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MENENOOBPA3YBALLW ENEMEHTU BbB BbIMMALLA OT FOLIEAENYEBCKUA
BACEVH, BBbIITAPUA

Wopdan KopmeHcku, AnekcaHObp 3dpaskos

MurHo-eeonoxku yHusepcumem “Cs. Me. Puncku”, Cocbusi 1700, buneapus; jordan_kortenski@abv.bg, alexzdravkov@abv.bg

PE3IOME. OnpofeaHu ca nurHuTHM nnactoBe oT [ouenenyeBckusi baceit, koiTo e yvact ot CTpymcko-MecTeHckaTa BbIMMLIHA MPOBUHUMS, CATYMpaHa B
torosanagHa bunrapus. C nsknioyenve Ha Ti v P, cbabpxaHWeTo Ha rmaBHTE eneMEeHT BbB BbIMMLLATa € MO-BICOKO OT CPeAHOTO 3a ceeta no Valkocic (1983).
BbB BBIMMLLHMTE FMIMHW HAAKNAPKOBYM Ca KOHLUEHTpauuuTe camo Ha S, Ca, Mg n Al. MocnearuTte Tpu enemeHTa ca C Hal-BUCOKM CbAbpXaHus B U3CneaBaHuTe
BbITLA B CPaBHEHWE C ocTaHanuTe Bbrnmwa oT Ctpymcko-MecTeHckaTa BbImuLHA NPOBUHLMS. TOBa € pe3ynTaT Ha rpyHTOBO NOAXpaHBaHe OT MpamopuTe U
[OnoMUTU3NpaHnTe Mpamopu Ha [obctaHckata cBMTa OT 3anaf M Ha MOBBPXHOCTHO MOAXpaHBaHe OT rHaiicute Ha boiikoBckata n BaukoBckaTta CBUTM, KOUTO
uarpaxgar yact ot bperosarta uBuLa Ha 6acentHa oT u3Tok. Mpeobnagasaly opraHnyeH acdmHuTeT nposiesieat Ca, S, Fe, Mg, Mn, Na n P, gokato Si, Al, TinK cac
npeobriapasall HeopraHuyeH admHnTeT. Upes anarpama Ha KUCENMMHHOCTTa Ha cpeaaTta e onpejeneHa CTOMHOCTTa Ha pH, KOATO Bapupa B LUMPOKW rpaHuuy — OT
3,5 0o 6,5, cpegHo okono 5. M3uncneHnsT uHOekc Ha noaxpaHBaHe Ha TopdpeHoTo 6rmato (SI) onpepenst cmeceHo noaxpaHBaHe, Kato B OTAEMHW eTanu oT
pasB1TUETO Ha BnaToTo Npeobnagasa rPyHTOBOTO MNK NOBBLPXHOCTHOTO NOAXPaHBAHE.

KnioyoBu pymu: nueHumu, nenenoobpasyBaliy €neMeHTW, OpraHWYeH U HeopraHuyeH adUHWTET, KUCENMHHOCT Ha cpefaTa, VHOEKC Ha MnogxpaHBaHe,
louepenyescku baceitH.

MAJOR ELEMENTS IN COALS FROM GOTSE DELCHEV BASIN, BULGARIA
Jordan Kortenski, Alexandar Zdravkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria; jordan_kortenski@abv.bg, alexzdravkov@abv.bg

ABSTRACT. Lignite seams from Gotse Delchev Basin, which belongs to the Struma-Mesta Coal Province from south-western Bulgaria, were sampled. With the
exception of Tiand P, the concentration of the other major elements in the studied samples is higher than the World average values (Valkocic, 1983). Within the
carbonaceous shale samples S, Ca, Mg and Al contents are higher than the Clarke values. Moreover, Ca, Mg and Al show the highest concentrations among the
coals from the whole Struma-Mesta Province. This is interpreted as a result of the active groundwater supply of Ca and Mg from the marbles and dolomitic marbles of
the Dobrostan Formation, which occupy significant areas from the Basin’s western margin. In addition, intensive siliciclastic supply from the Boikovo and Bachkovo
Formations gneisses, which compose parts of the eastern margin of the coal basin, is the most probable reason for the significantly elevated Al concentrations.
Calcium, S, Fe,Mg, Mn,Na and P show predominantly organic affinity, whereas Si, Al, Ti and K are mostly inorganically bound. The environmental acidity (pH) during
peat formation is determined on a pH diagram. The results indicate that peat accumulation processed in acidic settings with pH in the range between 3.5 and 6.5
(average ~5). The calculated Supply Index (SI) indicates mixed groundwater/surface inorganic supply, with the former or latter predominating in particular stages of
basin development.

Keywords: lignites, major elements, organic and inorganic affinity, environmental acidity, supply index, Gotse Delchev basin.

KpaTtku 6enexku 3a reonorusta Ha
FouenenyeBckua BLIMULLEH 6aceilH

BuBepeHue

FouenenyeBckuAT BbruweH b6acenH ce Hamupa B Oro-

3anagHa bbnrapws. Toi e yact ot Ctpymcko-MecTeHckaTta
BbITMILHA MPOBMHUMS, B KOATO Bbrmeobpa3yBaHeTo e
cBbp3aHo C¢ HeoreHckus nepuog. Metporpadcku uacnen-
BaHus Ha Bbruwara ot 6acenHa ca nposeaeHu ot LWnwkos
(1988), KopteHcku, 3ppaskoB (2010), Kortenski, Zdravkov
(2011). Eskenazy, Stefanova (2007) onuceaT enemeHTUTe-
MPUMECH U HSKOM NenenoobpasyBally eneMeHTH 1 TAXHOTO
pasnpegeneHne. Llenta Ha Hactoswarta pabota e ga ce
ONpEefenn CbObPXaHWETO W PasnpedeNieHeTo Ha nenesno-
oOpasyBaluTe enemMeHT B NUrHUTATE OT oLeaenyeBckus
BaceilH, a Ype3 TAX M NapameTpuTe Ha cpefaTta B APEBHOTO
TopdheHo Bnato.

INutoctpaturpacms

B pailoHa Ha DaceiiHa OCHOBHO Ca MpeacTaBeHU ckanu C
pokambpuiicka  Bb3pacT, KOWTO Cca MogeneHn B 6
nutocTpaTurpadiCkn egnHuLmM, obeauHeHn Ha npefcTaBeHaTa
B pabotaTa reonoxka kapta (cur. 1): boeymescka nnaauo-
eHalicosa ceuma. W3rpageHa € OT [ONHOMPOTEPO3ONACKM
B1OTUTOBM, MO-PAZKO MYCKOBUT-BUOTMTOBM U amdubonosu
rHaicy ¢ newm ot mpamopu, ¢ gebenuHa ot 600 go 800m
(KoxyxapoB, MapwuHoBa, 1994); BbuaHckama csuma €
pasnpocTpaHeHa M3TOYHO OT GaceiiHa M e npeAcTaBeHa OT
LOMHONPOTOPO30iCkK GroTUTOBM, amdubon-6uoTUTOBM, ABY-
CrtogeHn 1 amdubonosm rHaicy, nNenTuHUTK, amgubonutu,
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MpaMOopu, rTHalcowncTy u wnctu ¢ aedenuHa okono 700-900m
(KoxyxapoB, MapwuHoBa, 1994); bolkogcka cguma —
npencTaBeHa e B CEBEPOM3TOMHATa M IOKHATa 4acT Ha
pasrnexgaHus paioH. B cbcraBa Ha cBuTaTa BnmM3aTr
AByCntoaeHu u 6uotuToBW rHaicw, ¢ gebennHata go 800m
(Koxyxapos, MapuHosa, 1994); bauykoscka ceuma — 3aefiHO C
BoiikoBckata CBWTa M3rpaxga 3HauMTenHu nnowu oT
Bperosata uBMUa Ha [oueaenyeBckust GaceiH OT M3TOK-
CEBEepoM3TOK. MarpageHa OT MyCKOBWTOBW, OMOTUTOBM K
asycniogeHu nentuHutu ¢ aebenuHa go 900m (Koxyxapos,
MapwuHosa, 1994); Jlykosuwka eHalicowucmosa U wucmoea
ceuma ¢ gebenvHa ot 500 m BkntouBa pasHoobpasHu rHamew,
THaNCOLLMCTY M LWINCTW, MpaMopu 1 amubonnTy, paskpusalLm
Ce Ha MecTa 3anafHo OT BbMMULWHMSA BaceiiH, cpea ckanute ot
[JobpocTaHckata cauta  (Koxyxapos, MapuHoBa, 1994);
[JlobpocmaHcka mMpamopHa ceuma, u3rpageHa oT Mpamopu u
JONOMWUTHM ~ Mpamopu,  MpOCNOEHM  OT  KarKoLMCTK,
rHaicowncTn 1 amdmbonutn ¢ gebennHa go 1000 m wu
KbcHonpoTeposoicka-Pudpeiicka  Bbapact  (Koxyxapos,
MapuHoea, 1994). Ceutata € LUMPOKO pasnpocTpaHeHa B
paloHa, kaTo u3rpaxpa 3anagHata OperoBa wBMUa Ha
HeoreHckus 6aceiiH.

Onucanute gokambpuMinCKM BUCOKOMETaMOpPdHM CKanmn ca
NpeceyeHn 0T ropHokpeaeH (?) MHTpyanBeH komnnekc (cur. 1;
Koxyxapos, MapuHosa, 1994), koiiTo B paitoHa e npeLcTaBeH
OT 6MOTMTOBM rpaHWTX C npexod KbM amdubon-buotutosm
rpaHuTM W rpaHognoputn (TewoBCK/ NAYTOH) 3anagHo oT
louenenyesckust baceiiH W GUMOTUTOBM O MYCKOBUTOBY
rpaHuTH ([JONHOLPSHOBCKM NITYTOH) Ha U3TOK.

lManeoreHckuTe ckanu B paioHa Ha ouenenyesckus baceiiH
(dour. 1) ca npenctaBeHn oT 0onHa bpekYOKOHemo-MepamHa
3a0pyea (ropHOEOLIEHCKN KOHrmomepartu, Bpekyo-
KOHrmomepaT, W3KMWHBAWM NractoBe OT MACBYHULM C
pebenvHa go 1000m) u 8ysKaHO2EHHO-CEOUMEHMEH KOM-
nnekc, w3rpageH OT ropHOEOLEHCKW A0 CPEAHOONMUMOLEHCKN
KOHrnoMepaT C MPOCIMOMKA OT  apKo3HW  NACBYHULN,
anesponuTh 1 BBIINLWA, TYPK, TYOUTI U TYPO3HN NACLYHULMN
W BYNKaHUTU (TPaxvMpuopauuTy, TpaxugauuTi, puogauuti u
pauutw) (Koxyxapos, Maputosa, 1994).

BbrneHocHUTE HEO30MCKM ckanu ca nogeneHn ot Baues
(1980) Ha Tpu cBuTu: Banesuwka ceuma, w3rpageHa OT
BanyHHW KOHrIoMepaTn ¢ GpekvOKOHTIOMepaTHU MPOCTONKM 1
e[po- [0 ApeBHO3bPHECTH MACLYHMLM C obwa aebenuHa po
100 m (dour. 1). Bb3pactTa i1 e onpegeneHa kaTo NoHT-4akcka
(Baues, 1980). bandescka cguma - cpegHo- 40 ApeOHOKLCOBM
KOHINIOMepaTH, NACbYHULM, aneBPOSIUTH, TAIMHU, ANATOMUTY 1
BbIMMWA. BbrmuwHMTE nnactoBe ca MpUBBP3aHW KbM
[OMNHaTa W ropHaTa 4acT Ha cBuTaTta u ca go 14 Ha 6poi.
Obwara pebenvHa Ha Hacnmarute e 100-250 m (cur. 1).
Bb3pactta Ha cBuTata e noHT-gakcka (Baues, 1980).
Heepokonckama ceuma € W3rpageHa OT  PasHOKbCOBM
KOHrnomepaTu, oT ApebHO- A0 rpybO3bPHECTU MACHYHMLM C
npo-CMonMkn 0T  OpebHOKbCOBM  KOHIMOMepatm U
Bpeky4oKOHrNoMepaTh, anesponuTA U NECHUNIUBU TAUHU (our.
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1) ¢ nnuoueHcka (pomaHcka) Bb3pacT (Baues, 1980).
[ebenunarta it Bapupa ot 50-100 go 300 m.

KBaTepHepHuTe 06pasyBaHns ca NpeacTaBeHn NMPeam BCUYKO
OT NpOIyBUamnH1 W anyBuanHu cegumenTu. MocnegHuTte uvar
3HAYNTENHO pasBUTME MO  JonuHMTE Ha p. MecTa.
lMpeacTaBeHu ca 0T YaKbiiW, BaSlyHW M Pa3HO3bPHECT NACHLM
c pebenvHa po 28m. Te ca pycnoBu, OT 3anMBHUTE Tepacu U
ot | n Il HapanueHm Tepack (KoxyxapoB, MapuHoBa, 1994).
MponysuanHute obpasyBaHns ca 3acebeHn kaTo HaHOCHM
KOHYCW B Nepudepusita Ha KOTNOBUHMTE.

TeKTOHCKM CTpoex Ha 6aceiiHa

BbrmeHoCHUAT HeoreH € OTNOXEH B lOKHaTa YacT Ha
MecteHckusi rpabeH, KOMTO € OhopMeH OT pasnoMuTe Ha
MecTteHckaTa pasnomHa 3oHa ¢ nocoka 280-290 go 300-330°
(dur. 1). TMo-ronemn pasnomu B paioHa ca: OrHsHOBCKU
(pasmens ckanute Ha banpeBckata cBuTa OT TE3W Ha
Borkosckata); [bpmeHcku (pasgenss banpeBckata ot
Hespokonckata ceuTa); Bwbnkocencku; bnatcku; BecneHcku
(Koxyxapos, MapuHoBa, 1994).

MaTepuan u MeToauka Ha UscnefBaHe

Burnmwara ot louepenveBckust GaceitH ca onpobBaHm
BpasnoBo B 27 3abos. Mpobute 3a XMMMYHMTE aHanu3n Ha
BbrIMLa ca CTpuTh Jo pasmepu <250 um B JlabopatopusTa
no opraHuyHa neTponorus KbM Katedpa “leonorus u
Npoy4yBaHe Ha NONe3Hu M3konaemu". 3a YCTaHOBsBaHE Ha
reoXMMMYHaTa UM XapakTepUCTWKa, BbIMMLiaTa ca onenenexu
npu Temnepatypa ot 800°C B LUHWUIT ,[eoxumus”. TnasHute
eNeMeHTH, W3rpaxgawy nenenta Ha  BbrMwara u
BBIWLHMTE FMIWHM Ca ONpegeneHn Ypes CurnmkaTeH aHamms,
cbrnacHo craHgapt ISO 11535-2002. 3a uenta nenenta e
NpvBedeHa B Pa3TBOPEHO CBLCTOSHUE Ype3 TpeTUpaHe C
a3oTHa KuUCenuHa, cred Koeto nomyyeHusaT pasteop (0,1-
250ml) e aHanu3npaH Ha cnektpaneH aHanuaatop ICP-VISTA-
MPX SIMULTANEOUS CCD. KonuuyectBeHoTO onpegens-He
Ha CbOTBETHUTE OKCMAW € HampaBeHO CbC CTaHOapTHU
BellecTBa. Pesyntatute ca o6paboTeHu Ha nepcoHaneH
KOMMIOTBP KaTo € W3BbpLUEH NEpapXMYeH KITbCTep aHanus no
cpegHo npeternedns metog ¢ mporpama  STATISTICA
ModuleSwitcher.

Pesyntatu n o06cbxpaHe

CbabpkaHme Ha nenenoobpasyBawuTe eneMeHTU B
rouefenyeBckuTe BLIMILA

BbB BbravwiHaTa nenen ¢ Han-BMCOKO CPeaHO ChAabpXKaHue
e SiO2, 3HaYMTENHO e 1 KONMYecTBoTO Ha okeuauTe Ha Al, Ca,
Fe u S (tabn. 1). Hait-Hucko e cbabpxanneto Ha MnO n P20s
B nenmenta W Ha BbIMWWATA, M HA BLIMMWHWTE MWHW. B
nenenTa Ha NOCNeaHMTE C Hal-BIUCOKa KOHLUEHTpaums ca SiO2
1 Al2O3 (Tabn.
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®ur. 1. CxemaTnyHa reonoxka kapta Ha louepenyeBckus 6acelH ¢ nutocTpaTurpadcka konoHka Ha Heo3os (Ha ocHoBaTa Ha reonoxkara kapra Ha

Bbnrapus, M 1:100 000 - Koxyxapos, MapuHoBa, 1994)

Tabnumua 1
CnObpxaHue Ha okcudume Ha nenenoobpasysawume
efieMeHmu 8 neneima Ha 2oyedesiYesckume 8baiuwa

Tabnuua 2

CuObpxaHue Ha nenenoobpasysawume enemMeHmu 8

2oyedenyesckume @wanuwa U msxHama nenen

Okcnpm | CpegHo  cbabpxanue | B/BI | KoeduumeHt
(wt,%) B nenenTa Ha Ha
BbIMUWA | BBITULHM kopenauws ¢
(B) rnuHn (Bl nenenta
Si:0 32,20 51,70 0,6 +0,85
Fe203 13,60 5,10 2,7 0,73
TiO2 0,38 0,55 0,7 +0,80
Al203 18,80 27,50 0,7 +0,80
MnO 0,26 0,06 43 -0,79
Ca0 18,10 4,80 38 -0,80
MgO 4,90 4,20 1,2 -0,34
Na20 0,46 0,06 7,7 -0,69
K20 0,84 1,16 0,7 +0,51
P20s 0,11 0,06 1,8 -0,34
SOs 10,20 4,50 2,3 -0,60
Ad 18,65 52,40

1). Tlo Bpeme Ha TOpdhoreHe3aTa NOAXPaHBAHETO SBHO €
61no, KaKTO MOBBLPXHOCTHO C TEpUTEHEH MaTepuarn, Taka W
TPYHTOBO, AOKaTO NpW OTNaraHeTo Ha MaTepuana 3a
oDOpasyBaHe Ha BbLITMWHATE [MIMHW €  [OMWHMPano
MOBbPXHOCTHOTO MOAXPaHBaHEe C TEPUreHeH MmaTtepwan.
CbAbpKaHNeTO Ha enemMeHTUTe BbB BbIMMLATa HagBuLaBa
CpEeSHOTO 3a CBETa 3a NOYTU BCUYKN €MIEMEHTU C U3KITHOYEHWE
Ha Ti u P, npn kouTo e okonoknapkoso (Tabn. 2). B tabnuua 3
€ HanpaBeHO CPaBHEHME Ha KOHLEHTpaLWaTa Ha eneMeHTuTe
BbB BbMMLLHaTa nenen Ha Mouegenyesckus 6aceiH ¢ Tasu ot
apym 6acentHn ot Ctpymcko-MecTeHckaTta BbIMWHA Npo-
BUHLYS.
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CpegHo coabpxanue | Knapk | CpegHo | CpegHo
=|(Wt%) BnenentaHa | 3a |cbabpxa- (3a cBeTa?
5 BbIMMLLA | BBIMNLLHK okt e (wt,%) | - (wt,%)
] (wt, %) BbB

TIUHK
BbIMMLLA
Si| 1504 24,14 26,9 5,36 2,8
Fe 9,52 3,57 4,72 1,78 1,0
Ti 0,23 0,33 0,46 0,04 0,05
Al 9,96 14,58 8,0 1,86 1,0
Mn| 0,20 0,05 0,085 0,04 0,013
Ca| 1292 3,43 0,94 2,41 1,01
Mg| 294 2,52 0,60 0,91 0,02
Na| 0,34 0,04 0,96 0,06 0,02
K 0,70 0,96 2,66 0,13 0,01
P 0,05 0,03 0,07 0,01 0,0133
S 4,08 1,80 0,24 0,76 H.O.

1 — no Turikian and Wederpohl (1961); 2 — no Valkovic (1983);
3 —no Ketris and Yudovich (2009).

Konuuecteoto Ha Al, Ca, Mn u Mg e Hait-ronsmo B
u3cnedBaHaTta BbMuwHa nenen. [paBu Bnevatnenve, ye
cbluTe enemeHTy 63 Mn ca ¢ HagKnapkoBy CbAbPXKaHUS U B
nenernTa Ha BbITMLLHUTE FKUHKM (Tabn. 2), koeTo nokassa eauH
M CblY M3TOYHMK Ha NoaxpaHBaHe Ha TopdeHoTo 6nato no
BpemMe Ha TopdoreHesaTa W MpK OTNaraHe Ha [IMHECTUTE
npocronkn. 3a Ca u Mg Hail-BEPOSITHO TO3M W3TOYHWK ca
MpamopuTe oT [lobpocTaHckaTa MpamopHa CBMTa OT 3anag, a
3a Al - rHancuTe Ha bBoitkoBckaTta 1 baykoBckata CBUTM OT
n3toK. Konnyectsoto Ha P 1 Na e Hail-manko kakTo B nenesnta
Ha BbrnuWata B CpaBHeHWe C octaHanute ot CTpymcko-




MecTeHckaTa NPOBUHLMS, Taka W B NenenTa Ha BbIMULHUTE
TTIMHW, B CPABHEHWE C KNPaKoBOTO (Tabn. 2 1 3).

CbabpxaHNeTo Ha ocTaHanuTe enemMeHTV BbB BbIMULWHATA
nenen e OKOMo CpegHOTO 3a npoBuHUmsTa (Tabn. 3). Bus
BBbIMWLHUTE FWHU HaAKNapkoBa € W KOHLeHTpauusTa Ha S,
AOKaTO OCTaHanuTe enemMeHTV ca C NOAKMApKOBX KONMMYECTBa,
kaTo ToBa e 0cobeHo 3HauuTenHo 3a P u Na, kakto 1 npu
BbrvWHaTa nenen (tabn. 2).

Tabnuua 3
CuObpxaHue Ha nenenoobpasysawjume efeMeHmu 8

nenenma Ha e6wenuwa om Cmpymcko-MecmeHckama
NPOBUHUUS
= CpenHo cbabpxaHue (wt,%) B nenenta Ha Bbriuwa ot
% loue flenyes | Kioctengun' | OpaHoso' | Katpuwe!
Ll
Si 15,04 12,20 7,50 19,00
Fe 9,52 13,80 6,52 29,60
Ti 0,23 0,21 0,26 0,29
Al 9,96 8,30 2,77 6,08
Mn 0,20 0,04 0,08 0,06
Ca 12,92 2,80 1,90 2,00
Mg 2,94 2,50 2,40 0,90
Na 0,34 2,15 1,98 0,45
K 0,70 0,92 0,61 0,07
P 0,05 0,24 0,32 0,08
S 4,08 3,90 10,0 0,74

1 — naHHu Ha KopTeHcku (2011).

MpuBBLP3aHOCT Ha NenenooGpasyBaluTe enemMeHTU KbM
OpraHWM4HOTO BELeCTBO Ha BbIMWaTa

Enemenmu c¢ npeobnadaeawja npuebp3aHOCMm KbM
opz2aHuU4yHOmMoO eewecmeo (npeobnadasaw, op2aHuyYeH
aghuHumem)

B u3cnenganuTe Bbrauwia Takuea ca Fe, Ca, S, Mg, Mn, Na
1 P. TexHUTe KOHLEHTpaLuu ca No-BMCOKW B MenenTa Ha Bbr-
nuwLaTa oT Te3u B nenenta Ha BbrUWHUTe rmunn (B/BIM>1,1)
W Koe(UUMEHTUTE WM Ha Kopenauus C  nenenHoTo
cbObpxaHue ca oTtpuuyatenHu (tabn. 1). KonuuectBoto um
HamansBa C yBenMYaBaHe Ha MEMerHoCcTTa Ha BbImMwiaTa

(qour. 2).

Xensso. Eskenazy, Stefanova (2007) ycraHoBsBar 2 mbTw
MO-HUCKO CbAbpxaHne Ha Fe B rouegenyeBckUTe BbIMLLA.
OpraHuyHata ¢hopmMa Ha enemMeHTa e npeobnagaeala,
npeguMHO copbunoHHa, KosTo cnopen BoiitkeBud 1 gp.
(1983), e kaTO KOMMNEKCHW METano-opraHuyHN CheanHeHUs.
Makap 1 ¢ He 0COBEHO BUCOKO ChabpxaHue, Fe npuckcTea B
pacTuTenHuTe octaHku (cpegHo okomno 0,014% no gaHHM Ha
Bowen, 1966), Taka 4ye e Bb3MOXHa W BMOTEHHA OpraHWYHa
opma. MuHepanHata ¢opma Ha Fe e cBbp3aHa npeanmMHO
CbC cyndmam v Hai-Beye nupuT. Habniogaea ce nonoxurenHa
kopenauusi Ha efieMeHTa CbC cspata (ur. 2,3), kosTo Cce
0bycnass Hal-BEPOSITHO MMEHHO Ha NMUPKTA, HO € Bb3MOXHO W
Ha npucbeTBMETO Ha cyndatn. OcBeH ToBa Fe moxe fa ce
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cpewla nog dopmata U Ha KapOoHatW, TbiA KaTo
MOMNOXWTENHNAT KOEULMEHT Ha KOpenauus CbC capaTa He e
C MHOTO BMCOKa CTOMHOCT.

Kanyud. KoHueHTpauwsta Ha Ca HamansBa C HapacTBaHe
Ha NenenHoTO CbbpXKaHWe Ha Bbramwata (dur. 2,a), nopagm
KOETO KOeWLUMEHTBT My Ha Kopenauws C nenenta e
oTpuuaTeneH, ¢ Bucoka CToMHocT (Tabn.1). OpraHuyHaTa
dopma Ha Ca e OuoreHHa u copbumonHa. [locnegHata e
cBbp3aHa ¢ xymatn u dynsatu (BomTkeBny n gp., 1983).
BuoreHHaTa My chopma Ha NPUCHCTBUE € MHOMO BEPOSITHA, Thi
KaTo CbObpXaHWeTo Ha enemeHTa B pacTenusata e 1,8%
(Bowen, 1966). BbamoxHa € W MuHepanHa copMa Ha
npucbctBe Ha Ca, HO KOMMYECTBOTO B W3CnefBaHuTe
BbIMMLA He e ronamo. TS e CBbp3aHa NpeauMHO CbC
cobeTBeHu kapboHaTHM U Cynd)aTHU MUHEpanw.

MaeHesutl. KoHueHTpauusiTa Ha Mg HamansiBa ¢ HapacTBaHe
Ha NEnerHoTo ChbabpkKaHMe Ha Bbrmwara (gur. 2,B8).
Coabpxanneto my B pactenusTa e 0,32% (Bowen, 1966),
nopagu KoeTo € Bb3MOxHa buoreHHa dopma. CopbunoHHaTa
copma, nogobHo Ha Ca, e cBbp3aHa C Xymatu u dynsatu
(BoiiTkeBny n gp., 1983). MuHepanHata copma Ha Mg e
CBbp3aHa NPeaMMHO C kapboHaTy.

Capa. Kucenata cpepa B TopgpeHOTO 6nato € npuymHa
cApata ga ce ukeupa NPeaMMHO B OPraHMYHOTO BELLECTBO.
Cnopen Given and Wysse (1961) tuonute, TvodeHuTe K
TUOMMPOHUTE Ca OCHOBHW OPraHvyHM OpMM Ha cspaTta BbB
BbrMvWara. Tebpae e Bb3MOXHa M BuoreHHa dopma, Tbi
KaTo CbObPXaHWeTo Ha enemeHTa B pactutenHa nenen e 5%
(BowtkeBuy n Aap., 1983). MuHepanHaTta dopma Ha S e
CBbp3aHa MPeaUMHO C NUpUTA, Ha KOETO Ce [AbIIXM
nonoxurenHata kopenauus ¢ Fe (dur. 2,3). Yact or
KONMYECTBOTO 1 MOXE Aia Ce IbITKU 1 Ha cyndatuTe.

Manean. Eskenazy, Stefanova (2007) yctaHoBsiBaT 651m3ko
[0 M3NOXEHOTO B Tabnuua 2 CbAbpkaHWe Ha enemeHTa B
rouegenyesckute  Bbrmuwa.  KoHuewTpauusta Ha  Mn
Hamansea C yBenuyaBaHe Ha MenenHoTo CbAbpkaHue (dur.
2e). OpraHnyHata My opma e KaTo KOMMIEKCHM MeTano-
OpraHUYHM CbeduHEHUs, JOKaTO MWHepanHaTta € CBbp3aHa
Hal-4eCTO C kapboHaTUTe 1 KONMYECTBOTO i HE € roNsMO.

Hamput. Eskenazy, Stefanova (2007) ycraHossiBaT 65130 2
MbTW MO-BUCOKO CbAbpxaHne Ha Na B rouegenyesckuTe
Bbrvwa. Ha durypa 2,x ce BUXda, Ye C yBenuyaBaHe Ha
nenenHocTTa, HamansBa KoHUeHTpauusTa Ha Na, KosTo e
NOAKIapKkoBa BbB BLITMLLHATE FIMHW W HAJKNapKoBa, Makap v
He BucCOka BbB BbrMwarta (tabn. 1). HomuHupawata
opraHuyHa opma € CBbp3aHa MPeguMHO C Xymatn W
cyneatn, kouto cropen Bowtkesny u gp. (1983), ca
TUnu4HaTa copbunoHHa dopma Ha npuckCTBre 3a Na.

YacT ot opraHuyHaTa opma Ha NpuUchCTBME MoXe Aa Gbae
BroreHHa, Thbil kKaTo ChAbpkaH1eTo Ha Na B pacTeHus Ha cyxa
maca e 0,12% (Bowen, 1966). MunepanHata copma Ha Na
Moxe Ja 6bae CBbp3aHa C IMUHECTUTE MUHEPANK UK ApYTA
cunuKaTu.
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®ur. 2. Pasnpepenenue Ha nenenooGpa3yBaluy enemeHTH ¢ Nnpeobnaaasall opraHUyeH apmHUTET B 3aBUCMMOCT OT NENENHOTO ChAbPXaHMe (a-X),
3aBMCUMOCT MeXAy CbAbpkaHusTa Ha Fe u S (3)

®ocop. Eskenazy, Stefanova (2007) cbobuiasar 3a nogob- OprannyHata opma Ha P moxe na Obae OworeHHa u
HO Ha YCTaHOBEHOTO B HacTosiLjaTa paboTa Cbabpxanue Ha P copbumonHa. Cnopeg tOgosuy u ap. (1985) copbumoHHaTa
B rouegenyeBckute Bbrmuwa. KoHUeHTpaumsaTa Ha enemeHTa chopma Ha P e cBbp3aHa cbe copbumoHHaTa opma Ha Fe, Ca
HamansBa C YyBenuyaBaHe Ha nenenHoctTa (dur. 2.e). unu Mg. BuoreHHata chopma Ha enemeHTa e Bb3MOXHA, Thit
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kaTo TOW Ce Cbabpka B OENnTbyHMTE CbEAVHEHUS Ha
pacteHusTa. MuHepanHaTta ¢opma Han-4ecto e CBbp3aHa C
[TMHECTUTE MUHEpPanu. BbaMOXHM ca n CobCTBEHM MUHEpany
kaTo anatuT, hocopuT 1 ap.

Enemenmu c¢ npeobnadasauja npuebp3aHOCMm KbM
HeopzaHUYHOMO eewjecmeo (npeobnadasauj Heop2aHu-
YeH agpuHumMem)

B n3cnegganuTe Bbrivwa B Tasu rpyna nonagat Si, Al, Tiu
K. TexHWTe KOHUEHTpauuM ca Mo-BUCOKM B Nenenta Ha
BbIIWLWHMTE [MMHM OT Te3u B Menenta Ha Bbrvwara
(B/BI'<0,9) u koetuumeHTUTE UM Ha KOpenaums C NenenHoTo
CbObpXaHue ca NonoxuTenHu (tabn. 1).

Cunuyut. CbabpxaHueTo Ha Si BbB  BbrnMwaTa
HagBuwasa 6nM30 2 MbTW CPedHOTO 3a CBeTa, [OKAaTO BbB
BBMULHUTE MMWHA € He3HAYUTEmHO Noaknapkoso (tabn. 2).
KakTo B noYTU BCUYKM BBIMMLLA, TaKa M B roLeaenyesckute, Si

€ ¢ npeobragaeaLy HeopraHuyeH aUHUTET U CbAbPKAHMETO
My HapacTBa C yBennyaBaHe Ha nenenHoctTa (¢ur. 3,a). ToBa
obycnass 1 NONOKUTENHUAT My KOeUUMEHT Ha Kopenauus ¢
Hes. [peobnagasawiata My MuHeparnHa opma e CBbp3aHa
NPeaMMHO C [MWHECTUTE MWHepanu, HO € Bb3MOXHO C
TEPUreHHNs MaTepuan fa nocTbrnBsa KeapL W ApYrv CUaMKaTy.
Cnopeg HOposuy 1 Ketpuc (2002) opraHndHUTE KWUCENMWHM B
TopdeHoTo Ornato moraT ga M3BAMYAT OT  [MIMHECTUTE
MuUHepanu Si u no To3u HauuH Aa ce obpasysat KOMNMEKCH Ha
Si C XyMyCHUTE KUCENUHU, HAN-BEPOSITHO XenaT.

AnymuHutl. CbabpXaHNeTO My BbB BbIMMLLATa € Masnko
MO-BUCOKO OT CPEAHOTO 3a CBETA, @ BbB BbIIULLHUTE [MUHA €
nogknapkoso (1abn. 2). KoeduumeHTbT Ha Kopenauws ¢
nenerHoTo CbabpxaHue e nonoxureneH (tabn.1, gur. 2, 6).
MwHepanHaTa opma Ha NpUCHCTBIME € CBbP3aHa NpeauMHo ¢
rmuHecTn MuHepanu. Cnopep HOpmosuu, Ketpuc (2002) e
Bb3MOXHO CBbp3BaHETO Ha Al C XyMyCHUTE KUCENWHU KaTo
MHOTO YCTOMYMBI XyMaTu Unu xenatu.
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®ur. 3. Pasnpepenexue Ha nenenoobpasysaiuy enemeHTH ¢ npeobnaaasaly HeopraHu4eH aMHNUTET B 3aBUCMMOCT OT NENENTHOTO ChAbpXaHue

Kanuti. CobobpkaHueto Ha enemeHta e 0Ommsko [o
ycTaHoBeHoTO OT Eskenazy, Stefanova (2007), kato aBTopute
CbLUO OnpefensT HeopraHnyeH agmHuTeT. Ha durypa 3,8 ce
HabnogaBa noBuLLaBaHE Ha KOHLEHTpaLWsTa Ha enemeHTa ¢
yBenuyaBaHe  Ha  nenenHoctta.  [Mpeobrnagasawata
MWHepanHata ¢opMa Ha K e cBbpsaHa C TnUHeCTUTE
MWHEpanu W NpeauMHo ¢ unmuta. C OpraHMYHOTO BELLECTBO
€NeMEHTLT MOXe Aia Ce CBbp3Ba Mnog opmarta xymatu unm
tyneatu (BoiTkeBud 1 ap., 1983). Bb3MOXHO € NPUCHCTBUETO
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Ha GuoreHeH K, Tbil KaTo CbabpXaHUETO My B pacTeHusiTa e
1,4% K (Bowen, 1966).

Tuman. Eskenazy, Stefanova (2007) ycTtaHoesiBaT 2 mbTu
Mo-BUCOKO CbbpPXaHue Ha Ti B rouenenyeBckuTe BbIMLA.
Tean aBTOpM CbLLO CbOOLIABAT 3a HEOPraHM4eH aduHUTET Ha
enemeHTa. KoHueHTpauusTa UM Ha TO3M ENEMEHT €
noaknapkosa (tabn. 2), kato ce yennyaea ¢ HapacTBaHe Ha
nenenHoctTa (¢ur. 3,r). Uscnegsanusita Ha Eckenasu (1972)




[OKaseaT, 4Ye YaCT OT CbAbPXaHWeTO Ha ereMeHTa e
CBBpP3aHO C XymaTy, a ocTaHanara YacT OT copbumoHHaTa my
opMa — C KOMMNEKCHU ENTEMEHTO-OpraHN4YHN CheaNHEHNS.
MunepanHata ¢opma Ha Ti B u3CnedBaHWTe Bbrnuwa €
CBbp3aHa MPeauMHO C  pyTWN, TUTaHUT U [AIMHECTUTE
MUHepanu.

KucenuHHocT Ha cpepiata B TopdheHOTO 6n1aTo

A A .

20 40 S0 60 70 80 20 100

10 20
Ash, ut's
: 94 o2

®ur. 4. [inarpama Ha KUCENUHHOCTTa Ha cpeparta.
1 - cTOWMHOCTM 3a oTAeNHa nNpoba; 2 — cpeAaHa CTOWHOCT 3a TOpeHOTO
6narto

KucenuHHocTTa Ha cpepaTta B ApeBHOTO TopdeHo 6nato e
onpefeneHa Ypes XMMUYHUS CbCTaB Ha BbITULHATA Nenen Ha
Juarpamata Ha kucenuHHoctTa no KopteHcku (1986). Ot
Pa3noNoXEHNETO Ha TOYKUTE BbPXY Anarpamarta Ha K1CenuH-
HOCTTa Ha cpegarta (cur. 4) ce Buxaa, Ye CTOMHOCTUTE Ha Ph
BapupaT B LUMPOKM [PaHWLWM B pasnuyHuTe etamu OT
pa3BuTETO Ha TopceHoTo bnato. Korato e npeobnagasano
TPYHTOBO MoaxpaHBaHe OT Mpamopute Ha [obpocTaHckarta
CBUTa € HamansiBana kucenuHHoctta. CToiHocTUTe Ha pH ot
nopsigbka Ha 3,5-4,0 ca cBbp3aHM C €Tanu, B KOUTO €
npeobnagaBano  MOBBPXHOCTHO ~ MOAXpaHBaHe  Mpu
He3HauYMTenHO NOCTLMNEHNE Ha NOA3EMHW BOAX.

MoaxpaHBaHe Ha ApeBHOTO TOpcheHo GnaTo

ObwukHoBeHo Si, Al u Ti noctbnBat B TOopdeHoTO 6nato ¢
TepureHeH matepuan, a Ca, Mg, Fe, S, Mn, Na, K u P ce
NpeHacaT NPeauMHO B pa3TBOPEHO CbCTOsHME. MMOBMLIEHOTO
CbbpXaHie BbB BbIMMWATA HA MbpBUTE 3 enemeHTa
03HavaBa, Ye MOCTBMIIEHNETO HA TEPUTEHEH MaTepuan e npe-
obnapasawo. O6paTHOTO, BUCOKATa KOHLeHTpauust Ha Ca,
Mg, Fe, S, Mn, K, Na n P moxe fa ce usnonasa kato 6ener 3a
npeobnafasallo rpyHTOBO nogxpaHeaHe Cnopen KopTeHcku
(2011) ypes CLOTHOWEHMETO Ha OKCWAMTE Ha ABETe rpynu
€NeMEHTI MOXeE [1a CE ONpesenu UHAEKC Ha NoaxpaHBaHe Ha
TopcheHoTo 6nato. Ha durypa 5 ce Bukaa, Ye Masnka yact oT
npobuTe nomagar Ha guarpamata B 30HaTa CbC CbWU3MEPUMO
TPYHTOBO M MOBBLPXHOCTHO nopxpaHeaHe (SI = 0,8 go 1,2).
lonama 4acT oOT npobuTe xapakTepuanpaTr CMECEHO
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noaxpaHeaHe ¢ npeobnagaBaHe Ha NOBbPXHOCTHO (SI = 1,2
10 4) unu Ha rpyHToBO nogxpaHeane (Sl = 0,25 po 0,8). Manko
OT nNpobuTe monagat B 30HaTa CbC CTOMHOCT Ha Sl > 4, koeTo
O3HavyaBa, Ye TOp(OHATPYNBaAHETO € CTaBano Npu MouTH
M3USNO  MOBBPXHOCTHO —MOAXpaHBaHe, KOeTo, KakTo e
oTbensiaaHo Mo-rope, Ce € OCbLLECTBABANO OT rHaWcuTe Ha
baukoBckaTa u boitkoBckaTa CBUTU OT U3TOK.

A
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20 1-0.25
! SI<0.1
0730 20 30 40 50 60 70 80 %0 B

®ur. 5. lnarpama 3a onpepensiHe Ha MHAeKca Ha moaxpaHBaHe (Sl) Ha
TopdheHoTo 6nato (KopreHcku, 2011).

A=Si0z+Al.0:+ TiO2, %;

B=Ca0+MgO+Fe,03+ SO3+K,0+Na,0+MnO+P0s, %

3aknioyeHue

C u3BbpLIEHNTE aHamu3W ca ycTaHOBeHW 11 enemeHTa.
CbobpkaHWeTo UM BbB BbIMLaTa HafBuLLaBa CPEAHOTO 3a
CBETa 3a NOYTM BCWUYKM C U3KIOYeHue Ha Ti u P, npu kouto e
OKOMOKNapkoBo. B nenenta Ha BbrMwarta KOnM4eCTBOTO Ha
Al, Ca, Mn 1 Mg e Hait-ronsimo B CpaBHeHWe C Te3n oT Apyru
Baceitnn o1 Ctpymcko-MecTeHckaTa BbIMLWLHA NPOBUHLMS.
Colmte enemeHTn 6e3 Mn ca ¢ HagknapkoBy CbAbpXaHWS U
B MenmenTa Ha BbIMWHWATE [MWHW, KOETO CBMAETENCTBA 3a
€[/H 1 Cbll M3TOYHWK HA NOAXpaHBaHe Ha TopdeHoTo b6nato
no BpemMe Ha TopdhoreHesaTa M Npu OTnaraHe Ha FMUMHECTUTE
npocnonku. 3a Ca u Mg Hail-BEPOSITHO TO3M W3TOYHWK Cca
MpamopuTe oT [JobpocTaHckaTta MpamMopHa CBUTa OT 3anag, a
3a Al — rHaitcute Ha Boikosckata u baukoBckata CBUTU OT
W3TOK.

B uscnensanute Bbrivwa Fe, Ca, S, Mg, Mn, Nau P ca ¢
npeobnapgasalla NpuMBbLP3AHOCT KbM OPraHUYHOTO BELLECTBO
(npeobnapasaly, opraHnyeH adunuteT), a Si, Al, Tin K ca ¢
npeobnapfasall, HeopraHu4eH achuHNTET.

Cpepata B TopcheHoTO Bnato e Guna ot kucena Ao cnabo
kmcena (pH ot 3,5 pgo 6,5) B pasnuuHute eTann OT
TopdoHaTpynBaHeTo. KUCenMHHOCTTa Ha cpegjaTa 3aBuCK OT
TMNa Ha NOAXPaHBaHETO Ha TopdeHOTO BnaTo. YCTaHOBEHUAT
TUN Ha MOAXpaHBaHe Ype3 CTOMHOCTTa Ha MHOeKca Ha
nogxpaHeaHe (Sl) Bapupa 3a pasnuuyHUTE €TanK, KOEeTo
onpedens W BapuauumMte B CTOMHOCTMTE Ha  pH.
TopdoHaTpynBaHeTo Ce € OCBLLECTBABANO Mpe3 no-ronsma



YacT OT BpEeMeTo TMpW  CMECeHO MOfXpaHBaHe ¢
npeobnafaBaHe Ha MOBBPXHOCTHOTO WM Ha FPYHTOBOTO
TakoBa. CamMo OTZEMHN eTanu OT PasBUTUETO Ha TOPEEHOTO
GnaTo ca npoTiYanu npu CbM3MEPUMO KONMMYECTBO Ha ABaTa
TMNa nofAxpaHBaHe WNW MpW MOYTU M3UAMO MOBLPXHOCTHO
TaKoBa.
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LASER "RAMAN" SPECTROSCOPY AND LA-ICP-MS ANALYSIS OF COPPER-BEARING
PYRITE AND SPHALERITE FROM GOLD-COPPER DEPOSIT CHELOPECH

Dimitar Petrov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; dimitar@sitost.com

ABSTRACT. The presences of copper-bearing pyrite and sphalerite from the gold-copper deposit Chelopech are determined, by LA-ICP-MS analysis and p-laser
,Raman” spectroscopy. In polished sections of Western sector of the deposit, the quantitative LA-ICP-MS analysis are performed on zonal pyrite, which shows a
varying contents of Cu, with values up to 37,000 ppm. Two types of zonal pyrite with idiomorphic octahedral and colloform texture are observed, in which the copper is
a structurally bound and in the form of sub-microscopic inclusions of chalcopyrite. The studied sphalerite grain with a darker section also contains copper in the form
of mineral inclusions of chalcopyrite.

Key words: ,Raman” p-spectroscopy, LA-ICP-MS analysis, element-impurities, ore minerals, Chelopech deposit

NA3EPHA ,,PAMAH” CMEKTPOCKOINWA U LA-ICP-MS AHATNU3W HA MEQ-CbObPXALLW MUPUT U COANEPUT OT
3NATHO-MEHO HAXOWLLIE YENONEY

HAumumsp lMempoe

MunHo-eeonoxku yHusepcumem "Cs. MeaH Puncku", 1700 Cogpus, dimitar@sitost.com

PE3IOME. Ypes n3nonssaHeto Ha LA-ICP-MS aHanu3 u U-nasepHa ,Paman” CnekTpockonusi € yCTaHOBEHO NPUCHCTBMETO Ha MeA-ChAbPXaLLY MUPUT U chaneput oT
3naTHO-MeAHO Haxoguile ,Yenoney”. B nonupanm npenapaTty OT y4acTbk ,3anaf’ Ha HaXO4WLLEeTo, ca npoBeseHu konniecTern LA-ICP-MS aHanuan Ha 30HaneH
NUPMT, KOUTO NOKA3BaT PasnuyHM CbabpkaHus Ha Cu cbe cToiHocTw go 37 000 ppm. HabniogasaHu ca ABa Tvna 30HaNeH NUPUT C WAMOMOpPHA OKTaedpuyHa 1
KoromopHa CTpyKTypa, B KOUTO MeATa e CTPYKTYpPHO CBbp3aHa W nog copmaTa Ha CyOMMKPOCKOMMYHK BKIKOYEHWUS OT XankonupuT. M3yyaBaHOTO chaneputoso
3bPHO C NO-TbMEH Y4aCTBK, ChLUO ChAbpXa Me nof popMaTa Ha MUHEPAITHU BKIHOYEHUS OT XanKonupuT.

KntoyoBu gymu: ,Paman” mukpo-cnekrtpockonusi, LA-ICP-MS aHanus, enemeHTH-BKIOYEHUS, pyaHU MUHEpanu, Haxoauile Yenoney

Introduction The aim of the present study is to determine the form of
presence of the Cu in pyrite and sphalerite in polished sections
Pyrite is one of the main ore minerals in the main pyrite- from the gold-copper deposit Chelopech - which originates
chalcopyrite, enargite, and tennantite mineral associations in from submicroscopic inclusions of Cu-minerals, and which is
the gold-copper deposit Chelopech, which suppose relatively structurally bound copper. In addition to the microscopic and
h|gh correlation of Fe with the elements Cu’ As, Sb’ Au, Ag LA-ICP-MS analyses, for the implementation of the intended
and Sn. Two types of zonal pyrite with idiomorphic octahedral aim was conducted laser micro-Raman spectroscopy of the
and colloform texture in polished sections from the gold-copper observed in polished sections two types of zonal pyrite and a
deposit Chelopech are observed (Fig. 1). copper-bearing sphalerite grains.

The occasional presence of copper up to 10 wt. % in pyrite is )
reported by Frencel and Ottemann (1967); Einaudi (1968); Materials and methods
Pacevski et al. (2008) and Petrov et al. (2013). The authors are

noted zoning, weak anisotropy, and variations in color and Reflected light microscopy for establishing the optical and
reflectivity in pyrite grains from epithermal Cu-Zn-Pb-Ag, Cu- textural characteristics of ore minerals in 10 polished sections
Zn-Pb, Cu-Au-Ag-Zn—Pb and Au-Cu type of deposits. of ore bodies of block Ne 149 from sector "West" in the gold-

copper deposit Chelopech is used.
Optically darker areas of sphalerite grains showed higher

contents of Cu and Fe, analyzed by LA-ICP-MS. The presence In order to define the chemical composition and structural
of copper in sphalerite has been studied by several authors features of the most common minerals like pyrite and enargite,
(Barton and Bethke, 1987; Kant et al., 2012), who reported for secondary chalcopyrite and sphalerite in the ore bodies of the
micron inclusions of chalcopyrite in the form of zones in Fe- recent study, LA-ICP-MS analysis and laser micro-Raman
bearing sphalerite. spectroscopy were applied.
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Fig. 1. Microphotos of ore minerals in polished sections from the Western sector of the gold-copper deposit Chelopech (reflected light):

a. - A zonal pyrite (Pyr) with narrow dark stripes and gangue minerals (black); b. - Massive pyrite, with alternating large dark and light areas, among gangue minerals
(black); c. — A main mass of pyrite with octahedral dark and bright areas. Among the pyrite, brighter areas due to the admixing with chalcopyrite are observed; d. —
Hypidiomorphic pyrite aggregate with alteration of dark and light areas of growth. The pyrite is cut by enargite (En). Nearby, a xenomorphic aggregates of chalcopyrite
(Cpy), bornite (Bn), luzonite (Luz) and cubanite (Cub), among the main mass of enargite and single aggregates of pyrite are observed; e. — A sphalerite (Sp) mineral
grain with a dark area, among gangue mineral mass; f. — A sphalerite among gangue matrix and a strip of colloform pyrite with darker bands of chalcopyrite.

Note: The positions of the LA-ICP-MS analyses are marked with a big point (for example — an. a.A. and a.B.), these of a micro-Raman analysis with a small point (for

example —an. a.1. and a.2.).

Rare minerals bornite, luzonite and cubanite are also identified
by reflected light microscopy and laser micro-Raman
spectroscopy. Ore minerals in the observed polished sections
are accompanied mainly by quartz, barite and kaolinite, rarely
by dickite and apatite as gangue minerals.

Twelve LA-ICP-MS analyses in geochemical laboratory
"Geochemistry and Petrology" at the Geological Institute of the
Bulgarian Academy of Sciences are performed. The laboratory
facilities include ELAN®DRC-e of Perkin Elmer with dynamic
reaction cell-(DRC) and 193 nm excimer laser of New Wave
Research UP193FX, at a frequency of pulsing of the laser
beam of 10 Hz. External standards on glass SRM-610 from
NIST is used. To transform data in absolute terms is used
internal standard.

The content of the 29 elements (Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, As, Se, Mo, Pd, Ag, Cd, In, Sn, Sb, Te, Ta,
W, Re, Pt, Au, Hg, Pb and Bi) is analyzed in minerals pyrite (9
analyzes) and sphalerite (3 analyzes). Copper-bearing pyrite
and sphalerite grains are selected, on which is carried out a p-
laser "Raman" spectroscopy at room temperature in the
Laboratory of fluid inclusions of the University of Leoben
(Austria). Raman spectra were obtained with a laser "Raman”
micro-spectrometer Horiba Jobin-Yvon, laser with a nominal
power of 100 mW and a wavelength of 532 nm. The “Raman”
device includes a microscope Olympus BX60, camera CCD
CV-252, connected to a monitor for direct observation,
computer system and specialized software LabSpec. The data
acquisition was performed by 5x5 seconds exposure and
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added various filters (from D0.6 to D2), as spectra were
recorded with a spectral resolution within 2 cm-1.

Results and discussion

The presence of copper-bearing pyrite (up to 37 000 ppm)
and sphalerite (up to 20 317 ppm) from the gold-copper
deposit Chelopech, using LA-ICP-MS analysis are established
(Table 1.).

Two types of pyrite can be distinguished - type I, with the
idiomorphic octahedral texture, in which is clearly observed
symmetrically alternating darker and brighter zones, measuring
up to several tens of ym each, and type /I, with a colloform
shape, in which thin (about 1-2 pm) gray stripes, alternate with
brighter zones of mineral grains (Fig. 1). The very small size of
the stripes in pyrite of type Il do not allow precise determination
of trace elements by chemical analyses like microprobe and
LA-ICP-MS  analysis, but using a p-laser “Raman’
spectrometry would prove, that the differences in optical
properties in stripes are due to different chemical composition.
These differences are marked with the characteristic peaks of
the Raman spectral waves, presented in Table 2 and Figure 2
It is assumed that the peaks at 341, 377 and 428 cm-! mark the
group of Fe-S, and that at 470 c¢cm' of the Cu-S in the
wavelength range of darker zones of pyrite type I (Fig. 1 a, an.
Nea.2). The brighter zones of the same mineral grain show
typical “Raman” spectra of ,clear” pyrite from the Chelopech
deposit (Fig. 2, Table 2, an. Nea.1).
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Fig. 2. "Raman" spectra of pyrite and chalcopyrite from the Chelopech deposit at 532 nm wave length (A. - pyrite, analysis Nea.1; B. - pyrite, analysis
Nea.2; C. - pyrite + chalcopyrite, analysis Nec.1; D. - chalcopyrite, analysis Ned.1.). The locations of the analyzes are shown in Fig. 1.

Table 2.
"Raman" spectral wave’s peaks of pyrite and chalcopyrite (cm')
Pyrite Pyrite Pyrite+Chalcopyrite Chalcopyrite
(an.a.1) (an.a.2.) (an.c.1.) (an.d.1)
172
294 293
322
340 341 343 353
377 377 379 370
428 428 428
470 468 468
615
705
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Fig. 3. "Raman" spectra of sphalerite and chalcopyrite from Chelopech deposit at 532 nm wave length (A. - sphalerite, the, analysis Nee.1 .; B. - sphalerite,
database RRUFF Ne050005, Taolin deposit, China; C. - sphalerite + chalcopyrite, analysis Nee.2; D. - chalcopyrite, analysis Ne f.1).

Table 3.
"Raman" spectral waves peaks of sphalerite and chalcopyrite (cm-')
Sphalerite Sphalerite, Sphalerite+Chalcopyrite Chalcopyrite
(an.e.1) RRUFF Ne R050005 (an.e.2) (an.f.1))
177 178 176 171
216 217 216 266
289 290
299 319
347 350 347 353
369 370
397 397 409
420 420 420
468 468
615 616 615
637 639 639
668 669 670
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The successful chemical and structural characteristics of
samples in sizes less than 1 um in diameter is possible by
using p-laser “Raman” spectrometry, which is the big
advantage of spectroscopic methods, as well as the fast, easily
and proper identification of minerals and ores. The comparison
of Raman spectra of the colloform pyrite of type Il and optically
proved chalcopyrite (Fig. 1) indicate an accretion of
chalcopyrite in the form of very thin grey stripes with the pyrite.
The accretion of these two minerals is well marked by the
peaks at 343 and 379 cm-! - typical for pyrite and 294 and 468
cm, for chalcopyrite (as submicroscopic inclusions) in the
plotted “Raman” spectra, presented on Figure 2 and Table 2
(an. Nec.1).

The conducted analyzes from the present studies and
previous work (Petrov et al., 2013) indicate, that the zonal
structure of the pyrite of type | has chemical nature and it is
related to variations in the content of elements-impurities,
presented mainly by Cu and in some cases of As, Te and Au.
The presence of “invisible” gold in pyrite has been the subject
of research of a number of authors (Cook and Chryssoulis,
1990; Fleet et al., 1993, Michel et al., 1994; Simon et al.,
1999), according to which the gold spatially associate with
enrichment of arsenic in pyrite and deficit of Fe. A straight
correlation between As and Au is reported by Zacharias et al.
(2004) in the study of As-bearing pyrite from the deposit
"Rudni", Bohemian Massif.

LA-ICP-MS analysis of sphalerite shows presence of Cu in
the range from 245 ppm to 20 317 ppm, as the higher content
of Cu is related with higher quantity of Fe (up to 17 106 ppm)
(Table 1, an. Nee. B). The microscopic studies and the p-laser
,Raman” analysis shows intergrowth texture of sphalerite with
an unoriented inclusions of chalcopyrite (the so-called
“chalcopyrite disease”). Mineral inclusions of chalcopyrite have
been widely recognized in sphalerite from most sulfide
deposits, using ore microscopy (Barton and Bethke, 1987).
The origin of these micro inclusions of chalcopyrite in
sphalerite is not very clear. They have been attributed to
exsolution or result of replacement of Fe-bearing sphalerite by
an aggregate of chalcopyrite. Craig and Vaughan (1994)
suggest that the temperature-dependent exsolution is not the
means by which these intergrowths are formed.

Concluding remarks

The comparison of the results, obtained from the y-Raman
spectra and LA-ICP-MS analyses is indicated that the copper
is a structurally bound in darker zones of the zonal pyrite with
an octahedral habit, while a submicroscopic inclusions of
chalcopyrite form the gray stripes in the colloform pyrite. The
existence of mineral inclusions of chalcopyrite in the sphalerite,
but not the presence of Cu as an element-impurity, is proved
by the characteristic peaks at 289, 369 and 468 cm-' of the
wavelength spectrum of analysis Nee.2. (Figure 3, Table 3).

The increased content of Cu in the sphalerite from the central
parts of the ore bodies, the most probably is due to the
"chalcopyrite disease", typical for the ore sectors with a high
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degree of hydrothermal alteration in such type of epithermal
deposits.
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NATIVE GOLD AND TELLURIDE MINERALS FROM A DEEP SUPERGENE ZONE IN THE
AU-CU DEPOSIT CHELOPECH

Dimitar Petrov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; dimitar@sitost.com

ABSTRACT. In the present study, a new data for mineral composition of Western sector in ore bodies in block 149, found about 700 m below the surface, are shortly
discussed. In polished sections of the ore bodies are observed and analyzed with p-laser "Raman" spectroscopy a native gold and tellurium minerals (hessite and
altaite), established in association with pyrite, chalcopyrite, bornite and anglesite. Their typical features and relationships are described. This complex mineralization is
likely due to the later deep supergene processes, associated with open fault structures that have changed the character of mineralization in the deeper parts of the
deposit. The analyses of the results obtained by present work will complement previous studies of the typical mineralogical and chemical zoning of this type of
epithermal deposits.

Key words: ,Raman” p-spectroscopy, ore minerals, deep supergene processes, Chelopech deposit

CAMOPOMHO 3NNATO U TENYPOBU MUHEPANU OT AbJIBOYUHHA CYNEPITEHHA 30HA B AU-CU HAXOOULLE
YENONEY

Aumumbp lMempoe

Munro-zeonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogpus, dimitar@sitost.com

PE3IOME. B HacTosiLaTa paboTa ce cbobLLuaBaT HOBY JaHH 3@ MUHepanHus CbCTaB Ha y4acTbk “3anageH”, B pyoHu Tena Ha 6nok 149, yctaHoBeHun Ha okono 700
m nof, CbBpeMeHHaTa NOBbPXHOCT. B nonupaHn npenapatv 0T pyaHuTe Tena ca HabmiofasaHn U aHanuanpanu ¢ J-nasepHa ,Paman” cnekTpockonus camopogHoO
31aTo M TeNypoBW MUHEPanM (XECUT 1 anTauT), YCTaHOBEHM B acoLpaLys C MUPKT, XankonupuT, BOPHUT 1 aHrnenT. OnucaHn ca TeXHN XapakTepHu 0COBEHOCTU 1
B3aMMOOTHOLLIEHWS. TOBA KOMMIEKCHO OpyAsiBaHe BEPOSITHO Ce AbIKM Ha NO-KbCHU AbNBGOYNHHI CynepreHHn NpoLiec, CBbP3aHm C 0TBOPEHI Pa3noMHM CTPYKTYpH,
KOWTO Ca MPOMEHUNM XapakTepa Ha MuUHepanu3auusTa B No-AbnboKATE y4acTbLy HA HaXOAWLLETO. AHANW3bT Ha pe3ynTaTuTe OT HACTOALLMA TPYA Lie AOMbIHM
NpeauLIHA N3cneaBaHNs Ha TUNMYHATa MUHEparHa U XMMWUYHa 30HaMHOCT 3a TO3M BIAA eNUTEPMAnHN HAXoAuLLA.

KntouoBu aymm: ,PamaH’ MUKpO-CMIEKTPOCKONHS, PyAHM MUHEPanK, JbnBGoUMHHN CynepreHHI NpoLeck, HaxoauLue Yenoney

Introduction
The laser Raman p-spectroscopy is a non-destructive and

The native gold, hessite and altaite are rare ore minerals in structurally sensitive technique that can be easily used to
the Au-Cu deposit Che|opech' The main reason for the |dent|fy very small mineral phases less than 10 um in size with
significant lack of sufficient identification of telluride minerals is different orientations, such as the telluride minerals. The aim of
their mode of occurrence, i.e. as minute phases, often less this study is to provide the Raman spectra obtained on telluride
than 10 um in size and frequently characterized by complex minerals (hessite and altaite), described in the.ternary sy.stems
intergrowths. Optical and electron microscopy, and electron- Pb-Ag-Te, from a deep supergene weathering zone in the
microprobe analyses are the most used techniques for Chelopech deposit (Fig. 1).

chemical and physical identification of telluride minerals. It is
difficult to identify the telluride minerals during petrographic
investigation owing to their small sizes and the similarity of the Materials and methods
optical properties of many minerals. Furthermore, where the

telluride minerals are only a few micrometers in size, the Studies are performed on 10 polished sections, prepared
electron microprobe generally provides only semi-quantitative from 20 representative samples for conducting the
analyses due interferences from surrounding minerals. The mineralogical studies of ore bodies of block Ne 149 from sector
small size of telluride mineral grains does also not allow "West" in the gold-copper deposit Chelopech. Polished
identification with standard X-ray diffraction (XRD) methods. sections are observed through microscope for polarizing light
Meiji 9430 supplied by photo camera Meidji DK 1000.

The author of present study proposes Raman p-spectro- Reflected light microscopy is used for establishing the optical
scopy as a convenient alternative/complimentary method. and textural characteristics of ore minerals. Raman spectra
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were collected using a LABRAM (ISA Jobin-Yvon) instrument
at room temperature in the Laboratory of fluid inclusions of the
University of Leoben, Austria. A frequency-doubled 100 mW
Nd-YAG laser with an excitation wavelength of 532.068 nm
was used. The laser power at the sample surface is about 1 to
2 mW. Measurements were carried out with an LMPlanFI
100x/0.8 (Olympus) objective lens. Additional neutral filters
with variable optical densities were used to decrease the laser
power to prevent damage or transformation of the samples.
The subsequent interpretation and analysis of spectral data is
accomplished with the software product Crystal Sleuth, which
provides an opportunity to compare the obtained spectra with
the database RRUFF. The database RRUFF is internet based,
freely accessible and maintain a full range of high quality
spectral data from well characterized minerals (Downs, 2006).

Ag

0,100

\ Nid vy “r N/ R X 2 S Nt 0
10 20 30 40 50 60\ 70 80 90 100 Te

Alt, PbTe

Fig. 1. Compositional diagram (atomic proportions) of the ternary system
Ag-Pb-Te for mineral compositions analyzed in the present study (Hs -
hessite; Alt — altaite) and other silver tellurides (Stz -stiitzite; Emp -
empressite) from the Elatsite-Chelopech ore field.

Geology

The genesis of the Au-Cu Chelopech deposit (Bulgaria), the
major ore producing epithermal deposit in this area, is related
to intermediate Late Cretaceous volcanism, which extruded in
the northern part of the Central Srednogorie metallogenic
zone.

The high permeability of volcanic breccias and volcanites of
the Vozdol member of the Chelopech Formation in the area of
the deposit is predestined the penetration of the hydrothermal
fluids in them and the formation of massive, layered, lenticular
and disseminated type of ores with textures of replacement.
The ore mineralization in the Chelopech deposit replaces the
effusive rock minerals, forming massive bodies, veins and
disseminated ores, embedded in the central part of the
Chelopech volcano, built of volcanic breccias and volcanites
(Kovachev et al., 1992). In areas with the highest degree of
cracking and faulting in the deposit, a stockwork and lenticular
ore bodies are formed mainly, which together with the vein-
disseminated type of ore mineralization are the most common
among volcanic breccias and volcanites. In the development of
so-called secondary mineralized breccias (Chambefort, 2005)
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are formed massive type of ore bodies, whose matrix consists
of ore minerals and phenocrysts of the host rocks.

A massive ore (enargite-tennantite-chalcopyrite) minerali-
zation, developed on an earlier massive pyrite was found in
block Ne149, level 225 at the ore sector "West" of the
Chelopech deposit (Fig. 2, A, B). This development of Cu-As-S
mineralization over an earlier massive-sulphide ore is typical
for the main economic ore, found in the central parts of the ore
bodies in the form of massive aggregates in the deposit. Rarely
with that mineralization is established a native gold as well
(Fig. 2, D).

The formation of high-sulphidation epithermal deposits is a
result of fluids (containing gases such as SOz, HF, HCI),
penetrating directly from the hot magma. These fluids are
highly acidic (pH 2-3) and after their interaction with the host
rocks, dissolve most of the rock forming minerals, leaving
mainly quartz. As a result of this process the host rocks
become cavernous - so called “vuggy quartz” texture (Fig. 2,
D). Rich in gold and copper fluids, which rise from the magma,
penetrate the created permeable medium and unload the
metals within porous and cavernous (“vuggy quartz’) areas.
The factors such as the host rocks and tectonics have
influenced the ore-forming processes and character of the
mineralization in the Chelopech deposit. A later depth
supergene processes, associated with an open fault structures,
change the character of the mineralization as extracting and
redeposition a large amount of chemical elements, as a result
of which are formed a complex ores rich in copper, gold, silver,
tellurium, bismuth, lead and zinc. The typical ore minerals for
these deep supergene areas of the deposit are bornite, often
replacing pyrite and chalcopyrite (Fig. 2, D), native gold,
hessite, altaite, nagyagite, tetradymite and others telluride
minerals like stitzite and empressite. The telluride
assemblages are commonly deposited in a later mineralization
stage, at specific physicochemical conditions: relatively high
oxidation potential and rather low temperature of formation
(250-200-170°C) (Bonev et al., 2005). According to
Tokmakchieva (2008) these minerals are formed of systems
concentrated with tellurium, gold and silver under subsolid
bringing processes under temperatures lower than 210°C.
Gold and other noble metals precipitate at sharp pressure
decrease, solution salt decrease and their temperature.

The impact of the deep supergenesis on the ore-forming
processes in the Chelopech deposit is mentioned by the author
in earlier publications, related to the study of anglesite from the
deposit (Petrov, 2014). Under certain conditions due to the
deep supergene weathering, minerals such anglesite and
cerussite could be discovered within the deeper parts of the
deposits, containing Pb-Zn mineralization. These minerals
belong to the fourth stage of mineralization in the Chelopech
deposit: quartz - carbonate - barite stage and probably are
formed as a result of the interaction of cool and with nearly
neutral pH magmatic fluids with the host rocks. The native
gold, hessite and altaite, presented in this work, are
established in the same polished sections, where the
secondary minerals anglesite and cerussite are observed,
analyzed and reported by the author in Petrov (2014).
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Fig. 2. Massive, vain and cavernous (“vuggy quartz”) textures.

A.  Adrill core sample Ne DH15CS2 (veins filled with pyrite (Pyr), chalcopyrite (Cpy), enargite (En) and tennantite (Tn), cut by massive enargite);

B.  Mineral association in polished section of the marked area, observed in reflected light, parallel nicols (chalcopyrite (Cpy) aggregates among enargite (En)
and tennantite (Tn) matrix; a well-formed pyrite (Pyr) crystals and gangue minerals);

C.  Adrill core sample Ne DH15CS4 (pyrite (Pyr) — chalcopyrite (Cpy) — enargite (En) — tennantite (Tn) — bomite (Bn) vain mineralization, also dickite (Dic)
and barite (Bar) as gangue minerals among typical cavernous quartzite);

D. A micro-photo of a polished section, observed in reflected light, parallel nicols (bornite (Bn), chalcopyrite (Cpy) and native gold (Au) in pyrite (Pyr) matrix).

Results and discussions

The ore mineralization in the Chelopech deposit is
characterized by a rich geochemical variety, typical for the
high-sulphidation epithermal Au-Cu deposits. The main
economic elements Cu, Au and Ag have a strong correlation
relationship with higher contents of As due to the large
presence of sulphosalts such as tennantite, enargite, luzonite
and famatinite, as well as high content of S, which main carrier
is pyrite. The correlations between elements in ores from the
Chelopech deposit are reported in Petrov and Popov (2015).
Despite relatively inert behavior of Ti during the hydrothermal
processes, the chemical element shows a tendency to slight
enrichment in the areas with advance argillic alteration, in
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which are located the ore bodies as well. This often presence
of Ti is due to the extraction of some petrogenic components
from the host rocks, during the hydrothermal alteration (Hikov,
2001). Using an ore microscope and the Raman p-spectral
analysis, reported in Petrov (2016), is confirmed the
replacement of the apatite by a mixture of quartz and TiO:
(anatase), during the advance argillic alteration of ore hosting
rocks.In a deep supergene conditions, the bornite replaces
chalcopyrite and pyrite in association with native gold (Fig. 2,
D) and hessite (Fig 3, a). These later deep supergene
processes have led to the formation of inclusions of altaite (Fig.
3, b), among quartz-anatase-pyrite mineral association, typical
for the studied ore sector.



The native gold is established as very fine (3 - 5um) irregular
grains together with bornite and chalcopyrite among pyrite
matrix (Fig. 2, D). In previous mineralogical studies (Petrov et
al., 2013) of the same ore sector of the deposit a native gold is
found as fine (10-50 um) inclusions among enargite or in
association with pyrite and baryte. The shape of gold

inclusions is irregular or elongated along the micro fractures in
matrix from enargite or barite. Chemical composition of the
native gold shows low content of Ag (up to 7.45 wt. %) and
sustainable content of copper within 2.89 to 7.93 wt.% (Petrov
etal., 2013).

Fig. 3. Micro-photos of ore minerals in polished sections from the Western sector of the gold-copper deposit Chelopech (reflected light):
a. A massive pyrite (Pyr), corroded by chalcopyrite (Cpy) and gangue minerals (black) is observed. Among the pyritic matrix a mineral inclusion of

hessite (Hs) in quartz grain (dark grey) is established.

b.  Inclusions of altaite (Alt) in idiomorphic gangue mineral (apatite?), fully corroded by quartz (Qz) and anatase (Ant), together with fine single grains of

pyrite (Pyr), among gangue mineral mass are established.

The newly identified in the Au-Cu deposit Chelopech hessite
(Agz2Te) is a rare ore mineral. In plane-polarized incident light
the hessite is grey with slightly brownish tint, scratches, while
in crossed nicols it shows a dark orange and bluish distinct
anisotropy. It is found as very fine (up to 10 um) inclusions in
quartz, in association with pyrite, chalcopyrite, bornite, and
gangue minerals quartz, barite, dickite, anhydrite and kaolinite
(Fig. 3, a). The mineral probably is deposited in a later
mineralization stage, and its spatial and structural relationships
give grounds to be assigned to the galena-sphalerite mineral
association in the ore deposit. The hessite in the Elatsite
deposit, part of the same Elatsite-Chelopech ore field, where
the studied deposit is located, occur as fine (1-30 um)
inclusions, or as exolutions in bornite and chalcopyrite, or at
their grain boundaries, associated with native gold, native Te,
stitzite, sylvanite, empressite, merenskyite, or clausthalite
(Petrunov et al., 1992; Tarkian et al., 2003; Bogdanov et al.,
2005).

It is presented on Figure 4. A., B. and Table 1 the obtained
spectrum of hessite from the Chelopech deposit, compared
with those of database RRUFF (Ne R070445, the Klondike
mine, USA). The positions of the typical peaks in the “Raman”
waves in the spectrum of the mineral are marked by numbers.
According to the RRUFF database, hessite from the Klondike
mine, the positions of the "Raman" spectra’s peaks are
indicated at 345 and 381 cm-' (Fig. 4, B, Table 1). Apopei et al.
(2014) reported the Raman spectrum of hessite with two strong
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peaks at 119 cm* and 138 cm-1, which are not recognizable on
the Raman spectra in the present work. The data received in
the present study differ from the compared spectrum in the
range of 1-2 cm' (Fig. 4, A, B). The very small size of the
mineral aggregates do not allows a correct electron microprobe
analysis. According to the published data (Apopei et al., 2014)
the content of Ag and Te in hessite is from 57.35 wt.% to 60.61
wt.%, and from 35.77 wt.% to 38.35 wt.%, respectively.

Altaite (PbTe) is also very rare established mineral in the
western sector of the deposit and it belongs to the pyrite-
chalcopyrite mineral association. It is found as fine grains up to
20-30 ym among idiomorphic gangue mineral (apatite), fully
corroded by quartz (Qz) and anatase (Ant) (Fig. 3, b). In some
cases the altaite displays triangular cleavage breakouts and it
is difficult to separate from galena only by its optical properties.
The mineral has tin white color with a grayish-green hue and
high metallic luster. It is reported as irregular inclusions in
coarse nagyagite, associated with hessite, native gold, and
hedleyite in similar to the present study vuggy quartz host
rocks at the Hedley Monarch Mine, Canada (Thompson, 1949).

According to Vymazalova et al. (2014) the synthetic phase
PbTe (altaite) is “Raman” inactive, and does not reveal a
spectrum in the range of 80 to 1600 cm-'. This is confirmed by
the received “Raman” spectra of natural altaite in the present
study (Fig. 4, C) and those of RRUFF database NeR060939,
Mattagami mine, Quebec, Canada (Fig. 4, D).
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Fig. 4. "Raman" spectra of hessite and altaite from the Chelopech deposit and RRUFF database at 532 nm wave length (A. - hessite; B. - hessite, database

RRUFF NeR070445; C. - altaite; D. altaite, database RRUFF N2060939).

Table 1.
"Raman" u-spectral wave’s peaks of hessite (cm-)
Hessite Hessite,
(the Chelopech deposit) RRUFF database NeR070445
pech dep (the Klondike mine)
347 345
382 381
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Concluding remarks

The established mineral phases of native gold, hessite and
altaite in this work, corresponds to deep supergene zone,
associated with open fault structures in the Chelopech deposit.
These phases are observed as small grains in association with
pyrite, chalcopyrite, bornite, anatase, and secondary minerals
like anglesite and cerussite.

The results presented in this study confirm that Raman p-
spectroscopy as quick and generally non-destructive method
can be considered as an innovative technique with a potential
to better characterize and identify rare and tiny phases such as
telluride minerals. Together with the optical microscopy the
laser Raman p-spectroscopy it is a modern powerful diagnostic
tool for mineral identification.
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TRACE-ELEMENTS IN COLLOMORPH MARCASITE AND CHALCOPYRITE FROM
SILVER-GOLD DEPOSIT SEDEFCHE, EASTERN RHODOPES

Georgi Lyutov

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

ABSTRACT. Sedefche is an epithermal type Ag-Au deposit, part of the Zvezdel-Pcheloyad ore field in the Eastern Rhodopes. The ore mineralization is hosted in
volcanic tuffs, affected by intensive hydrothermal alteration. The deposit is located near the ground surface hence its upper parts are subject to supergene changes.
The primary ore minerals are sulfides and sulfosalts. The supergene minerals are typically hydroxides, sulfates, carbonates and arsenates.

Samples from drill cores and trenches have been studied through optical microscopy, X-ray spectral micro-analyses and LA-ICP-MS (Laser Ablation-Inductively
Coupled Plasma-Mass Spectroscopy) in order to determine trace elements (particularly rare and precious), their content and distribution in collomorph marcasite and
chalcopyrite from deposit Sedefche.

The studies that were carried out, established that the presence of Au in marcasite is relatively low and unevenly distributed. Silver is more abundant, but its content
and distribution are even more variable then these of Au. The studies established that Au and Ag contents increase somewhat towards the cores of collomorph
marcasite aggregates. Brighter concentric circles in the collomorph marcasite are due to admixtures of Sb and As. Marcasite also hosts significant amounts of TI.
Chalcopyrite exhibits very low Au content and some Ag with very erratic distribution. The only other trace element with somewnhat higher content in chalcopyrite is Ni.

Key words: trace elements, silver-gold deposit, sulfide minerals, Sedefche deposit

ENEMEHTW-NPUMECU B KOJTOMOP®EH MAPKA3UT U XANTKOMUPUT OT CPEBBPHO-3NTATHOTO HAXOOMULLE
CEOE®YE, U3TOYHU POOOMNU

leopau Jllomos

Munro-zeonoxku yHusepcumem ,Cs. UsaH Puncku”, 1700 Cocpusi; georgi_lutov@yahoo.com

PE3IOME. Cepnede e enntepmanto Ag-Au HaxoauLe, yacto oT 3sesgen-lNyenosackoTto pyagHo none B VaTouHnte Pogonu. PyaHaTta MuHepanuaauust € BMecTeHa
BbB BYIKaHCKM TydW, 3acerHaTt OT CUNHW XwApoTepmanHn npomeHn. HaxopuweTto ce Hamupa 6n130 [0 3eMHaTa MOBBLPXHOCT M Taka FOpHUTE My 4yacTu ca
MOATIOKEHN HA XMMEPreHHU MpoMeHU. MbpBUYHITE PYAHM MUHEpanu ca cynduan 1 cyndoconi. XvnepreHHuTe MHepanu ca NpeanMHO XUApOKCUAM, cyndaty,
kapboHaTi v apceHaTy.

MMpobu OT CoHAAXHW AAKM 1 KaHaBYW Ca M3CMeABaHN C OMTUYEH MUKPOCKON, PEHTTEHO-CNeKTpanHu MukpoaHanuan u LA-ICP-MS 3a aa ce onpepenst enemeHtute-
npuMecH (B YaCTHOCT Peaky v 6raropofiHm), TAXHOTO ChAbPXaHWE U pa3npeaenieHne B KONOMOPMEH MapKasuT 1 xankonuput oT Haxoauiue Ceaedye.

lMpn npoBeAeHUTE M3cneaBaHNsATa ce YCTaHOBSBA, Ye MPUCLCTBMETO Ha Au B MapkasnTa e OTHOCUTENHO HUCKO 1 HepaBHOMEPHO pasnpeaeneHo. CpebpoTo e B no-
ronsAMO KONMMYECTBO, HO HErOBOTO pa3npeaeneHue e oLle No-HepaBHOMEPHO OT ToBa Ha Au. [Npy u3cnesBaHusTa ce YCTaHoBsBa, Ye ChabpXaHusTa Ha Au n Ag ce
noBULLABAT B M3BECTHA CTEMEH KbM LiEHTbPa Ha KoMoMOpchHIUTE MapkaauToBy arperatu. [0-ApkiuTe KOHLEHTPUYHN KpBroBe B KONOMOPMHUSA MapKaauT ce AbikaT Ha
npumecy oT Sb 1 As. MapkasuTbT CbAbpPXa 1 3HAYUTENHM KonuyecTsa oT Tl.

XankonupuTbT JEMOHCTPMPa MHOTO HUCKO CbAbpkaHne Ha Au 1 manko Ag C MHOTO HEpaBHOMEPHO pasnpefeneHne. EQUHCTBEHNSAT eneMeHT-NpUMeC C No-BUCOKO
CbabpxaHue B xankonupura e Ni.

KniouoBu gymu: enemesmu-npumecu, cpebbpHo-31amHo Haxoouuwe, cyngudHu muHepanu, Haxoduwe Cedeghye

Introduction Geological setting

Deposit Sedefche is located in the Eastern Rhodopes, 25 km The deposit is considered to be part of the Zvezdel-
southeast of the town Momchilgrad, near the village Sedefche. Pcheloyad ore field in the area of Zvezdel paleo-volcano
Silver was mined from deposit Sedefche in The Early Middle (Georgiev, 2012). The ore field belongs to Momchilgrad ore
Ages and possibly earlier. Ancient mining works, discovered sub-region, which coincides spatially with Momchilgrad
during the modern geologic surveys confirm this presumption depression. The depression covers an area of 1500 km2, south
(Tzekova, 1965; Cijiflijanov, 1995; Dragiev and Dragieva, of the river Arda, around towns Dzebel, Momchilgrad and
2006). Since 1963 the deposit has been subject of prospecting Krumovgrad. Two structural complexes outcrop in the area of
and surveying and it was initially classified as “ore occurrence” deposit Sedefche (Dragiev and Dragieva, 2006; Georgiev,
(Atanasov, 1965; Atanasov and Breskovska, 1964). 2012) (Fig. 1):
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consists  of
rocks, represented by biotite and dual-mica

Pre-tertiary metamorphic complex - it
metamorphic

gneiss, amphibolite-biotite gneiss (aPt1), marble (cPt1) and
kyanite-garnet-biotite schists.

BULGARIA

Deposit
Sedefche
+

Tertiary - Oligocene
/ 11/1trdPg3/2 - subvolcanic rhyolite/dacite;
bodies (a); dykes (b)

' |} 614aPg3/1 - porphyric andesitobasalt (a);
lava-breccia (b) and

= intermediate porphyric lava (c)
. 3/5rtPg3/1 - breccia-conglomerate (a)
; § and riff limestones (b)

1/4rdtPg3/1 - massive vitroclastic tuffs

- 1/2rdtPg3/1 - acid tuffs, sandstones
and marls

° Pre-Cambrian

: - cPt1 - marble

d . aPt1 - amphibolites

Fig. 1. Geologic map of deposit Sedefche and surounding area (frgament, taken from Map Sheet K-35-88-B-a “Zvezdel”; Ministry of Environment and
Waters; Scientific Investigations’ Institute “Geology and Geophysics”; 1998).

Tertiary volcanogenic-sedimentary cover — it is represented
by sedimentary, volcanogenic-sedimentary and volcanic rocks.
Limestones (3/5rtPg3/1 - b) and sandy-loam rocks (3/5rtPg3/1
- a) cover unconformly the metamorhic rocks. In some areas,
limestones have undergone silification, as a result of
hydrothermal alterations. Volcanic manifestations in Oligocene
(Pgs), formed acid to intermediate lava plains and dykes of
rhyolite, dacite and andesite (11/1trdPg3/2 a/b). Geologic
surveys outlined 3 ore bodies in the deposit. Their morphology
is defined by precious metal content and they do not have
sharp boundaries: Northern ore body — it is located about 200
m to the north of the village Sedefche. It is placed between
silificated tuffs, tuff-breccia and andesite (6/4aPg3/1 — a/b).
The rocks are kaolinized, sericitized and pyritized. The
contents of Au and Ag vary significantly. Evidence of ancient
mining has been discovered in this area, which coincides with
higher contents of Au and Ag. Southern ore body — it is located
about 500 m westwards from the village Sedefche. The South
ore body consists of unevenly silificated limestones (3/5rtPg3/1
- b), which lie above sandy-loam sediments (1/2rdtPg3/1).
Silification has affected the upper parts of the limestones and
is up to 6-7 m thick. Ralitza Dere is the third ore body, located
in the ravine with the same name, about 300 m to the NNW
from the North ore body. The largest outcrop of metamorphic
rocks in the area is in that ravine. The ore body is emplaced
within marble (cPt1), which is heavily silificated. The North ore

30

body is the most promising one for finding Au and Ag
according to the results of geologic surveys. Ore bodies in
other deposits in the Zvezdel-Pcheloyad ore field, are vein-like,
while these in the Sedefche deposit have layer-like, pseudo-
conform shape (Georgiev, 2012). The volcanic rocks in the
area, have been subjected to heavy hydrothermal alterations,
such as, silification, sericitization, propylytization (Atanasov,
1965; Radonova, 1973). Silification is the most widespread — it
affects limestones (3/5rtPg3/1 - b) in the Southern ore body,
pyroclastic rocks, andesite (6/4aPg3/1 — a/b) in North ore body
and marble (cPt1) in Ralitza Dere.

Ore minerals

More than 20 ore minerals have been reported in deposit
Sedefche. The primary ore minerals are sulfides and sulfosalts.
Supergene minerals are represented by oxides, hydroxydes,
sulfates, carbonates and arsenates (Mladenova, 1998; 1999;
Strashimirov et al., 2005; Milev et al., 2007). The most
widespread primary ore minerals in the deposit are:

Pyrite — abundant ore mineral in the deposit, forming
euhedral to semi-euhedral crystals. Later it has been partially
turned into marcasite, which in turn exibits anhedral and/or
collomorph structure.




Arsenopyrite — it is also very widespread ore mineral in the
deposit, forming euhedral crystals with rhomboid or needle-like
section.

Sphalerite — it is commonly encountered ore mineral in the
deposit. It associates with other sulfides and exhibits semi-
euhedral crystals.

Chalcopyrite — it has limited distribution and is encountered
in isolated aggregates with other ore minerals. Sometimes it is
seen as emulsion in sphalerite.

Galena - it is relatively rare mineral in the deposit - it
appears as small isolated semi-euhedral crystals.

Tennantite-tetrahedrite — it has significant distribution in the
deposit. Its composition is usually closer to the Sb-rich variety
— tetrahedrite. It is silver-bearing and also contains admixtures
of Fe and Zn.

Acanthite — it is one of the most important silver-bearing
minerals in the deposit. It forms mostly isolated anhedral
aggregates.

Ag-sulfosalts — (proustite, pyrargyrite, miargyrite and others)
— many minerals of this group contribute to the overall silver
content in the deposit.

The typical supergene ore minerals are the following:

Fe-hydroxides - goethite and lepidocrocite — they are
widespread and common product of supergene alteration of
Fe-rich sulfide minerals.

Scorodite — it is product of oxidation of arsenopyrite and As-
rich sulfosalts.

Jarosite — it is common weathering product of iron sulfides
and potassium-rich minerals in volcanic tuff host rocks.

Methods of study

Polished sections have been prepared from drill core
samples, taken from depth of 42 m (Sample 28) and trenches
(Sample 60). They have been studied with optical reflected-
light microscopes Meiji 9430 and Olympus BX60. As a result,
several areas and minerals have been designated for further
studies by X-Ray microanalyses and LA-ICP-MS, in order to
clarify the distribution and content of rare and trace elements
and particularly gold. X-Ray micro-analyses (microprobe),
described in the current paper, have been carried out in
Montanuniversitaet Leoben with the support by Prof. PhD
Federica Zaccarini. LA-ICP-MS (Laser Ablation — Inductively
Coupled Plasma — Mass Spectroscopy) studies have been
carried out at the Geological Institute of the Bulgarian
Academy of Sciences through device Perkin-Elmer SCIEX
ELAN DRC-e and LA New Wave Research UP-193; A=193 nm;
laser Ar-F with the support by PhD Dimitrina Dimitrova.
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Results of the study

Results from 18 microprobe analyses (Tables 1, 3, 5, 7) and
16 LA-ICP-MS analyses (Tables 2, 4, 6, 8) of marcasite and
chalcopyrite are presented in this study. Electron microscope
photographs show the location of microprobe point analyses.
LA-ICP-MS analyses correspond to the same points as these
from microprobe. However, not all points of microprobe
analyses have been subject to LA-ICP-MS analyses.

Marcasite (FeSy): The collomorph marcasite aggregates
have distinctive concentric-zonal structure, which is clearly
visible on Fig 2 and Fig. 3.

o
\ 108pm
Fig. 2. Sample 28d, area 1. Electron microscope photograph and
locations of microprobe point analyses in collomorph marcasite
aggregate.

2 v m
Fig. 3. Sarh'ple 28d, area 2. Electron microscope photograph and
locations of microprobe point analyses in collomorph marcasite
aggregate.

Microprobe analyses of marcasite show that the composition
varies little from the mineral’s stoichiometry. Nevertheless,
admixtures of some other elements have been discovered in
small quantities, around the detection limit of the microprobe
(Tables 1 and 3), hence they are not very accurate. LA-ICP-
MS analyses in the same areas have given more accurate
results about these trace elements and their content (Tables 2
and 4). Rare and precious metals are of particular interest,
such as Au and Ag. According the LA-ICP-MS analyses, Au
content in marcasite varies from less than 0.092031 ppm
(Sample 28d-2; p.1; Table 4) to 0.19 ppm (Sample 28d-2; p.2;
Table 4).



Table 1.

Results of microprobe point analyses in sample 28d, area 1

Composition in mass %

Sp- 281 ¢ S Fe | Zn | Ag | Co | Cu | Au | Cd | Sb mineral
P.1 0325 | 53.486 | 47.325 | 0.025| 0.031 | 0.062 - - - - | marcasite
P.2 0813 | 52.086 | 46.997 -| 0052 | 0.042| 0.022 | 0.068 -| 0.162 | marcasite
P.3 0.373 | 53.482 | 47.568 - -| 0.068 - - -| 0.044 | marcasite
P.4 0.383 | 53.295 | 47.440 - -| 0072 - -| 0.032| 0.018 | marcasite
P.5 0.860 | 52.529 | 47.248 | 0.001 -| 0072 0.022| 0.014| 0.011 | 0.117 | marcasite
P.6 0.078 | 52.241 | 47.844 | 0.002 -| 0.081| 0.002| 0.014 - - | marcasite
P.7 0.639 | 53.112 | 47.025| 0.025| 0.020 | 0.067 | 0.005 | 0.062 | 0.048 | 0.703 | marcasite
P.8 0.383 | 53.368 | 47.500 | 0.024 -| 0.083 - -| 0024 | 0.045| marcasite
P.9 0.240 | 53.390 | 47.697 | 0.036 | 0.0171 | 0.071 | 0.019 | 0.007 -| 0.046 | marcasite

Table 2.

Results of LA-ICP-MS point analyses in sample 28d, area 1

Element 28d-1; p.1; 28d-1; p.2; 28d-1; p.6; 28d-1; p.7; 28d-1; p.8; 28d-1; p.9;
[ppm] (marcasite) (marcasite) (marcasite) (marcasite) (marcasite) (marcasite)
Cr 41.92 46.45 52.33 46.60 48.44 51.59
Mn 174.11 193.40 411.02 75.72 86.58 289.34
Fe! 473250.00 469970.00 478440.00 470250.00 475000.00 476970.00
Co 0.75 0.65 <0.29079 20.33 0.27 <0.2925
Cu 33.11 62.36 5.88 15.65 26.29 41.99
Zn 47.03 98.33 18.47 70.70 91.83 80.18
As 4487.03 5038.97 983.36 6746.74 4067.45 1713.93
Mo 58.84 66.16 4.63 65.29 55.85 30.56
Ag 29.40 43.29 16.34 12.92 33.16 64.17
Sb 602.46 791.02 67.79 4799.97 698.24 164.21
Au <0.13055 <0.15955 0.14 <0.12389 <0.13584 <0.15838
Tl 146.82 158.09 8.14 49.94 13.38 11.66
' - Internal standard of Fe content, according to data from X-ray spectral microanalysis.
Table 3.
Results of microprobe point analyses in sample 28d, area 2
Composition in mass % .

Sp. 28d-2 50 S e T Ag | Co | Cu | Au | Cd | b mineral
P.1 0.547 | 52.961 | 47.662 | 0.035| 0.036 | 0.073 | 0.016 | 0.068 -| 0.017 | marcasite
P.2 0.237 | 53.033 | 47.915| 0.012 -| 0072 -| 0.007 | 0.019 - | marcasite
P.3 0.991 | 52.738 | 46.700 -| 0029 | 0.124 - - -| 0742 | marcasite
P.4 0239 | 53.116 | 47.705 | 0.013 | 0.016 | 0.042 | 0.002 -| 0.014 - | marcasite

Table 4.

Results of LA-ICP-MS point analyses in sample 28d, area 2

Element [ppm] 28d-2; p.1; (marcasite) | 28d-2; p.2; (marcasite) | 28d-2; p.3; (marcasite) | 28d-2; p.4; (marcasite)

Ti 15.44 16.01 15.08 16.56
Cr 53.58 46.32 48.55 44.78
Mn 236.73 184.51 204.85 127.00
Fe? 476620.00 479150.00 467000.00 477050.00
Cu 15.40 53.98 26.58 71.66
Zn 106.96 85.87 90.53 96.84
As 6642.91 6034.56 1658.92 2618.32
Mo 76.45 47.16 22.61 61.59
Ag 11.59 72.63 48.56 118.87
Sb 827.70 2466.19 133.35 202.77
Au <0.092031 0.19 <0.14191 <0.12209
Tl 138.45 17.60 7.22 16.35

2- Internal standard of Fe content, according to data from X-ray spectral microanalysis.
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Silver content in marcasite varies from 11.59 ppm (Sample
28d-2; p.1; Table 4) to 118.87 ppm (Sample 28d-2; p.4; Table
4). The presence of Tl in marcasite is also noteworthy. Its
content varies from 7.22 ppm (Sample 28d-2; p.3; Table 4) to
158.09 ppm (Sample 28d-1; p.2; Table 2). It appears that Au
and Ag contents in marcasite increase somewhat towards the
cores of collomorph aggregates, but this may be just a
coincidence. The microprobe and LA-ICP-MS analyses have
discovered that the brighter rings in marcasite have increased
content of Sb and As.

COMP  20.0kY %55  100pm

Fig. 4. Sample 60a, area 1. Electron microscope photograph and
locations of microprobe point analyses. p.1-3 chalcopyrite; p.4 -
supergene halo of Fe-hydroxides and malachite.

100pm

COMP

20. kY x43

Fig. 5. Sample 60a, area 2. Electron microscope photograph and
locations of microprobe point analyses. p.1 chalcopyrite; p.2 -
supergene halo of Fe-hydroxides and malachite.

The analyses show that Au content in chalcopyrite is very
low — from <0.129 to <0.165 ppm (Tables 6 and 8), which is
near the lower detection limit of LA-ICP-MS device. Ivestigated
chalcopyrite has some Ag content, with erratic distribution —
from 0.54 to 107.09 ppm (Tables 6 and 8). The only other trace
element with somewhat higher content in chalcopyrite is Ni -
from 186.62 to 209.8 ppm.

Chalcopyrite  (CuFeSp): Six LA-ICP-MS analyses of
chalcopyrite have been performed as part of the current study.
Chalcopyrite is among the less abundant minerals in deposit
Sedefche. The samples used in the current study are taken
from trenches in Ralitza Dere, near the ground surface. They
are affected by partial supergene alteration and chalcopyrite
aggregates have notticeable rim of secondary minerals (Fig. 4
and Fig. 5).

Conclusions

The results for the Au content in marcasite, show that its
distribution is relatively uneven (values vary by factor of about
2). This is probably caused by its presence as miniature
nanoparticles (inclusions), within the crystal lattice of
marcasite. The distribution of Ag is even more variable (values
vary by factor of about 10). Fleet et al. (1997), conclude that
invisible gold in marcasite represents Au removed from ore
fluids by chemical absorption at As-rich, Fe-deficient surfaces
and incorporated in the solids in metastable solid solution.

It is possible that Au and Ag contents increase towards the
cores of collomorph marcasite aggregates, but the low number
of measurements are not enough to be conclusive. The Au
content in marcasite is low — near the lower detection limit of
the LA-ICP-MS device. Still the Ag content in marcasite is
notably higher in the very cores of the investigated marcasite
aggregates. The distribution of Tl follows pattern opposite of
that of Ag — Tl content is higher near the rim and lower in the
cores of collomorph marcasite (Tables 2 and 4). Chalcopiryte
exhibits very low Au content and somewhat increased content
of Ag and Ni.
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Table 5.
Results of microprobe point analyses in sample 60a, area 1
Composition in mass % .
Sp. 60a-1 mineral
As S Ag Fe Zn Co Cu Au Sb
P.1 0.018 | 34.394 | 0.035 | 30.933 | 0.009 0.023 | 34.507 | 0.085 0.015 chalcopyrite
P.2 0.043 | 34.263 -| 31143 | 0.029 0.049 | 34.535| 0.023 - chalcopyrite
P.3 0.057 | 34.186 | 0.100 | 31.137 | 0.014 0.046 | 34.648 | 0.062 - chalcopyrite
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Table 6.

Results of LA-ICP-MS point analyses in sample 60a-1, area

1
Element| 60a-1;p.1; 60a-1; p.2; 60a-1; p.3;
[ppm] | (chalcopyrite) | (chalcopyrite) | (chalcopyrite)

Ti 20.31 18.72 24.10
Cr 37.87 29.54 34.71
Mn 36.59 34.90 37.42
Fe 301577.92 302022.27 305272.40
Ni 186.62 203.65 192.40

Table 7.

Results of microprobe point analyses in sample 60a, area 2

Element| 60a-1; p.1; 60a-1; p.2; 60a-1; p.3;
[ppm] | (chalcopyrite) | (chalcopyrite) | (chalcopyrite)
Cu? 345070 345350 346480
Zn 835.36 887.99 62.97
Ga 3.92 4.58 3.23
Ag 0.54 1.93 0.89
Cd 4.59 4,32 <2.0833
Au <0.12981 <0.16554 <0.15209

3 - Internal standard of Cu content, according to data from X-ray
spectral microanalysis.

Sp. Composition in mass % mineral
60a-2 As S Ag Fe Zn Co Cu Au Cd
P.1 - | 34.568 -| 31130 | 0.057 | 0.047 | 34.587 | 0.054 | 0.032 chalcopyrite
P.2 | 0069| 07100| 0.029| 37.321| 3131 | 0.044| 10.750 0.038 |  Fe-fvdroxides and
malachite
Table 8. Publishing house “Zemya 93", Sofia, 2007. — 208 p. (in
Results of LA-ICP-MS point analyses in sample 60a-1, area 2 Bulgarian)
Element| 60a-2; p.1; 60a-2; p.1a; | 60a-2; p.1b; Miadenova, V. Mineralogy and the problem of gold in deposit
[ppm] | (chalcopyrite) | (chalcopyrite) | (chalcopyrite) Sedefche, Eastern Rhodopes; - Ann. Sofia Univer. 90, 1,
Ti 21.53 20.23 24.07 1998. - 101-130. (in Bulgarian)
Cr 26.71 24.43 30.61 Mladenova, V. Precious metals in deposit Sedefche, Eastern
Mn 35.18 35.09 34.69 Rhodopes. - Mining works and geology, 1-2, 1999. - 36-40.
Fe 292499.17 | 291886.34 |  291152.16 (in Bulgarian)
Ni 209.80 200.17 188.18 Radonova, R. G., Metasomatic alterations of the rocks in
Cut 345870 345870 345870 Zvezdel ore region. - Comptes Rendus BAS, scroll
7n 1132.41 672.40 1157.58 Geochemistry, Mineralogy and Petrography, 22, 1973. -
Ga 284 160 153 123-140. (in Bulgarian)
Ag 107.09 69.73 111.64 Strashimirov St S. Dobrev, St. Stamenov, H. qugiev. Silver-
Sn 143 111 <1.0843 bearing minerals from the ore body “North” in Sedefche
- - - epithermal Au-Ag deposit (Eastern Rhodopes). - Annual
Sb 043 | <0.53605 |  <0.52461 MGU “St. Ivan Riski, Vol 48 Part | Geology and
Au <0.14869 <0.15882 <0.15004 X ‘e ’

4- Internal standard of Cu content, according to data from X-ray
spectral microanalysis.
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TRACE-ELEMENTS IN SPHALERITE, PYRARGYRITE, PYRITE AND ARSENOPYRITE
FROM SILVER-GOLD DEPOSIT SEDEFCHE, EASTERN RHODOPES

Georgi Lyutov

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

ABSTRACT. Sedefche is an epithermal type Ag-Au deposit, part of the Zvezdel-Pcheloyad ore field in the Eastern Rhodopes. The ore mineralization is hosted in
volcanic tuffs, affected by intensive hydrothermal alteration. The deposit is located near the ground surface, hence its upper parts are subject to supergene changes.
The primary ore minerals are sulfides and sulfosalts. The supergene minerals are typically hydroxides, sulfates, carbonates and arsenates.

Samples from drill cores have been studied through optical microscopy, X-ray spectral micro-analyses and LA-ICP-MS in order to determine trace elements
(particularly rare and precious), their content and distribution in various sulfide and sulfosalt minerals from deposit Sedefche.

The analyses established that Au and Ag content in pyrite is somewhat higher than in marcasite. Analysis of arsenopyrite showed that its gold content is the highest
among all studied minerals — about 100 times higher than Au content in pyrite. Sphalerite contains significant amounts of Cd and some admixtures of Ga, In and Ag.
The distribution of Ag and In in sphalerite is very irregular, while the Ga content is much more consistent. The quantity of Au in sphalerite is low. Pyrargyrite contains
some admixtures of Au and more significant amounts of Tl and Se.

Key words: trace elements, silver-gold deposit, sulfide minerals, sulfosalts, deposit Sedefche

ENEMEHTW-NPUMECU B COANEPUT, MUPAPTUPUT, MUPUT U APCEHONMUPUT OT CPEBBPHO-3NTATHOTO HAXOOULLE
CEQE®YE, U3TOYHU POOOMNU

leopau Jllomos

Munro-zeonoxku yHusepcumem ,Cs. UsaH Puncku”, 1700 Cocpusi; georgi_lutov@yahoo.com

PE3IOME. Cenechye e enutepmanto Ag-Au HaxoauLue, yacT oT 3ee3pen-Myenosigckoto pyaHo none B Matounute Poponu. PyaHaTa MuHepanuaauus e BMecTeHa
BbB BYNKaHCKM Tychu, 3acerHatit OT CUIHWU XWEpOTEepManHu nMpoMeHu. Haxopuiieto ce Hamupa 6nu30 A0 3eMHaTa MOBBLPXHOCT M Taka FOpHUTE MY YacTu ca
MOANIOKEHN HA XMMEPreHHU MpoMeHu. bpBUYHITE PYAHM MUHEpanu ca cynduay 1 cyndoconn. XvnepreHHuTe MUHepani ca NpeauMHO XUAPOKCUAM, cyndartu,
kapboHaTu 1 apceHaTu.

MMpobu OT COHAaXHN SAKKM Ca M3CNeaBaHN C ONTUYEH MUKPOCKOM, PEHTIEHO-CNeKTpanH1 MukpoaHanuan n LA-ICP-MS, 3a fa ce onpeaensT enemeHTuTe-npuMech (8
4aCTHOCT peaku 11 BnaropoaHH), TAXHOTO ChAbPXaHWE 1 pasnpeaeneHe B pasHoobpasHu cynduaHn  cyndoconHu MuHepanm ot Haxoauiie Cepedue.

AHanuuTe yCTaHOBSBAT, Ye CbabpkaHusaTa Ha Au u Ag B mMpuTa ca Marnko Mo-BUCOKW OT Te3W B MapkaauTa. AHanm3bT Ha apCeHONMPUT MOKa3Ba, Ye CbAbPXKaHNETO
Ha Au B HEro e Hail-BUCOKO B CPaBHEHME C BCWYKM OCTaHanu nscnefsaHin MuHepanm — okono 100 mbTi no-BMCOKO OTKOMKOTO B mupuTa. ChaneputsbT Chabpka
3HauuTenHu konuyectea Cd n manko npumeck ot Ga, In u Ag. PasnpeaeneHneto Ha Ag 1 In B chaneputa e MHOrO HepaBHOMEPHO, AOKATO ChAbpXaHueTo Ha Ga e
no-nocTostHHO. KonnyecTBoTo Ha Au B chaneputa e Manko. MupapruputsT Chabpka Manko npumeck oT Au 1 no-3HauntenHn konuyectsa Tl n Se.

KniouoBu gymu: enemesmu-npumecu, cpebbpHo-31amHo Haxoduuwe, cynudHu muHepanu, cyngoconu, Haxoduwe Cedegpye

Introduction Krumovgrad, within Kardzhali district. The deposit is part of the
Zvezdel-Pcheloyad ore field in vicinity of Zvezdel paleo-

Deposit Sedefche is located in the Eastern Rhodopes, 25 volcano (Georgiev, 2012). The ore field is part of Momchilgrad

kilometers southeast of the town Momchilgrad, near the village ore sub-region, which coincides spatially with Momchilgrad
Sedefche. Since 1963 it has been subject of prospecting and depression. The following two structural complexes outcrop in
surveying and it was initially classified as “ore occurrence” the area of Sedefche deposit.

(Atanasov et al., 1964; Atanasov, 1965). Ancient mining works,

discovered during the modern geologic surveys confirm the . Pre-Tertiary metamorphic complex — represented by
presumption that silver was mined from the deposit since Early biotite and two-mica gneiss, amphibolite-biotite gneiss, marble
Middle Ages and possibly earlier (Tzekova, 1965; Ciiflidjanov, and kyanite-garnet-biotite schists.

1995). . Tertiary volcanogenic-sedimentary cover consists of

sedimentary, volcanogenic-sedimentary and volcanic rocks.
They are spred uncomformly over the metamorphic rocks.
Geological setting Limestones and sandy-loam rocks are located above
metamorhic rocks. Volcanic manifestations in Oligocene (Pgs),

Sedefche deposit is located in the southeastern foothills of formed acid to intermediate lava plains and dykes (rhyolite,
Strumni Rid Peak, between the towns of Momchilgrad and
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dacite, andesite). Geologic surveys outlined the following 3 ore
bodies with not yet fully understood morphology.

. Northern ore body is located about 200 m north of
Sedefche village. It is placed between silificated tuffs, tuff-
breccia and andesite. The rocks are kaolinized, sericitized and
pyritized. The North ore body is the most promising one for
finding Au and Ag according to the results of geologic surveys.

. Southern ore body is located about 500 m west from
Sedefche village. The South ore body consists of unevenly
silificated limestones, which lie above sandy-loam sediments.
Silification has affected the upper parts of the limestones with a
thickness up to 6-7 m.

. Ralitza Dere is located in the ravine with the same
name, about 300 m NNW from the North ore body. The largest
outcrop of metamorphic rocks in the area is in that ravine. The
ore body is emplaced within marble, which is heavily silificated.
All volcanic rocks in the area, have undergone heavy
hydrothermal alterations, such as, silification, sericitization,
propylitization (Atanasov, 1965; Radonova, 1973).

Ore minerals

More than 20 ore minerals have been reported in Sedefche
deposit (Mladenova, 1998; 1999; Strashimirov et al., 2005;
Milev et al., 2007). The most widespread primary ore minerals
in the deposit are:

. Sulphides - pyrite, arsenopyrite, sphalerite,
acanthite, chalcopyrite and galena.
. Sulfosalts - tennantite-tetrahedrite,  proustite,

pyrargyrite, miargyrite and others.

The typical supergene ore minerals are: Fe-hydroxides,
scorodite and jarosite.

Methods of study

Several polished sections have been prepared from drill core
samples, taken from depth of 42 m (Sample 28). In the current
study, analyses have been made in sections 28d, 28j and 28e
(Fig. 1-6). These sections have been studied with optical
reflected-light microscopes Meiji 9430 and Olympus BX60.
Several areas and minerals have been designated for further
studies by X-Ray microanalyses and LA-ICP-MS, in order to
clarify the distribution and content of rare and trace elements
and particularly gold.

X-Ray micro-analyses (microprobe), described in the current
paper, have been carried out in Montanuniversitaet Leoben
with the support by Prof. PhD Federica Zaccarini.LA-ICP-MS
(Laser Ablation - Inductively Coupled Plasma - Mass
Spectroscopy) studies have been carried out at the Geological
Institute of the Bulgarian Academy of Sciences through device
Perkin-Elmer SCIEX ELAN DRC-e and LA New Wave
Research UP-193; A=193 nm; laser Ar-F with the support by
PhD Dimitrina Dimitrova.
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Results of the study

Results from 33 microprobe analyses and 16 LA-ICP-MS
analyses of primary sulfide and sulfosalt minerals are
presented in this study. Microprobe studies include analyses of
pyrite, arsenopyrite, sphalerite, pyrargyrite, miargyrite and
stephanite. LA-ICP-MS include analyses of pyrite, sphalerite,
arsenopyrite and pyrargyrite. Electron microscope photo-
graphs show the location of microprobe point analyses (Fig. 1-
6). LA-ICP-MS analyses correspond to the same points as
these from microprobe. However, not all points of microprobe
analyses have been subject to LA-ICP-MS analyses.

Sphalerite (ZnS): Microprobe analyses established that
except the principal elements Zn and S in sphalerite, the
mineral contains Fe too, which is not uncommon. Copper
content is probably due to finely-dispersed chalcopyrite
emulsion within sphalerite crystals, which was observed in
some samples under reflected-light microscope. Cd is also
present in the investigated sphalerite — its content according to
microprobe analyses vary between 0.368 mass% (Table 2)
and 0.462 mass % (Table 1). According to LA-ICP-MS
analyses, the Cd content in sphalerite is about 2273.89 to
2779.28 ppm in samples 28d-5; p.6 (Table 8) and 28d-4; p.2
(Table 7).

LA-ICP-MS analyses in sphalerite have shown the following
contents of precious and rare metals:

The Au content is low — from below 0.29091 ppm (sample
28d-5; p.6; Table 8) to below 0.36363 ppm (sample 28d-4; p.2;
Table 7).

The investigated sphalerite also contains Ag. Its content
varies from 135.20 ppm (sample 28d-4; p.2; Table 7) to as high
as 1583.53 ppm (sample 28d-5; p.6; Table 8). Indium has also
been discovered as a trace element in sphalerite, which is not
uncommon for this mineral. Indium content varies between
4.54 ppm (sample 28d-4; p.2; Table 7) and 49.92 ppm (sample
28d-5; p.6; Table 8). Its distribution seems to be very uneven.
These analyses also show the presence of Ga. Its content in
sphalerite varies between 132.8 ppm (sample 28d-4; p.2;
Table 7) and 135.51 ppm (sample 28d-5; p.6; Table 8). These
values are quite persistent, even though only 2 analyses have
been made.

Pyrargyrite (AgsSbSs): The greater part of Ag-bearing
sulfosalt minerals from deposit Sedefche, belong to the Sb-rich
varieties. Still, microprobe and LA-ICP-MS analyses show that
they contain small amounts of As as well, which is not
uncommon.

There are As-rich sulfosalt minerals in the deposit, forming
standalone phases, but they are much less common. LA- ICP-
MS analyses of pyrargyrite (6 analyses) show that the mineral
contains significant admixtures of Se, from 218,73 ppm
(sample 28j-3; p.2; Table 9) to 908,78 ppm (sample 28d-5; p.1;
Table 8).
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Fig. 1. Sample 28d, area 4. Electron microscope photograph and locations ~ Fig. 2. Sample 28d, area 5. Electron microscope photograph and locations
of microprobe point analyses. p.1 - pyrargyrite; p.2 - sphalerite; p.3 -  of microprobe point analyses. p.1 and p.4 - pyrargyrite; p.2 and p.6 -
pyrite; p.4-5 - myargyrite; p.6 — sphalerite sphalerite; p.3 - myargyrite; p.5 - pyrite
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. . . . Fig. 4. Sample 28], area 4. Electron microscope photograph and locations
Fig. 3 Sample 28.1, area 3. Electron microscope photograph.and locations ¢ microprobe point analyses. p.1, 2 and 4 — pyrargyrite; p.3 - stephanite;
of microprobe point analyses. p.1-3 - pyrargyrite; p.3-6 - pyrite p.5 and 7 - pyrite; p.6 — marcasite; p.8 and 9 - sphalerite

108pm

Fig. 5. Sample 28], area 5. Electron microscope photograph and locations  Fig. 6. Sample 28e, area 2. Electron microscope photograph and locations
of microprobe point analyses. p. 1 and 2 - pyrite of microprobe point analyses. p. 1-2 - pyrargyrite; p. 3-4 — pyrite with
intergrowths of arsenopyrite (brighter gray)

Table 1.
Results of microprobe point analyses in sample 28d, area 4
Composition in mass % .
Sp. 2804 ¢ S Fe Zn Ag Cu | Au | Cd Sb mineral

P.1 0.348 | 17.756 0.015 0.025 | 64.391 | 0.013 | 0.048 -| 21.154 | pyrargyrite
P.2 - | 33.142 3.657 | 61.906 - -| 0128 | 0.462 - sphalerite
P.3 0.632 | 53.281 | 46.384 0.624 0.105 | 0.028 | 0.042 | 0.007 0.037 pyrite
P.4 0.825 | 21.866 0.024 0.010 | 36.920 | 0.116 - - | 40494 miargyrite
P.5 0.549 | 21.764 0.029 -| 38832 | 0.032 - - | 38523 miargyrite
P.6 - | 33.156 3575 | 62.191 - - - | 0459 - sphalerite
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Table 2.

Results of microprobe point analyses in sample 28d, area 5

Composition in mass % .
Sp. 28d-5 ¢ S Fo 7n Ad | Cu | Au | Cd | b mineral
P.1 0.332 | 17.906 0.022 0.126 | 61.326 | 0.114 0.013 | 21.719 pyrargyrite
P.2 0.064 | 32.757 3.933 | 60.963 0.064 | 0.283 0.408 0.475 sphalerite
P.3 0615 | 21.927 0.004 0.026 | 42141 | 0.006 - | 39.202 miargyrite
P.4 2870 | 17.380 0.001 -| 65.558 | 0.264 16.730 pyrargyrite
P.5 1.231 52.009 | 46.690 - 0.083 | 0.009 - - 0.009 pyrite
P.6 0.021 | 32.534 3.370 | 61.926 -| 0.024 | 0.059 | 0.368 0.040 sphalerite
Table 3.
Results of microprobe point analyses in sample 28j, area 3
Sp. 28)-3 Composition in mass % mineral
' As S Ag Fe Zn Pb Cu Au Sh
P.1 0.167 17.695 | 61.210 0.100 | 0.055 - | 0.084 | 0.041 21.199 pyrargyrite
P.2 0.502 17.993 | 60.700 0.157 -| 0.004 | 0011 | 0116 | 21.227 pyrargyrite
P.3 0.267 17.488 | 62.198 0.211 | 0.068 | 0.099 | 0.026 - | 21.704 | pyrargyrite
P.4 0.611 52.201 -| 46977 | 0.013 - - - - pyrite
P.5 0.802 52.238 0.018 | 46.812 -| 0.074 | 0.023 - 0.018 pyrite
P.6 1.775 51.412 0112 | 45.019 | 0.044 | 0.153 | 0.057 - 0.687 pyrite
Table 4.
Results of microprobe point analyses in sample 28], area 4
Sp. 264 Composition in mass % mineral
' As S Ag Fe Zn Co Cu Au Sb
P.1 0.509 | 17.759 | 60.768 0.180 0.131 | 0.004 | 0.039 | 0.075 | 21.587 pyrargyrite
P.2 1.163 | 17.924 | 60.636 0.799 -| 0.015 -| 0.048 | 16.612 pyrargyrite
P.3 0215 | 13417 | 70.701 0.138 0.116 -| 2974 - 7.949 stephanite?
P.4 0.320 | 17.235 | 63.605 0.130 0.073 | 0.010 | 0.671 18.153 pyrargyrite
P.5 4641 | 46.565 0.065 | 46.045 0.021 | 0.091 | 0.035 0.295 pyrite
P.6 0.350 | 51.264 0.011 | 46475 -1 0.092 | 0.009 - marcasite
P.7 1150 | 51.438 0.209 | 45.544 0.039 | 0.073 | 0.009 0.176 pyrite
P.8 0.013 | 33.438 0.110 5207 | 59.937 | 0.005 | 0485 0.144 sphalerite
P.9 - | 33.864 - 3530 | 63.120 | 0.009 | 0.159 0.034 sphalerite
Table 5.
Results of microprobe point analyses in sample 28j, area 5
Sp. 28)5 Composition in mass % mineral
' As S Ag Fe Pb Co Cu Au Cd Sb
P.1 1,460 | 51,585 | 0,069 | 45942 | 0,018 | 0,052 | 0,017 | 0,083 - 0,199 pyrite
P.2 0,681 | 51,782 | 0,024 | 46,578 -| 0,070 | 0,011 -| 0,016 - pyrite
Table 6.
Results of microprobe point analyses in sample 28e, area 2
Sp. 286-2 Composition in mass % mineral
' As S Ag Fe Zn Co Au Cd Sb
P.1 0.238 | 18.174 | 58.504 - 0.026 - | 0.041 22.321 | pyrargyrite
P.2 0230 | 18202 | 59.699 0.103 0.027 - - - | 23.606 | pyrargyrite
P.3 0.730 | 51.162 0.009 | 46.651 0.031 | 0.063 | 0.041 0.002 0.286 pyrite
P.4 0.295 | 52.843 - | 47.556 - | 0.070 | 0.062 0.040 - pyrite

Pyrargyrite contains Au from <0.9 ppm (sample 28j-4; p.1;
Table 10) to 4.37 ppm (sample 28d-4; p.1; Table 7). Some
analyses of pyrargyrite show increased Tl content — from 3.52
ppm (sample 28j-4; p.1; Table 10) to 64.52 (sample 28}-3; p.3;

Table 9).

Pyrite (FeSz): Seven LA-ICP-MS analyses have been
performed for pyrite. The Au content in pyrite, measured with
LA-ICP-MS is highly variable - from 0.19 ppm (Sample 28e-
2; p.4a; Table 12) to 4.54 ppm (28j-3; p.5; Table 9). Ag content
in pyrite is between 38.87 ppm (Sample 28e-2; p.3; Table 12)
and 902.83 ppm (Sample 28;-5; p.1; Table 11). The measured
Tl content in pyrite is bewtween 6.9 (Sample 28e-2; p.4; Table

12) and 366.99 ppm (28}-5; p.1; Table 11).
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Arsenopyrite (FeAsS): Only one LA-ICP-MS analysis of

arsenopyrite was made, even though it is widespread mineral

Table 9.

Results of LA-ICP-MS point analyses in sample 28j, area 3

in deposit Sedefche. Element | 281-3: p.2 28j-3; p'.3 28-3: p.5
) (pyrargyrite + .
Table 7. [ppm] | (pyrargyrite) pyrite) (pyrite)
Results of LA-ICP-MS point analyses in sample 28d, area 4 Cr 232.91 305.37 78.14
Egeme]nt (28d-4: P-_t1 :) (280;741 P_-t2i) 2f3(d-4{tp)-3: Fe <802.4041 31751.71 | 468120
ppm pyrargyrite) | {Sphaierite pyrite c 244.34 299.19 464.67
Cr 209.22 <24.8633 82.80 u
Mn <5.5652 2916.89 1710.18 Zn 8161 <99.9308 31.00
Fe <429 5351 4105238 463840 As 68649.11 93629.88 | 26697.93
Co 349 0.69 16.57 Se 218.73 710.09 21.19
Cu 154.28 816.84 213.02 Ag 607000.00? 621980.00? 612.44
Zn 261.59 6190602 8475.86 Sn 7.84 <15.1236 <1.4529
Ga <4.5144 132.80 <1.9762 Sb 237486.68 245740.24 2001.50
As 9915.60 64.73 13362.54 Au <1.3605 <2.1636 4.54
Se 745.172 <27.8726 <35.9161 Tl 7.85 64.52 202.55
Ag 643910.00 135.20 576.90 Pb 42.61 14959 048.86
Cd 109.70 2779.28 22.18 ' - Internal standard of Fe content, according to data from X-ray spectral
In <0.41117 4.54 0.33 microanalysis.
Sn <55317 231.95 9.04 2- Internal standard of Ag content, according to data from X-ray
Sb 337564.14 15209 | 1096.86 spectral microanalysis
e I T
: : : Results of LA-ICP-MS point analyses in sample 28), area 4
Pb 78.37 11.39 355.28 Element 28j-4; p.1: 28-4; p.2;
Bi 41.90 <0.24285 <0.44584 S Urite o
, [ppm] (pyrargyrite) (pyrargyrite + pyrite)
:n-iclrézrjlgit:ndard of Fe content, according to data from X-ray spectral Fe <536 1793 235604 39
2 - Internal s_tandard of Zn content, according to data from X-ray spectral Cu 323.91 656.93
microanalysis. As 1394.44 5387.49
Table 8. Se 748.25 551.13
Results of LA-ICP-MS point analyses in sample 28d, area 5 Ag' 607680 606360
Element [opm] 28d-5; p.1; 28d-5; p.6; Sb 329915.93 307424 .45
PP (pyrargyrite) (sphalerite) Au <0.90426 3.30
Mn <3.7807 2242.92 Tl 3.52 33.42
& T N — Z o 10750
u . } -
Bi 6.72 4.98
Zn <90.8891 619260° ' - Internal standard of Ag content, according to data from X-ray specral
Ga <3.6998 135.51 microanalysis.
As 3412.76 507.59
Se 908.78 <28.1115 Table 11.
Ag 6132602 1583.53 Results of LA-ICP-MS point analyses in sample 28), area 5
Cd <5.4247 2273.89 Element [ppm] | 28j-5; p.1; (pyrite) | 28j-5; p.2; (pyrite)
In <0.32139 49.92 Cr 55.34 51.27
Sn <3.9536 677.52 Mn 214.09 1237.84
Sb 299083.58 2293.40 Fe' 459420 465780
Au 2.89 <0.29091 Co 35.44 7.47
o I -
' - Internal standard of Zn content, accorcliing to data from X-ray spectra;l Cu 548.10 198.96
microanalysys. Zn 45.30 30.65
2 - Internal standard of Ag content, according to data from X-ray spectral As 21118.03 11050.92
microanalysys.
Mo 32.94 34.29
The analysis show Au content of 308.43ppm and Ag content Ag 902.83 327.58
of 218.95 ppm (Sample 28e-2; p.3a; Table 12). No other trace Sh 1649.10 720.67
elements of potential economic interest have been found in Au 4.47 2.10
arsenopyrite. T 366.99 334.44
Pb 728.01 246.98
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Table 12.
Results of LA-ICP-MS point analyses in sample 28e, area 2

Ele- | 28e-2; 282;2_' 2802 | 2862,

ment p.3; (aF;..sen,o- p.4; p.4a;

opm] | (pyrite) |~ i) (pyrite) | (pyrite)
Cr 46.80 42.60 46.61 46.25
Mn 79.47 4576 103.98 102.44
Fes 466510 | 343000 | 475560 | 466510
Cu 24.51 593.85 29.63 67.17
Zn 30.71 | <32.0019 30.74 65.30
As | 8682.11 | 42310560 | 7754.23 | 8761.97
Se | <17.1133 68.93 | <12.6481 | <15.5031
Mo 6446 | <7.1774 40.24 44.71
Ag 38.87 218.95 41.01 94.42
Sb | 3073.80 | 2899.36 | 1447.94 | 5893.80
Au 0.24 308.43 0.37 0.19
Tl 16.38 10.84 6.90 82.52
Pb 39.47 261.26 55.51 30.32

8 - Internal standard of Fe content, according to data from X-ray spectral
microanalysis.

Conclusions

The measured contents of precious metals (Au and Ag) in
pyrite are somewhat higher than these in marcasite (Lyutov,
2016).

The single LA-ICP-MS analysis of arsenopyrite showed that
it contains Ag and Au. The measured Au content in
arsenopyrite (308.43 ppm) is about 100 times higher than
these values in pyrite. Single analysis of arsenopyrite is not
enough to establish a trustworthy model of Au distribution, but
opens a new field for further studies. According to Fleet et al.
(1997), high Au content (up to 3 wt%) in arsenopyrite,
corresponds to excess of As and deficiency of Fe in the
mineral's formula. Arsenopyrite analyzed in the current study
does not exhibit such traits.

Except Cd, sphalerite contains admixtures of Ag, In and Ga.
The distributions of Ag and In in sphalerite are very irregular,
while the distribution of Ga is much more consistent. The
measured Au content in sphalerite is low.

The gold content in pyrargyrite, measured in the current
study (0.09-4.37 ppm) is about the same as Au content in
pyrite. Pyrargyrite also hosts significant amounts of Se and TI.
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KAHbOHBT HA PEKA NETHP (NETPA, METPAHULIA) MEXAY CENNATA T'YBUCIIAB U
MWUNAHOBO (3AMAHA CTAPA MNMNAHUHA)

Bbopuc Bnnyes

Murro-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogpus, b_valchev@mgu.bg

PE3IOME. Peka MeTwp (Metpa, Metpanuua), otaensia macuea Ha JlakaTHULWKWTE ckanu OT nnaHuHata KosHuua, odopmst TUNMYHA KaHbOHOBWAHA OMWHA OT
ycTeTo c1 npu maxana Camoteop Ha c. ['ybucnas fo c. MunaHoBo. Tl npefocTaBs OTIMYHK Bb3MOXHOCTY 3a HabnioaaBaHETo M U3y4aBaHETO Ha pasHoobpasueTo
0T reomMopdosoxKn 06eKTH, 0hOPMEHM B TpUackuTe kapboHaTHW ckanmu. Hactoswara cratus uMa 3a Len Aa Aafe ONuCaHNs Ha HAKOM OT Hal-TUMAYHUTE T€0NOKKM
(beHOMEHM, EKCTIOHMPaHM B paMKUTE Ha reoTona — LUMPOKO PasnpoCTPaHEHMTE B HoXHATa My 4acT CKanHM BEHLM, 0COpMEHM B ckammte Ha Morunckata ceuta
(OneHek-AHU3), KaKTo 1 CKanHUTe NUpaMWUaK W KyKnu, U3BasiHu B ckanute Ha babuHckata cauta (AHM3). CbrmacHo KnacudukaumsTa Ha reonoxkute eHoMeHu,
OnmMcaHnTe reoMopdonoxki 3abenexuTenHocT nonaaat B rpynata Ha obekTuTe ¢ ecTeTyecka CTOMHOCT, a cropes opuruHanHata Gbnrapcka MeToguka 3a oLeHka
Ha reornoxku (eHOMEHU Te Ce OTHACAT KbM OBEKTUTE C TOKANHO 3HAYEHME.

KniouoBw aymu: pexa Metbp, 3anagHa Ctapa nnaHnHa, reonoxki heHOMeHU.

PETAR (PETRA, PETRANITSA) RIVER CANNYON BETWEEN THE VILLAGES GUBISLAV AND MILANOVO (WESTERN
STARA PLANINA MOUNTAIN)

Boris Valchev

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

ABSTRACT. Petar River (Petra, Petranitsa), separating the Lakatnik Rocks massive from Koznitsa Mountain, forms typical canyon-like valley from its mouth near
Samotvor neighborhood of the village of Gubislavto the village of Milanovo. It gives an excellent opportunity for field observation and examination of the diversity of
geomorphological sites formed in the Triassic carbonate rocks. The present article aims to describe some of the most typical geological phenomena exposed in the
geotope, such as the widely distributed rockcliffs, formed in the rocks of the Mogilska Fm (Olenekian-Anisian) as well as the rock pinnacles and dolls in the Babino Fm
(Anisian). According to the classification of the geological phenomena, the geomorphological sites described here are referred to the geosites of aesthetic value, and
according to the original Bulgarian methodology for estimation of geological phenomena they correspond to the criteria for geosites of local importance.

Key words: Petar River, Westem Stara Planina Mountain, geological phenomena.

BuBepeHue “Ma 3a Len ga NpeacTaBu HaKpaTko reoNoXKAS CTPOEX Ha

palioHa W Aa [afie ONMCaHWs Ha HAKOW OT Hal-TUMKUYHWTE

[onuHata Ha p. MeTbp (MeTpa, MeTpaHuua), kosITO € NsiB reonoxkv (DeHOMEHM (CKanHu BEHUM, CKanHu nupamugm,

NpUTOK Ha BrnBalLara ce B p. Wckwbp p. MpoboiHuua (dur. 1), CKarnHu Kyknu, CKanHu HULLM), eKCroHMpaHu B pamkuTe Ha
0cbopMs TUNMYHA KaHbOHOBMAHA fJonMHa ¢ nocoka C-HO ot reorona.

ycTneTo cu npu maxana Camoteop Ha c. [ybucnas go 3anag-
HWTE MOKPanHWHW Ha . MunaHoBo (Tabn. |, cH. 1). FOXHMAT m
y4acTbK OTAEns OT 3anaf MacvBa Ha 3aliuTeHaTta MeCTHOCT
JlakaTHuwky ckanu® ot nnavuHata KosHuua. JlakatHuwknTe
ckanu (AingaHnuicku, 2004) ca WKMPOKO U3BECTHM, KAKTO Cpeq
reorioxkata OOLYECTBEHOCT, Taka M cped anmuHUCTUTE,
creneomnoante W Typuctute. 3a TAX € CbCTABEHO [focue
(Anpannuicks B Yenes, CunboBcku, 20031) B paspaboteHns
no npoekt Ha MOCB ,Pernctsp v kapgacTbp Ha reonoxkute
tbeHomenn B Penybnivka Bunrapus” (1999-2003). Ha doHa Ha
TAXHAaTa NONYNMAPHOCT, HamupallaTta ce B HEnocpefcTBeHa
Bnn3ocT pormHa Ha p. lMeTbp € M3BECTHA €OWHCTBEHO B
cpeauTe Ha annuHMCTMTE. B Tasn Bpb3ka HacToswara cratus

“Xenes, B. [. CuHbOBCKM (peq.). 2003.Pervctbp M KagacTbp Ha ‘
reonoxkredeHomenn B bonrapus. 188 pocveta B 5 Toma. — HauwoHaneH —
reochoHa,XV-1232 (Ha Gbarapcku, pycku U aHIMACKUE3NK).

®ur. 1. CxemaTyHa KapTa Ha paiioHa Ha peka NeTbp
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[laHHK 3a reoNOXKMA CTPOEXK Ha panoHa

Crpaturpadus

B cTpoexa Ha u3cnedBaHus paloH y4acTaT Naneo3omcku
TEPUTEHHUM WHTPY3NBHU CKan, TPUACKW U tOPCKM TEPUTrEHHMU,
TEPUreHHO-kapboHaTH 1 KapOOHATHW CeaMMEHTHM CKamu,
KaKTO W KBaTEPHepHM Hacnary (cwur. 2).

lManeo3olickume TepureHHu ckanu Ce  paskpuBat

OrpaHWYeHo toro3anagHo oT ycTueto Ha p. [pobomHuua.
MpeacraBeHu ca or Anesponumogo-keapyumHa
memasadpyea (MBaHos, 1970, 1971, 1972; WeaHoB u Ap.,
1987; TopeH OppoBuk?) u OnucmocmpoMHa eduHuya
(AHrenos n pgp., 2008; Opposuk). Te ca npoueneHn oT
W3TOYHMS 3aBbpllek Ha [leTpoxaHckus nnyToH (FopeH
KapboH), paskpuBaLy ce B fjonuHata Ha p. lNpoboiHunua.

Tpuackama cucmema e npeacTaBeHa OT CTaHAApTHUTE 3a
3anagHute bankanugn rpynu: TMeTtpoxaHcka, Mckbpcka u
Musuitcka.

lMempoxaHckama mepuzeHHa 2pyna (TpoHkos, 1981; JoneH
Tpuac) nokp1Ba TPAHCTPECMBHO M HECHIMACHO Pa3fyHM HUBA
Ha maneo3onckust paspes. PaskpuBa ce nog dopmata Ha
TAcHO neTHo O3 ot ycTreTo Ha p. MpobonHuua, kakto u B CA
kpai Ha c. [apa JlakaTHuK.

Uckbpckama kapboHamHa epyna (TpoHkos, 1981; OneHek-
KapH) e npeacraBeHa ot net ceutu: Ceudoncka (Yatanos,
1974; OneHek), Mozuncka (Accepeto u ap., 1983; OneHex-
Aun3) ¢ pgea uneHa (OnnemHeHcku, BbBEAEH KaTo
OnnemHeHcka ceuma oT TpoHkoB, 1968 u JlakamHuwku,
BbBedeH kato JflakamHuwka ceuma OT TpoHkos, 1968),
babuHcka (Tponko, 1968; AHu3), MunaHoscka (TpPOHKOB,
1968; IlaguH) n Pycunosdencka (TpoHkos, 1968; lMagus-
KapH). C u3knioyeHne Ha nbpeata, kosaTo crnegga ¢ 6bp3
nuTonOXKN npexof Haf NetpoxaHckaTa rpyna 1 oopms Tpu
TECHW uBWUWM B paiioHa Ha c. lapa JlakaTHuk, ocTaHanute
CBUTU Ce pa3kpuBaT Ha LUMPOKM NIOWYW B U3CNEABaHNS PaioH,
crefBaiki egHa Hag Apyra C pasbk unM 6bp3 NUTOMOXKKM
npexoa.

Musutickama epyna (Yembepckm w gp., 1974) B paitoHa
BKNouBa camo Komuwuukama ceuma (Tronkov, 1969; KapH-
Hop), cnedpawa ¢ ps3bk NWTOMOXKM KOHTAKT Hag
PycuHoBaenckaTa cBuTa WU paskpuBalla ce kaTo TSCHa ueuLa
B 3anagHUTe W HXXHWUTE NOKPanHUHK Ha ¢. MunaHoBo.

fOpckama cucmema e pa3suTa NPOCTPAHCTBEHO B paiioHa
Ha C. MunaHoBo. Pasnonara ce TpaHCrPECMBHO BBPXY
pasnWyHM HWBA Ha Tpuackus paspes. [peactaseHa e OT
BbBeaeHute ot CanyHos (B CanyHoB u ap., 1967) KocmuHcka
(XeTaHx-CuHemyp) n Osuposcka (CuHemyp-AaneH) cauTa.

