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NANEOTPAHCMNOPTHW HAMNPABNEHUA NMPU ®OPMUPAHETO HA NMETPOXAHCKATA
TEPUTEHHA TPYIA B YACT OT 3ANALOHA CTAPA MNIAHUHA

leopau AlidaHnuiicku
MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; ajdansky@mgu.bg

PE3IOME. Ha ocHoBaTa Ha jaHHM 3@ OPUEHTMPOBKATa Ha TEKCTYpUTE-MHAMKATOPW Ha NOCoKaTa Ha CeaMMEHTEH NaneoTpaHCnopT — Me3omallabHa
(nnockonapanenHa v MynnosuaHa) v apebHomalyabHa Koca COecToCT, 3HaLUTe Ha TeueHue, ncedUTHY KbCoBe B Tena ¢ MMBpUKaLMOHHa TeKC-
Typa ¥ peakTMBaLOHHM N HEEPO3NOHHW BbTPELLIHOKaHaNoBM NOBBbPXHOCTKH, € HanpaBeH aHanu3 Ha naneoTpaHCnopTHNA Moaen npu (*)OpMVIpaHe
Ha lNeTpoxaHckaTa TepureHHa rpyna B yact ot 3anagHa Ctapa nnanuHa. 3a fa ce ocurypu NpuioXMMOCT Ha MH(opMaLmsTa 3a nocokaTa Ha ce-
OUMEHTEH NaneoTPaHCNopPT B apXUTEKTYPHO-ENEMEHTHUA U CTpaTmrpaobcm aHanus, 0c0beHO BHUMAHWE e OTAENEHO KaKTo Ha NpUBbP3BAHETO UM
B CTpaTurpacdbckusa npocoun, Taka v Ha TUMBT, BbTPELHUAT CTPOEX U MawwabbT Ha nuTodaumanHata unm apxmTeKTYpHO-eNeMEHTHa eanHuLa, B
KOSITO € HanpaBEHO 13MEPBaHETO. [leTalnHOTO NONEBO M3yyaBaHe 1 M3MepBaHe Ha OPUEHTALMSTA HA OrPaHNYMTESNTHW MOBBLPXHUHN € Npeaxoxaa-
HO OT MpeABapuUTENHa MHTEPNPETaLMS Ha TAXHaTa NpUpoaa, NPOMU3XOA U PONS B apXTEKTYpHO-enemMeHToBa noasanba Ha paskputneto. OcHoBHa
TEXECT Npy onpeaensHe Ha JOMUHUpALLaTa NOCoKa Ha CeANMEHTEH NaneoTPaHCMOPT (PECNEKTUBHO Ha PETVIOHAMNHNSAT HAKMOH Ha NoNeoceanMeH-
TaLWOHHATa NMOBBPXHOCT) MMAT AaHHuUTe oT nuTodaumecy Str, Gtr n Sh, kakTo 1 Tesn oT u3MepBaHNs Ha UMBPUKaLMOHHUTE TekcTypu. Mpeasua
XapakTepa Ha reHepupaHe Ha nurodhaunecy Sp n Sr non3saHETo UM 3a NOAOOHM Lienu € CbobpaseHo C TUMBT Ha ayBUANHUTE apXUTEKTYPHU
€NemMeHTuTe, B YAMTO CbCTaB y4acTBaTt, KakTo MU C NO3ULMA UM BbTPE B TE3N ENNEMEHTMU. PeaynTaTMTe OT aHanu3a Ha oCTaHanuTe TUNoBe WUHAWKa-
TOPW Ca W3MNON3BaHK OCHOBHO 3a YCTaHOBSIBAHE Ha FOKANHK NapeoTPaHCNOPTH 06CTaHOBKYW, MPEAUMHO NPU MOEHTU(DNULIMPAHETO HA KOHKPETHM
apXMTEKTYPHI eneMeHTU. [laHHuTe 0T eonnyHUTE NUTO(aLMECcH Ca aHann3npaHn OTAESHO U Ca U3NON3BaHN MaBHO NPU U3ACHSBAHE Ha NpoLiecy-
Te 1 06CTaHOBKUTE Ha CeAnMeHTaLms. Bb3a 0CHOBA Ha NOMyYeHUTe pesynTaTi ca HanpaBeHn U3BOAM 3a Naneoreorpad)ckoTo pasBuThe Ha paioHa
npes u3yyaBaHaTa 4yacT OT paHHOTpUackTaTa enoxa.

PALEOTRANSPORT DIRECTIONS DURING THE SEDIMENTATION OF THE PETROHAN TERRIGENOUS GROUP IN PART OF
WESTERN STARA PLANINA MOUNTAIN

George Ajdanlijsky

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

ABSTRACT. On the base of data about the orientation of the structure-indicators of the direction of the sedimentary paleotransport — mesoscale
(planar and trough) and small-scale cross-bedding, flute casts, psephitic fragments inside beds with imbrications structure and reactivation and
non-erosional intra-channel surfices, analysis of the paleotransport model during the formation of the Petrohan Terrigenous Group in part of West-
ern Stara Planina Mountain was done. To be ensured, the applicability of the information about the direction of sedimentary paleotransport in archi-
tectural-element and stratigraphical analysis, special attention was paid on their location in stratigraphical profile, as well as the type, inner structure
and scale of the lithofacial and the architectural-element units, in which the measurement was done. The detail field study and documentation of the
orientation of the bounding surfaces is realized after preliminary interpretation of their nature, genesis and role in architectural-element subdivision
of the studied outcrop. Most important in determination of the dominated direction of the sedimentary paleotransport (respectively the regional di-
rection of the slope of paleosedimentation) are the data obtained from lithofacieses Str, Gtr and Sh, as well as those from the measurement of im-
brications structures. Because of the character of the genesis of lithofacieses Sp and Sr their use is considered with the type of the fluvial architec-
tural elements, in which they take part, as well as with their position inside of these elements. The results of the analysis of the rest types of pale-
otransport indicators were used mainly for determination of local paleotransport settings, mainly in identification of concrete architectural elements.
The data obtained from aeolian lithofacieses is analised separately and are used mainly in clarification of the processes and settings of sedimenta-
tion. On the base of the obtained results, conclusion about the paleogeographical development of the region during the studied part of the Lower
Triassic age were done.

