
bpa3sunus u gp. bposaT Ha HaceneHWeTo B TX € B rpaHuuuTe
ot 11 po 24 mununoHa, a nmbTHOCTTa € oT 3 Ao 20 xunagu
YOBeKa Ha KBagpaTteH kuromeTbp. (Tabn. 2)
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Tabnuya 1

MsicTo B KnacauusTa CtpaHa IMbTHOCT Ha HAaceneHme YOB./KM?

1 MoHako 16500

12 KOxHa Kopesi 501.37

14 XonaHgus 400.09

2 CuHranyp 7326.12

18 WHous 361.22

20 Anonug 337.16

21 benrus 332.68

32 BuetHam 260.49

33 Benukobputanus 254.03

35 [epmaHus 229.12

37 [NakucTaH 21212

41 WUranus 200.52

55 Kutan 139.57

67 OpaHumns 119.64

82 Wcnanus 91.27

98 Bbnrapus 63,9

141 CALl 33.1

180 Pycus 8.39

186 KaHaga 3.43

193 MoHronwus 1.77

Tabnuua 2
Mpan Hacenenue, YoB. Mnowy Ha MbTHOCT Ha

NoNe (cTpaHa) rpaga, km? HaceneHwue, 4oB./km?
1. LaHxait (Kutan) 24150000 6340,3 3809
2. Kapaum (MakucTaH) 23500000 3527,0 6663
3. MekuH (Kutait) 21516000 16410,54 1311
4, Henxn (MHaws) 16314818 1484,0 7846
5. Naroc (Hurepws) 15118780 999,58 17068
6. Wctanbyn (Typums) 13854740 5461,0 6467
7. l'yaHyxkoy (Kutan) 12700800 3843,43 3305
8. Mymban (MHawns) 12655220 603,40 20680
9. Mocksa (Pycus) 12111194 2510,12 4825
10. Daka (Eruner) ? 12043977 815,8 14763

Ha koHdepeHunsTa Ha cratuctuumte B Cuatbn (Joint
Statistical Meetings 2015) yyeHuTe npeacTaBuxa NpOrHO3nTe
cn 3a Obpeweto Ha 4oseyectBoTo. Cera Ha nnaHeTata
xuBeat 7,3 munuapga gywwn. Kbm kpas Ha CTONETMETO
o0bwmaT Bpoit Ha HaceneHneto Ha 3emsTa we gocTurHe 9
mMunuapga gywi. YYeHuTe cMsTaT, Ye KpUTUYHMAT Bpol Ha
HaceneHweTo, OT T[flefHa TOYKAa Ha 3anaseaHe Ha
ekonormyHata 6e3onacHoCT Ha nnaHeTata, e 12 Mng. gyww.

Cnopepn npeokaanusTa, kbM 2025 roguMHa HaceneHmeTo
BbB BCEKW OT Hall-TonemuTe MeramnonuMcu B CBeTa Lie
HabposiBa ot 19 go 35 mnH. gywn.

YpbaHu3auusTa € [oBena [0 HeraTMBHM NPOMEHM Ha
reofioXkata Cpefa, W3YepnBaHE Ha BOOHUTE  PECYpCH,
3aMbpcsiBaHe Ha noyeaTa W aTmocdepara, Bb3HWUKBaHE Ha
TEXHOTEHHU U aHTU-OMOreHHN haKTOpH, HEraTMBHO BRMSIELLM
Ha YOBELLKOTO 3apaBe. 3aToBa OMa3BaHETO M NogobpsiBaHeTo
Ha OKONMHaTa Cpefa B rpajoBe € akTyaneH npobnem BbB
BCUYKMTE chepu Ha rpafickoTO CTOMAHCTBO.

MHTEH3BHOTO 6e3CUCTEMHO CTPOWTENCTBO Ha ODeKTM B
MOA3EMHOTO  MPOCTPAHCTBO HA  rpafjoBeTe  Meranonmcu
NpUYMHSIBa HemonpaBuMa Bpeda Ha okonHata cpepa. Camo
NNaHoBO, KOMMIEKCHO W  paLMOHanHO  M3non3BaHe Ha
MOA3EMHOTO MPOCTPAHCTBO LiEe OCUrypu pasBuTMEe Ha
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NoA3emMHaTa WMHGPacTpyKTypa Ha rpagoBe  Meranonmci.
Mopagu Tasu npuumHa ce HabnipaBa npemuHaBaHe OT
000coGeHN MOA3EMHU CbOPBXEHUS (NUHMKM  Ha  METPO,
KOMYHMKaLK1, aBTOMOGUITHI MapKUHIW U Op.), KbM U3rpaxaaHe
Ha eapoobemMH1 MHOroyHKLMOHaNHK obekTu [2, 3]. MogobHu
NoA3eMHW 0BEeKTW OTAAaBHa CbLLECTBYBAT B MHOMO rpagose no
ceeta; B CALL, Anonus, Mepmanus, HOxHa Kopes, KaHaga u
ap. B TAX, Hai-4ecTo, €OQHOBPEMEHHO Ca M3rpageHu
KENE30MbTHM Bb3NM 3a MpekayBaHe, MOL3EMHU MapKUHTK,
MaraswHu, TbproBCKO-pa3BneKkaTenHn KOMMeKeH, CTaHuum Ha
MeTpo.

B ronsmata yact OT mMeranonucu B cBeTa ce Habensiea
Bb3NpMEMaHE Ha ANOHCKATa  KOHUenuus 3a  rpapo-
CTpouTencTeoTo; «KomkoTo rpagbT pacTe Harope - TOMKOBa
TOI TpsAbBa ga ce cnycka Hagony». B TpygoBeTe Ha aBTOpy
[4,5] ce nosgura BLMNPOC 3a Cb3daBaHe Ha  MOA3EMHM
rpagoBe - pAybnbopw, B KOMTO Ce Mmpegnonara He
NepPMaHeHTHO, a MNOCTOAHHO NPUCHLCTBME Ha YOBeKa.
ABTOpuTe npeanonarat, 4Ye B OTAaNe4yeHoTo ObAele
CTPOMTENCTBOTO Ha TaKMBa rpagoBe e CTaHe MEeXAWHHO
pelleHWe Npeau HavyanoTo Ha epata Ha Heu3b6exHOTo
yCcBOSIBaHe OT YOBEYECTBOTO HA MnaHeTuTe OT
OKOJNOCITbHYEBOTO NPOCTPAHCTBO.
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OcobeHocTTa Ha npeAnaraHus MOAXOA Ce CbCTOM B
MPUHLMMHO PasNYHOTO, MO-LUMPOKO pasdupaHe Ha npobnema
3a YCBOsIBaHe Ha NOA3EMHOTO MPOCTPAHCTBO Ha rpasa, KoeTo
TpsibBa Aa ce pasrnexma He Kato efHOKPaTHO CTPOMTENCTBO
Ha OTAENHM, [OPW YHWKANHM MOA3EMHU CbOpPbXeHus. B
HallaTa NpefcTaBa YCBOsIBaHE Ha NOL3EMHOTO MPOCTPaHCTBO,
B TOBA YMCIIO M B MEranonucuTe, BbB BCUYKUTE My acreKTu
Ma NNaHoB W KOMMNEKCeH NOAXofd NpW 3acTPOsSBAHETO Ha
rooHWTE 3a TasW Len yyacTbly OT MacuBW, KakTo B
ChblLECTBYBALlaTa YacT Ha rpada, Taka W B pasBuBaLLMTE MY
Ce paiioHu, B TACHA BPb3KA C NEPCNeKTUBHUTE MNaHoBe 3a
pa3BUTME Ha HAA3EMHUTE rPafICcKV TEPUTOPUM.

