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ZINC SOLVENT EXTRACTION - PRINCIPLE, MECHANISMS, AND REAGENTS

Ivanka Valchanova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: Ivanka.valchanova@gmail.com

ABSTRACT. Solvent extraction is one of the most important and widely used processes of separation and concentration in hydrometallurgy. It uses selective organic
reagents called extractants to extract valuable metal from an aqueous solution, rejecting the impurities and simultaneously increasing the metal concentration. The
solvent extraction process finds application in the recovery of uranium, copper, cobalt, nickel, zinc, manganese, molybdenum, vanadium, gallium, germanium, rare
earths, precious metals, and platinum group of metals. In the case of zinc, solvent extraction is an advance process option for the processing of both primary and
secondary sources of zinc as it eliminates the losses of the metal, typical for conventional purification methods, and produces highly purified electrolyte for zinc
electrowinning. In this review, the basic principle, mechanisms involved and extraction chemistry by acidic extractants have been discussed. Also, available
commercial extractants for zinc solvent extraction in sulfate media have been presented.

Key words: zinc, solvent extraction, purification, extractant

TEYHA EKCTPAKLMA HA LUMHK — MPUHLWN, MEXAHU3MU N PEATEHTH
UeaHka BbnyaHoea
Munro-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. TeuHaTa eKCTpakuus € e[yH OT Hal-BaXKHUTE M LUMPOKO W3NON3BaHM NPOLECH 3a pa3fensiHe 1 KOHLEHTpUpaHe B xuapomeTanyprusita. Mpu To3u npouec
Ce W3Mon3BaT CEneKTMBHU OpPraHiYHN PeareHTH, HapeYeHn eKCTPaKTaHTW, KOUTO U3BMMYAT LIEHHWS MeTan OT AafeH BOAEH PasTBOp, OTCTPaHABAT NpUMecuTe 1 B
CbLLOTO BpEME MOBMLLABAT KOHLEHTpaLUsiTa Ha MeTana. TeyHata ekcTpakuust Hamupa NpUNOKEHWE NpW W3BNMYAHE Ha ypaH, Mef, kobanT, HUKEN, LMHK, MaHraH,
MonubaeH, BaHaaui, ranui, repMaHunid, peako3eMHW enemeHT, BnaropogHu MeTanu 1 MeTanuTe oT rpynata Ha nnatuHata. LiuHkoBaTa TewHa ekcTpakums e gobpe
pa3paboTeH mogepeH npouec 3a npepaboTka Ha MbPBAYHM M BTOPUYHM M3TOYHWLM HA LMHK, 3all0OTO envMUHMpa 3arybute Ha MeTan, XapaKkTepHu 3a
KOHBEHLMOHANHUTE METOAN 33 NPEYNCTBAHE, U NPOJYyLMpa ENEKTPONMT C BUCOKA YMCTOTA 3a LIMHKOBATa €NekTponusa. B To3u npernes ca aucKyTMpaHu OCHOBHUST
NPUHLMN Ha NpOLieca, KakTo 1 MexaHM3MUTe 1 XUMUSITa Ha U3BMNYAHE C KUCENMHHM eKCTpaKTaHTW. [pecTaBeHy ca U CbLLECTBYBALUMTE KOMEPCUAMHN EKCTPAKTaHTH
3a TeYHa eKCTPpaKLVs Ha LMHK B cyndaTHa cpefa.

KntouoBu gymu: LMHK, TeYHa EKCTPaKLMs, NpeYncTBaHe, ekCTpaKkTaHT

WKOHOMMYECKaTa  edekTMBHOCT ~ Ha  npoueca.  [lpu
KOHBEHLMOHANHATa O4YMCTKA Ha eneKTponuTa, BKMoYBaLLa
eTanu Ha XUMWYHO YTasiBaHe M LeMeHTauus, ronsMa yacT ot
MPUMECHUTE 1OHW Ce OTCTpaHsiBaT, HO BbMpeKA TOBa,
WU3BECTHO KONMWYECTBO OT TsIX OCTaBa B HETO W e TPYAHO Aa ce
[OCTUTHe BlCOKa CTeneH Ha npeuncTsaHe. OcBeH TOBa, Tesu
MpoLeck KOHCyMMpaT roNisiMo KOfMYECTBO PeareHTH, KoeTo e

BuBepeHue

Hag 80% oT uuHka B cBeTOBEH Malab ce mpoussexaa
ype3  KOHBEHLMOHAanMHMS  MPOLEC  MbpPXEHe-M3NyxBaHe-
enektponusa  (Roast-Leaching-Electrowinning), koitto e
pa3paboTeH 3a TpeTupaHe Ha CynduoHW pyau, OCHOBHO
ctaneput (Sinclair, 2005). OpyrM W3TOYHMLUWM HA LUMHK ca

MbPBUYHUA OKCUBHO-KapBOHaTHW pyau, KOUTO CbAbPXKaT OKOMO
10-20% umHk (Deep and Carvalho, 2008) u BTOpWYHM
MaTepuanu, kato NpaxoBe OT PUATPUPALLM COPBXEHUS NPU
NUpOMeTanypriyH1 MPOLECH, LUAMOBe, KEKOBe, YTaliku,
BTOPWUYHM  UMHKOBM okeuan oT Waelz newn wn  TH.
MoHacTosiwem  npubnmautenHo  30% OT  CBETOBHOTO
NPOM3BOLCTBO HA LUMHK € OT BTOPUYHM M3TOYHWULW, HO
M3M0oN3BaHETO UM B KOHBEHLIMOHAMHWUS MPOLIEC € CPABHUTENHO
OTPaHMYEHO MOpaaM CbAbpXawuTe ce B TAX MeTanHu
npumecy 1 xanoreHugu (cpnyopugm v xnopugm), Kouto ce
HatpynBaT B enektpormta (Diaz et al., 2010). lNpumecute
MMaT HeratuBeH eqekT BbPXy OTNaraHeTo Ha LMHKa,
yucToTaTa U MopdonorisiTa Ha katoguTe W 3aToBa NPOLECHT
Ha O4ACTKa C LEen TAXHOTO OTCTpaHsiBaHE € OT OrpoOMHO
3HaYeHMe 3a KAYeCTBOTO Ha MOJyvaBaHUs KpaeH MPOAYKT W

NKOHOMMYECKM HEU3TOfIHO.

Hanocneabk, kato antepHaTMBa Ha TO3M MOMAXOA BCE MO-
ronAMO NPUMOXeHe Hamupa NPOLIECHT Ha TeYHa eKCTpaKLNs,
MpW KOITO Ce M3BBLPLLBA CENEKTUBHO W3BMMYAHE Ha LiMHKA W
MocrnedBalioTo My KOHLEHTpUpaHe C M3Non3BaHe Ha
noaxoAslla opraHuyHa asa.

TeyHa ekcTpakuus

00wy nonoxeHus

TeyHaTa eKCTpaKUus e NMPOLEC Ha CENeKTUBHO W3BMNMYaHE
Ha AafeH KOMMOHEHT (MeTaneH WMOH, KWCenMHa U Ap.) ot
pasTBOP C MOMOLWTA HA OpraHuyeH peareHT. B
WHAYCTpMAnHaTa npakTUka MpOLECHT € YecTo W3non3BaH
MeTOf 3a KOHLEHTPMpaHe, pasgensiHe 1 Nofly4aBaHe Ha ronsm
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Opol MeTanM C BMCOKA 4MCTOTa OT PyAu, OTMagbun W
paspeneHu BogHu pasteopu (Cox, 2004). Flett (2005) u Ritcey
(2006) ca nperneganu NoapoOHO NpUNOXeHMsTa Ha TeyHaTa
eKCTpakums B XuapoMeTanyprusita 3a WU3BMMYaHE Ha MeTanm
OT MbPBUYHWN W BTOPUYHW M3TOYHWLM, MMM NPEYMCTBAHE Ha
oTnagbyHM BOAM Npu npepaboTka Ha Mead, Huken, kobanT,
UMHK, YypaH, monubpeH, Bondpam, BaHaguid, LMPKOHWI,
XatHuMi, HMOOMIA, PeaKO3EMHN eNTeMEHTU, ranuii, repManuii u
nnaTMHoBaTta rpyna metamu. MegHaTta TeuHa ekcTpakuus e
eauH OT Han-gobpe paspaboTeHuTe NpOLECHM U € LIMPOKO
usnonseaHa npu npepaboTkata Ha CynduaHU U OKCUAHM
MEeJHU pyAu, KakTO M Ha MeA-CbObpXaluTe OTnagHu
matepuanu (Tsekov et al, 2003; Angelov et al., 2013; Angelov
et al., 2015; M'puroposa, Huwwkos, 2016; AHkosa, 2021).

MpuHumn

TeyHaTa eKCTpakuMsi ce OCHOBaBa Ha MpuHUMMA Ha
MacooOMeH Mexay [BE HECMECBALLM Ce TEYHOCTW — BOAHA U
opraHuyHa. BogHaTa ¢hasa CbObpka KOMMOHEHTa, KOMTO Le
Ce eKcTpaxupa, a opraHuyHata pasa - eKCTPaKTaHT, KOWTO
N3BBbPLLBA eKCTpaxupaHeTo. Cnep MHTEH3NBEH KOHTAKT MeXay
gBeTe (hasu, KOMMOHEHTLT Ce pasnpemens Mexay Tax W ce
YCTaHOBSBa PaBHOBECKE, T.€. KOHLEHTPALMUTE My B efHaTa 1
gpyrata (asa ocTtaBaT MoCTOSHHM. KOMMOHEHTBT ce
eKcTpaxupa OT BogHaTa B OpraHuyHaTa asa (exkcTpakuus) u
cnep ToBa ce TpaHcdepupa obpaTtHO B Apyra BogHa dasa B
MpeuncTeHa u KoHLEHTpupaHa dopma (peexctpakums) (Fox

and Feather, 1994). Pa3gensHeTo Ha [ABeTE HeCMecBaly ce
(basn € 0CHOBAHO Ha PasnuKMTE B TAXHATa MITbTHOCT N MOXe
ga 6boe ONTUMM3MPAHO Ype3 KOHTPONMpaHe Ha HSAKOW
OMepaLMOHHN YCMOBKS, KAaTO KOHLEHTPALWS Ha EeKCTPaKTaHT,
Temnepatypa, pH, KOHTAKTHO BpeMe M KOHLEHTpauus Ha
MeTana BbB BogHata ¢hasa.

MexaHu3mm u peareHTH

B noseyeto cnyyau pa3npedeneHueTo Ha MeTtana Mexay
ABeTe as3n e XMMWUYHO MO MpUpPoAa M NPW EeKCTPaKLMOHHUS
npouec MpoThYaT pasfnyHN XUMWYHW peakumu. Bbe BogHuMs
pasTBOp MeTanbT CblEeCTByBa KaTo XwapaTtupaH Wnm
cornBaTMpaH MOH W BEpOSTHOCTTa fa ce TpaHcdepupa B
HenonsipHaTa opraHWyHa ¢hasa e MHOro Marka. 3a ga ce
OCBLLECTBM MPOLIEC HA EKCTPaKLMS, 3apsabT Ha MoHa Tpsbea
Ja ce HeyTpanusupa u coneatupaHata My obBuBka ga 6bae
3aMeHeHa ¢ xuapoobHM Monekynu unu oHu. Hanuue ca Tpu
OCHOBHM  MEXaHW3Ma, 4pe3 KouTOo Ce OCblyecTBsBa
eKcTpaxmpaHeTo Ha fageH metan: (1) KaTuoHeH MexaHusbm —
B3aMMOJENCTBNE Ha MeTaneH KaTMOH OT BogHata asa C
AHWOH Ha [OMCOoLMMpaHa OpraHuYHa KUcennHa u obpasyBaHe
Ha HeyTpaneH KOMMnekc, (2) AHMOHEH MeXaHus3bMm -
obpasyBaHe Ha 110HHa ABOMKa MeXay OpraHuyHa Monekyna u
OTpuLATeNHO 3apedeH MeTaneH KOMNNEKC BbB BogHaTa (hasa
u (3) ConBaTeH MexaHW3bM - 3aMeCTBaHe Ha xuapaTupaHuTe
BOAHM MOIEKYNW BbB BbTPELLHATa KOOpAMHALMOHHA Chepa
Ha MeTaneH MOH C OpraHuyHu - CONBaTaLmMs Ha METANHMS NOH.
OpraHnyHUTe MONEKYNM, y4acTaally B rOPHUTE MEXaHN3MM Ca
OCHOBHWTE peareHTV B MpoLeca Ha TeyHa eKCTpakuus u ce
HapuyaT ekcTpakTaHTy (Cox, 2004).

3a pa Moxe TeyHaTa ekcTpakumMs Aa pabotu eqekTUBHO,
€KCTPaKTaHTbLT TpsibBa [a OTrOBaps Ha peduua Kputepuw,
Han-BaXHuTe OT KouTo, 06061eHn oT Sudderth and Kordosky
(1986) ca: ma ce peekcTpaxupa necHo; fa bbae crabuneH, 3a
[a Ce W13non3Ba MHOTOKPaTHO; Aa bbae HEropnum, HETOKCHYEH,

10

HeKaHLeporeHeH U T.H.; fa Obae pasTBOPUM B HEMHOIO CKbI
OpraHu4eH pasTBOPUTEN MAWM CaMUAT TOM Aa AelcTBa KaTto
pasTBOpWTEn;  ga  MO03BOMsABa  EKCTpaxupaHeTo W
peekcTpaxupaHeTo Ha MeTana ¢ AOCTaTbYHO ronsiMa CKOpOCT,
3a [a Ce Hamanu KOHTaKTHOTO Bpeme; fda He reHepupa
crabunHu emyncuW; [a  He  MpeHacs  nmpuMecu Ot
peekcTpaKLMsaTa KbM eKCTpaKUmMsATa; Aa MMa NpuemnvBaa LieHa.

CrnepoBaTenHo, KKOYOB  €EMEHT 33 YCMELUHOTO
NpoBeXOaHe Ha TeYHaTa eKkcTpakLms e n3bopbT Ha NOAXOASLY
OpraHWyeH eKCTpakTaHT 3a XenaHua MeTan. 1o npuHuMn
€KCTPaKTaHTBbT PAAKo Ce W3nonsea B uncta ¢opma. Coiynsr
ODWKHOBEHO Ce pa3pexpaa B OpraHWyeH pasTBOPUTEN, Mpu
KOETO Ce noryvasa T.Hap. opraHuyHa dasa. Ekctpakumsata Ha
MeTana B opraHuyHata (pasa ce Bnvsie M OT (OU3NYHUTE
CBOWCTBA HAa  pasTBOPWUTENS:  MITbTHOCT,  BUCKO3WUTET,
OMENEKTpUYHA KOHCTAHTa M NapameTpu Ha pasTBOPUMOCT
(Reichardt, 2003). 3a ga e KomepcuanHo YCnelleH eauH
pasTBOpWUTEN, TON TpsIbBa 4a MMa MHOTO HUCKA pa3TBOPUMOCT
BbB BOAHAaTa (hasa, HWUCKa IETNMBOCT, BUCOKA TOYKa Ha
Bb3NNaMeHsIBaHe, HUCKO MNOBBLPXHOCTHO HampexeHue U
TpsibBa Ja e MKOHOMMYeH W necHopocTbneH. OcBeH TOBa,
HAKOW OpraHW4HM CUCTEMW CbObPXKAT W TPETU KOMMOHEHT,
nosHat kato mogudukatop. MogudukaTopute ce M3nonsear,
3a fia noaTucHaT 0bpasyBaHeTo Ha TpeTa dhasa u ga nogodpsr
(DU3NYHUTE XapPaKTEPUCTUKN Ha OpraHuyHaTa dasa, Hanpumep
a3oBoTO pasgensHe. Te ca wnm anudatHu  (MacTHu)
ankoxomu (Hamp. W304EKaHONM U 2-ETWNXEKCAHOM), unu
apoMaTHW ankoxomu (Hanp. p-HoHundeHon).

Vanon3BaHeTo Ha TeyHaTa ekcTpakuus obaye He ce
onpesens eauHCTBEHO OT CBOWCTBATa Ha  OpraHuyHWTe
peareHTn, a 1 OT NpupoAaTa Ha MeTanuTe BbB BoAHaTa ¢hasa,
kouto ce ussnuuat (Ritcey and Ashbrook, 1984).

BupoBe ekcTpakTaHTy

Ritcey and Ashbrook (1984) n Cox (2004) pasgenst
€KCTpaKTaHTUTE Ha TPU rPyMn B 3aBUCUMOCT OT MeXaHu3ma Ha
ekcTpakums: 1)  KucenuHHM  (KaTMOHEH MexaHu3bM) -
opraHodoctopHy,  kapbokcunosu  kucenuHu; 2) OCHOBHM
(GHMOHEH MeXaHU3bM) — COMM Ha MbPBUYHW, BTOPUYHM,
TPETUYHU UMW KBATEPHEPHU amuHK; 3) HeyTtpanHu (consaTeH
MEXaHW3bM) — KETOHU, BUCLLIM anKOXOSH, ETEPU.

Hal-4ecTo 13non3saHWUTe eKCTPaKTaHTW 3a W3BMWYaHE Ha
UMHK Ca KUCENMHHWUTE EKCTPaKTaHTM, Tbil KaTO LMHKLT € NoA
opmata Ha [BYBaneHTHU KaTMOHW Cres W3nyxBaHe B
cyndgatHa cpega.

KucennHum €KCTPaKTaHTH

EoHM  OT  Hal-lWMpOKO  M3MOM3BaHWTE  KUCESUHHU
EKCTPaKTaHTU 3a pa3fensHe M MpeyncTBaHe Ha MeTanu B
XngpomeTanyprusta ca CeMencTBOTO Ha opraHodoctopHUTeE
eKkcTpakTaHTy, BkntouBawm: D2EHPA - cdocdopHa kucenuHa,
nseectHa o1 1949 r.; PC-88A - cocchoHoBa kucenmHa,
BbBefeHa B uHaycTpusta ot Daihachi Chemical Industry Co
npes a.ryct 1978 r. (Preston, 1982) n CYANEX - peareHTn Ha
6asata Ha hocunHOBK KucenuHu, paspabotern npes 1980 r.
ot American Cyanamid Co, cera yact ot Solvay.

D2EHPA e TbproBCKOTO HaWMeHOBaHWE Ha [au-2-
eTunxekcun  ochopHa  KUCENWMHA W MEXaHU3MbT  Ha
eKcTpakumMss ¢ Hes  BKMYBa  cnepnute  eTamu: 1)

[enpoToHusaumns, npu KkosTo ce oOpasyea xugpocobeH
aHwoH; 2) Cebp3BaHe Ha XuapoOBHWS aHWOH C MeTaneH
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KaTWOH OT BogHaTa ¢hasa, npu KoeTo ce 0bpa3yBa pa3TBOPUM
B OpraHuyHaTta (hasa KoMMIIeKC.

OCHOBHOTO ypaBHEHMe 3a eKCTPaKLMs Ha MeTarneH KaThoH
Mzt ¢ D2EHPA e:

M2+ + 2RH <> RaM + 2HY, (1
kbaeTo R e aHnoHbT Ha D2EHPA, a M e meTaneH KaTuoH.

Kakto ce Bwxga oT ypaBHeHue (1), ekcTpakumsaTa Ha
LafeH MeTaneH KkaTMoH 3asucu OT pH M cnegosaTenHo
paBHOBECWETO MOXe Aa Ce W3MeCTW B [BeTe MOCOKM B
3aBUCUMOCT OT KMCENWHHOCTTA Ha pasteopa. [pu eTana Ha
eKCTpaKuus, peakumsita ce uamectsa HagsacHo. OtgensHeTo
Ha NpOTOHM NOHWXaBa pH Ha pa3TBopa W 3a NOAAbPKaHe Ha
peakuusita e HeobXOQMMO HeyTpanuaupaHe Ha OTAENEHUTE
BOAOPOAHU NOHM Ype3 fobaBsHe Ha HeyTpanuaupall peareHT,
koeTo GnaronpusTcTBa M3BNMYaHeTo Ha MeTana. ObpatHo,
Mpu peekcTpakuusTa, peakumsTa ce WU3MECTBAa HansiBO KbM
obpasyBaHeTo Ha D2EHPA n oceoboXagaBaHeTo Ha MeTanHm
OHM BbBB BoAHaTa (hasa M 3aToBa B MpaKTUKaTa Karto
PeeKCTpaxvpaLL, areHT Ce M3ron3Ba CUHO KUCEN pasTeop.

Ha curypa 1 ca nokasaHW eKCTPaKLUMOHHUTE KpUBM Ha
Hakou metanm ¢ D2EHPA B 3aBucumoct ot pH. Twi kaTo
W3BMMYAHETO Ha METannTe Ce M3BbPLUBA MpY  PasnnyHy
CTOWHOCTM Ha pH, CENEeKTUBHOCTTA Ha TO3M PeareHT 3aB1cK OT
pH Ha cuctemata. D2EHPA Hamupa npunoxenne 3a
U3BnMYaHe Ha ronam Gpoit mMeTanm (xensso, kobant, Huken,
UuMHK, Gepwunuii, ranuii, BaHagui, MonubaeH, pPeaKo3eMHM
€neMeHTH), KaTto OTroBapsi Ha eTukeTa  “yHuWBepcaneH
ekcTpakTaHT" (Sing et al., 2009).

100% Fe»
90%
80%
70%
60%

50%

% Extraction

40%
30%

20%

Conditions:

10%
« Aqueous in sulfate media

0 1 2 3 4 5 6
Equilibrium pH

®ur. 1. EkcTpakuuoHHu kpuem 3a D2EHPA (D2EHPA Technical
Data Sheet, 2017)

YenewHoto wusnon3saHe Ha D2EHPA B wHaycTpuaneH
Mawab ce ObMmKM Ha BMCOKWS M EKCTPaKLUMOHEH KanauuTer,
XMMUYecka CTabMMHOCT, HUCKa pa3TBOPUMOCT BbB BOAHATa
ba3a, 6bp3a KMHETMKA Ha ekcTpakums 1 Hucka LeHa (Ritcey et
al. 1971; Grimm and Kolarik, 1974; Cheng, 2000).

Opyrn  “3nON3BaHM  KUCENUHHW  OpraHodoctopHM
eKkcTpakTaHT ca PC-88A, TbproBcko HaMMeHOBaHWe Ha 2-
eTunxekcun octoHOBa KUCENMHA MOHO-2-TUINXEKCUN ecTep
u CYANEX 272, TbproBcko HaWMeHOBaHue Ha 6uc(2,4,4-
TpUMETUNNEHTUN pocuHoBa KucenuHa. W3BecTHM ca u
KWCENWHHW  eKCTpakTaHTW, nomnyyeHn oT  poccuHoBa
kucenuHa, coabpxawm cspa - CYANEX 301 n CYANEX 302,
HO Te Ca C OrpaHN4eHO NPOMULLTIEHO MPUNOXEHUE.

PC-88A e opraHodocthoHOBa KuCenuHa, KOSTO Hamupa
MPUIOXeHWe B TeYHaTa eKCTPaKLMS rMaBHO 3a pasfensHe Ha
kobanT u Huken (Flett, 2004). Zhang et al. (1998) goknagsart
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nanon3eaHeTo Ha PC -88A kaTo ekCTpaKTaHT 3a pasaensHe Ha
kobanT n NUTUA, CbABPXALWM Ce B pasTBOPU, MOMYYEHN Npw
u3nyxBaHe Ha oTpaboTexu batepuu.

CYANEX 272 e opraHochocpmHOBa KuCenuHa, cnewmanHo
cb3fafleHa 3a pasgensHe Ha kobanT W HuKen uypes TeyHa
ekctpakumsa (Rickelton et al., 1983; Feather and Cole, 1996;
Cole, 2002). Bonpeku ye CYANEX 272 e cenektuBeH 3a
kobanT B MPUCBLCTBNE HA HUKEN, peauLa Apyry KaTMOHN ChLUO
moraT ga OboaTt ekcTpaxupaHu B 3aBucMMOCT OT pH Ha
pasteopa. EkctpakumoHHute kpuBn 3a CYANEX 272 npu
pasnuyHK pH CTOMHOCTY ca AaaeHu Ha durypa 2:

100 -

% Extraction

®ur. 2. EkctpakumoHHm kpusm 3a Cyanex 272 (Roux et al., 2007)

CYANEX 272 nputexaBa BaHO NpeauMCTBO B TOBa, Ye €
€NHCTBEHUAT EKCTPaKTaHT OT OPraHO(OCHOPHUTE KUCENUHMU,
KOWTO eKkcTpaxvpa kobanT npeuMyLiecTBEHO Npeau Kanuui,
KaTo MO TO3M HAYMH CE MUHAMM3WpAT WIWN enuMUHUpaT
npobrnemu, CBbP3aHM C MOCMEABALLO yTasBaHE Ha rUnc
(Rickelton and Boyle, 1988).

ColectByBa W apyra rpyna KUCENMWHHM EKCTPaKTaHT,
KOWMTO Ca MOJTyYeHn OT KapOOKCUIHW KMCENWMHM, KaTo HanpuMep
HeofeKkaHoBa KWUCemnnHa C TbProBCKO HauMeHoBaHue Versatic
acid 10 u copmyna: R4R,CH3CCOOH, kboeto Ri 1 Rz ca
BbIMEBOJOPOAHN BEPUrM CbC CEdeM BbMepogHn aTtoma.
Versatic acid 10 e ekcTpakTaHT, M3MOMn3BaH 3a CENEKTUBHO
pasfensHe Ha kobanT M HuKen OT MarHesun W Kanuui B
cyngatHa cpepa (Tsakiridis and Agatzini, 2004), 3a
eKCTpaKLMs Ha HUKEeN OT Pa3TBOPK C BUCOKA KOHLIEHTpaLWs Ha
MarHeswin cnef usnyxsaHe Ha nateputHu pyou (Preston and
Du Preez, 1995), 3a n3BnnyaHe Ha MarHeauit W Kanuuin B
HeyTpanHa v cna6o ankanHa pH cpega (Preston, 1985).

EKCTpaKTaHTM 3a LUHK OT CYﬂq)aTHM pa3TBopUu

3a eKkcTpakuMs Ha LUMHK OT cyndaTtHu pasTBopu
NpaKTYECKO NPUMOXEHWe HamupaT pasrnefaHuTe Aea Tuna
KMCEMUHHMW eKCTPaKTaHTK — OpraHodOCHOpPHN 1 kapbOKCUIOBK
KMCenuHW. Hai-wmMpoko  M3NOon3BaHWTE eKCTPaKTaHTWM  3a
W3BMMYaHe HA UMHK OT cyndatHn  pasteopu  ca
opraHococopHuTe kucenuHu, kato D2EHPA, CYANEX 272,
PC-88A n CYANEX 301 (Deep and Carvalho, 2008). MNMopagu
KaTUOH-0BMeHHMS MEXaHN3bM npu KNCENMHHMTE
EKCTPaKTaHTV, BEPOSTHOCTTA 3a EKCTpaxupaHe Ha aHWoHU €
MHOrO Marka. ToBa e 0COBEeHO BaxHO 3a U3BMMYAHETO Ha LIMHK
OT HSIKOM BTOPUYHM CYPOBMHW W KOMMMEKCHW PYAM, KOUTO
CbbpXaT Xnopuaun unu cryopuau.