BuBeaeHue

M3yyaBaHETO Ha TEKCTYpUTE-MHAMKATOPWM HA mocokata Ha
CE[VMEHTEH ManeoTPaHCNOPT € CbLUECTBEH ENEMEHT OT CbB-
PEMEHHWSI apXUTEKTYPHO-ENTEMEHTOB M 6acenHoB aHamms. OT
e[Ha CTpaHa cbbpaHaTa 4pe3 Hero MHgopmauus NpesocTaBs
Taka Heobxogumara 3D-BuU3NS 3a CeUMEHTHaTa apxuTekTypa
B n3yyaBaHuTe paskputusa (Miall, 1996). Hapeg ¢ ToBa, opu-

eHTaumsaTa Ha TEeKCTypUTE-MHOMKATOPU Ha nocokarta Ha cefu-
MEHTEH NaneoTpaHCMopT cnoMarat 3a AeTannuanpaHe Ha
BbTpelLHaTa reoMeTpust Ha cegumeHTHuTe Tena. OT gpyra
CTpaHa Tasu uHdopMaLusa criomara 3a U3ACHABaHe Ha Ha-
NpaBneHWeTo Ha akymynauuoHHUTe MpoLecn BbTpe B Ceau-
MeHTHWS BaceiiH, 3a NocokaTa Ha MUrpauns Ha CEAUMEHTHUTE
Tena.



[lo MoMeHTa y Hac NouTY NUNCBaT cneluanuanpanHn uscnea-
BaHWs, CBbP3aHH C U3y4aBaHe Ha nocokarta ¥ cneLndgukuTe Ha
CEAVMEHTEH NaneoTpacnopT Ha TpUacki NOCNeA0BaTENHOCT!.
OnuT B Tasu nocoka e pabotaTa Ha TpoHkos (1974) 3a paioHa
Ha Benorpagunwkata eguHuua. HacTtoswoTto wacnegpaHe
NnpeAcTaBnsiBa YacT 0T no-MawabHo uacneasaHe Ha [leTpo-
XaHckata TepureHHa rpyna (I1TT) B obxBaTta Ha bepkoBckaTa
eovHmua — 3anagHa Crapa nnaHuHa.

Marepuan u metogu

W3cneaBaHeTo ce 6a3vpa Ha nuTodaLManHo JoKyMeHTUpa-
He W apXWTEKTYPHO-eNeMEHTOBa UHTEpnpeTaums Ha 34 6pos
paspesu, pa3paboTeHn B paskputuaTa Ha lNeTpoxaHckara Te-
pureHHa rpyna B obcera Ha bepkoBckaTa eanHuua, 3anagHa
Crapa nnaHuHa (cpur. 1). lTutodaumanHara naeHTudmKkaLms u
apxuTeKTypHaTa WHTepnpeTauus ce 0asupa Ha cxemara
npeanoxeHa ot Miall (1996) apanTupaHa kbM ocobeHocTUTe
Ha KOHKpETHUTE pa3pesu. KaTo yacT oT Tasu JOoKymeHTaums e
W3BbPLIEHO OMUCaHWe W W3MEPBAHE Ha  TEKCTypuTe-
WHAMKATOPU Ha CELUMEHTEH NaneoTpaHcnopT.

MpoBeAeHMAT aHanM3 Ha Nocokata Ha CeAUMEHTEH Mmaneo-
TpaHcnopT ce Hasupa Ha MalabHOTO n3mepBaHe Ha: (i) cTpa-
HaTa W HaknoHa Ha Me3oMallabHa nnockonapanenHa u Myn-
[OBUOHA KOca CMoecTocT (nuTodhaumecyt Sp — anyBsuaneH ns-
CBYHWK, NNOCKONapanenHo KOCocnoecTocT, U Str — anyBuaneH
MACLYHUK, MYNOOBWAOHO KOCOCMOECT); (i) opueHTaumsTa Ha
3HaLWTe Ha TeYeHue No AONMHMLIETO U FOPHWLLETO Ha NnacTo-
BETE (MKW OT BOAOBBLPTEXY, Criefn Ha 06Tu4aHe 1 BnaveHe);
(iii)y cTpaHaTa M HakNOHBLT Ha anysuanHa gpebHomalabHa ko-
ca CroecocT OT BCUYKM BuUgoBe (nutodpaumec Sr) passuty
Bbpxy enemeHt DA (nporpagaumoHHu makpodopmu) u SB
(ncamMmuTHOZOMMHMPaHW MakpoopMK) B AONHATA M CpeaHaTa
4yacT Ha KaHanoBW KOMMIEKCU, KAKTO U BbpXy enemeHT SG
(OTNOXeHMsT OT CEAMMEHTHM rpaBMTALMOHHK noToum); (iv) no-
cokaTa Ha rpebeHnte Ha acumeTpuyHmu pebpa; (v) cTpaHaTta u
HaKroHa Ha nrnockata NoBbPXHOCT M ObMraTta oC Ha NceuTHN
KbCOBE B Tena ¢ MMBPUKALMOHHA TeKCTypa W (Vi) cTpaHaTa u
HaKrMoHa Ha PeakTMBALMOHHM M HEEPO3WOHHW BbTPELUHOKaHa-
NOBU NMOBLPXHOCTW. M3BbplLLeHa e obpaTHa poTauus Ha gaH-
HWTE OT TEPEHHUTE N3MEPBaHWS Ha BCUYKM TUMOBE TEKCTYpH-
WHAMKATOpU O Bb3CTAHOBSIBAHE Ha MbPBOHAYaHO MONoXe-
HWe Ha OCHOBHMTE NNIACTOBM MOBBPXHUHN.

3a ga ce ocurypy NpUNoXMMOCT Ha cbbpaHaTa nNpu TepeH-
HWTE MPOYYBaHNUS MH(OpMaLWs 3a nocokaTa Ha CeaUMEHTEH
ManeoTPaHCNOPT B apXUTEKTYPHO-ENEMEHTHWS U CTpaTurpad-
CKM aHanu3, 0COBEHO BHUMaHWe Npy U3MEPBAHETO Ha TEKCTY-
pUTE-MHAMKATOPU Ha naneoTeyeHusita 6e OTAENEHO KakTo Ha
TOYHOTO UM MpUBBLP3BaHE B CTpaTuUrpadpckus npodun, Taka u
Ha TWna, BbTPELLHMS CTPoeX M Mawaba Ha nutodaumanHata
WM apXUTEKTYPHO-ENEMEHTHa €AMHULA, B KOSTO € HanpaBeHo
u3mMepBaHeTo. [leTannHotTo TEPEHHO U3yvaBaHe U U3MepBaHe
Ha OpMEeHTaLMsTa Ha OrpaHNYUTENHU NOBBbPXHUHK Oe npea-
XOX[OaHO OT NpeABapuUTeNHa UHTEPNPETaLMS Ha TAxXHaTa npu-
pogda, MPOU3X0 U POnisl B apXTEKTYpPHO-eNleMeHToBa noasnba
Ha pasKpUTHETO.