KeamepHepHama cucmema BKIIOYBA asysuarnHu Hacnarm ¢
nneicToyeHcka (B HagsanueBHUTe Tepacu npu c. [lapa
NakaTHKK) 1 xonoueHcka (B gonuHata Ha p. Ackbp, ceBepHo
0T CenoTo) Bb3pacT.
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®ur. 2. Feonoxka kapTa Ha paiioHa Ha peka [eTbp (no AHrenos u ap.,
2009; ¢ n3meHeHus)

1-2-KeatepHep: 1 — anyBuii (XonoueH); 2 — anyBui (MneiicToueH); 3 -
lOpa: OsupoBcka (CuHemyp-AaneHn KoctuHcka (XeTtaHk-CuHemyp)
ceuta; 4-11- Tpuac: 4 - Komuwmuka csuta (Kapu-Hop); 5 -
PycuHoBgencka csuta (llagnH-KapH); 6 — MunaHoBcka ceuta (JlaguH); 7
- BabuHcka cButa (AHu3); 8-9 — Moruncka cButa (OneHek-AHu3): 8 —
JNlakaTHMWKKM uyneH; 9 — OnneTHeHckn uneH; 10 — CBugoncka ceuta
(Onenek); 11 - MetpoxaHckatepurenHa rpyna ([oned Tpuac); 12 -

MetpoxaHckunnytoH (FopeH Kap6ou); 13-14 - Opposuk: 13
aneBponuToBO-kBapuuToBameTasagpyra (FopeH OppoBuk?); 14 -
onuctpocTpomHa eavHuua (OppoBuk); 15 - nutocTpaturpadcka

rpanvua; 16 - Bb3cen; 17 - pascen; 18 - pasnom ¢ HeycTaHoBeH
xapaktep; 19 - pasnomu: 1 - ApxkuweHckuBb3ced, 2 -
PapoBBpbwkMBBL3cea, 3 — Mpe6oHuiukm pasnom; 20 —cnoecrocT.

TekToHUKa

PaitoHbT Ha peka lMeTbp nonaga B obxeata Ha bepkoBckaTa
eanHuua Ha 3anagHobankaHckata 30Ha. B pamkute Ha
n3crnedeaHarta nnow, nonagat MumaHoBckaTa CMHKNWHana,
odopMeHa MO TpUACKUTE CEOMMEHTHW CKanu, Kakto W
ApxuiieHckuaT u PagosBpblukusaT Bbaces (¢ nocoka 3H03-
WCW) 1 MpeboitnniukuaT pasnom (nocoka C3-HOW), onucanu
noapo6Ho ot TpoHkoB (1963, 1965).



XapakTtepucTuka Ha reofioxXkute )eHOMeHH

OnucaHute B Hactosllata CTaTus reonoXkn eHOMEHU
(dour. 3) ce oTHAcCAT KbM rpynata Ha 0bekTuTE C ecTeThdecka
CTOMHOCT (Knac reoMOpgOnoXKA) — CKalHA BEHLM, CKaNHW
NUPaMUAN, CKAMHI KyKI, CKaTHU HULLK.

CkanHn BeHun.OdopMeHn ca B CyBXOpU3OHTaNHWUTE
MacvBHW BapoBMUM Ha JlakaTHWWKMs 4yneH Ha Morunckata
cBuTa. HabniogasaT ce rMaBHO B KOXHATa 4yacT Ha reotona.
Hai#-gbnruar ot tax (tabn. I, cH. 2, 3) ce npocneasea
HenpeKbCHATO MO NEBUS CKNOH Ha JonMHaTa OT YCTUETO Ha p.
Metbp (Ha okono 250 m CU oT Hero ce Hamupa OTBOPBT Ha
newepata CeuHcKaTa gynka - Tabn. |, cH. 4, 5) 0o BNMBaHETo
B Hes Ha [leTpeHcku fgon, kato goctura gbmkuHa 1,2 km.
HenocpencTBeHO Ha M3TOK OT BMWBAHETO Ha AECHWUS MPUTOK
CamoTBOpCKM [0N Mog ckanute Ha JlakaTHMLWKUS 4neH ce
paskpuBaT U YacT OT Te3u Ha OnneTHEHCKMs, KaTo Mo TO3M
HauMH e ohopMeHa BrevaTnsiBalla ckanHa cTeHa ¢ BUCOUMHA
Hag 60 m(tabn. I, cH. 7).

®ur. 3. MecTononoxeHne Ha reonioxkute (heHOMEHW B AONMHATa Ha p.
MetTbp

1 - ckanuu BeHuu (1 - naBHUOKaMuK; 2 — AkageMUWKU ckanu; 3 -
Bunapo unu mectHocTTa MonsAMaTta HWWA); 2 — CKanHU NMpamMuau u
ckaniu kyknu (1 — Monemo; 2 - KbopaBaTa kykna; 3 — Yukepo; 4 —
CpepHarta kykna; 5 - MNaHpoBa kykna; 6 — [lsata riobnu; 7 - Bukaneuo); 3
- newepwu; 4 - woce; 5 - xene3onbTHa NUHUA; 6 — NbTeka.

[lecHnsT CKNOH Ha JonWHaTa CbLUO Mpeanara WHTEPECHM
paskpuTus. CKamHUAT BEHEL, B y4acTbka MeXOy YCTMETO Ha p.
MeTbp v BMBaHeTO Ha CamoTBOpCkW aon (Tabn. |, cH. 6, 8, 9)
€ u3BeCTeH kato [naBHMokamuk (BX. Tonoepachcka kapma Ha
3emnuwemo Ha ceno MunaHoso (Ocukogo) U e ¢ AbiKMHA
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450 m. PasnonoxeH e Ha BucounHa 50-60 m Hag HMBOTO Ha
pekaTa, KOSiTO Ce Cnycka nnaBHO Ha tor (HaknoH 10-12°). Ha
ceBep oT yctmeto Ha CamoTBOpCkM [ON, A0 YCTMETO Ha
lMeTpuHCKW [oN, CKanHUAT BEHEL, MOXe Aa Ce pa3fenu Ha aea
yyacTbka. FOXHMAT, HENOCPEACTBEHO HA CEBEP OT YCTUETO Ha
CamOTBOpCKM 10N, € HapWUyaH OT annuHUCTUTE AKapeMULLKMA
ckanm (tabn. I, cH. 10, 11) 1 e n3non3BaH 3a TPEHNPOBBLYHM
Lenu. B Hail-toxHaTta cu YyacT ToW ce m3gura Ha okorno 50 m
Hag HWBOTO Ha p. MeTbp. CeBepHWAT yyacTbK Ha BeHela e
HaKMOHEH NoMneraTo Ha CeBep U MOCTENEHHO Ce crmycka Ao
HMBOTO Ha pekaTa (Tabn. I, cH. 12). Tyk, B MecTHoCTTa
lonsiMata Huwa, ce Hamupa U Hal-TSiCHaTa YacT oT AoNMHaTa
(10 m), Hocela 6enesnTe Ha TUNMYEH KaHbOH (Tabn. |, cH. 13,
14).

Mo-cnabo wn3paseHn BeHUM MoraT ga ce HabnwopasaT B
AEeCHMsl CKNOH Ha p. eTbp,HENoCpecTBEHO Ha CeBep OT
BMMBAHETO Ha AECHWS NpuToK bpataHos gon (Tabn. I, cH. 1) n
no ApaTa CKMOHA CEBEPHO OT MOMMeHaTa CTaHuus Ha C.
MunaHoBo, KbAeTO JONMHATA OTHOBO CE CTECHSIBA W rneaaHa
OT 10rou3Tok, Hanogobssa ronsama nopta (tabn. Il, cH. 2).

OhopMSIHETO Ha CKATHWTE BEHLW € NIUTONOKKM 1 TEKTOHCKM
NpefonpeaeneHo — MbPBIYHATA HaMykaHOCT Ha YCTOMYMBUTE
Ha BNWAHMETO Ha EK3OreHHUTE MPOLecH CyBXOPU3OHTaMHM
[ebenonnacToBn O MacuBHK kapGoHaTHW ckanu noanomara
OTLIENBAHETO Ha cKanHu OrokoBe MO [BE CUCTEMM OT
cyOBEpTMKANMHM MyKHATWUHK, KaTo 3a [0OChOPMSHETO Ha
BEHLMTE ca JONPUHECTTI W KaPCTOBMUTE MPOLIECH.

CkanHu nupammamn U ckanHu Kyknu./3sasHu ca B ckanute
Ha BabuHckata cBuTa U ce cpeliaT nNpeaWMHO B CeBepHaTa
4acT Ha reotona (CeBepHO OT BMMBAHETO Ha NeEBUS MPUTOK
MeTtpeHcku gon). Hakon OT TAX MMAT HaUMEHOBaHWSs, AafeHu
UM OT MeCTHOTO HaceneHue (Tonozpagpcka kapma Ha ...).
HenocpencTBeHo Ha ceBep OT yCTWeTO Ha [eTpeHcku gon, B
nesus CKMoH Ha p. Metbp,ce Habnogaea Monemo - eanHnyHa
ckanHa nupamupa (ckaneH obenuck) ¢ BUCOYMHA Hag 5 m,
oTgeneHa OT MacuBeH ckanmeH Omok (tabn. I, cH. 3).
HabrniogaBaH OT pas3nuyHu [MEegHW TOUKW, MOCNesHUsT
AEMOHCTpUpa pasHoobpasHa mopdonorus.Ha 100 m C or
Ta3 KOMMO3WUMs, OTHOBO B INIEBMS CKIMOH, € 0dopmeHa
HeAOoCTbNHa eAnHNYHa BeaumeHHa ckanHa nupamuaa(tabn. |,
CH. 4). HeltHaTa BCOYMHA € OKOMO 5 M, KaTo TS He € HaMbIHO
otdeneHa OT ckanHus MacuB.Owe no Ha ceeep, B
CpaBHWTENHO MoreraTus NSIB CKMOH M3TOYHO OT MOMMeHaTta
CTaHuus Ha ¢. MunaHoBo, ca pa3nonoxeHu amgurearpanHo 4
ckamHu  komnoanummn  (tabn. Il, cH. 5-8) - KbopaBata
kykna,Yukepo, CpefHaTta kykna w lNaHgoBa Kykna (OT Hor Ha
ceBep). Hai-BnevatnsBala € nocregHata — OT MacuBHa
CkanHa OCHOBa BepTWKANHO Harope Ce M3gurat HsKOMKO
paskoHeHns. 3anagHo OT Te3W Kyknu, B AECHWSI CKITOH Ha
ponuHaTta, ca oopmeHu Boika nupammau, Hapuyanu [lsata
nobnu (tabn. I, cH. 9), KaKTO M eguHMYHa nNMpamuaa,
CBbp3aHa CbC ckanata Bukaneuo (tabn. I, cH. 10).
BeanmeHHM nupamuon W Kyknu ce HabmiogaBaT W B AECHWS
CKknoH Ha lMeTpeHcku gon (tabn. Il, cH. 11), kakTo 1 Ha 600 m
ceBepHo oT M. OcukoBo rpaguwe (kota 617.1 Ha dwr. 3 -
1abn. Il, cH. 12).

CkanHuTe nupammam u Kyknu ca obpasysaHu B pesyntar Ha
KapcTu(uKaLmMsaTa Ha TbHKO- U CPESHONNACTOBUTE BapOBULIM
Ha babuHckata cBMTa, Kato 3a TOBa € [JOMPUHECNO U
Cy6XOPW3OHTAHOTO M MOMOXKEHME.



CkanHn Huwn.OcbopMeHn ca B [OSIHATE HMBa Ha
JlakaTHuwWKust YneH. Hait-useectHa e lonsmata Huwa (tabn.
Il, cH. 13, 14), Hamnpalla ce B AecHMs cknoH Ha 920 m C ot
ycTneTo Ha p. MNetbp. BucounHarta m goctura go 3 m, Abn-
XuHaTa m Hapgxebpns 20 m, a abnbounHata m goctura 6 m.
CeBepHata v YacT e pasnofioxeHa Ha 2-3 m Hag HMBOTO Ha
pekata W e NecHo JocTbhHa. [lo-Manmkw HUWKM moraT fda ce
HabntogaBat B yyacTbka AkageMuLukv ckanu (tabn. Il, cH. 15),
HO Te ca AOCTBNHW eAMHCTBEHO 3a anmuHUCTUTE.

IMpu HanpaBeHaTa ekcrepTHa OLeHKa, CNeaBaiikm opuriHan-
HatTa Obnrapcka MeToAMKa 3a OLEHsiBaHe Ha [eonoxXKu
tbeHomenn (CuHboBCckM 1 Ap., 2002), e KOHCTaTMpaHo, Ye
OnuCaHWTe B HacTosilwara cratus OOeKTM ca C noKanHo
3HaYeHme.

3akntoyeHune

Onucannte B HacTosLata cTaTis reonoxku )eHOMeHn ce
fBABaT E€CTECTBEHO [OMb/IHEHME KbM MpefcTaBuTe 3a
reoMopdonoxKkoTo pasHoobpasne B Tasn yacT oT 3anagHa
Crapa nnaHuHa. [lobpute TpaHCNOPTHU KOMyHWKALMK (LIOCETO
Codus-Mesgpa u xenesonbTHata nutua no  Ackbpckus
MporioM OT U3TOK, MbTA 3a ¢. [ybucnas u xmxa Mpoboikuua ot
for) ynmecHsiBaT 3HAYMTENHO AOCTbMa A0 JonvHata Ha p.
Metbp. 3a NONyNApU3NPaHETO Ha EKCMOHMPaHUTE B Hes
reonoxkn reHomeHu, obave, e Heobxoaumo paspaboTeaHeTo
Ha WHTEpNpeTaTBEH reONOXKA MapLUpyT W MOCTaBSHETO Ha
WHOPMALMOHHM Tabna ¢ reonoxka MHopMauus, Tbil kato
[0 MOMEeHTa Takasa Nuncea. Tosa e AoBeae A0 3HAUMTENHO
yBENWYaBaHe Ha WHTEpeca KbM TO3W paioH (0O MOMeEHTa
“3passiBaly Ce efWHCTBEHO B MpefocTaBsHeTo Ha basa 3a
o0yyeHne Ha anmuHMCTW), a OTTYK W ECTECTBEHOTO My
WHTErpUpaHe KbM W3KITIOYUTENHO NOMynspHUTe JlakaTHULLKM
ckanm.

BnarogapHocTu. M3kaseam 6narogapHoCT Ha peleH3eHTa npod). O-p
BeHenuH Xenes 3a HanpaBeHUTe NPenopPBbKM KbM PbKOMUCa Ha CcTaTudTa.
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TABJIUUA |

p. Mpo6oiHuya - Kosuuua

="max.
CamotBop

p. Mpo6ouHuya

rnasHuWo KaMuK

FMaBHWO KaMUK

FMaBHNO KaMUK

1 - 06w usrnep Ha pekute Mpoboikuua u MeTbp (nornen ot M. OcnkoBo rpaauiLe); 2, 3 — CKaNHUAT BEHeL, Mo NeBUs CKIOH Ha p. MeTbp (2 - npu ycTneTo
Ha pekaTa, 3 - B paiioHa Ha nelepata CBUHCKaTa Aynka); 4 — normnep oT lor KbM BX0Aa Ha newepata CBUHCKaTa Aynka (Ha 3afieH nnaH e FnaBHMO KamMuk);
5 — n3rneq ot BxoAa Ha neweparta; 6, 8, 9 — u3rnegu Ha ckanHuA BeHel [NaBHMO KaMUK, CbOTBETHO OT Orou3Tok (M. OCMKOBO rpapuiue), U3TOK U
CeBEpOM3TOK; 7-CKanHa CTeHa ¢ BUCOYMHA Hap 60 m u3TouHO oT ycTneTo Ha CamotBopcku Aon; 10, 11 — ckanHuaT BeHely Akapemuiuky ckanm (10 — nornep
oT tor, 11 — nornep ot U3TOK); 12 — ckanHMAT BeHel, B M. FonsiMaTa Huwa (nornep ot loronsTok); 13, 14 — Halk-TeCHUAT yYacTbK B AonvHaTta Ha p. MeTbp B
M. FonsMaTa Huwa, NnpuTexaBaly GenesuTe Ha TANMYEH KaHbOH.
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TABJIUUAII

1 - ckaneH BeHel| HEMOCPeACTBEHO CEBEPHO OT BNMBaHeTO Ha BparaHoB pon; 2 — ,MopTaTa“ — ckanHK BeHUM CEBEPHO OT MOMMEHaTa CTaHUMSA Ha C.
MunatoBo; 3 - MNonemo — ckaneH oGenuck U MacuBeH ckaneH Gnok HenocpeACTBEHO CeBepHO OT ycTUeTo Ha MeTpeHckn gon; 4 — ckanHa nupamuaa B
neBusA CKMNOH Ha AonuHaTa Ha p. MeTpa, ceBepHo oT Monemo; 5-8 — cKanHK Kyknu U3TOYHO OT MOMNeHaTa cTaHuMs Ha c. MunaHoBo (5 — KbopaBarta kykna,
6 — Yukepo, 7 — CpepHata Kykna, 8 — ManpoBa kykna); 9 — [iBata rio6nu — ckanHu nupamuam cesepHo ot ,loprtata“; 10 — ckanHa nupamupa v ckana
Bukaneuo; 11 — ckanHu KyKnu B IeCHUA CKITOH Ha AonuHaTta Ha lMeTpeHcku aon; 12 - ckanHa nupammaa Ha 600 m cesepHo oT M. OcukoBo rpaauie; 13, 14
- lonAmara HUWa B OCHOBaTa Ha CKaNHWUA BeHel B eJHOMMEeHHaTa MeCTHOCT; 15 — CKanHM HUWK B OCHOBATa Ha CKamnHWA BeHel, AKaAeMMLIKK CKanu npu
ycTueto Ha CamoTBOpCKM Aon.
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MWUHEPANEH CbCTAB HA ACIMUCKU OT U3TOYHUTE POLOMNMU

PycnaH U. Kocmoe, Padocmun [Ma3depoe, Jllo6omup Muxaiinoe
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PE3IOME. Onucann ca CbC CbOTBETHWS UM MUHEpareH CbCTaB 8 KOpPEHHM MPOSIBMEHMS Ha SCTUC, KakTo W Haj 20-Ha anyBuanHu W AenyBuanHu SCuCoBM U
ficnnconoaobHN NPosiBNEHNs B OTAENHM YacTu Ha MaTounuTe Pogonu. Mo cbCTaB M No LBAT Ce OTAENAT TPY OCHOBHM PN SACMNCK: YEPBEHN ACTIUCK C NPUMEC OT
XeMaTuT, XbNTY (CBETNoKacsiBM) ACTICK C NPUMEC OT TLOTUT 1 3EMEHN SCIMCK C NPUMEC OT CenafoHMT. Bb3 0CHOBA Ha HAKOM CLOTHOLLEHWS HA WHTEH3NUTeTa Ha
PEHTTEHOBCKATE OTPaXEHUs MpW KBapua Ce OTAENAT MaBHO ABe rpynu 06pasuy: CbLyeCTBEHO MUKPO3bPHECTW KBApL-ChbAbPXALUM W CbLUECTBEHO XamLeAoH-
ChabpXKaLy acnucy. o oTHOLLEHWe Ha reomnoxkaTa no3uLys 1 Bb3pacT, HaXOAKUTE Ce OTHACAT KbM MbPBUS, BTOPUS 1 TPETUS CTaAWUN (3a4pyru) Ha CpeaHoKMce nns
BYNKaHM3bM B 13TouHNTE POAONHN C rOpHOEOLIEHCKA 1 ONUTOLIEHCKa Bb3PacTy.

KniouoBu gymu: sicnuc, ksapu, MuHepanorvs, atounu Pogonn

MINERAL COMPOSITION OF JASPER FROM THE EASTERN RHODOPES
Ruslan I. Kostov, Radostin Pazderov, Lyubomir Michaylov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, rikostov@yahoo.com; rpazderov@abv.bg; lyubomihaylov@abv.bg

ABSTRACT. Listed with their respective mineral composition are 8 occurrences of jasper, as well as over 20 alluvial and diluvial jasper and jasper-like bearing
placers in different parts of the Eastern Rhodopes. According to their composition and colour the jaspers are separated in three main groups: red jasper with an
admixture of hematite, yellow (pale brown) jasper with an admixture of goethite and green jasper with an admixture of celadonite. Based on certain ratios of the
intensity of some X-ray reflections in the quartz, two groups of specimens are separated: substantially microcrystalline quartz-bearing and substantially chalcedony-
bearing jaspers. In terms of geological position and age, the findings are related to the first, second and third stage of the medium acid volcanism in the Easten
Rhodopes with corresponding Upper Eocene and Oligocene ages.

Key words: jasper, quartz, mineralogy, Eastern Rhodopes

YBoa M3TOK M OT CeBep Ha KT (MpW PEYHUTE [OMUHU CbC
CbOTBETHUTE MNpuUTOLM): 1 — M3TOYHA M CeBepHa YacT Ha
Watoynute Pogonm (Bykoso u TaTapeso); 2 — no nopeyneTo
Ha p. Apga (Jlucuuure, CrymeH «knapeHeu, Mamxape,
Muenape, Apkata u JonHo yepkosuLLe); 3 — N0 NOpPeYneTo Ha
p. Bbpbuya (Cyweso, Momunnrpag, Yykoso, [porpec,
lMussey, KOHaum u KameHeu); 4 — no nopeuneto Ha p.
Broiokgepe  (Boitnuk, [OepwHgepe, [esuHuyn, Hawosuua,
Heogwut bBossenueso n Koc); 5 — no nopeureto Ha p.
Kpymosuua (MopsHuw, [xaHka, lopHa kyna, [Masapuu u
3Besgen). Kato ce W3knioun W3BECTHUAT OT nuTepaTtypaTta C
scnmcn oblwmpeH apean okono Momuunrpag u c. YykoBo B
Kbpmxanuiicka obnact (Moxapescku, 1989; Wrwves, 1996;
Topoposa, Bacunesa, 2007), oT kbaeTo B peauua My3en uma
obpasuu, B [BafeceTMHa OT MOCOYEHWUTE NOKanuTeTy
ACNUCATE Ce OMUCBAT 3a NPbLB MbT, BKMOUYUTENHO C KOPEHHM
Haxofku. FAcnucbT, BbB BIA Ha apTedakTi, € oTbenssaH u ot
HAKOW MpamcTopuyeckn cenmvwa B parnoHa (Koctos, 2007), a
Mno-BpeMe Ha TEPEeHHUTE MPOY4YBaHMS Ca HAaMEPEHU U HOBM
TakuBa C pasnuyeH UBAT. [eHeTUYHUTe acnekTu B npousxoaa

. % Ha SCMUCATE Ca aHanMaupaHn OT peauua W3crefoBaTeny
OCETEHI Ca OKOMO U PaskpuTA v pascuni Ha acnuci (063opn B: BapcaHos 1 Slkosnesa, 1978; Kuesnexko w

(cbbpanm ca Hag 200 npobu 3a pasnuyHu M3cneaBaHus U 3a CeHieany, 1983; Koctos, 2003; Campos-Venuti, 2012).
My3€iHW eKCrioauuum) B crieaHute 5 pervoHa Ha W3tounute ’ ’ ’ ’ ’

Pogonu, cbC CbOTBETHM npoABneHnd, |/|36poeH|/1 OT 3anaj Ha

fAcnneute 1 cpogHuTe 0bpasyBaHus ca MPEeaMMHO KBapL-
CbObpXally ckanu ¢ pasHooOpasHO OLBeTABaHe, TEKCTypa U
reHe3nc (3a HSAKOM OT MWHEpPanOXKWUTE Knacudukauum Ha
SICTINCUTE, KOUTO He Ca MPUETU B MEXAYHAPOLEH acnekT BX.
Koctos, 2006; Kostov, 2010). Te ca pa3snpocTpaHeHu B
Bvnrapus B OBe OCHOBHM 30HM: B CpegHoropueto u B
WatouHute Pogonn  (ATaHacoB # I7Iop,anOB, 1986;
MetpyceHko u Koctos, 1992). B nepuoga 2015-2016 roguHa,
OT aBTOpUTe Ha CTaTMsTa Cca NpoOBELEeHU peauua
npoyysatenHu Mapwpyth B [lnoBagmBeka, XackoBcka U
Kbpmxanuiicka obriacTu, ¢ orneg Ha HamMmupaHe Ha paskpuTus
W pascunu, Kakto M cbbupaHe Ha Npobu OT SACTMC OT HSKOM
W3BECTHW, KaKTO M HOBM 3a pailoHa Ha M3TouHute Pogomm
NpOsIBNEHNS.

Mpobu u metoau
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3a onpegensHe Ha MWHEpanHUs CbCTaB Ha SCTMCUTE €
U3BbPLLEH PEHTreHO(a30B aHanms Ha 41 npaxosu npobu Ha
anapat Bruker D2 Phaser ¢ komnioTbpHa 6asa gaHHM
Diffraceva V4.0  (Crystallography ~ Open  Database
REV89244/2013.10.11) B ananasoHa Ha 20 5-70° npu pexum
Cu/Ni, 10 mA, 30 kV n t=0.5 s (Hay4Ho-uscnegoatencka
nabopatopus no PeHTreHoBa andpakums kbm [labopaTopeH
LieHTbP 3a WU3CNEABaHE Ha BELLECTBEH CbCTAB U CTPYKTYPH Ha
NPUPOaHU W CUHTe3upaHu Matepuanu — MIY). U3sbpluenn ca
MWKPOCKONCKM HabniofeHus u  auarHocTuka Ha npobute
(mMukpockonu Meiji; Leitz ¢ npuctaska Olympus C5060).

OnucaHue Ha nposBneHnATa Ha Acnuc

l'eonorusTa Ha W3touHuTe Pogonu e onnucaHa B MHOXeCTBO
nybnukaumm n kaptuposku (FopaHos, 1960; WeaHos, 1960;
BosHo v ap., 1995; MopaHos n ap., 1995; Koxyxapos u ap.,
1995; Mopaaros n ap., 2008; Capos 1 ap., 2008; Meoprues,
2012). Bcuyknte yCTaHOBEHW KOPEHHW W anyBuamnHu HaXomKu
Ha ICTUCY Ce CBBP3BAT C MPOSIBU HA CPeAHOKNUCENus (3aapyru
Ha MbpBW, BTOPU W TPETW) BYNKAHU3BM CbC CbOTBETHU
FOPHOEOLIEHCKA U ONIUTOLIEHCKa Bb3PacTy.

Bykoeo (Bu). B paiioHa Ha ceno BykoBo ce ycTaHOBM eaHO
KOPEHHO Haxogulle Ha CBETNoKadsiB SACMUC CEBEPHO OT
CEeNnMeTo 1 MNposBM Ha [enyBWaneH YepBeH ACMUC B
forosanagHa nocoka. BmecTBawmte ckann ca TycdhoreHHu
maTtepmarnu, CBbp3aHi C MbPBUSI CPEAHOKUCEN BYNIKAHW3bM.

Tamapeso (Ta). B paitoHa U3TOYHO OT CENOTO, CPeLLy BUCO-
umHaTa Xucap, Ce HamupaT YepBEHN ACMCKH C SenyBuanHa n
anysuanHa npupopa. JlokanHuTe, nmoaxpaHBalu, NposiBre-
HWETO CKanu ca CBbp3aHW C MaTepuani Ha BTOPWUS CPEeSHO-
Kucen BymnKaHU3bM.

Jlucuyume (Li). 13T04HO OT CenmwieTo, No AecHust bpsr Ha
peka Apaa ce OTKpUBAT anyBuanHu KbCoBe OT MPESMHO XbAT
sicnuc. BbB BUCOYMHA Ha eaHO OT AepeTaTa Oelue yCTaHOBEHO
KOPEHHO paskpuTWe Ha SCMMC M onan CbC CBETIOKaMsB LIBAT.
TNokanHuTe noaxpaHBaLLy NPOSBNEHNETO CKamnu Ca CBbP3aHu C
MaTepuanu Ha BTOpUSt CPEAHOKUCEN BYNKaHU3bM.

CmyodeH knadeney (Sk) u JonHo yepkosuwe (Dc). [OeTe
nposBneHnss ca obegWHeHW NOpagu  Hanuume  Ha
fcnnuconogobHn  MBMYECTM (TbMHOYEPBEHO A0 KadsBO W
3€NeH0) [eKOopaTWBHU MaTepuanu (scnmconogobHu ckamnm),
KOWTO Ce CpeluaT B peyHMTEe Tepacu Mo NopeuneTo Ha peka
Appa. JlokanHuTe noaxpaHBaly NpOSIBNIEHWETO CKann ca
CBbpP3aHM C MaTepuani Ha BTOpUS CPEAHOKMCEN BYTKaHUIbM.

Maoxape (Md), Muenape (Pc) u Apkama (Ar). Tpute
NPOSIBNEHNS Ce CBbP3BAaT C [OPHOTO, [LONHOTO TEYEHUe U
YCTWETO Ha peka Broitokaepe, Npu HENHOTO BNMBaHe B peka
Appa (HeiH nsB npuTok). BmecTBawmTe M nogxpaHBaLw
NPOSIBIIEHMSATa CKami ca Ty(DOreHHU MaTepuanu, CBbp3aHu C
BTOPUSI CPEAHOKNCEN BYTNKAHU3bM.

Cyweeo (Su) u Momyunzpad (Mo). B KOHKpETHUS Cnyyail
Ce OnMcBaT anyBuanHW HaxodgkM Ha Acnuc OT [epeTa,
CBbP3aHM C [eCHW nputounm Ha peka Bwbpbuua npu
cboTBETHUTE cenniua. OT MbPBOTO NPOSBNEHME Ca WU3BECTHM
3eNeHN SCTUCK, BKIIOYUTENHO W XEnMoTpoOr, @ OT BTOPOTO W
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kadsBn TakuBa. [logxpaHBallu NposBMEHWATa ckanu ca
TYypOreHHn MaTepuanu, CBbp3aHuM C TPeTWUs CpegHOKWCen
BYIKaHNU3bM.

Yykoeo (Ch), Mpozpec (Pr) u lMusieey (Pi). PanoHbT Ha
ceno Yykoo (¢ HOBOTO ceno [lporpec Ha 3anag v GuBLia
Maxana [1usiBel, Ha W3TOK) € cped Hail-3abenexuTenHuTe no
LiBETOBOTO pasHoobpas3ne 1 TEKCTypHaTa kpacoTa Ha sicnucK B
bunrapus. Te ca cbbupaHn rmaeHO no peka “ykoecka K
HeWHute nputoun. OCHOBHMTE LBETOBE Ca  3€reHo,
TbMHOXBNTO (CBETNOKA(SIBO) M YEPBEHO, KaTo Ce cpeLyat
€[HOLBETHW, ABYLBETHW M TPULBETHMN ACTIUCH, KAKTO W TakuBa
OT nen3axeH u GpokaTeH Tvn. BmecTBawmTe M nogxpaHealLm
NpOSIBNEHNSATA CKanu ca TyqoreHHU maTtepuanu, CBbp3aHu C
TPETUS CPEAHOKMCEN BYIKaHW3bM (cpur. 1).

fOnayu (Yu). C ToBa Has3BaHWe, CBbP3aHO C efHa Maxana
lOXXHO OT C. YyKOBO, € onucaHa LKMpOKa 30Ha Ha NposiBa Ha
3efieH fcnuc (dur. 2) B JonMHaTta Mo TEYEHWETO Ha
Tokmakmbaepe. BmecTBawwuTe nMposBNEHMETO Ckanu  ca
TYpOreHHW MaTepuanu, Cblo Taka CBbp3aHM C TpeTus
CPEeLHOKIMCEN BYIIKAHU3bM.

Kameney (Ka). Onucahn ca KOpeHHMW, [OenyBWanHu u
anyBuarHu no reHesuc sicnuck B 6nmsocT Ao ceno Kamexell,
Mo UBSAT CbOTBETCTBAT Ha TPWUTE OCHOBHM TOHA, MO3HATM OT
apeana Ha ceno YykoBo. BmecTBawmTe M nogxpaHBallu
HaxoAK1Te Ha SICKUC CKanu ca Ty(horeHHU MaTepuani, Cbllo
Taka CBbP3aHu C TPETUS CPEOHOKUCEN BYNKaHU3BbM.

BoiHuk (Bo) u [fepundepe (Dd). TposeneHusta ce
CBbP3BaT CbOTBETHO C KOPEHHM M Pa3CUMHM NPOSIBAEHME Ha
fcnMcM B CceBeposanagHata 4YacT Ha BOMHMK nnaHuHa,
Hepaney ot ssoBup CTydeH knageHely. EQHO OT KopeHHuTe
NposIBNEHUs € MpeacTaBeHO OT rofsMa TbMHOXbLATA [0
cBeTnokagsea xuna ¢ aedenuHa 1,60 m, paskputiie 0T OKONO
6 m 1 nocoka ~140° (cpur. 3). Habnmso e HamepeH n 3eneH
acnuc. B pascunHOTO nposiBNeHMe ce Cpelyat KbcoBe OT
ACMUC C pas3nuyeH UBAT. BmecTBawute M nofgxpaHBalim
HaxofkWTe Ha SACMUC cKanu ca TydoreHHW Martepuani,
CBbP3aHu C BTOPUS CPEHOKICEN BYNKaHU3bM.

Heeunyu (De) u HaHosuya (Na). [iBeTe nposiBneHus ce
CBbP3BAT C anyBManH1 HaXO4KM Ha ACMUCK C PasNuUyeH LBsT
no nopeureTo Ha peka bromokaepe. Bropusit nokanuteT e
AafeH B ONMC Ha SICMUCOBUTE NpOsIBNEHust B M3TouHWTe
Pogonu (Togoposa, Bacunesa, 2007). [logxpaHsaiyust
anyBuanHWUTe SCMUCK TepeH e pasHoobpaseH, HO C ronsma
BEPOSITHOCT TOBa Ca Ckanu OT 3afpyruTe Ha BTOpUS
CPELHOKMCEN BYNKAHU3bM.

Heoghum Boseenueso (Ne). MpefcTaBeHO € OT KOPEHHU 1
QenyBuaneH TWM 3eNneHW, XbIATM U YEpBEHW fACmUcu C
pasHooOpa3HO €AHOLUBETHO, [JBYLUBETHO U  TPWULBETHO
ougeTtsBaHe (cpur. 4). BmecTBawmte U nogxpaHealyuTe
HaxogKkM Ha $CMAC CKanu ca arnomepartoBu TycOreHHU
MaTepuanu, CBbp3aaHi C BTOPWS CPEAHOKUCEN BYTKAHN3bM.

Koc (Ko). MNpenctaBeHo e OT anyBuaneH TWUM YEPBEHM
ACMMCM B TOPHOTO TeyeHe Ha peka bBroitokaepe npu
€HOMMEHHOTO ceno. [logxpaHBally HaxogKkWTe Ha SChuc
ckanu ca Hai-BeposiTHO TydhOreHHU maTepuanu, CBbp3aHu C
TPETUSI CPELHOKNCEN BYIKAHW3bM.



MopsiHyu (Mo). MpefctaBeHo e OT anyBuasneH TUM YepBeHn
u kathssn qacnmucn no peka [OWYH gepe npean HERHOTO
BNMBaHe B peka KpymoBuua. Wma wwpok apean Ha
noaxpaHBaHe, HO BEPOSITHO C MPEBEC Ha CKANNUTE OT MbpBUS!
CpeaHOoKncen BynkaHU3bvM.

[xanka (Dj). TlpenctaBeHO € OT KOpPEHEH TWM YepBEHM
sicnuconogobH XUy no JonuHaTa Ha peka JuowyH aepe. B
paiioHa ce oTOens3BaT M 3eneHu Acnucu. BmecTsawmte u
NoaxpaHBalLM HaXO4KUTe Ha SCMUC CKanu ca BYMKAHCKA K
TyporeHHM Matepuanu, CBbp3aHUM C MbpBUS CPeSHOKMCEN
BYNIKAHW3bM.

lopHa kyna (Gk). lpepnctaBeHo € OT anyBuaneH Tun
YepBEHM ACMMCM B JonMHaTa Ha peka Kpymosuua npeam
€0HOMMEHHOTO  ceno.  Hai-BeposiTHO,  MOAXpaHBaLuTe
NPOSIBNEHNETO CKamni Ca CBbP3aHW C PasKpUTUS Ha MbpBUS
CpELHOKICEN BYIKAHU3bM.

Masapyu (Pa). MpeactaBeHo e OT KOPeHeH TuM, NpeauMHO
3eneH, Ha MecTa xbnTokadss, acnuc (ur. 5) 1 anysuanHm
ACMMCW B AEpeTo npu  npupogHaTa  3abenexuTenHoct
“Masapckute nupamuan” (Koctos u ap., 2015). MogxpaHBaLy-
Te HaxoOKUTe Ha SCTMC CKanmW ca BYNKAHCKM W TYOreHH
MaTepuanu, CBbp3aHu C BTOPUS CPESHOKUCEN BYNKAHWUIbM.

3eesden (Zv). B otBanuTe, ceBepHO OT OWBLUMS PYAHMK
3Be3sgen, ce OTKpMBAT U3KIIOYUTENHO CaMO YEPBEHM ACTIUCH,
KaTo MNPOXWIKA M Ha NeTHa BbB BMECTBAWATE CKanw.
JlokanuTeTbT € CoMeHaT B Onuca Ha SICMUCOBMTE NPOSIBNEHUS
B M3atounute Pogonu (Togoposa v Bacunesa, 2007).

lMooxpaHBaLLMTE HAaXOLKUTE HA ACMIUC CKanW Ca BYNKAHCKM 1
TyporeHHM Matepuani, CBbp3aHM C MbpBUS CPeSHOKMCEN
BYNKaHU3bM NPY €AHOUMEHHNS PYAHUK.

Tabnuua 1.

MuHepaneH cbcTaB #

ANarHoCTuka

peHTreHo¢ha3oBa

fcnucute ca MpegMMHO HEeOHOPOAHO3bPHECTY, KBapL-
XanuenoHOBW N0 CbCTaB, MOHsKOra MUKPOCHEPONNUTHM, a Mo
LBSAT Ca €4HOLBETHW, ABYLIBETHU, MHOMOLIBETHU W NEN3aXHW.
lMpn dcnucuTe OT M3y4yeHUs pervoH ce Habmopasa ronsmo
TEKCTYPHO pasHobpasne, KaTo Mo-4eCTo CpelyaHuTe TEKCTYpH
ca uBuYecTa, pnywpanHa, cTpyeBugHa, NeTHNUCTa, NeLLoBua-
Ha, WHKpYCTaLWOHHA, BpekYeBMaHa, KOHLIEHTPUYHO-30HaMHa,
npoxunkoBa u gpyrn (Michaylov, 2015). Mo MwHepaneH
CbCTaB SCMMCOBUTE 0Opa3yBaHWs ce pas3fensat Ha Tpu
OCHOBHY TWNa: NPeanMHO KBapLOBK; NPEaNMHO XanLuenoHOBM
(xanuepoHo-nuTK); penawnaToBm M KBapu-hengwnaTosu
(acnuconopobHu ckanu). WsyyeHute sicnucu ce OTHacAT U
TpUTE TUNa, C OOMUHWPAHEe Ha MbPBUS U BTOPUS FEHETWUYEH
TUN — MUKPO3bPHECTW KBapL-CbAbpXalyM W  XanueaoH-
CbabpXally.

[aHHuTe OT NpOBeAeHUTEe PEHTTEHOCTPYKTYPHU aHamnman
(nvarHocTMpaHy ¢ npefcTaseHn cunkn MiaHm d, A) nokassar
0bWo B3eTO CXOAEH W CPaBHUTENHO efHOpodeH (ha3os
CbCTaB, KOWTO Ce MnOTBbpXKZABa npu HabniogeHne Ha
AIOHWANGM OT npobuTe NOA ONMTMYEH MMKPOCKOM:  MpW
3eneHnTe PasHOBWOHOCTM — KBapL, CbC CENafOHMT, Npu
XbNTUTE — KBapL C rbOTUT, @ MPW YepBEeHUTEe — KBapy C
xematut (Tabnuua 1-2; dur. 6-10).

Mpu Hsakom npobu OT sAcnuc U cpogHu obpasyBaHus ce
otbensssar owe W ApyrM  MUHEpanu, Kato  MUpHT,
PasHOBMOHOCTM Ha onana, a npu scnuconopobHuTe ckamm
owe wu K-cenpwnat (caHugwH), nnarvoknas, amdmbon,
Crnoga, MOHTMOPUMOHUT 1 XMOPHT.

OnucaHue Ha usy4eHume sAcnucu CbC CbOMeemHusa MuHepalseH cbCmae

Mpoba/upsar MwuHepaneH cbcTaB Mpoba/upst MwuHepaneH cbcTaB

Bu1-csetnokadss | Keapu, reotut Pi1-4epBeH XanuenoH, xematut

Ta1-yepBeH XanuenoH, xematur Yu1-3eneH XanuegoH, CenapoHnT, kpuctobanut, TpUauMuT

Li1-ceetnokachss | Onan, XxanuegoH, reotut Kab-3eneH KBapu, xanuenoH, cenagouut, onan-C

Sk1-yepBeH/3eneH | XanueaoH, onan-CT Ka7-xunt KBapu, xanuenoH, reoTut

Md1-xbnaT XanuenoH, keapu, reoTuT Ka12-yepBeH Ksapu, xanuegoH, reotut

Pc1-tomHouepBeH | Keapu, xematut Bo1-xwbnt Ksapu, xanuegoH, onan

Pc2-TbmHouepBeH | Keapu, xematut De1-3eneH XarnuefoH, cenagoHut

Pc3-xbnt XarnuenoH, reoTuT De2-xbnT Ksapu, reoTuT

Ar1-yepBeH Keapu, xanuenoH, xematut De3-uepBeH KBapu, xanueaoH, xematut

Dc1-kacpss Onan, Tpugumut Ne1-3eneH XarnueaoH, cenagoHuT, onan

Ch1-xwnT Ksapu, xanuemaoH, reotut Ne2-xwunT XanuenoH, re0TUT, XeMaTuT, onarn

Ch2-3eneH XanuepnoH, cenagoHuT, onan-T | Ne3-yepeeH XarnuenoH, xemaTuT, onan

Ch3a-yepseH XarnueaoH, xemaTut Ko1-yepBeH XanueaoH, xemaTut

Ch36-3eneH XanuepoH, onan-CT Mo1-uepBeH Onan-C, xematuT, kBapy

Ch4-nunas XarnueaoH, xemaTut Dj1- KBapu, xemaTut, nnarmoknas, K-coenawunar,
TbMHOYEPBEH MOHTMOPUIOHNT

Ch5-yepBeH XanuenoH, XxeMatur, rboTut Dj2- Ksapu, xemaTut, nnarvoknas, K-cengwnar,
yepBeHoKadhsIB amdmbon

Ch6-kadss Onan-T Gk1-yepBeH KBapu, xemaTut, nuput

Pr1-ceetnocvs Keapu, xanueaoH Pa1-3eneH KBapu, xanuenoH, cenagouut; onan-CT

Pr2-xunt XanuenoH, re0TuT, XemaTut Pa2-yepseH Ksapu, xematut, nuput

Pr3-yepBeH KBapu, xemaTuT, rboTuT Zv1-yepBeH Ksapu, xemaTut

Pr4-ceetnokacdse | Onan, xanuenoH, keapy - -
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®ur. 1. Kadsas sacnuc ot nposiBnexue Mporpec ®ur. 2. 3eneH sicnuc oT nposiBnexune lOHauu

®ur. 3. CBeTnokacsiBa ACNUC-0NanoBa xuna npu nposisneHne BonHuk
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®ur. 5. KopeHHo pa3kpuTie Ha NPeAUMHO 3eMNeH ACMUC OT NPOosBNeHUe ®ur. 6. 3eneH scnuc (Ne1): xanueaoH (6sn0) u 6neposenex cenaponut; FOV
Masapum (Mapkep 10 cm

®ur. 7. )XbnT acnuc (Ne2) ¢ xanueaoH U MUKpocdiepy OT rbOTUT (YEepHO); ®ur. 8. YepseH sicnuc (Pi1) ¢ kBapy 1 npaxect xematut; FOV 1 mm; x N
FOV1mm;xN
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®ur. 9. XXbnT acnuc (Ch14) ¢ xanueaoH n duH BnakHecT rbotut; FOV 1 ®ur. 10. Xwunt sicnuc (Pc3) ¢ puHOIbPHECT U paAnanHoOMBLYECT XanueaoH n
mm; || N NITBLTHY arperaTy ot rboTuT (YepHo); FOV 1 mm; x N

Tabnuua 2.
[JuaeHocmuka Ha mukpokeapy (Q) unu xanyedoH (Ch) 8 acnuc, onpedeneH no uHmMeH3umema Ha peHmeeHosume ompaxerus 110,
102 u 111, kakmo u daHHU 3a onan cbCc cbomeemHu pasHogudHocmu (O; C — kpucmobanum; T — mpudumum) 8 npobume

MMpoba/ugsT 110 102 111 l110/l102 2l111/l102 l102/1111 SiO2
Bu1-ceeTrnokadsis 100 88.0 28.9 1.14 0.66 3.04 Q
Ta1-4epBeH 95.1 100 39.1 0.95 0.78 2.56 Ch
Li1-cBeTnokacse - - - - - - Ch+0
Sk1-4epBeH/3eneH - - - - - - Ch+0-CT
Md1-xbnT 78.6 100 37.9 0.79 0.76 2.64 Ch+Q
Pc1-TbMHOuepBEH 100 94.3 42.3 1.06 0.90 2.23 Q
Pc2-TbMHO4epBEH 100 76.9 27.6 1.30 0.72 2.79 Q/Ch
Pc3-xbnT 63.0 100 25.9 0.63 0.52 3.68 Ch
Ar1-yepBeH 96.0 100 39.3 0.96 0.79 2.54 Q>Ch
Dc1-kadse - - - - - - O-T+Ch/IQ
Ch1-xbnT 100 924 68.8 1.08 1.49 1.34 Q+Ch
Ch2-3eneH 90.1 100 714 0.90 143 1.40 Ch
Ch3a-yepBeH 92.7 100 60.8 0.93 1.22 1.64 Ch
Ch36-3eneH 86.8 100 447 0.87 0.89 2.24 Ch
Ch4-nunas 80.9 100 54.0 0.81 1.08 1.85 Ch
Ch5-yepeeH 91.2 100 69.9 0.91 1.40 143 Ch
Ch6-kachsiB - - - - - - O-T+Ch
Pr1-cBeTnocus 100 83.2 434 1.20 1.04 1.92 Q
Pr2-xwnt 80.0 100 29.6 0.80 0.59 3.38 Ch
Pr3-yepBeH 100 82.8 37.1 1.21 0.90 2.23 Q
Pr4-ceeTnokacsis 100 514 16.2 1.95 0.63 3.7 Ch+O-T
Pi1-yepBeH 90.0 100 42.0 0.90 0.84 2.38 Ch
Yu1-3eneH 96.3 100 39.0 0.96 0.78 2.56 Ch; CT
Ka6-3eneH 100 79.7 70.8 1.25 1.78 1.13 Q>Ch
Ka7-xbnt 100 54.7 35.0 1.28 1.28 1.56 Q>Ch
Ka12-yepBeH 100 100 59.3 1.00 1.19 1.68 Q+Ch
Bo1-xwbnt 81.8 100 21.8 0.82 0.44 4.59 Q+0-T
De1-3eneH 46.2 100 22.3 0.85 0.68 2.96 Ch
De2-xbnT 93.1 100 36.2 0.93 0.72 2.76 Ch
De3-yepBeH 100 67.4 24.2 1.48 0.72 2.79 QcCh
Ne1-3eneH 67.8 100 34.2 0.68 0.68 2.92 Ch
Ne2-xbnt 55.1 100 31.1 0.92 0.77 2.61 Ch
Ne3-uepBeH 62.7 100 41.0 0.63 0.82 244 Ch
Ko1-yepBeH 82.7 100 40.3 0.83 0.81 248 Ch
Mo1-4epBeH - - - - - - 0-C+Q
Dj1-TbMHOYEpBEH 100 94.0 38.9 1.06 0.83 242 Q
Dj2-4yepBeHokasB 97.6 100 60.3 0.98 1.20 1.66 Q
Gk1-yepBeH 100 93.1 38.5 1.07 0.83 242 Q
Pa1-3eneH 97.1 100 415 0.97 0.83 2.41 Q/Ch+0
Pa2-yepBeH 100 84.0 76.0 1.19 1.81 1.10 Q
Zv1-4yepBeH 100 82.6 38.1 1.21 0.92 217 Q
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CvobpasHo MmeTogukaTa 3a OnpedensHe Ha npeobna-
AaBallaTta ¢asa OT MWUKPO3bPHECT KBapL WM XanuedoH B
JafeH fACMNC N0 MHTEH3UTeTa W CbOTHOWEHMETO Ha
peHTreHoBckute otpaxenus 110, 102 n 111, cboTBETHO Mpw
d=2,45,227 1223 A (Axosnesa u ap., 1976; bapcaxos u ap.,
1979), B npobute e onpeaeneHo npeobragaBaHeTo Ha efHa
unu apyra pasHosugHocT Ha SiO2 (Tabnuua 2).

HanpaBeHuaT aHanus, 3aegHO C NpoBepkaTta ypes onTuyHa
MUKpPOCKONUS (AHOHWNUGM) HA pasnuyHM npobu OT gcnuc,
noka3ga, 4ye [OCTOBEPHM 3a OnpefensHe Ha OTHOCWTEMHOTO
npeobnagaBaHe Ha MMKPO3bPHECT KBapL WK XanuedoH ca
pesynTatute oT OTHOLIEHMETO l110/l102, HO HE W LMTUPAHOTO B
nocoyeHata nutepatypa CboTHoweHWe 2l111/l102 unn l1o2/l111.
Mpu npobute CbC 3HAYMM NPUMEC OT Onan UM Npu Hanuume
Ha BYMNKAHCKO CTBKMO, Te3W CLOTHOLLEHUS HE ca MPUNOXUMU
(Hanpumep, npobu Pr4 n Bo1).

B u3yyeHute mpobu oT sicnuc, 3a MPeaUMMHO MUKPO3bp-
HEeCTUTe KBapL-CbAbpXall/ PasHOBWAHOCTMW, CE YCTaHOBABAT
[BE TMOArpYNM MO CbOTHOLWEHWETO Ha WHTEH3UTETa Ha
PEHTTEHOBCKWTE  OTpaxeHus l1o2/l111: CbC CTOWHOCTM B
uatepsana 1,10-2,00, kouTo ca XapakTepHu 3a npobu OT
NPeaUMHO 3eneH W XbnT (CBETNOKadsB) ACAMC W CbC
cTomHocTn B wHTepBana 2,10-3,10, kouTO ca XxapaKTepHu
NPeaMMHO 3a Npobu OT YEPBEH ACTIUC.

Mo oOTHOWEHME Ha MPEeAMMHO XanuedoH-ChabpXaluTe
PasHOBMOHOCTW, CE YCTAHOBSIBAT CbLO [BE MNOATPYNW Mo
CbOTHOLLEHMETO l102/l111: CbC CTOMHOCTM B wHTepBana 1,40-
2,60, KOUTO Cca XxapakTepHu MpeguMHO 3a npobu OT yepBeH
ACMUC M CbC CTOMHOCTM B WHTepBana 2,60-3,70, kouto ca
XapakTepHW MpeguMHO 3a npobu OT 3eneH W KbAT
(cBeTnokadpsis) sicnuc.

Mpu xanuepoHuTe ce oTbenssea 06paTHO NPONOpLMOHANHa
Bpb3ka MeXOy YBENMYEHWETO Ha TOBa CbOTHOLUEHWE W
HamarnsBaHe Ha MHAeKkca Ha KpuctanuHHocT (W), KOWTO €
(DYHKUMA Ha pasMEepHOCTTA Ha KBapLOBMTE KpUCTanWTH, a
€[JHOBPEMEHHO CE U3MEHST U APYrA (DU3NYHM XapaKTEPUCTM U
CTPYKTYPHW napameTpu, kato Hanpumep ysenuuyeHne Ha OH
rpynuTe, HenogpedeHocTTa Ha Keapua Mo  [faHHu  OT
WH(payepBeHa CnekTpockonus U ce otbenssea HamansBaHe
Ha OTHOCUTENHOTO TErO W NMOKA3aTeNAT Ha JTbyenpeyynsaHe
(BapcaHoB u gp., 1979; B UMTUpPaHUS W3TOYHWMK NpU
XanuegoHuTe CbOTHoLWeHNeTo lio2/l111 Bapupa B MHTepBana
1,40-3,68). B KOHKpeTHUS criyyal, C M3y4eHuTe SCMcu OT
ronsam Gpon nposBneHus B MatouHnte Pogonu, moxe pa ce
npueMe, Ye MHOEKCHT Ha KPUCTANMHHOCT Hamansea npw
YepBEHUTe MWKPO3bPHECTU KBAapL-CbAbpXally scnucy, a ce
yBENWYaBa MpU YepBEHUTE XanueLoH-ChAbpXKaly SCMUCH.
OtbenssaHn ca 3aBMCMMOCTM OWE M Mexay CTEneHTa Ha
KPUCTaNMHHOCT U OnpedeneHn napamarHuTHu gedektu npu
xanuepnoHa (MntocHuHa n Koctos, 1988).

B WstouHnte Pogonu ce otbensssar npeaumHo siciuck ¢
YepBeH, TbMHOYEPBEH, XbNT [0 CBETNOKAsAB W 3eneH 10
TbMHO3eneH uBAT. [lo-pagko  ce  cpewat  kadsew,
NUNaBopo30BN M CUBW pasHOBUAHOCTU. OCBEH efHOPOLHO
OLBETEH, LUIMPOKO pPasnpoCTpaHeHn ca [BYLUBETHU U
MHOTOLBETHW (BKMIOYMTENHO W T.Hap. NeisaxHn) scnucu
pasnuyHa TekcTypa. TsaxHaTta CTpyKTypa € HeegHOPOAHO
3bpHecTa, MUKpoceponuTHa, a HabmniogaBaHuTe TEKCTypu
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OvBaT eaHopoaHa, HEeaHOPOAHO-MBMYECTA, CTPYeBWAHA,
OpekyoBMOHa, MPOXWIKOBa UM MeTHUCTa.  Brectawmte
(6pokaTeH TM) SICTIMCK Ce CBbP3BAT C Hanuune Ha onarl.

Mo reHeTuyeH 6ener scnucosuTe 0bpasyBaHMs Hal-0bLLo ce
npuemart 3a pesynTar OT NPOMSHA Ha U3XOZHMTE MaTepuani
OT BYJKaHCKM CKamnu, TexHuTe Tydm 1 Tydpobpekumn — NpogyKTy
Ha HUCKOTEMNEPATYPHO METacOMAaTUYHO W3MEHEHWE, WK
CbOTBETCTBALM HA BTOPWUS TUM MO KnacudukaumsTa Ha
bapcaos u  fkoBnesa  (1978). Cpewatr ce #
HUCKOTEMMNEPATYPHU  XMAPOTEPMANHW  Pa3HOBMAHOCTM  Mpy
HAKOW axaTW (sicnuc-axaT), omanu (sicnuc-onan) u KopanuTu
(acnmnc-kopanu).

3aknioyeHue

3a NpbB MbT Ca YCTaHOBEHM 11 ONUCAHM, CbC CHOTBETHUS UM
MWHEpaneH CbCTas, 8 KOPEHHW NPOSBAEHNS Ha SCMIUC, KaKTO 1
Hag 20-Ha anyBuanHW W JenyBWanHW NpOsIBiEHWS Ha Tasu
remMonoruyHa CypoBuHa. PernctpupaHn ca U HSKOMKO
NpOSIBNEHNs Ha ACMUCONOA0BbHM maTtepuani. Mo oTHOLEeHWe
Ha reonoxkata nosuuust 1 Bb3PacT, HaxogKuTe Ce OTHacsT
KbM MbpBWS, BTOPUS W TpeTus CTaguii (3agpyru) Ha
cpegHokucenus  BynkaHusbM B Matounute Pogomm ¢
FOPHOEOLIEHCKA W ONMTOLIEHCKA Bb3pacTy.

Onuncanm ca pasnuyHK MO reHesnc NPOSIBMEHUS C PA3NUYHK
LiBETOBM Pa3HOBWAHOCTM Ha SicNCa 1 CPOAHUTe 0bpasyBaHms.
Mo cbCTaB U MO UBST Ce OTAENAT TPU OCHOBHM TPYMM SICTIUCH:
YEPBEHY - C MPUMEC OT XEMATUT, XbATH - C MPUMEC OT MbOTUT
W 3eNeHN - C MPUMEC OT CenafoHuT. Bb3 OcHOBa Ha Hsikou
CbOTHOLUEHMS] Ha  WHTEH3UTETUTE Ha  PEHTIEHOBCKUTE
OTpPaxXeHWs ce OTHensT [naBHO [Be rpynu  obpasuu:
CbLLIECTBEHO MUKPO3bPHECTO-KBAPL-ChAbPXKALLM 1 ChLLECTBE-
HO XanuefOoH-CbAbpXallM sicnucu. HanpaBeHuTe u3cnega-
HMSI MOKA3BaT NEpCMEKTMBHOCTTA Ha MO-LUMPOKA MAOWM OT
W3touynuTe Poponu no OTHOLLEHWE Ha Pa3npoCTPaHEHUETO Ha
TO3V KOBENWPEH MaTepuan.

BnazodapHocmu.  AsTopute  u3kasaH  OmarogapHocT  3a
npesocTaBeHa MHGOPMALWS 3a Hamuuue Ha SCMUCW B ONpedeneH
yacth ot Matounnte Poponm Ha konerute npod. ArH Anren KyHos,
npod. g-p PoceH Hepankos, pou. A-p Credbanka VBawosa, gou.
Wouo SAnes, a-p CrosH Meopries, kakTo v Ha r-H MeTbp 3anpsiHos.
bnarogapHoCT ce u3kassa 1 Ha fou. A-p b. baHywwes 3a cbaencTame
Mpy MUKPOCKONCKMTE HabmoaeHus u MukpodoTorpacnm.
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XUMUKO-MUHEPANOXKA XAPAKTEPUCTKA HA IPEBHU LLUNAKW OT POCEHCKOTO
PYOQHO NONE
YACT 1 - HAXOOULLE “NPONAOHAIA BOOA”

JobpuHka Cmaepakesa’, Hukonema LjaHkoea?

T XumukomexHonozuyeH u memanypauyeH yHusepcumem, 1756 Cogpust
2 MurHo-2e0m0XKU yHUBEpcumem "Cs. Mean Puncku", 1700 Cogpus, niktzankova@abv.bg

PE3IOME. OfeKT Ha HacTosILLOTO U3creaBaHe ca APEBHY LUMakv OT OKOMHOCTUTE Ha Hax. ‘[ponaaHana Boga”, PoceHcko pyaHo none. C meToauTe Ha onTudeckara
MUKPOCKOMNS B MPOXOAsilia M OTpaseHa CBeT/MHa, MpaxoBa PeHTreHoBa AudpaktomeTpusi, xumuyeH aHamms ¢ ICP-OES, CEM wu peHTreHocnekTpanHu
MWUKPOaHanuam € yCTaHOBEHO, Ye LUMaK1Te ca M3rPageHn OCHOBHO OT XENA30-CUMMKATHU W Xensi30-0KkeuaHu asu. M3yyaBaHuTe 0Bpasuy ca C BUCOKO CbabpxaHue
Ha Xens3o, Hannune Ha Mef, cpa, CAPOCHAbPXaLLM CynduaHM arperaTin (LUenHoBK), npumeck oT cocdop, Liepuit M naHTaH. BB BCUYKM MPOBM MakpoCKoncky v
MUKPOCKONCKW Ce HabniogasaT cdepyyHmM Kanki oT camocTosTenHa Mef. M3cneasaHnTe Lnaki ca A0KasaTencTBo 3a ApeBeH MeTanogobue B paiioHa OKOMO Hax.
“MponagHana Boga” v NpeAcTaBnsiBaT OTNaAeH NPOLAYKT OT MeaofobvBHA AEMHOCT, NpU KoSTO € NpepaboTBaHa MeaHo-cynduaHa pyaa.

KniouoBu gymu: apxeomeTanypris, APEBHN LMK, Mefl, MeLHO-CYNUaHM (LLEHOBM) arperatin, MeLHO-OKCUAHN, KeNA30-CUIMKaTHU U KeNsA30-0KCMaHN (asu

CHEMICO-MINERALOGICAL CHARACTERISATION OF ANCIENT SLAGS FROM ROSEN ORE FIELD
PART 1 - PROPADNALA VODA DEPOSIT

Dobrinka Stavrakeva', Nikoleta Tzankova?

T University of chemical technology and metallurgy, 1756 Sofia

2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, niktzankova@abv.bg

ABSTRACT. The objects of this study are ancient slags from the vicinity of Propadnala voda deposit, Rosen ore field. With the methods of optical microscopy in
transmitted and reflected light, X-ray powder diffraction, chemical analyses by ICP-OES, CEM and X-ray microanalyses, is was found that the slags consist mainly of
iron-siliceous and iron-oxide phases. The analyzed samples are with high iron content, the presence of copper, sulphur, sulfide aggregates, impurities of
phosphorous, cerium and lanthanum. Macroscopically and microscopically spherical drops of copper are observed in all studied samples. The analyzed slags are
evidence of ancient metal production in the area around Propadnala voda deposit and represent a by-product product of copper mining activity in which the copper
sulfide ore was processed.

Key words: archaeometallurgy, ancient slags, copper, copper-sulfide aggregates, copper-oxide phases, iron-siliceous and iron-oxide phases

BuBepeHue (1968a, 19680), AntoHoBa (1989) u pgp. InaBHW pyaHu
MUHEpann B TAX Ca XankomuPWT, MUPUT, MarHeTUT, XemaTut
MopseMHMTe NMpUPOAHM BoratcTBa OT POCEHCKOTO pyAHO (cnexynapuT) 1 MOMMGAEHWT, @ OT XUNHUTE — KBapL,, aHKEpHT,
none ca 6UMM M3BECTHM Ha XopaTa OT AbNnGOoKa APEBHOCT (hepoAoNOMMT, KanLuT, XnopuT v xanueaoH (boraaros, 1987).
(YepHbix, 1978; 'eoprues, 1987; Oumutpos, 2007; Jlewwakos,
2010 un ﬂp) ObBekT Ha HaCTOsILLETO U3cnefBaHe e MeTanyp- LleﬂTa Ha pa60TaTa € XMMNKO-MUHEepParoxXKo n3cneaBaHe Ha
fMYHa Unaka, OTKpUTA MO MPOTEKEHMe Ha MOBBPXHOCTHA [iPeBHM LUNaki OT paiioHa Ha Hax. ‘TlponagHana Boja” 3a
JpeBHa MuHHa m3paboTka (pyna) ¢ gbmkuHa Hag 200 m u ¢ ycTaHoBsiBaHe Ha Bupja Ha npepaboTBaHata pysa M Ha
U3TOK-CeBEpON3TOYHA nocoka (709) B pailoHa Ha Hax. nobvsaHus meTan.

“lponagHana Boga”. KepamuyHu dparMeHTH, HamepeHu no
OTBanuTe Ha pydHWKa, ca OTHeceHW kbM VI-V B. np. H. e.

(Leshtakov, 2013). MaTepMan n mMeToaun Ha uscnegBaHe

Haxopuwe ‘lMponapgHana Boga” C ronsamo NPOMMULLIEHO W3acnensanwn ca npobu oT yeTupy Toukm (npoba 2, 4, 5 u 6),
3HaveHwWe e ekcnnoaTtupaHo 4o cpeaata Ha 90 roguhn Ha 20 Nno NpOTEXeHWe Ha ApeBHUS PyOHUK (pyna) B paioHa Ha Hax.
Bek. MuHepanHuTe napareHesn 1 CTaguu Ha MUHepanu3saums “IMponaaHana Boga”. Mpoba 2 e 0T ceBepon3TOYHaTa YacT Ha
B Haxoguwara OT POCEHCKOTO pyAHO nore ca MpoyyeHn u pynara. LLiInakata e TbMHOCKBA, MpurenBa KbM MarHnT, cnabo
oTpa3seHu B paboTute Ha ToHes (1952, 1959), BoraaHos u ap. nopecra. o NOBbPXHOCTTa i ce Habntoaasat cybkBagpaTHu
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KpucTanu OT MarxeMuT CbC CTbKIEH ONsiCbK M kadsB LBAT
(dour. 1). B Hsikom oT obpasyute BU3yanHO Ce YCTaHOBSBAT
MeTarHu Kanki ¢ opaHxeBoyepBeH LBAT. Lnakata ot npoba
4, HamepeHa okono 60 M torosamagHo OT npoba 2 no
NPOTEXEHWe Ha pynaTa, € MarHuTHa. Ta OuBa ABa Bufa:
cBeTnocvBa A0 6eX0Ba Ha LBAT, NOPbO3Ha B Lienusi cu 06em 1
TbMHOCKBA, MITbTHA, CbAbpXalla Kanku C UBAT Ha Meq.
Unakata ot npoba 5, OT torozanagHata yacT Ha pynata, €
TbMHOCKBA, npunensa KbM MarHur. MaKDOCKOI'ICKI/I B Heqa ce
Ha6ﬂ}0ﬂaBaT MHOXECTBO MeTalnHW Kanku C opaHXeBOoYepBeEH
ugsr. Mpoba 6 e 0T ceBep-ceBepoOM3TOYHATA YacT Ha pynata,
B OM30CT [0 OCTaHKM OT MeTanypruyHa new. Tean obpasum
Ca Hal-TbMHU (MOYTM YEpHM) B CpaBHEHME C OCTaHamuTe
wrakM ot paoHa Ha Hax. ‘lpomagHana Bopa’. [lo
NOBBbPXHOCTTA Ha M3CneaBaHUTe Matepuann OT BCUYKK np06|/|
ce Ha6mo,anaT BTOPUYHU MUHEpann — XenesHn okcuan wn
XMOPOOKCMAN, XpU30Kona 1 ap.

®ur. 1. LWnaka ¢ kpuctanm marxemut (Mgh) ot npoba 2, pa3mep Ha
BUAHOTO fofe 2 mm

LLinak1Te ca M3yyeHW (ha3oBO-CTPYKTYPHO C MeToauTe Ha
onTMYeckaTa MMKPOCKOMWS B MpOXOAflia U OTpaseHa
ceeTnuHa ¢ mukpockonu Meiji MT9200 n MT9430 ¢ kamepa
DK1000. ®a3oBuAT MuHepaneH CbCTaB € OnpedeneH ¢
npaxoBa peHTreHoBa OUGPaKTOMETPUS Ha AUGPaKTOMETLP
Bruker Phaser ¢ peHtreHoBo mbyeHue Cu/Ni B uHTepBan
2Theta 49-700 n 30 kV/10 mA, 0,2/0,5 s, kaTo 3a CpaBHeHue e
nsnonssaHa PDF-kapToTekata Ha ICDD. 3a onpegensHe Ha
XMMUYHUS CbCTaB Ha KpucTanHute chasu U BMecTBallaTa
wrakosa (asa Cca NpOBEOEHW  PEHTreHOCNeKTpanHu
mukpoaHanuan (PCMA) Ha anapat JEOL LSM-6010PLUS/LA,
obopyaBaH C eHepruiHO-ONCNEPCMOHEH MUKpOaHanu3aTop ¢
pesonioumus 0T 128 eV. XUMUYHMAT CbCTaB Ha LUNakuTe €
onpegeneH ¢ ICP-OES cnepn BucokoTemnepaTypHO ankanHo
cTansHe.

Bb3 0CHOBa Ha XMMWYHMSA CbCTaB Ha KpucTanHuTe ¢ha3un B
TOYKa Ca M34YUCMEHW KPUCTANOXUMUYHWUTE UM DOPMYNIU Mo
kucnopogHus Metod. MsnonseaHuTe daHHM ca B MacoBu
aTOMHW  MPOLEHTW Ha  YCTAHOBEHUTE  eneMeHTH, a
KONMWYECTBOTO Ha KuUcriopoZa e onpefeneHo KaTo pasnuka ao
100 %. Toan nogxopn e Bb3NpUeT Nopaayn TOBa, Ye Kensa3oTo U
MefTa e Bb3MOXHO [a NpUCHCTBAT C pasnuyHa CTeneH Ha
OKWCreHWe (BaneHTHOCT), YANTO KONMKUYECTBA MO Knacuyeckus
CWUNUKATEH aHanu3 ce onpefensat no-HetouHo. OcBeH ToBa
OnpefensiHeTo Ha MacoBUTE MPOLEHTU HA CbOTBETHUTE
okeuan o Toukoeust aHanud ¢ PCMA cbllo gaBa HeBspHa
MH(OpMaLMs, aKo Xens3oTo ce 3agage B Fez* unu Fe3*, Toin
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KaTo Ce MpOMEHAT CbAbpKaHWATa Ha [pyruTe OKCUaw.
[PUNOXKEHNAT ~ BapuaHT Ha  KACMOpOOHWS  MeTod  3a
N34NCrSBaHe Ha KPUCTANOXMMUYHUTE DOPMYNM NO AaHHW OT
PCMA no3sonsiea upe3 npoBepka Ha enekTpocTaTUYHMS
BanaHc Ha kaTUOHHaTa 1 aHWOHHAaTa YacT BbB hopMynuTe 3a
CbOTBETHUTE KpUCTanHW a3n (MuHepanu) ga ce onpegenu
OTHOCUTENHUST Asn Ha Fe2* n Fe3* unu Ha Cu* n Cu2+,

XuMMHYyeH CbCTaB Ha LWNakuTe

Or AaHHUTe 3a XMUMWYHWA CbCTaB Ha U3CneABaHUTE LNaKu,
npueedeHn B Tabmuua 1, ce KOHCTaTWpa, Ye Te Ce Xapak-
Tepusnpat C NoBuLLEHN CbAbPXaHUA Ha Xene3Hu oKcuaun n
SiO2 v B No-Manku KONMYECTBA Ha OCTaHANNTE OKCUAMN.

Tabnuua 1.
XumuyeH cbcmae Ha wiiaku om palioHa Ha Hax.” [ponadHana
80da” no daxHu om ICP-OES aHanusu

Oxkeunagu, wt % Mpoba 2 MMpoba 4 lMpoba 6
SiO2 36,58 31,49 34,25
TiO2 0,27 0,30 0,27
Al203 6,39 8,51 5,50
Fe20; 46,41 49,28 53,00
Ca0 1,42 2,38 1,31
MgO 0,45 0,35 0,28
MnO 0,05 0,03 0,04
K20 1,31 1,17 0,88
Na;0 0,20 0,22 0,14
P20s 1,08 2,46 1,24
SO; 0,60 0,53 0,78

Cu 4,37 2,49 0,88
3.H. 1,06 0,82 0,47
Cyma 100,19 100,03 99,04
Koed. 3a 1,05 1,30 1,37
OCHOBHOCT

Kato ce n3xoan OT XMMWYHUTE CbCTaBWM Ha K3cneaBaHUTE
iNakM MOXe fa Ce KOHCTaTupa, Ye Te ce OTnnyaeat ¢
OCHOBHOCT. KoetuLMeHTUTe 3a OCHOBHOCT Ha aHanuavpaHuTe
npobu ca nokasaxu B Tabnuua 1.

B wnakute oT Hax. ‘lponagHana Boga” e onpeaeneHo
yyacTe Ha CaMOCTOSTENHA Mefd, YNETO KOMMYecTBO €
3abenexumo B npobu 2 un 4. BaxHo e ga ce oTbenexu, ye B
aHanuaupaHuTe npobu e onpegeneHo npucketeue Ha SOz
P20s. Cbabpxanueto Ha P20s Bapupa B rpanuuute 1,08 -
2,46 % (Tabn. 1).

3@ XMMMYHMSI CbCTAB Ha LUMAKWTE MOXE [a Ce Momyyu
MH(OPMaLMS M OT pesynTaTuTe OT TOUKOBWTE MUKPOCOHZOBU
aHanuW3n Ha BMeCTBaljaTa CTbKMOBWAHATA LUakoBa Maca,
KoMTO ca mpueedeHn B Tabmuuya 2. XMMUYHMAT CbCTaB B
aHanmau 4.2.005 v 6.1.003 ot npobu 4 n 6 e 6rmabk (Tabnnua
2). Tean npobu ce xapakTepuaupaTr CbC CbAbpkaHue Ha Si
okono 10-11% u Ha xensso okono 45-48%. AHanuanpaHuTe
WHOMBAOM CW MPUAMYAT, HO HE OTrOBapAT Ha OnpeaeneHa
CTEXMOMETPUS, MOpagu KOeTO Ce MnpuemaT 3a LUMaKoBO
CTbKMO, 0boraTeHo ¢ ¢hasnuToB cbeTas. LLUnNakoBoTo CTBKMO €
xenssocunukatHo. CbeTaBbT B Touka 6.2.001 moxe Cbluo ga
ce npueme 3a CTbknodasa, oborateHa Ha chasnuToBa
Monekyna.



Tabnuua 2.

XumuyeH cbcmas Ha Wi1akogomo CMbKIo 8 OPE8HU Witaku om palioHa Ha Hax. “TiponadHana eoda” no daHHu om PCMA

Mpoba, Enement, %

aHanua Si Ti Al Fe Mg Ca K Na Cu S P La Ce 0
25_'2?1’_002 17,818 | — [2,054 | 41,189 | 0,423 | 0,595 | 0,876 | 0,169 | 0,263 | 0,004 | 0,414 | 0,184 | 0,097 | 35,915
25_‘2?1’_003 21,917 |0,022| 6,191 | 21,477 | 0,073 | 0,595 | 4,477 | 0,193 | 0,178 | 0,062 | 0,701 | 0,358 | 0,385 | 44,717
25'222’ 001 22,375 10,032 6,962 | 16,707 | 0,072 | 2,932 | 1,516 | 0,354 | 0,356 | 0,083 | 0,774 | 0,344 | 0,783 | 46,709
25_'2?2’_002 20,175 |0,057| 3,938 | 32,334 | 0,028 | 0,447 | 1,955 | 0,292 | 0,147 | 0,047 | 0,057 | 0,076 | — | 40,445
Mp. 4, 10,486 |0,004| 0,173 | 45,015 | 0,310 | 0,052 | — — |0M7 | — 0497|0054 | — | 43,292
aH.4.2.005
25;1421006 16,513 | — |6,259 | 17,090 | 0,030 | 2,951 | 1,403 | 0,160 | 0,239 | 0,006 | 1,372 | 0,101 | 0,355 | 53,510
25_;1’_002 14,718 (0,005| 3,789 | 33,835 | 0,219 | 1,051 | 0,171 | 0,061 | 0,265 | 0,004 | 1,986 | 0,075 | 0,033 | 43,787
25_;1’_003 17,074 10,045/ 3,488 | 17,074 | 0,029 | 0,149 | 1,387 | 0,020 | 0,118 | 0,007 | 0,083 | 0,038 | 0,235 | 47,372
Ip. 6, 11,636 | — | 0,083 | 47,865 | 0,246 | 0,042 | 0010 | — 0,088 | — [0,019|0,160| — | 39,850
aH.6.1.003
25'661’ 004 21,233 10,034| 7,272 | 15,776 | — | 2,499 | 1,845 | 0,277 | 0,178 | 0,030 | 1,005 | 0,325 | 0,643 | 67,873
25662’001 11,442 | — (0,319 | 33,831 | 0,164 | 0,097 | 0,164 | 0,033 | — | 0,001 {0,117 | 0,056 | — | 53,777

¢a3OBO-MMHepaHO)KKVI CbCTaB Ha WnakKuTe

Mukpockoncko nscneaBaHe

LUnakata ot npoba 2 e 6orata Ha MEOHN M Ha NUKBALMOHHM
Kanku C HexomoreHeH cbcTaB (cur. 2a). Cped LUNAKOBOTO
CTBbKNO Ca pa3npbCHATW CYOMMKPOCKOMWYHM KpuUCTanu OT
hasnut n Mmarxemut (cur. 4).

Wacnegsannte obpasum ot npoba 4 ca c no-eapa MUKpo-
3bpHECTa CTPYKTYpa B CPaBHeHWe C makata oT npoba 2,
KOeTo CcBWOeTencTBa 3a no-0aBHOTO ¥ oOxnaxgaHe U
kpuctanusauus. Habriopasar ce: CKeneTHW KpucTanu Ha
hasnuT B TbMHOCKB LBAT (chur. 26, 3a); BrocTUT nog dopmata
Ha CBET/NOCMBM KpucCTamW, nogpedeHun kato Bpoennua (dour.
20, 3a); W30METPUYHM CEYEeHWst Ha CKeneTeH Mogen Ha
MarxeMuT CbC CBETNOCMB LUBAT (cur. 20), pokasaH u
peHTreHorpadicku (cur. 5). CynduaHute arperatit (LemHoBK)
Cca ABa LBATa — CBETNOXBAT N opaHxeB. OKOMo HAKOW OT TsX
ce HabniopaBa opeon oT xankonuput (cur. 26). Mo cBos
MWHEepaneH CbCTaB LunakaTta NpeAcTaBnsBa TUIMYEH NpUMep
3a KpaeH npogaykT oT 4obus Ha mep.

MwKpOCTPYKTYpHO Lnakata oT npoba 5 e aHamnornyHa Ha
npoba 2. HabniopaBaT ce (UHO3LPHECTU KpucTanu OT
(hasnuT, KOUTO Ce OTNMYaBa ChC CPEfHMW, MbCTPU LIBETOBE Ha
uHTepdepeHyns. LUnakata cbabpka ronsMo KONMMYeCTBO
arperatu C XbNTO-YepBEHWKaB LBAT, NpeacTaBnsaBaly cmec
OT Cyndmam, 03HaYaBaHM KaTo LeNHOBH.

B obpasuute ot npoba 6 ce HabmoaaBa TMNMYHA CTPYKTYpa
Ha 6aBHO OxnageHa wrnaka (cur. 36, 3B) ¢ pa3nuyHM npepesn
Ha efpw Kpuctanu oT (asiMT U MarXeMuT — W3OMETPUYHM
CKeneTHU kpuctanu (cur. 36, 3B). N3bpoeHuTe MuHepanu ca
[0oKa3aHu 1 peHTreHorpadockm (dour. 6). CynduaHuTe arperaty
Ca HEeXOMOTEeHHW, C HenpaBumHa opmMa M MO-BMCOKA
oTpaxarenHa cnocobHocT. Mo-ceeTnara dasa e xankonupur.

®ur. 2. Mukpockoncko uscneaBaHe B OTpaseHa CBET/IMHA Ha WNaK1 OT
paiioHa Ha Hax. “llponagHana Boaa”: a) NMKBaLMOHHA Kanka B npoba 2,
pa3mep Ha BugHoTo none 2125 pm; 6) cyndomaeH arperar (weiiH) c opeon
OT Ape6HM KpUcTanu oT Xxankonuput, MegHu kanku (Cu), Broctut (Wus),
ckeneTHu chopmu Ha chasnut (Fa) n marxemut (Mgh) B wnaka ot npoba 4,
pa3mep Ha BuaHata none 850 um
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MegHuTe  Kamkm ca  CyOMUKDOCKOMMYHM,  CPABHUTENHO
paBHOMEPHO pa3npeaesneHu B LWNakoBOTO CTbKMO. TyK Te ca B
MHOTrO TMO-Mamnko KOMMYECTBO B CPaBHEHWe C JpyruTe
W3cresiBaHu LWraku oT Haxoaule “TponagHana Boaa’.

J!a

Wus =

®ur. 3. Mukpockoncko uscnegsaHe B OTpa3eHa CBET/IMHA Ha Waku oT
paitoHa Ha Hax. “llponagHana Boaa”: a) cyndmpaHm arperaty (lieiiHoBe) ¢
XBNT U opaHxkeB LBAT, BlocTUT (Wus) 1 hasinur (Fa) B wnaka ot npoba 4,
pa3mep Ha BuaHoTo none 850 um; 6) cTpykTypa Ha GaBHOOXNafAeHa
wnaka ot npo6a 6 ¢ eapm kpuctanu ot dasnut (Fa), pasmep Ha BUAHOTO
none 850 um; B) hasinut (Fa), UI3OMETPUYHN CKENETHW KpUCTanm ot
marxemut (Mgh) 1 WweitHOBM Kanku B Wwnaka oT npoba 6, pasmep Ha
BUAHOTO none 850 pm.

PeHTreHoha3oBO M3cneaBaHe Ha WaKuTe

MwHepanHuaT CbCTaB Ha W3CneaBaHMTE LUNakoBu 0bpasup
Mo aHHW OT PeHTreHo(ha30BUs aHann3 e nokasaH Ha urypu
4,516.
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®ur. 4. Mpaxosa audpakTorpama Ha Lnaka oT paiioHa Ha Hax.
“MponagHana Boga” — npoba 2: dasnur Fe;SiO4 (Fa) PCPDFWIN 34-0178;
marxemut y-Fe,03 (Mgh) PCPDFWIN 39-1346; mes, Cu PCPDFWIN 04-0836
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®ur. 5. Mpaxosa audpakTorpama Ha Lnaka oT paiioHa Ha Hax.
“lMponapHana Boga” — npoba 4: dhasnut Fe2Si04 (Fa) PCPDFWIN 34-0178;
marxemut y-Fe;03 (Mgh) PCPDFWIN 39-1346

T T T
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2 Theta 4°-70°%; Cu/Ni; 30 kV/10 mA; 0.2/0.5s

®ur. 6. MpaxoBa AuchpakTorpama Ha Lwiaka oT paoHa Ha Hax.
“MponapHana Boga” — npo6a 6: hasnut Fe2SiO. (Fa) PCPDFWIN 34-0178;
marxemuTt y-Fe,03 (Mgh) PCPDFWIN 39-1346; * - BeposiTHa
xenssocunukatHa dasa cbe cbetas Fer6Si0s (naixyHut-1M) PCPDFWIN
30-0664

MuHepaneH cbcTaB Ha wnakute no PCMA paHHu

CHumkw 0T nscnegsaHeTo cb¢ CEM Ha hasuTe B wnakute u
nokanusauuWsi Ha NpPOBEAEHUTE TOYKOBM MMKPOCOHIOBM
aHanuau ca npescraBeHun Ha durypa 7.



®ur. 7. Mukpockoncku chumku (CEM) Ha uscnepsaHuTe MHepanHm
¢ha3u ot paiioHa Ha Hax. “[ponagHana Boaa”: a) npoba 2, aHann3u
2.1.001 - mepgHa Kanka, 2.1.002 — wnakoBo cTbKNO, 6orato Ha FeSiOs,
2.1.003 - wnakoBo cTbkNo, x900; 6) npoba 2, aHanuau 2.2.001 - wnakoBo
CTHKIO 1 2.2.002 - WNakoBO CTHKIO ¢ MUkponutH, x1900; B) npoba 4,
aHanmau 4.1.001 - megHa kanka, 4.1.002 - xens3o-okcuaHa chasa, 4.1.003
- chasnut u 4.1.004 - marxemur, x160; r) npo6a 4, ananuan 4.2.001 -
Kynpo-kynpuokcug, 4.2.002 — weitHoBa kanka, 4.2.003 — marxemur, 4.2.004
- marxemut, 4.2.005 — xenssocunukaTHo cTbkno (?) n 4.2.006 - wnakoso
CTBKNO, x230; A) npoba 6, aHanuam 6.1.001 — weiiHoBa kanka, 6.1.002 -
opeon Ha LeifHoBa kanka, 6.1.003 — dhasnuT B WNakoBo cTbLKNO, 6.1.004 —
WNakoBo CTbkNo, x350; ) npoba 6, aHanuau 6.2.001 — WNakoBo CTHKMO,
6.2.002 - chasinur, x65.

BbB BCUYKM M3CreaBaHN LnakoBu 0Bpa3uy ca yCTaHoBeHU
KENA30-CUINNKATHU, XENA30-OKCUOHN U MEAHO-OKCMAHW hasw,
kakTo ¥ cyndugHn (WerHoBM) arperat W Kanmku  OT
CaMoCTOSTENHA Me[] BbB BMECTBALLOTO LUAKOBO CTHKIO.

1. Xensizo-cunukamuu ¢hasu

XKensaso-cunukatHata (pasa e npefcTaBeHa OCHOBHO OT
asnut, a B HAKou OT obpasuute oT nanxyHut-1M (cpur. 6).
Te3u haau ca ycTaHOBEHU PEHTTEHOAU(PAKLMOHHO 1 ONTUYHO
MWKPOCKOMNCKM B NPEMWHaBALLA CBETNMHA. Te ca npeAcTaBeHu
OT CKEMNETHW YOBIMKEHN NPU3MATU4HN NPEPE3N C XapaKTepPHU
MbCTPU UHTEP(EPEHLMOHHN LiBETOBE OT BTOPU MOPSABK.

Kpuctanoxummunute copmynu Ha (hasnutHata casa B
npobu 4 1 6 ca M3YMCNEHN MO AAHHU OT TOYKOBUSI MUKPOCOH-
[0B aHanua (tabn. 3) u ca npuBeaeHu no Jony:

Mpoba 4, aHann3 4.1.003 -
(Fe2 1,73 Mgo,03 Cao,02 Nao,o1 Ko,o1 Alo,0s Lao,04)1,92 (Sio,95 Po,04)0,99 O4,00

Mpoba 6, aHanu3 6.2.002 —
[(Fe? Fe2*)1,65 Mgo,02 Nao,o1 Alo,o1 Ca, La, Ce]1,69 (Sio,95 Po,01)0,96
O4.00
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Tabnmua 3.
XumuyeH cbcmas Ha Xena3o-cunukamHu (ghasnum) U
Kena30-0kCUOHU ¢basu (maexemum) no 0aHHu om PCMA

g |Mensso-cunuatra YKensso-okcuaHa dasa (Marxemur)
& | asa (hasnmt)

§°I'Ip.4, aH. |Mp.6, aH. [Mp.4, aH. |Mp.4, aH. |Mp.4, aH. [Mp.4, aH.
M |4.1.003 [6.2.002 |4.1.002 [4.1.004 ]4.2.003 |4.2.004
Si| 13,842 | 14,031 | 5515 | 0,959 | 0,442 | 1,073
Ti| 0,001 — 0,170 | 0,192 | 0,165 | 0,183
Al| 1,100 | 0,110 | 6,015 | 5180 | 4,326 | 4,826
Fe| 49,746 | 50,409 | 53,061 | 61,304 | 58,897 | 55,550
Ca| 0434 | 0,047 | 0445 — 0,023 | 0,005
Mg| 0,322 | 0,273 | 0,072 | 0,062 | 0,072 | 0,141
Na| 0,125 | 0,092 | 0,166 | 0,165 | 0,051 | 0,050
K| 0,288 — 0,396 — — 0,005
S — — 0,005 | 0,008 | 0,013 | 0,008
P| 0616 | 0,106 | 0,167 — — —
La| 0,302 | 0,088 | 0262 | 0,134 | 0,034 | 0,136
Ce| -— 0,031 | 0,273 — 0,146 —
Cu| 0,174 — — — — —
O | 33,049 | 34,812 | 33,452 | 31,997 | 35,832 | 38,023

Kpuctanute hasinuT Hait-4ecTo He ca HambITHO M3rPadeHn
NPeACTaBNABAT CKENETHO-AEHAPUTHU DOPMH, KOETO CE AbITKM
Ha CpaBHUTENHO GbP30TO OXNaxdaHe W KpucTanusauus Ha
wnakute. Mopaay TOBa MpW TOUYKOBMSA MUKPOCOHAOB aHanu3
YeCcTO Ce 3axBalya W OT BMeCTBallaTa CTbkNoBMAHA (a3a, B
PEe3yNTaT Ha KOeTO MONyYeHUTE XMMMYHW aHanuau He BUHAMM
CbOTBETCTBYBAT Ha TOYHW CTEXMOMETPUYHN CbeTau. OcBeH
TOBA B CbCTaBa Ha KpuUCTanHuTe (hasW, KaTo M3OMOPGHM
MPUMECH Ce BKMIOYBAT MHOMO OT EeNeMeHTUTE-NPUMECH,
yyacTBallW B CbCTaBa Ha Wnakata. ETo 3awo kpucrtanHute
(hasu MoraT aa ce npuemart CTpYKTYpHO KaTo fedeKTHu.

2. Xensn30-okcudHu ¢haszu

ensso-okcngHute a3 ce MpeacTtaBeHa OT  BIOCTWT,
YCTAHOBEH OMTUYHO MUKPOCKOMCKM M OT MarxemuT, [Joka3aH
peHTreHoda3oBo (1abn. 3, dur. 4, 5 1 6). XUMUYHUAT CbCTaB B
Touka 4.1.004 e Hail-6nnsbk go crexmomeTpusTa Ha Fe20s,
KOUTO peHTreHorpadickm ce Onpeaenst Kato MarxemuT CbeC
cnefHaTa KpucTanoxummyHa gopmyna:
(Fe1,65 Alo,29 Sio,05Tio,01 La, S)2,00 03,00

C aHanornyHa KpucTanoxummyHa opmyna kato Marxemur
y-Fe203 ce npepacTass cbeTaBbT B Touka 4.2.003;
(Fe1,65 Alo.29Sio.0sTio.o1Ca, Mg, Na, S, La, Ce)2,00 03,00

3. MedHo-okcudHu ¢hasu

B pesyntat Ha HEMbIHOTO MPOTWYAHE Ha OKUCIUTENHO-
PEAYKUMOHHUTE MpoLecu npu TepMuyHata obpaboTka Ha
obpaboTBaHa MefHa cypoBuHa ca ce oOpasyBann MenHo-
OKCMAHW (hasu C yyacTe Ha Mef B pa3nnyHa CTEMeH Ha
okucrnenve (tabn. 4). Ananus 4.2.001 e Ha HexOmOreHHa
MedHa Karka OT Kynmpo- UM KynpuoKCWAM CbC 3axBaHaTo
LUIAaKoBO CTbKMO. CbCTABbLT Ha TO3W OKCUE MOXE [fa Ce
npeacTaBy KaTo CMeC OT KYNPUT U TEHOPUT:
Cuto84Cu?0580 unm Cuo,8400,42Cu?*0,5800,58

AHarm3 5.1.001 e Ha pasa, nmpeacTaBnsBalia CMec OT
MeZJEeH OKCUA OT Kynpo- W Kynpuokcuaun. CbCTaBbT MOXeE fia ce
NPELCTaBM CbC CriegHaTa CTEXMOMETPUS:

Cut1,62Cu?*0,190 umm Curt1,6200,81Cu2*0,1900,19



Tabnuua 4.
XumuyeH cbcmas Ha MeAHO-OKCUOHU ¢hasu 8 Wilaku om Hax.
“TponadHana eoda” no OaHHU om PCMA

Mpoba, EnemenT, %

aHarm3| Si | Ti | Al |Fe| K| Cu | S |La|Ce| O
Eg"(‘)’g;"o,ws — 10,0930,174] — [34.4520,0380,01700,120/14,931
gﬂ'g’gr'0,2550,0060,0760,9090,01086,6790,004 — | = h2,061

4. lljeiHosu azpezamu

B wnaknte B 0TpaseHa CBETNMHA Ce pa3kpUBaT HEXOMOTEHHU
MUKPOCKONUYHM arperatu (cur.2, 3 u 7), Cbabpxaliy MegHu,
Xeneso-okcuaHn M cyndugHu asn. Tesau arperatm ca
pesynTat OT HEMbIHOTO MpeBpbliaHe Ha CynduaHuTe
MWHepanu npu TepMuyHata obpaboTka Ha pypata u ce
03HayaBaT C MeTanypriyHaTa TEePMUHONOMUS KaTo LUEMHOBM
arperat. XUMUYHUAT CbCTaB Ha HAKOMKO Takwuea arperati ca
npeacTtaseHu B Tabnuua 5.

Tabnuua 5.
XUMMYEH CbCTaB Ha LUEHOBW arperat no gaHHu ot PCMA

Mpoba, EnemeHrt, %
aHanusa Si Al Cu S

Fe Ce 0]

Mp.4,a4.4.2.002 {0,119 |10,038 |0,771 69,728 |3,090 |0,031 | 26,224

Mp.6,aH.6.1.001 10,138 |0,093 |0,511 74,438 |3,570 21,250

Mp.6,aH.6.1.002 |0,207 |0,069 |1,295 |68,369 |3,603 |0,220 | 26,160

5. Ceo600Ha med

B wnaknte ce peructpupa BU3yanHO 1 XMMUYECKN Hanmune
Ha cBoboaHa men B konmyectBo oT 0,88 no 4,37 mass %
(tabn. 1). XMMMYHWAT CbCTaB Ha Kanmku cBobGOAHA Mend no
[aHHM OT MUKPOCOHOOBMS aHanu3 € npueegeH B Tabnuua 6.

Tabnuua 6.
XumuyeH cbcmas Ha MeOHU Kanku no 0aHHu om PCMA.

Mpoba, EnemeHT %
aHanms Si|A |Fe|{Ca| Cu|S|P]|O
Mp.2,aH.2.1.001{0,420/0,145|4,067|0,050(92,887| — | — |2,331
Mp.4,aH.4.1.001[0,274|0,687]0,088] — [97,007]0,015]0,004 1,595
3aknyeHue

AHanusupaHuTe Waku ca [oKasaTencTeo 3a CbLUECTBYBas
ApeBeH MeTanogobue B M3CNEABAHWS PalOH OKOMO Hax.
“lMponagHana Boga”. 3a Buga Ha pobuBaHusa MeTan Moxe Aa
Ce Cbay Mo HaNIMYMETO Ha MAKPO- 1 MUKPOCKOMUYHN CEPUYIHM
Kanku Ha ceoboaHa mep.

3a Bupa Ha 1obuBaHaTa 1 npepaboTeaHaTa MeAChAbPKALLA
CypOBWHA (pyma) CBWAETENCTBYBAT HAKOMKO (hakTa, KOWUTO
KaTeropuyHo fokasBar, ye e fobreaHa MegHo-cynduaHa pyaa
C OCHOBHM Med- W Xenasocbabpkawy MWHepanu Kato
xankonuput n 6opHuT. BbB BCMukM obpasun ce OTKpuBa
CbbpXaHue Ha cspa U cpochabpxally cynduaHm arperatu,
03Ha4aBaHM KaTo LLeHoBK. Te Ce nonyvasaT npy HEMbHOTO
[OBEXOaHe Ha OKWUCTUTENHO-PELyKLUMOHHUTE MpoLecu Ha
cyndugHUTe  MWUHEpamM Mpu  TEPMUYHOTO  METanypruyHoO
npepaboTBaHe Ha pygata. B wu3cnegpaHuTe Wwnakm ce
ONPELENs BUCOKO CbAbpXaHWe Ha Xens3o, KOETO € Momny4eHo
npu TepmmuyHaTa o0bpaboTka Ha MegHo-xenesHu cyndguam. C
pesyntaTute OT HACTOSILMTE M3CNEefBaHWs Ce OMpoBEpraBa
TBbPAEHWNETO, Y€ APEBHUSAT MEAOA0OMB B paioHa e rMaBHO OT
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ManaxuT u asypuT (Feoprues, 1987). MuHepanHuaT cbCTas Ha
N3CnefBaHUTE LUNaKM € MpeAcTaBeH OT KENsA30ChAbpKaLLy
asu kato pasnMT M MarxemuT, KOMTO Ca TUMNYHO
XapakTepHn (a3 3a CbBPEMEHHUTE LUMaKM Ha Mejo-
pobueHata Metanyprus  (Ctaspakesa, Crouuesa, 1966;
MBaHoB 1 ap., 1967; Muxainnosa, 2009).

bnazodapHocmu. M3cneaBaHusTa ca npoeefeHu no npoekt AOHU
K02/6 ot 12 pekemBpu 2014. ABTOPUTE HA HACTOALLOTO M3creaBaHe
n3kaseaT OnarofapHOCT Ha BCMYKM UNEHOBE Ha KOMEKTMBa Ha
npoeKTa, CbAENCTBaNM 3a HaMmupaHe W NoKanu3upaHe Ha ApEBHM
MeTanypruyHu LUaKu.
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XUMUKO-MUHEPANOXKA XAPAKTEPUCTUKA HA OPEBHU LUNAKU OT POCEHCKOTO
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PE3IOME. M3cneaBanu ca [peBHy Lunaki, OTKpUTU B POCEHCKOTO pyaHO none. Te ca CbbpaHu OT NOBLPXHOCTTA HA HAKOMKO APEBHN METanofobuBHN LIEHTPOBE,
pasnonoxeHu B 6nu3ocT Jo apeBHUTe pyaHuun B MegHu pua. [JobuebT Ha Mef Tam e ocblyecTBsiBaH npe3 nepuoga VI B. np. Xp. - V-V B. cn. Xp. XumuuHust
CbCTaB Ha 0bpasuyTe e onpedeneH no AaHHu ot ICP-OES. Te ca ¢ B1COKO CbabpkaHue Ha Fe203 u SiO2. MuHepanHuaT CbCTaB Ha LWnakuTe € 13yyeH OnTUYHO-
MWKPOCKONCKM B OTPa3eHa M MpeMUHaBalLla CBETNMHA, PEHTTEHOMA30BO 1 C PEHTTEHO-CNEKTPanHN MAKpOaHanuan. B nscneasanuTe WwWnakn ce yCTaHOBABAT OCHOBHO
KENA3oChAbPXaLy asv kato asnuT, MarHeTUT, MarxeMmT, BIOCTUT, XENe3eH MOHTUYENNT (KUPLUAHKT), Hanmnune Ha Me[HO-CyNduaHu arperatit (LieitHos) u
kanku OT camocTosTenHa Med. VscnensaHuTe matepuani ca onpefenenu kato oTnafeH NpofyKkT oT TepMuyHa obpaboTka Ha MefHO-xens3o-cynduaHa pyaa 3a
po6vB Ha Mef B ApeBHOCTTA.

KniouoBu AYMU: apxeomeTanyprus, APEBHN LWNaku, Mesd, Me,U,HO-CyJ'Id)I/I,ElHVI arperaTu, MeQHO-OKCUAHU cbaam, XKenA30-CUNUKATHN U XXena30-0KCUAHN q)aam

CHEMICO-MINERALOGICAL CHARACTERISATION OF ANCIENT SLAGS FROM ROSEN ORE FIELD
PART 2 - KORUCHESHME AND ROSEN DEPOSITS, METALLURGICAL CENTER “ATIYA”

Nikoleta Tzankova®, Dobrinka Stavrakeva? Petar Leshtakov?, Kalin Dimitrov3

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

2 University of chemical technology and metallurgy, 1756 Sofia
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ABSTRACT. The ancient slags, found in the Rosen ore field were researched. They were collected from the surface of several ancient metal production centers
located near the ancient mines in Medni rid. The mining of copper there is referred to the period 6t century B.C. — 4-5* century A.D. The chemical composition of the
samples was determined based on data from ICP-OES. The slags have high Fe203 and SiO2 content. Their mineral composition was studied with the help of optical
microscope in transmitted and reflected light, with the methods of X-ray powder diffraction and with electron probe microanalyses. It was found that the slags consist
mainly of iron-containing phases such as fayalite, magnetite, maghemite, wustite, kirschsteinite, presence of copper drops and copper-sulfide aggregates. The studied
materials are defined as by-products, produced from the heat treatment of copper-iron sulphide ore for copper mining in ancient times.

Key words: archaeometallurgy, ancient slags, copper, copper-sulfide aggregates, copper-oxide phases, iron-siliceous and iron-oxide phases

BuBepeHue reorpacpcku  koopanHatu: 42°24'30,8"N; 27°3529,9"E. Ha
naow, oTr okono 15 pgka ca 3acBMAeTencTBaHW rosiemu

ToBa ucnegBaHe € MNPOABLIIKEHME HA  XUMUKO-MUHEPaA- KonuyectBa MeTanyprudHa LWnaka, KaMeHHWM XaBaHW 3a
noXkaTa xapaKTepucTka Ha APEBHW Lunakin oT PoceHckoTo CTpuBaHE Ha pyAa, nap4eta OT TyXnu C npoBnavBaHWs oOT
Py4HO none (BX. HAaCTOALLETO n3faHue). Macnegsaqute B T031 NPBLCTU M KaMBHU C YEpBEH LIBAT, B CNEACTBUE Ha HarpaBaHe
Tpys o0pasun MpoM3XoXZaT OT HSKOSIKO  METanypruyHm MpK MHOTO BMCOKa Temnepartypa, ¢ nornenHana Linaka Bbpxy
LeHTpOBE, npepa60TBa|_u'|/| ,D,06|/ITaTa npes AHTWYHOCTTA pyaa HAKOA OT MNOBBPXHOCTUTE. npeOTﬂO)KeHVITe OCTaHKMn OT
B paiioHa Ha MegHu pug (cur. 1). YecTo nuncata Ha BrayanHu MeTanypruyHu newy U KkyniuHuTe OT OTpaboTeHa cKarnHa
creau OT nonyyaBaHWs MeTan B OTnagbyHUTE MPOAYKTW BOAM Maca CBMAETENCTBAT 3a M3BbPLIBAHA Ha MACTO MbpBU4YHA
[0 HECUTYPHO UMM MOTPELLHO apXeoriornyecko onpegensiHe Ha obpabotka u npetonssaHe Ha pyda. Otkputute napyeta
no6vBaHaTa CypoBMHa. LuflaKa ca ¢ TbMHOCWB LIBAT M BUCOKA NTbTHOCT. Mpy 0TAENH¢
06pasuy ce KOHCTaTMpaT NOBbPXHOCTHW YYaCTbLW CbC 3eneH

D‘peBeH MeTanypruyeH LEHTbP B Hax. “KopyqemMe”_ LBAT. C'b6paH|/|Te OT NOBBPXHOCTTA apxeonornyeckn matepmna-
ApxeonormqungT 00ekT e OTKPWUT NPU TEPEHHO M3aMpBaHe I no3BongaBaTt (*)yHKU'VlOHleaHeTO Ha MeTaﬂOﬂ,O6MBHMﬂ 00ekT
npe3 2010 r. (Nlewakos, KnacHakos, 2011; Jlewakos, 2014). Aa Ce OTHECE KbM DPUMCKMA MM KbCHOAHTUYHUS NEPUOL.
PasnonoxeH e B 3anagHuTe ckroHoBe Ha MegHu pug c MpousxoAbT Ha M3non3saHata CypoBuHA C ronsma fosa
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BEpOSITHOCT TpsibBa Aa Ce CBbpXe C MalabHuTe OpeBHM
u3paboTku, peructpupahn Ha okonmo 300 m ceBepHO OT
MeTanypruyHus LEHTBP.

[« , . HepHomopeyy
(s © (
v
' "” pCozonon
"4
APy

®ur. 1. Kapta Ha apxeonoriyeckute 06ekT1, cnomeHaTu B TekcTa: 1 —
MeTanypruyeH LeHTbp B Haxoauwe “Kopyyewme”; 2 — metanypruyeH
ueHTbp “ATnA”; 3 — MeTanypruyeH LeHTbP B Haxoauile “PoceH”.

[peBeH MeTanypruyeH LeHTbp “Atna”

Apxeonoruyeckust obekt e oTkpuT npes 1971 r. no Bpeme
Ha w3crnegBaHuaTa Ha E. Yephux (YepHbix, 1978). Toi e
pas3nosioXeH Ha toro3anag ot C. ATusl, B CEBEPHOTO NOAHOXME
Ha xbniMa 3apOysaH ¢ reorpadicku koopamHaTu: 42°25'55,1"N;
27°35'35,8"E. CTpoexsbT Ha CbOpbXeHus npe3 BTopata
nonosuHa Ha XX B., CBbP3aHM CbC CbBPEMEHHaTa MUHHA
[EHOCT, € HaHECHIT 3HAYNTENHM MOPaXeHWs1 Ha MeTanyp-
TMYHMst 0BEKT. ApXEOonorMyeck MaTepuani ce OTKPWUBAaT Ha
nnowy ot Hag 70 axa. 3acBugeTencTBaHm ca 0TBanm OT LUMaka,
MedHa pyda, 4acTu OT MeTanypruyHu newy 1 KepamuyHu
tbparmeHTL. lMpn paHHUTe u3cnenBaHns Ha obekTa ca OTKPUTM
KaMeHHW CbOpbXeHWs 3a oborataABaHe Ha pyga (Yepbix,
1978). B ceBepHaTta yacT Ha obekTa ce OTKpMBaT CTPYNBaHMS
OT wWraka, kouto gocturat fo 2 m3 (Jlewakos, KnacHakos,
2011).

[peBeH MeTanypruyeH LeHTLP B Haxoauie “Pocen”

Apxeonornyeckust 00EKT € pasmnonoxXeH Ha trosanag oT
OvBETO MUHHO cenuwie PoceH, B MOAHOXMETO Ha [onam
PoceH 6Gaup ¢ reorpacdicku koopauHath: 42°25'13,1"N;
27°34'56,6"E. Ton ce nokanusupa BbpXy OTBana Ha OpeBeH
PYOHWK, COMeHaBaH HEKOMKOKPATHO B HayyHaTa nurepaTtypa
(B%. YepHbix, 1978 u uuTMpaHaTa Tam nuTtepatypa). Ha
TepaHa ca paskpuTu 0CeM NeTHa OT napyeTa OTyxXNeHa rMuHa
(HKOM OT TSX C NWUA) U YEPBEHMKABM KaMbHW. Te umart
HenpasunHa opma ¢ pasmepu ot 0,50 m go 1,50 m u
npeacTaBnsBaT 3anaseHu in Situ OCTaHKW OT MeTanypryHu
newm. B 6nmusocT [O TAX ca OTKPUTM MapuyeTa Lunaka.
MogemMHuST maTepuan, CbOpaH OT NOBbPXHOCTTA Ha APEBHMS
PYOHVK W METanmypruyeH LEHTbP, € CUIHO obesnuueH u
noseonsiBa  (PyHKUMOHMPAHETO Ha Kommnekca fAa 6Obge
MOCTaBEHO Hal-06LL0 B AHTUYHOCTTA.

Llen Ha n3cneaBaHeTo € XUMUKO-MIUHEPAanoxXKa XapakTepuc-
TKA Ha APEBHU LUMaKM C OrMef onpefensHe Ha 4oGuBaHUS
MeTar 1 Ha OCHOBHaTa pyfa, 13nonasaHa 3a npepaboTka.

62

MaTepuan u meToau Ha uscneaBaHe

WacnegBannm ca npogykTM OT JpeBHa MeTanogobusHa
BEHOCT (LMaku), OTKPUTM B OKONHOCTUTE Ha Haxoguiie
“Kopyuelume” (npoba 10 OT mMeTanypryeH LEHTbP B paiioHa
Ha HaxoguweTo u npoba 11 OT MOBBPXHOCTHA MUHHA
n3paboTka), OT ApPEBEH MEeTanypruyeH LeHTbp kpan c. ATus
(npoba 14) n ot paioHa Ha Hax. “PoceH” (npoba 16).
Haxoguwa “Kopydewume” (vl pyaHuk “CtaxaHos”) n “PoceH”
Cca ekcnnoatupaHu B nepuoga 1945 -1995 .

WacneaBanuTe LUnaku ca NbTHWU, CUBK HAa LIBAT, YaCTUYHO
octbkneHn. Obpasuute ot npoba 10 n npoba 14 He pearupar
Ha MarHuT, 3a pasnuka ot npoba 11 n npoba 16, KOUTO CUMHO
npunensat KbM MarHWT. Makpockonckn B LWnakuTe ce
HabnogaBaTt M3OMETPUYHM CKENETHN KPUCTanM OT MarxeMmuT C
kasB UBAT (ur. 2a) u urnect a3 CbC CUNEH MeTaneH
Bnacek  (ur. 26). Bbpxy noBbpxHOCTTa Ha  BCUYKM
u3cnedBaHM MaTepuann ca pas3BWUTM BTOPUYHM MUHEpanu:
KENE3HU OKCUAN 1 XMAPOOKCHAN, XpU3oKona v ap.

®ur. 2. LLnaku ot paifoHa Ha Hax. “Kopyyewme” u c. ATus: a — Marxemut
B WWNaka oT npo6a 11, pasmep Ha BUAHOTO none 7 mm; 6 — urnectu asu
B WWN1aka oT npoba 14, pasmep Ha BugHoTO none 1,5 mm.

MpogykTuTe OT ApeBHa MeTanofobuBHa AeHOCT ca
u3crneaBaHu ONTUYHO MUKPOCKOMCKM B MPOXOASLLA U 0TpaseHa
ceetnmHa ¢ mukpockonn Meiji MT9200 u MT9430 ¢ kamepa
DK1000. 3a onpegensHe Ha (ha3oBWs CbCTaB Ha LUNakuUTe €
npoBefeHa MpaxoBa PeHTreHoBa AupPaKTOMETpUs  Ha
pncpaktomeTsp  Bruker Phaser npu  napameTpu  Ha
nacnegeaHe: Cu/Ni Kq nbueHne B amanasoHa 2 Theta 40-700;
30 kV/10 mA; 0,2/0,5 s. XUMUYHUAT CbCTAB HA OCHOBHUTE
asm W Ha LWIAKoBOTO CTBKNO Ca OMnpedeneHn C
peHTreHocnekTpanHu mukpoaHanuau (PCMA) Ha anapat JEOL
LSM-6010PLUS/LA, obopyaBaH C eHepruiHO-LMCNEPCUOHEH
MUKpOaHanusaTop C pesontoums o1 128 eV. XuMUYHMAT

cbCTaB Ha wnakute e onpegeneH ¢ ICP-OES cnep
BMUCOKOTEMNEPaTYpPHO ankanHo cransHe.
Kpuctanoxumuynute  opmynu  ca  M3YMCNEHM MO

KMCMOPOAHWS METOZ, OMWUCaH B NpeanayLwnTe M3CneaBaHus.
[MpUNOXEHMAT ~ BapuaHT Ha  KACNOPOZHMS  MeToh  3a
M34YMCMISIBAHE HA KPUCTANMOXUMWUYHUTE POPMYNN NO LAHHM OT
PCMA nossonsiBa fa ce onpefens OTHOCUTEMHUST Osn Ha
Fe2* n Fe3* unu va Cu* n Cu?+,

XUMHUYEH cbCTaB Ha LWnakuTe

M3cnepgeannte oOpasunm ce xapakTepusupaTr € BUCOKO
CbAbPXaHWe Ha xenesHu okeman — ot 53,96 o 66,07 mass
%, OTHOCUTENHO NOBULLEHO CbabpxaHue Ha SiO2 — ot 20,57
po 31,49 mass % 1 NO-HUCKO CbAbpXaHue Ha OocTaHanuTe



okeugm — Hai-yecto nog 5 mass % (1abn. 1). BbB BCUukM
npobu e onpeaeneHo npucbeTane Ha SO3 u P20s. Wnakute ot
paiioHa Ha Hax. ‘Kopydewme” (tabn. 1 — npobn 10 n 11) ce
OTNMYaBaT C BUCOKO ChabpxaHue Ha Fe20s (57,27 — 66,07 %),
C Han-Huckm ctoitHocT Ha SiO2 (20,57 — 23,75 %) u Ha
ceobogHa octatbyHa Med (0,59 — 0,92 %) v ¢ no-BUCOKM
cbabpxanus Ha CaO (3,17 - 557 %) B cpaBHeHue C
oCTaHanuTe macneasaHu obpasun. Tean JaHHM 33 XUMUYHKS
CbCTaB Ha LUMakuTe OT panoHa Ha Hax. “Kopydewme” nop-
CKasgaT, Ye OpyasBaHETO B paroHa € BWno KOHLEHTPUpaHo
BbB BMECTBAllM CKamM C MO-BUCOKO CbAbpXaHue Ha
kapOOHaTHN MUHepanw.

Tabrmua 1.
XumuyeH cbcmag Ha dpesHu winaku om PoceHckus pydeH
patioH no daHHU om ICP-OES aHanusu

Okeumam, wt % Mp.10 Mp.11 Mp.14 Mp.16

SiO2 20,57 23,75 31,49 28,74
TiO2 0,23 0,44 0,27 0,10
Al20s 4,62 5,99 4,62 3,93
Fe20s 66,07 57,27 53,96 58,40
Ca0 3,17 5,57 2,15 1,18
MgO 1,11 1,53 1,29 0,80
MnO 0,20 0,20 0,50 0,05
K20 1,01 1,05 0,91 0,77
Na.0 0,24 0,43 0,31 0,13
P20s 0,38 0,54 0,33 0,22
SOs 0,79 0,63 0,74 0,65
Cu 0,92 0,59 1,97 1,38
3.H. 0,18 0,27 1,37 0,56
Cyma 99,49 98,26 99,91 100,91
Koed. ocH. 2,79 2,16 1,59 1,85

KoednumeHTbT 3a OCHOBHOCT, M34MCrieH no ¢hopmynaTta
(CaO+MgO+Fe203)/(SiO2+Al203) 3a BCMdkM 0bpasu, € no-
ronam oT eguHuMua (>1), KOeTo onpegens LWnakuTe Karto
OCHOBHW. Tean OTHOWEHMS 3a u3crnegBaHuTe npobu ca
npueeseHn cboTBeTHO B Tabmuuya 1. KoeduumeHntute 3a
OCHOBHOCT OMnpefensT W Buga Ha KpUCTanHUTe CUAWKATHU U
OKCWAHM thasu.

PesyntaTite 0T MUKPOCOHZOBIUTE aHanNM3n Ha BMeCTBallaTa
CTbKOBMAHA Maca ca npueeaeHu B Tabnuua 2. B wnakosoTo
CTBKIO MPUCHCTBAT BCUYKW KOMMOHEHTU, onpeaeneHu ¢ ICP-
OES. OcseH Tsx ¢ PCMA B HsKOM OT aHapu3upaHuTe TOYKM €
onpeaeneHo Hanuyne Ha naHTaH, ocdop 1 No-psiako Lepuil.

Tabnuua 2.

Xumu4eH cbemas Ha Wiakoso cmwukrio no aHHu om PCMA
En.|Mp.10,aH. Mp.11,aH.Mp.14,aH. {Mp.14,aH. [Mp.14,aH. |Mp.14,aH. | p.16,aH.
% | 10.1.004 | 11.1.003 | 14.1.003 | 14.1.004 | 14.2.001 | 14.2.002 | 16.1.005
Si| 16,586 | 19,275 | 31,546 | 29,360 | 28,109 | 48,028 | 19,978
Ti| 0,001 0,064 0,075 0,104 0,023 — —

Al | 8,293 8,450 7,434 5,903 3,572 0,233 5,130
Fe| 16,586 | 16,079 | 7,276 | 2,117 | 16,513 | 0,686 | 32,874
Mg| 0,042 0,004 0,618 0,240 0,395 0,014 0,081
Ca| 6,533 | 11489 | 2,869 0,503 2,751 — 2,102
K| 4030 | 2504 | 3969 | 4,986 | 2,273 - 1,980
Na| 2,052 | 1,280 | 2,150 | 1,740 | 1,506 | 0,309 | 0,654
Cu| 0,029 — 0,119 0,150 0,356 0,060 0,205
S| 0092 | 0164 | 0,004 | 0,007 | 0005 | 0,015 | 0,014
P| 0447 | 0509 | 0013 | 0,004 | 0,017 | 0019 | 0,139
La| 0,060 0,104 0,106 — — — 0,134
Ce| -— 0,146 - - - - -

O | 36,935 | 39,032 | 433821 | 54,886 | 44,480 | 50,635 | 36,705
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B npobute oT pailoHa Ha Hax. ‘Kopydyewime®, B TOUYKM
10.1.004 1 11.1.003, ce paskpuBaT y4acTbUM C E€BTEKTWNYHA
MWKPOCTPYKTYpa, B KOWTO ce HabniogaeaT MWKpONMWTM B
LUIaKoBOTO CTbKMO. B Tean yyactsum ¢ PCMA ce peructpupa
W1 Han-BMCOKO ChAbPXKaHUE Ha Kanuui.

B npoba 14, aHanu3 14.2.002 ce ycTaHOBsIBa LUMNAKOBO
CTbKI0, 0borateHo Ha SiO:2.

¢a30B0-MMHepa.I10)KKM ChCTaB Ha WaKuTe

Mukpockoncko uscnegsaHe

Crpyktypata Ha wnakata ot npoba 10 e egHopogHa,
CpefHo- 40 MUKPO3bPHECTAa C OCHOBHM KpWUCTanHu ¢asu oT
(hasnuT C pasnuyHa ronemuHa u BlCTuT (cur. 3a). U aeete
a3 ca gokasaHu peHTreHorpadcku (cpur. 5). Cpen Lunako-
BOTO CTBKMO Ca PasnpbCHaTM MHOXECTBO ApebHM w ¢ no-
BMCOKA OTpaxaTenHa CrnocoBHOCT KpucTanmu Ha MupuT M
MUPOTHH.

e . oy A (LAS
' (BOF°7 7L

®ur. 3. Mukpockoncku CHUMKU Ha U3cneaBaHMTe 06pa3suy B 0TpaseHa
CBETNWHA: a — epy KpucTanu ot ¢hasnut (Fa) c TBMHOCHUB LIBAT, BHOCTUT
(Wus) cbe cBeTnocuB UBAT v nupuT (Py) B wnaka ot npo6a 10, pasmep
Ha BMAHOTO none 425 pm; 6 — hasanuT, ckeneTHN KpUCTanMu oT MarxemMuT
B npo6a 11, paamep Ha BuagHOTO none 850 um

Unakata oT npoba 11 e C XonmokpucTanHa CTPYKTYpa,
pesyntat oT 6aBHO oxnaxgaHe. Habnwopgaeat ce eppu
YOBIDKEHN NPU3MATUYHU KPUCTaNM Ha (hasnnT, OEHOPUTHM W
ckeneTHu ¢opmu Ha marxemut (cur. 36), OokasaHu u ¢
peHTreHoa3oB aHanus (dur. 6). CynduaHute (LLeEiHOBM)



arperati ca C HenpasunHa opMa 1 cbabpxar ceeTna asa
— BEPOSITHO OT XasKonmpuT.

Mpoba 14 oT meTanypruyeH LeHTbp “ATnS” e HeegHOpOoaHa,
nopecta. [lpeacraBnsBa LINAKOBO CTBKMIO C MHOXECTBO
NIMKBALMOHHW Kanku. Mukponntute ce CbCToAT OT ABe hasm:
no-ceetna — asnuT W no-TbMHa — CTbKMoBMAHA. B
nakoeata Maca ce Habniogasa (uHa KpucTanusaums.
Junceat megHu kankw.

LUnakata ot npoba 16 (0T paioHa Ha Hax. “PoceH”) e ¢
paBHOMEpHa MWKPO3bpHECTa XOMOKPUCTAnmHa  CTPYKTypa.
Konuyecteoto Ha kpuctanHata ¢asa e Hag 80%. Habnto-
paeat ce (asnut u apebHu nouTy Genm 3bpHa OT Marxemut
(dur. 4a, 46) Ha mecTa C [EeHAPUTHW DOPMM, KOMTO ca
[0Ka3aHu 1 peHTreHodasoso (ur. 8). dasanuToBnTe KpucTamm
Ca MpPeAcTaBeHM OT CKeMeTHU YOBIKEHW NpU3MaTuyHu
npepesn ¢ xapakTepH! MbCTPU WHTEP(EPEHLIMOHHN LIBETOBE
ot BTOpU nopsgbk. CyndugHnte (WerHoBM) arperath ca
HeeHOPOAHW, NPEACTaBEHU B NepudepHUTE UM 4actu OT
XankonupuT 1 3a00MKONEHN OT MarxeMUToBM KpucTanu (cur.
46). Habniogasat ce eAnHUYHM MeaHW Kanku C XbiTo4epBeH

LiBAT.

®ur. 4. MMKPOCKONCKM CHUMKM Ha M3cnepBaHUTe o6pasuu B oTpas3eHa
cBeTNUHa: a — ¢pasnut (Fa) ¢ TbmHocuB UBAT U Marxemut (Mgh) cbe
CBETNIOCUB LUBAT B npo6Ga 16, pasmep Ha BugHoTO none 850 pm; 6 -
cyncduaHm (weiHoBm) arperaty, dasnut (Fa) u marxemut (Mgh) B npo6a
16, pa3mep Ha BUAHOTO none 425 um.
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PeHTreHohazoBo uscnenBaHe

Wacnensanmute npobu OT gpeBeH MeTanopobueB ca
W3rpafi€HN OCHOBHO OT Xena30CbAbpXallM MuHepamm -
(DasNUT, KUPLLANHWT, BIOCTUT U Marxemur (cur. 5-8).
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®ur. 5. Mpaxosa audpakTorpama Ha Lnaka ot paiioHa Hax.
“Kopyuewme” - npo6a 10: dpasnut Fe,SiO4 (Fa) PCPDFWIN 34-0178;
BrocTUT Fe1xO (Wus) PCPDFWIN 46-1312
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®ur. 6. Mpaxosa audpakTorpama Ha Lnaka oT paifoHa Hax.
“Kopyuewme” - npo6a 11: dpasnut Fe,SiO4 (Fa) PCPDFWIN 34-0178;
marxemut y-Fe;03 (Mgh) PCPDFWIN 39-1346
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®ur. 7. MpaxoBa audpakTorpama Ha Lwnaka oT paioHa Ha MeTanypruyeH

ueHTLp “ATUn” - npoba 14: dasnut Fe,SiO4 (Fa) PCPDFWIN 34-0178;

marxemuT y-Fe,03 (Mgh) PCPDFWIN 39-1346; kupiaitHut (Fe-

moHTu4enut) CaFeSiO4 (Kir) PCPDFWIN 34-0098
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®ur. 8. MpaxoBa AuchpakTorpama Ha LWnaka oT paifoHa Ha Hax. “PoceH” -
npo6a 16: dhasnut Fe2SiO4 (Fa) PCPDFWIN 34-0178; marxemut y-Fe20;
(Mgh) PCPDFWIN 39-1346

MuHepaneH cbcTaB no gaHHu or PCMA

CobCTaBbT Ha um3cneaBaHuTe (a3, YCTAHOBEH C TOYKOB
MukpocoHaos aHanus (PCMA) ca npeactasenu B Tabnuum 3 -
8 1 ca 03HayeHw Ha urypa 9.

®ur. 9. Mukpodotorpachuu (CEM) Ha uscnegBaHuTe MMHEpanHu gasm ot
paiioHa Ha Hax. “Kopyyewme”, Hax. “PoceH” n meTanypruyeH LeHTbp
“Atns”: a) npoba 10 MeTanypruyeH LIEHTLP HXHO OT Hax. “Kopyyewme”,
aHanuau 10.1.001 - pasinuT, 10.1.002 - BrocTuT, 10.1.003 - WeliHOBa Kanka,
10.1.004 - eBTEKTUYHA MUKPOCTPYKTYpa Ha (hasinuT 1 LWNAKOBO CTHKIO U
10.1.005 - weiHoBa kanka, x400; 6) npoba 11 Hax. “Kopyyewme”,
aHanmau 11.1.001 - wenHoBa kanka, 11.1.002 - pasnut 1 11.1.003 -
€BTeKTUYHa MUKPOCTPYKTYpa (MUKPOMMTY B LNaKoBO CTbKNO), x110; B)
npo6a 14 ot paioHa Ha MeT. LeHTbp “ATus”, aHanuau 14.1.001 - kynpwur,
14.1.002 - megHOXene3eH okeua, 14.1.003 - wnakoBo cTbkNo u 14.1.004 -
LNakoBo CTbKNO, x85; r) npoba 16 ot paiioHa Ha Hax. “PoceH”, aHanuau
16.1.001 - meaHa kanka, 16.1.002 - marHeTuT, 16.1.003 - cpasinur, 16.1.004 -
MarxeMUT W WaKoBo CTbkNo, 16.1.005 - wnakoBo cTbkNo, x170.

BbB BCMuKM M3cnenBaHu wWwakoBu obpasum OT paioHa Ha
Haxopuwa “Kopyyewwme” n “PoceH’, KakTo U OT MeTanypryeH
LueHTbp “ATmd” BbB BMecTBalla CTbknoBuaHa asa ca
YCTAGHOBEHW  KENSA30-CUNUKATHM, KENN30-OKCUAHU, MeLHO-
OKCUOHU UM MEJHO-XEensa3ooKCWaHWM  asn,  cynduaHm
(eitHOBK) arperaTit U Kanku OT CaMOCTOSITENHA Mef.

1. Xenszo-cunukamia ¢hasa

Yensiao-cunukaTHaTa hasa e npefcTaBeHa oT dasnuT, a B
Hskou OT obpasuute UM OT  KMPLLaHWT, YCTaHOBEHM
PEHTreHOANMPAKLMOHHO M OMTUYHO MUKPOCKONCKW B OTPa3eHa
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1 B NpeMuHaBaLya ceeTnmHa (cpur. 3-8). Kpuctanoxummunute
chopmynn Ha pasnnuTa ca U3YUCIIEHN MO AaHHW OT TOYKOBWS
MWKPOCOHAO0B aHanu3 (Tabn. 3) u ca npeacTaBeHu no-gony.

AH. 10.1.001:
(Fe2*1,79 Mgo,16 Cao,0s Nao,o1 Alo,o1 La)2,01 Sit,05 Oa

AH. 11.1.002:
(Fe?*1,81Mgo,21 Cao,03 Alo,o1 Laoo1 Na)z,06 Si1,05 Os

AH. 16.1.003:
(Fe2*1,97 Mgo,11 Nao,o4 Alo,o1 La, Ce)2,13 Si1,03 O4

Tabnmua 3.
XuMuyeH cbCmae Ha Xensi3o-cuniukamHu hasu  (cpasinum) 8
no 0aHHu om PCMA

[Mpoba, EnemeHt, %

aHarms | Si | Al | Fe [Mg|[Ca|[Na|Cu| P [La|Ce| O
qgloo?): 14,7150,22349,8152,019D,9290,169— |- p,232— B1,898
qﬁ1103; 14,6160, 104149,9372,5280,5800,0450,1160,0360,3911—  B1,598
'_1'216033 14,0180,13653,3141,2480,0950,046D,029-  P,088D,09180,925

HectexnomeTpuyHmaT cbetaB B Touka 16.1.003, BeposiTHO
Ce AbITKW Ha 3aXBaHaTO Manko KONMYecTBO OT BMeCTBaLaTa
CTbKNoBMaHa Lwnakosa asa. OcBeH TOBa kKpucTanHuTte gasm
MoraT Aa ce npuemat CTPYKTYPHO KaTo AedeKTHW, Tbil KaTo B
CbCTaBa UM KaTo M30MOPCHM MPUMECK Ce BKITKOYBAT MHOTO OT
€NTeMEHTUTE-NPUMECK Y4aCTBaLLM B CbCTaBa Ha LufakaTa.

2. Xensa30-okcudHu ¢hasu
B wnakute ca onpedeneHu Xensso-okcuaHn asu ¢
XMMUWYEH CbCTaB, NPeCTaBeH B Tabnuua 4.

Tabnuua 4.

XumuyeH cbemag Ha xenaso-okcudHu gpazu no PCMA daHHu

Mpoba, EnemenT, %

aHarms | Si [ Ti | Al | Fe |[Mg|Ca|[Na|Cu| S|P [La|Ce| O

Tg'11‘%’§;'0,2410,0510,55674,4400,0440,0660,248 — 0,022 — 0,160 — |24,172

'1"6".'11%;;'0,4300,0599599 8,3220,145 — 0,013 — 0,0130,04000,1800,057|28,226

|1-|6p.'11.%§:'2'4990'04”"‘” 3,2660,0260,0810,129/0,0580,025 — | — | — | 30,600
Qasata B npoba 10.1.002 noO XMMUYEH CbCTaB

CTEXVOMETPUYHO € Han-6rmska go BrocTuT (FerxO) cbe
cnefHarta KpucTanoxuMmuyHa opmyna:

(Feoss Alop1 Ca, Mg, Ti,Na, La)1-xO

XUMUYHMAT CbCTaB Ha pasata B Touka 16.1.002 e Ham-
Brm3bK 4O CTEXMOMETPUATA HA MarHeTuT ¢ npumecy ot Al, Si,
Mg,Ti, Na, S, P, La, Ce u € ¢ kpuctanoxmmmyHa copmyna:

(Fe2,78 Alo.21 Siops Mgo,01 Ti, Na, S, P, La, Ce )303 O4

XUMUYHUST cbeTaB B Touka 1.004 B npoba 16 e 6nm3bk [0 y-
Fe203 (MarxemuT), Cu20 1 LUNAKOBO CTHKIIO.

3. MedHo-%ens300kcudHa ¢hasa
B Hsikou aHanu3mpaHn TO4KM ce YCTaHoBSBA CHOXEH MefHO-
KEne3eH oKcua CbC CbCTaB NpuBeaeH B Tabnuua 5.



Tabnuua 5.
XumuyeH cbcmas Ha MeOHO-Xessi300kcudHa ¢hasa no PCMA
OaHHU

Mpoba, EnemeHT, %

aHanu3 Si Al Fe | Ca| Cu S La 0
Mo 14, |1 971|0,.206(35,695(0,055|26,687(0,152[0,10535,125
a.14.1.002

4. MedHo-okcudHu ¢haszu

B u3cnenBaHuTe wWwnaku OT panoHa Ha Hax. ‘lponagHana
BoJa” (BX. HacToswms COOPHWK) Ca onpedeneHn MegHo-
oKcuaHUTe hasu ¢ NPUCHCTBUE HA MEA B PasnuyHa CTENeH Ha
okucrneHue. B wnakute oT MeTanypruyeH UeHTbp “‘ATus”
MefHo-okcuaHaTa dasa (aH. 14.1.001 ot npoba 14 — Tabn. 6)
CbOTBETCTBA MO CcTexuoMeTpns Ha Cut2.0s50 € MarnKo LUNakoBo
CTBbKNO. M3nnibKbT Ha Mef ce 06sICHsABA C (PMHU BKMIOYEHMS
Ha camocrositenHa meq (Mogosukos, 1975). B kynputsT morat
aa npucwbeteat 0,n % Fe20s, SiO2, S, Ku ap.

Tabrmua 6.
XumuyeH cbcmae Ha MedHo-okcuOHa ¢hasa no PCMA darHHu
Mpoba, EnemeHT, %
aHanu3a Si | Al | Fe | K Cu S 0
Mp. 14,
aH.14.1.001 0,206(0,112|0,010|0,015(88,775|0,004 10,877
5. WeliHosu acpezamu

B wnakute B oOTpaseHa CBeTMHA Ce  paskpueaTt

HEXOMOTEHHM MUKPOCKOMMYHK arperati ( cur. 4), Cbabpkallm
MeJHM 1 KEeNesHu OKCUAHM U CyncnaHu asu, 03Ha4yaBaHm ¢
MeTanypruyHata TEPMUHWIOMMS KaTo LUEAHOBU. XUMUYHUAT
CbCTaB Ha TakvBa arperaTy ca npeAcTaBeHy B Tabnuua 7.

Tabnumua 7.
XumuyeH cbcmas Ha weliHosu agpezamu no 0aHHu om PCMA

Mpoba, Enement, %

aHanu3 Si | Al Fe | Mg | Cu S La 0
Mp. 10, 0,050(0,073|64,079|0,063| 0,603 |6,478|0,185(28,470
aH.10.1.003

Mp. 10,

an.10.1.005 0,182(0,335|56,378| — (15,013|1,813|0,084 (26,162
Mp. 11,

an.11.1.001 0,093/|0,011/ 9,017 | — |66,166(4,646| — [20,067

6. CamocmosimenHa med

BbB BCuYkM MacnieaBaHu mpobu ce HabniogaBaT Makpo- u
MUKDOCKOMNCKN CHEPUYHI Kanku Ha camocTosTenHa Mej, B
KOUTO KaTo MpUMecH Ce CObpXaT Mamku KonudecTsa OT
ApyrvTe KOMMoHeHTW. CbCTaB Ha TakvBa Karka Mo [aHHU OT
MWKPOCOHOBWS aHanu3 e npueeaeH B Tabnuua 8.

Tabnuua 8.
XumuyeH cbcmas Ha MedHa kanka no 0aHHU om PCMA

Mpoba, EnemeHT, %

aHanu3 Si Al Cu S 0
Mp. 16,

ah.16.1.001 0,227 | 0,080 | 98,186 | 0,057 | 0,552
3akntoyeHue

KaTo pesyntar oT MpoBefEHWUTE XMUMUKO-MUHEPAnNOXKN 13-
CNeABaHMs Ha APEeBHM LNaku Ce [okasa [peBHa MeTanyp-
rMYHa [enHOCT B paiioHuTe Ha Haxopguwa “Kopyyewime” u
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“PoceH”, KaKTO M B OKOMHOCTUTE Ha C. ATus (MET. LEHTHP
“ATns”). 3a nobnBaHNs MeTan MOXe Aa Ce Cbay NO HaNMYMeTo
Ha Makpo- W MMKPOCKOMNYHW CCPEPUYHN Kamku Ha cBobBoaHa
Med OT npepaboTkata Ha MegHO-CynduaHa CypoBMHA,
BEPOSTHO Xankonuput 1 GOpHWT, 3a KOETO CBMAETENcTBaT
HanWyHWTe LEeWHOBM Kanku. B u3cneaBaHuTe LWnaku ca
onpegeneHn ¢asn C BUCOKO CbAbpKaHWE Ha KENA30 Kato
(DasNUT M KUPLLANHWT, KENEe30-0KCUOHM (MarxemuT, BIOCTUT U
MarHeTUT) W MenHO-OKCWAHM (KynpuT) a3, KouTo ca
XapaKTEPHW 3a CbBPEMEHHWTE LNakM Ha MegofobueHaTta
metanyprus (CtaBpakea u Ctoumuesa, 1966; VBaHoB 1 ap.,
1967; Muxannosa, 2009). MpepaboTkata Ha pypaTta ce e
N3BbpLUBANa KakTo Ha MACTO, B HemocpeacTBeHa 6nm3oct o
PYLHWUTE KUK, Taka 1 B MeTamnypruyHn LIEHTPOBE, 03Ha4YaBaHu
0T Hac kato “Kopyuewwme” u “ATus”. Xapaktepuctukute Ha
u3creaBaHuTe OTNaAbYHM MPOLYKTM OT TOMEHETO Ha MeTan
MOACKa3BaT W3BbPLIBAHETO Ha METaNofobuB C pasnuyHa
CTEMeH Ha WU3BMNYaHe Ha Mef, CBULETENCTBALL 3@ MOCTENEHHO
YCbBBPLUEHCTBAHE HA MeTanypriuyHus MpoLec U BbBEXdaHe
Ha HOBM TEXHOMOTMK.