C Apyrv gymu, peluaBaiiku BbNPOCUTE NPy 3acTposiBaHe Ha
HOBa rpagcka TepuTopusi, Haped C KOMMIEKCH OT rpaKaaHCKM
Crpafiy U CbOPbXKEHMS 1 CbIbTCTBALLATA MHGPACTPYKTYpa, €
HeoOXOAMMO f[a Ce TMpoekTMpa M  M3MOM3BaHeTo Ha
NoA3eMHOTO NPOCTPAHCTBO. [la ce NpoeKkTMpa paLmMoHanHo 1 B
MbIieH 00em.

YCBOSIBAHETO Ha MOA3EMHOTO NMPOCTPAHCTBO Ha rpajckuTe
TepuTopuM TpsiGBa KOMMMEKCHO fa Ce CbyeTaBa CbC
3aCTPOSIBAHETO Ha MOBbPXHOCTTA, [JOMbABANKA MHAPACTPYK-
TypaTa Wni 0CBOBOXAABalKM MOBLPXHOCTTA 3@ EKOMOrMYHM
uenu.

M3non3BaHe Ha NOA3EMHOTO NMPOCTPAHCTBO € HeobXoaMMOo
3a rpagoBe OT BCUYKM KaTeropuu, pasnukata e camo B
HOMEHKNaTypaTa 1 KONM4YECTBOTO Ha CbOPBXEHUSTA, KOUTO €
LenecbobpasHo fja ce pasnonarat Nnofj 3emHara NoBbPXHOCT
OT [MedHa TOYKa Ha KanuTanoBM pa3xoanW M CouManHo-
VKOHOMMYECKN EChEKT.

AHanMM3bT Ha YyKOWS ONUT NpU  YCBOSIBAHETO Ha
MOA3EMHOTO MPOCTPAHCTBO Ha TpajoBeTe MoKasga, ue
ONTUMANHUTE YCMOBUS 3@ OCUIYpsBaHe Ha  YCTONYMBO
pasBuTIE 1 KOMCPOPTHISA JKMBOT CE NOCTUraT, KOraTo AembT Ha
NOA3EMHUTE CbOPBXEHUS OT obLiaTa oLy Ha uarpaxaalmTe
ce 06ekTn e 20-25%. Kbm HacTosLms MOMEHT TO31 nokasaTen
3a Mocksa e camo 11%, a 3a Cochus no-manko ot 5%.

dopMupaHe Ha LANOCTEH HayYeH M MHXEHEPEH MUpornen
kaTo cucTeMa OT YCTOAYMBM Bb3rneauM Ha npobrnema 3a
YCBOSIBaHE Ha NOA3EMHOTO NPOCTPAHCTBO € HEBL3MOXHO 6e3
CbOTBETHaTa (PyHaameHTanHa HayuHa 6asa. Obaue, KbM
BHELLHMA JeH TS BCE OLLE Ce Hammpa B CTaaui Ha passuTye.

Heobxoguma e KoMnnekcHa nporpamMa 3a YCBOsIBaHe Ha
MOA3EMHOTO NPOCTPAHCTBO Ha Meranonucy, KosaTo Tpsibea fa
CbbpXa CNegHUTe pasfenu: HOPMaTWUBHO —OCUrypsiBaHe,
PECYPCHO OCHrypsiBaHe, (hHMHAHCOBO-MKOHOMMUYECKN OOk M
OpraHu13aLMoHHO CbMpOBOXAaHe.

OcHosHUMe yenu 8 masu npozpama ca:

- OCUrypsiBaHe Ha MaKcMMarnHo 13nonsBaHe Ha NOA3eMHOTO
NpOCTPaHCTBO Mpi hopMUpaHe Ha CbBpeMeHHaTa MnaHupo-
BbYHA 1 apXMTEKTYPHO-NPOCTPAHCTBEHA CTPYKTYPa Ha rpaja;

- paspaboTBaHe Ha OCHOBHWTE HAMPaBMEHUs Ha YCBOS-
BaHETO Ha Nof3eMHOTO MPOCTPAHCTBO Ha rpaaa;

- Cb3[jaBaHe Ha CICTEMA 3a CTUMYNUPaHE Ha YCBOSIBAHETO
Ha NofI3eMHOTO NPOCTPAHCTBO Ha rpaaa;

- NOBULLABAHE Ha HAEXOHOCTTa, eHeproedeKTMBHOCTTa U
AbNrOBEYHOCTTA Ha NOA3EMHUTE CbOPBXKEHMS, OCUrypsiBaHe
Ha GesomacHocTTa Mpu ekcnnoatauusTa UM B HOPMarHu
YCIIOBMS, & CbLLO TaKa NPU U3BLHPEOHIN CUTYALIMN.
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KoHuenumaTa 3a  ycBOSIBaHETO  Ha  MOA3EMHOTO
NPOCTPAHCTBO Ha Meranonucute TpsbBa [a CbAbpxa
CbOTBETHATa METOZOMOMUS, CTpaTernst U apryMeHTMpaHo fa
OTroBaps Ha CMeJHMTE rNaBHW BLMPOCK: KAaKBO, KOMKO, Kbae,
Kak MU B KakBa MNOCNeAOBaTeNnHOCT da ce CTpou B
noA3eMHOTO MPOCTPaHCTBO M Kak Aa ce eKcmioaTtupar
noa3emMHUTe 00eKTH.