OpraHoghochopHuTte  kncenmHn obpasyBaT KOMMIEKC C
umHkoBws katuoH (Cole and Sole, 2003):

Zn2+aq + mHRorg Ad ZnRZ(m-Z)HRorg + 2H+aq (2)
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kbaeTo HR e ekcTpakTaHT u m e BposT Ha MOMEKynuTe Ha
eKCTpaKTaHTa, y4acTBally B peakumsTa, m Bapupa ot 2 [0 4.

pH Ha pa3TBopa e OCHOBEH MapameTbp Mpu OLEHKa Ha
e(heKTUBHOCTTa W CEMEKTMBHOCTTa Ha npoLeca Ha TeuyHa
eKCTpaKUus, KOHTPONMPaH OT KaTUOH-OOMEHHWS MeXaHW3bM.
®urypa 3 nokassa ekcTpakLMoHHWUTE Kpuem Ha Zn ¢ DEHPA,
PC- 88A, CYANEX 272, and CYANEX 301 kato chyHKUMSI Ha
pH:

1004
80

60

40+

Extraction (%)

1. CYANEX 301
2. DEHPA
3. CYANEX 272
0 4. PC-88A

T T T T
0.0 05 1.0 15 2.0 25 3.0

Equilibrium pH

®ur. 3. EkctpakumoHHu pH usotepmu Ha umhk ¢ DEHPA, PC-88A,
CYANEX 272 n CYANEX 301 (Deep and J. M. R. de Carvalho, 2008)

Mpe3 nocnegnuTe geceTunetus, ronsm Gpon nybnukaumm
pasrnexgat CBOWCTBATa Ha [OpHUTE  EKCTpakTaHTh U
NPEeLCTaBAT eKCnepuMeHTanHn AaHHu 3a Tax - (Forrest and
Hughes, 1978; Rickelton and Boyle, 1988; Owusu, 1998;
Pereira et al., 2006; Nathsarma and Devi, 2006; Qin et al.,
2007; Vahidi et al., 2009; Gouvea and Morais, 2010;
Gharabaghi at al., 2013; Asadi at al., 2018) 1 pegnua apyru.

Toi kato DEHPA n CYANEX 272 ce xapaktepuaupart ¢
BMCOKA CEMEKTUBHOCT KbM LMHK W FleCHa peeKcTpakuns ¢
YMEpeHU KOHLeHTpaumn Ha capHa kucenuHa (1-2 M HzS0Oq), Te
Ce n3nonseat 3a OTAENsHe Ha UWMHK OT kobanT- 1 Huken-
cbabpxallm pasteopu (Cole and Sole, 2003).

W3nonasaHeto Ha D2EHPA npu cpaBHWTENHO Huckn pH
CTOWHOCTM) OCUTYPsiIBA BUCOKA CTEMEH HA EKCTPAKLMS Ha LMHK
(Rice and Smith, 1975) 1 MuHUMM3MPa KO-EKCTPaKUMATA Ha
Men, Kagmui, kobant, Huken. B cblwoTO Bpeme  Ko-
ekcTpakupsTa Ha xensso (Ill) He moxe Aa ce usberHe, 3aoTo
D2EHPA npuTexaBa NO-BWCOKA CEMEKTMBHOCT KbM HEro B
cpaBHeHue ¢ LuHka (A. Deep and Carvalho, 2008). Mpobnem B
cyndatHa cpefa € U Ko-eKCTpakuusTa Ha Kanuuil mopagu
HWCKaTa pa3TBOPUMOCT Ha HETOBWTE COMK.

OcobeHo LEHHM ca npoyyBaHMsiTa C M3NOM3BaHE Ha
D2EHPA, KoWTO ca HacoueHM KbM eNeKTponmn3aTa Ha LuHKa u
nory4YaBaHe Ha M3KMIOYUTENHO YMCTU PA3TBOPWU Ha LMHKOB
cyndar, 6e3 NpUMecHM WoHM - Med, Kagmuia, kobanT, Huken,

xnopuan, dnyopuau (Anderson and Reinhart, 1979; San
Lorenzo et al.,1982; Huang and Juang, 1986; Cole and Sole,
2002). UNs36opbT Ha D2EHPA kaTo ekcTpakTaHT B crydvast
OCUTYpsSiBa HE CaMO OTCTpaHsBaHe Ha MpUMecHTe, HO W
KOHLIEHTPUPaHE Ha LMHKa OT CPaBHUTEMHO paspefeH pa3TBop
(30 g/L) go 6Gorat enektponuT, cbabpxall Hag 90 g/l uwHK,
konTO e noaxofsLy 3a enektponusa (Cole et al., 2005).

PenoBeTe Ha CENEKTWBHOCT 3a EKCTPaKUWA Ha MeTasnHu
oHu ot cyndpatHu pasteopu ¢ D2EHPA, CYANEX 272 u
CYANEX 301 ca npeacraBeHu no-gony: (Sole and Cole,
2002):

D2EHPA: Fe(lll) > Zn > Ca > Mn > Cu > Mg > Co >> Ni
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CYANEX 272: Fe(lll) > Zn > Cu > Mn > Co > Mg > Ca > Ni
CYANEX 301: Cu > Zn > Fe(lll) > Co~Ni >> Mn >>> Mg~Ca

Ot Amer et al. (1995) e ycraHoBeHo, ye D2EHPA He e
CeneKkTUBHa 3a LMHK B NPUCHCTBME Ha Kanuuii. PasgensHe Ha
UMHK W Kanuuit moxe ga 6bae MOCTUTHATO C EKCTPaKTaHT
CYANEX 272, Ho npu koHTpon Ha pH okono 3 3a mbIHO
M3BNMYaHe Ha LuHka. 3a pasnuka ot Hero, CYANEX 301 e no-
CUMHA KUCENMHA W € CeNEKTMBEH 3a LWHK CMpSMO Kanuui u
MarHeswi, kKato MbfHa eKCTPaKUMs Ha LWMHK € Bb3MOXHa npu
pH 1-2 (Rickelton and Boyle, 1988; Deep and Carvalho, 2008).
Ha curypa 4 ca pageHu eKCTpaKLWMOHHWTE KPUBK 3a LMHK U
kanuuin ¢ CYANEX 272 n CYANEX 301:

100 ) e—
Zn
CYANEX 301

Zn
80 CYANEX 272
Ca
CYANEX 272

60

9% Exlraction

40

Ca
CYANEX 301

Equilibrium pH

®ur. 4. CpaBHeHMe Ha pa3aensaHeTo Ha LUMHK U kanuui ¢ CYANEX
272 n CYANEX 301 (Rickelton and Boyle, 1988)

HepoctaTbk Ha OpraHodhOCOPHUTE  eKCTPaKTaHTU e
npeumyllectBeHata  ekctpakums Ha xensso () wu
obpasyBaHETO Ha MO-CTAaOWUMHM KOMMMEKCU C XKensasoTo,
OTKOMKOTO C uuHKa (Anderson and Reinhart, 1979). Xensiso
(1) moxe necHo pa ce peekctpaxupa ot PC-88A n CYANEX
272 cbe capHa kucennHa (Santos et al., 2006), obaye npw
D2EHPA TtoBa He e Bb3MoXHO (Musadaidzwa and
Tshiningayamwe, 2009). Mpu D2EHPA xens3oto ce HaTpynsa
NPOrpecMBHO B OpraHWyHaTa  (asa, OrpaHu4aBamku
KanauuTeTa Ha eKCTpaKTaHTa 3a LWHK. 3a npeoponsBaHe Ha
TO31 Npobnem, 13BecTeH Opol uacnenBaHUs ca NpPOBEAEHN W
ca NnpeanioxeHn MeToam 3a peekctpakumus Ha xensso (ll) ot
opraHuyHata dpasa. Verbeken et al. (2000) npepctasst
€NEeKTPOPEAYKLMOHEH MPOLIEC 33 PEEKCTPaKUMS Ha Xensso oT
D2EHPA, npu  KOATO  PEEKCTPaKUMOHHWAT  pa3TBop,
npeactaenssaly, 2M H2SOs4, HenpekbcHaTO Ce pewuknmMpa
npes enekTpoxumuyHa knetka, kbaeto xensaso (lll) ce
peayuupa o xensso (I1).

[pyra onuus 3a peekcTpaxmpaHe Ha XenssoTo e peayKums
Ha xensso (lll) go xensso (Il) B opraHnyHata ¢hasa ¢
nsnonssare Ha SOz BbB BogHaTa asa (Majima et al., 1985)
unn ¢ Bogopog npu 101°C u 2.76 MPa, crnep koeto ce
peekcTpaxupa NecHo ¢ paspefdeHa kucenuHa (Demopoulos
and Gefvert, 1984). Lupi and Pilone (2000) ca u3nonssanu
peayKunoHHa peekctpakums Ha xensso (Ill) ot D2EHPA BbB
BakyyM C LUMHKOB Mpax KaTo pegyktop npu CranHa
Temnepartypa u HansraHe 80 kPa. ManBaHuyHa peekcTpakyus
Ha xens3o (lll) nbk e npegnoxera ot O’Keefe et al. (2002) ¢
M3N0oN3BaHe Ha Xenes3eH UMK LWMHKOB Mpax KaTto peayktopu B
ekctpaktaHta D2EHPA u npoTuyaHe Ha OKuCTIUTENHO-
PeAyKUMOHHATa peakuns (LemMeHTauus) B opraHuyHa dasa.

Hait-u3non3saHusT noaxog 3a OTCTpPaHsIBaHE Ha Xens3oTo
€ Ype3 BbBEX/aHe Ha pereHepaLnoHeH eTar, B KOWTO 4acT oT
OegHaTa opraHnyHa basa KOHTaKTyBa C pa3TBOpP Ha CONHa
kucenmHa. o TO3W HaYMH Ce MMHUMM3MPA 3aMbPCSBAHETO C
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XENA30 Ha ENEKTPONIUTA W Ce MOAABbPXKA BUCOKA €GHEKTBHOCT
no Tok (Cole and Sole, 2003).

MoaxoasLmsT eKCTpaKTaHT B KUCENMHHA CyndaTtHa cpega
6u Tpsbeano fa ocurypu BUCOK TpaHCdep Ha NPEHOC Ha LMHK
B eauH ekctpakuuoHeH etan. CYANEX 301 otrosapsi Ha ToBa
YCNOBME, HO BMCOKO KOHLEHTpUpaHaTa CsipHa KUCEnuHa,
HeobxoOMMa 3a peekcTpakums 1 Mo-HMUCKaTa CENEKTUBHOCT 3a
UMHK CMIpSiMO kobanT M HUKen ro MpaBAT Hemogxogsw, 3a
UmHkoBaTa TeuHa ekctpakuus. PC-88A n CYANEX 272 cbuo
He ca onuus Nopagyn CpaBHUTENHO BUCOKWUTE pH CTOWHOCTM 3a
npoBexzaaHe Ha LuHkoBa ekcTpakums (Cole and Sole, 2003).

B 3aknioveHune, oT pasrnegaHute ekctpaktanti, D2EHPA
Hamupa Han-ronsMo MPUIOXEHWe MPU eKCTPaKUMA Ha LMHK.
Mpn BHMMaTeneH koHTpon Ha pH € BbL3MOXHO pda ce
MUHAMU3MPA KO-eKCTPaKLMATa Ha npeveliute MOHW U ga ce
MOBULLM LIMHKOBOTO M3BNWYaHe. B criyyai Ha ekcTpaxupaHu B
OpraHuyHata (hasa MpUMECH, MMa ONuMs 3a  TAXHOTO
OTCTpaHsiBaHe 4pe3 BbBEXZaAHe Ha eTanu Ha uanyecka u
XMMWYECKA MPOMMBKA Ha oOpraHWdyHata asa npegu
peekcTpakuMoHHus etan. OCBeH TOBa, Ype3 pasnuyHu
OTHOLLEHWS Ha BOAHAaTa M OpraHuyHata asa Moxe Aa ce
perynupa TsxXHaTa KOHLEHTpauumsl BbB BogHUTe pa3TBop. o
TO3W HaYMH, W3NON3BAHETO Ha CEMEKTUBEH EKCTPAKTaHT KaTo
D2EHPA 1 CTpUKTEH KOHTPON Ha napameTpute, rapaHtupa
nonyyaBaHe Ha W3KMKYUTENHO YMCT PasTBOP Ha LWHKOB
cyndat, NOAXOAALL, 3@ ENeKTPOnn3a Ha LMHK.
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PLAN FOR THE TREATMENT OF THE RECYCLED, STABILISED, AND RESIDUAL
FRACTION OF THE WASTE INSTALLATION AND OF THE COMPOSTING
INSTALLATIONS IN THE KOSTINBROD AREA

Krasimir Debelyashki, Marina Nikolova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: k.debelyashki@gmail.com, mvnicolova@gmail.com

ABSTRACT. The current study covers the municipalities of the Kostinbrod Regional Waste Management Association. It includes the municipalities of Kostinbrod,
Bozhurishte, Svoge, Slivnitsa, Godech, and Dragoman and aims to prepare an appropriate plan for maximum utilisation of waste fractions. Waste is perceived as an
environmental, social, and economic problem, and growing consumption and "consumer" behaviour of society continue to generate large amounts of waste. The
reality is that great and diverse efforts are needed to prevent waste formation. Waste also represents a loss of material resources (through metals and other
recyclable materials), and at the same time it has a potential as an energy source. The challenge to waste management is great! The implementation of waste
treatment activities, such as reuse and recycling, are environmentally friendly, leading to the diversion of waste from landfills.

Key words: waste, management, environment.

MNAH 3A TPETUPAHE HA PELIMKITUPAHATA, CTABUITU3UPAHATA U OCTATHYHATA ®PAKLINA OT UHCTANALIUATA
3A TPETUPAHE HA BUTOB OTNAAQBK U HA UHCTANALIMUTE 3A KOMNOCTUPAHE B PCYO - KOCTUHBPO[
Kpacumup Jebenswku, MapuHa Hukonoea

Munro-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. HacTosiwoTo npoyysaHe obxsalya 0blwmHMTe OT PervoHanHo capyxeHue 3a ynpaBneHue Ha oTnagbuy KoctuHbpoa. B Hero ca BkntoueHu obLumHuTe
Koctunbpog, boxypuwe, Csore, CnHnua, Mogey 1 Lenn U3roTBsHe Ha NOAXOASLY NnaH MakcUMarnHo Onon3oTBOpsiBaHe Ha oTnagbyHuTe dpakummn. OtnagbLmTe
Ce Np1emart kaTo eKonoriyeH, coLmaneH u MKOHOMUYEeCkn Npobnem, a HapacTealLoTo NoTpebrexne n ,KOHCYMaToOpPCKOTO" MOBEAEHWE Ha OBLLECTBOTO NpoAbkasaT
[a npou3BexaaT rofieMu KonuyecTsa oTnagbuu. PeanHocTTa e, Ye ca HeobXoauMW ronemMn 1 pasHopoaHW YCUNus 3a MpefoTBpaTsBaHe Ha obpa3syBaHeTo MM.
OTnagbuuTe NpefcTaBnsBat M 3aryba Ha MaTepuanHu pecypcy (Ype3 MeTanu 1 Apyru MaTepuani, KouTo MoraT Aa Ce peuyKknvpart), a B CbLyoTo Bpeme umar u
NOTEHLMan Kato eHepriiiHu n3Touruuy. MNpeansBnkaTencreoTo nped ynpaeneHneTo Ha otnagbuute e romamo! MpunaraHeTo Ha AeHOCTUTE MO TpeTupaHe Ha
0TnaAbLK kaTo NOBTOpHa ynoTpeba v peLyknupaHe ca bnaronpusiTHu 3a okonHaTa cpefa, BOAELLM O OTKMOHSIBaHE Ha OTNafgbLm OT Aenara.

Kniouosu AYMU: 0TNadbK, ynpasneHne, okonHa cpeaa.

Introduction resource use and by increasing the efficiency of this use.
Article 52 of the WMA requires that municipalities develop and
implement waste management programs for the territory of the
municipality for a period that should coincide with the period of
the National Waste Management Plan and the National Waste
Management Program as its essential part, and develop them
in accordance with the structure, objectives, and provisions of
the NWMP. In addition, the WMA requires that municipal waste
management programs include the necessary measures to
meet the obligations of municipalities arising from the same
law.

Waste is perceived as an environmental, social, economic
problem and the growing consumption and “consumer"
behaviour of society continues to generate large amounts of
waste. The reality is that great and diverse efforts are needed
to prevent their formation. Waste represents a loss of material
resources (through metals and other recyclable materials) and
at the same time it has a potential as an energy source. The
challenge for waste management is great! The implementation
of waste treatment activities, such as reuse and recycling, are
l(;r:}\g;ic:lr;r.nentally friendly, leading to the diversion of waste from 1. Main steps of the process of pre-treatment of mixed

The Waste Management Act (WMA) introduces the collected household waste: . , .
requirements of the Waste Framework Directive 2008/98/EU The pre-treatmept process comprises the following main step§ ;
into Bulgarian legislation and regulates measures and control ) ;:O”GCtIOrI; i of twatsr:e from :he stource and |tst
for the protection of the environment and human health by rantspo. ation fo the regional waste managemen
preventing or reducing the harmful effects of waste generation system,

and management, as well as by reducing the overall impact of - site for.unloading of WaSte before the next stage of
separation of the fraction;
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- separation of a fraction up to 80 mm in size from the
total collected mixed household waste;

- separation of recyclable waste from the total
collected mixed household waste;

- compacting of the already separated waste, intended
for transfer to another company/organisation for
recovery;

- storage of recyclable waste;

- stabilisation of the bio-degradable fraction before
disposal;

- disposal of residual fractions that cannot be
recovered.

By passing mixed municipal waste through a pre-treatment
plant, or more precisely passing the waste through one of the
processes - physical, thermal, chemical or biological, including
sorting, the characteristics of the waste are changed in order to
reduce its volume or their dangerous properties in order to
facilitate their further treatment or to increase their gold
content. According to the definition of "pre-treatment”, the
fulfilment of at least one of the objectives of the requirement to
change the characteristics of the waste is sufficient to consider
the operation as pre-treatment.

2. Detailed mass balance prepared on the basis of the
morphological composition of the waste from all member
municipalities of the Regional Association for Waste
Management - Kostinbrod:

According to the Law on Waste Management, the
municipalites have prepared analyses that show the
morphological composition and quantities of the generated and
deposited waste on their territories. Based on the prepared
Detailed Mass Balance, the following table presents the
forecasts for the amount of generated municipal waste by 2025
for each of the municipalities, which is part of the Regional
Association for Waste Management:

Table 1a. Forecasts for the generated waste on the territory of
RWMS - Kostinbrod for the period 2022-2025.

TRACTION MUNICIPALITY OF EOSTINEROD MUNICIPALITY OF BOZHURISHTE
Jour nm m 0 Wi oWR WM | uM | s
Household waste i ot DELE | OIOTE LBE | LR MM RAM | NRE | N6
Population U T (3D U D ) M T 1T R 1
Accumlston ate i m i m N TR T
Ppermdanbard |t LB BBB 1R | MBS 4 DS | B4R | L6
Plstc tre 1SRG ISO80 1KY | 1B MY MG | My | B
Chss thr | 05| 4B B | M8 WM NS | MB | KR
Vet thar | Y WIS BT | M IRV Wm® | | 1mo
Wod thar | G041 | GRE | GMN | G6B | MW AU | 48 | 4D
Rabber thr | MR WK | R 0§ Wm0 | n® | uw
Teflsadlesiher |ty % SR% | WG | US| MR MM | WM | 4B
Bowhwshwddd | er| o oy o | wmsy o | om | 1w | 1w
waste
hetwaste |t G163 1605 16 | 166D 1H9S | 1S | 1SR | LIRT
Bodgndablewsste | tyer OGS TAL6 TR0 | TIRE | URB w0 | Hss | s
Grewste  tpr BN LGSO IERA | 14 WM WS | 6K | 6%

As can be seen from the data provided on the composition
of the waste, the goals of reducing the amount deposited by at
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least 50% of the input plant will be achieved with the
construction of the pre-treatment plant.

Based on the morphological analyses, a forecast mass
balance of waste has been prepared, which shows the
indicative quantities of waste that will fall at the entrance of the
installation, which in turn determines the capacity of the
installation.

Table 1b. Forecasts for the generated waste on the territory of
RWMS - Kostinbrod for the period 2022-2025 (cont’d).

FRACTION MUNICIPALITY OF DRAGOMAN MUNICIPALITY OF SLIVNITSA

Jar mo|ows oW ms | oun | omy | M | us
Household waste n total AW | US| MR MR | LS L6 809 | B
Population T T ST N T I U B T OO ¥
Accunlation rate o oW w6 om o om |
Pperadedborrd e gem | oy o owin w30 4% | W0
Plastc B | oo e | oL BT B6T | 1N | 1w

Glas Bt qom | opags | ome | 199 | M| W%y | mat

Metal G| ggw | o6 BH | MB M | 366 | My | s

Wood e g | omm o 6| Y 68 160 | 1% | 153

Rabber B pgn | omw o omk | oU® 45 4B 4 | 4
Tetlesandleather | e | oo | g omgy | ommo W 06 | 108 | 004
Huardowlouebdivate | x|l pe g us us ooy | nw | uk
Inertwaste et g | o | o5 | B WS | M | %68 | W
Bodegradablewaste | e | yug | ypp | WD W06 1964 | IR0 BBE | Bum
Greenvaste et | mugs | oM | ome | my | Ws | W@ | o | B

Table 1c. Forecasts for the generated waste on the territory of
RWMS - Kostinbrod for the period 2022-2025 (cont’d).

FRACTION MUNICIPALTTY OFGODECH MUNICIPALITY OF SVOGE
Jeur oWy | oW ows o omp w3 mMo s
Household waste i total R || MMM NETH | ey | GIBY 6NN 688
Popultion I N W T S R U B [ R
Accuelation o wooos s | o W m
Pperadeadboard |t | U056 D640 | 240 M6 | jome | W Wy | iR
Plastc trar | 2600 | 2887 | 119 | MmN | ssi0 | RIS | 84T | 4
Glass e | 1577|143 | 108 | 5% | bie | wem | M|
Metal tr | 608 | A0 | BE NI | B M | me
Woud ter | 608 | 60 | Bl | BB | g % | 6% | 68
Rubber ter| 637 | 631 | 65 | 60 | MM | mey | 1By | 12
Telesandleather e | 53| A | MO B 600 | M0 M 0B
Budowshosbold 0|00 oy | o omp | omy w0 | | 8
waste
hetwaste  tyew | 009 | IS8 | ALI0 | M6 | GO0 | 650 | 6040 | g
Bodegradablewaste | tyerr | 1MG17 | 1353 | MST | M7 AME | 46 4500 408K
Green waste trear | I | OSB3 | SO0 | S61 | 1%L | 16 | L2092 | 12004

Analysis for each of the fractions (by type of waste)
that are expected to be separated as a result of the
operation of the pre-treatment plant. According to the
National Report on the State and Protection of the
Environment, the household waste submitted for recovery
represents approximately 1/3 of the generated quantities on
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the territory of the country, while those for disposal are at 70

percent (Fig. 1).
2016 2017 2018 2019
Total generated household waste

B Submitted for disposal
| Submitted for recovery
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Fig. 1. Share of treated waste on average for the country,
compared to the generated waste
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According to the latest Eurostat data on the level of
material recycling of municipal waste for Europe (EU - 28) and
those for the country, it is clear that we are approaching the
European average (Fig. 2).

2004
. 2014

Germany
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Belgium
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Netherlands
Sweden
Luxembourg
United Kingdom
Denmark
Norway

Italy

France

Ireland
Slovenia
Czech Republic
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Finland
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Hungary
Estonia
Iceland
Portugal
Lithuania
Bulgaria

Latvia

Greece

Cyprus

Croatia
Romania

Malta

Slovakia
Serbia

Turkey

Bosnia and Herzegovina

Fig. 2. Municipal waste recycling in 34 European countries (2004
and 2014)

"Proper" management of municipal waste changes waste
management practices. The benefits are not limited to more
efficient use of resources and reducing the burden of waste on
the environment. Waste management is also a tool to reduce
greenhouse gases emitted by landfils as a result of an
increase in the share of recovered waste and a decrease in the
share of landfilled biodegradable waste.

The general tendencies for the country are also observed
for the considered region, according to the presented
morphological composition of the mixed household waste
intended for recycling.

In connection with the high percentages of recyclable
fraction available in the composition of mixed municipal waste,
it follows that it is necessary to take action for its separation
and recovery.

The pre-treatment plant will process the mixed household
waste, marked with code 20 03 01, according to the list of
waste from the Ordinance on waste classification.
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The proposed technology and organisation of the site will
provide an opportunity to separate the following types of waste
fractions:

* paper;

+ cardboard;

* PET (polyethylene terephthalate);

« LDPE (low density polyethylene);

« HDPE (high density polyethylene);

* PR (polypropylene);

* RS (polystyrene);

* PVC (polyvinyl chloride);

+ Al (aluminum);

* Fe (iron);

* glass

* leather and textiles.

As a result of the operation of the installation, the following
will also be separated:

+ Waste organic fraction of the size of less than 80 mm;

* Rubber;

* Inert waste;

* Hazardous household waste.

The treatment of the above, representing the next stage
after the collection and transportation stage and the previous
stage of recovery, will include primary waste treatment
activities according to item 1, after their collection, in order to
increase the amount of waste to be recovered, as well as to
increase the efficiency of recovery.

The ways and techniques for the separation and treatment
of the fractions are in accordance with the type of waste and
the possibilities for its utilisation.

- Dimensional sorting is the sorting of the waste by
granulometric classes. The means by which
dimensional sorting is performed is a sieve with
geometrically arranged openings, the diameter of
which can be changed. No tools are provided for
fine-grained, wet, fibrous or sticky waste. By means
of such a technique, a waste organic fraction of the
size of less than 80 mm will be separated,;

- Magnetic sorting is often used for initial sorting of
metal objects from other wastes, processed or not,
whereby he size of the elements is not limited;

- Sorting at the entrance will be applied at the
entrance of the installation for bulky waste, incl. and
for rubber;

- Manual sorting is the classic method and in most
cases the safest for sorting waste. It aims to
separate recyclable materials, depending on the
colour or type of material;

- Stabilisation is a process of biodegrading and
stabilisation of the waste organic fraction of the size
of less than 80 mm in order to meet the requirements
of the regulations for stabilised organic fraction.

Possibilities and forecasts for use or transfer for further
treatment. According to the technology for pre-treatment,
large-sized waste will be separated upon receipt of mixed
collected waste on the unloading site. Such waste can be tires,
construction waste, household waste (when replacing furniture,
etc.). Household and construction waste will be disposed of
and, depending on the structure, will be transported to a landfill
or processed. The tires will be temporarily stored until a
sufficient amount is accumulated (one truck) and will then be
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sold to companies and organisations for recycling or recovery
at market prices.

According to the proposed technology and organisation of
the site, opportunities can be provided for separation of the
following types of waste fraction:

* paper;

+ cardboard;

* PET (polyethylene terephthalate);

+ LDPE (low density polyethylene);

+ HDPE (high density polyethylene);

* PR (polypropylene);

* RS (polystyrene);

* PVC (polyvinyl chloride);

* Al (aluminum);

* Fe (iron);

* glass;

* leather and textiles.

This waste should be sold at market prices to companies
holding the necessary permits for recycling or recovery of this
waste. The leading criterion in determining the price per ton of
waste will be the distance to the centre and the conditions of
transportation.

The following figures indicate the points/locations of
enterprises that would buy the separate recyclable fraction.

KR v
Plovdiv
MNnosans

Fig. 3. Map of Bulgaria with designations of points/locations for
the purchase of secondary raw materials

Fig. 4. Map of Sofia region with designations of points/locations
for the purchase of secondary raw materials.
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3. Stabilisation and application of fractions of up to 80
mm.

According to the "Guidelines for pre-treatment before
waste disposal in the Republic of Bulgaria", approved by Order
Ne RD - 664 of 29.08.2014 of the Minister of Environment and
Water, fractions of up to 80 mm are subject to stabilisation.

Following the technology for pre-treatment of mixed
municipal waste, the waste organic fraction of the size of less
than 80 mm is obtained after sieving with a sieve with a hole
size of 80 mm and directing the material to a machine for the
separation of ferrous metals. The residual material (fine
fraction of the size of 80 mm) is planned to be subjected to
additional decomposition in order to meet the requirements of
the regulations for stabilised organic fraction.

As a percentage of the total amount of landfilled waste, this
so-called "sieve fraction" represents 35% -40% of the total
amount of input plant, according to morphological analyses.

In order to reduce the amount of landfiled waste, this
fraction will be stabilised by composting, according to the
proposed technology. The final product of the composting
process will be used to clog the landfill.

4. Treatment of aggregate

Aggregates are a wide range of coarse materials used in
construction. Aggregates include sand, gravel, crushed stone.
Much of this material will be less than 80 mm in size, so it will
undergo the process of stabilising the sieve fraction.