OTKpUTUTE NpU N3BMPBAHWATA APXEONOrMYECKN MaTepuani
MOAKPeNsiT HanpaBeHWTe HabniogeHWss M Ha To3n eTan Ha
n3crneaBaHe CBUAETENCTBAT 33 ObArOTPANHOTO (PYHKLMOHM-
paHe Ha MeTanypruyHuTE LIEHTPOBE OT MbpBaTa MonoBuHa Ha
| xun. np. Xp. go cpepatra Ha | xun. cn. Xp. Pygata,
n3nonseaHa 3a fobuBa Ha MeTarn, BEPOSTHO MPou3xXoxaa OT
HAKONKO [PEBHW MWHW, fokanuaupaHu B Onu3ko pasnono-
XeHute MegHu Hax. “Kopydewwme” n “PoceH”.

bnazodapHocmu. M3cneaBaHusiTa ca npoeefeHn no npoekt AOHU
K02/6 ot 12 pekemBpu 2014r. ABTOpUTE Ha HACTOSILLOTO M3CreaBaHe
n3kaseaT OnarofapHOCT Ha BCMYKM UNEHOBE HA KOMeKTMBa Ha
npoekTa, CbAEeNCTBaNM 3a HaMupaHe W NoKanusupaHe Ha [peBHM
MeTanypruyHu Lnaku.
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CARTOGRAPHIC SUPPORT OF ASPIRING GEOPARK BELOGRADCHIK ROCKS
N. Kalutskova', D. Sinnyovsky?, N.Telnova', N. Dronin?, D. Useinova’

T Moscow State University “M. V. Lomonosov”, Moscow, nat_nnk@mail.ru
2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, sinsky@mgu.bg

ABSTRACT. The new territory of the first Aspiring UNESCO Geopark in Bulgaria, Belogradchik rocks, comprises three municipalities in Northwest Bulgaria in Vidin
region between Bulgarian-Serbian border and the Danube. The new concept of geopark emphasizes the importance of geotourism and other alternative forms of
sustainable tourism. Tourism activities can actively promote to get acquainted with geologic and landscape features of the region. In relation to the main objectives of
the proposed geopark we have elaborated a new informational support based on geospatial data and thematic maps. These data can be organized in three blocks:
base geospatial data, thematic data and tourism data. Base data include digital elevation model, hydrography, populated places, road network and so on. Thematic
maps relate to geologic and landscape diversity and reflect geologic structure, locations of geosites, landscape types, land cover classes according to CORINE
landcover 2012 and areas of high nature value. Tourism data comprise georeferenced bicycle routes, pedestrian tracks and ecological tracks. All these geospatial
data have been compiled in the single geodatabase and visualized at a scale 1:300 000.

Key words: aspiring geopark Belogradchik rocks, geospatial data, thematic maps, natural landscape, land use, tourist routes, tourist attraction

KAPTOIPA®CKA NOOOPBXKA HA KAHOWOATCTBALLWA FEONAPK BENOrPAQUULLKK CKANKU
H. Kanuyykoea', []. Cunboecku?, H. Tennoea!, H. ipoHun!, . Oceurosa’

T Mockoscku ObpxaseH yHusepcumem ,M. B. [TomoHocos”, Mockea, nat_nnk@mail.ru
2 MunHo-2e0m0%KU yHUBEpcumem "Ce. Mean Puncku", 1700 Cogpus, sinsky@mgu.bg

PE3IOME. Teputopusita Ha mbpeus kananpatcreawy B FOHECKO 6bnrapcku reonapk bermorpapumiiki ckanu Bkniouea Tpu obwwmHM oT BuauHcka obnact -
Cesepo3anagHa bvnrapus mexay Cpbbeko-bbarapekata rpanuua v ,p. [lyHas. HosaTa koHLUenums 3a reonapka Habnsra Ha BaXHOCTTa Ha reotypuama u apyrute
hopMM Ha YCTOMYMB Typu3bM. TYPUCTUYECKUTE AGHOCTM MOTaT aKTWBHO [ja Hacbp4aBaT 3ano3HABaHETO C reonoXKUTe U NaHAWadTHM 0COBEHOCTU Ha paiioHa.
BbB Bpb3ka C OCHOBHUTE LIENMW HA MpefnaraHns reonapk € paspaboteHa HOBa MH(POPMALMOHHA OCHOBA, Da3npaHa Ha reonpoCcTPaHCTBEHW JaHHU U TeMaTU4HN
kapTu. Tean [aHHM MoraT fja ObaaT opraHn3npanm B Tpu 6roka: OCHOBHM reOnpoCTPAHCTBEHM AaHHW, TEMaTUYHI AaHHWU U TYpUCTUYECKN faHHW. OCHOBHUTE AaHH
BKIOYBAT AMrUTaNeH BUCOMMHEH MOAEN, Xvaporpadvs, HaceneHn MecTa, MbTHA Mpexa 1 T. H. TeMaTUYHUTE KapTu Ce OTHacAT A0 reonoXKOTO W NaHAwadTHO
pa3Hoobpa3ie W1 0TpassBaT recnoXkuTe CTPYKTYpWU, MECTOMONOXEHNETO Ha reoTonuTe, naHAwWwadTHUTE TUNOBe, KNacoBeTe Ha NoYBeHaTa NMOKPUBKA CINACHO
CORINE landcover 2012 n nnowuTe ¢ BUACOKa MPUPOAHA CTOMHOCT. TYpUCTUYECKUTE AaHHW BKIOYBAT reopedepupaHy BENOMapLUpyTh, NEWeXOAHN MbTeku 1
ekonbTekn. Benykv Te3n reonpocTpaHCTBEHN JaHHM Ca KOMMUIMpaHy B evHHa reobasa faHHM 1 Bu3yanuavpani B maiuab 1:300 000.

KnioyoBn Aymu: kaHoMpaTcTBaly reonapk Bernorpaguuiuku ckamw, reonpoCTPaHCTBEHM AaHHW, TeMaTU4HW KapTW, MPUPOAEH NaHpwadT, 3emernonasaHe,
TYPUCTUYECKI MApLLPYTH, TYPUCTUYECKM aTpaKLmi

Introduction Materials and methods

Nowadays there is a quite new nomination standard for The new three thematic maps for the territory of the aspiring
inscribing Belogradchik rocks into list of European geoparks. geopark were elaborated by means of different geospatial data
The new nomination standard demands for a necessary set of in ArcGIS for Desktop software. Initial geospatial data were
thematic maps for the territory proposed as a geopark. obtained originally as a scientific results of our perennial and
However there aren’t any conventional rules of cartographic detailed field surveys or imported from open and well-known
support for European geoparks. Besides essential geologic European and global datasets. All thematic data were
maps some more thematic maps can be proposed for the organized in three blocks (Table 1). Initial scales of all data are

support of ecotourism and functional zoning at the territory of from 1:100 000 to 1:300 000.
aspiring geopark. These proposed maps are:

1) The map of natural landscapes and objects of high All the data were georeferenced, reprojected and compiled in
nature conservation value a single geodatabase in the form of thematic layers. It allows to
2) Land use/land cover map of aspiring geopark conduct further geospatial analysis and create visualization of
3) Map of tourist routes and different attracted sites for data in the form of thematic maps.

sustainable tourism and geotourism.
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Table 1.
Geodatabase of basic and thematic geospatial data for the
territory of the aspiring geopark

GIS layers Source of geospatial
data
Basic layers
isohypses Digital elevation model
peaks Shuttle Radar Topography
height marks Mission (SRTM) 1 Arc-
rivers Second Global
lakes Topographic maps, scale
roads 1:100 000
rails
settlements
Municipalities GADM database of Global
Border of geopark Administrative Areas
Thematic layers
Geologic and landscape diversity
Natural landscapes Remote sensing data
(LANDSAT 8 OLl), field
survey,
original map
Outcrops Topographic maps,
scale 1:100 000
Geologic structures Geologic map of
(stratigraphy) Northwestern Bulgaria,
scale 1:100 000 (original
map)
Geologic structures Geologic map of
(lithology) Northwestern Bulgaria,
scale 1:100 000 (original
map)
Objects of high nature Natura 2000 data - the
conservation value European network of
protected sites (EEA,
2016)
Contemporary land use/land cover
Land use types CORINE Land Cover
European seamless
100m raster database
CLC12
Tourist infrastructure
Biking routes of different Map “Bike trails in
levels of complexity western Balkans
Bulgaria and Serbia”,
scale 1:90 000
Ecotracks Field georeferenced
data (GPS tracks)
Geosites of different objective Original field survey,
value, incl. cultural attractions georeferenced data.
Caves Atlas of caves in
Belogradchik region
(2009)

Results and discussion

Natural Landscape Map

For the territory of the aspiring geopark 11 types of natural
landscapes can be defined based on geologic and
geomorphologic general features and peculiarities (Figure 1).

According to the scheme of natural regions (elaborated by
Velchev, Todorov and Penin, cited by Penin, 2007) Northwest
Bulgaria is divided in four regions: 1, Danubian-Dobrudzhian,
2. South Danubian and Ludogorian, 3. Subbalkanian,4. Stara
Planina.

Natural landscapes
4 5] o]

|77} Natura2000 sites D Border of geopark

il 2] s |

Fig. 1. Natural landscapes and Natura 2000 sites. Initial scale 1:300 000

The two former mentioned natural regions include 3 types of
landscapes. The youngest ones are landscapes of
contemporary river valleys (Archar, Skomlya, Lom and its
tributaries Stakevska and Chuprenska) with alluvial stratified
soils under poplar-willow forests (Ne1 at the Figure 1). Also on
the Danube plain we have defined the remnant hilly plains
formed on Neogene sandstones with dominantly tilled sod soils
(Ne2) and the landscape of hilly eroded loess plains with black
earth under arable lands (Ne3).

Fore-Balkan region have the highest landscape diversity with
5 types of landscapes. These are: ridged plains on Lower
Carboniferous granitoids and argillites with brown forest soils
under arable lands and fallows (Ne4); hilly uplands on
Carboniferous carbonate rocks and siltstone with grey forest
soils under oak forests with oriental hornbeam (Ne5); cuestas
on Permian and Mesozoic limestones and marls with
mountainous rendzines under oak-hornbeam-beech forests
(N26); submontane landscapes on Triassic red bed rocks with
brown forest soils under oak forests (Ne7); submontane
landscapes on Ordovician conglomerates and schists with grey
forest soils under oak forest with rich understory, arable lands
and fallows (Ne8).

Region of Stara Planina encompasses 3 types of
landscapes: low mountains on Carboniferous and Permian
granites, gneisses with grey forest soils under oak and oak-
hornbeam forests (Ne 9); middle mountains on Carboniferous
and Permian diorites, granodiorites and gneisses under beech
and coniferous-beech forests (Ne10); hish mountains on
Carboniferous and Triassic crystalline rocks with rankers under
subalpine grasslands and shrublands (Ne11).



Sites of high nature conservation value i.e. Natura 2000 sites
are also shown at the landscape map (Figure 1). These sites
locate in the southern part of the aspiring geopark in
submontane and mountain parts. Natura 2000 sites
encompass landscapes of high, middle and low mountains,
cuestas and ridged plains. They also include contemporary
river valley of Lom in the east and Archar in the west. Part of
the Danube valley belongs to Natura 2000 sites. Sites of
Natura 2000 represent different and valuable forest habitat.
Secondary mixed or oriental hornbeam forests have high
scenic value. Primary forests in submontane landscapes (with
Quercus petraea, Q, pubescens and Q. cerris) and in middle
mountains (with Picea abies, Abies alba) have high
conservational value. Along small river valleys primary small-
leaved forests (with poplar and willow) are conserved.

Land use/land cover map

Contemporary land use/land cover map is created according
CORINE Land Cover dataset (2012) (Figure 2). CORINE land
cover classes can be interpreted as functional land use types
with regard to landscape structure and economic specific of the
geopark’s territory.

CORINE landcover classes

I sscontinuous urban fabric [ broad-eafed forest
| non-irrigated arable lands B coniterous forest
[ vineyards I mixed forest

I fruit trees plantations

[ pastures

| natural grasslands
| transitional woodland-shrub
complex cultivation patterns bare rocks

[ land principally occupied by agriculture, with significant areas of natural vegetation |

D Border of geopark

| sparsely vegetated areas

Fig. 2. Contemporary landcover (according to CORINE landcover dataset,
2012). Initial scale 1:300 000

Aspiring geopark is characterized with 14 land use types
aggregated in four groups: 1 - Discontinuous urban fabric, 2 -
Agricultural lands (arable lands, pastures, complex cultivation
patterns, lands principally occupied with agriculture with
significant area of natural vegetation and natural grasslands);
3-Forested lands (coniferous, mixed or broad-leaved forests,
transitional woodland-shrub); 4 - Unusable or unsuitable lands
(bare rocks, sparsely vegetated areas in sharp ridges of
cuestas or in high mountains).

Discontinuous urban fabric class is widely distributed across
the territory except for high mountains.
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Arable lands dominate in landscape of hilly eroded loess
plains with chernozems, where they occupy 201.5 sg- km2, The
great share of arable lands is typical for the landscapes of
remnant hilly plains (89 km?2) and contemporary river valleys
(48.8 km2).

Pastures prevail in cuestas (12.5 km?) and in submonatne
landscapes (6.7 km2).

Complex cultivation patterns have as a whole small areas
and only in submontane landscape they occupy 2.8 km2.

Lands principally occupied with agriculture with significant
area of natural vegetation is a dominant land use type in
submontane landscape on Triassic red bed rocks (4.6 km2),
and on ordovik conglomerates and schists (19.9 km2).

Natural grasslands occur only in high mountains (7.4 km2).

The predominance of broad-leaved forests is marked in
middle mountains (127 km2) and for the landscapes of low
mountains and hilly uplands (55 km2 in each of them).

Coniferous forests cover the majority of high mountains (6
km?).

Low mountains are mainly occupied with mixed forests (19.9
km2).

Transitional woodland and shrub are mostly typical for
cuestas. In this landscape their area is 21.2 km?2.

Bare rocks have the most significant occurrence (2.2 km2) in
submontane landscape on triassic red bed rocks.

Sparsely vegetated areas occupy 10.8 km? in cuestas and
less than 1 km2 in high mountains.

Tourist infrastructure

Tourist infrastructure map represent geospatial data on
current tourist routes and different tourist attractions (Figure 3).
Existing and supporting tourist routes in the territory of aspiring
geopark are ecotracks and biking routes of several complexity
levels.

Five just elaborated and supported ecotracks are named
“Vedernik”, “Zbegove”, “Lepeniza”, “The world of rocks” and
“Planiniza”. In regard to natural landscape diversity all the
tracks are concentrated in submontane landscape on triassic
red bed rocks with brown forest soils under oak and oak with
oriental hornbeam forests. The most eastern track (“Planiniza”)
and the most western one (“Vedernik’) also touch cuestas
landscape.

Biking routes encompass the far greater territory, they
haven't original names but can be classified according three
levels of complexity into routes of low, medium and high
complexity. Due to the significant length the each biking route
meets several natural landscapes and thus the network of
biking routes can support the acquaintance with the whole
landscape diversity of the geopark. For example the route
traversing the landscape of ridged plains on low carbon
granitoids and argillites with brown forest soils under arable



lands and fallows along settlements of Dubravka, Rabisha and
Stupiza in the west of geopark then near Rabisha settlement it
meets the landscape of remnant hilly plains formed on neogen
sandstones with dominantly tilled sod soils.

=e 240 . 2w 20E
1 1 1 i

geosites Caves biking routes }_ 7775 Settlements
%  Cultural attractions ® of low complexity D Border of geopark
of geographic value outcrops of medium complexity

of historical value of hich complexity

@  of scientific value ecotracks secondary roads

of archaeological value

B of educational value

@ of scenic value

Fig. 3. Tourist attractions and routes. Initial scale 1:300 000

The landscapes of contemporary river valleys and
submontane landscape on ordovik conglomerates and schists
are touched by biking route near Protopopinzy settlement in
south-eastern corner of geopark’s territory. The segment of the
biking route between Oreshetz and Vyrbovchez in the centre of
geopark traverses landscape of hilly eroded loess plains.

Mountain landscapes are also well-represented in biking
routes network: the landscape of middle mountains on carbon
and permian diorites, granodiorites and gneisses under beech
and coniferous-beech forests near Chuprene and landscape of
middle mountains on carbon and permian diorites,
granodiorites and gneisses under beech and coniferous-beech
forests near Stakevtzy settlement. Only landscapes of high
mountains aren’t covered with any biking route.

Georeferenced tourist attractions include 75 geosites and
115 caves revealed us during detailed field survey of the
geopark’s territory. Revealed geosites are grouped according
their objective value in several categories (Table 2).

Among revealed geosites 12 cultural attractions have a great
interest not only for geotourism and scientific tourism but for
sustainable tourism as a whole. All the cultural attractions are
located near Belogradchik city and its closest neighborhood.
Their list includes some museums, the observatory, churches
and mosques. The most significant object is Roman castle
“Kaleto”.
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Table 2.
Number of geosites of different objective value
category according
objective value number of geosites
geographic value 1
scientific and
archaeological value 1
historical value 3
mixed scientific and
educational value 4
mixed scientific and scenic
value 4
educational value 10
Cultural attractions 12
scientific value 17
scenic value 23
Total 75
Conclusion

The geopark can be considered as a specific protected area
of multiobjective type and in thus it needs for complex and
strong cartographic support under the process of its
justification and further functioning. One of the key objective of
the geopark is social and economic enhancement of the whole
region where it is located. That's why necessity of clear
representation of current land use structure and existing tourist
resource in the territory of aspiring geopark Belogradchik rocks
is conclusive.
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INTERNATIONAL PROSPECTS OF THE ASPIRING GEOPARK BELOGRADCHIK ROCKS
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ABSTRACT. Geopark Belogrdchik rocks passed through another unsuccessful application for Global Geoparks, although all instructions of the previous UNESCO
mission were implemented. According to these recommendations a new concept of the geopark was developed including establishment of a management body,
expanding of the geopark area, and scientific description of at least 50 geosites of aesthetic, scientific and cultural value. Since then geopark has come a long way to
its present state of Aspiring UNESCO Geopark. First of all geopark area was enlarged to the territory of 1373 sq. km between Bulgarian-Serbian border and Danube
including four municipalities Belogradchik, Dimovo, Chuprene and Ruzhintsi. A new management body of the geopark was established - nongovernmental
organization Association for Development of North-West (ADNW) registered by three municipalities Belogradchik, Dimovo and Makresh. Over the past four years the
geopark area has undergone significant scientific investigations. First of all a solid geodatabase was developed, including geodiversity description, scientific dossiers
of 72 geosites, and geological map of the area. The application dossier was applied in November 2014 and the mission of UNESCO was conducted at the end of
June and the beginning of July, 2015. On 30 September 2015 the Global Geoparks Network Bureau inform us that at its meeting on 18 September has discussed the
evaluation of our application and decided that at this stage Geopark Belogradchichik rocks has not yet reached sufficient maturity to be declared a Global Geopark,
and asked all stakeholders at Belogradchik to work for at least two more years on establishing a strong Global Geopark. The main reasons for the unsuccessful
application could be summarized as follows: increasing requirements of the Global Geoparks Network, missing action plan, refusal of Chuprene and Ruzhintsi
municipalities to participate in the ADNW, and refusal of the Ministry of Environment and Water to support preliminary activities prior to the UNESCO mission
concerning geopark infrastructure: information panels with interpretation of the geological history for the general public, geotrailes, information centres. The new
concept of the geopark will be developed on a strong agreement between the participating municipalities, state support of the geopark activities, clear geopark
funding, management plan for development of the geopark area, sustainable regional development policy strategy and importance of geotourism and other alternative
forms of tourism — ecotourism, rural tourism, cultural tourism. It will be also developed considering the common requirements for conservation, protection and
promotion of natural and cultural heritage sites and monuments, in areas hosting significant natural heritage of international importance through the establishment of
aspiring UNESCO Global Geoparks in the light of the new International Geoscience and Geoparks Programme (IGGP) of UNESCO.

Key words: Aspiring Geopark Belogradchik rocks, UNESCO Global Geoparks

MEXOYHAPOOHW U3MEPEHMA HA KAHOUOATCTBALLIMA FEONAPK BENOMPAOYULLKW CKATK
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PE3IOME. 'eonapk Benorpaguuiukyv ckanu npemMuHa npes oLLe efHa HeycneluHa kaHauaatypa 3a FnobaneH reonapk, Bbrpeki Ye Bsixa M3MbHEHN BCUYKY YKasaHus
Ha npeauiuHaTa Mucus Ha KOHECKO ot 2010 r. CbrnacHo Te3u npenopbku e paspaboTeHa HOBa KOHLIEMNLMs 3a reonapka, BKMIYBALLA Cb3aaBaHe Ha ynpaBUTENHO
TANO, pa3lMpsiBaHe TEPUTOPUSTA Ha reomapka v Hay4Ho onncanme Ha noHe 50 reoToma ¢ ecTeTnyecka, HaydHa v KynTypHa cToitHocT. OTToraBa reonapkbT U3BbPBS
ObJTbr BT, 33 4@ JOCTUTHE CErallHOTO CU CbCTOsHWE Ha kaHawpaTcTeal, KOHECKO l'eonapk. Mpeam Beuuko nnowta 6e paswmpera go 1373 km2, pasnonoxenu
Mexay cpbbcko-6bnrapckata rpaHuua v p. flyHas, BKMtouBaLLa YeTpy obiumnmu: Benorpaauuk, Aumoso, Yynpere u PyxuHum. CbagagneH 6e ynpaButeneH opraH Ha
reonapka - HenpaBuTENCTBEHa OpraHu3auus CapyxeHue 3a passutue Ha ceseposanaga (CPC3) peructpupana ot oblmHute Benorpagunk, Qumoso u MakpeLw.
[Mpe3 nocnepHUTe YeTMPW TOAMHM NIOLLTA Ha reonapka NPeTbpns 3HAYMTENHU HayyHu wacnensaHus. Mpeayn Boudko Ge paspaboteHa conupHa reobasa AaHHw,
BKITHOYBALLA OM1CaHWe Ha reopa3Hoobpa3neTo, HayyHM JocueTa 3a 72 reoTona M reonioxka kapTa Ha parioHa. AnnukaLvoHHOTO Aocke be nofaaeHo npes HoemBpy
2014 1., a mucusita Ha FOHECKO ce npoBefe B kpasi Ha toHW M Havanoto Ha tonm, 2015 r. Ha 30 centemspu 2015 r. BtopoTo Ha rnobanHuTe reonapkose Hu
MHchopMupa, Ye Ha 3acefaHueTo cu Ha 18 centemepy 2015 r. e 06cHAMNO HallaTa Monba U e peLwunno, Ye Ha To3u eTan reonapk BenorpaguuLLkv ckanu BCe OLLe He
€ AoCTUrHan JocTaTbyHa 3panocT, 3a fia 6bae 0bsBeH 3a mobaneH reonapk 1 U3ncka BCUYKM 3aMHTEPECOBAHM CTpaHu B berorpapumk Aa paboTAT Haii-Manko oLe
[ABe roAVHM 3a Cb3fjaBaHe Ha cureH rnobaneH reonapk. Kato OCHOBHW MpUYMHK 3a HEYCMeLLHaTa KaHArAaTypa, MoraT fja ce MocodaT HapacTBalLuTe U3NCKBaHNS Ha
[nobanHuTe reonapkose, NuncaTa Ha MnaH 3a ynpaerexue, 0TkasbT Ha obwmHuTe YynpeHe u PyxuHum ga ydactsat B CPC3 1 oTka3bT Ha MUHUCTEPCTBOTO Ha
OKOrHaTa cpefia W BoauTe Aa MOAKPENM npeBapuTenHuTe feiHocTu npegu mucusita Ha KOHECKO oTHocHO MHGbpacTpykTypaTa Ha reonapka: MH(OpPMAaLMOHHM
Tabna ¢ TbikyBaHe Ha reonoxkata MCTOpWS 3a LMpokaTa oBLLEeCTBEHOCT, Cb3faBaHe Ha reombTeku U MHEOPMALMOHHI LiEHTpOBE. HoBaTa KoHLienuys 3a reonapka
e 6bae paspaboTeHa Bb3 OCHOBA Ha CUIYpHO CropasyMeHIe MexXay yyacTBalLuuTe OBLLMHY, AbpkaBHa NofKpena 3a AeHOCTUTe Ha reonapka, icHo mHaHcupaHe,
NnaH 3a ynpaBNeHue Ha NroLiTa Ha reonapka, yCToAuMBa pervoHanHa nonuTuka W cTpaTerus 3a passuTie W paspaboTBaHe Ha reoTypusbM M Apyri opMU Ha
anTepHaTMBEH TYpU3bM — EKOTYPU3bM, CEMNCKI TYPU3bM, KYNTypeH TypusbM. Ts CbLuo Taka Lie 6bae paspaboTeHa CbrnacHo 0bLUMTE M3NCKBAHUS 3@ KOHCEpBaLWS,
onassaHe 1 nonynspuanpaxe Ha obekTUTe Ha MPUPOAHOTO U KYNTYPHOTO HAacneACTBO, B 0BNacTi CbC 3HAYNMO NPUPOAHO HACNEACTBO C MEXAYHAPOLHO 3HaYeHNe
4pes cb3aaBaHe Ha kaHaupatcTealy MmobaneH reonapk Ha FOHECKO B ceeTnvHaTa Ha HoBaTa MexayHapoaHa nporpama Ha FOHECKO 3a reoHayku 1 reonapkose.

KntouoBu gymu: Kanauaatctsaly reonapk benorpapumiuiki ckanu, I'nobantu reonapkose Ha FOHECKO
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Introduction

Geoparks are territories with particular geological heritage and
sustainable territorial development strategy. These are areas
of interest for scientific research and education but also aim to
provide the necessary conditions for development of natural
and cultural tourism. The newly proposed concept of Geopark
Belogradchik rocks (Sinnyovsky, 2014a) is based on the
famous natural monument “Belogradchik rocks” near the town
of Belogradchik, situated on the territory of 1373 sq. km
between the ridge of the West Balkan and the Danube in NW
Bulgaria (figs. 1, 2). The applying area covers southeast part of
Vidin district, including four municipalities: Belogradchik,
Dimovo, Chuprene and Ruzhinci where the natural beauty of
the geological phenomenon Belogradchik rocks s
supplemented by geosites of scientific and cultural value.
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Fig. 1. Administrative map of Vidin District with the application area
(2015): 1 — Geopark area; 2 - State border; 3 — District boundary; 4 -
Municipal boundary; 5 - District centre; 6 — Municipal centre

The southwest part of the area has an alpine landscape, while
its northeast part is a hilly plain. In this area three
morphological zones can be distinguished, whose boundaries
are largely predetermined by the existing tectonic units (fig. 2):

o Balkan - medium to high alpine relief with altitude of the
highest peaks over 2000 m;

o Fore-Balkan - transient low mountain relief, typical of
the northern peripheral parts of the Balkan chain with
highest peaks 900-1100 m;

o Danube Plane - hilly plain relief with altitude gradually
reduced to 30 m at the Danube.

The Balkan zone is composed mainly of Neoproterozoic
and Early Paleozoic metamorphic and igneous rocks. This is
the true Balkan part of the area with typical alpine relief: steep
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peaks and deep valleys. Midzhur Peak (2168 m) at the
Serbian-Bulgarian border is the highest peak of Serbia.

The Fore-Balkan zone is composed of Paleozoic and
Mesozoic rocks. It coincides entirely with the large
Belogradchik anticline. In its core Paleozoic and Triassic rocks
are exposed and the limbs are composed of strong Upper
Jurassic - Lower Cretaceous limestones, forming an
impressive inverse relief. The Fore-Balkan unit is represented
by ridges, plateaus, hills, valleys and gorges. The highest
peaks in this unit are located on the protruding limestone
ridges building the anticline limbs with NW-SE direction, cut by
deep gorges of Stakevska, Chuprene and Lom rivers,
originating from the West Balkan.
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Fig. 2. Satellite map of the area
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Fig. 3. Organigram of the proposed Geopark (Sinnyovsky, 2014a,d)

The Danube Plane is a part of the Moesian platform. It has a
flat and hilly terrain with an average altitude of 130 meters
crossed by up to 100 m deep river valleys of Archar, Skomlya
and Lom rivers with SW-NE direction. It is composed mainly of
Neogene and Quaternary sediments.



According to the previous recommendations of UNESCO
mission - 2010 to establish a management body, non-
governmental organization Association for Development of
North-West (ADNW) was registered to coordinate the geopark
activities and to promote the application of the area with
adaptive structure designed to geopark management (fig. 3)
(Sinnyovsky, 2014d).

Regional geological setting and geodiversity

Diverse geological structure of each applying area is an
important prerequisite for evaluation and development of a
geopark. It should comprise a number of internationally
important geological heritage sites or a mosaic of geological
entities of special scientific importance, rarity or beauty
(Guidelines and Criteria for National Geoparks, 2007). A
UNESCO Global Geopark must contain geology of
international significance which is independently evaluated by
scientific professionals in the relevant discipline of Earth
Science (Statutes of the IGGP Programme, 2015). The
application dossier for membership in the Global Geoparks
should include general geological information for the proposed
geopark area. Moreover, annex 2 (Section B “Geological
setting” of the application dossier) is required as an additional
and separate copy for geological desktop evaluators,
presented separately from International Union of Geological
Sciences (IUGS) of UNESCO.

The proposed geopark area near Belogradchik town
includes parts of four major tectonic zones: West Balkan, West
Fore-Balkan, Kula zone and Moesian platform (fig. 4).

! R OMANIA

Fig. 4. Tectonic units and major faults: 1 - Peri-Carpathian thrust; 2 -
Fore-Balkan fault; 3 — Vedernik thrust; 4 - Vratsa thrust; 5 — Plakalnitsa
thrust

West Balkan zone is represented by Berkovitsa and Vratsa
units, separated by Plakalnitsa thrust. The southern boundary
of the zone is outside the area. Northwest boundary with Fore
Balkan is the Vratsa thrust. West Balkan zone is composed of

Neoproterozoic  high-grade and  Cambrian  low-grade
metamorphic rocks, covered by Late Paleozoic terrigenous
deposits.

The Berkovitsa unit builds the southern part of the West
Balkan zone. The oldest rocks of the unit are the rocks of the
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ophiolitic Chernivrah metabasic complex (Neoproterozoic)
composed of three metamorphic units: Kopilovtsi metagabbro
and ultrabasites, Monastir metabasites and Ruptsi pillow lavas
(Haydutov, 1984; Angelov et al., 2006b). The younger
Berkovitsa low-grade metamorphic complex (Cambrian) is
composed of chlorite-sericite and quartz-sericite schist,
diabase, keratophyre, gabbro, marble, meta-sandstones and
tuffs (Haydoutov et al., 1979; Angelov et al., 2006a). Stakevtsi
massiv (Cambrian) (lvanov, Haydoutov, 1964) is composed of
biotite and amphibole gneiss, granite-gneiss, gneiss-schist,
muscovite-chlorite and  granate  schist, amphibolites,
leucocratic granite and granodiorite. The youngest rocks in
Berkovitsa unit are Carboniferous and Permian continental
terrigenous deposits: conglomerates, sandstones, siltstones,
argillites and coal shales of Stakevtsi, Levishte, Milina, Midzhur
and Rikovtsi Formations (Tenchov, Yanev, 1963, Yanev,
Tenchov, 1972, 1976). The Vratsa unit is a restricted narrow
strip between Plakalnitsa and Vratsa thrusts, northeast of
Berkovitsa unit. It is composed of low-grade metamorphic
rocks of the Berkovitsa low-grade metamorphic complex
(Cambrian): chlorite-sericite and quartz-sericite schist, diabase,
meta-sandstones and tuffs, covered by terrigenous continental
Carboniferous and Permian deposits of Stakevtsi, Levish,
Starchovdol and Vran Formations.

West Fore-Balkan zone includes Montana and
Belogradchik units separated by the Vedernik thrust. The
Montana unit is restricted between Vratsa thrust from SW and
Vedernik thrust from NE. Its pre-Mesozoic basis is represented
by the Sredogriv metamorphites (Ordovician-Silurian):
metamorphosed sandstones, siltstones and conglomerates
with olistoliths of basic and acidic igneous rocks. They are
covered by Lower Permian terrigenous complex composed of
continental conglomerates, breccia-conglomerates, gravelites,
sandstones and siltstones with andesite and dacite tuffs, lavas
and breccias. Mesozoic sedimentary cover is represented by
Lower Triassic sandstones, Jurassic terrigenous-carbonate
deposits and thick Middle Jurassic — Lower Cretaceous
carbonate complex. The Belogradchik unit occupies the outer
zone of the Fore-Balkan. It is composed of more variegated
rocks of different ages and types. Pre-Mesozoic basement of
the unit is composed of Devonian, Carboniferous and Permian
sedimentary, igneous and volcanic rocks. Devonian is
represented by two units — Struindol diabase and Shashka
siltstone (Angelov et al., 2006a). Carboniferous rocks are of
different origin. The igneous rocks are united in Belogradchik
Pluton (Upper Carboniferous) composed of granite,
plagiogranite, porphyry granite, granodiorite and diorite. The
Upper Carboniferous Rayanovtsi Formation is composed of
different sedimentary and volcanic rocks: conglomerates,
gravelites, sandstones, siltstones, shales, basalt and andesite-
basalt lavas and breccias with thin tuff interbeds. Permian is
represented by diorite and granodiorite porphyry dikes,
plagiogranite and dacite porphyry. Triassic is composed of red
Buntsandstein sandstones and conglomerates (Belogradchik
and Slivovnik Formations) forming the famous Belogradchik
rocks, covered by sandy, biogenic and nodular limestones and
dolomites (Kaluger, Edivetar, Babino and Toshkovdol
Formations) (Tronkov, 1981; Tronkov, Snnyovsky, 2014).
Jurassic sediments overlying transgressively the Triassic
carbonates, are the sandstones and gravelites of the Kichera
Formation (Middle Jurassic) (Stefanov, Tzankov, 1970;
Tchoumatchenko, 1978). This unit is represented by four



official members with type sections in the area: Venets,
Kreshtenitsa, Granitovo and Oreshets, whose rocks were used
as building stones for the medieval Belogradchik fortress and
the medieval mosque in Belogradchik town. They are covered
by sandstones, marls, zoogenic and silty limestones (Bov and
Polaten Formations) and thick limestones of the West Balkan
Carbonate Group (Middle Jurassic — Lower Cretaceous)
including the famous “ammonitico rosso” facies. The youngest
rocks of the unit are the clayey limestones and marls of the
Salash Formation (Berriasian-Barremian) cropping out in the
limbs of the Belogradchik anticline.

Kula zone is composed of Cretaceous and Palleogene
sediments. The building lithostratigraphic units are: Rabisha
Formation (Albian-Cenomanian) — marls and limestones, Kula
Formation (Turonian-Maastrichtian) - turbidites, Kladorub
Formation (Campanian-Paleocene) - siltstones and marls,
Ruzhintsi Formation (Campanian-Paleocene) - sandstones,
conglomerates and breccias (Tzankov, 1972; Sinnyovsky,
2013b, 2015). Single section of the so called “couche-rouge”
facies of the Mediterranean type Upper Cretaceous is
discovered near Ruzhintsi village: Mirkovo Formation
(Coniacian-Santonian) — motley limestones and marls and
bituminous shale of the Krasava Member of Zavala Formation
(Campanian) (Sinnyovsky, 2013a,b; 2015). The outcrops of
these rocks are very restricted, because they are almost
entirely covered by Neogene and Quaternary deposits. One of
the most important geotopes in this zone is the iridium layer at
the K/T boundary in Kladorub Formation near Kladorub village
(Sinnyovsky et al., 2002; Sinnyovsky, 2003,2004). Another
important geotope is the Lower/Upper Cretaceous boundary in
Rabisha Formation at Rabisha Mound, with proved thermal
maximum on the basis of nannofossil and palynological
evidence (Sinnyovsky, Pavlishina, 2014).

Moesian platform is covered entirely by Neogene and
Quaternary deposits. Neogene rocks are represented by
several lithostratigraphis units: Opanets Formation (Langhian -
Lower Serravalian) — marls and clays with shelly limestones,
Dimovo Formation (Upper Wolinian — Lower Bessarabian) —
sands and sandstones with clays and limestones, Krivodol
Formation (Upper Bessarabian) - clays with sandy
conglomerate and limestone interbeds, coal shale and lignite
coal, Furen Formation (Upper Bessarabian) — limestones with
intercalations of sandstones, sands and clays, Smirnenski
Formation (Upper Tortonian - Messinian) — alternation of clays,
sands, sandy clays and marls, Archar Formation (Upper
Messinian) — quartz sands, Brusartsi Formation (Levantian-
Piacenzian) - sandy clays, sands and lignite coal
(Kojoumdzieva, Popov, 1988). Quaternary is represented by
Eopleistocene,  Pleistocene and  Holocene  deposits.
Eopleistocene is composed of fluvial-proluvial deposits,
covering the Neogene rocks and cropping out at 90-100 m
above the river beds. Pleistocene is represented by aeolian-
fluvial, aeolian and aeolian-fluvial-deluvial deposits. Most
interesting of these modern deposits are the aeolian clays
called “loess”. They are deposited in aeolian way by the wind
in periglacial environment in drying condition of the glacial
deposits in the flooding planes of the glaciers.

As can be seen from the above-described brief geological
situation Geopark Belogradchik rocks has an exceptional
geodiversity. By this criterion it has no analogue in the
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European Geoparks Network. Here are encountered nearly all
varieties of igneous, sedimentary and metamorphic rocks
ranging from Proterozoic to Quaternary. During the elaboration
of the application dossier for membership in the Global
Geoparks Network scientific description of 72 geosites was
made: 24 of aesthetic value, 25 of scientific value, 8
geomorphological and karst features, 3 of historical value and
12 non-geological sites (Sinnyovsky, 2014a).

Most of the geosites of aesthetic value are located in the
buntsandsten facies on the territory of the natural landmark
“Belogradchik Rocks”. The list is complemented by extensive
karstified fields with picturesque rock arcs and more than 50
caves. The largest one, the Magura Cave, is of aesthetic,
scientific, archeological and cultural value. Besides the
geological and archeological significance it is of great
importance for the local and national vine industry. This is the
only place in Bulgaria where naturally sparkling wine “Magura”
is produced, aging in one of the branches of the cave.

The geological sites of scientific value are developed on
the basis of the remarkable variety of sedimentary, igneous,
volcanic and metamorphic rocks. Some of these sites
represent geological events of global significance like, for
example, the iridium layer at the Cretaceous/Tertiary boundary.
Other sites of continental value are outcrops of well known and
widely spread in Europe facies like buntsandstein, ammonitico
rosso and couche-rouge. Buntsandstein, the indigenous rock
of the Belogradchik rocks, is deposited in the German Basin
and is of scientific value for the Triassic history of Europe.

Non-geological sites of continental value are also very
important part of the concept. The Paleolithic wall paintings in
Magura cave are into the indicative list of UNESCO’s cultural
heritage. Among the sites of archeological value there are
numerous Latin strongholds and ruins. In the northern part of
the area are preserved ancient ruins of the capital city of
Coastal Dacia Province - Ulpia Trayana Ratsiaria. So far the
most valuable for the ancient history of the area is the
evidence for the first human settlement in Europe recently
found by the French-Bulgarian archaeological expedition in
Kozarnika Cave.

The geopark concept was disseminated in many publications
at different levels: national scientific conferences (Sinnyovsky,
2012a,b,c, 2013a,b, 2014c, 2015) international conferences
(Sinnyovsky, 2011; Kalutskova et al. 2012; Kalutskova,
Sinnyovsky, 2015), scientific journals (Sinnyovsky et al., 2011;
Tronkov, Sinnyovsky, 2005, 2014; Sinnyovsky, Pavlishina,
2014), websites (Sinnyovsky, 2012d, 2014b,c), international
magazines (Tronkov, Sinnyovsky, 2012) and monographs
(Sinnyovsky, 2013, 2015).

The new concept of Geopark Belogradchik rocks

Belogradchik is an emblematic place not only for the
Bulgarian geoconservation, but also for the GEOPARK
Initiative of UNESCO. GEOPARKS Programme was first
widely publicized at the Belogradchik Workshop of
ProGEOQ1998 Meeting by UNESCO representatives Patzak
and Eder (1998). From this point of view the correct
management of the geoheritage is among the major



prerequisites for sustainable development of the Belogradchik
area. Maintaining and extension of the tourist facilities will
increase the interest to the natural and cultural wonders of the
area and will attract more visitors. Geopark initiative gives the
area unlimited possibilities to popularize its geological heritage
and to develop its tourist potential.
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Fig. 5. Administrative map of Vidin District with the new geopark territory
(2016): 1 — Geopark area; 2 — State border; 3 - District boundary; 4 -
Municipality boundary; 5 - District centre; 6 — Municipality centre

The new geopark territory of 1049 sq. km (fig. 5) fully
meets the requirements of the Global Geoparks for well-
defined limits and large enough surface area to serve local
economic and cultural revival of the area. Thus the new
proposed territory, established on the basis of a strong
agreement for geopark development and effective
management of the area will contribute to the rapid
implementation of the UNESCO recommendations and new
application for membership in Global Geoparks. Development
of more geosites gives opportunity to all settlements of the
involved municipalities to take part in regional planning and
strategy for regional sustainable socio-economic and cultural
development, safeguarding the environment. This is the only
chance for the local community to acknowledge and restore its
remarkable natural and cultural heritage in a way that will
enable the next generation to be proud of it.

From this point of view the refusal of Chuprene and
Ruzhintsi municipalities to take place in this regional initiative is
rather surprising and inexplicable. This unexpected act put to
the test initiative for geopark development in the most
underdeveloped region in Bulgaria and Europe. The
application for membership in Global Geoparks showed also
the sincere disengagement of the central state institutions to
this process.
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The withdrawal of Chuprene and Ruzhintsi municipalities
from ADNW and the refused support from the central
institutions compromised the application of the designated area
and predestined the failure of the UNESCO mission in 2015.
These events disappointed the promoters of the geopark
initiative and local stakeholders. However, the Municipality of
Belogradchik has an extensive experience (more than century)
in management and maintenance of natural and cultural
heritage and great potential in the local development. It is
involved in the environmental protection by municipality
programmes on environment, waste management and air
quality. The municipality has an experience in conservation of
natural and cultural heritage maintaining natural and historical
museums, historical and archeological sites, astronomical
observatory and tourist infrastructure (ecotrails, geotrails,
velotrails).

This great potential predetermines establishment of new
concept for Geopark Belogradchik rocks involving new actors
and initiatives. The participation of the municipality in National
operational programs and EU co-financed projects (cross-
border cooperation Bulgaria-Serbia and Bulgaria-Romania) as
project partner and lead partner is a guarantee for the future
geopark infrastructure development. The involvement of the
third member of the ADNW - Makresh municipality, which
contributes with its variegated geological structure and
beautiful mountain landscape, can largely replace the
remarkable landscape of the Chuprene area.

The new concept of the geopark will be developed on a
guaranteed involvement of the participating municipalities in
the ADNW, state support of the geopark activities, clear
geopark funding, management plan for development of the
geopark area, sustainable regional development policy
strategy and geotourism development, including other
alternative forms of tourism — ecotourism, rural tourism and
cultural tourism. Taking into account the significant change of
the geopark area the list of the geosites will be supplemented
by new non-geological geosites (predominantly of cultural
value, for example Rakovitsa Monastery) and geosites of
scientific value concerning Neoproterozoic, Early Paleozoic,
Tertiary and Quaternary stratigraphic units.

Conclusions

Development of Geoparks in Bulgaria is in its crucial stage.
At the moment GGN Bureau thinks that Geopark Belogradchik
rocks has not yet reached sufficient maturity to be declared a
Global Geopark and requires all stakeholders at Belogradchik
to work for at least two more years on establishing a strong
Global Geopark. This requires new geopark concept that will
guarantee a successful application in Global Geoparks. The
exceptional geodiversity of sedimentary, igneous, volcanic and
metamorphic rocks ranging from Precambrian to Quaternary,
and the remarkable historical and cultural heritage of
continental value are the necessary basis for geopark’s
development. However, the previous unsuccessful applications
showed that geological and cultural prerequisites are not
sufficient for membership in Global Geoparks. The new
concept of the geopark will be developed on a strong
agreement between the participating actors, state support of
the geopark activities, clear geopark funding, new action plan,



sustainable regional development policy strategy and
geotourism  development, according to the common
requirements for conservation, protection and promotion of
natural and cultural sites and monuments in areas with
significant natural heritage of international importance in the
light of the new International Geoscience and Geoparks
Programme (IGGP) of UNESCO.
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MOAENUPAHE HA MOCTOBWU CbOPBXEHUA U XUWOPABNUYHA AHANU3U C HEC-
RAS B TYHOXXAHCKOTO CTPYKTYPHO NOHWXEHUE, B PAMOHA HA T'P. ENIXOBO

Kpacumupa Kbpwesa

Munro-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus, kkursheva@gmail.com

PE3IOME. MocrosnTte CbopbeHWst NpefcTaBnsaBaT rMaBHO 3BEHO HA MbTHaTa MHPacTPpyKTypa. B ycnosuaTta Ha rnobanHo 3aTonnsHe v KNMMaTUYHU NPOMEHH,
napHanuTe eKCTPEMHM KONMYEeCTBa Banexu 3annaliBaT Tesn CbOpbXeHus ¢ noBpean. Hail-yectata nMpuuMHa 3a paspyluaBaHETO Ha MOCTOBM CbOPbXEHWUS €
SBMNEHNETO Ha MOAMMBAHE Ha pevyHus matepuan BbB (byHAamMeHTMTe Ha moctosuTe yctou. C uen aa 6baat msberHaT eBeHTyamnHW WeTW BbpXy MbTHaTta
MHpacTpyKTypa, TpsbBa Aa 6baaT B3eT ageksaTHN N HABPEMEHHW MEPKW 3a OLieHKa W NpeaBMKaaHe Ha nofobHM eBEHTYanHM HeraTueHM cbouTus. B HacToswoTo
n3cneABaHe e 13nonasaH e[HOAMMEHCMOHANHNAT MOAYN 3a ycTaHoBeH noTok Ha HEC-RAS, 3a Mogenupaqe cbOWUTUETO Ha NOAMMBAHE NpWU MOCTOBUTE YCTOM Ha
MocTa B rp. EnxoBo, cebp3galy rpaga ce c. Marpes. OCHOBHUTE mapameTpW, BAWSIELM BbPXY W34MCIABaHETO AbnOOYMHaTa Ha NoAMMBaHe, ca CKOPOCT M
AbnboynHa Ha BOJHWS MOTOK, XapaKTepUCTKA Ha CEANMEHTHUS MaTepuan B PeYHOTO KopuTo W AebenvHata Ha moctoBuTe ycTon. Lienta Ha ToBa uacneasane e
NpOrHo3vpaHe, OLEHKa 1 aHanu3 Ha noTeHumanku 6baely cbbuTns Ha NoAMUBaHe Ha MOCTOBUTE OCHOBM, B PE3YNTaT OT Bb3[ENCTBMETO Ha CTUXMIHO HABOLHEHNE
B M3CMeABaHMs Y4acTbK M ONpesensiHe Ha MECTONONOKEHNETO Ha Halt-ySi3BIMITE 30HU NPU OCHOBIUTE Ha MOCTOBOTO CbOPBXEHME.

Kntoyosu dymu: MC, HEC-RAS, xuapaBnuyeH aHanms.

BRIDGE MODELING AND HYDRAULIC ANALYSIS WITH HEC-RAS AT THE TUNDZHA STRUCTURAL DECLINE, IN ELHOVO
TOWN AREA

Krasimira Karsheva

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

ABSTRACT. Bridges are mainunits of the road infrastructure. In terms of global warming and climate change, the fallen extreme rainfall threaten these facilities with
damage. The most common cause of bridge failure is the phenomenon of pier scour at bridge foundations. In order to avoid possible damage to road infrastructure,
should be taken adequate and timely measures to assess and anticipate such potential adverse events. This study used a one dimensional steady flow HEC-RAS
analyses, for modeling pier scour and abutments scour of the bridge in Elhovo town. The bridge connects Elhovo town and Izgrev village. The main parameters
affecting scour depth are water speed and water depth of the flow, bed sediment characteristic, and pier width. The aim of this study is forecasting, assessment and
analysis of potential future scour events at the bridge foundations as a result of the impact of flash floods in the research area and determine the location of the most
vulnerable areas in the foundations of the bridge facility.

Key words: GIS, HEC-RAS, hydraulic analysis.

BbBepeHue Ha CbOPBXEHMETO. 3a aHanu3uTe BbpXy OTTOKA Ha pekarta,
npeactaBnsiBaWy  €OHOAMMEHCHUOHAMHM  XWAPaBMWYHM
MocToBuTe CbOPBXEHWs MPEACTABMNABAT MaBHO 3BEHO Ha M34YMCreHna B cucteMaTa Ha pevHuTe aHanusu, e 1U3non3eaH
MbTHAaTa WMHGPACTPYkTypa. B ycroBusTa Ha rnobanHo HEC-RAS codtyep, paspaboteH ot Kopnyca Ha uHxeHepute
3aTONNSHE W KNMMATUYHU MPOMEHM, MajHamuTe eKCTPEMHU ot amepukarckara apmus (U.S. Army Corps of Engineers,
KOMMYECTBA BaMeXM 3annallBaT Teau COPbKEHIUS C NOBPEAY. 2010). CocpTyepbT MpeocTaBa Bb3MOKHOCT 3a NPefCTaBsHe
C uen pa 6baaT n3berHaTi €BEHTYarH WeTU BbpXy MbTHaTa Ha pa3nuyHu U3YNCTIEHNSI BbPXY OTTOYHUTE XapaKTEPUCTUKN.
WHpacTpykTypa, TpsabBa ga ObgaT B3eTM ageksaTHu U
HaBPEMEHHW MEpKW 3a OLEHKa U MpeaBuKaaHe Ha n0n06|.||,1 B ToBa n3cneasaxe MOAYNBT Ha HEC-RAS 3a moaenupaHe
€BEHTYarHW HeraTMBHU chouTUS. Ha eJHOMepeH YCTaHOBEH NOTOK, € 13MnoNn3BaH 3a moaenupaHe
Ha MOBLPXHOCTHUTE NpOMIM, BUAA Ha OTTOKa, AbnboynHaTa
MogmmBaHeTo Ha CTbNBGOBETE M YCTOMTE HA MOCTOBUTE Ha BOAHMS CTbNG, CKOPOCTTa Ha BOAATa, KOHCTPYKLMATA Ha
CbOPBKEHNS € SIBMIEHME, MPUYMHEHO OT €PO3MIAHOTO LEeNCTBIe MOCTa BbB BPB3ka C OLEHKaTa M aHaninsa Ha noteHyuanHu
Ha NpoTWYalLmMs MOTOK B peyHuTe nerna. PaspylwaBaHeTo Ha Obpewm cbbutMA Ha MoaMMBaHE Ha MOCTOBUTE OCHOBM.
MOCTOBETE, [ObMKAWO Ce Ha u3paBsHe Ha TexHuTe Habntofasaitkn meTeoposnioruyHuTe MporHosu W peauuata
q’.)yH,U,aMeHTM, € YecTo CpellaHo siBMeHue. ToyHOCTTa Ha CTUXUINHN HABOJIHEHWSI npes nocnegHUTe roauMHn B Ebnrapl/lﬂ n
npeaekaaHe Ha ,El'bﬂ60qV|HaTa Ha W3paBsiHE € OT CblLecT- Nno CBeTa, TOBa MoAenvpaHe € WU3KNHYUTENHO BaXHO U
BEHO 3HaueHuWe 3a 6e30MacHOTO NPOEKTUPaHe 1 ekcrnoaTaLust akTyanHo.
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WU3cnepsana Teputopua U getannu 3a MocTta B
rp. EnxoBo

O6ekT Ha HacTOAOTO M3CNedBaHE € Y4acTbKbT OT
koputoTO Ha p. TyHmka npu rp. EnxoBo (qur. 1) u
NPeMUHaBALLMAT Npe3 pekata MOCT, Hamupal, ce B
forosanagHaTta yacT Ha rpaga 1 cebp3Baly rp. Enxoso cbe c.
Warpes.

ColLecTBYBALLOTO CLOPBXEHUE Haa peka TyHaxa (cur. 2),
npeacTaBnsBa MbTEH MOCT, Pa3noONOXEH HaLg BOLHO
NpensTcTBue, NpedHasHayeH OCHOBHO 33 [ABWKEHWe Ha
asTomMobunM M Jpyr  MbTHM  MPEBO3HM  CpeacTsa
(cenckocTonaHcku, CTPOMTENHW MalwuHW W gp.) (/BaHues,
2005). MocTbT e MacuBeH, U3rpageH ot 3ugaHu yctou (cur. 3)
1 CTOMaHOGETOHHA KOHCTPYKUMS, cnafally no knacudukaums,
no CBOSTA M3YMCAMTENHA CXeMa KbM rpefoBuUTE MOCTOBE.
MocTbT e gbnbr npubnusutenHo 117 m v e narpageH supxy 4

3uaaHn yCcTou.

a3. Xpebieso
¥ ; .-/:w‘,\,_» -

53. KonpuHka

N,

‘A{ MecTononokeHue Ha
nacneasaHaTa TepuTopus

* 513, Knpnnosg

o 10 20 40 km

®ur. 1. MecTononoxeHue Ha u3cneaBaHata Teputopus

®ur. 2. U3rnep KbM MOCTOBOTO ChbOpPBLXKEHUE

®ur. 3. Dopma Ha MocToBUTE ycToM B NnaH (no UBaHyes, 2005)

MopenupaHe Ha MOCTOBOTO CLOpPXEHWE B Tp.
EnxoBo

3a cb3gaBaHe Ha reoOMeTpUYHUTE [daHHU (LeHTpanHaTta
NWMHUS HA TEYEHMETO - TanBeroBa MNMHUS, MOAENMpaHe Ha
[MaBHWS KaHamn, HampeyHuTe npocvnmM npe3 KOpWUTOTO Ha
pekaTa, MOCTOBOTO CbOPBLXEHWE U [p.) € n3non3saH Habop oT
npoueaypn u mHcTpymeHtn Ha HEC-geoRAS, paswwupeHue
kbM ArcGIS. [laHHWTE 3a HAOMOPCKMTE BMCOYMHU U
KNMOMETPUPAHETO Ha BCUYKM FeOMETPUYHN 0BEKTW (HanpeyHu
npodunn, peyHo koputo, Bperoee, MOCT) ce NpubaBAT KbM
aTpubyTHWTE [aHHM, Ype3 aBTOMATWYHO W3BMMYaHe OT
UncppoBmst Mogen Ha TepeHa (LIMT).

Cren cb3gaBaHeTo Ha Heobxogumute  OaHHM  3a
XWNOPaBIMYHOTO MoaenupaHe, kbM npunoxeHneto HEC-RAS,
oT ArcGIS ce ekcnoptupart 1. Hap. RAS cnoese, BkntouBaLLm
[aHHW 3a JebuT, koeduumMeHT Ha MaHWHT, HaKIoH Ha PEYHOTO
nerno. Crep ToBa ce cTapTipa MOAEMbT, 3a fa Ce WU34Mchm
0bXBaTbT Ha 3anMBaHeTo, KaTo Ce mnpuemaT CTabunHu u
HEM3MEHSLWM Ce BbB BPEMETO XapakTEPWUCTWKM Ha BOAHMS
OTTOK.

WU3non3saHu gaHHW Npu mopaenvpaHeTo

lpocTpaHCTBEHNTE [fdaHHM 3a  pa3paboTBaHETO  Ha
€0HOVNMEHCUOHAMNHNSA X1OpaBnuyeH Mogen npu yCTaHoBeH
noToK, ovepTaBaly oOxBaTa Ha MOTEHUMANHO HaBOOHEHWE,
CKOpOCT Ha BofaTa M Abnbo4MHa, KaKTo W reomeTpusTa Ha
MOCTOBOTO ~ CbOPBXEHWe, Ca MOMy4eHW OT  PasnnyHu
M3TOYHULM. [laHHUTE 32 HagMOPCKUTE BUCOYMHM, U3MOM3BaHM
3a reHepupaHe Ha UMGPOBMS MOZen Ha TepeHa Ha
n3yyaBaHaTa TepUTOPUS, Ca MOMyYeHU Ype3 AurnTanusauns
Ha ETK B M1:5000. MHdopmaumsTa 3a 3eMHOTO MOKPUTUE U
3eMenon3BaHeTo B panoHa, KakTo W OnpedensHeTo Ha
koeduLUMeHTa Ha TPWEHE Ha PasfUYHUTE 3EMHU EeguHULM
(koeduumeHT Ha ManuHr), e no gaHHm ot npoekt ,KOPVUHE
ICORINE/ 3emHo nokputie 2012, nybnnkyaHu Ha caiita Ha
M3nbnHuTtenHata areHuus no okonHa cpega (MAOC). Ha
TepeHa, ¢ GPS-npuemHuk, ca 0Tbens3aHu MecTononoxeHnsTa
Ha NOTEHUMANHO YA3BMMW OT HABOLHEHME 30HU MO TEYEHWETO
Ha pekata ot rp. Ambon go rp. EnxoBo. 3a xuapaBnuMyHOTO
MOJenupaHe ca W3MonaBaHn AaHHW OT XMAPOMOXKaTa CTaHLNs
Ha HUMX-BAH npu rp. EnxoBo, AaHHW nybrvkyBaHu Ha caiTa
Ha WHCTUTYTA, KaKTO WM CTAaTUCTMYECKW JaHHW 3a nepuoaa
1961-2004r. o1 lNnaHa 3a ynpasnexue Ha Bogute 2010-2015r.
Ha baceitHoBa [aupekuuss 3a YynpasfeHWe Ha BoguTe,
/3TouHoBenomopcky panoH - MNnosaue.

MectononoxeHne Ha
KopuToTO Ha p. TyHAXa
Hanpeunute npodmnm, cwv3pagedn ¢ HEC-geoRAS
MHCTpyMeHTa 3a ArcGIS, ca nocTaBeHn Ha XxapakTepHW MecTa
Mo NPOTEXEHUETO Ha peyHus noTtok (cur. 4). Cb3gaaeHu ca
58 HanpeuHu npochuna, KOWTO NPencTaBAT reoMeTpusTa Ha
BOZHWS MOTOK, Ha NPUONU3NTENHO eHAKBO Pa3CcTOsIHUE efvH
OT Apyr, PaBHsBALLO ce Ha okono 150 m. B 6nmsocT 4o mMocTa,
Pa3CTOSHMETO MEXAY HanpeyHuTe Npocunm e CrbCTEHO, 3a Aa
ce chukcupat ¢ mo-ronsiMa TOYHOCT 6bP30 NPOMEHsILNTE Ce
OTTOYHM XapaKTepuCTUKM. BbB BCEkW HanpeyeH npodmn ce
AeHMpaT NsB 1 AeceH bpar, LeHTpanHa NMHUS Ha OTTOKa,
WHXEHEPHW CbOopbXeHus 1 Ap. Kato ocHoBa 3a u3yepTaBaHe
Ha HanpeyHuTe NPogKIN € U3nosi3BaHa opTOHOTOCHUMKA Ha

HanpeyHuTe npocunu  npes



n3cnenBaHua y4actbk.

®ur. 4. MecTononoxeHue Ha HanpeyHute npodmnu npe3 p. TyHmka
MOCTOBOTO CbOPbXEHHUE B NnaH

OedmHupaHe Ha HeeheKTUBHM OTTOYHM obGnacTu u
Gnokupaiy BoaHMSA NOTOK NPensATCTBUA

OcHOBHWAT npobriem npu onpegensHeTo Ha AaHHWUTE Ha
MOCTa, € ONpedensiHeTO Ha HeeEKTUBHUTE OTTOYHM obrnacTu
n Bnokipalm BOAHUS MOTOK MPEensTCTBMS (Hanp. crpagu)
6rm3o o cTpykTypaTa Ha MocTa. HeedeKTWBHWUTE OTTOMHM
obnactm w 6nokupaliy OBCTPyKUMM Ca W3NON3BaHW 3a
onpefensHe UM MpeacTaBsHe Ha  BAWSHWETO,  KOETO
yNpaxHsSBaT Te3u CTPYKTYPU BbPXY CUMYMNaLMOHHNS MOAen Ha
HaBOJHEHMETO. HeedhektueHuTe OTTOYHM obnacty
NPELCTaBAT 30HU B PEYHOTO NErno, B KOMTO CKOPOCTTa Ha
PeYHMsI NOTOK € MHOTO HWUCKa UMW paBHa Ha Hyna. Ha curypu 5
n 6, ca npeacrtaBeHn AeduHUPaHUTE HeedeKTUBHU OTOYHM
obnactu n obcTpykUMM B 06XBaTa Ha PEYHOTO Nermo.

®ur. 5. lepmHnpate Ha HeedheKTUBHN OTTOYHM OONAcTH (LpUXOBaHUTE
nonerta)

XnppaBnvyHU M3YUCTIEHNA Npe3 MocTa

Crep kaTo € Cb3gafeHa peyHaTa reomeTpus, cnejpaliara
CTbMKa € Aa Ce ONPEAENAT OTTOMHUTE CTOMHOCTM, PEXUMBT Ha
notoka U T[PaHWYHWUTE YCMOBWS 3a W3BbpLIBAHE Ha
XuapaBnuiHuTe msuucnenust (dur. 8 n 9). Ckopoctra u
AbnboumHaTa Ha BOOHWA NOTOK (bur. 7) ca M3YMCIieHM ype3
enHoauMeHcuoHaneH xuapasnnieH HEC-RAS mogen npu Tpu
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BapyaLuM Ha MakcuManHW OTTouHM ycrosust: 112, 168, 224
m3/s. Te3n CTOMHOCTM Ha OTTOKA Ca MPOTHO3HW U MpeacTaB-
nseat 2, 3 n 4 mbTU No-ronsiMa CTOMHOCT OT AocerallHaTa
Han-ronsma CTOMHOCT Ha OTTOKa, U3MepeHa npes NocneaHuTe
10 roguHu B xmpponoxkata ctaHuns Ha HAMX-BAH npu rp.
EnxoBo. [laHHuTE 3a OTTOKA Ca MoauUUMpaHW U chyxart
Camo 3a HyXauTe Ha TOBa N3CNeaBaHe.

®ur. 6. OnpepensiHe Ha MECTONONOXEHNETO Ha NPENATCTBUA 3a BOAHUA
NOTOK (3aMbIHEHUTE C YePeH LIBAT NONUTOHM)
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®ur. 7. Boghu HuBa npu nosrapsemocT 1 nbT Ha 10, 20 u 50 1. (c
NyHKTUP) M pa3npedeneHne Ha BoAHATa CKOPOCT (C LBAT) B HanpeyHus
npodun Npu MOCTOBOTO CLOPBKEHME Ha U3X0Aa Ha rp. EnxoBo

M34yucneHus npu Hucku eodu. B HaCTOSLIOTO M3cnenBaHe
Ca W3NON3BaHW M3YUCTIEHUsITa MPW HUCKW BOAM, KOWTO Ce
npunarat, Korato MOTOKbT Mpe3 MOCTOBMS OTBOp €
pasronoXeH B OTKPUTW PEYHM Nerna 1 Haln-B1cokaTa Touka ot
MOBbPXHOCTTA HAa PEYHUS MOTOK NeXu Nnof Hal-BucokaTa
TOYKa OT XOpAaTa Ha CBETNMS OTBOP. 3a W34nCreHusTa npu
CYOKPUTWMYHM BOAM, COTYyepbT W3MON3Ba ypaBHEHMETO 3a
AMHaMKKa, 3a Aa MBEHTUdMLMPA KaTeropusTa Ha noToka.

ToBa ce OCbLECTBABa KaTo MbPBO CE W34NUCNsBA
QUHaMMKaTa Mpu  KpUTMYHA AbnboyMHa npe3 MOCTOBOTO
CbOpPbXeHWe, OTTOpe W OTAOMY MO peyHaTa Bepura. Kpast ¢
Mo-BMCOKA CKOPOCT, CMefoBaTeNHO C MO-CTECHEHA 4acT,
NpeLCTBNSBA KOHTPONMPALLMAT MOCTa HanpeyeH npodun. Ako
W [BaTa HanpeyHu npodmna ca WLEeHTUYHM, nporpamara
Bb3npvema npocduna OT ropHaTa CTpaHa Ha TEYeHueTo, 3a
koHTpormpaLy (US Army Corps of Engineers, 1996).
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®ur. 8. MeomeTpua Ha HanpeyHute npocpunu npe3 p. TyHaxa W
MaKcMMareH pasnuB Ha BOAHWUA MOTOK Npy nosTapsaemocT 1 nbTHa 10 T.,
u3rnen B HEC-RAS

®ur. 9. 3D u3rmeg KbM MOCTOBOTO ChOpPbXeHWe B rp. Enxoso u
MaKcumanHus obxsart Ha BOAHMA pasnuBe npu noBTapsemocT 1 mbT Ha 10
r., uarneq B HEC-RAS

MU3uncnasaHe pa3mepa Ha nogMuBaHe Ha
OCHOBUTE Ha MOCTOBOTO CLOPBLXEHME B Tp.
EnxoBo

Mpu CMOKOIHM TEYEHUS PeKUTe OTNaraT HAHOCK Ha AbHOTO,
a npu CKOPOCTM, HaOMMHaBalW KPUTUYHUTE 3a [afieH BuUA
noysa, ce HabniogaBa M3paBaHE, M3BECTHO KaTo 06LO
nogmueaHe. Henobpe crioeHuTe NoYBYM YCTOABAT Ha epoansTa
©OMHCTBEHO NOA AENCTBMETO Ha TErnmoTo CW W CUNUTE Ha
TPUEHe MEeX[y YacTULKTE, KOUTO Ce OMUCBAT OT YpaBHEHMETO
Ha BaH ngep Baanc v ce HapuyaT CUNW Ha cLenneHue, Ui
BaH-mep-Baancos cunu. OKOMO  MOCTOBMTE  YCTOM ¢
CTbnBoBE, Pa3noNoXeHn B PEYHOTO KOpUTO, Ce Momydasa
3aBUXPSIHE HA TEYEHMETO, KOETO MPEAN3BUKBA AOMbIHUTENHO
W3paBsiHe, HaPEYEHO MECTHO NoaMuBaHe. Bbpxy pasmepa Ha
MECTHOTO NoAMMBaHe, OCBEH BiAa Ha Mo4BaTa, CKOPOCTTa Ha
TEYEHWETO M TeMnepaTypaTa Ha Bogarta, ronsimMo BinsH1e uma
thopmaTa Ha CTbIGOBETE B NMaH 1 OPUEHTALMSTA UM CTIPSIMO
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0CTa Ha pekata.

CnbupaHe Ha OaHHU u KanubpupaHe Ha modena Ha
nodmueane. ®akTopuTe, KOUTO BNUSST Ha AbnbOYMHATA Ha
MECTHOTO M3paBsiHe Ca: CKOPOCT Ha MOTOKa, HENOCPELCTBEHO
B ropHaTa 4acT Ha TEYEHWeTO npeamn MocTa; AbnbounHaTa Ha
BOOHMS CTbNO; MpMHATa Ha YCTOMTE; COpTUPOBKATa Ha
MaTepuanu B peyHoTO Merno; koednuMeHTbT Ha MaHuHr 3a
rpanaBocTTa Ha NoygaTa; popMata u AbJhKMHATa Ha onopara;
reoMeTpusiTa Ha PEYHOTO NErno, KaKTO W BbIbibT, MO KOMTO
PEYHMST MOTOK aTakyBa OCHOBaTa Ha MocTa. B HacToswoTo
n3cnefpaHe [AaHHUTE 3@ rONEMWHATa M COPTMPOBKaTa Ha
noyBeHnTe 3bpHa ca no AHrenoea u Aap. (1991). 3a
W34MCNEHNE Ha NOAMMBAHETO HA MOCTOBMTE YCTOM Ca
M3NONM3BaHN CblUecTBYBalMTe KbM MOMEHTA YCNOBUS B
PeYHOTO fnerno. V13apaBsHETO My ce Nony4asa, Korato CUNNTE B
HanpeyHo CEYEHME Harope MO TEYEHWETO, ca MO-FOfieMM OT
nparoBaTta CTOWHOCT Ha CLIENMEHWE U CbLUO Taka, korato Uma
ABWXEHMe Ha NOYBEH MaTepuan Haa HabntofaBaHOTo ceveHue
Harope no Te4YeHeTo.

Pesyntatu

PesyntaTbT OT HanpaBeHUs aHamM3 Ha YCTOMYMBOCTTA Ha
PEYHOTO NErno Ha EpO3VBHOTO AENCTBME HA BOAHMS MOTOK
NOTBbPXAaBa KOHCTATaLMKUTE, Y€ BrbITbT, MO KOATO PEYHWSAT
MOTOK MpemuHaBa Mpe3 OCHOBaTa Ha MOCTa, € OCHOBEH
hakTop, onpegensiy pasmepa Ha NOAMWUBAHETO HA MOCTOBUTE
OCHOBW UM C HEroBOTO YyBenWuyaBaHe Ce YBenW4YaBa U
noAmuBaLLaTa cuna Ha BOAHWS MOTOK, T.e. KOMKOTO MO-TofsM €
BIBITHT, NOA KOUTO PEYHUAT NOTOK NPEMMHABA NMpe3 OcHoBaTa
Ha MOCTa, TOMKOBA MO-TONlEMM MOAMMBALLM CWUMM YNpaXHsBa
TOW BbPXY MOCTOBUTE YCTOM.
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1(I)0 I
owr. 10. MoamMBaHe Ha MOCTOBUTE YCTOM NPy brbn 20°

Mpu TOBa M3cnedBaHe ca M3YWUCIIEHM HSKOMKO Mogena Ha
NoAMUBaHe NpW MOCTOBUTE YCTOM, C BbBEAEHU PasnuyHu
CTOMHOCTM Ha BrbMa, NOL KOWTO BOAHMST MOTOK MpemuHaBa
npes ocHosata Ha Mocta (0°, 5°, 10°, 15°, 20°). Ha cpurypa 10
€ noKasaH M34MUCNEHUAT MOEN Npu CTOMHOCT Ha OTTOKa 224
m3/s 1 b Ha NPeMUHaBaHe Ha BOAHWUS NOTOK Npe3 OCHOBaTa
Ha mocta 20°. lpadmkaTa npencTaBsi AsicHaTa rpeda Ha
MOCTa, KaTo Hal-ysi3BMMaTa 30Ha OT HanmpeyHws npodun, B
KOSTO MoraT fAa Ce O4akBaT Hal-TONeMu MNOPaXeHus,
MPUYMHEHN OT NPOTWYAHE Ha CTUXWIAHM BOAW Mpe3 MOCTOBOTO
cbopbkeHue. B tabnuua 1 ca gageHu kpaitHute pesyntati ot



n3cnepBaHeTo.
Tabnuua 1.
CmoliHocmu Ha nodmusaHe npu MOCMOBUME ycmou, npu
ommoxk 224 m%/s
©  ®© 3 3 =
3 o = 2 2 ,f = 3 OI:J = =5 qli = E
= =
25|22 5828z5 5§85 538
25 40 ® S5 20 D ES| ZEY
s = e | ¢3Zac | =389 =85
I - S a8 = g s > g = ﬁ
- = = = [&]
Q 0 0,59 1,7 4,13
3 © 5 0,59 1,66 4,13
ST 10 0,59 1,92 4,13
3 o
-t 15 0,59 2,15 4,13
m 20 0,59 2,36 4,13
3akntoyeHue
leorpadpckute  mHpopmaumonHu  cuctemn  (TUC)  w
OUCTAHUMOHHUTE  METOAM Ca  W3KMIOYMTENHO  MOME3HN

WHCTPYMEHTW B U3CNIEABAHETO Ha NPUPOLHMS PUCK, M 0COOEHO
HaBOAHEHWUsITa 1 MPoLecUTE CBBLP3aHN C TsX. MHTErpupaHeTo
Ha OMCTaHUMOHHW [aHHW, MONeBW W3CneaBaHus W codTyep
(ArcGIS, HEC-RAS) npaBu BB3MOXHO ONpELensHeTo Ha
obxBata Ha MOTEHUMANHO HABOOHEHWE W [ONYCTUMMTE
KOHCTPYKTMBHI OrPaHUHYEHNS U KDUTEPUM, MPU U3rPaXKIAHETO U
eKkcnnoaTaumaTa  Ha  WHXEHEPHWTE  CbOPBXEHUS MO
NpoTEXEHMe Ha peyHoTo nerno. OCHOBHOTO MPeaMMCTBO Ha
u3nonasaHeTo Ha ['MC 3a ynpaBneHne Ha HAaBOLHEHUSTA €, Ye
Mo3BOMsBaT, He CaMO Ja Ce TEeHepupa W O4epTae TEXHUST
obxsaT, HO 4 fa ce Cb3fgade NOTEHUMan 3a CreaBally
aHanuau 1 onpegensiHe Ha pasmepa M MarHuTyaa Ha LeTuTe,
MPUYMHEHN OT MOTEHUMAmNHO HaBOAHEHWE. MOHWUTOPUHIBT Ha
MECTHOTO ~MOAMMBAHE Ha  OCHOBUTE HAa  MOCTOBOTO
CbOPbXEHME € MHOT0 BaXHa 4acT OT LAMOCTHOTO My
ynpaBneHne 1 ekcrnnoaTtaums, 3a npefckassaHe Ha Obgewm
PUCKOBM CBbCTOSHUS U W30ArBaHEe Ha TEXKA LUETW WK
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paspyweHnus. OT CUMyNMPaHOTO MECTHO NOAMMBaHE Ha
MOCTOBMTE YCTOM, Ype3 M3MON3BaHETO Ha EOHOAVMEHCHO-
HaneH xuapaenuyeH mogen Ha HEC-RAS 3a ycTaHoBEH MOTOK,
Moxe aa ce 0606Lwu, ye To ce namens ot 1,37 go 2,36 m npu
MOCTOBMTE YCTOM, JOKATO MOAMMBAHETO B AsdcCHATa rpega Ha
MOCTa He U3MEHSI CTOMHOCTUTE Ci OT 4,13 m, Npu NpomsiHa Ha
BrbMa, Npe3 KOATO BOAHMSIT NOTOK NPEMMHABA Npe3 MoCTa.

Kato uano pesynratute OT M3cneaBaHeTo npegnarat no-
pobpo pasbupaHe Ha ePO3MBHOTO BNMSHUE HA BOAHWS NOTOK W
noamMuBaHeTo Npn MOCTOBUTE YCTOU U cTbnbose.
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NETPOrPA®UA, MUHEPATIOINA N TEOXUMUA HA BBITIULLA OT NYENTAPOBCKOTO
HAXOAMULLE, U3TOYHK POAOMNN
| YACT. NETPOrPA®CKA N MUHEPANOXKA XAPAKTEPUCTUKA

UpeHa Kocmosa

Cocputicku yHusepcumem ,Cg. Kn. Oxpudcku”, Kamedpa eonozaus, naneoHmonoausi u uskonaemu 2opuga, 1000 Cogpusi;
irenko@gea.uni-sofia.bg

PE3IOME. WscneasaHn ca npobu ot Haxoauwe MMyenaposo. Buriuwarta ca bnectawm kadsem, Bucokonenentu u sucokocephu. Lien Ha nscneasaHeTo e fa ce
Hanpasu AeTairniHa neTporpadicka U MUHEpanoXKka XxapakTepucTika Ha Bbrmmwara. 3a LenTa ca U3BbPLUEHN TEXHUYECKN aHanus, onpedensHe Ha opmuTe Ha
capata, Rock Eval nuponusa, uamepeaHe Ha oTpaxartenHata CMocOBGHOCT Ha YNMUHWTA, ONTUYHA M EnEeKTPOHHA MUKPOCKONWS, cHabaeHa C mpucTaska 3a
MUKpOENeMeHTeH aHanus. KonmnyecTBeHUAT MalepaneH aHanua nokassa npeobnafaBaHeTo Ha YNMUHWT W B NO-Manka CTeneH Ha TekcTuHuT. OT nunongHute
MaLepanu ce HabnoaaBaT COPUHNT, KYTUHUT U PE3VHWT, @ NOHSKOra W anrvHUT 1 TMTOAETPUHUT. VIHEPTUHUTOBUTE MaLepank ca NnpeacTaBeHn oT PYHTMHNAT W no-
PSAKO OT CEMUMY3NHUT M MHEPTOAETPUHUT. MUHEpanHUAT CbCTaB Ha BbrmMwaTa e pasHoobpaseH. Hail-ronsimo € CbAbpXaHWeTo Ha NupuT, KBapy 1 unuT. B no-
Marnko Konn4ecTBo Ce YCTaHOBSABAT kaonmHuT, K dpengwnat, runc, kanuut u cugeput. OnpefeneH ca 1 peanUa akLecopHn MUHEpanu, YNATO KOHLEHTpauus e <1
%. Pa3Ho0bpasHMAT CbCTaB M MOBULIEHOTO CbAbPXaHMEe Ha HEOPraHMYHO BELYECTBO B W3CNEABAHMTE BBIMMLLA € CUMHO MOBAWSHO OT aKTWUBHATa ByrKaHcka i
XvppoTepManHa [erHOCT, KOSTO e mpoTuyana edHOBPEMEHHO C MpoLecuTe Ha TopdoreHesa W Bbrmedukaums, a Cblio W oT npuckeTneto Ha Pb-Zn, Cu un
NoNMMETanHN MUHepanu3aLm B paifoHa Ha HaXoamLLETo.

Kniouosu AyMu: ﬂqeﬂapOBCKO BbITIMLHO Haxoaulle, malepaneH CbCTas, MUHEpaneH CbCTas.

PETROGRAPHY, MINERALOGY AND GEOCHEMISTRY OF COAL FROM PCHELAROVO DEPOSIT, THE EASTERN
RHODOPES

PART I. PETROGRAPHICAL AND MINERALOGICAL CHARACTERIZATION

Irena Kostova

Sofia University “St. Kliment Ohridski”, Department of Geology, Paleontology and Fossil Fuels, 1000 Sofia; irenko@gea.uni-sofia.bg

ABSTRACT. Samples from Pchelarovo deposit were studied. The coals are subbituminous, with high ash and high sulfur content. The goal of the investigation is to
perform detailed petrographical and mineralogical coal characterization. The following methods have been applied — proximate analysis, sulfur forms determinations,
Rock Eval pyrolysis, ulminite reflectance measurement, optical and scanning electron microscopy, equipped with an appliance for microelemental analyses. The
quantitative maceral analysis reveals that ulminite totally predominates and textinite also presents in smaller amount. Sporinite, cutinite, resinite and sometimes
alginate and liptodetrinite were observed from the group of the liptinite macerals. The macerals from inertinite group are present from funginite, and rarely from
semifusinite and inertodetrinite. The mineral coal composition shows that pyrite, quartz and illite are the main minerals in studied coals. The kaolinite, K feldspar,
gypsum, calcite and siderite are present in lower amount. The numbers of accessory minerals, lower than 1 %,have been also determinated. The variety of mineral
composition and the increased content of an inorganic matter in studied coals is strongly influenced by the volcanic and hydrothermal activity,simultaneous with the
peat formation and coalification precess, and with the presence of Pb-Zn, Cu and polymetallic mineralizationin in the region of the Pchelarovo deposit.

Keywords: Pchelarovo coal deposit, maceral composition, mineral composition.

BuBepeHue HocTTa Ha [MyenapoBckoTo Haxoguiwe (MuhueB u gp., 1964).
CoblyectByBa OCKbAHA MHGOPMaUMs 3a neTporpadusTa Ha
MbpBOTO NOAPOBHO OnMCaHWe Ha NaneoreHckUTe BbIMULA BbrMwara ot [lyenaposckoto  Haxopuwe.  Kpatka
W BbIMenposiBneHns B M3tounute Pogonu e HanpaBeHo OT neTporpaccka 1 reoXMi4Ha XxapakTe-pucTuka Ha BbrrnLiaTa
MwuHyeB u konekts npes 60-Te roguHu Ha XX Bek (MuHueB u W BbrmenposiBneHusTa B Mstounute Poponu u ussopm 3a
ap., 1964) B ny6n|/|KyBaH|,1Te OT TSX [aHHM BbMMULWHNTE obcTaHOBKaTa Ha OTnaraHeTo MM, HanpaBeHW Ha 0asaTa Ha
XOPU3OHTW W MNacToBe ca pasrnedaH B KOHTEKCTa Ha onpefensHe Ha u3oTonuTe Ha cspata uma B pabotarta Ha
KOHKPETHaTa reonoxka 06CTaHoBKa Ha paiioHa v e HanpaBeHa Gouin et al. (2007).
cTpaturpadocka noganba Ha ceguMmeHTUTe. M3noxeHo e
CXBalL@aHETO 3a CbLUECTBYBAHETO Ha [ABa BbIIEHOCHM Llen Ha HacToAwWwoTO u3cnefBaHe € Aa Ce W3BbpLIM
XOPW3OHTa, KaTO BbIMNLLATA B TSX €A C PA3NAYHA CTEMeH Ha feTaiinHa netporpadcka 1 MUHepanoxka xapakTepuctika Ha
Bbrnedukauns. lMpeactaBeHn ca AaHHM 3a YCRoBMSTA Ha BblfmMwaTa 4pes npunaraHe Ha HOBM U CbBPEMEHHM
BbITIEHATPYNBaHe W € HarnpaBeHa OLeHKa Ha MepcrneKTus- “3cnenoBarencku MeToau.
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leonoxka XapaKTepucTtuka U BbrineHOCHOCT Ha
HaxoauweTo

lMyenapoBckoTo HaxoauLLe ce Hamupa B MaTouHnTe Pogonm
Ha 20 km ceBepHo OT rp. Kbpmpkanu u 3aema nrowy OT OKorno
200 km2. TllogpobHa uHbopmauws 3a reonorvsita W
BbIIEHOCHOCTTa Ha OaceiiHa uma B pabotute Ha MuH4eB u
op. (1964) n VoppaHos v ap. (2008). Ctpaturpadmsta Ha
HaxoAMLLETO Ce OMPEAENs OT XxapakTepa Ha ropHOEO0-LieHCKNTE
BbINEHOCHM  CEAMMEHTW, pPa3oNOXeHU BbPXY MbCTpa
MOAMOXKA OT MPOTEPO3OMCKM CKanuM M Mokputa  OT
MUPOKNACTUYHN ONMroLeHckn Mmatepuanu. poTeposoiickara
MOAMOXKa € W3rpafeHa OT KPUCTANMHHM CKamu, NpeayuMHO
[BYCMIOOEHU 1 MYCKOBWTOBW THalicu n amgnbonuti u He ce
paskpuBa noBcemecTHo. CtpaturpadockmaTr paspe3  Ha
BbreHOCHaTa (hopMaunst BKMKOYBA LIECT JIUTOMOXKM XOpU-
30HTa, BKIMIOYEHW B [BE 3apyry — [ONHa, npeobrnagasallo
KOHTMHEHTanHa, 1 ropHa NMpeauMMHO Mopcka. Bvapactta v Ha
[BeTe 3adpyry e oOonpegeneHa Kato  TrOPHOEOLiEHCKa
(npuaboHcka).

Crpaturpacbckata noganba Ha BbrieHocHaTa copmaums e
HanpaeeHa OT MuHueB u gp. (1964) w BkO4YBa OCHOBEH
MOMacoB  XOpW3OHT, MbPBM W BTOPU BBIMEHOCEH U
HadBbIMWLLEH MepreneH Xopu3oHT.OCHOBHUSIM  MOacos
XOpU3OHM € Pa3BUT B KOHTMHEHTaneH (hauuec v BKMKOYBA
MACHYHALM W Pa3HOKBLCOBM KOHrmomepatu. CeguMmeHTuTe Ha
NbP8US 8b2/IEHOCEH XOPU3OHM Ca FeHETUYECK HEEAHOPOAHM,
KaTo B 3amagHaTa M loKHaTa YacT Ha HaxoauleTo Te ca
NPOAYKT Ha KOHTUHEHTaNHa CragkoBO4HA CeaMMeHTauns, a B
M3TOYHaTa YacT Ha Mopcka W NnaryHHO-MOpcka ceanMeHTaums.
B 3anagHaTa 30Ha Cca CblUecTByBanu 6naronpusTHU ycroBus
3a BbrneobpasyBaHe 1 ce (POpMUPaT BLITIULLHW NNACTOBE, a B
N3TOYHaTa 30Ha Ce otnarat butymonuTu. Mexay ABeTe 30HM
CblLECTBYBA Y4acTbK Ha MpexodHa CeauMeHTauus, KosTo ce
Xapaktepusmpa C eQHOBPEMEHHO  CblLUeCTByBaHE Ha
OUTYMONNTU W THHKM BBITIMIWIHW NPOCTONKN. MeXOuHHUsSIM
MO/1aco8 XOpU3oHM € u3rpageH OT NACbYHWLM, KOHTIoMepaTy
W BaryHHW KOHrmomepatu. B HeroBute pamku CblyecTByBaT
ABe pa3nnyHm CEOVUMEHTALNOHHN  30HM, kaTo
KOHTUHeHTanHuTe obpasyBaHus npeobnagasar. Bmopusm
8B2/IEHOCEH XOPU3OHM WMa XETepPOreHeH CbCTaB kKato
pasnpoCTPaHEHWETO Ha [BeTe CeOMMEHTALMOHHW 30HW €
CbLLUECTBEHO W3MeHeHO. 30HaTa C Mopcka CeaMMeHTauus
3aema no-marka nnoly B W3TOYHaTa YacT, HO Ce pasnpocTupa
HalLMPOKO B KXHAaTa yacT Ha OaceiHa. B 3anmagHata u
LeHTpanHa 4acT Ha HaxoguweTo ce opMMpaT BbITMLLHK
MnactoBe, Ha WM3TOK — MEPreny U MACBYHULM, a Ha tor —
npegumHo  Baposuun. [lo Bpeme Ha dopmupaHe Ha
Ha0BbeMUWHUS Mep2eieH XOpu3oHm [BeTe CeauMeHTa-
LIMOHHM 30HM Ce NUKBWAMPAT N MaTepuannTe ca noyTv u3Lano
W3rpageH OT MOHOMUTHU MOPCKM ceaumeHTU. Hap Hero ce
pasnonarat CeauMeHTUTe Ha auwonodobHUS XOPU3OHM
uarpageH ot rpyboknactuyeH 1 6rnokoB martepuar, npUMeceH
C Tyu, KoeTO CBMOETENcTBa 3a Hayano Ha edysnBHa
[efHOCT B CbCedeH Ha HaxoauWeTo paioH owe npeau
Ha4yanoTo Ha onuroueHa. [Tokpuskama Ha ebeneHocHama
¢hopmayusi e urpageHa OT Hacnaru C ONuMroLeHcka Bb3pacr,
KOUTO Ce pasnornaraT BbpXy EOLEHCKNTE CeAUMEHTU.
MpeActaBeHa € OT aHAEe3WTOBW W NaTuToBM TyPOBpeKum,
Tychu, TychUTW, aHAE3UTU, NaTUTU U NO-PSAKO OT BapoBULM,
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KoeTo benexn HayanoTo Ha WHTEH3WBHA BYNKaHCKa OEMHOCT
(MlopnakoB 1 ap., 2008).

BbrneHocHocTTa Ha  HaxoguWeETo ce Onpegens ot
KOHTUMHEHTaNHaTa 3agpyra Ha npuaboHa, KaTo BBIMMLLHUTE
nnactoBe M OT [BaTa XOpU3OHTAa Ca BKIIOYEHN B
CNaaKOBOJHUTE CeaUMEHTU. BB BCEKM BLIMEHOCEH XOPU3OHT
Ca BKITIOYEHM MO TPW CMOKHO Pa3BUTH BBITIMLLHM NacTa, Kato
cymapHaTta um pgebenvHa e okono 10 m. [debenvHata Ha
MbpBUS BBLINEHOCEH XOpu3oHT e 10-15 m B Ham-3anagHata
YacT Ha HaxoamLeTo, a Ha u3tok goctura 60-80 m. B Hero ce
YCTaHOBSBAT TPU BBITMILHM NnacTa, Kouto Gbp30 NPOMeEHST
pebenuHata 1 cTpoexa cu. Brrivwara ca onpegenexu kato
yepHu, rasosn (MuHueB n ap., 1964). Bropusit BbrmeHoceH
XOPU30HT, Han-gobpe pa3suT B pailoHa Ha c. [lyenaposo,
3aemMa TOpHWTE HMBA Ha KOHTWUHEHTanHaTa CeaMMEHTHa
3afpyra u CbLO CbabpXKa TPU BBIMLHW Nnacta, OT KOUTO
MbpBATE [Ba MMaT crnoxeH crTpoex. [ebenvHata Ha
BBIIEHOCHUS! XOPU3OHTBT € HEMOCTOSHHA U ce u3MeHst oT 10-
15 pgo 50-60 m B pasnuyHMTe YacTu Ha OaceiHa. Tyk
BbIIMLLATa UMAT MO-HUCKA CTEMEH Ha Bbredukaums oT Ten
OT MbpBUS XOPU3OHT U Ca ONPEeAeneHn kato kagssu
Brnectawm (MuHues u gp., 1964).

MeToauka Ha uscneaBaHe

Onpo6BaHu ca BbMMLLHWTE NACTOBE OT BTOPH BbIIEHOCEH
XOPU3OHT Ha Haxopuwe [lyenapoBo, kato ca B3eTM Tpu
BBbIMNLWHM NPobUM OT Pas3KpUTUS, PA3MONOKEHN HOKHO OT C.
MMyenapoBo. M3ebplieHn ca KOMMAMeKCHW neTporpadicku 1
MUHEPANoXKW 3CneaBaHus, KOUTO BKIOYBAT ONpedensiHe Ha
nenernHoTo CbAabpXKaHue,, GopMUTE Ha cApaTa, oTpaxaTenHa
CNOCOBHOCT ~ Ha  YNMMHWTA,  ONTWYHA  MUKPOCKOMMS,
peHTreHogudpakumoHeH  aHanns  (XRD),  ckavupala
€NeKTPOHHA  MUKpockonus, CcHabaeHa C npucTaBka 3a
MMKPOCOHO0B eNeMEHTEH aHanma. .

TexHuyeckusT aHanM3 W ¢opmuTe Ha cspata ca
onpegenexu B nabopatopusta Ha Coduiickus yHUBEPCUTET,
KaTo 3a LUenTa e MpunoXeHa CTaHAapTHa MeToguka W
cvotBeTHUTe  ISO  craHgapTu.  MamepBaHeTo  Ha
oTpaxaTemnHata CrnoCoOHOCT Ha YNMMHWTA € W3BBPLUEHO B
YhusepcuteTa B JlbobeH, ABCTpUS, KaTo ca M3MON3BaHu
anapatn Rock Eval 6 u Leco. KonudyectBeHusT mauepaneH
aHanu3 e HampaeeH Ha Mukpockon Leica DM 2500 POL, B
OTpa3eHa W ryopuUCLEHTHa CBETNMHA, MPU M3MOM3BaHe Ha
MacrneHa umepcust u 06exTuB ¢ yBenuuenme x50.

PeHTreHoaU(hpaKkUMOHHUTE M3MepBaHUA Ca OCbLLECTBEHN
Ha anapart Philips PW 3710. 3a guarHocTvka, onpepensiHe Ha
Mopdonornsita U XMMUYHMAT CbCTAaB Ha MMHEpannTe BbB
BbIMMLWATa € U3NON3BaH CKaHWpall eneKTPOHEH MUKPOCKOM,
cHabaeH CbC COHAa 3a MUKpoenemeHTeH aHanua (EPMA) -
Cameca SX100 Electron Microprobe ¢ aBa Buaa aeTekTopu: 5
wavelength dispersive X-ray (WDX) u Bruker AX 4010 X Flash
silicon draft energy dispersive X-ray (EDX) getektopu. M B
pBata cnyyas obpasuuTe npenBapuTenHo ca MOKPUTU C
BbIMepod. BCWYKM  MWMHEpanoxku — u3cnedBaHus  ca
OCbLUECTBEHM B fenapTameHTa no MuHepanorus Ha Myses no
ecTecTBeHa uctopus B JIOHOOH.



PesynTatu u guckycus

OO0wwa xapaKTepuCTMKa M CbAbpXKaHUe Ha capa

[laHHWTe OT OCHOBHaTa XapakTepucTWka Ha BbIMWa €
npeactaBeHa B Tabnuua 1. MsmepeHa e oTpaxatenHata
CnocoBHOCT Ha ynNMuHWTA. Pesyntatute OT M3cneaBaHETo
nokaseaT, Ye BbIMMLATA OT BTOPU XOPU3OHT Ca C BUCOKO
CbabpxaHue Ha obwa cspa, a CTOMHOCTUTE Ha OTpaxa-
TENHaTa CnocoBHOCT Ha YNMMHWUTA MOKa3Ba, Ye Mo CTeneH Ha
BbrnedukaLns BbraviuaTa ca kadsisu bnectawm.

BucokoTo chabpxaHue Ha csipa BbB BbIMLATA OT HaXo-
puwe MyenapoBo ce obsicHsIBA C xapakTepa Ha nmaneocpe-
parta, B KOATO Ce € OCbLUECTBABano TopgoHaTpynBaHeTo, a
BrocreacTsue 1 BbrnedmkaunsTa. daktopute, KOUTO KOHTPO-
nMpaT nocTbMBaHETo Ha csapa B TopdeHoTO Bnato,
CBBP3BAHETO W Mo opmaTa Ha OpraHUYHN W HEOpraHUYHM
CbeAVHEHNS 1 YBENUYaBaHe Ha CbAbPXaHWETO i No Bpeme 1
crnes  BbrMeguWKaLMOHHUTE  MpoLecH ca  AWUCKYTMpaHu
MHorokpaTHo (Casagrande, 1987; Koctoa, 2005; Chou, 2012
1 gp.). OT CbLUECTBEHO 3HAYeHWe e NOCTHNBAHETO HA MOPCKM
BOAM B TOpheHOTO 6raTo, a CbLUo M cred KOHCONMAaLMaTa Ha
TOpPHEHMS NNACT, NO BPEME Ha AWareHeTUYHUTE NPOMEHN Ha
BbIMMWHOTO BewectBo. Mopckute Bogn ca Goratu Ha
cyndatu, KoUTo BeAHBX MOCTLAMIM B TOPULLETO 3anoysat
ga ce pepyuupat oT Oaktepumte M obpasyBaT HaS,
nonucynduamn n enemenTHa S. Peakunsata mexay H2S n FeO
BOaW Aa 0bpa3yBaHe Ha MUKPOCKOMUYHW MUPUTHM KPUCTaNM 1
Ha makuHaymnT (FeSoyg), KOATO OT CBOS CTpaHa pearupa CbC S
obpasyeankn  rpenarut  (FesSs), a Bnocneacteue u
tpambouganeH mMpuT. PegyuupaHuTe CEPHU CbeauHEHWS
B3aMMOAENCTBAT C OpraHWyHata Matepus 1 obpasysar
OpraHW4HM CcApoCbObpXaly cbeauHenus. Mo Bpeme Ha
[mareHesata ce opmmpa CTpynBaHe OT NUPUTHU bpambonam
W eBXemparHW KpucTanu, pasCesHu CpeL OpraHUYHOTO
BeLlecTBO. Bcuuku Tesu npouecn BopAT Jo obpasyBaHe Ha
TOP( C BUCOKO CbbPXaHUe Ha CApa, KaKbBTO € M CMyYasT C
BMCOKOCEPHUTE ~ BbIMMWwa OT  Haxoguwe  [4yenapogo.
XapaktepHo 3a nopgobeH TWN BbIMMWA € BUCOKaTa
KOHL|EHTPaLMsl Ha OpraHWyJHa Ccspa, B CPABHEHWE CbC ChAbp-
XAHWETO Ha MWpWUTHA, (hakT, KOWTO Ce MOTBbPXAABAa W OT
HacToAWOTO M3cneaBaHe (Tabn. 1). OBpasyaHe Ha enu-
rEHETUYEH NMUPUT W Ha OPYTM eNUreHETUYHU CAPOCHIbP-KaLLy
CbEAMHEHNS HE € YCTaHOBEHO.

MauepaneH cbcTaB Ha BbraMwWwaTa

[aHHuTe 3a neTporpadckus CbCTaB Ha BbIMMWaTta ca
npeactaBeHn B Tabnuua 1. KonwuyectBeHwsT MalepaneH
aHanus nokasea, Ye OCHOBHaTa 4acT OT BBIMULLHOTO

BELLECTBO € M3rpafeHo oT MalLiepanu OT rpynata Ha XyMUHUTa
W OT MWHEpanmHu npumecu. HeopraHWYHOTO BELLECTBO
CbCTaBIsIBa OKOMO €[Ha TpeTa OT BbIMMLHATa MaTpULa, KaTo
CbObpPXaHWeTo My ce usmeHs ot 27,7 po 31,2 % ot obwara
maca.

Hain-lumpoko npefcTaBeHn B OPraHW4YHOTO BELLECTBO Ca
MauepanuTe OT rpynaTa Ha XyMWHUTa, KOWTO W3rpaxgar oT
62,3 no 66,4 % ot obwara Mmaca. [lpeobnagasawo e
MPUCHLCTBMETO HA YNIMUHMT, B NO-Marnka CTeNeH Ha TEKCTUHWT,
[0KaTO aTPUHWT, AEHCUHMUT, KOPMOXYMMHUT W TENUHUT Ce
YCTaHOBSBAaT B pedKu criydan. YNMWHMTBT Ce cpelia noa
copmata Ha uBuuM, ¢ gbmkuHa ot 200-300 um [0 HSAKOMKO
munumetpa u wupnHa ot 20-30 go 50-100 um u newwm c
abrmkuHa okono 200-300 um. Toi obpasysa TcHa acoumaums
¢ (ppamboupanHus u esxegpanHus nuput (cur. 1,a,6,8,4).
TekCTUHUTBT 06pa3yBa No-Marky NewoBMaHN Tena ¢ pasmepn
20-30x40-50 pum (cpur. 1,r,4). OT mauepanuTe oT noarpynata
Ha AETPOXYMWUHMTA, MO-4ECTO CPELLaH e aTpUHUTBLT, KOWTO €
(OMHHOMPUMECEH C HEOPraHMYHO BELLECTBO.

NvnovgHuTe Mauepanu BKMKYBAT  CMOPUHWT,  KYTUHWT,
PE3VHWT,  anruHWT, JUNTORETPUHUT W XMOPOMUIMHHT.
CrnOpUHNTLT € NPeACcTaBeH OT MUKPO- W MAKPOCMOPUHUT, KaTo
MWKPOCTOpUTE Ca €AUHWUYHK, C pasmepn 3o 20 um (dur. 1.e),
a MakpocnopuTe ca pa3kbCaHu 1 gocturat gbmkuHa go 100-
150 pum (cpur. 1,3). KyTuHntsT ce Habnioaaea ¢ xapaktepHaTa
CM M3Ob/KEHA M HasbbeHa OT efHaTa CTpaHa WBMYECTa
topma, kaTo AbikuHaTa Ha usnumte goctura 4o 100-200 pum
(ur. 1x), a B Hakou cnyyam n go 1-2 mm (dur. 1,6).
Pe3nHuTbT ce cpela Kato OTAEMNHW, Hai-4ecTO 3aKpbrieHu
Tena ¢ pasmepn 30x40 pum (cpur. 1,e,3), B acoumauus ¢ apyru
NIMMOMAHM Malepanu M pasnpbcHaTU cped OEeTPOXyMUHWTA.
YCTaHOBEHM Ca OLe anmMHuT, nog dopmaTa Ha EAUHWUYHM
Tena ¢ pasmepu 10-15 pm (cpur. 1,e), XNOpPOOUIUHUT, KaTo
MWKPOCKOMUYHM 3bPHECTW Macu W B acouuaums C KyTUHWUT
(dur. 1,%) n nuntogeTpuHuT (cur. 1,e), kouto ocobeHo aobpe
ce HabntopasaT BbB (PryOPUCLMHTHA CBETNWHA.

OT mauepanuTe OT rpynata Ha WHepPTUHWUTA Ce YCTaHOBSBa
OCHOBHO (PYHIMHUT W MO-PAOKO CeMUGDY3UHUT U WHEpPTO-
BETPUHUT. OYHMMHUTBT € uan, ¢ pasmepu ot 5-10 go 20-25
MM, MO MpaBuWio € MHOrOKaMepeH, Kato OTAEMNHUTE KaMepku
ca npasHW Unu 3ambriHEHW OT MUPUT WAW JpYr4 MUHEpanHu
npumecn (cur. 1,r). Cpewar ce u efHo- W [ABykaMepeH
(YHTUHWT, KaTO Hail-gpebHute yHrM ca  paskbcaHu.
CemndpyanHuTsT ce HabniogaBa psgko M pa3vepute Ha
Tenata my Bapupart ot 50 go 100-200 pm.

Tabrmua 1.
OCcHoBHa Xapakmepucmuka Ha 8banuwama om [14enaposckomo Haxoduuye
o 1
S d>opn2|:)H\?Vt%/ﬂopaTa = E 25y TOC é Sl ow Ro %o\f MeTporpodhckn CbeTaB
8 ’ 2HEF W) | £2 o S
= St Spy Ssulf Sorg E g < ( 0) - ( 0) 8 e H L I M
1] 6,02 | 1,76 0,59 3,67 39,13 30,38 | 415 93,15 0,49 65,7 |3,8 2,8 27,7
2|59 | 1,65 0,78 3,53 48,17 30,50 | 420 94,43 0,48 0,48 62,3 (4,6 1,9 31,2
31498 | 165 0,35 2,98 45,22 30,42 419 | 94,67 0,47 66,4 |29 2,1 28,6

a — Ha aHanuTyHa maca; TOC — 061w opraHnyeH Bbrnepog; Hl — BogopofeH nHaeke; Ro — oTpaxatenHa cnocobHOCT Ha ynMUHUTA.




®ur. 1. Metporpadickn cbeTaB Ha Bbriuwara ot MyenapoBckoTo Haxoauiue. ONTUYHA MUKPOCKONMS, OTPa3eHa CBETNIMHA. a) ynMuHuToBM (U) MBuum 1
newwy; 6) newa ot ynmuuut (U) ¢ pasnpbcHaT cpea Hesl MUPHT, a No kpauwiara i KyTuHuT (C); B) ynmunut (U) u pasnpbeHaT cpef Hero (pambounaaneH n
esxenpaneH nupur (Py); r) dpyHrunnT, npeodnanasaio mHorokamepe (F) cpea TeketuhuT (T), KaTo kKamepuTe Ha lyHrMHMTa Ca NPa3HM UNW 3aMbIIHEHU C
NUPUT W ApYrM MUHepanu; A) TeKCTUHUT (T) u ynmunut (U); e) cnopunut (Sp), pesvnut (R), anruuut (Al) u nuntopetpunut (Ld) (donyopucueHTHa
CBETNMHa); X) KyTUHUT (C) n xnopodununut (Ch) (onyopucueHTHa CBETNMHA); 3) MAKPOCNOPUHUT (Sp) U pe3nHuT (R) (dbnyopucLeHTHa CBETNMHA).

86



MuHepaneH cbCTaB Ha BbIMULWaTa

BB BbrMWarta OT N4YenapoBCKOTO Haxogule ce ycra-
HOBSIBAT peguua CyndmgHu, cyndaTHu, cunmmkaTHuW, kap6o-
HaTHW, octhaTHW, OKCWAOHWM U XMAPOOKCUAHW MUHEpanu u
LpYrv HEeopraHuyHn hasu.

Pesyntatute nokasear, 4e rnasHu (> 3 %) 1 BTOPOCTENEHHM
(1-3 %) muHepamu ca nMpwWT, KBapu, KaomuHMT, wuuT, K-
cdengwnar, mNC, KanuaT UM CWAEPUT, KaTo  Hal-
pasnpacTpaHeHu ca MUpWUT, KBapL W FWHECTUTE MUMHepanu
(kaonMHUT 1 wnuT). pynata Ha aKkUeCopHWTE MWHepamu K
asm (< 1 %) BkmouBa rpedrut, caneput, XemaruT,
MarHeTuT, TTaHOMAarHeTUT, rbOTUT, KOpPYHA, PYTUN, CEpULMT,
MyCKOBWT, ~ Mfaruoknas,  UMpkoH, amdwmbon,  spoawT,
COMOSTHOKMT, 6apuT, MaHraHoOKanuuT, AONIOMMT, POLOXPO3NT,
anaTuT 1 BYNKAHCKO CTBKIO.

CynepudHu muHepanu

Cyncmonte ca npeactaBeHn OT  MUPUT, TPEArUT W
cthaneput, KOUTO Ce HaMWpaT B TACHA BPb3ka C OPraHYHOTO
BELLECTBO. Hail-ronsmMo e KonM4ecTBOTO Ha NUpMTa, KOWTO ce
YCTaHOBSBa MOYTW NOBCEMECTHO B PasrnexaaHuTe Bbriuwia.
Tolh Hal-4yecTo acouumpa ¢ ynmuHuTa (dur. 2,a,8,r,e) wunm
ApyrvTe Mauepanu oT rpynata Ha XymuHuTa (cpur. 3,a), Ho ce
cpewa 1 (UHHO-NpUMECEH C FMHECTU MUHEepanu, Ksapl U
benpwnat, a noHskora M ¢ kanuut (cur. 2,6,r; cur. 3,a).
Habniogaeat ce [fBe hopmu Ha nuputa — eBxegpaneH u
(bpambonpaneH. EexegpanHusT nuput obpasyBa [aobpe
OCTEHEHM KpucTanm c  kybuuHa, OKTaeapuyHa,
neHTaroHAo4ekaedpuyHa wnu  KybokTaeg-pudHa opma 1
pasmepn o1 0.1 go 8-10 pm (cur. 2,r,4,e,%, 3; dur. 3,a).
OcBeH TOBa Ce YCTaHOBABAT M 3aKPBITNIEHW WNM BrIOBaTH
3bpHa ¢ pasmepu oT 1 o 5 um. ®pambonganHuaT nupu e ¢
pasmepu oT 4-5 go 15-20 um, KaTo Hai-4eCTO CpeLlaHuTe
tpambouam ca c ronemmHa okono 10 um (cwr. 2,a,6,8,r,4).
Bceku ¢ppamboup e u3rpageH OT MUPUTHW KpucTanuyeta ¢
pasmepu no-manku oT 1 Pm M C OKTaegpuyeH xabutyc.
OpambonpanHusT U eBxeapanHuaT NUPUT YECTO € rpynupaH,
kaTo Mo TO3u HauMH oOpasyBa CTpynBaHus nog dopmarta Ha
nelwy M NpoOCNokA Cpef OpraHW4YHOTO BewecTo (.
2,2,6,r,0,6,%,3; ur. 3,a) unm opmmpa NOIUKPUCTAmNHM
arperatm C [MMHECTWTE MWHEpanM W Ksapua Wnn ¢
kapboHaTHUTe MuHeparm (dur. 2,6,r; cur. 3,a). MupnutHKM
3bpHa UM MUKPOCKOMWYHUTE KpUCTanW YecTo 3ambrear
KNeTbYHUTE OTBOPU HA PACTUTENHUTE TbKAHW WIW [Py
npasHUHK BbB BbIMULLHATa MaTpuLa (dur. 2, B).

[pedruTsbT BUHArM ce yCTaHOBSIBA B TACHa acouuauus ¢
nuputa (dwur. 2,0). [MogobHa acousaums € reHeTUYHO
obycnoBeHa 0T u3kasaHata ot Chou (2012) Teopus 3a
npousxoga Ha Fe-cyndmgn u dpambouganHus nuput B
TopheHuTe Gnata, crnopes KOSTO NO BpeMe Ha paHHaTta
puareHesa, B pedykuuoHHa cpega, Fe* oT rmwHuTe ce
pegyuupat go Fe?*, BeposTHO C nomowTa Ha cyndar-
pegyumpawmte Gaktepuu, pearupa ¢ H2S, koeTo Bogu Ao
obpasysaHe Ha FeS. Fe-moHocyndwug B3aumogenctsa c
enemeHTHaTa S 1 0bpa3syBa HSKOMKO CyNUaHN CbeANHEHNS —
OT MakuHayiT [FeSog] npes rperut [FesSs ao dpambou-
paneH nuput [FeSz). ColyecTByBaT YeTUpK eTana npe3 KouTo
npemnHaBa obpasyBaHeTo Ha chpambonpanHus nuput: (1)
topmupaHe Ha Fe-cyndwma; (2) peakums, kosTo BOAM A0
obpasyBaHe Ha rpeurur; (3) opMmpaHe Ha MOHOKPUCTanM Ha
rpeirvTa; (4) samecteaHe Ha rpenruta ot nuput (Wilkin and
Bernes, 1997). EQHMYHMTE NUPUTHM KpUCTanu ce dopmmpat
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npu B3aumopeicteue Ha FeS ¢ monucyndmaHute
CbefyHeHus,, a MupuTHUTE dpambouam ce obpasysaT no-
KbCHO B TOppeHOTO 6naTo, HO Mpean KOHconupauusiTa Ha
Topba (Luther, 1991). Ccpaneputa ce cpelia kato OTAENHM
KpucTanu ¢ pasmepu 1-2 um cpeg ynmMuHuTa.

XapakTepHaTa hopMa Ha NPUCLCTBME Ha NUpUTa U ApyruTe
CYNdMaHM MUHepanu, KouTo ce aBsiBaT (UHHO-CMECEHW C
OpraHMYHOTO BELLECTBO W MO-TOYHO C MallepanuTe OT rpynaTa
Ha XyMWHMTA MOKA3Ba, 4Ye Te Ca CbC CUHIEHETUYEHO-
AVareHeTUYeH npousxod. EnureHeTMyeH nuMpuUT He ce
Habnopasa.

Okcudu u xudpookcudu

Fe-okcuam v xugpookeuan ce HabntopasaT kato Kopu no
MWKPOMYKHATUHU UMK MOKPWUBAT BBITMULWHOTO BELLECTBO, NO
MOBBPXHOCTW, KOWUTO Ca OMAM M3MNOXEHW NPOLBIKMTENHO
Bpeme Ha atmocdepHo BnusiHue (cpur. 3,r). Cpelwart ce oule
KaTo OTAenHM 3bpHa C pa3mepu oT 5 o 15 um (kopyHa,
MarHeTWT, PyTM) 1 NPU3MaTUYHN KPUCTanW C pasmepn OKOIo
40 um (XemaTuT W TUTAHOMAarHeTUT), pasnpbCHaTU Ccpen
OPraHW4yHOTO BeLlecTBo. Popmarta UM Ha NPUCHCTBME B
n3cneaBaHuTe 0bpasuy roBopu 3a ToBa, Ye Te ca NpogyKT OT
W3BETPUTENHW NPOLIECH N UMAT JETPUTYCEH NPOU3X0[ U ca
BHECEHM B TOPhEHOTO 6naTo OT OKornHaTa npoBuHLMA, borata
Ha Fe-Zn n Cu-opyasBaHus.

Cunukamu

KBapubT, KaonuHutbT, wamutbT M K-tbengwnat ca
OCHOBHWTE cunMKaTHW MuHepanu. KeapubT ce Habniopasa
NOBCEMECTHO nof opmaTta Ha NOMy3akpbrieHu unu
BII0BATW 3bPHA, PasnpbCHATX Cped OpraHNYHOTO BELLECTBO
WM B CbCTaBa Ha MOMUMMHEPANHW arperati, 3aegHo ¢
nuputa, rnuHecTuTe  MuHepanu,  K-chenpwnart,  gpyru
CUIMKaTHU MUHepanu (Nnarvoknas, LWMpKoH, amcubon) unn ¢
kanuuta u cugeputa (dur. 2,6,r n 4,a,6,8). Pasmepute Ha
KBapLOBUTE 3bpHa Bapupar B LUMPOKM rpaHuum ot 1-2 go 50-
60 pm. OcseH KBapuy, Ce YCTaHOBSIBAT OWEe onan U
kpuctobanut. Te umat ccheponganta dopma u pasmepute 1
Bapupat oT 1 go 15 uym. 3a pasnuka OT KBapua, YMMTO
NPOU3X0A HaW-BEPOATHO € [EeTPUTYCEH, TO MPOU3XOABT Ha
onana U kpuctobannta € CBbp3aH HaM-BEpOSTHO C
ONUroLieHCKaTa ByNKaHckaTa AEMHOCT, KOSTO Ce € W3BbpLU-
Bana B 6nn30CT O paitoHa Ha HaxoguweTto. MyckoBuTbT ce
cpelya kaTto otaenHu nocnu ¢ pasmepu ot 30-40 go 100-150
Mm, amgnbonmbT 06pasyBa NpM3MaTUYHK KpUCTanu C LWipuHa
40-50 pm v gbmkuHa go 200-300 um, a UMPKOHBT dhopmupa
KbCOMPU3MaTUYHU Kpuctanu ¢ pasmepu o1 1 go 5 um (cur.
2,r). Tpegnomara ce, 4Ye NpPOM3XOLBT HA MOCOYEHUTE
MWHepanuTe e npeobnafasallo AeTpuTyceH. KaonmuHuTbT U
WNWUTBT, KOUTO Ca LUMPOKO Pa3npoCTpaHeHW B pasrnexgaHuTe
BbIMMWLA M 3@ KOUTO Ce npednornara aBTOTEHEH, HO U
BETPUTYCEH NMPOM3XOA Ce cpeLaT (PUHHO aucnepripann cpeg
OpraHN4YHOTO BELYeCTBO WK B CbCTaBa Ha NOMMKPUCTAMHM
NPOCONKM W NELM cpef BbrnuvwHata matpuya. KaonuHutst
obpasyBa NCEBOOXEKCA-TOHANHM  KPUCTANMHW  arperatn ¢
pasmepu oT 1 go 5 pym (cpur. 3,8), a UMUTBLT ce Cpella nofg
cdopmata Ha OTOEMHM JFIOCMWM  WAM  OBATONPU3MATUYHU
KpuctarM € ObmkuHa 1-2 pm, kouto Cbuwo obpasysat
cBoeobpasHu arperatit (¢ur. 3,6). MuHEC-TUTE MUHEpPanW ce
HabniogasaTt B TACHA Bpb3ka C kBapl, nuput, K-chenawnar,
FUNC, KanuuT 1 peauua apyrv MuHepanu (cur. 2,6,r u 3,a,6,8).
MnarvoknassT 1 K-pengwnatu ce cpewat kato OTAEMHM
3bpHa (0T 1 go 150 um) mnm nog cdopmata Ha Kbco (go 20



Mm) unn gbaro-npusmatynm (go 200 um) kpuctamu (dour.
2,r). 3a Tax e xapaKTepHo, Ye ca CUITHO MPOMEHEHM U OT4aCTH
3aMEeCTEHN OT CEpUUMT UM [MMHECTM MuHepanu. [logobHa
npoMsHa Ha nnarvoknasa w K-chenpwnaty e onucaHa oT
Vassilev et al. (1995) 3a Bbruwara oT Haxoguwe Bbnue

30 um Mag= 167KX EHT=2000kV SignalA=0BSD File Name = IK_Pch_0045 tif
WO = 15mm SpotSze=500 Chamber= 15Pa

nore. To e Pa3nofoXeHO B HEMocpencTseHa GrM3ocT v e
CXOfIHO C M4YEenapoBCKOTO HAXOAWILE, KaTo aBTOpUTe OTAABaT
MpOMSAHaTa Ha CrOMEHAaTUTE MUHEpanu C MarMaTudHUs MM
npou3xof.

20 um Mag= 180KX EHT=2000kV SignalA=QBSD File Name = IK_Pch_0046 tif
SESS——— D= 15mm  SpotSze=500 Chamber= 15Pa

Pshela 2-8
MAG: 1200 x  HV: 15,0 kV__ WD: 33,0 mm

10 pm

]
Pshela 1-7
MAG: 1400 x  HV: 15,0 kV_ WD: 35,0 mm,

Pshela 2-7 |
MAG: 4300 x¢ HV: 15,0 KV WD: 33,0 mm

Pshela 2-9
MAG: 1800 x _ HV: 15,0 kV__ WD: 34,0 mm

®ur. 2. MuHepanu BbB Bbriuwa ot MyenapoBckoTo Haxoauule. CkaHupalla enekTPOHHAa MUKPOCKONUA, OTPa3eHW eneKTPOHU. a) NupuTHa newa (Py),
cbCTaBeHa NpeanuMHo oT pambounaaneH nuput cped ynmuuut (U); 6) acoumnaums mexay dpamGoupanen nupur (Py), rmunectn muHepanm (Clay) u keapu
(Q); B) nuputeH cdpamboun (Pyr), 3anbnBaly kneTbyeH 0TBOP; r) NUpuTHU dhpamGonam (Py), ApedHN NMPUTHU KpucTanu, umpkoH (Zr), K-chenawnar (kF) n
KBapLOBM 3bpHa (Q), pa3npbCHaTH cpel OPraHMYHO U IMMHECTO BelwecTso; A) NupuT (Py) u rpeitrut (G) B TACHA acouuaums ¢ OpraHM4HO BELECTBO; )
CTPynBaHe Ha MUPUTHU KPUCTanu cpef opraHUyHo BelecTBo (Py); x) eBxeapanHu NUPUTHU KpUCTanW ¢ oKTaeApu4Ha W Ky6-oktaeapuyHa copma; 3)
nuputeH hpambomna n fobpe OCTEHEeHU NUPUTHM KPUCTaNK ¢ KyOMyHa, OKTaeApUYHa U Ky6-oKkTaeapuyHa (hopma cpes OpraHMyHO BELECTBO.
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S .Y
Mag= 247KX EHT=2000kv SignalA=0BSD File Name = K_Pch 00391
WD = 15mm Spot Size =500 Chamber= 15Pa

10 pm
I

®wur.3. MuHepanu BbB Bbruia ot MyenaposckoTo HaxoauLe. CkaHMpalla enekTpoHHa Mukpockonus. OTpa3eHu eneKkTPOHMU. a) MUHepanHa Npocnoika,
cbeTaBeHa ot kaonuuut (Kaol), kBapu (Q) u kanumr (Cal) u manku nupuTHY newm (Py), pascesiHu cpen OpraHMYHOTO BeLeCTBO; 6) MUHepanHN NPOCNokN
U newm, cbetaBeHn ot unut (I) n keapy (Q) B acounaumsa ¢ runc (Gy) u aposut (J); B) ctpynBaHe oT kaonunut (Kaol), ksapu (Q) u runc (Gy); r)

KPpUNTOKPUCTaNHa Kopa oT Fe okenay n XnppooKkcnau.

Cyn¢gpamu

Hait-4ecTo cpelaHusT cyndateH MUHEpPan e MncbT, HO ce
YCTaHOBSBAT OLUE U APO3UT, COMOMHOKUT 1 BapuT. FMncwbT ce
Habniogasa nog opmata Ha 6enu, nogobHM Ha nyadpa
arperatu, U3rpafeHm oT KbCO- W 4bNronpuaMaTUyH1 KpucTa-nn
¢ paamepu cboTBeTHO 5X10 um 1 1-2x100-150 um. AposuTsT
obpa3syBa KOMOMOPGHN KOpU U paguanHoOnmbyecTu arperatu
W3rpafieHn OT KbCO- WIM  LbPronpuaMaTUyHu  KpUc-Tamu,
pocturawy go 100 um. CyndpatHute MUHEpanu O0BUKHOBEHO
ce Habntogasat noa dopmarta Ha MONMMKPUC-TanHW arperatu,
kouTo 0bpa3yBaT Melyn unu 3ambriBaT MUKPOMYKHAaTUHW BbB
BBITIMLLHOTO BelwectBo (¢ur. 3,6,8). Cunta ce, Ye runcwbT u
oCTaHanuTe cyndatm ca NpogyKT OT OKWUCTIEHWETO W
npoMsHaTta Ha cyndugHuTe (Han-Beye Ha nuputa) U
kapboHaTHU MUHepanu, a CbLUO W pe3ynTaT OT pa3naraHeTo
Ha rnuHuTe. Te MoraT Aa UmaT W enureHeTMYeH Npousxod, B
CnyyauTe KoraTo ce OTraraT OT XMgpoTepManHu pasTeopwm.

Kap6onamu

KapboHaTHUTe MWHepann ca NpencTaBeHW OCHOBHO OT
KanuuT 1 CUAEPUT, HO Ce YCTaHOBSBAT OLUE MaHraHOKanuuT,
BONOMUT 1 poaoxposut. OT Tax HabnogasaHn Nog MUKPOCKON
ca CaMo KanuwT, CUAEPUT M JONMOMMT. KanuntsbT 1 JONOMUTLT
Ce YCTaHOBSBAT KaTo OTAENHU KbCOBE M 3bpHa C pa3mepw
OKomMo ¥ nog 5 Um, kouto 0bpasyBaT NeLL 1 NPOCNONKMA CPen
OPraHW4YHOTO BELLECTBO UMW 3aMbNBAT KNETbYHUTE OTBOPM Ha
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CTPYKTYpHUTE MaLepanm (cur. 3,a). KapboHaTHuTE MuHEpany,
B MO-ronAmMaTa Cu 4acT, Ca CUHreHeTUYHM Ha Topdoobpasy-
BaHeTo, HO € BB3MOXHO OTAenHM dparMeHTH fa umat
LETPUTYCEH NPON3X0A 1 ja ca BHECEHM B TOPdeHOTo BriaTto oT
noaxpaHBaLLata npoBuH-uns. CugeputsT ce Habntogasa nog
copmata  (DMHHO3BP-HECTW NEWM  Cped  OpraHUYHOTO
BELLECTBO, KOWTO OYEBMOHO Ca CUHTEHETWYHM MO MPOU3XOL
unu nog dpopmata Ha cdepoupanHu arperatu ¢ pasmepu
okono 5-10 pm, KOUTO Hai-BEPOSITHO Ca ENUreHETUYHU U ca
obpasyBaHu B pesyntar Ha OTnaraHe OT LMPKynupaliy npes
MWKPOMYKHA-TUHUTE Ha BbIWLLHUTE NNacToBe pasTBOpU.

dochamu u dpyau HeopeaHUYHU hazu

OT ¢ochatute € ycTaHOBEH MUHEpanbT anatut. Ton e
NPeLCTaBeH OT KbCOMPU3MaTUYHU KpucTanu ¢ pasmepn 5-10
x15-20 pm, KouTO MoraT Aa Obaat C OETPUTYCEH Wn
aBTOTEHEeH npou3xod. M3kasaHu ca npeanonoXeHus, ue
aBTOreHHK hocaTHU MUHEpPanu Mmorat ga ce opmupar no
BpEME Ha BbrMeduKaLMoHHUA Mpolec, B pesyntar oT
B3aumMopeiicTeue mexay cocdopa, OTAeNeH Npu pasnaraHe
Ha opraHuyHaTa matepus 1 Ca u REE oT uupkynupaliute
pasteopn (Vassilev et al., 1995). HabntopaBaHu ca CbLyo
parMeHTM OT BYNKAHCKO CTBKIO, KOMTO MnpencTaBnssar
cpepuyHM UnK BrNoBaTH KbeyeTa ¢ pasmepu okono 20-30 um,
YMUTO NPOM3XOL Hal-BEpOSITHO € CBbp3aH C ediy3nB-HUTE
ckanu oT noaxpaHeaLlaTa npoBUHLKS.



Pesyntatute, nonyyeHn npu MUHEPanoXKOTO M3crenBaHe
Ha MYenmapoBCKMTE BbIMMWA, MOKA3BaT  HECBbMHEHOTO
BMUSHME, KOETO aKTWBHATA BYNKaHCKa AEMHOCT, CUHXPOHHA C
npoLecuTe Ha TopdoreHesa W Bbriedukauns € umana Bbpxy
obpasyBa-HeTO W creuudmkata He Camo Ha MUHEPAIHUS, HO U
Ha TEOXMMMYHMS CbCTaB Ha Bbrvwa. B nogkpena Ha
W3Ka3aHOTO TBbpAEHWE Ca W [JaHHWTe mybnukyBaHu OT
Vassilev et al. (1995), 3a MMHEpanH1s 1 reOXMMUYeEH CbCTaB
Ha Bbrauwarta ot Haxoguwle Bbnue none. [igeTte Haxoguwia
ca pasnonoxeHu B 6nn30CT, popmmpaHn ca no eaHo U CbLUo
BpemMe, Mpu CXOOHM naneoreorpadcku ycnoBus M ca
NOAXpaHBaHW OT efjHa M CbLUa OKOMHa Cyla. 3a Bbrunwara ot
[BETe Haxogua MOXe Aa Ce HampaBu M3BOAa, Y€ KaKTo
MWHEPAmNHUST, Taka W TEOXUMUYHWUSIT UM CbCTaB € CUIHO
MOBMMSH OT MposBMNaTa Cce B HenocpeactseHa 6nmsoct
aKTWBHA BYMNKaHCKa AENHOCT U LMpKynupaLiuTe, B pesynTar Ha
TOBA, NOCTMArMaTU4HN XUAPOTEPMAnHU Pa3TBOpM.

3aknioyeHune

MeTporpadbckuTe M3cneaBaHus Ha BbrMLLaTa nokaseart, Ye
Te ca C BUCOKO CbAbpXKaHWe Ha nenen v capa, a no cTeneH Ha
Bbrnedmkauns ca  kadaeu Brectawm. KonwnuectBennsat
MalepaneH aHanus nokassea, Ye npeobrnagasar mauepanute
OT rpynata Ha XyMWHWTa — OCHOBHO YNMWHWT W B Mo-Marka
cTeneH TekCcTHUT. OT NMNOMAHNTE MaLiepani ce yCTaHoBABaT
CMOPUHUT, KYTUHWT 1 PE3VNHUT, @ anTUHUTBT, MMNTOAETPUHUTLT
W XNOPOUNN-HATBT Ce CPEeLaT B MUHUMAMHO KOMUYECTBO.
WHepTuHMTO-BUTE Mauepanu ca NPeAcTaBeHn OT (DYHIVHWT,
CEMUEDY-3MHUT 1 U3KIIOYNTENHO PAAKO OT MHEPTOLETPUHMT.

MwHepanHuaT CbCTaB Ha BbIMMWATA € pa3HoobpaseH.
YcTaHOBEHW Ca CynuUaHW, CUIUKATHK, CyndartHW, OKCUOHMW,
kapboHaTHW,  XMOPOOKCUAHW, hoctaTHM  MWHEpanum U
BYNIKAHCKO CTHKMO. Han-ronsMo e CbAbpXaHWETO Ha NMupwT,
KBapL M WAWT, @ B NO-Manko KOMMYecTBO ce Habniogasar
kaonuuut, K denplunat, runc, kanuut U oT4actTu CURepwT.
OnpegeneHn ca M peduua akUECOPHU MWHEpanu, YuUsTO
KOHLEHTpauus He Hageuwasa 1 %. PasHoobpasHnsT CbeTas 1
MOBULLEHOTO CbAbPXaHWe Ha HEOpraHWyHo BELEeCTBO B
W3cneaBaHuTE BBIMWLLA € CUITHO MOBIMSIHO OT aKTWBHATa
BYNKaHCka W XwppoTepmanHa AEMHOCT, KOATO e mpoTudarna
€[HOBPEMEHHO C npoLecuTe Ha TopdoreHesa W Bbriedu-
KaLus, a CbLUO W OT NPUCHLCTBUETO HA ONOBHO-LIMHKOBY, MEAHM
W MONMMETanHN MUHepanu3auum B paioHa Ha  Haxoguiie
M4enaposo.
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NETPOrPA®UA, MUHEPATIOINA N TEOXUMUA HA BBITIULLA OT NYENTAPOBCKOTO
HAXOAMULLE, U3TOYHK POAOMNN
I1YACT. TEOXUMHUYHA XAPAKTEPUCTUKA

UpeHa Kocmosa

Cocputicku yHusepcumem ,Cg. Kn. Oxpudcku”, Kamedpa eonozaus, naneoHmonoausi u uskonaemu 2opuga, 1000 Cogpusi;
irenko@gea.uni-sofia.bg

PE3IOME. /3cneasanu ca BbrvHM npobu oT HaxoauLe Myenaposo. Buriviara ca kadseu GnecTaium, BUCOKONENenHM u BucokocepHu. Lien Ha nacneasaxeTo e
Aa Ce HanpaBu AeTannHa reoxMMMYHa XapakTepucTuka Ha npobuTe 1 a Ce YCTAHOBST eNeMeHTUTe NpUMeECK B CTPYKTypaTa Ha nuputa. Mpunoxenn ca cnegHute
metoau: ICP-AES u ICP-MS 3a onpefensiHe Ha rmaBHUTE U eNeMeHTMTe MpUMecH BbB BbITWLATa; onpedensiHe Ha dopmute Ha cspata 1 EPMA-WDX 3a
AVarHocTuka Ha enemeHTuTe B NpuTa. BbB BbrimMwaTa ca yctaHoBeHu 7 rmaBHu 1 47 enemeHTU-npumecy, BkmounTentHo 15 REE. Pesynratute nokassat Bucoka
KOHLeHTpauus Ha peanua enemeHn. CoabpxaHueto Ha U e okono 30 mbTu mo-Bucoko, a ToBa Ha Cs Okorno 25 MbTv MO-BMCOKO OT CPeHUTE CTOMHOCTW 3a
sbrivwa. Ot 10 go 12 nbTn e noBuwweHo cbabpxaHueto Ha Mg, Cr, Ni n As, a o1 5 o 8 nbTu no-Bucokm ca koHueHTpaummute Ha Mo, Sb, K, W, Rb, V n Na. B
CTPYKTypaTa Ha nupuTa ca yctaHoseru enemenTute Mn, Co, Ni, Cu, Zn, Cd, As, Se n Pb. CbabpxannsTa UM ca CpaBHEH! C KOHLEHTpaLWATa Ha CbLLUTE eNeMeHTH
B MVPUTN BbB BbIMMLWA OT Apyr Bbnrapcku u yyxam Gaceitnn. Pesyntatute nokasea, nosuiueHo cbhabpxanue Ha Zn, Ni, Pb n Cd B nyenaposckute Bbramwa.
®dakTopuTe, KOUTO KOHTPONMPAT MOBULLEHOTO CbABPXAHME HA eNEMEHTUTE BbB BbIMMLATA W B MUPUTA Ca BYMKaHckaTa v xugpoTepMarnHa [eiHOCT B pailoHa Ha
HaXoAWLLETO, MPUCBLCTBMETO Ha peanua Pb-Zn, Cu 1 nonuMeTanHn MuHepanu3aumi B paioHa, HanuuMeTo Ha MONMacoBUTE CEANMEHTU, kouTo BnaronpusTcTBat
LIMPKYNVpaHETOo Ha NOCTBYINKAHCKW Pa3TBOPK, @ CLLO U Pa3rnonoxeHaTa B BN130CT pasnomHa 3oHa.

Kniouosu AyMu: ﬂqeﬂapOBCKO BbITULHO HaxoauLle, reoxumns, CbabpXxaHne Ha eneMeHT npuMecu B NUPUT.

PETROGRAPHY, MINERALOGY AND GEOCHEMISTRY OF COAL FROM PCHELAROVO DEPOSIT, THE EASTERN
RHODOPES

PART Il. GEOCHEMICAL CHARACTERIZATION

Irena Kostova

Sofia University “St. Kliment Ohridski”, Department of Geology, Paleontology and Fossil Fuels, 1000 Sofia; irenko@gea.uni-sofia.bg

ABSTRACT. Coal samples from Pchelarovo deposit were studied. The coals are subbituminous, with high ash and high sulfur content. The goal of the investigation is
to perform detailed geochemical characteristics of bulk coals and to determine the trace elements in pyrite structures. For the purpose of the present study the
following methods have been applied — ultimate analysis (ICP-AES), sulfur forms determination, ICP-MS and EPMA-WDX analysis. Seven major and 47 trace
elements, including 15 REE were determined. The data show that there is a high concentration of number elements. The amount of U in coals is about 30 times
higher and that of Cs is about 25 times higher than the average content for coals. The concentration of Mg, Cr, Ni and As is from 10 to 12 times higher and Mo, Sb,
K, W, Rb, V and Na is from 5 to 8 times higher than average for coal. The elements Mn, Co, Ni, Cu, Zn, Cd, As, Se and Pb have been established in pyrite. The
amount of these elements is compared with the amount of the same elements in other Bulgarian and worldwide coals. The data show an increased content of Zn, Ni,
Pb and Cd in the Pchelarovo coals. The factors which controlled the higher concentrations of the elements in bulk coals and in pyrite are the presence of a
hydrothermal and volcanic activity in the deposit's area, the presence of the Pb-Zn, Cu and polymetallic mineralizations in the region, the availability of molasse-type
surrounding sediments which are permeable to circulating post-volcanic solutions and nearby situated fault zone.

Keywords: Pchelarovo coal deposit, geochemistry, trace elements in pyrite.