MeTomonorusita 3@ YCBOsiBaHe  Ha  NOA3EMHOTO
MPOCTPaHCTBO € Hay4Ho 0BOCHOBaHa cUCTEMa OT MPUHLMNM U
METOAN Ha [eiiHocTTa npu (HOPMMPAHETO Ha Nop3eMHaTta
NHCPaCTPYKTYpa Ha rpaga.

CTpaTeFVIﬂ 3a yCBOABaHEe Ha NOA3EMHOTO NPOCTPaHCTBO
cnegBa fAa Ce pasrnexga Kato HadMH Ha JencTaus 3a
nocturaHe Ha HabenssaHata Len, oOCHoBaBalla cCe Ha
OBbNTOCPOYHOTO nNNnaHupaHe B CbOTBETCTBUE C npueTata
MeToa0norns.

U.Le pasrnegave Hal-rnaBHuUTe BbNPOCK Npu yCBOABaHE Ha
NOA3EeMHOTO NPOCTPaHCTBO Ha Meranonucu.

KakBo, Konko M B KakBa nocrnefoBaTemnHoCT fa
ce CTPOU B NOA3EMHOTO NPOCTPAHCTBO?

HomeHknatypata Ha nogsemHute obekT € ronama.
|-|Oﬂ3eMHVITe CbOpBXEHNA cnopen npeaHasHadeHue U
W3Mon3BaHe MOXe Aa Ce CUCTEMATM3MPaT B YeTVpK BUAa:

. noa3eMHN 0BEKTU CbC CTOMAHCKO MpefHa3HaueHue:
MUHHO-NPOMULLINIEHN MPEANPUATAL, MPOMULLNEHN Npeanpus-
TWS, TPAHCMOPT, MHXXEHEPHN KOMYHUKALMW, XpaHUnuLLa 1 T.H.;

. MOA3EMHN CbOPBXKEHUSI CbC COLMANHO npenHas-
HauyeHWe: KynTypHO-NPOCBETMTENCKM W CNOPTHU CbOPBXEHMS,
TbProBckn 00eKTW, XpaHeHe, BuToBO obCnyxBaHe, M3cneno-
BaTENCKM YUPEXKOEHNS, MEAULMHCKM 0OEKTY;

. NMOA3EMHN CbOPBKEHUSI C EKOMOMYHO NpeaHasHa-
YEHWEe: MPEYMCTBATENHN CbOPLKEHWS, CbOPBXKEHWS 3a Mo-
rpebBaHe Ha OTNafbLK, CMETO-NpepaboTBaLLW NpeanpUiTUS U
T.H.;

. MOA3EMHN CbOPBXEHMSI CbC CrEUManHo M BOEHHO
npegHasHaveHue.

Obave, Te He BCWYKM Ca NOOXOAAWM 3a rpaackaTta
WHpacTpykTypa. 3aToBa e HeobXoa4MMO, Npeam BCHYKO, Aa ce
HanpaBu HOMEHKINATYpa Ha NOA3EMHUTE CbOPLKEHWS 1 a ce
NOAPean Cropes; 3HaUMMOCTTa UM 3@ KM3HEOCUTYPSIBAHETO Ha
rpaja, KOeTo B kpaifiHa CMeTKa W onpeaens NpuopuTeTUTe NpU
NOPeAHOCTTa Ha CTPOUTENCTBOTO.

Kbae aa ce ctpou 1 Kbae Aa He ce cTpoun?

Bbnpocute 3a Bb3MOXHOCTTA Ha CTPOWTENCTBOTO Ha
noasemMHu 0beKkT ce OnpeaensT OT MHOXECTBO chaktopu. Ha
MbPBO MACTO € LienecbobpasHoCTTa Ha cTpouTencTsoto. Y
npean BCUYKO MKOHOMMYEcKaTa LenecbobpasHocT. AHammMabT
Ha TpyZOBETE HAa BOAEWM YYEHW W YYXOECTPAHHUST OnuUT
MnokasBaT, Ye MOA3EMHOTO MPOCTPaHCTBO € Hal-BaxeH Obp-
KaBEH PECYpC Nopagu HeroBaTa edeKTMBHOCT, 0bycrioBeHa
oT:

*  MPOrPecuBHOTO HamansiBaHe Ha CBODGOAHM TepeHu Ha
MOBBLPXHOCTTA Ha 3eMsTa, KOWTO Ca rOOHK 3a U3non3eaHe 3a
HAPOAHOCTONAHCKM LIENK;

*  HeobxoaumocTTa OT ocurypsiBaHe Ha 6GesonacHocT mpw
npou3BexaaHe W YCTPOWCTBOTO Ha MOA3EMHW XpaHunuwa ¢
ObITbI NEPUOA Ha excrinoaTauus;



. HapacTBallata Bpea, HaHacsaHa Ha OKOnHata cpeaa ot
Ha3eMHWN CbOPBXKEHNA N NPOMULLNEHOCT,

. OTCbCTBUETO Ha anTepHaTMBa 3a KOMNNEKCHO YCBOABaHe
Ha NOA3EMHOTO NPOCTPAHCTBO Ha MeranoJicuTe;

. Bb3MOXHOCTTa 3a  YCBOABaHE Ha  MNOA3E€MHOTO
NMPOCTPAHCTBO MpPW OTYUTAHE Ha pPasfiMyHUTE CBOWCTBA Ha
Heaparta 1 CKanHuTe MacuBu.

KauecTBOTO Ha MOA3EMHWUTE CBLOPLXEHUS U UKOHOMMU-
yeckata €(EKTUBHOCT Ha YCBOSIBAaHETO HA MOA3EMHOTO
NPOCTPAHCTBO A0 rondma CTeneH ce onpenenAaTr OT TEeXHO-
JIOrnATa Ha NpokapBaHe Ha NOA3EMHUTE CbOPBXEHUA U apXu-
TEKTYPHO-NTAHNPOBBbYHUTE peLLeHNa 3a NoA3EMHUTE obekTu.