5. Treatment of hazardous waste from households

A large percentage of household waste disposed of, if
properly treated, does not pose a danger to human health and
the environment. However, there is 1% of household waste;
whose composition, quantity, or properties contain substances
that pose a danger to humans and nature. This is called
hazardous waste. If not disposed of, it can seriously pollute
nature and endanger human health.

Hazardous waste from households that may be part of the
mixed municipal waste at the entrance of the pre-treatment
plant are:

- mercury and mercury-containing devices;

- lacquer and paint materials;

- household preparations and chemicals;

- inks, contaminated packaging, etc .;

- oil filters, brake fluids and anti-freeze;

- pharmaceutical products;

- others.

A service for the disposal of the above-mentioned waste is
offered by enterprises that collect directly from homes, through
mobile collection points in different areas of the cities served or
after the separation of hazardous waste during pre-treatment.

6. Treatment of residual fraction

Waste that is unfit for recycling and recovery will remain at
the "exit" of the installation. Its amount will be less than 50% of
the total amount of "input" pre-treatment plant. This amount is
provided for the disposal of the Regional Landfill for Non-
Hazardous and Inert Waste for the municipalities of
Kostinbrod, Svoge, Slivnitsa, Bozhurishte, and Godech.

7. Control and accountability

The installation will be continuously monitored from the
"entrance" to the "exit". Reporting books on the waste of the
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installation, a book on the quantities and types of separated
fractions, a book on those handed over for recovery and/or
recycling will be kept.

8. Composting

The type of composting plant is in open rows covered with a
membrane and controlled aerobic system. The main goal of
the construction of the composting plant is to reduce the
amount of landfilled waste in general through separate
collection of clean green and wood waste from public green
areas, private yards, and gardens in the municipalities of the
Regional Association for Waste Management - Kostnibrod.

In order to obtain quality compost, the following key
elements of quality management and documentation during the
work process must be strictly observed, namely:

- delivery and acceptance of incoming material;

- storage of incoming material;

- pre-treatment;

- construction of piles/rows of compost;

- control and management of the process during the
fermentation stage;

- checking the quality of compost;

- documenting compost customers.

Depending on the structural material, the composting
process will produce large particles that have failed to
decompose during the composting process. They will be
separated from the finished compost by sieving. This fraction
can be used to homogenise the new batch of incoming waste
and re-go through the composting process, or be transported
to the Regional Landfill for landfill.

Conclusions

In accordance with the national and European objectives
for reducing the quantities of deposited waste and based on
the presented data on their management in the municipalities
of Kostinbrod Area, the following conclusions are drawn:

- ltis necessary to implement a system for separate
collection of green and biodegradable waste on the territory of
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the municipalities and for the construction of composting plants
for biodegradable and/or green waste;

- The pre-separation of the mixed collected municipal
waste will separate the recoverable components from the total
flow and at the same time will reduce the quantities intended
for depositing. In this regard, the construction of a pre-
treatment plant will also extend the service life of the existing
regional landfill;

- It is necessary to take action on the treatment of
construction waste in the region. The establishment of a
temporary storage site will greatly facilitate their further
management.

The construction of a pre-treatment installation for mixed
municipal waste and composting installations, as well as
proper waste management measures will contribute to
reducing the environmental impacts caused by the generated
waste, improving resource efficiency, increasing the
responsibilities of polluters, and stimulating investment in the
field of waste management.
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SAFE AND ENVIRONMENTALLY FRIENDLY DISPOSAL OF LIQUID TECHNOLOGICAL
WASTE

Ljupcho Dimitrov, Margarita Vassileva, Ivan Nishkov
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ABSTRACT. Economic development and advances in science and technology predetermine the mining industry's accelerated growth, hence the volume of the
produced waste. Tailings from the ore extraction and processing of mineral raw materials in the form of dilute slurry are traditionally stored in large surface
hydrotechnical facilities - tailings ponds. Various construction types of tailings storage facility are discussed according to the topography and deposition methods. Due
to the risk of failure and accidents of conventional TFS, alternative technologies for safe and more environmentally friendly facilities are designed worldwide. The new
technologies are discussed that include the deposition of dewatered tailings and the implementation of an integrated facility for the storage of mine waste.

Key words: conventional tailings pond, alternative technologies

BE3OMACHO 1 EKONOrOCbOBPA3HO AEMNOHUPAHE HA TEYHU TEXHONOIMMYHU OTNAQBLN
Jlron4yo Jumumpos, Map2apuma Bacuneea, MeaH Huwkos
Munro-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. VkoHOMWYECKOTO pa3BUTME W HanMpeLbKbT Ha Haykata M TEXHOMOTUMTE MPEedonpedensT YCKOPEHUs pacTeX Ha MUHHOZOOMBHATa MPOMMLLIEHOCT U
HapacTBaHeTo Ha obema OT HaTpynBaHMTe OTNagbLW. TEXHONOrMYHUTE OTNaAbLUM OT A0bMBa U NpepaboTkaTa Ha MUHEPaNHU CypOBUHU NOA hopMaTa Ha paspeaeHn
CYCNEH3NM, TPAAULMOHHO CE CKNMaaupaT B roneMu MOBbPXHOCTHU XUOPOTEXHUYECKN CbOPBXEHUS — OTnagbKoXpaHunuiia. PasrnepaHu ca pasnuyHuTe BUOOBE
0TNaAbKOXPAHUNHLLA, B 3aBUCMOCT OT TEXHUSI KOHCTPYKTUBEH TUM 1 peneda Ha MECTHOCTTa 1 METOAWTE 3a eNnoHUpaHe Ha oTnaabka. [lopaau pucka OT noBpeau 1
aBapM Ha KOHBEHLMOHAMHUS TN OTNagbKOXpaHWNMLLA, B CBETOBEH Mawab ce pa3paboTBaT anTepHaTMBHM TeXHOMorvM 3a GesonacHu U exkonorocbobpasHu
CbOpbXeHUsI. Pa3srnefaHu ca HOBUTE TEXHOMOTMW, BKIIOYBALLM [ENOHMPAHETO Ha MpeaBapuTeNHO 00e3BOAHEHM (PrIOTALMOHHN OTMAAbLUM M BHEAPSBAHETO Ha
WHTErpUpaHu CbOPBHXEHWUS 33 CbXPaHSBAHETO Ha MUHHM OTNagbLY.

Kniouosu AYMU: KOHBEHLMOHANHM 0TNaabKoXpaHunuia, antepHaTUBHN TEXHONOMK

BupoBe KOHBEHUMOHANHW OTNagbKOXpaHMNULA

BbBegeHue B 3aBUCMMOCT OT pened)a U KOHCTPYKTUBHUSA
T™Nn. MeToau 3a AenoHuUpaHe Ha hNOTaLMOHHMA
MkoHOMMYeckoTO pa3BuTne U BWCOKOTO KayeCTBO Ha oTnaabk

KMBOT, HanpeObKbT Ha Haykata W TeXHomoruute,
NpenonpesensT YCKOPEHUs pacTex Ha MWHHOZobuBHaTa
MPOMMLUNIEHOCT, KOETO BOAW [0 HapacTBaHe Ha obema oT
HaTpynBaHWTe TexHornoryHu otnagbuy (Yankova, 2020).
Otnagbuute oT pobuBa 1 npepaboTka Ha MuHEpanHu
CYpOBMHM MoA (opMaTta Ha paspedeHn CycreHauu, Cbe
CbabpXaHue Ha TBbpAa (asa ot 25 go okono 45%, Han-4yecTo
Ce CcKnagupaT B TONeMW MOBBPXHOCTHU XWAPOTEXHUYECKM
CbOPbXeHUs —  OTMagbKOXpaHWnuMwa.  TpaguLUMOHHOTO
XVIOPaBMMYHO  [enoHupaHe Ha oTnagbuuTe B
KOHBEHLMOHaNHMTE OTNaAbKOXpaHUMULLE, B MHOTO Cryvau
BOAM OO MOBPEAM M aBapuM Ha CbOPBKEHMATA C TEXKM
€KOMOTUYHM MOCAEANLN, WKOHOMMYECKM LLETW W YOBELLKU
xepteu. C uen crnasBaHe Ha Han-BUCOKMTE CTaHOapTH 3a
OesonacHocT 1 CTAOMMHOCT Ha  CbOpPbXeHusTa U
npegoTBpaTaABaHe Ha aBapuuTe, B CBETOBEH Mawab ce
pa3paboTBaT anTepHaTMBHW TEXHOMOTMW 33 3amMeCTBaHE Ha
Kracu4eckms TN OTnagbKoOXpaHUIuLLa.

BugoBe KOHBEHLUMOHaMHW  OTNAagbKOXpaHWNUWLA, B
3aBUCUMOCT OT peneda Ha MECTHOCTTA

[lenoHMpaHeTo Ha  TEXHOMOrMYHUTE  OTMagbuM  Cce
N3BbpLUBA B U3KYCTBEHU UMK ECTECTBEHW MPUPOLHM BOLOEMU
— OrpafieHn y4acTbLm OT peku 1 e3epa. MeCTONONOXEHNETO 1
KOHCTPYKTUBHMAT TWM Ha CbOPLXEHWSTA Cce wu3bupat B
3aBUCUMOCT OT peneda Ha MECTHOCTTa, TEONOXKUTE U
XWOPOTEONOXKKMA  YCINIOBMS, KIMMAT, CEU3MUYHA aKTMBHOCT,
MKOHOMMYECKa LenecbobpasHocT u ap. (Watson et al., 2010).
V1360pBT Ha MECTONONOXEHNETO HA CLOPBXEHUETO creaBa Aa
OCUTYpsiBa HEroBMs KanauuTeT, HeoOXxogum no Bpeme Ha
ekcrnnoataumaTa Ha [JajeHus pyaoHuK W oboratutenHata
thabpuka KbM Hero.

PenedbT  npegonpegens  Buga  Ha  OTMagbKo-
XpaHunuLaTa, kKato CbopbXeHusiTa Ce pasnonarat Ham-4ecTo
B HEraTMBHW penecHn (popMn — JONMHK, AepeTa, OBpasu U
Ap. NOpagy No-HUCKMTE pasxoau 3a M3rpaxaaHe Ha HacunHuUTe
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cteHn. Korato TOBa € HEBB3MOXHO WM WKOHOMMYECKM
HEeM3rogHO, Ce M3rpaxgaT W CbOPBXEHWS B PaBHUHHM
MECTHOCTU. B 3aBMCMMOCT OT perneda Ha TeputopusiTa, Ha
KOSITO Ce Wu3rpaxaar CbOpbXeHusTa, Ce pasrpaHuyaBat
HAKOJIKO OCHOBHU TUNA OTNaAbKOXpaHWNULLIA — PaBHUHEH TWN,
LOMNWHEH TUM, CKATEH TUM, OBPaXeH TWM, peyeH Tun v ap. (dwr.

1).

®ur. 1. Cxema Ha OCHOBHUTE TUNOBE KOHBEHLUOHANHN
oTnagbKoXpaHunuLua, B 3aBMCUMOCT oT penedia — 1) oBpaxeH
THN;2) B peyHa Tepaca; 3) paBHUHEH TUN; 4) ckaTeH Tun;
5)oBpaxHO-paBHUHEH TUMN

PagHuHeH mun. OTnagbkoxpaHunuwiaTa ce pasnonaraT B
PaBHUHEH TEpeH, kaTo Ce M3rpaxhaT HaCumHM  CTeHU
NPbCTEHOBUAHO MO LienUst MepuMeTbp Ha CbOPBXEHMETO

(dur. 1, 2).

®ur. 2. PaBHUHEH TUN KOHBEHLMOHANHO OTNaAbKOXPaHUIuLLE,
megHo Haxoauwe XenasHu Mocrt (Zelazny Most), Monwa

B o0OpasyeaHus W3KycTBEH BOZOEM Ce cknagupat
(rioTauMoHHMTE  OTmagbly, a u3bucTpeHata Boga ce
13nonaea kato obopoTHa Boaa 3a oboraTutenHata abpuka
UMW ce HacoyBa KbM pa3nonoxeH B OGrM30CT ecTecTBeH
BogoeM. To3W TUN OTNAgbKOXpaHUNWLA npeanara Hau-
ronsMa rbBKABOCT Mpu W30opa Ha MecTomonoxeHue. Te
00ukHOBEHO MoraT ga Obgar pasnonoxeHu B 6nM3ocT [0
oboratutenHata abpuka, a ekcnnoatauusTa UM Moxe Aa
6bae npeycraHoBeHa 6e3 3HauMTenHW pasxoau. BaxHo
NPeaUMCTBO Ha PaBHUHHWUA TUM OTNAgbKOXpaHUNUlla €
OTCbCTBMETO Ha HeoOXOAMMOCTTa OT M3rpaxgaHe Ha
CKbMNOCTPYBALLY BOAOCOOPHN CbOPHKEHMUS 3@ MOBBPXHOCTHUS!
BOZEH OTTOK, KOETO YecHsBa YNpaBMeHWETO Ha BOAWTE.
MpenMyLLecTBO Ha PaBHWUHHWS TUM OTNAAbKOXPAHUNULLA C
NpbCTEHOBUAEH [W3aliH e OrpaHMyeHaTa Bb3MOXHOCT 3a
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W3TWYaHe Ha 3aMbpCeHM BOAM OT OTnagbuuTe. W3BECTHM
HeJoCTaTbUM Ha TO3M TWM CbOPLXEHUS| Ca CPaBHUTENHO
orpaHuyeHuss  0BeM  Ha  OTMagbkoxpaHuMwara W
HeobX0AMMOCTTa  OT  TOMNAMO  KOMMYECTBO  CTPOMUTENEH
MaTepuan 3a HaCUMHUTE CTEHMU.

Honunerd mun. JONMHHWAT TMN OTNAABKOXpAHUNMLLA Ca Hail-
LUMPOKO M3nonaBaHW. EcTecTBeHUTe HeraTwBHW penechHm
opMK NMPeaoCTaBAT Bb3MOXKHOCT 3@ MO-Manka Ab/KMHA Ha
HaCUNHWTE CTEHW, MO-MamnKo KONMYECTBO Ha Heobxoaumus
CTPOUTENEH MaTepuan M CbOTBETHO MNO-HWUCKM pa3xoau 3a
u3rpaxaaHe Ha CbopbxeHusiTa (dur. 3).

®ur. 3. JonuHeH TUN KOHBEHLMOHANHO OTNAAbKOXpaHUNULLe,

mepHonopcupHo Haxopmwe Highland Valley, BputaHcka
Konymbus, Kanapa (https://www-tailings)
Mpn Hanuume Ha [ONWMHEH pened € Bb3MOXHO

W3rpaXkgaHeTo Ha eguHUYHO OTMafbKOXpaHWNMWeE C efHa
3aliMTHA HAcWMHA CTeHa WNM Ha HsKomko Ha  Gpoit
CbOPBXEHWS, PaA3NoNOXeHU MocneaoBaTenHo egHo cnea
apyro. OTnafbKoXpaHWUnMLLATa OT TO3M BUA Ca CKIOHHU KbM
npenveaHe, B Pe3ynTaT Ha OOMIHW Banexu M YBEMMYEHW
BOAHW MOTOLM, MOLMOXEHM Ca Ha PUCK OT eposns U
BTEYHSIBAHE Ha OTnagbka nopagu ronemust obem Boga B
CbOpbXeHusiTa. 3a peayuMpaHe Ha pucka OT BTEYHsIBaHE,
MOXE Oa Ce MOCTPOW BbTpellHa ApeHaXHa cuctema C Len
nofobpsiBaHe OTAENsHETO Ha BOfdaTa M KOHCONuaauusiTa Ha
OTnagbka. 3a npefoTBpaTsiBaHe W  OrpaHW4aBaHe Ha
CMeCBaHeTo Ha BoAWTe OT OTmabKa C NOA3EMHUTE BOAW, Ce
noctaBs MPOTUBOUNTPALMOHEH eKpaH Ha [bHOTO Ha
CbOPBXEHWUETO - reoMeMbpaHa Uni rmUHECT Cro.

CkameH mun. To3u TUN OTNaAbKOXpPaHWUNULLA ce pasnonarat
BbpXy CKIIOHOBETE Ha Bb3BULLEHWS, KaTO Ce 3arpaxgar oT
TPUTE CTPaHM C HACWMHW CTEHM, @ OT YeTBbpTaTa CTpaHa Ce
HaMupa ecTeCTBEHWS CKMOH Ha Bb3BULEHWeTO (cur. 1).
OtpensHata BoAa, KakTo M Tasn OT aTMOC(epHUTE Banexu,
Ce OTCTpaHsABaT ¢ BOJOCOOPHN CHOPBKEHWS 3a M3bucTpeHa
BOZA UMW Ype3 crieumantn gpeHaxHu kaHanu. MsrpaxgaHeTo
Ha CKaTeH TN CbOPbXEHWS e HaW-NOAXOAALLO 3a TepeHu, B
KOMTO HaknoHbT He Haasuwasa 10%. Mpu NO-CTPLMEH CKITOH,
KONMYEeCTBOTO Ha CTPOUTENHWS MaTepuan 3a uarpaxgaHe Ha
CBbOPBKEHNETO Ce yBenu4yaBa, a 00eMbT Ha OTnagbka, KOWTo
Moxe fa 6bae cknagupaH Hamansea (Vick, 1990).

OspaxeH mun. OTnagbkoxpaHunuwiaTta ce pasnonarat B
Aepe unu [on, YuuTo usxopg e nperpageH ¢ Hacun (dwur. 1). B
TO3W CNyyail B CbOPLXKEHMETO Ce CbbupaT BOaM He camo OT
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OTNagbKa, HO M Te3un OT Banexu U HaBOOHEHWS, KONMYECTBOTO
Ha kouTo Moxe Aa 6bge 3HauuTenHo. HacunHaTa cTeHa ce
CTpOW HampeyHo OT edHaTa [0 Apyrata CTpaHa Ha [epeTo U
CbOPBXEHNETO e nofobHO Ha Tean 3a BogocHabassane (Vick,
1990). OBpaxHMAT TUN OTMAgbKOXpaHWNWLA Ce M3non3sat
Hail-4ecTo, Tbil KAaTo MoraT [Ja ce NOCTPOSAT BbB BCAKO Aepe
WK [0ON, KaTo M3rpaxgaHeTto UM B Aepeta CbC CTPbMHU
OTKOCM € HeLienecbobpasHo, mopagu no-rofsgMoTo KoNm4ecTBo
mMatepuan 3a HacunHata CTeHa W CPaBHUTENHO MO-Mankus
obem 3a CbxpaHsiBaHe Ha OTnagbka. F30BMPK, OTKIIOHUTENHM
KaHaBKW 1 NpenuBHALM MoraT aa 6baaT oT ronsmo 3HaveHue
3a 3ayCTBaHe M OTKIOHsIBaHE Ha BOAHUTE NOTOLW.

B peyHu mepacu. OTtnagbkoxpaHunuwiata ce CTPOST B
3anvBHWTE TEpacu Ha pekn kato ce obrpaxaat C HacuMHM
CTeHu oT TpuTe cTpaHu. Heobxogumo e ga ce npegnpuemar
MepKu, MpefoTBpaTABaWM MPOCMYKBAaHETO Ha Boga mnpes
3alWuTHaTa Aura Ha OTnagbKOXpaHUIWMLETO KbM pekata.
HacunHata CTeHa, pa3nonoxeHa OT CTpaHa Ha pekata, uma
CPaBHUTENHO CrNOXHA KOHCTPYyKuus, obe3nevasawa Cra-
OunHocTtTa U LenocTta Ha CbOPBLXEHNETO, KOeTO yBenn4yaBa
pasxoauTe 3a uarpaxgaHe v ekcnnoatauus (cur. 1).

Peyen mun. W3srpaxpar ce B [OMWHUTE Ha peku, kaTto
KOpWTOTO Ha pekaTta ce nperpaxaa ¢ 6eHT. CbopbxeHnsTa ot
TO3W TWN Ca HaW-CKbMW W CMOXHU W CE M3NOM3BaT PSLKoO, B
W3KMIOYATENHM CRyyan, Korato nopagu ocobeHocTUTe Ha
pereda e HEBb3MOXHO M3rpaxgaHeTo Ha Apyr Tvn
0TnagbKoXpaHunLLa.

OcBeH N30poeHMTE HAKOMKO TUMA CbOPBKEHNS, PN CUIHO
npeceyeH pened e Bb3MOXHO U3NONM3BaHETO Ha KOMBUHMPaH
TN 0TNAgbKOXPAHUINLLA — PABHUHHO-0BPaxeH (chur. 1) n ap.

KomnosaHen mun. Tlpu TO3W MeTOL Ha [enoHupaHe,
(DrIOTALMOHHUAT OTNAgbK Ce CbXpaHsBa B KOTNOBAHUTE Ha
OTKPWUTM, OTPabOoTeHN PYAHULM C W34epnaHn pygHu 3anacu.
MeToabT e BesonaceH, ekonorMyeH u MKOHOMUYECKN M3TOLEH,
Tbil KaTo OTPabOTEHOTO MPOCTPaHCTBO Moxe fAa 6bae
3aITb/THEHO C HUCKW Pa3Xoau, a U3rpaxaaHe Ha HacunHa cTexa
He e HeoDX0AMMO WK Ce U3BbPLUBA C MUHUMaNHK pa3xogu. C
0TnagaHeTo Ha HeobXoAMMOCTTa OT HACUMHM CTEHN, PUCKBT OT
aBapuM e pedyuupad, Kato cregsa fa Ce MpoBepsiBa
yCTOMYMBOCTTa Ha BopaoseTe Ha pyaHuka. Npu cknagupaHeTo
Ha OTnagbuM, CbabpxXaly cynduou, e Heobxogumo ga ce
NOAAbPXa MO-BICOKO BOAHO HUBO Haf OTnagbLuTe, 3a fa ce
OrpaHu4M [OCTBMBT Ha KWUCMOPOA W OKWUCNEHMETO M Aa ce
npenoTepaTv 0bpa3yBaHETO M OpeHaxa Ha KCENMHHU BOAM.
[pyra BbL3MOXHOCT € TMOKPWBAHETO Ha OTMaAbLUTE CbC
CTepurHa ckanHa maca. B cnyvaute korato nopctunaliure
ckamu B pYOHWMKA  Ca  HanykaHu, MOpPectM  Wnu
BOZONPONYCKNMNBI, C& Npenopbysa NoKpUBaHe Ha AbHOTO Ha
KOTNOBaHa CbC CMOM OT FMnHa unu reomembpaHa.

3a cCbxpaHsBaHe Ha oOTnmagbuuTe MoraT da 6bgar
M3MON3BAHN M U3KYCTBEHW KOTIOBAHM, CNeLmanHo usrpagequ
3a Tasn uen. Tosn TUN OTNagbKOXpaHUNUWaA ca CXOAHW C
PaBHWUHHWA TWUM CHOPBXEHWUS C NPBLCTEHOBUAHO M3rpajeHu
HacWUMHW CTEHW M UMaT CbLUMTE NPEeaUMCTBa, BKIHYUTENHO
MbBKABOCT Mpu M360pa Ha MECTOMNOSIOXEHNETO.

KOHCprKTVIBHVI TUNnoBe KOHBeHUWOHATHU
oTnagbKoXpaHunuia

B ceeToBHaTa NpakTnka ce n3non3eaT Tpu OCHOBHW MeTOAN 3a
n3rpaxgaHe Ha Knach4eckusa BuO OTnagbKoOXpaHUULa:
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Bb3XOAAWO HafcTpoiBaHe (upstream construction method);
HW3X0ZALO HaacTponBaHe (downstream construction method)
W LUeHTpanHa KoHcTpykumust (centerline construction method)
(Oumutpos, 2021). Te3an Tpu OCHOBHW MeTOAM Ha
KOHCTpyMpaHe Ca B 3aBUCUMOCT OT MOCOKaTa, B KOSTO CTpSiMO
cTapToBaTa 3aliMTHA CTeHa Ce W3rpaxpar MoeTanHo
nocnedsawmrte  3awutHu  cteHn.  OBWKHOBEHO  KaTo
CTPOWTENHM MaTepuanmi 3a W3rpaxgaHe Ha Hacumute ce
W13NoN3BaT CKkanHu matepuanu, rpybu dpakuyum oT oTnagbka
unn KomMbuHauus OT ABaTa Buaa Matepuann. MetogbT ¢
8b3x005W0 HadcmpolieaHe Ce OCHOBaBa Ha SKOCTHUTE
XapakTEpUCTWKN Ha OTNagbKa U € Hai-eBTWH, HO C Hal-BUCOK
puck (58%) ot noBpean u paspyluaBaHe, 0COBEHO B panoHH
CbC CeM3MUYHa akTMBHOCT Unn ¢ obunHk Banexu (Lyu et al.,
2019). MeTogbT ¢ HU3X005W0 HadcmpoligaHe € Hal-CKbI, HO
ocurypsisa  CTpykTypHa ©6e30macHOCT M CTabunHOCT  Ha
CbOPBKEHNATA M € MOAXOAAW, M 32 paloHW C MOBULIEHA
Cen3MW4Ha akTMBHOCT. MeTogbT C yeHmpanHa KOHCmpyKyust
Ha u3rpaxpaHe Ha OTNagbKOXpaHUNWWaTta MpeacTaBnsiBa
MEXOMHEH BapuaHT Mexay rOpHWUTE ABa KOHCTPYKTMBHM Tvna
— Bb3X0OASLO M HU3XOASLWO HagcTporBaHe. Manonasa ce u
modugbuyupaHa UeHmpanHa KOHCMPYKUUSi - MEXOWHEH
BapuWaHT Mexdy [BaTa KOHCTPYKTMBHW TWMa — Bb3X0AALO
HaarpaxgaHe 1 LieHTparnHa KOHCTPYKLuS.

MeToau 3a fienoHupaHe Ha (hNOTaLMOHHUA OTNAALK

B KOHBEHLMOHANHNUTE OTMaAbKOXPAHUNULLA, TpaHCmop-
TMPaHEeTO Ha (hNOTALMOHHUS OTMagbK Ce M3BbpLIBa Ypes
NynNnonpoBoAM, pasnonoXeH 0BUKHOBEHO MO NPOTEXEHUE Ha
HacunHaTa CTeHAa Ha CbOPBXEHMETO. [lenoHupaHeTo Ha
oTragbka MOXe [a ce W3BbpluBa CybaepanHo OT edHa Wnu
MoBeYe TOYKM UMK OT LIEHTPArHO MSICTO B CbOPBXEHUETO,
KaKTo W NOABOAHO.

Cy6aepanHo denoHupaHe. CybaepanHoTo [enoHupaHe ce
npunara MHOTO MO-4eCTO OT NOABOAHOTO AENOHWpaHe Ha
oTnagbka. OnoTauMOHHMAT OTNagbK NpefcTaBnsiBa TeyHa
cycneHsuss M npu cybaepanHoTO [fenoHupaHe rpybaTa
thpakuus ce oTnara Hait-bnM3ko 4o ToukaTa Ha pa3ToBapBaHe,
[oKaTo  (PMHWTE YacTWuM Cce oTnaraT Ha  Mo-TonsMo
pascTosiHue. BrusHue Bbpxy cerperauusita Ha matepuana
okasBa W [OebutbT Ha (DroTauMoHHMs  OTmagbk. [pu
cybaepanHoTo  [enoHupaHe, cerperauusta Bogu A0
0bpa3yBaHETO Ha Nnax, HaKMOHEH KbM YTAEWHOTO e3epo.
Cropeg Vick (1990) B noBeyeTo oOTNagbKOXpaHUNULLA
HaknoHbT Ha nnaxa e 0.5 — 2.0 % u KonkoTo no-BuUcoka €
NBTHOCTTA Ha 0TNaZLbKa, TOMKOBA NO-CTPBMEH € HaKMOHBT Ha
nnaxa. MpoMsiHaTa B TOYKUTE HA pa3TOBapBaHe Ha OTnagbka
B Pa3NMYHM YacTU Ha CbOPBXEHWETO, AaBa Bb3MOXHOCT Ha
OTIOXEHWS OTNALbK @ Ce KOHCONMWAMpPa W U3CbXHE, JOKaTO B
APYIM 4acTW Ha OTNagbKOXPaHUIULLETO MOXe Aa NPOAbITKN
M3BBPLUBAHETO Ha AEMOHMPaAHE.