BbBeaeHue pasnnuHa cTeneH Ha Bbrmedmkauys. MpeacTaBeHm ca faHHN
33 yCNoBYUATA Ha BLITIEHATPYNBaHE 1 € HanpaBeHa OLieHka Ha

ChbluecTByBa OCKbAHA WHGOPMALMS 33 BbIMWATa OT NepCneKTMB-HOCTTa Ha N4YENapoBckoTo Haxoaulye (MuHYeB 1
M4enapoBCKOTO Haxoauie. MbPBOTO M €ANHCTBEHO N CaHMe Ap., 1964). [laHHn 3a CbAbPKAHUETO Ha OTAEINHU ENeMeHTU-
Ha NaneoreHckUTe BLIMMLLA 1 BLIMENPOSBNEHMs B M3TouHuTe npumecn (V, Cr, Co, Ni, B, As, Sb, Ge, Ag, Be u ap.) ce
Pogon e HanpaseHo OT MuHueB u konekT npe3 60-Te cpewar B paboture Ha EckeHasn u Mundesa (1987);
roauHn Ha XX Bek (Murues u ap., 1963, 1964). B ny6nuky- Eskenazy (1987, 1995a, 1995b, 1996, 2006; Eskenazy et al.,
BaHUTE OT TSX JaHHW BLITMLLHUTE XOPU3OHTM 1 NAacToBe ca 1994; Eskenazy and Mincheva, 1998). KpaTka netponoxka u
pasrnefaHn B KOHTEKCTA Ha KOHKpeTHaTa reonoxka obcra- reoXMU4Ha XapakTepucTuka Ha BbIMuLLaTa 1 Bbrnenpossre-
HOBKa Ha paifoHa 1 e HanpaBeHa cTpaTurpadcka noasn6a Ha HusTa B M3touHute Pogonu v u3soau 3a obcraHoBkata no
cepuMeHTUTe. M3NoXeHO € CXBalLaHEeTO 3a CbLUECTBYBAHETO BPeMe Ha oTnaraHeTo uM, HanpaseHu Ha Gasata Ha onpefe-
Ha [Ba BbIMIEHOCHM XOPU3OHTA, KaTo BBbITMILATA B TAX Ca C NSHE Ha M30TONUTE Ha csipaTa Mma B paboTaTa Ha Gouin et al.
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(2007). MogpobHO onmcaHWe Ha reonorvsiTa Ha HaXoAWLLETO,
cTpaturpadcka nogsnba Ha BbIMEHOCHUTE CEAUMEHTU W
OMMCAHME Ha BBIWLLHWTE XOPU3OHTU W NNACTOBE € JafiEHO B
MbpBaTa YacT Ha HacTosata pabota Koctosa (2016).

Ll,en Ha wun3cneaBaHe € [a Ce W3BbPLIN JeTannHa reo-
XUMUYHa XapakTepuctuka Ha Bbrnulliata 1 aa ce yCTaHOBAT
€NeMeHTUTe-NpUMECH B nuputTa 4Ypes3 npunaraHe Ha HOBU U
CbBpPEMEHHW U3CneaoBaTernckn MeToan.

MeToauka Ha uscneaBaHe

Onpo6BaHy ca BLIMMLLHUTE NNAcTOBE OT BTOPU BbITIEHOCEH
XOPM3OHT Ha Haxoguwe [l4enapoBo, Kato ca B3eTW Tpu
BbMMLWHN NpobK OT PasKpuTKS, Pas3MONOXEHU HOKHO OT C.
MyenapoBo. M3BbplEHN ca KOMMMEKCHU neTporpadckn w
EOXMMWUYHU M3CNESBaHMS, KOUTO BKMIOYBAT ONpefensHe Ha
ocHoBHute enemeHtn (C, H u N) Ha Bbrvwara,
CbAbpXKaHMeTo Ha oblua v BUAOBETe CApa, KOHLEHTpaumsaTa
Ha enemeHTU-NPUMECK BbB BbIMMLLATA M KONWYECTBOTO Ha
enemMeHTU-NpUMec B MupuTa. 3a LenTa ca NpUIOXeHM
cnegnute metogu: ICP-AES (anapat Thermo iCap 6500 Duo)
3a onpefensHe Ha OCHOBHWTE ENEMEHTW; CTaHgapTHa
XMMWYHa MmeToguka B cboTBeTcTBMe ¢ ISO cTaHgapTuTe 3a
onpegensHe Ha capata; ICP-MS (anapat Agilent 7700x) 3a
onpedensHe Ha enemMeHTUTe-MpUMECH BbB BbIMMLATA W
EPMA-WDX (anapat Cameca SX100 Electron Microprobe) 3a
[VMarHoCTVKa Ha enemMeHTUTE B upuTa.

3a onpepensHe Ha CbObPKAHUETO Ha HSAKOW BpESHM
€NEMEHTU-NPUMEC B MUPUTHUM  3bPHA U KpUCTamu,
pasnpbCcHaTW cpef BLITULLHOTO BELIECTBO, € W3BbPLLEHO 24-
yacoBo EPMA-WDX ckaHupaHe BbpXy NUPWUTW B NOMUpaHM
BBLIMLHM Npobu, NpeaBapuTENHO MOKPUTU C BbINepoa. Mo
TO3U HAYMH € yCcTaHoBeHO chabpxaHueto Ha Mn, Co, Ni, Cu,
Zn, Cd, As, Se n Pb B ocem nuputHu obekta. Bcnuku
reOXMMUYHM M3CreaBaHMs Ca OCHLUECTBEHU B AenapTaMeHTa
no MuHeparnorus Ha My3es no ectecteeHa ucTopusi B JIOHAOH.

Pe3y11TaTI/I n QUCKycus

O6La xapaKTepucTHUKa Ha BbrimwaTa

C uen pa ce M3BbPWM OCHOBHA XapaKTepucTuka Ha
BbrMwara o1 [M4enapoBCKOTO Haxogwlle ca OnpepeneHu
CbObPXaHMETO Ha Merern, KOHLUEHTpauusTa Ha OCHOBHWUTE
enemMeHT Ha opraHuuHoto BewectBo (O, H, N),
CbAbpkaHMeTo Ha ofla W BUAOBeTE cApa, a CblUo M Ha
opraHnyHus Bbrnepod. MsebplueHa e Rock Eval nuponusa,
namepeHa € T max M e M34UCTeH BOROPOJHMUST MHOEKC.
N3amepeHa e oTpaxartenHata CnocobHOCT Ha YNMUMHWTA.
Pesyntatute 3a CbAbPKAHWMETO HA OCHOBHWUTE ENEMEHTU U
BMLOBETE Cspa ca AafeHu B Tabnuua 1, a ocTaHanuTe AaHHu,
CBbp3aHM C OCHOBHaTa XapakTepucTWka Ha BbrmuwaTa ca
npepcTaBeHn B Tabnuua 1 OT mbpBaTa 4acT Ha HacTOALOTO
uscneasaHe (Koctosa, 2016).

Pesyntatute nokassat, Ye BbIMLLATA OT BTOPU XOPU3OHT
ca C BWCOKO CbabpkaHue Ha nemen (29,8-32,1 %), a
cToiHoCTMTE Ha Tmax (415-420 CO) u Ha oTpaxatenHarta
cnocobHocT Ha ynmunuta (0,47-0,49 %) nokaseat, 4ye o
CTeneH Ha Bbredukaums Te ca kadsasu bnecTawm.
Bbrivwara ca ¢ BUCOKO Chbpkanue Ha obia cspa (okono 5-
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6 wt %), kaTo npeobnagaBalla e opraHuyHaTa capa (tabn. 1).
lMpom3xoobT 1 pa3npedeneHneTo Ha csapata B N4enapoBCKuTe
BbIMMWa nogpobHO ca AMCKYTMpaHu B MbpBaTa YacT Ha
cratusTa (KocTosa, 2016).

Tabnmua 1.
CnObpxaHue Ha OCHOBHUMe efleMeHRmu, obwama u
gudoseme csapa 8b6 8ba/lliLya OM N4YeIaposcKomo Haxooule

EnemeHTeH aHanus ®opmu Ha csipaTa
S (daf), wt% (a), Wt%
é’ C H N St Spy Ssulf Sorg
1 1319|404 |041 | 6,02 | 1,76 | 0,59 |3,67
2 1298|312 |05 | 59 | 1,65 | 0,78 |3,53
313211397053 | 498 | 1,65 | 0,35 [2,98

a - Ha aHanuTuyHa maca; daf — Ha cyxa 1 ceoboaHa OT nenen mMaca.

FeoxummyHa xapakTepucTuka

OnpeneneHo e CbAbPXXaHNETO Ha 7 rnaBHu U 49 enemeHTy-
npumecy, BkntoumtenHo 15 pegkosemHu enemed-t (REE).
Pesyntatute ca nokasanm B Tabnuua 2. WsumcneH e
akTopbT Ha oboratABaHe Ha  ENEeMEHTUTE,  KOWTO
MPeLcTaBnsBa OTHOWEHME HA KONWYECTBOTO Ha [JajeH
€NTEMEHT B M3CMedBaHUTe BbITMLIA KbM Krapka (CpegHoTo
CbObpXaHWe Ha CbliuMs BbB BbIMUWA MO  CBETA).
PasnpegenerneTo Ha enemeHTuTE No hakTop Ha oborataBaHe
€ 0Tpa3eHo Ha ¢urypa 1. EnemeHTute ycnoBHo ca pasgeneHu
Ha 5 rpynu: |) enemeHTH, YMeTO CbObPXaHUE € MO-HUCKO OT
CTOWMHOCTTa Ha Knapka, Il) enemeHTH, YNeTo ChabpkaHue e oT
1 8o 3 mbT no-BUCOKO OT knapka, Ill) enemenTn cbe
cbabpxaHue oT 3 A0 5 mbTM no-Bucoko OT knapka, V)
€NeMEeHTN C KOoHUeHTpauus ot 5 go 10 mbTu no-Bucoka oOT
knapka u V) enemeHT! ¢ koHueHTpaums 10 mbTu 1 noseye no-
BMCOKa OT Kriapka.

| epyna enemeHmu:

Ndo.o> Sros= Prog> Zro7 > Cao4 = Tios > Hfos

Il epyna enemeHmu:

Alg > Thas = Erzs > Yba7 > Co25 > Gazs > Gezs > Cdz2

Nb22 > Luz1 = Sn2+

Dy19 > Tb1s > Ta1s = P16 = Ho1s > Tlis = Euts > Bats

Smis4>Gd1s = Tmis

Bi1o = Lato = Cero=Fero

Il 2pyna enemeHmu:

Cus.1 > Zn3g > Y36 = Liss > Mn34 = Pbs4 > Bes.1 = Scs 1

1V epyna enemenmu:

Mos.o > Sbr.4 > K7.1 > W70 > Rbes > V62 > Nas3

V epyna enemeHmu:

Usos > Cs2s6 > Mgi12.4 >Cr 118 >Nit05 > As102

[aHHuTe nokassaT, Ye C Han-BMCOKa KoHUeHTpauus (10
MbTU NO-BUCOKA OT knapka) ca enemeHTute U, Cs, Mg, Cr, Nin
As. OcobeHo BmevaTneHne MnpaBAT EKCTPEMHO BUCOKWTE
cbabpxanus Ha U (30 mbTv no-eucoko oT knapka) u Cs (25
MbTW NO-BUCOKO OT Knapka). [leceT NbTM  Mo-BUCOKA
koHueHTpauna umat enemeHtute As, Ni u Cr, a ot 3 go 10
MbTU No-BUCOKa - enemeHTute Mo, Sb, K, W, Rb, V, Na, Cu,
Zn, Y, Li, Mn, Pb, Be u Sc. lonsama yact oT n3bpoeHute
enemeHtn (U, Cr, Ni, As, Mo, Sb, V, Cu, Zn, Mn, Pb, Be), a
cbwo n enemeHtute Th, Co, Cd, Sn, Tl u Ba ce oTHacsT KbM
rpynata Ha BpegHUTe W MOTEHLWAmNHO TOKCUYHU ENEMEHTH,
UMeTo MOCTbMBaHE B aTtMocdepata, Mpu W3rapsHe Ha
Bbrnnwara B TEL|, okasBa HeraTMBHO BIIMSHWE BbPXY
OKOMHaTa Cpeda M YOBELUKOTO 3apaBe. 3HauuTemnHa 4act OT
TAX NECHO NMpemMuHaBaT BbB BOAOpa3TBOpuMa ¢opMa, KOeTo
BOAM [0 3aMbpCsBaHe Ha NOA3EMHUTE BOLOU3TOUHULIN.
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®ur. 1. Paznpepenexue Ha enemeHTuTe-npuMeck (a) M REE (6) BbB Bbrnuwa ot MyenapoBckoTo Haxoauile no gakTop Ha oboraTaBaHe.
CbabpkaHue No-BUCOKO OT KylapKa 3a Bbrimwara: Ao 3 MbTu - CUHLO; OT 3 A0 5 MbTY - XbNTO; OT 5 A0 10 NbTU- YepBeHO; > 10 MbTU- THMHO YepPBEHO,

TopusaT ce KOHLEHTpUpa OCHOBHO B TEPUreHHUTE MPUMECK
Ha BbIMULLATA, Hal-Beye B CMECEHO-CMOMHUTE TTIMHECTU
MWHEpanuM ¥ YacTWYHO B OPraHWMYHOTO BewecTBo. Cnopea
Goldschmit  (1958) ocHoBHOTO kKonmuecTBO OT Th B
CEOVMEHTHWS UMKBIT € yTaeH C rMUHecTuTe cegumeHTn. 3a
pasnuka ot Th, U yyacTBa npenMyLIeCTBEHO B CbCTaBa Ha
opraHnyHuTe cbeauHeHus (EckeHasu, 1992). WskmiountenHo
BWCOKOTO CbabpkaHue Ha U, a otyacth u Ha Th B
n3cnedBaHuTE BBbIMWWA Ce NOTBbPXKAABA M OT AaHHu,
nybnukysann oT EckeHaan (1992) 3a cbluuTte BbIMLWA.
lMpegnonara ce, Ye TOBa € CBbP3aHO C BYNKaHCKaTa aKTUBHOCT
B paioHa Ha Haxoguweto. [MokpuBkaTa Ha BbrMeHOCHaTa
hopmaLms Ha N4YenapoBCKOTO Haxogulle e npefcTaBeHa OT
ONWMOLIEHCKM  MUPOKMACTW4HW  CEOMMEHTW,  CbCTaBeHU
NPeavMHO OT aHOeswTw, aHae3ntoBn Tydobpekun, Tydu u
Tyutun. Mpegnonara ce, Ye B pe3ynTaT Ha LMpKynupaHe Ha
MOCTBYNKAHCKM XMAPOTEPMAnHW pasTBOpW Npe3 BbIMULLHUTE
nnacToBe OT TaX ce u3snuya Th u Hai-Beye Ha U (EckeHasu,
1992).

CobuecTByBaT pasHoobpasHi opmMu Ha CBbp3BaHe Ha V,
Cr, Ni u Co BbB BbIMMWATA — OWOreHHa, OpraHuyHa,
cyniugHa u TepureHHa (EckeHasu u  MuHuesa, 1987).
BuoreHHata opma e HacregeHa OT  pacTeHusTa
Bbrneobpasoeatenm u e xapaktepHa 3a Co u Ni. Karo
enemMeHTM ¢ HesambfiHeHu d-opbutanm V, Cr, Co u Ni
obpasyBat pa3HOOGpasHW KOMMMEKCU C OpraHUYHW NuUraHau,
koeTo 0bsicHsIBa OpraHWyHaTa MM (opMa Ha CBbP3BaHE BbB
Bbrnuwara. [lokasaHo e, ye gokato V u otyactm Cr ce
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CBbpP3BaT NPEMMYLLECTBEHO C XYMUHOBUTE KucenuHu, 1o Co u
Ni narnexpga ce cBbp3BaT nog dopmata Ha [pyr OpraHu4HU
cbeguHerus (EckeHasn n Munuesa, 1987). Bbnpeku cumHo
n3paseHata pons Ha  OPraHW4YHOTO  BELLECTBO  KaTo
koHueHTpaTop Ha Cr, Ni, Co, TexeH Hocuten ca cblyo Fe-
pucyndmon n cunukatHute MuHepanu. KobanmsT m Ni ce
fBABAT XapaKTEPHW NMPUMECU B KpucTanHaTa pelleTka Ha
nuputa, a Cr, Ni u Co yyacteat kaTo U30MOP(HM NPUMECH B
CbCTaBa Ha peauua CUnMKaTHUTE MUHepan.

ApceHbT ce yCTaHOBSIBA OCHOBHO B NUPWTA, KOETO Ce
NOTBbPXAAaBa W OT HACTOALLOTO M3CNeABaHe, HO € Bb3MOXHO
[a npuchbcTBa W B OpraHUYHUTE CbeduHeHus, fokato Sb ce
CBbp3Ba MPEMMYLIECTBEHO C OpraHMyHaTa YacT Ha
Bbrivwara. EgwH  OT  chakTopuTe, KOWTO  KOHTpOnmMpa
oboratsBaHeTo Ha As, Sb BbB BbrMwara morat ga bbaar
naneoTepManHWTe  pasTBOPM, KOMTO  LMpKynupaT —cpef
BbIMMLLHUTE NnacTose. MoBULLIEHOTO ChabpXaHue Ha As 1 Sb
B M4YENapOBCKUTE BBIMNLLA € CBBP3aHO C XugpoTepmarnHata u
BYJIKAHCKa aKTMBHOCT B pervoHa Ha M3tounute Pogonm no
BpeMe Ha TopchoreHesaTa. Haxoguweto ce Hamupa B
ManeoreHckata Monacosa op-Mauus, B kosTo uma Sb
MWHEpanu3auus, NpeacTaBeHa OT CTUOHUT CbC ChabpKaHue
Ha As Hag 1000 ppm (Eskenazy, 1995a). Bepunuar uma
aMHNTET KaKTO KbM OPraHUYHOTO Taka M KbM HEOPraHUYHOTO
BELLEeCTBO, HO BbB BbBIMUWEA, B KOWTO WUMa MOBWULLEHO
CbbpXaHue, TO OOMKHOBEHO € CBbp3aH C OpraHUYHUTE
cbeauHenms (Eskenazy, 2006).



Tabnuua 2.

CnObpxaHuUe Ha eneMeHmume b6 8ba/uuama

Enemenrtin |Knapk*

| Combpxanve | dakTop Ha oforaTsiBate

JlumocpunHu memanu

Li 12 43,7 3,6
Be 1,6 4,97 31
Na % 0,12* 0,64 53
Mg % 0,13* 1,61 12,4
Al % 317 9,24 29
K % 0,16* 1,14 7,1
Ca% 0,88* 0,31 04
Rb 14 88,4 6,3
Sr 110 85,7 0,8
Zr 36 25 0,7
Nb 37 8,0 22
Mo 2,2 17,5 8,0
Cs 1,0 256 25,6
Ba 150 204 1,4
Hf 1,2 0,3 0,3
Ta 0,28 0,45 1,6
W 1,1 7.7 7
Hememanu

Si% - 27,5 -

P 230 370 1,6
CudepocpunHu memanu

Ti 800 280 04
\Y 25 154 6,2
Cr 16 189 11,8
Mn 86 290 34
Fe % 3,40* 3,32 1,0
Co 51 13 25
Ni 13 136 10,5
XankoumHu memanu u MemanoudHu Hememanu
Cu 16 66,2 41
Zn 23 89,1 3.9
Ga 58 14 24
Ge 22 52 23
As 83 85 10,2
Cd 0,22 0,49 22
Sn 1,1 24 21
Sb 0,92 6,81 74
Tl 0,63 0,93 1,5
Pb 78 27,1 34
Bi 0,97 0,99 1,0
PaduoakmusHu enemesmu

Th 33 9,1 28
U 24 73,4 30,6
Pedku u pedko3emHU enemeHmu

Sc 39 12,2 3,1
Y 84 30,2 3,6
La 1 11,1 1,0
Ce 23 23,7 1,0
Pr 35 29 0,8
Nd 12 11,3 09
Sm 2,0 2,76 1,4
Eu 0,47 0,68 1,5
Gd 27 3,49 1,3
Tb 0,32 0,58 1,8
Dy 21 3,91 1,9
Ho 0,54 0,85 1,6
Er 0,93 2,62 2,8
Tm 0,31 0,40 1,3
Yb 1,0 2,74 27
Lu 0,20 0,41 21

* no Ketris and Yudovich (2009)] ** no Dai et al. (2011).
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Tpn ca OCHOBHWTE  (haKTOpW, KOUTO  KOHTponupar
npucbeTeueTo Ha Cu, Zn 1 Pb BbB BbrMwaTa: opraHuiHOTO
BELLECTBO; POpPMUPaHETO Ha COOCTBEHM CyNMAHN MUHEpamny
wwnun B KpucTanHata pewetka Ha Fe-gucynduam u
NPUCHLCTBMETO WM B AETPUTYCHM MuHepanu (Eskenazy,
1995b). MegTa, UMHKBT M ONOBOTO HOPMUPAT KOMMMEKCHU
MeTar-opraHiiH1 CbeNHEHNS C XYMUHOBUTE U (PYNBMHOBY
KMcenmHn. W3TOWHMK Ha enemeHTuTe MmoraT pgda Obaar
pasTBOpW, KOWTO nocTbnBaT B TopdeHoTo 6nato oT
nagxpaHBallata npoBuHLMSA, 6orata Ha MedHM, LMHKOBU K
ONOBHM OPYASIBaHWUS UMK OT pacTeHusTa Bbrneobpasy-sateny,
kouTO No npaeuno ca 6orati Ha Cu n Zn. BbaMoXeH M3TOYHMK
Ha enemeHTUTe MoraT pa 6bgaT M xwuapoTepmanHuTe
pa3TBOPY, MPOAYKT OT BYNKAHCKA JEMHOCT, KakbBTO € CnyyasT
C M4YenapoBCKOTO Haxoaulle U Hamupawms ce B Gnusoct
OnwuroueHckn BynkaHu3bM. [Ipyr MexaHu3bM 3a CBbp3BaHe Ha
Cu, Zn v Pb e To31 B kpucTanHarta pelueTka Ha Fe-gucynduam
W Hai-Beye Ha nupwuTa, (aKkT, KOWUTO ce [dokasea M oT
HaCTOALLOTO U3CNEABaHE.

Penkosemunte enementn (REE), uveto pasnpepenenuwe e
nokasaHo Ha curypa 1 (6) nonagat npenmyLecTeHo BLB |-
Ta rpyna enemeHTI, Ynmto daktop Ha oboratsBaHe e oT 1 7o
3 (1. e. CbC CbabpkaHue 0T 1 A0 3 MbTW NO-BUCOKO OT Knapka),
kaTo Y 1 Sc ca ¢ Hal-BUCOKa KOHLEHTpaLKs (noBeye oT 3 MbTu
no-BUCOKa OT knapka). HeopraHnyHata ¢opma Ha npucbCTame
Ha REE npeobragaea, kaTo OCHOBEH TexeH HocuTen ca
cocaTHUTE M IMMHECTU MuHepanu. CblyecTByBaT AaHHM 3a
cnabo oboraTsiBaHe Ha TEXKWUTE PEAKO3eMHU EnemMeHTM
(HREE), B cpaBHeHue ¢ nekute (LREE) BbB Bbriuwata. Karto
(haKTop, KOMTO OKa3sa BNUSHWE BbPXY (HPaKLMOHUPAHETO UM
e cnocobHoctTa Ha HREE pga dopmupar no-ctabuntm
KOMMNMeKCHU opraHniHu cbeduHeHus ot LREE B cpaBHeHue ¢
KoHUeHTpauusTa Ha REE B xoHgputu u wuctu, (Eskenazy,
1999). B HacTosLoTO M3cnenBaHe He ce 3abensssa nogobHa
TeHAeHuMs npu pasnpepeneHneTo Ha REE, KoeTo BeposiTHO
ce [AbMkM Ha (pakta, Ye aHanuaupaHute npobu ca
cpaBHUTENHO BUCOKOnenenHu. OCBeH ToBa ce cuuTa, Ye
HREE nokasgaT no-ronaM aguHUTET KbM  OPraHW4HOTO
BellecTBo, oTkonkoto LREE (Querol et al., 1995).

B 3aknmioueHne MoOXe [a ce Kaxe, Ye 3HauMTenHata
KOHLEHTpaunMss Ha peduua €enemMeHTM B  MYEnapoBCKUTE
BbIMMWA Ce [ObMKM OCHOBHO Ha MPUCLCTBUETO Ha
XugpotepManHa W ByNKaHcka [eWHOCT B paloHa Ha
Haxo4MLLeTo, a CbLo W Ha NMPUCLCTBMETO Ha peauua Pb-Zn,
Cu v nonumeTanHu MuMHepanu3auum 1 opyasiBaHus B paiioHa
Ha Watounute Poponu. MpuHOC 3a BHACSHETO Ha peauua
enemeHtn, BkntountenHo REE, wumat u  Bknousawmte
BbITMLLHUTE NNAacToBE MOMAcoBU CEAUMEHTH, KOWTO ca
OnaronpusiTCTBanM  LMpKYNMPaHETO  Ha  MOCTBYIKAHCKM
pasTBOpPW, @ CbLO W pa3nonioxeHara B GMM30CT pasnomHa
30Ha.

EnemeHTH npumeck B nuputa

C uen pa ce YCTaHOBAT eNEMEHTUTE MpUMecK B nupuTa
(Hail-pa3npoCTpaHEHUAT ~ MWHepan B MYenapoBCKUTE
BbIMLWaTa), ca n3bpaHu 1 CkaHMpaHn B NpogbImkeHne Ha 24
yaca 8 6pos nupuTHKM 0bekT. OBEKTUTE BKMKOYBAT MUPUTHM
(hpambouay, OTAEMHN NMPUTHW 3bpHA W KpucTanu. B pesynTar
Ha CKaHMPaHETO Ca MOMyYeHM AaHHM 3a CbAbpXKaHMeTo Ha Mn,
Co, Ni, Cu, Zn, Cd, As, Se u Pb, kouto ca npepcraBeHn B
Tabnmua 3. OT pesyntatute ce BWXAa, Ye Hal-BUCOKA €



koHueHTpauwmsTa Ha Ni, Pb u Cd, a Hait-Hucka Tasn Ha Se u
Mn. 3a ga ce fobue npeacTasa 3a Malaba Ha HaTpynBaHe Ha
eneMeHTTe B MWpUTa € HanpaBeH mperneg  Ha
WH(OpMaLMATa 3@ CbAbPKAHWETO Ha CbLUUTE eneMeHTU B
nuputn B apyrn 6bnrapcku (Benu Bper u CraHsHUmM) ©
pasnuyHM CBETOBHW BbruWHW 6aceiHn B [leHcunBaHus,
KeHtbku, Anabama, MHguana n Kutai. CpaBHuTenHata
XapakTepuctuka e pageHa B Tabnuua 4. B cpaBHeHue c
nuriutute 0T CTaHsHckus u Benobpexkn 6acenHu, nuputute
BbB Bbrnuwara ot [lyenapoBCKOTO Haxofulie WMaT Ham-
BMCOKO cbabpxaHue Ha Ni (1o 0,15 wt %, B cpaBHeHWe ¢ o

0,05 wt % 3a nuriutuTe 0T 6enobpexkns 6aceitn), Zn (go 0,06
wt %, B cpaBHenne ¢ go 0,02 wt % 3a nurHutuTe OT
cTaHsiHCKus u Genobpesxkusa BaceitHn), Se (go 0,03 wt %, B
cpasHeHne ¢ ao 0,01 wt % 3a NUrHUTUTE OT CTaHSHCKMS W
Benobpexkus 6acenHun) u Cd (go 0,08 wt %, B cpaBHeHue ¢ 4o
0,05 wt % 3a nuriutute oT 6enobpexkus GaceiH). CpaBHEHO
CbC CbAbPXaHWETO Ha ENeMEHTUTE B MUPUTU OT ApYyru
BbIMNLWHKM BacelHu no cBeTa, MpaBy BrieyaTneHne BrCoKaTa
KOHLEHTpaums Ha Zn (Hal-BUCOKAa 3a BCUYKW CpPaBHSBaHU
Bbrimwa) u Ha Pb, kosito goctura go 0,09 wt %.

Tan6uua 3.

Enemermu-npumecu 8 nupum ebe 8banua om Haxoduwe [l4enaposo
CkaHupaHm 1 2 3 4 5 6 7 8 Min Max CpenHo
NMUPUTHA
noneta
S 4868 5094 5184 4989 5155 5121 5054 5115 ; ; ;
Fe 4502 4506 4589 4558 4552 4575 4502 4577 : : :
Mn 000 001 000 003 000 003 001 002 000 003 002
Co 005 004 005 003 002 005 004 001 001 005 003
Ni 000 002 000 001 002 003 004 015 000 015 0,08
Cu 000 005 002 002 000 003 000 001 000 005 0,03
In 006 000 001 000 000 005 003 000 000 006 0,03
Cd 000 000 000 001 008 000 000 000 000 008 0,04
As 003 003 002 002 004 004 003 006 002 006 0,04
Se 000 000 000 000 000 003 001 002 000 003 002
Pb 009 005 000 006 004 008 002 000 000 009 005
Obuio 9391 9621 97,83 9566 9726 9729 9573 9718 : : :

Peouua w3cnepBaHusi nokaseat, ye FeS: w nuputbT B
YaCTHOCT,  KOWTO  MpeAcTaBfisiBa  eauH  OT  Ham-
pasnpoCcTpaHeHUTe MWHEpanu BbB BbIMMWATa, Ce sABABAT
OCHOBEH HOCUTEN Ha peauLa U3KMOUMTENHO YyBCTBUTENHM MO
OTHOLLEHWE Ha OKONMHaTa Cpefa M YOBEWKOTO 3apase
enemeHTv npumecu. Te 3amecteat S unn Fe B kpuctanHarta
CTpykTypa Ha muputa u fpyrute FeSz. MexaHusmute u
npouecute, KOUTO BOAAT 4O CBbP3BAHE Ha EneMeHTUTe C
nuputa, ca u3noxexu nogpobHo ot Kolker (2012), a 3a
nuriutute o1 Benobpexkus n CraHsHckus BacemHn  ca
nybnukysanm ot Kostova (2016) n Kostova and Isaeva (2016),
KaTo TyK HaKpaTKO Ca U3NOXXEHWN CaMO OCHOBHUTE MOMOXEHMSI.
Cuuta ce, ye enemeHtute As u Se 3amectBaT S B
KpucTanHara CTpyKTypa Ha nupuTa, fokato metanute Pb, Zn,
Cu, Co, Mn, Ni n Cd 3amecteat Fe. CbluecTByBaT HAKOMKO
eTana Ha ¢opMmupaHe Ha nupuTa BbB Bbrnuwata. TbpeusT
eTan Ce OCbLUECTBABA Npe3 paHHaTa AuareHesa, BTOPUAT
npoTMya Mo BPEME Ha KbCcHaTa AuareHesa (CbLUMHCKATa
Bbriedmkauns), a TPETUAT obxsalya
NoCTBbIMEMUKALMOHHITE MPOLECH, KaTo M Npe3 TpuTe eTana
Ce OCbLUECTBABA WHTEH3WBHO 3aMECTBaHE Ha OMPeAeneHu
ernemMeHTn B CTpykTypata Ha Fe-gucynduaou. lNpu Hal-paHo
obpasyBaHute Fe-gucynduou, KakbBTO € ChyyasT C
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pambouganHus NUpWUT, 3aMECTBAHETO Ha ONMPEedeneHu
ereMeHTUTE B KpucTarnHata My CTPyKTypa ce KOHTponupa oT
CbBMECTHOTO AENCTBME Ha [Ba (haktopa: MPUCHLCTBMETO Ha
GakTepumn 1 Ha NOAXOASALLM 32 3aMECTBAHE CTPYKTYPM, KakBUTO
ca Tesn Ha Fe-moHocynduman B cpegata. lNpuchbcTBUETO Ha
MeTanu (cBobofgHW Mnu nof popmata Ha MeTanopraHuyHu
CbeAMHEHMS) U PedyKUMOHHUTE YCroBust B TOpdeHoTo Bnato
CbLLO BraronpuaTCcTBaT BKIHOYBAHETO Ha peauua MeTanHu u
APYr1 AOHW B CTPYKTYpaTa Ha nupuTa.

PesynTaTute nokaseart, 4Ye MMpUTLT BbB BbINMLATa OT
M4YenapoBCKOTO Haxoaulle € CbC CUHIEHETUYHO-AMareHe-
TUMEH MPOM3X0h, KOeTO Mpegnonara  CBbp3BaHe Ha
eNeMeHTUTE Npe3 MbpBUTE ABa eTana OT (POPMUPAHETO My.
3a W3TOYHMK HA eneMeHTUTEe-MPUMECM U Hali-Beye Ha
meTtanHute noHu (Pb, Zn, Cu, Co, Mn, Ni u Cd) B nuputa moxe
[a Ce cynTa MPUCLCTBMETO Ha peaumua ONOBHO-LIMHKOBM,
MegHU W MonMMeTarnHu OpyAsBaHWs OT NoAxpaHBaliata
NPOBWHLMS, ByfKaHCKaTa aKTMBHOCT, KOATO Ce € MposiBuna B
6nm3ocT 1o TopheHoTO BnaTo No BpeMe Ha pasBUTMETO MY, a
CbllO M MOMacoBMTE  CeOMMEHTW, KOWTO  BKItoyBarT
BbIMLLHMTE NNacToBe W GnaronpuaTcTBaT LMpKyNMpaHeTo Ha
XWNOpPOTEPMAnHW Pa3TBoOpK NpPe3 TsiX.



Tabnuua 4.

Enemermu-npumecu 8 xenesHu ducyngudu (nupum) ebe ebanuwa om Haxoduwe [Tyenapoeo u Opyau uscnedsaHu gbaiuya no

ceema (8 wt % no Kolker 2012)

MuHe- |W3cneasaHm Co Ni Cu Zn As Se Pb Cd Mn  |uTepatypHu

pan BbrIMLLA N3TOYHNLN

Muput | Muyenaposckum |0,01-0,05 |dl-0,15 |dI-0,05 |dI-0,06 |0,02-0,06 |dI-0,03 [dI-0,09 |dI-0,08 |dl-0,03 | HacTOsLLO
BaceiH nscnegBaHe

Muput | CraHsuckn  |0,01-0,06 |dl-0,04 |dl-0,05 |dl-0,02 |dI-0,03 |dI-0,01 |0,03-0,11 |dI-0,04 |dI-0,03 |Kostova and
BaceiH, Isaeva
Bwnrapus (2016)

Muput | Benobpexkn |dl-0,07 |dl-0,05 |0,03-0,09 (dI-0,02 |0,07-0,20 |dI-0,01 |dI-0,06 |dI-0,05 |dI-0,05 |Kostova
BaceiH, (2016)
Brnrapus

Muput | Upper - - - - di-1,5 d-0,20 |- - - Minkin et al.
Freeport, (1984)
Pennsylvania,
USA

Muput | Upper - - - - 0,06-1,9 |- - - - Ruppert et
Freeport, al. (1992)
Pennsylvania,
USA

Muput | Fire Clay coal |- - - - di-3,5 - - - Ruppert et
bed, al. (1992)
Kentucky,
USA

Muput* | Appalachian |dI-0,23 |dI-0,45 |- - di-4,9 d-0,1 |- - - Kolker et al.
and Powder (1997)
River basins,
USA

Muput* |Black Warrior |dI-0,16  |dI-0,16 |dI-0,16  |dI-0,04 |dI-2,68 |dI-0,06 |dI-0,04 |- - Kolker,
Basin Huggins
Pittsburgh (2007)
coal

Muput | Coals from |- - 0,02-0,12 |- 1,03-5,76 |- - - - Ding et al.
Guizhou (2001)
province,
China

Muput |Black shale, |dI-0,29 |0,03- |d-0,79 |dI-0,05 |dI-0,92 |dI-0,14 |- - - Belkin, Luo
Guizhou 1,37 (2008)
province,
China

* MMpUTBT 1 MapKa3UTBLT He ca pasrpaHuyeHm, Ho MMPUTLT Npeobnafaea; dl - cbabpXaHWETO e NOA rpaHuLaTa Ha YyBCTBUTENHOCTTA Ha aHanu3a.

lMpUCLCTBMETO Ha ENEMEHTU B KpuUCTanHaTa CTpyKTypa Ha
NUpUTa Ma OTHOLLIEHWE KbM MOYTW BCUYKMA acrekTy, CBbp3aHu
C W3MOn3BaHETO Ha TBbpAMTE TOpMBA. YCTaHOBEHWTE
€NeMEHTN MPUMECU B MUPUTW OT MYENapOBCKATE BbIMMLIA
cnajar KbM rpynarta Ha BPEeAHUTE M MOTEHLMAmHO TOKCUYHM
€NEMEHTH, KOUTO Ce W3nyckaT B aTMocdepaTta npu urapsiHe
Ha Bbrnuwarta B TELL unu ce otgenst B okonHaTta cpeaa npu
OKMCNeHNeTo unu camo3ananeaHeTo uM. Cnopen Abraities et
al. (2004), Bknto4BaHETO Ha NPUMECK B KpUCTasHaTa peLieTka
Ha MupuUTa BNWSIE BbPXY EMNEKTPUYHUTE My CBOICTBA, KaTo
npuunHaBa AedekTn B KpucTanHata My CTpykTypa. Tesu
pedekT  BOOAT A0  MONOXWUTENHO WAM  OTPULLATESTHO
3apexaaHeTo Ha NUpUTHUTE YacTuunTte. ChllecTByBaT AaHHH,
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Ye [I0pM CbBCEM HE3HAUYMUTENHO KOMMYECTBO MPUMECH BINSST
BbpXY eneKTPUYHUTE CBOWCTBA Ha MUpWTA, KaTo MOBMLIABAT
CKITOHHOCTTA My Aia Ce OKMCNsiBa, KOeTO MOXe Aa AoBefe [0
peouua HebnaronpusTHM 3a OKOMHaTa CPeda W YOBELUKOTO
3npase edektu (Lehner and Savage, 2008). Ot eaHa cTpaHa,
OKWCNeHMeTo Ha FeSz BbB BbIMMLATA M OTMAAHUTE NPOZYKTH
BOAW [0 OTAENsHE Ha CBbp3aHUTe enemMeHTW B npupogata u
[0 NOAKUCENsiBaHe Ha BOAWTE, a OT Jpyra cTpaHa npouechbT
Ha OKMCINEHME Ha NUPUTa € EK30TEPMUYEH U MOXe [a JoBede
[0 Camo3arnaneaHe Ha BbrfMwaTa B Nnacta, B MUHHWUTE
n3paboTku, B cknapoBute 6asn unu B genata, KbAeTo ce
CbXpaHsiBaT BbITIMLHWTE OTNaabLy.




3aknouyeHue

/13BBbPLUEHO € reOXMMUYHO M3CNEABaHe Ha BUCOKOCEPHUTE
W BUCOKOMEMENHW BbMMWA OT Haxoguwe [Myenaposo.
PesynTatute nokasBaT BMCOKA KOHLEHTpauus Ha peguua
€NeMeHTH, KaTo 3a HSKOM OT TAX Ca PEerucTpupaxu
U3KIMIOYMTENHO BUCOKM CTOMHOCTU. Cbabpxanueto Ha U e
okono 30 mbTK NO-BUCOKO, @ ToBa Ha Cs okono 25 mMbTu no-
BUCOKO OT CpefHuTe CTOMHOCTM 3a Bbramwa. Ot 10 go 12
MbTU € NOBULLEHO CbabpxaHneTo Ha Mg, Cr, Nin As, a oT 5
[0 8 MbTW MO-BMCOKM Ca KOHUeHTpauunute Ha Mo, Sb, K, W,
Rb, V 1 Na. YcraHoBeHu ca enemeHTute npumecy (Mn, Co, Ni,
Cu, Zn, Cd, As, Se n Pb) B kpuctanHata CTpykTypa Ha nupuTa,
KaTo CbAbpXaHWATa UM Ca CPaBHEHU C KOHLiEHTpauusTa Ha
CbLUNTE €NeMEHTU B MUPUTHU O0BEKTU BbB BbIMMLA OT ApYru
Obnrapcku M uyxgu Oaceiinu. HanpaBeHaTa CpaBHUTENHA
XapaKTepucTHKa MokasBa, MOBULLEHO CbabpxaHue Ha Zn, Ni,
Pb n Cd B n3cneasanute Bbruwa.

MMoBWLLEHOTO CbAbPXKAHME HA PeauLa eNeMEeHTH, KakTo BbB
BbMMWATa Kato UAno, Taka M B Muputa Ce AbMKW Ha
NpOSIBIEHNETO Ha XMapoTepManHa W BynkaHcka AeNHOCT B
pafoHa Ha HaxogWWeTo, a CblO W Ha NPUCLCTBMETO Ha
peguua Pb-Zn, Cu 1 nonumeTanHn MUHepanu3aLum B panoHa.
MpuHOC 3a MOBWLLEHATA KOHLEHTPaLWA Ha eNeMeHTU UMat u
MOMacoBUTe  CeAMMEHTH, KOWTO ca OrmaronpusaTcTBanu
LMPKYNNPaHETO Ha MOCTBYMKAHCKM pa3TBOPM, a Cblio U
pasnornoxexara B 6nu3ocT pasnomHa 30Ha.

Acknowledgments.  /scnemBaHeTo €  OCBLIECTBEHO  CbC
cbaencTeueto Ha nporpamata SYNTHESYS, dwHaHcupana or
EBponeickns Cbio3 1 OHA HayyHu uacneapanus Ha Codmiickn
yHusepeuteT ,CB. Kn. Oxpuacku” (npoekt Ne 108/2016).
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WHTETPAITHA T'EO-BA3A IAHHU 3A AKBATOPUATA HA ABPEHCKOTO
KPAUBPEXWUE (H. TANATA OO H. UNNAHAXKUK)

Bboedan podaHoe, Jllo6omup Jumumpos

MHemumym no okeaHonoeus “®pumsoch Hancen”, BAH, 9000 BapHa; bprodanov@io-bas.bg, geos@io-bas.bg

PE3IOME. 3a cbBpeMeHHO TbIKyBaHe W KOMMMEKCHa WHTeprpeTauust Ha reoMopONOXKATE M FeONOXKMA YCHOBUS HA KOHTUHEHTanHus wend npeg ABPEHCKOTO
kpanbpexve mexgy H. Fanata w H. VnaHmxkuk e w3rpapeHa wHTerpanHa reo-6asa gaHHW. B Hes ca M3non3BaHW JaHHW 3a MOPCKOTO ObHO OT MHOBATMBHM
[AVCTaHLMOHHN METOAN Ha W3CreaBaHe: edHOTbYEBO EXONOTUPaHe, kapTupaHe ¢ MHOrombyeBa coHapHa cuctema (MCC) Seabat'7111 ¢ 100% nokpuTne, 3acHemaHe
C NOKaTop 3a CTpaHuyeH 063op 1 ceanmeHTeH mpodmnorpacd. 3a 231 reonoxks CTaHUuW, Ca NPEeLCTABEHU MbPBUYHUTE CEAUMEHTONOXKM aHanuau, Kakto u
NUTOMNOMMATA HA AbHHUTE CEAMMEHTU, KOSTO € NPUBEAEHa B eANHHA KnacudukaumoHHa cuctema. [lebenuuute Ha CbBpEMEHHUTE YTailki ca OnpeaeneHm no AaHHM
0T nogabHeH npodunorpad. Aurntanuanpara e cbBpemerHa BogHa nnHus B M 1:5 000 oT optodhoTo n3obpaxkeHus ¢ TouHocT 0,5 m. OT LudpoB Moaen Ha AbHOTO
C pesoniouust 2 m e NocTpoeHa 6aTMMETpUYHA KapTa C MHTepBan mexay uobatute 0,5 m v ca onpeaeneHn rpaHnLMTE Ha PasnnyHUTE MOPEONOXKKNA 30HU Ha
wenda. Bewykn ganHn ca ananuanpanm B MUC cpepa v ca obeanHenn B wHTerpanHa 6asa gaHHw. MHdopmaumsta € nogeneHa Ha ABa OCHOBHW TuMa [AaHHU:
BEKTOPHU M pacTepHW. CbyeTaBaHETO Ha [aHHM 3a Luenda OT CbBPEMEHHN U3CNENBAHNS C MOLEPHU TEXHOMOMMM W (PaKTUYECKU MaTepuani oT HayuHWs hoHA Ha
WHcTuTyTa no okeaHonorus ,Pputbod HaHceH” B MHTerpanHa reo-6asa AaHHW NO3BONM aKTyanuavpaHe W AeTainmavpaHe Ha MOPONOKKOTO 30HMpaHe Ha Lenda
npen ABPEHCKOTO kpainbpesxve. /3SCHEHO € MPOCTPaHCTBEHOTO pa3npedeneHne Ha NUTONOXKUTE pasHOBMAHOCTM M AebennHata Ha XOmoLeHCkVTe CeauMEHTH B
AbNO0YNHA 4O KOHTUHEHTAMHMS CKIMOH

KntouoBu pymu: leo-6asa paHHM, ABpeHCKO Kpaitbpexue, KOHTMHEHTaneH wend, MOpGONOXKo 30HMpaHe, MHOTOMTbYEBA COHApHA CUCTEMa, reorpadcku
MHEOPMALIMOHHM CUCTEMM

INTEGRATED GEO-DATABASE OF SEABED DATA IN FRONT OF AVREN COAST, BULGARIAN BLACK SEA (CAPE
GALATA - CAPE ILANDZHIK)

Bogdan Prodanov, Lyubomir Dimitrov

Institute of oceanology “Fridtjof Nansen”, BAS, 9000 Varna; bprodanov@io-bas.bg, geos@io-bas.bg

ABSTRACT. An integrated geo-database for the continental shelf in front of Avren coast (between cape Galata and cape llandzhik) was created to facilitate
contemporary and complex interpretation of geological and geomorphological settings of the area. It comprises seabed data gathered by innovative methods like
Multibeam Echosounder System (MBES SeaBat 7111) data with 100% coverage, side scan and satellite imaging and sediment profiling. Data from 231 geological
stations are analyzed by standard sedimentological procedures and results are combined into a single classification system. Thicknesses of contemporary seabed
deposits are determined based on sub bottom sediment profiler data. Up to date coastline was digitized using orthophoto mosaics with 0.5 m accuracy. Based on
seabed digital terrain model (DTM) with 2 m resolution a high accuracy bathymetric map with 0.5 m isobaths spacing was built, serving to determine different
morphological zones within the continental shelf. All aforementioned data are combined into a geospatial database, analyzed by Geographic Information Systems
(GIS) and are separated into two main categories of data models: raster and vector. Combining results of contemporary shelf explorations and archive materials from
the Institute of Oceanology “Fridtjof Nansen” allows detailed update of seabed relief of the shelf in front of Avren coast with respect to morphological zonation. Similar
morphological zoning of the coastal zone between c. Galata and c. llandzhik is proposed on the ground of morphodynamic activity. The spatial distribution of seabed
lithological varieties and thickness of Holocene sediments up to continental slope are also defined.

Key words: Geo-database, Avren plateau coastal zone, continental shelf, morphological zonation, Multibeam echosounder system, Geographic information systems
(GIS)

BuBepeHue MbpBOCTENEHHA 3adaya OT HaUMOHamHo 3HaveHue. [lpes
nocrieaHuTe [JEeceTUneTUsl YOBELUKOTO Bb3[eMCTBUE BbpXY

C npuemaHeTo Ha Penybnuka Bwbnrapus B EBponeiickus Mopckara okonHara cpeaa goctura besnpeleneHTHu Huga. 3a
Cbto3, CTpaHaTa HK noe peanua 006BbP3BALLM aHTaXUMEHTH, Aa Ce ynecHu WHTErpupaHoTo ynpasneHWe Ha mopckata
NPOM3TUYaLLM OT AeiCTBALLM ANPEKTUBM HA EBPONENCKO HMBO. OkOIHa cpefia u fia e ONTMMM3Mpa MOPCKOTO NPOCTPAHCTBEHO
.PamKkoBa OupekTMBa 3a MecToobuTaHusiTa’, ,Pamkosa rnaHupaHe, ¢ Uen CMekyaBaHe Ha Te3u Bb3AENCTBUs, €
OvpekTMBa 3a BoauTe” M ,PamMKkoBa AMPEKTMBA 3a MopcKa HeobxoauMo fa ce nopodpu Haleto pasbupaHe OTHOCHO
CTpaTermg“ aHraxmpar C KOMMNEKCHO KapTupaHe Ha CyXo- MOpPCKOTO AbHO. 3a n3cnegBaHe Ha CbBPEMEHHUTE TEOOXKN
3EMHUTE U aKBaTOPWamnHO-MOPCKATE y4acTbLy Ha cTpaHaTa. npouec W reHeTdHa WHTEpnpeTauus  Ha  OCHOBHUTE
ToBa Hanara CUCTEMHO MPOYYBaHe W KOMMNEKCHO U3crieaBaHe reoMopgOnoxXKA eANHNLM, MPOCTPAHCTBEHOTO pasnpesene-
Ha Bbnrapckus cektop oT YepHo Mope, KaTo reoMopdonox- Hue Ha beHTocHaTa (hriopa 1 dayHa, kakTo 1 3a nnaHupaxe u
KOTO 1 TeOnoXKO KapTupaHe Ha MOPCKOTO ObHO Ce sBsBaT ynpaBneHne Ha OUOMOTMYHM W MUHEpanHW pecypcu v

99


mailto:bprodanov@io-bas.bg
mailto:geos@io-bas.bg
mailto:bprodanov@io-bas.bg
mailto:geos@io-bas.bg

pasnuyeH TWUM WHXEHEepPHU OEeWHOCTM Ha MOPCKOTO ABHO, €
HeoOX0OMMO MpWMaraHeTo Ha WHOBATWBHM METOAM Ha
npoy4BaHe C Bb3MOXHOCT 3a eApo MalabHo AeTannuanpaqe
Ha HanuyHata WHQopmauus. Hacroawmat  goknag e
(boKkycupaH BbPXY Cb3haBaHETO Ha WHTerpanHa reo-6asa
LaHHW, C Len KOMMMEeKCHa MHTepnpeTauus Ha [faHHu OT
CbBPEMEHHM U3CreBaHNs C MOBEPHN TEXHOMOTM U (hHOHA0BM
MaTepuanu 3a parioHa Ha ABPEHCKOTO kpanbpexue, Mexay H.
lanata u H. MnaHmxuk.

PernoHanuu uscneagsanusa B bbnrapckus
KOHTUHEHTaneH wend

Passutneto Ha 6brnrapckata mopcka Hayka e npsiko
noBMnusiHa OT pyckata, kato cneq 50-Te roguHn Ha XX-TW Bek
pervoHanHuTe u3cnefBaHus Ha bbnrapckus KOHTUHeHTaneH
wend (BKLL) ca npeaMMHO CbBMECTHO CbC CbBETCKO y4acTue
(OtyeteH poknag, 1987; Teomorws ..., 1979; leonoro-
reodpmanyeckue ..., 1980; Hedpre-rasoreHeTnyeckue ..., 1984;
leonoruyeckas ..., 1990). OcHoBononarawym 3a TeKTOHcKkaTa
pervoHanu3auns Ha Bbnrapckus KoHTUHeHTaneH wend (BKLL)
ca wuacnegsaHusta Ha [nymoB (1971), Benues (1971),
loHyapoB w gp. (1972), TonosuHckmiA w gp. (1976);
FonoBuHckuin 1 Tnymos (1975) n gpyru. A3BogbT OT TAX €, Ye
OCHOBHWTE FeONOXKN CTPYKTYpPYW OT CyluaTa NpogbikasaT v Ha
wenda (Jaues, 1977; Kpoictes u Muxosa, 1990; Kpbcres,
1993; eHos, 1996; Oumutpos, 2003; MMeitveB u Oumntpos,
2012). BKLU B reomopchonoxku acnekT e uayyaBaH AeTainHo
npean 1990 r. CbBMECTHO OT Gbrapcku W CbBETCKM eKunu
(Pepopos, 1963; Nunnenbepr v ap., 1964; Munuexbepr, 1966,
1970; Mbpnnyes n Mapkos, 1971, 1972; Mbpnuyes v MeTpos,
1974; CopokuH v ap., 1980; Kynpu u gp., 1980; Monos u
Muwes, 1984; Youos, 1984; Khrishev & Shopov, 1978;
Mwuxosa, 1989; Kpbicte n Muxosa, 1990). B cTpykTypHO-
reoMopIONoXKO OTHOLIEHWE ObArapckusaT Wwend e passut

BbpPXy ~ MOPCKOTO  MPOOBbITKEHWE  HA  XETEPOreHHU,
XETEPOXPOHHM U Pa3HOMOPSAKOBM  MOPCHOTEKTOHCKM
enemeHTn:  [lyHaBckata  enunnatiopMeHHa  PaBHUMHA,
[lOMHOKAMUMIACKOTO ~ CTPYKTYPHO  MOHWXeHWe,  M3TouHo-
CraponnaHuHckata HarbHaTa 30Ha, Byprackata

MexXgynnaHuHcka genpecus u CTpaHmKaHCKUS aHTUKMMHOPUI.
KpynHute enemeHtM Ha peneda, KOMTO ce OTHAensT B
bunrapckus  cektop Ha YepHo mope ca:  wend,
KOHTWMHEHTaNeH CKIMOH, KOHTUHEHTAmNHO NoAHOXME U abucanHo
AbHo (Mbpnnyes, 1976; OtueteH poknag, 1978; Meonorus...,
1979).

B pesyntaT Ha aHanM3 Ha HanudHata nuTepaTypHa
WHGOpMaLMs Ce Harara U3BOAbT, Ye PErvoHarnHUAT XxapakTep
Ha M3cnefBaHUATa e NPUKIIoYMN 1 e NOAX0AALLY caMo 3a obLya
XapaKTepucTMka Ha paiioHa M apebHO MalwabHu KapTHW
nocTpoeHus. Tosu eTan € 3aBbpluMn B HaYanoto Ha
HaCTOSALNS BEK.

PaioH Ha nscneaBaHe

3a paitoH Ha u3cneaBaHe e u3bpaHa akBaTopusaTa Mexay
Hoc [anara (Ha ceBep) 1 Hoc Mnanmxkuk (Ha tor), B AbnboumHa
[0 rpaHuuaTa KOHTUHEHTaneH wendg - cknoH. Meorpadcku,
paoHbT € 4act oT CesepHoTo Bbnrapcko YepHomopue.
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ObmxvHaTa Ha Operoeata nuHust € okono 14 km. Mopucto
HanpaBIEeHNETO € CeBepo3anag-torousTok U e ¢ AbIKuHa OT
52 km. Hail-u3ToyHaTta 4YacT Ha paioHa e rpaHuuata Mexay
wenga W KOHTWHEHTANHWS CKMOH, JedwHMpaHa npeg
AspeHckoTo kpaibpexue Ha 130 m gvnbounHa (MpogaHos u
Oumutpos, 2015). UscnegsaHusT yyacTbk obxsalla nnowy ¢
pasmep npubnuautenHo 650 km2 (cur. 1).

n. Maaara

Mope) y
I'panuua ead

50,000 25,000 0
- -

®ur. 1. Cxema Ha MeCTONOMNOXEHUETO Ha U3cneABaHUs paﬁou

M3bopbT Ha paioHa ce basupa Ha JOCTbMHM MaTepuanu ot
CbBpEMEHHN npoyysaHns, nposegenu cneg 2000-Ta roguHa
(MenyeB n Angpeesa, 1998; Kepemepunes v Menves, 2001;
Kepemenunes, 2004; Dimitrov & Kojuharov, 2007; Koxyxapos
n kon., 2010; Geotechnical works..., 2011; MeiveB u
Oumutpos, 2012; KoueB u Kepemeguwes, 2012; Marine
Seabed..., 2013; Marine Ecology..., 2013; Prodanov et al.,
2013; CranueB n kon., 2014; TpudoHoBa u kon., 2014;
Prodanov et al., 2014; Koues, 2014; Hristova, 2015; XpucToBa,
2015; MpogaHos u Oumutpos, 2015, 2015a; Todorova et al.,
2015). Te wwpoko 3acTbmBaT Mopckata W Gperosa
Mopdhonorus, nutonorusTa, nMTocTpaTurpadusaTa Ha Lwenda
W KapTUPAHETO Ha NOABOAHM PU3NYECKM MECTOOBUTAHMS.

M3non3BaHu gaHHU

3a W3roTBSHETO Ha MHTerpanHata reo-6asa [aHHW, OCBEH
apXMBHU [aHHW OT hoHaa Ha WHCTUTYT no okeaHomorus, ca
1M3nonseaHu 1 MbpPBUYHN OaHHWU OT €4HO/TbYEBO €X0NoThpaHe,
kapTupaHe C MHOronbyeBa CoHapHa cuctema (MCC)
Seabat'7111 ¢ 100% nokpuTue, 3acHemMaHe C nokatop 3a
CTpaHu4eH 0630p M CeAMeHTeH npodunorpad.

Mpe3 2007 r., BbB BPb3Ka C NPOEKTUPAHETO W eKcnnoa-
TaupsTa Ha 6nok Kanuakpa 99“ ot Melrose Resources, e
N3BbPLIEHO KOMMMEKCHO W3CMedBaHe Ha MOPCKOTO AbHO,
BKITIOYBALLO aHANM3 Ha CenMeHTa, BaTUMETPUYHO KapTupaHe
M UM3MepBaHe Ha corneHocTTa W TemnepatypaTta. “pes
rpaBuUTa4yHO CoHpmpaHe ca B3eTu 10 npobu, a akBatopusTa €
kaptupaHa ¢ Exonor SIMRAD EA 200 w crpaHuyHo -
ckanupaly, coHap Klein-3000 (Dimitrov & Kojuharov, 2007).
BbB Bpb3ka C OLeHKka Ha Bb3deicTBUETO Ha npoekTa ,HOxeH
noToK* BbpXy MopckaTa dhriopa 1 chayHa npu paioHa Ha lMawa
nepe, B WakmountenHata WkoHomudecka 3oHa (MU3), e
M3BbPLLIEHO MpoboHabupaHe ¢ gbHovepnaten B 75 TOMKM,
MOABOAHO BUOEO3aCHWMaHe, KapTpaHe C MHOTONTbYeBa
COHapHa cucTemMa M BWUOpO- U TPaBUTAYHO COHAMPaHE,



cvoTBeTHO B 17 u 35 Toukm (Geotechnical works..., 2011;
Marine Seabed..., 2013; Marine Ecology..., 2013).

Mpes 2013 r. MOCB Ha Penybnuka bbnrapus Bb3nara Ha
NO-BAH wn3roTBsiHeTO Ha ,[loknag OLeHKa Ha €KONOrnyHoTo
cbcTosiHe Ha mopckute Bogu (POB)“. Wsebpleno e
faTUMETPUYHO  3aCHMMaHe C eQHONTbYEB  EXONOoT  Ha
kpanbpexHute Mopcku Bogu Ha Penybnuka Bbnrapus.
(CranueB u kon., 2014). YcnopegHo ¢ 6aTMMETPUYHOTO
3acHuMaHe, Apyra OT 3afaunTe € akTyanuaupaHe Ha kapTtaTa
Ha [AbHHUTe cybetpat Ha KpaibpexHute Bogu Ha P.
Bvnrapus (TpudooHoea u kon., 2014). 3a 0bHOBsBAHETO Ha
CbLLECTBYBaLUMTE NIUTONOXKK KapTW, npes Hoemspu 2013 T. e
13BbpLUEHO NpoboHabupaHe ¢ rpaiidep ,Van Veen” B Mpexa
0T 359 TOYKM Mo UANOTO Kpanbpexue, kato 51 0T Tax nonaaart
B paioHa Ha u3cnegsaHe, Mexay H. Fanata v H. VinaHmxuk

Mpes 2014 r. LleHTbpbT 3a nogsogHa apxeonorus, rp.
Cosonon, npoBexda KOMMMEKCHO KapTWpaHe Ha AbHOTO B
paioHa Ha [Mawa fgepe C Uen YCTaHOBSIBAHE BMWSIHMETO Ha
cTpouTenHUTe paboTM N0 NpoekTa 3a TpaHC-4EPHOMOPCKM
razonpoeog HOXeH MOTOK' BbpXy KyNTYPHO-MCTOPUYECKOTO
HacregctBo Ha P. bwnrapus. [aHHute, nonyyeHu OT
W13oN3BaHNsa anapaTypeH KoMnnekc (egHommbyeB exonot BBT
ES Flamingo R100DGR, mHoronbues exonot MB1 Teledyne
Odom Hydrographic, cTpaHnyHo-ckaHmpaly coHap Side Scann
Sonar ,StarFish 450H", npugbHeH npodunorpad ,Sub-bottom
profiler SES-2000“, cuctema 3a nosuumoHupaHe DGPS,
Trimble SPSx61), cbyeTaH ¢ Tpu apXeonoxk1 CoHAaxa, AaBat
Bb3MOXHOCT 3@ NO-HEeTanmeH aHanms.

3a Hykgute Ha uHTerpanHata reo-6asa pJaHHM  ca
W3NON3BaHW Pa3NMYHM MO TWM U3XOAHW TPadNyHM OaHHW,
KOUTO BKMOYBAT OPTOOTO W CaTenNUTHU UM3obpaxeHus,
pasHoMallabHW CKaHWpaHW KapTh, KapToCXemMu M MnaHoBe,
TMC cnoese, uUMKPOBM MOAENM HA  BUCOYMHMUTE,
BaTUMETPUYHM KOHTYPW W LPYTH.

MocT-06paboTka Ha U3NonN3BaHUTE AaHHU

W3xopHuTe AaHHM oT npubopuTe 3a KapTUpaHe Ce CbCToAT
OT pa3nuyHa no BuA WHGOPMAaLUMs (COHapHa, HaBUraLUMoOHHa,
BatumetpuyHa, TenemetpuyHa) B *.XTF (Extended Triton
Format) copmat. Crnopen xapaktepa Ha u3mepBaTenHarta
TexHMka W noct-obpabotkata e  pasnuuHa.  [pu
MHOronbyeBaTa coHapHa cuctema (Multibeam Echosounder
System SeaBat 7111) e u3nonseaH codtyep PDS2000. 3a
CTpaHuyHo-ckaHupaiyms coHap Klein 3000 ca npunoxexn
nporpamHuTe npogykt Sonar Pro u SonarWizMAP-4,

3a fnedrHMpaHEeTO Ha NUTONOXKATa OCHOBA Ca W3MON3BaHM
189 reonoxku craHumu. OT Tax 109 ca CeAMMEHTONOXKM,
aHanmuanpanu B Jlabopamopusma no numoduHamuka KbM
WHemumym no okeaHonoeus w Biokor kfl (YHeapusi). Cnep
aHanu3 Ha pesynTatuTE OT aHanuauTe € YCTaHOBEHM
pasMuHaBaHe B KNacuUKaLMOHHUTE CUCTEMM, KOETO Hanara
W YHUMLMPAHETO Ha CeaMMEHTa B pasnuyHu cuctemn. B
pesynTat Ha yHuduuuMpaHeTo uype3 codtyepa ,Gradistat
Program” (Blott and Pye, 2001), Bcuukm 189 reonoxku
CTaHUWM Ca KaTeropusvpaHu Cropeq KnacuuKaunoHHNUTE
cxemn Ha Gradistat (Blott and Pye, 2001), moguduumpaHa ot
Wentworth size class scheme (Wentworth, 1922), Folk (Folk,
1954, 1974) n BAC676 o1 1985 .
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WHTerpanHa reo-6a3a gaHHu

WHTerpantHata reo-6asa aaHHU NpeAcTaBNsiBa KOMMIEKT OT
[aHHW 33 TeorioxkaTa OCHOBa Ha Lernda npea ABPEHCKOTO
Kpaibpexue. [laHHUTE ca NOAENeHWn B [Ba OCHOBHW TUMa:
PacTepHM 1 BEKTOPHM.

B pacmepHume Bnu3at: coHapHa MoO3aika Ha ObHOTO C
BMCOKa pesonioumst; 16 catenutHu m3obpaxeHus ot Google
Earth, nokpuBalum cyxosemHaTa yact mexgy H. lanata v H.
Maneua; 3 ckaHupaHu Tomorpadickn KapT Ha MECTHOCTTA,
komnunupanu npes 80-Te roguHu Ha XX-TU Bek; CKaHWpaHa
MopdonuTto-cTpaTurpadcka kapTa Ha bperoBata 30Ha Mexay
H. FanaTta v H. lNaneua; ckaHMpaHa reonoro-TEKTOHCKa kapTa
Ha BperoBata 30Ha Mexay H. [anata v H. MNaneua; ckaHupaHa
reomopdonoxka kapTta Ha bperoata 3oHa Mexgy H. [anata u
H. Maneua, ckaHupaHa bGaTumeTpuuHa kapta Ha Obarapckus
cektop oT YepHo Mmope, eonoxka kapTa Ha Obnrapckusi
CeKTop OT akeaTopusiTa Ha YepHo mope. M3BpoeHusaT
KOMMIEKT OT AaHHW € NMpUBEJEH B efNHHA KapTHa MPOEeKLust
UTM 3oHa 35N c reogesnyeH aatym WGS 84.

BekmopHusm mun daHHU € nmpogyuupaH NpeauMHO cneq
QUrMTanu3npaHe Ha HanmuiHuTe pacTepHu Matepuanu. 3a
n3crneaBaHus paoH ca Cb3AafeHn ABa LUMGpOBN MOZENM Ha
peneda Ha AbHOTO C XOpU3OHTanHa pesontouus ot 2 1 20 m.
OT TepeHHUTE MOZENM Ca U3BNeYeHN BAaTUMETPUYHM KOHTYPU
npe3 0,5 m. OkyHTypeHu ca ckanHute oOpasyBaHus B
Bperoata 30Ha. Mo opTOOTO M30OpaxKeHNs e u3yepTaHa
BMCOKO TOYHA BOLHA NMHUWS 3a NpocneasBaHe Ha hopmuTe Ha
peneca no Gpera. PasnuyHata oTpassBalla cnocobHOCT Ha
OBHOTO e  U3Non3BaHa MpM  OKOHTYPSBaHETO  Ha
Pa3sHOBMOHOCTUTE MO (HU3MYECKN XxapakTepucTuki. Kakto npw
pactepuTe, Taka W MpW BEKTOPHUTE [daHHM, € WM3non3BaHa
kapTHaTa npoekums UTM 35N c reogesunyeH gatym WGS 84.
BonMHCTBOTO faHHM ca BbB BekTopeH Tun chopmat (*.SHP -
Shapefile shape format), nogxogsw, 3a ynotpeba OT LUMPOK
cnektbp MNMC Basupann nporpamHu NPOAYKTY.

WHTepnpeTauus u pesyntaru

Cob3papeHara uHTerpanta reo-6asa no3sonssa KOMMIEKCeH
reonpocTpaHCTBEH aHanu3 Ha MOP(ONOKKATE U NUTONOXKMA
YCNOBWA Ha LWenda 1 M3TOTBSIHE Ha PasnuyHi Mo BUA KapTu:
reoMopdonoXK1, MOPGONOXKK, NIMTONOXKK. YHUDULMPaHUTE
[aHHW OT CeAMMEHTONOXKUTE aHann3n no3sonseaT npunara-
HETO MM B Pa3nn4HN KNacuMUKaLIMOHHM CUCTEMM.

Ha 06asata Ha reHepupaHuTe BWUCOKO PE3ONHOLMOHHN
TEPEeHHN MOAEeNnM Ha peneda, CoHapHUTe MO3ailkn Ha LbHOTO
W CEOMMEHTOMOXKA aHanM3upaHuTe TeonoXKW CTaHUuW, €
noctpoeHa Mopgho-numonoxka kapma Ha wenga nped
AspeHckomo kpalibpexue (cur. 2). OTpaseHu ca fAsata
acnekta (MopdonorMs M NUTOMOTMSY), XapaKTepuaupaLim
EONOXKATE  YCMOBMS Ha Wwenda B MOBbPXHOCTHMS
xonoueHckn  cnon.  [pocnedeHn ca  rpaHAunTe  Ha
MOphOnoXK1TE hopMK Ha penedpa OT BTOPU paHr B pamkuTe
Ha KOHTMHEHTanHus wwend: npubpexHa 30Ha, NpeaBarnoBo
MOHWXeHWe, KanuakpeHcks akymynaTMBEH Ban, HaKNOHeHa
wendoBa paBHUHA, nNepudepHn Banoee, nepudepHa
Lwerngosa Tepaca 1 rpaHuLaTa Wend — KOHTUHEHTANEH CKITOH,
pasnonoxeHa npubnuautenHo no wmsobara 130 m. Hain-
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yaobHaTa nuTonoxka knacudukaums Ha ObHHUTE CEAUMEHTH,
npu HacToswwms mawab Ha kapTtorpadmpare, e Folk 7 knaca
(Folk, 1954, 1974). Ha KoHTMHeHTanHusi wend npeg
ABpeHCKOTO Kparbpexue ce 0TaensT 5 knaca cybcTpar: ckanm
u BanyHm (Rock & Boulders), nsacek (Sand), cmeceHu
ceaumenTu (Mixed sediment), necbunuea TuHs (sandy Mud) n
TnHS (Mud).

AHanu3bLT Ha JaHHUTE 3a NOAABLHHUS CTPOEX Ha wenda
nuTonorusTa B npubpexHarta 30Ha ca B NPOLEC Ha M3roTBsHE
1 nopaamn KOHMAEHLMANHOCT Ha MHOpMaLMaTa He MoraT aa
Obaat npeAcTaBeHn KbM MOMEHTa B HacTosLaTa paboTa.

N3Boau n 3akntoyeHus

B pesynTat Ha NpoBeAEHOTO U3cnenBaHe U 3afbnboyeHus
aHanu3 Ha nuTepaTypHUTE M (POHZOBM MaTepuanu, ca
MOCTUTHATU CrIeAHNTE pesynTaTy:

1. WsroTBeHa e MHTerpanHa reo-6asa faHHM 3a KOMMMEKCEH
rEeonpoCTPaHCTBEH aHanu3 Ha  MopdonoxkTe U
NUTONMOXKA yCroBMst Ha wenda nped ABPEHCKOTO
kpanbpexve;

leHepupaHu ca ABa UMGpPOBM MoZenn Ha peneda Ha
AOBHOTO C XOpU30HTanHa pesontoums ot 2 1 20 m v ca
NOCTPOEHN BaTUMETPUYHM KapTu Cbe cTbnka 0,5 m 3a
LienuTe Ha recnioxKoTO NpoyyBaHe;

Yruduumpannm ca 189 reonoxku CTaHUMM B CBETOBHO
WMPOKO MpueTW  knacudmkaumonHm cuctemn  (Folk,
Wentworth n Gradistat);

WaroTBeHa e Mopgho-numonoxka kapma Ha wesngha nped
AspeHckomo kpalibpexue 8 mawab 1:250 000 no Folk 7
knaca.

bnazodapHocmu. ABTopuTe u3kaseaT GnarogapHocT Ha Bbnrapcka
aKkageMua Ha HaykuTe 3a (bVIHaHCI/IpaHeTO Ha HacToALLMA Aoknaj no
npoekT ,Cb30asaHe Ha uHmeepanHa 6aza OaHHu 8 VIC cpeda 3a
mopckomo ObHO nped AgpeHckomo kpatibpexue” no ,lpoepama 3a
nodnomazaHe Ha mrnadume y4eHu 8 BAH".
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Introduction

The new occurrences of the zeolitic tuff deposits are belong
to the Cenozoic continental basaltic rocks exposed in northeast
Jordan (Fig. 1). Detailed geological mapping of the northeast
Jordan was carried out by the Natural Resources Authority
since 1988, which allowed to produce several geological maps
of 1:50,000, 1:25.000 and 1:250.000. Ibrahim (1993) studied in

detail the basaltic province, redefined and subdivided the
exposed volcanics of the Harrat Ash Shaam Basaltic Super-
Group into five groups: Wisad, Safawi, Asfar, Rimah and
Bishriyya. Based on new K-Ar dating of the basalt Tarawneh et
al. (2000, 2002), subdivided the Harrat Ash Shaam Basaltic
Super- Group into three major phases. The first phase is of
Oligocene age 26.0-21.0 Ma. The second phase is of late
Miocene (12-8Ma) and the third phase is mostly of Pliocene -
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Quaternary  (6-<0.5Ma). Authigenic zeolites were first
discovered and reported in the Aritayn Formation of northeast
Jordan by Dwairi (1987); followed by Malabeh (1993); and
Ibrahim (1996; 2004). New occurrences in northeast, central
and south Jordan were later reported by Ghrir (1998); Rabba
and Tarawneh (2001); Tarawneh (2003 and 2004); Al Dwairi
and Sharadqah (2014) and Khuori et al., (2015). This research
aims to study the spatial distribution of the new zeolitic tuff
occurrences, investigate their mineralogy and chemistry and to
understand the vertical and lateral distribution of the zeolite
minerals regarding the data from 26 log which were drilled at
four localities at Tlul Shahba Sheet/northeast Jordan (Fig. 1).
For the exploration of zeolitic tuff the area was subdivided into
four localities as the following:
A) The first locality (Mount Hamlan) lies about 12 km from
the main road Safawi - Ruwaished within the coordinates:
1204-1207 N and 390-392 E.

B) The second locality is located to the south of the first
locality with coordinates: 1201-1202.5 N and 390-392.5 E.
The third locality (Tlul Hasna) is located of about 3.5 km,
north of the Ashgaf area within the coordinates: 1201-
1202.5 N and 394.5-396.5 E.

The fourth locality located northwest of the south Ashgaf
and lies with coordinates: 1187-1188 N and 395-396.5 E.

The elevation of these localities ranges between 896-988 m
ASL, and include volcanic hills of medium height, which are
covered by basaltic flows intercalated with different types of
pyroclastic materials. Soil is scattered throughout the area with
many mudflats sediments. The area is accessible and very
optimistic for future exploration and extraction of the ore
deposits.
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Fig. 1. Simplified geological map of northeast Jordan, arrow showing the sample localities, modified after Ibrahim (2004)

Methodology

Field work

Field work was carried out in the north-eastern regions of the
Kingdom for the last years, and it is represented by preparing
of geological maps, with scale 1:250.000, 1:50.000 and
1:25.000, companied with petrographic studies, geochemical
studies, mineral processing of the ores, and age dating of
volcanic rocks. Many samples were collected from several
sites. Based on the results of these samples, representative
areas were selected for drilling at four localities for zeolitic tuff
exploration.

Drilling Program

Exploration program was carried out by field studies and
inspections of samples that indicate the presence of zeolite
minerals, which are belong to volcanic tuff in the study area. To
cover the whole area and to show the distribution of the zeolite
minerals and the depth of zeolitic tuff beneath the surface, the
exploration program was carried out by drilling of wells and
opening of trenches at four localities. For this exploration
program 26 wells were drilled at four sites. The depths of the

logs ranged from 3 to 26 meters (Table 1). Total meters that
were drilled reached up to 274 m. Most of the excavated core
samples have good yield ratios (fig. 3 A,B).

Analytical Methods

More than 100 samples from boreholes and outcrops were
examined by petrographic studies using polarizing microscope,
X-ray diffraction and XRF analysis. Some samples also were
observed by scanning electron microscope (SEM).

Results and Discussion

Detailed field investigation indicated the presence of the
vertical and lateral zonation with respect to the degree of
alteration of sideromelane to a reddish-brown colours
palagonite with very distinguish zoning in depth at all localities.
This zoning was described by Ibrahim (1996) in many localities
at northeast Jordan. It displays distinctive yellowish light
brown, reddish and black colours. The highly zeolitized areas
contain soft and friable highly altered lapilli clasts cemented by
coating of zeolite and calcite. In many cases, zeolite minerals
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filled the cavities between particles of scoria and volcanic tuff.
The exposed thickness of the zeolitic zone ranges from 1 m to
20 m, while from the boreholes data it reaches up to 26m
beneath the surface. The contact between zones are sharp
and affected by the topography and structure of the area that
has been cut by faults and dikes. Diagenesis involves
palagonitization of sideromelane and the formation of
authigenic minerals including zeolites and calcite. The amount
of the former is generally proportional to the amount of
palagonite in the volcanic tuff (Hay and lijima, 1968).

Petrogrphic and Mineralogical studies

More than 100 samples of the zeolitic tuff were studied
through polarizing microscope and XRD. It can be argued that
the zeolitic tuff composed of assemblages of minerals that can
be subdivided into zeolite minerals (phillipsite, chabazite,
faujasite and analcime), volcanic glass (palagonite and
sideromelane), associated with calcite, Fe-Ti oxides, xenolithes
and phenocrysts of olivine, pyroxene (ortho- clinopyroxene)
and spinel (fig. 4A).

Phillipsite occurs mainly as colourless, radiating crystal
aggregates forming a thin rim on pyroclasts. It is also present
as isolated euhedral prisms or as rosettes of radiating and
spherulitic crystal form. Crystals are commonly less than 50um
long and rarely as long as 300um (fig. 4B).

Chabazite occurs in transparent, isolated or clustered,
equant, rhombic, crystals with a rhombohedral cleavage,
simple penetration twining and zoning. Crystals vary in grain
size from several microns up to 300 ym (fig. 4C).

Faujasite is discovered by Ibrahim and Hall (1995). It occurs
in colourless, equant, isotropic, isolated and aggregated
crystals between 50 ym and 100 pm, grows directly on the
vesicle walls or sometimes preceded by the smectite phase.

Analcime is very rare in the studied samples from boreholes
and is identified by X-ray diffraction in some wells. It comes as
euhedral well-formed crystals typical with trapezohedral form
with size up to 150 pm.

Smectite is present filling the cavities and voids and it occurs
in the form of undulated flakes. Smectite crystals range in size
between 0.2um and 2 pym. with an average size of about 0.5
pm. Smectite form the earliest alteration product of the
authigenic minerals. It appears as cloudy very thin rim fringing
palagonite clasts and/or the vesicle walls (khoury, et al., 2015).

Calcite which represents the latest phase of authigenic
minerals, occurs in the form of rim and blocky cement, filling
central parts of vesicles and the intergranular space. Ibrahim
and Hall (1995) indicated that authigenic minerals were
deposited in the same sequence.

The volcanic tephra comprises massive, poorly cemented
lapilli vitric tuff to coarse vitric ash tuff. The cementing material
consist essentially of zeolite and calcite. In addition to fresh
and palagonitized sideromelane clasts, the tuff contains lesser
amounts of crystal of olivine, ortho- and clinopyroxene and
spinel. The lithic clasts consist of the following types: vesicular,
brown to dark brown, microcrystalline, olivine phyric basalt,
and pyroxene olivine phyric basalt; upper crustal inclusions

including sandstone, limestone, quartzite, argillite, chert,
phosphorite and ultramafic xenoliths including all the spectrum
of both the (spinel) peridotite and (spinel) pyroxenite, in
addition to garnet pyroxenite and pyroxenite (enstatite)
(Tarawneh and Abu Jassar, 1994).

Sideromelane comprises greenish light brown, hypohyaline,
texturally uniform and smooth groundmass with fresh olivine
phenocrysts or needles. Vesicles and voids are mostly
rounded, but with different sizes and coated or filling by calcite
or zeolites.

Palagonite is made of a groundmass of reddish brown to
yellowish brown and golden red hydrated sideromelane with
distinctive hydration polygonal cracks. The palagonite occurs
either as smooth or mottled consists of tiny (less than 1 mm)
massive, yellow-brown, isotropic ooidal spherulites. The
palagonite granules and the vesicles inside always exhibit a
darker colored mantle zone of palagonite, named by Dwairi
(1987) as rim zone palagonite. Authigenic minerals usually
coat both the granules and the vesicles. The chemical
composition of palagonite, is rather variable and reflects the
degree of the palagonitization. It was noticed by many authors
that Fe and Ti content in the palagonite is proportional to the
degree of the palagonitization of the sideromelane (lbrahim,
1996). Lateral and vertical variation can be traced in most of
the boreholes and this could be related to the degree of zeolitic
processes and the rate of the transformation of the volcanic
glass to zeolite minerals. This process is well described
according to Ibrahim and Hall (1996) to the order of
paragenesis of the principal authigenic minerals in the Aritayn
Volcaniclastic is as follows:-

Fresh sideromelane —palagonite —Mg-clay — faujasite —
phillipsite — chabazite — calcite.

XRD Results

For XRD methods, standard sample of 175.5 g from zeolitic
tuff was prepared through grain size analysis (Table 1), XRD
and point counting method using stereomicroscopic was used,
with aim to identifies the percentage of zeolite minerals and
other associated minerals (Table 1).

From the results of grain size destribution, it can be
concluded that the zeolite minerals can be found in all grain
size with different content. The point counting method indicated
that the percent of the zeolite minerals ranges between 15 to
50.00%, while by XRD method indicated that the percent of the
zeolite minerals ranges between 43.21 and 51.77% as shown
in Table 1.

Table 1.
Grain size distribution of the zeolitic tuff from Mount Hamlan

| Grain Total | Zeolites, % | Calcite | Zeolites
2| Size um | wt(gm) | counting | % XRD| % XRD

1 600 48.3 20-50 713 51.77

2 500 35.7 15-50 7.26 46.55

3 150 31.4 20-50 5.30 47.81

22|28 | Sample

4 75 32.9 30-50 9.97 43.21

PZ5 pan 24.5 - 5.17 45.02
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More than 88 sample were analyzed using X-ray diffraction
method with aim to determine the mineral components. The
results of the XRD were used for quantification of zeolite and
calcite minerals using the sizing and specific gravity methods
of De Gennaro and franko (1979), and Mondale et al. (1988).
Pure phillipsite, faujasite and chabazite were separated from
samples and used for XRD standard. The XRD results
indicated that the zeolite minerals are composed of phillipsite,
faujasite and chabasite as shown in Table 2 and Figure 2.

The results of the quantified zeolites and calcite indicated
that the percent of phillipsite varies from 18.44 to 44.10%,
chabazite from 23.75 to 27.72%, faujasite up to 6.32%, calcite
from 5.24 to 22.91% and the pyroclasts from 20.72 to 47.63%.
The average percentage of the zeolite minerals in all localities
is between 50.00% and 85.48% as shown in Table 3. The high
content of zeolites were indicated at locality four.

Table 2.
X-Ray Diffraction Analyses for representative samples from some boreholes
Sample No. Ph He Cc Au F Fa Ch Sm G
BH1 *kk * * *k *kk *k *% * -
BH3 k% * * *%k *kk * *% * *
BH5 *kk * * *k *kk * *kk * -
BH7 *kk * * k% *kk * *kk * -
BHg *kk * * *kk *k * *kk * -
B H 1 1 *kk * * k% *kk * *%k * -
B H21 *kk * k% k% *kk * *kk * -
BH25 * * *k *kk *k * kkk * *

Ph-Phillipsite, He-Hematite, Cc-Calcite, Au-Augite, F-Feldspar, Fa-Faujasite, Ch: Chabazite, Sm-Smectite, G-Gypsum, Major: ***, Minor: **, Trace: *

Prillipsize

Chabazite

Fig. 2: X-ray diffractogram of the zeolitic tuff with typical reflections of major zeolite minerals and other secondary minerals

Table 3.
Shows the Zeolite percent at four localities using XRD method
Locality Zeolites%
First 54.16
Second 52.09
Third 50.00
Fourth 85.48

Chemical Studies

Chemical analyses of some selected samples from zeolitic
tuff are shown in Table 4. More than 88 samples were
analyzed from boreholes using XRF methods. The results of
chemical analyses demonstrated that the most important
components of the main oxides which are belong to zeolitic tuff
exclusive of H20, are SiOz, Al203, Ca0, Na20 and K20 (Table
4).The average content of SiOz is 47.65%, K20 is 1.84%, Na20

is 1.73%, Al203 is 12.46%, CaO is 6.07%, MgO is 6.83% and
Fe203 is 11.99%. The variation of SiO2/Al203 ratio varies
between 2.93 and 3.8. The SiO2/AOs ratio controls the
formation of zeolites (Cundy and Cox, 2005; De Silva and
Sagoe-Crenstil, 2009). There is slight inverse relationship
between CaO and SiOz. This is most probably related to the
transformation of the primary sideromelane to palagonite and
formation of both zeolities and calcite. The SiO2 content of the
studied samples is confined between 40.77% and 47.90%.
There is a distinctive variation in Na:O and K20 contents and
K20/Na:0 ratio between the different localities. A wide range of
K20/Na20 ratio occurs in the studied samples that ranges
between 0.44 to 1.66%. This most probably is related to two
main factors: differences in parental magma, and related to the
dominating zeolite phases, whether these phases are Na-rich,
K-rich and/or Ca-rich (phillipsite and chabazite) (Khoury, et al.,
2015).
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Table 4.
XRF analyses shows the major oxides of the zeolitic tuff

Sample No.| L.O.I% Fe203% Ca0% K20% Na20% Si02% Al203% MgO%
BH1 15.79 12.15 5.75 2.21 1.33 42.68 13.71 5.57
BH3 12.63 13.89 8.59 1.78 1.49 42.45 11.88 6.11
BH5 15.03 12.06 513 2.14 1.44 42.94 13.23 6.38
BH7 8.97 15.06 5.16 2.04 1.95 47.63 12.03 6.16
BH9 12.49 13.56 4.50 2.24 1.84 43.69 12.87 6.81
BH11 15.07 10.86 7.48 1.78 2.18 42.42 12.88 5.52
BH20 14.36 10.43 14.79 0.45 1.02 40.77 12.15 4.24
BH21 9.15 13.23 413 1.37 2.54 47.90 12.05 7.75
BH22 9.44 12.98 6.28 2.12 2.02 43.72 13.9 7.94
BH23 10.90 13.13 7.50 2.03 1.94 42.32 12.66 8.58
BH8 10.96 13.16 6.11 1.60 1.75 43.55 12.54 8.57
BH6 11.53 14.74 2.9 1.43 1.29 4589 10.35 8.62
BH11 11.93 14.73 3.90 1.81 1.24 43.66 12.45 8.40
BH25 12.46 12.59 4.21 2.21 2.29 47.52 12.10 6.51
BH4 12.23 12.60 4.62 2.44 2.13 48.21 12.11 5.35

Reserve Estimation

The estimation of the reserves of zeolites and volcanic tuff
was based and measured by the nearest neighbor method
assigns grade values to blocks from the nearest sample point
to the block composed of polygons each with a unique grade,
and with influence area for each borehole, taken into
consideration that all layers have lateral distribution, with
specific gravity of 1.6 for the ore. From the boreholes data it
can be concluded that the thickness of the zeolitic tuff at the
first locality varies from 1.5m (BH 1) to 15.85m (BH 6), while
the thickness of the overburden ranges between zero level
(BH6) up to 6.4m (BH3) (Table 5). The thickness of the zeolitic
tuff at the second locality varies from 7.2m (BH 18) to 17. 5m
(BH 14), while the thickness of the overburden ranges between
zero level (BH14) up to 1.3 m (BH13) (Table 6). The thickness
of the zeolitic tuff at the third locality varies from 4m (BH 24) to
26 m (BH 21), while the thickness of the overburden ranges

between zero level (BH24) up to 1.3m (BH26) (Table 7). The
thickness of the zeolitic tuff at fourth locality varies from 2m
(BH 25) to 53 m (BH 26), while the thickness of the
overburden ranges between zero level (BH25) up to 2.3 m
(BH26) (Table 8).

It can be noticed that the depth of zeolitic tuff in the
boreholes at four localities varies between 4.5 to 26 m. Lateral
change in thickness can be traced at all boreholes, with some
variation in the zoning of the zeolitic tuff that are related to
changes in the colure, thickness, zeolite content, clastic
materials and the overburden.

It can be assumed that the indicated volcanic tuff reserve
estimation reaches up to 9.202.752 metric tons, while the
measured zeolites reserves reaches up to 4.818.595 metric
tons at all localities.

Table 5.
Reserves of the Zeolites and volcanic tuff at first location
BH No Zeolites % Volcanic Tuff (m.T) Volume (m3) Thickness (m) Area (m?) Zeolites (m.T)
TZ1 48.00 208399.20 130249.50 1.50 86833 100011
TZ2 51.58 118211.68 73882.30 3.10 23833 60973.59
TZ3 54.16 138665.28 86665.80 2.60 33333 75101.12
TZ4 49.34 148534.40 92834.00 2.00 46417 73286.87
TZ5 53.97 3454000.00 2158750.00 10.00 215875 1864123.8
TZ6 60.09 484376.00 3027350.00 15.85 191000 291077.68
TZ7 52.81 882000.00 551250.00 5.00 110250 465784.2
TZ10 51.82 22137.76 13836.10 8.30 1667 11471.344
Table 6.
Reserves of the Zeolites and volcanic tuff at second location
BH No Zeolites % Volcanic Tuff (m.T) Volume (m3) Thickness (m) Area (m?) Zeolites (m.T)
TZ1 55.53 234453.12 146533.20 10.20 14366 130180.09
T214 40.05 300076.00 187547.50 17.50 10717 120180.44
T215 49,57 2462.40 1539.00 4.50 342 1220.4386
T217 49.04 125030.40 78144.00 5.50 14208 61308.657
TZ18 51.28 19258.56 12036.60 2.70 4458 9875.7896
TZ19 59.14 183087.36 114429.60 13.80 8292 108277.86
TZ20 59.40 226000 141250 10.00 14125 134244
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Table 7.
Reserves of the Zeolites and volcanic tuff at third location

BH No Zeolites % Volcanic Tuff (m.T) Volume (md) Thickness (m) Area (m?) Zeolites (m.T)
TZ21 48.79 1355452.80 847158.00 26.00 32583.00 661313.1
1222 49.94 466127.20 291329.50 11.50 25333.00 232774.6
1223 49.90 506676.80 316673.00 19.00 16667.00 252846.2
TZ24 49.21 41068.80 25668.00 4.00 6417.00 20209.96
Table 8.
Reserves of the Zeolites and volcanic tuff at fourth location
BH No Zeolites % Volcanic Tuff (m.T) Volume (m?) Thickness (m) Area (m?) Zeolites (m.T)
1225 47.58 167734.40 104834.00 2.00 52417.00 79812.221
1226 54.22 119000.00 74375.00 3.50 21250.00 64521.8
e
B " ‘
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Fig. 3. Core samples from borehole (A) and close up view of reddish
zeolitic tuff (B)

Conclusions

The results indicated that there is a clear change in the
proportions of the major oxides that are associated with zeolitic
tuff in all boreholes, as a result of zeolitic process of
transformation of glass material to zeolites, with the availability
of the physical and chemical conditions to form zeolites
minerals. Petrographically, the zeolitic tuff characterized by the
presence of zeolite minerals, calcite, volcanic glass and iron
oxides. Their presence and distribution in the studied samples
from the boreholes is changeable and varies. Lateral and
vertical changes can be traced through all localities, that is due
to presence of wide variation of the zoning of zeolitic tuff at
depth. It was also noticed that the oxides of silicon, aluminum,
sodium and potassium ratios are high in the zeolite tuff with
high content of zeolite minerals, compared with non-zeolitic tuff
contained sidromelane and palagonite. It can be argued that
the tuff with more palagonite characterized by decreasing in
potassium, sodium and calcium oxides, and increasing in
magnesium and iron oxides. It can be noticed also from the
chemical results that the richest zeclite levels are
characterized by high proportion of potassium oxide.

Fig. 4. Photomicrographs of the zeolitic tuff, showing phillipsite (Ph),
Chabazite (Ch) and Palagonite (PI) (XPL,X20)

Results of XRD indicate the presence of zeolite minerals
(Phillipsite, Chabazite, Faujasite and partially analcime),
associated with calcite, and smectite and iron oxides as
secondary minerals. The percent of the zeolite minerals range
between 15 to 50.00% using point counting method, while by
XRD method the percent of zeolite minerals ranges between
43.21 and 51.77%. It can be concluded that the depth of
zeolitic tuff in the borehole is vary between 4.5 and 26 m.
Lateral change in thickness can be traced at all boreholes with
clear variation of the zoning of the zeolitic tuff which are related
to the colure, thickness, zeolite content and the overburden. It
can be assumed that the indicated volcanic tuff reserve
estimation reaches up to 9.202.752 metric tons, while the
measured zeolites reserves reaches up to 4.818.595 metric
tons at all localities.The new zeolitic tuff deposits are of
commercial value due to the high content of the zeolite
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minerals, contain large grain size zeolite minerals, relatively
poorly lithified and porous. These properties are all favourable
for successful beneficiation. Experimental investigations on the
zeolitic tuff emphasized the importance of the Jordanian
zeolites for use in wastewater treatment plants and as a soil
conditioner and as slow-release fertilizer.
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ABSTRACT. The existence of NW-SE and NNW-SSE trending, regional-scale faults is well-known feature in the area of Tran and Breznik (West Bulgaria). Despite
the numerous studies in the area, there is a lack of direct data about the kinematics of the main fault zones. Our investigations allow to define three groups of faults
and also demonstrate the dominant dextral strike-slip kinematics of the faults from Pemik fault zone, as well as of several segments of Tran-Kosharevo fault. The field
data, together with analysis of the existing maps, suggest the existence of another main strike-slip fault zone with almost N-S strike — the Timok fault. This fault is well-
documented in Eastern Serbia, as its continuation in the area of Tran (Kraishte zone) was already suggested by Karaguleva et al. (1980) and Krautner and Krstic
(2003). In the westernmost parts of Bulgaria, the Timok fault is traced along the fault segments, previously interpreted as parts of Tran-Kosharevo fault. To the
Southward the zone is following the Serkima fault. Unlike the northeast Serbia the translations along the Timok fault in western Bulgaria are much smaller — probably
of not more than few kilometers. Additionally, our new data do not support the idea that these fault zones are part of Maritsa fault zone, well-defined southeast from
Sofia.

Key words: Timok fault, strike-slip tectonics, western Bulgaria

TUMOLLIKAA PA3NOM U TEPLUMEPHA OTCEOHA TEKTOHUKA B YACT OT 3ANAOHA BBbJIFTAPUA
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PE3IOME. CblyecTByBaHETO HA PErVOHaNHI pa3noMsiBaHUs C MOCOKA CEBEpPO3anaj-toron3Tok o ceBep-CeBepo3anas-tor-lorou3Tok e 0TAaBHa No3HaT PeHOMEH 3a
paitoHa Ha TpbHCKO W BpeaHuLuko. Bbnpeku MHOrOGpOHUTE M3cneaBaHus, KOHKPETHU [aHHW 3a KWHeMaTukaTa Ha Teau pa3nomu He ca uanarawu. MposeaeHuTe
TEPEHHM M3CnesBaHus No3BonsBaT Aa ce AeuHUpaT OCHOBHO TPW TPYNK Pa3nomu, KaTo ChLUO yka3BaT 3a NPEAMMHO [SICHO OTCEfleH XapakTep Ha ABUXEHWUSITA No
Tean oT lNepHuLLKaTa pa3noMHa 30Ha, a Taka CbLyo M Mo peauua cermeHTn Ha TpbHCKo-KolapeBckust pa3noM. TepeHHUTE [aHHM, KakTo W aHanu3a Ha KapTHUTe
MaTepuanv nokaseaT MPUCHCTBMETO Ha OLLE efjHa PEervoHamnHa oTcenHa CTPYKTypa — TUMOLLKUS pa3nioM, XapakTepuaupaly ce C MoYTW CeBep-toxHa nocoka. Tosu
pasnom e icHo 060cobeH B Cbpbus kaTo HErOBOTO MPOABIKEHME B paiioHa Ha TpbHCkoTo Kpamile Beve belue noackasaHo ot Karaguleva et al. (1980) u Krautner
and Krstic (2003). B Han-3anagHuTe 4act Ha 6bnrapcka Teputopusi, TUMOLLKWST pasnoM CbOTBETCTBA Ha PasNoOMSBaHWS, B MUHANOTO MHTEPNPETUpaH KaTo
onepsiBaLyyM cerMeHTn Ha TpbHcko-KoLuapeBckust pasnoM. B toxHa nocoka HeroBo npogbikeHue ce siBsiBa CekMpHEHCkUs pasnoM. 3a pasnuka oT CeBepou3TodHa
Cbpbusi, B TpbHCKO TpaHcnaumuuTe no TUMOLLKIS pa3nioM ca MHOTO NMo-Markyl (40 HSIKONKO KuioMeTpa). He Moxe fa bbae NoTBbpAeHa U UAEsTa, Ye KOMEHTUpaHUTE
30HU ca yacT oT MapuLukaTa pa3nomHa 30Ha, obpe feduHMpaHa Ha torouatok ot Codmns

KniouoBu AyMu: TumoLLKK pasnom, 0TCeAHa TEeKTOHUKa, 3anagHa E'bJ'II'apMH

Introduction Schmid et al., 2008; Tarapoanca et al., 2007) with total
displacements of up to 100 km (Moser, 2001; Fligenschuh and
One of the distinctive features of north vergent branch of the ~ Schmid, 2005). However, recently Shaw and Johnston (2012)
Alpine orogen in the Balkan Peninsula is its highly arcuate presented an alternative model, based on paleomagnetic data,
geometry (Fig. 1, e.g. Burchfiel, 1980; Csontos and Vérds, in which the Carpathian—-Balkan bend formed as a result of
2004; Schmid et al., 2008). Especially the linkage between the vertical axis rotation of an originally linear orogen.
Carpathians and the Balkanides is characterized by a . .
westward convex arc, probably formed by oroclinal bending The existence of major wrench faults along the western
during the northward movement of the Carpathians units when bounfjary of the Moesian platform was already known since the
invading the so called Carpathian embayment (e.g. Channel 1950's (e.g. Sikosek, 1955) whereas their significance for the
and Horvath, 1976; Burchfiel, 1980; Csontos and Vérds, 2004; formation of the Carpathian-Balkan arc was recognized from
Fiigenschuh and Schmid, 2005). This Early Oligocene to Early the beginning of the 1980's (e.g. Karagjuleva et al., 1980).
Miocene movement was accommodated by dextral strike-slip Unfortunately, the existence of these early contributions not
motion along curved fault systems such as Cerna-Jiu and only left unrecognized by the scientist dealing with large-scale
Timok faults (Fig. 1, Berza and Dragdnescu, 1988; Alpine reconstructions, but their implications were not taken
Ratschbacher et al., 1993; Krautner and Krstié, 2002, 2006: into account in the most recent studies of the tectonics of

western Bulgaria (Marinova et al., 2010 a,b).
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SikoSek (1955) describes the north-south trending large
strike-slip fault zone in the easternmost Serbia as Pore¢-Timok
dislocation. Based on the offset of rock units, minimum
displacement of about 50 km along this structure was
estimated. Furthermore, Karagjuleva et al. (1980) described
the Pore¢-Timok dislocation as part of much longer fault
(Timok-Pirot-Bunovo fault) that stretches for more than 150 km
from Southern Carpathians to the western Bulgarian Kraishte
area. To our knowledge, the study of Karagjuleva et al. (1980)
is the only one dealing with the problem of the continuation of
Timok strike-slip zone in Bulgaria. According to these authors
the trace of the fault runs along a complexly faulted area east
to southeast of Tran and further south in Kraishte area. Much
later, Kounov et al. (2011) connected Timok fault zone with
strike-slip structures, responsible for the development of Late
Oligocene - Early Miocene basins in Kraishte area. The most
prominent fault zones in the Kraishte are the Tran-Kosharevo
and Pernik faults (Figs. 2 and 3,e.g. Kostadinov, 1977, 1971).
They are both described as up to several kilometers wide
faulted domains incorporating single faults or fault zones with
various kinematics all having similar NNW-NW-SSE-SE
strikes. They are considered as marking the boundary between
Sredna Gora and Kraishte zones of the Balkanides (e.g.
Ivanov, 1998) recording a complex evolution including multiple
reactivations (e.g. Zagorchev et al., 1995). According to
Bojadjiev et al. (1971) the Pernik fault represents the
westernmost continuation of the Maritsa fault zone (Fig. 1).
Similar suggestion about the western prolongation of the
Maritsa fault system was made later by Ivanov (1998). He also
interpreted the Tran-Kosharevo and Pernik zones as Late
Alpine strike-slip faults.

Unfortunately the suggested relationships between the Timok
fault in Serbia and the Tran-Kosharevo and Maritsa faults rests
purely empiric and the last detailed structural studies in the
area dates from the early 1970's. Here we present some new
structural data and observations from the area of Tran
shedding some new lights on the problems related to the
correlations and direct interconnections between these major
Cenozoic tectonic features in the Balkanides.

Gelogical setting

The major tectonic features characterizing the area of Tran
are the Tran anticlinorium and the Lyubash monocline (for
overview and detailed references see Ivanov, 1998;
Zagorchev, 2001). The Precambrian metamorphic rocks
(Vukan complex of Marinova et al., 2010) in the core of the
Tran anticlinorium are intruded by Ediacaran-Cambrian and
Variscan magmatic rocks. The post-Variscan sedimentary
cover from the limbs consists of Permian to Valanginian
deposits (Fig. 2). The structure is strongly fragmented by
several fault systems (Fig. 2).

To the northeast the Tran anticlinorium is separated from
Lyubash monocline by the various faults and fault segments
collectively known as Tran-Kosharevo fault (Kostadinov, 1977).
The monocline is extending more than 40 km from the
Bulgarian border to the Pernik basin and is built of Paleozoic to
Mesozoic northeast dipping sediments (Fig. 2, Kostadinov,
1977). Its continuation northwest in Serbia is known as
Kusovrana anticline (Fig. 2, Andelkovi¢ et al., 1977). To the
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northeast Pernik fault zone separates the Lyubash monocline
form the Late Cretaceous sedimentary basin of Sredna Gora
zone (Fig. 2).

The Tran anticlinorium and the Lyubash monocline were
formed most probably during the Early Alpine (late Early
Cretaceous) orogeny (e.g. Zagorchev, 2001) whereas they, or
at least part of them, have experienced some exhumation
during the later tectonic phases (e.g. Anti¢ et al., 2016).

Tran anticlinorium and Lyubash monocline are situated in the
footwall of a prominent Early Alpine thrust (e.g. Zagorchev,
2001) that emplaces the Lower Paleozoic sediments of the
Morava Unit onto the Mesozoic sediments from the southwest
periphery of the Tran anticlinorium (Fig. 2). The easternmost
preserved frontal part of the allochthon (Penkiovtsi klippe) is
cropping out in the western part of the study area (Figs. 2 and
3).

Main results and previous considerations

Field studies aiming to unravel the evolution of the
complicated fault network in part of Kraishte zone were carried
out in the area of Tran (Fig. 2). When outcrop conditions
allowed a structural analysis of the faults was also conducted.

Our study also includes a careful analysis of all previous
maps and cross-sections, combined with the use of detailed
satellite imagery. We have been able to produce compiled
geological map of the investigated area (Fig. 2) which is
primary based on recently published maps for the Bulgarian
part of the area (Marinova et al., 2010a, 2010b) and the
geological map of SFR Yugoslavia 1:100 0000, sheet Breznik
(Andelkovi€ et al., 1977) for the Serbian territory.

Our structural data were combined with the analysis of the
published maps, which performed along the three previously
recognized major groups of faults and fault zones in the study
area. One trending generally NW-SE, another striking N-S to
NNW-SSE and individual faults oriented NE-SW and WNW-
ESE.

NW-SE trending fault zones

The Pernik fault zone is up to several kilometers wide zone
of localized brittle deformation which consists of prominent set
of NW-SE trending faults (Figs. 2 and 3, Kostadinov, 1971).
They are developed mostly in the Upper Cretaceous sediments
or along their contact with the Tithonian-Berriasian carbonates
of the Lyubash monocline and can be traced almost
continuously from Bankia to the area of Breznik (Fig. 2).
Northwest of Bankia, in Serbia, this zone probably continues
along the contact of the Upper Cretaceous sediments and the
Tithonian-Berriasian carbonates. Most of the faults of this zone
are steep and in several cases fault planes bear slikenfibres
that indicate dextral-strike slip movement (Fig. 3). However,
previous authors have reported some exhumation of the
Lyubash monocline along this zone describing it as a horst-
monocline (e.g. Kostadinov, 1977).

Previously the Tran-Kosharevo fault was described as a
structure generally bordering the Lyubash monocline from the
SW and trending N-S from the area of Tran to Ezdemirtsi,



where changing to SE direction (Kostadinov, 1977; Marinova et
al., 2010a, b). Our new field data, as well as the analysis of the
maps indicate that this supposedly single structure actually
encompasses, at least, two different faults. The Kosharevo
fault, which is striking NW-SE, could be clearly followed along

European foreland Rhodope
|:| and Tertiary basins l:] P
Carpatho-Balkanides: MM circum-Rhodope
Moldavides ([T]] strandia
Ceahlau-Severin Ocean Internal Dinarides and Hellenides:
r77) Danubian, West Balkan, Il orhiolites

Balkan-Fore Balkan, East Balkan

¥+"{ Getic, Sredna Gora
Pelagonian, Drina-lvanjica,
E stuma Korab and Durmitor
Supragetic, Vasina and Morava ¢ cts

Serbo-Macedonian high-grade

Vardar zone

~e normal faults

- undifferentiated faults

Fig. 1. Tectonic map of part of Balkan Peninsula (after Schmid et al.,
2008). Box outlines Figure 2

As a logical continuation of the Tran-Kosharevo fault, north of
Tran, we suggest the fault bordering to the southwest the
Lower Paleozoic sediments of the Lyubash monocline and its
continuation, the Kusovrana anticline in Serbia, named here as
Tran fault (Figs. 2 and 3).

N-S to NNW-SSE trending fault zones

This fault system of N-S to NNW-SSE trending faults have
been previously described in the study area (Karagyuleva,
1970; Kostadinov, 1971, 1977). In the light of our field
observations the N-S fault between Bankia and Banishte,
previously regarded as a part of the Tran-Kosharevo fault, is
now considered as an independent fault representing a direct
continuation of the Timok fault in Bulgaria. This is in agreement
with the existence of N-S trending faults in neighbouring Serbia
(Fig. 3, Kréautner and Krsti¢, 2002). South of Banishte, the
Timok zone can be traced along previously recognized Sekirna
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the western boundary of the Lyubash monocline from
Kosharevo northward to Banishte where it ends up in the
NNW-SSE trending structure which we are attributing here to
the Timok fault.

Moesia

%,
. Balkan « Fore Balkan.
L4 € Balkan

— undifferentiated fault
= normal fault

2= strike-slip fault
/= thrust

A~ nappe

| Quaternary

[
[ Neogene
middle Eocene -
= Oligocene
Oligocene
= volcanics
Upper Cretaceous
in Sredna Gora
- Upper Cretaceous
= in Kraishte
Lower Cretaceous -
[ (Berriasian-Valanginian)
in Kraishte
= Lower Cretaceous -(Barremian-
Aptian) in Sredna Gora

I Tithonian-Berriasian in Sredna Gora

[ Tithonian-Berriasian in Kraishte
I Lower-Middle Jurassic
[ Triassic

Il Permian

Il Devonian in Sredna Gora

Il Devonian of Morava Unit

[ Neo-proterozoic - lower
Paleozoic in Kraishte

Fig. 2. Geological map of the study area (after Marinova et al., 2010a,b;
Krautner and Krsti¢, 2003)

fault (Karagyuleva et al., 1980; Marinova et al., 2010a). There
is not enough field data to document the continuation of the
Timok zone south of Bunovo (south of the study area), as
suggested by Karagyuleva et al. (1980). It could be proposed
that the fault zone ends up in a horsetail splay of faults, which
could be clearly observed south of Kosharevo in the southern
part of the study area (Figs. 2 and 3).

Field observations, combined with analysis of existing
geological maps and satellite images clearly shows that Timok
fault cuts the older Tran-Kosharevo fault (Figs. 2 and 3). This is
evident by the ~2.5 km offset of the Lyubash monocline along
the Timok fault between Bankia and Ezdemirtsi (Fig. 2). It is
important to notice that amount of strike-slip displacement
along the Timok fault decrease from 50 km in northeastern
Serbia (SikoSek, 1955) to ~2.5 km in the Kraishte zone
suggesting dying out of the structure in the area.



NE-SW and WNW-ESE oriented individual faults

Another distinct fault group, in the study area, is presented
by NE-SW and WNW-ESE structures which are generally
characterized by their relatively short length. These faults
clearly cut the faults of the other two groups and are mostly
developed in the core of the Tran anticlinorium (Figs. 2 and 3).
Southwest of Bankia such NE-SW trending dextral strike-slip
fault is offsetting both the Tran and Timok faults (Figs. 2 and
3).

" undifferentiated fault
= normal fault
2= strike-slip fault

/<~ thrust

TmF - Timok fault

TrF - Tran fault SR
SF - Sekirna fault \\ “\,“ \ ‘
KF - Kosharevo fault \\

\,‘\“

PrFZ - pemik fault zone

PN - Penkiovtsi nappe (klippe)

Fig. 3. Tectonic sketch map of the study area. Thicker lines represent the
major faults discussed in the text

Discussion and conclusions

The time of the activities along the first two groups of faults
could be well constrained by the age of the youngest
sediments which they cut and the oldest which are sealing
them. These are, respectively, the Late Oligocene - Early
Miocene sediments of the Pernik and other smaller basins from
the southern part of the study area and the Late Miocene-
Pleistocene sediments filling small basins such as Znepole and
Breznik (Fig. 2). These sedimentary sequences give a very
narrow age span of activity between the Early and the Late
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Miocene. Only the NE-SW and WNW-ESE oriented faults
seem to be active even during the Quaternary.

It was previously proposed that the formation of the Late
Oligocene-earliest Miocene NW-SE elongated continental
basins in Kraishte such as Sekirna, Pernik and Bobov Dol was
related to dextral strike-slip tectonics during SSE-NNW
transtension (Moskovski, 1971; Kounov et al., 2011). The
evolution of the sedimentary basins was obviously controlled
by the NW-SE oriented faults, of the first group, in releasing
bend zones or at their terminations (Kounov et al., 2011). It
must be noticed that activation of this fault group was
facilitated by the fact that often they present a set of already
existing inherited structures. The observed local thrusting of
the basement rocks onto the Cenozoic sediments and their
folding may have developed in restraining bend zones where
permutation of the o1 and o2 stress axes has occurred
(Kounov et al., 2011). It could be supposed that a NE-SW
oriented o1 major stress axes was responsible for the
formation of the NNW-SSW to N-S dextral strike-slip faults of
the second group. Strike-slip tectonics in the Kraishte area was
already explained by the processes of northeastward lateral
extrusion and rotation of continental fragments around the
western boundary of the Moesian platform (Boccaletti et al.,
1974; Tapponnier, 1977; Burchfiel, 1980; Schmid et al., 1998;
Figenschuh and Schmid, 2005; Kounov et al., 2011). On the
other hand the NE-SW oriented middle Miocene compression
in the Balkans was related to the arrival of the Kruja crustal
fragment at the north Hellenic trench in Albania (Burchfiel et
al., 2008).

In line with the ideas of previous researchers (e.g.
Kostadinov, 1970, 1977; Zagorchev, 2001) it could be
suggested that the localization of the main fault systems is a
result of structural inheritance from Variscan and Early Alpine
weak zones. The most striking example is the southwestern
margin of the Lyubash monocline, where there are clear
evidence that tectonic activities along the precursors of the
Kosharevo fault had controlled the sedimentation in the area
since the Paleozoic (e.g. Kostadinov, 1970).

Our data also give some arguments for questioning the
proposed link between the NNW-SSW to N-S trending steep
fault zones in western Bulgaria and the fault segments that
form the Maritsa fault zone (Bojadjiev et al., 1971). The
strongest arguments are the overall geometry of the fault
systems in this part of Bulgaria and the lack of robust data for
supporting the connection between Pernik and the Maritsa fault
zones. The main trace of the Maritsa zone is running along the
Iskar River valley between Iskar dam and the Pancharevo
(east from the study area), whereas farther northwest the zone
is buried below the sediments of the Quaternary Sofia graben
(Fig. 1, Gerdjikov et al., 2015). Furthermore, Gerdjikov et al.
(2015) reported Eocene magmatic rocks sealing the fault zone.
On the other hand, the suggested trace of Maritsa zone along
northeastern footstep of Rila Mountain (Fig. 1) and northeast
rim of the Palakariya graben (e.g. lvanov, 1998) is very poorly
documented and there is no reliable data for exact geometry,
kinematics and timing of the movements along the fault
segments. Taken together these facts rule out the possibility of
direct continuation of Maritsa fault zone in the Kraishte area.
Furthermore, our data suggest that the Tran-Kosharevo fault is
not a single fault structure whereas its generally N-S trending



part belongs to the Timok fault. Unlike the classical area in
Eastern Serbia (SikoSek, 1955), in this southern part the
translations along the dextral fault zone are much smaller —
probably of less than few kilometres.
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PA3CUMHO 3/TATO B EOLIEHCKM CEOUMEHTU OT U3TOYHUA BANKAH U MPEN-
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PE3IOME. Pa3scunHo 3naTo e yCTaHOBEHO B HSIKOMKO Npoby oT ABa fokanuTeTa: oT MecTH. Yekenesa (3anagHo ot O63op) 1 oT MecTH. Hemoit gepe (Puluku npoxog).
B nbpeus nokanutet To e AokasaHo B wnmx ot O63opckata koHrmomepatHa cauta (Cpeper-TopeH EoueH), fokato BbB BTOpUS — B WX OT Apmepckus
KOHrMomepaTeH uneH Ha [leonHuwkata ceuta ([onen-CpepeH EoueH). XapaktepuctnieH Gener 3a ABeTe nuToCTpatMrpadick €AnMHALM € MPUCHCTBMETO Ha
€KCTPaKMNaCcT/ OT ByNKAHCKM 1 MHTPY3WBHW CKanu, paskpuBaLLy Ce B KOPeHHW paskpuTus Ha CpeaHoropekaTa 30Ha, KOUTO Ca Hal-BEPOSITHUS M3TOYHMK W Ha 3NaToTo.
[MpUCLCTBMETO UM CPEf eOLIEHCKUTE CeAnMeHTH ce obscHsBa ¢ MinupckaTta (cneantoTecka) oporeHesa, B pesynTat Ha kosTo ce obpasysar MstouHute bankaHuan.
Bbnpeku MTONOXKOTO C1 CXOACTBO W Br3KUTe CY Bb3PAcTy, ABETE NUTOTENA CE Pa3nuyaBaT No TEKTOHCKOTO CU NOMOXEHNE. APMEPCKUSIT UNEH € CUH-TEKTOHCKM, a

Ob3opckaTa cBuUTa — NOCT-TEKTOHCKA.

KntoyoBu gymu: EoueH, /3toueH Bankan v MpegbankaH, pascunHo 3nato

PLACER GOLD IN EOCENE SEDIMENTS OF EASTERN BALKAN AND FOREBALKAN

Venelin Jhelev, George Ajdanlijsky, Ivan Petrov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, vjjelev@yahoo.com, g.ajdanlijisky@mgu.bg

ABSTRACT. Placer gold is found in several samples taken from two localities: from Chekeleza area (west of Obzor town) and from Nemoi Dere area (Rish Pass). In
the first locality it is established in heavy mineral fraction from the sediments of the Obzor Conglomerate Formation (Middle-Upper Eocene), while in the second one —
in heavy mineral fraction of the Armera Conglomerate Member of Dvoinitza Formation (Lower-Middle Eocene). Characteristic feature of both lithostratigraphic units is
the presence of extraclasts of volcanic and intrusive rocks, cropping out in autochthoneous position in Srednogorie Zone, which are the most probable gold source. Its
presence among Eocene sediments is explained by lllyrian (post-Lutetian) orogeny, resulting in formation of Eastern Balkanides. Despite their lithological similarities
and close ages, both units differ in their tectonic position - the Armera Member is syn-tectonic while the Obzor Formation is post-tectonic.

Key words: Eocene, Eastern Balkan and Fore-Balkan, placer gold

BbuBepeHue

MbpBMTE AaHHW 3a MPUCLCTBME HA PA3CUMHO 3rMaTo B
naneoreHckute cegumeHtM oT  W3TouHua bankaH ca
YCTAaHOBEHW npu reonoxkara kaptuposka B M 1:25 000
(OxypaHoB u ap.,1994). VacnefgaHn ca Tpu LUAMXOBX Npodu
ot OB3opckaTa koHrnomepatHa cauta (CpegeH-lopeH EoveH),
kaTo B eOHa OT TAX € [0Ka3aHO pascunHo 3nato. MogobHu
HenybnKyBaHu AaHHM OT €AMHUYHM NPOOK Ca YCTaHOBEHU No-
KbCHO U 3a KoHrmomepaTHata 3agpyra (HoneH-CpegeH EoueH)
B MeCTH. Hemoi fepe, nped (ppoHTa Ha Aucnokauusta Ha
YyaHute cTeHn. LlenTta Ha HacTosAWOTO M3CneaBaHe e Aa ce
npoBepy, AeTannuanpa v pasiimpu Tasw uHdopmaums ypes
HOBO onpobBaHe.

B cbCefeH paiioH Ha MacneBaHuTe oT Hac nnou, Mosyes
(2015) pmokasea pa3cunHO 3naTo W MnaTMHA B anyBWanHuTe
Hacnaru Ha p. [JsoiHuuya (okorno c. [onuHo) U B OecHu
nputoum Ha p. Kamums (okomo . Yucpnuk), 3a kouto
npegnonara, 4e Ca  [EHETMYECKM  CBbP3aHM  CbC
CpenHoropckust  MarmMaTtus3bM, HO Ca  MPEOTNOXKEHW B
CbBPEMEHHNS anyBuil OT MEXANHHU KONEKTOPU - CEAUMEHTUTE
Ha [sonHnwkata (MopeH [aneoueH-CpepeH EoueH) u
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HonHoundpnmwkata (CpepeH-Topen EoueH) ceutn.  Tosm
n3Bog, obaye, W3UCKBA aHanM3 Ha CkanuTe, paskpuBallM ce
BbB BOAOCOOPHMTE OacelHn, noaxpaHBallM 3MaTOHOCHMS
CbBpPEMEHEH anyBuit. Hanpumep 3naToTo B JeCHWUTe npuToLM
Ha p. Kamuns moxe ga nagsa He camo ot [onHoundpnuiukara
CBWTA, HO W OT CeaMMeHTUTE Ha [lBOMHWLIKaTa cBuTa (Hau-
BEPOSTHO ApMEpCKUSi KOHMoMepaTeH ureH). 3a pa ce
UrHopmpaTt nofobHN HEMbMHOTK, NPW HACTOALLOTO onpobBaHe
€ 13crnefBaH U3KyCTBeH LUMMX, LOOUT AUPEKTHO OT eOLEHCKNTE
CEAUMEHTH.

PernoHanHa reonoxka o6cTaHoBKa

OnpoGBaHeTo Ce M3BBPLLM B [1BE W30NMpaHu efHa oT apyra
nnowy: OB63op u Hemoit gepe (dwmr. 1, A). ObekT Ha
onpobeaHe B OB63opckata nnow, ca KOHrMomepaTute Ha
O63opckata CBMTa, KOWTO M3rpaxpaT efHa No3WTMBHA
penedHa dopma (BucounHaTa Yekenesa), sanagHo ot O630p
(qur. 1, B). Ob3opckaTa KOHrNomepaTHa CBUTA € BbBEAEHa
nog nmeto bo3ekeHckn koHrnomepart (Foues, 1932), koeto e
3ameHeHo ¢ O630pcku koHrnomepart (botes, 1953), a paHrbT €
onpegeneH ot [hxypaHos u lMumnupes (1989). UsrpapeHa e



NPeayuMHO OT rpyBOTEpPUTEHHN CEONMEHTN — KOHTIIOMepaTu 1
MACBYHMALM, C NOOYMHEHO KOMUYECTBO [MIMHW W PepKu
npocroiikm 0T Meprenu W Baposuun. KoHrmomepatute
BapupaT OT OnokoBo-BanyHHW A0 rpasuiHu. Cnoitkata e
necbynBa, NECHYINBO-TPABUAHA W MO-PSLKO  TNIMHECTO-
necbunuBa. B nsAcbuyHMKOBMTE Hacnmaru npeobnapaeat
BY/IKGHOMMKTOBUTE MACBYHMLM. KnacTute B KOHrmomepaTtute
ca [0 62 % OT ByNKaHCKM CKanW U MO-psigKo OT MSCBYHMLM,
[MUHM WM MHTPY3uMBHU ckann (pur. 1, B). Kwbcosete ot
BYNIKAHUTW U UHTPY3MBHM Ckanu ca Jobpe 3arnafeHu, Y4ecTo ¢
chopmaTa Ha TPUOCEH enuncoms, kato 0bpasyBaT xapakTepHa
UMBpUKaUMOHHa TekcTypa (dpototabnmua I, cH.  1-3).
CeOnMeHTHMTE KbCOBE Ca Hail-yecTo pbbectn unmn cnabo
3arnageHn. 3a ByMKaHCKUTE M WHTPY3MBHUTE KbCOBE Ce
npegnonara TPaHCMOPT OT KOPEHHUTE WM  paskpuTUs B
CpenHoropneTo, a ocTaHanuTe Kknactu ca oT EmuHckata u
[BoiHuwkaTa cuTa. CbCTaBbT Ha KbCOBETE, CTEMeHTa Ha
3arnageHocT W uaMepeHata umbpukauus (ur. 1, B),
CBUZETENCTBAT 3a TPAHCMOPT OT I Ha CeBep.

Ceutata nexu TPAHCTPECMBHO W AMCKOPAAHTHO BBPXY
pasnuyHu HUBa Ha [IBOMHWLLIKATa CBWUTA (BEPOSITHO W BBPXY
EmuHckaTta cBuTa), kato 0hOpMS edHa MAWTKA CUHKMMHana.
[ebenuHata 1 e okono 150 m. Bb3 ocHoBa Ha HamepeHaTa
Makpo- M MUMKpocdhayHa (3a 4acT OT KOSTO ce npeanonara
npeoTnaratHe), KakTo 1 B3aMMOOTHOLLEHsTa 1 ¢ [IBonHWLKaTa
CBWTa, Ce Np1ema cpegHO-TOpHOEOLieHeka Bb3pacT ([xypaHos
v Mumnupes, 1989, xypaHos u ap., 1994; CuHboBckm, 1996).

Cnopen [IxypaHos u ap. (1994), pasrnexgaHnsaT y4acTek €

(parMeHT  oT  EMMHCKaTa  30Ha Ha  MHTEH3MBHO
Aedopmupanarta unupcka Jlygokamuuiicka eguHuua. Tyk T4
BkMtoyBa  Mpaknuitckata  aHTWKNWMHana W [IBOMHMLLKA

CMHKNWHAMa, C npeoObpHATO M YaCTUYHO CKbCaHO o06LLO
Begpo (MoHanetpeHcku pasnom, dwur. 1, B). Bbpxy Teau
WAWMPCKA  CTPYKTYpM € HanoxeHa nnutkata O63opcka
CUHKNWHana, obpasyBaHa MO-KbCHO (MMPEHENCKN M CaBCKu
Ledopmavim).

lMpUCHCTBMETO OCBEH Ha arnoXTOHHa (MPeoTnoXeHa), Taka u
Ha aBTOXTOHHHA Mopcka (bayHa, [Oka3Ba CeAMMEHTUPAHETO
Ha KOHrmomepatute B Mopcka cpepa. OcraHanute nuTonoro-
CTPYKTYpHM Oenean obadve nokas3saT anyBuaneH Mpou3xos.
Hai-BeposiTHO NoAXpaHBaHeTO e cTaBano OT peka C
BogocOopeH GaceiiH, BkntouBaly Abnboko AeHyaupaHu (po
HWBOTO Ha  xunoabucamHWTe  WHTPY3MBM) YacTu  OT
CpepgHoropueTo v W3TouHus bankaH, KosTo ce e BnmBasna BbB
BAAJEH Ha 1OT 3anMB Ha KbCHOEOLIEHCKOTO MOpE, 3aemallo
[onHokamuuitckata naguHa Ha cesep.

O6ekT Ha mscnepgsaHe B nnow, Hemoi pepe (cur. 1, B) e
naneoreHckata KoHrnomepatHa 3agpyra (KvHue, 1995a,b),
paskpuBalla ce CEBEpHO OT AMCnoKauusiTa Ha YyaHuTe CTeHU
B T. H. JOXHa CWHKNMHaNHa mBuLa®, BKIoYBaLla B V13TouHMs
MpenbankaH Kununoso-PuiwkaTa cuHknnHana (boHues, 1971).
Tasu eguHnuya e otaeneHa ot Kockel (1927) nog wmeto
,EK30TUYHN KOHIIIOMepaTH’, a Hanocnegbk € HOMUHUpaHa KaTo
Apmepcks uneH Ha [lBoiHWwkata cBuTa (BaHremos wu
CunboBcku, 2013). 3agpyrata e usrpafeHa OT HaCWUTEHU
MONUreHHU KOHTNOMepaTn ¢ MACBYHUKOBW MPOCROMKK (choTo-
Tabrmua I, cH. 4-6). Makap M nowo copTupaHu, B
KOHrromMepaTuTe ce Habnwogasa OTYETIMBA  CIOECTOCT.
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HanpaseHusT neTtporpadcku ChNekTbp Ha KnacTuTe nokassa
HanuuMe Ha BynKaHcku ckanmu (6asantu, aHgesnTn, Tydw,
XVOPOTEPMAnHONPOMEHEHU CKanu, EnuAO03WUTM), MHTPY3WBHM
cKarnu (CMeHWUTW, AMopuTH), KapboHaTu (Meprenn u BapoBuLY),
MACBYHMLM, KBapL W KBapuWTW, rHaicu. [pOLEHTHOTO UM
CbabpxaHue e nokasaHo Ha cur. 1, b. Mpeobnaaasat kbcose
c paamep Ao 5 cm. Pagko ce cpewat BanyHu (25-30 cm), a
BnokoBe ¢ pasmepu 1,5 m ca wusknoyeHue. Cnoilkata e
BapoBuTO-necbunuea. [lebenuHata Ha 3agpyrata e 400-500
m. BkameHenoctu ca HamepeHu B Puwkns npoxog ot Acker-
mann B NPeoTNOXEHU KbCOBE OT BapOBMLM U OMpeaeneHu
(Nummulites globules) ot Pollak (1933). Bcuuku aBtopu
npuemar naneoLeH-cpegHOEOLeHCKa WM JOMHO-
CpeaHOeoLeHCKa Bb3pacT 3a KOHrnomepatute npen ¢poHTa
Ha aucnokauus YygHute cteHu (Bonues, 1971; 1972; NoByeB
u gp., 1971; BaurenoB u  CunboBcku, 2013 u fgp.), ¢
nsknioyeHme Ha KovHueB (1995b), cnopen koWto Te ca
CNeanoTECKN.

B ceBepHOTO Kpuno Ha CWHKNMHamnaTa, KOHromepaTtHaTa
3agpyra nexu TPaHCIPECMBHO BbPXy PasiuYHM HWBA Ha
ropHata kpepa (cur. 1, B). B 10xHUTe cu paskpuTus TS ce
Bb3CALa OT CpefHOolopCkUTE CeauMeHTW Ha CuHuBMpckaTa
CBWTa MO AucnokauusiTa Ha YygHute cTeHn. Tyk Ha kapTaTa Ha
KbHues (1995a) e nokasaHa egHa newoobpasHa nnactuHa ot
MesgpeHckata cBuTta, ,3awmnaHa” mexgy CuHuBMpckaTa
CBWTa W KOHrmomepaTHaTta 3agpyra (umbpukaums, ocna” ot
pucnokaumata Ha Yygnute creHw). [pu  HacTOALLOTO
n3cnenBaHe € YCTaHOBEHO, Ye T MpeacTaBnssa newa of
kapboHaTHN Bpekywn, BKMIOYEHM B KOHrMOMepaTHaTa 3agpyra.
Bpekunte ce CbCTOAT OT pbbecTn KbcoBe OT cuBobenm
BapoBMLW, SOYECTU BAPOBULM W BapOBULN C YEPEH (PRIMHT, C
XaoTW4Ha OpUMEHTUpOBKa Ha croecTocTTa (doTotabnumua |, cH.
7). MopobHM ckanu uarpaxaat ceBepHOTO 6eApo Ha CUHKIU-
HanaTta, KbAeTo Te ca OTHeceHu kbM MesgpeHckata u Kai-
mblkaTa ceutn (KbHues, 1995a).

MaTepMan N MeToaukKa

TepeHHaTa paboTa BKMHOYBA MAapLIPYTHO M3CreaBaHe C
OMUCHW TOYKW, M3MepBaHe Ha CrnoecTocTTa, MMBpukauusTa,
onpegensHe Ha neTporpadckuTe CrekTpu W onpobeaHe Ha
KOHrmomepaTHuTe nutotena. Baetn ca 4 npobu ot pa3nnyHu
yacTn Ha O63opckarta ceuTa M 6 mpobum OT 3 nokanuTeTa Ha
KOHrnomepaTHaTa 3agpyra. Ha reonoxkata kapta (cpur. 1, B) u
B Tabnuua 1 ca nokasaHn u npobute Ha [xypaHoB W ap.
(1994).

W3crensaH e U3KyCTBEH LUNKUX OT CkanHa maca, gobuta ot
KOPEHHM PaskpuTUS, KaTo ca onpobBaHM Tena OT HACUTEHM
koHrnomepati. ObeMbT Ha u3xopHaTta npoba e B pamkuTe Ha
12-14 kg. [MbpeoHavanHo npobute ca o6paboTeHn Ha
YerncTHa Tpowayka [0 OTCTpaHsiBaHe Ha nceduTHUTE
kbcoe. OcTaHanarta ckanHa maca ¢ 06em He no-manko oT 5
kg (okono 3 ) e pasgpobeHa AOMbIHWTENHO Ha BanLoBa
Tpowayka ao dpakums —1,0 mm. lNpobute ca oborateHn oo
CMB LLUMUX Ype3 NPOMMBaHE BbB BOAA, NPW KOETO ca OTAENEHM
W1 YCTaHOBEHWTE B TSX 3NaTUHKM.
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®ur. 1. (A) CxemaTnyHa reonoxka kapra (no YewmteB n KuHues, 1989) ¢ mectononoxeHue Ha nnowure ,Hemon gepe” u ,,0630p”: (1-5) Me3o3odi: 1 -
Tpuac v lOpa; 2 - lonHa Kpepa; 3 — BynkaHoreHHa lopHa Kpepa; 4 — MopHokpeaeH dnuw; 5 — envkoHTuHeHTanHa MopHa Kpepa; (6-7) [ManeozeH: 6 —
ManeoueH - CpepeH EoueH; 7 - MFopeH Eouen: (a) koHrnomepaty u (6) rmuHecTu nscbyHuLmM 1 Meprenu; (8) HeozeH u KeamepHep; (B) Feonoxka kapTa Ha
nnow ,,Hemoii gepe” (no KvHueB, 1995a ¢ ponbnHeHus): (9-13) Mesosoi: 9 - FopeH Tpuac: BapoBukoB onuctonut;10 - CpeaHa HOpa: CuHuBMpcka
aprvunutoBa cButa; 11 - [lonHa Kpepa (Xotpus-Bapem): Kamumiicka necbunuso-meprenHa cButa; 12 - nacbyHukoBa 3aapyra (LieHoman); 13 - Me3apeHcka
BapoBukoBa cBUTa (KoHnac-Mactpuxt); (14-15) lManeozex (OoneH-Cpepen EoueH): 14 - koHrnomepartHa 3agpyra; 15 - GpekyokoHrnomepaTHa nayka c
pbbectn knactu ot Me3gpeHckata cBuTa; (C) Meonoxka kapta Ha nnouw, ,,0630p” (no KbHueB, 1995¢c ¢ gonbnHenus): (16) MopHa Kpepa-ManeoueH:
-MepreneH
¢nuw (Qonen-Cpepen EoueH); 19 - O63opcka koHrnomepatHa cButa (FopeH EoueH); (20-21) KBaTepHep (XonoueH): 20 - anyBuanHu Yakbiu, NACHLY,
rnuHK; 21 - Mopcku nAcbLUy; (22-28) MeTporpadicku cnekTpu: 22 — ByNKaHUTKH; 23 — rpaHNUTV U AvopuTY; 24 — rHaiicu; 25 — Meprenu U BapoBuLy; 26 —
NACBLYHNLM; 27 — XMAPOTEPMANHONPOMEHEHU ckanu; 28 — kBapumTH; (29) - nuTocTpaTMrpadicka rpanmua; (30-32) TekToHckw rpaHuum: 30 —pascep u oTcen;
31 - Bb3cen; 32 - rpaHuua Ha onuctonut; (33) cnoectocT: (a) HopmanHa u (6) npeo6bpHaTa; (34) mectononoxeHue Ha onMCHa Touka; (35)

EmuHcka dnuwka ceuta; (17-19) NaneoreH: 17 - nacbunue ¢pnuw (OBoiiHuwka ceuTa - ManeoueH-CpepeH Eouen); 18 - MeGewku rnmHecTo.

MecTONomnoXeH!e Ha WnuxoBa npoba: (a) ¢ AokasaHo 3nato U (b) crepunHa.
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Pesyntatu

MeCTOMONOXEHUETO Ha OMUCHUTE TOYKW, MecTaTa Ha
onpobBaHe W pesynTaTUTe ca MokasaHu Ha dwurypa 1 v B
Tabnuua 1.

[obutusaT cuB WNMX OT ABaTa JioKanuTeTa ce pasnnyasa
KaKTO KaTo KONMYECTBO, Taka W KaTo CTEMeH Ha MpoMsiHa Ha
CbObpXalLMTe Ce B HEro TeXKM MuHepanu. B npobute ot
Ob63opckaTa KoHrnomepartHa cBuTa npeobnagasa MarHuTHaTa
W enekTpoMarHuTHaTa (pakuus, [oKaTo NPUCHCTBMETO Ha
HeenekTpoMarHutHa € TBbpAe OrpaHuMyeHo, a TexKuTe
MWHEpanu ca OTHOCWTENIHO CBEXM A0 crabo npomeHeHu. B

npobute ot Apmepckus uneH Ha [IBOWHMWKaTa CBUTA
KOMMYECTBOTO Ha CUBMS LLINX € MHOTO MO-Masko, a AembT Ha
TpuTe ppakumu — MarHUTHa, eNeKTPOMarHuTHa U HeMarHuTHa,
OTHOCWUTENHO PaBHOCTOEH. Yact oT TexkuTe MuHepann TyK ca
cnabo Jo cpefHO NPOMEHEHMU.