OcHOBHa TEXeCT Npy onpefensHe Ha JOMUHMpaLLaTa noco-
Ka Ha CedMMEHTEH NaneoTpaHCropT (PECMEKTUBHO Ha pero-
HanMHWUS HaKMOH Ha NMONeoceaVMEHTaLMOHHATA NOBLPXHOCT) &
OTpefieHa Ha [aHHUTe OT M3MepBaHUsTa Ha CTpaHaTa U Ha-
KMOHa Ha KocaTa CrioectocT B nutodbatmecu Str, Gtr (anysu-

anHW ncedUTHU ckanu, MynaoBMAHO kococnoectu) u Sh (any-
BMANEH NACLYHMK, XOPU3OHTAHO CMOECT), KAKTO M AaHHUTE OT
n3mMepBaHMs Ha UMOpUKaLMOHHUTE TekcTypu. lMpeaeua cne-
UndUKMTE Ha XapakTepa Ha reHepupaHe Ha nutodaumeck Sp
W Sr non3BaHeTo MM 3a NofobHM Lenn e cbobpaseHo ¢ Tuna
Ha anyBuanHUTe apXMTEKTYPHW ENEMEHTU, B YWMTO CbCTaB
y4acTBaT, KakTo U C Mo3numMsiTa UM BbTPE B T3 ENEMEHTM.
PesynTatute OT aHanu3a Ha OCTaHaNUTE TUNOBE WHAMKATOPU
Ca M3MoMn3BaHK OCHOBHO 3a YCTaHOBSIBAHE Ha MoKasHK naneo-
TPaAHCMOPTHN OBCTAHOBKW, WAEHTUDMLMPAHE HA KOHKPETHU
apPXMTEKTYPHN €NeMEHTU W He Ce KOMEHTMpAT B HaCTOALLMS
pasgern.

[aHnute oT eonuyHuTe nutodauuecn (Stre — eonuyeH ns-
CbYHWK, MyNZOBUOHO KOCOCMOECT, Spe — e0rnnYeH NACYHMK,
NNocKonaparnenHo KOCOCMOECT, Sre — eonuyeH MSACHYHMK,
ApebHomalLabHO KOCOCMOECT OT BCUYKW TUMOBE) Ca aHanuau-
paHu OTAENHO OT anyBuanHure.
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®ur. 1. Cxema Ha pa3npocTpaHeHue Ha paskputuaTa Ha lNeTtpo-
XaHcKaTa TepureHHa rpyna B uscnegBaHus paioH

CrpaturpadhckoTo npuBbp3BaHe Ha AaHHUTE ce 6asupa Ha
npeanoxeHata ot Aingannuiicku (2005) umknoctpaTurpadcka
nogan6a Ha Tl B kosATO, Bb3 OCHOBA Ha NIMTONMOXKA W NATO-
chaunanHu JaHHu, Nogens B paspesnTe Ha rpynata oT uayde-
HWS PalioH TPY anoLMKNWUYHU PErvoHantn eauH1LM, HapeyeHu
mesouuknn — goneH (MC-0), cpegex (MC-1) u ropex (MC-2).
CpeaHuaT Me3ouuKb, OT CBOS CTpaHa, € ModeneH Ha [fga
cybmesouykbna — goned (MC-1/1) n cpegeH (MC-1/2), a rop-
HWAT Ha Tpu Cybmesounkbiia — cboTBETHO goneH (MC-2/1),
cpegeH (MC-2/2) u ropex (MC-2/3), otroBapswm Ha oTAENHN-
Te ha3n OT PasBUTMETO Ha Me3oUMKNUTE. Taka oTAeneHuTe
LUMKIMYHOCTPaTUrpaddCk  rpaHuLUM M eauHULM — Me30- U
cybMe30LMKnKM, B MHOTO OTHOLLEHMS! OTFOBapsAT Ha XapakTe-
PUCTUKATE Ha CEKBEHTHOCTPATUrPadiCKUTE rPAHMLIA M eQMHULM
W3M0oN3BaHu B U3LAMO anyBuUanHuTe NocrneaoBaTenHoCTy.

PesynTatu oT uscneaBaHeTo
Mesouumkbn MC-0

[laHHMTe 3a naneoTpaHCMoOpTHUTE HanmpaBneHWs OT Hail-
HUCKus B cTpaturpadpcko oTHolweHne mesouukbn (MC-0) ca
Han-0CcKbaHW. [o-4ecTo ce cpela Ou- 1 NoNMMoJanHoToO pas-
NpefeneHne Ha AaHHNTE, HO Ce YCTaHOBSIBA M €HOMOAANHO-
TO M 6NM3KO 1O €SHOMOLAIHO PA3NpeaeneHme.



CpenHuTe BEKTOPW Ha AOMMHMpALLaTa Mocoka Ha anyeua-
NeH CeMMEHTEH NaneoTpaHCMOpT MoKasBaT edHa AocTa
(bparMeHTapHa KapTHa Ha NaneoTPaHCNOPTHUTE MOCOKM, HO,
KaTo LANO, PErMOHANMHUAT HaKMOH Ha naneoceMeHaLmMoHHa-
Ta NoBbpxHocT e 6un Ha C-CU (cpur. 2a). Camo B neT ot n3y-
YeHUTe pa3pesit TS e Ha U3TOK.

OuepTaBart ce 1 Hskou 0COBEHOCTM, NPOSIBEHN Camo B TO3W
mesoumkbi. Mo ocTa ¢. Lieposo - ¢. MunaHoso - ¢. 3ropurpag
ce obocobsiBa eaHa Aobpe M3paseHa [peHaxHa cucTema
(cbnyBmanHa naneocuctema) orpaHuYeHa OT 3anaf BEpPOSTHO
OT NokaneH, cybmepuanoHanHo opueHTUpaH BoLoAer, pasno-
NOXEH HenocpefCcTBeHO Ha 3anag oT MunaHoBckoTO nnato.
/3TOWHUTE OKpalHWHM Ha Ta3u NaneofonuHa ca No-TPyAHO
npocneammu, Ho CbBpaHNUTe LaHHN yka3BaT 3@ Bb3MOXHO Ha-
nU4Me Ha W3AUTHATU yvacTbLM, MpeAcTaBnsBally NoKaneH
BOAOLEN (PECNEKTMBHO M3TOYHA OKpalHWHA Ha NaneoponuHa-
Ta) B palioHa Mexay C. 3BepuHo 1 c. JlakaTHuk. Bbp3o uame-
HsLLaTa ce nokanHa OpUeHTaLMs Ha NaneoTpaHCNopTHUS BEK-
TOP € yKa3aHWe 3a Hanu4me Ha U3siBeH, yHacneaeH ot Tpuaca
pened, KOWTO e nNpegonpeaensn MopgonoruaTa Ha peyHarta
ponvHa. B nogkpena Ha nogobHa MHTEpnpeTauns ca 1 AaHHu-
Te oT AebenuHata Ha cegumenTuTe o1 MC-0, KonTo nokassat
3HauuTenHo yaebenssaHe UIMEHHO NO OCTa Ha Ta3u Npeanona-
raemata (pnyBuanHa naneogonuHa.