CbBpemMeHHNTE NOA3EMHN COPLXEHUS Ca rONemMu CROXHM

WHTEeNeKTyanHn cucteMn C  BrpafeHn  UHBApPUaHTHU
TEXHUYECKN W apPXUTEKTYPHW peLleHnd, OTroBapAln Ha
CbBPEMEHHUTE U3NCKBAHNA 3a KpUTEpUUTE «NONE3HOCT,

3ApaBMHa U KkpacoTay. [1of3eMHUTE CbOPbXEHUS OT HOBO
MOKOMeHWe npeanonaraT M3non3BaHeTo Ha CBOWCTBAaTa Ha
CKanHMs MaclB W MepKM MO VYKPEnBaHe Ha ckanuTe,
MoBMILABAHE HA YCTOWYMBOCTTA Ha MOA3eMHUTE O0DeKTU K
npenoTepaTaABaHe Ha MponafaHnUsTa Ha 3eMHaTa NoBbPXHOCT
N Bb3MOXHUTE HeratuBHW NOCNeaCcTBUA. TakuBa noAa3emMHun
CbOPBXEHWst ca 000pyaBaHN C HOBU CMCTEMM 3a BEHTUMaLms,
Oe3onacHOCT W eBakyauusl Ha Xopa MpW Bb3HUKBaHE Ha
noxapu W MoraT [a Ce MW3MOn3BaT KaTo YKPUTUS MNpu
U3BbHPEOHW OOCTOATENCTBa, NPEABWXKAAT MW3MOMn3BaHe Ha
pobpa opraHusauusi Ha CTPOUTENHWUTE paboTi, ONTUMAMHO
Pa3nonoXeHNe Ha CTPOUTENHWUTE NMOLLAAKM, U3MbIHEHWE Ha
paboTuTe CbrnacHo paspaboTeHuTe rpaduum M edekTUBHM
CXeMM Npu MHBECTMPaHE Ha cTpouTencTeo. CTpONUTENcTBO Ha
CbBPEMEHHUTE MOA3EMHN CbOPBLKEHUS € HEBb3MOXHO 6es
NPMBNMYAHE HA OMUTHW M3MBbIHUTENM - CheuuanusupaHm
CTPOUTENHM U MaLUMHOCTPOUTENHU UMK, MPUTEXABALLM
BMCOKI TEXHOMOTMM, @ CbLLO Taka NPOEKTAHTCKW OpraHW3aLum
Ha CBETOBHO HMBO.

B cbBpemeHHWTE YCNOBKUS TOMSIMO 3HAYeHWe npuaobusa
cucTeMaTta 3a KpUTEpUM M MokasaTenute 3a OLeHsiBaHe Ha
e(DEeKTUBHOCTTa Ha MHBECTULIMOHHUTE NPOEKTW. AHANW3bT Ha
HayyHuTe nybnuKauuu, pesynTaTUTe OT OlEeHKaTa Ha
MHBECTULIMOHHWUTE MPOEKTM M OM3HEC nnaHoBe MoKasga, Ye
MOCTUraHeTo Ha MPUEMNMBU  TEXHUKO-MKOHOMUYECKN U
(bvHaHCOBM MoKasaTenM B WMHBECTULMOHHWTE MNPOEKTN e
Bb3MOXHO CaMO MO MbTA HA HaW-gJOOPOTO CbyeTaBaHe Ha
MoACUCTEMUTE W MapaMeTpuTe Ha NPOeKTa 3a MojsemMeH
o0ext. Taka Hampumep, MpW CTPOWUTENCTBO Ha MOMA3EMHUTE
CbOPbXEHWS Ce pasrnexaarT pasfuMyHM  BapuaHT  3a
pasnonaraHeTo UM B JbJ1004MHa U KoHAUrypaLmum, cnocobu 3a
MPOKapBaHe Ha MWHHUTE W3palboTKK, OpraHM3auus Ha
CTPOMTENNCTBOTO, KPEMEXHN KOHCTPYKLIMM Ha NOA3EMHU MUHHM
13paboTKM 1 YKpenBaHe Ha BMECTBALLM CKanHW MacuBy C Lien
MoBMLIABaAHE Ha TAXHATa YCTOMYMBOCT 3a MPeaoTBpaTABaHe
Ha npornajaHe Ha 3eMHaTa MOBLPXHOCT, W3MOM3BaHe Ha
MUHHO-TPaHCNOPTHOTO 000pyaBaHe 1 CTPOUTENHATA TEXHMKA,
TEXHUYECKUTE, apPXUTEKTYPHUTE, KOHCTPYKTUBHUTE U 0BEMHO-
MNaHUPOBBYHUTE PELLIEHNS.

HeobxoguMo € CblO Taka [a Ce MOMHM, 4Ye npu
pa3paboTBaHe Ha WMHBECTULIMOHHM MPOEKTW W TAXHaTa
eKCrepTn3a, Ce WU3BbPLUBA OLEHKA 3@ Bb3ENCTBME Ha BCEKU
nog3emeH oBeKT BbPXy OKOMHAaTa Cpeaa W CbOTBETCTBUE Ha
NPUETUTE PELLIEHNS HA TEXHIUYECKUTE YCIIOBUS U U3NCKBAHMATA
Ha CbITacyBallWTe opraHu3aLi i UHBECTOPM.
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M3BeCTHM ca pasNuuHM KpUTEpUM 3a OLieHsBaHe Ha
LienecbobpasHoCTTa Ha  YCBOSBAHETO Ha  MOA3EMHOTO
NpOCTPaHCTBO. 3non3Baiki Te3n KPUTEPUM, HUE YnecHsABaMe
B3MMaHETO Ha pelleHus 3a UKOHOMIYecKaTa edeKTMBHOCT Ha
YCBOABAHETO Ha MOA3EMHOTO MPOCTPaHCTBO. Ho ¢ Len no-
ronamMata OBEKTMBHOCT UM BCECTPaHHOCT Ha OlLieHkaTa 3a
WKOHOMWYecKaTa  eheKTMBHOCT Ha  YCBOSIBAHETO  Ha
NOA3EMHOTO NPOCTPAHCTBO U HaMUPaHe Ha HOBM MOAXOAM KbM
TO31 NpobneM e HeobBXoaMMO Ja Ce paslivpi criekTbpa Ha
KpuTepuuTe. TakbB KPUTEPHIA, HANpUMep, e HeoBXoaumocTTa
OT YCBOABAaHE Ha MOA3EMHOTO MPOCTPAHCTBO, KOATO Ce
onpegens OT  HEAOCTUT  Ha  TEPUTOPUM, Tunca  Ha
CTPATEryecky 3anacu oT eHeproHOCUTEN U NUTeHaTa Boaa
(noa 3emsTa), EKONOTMYHO MPETOBapBaHe Ha OKOMHaTa cpesa
OT Pa3NuYHK OTNagbLM 1 Ap.