Hannune Ha pascunHo 3nato ce yctaHosu B oOwo 8 6p.
MMpobu, ot konto 5 6p. 0T O630pCKaTa KOHrMOMepaTHa cBuUTa 1
B 3 6p. OT ApMepcKkust KOHrNOMepaTeH YneH Ha [IBoiHuLLKaTa
CBWTA. 3nMaTuHKUTE ca MHOr0 ApebHM, MPeauMHO Kpbrn K
nnockn no opMa, YMEpPEeHo [0 CUIHO  OMauKaHw.
MaKpOCKOMCKM HE Ce YCTaHOBSIBAT CPACTBaHWS WM 3anaseHn
(hparMeHTV OT BMeCTBaLLaTa ckana.

Tabnuua 1
basa-0aHHu 3a onucHume moyYku u npobume
[aHHu 3a npobata .
Crpaturpathcka KoopauHatut - UTM-WGS84 Bua onpobsaHe bpoit sHauy
eaMHmua  Touka ID INuTonorus (3natuHkm)
WaTok \ Cesep
Mnow "Hemow pgepe”
Nd-1 495513.65 |4752699.54 opueHTup "KpymosusiT moct" - -
Nd-2 495508.08 |4752650.15 MOMMUreHHN KOHrmomepaTy LUANX, M.C. 0
2 NACLYHULM wrnx - Nb-2b 0
; © KbCOBE OT XMAPOTEPMANHONPOMEHEHN | wnux- Nb-2¢ 0
o - CcKanu B MOMMIEHHM KOHINOMEpaTy
; : 75, €[JpOKLCOB "PYCroB" KOHrNomepar wnmx - Nb-2d 1
g ;[ = Nd-3 495499.69 (4752617.97 NOMMUreHHN KOHrmomepaTy - -
< ® Nd-4 495481.61 [4752588.21 BapOBMKOBM GPEKYOKOHTIOMepaTH - -
S Nd-6  [495488.16 |4752977.32 wwx, n.C. 2
Nd-8 495403.17 |4753373.87 MONUreHHN KOHrMomepaTy - -
Nd-9 495560.02 |4753060.04 LAmX 3
Cunuupcka  |Nd-5 495456.78 |4752558.48 YepHU aprunnTh 1 NSCHYHULN - -
ceuTa (J2)
MacbyHukoBa |Nd-7 495441.94 |4753467.08 BapOBUTM NICHYHNLM - -
3agpyra (Kzm)
NMnow "O6G30p"”
© Ob-1 569760.29 14740340.02 MOMMUreHHM KOHrmomepary Lnmx, n. c. 1
c Ob-4 570547.96 |4741861.15 LUINX, 1.C. 2
a . Ob-2 570409.97 |4740065.21 KOHFIoMepaTy 1 NACHYHULM LnmnX 2
© & 2406 570320.00 |4740170.00 Lnmx 0
5 C\z Ob-6 569934.44 |4741714.01 MOUrEHHN KOHrMoMepaTm n LnmnX 1
Py NACHYHNALM
o 2321 570140.00 |4739350.00 KOHrMomMepaTu, NACbYHNULM, Meprenm LINNX
o 2350 570150.00 |4741910.00 KOHroMepatm LnmnX
[BoiHuwka cauta |Ob-3 570699.61 |4741997.78 NACHYHULN C KOHKPELIN - -
(Pg1-Pg2?) Ob-5 572797.49 |4739035.24 MSCHYHNLM - -
ObcbxpaaHe Ha pesynratute € [oKkasaHa B LUMPOKO pasnpocTpaHeHuTe B W3TOYHOTO
CpepaHoropyie rOpHOKpPEAHN MarMeHu Ckamu WU CBbp3aHuTe C
MpUCLCTBMETO Ha  3MaTo B NPeAUMHO  ChinLLKUTE TAX pyAHM noneta (PoceHcko, 3upapoBcko, Bbprnbpsikko).

ceaumeHTUTe Ha M3tounms bankaH u [MpepbankaH uma
€K30TUYeH XapakTep. He crydaliHo koHrnmomepatute, Boratu
Ha KIacTu OT BYIKAHCKM M WHTPY3MBHM CKamnu, ca Hapu4yaHu
,EK30TUYHK". CbBMECTHOTO CHXMTENCTBO Ha 3NaToTo C KbCOBE
OT BYJKGHCKM W MHTPY3MBHM CKanu (BKM. XuapoTepmanHo
NPOMEHEHN aHae3nTu W pygoknact (dototabn. |, 4) e
KOCBEHO [O0KA3aTeNncTBO 3a reHeTWYHaTa WM  BpPb3Ka
(DxypaHoB u ap., 1994; Mosues, 2015 1 ap.). MpskaTa Bpb3ka

121

Bewukn npepxopHu asTopm (OxypaHoB 1 gp., 1994; KbHues,
1995b, d; Bawrenos, 2001; Mosues, 2015 u pgp.) ca
€MHOAYLLHW, Y€ KbCOBETE OT MarMeHu ckanu B ,eK30TUYHUTE
KOHrroMepaTi” ca UMEHHO OT TO3W PeruoH. JombrHutenHo
[0Ka3aTeNCcTBO € U HanMumeTo (Makap M psAKo) Ha KbCoBE OT
rHancy, Han-BeposiTHO OT (pyHHameHTa Ha CpegHoropckus
CEAMMEHTHO-BYIKaHOreHeH  komnnekc.  [lo-uHTepecen e
BBMPOCHT KOra W Kak 3naTtoTo M MarmMeHuTe Knactu ca ce



030Ban B CEBEpHUTE CKIOHOBe Ha M3touHa Ctapa nnaHuHa,
cpel  MPeauUMHO  (rWWKM  ceguMeHTw,  parned  oT
pasnonoxeHute um Ha tor (B CpemHOropueto) KOpeHHU
paskputis. OTroBOP®T Ha TO3M BBNPOC TpsibBa Ja ce Tbpcu B
PErvoHarHoreonoXkMTe  JaHHW 33 (POPMUPAHETO  Ha
Watounute bBankauugn. Cnopen Tesu gaHHW, B Kpas Ha
kamnaHa 3anoysa eTan (apamWUICKO-UIMPCKIA) Ha KOMMPECKS
(Daboscku u gp., 2009), koiTo 3aBbPLLBA B Kpasi Ha JlioTeca.
Mpes TO3W eTan npuKoYBa MarMeHata aKTMBHOCT B
CpefHOropuMeTo M 3anoyBa WHTEH3WMBHOTO MY MW3AUraHe u
LeHynaums. Ha cesep ce opmmupa EMuHCKus chnuwikn Tpor
(Kamnan-ManeoueH, kbcHM napamugn” no HaueB u fHes,
1980), koito ce TpaHcdopmupa B Kyna-Ob3opckus monacos
Tpor (ManeoueH-CpepeH EoueH, Jnupuan” no Haves v fAHes,
1980). 3natoHocHaTa koHrmomepaTHa 3agpyra (Apmepcku
uneH Ha [lBoMHWLLIKaTa CBMTA) B HOXHATA CUHKMMHANHA uBMUA
Ha lNpepbankaHa e yacT OT TO3W TPOr, KOWTO Ce NofXpaHBa
KaKTo OT LbnOoKo AeHyanpaHuTe CpesHOropCKM ByMKaHUTY U
XxunoabucanHn UHTPY3MBK, Taka 1 oT EMuHCKnS donmw. Tol ce
pecopmmpa B kpast Ha CpegHna Eouen (MMioteca), korato ce
hopmmpa MbHKOBO-HABMAYHUAT CTPOEX Ha pervoHa. Cregga
eTan Ha eKCTeH3us,, KOITO 3anoysa B kpast Ha CpegHus EoueH
W mpopbikaBa npe3 uenvs TopeH EoueH. ToBa e etan Ha
konanc u opMmpaHe Ha HanoXeHu rpabeHoBW MOHKEHNS B
W3touHuTe BankaHuam u cbCepgHuTe UM pernoHu (Jlonskoso-
[bCKoTHEHCKMS rpabeH, Byprackoto MOHWXKEHME,
Nyookamumitckata  penpecus). OBpasyBaT Ce  CMECeHM,
KOHTUHEHTANHO-MOPCKM  CeauUMEHTH, C  rpyboTepureHeH
xapaktep.  ®opwmupa ce  3natoHocHata  OB3opcka
KOHrnomepaTHa CBUTa, KOATO € Hal-BepOsTEH TemmnopaneH
kopenaT Ha OCHOBHaTa NbCTpa 3agpyra B Jlonskoso-

[ObckotHeHckus  rpabeH  (Benmyctakos,  1958)  w
HonHoundnuiukata ceuta B MpeanbankaHa.

3aknoyeHue

MotebpaoeHa e  3naToHocHocTTa  Ha  OB3opckarta

KoHrnmomepaTtHa ceuta ¢ 4 HoBM npobu. [lokasaHa e
3NaTOHOCHOCTTa Ha KOHrmomepaTtHata 3agpyra (Apmepcku
uneH Ha [lBoMHuLLKaTa cBuTa) B 3 Npobu.

YcTaHOBEHO €, 4Ye cnata”’ oT ,FOPHOKPEOHU BapoBuLM
npeg (poHTa Ha AucnokauusTa Ha YygHuTe CTEHW B MECTH.
Hemoi pepe, ,3awmnann’ mexgy CuHuBMpCkaTa cBUTA W
KOHrroMepaTHaTa  3agpyra NpeacTaBnsisa  MpOIyBUamHM
naneoreHckn kapboHaTHM Bpekyn, BKIKOYEHM B MocnieaHaTa.

Bb3 ocHoBa Ha [faHHWTe 3a CbCTaBa, 3MATOHOCHOCTTA,
Bb3pacTTa, neTporpadickuTe CMEeKTpW, 3arnageHocTTa U
umbpuKaumsiTa, € HanpaBeHa naneoreorpadcka WHTepnpeTa-
UM 3a MexaHuaMa UM BpemeTo Ha ofpasyBaHe Ha
3MOTOHOCHWTE ,EK30TUYHU" KOHrMOMepaT, B KOHTEKCTa Ha
thopmupaHeTo Ha N3TouHuTe BankaHnau.
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®otortabnuua I: (1-3) - doTorpacpum Ha xapakrepHu paskpuTus
Ha OG3opckata cBuTa B MecTH. Yekenesa: 1 — dparmeHT ot
paskputueto npu T. Ob-1, 2 - peTaiin oT cbLWOTO paskpuThe, 3 -
¢parmeHT OT paskputueto npu 1. Ob-4 (4-7) - choTorpacpmmn Ha
NpeAcTaBUTENHN PasKpUTUA Ha ,eK30TUYHUTE KOHrromepath”
(Apmepcku uneH Ha [IBoiHuwWwKaTa cBUTa) B MecTH. Hemoli pepe:
(4-6) - coparmeHTyn oT paskputueTo npu T. Nd-2: 4- KoHrnomepaty
C pymoknactn, 5 — KOHrmomepaTu M NACHYHULMW, 6 — ronam
OMOPUTOB KbC B KOHrmomepatute; 7 — KapboHaTHM Opekun B
KOHrnomeparHara 3agpyra.
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MbPBU LINGPOB MOJEN HA MOPCKOTO ibHO HA K0OXXHOBBIITAPCKOTO
YEPHOMOPCKO KPAUBPEXWE - LLUPOK BYPIACKK 3ANTUB

Todop Jlambes, JTo6omup Jumumpos
WHemumym no okeaHonoeus “®pumeogh HaHcen”, BAH, 9000 BapHa, totolamb@abv.bg, geos@io-bas.bg

PE3IOME. Cucraseust uudpoB Mogen Ha MOPCKOTO JbHO B aKBaTOpusiTa HA KOXHOGBIraPCKOTO YepHOMOPCKO  Kpaibpexwe — WMPOK Bypracku 3anms (0T H.
EmuHe fo H. MacneH Hoc), e pesynTat oT obpaboTkata U crnobsiBaHeTo Ha AaHHW: OT EOHONTBYEB EXOMOT W MHOTOMTBYEBM COHAPHM CUCTEMM, MOMYYEHU OT
WHcTuTyTa No okeaHonorust keM BAH B rp.BapHa; oT 6aTuMeTpuyeH nuaap; npeaocTaBeHn OT NPUCTAHWULLHATE BNAcTV W OT AuUruTanuavpaHe Ha u3obati OT MOpCky
HaBUraLMOHHN KapTu. [laHHUTE OT eAHOMMbYEBMS EXONOT U MHOTOITBYEBUTE COHAPHM CUCTEMM Ca NPUZOBUTH NO BpEME Ha U3MbITHEHWETO HA PA3NNYHN HALWMOHAMHI
1 MexayHapogHu npoektn Ha MO-BAH. B yyactbumTe, 3@ KOUTO HAMA [aHHW, € HanpaBeHO PbYHO AOMbMIBaHE Ha M306aTuTe, MOCTPOEHN Bb3 OCHOBA HA OKOMHMS
pened W KpbroBa WMHTEpRonauns cbe cTbnka 55 m. OT CbBMECTSBAHETO Ha BCWMKM AaHHW e cbeTaBeH usnocted 3D mogen Ha peneda Ha MOPCKOTO ABHO C
pesontouus Ha Mogena ot 1/64 muHyTa no napanena unu pasmep Ha kneTkata ot 29 m. Liuchposusit Mogien no3eonsiea AETaiNHOTO pas4uTaHe Ha AbHHUS pened
no uanata Cu MAOW, W C ycmex MOXe fAa Ce W3Mon3Ba Mpu CbCTaBAHETO Ha BUCOKO TOYHM, ApebHOMAlLabHu HaBMraLMOHHM KapTv M 3a u3yyaBaHe Ha
reomopdornorisita Ha MOPCKOTO AbHO. LincppoBusiT mogen e cbCTaBeH B u3mbiHeHne Ha npoekt EMODNet Bathymetry dmnHaHcupaH ot EC u e BkmioyeH B
eBponelickaTa 6asata xugporpadcki LaHHM.

KntoyoBu gymu: Ludpos Mogen, MOPCKO AbHO, Bypracku 3anme, KOHTUHEHTaNEH LWeNd, MOP(ONOXKKO 30HMPaHE, MHOTOITbYEBA COHApHa cucTemMa

FIRST DIGITAL TERRAIN MODEL OF THE SEABED OF SOUTH BULGARIAN BLACK SEA COAST - BROAD BOURGAS BAY
Todor Lambev, Lyubomir Dimitrov
Institute of oceanology “Fridtjov Nansen”, BAS, 9000 Varna, totolamb@abv.bg, geos@io-bas.bg

ABSTRACT. Composite digital terrain model of the seabed in the waters of the southern Bulgarian Black Sea coast - broad Burgas Bay (from Cape Emine to Cape
Maslen nos) is the result of processing and assembling data from single beam echosounder and multibeam sonar systems derived from the Institute of Oceanology-
BAS, bathymetric LIDAR data, data provided by the port authorities and data from digitizing water lines from marine navigational charts. Data from single beam
echosounder and multibeam sonar systems were acquired during the implementation of various national and international projects of I0-BAS. Areas for which no data
are available were completed by manually drown isobaths built on the grounds of the surrounding terrain and circular interpolation with step of 55 m. By combining all
the data a comprehensive 3D digital terrain model of the topography of the seabed with resolution of 1/64 arc minute or cell size of 29 m was created. The digital
terrain model allows detailed understanding of the seafloor morphology and with success can be used in the compilation of highly accurate, small-scale navigational
charts and study of the geomorphology of the seabed. The digital model was made under implementing the project EMODNet Bathymetry funded by the EU and is
included in the European hydrographic data base.

Keywords: Digital model, sea bottom, Burgas bay, continental shelf, morphological zones, multibeam echo sounder systems

BbuBepeHue Ha waeanHaTta MosvuMst Ha NOLBOAHW TYPOUHM U BBITHOBM
eneKTporeHepaTopy;

KpaibpexxHaTa 30Ha B CBETOBEH Mallab uanuTea Bce Mo- * V3MEHEHVETO Ha KIUMAaTa WSUCKBA W3CNEeABaHe Ha
ronsM aHTPOMOTEHEH HATUCK OT [JeUHOCTM KaTo CTPOUTENCTBO, Bb3/IENCTBNETO OT MOBULIABAHETO HA MOPCKOTO PABHULLE.
MOPCKM TpadvK, TYpM3bM, MPOMMILIEH PUBONOB W Apyrvt Lincposn mMopenu Ha Tepena (OTM) Ha kpaibpexHara 3oHa
MPUYKHW. Bcsika efHa OT Tesun ﬂeVlHOCTVl Cb3faBa YHUKanHM Ce M3non3eat 3a chUMmynupaHe Ha CTeneHTa Ha nokavBaHe Ha
M3UCKBAHWS 33 HanmuuMe Ha HagexXoHW [JaHHW, 3a BOJHMTE H1BA N MOAENMPaHe Ha CLeHapui Ha HaBOAHEHUS,
Kap'rorpa(i)mpaHe, 3a HyXOuTe Ha  NnaHupaHeTo U . nnaHoBeTe 3a ynpaBlieHWe Ha Kpal7I6pe)KH|/|Te 30HM U
yMIPaBNEHNETO Ha KPaBPeXHITE 30HM BKIIOYBALLY: €KoNorMyHM HabnioaeHnst pasunTaT Ha akTyanHa UHdopmaums

* CTPOMTENHM NpOEKTM 33  TypuaMa,  KAMMILHOTO 3a ynpaBneHneTo Ha GeacTBus W pucka, KaTo HABOAHEHMUS U
HacTaHsiBaHe W MPOMWLLNIEHOCT UMaT HyXAa OT AWUruTanHu UyHamu. ToBa BOAM A0 YeCTU akTyanusauuu M Gbp3o
MOZENu Ha npexoda 3emsa - MOpe 3a MraHupaHe Ha crpagu, BHeApABaHe Ha W3MepBaTesnlHn CUCTEMU Ha eq3€KTI/IBHO n
npucTaHu, NpUCTaHMLLa, pubapcTao, TYHENN N MOCTOBE; TO4HO 3anncaHu MPOMEHMN.

*  TbProBCKMST M CMOPTHUST MOPCKM Tpaduk W3uckBa
A00PU HABUraALIMOHHI KapTy, KOUTO MOKPUBAT OTKPUTW BOAHUTE HacToswmaT Aoknag e dokycipaH BbPXy Cb3/aBaHETO Ha
nnowm 1 B 6rm3oct Ao Gpera; undpos Mogen Ha Mopckoto AbHO (LIMP) B akBatopusita Ha

*  YCTOWYMBM, anTEPHATUBHWU  EHEPTUMMHWN  MITOYHMLM IOKHOBBNrapCKkoTO  YEPHOMOPCKO  Kpaibpexwue —  LIMPOK
Cb3/jaBaT HeoBXOAUMOCTTA OT KapT 1 MOLEN 3a U3CTeABaHe Bypracku 3anms (0T H. EMuHe o H. Macnien Hoc).
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06xBaT Ha CbCTaBeHUAT Mogen

CbCTaBeHusT UMdpoB Mogen Ha MOPCKOTO AbHO MOKpuBa
YacT OT aKBaTopusiTa Ha HXHOOBArapckoTo YEepHOMOPCKO
kpanbpexue — Wmpok bypracku 3anus, a UMEHHO OT H. EMuHe
B0 H. MacneH Hoc. VacnepBaHuaT yyacTbk obxealya niowy ¢
pasmep npubnusutenHo 950 km?2 (cowr. 1). OwnbounnHute B
onpegeneHus yuacTbk gocturat 4o -50 m B gbnbounHa.

/130opbT Ha paiioHa e HanpaBeH Ha ba3a MakcumaneH 6poi
HanW4YHK JaHHK, C LN noflyyaBaHe MmbiieH UudpoB Moaen Ha
JBHOTO CbC CTbMKA OT 29 m.

M3non3BaHu gaHHU

3a W3roTBAHETO Ha LMGPOBUS MOZEN Ha YEPHOMOPCKOTO
ObHO, OCBEH apXMBHM AaHHW oT PoHpga Ha MHctutyTa no
OKeaHomnorus, ca W3Momn3BaHM W MbPBUYHM [AHHM  OT
€[HOMBbYEBO  €XONOTUpaHe, KapTupaHe C  MHOrombyeBa
coHapHa cuctema (MCC) cwvc 100% nokputue, LaHHM OT
Bb3gyweH 6atumeTtpuyeH LIDAR, gaHHuM, npegoctaBeHu OT
NMPUCTAHWLLHUTE BNACTW W HABUTraLMOHHU MOPCKW KapTy.

Upes Bb3ayLLIHO NnasepHo ckaHupaHe (LIDAR) ca ocuryperm
AaHHW 3a paitoH ¢ obwa nnow B aksatopuaTa ot okono 100
km2 no npoekT Ha LleHTbpa 3a nogBogHa apxeonorus B rp.
Cosonon. AkeatopusiTa, ckaHupaHa ¢ LIDAR B TO31 yyacTbk,
goctira oo AbnbounHu mexay —16 u —21 m, KakbBTO €
KanauuTeTbT Ha NasepHaTa TEXHOMOorUs MpK ycroBusTa Ha
YepHo mope. MWasnonssaHa e cuctemata HawkEye I,
noseonsBalla cb3aaBaHeto Ha LIMP 3a BogHa cpepa, Cbe
cTbrka ot 5 m (Mpaxos., H., ... 2011. MporHo3Ho Mogenupaxe
B apxeonorusta: CBETOBHA npaktuka UM Obnrapcku
nepcnexkTuam).

Mpe3 2009 r., BbB Bpb3ka C MPOEKTUPAHETO HA HedTo-
nposog byprac - AnekcaHgpynoruc, €  W3BbpLUEHO
KOMMMEKCHO u3crefBaHe Ha MOPCKOTO [ObHO, BKMOYBALLO U
faTMMETPUYHO KapTupaHe. AkBaTopusiTa € KapTupaHa ¢
MHOronbyeBa coHapHa cuctema RESON7111 (100 KHz),
JOMbfiHEHa CbC ceH3opu 3a apxeHne MRU IXSEA Phins,
HaBuraumoHHa cuctema DGPS (Trimble SPS351) n Bucoko
TOYEH jxupokomnac. [MonyyeHute faHHM ca 00paboTeHn ¢
nporpamHus npogykt PDS2000 (Teledyne PDS - User
Manual, 2015) n e nonyyeH UMPOB MOZden Ha LbHOTO C
pasmep Ha knetkata ot 2 m (OTtueT no 3agaya "KomnnekcHo
reonoro-reohn3nyHO MpoyyBaHe Ha Tpace 3a nomnaraHe Ha
TpvbonpoBoa “Byprac - AnekcaHgpynommc” B Obnrapckata
yact Ha YepHo mope", 2009).

Mpe3 2011 r. no npoekt “HATYPA 2000% Bb3noxeH OT
MOCB Ha WO-BAH rp. BapHa, e n3BbpLIEHO KOMMIEKCHO
n3cnegBaHe Ha MOPCKOTO AbHO B PasfW4HW yyacTbuu OT
Ewvnrapckoto YepHomopue. EQuH OT Tean yyacTbuy e paioHbT
okono Hoc EmuHe. AkBaTopusiTa e KapTupaHa ¢ MHOrombyeBa
coHapHa cuctema RESON7111 (100 KHz), pombnHeHa Cbe
ceHsopu 3a [fpwxeHne MRU IXSEA Phins, HaBuraumoHHa
cuctema DGPS (Trimble SPS351) u  Bucoko TOveH
xupokomnac. C uen nopgobpsiBaHe Ha pe3ynTaTuTe, e BKIHYEH
n ceHsop 3a RESON SVP 20T, crnegsw npomeHute B
CKOPOCTTa Ha pasnpoCTpaHeHWe Ha 3Byka BbB BOAHA Cpefa.
MonyyeHuTe AaHHW ca 0BpabOTEHM C MpOrpaMHUs MPOZYKT
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PDS2000 (Teledyne PDS — User Manual, 2015) u e nony4eH
LUMchpoB Mofen Ha SbHOTO ¢ pa3Mep Ha kneTkata 2 m (OTyet
no 3agava ,PaswmpsBaHe Ha ekornoruyHata mpexa HATYPA
2000 B 6bnrapckata YepHomopcka akeatopus”, 2012).

Mpe3 2013r., no npoekT “Towards Coast-to Coast NETwork
of marine protected areas coupled with sea-based energy
potential (CoCoNET)", dwuHaHcupan no 7PN Ha EC, e
M3BBPLUIEHO KOMMNEKCHO M3CriedBaHe Ha MOPCKOTO ABHO B
yyacTbK tXHO OT HoC Konokuta — tXHO Bbnrapcko
YepHomopue. AkBaTopusita € KapTupaHa C MHOronbyeBa
coHapHa cuctema RESON 7111 (100 KHz), gombnHeHa cbe
ceHsopn 3a gpwxeHne MRU IXSEA Phins, HaBurauuoHHa
cuctema DGPS (Trimble SPS351), BUCOKO TOYEH XuUpokomnac
M CEH30p 3a CKOpPOCTTa Ha 3Byka BbB BogHa cpefa RESON
SVP 20T. MonyyeHute gaHHn ca 06paboTeHn ¢ nporpamHus
npoaykt PDS2000 (Teledyne PDS - User Manual, 2015) n e
nomny4eH LUmdpoB MOAEN Ha ABHOTO C pasMep Ha kneTkata 5
m (Todorova et al., 2015; The CoCoNet Guidelines..., 2016)

®ur. 1. Cxema Ha u3cneaBaHus paI7IOH C MeCTONoJI0XXeHMeTo U Tuna Ha
HanW4HUTe AaHHU

Mpe3 2013 r. MOCB Ha Penybnuka bbvnrapus Bb3nara Ha
MNO-BAH wnarotBsiHeTo Ha ,Jloknag OueHKa Ha eKONornyHoTo
cbeTosHWe Ha Mmopckute Boau (POB)“ (CtaHues u kon., 2013).
V13BbpLLUEHO € HATUMETPUYHO 3aCHEMAHE C EJHOMTBYEB EXONOT
Ha MopckuTe Bogu Ha Penybnuka Bbnrapus (nuHum npes 500
m., HanmpeyHo Ha OperoBata nnHUS) U HGaTUMETPUYHO
3acHemaHe Ha kpanbpexHata 30Ha C MHOTONTbYEBa COHapHa
cuctema RESON 7111 (100 KHz), pombnHeHa Cbe CeH30py 3a
peuxeHne MRU IXSEA Phins, HasuraumonHa cuctema DGPS
(Trimble SPS351), BMCOKO TOYEH XupokOMMac W CeH30p 3a
cKopocTTa Ha 3Byka BbB BoAHa cpefa RESON SVP 20T.
lMonyyeHnte paHHM ca 0OpaboTeHM C MporpamMHWst NPOLYKT
PDS2000 (Teledyne PDS — User Manual, 2015) u e cbcTaBeH
LMpoB MOZEN Ha ABHOTO C pa3Mep Ha knetkata 5 m.



NMbPBU LIN®POB MOJEN HA MOPCKOTO ABHO HA
IOXKHOBBNTAPCKOTO YEPHOMOPCKO KPAMNBPEXWE -
LUNPOK BYPIACKU 3ANTNB
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®ur. 2. BatumeTpUyHa KapTa Ha U3cneABaHUA palioH, NOCTPOeHa Ha 6a3aTa Ha cbeTaBeHus LIMP.
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OOpaboTka Ha M3NoN3BaHUTE AAHHU

3a CbCTaBAHETO Ha BL3MOXHO Hal-MbrieH LUMpoB mogen
Ha [ObHOTO Ca W3MOM3BaHW Pa3AMYHW MO TWUM M3XOLHM
rpacuyHN [aHHW, KOWTO BKMIOYBAT OPTOOTO- W CATENUTHU
n3obpaxeHns, pasHoMalLabHN CKaHMpaHW KapTu, KapTocxemu
n nnavoee, MMIC cnoese, LMMPOBM MOLENN HA BUCOYUHUTE,
BaTUMETPUYHN KOHTYPU 1 APYTU.

Mony4yeHnTe M3XOAHW [aHHW NMpeACTaBnsBaT pasnuyHa no
BMA MH(OpMaLms (BEKTOpHa W pactepHa). Cnopen xapaktepa
Ha u3mepBaTenHaTa TexHuka, obpaboTtkata CbLyo € pasnuyHa.

3a obpaboTkaTa Ha AaHHW OT €AHOMTbYEBA M MHOTONTbYEBA
COHapHW cuctemm e nanonasaH cocptyep PDS2000. JaHHute,
MomfyyYeHn OT BCEKM OTAENEH MPOEKT Ca 3apedeHu Kato
,CYPOBU [JaHHK", C Lien Cb3[aBaHETO Ha 0bLy No-TOYeH Moger.
Ourutanuavpanm ca  u306atm  OT  pasnnUyHM  kapTu €
pasHoobpasHu Mawabu. 3a BU3yanuamnpaHeTo Ha nonyveHuTe
pesyntaTu e usbpana nporpamata Global Mapper 14.

Lindpos mogen Ha ALHOTO

Undposute mogenm Ha TepeHa (LIMP) ocurypssar
WH(OPMaLMOHHaTa OCHOBA 3a MPOCTPAHCTBEHM aHamMan W
kapTorpadupaHe, kakTo Ha Cylara, Taka 1 Ha aksaTopuuTe.
MawabbT Ha Bu3yanu3auus € OrpaHnyeH OT HanmWMuMeTo Ha
Ka4yeCTBEHW M3XOOHW AaHHMW, HeOBXO4NMM 3a Cb3AaBaHeTo UM
W Mpeau BCWYKO OT MITBTHOCTTA Ha LMGPOBWUTE MOZENMU Ha
TepeHa. Ypes maHunynupaHeto Ha LIMP B TUC cpepa ca
Cb3faBaHN MOAENN, KOUTO CUMYNWPAT PasfinyHK cUTyauun u
xunote3n. Te AaBaT Bb3MOXHOCT 33 SCHO BU3yanusupaHe u
npeacTaBsHe Ha pesynTatuTte oT npoyysaHusTta. Ypes MNC ca
Cb3[aBaHu pasnuyH1 BapUaHTX Ha KapTu U LNGPOBM TEPEHHN
MOZEenu, Cropes HYXOMTE Ha  M3CNedBaHETO M Ha
notpebutens. BvamoxHocTuTe 3a BupTyanHa pabota B TC
Cca MHOrOOPOMHM U  Pa3HOCTPaHHW, KaTO MHEHWETO Ha
BOJEWMTe cneuuanuctm B TasW obnact e, 4e Te ca
OTPaHUYEHN EOMHCTBEHO OT (paHTasuATa M yMeHusiTa Ha
notpebuTens.

BeKTOpHUAT TUN [JaHHM e CbCTaBeH MPeauMHO OT Mpeku
W3MepBaHWs npe3 roguHuTe. 3a MecTtata 0e3 AaHHWM OT
W3MEPBAHMS Ca  M3MON3BAHU  AOMbIHUTENHA  U3TOYHWLM
(kapTw, caTenuTHM u3obpaxeHus W ap.). Bwbnpeku ToBa,
ObNrapckoTo YEpPHOMOPCKO Kparbpexue He € HambiHO
obcneaBaHo 1 0cTaBaT MecTa, 3a KOUTo e Heobxoaumo Ja ce
M3MbNHW MHTepnionaumus. W3bpaH e mMeTogbT Ha KpbroBaTta
WHTEpRonauus ¢ paguyc Ha 3anbnisaHe ot 50 m, ocurypsisaly
pesynTaTi, MakcumanHo 6nusku 4o peanHuTe, Bb3 OCHOBA Ha
HanUYHUTE [aHHW.

OT CbBMeCTABAHETO Ha BCWYKM [daHHM € CbCTaBeH
usnocteH 3D mopen Ha pened)a Ha MOPCKOTO ABHO, C
pesontouus ot 1/64 mMuHyTa no napanena unu pasmep Ha
kneTkata ot 29 m. Cb3gageHusiT LndpoB Moaen, B paMkuTe
Ha [OKTOpckaTa nporpama, e npuWBedeH B efMHHa KapTHa
npoekumss UTM 35N, ¢ reogesmueH patym WGS 84,
ObnboumHnTe ca BbB  BUCOYMHHA CUCTEMA  ,CPEOHO
MHOTOTOfIMLIHO MOPCKO HWBO 33 BBbIrapckoTo Kpaibpexue.
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OT TepeHHMs mofen ca w3BneyeHu GATUMETPUYHM KOHTYpH
npe3 1 m (Ingham, 1993).

WHTepnpeTauus u pesyntatu

LincbposuaT mogen nossonsisa OETalnHOTO pasyuTaHe Ha
ABbHHUS perned no uanata Ccu nrow, U ¢ ycrex Moxe aa ce
n3non3Ba  MpW  CbCTABAHETO  HA  BUCOKO  TOYHM;
ApebHomalabH HaBMraLMOHHW KapTy, KakTo 1 3a u3yyaBaHe
Ha reoMopdonoruaTa Ha MOpPCKOTO AbHO. LindposuaTt mogen
€ CbCTaBeH B u3nbrHeHue Ha npoekt ,EMODNet Bathymetry*,
tuHaHeupad ot EC un e BkmoyeH B esponelickata 6asa
XvaporpagCcku AaHHN.

3a npumep e 13NON3BaH paioHbLT 0KoMo HOC EmuHe (dur.
3). AcHo ce pasnunyasaT EMuHCKa nsicbyHa koca (B CAHKaTa Ha
Hoca) 1 Banka KokaTpalic (t0KHO OT nsicbyHaTa koca).

Hoc EMuHe

s ocs Sl

6aHka Kokatpaiic

®ur. 3. U3Bapka oT undpoBus Mogden Ha YepHOMOPCKOTO Kpaibpexue

N3Boaun u 3aknioyeHus

lMoHacTosILeM CbLUECTBYBAT pa3fM4HWA  TEXHOMOMMM 33
KapTUpaHe Ha MOPCKOTO AbHO - OT aHaNoroBM CUCTEMW [0
LNPOBMK, BUCOKOTOUHM AMCTAHLMOHHWN TEXHOMOTMM, KOUTO
npe3 nocrnegHuTe TOLMHM Ce pasBKBAT U3KMKUMTENHO GbP30.
ToBa BOAM [0 CbLIECTBYBAaHETO U  €AHOBPEMEHHOTO
13non3BaHe Ha HakoW OT TsX. B npepnctaBeHus cnyvai ca
CbBMECTEHM [aHHW, NOMyYeHW OT Pa3nMYHU M3TOYHWULM Ha
BUCTaHLMOHHN M3MEepBaHNa (Bb3AYLLHO NAa3epHO CKaHMpaHe,
€[JHOITbYEBM W MHOTONTBYEBM COHApPHU CUCTEMM, HaBWra-
LIMOHHM KapTh 1 opTOdOTO CHUMKM). Te ca CbnoCTaBeHN C no-
CTapu [aHHM OT DaTUMETPUYHM KapTW, kaTo 3a LenTa e
cbagafeH purutaneH TepeHeH mogen (OTM). 3D mogensT, ¢
pasmep Ha knetkata oT 29 m, no3BonsiBa [AeTairHo
pasuuTaHe ObHHWMS pened no uanata My nnow. Tosa ro
npaBum NOAXOAsLY 3a ynoTpeba npu 13yyaBaHe MOPCKOTO LbHO
OT pasnuyHu  creuuanmucT 1 0cobeHO BaxHO  3a
kopabonnaBaHeTo.
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FEOENEKTPUYEH NOAXOA NPU TbPCEHE HA OKAPCTEHW 30HU U MEPCNEKTUBHU
YYACTBUW 3A U3rPAXOAHE HA BOOOAOBUBHU COHOAXHU

Cmecpan [Jumoecku, Hukonaii CmosiHoe

Munto-2eonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpus; e-mails : dimovski@mgu.bg, nts@mgu.bg

PE3IOME. MpeAnoxeHusIT re0enekTpuyeH noaxoa 3a fokanuavpaHe Ha okapCTeHy 30HW ce 6asupa Ha pa3nuumsiTa B enekpoChNpOTUBUTENHUTE CBOMCTBA HA T3
30HM W HEOKAPCTEHUTE 3paBM YacTyh Ha CKanHMs MacvB. 1o Cblums NpUHaK, ¢ ronsaMa AOCTOBEPHOCT, B NOANOBBLPXHOCTHOTO NPOCTPAHCTBO Ce AudepeHLMpar 1
30HM C pasninyHa BOAOHACUTEHOCT 11 BOAOOBMITHOCT, KOETO € MHOTO BaXeH OPUEHTMP MPU ThPCEHETO Ha MEPCTEKTUBHYU y4acTbUy 3a U3rpaxaaHe Ha BOAOAOGUBHM
coHpaxu. FonsmaTta eeKTMBHOCT Ha MPEANOXEHNA NOAX0 3a KapTUpaHe Ha OKapCTEHM U Mo-BOJOOBUIHI 30HM € UIKOCTPUPaHa C PeaynTaTiTe OT NPOBEAEHOTO
enekTpoToMorpadcko npoyysaHe B paiioHa Ha c. ApGaHack, BenukoTbpHoBcka obnacT. [pefctaBeHuTe pesynTati MOTBbPXAABaT NPUIOXAMOCTTA Ha
W3nonaeaHaTa MeToauka Ha U3MepBaHe, aHanus 1 HTeprpeTaLus Ha AaHHUTE.

A GEOELECTRICAL APPROACH FOR SEARCHING KARST AREAS AND PROMISING SITES FOR CONSTRUCTION OF
WATER WELLS

Stefan Dimovski, Nikolay Stoyanov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; dimovski@mgu.bg, nts@mgu.bg

ABSTRACT. The proposed geoelectrical approach for localization of karst areas is based on the different electrical resistivity properties of these zones in comparison
to those of the unchanged parts of the rock massif. The same characteristic can be applied with high credibility for the differentiation of sub-surface areas with
different water saturation and water abundance, which is a very important benchmark in the search for promising sites for construction of water wells. The high
efficiency of the proposed approach for mapping karst and more prominent zones is illustrated by the results of the performed electrical tomography study in the area
of Arbanasi, Veliko Tarnovo region. The presented results confirm the applicability of the proposed methodology for measurement, data analysis and interpretation.

BbBepeHue CbBPEMEHHa anapatypa, onTManHa MeToauka Ha u3MepBaHe
W kommioTbpHa obpaboTka Ha pannute. (Griffiths, Barker,
3a [eTailNHOTO KapTUpaHe Ha MPUNOBBLPXHOCTHMS TEONOXKKA 1993; Loke, Barker, 1996).
paspes OCBEH TPAAMLMOHHUTE COHAAXHU METOAM YCMELLHO Ce
“3non3eat U reodusnyHu metoau. [pu  TpaguUMOHHUTE PerucTpupadoto  pasnpefieneHue  Ha  CreuduyHo
MeTOAM nonyyaBaHaTa MHGOpPMaLus e eQHOMEpHa, Thbil KaTo €NIEKTPUHHO  CBbNpOTUBrNEHWE B MOANOBBPXHOCTHOTO
npoyyYBaHWsTa ca TOYKOBYM (onpobBaHe Ha faka OT COHAAXUTE) NPOCTPAHCTBO € €[HO3HAYHO OTpaXeHWe Ha CTeneHTa Ha
WNM Ype3 W3crieBaHe Ha LeNUs AbnBOuMHEH WMHTepBan, nposiBa Ha VoHHa enektponposogumoct (Daniels, Alberty,
npeceyeH OT COHAax (Ha[/]-qec'ro Ype3 KapoTaXHW MeTOD,Vl). 1966) AHann3bT Ha YCTaHOBEHUTE re0eneKkTpu4HN paspesn e
KayecTBOTO (ﬂOCTOBepHOCTTa) Ha Taau VlHd)OpMaU'Vlﬂ e }.‘l06pa OCHOBA 3a M0-TOYHA W AeTalHa KONM4YecTBeHa OLeHKa
CBBP3aHO MMaBHO C METOANYECKM, TEXHUYECKM U TEXHONOTUYHM Ha TreonoXKUTE, XWOPOreonoXkuTe U WHXEHEPHOTEONOXKUTE
rpewku, obycnassHW OT Mpoueca Ha B3emaHe Ha npobuTe, YCnoBus Ha nscneaBaHata 4act oT npupoaHaTa cpefa.
TSXHOTO TPaHCMOPTMPaHe, CbXpaHsBaHe M NOAroToBKa 3a
naﬁopaTopHMTe €KCNepUMEHTH. npOBeﬂeHVlTe OT Hac uscnensaHua npes nocnegHuTe 10-15
roovHn Hu ybeguxa B OescnopHuTe npeguMcTBa  Ha
I'Ipe}:u/lMCTBOTO Ha reoq)m:;quMTe mMeToan ce O6ycnaB;| oT eﬂeKTpOTOMOFpaCbCKVlTe meToan 3a ﬂ,eTaVlﬂHO n3ydyaBaHe Ha
Bb3MOXHOCTUTE 3@ MOMy4YaBaHe Ha JaHHW OT HenpeKbCHaTU MPUNOBBPXHOCTHNA  TeonoxKki paspes. KomnnexkcHoto i
nocrnefoBaTeNHOCTY 32 OnpeaeneHn HTepeanu unu obemu B npunaraHe C pasnuyHi [pyrM METOAN U TexHukW [Aasa
NpOCTPaHCTBOTO WM B ONpeaeneHn nepuoamn ot speme. Mpu Bb3MOXHOCT 3@ MHOTO MO-NPeLnsHo  aucepeHLmpare 1
TOBa MoOMyyYaBaHaTa WHAOPMaLMsi e 33 eCTECTBEHW YCIOBYS NPOCTPaHCTBEHO KapTupaHe Ha rpaHuLnTE Ha reonoXku nim
Ha pa3nooXEeHWE Ha CkanuTe 1 ce ocurypsisa AsymepHo (2D) XWAPOTEONOXKNA  €ANHNLIW, OKApCTEHW WK HanykaH! 30HW;
1 TPMMEPHO (3D) u3crnepaBaHe Ha reofioxkus paspes. TEKTOHCKWUTE HapyLeHud, 30H1 C pasfnniHa BOAOHACUTEHOCT U
BOLOOBWMHOCT, 30HW C Pa3niyHa CTeneH Ha TEXHOreHHO WK
EnektpoToMorpadmsita Hammpa BCe MO-LUMPOKO MPUMOXKe- NPMPOAHO  3aMbPCHABAHE, CBITAYMLYHM  y4aCTbLK, apxeono-
HMe 3a KapTpaHe Ha MPUMOBBPXHOCTHUS FEONOXKA Pa3pes. rudecku obektin 1 ap. (CtosHos 2003, 2004; CtosiHoB 1 topos
ToBa e MeTof, KoiTo GbP30 Ce pa3BuBa NPe3 NOCNeAHUTE ABe 2004; CrostHoB u fp., 2004; [umoscku u ap., 2007, 2012;

pecetnnetma u ce 6a3|/|pa BbpXy M3MN0N3BaHeTo Ha
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Dimovski et al., 2008; qumoscku, 2010; Aumosckn n CToSHOB,
2010, 2011 v gpyrn).

MpunoxmmocTTa Ha enekTpoTomorpacusTa Npu KapTupaHe
Ha OKapCTEHW 30HM B NOLAMOBBLPXHOCTHOTO MPOCTPAHCTBO LU
unlocTpupame C MNpefcTaBeHUTe MO-4Ony pesyntatn ot
W3MbMHEHOTO  OT  HAWMA  eKun  enekTpoTomorpadcko
npoyyBaHe B paiioHa Ha ¢. ApbaHacu.

KpaTtka nHcpopmauusa 3a uscnegBaHus o6ext

ObBekt Ha u3cnegBaHe e KapcToBusAT CriaboBOJOHOCEH
KOMMNEeKC B 3eMnMLLETO Ha ¢. ApbaHacw (dur. 1).

[€ONOXKMAT CTPOEX Ha paloHa € cpaBHWUTEnHo npocT. B
ropHata 4acT Ha paspes3a [OMWHMPAT [OMHOKpeoHuTe
CedUMeHTU OT cbcTaBa Ha EmeHckata BapoBukoBa CBWTa
(eK1b) (cpur. 2) (Koxyxapos u ap., 1992). MNpencrasenn ca ot
CBETNMW, MOpLENaHOBMAHN, (PUHO3BPHECTM A0 adaHWTOBM
kapOoHaTHK ckanu. o CbCTaB M CTPYKTYpa CE OTHACAT KbM
BropeTpuTycHUTE  (DOPaMMHUGEPHU  MUKPO3BPHECTM [0
kpuctanuHHu BapoBuun. [lebenvHata Ha Tasn ceuTa B
okonHocTUTe Ha ¢. ApbaHacu Bapupa ot 20 go 50-60 m u
noseye. 3a kapOOHATHNS KOMMIIEKC Ca XapaKTEPHW PasnnyHu
Mo TWN W pasmep KapcToBn GOpMM (KYXWHU U KaHanw), YacT, oT
KOMTO Ce pa3kpuBaT Ha 3emMHaTa NOBbPXHOCT. B okapcTeHnTe
BapoBMUM € hopmupaH CrnaboBOMOHOCEH W C OrpaHUyYeHu
PeCypcu KOMMIEKC, KOWTO € e[MHCTBEH M3TOYHMK 3a J06WB Ha
NOA3eMHMW BOAM B parioHa Ha ¢. ApbaHacu.

4674000 7 = ¢ T f :
/ . E = ~{'sode3u-mu xoopdunamy 1970
3 £\ —f s s s

4673500~ ” i -

4673000

2 é
o.'\0.3280, &/,

4672500 b -
‘agza bauys

4672000/

4671500
9456000

N4y :
\ v
NN A

Z g A A
9456500 9457000 9457500 9458000

®ur. 1. MecTononoxeHve Ha Npoy4YBaHNsA y4acTbk

EmeHckata BaposukoBa ceuta (eK1b) nexu Bbpxy ckanute
Ha bbnrapeHckata TepurenHa cauta (bnK1b-ap), B cbeTasa,
Ha KosTO npeobnapaBaT NACbYHWLMTE, a Meprenute umat
NOAYNHEHO 3HAYEHWe. TEepUreHHWUTE CKanmM ca OTHOCUTENHO
34paBu 4o cnabo HanykaHW, NPaKTUYECKU HEBOLOHOCHM.

OkapcTenuTe kapboHaTHK ckanu Ha EmeHckaTa BapoBMKOBa
cuta (eK1b) ca YaCTMUHO NPUNOKPUTU OT KBATEPHEPHM
JenyBuanHu rmuHm, unsTo gebenvHa e B rpaHuumte ot 1-2 1o
7-8 m n noseve.
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®ur. 2. Feonoxka kapTa Ha palioHa

OcHoBHa BOJOHOCHA CTPYKTYpa B palioHa Ha c. ApbaHac e
noasemHo BoaHo tano MNBT BG1G0000K1040 ,Kapctosu Boan
B [loBey-TbpHoBCkus macue® (cur. 3). B npoyysaHata
TEPUTOPWS TOBA BOAHO TANO NPeACTaBnsBa kapcToB BaceiH ¢
[ocTa orpaHuyeHa nnow, W Heronsama febenuHa, KoeTo
npeanocTaBs U CPaBHUTENHO Mamnki Pecypci Ha NoA3eMHU
Boaw. MNoasemnute Boaw ca GesHanopHu. MoaxpaHBaHeTo € oT
WHUNTPaUMs Ha nagHanuTe Banexu (ObXJ W CHAN).
[peHnpaHeTo e OT Mambk 6poil HM3XOOAWMW W MPEenuBHM
W3BOPY, APEHNpaLLM Ce rMaBHO Mo nepudepusTa Ha baceitHa.
[ebutbT Ha nssopute Bapupa ot 0,01 go 0,3 I/s. YacT ot Tsx
ca KanTupaHu W ca uarpageHu uvewmu. CpegHuAT Mogyn Ha
nogsemuus ottok e 0,9 (I/s)/km2. LaxToBuTe n CoHpaxHWTE
KnageHun OBMKHOBEHO WMaT Marbk OTHOCUTeneH aebut —
okono 0,01-0,05 Ifs, a 4eCTO 1 MHOTO MO-HUCHK.

BG1G000K1hb050

BG1G0000Qpl026

MpoyyBateneH
yyacTbk "MyenuH"

5G1G0000Qal020

BE1600000KI040, e ko T BPHOBO
L

BG1G0000TJK045

BG1G0000Qal020 - MBT "Moposu Boan B KBatepHepa - p. AnTpa"
BG1G0000Qpl026 - MNBT "Moposu Boawn 8 KeatepHepa - mexay p.Ockbm n p.AnTpa"
BG1G00000K1040 - MBT "KapcTosu Boaw B Jloey-TbpHOBCKUS Macus"
BG1G0000TJKO045 - MBT"KapcTosu Boau B LienTpantus bankar"

BG1G000K1hb050 - MBT"KapcToeu Boaun B Pasrpaackata copmaums™

®ur. 3. Xupporeonoxka kapta



Llenu Ha npoy4BaHeTo

MaBHM Lienu Ha enekTpOTOMOrpadhCkoTO NPOyYBaHe ca:
JeTainuanpaHe Ha reonoxkus paspes Ao AbnbounHa
70-80 m;

KapTMpaHe Ha OKapCTEHM 30HM W KyXMHW B N3CNEeABaHMS
TEONOXKMN paspes;

OYepTaBaHe Ha 30HM C pasnnyHa BOAOHACMTEHOCT M
BOZ00DUIHOCT;

YTOYHsSIBaHe Ha MECTOMONOXEHNETO HA MOAXOASLM
yyacTbUy 3a U3rpaxaaHe Ha BOLOA0OMBHM COHOAXM.

MeToauKa M MHCTPYMEHTHU Ha U3cneaBaHe

/anon3BaHusT enektTpoTomorpadick MeTog € NoaxoasLy 3a
OBYMEPHO KapTipaHe Ha NPWUNOBBbPXHOCTHUS paspes3 BLB
BEpTUKanHW paspesu no npodunu. TepeHHUTE U3MepBaHns ca
W3MbMHEHN MOCPEACTBOM ronaM  Opoii  CBbp3aHU KbM
MHoOroXuneH kaben enektpogn (Griffiths et al., 1990).
ManonseaHa e 4-enektpogHa cxema  Schlumberger.
Peructpaumsata € wu3BbplieHa C MomowTa Ha anapatypa
Terrameter SAS 1000 B, npou3soacTeo Ha wBeeackata dupma
ABEM. Tsa pabotn c usxogHo Hanpexenne 150 V n
makcumaneH wusxogeH Tok 1000 mA. Cbctom ce ot
npegasarten, NPUEMHUK U MIUKpOnpoLiecop, 00eA1HEHN B eQHO
TAn0. [pUHUMMBT Ha M3MepBaHE BKIIOYBA HATpyMBaHe Ha
curHana C nOCMedoBaTeNHW M3MEpBaHUS W aHanoroBso
unTpupaHe, kaTo pesyntaTTe Cce W3BEXAAT Ha OMChnen.
ToBa no3BonsBa fja Ce KOHTPOMNMpa NpoLECHT Ha M3MEpBaHe W
Ja ce moatuckat no m3bop 2, 4 1 8 MbTU CTATUCTMYECKM
pasnpedenexun WymMose B npueMHata Bepura. 1o T031 HaumH
Ce nocTura Mo-BUCOKA TOMHOCT Ha M3MEPBaHUATA, KOSTO e
ocobeHo Heobxoguma npw paboTa ¢ no-cnabu curHamm.
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®ur. 4. MecTononoxeHue Ha reopmanyHuTe Npodunm

TepeHHUTE W3MEpPBaHWs Ca W3MbIHEHW MO TpWU Npodmna,
BCEKW, OT KOMTO C Ab/okmHa no 350 m. WM3non3saHu ca ase
kocw OT 12 xwuneH kaben ¢ pa3cTosHME MEXOy enekTpoguTe
10 m (0610 24 enekTpopa Ha pasctaHoBka). Cnepn usmepsaHe
Ha BCAKa pa3CTaHOBKa, Ce M3BbpWBA  CTHMKOBOTO
npemecTBaHe (‘npunmb3eaHe”’) Ha kabena cbe crbika 120 m.
Mpocunute ca CUTYMpaHW YCOPELHO €AUH Ha ApYr. TOYHOTO
1M MeCTOMONOXEHWE € NPeACTaBeHo Ha Gurypa 4.
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Mpu obpaboTkata Ha noneBuTe [daHHW € U3MOMN3BaHa
komnwoTbpHata nporpama  RES2DINV ~ (Loke,  2001).
Mporpamata faBa paspes Ha peanHOTO pasnpefenieHve Ha
€NEKTPUYHNTE CbNPOTUBREHUS. [PEXOABLT OT recenekTpuyeH
pa3pes3 B reosnioxku, NHXEeHEPHOreonoXxkn Unn Xnaporeonoxku
MOAen ce npasu KaTo npu nocnegeallata MHTepnpeTaumnsa Ha
noryyeHaTa ¢ nporpamata reoefiekTpuyHa kapTuHa ce oT4uTa
1 cbbpaHaTa npu CTaHgapTHOTO MPOyYBaHe WHAOpMaums 3a
KOHKPETHUTE NMPUPOAHYU YCMOBKS.

B npencraseHus cnyvai, nopagu unca Ha COHA@XHU
MPOYyYBaHMS U APYrM AaHHM 3@ MO-NPEUM3HO KopenupaHe Ha
PervcTpupaHuTe  reoenekTpUuHM  paspesn, CbCTaBEeHMST
reonoXkM MOAEN M OTAENEHWUTEe B HEro rpaHuLM npuTexasat
M3BECTHA YCMOBHOCT.

AHanus Ha reoenekTpU4HUTe paspesu. Feonoxka
WHTepnpeTaums

[aHHuTe OT nonesuTe enekTpoTomMorpadickn 3MepBaHns ca
WHTEpNpeTUpaHn ¢ komnioTbpHa nporpama RES2DINV u e

[ETEPMUHMPAHO  PasnpefeneHneTo Ha  AeiACTBUTENHUTE
CbMPOTMBMEHMS B NOANOBBPXHOCTHOTO  MPOCTPAHCTBO.
MomnyyeHuTe Mo TpuTe enekTpoToMorpadicku npoduna

reoenektpuyHu paspesn (ETI-1,
UNKOCTPUPaHK Ha urypn 5, 6 M 7.

ETN-2 wn ETN-3) ca

AHanusbT Ha  CbCTaBeHUTE reoenekTpu4yHn  paspesu
Nno3BoNABa Aa Ce HanpasBAT CnegHUTE No-BaXKHW U3BOAN:

o [eoenekTpuyHuAT paspes no 4eTupute npoduna e
OTHOCWTENHO J06pe M3gbpxaH no pasnpedeneHneTo Ha
€MeKTPMYHOTO CbNPOTUBIIEHNE B AbNOOYMHA.

e FENeKTPUYHOTO CbMPOTUBIIEHME HA Pa3HOBWUAHOCTUTE
(cpeoute),  KOMTO  u3rpaxgaT  M3CriedBaHus  paspes
CBMOETENCTBA 3a MPUCLCTBME HA MOAYEPTaHO K3paseHa
oHHa npoBogumocT.  CTOMHOCTUTE Ha  eNEKTPUYHOTO
CBMPOTUBIIEHWE Ca HWUCKW 1 BapWpaT B OTHOCUTENHO LUMPOKM
rpaHuum — ot 5 Qm go okono 400 Qm v noseve.

o [eoenekTpuuHnaT paspe3 no npodomnn ETM-1, ETM-2 n
ETMN-3 e npeactaBeH OT ABE €NEKPOCHMNPOTUBUTENHN CPeau,
KOUTO KapTMpaT 30HM C pa3fuyeH JIUTONOXKM CbCTaB,
OKapCTCTEHOCT, BOAOHACUTEHOCT W CTENEH HA BOROOBMMHOCT:

[Tbpeama enekmpocbnpomugumesnHa cpeda — 30Ha Afemx
Ce XapaKTepusupa CbC CPABHWTEMHO HWUCKM CTOWHOCTW Ha
ENEKTPUYHOTO CLNPOTUBIIEHNE — Hall-YeCTO B AManasoHa oT
20 Qm po 130 Qm. [lebenuHara it Bapupa B rpaHuLuTe ot 15-
20 go 50-65 m. 3oHa Afcmx BEPOSITHO KapTupa BapoBULMTE Ha
EmeHckaTa BapoBMKkOBa CBWTa, B KOUTO € chopmupaH cnabo
BOQOHOCEH KapCTOB KOMMIEKC, NPeACTaBNsBally efHa MHOro
manka 4act ot [IBT BG1G0000K1040. Hanuuveto Ha
AQHOMaIHN HUCKOOMHUM 30HM B Ta3u eNeKpoCbNPOTMBMTENHA
cpefa npeanonara OkapCTeHU U OTHOCUTENHO MO-BOLOOBUIHM
30HM (yyacTbum). Yact oT Tean 30HM, 0TOEns3aHM Ha
NonyYeHUTe recenekTpuyHuTe paspesu no npocpunu ETM-1,
ETM-3 n ETM-3 (cpur. 5, 6 u 7), kakto 1 Ha Tonorpadckata
kapTa, NpeAcTaBeHa Ha curypa 8, moraT fa ce pasrnexgar
KaTO NEPCMEKTUBHI Y4acTbLy 3@ M3rpaxpaaHe Ha COHOaxM 3a
nobvB Ha NOA3EMHM BOAW.




Site Arbanasi - Line 1

Model resistiaty with topography
Elevation Iteration 3 RMS error = 4.8

e D0 00 0 (0 ) 0 (0 ) 0

0 707 1000 141 200 283

Rasialiy b chm.m Unit Electrode Spacing = 5.00 m
Horizontal scale is 2269 pixels per unit spacing
Yot Sapasioon n fod secion daviey =080 3oHa Af,y (0T 20 go 130 ohm.m ) - cnabo BOAOHOCEH KapCTOB KOMMMEKC
Last electrode is located at 350.0 m.

3°Ha chx (0' |30 Ao 400 Ohm.m ) - HEBOJOHOCEH CKaneH KomMmnnekc
\;
- nepcl 30H:! yqac 3a unarpa aHe Ha coHaa:
\\ n p NEeKTUBHU n ( TbuM) wn p PKOAHE H HOaX

®ur. 5. PasnpeaeneHue Ha eNneKTPMYHOTO CLNPOTUBIIEHKUE B pa3pes3a no Mpodmn 1

Site Arbanasi - Line 2
Mode! resistmty with topography
Elevation Iteration 3 RMS ermor = 7.8

OO OO0 E [ 0 ...
250 354 500 707 1000 " 200 283
Resistivty in ohm.m

Unit Electrode Spacing = 5.00 m
Horizontal scale is 22 69 pixels per unit spacing
Vertical ation in model section display = 0.50
Frstsctiode s ocatsd 00 m 30Ha Afgpyy (0T 20 A0 130 ohm.m ) - crabo BOAOHOCEH KapCTOB KOMMAMEKS
Last electrode is located at 350.0 m.

30Ha B¢y, (0T 130 40 400 ohm.m ) - HEBOAOHOCEH CKaneH KOMMMeKS
\
\\ - NepPCNEeKTUBHU 30HM (Y4acTbLM) 3a U3rpaxaaHe Ha CoHpax

®ur. 6. PasnpegeneHue Ha eNeKTPMYHOTO CbLNPOTMBNEHKe B pa3pe3a no Mpodun 2

Site Arbanasi - Line 3

Mode! resistiity with topography
Elevation Iteration 3 RMS ermor = 6.7

T OOoOo o D ...
250 354 500 707 100.0 141 200 283
Resistivity in chm.m
Unit Electrode Spacing = 5.00 m
Horizontal scale is 2284 pixels per unit spacing
Vertical exaggeration in model section display = 0.50

First electrode s located at 00 m 3oHa Af;yx (0T 20 go 130 ohm.m ) - cnabo BoAOHOCEH KapCTOB KOMMMEKC
Last electrode is located at 350 0 m.

30oHa B¢, (0T 130 4o 400 ohm.m ) - HEBOAOHOCEH CKaneH KOMMIeKkc

\
\\\ - NEPCMNEKTUBHM 30HM (Y4acTbLM) 3a U3rpaxaaHe Ha CoHaax

®ur. 7. Pas3npefeneHue Ha eNeKTPMYHOTO CbNPOTMBNEHWe B pa3pesa no Mpodun 3
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Bmopama enekmpocbnpomugumenHa cpeda — 3oHa Bemx ce
XapaKkTepuampa C MO-BUCOKM CTOMHOCTM Ha EMNeKTPUYHOTO
CbMPOTMBNIEHNE — Hali-4eCTO B AnanasoHa ot okonio 130 Om
po 400 Qm u noseye. Tasn enekTPOCHLNPOTUBMTENHA Cpeda
MapKupa pasnpocTpaHeHWeTo Ha ckanute oT bbnrapeHckara
TEpUreHHa cBUTa (MACBYUHULM W Meprenu), Kouto ce
pasrnexgar Kato MHoro crabo npoHuUaeMu U NpaKTUYEecKM
HEBOJOHOCHM.

eode3uyHu koopduHamu 1970
1 1
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P
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\ 1 - NepcnexkTuBHU 30HN (y‘-iaCT'bLlVl) 3a uarpaxpgaHe Ha CoHAax

N -

®ur. 8. MnowHa kapTa Ha rpaHMLUTE Ha OKapCTEHUTE 30HU. 30HMpaHe Ha
NepcnekTUBHW YyyacTbUM 3a M3rpaxAaHe Ha COHAaxu 3a AOOMB Ha
nop3eMHU BOAU.

MepcnekTUBHM 30HK 3a COHAMPaHe

KOMMrekcHUAT aHammM3 Ha pesyntatute OT NpoBedeHuTe
enekTpoTomorpadhck M reopafiapHM  Mpoy4BaHWs  AaBa
OCHOBaHWe Aa Ce HanpaBsT CHeAHNTE NO-BaXHW KOHCTaTaLMU;

e B reoenektpuyHuTe paspesu no Tpute npoduna (ETI-1,
ETMM-2 n ETM-3) ca kapTupaHu rpaHWLMTE Ha OpraHoreHHUTe
BapoBMUM OT CbCTaBa Ha EmuHckaTa BapoBukoBa cBuTa. B
npoyyBaHaTa nnowy gebenuHara Ha Te3u BapoBULUM Bapupa B
AnanasoHa 15-20 go 50-65 m.

e B1B BapoBuumTE € hopmupaH cnabo BOLOHOCEH KapCTOB
KOMMIEKC, KOWTO MOXe [Ja Ce pasrnexga kato egHa MHOro
Manka YacT oT noasemHo soaHo Tano MNBT BG1G0000K1040.
B semnunwweTo Ha c. ApbaHacu 1 npunexatiute My TepUTopum
TOBA BOOHO TAMNO WMa OrpaHWyeHa Nnow, W Heronama
pebenvHa, KOeTO MpeanocTaBf W CPaBHWTENHO  Manku
pecypcy Ha NOA3EMHM BOAN.
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e PeructpupaHute aHOManHM HUCKOOMHM 30HW B
reoenekTpu4HUTe paspesun no npoyysatenyu npocunm ETM-1,
ETMN-2 n ETIM-3 mapkupaT OKapCTEHWM M OTHOCWTENHO Mo-
BOAOO6MMHN 30HM (yyacTbum) (cur. 5, 6 u 7). [IBe oT Tesu
30HK, KOMTO ca oTbenssaHn M Ha Tonorpadckata kapTa Ha
curypa 8, moraT Aa ce pasrmexgar Kato MepcrnekTUBHM
y4acTbLy 3a U3rpaxpaHe Ha CoHgaxu 3a [obuB Ha MOA3EMHM
BOAM.

e C orneg Ha YCTaHOBEHUS TeOEneKTpUYeH paspes M
CbLUECTBYBALLMTE TEOMOXKKM M XWUAPOTEONOXKNA YCNoBUS Ce
npenopbyYBa MPOYYBATENHUTE COHOAXW B NEPCNEKTUBHUTE
yyacTbLy fa ca ¢ gbnbounHa okono 70-80 m.

3aknioyeHue

C'bCTaBeHVIﬂT Bb3 OCHOBA Ha KOMMNIEKCHMA aHanln3 u
WHTepnpeTauus Ha pesynTatute OT enekTpoToMorpadusiTa
XWOPOTeosnoKKM  MOAEN, MpU  OTYMTaHe Ha  CbBCEM
orpaHMyeHaTa MHGOpMaUMs 3a TEONOXKUS CTPOeX Ha
NpOoy4BaHMs y4acTbK, AaBa OTHOCUTENHO f0bpa npeacTasa 3a
Bb3MOXHUTE I'IpOCTpaHCTBeHI/I paslvlepm n reomeTpMﬂTa Ha
okapcTeHuTe  30HW. CbLYEeBPEMEHHO, OTCHCTBMETO Ha
COHAQXHM [aHHMW, Ha NPaKTKKa AeMOHCTPMpa NPUOXMMOCTTa
M edeKTMBHOCTTa Ha enekTpoToMorpadckus MeTod 3a
NPeaBapuTeNHM OLEHKM 3a HanuuMe Ha OKapCTeHW W no-
BOAOOOMIHM 30HM M NEPCNEKTUBHW y4acTbLy 3a U3rpaxgaHe
Ha BOAOJ0OVBHI COHOAXM.
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NOBULIABAHE PA3PELLABALLATA CNNOCOBHOCT HA CEU3MOIrPAMUTE 3A
U3BBPLUBAHE HA CKOPOCTEH AHAJIU3 NMPU OBPABOTKATA HA CYXO3EMHHU
CEM3MUYHU OAHHU

Mas 'puzopoea

Munro-2eonoxku yHusepcumem "Ce. MeaH Puncku", maya.grigorova86@gmail.com

PE3IOME. KuHemaTuyHUTE MoOMpaBki B CEM3MONpoy4BaHeTo, Noabpaku Ha Gasata Ha peanHuTe oTpaxeHusi, B obLMs cryyail rapaHTMpat 4oGpo CymupaHe Ha
AaHHUTE W peanHa NpeacTaea 3a XapakTepa Ha OTpaxaTenHuUTe NOBbPXHUHK. [Py HanMuMe Ha LyMOBE B PETUCTPUPaHUTE SaHHU MHOTO YECTO € NOYTU HEBB3MOXHO
N3BLPLUBAHETO HA KOPEKTEH W [ieTailreH CKOPOCTEH aHamnu3 3a OonpemensHe Ha TOYHNUTE KMHEMaTV4YHK MONpaBky, KOWTO CrieaBsa Aa ce BHecaT B AaHHuTe. Mopaau
TasW NpUYMHa YECTO Ce ThPCST PELLEHMS], C KOWTO fia Ce MOBMLUM paspeLuaBallaTa CocOBHOCT Ha COPTUPAHNTE 3a 3BLPLUBAHE HA CKOPOCTEH aHamna Censmorpamm
MOCPEACTBOM PasHOPOAHM HUNTPMPALLM NPOLEAYPH, C MOMOLLTA Ha KOUTO MakCMarHo fa Ce OTCTpaHU BAMSHWETO Ha MpeyelLuTe BbiHW, a B CeusmMorpamuTe aa
OCTaHaT NpeaUMHO peasHnuTe 0Tpa3eH! BbIHU.

KntoyoBu gymu: ckopocteH Mmogen, hunrpayys, pesontoums

HIGH RESOLUTION VELOCITY ANALYSIS IN SEISMIC DATA PROCESSING
Maya Grigorova
University of Mining and geology “St. Ivan Rilski”, maya.grigorova86@gmail.com

ABSTRACT. In reflection seismology seismic data are usually contaminated with noise, which refers to any unwanted features in the data. One of the most important
criteria for data quality is visibility of primary reflections, often quantified as signal-to-noise ratio. For achieving this goal one possible solution is to perform high
resolution velocity analysis. Building adequate, high resolution velocity analysis is basic step for creating realistic and reliable geological section. Creating correct
velocity model requires good differentiation between primary reflections and seismic noise. For achieving better velocity model resolution it is sometimes suitable to
perform linear noise attenuation procedures before to perform velocity analysis.

Keywords: velocity model, filtration, resolution

BbBeaeHue CbCTABAHETO HA afeKBaTHM UM BUCOKO paspelaBally

CEN3MUYHN n3obpaxkeHus. NMopaam Te3n NPUYMHU YCUNEHO ce

lMpe3 mocnegHOTO [eceTuneTe MOCTUraHETO Ha BUCOKA TbPCAT HOBU TEXHUKA U METOAMKM, C NOMOLLTa Ha KOUTO Ja ce

pesontouus B 06paboTkaTta Ha Cen3MniH1 AaHHM € npuaobuno OCUTYpU — MakcumanHa — pa3fienMTeniHa  CriocobHoCT  Ha

MbPBOCTENEHHO 3HAYEHNE MPU CLCTABSHETO HAa CEU3MUYHUTE u3cneaBaHuTe faHHW 3a UenuTe Ha yBepeHa W [0CTOBepHa
paspean. ToBa € 0CODEHO akTyaneH BbMpoc Npy CTPYKTypHa UHTEpNpeTaLus.

peobpaboTkata Ha CTapy CEM3MWYHU OaHHW, MPU KOUTO ce
HabniogaBaT KOHKPETHM crneuudukn Ha 3amuca KaTto MalTbk
Bpoi kaHanm, HACKa KPaTHOCT Ha AaHHMTE, OrpaHuyeH odceT MpeanocTaBku 3a HanUuue Ha WyM C pasnuyeH

n ppyru. OT pgpyra cTpaHa, B CbBPEMEHHM YCIOBWS XapakTep B cenamorpammre
W3MON3BAHETO Ha MOBLPXHOCTHU U3TOYHMLM HA EHEprus

(BuBpoceits) moHsikora BoAM A0 MoBHLIABaHE HUBOTO Ha LLYM B LlyMbT B CEM3MMUHUTE [1aHHN € HeM3MEHHa uacT oT
3anucaHuTe JaHHM. Toa Hanara HeobxogumocTta oT 3anucanuTe ceusmorpamu. Bcsika cemsmorpama Cbabpxa,
npunaraHe Ha nosede Ha 6poit v no-arpecuBHU HUNTPUPaLLY KaKTO MOME3eH CUrHar, Taka U OMPeAEeneHo KONMYECTBO LLUYM.
NpOLeAypn BbPXy AaHHUTE. YecTo mbTu, obave, npunaraHeTo B obwms cnyvait, 3a ga Gbae nocturHaTta 3afoBONMTENHA
Ha nodo6HI NpoLieAypy BbPXY CEeMMorpamuTe BOAU He camo paspellaBalia  CMocoGHOCT B KpalHMs  MpOOyKT — OT
[0 NpemaxsaHe Ha npedelluTe BbIHM, HO M [0 3aryba Ha obpaboTkaTa Ha [OaHHUTE € HEeoOXOAMMO CbOTHOLLEHMETO
noneseH cuUrHan. C'bLLleBpeMeHHO npwn Hann4ne Ha oCTaTb4yHU noneseH curHan / LWYM fa € AOCTaTbYHO roisiMO.

WyMOBe B [AAHHUTE Ce 3aTpyOHsiBa M3MbIIHEHWETO Ha

nocneAgaliute obpaboTsal npoleaypu, epHa ot Kouto e HanuuveTo Ha lWyMm B 3anuMcuTe MOXe [a Ce AbITKM Ha
M3BbPLUBAHETO Ha AeTailneH CKOPOCTEH aHanM3 Ha AaHHuTe MHOrO 1 pa3HoobpasHu (pakTopy KaTo BUAA HA M3TOUHMKA Ha
3a onpefensHe Ha KuMHeEMaTWYHU nonpasku. CKOPOCTHUAT B'b36y>K}J.aHe, M36pa|.|a-|-a cUcTeMa Ha  3anuc, 6p0;| Ha
aHanu3 B ceusMuyHata obpaboTka uMa kniodosa pons 3a paboTeLLuMTE KaHamu, KpaTHOCTTa Ha AaHHUTE, MAHUMAIHOTO U
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MaKCMMAaITHOTO OTHaneyeHne 0T M3TOYHKKa (odceT), nonesunTe
YCMOBWS, KNUMaTUYHUTE YCIIOBMS, HANMYMETO Ha CMyTWUTENU
Ha curHara, aHTponoreHHn GakTopu v gpyru. Kato usano tesu
takTopn ce obobLiaBaT kaTo mapameTpu Ha MpOy4BaHETo.
MapameTpuTe Ha nNpoyyBaHe ce ONpedensT cneuuduyHo 3a
BCEK/ PErvoH Ha MpoyyBaHe, Taka 4Ye Aa Obae nocTurHarto
Hal-0obpOTO  OTHOLUEHWE CUTHan-WyM Ha  CeM3MUYHWTE
3anucu, Kakto M ga Obge perucTpupaH Bb3MOXHO Hal-
LUMPOKWAT YECTOTEH CrMEKTbP Ha LENeBUTE  XOPUSOHTW.
MbpBUTE BaXHU NapameTpu Ca M3TOYHWKBLT Ha EeHeprus
BUABLT Ha censmonpuemHuumTe. 3bupa ce Hal-noaxoasaLmsT
3a pervoHa Ha npoyyBaHe WM3TOYHMK, C KOWTO Aa Ce Oocurypu
ONTUMaNHO perucTpupaHe oT censmonpuemHuumute. Cneg-
BaLLMAT NapamMeTbp € MHTEPBANbT Ha PErucTpupaHe, Kakto no
Bpeme (CTbnKaTa Ha KBaHTyBaHe), Taka U B MPOCTPAHCTBOTO
(pascTosHMETO Mexay rpynute ceuamonpuemHuuy). Onpe-
JENAT Ce CbWO Taka MWHMMANHOTO W  MakCUMarHoTo
oTZaneyeHne Ha CEU3MOMPUEMHULMTE OT M3TOYHWKA, KOWUTO
TpsibBa fa ObAaT cbobpaseHm C LENNUTE Ha NPOYYBaHETO.

YecTo pasnuuHiuTe No BML CMYTUTENW Ha CUrHana npeams-
BUMKBAT Pa3Ni4HK MO BUA LUYMOBE B fAaHHUTE (cour. 1).

Offset (m}

-2000

0,5
a
e
-
g1
1.5
AL S - BbnHa
[OupekTHa BbnHa OTpaxkeHue
5 A S R S R
S MNoBbpXHOCTHA BousaywHa
BbnHa BbnHa

®ur. 1. Censmorpama, Ha KOATO MoraT Aa ce HabniogaBaT pasnUyHK
BMAOBE WYM

EOvH OT Han-BaXHUTE acnekt OT 06pa60T|<aTa Ha
CEeN3MMYHUTE AaHHW BKNHOYBa Pa3KpMBaHETO Ha MNONe3HuA
CUrHan 4ype3 NnoTuckaHe Ha pasnnu4HnuTe BUOOBE LWyM.

TbPCEHUTE OTPaXeHWs BbPXY 3an1cuTe Ce pasnosHasar o
XunepBonuuHNa CM BME, AbMXall Ce Ha pasnukata BbB
BpeMeHaTa UM Ha MPUCTUraHe C oTaaneyaBaHe OT U3TOYHMKA.
Hait-4ecTo Ha censmorpamure ce perucTpupar OCcBeH oTpase-
HUTE BbIHW, CbLIO Taka AMPEeKTHAaTa BbiHA, MOBLPXHOCTHM
BbIHM, MPEYYNEH BbIHN, Bb3AYLIHN BbIHNA 1 APYTHA.
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MMpu pa3snpocTpaHeHne B HEXOMOTEHHa cpefda, CKOpOCTTa Ha
pasnpoCTpaHeHWe Ha NOBLPXHOCTHWUTE BbIHU PSAKO HanBu-
LUaBa CKOPOCTTa Ha S-BbiHUTE KaTo goctura 4o 1500 m/s. Ta
4ecTO 3aBMCYH OT YecToTaTa Ha BLIHUTE U € Bb3MOXHO PSA3KO
[a Ce W3MeHs, pasnuyaBaiiki ce CUHO OT Ta3n Ha MonesHns
CUrHan, KOeTo Ce sIBfiBa M OCHOBEH HauWH 3a TAXHOTO Aude-
peHumpaHe (Telford et al., 1990). 3a ycnewHa untpauus Ha
MOBBLPXHOCTHA W S-BbITHW € HeobXoaMMO Aa Ce YTOYHM
[ETaNnHO TAXHaTa CKOPOCT Ha pasnpocTpaHeHue B 3emsiTa u
Mo Bb3MOXHOCT YecToTa M. MeToabT 3a dunTpaumsta UM cu
CNYXW C MHGOPMALMS 3@ CKPOCTUTE W YECTOTHWS Juanas3oH Ha
npeveLynTe BbIHM, KaTo TpaHcopmmupa AaHHUTE OT Bpeme-
NpocTpaHCTBEHaTa 06nact B 4YeCTOTa-NpOCTpaHCTBEHATa
obnacT, kbaeTo npouenypata paboTu nNo CMeceHu Tpaceta.
Bposat Ha TpaceTara, KOMTO Ce CMecBaT Ha BCSKa YeCToTa [0
rpaHW4HaTa ce onpegens ot uapasa:

_ \

mix =
yecmoma* pascmosnue Me:»cdy mpacemama

kbaeto: Ve CKOpPOCTTa Ha npeveLmTe BbIHN.

[vpekTHaTa BbMHa Ce CbCTOM OT  XOPM3OHTANHO
npuoBMKBaLlaTa ce 4acT Ha nomycepata oT P BbrHu.
TpsibBa pa ce oTbenexu, Ye AMpeKTHaTa BbiHa Ce NMPUABIKBA
B NpaBa NNHUS OT NPUEMHUK Ha MPUEMHUK U Ha CEN3MUYHUS
3anuC e npefcTaBeHa OT MOCTOSIHEH HAKMOH. [MpekTHuTe
BbMHW 3aTUXBaT MHOrO Gbp30 UK ce rybaT B npevyneHuTe
BbHA W MO TasM npuymHa He MoraT pJa Owbpar
noeHTUULMpaHn cnep MbpauTe HAKonko Tpaceta. OcHOBeH
NOAXOA KbM MOTYLIABAHETO MM Ce SBSIBA U3PS3BAHETO UM OT
3anucuTe nog hopmata Ha MioT aHanus (Leskinen, 1975).

BbagylwHuTe BBMHM CE pasnpocTpaHsiBaT B 3emsTa CbC
ckopoCT bnn3ka [0 Tasu Ha 3Byka BbB Bb3gyxa (npubnu-
autenHo 330 m/s), oTKbOETO MABa M WUMETO UM. TaxHaTa
CKOPOCT He 3aBWCK OT YecToTaTa UM Ha pa3npocTpaHeHue, a
OT BBHLUHM (haKTOpM KaTo TemnepaTypa Ha Bbafyxa U Mocoka
Ha BATbpa. BbIHOBKS UM CNEKTLP Bapupa B LUMPOKM MpaHuLy,
KOETO 3aTpydHsiBa OTCTPaHsABaHETO MM OT AaHHuTe. OcHoB-
HWAT MeTod 3a NoTylwasaHeTo WM ce Basupa Ha oTnnynTen-
HaTa UM CKOPOCT Ha pasnpocTpaHeHue B 3emsTa (Landmark,
Promax reference manual, 1995).

BvnHute pasnpoctpaHsiBawm ce B eamH nnact (Guided
waves) ce nopaxaar npu pegyBaHe Ha NnacToBe C HUCKa U C
BMCOKa CKOPOCT Ha pa3npoCTpaHeHue Ha eNacTUYHUTE BbIHU.
Tean BbIHM B romsiMa 4acT OT Cryyaute WHTEpdepupat ¢
peanHuTe OTPaXEHMS M MO Ta3n MpuUYMHA ca TPyaHW 3a
OTCTpaHsiBaHe OT [JaHHWTE. TO3M TUM BBbAHM Ca LUMPOKO
pa3npoCTpaHeHu, TMaBHO B 3amWUCUTE OT MOPCKWA CEU3MUYHM
n3cnemBaHMs U ca MOPOLEHU OT CUIHMS KOHTpacT B
CKOPOCTUTE Ha pPa3snpoCTPaHEHWE Ha BbNIHUTE BbB BOAHWUTE
nnacToBe 1 Nog MOPCKOTO AbHO. 10 TO3W HaumH, no-ronsMata
YacT OT €HeprusiTa Ce PasnpOCTPaHsiBa XOPW3OHTANHO npes3
BOLHMTE MNacToBe. XapakTepHO 3a TsX e, Ye KONKOTO € Mno-
ronsiM KOHTPACTbT B CKOPOCTUTE Ha pPasnpoCTpaHeHWe Ha
BbIHWUTE BbB BOZATa U N0 ABHOTO, TONKOBA NOBEYE BbIHM OT
TO3W TUN Ce reHepupart. BbnHu, KouTo ce pa3npocTpaHsiBaT B
eOWH nnacT ce HabnoaasaTt U B CEM3MUYHM M3crnefBaHus Ha
cyluaTa, kaTo OCHOBHMST NOAXOL 3a NOTUCKAHETO UM Ce SBSBA
CymMmpaHo no obwa AbnbounHHa Touka. OCHOBHWTE Mpo6-
NeMW, KOMTO TO3M TUM BbiHM, a CbWO W OCTaHanuTe



PErucTpupaHn LWymoBe C MPaBOSMHEMHM Xxogorpadu, Cbs-
[iaBaT ce NposiBABaT rMaBHO B CEU3MOrpaMuTe COPTUPaHM 3a
M3BbpLUBaHE Ha CKOpOCTEH aHanu3. OnpegensHeTo Ha BApHa
KWHEMaTM4Ha nonpaBka MOXe [a Ce Okaxe He neka 3agava, B
Cnyyanm Ye xogorpadute Ha OTPa3eHUTE BBIHW ca ,CKPUTK®
noZ Te3n Ha perucTpupanns Wwym. B Te3u cryyan e Bb3MOXHO
onpefeneHuTe KWHEMaTUYHW MOMpaBKM [a Ca HETOYHO
noabpaHu, KOETO OT CBOS CTpaHa fa [oBede A0 HEBEPHM U
00bpKBaLLY pesynTaTi Npu CyMUpaHe Ha JaHHUTE C TsX.

MeTogu 3a noBuUwWAaBaHe pe3onUMATa Ha
CeMsMorpamuTe npu M3BbPLIBaAHE HAa CKOPOCTEH
aHanM3 Ha CEeU3MMYHM [aHHM NOCPEACTBOM
pasnnyHK hunTpUpaLLM npouesypu

MoTuckaHeTo Ha LymoBe C NMpaBONWHERHM xogorpadmn ce
Hanara nopagu bakTta, Ye B rofisiMa 4acT OT CryyauTte To3u
TMN BBAHM Ce XapaKTepusupaT C BUCOKA EHEeprUs M MHOro
4eCTo ,3aKpKBaT” peanHuTe oTpaxeHus. 3a N3BbPLIBAHETO HA
AeTalnieH CKOpOCTEH aHanu3 C BMCOKa pesoniouns e
HeobXoaMMO COpTMpaHWTE Ceu3Morpamu 3a aHanusa faa
CbAbpKaT MPeanMHO xogorpadm Ha OTpaseHuTe BbAHM W
KOMKOTO € Bb3MOXHO MO-Masnko Takvea Ha MpeyeLmTe BbIHM
(Jones, 2010).

B obpaboTkaTa Ha CEen3MUYHI AaHHK Ca NO3HATY MHOXECTBO
npoueaypu, HacouYeHM KbM MOTyllABaHE Ha LWYMOBE C
npaBonvHenHW xogorpadm, KoUTO Cce npunarat npeau
CymupaHe Ha fdaHHute. Tbil kKaTo W camata npouegypa no
CymuMpaHe Ha Ceu3vmorpamute no Metoga Ha obwata
ﬂ'bJ'IﬁO‘-IVIHHa TOMKa CblO Ccnomara 3a enuMMUHUpaHe
BMUSHWETO Ha MpeYeLnTe BbIHYU, CTaBa MHOTO TPYAHO Aa ce
OLEHM Ka4eCTBOTO Ha Ceu3MOorpamuTe 3a M3BbpLUBAHE Ha
CKOPOCTEH aHanu3 3a OMpedensiHe Ha TOYHW KMHEMATUYHU
nonpa.kw, B CMyyall Ye Cried CoOpTMpaHe B ceusMorpamuTe 3a
aHanu3 MMa OCTaTb4HU BNUAHNA Ha NpeyeLLn BbITHU. I'IopapuA
Tasan NpuUYMHa € Bb3MOXHO [a CE MPUMOXM LOMbIHUTENHO
unTpupaHe Ha COpTMpPaHWTE 33 CKOPOCTEH aHanus
ceusMorpam, kato B MOCMEACTBME TO He Ce Mpunara mpu
CyMMpaHe Ha cemamorpammTe, a Cyxu camo 3a Lienute Ha no-
YBEPEH CKOPOCTEH aHanms.

Mpn aHanM3a Ha pasnuyHK BWAOBE LYM C MPaBOMMHENHM
xogorpachy, KOWTO Hail-4ecTo ce HabnopaBaT  BbpXy
COPTMpPaHWTE 3@ W3BbPLBAHE Ha CKOPOCTEH  aHanw3
cemsmorpamu, Ca pasrnefaHu  KOHKpPETHW  hunTpupaLm
NpoLieaypu, KOUTO B Hail-rofiiMa CTEMeH MocTuraT TbPCEeHUST
eheKT — MaKCUManHO CbOTHOLIEHWE CUTHaM/LIyM 3a LenuTe
Ha JocTtoBepeH ckopocteH aHanu3 (Mpuroposa, 2013). EgHa
yacT OT (unTpUpalLMTE NPOLEAYPU Ca MPUIOKEHWN BBPXY
[aHHWUTE OLLE Ha eTana Ha npefBapuTeNiHaTa NoaroToska. Mpw
YCroOBKe, Ye B JaHHWTe Ce HabniogaeaT ocTaTbyHu edekTn
WK TaKkUBa, KOWTO He ca Ce MOBMUSNM OT m3bpaHus Habop
(OUNTPaLMOHHM  NpoUecM Ce  Hamara  [OMbIIHUTENHO
cuntpupaHe ¢ uen nogobpsiBaHe Ha M3obpaxeHneTo W no-
OTYETNINBO MPOCMEAsBaHe Ha xogorpadute Ha OTpaseHuTe
BBITHW.

Ha cwurypa 2 e nokasaHa ceusmorpama, Ha KOsTO Ce
Habnogasat npeyeLyy BbHU C NIMHENHK xogorpadu, OT Tuna
Bb3AYLUHM BbIHM, PasnpoCTpaHsBaWM Ce B 3emsiTa CbC
ckopocT 342 m/s. 3a noTuckaHe Ha Bb3AYLWHUTE BLIHM €
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npunoxexa npoueaypata Air Blast, uuato uen e ga npemaxHe
BCWYKM BBITHW, MPWABWXBAWM Ce B 3emsTa C MocoyeHata

CKOpPOCT Ha  pasnpocTpaHeHue. Heobxogumoctta  OT
rocodeHata npoleaypa Ce Hanara nopagu (hakta, ye Taka
fpoekTMpaHa, BbPXYy COPTUpaHWUTE  Ceusmorpamu  3a

M3BbPLUBAHE Ha CKOPOCTEH aHanu3, Bb3fyllHata BbllHA HE
nosgonABa pfda Ce Hanpasu TMpaBWiHA nNpeleHka 3a
HeobxoaumaTa KuHeMaTuyHa nonpaska. Toea 6 goBeno go
HeyBEepeHn pesyntatu npun CymupaHe Ha LaHHUTE C Taka
CbCTaBEHUTE KWHEMATUYHWU NONPaBKK.

Tbit KaTo CKOPOCTTA Ha Bb3AYLIHUTE BbIHW € OTAMYUTENTHO
HACKa, B CpPaBHEHWE C Tas3M Ha MONE3HWUST CcurHan,
BEpOSITHOCTTA fJa Ce MNpeMaxHaT W 4acT OT pearHute
OTPaXeHUs € He3HaynTenHO Hucka, a KayecTBOTO Ha
ceusMorpamata Cnef npunaraHe Ha unTbpa 3Ha4YUTENHO ce
e nogobpuno.

Ha censmorpamarta Ha curypa 3 ce HabniogaBat npeyeLyy
Bb/IHA C JMHEAHW Xoforpam OT TUMa MOBLPXHOCTHM M
rpayHa-pon BbiHM. 3a MoTMUCKaHe Ha TE3N CMYLLEHWs e
npunoxeHa npoueaypata Surface Wave Noise Attenuation,
YMATO Lien € Aa NMpemaxHe BbHUTE OT TO3W TN Bb3 OCHOBA
Ha  OTMUYMTENHUTE  pasnMkM B CKOPOCTTa WM Ha
pasnpoCcTpaHeHWe B 3emMsTa W PasfMKMTE B YECTOTHUS UM
CbCTaB CMpsIMO MONE3HUS CUrHar.
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®ur. 2. CkopocTeH aHanu3: A - copTUpaHa ceM3morpama ¢ Hanuume Ha
Bb3AyllHa BbNHA; B - dhmntpupaHa coptupaHa cemamorpama




A 200 “3;1;;;“““ i,",]",;’ 1o “”“;DI;;* o0 2';5";0 CkopocTHaTa (hyHKUMS UMa CMeHMTE XapaKTEPUCTUKK:
- Bpoit Ha TpaceTaTa hopmupaLy egHa yHKums — 15;
- PascTosiHne mexay ckopocTHuTe dyHKLmmn — 500 m.
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Kakto ce Bmkma OT AMHAMUYHWS MaHen, CyMUPaHETO Ha
JaHHUTE C HenocpeacTBEHO NUKMPaAHUTE CKOPOCTK NO3BONABa
OTYETNIMBO da Ce OTKPOAT OCHOBHUTE OTPaXaTenHu rpaHuLm.

Mo TakbB Ha4uH, crneq npunaraHe Ha KMHemaTu4Ha nonpas-

B : “3%10‘2.“““ i.“u"ni’ w?c.“”“;o‘é.';’ s 2'1.*"2“0 Ka C Taka WM3bpaHUTe CKOPOCTHW (DYHKLUMM B CyMUpaHUTE
HaHAN OTYETIMEO Co HAGMIOfaBaT peanii oTpaaTeni

200— rpaHuLu.

00 %% Ha cwurypa 6 e nokasaHO CpaBHEHWE MEXDY AaHHM,

o0 Tk CYMUPaHN C KMHEMATWYHI MOMPaBKM, MOMyYeH Npeau 1 cneq

[OMbIIHATENHO (PUATPUPAHE Ha COPTUPAHUTE 3a CKOPOCTEH
aHanua cemsmorpamu. OT aHanu3a Ha monyveHuTe w3obpa-
KEHWSI SICHO MOXe [a Ce Mpocrean XapakTepbT Ha OTpaxa-
TENHUTE MOBbPXHUHM, KaKTO B MO-NNMTKATa YacT Ha paspesa,
Taka WM B no-gbnbokuTe My uvacTh. MHOro no-yBepeHo
npocrefsiBaHe Ha OTpaxXaTerHuTe rpaHuum ce Habniogaea
BbpXy paspesa, MonyvyeH CbC CKOPOCTEH Mogen noabpaH
BbPXY (OUITPUPaHM Censmorpamu.
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®ur. 3. CKOpoCTeH aHanus: A - copTUpaHa censmorpama ¢ Hanuuue Ha
NOBBLPXHOCTHN BLIHM; B — unTpupaHa censmorpama

Cnep npunaraHe Ha npouegypaTa ce HabntogasaT MHOTO
NMo-0TYETNNBO xo,qorpacpvwe Ha OTpa3eHuNTe BbITHU.

Ha ceuamorpamata Ha cpurypa 4 sicHO ce BXAAT NpeyeLyy
Bb/IHA C NMHEeNHW xoporpadm, kouto OykBanHo “3akpusar’
€HeprusiTa Ha peanHuTe OTPa3eHW BbIHM Nog TsX. 3a noTuc-
KaHe Ha Tean NIMHEeNHM BbITHW, AaHHUTE Ca TpaHCOpMUpaHu B
F-K obnactra, kbaeTo pbuyHO € onpedeneH MOnuroH 3a
npunaraHeTo Ha F-K duntbp.

YeCToTHWUTE rpaHnLM Ha NOMUIoHa BapupaT B AvanasoHa ot
0 o okono 70 Hz. Crieg HynupaHe Ha faHHuTE B obnactrta
W3BbH MOMWUIOHA, PEe3ynTaTbT MOKasBa CWMHO MOTWUCKAaHE Ha
npeyewyTe BBLIHM C NWHEWHM Xoporpam M No-ACHO
1300pa3siBaHe Ha peanHuTe OTPAKEHMS.

3a uniocTpupaHe Ha CKOPOCTEH aHanu3 criefj 3BbpLUBaHe
Ha [OMbAHUTENHUTE MpoLedypu Mo (UNTpaLuMs Ha CopTH-
paHuTe ceusMorpamu e u3bpaHa efHa CKOPOCTHA (YHKLMS our. 4. F-K hmnTbp 3a NoTUCKaHe Ha MUHEHUTE NpeyeLy BbIIHAN

(qour. 5).
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®ur. 5. CKOpOCTeH aHanu3 BLPXy unTpuUpaHa copTUpaHa censmorpama
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®ur. 6. CymupaHn gaHHK: A — ¢ KNHeMaTWU4Ha nonpaeka, Nomny4eHa npu
U3BbpLIBaHEe Ha CKOPOCTEH aHanN3 ¢ HepuNTPUpaHM cemamorpamm; B - ¢
KMHeMaTW4Ha nonpaBka, MOMy4YeHa NpU W3BbLPWBAHE HAa CKOPOCTEH
aHanu3 ¢ uNTpUpaHu ceusmorpamu

3aknioyeHune

CensmMnyHuTE [aHHM, Hal-06Lo, Ce CbCTOAT OT Hacnar-
BaHETO Ha peaniHuTE OTpaXeHus C Apyrv Hai-pasHoobpasHu
npevewy BbnHU. OcHOBHa 3agaya Ha obpaboTBalmTe
npoueaypn € [fa oTcnabsT AelCcTBUMETO Ha CMyLaBaliuTe
thakTopu, 3a fa ce nogobpy CbOTHOLLEHMETO CUrHan/WwyMm.

Ot TouHOCTTa, C KOATO Ce Onpegens MPOCTPaHCTBEHOTO
W3MEHEHWe Ha CKOpOCTTa B cpedata W A0 OCHOBHUTE
0Tpa3siBalLy rpaHnLM, A0 ronsMa CTeneH 3aBUCH W TOMHOCTTA
Ha NOCTpOsiBaHE Ha CemamnyHnTe paspesu (Mpuroposa, 2015).
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Mpu CbCTABSHETO Ha CKOPOCTEH MOAEN Ha cpegaTa Morat
[1a Ce HanpaBsT CrieHUTE U3BOAM:

- CobCraBsHETO Ha afeKBaTeH, BMCOKO paspeluaBally
CKOpOCTEH MOAEN Ha cpepata Ce sBfBa OCHOBHA
CTbMKa KbM WU3rpaxgaHeTo Ha peanucTtuyeH
reornoxku paspes;

- MocTposiBaHETO Ha KOPEKTEH CKOPOCTEH MOLEN Ha
cpegaTa M3vCcKBa pa3no3HaBaHe U AudepeHLmpaHe
Ha Nones3Hna curHan ot nNpeyeLLnTe BbIHWY;,

- KniouoB wmomeHT npu nogbopa Ha HagexaeH
CKOPOCTEH MOZEN Ha cpeaata e NpocneasBaHeTo 3a
CTPYKTYpHaTa NOMMYHOCT Ha paspesa.

Mo TaKbB HAYMH aHaNW3bT Ha KMHEMaTUYHATa Monpaska Ha
CeN3MMYHIUTE BITHM UMa KIHYoBa Pons B NpoLeca Ha BIUCOKO
paspellaBalliaTa 06paboTka Ha CeusMUYHM faHHW. [opamm
TOBA C& TbPCAT Bb3MOXKHOCTU 3a CbCTaBsHE Ha afeKBaTeH U
MaKcUMariHo HaaexXaeH CKOPoCTeH MOAEN Ha cpefata, KoiTo
[a Oocurypu mno-yBepeHa M HaaexaHa WHTepnpeTauus Ha
[aHHuTE.
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NACUBHA CEM3MUKA 3A LIENUTE HA TbPCEHE U NMPOYYBAHE HA
BbIrMEBOAOPOAN

Mas 'puzopoea

Munro-2eonoxku yHusepcumem "Ce. Mean Puncku", 1700 Cocpusi, maya.grigorova86@gmail.com

PE3IOME. MacvBHaTa ceusmuka ce OTnMYaBa kaTo HeNHBA3MBEH MOAXOA, MOCPEACTBOM KOWTO € Bb3MOXHO [OGUBAHETO Ha rONsMO KONMYECTBO CEU3MUIHU AaHHM
ypes HabmiofeHns OT CEeM3MUYHI CTaHLMM, Pa3NONIOKeHV B Aaf€H PervoH. Ha cbBpemeHeH eTan BCe no-ronsiMa nonynsipHocT Ao6MBa M3NON3BaHeTo Ha AaHHM OT
naciBHa CeM3MUKa 3a ThPCELLO-NPOy4YBaTenHN paboTy 3a HEdT M ra3, KakTo W 3a MOHUTOPWHT Ha Haxoauwa B ekcrnoatauus. MeTogbT ce OT/MYaBa kato
HEMHBa3VBEH, EHEKTUBEH M [JOCTATbYHO HAZEXAeH 3a NpocneasiBaHe Ha BbIIHOBATA KAPTUHA HA rONEMU MIOLLM, KOUTO B Cyyail HA KOHBEHLMOHANHO CEM3MUYHO
npoy4BaHe Guxa GunM No-ckopo NKOHOMMYECKU HepeHTabWHM 3a 0BCTONHO U3CneaBaHe.

KniouoBu AYMU: NacuBHa CeN3mMuKa, HUCKOYECTOTEH CUrHan, Heq)T nras

PASSIVE SEISMIC IN HYDROCARBON EXPLORATION
Maya Grigorova
University of Mining and geology “St. Ivan Rilski”, 1700 Sofia, maya.grigorova86@gmail.com

ABSTRACT. Passive seismic is the detection of natural low frequency earth movements, usually to recognize geological structure and locate underground oil, gas, or
other resources. Most of all passive seismic method is used in hydrocarbon exploration to support exploration efforts and minimize risk. In recent years, the technique
has been applied to many oil and gas fields throughout the world and proof itself as a potentially powerful tool in the exploration of hydrocarbon resources. Passive
seismic proof itself as a cost effective way to image a large area, where the terrain is difficult and consequently, conventional seismic is expensive and can be of poor
quality due to seismic penetration problems.

Keywords: passive seismic, low frequency signal, oil and gas

BbBepeHue BPEME HUCKUTE 4ecTOTW npupobueaT noMynspHOCT M B
HedbTeHaTa  MHAYCTPUSI KaTO [OMbIHUTENHM W HAZEXOHM
CevsMUyHMTE M3CMIEMBaHMs, MPOBEXAHM 3a LienuTe Ha MSTOYHMUM  Ha  monesHa  uHcpopmauns. Bce  noseue
TbpCeLLo-NpoyyBaTenHuTe p860TV| 3a He(bT M ras, ca n3cnensaHMa ca HacoveHW KbM M3yYaBaHe Bb3[eUCTBUETO Ha
CBbpP3aHM C NPOBEXAAHETO Ha MNaHUpaHu NOMNeBu CEU3MUYHM HWCKOYECTOTHNA CUrHan BbPXY BBITIEBOAOPOAHW 3anexn 1
AEHOCTW. /13BbPLIBAHETO HA CaMOTO CEM3MWNYHO MPOYYBaHE € Xapaktepa Ha Tesu perucTpupaHiu Bb3geictBis. Kato
CMIOXEH W CKbMOCTPYBAL, MPOLEC, M3NCKBALY BHUAMATENEH 6bp3opasBMBaLLO Ce W HEWHBA3MBHO HanpaBneHWe B Tasu
noabop Ha MapameTpuTe Ha Mpoy4YBaHeTo — AbNGoYMHA Ha fnocoka ce OTKpOsiBa MacuBHaTa ceusmuka. Ts ce okycupa
NpOy4BaHeTo, YECTOTEH CbCTaB Ha AaHHuTe W ap. lNpugo- BbpXy HWUCKMTE 4ecToTM B mnopspbka of 1 fgo 6 Hz
OUTUTE CEeM3MWUYHM JaHHKM BrocrneacTeue ce oGpaboTsat u HuCko4eCTOTHUAT ~ CryyaeH WyMm B npupojara  Wma
13Mon3BaT 3a Cb3AaBaHe Ha CeM3MUYHU pa3pesn, CyXeLLM 3a pa3HopofieH xapakTep. Cuuta ce, Ye HanM4MeTo Ha 4ecToTU
CbCTaBAHETO Ha rEONMOKKA XWMOTE3N 3a xapakTepa Ha noa 1 Hz ce Abmxar rnasHo Ha [ABWKEHUETO HA BOAHM Macy 1
NOANOBBLPXHOCTHATA cpefa. KaTo eauH OT Hail-CbLUECTBEHUTE meTeoponoruyHute  ycnosus  (Longuet-Higgins,  1950;
KOMMOHEHTM Ha W3CTIEBAHETO, OKa3Ball, AMPEKTEH edekT Peterson, 1993; Webb, 2007). 3a npousxopa Ha 4ectoTuTe
BbPXY Ka4yecTBOTO Ha MOMyyeHWTe paspesun, ce OTnuyasa Marko Hap 1Hz ce cwsTa, Ye ca NpeauM3BMKaHY OT YoBelLKaTa
YECTOTHWAT [ManasoH Ha CEWU3MUYHUTE AaHHW. TpaguuMOHHO AEVHOCT U Ce XapakTtepusupar C [HEBHa UM CeaMU4Ha
ce cMmsiTa, Ye AaHHMTe TpsbBa fa CbAbPKAT AOCTATbYHO LUMKNU4HOCT B nposierneHneTo cv (Yamanaka et al.1993;
LIMPOK YECTOTEH Mana3oH, 3a @ BbAaT nony4eHnTe paspesnt Bonnefoy-Claudet et al., 2006).
C Bucoka pesoniouusi. Mpes mocnegHuTE FOAMHWM BCe Mo-
CepuMo3HO  BHMMaHMe 3anoyBa fJa Ce OoTaens  Ha M3nonsBaHeTo Ha nacuBHaTa CeusMuka 3a uenute Ha
HWCKOYECTOTHATa KOMMOHEHTA Ha CUrHana W npuHoca M Kato TbPCEHETO ¥ MPOYYBAHETO HAa HE(T 1 ra3 ce OCHOBaBA Ha
MOME3eH KOMMOHEHT, HOCel| MH(OpMaLMs 3a BbIHOBaTa aHanu3 Ha CXOAHW XapaKTepUCTUKK Ha curHara, HabnogasaHm
KapTWHa, Hai-Beye B MPUMOBLPXHOCTHATA YacT Ha paspesa. Hap AokasaHU Haxoaula Ha BLINMEBOAOPOA. Tesn XxapakTe-
MogoGHM TEXHWKM OTAABHA Ce M3NOM3BaT 3a pellaBaHe Ha puCTMkM Ce CBbp3BAaT C £CHO U3pa3eHM nuKoBe Ha
Pa3NNYHI  MHXEHEPHO-TEOMOXKA 3a[a4n, HO B MOCHEAHO ceuamorpamiTe B nopsaabka Ha 1,5-4 Hz (Dangel et al., 2003).
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®ur. 1. YcnoBHa rpadvka, AeMOHCTpMpalia BMAA M XapakTtepa Ha
MWKPOCEN3MUYHUTE SIBNIEHUSI, CBBP3aHU C TbPCEHOTO M NPOYYBaHETO Ha
HedbT M ra3: A - MukpoceusmMM4HN ABNEHUA Hap [AOKa3aHO HedpteHO
Haxopuie; B - MukpoceMsmuyHu siBNeHUs W3BLH NpefenuTe Ha
HedhTeHOTO HaxoauLye

MacvBHaTa ceuamuka 3anoyBa Aa Ce nmpunara LUMPOKO B
HedpTeHaTa MHAYCTPWUS npe3 MOCMEeSHWUTE TOAWHM  KaTo
CbMbTCTBAl, MeToa4 C Uen MUHUMU3MPaHe Ha  puUcka.
MeTOﬂVIKaTa M3NCKBA M3BbPLUBAHE HA AOMbIIHUTETHU TEeCTOBE
W EeKCNEPUMEHTU, HO CbC CUIYPHOCT Ce OTNM4YaBa KaTto
MepcnekTMBeH W MOLUEH WHCTPYMEHT B TbPCEHETO W
npoy4BaHeTO Ha Bbrmesogopoau no ceeta (Sitinjak et al.,
2014).

CblHOCT M pa3BuUTHe Ha NacuBHaTa CeU3MukKa

MWKpOCEM3MUYHUTE SIBMEHWS Ca NPEAW3BUKAHM OT Henpe-
CTaHHUTE ABWXEHWS Ha 3emsiTa U ce OMpeaensT kato (poHOB
WymM MpU WM3BbPLUBAHE Ha CMeLManuavpaHn uacnenBaHus.
Bbnpeku Ye Te3u LBIKEHNS Ca U3KIOUMTENHO cnabu u He ce
OTYMTaT OT YOBELUKMTE BL3NPUSATUS, T CE PEerucTpupar ot
cneuvanHa anapartypa W MoraT da Ce M3non3ear Kato
M3TOYHUK Ha Momne3Ha MHGopMaLMs 3a XapakTepa Ha 3eMHUTE
pa3MeCTBaHUA W 3@ aHanu3 Ha NOAMOBLPXHOCTHATA Cpefa, B
KOSITO Ce pa3npoCTpaHABaT aKyCTUYHUTE BbIHW MOPOAEHW OT
TAx. Ha npaktuka Ha ToBa Ce OCHOBaBa MeTOLbT Ha
nacvBHaTa CeMaMuka, KOWTO 3amnoysa Aa ce npunara Bce no-
LUMPOKO B MHXEHEepHaTa W TbpCelyo-npoyyBaTenHata npak-
Tuka. MeTogbT Ce 0TNMYaBa KaTo U3KMHYMTENHO NOAXOAAL 32
ypbaHu3MpaHu panoHu, KbOETO MpoyyBaTenHuTe paboTu ca
CUIHO 3aTPYAHEHM OT HaNMYMETO Ha Pa3HOPOAHN CMYTUTENM.
MpUNoXeHMETO Ha MeTofda B MpoLeca Ha TbPCEHE W Mpoyy-
BaHe Ha BbIEBOLOPOAM CE CBBLP3BA, KAKTO C HaMansBaHe Ha
puCKa Npu NpOy4BaHETO, Taka W C Nofi3aTta OT NpuraraHeTo Ha
HeMHBa3WBEH NOAXof4 NMpu cbbupaHe Ha [aHHM 3a W3cneg-
BaHWs TEPEH.
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Ha curypa 2 e nokasaH cemsMuyeH pas3pe3 OT AeiCTBalLo
Haxogulie Ha BbIMEBOLOPOAM, Ha KOWTO ce OTNiNyaBaT Asa
NPOAYKTMBHW XOpM30HTa. 3a cbluaTa nnowy ca obpaboTeHn un
aHanuaupaH! U HUCKOYECTOTHM aHHM, MONYYeHW B pesynTar
OT €CTECTBEHU JBWKEHUS| Ha 3eMHWTE NNacToBe W PerncTpu-
paHW OT cnelpanHa anapaTtypa B paiioHa Ha W3cneaBaHeTo.
HanpaBeHnTe XvOpoaMHaMWYHW M3CefBaHWs 3a MPUTOK Ha
crynan B NpoyyBaTenHuTE COHAAXW B W3CMEABaHaTa Mo,
SICHO MOKa3BaT Hanu4Me Ha BbIMEBOAOPOAHM hnyuov B ABa
XOPU30HTA, KOUTO NOYTW MAEanHo kopenupat ¢ obpaboTteHaTta
WHopMaLmsi, nomyyYeHa 4pe3 MeTofukaTa Ha MacuBHaTa
cenamuka (Goloshubin et al., 2002).

dur.

2. lope: CeusamuyeH paspe3 OT [eWCTBAllO Haxoguwe Ha
BbINEBOAOPOAM, HA KOWTO Ce OTNIMYaBaT ABa NPOAYKTUBHU XOPU3OHTA;
fony: O6paboTeHU HUCKOYECTOTHW AaHHM OT NacUBHA CeU3MMKa Hapg
CbLOTOo Haxoauwe. CoHaaxu: e — HeT, o — cyx coHpax (Goloshubin et
al., 2002)

TexHukaTa Ha W3CMEABAHETO C MpunaraHe Ha nacuBHa
CEM3MMKa He M3NCKBA M3MON3BAHETO HA W3KYCTBEH W3TOYHMUK
Ha CEeM3MMYHM BBIHM (auHamuT, Bubpoceus), Tbii kaTo
HabntofaBaHNTe MUKPOCEU3MUYHI SIBMEHWS CA MOPOZEHN OT
€CTECTBEHUTE [BIKEHUS Ha 3emsTa.

3a npupogata Ha MUKPOCEM3MWUYHUTE SBNEHUS NPOLLI-
XaBaT fa ce BofAaT auckycuu. [pes nocnegHuTe roguHu ce
HanoXM CXBallaHETO, Ye Ca MOPOAEHM OT HaIMYMETO Ha
MOBBbPXHOCTHW BbIHU (B YAaCTHOCT BbMHUTE Ha Peneit) unu
PE30HaHC Ha S — BbHUTE. Hes3aBucuMo OT TOBa, eAMHOAYLLHO
€ Bb3NPUETO CXBALLAHETO, Y& MUKPOCEM3MUYHINTE SIBMEHMS Ca
pesynTarT, KakTo OT [AHEBHATa aKTUBHOCT Ha XoparTa, Taka 1 oT
npupogHu aKkTopW, 3a KOMTO MPOAbIKaBa fa Ce Tbpcu



0BsicCHeHNe. AHTpOMOreHHaTa akTMBHOCT KaTto aBTOMOOWUIHMS
Tpamk, M3MON3BAHETO Ha TEXKA TEXHMKA M CbOPBXEHWS
MOXE [Oa npeawsBuka MOAOOHW CEM3MUYHM SIBMEHMS OT
nopsgbka Ha 1 Hz u noeeve. KbM npupogHute dhaktopw,
KOUTO OKa3BaT BMMSHWE CE BKMIOYBAT OKEAHCKATE BBITHMU,
aTMOC(EPHOTO HansraHe, BATbPBLT U Ap. Te ce oTnuyasart
Han-yecTo ¢ Yectotn nog 1 Hz (Okada, 2003).

VoesiTa 3a M3nonseaHe Ha nacvBHa CensMmka 3a LenuTe Ha
HedbTonpoyyBaHeTo ce € 3apoguna B Hayanoto Ha 1990
roguHa, Korato €kun OT PYCKM YYeHW YCTaHOBUMM Mpu
HabntogeHnss B Cubup u  CeBepeH  KaBkas, ue
HWUCKOYECTOTHWAT CUTHan Hag BbIMEBOJOPOLHM 3anexu e C
nopsagbk ot 1-10 Hz no-BuCOK OT TO3M M3BBH rpaHUUMTE Ha
3anexute. Te3n TexHM OTKpUTMS CTaBaT OCHOBA 3a
pasBUTMETO Ha €OHO WU3LAMNO HOBO HampaBneHWe B TbPCeLLo-
npoyyBaTtenHute pabotu 3a HedT u ras. Mpes 2003 roguHa
nacvBHaTa (HWCKOYECTOTHA) CEeu3MuKa OTHOBO MpUKOBaBA
BHMMAHVWETO Ha CreuuanucTuTe cneg uscnegsade Ha Dangel
n exuna my (Dangel et al., 2003). Te oTkpuBat CTpynBaHe Ha
BMCOKOAMMMUTYHW KOMMOHEHTU HA CEU3MUYHMTE BbIHM Mpu
4ecToTU oKono 3 Hz, n3aMepeHn Hag BbreBOLOPOLHN 3anexm
B CpegHus natok. OCHOBHOTO OTKpUTWe Tyk Gurno ToBa, ue
(DOHOBMAT LWYM KaTo 4Ye M ce e mogudmumpan B
HWCKOYECTOTEH TOYHO HaA  CTPYKTYpUTE, HacUTEHM C
BbITIEBOJOPOAM B CPABHEHWE C TO3W, PEruMCTpUpaH Hapg
BOAOHacUTEHN CTpyKTypu. MogobHo uscnensaHe e npoBeaeHo
n B byproc (Mekcuko), KbAETO pesynTaTuTe CbLio Mokasanu
BMCOKW HWBA Ha KOpenawuus Mexay HUCKOYECTOTHM aHoManmu
11 U3BECTHM Beye ra3oBu Haxoguwa (Saenger, 2007).

B mopckn ycnosms Cblo ca HabnopgaBaHu nogoOHM
pesyntat B CeBepHo Mmope (Hopserus). U3scnegsaHeto ce
OCbLLECTBUIIO MOCPELCTBOM CEU3MOMPUEMHULM, Pa3NONOXKEHN
Ha [ObHOTO Ha MopeTo Ha okono 350 m abnbounHa.
Pesyntatute nokasanu okono 130 mecta ¢ HUCKOYECTOTHU
aHoManuu, 3a KOMTO Ce npeanonara, Ye ca MOpodeHu OT
Hanuume Ha BLIMEBOAOPOAHM 3amnexy.

loguHa no-KbcHo GUro mMpoBedeHo uacnensaHe B HEQPTEHO
none B CeseponatoyHa bpasunus, kbaeto cnopeg Graf (Graf
et al., 2007) TecToBeTe nokasanu SICHO ABETE 30HM U YACTUYHO
OTKpOWNM TpeTaTa, B KOMTO ce HabmogaeaT 3anexute B
6rnoka. Ha courypa 3 (Graf et al., 2007) ca nokasaHu amnnu-
TYAUTE Ha CWrHana B 3aBWUCWUMOCT OT YECTOTHWS CMEKTbp B
(4epBeHaTa KpwBa) M W3BBLH (YepHaTa KpuBa) rpaHULMTE Ha
3anexa. Cmata ce, Ye HUCKO YECTOTHWUTE aHOMarHu 30HW B
nopsagbka Ha 2-4 Hz ce gbmkaT Ha HanuuMeTo Ha BbITe-
Bogopoau. AMMIUTYAHUAT MUK B HavanoTo Ha okono 0,2 Hz
BEPOSITHO CE AbJTKM HA OKEAHCKUTE BBITHU.

Cuuta ce, ye BEPOATHUTE NPUYMHK 3a Tas3n aHOManuna ca
nBe. Fh:pBaTa Ce ObJDKM Ha Pe3OHaHCHO ycuneBaHe B nopute
Ha pe3epBoapHaTta CcKana, KbAETO CeusMuyHata eHeprusa
nonaga B MHOFOCba3OBa d)ﬂyVILlHa cucrema, B cneacreue, Ha
KOETO NnpeHeceHaTa KbM [JETEKTOPUTE CEU3MU4Ha eHeprua ce
0Tnn4yaBa CbC CI'IELWICPVI‘-IGH YeCTOTEH AnanasoH.

BTopaTta npuunHa e Bb3MOXHO [a Ce Ab/DKM Ha ronsMara
pasnuka B KOB(ULIMEHTUTE Ha OTPaXEHWe Ha pe3epBOapHUTE
KOMNnekck M BMecTBallaTa cpeda, KOATO N0 TO3U HauMH
npean3BuKkBa nosiBaTa Ha Nogo0eH HUCKOYECTOTEH AManasoH B
PErUCTPUPAHITE CEU3MUYHM CUTHAMMN.
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Amnnuryna

Yecrora, Hz

®ur. 3. Mpadmka Ha 3aBUCMMOCTTa Ha aMNNTYAMTE Ha CUTHana ot
yecrotara My (no Graf et al., 2007 ¢ usmeHeHus

Cnopeg gpyra xunotesa (Chutov et al., 2002), Toit kaTo
BbIMIEBOJOPOAHNTE  3anexu  NpeacTaBnsBaT — MynTu-
KOMMOHEHTHa CUCTEMa, MPW Pa3npoCTpaHeHWe Ha aKyCTUYHU
Bb/IHA Npe3 Takaea cuUcTeMa Te ce Moauduumpat B
3aBUCUMOCT OT CbCTaBa W. [1o TakbB HauMH Morart fa ce
NpaBsiT N3BOAM HEe CaMO 3a HaNNYMeTO Ha BLITNIEBOAOPOAM, HO
W KaTo LANo 3a NuTonorusTa Ha pesepeoapa. Cnopepn cblumTe
aBTOPW € Bb3MOXHO [JOpU fa Ce MaeHTMdMuMpa BUOBT Ha
€BEHTyanHuTe (riywou B pe3epBOapHUTE CKamW, Tbil KaTo
CNOpes TsX aMNiMTYAHUTEe aHOManuu B guanasoHa oT 2 Ao
3,5 Hz ca cBbp3aHu ¢ BbIMEBOLOPOAM, a Tean Mexay 4 1 6,5
Hz ¢ HanuumeTo Ha Boga. Bb3amOXHM ca M YacTU4HU
W3MEHEHUs B A1ana3oHa Ha Te3n CTOMHOCTU B 3aBHUCUMOCT OT
MopconorvsiTa Ha pe3epBoapa, XMapoCTaTUYHOTO HansraHe B
MopecTUTe CKanmu, KOEeTO OT CBOSI CTpaHa 3aBUCU MpPsiko OT
nopecTocTTa, MPOMYCKNMBOCTTa W TemnepaTtypata Ha
KOMeKTopuTe, MOPOBOTO HansiraHe, KakTo 1 OT BUCKO3UTETA Ha
cnynaute. ABTOpUTe Ha TOBa WU3CMeABaHe ChLLO Taka CMATaT,
ye aMMNTYOHUAT MUK HaZ CKAMK KOMEKTOpU, HAaCUTEHM C ras,
€ No-rofsiM OT TO3W NpU HannyKMe Ha HedpT B KONeKTopa.

I'Ipunomel-me Ha MeToaMKaTa B CBEeTOBEH Malyab

B HedTeHaTa WHOYCTpWUS eCTecTBEHaTa CEU3MWUYHOCT
3anoysa BCe MO-LUMPOKO Aa Ce M3MOM3Ba 3a MOHUTOPUHI U
KapTupaHe Ha pa3noMu, MUrpaumsTa Ha nyuanuTe B ckanute,
a cblwo 1 npu pakuHr onepauuute (Maxwell, Urbancic,
1998). B Hskom cnyyam nHdopmaumsaTa gobuta 0T MUKpOCEns-
MWYHUTE SIBMEHUSI CE M3MOJI3BA YCNELHO KaTo AOMbIIHATENEH
M3TOYHWMK Ha CBEAEHWS 3a palioHa Ha W3CnefBaHeTo, KOUTO
[onbneaT LAMOCTHaTa reonoro-reodusnyHa npeacrasa 3a
TepeHa (Ali et al., 2009). Ta3u uHopMaLms e OT CbLUECTBEHO
3HaYyeHWe 3a HamansBaHe pucka MpU E€BEeHTyamHW mo-
HaTaTblWHN coHpaxHn aeiHocTu (Holzner et al., 2005). Mpes
2009 Zhang (Zhang et al., 2009) usnon3sea npeau3BukaHaTa ot
LOOVBHUTE [EAHOCTM CEM3MUYHOCT 3a CbeTaBsHETO Ha 3D Vp
u Vp/Vs Tomorpacpms. MNpes nocneaHuTe roauHN UMEHHO TOBa
HanpaBneHue Ha nacueHaTa ceusmuka npugobusa cepuosHa
NonynspHOCT MPW U3BBLPLLUBAHE HA PervoHanHu uscneasaHus
3a TbpCeLlo-NpoyyYBaTeNnHN AENHOCTH, Thbid KaTo ce OTnMYasa
KaTO HEWHBA3MBHO M CPaBHUTENHO PEHTAOMIHO, B CPaBHEHWE
¢ koHBeHUuoHanHo 3D npoyusaHe (Martakis et al., 2006).



B pmombnHeHve Ha TOBa, MUKPOCEM3MWYHM SIBMEHMSA Ca
WM3MON3BaHN 3a WU3SICHABaHe Ha MOAMOBbPXHOCTHAaTa cpefa B
MHOXECTBO CeauMeHTHU Oaceiinun. lNpu u3cnegsaHe, npose-
AEHO Hap nycTuHHM paronn B Cayautcka Apabus u CesepHa
Adpuka, npugobutute no MOB cenamuyHn aaHHW Gunu
CbMOCTaBEHN C WHOPMALMUS OT MUKPOCEU3MUYHW SBMEHUS,
perucTpupanu Hag cbluute panoHn. CbBMECTHOTO ThiKyBaHe
Ha uHcopmaLusITa Nokasano MHoro Jobpa kopenauus Mexay
MUKPOCEU3MUYHUTE SBMEHUS W JOBUTUTE NONEBU CEU3MUYHU
AaHHU OT npoBexaaHuTe npoyysaHns (Draganov et al., 2007,
2009).

[pyro MpunoxeHne Ha METOAMTe Ha MacvBHaTa CEM3MMKa,
£o6MBaLLO ronsiMa MonynsipHOCT, Ce CBbp3Ba C MOHUTOPUHT
Mpy Npoy4saHe 1 AOBUB Ha LUMCTOB a3, Thil kKaTo MeToaMKaTa
He U3NCKBa JOMBIHUTENHW YCUINS 3@ Cb3AaBaHe Ha CenaMmy-
HUS CUrHar, a U3Non3Ba (pakMHI TEXHONOTMATA KaTo M3TOYHUK
Ha akycTuuHa eHeprus. [lo TakbB HauMH ce mnonyyasa
WHGOpMaLMs B CaMUst MOMEHT Ha (bpakiHra 1 ce U3BbpLUBa
edheKTUBEH MOHUTOPUHT Ha MpoLieca.

Cbu.\eBpemeHHo TEXHONorMATa MOXe fda Ce pasrnexga wn
KaTo CuCTemMa 3a PaHHO npeaynpexaaBaHe 3a €BEeHTyallHu
puCKOBE 3a OKONHaTa cpefa M YOBELUKOTO 34paBe.

B HacokuTe 3a ObaelLo passuTHe Ha METOLa Ce 0Yakea Aa
CTaHe Bb3MOXHO HabnaeHMeTo Ha no-AbrnOOKM 30HM OT
NoTeHUManHUs pesepBoap, kaTo ce ,ynaBsaT" oue no-cnabtu
MUKPOCEM3MUYHW MPOLIECU W [OPU Aa ce OTYMTa pasnukata
BbB (OM3WNYHMTE CBOWCTBA HA KOMEKTOpa Mpu ABWXEHMETO Ha
nynaute.

MpeanocTaBkKM M HacokM 3a pasBUTUE Ha
mMeToaMKaTta

3a paseWTMETO Ha nacuBHaTa CeusMuka [onpuHacs U
(aKTBLT, Ye HeobxoaMMocTTa OT BbITIEBOAOPOAHU CyPOBUHM
npoAbikaBa fa HapacTea, a Tbil HapeyeHuTe ,JIECHN 3a OT-
KpuBaHe W ekcnnoaTauus’ Haxoauwa BeYe He ChLLecTBYBaT.
Mpeaussukatencreata  nped  TbPCELLO-NpOyYBaTENHUTE
KOMMaHUM HapacTBaT, KakTo MO OTHOLIEHWe Ha WHXEHEepHo-
reonoxkuTe (hakTopW, Taka M BbB Bpb3ka C obLecTBeHaTa
UYBCTBMTENHOCT W HeJoBepue KbM €KonorocbobpasHute
KOHLENUMM 3a TbpPCeHe W ekcnnoatauus Ha OTKpUTUTE
HaxoguLa, KouTo Te npoknamupat. KbM BbrieBogopoaHuTe
3anac Ha Obpeweto B aksaTopusita Ce OTKposiBaT —
AbNOOKOBOAMETO, CMOXHO 3ansraliure KanaHu OKOMo COMHM
kynonu B MekcukaHckus 3anve, bpasunus n 3anagHa Adpuika,
KaKTO 1 apKTUYECKUSAT PErVOH.

Ha cywata BHWMA@HWETO Ha CMELManucTUTE € HacouYeHO
OCHOBHO KbM HEKOHBEHLIMOHANHUTE MU3TOYHULWN Ha BbINe-
BOAOPOAM — rMaBHO WKCTOB ra3. ObobLeH nornea KbM npea-
rnonaraemMuTe 3anacy Ha cyluata W B akBaTopusiTa rokassa, 4e
Te WMaT Hewwo O6LO — BCUYKA W3MCKBAT MpwnaraHeTo Ha
KOMNNEKCEH W WMHOBAaTMBEH NOAXOL, @ TOBAa HECHMHEHO
nogyepTaBa HeobXOAWMOCTTa OT pasluMpsiBaHe Kpbra OT
npoyy4BaTeNnHu NoAxoam, Kouto Aa 6bAaT npunaraHn 3a Tasu
uen (Mueller, 2012).
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3aknoyeHune

NacMBHaTa CeusMuka ce OTNMYaBa KaTo HeWHBA3MBEH
noaxofd, NOCPEeCTBOM KOMTO CTaBa Bb3MOXHO HabmiogeHMeTo
W aHamu3a Ha [JOMbIIHWTENHA CeusMUyHa MHopmaums 3a
00eKTM W CTPYKTYpU NpeacTaBnsiBaliy WHTEPEC, KakTo B
WHXEHEePHO-TeoNoXKO OTHOLIEHWe, Taka M 3a LEnuTe Ha
TbpCeLLo-NpoyyBaTenHuTe paboTh 3a HedT U ras.

MeTogbT Ha nacuMBHaTa Ceu3MWka Ce OTnMYaBa KaTo
HOBATOPCKW, MbBKAB M €KonorockobpaseH. HeroBoTo ronsmo
NPeUMyLiecTBO CE CbCTOM BbB Bb3MOXHOCTTA, KOSTO
TEXHOMOrMsTa [jaBa 3a HamansiBaHe Ha Npoy4BaTenHUTE W
€KCMNoaTaLMOHHN PUCKOBE MPU TbPCEHETO W NPOYYBAHETO Ha
BbrNeBogopoau. EaHu ot Halt-oTnnunTenHuTe My npeanmcTea
B T€31 NPOLIECH Ca:;

- Ocurypsisa 3afoBONMTENHA MbpBOHAYaNHa MHGOp-
Maumsi, KOSITO NpeaxoXaa KnacuyeckuTe npu TbpceHe
1 Mpoy4YBaHe Ha BLINEBOAOPOAN CEU3MOnpoyyBaTen-
HuTe paboTun no metoga MOB;

- Bw3moxHoCT 3a npeunavpaHe NosvUMATa Ha MpOeKT-
HWTE MpPOYyYBATENHN 1 BMOCNEACTBIE eKCnnoaTaLyoH-
HU COHTAXM;

- Tpn onpepeneHn ycnoBsusi [faBa Bb3MOXHOCT 3a
MaEeHTUULMPaHE Ha BOAO-HE(TEHUS KOHTAKT;

- MeToabT ycnelHo ce npunara 3a MOHMTOPWHI Ha
BCWYKM eTanu OT TbpCeLLO-NpoyYBaTeNHUTE pabotn
B MOCMEACTBWE NpU NpoLieca Ha ekcnnoaTawuys.
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XWAPOrEONOXKU MOJEN HA BMWAHUETO HA PEKA IYHAB BBbPXY HUBOTO HA
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PE3IOME. lNpeacTaseH e 06Ly KoHLENTyaneH MOAeN Ha X1ApOreonoXkiUTe YCNoBUS B rpaHULMTE Ha OMpedeneHnTe anTepHaTMBHU NNOLAAKA 3a HOBa SAPEeHa
moLuHocT - Briok 7 Ha AEL| ,Kosnogyii‘. MogemsT e cbCTaBeH crea cuctematuanpaqe Ha cbbpaHarta knumaTtuyHa, reonoro-TeKToHCKa, XUAPOMOoXKa, XMApOreonoxka
1 TeXHOTEHHa WHAOpMaLWs 3a paiioHa Ha LieHTpanaTta W nogpobeH aHanu3 Ha NPOBEAEHWTE [LEeTaiiHU COHAAXHM, re0tM3nyHM U OMUTHO-CPUNTPALMOHHM
n3cneABaHuUs Ha TeputopusTa Ha nnowagkute. MocpeacTBoM kommioTbpHa nporpama Modflow e paspaboteH TpumepeH (3D) HectabunuanpaH cunTpaumoHeH
mopen, GaavpaH Ha npueTaTa obla koHuenuus. C Hero ce cuMynMpaT NpOMeHWTe B CTpYKTypaTa Ha (UNTPALMOHHOTO Mone MpW OTYMTaHe Ha KOHKpeTHaTa
Xvpporeonoxka ob6CTaHoBKa M HEMPeKbCHATO M3MEeHeHWe Ha HWBOTO B p. [lyHas. Bb3 ocHOBa Ha MOAENHWTE pelleHns € HanmpaBeHa KONMMYECTBEHa OLeHKa 3a
nokayBaHeTo M CMafaHeTo Ha HuBaTa Ha NoA3eMHUTe BOAW B 06XBaTa Ha anTepHaTMBHUTE MNOLIAAKN U MpunexaluuTe niowm Ao p. [lyHas, kaTo ca NporHo3npaxu
Bb3MOXHOCTUTE W Pa3MEPUTE Ha EBEHTYANHOTO UM HaBOAHSIBaHe.

HYDROGEOLOGICAL MODEL OF THE DANUBE RIVER INFLUENCE OVER THE GROUNDWATER LEVEL AND THE
POSSIBLE FLOODING OF THE SUGGESTED FOR CONSTRUCTION BLOCK 7 OF NPP "KOZLODUY"

Nikolay Tonev Stoyanov

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

ABSTRACT. A general conceptual model of the hydrogeological conditions within the proposed alternative sites for the construction of a new nuclear power facility -
Block 7 of NPP "Kozloduy" is presented. The model is developed after a systematization of the collected climatic, geological, tectonic, hydrological, hydrogeological,
and technogenic information about the nuclear plant area and a detailed analysis of the conducted detailed borehole, geophysical and experimental filtration tests on
the proposed alternative sites. Applying the computer program Modflow, a three-dimensional (3D) non-stabilized filtration model, based on an accepted general
conception, is developed. This model is used for simulating the changes in the filtration field after taking into account the specific hydrogeological conditions and the
continuous fluctuations of the water level in the Danube River. Based on the obtained model solutions, is developed a quantitative estimation for the rise and the drop
of groundwater levels in the range of the proposed alternative sites and in the areas adjacent to the Danube River, and that is used for predicting the possibilities and
the dimensions of their possible flooding.

BbBeaeHue TEKTOHCKUTE, XWUAPOreOrNOXKATE U WUHXEHEPHOreoNoXKUTE
YCHOBMS B palioHa Ha LeHTpanaTa; OTBOAHsSBaHe Ha
MMbpBuTE XMOporeonoxku npoyysaHns B Kosnogyickarta CTPOUTENHWUTE  U3KOMW;  U3CrnefBaHe Ha MurpauuaTa  Ha
HW3WHa ca npoBedeHn npeau 50-60 roguHM BbB Bpb3Ka C PapuoHyknuanTe B NOAMOBBPXHOCTHOTO MPOCTPAHCTBO 1
OTBOAHSIBAHETO HA HUCKWTE 3anMBHM YacTW Ha peyHaTa MOA3EMHUTE BOAW; OLEHKa Ha eCTeCTBEeHaTa 3alUTEHOCT Ha
Tepaca. o-3agbnboyeHnTe M3cneaBaHNs 3anoysar B kpas Ha reoioxkata ocHoBa W Ap. XUApOreonoxXkuTe M3YMCTIEHUs U
60-Te roguHn Ha XX Bek C MPeAnPOEKTHUTE MPOy4YBaHUS 3a NporHO3W  Ca  MNpaBeHW MNpeAuMHO B YCNOBMATA  Ha
usrpaxgaHe Ha AEL| “Kosnogyn“. Bnocnenctswe, uscnensa- cTabunuanpaH pexuM Ha (UNTpaums Ui ca pasriexpaHu
HWSITa MPOAbITIKABAT BbB Bpb3ka C M3rpaXgaHeToO Ha HOBU Pa3nu4HN BapuaHTU Ha CTaLMOHApHO UNTPaLMOHHO none
SOpeHn MoLLHOCTH. Mpe3 NocneaHUTe AeCeTUneTs B palioHa npu BACOKM U Huckn Huea B p. [yHas (CtosHos, 2012
Ha LieHTpanara ce npoyyBaT yCUIEeHO HSIKOMKO MNOLaaKku 3a IvpruHos, 2015 v fp.).
MocTposiBaHe Ha [Jeno 3a BPEMEHHO CbXpaHeHue Ha
pagvoaKkTMBHM OTNagbUW, a npean TpW TOAMHU CTapTupa HaCTOﬂLLlOTO n3cnegBaHe e NOCBETEHO Ha eauH cnabo
NpOy4YBaHETO Ha YETUPWU anTepHATUBHW MNOWadkM 3a 3aCTbneH 40 MOMEHTa np06neM, CBbp3aH C Konn4ecTBeHata
uarpaxgaHe Ha HoBa siapeHa MoLHocT (Bbnok 7). PeaynTatute OligHKa Ha BrMsHWETO Ha p. [lyHaB BbPXy HUBOTO Ha
OT NpOy4BaHUsiITa Ca OTPa3eHM B ronsM 6poit NPOM3BOACTBEHM NOA3EMHUTE  BOAW NpU  OTYATAHE HA  HEMPEKbCHATOTO
OTYETH, HAYYHO-M3CNEAOBaTENCKM  [OKMagM W CTaTum N3MeHeHWe Ha PeyHoTo HMBO. MOCpeACTBOM HUNTPaLMOHEH
(MerwboB 1 ap., 1992; EBctatues u ap., 2004; KapacraHes u HecTaumoHaped 3D Mogen e HanpaseHa MporHo3a 3a
op., 2007; CroiHeB u ap., 2009, 2013; Croskos, 2009; Bb3MOXHOTO HABO[HSBAHE Ha MpOyYeHUTe anTepHaTUBHU
[vmosckn 1 ap., 2014 u mHoro fpyri). OCHOBHM Temi B nowaakn 3a usrpaxgaqe Ha briok 7. MogenbsT e cbCTaBeH ¢
[I0KNaZuTe 1 CTaTUNTE Ca CBbP3aHH C U3SICHSIBAHE Ha reomnoro- komntoTbpHa nporpama Modflow (Harbaugh et all, 2000; u Ap.).
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KoHuenTyaneH mogen

MatematuyeckusaT HecTaumoHapeH 3D mogen 3a oueHka Ha
BMUSHWETO Ha p. [lyHaB BbpXy HWUBOTO Ha NOA3EMHUTE BOAM U
Bb3MOXHOTO HaBOAHsSBaHe Ha npoekTHus brok-7 Ha AEL
,Koanogyin” e paspaboTeH Npyu CreaHUTE U3XOAHM YCHOBHS:

* ModenHa obnacm. B nnaH obxBallia paiioHa Ha yeTupute
NNOLAAKWA U NpUNexallmTe TEPUTOPUM MEXIY CKIIOHOBaTa
4acT Ha nbocoBus komnnekc u p. flyHas (cur. 1). Bkniousa
BCWYKM HUCKOPAHTOBM XMOPOreOmnoXKM eOuHuLM B pa3pesa
Ao abnbounta 40-50 m.