WHTepec npeacTaBnsaBaT LaHHUTE OT paspesuTe npu c. 3ro-
purpag, B KOWTO OTAENHM, NpeauMHo rpyb6osbpHecTw, Tena
nokaseaT MOCTENEHHO U3MEHEHME Ha a3nMyTa Ha CTpaHaTa Ha
KocaTa CMOEeCTOCT OT OCHOBATa KbM FOpHULLETO, KOWTO poTupa
4o 90° — Gener, NpUCbLL 3a akPeLWOHHUTE MO NPOM3X0A any-
BUAsTHU OTIOXEHMS.

OcKkbHUTE JaHHW OT Pa3noNOXeHUTE B 3anagHata YacT Ha
u3cneaBaHarta obnacT paspesu He No3BONABAT LETalHa UH-
Tepnpetaumns. Moxe camo ga ce npeanonoxu, Ye B paiioHa
3anagHo ot rp. Bopuey (T.e. 3anagHo OT onucaHus no-rope
npegnonaraem cybmepeanoHaneH BOAOAEN) € CblyecTByBana
apyra obocobeHa, HO Mo-WMpoka chyBUanHa naneoponuHa,
YMATO OC € OpueHTUpaHa B nocoka KOKO3-CCU.

Me3ouuksn MC-1
Cybmesoyuksn MC-1/1

3a cybmesoumkbn MC-1/1, kakTo M 3@ BCUYKW mocrneaBaLy
Me30- 1 CyOMEe30oLMKNM € XapaKTepHa reHepanHa opueHTauus
Ha ceguMEHTHWs naneotpaHcnopT Ha U-OW (dur. 26). EgHo-
MOZanHo pasnpegeneHne Ha AaHHuTe oT nuTtodbaumec Str ce
yCTaHOBSBA B 4acCT OT pa3spesuTe OT panoHa Ha puga KosHuua,
no-ronsMara YacT OT pa3pesuTe OT paloHa Ha JOonuHaTa Ha p.
lMpoboiHMLa, KaKTo M 3a YacT OT pa3pesunTe OT paiioHa Ha Wc-
Kbpckust MPONOM. 3a BCWYKW TSX € XapakTepHa cpegHa Ao
HWCKa aucnepcyst U 6nn3ka OpueHTaUmMs Ha gaHHWTE OT u3-
MepBaHusiTa B nutodaumecn Str n Sp. B cpegHaTa vacT Ha
JonuHata Ha p. lNpoboitHuua ToBa e CBbp3aHo ¢ npeobnapa-
BaLLO MPOrpafaLnoHHOTO HapacTBaHE Ha Cepust OT eNEMEHTU
GB (ncecuTHOROMMHMPaHM MOTOKOBM Makpodopmm) OT Hau-
JonHata yact Ha MC-1/1, KakTo 1 Ha pa3noNoXeHUTe Hafg TaX
enemeHt DA, Hal-QOMHMAT OT KOMTO M3USANO M3rpafeH ot
nutodaumec Sp. MpeobnagaBaHeTo B CTpoeXa Ha enemeH-
TaphuTe anysuannm uuknm (EAL) ot MC-1/1 Ha npegumHo
nporpagaumoHHo Hapacteawy enement DA n SB e obycno-
BUNa nogobHa KapTWHa Ha NaneoTevyeHusiTa W B paspesnTe
npu c. OnnetHs. OpueHTaumsTa Ha U3MEPEHUTE BLTPE B TE3U

€/TeMEHTI BTOPO- 11 TPETOPAHIOBM HUCKOBIbIHM OrpaHnduTen-
HW MOBBLPXHWHM MOYTU HAMbJIHO CbBMafa C OpUEHTaLMATa Ha
cnoectocTTa B nutodaumecn Sp u Str. BepositHo nogobHa e u
npuyMHaTa 3a efHakeaTa OpWEHTaUMs Ha CroecTocTTa B nu-
Tochaumecn Sp u Str B paspesuTe OT cpefHaTa YacT Ha puaa
KosHuua (paitoHa Ha Bp. TOAOPWHM KyKnK), B KOUTO ce Habrio-
[JaBart Tena, uarpafexu ot nutodhauuecy Sp v Str unm ususno
OT nuTodhaumec Sp, YecTo oboraTeHu Ha ncedmuTHa pakLms.

MopoBHa e v kapTuHaTa B YacT oT pa3spesuTe oT Mckbpckus
NporioM, KbAETO HUCKUTE HUBA Ha AUCMEPCUS Ce CBbP3BAaT C
Hepebenu Tena ot enemeHT SB unm LS (cnoectn ncamutHo-
JOMUHUPAHK MOKPOBY), MOKPUBALLW MANOMOLLHW Tena oT ene-
MeHT SG. Mpu TAX eQHOHACcOYEeHOCTTa Ha WHAMKATopUTe Ha
CeAMMEHTEH NaneoTpaHCnopT BEPOSTHO € CBbp3aHa C AeicT-
BMETO Ha MOTOUM MO OTHOCUTENHO CTPBMEH, Pa3nonoXeH
CpaBHUTENHO 6NM3KO 0O WM3aMrHaTa, MOLNOXEHA Ha epo3us
npe3 MC-1/1 nnowy, 0T Naneo3oicku Ckanu y4acTbK OT ceau-
MeHTHUS BaceliH. Mopaam ToBa M3BedeHaTa OT HanpaBeHuTe
N3MepBaHUs NOCOKa Ha CEAUMEHTEH ManeoTPaHCNopT MOXe
Ja Ce M3nonaea 1 Npy PEKOHCTPYKUMS Ha 0COBEHOCTUTE Ha
nokanHus naneopened.