ModeodHo denoHupaHe. To3n MeTOL Ce W3MON3ga, Korato
(PrOTALMOHHUAT OTNaAbK Chabpka Cynduan, ¢ Bb3MOXHOCT
3a okucrneHue W oOpasyBaHe Ha KucenuHHM Bogw (cur. 4).
TpalHOTO JenoHupaHe Ha oTmagbka Mog Boda OrpaHuyaBa
[OCTbMA Ha KUCMOPOA W NpefoTBpaTsiBa OKWUCIMEHWETO Ha
CyndugHUTE MUHEPanK, C KOETO Ce pefyuupa BEPOSTHOCTTA
3a ApeHnpaHeTo Ha KCenuHHM Boau. MogBogHo AenoHupaHe
€ MPUNOXeHO 3a (NOTAUMOHHUS OTMNaabK OT  ONOBHO-
LMHKOBOTO Haxoaule fuwwnitH (Lisheen), Wpnaxgus. B Toea
OTMagbKOXpaHWNMLLEe, OTNaAbKbT € AENOHWPaH Nog Cromn oT
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Boda, ¢ AebenuHa ot 1 40 1,3 m npes pasnuyHUTE CE30HM,
KOETO BOAM [0 CbXpaHsBaHeTO Ha 3HauuTeneH obem Boga.
Mpv NOLBOAHOTO AenoHMpaHe Ha (rioTaLUMOHHUS OTNagbK ce
obpasyBat 3Ha4NTENHO NO-CTPBMHM OTKOCU, B CPABHEHUE ChC
cybaepanHoTo [AenoHWpaHe, KOWTO MoraT fa HaaxebpnsT
10%. Mopaaw Tasn npuumHa TOYKUTE Ha [enoHupaHe creasa
Aa 6bgat paBHOMEPHO pa3npesesnieHn B CbOPbXEHUETO.

®ur. 4. MoaBoAHO AeNOHMPaHe Ha OTNAaAbLK B KOHBEHLIMOHAMHO
oTnagbkKoxpaHunuiie
(https:/iwww.tailings.info/disposal/deposition.htm)

JHenoHupaHe ype3 pasnpedenumened mpb60NPoeod
(spigots). ToBa [enoHMpaHe Ce W3BbPLUBA Hal-4eCcTo
cybapeanHo, kato (hrnoTaUMOHHWUAT OTMagbk ce oTnara mno
nepudpepusita Ha OTNaAbKOXPAHWNMULLETO, C  pasnpege-
nuTeneH Tpbbonposoa C Len Aa ce Cb3gage nnax Mexgy
nperpagHaTa HacumnHa cTeHa 1 yTaeuHoTo e3epo (dur. 5).

our. 5. CyGaepanHo pfenoHupaHe Ha OTNagbK u4pes
pasnpegenutened  TpLGONPOBOA B KOHBEHUMOHANHO
OTnagLKOXpaHUNMLLE

(https:/lwww.tailings.info/basics/tailings.htm)

Mectata, OT KoOMTO Ce oOTmara OTNagbKbT B
CbOPbXEHMeTo, Ce CMeHST, 3a Aa MOxe Tod fda ce
KOHCONMAMpa Npeayn Aa NPOLbIKM AEMOHMPAHETO Ha ChLOTO
MACTO. PasctosHuATa Mexay pasToBapBalluTe TOYKW Ce
ONpegensT no ekcnepuMeHTaneH mbT, 3a Aa Morat ga 6baart
ofpedeneHy LUMpMHATa M brbfa Ha HakMoHa Ha nnaxa.
HeTouHOTO Opa3mepsiBaHe Ha pasCTosHUATA MOXe Aa AoBede
[0 0bpasyBaHeTo Ha BbMHOOOpaseH nMnax M HeedeKTUBHO
penoHupaHe. OBuKHOBEHO TpbOWUTE, KOWTO Ce 3axpaHBar OT
rmaBHWs pasnpegenureneH Tpbbonposog, MMaT Mo-Mabk
QMaMeTbp M MpU HEMoAXoAslia CKOPOCT Ha CyCreHsusTa
morat fa ce 3anywar. Mpy nogxoasiiy ycroBus - CKOPOCT Ha
CYCMEH3MOHHNS MOTOK, CbAbpXaHue Ha TBbpaa ¢asa 1 MACTo
Ha [enoHupaKe, ce NocTura paBHOMEPHO pasnpedeneHne Ha
OTNagbKa B CbOPBXEHUETO.

DenoHupaHe e eduHuyHa mouyka. [pn TO3M MeTon
AEnoHMPaHeTo Ha (DNOTALMOHHWS OTNagbK Ce OCbLLECTBsBA
OT [TIaBHMS NYNNONPOBOA, B KOATO OTCLCTBAT PasKMOHEHMS 3a
oTraraHe Ha matepuana Ha nosedye Mecta. [punaraHeTo Ha
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MeToga MoXe [a Aaosede [0 00pa3yBaHETO Ha 3HAUMTENTHU
CMoeBe OT OTnafgbK, KOMTO MOraT Aa OCTaHaT B HACUTEHO,
HEKOHCOMNMAMPAHO CbCTOSIHIE B MPOABINKEHNE HA FOAWHU, ako
He 6baT n3cylleHu Npeamn NocneaBalloTo AenoHupaHe. Tosu
MeToa MOXe Aa Ce U3non3ea npu NoABOAHOTO JENOHUpaHe Ha
OTNaAbLM, KAaKTO W B PalOHW C HUCKM TemnepaTypu, U npu
3aTPYOHEHO WM HEBBL3MOXHO AenoHMpaHe Mo Apyr MeTon
(Dixon-Hardy and Engels, 2007).

JenoHupaHe ¢ XudpOyuKMOHU. XULPOLMKIOHUTE Ce
M3NOMN3BaT 3a pasfdensHe Ha hroTaLMOHHUTE OTNagbUM Ha
ABa NpofyKTa — [OJeH NpoAyKT oT rpyba pakums nsacbum u
ropeH MpoAyKT OT uHa pakums. 3a usrpaxaaHe Ha 3eMHO-
HacunHaTa CTeHa ce WU3nonaBat NscbUuTe, a (hrHaTa hpakums
ce TpaHcmopTMpa C NyNnnonpoBO4 A0  CbOPBXEHUETO.
lMoaxoaswum 3a KnacupaHe ¢ XMAPOLMKIOH ca roTaLMOHHUTE
0Tnagbuu, B KOWTO CbObPXAHWETO HA TBbPAMTE YacTULM C
ronemuHa nog 0,074 mm e no-manko ot 60%.

AnTepHaTUBHM NOAXOAM 32 3aMeCTBaHe Ha
KOHBEHLMOHaNHUTe oTNagbKoOXpaHUnuLa

KoHBeHLMOHanH1Te 0TNagbKoOXpaHUIMLA ca U3MOXKeEHU Ha
PUCK OT CKbCBaHE Ha 3aWWTHUTE CTEHU, TMOBPean M
paspyllaBaHe,  BCMEACTBME  KOHCTPYKTUBHW  AedekTy,
NpeBuLLEHa NPOEKTHA BUCOYMHA Ha AMIUTE, BbTPELLHA epo3us
W NPOCMyKBaHe Ha BOAA, MOBWLLEHO BOAHO HWBO OT OBMIHM
aTMOC(hepHN Banexw W NpenuBaHe, HaaBULLEH KanauuTeT Ha
CbOPBHXEHWETO M npeToBapeaHe, cnab  dyHOaMEHT,
3emeTpecenus 1 ap. (Mpuroposa u ap., 2014; Luy et al., 2019).

C ornen npepoTBpaTsBaHe Ha aBapuMTe U CrasBaHe Ha
Hal-BUCOKUTE CTaHAapTV 3a 6e30MacHOCT Ha CbOPBXKEHMATA,
B CBETOBEH Malab ce pa3BuBaT ABa OCHOBHM nogxoda 3a
3aMecTBaHe Ha KNacu4Yeckusi TuM  OTMagbKoXxpaHunuiia
(TpuropoBa w gp., 2014; [dumutpos, 2021). To-ctapust
noaxod, BbBEAEH B MpaKTuKkaTa, BKMKYBA LENOHUPaHETO Ha
06e3B0aHEHN B pa3nnyHa cTeneH notauuoHHn oTnagbLn go
norny4YaBaHeTO Ha KpaeH MPOAYKT C HUCKO CbAbpXaHue Ha
Bnara — YNibTHEH, nactoobpaseH U Cyx OTnagbK. To3W Tvn
CBbOPBXEHNS OOMKHOBEHO Ca MO-CKbMK OT KOHBEHLMOHAIHNTE

nopagu Mo-BMCOKATa  KOHCYMAuuMs Ha  eHeprus  npu
00e3BOgHsSBAHETO Ha  OTMagbka W CNEeUUtUYHOTO
obopyasaHe.

BropusT nogxon ce OCHOBaBa Ha  CbBMECTHOTO

CKMagupaHe Ha MUHHUTE W NOTaLMOHHM 0TNaabLUW B €4HO U
CbLLO CbOPBXKEHWE U € MpuUnaraH 3acera NPeAMMHO 3a HKOW
BbIMWLWHKY, OMaMaHTeHu W 3naTHu MuHW. M3nonssann ca
pasnuyHu MeTOaM 3a [eroHMpaHe — [encHWUpaHe Ha
XOMOreHHa CMeC OT (hNOTAUMOHHM UM MWHHA OTnagbuy;
N3NOMMBaHe Ha CyCreH3us OT fJpaTa Buga OTMagbLyM C
roniemmHa Ha vactuuute go 10 cm; oTnaraHe Ha OTnagbLuTe B
anTepHUpaLLy CroeBe; CKnagupaHe Ha MUHHWTE OTnagbLy B
eOVHUS Kpal WK Ha OmpedeneHu Mecta mog copmarta Ha
BbTpewHn GepMu B OTNagbKOXpaHunuLaTa oT Kiachyecku
Tmn n ap. (https://mineclosure.gtk.fi/co-disposal-of-waste-rock-
with-tailings/).

PaspaboTeHata HaiW-HOBa  MHOBAaTMBHA  TEXHOMNOrUsi
BKIIOYBA MW3rPaXOaHETO Ha WHTErpUpaHn CbOpbXeHus 3a
cbxpaHeHue Ha MuHHKUTe otnagbum UCCMO (Integrated mine
waste facility - IMWF), B kONTO CbBMECTHO Ce CbXxpaHsiBaT
oTnagbuuTe OT Aobuea u npepaboTkata Ha pyda — MUHHM
oTnagbuM (CTepunHa ckanHa Mmaca) M 00€3BOAHEH
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(nacToobpaseH) TEXHONOTMYEH OTNAMbK.

[enoHupaHe Ha noTauMoHeH OTNagbLK crnea HEroBOTo
obe3BoaHsBaHe.

[enoHupaHe Ha ynnbmHeH  (cebcmeH) omnadbk
(thickened tailings). YnmbTHEHUST (PNOTALMOHEH OTNaAbK
npeacTaBnsBa 0be3BOOHEH B 3HAUMTENHA CTEMeH maTtepwan,
NPeAcTaBnsBall, XOMOTEHHa, Hecerpernpalla CycreHsaus, Cbe
cbObpxaHue Ha TBbpga asa 50-60% (Mpuroposa u Ap.,
2014). Ob6esBogHsBaHETO OBWMKHOBEHO Ce mocTUra ¢
W3MON3BaHeTO Ha CrbCTUTENN UM KOMOMHALMS OT CrbCTUTEN
W untbp npeca. TexHonmoruaTa 3a [AEMOHMPaHE Ha
YIbTHEHW — OTMagbLun  Ce  npunara  NPegumHo  3a
OTNaAbKOXpaHUNUWa C ManmbK 4O CPedeH KanauuteT npu
HanuuMe Ha CyX, lOpel, KNMMaT W OCKbAHW Banexu B
PaBHWHHU TEPEHM, KAKTO W B TEPEHN CbC cnab pyHAameEHT.

LenoHupaHe Ha nacmoobpaseH omnaduk (paste tailings).
C TepmmHa nactoobpa3eH OTMafbK Ce O3HayaBa Hece-
rpervpaa, BUCKO3HA CyCneH3ns CbC CbAbpXaHWe Ha TBbpaa
tasa 70-75%, koATO MOXe da Ce M3NOMMBa U He ce yTassa
(Tpuroposa u gp., 2014; Oumutpos, 2021). Cnopen Watson et
al. (2010) nonyyaBaHeTo Ha macToobpaseH NPOAYKT e
Bb3MOXHO MpU CbAbpxkaHue Hag 15% Ha ¢uHM TBBPAK
yacTuum B oTnagbka, ¢ pasmepu nog 20 um, a cnopea Apyru
astopu — Hag 20-30%. [MactoobpasHOTO CbCTOsHME Ha
00e3BogHEHNs OTMagbKk Cce MocTUra C W3MON3BaHeTo Ha
KOHBEHLIMOHAITHW MM BUCOKOCKOPOCTHW CTbCTUTENW, KaTo 3a
ONTUMMU3NPAHe Ha mpoueca ce npunarat  GNoKynaHTU.
CknagupaHeTo Ha nactoobpasHuTe OTMagbun MOXe da ce
N3BbPLUBA BbPXY 3eMHATa NMOBBbPXHOCT UMK MHOTO MO-4eCTO —
NOA3eMHO, 3a 3ambfiBaHe Ha oTpaboTeHn npu pygopobuea
npoctpaHcTea. [lacToBoTo 3anmbriBaHe Ha OTpaboTEHMTE
NpOCTPaHCTBa NpW NMOA3EMHNS pyaoaobus, € BbBELEHO Npe3
2010 r B pyaHuk Yenonevy, ,JduHam Mpewse Metanc Yenoney®
EAQ (Mpuroposa u ap., 2014; dumutpos, 2021). TexHonorusTa
no3BoMnsBa OMOM30TBOPSBAHETO Ha ronama 4acT OT
(roTauMoHHMs  oTnagbK,  CTabunmManpa  MOA3EMHUTE
13paboTkn W CKanHUs MacuB W HamansBa KONMYECTBOTO Ha
[ENOHMpaHUTE OTMagblUy Ha MOBbPXHOCTTA. 3ambniBaliata
CMeC € CbCTaBeHa OT 00e3BOAHEH (hNOTaUMOHEH OTnagbk,
nonyyeH Cnef CroCTsBaHe M (UNTPyBaHe 1 CBbP3BALLA
pobaska ot uumeHT (Mpuroposa u ap., 2014).

LenoHupare Ha cyx omnaduk (dry stacks). JenoHupaHeTo
Ha CyX OTnagbk CbC CbabpkaHue Ha TBbpaa asa 75-85% ce
npunara Bce no-wmpoko npe3 nocnegHute 10-20 roguHw.
CyxuaT oTnagbk Ce mnomyyaBa C M3MNON3BaHe Ha BaKyyMHa
unTpaumus unu neHToBa (UNTPaUMS MOA HansraHe, kato
Hai-0obpu pes3ynTaTi ce nomy4aBaT C NOMOLLTA Ha (UNTbPHU
npecu. CyxuaT OTMapgbK Ce TpaHCMOpTMpPa A0 MSCTOTO Ha
[ENOHMPaHe C KaMUOHW WNW KOHBEIWP, KbAETO CE CKnaampa
ynnbTHABA, kato obpasysa T.H. ,Cyx kyn’. Toau Tun
CbOPBKEHNS Ca MOAXOASALLM 32 paioHu C BUCOKA CEN3MMYHA
AKTMBHOCT, CyX WNW CTYAEH Knumart, B BNnn3ocT 4o Hacenenu
mecTa u ap. (Qumutpos, 2021).

WUHTerpMpaHo chbopbieHWe 3a CbXpaHsfBaHe Ha MWHHU
otnagbum UCCMO (Integrated mine waste facility IMWF).
Hait-HoBaTa, CbBpeMeHHa TEeXHOMOrus, OTroBapslia Ha
Halt-BMCOKUTe CTaHAapTW 3a 6e3onacHocT u crabunHocT, e
N3rpaxxaaHeTo Ha MHTErpupaHu CbOPbXEHWS 3a CbXpaHsBaHe
Ha MuHHUTe oTmagbum — MCCMO (Integrated mine waste
faciity - IMWF). Tlpu Tasn TexHomorus ce M3BbPLUBA
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CbBMECTHOTO [eMOHMpaHe Ha oTnagbuuTe OT AobuBa U
npepaboTkata Ha pyAa - CTepunHa CckanHa Maca U
00e3BOgHEH TEXHOMOrMYeH oTmagbk. B cpaBHeHne ¢
KOHBEHLMOHAIHUTE CbOPBXEHWUS, TE3W OT MHTErpupaH Tun
“MaT peguua npeauMcTBa, HAKOM OT KOWTO Ca CnefHuTe:
MakcuManHa 6e30nmacHOCT M CTabUMHOCT Ha CbOPBXEHUATa
MpU MUHAMarHO 3aemaHa MmolW, MWHWUManeH puck 3a
OKOMHaTa cpefda, HamareHo KONWMYeCcTBO Ha BojaTta 3a
TEXHOMOTMYHMN LIENK, KaKTO W Ha Pas3x0amuTe 3a MOHWUTOPUHT W
NOAAPbXKA, NapanenHa pekynTuBauus, €OHOBPEMEHHO C
ekcnnoataumsta v ap. (Fpuroposa, 2011; Aleksandrova et al.,
2021; Oumutpos, 2021).

TexHomorusiTa Ha W3rpaxgaHe W KOHCTPYKTUBHWTE
napameTpu Ha CbOPbXEHUSITA OT WHTEerpupaH Tun ce
pasnuyaBa CbLUECTBEHO OT Te3W Ha KOHBEHLMOHANHUTE
OTnagbkoxpaHunuiya.  WHTerpupaHoto  CbOpbXeHWe  3a
CbXpaHsBaHe Ha MWHHM OTMAAbLW BKMKYBA OCHOBHA
nnowazka, CbCTaBeHa OT MUHEH OTNagbK (CTepunHa ckana) 1
[PEHaXHa cucTema, W OT CTbhana, U3rpageHn oT YNITbTHEHA
HacunHO obpa3yBaHa CTeHa, 3af KOATO Ce cknagupart
00e3B0OAHEHNAT (hNOTALMOHEH OTMagbK M CTEPUNHA cKana.
[peHaxHaTa cucTemMa Cryxu 3a OTBeXAaHe Ha Bojara,
oTZensiHa Npy KOHCONMAMPaHETO Ha (NOTaLMOHHUS OTNagbK.
CxemaTyeH npodun Ha MHTErpUpaHO CbOPLXKEHME 3a
LENOHMPaHEe Ha MUHHU OTNaabLM € NpeacTaBeH Ha durypa 6,
a KOHCTPYKTMBHWTE €NTEMEHTM Ha CTbNano Ha CbOPLKEHNETO
ca nokasaHw Ha cur. 7

[TbpBOTO W 3acera €OWHCTBEHO B CTpaHaTa Hu
WHTETPUPAHO CbOPbXEHMe 3a [OEMOHMPaHE Ha  MUHHU
otnagbum (MCAMO - Integrated mine waste facility IMWF) e B
ekcnnoataums ot 2019 r. u e usrpageHo ot ,JwuHau Mpewse
Metanc Kpymosrpag“ EALl (Grigorova and Koprev, 2020;
Aleksandrova et al., 2021; Oumutpos, 2021). 3a uarpaxaaHe
Ha CbOpPbXeHMEeTO ca M3bpaHu ABe NMOLAgkN B ABE Marku
[epeta, KaTto e TNpedBWOEHO MbpBOHAYanHO fa  ce
ekcnnoatMpar MoOTAENHo, a BhocneacTBne pa  6wvapar
obenyHeHu B €0HO. M3rpageHn ca KneTku OT MUHHW OTnagbLm
(cTepurnHM ckanu), B KOWTO Ce AEMoHMpa (roTaLMOHHNAT
oTnagbk OT npepaboTkaTa Ha 3matocbbpXallia pyaa oT
Haxogunwe ,Ama Tene’, 006e3BogHeH A0 nacTtoobpasHo
cbCTOsHME. KneTkute ca MOKpUTU C TreOTEKCTUN U C ThHBK
cnom ot nsackk 1 ce 3ambnear ¢ 30 go 50% otnagbk 1 50 go
70% ckanHa maca (Eldridge et al., 2013). 3a npegoTepartsiBaHe
MPOCMYKBAHETO Ha BOAA NOA CLOPBLXEHWETO € MocTaBeHa
reomembpaHa. [lpeHaxHaTa cucTema, pasnonoxeHa B 4bHOTO
Ha CbOpbXeHWeTo cbbupa BOgaTa, OTAensHa npu
KOHCONMMaaumaTa Ha nactoobpasHus OTnagbkK, Kakto u oT
aTMoccepHUTe Banexu M rM oTBexaa BbB BOJOEM. BaxHo
NPeayYMCTBO Ha KOMOWHMPAHOTO OTMaAbKOXpaHWUIMLLE e, Ye
3aema no-vmanka Mnow, BCMEACTBWE OTNajaHeTo Ha
HeoOXxogMMOCTTa OT  U3rpadaHeTo Ha [ABe  OTAemnHU
CbOPBXKEHNS 3a CKMagupaHe Ha MWHHM U Ha (noTaLMOHHM
otnagbumn. Cropeq Eldridge et al. (2011) npu nootaenHoTo
cknaguMpaHe Ha MWHHUTE W (DrOTALUMOHHM OTNagbun €
HeoOxogMma nnow, ot 96 ha, pgokato nnowTa 3a
komBuHMpaHoTO ageno e camo 41 ha, T.e ¢ 60 % no-marnko.
CbopbkKeHNeTo e M3rpafeHo No MeToaa Ha Bb3XOZAL0TO
HaacTpoiieaHe (Eldridge et al., 2011).

V13BecTeH HepoCTaTbK Ha CLOPBXEHWATA OT WHTErpupaH
TUN, Ca OTHOCUTESTHO NO-BMCOKUTE EKCMNOATALMOHHM pasxoam
! HEBB3MOXHOCTTA 3@ M3MOMN3BaHe Ha AEMOHMPaHUs OTNaLbK
KaTO TEXHOreHHa CypoBMHA, KOWTO CE€ KOMMEHcupaT oT
BUCOKATa  CTPYKTypHa  CUrypHocT M BesonacHocT,
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MUHUMW3NPAHETO Ha pUCKa 3a OKOMHATa Cpeda W pasxoauTe

3a NOAAPBXKKA 1 MOHUTOPUHT Ha CbOPBXEHUSTa U [p.

// 3eMHo-HacunHa cTeHa

/>\ S r ApeHaxeH nnact ¢ agebennHa 300 mm
/>\\\/\ > | r,ﬂpeHameH NAAacT C HaKNOH B Kpasa my ot 20 %
x EcTecTBeH TepeH \/\ e == _-CrapTtoBa nnatdpopma
e TP & D,peHa)KeH matepuans < .- » ,3ymnd
P P KaHana, knaca 40 mml >’ e P 5

®ur. 6. CxemaTuyeH npocun Ha UHTErpUpPaHO CbOPBKEHWE 3a AeNOHUpPaHe Ha MUHHU OTNagbLU

[peHax Ha AbHOTO (4-5m) -

Ornaauk ot habpukara

Mpepgnasex nnacr ¢
npebenuna 300 mm

3eMHO-HacUNHa cTeHa

CrepunHa ckanHa maca

I

' |

-—

NpexaxHa Tpuba - noa
ApPeHaXeH nnact
[peHaxeH nnacr ¢
nebenuHa 300 mm
FeomemBpana

®ur. 7. KOHCprKTMBHVI €JIeMeHTU Ha CTbNnasno Ha UHTerpupaHo CbopbXeHue 3a AenoHnpaHe Ha MUHHU OTNaAbLUKN

3aknioyeHune

KoHBeHLMOHanHUTe 0TNagbkoOXpaHUIULA C XMAPaBMYHO
LEnoHMpaHe Ha (hnoTauWOHHUTE OTNagbLM Ca Hai-EBTUHU U
[0 HEOTAaBHA LUMPOKO W3ronaBaHu B MUHHOAOOMBHaTa
NpakTWKka, HO He ca JoCTaTb4yHO be3onacHu, mopaau pucka ot
noBpeaM M WHUMAEHTU C TEXKW NOCNefcTBWS 3a OKOMHaTa
cpema, VKOHOMWYECKW LeT U YoBewku xepTeu. [lpes
MOCMEAHUTE HAKOMKO FOAWHMA [BE OT Hal-TEXKUTE EKOMOrMYHM
katactpodm 3a uanata uctopus Ha bpasunus, ca
npegusBMKaHM  OT  CKbCBAHETO  HAa  CTeHUTE  Ha
oTnagbkoxpanunuwata Camapko (2015 r.) n BpymagnHeo
(2019 r) B war MwHac XKepamc. W pgBete
OTNagbKOXpaHWULLA Ca U3rpafeHn No MeToga Ha Bb3XOASALLO
HafCTpoWBaHe, KOWTO € Hail-eBTUH U LUMPOKO W3MOM3BaH.
Cnepn Tesn ABe katacTpopanHu aBapuu € B3eTO pelleHune
BCUYKM CbLLECTBYBALLM CLOPBXEHUS, U3rpafieHn no metoda
Ha Bb3XOOAWO HagcTponBaHe B bpaswunusa, ga Gwvpar
usBedeHn oT ekcrnnoataums. B Yunu, lepy, bpasunus u
EkBagop e 3abpaHeHO CTPOMTENCTBOTO Ha CbOPBXEHWUS OT
To3n Tun. lNMopegHute BencTBusi, CBbp3aHW C aBapuuTe Ha
OTNagbKoXpaHunuwa, noTBbpXaaeaT Heobxogumoctta OT
pa3paboTBaHETO Ha HOBW WHOBATMBHM NoAxoaAM 3a 6e3onacHu
M €eKonorocbobpasHn CbopbXkeHus. Hai-gobpute HamuyHu
CbBPEMEHHW TEXHOMOrWM  BKMIOYBAT  AENOHWUPAHETO Ha
npenBapuTenHo 00e3BOfHEHN (DNOTALMOHHM OTMagbun W
BHEAPSBAHETO  HA  WHTErpUpaHM  CbOPbLXKEHWS  3a
CbXPaHsBaHETO Ha MUHHMW OTNagbLM.
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STRESSES IN A TRANSVERSELY ISOTROPIC ROCK MASS AROUND A CIRCULAR
OPENING

Malina Ivanova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: malina_vatz @abv.bg

ABSTRACT: The article considers the issue of determining the stresses in the transversely isotropic rock mass. The isotropy plane is horizontal. A circular opening is
made in the rock mass. The problem is solved by the method of complex variable functions.

The paper proposes to take into account the behaviour of the rocks within a time interval since the opening of the hole. For this purpose, the method of variable
modules is applied. The stresses along the contour of the hole at both ends of the time interval are determined.

A numerical example of a real rock mass is given. The values of the stresses in the horizontal and vertical points of the contour of the opening are calculated.

Key words: method of complex variable functions, method of variable modules, stresses.

HANPEXEHWA B TPAHCBEP3ANHO-U30TPOMNEH CKANEH MACUB OKOJ10 KPbIrOBA U3PABOTKA
Manuna UeaHosa
Muro-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cocpus.

PE3IOME: B cratusita ce pasrnexpa BbnpochT 3a OnpefensHe Ha HanpexeHnsTa B TPaHCBEP3aHO-M30TPONEH MacvB. PaBHUHATa Ha U30TPOMKUS € XOPHU3OHTarHa.
B macviBa e npokapaHa kpbrosa M3paGOTKa. 3apavara ce pelasa ¢ MeToda Ha (byHKHMM Ha KOMMNeKCHa NpomMeHnnea.

B paﬁoTaTa Ce npednara da ce OTYyeTe NOBEAEHWETO Ha CkanuTe crnepn onpefeneHo Bpeme OT NpOoKapBaHe Ha OTBopa. 3a ToBa Ce npunara metoda Ha
NPOMEHNMBMTE MOOYNN. Onpe,qeneHM Ca HanpexeHnaTa no KOHTypa Ha 0TBOPA B ABaTa Kpad Ha MHTepBana OT Bpeme.