* Xudpozeonoxku eduHuyu. Bb3 ocHOBa Ha npoBefeHuTE
AETaNNHN NPOyYBaHUA B palioHa Ha YeTpuUTe MNOLLaaKK
(CroitHeB u gp., 2013, Oumoscku u ap., 2014) n npeuHTep-
npeTauuaTa Ha Mo-CTapuTe apxveu, B T[paHAUMTE Ha
n3crnegBaHaTa 4acT OT NOAMOBLPXHOCTHOTO MPOCTPAHCTBO
ce otgenat 10 HUCKO paHroOBW XMOPOTEONOXKWA eauHULM
(XTE). B pbnbouvHa Te ce paskpuBaT B cneaHaTta
nocnegosatenHocT: XME1 — nbocoB komnnekc (Nboc,
NbOCOBMAHA MWHA M TMMHECT nscbk); XTE2 - anyBuantm
rmuHm; XTE3 - anyBuaneH Yakbn 1 Yakbrecta rmuta (ctapu
Tepacn); XFE4 - anyBuaneH [gpebeH yakbn M MACHK
(Hap3anueHa v 3anvBHa Tepaca); XIE5 - anysuaneH vaken
W nacek (3anmBHa Tepaca); XIE6 - anyBuaneH dakbn
(3anmBHa Tepaca); XIE7 - rmuHa C NACBYHM MpOCIOAKM
(Bpycapcka csuta); XIE8 - ppebeH nscvk (bpycapcka
ceuta) XI'E9 - rmunHa (Bpycapcka ceuta); XIE10 - rnuHa ¢
nAcbYHK mpocnonkn (bpycapcka ceuta). Taka gedmHupa-
Hute XIE wumaT CRnoOXHW MNPOCTPaHCTBEHM OpMK 1
pasnnyHo MpuUCLCTBME B 0BXBaTa Ha MogenHata obnacr.
PenedbT Ha TeXHUTE JOMHMLLA U FOPHUMLLA Ca OMPEeaeneHm
crnep NpeunseH aHanus Ha pesynraTuTe OT NPOBEAEHNTE Ha
4eTMpUTE NNOWAAKA AETaNNHU COHOAXHU U re0(n3nYHM
NPOYYBaHMs, KaKTO M Ha WHGOPMAaLMATa OT W3MbIIHEHUTE
npe3 nocnegrute 30-40 roguHM reonoxKku 1 XMaporeomnoxKm
npoy4BaHmMs B panoHa Ha LieHTpanarta.

* Xudpoeeonoxku napamempu. [lpUETUTE  U3YMCIIUTENHM
CTOMHOCTM Ha KoedpuumeHTa Ha duntpauus (k) u
koepuuMeHTa Ha BOLOOTAABAHE (M) HA HMCKO paHroBuTe
XTE ca npeacTaseHu B Tabnuua 2.

« Cmpykmypa Ha nod3emMHusi nomok. W3usmno ce koHTponupa
oT konebaHusTa Ha HMBaTa B p. [lyHaB W OT ApeHaXHWUTE
kaHanmu (oTBOZHWTENHaTa cuctema). [lpU HWCKM HuBa
LenuaT nofsemMeH notok e HacoveH B nocoka N-NE - kbm
pekata (Mbnsbos v ap., 1992). Mpu BUCOKM HUBA NOA3EMHM-
AT NOTOK B CeBepHaTa MoMoBWHA Ha 3anuBHaTa Tepaca €
ObbpHaT OT pekaTa KbM Mnacta, T.e. KbM [PEHaxHUTE
kaHanmW, a B LsAnaTa Hajs3anMBHa Tepaca M iokHaTa
noroBMHa Ha 3anvBHaTa Tepaca NOTOKbT 3anasea CBOSTA
nocoka Ha N-NE.

* [paHuyHu ycrosus.

(A) Peka [yHaB. OcHoBeH eakTop, KOWTO KOHTponupa

CTpyKTypaTa Ha (punTpauuoHHOTO none. W3nonssaHusT B

HecTaLuoHapHWUa MoAen ocpedHeH xuaporpad Ha p. [lyHas

(tabn. 1 n ¢ur. 2) e CbCTaBeH NO AAHHW OT CUCTEMHMUTE

HabniogeHust Ha BOLHWTE CTOEXKW B OpraHu3vpaHus 3a

HyXOUTe Ha LeHTpanata BogomepeH noct Bl BrC-1,

oTkput npu km 687,000 npe3 1980 r (CtoitHes, 2013 v ap.).

(B) OpeHaxHu kaHanu. [maBeH hakTop 3a NOHWXaBaHe Ha

NOA3EMHUTE BOAM MPU BUCOKM HMBA B p. [lyHaB v B ronsama

CTEeneH onpegensLy CTpykTypata Ha (UnTpaLmroHHOTO nore.

Be3 0cobeHo 3HaueHe Npu HUCKW HWBA B pekaTa.

146

* MHunmpayuoHHo nodxpaHeaHe om ganexume. B mogen-
Hata obnact, C orneg pasnuyHaTa  BOZOMponyckala
CMocobHOCT Ha MOKPUBHWUTE CIOEBE, Ca OTAENeH ABE 30HU:
- 3oHa W1. Obxsawa Huckata Tepaca Ha p. [yHas,

KbOETO MPUNOBBPXHOCTHATa YacT Ha paspesa e
npeacTaBeH OT anysuanHu runn (XME2).

- 3oHa W2. 3aema toxHaTa NOMOBMHA Ha paiioHa, B
KOSTO MPUMOBBPXHOCTHUSI pa3pe3 € MpeLcTaBeH oT
ceamMMeHTUTe Ha NbocoBus komnnekce (XET).

W3umcnntenHuTe cpefHOMECeYHU CTONHOCTW Ha CKOPOCTUTE

Ha wHunTtpauus (W1 n W) 3a oBete 30HM ca onpegeneHu

no copmynata Ha Bredencamp (1990) u paHHM 3a

CPEegHOMECEYHMS Banex B palioHa Ha LieHTpanata (tabn. 1).

* [lod3emeH nomok no roxHama epaHuya Ha MmodenHama
obnacm. ®opmupa ce OT NOA3EMHUTE BOAM B MSCHYHMTE
nnactoBe Ha bpycapckata csuta (XFE7, XTE8 n XT'E10),
YaKbNECTO-TMMHECTUTE HACMarM Ha CTapuTe anyBuarHu
Tepacu (XFE3) n nbocosus komnnekc (XME1). Openupa ce
MOA3EMHO B  YaKbIIECTO-NECHUNMBUTE MaTepuanu Ha
HaasanveHaTa Tepaca (XI'E4).

eode3uyHu koopduHamu 1970 2.
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®ur. 1. MectononoxeHue Ha o6ekTa. paHuLM Ha MogenHaTa obnact

Tabnmua 1.

CpedHo meceyHu cymu Ha ganexa (Pj), cpeOHO meceyHu
ckopocmu Ha uHgbunmpauyus e 3oHa 1 u 3oHa 2 (Wru W) u
cpedHo meceyHu cmoexu 8 p. [yHae (Hi)

Mecey | Pi,mm Wi, m/d W2, m/d Hi, m
IX 57 1,30E-04 2,70E-04 21,0
X 40 8,90E-05 1,90E-04 214
Xl 48 1,10E-04 2,30E-04 23,0
Xl 36 8,10E-05 1,70E-04 245
| 28 6,30E-05 1,10E-04 24,6
I 37 8,30E-05 1,80E-04 25,0
Il 30 6,70E-05 1,40E-04 26,8
v 40 8,90E-05 1,90E-04 30,0
\Y 71 1,60E-04 3,40E-04 28,0
\ 76 1,70E-04 3,60E-04 26,3
Vil 65 1,50E-04 3,10E-04 24,0
Vil 67 1,50E-04 3,20E-04 22,0
35

g% 268 u 280 6.1

g 205 246 250 '
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®ur. 2. CpeaHo MeceyHu cToexu B p. [lyHaB (ocpegHeH xuaporpad)



Tabnuua 2.

XapakmepucmuKu Ha HUCKO paHeosume xudpozeonoxku eduHuyu (XT'E). ModenHu nnacmoge U MOOEHU 30HU

Mozene | Momens CpegHa Koedh. Ha Koed. Ha
XE A A JnTonoxko onucaxne pebenvHa | cuntpauus | BOgoOTAA-
HnnacT | aa3oHa
oT- A0 - k, m/d BaHe |, -
XTE1 ML-1 MZ-1.1 | Jlbocos koMnnexc (nboc, NbOCOBUAHA IMUHA W FMUHECTN NACHK) 5-10 0,25 0,01
XIE2 MZ-1.2 | AnysuanHu ravHu 3-7 0,02 0,005
XTE3 MZ-2.1 | AnyBuaneH Yakbn 1 YakbriecTa rmuHa (CTapu Tepach) 1-3 75 0,10
X[E4 MZ-2.2 AnyswaneH apebeH Yakbn 1 NACHK (HaA3anvBHa 1 3anuBHa 5.9 30,0 0.15
ML-2 Tepaca)
XTES MZ-2.3 | AnyBuaneH Yakbn 1 MACHK (3anvBHa Tepaca) 6-8 80,0 0,20
XTE6 MZ-2.4 | AnysuaneH Yakbn (3anveHa Tepaca) 3-5 120,0 0,25
XTE7 ML-3 MZ-3.1 | TnuHa ¢ nsacbyHmM npocnoiiku (Bpycapcka cBuTa) 0,1 0,01
MZ-3.2
XTE8 Nz 1 [pebeH nacbk (bpycapcka cBuTa) 1-8 25 0,04
ML-4 -
XTE9 MZ-4.2 | TnuHa (bpycapcka cauta) 3-10 0,005 0,008
XTE10 ML-5 - ['MnHa 1 rrHa ¢ NACLYHK Npocnonkn (bpycapcka cauta) >30 0,1 0,01
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®ur. 4. Pened Ha gonHuviata Ha MmoaenHu nnacrose ML-3, ML-4 u ML-5

Komno3supaHe Ha HecTauuoHapHUA
tountpaumoHen 3D mogen

HectaumnorapHust 3D wmofen npeactaensisa TpuMepHa
CUMynauums Ha CTPyKTypaTa Ha Nof3eMHUs NOTOK B YCroBUSTa
Ha HENMpeKbCHOTO W3MEHeHMe Ha HuBaTa, pasxoga U
OCTaHamuTe eneMeHTM Ha unTpauuoHHoTo rnone. [pw
HEeroBOTO KOMMO3WpaHe Ca W3MOoM3BaHW ChefHUTE OCHOBHM
TEXHUKW, CXEMU U BXOJHM NapameTpu:

MogensT e cbcTaBeH CboOpa3HO NOCTAHOBKMTE, WU3NOXeEHU
B KOHLienTyanHus mogen v nporpama Modflow.

MogenHata obnact obxBalja YETUPUTE anTepHATUBHM
nnowagkM W nmpunexawmrte um Teputopun go p. fyHas
(dpur. 1). ObwaTta nnow, Ha Moaena e okono 23,7 km2,
lMpocTpaHcTBEHaTa AMCKpeTU3aLMs e HanpaBeHa KaTo e
U3non3BaHa paBHOMEPHa OpTOroHanHa Mpexa cbc 180
pega, 230 konmoHW M 5 mMogenHw nnacta. B mopenHute
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nnactose ca getepmuHupann 10 mogenHu 3oHu (Tabn. 2).
TexHuTe rpaHuLm ca UnicTpupanm Ha gurypu 5, 6 n 7.
PeredbT Ha OrpaHMYMTENHWTE  MOBBPXHUHM  (T.Hap.
JOMHWWA W TOPHMLLA) Ha MOAENHMTE nnactoBe ca
cbobpaseHn ¢ MopdonoriHuTe 0COOEHOCT Ha TepeHa W
npocTpaHcTeeHuTe dopmn Ha XIE (¢ur. 3 u 4). 3emHata
MOBLPXHOCT € 3afafeHa kato ropHue Ha ML-1.

B pamkute Ha MoAenHM nnactoBe U 30HW (MUNTPALMOHHU
XapaKTepuCTUKK Ca NoCTosHHW. Te ca 3agageHu cbobpasHo
NPUETUTE 3a BCEKW MNacT W 30Ha CTOMHOCTM (Tabn. 2). 3a
koeuumeHTa Ha unTpauus BbB BCUYKM  MOLEMHM
nnactoBe € MPWETO MPaKTUKYyBaHOTO B MOAENMPAHETO
cboTHoLEeHKE Kkx = ky = 10kz.

PervoHanHuaT notok € MoaenupaH ¢ pas3xof no Yact oT
BbHLUHWTE TpaHWLM Ha MoaenHata obrmact no cxemara
GHB. lsnon3saHaTa npoBOAMMOCT MO [paHUUaTa €
u3uncrieHa cbobpasHo aebenvHata Ha MOLENHWS mnacT U
koeuupeHTa Ha uUNTpauns B niacTa unu 30HaTa, B KOSITO
nornaga cboTBeTHaTa MOAENHA KneTka.



« Peka [lyHaB e cumynupaHa kaTo TpuMepeH ODeKT CbeC
CbOTBETHATa rEOMETPUS U XUOPABINYHN XapaKTEPUCTUKY.
3apapeHa e ¢ rpannyHo ycnosue ot Il pog (River) npm
OTYMTaHE Ha HEMpeKbCHATO M3MEHEHWE Ha PEYHOTO HWBO
BbB BpemeTo h = f (t). Kato BXOAHM AaHHW ca u3non3sanu
OonpeaeneHnTe CPeAHOMHOMOMOANLIHM MEeCeYHU CTOEXM Ha
pekata B pamKuTe Ha XUOPONOXKUS LMKBIT. AMINMTyaaTa Ha
MWHUManHUTE WM MakCUMamHW peyHu Huea oOxBalia
uHTepBana mexay abcontotHu kot 21,0 1 30,0 m.

+ [lpeHaxHWUTe kaHanu ca 3ajafeHu kato TpUMepHu obekTn B
MbPBUS MOAENEH NNacT npu JOnyckaHe, Ye Mexay TaX U
BMECTBALLMTE MM MUTONOXKA Pa3HOBMAHOCTW CbLUECTBYBa
npsika XvgpaenuyHa Bpbaka. [€OMETPUSITa U XMAPaBAUYHY
XapaKTEPUCTUKM Ha CbOPBXKEHWSITA Ca MpUeTH CbobpasHo
TEXHUTE peanHu pa3mepy, KOOPAMHATWM W KOHCTPYKTUBHM
ocobeHocTi. 3agagenn ca ¢ rpaHuyHo yenosuwe ot I poa
(Drain). MpueTuTe CTOAHOCTM Ha HWBATA OT 3anaj Ha M3TOK
B IOHWS KaHan ca B guanasoHa ot kota 24,0 m go Kota
23,0 m, a B ceBepHMS kaHan ot koTa 22,6 m [o kota 21,6 m.

* WHdunTtpaumoHHoTo nogxpaHsaHe e 3agageHo B ML-1 ¢
rpaHuyHo ycrnosue nogxpaHsaHe (Recharge). feduHupanu
ca aBe mogenHu 30HM — 3oHa W1 1 3oHa W2 (dour. 6a). 3a
ckopocTute Ha wHduntpauus Wi n W2 B fBeTe 30HM ca
MPUETH N34NCTIEHNTE CPELHOMECEYHI CTOMHOCTM (Tabn. 1).

+ ObuwoTo Bpeme 3a cuMynauus e pasgeneHo Ha 12 crtpec
nepuoaa, KaTo BbB BCEKM OT TSX Ca 3aAaBaHN CbOTBETHUTE
CpeOHOMECEYHU CTOWHOCTU Ha BOAHUTE CTOexu B p. [lyHas
(Hi) n ckopocTuTe Ha uHdmnTpauus Wi n Wai,

®ur. 5. FeomeTpus Ha MofieNHUTE NNAacToBe U 30HU. [paHMy4HK ycnoBus

Mogenen nnact ML-1 i Mopenen nnact ML-2
River

MZ-2.1
MZ-2.2

-24%:73

\

®ur. 6. MogenHu 30HU 1 rpaHnyHM ycnosus B ML-1 u ML-2

Mopenen nnact ML-3 Mopenen nnact ML-4
SHE L \—‘\
: MZ-3.1 : MZ-4.2

MZ-4.1

Sy e

®ur. 7. MogenHu 30HU 1 rpaHnyHM ycnosus B ML-3 u ML-4

MporHo3uu peweHus. uckycus

OCHOBHWTE pe3ynTaTih OT HanpaBeHWTE CbC CbCTABEHMS
HecTaumoHapeH 3D mogen cuMmynaumu ca WIOCTpUPaHN B
0606weH Bua B Tabnuua 3 v ¢ nopeauua oT NMe3oMeTPUYHM
kapTu (curypu ot 8 7o 19).

Tabnmua 3.
[MpoeHo3Hu Komu (m) no Meceyu Ha HUBOMO Ha Nod3emMHuUMe
800U h; 8 UeHmpanHume yacmu Ha niowadkume

Meceuy Mnowagka | Mnowapaka | Mnowaaka | lNnowaaka
1 2 3 4

IX 25,59 27,75 25,26 28,28
X 25,51 27,72 25,15 28,25
X 25,52 27,71 25,21 28,24
Xl 25,46 27,69 2517 28,22
| 25,39 27,65 25,14 28,18
Il 2543 27,63 25,22 2817
1l 2543 27,61 25,26 28,15
\% 25,50 27,61 25,37 28,15
Vv 25,73 27,67 25,62 28,20
VI 25,88 27,72 25,83 28,26
VI 25,98 27,76 25,95 28,30
VI 26,11 27,82 26,06 28,36
Ahj, m 0,72 0,21 0,92 0,21

lMocoyeHuTe B Tabnuua 3 CTOMHOCTM NPEACTaBST N0 MecewLy
NPOrHO3HUTE KOTM Ha noa3emuuTe Bogu (hi) Ha TeputopusTa
Ha BCska nnoLazka kato (yHKLMS Ha CPEAHOMECEYHUTE HIBA
B p. [yHae (H) u cpepHomeceyHaTa BanexHa WHGUNTpaums
(Wi m Wai), 7. €. hi = f (Hi, W1, Wa). MpeacrasenuTe pesynta-
TW MOKas3gaT, Ye roguiHaTa amnnuTyaa Ha W3MEHeHue Ha
HWMBOTO (Ahj) 3a lMnowapkn 1 w MNnowagka 3 (B HuckaTa
Tepaca) e no-manka OT MeTbp, CbOTBETHO 3a [lnowagka 1
avnnutygata e 0,72 m, a 3a lMnowagka 3 - 0,92 m. 3a
Mnowaaku 2 v 4 (BbB BUCOKATa Tepaca) Ta3n amnnuTyga e
oule no-manka — eaea 20-25 cm. lNonyyeHnte pesynTtatu ca
HaMbHO NTOMMYHW M 0BSACHUMU. BCuuku TEOPETUYHN W NoNeBu
M3cnedBaHus CcoyaT, Ye NPEeMUHABAaHETO Ha efHa BUCOKA
Bb/HA B pekaTa npean3BukBa nofobHa BbIHA, NPOHWKBALLA
HanpeyHO BbB BOAOHOCHWSA NMACT, HO C U3BECTHO 3aKbCHEHME
M C HamaneHa amnnutyga (KOETO Ce NoTBbpXgasa M OT
nonyyeHnTe MOAEMNHM pelleHmst). KOHKpeTHO 3a ycnosusiTa B
obcera Ha AELL ,Ko3nogyn*, amnnuTyaata Ha konebaHusTa Ha
NOA3EMHUTE BOAHM HWBA € pefyuupaHa LOMbIHUTENHO OT
BMMSHMETO Ha OTBOAHWTENHATa cuUCTeMa  (OpeHaxHWTe
kaHanw).

Mo-uAnocTHa npefcTaBa 3a BAMAHMETO Ha pekata BbpXY
nogsemhnte BogM B  Kosnogyickata HM3MHa  gasar
CbCTaBEHWUTE MNE3OMETPUYHM KapTh 3a pasnuyHuUTE Meceum
OT roguHata. Te noka3BaT NpOMeHUTe B CTpyKTypaTa Ha
MOA3EMHMS NOTOK (MOCOKW Ha TEYEHWETO, rpagneHTu 1 np.) B
TEYEHWe Ha XMOPOMNOXKMS LMKbI. [paBu BneyaTneHve, ye BbB
BMCOKATa peyHa Tepaca MOA3EMHUAT MOTOK € MpaKTUYecKu
HEM3MEHeH kaTo HanpaBneHue W OTTOK, 4OKaTO B HucKaTta
3anuBHa Tepaca 1 No-TOYHO B CeBEepHaTa i1 vacT, B 6nm3ocT 4o
p. [lyHaB ma anTepHaTUBHa CMsiHa Ha MOcoKaTa Ha MoToka B
3aBMCMMOCT OT HWBOTO B pekata. MogenHute pelueHuns
HarmegHo NPEeLCTaBAT BMWSHWMETO W HA OTBOAHWUTENHaTa
cucTeMa OT KaHamnu, KOSITO B 3HauMTernHa CTeneH KoHTponupa
HMBaTa B LiEHTpanHarta v toHaTa YacTy Ha HU3uHaTa.
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3aknoyeHune

MpoBegeHUTE  MaTEMATUYECKW MOLEMNHM  W3CreaBaHus
MoKa3gaT, Ye M3MEHEHUsITa Ha HWBOTO Ha NOL3EMHUTE BOAW,
npeamsBukaHu OT konebaHusTa Ha HMBOTO B p. [lyHaB, ca
He3HauNTeNHM U Npu 4YeTupuTe nnowagku. B obxBata Ha
nnowaakm 1 u 3 roguiuHata amnamtyga e mexay 0,51 1,0 m,
a npu nnowaaku 2 n 4 e okono 0,2-0,3 m. Te3n n3meHeHNs He
3acTpallaBaT Nno HWKakbB HauWH npoekTHus brok 7 Ha AEL

~
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MOAENN HA 3AMBPCABAHETO HA KAPCTOBWUA BOJOHOCEH XOPU3OHT OT
CTAPOTO M HOBOTO AEMNO 3A BUTOBU OTNAABL HA TPAL NA3APIXUK

Hukonati CmosiHoe, CmedhaH [Jumoecku

Munro-eeonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700; nts@mgu.bg, dimovski@mgu.bg

PE3IOME. Manon3BaH e koMnnekceH NOAX0A 3a MOAENMPaHe Ha 3aMbpCABAHETO Ha NOANOBBPXHOCTHOTO MPOCTPAHCTBO W NOA3EMHIUTE BOAM OT Aena 3a 0TNagbLy B
kapcToBy paitoHu. [poBeaeHo € enexkTpoTomMorpadicko NpoyyBaHe 3a YCTaHOBABaHE Ha OKapCTEHW 30HM U AeTalnn3mnpaHe Ha X1apOreonoXKATE YCNoBUS B paitoHa
Ha CTapoTo U HOBOTO [eno 3a 6uTosn oTnagbuy Ha rp. Masapmkuk. CbeTaBeHn ca ABymepHy (2D) xmaporeonoxky Mogeny Ha ycroBusTa 3a MpeMuHaBaHe Ha
CMETULLHM BOAW Mpe3 30HaTa Ha aepauns U panpoCTpaHeHNeTo UM B MOA3EMHUTE BOAW. B pa3nnuHn MoaenHn BapnaHTi € n3cneaBaHo NoBeAEHUETO Ha CUITHO ¢
cnabo NoABMXHY 3aMbPCUTENK MO NpUMepa Ha xnopuaHuTe 1 amoHuesuTe itoHm (Cl u NHs). HanpaseHa e oLieHka Ha [ocerallHoTo 3aMbpCsBaHe 0T CTapoTo Aeno 1
NporHo3a 3a pasBUTUETO Ha HEeraTMBHITE NPOLIECH CIEf, HeroBaTa PekyNTUBALMS MPW OTYMTaHe ponsiTa Ha FopHWUS NPOTUBOMUNTPALIMOHEH ekpaH. [porHoanpaHo e 1
Bb3MOXHOTO 3aMbpCABaHEe Ha KapCTOBMS pe3epBoap OT HOBOTO Aen0, KaTo € HampaBeHa OLeHKa Ha 3alMTHUS edekT Ha MMMHEeCTUs nnact B AOMHWS
NpOTMBOCUNTPALMOHEH EKPaH W Ha 3adbpXalyaTa cnocobHOCT Ha reonoxkaTa 0OCHOBa.

MODELS OF CONTAMINATION IN THE KARST AQUIFER CAUSED BY THE OLD AND THE NEW LANDFILL OF PAZARDZHIK
Nikolay Stoyanov, Stefan Dimovski
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; nts@mgu.bg, dimovski@mgu.bg

ABSTRACT. A comprehensive approach for modeling the subsurface space and groundwater pollution caused by landfills in karst areas is applied. An electrical
tomography surveying was performed in order to study the karst areas and to obtain a detailed picture of the hydrogeological conditions in the area of the old and the
new landfill of Pazardzhik. Two-dimensional (2D) models of the hydrogeological conditions for the landfill leachate passage through the unsaturated zone and its
spread into groundwater are developed. Different model variants are used in order to study the behavior of contaminants characterized by high and by low mobility on
the example of chloride and ammonium ions (Cl and NHa). An evaluation of the current contamination caused by the old landfill was performed and a forecast for the
development of possible negative processes after its recultivation was done taking into account the role of the upper insulating screen. The potential contamination of
the karst reservoir caused by the new landfill is predicted after assessing the protective effect of the clay layer in the bottom insulating screen and the retention
capacity of the geological base.

BbBeneHue HanpaBeHa OLEHKa Ha 3aMbPCABAHETO OT CTApOTO AEMNO, KakTo
W OBNrOCpPOYHa MPOrHO3a 3a Pa3BUTMETO HA MUIpaLMOHHUTE
MatemaTuyeckute MOAENHW M3CrneaBaHus npes nocnegHuTe npouecu cned HerosaTa pekynTusaums. [1porHoaupaHo e u
15-20 roguHM ce npunaraT MHOMO YCMELLHO 3a U3cneaBaHe Bb3MOXHOTO ~ 3amMbpcAiBaHe Ha  KapcToBWS ~ BOAOHOCEH
NporHo3upaHe Ha 3aMbpPCABAHETO Ha MOAMOBBPXHOCTHOTO XOPU3OHT OT HOBOTO /i€M0, KaTo € OLEHeH 3aLUTHUAT edpekT
NPOCTPaHCTBO M MOA3EMHWTe BOAM OT [fdena 3a OWUTOBM Ha [OMHUS TMUHECT MPOTUBOUNTPALIMOHEH ekpaH U Ha
oTnagbum (HBO) Hail-4yecto o0ekT Ha u3cneaBaHe ca 3afgbpxaliaTa cnocobHOCT Ha reonoxkarta ocHoea. Mogenute
HEHacMTeHaTa W BOJOHACMTEHaTa 30Ha B MOPOB  TUM ca paspaboteni ¢ nporpama VS2DTI (Healy, 1990 u ap.).
KOMEKTOPU —  XUOPOTEONOXKA  €OMHULW, U3rpafeHu  oT

HeCBbp3aHu uvnm nonycebp3aHu NUTONOXKN PasHOBUAHOCTU
(CrosHos, 2003, 2007; Stoyanov and Dimovski, 2004 1 MHoro OO0wa xapaKkTepucTuKa Ha n3cneaBaHus 00eKT
,qper). MatemaTunyecku Modenun ca npunaraHu wu npu

u3cnegBaHe Ha npouecute Ha 3ambpcssaHe ot [BO B Crapoto n HooTto 16O Ha rp. Masapkwuk ca cuTympaHn B
nykHaTUHHK konekTopw (CTosHos, 2010). obxBata Ha KapCTOB BOLOHOCEH XOPU3OHT, WM3BECTEH B
nutepatypata kato [epywmua-OrHsHOBCKM kapcToB GaceiiH

OB6eKT Ha HaCTOSILLETO M3CrneBaHe € KapcToB MacuB, BbPXY (AHTOHOB 1 [aHueB, 1980). Xopu3oHTLT e (opmupaH B
KOWTO Ca pa3nonoxeHu crapoto W Hoeoto [BO Ha rp. OKapCTEHUTE MpamopyW W MpaMopu3MpaHu BapoBWLM OT
Masapxuk (ur. 1). B pailoHa Ha penata € NpoBeAEHO [obpocTaHckata MpamopHa cBuTa. BaceiHbT € npuBbp3aH
enekTpoToMorpad)cko MpoyyBaHe 3a [AeTalnuavpaHe Ha kbM OGrokoBo pasnomeHoTo Gegpo Ha CesepHopogonckata
XMOPOTeomnoXKMA CTPOEX W 3a NOKanuaupaHe Ha KapcTOBM aHTMKIMHana Mexay p. YenuHcka u p. Bbya. B pesyntar Ha
30HK. [locpencTBOM MaTtemaTuyecku xuaporeonoxku 2D TEKTOHCKI ABWXEHWS 4acT OT CkanHuTe BrokoBe ca norpebaHm
MOZENK ca CUMYNMPaHK YCNoBMSTa 38 MUrpaLust Ha CUITHO U B AbnbounHa, a Apyrv acnbopupaT Ha noBbpxHocTTa. [BeTe
cnabo nogewkHM 3ambpeuteny (no npumepa Cl u NH4) npes [iena ca pasronoXeHn B paskputata cesepo3anajHa vacT Ha
30HaTa Ha aepauus W BbB BOAOHacuTeHata 3oHa. C Tax e BaceitHa, B panoHa Ha becanmapckute xwrmose (dwr. 1) —
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XOPCTOBM CTPYKTYpU OT MPamopu, MPOCIMOEHU OT THancu u
rHanco-LuMcT. MpaMOpPHWST KOMMIIEKC € MHTEH3MBHO HanykaH
1 oKapcTeH. B Hero e dopMupaH KapcToB MOTOK C reHeparHa
nocoka Ha cesep. MogynbT Ha nogsemeH oTTok e 8,6 (I/s)/km?2.

Mo AaHHM OT COHAAXHOTO NPOYYBaHE Ha reonoxkaTa OCHOBA
Ha [Jenata € YCTAHOBEHO, Ye ropHaTa 4YacT Ha paspes €
narpageHa OT MMUHW M NECHUNMBY TAMHKW, unsTo AebenvHa
Bapupa o1 0,3 m (C- 5) go 12-15 m (C-1, C-6). Mog rnunuTe ce
paskpuBa ckanHa nognoxka ot mpamopu (C-1, C-2, C-3, C-4,
C-5 n C-6), a B C/ vact Ha yyacTbka — oT rHamcowumctn (C-7)
u rHaicm (C-8).
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®ur. 1. MecTononoxeHue Ha U3cnegBaHnsa 00ekT

Crapoto fgeno ce ekcnnoatMpa OT Hayanoto Ha 60-te
roanHn Ha XX Bek. OTnagbLmTe ce LenoHMpaT B M3KonUTe Ha
cTapa MpamopHa kapuepa 0e3 nonaraHe Ha U3onmpaLy, croi.
ToBa cb3gaBa OnaronpusTHU YCMOBWS 3a HaBMM3aHe Ha
“CMeTULWHUTE” BOAW B AbNOOYMHA M 3a 3amMbpcsABaHe Ha
noa3eMHuTe BOAW. EKCnnoatauusTa Ha CTapoTo geno
npukntousa npe3 2015 r. M BbPXY CMETULLHOTO TAMO Ce nonara
U30MaLMOHEH eKpaH, KOWTO He Jonycka WHGWUNTpauus Ha
aTMOC(epHM M MOBBLPXHOCTHW BOAW M PA3KO HaMmanssa
npogyunpanus WHguntpat. HoBOTO [eno e NpoekTMpaHo B
CbOTBETCTBME CbC 3aKOHOBUTE W HOPMATMBHU OOKYMEHTU,
pernaMeHTMpaluy WU3rpaxaaHeTo W ekcnnoarauusta  Ha
nopgobeH Tun obekt. 3a Ge3onacHoTo My (PYHKLMOHMpPaHe
NPOEKTHT NpefBMKaa U3rpaxaaHe Ha 3aLUUTHU CbOPBXEHUS U
Bapuepu, orpaHyaBalLy U3TUMAHETO Ha TEYHN EMUCUM.

leoenekTpuyHn mogenu

MpoBegeHo e enekTpoTomorpagcko 2D npoyysaHe 3a
KOHKpETU3NpaHe Ha XMOPOreonoxKk1s paspes u nokanusupaqe
Ha OKapCTEHW 30HM, 30HW C pPa3nuyHa BOLOMPOMYCKMMBOCT U
3aMbPCEHM 30HW MO ABETe Aena. TepeHHNTe U3MepBaHus ca
U3MBbITHEHW NO CXemata “nonc — Aunon’ no neT reouanyHn
npocouna (cur. 2). Peructpaumsta e nsebplueHa ¢ Terrameter
SAS 1000 - ABEM. [laHHUTE OT U3MEpBaHUATa Ca MHTEpPNpe-
TupaHu ¢ nporpama RES2DINV (Loke, 2001).
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®ur. 2. Cutyaums ¢ pa3nonoxeHneTo Ha ABETE Aena, XWAPOreonoXKuTe
npodunu, reoenekTpuYHMTE NPOMNN U NpoyyBaTeNHUTE COHAAKN

AHanW3bT Ha WHTEpNpeTUpaHnTe pesyntatn (dur. 3 un 4)
[aBa 0CHOBaHue B pa3pesnTe Mo reouanyHuTe Npodunm aa
C€ OTAENSAT CNIEHUTE 30HN:

* MPUNOBBPXHOCTHA YaCT Ha reonoxkus paspes (3oHa A),
npeacTaBeHa AOMWHMPALLO OT [MWHA W TIMHUTU3MPaH
CKasn C HUCKO ENEKTPUYHO cbnpoTuenerme (go 100 Om);

* CkaneH MacMB C  OTHOCMTENHO  BMCOKA  MOHHA
€NEeKTPONPOBOAHOCT W HUCKko CbnpoTuBneHue (o1 200 o
500 Om), npenctaBeH OT BOLOHACUTEHM HamykaHu W
OKapCTEeHN Mpamopu (3oHa B);

* CKaneH MacuB C MiTbTHA CTPYKTYpa M BMCOKO (30HM B) u
MHOTO BWCOKO (30HM B’) CbnpoTMBREHNE, CbOTBETHO MEXIY
500 1 850 ©2m 3a 301K b 1 Hap 850 Om 3a 30HM B;

* CTapo femno CbC CWMHO W3paseHa WOHHA NPOBOAWMMOCT U C
MHOrO HUCKO CbMpoTMBIEHWe (Bo okorno 20 Qm), koeTo €
BbP3aHO C BUCOKaTa MMHepanu3aums Ha CbObpxaluus ce B
Hero uHdunTpar (3oHa C).

Xuaporeonoxku cTpoex

Bb3 ocHoBa Ha KOMNNeKceH aHanu3 Ha WHgopmaumusaTa 3a
NPOBEAEHUTE  COHAAXKHW, TeOUNYHN U XULPOTEeONoXKMA
npoyysanus (CtonHes, 2007, 2011 u gp.), B reonoxkata
OCHOBa Ha [ABeTe fAena ce OTAENAT NeT HWUCKO pPaHroBu
XWNOpOreonoXku eguHuum (XrE):
¢ lpoHuyaem nmacm  (XTE1). OOxBawa  rnuHecTo-

necbun1BaTa nokpyBKa 1 ropHaTa CUMHO M3BETPANA YacT Ha

CKarnHUs KOMMNeKC (Mpamopu u THaiicu). [lebenuHata Ha

XI'E1 Bapupa B gnanasoHa ot 1-2 0o 15-16 m u noseve.

[JomuHuHaumMsaTa Ha rMUHeCTUs balmrec npeanonara HUcka

BOJOMNPONYCKIMBOCT M OTHOCUTEMNHO BUCOKAa 3agbpxalla

cnocobHOCT  (unTpaunoHHata cpega. B pasrnexgaHus

paitoH XI'E1 e HeBopoHacuTeHa. Ha npakTuka Ta nsrpaxga
rofiemu YacTu OT 30HaTa Ha aepauus v e BaxHa bapuepa 3a

WHUNTPUPALLMTE Ce OT NOBLPXHOCTTa 3aMbPCUTENM.



D G S —
50 Bs0 1050 1250
in ohm.m

s s e s
500 ==0 as0

[ Y — e S S
s0.0 =50 aso 50 1050 1250

(6) ToM-2

®ur. 3. Pasnpenenenune Ha eneKTPUYHOTO CLAPOTMBREHKUE NO reodm3anyHm npocdunu FOM-1 n Fen-2

() For-4

®ur. 4. PasnpepeneHune Ha eNeKTPUYHOTO CbNPOTUBIEHNE NO
reopuanyHn npocpunu FeMn-3.1, ren-3.2 v ron-4

* [Topsa cunmHo npoHuyaema 3oHa (XI'E2). ®opmupaHa € B
CUITHO HaTPOLLEHUTE W OKAPCTEHW y4acTbLM B MPaMOPHWS
komnnekc. Pa3suTa e kaTo BepTMKanHu uin cybeepTukanym
W3OBbIKEHU TENa B MacyBa, KOMTO U3KNUHBAT B SbnO04MHa.
Otnuyaea ce ¢ gobpa nponycknueocT U cnaba 3agbpkalya
cnocobHoCT, KOeTo s npaeu OnaronpusTHa cpeja 3a
MUrpaums Ha 3aMbpcuUTENK Npe3 30HaTa Ha aepauus M 3a
pasnpocTpaHeHue UM BbB BOJOHACUTEHATA 30Ha.

* [Topsa cnabo npoHuyaema 3oHa (XI'E3). UsrpapeHa e ot
34paBM [0  cnaboHanykaHM Mpamopu € HULLOXHA
BOZIOHENPOMYCKNMBOCT. HaBnM3aHETO W [ABWKEHWETO Ha
3ambpcutenn B XIE3 e Bb3MOXHO fa ce peanusupa
€MHCTBEHO MO AW(Y3MOHEH MbT, KOETO npegmnonara M
CUITHa OrpaHUYEHOCT Ha MUTPALIOHHITE MPOLIECH.

« Bmopama curnHo npoHuyaema 3oHa (XI'E4). MNpencraseHa e
OT CUITHO HamykaHu [0 HaTPOLIEHM LUMCTUA U THANCO-LLMCTU.
lMpuTexaBa CPaBHWTEMHO MO-TONSIMA BOAOMPOMYCKIIUBOCT U1
no-HMUCka 3agbpxawa cnocobHocT. Toea npegnonara no-
WHTEH3WBHO pa3BUTWE HA MUrPaLMOHHUTE MPOLIECH B Tasm
4acT Ha NOANOBLPXHOCTHOTO NPOCTPAHCTBO.
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« Bmopama cnabo npoHuyaema 3oHa (XIE5). Bkmiousa
3apaBn g0 cnaboHanykaHu LUMCTWM W rHanco-wmetu. Wma
U3KNIOYMTENHO cnaba BOAOMPOMYCKAMBOCT W € OCHOBHA
Gapuepa cpelly 3aMbpCABAHETO Ha NOA3EMHUTE BOAM.
[paHMUMTe, MPOCTPAHCTBEHWTE  B3aWMOOTHOLIEHWA U
reomeTpusTa Ha ycraHoeeHute XIE B paiioHa Ha gsete
Jena ca unicTpupaHn Ha curypu 5 n 6.

Xuaporeonoxku Moaenm

PaboTHuTe xunotesu, u3nonssaHn B xugporeonoxkute 2D
mogenu, ca npeactasedn B Tabrmua 1. C nbpeuTe aBa
mogena (M2D-1 u M2D-2) ce oueHsiBa eCTeCTBeHaTa 3aliuTa
Ha reonoxkata cpeda noj CTapoTo fdeno u edekta oOT
€KOMOTMYHUTE MEPKM Cried HeroBOTO 3aKpuBaHe, a C Mogenu
(M2D-3, M2D-4, M2D-5 n M2D-6) ce n3cnefsa ecrecTeHaTa
3alyuTa Ha reofioxkata OCHOBa MOA HOBOTO AeMno W ponsTa Ha
NPOEKTUPaHMS INHECT NNAcT B AOMHUS N30MMPaLL eKpaH.

Tabnmua 1.
PabomHu xunome3su 3a xudpo2eonoxkume modenu
PABOTHA XMMNOTE3A
- MurpaumoHHm mpoLecy
g 5 2led o
Mogen | 3 WHxeHepHa 2ag 218937y 3
Q. E = = = g o
2 Gapuepa sd 2/2d39 8
© aHd o x g =
™ é (&} Eg § g3 S
CTAPO IENO
o1 1960 go 2015
M2D-1 ol HAMa 6apvepu
) cnen 20151 ha He ha ha ha
TOPEH NNacT MM1HK
ot 1960 no 2015
HsMa 6apuepu
M2D-2 | NHs4 cnen 20151 fa | pa | ma | gpa | ma
TOpeH NAacT rnH
HOBO [1EMO
M2D-3 Cl HaMa 6apvepu fa | He | pa | pa | pa
M2D-4 | NH. HsiMa 6apuepu na | na | pa | pa | pa
M2D-5 Cl | poneH nnact rmuHu na He na na na
M2D-6 | NH4 | moneH nnact rnuHm fa | pa | ma | pa | ma




Tabnuua 2.

QU3UYHU, hUTMPAYUOHHU U MU2PAYUOHHU XapakmepucmuKu Ha Xudpo2eosioxkume eOUHUYU U UHXEHepHU bapuepu

M [BbTHOCT Ha KoeduupeHT Ha Koed. Ha pas- Koed. Ha pas- HagmbxHa Koedh. Ha
ofenHa 3oHa

XTE cKenerta d, cunTpaums k, npegenenve Ko | npedenexue Ko ancnepcus- andyans D,

mz Ne i
mg/m3 m/d 3a CI,, m3/mg 3a NHs*, m¥/mg HOCT O, M m2/d

XIE1 MZ-1 2,01E+09 1,0E 00 2,49E-10 1,49E-09 2,5E 00 5,0E-04
XIE2 MZ-2 2,35E+09 4,0E-01 8,51E-11 3,19E-10 1,5E+01 7,0E-04
XIE3 MZ-3 2,51E+09 5,0E-03 1,99E-11 9,96E-11 1,2E 00 3,5E-04
XI'E4 MZ-4 2,23E+09 3,0E-02 3,59E-11 3,14E-10 1,5E 00 5,0E-04
XTE5 MZ-5 2,29E+09 4,0E-03 1,31E-11 6,55E-11 5,0E-01 2,0E-04
XTE6* MZ-6 1,75E+09 1,0E-06 5,29E-10 1,71E-09 1,0E-02 1,0E-05

3abenexka: * XT'E6 — urxeHepHa bapuepa (nnacm om enuHa ¢ OebenuHa 0,5 m 8 donHUs npomusounMpayuoHeH ekpaH Ha H0gomo 0eno).

325 1 1 1 1

cesep
300+
275

250 c-7

XnAPOIrEOJIOXKU PA3PE3 NO NMPO®UI XI-1 - |

ropeH naonaunuoHeH ekpaH
(cnepn 3akpuBaHe Ha NenoTo)
s

L 1 L 1 L

e

CTAPO OENO B
c-2

225

abc. koma, m

| 7“I—W_

HUBO Ha noasemMmHuTe Boaun

- e = e o = = - - - e e e e o - - = — -

T
600 1000

XOpuUu3oHmMasiIHO pascmosiHue, m

®ur. 5. MpaHMLM Ha XMAPOTeONOXKUTE eAUHULM B pa3pe3a no xuaporeonoxku npocun XM-1 (cMTyauMOHHMAT NNaH e NpeAcTaBeH Ha ¢ur. 2)
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XOpUu3oHmMaJsiHO pa3cmosiHue, m

®ur. 6. MpaHMLM Ha XMAPOTEONOXKUTE eAUHULM B pa3pe3a no xuaporeonoxku npocun XM-2 (CMTyaLUMOHHMAT NNaH e NpeAcTaBeH Ha ¢ur. 2)

KonyenmyanHa cxema

MogenuTe ca CbCTaBeHu Npu CIESHUTE U3XOLHW NO3ULNM:

+ ModenHa obnacm. B M2D-1 n M2D-2 obxBalla pa3pesa no
npodoun X' B yyacTbka Ha cTapoto geno, a 8 M2D-3, M2D-
4, M2D-5 n M2D-6 BkntouBa paspesa no npodun X2 B
yyacTbka Ha HOBOTO geno (cur. 2, 5 1 6).

+ Xudpozeonoxku eduHuyuU. B Xxnaporeonoxkute mogenu B
pasnuyHa CTeneH NpUChCTBAT YCTAHOBEHUTE B reonoxkarta
ocHoBa Ha pBete pgena XME. B M2D-5 n M2D-6
NPOTUBOUNTPALMOHHUAT NNacT oT rmuHa ¢ gebenuHa 0,5
m, Makap W W3KyCTBeHa (hopmauuns, ce pasrnexga kato
XWOpOreonoXka efuHnLa ot no-HUCHK paHr (XIE6).

* Xudpozeonoxku napamempu (mabn. 2). KoedpuuyneHtute Ha
cuntpaunsa u pasnpegenedve (k u Ko) u pusnyHuTe
XapakTepucTuKKM (MITbTHOCT P, mopecTocT n u ap.) Ha XTE1,
kakto 1 k, p 1 n Ha ocTaHanuTe XIE ca onpegenesu no
[aHHM OT nonesn u nabopaTopHu u3cneppanus. Crnopeq
npoekTHaTa [OKyMeHTauus K Ha rnuHecTWs nnacT nog
HoBoTO Zeno e 10° m/s. MUrpauMoHHITE XapakTepuUCTUKK
(koedmumeHt  Ha  pasnpegeneHve Ko,  HagmbkHa
AUCNEPCUBHOCT 0L, koedmumeT Ha andyans Du) Ha XTE
NHxXeHepHaTa Bapuepa ca M34MCTIeHN Ype3 KopenalMoHHU
NpexogM C LUMTUpaHUTe B nuTepaTypata [AaHHM 3a
u3rpaxgallumre rm nMToNoXkN pasHosuaHoctu (Healy, 1990;
Spitz and Moreno, 1996; CtosHos, 2003 1 gp.).

* [paHuya mexdy HeHacumeHama u 8000HacumeHama 30Ha.
OnpegeneHa e No JaHHW OT COHAAXHMTE MPOYYBaHNS U
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€NeKTPOTOMOrPadCKOTO U3cnenBaHue.

* BanexHa uxpunmpayusi. 3a paiioHa e YCTaHOBEHO, Ye B

MOAMOBBPXHOCTHOTO MPOCTPAHCTBO MOCTBNBA OKOMO 7% OT
Banexa (548 mm), a ckopocTTa Ha MHUNTPaUWS U3BBH
ABeTe aena e B pasmep Ha 8,4x105 m/d.

. nOG'prHOCanU U3mMOYHUUU Ha 3aMmbpCssaHe. B mogenute

€ W3cneaBaHo NOBEAEHNETO Ha CUITHO M cnabo NoaBKHUTE
3ambpeutenu no npumepa Ha Cl u NHs. OcHoBHUTE MOTHBM
Te Aa Obaar nonaBaHW KaTto Mapkepu NpW MpOTHO3HUTE
M3UMCrieHMs 1 3a KonudyecTBenuTe oueHkn ca: (1) Cl ca
U3KMIOYATENHO MOABWKHW U O4YepTaBaT MakcUMasnHus
00XBaT Ha Bb3MOXHOTO 3ambpcsiBaHe; (2) NH4 ce copbupat
(3agbpxaT) MHOTO CUNMHO OT (hUNTpauWOHHATa cpefa W
MapKkupaT 30HUTE C Hal-MHTEH3MBHO 3ambpcsBaHe; (3)
koHUeHTpauwusTa Ha Cl n NHs B cMeTULHNTE BOAW € BUCOKA.
« Ckopocm Ha UHbunmpayusi Ha cmemuwHume eodu Wp.
OnpeneneHa e ypes npourpaBaHe Ha ronisiM 6poii BapuaHTm
Ha LWecTTe MOAEna, BKIIOYBALLM BapupaHe Ha HelHuTe
CTOWMHOCTM NpW paBHM Apyru ycnosusi. MogenHuTe peLueHus
ca ycronumeu npu Wp He no-ucoka ot 1,68x10-4 m/d. Cneg
3akpuBaHe Ha fenaTa U U3rpaxgaHe Ha 3alynTeH TMUHECT
€kpaH Hag CMETUWHOTO  TAMO,  KONMYEeCTBOTO  Ha
WHGMITPaTa MHOTO PSI3KO HaMarnsiBa, a U3TMYaLLuTE TEYHM
eMuCKW NOA AEeNn0To ca HNLWOoXHN, T.e. Wp = 0.
KonueHmpayuu Ha u3cnedgaHume 3ambpcumenu (Cl u
NH,). Pa3paboTBaHETO Ha MOZenuTe, KONMUYECTBEHUTE
OLIEHKM 1 NPOTHO3WTE Ca HaNpaBeHM KaTo CbAbPXaAHMETO Ha



3aMbpcuUTENuTE € N3pa3eHO B OTHOCUTENHW KOHLEHTPaLUu.
MMpueTo e, Ye MaKcManHaTa HavamnHa KoHueHTpauus Ha Cl
n NH4 B cmeTuiHuTe Bogw (HdpmnTpata) e 1 unn 100 %, a
B HesamMbpceHaTa 4acT Ha MopenHata obnact M BbB
BanexHute Bogn € 0 wnm 0%. PasnpeneneHueto Ha
KOHLEHTpaLWMTE Ha 3aMbPCUTENNTE B MOAEMHUTE PeLLEHNs
€ 3pa3eHo B YacTu OT e4MHMLATA UMW B NPOLIEHTU.

* MexaHu3bm Ha MaconpeHacsHe. 3anoxeH e B MbIHNS My
BMA: KOHBEKTMBEH MPEHOC, CbMPOBOAEH C 0BpaTuMo
enuMuHupaHe (copbums), MexaHuyHa aucnepcusi, MOneky-
nspHa audysus 1 paspexgaHe

Komnosupane Ha xudpozeonoxkume 2D modenu
MaTtematuyeckute mogenu komnoaupanu ¢ nporpama VS2DTI
(Healy, 1990 u gp.). Detepmunupanute XI'E 8 M2D-1 n M2D-2
ca cumynupaHu ¢ net moaentu 3oxu (MZ-1, MZ-2, MZ-3, MZ-4
n MZ-5), 8 M2D-3 n M2D-4 - ¢ tpu 301 (MZ-1, MZ-2 u MZ-3),
a B mogenu M2D-5 n M2D-6 — ¢ yeTtupu 3oHn (MZ-1, MZ-2,
MZ-3 N MZ-6). 3agagenute B Te31 30HM XapaKTepUCTUKK ca
nocoyeHn B Tabnuua 2. Bpb3kata Mexay BCMyKBALLWS
noteHuman ¥, cbabpkaHMeTo Ha Bnara w 1 koeduumeHTa Ha
BnaronpoBogHocT k' e mogenupaHa ¢ (pyHKUMsiTa Ha van
Genuchten. B cnyyas, napametpute Ha dyHkumusta (RMC, a u
B) ca npvetn no nuTEpaTypHU [OaHHM 3a nogjobeH Tvn
reonoxka cpega. Bsaumogenctsueto mexgy TeyHata u
TBbpAaTa (hasa Ce cumynupa C NWHeNHaTa u3oTepma Ha
Henry. [paHuyHUTE yCnoBus ca 3ajafeHn B CbOTBETCTBME C
NPEeACTaBEHNTE B KOHLeNTyanHata cxema paboTHI XMMoTean u
AedVHUpaHTE NapameTpu Ha BanexHata MHUNTpauus w
NOCTbNBALLMTE MOS ABHOTO Ha Aenata TeyHn emucun. [pu
AUCKpeTM3auMsTa Ha MoaenHata obrmact e w3nonssaHa
OpTOroHanHa Mpexa ¢ pasvepu Ha knetkute 1,0x0,5 m.
[MPOABIKMTENHOCTTA Ha CUMynauusTa B MOAENMTEe Ha
crapoto geno e 115 r. (nepuop Ha ekcnnoatauus 55 r. — go
2015r. v nepvog cnep 3akpusaHeTo — 50 1.), a oBwmAT neprog
Ha cumynauusiTa B Mogenute Ha HosoTo geno e 80 r. (nepvog
Ha ekcnnoatauns 30 r. — go 2045 r. u nepwoa cneq
3akpusaHeTo — 50 r.). BpemeTo 3a cumynauus e pasgeneHo Ha
CTpEC Nepuoan ¢ gbmkuHa 1T.

AHanu3 Ha pe3ynTaTuTe OT MOAeNHuTe
u3cnepaBaHus

AHanusbT Ha pesyntaTuTe OT MOLENHUTE W3CredBaHus,
4acT, OT KOMTO Ca WntoCTpupaHu Ha curypu 7, 8 n 9, nasa
OCHOBaHMS [a Ce HanpaBsT crnegHuTe 0606LLeHMs 1 n3Boau:

+ Konu4yectoTo Ha MHUNTPALMOHHUS NOTOK NOJ SBHOTO Ha

ABETe fena e iyHKUMS Ha MPOHMLIAEMOCTTa Ha reomnoxkarta

OCHOBA U Ha HaNMYMETO WNM OTCLCTBMETO HA WHXEHEPHM

Oapuepu. OcHOBHMTE  MbTMWA 338 MUrpauus  Ha
3ambpcutenu ca XIE1  (rmuHecTo-nechbunvMBuAT nnacT,
nokpuealy, ckanHus  komnnekc), XIE2  (okapCTeHuTe

mpamopu) u XI'E4 (Hanykauute rHaico-wuctn). Monamata
pebenuHa Ha 3oHaTa Ha aepauus (Hag 20-25 m 1 noseve) e
BaXeH (hakTop 3a 3abaBsiHe Ha MUrPALMOHHUTE NPOLLECH.

*+ Hanpasennte ¢ M2D-1 u M2D-2 cumynaumv nokassar
CNeAHUTE NO-BaXHWU TEHAEHLMM B Pa3BUTUETO Ha MUrpaLy-
OHHWTE Mpouecy B paiioHa Ha crapoTo geno (dwr. 7).
3ambpcuTenute 0T  CMETULLHOTO TANO  murpupat o
NoA3eMHUTE BOAM Npe3 Manka no pasvep okapcTeHa 30Ha ¢
WwupoumrHa 50-70 m B LieHTpanHata Yact Ha genoto. OTeba
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®ur. 7. MporHo3Hu peleHus 3a pa3npocTpaHeHNETO Ha 3aMbpCUTENUTe
B palioHa Ha cTapoTo feno, nonyyexu ¢ mogenu M2D-1 u M2D-2
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®ur. 8. MporHo3Hu pelweHUs 3a pa3npocTpaHEHNETO Ha 3aMbpcUTeNnuTe
B paloHa Ha HOBOTO Aeno, nonyyexu ¢ mogenu M2D-3 n M2D-4
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®ur. 9. MporHo3Hu pelueHmns 3a pa3nPocTpaHeHNETO Ha 3aMbpcuTenuTe
B palioHa Ha HOBOTO Aeno, nonyy4eHu ¢ mogenu M2D-5 n M2D-6

Tasn 30Ha CMETULLHWTE BOAM HE MpemuHaBaT 30HaTa Ha
aepauus. CunHo noaswxHu 3ambpeutenu (Cl) murpupat B
LbNnboYnHa C BUCOKA CKOPOCT, CbU3MEpUMa CbC CKOpOCTTa
Ha WHUNTPaLMOHHMS noTok. [locTuraT 4O MOA3EMHMTE
BOAM 3a OKOMo 25 . Cnef HayarnoTo Ha ekcnnoaTauumsTa.
lMpes To3M nepwog ¥ Cred 3akpuBaHe Ha  [enoTo,
koHUeHTpauusaTa Ha Cl B 3aMbpceHuTe NOL43EMHU BOAM €
okono 25 %. Cnabo nogsuxHuTe 3ambpeuteny (NHa)
Murpupat MHOro no-0aBHO, a 3ambpceHaTa C TAX 30Ha e
MHOTO no-orpaHnyeHa. Mupsute ,nopumn” NHs gocturar go
NOA3EMHUTE BOAM B KpalHWS €Tan OT ekcnnoatauusata Ha
crapoto geno (kbm 2015 r.). Cnen 3akpuBaHeTo My Lue
NMpOLbKaT Aa HaBnM3aT BbB BOLOHACUTEHATA 30HA, HO B
MHOIO HUCKW KOHLeHTpaLuun (okono 4-5 %).

+ [onyyennte ¢ M2D-3 n M2D-4 NporHO3HW peLLeHus, npu
HeOTYMTaHe Ha WHxXeHepHuTe 6Gapuepu, mnokaseat, ue
reonoXkarta OCHOBa Ha HOBOTO fJeno uma gobpa
3agbpxalla CrnocobHOCT M e B CbCTOsHME Aa 3abasu
MurpauuoHHuTe npouecn (cur. 8). CunHO NOABUMXHUTE
3aMbpcuUTENM Lie AOCTUrHaT A0 MOA3EMHMTE BOAWM OKOMO
40-45 r. cnep HavanoTo Ha MaTemaTudyeckaTta cumynauus,
Te. 10-15 r. cneg 3akpuBaHe Ha HOBOTO Jeno.
MocTbnBawMTe BbB BOAOHOCHUS XOPU3OHT 3aMbPCEHN BOAY
e cbabpkat okono 7-8 % OT 3ambpcuTenuTe B
CMETULLHUSI MHGMUNTpaT. Cnabo NoaBMKXHUTE 3aMbpCUTENN
ce ABMxKaT MHOro 6aBHO W He Guxa 3acerHanu nog3emHuTe
Boau. B cnyvas Cl murpupat npes gBe Manku OkapCTeHu
30HM ¢ wupoumHa 20-30 m. M3BbH TE3M  30HM
3ambpcsisaneTo ¢ Cl nog 4enoTo Lue ce orpaHuym B 30HaTa
Ha aepauus o ObnbounHa 20-25 m. CblUeBPEMEHHO,
3ambpcsisaHeTo ¢ NHq e obxBaHe camo Han-ropHata Yact
Ha paspe3a Ao AbnbounHa ot 3 4o 9 m.
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Pesynratute, nonyyesn ¢ M2D-5 n M2D-6 nokassat, ye
BOMHVAT NPOTUBOUNTPALMOHEH NAACT FIMHA LU OrpaHnyy
MPOHWKBAHETO HA CMETULLHM BOAM MOA LBHOTO Ha HOBOTO
geno (dur. 9). 3a 50 r. sambpcsiBaHeTo LWe obxBaHe camo
Manka vacT OT 30HaTa Ha aepauus. CMMHO NOABWXHUTE
3aMbPCUTENN We AOCTUrHAT A0 AbnbounHa 4-5 m, kato
KOHLEHTpaLMsITa UM B Taau 30Ha Le € He noseye oT 4-5 %.
Cnabo nofBukHUTE 3aMbpPCUTENM e Ce 3aAbpxaT MoyTh
U3LANO OT FMNHECTUS 3aluTeH ekpaH. 3ambpceHaTta ¢ TsX
30Ha B kpas Ha cumynauusta goctura oo gbnbouuHa 0,5-
1,0 m, a koHUeHTpauusTa UM Lwe e nog 2%.

MpenBua (hakTa, Ye AONHWAT MIacT MWHA € camo eauH
eneMeHT OT 3afjajeHuTe B MNpOeKTa Ha HOBOTO [Aeno
uHxeHepHn Gapuepu, nonyyenute ¢ M2D-5 n M2D-6 peluexus
MoraT fa ce pasrnexgar Kato efgHa no-KOHCepBaTUBHA
MporHO3a 3a PasBUTUETO Ha MMWIPaLMOHHWTE NPOLECH U
pasmMepuTe Ha 3aMbpCsBaHe Ha 3eMHaTa OCHOBA.
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KINEMATIC MODELS AND EARLY WARNING SYSTEMS (EARTHQUAKES AND
TSUNAMIS) FOR AZERBAIDJAN (BAKU CASE)

Yanko Ivanov, Atanas Kisyov, Boyko Ranguelov

Mining and Geology University, 1700 Sofia, Bulgaria, branguelov@gmail.com

ABSTRACT. The fundamental relationship of the velocities of P- and S-seismic waves is used to calculate the travel times between the well known seismic sources of
Azerbaijan to Baku (capital and the most populated city). The time differences between the P and S waves’ arrivals are used for signalization and some preventive
measures (gas and fuel pipelines switch off, electrical lines disconnection, dangerous production factories stop, etc). It is well known that the seismic waves are tens
to thousands faster then the tsunami waves. On the same principle the seismic waves travel times from the tsunmiagenic zones as well as the travel times of
tsunamis to Bakuare calculated for practical purposes.

KWHEMATUYEH MOLEN HA CUCTEMM 3A PAHHO NPEAYNPEXAEHWUE (3EMETPECEHWUA U LYHAMW) B A3EPBANIKAH
(HA MPUMEPA HA BAKY)

SHko NeaHoe, AmaHac Kuckos, boliko PaHzenoe

Munro-2eonoxku yHusepcumem ,Cg. Mear Puncku®, 1700 Cogpusi, branguelov@gmail.com

PE3IOME. Kato e u3non3saHo (hyHaaMeHTanHoTo CBOWCTBO, Ye P BbiHWTE ce pasnpocTpaHssaT 1,71 mbTv no 6bp30 OT S BbAHUTE (KOMTO Ca paspyLUNTENHM) e
13paboTeH KuHeMaTUYeH Mofen 3a BpeMeHaTa Ha NpuUCTUraHe Ha CeM3MUYHUTE BbIHW OT BCUYKW M3BECTHI 3eMETPLCHM orHuwa B AsbpbaiimpkaH go baky (cronuua
W Hail-ronsim rpag B cTpaHata). PasnukuTe BbB BpemeHaTa Ha mpucturaHe Ha S u P BbnHUTE € Bpeme [O0CTaTbyHO 3a CUrHanM3auus U npeanpuemaHe Ha
NPEeBaHTUBHU MEPKM — U3KIIOYBAHE Ha ra3onpoBOAM W eNEKTPOMPOBOAN, OMAcHN NPOM3BOACTBA W Ap. CenaMUyHUTE BbiHW Ce ABWKaT AECETKM MbTW No 6bp30 OT
BbJIHUTE-LlyHaMW. Tasn pasnnka B CKOPOCTWUTE W TyK MO3BOMSBA CEU3MUYHUTE BBIHW Aa CIyXKaT KaTo CUrHarvMavpalim 3a €BEHTyanHu (Mpu JOCTaTbYHU CUITHU
3EMETPECEHNS!) BbIHW — LiyHaMU. 33 BCUYKW U3BECTHU LyHAMUTEHHW OTHWLLA ca MOCTPOEHW BPEMEBY Auarpamm 3a NpakTUHECKo NpUOXEHME.

Introduction increase the negative effects influencing the flooded areas.

The methodology of the hypothetic kinematic models and their

Baku is the capital of Azerbaijan and as a large city is application to the early waming systems (seismic and tsunami)

threatened by many natural hazards - floods, earthquakes, is developed and applied to other regions in Europe,
tsunamis sedimentation fulfilment, water and air pollution, etc. specifically Bulgaria and Romania.

Our research in this paper is focused to the possible negative
influence of two natural hazards - earthquakes and tsunamis.

Both hazards are wide spread in Azerbaijan since historical Theoretical fundamentals and methodology
times until the present days. Our investigations are related to

the possible hypothetical kinematic models of both hazards The typology of the Early Warning Systems (EWS) could be
and possible building of the early warning systems related to systemized in two big groups:

these both dangers.There are strong evidences about the - Seismic EWS (SEWS) — working in the time domain of
influence of these hazards during the historical times. The seconds to minutes and

increased urbanization and the complex combined negative - Tsunami EWS (TEWS) - effective in the time domain of
effects of these hazards create our interest to model such minutes to hours.

EWS. The research is performed in the context of the

vulnerability assessment and resilience of Baku (as a most The TEWS such as the transoceanic tsunamis required (for
prominent and fast growing city) in Azerbaijan. According to example PTEWS and ITEWS - located in the Pacific and
the new seismic zoning maps of Italy, Venice is attributed to Indian oceans) time of warning issue about tens of hours. All
the zone of expected PGA between 0.08 and 0.12 g for 475 known SEWS are based on the fundamental physical property
return period (which is a standard for EU) and macroseismic of the seismic wave’s propagation: the P-waves, with lower
intensity of VIl MSC, with a probability of exceeding 0.1g in 20 amplitudes and smaller destructive potential,  travel
years. This suggests expected seismic shaking, which could approximately 1,71 times faster than the S waves. The P-
be dangerous for the historical buildings in Venice. The waves have compression movements of the particles of the
tsunami danger was assessed as a few centimeters, but during solid strata and move to the ray propagation path. These

the flooding time these few centimeters could significantly waves are the fastest and have the highest velocity — between
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6 and 8 km/s and frequently in the SEWS are called “signaling”
waves. The amplitudes of the P-waves are the lowest in the
whole phase package of any seismic wave emitted by the
seismic source. The S-waves - with several times larger
amplitudes and much larger destructive potential due to the
medium particles movement perpendicular to the wave ray
propagation have lower velocity and are called “destructive”
waves. The S-waves also do not propagate trough liquids.The
equation: "

b4
Ve

—

=+

is the fundamental relationship on which the kinematic SEWS
are functioning (Ranguelov and lliev,2013). This relationship
always exists in the solid ideal body and is an immanent
property of any ideal elastic medium. Frequently in the earth
crust this relationship shows some variations to the lower
values due to the not ideal elasticity of the Earth’s strata.

The travel time function F(d, tps) presents the relationship
between the travel times of the different waves phases
(S,P,Sg,Pg,Sb,Pb, etc.) and the distance to the seismic
source. The function in the coordinate system (d,t) is usually a
straight line for the direct waives, depending of the velocity of
the seismic waves in the respective layer. The travel time
function is the main relationship, which is used to calculate the
kinematic models of the time deficit EWS. The main principle of
the SEWS requires longer time propagation from the seismic
source to the endangered territory, which means longer
distance. This time (ts-tp) is called “warning time” and presents
the time difference between the P and S waves arrival to the
threaten object.

The TWES are based on a similar relationship, but in the two
strata — water and the solid Earth.

As it was pointed out the seismic waves are propagating with
very high velocities — in the range of km/s. The tsunami waves
are propagating with much lower velocity — between tens and
hundreds of km/h. The time difference between the tsunami
and the seismic waves can reach the range of 102 to 104 of
seconds. The case of time deficit in such systems can be
conditionally limited to 2-3 hours between the time of
occurrence of the earthquake that generated the tsunami and
the arrival time of tsunami to any vulnerable object located on
the coast. The important peculiarity of the tsunami waves is
that they are moving with very low amplitudes in the open sea
(not larger then few meters — in the extreme cases) and very
low frequencies (long lengths of about tens to hundreds of
kilometers) in the open ocean, where they propagate with
higher velocity (in the case of Caspian sea - between 80 and
200 km/h). Near to the coast the amplitude of the tsunami
wave increased dramatically and can reach tens of meters. In
the case of Caspian Sea there are evidences of few meters
run-ups. (Dotsenko et al, 2002).The velocity is decreasing, but
in any case is over 40 km/h (the highest speed anybody can
reach in sprint short distances is always lower).

There is another peculiarity of the tsunami wave propagation
and interaction with the bottom bathymetry — this is so called
refraction. The refraction means that frequently the tsunami
energy can be focused to the selected parts of the coast due to
the ray refraction of the wave (Ranguelov, 2014).
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There are also some specifics in the wave-coast interaction:

a.  smooth bottom and long waves - the increase of the water
level is going smoothly like fast tide;

b. deep bottom and short waves - the increase of the wave
water front is like wall - so called “bore”;

c. intermediate cases, sometimes accompanied by

dispersion - higher frequency, but lower amplitude of the
incoming waves.

All described peculiarities suggested that in case of tsunami
(especially in the time deficit domain, is possible to observe
high waves and low sea level very close in space, sometimes
just few kilometers). Such an effect increased the probability of
the false alarms. So such cases need compromising approach
- economy of time versus more frequent false alarms
(Ranguelov, 2011).

In our case of research two hypothetical approaches are

performed:

Realseismic kinematic modelfor
(Baku case)

Azerbaijan

It is based on the assumption that P waves are traveling from
each seismic source to the city of Baku for different times. The
seismic sources are outlined by the researchers during the
construction of the seismic zoning map of Azerbaijan.
(Akhundov et al., 2011). The seismotectonic model considered
all known seismic events occurred on the territory of
Azerbaijan simplified as geometrical polygons.

As it is well known the seismicity of Azerbaijan is wide
spread in space and time (Akhundov et al., 2011 and Hasanov
etal., 1987) (fig.1).

Fig.1. Seismicity of Azerbaijan and surroundings (Akhundovet al., 2011)

We followed the recent seismic zoning mapping by
Akhundov et al.(2011), considering all known active faults and
established 10 seismic zones. To increase the accuracy of our
model (Ranguelov, 2014 andRanguelov, lliev, 2013) we
subdivided the established zones to subzones. After that a
standard procedure for calculation of the distances between
Baku and each seismic subzone have been modeled
(Parushev and Ranguelov, 2014 )(fig. 2).

To investigate the expected travel times of the first P wave
arrivals (called “signaling” - seismic phase) we use the



calculated model on the base ofthe Jeffrey’'s-Bullen travel
times-tables. (Ranguelov, 2014). The graph is presented on
figure3. On the same graph the S-P travel times (‘warning
time”) are plotted. All these data are used to model the
kinematic peculiarities of the P, S and S-P waves travel times
for each distance between the respective (virtual center)
seismic zone and the city of Baku.

Fig.2. Distances between Baku and the each seismic zone/subzone.Four
zones of distances have been outlined: up to 50 km (red), 85 km (orange),
130km (yellow) and over 130 km (green)
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Fig.3. The travel times for the different seismic phases according to
Jeffries - Bullen tables

Fig.4. Travel times of the P waves. Four zones according the distances
between Baku and each seismic source are outlined - red,orange, yellow
and green

Following the explored model (Ranguelov, 2014; Ranguelov
et al.,, 2012) the travel times for the P, S and S-P waves have
been modeled (figs.4, 5 and 6).
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Fig.5. Travel times of the S (destructive) waves. Four zones according the
distances between Baku and each seismic source are outlined - red,
orange, yellow and green

Fig.6. Travel times of the S-P - “warning time”. Four zones according the
distances between Baku and each seismic source are outlined - red,
orange, yellow and green

For easier use of the results in everyday practice the travel
times between each zone/subzone and Baku, have been
tabulated(Table 1). For each zone/subzone the minimum and
the maximum travel time is calculated. Thus the reliability of
the modeled travel time can be assessed.

Analysis

The complicated seismogenesis of the Azerbaijan territory
suggested complex solutions about a seismic early warning
system for Baky city as the biggest and largely populated area.
For this study some near filed seismic sources threatening
Baku are located at distances less then 50 km. In this case,the
earliest signal of the P propagating waves (in the idealized
model) can reach the city within 4-5 to 15 seconds. This means
thatfor these seismic sources the SEWS appeared as low
effective for any evacuation measures. The respective S and
S-P travel times are in the range of 10-12 and 4-6 seconds
respectively. Based on these results the zone can be
considered as ‘red” - leading to relatively low efficiencyand
limited possibilities of fast evacuation, etc.

The P-waves travel times for distances of about 130 km and
greater vary starting from 25 seconds (S about 40 and S-P -
about 15-20 seconds. These time intervals are relatively longer
and give possibilities for effective protective measures (stop
the dangerous productions, gas and oil pipelines, electrical and
other life-save communications, etc.). That's why this zone,
which is larger then 130 km is consideredas “green” . All other
cases are in between these values of the travel times of P, S,



and S-P and are outlined as orange and yellow zones -only
some particular measures are possible.

Table 1.

Travel times from each seismogenic zone/subzone (their
virtual centers) to the city of Baku are tabulated for the different
waves’ phases. Minimum and maximum times for each
zone/subzone are also presented

. Travel Time [s]
Zone Distance [km] P waves S waves S-P
Min Max Min Max Min Max

11 75 226 14 36 22 63 8 27
1.2 42 100 7 20 12 34 5 14
1.3 55 118 10 22 16 38 6 16
14 100 220 20 35 34 61 14 26

2 68 196 12 32 20 55 8 23
31 92 195 16 32 27 55 11 23
3.2 8 88 1 16 2 26 1 10
3.3 45 98 8 20 13 34 5 14
34 97 162 20 27 34 47 14 20
41 208 351 34 52 59 9 25 39
4.2 114 212 21 34 36 59 15 25
4.3 54 129 10 24 16 40 6 16
4.4 13 58 2 11 4 18 2 7
4.5 50 133 9 24 15 40 6 16
5.1 218 345 35 51 61 89 26 38
5.2 105 230 20 36 35 63 15 27
5.3 64 110 11 21 18 36 7 15
5.4 54 91 10 16 16 27 6 11
5.5 54 103 10 20 16 34 6 14
5.6 75 165 14 28 22 48 8 20
6.1 189 305 3 46 54 80 23 34
6.2 151 211 26 34 45 59 19 25
6.3 141 171 25 29 43 50 18 21
71 250 424 39 61 68 107 29 46
7.2 211 262 34 40 59 70 25 30
7.3 175 226 29 36 51 63 22 27
74 157 193 27 32 47 55 20 23
7.5 157 190 27 31 47 54 20 23
8.1 270 415 42 60 73 105 3 45
8.2 198 288 33 44 56 77 23 33
8.3 200 232 33 37 56 64 23 27
9.1 284 384 43 56 76 99 33 43
9.2 248 292 39 44 68 77 29 33
9.3 217 259 35 40 61 70 26 30
9.4 220 246 35 39 61 68 26 29
9.5 235 262 37 40 64 70 27 30
10 333 433 50 63 87 110 37 47

Real tsunami kinematic model for Caspian Sea
(Baku case)

The tsunami kinematic models have been investigated
before (Ranguelov, 2014; Parushev and Ranguelov, 2014,
etc.). The travel times of the tsunami wave’s propagation from
the respective tsunamigenic source to Baku have been
calculated using accepted models (Ranguelov, 2013).

According to the results the travel times are enough for the
evacuation measures, thus decreasing the tsunami risk for the
city of Baku from the influence of the possible tsunamis
generated in the Caspian Sea (excluding some very peculiar
cases of the near-field located tsunamigenic zones. On one
side, this is acceptable low risk for the population. On the
other, the possible additional tsunami influence to the effects of
the floods — seasonal or generated by storm surges,
underwater landslides (Soltanpour and Rastgoftar, 2011) can
dramatically increase their destructive potential. This is way an
effective tsunami warning system could be very useful for the
Baku resilience to the combination of the tsunami and seismic
risks. Similar warning system has been developed and used in
the Bulgaria-Romania border region including marine hazards
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in the sea and on the land (Ranguelov et al., 2011) and
developed and assessed for the city of Venice (Parushev and
Ranguelov, 2014).

Results and discussion

The tsunamigenic zones at the Caspian Sea, which are the
most dangerous for the Baku coast are extracted from Kulikov
et al.(2014).The distances and the travel times are modeled
following the methodology described in Parushev and
Ranguelov (2014) and used for the case of Venice. The results
for Baku are presented at figures 7 and 8 and the Table2. The
distances varied between 45 km to about to 335 km and the
travel times respectively between 30 to about 200 min.

Table 2.
Distances and travel times from tsunamigenic zones in the
Caspian Sea to Baku.

Distance Travel Time
Zone [km] [min]
1 282 154
2.4 236 128
22 301 191
3 82 62
4.1 45 3
42 75 46
5 202 132
6 334 183

Fig. 7. Distances from the tsunamigenic zones in the Caspian Sea and
Baku

Fig. 8.Travel times for the tsunami waves from the center of each
tsunamigenic source to Baku

The travel times of tsunami are calculated by simplified
method used in Parushev et al.(2015). The analysis show that
the travel times are enough for emergency primitive measures



(signalization to population and administrations in case of
nearfiled tsunamigenic source - travel times about 20-30 min)
to effective measures (evacuation and stopping the activities of
the dangerous production facilities in case of far field
tsunamigenic zones -travel times about 2-3 hours).

Algorithms of the kinematic early warning
systems (simultaneous models for earthquakes
and tsunamis)

The algorithms of the simultaneously acting early warning
system (both seismic and tsunami) are developed on the
kinematics of the seismic (respectivelytsunami) waves. They
are using the basics described in the fundamentals section and
consider the different velocities of the P and S waves (for the
SEWS) and seismic and tsunami waves (in case of the TEWS)
(Ranguelov et al., 2006)

The installation of the hardware needs to follow some
general considerations:
1. Selection of the locations according the seismic sources

geography;

2. Travel times curves for the transformation of the distances
to the time domain.

3. Use of the P-waves times for the signalization of the event
and triggering the whole system;

4. Seismic station optimization according the seismic
sources locations and common use (in some cases) of the
same equipment (if possible);

5. The trigger stations located to the nearest point of any
epicenter;

6. Use of some stations locations of the equidistant travel
times to the seismic sources;

7. Peripheral stations for detection of the strong seismic

motions with sources outside the network geometry.

The general steps follow the philosophy that it is essential to
have a signal for the hazardous event (earthquake or
generated tsunami) as soon as possible after its generation
(Ranguelov, 2010). As the seismic P and Swaves velocities
are in the range of km/s, it is essential to have a seismic
sensor as close as possible to the nearest point of the
epicenter. The same is valid when tsunami wave is generated
by the seismic (or other type tsunamigenic event — landslide,
turbidities, volcanic ash slump, etc.). When the threshold is
considered for the dangerous event, if the registered level is
higher, then the whole algorithm is triggered. Then the
following steps are necessary:

1. P-wave’ssignal detection that the event is generated and
the waves are propagated. (Usually such signal triggers
the entire network);

Modeling of the wave’s propagation direction, following the
consecutive triggered seismic devices;

Selection of the precomputed scenario (this is valid for the
tsunamigenic  sources, because of their variety in
magnitude, location, bottom and costal geometry and other
influencing  the  tsunami  propagation parameters)
(Ranguelov, 2010). The selection is closely related to the
so called“decision matrix”;

Modeling of the time of incoming S-waves (for the SEWS)
and the time delay of the S-waves, following the P waves.
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Zonation to near distance, middle distance and long
distance and introduction of the “red”, “orange”, “yellow”,
and “green” signaled zones (Ranguelov et al., 2011);

The same for the tsunami waves. The confirmation of the
tsunami waves generated by the disturbing event
(earthquake, slump, fast subsidence, etc.) usually is
performed by the bottom located devices (micro-
barographs, sea-level measuring devices, OBS, DART,
etc.) as effective hardware (Ranguelov et al., 2011);
Decision for the warning issue - the decision matrix
development(Ranguelov, 2014);

Warning issue to the clients - population, civil defense
authorities, decision makers, administrations, etc.
(Ranguelov., 2014);

The combined warning issue in case of simultaneous
action of earthquakes, landslides, turbidities (or other
generating events) and tsunamis;

Different ways to communicatethe warning - sound or light
signals, messages, TV and radio emissions, social
networks etc. (Parusehv et al, 2015);

10. Cancelation of the warning after the event passed.

To perform these algorithms a lot of specific actions must be
done (Ranguelov et al., 2011). The most important one is the
hardware (devices) installation as close as possible to the
seismic (tsunami) source. This could be a specialized seismic
strong motion device, or the nearest seismic station of the
national seismological network.

Suggestions for the early warring systems -
tsunamis and earthquakes (Baku case)

Considering the results obtained by the investigations of the
kinematic models - both for the earthquakes and tsunamis the
following possible directions of EWS development could be
suggested (Ranguelov, 2014):

- To create the new established seismic early warning
system with sensors located in each seismic source.The
specific devices have to be connected in a specialized
SEWS. This creates independent approach to the SEWS
use, but a unification of all devices in the SEWS and
TEWS is essential;

- The creation of a TEWS is necessary due to the
possibility of a coincidence in time of the high water level
(for example seasonal flooding or storm surge, etc.) and
the tsunami generation in a far field source. In such a
moment the small additional water level increase can
generate much more destruction due to the nonlinear
effects observed in similar situations;

- The TEWS needs a specialized approach for the
assessment of the locations and the equipment of it. The
previous investigation show that each site needs rather
specific  equipment, based on the specialized
investigations (Ranguelov, 2011), and considering the
local conditions. In any case, the complex bottom stations
are an obligatory element of such systems (Ranguelov,
2014 and Ranguelov, 2013);

- The construction of a specific decision matrix, specialized
protocols of announcements and other elements providing
the warning issue to the authorities and population is
another direction which must be developed for any EWS.



Conclusions

The kinematic modes about seismic and tsunami early
warning systems are developed using the standard
methodology of the travel times for seismic S and P waves as
well as for the tsunamis travel times.

The models covered all seismic active zones in Azerbaijan.
They have been divided into several main groups -red, orange,
yellow and green seismic zones. For allof them, the travel
times of the P, S, and S-P seismic waves to the city of Baku
are calculated. These calculations can be used by the local
authorities, decision makers and other responsible institutions
(like Civil Defense, administrations, etc.) for the development
of a SEWS providing resilience of Baku infrastructure and
population in case of strong earthquake occurring anywhere in
Azerbaijan.

The models of the travel times of tsunamis propagating
trough the Caspian Sea and the calculations of them show
relatively high effectiveness of the TEWS regarding Baku city
and the oil and gas productive systems and low coasts.

Some practical considerations are presented about the
organization of a SEWS and TEWS in the region of Baku,
using the existing seismic network of Azerbaijan or creation the
own infrastructure of these early warning systems.
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OCHOBHM EMHOCTW MPUIATAHW B MPOLIECA 3A PA3MO3HABAHE HA OEPA3M
NPU PELLABAHE HA NMPOIrHO3HU MEONOXKN 3A0AYN

AmaHac Kucbos

Munro-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700Cocpus, e-mail: at.kisyov@gmail.com

PE3IOME. TeopusTa 3a pa3snosHaBaHe Ha 06pasi B reonior1siTa 1 no-kOHKpPEeTHO 3a knacuduumpaHe Ha 06eKTV N0 CbBKYNHOCT OT pasniyHi NPU3HaLM (reodn3niHm,
reoroxK1, reOXMMUYHI U [iP.) MIHTEH3NBHO Ce pa3BuBa 1 Ham1pa BCE MO-LIMpOoKa MpakTuyecka peannsaums. PasnosHaBaHeTo Ha 00pasu e MalLMHHO-OpUeHTUpaHa
MeTogonorus, no3sonseawa 6bp3 M MHOTOKpaTeH aHamnM3 Ha pasHoobpasHa WHdopMauus M OcUrypsiBalla MofyyaBaHe Ha KOMMYEeCTBEHW pesynTaTtu.
[MpunoxeHNeTo Ha METOANTE M3NOMN3BaHM 3a pa3no3HaBaHe Ha 06paay B reoNIOKKOTO MPOTHO3MPAHE M3NCKBA MPUNAraHeTo Ha NOCAEeA0BATENHOCT OT HAKOW OCHOBHM
AefHoCTH, CBbp3aHN ¢ noabopa Ha TepuTopusTa W 0DeKkTa Ha MporHoavpaHe, CbOMpaHeTo U KnacuduuMpaHeTo Ha MpU3HALy M3NOM3BaHW 3a onucaHue Ha
NPOrHO3HUTE 06EKTH, KaKTo 1 PopMUPaHE Ha eTanoHHN 06eKTH, KouTo Aa GbAAT N3NON3BaHM B NpoLEeca Ha Knacudukaums

MAIN ACTIVITIES APPLIED IN THE PROCESS OF PATTERN RECOGNITION USED FOR SOLVING PROGNOSTICATION
GEOLOGICAL TASKS

Atanas Kisyov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: at.kisyov@gmail.com

ABSTRACT. The theory of pattern recognition in geology and in particular for classification of objects in a set of different characteristics (geophysical, geological,
geochemical, etc.) is developing intensively and is having a wide-ranging practical implementation. The pattern recognition is a machine-oriented methodology
providing a rapid and repetitive analysis of diverse information and ensuring acquirement of quantitative results. The application of pattern recognition in geological
prognostication requires a sequence of some major activities related to the selection of the territory and the subject of estimation, to the collection and classification of
the characteristics used for description of the studied sites and to the definition of reference sites that can be used in the classification process.

BbuBepeHue MeToanuyHa cxema Ha NporHo3HaTa 3agaya

PeluaBaHeTo Ha BCUYKW MPOrHO3HU 3afayu BUHAr, B efHa MpunoXeHWeTo Ha MeTOOUTE 3a pasno3HaBaHe Ha 0bpa3n B
unu gpyra cteneH, € CBbp3aHO C €eNeMeHT Ha Heonpene- re0NI0KKOTO NPOrHosmMpaHe MU3NCKBa OCbLLUECTBABAHETO Ha
JIEHOCT. Hanpvwlep, TpaauuMoHHaTa KoHuenuua 3a meTano- cnegHUTe OCHOBHU ,El,eI7IHOCTVIZ
T€HHO MpOrHosnpaHe ce OCHOBaBa Ha NpeacrtaBata, 4e npu
OT4YUTAHE CaMO Ha HAKOJIKO OCHOBHW reOnoXKun d)aKTopa Haw- V|350p Ha TepuTopuAaTa u obekKTa Ha npordosunpaHe
e(*)eKTVIBHO MOXe Oa Ce peln 3agadarta, He3aBuCUMO OT MeTanoreHHoTO NPOrHo3npaHe ce OoCblleCTBABa 3a TEPUTO-
00CTOATENCTBOTO, Y€ MPAKTUYECKM BCUYKM TEOSTOKKM U pudata Ha CbOTBETHWUTE PYOOHOCHW PErvMoHW, CTPYKTYPHO-
FGO(ZbVI3I/NHI/I [aHHK NO CBOATa Npupoaa UMaTt CTaTUCTU4eCKU MeTanoreHH 30HWM Unu NPOBWHLUKUK, PYAHU pa|7|0|-||/|, pyaHu
xapaktep. OcBeH TOBa, (YHKUMOHANHWUTE BPbL3KM MEXDY noneta v pyaHu Haxoauwa. OBekTLT Ha NPOrHo3upaHe npuTe-
reonoXK1TE W reou3nyHUTE NapameTpu U opyasiBaHusTa ca aBa cnevuduyeH Habop OT TbPCELLM NpU3HALW.

CITOXHW U MHOrOBapuaHTHU. ETo 3allo Bce ﬂO-yﬁeﬂMTeﬂHO ce

Hanara ugesta 3a HacouBaHe Ha CTpaTervsita Ha MporHo3u- M36op Ha noaxoA Npv NPOrHO3UpaHeTo

PaHETO KbM KOMMIEKCHOTO 06paboTBaHe M aHammaupaHe Ha Bb3MOXHM Ca fgBa noaxoda KbM eofiOXKWTE YCMOBMS OT
uanaTta HanuyHa WHGopMauus 3a M3CredBaHuTe NAOWM M nosuumaTa Ha NPOrHO3WpaHeTo CbC CpefcTBaTa 3a pasnos-
nocnensallo npunoxeHue Ha MeToauTe 3a pas3no3HaBaHe Ha HaBaHe Ha 06p33VI - NNOLLHO " 06eKTHO NPOrHo3npaHe. (,Ely,qa
obpasuTe. u Xapr, 1976; Duda and Hart, 2000).

Mo-ronamata yvact oT MeToauTe 3a pa3no3HaBaHe Ha I7nou4Homo npocHo3upaHe npensuxaa pasgensHeTo Ha
0bpa3n ce OCHOBaBaT Ha MPUHLMNA Ha mpskaTa aHanorus. u3yyasaHata TepUTOPWUS HA paBHU MO MMOLW, Y4acTbLu
ToBa e TpaguumMoHeH noaxod W npu reonporHo3HUTe 3adadu. (enemeHTapHM yHaCTbLlM), BCEKWU, OT KOUTO, C KOMMNEeKC OT
Kato npasuno, npu T4X Ce CpaBHABAT W3CneaBaHUTE Mo npusHaun, ce cpaBHABA C €TanoOHHM y4acCTbLM.

KOMMnekc OoT reonoro-reod)maquM npusHaun y4actoln C
W3BECTHW €TasloOHHN MPOMULLIIEHN HaX0AMLa 1nu Heneperek- ObekmHOMOo npo2HO3UpaHe Ce CbCTOM B OLiEHKA Nepcrek-
TUBHU y4acTbLMN. TUBHOCTT@ Ha OTAENTHU TeO0NOXKU 00EeKTU UMK  TEONOXKM
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CTPyKTYpu. 3a UenTa Te Ce CbMOCTAaBAT C aHanmoruyHu
€TanoHHM 00eKTM (Hanmpumep, B rpaHWLMTE, Ha KOWTO MMa
HaxoguLa Ha Momne3HW U3KOMaeMN UNK C OeTanrnHn paboTv e
[0Ka3aHO TAXHOTO OTCHLCTBUE).

M360pbT Ha KOHKPETEH MOAXO4 3aBWCM OT LEnUTe Ha
MPOrHO3MPaHeTo, OT CTENEHTa Ha M3y4eHOCT Ha TepuTopusTa
1 OT €CTECTBOTO Ha MbPBUYHUTE MaTepuasny.

Mpu ronsMata [ETANNHOCT Ha reonoro-reonanyHNTe
paboTth 1 HeobXoaMMOCT fa Ce OLEHW KOHKpeTHaTa nepcrek-
TUBHOCT Ha OTAENHN 0BEKTM (CTPYKTYPM, MHTPY3WBH, pasnomu,
PyOHW noneTa U Ap.) e LenecbobpasHO MPUNOKEHMETO Ha
0DeKTHMS MoLX0L, NPY NPOTHO3MPaHETO.

MNOWHMAT NOAXOA & NOAXOAALL MABHO MPK PETYOHANHOTO
MONYPErvoHanHoTO MPOTHO3WpaHe BbpPXy MIOWM, KOUTO
BKITKOYBAT PA3NUYHK CTPYKTYPU.

OnpedensiHe Ha eNleMeHMapHUSI y4yacCMbK Ha NPO2HO-
3upaHe

Ako Obfie NpueT NNOWHMAT NOAXOA 3@ NPOTHO3MpaHe OoT
WSKIMIOYUTENHO BAXHO 3HAYEHWE € KOPEeKTHUAT M3bop Ha
eneMeHTapH yyacTbLy. 3a TakuBa 0BUKHOBEHO Ce npuemart
KNEeTKM C eHaKbB pasmep 1 eaHaksa opMa, CbBKYNHOCTTa OT
KouTo 0bXBallia UsnaTa uscneasaqa Teputopus. PasmepsT Ha
enemMeHTapHUTe y4acTbLyM 3aBUCM MaBHO OT Malaba Ha
MPOrHO3HUTE NPOYyYBaHKS.

HabupaHe Ha u3xo0Ha CbeKynHocm om npusHayu 3a
onucaHue Ha Npo2HO3HUMe obekmu

EQWH OT Hail-CNOXHUTE W BaXHW €Tanu Ha KONMYECTBEHOTO
MeTaroreHHO MpOrHo3uWpaHe e HabupaHeTo Ha U3XOLHMS
KOMMIIEKC OT MpW3HaLM, KOUTO Ce W3NON3BaT 3a OMKUCaHME W
CbMOCTaBSHE Ha ENeMEHTapHWTe yyacTbuu. ToBa €
Hechopmanusyem npoLec, Npu KOWTO ca peLuaBalliy OnuTbT U
3HaHWaTa Ha cneumanucta. CobliecTByBaT obaye HsKOM
cbobpaxeHus, kouto TpsibBa aa ce ortumtar. CbrmacHo c
NPUHUMMIUTE Ha cTaTucTMyeckata obpaboTka W aHamuaa,
rEONOXKWTE MapamMeTpy MoraT fa Ce pasrnexgar karto
MpU3HaLK, aKo e Bb3MOXHO 4HO3HAYHO fa ObaaT onucaHu 3a
BCWYKM enemeHTapHW ydactbun (Silverman, 1986; Scott,
1997).

[aHHMTE 33 NpOrHO3MPAHETO Ce B3eMaT OT MbPBUYHUTE
FEONOXKN MaTepuanm — reonoxki, reousnyHn, reOXUMNYHN,
TOMorpachcky M ApYrv KapTu, KakTo M OT NPOAYKTH Ha TAXHaTa
obpaboTka. BugbT Ha Te3u [aHHM, KOMTO B TEPMMHONOMUsITa
Ha aBTOMATU3MPaHOTO NPOTHO3MPaHe Ce HapuyaT NpuaHaLy, e
M3BbHPEOHO pa3HoOGpaseH.

[laHHuTe Ce B3eMaT Ypes U3MepBaHe Ha onpefeneHa xapak-
TEPUCTWKA BbPXY rpyna oT obekTn. Korato uaMepBaHusTa Ha
Ta3M XapakTepucTuka MoraT Aa fpuemat pasnuyHi YMCroBU
UMM HEYMCTIOBM CTOMHOCTM, Ta3n XapakTepucTuka ce Hapuya
npomeHnnuea. OT pyra CTpaHa, ako XapakTepucTukaTa e efHa
W Cblua 3a BCEKM ENEMEHT Ha rpynata, TO TS € KOHCTaHTa.
KoHCTaHTWTE He noanexat Ha CTaTUCTUYECKM aHamnua.

MpomeHnuBuTe MoraT fa Obaat knacuduumpaHn no pas-
NWUYHN HaumHW. KnacudpukaumsTa Ha NpOMEHNMBMTE cnopen
TEXHWSA TUN € UNKCTpUpaHa Ha gurypa 1.
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HPUML‘IIJIHUH

Konuuecrsenu
MPOMEH/IHBH

Kauectenn
NMPOMCH/IHBH

Jluckpetnn
[pHemat yHCIOBH CTOHHOCTH
OT H3OPOHMO MHOKECTBO,
HANPUMEp LETH YHCNa

Henpexbsenatn
[Npuemar uncnosH cToiiHocTH
OT HEH3OPOHMO MHOKECTBO,
HAMPHMEp peanti YHcaa

®ur. 1. Knacudmkaumsita Ha NPOMEHNMBUTE Cnopes TEXHUA Tvn

OCHOBHOTO pasrpaHuyeHe Ha NPOMEHNNBUTE € Ha Kosu-
yecmeeHu (HapuyaHu Olle YuCrosu UMW 8apuayUOHHU) 1
KayecmeeHU (HapuyaHW oOlle KamezopuliHu wnn ampuby-
MuBHU).

Konusecmeenu npomexnugu ca Te3W, YUUTO CTOMHOCTU Ce
“3passBaT C uucna B CbOTBETHA Msipka. KonuuecteeHute
MPOMEHNMBN CE MOAENST Ha HenpekbCHamu (HapyiaHu olue
UHOUCKPEMHU Wnn Heu3bpoumu) 1 QucKpemHu (HapudaHu oLe
npekbCcHamu wnm usbpoumu).

Yucnosa nNpOMEHNMBA, YMIATO [OMYCTUMM CTOMHOCTA Ca
Hem3bpoUMM Ce Hapuya HenpekbCHama npOMeHsusa
(continuous  variable). ~ CrnyyaiHata BenmumHa X €
HenpekbCHaTa ako MOXe fda mnpuema BCUYKA Bb3MOXHM
CTOMHOCTM B [JajeH KpaeH wnu OeskpaeH WHTepBan.
BeposTHoCTTa 3a npuemaHe Ha BCsika BOMyCTMMA CTOMHOCT X
e Hyna (P(X=x)=0 3a Bcsko x). 3a egHa HenpekbCHaTa
CcryyaliHa BenuuMHa komynaTuBHaTa (yHKUMS Ha pasnpefe-
neHve e HenpekbcHaTa (6e3 ckok). HenpekbcHaTaTa npoMeH-
NMBa MOXE fa npuema BCsAka efHa CTOWHOCT BbpXy Ckararta
Ha u3mepBsaHe. CnefoBaTenHo, YeCTO kasBaliku, Ye gageHa
NPOMEHNMBa e HenpekbecHaTa e MMame Npeasua He TONKoBa
KOHKPETHUSI pesynTaT OT W3MepBaHeTo, a No-CKopo Mogena,
KOWTO M3nonaBame Npy aHanu3a 1 MHTepnpeTaumaTa Ha Tasu
npoMeHnuBa. B To3u cnyvaii LWwe npeanonarame, Ye Hama npe-
KbCBaHUS MEXLy OTAENHUTEe CTOMHOCTW Ha M3MepuTenHata
ckana. Ha npaktuka He MOxe Aa Ce M3Mepu HenpekbcHaTa
npomeHnuBa C OeskpailHa TOYHOCT UM 3aToBa TH Ce
anpokcumupa ¢ u3bpouma, guckpetHa npomeHnmea (Ty u
loHcanec, 1978).

UncroBa nMpoMeHnMBa, YMATO [ONYCTUMKU CTOWHOCTW ca
n3bpoum Gpoit ce Hapuua OuckpemHa npomeHnuga (discrete
variable). TwnuyeH npuMep ca NPOMEHIUBUTE, YMIATO
CTOMHOCTU Ca MOAMHOXECTBO Ha yenume yucna (integer).
CnyvaiiHaTa BenuuMHa X € OMCKpeTHa, ako C onpefesieHa
BEPOSTHOCT MOXe Aa Npuema OTLENHM, U30NUPaHN Bb3MOXHM
CTOWHOCTW. [lMckpeTHaTa MNpOMEHnMBa MOXe [fa npuema
CTOWMHOCTM CaMo OT efHO M3bponmo (kpaiHo unu 6e3kpaiiHo)
MHOXeCTBO.

KauecmeeHu npomeHugu ca Te3u, YUMTO CTOMHOCTM HAMAT
YMCINOB W13pas, a Ce [aBaT OnucaTernHo, CroBecHo. Takuea ca
Hanpumep neTtporpadcka pasHOBMAHOCT W Ap.

OcobeH BUA Ka4eCTBEHW MPOMEHNBI Ca Te3un, KOUTO UMaT
CaM0 [Be Bb3MOXHM CTOWHOCTW, MpeACTaBnsiBaly npocTta
anTepHaTvBa. TakbB € Hanpumep CnyyasT, Korato AapeHa
efuHALa unu uma (“ga’), unu Hama (,He”) JajeHo KavecTso
WK CBOMCTBO. TakvBa NPOMEHNMUBK Ce HapuyaTt OUXOMOMHU
unu anmepHamusHu (Byholt and Hjort, 1996).
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Crnenea fJa ce oTOenexu, 4ye MeToauTe 3a aHanu3 Ha
[aHHUTE ca TACHO 0OBbP3aHM C HaunMHa Ha uamepBaHe. Mpw
aHanu3a Ha AaHHWUTe Ha NpefeH NiaH W3nn3aT 3HaHUsTa HU 3a
CTOMHOCTUTE Ha CBOMCTBATa Ha obektute. Teau CTOMHOCTU ce
nony4yaBsat Ype3 M3MepBaHe Ha HYXHOTO CBOWCTBO Ha obekTa.
Mon u3mepBaHe LWie pas3bupame NpUCBOSIBAHETO Ha onpege-
NEeHN CUMBONM Ha M3y4aBaHOTO CBOWCTBO B CLOTBETCTBME C
npeaBapuTenHo 3agafeHo npaswno. Tesn CMMBOMM MoraT aa
6baat 6ykau, Lnudpu MM yucna B 3aBUCUMOCT OT CkanaTta Ha
“3MepBaHe, KOSATO Ce onpedens OT TMMa Ha NpoOMeHnuBaTa —
KONMYeCTBEHA WM Ka4ecTBEHa.

Ob6cbxaaHeTo Ha ckanuTe Ha M3MepBaHe € TBbPAe BaxHO,
KoraTo ce MpeaBukaa W3non3BaHe Ha CTaTUCTUYECKM MeToaM
3a aHanu3. Ckanata, no KOATO ce u3MepBa JafieHa NpoMeH-
nuBa € (hakTop OT roNsAMO 3HAYeHue 3a onpenensHeTo Ha
NOAXOASLYM METOAN 33 aHanu3 Ha AaHHWTE BbB BCAKO €fHO
nscneasaHe. PasfensHeTo Ha ckanuTte 3a WU3MepBaHe ce
M3BbpLLIBA B CHOTBETCTBME CbC CTEMEHTa Ha TOYHOCT Ha
M3MepBaHeTo, Unu Cc Apyrv gymu, B CbOTBETCTBME C KONK-
4eCTBOTO MH(OpMaLys, koeTo Te HocaT (Myashita et al.,1993;
Devroye et al., 1996).

W3mepeaHusTa MoraT ga 6baat knacuduumpaHu B CbOT-
BETCTBUE C muna wnn (epapxusma Ha MepHaTa ckana.
ChbluyecTByBaT YETMPM TUMa CKarv 3a MU3MEepBaHe KaTo BCska
criefBalla e no-TovHa 1 no-MHopmMaTiBHa OT NpeaxoaHaTa B
epapxusita. KayecmeeHume NpOMEHNMBK Ce W3MepBaT B
HOMUHafHa Wunu paHeoga ckana, a Ko/uyecmeeHume — B
UHmMepeasnHa NN ckana Ha omHoweHusma. MbpeuTe aBe
ckarnu ce HapuyaT HeMempuU4HU, a BTOpUTE ABE — MEMPUYHU
(pecn. uMa HEMETPUYHN U METPUYHM [aHHM).

3a TnoBeTe ckanu moxe fa 6bae 0600LeHO KakTo cneaga:

- HOMMHanHaTa ckanma knacuduumpa 6e3 pa 3agasa
Hapenba;

- paHroBaTa ckana Knacuduumpa kato 3ajaea M NUHeNHa
Hapenba;

- UHTepBarnHata ckanma knacudwuumpa Kkato 4 3agasa
NuHeNHa Hapenba, HO [OMBLIHWTENHO 3adaBa OTHOCUTENHA
eOMHMLA Ha U3MEpBaHETO W OTHOCUTENHO Hayano Ha
U3MepBaHeTo;

- CKanarta Ha OTHOLWeHusTa Knacuduuupa kato 3ajasa W
NWHeNHa Hapenba, OCBEH ToBa MMa 3ajafeHa eduHWua Ha
“3MepBaHeTo 1 abCoNITHO Havano Ha ToBa N3MepBaHe.

OnucaHue Ha 8CuYKu efleMeHMapHU y4acmbyu no Habopa
om u3xo0HU nNpusHayu

AsTOMaTU3MpaHuAT npouec Ha obpaboTka W aHanu3 Ha
MHOpPMaLMATa M3NCKBA HENHOTO NpoBexaaHe BbB opma
yoobHa 3a maTemaTuuecka obpaboTka. ToBa Hai-4ecto e
uucnosata opma Ha [fdaHHuTe. 3a HEMHOTO nocTUraHe
[aHHWTE npegBapuTenHo ce kogupat. KogoseTe Tpsbea ga
YAOBMETBOPSBAT W M3NCKBAHWATA 3a CTaHAApTU3WpaHe Ha
[aHHUTe — eAHO3HAYHOCT, KPaTHOCT, aAMTWUBHOCT, Nporpe-
CMBHOCT ¥ Ip.

C'bLL|eCTBeHO MEeToAMYHO 3Ha4YeHWe WMa HaYUHBT Ha
NpeacTaBsHe  Ha  MpuU3HaUMTe  MpU  OMMUCaHMe  Ha
€reMEeHTapHUTE yyacTbUW. 3a KOMUYEeCTBEHUTE MpU3HALM
(Hanpumep pa3npefeneHreTo Ha NOTEHUManHUTe reouanyHmn
noneta) ce oMKCHpa CTOMHOCTTA Ha NMapameTbpa 3a BCEKM OT
enemeHTapHuTe ydyactbuu. [lpyn KayecTBeHUTE Mpu3HaLW
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obaye (Hanpumep HanmuWuMe Ha OnpedeneHa reonoxka gop-
Maumsi) akToNoMMYHOTO OMMCaHMe CbBnaga C anTepHaTuBHa
KOHCTaTaums, T.e. Bb3MOXHO € Cam0 €[HO OT [Be B3auMOu3-
kntousalm ce ctoiHocT (1 unm 0, T.e. "ga" unm "He"). Tosu
BMO MPU3HALKM, MMEHYBAHM Hal-4yeCTo KapTorpaduuecku, e
LenecbobpasHo ga 6baat 06paboTeHn NO NOAXOASL, HAuMH,
3a fa ce Mofyyu CTOWHOCTHO OMMCaHWe U Aa ce Cbagagar
MPeanocTaBkM 3a MO-MbIHO W3BMMYAHE Ha MonesHaTa
nHdpopmaums (Ruiz and Lopez-de-Teruel, 2001; Pao, 1990).

Mpu3HauuTe ce OnMUCBaT KONMMYECTBEHO Ype3 KoaupaHe Ha
W3XOOHWTE MPOMEHNMBM B OnpefeneH Opoit WHTepBanM -
epadayuu Ha npusHayume. BposiT M rpaHULMTE Ha rpagauumuTe
ce noabupat KOHKPETHO 3a BCEKW MPU3HAK Taka, Ye Bb3MOXKHO
Han-MbnHO ” OO0CTOBEPHO AOa onuceat CTAaTUCTUYECKOTO MY
pasnpegenenue. Mpu ToBa Ce TbpcK ONTUMarneH KOMMpPOMMUC
MeXay ABE NPOTUBOPEUMBM TEHAEHLMM:

- MO Bb3MOXHOCT fa Ce rokanusupar obnacTtute c
€KCTPEMarHM CTOMHOCTY Ha MPOMEHNMBATA;

- [a ce NnoCTUrHaT ycnosus, Npu KOUTO NTbTHOCTTA Ha
pasnpegeneHne Ha obocobeHuTe rpajaumMm  fa  He
BrnaronpusTcTBa 3a 3abaBsiHe Ha Manbk Gpoit CTOMHOCTY
Ha NpoMeHnuBaTa, MHOPMATUBHOCTTA Ha KOUTO MOXe Aa
ce onpefenn [ocToBepHo HaaexaHo(Ty u [oHcarec,
1978).

dopmupaHe Ha Cb8KYNHOCMU OM emasioHHU obekmu

®OpMMPaAHOTO MPU3HAKOBO MPOCTPAHCTBO (MAcuBbT OT
OnUCaHMATa Ha eneMeHTapHuTe yyacTbly) B obLims cnyyan
ce pasbuBa Ha Tpu 0bnacTu: eTanoHu OT MEPCreKTUBHM
(PyBHM) yvacTbum, €TanoHW OT HenepcrekTBHW (Be3pyaHu)
yyacTbUM 1M yyacTbuu, Ha Kouto TpsbBa Aa Ce OLeHu
MepcnekTMBHOCTTa.

MogxoobT KbM pellaBaHETO Ha 3agavarta 3a u3bop Ha
€TaNoHM OT [BaTa KNacU(MKALMOHHW Krmaca - pPyaHu
(nonoxutenHn) u GespyaHu (OTpULATENHM), WMa ronNsMO
3HayeHne. ToBa € MHOTO BaXeH MeTOAMYeH BBMPOC Ha
obpaboTkaTa, OT KOATO 3aBMCU OMTMMANHOTO M3MOM3BaHE Ha
anpuopHara uHgopmaums. CrneLmanHo BHUMaHWe 3acnyxasar
ABa acrekta Ha TO3W BbMPOC - MPOCTPAHCTBEHOTO Pasnono-
XEHWEe Ha eTaroHuTe W (HOPMMPAHETO Ha CbBKYMHOCT OT
€TanoHn 3a NpeacTaBsHe Ha knac 6e3pyaHu. BeposTHOCTHO-
CTaTUCTUYECKUTE CXEMM, KOUTO MoraT Aa Ce M3nonssaT 3a
pasnosHaBaHe, M3UCKBAaT CbBMAJEHWE HA MHOTOMEpPHUTE
pasnpedenexns 3a eTanoHuTe UM pasnosHaBaHuTe obekT B
NPOCTPAHCTBOTO Ha AWarHoCTMpalLmTe npuaHaun. Toea nawnc-
KBaHe Ce M3MbIlHsBA YOOBNETBOPUTENHO, aKO eTanoHHUTE U
pasno3sHaBaHUTe 0DEKTM ca Pa3nonoXeHun JOCTaTbYHO PaBHO-
MepHO B U3crefBaHaTa TepUTopus.

[lokaTo BBMPOCHT 3a M3GOp Ha eTanoHu OT MbpeM Knac -
PYOHW, Ce pellaBa eAHO3HAaYHO, CbBKYMHOCTTA OT 0GeKTU OT
BTOpM knac - 6espyaHn, BuHark ce HOpMUPa B 3HAYUTENHA
CTeneH YCrioBHO. Bb3MOXHM ca [1Ba BapuaHTHW noaxoga. Mpu
MbPBUS €TanoHMTe OT BTOPW Knac ce HaBupat oT foGpe
W3Yy4eHM y4acTbLM, HA KOUTO He e YCTaHOBEeHa MPOMMLLMEHa
MUHepanusaums. pu BTOpUA ce aHanuaupa pasnpegene-
HMETO Ha MpU3HaLMTE 3a LiAnata TepUTOPUSA, B KOATO HAMa
MpOMULLNEHN OpyAsABaHWs. [Mpu MbpBUS BapUaHT MHOrO
TPYOHO Ce U3MbMHSBA YCMOBMETO 33 PaBHO3HAYHO W PaBHO-
MEpHO OTOensiHe Ha OTPULATENHUTE E€TanoHM  BbPXY
nacnefsaHaTta Teputopusi. BTopuaT BapuaHT ce ocHoBaBa Ha



npeanocTaBkaTa, Ye 3af rpaHuLMTE HA U3BECTHUTE MPOMMLL-
NEHU MUHepanu3auun OpyasBaHWsiTa Ce cpewaT TBbpae
PSIOKO, KOETO HE BUHArY e BanMaHO 3a LisnaTa TepUTopHs.

U360p Ha memod 3a pa3no3HasaHe Ha obpasu

PasnosHaBaHeTo Ha 06pa3uTe e HayyHa obnacT, u3yyasalla
(DYHKUMOHMPAHETO HA CUCTEMMW, KOMTO WM3BMM4aT obumTe
XapaKTEPUCTWKA Ha CBBKYMHOCT OT 0BeKTU, KakTo U MeToanTe
3a cb3gaBaHe Ha TakmBa cuctemu. (Duda etal., 2000;
Devroyeetal., 1996). 3a pelueHneTo Ha npobnema 3a pasnos-
HaBaHe Ha obpasu (pattern recognition) ce u3non3sear LIMPOK
Kpbr OT MeTOAM 3a W3BMMYaHe Ha 3HaHust (knowledge
discovery) B ronemu 6a3u aaHHu (data mining).

OnuTbT NOKa3ga, Ye moraT fa ce 060cobAT ABe NOCTaHOBKM
B NpoLieca Ha pasno3HaBaHeTo:
lMbpBaTa npedBwxda Cb3daBaHETO Ha MOHe ABe
oOyyaBalln u3BagkM Ha Oasata Ha eTanoHHM ODeKTw.
Mpegnonara ce, Ye eTanoHHUTe 00ekTW, 0beanNHEHN BbB
BCAKA OT rpynuTe, ca MPOSIBlEHME Ha aHamnoruyHu reo-
NOXKN (haKTOpU U pasnuumsTa WM UMaT CryyaeH W
HesakoHoMepeH xapakTep. ObeanHsBaHeTo Ha pasHo-
poaHu 0DekTM He No3BonsiBa Aa Ce NOMy4YM YLOBMETBO-
PUTENHO, KakTo BbB (DOPManHO, Taka W B TEONOXKO
OTHOLLEHME, MPOrHO3HO pelleHue. 3aToBa B paiioHW, B
kouTo Ce Habntogasa ronsiMo pasHoobpasue Ha reomnox-
KWTe ycnoBws ce gonycka no-ronsm Opon oBydvaBalum
n3eagku. [pucbcTBneTo Ha obyyaBawy rpynum  oOT
ernemeHTapHu 0BekT B npoLegypaTta No pasno3HaBaHEeTo
OTZens Krnac 3agadqu, 03HavaBaHu KaTo ,pa3no3HasaHe Ha
obpasu ¢ 0byqeHue".
Broparta noctaHoBka MpeABWKAa M3NOM3BaHETO Ha
Taka HapeyeHa asmomamuyHa Knacugukayus (pa3nos-
HagaHe 6e3 0byyeHue). Mpunara ce B cnabo M3yyeHu
TEPUTOPUM, KbOETO € 3aTpPyAHEHO KOMMMEKTOBAHETO Ha
€TanoHHW rpynu obexTy.

Mpyu M3NoOnN3BaHETO Ha anropUTMW 3a pa3no3HaBaHe Ha
obpasan ce wu3xoxga OT CBOWCTBOTO Ha MPWU3HAKOBOTO
npocTpaHcTeo. Mprema ce, Ye NOCTaHOBKaTa Ha 3ajayata 3a
pasno3HaBaHe € AEeTePMUHUCTMYHA, KOrato NPOCTPaHCTBOTO
Ha Mpu3HaUMTEe MOXe [a Ce pasdenn Ha Henpecuyawy ce
00eKTn BCeKM, OT KOUTO AedMHMpa eanH OT KnacoseTe. AKO
CblUeCTBYBa CMECBaHE Ha KnacoBeTe B MPOCTPAHCTBOTO Ha
npu3HauuTe, THXHOTO pasdeneHue € OCbLYeCTBUMO Ha
OCHOBaTa Ha CTaTUCTMYECKUTE MOCTAHOBKW 3a PELUEHWe Ha
3ajauuTe 3a pasnosHaBaHe Ha obpasu. To3u NOAXoA KbM
CBOWCTBATAa Ha MPU3HAKOBOTO NPOCTPAHCTBO  pasaens
anropuTMUTe 3a pasno3HaBaHe Ha obpasu Ha ABe Tpynu:
LETEPMUHNCTMYHM UM cTaTucTuyeckm  (Kohonen,  1986;
Mulleretal., 2001).

W3nonseat ce M Apyru knacudukaumu 3a pasgensHe Ha
anroputmute. CblyecTByBa anTepHaTUBHA rpyna anroputmu,
npu KOSITO € CbllUecTBeHa WHopMauusiTa, onucealla
CTpyKTypaTa Ha Bceku 00ekT. Mpu TsX OT npouedypaTa 3a
pasno3HaBaHe CE M3WCKBA He caMo Aa OTHece obekTa KbM
onpederneH Knac, HO M f[a Ce OnuwaT Te3W HEroBu CTpaHM,
KOUTO M3KNKOYBAT OTHACSHETO My KbM [pyr knac. TakbB
noaxof Ce Hapuya ,CUHTaKTUYEH" (CTPYKTYPEH).

MpUNOXEHNETO Ha CTATUCTUYECKUTE PELLEHNS € CBbp3aHa C
no-roreM1 TPYOHOCTW, OTKOMKOTO Ha  AETEPMUHMCTUYHUS
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nogxod. [lpu cratuctuyeckute anroputmu Tpsibea da ce
OTYMTa HE3aBWCUMOCTTA Ha MPW3HALMTE W 3aKOHA Ha
pasnpefeneHneTo um, obembT Ha obyyaBawute wU3Bagkv U
T.H. CTatncTnyeckusTaHanums, obaye, npeoaonsea NpeyeLoTo
LENCTBME HA MHOrOTO ChyyaiiHW hakTopu, KOUTO Mackupar
XapaKTEPHUTE pasnuuMs Mexay KnacoBeTe W 3aTpyaHsBaTt
TAXHOTO pasgensiHe.

B cpaBHeHWe C BepOSITHOCTHWS, AETEPMUHUCTUYHWST
nogxog e no-cnabo paspaboTeH, HO BbMpekn TOBa MMa
Lmpoka obnacT Ha npunoxeHue. Ton e ocBoboaeH OT peauua
OrpaHWYeHNs U U3NCKBAHWS, MPEAsSBSBAHM KbM WM3XOAHUTE
AaHHU. [1eTEPMUHUCTUYHITE (EBPUCTUYHI) aNrOPUTMW UMAT 3a
Lien HaMMpaHEeTO Ha Hall-KpaTKWTE MbTULLA KbM peluaBaHeTo
Ha nporHo3HuTe 3agaum (Rumelhart and McClelland,1986).

Mpuema ce, 4e edqeKTMBHOCTTa Ha pa3no3HaBaHETO Ha
0bpasn 3aBuCK OT OCOBEHOCTUTE MpK M3MON3BAHETO Ha pas-
pelLaBallaTa cxema B JafeHa 3afadya, a He OT WHAMBMAayan-
HWTe OCODEHOCTM HA anropuTMUTE, OCBLECTBSIBALM KOH-
KpeTHaTa cxema Ha pasnosHaBaHeTo. [lpu egHaksu apyru
YCNOBWS, Hal-MOAXOAAWM Ca Te3n anropuTMu, KOWTO
pa3fensT KnacoBeTe C MOMOLWITA Ha HaW-NpoCTW peluaBally
npasuna. [lopagu TOBa, MpW pPELIEHMETO Ha [JageHa
MpOrHo3Ha 3ajaya WM3CrefoBaTensT € 3auHTepecoBaH Aa
pasnonara ¢ Habop pasHoobpasHn anroputmu. Bnocneactame
ce u3bupa kato paboTeH TO3M anropuTbM, KOWTO NpU
KOHKPETHWTE YCNOoBUS € Han-eDEKTMBEH U JaBa Hal-MPOCTO U
HafEXOHO PELLEHME.

Pa3no3HasaHe u Knacugukayus

CBLUMHCKOTO pasrno3HaBaHe Ce CbCTOM B MOCTPOSIBaHE Ha
chopmaneH TbPCELLO-OUEHbYEH KPUTEPUA Bb3 OCHOBA Ha
n3bpaHust anropuTbM 3a pasnosHaBaHe Ha obpasu. MNpeau ga
MOCMNYXM 3a NPOrHO3WpaHe, peLLaBaLLoTo NpaBuUno ce Noanara
Ha CbAbpXaTeneH aHanua. Hai-4yecTo OueHKaTa Ha KayecT-
BaTa Ha peLLaBaLloTO NPaBWIIO CE M3BBLPLUBA NO pesynTaTute
OT KnacuuUMpaHEeTO Ha KOHTPONMHW ODEKTW, KOUTO He ca
13non3BaHn B onepauusTta no obyveHueto. Cneupanmcture
aHanuaupaT  pesynTaTMTE  OT  KOHTPOSHUTE  PELUEHMS,
OTuMTaliKM OPOAT Ha rpeLukuTe M 0TKa3uTe 3a Knacudukawms,
B HEMoCpecTBEHA Bpb3ka C  TEONOXKMS CMMCbI  Ha
pasgeneHneTo Ha obekTute. Mpu HeOBXOAMMOCT peLLaBaLloTo
npaBuro ce kopurupa. 3a Lenta Moxe Aa ce npedopmynumpa
NPM3HAKOBOTO MPOCTPAHCTBO, Aa CE MPOMEHM CbCTaBa Ha
obyyaBalwute u3BaAKM, WM Ja Ce CMeHW u3bpaHusT
anroputbM. Teau npoLecu ce NOBTapAT, JOKATO ce nonyyar
YOOBNETBOPUTENHM pe3ynTath. Bb3 OCHOBA Ha YTOUHEHOTO
pelliaBallo NpaBWUNMO Ce W3BbpLIBA KnacudukauusTa, T.e.
aBTOMATUYHOTO pasfensiHe Ha M3CNeABaHWUTE TepUTOPUM UNnu
0bekTM Ha KknacoBe C reonoxko cbabpxaue (Orr, 1996;
Haykin,1998;).

OueHka Ha HalexdHOCMMa Ha peuwleHUsma

ManonssaHeTo Ha TecToBa rpyna 06ekTM C M3BeCTHa
MPUHAANEXHOCT € Hail-YecTo NpUnaraHusAT MeTo[ 3a OLeHka
Ha HafeXaHoCTTa Ha pasno3HaBaHeTo. TakbB MOAXof €
onpaBaaH Mpu [OCTAaTbYHO roNeMU NPeACTaBUTENHI rPynn OT
0beKTM C M3BECTHA TeonoXKa MPUHAANEXHOCT. B nmpoTueeH
cnyyal ce u3Non3Ba MeTOAbT Ha  M3KIIOYBAHETO OT
06yyaBalloT0  MHOXECTBO Ha  eauHWMYHM  0BeKTU 1
Pa3rMexXaaHeTo MM B TOCHEACTBME  KaTo  KOHTPOITHU.
Mpouemypata ce MOBTapsi 3a BCWYKM OBEKTU BKIIOYEHW B



obyyeHneTo. lMpn CTATUCTUYECKUTE METOAM, KAaYecTBOTO Ha
pelLaBaloTo MpaBWUIo Ce OLeHsBa MO KracudukaLMoHHaTa
rPELLKa, KOSITO MMa BEpOSITHOCTEH XapaKTep.

3aknioyeHune

MpunoxeHWETo Ha MeToauTE 3a pa3no3HaBaHe Ha 0bpasm,
Ce Hanara KaTo efuH CbBPEMEHEH MOAXOA KbM aHanusa W
W3BNIMYAHETO HA 3aKOHOMEpPHOCTM Mpu obpaboTkaTta Ha
MaCMBM FeOnoXKM 1 TEOM3NYHN LAHHW U NPUNOXEHUETO UM
3a NPOrHo3MpaHe Ha HaxOAMLLA Ha NOMNE3HN U3KoMaeMM.

B Tasu Bpb3ka, Ypes NPUNOKEHNETO Ha METoAaMoraT Ja ce
peLwlaT cnegHuTe 3adavun.

+ PaspabotBaHeTo Ha MeToaM 3a  OTKPWUBAHE
WHTEPNPETaLMS Ha 3aKOHOMEPHOCTY B MACUBM AaHHW;

+ Cb3gaBaHeTo Ha (hopmaneH esuk 3a MOCTpOsiBaHE Ha
moaenu, onucealin 3aKOHOMEPHOCTUTE B  AaHHUTE U
NPUIOXeHUeTo My 3a NpefckassaHe 1 TbpceHe B 6asn AaHHw;

+ Cb3gaBaHETO Ha MeToaM 3a MpOrHO3WpaHe Ha pyaHu
HaxomuLLa, Npu HaNoXeH! MOAENHU OTpaHUYEHUS);
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GEOPHYSICAL APPROACH FOR MONITORING SALTWATER INTRUSION IN COASTAL
AQUIFERS

Yanko Ivanov, Atanas Kisyov

University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria; ianko@mail.bg, at.kisyov@gmail.com

ABSTRACT.In many places around the world groundwater is used as a main source of fresh water. The alarming rate of increasing the world's population makes its
monitoring and managing of great importance. Both anthropogenic activities and natural phenomena lead to displacement of fresh groundwater by saline water.
Electrical Resistivity Tomography (ERT) performed with various electrode configurations is widely used geophysical technique for high resolution illustrations of sites
with complex geology. 2D electrical resistivity surveys were conducted near Yovanitsa port on Mount Athos in Northern Greece. The obtained results suggest that the
ERT can be a powerful tool for delineating aquifers, reconstructing saltwater wedge geometry and contouring the zones with higher level of salinization which are
necessary for the process of prevention.

FEO®U3NYEH NOAXOA 3A MOHUTOPUHI HA COMNHUA KNUH B KPAUBPEXHUTE 30HU
SHKo UeaHos, AmaHac Kucboe
Munto-eeonoxku yHusepcumem ,Cg. Mear Puncku®, 1700 Cocpusi; ianko@mail.bg, at.kisyov@gmail.com

PE3IOME. Kato M3TOUHWK Ha NuTe/iHa BOAA Ha MHOTO MecTa No CBeTa Ce M3NOn3BaT NMoA3EMHUTe Boau. TsxHaTa OLeHka W yNpaBneHue ca U3KMIOUNTENHO BaXH
nopaau NocTOsIHHOTO yBeNUYaBaHe Ha CBETOBHOTO HaceneHue. /1aMecTBaHeTo Ha crafikara OT ConleHaTa BOfia € pesynTaT KakTo OT aHTPOMoreHHa JedHOCT, Taka u
OT NpUPOAHU (heHOMeHW. EnekTpockNpoTUBUTENHATa TOMOTpacusl, peanuanpaHa ¢ pasniuyH eNeKTPOLHNA CXeMU, € LUIMPOKO M3NoN3BaH reotmauyeH MeTop 3a
rnonyyaBaHe Ha M30BpaxeHWe C BUCOKAa pa3fenuTenHa CnocoGHOCT Ha palioHU C KOMMMeKCHa reonorusi. V3BbplueHu ca ABYMEPHU eneKkTpoTOMorpadcku
nacrieaBaHMs B paifoHa Ha npucTaHuwe Mosawnua Ha nomyocTpo AToH B CesepHa bpuvs. MomyyeHuTe pesynTaTv nokassaT edbekTWBHOCTTa Ha MeToda
3aKapTupaHe Ha XMAPOTeONOXKUTE YCIOBMS, YCTAHOBABAHE Ha TEOMETPUYHUTE XapaKTEPUCTUKIA HA COMHUS KIMH W ONpefensiHe Ha 30HUTE C NMOBULLEHO ChAbpXaH1e
Ha Conu, KOUTO Ca HeoBXOAMMM NPU NNaHUpPaHe Ha MPEBAHTUBHN AEHOCTY.

Introduction geophysical technique is the Electrical Resistivity Tomography
(ERT). Performed with various electrode configurations the
The beauty, richness, wide variety of valuable habitats and method is very effective for high resolution illustrations of near-
ecosystems have made the costal zones one of the most surface resistivity anomalies.
popular settlement areas,tourist destinations, business zones
and transit points. They are among the most productive areas Major Well contaminated

irrigation with saltwater
well

in the world with currently more 200 million European citizens,
stretching from the North-East Atlantic and the Baltic to the
Mediterranean and Black Sea. Being heavily populated and
excessively exploited in terms of natural resources puts costal
ecosystems in a great risk. One of the critical phenomena
which mainly effects these areas is contamination of the
aquifers with seawater. The extent of saltwater intrusion (fig. 1)

is a result of both natural processes (sea level rising, drought, gl \ ;
changes in the timing of freshwater delivery to estuaries) and
anthropogenic activities (damming rivers, freshwater removal TR T
for municipal, industrial or agricultural use, changes in e
freshwater inflow). 0 Mot arainc

Estimation of salt intrusion can be made with the classical Fig. 1. Cross section of contacts between a coastal aquifer and saline
chemical methods measuring those parameters that best groundwater (Miller and Spoolman, 2007)
highlight the saline contamination as electrical conductivity and
chloride concentration (Satriani et al., 2011). Alternatively, Generally, all water contains dissolved chemical materials
applied geophysical techniques characterizing the called "salts". When the concentration of these dissolved
hydrogeology of coastal aquifers can be used. As saltwater materials increases drastically, the water is referred to as
intrusion may occur at different depths the most appropriate "saltwater". As freshwater is usually consideredwater having a
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total dissolved-solids concentration of less than 1,000 mg/L
whereas saltwater ones as greater than 1,000 mg/L. The upper
limit of freshwater can vary and is based on its suitability for
domestic use. Concentration of 2,000 to 3,000 mg/L is
considered the limit of water being too salty to drink. Waters
with total dissolved-solids concentration of 1,000 to 35,000
mg/L are called “brackish” with upper concentration limit set at
the approximate concentration of seawater of 35,000 mg/L
(Table 1). When dissolved-solids concentration exceeds that of
seawater, we have concentrated seawater usually called brine,
in most cases containing mostly sodium chloride (Chitea et al.,
2011; Barlow, 2003).

Table 1
Average concentrations of major dissolved constituents of
seawater (Hem, 1989)

Constituent Concentration (mg/L)

Chloride 19,000
Sodium 10,500
Sulfate 2,700
Magnesium 1,350
Calcium 410
Potassium 390
Bicarbonate 142
Bromide 67
Strontium 8
Silica 6.4
Boron 45
Fluoride 1.3

Higher salt level triggers a cascade of events that impact
coastal ecosystems at different scales from small (cm to m)
scale changes in sediment biogeochemistry and materials
processing to large (m to km) scale alterations in the
distribution of flora and fauna. Increased chloride (salt) and
sulfate concentration are most likely the reason for the
significant impact of saltwater intrusion in coastal zones. Small
changes in chloride concentration can physiologically stress
microorganisms, plants, and animals and alter metabolic
pathways, rates of activity, and abundance. Sulfate is a
terminal electron acceptor for anaerobic respiration that is
present in limited amounts in freshwater but that is abundant in
seawater. Changes in sulfate availability may result in dramatic
changes in sediment biogeochemistry, which may drive
ecosystem-level changes in plant and animal distributions
(Joye, 2013).

Physical formulation

Saltwater intrusion occurs when aquifers in coastal areas
have hydraulic contact with seawater as a result of the higher
density of saltwater. As freshwater has a density of about
1,000 g/cm? at 20 °C, whereas the saltwater is slightly denser
at about 1,025 g/cm3, fresh water floats on top of the sea water
resulting in amore or less well-defined salt/freshwater interface.
Freshwater reservoirs on small islands can be lens shaped
(fig.2). There is no distinct boundary between the salty sea
water and fresh groundwater but rather a transition zone of
intermixture known as brackish water.

In case of hydrostatic equilibrium and homogeneous
aquifers, an estimate of the depth of this interface is given by
the classical formulation of Ghijben (Drabbe et al., 1888 and
Herzberg, 1901), which are the first physical formulations of
saltwater intrusion deriving analytical solutions to approximate
the intrusion behavior.

Pr
Ps—

7 = h,[m
o [m]

h - thickness of the freshwater zone above sea level, [m];
z - thickness of the freshwater zone below sea level, [m];
pt - density of freshwater, [kg/cm3];

ps - density of saltwater,[kg/cm3)].
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4 + 4l

water
z
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Fig. 2. Freshwater lens on a small island. The Ghijben-Herzberg relation
provides an approximation of the lens thickness: z~40h
1 - interface between seawater and groundwater (Werner et al., 2013)

In well-balanced groundwater conditions with known density
of seawater and depth to the water table, the depth of
salt/freshwater interface can be calculated (fig.3). However, if
the equilibrium between freshwater and saltwater is disturbed
by high pumping rates for water supply, the depth of the
salt/freshwater interface is lowered and an enforced saltwater
intrusion can occur (fig.4) (Kirsch, 2009).

Recharge

N I T 2

Fresh groundwater
pr

Seawater wedge
Ps

Fig. 3. Natural equilibrium of seawater and groundwater in an
undisturbed system

1 - interface between seawater and groundwater; 2 - movement of water
affected by density (ps>p); 3 - movement driven by the tide; 4 - furthest
extent of seawater intrusion (Werner et al., 2013)

The Holy Mountain

Cloaked by beautiful chestnut and other types of
Mediterranean forest, the steep slopes of Mount Athos are
punctuated by twenty imposing monasteries and their
subsidiary establishments. Covering an area of just over



33,000 hectares, the property includes the entire narrow rocky
strip of the easternmost of the three peninsulas of Chalcidice
which jut into the Aegean Sea in northern Greece. The
subsidiary establishments include sketae (daughter houses of
the monasteries), kellia and kathismata (living units operated
by the monks), where farming constitutes an important part of
the monks’ everyday life.
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Fig.4. Seawater intrusion occurring in a more complex aquifer with
human activity contributing

1 - seawater moving preferentially through high-permeability layers in the
ground; 2 - excessive pumping drawing seawater upwards, causing the
bore to become contaminated (Werner et al., 2013)
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Fig. 5. Map of the Mount Athos Peninsula (The Friends of Mount Athos,
2016)

An Orthodox spiritual center since 1054, Mount Athos has
enjoyed an autonomous statute since Byzantine times. Its first
constitution was signed in 972 by the emperor John
[Tzimiskes. The 'Holy Mountain' (fig. 5), which is forbidden to
women and children, is also a recognized artistic site. The
layout of the monasteries (which are presently inhabited by
some 1,400 monks) had an influence as far afield as Russia,
and its school of painting influenced the history of Orthodox art.
The landscape reflects traditional monastic farming practices,
which maintain populations of plant species that have now
become rare in the region. (UNESCO, World Heritage Centre)

Geological Settings of Mount Athos

The Mount Athos Peninsula belongs to the Serbo-
Macedonian Massif (fig.6), a large basement massif within the
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Internal Hellenides. The south-eastern part of the Mount Athos
peninsula is built by fine-grained banded biotite gneisses and
migmatites forming a domal structure. The southern tip of the
peninsula, which also comprises Mount Athos itself, is built by
limestone, marble and low-grade metamorphic rocks of the
Chortiatis Unit. The northern part and the majority of the
western shore of the Mount Athos peninsula are composed of
highly deformed rocks belonging to a tectonic mélange termed
the Athos-Volvi-Suture Zone, which separates two major
basement units: The Vertiskos Terrane in the west and the
Kerdillion Unit in the east.