MonumopanHo pasnpedeneHne W 3HauuMma gucnepeust Ha
[aHH1TE MoKa3BaT pa3pesn OT panoHa Ha Bp. KonpeH, MeTpo-
XaH, cpegHata yact Ha MckbpckoTo fedmne u paspesute ot
ceBepou3ToyHaTa yacT BpauaHckusi bankaH. B nocnepHute
NPUCHCTBAT eauHULW, U3rpadeHm ot nutodaumecn Sp u Str, B
KOMTO, OT OCHOBATa KbM FOPHMLLETO, a3UMyTbT Ha CTpaHaTa
Ha KocaTa CMoecToCT NoCTeneHHo poTupa Ao Hag 60° u npea-
nonara Bb3MOXeH narepanHo-akpeLnoHeH Npouaxog Ha Tesu
Tena. B nogkpena Ha ToBa MOXe Aa ce oTbenexu noutu nep-
NeHAVKyNsApHaTa OpUEHTaLMS Ha CPedHUS BEKTOP Ha u3Mep-
BaHusiTa B NuTodhaumec Sp CcnpsiMo Teau oT nutodaumec Str.
PasnpegeneHneTo Ha JaHHUTe OT M3MEpPBaHNSTa Ha OpUeHTa-
LusiTa Ha KocaTa CroecTocT B OCTaHanuTe paspesu e npeanm-
Ho GumoganHo 1 ¢ ymepeHa o cnaba gucnepeus.

Obwata kapTHa Ha ManeoTpaHCMopTHUTE HanpaBneHus B
MC-1/1 (chur. 26) noka3ea eaHa reHepanHa npeopueHTaLs Ha
CeauMeHTHUS naneotpacnopT Ha WN-tOW. U3knioyeHme ot ToBa
NpaBuIo NpaBAT Camo [Ba panoHa — pa3peauTe oT Vckbpckus
nponom mexay ¢. Lleposo v p. MpoboiHuua, Te3n pasmnorno-
XEHN HEMnocpencTBEHO CeBepHO OT p. [pobonHuLa, Kakto u
HaN-IOXHWAT pa3pe3 OT uBuuaTa C. JlakaTHuk-3BepnHo. [laH-
HUTE OT MOCMENHUTE TPW pa3pesa NokaseaT npeobragasallo
CEBEPOM3TOYHA MOCOKA HA ManeoTPaHCOoPT, KOSTO € MoYTK
HanpeyHa Ha obLyaTa OpuUeHTaLMs Ha NaneonoToLuTe.

Bbnpeku, Ye Ha NpbB Morneq gaHHUTE OT anyBuanHuTe ni-
Todhaumecu OT pa3pesunTe B KoxKHaTa YacT MCKbpCKMUs Nponiom
noka3BaT TBbPAE XaoTWUYEH PUCYHDBK, U TYK reHeparnHo Han-
PaBMIEHNE HA PEYHWS CEOMMEHTEH TPaHCMOpT e buno Ha ce-
Bep. M B ABaTa cryyas Tasu npeobnagaBallo CeBepHa opueH-
TauuMs Ha NaneoTpaHCropT BEPOSTHO CE ObMKM Ha Hamndue
Ha pasuneHeH pened, ocobeHocTuTe B MopdonorusiTa, Ha
KonTO e B6un BoaelmsT dakTop 3a 0hOPMSIHETO Ha JloKanHaTa
anyBuarnHa mpexa Tyk. MiamepBaHusTa, HanpaBeHn B eonuy-
HWUTE NUTOhaLMecH OT pailoHa Ha npoxofa lNeTpoxaH u xHa-
Ta YacT Ha VCKbpCKMs MPONOM MoKaseaT, Ye Npe3 Bpeme Ha
MC-1/1 eOnUYHNAT CEQMMEHTEH NaneoTpaHCNopT e 6un Haco-
yeH Npeobnafasallo Ha u3Tok. CTOMHOCTUTE Ha a3uMyTUTE Ha
CTpaHaTa Ha kocaTa CroecTocT B nuTtodaunec Spe ca B rpa-



HULMTe Ha 58°-80°, HOKaTO Tean B NUTOdaLmec Stre nokassar CPefieH BEKTOp MokasBa efHa NpeobnafaBallo M3ToYHa Haco-
no-3HaunmMa aucnepeus (B AuanasoHa 1°-185°). Mauncnennar YEHOCT Ha e0NUYEH NaneoTpaHcnopT.
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®ur. 2. [lnarpammn Ha cpefHaTa OpMEHTaUMsA Ha NaneoTPaHCMOPTHUTE HanpaBneHus, onpeaeneHa Ha OCHOBA Ha M3MepBaHUA Ha kocaTa CNoecToCT, BbB
BCEKU OT M3CreABaHUTE pa3pe3u npe3 BpeMe Ha OTAeNeHUTe Me30- u cy6mesoumknu: a - MC-0; 6 — MC-1/1; B - MC-1/2; r— MC-2/1; g - MC-2/2; e - MC-2/3;
YCNOBHYM 3HauM: 1 — cpegHa NOCoKa Ha anyBuaneH ceAMMEeHTEH NaneoTPaHCNopT; 2 — cpefHa NOCOKa Ha eoNWYeH CeAUMEHTEH naneoTpaHcnopT; 3 — no-
NOXEHMe Ha npeanonaraeM naneoBofoAen, 4 — NNOLWHO pa3npocTpaHeHUe Ha paskpuTuaTa Ha MNTI B u3cnegBaHuaA painoH, 5 — pasnomm ot CbBPeMeHHUA
CTPYKTYpeH nnaH

Cybmesoyukbn MC-1/2 0T u3crefBaHaTta Moy ocTaBa Ha W3Tok; (i) — 3anasBa ce

B HSIKOW OTHOLLEHWS KOHCMrypaLusTa Ha naneoTpaHcnopT- 3HAYEHMETO Ha NokanHuTe 0cobeHOCTM Ha naneopeneda Ha
HWTE HanpasneHus B cybmesoumkbn MC-1/2 (dwr. 28) nosta- tor oT p. [MpoboiiHnLa 1 B AonHaTa 4YacT Ha AonMHaTa i, Kakto
ps Tasu, ot cybmesoumkbn MC-1/1: (i) — reHepanHaTa opueH- 1 t0XHO OT c. JlakaTHuk, npeaussukealy C-CU opueHTauus Ha
TMPOBKA Ha aryBWanHWs NaneoTpaHCnopT B No-rofisimMaTa Yact narneonoTouuTe B TE3W paspesu; (i) — HambNHO ce 3anassa
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kapTuHaTa Ha MnaneoTeyeHWsTa B paspesnTe OT 3anagHus W
ceBepeH pbb Ha MunaHoBCKOTO Mnato, B paiioHa Ha puaa
Kotns, 3ropurpagcko, Kakto W B paspesute OT McKbpckust
nponom ceBepHo OT rapa flakatHuk. Hapep ¢ ToBa ca Hanuue
W HAKOWM OTIIMKM, KAaTO HanpuMep: AaHHWTE OT paspesunTe OT
paiioHa mexgy c.c. IpeBana u MensHe nmokas3BaT HacoyeH
npeaumHo Ha C-CY cegumeHTEH maneoTpaHCnopT (BbMpeky
Mankusi 6poi u3MepBaHws, pe3ynTaTuTe OT PasnoNioXeHNs Ha
for OT TsIX paiioH okono Bp. KonpeH ykaseat 3a npegumHo KOU
Mocoka Ha NaneonoToLMTE B Ta3n YacT Ha CeauMeHTHWs ba-
celH; nopobHa KOHGMrypauust npegronara HanuuveTo Ha
cBoeobpaseH nokaneH “Bogoden’); Hapylasa ce efHoobpas-
HaTa OpWEHTaLMs Ha NOcoKaTa Ha naneoTeyeHusITa B paspe-
3uTe ot puga KosHuua, Ho ce 3ana3sa obLaTa 3a paioHa 13-
TOYHa OpWEHTaLMs Ha anyBuarneH naneoTPaHCopT.