[aneH e yucreH npumep 3a peaneH Macus. M3uncrneHn ca CTOMHOCTUTE Ha HanpeXeHUsiTa B XOPU3OHTANHUTE W BEPTUKAMHW TOYKM OT KOHTYpa Ha 0TBOpa.

KniouoBu AyMU: MeToq Ha (t)yHKLWII/I Ha KOMNeKkCcHa NpoMeHnM1Ba, MeTo Ha NPOMEHNMBU MOAY KN, HanpexXeHus.

Introduction Methods
A large number of studies have been published on the 1. Formulation of the problem
issue of stresses around a circular hole. Many of them apply a At a depth of H , a work with a radius of I, was drilled in

linear homogeneous medium as a model and use linear
equations in the theory of elasticity. To solve this problem, the
complex function method is applied (Muskhelishvili, 1953;
Lekhnitskii, 1963; Guz et al., 2007; Lu et al., 2007). The model
is complicated when the array has an isotropy plane (Minchev,
1960; Hefny, 1999).

The movement of rocks over time is reported with the
theory of heredity. According to this, the relationship between
stresses and strains is given by integral operator equations. In
many problems of the mechanics of underground facilities, the
method of variable modules, developed by Amusin (Amusin et
al., 1974) can be applied. The method is applied to an array
composed of parallel isotropic layers whose thickness is small
(Trifonova-Genova, 2012). 9 .,

The current work focuses on determining the analytical E.. =E (1+ CDk) ;o G, =G, (1+ CI)Z) ;
expressions for the stresses in time around a circular opening g 1
passing through a transversely isotropic array. O, =5t (1_ oy ) ; 1

a transversely isotropic array. The plane of isotropy is
horizontal. For this class of problems, the behavior of the array
is described by the partial differential equation of the stress
function (Muskhelichvili, 1953; Lekhnitskii, 1963; Guz et al.,
2007). This equation is of the fourth order.

2. Creep of the rock mass

The problem of the hereditary theory of elasticity can be
considered as a problem of the theory of elasticity. Temporary
functions are written in it instead of physical and mechanical
constants. For an array with a horizontal plane of isotropy,
these functions have the form (Trifonova-Genova, 2012):
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1 1 Qo Qine .
py, =E, | 22— 4 : k=12: by, =a;, ——=—2; j,1=135. 3)
E, 2E, 2E, At
E, Ez,t For the selected array, the strain coefficients of equation
Hap = H 2(1+EJ+'U1_'U 2{14—7 ' (3) have the form (Trififonova-Genova, 2019):
= -1 -1
where Ay = (El,t) By = (El,t) s gy = (EZ,’() ;
—1 .
t is the time,[s]; A5t = (Gth) ’ 4)
o, O, are creep parameters; My Hoy Hoy
“ ,k o a12,t:_E_'a13,t:_E_'a23,t=_E_'
El,t is Young's modulus in the isotropy plane, [MPa]; 1t 1t 2t

My is Poison'’s ration in the the isotropy plane; The roots of equation (2) are:

E2,t is Young's modulus in a plane perpendicular to the

isotropy plane, [MPal; S1e =P Spp = Podd s Sz =Bl

M, is Poison’s ration in a plane perpendicular to the isotropy S4y = _,Bz,ti ) (5)
plane;

GZ’t is shear modulus in a plane perpendicular to the isotropy Here, i is an imaginary unit.

plane, [MPa]. The type of stress function depends on these roots. The

detailed type of this function can be found in the special
literature (Minchev, 1960; Lekhnitskii, 1963). This function

A time interval (1,1t ) is considered to study creep. Two expresses the stresses around the opening.

tasks are solved for these boundaries. They use the physical There are no radial and tangential stresses along the
and mechanical characteristics corresponding to the specific contour of the hole. Normal tangential stresses along the
moment. contour of the circular fabrication at any moment t have a

form analogous to that of (Minchev, 1960):

A= 7/7 = = =y = ;—7/}//////—//_-; — Q
Oyt :_(ez+es+e4)’ (6)

y o ’ el

~

~
@ where

(@l
ELILII € = dl,tdZ,tﬁS,t ; €, = ﬂl,tdl,tdz,tﬂ&t ;

ny, M

J° B J €; =00, s €, =dy.d; Lo
% 0{<-7< % By = Bri = Poy By =Py =4

L. % Pu=i-Bui  A=pf QA

Fig.1. Calculati h
'9-1. Lalculalion scheme The other coefficients in the above equation depend on the

3. Stress angle. For 8@ =0, 7, the coefficients of (6) are:
The characteristics of equation (1) participate in the
expressions for the coefficients of the partial differential d =8%2-d. =8%-d. =—8. .-
equation. This equation is a function of stress. To determine it, 10 = Bl Gop = Boi o ==
the characteristic equation is written (Vucheva et al., 2020): dy =P (7)
4 2
by 8"+, 8" +by, =0, (2) For @ =7 /2,37 /2, the coefficients from (6) have the
form:
where
by = 20y5, +bes, d,=1d,, =1;d;, = —ﬁft = —ﬁ;t : (8)

The coefficients in this equation are a function of time and
have the following form (Ivanova et al., 2018):
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4. Numerical example
A circular opening with radius I, is drawn to a depth of

H . The array is transversely isotropic. Its characteristics are
(Trifonova-Genova, 2012):

E,, =0.397.10°MPa; E, , =0.1523.10*MPa;
i, =0143; u,,=0.198;
G,, =0.0805.10°MPa ; y = 2.47.10*MN /m®.

The characteristics of the time interval are t, =0 and
t, =5days ~1.296.10s .

Creep parameters are:

a, =a,=0.67;
5, =0.307.107s"*.

5,=0.33.10 75"

The given characteristics of the scales are used to
determine the stresses at the initial moment (f;). The
coefficients of equations (4), (3), and (2) are calculated. The
roots of the last equation are given in Table 1 at time t; .

Table 1. Roots of a characteristic equation in two moments

t B P
t, 0.7565 19207
t 0.2034 1.8559

According to the method of variable modules, the
characteristics of the array for the moment t; are calculated:

E, =0.0943.10MPa ;
E, ; =0.0496.10* MPa ;
thy ¢ =0.7014;

1t =—0.3613;
G, ; =0.0266.10*MPa .

The coefficients of equations (4), (3) and (2) are calculated
with the obtained characteristics. The roots of the last equation
are placed in the last row of Table 1.

The vertical stress in the undisturbed array is

Q = 2.47MPa and the coefficient of lateral resistance is
A1 =0.3375.
For moment m1, the ﬂj,o (j= 3,4,5)coefficients from

equation (6) are calculated first. The normal tangential stresses
are then determined at points A and B of Figure 1. For the first

point, the coefficients d, o (k = 1+4) of equation (7), €, ,
and the stress 0'20 of (6) are calculated sequentially. For the

second point, dky0 from (8), €, and the stress 0';0 from

(6) are determined. The results obtained for both points are
given in Table 2.
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The described steps are repeated for moment t; . The
results are given in the last row of Table 2.

Table 2. The normal tangential stresses in two moments

t th O'; X
t, -5.8403 -0.5099
t, -11.3163 -1.2867

The table shows the values of the normal tangential
stresses at two points in time. It is noticed that the values of
the stresses at the final moment are several times higher than
those at the initial moment. Thus, this increase along the
horizontal axis is 1.94 times, and along the vertical axis is 2.52
times.

5. Key finding

The article describes an algorithm for determining the
stresses along the contour of a circular opening.

The stresses were received at two points in time:
Immediately after digging the hole and after 150 days. The
increase in stresses along the vertical axis is greater than
those along the horizontal axis.

Conclusion

The article discusses the problem of the mechanics of
underground facilities. The boundary conditions of the task are
constant. The hereditary theory of elasticity is used to
determine stresses.

The presented solution is a supplement to the existing
analytical methods, which determine the stresses along the
contour of a circular hole. This solution can be extended to
other types of openings.

For the application of analytical methods in practice, it is
important to determine the values of the physical and
mechanical characteristics of the rocks. This is done according
to certain standards, which are constantly evolving and
enriching. These developments allow the determination of the
characteristics in a transverse and isotropic array (Hakala et
al., 2007). Thus, the final solution takes into account more
precisely the real properties of the rocks around the opening.
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NEW SOLUTIONS FOR PROVIDING INDIVIDUAL TEMPERATURE COMFORT IN THE
CONDITIONS OF OVERHEATING MICROCLIMATE IN THE UNDERGROUND MINING OF

MINERALS

Alexander Krilchev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: krilchev@magu.bg

ABSTRACT: Providing comfortable work conditions for workers in overheated microclimate the underground mining of minerals is an important and complex technical
problem. As a solution, it is necessary to apply different approaches and methods which are related to the management and control of the physical parameters of the
air in the working environment and to provide personal comfort through the use of personal protective equipment.

Key words: underground mine, microclimate conditions, heat protection, hydrogel, overheating microclimate

HOBW PELLEHUA 3A OCUT'YPABAHE HA UHOAWBUAYANEH TEMEPATYPEH KOM®OPT B YCIIOBUATA HA MPErPABALL
MWKPOKIUMAT NMPU NOA3EMHWA [OEMB HA MONE3HN U3KOMNMAEMM

AnexcaHdbp Kpunyee

MunHo-2eonoxku yHusepcumem ,, Ce. MeaH Puncku®, 1700 Cogpus

PE3IOME: OcurypsiBaHeTo Ha KOMDOPTHM YCIIOBIS Ha TPYA HA PaBOTHULMTE B YCIOBMS HA Ha NperpsiBaLy MAKPOKIMMAT NPy NoA3eMHIs LOBMB Ha NONeaHM M3konaemm
€ BaXHa 1 CTOXHA TEeXHUYECKV 3a7aya. 3a PellaBaHeTo i € HeOBXOANMO MpunaraHe Ha PasnuyH METOAM M MOIXOAM, CBbP3aHM C YNPaBMeHNeTo 1 KOHTPOna Ha
(hnandecknTe NapameTpu Ha Bb3ayxa B paboTHaTa cpeaa 1 OCUrypsiBaHe Ha NepcoHareH KOMAQOPT Ypes U3NON3BaHe Ha NIMYHI NpeanasHy cpeacTaa.

Kniouosu AYMU: NOA3EMEH PYAHUK, MUKPOKNTUMATUYHW YCNOBKA, TONSIMHHA 3aLluTa, Xuaporen, nperpasatl MUKpOKNuMaT

BuBepeHue

Mpu Noa3eMHUst AOBMB Ha MOME3HM M3KOMAeMM BCHYKM
paboTHUUM B pasnMyHa CTEMeH ca MOANOXEHU Ha
Bb3AEICTBMETO Ha pa3nnyHK hakTopu Ha paboTHaTa cpeda —
wym, BuOpaUuK, Npax, ra3oBe, OCBETNEHWE, JTbYeHns. Teau

Bb3AENCTBMUSA Cb3fdaBat puck  3a yBpexaaHe Ha
34paBOCIIOBHOTO CbCTOAHNE Ha paGOTHMuMTe nnn
npeanocTaBkh  3a Bb3HWKBAHE Ha Pa3niM4HKN no  BuUA

npou3BoLCTBEH aBapuu. [lopaaw Tasw npuumHa e Heobxognumo
fAa Ce 13BBbPLLBA CTPOT KOHTPON Ha NapameTpuTe Ha paboTHaTa
cpega C LUeN MUHUMM3MpaHe Ha pucka 3a 34paBeTo W
BesonacHocTTa Ha paboTHuuMTE. B Tasn Bpb3ka ce npunarat
Pas3NN4HM MO CBOSTA CHLUHOCT MEPOMPUATUS (TEXHWUYECKH,
TEXHOMOTMYHU U OPraHM3aLWOHHN), CBbP3aHN C eNUMUHUPaHe
WNW HamansiBaHe BMUSHUETO Ha Te3un (pakTopu A0 HOPMATUBHO
yCTaHOBEHWTE HWBa. Hait-ronsiMo 3HayeHue 3a HamansBaHe Ha
BPeAHOCTUTE [0 CAHUTAPHO-XMIMEHHUTE HOPMM € afieKkBaTHaTa
BeHTMNaums. 3a NpaBUHOTO NPOBETPsBAHE Ha U3paboTkuTe 1
ekcnnoartaums Ha Tesu cuctemum e Heobxogumo pda ce
M3BbPLUBAT NEPUOAMYHM MPOBEPKN U KOHTPOMHU U3MEPBAHMS
3a yCTaHOBSIBaHE Ha PeXMMa Ha NPOBETPsBaHe Ha u3paboTkuTe
N edekTMBHOCTTa Ha paboTa Ha cuCTeMMTe 3a MeCTHa
BeHTUnauus (Hapeaba Ne 3, 2001). B cnoxHuTe (pasknoHeHn)

30

BEHTWUNALMOHHM CUCTEMM CE MPOSIBABAT PasfMyHM MO BWA,
XapakTep M NOBEAEHWE MPOLECH W SIBNEHMS, KOWTO OKa3sar
BNMsSHME BbpXy paboTata Ha cuctemarta. [pyrv npouecy,
obaye, MOXe [Oa MPOBOKMPAT CEPUO3HM HAapYLIEHWS Ha
paboTaTa Ha cucTemaTa — noxapw, EKCo3um, psiaka npoMsHa
Ha aepoguHaMWYHW  CbMPOTMBNEHMs. [loBedeHWeTo Ha
cucTemata B TakuBa Cryyau e TPyAHO NPeaBranMo, a B peanHa
aBapuiHa cuTyauus TpsbBa ga ce AeicTBa No NpeaBapUTENHO
ovyeptaH nnaH (ISO 7730, 2005). Beuukm Tesn npouecu u
SIBMEHUS MOraT Jja OKaxaT BRusHWE BbpXy (PYHKLMOHANMHOTO
CbCTOSIHWE Ha YOBeLLKMs opraHu3bM. Kato npumep, npu pabota
B YCNOBMSITA Ha MperpsiBaly MUKPOKIMMAT Ce Hapyliasat
npoLecnTe, CBbP3aHN C PErynupaHeTo Ha TemnepaTtypara Ha
OpraHu3Ma, BCMEACTBME Ha KOETO Ce MosBABaT MbpBuUTe
Npu3HaLu Ha nperpsiBaHe — rnasofonue, rageHe, NOBpbLUAHE 1
T.H. MpogbmxkuTenHaTa pabota B Tak1Ba yCNOBUS HEMUHYEMO
BOAM [0 Pa3NNYHW TOMMWHHK YBPEXAAHUS HA OpraHu3ma Kato
pexvopartauus, TOMNMWHEH ygdap, konanc u ap. KpaiHust
pes3ynTaT OT Te3W yBPEX4aHUs BUHAM € CBbP3aH C OnacHoCT
3a XuBoTa W 3gpaBeTo Ha paboTHuynte. OcBeH M3bpoeHuTe
Bb3OECTBAS MOraT Aa HaCTbMAT W PasfMYHW  MCUXUYHM
W3MEHEHUs1 — HapyLUaBaHe Ha KOHLEHTpauusTa, 3abaBsHe Ha
peakuuuTe, HacTbMBaHe Ha yMopa W T.H., KOETO Cb3fasa
NPEeLNOCTaBKM 32 Bb3HWKBAHE Ha 3MOMONYKW 11 aBapuu Nopagu
HeadeKkBaTHN WNM TPELUHN PeLIeHUst MPU M3MbIHEHWE Ha


mailto:krilchev@mgu.bg

[oduwHuk Ha MI'Y ,Cs. UsaH Puncku”, Tom 65/2022 / Annual of the University of Mining and Geology “St. Ivan Rilski”_ Vol. 65/2022

pa3nyHM NPOM3BOLCTBEHM 3afaun. 3a 4a He Ce JomycHe ToBa
€ HeobXoAMMo Cb3faBaHe Ha KOMCOPTHM YCrIOBUS Ha Tpya,
MoCpeacTBOM  KOHTPON U YNpaBfieHWe napameTpute Ha
OKOMHaTa cpefa U (hyHKLMOHAMHOTO CbCTOSIHWE Ha OpraHu3Ma
Ha paboTHuLMTE.

MeponpuaTnsa 3a KOHTPON U yNpaBnieHne Ha
MMWKPOKNUMaTUYHWUTE YCNOBUA NPY NOA3EMHUSA
[00MB Ha NONe3HM U3Kkonaemu

OcurypsiBaHeTO Ha KOMCPOPTHW YCNoBMS Ha Tpyn Ha
paboTHUUMTE, W3BBLPLIBALLM  PA3NUYHW  NPOU3BOACTBEHM
[EfHOCTM Mpu NoA3eMHUs 1O6MB Ha MOMEe3HU M3konaemu B
YCMOBMSITa Ha MperpsBall KnumaT, € BaxHa M OTrOBOPHA
3ajaya 3a Uenus pbKOBOAEH M UHXEHEPHO-TEXHWNYECKM
nepcoHan. Ype3 KOHTPONMpaHe Ha MMKPOKNMMATUYHUTE
napameTpu Ha paboTHaTa cpega ce OocurypsiBaT OMTUMariHu
YCNOBMSI Ha TpyA, NMpWU KOUTO pabOoTHWLMTE W3MbIHSBAT
3afbIKeHUATa cu, 6e3 ToBa ja Oka3ea BMMSHWE BbPXY KUBOTA
1 30paBeTo M. Mo bPKAHETO HA MAKPOKMMMATYHI YCIIOBUS,
OTrOBApsIlLM HA CaHUTAPHO-XUTMEHHWUTE W3UCKBaHWS, Ce
OCbLUECTBABA MOCPELCTBOM  PA3fMYHA  TEXHOMOMMYHU U
OpraH13aLMOoHHM MeponpuaTHs. KbM TX Ce OTHAacsT:;

1. PaunoHanHu cxemn 3a paskpuBaHe M ekcnnoatauus Ha
HaxoAMLLETO, NO3BONABALLYM NOCTLMNBAHETO Ha Bb3ayXa B
3abouTe MO Hal-kpaTkUst MbT C Len HamanseaHe Ha
KOHBEKTMBHOTO My 3arpsiBaHe.

EdbexTveHa BeHTUNALMA.

MpenBapuTeneH TONMMHEH PEHax Ha MacvBa.
Tonnousonaums Ha ckanute N MUHHUTE N3paboTky.
M3nonaBaHe Ha CTaLMOHapHN WU HECTALMOHAPHM ypeatu
3a OXnaxgaHe Ha Bb3gyxa.

6. OueHka Ha pucka OT Bb3AEMCTBME HA HEONArompusATHN
thakTopu Ha paboTHaTa cpesia 1 TPYAOBuMS NPOLEC BbpXY
3ApaBeTo 1 paboTocnocobHOCTTa Ha xopaTa.

7. BbBexgaHe Ha (OU3NOMOTUYEH PEXUM Ha TPYL U MOYMBKA
(OnHyes, 2017).

OcBeH nmpefnaraHuTe MeponpUsTUsl, BAXHO 3HaYeHWe 3a
nogbpxaHe Ha fobpa TepMoperynaums B YCroBUst Ha BICOKM
TOMMWHHW Bb3EMCTBUS MMAT NOHOCKMOCTTA Ha OPraH13ma KbM
TOMMMHHO HAaTOBapBaHe W W3MOM3BaHE Ha CpefcTBa 3a
KOMeKTWBHA W WHAMBMAyanHa 3awmta. [MoHocumocTTa Ha
OpraHuaMa KbM TOMMWMHHO HATOBapBaHE Ce onpegens OT
WHAMBMAYanHaTa My MOHOCUMOCT U aKMMMaTM3aLms Ha YoBeka
KbM TOMMWHHM Bb3aeicTBus. VHOMBMOyanHaTa 3aluTa Ha
pabOoTHWLMTE B YCIOBUSA, Pa3fn4HN OT KOMOPTHUTE, MOXE Aa
C€ OCBLLECTBY Ype3 pasnuyH1 BU4OBE TOMO3aLLMTHM 0brekna.
B 3aBuCKUMOCT OT 3aluTaBaHaTa YacT Te Ce pasfensT Ha [se
rpynu:

1.06nekna 3a YaCTu4Ha TOMMMHHA 3awuTa.

2.06nekna 3a UsAnocTHa 3aluTa Ha TanoTo.

MbpBata rpyna obnekna ca npefHasHadyeHu 3a
WM3MbMHEHNE Ha NPOW3BOACTBEHN AEHOCTM C NEKO U YMEPEHO
HaTOBapBaHe NMPW HEBWCOKM TeMNepaTypu Ha OKoMHaTa cpeda.
Obneknarta OT BTOpaTa rpyna Ce W3ronssar npu Texka U
ymoputenHa pabota npu BMCOKM Temnepatypu - 3a
cnacuTenHu onepauuu U NUKBUAWPAHE Ha MOCNeAcTBUS OT
BencTeus v aBapum (uHues, Bnacesa u KoctaguHosa, 2018).
3a ocurypsisaHe Ha WHAMBMZYyaneH TeMnepaTypeH koMgopT
npu noaseMHust Jo6MB Ha NONME3HW W3KOMAeMU, WHTEPEC
npencTaBnsBar obreknara 3a YacThyHa 3aluTa Ha TANoTo.

koo™
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CoblyecTByBaT pas3nMyHM BWUOOBE OXnaxgjawm obnekna
(KMNETKM) MO OTHOLUEHWE HA KOHCTPYKUMSTA W OXNaxpalyust
€NTEMEHT.

=  C 800H0-nedeHo oxnaxoaHe;
=  C KOH8EKMUBHO - paduayUOHHO OX/ax0aHe;
=  Cnc cyx n1ed.
OCHOBHWUTE HEAOCTATbLM NPU U3NON3BAHE HA TE3M XMMETKM Ca:
=  HenocpedcmeeH donup Ha oxnaxdawusi enemeHm 0o
4ogewKomo mano (Npu HAKOU 8UOOBE XUNEMKU );
=  Bb3moxHOCM 32 NOKpUBaHe CbC CKPEX Ha
oxnaxdawume efieMeHmu npu memnepamypa Ha
monsoHocumess nod 0 <C npu u3non3gaHe Ha MbHBbK
usonupaw; cnol. Hedocmamvkbm npu no-debenus
crnoll e HamarnsieaHe eghekmueHocmma Ha oxnaw0aHe;

=  OMOKpAHe Ha monsousonupawume efneMeHmu om
nomma Ha pabomewusi npu paboma C noBUWEH
eHepaopa3xol. B pesaynmam Ha mosa me Oelicmeam
kamo cmydeH KOMNpec Ha msnomo.

Bcumuku n3bpoeHn HegocTaTbLyM BOAAT [0 NOBULLIABaHe Ha
pucka OT yBpexdaHe Ha 34paBeTo Ha paboTHUUWTE mopagu
PUCK OT Pa3fNyHW MPOCTYAHM 3abonsBaHWs — MHEBMOHUM,
pagukynuTh, MexaypebpeHu Hepanrum 1 ap. [ipyr CblLieCTBEH
HEe[OCTaTbK Ha oxnaxaawute obrnekna e, Ye HAKOW OT TAX ca
CbC CMOXHA KOHCTPYKLMS (MHOrocnonHuTe obnekna Ha gupma
[perep), Npu KOATO MOSBPXAHETO UM € CINOXHO M W3WCKBa
cneuwanHa nogrotoska. OceH ToBa, Npu paboTa B yCnoBus Ha
BMCOKM TeMmnepaTtypu, NPOLbIKATEN-HOCTTA Ha [elcTBUE Ha
OXNaXaLLmMTe XNUMEeTkM e NpubnM3NTENHO OKONO YETMPH Yaca.
CnepoBatenHo 3a egHa paboTHa cmsHa ca Heobxogumu
MUHAMYM [OBa 0pos XuneTkm 3a Bcekn paboTHMK. 3a
CbXPaHEHWeTO W TpaHCMOPTMPaHETO Ha  oxnaxaaluTte
eNeMeHTI Ha rofsiMa YacT OT Tean CpeacTBa 3a 3aluuTa, obave,
e HeobXxoauMo Hanuuve Ha Gpu3ep, XnagunHa YaHTa wunm
XNMagurHWK, KOeTo Cblo Cb3gaBa HeypobCTBO  npw
usnon3ssaHeto um (Kpunues, 2013). B muHanoto B Hawara
CTpaHa ca npaBeHM OMWTU 33 M3MOM3BaHE Ha OXNaxgalm
XUNETKM B YCNOBMSTA Ha Nperpsieall, MAKPOKNMMAT B HSIKOM OT
pyanuuute Ha CMOK , TOPYBCO". HepgocTatbupTe, obave,
CBbp3aHM C NMOArOTOBKATa, CbXPaHEHNETO W TPAHCMOPTUPAHETO
Ha W13NON3BaHNs B XUNETKUTE OXNaLLAaLl areHT (Neq), Kakto u
Hee(DEKTMBHOTO My OXNaxpgallo [edcTBMe MO BpeEMe Ha
paboTa, BOAAT [O OTXBLPMSIHE HA TOBAa WHAMBMAYanHO
3alLUMTHO cpeacTBo. MoHacTosILeM B HalaTa cTpaHa nunceat
[aHHU 33 U3Mon3BaHe Ha OXNMaxaally KUMETKM KaTo CpeacTBo
3a MHAMBMOyanHa TemnepaTtypHa 3aliuta, npu MOA3EMHWS
L00VB Ha NONe3HU M3Konaemm.

W3non3BaHe Ha NONMMepPHN XUAPOrenoBe 3a
Cb3AaBaHe Ha UHAVBUAYANTHN KOMGOPTHM
yCNoBus Ha TPYA B YCNOBUATA Ha NperpsBaLy
MUKpPOKnMMaT

3a Ja ce noBuLN edheKTUBHOCTTA M NPOABIKUTENHOCTTA
Ha 3allMTHOTO [eicTBMe Ha w3nonssaHuTe obnekna 3a
YacTWyHa TOMNMHHA 3alwuTa, 6e paspaGoTeH MPOTOTUN Ha
OXnaxpaalla XuneTka, ¢ U3non3saHe Ha NoNMMepPeH Xuaporen
kaTo Tonnousonupaly enemeHT. Toll NpeAcTaBnABa HaTpuesa
COM Ha NonuMaKpuiHaTa KucenuHa M MMa cnocobHocTTa Aa
copbupa MHOTrOKpaTHO MO-TONAMO  KOMMYecTBO BoAa OT
coBCTBEHOTO CY Terno. 3apaam TOBa YHUKAMHO CBOWCTBO, Te3N
BeLllecTBa ca HapeyeHu cynepabcopbeHTu.
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MoHacTosiIlleM Ha Masapa OT  oOrpaHuyeH  Gpoil
npou3BOaMTENM Ce npeanaraTt Tpu Tuna cynepabcopbep. B
Tabnuuya 1 ca gapeHu TexHuTe CTPYKTypHU dopmymm n CAS
(Chemikal Abstracts Services) peructpaLmoHH!s UM HOMep.

Tabnumua 1
CYMEPABCOPEEP | CAS Ne CrpykrypHa
topmyna
Monuakpunamug 9003-05-8 | -CH2-CH(CONH2)-]n
Hatpves nonuakpunat | 9003-04-7 [ -CH2-CH(COONa)- Jn
Kanues nonuakpunat | 25608-12-2 |[-CH2-CH(COOK)- ]n

[MbpBuAT NpeacTaBeH abcopbep - nonuakpunamnabT He ce
BNMsie OT CbAbPXKAHWETO Ha CONMK BbB BOZATa 3a pasnuka ot
ApyruTe ABa cynepabcopbepa. Ta3u pasnuka B NMOBEAEHUETO
My Ce AbMXM Ha Hanuumeto Ha amugHa (NH2) rpyna B
CTpyKTypaTa My, [OKaTO HAaTPUEBUST NONMAKpUNaT 1 Kannesust
nonuakpunat uMaT cboTBETHO HaTpues (Nat) u kanues (K+)
JIOH B CTpyKTypaTa. HaTpMeBmMAT 1 kanueBusT ioH paboTaT no-
eheKT1BHO 3a CbOMpaHe v HaTpynBaHe Ha Boga B CTPYKTypaTa
Ha rena, nopagu KOeTo HaTPUEBUAT NONMaKpUnaT 1 kanuesms
nonvakpunat umat 4+5 mbTM no-ronsma abcopbumoHHa
CnocobHOCT KbM AecTunMpaHaTta Boga. lNpoussoguTenute Ha
nonuakpunamug gaeat pasnuyHu CPOKOBE Ha ChLLECTBYBAHE —
ot 18 go 36 meceua. [pogyKTsbT Hamupa NPUNOXKEHMS 3a
cbbupaHe Ha HedT npu pasnuBK, Kato hroakynaHT M 3a
pasgensHe Ha MakpoOMONeEKYNN C PasnnyHO MONEKYNHO Terno,
3a MPeYnCTBaHe Ha 0TNagHW BOAN.