Athos

Legend
[ cenozoic Sediments
[CJ cenozoic Granites
E=3 Marbles
B mafic and Ultramafic Rocks
Gneisses of Kerdillion Unit
[ 1] Athos-Volvi-Suture Zone
%/ Strike and Dip of Foliation
—» 30Trend and Plunge of Lineatiof
1 Strike and Dip (Kockel, 1977)
Traces of Foliation

Fig. 6. Structure of the gneissdome on the Mount Athospeninsula
(Himmerkus et al., 2011)

The rock-types in this mélange range from metasediments,
marbles and gneisses to amphibolites, eclogites and
peridotites. The gneisses are tectonic slivers of the adjacent
basement complexes. The mélange zone and the gneisses
were intruded by granites (lerissos, Ouranoupolis and
Gregoriou). The Ouranoupolis intrusion obscures the contact
between the mélange and the gneisses. The granites are only
slightly deformed and therefore postdate the accretionary
event that assembled the units and created the mélange.
(Himmerkus et al., 2011).

Bulgarian Ortodox Monastery Zograf

Named after the 13th or 14th century icon of Saint George
the Zograf which is believed to mysteriously paint itself on the
prepared board(zografos) the monastery exists since 980 as
per the earliest written evidence. During the Middle Ages,
Zograf monastery was generously supported by the Bulgarian
rulers, such as Ivan Asen Il and Ivan Alexander as a matter of
pride. In 1275 the monastery was plundered and burnt down
by Crusaders and rebuilt with the support of the Paleologan
dynasty, as well as that of rulers of eastern Europe.

The monastery exists in its modern appearance since the
16th century, while its present-day buildings date from the
middle 18th century. The south wing was built in 1750, the east
in 1758, the small church in 1764 and the large one in 1801.
(igs. 7,8and 9).

The north and west wing are from the second half of the 19th
century and large-scale construction ended in 1896 with the
Saints Cyril and Methodius Church and the raising of the bell
tower.



Fig. 7. The east wing and the large church of Zograf monastery

Fig. 8. The north and west wings of Zograf monastery

Fig.9. The bell tower of Zograf monastery

Survey Summary

Geophysical approach of survey is based on physical
measurements from which the spatial distribution of different
physical properties of the rocks can be derived. Pore-water
electrical conductivity and its inverse resistivity are the
properties that can be related to hydrologic or geologic aspects
of aquifers. Aquifers conductivity depends mainly on their
porosity and the level of salinization of the water filling the pore
space. Ground water conductivity increases when either
porosity or concentration of dissolved ions increase. Mass
movement of saltwater in zones of fresh water is localized by
analyzing the spatial distribution of electrical conductivity
(Barlow, 2013; Stewart, 1999).

Electrical Resistivity Tomography scans the subsurface
along the survey line for both vertical and lateral variability of
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ground electrical resistivity using different electrode arrays.
Variations in electrical resistivity usually correlate with
variations in lithology, water saturation, fluid conductivity,
porosity and permeability, which may be used to map
stratigraphic units, geological structure, sinkholes, fractures
and groundwater.

Traditionally, resistivity ~measurements involve  four
electrodes in standard configuration. Two current electrodes
injecting low frequency electric current into the ground and two
potential electrodes measuring the resultant voltage response
which are then converted in resistivity value. The field set-up
requires the deployment of an array of regularly spaced
electrodes connected to a central control unit via multi-core
cables. Resistivity data set is collected via combinations of
systematical changes of the location of the four electrodes.
The depth of investigation depends on the electrode spacing
and the geometry of the used array. Incremental increase of
the electrode spacing allows for successively deeper sub-
surface levels to be investigated. The underlying resistivity
distribution is computed by means of inverse modeling and
used to produce a resistivity cross-section (Loke and Barker,
1996).

Fig.10. The coast near the western port of Hilandar Monastery -Yovanitsa

To investigate the hydrogeological conditions, 2D electrical
resistivity surveys were conducted on the coast near the
western port of Hilandar Monastery - Yovanitsa on Mount
Athos in Northern Greece (fig.10). Measurements were carried
out using twenty-four electrodes connected by a multi-core
cable to the ABEM Terrameter SAS 1000 with a maximal
current output of 100 mA. The electrodes were positioned in
straight profile lines with a constant spacing using a Wenner-
Schlumberger resistivity array. The electrical survey was based
on four measuring profiles located close to the sea line (fig.
11).

MOUMVMHOB > =
F’ro‘flle'4 SE345Im

= protilels
Brofiler2

Fig.11. Location of the ERT profiles on Yovanitsa coast
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Fig. 13.Geoelectrical resistivity cross-section of Profile 2 (115 m)
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Fig.15. Geoelectrical resistivity cross-section of Profile 4 (115 m)

The long profile (fig. 12), which purpose is to delineate the Additionally, three more profiles (figs. 13, 14, 15), positioned
aquifer and reconstruct the geometry of the saltwater wedge, perpendicularly to the main profile, were performed for detailed
has a total length of 345 m. It is oriented in North-South evaluation of the geological conditions. The profiles are placed
direction perpendicularly on the coastline with a step of 10 m 60, 130 and 320 m off the sea line. They have a total length of
between the electrodes on the surface. The maximum 115 m each, distance of 5 m between the electrodes on the
achieved depth of the investigation is about 40 m. surface and a maximum achieved depth of the investigation

about 20 m.
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The derived resistivity images clearly delineate four main
geoelectrical zones: sedimentary cover, saltwater wedge,
groundwater aquifer and crystalline basement.

= Sedimentary Cover

The top layer, which is partially seen on Profile 1 (fig.12)and
clearly outlined on Profiles 2, 3 and 4 (figs. 13, 14 and 15) has
electrical resistivity varying between 500 and 3000 Qm. It
corresponds to dry sedimentary layer composed from gravel
and sand. The very resistive upper part exposed on Profile 2
and 3 (figs. 13 and 14) follows the gravel roads on the site.

= Saltwater Wedge

There sistivity cross-section of Profile 1 (fig.12) clearly
contours a tongue-shaped featureat a depth of about 10
munder the Earth surface, which intrudes into the coast to a
distance of 100 m. This highly conductive zone with resistivity
values between 6 - 10 Qmrepresents the geometry of the
saltwater wedge and the contact between the salty seawater
and the fresh groundwater.

= Groundwater Aquifer

Near the surface, alongside the whole cross-section of
Profile 1 (fig.12) occurs a geo-electric layer with moderate
resistivity of about 30 Qm and a deeper central part of about
25 m. This conductive layer is also found on Profiles 2, 3 and
partially 4 (figs. 13, 14 and 15) andmapsthe fresh water
aquifer.

= Crystalline Basement

The fresh groundwater layer is underlined by
fractured/saturated crystalline basement with resistivity values
between 150 and 700 Qm visible on all profiles. The high
resistivity values between 1400 -3000 Qmobservedat depthon
Profile 1 (fig.12) characterize the fresh crystalline bedrock.

Conclusion

Combination of both natural process and anthropogenic
activities, lead to contamination of the fresh groundwater
reserves with salty seawater. The cost and the time needed for
groundwater remediation make the processes of monitoring
and managing crucial for preservation of coastal areas of great
environmental, economic, social and cultural importance.

The derived near surface, high resolution resistivity images
suggest that geophysical approach of investigation and the
Electrical Resistivity Tomography in particular is highly
effective for delineating aquifers, reconstructing saltwater
wedge geometry, contouring zones with higher level of
salinization and detecting resistivity contrasts caused by
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interfaces between highly conductive seawater and saturated
fresh water layers.
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MHOroroguH1u reABUMETPUYHU USMEPBAHUA HA KPYNMHULLKAA NONAITOH

Padu Paduyee?, Emun Muxatinoe?, Qumumbp Jumumpos?, XpucmusiH LjaHkoe?
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PE3IOME. [laneH ca pe3yntaTi OT MHOTOrOAMLUHI rPaBUMETPUYHMN U3MepBaHNs Ha KpYMHWLLKMS NOMMUOH, N3BBPLLEHN, KAKTO MO €HOKPaTHA METOAMKA C NO-Tonsam
Opoil KOHTPONHW TOYKM, Taka 1 MO MeToAuKaTa TPOWHa CTbNKa (ABOEH Bb3EN) C pa3nuyHM BUJOBE rpaBuMeTpu. Mpu 4 enoxu Ha u3mepBaHe, rpaBUMeTpUTe Ca
eTanoHupanu Ha Coduickus rpaBuMeTpuyeH nonuroH u KanubpoebyHata nuHna Ha BAH, a npu age enoxw - Ha HEITT (HauwoHaneH eTanoHeH rpaBnmeTpuyeH
nonuroH). OT pesynTatute ot etanonupaHe Ha HETT] ce Bmxaa, Ye CbLLMAT e U3MEHUN eTanoHHUTe cv 3HaveHns crieq 2003 roguHa nop Bb3AENCTBUETO Ha
Pa3nNnyHM reopnHaMnyHmM npotecy. HeobXoanmo e eTanoHHUTe MOMMIOHM, M3LIAMO MMM YaCTUYHO Aa Ce NpevamepsaT npe3 5 rofuHn ¢ abcomoTHN rpaBUMETPU.
PesynTatiTe oT M3BbPLUEHUTE A0 CEra MHOrOTOANLLHI rPaBIUMETPUYHI U3MEPBaHKS B paitoHa Ha KpynHUK, CbLLO Taka Hi NOKa3BaT kakeo € CbCTOSHMETO Ha YacT oT
rpaBuMeTpUYHaTa anapatypa B bbnrapus, 3a Aa Moxe CbluaTa Aa ce U3nonasa 3a reothmanyHN 1 re0Ae3NYHM LIENn.

Kniouosu Aymu: prrIHMLLIKM pasnom, rpaBuMeTpus, reoaeans, reognHammka, reousnka

LONG-STANDING GRAVIMETRIC MEASUREMENTS OF THE KRUPNIK POLYGON
Radi Radichev?, Emil Mihaylov?, Dimitar Dimitrov?, Christian Tzankov'

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

2 National Institute of Geophysics, Geodesy and Geography — BAS, emil_mih@abv.bg

ABSTRACT. The paper presents the long term results of gravity measurements of the Krupnik polygon performed on the one hand by a single step methodic
comprising larger number of control points and on the other triple step methodic (double knot) with different types of gravimeters. During four epochs the gravimeters
were calibrated on Sofia's gravimetric polygon and BAS's Calibration profile. While in another two epochs they were calibrated on the National Reference Gravimetric
Polygon (NRGP). The results from the NRGP calibration show that its reference values have changed after 2003, probably under the influence of influence of various
geodynamic processes. Therefore, it is necessary the reference polygons to be partly or fully re-measured by using absolute gravimeters every five years. The results
from the long-standing gravity measurements around Krupnik region also show us in what condition part of the available in Bulgaria gravimetrical equipment is.

Keywords: Krupnik fault, gravimetry, geodesy, geodynamics, geophysics

061wy nonoxeHus Aa umawme no 2 ,Ag” Ha ToYKa, a Ha OMOPHUTE W KOHTPONHWTE
no 3 umm 4 ,Ag".

Mpu npodurnHa cHUMKA, @ CbLO W NpU NMOLWHA CHUMKA,
U3MepBaHUATA Ha TPABUMETPUYHUTE TOYKM Ce W3BBPLLUBAT MO
[HOKpaTHa MeTopuKa. T € Hail-NpOM3BOAMTENHA W Haii- U3mecTBaHe Ha ,Hynarta“ Ha ynoTpebsiBaHUTe B
Manko HaAexOHa no OTHOLIEHWE Ha KauecToTO. [pw Bbnrapus KBapuos# rpasumeTpm ot Buga MAK-

N3BbPLIBAHE HAa WM3MEepBaHUATA OTCbCTBA TEKyL KOHTPON M 7T. TP/K2. THY-KB u THY-KC
OTAENHUTE TOYKM, @ MOXE M yyacTblW OT peiica ga 6baat ’ ’

pgedopMupaHn  3apagM  M3MeCTBaHe Ha  Hynata  Ha
rpaBuMeTbpa. 3aToBa Ce MpaBAT LOMbIHUTENHW KOHTPOMHU
“3MepBaHus no ToukuTe oT okono 10% oT obLmsT um Gpoi.
Mo Te3n JOMbNHUTENHM U3MEPBaHNS Ce U3YUCNABAT CpeaHuTe
KBagpaTHu rpewku oT Habnogenuwe. [Mo-ronemu pasnukn B
rpaBMMETPUYHUS PEC OT JOnyCTUMMTE € Heobxogumo Aa ce
Bpakysat. TpsbBa peiicoBeTe [fa Ce BKMIOYBAT B OMOPHM
TOYKM, U3MEPEHU NO TPUCTBMKOBA (ABOEH Bb3en) MeTOAMKa.
Heobxogumo v obe3aTenHo e npu efHOKPATHU M3MepBaHUs
[a Ce W3nonseat 2 rpaBMMETbpa, Kato Mo TO3U HauMH ce
nonyyasat no 2 ,Ag” Ha TOYKa, a Ha OMOPHWUTE U KOHTPOIHUTE
TOuYKM Mo 4 v noseye ,Ag”. AKo ce u3nonaea 1 rpaBUMeTHP €
HeobX0AMMO rpaBUMETPUYHINTE U3MEPBaHWA Aa Ce U3BbpLIaT
no eHOKpaTHa MeTOAMKa C NOBTOPEHUS HA BCUYKU TOYKM T.e.

HectabunHocTTa Ha xofa Ha HynuTe Ha rpaBUMETPUTE
3aBMCM OT TeMmnepaTypHUs XWUCTepesnc, nposiBsBal, ce B
HecbBMagaHe Xo4oBeTe Ha TeMMepaTypHUTE XapaKTepUCTUKM
B npaB 1 obpaTeH X0f Ha M3MEHEHWe Ha TemnepaTypara,
KOMTO Morat fja [oCTUrHaT 4o Mmunuranu. MpuynHu 3a TakoBa
CbBMafaHe ca NPOCTPaHCTBEHUTE TPaAMEHTN Ha Temnepary-
pata W pasnuune B TEMMNEPaTYpPHUTE XapaKTEpPUCTUKW Ha
OTHENHWUTE Bb3NM B KBapLOBUTE cucTemu. OnpenensiHeTo Ha
TeMnepaTypHUs XMCTepesnc MOoXe [a CTaHe Mo cneumarnHa
nporpama Ha HabntopeHwe ¢ rpasumeTpute. Heobxoamumo e fa
ce 3Hae, Ye Mpu BakyymupaH KOpnyc Ha rpaBuMeTbpa ce
M3MEHS BMOA Ha TemnepaTypHaTa XapakTepuctuka u
TemnepaTypHua xuctepesuc. [efCTBUTENHOTO M3MecTBaHe
HYNUTe Ha rpaBUMETPUTE UMa CIIOXEH XapaKTep W He MOXe Aa
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ObAe NPOrHo3MpaHo HambiHO. BbnHOOOpPa3HOTO M3MeHeHne
Ha HynWTe Ha rpaBumeTpuTe C Bpeme Aaxe A0 1 vac e
00ycnoBeHO OT mpoLecuTe Ha MONspuU3auus Ha KapLoBWTE
cuctemn.  3amsiHata  Ha  BbnHoobpasHaTta NMHWMA  Ha
M3MeCTBaHe Ha HynesaTa TOuKa C NpaBa, KakTo Ce NpaKTuKyBa
B rpaBUMETPUSTA € Manko npubnuauTenHo U AoBexaa [0
MOHWXaBaHe TOYHOCTTA Ha PEe3ynTaTuTe Mpu BUCOKOTOYHM
rpaBuMeTpuyHu u3mepBaHusa. OBukHOBEHO HabnogeHusiTa ¢
PasnnyHK CTAaTUYHW PaBUMETPU Ca CbNPOBOAEHU C ronemu
CUCTEMATUYHN PA3XOXOaHUs Ha pesynTaTute Mexmy TsX
(Muxannos, 1998). MoHexe HabriogeHusTa ¢ 4Ba U noeeye
rpaBMMeTbpa Ce MPOBEXAAT MO edHO M CbLio BpEME W Mpy
€OHW U CbLUM YCNOBMS, PA3NMKUTE MMAT CUCTEMATUYEH U
CNy4YaeH XapakTep M ca CBbP3aHM C TEXHUYECKUTE 0COBEHOCTM
Ha npubopute M C MUKpOCEM3MMKATa Cb3daBaHa OT
OBUXeWwnTe ce nNpeBO3HM cpeactea B Bnmsoct 7o
rpaBuMeTpuyHUTEe TOukW. Pasnukute mexagy npubopute ca
00yCrnoBeH 1 OT KPUBOMMHENHOTO U3MECTBAHE Ha HYNUTE UM
n oT konebaHue Ha MalabHUTe KoeUUMEHTU HA OTYETHUTE
YCTPOWCTBA OT TPAHCMOPTUPaHe Ha rpaBUMETpUTE.

U3non3BaHe Ha rpaBumeTpu ot Buga MAK-7T,
IP/K2, THY-KB u HY-KC 3a rpaBumeTpuyHM
CHUMKM B Penybnuka Bbnrapus

Tes3n rpaBuMeTpu MOXe Aa Ce NpunaraT 3a LeTairHw,
pervoHanHu 1 MapLpyTHU (MPOGUMIHM) CHUMKKM C Pa3CTOSHUS
Mexgy Toukute OT feceTkn metpu go 10-15 km v noseve.
OCHOBHM 4aCTK Ha BCEKM rpaBUMETHP Ca: U3MepUTENHa YacT
CbC COBCTBEHNS KOPMYC Ha rpaBUMETBbPA U BBHLUHWS KOPMYC C
TONNO3aWNTHUS CTbNO 3a MpeHacsHe Ha rpaBUMETHPA.
Lianata mamepuTenHa 4YacT e nomecTeHa B cbAa Ha [wap,
obesnevaBall, HagexpgHa 3aluTa Ha cucTemata OT pPesku
TEMMEpaTypHu M3MEHeHUs Ha obkpbkasawata cpega. B
rpaBuMETbPa € MOHTUPaH TemnepaTypeH KOMMeHcaTop,
JeincTeall e(hekTUBHO B AnanasoH Ha Temnepatypute ot —150
po +150C ot ToukaTta Ha MbHa TemnepaTypHa KoMNeHcaLus.
CpenHaTa UM rpeLLka Ha namepBaHe ce konebae ot +0,030 go
10,060 mGal, a npu rpasumetvp MHY-KB 15 e go +0,030
mGal. I'paBumeTpute Ha HUMa® — EOO[ ¢ Homepa 1514, 689
n 1388, kakto 1 rpaBumeTbpa Ha YACI Homep 524, 6sixa cbe
CrewynarnHo M3roTBEHN KBapLOBM cUCTeMM B [ paBUMETpUYHATA
nabopartopus rp. Byprac ot C. B. Bepega. TakuBa cuctemu ce
M3roTBAXa 33 BCUYKM [PaBUMETPM B  HANMWYHOCT Ha
l'eousnyHuTe NpeanpuaTua. Tesn cuctemn ca C no-BUCOKa
YyBCTBUTEMHOCT U TOYHOCT Ha otyeta okorno 0,010 mGal.
MogaepHW3MpaHeTo Ha TE3N CUCTEMMW Ce CbCTOM B CBEXAAHE
[0 MWHMMYM BenM4YMHaTa Ha MbN3eHe Ha HyneeaTa TOYKa,
HeyTparu3auus  (MOHM3aUMA) Ha  enekTpocTaTuyeckuTe
3apsaM, CblieCTBEHa KOMMEHCAUMs Ha TemnepaTypHuTe
BMUSIHWS W NPEMaxBaHe Ha BpeaHW konebaHWs Ha mMaxanoTo
Ha cucTemata. 3aToBa npu Te3u rpaBuMETpU, Moxe bu e no-
pobpe, fa ce n3non3eat MalabHUTe KOeULMEHTU NOMYYEHN
Ha CneuuanHu MonuroHn, a He B nabopaTopHu yCnoBus B
npeaBug Ha TOBa, Ye CUCTEMUTE Ha Te3W rpaBUMETPN BUAMMO
W3MEHST CBOMTE CBOWCTBA Cried kato Obaar v3segeHu oOT
CBLCTOsHME Ha NOKOW (T.e. NPW TPaHCNOPTUpaHe ¢ aBToMobun).
Hai-nobpe e kanubpupaHeTo (eTanoHMPaHETO) Ha Teau
rpaBuMMeTpM fa Ce W3BbpWBa Mpeau 3anoyBaHe Ha
rPaBUMETPUYHUTE W3MEPBAHWS U CNeR 3aBbPLIBAHETO WM.
Kannbpupaneto Ha rpaBumeTpute o 2004 roguwHa ce
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nssbpwea B [paBumeTpuyHaTta nabopatopuss Ha HUMMO,
KaKTO Mo MeTofa Ha HaknoHa (Muxarnnos, 2012, PaguyeB un
ap., 2013), Taka u Ha CoduiCKUSI rPaBUMETPUYEH MOTUTOH.
/13BbpLUBa Ce cpaBHsBaHe Ha MallabHuTe koeduUMEHTU Npu
[BaTa MeTofa.

paBMMETPUYHM U3MEPBAHUA B palioHa Ha
KpynHuwkusa pasnom

W3mepBaHusita B parioHa Ha KpynHuiwkus pasnom ca
n3BbpLleHn npe3 rogunute 2004, 2007, 2008, 2009, 2012 un
2013. MMpe3 2004 wn 2007 rogwHW w3MepBaHMATa ca
n3BbpLlieHn ¢ rpasumeTbp FTAK-7T Ne 524, cobeTBeHOCT Ha
YACI Codwms. OT MwuHHO-reonoxkus yHueepcuteT Bsxa
usnon3eann fga rpasumetspa MP/K2 Ne 1319 n THY-KB Ne
296, ¢ kouTo Gsxa m3BbpLUEHM u3mepBaHusTa npe3 2008 r.
Bcuukute  ropenocoveHu rpaBMMETpU Ca  MPOBEPEHW W
eTanoHupaHn Ha CoduiACkMs eTamnoHeH TpaBUMETPUYEH
nonuroH u Ha KanobposbyHaTta nuHus Ha BAH.

Mpe3 mecel anpun 2009r. ce u3BbPLUIMXA M3MEPBAHNS Ha
KpynHuwkma pasanom ¢ rpaBumeTpu OT MWHHO-TEOMOXKMS
yHuBepcuteT MP/K2 Ne 1319 n THY-K2 Ne 138. Te cbuo bsxa
npoBepeHn Ha Codwmiickuss eTanoHeH NOMWIOH W Ha
KanubposbyHata nuHus Ha BAH B kpas Ha mecew, mapT 2009r.
Mpe3 2012r. n3mepBaHMsaTa Ha NONUIOHa Ca U3BBPLLEHM C 3
rpaBumeTbpa - 0T YACT 2 rpaBumetbpa FAK-7T Ne 524 1 FAK-
7T Ne 71 n 1 rpaBumeTbp Ha dmpma ,leoxang” THY-KC Ne
588. [Mpes 2013r. u3mepBaHusita ca W3BbpLIEHN C 1
rpaeumeTbp Ha YACT, a umenHo TAK-7T Ne 524. Etanonupa-
HeTo Ha rpaBumeTpuTe npe3 2012 1 2013 r. e M3BBPLLEHO Ha
HET (HauuoHarneH eTanoHeH rpaBUMETPUYEH MOMMUIOH)
BuauH-MenHuk. MpaBUMeTpuyHUTE U3MepBaHWS Ha KpynHuL-
kus nonuroH npe3 2004, 2007 n 2013r. ca u3BbpLLIEHN NO
€[IHOKpaTHa METOAMKA C MOBTOPEHMS HA MOUTM BCUUKM TOYKU U
C KOHTpONHU TOukM A-1-2-3-4-5-3-2-A-1-2-3-4-5 3a penepuTe
OT MbpBKS nmpocun u TpoiHa crbnka A-1-A-1-2-1-2..., 3a
penepute OT BTOpMS mpocun. Mpe3 2008, 2009 u 2012r.
N3MepBaHMATa Ca W3BbPLUEHN MO €AHOKpPaTHa MeToauka C
KOHTPONHKM Toukn A-1-2-3-4-A-2-4 3a penepute Ha MbpBM
npodoun u TpoiHa cTbnka A-1-A-1-2-1-2... 3a BTOpM npocunn.
CpegHaTa KkBagpaTHa rpelka npv MbpBUTE ABE enoxu Ha
namepeaHe ce konebae ot +0,031 go £0,120 mGal, a 3a
TpeTaTa enoxa cpegHaTa KBagpaTHa rpellka Ha u3mepBaHe e
B rpaHuumute ot 0,019 go £0,138 mGal 3a rpaBumeTbp Ne
1319 u ot £0,028 o 0,099 mGal 3a rpaBumeTsbp Ne 296. 3a
yeTBBPTATa €Moxa cpedHaTta KsagpaTHa rpewka 3a
rpaBumeTsp N2 1319 e ot +0,025 go #0,178 mGal, a 3a
rpaBumeTbp Ne 138 ce konebae B rpaHuumute ot +0,024 go
10,264 mGal. 3a enoxa 2012 cpegHaTa kBagpaTHa rpeLuka 3a
rpaeumeTbp FAK-7T Ne 524 e go +0,299 mGal, 3a rpaBumeTsp
FAK-7T Ne 71 po +0,337 mGal u 3a rpaBumetsp THY-KC Ne
588 e po 10,288 mGal, oT egHOKpaTHM W3mepBaHNa C
KOHTPOMHM TOYKWM C TpWUTe rpaBuMeTbpa. MamepsaHusTa ¢ 3
rpaBMMeTbpa N0 METOAMKATA TPOWHA CTbMKa ce konebasT oT
40,020 po 0,250 mGal. [pe3 enoxa 2013 cpegHuTe
KBadpaTHW TpEWKA Ha WM3MEepBaHWATa W3BbPLUEHM C
rpaBumeTbp IAK-7T Ne 524 ce konebast ot £0,040 go +£0,310
mGal 3a gBeTe MeToauku Ha uamepBaHe. OT ekcrnepumeH-
TanHW rPaBUMETPUYHN U3MEPBaHUs MO IMHUK OT [ibpaBHaTa
HuBenauus Ha Penybnuka Bbnrapusi, M3BbpLUEHN C rpaBu-
MeTpu COOCTBEHOCT Ha MWHHO-TEONOXKNS YHUBEPCUTET U



YACI ca monmyyeHu pe3yntatv, KOMTO MoKa3eaT, ue
M3MECTBAHETO Ha HyreBaTa Toyka Ha [paBUMETPUTE €
nuHeiHo go 1 wm 2 vaca. Ot Tabnuuya 1 (Paguues v ap.,
2013; Uenkos u gp., 2011) ce Bmkga, Ye go okono 1 vac
rPAaBUMETPUYHITE U3MEPBAHNS HE CE MOBMMUSIBAT CbLLECTBEHO
OT NPUMNMBHUTE U3MEHEHUSI Ha CUMaTa Ha TEXecTTa, U CblnTe
He Ce BKIoYBaT OTAENHO npu 06paboTka Ha rpaBUMETPUYHUTE
M3MepBaHus. M3uncnsiBa ce U3MECTBAHETO Ha HyNEBUTE TOUKM

Ha rpaBWMETpUTE OT Mo-ronsiM Opoii OnopHM U paboTHM
rpaBUMETPUYHM TOuKM. Kakto ce Bwkga OT Tabnuua 1,
CpefHWTE KBagpaTHW Tpelkn Ha 3BeHO oT 7 o 8 penepa,
namepeHo 3a okono 1 yac unm 1 yac n 35 muHyTM ca fo
10,100 mGal. Mpwn BpemeTpaeHe Hag 2 — 3 vaca CpegHuTe
rpewku ckavat nog 1 Hag £0,300 mGal. [Jo okono 1 yac unum 2
yaca M3MeCTBaHeTO Ha HynuTe Ha rpaBUMeTpUTe MOXeE [a ce
CYnTa 3a NNHENHO.

Tabnuua 1.

Cp. kBagp. Bpeme Ha Bpon paBumeTpU CoGcTBeHOCT
rpewka M3MepBaHe penepu HoMepa Ha npubopuTte
10,002 0 vyaca 40 MuH. 4 IP/K2 Ne 138 Mry
0,016 0 yaca 42 MuH. 4 FAK-7T Ne 524 YACT
10,055 0 vyaca 53 MuH. 5 IP/K2 Ne 138 Mry
0,024 0 vyaca 50 MuH. 5 THY-KB Ne 296 Mry
0,097 0 vyaca 47 MuH. 5 IP/K2 Ne 138 Mry
0,072 0 vyaca 45 MuH. 5 FAK-7T Ne 524 YACT
0,016 1 vac 10 MuH. 7 FAK-7T Ne 524 YACT
+0,088 14ac 12 MuH. 7 IP/K2 Ne 138 Mry
10,074 1vac 12 MuH. 7 FAK-7T Ne 524 YACT
10,055 1 vac 10 MuH. 7 TAK-7T Ne 71 YACT
0,077 1 yac 20 MuH. 8 FAK-7T Ne 524 YACT
10,055 1 4yac 22 MuH. 8 TAK-7T Ne 71 YACT
+0,086 1 yac 30 muH. 8 [AK-7T Ne524 YACT
10,097 14ac 35 MuH. 8 TAK-7T Ne 71 YACT
10,099 2 yaca 40 MuH. 13 IHY-KB Ne 296 Mmry
10,285 2 yaca 45 muH. 13 IP-K2 Ne 138 Mmry
40,295 2 yaca 45 muH. 15 FAK-7T Ne 524 YACT
40,289 2 yaca 47 MuH. 15 FAK-7T Ne 71 YACT
10,237 2 vyaca 56 MuH. 17 FAK-7T Ne 524 YACT
+0,376 3yaca 00 MuH. 17 [AK-7T Ne 71 YACT
+0,337 3 yaca 50 MuH. 21 FAK-7T Ne 524 YACT
0,312 3 yaca 50 MuH. 21 IP/K2 Ne 138 Mry

CuctemaTUyHU U WHCTPYMEHTAJTHU rPeLLKKn oT
n3MepBaHuATa Ha prnHMI.IJKVIFI NONIUroH

pewwkuTe OT M3MepBaHe, MPOM3XOXALM OT onpedeneH
M3TOYHMK W WMalLM 3aKOHOMEPEH XapakTep, Ce Hapuuar
cucTemMatuyHn  rpewku.  [pewkute,  oOycrmoBeHn  OT
HETOYHOCTTA Ha MHCTPYMEHTA, C& HapuyaT MHCTPYMEHTamHu
rpewkn. OT Tabnuua 2 ce Bwxaa, Ye pasnukite B ,g" Ha
penepute MeX4y Pas3NWYHUTE TOOWMHM HA UM3MepBaHe, C
PasfMYHN  MHCTPYMEHTW Cce konebasT pas3nuyHo  npw
M3MEepBaHWATA, KaKTO MO efHOKpaTHaTa MeToguka ¢
KOHTPOITHM TOYKW, Taka M MpW TPUCTBMKOBATa METOAMKa Ha
KpynHuwwkus nonuroH. Mo ronemute pasmvku B ,g° OT Hag
10,40 mGal npu namepsaHusaTa, Npe3 pasnuyHUTE rOOMHM ca
Ha 6pon 10. OcTtaHanute 163 penepa ca nog Tasn TOYHOCT.
paBMMETpUYHATA CHUMKA 3a KapTa aHomanusi byre B mawab
1:200 000 TpsibBa Oa € ¢ TOWHOCT Ha u3mepBaHe Ao 0,40
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mGal (K03edbosuy, Oropogosa,1980). Tasu cHumka, 3agadata,
Ha KOSITO € OTKPUBAHETO Ha reonornyecksn obekTn B paioHwm,
NEepPCNeKTUBHM Ha MOME3HM M3KOMaeMmu, Ce Hapuya Tbpcelua
CHUMKa. W OT Hes ce CbCTaBAT KapTu Ha aHomanwu Byre B
mawabn 1:200 000 - 1:100 000 cwvc ceveHne 1-2 mGal.
CnepoBaTenHo faHHuTe oT Tabruua 2 cBugeTencTeat 3a
HanWuMeTo Ha OMnpedeneHn MHCTPYMEHTamnHU rpeLlku 3a
PasnnYHIUTE rPaBUMETPU, C KOUTO € U3MEePBaH NOSIUIOHBT Npe3
pasnuyHKUTe roguHn. KbM MHCTPYMEHTANHUTE rPEeLLKM Cnaaar:
U3MeCTBaHe Ha HyneBaTa TOuKa;

TemnepaTypHU BAUSHNS;

HESIMHENHOCT Ha ckanaTa Ha rpaBuMETHPA;
€KCLIEHTPULMTET Ha MUKPOMETBPA;

npeHacTpoiBaHe Ha AnanasoHa;

rpeLLKu, 3aBnceLy OT onepaTtopa.




MN3Boam

MawabHute KoeULMEHTN Ha rpaBUMETPUTE, C KOMTO Ca
13BbPLUEHN n3mepBaHusaTa npes 2012 u 2013r., ca nony4yeHu
OT eTanoHupaHe Ha HEIT (HauuoHaneH eTanoHeH
rpaBumeTpuyeH nomuroH) BuawH — Mennuk. Crneg 1986r.
HEIT] He e npeu3MepBaH 1 € Bb3MOXHO, Makap ¥ MAHUMAITHO
M3MEHEHNE Ha ETaNoHHWUTE OTCEYKM OT TreOAMHaMUYHUTE
npoLiecu B T03u paitoH. Tosa ce Bxaa ot Tabnuua 3, kbaeTo
“Mame 1o 5 cToitHocTn Ha Og no-ronemu ot 0,200 mGal ot
pasnukute SR.g-2012 u SR.g-2013, T.e. OT cpeaHaTa

CTOMHOCT Ha ,g” OT M3MepBaHUATa Ha BCUYKK enoxu, MUHYC ,g"
3a BCAKa enoxa. Tbi KaTo TOYHOCTTAa Ha ETanonHata
rpaBuMeTpUYHA Mpexa e nog +0,200 mGal 3a ,g” (Muxainos,
1998) e npueTa TasM TOYHOCT, 3alWOTO M fBaTa Xxoja ca
NpMBLP3aHM KbM TOYKMTe OT ETanoHHata Mpexa B
Bnaroesrpag, KpecHa u Pasnor. [paBumetpuyHa Touka 1042
[Tapa MupuH/ e yHULLoXeHa 1 3aToBa B Tabnuua 3 e 3anuncaHo
,He”. Heobxogumo e, npu cneppawy W3MepBaHWs Ha
MONUroHa, rpaBuMeTpUTe fa ce kanubpupat (eTanoHupart) Ha
Codpuiickus nonuroH unu Ha KanubpoebyHata nuHus Ha BAH.
EtanonHute otceukm Ha yact oT Coduickus NONMIroH U Ha

Tabnuua 2.
6g [mGal]
2| 2| 2] 2 3 5 o 2l 8| 5] 3
gt S| 8| 8| § S S S S| & S| &
5| &8 g| ¢ ] ] e & g 8| 5
& & & & & & & & & & &
1001 -0,02 | 0,09 |-0,02 | -0,17 | -0,03 -0,01 0,14 -0,15 | 0,11 | 0,11 | -0,02
VNR83 | -0,12 | -0,08 | -0,21 | 0,36 | 0,58 0,70 0,22 0,57 | 0,13 | 0,04 | -0,12
VNR371 10,26 |[025 025 |-0,01 |0,30 0,04 0,31 -0,26 | 0,00 | -0,01 | 0,26
1004 032 |046 |-0,056]-0,39 | 0,31 -0,01 0,70 -0,34 | 0,51 | 0,14 | 0,32
1005 015 | 021 |-013 | -0,43 | 0,10 -0,05 0,53 -0,30 | -0,34 | 0,06 | 0,15
RO -0,10 | 0,00 |-0,19 [ 0,02 |0,15 0,25 0,13 0,21 |-0,19 10,10 | -0,10
1047 0,05 | 0,04 |-010 [ 0,05 |0,29 0,34 0,24 0,15 | -0,14 1 0,09 | -0,05
NR114 0,20 | -0,18 | -0,06 | -0,28 | -0,09 0,11 0,19 -0,22 | 0,12 | 0,02 | -0,20
R7 0,17 | 0,06 |-0,47 | -0,05 | -0,01 0,16 0,04 012 |-0,22]0,22 | -0,17
R8 0,26 | -0,21 | -0,20 | -0,12 | -0,11 0,15 0,01 0,08 | 0,01 | 0,05 | -0,26
R10 013 |0,09 |0,08 |011 |-025 -0,38 -0,36 0,03 | -0,01 | -0,04 | 0,13
1040 024 |001 (0417 |0,10 | -0,03 -0,27 -0,13 -0,07 | 0,16 | -0,23 | 0,24
1042 -0,03 [ 0,11 0,02 | 0,03 | yHuwoxeH | yHuwoxeH | yHuwoxeH | 0,01 | -0,09 | 0,14 | -0,03
2008 0,08 |-001 |-0,22 | -0,40 | -0,06 -0,14 0,34 -0,18 | 0,21 | -0,09 | 0,08
2014 0,27 | -018 | 0,03 |-0,38 | 0,13 0,40 0,51 0411021 | 0,09 |-027
2020 0,07 | 0,04 |-0,02 | -0,20 | -0,21 -0,14 -0,01 -0,18 | -0,06 | 0,11 | -0,07
Tabrmua 3.
SR.g-2004 SR.g-2007 SR.g-2008 SR.g-2009 SR.g-2012 SR.g-2013
[mGal] [mGal] [mGal] [mGal] [mGal] [mGal]
-0,025 -0,005 -0,115 -0,005 0,145 0,005
0,088 0,208 0,168 0,298 -0,272 -0,492
0,175 -0,085 -0,075 -0,075 0,185 -0,125
0,108 -0,212 -0,352 0,158 0,498 -0,202
-0,017 -0,167 -0,227 0,113 0,413 -0,117
-0,020 0,080 -0,020 0,170 -0,040 -0,170
0,038 0,088 -0,002 0,138 -0,012 -0,252
-0,135 0,065 0,045 -0,075 0,145 -0,045
-0,058 0,112 -0,108 0,112 -0,008 -0,048
-0,150 0,110 0,060 0,050 -0,030 -0,040
0,027 -0,103 -0,063 -0,053 -0,083 0,277
0,082 -0,158 0,072 -0,088 -0,018 0,112
He He He He He He
-0,102 -0,182 -0,092 0,118 0,298 -0,042
-0,112 0,158 0,068 -0,142 0,268 -0,242
-0,077 -0,007 -0,117 -0,057 0,123 0,133
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KannbposbyHata nuuns Ha BAH ca usmepenm npes 2007r. ¢
komnioTpuampaH rpasumeTbp Scinyrex CG-5 u 3aTtoBa Te3u
[aHHK ca no-MepofaBHU OT eTanoHHuTe otceykn ot HEMT
namepsann go 1986 r. MawabHute koedmumeHT, onpepe-
nsHu Ha COMICKMS eTanoHeH rpaBUMETPUYEH MOMUMOH U Ha
KannbposbuHata nuHus Ha BAH, ca egHaksu B pamkute Ha
TOYHOCTTA 3a OCTaHanuTe €enoxu Ha W3MepBaHe Ha
KpynHuwwkus nonuroH, a Te ca 2004, 2007, 2008 n 2009. Teaun
koeduumeHT, onpegeneHn kakto Ha HEIT, Taka u Ha
Cocpuiickus  nonuroH M KanubposbyHata nuHMS ca C
OTHOCMTENHa rpelwka Ao 1x104, cnpsmMo eTanoHHUTE OTCEUKU.
KakTo ce Buxaa, CNOXeH € BbMPOCHT C €TaNOHHUTE MOMMUIOHN,
JOKONMKO Te 3ajaBaT C HaW-BUCOKO JOCTMXKMMA TOYHOCT
maLLabHuTe koeduLmeHTH Ha rpaBumeTpuTe. bes fa ce 3HasT
napameTpuTe Ha HeCTabWUnHOCT Ha rpaBUTALMAHHOTO Mone B
paoHute Ha HEITI, Ha Codwmiickus nonuroH W Ha
KannbposbyHaTta nHus Ha BAH, e MHOrO TpyAHO Aa ce oLeHu
thakTyecka um TouHoCT. Heobxogmmo e npensMepBaHeTo Ha
€TanoHHNUTE MOSIMTOHW UMK YacT OT TAX Aa CTaBa 3a nepvog
no-mambk ot 10 rogwHu, Hanmpumep npes 5 roguHu upes
abcontoThn rpaBumeTpu. ABCONKOTHUTE TpaBUMETPU 3acera
ocurypsieat TouHocT +2-3 uGal Ha ,g“, KOSITO € HambiHO
JOCTaTbyHa 3a OMpeaensHe Ha malabHuTe KoeduLUNEHTH Ha
rpaBUMETPUTE C OTHOCUTENHA rpeLlka OT nopsgbka Ha 1x10-4,
OT pesyntatte OT W3MEPBAHWATA, W3BbPLUEHN Mpe3
PasnnNYHUTE €NOXM CE BWXKAA, Y€ UHCTPYMEHTANHUTE IPELLKM
npe3 pas3nuyHuTe roguHu Ha uamepsaHe Ha VNR83 ca no-
rofieMm, MOHEXe N3MEPBAHNSTA Ce N3BBLPLUBAT HANPaBO BbPXY
3eMHaTa MoOBbPXHOCT, Thbil KaTo HAMa GeTOHHa nnowagka u
woceTo Bugun-Kynata e Ha okono 10 m oT penepa, npu KOeTo
Ce ycella cemamukaTa OT ABWKELLUTE Ce NPeBO3HW CPEACTBa.
Penepute 1004 n 1005 ca Ha rapute Cumutin u YepHuue
(KpynHuk), okono KoMTO MMa rofsiMo ABWXEHWE HA MPEBO3HN
cpefcTBa M xopa. CblLo MO-ronemu pasnuki npes roguHnuTe
uma 1 Ha penep 2014 (ronsm MmocT Hag peka Enosuua) ot
HaTOBApPEHOTO [ABWXKEHME Ha NPEBO3HM CPeLCcTBa MO MbTH

178

Cumutnu-Tpenena-baHcko. Teau no-ronemu pasnuku npes
pasnuyHUTe €noxu Ha W3MepBaHe $CHO Ce BwkgaT OT
Tabnmua 2. Pesyntatute OT W3BbpLUEHWTE [0 cera
MHOrOrOAWLIHM FPaBUMETPUYHU M3MEPBAHUS B palioHa Ha
KpynHuk, nokaseaT KakBO € CbCTOSHMETO Ha YacT OT
rpaBuMeTpUYHaTa anapatypa B bbnrapus, 3a ga Moxe
cblyaTa Aa ce 13rnonaea 3a reouanyHn 1 reoge3snyHu Lenm.

INuTepatypa

Muxainos, E. AHanu3 Ha eTanoHHaTa rpaBUMeTpuUYHa Mpexa
Ha Penybnuka Bvnrapus. — 00. Ha YACI — Cogpus, T.
XXXIX, cB. lll, 1998. - 233-240.

Muxainos, E. Pesyntatu oT npomsHa MalyabHuTe
koedMLUMEHTN BbB BPEMETO Ha CTaTUYHUTE KBapLOBU
rpaBumeTpu u3nonssaHu B Penybnuka bBwnrapus. -
leodesus, kapmoepacpusi, 3emeycmpoticmeo, 5-6, 2012. -
21-23.

Paguues, P., E. Muxaitnos, H. Kupunos. MeToguka Ha
HabniogeHusiTa npu NPOUNHA TPABUMETPUYHU  CHUMKM
no nuHuM oT [bpxaBHaTa HuBenauws Ha Penybnuka
Bwnrapus. — Mod. MY ,Cs. Me. Puncku®, 7. 56, cB. |, T'eon.
reoch. 2013. - 112-117.

LeHko, L., T. Benswkn, E. Muxaitnos. lNonyyaBaHe Ha
rpaBYMETPUYHUTE MOMPaBKM NO NWHUM OT ObpkaBHaTa
Hueenauus Ha P. Bbnrapus. — Jokn. Ha XI mexdyHapoOHa
HayyHa KoHe. BCY JTobex Kapasenog” om 2 do 3 toHu
2011, Cocpus, 7. Il, VI-13 - VI-18. 2011.

HOsecpoBny, A. 1., JI. B. Oropogosa. pasumempus. M.,
Heppa, 1980. - 320 c.

CraTusTa e peleHavpaHa ot npod. ArH CTedbaH [IUMOBCKW 1 e npenopbyaHa
3a nybnukysaHe 0T kar. “[punoxHa reodmanka”.



rOOVLWHWK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. MBAH PUNCKIA”, TOM 59, CB. |, leonorus 1 reodmanka, 2016
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 59, Part |, Geology and geophysics, 2016

WCTOPUYECKA CINPABKA 3A METPOJIOr'MYHOTO OBE3MNEYABAHE HA
CTATUYHUTE TrPABUMETPU U3NON3BAHW OT TEO®U3ULIN U TEOOE3UCTU B
BbJIFTAPUA

Padu Paduyes !, Emun Muxalinos 2

" MurHo-2eonoxku yHusepcumem "Ce. Mean Puncku", 1700 Cocgpusi, radirad@mgu.bg
2 HayuoHaneH uHcmumym no eeogpusuka, eeode3ust u 2eoepagpus - bAH, emil_mih@abv.bg

PE3IOME. [lageHa e noapobHa 1ctopuyecka cnpaska 3a Cb3AaBaHeTo Ha IpaBuMeTpuyHaTa nabopatopus 3a peMOHT Ha rpaBumeTpu B rpag byprac 1 3a HeitHaTa
paboTa. CbLuo Taka noapoGHO e onMcaHo cb3aaBaHeTo Ha Jlabopatopusi 3a u3cneaBaHe 1 eTanoHupate Ha rpasumeTpyu B HAMMM® — Cocpusi. OnmcaHa e uanata
UCTOpWS MO M3CTeABaHE W eTaNoHMpaHe Ha rpaBUMETpY B Bbnrapus, kakTo Ha NOMMIOHM, Taka M No MEeTOfa Ha HaKIoHa 3a reodn3UIHI N re0ae3NUHM Lienn.
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ABSTRACT. The report provides detailed historical reference about the establishment of the Gravimetric Laboratory for Servicing Gravimeters — Burgas, as well as its
activities. Also, detailed description of the establishment of the Laboratory for Testing and Calibration of Gravimeters at the Research Institute of Geodesy and
Photogrammetry — Sofia is included too. The full facts concerning the research and calibration of gravimeters in Bulgaria are presented, including closed polygon and
slope-change techniques, which are used for calibration of the instruments for geophysical or surveying purposes.
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BbBeneHue MogudvKaLuMM rpaBUMETpUTE, KaTo HampuMep 3anapgHuTe
LWapn, YopgeH, Cumntpekc, CoauH OT KBapuoBUTE W
3a peluaBaHe Ha MHOTO 3afjauu, KakTo OT HayyeH, Taka oT meTanuyeckuaT Jla Kocra u Pombepr, a B Bbnrapus pyckute
MPUNOXeH Xxapaktep B obnactta Ha reoduavkata M rpasumetpu ot Buda [AK, TP/K2, THY-KC u THY-KB. Cbuio
reojeansTa, e HeoBXOAUMO [MoBanHo M3ydyaBaHe Ha Taka MacoBO Ce W3Mon3BaT Cb3AafeHNTe B NOCNEAHO BpeMe
rpaBuUTaLMOHHOTO none Ha 3emsara. Mpu ToBa C BCEK KoMMioTpu3uparm rpaumeTpy ot Buaa Scintrex CG-3 u CG-5.
W3MMHAT [eH W3WUCKBaHWSTA 3a ONpedensHe Ha HeroBute
napameTpu Hapacteat (Kossikosa v ap., 1979). 3atosa e lpaBumeTpuuHata cuctema IGSN-71 e AnbxHa Aa 3anasu
HeoBXomMMO f[a Ce paspaoTAT METOmM W M3MEpUTENHM Mawaba Ha CyXOmbTHWUTE TPaBUMETPUYHM CHUMKW C TOYHOCT
Cpe/acTBa, NO3BONABALLY Aa CE MOMyuM BbB BCAKA TOUKA Ha 1.10% Gal. Ta3u cuctema TpAGBa Aa Ce MpeHece W BLPXY
3eMHOTO KbNbO CbC 3ajageHa TOYHOCT 3HAYEHMETO Ha HalnoHanHUTe OMnopHU Mpexu, a criej Toea U BbPXY camute
YCKOPEHMETO Ha Curata Ha TexecTTa B efuHHa cuctema oT CHuMKW.  Heobxogumo e  paspaboTBaHeTo Ha  MeTOAM,
(b|/|3l/|"|eCKV| eauHNLM. Nno3BoNABaALLN NOKa3aHUATa Ha rpaBUMeTpuUTe, U3pas3eHu B
cucTeMa U3MEpUTENHU eaMHWLM Ha ckanaTa, Aa ce npueeaar
B MWHanoTo kaTo eauHCTBEH METOA, no3eonsiBaly ga ce B cuctemaTta q)|/|3V|‘-|eCKV| €ANHNLKW, NNK, KaKTo Ce Ka3Ba, [a ce
Cb3fafe eAuHHa CBETOBHA MpEeXa OT OMOPHW TOuKM, € Oun M3BbPLUM eTasnoHupaHe /kanubpupaqe/ Ha rpasumeTpuTe
MaxanHusiT MeTod. MaxanHuTe uamepeaHust 6uBaT Maxanu (KossikoBa u ap. 1979). WaucksaHusTa 3a Tasn f[edtHoCT ca
OTHOCUTENHM W MaxanHu abcontoTHWU. B nocnegHute roguuu [ocTa BUCOKM. Heobxogumo e fa ce 3HaaT MaujabHute
3a TasM LUen ce u3non3gaT abCoMWTHUTE BanUCTUYHM Koe(PMUMEHTU Ha rpaBUMETPUTE C rpeluka OT Mopsifbka Ha
fPaBUMETPU C TNa3epHu  YCTPOWCTBA W KPUOTEHHUTE +1.10% Gal 3a 3sanapute rpasumetpn v +1.104 Gal 3a
rpaBumeTpn. Tean npubopu MoraT fga ce u3nonsgat 3a pyckute rpasimeTpu ot Buaa FAK, TP/K2, THY-KC n THY-KB.
Cb3gaBaTe Ha OMOPHM MPEXN. B kauyecTtBoTO Ha |-|p|/|6op|/| 33 ETaJ'IOHI/IpaHeTO Ha rpaBUMeTpu C TakaBa TOYHOCT Ce ABsBa

MacoBW rpaBUMETPUYHIN N3MEPBaHUA Ce U3NON3BaT pPasnnyHn
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eOHa OT Hall-TPyOHUTE 3aJaynm Ha  eKcriepuMeHTanHaTa
rpaBUMETPUS.

OnutsT B Bbnrapus nokassa, ye npobnemsT ¢ TOUHOCTTA W
KauecTBOTO Ha rPaBUMETPUYHUTE W3MEPBaHWS € Hal-
HenocpeaCTBEHO CBBLP3aH W ¢ Npobnema Ha M3CNeaBaHeTo U
€TanoHNpaHeTo Ha rpasumeTpu (Muxaiinos, 1989, Muxaiinos
n Paguyes, 2011), T.e. METPONOrNYHOTO UM 0DE3NeyaBaHe.

WU3cnenBaHe 1 eTanoHMpaHe Ha rpaBUMeTpU 3a
reom3nyHu Lenu

B muHanoto reodwmsuumMTe ca w3non3sanuM oOTceykata OT
CenckoctonaHcka akagemuss B Codws go [paranesckus
MaHacTup 3a eTanoHupaHe Ha rpasumetpu (Muxainnos, 1989).
Pasnukata B CTOMHOCTUTE Ha CunaTta Ha TEXecTTa Mexay
rpaBMMETPUYHATE TOYKM Ha CriOMeHaTaTa oTcedyka e
onpegeneHa C MaxaneH rpaBuMeTbp. [1o-KbCHO, crieq
cb3gaBaHe Ha pagumempuyHama nabopamopusi 8 bypeac 3a
PEMOHM Ha epagumempu, Tam B palioHa € Cb3hadeH W
rpaBUMETPUYEH MOSIMMOH 3a €TaroHWpaHe Ha rpaBUMETPH.
ETanoHHnTe CTOMHOCTM Ha "Ag" Ha NonuroHa ca U3MEepeHu ¢
rpaBumeTpu TAl-2 OT pycku cneuuanucti /reopusnuml.
Nlabopatopusita € cCb3gapeHa, 3a Aa Ce  peMoHTuMpar
CYyNEHWTE  KBApLUOBM  CUCTEMM  HA  rpaBUMETPUTE.
MOHTUPaHETO Ha CYyMeHUTE KBAapLOBW CUCTEMU CTaBalle OT
pycku cneumanuct 1 obyyeHn Hawm cneynanucti B Pycus. B
nabopatopusiTa 0sixa PEMOHTUPaHKU U rpaBUMETPU OT ApYru
CTpaHu, kato YHrapus, Yexus, tOrocnasus u CesepHa Kapes.
Cobuata e cHabgeHa ¢ mofepHu TepMokamepa u bapokomepa,
a Cbl0 W C BaKyymnomna 3a BaKymMMpaHe Ha OTPEMOH-
TMpaHuTe rpasuMeTpu. B nabopatopusita umalle 1 MOHTUPaH
BMOPOCTEHA, 3a Aa Ce M3cnedBaT OTPEMOHTMPaHUTe rpasu-
MeTpU Ha BNMSHWETO Ha BuOpaumm /mukpocemsmukal. Ha
BMOPOCTEHAA, rpaBMMETbPbT € MOANOXeH Ha Bubpauun B
npoabkeHne Ha 10 min, cnen KOeTo ca B3MMaHW OTYETU NO
Hero B npogbixeHne Ha 20 min 1 e MocTposBaH rpacuk
[afeH Ha ¢urypa 1.

Ag, mis’ !

o
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®ur. 1. OT4yeTH NO cKanata Ha rpaBUMeTBbpPa B NpoAbIkeHne Ha 20 min,
cnep kato 10 min npeay ToBa rPaBMMETBLPLT € NoAJIaraH Ha UHTEH3UBHM
BMOpauuu

Cblo Taka e u3non3eaHa U ChneuuanHo npurofgeHa
HaKMOHOMEPHa Nnova /ek3amuHaTop/ 3a eTanoHupaHe Ha
rpaBMMeTpUTE MO METOAA Ha HAKIOHa, T.e. 3a OMpeaensHe Ha
TEXHWUTE MaLabHu koeduumeHTn. B TepmokamepaTa ca 3aga-
BaHW pPasnuy4HM TEMMepaTypy Ha OTPEMOHTUPaH rPaBUMETHP U
€ CTpOoeHa rpacmka Ha TemnepaTypHaTa XapaKTepucTuka Ha
rpaBumMeTbpa, AafeHa Ha gurypa 2.

3BbPLLEHO € eTanoHupaHe Npu PasnuyHK TemnepaTypu Ha
rpaBMMETPUTE BbPXYy HaKMOHOMepHaTa nnoda /eksamu-
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HaTopa/. CpegHaTta rpelwka OT MonyyaBaHe Ha MalabHus
KoedUUMEHT Ha T[paBUMETbPa, MNpyU ETanoHupaHe Ha
ek3amuHaTopa, € +£1.103 Gal. Cnen ToBa ca npoBepsiBaHM
rpaBUMETPUTE M HA €TanOHHUS MONWUTOH, 3@ fa Ce NpoBepsT
MaLlabHuTe KOEULIMEHTN 3@ BAUSIHME HA MUKPOCEU3MUKA OT
TPaHCNOPTUPAHETO WM C KOna U 3a BAMSHWE HA Pa3nuyHM

(*)aKTOpVI, KaTo Temnepatypa W HandraHe. 3a Bceku
OTPEMOHTMPAH rpaBMMETHP € U3aaBaH NacnopT.
g, mis* §
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®ur. 2. Mpachmka Ha TeMnepaTypHaTa XapakTepucTMka Ha rpaBUMeTsLp

W3cneaBaHe u eTanoHupaHe Ha rpaBUMeTpH 3a
reofie3nyecku Lenm

CbC 3anoyBaHe M3MepBaHETO Ha [bpkaBHaTa rpaBuUMET-
puyHa Mpexa Ha bBbnrapus ot "leonnaHnpoekt”, rpasu-
MeTpuTe OTHayano ce eTanoHupat Ha oTceukata Cencko-
cTonaHcka akagemus — [paranescku maHactup (Mwxainos,
1989), a cnep ToBa oT "leonnaHnpoekT" e chagageH MomnmroH
3a eTanoHu1paHe Ha rpaBMMeTpu, JadeH Ha urypa 3.
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®ur. 3. MonuroH cb3pgapgeH oT "MeonnaHnpaekT" 3a eTanoHMpaHe Ha
rpaBumeTpU

Mpn u3mepBaHeToO Ha [ibpkaBHaTa rpaBUMeTpUYHA Mpexa,
oT '"leonnaHnpoekT" e W3BbPLIEHO ETaNOHMPaHETO Ha
rpaBMMETPUTE BCEKW MeCEel, Ha NONMUMoHa M oTcedkata
CernckocTonaHcka —akagemus [paranescku MaHacTup
(Muxaiinos, 1989). Ot PIMIM rpag Codwms e u3paboTteH
cneumaneH ek3aMmuHaTop 3a eTarioHWpaHe Ha rpaBUMETPUTE
no MeToga Ha HaknoHa cblWwo oT "leonnaHnpoekt".
M3nonsgauute rpaeumetpu ot Buga [AK u TP/K2, ca
€TanoHMPaHu Ha ek3amnHaTopa CbC cpefHa rpetka £1.102 -
1.10% Gal »n crmeg ToBa Ca MpoBepsiBaHW Ha OTCeukata
CenckocTonaHcka akagemust — [lparaneBcku MaHacTup M Ha
CoduiAckusi NONMUroH.



Cnen npexBbpnsHETO Ha rpaBUMETpUYHMTE paboTu OT
"TeonnaHnpoekt” B "HUMIM®", CoduiCKMAT MOMUIOH ce
npensMepsa OT pycku cneuuanuctt ¢ rpasumeTpu TAM-1 u
FAl-2 u wmaxanim npubopn OBM. C nomowTa Ha
reofesnyeckata cnyxba Ha ouswms CCCP u reogesnyeckute
cnyxbu Ha Yexus, YHrapus u [llonwa ca cb3gageHu
ETanoHHUAT rpaBMMETPUYEH MOMWIOH BuamH — MenHuk w
MpeLusHuTE rpaBUMETPUYHI X0R0Be. [ONMIOHBT € U3MEpEH C
rpasumeTpu [Al-1, TAT-2, LWapn, YopaeH u CumHTpekc, a
X0O[o0BeTe ca u3mepeHu ¢ rpasumetpu FAT-1 u FTAT-2 ot pycku
cneupnanucTu. ViHTepeceH e akTbT, Ye Npu U3MEPBAHETO Ha
nonuroHa BuamH — MenHuk C pasnuyHu rpaBUMETpU OT
pasnuyHUTe CTpaHu ca Ce MONYYWUnW pasfuku B OTCeykata
BuguH — Menuuk go +0,5 mGal (Muxainos, 1989). Kato ce
umMa npegsua, 4ve BeuukuTe MM npubopn ot Buga Lapn,
YopaeH v CUMHTPEKC ca eTanoHMpaHu N0 MeToda Ha HaKMoHa
¥ npoBepeHn Ha MexayHapagHUs eTanoHeH rpaBUMETPUYEH
nonuroH, rpasumeTtpute ot Buga FAM-1 u TAl-2, He ce
HYXOasT OT eTanoHupaHe.

KakBo npaBu BrnevatneHue, kato ce npernexgar W
aHanuaMpaTt [aHHWUTE OT W3MEpBaHWsITa Ha MONUIOHMTE C
pasnuyHa anapatypa, npe3 pasnnyHo BpEME U OT PasfnyHy
cneynanucTn? Hanuue ca pasnuku, KakTo € nog4epTaHo no-
rope, OT nopsigbka Ha +0,5 mGal, He3aBucMMO OT TOBa, Ye
ynoTpebsBaHNTe TPaBUMETPU Ca €TaroHUpaHM, KakTo no
METOAA Ha HaKMOHa, Taka M Ha nonuroH. KoHcTatupaHo e, vye
WHCTPYMEHTANHOTO eTanoHMpaHe Mo MeTofa Ha HakfoHa He
BOAM [O €QHM W CblUM pesynTaTM C TOBa Ha MOMMIOHa,
obscHeHwe, 3a koeTo Tpsbea Aa ce Topeu (Muxarinos, 2012).
Mpes 1983 — 1984r., e 3akyneHa pycka YCTaHOBKa 3a
eTanoHNpaHe Ha rpaBuMETpU No MeToga Ha Haknoxa YEITI-1
Ne 95 ot rpaBumeTpuyHaTa nabopatopus B rpag byprac,
[afeHa Ha durypa 4.

2
" -

®ur. 4. Pycka yctaHoBka YEITI-1Ne 95 3a eTanoHupaHe Ha rpaBuMeTpyu
no MeToAa Ha HaKnoHa

Coblo Taka e 3akyneH u pycku Tepmoctat TEl 3a Hes. [Mo-
kbcHO Gewe u3paboTeHa 3a Hes n Cuctema 3a KOHTpoOn W
perynupaHe  TemnepaTtypata  Ha  [paBWMETbp  OT
KopabopemoHTHus 3aBog BbB BapHa (Muxainos v gp. 1990).
Cobuata ce Buxaa ot curypa 4, 3aegHo ¢ YEITI-1 Ne 95 u
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nocTaBeH rOTOB 3a eTanoHupaHe rpasumeTbp. CbC Tasw
Cuctema 3a KOHTPON U perynupaHe TemnepaTypata Ha
paBYMETbD Ce MpaBexa TeMmnepaTypHn M3NUTaHns Ha
rpasumeTpute Ha HUNTu® (Tsenco et all., 2013). B HAUTu®
Oelwe HanmpaBeHa M Bakyymnomna 3a BakyymupaHe Ha
rpaBUMETpUTE MpeaW ETanoHMpaHeTo UM NO MeToda Ha
HaknoHa ¢ YEITI-1 Ne 95 (cur. 5). Mo 1031 HaumH B HANTu®

bewe cv3mapeHa Jlabopamopus 3a  uscredgaHe U
emaroHupaHe Ha 2pagumempu.
x CTTHPATE R K
[ij— BT
] pameaTIp

¢ ™ BayMIIIMIEL

®ur. 5. MpuHuMnHa cxema Ha Bakyymnomna 3a BaKyymupaHe Ha
rpaBMMeTpUTE NpPeau eTanoHMpaHeTo UM No MeToAa Ha HaknoHa ¢ YEI-
1 Ne 95

lpelukaTa OT onpefensHe Ha eTanoHHUTE 3HAaYeHus Ha Ag,
KaKTO Ha MOJINIOH, Taka W MO-METOAA Ha HaKIoHa 3aBuUCK OT
MHOro cbaktopu. lMpn MeToda Ha HaknoHa, rpeLukaTa 3asucy
OT W3MepBaHe brbfla Ha HaKMOHa Ha u3cregBaHus
rpaBuMeTHP. 3aToBa NMpe3 BCeku 2 rognHu Gelue 13BbpLLIBaHO
n3cnegBaHe Ha OTYETHOTO YCTPOWCTBO Ha YCTaHOBKaTa
(Muxainos, 1993). CpegHata rpeluka oT u3mMepBaHe brbna Ha
HaknoHa ¢ ycTaHoBkaTa ce konebae okono 0,23". Cnopeg
NpeanpuaTMETO NpOM3BOAMTEN, Tasn rpewka Tpsbea [a
Bapupa ot 0,10" po 0,40". OT ronamMo KoOnMM4ecTeO
u3cneaBaHus U eTanoHupaHus Ha rpasumetpu B HAUM® Ha
YEIM-1 Ne95 (Muxainos, 1991), oTHocuTenHata rpeluka 3a
onpegensHe Ha mawabHuTe KoeuULMEHTN HA TPaBUMETPHUTE B
Bonrapus e £1.104 Gal, T.e. eTanoHHOTO 3HayeHWe Ha
HapaCTBaHETO Ha cumnaTa Ha TexecTTa Ag, fia € ¢ To4HocT 10
pGal (Mwxainos, 1993). Ha BuauHckus nonuroH, npw
€TanoHWpaHeTo Ha rpaBuMeTpU OT  PykaBWLLHMKOB 1
MwxaitnoB 6Gelwe nomyyeHa OTHOCUTENHA rpewwka OT
onpegensHe Ha MawabHute KoeuUMEHTH OT nopsigbka Ha
+1.10% Gal, obauye c pyckata yctaHoska YEITI-2 Ha O3 AH
CCCP.

lpewkara OT OnpedensHe Ha Ag Ha €TanoHeH MOMMUIoH
3aBUCK OT MHOTO (PaKTOPW: OT KAYECTBOTO Ha rpaBUMeTpuUTe
M3NOMN3BaHW 3a onpefensHe Ha eTanoHHUTe Ag Ha NOMUroHa,
OT MpaBWIHO OnpefensHe Ha MalwabHus KoeduUMEHT BbB
(U3MYECKN eduHULM, OT BRMSHME BbpXy npubopute Ha
Temnepartypa, BuOpaLuu, HEMMHEAHOCT Ha HyneBaTa TOuKa.
OT MHOro M3cneaBaHus 1 eKCNEPUMEHTUPAHUS Ce YCTaHOBM,
Ye M No [fBaTa MeToda Ha eTarnoHupaHe MoraTt fAa ce
nonyyaeaT MOYTU e[HaKBW pe3ynTaHn B pamkuTe Ha
TOYHOCTTa 3@ MawabHute koedpuumenTn. 3a uUenTa
TemnepaTypuTe Ha eTaroHupaHe W no fABata MeToda Aa ca
€[JHaKBW W HENVHEMHOCTUTE Ha OTYETHWTE CKanu Aa ca B
ponycTumuTe rpanuuu. MpumepeH rpadmk ¢ HENMMHEMHOCTU Ha
cKanata Ha rpaBuMeTbp € JafdeH Ha curypa 6.
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®ur. 6. Mpadmk, nokaspawy HENMMHEHHOCT Ha CKanaTa Ha ckanata Ha
rpaBUMETHLP

Mpachuk ¢ MawabHuTE KOEULIMEHTN Ha CLUMS TPABUMETHP,
onpeaeneHu npu Tpu Temnepatypu Ha YEIT-1 Ne 95, e nageH
Ha urypa 7.

¥ [mGatich)
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Qur. 7. Mpaduk ¢ mMawabHUTe KOe(UUUEHTU HAa CbLUMA FPaBUMETLP,
KakTo Ha durypa 6, onpesenexu npv Tpu Temnepatypv Ha YE-1 Ne 95

B Tabmuua 1 ca pgageHu MalabHute KoeuuMeHTU Ha
rpaBMMeTpW, €TanoHMpaHW Ha MONMIOH W MO MeToAa Ha

HaknoHa npu  egHakeu  Temnepatypu  (Muxainos  u
baxyesaHos, 1990).
Tabnuua 1.
Emanorupate Ha 2pagumempu no pasnuyHu Memoodu
Temnepartypa, K, K,
[paBAMETLD Npu KOATO € | onpedeneH no | onpeaeneH
eTanoHWpaH | MeTogaHa | no MeToda Ha
[PaBUMETBLPBT | MOMUrOHA HakIoHa
FAK-TT _ _
Ne 689 14 CO K140 =-6,3558 | K140 =-6,3562
rP/K2 _ _
Ne 1514 15 CO K150 =-5,9829 | K150 =-5,9833
el 185C0 |Kuss? =-6,8507 | Kios'=-6,8511
3aknoyeHue
Cropen Hsakou asTopu (BoiTeHko, MwuHekec, 2007)

OCHOBHUTE MPWUYMHM, MO KOWTO €TanoHHUTE MOMUIOHM ca
HEMpWUrogHM  3a  TOYHM ornpedeneHns Ha  MawabHute
koeULUMEHTU Ha rpaBUMETpUTE, Ca CriegHuTe:

1/ Ha TAX e HeBb3MOXHO Aa ce 00e3neyn TeXHOMOrmyecku
[TemnepaTypeH/ pexuM Ha eTarnoHupaHe, T.e. HEBb3MOXHO e
pa ce obesneus NOCTOsHHA TemnepaTypa Ha npubopute B
TEYEHWE Ha Lienvs NEpUOA Ha eTanoHNPOBBYHNTE PEICOBE.

2/ He e BBb3MOXHO Ha TAX Aa Ce onpedenu LeTanrHo
HeNUHEeNHOCTTa Ha OTYETHUTE CKaNu Ha rpaBUMeTpUTe.

3/ B wuamepeHuTe 3HayeHus Ha Ag Mexmy ToukuTe OT
MnomnuroHa, NPUCLCTBA NCEBAOrPaBMTALMOHHA CbCTaBALa,
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KOSTO € HEeBb3MOXHO Aa Ce OTAENM OT TpaBUTALMOHHUS
curHan. Ts MOXe [ja MPEeBULIM MHCTPYMEHTanHaTa rpeluka Ha
rpaBMMeTbpa. Tasl CbCTaBsAla HsMa HUKAKBO OTHOLIEHWE
KbM rpaBuTauusTa. T e NpeausBuKkaHa OT Bb3AENCTBIETO Ha
€HOOTEHHN MMKPOCEM3MUYHM BBIHW Ha YyBCTBUTENHATa
CUCTEMA Ha rPaBUMETHPA B MOMEHTA Ha 13MEPBaHE.

Cref nNUKBMAMPAHETO Ha rpaBUMETpUYHaTa nabopaTopus B
rp. byprac cneg 1989r. u cneg nMKBMAMPAHETO Ha
nabopatopusTa 3a M3CnedBaHe W eTaroHWpaHe Ha
rpasumeTpu B HAUMM® kpasi Ha 2003 r., eQMHCTBEH HauWH 3a
eTanoHupaHe Ha rpasumeTpu B  Bbnrapus  ocTasa
nonuroHoBuAT. Yact o1 Couiickist eTanoHeH rpaBMMETpUYEH
MONUIroH M HoBoCb3aaaeHaTa KanubposbyHa nuHusa Ha BAH
Codus-CumeoHoBo-buctpuua-Kenesnuua-lnaqa ca usmepe-
Hn npe3 2004 n 2007r. ¢ KOMMIOTPU3MPAHM TpaBUMETPU
Scintrex CG-3 n Scintrex CG-5 o1 benruiickn cneumanuct. 3a
cera Ha Tean OTCEYKM CTaBa WU3CMEABaAHETO U eTarloHUPaHeTo
Ha rpaBumeTpuTe B Bbnrapus.
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NPUNOXUMOCT HA NIOBUTENCKU AUCTAHLIMOHHO YNPABNAEMU NETATENHA
CUCTEMM (AYNC) 3A PELLABAHE HA NMPUNOXHU 3A0AYU

XpucmusiH LjaHkoe, UeaH lMapywees

Munto-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus, ch.tzankov@gmail.com, parushev92@gmail.com

PE3IOME. /3nonasaHeTo Ha [1Y/1C 3a peluasaHe Ha pa3HooBpasHu NPUMOXHW 3aaum e U3KMIYMTENHO HOBO HanpaBneHue, KOeTo ce pa3BiBa akTUBHO W CrieABa
Aa ce YTBBbPAM W HaMOXVU MU pellaBaHeTo Ha pefuua 3afaduu, CBbP3aHu C HabmiofeHne u uacneaBaHe Ha 3emMHaTa MOBBPXHOCT, KaKTO M C HEMOCPEeACTBEHO
npoTMYaLLM NMpoLECH 1 SBneHns. EAHO TUMMYHO NMPUNOXeHNe e Bb3MOXHOCTTA Aa Ce reHepupaT AeTainHn LdpoBM MOLENN Ha TepeHa, KOETO € OT U3KITKYNTENHA
BaXHOCT NPy NNaHnpaHxe, NPOeKTUpaHe N MOHUTOPVHT Ha UHXEHEPHN U Ap. MEPONPUATYS.

HoBuTe TexHONOMMM M M3KMIOYMTENHATA MOMYNAPHOCT HA APOHOBETE [ONPUHACAT 3a MOSBaTa Ha CPABHUTENHO EBTUHW MYNTUKOMTEPHU cucTemu. KoMBUHMpaHy cbe
CTaHAapTHa Kamepa C BUCOKa Pe3onioLms (Mnk Apyr BUA CEH30p), Te ce ABABAT MOLLHO CPEACTBO 3a ANCTAHLUMOHHM 13cneaBaHus. Hanuue ca v peauua GlomxeTHn
CO(TYEpHM peLLeHns 3a JOMbiHUTENHa 0bpaboTka Ha nomnyyeHaTa no Bpeme Ha neTatenHuTe MUCM MHGOopMaLys.

B Hacroswarta pabota ca pasrnefaHun TeCToBi Npumepn npoBeAeHn ¢ ksagpokontep Phantom 3 Professional (P3P) Ha DJI, npefcraBnsBaly HambaHO rotosa 3a
NONeT UHTENUTeHTHa CMCTeMa, KOHCTPYMpaHa OCHOBHO 3a MioBuTencky Lenu.

KniouoBu gymu: [IUCTaHLUMOHHM METOAM, APOHOBE, reoduanka, oTorpameTpus, kapTorpacmvs

APPLICATION OF NON-PROFESSIONAL REMOTELY PILOTED AIRCRAFT SYSTEMS (RPAS) FOR SOLVING PRACTICAL
PROBLEMS

Christian Tzankov, Ivan Parushev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, ch.tzankov@gmail.com, parushev92@gmail.com

ABSTRACT. The use of RPAS for solving different practical problems is a new approach which is actively developed and should be enhanced and affirmed in solving
number of problems related to monitoring and studying Earth’s surface, as well as currently ongoing processes or phenomena. A typical application is the ability to
generate detailed digital terrain models, which is critical in planning, design and monitoring of engineering and others activities.

The modern technologies and the increasing popularity of the drones contributed the emergence of relatively inexpensive multicopter systems. Combined with
standard high-resolution camera (or different type of sensor) they are converting into powerful tool for remote sensing. Additionally, there are a number of budget
software solutions for further processing the data gathered during the flight missions.

The current paper presents case studies conducted with DJI Phantom 3 Professional (P3P) quadcopter. The P3P is a fully ready to fly intelligent system designed
primarily for non-professional purposes.

Keywords: Remote sensing, drones, geophysics, photogrammetry, cartography

BbBeaeHue MOMOLLTA Ha CaTENUTU MMM Crieuuanu3vpaHn camoneT u
XENMKONTEPH, HO B pasnuyHa U cneumdmyHa Huwa. Te morat
MHorobponH1Te  Bb3MOXHOCTM 38 MPUIOXEHWe  Ha fa Gbar nonesHu 3a M3CMeABaHus Ha Marki BUCOUUHN (<
MYNTUKONTEPHUTE CACTEMM B MPaKTMKaTa M Npespblya B 100 m), kakTo ¥ B TPYAHO AOCTLNHY 32 APYr BAA NeTaTenHa
W3KIKOYMTENHO MOME3eH WHCTPYMEHT 3a peluaBaHe Ha TeXHMKa pavioHn. Te ca U3KMOYMTENHO MOAXOAALM 33
pasHoobpasHM 3ajaus B pasnuuHM cdepu Ha Haykata W [eTainHn, nokanHu 1 Mo-psiako PervioHanHn u3mepBaHus.
npakTukata. OCBEH 3a MPaKTUYECKW M KOMepCuamnHu Lenw, PasgenutenHara  cnocobHocT Ha  ApoHa  3aBucu  OT
OYINC HaBnmu3aT MacoBo M KaTo CpefcTBO 3a NINYHO MOM3BaHe TEXHU4ECKNTE  XapaKTEPUCTUKM  Ha  M3NON3BaHUA  Npu
n 3abasneHve. Tesn [Be HanpaBneHns WMmaT Cepuo3eH HabniofeHmeTo ceHsop, Ho B oblms cnyyait e no-ucoka ot
npuHoc 3a paspaboTkaTa W pPa3BUTUETO Ha NeTaTenHuTe Ta3n Ha catenuTite u camoneTture.
anapatv npe3 nocnegnute roguHn. OT pgpyra  cTpaHa,
HamansBaHeTO Ha pa3MepuTe, YBENWYABAHETO Ha M3YMC- Entn ot Hait-nonynspHute npunoxenns Ha [JYIIC ca
nuTenHaTa Mol W MOEBTUHABAHETO Ha MWKPOEMNEKTPOHMKaTa CBbp3aH/h C [AMCTaHUMOHHOTO 3acHemMaHe Ha 3emHaTa
ca [10Benu 10 6yM Ha nasapa Ha poHoBe cnen 2010r. NOBBbPXHOCT, KaKTO W CbC Cb3AaBaHETO Ha TPUN3MEPHKU
TepeHHU Mogenu. BbamoxHocTTa 3a 6bp3a, eBTMHA W
Ot reodmsuyHa rnegHa Touka OYNC ce um3nonssat 3a nonyaeToMaTMyHa peanusaLus Ha Tesn 3adauu, bes ydactve
AMCTaHLMOHHW N3MepBaHUsl Ha 3eMHaTa NOBbPXHOCT. ToBa I Ha MumoT u cneyuanHo oGy4eH ekun, faBa 3Ha4UTENHO
noctaBa B 06MacTta Ha ANCTAHLMOHHWTE METOAM Ha npesvmcTBo Ha AYIIC.

u3crneaBaHe, B KOsSITO momajat HabntogeHusTa Ha 3emsiTa
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O6nactu Ha npunoxeHue

Hai-06110, CbLHOCTTA HA AMCTAHUMOHHWTE M3CneaBaHus e
B NnonyyaBaHe uHopmaLms 3a obekTa, NpeaMeT Ha UHTepeC,
ypes U3MepBaHe Ha HEroBW XapaKTEPUCTUKM OT Pa3CcTOsiHUE —
0€e3 KOHTaKT C Hero, kakto u obpaboTka Ha monyveHaTa no
TO3M HaumH uHdopmauus (MapaumpocsaH, 2015). CwrnacHo
TOBa OMPEAeneHne, KOMOMHAUMSATa MEXLy CPaBHUTENHO
€BTUHNUTE cbBpemeHHn [1YJIC u cTaHgapTHa kamepa C BUCOKa
pesontouus (Unu apyr BUA CEH30P) Ce SBSIBA MOLLHO CPeACTBO
3a [OMCTaHUMOHHM u3cnegpaHus. Hanuue ca w pepuua
BIoKETHU COTYEPHN peLleHns 3a AoMbIHUTENHA 0bpaboTka
Ha UH(opMaLmsTa.

CbBpeMeHHNTE POHOBE Ca naeanHm 3a 6nmsko o 3emHaTta
MOBBLPXHOCT KapTorpacdmpaHe Npu 3KITYUTENTHO BUCOKW HIBA
Ha [JeTaunHocT. Hsikom OT Hal-BaxHuTe obnacti, B KOWUTO
CHabaeHuTe CbC CTaHAApTHa, CnekTpanHa unm uHdpayepeeHa
kamepa [YNIC HaBnu3aT u ce yTBbPXKZABaT BCE MO-
kateropuyHo ca cnegHute (Kucbos v Liankos, 2016):

o CTpOUTENCTBO — MOHWTOPWHI Ha mpoueca upes
NepuyoaMyHO Cb3faBaHe Ha reopedepupaHn opTo-
(hOTO MO3alKkM M LNPPOBN MOBBLPXHOCTHN MOZEnu;
nauncnsBaHe Ha obemn Ha Hacumu W u3Konu;
BEKTOPU3MPaHe U NPexBbprsiHe Ha AaHHM KbM CAD n
BIM cobryep v ap.;

o Cencko CTOMaHCTBO — MOHWTOPWMHI Ha pacTexa Ha
noceBuTe; onpeaensHe Ha pactutenHns uHgekc NDVI,
TOpEHe 1 ap.;

e MWHHO [eno — MOHMTOPUHT Ha OTKPUTMS [OOMB;
HabniogeHre Ha 0TBanM W HaCUNULLA; N3YMUCrsSBaHE Ha
obemn 1 n3yepTaBaHe Ha KOHTypw; HabriogeHve Ha
B3pWBHU NoneTa u ap.;

e CnewHa nomowy — Obp3u ormean npu katactpodw;
TbpCEHe Ha M3rybeHn xopa Wnm KepTBu; CNacuTemHu
MUCUU 1 3p.;

o llacnensaHe Ha pUCKOBW sBNEHWUst — HabnogeHre Ha
CBrauMLya; crefieHe Ha HaBOOHEHWs; 13crneaBaHe Ha
LMKMOHN 1 Bypu; NoXapu; BYNKaHW v p.;

o [HCnekTMpaHe Ha CbOpbXeHuss — HabriogeHve u
n3cnegBaHe CbCTOSHWETO Ha  PasnuyHN  BUAOBE
KOHCTPYKUMW (Crpagw, MOKPWBM, MOCTOBE, SI30BMPHW
CTEeHU, KOMWHM W [p.); eHeprniiHa edeKTUBHOCT Ha
crpagu; M3cneaBaHe PasnonioXeHUeTo M TOMMNHHUTE
XapaKTEpUCTUKA Ha COMapHW MaHenu; MHCMeKTUpaHe
Ha enekTponposoay v Tpbbonposoau 1 ap.;

e BbagywHa coTorpameTpus — Cb3faBaHe Ha OpTo-
(hOTO MO3alkM U TPUU3MEPHW MOZENM; rEOAE3NYH
3agauw; rpafcko MnaHupaHe; KaptorpadupaHe Ha
0BwwpHu obnacTy; kagacTbp v ap.;

o MoHMTOpUHT Ha OKoMHaTa cpeda — HabmoaeHne Ha
NpUpoaHM pecypcu (ropu, BOAM W Ap.); W3yyaBaHe
MecToobuUTaHusTa Ha BUAOBETE W TAXHATa MUrpauus;
reonoxkn HabriopeHns; HabriogeHne M MOHWUTOPUHT
Ha 3aMbPCABaHUS 1 Ap.;

o HeagpMmkMMO MMyLLECTBO — Offlef, Ha HELBUKUMO

WMYyLLECTBO,  OKOMHWTE  Crpagu,  WUMOTM U
WHAPACTPYKTYpa;  NPE3EHTALUMOHHM  TPUM3MEPHM
MOZENN Ha UMOTU 1 Ap.;

o QObyyeHme.

B Hactosiwara paBoTa ca NpeACTaBEHM HAKPaTKo Tpu
npumepa, [EMOHCTPUpaLLM Bb3MOXHOCTUTE Ha MiobuTencka
AYIC npy pelasaHe Ha pasHooBpasHy NPUIOXHM 3aaauM.

TeXHMYECKM XapaKTePUCTUKN Ha U3Non3BaHaTa
nwobutencka AYJIC

lMo-HaTaTbk Ca pasrnegaHM Tpu  TECTOBWM  MpUMEpa,
nposefeHu ¢ ksagpokonTtep Phantom 3 Professional (P3P) Ha
DJI, npeacTaBnsBaly HambiHO rOTOBa 3a NONET WHTENUIEHTHa
cucTema, KOHCTpyypaHa OCHOBHO 3a Mobutencku uenm (dwr.
1).  W3non3saHuAT neTtateneH anapat  npefcTaBnsBa
KBaZpOKONTEP OT CpefeH knac. ['bBKaBOCTTa Ha ynpaBneHue,
crabunHocTTa My BbB Bb3ayXa W BrpajeHaTa kamepa ¢ BUCOKa
Pe30onioLMs OKayeHa Ha TPUOCHA XMPOCKOMWYHA CTOMKa 3a
crabunmsaums B peanHo Bpeme npaaTr DJI P3P
U3KMKOYUTENHO NOOXOASL, WHCTPYMEHT 3a MpoBeXAaHe Ha
pasHooOpa3HW MUCKUW CBBP3aHKM CbC 3aCHeMaHe, criefeHe U
kapTorpadmpaHe.

®ur. 1. DJI P3P no Bpeme Ha nonet npu TeCToBO OpTo-(hoTO 3acHeMaHe

TexHuyeckuTe XapaKTepuUCTUKN Ha WU3Non3BaHUA [OPOH Ca
cnegHuTe:

KsagpokonTtep

Terno (c batepusita v nepkute): 1280 g;

Pa3smep Ha guaroHana (Bkr. nepkute): 689 mm;

MakcumanHa ckopocCT Ha u3guraHe: 5 m/s;

MakcumarHa ckopocT Ha cnyckaHe: 3 m/s;

TouyHocT Ha 3aBuCBaHe: BepTukanHa - +/- 10cm

XOpU30HTanHa - +/- 1 m;

e MakcumanHa ckopoct: 16 m/s (ATTI pexwum, Ges
BATHP);

o MakcumanHa Hagmopcka BucodunHa: 6000 m;

o Pab6otHa Temnepartypa: ot 0°C go 40°C;

o GPS pexum: GPS/GLONASS.

Kamepa
o Censop: Sony EXMOR 1/2.3" ed. nukc.: 12.4 Mpx
(abc. 6p. nukc.: 12.76 M);
o ObektuB: FOV 94° 20 mm (35 mm exs.) f/2.8, dokyc B
Be3skpanHocT;
ISO: 100-3200 (ugeo) 100-1600 (cpoTo);
CkopocT Ha 3atBopa: 8 s -1/8000 s;
Pa3smep Ha nsobpaxenusra: 4000 x 3000;
Pexummn Ha CHUMaHe: eanHUYHA CHUMKa; cepust: 3/5/7;
aBTo-ekcnoanums ¢ OpekeTuHr (AEB): 3/5; kagpn ¢
OpekeTuHr 1 oTknoHeHue 0,7 eV; BpemeBu cepum;
o Pexumn Ha Bugeosanuc: UHD: 4096x2160p 24/25,
3840x2160p 24/25130; FHD: 1920x1080p
24/25/30/48/50/60; HD: 1280x720p 24/25/30/48/50/60;



e SD kapta: Micro SD ¢ makcumaneH kanauuteT 64 GB
(Class 10 unm UHS-1);

o MakcumaneH 6utpeit 3a Bugeoto: 60 Mbps;

o [lopabpxaHu cpaitnosn  copmati:  FAT32/exFAT;
®oto: JPEG, DNG; Bupeo: MP4, MOV (MPEG-4
AVC/H.264);

o Pab6otHa Temnepartypa: ot 0°C go 40°C.

Tumobn:
o KoHTponupaH 00xBaT: brbf Ha HaknoHa: oT -90° go
+30°;
o Crabunusauus: 3-ocHa (TaHrax, KpeH, OTKIOHeHWe OT
kypca).

TectoBu npumepu

MpencraBeHuTe obekTn ca uscneasanu ¢ ksagpokontep DJI
P3P npe3 mbpeata nonosuHa Ha 2016r. Mpu BCUYKkM Npumepu
3acHeMaHusITa Ca W3BbPLUEHN C MaKCManHa pes3oniouust Ha
n3obpaxeHnsta 12 Mpx, npesactbneaHe 80% w BepTMkaneH
HaknoH Ha kamepata -90°. lMokasaHuTe aepoOTO KapTh K
TPUM3MEPHN MOZenu ca Cb3gageHu cnepn obpabotka Cbe
CTaHOapTHW MporpaMu 3@  aBTOMAaTM4HA  TPUM3MEpHa
totorpameTpus AgiSoft unu Context Capture.

O6exT ,,lpyxba‘“

Ha 27.02.2016r. B paiioHa Ha KpbCTOBMLIETO Ha Oyn.
,KoneHxareH" u yn. ,06ukonHa“ B x.k. [pyx6a 2 e npoeaeHo
TECTOBO OPTO-(hOTO 3aCHEMaHe, CbCTaBEHO OT [BE NeTaTenHu
mucun. [TbpBata MUCKMS € W3MbIIHEHA NPW BMCOYMHA Ha
noneta 50 m Hag TepeHa, a BTopata — npu BucounHa 40 m. B
MbpBUA CMyyal ca 3acHeT 49 cutyauun no 6 ycnopegHu
npodmna, a BbB BTOPWUA — 73 no 7 npodpuna (cpur. 2).

[anHnte oT aBeTe mucun ca obpaboteHn ¢ nporpama 3a
aBTOMaTW4Ha TpumamepHa cotorpametpust Context Capture.
3a uenTa, u3obpaxeHUsiTa ca MHTErpupaHu B MporpamMHata
cpefa, Cnef KoeTo € M3BbpLUEHA aBTOMAaTW3vpaHa aepo-
TPWaHrynauusi, Bb3 OCHOBA Ha 0OLIM ENEeMEHTU (KOHTPOMHM
TOYKM). HanpaBeH e CTaTUCTUYECKU aHanu3 W € OLEHEHO
CpenHo KBafpaTUMYHOTO OTKIOHEHWE HA MOZENa OT U3XOAHUTE
n3obpaxeHns. Kato peaynTat e reHepupaH LngpoB Mogen Ha
TEpeHa, Bb3 OCHOBA Ha KOWTO € Cb3aafeHa aepodhoTo kapTa U1
TPUM3MEPEH TepeHeH mogen (cour. 3).

AepohoTo KapTaTa Ce XapakTepusupa C M3KIYUTESTHO
BMUCOKA pasgenuTenHa crnocobHocT. Ta Moxe pa 6bae
u3nonseaHa 3a: kapTorpadcka OCHOBa, NO KoATO ga Gbaar
OTOENEHN W BEKTOPU3MPaHM EeneMeHTU OT  3eMHaTa
MOBBPXHOCT (MbTWLA, LIaxTW, ObpBeTa, cTbnbose M Ap.);
M3BbPLIBAHE Ha T[EOCTATUCTUYECKM aHanM3 Ha 3acHeTus
y4yacTbK; NnaHupaHe W MPOeKTMpaHe Ha MHXEHepHU W ap.
MeponpuaTUs; CriedeHe M OOKYMEHTMpaHe pasBUTMETO Ha
AafeHa AenHOCT (Hanp. CTPOUTENCTBO) U Ap.

Crep fombiHUTENHA AUGEepeHLnaLms Ha NoBbPXHOCTHUTE
0bekTi C nomoLyTa Ha aepodoTo KapTaTta (Hanp. pasgensiHe
Ha  MOBLPXHOCTHUTE  HEEQHOPOAHOCTM MO TUMOBE),
TPUM3MEPHUAT TEPeHeH Mogen Moxe fa Obae M3non3eaH 3a
no-3agbnboyeH reoctatucTudeckn aHanms. OcBeH ToBa Morat
pa 6baar msumcneHu npubnuantenHute obemm Ha NO3UTUBHM
WNW HeraTyBHU NOBBPXHOCTHU hopmu. B KoHKpeTHUS cnyuyai
MogenbT Moxe fa Obge W3non3BaH Kato OpUEHTMP 3a
Mawaba Ha 3acunBaHETO Ha TepeHa CbC CTPOMTENHU
oTnagbum. 3abensssa ce fobpe 13paseHo CTPYKTypupaHe Ha
KyMuMHATE B peauuu, KOeTO TOBOPU 33 OpraHu3vpaHo M
mMawabHo [genoHupaHe Ha oTtnagbuute. O6emMbT Ha
N3XBbPIEHNS MaTepnan CbLLo Moxe Aa 6bae U3umcneH, Ho 3a
LenTa e HeobXoAMMO Npu M3dMcneHusTa aa 6baaT U3KIYEHN
no3nTuBHUTE (DOPMU, CBBP3aHU C HaNM4YMETO Ha XpacTu K
LbpBeTa, 0COBEHO B CEBEPHUS U M3TOYHUS Y4acTbK A0 MbTS.

06ekT ,,Kabune*

AepohoTo 3acHEMaHETO Ha TepeHa € OCbLIECTBEHO MO
BpeMe Ha JeCeTAHEeBHa eKCNeanLms B Cpeaata Ha Mecel Maw,
CbrMacHo 3ajaya 3a U3AMPBaHe Ha apxeonornyeckn 0bekTu ¢
reotmanyH METOAM M Bb3dyluHa oTorpacust B panoHa Ha
HAP ,Kabune, obn. Ambon. LlsanocTHoTo 3acHemaHe e
ocblyecTBeHO upe3 10 netatenHn mucuu. lMbpBUTE ceaem
mucum umat 1092 cueHu u ca U3MbHEHW B HAYanoTo Ha
nonesute pabotn. Te nokpuBaT no-ronsMa yact  oOT
Teputopusta Ha HAP Kabune®, toXHUS yyacTbk, nnowTa,
pasnonoxeHa W3TOYHO OT 6asaTa Ha apXxeonosnTe U KXHUTE
CKMoHoBe Ha 3aiun BpbX. BucounHata Ha nonetute € 50 m
Hap w3xogHaTa Touka Ha mucuute. lMocregHute TpU MUCKHN
(ur. 4a) ca u3NbrHEHM B Kpas Ha ekcneguuusTa u ce
cbetosT oT 720 cueHu. [1Be OT TaAx oOXBawaT M3TOYHATa
TEPUTOPWS Ha pesepeaTta NpW BMCOYMHA Ha nomneTa 50 m, a
Tpetata npu 100 m BUCOYMHA, NMOKPUBA KOro3anagHus y4acTsk,
BKIIOYATENHO W Bb3BUWEHMETO 3anun  BpbX. VMeHHo,
TPUN3MEPHUAT MOAEN Cb3dadeH No JaHHU OT NocnegHNTe Tpu
MWCWM e NpefcTaBeH B foknaga (cur. 46).

4min49s

5min:35s =

®ur. 2. NnaH Ha MUCUUTE OT TeCTOBOTO OPTO-¢hoTO 3acHeMaHe npu 50 m BucounHa (BnsiBo) n 40 m BUCOYMHA (BASICHO)
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®ur. 3. Opto-choTo kapTa (Bnsio) u 3D Mmoaen Ha TepeHa B paiioHa Ha o6ekT ,[ipyx6a‘“ nsrpageH upes aBTomaTusMpaHa aepo-TpuaHrynaums (GsAcHo)

[onmbnHuTeneH orneg Ha HanpaBeHWTE C APOHA Bb3LYLUHN
CLeHW, no3sonsBat fa ObaaT HabensiaaHu HAKoM NOAXOAALLM
33 JOMbMHUTENHU W3CMeABaHWa nnowu. Taka Hanpumep, B
HMBWTE Cpelly tokHaTa rpaHuya Ha HAP  Kabune* e
3abenssaH y4acTbK, B KOWTO MPOMEHU B LBETa Ha XUTOTO
o4epTaBaT npaBurHa NpaBobIbiHa opma (cur. 5). Ta moxe
Ja Obe CBbp3aHa C HanM4YMETO Ha OCTaHKW OT CTPYKTypa C
AHTPOMOreHEH XapakTep, Hammupalla ce NAUTKO Nog 3eMHata
MOBLPXHOCT, C KOETO OKa3Ba BMMUSHWE BbPXY PA3BUTMETO Ha
nocesnte Hag Hes. B Hakomko Apyrn cueHn cbwo ca
3abens3aHn CTPYKTypupaHW neTHa U OUBETABAHWA Ha
nousata, kouto 6Ouxa Mornm ga ObgaT OT nNoOTeHUManeH
WHTEpeC Npy GbeLLn apxeonorMyecki NPoy4BaHNs B paiioHa.

O6ekT ,,PoToHpaTa“

B Hayanoto Ha MeceL 1nM BbB BLTPELHUSA JBOP MeXay
crpagute Ha xoten lepatoH u [lpesugeHTCTBOTO €
N3BBPLUEHO OBNUTaHe Ha 4acT OT MOKPUBHOTO MPOCTPAHCTBO
Ha CEBEPHOTO KpUno Ha crpagata Ha [1pe3ngeHTCTBOTO.
Llenta Ha u3cnedBaHeTo e TbpCeHe W MoKanuavpaHe Ha
N3TOYHWKA Ha Teu, KOMTO ce HabniogaBa Ha napTepa W HUBOTO
NoA4 BbTPEWHUs [BOP. Tbil KaTo He ca OTKpUTU U
npefocTaBeHn nogpobHM  YepTexu Ha  crpagata, a
BEpTUKaNHWTE ynyuu, OTBEXAalM Bogata OT MOKpMBa Ha
crpagara, ca CKpuTM BbB (hacagara, Ce Hanoxu 13non3saHeTo
Ha [OpOH 3a onpedensHe MecTata Ha BogocTouuTe OT
BbTpeLLHaTa CTpaHa Ha KpuoTo.

®ur. 4. MnaH Ha NpUNOKpUBaHe Ha MOCMEAHUTE TPU neTaTenHu MUCKMK OT obekT ,Kabune“ (nsiBo) ¢ m3rnep oT cb3AafeHUs TPUU3MEPEH MoAen, C

HanoxeHa BbpXy Hero Tonorpadicka kapTa B mawab 1:5000 (asicHo)
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®ur. 5. BbagyiwHa cHUMKa Ha y4acTbK H0KHO OT pumckus narep B HAP ,Kabune“ (nfiBo) ¢ yBenuyeH n o6paboTeH pparMeHT (AACHO), Ha KOWUTO SICHO ce
HabnioaaBaT cneam oT NpaBObIbIHA CTPYKTYpa, O4epTaHa OT 0COGEHOCTY B pacTeka Ha KUTHUTE HacakaeHns

NetatenHata MuCMA € OCBLLECTBEHA 3@ W3KMKYUTENHO
kpaTko Bpeme (okono 10 min), Npu KOeTO € HanpaBeHO BUAEO
“ oto 3acHemaHe Ha 60 meTpoBa OTceyka OT pbba Ha
nokpuea, NpefcTaBnsBalla MHTEpeC 3a peanu3auusTa Ha
3agavara.

®ur. 6. YyacTbk OT NMOKpMBa Ha CEBEPHOTO KPUNO Ha crpagata Ha
Mpe3naeHTCTBOTO, C NOKanNuU3upaHn MecTaTa Ha ABa OT BofoCTOLUTE

Cne,q npernes Ha nonyyYyeHuTe Matepmanu ca nokannvpaHu
neT BOAOCTOKA, C KOETO NoCTaBeHaTa nped KBaAapokonTtepa
3afia4va € peLleHa.

3aknioyeHune

MpeacTaseHuTe kpaTk MPUMEPU AEMOHCTPUPAT YBEPEHO
Bb3MOXHOCTTA 3@ W3MON3BaHe Ha AUCTAHLMOHHO ynpaBnaemu
neTaTenHiu cucTemMu OT MoGUTENCKU Knac 3a pellaBaHe Ha
pa3Ho0BpasHM No CBOSITA ChLYHOCT MPUMOXHKM 3apadu. Toea e
Bb3MOXHO, Tbil KaTo KbM HaCTOALUMS MOMEHT ca Hanuue
HSIKONKO OCHOBHM (hakTopa, BOZEWM [0 Cb3aBaHETO Ha
BMCOKOKAYECTBEHM NETaTerHI CUCTEMM Ha JOCTBIHU LiEHN.

MbpBUAT OCHOBEH (haKTOp € HanuuneTo Ha fobpe passuTa
TEXHONOTUSI 3@ KOHCTPYMpaHe M ynpaBfieHne Ha 6e3nunoTHM
MYNTUKOMTEPHU CUCTEMU, B KOMOWHAUMS C OTHOCMTENHO
NEeCHO ympaBneHWe W TexHWyecka nogapwbkka. OTHOCHO
OMPOCTEHUTE KOHCTPYKTUBHM pELUEHUs U U3NUCKBaHUS 3a
fe3onacHoCT, OTCBLCTBMETO Ha onepatop Ha bopaa Ha
netaTenHaTa cuCTEMA € OT CbLUECTBEH NPUHOC.

[pyr BaxeH (haKTOp € 3HAYMTEHOTO HamansBaHe Ha
LIEHNTE Ha BMCOKOTEXHOMIOMMYHUTE NETaTENHN CUCTEMM, KOETO
€ TMOBMMSHO OT BMCOKMS MNa3apeH WHTEpec, CBbp3aH C
HaBnM3aHeTo U uanonssaHeto Ha [YJIC B Han-pasHoobpasHu
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chepy Ha nosHaHueTo. CblyecTBEH NPUHOC UMa W
NoGUTENCKUAT WHTEPEC KbM ApoHoBeTe. HuckuTe LeHM Ha
anapatypaTa ca B Mpsika Bpb3ka W C nagaluTte LEHW Ha
MMKDOEMEKTPOHMKATA 1 ONTUYHATA TeXHUKA.

Mpunoxumoctta Ha ntobutenckute JYJIC 3a pewasaHe Ha
Hal-pasHoobpa3Hn NPUMOXHU 3a4ayn NponsTMYa M OT (akTa,
ye Ta3u obnact Ha 3aobukansiaTa H1 cpeaa U Bb3MOXHOCTTA
[a ce MornepHe CBeTa Mpes3 ouuTe Ha nTuua, Aockopo 6e
nMpaKTUyeckn HegocTWxMMa 3a Macute. bearpaHuynuTe
Bb3MOXHOCTH, KOUTO €AUH KOMNaKTeH 6e3nunoTeH netarteneH
anapat, cHabgeH C Han-0bukHOBEHa kamepa, NMpenocTaBss,
Tenbpsa LWWe 6'b,£|,aT pasBmBaHu 1 ONNCBaHM.

C npeacraBeHOTo AOTYK Ce noayeptaBa MNOTEHUManHata
Bb3MOXHOCT 3a W3non3BaHe Ha OHMKETHN NoOUTENCKM
KBaJpoKonTepu 3a pellaBaHe Ha NpUiioXHW 3agadu. ToBa He
M3KMNK4YBa OTCbCTBMETO Ha ONUT Ha onepatopa, Kakto u
M3NoN3BaHeTo Ha HeusnpaBHW neTaTtenHu U HaBUraluMOHHU
CUCTeMU.

Pasbupa ce, HeoOXOAMMOCTTa OT MO-BMCOKA TOYHOCT,
KOHTPOMN M BpeMe 3a NOMeT Npy peauua NpakTUiecky 3anaqv
obycnaBs M3NON3BaHETO Ha Cheuuanu3upaHi, BUCOKOTOMHM
OYNC. Tlpu pasnuuHuTe cneuywanusdpaHn 3agaw n B
3aBWCMMOCT OT LieNTa Ha W13CneaBaHeTo, OCBEH C Kamepa C
BICOKa Pe30mioLust, APOHBT MOXeE Aa Obae cHabaeH v ¢ apyry
BMOOBE CEH30pM, KaTo Hamp. WH(payepBeHa kamepa, MynTu-
chekTpanHa kamepa, pafuaLMoHeH CNEKTPOMETLP, MarHUTo-
MeTbP, Pafno ENEKTPO-MarHUTHU CEH30pU U Ip.

Nutepatypa
Kucbos, AT., Xp. LlaHkoB. lMpunoxeHue Ha AWUCTAHLMOHHO
ynpaensemm  netatenHm  cuctemu  (OYNC)  3a
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ESTABLISHMENT THE IMPACT OF ANODIC TYPE ON THE PERFORMANCE OF MFC
WITH H2S AS A MEDIATOR

Katerina Nikolova, Anatoliy Angelov, Svetlana Bratkova, Petia Genova

University of Mining and Geology “St. Ivan Rilski”, Department of Engineering Geoecology, 1700 Sofia, nikolova_kat@yahoo.com

ABSTRACT. In order to establish the impact of the type of electrode in the anodic chamber of an MFC, based on microbial sulfate reduction, a series of laboratory
experiments is performed with the same U-shaped design of the fuel element and identical experimental conditions. Each time the anodic surface area is the same.
The cathode at the five variants is a graphite rod. It was found that the aluminium anode allows a transfer of a larger electron flow and the generation of higher
maximum power density rates - more than three times higher than those obtained with the graphite. The lowest value of coulombic efficiency is that of the lead anode.

Keywords: Microbial Fuel Cell, Wastewater Treatment, Alternative energy

YCTAHOBABAHE HA BITUAHUETO HA BUOA HA AHOA BbPXY PABOTATA HA MK C MEOWATOP CEPOBOOPO[
Kamepuna Hukonoea, AHamonuii AHeenos, CeemnaHa bpamkosa, [lems eHoea
MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku’, kamedpa ‘UnxeHepHa eeoekonoeus’, 1700 Cogpus, nikolova_kat@yahoo.com

PE3IOME. C uen ycTaHOBsIBaHE Ha BNIWSIHWETO Ha BWAA Ha enekTpoaa B aHogHata obnacT Ha MIK, 6asupaHa Ha MukpoGHa cyndart peaykums, e U3BbpLLeHa cepust
0T nabopaTopHW ONUTK ¢ efHa U cblya U-06pasHa KOHCTPYKLMS Ha FOpPUBHS eNEMEHT W UGEHTUYHN YCIOBUS 3a NPOBEXAaHe Ha ekcrepuMeHTa. MnowTa Ha aHoaa
BCEKV MbT € eAHakBa. KatogbT M npu neTTe BapuaHTa e rpadmTHa npbyka. YCTAHOBM Ce, Y€ anyMUHWEBWST aHOA NO3BOMsBA TPaHC(EPUPAHETO Ha MO-TONsM
€NeKTPOHEH NOTOK W reHepUPaHEeTo Ha MO-BUCOKN CTOMHOCTM Ha MakcUManHaTa MiTbTHOCT Ha MOLHOCTTA — Haf TPW MbTU MO-BUCOKW OT TE3W, MONMyYeHU C rpacuT.
Halt-HuckaTa CTOMHOCT Ha KynoHoBa e(PEKTUBHOCT € NpU OMNOBHMUS aHog,.

KntoyoBu aymu: MMKpOﬁHa rOpMBHa KneTka, Npe4yncTBaHe Ha 0TnagbyHu BOAK, anTepHaTUBHa eHeprua

Introduction

The long-term ensuring with cheap, accessible and eco-
friendly energy and the complex answer to energetical and
environmental problems is a prospective new strategy that can
be summarized as a conversion of "energy for waste disposal"
to "energy from waste". Mine and industrial wastewaters
formed during mining and ore processing cause a serious
impact on the environment. A common problem is the
formation of acid mine waters with low pH and high
concentrations of heavy metals and sulphates as a result of the
exposure of fresh surface of the sulfide minerals to air and
fluids. The sulfates are highly mobile and can migrate easily on
large distances and in depths. These cases can lead to
damages of ecosystems (Krishnakumar et al., 2005), with a
number of negative effects on surface and groundwater basins

(Johnson and Hallberg, 2005). Fig. 1. A schematic diagram of MFC, based on the process of DMSR

The idea of microbial fuel cells (MFCs) is relatively new - it~ ---The MFCs, based on the process of dissimilatory microbial
provides the possibility of consideration of wastewater as a  Sulfate reduction (DMSR) in the anodic chamber (fig. 1), are
resource, not only for an economic and an environmental capable of simultaneous removal of sulfate via sulfide (Angelov
problem (Logan and Regan, 2006; Wang et al., 2012). MFCs et al., 2013; Haberm_ann and Pommer, 1991). The biogenic
enable the treatment of waste or wastewater with a H2S serves as a mediator and ease the electron transfer onto
simultaneous production of electricity through the vital activity ~ the anodic surface (Nikolova et al., 2013; Kleinjan et al., 2005;
of microorganisms. Ateya et al., 2003).
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Materials and methods

Design of the laboratory scaled U-shaped MFC, based on
the vital activity of sulfatereducing bacteria

The scope of the present article is to study the role of one of
the main constructive and technological parameters, the
anode, on the efficiency of MFC, based on the process of
dissimilatory microbial sulfate reduction. It was found in
previous studies that the anodic surface area has no significant
impact on the generation of maximum power densites - they
remain in the same range with the increase of the anodic
surface. So the attention was focused on the material of
anode, which determines its conductivity, adhesion, potential
and respectively the electrochemical parameters of the fuel
element.

For this purpose a series of laboratory tests is carried out
with the same U-shaped design of the fuel element (Nikolova
et al.,, 2015), presented at Figure 2, and identical conditions for
the experiment. It should be borne in mind that the cathode
each time remains the same (graphite rod with a surface area
of 0.0024 m2). The area of the anode is 0.0048 m2 for each
one of the experiments. The five various options of the anodes
are presented at Table 1 and Figure 3. The electrochemical
behavior of the MFC was observed with each one of the used
anodes.

...The volume of the anodic and cathodic chambers of the
MFC were of 0.48 dm3. The volume of anodic section together
with the buffer tank was 1.2 dm3. To separate the two
compartments was used a cationexchange membrane CMI-
7000S. It was preferred in previous studies for its wear
resistant properties and the attainment of high potentials.

Fig. 2. Laboratory-scaled U-shaped MFC, based on the process of MDSR
1 - Feeding tank, 2 - Dosing peristaltic pump, 3 - MFC

...The catholyte in the cathodic chamber was a solution of 100
mM Ks[Fe(CN)s] in 67 mM phosphate buffer with pH 7.0. The
final electron acceptor was oxygen in air, which in reduction
together with the protons located in cathodic space, formed
water. The operation of the MFC was implemented under open
air mode for the cathodic chamber.
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The buffer tank to the anodic chamber was filled up with 0.3
kg clinoptilolite zeolite from “Beli plast” deposit with fraction
size 2.5-5.0 mm. The particles were used as a carrier of the
electroactive  sulfatereducing  biofilm.  The elemental
composition is given in Table 2. The zeolite was modified by
saturation with NH4CI and KH2PO4 in course of the availability
of the biogenic elements for the achievement of high
sulfatereduction rates. The cation exchange capacity and the
exchanged ions in meq/100 g were respectively: 112.75, K* —
33.88, Na* —21.01, Ca2* — 63.48, Mg?* - 2.68.

1. Aluminium
electrode;

2. Stainless steel
electrode (AISI 304);
3. Lead electrode ;

4. Aluminium
electrode, covered
with a film of graphite;
5. Graphite electrode.

4.

5.

Fig. 3. Different variants of anodes of the MFC

Table 1.
Different variants of anodes used for different operational
modes of the MFC

Variant Type of anode - description
1 Aluminium electrode - type “plate”
2 Stainless steel electrode (AISI 304) - type “plate”
3 Lead electrode - type “plate”
4 Aluminium electrode, covered with a film of
graphite - type “plate”
5 Graphite electrode - type “rod” (3 pcs.)
Table 2.

Elemental composition of the clinoptilolite used as a carrier of

consortium  of  sulfatereducing  bacteria and  other
microorganisms in the anodic chamber of MFC
Oxides | Percentage, wt % |Oxides | Percentage, wt %
SiO2 67.96 Na20 0.74
Al203 11.23 Ca0 3.01
Fe20s 0.83 MgO 0.06
K20 2.85 TiO2 0.90

The anodic chamber was inoculated with 50 ml mixed culture
of sulfatereducing bacteria. Then MFC was feeding
continuously with culture medium after biofilm formation. The
adherence of the biofilm on the carrier took nearly 3 months.
The formation of active biofilm was carried out through periodic
replacement of 50% of the liquid phase of MFC with fresh
medium. Replacement of the liquid phase was performed after
sulfate concentration reduced below 0.2 g/l. In the end of this
period it was started continuous feeding of the anaerobic
reactor with a modified culture medium of Postgate.



Thus, two zones were formed in the U-shaped MFC: anodic
one, where electroactive biofilm on zeolite derived electrons
from organic substrates and produced H.S and cathodic one,
where the oxygen was the terminal electrons acceptor and
reacted with the released protons.

During these series of laboratory investigations in the anodic
area of the installation were treated with solutions containing
high concentrations of organic compounds and sulfates -
synthetic  solutions  (modified Postgate medium for
sulfatereducing bacteria). The culture medium for SRB
contained in g/dm3: K:HPOs - 0.5, NH4Cl - 1.0, NazSOs,
anhydrous - 2.0, CaClz - 0.1, MgS04.7H20 - 4.0, Na-lactate -
6.0, yeast extract - 0.25 and pH 6.5. The sulfates in the nutrient
medium had a concentration of 3.0 g/dm3, thus the proportion
between organic carbon and the terminal electron acceptor
was 0.67.

Electric parameters of MCF were monitored with a portable
digital multimeter Keithley Model-175. A precise potentiometer
with maximum value of 13.5 kQ was used for measurement of
the external resistances. For the establishment of the system
electrochemical behavior was used a potentiostat - ACM 3
connected to PC for reporting and analysis of the accumulated
data.

...Each experiment with a different anode proceeded 24 h. At
the end of the cycle the electrochemical behavior of the
element was observed. Then the anode was replaced with a
new one. The ambient temperature was relatively constant - in
the range of 21 - 22 C.

Results and discussions

Regarding the behavior of the MFC major electrochemical
parameters in Figures 4 and 5 is presented data on voltage
drop and the dynamics of power density, summarizing the
operation of the fuel cell with different load resistance
(consumption), that ranges from 0 to 11 kQ. The oxidation
products accumulate on the anodic surface during continuous
operation. Carbon materials are highly prevalent because of
their developed surface area, providing space for the
immobilization of electroactive microbial biofilm. Thereon
respectively accumulates and elemental sulfur, produced by
the oxidation of hydrogen sulphide on the anodic surface, and
thus passivate the anodic surface.

...In this series of laboratory experiments it is found that the
aluminium anode allows a transfer of larger electron flow and
the generation of higher levels of maximum power density -
more than three times higher than those, obtained with the
graphite. The probable reason except the difference in
electrode potentials is much weaker adhesion of sulfur formed
on the surface of the electrode. The graphite film applied on
the aluminium electrode is proved to be perishable, after 24
hours in the aquatic medium there are observed faults of the
structure of the film. The monitored characteristics are
observed in the 24th hour from the beginning of the experiment
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and the improvement of the performance of MFC is due to the
free “fresh” surfaces of the aluminium base of the electrode.

The steel anode provides relatively high power density due
to differences in electrode potential and higher values of the
rate of the generated electricity at different resistances.

...For the variant with the lead electrode it should be taken into
consideration its toxicity to organisms whose vital activity could
be negatively affected or even inhibited by chronic use. At low
and neutral pH values the lead, however, is practically
insoluble. In an acidic medium, it is dissolved and oxidized, but
quickly passivated by forming a thin oxide film that prevents it
from its further oxidation. The formed oxide layer is the reason
for the bad behavior of microbial fuel cell in the variant with the
lead anode.

® aluminium electrode
1 O aluminium electrode with graphite film
A graphite electrode
0.8 3 o - O stainless steel electrode
> Oe < lead electrode
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Fig. 4. Potential drops with different electrodes of U-shaped MFC, based
on the process of DMSR
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Fig. 5. Dynamics of power densities with different electrodes of U-shaped
MFC, based on the process of DMSR

These conclusions are confirmed by the calculated values of
coulombic efficiency for all variants with different anodes,
presented at Table 3 and Figure 6.

The chemical oxygen demand (COD) removal rates are
calculated using the equation 1.

€cop = [(€o - €)/ €0).100, %
where: € is the initial value of COD (mgOa/L);
€:is the COD atany time (mgOa/L).

(1)



Table 3.

Percentages of COD removal rates in the anodic chamber and
of coulombic efficiencies for U-shaped MFC, based on the
process of DMSR, with different types of electrodes

Anode €cb, % | €cop, %
aluminium electrode 7718 | 20.90
aluminium electrode with graphite film 77.27 | 20.86
graphite electrode 50.35 | 20.86
stainless steel electrode 61.64 | 21.79
lead electrode 4530 | 21.43

For continuous flow through the system, the Coulombic
efficiency is calculated on the basis of current generated under
steady conditions (equation 2).

€cb = [M.l/ (F.b.q.ACOD)].100, % 2)
where: M = 32 is the molecular weight of oxygen;
F is Faraday's constant;
b = 4 is the number of electrons exchanged per mole
of oxygen, q is the volumetric influent flow rate;
ACOD is the difference in the influent and effluent
COD.

100

O coulombic efficiency, %

80 B COD removal rate, %
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Fig. 6. COD removal rates in the anodic chamber and coulombic
efficiencies of U-shaped MFC, based on the process of DMSR, with
different types of electrodes
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Fig. 7. CVAs of U-shaped MFC, based on the process of DMSR with
different types of electrodes

...The shapes of CVAs for the two variants with aluminium
electrodes (with or without graphite film) are identical (fig. 7).
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The difference in the hysteresis for the other three variants (fig.
7) and the reduction of voltage ranges are probably as results
of different electrode potentials and prevalence of various Red-
Ox processes in the anodic chamber.

Conclusions

The aluminium and the aluminium covered with graphite
anodes give the best results - 77% of coulombic efficiemcy.
Aluminium allows the transfer of larger electron flow and the
generation of higher levels of maximum power density - more
than three times higher than those obtained with the graphite.
The probable reason except the difference in electrode
potentials is much weaker adhesion of sulfur formed on the
surface of the electrode.The lowest calculated rates of this
parameter are for the lead anode, due to its passivation with
oxide film. There is a necessity of further study of the potential
for use of aluminium anodes in MFCs to replace more
preferred graphite products.
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IDENTIFICATION OF EXPOSED ROCKS IN OPEN PIT MINES USING INFRARED
SPECTRAL DATA
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ABSTRACT. In this study satellite data from Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) in the wavelength range (1.6-2.5 um) of
bare rocks and soils in the region of open pit mines "Elshitsa” and "Tsar Asen" in Bulgaria were used. The spectral reflectance of exposed rocks was compared with
the spectral reflectance of the same rocks taken from different spectral libraries. The analysis of the spectral characteristics in the specified range indicates maintain
their specific features. In the obtained curves were observed distinctive extrema that be able to be used to identify the type of rocks. The results show that the
suggested methods for analyzing the spectral data could be used to identify exposed rocks. Theoretical and analytical techniques that have been developed for the
analysis of the laboratory spectral data also could be applied to field spectral data.

WAEHTU®UKALMA HA CKANK B OTKPUTU MUHWU NO WHOPAYEPBEHU CNEKTPANHU OAHHU
HeHuya bopucosa’, baHyw BbaHywee?, Xpucmo Hukonoe?, JoiiHo lemkog!

TWHemumym 3a Kocmuyecku uscnedsaqusi U mexHonoauu, bbneapcka akademusi Ha Haykume, 1113 Cocpusi; dborisova@stil.bas.bg
2MunHo-2e0M0OXKU yHUSepcumem "Ce. MeaH Purnicku", 1700 Cocgpusi; banushev@mgu.bg

PE3IOME. B HacTosiaTa paboTa ca 13non3BaHu CTbTHUKOBM AaHHW OT UHCTpyMeHTa ASTER B kaHanuTe B cnekTpanHus auanasoH (1.6-2.5 um) 3a oTkpuTi ckanu v
noyBM B paioHa Ha MunuTe Enwmya’ v Llap AceH” B Bbnrapus. CnekTpanHata oTpaxaTenHa cnocoGHOCT Ha ckanuTe e CpaBHeHa CbC CrieKTpanHaTa oTpaxaTenHa
CnocoBHOCT Ha CbLLMTe CKanu, B3eTa OT pa3nuyHi CekTpanHu 6ubnmotekn. AHanNU3bT Ha MONYYEHUTE CMEKTPANHU XapaKTEPUCTUKI B NOCOMEHMUS AMana3oH nokasea
3ana3BaHe Ha TexXHWUTE cneumduyuHn ocobeHocTn. Ha nomydyeHute rpadmku ce HabnioaaBaT xapakTepHU eKCTpeMymu, KouTo moraT Aa 6bAaT u3nonseaHu 3a
UoeHTUMUMPaHe Ha BWAA Ha ckanuTe. PeayntatuTe nokaseaT, Ye NMPEANOXEHUTE METOAM 3a aHanu3 Ha CrekTpanHuTe [aHHW MoraT Aa Ce M3nonseat 3a
MaeHTUMLUMpaHe Ha ckanmHu paskputus. MetoauTe, kKouTo ca paspaboTeHu 3a aHanua Ha CriekTpanHuTe nabopaTopHu JaHHU MoraT Aa 6bgaTt Npunoxexu u 3a
MoneBy CrEKTParHM AaHHM.

Introduction Materials and Methods

Surface mining activities in Europe are estimated to cover a ASTER Instrument
large area and range from large open-cast coal and base metal The Advanced Spaceborne Thermal Emission and Reflection
mines, to much smaller aggregate, industrial minerals, and Radiometer (ASTER) is an imaging instrument onboard Terra,
building materials quarries. Remote sensing a useful method to the satellite of NASA's Earth Observing System (EOS)
monitor open pit mines in different scales. In this study satellite launched in December 1999. ASTER is a cooperative effort
data from ASTER instrument channels in the wavelength range between NASA, Japan's Ministry of Economy, Trade and
(1.6-2.5 um) of exposed rocks in the region of abandoned open Industry (METI), and Japan Space Systems (J-spacesystems).
pit mines "Elshitsa" and "Tsar Asen" in Bulgaria were used. ASTER data is used to create detailed maps of land surface
The spectral reflectance of exposed rocks was compared with temperature, reflectance, and elevation. The coordinated
the reference spectral reflectance of the same rocks taken system of EOS satellites, including Terra, is a major
from different spectral libraries (ASTER, USGS and JPL). The component of NASA's Science Mission Directorate and the
analysis of the spectra in the specified range indicates Earth Science Division. The goal of NASA Earth Science is to
maintain their specific features. In the obtained curves were develop a scientific understanding of the Earth as an integrated
observed distinctive extrema that be able to be used to identify system, its response to change, and to better predict variability
the type of rocks. The results show that the suggested and trends in climate, weather, and natural hazards
methods for analyzing the spectral data could be used to (http://asterweb.jpl.nasa.gov/index.asp, June 2016).
identify exposed rocks. Theoretical and analytical techniques
that have been developed for the analysis of the laboratory The ASTER instrument consists of three separate instrument
spectral data also could be applied to the field spectral data. subsystems. Each subsystem operates in a different spectral

region, has its own telescope(s), and was built by a different
Japanese company.

192



ASTER's three subsystems are: the Visible and Near Infrared
(VNIR), the Shortwave Infrared (SWIR), and the Thermal
Infrared (TIR). In our study were used data from subsystem in
SWIR region.

ASTER Instrument Subsystem SWIR

The SWIR subsystem (fig. 1) operates in six spectral bands
in the near-IR region through a single, nadir-pointing telescope
that provides 30 m resolution. Cross-track pointing (+ 8.550) is
accomplished by a pointing mirror. Because of the size of the
detector/filter combination, the detectors must be widely
spaced, causing a parallax error of about 0.5 pixels per 900 m
of elevation. This error is correctable if elevation data, such as
a DEM, are available. Two on-board halogen lamps are used
for calibration in a manner similar to that used for the VNIR
subsystem, however, the pointing mirror must turn to see the
calibration source. The maximum data rate is 23 Mbps
(http://asterweb.jpl.nasa.gov/instrument.asp, June 2016).

Fig. 1. ASTER Instrument Subsystem SWIR
(http://asterweb.jpl.nasa.gov/swir.asp, June 2016)

ASTER Instrument Characteristics

The main characteristics of ASTER instrument are presented
in Table 1 (http://asterweb.jpl.nasa.gov/characteristics.asp,
June 2016).

Table 1.

ASTER Instrument Characteristics
No Characteristic SWIR
Ch1 Spectral Range Band 4: 1.600 - 1.700 um
Ch2 Band 5: 2.145 - 2.185 um
Ch3 Band 6: 2.185 - 2.225 um
Chd Band 7: 2.235 - 2.285 um
Ch5 Band 8: 2.295 - 2.365 um
Ché Band 9: 2.360 - 2.430 um

Ground Resolution 30m
Data Rate (Mbits/sec) 23

The ASTER bands are superimposed on model atmosphere
presented on Figure 2.
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Fig. 2. ASTER bands (http://asterweb.jpl.nasa.gov/images/spectrum.jpg,
June 2016)

ASTER Spectral Library

The ASTER spectral library includes data from three other
spectral libraries: the Johns Hopkins University (JHU) Spectral
Library, the Jet Propulsion Laboratory (JPL) Spectral Library,
and the United States Geological Survey (USGS - Reston)
Spectral Library.

In the present study we used data from the ASTER spectral
library for comparing the obtained infrared spectral data from
ASTER instrument onboard of the airborne platform and the
same data from laboratory measurements for the same rock
samples included in the spectral libraries (Baldridge et al.,
2009).

Region of Interest (Rol)

In the present study the Rol is the Panagyurishte ore region.
The Panagyurishte ore region (fig. 3) is located in the Central
Sredna Gora and partly in the Stara Planina mountains in
Bulgaria.
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Fig. 3. Geological map of the Panagyurishte ore region (Popov, 2005)

The Upper Cretaceous Elshitsa volcano-intrusive complex
comprises the rocks of Elshitsa stratovolcano, the Elshitsa
pluton as well as numerous subvolcanic and subvolcanic-
hypabyssal minor intrusives and dikes. The ore district is a



stripe-like area of East-South-East direction, about 20 km long
and 4 km wide in the northern slope of the Elshitsa
stratovolcano. The Elshitsa pluton is exposed along the
southern border as a result of fault uplift of the central block of
the volcano (Monos, 2002).

Our study is focused on abandoned open pit mine “Elshitsa”
and Elshitsa pluton. This pluton is formed by granite,
granodiorite and their porphyritic varieties (Lilov and
Chipchakova, 1999).

Results and Discussion

Reference spectra

Reference spectra of granites were obtained from the USGS
and JPL spectral libraries (Clark et al., 2007). The USGS
spectral library contains reference spectra for rocks and soils
that represent different localities around the world but most of
them are presented in one particle size (Clark et al., 2007).

Spectral analysis

According specific features of the spectral curves the USGS
and JPL reference spectra of granite were analyzed. The
infrared spectra of granite have increased water vapor, which
causes a noticeable sawtooth appearance in the short
wavelength region of the spectra (2-3 um).

Results show that it has an absorption feature around 1.9,
um (fig. 4). The 1.9 pm feature is obscured by atmospheric
(water) absorption (Curran et al., 2001). This minimum in the
spectral characteristics can be found in laboratory spectral
data because of the more energy reaching the instrument
detector.
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Fig. 4. Plot showing ASTER spectra of granite (Baldridge et al., 2009)

The ASTER spectra of exposed granites in “Elshitsa” open
pit mine (green line in Fig. 5) have the same trend as reference
spectra from the spectral library. The missing spectral data
because there are no detectors in the spectral range (1.8-2.1
um) could be cause for misinterpretation of the infrared
spectral data. Therefore additional laboratory and field
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spectrometric measurements in this spectral range have to be
planned and performed.
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Fig. 5. Plot showing ASTER spectra of open pit mines “Elshitsa” and
“Tsar Asen”, their dumps and exposed rocks.

In Table 2 the statistics for used in the study data is shown.

Table 2.
Histogram summary table for ASTER data in Rol
No | DataRange | Mean | Median | St. Dev.

Ch1 0-255 38.5 51 36.2
Ch2 0-255 27.9 34 27.8
Ch3 0-255 29.6 34 30.0
Ch4 0-255 26.3 30 27.1
Ch5 0-255 25.8 28 274
Ché 0-255 224 26 23.3

Conclusions

In this study were used multispectral data of the Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) data to identify exposed rocks in the “Elshitsa” and
“Tsar Asen” open pit mines in Bulgaria. The results show that
the suggested methods for analyzing the spectral data could
be useful to identify exposed rocks. Theoretical and analytical
techniques that have been developed for the analysis of the
laboratory spectral data also could be applied to field spectral
data. For future work, this study suggests that collecting field
reflectance spectra of the different exposed rocks and
laboratory spectral measurements of the field samples. The
collected spectra could be used for ASTER image
classification and compare the results with the reference
spectra of the USGS and JPL spectral libraries.
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ABSTRACT. In recent years, remote sensing proved to be very effective for ecological and conservation biological applications. Spectral remote sensing generates a
remarkable array of ecologically valuable measurements for detecting natural and human-induced changes in the terrestrial ecosystems. In this study hyperspectral
remote sensing method based on reflectance measurements in the visible and near infrared spectral ranges was applied for assessing the influence of some adverse
natural changes in the environment (enhanced UV-B radiation and acid rain) on the physiological state of deciduous trees (species Paulownia tomentosa). Reflected
radiation from the leaves was recorded on the seventh and fourteenth days after the adverse treatments by means of a portable fiber-optics spectrometer in the
spectral range 350-1100 nm with a spectral resolution of 1.5 nm. Statistical and first derivative analyses and five narrow-band vegetation indices (mNDVI — modified
Normalized Difference Vegetation Index, fo - Disease index, SR —Simple Ratio, PRI — Photochemical Reflectance Index, TCARI - Transformed Chlorophyll Absorption
Reflectance Index) were used to evaluate the changes in the spectral reflectance of the investigated tree groups. Indices mNDVI and SR performed best for
discrimination between different treatments. Shift of the first derivative maxima on the reflected spectra to the lower wavelenghts was observed for all treatments
which indicated the presence of the changes in the physiological state of the paulownia trees against the control.

Keywords: Remote sensing, hyperspectral leaf reflectance, vegetation indices, ecology
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Kanunrka Benuukoea', Jopa Kpexoea?, Ceemna MaHesa?
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PE3IOME. lpe3 nocrnegHuTe rogMHM Ce OKa3a, Ye OWCTaHLMOHHUTE W3CMeABaHWS Ca MHOTO €(heKTUBHW 3a eKONMOrUYHM M MpUpogo3alnTHU BronornyHm
npunoxerns. CnekTpanHuTe ANCTaHLMOHHIN U3CTIEABAHNS TeHEpUPaT M3KIMIOUNTENHO pasHoobpasie OT eKOMOrMYHO LIEHHW N3MEepBaHMS 3a OTKPUBAHE Ha NMPUPOAHN
11 MPeQN3BMKaHN OT YOBEKa NPOMEHN B 3eMHUTE ekocucTemMn. B ToBa mpoyyBaHe xunepcnekTpaneH MeTOf, 3a AUCTaHLMOHHW U3CneBaHIs, OCHOBaH Ha M3MepBaHe
Ha OTpa3eHa pafuauus BbB BuAMMaTa W 6nuskata MHpadepeeHa cnekTpanHu obnactu, e NpUnoXeH 3a ucneaBaHe Ha BIMSHUETO Ha HskoW HebnaronpusiTHu
NpUPOAHN NMPOMEHN B OKonHaTa cpefa (nosuweHa UV-B pagmaums v KMCEnMHEH ObXA) BbpXy (U3MONOTMYHOTO ChCTOSIHWE Ha LUMPOKOMWUCTHU AbpBeTa (BUA
Paulownia tomentosa). OTpa3eHaTa OT iucTaTa paguaums e perucTpupaHa ¢ nopTaTUBeH CNEKTPOMETBP C MbBKaB CBETOBOZ B CNeKTpanHus auanasoH 350 -1100 nm
CbC CMeKTpanHa pasgenurenta cnocobHocT 1.5 nm. CTaTuCTUYeCKN aHanua, aHanua Ha MbpBa NPOM3BOAHA W NET TECHOMEHTOBM BereTaLmoHHN uHaekcy (mNDVI, fo,
SR, PRI, TCARI) ca u3nonasaHu 3a OLieHKa Ha U3MEHEHWsITa B OTpa3eHaTa OT u3cnegBaHuTe rpynu JbpeeTa paguauus. Han-gobpu pesyntatv 3a pasrpaHuyaBaHe
Ha pa3nuyHUTE TPETUPaHUs MO CMEKTpanHU AaHHW Aasat BeretauuoHHuTe uHaekc mNDVI and SR. YcraHoBeHO e OTMECTBaHE Ha MakCUMyMUTe Ha MbpBUTE
NPOM3BOAHM Ha OTPaXaTErNHUTE CMEKPU KbM MO-HUCKUTE ObIDKUHM HA BBIHUTE 33 BCUYKW TPETUPaHWS, KOETO e WHAMKATOP 3@ HACTbMUMM M3MEHEHUS BbB
(PU3NONOTNYHOTO CLCTOSHINE HA PACTEHNSTA, CTIPAMO TOBA Ha KOHTPONHUTE.

Knioyosu AyMu: [CTaHLMOHHN N3CNeaBaHNs, XUnepcnekTpanHa oTpaseHa paauauvs, BereTalloHHN MHAEKCH, ekonorus

Introduction 2013; Rumpf et al., 2010). But the potential contribution of RS

to study ecology in general, wildlife and more specifically
In recent years, remote sensing (RS) proved to be very ~ €cosystem management, has yet to be realized.

effective  for ecological and conservation biological

applications. The efforts to predict the consequences of RS generates a remarkable array of ecologically valuable

ecosystem function ChangeS, both natural and human induced, measurements, which includes the details of habitats (|and

on the regional and global distributions and abundance of ~ cover classification) and their biophysical properties (integrated

species should be a high research priority. Further, the ecosystem measurements) as well as the capacity to detect

available RS tools and analysis techniques are ever evolving, natural and human-induced changes within and across

and new capabilities continue to emerge, including sensors landscapes (change detection) (Wang et al., 2010).

with improved spatial and spectral resolution (Medina et al.,
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The importance of environmental protection, climatic change,
and nature preservation called for an intensive research of
vegetation cover on global and regional scale by spectral
remote sensing methods (Kerr and Ostrovsky, 2003).
Monitoring of vegetation is essential for understanding dynamic
biosphere processes. These are, to a large extent, formed by
global photosynthetic energy transformation, which includes
carbon dioxide assimilation and oxygen release by vegetation,
and plays a role in maintaining the water balance
(Veroustraete et al., 2002; Govender et al., 2009).