KaTo usino gaHHuTe OT paspesunTe B 3anagHaTa 4yacT Ha pa-
/ioHa, Te3u OT paiioHa Ha p. MpoboiiHnua, kakto oT C3 pbb Ha
MwnaHOBCKOTO NNaTo MoKaseaT NPeAMMHO eaHo- u Gumogan-
HO pas3npegeneHie U cpeaHa 40 HUCKa AMCNEPCHS Ha AaHHUTe
3a naneoteyeHnsita. O6paTHO Ha TsX pa3pesnTe OT panoHa Ha
Wckbpekust nporom, To3u npu ¢. 3ropurpag, kakto u K03 pbo
Ha MunaHoBckoTO nnaTo v npoxoga MeTpoxaH ce xapakTepy-
3upat ¢ NonMMOZanHo pasnpedeneHue 1 BUCOKAa AnChepcus
Ha paHHuTe. OcBeH B pailoHa Ha Vckbpckust nponom, naneo-
MOTOKOBM WMHAMKALMM 33 NaTepanHo-akpeLyoHHO HapacTBaHe
Ha ceauMEHTHW Tena (OTknoHeHwe Hag 60° Ha nocokata Ha
HapacTBaHe Ha nuTodaumec Sp OT NokanHaTta nocoka Ha na-
NeoTpanopT W OT ToBa Ha nuTodhaumec Str B CbLIOTO TANO)
uMa u B paspesute oT puga KosHuua. BuB BCuukn Tax ce
Habnogaea fobpe mpaseHo GuMoganHo pasnpegeneHne Ha
JaHHUTE OT nuTodaumec Sp, npu KOeTo efHa OT MoauTe e
OpWEHTMPaHa NoYT NEPNEHAMKYNAPHO Ha fokanHaTa nocoka
Ha cedVMMEHTEH naneoTpaHcnopT. 3vepeaHuaTa B €0nuYHM-
T€ OTNIOXEHMs OT TOBa CTpaTW-rpacdicko HWBO (nMuTOoMaumec
Stre) B paioHa Ha ¢. LlepoBo v npoxoga lNeTpoxaH nokasear
efHa pagukanHa (cnpsimo cybmesounkbn MC-1/1) npomsHa Ha
nocokaTa Ha eonuyeH CEAMMEHTEH TPaHCnopT — OT npeobna-
AaBaLLo u3ToueH kbm H0-H03.

Me3ouuksn MC-2
Cybmesoyuksn MC-2/1

C HavanoTto Ha nocnegHuaT mesoumkbn MC-2 Ha [leTpo-
XaHcKaTa TepureHHa rpyna (cybmesoumken MC-2/1) ce cBbp3-
Ba Kpas Ha BNWSIHWETO Ha yHacneaeHusT ot aneosos pened
BbPXY KapTuHaTa Ha naneoTeyeHusTa B FOW vact Ha nscneg-
BaHus panoH. MmeHHo npe3 MC-2/1 nocokaTta Ha naneoTpaHc-
nopT B paspesute oT Wckbpckusa nponom mexay c. Lieposo u
p. MpoboiHnLa, KakTo 1 Tasu OT AOMHOTO TeyeHue Ha p. [po-
OoitHnua, 3anagHus pb Ha MunaHoBckoTo nnato u ¢. Jlakat-
HWK CTaBaT efHaKBM C Ta3u B LsnaTa uscneasaHa obnact. To-
Ba € eTarnbT C Hali-eqHoobpa3HaTa KapTuHa Ha CEAMMEHTEH
naneoTpaHcnopT (cur. 2r). 3a yeHTpanHaTa YacT Ha u3cnea-
BaHa NnoLL, nocokaTa Ha naneoTpaHcnopT e Ha KOW, gokato B
M3TOYHaTa M YacT TOW e NMpEeaUMHO Ha U3TOK (C Marku OTKmMo-
HeHust Ha CW B Han-u3TOuHNUTE pa3pesu). EguHCTBEHO B Ham-
3anagHUTe paspesn Ce 3anassa KOHQMrypauusTa, xapakTepHa
3a ropHara vacT Ha mMesoumkbn MC-1, npu kosTo ce 0bocobs-
BaT [BE MOYTW NEPNEHAMKYMNAPHN HANPaBNEHMS HA naneote-
yeHusaTa. 3a pasnuka ot MC-1/2 obave, nocokata Ha ceau-
MEHTEH ManeoTPaHCopT B CEBepHaTa rpyna paspes e rnas-
Ho B Hanpaenenue W-CW. MomobHo Ha MC-1/2 n B TO3M
cybMe30LMKBbIT OCHOBHA rpyna paspesu, Mokassaly e4HOMO-
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AanHo pasnpeaeneHne u yMepeHa A1Cnepcus Ha CTONHOCTUTE
Ha a3MMyTUTE Ha CTpaHaTa Ha CroecTocTTa B NuTodatmecy
Sp u Str, 3aema NpubnUaMTENHO LieHTpanHaTa 4acT Ha W3c-
nefpaHaTa nmnow, — M3TOYHMTE pa3pe3n oT puaa KosHuua,
pa3pesunTe B OXXHWA CKMOH Ha JonuHata Ha p. MpoborHuua,
TO3W OT paitoHa Ha rapa JlakaTHWK 1 c. [lakaTHUK. 3HauuTeneH
e 1 6posT Ha paspesuTe ¢ GUMOAANHO pasnpeaeneHre u yme-
peHa [0 3HauMMa Jucnepcust Ha AaHHuTe. ToBa ca rmaBHO
paspesn oT AonuHata Ha p. lNpoboiHuua, paspesute oT 3a-
nagHus pbb Ha MWnaHOBCKOTO Nnato, KakTo W NOBEYETO OT
pa3pesuTe OT Vckbpckust NponoM. YCTaHOBSBa Ce TeHAEHLNs
Ha HapacTBaHe Ha AucnepcusiTa Ha faHHUTe B M3TOYHA MOCo-
ka. 3a Hal-3anagHuTe paspesu € xapakTepHo bu- n nonumo-
AanHo pasnpefeneHie W ymepeHa 4o ronama Aucnepeus Ha
AaHHuTe. TMonumoaanHo pasnpeneneHne Ha AaHHUTe 3a na-
neoTeyeHnsTa ce Habnoaasa 1 B KpaitHUTe U3TOYHN y4acTbLy
Ha m3cnefBaHaTa nnow,