HaTtpueBusT nonmakpunat Mma CregHUTe NpUoXeHus:

1. B npogykt 3a npaHe KaTo CrbCTUTEN B PasTBOPU Ha

XMMOXNOpUA, U3NoN3saH B 13bensaluym cmecy.

2. B xpanutenHata uHgycTpus - Kkato abcopbeHT Ha
TEYHOCTW B MaTepuanu, KoUTo BNW3aT B KOHTAKT C XpaHa;
kaTo [aucnepratop 3a MWHEpanHu NUIMEHTU UM
MbIHWATENW; 3a NPON3BOACTBOTO Ha 3axap.

Mpwm Npon3BOACTBO Ha NnacTMacy.
4. B mepuumHaTa — KaTo OXnaxpallo cpescTso npu TpaBMu
(Moore, 2021).

KanueBnaT nonuakpunar ce u3non3Ba Hai-4ecto B
CEncKOTO CTOMAHCTBO, HO HAaMMPa LUMPOKO MPUIOXEHUE U B

1. Xumuyecka npoOMULLNEHOCT.

2. Mertanyprus;

3. [lpou3BoACTBO Ha ropuea.

4. Tlpou3BOACTBO Ha XapTus v ap.

HaTpueBusT 1 KanueBMAT NONEKPUNAT Ce U3NOoN3BaT U 3a
raceHe Ha noxxapy v npegnassaHe Ha AbPBEHN KOHCTPYKLMKM OT
noxapu. OCBeH TOBa yCMELWHO Ce M3Non3Bar W 3a raceHe Ha
rOpCKM noxapu, noxapu OT HedTonpoadykTM W cbbupaHe Ha
pasnueu oT HedT (HedhTenun netHa) (Yankov, Viadkova, 2018).
B KkomMbWHauWs C pasnMyHW NPOTMBOMOXApHW CPEACTBa,
cynepabcopbepbT Hamupa MpuUNoXeHue npu 3awmta Ha
noXXapHUKapuTe 1 3a crnacsiBaHe Ha Xopa C NpOTUBOMOXapHU
opesna, npegBapuTenHo obpaboTteHu cbe cynepabcopbep.

Ha na3apa cynepabcopbepbT ce npunara B Tpu pasmepa:

=  Manmbk pasmep (SZ)- nog 1000 um, ¢ npeobnagaealia

tpakumsa +800 +1000 um ;

=  CpegeH pasmep(MZ)- ot 850um po 2000um, ¢

npeobnapasalla dpakums +1+-2mm;

= [onam pasmep (LZ)- ot 1700um pgo 4000um, ¢

npeobnapasalla dpakums +2-+-4mm;

HacunHata nimbTHOCT Ha cynepabcopbepa ce u3MeHst ot
718 po 770 xg/m3 (tabnuua 2). KoeduumeHTLT My Ha

w
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pa3byxBaHe e onpegeneH no obuionpuetata MeToaMka npu
NITLTHOCT Ha abcopbepa p = 13250 £ 12 kg/m3.

Tabnuua 2
3bpHomeTpu-  HacunHa | KoedwmumeHt
Pasmep|Kog | 4eHcbecTaB,| nmbTHOCT Ha
[um] [kg/m?] pa3byxBaHe
Marnbk s7 -1000 |785.6 +20.98 1.69
CpepeH| MZ | +850-2000 | 718 £ 154 1.85
lonam | LZ |+1700 - 4000 | 769 + 18.78 1.72

/iameHeHMeTo Ha koeduumeHTa Ha copbumst (dwr. 1),
KOEULIMEHTBT Ha NITLTHOCT (cur. 2), 1 06eMHO pasLumpeHue
(dur. 3) Ha TpuTe Tunopasmepa abcopbep npu HaculiaHe ¢
BOZA Ca ONpeaeneHn ekcnepuMeHTaHo.
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lpoBeaeHnTe eKCIePUMEHTH NMOKa3BaT, Ye C yBenuyaBaHe
Ha pa3vepa Ha KpuUCTanuTe MakcumanHata copbums
HamansBa. BpemeTo 3a HacuwaHe Ha KpucTanuTe C BoAa
HapacTBa C HamansBaHe Ha pasmepa Ha kpuctanure. Tosa
Bpeme ce konebae ot 45 go 60 mMuHyTM 3a Han-mankus SZ
pasmep [0 noBeye OT 7 yaca — 3a Haml-ronemusi LZ pasmep.
HapacTBaHeTO e HenuHEHO 1 ce Npubnkaea 10 kBaapaTUiHa
3aBucumocT (HAPEZBA Ne 15, 1999).

3a wu3cregBaHe CKOpOCTTa Ha  fexwapatauus  Ha
npeanaraHuTe 3alluTHATE CpPeacTBa Npu KOMOPTHN YCroBuS
W B YCNOBWS HA MOBULUEH PUCK OT MperpsiBaHe ce npoBefoxa
[Ba eKCrepruMeHTa.

MoaroToBka Ha eKCnepuMmeHTuTe

OcHoBaHWe 3a NpOBEXOaHe Ha ekcrnepumeHTUTe bsxa
pesynTatute, NOMYYeHUM OT MUNOTHUTE  EKCTIEPUMEHTH,
CBbpP3aHM C 13cnegBaHe Ha oxnaxgawns edekT Ha BPb3KN C
MonMMEPEH XWAPOreN B YCNOBMSATA HAa BUCOKO TEMMEPATYpPHO
HaToBapBaHe. [laHHUTE 1 pesynTaTuTe OT eKCrepuMeHTa ca
nokasaHu B cratusta MacnegsaHus 3a nopobpsiBaHe
YCNOBWSITA Ha TPYA B CPEAM C BUCOKM TeMnepaTypn” C aBTopu
rn. ac. a-p A. Kpunyes n npod. a-p M. Muxainos.

Havannusat eTan Ha paspaboTBaHe Oe cBbp3aH ¢ n3bopa Ha
MaTepuan 1 Mogen Ha xunetkata. /anon3saHusT matepuan
npu u3paboTteaHeTo M 6e CbC ChabpkaHue Ha namyk 80% w
nonuectep 20%. [nowrta Ha xwunetkata Oe paspeneHa
(nvkvpaHa) Ha kBagpatv ¢ paamepu 100/100mm. [Mpeau
noctassiHe Ha abcopbepa B oTAenHUTE KneTku, 6e nauncneHo
TErNoTO My C Lien ocurypsisaHe Ha A0Bbp KOHTAKT C TANOTO Ha
yoBeka Criej BOAOHACWLLAHETO My. 10 TO3M HauMH 0BLWOTO
Terno Ha wanonasanuaT abcopbep crurHa 0,100 kg. OBwwmaT
BM Ha XuneTkaTa e nokasaH Ha cur. 4.

dur. 4.

Cnep 3awuBaHe Ha KBagpaTute, rotoeata Xunetka be
NnocTtaBeHa B Cb C BOAA 3a NOCTUraHe Ha XxuppaTtauua Ha
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abcopbepa. Cnen NbMHOTO HacuWaHe C BoAa TErnoTo
pocTurHa 6,900 kg

MpoBexaaHe Ha ekcnepumeHT Ne 1

LlenTa Ha ekcnepumeHTa Be aa ce onpeaenu ckopocTTa Ha
aexwapatauus Ha abcopbepa M CTeneHTa Ha 3awuta Ha
YOBELLKIS OPraHn3bM Mpu HOPManHK YCroBys.

3a onpegensiHe Ha Taau CKOPOCT, XuneTkaTa be nocTaBeHa
B CPefia C OTHOCUTENHO MOCTOSIHHA TeMnepaTypa 1 BNaXkHOCT
Ha Bb3dgyxa B nepuoga Ha u3mepBaHe. [MpomsHaTa Ha
TemMnepatypara ce konebaelle B OTHOCUTENHO TECHU MPaHULy
o1 17°C po 16,5° C, a Ha BnaxHocTTa — 0T 65% 70 63%.

Ot rpacmkata Ha dur. 5 ce Bukga, Ye CKOpOCTTa Ha
pexugpaTauus € nuHeidHa (yHKUMS, 3aBuUCELLa OT BPEMETO.
lMpomsHaTa Ha TErmoTo Ha wneTkaTa npe3 nepuoga Ha
n3MepBaHe nokasa CMOCOBHOCTTa Ha rena Aa 3agbpka
OTHOCMTENIHO TOMSIMO KONMYECTBO BOAA 3a MPOABITKUTENHO
BpeMe Npu NOCTOSHHA TeMNepaTypa 1 BIaxHOCT. ToBa e Npsiko
CBbP3aHO C BPEMETO W Ha 3aLLMTHO JENCTBIE.

OMNPEOENAHE CKOPOGTTA HA
OEXWOPATALIMA HA ABCOPBEP M3MON3BAH
NPA OXNAXOALLWTE XWNETKWA
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®ur. 5. CkopocT Ha AexuapaTauua Ha rena npu U3non3saHe Ha
nnc

MpoBexaaHe Ha ekcnepumeHT Ne 2

3a u3cnegBaHe Ha e(EKTMBHOCTTA Ha Oxnaxpgaliara
XUNeTKa B YCNOBMSATA Ha BUCOKOTEMMEPATYPHO HaTOBapBaHe,
Oe NpoBefEeH eKCNEPUMEHT Ype3 HarpsiBaHe Ha NpeasiaraHoTo
3alMTHO CPEeLCTBO C NOMOLLTA HA U3TOYHUK HA MHGpaYepBeHa
pagnaums ¢ mowHoct 1500W, pasnonoxeH Ha eanH METbp OT
xuneTkata (cur. 6).

®urypa 6
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Llenta 6e ga ce onpegeny pasnukara B TemnepaTypute Ha
MOAAPELIHOTO MPOCTPAHCTBO 1 MO MOBBPXHOCTTA, MOAMOXeEHa
Ha HarpsiBaHe. 3a Uenta Osixa noctaBeHu [fBa 6post
TEPMOABOMKM (pur. 7) Ha NpeaBapUTESIHO ONpeAeneHn MecTa,
YNMTO MOKasaHMs Ce cneasxa W perucTpupaxa ¢ nomoLuTa Ha
noaxoasiy 3a uenta cogtyep (owr. 8).

our. 7.

~

owr. 8.

Mpean BKMIYBAHE Ha M3TOYHMKA Ha HarpsiBaHe 6Osxa
M3MepeHM TemnepaTypaTa Ha MOBbPXHOCTTa Ha XuneTkara —
13,9°C n TemnepatypaTta Ha 13MnON3BaHNS 3a LenTa MaHEKeH —
18,5 °C. KakTo e BMOHO OT perncTpupaHnTe LaHHW, Hamalle
ronsma pasnuka Mexay 4BeTe TeMnepaTypu. HayanHoTo Terno
Ha xunetkata 6e 6,900 kg. Cnea 3aBbplBaHE Ha
NOATOTBUTENHUTE [EACTBUS W M3MepBaHus Oe BKMHOYEH
W3TOYHUKLT Ha WHdpayepBeHa pagnauus. Ha gpagecetata
MWHYTa N0 MOBLPXHOCTTA Ha XMUreTKaTa 3anoyHa nosisara Ha
ceeTnu netHa (cur. 9). Tosa be Gener 3a akTUBHO M3napeHue
Ha BogaTa OT refia, KOETO MPOALMKM 4O MpekpaTsBaHe Ha
onuta. ObwaTa NpoAbMKUTENHOCT Ha ekcnepumeHTa b6e 60
MUHYTW.

®urypa 9

Cnep npukntouBaHe Ha oOnuTa OTHOBO Osixa M3MepeHu
ABETE KOHTPOIHU TeMNepaTypu:
=  HanosbpxHocTTa Ha xunetkata — 40,8°C;
= Ha nosbpxHocTTa nog xunetkata — 30,5°C.
/laMeHeHneTO Ha TemnepaTypata no BpemMe Ha
npoBexaaHe Ha onuta e nokasaHo Ha dur. 10. K1 e kpuearta,
KOSTO TMOKasBa M3MEHEHWETO Ha Temneparypata nog
BbTpellHaTa YacT Ha xwunetkata, a K2 e kpueata, kosiTo
noka3sea M3MEHEHWETO Ha TeMnepaTypata Ha NOBbPXHOCTTa Ha
Xunetkara.

padhmka Ha TeMnepaTypHUTE pasnuku
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®ur. 10.

MonyyeHnte  pesynTaT¥  NOKasBaT, 4Ye  Bbpeku

WHTEH3MBHOTO HarpsiBaHe Ha MOBBLPXHOCTTA Ha XUNETKaTa,
pasmaxbT Mexay [BeTe TemnepaTypu creg 2,5 MUHyTW OT
HaYanoTo Ha onuTa 0CTaBa OTHOCUTENHO NocTosiHeH 10+-12°C.
Tasn pasnuka ce 3amasBa [0 Kpas Ha eKcnepuMeHTa.
I3mepeHOTO Terno Ha xwunetkata cneg onuta 6e 6,750 kg.
lMonyyeHuTe pesynTaTh gaBaT OCHOBaHWE Aa Ce CuuTa, ye
NpeanaraHoToO HOBO 3alUMTHO CPEACTBO MoOKa3Ba [Lo6bP
n3onupaly, 1 oxnaxgaall epekT npu CpaBHUTENHO HUCKa 3aryba
Ha Terno B pesynTaT Ha u3napsiBaHe Ha Brarata oT rena.

U3Boam:

MomnyyeHnTe [aHHW OT MPOBEOEHUTE EKCTIEPUMEHTU B
nabopaTopHM YCrIOBUS NOKA3BaT, Ye:

1. Oexvgpatauusita Ha rena ce onpedens  oOT
TemneparypaTa 1 BNaxHOCTTa Ha Bb3flyXa 1 NpoThya o
NWHeiHa  3aBucumocT. C  yBenuyaBaHe  Ha
TemnepaTtypata ¥ HamansBaHe Ha BIaXHOCTTa Ha
Bb3fyXa CKOpPOCTTa Ha [exuppatauusi We HapacHe U
obpaTHO — C HamarnsiBaHe Ha TemMnepaTypaTa Ha Bb3gyxa
W yBenW4yaBaHe Ha BNaXHOCTTA CKOPOCTTAa Ha
AexuapaTauus Le Hamarnee.

2. TIpOLbIKMTENHOTO TOMMMHHO HaTOBapBaHe He Bnsie
BbpXy pasnukaTa B TEMNepaTypuTe Ha MoBbPXHOCTTa Ha
KnUneTkaTa 1 NofAPELLHOTO MPOCTPaHCTBO.

3. Pesyntatute 0T onuTa NokasBar, ye pasnukaTa B TernoTo
Ha JkWneTkaTa npeaM W Cried  ekcnepumeHTa e
He3HaumTenHa. Taau pasnuka ce AbIKK Ha U3NapeHneTo
Ha BofjaTa OT OXNakaallysi areHT, KOeTo Oka3Ba BNusHIE
BbPXY BPEMETO Ha 3aLUNTHO AEHCTBHE.
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3aknouyeHue

lMonyyeHuTe AaHHU OT NPOBEAEHUTE EKCMEPUMEHTU Ha
npegnaraHuTe HOBW 3awWuTHU obnekna mnokasaxa peguua
NPeaMMCTBa N0 OTHOLLEHUE Ha OXNaX4aLumMs UM edekT cnpsimo
WHOVMBUOYanHUTE CPeACcTBa, W3MON3BaHW [0  MOMEHTA.
|-|pe,£l,VIMCTBaTa MM Ce ObJiKaT OCHOBHO Ha K3Mon3BaHUs HOB
OXnaxpdall, areHT, u4MeTo [JencTeue ce onpegens  OT
cnoco6HoCTTa My Aa Noema ronsiMo Kornm4ecTBo BoAa 3a KpaTko
Bpeme. 1o TO3M HayMH BpeMeTO Ha 3alWWTHO AeWcTBUe Ha
Xunetkata 3HauuTenHo ce yBenuyasa. OCBeH T0Ba ako npeau
ynoTpeba TemnepaTypaTta Ha OXNaxaallus areHT ce Hamanm ¢
HAKOMNKO rpagyca (4Ypes oxnaxpaaHe), Toea Le AoBene Ao oLe
no-Avnbr nepuog Ha 3aliuMta B YCNOBUATE Ha NOBULLEHO
TemnepaTypHO HaToBapBaHe.

Kato ocHOBeH HefoCTaTbK Ha Xunetkata ce Okassa
BMCOKOTO 11 Terno, koeTo 6u goBeno 4o AuckomdopT v ymopa
Ha paboTelwss NpM HENHOTO W3rnonasaHe. ToBa Hanoxu
Cb3[jaBaHEeTO Ha HOBU MOJENN XUNETKN U ekCnepuMeHTupaHe
ereKTVIBHOCTTa MM Mpu 1U3non3eaHe Ha no-manko Konn4ecTso
oxnaxgal, edekt. Llenta e ga ce cb3fage yHuBepcanHo
3aLUMTHO CPeACTBO (N0 OTHOLLEHME Ha pa3Mepa i), KOeTo MoXe
Ja ce 13nonasa oT BCWUYKW paboTHWLM Npu noa3emeH [obus,
U3BBPLLBALLM AENHOCTU B YCNIOBUSATA Ha BUCOKM (DU3NYECKM U
TONNMHHM HAaTOBapBaHUA, He3aBMCUMO OT NHAMBUOYANTHUTE UM
0CcOBEHOCTH - BUCOUMHA 1 TErTIO.

Nutepatypa
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THERMODYNAMIC METHOD OF THE DESCRIPTION OF THE SYMBIOTIC
RELATIONSHIP BETWEEN HUMANITY AND THE ENVIRONMENT

Mihai Petrov

University “Prof. Dr. Assen Zlatarov”, 8010 Burgas; E-mail:galantusgratus@abv.bg

ABSTRACT. Human beings are not only complex physiological systems but also social ones. The normal state of a human being is ensured by the complex
symbiosis between the Society in general and the Biosphere as the sources of continuous development and improvement, being in a process of permanent symbiotic
interaction. A human being is a complex thermodynamic system and the application of the laws of thermodynamics gives the special expression of the energy
consumption per day that is of the order of 10700 (kJ). The recovery of the respective energy expenses is performed by the food consumption in the form of
qualitative lipids, fats and proteins, otherwise it quantitatively leads to the development of various diseases. Most diseases come precisely from air pollution, as well
as from the consumption of poor quality food, both being the negative factors that lead to deviation from the stationary state and the equilibrium of the symbiosis with
the Biosphere. Anthropogenic pollutants have negative effects on atmospheric composition. Carbon dioxide is one of the largest components of all pollutants with a
negative effect on the human respiratory system. Polluting aerosol particles have the same negative effects. The modern task remains to always find an optimal
solution to reducing anthropogenic pollutants in the atmosphere and biosphere.

Key words: human being, energy consumption, Biosphere, carbon dioxide, anthropogenic pollutants.

TEPMOAWHAMWYEH METO[ 3A ONMUCAHUETO HA CUMBUOTUYHA B3AUMOBPB3KA HA YOBEYECTBOTO U
OKOIMHATA CPEJIA

Muxati lfempos

YHusepcumem ,[pocp. 0-p AceH Snamapos®, 8010 bypeac

PE3IOME: YoBekbT € He camo CrioxHa (u3nonorinyHa cucTema, Ho W CrioxHa coupanHa. HopManHoTo CbCTosHWE Ha YOBEKa Ce OcUrypsiBa OT CroxHaTa cumbuosa
mexay OBLLecTBOTO KaTo LANo 1 broctepaTa 1 Te ca kaTo M3TOYHMLIM HA HEMPEKBCHATO PasBUTME M YCbBBPLUEHCTBAHE, HAMUPALLY CE B NPOLIEC Ha NOCTOSHHO
CMMBMOTMYHO B3anMOAECTBIE. YOBEKLT € CrOXHA TEPMOAVHAMWYHA CUCTEMA M MPUNAraHeTo Ha 3aKOHUTE Ha TePMOAMHaMUKaTa Ce OMMCBa KONMMYECTBEHO Ypes3
13pasa Ha KOHCymaLusiTa Ha eHeprus Ha feH, kosTo e ot nopsgbka 10000 (kJ). BbacTaHoBSBaHETO Ha CHOTBETHUTE EHEPIUItHM Pa3Xxoan Ce OCbLLECTBSBA OT
KOHCYMaLMsiTa Ha XpaHUTENHN BelLeCTBa NoA opmaTa Ha KauecTBEeHN NUMUANM, Ma3HUHU U NPOTEMHN, MHAYe B MPOTUBEH CRyyail BOAW KOMUYECTBEHO A0 pa3BuTie
Ha pa3nuyHm 3abonseanus. MoBeyeTo 3abonsBaHNA WABAT MMEHHO OT 3aMbPCABAHETO Ha Bb3AyXa, KAKTO 1 OT KOHCYMaLWATa Ha HeKa4yecTBEHN XpaHu, KoUTo ca
HeraTMBHUTE (haKTOPK 1 BOAST KbM OTKMOHEHMETO OT CTaLOHapHOTO CLCTOSHIUE U PaBHOBECHE 3a cmbrosata ¢ Grocteparta. AHTPONOreHHUTe 3aMbpCUTEN UMaT
oTpuLaTeneH eekT BbpXy CbCTaBa Ha aTMocdepaTta. BurnepogHuaT ANOKCUA € eAnH OT KOMMOHEHTUTE C Han-roNiaM AN OT BCUYKKA 3aMbPCUTENN C OTpULATENEH
edeKT BbPXy ANXaTenHaTa cucTeMa Ha yoBeka. 3aMbpCABaLLMTe aepo30MHN YacTULM UMaT CblLUTe oTpULaTenHn edekti. CbBpemMeHHaTa 3afaya BUHarv octasa
Aa ce Hamupa ONTUMArHOTO PeLLeHe 3a HaMmansBaHe Ha aHTPOMOreHHUTe 3aMbpcUTENN B aTMoctepaTa 1 Brocdepata kato Lsno.

KniouoBu AYMU: Y0BeK, N3pa3xoaBaHe Ha eHeprus, 6v|occpepa, BbrnepoaeH AMOKCKA, aHTPOMOreHHN 3aMbPCUTENN.

Introduction material goods created by the people, and the biosphere can
be represented by the diagram (Fig. 1). The diagram shows

Human beings play a great role in the existence and the interaction between the components of this system by the
maintenance of the ecosystem and of the biosphere as a arrows. The Corresponding interaction between people and the
whole. From this environment, human beings use a lot of ~ mMaterial goods is explained trivially as follows: people use
natural resources and the most important components them to guarantee their normal physiological, physical, and
providing the existence of a normal physiological state of spiritual satisfaction as vital elements to ensure a long vital
human beings. Without the biosphere, humanity cannot exist period for their existence. The biosphere, as a huge mass of
and act normally if that biosphere is depleted or destroyed. plants, animals, and natural resources, provides, directly or
Recently, this biosphere has been subjected to a destructive indirectly, the use of these elements to ensure a normal life
action leading to the ecological catastrophe. process. At the same time, the task of man is to ensure the
Human beings as a whole are the integrative component of ~ €Xistence of this component of the system. Water as a major
this system and therefore there is a symbiosis with this vital component ensures the existence of the whole subsystem
environment. The symbiosis must be stable for a long time by maintaining a natural plant population and existence of
guarantee the future generation the normal existence of this humanity in general. Today's current situation is such that the
system' This symbiosis between humanity, the sphere of biOSphere, reaChing its maximum eVO'UtiOﬂaI’y deVG'Opment in
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symbiosis with the human being, is exposed to risk factors as a
result of human activity of the achievement of modern
technologies. Waste products originating from anthropogenic
activity become problematic sources of pollution of the
ecosystem and the final result is that the air contains larger
amounts of pollutants.

Sphere of material
goods

7
F

Fig. 1. Diagram reflecting the existence of the equilibrium and
steady state of the complex system: Humanity-Material products-
Biosphere

The substances that are the most common air pollutants
are:

+ Carbon dioxide;

+ Carbon monoxide;

* Hydrocarbons;

+ Aldehydes;

+ Radioactive substances and heavy metals;

+ Sulphur dioxide - Sulphur dioxide SO: is a colourless gas,
which is a product of volcanic eruptions and various industrial
processes. Sulphur dioxide is usually released during the
combustion of coal and oil. Further oxygen enrichment and
reactions with water lead to the production of H2SO4 (sulphuric
acid) and acid rain;

+ Nitrogen oxides.

The consequences of air pollution are as follows:

+ Greenhouse effect,

* Dust particles,

* Increased ultraviolet radiation,

+ Acid rain,

* Increasing ozone concentrations,

* Increase in nitric oxide levels

The origins of pollutants are:

1. Natural sources:

+ Volcanic eruptions;

* Fires;

* The process of decay and respiration of humans and animals;
* Processes below the earth's surface.

2. Pollutants as a result of human activity
* Motor vehicles - cars, planes;
+ Power plants, ; factories, and other industrial enterprises;
+ Burning of wood for heating;
+ Oil stations;
+ Organic waste that releases methane;
+ Chemical, biological, and nuclear weapons.

Pollution from diesel engines: Emissions from motor
vehicles are among the biggest factors for air pollution. Carbon
monoxide is poisonous and, if inhaled in large quantities, can
cause suffocation or death. Sulphur oxide and nitric oxide are
also poisonous gases. In larger doses, carbon dioxide makes it
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difficult for animals and humans to breathe. The accumulation
of this gas in the atmosphere also leads to general warming of
the planet (greenhouse effect). In high-traffic settlements and
other places where fuels are burned, the air contains large
amounts of carbon dioxide, carbon monoxide, and other
polluting gases that pose a threat to human health.

Air polluted with nitric oxide and sulphur oxide dissolves
well in the small water droplets forming the clouds, which result
in acid rain and affects plants, corrodes metals, and destroys
rocks, buildings, cultural monuments. When such rain falls over
rivers and lakes, some of the animals in them die. Pollution
from human waste is the biggest problem for the ecosystem.
About 150 million tones of plastic float in our oceans, and
another 12 million tonnes are added each year - 500,000
tonnes from Europe alone. This is equivalent to huge amounts
of plastic, enough to fill the 180 trucks that are dumped into our
waters every day. Landlocked countries are not excluded: for
example, about 40 tonnes of plastic make their way from
Austria across the Danube to the Black Sea each year. These
data are presented by Rinku Verma, K.S. Vinoda, M.
Papireddy, AN.S. Gowda (2016). We are surrounded by
plastic which is a disposable package. These ineffective
materials are described by Hannah Ritchie, Max Roser (2018).
In the first decade of this century, more plastic was made than
all plastic for the past 2,000 years. And every year, tons of
plastic end up in the world's oceans. Studies estimate that
there are now 15 trillion pieces of plastic in the world's oceans.
The problem is growing into a crisis. Urgent action is needed to
tackle the global epidemic of plastic pollution.

Bioeconophysical entropic approach for describing the
equilibrium and steady state of the components of the
complex system of the biosphere

The physical law of the conservation of energy is not only a
pure physical law for the explanation of the phenomena from
pure physical thermodynamic point of view. It has a much more
universal character which is the basis for all processes and
phenomena in nature and the biosphere as a whole. The latest
integration scientific platforms, which include a whole arsenal
of all scientific fields, try to explain deeply the processes of
socio-economic phenomena in symbiosis with the humanity
and the natural resources in the biosphere. This explanation is
given by Tei, Chung and Savoiu (2018).