Tbit kaToO CBOWCTBAaTa Ha MNOA3EMHUTE CbOPbLXEHWS ca
(OYHKUMS OT CnocoOHOCTTa WM [Ja OCUrypsT HenpekbcHaTa
pabota Ha noaseMHust ODekT B OmpedeneHu YCrosusi, ¢
OTYMTaHE Ha NpeaoTBpaTsSBaHE Ha BPEAHW NMOCMEACTBMS, TO
cTaBa $ICHO, Ye B KayeCTBOTO Ha  KpUTEpWUA 3a
LlenecboOpasHocTTa Ha  yCBOSIBaHE Ha  MOA3EMHOTO
NPOCTPAHCTBO, Ce Onpeaens NPoabIKUTENHATa YCTONYNBOCT
Ha TNOMO3EMHWUTE CbOPbXEHUs, HaOEXOHOCTTa WM  KaTo
CKpMBamMila OT OpPbXMS 32 MacoBO MopassiBaHe B
onpeaeneHn nepuoan W Npu WU3BbHPEAHW CUTyaUuu, KaTo
XpaHUNMILA Ha  TOKCMYHM  OTMagblM, CKMagose  3a
CTpaTernyecku 3anacu Ha eHeproHoCUTENW, NPOAOBONCTBUA 1
nuTeiiHa BoAa 1 T.H.

MkoHommuyeckuTe hakTopu CbLLO TpsiOBa Ja ce pasrnexaar
KaToO KpUTEPWA 3a OLEHKa 3a LenecbobpasHoCTTa Ha
YCBOSIBAHETO Ha NOA3EMHOTO NPOCTPAHCTBRO.

O6ocHOBKMTE  Ha  WHBECTULMMTE,  pa3paboTeHn B
CbOTBETCTBUE C €TarNOHA, CIy)aT KaTo OCHOBaHe 3a B3eMaHe
Ha pelleHuss 3a CTomaHckaTa HeoDXOAMMOCT, TeXHUYeckaTa
Bb3MOXHOCT, (DMHAHCOBATa, MKOHOMUYECKATa M coLuanHaTa
LIenecboOpa3HOCT Ha CTPOUTENICTBOTO, MOMyYaBaHe Ha akT 3a
1300p Ha TepeH 3a pasnonaraHe Ha obekTa 1 U3BbpLLBaHE Ha
npoekTo-npoyysaTenHn pabotn. OOOCHOBKMTE HAa WMHBECTU-
UMMTe Ce noanaraT Ha ObpXaBHa eKkcrepTHa npoBepka no
YCTaHOBEH pef.

CbBpEMEHHUTE METOAM 33 OLEHKa Ha WKOHOMUYEeckaTa
eekTMBHOCT UM LienecbobpasHOCTTa Ha YCBOsIBAaHE Ha
MOJA3EMHOTO NPOCTPAHCTBO ChAbPKAT: CUCTEMA OT KPUTEPUN 1
nokasaTenu 3a OUeHKa Ha edeKTWBHOCTTA Ha WHBECTU-
LIMOHHUTE MPOEKTW; OLeHsIBAaHe Ha TsXHA CPaBHUTENHA
MKOHOMMYecka edeKTMBHOCT, cuHaHcoBaTa U OlogkeTHa
e(heKTMBHOCT Ha MpoekTa; eheKTUBHOCTTA Ha peanu3auusTa
Ha MHBECTULIMOHHUS NPOEKT; 0COBEHOCTUTE Ha OLIEHsIBaHE Ha
e(DEKTUBHOCT Ha MPOEKTU MPU YYKAECTPAHHW Y4aCTHULK;
OLEHKa Ha COUManMHUTE U EKONOTWMYHWM MOCNeAcTBUs OT
peanu3auMsTa Ha MPOEKTa; MW34MCNsiBAHE Ha WHBECTM-
LIMOHHMTE PUCKOBE.

B pesyntar Ha obuljaTa OLEHKA Ha WKOHOMMUYecKaTa
eeKTUBHOCT Ha WHBECTULIMOHHUA MPOEKT U aHanuaa Ha
HeroBaTa YCTOMYMBOCT Ce OMnpeaensT OCHOBHUTE TEXHMKO-
WKOHOMWYECKM MoKasaTenu, cpef KOUTO e U 00eMbT Ha
WHBECTULIUMTE, HEoBXoaMMU 3a peanusauusTa Ha MpoekTa,
NPOOBLIKUTENHOCTTa Ha CTPOMUTENCTBOTO, Nevanbara, cpoka
Ha Bb3BPbLLLAEMOCT Ha WHBECTULIMUTE, JWUCKOHTUPaHWA CPOK
Ha OTKynyBaHe, BbTpellHaTa HOpMa Ha AOXOAHOCT, [MCKOH-



TUPaHUS YUCT [IOXOL, 38 Pa3ueTHUs Nepuos, PeHTabunHoCTTa,
U3TOYHWULMTE Ha (DMHAHCUpaHe Ha npoekta (COOCTBEHW U
KPEOUTHW CpeacTea, OwmKeTHW cyboummn) M CpoKoBeTE 3a
BpbLL@HE Ha KpeauTU.