XapakTepHo 3a cybmesoumkbn MC-2/1 e, Ye NOYTU BCUYKM
n3crnegBaHW pas3pesn NokaseaT WAEHTUYHOCT B TUNA Ha pasn-
PeAeneHne 1 OPUEHTALMS Ha AaHHUTE OT U3MepeHusiTa B nu-
Tocaumecu Str u Sp. Jluncea v xapakTepHOTO 3a enemeHT LA
(naTepanHo-akpeLyoHHN Makpoopmu) OTKIOHsSIBaHE Ha NOHE
efHa OT MoauTe Ha noeeye oT 60° OT cpeaHoOTo 3a ChOTBET-
HWsl pa3pe3 HanpaBneHue Ha naneoTpaHcnopT. ViamepeaHus B
€0MMYHN NUTOhaLMECH MOKA3BaT CPENHO HampaBneHue Ha
€0NMYHUAT NaneoTpaHCnopT (KakTo B nutodaumec Stre, Taka
n B nutogpaymec Spe) B KOU nocoka v nosTaps ToBa OT
cybmesouykbn MC-1/2.

Cybmesoyukbn MC-2/2

3a cybmesoumkbn MC-2/2 e xapakTepHO HapyluaBaHeTo Ha
OTHOCUTENHO eHO0Dpa3HUs PUCYHBK Ha ManeonoTouuTe Ha-
NOXun ce B HayanoTo Ha me3oumkbn MC-2. Kato uysno ce 3a-
na3ga MpeauMMHO W3TOYHOTO HampaBMeHUEe Ha CELMMEHTHUS
naneoTpaHcnopT, Ho, 3a pasnuka ot MC-2/1, B 3anmagHaTa
4acT Ha u3cnegBaHata nnoLy ce rybu NnpoTMBOMOCTABSHETO Ha
[BETE Tpynu OPWEHTMPOBKM Ha naneonotouute (cur. 2a).
Bbnpekn Hskou Bapuauuu (HanpuMep B Han-3anagHaTa 4act
Ha nnowTa, B YacT oT paspeaute no puga KosHuua u B egu-
HWYHM paspesn OT paifoHa Ha p. pobonHuua n Mckbpckuns
NpoMoM) KapTuHaTa OCTaBa OTHOCUTENHO eaHoobpasHa. W3-
MepBaHuATa OT Halt-3anagHUTe YacTu — B panoHa Ha Yvnpos-
ckust MaHacTup, ¢. MensiHe, Bp. Konpen-LXI 1 npoxoaa Metpo-
XaH) MokaseaT MPeaMMHO MOAMMOAANHO pPa3snpeaeneHue W
MHOTO BMCOKM HWBA Ha AMCTEpCUs HA [AaHHWUTE KaKTO B NIUTO-
chaumec Str, Taka 1 B iuTocbaumec Sp, KOeTo He AaBa OCHOBa-
HUWE 3a HannumMe Ha naTepanHo-akpeLMoHHN hopmu.

B octaHanaTa yact Ha u3cneasaHata obnact ce Habnogasa
npearMHo BrMoAanHo pasnpegeneHne 1 ymepeHa aucnepenst
Ha JaHHWTe OT U3MepBaHuUsTa Ha Me3omallabHaTa koca cno-
ectocT. [lonumopaanHocT ce ycTaHoBsABa efjBa B KpanHuTe u3-
TOYHM YacTu — B paroHa Ha rapa bos 1 cesepHo oT rapa Enu-
ceiiHa. OTHOBO B M3TOYHATa YacT Ha NMoLTa Ce yCTaHoBsBa
TUMYHOTO 3a anyBuanHW MOCMEAOBATENHOCTU ChAbpXKaLLW
enemeHT LA 3Hauumo (Hag 60°) OTKNOHEHME Ha OpreHTaumsTa
Ha maneoTpaHcnopTa B nutodauuec Sp oT AOMWHMpaLLaTa
fokanHa Takaea B paspesa. Hepedku ca w criyyaute Ha ef-
HOBPEMEHHO WK NocrefoBaTenHo passuTie Ha enemeHt DA
n LA, koeTo e chopmupano bumoganHa kapTiHa Ha pasnpege-
NEHNETO Ha AaHHNTe, KakTo B inTodauuec Str, Taka v Ha Tean
ot nutochaumec Sp. OcobeH nHTEpPeC NpeAcTaBnsBaT JaHHUTe



OT 3anagHust pb6 Ha M1NaHOBCKOTO NIATO U OT HOXHMUSI CKIOH
Ha p. MpoboiHuLa, KbAEeTo, KaTo Lsno ce Habmoaasa 6nmako
[0 eOHOMOZANHOTO pasnpeseneHie. BebLUHOCT, BCekM eanH
0T pa3peanTe Ha cybmesoumkbn MC-2/2 B TO3n paioH Moxe
pa 6bae nogeneH Ha aBe YacTh: AofiHa — C Mo-BUCOKW CTOM-
HOCTM Ha agucnepeus 1 GuMoaanHo pasnpeaenerme Ha AaHHU-
T€; U 20pHA — C OTHOCUTENHO HUCKW CTOMHOCTW Ha aMcnepcus
W eoHOMOAANHO pasnpedeneHue Ha faHHute. [paHuuaTta
MeXay Teau [ABe YacTu Ce MapKkupa OT W3BECTHO orpybsiBaHe
Ha nuTodbaLMecuTe, NoBULIABAHE KONMWMYECTBOTO Ha dhenaL-
naTi B CKanuTe Hap Hesl M UMa dopmata Ha crabo orbHaTa
Haflony NOBbPXHOCT. Tean pa3pesn nonaaaT YCroBHO Ha eAHa
nuHKa ¢ opueHTauws K03-CI.