The equilibrium processes in nature and society can be
explained by thermodynamic aspects leading to the
development of the new scientific platform - bioeconophysics
(ibid.). It uses the entropic approach that serves as a
parameter for qualitative and quantitative assessment of the
current state of this complex system: Humanity-Material and
spiritual  goods-Biosphere.  According to this entropic
bioeconophysical concept, the following points and goals are
proposed to be taken into account:

* The Earth has limited resources and energy reserves;

* Production is governed by the complex transformational
efficient process of limited supply of raw materials and energy;

+ The laws of conservation of principles and conservation
of energy are fundamental.

The rapid development of society over the past 400 years
implies a disturbance of the balance and equilibrium of the
components of the biosphere. An elementary example when
describing the process of photosynthesis in plants is the
following: the whole mass of carbon dioxide is derived from the
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corresponding mass of plants in the biosphere and if the
amount of carbon dioxide in the air does not change over time,
then the corresponding balance and equilibrium is maintained.

Entropy is not just a pure thermodynamic quantity that
explains the reversibility of the process from thermodynamic
point of view. It also shows an evolutionary process or
development of this complex system. From a statistical point of
view, entropy also depends on the number of components in a
given system. An increase in the number of components of this
system leads to an increase in entropy. The purely
thermodynamic description of entropy says that for a closed
system, the entropy remains unchanged and in principle the
processes have properties of reversibility.

If applied to the complex system Humanity-Material and
spiritual goods-Biosphere, then this system is closed with
respect to the open space of the great distance from the Earth
(distance where the humanity has reached by spacecraft) and
can be distinguished by some "mental barrier" or "membrane"
that closes this system and then, according to the
thermodynamic theory, the processes are in equilibrium in this
complex closed system; then the respective entropy is
maximum and stable with the same average value over time.

This is true when the technological and production process
has reached a high level of development and there is no
development in the evolutionary plan for some improvement.
The other elements of this complex system "adapt" or "get
used" to this level and the system as a whole is in a stationary
state. The corresponding levels and quantities of the plant
world are set to an average value and the other components,
such as the animal world, are accordingly "adjusted” to this
level. This is one of the complex philosophical aspects for the
explanation of the processes in nature in general. The
corresponding component of material goods increases its
quantity of the components for the case of evolutionary
progress in the technological aspect and the resulting entropy,
which consists of the three components, can in principle
increase, decrease, or be the same level. The resulting entropy
may decrease due to of the large decrease of the entropy of
Biosphere because of the presence of pollutants and of the
destruction of the natural population of animals and plants.
Each component of this complex system is characterised by
the amount of structural components and natural resources.
The concept of entropy of this complex system, that de facto
means an approach for the explanation of evolution or
development over time and the reversibility of processes, has
the following expression:

ds

m.p.

dt

ds_ds,, |
dt dt

dSb—ra

1
dt g

The indices are: h.b. - human being or human population;
m.p. - the sphere of material goods (products); b-ra -
biosphere.

When we discuss human entropy, the following can be
clarified: the respective entropy is taken into account not only
as a large number of populations, but also as the health status
of human beings. From a biophysical point of view, a human
being is an open system with respect to the other components
of this complex system. For a person to appear in a normal
physiological state and to exist for a long time, it is necessary
to have a constant exchange in terms of intake of quality
nutrients and also of material goods (housing, clothes, etc.)
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and spiritual development (education, art, training, spiritual
performing, etc.).

These important human aspects can exist at a normal rate
if the relevant components of this complex system are at least
in a steady state, if not in an equilibrium state.

Excessive overproduction in the conditions of over market
competition leads to an increase in the corresponding entropy
of material products. There may be a situation where a part of
this area will not be used effectively, and only some important
structural elements can be used effectively by human beings.
There are also such paradoxical moments as: "something is
used once for a short time and then discarded ...", or when we
talk about bottled products in the form of plastic, then this part
which is a pollutant for the seas and oceans will be inefficiently
used. Recently, the process of recycling of waste products has
been used in order to reduce environmental pollution.

The corresponding evolutionary entropy component of
material products, de facto, consists of two parts: the effective
part and the inefficient part:

ds

m.p.

dt

— dseff + dsineff (2)

dt dt

The effective part of the material goods in this area
ensures the normal state of health of the person:

dSeff
dt

_dS,, ©)
dt

The corresponding biosphere is accumulated with
inefficient waste and then the entropy component of the
biosphere will again consist of two subcomponents:

ds

b-ra _

dt

ineff

dt

dS's-ra _ dS
dt

(4)

The minus sign of Sier means that the biosphere as a
whole is depleted (destroyed) due to the presence of waste
products in the environment, and then the residue part of the
natural biosphere may decrease over time. If Sier for example
consists of carbon dioxide, then a certain amount of this
carbon dioxide can be used during the process of
photosynthesis and the condition of stationary state

dS/b—ra H AR

22 27 _ g gives the expression:
dt

dSkHa _ dsineff (COZ) (5)
dt dt

This is the case when the amounts of carbon dioxide are
within normal values for the ambient air and the corresponding
amount of the population of the plants is maintained at the
normal values. The case when the amount of carbon dioxide
exceeds some critical value, then:

dSineff (COZ) > [dsbfra j
dt N dt crit

(6)

Then, it is the case of the cumulative accumulation of the
excess carbon dioxide that, over time, leads to the greenhouse
effect. Its value, respectively, leads to the gradual slowing
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down of the self-destruction of the biosphere (some species of
plants, populations of animals, marine animals and fish, etc.
disappear over time). The multi-step process of photosynthesis
is usually represented by a summary equation:

6CO, +6H,0—">C_H,,0, + 60,

The resulting entropy of the process of glucose formation
during the photosynthesis is negative. This description is given
by Costanzo, E. and Rubbino, A. (1979), as well as in Entropy
and Biology photosynthesis (2021).

The decrease of the entropy during the photosynthesis is
related to the complex process of the transformation from an
aggregate gaseous state in the form of carbon dioxide to a
solid state as the form of glucose. In fact, we know from the
thermodynamic point of view that the entropy decreases with
the transition into the solid state. According to expression (5), if
the inefficient part decreases over time due to the fact that the
respective quantity of this part decreases, then:
S e (C02)<Oand then the evolution of the entropy of the

dt

component of biosphere is negative ds,

<0, showing the

thermodynamical aspect of the transformation from gas into a
solid state as the form of glucose. For the cases when there is
an accumulation of plastic waste in the environment, it
decomposes slowly. There is no natural mechanism for
bioconversion of plastic waste to any final product that will be
useful (efficient) for the biosphere. Rather, it will always remain
an inefficient product with a destructive effect on the biosphere.
Therefore, the initial task at the legislative level is to develop
regulations in order to prevent the presence of plastic waste in
the environment or, rather, to stop the production of these
plastic materials in the near future.

Energy based on chemical fuels is the biggest pollutant of
the atmosphere. As a result, in addition to carbon dioxide and
sulphur dioxide, the type of the acid rain is formed. Acid rain is
the precipitation that is abnormally acidic due to the elevated
levels of acidity (pH<7). It often has a detrimental effect on the
plants, marine life, and infrastructure. Acid rain originates from
the emissions of sulphur dioxide and nitric oxide; which react
with the water molecules in the atmosphere and form acids.
This is described by Carter N. Lane (2003).

All chemical fuels contain a higher percentage of sulphur.
Hydrogen sulphide that is obtained from the decomposition of
organic matter reaches 100 million tons. Sulphur is also found
in oil. Sulphur in the atmosphere exists in the form of
compounds - hydrogen sulphide, sulphur dioxide, sulphur
trioxide. These gases dissolved in water droplets are found in
clouds and fog and form sulphuric acid. This is how acid rain is
produced. Nitrogen oxides (formed under the influence of high
temperature in internal combustion engines) are an integral
part of car flue gases and automotive gases. In the same way,
when they react with water vapour in the clouds, they form
nitric acid, which in turn is another component of acidic rain.

The destructive effect of sulphur dioxide has the result of
the dead forest, especially in areas where thermal power
plants or heavy machinery companies operate. Sulphur dioxide
also acts directly on plants, passing through the leaves and
dissolves in the vital juices, oxidising them to form sulphuric
acid which is harmful to living matter. Initially, sulphur dioxide
damages the cells.
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Another type of pollutant is the material particles. Fine dust
particles are part of atmospheric dust. The current definition
comes from the National Air Quality Standard for Particulate
Matter (PM) introduced in 1987 by the US Environmental
Protection Agency (PM-Standard). This is described by James
H. Vincent. The original definition of fine particulate matter was
based on the 1959 Johannesburg Convention and assumed a
particle diameter limit of 5 um. These aspects are described in
"Air quality criteria for particulate matter".

Fine dust particles affect human health and are responsible
for increasing cases of allergies, asthma attacks, respiratory
disorders, lung cancer, and an increased risk of otitis media in
children that are described by Lee YG, Lee PH, Choi SM, An
MH, Jang AS.(2021).

Substituting expression (3) into (2) and (2) into (1),
respectively, we obtain:

dj =2. dSh.bA + dsineff + dsb—ra (7)
dt dt dt dt

Expression (4) gives:

/
dSb—ra — ds b-ra + dSineff (8)
dt dt dt

The substitution of (8) into (7) gives:
ds _ 2 dSys 42 AS e + dS’b-ra 9)
dt dt dt dt

The condition of the whole system being stationary is valid
when the entropy of this whole complex system is constant
over time:

ds
P (10)
Then:
2_ dSh.b + 2 dSineff + dslb—ra _ 0
dt dt dt
2. dsh.b — _2' dSineff _ dslb—ra : (11)
dt dt dt
dSpp dS; et 1 dS’h-ra
dt d 2 dt

The entropy human being can be considered to be almost
unchanged (slightly changed) for a wide interval of time, of the
order of ten years, and is shown by Carlos Silva and Kalyan
Annamalai (2008), (2009) (Fig. 2).

Entropy Generation Rate per body mass, Low Active PALI

— Male
%0 | ==~ Female

kg, K, per trimester

Fig. 2 The rate of generation of entropy of human being (by
Carlos Silva, Kalyan Annamalai)
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ds

Then 7dh-b- = (0 and the respective expression is:
t
_OSp 1dShr dS; e _1 dS's ra (12)
dt 20 dt dt 2" dt
/
dS b-ra _ 2 dSineff (13)
dt dt

Expression (13) points to a very important moment: when
the inefficient part decreases with time as a quantity (Sine<0),
then (Sh-a >0), i.e. there is at least a double increase for the
biosphere component in the parameters that describe the state
of the biosphere. This is described in the World disaster report
as: "The United Nations Intergovernmental Panel on Climate
Change (IPCC) announced early 2001 that the Earth's
atmosphere would warm twice as fast as ten years ago."

Another example that shows twice the amount of the
structural element of the biosphere is described by David
Wallace-Wells, (2017) as: "The permafrost in the Arctic
contains 1.8 trillion tons of carbon, at least twice as much as is
currently in the atmosphere."

The condition of stationarity of the whole system (10) with
the direct application of expression (1) gives the following:
ds

S,y ds

m.p. b-ra _ (14)
dt dt dt
The maintaining of the life of the human being dSy,, is
dt
based on these two components: material products dSy,,
dt
and the biosphere
dSy ., - dSy, - dsm-p- _ dS, ., (15)
dt dt dt dt

Throughout one’s life, one consumes the important
elements of the biosphere (oxygen, water, natural resources,
etc.), as well as in the sense of accumulating of material goods
to maintain one’s normal physiological and spiritual state.
Cumulative entropy reaches the plateau for the rest of one’s
life. In childhood and youth, the condition is characterised by
an increase in the value of cumulative entropy (Fig. 3).

Quantitatively, the following result is observed from
expression (15).

Cummulative Entropy Generation per body mass, Low Active PAL

— Male
--- Female
12000

10000

x.
g
g
3

0 10 20 30 40 50 60 70 80 20
Years

Fig. 3 Cumulative entropy generation per body mass (by Carlos
Silva, Kalyan Annamalai)

If there is a depletion of the biosphere for an elementary
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time interval, then dSp-a<0 and the material products related to
that can decrease dSmp<0, then dSh»>0 and relating to this
we get that human entropy increases.

The increase in human entropy also occurs for the cases
when the person is ill or manifests a pathological condition for
a long period of time (development of chronic diseases) due to
the fact that the biosphere contains more and more poor
quality elements.

With the increase of the age of a human being, the sphere
of material goods becomes more and more insignificant and it
loses its important role, and the achievement of the plateau in
Fig. 3 is reached. The mediators or enzymes for motivation,
stimuli for life and human activity throughout life, are serotonin,
dopamine, norandrenaline which are described by Dfarhud,
Malmir and Khanahmadi (2014).The reduction of these
mediators leads to a lack of motivation and human activity and
the result is the increasing of entropy.

Quantitative expressions in the field of material goods
have been described in detail in scientific works with the
application of the concept of bioeconophysics by M. Petrov
(2019), (2020), (2021). This is based on the physiological state
of a human being of the receptor interaction of the relevant
organs with the intake of substances with different molar
masses in the form of nutrients and drugs by the application of
the laws of thermodynamics with a complex econophysical
approach. The energy necessary for a human being that is
expressed in J/moles depends on the molar mass M of the
substance (food, medicals, water, air, etc.), the quantity in
moles of the receptors vrec = Mboody/Mbody, pre-exponential factor
A in hours minus one (h-), dose interval T for the receiving of
substances in hours, dose mass or food mrin grams.

2M-R-T-m AT

body [ (16)
M .My IN2 4.In2

mole —

j; [J/mole]

Numerical values of the respective kinetic parameters: A =
0.53 h'; 1= 6 h; m = 500 g (mr - average mass of nutrients
and other components).The average molar (effective) mass of
the human body is about 20 (g/mol) that is described by
Helmenstine and Anne Marie (2020). The number of moles of
nutrients per intake is v = m¢/M and the corresponding total
value of Pis:

P=P

2.RT.m
mole "V = body .In il
M, ..In2 4.In2

body *

(17)

Interestingly, the substitution of the numerical values for
the corresponding parameters into (17) are: Mooy = 70 kg =
70000 g, A = 0.53 h*; 1= 6 h, Mbody = (20 g/mol) we get P =
10700233 (J ) = 10700.233 (kJ). The values for the energy
expenses for the human body for a single day are of the order
of 10000 kJ. Reimbursement of the corresponding energy
expenses is performed by the intake of food in the form of
lipids, fats, and proteins, provided that ineffective harmful
components in food are missing; otherwise this quantitatively
leads to increased human entropy and, in turn, to the
development of various diseases. Exposure to dangerous
chemicals is also a problem, which is mentioned by Aimada,
Golden, Osofsky and Myers (2017).

Humans can be exposed to a wide range of dangerous
chemicals. The volume of chemicals used today and the
continued growth of chemical production show that their impact
on humans and the environment will continue to grow. This
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raises concerns about the health consequences of exposure to
chemical mixtures throughout our lives, especially during
vulnerable stages of life, such as early childhood, pregnancy,
old age, with the development of allergic states.

It is very important to mention that the described
expressions are the ideal cases when the human physiological
system works only with the consumption of effective
substances that ensure a standard and normal physiological
state.

Conclusions

The state of ecosystems in symbiosis with a human being
is in an evolutionary state with the change of the entropy of
both the biosphere and the human being. The number of new
diseases increases with time. New epidemics with unknown
aetiologies appear and all these new epidemics are based on
the current state of the ecosystem which is polluted with more
and more increasing quantity of ineffective elements.

Human health is influenced by a number of very complex
factors. The elements of the biosphere and the components of
material products exert influence on human health. In fact, a
perfectly healthy person can be characterised by minimum
possible entropy. This minimum value is obtained when the
human being consumes more increasing effective elements
like qualitative foods and water and employs a varied planning
of activities: trips, rest in the fresh air in tourist complexes,
sports, hobbies, etc. All of the above-mentioned additional
effective elements give higher values of entropy (increasing
variety of useful activities) and, respectively, the human being
will have more or less entropy.
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INCREASING METHANE YIELD DURING ANAEROBIC DIGESTION BY AN OUTSIDE
INTEGRATED MICROBIAL ELECTROLYSIS CELL

Mariya Popova, Polina Velichkova, Anatoliy Angelov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: maria.popova@abv.bg

ABSTRACT. An integrated anaerobic reactor-microbial electrolysis cell system has been created, which has been moved out of the reactor volume. This has several
advantages over the one integrated inside the anaerobic reactor: it does not disturb the working volume and is easier to operate and control. The kinetics of biogas
production was monitored by comparing the data obtained from the hybrid system and the stand-alone anaerobic reactor. The results show an increased methane
yield (from 75 to 88 %), better biodegradability of organic matter (from 66 to 89 %), and purification of ethanal stillage from sulphates in the integrated system (from
860 mg/l to <1 mg/l). In addition, the process of generating biogas in the hybrid system is more stable.

Key words: biomethane, microbial electrolysis cell, anaerobic digestion, ethanol stillage.

MOBULLABAHE JOBMBA HA METAH MO BPEME HA AHAEPOBHO PA3IrPAXOAHE YPE3 UHTEFPUPAHA BBHLUHA
MWKPOBHA ENEKTPOJIU3HA KNETKA

Mapus lMonoea, Monuxa Benu4kosa, AHamonuii AHzenos

Munro-eeonoxku yHusepcumem ,Cg. Uear Puncku®, 1700 Cogpusi

PE3IOME. Cb3gazieHa e UHTerpupaHa cuctema aHaepobeH peakTop-MUKpoGHa enekTponuaHa KieTka, KosTo e M3HeceHa U3BbH 06ema Ha peakTopa. lMpeguMcTeata
npes WHTerpupaHa B obema Ha aHaepoGHUS peakTop ca HAKOMKO — He Ce Hapyluasa paboTHUAT 0beM, MPOLECHT e Mo-NeceH 3a paboTa u ynpaenexue. KuHetukara
Ha Mpou3BOACTBOTO Ha Guora3 Gele HabntogaBaHa Ypes cpaBHsIBaHe Ha AaHHWTE, MOMyYeHW OT xubpuaHaTa cucTemMa W CaMOCTOSITENHUS aHaepobeH peakTop.
Pesyntatute nokassat noeuieH fobuB Ha meTaH (0T 75 go 88 %), no-gobpa GuopasrpagumocT Ha opraHuyHaTa mMatepust (0T 66 o 89%) u npeuncteaHe Ha
cnupTHaTa Wwnemna ot cyndaty (o1 860 mg/l fo <1 mg/l) B uHTerpupaHata cuctema. OcBeH ToBa MPOLIECHT Ha reHepupaHe Ha 61uoras B xubpuaHata cuctema e ro-
crabuneH.

Kniouosu AyMu: 6romeTaH, MMKpO6Ha €NEeKTPONn3Ha KneTka, aHaepoGHo pasrpaxaaHe, CnupTHa Wwnemna.

Introduction eliminate the disadvantages of conventional anaerobic
digestion (AD), such as sensitivity to changes in environmental
The treatment of wastewater from various industries is an conditions, accumulation of volatile fatty acids, and others. CHs
important step in protecting the environment. The ethanol yield and biodegradability in AD remain low and in most
stillage is a liquid waste obtained after ethanol distillation from processes only 50% to 60% of organic materials are converted
alcoholic fermentation of starch-containing raw materials. It is a to biogas, while the rest is converted to CO» and other
potential environmental pollutant because of its high acidity intermediates.
(low pH), organic load (COD), and sulphates, which disrupt soil In a microbial electrolysis cell (MEC), the organic substrate
structure and water quality. Due to the high content of reducing is oxidised by electrochemically active bacteria, which leads to
sugars and volatile fatty acids, it can be subjected to additional the production of protons and electrons at the anode. Electrons
fermentation to generate bioethanol, but anaerobic digestion are transferred to the anode surface by exoelectrogenic
(in particular methanogenesis) would be most suitable for bacteria and protons are released into the solution. Thus, the
waste disposal because it also generates energy in the form of electrons pass through the outer circuit to the cathode (Arvin et
biogas (Choonut et al., 2015; Fuess and Garcia, 2015). The al.,, 2019). Previous studies have reported that applied voltages
resulting biogas is a renewable energy source. After further can increase COD removal, accelerate the conversion of
purification of its methane from CO2, H2S, and other gases, it~ Volatile fatty acids, increase methane content, increase
can be used for electricity and heat, as well as for automotive methane production, and maintain optimal pH levels for
fuel. methanogenic growth (Guo et al., 2013). A hybrid AD-MEC
In recent years, work has been done to optimise the system has high efficiency, low cost and is easier to operate.
process in order to reduce the cost of biogas treatment and The MEC as a biosensor can be employed to monitor a biogas
increase methane production in it. One of the promising fermentation process by measuring a volatile fatty acids
technologies is the integration of bioelectrochemical systems concentration (Yu et al., 2018).

(BES) into the anaerobic reactor (Xie et al., 2021). They
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Literature abounds in articles on integrated microbial fuel
and electrolysis cells in the volume of an anaerobic reactor
(Adekunle et al., 2019; Arvin et al., 2019; Bajracharya et al.,
2017; Cerrillo et al., 2018; Cheng and Kaksonen, 2017; Logan
and Rabaey, 2012; Pham et al., 2006), but there is no
information on exported MECs outside the reactor volume.

This report presents an integrated microbial electrolysis
cell outside the volume of an anaerobic digester and compares
the biogas production kinetics between the AD-MEC hybrid
plant and an unmodified stand-alone reactor.

Materials and methods

An integrated AD-MEC system outside the reactor volume

The scheme and photograph of a laboratory installation is
shown in fig.1. The anaerobic reactor is made of stainless steel
with a working volume 5 dm3. Graphite plates measuring 100 x
100 x 6 mm were used for the electrodes. Recirculation pumps
moved the flow. Biogas was collected in gas bags which were
attached on the top of the anaerobic reactor. The cathode and
anode electrodes were connected to the power supply, with an
external resistance of 10 Q.

Fig. 1. The technological scheme and photograph of an
integrated AD-MEC system.

Legend: 1- substrate input, 2-anaerobic reactor bioreactor (UASB), 3-
microbial electrolysis cell (MEC), 4-recirculation flow, 5-load chain of
the MEC, 6- substrate inlet pump, 7-biogas, 8- reactor outlet.
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It was proved that the supplied voltage had positive effects
on COD removal. Microorganisms can be inhibited when
exposed to high electrical potential (> 1.0 V). Results indicated
that the higher voltage (> 0.8 V) led to lower growth rate, lower
metabolic activity, decrease of COD removal efficiency and
methane yield. In conclusion, the optimal applied voltage for
wastewater treatment was 0.8 V. Information provided will be
useful to design a reactor and maintain industry practice (Ding
et al., 2016). Ding et al. found that COD removal efficiency
increased at 0.8 and 1.0, but it was more economical to apply
0.8 V due to costs. Therefore, we apply 0.8 V to the AD-MEC
system.

Wastewater and activated sludge

Wastewater (ethanol stillage) was obtained from an
ethanol plant in the village of Svetovrachene, Bulgaria. After
obtaining the ethanol stillage, it was stored in a cool place at
4°C. Before using it, the wastewater was neutralised to pH 7.5
with NaOH.

The activated sludge was taken from a working methane
tank in “Almagest”, the village of Verinsko, Bulgaria.

Analytical methods

Chemical oxygen demand (COD) was measured with a
Hanna instruments kit. The contents of CO2, CHs, H2S, and Hz
in the generated biogas were measured using a portable
"Draeger X-am 7000" gas analyser. The biogas production was
measured by Milli-gascounter MGC-1, Ritter. The sulphate
concentration was determined employing the spectro-
photometric method at A 420 nm with the use of BaClz as a
reagent. The pH was measured using a pH meter (Hanna
instruments) and was maintained around 7 with a solution of
NaOH.

Results and discussion

Fig. 2 shows a comparative graph between the kinetics of
biogas production from an ethanol stillage in an anaerobic
reactor with and without MEC. The inoculum represents 10%
of the volume of the wastewater in the reactor. The process of
biogas generation was monitored for 15 days in a continuous
mode of wastewater supply. The composition of the biogas
was measured daily and chemical analysis was periodically
performed - determination of COD and sulphates at the inlet
and outlet of the installation, dissolved hydrogen sulphide in
the liquid phase leaving the reactor.

Kinetics of biogas production
35
30

25
20 —e—AD

Volume of biogas, |

15 —8—AD-MEC

10

200 300 400 500

Time, h

Fig. 2. Comparison between the kinetics of biogas production in
an anaerobic reactor with and without MEC
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As can be seen from the graph (fig. 2), in the combined
AD-MEC system on the 7th day (168th hour), the biogas
produced is almost twice as much as in the anaerobic reactor
without MEC - 20 and 11 litres respectively. Then, the kinetics
begins to slow down and equalise with that in a system without
MEC, reaching a point of intersection after the 15th day (360th
hour) - around 30 I. It is also noted that the process of
generating biogas from the hybrid system is more stable than
in a process without a MEC.

In fig. 3, the gas composition of the produced biogas in
both modes is shown. The methane production has increased
from 75 to 88 % with the integration of a MEC into the reactor.
The methane generated in the course of 15 days is 21.392 | in
a system without a MEC and 27.320 | in an AD-MEC system.
The CO2 content decreases from 4,848 | to 3,105 | after
external voltage application, and along with hydrogen, they are
converted into methane. Hydrogen sulphide disappears in the
AD-MEC system, unlike the presence of 0.048 I in AD without
a MEC. Also, hydrogen is measured as 1.140 litres in a system
without a MEC, while when an external voltage is applied, it
disappears. So, with the AD-MEC system, CO2 and Hz have
been converted to methane.

Gas composition of the generated biogas

27,32

AD without MEC AD-MEC

ECH4,1 ECO2,| WH2S,| mHZ,I

Fig. 3. Gas composition of the biogas generated from AD-MEC
and AD-only systems

In table. 1, data on COD and sulphates at the entrance and
exit of the installations are given. The data show that the
biodegradability of organic matter (from 66 to 89 %) and the
purification of ethanol stillage from sulphates (from 860 to <1
mg/l) in the integrated system has increased. H2S in liquid
phase is <1 mg/l at the outlet of the integrated system vs. 300
mg/l in an AD-only system. This means that, in addition to
increasing the methane content in biogas, the ethanol stillage
has been successfully purified from hydrogen sulphide. H2S is
a very dangerous, toxic and explosive gas. High
concentrations of it are toxic to plants and inhibit their growth.

Table 1. Characteristics of reactor inlet and outlet in two
modes: with and without a MEC

Parameters | COD | COD | SOs | SO
input, | output, | input, | output,
System g | o | mgl | mgh
AD without MEC 99.44 | 34.08 | 847.45 | 450
AD-MEC 87.36 | 9.76 |859.76 | <1

The obtained results correspond to those obtained by Ding
et al. (2016) at an internal MEC. COD removal efficiency and
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methane yield are better in a combined AD-MEC system than
in a non-MEC system (ibid).

Conclusion

It can be concluded from the obtained data that the
integration of a MEC outside the volume of an anaerobic
reactor increases the methane yield in the generated biogas,
purifies the ethanol stillage from sulphates, and reduces
organic pollution by up to 89%. This system can be used
mainly for the first 168 hours in a periodic biogas generation
process and then the process can continue without external
voltage. The obtained results overlap with those for an internal
MEC, which means that the way of connecting a MEC to AD
does not affect the stability of the process and operating
parameters. A system with an external MEC has several
advantages over an internal one, related to improving the work
and controlling the process. Besides, it does not reduce the
working volume of the reactor.
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STRESSES AROUND A CIRCULAR OPENING EXCAVATED IN LAYERED AND SLIDING
ROCK MASS

Violeta Trifonova-Genova, Gergana Tonkova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: violeta.trifonova@yahoo.com , gtonkova@mgu.bg

ABSTRACT: The article focuses on the issue of determining the stresses in a steeply layered rock mass around a circular opening. The rock mass consists of
homogeneous isotropic layers. The boundary between them is steeply inclined to the horizon. The influence of stresses due to the drawing of the opening extends to
a square area. The specified class of problems is solved by the method of complex variable functions and the mechanics of layered media. This problem has been
solved in previous works of the authors’.

In this paper, it is proposed to take into account the behaviour of the rocks around the hole over time. Here, the hereditary theory of elasticity, or more precisely the
method of variable modules, is used. The rock mass consists of two layers. The expressions for the mechanical constants and the expressions for the stresses in
each layer after a certain time are obtained.