MeToanyeckute npenopbkk 3a paspaboTBaHe Ha Gu3Hec
nnaHa, 0OOCHOBKUTE Ha WHBECTWULMWTE B CTPOWTENCTBO Ha
npeanpuaTUa W eTanoHbT OonuceaT MeToauTe 3a paspa-
GoTBaHe Ha OM3HEC NnaHoBeTe Ha MHBECTWULIMOHHWUA MPOEKT
KaTo nporpamMa 3a BnaraHe Ha (PWHaHCOBM CpeacTBa 3a
peanusauus Ha WHOBALMOHEH MPOEKT C Len MocneasalloTo
nonyyaBaHe Ha neyanba. AHanNM3bLT Ha eTanoHa 1 OnuUcaHuTe
B HEro MeToauyecks Mperopbku 3a OLEHKa Ha WKOHOMM-
yeckata e(EKTMBHOCT Ha WHBECTULIMOHHUSA MPOEKT MOKa3sa,
Ye pesynTaTuTe OT OL|eHKaTa Ha OCHOBHWUTE MapameTpu W
nokasaTenu ce W3BbPWBA Ha 0asa Ha uW3ydaBaHe Ha
YCIIOBUATa 33 CTPOUTENCTBOTO Ha OOEKTH, TEeXHWUYeckuTe,
TEXHOMOTMYHITE, CTPOUTENHUTE U apXUTEKTYPHUTE PELLEHUS,
a CblLO TaKka OpraHM3auMsaTa Ha CTPOUTENCTBOTO M aHanusa
Ha OCHOBHUTE TEXHWKO-MKOHOMUYECKW MokasaTenu U uHaH-
cupaHe Ha cTpouTenctBoTo. CbBKyNHaTa OueHka Ha
MKOHOMMYeckaTa e(heKTUBHOCT Ce Onpeaens 4Ype3 aHanus Ha
MHOTOMEPEH BEKTOP Ha OLEHKUTE Ha TEXHWUYEecKoTo U
MKOHOMMYECKOTO  HMBO  Ha  TEXHWKO-MKOHOMMYecKaTa
00OCHOBKA Ha WHBECTMUMMTE W OM3HeC nnaHoBe 3a
CTPOMUTENCTBOTO Ha MOA3EMHUTE CbOPbXEHUs, a CbLUO Taka
ype3 onpegensHe Ha CTeneHTa Ha CbOTBETCTBME Ha Teaw
000CHOBKM M OW3HEC NnaHOBE Ha OCHOBHMTE MOCTMKEHMS Ha
HaykaTa U TexHuKaTa, HOpMUTE Ha NPOEeKTUpaHe, npasuUraTa
3a 0e3onacHoCT, CTPOWUTENHWUTE HOPMM W NpaBuna.
MkoHoMM4YeckaTa cTpaHa Ha OOOCHOBKMTE Ha WMHBECTULMUTE
ce pasrmexnga B eTanoHa KaTo [MaBeH  KpuTepwil 3a
LenecbobpasHOCT  Ha  YCBOsSIBaHE  HA  NOA3EMHOTO
MPOCTPaHCTEO.

MkoHoMunyeckaTa edeKTMBHOCT Ha CTPOMTENCTBOTO Ha
noasemMeH 00ekT BKMOYBA CTOMaHckata M buMHaHcoBaTa
LienechobpasHOCT 3a peanu3alys Ha MPoekTa; TeXHUYeckaTa
Bb3MOXHOCT 3@ peanusauusaTa My, nonsata oT peanusauusTa
Ha npoekta (MKOHOMMYECKA W coumanHa); uHaHcoBaTa
YCTOMYMBOCT Ha MPOEKTa; NMPOrPECMBHOCTTa Ha M3MNON3BaHuTe
B MPOEKTa Hay4YHO-TEXHUYECKM PELIEHUs, TEXHOMOruM,
obopyaBaHe.

B cbloto Bpeme e Heobxogumo [Ja ce MMa npeasus, Ye 3a
BCEKW nop3emeH 00eKT 3afbmKkuTenHO ce npasu W u3bop Ha
MKOHOMMYECKN €e(EeKTUBHM CXeMM 33 WHBECTMpaHe Ha
CTPOUTENCTBOTO.

OueHKkaTa Ha MKOHOMUYECKM MokasaTenu 3a edeKTMBHOCT
Ha WHBECTULIMUTE KaTo LIANO [a Ce U3BbPLLBA NPU CbBKYMHOCT
Ha CBOWCTBATA Ha MPOEKTa, TOECT C OTYATAHe Ha HerosuUTe
kayectBa. BaxHo e pa ce otbenexu, 4e 6e3 crabunHa
ObpXaBHa NOAKPENna, KakTo MoKasea yxgecTpaHHaTa
MpaKTUKa, YCBOABAHETO Ha MOA3EMHOTO MPOCTPAHCTBO Ha
MEranonucyt Unu € HeBb3MOXHO UM € HeedheKTUBHO.

B Mockea u B Codusi B LEHTpanHaTa rpagcka 4acTt u
npunexallumTe KbM Hesl paiioHu, MMa JocTa ThProBCkW 06eKTH,
KOUTO npuBnMYaT kbM cebe cu ronsM Bpolt TPaHCMOpTHM
eouHuuy 1 xopa. OT Ta3sn rmeaHa Touka Te He ca 0beKkTn ot
MbPBOCTENEHHO 3HauYeHWe. Ho No-HaTaTHLLHOTO pasiuMpsiBaHe
Ha TPaHCMOPTHUTE MPEXW M CTPOUTENCTBOTO Ha MOL3EMHU
MapKkWHMN Ce SBABa 3a TE3W METanonmcu HacblueH npobnem.
Hsima cMucbn a ce roBopu 3a BaXHOCTTa OT MpoKapBaHe Ha
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KOMYHWKaLMOHHWN TYHENU C PasfiMyHO npefHasHa4eHue - bes
TAX XMBOTHT Ha rpaja € HEBb3MOXEH.

BTopuaT OCHOBEH (DaKkTOp Ca  MUHHO-TEONMOXKA W
EOMEXaHUYHU XapaKTEPUCTUKM Ha CKanHUA MacuB, KOWUTO
No3BONABAT CTPOMUTENCTBOTO HE Ha BCEKM TWUM Ha NOM3EMHO
CbopbXeHue. B nocnegHo Bpeme ce npubass olle U
reogMHamu4HaTa XapaKTepucTuKa Ha MacvBa.
CTPOMTENCTBOTO Ha TPafCKM MOA3EMHM ChOPBXKEHUS e
HeobXoOUMO [1a Ce M3BbpLUBA C OTYMTAHE TOBA, Ye CKaneH
MaciB Beye WMa He MNpUPOdeH, a MpUpPOdO-TEXHOreHeH
Npom3xoA.

TpeTo, CbliecTByBaT 06WM OrPaHMYEHMUs 33 MOA3EMHOTO
CTPOUTENCTBO B Merarnonucy, Takiea kato 0coBeHocTUTe Ha

reoNnoXkKna  CTpOoeX Ha pal7|0Ha Ha  CTPOWUTENCTBOTO,
CbllecTeyBalyute noasemMHu 0bekTu " Ha3eMHOTO
3aCTpoABaHe; OXPaHUTENHW 30HM Ha NaMeTHUUW Ha

KynTypaTa, NPUpOLHN KOMNneKkcu. Teau orpaHuyeHus MoraT aa
MNOBMUSISIT Ha NpefHasHaYeHWeTo, pasmepa U ocobeHocTuTe
Ha KOHCTPYKLMMTE Ha NNaHMpaH1Te 3a CTPOUTENCTBO OBEKTH.
OTTyK Bb3HMKBA CbBLPLUEHO HOB BbMPOC MPU NPOEKTUPAHETO:
Kbfe He MoOXe Aa Ce CTPOAT NOA3EMHU CHLOPLXKEHUA?
Heobxogumo € pa ce otbenexar cneuuanHute 30HM B
MCTOPUYECKMTE FPaACKM PaoHK, B KOUTO, C Lien rapaHTupaHe
Ha 3anasBaHeTo WM, CTPOWTENCTBOTO Ha  MOM3EMHU
CbOpbXeHns Tpsabea da 6bae 3abpaHeHo wnu  CUMHO
OrpaHunyeHo.