The reflectance spectrometry is a rapidly developing new
branch of RS and field technologies covering the acquisition of
reflectance spectra in the optical wavelength range of 0.4-2.5
pm, their processing and interpretation, which are, thus,
suitable for investigation of the spectral behaviour of natural
resources, such as soil, natural vegetation cover, waters, efc.,
(Aggarwal, 2008; Usha and Bhupinder, 2013). Spectrometry is
based on the principle that molecules have specific
frequencies at which they rotate or vibrate correspondingly with
discrete energy levels (Myneni and Ross, 1991). Hence,
depending on its molecular components, different materials will
present essentially different spectral behaviour. The whole set
of absorption features in the wavelength range constitutes a
spectral pattern or so-called “spectral signature” of the
materials.

Because of the importance of photosynthetic function, leaf
optical properties have been the subject of hundreds of studies
since the middle of the last century. Most papers focused on
the spectral properties of leaves (reflectance and
transmittance) which were used to estimate their biochemical
content (Chl - chlorophyll, water, dry matter, etc.) and their
anatomical structure (Carter and Spiering, 2002). Many other
studies explore hyperspectral data applications in agriculture,
environment, forestry and ecology (Krezhova, 2011; Usha and
Bhupinder, 2013).

Over the past decade, researchers have studied also various
spectral vegetation indices (SVIs) to detect different vegetation
diseases and stresses. A large number of SVIs have been
developed for estimation of leaf structure and pigment content
(Mahlein et al., 2013). By calculating ratios of several narrow-
bands at different ranges of the spectrum, SVIs result in a
reduction of data dimension, which is also useful in effective
data analysis for stress and disease discrimination (Delalieux
etal., 2009).

Our investigations are aimed to show the efficiency of remote
sensing method, measurements of leaf spectral reflectance in
the visible (VIS) and near infrared (NIR) spectral ranges, for
assessing the influence of some adverse natural changes in
the environment such as enhanced UV-B radiation and acid
rain, the effect of growth regulator MEIA and its application in
combination with acid rain and UV-B on the physiological state
of young deciduous trees (species Paulownia fomentosa).
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Materials and methods

Plant material

The investigations were conducted with three months old
paulownia seedlings grown as soil cultures in a growth
chamber under controlled conditions (12 h light /12 h dark
photoperiod, photon flux density of 90 pmol m2sec, humidity
60-70%, and temperature 25+1°C). The plants were divided
into six groups. The first group included healthy (control) trees.
The trees from the second and third groups were treated with
acid rain and enhanced UV-B radiation. The plants from the
forth group were sprayed with 1 mM MEIA (beta-monomethyl
ester of itaconic acid). The fifth and sixth groups of trees were
sprayed with MEIA and after a day they were treated with the
two natural stresses — (MEIA+acid rain) and (MEIA+UV-B).

Paulownia is ideal tree species for a forestation,
improvement and restoration of contaminated with heavy
metals and harmful substances soils and poor soils.
Consuming these substances, the trees released them from
the sail. After falling of the leaves, reaching 75 centimetres in
diameter, they not only fertilized, but structured soil with natural
humus. Paulownia also clears the air of harmful gases that are
often with unacceptably high concentrations, especially in large
industrial cities. Paulownia absorbs ten times more carbon
dioxide than any tree species, releasing large amounts of
oxygen (EI-Showk and EI-Showk, 2003).

Leaf spectral reflectance

Green vegetation species all have unique spectral features
which are influenced by the leaf surface, internal architecture,
life cycle, biochemical composition (pigments, water, nitrogen,
minerals, etc.) and their health (Smith, 2001; Gitelson et al.,
2003). The property used to quantify the spectral signatures is
called spectral reflectance, a function described by the ratio of
the intensity of reflected light to the illuminated light for each
wavelength in VIS (0.4-0.7 um), NIR (0.7-1.2 pym), and short-
wave infrared (SWIR, 0.95-2.5 um) spectral ranges, eq. 1:

RO =L BA/L(aN). (1)

Spectral reflectance R(A) characterizes the portion Li(A) of
incident energy Li(A) that is reflected by a surface at a given
wavelength A. Reflectance may be further qualified by
parameters such as the angle of incidence a, and the angle of
reflection .

The typical leaf features influencing the spectral reflectance
in three main optical spectral regions are: leaf pigments, cell
structure, and water content. Figure 1 shows an example of the
spectral reflectance curves for coniferous and broadleaf
species, respectively, in the optical spectrum from 0.4 to 2.5
pm. Photons of the VIS wavelengths are strongly absorbed by
foliar pigments. Chl is the main pigment that absorbs blue (400
to 495nm) and red (620 to 700 nm) light, and transfer the
absorbed energy into the photosynthetic electron chain (Sims
and Gamon, 2002). The values of the reflectance in this portion
of the electromagnetic spectrum are low. Leaf Chl content is
closely related to plant stress and diseases (Carter and Knapp,
2001; Krezhova et al, 2012). When plants undergo
environmental stresses, leaf Chl content is observed to
decline. This results in an increase in the reflectance and
transmittance over the green and red spectral ranges.
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Fig. 1. Spectral reflectance curves of a coniferous and a broadleaf
species in the optical spectrum from 0.4 to 2.5 pm

The reflectance for healthy vegetation increases dramaticly
in the spectral range 0.68-0.72 pum (red edge position). In the
NIR range (0.72-0.85 um) the values of the reflectance are
highest and the magnitude depends on leaf development and
cell structure (Hyperspectral remote..., 2009). In the SWIR
range strong absorption bands around 1.45, 1.95 and 2.50 ym
appear and the reflectance is mainly determined by the leaf
tissue and water content (Pettorelli et al., 2014).

Spectrometric measurements

Spectral reflectance was collected using a portable fiber-
optic spectrometer USB2000 (Ocean Optics) in the spectral
range 350-1100 nm at a spectral resolution (halfwidth) of 1.5
nm. The used detector is a high-sensitivity 2048-element CCD
array. The measurements were carried out on an experimental
setup in laboratory. The light signal from the object studied is
guided to the entrance lens of the spectrometer by a fiber-optic
cable directed perpendicular to the measured surface. As a
source of light, a halogen lamp providing homogeneous
illumination of measured leaf surfaces was used. In the
beginning of each measurement the emitted spectrum of the
source was registered from a diffuse reflectance standard. The
spectral reflectance characteristics (SRC) of the investigated
plants were determined as the ratio between the reflected from
leaves radiation and this one reflected from the standard.

Data analyses

The Student's t-test was applied for determination of the
statistically significance of the differences between the sets of
the values of the reflectance spectra of healthy (control) and
treated leaves. Statistical analyses were performed in four
most informative for the reflectance curves of green plants
spectral ranges: green (520-580 nm, maximal reflectivity of
green vegetation), red (640-690 nm, maximal chlorophyll
absorption), red edge (690-720 nm, maximal slope of the
reflectance spectra) and NIR (720-770 nm). The statistical
significance of the differences between SRC of control and
infected plants was examined in ten wavelength bands (A1
475.22 nm, A2 = 489.37 nm, As = 524.29 nm, As = 539.65 nm,
As = 552.82 nm, As = 667.33 nm, A7 = 703.56 nm, As = 719.31
nm, Ao = 724.31 nm, and Mo = 758.39 nm) suggested to be
disposed uniformly over the investigated ranges (Krezhova et
al., 2005). First derivatives of the sets of reflectance data were
calculated for assessing the red edge positions of the curves
as an indicator for plant physiological status. Five narrowband
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vegetation indices were calculated for assesment of the
changes of the physiological state of the Paulownia leaves:

o mNDVI - modified Normalized Difference Vegetation
Index - an index of plant “greenness” or leaf chlorophyll content

RNIR B RRed

mNDVI= ,
NR T RRed

(2)

where: NR =750 nm, red = 705 nm;
o fp - Disease Index (specific for individual study)

RSOU

f.o=—__800
° Rsoo - R57o

: (3)

e PRI - Photochemical Reflectance Index — an index of
photosynthetic efficiency

PR| = 2531_R570 : (4)
531+ Rz

o SR - Simple Ratio index- plant stress status

; (5)
R760

o Transformed Chlorophyll Absorption Reflectance Index
(TCARI)

670

R

Results and discussion

The averaged (over 25 pixels) SRCs of control and treated
Paulownia leaves, measured on the seventh day after the
treatments, are shown in Fig. 2. SRCs of the five treated tree
groups differed against the control in all investigated spectral
range (450-850 nm). In the green and red ranges (520 to 690
nm) the SRCs values are higher than the control excepting the
case of enhanced UV-B radiation. This is due to decreasing of
the Chl content that results in the expression of other leaf
pigments such as carotenes and xanthophyll, causing a
broadening of the green reflectance peak at 550 nm and an
increasing of the reflectance.

In NIR range the SRC values of treated groups are lower
than the control. These differences appeared as result of the
changes that occurred in leaf cell structure and water content.
In the case of acid rain treatment the differences are visibly
largest. The leaves sprayed with MEIA looked visually like
healthy leaves and their SRC are close to the control. The
SRCs of leaf groups under combined treatments (MEIA+Acid
rain and MEIA+UV-B) are more close to the control SRC than
in the cases of single treatment.



Statistical significance of the differences between SRCs of
control and treated leaves was established by means of
theStudent's t-test. P-values and the sets of means are shown
in Table 1. In the first column of the table Ri/Ri (i=1,...,10)
designates that the data sets of spectral reflectance of the
infected (Ri) and the control (Ric) leaves are compared at the
ten above listed wavelengths. SRC of the leaves sprayed with
acid rain differed statistically significant against the control in

seven of the investigated wavelengths while for the case of
MEIA+Acid rain - in five wavelengths. SRC of the treated with
MEIA leaves differed statistically significant in four wavelengths
in spectral ranges 520-690 nm because of its stimulating
growth action. For case UV-B radiation the statistically
significant differences found are less (six wavelengths) than in
case of acid rain. For MEIA+UV-B treatment the significant
differences are four.

Table 1.
Means and p-values of the Student’s t-test of SRC pairs of control and treated Paulownia leaves
Pairs Control | Acid rain MEIA+Acid rain Uv-B MEIA+UV-B MEIA
compared | mean | p | mean | p mean | p | mean | p | mean | p | mean
R1/R1c 6.68 ns | 7.57 ns 7.94 ns | 785 | ns | 759 | ns | 7.28
Ro/Rzc 6.83 ns | 7.80 ns 8.28 ns | 817 | ns | 781 | ns | 746
Ry/Rsc 18.91 | ™ | 1511 | ns 21.56 ** | 18.07 | ns | 1217 | ns | 16.51
R4/Rac 2518 | ™ | 1889 | ** 28.26 * 11500 | ns | 1586 | *™ | 20.33
Rs/Rsc 2644 | *** | 1968 | ** 2996 | ns | 1563 | ns | 16.58 | *** | 21.12
Re/Rec 6.62 ns | 6.93 ns 7.16 ** 1 6.03 | ™| 598 | *™ | 6.95
R7#/Rzc 2976 | ™ | 2231 | ns 3263 | ns | 17.74 | ™ | 1967 | * | 23.74
Re/Rsc 56.02 * 13714 5749 | *™ | 2981 | ns | 3846 | ns | 36.19
Ro/Rgc 6320 | ** | 4058 | ** 6358 | *™ | 3277 | ™ | 4343 | ns | 38.84
Rio/R10c 7867 | ™| 4768 | 7450 | *** 13885 | * | 5426 | ns | 43.75

ns - no statistical significance; * - p<0.05; **
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Fig. 2. Averaged SRC of Paulownia leaves: control and treated with acid

rain, UV-B radiation, MEIA and their combinations on the 7th day after the

treatment

550

First derivatives of the averaged SRCs of six leaf groups
were calculated and analyses were performed to evaluate the
red edge position of the SRCs. Figure 3 shows the maxima of
the first derivatives of SRC of all the investigated groups. The
maximal values of the main peaks of the derivatives of the five
groups of treated leaves are shifted to the lower wavelengths
with respect to the control. A minor difference (1 nm) is
observed in the case of treatment with MEIA. For the cases
(Acid rain) and (MEIA+Acid rain) the differences are about
3nm and 1.5 nm, respectively, which reveals the favourable
effect of MEIA for reduction of the stress action. In the case of
UV-B the observed shift is about 2.5 nm, while the effect of the
combined treatment (MEIA+UV-B) produced a shift of about
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5nm. On the 7t day after the UV-B treatment the leaves were
thinner and with yellow spots.
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Wavelength, nm
Fig. 3. Maximum of the first derivatives on SRC of control and treated
with acid rain, UV-B radiation, MEIA and their combinations on the 7t day
after the treatment

The averaged (over 23 pixels) SRCs of control and treated
Paulownia leaves, measured on the 14t day after the
treatment, are shown in Fig. 4. The five treatments lead to
similar trend in the leaf spectral behaviour as on the 7t day.
However, in the case of Acid rain the differences become
much more expressed but (MEIA+Acid rain) action brings the
SRC again more close to the control.

The results after applying the Student’s t-test for sets of
spectral data measured on the 14t day after the treatments
are given in Table 2. The number of statistically significant
differences for individual treatments is increased indicating
deepening of the stress. The positive MEIA action on the plant
status is confirmed. For cases (MEIA+Acid rain) and (MEIA+
UV-B) the number of statistically significant differences
decreased due to the growth regulator.



Table 2.

Means and p-values of the Student’s t-test of SRC pairs of control and and treated Paulownia leaves

Pairs | Control | Acidrain | MEIA+Acidrain | UV-B | MEIA*UV-B | MEIA

compared | mean | , | mean | p mean | p [ mean | p | mean | p | mean
R1/R1c 5.07 | 4.20 ns 5.00 #1399 | ™| 315 | ns | 3.86
Ro/Rac 5.52 ** | 4.95 ns 5.98 * | 491 | ns | 407 | ™| 482
Ry/Rsc 15.04 | * | 1592 | * 1876 | ns | 1507 | ** | 1367 | ns | 15.64
Ry/Rac 1964 | ™ | 2062 | ** 23.18 ** 11874 | ns | 17.39 | ns | 19.24
Rs/Rsc 20.57 * | 2158 * 24.20 * 11954 | ns | 1818 | ns | 20.69
Re/Rec 5.59 * | 5.28 * 6.77 ns | 556 | ns | 465 | ns | 524
R#/Rzc 2360 | ** | 24.30 * 27.41 ns | 2218 | *™ | 20.79 | ns | 23.41
Rs/Rsc 4420 | ns | 4315 | ** 4232 | ™ | 37.00 | *™* | 3552 | ™ | 39.50
Ro/Rge 49.00 | *** | 4718 * 45.31 1 40.08 | *** | 38.46 | *** | 42.867
Rio/R10c 58.32 | ** | 5433 | * 5027 | ** | 4613 | | 4379 | *** | 49.96

ns - no statistical significance; * - p<0.05; **
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Fig. 4. Averaged SRC of Paulownia leaves: control and treated with acid
rain, UV-B radiation, MEIA and their combinations on the 14t day after
the treatment

Figure 5 shows the maxima of the first derivatives of the
averaged SRCs of healthy and treated Paulownia leaves on
the 14t day. For all cases the maxima are shifted to lower
wavelengths with respect to the control. The largest difference
is for the case Acid rain (about 5.5 nm). For the combination
(MEIA+Acid rain) this difference is lower (approx. 3 nm).
Similarly, the combination MEIA+UV-B brings down the shift of
the maximum to about 2.5 nm from about 3 nm for the single
treatment. This is in favour to the conclusion for the MEIA
action to suppress the effects of single stresses.

Five narrow-band vegetation indices: mNDVI, fo, PRI, SR
and TCARI were computed (equations 2 to 6) for each set of
spectral data. Table 3 shows the mean values of indices and
statistical significance of differences against the control. The
SVI data sets were processed by the method of analysis of
variance for estimation of the significance of differences
between variant means at levels p<0.05 0.01, 0.001
depending on the data dispersion. The best results for
separation of the healthy from the exposed to natural stresses
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Paulownia leaves gave SVIs mNDVI and SR. For mNDVI
mean values for treated groups decreased in comparison with
the values of the control group while for SR — increased. In
both cases the differences are statistically significant.
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Fig. 5. Maximum of the first derivatives on SRC of control and treated
with acid rain, UV-B radiation, MEIA and their combinations on the 14t
day after the treatment

Conclusions

Remote sensing method, hyperspectral measurements of
leaf spectral reflectance in the VIS and NIR spectral ranges,
was applied for assessing the influence of some adverse
natural changes in the environment such as enhanced UV-B
radiation and acid rain as well as the effect of growth regulator
MEIA and its application in combination with acid rain and UV-
B on the physiological state of young deciduous trees (species
Paulownia tomentosa). Statistical and first derivative analyses
of the reflectance data and five narrowband vegetation indices
(mNDVI, fp, SR, PRI, TCARI) were implemented to investigate
the spectral behaviour of Paulownia trees. The results prove
that the spectral reflectance characteristics of the investigated
plants gave best discrimination between the leaf groups in
accordance with their physiological state.



Table 3.

Values of five narrow-band vegetation indices calculated in this study

Paulownia mNDVI [ | PRI [ SR TCARI mNDVI | o | PRI | SR [ TCAR
leaves on the 7 day after treatment on the 14" day after treatment

Control 0.356 0.26 0.044 0.115 55.42 0.369 0.269 0.038 0.128 43.39
Acidrain  [0.309** 10271 ns [0.027 ** [ 0.164** | 63.81** | 0.258** [ 0.262ns [ 0.019** [ 0.208** | 5147 *
xi"“ac'd 0.339** 0269 ns [0.026** | 0.149** | 60.00 ns | 0.362 ns | 0.274ns | 0.024 ns | 0.133 ns | 56.57 ***
UV-B 0.306 ** 0291 * [-0.001** [0.194** 14936 * |0.304** |0252** [0.037 ns [ 0.160** | 39.32**
MEASV o291+ 0266 ns |0.007 | 0491% | 57.04 ns | 0305* | 0273ns | 0,031 | 0.478™ | 4070 ns
MEIA 0376 ns 0277 ns [0.048 ns [ 0124 * [5711 ns | 0.323** | 0.249** [0.038 ns [ 0.142 * | 47.00 *

ns — no statistical significance; * - p<0.05; ** - p<0.01; *** - p<0.001
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MPEFNEA HA CbBPEMEHHUTE NOAXOAU 3A NABOPATOPHO ONPEAENAHE HA
PE3EPBOAPHUTE CBOUCTBA HA NMIbTHU CKANTN-KONIEKTOPH

E¢ppocuma 3aHesa-fJobpaHosa, Jlbyesap Meopaues
MurHo-eeonoxku yHusepcumem ,Ca. Me. Puncku”, 1700 Cogpusi, edobranova@abv.bg, lucho_sdng1@mail.bg

PE3IOME. MpegnaraHusiT MaTepuan kacae BbNpocH, CBbP3aHM C Mperfnes Ha CbBPEMEHHUTE MOAX0oAM 3a NabopaTopHO onpesensHe Ha Pe3epBoapHUTE CBONCTBA
Ha NMITbTHU CKanu-KONeKTopW. VIHTepechT KbM Tean 06pa3oBaHus € U3KMIYMTENHO FoNsM, C Offied Ha TOBa, Ye B CBETOBEH Mallab ca yctaHoBeHu dopmauui ¢
NMOAKOHOMLMOHHM CTOWHOCTW Ha MPOHULAEMOCTTA, KOWTO ChAbpKaT 3HAYMTENHW KONMMYECTBa OT BBLIMEBOAOPOAM. 3a LENuTe Ha ONpefensHeTo Ha TeXHUTE
pecypcu/3anacit W MPOrHO3MpaHe Ha W3XOAHWTE TEXHOMOrMYHW MokasaTenu Ha TAXHaTa pa3paboTka € BaXHO OMpefensiHeTo Ha KONMMYECTBEHM CTOMHOCTU Ha
BMECTUMOCTHO-(DUNTPALIMOHHUTE NapaMeTpi BbPXY KOHKPETHW, peanHu obpasuu. M3yyaBaHeTo Ha pe3epBoapHUTE MM CBOWCTBA € NPEeSM3BUKATENCTBO Mpen
n3cnefoBaTenuTe, Thil kaTo Knacuyeckute nabopatopHn METOAMKWA M METOAM He [aBaT YAOBNETBOPUTENHM Pe3ynTaTh W ca Hempunoxvumu. B Tasu Bpbaka ce
nonarat 3HauuTemnHW U3cnesoBaTencky 1 PUHaHCOBM ycunua 3a paspaboTBaHe Ha MHOBALMOHHW MeToau. Bopewwm ueHTpoBe ca Gas Research Institute Inc. u
Arpocn 00O, bnaroaaperue Ha kOUTO Ca Cb3[afeHn CbBPEMEHHU anapaTy, KOUTO NO3BONSBAT OnpefensiHe, C ronsaMa cTeneH Ha JOCTOBEPHOCT Ha OCHOBHUTE
neTpou3NYHN MoKasaTenn Ha MIbTHUTE CKanu. AHaNW3bLT Ha MpepnaraHuTe METOZONOTAM W METOAM NoKas3Ba TAXHAaTa MPUNOXWAMOCT B MO-LUMPOK Malyal,
BKITHOUMTENHO W 33 YCNOBUSITA Ha Bbnrapusi, KbAeTo ca YCTaHOBEHIU MHTEPECHW W NEPCTIEKTUBHN B HE(PTOra30HOCHO OTHOLLEHME opMaLu.

Kniouosu AYMU: NTLTHU CKanNu-KONeKTopu, na60paTopHa OLEeHKa

REVIEW OF THE MODERN APPROACHES FOR LABORATORY ASSESSMENT OF THE RESERVOIR PROPERTIES OF
SOLID ROCKS-COLLECTORS

Efrosima Zaneva-Dobranova, Lachezar Georgiev

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, Student city, edobranova@abv.bg, lucho_sdng1@mail.bg

ABSTRACT. The suggested article concerns issues related to the review of modern approaches to laboratory determination of the reservoir properties of dense rock-
collectors. The interest in these formations is extremely high, in view of the fact that globally established formations with very low permeability values contain
significant amounts of hydrocarbons. For purposes of determination of their resources / reserves and forecasting of technological parameters output of their
development as quantitative values capacity-filtration parameters on concrete, real samples, is important. The study of their physical properties is a challenge to
researchers as traditional laboratory methods and methods do not yield satisfactory results and are not applicable. Regarding to this significant research and financial
efforts to develop innovative methods are made. Leading centers as Gas Research Institute Inc. and Agros Ltd., create modern devices that allow determination with
a high degree of credibility of the solid rocks main petrophysical parameters. The analysis of proposed methodologies and methods indicates their applicability in a
wide scale, including the conditions of Bulgaria, where they found interesting and promising oil and gas formations.

Keywords: solid rocks-collectors, laboratory assessment

BuBegeHue HeobxogumocTta OT npunaraHeto Ha  CneuugunyHi
MeTOZOMOoMM U MEeTOAN 3a ONpesensHeTO Ha pe3epBoapHuUTe
|'|py| peanuanpaHeTo Ha NPOEKTU 3a TbpPCeHe, Mpoy4yBaHe, CBOMCTBA Ha CKanWTe, KOMTO Ca HACOYEHW KbM MAbTHUTE
pa3paboTBaHe, U3rOTBSIHE HAa TEXHWKO-UKOHOMMYECKM aHanm3 KOnekTopu, € npeausBukaHa OT. TeHAeHUMATa 3a Hamans-
1 OLEHSIBAHETO Ha pecypcuTe/sanacute Ha BbIMEBOLOPOA- BaluuTe AOGMBM Ha NPUPOAEH ra3 U HedT OT pe3epBoapH
HWTE CYPOBWHM B Pa3NW4HW KaTeropuu, a Taka Cbllo W 3a Ckanu ¢ ,400pyu" pe3epBoapHyu napameTpu; Bee oLle BuCoKata
ONPENEeNsHETO Ha M3XOOHWUTE TEXHOMOTMYHM MoKasaTenu Ha 3aBUCUMOCT Ha Mnasapa OT BbIMEBOAOPOAHN  EHEPIUMHN
paspaboTkata MM, OCHOBHM 3adauM Ca W3y4yaBaHETO Ha CYpOBYMHM; BYPHOTO pasBUTME Ha TeXHUKaTa U TexHomoruuTe,
pe3epBOapHUTE CBOICTBA Ha NPOAYKTUBHUTE XOPU3OHTU. ToBa KOMTO CTaBaT B No-ronaMa CTeneH exonorowaasawn n sanoy-
BaXM B M0-TonfiMa CTerneH 3a yCrioBusTa Ha KorneKkTopu, usrpa- BaT Aa Npuaobusar MbpBOCTENEHHO 3HayeHwe; OTCLCTBIUETO
JEHW OT NMIbTHW CKanMW C HUCKW CTOMHOCTM Ha NpoHuUUae- Ha 3Ha‘;IV|TeJ'IHVI no mawab 1 MHOro Mo-CKbMU Bb30OHOBSEMM
MOCTTa. E€HePrnmHn N3TOYHULUMK 1 Op.

Mo mHeHne Ha peguuya wuacneposatenm (Naik, 2010; LlenTa Ha HacTosWeTo u3cnesBaHe e Mpernej Ha ChbBpe-
Abdelaziz et al., 2011; Ipuropbes v gp., 2013 u gp.), [obus Ha MeHHIUTE METOAUYHM NOAXOAM 38 N1AaBopaTopHOTO onpeaensHe
BbINEBOAOPOAM OT NMbTHW (cnabo npoHuuaemu) Hacnaru, Ha pe3epBOapHUTE NapameTpu Ha MiTbTHU CKanu-KonekTopu 1
JHeC 1 B 6nusko 6'b.qe|_|_|'e, e MMa W3KIIOYNTENHO BaXKHO aHanM3 Ha Bb3MOXHOCTUTE 3a TAXHOTO MPUINOXEHNe B
3HayeHue. CTpanara.
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CbCTOSIHME M aKTyanHOCT Ha npobnema

O6wM 3aKOHOMEPHOCTH, XapaKTepusMpaly MIbTHUTE
(cnabo npoHuuaemu) ckanu

B cvoteeTcTBME C OOLLOM3BECTHUTE MPEACTaBM 3a MITbTHU
ckanu-konekTopu, peguua uscnegosatenu (Haines, 2006;
Perry, and Lee, 2007; DGMK German Society ...., 2010; Naik,
2010, 3aHeBa-[dobpaHoBa u ap., 2012; 3aHeBa-[JobpaHoBa,
2014 wn gp.) ce obeauHABAT OKOMO FPaHUYHM CTOMHOCTW Ha:
BMecTumocTTa nog 10% u Ha npoHuuaemoctta nog 0,1 mD,
BMCOKO CbbpXaHWe Ha MMEHTMPALLO BELLECTBO, pasMepy Ha
nopHWTe KaHanu Henpesuwasawy 0,1 my; BMCOKO CbAbp-
XaHWe Ha ocTaTbyHa BOAOHACUTEHOCT U C MOBULIEHA Mexa-
HWYHA yCTOMYMBOCT. [pW TakMBa TWMOBE KOMEKTOpU Koedu-
UMEHTBT Ha M3BMMYAHE € HUCHK (KaKTO 3a BbrIeBoaopoanTe,
Taka M 3a BogaTa), AeOUTUTE Ha COHOAXWUTE Ca HUCKW, a
3anacute ce yCBosiBaT Mo creuuanHo paspaboTeHn cxemu.
EnHoBpeMeHHO € TOBa CblUeCTBYBAT A0CTaTbYHO KpacHo-
peYMBYM NPUMeEPK, KOUTO NOCOYBAT, Ye B TEPUTEHHN 1 MO-PSAKO
B TMIMHECTO-KAapOOHATHW Hacnary, ckanute, Knacuduuupanm
KaTo ,HEKONEKTOPM", Ca MOTEHLMANHN 1 NPOMULLIIEHN 00eKTH,
OT KOWUTO Ce MoryyaBat 3HAYUTENHU NPUTOLM OT ra3 U HedT
(baceiH CaH XyaH, Piceance - CAL, Opgoca - Kurtait,
BaxeHoBcka, Abanakcka cauta - Pycus u gp.). MocoyeHute
NpUMEpN MOACKa3BaT, Ye KbM rpynata Ha MTbTHUTE CKanu-
KONEKTOpU, MpUTeXaBal 3HAYMTEeNeH HedpTorasoHOCEH
noteHuuan, wmoraT fAa 6bgaT nNpUYMCRIEHM  PasHOTUMHM
FIMTONOXKNA Pa3HOBMOHOCTM, W Ye BCEKM TeonioxKkM 0obekT
cnefBa fa Obae u3yyaBaH [eTalnHO M B 3aBMCMMOCT OT
KOHKPETHWUTE 4afeHOCTH 1 Lienecbobpa3HoCT.

MpunoXx1MMocT Ha CTaHBAPTHUTE METOAN

B cneuwanusnpaHata nuTepaTypa M MpakTMka 3a
NPUCHLCTBMETO HA NPUPOZEH ra3 U HE(T B OBDLLIMPHI reonoXKM
MPOCTPaHCTBA C Pa3snpoOCTPaHEHWE Ha MIbTHU  CKanu-—
KOMEKTOpM, Ce NpaBsAT U3CNeABaHUs U NpOy4BaHUs OT BTOpaTa
MOMOBWHA Ha MUHanWs Bek. EQHoBpemeHHo ¢ ToBa ce nonarar
3HAYUTENHU aHanUTUYHW M (DMHAHCOBW YCUNKS 33 YCHBBP-
LUEHCTBaHE Ha 0bLyoNprUeTUTE M BHEAPABAHE HA HOBM METOLM
Ha u3crneaBaHe. AHanu3bT Nokasea, Ye TpaguLUMoHHUTe nabo-
paToOpHW METOAM 3a OMPEAENAHE HA pe3epBOapHUTE CBOICTBA
Ha MbTHUTE (CMabo MpOHWL@EMMW) Ckanmu WMaT OrpaHNyeHo
npunoxeHue (cur. 1). Toa Haii-Beye Ce OTHacs 3a W3yva-
BAHETO Ha HSKOW BOAELUM KONMWNYECTBEHW XapaKTepPUCTMKY,
KaKBMTO Ca MPOHMLIAEMOCTTa, HAaCUTEHOCTTa, XapaKTepbT Ha
cpefarta, cBoiicTBaTa Ha donyuaute u gp. Mpy NpoekTUpaHeTo
Ha pa3paboTBaHETO Ha MITbTHU CKanW-KONMEKTOpHW, w3cnes-
BaHETO Ha (OUNTPALMOHHUTE CBOWCTBA Npugobusa M3KIYN-
TENHO 3Ha4eHue. MoHaCTOSLLEM U3NON3BAHETO HA TPAAMLIMOH-
HUTE METOAM He [aBa 3af40BONMTENHM pesynTaTu. Taka
HanpuMep MpW CbLUECTBYBALLMTE CTaHAAPTHW nabopaTopHu
o0opyaBaHns 1 npouedypn 3a M3MepBaHe, AManasoHbT Ha
rasonpoHuLaeMocTTa (nokasaten, KOWTO ce npuema 3a
OnMpegensiy) 3a TPaaWUMOHHMTE KOMNEKTOPWM Hail-yecTo ce
orpanuyasa o 0,1 mD u B no-pegku cnyvam go 0,01 mD.
lMocoyeHnTE CTOMHOCTM Ce MpUeMaTt KaTo [paHWYHM 3a
KnacuuUMpaHeTo Ha CKanuTe Kato KOMekTop/ HEKoMekTop.
Ckanu ¢ nponuuaemoct nog 0,01 mD ce npuunucnsBat KbM
TPYAHOMPOHULI@EMUTE 1 HENEPCMEKTUBHU B HE(HTOra30HOCHO
OTHOlWeHWe. EfHa OT npuunMHUTE € BbL3MOXHOCTUTE Ha
CTaHgapTHOTO obopyaBaHe M obulonpuetata MeToAuka 3a
nabopatopHo u3cneasaHe. ETo 3awo, 3a nabopaTopHoTo
“3yyaBaHe 1 OnpesensiHe Ha KONMYECTBEHUTE MokasaTeny Ha
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NITbTHATE CKanW Ce Hanara npunaraHeTo Ha HOBU METOANYHM
MOMX0aM W MHOBALMOHHO 0BopyBaHe.

lnbTHa ckana konektop  KnHBEHUMoHaNHa ckana
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®ur. 1. Inana3oH Ha nabopaTopHUTe METOAVN 3a ONpeAeNsHe Ha pesep-
BOApHUTE CBOWCTBA Ha CKanu KomekTopu (JkcnnyaTtauus HeTpagu-
LIMOHHbIX 3anexei...., 2016, www.corelab.com/ru/ps/gri-analysis)

Mpernea Ha HAKOM MHOBAUWMOHHM METOAWKU M
obopypaBaHe

Bogewm nabopatopum, KOMTO ce ABABAT AOCTaBYMALM Ha
YCNyrit 3a aHanuaupaHe Ha ckaneH v (rymaeH matepuan 3a
LenuTe Ha neTponHaTa WHAYCTpuUs, ca amepukaHckata Core
Laboratories, Inc. u pyckata 'K Arpoc OOO. B pesyntar Ha
CbBMECTHaTa UM [eNHOCT e pa3paboTeHo CbBPEMEHHO Nabo-
paTopHO 0BopyABaHe, KOETO Mpeanara aHanuTUYHU CUCTEMM
3a u3crnedBaHe, C [0CTaTbyHa MPEUW3HOCT, HA  CKarHu
0bpasuy OT NITLTHX CKanu 1 MoNy4aBaHe Ha BaXHWU KONMYECT-
BEHM NapameTpy, Onpeaensiliy pe3epBoapHUTe UM Ka4YecTBa.

Wutepec npencrasnsear cuctemute GRI (Gas Research
Institute - Crushed Shale Analysis) u NanoK. Mo cbliectso
METOAMKWTE, 3arOXeHU B Te3u CUCTEMU, He Ce OTInyaBar
CbLUECTBEHO OT KMacuyeckuTe 3a M3yyaBaHe Ha pe3epBoap-
HWTE CBOWCTBA CKanMTe U Ce OCHOBAaBaT Ha (hyHOAMEHTAmNHU
MOCTVXEHMS W 3aKOHW Ha chmamkata Ha HeqpTeHus nnacr,
XMApo- U TepMofMHamukaTa 1 gp. PasnnyHoTo, B KOHCTPYK-
TMBEH MNfaH, e B YCTPOWCTBOTO Ha NpeafnaraHuTe anapatypwm,
Bb3MOXHOCTTa 33 KOMMNEKCHO M3crefBaHe Ha pasnuyHu
XapakTepuCTVKM, aBTOMATM3MPAHETO Ha MpoLeca U CbKpalla-
BaHETO Ha BPEMETPAEHETO Ha eKCrepUMEHTa.

Mpeacrasuten Ha cuctemata GRI e metogbT SMP (Shale
Matrix Permeameter), koinTo ce ocblyecTssBa ¢ npubop SMP -
200 (chur. 2). XapaKkTepHO 3a MeTofa €, Ye Ce u3crnensa
WHTETpUpaH 1 fe3nHTerpupaH obpasew 0T U3yyaBaHaTa ckara.
Bbpxy uHTerpupanus obpasey ce onpegens obemHata
NITTHOCT, HENoCPEeACTBEHO crief M3BaX4aHETO Ha sakata.
lMo-HaTaTbk, Ype3 pa3gpobseaHe Ha npobarta [0 pasmep Ha
3bpHata ot 0,853 go 0,5 mm, ce u3BnMYa chabpkaLluTe ce B
nopute nyman upes ekctpaxvpaHe. Creasa onpegensHe
MITTHOCTTA HA 3bpHaTa, BMECTUMOCTTA M HAaCUTEHOCTTa Ha
ckanara.

3a onpepnensiHe Ha NpoHMLaeMocTTa, npobata ce nocTaes B
kamepa 3a M3NWTaHWE C XenuiA KaTo peareHT, cb3daBa ce
HansraHe (okono 200 kPa) 3a onpeaeneHo Bpeme, cnep KoeTo
Ce CHeMa KpuBa Ha CragaHe Ha HansraHeto. lMonydasat ce
[aHHM 33 edpekTMBHaTa M abcomoTHaTa MPOHWLAEMOCT Ha
maTpuuata ¢ Bb3MOXeH AuanasoH ot 10€ pgo 105 D. B



OCHOBaTa Ha MpuHUMNA Ha paboTa Ha nepmeameTbpa e
3aKOHBT Ha boin-MapuoT. MpuHymMnHaTa cxema Ha nocnego-
BaTEMNHOCTTA Ha 13CreABaHETO e nokasaHa Ha durypa 3.

dur. 2. 06w BMa Ha nepmeameTsp SMP-200 (3Jkcnnyatauus
HeTpaAMLMOHHbIX 3anexei...., 2016, www.corelab.com/ru/ps/gri-analysis)

Wabop Haobpasey
(cpasanmatepnan 300gr)

Cwmunane Ha obpaseua
(npecasane cbconTo 10/35U8.,-200 gr)

©oBeMHa b THOCT,

VamepBane Ha
06w 0bem

hpakuym—50 gr

Henpurogqu no paamep |

N
“
)

Ananua no Juia— Capy
(115°C)

MarpuHa npokMLiaeMacT no cnap
Ha HaNAraHeTo

| BakyyMHO H3CyluagaHe |

L

Wsmepeane Ha
OfBemaHaabpHata

OtkpuTa edekTHEHA NOpecTOCT
HacutenocT ceona u HedT

®ur. 3. MocnepoBaTenHocT Ha U3cneaBaHeTo (JKCNNyaTauus HeTpaau-
LIMOHHBbIX 3anexe...., 2016, www.corelab.com/ru/ps/gri-analysis)

Mpeoctasuten Ha cuctemata NanoK e wmetog 3a
ONMpefensiHe Ha CBPBbXHWUCKA MPOHMLAEMOCT uYpe3 LugpoB
HaHo-nepmeameTsp NanoK-100 (cwur. 4). WacnegsaHeto ce
OCbLLECTBABA B CTALMOHAPEH PEXWM Ha unTpauus Ha ras
(meTaH unm asoT), ¢ oTYMTaHe Ha edpekTa Ha KnuHkeHbepr B
TP HE3aBUCUMM MO3NLMK. 3a OCBLUECTBABAHE Ha eKcnepu-
MEHTa Ce W3non3eaT LUnMHAPUYHM oBpasLy, npeasapuTenHo
MOArOTBEHU (EKCTpaxupaHW W u3cylleHu). [nanasoHbT Ha
n3mepeHaTta npoxnyaemoct € 106 — 108 D. MapameTpute Ha
eKCepyMeHTa W Ha NOMyYeHUTe pesynTaTh ca: HamnsaraHe Ha
BXO[a W Ha M3xoaa; edhekTUBHO HansraHe (1o 66,7 MPa); Tpu
3aMepa Ha HansraHeto; abconiTHa M edekTBHa NPOHM-
LlaeMOCT; KOE(hULMEHT HA MPOHMULIAEMOCT, KOMTO CE onpeaenst
rpacpuyHo no 3aBMCMMOCTTa Knp.ras = f(1/P).

AHanuTtuyHute cuctemm ot Hoso nokoneHne GRI u NanoK
“MaT pearnHo NpunoXeHWe B MpakThkaTa 3a U3y4aBaHETO Ha
NITBTHW CKanu-konektopu. Kato npumep 3a ToBa (Jo6pbIHUH 1
ap., 2004; TonkoHoroB u Mynep, 2013) ca u3cnegsaHusTa,
npoBedeHn B Haxoguwe Eagle Ford, KOxeH Tekcac,
baxeHoBckata cauta u ap. lNonyyeHuTe AaHHU 3a pesepsoap-
HUTE CBOWCTBA Ha NITbTHWUTE CKanmK ce OTNMYaBaT C NoBULLIEHA
[OCTOBEPHOCT W MO-LIMPOK AMana3oH Ha W3MepeHuTe napa-
meTpu. OCHOBHWUTE OrpaHMYeHWst ce CBeXdaT A0 HEBL3MOX-
HOCT 33 OTYWTAHETO Ha HAKOM (PU3NKO-MEXaHUYHM XapakTe-
PUCTUKM (BNUSHUETO HAa HAMPEXEHMeTO B MnacTta, B TOBa
UMCrIO M Ha CBMBAEMOCTTA Ha MOpHUS 0BeM, BMMSHWETO Ha
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HanykaHOCTTa M TEeOMeTpUsiTa Ha MOPOBOTO MPOCTPAHCTBO)
BbpXy NOMyyeHuTe napametpu. [lopagn Tesn MpuuMHM
TAXHAaTa MPUNOXMMOCT € B [OCTaTbyHa CTeneH KopekTHa 3a
onpezensiHe Ha NapameTpuTe Ha MaTpuuara.

®ur. 4. 06w BMA Ha uucpoB HaHo-nepmeameTp NanoK-100 (Shale
OillGas Training..., 2016, = www.corelab.com/cli/shale-oil-gas/nanok-
permeameter)

3akniouyeHue

MpobnemMbT ¢ nabopaToOpHOTO W3yyaBaHe Ha BMECTU-
MOCTHUTE W (OUNTPALMOHHUTE CBOWMCTBA HA MITbTHUTE CKanu-
KorekTopu e 06eKT Ha 13CNeAoBaTENCKA MHCTUTYLMM B LLIMPOK
Mawwab. CblyecTByBawuTe TpaguUMoHHU nabopaTtopHu 06o-
pyoBaHus ca Henpunoxumu. ETo 3awo, B CBeTOBHaTa
npakTUka ce monaraT 3HAYUTENHWM YCUnMs W Ce BHeapsiBat
HOBM WHOBALMOHHM CUCTEMM 3a MOBWLLABAaHE Ha [OCTO-
BEPHOCTTA Ha OMPeAensHUTE KONMMYECTBEHN NapaMeTpu.

3a ycrnosusiTa Ha bbrrapus, KbOeTo ca Hammue reomnoXku
copmauun, uM3rpadeHn oT TPYOHO MPOHMLAEMM ckamu,
NEepCrekTMBHM B HE(TOra3oHOCHO OTHOLUEHWE, € KpanHo
HeoOX0OMMO BBLBEXOAHETO Ha CBETOBHUTE o0bpasuu 3a
nabopaTopHu u3cnegsanus. Te, KakTo 1 Apyr1 MeToau, morat
[a MoBuLLaT JOCTOBEPHOCTTA Ha U3CMenoBaTenckns npoLec v
fa [fagaTr OTfOBOP Ha peduua BbMPOCH, CBbp3aHW C
npobnemuTe No ONMPeaensHeTo Ha W3XOOHUTE TEXHOMOMUYHM
nokasatenu npu  paspabotkata Ha  OCTaTb4yHM U
YCTaHOBSIBAHETO Ha HOBW pecypcu/3anac.
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OLIEHKA 3®®EKTUBHOCTU UHTMBUTOPOB KOPPO3WUK B YCNOBUAX
COBMECTHOIO NPUMEHEHUA C UHTUBUTOPAMWU CONEOTNOXEHUN

Juna A. Cynmaroea, Qmumpuii B. Mapdawoe, Padmup P. XycauHoe

CaHkm-Temepbypackull lopHbIl YHusepcumem, 199106, CaHkm-llemepbype, rectorat@spmi.ru

PE3IOME. B cratbe npeacTaBneHbl pesynbTaTbl NabopaTopHbIX MCCNE[OBaHMA MO OLEHKe 3dEKTUBHOCTA MHIMOMTOPOB KOPPO3UN B YCMOBUSX COBMECTHOTO
NPUMEHEHUS C MHTMBUTOPaM¥ CONEOTNOXEHWI . AHann3 pesynbTaToB NPOBEAEHHBIX MCCMEA0BaHNI NOKa3ar, YTo 3allUTHble CBOMCTBA MHTMOUTOPOB KOPPO3UK, NPpK
AobaBneHnn MHIMBUTOPOB CONEOTIOXEHINA, MOTYT M3MEHSTLCS B MyLLYH0, MO0 B XYALLYHO CTOPOHY.

KnioueBble crnosa: V|HFM6VITOpr, OL{eHka COBMECTUMOCTH, SPPEKTUBHOCTb, 3aLLUTHOE AECTBIE, NONSPU3ALMOHHOE CONPOTUBIIEHIE, CKOPOCTb KOPPO3MN.

EVALUATION OF THE EFFECTIVENESS OF CORROSION INHIBITORS IN CONDITIONS OF JOINT USE OF INHIBITORS OF

SCALING
Dina Sultanova, Dmitry Mardashov, Radmir Khusainov

Saint-Petersburg mining university, 199106, Saint-Petersburg, rectorat@spmi.ru

ABSTRACT. The article presents the results of laboratory studies to assess the effectiveness of corrosion inhibitors in conditions of joint use of a scale inhibitor.
Analysis of the results of these studies have shown that the protective properties of corrosion inhibitors, adding scale inhibitors might change for the better or for the

worse.

Keywords: Inhibitors, evaluation of compatibility, effectiveness, protective effect, polarization impedance, current density.

BBepgeHue

B cBA3M C yxydweHuem CTPYKTypbl 3anacos, MpOLEce
pobbluM  HedTM  3HauMTENbHO  ycnoxHuncs.  [Mpobnembl,
CBSi3aHHblE C KOppo3unei 060pya0BaHUs, OTNIOKEHUEM CONet,
CTAQHOBATCA C KaXablM rO4OM BCe akTyarnbHee. Tak Kak
aKcnnyaTaunsi HeqTAHbIX CKBAXWH MPOXOAWUT B CMOXHbIX
YCMOBUSIX: BbICOKWE TEMNepaTypa U [aBreHue, NoCTOsIHHOe
B3aMMOJENCTBME C arpeccuBHOM Cpedoi  (0CobEHHO Ha
MECTOPOXAEHUSIX C BbICOKON 0BBOAHEHHOCTBK) A0ObLIBAEMON
npoayKuMM) — Ccpok crnyxBbl Mcnonb3yemoro 06opynoBaHus
3HAYMTENBHO COKpaLLaeTcs.

AHanus pesynbTaToB

B HambonbLLelt CTeNeHn KOPPO3MOHHOMY M3HOCY MOABEPKEH
KOpMyC MOTPY)XHOrO 3NeKTpoABuraTensi, paboune opraHbl U
KOpMyC 3MeKTPOLEHTPOBEXHOrO Hacoca, BHYTPEHHAS MOBEpPX-
HOCTb HaCOCHO-KOMMPECCOpHbIX Tpy6, 6poHs kabens. [onon-
HUTENbHbIM OCIOXHEHWEM OT MPOTEKALWNX KOPPO3UOHHBIX
MPOLIECCOB  MOXET SBNATHCA  CHUWXKEHWE NPOHULIAEMOCTH
npu3aboiHoA 30HbI Nnacta B CilydYae nonagaHus B Hee
npoaykToB koppo3uw (Porayes u ap., 2011).

YcTpaHeHWe NOCneacTBUN, CBSA3aHHLIX C KOPPO3WMOHHLIMMU
PaspylUEHNIMA M OTNIOKEHMEM  COMEN,  3HAYMUTENbHO

206

MOBbILIAET 3JKCMryaTaunoHHble 3aTpathl  HedTerasopobbl-
BAlOWMX MpeanpusTUA, 4YTO HEraTMBHO OTpaxaeTcs Ha
cebecTonmocTn fobbiBaeMon HedTy.

XuMU4eckun mMeTod B NpOUNaKTUKE OT KOPPO3UOHHBIX
paspyleHun 1 BbiMadeHus coneit sensetcs Hambonee
UCMOMb3YEMbIM,  MPUMEHEHUE  MHMMOWUTOPHONM  3aLWTbI
Hambonee XxapakTepHO B Cryyae HeoBXOAMMOCTU MPUHATMS
onepaTWBHbLIX Mep NO MPEAYNPEXAEHNI0 AaHHBIX OCTOKHEHWIA.

Koppoans BHYTpUCKBaXWHHOTO 0OOpYAOBaHWst Ha MeCTo-
poxaeHusx 3anagHon Cubupu passuBaeTCcs NpeumyLlecT-
BEHHO MO YIMEKMCIIOTHOMY MEXaHU3My, B NMPOLECCe KOTOPOro
MPOUCXOAUT AMCCOLMALMA YTONBbHOM KUCMOThI Ha BGukapboHart-
MOH W WOH BOAOPOAA, C 06pa3oBaHNEM OCagka KapbOoHaTHBIX
COEZVMHEHNN Xene3a W kanbuwa (Fabutos, 1998; MapkuH u
ap., 1995).

Cpeayu MHorooGpasusi BUAOB KOPPO3UOHHBIX MOBPEXAEHMA
YITIEKUCTIOTHOM KOPPO3WM MOXHO BbifenuTb Haubonee onac-
Hble — NOKanbHbIE KOPPO3WOHHBIE MOBPEXOEHUS C BbICOKOM
CKOPOCTbH0 MPOHWUKHOBEHMS.

Ons  npenoTBpalleHUs  YrMEKUCNOTHOM  KOppo3un B
OonblWMHCTBE  CnyyaeB  MPUMEHAKT  HeopraHuyeckue
WHIMOUTOPbLI KAaTOAHOTO M aHOZHOTO AEACTBMS, 3aLLMTHbINA
3heKT  KOTOpbIX  COMPsKEH ¢ (hOPMUPOBaHWEM
naccuBMPYOLLMX NAEHOK. MexaHnam [ercTBus MogobHbIX
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WHrMONTOPOB 3aKMIOYaeTCd B TOPMOXEHUM KOPPO3MOHHOMO
paspyLUeHns nyTem ero BO3AENCTBMS Ha CKOPOCTb MPOXOX-
JEHUs KaTOOHOro, aHogHoro, nmbo 0bouX KOPPO3UOHHBIX
npoL{eCccoB.

[nsi OLEHKM 3alLMTHBIX CBOWCTB WHIMBUTOPOB KOPPO3WM
MPYMEHSIOTCS  NEKTPOXMMUYECKMIA, TPaBUMETPUYECKUIA 1
aHanUTUYECKU METObI.

B npencTtaBneHHoi paboTe oueHka  3dhdEKTUBHOCTM
WHrMbuTOpa Koppo3uu ocylLecTBrsnach MeToOoM
MonspU3aLMOHHOTO COMPOTMBNEHNS Ha noTeHumocTare Gill 12,
KOTOPbIN OTHOCKTCS K SNEKTPOXMMUYECKAM METOAAM.

lMpeumylLecTBO  MeToda fMHENHOTO  NONSAPU3ALMOHHOIO
COMPOTMBIEHNS 3akKnioyaeTcs B ObICTPOTE W3MEPEHWA K
NpOCTOTE MOCTAHOBKW 3KCMEPUMEHTA, a Takke B BOIMOXHOCTM
NpOW3BECTU 3aMep CKOPOCTW KOPPO3UW B PEXMME peanbHoro
BpemeHn (MOHUTOPUHI CKOPOCTM KOPO3WM...).

Ha dwurype 1 npeacraBneHa cxema nabopaTopHom
YCTaHOBKM, KOTOpas UCMonb3oBanach B AaHHOK pabote ans
OLEHKN 3 EKTUBHOCTU MHTMBUTOPHON 3aLLUTBI.

=
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®ur. 1. Cxema 3neKTPOXMMUYECKOWN YCTAaHOBKH:

1- Bxog CO2; 2 - 30HA (BepxaTenb 3NeKTPoaoB); 3 - KonbLeBoe
ynnotHeHue; 4 — anekTpod; 5 — MarHUTHas Mewanka; 6 — MarHUTHbINA
skopb; 7 - Boga nnactoBas; 8 -Bbixog CO2; 9 - Tepmometp; 10 -
KOppo3uMeTp

Mpubop oTobpaxaeT 3HayeHWe CKOPOCTM KOPpPO3MM B
[MunnualiiMax B rog], a ucnonb3yemblii  KoahuumMeHT
NPOMOPLMOHANBHOCTY, SIBMSIETCS  AMMUPUYECKAM  YUCTIOM,
KOTOpPbIA ~ OMpedeneH  MyTeM  CpaBHEHWS  3HaYeHWs
MONSPU3ALIMOHHOTO  CONPOTMBIEHNS C  BEMWYMHOA MOTEpU
Beca. [10 UToram TEeCTMPOBaHWA PacCYNTLIBAETCS 3aLLWTHbIN
3P heKT MHIMBUTOPOB KOPPO3UM.

ViccnepoBaHust Mo onpefeneHno BRMSHUS MHTMOUTOPOB
coneotnoxenns (AC) Ha adhheKTMBHOCT  MHTMMONTOPOB
koppo3un (VK) npoBogunnce ¢ MOAENMPOBAHMEM MNACTOBbIX
YCNOBUIA, Haubonee XxapakTEpHbIX N1 HETAHbIX CKBaXMH
3anagHon Cwbupu. CoctaB Mmogenu nnactoBoW BOAbl,
NOArOTABNMBAEMOA [Nl 9KCMEPUMEHTOB, COOTBETCTBOBAI
YCPEAHEHHOMY COCTaBY BO A@HHOTO per1oHa (tabn. 1).

[na npoBedeHus WCMbITaHWA B KayecTBe  MOZenw
nnacToBOM HepTM MCNONb30Banach YrneBoaopoaHasi CMeCh,
npurotoBneHHas cornacHo (Nace Paper ..., 2013)
COCTOSILLAs M3 KEPOCWHA, N300KTaHa 1 OPTO-Keurona, B3sThIX
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B paBHblx obbemax. [lpy NpOBEAEHWM SKCMEPUMEHTOB
Mogenuposanacb 0BBOLHEHHOCTb CKBEXWHHOW MPOAYKLMM
90%. WHrubutop  KOppO3MM  AO3MpOBancs  npu  5-Tu
koHueHTpauumax: 10, 20, 30, 40, 50 mg/l, a wHrMbuTOp
KOppO3uu — Npu OAHOM KOHLEeHTpaLmu (25 mg/l).

Tabnmua 1.

Conegoli cocmas Modesnu nnacmosoli 800k1
_ | caCl2 2,122
AN 0,878
(e))
o | KCI 0,15
& | SrCl2x6H20 0,794
= | BaCl2x2H20 092
S| Na2SO4 0,013
S| NaHCO3 0,563

NaCl 30,927
Mepen Hayanom npoBeaeHnsa nabopaTopHbIX

9KCMEPUMEHTOB MofenbHas nnacToBas BoAa Hacblllanach
OBYOKUCbIO yrmepoda B Teyenne 0,5 vaca € Lenbio
peaapaumu. Npy NpoBegeHU UCCNEA0BaHUA MPOM3BOANNIOCH
noctosHHoe  6apboTupoBaHWe  ucMbITyemolt  cpegbl
YIMEKUCHbIM ra3oM C PekoMeHZyeMbIM pPacxodom rasa — 1-2
ny3bipbka B CEKyHAY.

Ha cwurype 2 npencraBneHbl pes3ynbTaThl  OLEHKM
3(eKTUBHOCTM  MHIMOMTOPA KOPPO3MM MpW  Pa3NUyHbIX
KOHUEHTpauuax, a TaKkke oOueHka  3(h(EKTUBHOCTM

MHIMOUTOPOB KOPPO3WUK B YCOBMSIX COBMECTHOMO NPUMEHEHMS!
C MHrMBUTOpPamM CONEOTNOXKEHUIA.

Saupmem adsperr, %

10

20 30 40

[losApoaks WATMDHTODE KOPOOsH, M

50

MHM0HATCD E0pDocHM

HMunaDiTop conecTnosesis Me 1 -Hamadnmop
EODDO5M

MHnwbimop coneoTnomesws Ne2 HaHnatnmon
EODD0EM

®ur. 2. [uHamuka 3awmTHOro 3dchekTa MHrUOMTOpPA KOPPO3NUM MpM
Pa3NUYHbIX KOHLIEHTPALMAX



Mo pesynbTataM oOUEHKN 3DEKTUBHOCTU MHIMGKUTOPa
KOpPO3WM, MOXHO CAeNaTh CreaytoLne BblBOAbI:

Viccneayembliinl MHTMOUTOP KOPPO3WM MPOSIBNSET 3aLUMTHOE
Jenctame cablie 90 % BO BCeM AnanasoHe KOHLEHTpaLui (0T
10 go 50 mgll).

[Ona faHHbIX yCnoBun MakcumanbHas adpdgektneHocTe MK
pocturaetcs npu goauposke 30 mg/l.

MOXHO ~ OTMETUTb  CHKEHWE  3alWUTHOrO  AeicTBUSA
WHrMBMUTOpPa KOPPO3WM, MPW MOBLILLIEHWM €70 KOHLEHTpaLmm
Bbile 30 mg/l, YTO MOXHO OBBSCHUTL HANMMYMEM B peareHTe
aKTUBHOTO BeLLecTBa, CNOCOOHOrO paspylwartb obpasyemyto
3aLYMTHYHO NNEHKY NPU M3DLITOUHLIX KOHLEHTPALWSX.

AHanus pesynbTaToB WCCNENOBaHWM MO OLEHKE BIMSHUS
WHIMBMTOPOB  CONEOTIIOKEHMS! HA  3alUMTHOE  [AEeNCTBME
WHIMOWTOPa KOPPO3WM MOKasan, YTO [JaHHble peareHTbl
CHWXAOT ~ 3PEKTUBHOCTL  3alUMTbl  OT  KOPPO3MOHHbIX
MpOLECCOB.

Hanpumep, npu gosuposke B 30 mg/l 3dcheKkTMBHOCTL
MHrMOMTOpa KOpPO3WM CHW3Mnack Ha 12% npu COBMECTHOM
npumeHeHun ¢ C Ne1 u Ha 3% - npu npumeneHum ¢ IC Ne2.

CtoMT  OTMETUTb, YTO  MHMMOMTOPbI  CONMEOTIIOXEHUN
OKa3blBalOT PasfN4HOE BRUSHWE Ha [OEUCTBME MHMMbuTOpa
koppo3uu. Mpu pobasneHmn UC Nel adpcpektmBHOCTL WK
CHM3MNacb BO BCEM AuanasoHe KoHueHTpauui (ot 10 go 50
mg/l). OgHako npu coBmecTHOM npumeHeHun UC Ne2 n UK B
obnact koHueHTpauui ot 40 go 50 mg/l nponcxoguT poct
3aLMTHOTO 3hpekTa OT  KOPPO3WUW, B CPABHEHUM C YUCTHIM
/K. B 10 e Bpems B 0bnacTu koHueHTpaumi ot 20 go 40 mg/l
COBMECTHOE BO3[ENCTBME peareHToB Ha 9PQEKTUBHOCTL
MHMMOMPOBAHMNS HE3HAUNTENBHO YCTynaeT unctomy UK.
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Mo pesynbTaTaM NPOBEAEHHbIX WMCCMNEOOBAHUA MOXHO
coenatb BbiBOL O HEOBXOAMMOCTM MPOBEAEHMS KOMMNeKca
paboT MO OLEHKe COBMECTUMOCTA PEareHToB PasnnyHOro
Ha3Ha4YeHu4.
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FEOTEXHUYECKM YCNOBUA HA TYHEN ,KENE3HULIA“ OT AM ,,CTPYMA*

AHmoHuo Jlakos, Cmegh4o CmoliHes

MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpusi; tony_lakov@abv.bg

PE3IOME. HanpaseH e npernea Ha OT4enHUTe enemeHTI, OnpeaensiLly re0TeXHUYECKUTE YCNOoBUS B y4acTbka Ha TyHen XXKenesHuua (YacT oT uarpaxgaHeto Ha AM
,CTpyma“): reonoro-TeKTOHCKN CTPOEX, CEN3MOTEKTOHCKN YCIOBMS, XAPOreONokK YCIIOBIS, MHXEHEPHOreonoXK CBONCTBA Ha CkanHus macus. Mo-geTainHo ca
pasrnefaHn HXEeHEepHOreonoXK1Te CBOMCTBA Ha Pa3HOBMAHOCTUTE, M3rPaXdalLy CKanHWs MacyuB. XapakTepucTukata M e HanpaBeHa Ha 6asata Ha kayecTBeHu
oueHky (nokasatenst RQD — nokasaten 3a kayecTBOTO Ha ckanaTta u GS| — reonoxki MHAEKC 3a AKOCTTa Ha MacuBa)it KOMMYECTBEHN OLIEHKMOT nabopaTopHuUTe
nonesuTe (reopuan4HM 1 enacTUMETpUYHI) uacneasatus. flafeHa e oblua xapakTepucTuka Ha XWAPOreonoXKUTe YCMOBS 1 Ca OLIEHEHN 04aKBaHUTE BOLOMPUTOLM
B TyHena. HanpaseHu ca o6y M3BOAV 1 3aKIOYeHNs 3a YCMOBMSITA Ha NMPOEKTUPaHe W CTPOUTENCTBO.

GEOTECHNICAL CONDITIONS OF JELEZNICA TUNNEL FROM STRUMA HIGHWAY
Anotnio Lakov, Stefcho Stoynev
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; tony_lakov@abv.bg

ABSTRACT. A review of thegeological and tectonic structure, the seismicq hydrogeological and engineering geological conditions conditions of the rockmass was
carried out as elements of the geotechnical conditions of the Jeleznica tunnel from the Struma Highway. More detailed characterisitcs are made to the engineering
properties of the identified rock types. It is based on qualitative parameters as RQD and GSI and quantitative paramters based on the results from the laboratory and
fireld (geophysical and elastmetric) tests. General description of the hydrogeological conditions and the estimated in-flow in the tunnel is presented. General
conclusions for the design and construction are presented.

BbBepgeHue BMCOKOCTEMEHHN METaMOP(UTU U KBATEPHEPHWN KOHTUHEH-
TanHn Hacnarm (Kenes, 2014). [okambpuiickute BMCOKO-

3aBprJBaHeTO Ha AM ”CprMa“ € CBbP3aHO C uarpaxaa- CTENeHHU METaMOpd)VlTVl Ca npeacraBeHn Ot TpOCKOBCKVlﬂ
HeTo Ha ABa TyHena — KpecHa 1 XKenesnuua. M3rpaxaaHeTto MeTaMop(peH KOMMIEKC, BKMiOYBALl ABE CbBKYMHOCTU. B
Ha TyHen erCHa € CbMPOBOAEHO C peauua TEeXHWUYECKM, nbpeaTta I'Ipeoﬁna,anaT aM(*)VI6OJ'|V|T|/| n aM(*)VIﬁOﬂOBVI rHamcu
MKOHOMWYECKN 1 EKOMOTMYHM npobnemu, nopaan Koeto ce c Tena oT yntpaGasuti, a BLB BTOpaTa — ABYCMIOAEH! U
TbpPCY HOBA anTepHaTMBa Ha Maructpanarta B TO3W y4acTbk, 6uoTuTOBN rHalcK, MpoLeneHu OT KBApLOBYM Xumiu. Amu-
Jokato TyHen YKenesHuua e npaktudeckn 6e3 antepHaTuBea. Gonutute npeobnagasar B M3rpaxaHeTo Ha Mponoma, a
HeroBoTo u3rpaxaaHe e HanoXUTENHO U nopagu akTa, ye B rHaicuTe MMat NOJUMHEHO PasnpoCTpaHeH e — paskpuear ce
MOMEHTa Ce W3rpaxaa yyacTbkbT oT Bnaroesrpag [0 noa ¢hopmara Ha neijoobpasnu Tena mexay amcubonosurte
CUMIATIIN, KOWTO He BKMio4Ba TyHena. MpoeKTHOTO pelleHme 3a rHavicu 1 amdubonutute. AmurbonuTUTE ca MenaHokpaTHy,
U3rpaxgaHeTo Ha TyHena npefswxaa Ob/kuHaTa My fa bbae CMBO3ENEHN Ha LUBAT, AbIXall Ce Ha OCHOBHWA cCkalo-
2040 m. Mspbpwenmnte npes 2014-2015 r. Ha eTan MpeeH obpasysal, muHepan - amgubona. AmgubonosuTe rHaicy
MpoeKkT npoyyBaTenHM [eWHOCTM MO Tpaceto Ha TyHena nmaT Me3okpaTeH 0bmnuK, NOpaau 3HAYUTENHOTO KOMMYECTBO
BKIHOYBAT: CTPYKTYPHO-TE0N0XKa KapTUPOBKa, CEM3MUYHO NPo- Ha nnarvoknasa, CbUMEpUMO C ToBa Ha amdubona.
(bymmpaHe no ocTa Ha TyHena, MpoKapBaHETO Ha 8 6p TpOCKOBCKVITe rHancu ca JNIEBKOKPATHW CKanu, KOHTPACTHU Ha
BEPTUKANHM, HAKMOHEHW W XOPU3OHTANIHU COHAAXMW; Ceus- amcubonuTUTe 1 BKIKOYBAT MNarvoknas, kBapL, MyckoBUT U
MUYEH KapoTax, eNnacTUMETPUYHI M3CreaBaHNs, HarHeTSBaHe buoTUT KaTo rmaBHM Cckanoobpasysaluy MuHepanu. “ecto
TMn JIOXOH, BOAOBANMBAHUS M BOLOYEPNEHE B COHOAXMTE; rHaficute Ce mpocrosiBaT UM ca MpOLEneHin oT KsapLioBi
nabopaTopHu W3credBaHUs Ha CKamHW U 3eMHU  npobu. xum ¢ pebermHa po 10 m. KsatepHepHute Hacnaru ca
O606|_|_|'eH|/|Te pe3yntati OT Teau W3cnedBaHus ca npea- npeacTaBeHn OT HAKOMKO NUTOrEHETUYHU eduHuUKn: anyBuan-
CTaBeHM B HacTosilwara cratus (CtoiHes, 2015). HW, NponyBUamnHW, [enyBuanHn W anysuanHo-nponysuanHu.

AnyBuanHuTe ceaMMeHTM ca CBbp3aHu ¢ p. CTpyma, KosTo
Mpopsi3Ba CTapuTe MeTamMopthuTI B 00XBaTa Ha XKenesHuLKuS

[e0noro-TeKTOHCKU CTPOeX MpornoM, Kato oTnara BbpXy TAX HanpeKbCHATO amyBuanHu

Hacnaru (Yakbnu, nacsUm, rmuHKM). B ocHoBata Ha Gperosete

TpaceTo Ha TyHena npemuHaBa u3Lsno npe3 KenesHuLKus Ha pekaTa Ce pa3BuBaT [enyBuanHW Hacnark (NpeaumHo

xopcT, paspenswy  bnaroesrpaackus  ([xepmatckus) ot rpy6oTepureHHn Bpekyn C [MMHeCTa croiika), a OoKomo

OpaHoBo-Cumutnmiickuss - rpabeH. Toit e wu3rpadeH ot BOZOCTMBUTE Ha MpuTOUMTE ce oBpasyBaT MponyBUanHM
CPaBHUTENHO €aHO0Bpa3HN CKanu: NPeaMMHO [oKaMBpUIACKM KOHYCM (YaKb, BanyHi, NACHLM).
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TEKTOHCKA CXEMA

K-3482:6 (Jeneso) w K-34-83:A (Cuumr)

TEXTONCKN EQMHILIN *
ParmoanewkcIn CTPYITYPeN IRan

W Tpwacon ctane

9 Mextpevcon poxezoTces

Googlegaith
s i

®ur. 1. TekToHCKa kapTa Ha panoHa Ha KpecHeHckoTo gedmne (no Munoearnoe u dp., 2009, c donbHeHUs)M UHTEPNPETALMOHHA CXeMa BbpXY CaTeNuTHa
¢otorpacus Ha Google Earth Ha pa3nomHuTe CTPYKTYpH (YepBeHM NPeKbLCHATH NMHUK) B paiioHa Ha TyHenuTe (B CUH LBAT)

XUOPOTEONOXKW PASPES MO TPACETO HA TYHEN "KENE3HULIA", NOT 3 - AM "CTPYMA"
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Kunomempax no mpacemo Ha AM "Cmpyma", m
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- HuBo Ha noasemHuTe BOAN
- TyHen (HuBeneTHa NuHWUA)

- MpoyusareneH coHpax Ne

®ur. 2. Feonoxku pa3pes npes TpaceTo Ha TyHena

B TeKTOHCKO OTHOLEHWe TPaceTo Ha TyHena BbpBY
ycnopeaHo, Ho B 6r130CT A0 MHOXECTBO Pa3fioMi, KOUTO Mo
nocoka ce oTHacsT kKbM age rpynu: Kpauwmara (150-170°)
Tebpauwka (40-60°).

Pasnomute oT mbpeaTa rpyna npeobnapasat M npuHag-
nexar Ha eduH pasnoMeH CHOM C LIMpOYMHA okono 5 km,
O3HayaBaH kato CTpymcka pasnoMHa 30Ha. Tpaceto Ha
TYHena BbpBM YCMOPEAHO Ha Hero, kato Ha MecTa mpecuya
HAIKOW OT CbCTaBHWTE My PasfnoMHu cTpyktypu (cpur. 1). B
pervoHaneH acnekt OpMMpaHeTo Ha rpabeHuTe no npoTexe-
HWETO Ha pekaTa W HelHaTa reHepanHa nocoka (170°) e
npegonpegeneHa oT Tasn pasnoMHa 30Ha. MHTepnpeTaumsata
Ha NIHeaMeHTUTe B y4acTbka Ha TyHenuTe npu c. XXenesHuua
nokasa (cwr. 3), 4e Te3u [Be pa3NOMHM CUCTEMW Ca
NpeaecTUHUpani peskuTe 3aBou Ha pekata B YKenesHuLKus
nposnoM. AKO Ce CBbpXKaT NPaBONUHENHNTE I y4acTbLy MexXay
3aBOWTE, LLe Ce nonyyat parMeHTI OT ABETE CUCTEMM, KOUTO
ocopmaT OnokoBa Mosanka. B yyacTbka Ha TyHena ce
YCTaHOBSABAT MMHUMYM TpW edOpMaUMOHHM eTana: paHeH
(cMHmeTamopdeH), cpefieH W KbCeH (HEOTEKTOHCKM). MTbpBHST
eTan e CBbp3aH ¢ MeTamopmaMa Ha TPOCKOBCKMS KOMMEKC
(HeonpoTepO30i), KOraTo B Hero ce opmupa onuauusTa u
LUMPOKA MWMOHUTHU 30HW B THAWUCWTE, MapKWpPaHW OT OYHU
rHaitcu. Teau CTPYKTYpW ca U3UANO NUTUUUMPAHM W He
BNUSST Ha YCTONYMBOCTTA Ha ckanHus macus. Bropata rpyna
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- BonoHoceH nykHaTuHeH komnnekc B Tpockosckute amdubonuti u riancy - RCF1

- Moposu Boau B cnao BOAONPONYCKAMBUTE KBATEPHEPHWU HAcnaru (aenysuin, NPONyBuiA, enysui, anysuii B nputouute Ha p. Ctpyma) - QCP2

pedopmMauuu ce CBbp3Ba C TEKTOHCKUTE CbOWMTMS, KOWTO
TpocKoBCKMTE MeTamMopdnTM Ca MPETbPNSANM B €4UH MHOTO
LMPOK MHTepBan, obxBalyall Lenusi naneosoi, Me3osos
ronsiMa 4acT OT Heo30s. Jluncata Ha reonoXKu NeTonuc B TO3u
PETMOH He TNO3BOMsSBAa Pasno3HABaHETO Ha  KanegoHo-
XEPLMHCKNTE, KMMEPCKUTE W 4acT OT anmnuiACKuTe CTPYKTYpH,
yCTaHOBEHW Ha ceBep B bankaHugute u ceepHust 6nok Ha
Kpauwmpute. Cvc curypHocT kbMm Casckute aechopmaLim
MOXe [a Ce OTHEce CaMO efHa LUMpOKa 30Ha C XWAPO-
TepManHa NpoMsiHa, PaskpWTa B LUKapna Ha CTapust MbT OT
Bbnaroeerpag 3a enesHuua torosanagHo OT yyacTbka.Ts
npogbmkaBa B LlepoBcku pgon, Kbgeto e nokputa OT
KBaTEPHEPHM anyBWarnHo-nponyBsmanHu Hacnarn. Cebpasa ce
C TEKTOHO-MarMaTuyHUTe CbOWTMS B Kpas Ha nareoreHa
(onmroueHa), korato Ha tor (M3BbH paiioHa) ce BHegpsiBaT
KpecHeHcknaT n CeBEpHOMMPUHCKUST MIyTOHW. Pasnomute,
CBbP3aHW C Teau CbbuTWS, Ce pa3nosHaBaT No Xuapo-
TepManHonpoMeHeHuTe ckanu okomno Tsx. OcBeH ToBa, Te ce
pasnnyaBaT OT HEOTEKTOHCKATE CTPYKTYpU N0 Mankute
HaKIOHW Ha Pa3fOMHUTE MOBLPXHUHY.

HeoTeKTOHCKMTE CTPYKTYpU Ca MPeLCTaBeHn OT ABE LUMPOKH
(25-30 m) 30HM Ha KaTakrnasa B CeBepHaTa YacT Ha y4acTbka,
KOUTO Ce MapKkupaT OT HeraTuBHM penedHu opmm
(ceanmosuHa n psi3ka npedynka B peneda) — pesyntar oT
WHTEH3VBHA HanykaHocT. [pyra nopobHa cTpykTypa e



YCTaHOBEHa CEBEpHO OT peTpaHcriatopa, Kato Tyk TA uMa
XapakTep Ha ManbK pasfnioM C TEKTOHCKa [MMHAa, HO Ha
Iorou3Tok (kbM [pafeBCKOTO Aepe) MpemuHaBa B 30Ha Ha
kaTaknasa. Tyk ca YCTaHOBEHM Olle [Ba Marku pasnoma,
MapKuUpaHu OT TEKTOHCKA rMuHa. HEeoTEeKTOHCKUTE pasnomu ca
BEpTUKarHK, HO KMHEMaTUKaTa UM He MOXE [a Ce YCTaHOBH,
nopagW JMnca Ha Mapkupawm cTpaTturpadcku HuBa B
meTamopcuTuTe. B CoHpaxHaTta aaka Tesu dedopmauun ce
MapKupaT OT MHTEPBAnW C YepHa TEKTOHCKA rMHa (MUIOHMT)
WM 30HM Ha KaTaknasa CbC 3HauMTenHa aryba Ha saka.

Qonuauusta e OCHOBHaTa NPOHMKBALLA CTPYKTypa BbB
BUCOKOCTENEHHUTE MeTamopduTh. [eHepanHaTa W nocoka e
C3-lOW ¢ nocoka Ha noTbBaHe npegumHo Ha CW. braute Ha
noTbBaHe BapupaT B LUMPOKM rpaHuuyn (o1 18 go 709), koeto
MokasBa WHTEH3VBHa rbHKoBa Aedopmaums. OBWo B3eTo
ormaumaTa o4yepTaBa €nHa MOHOKIMHaNHa CTpyKTypa —
(bparmeHT OT Oegpo Ha ronsma TIbHka. HabniogasaHute
BapuauuM B nocokata Ha (oruauusita Hai-BeposiTHO ce
ObIXaT Ha BTOPOpPa3spsigHW IbHKM, pesynTaT oT Aaucxap-
MOHWYHA HarbHaTOCT, UMW Ha KbCHaTa OrokoBa fesuHTerpa-
LS M feHuBenauws.

[MyKHaTUHWTE BbB BUCOKOCTENEHHUTE METaMOpUTU 0PopMST
TPU ACHO wW3paseHu rpynn (cpur. 3.). Te ca OpueHTUpaHW
3aKOHOMEpHO Ccnpamo  honualusaTa, Kato sCHO oyepTasat
e[Ha OpTOrOHarHa nyKHaTWHHa cucTema. [TbpBaTa nykHa-
TuHHa rpyna (j1) ceBnaga ¢ conuaumsta (s1). Ta e Haii-scHO
13paseHa u ¢ Hai-ronama rctora (7-8 6p./m).

N

j3(0.5)

®ur. 3. 0606weHn auarpamy 3a opueHTUpPOBKaTa Ha onuaumsaTa (s1) n
nykHatuHhute rpynm () wu  pasnomute (f) BMeTamopdhuTuTe
HaTpockoBckusi MeTamopcheH komnnekc. B ckobu e nokasaH GposAT Ha
NyKHAaTUHUTE HA NIMHEEH MeTHP.

[MykHaTUHUTE ca rMagku U U3gbpxaHn. B ueHTpanHarta vact
Ha yJacTbka Mo TAX Ca BHeLpeHu gocta aebery KBapLosu
*unu. Bropara rpyna (j2) e HopmanHa Ha j1 n uma nocoka C3-
tOW, kaTo noTbBa cTpbMHO Ha KO3. lNykHaTUHUTE ca cTepunHmu
W WMaT XapakTep Ha CTPYyKTypu Ha cpsisBaHe. TpeTaTta
nykHaTWHHa rpyna (j3) e cybeepTukanHa c nocoka K03-CU. Ta
CbLLO € CTEpUNTHa, HO Ha MecTa Mo Hesl ce Habnogasar cregm
OT ABMxKeHns (xapHuwm) (CtorHes, 2015).
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Cen3MOTEKTOHCKM yCNoBuUs

PaitoHbT Ha XKenesHuLLKUsS XOpCT € pasnonoxeH B e4HaoT
Hal-CEM3MWYHOAKTMBHUTE obnacTu OT TasW YacT Ha
BankaHckus nmonyoctpoB. TyHenmbT Xeneswuua nonaga B
KpecHeHckaTa Ceu3MuyHa 30Ha, KaTO Npechya OCHOBHUTE
aKTUBHW  CTPYKTYpW, KOMTO Ca  TEHepupanu  CUMHM
3emeTpeceHus. Tasn 30Ha € U3BECTHa C HaW-CUMHOTO
3emeTpeceHne B EBpona npe3 nocnegHute 200 roguHu
(Ha04.04.1904r.)c marnutyg M=7,5 cnopen m3uucneHusTa B
MacapeHa (CALL).CbluectByBaT M AaHHN 33 Bb3MOXHU [BE
nocnegoBaTenHu CboMTUS ¢ MarHMTyan, CbOTBETHO 7,2 1 7,8.
BeposTHO XMNOLIEHTPUTE Ha TNABHUTE CbOMTUSA, KaKTO U
adTepluokoBaTa Cepusi Npe3 crefpaliute ABe rofnHM, ca
B1nn CBbP3aHM C PErMOHANHWS U MHOTO aKTUBEH CbBPEMEHEH
KpynHuwwkm pasnom (Shanov, Dobrev, 2000).

C'beeMeHHMTe CEN3MOTEKTOHCKN YyCnoBNA B 30HaTa Ha
TyHENna ce onpedenat OCHOBHO OT Ba pasfioMa, onpeaenawim
Ce KaTo aKTMBHU — lNaaeLLkm pasnom n prﬂHVILIJKI/I pasnom.

[adewkusm pa3noM npecuya TpaceTo Ha Maructpana
,CTpyma” ceBepHo 0T TyHen XKenesnuya. Toi dopmupa gobpe
“3pas3eH CbCTaBEH PasfoMeH OTKOC C BuCOYMHa go 270 m.
Mocokata e N 50°. PasnombT 3athea Ha C3. Toll e sicHO
N3pa3eH Kato CTPyKTypa B rpaBuTauuoHHoTo none. CbBpe-
MeHHaTa CeN3MUYHOCT € KOHLieHTpUpaHa B 6noka, orpaHuyeH
ot [lMagewkus pasnom ¥ KpynHuwkns pasnom. Pasnombt
KOHTPONMpa HeoreHckaTa, BKM. MEACTOLEHCKaTa M Xono-
LileHckaTa ceauMMeHTauust B noHwxkeHuss C3 6nok. Crtpatu-
rpadiCKusAT WHTepBan Ha OacelHuTe npegnonara HeEOTek-
TOHCKA M CbBPEMEHHA aKTMBHOCT Ha pasnoma. Mscnegea-
Hnata Ha (LlaHos, [obpes u Aap., 2009) nokaseat, ue
pasnoMbT € aKTWBEH, KaTo Bb3 OCHOBA Ha YCTaHOBEHWTE
aMNAMTYAM Ha NpPEMeCTBAHe MpU edHO CbOWTWE, 04aKBaHOTO
MaKCMMaIHo 3emeTpeceHue Lie 6bae ¢ marHutyg Ms > 7,

KpynHuwkusm pasnom npecuya TpaceTo Ha Maructpana
,CTpyma®, TOYHO npeL ceBepHUs BXOA Ha TyHena. Toit e
cucTeMa OT pasnoMHM CErMeHTW ¢ npeobnafaBallo Hanpas-
nevne CU-KO3 (N 50-60°), 3atbBawy ¢ brbn 50-62° Ha C3
(Vrablianski, 1974). Ceu3MOTEKTOHCKATE u3crneaBaHns no
Ab/KMHATa Ha pasnoMa He nos3eonsBaT da ce Cbau 3a
MarHUTyauTe Ha CUHUTE 3eMETPECeHMUs, KOWTO MoraT da ce
reHepupat ot KpynHuiikus pasnom. [NpemectaHnsTa no Hero,
obaye, KpacHOpeYMBO NoKa3Bar, Ye MarHuTyam Hag 7,0 morat
[a Ce reHepupart, KoeTo u ctasa npe3 1904 .

Xnpaporeonoxku ycnosus

Tpaceto Ha TyHen ,KenesHuua»“npemuHaBa W3uano npes
MarmeHo-MeTaMopdeH BOLJOHOCEH KOMMMEKC C MYKHATUHHM
Boau (RCF) (cbur. 2). CkanHuaT MacvB € ¢ pasninyHa CTeneH
Ha HanmykaHOCT M npoHuuaemoct. CTOMHOCTUTE Ha Koedu-
LueHTa Ha unTpaums, ONpeaeneHn OT ONUTHNTE BOOHarHe-
TSBaHWS W BOAOHANMBAHMS, Ca Pa3nOMOXEHW B [vana3oHa
mexay 10-5 m/d u 10-1 m/d, a cpegHata My CTOMHOCT € k =
0,011 m/d, T.e. KOMNNEKCLT Ce XapaKkTepuaupa ¢ OTHOCUTENHO
HWCKa BogonmpoHuuaemocT. [bnboumHata Ha BOAHOTO HUBO
nog TepeHa Bapupa B LUMPOKM rpaHuLM — oT 1-2 m 4o noseve
ot 80 m - B 3aBucUMOCT OT peneda. PopmupanuaT B Macuea
BOLOHOCEH XOPW3OHT C MyKHAaTMHHU BOAW € HACOYeH



reHepanHo kbM p.CTpyma, KaTo HamopHUST TrpagueHT e
CPaBHMTENHO BUCOK - B 30HAaTa OKOMO TyHena e B rpaHuuuTe
ot 0,14 po 042. OueHkaTa Ha OyYaKBaHUS BOAOMPUTOK
nokasea, 4Ye TyHen XenesHuua € C OTHOCWUTENHO Manka
BOL00OUNHOCT. EAMHMYHMAT npuTok (Ha 1m) Bapupa mexay
009 u 026 (m3¥d)m, kato cpegHata My CTOWHOCT
0.15 (m3/d)/m = 150 (l/d)/m = 0.00174 I/s Ha m. Cnegga pa
ieoTbenexu, ye HesaBMCMMO OT 0OWO B3ETO HEBMCOKATa
BOAO0OBWNHOCT Ha MacuBa, UMa y4acTbLu, KouTo Tpsibea da ce
NpeMMHaBaT C MOBWLUEHO BHUMaHWe, Tbii KaTo B TAX He ca
W3KIIOYEeHN MO-BMCOKW BOLOMPUTOLM OT Yka3aHuTe. TakuBa
yyacTbum MoraT ga 6baar: a) mectata B 6nmu3ocT 4o ronemute
pasnomu; 6) yyactbLuTe, KbAETO TYHENbT MMHaBa Ha Marka
AbnboynHa nog HAKoW no-roremMn gepeta — obpyLBaHusTa n
HanyKBaHETO Ha CkanuTe OT B3puBHUTE paboTu TyK MOXe Aa
[0Befe [0 yBennyeH BOJONPUTOK OT CbOTBETHATA peka.

MHXxeHepHOreonoXxkn CBOUCTBA Ha CKanuTe

[eOTEXHNYECKUTE YCMOBWS HA TyHena Ce Onpegenst oT
WHXEHEPHOreonoXK1Te CBOMCTBA Ha TpockoBckuTe amdmbo-
T 1 tHaiien (TraPt3), kouTo wW3rpaxgat reonoXkuaT My
paspes. VIHxeHepHOreonoxkata xapakTepucTiika Ha TexHuTe
CBOWCTBATa € HanpaBeHa Ha 6as3aTa Ha ABe rpynu mnoka-
3atenu:

KayecmeeHu nokasamenu 3a ceolicmeama Ha
CKaJlHUsi Macus:

v RQD - noka3aten 3a ka4ecTBOTO Ha ckanarta;

v" GSI - reonoxku UHOEKC 3a AKOCTTa Ha MacuBga.
KonuyecmeeHu nokaszamenu 3a ceolicmeama Ha
CKa/lHUsi Macus, OCHO8aHU Ha pe3ysamamume om
nlabopamopHu u nonesu u3cnedgaHus.

Onpepensive Ha RQD

Mokasatenst RQD e onpepeneH Ha 6as3aTa Ha obLonpueTa
MeTOfMKa W MpeAcTaBnsiBa OTHOWEHMETO (B %) Ha obliaTa
ObITKMHA Ha 3OpaBUTe CKarHWUTe KbCOBE OT COHAaxXHaTa siaka
¢ BucounHa Hag 10 cmkbm obliaTta AbmKMHA Ha peiica Ha
coHaupaHe. [lpu HerosoTo onpegensiHe He Ca B3eMaHu
npeaBua KbCOBETE, OTAENEHU MO TEXHOTEHHW MyKHaTWHW. B
TEKTOHCKATE WAW MWUMOHWUTHU 30HU Ha MbAHO CTpUBAHe Ha
ckanuTe, ctonHocTu 3a RQD He ca onpegensiHu. [JOKonkoTo
RQD e wn3non3saH kato OCHOBEH MOKasaTen 3a XapaKkrepu-
3/paHe Ha CTPYKTypHaTa HapyLIEHOCT Ha CKanmuTe, 3a BCEKY
COHOaX HeroaTa CTOMHOCT € OMNpedeneHa kato CpegHo
TEXECTHa NO OTHOLUEHME Ha ObMXWHATA Ha peiicoBeTe 3a
CrNefHNTE YCIoBUS:

cpegHa CTOMHOCT 3a CKanHMA MacvB 3a usrarta

AbnbouMHa Ha COHOaxa, NpemMuHaBalla B CKasHu

pasHOBUOHOCTY;

cpefdHa CTOMHOCT 3@ CKalHMsl MacuB 3a 30HaTa Ha

TyHena.
lMonyyeHute cpegHn pesyntat 3a nogenexute WIP ca
npeacTaBeHu B Tabnumua 2.

OnpegensiHe Ha GSI

MokasaTensT GS| e kayecTBeHa XapakTepUCTVKA Ha MacuBa,
onpefensHa no ctaHgapTHa ckana, npeanoxeHa ot Marinos,
Hoek (2000), «kato yuacTBawmre B Hes  OCHOBHU
XapaKTEePUCTMKM Ca CTEeneH Ha HanykaHocT M BNOKOBOCT Ha
MacwmBa (N0 BepTMKanHaTa ckana) U xapakTep W CbCTOsiHUE Ha
NyKHaTUHUTE Mexay BnokoBeTe (MO XOpU3OHTanHaTa ckana).
[loKONKOTO B OpUMMHArHWSA BML Ha ckanaTta Teau nokasaTesni
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Ce OnpedensT YMCTO BU3yarlHO M EKCMepPTHO, B HacToslaTa
paspaboTka € u3non3BaHa MopuduumpaHa ckana 3a GSI
(S6nmez, Ulusay, 1999), kbgeTo OTAENHUTE XapakTepUCTUKM
ce onpefendr no YUCNeHn npoLeaypu.

CTeneHTa Ha HamykaHOCT Ha MacvBa € MpeacTaBeHa OT
nokasatenst SR (Strucutral Rating — cTpykTypeH koeduumeHT),
KaTo TOW Ce W34YMCNsBa KOMMYECTBEHO MO [AaHHW 33
nokasatens Jv (6pon nykHaTuHW B 1 m3 OT ckanHus Macus).
OnpefensHeTo Ha TO3M MoKasaTen M3WCKBa MO3HaBaHe Ha
CUCTEMUTE MYyKHATMHU B MacuBa U TAXHaTa cpefHa rbeToTa.
ToiA KaTo AudEPEeHLMPaAHETO Ha [PYnuTE MNyKHATUHW MO
n3BageHaTa Saka He e Bb3MOXHO, OMPedensHeTo Ha To3u
nokasaten no fdaHHm ot RQD e HanpaBeHo no cregHata
topmyna (Palmstrom, 2005):

RQD=110-2,5Jv
MpeuauncneHata oBpaTHa Bpb3ka MeXy NokasaTenure e:
Jv=(110-RQD)/2,5

OnpepensHeto Ha nokasatens SR
MoamduLmMpaHa ckana ctasa no gopmynara:

SR =-17,5 In(Jv) +79,8

B Moco4eHaTta

HoxkonkoTo onpegensHeTo Ha SR e cBbp3aHO ¢ nopeanua
KOCBEHW (EMMUPUYHM) NPEN3YNUCTIEHMS, B KPAHUTE pe3ynTaTu
Ce YCTaHOBSBAT HsIKOM 0COOEHOCTM, KOUTO TpsibBa fa ce nMat
NpedBua NMpW  TAXHaTa WHTEpnpeTauus. 3a rpaHudHWTE
cronHoctn Ha RQD=0 n RQD=100%, CbOTBETHUTE CTONHOCTM
Ha Jv ca cbotBeTHO Jv=13,4 n Jyv=48,4. ToBa orpaHuyaBa
cTonHocTute Ha GSI B rpaHuumTe ot okono 10 go okono 65-
70, KOETO OCHOBHO BOAM A0 MOALEHsIBAHE Ha Ka4yeCTBOTO Ha
Macvea npu no-BucokuTe cToinHocTn Ha RQD. B To3n cmuchn,
HanpaBeHuTe No-gony oueHkn 3a GSI| umat KoHcepBaTUBEH
XapakTep 3a no-34paBuTe 30HM OT CKaSTHWUS MacuB.

CbCTOSHMETO Ha NyKHATUHWUTE B MacuBa € xapakTepuanpaHo
¢ nokasatens SCR (Surface Condition Rating — KoedmumeHt
Ha CbCTOSIHMETO Ha CTEHWUTE Ha MyKHATWHMTE), KOWTO € cyma
OT CTOMHOCTUTE Ha CnedHuUTe nokasarten (rating) — rpanasocT
Ha nykHatuHute (Rr — Roughness ratio), u3BeTpsHe noO
nykHaTuhuTe (Rw —~Weathering rating) v Bug Ha 3anmbnHuTens
(Rf - Infilling rating) B mykHaTMHUTE:

SCR =Rr+Rw +Rf.

Kateropumte Ha oTaenHWTe nokasatenn ce onpegenst
BM3yasiHo, cbrnacHo Bieniawski (1989).

Ha Oasata Ha [daHHWTE OT BM3yarHOTO OMKCaHWE Ha
CbCTOSIHMETO Ha MyKHATWHUTE OT COHOaxHaTa saka 3a
OCHOBHWUTE CKanHu (hopmMauum W CTPYKTYPHO-HapyLUeHUTe
30HM U CBbp3aHUTE C TAX BTOPUYHU NpOMEeHncaonpeaeneHun
WHTETpanHUTE  XapakTepUCTMKW Ha  CbCTOSIHMETO  Ha
NYKHATWHUTE 3@ OTAEMHWUTE CKamnHW  WMHXEHEPHOreOmNOXKM
Pa3HOBWOHOCTM, KaTO CTOMHOCTUTE Ha CbOTBETHUTE KOedu-
LMeHTV (PerTUHMM) ca NpeacTaBeHu B Tabmmua 1.

LLOKOMKOTO CTPYKTYPHO HapyLLEHUTE 30HW U CBbP3aHUTE C
TAX BTOPUYHU MPOMEHN B CKanuTe CE pasnuyaBaT oT Te3n Ha
OCHOBHaTa CkanHa pa3HOBMIHOCT M KOHTPOMMpaT CBOWCTBaTA
Ha 3HAYUTENHW Mo OBGXBAT 30HW OT CKanHWS MacuB, 3a TsX
CbLLO Ca HaNpPaBeH! CaMOCTOSATENHN OLIEHKN Ha CbCTOSHUETO
Ha nykHaTWHUTe. PesyntatuTe ca NpeAcTaBeHu B Tabnuua 2.



Tabnuua 1.

Kamezopusupa+e Ha nokasamenume 3a CbCMOSHUEMO Ha

nykHamuHume (SCR)

KoehnLmeHT Ha CbCTOSHMETO Ha CTEHUTE Ha MyKHATUHUTE
(SCR)

VIHXeHepHOreonoxka pasHoBUAHOCT
TpockoBCKM aM(MBONUTH W rHaicK
16
8
11,5

CronHocT

Makcumanta

MwuHumanHa

CpenHa

Tabnuya 2.
KameeopusupaHe Ha nokasamenume 3a CbCMOSHUEMO Ha
NykKHamuHUMe 3@ OCHOBHUME  Munoge  CMPYKMYypHU
HapyweHusi

KoehuumeHT Ha CbCTOSHUETO Ha CTEHNTE Ha nykHaTuHUTE (SCR)

MH)KeHepHOFGOJ'IO)KKa pasHoBMAHOCT

OksapueHu | Xnoput- | TektoHutn | [nactnynm
chenanaTman| enuaoToBy | (KaTaknasnutn | TEKTOHUTM
paHu ckanm cKamn | v MWIOHMTK) |(O4HM rHarcK)

CromnHocT

MakcumanHa 11 8 9,0 9,3

MuHumanHa 9 4 6,0 6,3

CpegHa 10 6 7,5 78

CpegHo 3a macuBa

MakcumanHa 78

MuHumanHa 4,0

CpegHa 11,0

Tabnuua 3.
O6obweHume  pesynmamu
nokasamenume RQD u GSI

MokasaTenu

nre
TpockoBckute

amcnbonuTt u
rHaiicy (TraPt3)

om us4ucneHuasma 3a

GSl

MuH.
25,9
28,5

RQD

Makc.
446
445

Obxsat CpepHo
33,8

35,9

macus | 29,4

37,8

TYHEn

3a cromHocTuTe 3a nokasatens SCR, onpegenedn 3a
ckanuTe, Ce MpueMa, Ye XapaKkTepaupaT OCHOBHO Mo-cnabo
HapylleHaTa 4aCT Ha MacuBa, KoATO MOXe [fa ce
Xapaktepuaumpa CbC CTOMHOCTM Ha RQD>50% (nobpo
Ka4yecTBO Ha MacvBa) M CTOMHOCTW Ha SR>22,8. CboTBETHUTE
CTOMHOCTW 3a CTPYKTYPHO-HapylleHaTa 4acT Ha Macuea, ce
npuema, 4ye xapaktepuaupat 3oHuTe ¢ RQD<25% (MHOro
OO KayecTBO Ha Macuga) U SR<17,0.Tean rpaHuLm, KakTo v
CpeaHUTECTONHOCTYW 3a MacKBa, Ca NokasaHu Ha curypa 3.

lMonyyeHuTe pes3ynTaTM CbIMAcHO U3NOXeHaTa Mo-rope
MeToauka, Ca npeacTaBeHu B Tabmmuya 1 u 2, kato ca
13nonaBaHu 3a onpeaensHeHa nokasarenute GSI.

0606LLeHnTe pe3ynTaTh ca NpeacTaBeHn Ha durypa 3 1 B
Tabnmua 3.

KonnyecTBeHn nokasatenu 3a CBOWCTBAaTa Ha CKanHus
macvB

KonuuyecTBeHTe noOKasaTenM 3a XapakTepusupaHe Ha
re0TEXHUYECKUTE CBOICTBA HA MacuBa Ca OMPEeLensiHu Ypes;
NabopatopHu uM3crnegBaHus Ha ckamHW  npobu  OT
COHAaxHaTa aaKa;
Monesu enacTUMETPUYHN U3CNEBAHUS B COHAAXMTE;
CenammyeH kapoTax B COHOaxXMTE.
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O606LeHnTe pesyntath OT nabopaTopHuTe U MONEBU
N3crnegBaHus Ha OTAENHUTE WHKEHEPHOTeONOXKA PasHOBMA-
HOCTW ca npeAcTaBeHu B Tabnuua 4.
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®ur. 3. Mopudmumpana ckana 3a onpepensHe Ha GS| (noSénmez u
Ulusay, 1999).

WU3Boau u 3aknoyveHus

Hal'lpaBeHVIFIT aHanu3 Ha OoTAenHuTe enemeHTu, Xapakre-
pusnpalln  reoTexHU4ecknTe ycrioeud, no3sondABa Aa ce
HanpaeAT cnegHuTe n3soau:

o CbBpEMeHHWUTE  reonoro-TEeKTOHCKM — ycrioBus  ca
OCHOBEH ENEMEHT, Onpedensly UHXeHepHO-reonoXKuTe,
XWOPOrEONOXKUTEN FEOTEXHUYECKUTE YCNOBUS. HesaBucumo
OT CPaBHUTENHO eOHOPOLHMNS FEONOXKN CTPoeX (amdubonuty
1 rHaiicK), TEKTOHCKOTO pa3BuTHe € JoBeno [0 obpa3yBaHeTo
Haronemy yvacTbUM C MHTEH3MBHO KaTaknasupanu u
MUOHWTM3MPaHN amgubonuTn. Pa3spesbT e HapyleH oT
HSIKOIKO TONIeMW Pa3nioMHU CTPYKTYPU W MHOXECTBO MO-Masku
caTeNUTHU WnW onepsBawy Ha TaX. CkanHuaT macus e
WHTEH3MBHO AedopMupaH, kaTo AedopmaLmnTe ca CBbp3aHu
He CaMO C PEer1oHanHO pasfoMsBaHe, HO W C IbHKOBUTE
pedopmaumn. ToBa ce ObMxW Ha peayBaHeTo B pa3pesa Ha
KOMNETEHTHW (YCTOMYMBM) THaCK M amnbonoBm rHancu u
HEKOMNETEHTHU (HeycTonumMBM) amubonuT, KoeTo e npeg-
nocTaBka 3a 06pa3yBaHETO Ha AMCXaPMOHUYHA HArbHATOCT;
CkanHuaT MacuB € C pasnuyHa  CTeneH Ha
HanykaHoCT w1 npoHuyaemoct. CTOMHOCTUTE Ha koeduumeHTa
Ha uUNTpauus, onpenenenn OT ONUTHUTE BOJOHArHETABaHMS
1 BOAOHaNMBaHuUs, ca pasnornoxeHu B guanasoHa mexay 10
m/d n 10-' m/d, a cpegHaTa my ctoiHoct e k = 0,011 m/d, T.e.
KOMMMEKChT Ce XapakTepusupa C OTHOCUTENHO HWCKa
BOAOMPOHNLIAEMOCT;



. EanHuanmaT nputok (Ha 1m) Bapupa mexay 0,09 v
0,26(m3/d)/m, kaTo cpegHata my ctomHocT 0,15 (m3/d)/m=150
(ld)/m = 0,00174 /s Ha m. Cnegea ga ce otbenexw, ue
He3aBMCUMO OT 0OLLO B3€TO HeBMCOKATa BOAOOOMMHOCT Ha
MacuBa, MMa y4acTbly, kouTo TpsibBa Aa ce MpemMuHaBaT ¢
MOBWLLEHO BHWMaHWE, TbIl KaTO B TSX HE CA W3KIKOYEHW MO-
BMCOKW BOZOMPUTOLM OT yKasaHuTe. TakuBa yyacTbly morat
Aa 6wvaar: a) mectata B 6nm3ocT o ronemute pasnomu; 6)
yyacTbLuTe, KbAETO TYHENTbT MUHaBa Ha Marka LbnbounHa
Mo HsIKOW Mo-ronemMu AepeTa — 06pyLUBaHUsITa U HanyKBaHETO
Ha ckanuTe OT B3pMBHUTE PaboTu TyK MOXe Aa [oBede Ao
YBENUYEH BOAOMPUTOK OT CbOTBETHATA Peka;

. [e0TEXHMYECKUTE YCNOBMA B 30HAaTa Ha TyHen
KenesHnua ca  CNOXHM UM B 3HAUMTENHA  CTeneH
HebnaronpusiTH1. ToBa ce Ab/MKM OCHOBHO Ha 3Ha4MTenHaTa
CTeNeH Ha  CTPYKTypHa  HapyweHocT.  CTpyKTypHWTe
HapyLlweHus (pa3nomu, KaTakmasHu 30HWM, HamykaHoCT) ca
npeobnagagallo CbC CTPBMHO 3anajaHe, C pasnuyHa YectoTa
1 n3gbpxaHocT.CbrnacHo npeobnafaBalUTe CTOAHOCTW Ha
nokasatenss RQD, HEroBOTO Ka4yecTBO C& M3MEHsl OT ,MHOrO0
nowwo* go oo’

o Ceun3mMOTEKTOHCKMTE YCMOBUS Ca €4HM OT  Haii-
HebnaronpusiTHATE 1M OMacHM 3a  CTPOMTENCTBO  Ha
TeputopusaTa Ha bbnrapus.

Tabnumua 4.
0606weHu pe3ynmamu om 1abopamopHUMe U nosesu uscnedsaHus
Mokasatenu TpockoBcku amchubonuTy U rHaiicu

NNABOPATOPHU MuH. cpegHo Makc.
O6emHa nmsTHOCT pn (g/cm?) 2,19 2,65 3,13
CnevynyHa NibTHOCT ps (g/cm®) 2,70 2,92 3,18
Obem Ha nopuTe n (%) 0,65 9,45 23,69
lMopeH koedhnumeHT e (-) 0,01 0,11 0,31
AKOCT Ha eAHOOCOB HATUCK B CYXO CbCTOSIHHME Ruo. (MPa) 0,30 11,7 57,9
FKOCT Ha eJHOOCOB HATWCK BbB BOJOHAMNUTO CbCTOSIHHIE Rus. (MPa) 0,19 3,69 24,0
FAKOCT Ha OMbH CyX0 CbCTOSIHHME Ron. (MPa) 0,17 2,00 4,86
TpuakcuaneH onut B kamepa Ha Hoek ¢ (MPa) 2,20 8,60 150

¢ (%) 38,7 41,72 4474
KoedmuumeHT Ha MoacoH u(-) 0,01 0,15 0,38
Mogyn Ha enacTuyHocT E (MPa) 3462 26774 84150
MONEBU

EnactumeTpuyeH mogyn Eo (MPa) 170,9 1128,3 2941
CKOpOCT Ha HaAMbXHMU BbiHU Ve (m/s) 1640,21 2524 .19 4187,36
CKOpOCT Ha HanpeyHu BbIHM Vs (m/s) 856,35 1318,45 2209,03
[nHamuueH koeduumeHT Ha MoacoH ug () 0,27 0,31 0,38
[uHamuyer mogyn Ha FOHr En (MPa) 4516,79 12079,4 337475
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rEOANHAMUYHO CBCTOAHMUE HA CBITAYULLIETO B CEJIO MNETEHA, OBLLUUHA
CATOBYA, BBJIAPUA

Cmedpyo CmoiiHes, AHmoHuo Jlakos

MunHo-2eonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpusi; tony_ lakov@abv.bg

PE3IOME. Cernaunwata ca egHo OT Haii-pasnpocTpaHeHuTe (U3MKOreonoxkn sBneHus W npouecw B 3anagHute Pogonu. MMnaHuHckuTe cTbnana w LOMMHHM
CKIMOHOBE, HA MHOFO MEeCTa Ca 3acerHaTit OT CBMAYNLLHM MPOLIECH, KOUTO B MO-ronisiMaTa il YacT ca ApeBHW. B peauua paiioHu, 4acTu oT TAX ca aKTUBM3MPaHU OT
CbBPEMEHHU CBIaYMLLHN NPOLIECH, KaTo Te 3acsraT kakTo MH(pacTpyKTypaTa Ha paitoHa, Taka v Crpafint U CbOPbXEHNs B HaceneHuTe Mecta. EAHO OT Hali-ronemute
CbBPEMEHHM U aKTMBHW CBRAuMlla B palioHa, € Toa B ceno [neteHa. To e ¢opMupaHO B [OrHaTa YacT Ha APeBeH CBMauMLEH LMPKYC M € paspyLumro
WHpacTpyKTapaTa W XUMWLLHM W CTOMaHCKW Crpagn B CenoTo. B ctatusita ca npeactaBeHw pesynTatTe OT HEroBOTO MPOyYBaHe, aHanu3 Ha CbBPEMEHHOTO
CbCTOSHME Ha CBMAYMLLETO, MEXaHWU3Ma W OuHaMuKaTa Ha pes3BUTMETO My. PeaynTaTtuTte OT CTaGMNUTETHWTE aHanM3u ca W3NON3BaHM 3a OnpejensHe BuUAa
napameTpuTe Ha YKPENUTENHUTE CbOPbXEHNS.

GEOTECHNICAL CONDITIONS OF THE LANDSLIDE IN PLETENA VILLAGE, SATOVCHA MUNICIPALITY, BULGARIA
Stefcho Stoynev, Anotnio Lakov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; stoynev_geot@mgu.bg

ABSTRACT. The lanslides are one of the most common geological hazards in the West Rhodopa Mountain. They had affected mostly the mointain steps and slopes
and are with ancient origin. In many areas they are currently re-activated and impact the local infrastructure, civil buildings and strucutres. One of the most recent and
acvtive landslide is that in the area of Pletena village. It is formed in the down-scirts of an ancient slope body and has affected the streets, houses and outbuildings.
This article presents the results from its geotechnical investigation, analyses its actual condition, mechanism and dynamics of development. The slope stability
analyses are used for defining the type of the stabilization structures.

BbBepeHue HanpaBneHue, kaTo OTTOKBLT M I0KHO OT ceno lneTeHa ce
BnvBa B p. buctpuua.
Cerno MMneteHa ce Hamupa B toro3anagHa bBbnrapus u e

yact ot ObwumHa Catosya, obnact bnaroesrpaa. PenedsT Ha T'eONOXKUAT CTPOEX B parioHa e U3rpajieH OT MeTaMophHM
pailoHa € BbPXy CPEAHO- [0 BUCOKOMMAHMHCKN CTPYKTYPHO- ckanv Ha [lokambpuit — Pofioncka Haprpyna, npeactaseny ot
OEHYOAUMOHEH TUM W BKMIOYBA PA3NOMHW CKMOHOBE CbC MarepuanuTe Ha BbuaHcka MbCTpa CBMTA  BKIOYBALLA
CTbNANHW  [EHyAUMOHHM HMBa. [louTM  MOBCEMECTHO amembon-6uotutosn, GUOTMTOBM 1 ABYCTIIOAEHM  THAICH,
HaKNOHEHUTE TEepeHW ca 3acerHat OT ePO3VOHHW MpoLecy, FHaCOLUMCTI, MPaMOpPV 11 aM(UOONINTY, KaKTO 1 MHTPY3uH OT
NPeausBMKBaLLM  OT  POBWMHU U CUMEMHO-CPYTULLHU [0 nopc1ponaHN GOTUTOBY TPaHUTH.

CBNAYMWHN. Pa3srmexgaHoTo CBMauMle € Bb3HWKHANo B
HavanoTo Ha 2015 r. n ¢ nnowy okono 3,8 aka. To e 3acerHano
kB. 33 Ha c. [neTeHa, BKM. PEMOHTMPaHa ynuua, UMOTH CbC
CTOMAHCKN 1 XunuwHu crpagu (cpur. 1). MpoyysaHeTo OT M.
tonm 2015 r. BKMOYBA [JeTalNHa WHXEHEPHOreonoXka |
XNOPOreonoXka KapTMpOBTa Ha TepeHa, 5 Op. coHmaxu, 3 op.
enexkTpotomorpadckm NpochuM M- KOMMNeke NabopaTopHu
uscnensanus (CtonHes, 2015), kaTo JaHHMTE ca M3NON3BaHM
Mpu CbCTaBsiHE Ha HacTosILaTa cTaTus.

Feomophonoxka XapakTepUCTUKa M FeONTOXKM
CTpoex

Ceno TneTeHa e pa3nonoXeHO BbpXy NEBUS [LONMWHEH
CKIMOH Ha peyeH NpUTOK Ha p. buctpuua, MuHaBaLy 3anagHo ot
CTapaTa 4acT Ha cenuieTo. Pekata Teye B CybMepuaYoHanHo

®ur. 1. Meorpadhcko mecTononoxeHne Ha obekTa
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®ur. 2. CuTyaums Ha TepeHa ¢ rpaHALM Ha CBNAYMILETO U Pa3nofioXeHue Ha NpoyyBaTeNHuTe pabotn
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®ur.3. UnxeHepHoreonoxku paspesu lI-Il npe3 LeHTpanHaTa 30Ha Ha cenaumweTto U IV-IV npes rnaBHua cBnaumileH otcTsn. (MHAeKcUTe Ha nnacToBeTe

ca nocoyeHu no-gony)

3HaunTenHaTa TekTOHcka 00paboTka Ha  cnoectus
amuBONMTOB W rHalCOB KOMMNEKC € Cb3Aarno NpeanocTaBki
33 BCMYaHE Ha PEYHOTO PYCIIO M Pas3BUTME HA EK30reHHM
MPOLIECH MO HEroBUTE CKITOHOBE, KaKTO M hopMMUpaHe Ha TACHa
W TbHKA aKymynaTueHa Tepaca. Bperosete ca 3acerHatu
NpeanNMHO OT NuHeHaTa epoans, ¢ 060cobsBaHe Ha pasrnyHK
no obxsaT W ObnOOYMHM OBpa3M M OepeTa, Kato ChbUiMAT
npolec e [OMPUHECHN U 338 BbL3HUKBAHE Ha [PEBHM
CBMAYMLLIHMA MPOLIECM, 3acerHaru He Manmka yacT oT
3eMMULLETO Ha ¢. MneTeHa.

Xnaporeonoxku ycnosus

B cknoHa e dopmupaH o6l GesHanopeH (rpyHTOB)
BOJOHOCEH XOPW30HT. TOWi Ce nofgxpaHBa KakTo OT Mpsika
WHUMATPaLUMs Ha MOBLPXHOCTHM BOAM, Taka W OT BOAM,
MOCTBbMBALM YaCTUYHO OT rHawcute U amdubonuTute Ha
cKanHaTta nognoxka. Iof3eMHUTe BOLHM HMBA 3ansraT Hai-
NMNWTKO B CEBEpHATa YacT Ha y4acTbka, KbM AecHust bopa Ha
CBNAYMLLETO Ha AbN6ounHa 5,30 m ot TepeHa (MC3). B toxHa
Mocoka, epo3NOHHMAT [on BabnboyaBa TanmBera cu W
JpeHupaljaTa ce B Hero noasemMHa Boda MOHMXaBa
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Ne3OMETPUYHOTO CU HUBO Ha gbnboumnHn ot 10,2 m (MC2) go
14,8 m (MC1). B ocHoBaTa Ha cBnaynLLeTo ca opmupaqu 3
Marnku HU3XOAALW U3BOpa C Marbk AebuT, KOUTO ce ApeHupar
B peyHoTo koputo. [logsemHaTa Boga € xuapokapBoHaTHo-
HWTpaTHa (CyndarHa) — kanyueea BOAA W He € arpecuBHa KbM
BCSIKaKbB BUA BOAOMTBTEH BETOH.

FeogMHamnyHa XapaKTepucTuka

CbBpEMEHHOTO CBMaYMLLe € pasBMTO BbPXY HUCKaTa YacT
Ha APEBHWS CBMAYMLIEH CKMOH, Pa3BuUT MO NIEBUSI JONMHEH
CKMOH Ha pekata. CpemHuaT HaknmoH Ha TepeHa e 16-17°.
AKTUBHUTE ABWXKEHMs ca ce peanusupanu B HOKO3 nocoka
(cpur. 2). YacT OT rnasHUs 06pUB Ha CBMAYMLLETO € 3acerHarn
nonoeuHatTa OT acdanToBus MbT, KaTo € peanusupaHo
nponagaHe Ha HacTunkaTa ¢ AeHneenaums okono 150 ¢cm. 3a
CPaBHUTENHO KpaTKO BPEME TO3U MPOLEC Ce e pasumpun B
M3TOYHA MOCOKA, KaTo rmaBHWUAT oOpuB e obxBaHan uanata
WMPMHA Ha MbTH, BKM. M UMMEHTOBW Orpagu, HacTUmKuTe u
npunexaLiuTe 3anagHn CTeHU Ha BE ABYETaxXHWU Crpaau, kato
Bb3HWKHanata nykHaTuHa e CcbC WwwupuHa po 10-15 cm.
TepeHHaTa aecopmauus no gecHus 60pa Ha CBMAYMLLETO e



cnabo nposiBeHa W BKMIOYBA HE3HAYWTENHO HamMykBaHe Ha
obpaboteaem TepeH. JleBuaT 60pa € no-sCHO 13paseH, kaTo B
HayanHata Cu YacT TOi CnedBa 3anagHata CTeHa Ha
ABYeTaXHa Crpaga Hac MbTsi, KOSITO € Hali-MHOro 3acerHara ot
pasrnexpaHuTe CbBPEMEHHM CBRaqnwHM npouecn. Crep
NPEeMWHaBaHETO Mpe3 ynuuata, B CTPbMHATa YacT Ha nesus
CKIOH Ha [ona, TOW Ce mnpocrnegssa Mo-TPyAHO, Mopagu
3aeceHOCTTa Ha TepeHa, OT efHa CTpaHa, U MOKPUBaHETo My
0T 0BpYyLLEHN MaTepuani no BIUCOKMTE Bperose Ha pekarta, OT
gpyra. CenauviiHata mopdonorus ce xapaktepusupa C
penedHu HOPMM, CBBP3AHM CbC [PEBHUTE M CbBPEMEHHM
CBMAYMLIHM  MpOLECH,  Hamykanu,  AeHWBENMparM U
pasynITbTHUIM T3 CEKTOPW Ha OONMMHHUS CKIOH. E3uKbT Ha
cenaumweto e gobpe w3paseH (Mo-TOYHO ronsiMa 4vacT ot
Hero), KaTo BKIOYBA KOHCUCTEHTHO MW3TUYAHE Ha CUITHO
HamnykaHW, NeKo pasgyT¥ W OBOOHEHU 3eMHM Macu, KOWTO
OnWparT B TanBera Ha ePO3VOHHUS JOTT.

[ebGennHata Ha aKTMBHOTO CBAIAYMLLHOTO TS0 MO OCHOBHUS
(uenTpanHus) npocpun lI-1l € 12-13 m (our. 3), kKaTo CbOTBETHO
u3nmMTHSBa KbM 6GoppoBeTe. [0 HauMH Ha BbL3HWKBaHE,
CBMAYMLHMAT  Mpouec e  [OETPy3uBeH, CBbp3aH C
BOAOHACWLlAHE Ha  CKMOHOBMSI  y4yacTbK.  AKTWUBHOTO
CbBPEMEHHOTO CBMIMYAHE € OT WHCEKBEHTEH TuM, KaTo
obpasyBa x/Tb3raTenHa NoBbPXHUHA OT KPbroBO-LMIMHAPUYEH
TUN 3aBbpLUBALLA B €PO3UOHHUS A0M. TO € HanoXeHo BbpXy
no-Abnboku 30HM Ha GaBHOTO MbN3eHEq C [OBWKEHME W
(opMupaHe Ha XITb3raTenHW MOBBPXHWHM U 30HW  OT
TPAHCMALUMOHEH U KPBIOBO-LUMIMHAPUYEH  Tun.  Tean
Jedopmaumn ca OT KOHCEKBEHTEH TWUM HA XITb3raHe Ha Mo-
CUIHO U3BETpSINa U HapyLLeHa 30Ha BbPXY YCIOBHO NO-CBEXA
cKasHa Moanoxka.

B TepeHa Hap aKTMBHWS LMpPKYC, Camo Mpu YyBCTBUTENHO
BOAOHACULLAHE Ha CKMOHOBUS Y4aCTbK, Ce OCblUecTBABaT
0aBHM gecopmaLui, NpUBbP3aHM KbM HapYLUEHUTE 30HU OT
APEBHUTE CBRAuMLLHM npoueck AbnbounHu go 18-20 m ot
TepeHa, KouTo ca popMupaHn B crabute HaLWWCTEHM CrOeBe
OT pasnnMyHO M3BeTpenu amdubon-THacoBM  WUCTU W
OKBapLieH! aMnbonUTH (B 30HM O FMHW C YaKbIM W CKasHM
KbCOBe). YCTaHOBEHUTE MO Bpeme Ha npoyysaHeTo (11 gHu)
upes PbYHN U3MEPBaHUS HA BPEMEHHWU MapKW, XOPU3OHTarHN
0TBapsHUS no nykHatMHu B 10 nyHkTa B palioHa Ha
CBMAYMLLETO MOKas3axa CKOPOCT Ha MPEMECTBAHWAT Mpu
rnaBHus obpuB (nyHktoBe 5, 6, 9 u 10) ot 0,18 mm/g u
cbotBetHO 0,10 mm/g 3a nNyHKTOBETE W3BBH AaKTUBHOTO
CBMAYNLLHO TANO (chur. 2).

Mpoy4BaHETO € MPOBEAEHO Mpe3 Mepuoa C OTCLCTBUE Ha
Barexw, KOeTo Mokassa, Ye npes nogoGHM Nepuoam CKMOHLT
33eHO CbC CBMAYMLLHO TAMO Ce NPUABWKBA MHOrO GaBHO MnK
NepuoauyHo C paBHOMEpHa CkopocT. CblleBpeMeHHo, npe3
BNaXHW Nepuoau (CHEroToreHe) MOXe [a Ce Ouaksa, ue
MpeMeCcTBaHIATa Ha aKTMBHUS LIMPKYC LLUE Ce peanusupar ¢
Mo-BMCOKA CKOPOCT M aMMMUTYaM, CBbP3aHN C OTBapsiHE Ha
HOBUW NYKHATUHW.

anI‘-WIHVITe 3a CBNavyuwiHMTE npouecu 0OMKHOBEHO MMmaT

KOMMIEKCEH — XapaKTep, BKMIOYBAL, HSKONKO — B3aUMHO
JOMbIBaLLm ce hakTopu:
. 260/10XKUSM CMPOeX U NbpeuYyHama HapyweHocm

Ha 3eMHaTa 0CHOBA OT APEBHWUTE CBMAYMLLHIA MPOLIECH, KaKTO
M OT Mo-ChBpeMeHHUTe. He Mmamka vacT oT kBapTana e
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n3rpafeHa BbpXy CTap, YCMOBHO CTabunmuaupaH CBRaqnLLeH
TEpeH;

. HUckama _sKocm Ha _eHalicowucmume. Ts e
onpefenieHa OT TsXHaTa TEKCTypa, HamykaHOCT W NpoMsiHa, B
CNEACTBME HA W3BETPUTENHUTE U FPaBUTALMOHHM MPOLECK B
MWHaroTo;

. ¢hopmupaHume nodsemHu 8odu 8 macusa. OT eaHa
CTpaHa, Te BIMSAT CbLUECTBEHO BbPXY CBOWCTBAaTa Ha
W3BETPENUTE W C HapylleHa CTPYKTypa rHaicoWwucTn ot
CBNAYMLLHOTO TAMO, KOMTO NPW BOAOHACULaHe MposiBsBaT
CBOWCTBA, ONM3KM [0 Te3n Ha nnactuynute rmnHu. OT apyra
CTpaHa, Te Cb3gaBaT 3HA4YNMO YBENMYaBaHE Ha MOPHOTO
HansraHe B QMCMEPCHUTE W CKarHW PasHOBMOHOCTY, BOZELLO
[0 [OMbIHUTENHO HamansiBaHe Ha CbMNPOTMBMEHWSITA Ha
Cpsi3BaHe B CKIOHA. JIoKanHUTe YacTU4HN BOLOHACULLAHMS Ha
YaKbMeCTUTE [TIMHW W THaNCOLUMCTUTE [OBEXAAT 3eMHaTta
ocHoBa [0 6aBHM fedopmauu, nog opmaTta Ha LMKITNYHO
MNacTMYHO TEeYeHe C HUCKA, HO MOCTOSIHHA  CKOPOCT.
MocneHOTO CbLUECTBEHO BOLOHACHLLAHe Ha 3eMHaTa OCHOBA
(npe3 M. cespyapu 1015r.), e npeaussukano MOCNEAHOTO
aKTMBM3NpaHe Ha CBMAYMLLHMUS NpoLec.

. MeXxHO2eHHU hakmopu, CBbp3aHW C aBapuute OT
BOZOMPOBOAHATA MpEeXa W WHuNTpaumsaTa Ha OTnagHa Boga
B 3eMHaTa OCHOBa OT KaHanu3auusTa. ToBa e yTexHsiealy
tbakTop, KoMTOo 6aBHO BOAOHAcMLLA CBRauuwiHaTa cpeda M
pearHo HamarsiBa ¢ BPEMETO YCTOAYMBOCTTA Ha CKIOHa.

CvrnacHo Hapenba Ne 01/12 cBnaumileTo ca knacuduumpa
KbM |l knac, rpyna 5, kateropus B.

WHxeHepHOreomnoxka xapakTepucTuka

B reonoxkus pa3pe3 Ha cBnavuLleTo ce noaenar cnegHute
WHXEHEPHOreonoXkn pasHoBUAHOCTU:

. [nacm 1 - Hacun OT YaKkbnecTa MMUHa CbC CKarmnHu
KbCOBE, pasynibTHEH, BNaXeH 4O OBOAHEH. M3nMbnHEH e npu
BepTMKanHaTa nnaHuMpoBka Ha TepeHa. B uenoto wmy
HacUMHUTE MaTepuanu ca BnaxHW, a KbM [ona (e3uka) Ha
CBIAYMLLETO HACMMKTE Ca CUITHO BMaXHN 1O OBOAHEHM.

. [lnacm 2 - vakbnecta T[MMHA [0 YaKbecTo-
necv4ynmBa rNNHa, prﬂMBOKaCt)HBa ao 3eJ'IeHI/IKaBOKa(*)FIBa.
MpousxogbT M € [JenancuBHO-GeNyBManeH, CBbp3aH C
peanuavpaHnuTe cTapy CBNaYnLLHN NPOLLECH B paioHa.

. [nacm 3 - pasnuMyHO W3BETPENM, [MMHACANM
ammnbon-rHacoBM  LWMCTW W OKBapLeHu amdubonuTy,
cuBokachsiBu. B nnacta npeobnagasat cnabute, pasmekBaly
ce ckanu. [pomsxoabT Ha NnacTa e AenancuBHO-AenyBuarneH,
kaTo B MO-TOPHWTE CMOEBE BKMOYBA MOMyCKAmnHU NakeTu OT
CUIMHO M3BETPENW METaMOPCHM CKanwW, HanykaHu, npepa-
BOTeHM B 30HM OT CTApUTE CBMAYULLHM NPOLECH O YaKbIecTyn
MWHM CbC CKanHM KbcoBe 1M 6nokoBe. YCTOMYMBOCTTA Ha
CBMaYuLLHKA CKINOH, B rongma cteneH, 3aBiCh OT AKOCTHOTO
noBefeH1e Ha Tasu PasHoOBUAHOCT (dour. 3).

. [nacm 4 - BapoBUTU YaKbMNECTO-NECHYUNUBY FTINHN,
TBbPAW, YepBeHMKaBOKadsBM M PLXKOMBM, BKIHOYBAT CE Ha
MecTa n OrokoBe OT Mpamop. TO3u MacT € C TEKTOHCKM
npou3xod, CBbp3aHO C pascegHa 30HAa B paiioHa Ha
CBMAYULLETO, KAKTO 1 CTapy KOMyBMarnHu NpoLecy.

J [nacm 5 - amcubonutn, okBapLeHu u amdubon-
HaMCOBM LUMCTA, MYCKOBMT-OMOTUTOBM LUMCTW, KOWUTO ca
W3BETPENM W HanykaHw. BkmiouBaT ce cCKamHM 30HM OT



pa3MeKBally Ce Ckanu, C HWUCKa 3[paBUHA, M B MO-MaITbK

MPOLIEHT Manko 40 CPeaHO 3apaBy CKanu.
+  [lnacm 6 - okBapLeHn amnbonnUTH, ThMHOCHBO3E-
MEHW, W CBETNW rHaiic, C MambK MpoLeHT amdmbon-

THaWCoOBM  LIUCTM.
Hepa3sMeKBalLL Ce CKanu.

Tabnuua 1.

[pecbnagasart

CpemHo  3apaBsM,

®usnkoMexaHnyHuTe

nokasatenu
MHXXEHEPHOreonoxXkn pasHoBNMAHOCTM Ca AafeHN B Ta6nv|ua 1.

Ha

noaeneHuTe

Qu3uKoMexaHUYHU noKasamesnu Ha UHXEHEePHO2E0M0KKU Pa3HOBUOHOCMU
MnacTose Ne

MOKA3ATEJIN 1 2 3 4 5 6
O6emHa nTbTHOCT pn, g/cm3 2,09 2,0 2,15 2,20 2,45 2,70
BogHo cbabpxaHue Wn, % 22,7 17,5 - - - -
[1-n Ha KOHCMCTEHLMS Ic 0,45 1,00 - >1 - -

BbpxoBa SKOCT Ha cpsi3BaHe (xapakTepucTiyHa
brbn Ha BBTP. TpueHe @, ° - 14,00 19,00 26,00 15,5° 25,00
Cuennexne kPa Cx, kPa - 9,9 30,7 29,5 75,3 75,0
OcTaTbyHa SKOCT Ha Cpsi3BaHe (XapakTepucTuyHa)

brbn Ha BBTP. TpueHe @k, ° - 13,5 18,00 25,50 15,50 23,00
Cuennexne kPa Cx, kPa - 6,2 24,2 23,2 719 75,0

3abenexka: XapakTEpUCTUYHUTE CTOMHOCTM Ha MOKasaTenuTe Ha SKOCTTa Ha Cpsi3BaHe Ca MOMyYyeHW 4pes MaTemaTuko-
cTaTMCTUYeCTKa 06paboTka Ha pesynTtaTuTe OT MNOCKO CPsi3BaHe, B anapat T1n , Teimbp” B KOHCONMANPAHO-APEHNPAHO ChCTOSIHME.
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®ur. 4. Yeronuusoct no npodmn lI-ll, ¢ koHTpachopceH Hacun v apeHaxHW pedpa n NPOTMBOCBNAYMILHN CUIU, 0COBEHO ChbYeTaHWe Ha ToBapuUTe, METOA

Ha CneHcbp.
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OueHKa Ha yCTOMYMBOCTTA Ha CBNAYMLLETO

YCTOMYMBOCTTA Ha CKMOHa € n3crnefBaHa Ha CogTyepeH
npogykt Slope V.2009.0 Ha dwupma Geostru Software.
CrabunuTeTHuTe N3CNeaBaHMs Ca HanpaBeHn B CbOTBETCTBNE
C Wu3uckBaHuaTa Ha Hapegba Ne 01/12 (kato no-
KOHCEepBaTMBHA 33 KOHKPETHWA cnydvan). Msnon3saH e
MeToabT Ha CneHcbp MO KPbroBO-LMMMHAOPUYHA hopma Ha
MOAENMPaHNTe XITb3raTeiHN NOBbPXHWUHY, MPUBBP3aHN KbM
reoMeTpusiTa Ha YCTaHOBEHWTE B MacuBa.

CrabunuteTHnte  aHanmsm
CBbCTOSHWS Ha MacuBa:

. YCTOMYMBOCT MpU  ECTECTBEHO (YCTAHOBEHO Mpu
MPOYYBaHETO) CbCTOSHNE Ha MacKBa, MU OCHOBHO ChyeTaHne
Ha ToBapuTe;

. YCTOAYMBOCT C  YKPEMUTEMHU W OTBOLAHWTEMHM
MeponpusiTUsl, MOAENMPaHN KaTo CTabunmuampaliy XOopu3oH-
TaNHW CUIM 1 IPOrHO3HW MOHVXKEHW HIBA Ha MOA3EMHNTE BOAN
B CKITOHa, MU OCHOBHO CbY€TaHWE Ha TOBApUTE;

. KakTo mo-rope, npu 0CODEHO CbyeTaHue Ha
ToBapute. PedepeHTHOTO  CeWsMWYHO  YACKOpeHue e
onpefeneHo CbrnacHo HauWoHarHOTO MPUNOXEHWE KTbM
Espokog 8 (2012) 3a 475-ropguwueH nepuog — aR=0,15g.

Ca W3BbpLIEHM npu  Tpu

3a Matepuannte OT CBNAYMLLHOTO TAMNO Ca WM3MNONn3BaHu
XaPaKTePUCTUYHUTE OCTaTb4HU AKOCTHW MNOKasaTenn, a B
AbnbounMHa 3a OCHOBHWTE nMnacToBe 5 U 6 - CbOTBETHUTE
BBbPXOBUTE XapaKTePUCTUYHN NOKasaTenu.

[pn n34ncneHusTa 3a LieHTpanHata, Hail-akTuBHa 30Ha OT
cenaysweto no npodun |I-Il, 3a MbpBOTO CLCTOSHUE €
nonyyeH koeuumeHT Ha yctoinumeoct  F=1,06. Tom
CbOTBETCTBA HA YCTAHOBEHOTO NMPW MPOYYBAHETO BPEMEHHO
YCTOMYMBO CBCTOSHWE MAnKo Haf rpaHuYHOTO, CBbP3aHO C
YaCTU4HO  OTUexdaHe Ha Bogata OT  MaKCUMAsHO
BOAOHACUTEHOTO CBRaumwiHO Tano. pu w3uncrneHusTa 3a
Apyrute [Be CbCTOSHWE Ce OKkasBa, Ye MepodaBHO (no-
HebnaronpusaTHO) € opa3mepsiBaHETO Npu 0COOEHO ChyeTaHue
Ha TOBapuTe. 3a [OCTMraHe Ha MMHUMArHO AomnycTUMa
CTOWMHOCT 3a OnpefeneHaTta Knacudukaums Ha CBNAYMLLETO
Fmin=1,15 € Heobxogumo ykpenuTenHata cuna B obxeata Ha
mbTa ¢ uHTEH3MBHOCT 250 KkN/m, a CbOpbKEHWETO C
KOHTpadhopcHMs Hacun 3a kopekuusiTa Ha gona, Tpsibea Aa
noeme 3afbpxallo yeunue ¢ MuHumarHa cromHoct 100 kN/m
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(cpur. 4). MpegswxaaT ce n ApeHaxHW pebpa 3a MOHWKEHWE
Ha HMBOTO Ha MOA3EMHaTa BOfa B Tasu 30Ha. [lpn Tesu
YCNOBYS, KOEULMEHTLT Ha YCTONYMBOCT BTOPOTO ChCTOSIHWE
e F=1,48 > Fnin=1,25.

3aknioyeHue

HanpaBeHusIT aHanus Ha CbBPEMEHHOTO reoanHaMUYHO
CbCTOSIHWE W pe3ynTaTuTe OT MPOBELEHUTE CTabUNUTETHU
WN34MCIIEHWST MOKa3BaT, Ye CBITAYMLLETO M3NCKBA W3MbITHEHME
Ha YKPENWUTENHM MeponpusTUS, BKIIOYBALLM KOPEKUWs Ha
€PO3NOHHNSA oM C BepTUKaNHa NNaH1POBKa U KOHCTPYKTUBHMU
CUNOBM 3aabpXally YKPENUTENHN CUCTEMN.

CtabunuanpaHeTo Ha CKMoHa No AbIOOKUTE MOBBbPXHUHU €
Hal--Noaxoaswo fa Ce M3MbIHM C KOpekuMs Ha fona u
W3rpaxgaHe Ha 3aTeXHsiBally Hacun W ApeHaxHW pebpa B
ckaTa KbM OCHOBHOTO aKTMBHO CBMAuMLLE.

YkpenuTenHata cunoBa KOHCTPYKUMA cnegsa ga ce
pa3noroxu no MbTa U OTKbM 3anagHata CTpaHa Ha crpagara,
3acerHata OT nesus Gopa Ha akTMBHWSA LMpKyC. unoTute
cnedBa [fa ce 3ambHaT B MO-34paBUTE CKanHW HUBA Ha
nnacrose 5 u 6.

Nutepatypa

EBpokop 8: llpoekmupaHe Ha KOHCMpPYKyUUMe 3a CeU3MUYHU
eb30elicmeus. HaunoHanHo npunoxeHne EN 1998-1/NA.
Maprt 2012.

Hapedba Ne 12 om 03.07.2001 2. 3a npoekmupaHe Ha
2eo3alyumHu - cmpoexu, cepadu U CbOPbXeHUs 8
cenaquLHu patioHu. [bpxaBeH BeCTHUK, 6pon: 68/2001 .

®oHaoBK MaTepuani:

CroveB, C. u pgp. ‘“YkpensaHe Ha cenayuwe
UHXEHepUHe/npoyyeaHe, hpoekmupaHe U ykpengaHe/ 8 Ks.
33 ceno [lnemena, obwuHa Camosya, yacm:
UHXEHEPHO2E0NOX0  npoy4yeaHe” leodpoHg Ha
«l'eotexHuka ABC» 00[. 2015.

CratusiTa e peLieHsupaHa ot npod. A-p CTedaH JUMOBCK v NpenopbyaHa 3a
0TreyaTBaHe OT KaT. ,XMOpOreonorus U MHXeHepHa reonorust”.