The results are applied to a real rock mass. Mechanical constants are calculated at two points in time. Two diagrams of the normal tangential stresses for points from
the contour of the hole are given. The first diagram shows the stresses at the initial point of time. The stresses after a certain time are shown in the second diagram.

Key words: method of complex variable functions, mechanics of layered media, method of variable modules.

HAMNPEXEHWA OKONO KPBbIrOBA U3PABOTKA, MPOKAPAHA B HAMJIACTEH U NbN35L MACUB
Buonema TpuchoHoea-I'eHoea, MepeaHa ToHkosa
Munro-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Coghus,

PE3IOME: B cratusita ce pasrnexpa BbnpoChT 3a ONpefensHe Ha HanpexeHusiTa B CTPbMHO HannacTeH MacuB OKOMO Kpbrosa uapaboTka. MacvebT ce CbeTon OT
XOMOFEHHM U30TPOMHM MracTa. 'paHunLaTa Mexay TsX e CTPBMHO HaKMoHeHa CnpsiMo XOpH30HTa. BRNSHWETO Ha HanpexeHusiTa, AbMKaluy e Ha NPOKapBaHETO Ha
u3paboTkaTa ce NPOCTUpa B kBajpaTHa 06nacT. YkasaHusT Knac 3ajaum ce pellasa ¢ METoaMTe Ha (yHKLMM Ha KOMNIIEKCHA MPOMEHNMBA U Ha MeXaHuKa Ha cpeau
¢ nnactose. Ta3v 3aaaya e pelueHa B NPpeavLIHM paBoTu Ha aBTopuTe.

B ta3n pabota ce npeanara Aa ce 0T4eTe MOBEAEHMETO Ha CKanMTE OKOMO OTBOPa BbB BpeMeTo. TyK Ce M3Non3Ba HaCcrefCcTBEHaTa TEOPUS Ha enacTUYHOCTTa Nk
Mo-TOYHO METOAA Ha NpOMEeHMMBIUTE MoZynu. MacuBbT ce CbeToW OT fiBa nnacta. MonyyeHu ca U3pasuTe 3a MeXaHUYHUTE KOHCTaHTU W U3pasuTe 3a HanpeXeHusTa
BbB BCEKM NNacT Crefl onpefieneHo Bpeme.

Pesyntatite ca NMpunoXeHu 3a pearneH MacyB. M3uMcrieHn ca MexaHWyHWTE KOHCTAHTU B /1B MOMEHTa OT Bpeme. [lafieHu ca [iBe Auarpamu Ha HOpManHOTO
TaHreHUManHO HampexeHne 3a TOYKM OT KOHTypa Ha u3pabotkata. Ha mbpeara Auarpama ca MpefCcTaBeHM HampexeHusita B HadvaneH MOMEHT OT BpeMme.
HanpexeHusTa crief onpesieneHo Bpeme ca U3o6paseHy Ha BTopaTta auarpama.

KniouoBu AYMU: Teopua Ha (*)yHKLlI/IVI Ha KOMNMeKCHa NpoOMeHNBa, MeXaH!Ka Ha HannacTeHuTe cpeau, MeTod Ha NPOMEHNUBK MOAYNNU.

Introduction passing through thin and parallel layers (Trifonova-Genova,
2012).
Analytical methods exist for determining the stresses The aim of the present work is to extend this solution to an
around a circular mine opening. In most studies, researchers array consisting of thicker layers. The latter are isotropic and
consider the rocks to be isotropic. The solution of the problem homogeneous. The opening is circular.

is complicated when taking into account the presence of
different layers and their deformation over time. There are

developments for an array that consists of parallel and Methods

homogeneous layers. Their thickness is commensurate with

the opening of the working. The theory of layered media is 1. Formulation of the problem

applied to this class of problem (Trifonova-Genova, 2012). This An environment consisting of two isotropic steep layers is
theory has been extended to the thicker layers (Trifonova- considered. The boundary between them is inclined at an
Genova, 2018). This change in stresses over time is angle o« to the horizon (fig.1). The influence of stresses
investigated by the linear theory of hereditary elasticity (Amisin extends to a square area. The coordinate system is polar (r, 6).

et al., 1974). Part of this theory is the method of variable The considered area is loaded with vertical (Q,, Q,) and
modules. It is applied to study the stresses around an opening
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(4Q,, A4,Q,) horizontal stresses. Their analytical
expressions are given in (Trifonova-Genova, 2017). The
opening is in a circular form with radius T .

9, 41 9
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Fig.1 Computational scheme

2. Stresses in randomly located layers

According to the theory of layered environments,
researchers replace the layered medium with an equivalent
medium. For that, the stress state is obtained after the
analytical method of Kolosov and  Muskhelishvili
(Muskhelishvili, 1966). This method of complex variable
functions are further developed by Savin and Lekhnitski (Savin,
1961; Lekhnitski, 1963). The stresses in polar coordinates,
volumetric weight, physical and mechanical characteristics of
the medium are given in (Trifonova-Genova, 2018). The
stresses in an equivalent medium participate in stresses in
each layer.

3. Behavior of rock mass over time

The calculation of stresses and strains over time is of
practical interest. The theory of hereditary creep is applied. It
studies the mechanical constants of the medium and replaces
them with temporary integral operators with a creep core. The
difficulty in solving problems with this theory lies in the
decipherment of operator expressions. These difficulties are
circumvented when using the methods of variables modulus
developed by Amusin and Linkov (Amusin et al., 1974). In this
method, the integral operators of the Young's modulus and
Poisson’s ration are replaced by their own time functions
(Trifonova-Genova, 2012; Dimitrov, 2009). For an isotropic
medium, these functions have the form:

EW =W+ 0®)", k=12
“ (1)
k 1-¢
0 _qe 00— o
=00 T1-a
where
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t is the moment of time, [s];

O, and o, are creep parameters;
K is number of layer;

E® s Young's modulus, [MPal;
,u(k) is Poison’s ration;

®") is the creep function.

These functions are used to determine the coefficients of
deformations of Hooke’s generalised law. They also express
the stresses in a generalised homogeneous medium and those
in the individual layer.

4, Stresses in layers, functions of time
Stresses along the contour of the opening are of practical
interest (Trifonova-Genova, 2018):

0'5'}) =0;
TS;,)I =0;

ol = {[Bl(]f)c2 ¥ Bgﬁ)sz]sz +c* 40,55 }09‘}),

where

C=C0s j3; s=sin g; s, =sin(28);
B=0-a; A, =[AEY+AEQT
Ay = lut(l)Et(Z) _/ut(Z)Et(l); k=12;

BY =-A.A..A,; BY=-AA EY.

Here:
A is the total area of the square, [mZ];
A, and A, are the areas of two layers.

The stresses in the homogeneous medium, due to the
creep of rock mass, are:

o) =—2yH (4, —24,, cos 26), (3)

where
Ay, =050+ 2°);

. =05(1-A);
()

(0) _ M .
Sl
7(0) is volumetric weight of generalised medium, [MN/m3];

e

H is the depth of circular opening, [m?].
For this medium the functions of Young's modulus and
Poison’s rations are:

is Poison’s ration of generalised medium;
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2 2
Z Et(k)Ak Z:ut(k)Et(k)Ak
Et(O) _ k=12 ; lut(O) _ k=12 (4)
> A > AEY
k=1 k=1

In moment t, =0, expressions (2), (3), and (4) acquire
the form given in (Trifonova-Genova, 2016, 2018).

5. Numerical example
A circular opening with radius I, =1.5m is passed to
the depth of H =100m. Young’s modulus, Poisson’s

rations, and volumetric weights for two layers are given in table
1.

Table 1. Physical and mechanical characteristics in layers

Table 3. Physical and mechanical characteristics when
crawling on rocks

k £ ,U(k)
dimension MPa -
multiplier 104 -

1 01777 0.4215

2 0.0376 0.4112

(0] 0.1162 0.4200

Thirteen points are selected along the contour of the
circular opening. Their angular coordinates are determined for
them.

The normal tangential stresses in the two generalised
media are calculated. These stresses are related to vertical
stress in a generalised medium before digging the hole

(Q’=y°H )- The relative normal tangential stresses at

k g® ,u(k) }/(k) contour points are obtained. They are listed in table 4.
i ; 3
dimension MPa MN /m Table 4. Relative normal tangential stresses in generalised
multiplier 10* 1072 media at both ends of a considered time interval
1 0595 0.237 238 | , o) o)
2 0.148 015 25 point ®) )
0] 0.3986 0.2228 2.668 Q Q
dimension [O] -
The vertical stresses along the contour of considered area 1 0 27 23
of fig. 1 are: 2 44T 23 2.1
Q, =2.8MPa, 3 60 06 14
Q, =2.5MPa. 4 90 0.1 -1.1
. _ 5 120 -0.6 -1.4
The coefficients of lateral pressure A, =0.3106 and 5 150 20 20
A, =0.1763 participate in the expressions for the 7 180 2.7 2.3
horizontal stresses. 8 210 -2.0 -2.0
The total area of the square area is: A =324 m?>. The area 190 g;g 816 1 1’
of layer 1 is A =181.656 m*, and of layer 2 is T 203°07’ 03 13
A, =142.314 m*. 12 330 -2-0 -5-0
The creep parameters are listed in table 2. 3 360 27 23
Table 4 shows a decrease in the maximum tangential

Table 2. Creep parameters

k ay Oy
dimension - st
multiplier - 1072

1 0.726 0.5715

2 0.670 0.3277

A time interval is considered with limits:

t =0
t, =352days =3.05.10"s .

Two tasks are solved for these boundaries. For the first
task, the physical and mechanical characteristics are given in

table 1. The same characteristics are calculated for second
task. The results are shown in table 3. The characteristics were
obtained for two generalised environments. Their values are
given in the last rows of Table 1 and 3. The volumetric weight
of the media is given in table 1.
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stress at the end of the interval. In the vertical points, this
stress from the tensile at the initial moment passes into the
pressure at the end of the considered time interval.

The results of the table are illustrated in figure 2 with two
curves.

Fig.2. Diagrams of relative normal tangential stresses in
generalised media at both ends of the considered time interval.
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The solid line gives the relative normal tangential stress at
the initial time. The other curve corresponds to the stresses at
the end of the interval. Some authors use the solutions in table
4 in pre-design.

The relative normal tangential stresses in two layers, for
two times interval limits, are given in table 5. The table shows a
change in the maximum relative normal tangential stress in the
layers. Thus, in layer 1, this stress decreases and in layer 2, it
increases at the final moment.

Table 5. Relative normal tangential stresses in layers at both
ends of considered time interval

NOEEEE

Q" 1 Q" | Q7 | Q°

dimension [O] - - - -
1 0 -3.7 -3.2

2 24°47 -2.6 -2.0 2.3 -1.9

3 60 -0.6 -1.5

4 90 +0.1 -1.2

5 120 -0.5 -1.2

6 150 0.8 0.7

7 180 -1.4 -1.1

8 210 -1.6 -1.7

9 240 0.6 -15

10 270 +0.1 -1.2

11 293°07 -0.3 -0.3 -0.7 -1.2
12 330 -2.9 -3.0
13 360 -3.7 -3.2

It can be seen form the values in the table that there is a
change in the stress jump at points on the boundary between
the two layers. The jump in point 2 is a difference of 23% at the
beginning. It decreases to 17% at the end. At point 11, there is

no jump at time (t, ). The stress jump increases to 47% at the
end of the interval (t, ).

The relative normal tangential stress, at the vertical points
of the contour, changes. It goes from tensile in the initial
moment to pressure in the final moment.

Using the data from table 5, the diagrams in figure 3 are
constructed. The solid line shows the relative normal tangential

stresses at time t, .The stresses at the end are given with a

broken line.

A comparison the two curves in the figure shows a change
in shape. The relative stresses at the horizontal points
decrease and at the vertical points increase. Thus, the creep of
the array needs to be taken into account.

6. Key finding

Analytical expressions of stresses in each layer are applied
in layers whose slope is greater than half the right angle.

In this article, stress expressions are a summary of stress
expressions in layers (Trifonova-Genova, 2018). The proposed
expressions take into account the behaviour of the rock mass
over time.
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Fig.3. Diagrams of relative normal tangential stresses in the
layers at both ends of the considered time interval.

Conclusion

The calculations make the following advantages in solving
this class of tasks:

1. The method described in this article is very simple to be
implemented.

2. The method makes it possible to summarise many
layers. The solution described in the article is part of a
generalised methodology for calculating stresses in an array
consisting of many layers.
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SYNTHESIS AND BIOFUNCTIONALISATION OF SILVER NANOPARTICLES

Aleksandar Chanachev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; E-mail: a.chanachev@mgu.bg

ABSTRACT. Nanoparticles are widely used in various studies in chemistry, biology, pharmacy, and medicine. Their specific chemical and physical properties make
them excellent carriers of biomolecules and proteins, which creates a very good environment for the development of drugs for targeted delivery, biosensors, systems
for monitoring various enzyme reactions, as well as for the development and improvement of a number of diagnostic methods. Silver nanoparticles are of special
scientific interest both because of their bactericidal properties and because of their ability to be biofunctionalised with various proteins. This allows this type of
nanostructures to be used in the cosmetics and pharmaceutical industries as carriers of various proteins and leads to significant interest both in optimisation and
research of synthesis methods and in the study of their surface biofunctionalisation and stabilisation of molecules.

Key words: silver nanoparticles, biofunctionalisation, nanomaterials

CWHTE3 U BUO®YHKLIMOHANTUIUPAHE HA CPEBbPHU HAHOYACTULU
AnekcaHdbp YaHavee
MurHo-eeonoxku yHusepcumem ,Cg. Mear Puncku®, 1700 Cocpusi

PE3IOME. HaHovacTuuuTe HamupaT LMPOKO MPaKTUYECKO MPUMOXEHWe B pasniyHM uacnefpaHus OoT obnactta Ha xumusTa, GuomorusTa, capmaumsta w
MepuuymHaTa. TexHuTe cneLuduyHn XMMUYHM 1 OU3MYHI CBOWCTBA M NPaBAT OTMMYEH HOCUTEN Ha Pa3nuyHu Grnomonekynu, KoeTo Cb3fasa MHOro Aobpa cpeaa 3a
Cb3[1aBaHETO Ha NeKapCTBEHU HOCUTENM 3a LieneBa AOCTaBka, GUOCEH30pY, CUCTEMM 3@ MPOCNEAsABAHE Ha PasNNiHN EH3UMHO-KAaTANUTUYHN XUMUYHK peakLmm,
KaKTO 11 33 Pa3BMBAHETO M YCbBBLPLUEHCTBAHETO Ha pPeamLa AnarHocTUYHM metoan. CpebbpHuTe HaHOYaCTULM ca 0BeKT Ha 0COBEH HayyYeH MHTepec KakTo 3apaam
TexHuTe baKTepuumaHM CBOWNCTBA, Taka M MOpaAN Bb3MOXHOCTTA Aa 6baat 6MoyHKUMOHANN3MPaHN C pa3nnyH1 NpoTenHU. Toa AaBa Bb3MOXHOCT TO3W TN
HaHOCTPYKTYpy Aa 6baaT M3nonasaHn B KO3MeTUYHaTa 1 (papMaLeBTUIHa MHAYCTPUS KaTo HOCUTENW Ha PasnnyHI NPOTEVHM U BOAK A0 CbLLECTBEH MHTEPEC KaKTO
KbM ONTUMM3NPaHe U W3CMefBaHe Ha METOAMTE 3a CUHTE3, Taka W KbM W3CrefBaHe Ha TAXHaTa MOBBPXHOCTHA GMOMyHKUMOHanW3auMs u cTabunusauus Ha
MornekynuTe.

KntouoBu gymu: cpebbpHI HaHouaCTULM, BUOCYHKLMOHANM3MpaHe, HaHOMaTepuany.

Introduction occupies an important place in the methods of synthesis of

AgNPs due to its efficiency and environmental friendliness
Silver nanoparticles (AgNPs) have been the subject of (Kanimozhi et al., 2022).

numerous studies due to their specific properties which make Silver nanoparticles can be functionalised with bacitracin,
them suitable for various purposes in chemistry, biology, peptides, and other molecules as their size can be optimised
medicine, pharmacy, and agriculture. Their surface allows and they can be used for external wound healing because of
them to make varied complex compounds by coordinating a their substantially low silver content with reduced toxicity and
large number of ligands around them. This allows them to be good antibacterial and antibiofilm activity (Singh and Mishra,
used both as drug delivery systems and in the diagnosis of 2022).

various types of cancer. Studies show that they have The synthesis and functionalisation of silver nanoparticles
antibacterial and antiviral properties and improve the activity of are fields of continuous scientific research due to their unique
many antibiotics. Due to the constant growth of multi-drug chemical properties that allow them to be excellent systems for
resistant bacterial and viral strains, scientists are |00king for targeted drug de"very’ and interest in them is growing
new drug systems that show better results in fighting such continuously.

infections. The successful use of AgNPs in such systems, due
to their antibacterial properties and their ability to inhibit the
growth of many infectious bacteria, has generated a huge

amount of research in this area (Silver, 1996; Jones et al., Synthesis of silver nanoparticles
2004; Siddiqi et al., 2018).

Due to these specific properties and applications, the Due to the fact that silver nanoparticles are obtained
synthesis of AgNPs, and especially the green synthesis of through chemical, physical and biological processes, the
AgNPs, has been the subject of extensive research in recent methods for their synthesis can be divided into chemical,
years. The green synthesis of nanomaterials is based on their physical, and biologica (Vishwanath and Negi, 2021).

production by various micro-organisms and plants and
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They differ both in their basic principles and in their impact
on the environment. Chemical methods are the most common,
but correspond to the least extent to the concept of green
synthesis. Physical methods are closer to this concept.
However, biological methods apply the ideas of green
synthesis to the greatest extent (ljaz et al., 2020; Aisidaet al.,
2021a b; Vishwanath and Negi, 2021).

Physical methods

The most common physical methods for the synthesis of
silver nanoparticles are evaporation-condensation and laser
ablation. The former is based on obtaining particles by tube
furnace under atmospheric pressure. Its disadvantages are the
huge amount of energy the process consumes and the slow
time it takes for the synthesis to take place. With the laser
ablation method, nanoparticles are synthesised by nucleation
and growth of vaporised species through laser in attendance of
gas. Due to the possibility to control the size of the particles,
the purity of the obtained silver nanoparticles and the lack of
use of chemical reagents, this type of synthesis is ecological
and very efficient. The laser ablation method, however, has a
few disadvantages. Its use requires very high temperatures,
which requires the consumption of a lot of energy, and due to
its low productivity, it cannot be imposed in industry
(Vishwanath and Negi, 2021).

Chemical methods

There are many chemical methods for obtaining silver
nanoparticles. They are based on similar principles and what
they have in common is that the reaction always needs a metal
precursor, reducing, and stabilising agents. These three
reactant components are required for the chemical syntheses
of silver nanoparticles (ibid.).

One of the interesting syntheses of silver nanoparticles
was proposed by Fang, Zhang and Mu (2005) and it is based
on the use of silver nitrate to which solution of trisodium citrate
is added and after heating, the solution is allowed to cool with
vigorous stirring. They have an absorption maximum at 420 nm
because of their surface plasmon resonance peak and
scanning electron micrographs show an average particle size
0f21.22 £ 517 nm.

The majority of simple methods for the synthesis of silver
nanoparticles use the reduction of silver nitrate in aqueous
solution under the action of reducing and stabilising agents. A
number of substances can be used as reducing agents, like
citrate, ascorbate, borohydride, etc, while surfactants, ligands,
or polymers with specific functional groups are used as
stabilising agents. An example of such a specific group is
polyvinylpyrrolidone. The sizes of the obtained nanoparticles
depend to a great extent on the concentration and ratio of
these three components - silver nitrate, stabilising, and
reducing agent (Gudikandula and Maringanti, 2016;
Vishwanath and Negi, 2021).

The main principles of the syntheses of silver nanoparticles
are schematically presented in Fig.1.

An interesting approach to obtain silver nanoparticles is the
polyol process. In this method, silver nitrate is reduced in the
presence of ethylene glycol. In this method, silver nitrate is
reduced in the presence of ethylene glycol, with the compound
acting as both a stabilising agent and a solvent. The size and
shape of the nanoparticles can be regulated by the reducing
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agents, as well as by other chemical reagents involved in the
synthesis.

Aqueous or
nonaqueous
solution

Reducing |

Silver ions
(Ag")

AgNPs
formation

Fig. 1. Schematic representation of silver nanoparticle synthesis
methods (Ullah Khan et al., 2018)

Examples of the influence of such reducing agents are
sodium citrate and sodium borohydride. Due to the weaker
reducing action of the former, the obtained nanoparticles have
a larger size than those obtained under the action of sodium
borohydride, which has a stronger reducing effect (Vishwanath
and Negi, 2021).

Methods for the synthesis of silver nanoparticles lead to
the production of particles of a certain size and shape. These
characteristics of the particles, as well as the monodispersity of
the solution, have an extremely important role for their
application as drug delivery systems, as well as for any of their
applications in pharmacy or diagnostics.

Chemical methods for the synthesis of silver nanoparticles
have both their advantages and disadvantages. The
advantages of chemical methods are low cost and a wide
variety of syntheses, as well as the possibility of adjusting the
size, shape, and monodispersity of the system (ibid.).

Significant problems and shortcomings in the chemical
methods for the synthesis of silver nanoparticles are the
dangers that the reagents used create for both the
environment and human health. In this respect, the chemical
methods for obtaining silver nanoparticles have a low rating in
the sense of “greenness”. Due to the use of many toxic
reagents in the syntheses, the preparation of silver
nanoparticles by chemical methods contains many risks when
using them as a drug delivery system. Examples of toxic
chemicals that are used in these reactions are ethylene glycol,
liquid paraffin, oleyl amine, etc., as oleyl amine has a harmful
effect on marine flora and fauna (ibid.).

Biological methods

Biological methods for the synthesis of silver nanoparticles
show the best results in terms of environmental and health
impact. Due to the fact that they do not use toxic chemicals
and large amounts of energy, they are an excellent alternative
to other syntheses.

Biological synthesis methods use living organisms to
produce silver nanoparticles. This process is presented in
Fig.2. Such organisms are plants, algae, microbes, fungi and
even animals.



[oduwHuk Ha MI'Y ,Ce. NsaH Puncku®, Tom 65/2022 / Annual of the University of Mining and Geology “St. Ivan Rilski”, Vol. 65/2022

Anthraquinones

Biomolecules
— —

/\

Fig. 2. Chemical compounds that are produced by living
organisms and used in the synthesis of silver nanoparticles
(Vishwanath and Negi, 2021)

Nanoparticles obtained by such methods can achieve a
large degree of monodispersity and can also be obtained with
certain sizes and shapes. They have the lowest residual
synthesis toxicity and are therefore particularly suitable for
drug delivery systems. They correspond to the greatest extent
to the basic principles of green chemistry (Vishwanath and
Negi, 2021).

The process of obtaining nanoparticles from plants is
called phytosynthesis and is a preferred technique among
other biological methods because of its qualities in industrial
use. Apart from it, other synthesis methods used are from
microbes, agrowaste, and metabolites of animals. An example
of the use of animal metabolites is spider webs. They are rich
in a variety of amino acids including alanine, glycine, and
pyrollidine and although the method is not widespread it is
efficient and very ecological (ibid.).

Biofunctionalisation of silver nanoparticles

Appropriate methods for the biofunctionalisation of silver
nanoparticles are the first step towards their use as drug
carriers or as sensors, as well as in most of the fields in which
they find application. This also defines different strategies by
which they can be linked to different biomolecules and these
approaches can be divided into four main groups: binding of
the molecule to the surface of the inorganic particle core
through ligand; electrostatic interactions between positively
charged biomolecules to negatively charged nanoparticles;
covalent binding and a noncovalent affinity-based receptor-
ligand system (Ravindran et al., 2013).

Different biofunctionalising molecules are used to make the
interaction between the surface of the nanoparticle and the
molecule. They can be as small molecules - lipids, vitamins,
peptides, sugars, or larger ones, such as natural polymers
including proteins, enzymes, DNA, and RNA (ibid.).

Different chemical functional groups create the connection
between the surface of the silver nanoparticles and the
molecule that functionalizes it. One such group is the thiol
group as can be seen in Fig.3.
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Fig. 3. Schematic representation of the chemical binding of thiol
groups to silver nanoparticles (Ravindran et al., 2013)

The reason is that the thiol group has a strong affinity to
the surface of both silver and gold nanoparticles, which makes
it possible to bind molecules to the surface of the particle
through it (ibid.).

After the biofunctionalisation of silver nanoparticles, due to
their interaction, an aggregation or deaggregation process can
occur. For example, the interaction of silver nanoparticles with
cysteine leads to a rapid aggregation of the particles (ibid.).

Silver nanoparticles can be biofunctionalised with protein,
antibodies, and peptides. Also, DNA-based nanoparticle
systems can be built with their help. The systems thus
obtained are wused in various fields of science.
Biofunctionalised silver nanoparticles can be used as
bioanalysers. These are colorimetrically based nanosensors.
Because of their simplicity, rapidity, high sensitivity, and ease
of measurement, they have attracted strong attention from the
scientific community and research on their capabilities has
become a growing field in nanoparticle research (ibid.).

Biomedical  applications  of  functionalised silver
nanoparticles are undoubtedly the most actively investigated
possibilities of silver nanoparticles due to the promising results
they have shown in recent decades both in the pharmaceutical
industry and in the development of more complex drug delivery
systems. An example of such a system is glutathione stabilised
water soluble silver nanoparticles bind covalently with a model
protein BSA (Qingzhi et al., 2008; Ravindran et al., 2013).

Silver nanocrystals show excellent capabilities as antibiotic
and antiviral agents in biological systems. Their antibacterial
properties remain their trademark and are widely used in the
pharmaceutical industry (Ravindran et al., 2013).
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DEVELOPMENT OF TECHNOLOGY FOR THE PROCESSING OF PRIMARY SULPHIDE
COPPER ORE

Teodora Yankova, Irena Grigorova
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ABSTRACT. Technological investigations have been conducted for the processing of primary sulphide copper ore from a porphyry-copper deposit. In previous
studies, the chemical, mineral and particle size composition and grindability of the same sulphide copper ore from a technological ore sample provided were studied.
Phase analysis has been performed for determining the forms of copper presence in the ore. A collective-selective flotation flowsheet has been developed, including
three cycles: collective flotation, copper-pyrite selection, and pyrite flotation. The optimal technological parameters for each individual flotation cycle have been
experimentally determined. The results of the conducted technological investigations have shown that the developed collective-selective scheme of flotation, with
obtaining copper and pyrite concentrate, is effective for the ore from the analysed technological sample. The following products and parameters were obtained:
copper concentrate with a content of 21.3% Cu, 25% S, 0.33% Mo, respectively with the recovery of Cu - 88.17% Cu, S - 26.8%, and Mo - 73.4%; pyrite concentrate
with a content of 50.2% S and the recovery of total S - 66.5%

KniouoBu gymu: primary sulphide copper ore, scheme of collective-selective flotation

PA3PABOTBAHE HA TEXHOINOI'NA 3A OBOrATABAHE HA MbPBUYHU CYJIOUOHU PYOU
Teodopa SHkoea, MpeHa puzoposa
MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Coghust

PE3IOME. lpoBeaeHn ca TEXHOMNOXKM M3crneaBaHus 3a oboratsiBaHe Ha MbpBUYHA CynduaHa MeAHa pyAa OT MefHonopcupHO Haxogwwe. MMpu npeauiukm
N3cneABaHNs ca WU3yYeHN XMMUYHUAT, MUHEparneH 1 3bPHOMETPUYEH CbCTaB M CMUNAeMOoCTTa Ha CbluaTta CynduaHa MefHa pyAa OT MpefocTaBeHa TeXHoOMoxka
pyaHa npoba. C ha3oB aHanu3 ca onpefenenn opmuTe Ha NPUCHLCTBME HA MeaTa B pyaata. PaspaboTeHa e cxema Ha KONMEKTUBHO-CENeKTVBHa (roTauns Ha
pydata, BKMouBalLa TpW LMKbNA — KONEKTUBHA (DrioTauus, MeAHO-MMPUTHA CenekLms U NMpUTHA (hNoTaLms, kaTo ekCePUM