3a pewasaHe Ha BcuykuTe OTBenssaHu npobremu ce
W3MCKBA PAOHMpaHE Ha rpafickuUTe TEPUTOPUM C ONpeLensHe
Ha y4acTbL, AOMyCKaLLM CTPOWUTENCTBO Ha edHU MIn Apyru
CMOpeA 3Ha4YMMOCTTa UM NOA3EMHM 0BEKTH.

ChbluecTByBaT rorieMmu pesepsy, NO3BOMABALLM CbLIECTBEHO
Ja ce yeenuyat obemuTe Ha MOA3EMHOTO CTPOMTENCTBO, a
UMEHHO: Pa3LLMpsiBaHe Ha CIMCbKa Ha BULOBETE CbOPBKEHNS,
pasnonaraHeTo Ha KOMTO € [AOMYyCTUMO B NOA3EMHOTO
MPOCTPAHCTBO; MKOHOMMYECKO CTUMYNMPaHEe Ha YCBOSIBAaHETO
Ha MOM3EMHOTO MPOCTPAHCTBO; MpuraraHe Ha HOBW Tpapo-
CTPOMTENHM U MPOEKTHU PELUEHWs, MO-HATATbIUHO YCbBbp-
LIEHCTBaHe Ha 3aKOHOAATeNCTBOTO M HOpMaTWBHaTa Oasa.

Kak pna ce ctpou?

ApceHanbT Ha MOA3EMHOTO CTPOUTENCTBO, KakTo B Pycus,
Taka W 3ag rpaHuua, HabposiBa MHOXECTBO Crnocobu w
TEXHOMOMN 33 NPOBEXAAHE HA MUHHO-CTPOUTENHN paboTu. B
nocregHo BpeMe Ca Cb3fafeHW YHWKanHM obpasum Ha
npoxoayeckata TexHWka. [nobanusauusita Ha npow3Boa-
CTBOTO B chepaTa Ha NoA3EMHOTO CTPOMTENCTBO, ce pasbupa
KaTo Kak WHTerpauus, cOrwxaBaHe Ha Bb3rMeauTe U
nogxoauTte, marpaxaaHe Ha obwo pasbupaHe 3a OCHOBHUTE
MPUHLMNW NpU peliaBaHe Ha npobnemute, npeponpenens
W3nM3aHe W3BbH paMKUTE Ha Cb3jaBawute ce  oT
[ECETUNETUS OTPacnoBN W BEOOMCTBEHM WMHTEpPecH. Tosu
npoLec ce CbMpoBOXaa OT Mpexoda OT TACHO cneuuanu-
31paHN OpraHu13aLumM KbM MHOronpoduiHK. MeprogbT, Korato
WHTEPECUTE Ha CTPOUTENMTE Ca Ce OrpaHN4aBani camo OT
CTPOMTENCTBOTO HA METPO, WIM KOMEKTOPHU TYHENW, Wnm
OCHOBM W (hyHAAMEHTH, OTWBA B MUHAIO.

Ha [HelleH JeH CTPOUTENTHUTE OpraHN3aLmMy 3HaYUTENHO ca
paslWmMpUrM - npoduna cM W ca B CbCTOSHME fda CTPOST
nogsemMHu — o0eKkTM € pasnM4HO  (hYHKLMOHANHO



npefHasHaveHne n Beskakea CrnoxHocT. MNoaseMHuTe rpapcku
obekTi cTaBaT BCe Mo-MallabHu W pasHoobpasHW no CBOETO
(PYHKUMOHANHO npedHasHaveHue. Hanpumep, B Mocksa,
noysarku OT MOA3EMHUTE rapaxiu, creg ToBa MOCTPOSBANKM
TbProBCKO-pa3BrnekaTeneH Komnneke Ha MaHexHus nnowag v
ycneLHo peluasanki npobnema ¢ komnnekca Mocksa-Cutu, e
W3BbPLUEHO CTPOMTENCTBO Ha OOEKTM Ha CBETOBHO B
TEXHWYECKO  OTHOWeEHWe  HuBO:  JledhopToBCKMA W
CepebpsiHobopckn TyHenu. MocnegHusT uma gbmkuHa 3126
meTpa, Anametbp 14,2 MeTpa M € npokapaH Ha AbnboumHa
27-44 metpa. OueHsiBalkK KaTo LANO HMBOTO Ha HayyHarta,
TEXHMYecKaTa W TexHomoruyHata  oDesneyeHocT  Ha
NOA3EMHOTO CTPOUTENCTBO, CMENO MOXe fa ce roBopu 3a
TOBA, Ye Ha [HELUEH eH B rPafCKoTO NOA3EMHO CTPOUTENCTBO
ca ce (hopMmupanu Hay4yHO-TEXHWYECKW CUMW, KOWUTO umaTt
KanauuTeT 3a peanusauus Ha NMpOeKTU OT BCAKAKBO HWBO Ha
CMOXHOCT.

3aefHo C TOBa Ca HYXHM HOBM Moaxoau kbM uabopa Ha
€nocobu W TEXHOMOTMM Ha CTPOWTENCTBOTO, HOBA MAEOMNOrMS
Ha MpOeKTUpaHe, OCUrypsiBalla, B 4aCTHOCT, MaKCUMarHo
CbkpallaBaHe Ha  MKOHOMWYECKUTE,  TeXHUYeckuTe W
OpraHu3aLuoHHuTe  puckoe. Bcekun oT  ropeusbpoeHuTe
puckoBe OT 06Ly Xapaktep NpefcTaBnsBa MHTErpupaHo
NnposiBsiIBaHE Ha PUCKOBE OT MO-YacTeH xapakTep. Hanpumep,
HapyllaBaHETO Ha CPOKOBETE 3a CTPOWTENCTBO Ha TyHen
MOXe Aa Obae npeausBMKAaHO OT Cb4eTaBaHe Ha TakuBa
puckose, Kato HECHbBBLPLUEHCTBOTO Ha MWHHO-MPOXOAYECKOTO
obopyapaHe, HeJOCTOBEPHOCTTA Ha AaHHWUTE 3a TEeONOXKM U
reoMexaHn4H1 NPOYYBaHS, HELOCTAaTbYHO KBANMMULMPAHOTO
kagpoBO OcurypsisaHe, opc-MaxopHu oberosiTencrea v ap.
3aToBa eOMH OT OCHOBHWTE MPUHLMNKM, 3anerHanu B
n3cnedBaHMsTa 3a YCbBbpLUEHCTBaHE Ha MeToauTe 3a
NpoeKTMpaHe U CTPOUTENCTBO Ha OBEKTUTE OT BCSKAKBO
(byHKUMOHANHO NpeaHasHayeHne, Tpsibea aa Obae NpUHLUMMBT
33 MWHUMM3MPaHEe Ha LIeTUTE OT MocneacTeusTa ot
OTpULATENHUTE  MPOSIBMEHMSI HAa  MOCOYEHUTE  PUCKOBE.
AxTyaneH npobrnem 3a nporpeca B MOA3EMHOTO rpafcko
CTPOMTESCTBO € Hay4YHOTO CbNPOBOXAAHE.

Kak aa ce ekcnnoatupar noa3eMHUTe 06eKTH?

BpemeHata, korato Bceku cam 3a cebe cu e npoekTupan,
CTpOSN M ekcnnoatuparn, Tpsbsa fa ocTaHaT B MuWHano.
OcobeHocTuTe Ha ekcnnoaTtaums, a Moxe 61 1 Bb3MOXHOCTTA
33 MOBTOPHO M3MOMN3BaHe Ha MOA3EMHOTO CbOPbXEHME,
TpsibBa [a ce OTYMTaT OWe Ha eTan MpoekTUpaHe Ha
CTPOMTENCTBOTO. ApbK NPUMEP 3a HEraTUBHM NOCNEACTBIUS OT
HeoTYMTaHE Ha TOBa OOCTOSATENCTBO CTaHA HEBbL3MOXHOCTTA
Ja Ce u3nonseaT B MbfHA cTeneH u3paboTkute Ha
3aTBaPSHUTE BBIMULLHM MUHW. A TOBa € OrpoMeH B Mallabute
Ha CTpaHaTa pecypc — B MMHHWTE u3paboTku Ou mornm ga
ObaT pa3nonoxeHu pesepeoapu 3a npsicHa BOLA, CKNafioBe,
XpaHunuLLa u apyrv obekTy.

Korato npoekTupaHeTo, CTPOMTENCTBOTO M MOCreaBalyarta
eKcrioaTauys CTaHaT HauCTuHa 3BEHA OT efHa TEXHOMOrNYHa
BepwWra, LLe OTMagHaT JOocTa BbMpOoCK, CBbP3aHK, B YaCTHOCT,
C M3BBHMNNAHOBM PEMOHTH, HEPaLMOHANHO W3MON3BaHu
(puHaHCOBW U MaTepuanHu pecypcu. HeCbMHEHO, KauecTBOTO
Ha ekcnnoatvpanuTe 0bekTy TpsibBa CTaHe No-BUCOKO.
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lonsm npobnem ce sBABa nuncata Ha edeKTUBHO
yperynupaHe B oBnactta Ha perucTpupaHe Ha npasata Ha
coBCTBEHOCT Ha noa3eMeH 0BeKT, MpUHLMNA Ha 3annallaqe 3a
rMon3BaHe Ha pecypca, CbrnacyBaHoCTTa W eAMHOBNACTUETO B
YNpaBMEHWeTO Ha BCWYKA MPOLECM MPU YCBOSIBAHETO Ha
MOA3EMHOTO  MPOCTPAHCTBO,  AcHaTa  cTpaTteruss  3a
KOMMNEKCHOTO YCBOSIBAHE Ha TO3M HAl-CTIOKEH W Hai-BaxeH
reopecypc Ha Meranonucute. Heobxogumo e fda  ce
OCbILECTBABA 30HANHO YperyrMpaHe Ha Cb3gaBaHe W
MpoMsHa Ha Nof3eMHUTE 0BEKTU Ha HeaBUKMMOCT B CbCTaBa
Ha [MpaBunaTa 3a 3eMenonasaHe 1 3aCTposBaHe Ha rpaja.

HopmartueHo-npaBoBaTa 6a3a 3a NoA3eMHOTO CTPOUTENCTBO
B Meranonucute B obrnactta Ha ocurypsiBaHe Ha
GesonacHOCTTa OT TEXHOreHHM WNWM MPUPOAHM  3annaxu,
3alMTEHOCTTAa Ha MOA3EMHUTE ODeKTM B YCrOBMSTA Ha
TEPOPUCTMYHA 3annaxa, Tpsibea pa 6Obaoe GesycrnoeeH
NpuopuTeT MNpe3 LENUs XKM3HEH UWMKbA Ha MNOA3EMHUTE
CbOPbXEHMS] - OT  MPOEKTUPaHEeTo,  CTPOUTENCTBOTO,
eKcnnoaTtauusTa 1 NUKBULALMATA UMK KOHCEPBALMATA.

PeluaBaHeTo Ha ropensbpoenuTe npobnemu B obnacrta Ha
YCBOSIBAHE Ha NOA3EMHOTO MPOCTPAHCTBO Ha Meranonueu Lie
cb3gage ycnosus 3a  opmupaHe Ha  BnaronpusTHa
WKOHOMMYECKa Cpeda 3a peanu3auus Ha CKbMOCTPYBaLLm
nporpamm 3a NoA3eMHOTO CTPOUTENCTBO, 3a NOBULIABAHE Ha
WHBECTWULMOHHA MPUBMEKATENHOCT Ha peanuaupaliute ce
NPOEKTU, 3@ 3aMHTEPECYBAHO M3MON3BaHE Ha HaN-e(PEKTUBHM
MHOBALMOHHWU TEXHOOrMK, 3a noBullaBaHe Ha HWBOTO Ha
ekonoryHa  6e3onacHOCT Ha  BCMYKM  MPOLECM  Mpu
YCBOAABAHETO, BKITHOYUTENHO ] Nno-HaTaTbLUHATa
NPOObMKUTENHA eKcroaTtauns Ha nogsemHuTe obekTH, 3a
PbCT Ha 3aWHTEPECOBAHOCTTA HA BCWYKM y4acTHULM B
YCBOSIBAHETO 3a peliaBaHe Ha obworpapckure 3ajaum 3a
Cb3faBaHe Ha KOMCGOPTHU YCMOBWSA 3a XMBOT Ha rpaackoTo
HaceneHve.
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