Hain-mHoroBpoiiHuTe 3mepBaHus (kato obLy Opoii 1 KaTo
Opoit pa3peau, B KOUTO Ca HaNpaBeHM) Ha EONUYHI TEKCTYPU —
WHAMKATOPU Ha CeaMMEHTEH NaneoTPaHCNoPT ca HanpaBeHu B
ckanute ot cybmesoumkbn MC-2/2. 3a pasnuka OT LOMMHU-
palaTa B npeaxopHute Asa cybmesoumkbna (MC-1/2 n MC-
2/1) HOKO3 nocoka Ha €0nMYEH naneocTpaHCnopT, B TO3U Ce
Bb3CTaHOBABA XapakTepHoTo 3a MC-1/1 u3TouHO Hanpasne-
HWe Ha BETPOBWS TpaHCMopT (cur. 28-a).

Cybmesoyuksn MC-2/3

[aHHuTE, CBbp3aHM C OpueHTauMsTa Ha  naneo-
TpaHCnopTHUTE noToun B cybmesounkbn MC-2/3, ca TBbpae
HepaBHOMEPHO pasnpeaeneHu no nno. OT eaHa cTpaHa ToBa
Ce AbITKW Ha HefocTaTbyHaTa PasKpPUTOCT Ha TO3W MHTEpBan
NpeauMHO B 3anafHaTta 4acT Ha usyyaeaHa nnow. OT apyra,
nopaam ocobeHOCTUTE Ha CTPOEXa Ha eNeMeHTapHUTE anyBu-
arnHn LUWKIW B TO3M CyOME30LMKbI1, TYK NMnceaT JOCTaTbyHO
(kaTO MOLUHOCT W 4YecToTa Ha cpeljaHe) u aobpe paskputu
PYCIOBM OTMOXEHUS, KOWTO Aa NO3BOMAT HabupaHe Ha AaHHN
3a naneoTpaHCcnopTHUTE HanpasrneHus. Hai-
pasnpoCTpaHeHNs MOAEN Ha pasnpedeneHne Ha AaHHuTe e
BumogantuaT. MonumopanHo pasnpeaeneHne ce Habnopasa
Camo B LiEHTparHarta 4yacT Ha pailoHa — rmaBHO No 3anagHus
pbb Ha MunaHosckoto nnato (dwr. 2e). EaHomoganHo pasn-
pedeneHne nokassaT AaHHUTE OT Hai-CeBepHaTa M Hau-
M3TOYHaTa YacT Ha nnowwra. flucnepcusta Ha JaHHUTE e yme-
peHa 1 cnabo ce noBulLaBa B M3TOYHMTE YacTu. Hanuue ca
MHOXECTBO yKasaHWs 3a LUMPOKO pa3npoCTpaHeHue Ha ene-
meHT LA B u3cneapaHata nnowl. Hapepn ¢ ToBa, B peauua pas-
pesu, MOMyYyeHUTe OT WM3y4aBaHETO Ha MarneoTpPaHCrlopTHUTE
HanpaBneHns [aHHW yKkassaT 3a PaBHOCTOWHO MM Jopw 4o-
MUHMpALLO pa3suThe Ha enemeHT DA. Hai-3Hauumu ca nmpo-
MEHMTE B KapTMHaTa Ha NaneoTpaHCrOPTHUTE HaNpaBNeHus B
KpaiHWTe M3TOYHW PaiioHK Ha NOWTa U Haln-Beve B paspesn-
T€ OT MBMLaTa Mexay c.c. JlakaTHuK n 3BepuHO, B KOSTO B ABa
CbCe[HW pa3pe3a MoraT fa ce HabmoaasaT neprneHanKynspHo
[0 NPOTUBOMOMNOXHN OPUEHTUPAHU CPEAHWU HampaBneHns Ha
naneonotounte (cpur. 2e). AIMeHHO TyK, 3a MbpBM MbT Cheq
MC-0, B Hal-CeBEpOM3TOYHUTE YacTW Ha M3yyaBaHara nnoL
Ce Bb3CTaHOBSBA CEBEPOW3TOYHOTO HanpaBneHue Ha ceau-
MEHTEH naneoTpaHcnopT. Eonuynn nutodaumecy ca ycraHo-
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BEHM B palioHa HEMOCPEeACTBEHO CEBEPHO OT rapa JlakaTHuk.
ViamepBaHusiTa Ca OCHOBHO B eApoMalLalbHi cepun OT NINTO-
taumecn Spe u Stre. Pesyntatute couyat npeobnapasallo
HaCOYeH Ha WM3TOK ManeoTPaHCopT Ha CeANMEHTHUTE MaTe-
puanu. MogobHo Ha cybmesoumkbn MC-2/2, 1 Tyk nocokata Ha
€0MMYEH ManeoTpaHCNopT CbBnaja C fokanHata nocoka Ha
anyBWarneH TpaHCmopT.

YcnoBust 3a npoBexaaHe Ha no-mawabHu u3mepBaHus Ha
CTpaHaTa W HakMoHBLT Ha NockaTa NOBbLPXHOCT U Ha OPUEHTY-
pOBKaTa Ha Abnrara oc Ha NMoCckK NCeUTHN KbCOBE B Tena ¢
UMOpMKaLMOHHA TEKCTYpa Ca Hanuue eaWHCTBEHO B CkamuTe
Ha cybme3soumknm MC-1/1 u MC-2/1. lMpasw BnevyatneHue, Ye
W ABeTe U3cneaBaHu cTpaTurpadicki HUBA, Nokaseat npeaum-
HO BWCOKM HMBA Ha aucnepcus Ha AaHHuTe. W3Bepenute
CPedHW MOCOKM Ha NaneoTpaHCropT HambiHO MOBTApST pe-
3ymnTaTuTE, NOMyYeHN OT CTpaHaTa 1 HaKnoHa Ha MesomalLad-
Ha nrockonapanenHa W MyngoBugHa Koca CroectocT (MuTo-
chauvecn Sp n Str). Baumaikn B npeasug ToBa, KakTo M 3aT-
PYOHEHUSTA Npu TepeHHaTa paboTa, KOMTO CbMbTCTBAT TO3M
aHanus B u3crefsaHa noLL, MOXe Aa ce Hanpasy 13Boaa, Ye
TOW e HenoaxoAsLL 3a nocrezpalla AeTannusaups.

3aknroyeHue

PesynTaTute OT HAaCTOALLOTO M3CeaBaHe CBUAETENCTBAT 3a
nocTeneHHo hopmupaHe Ha eguH obwmpeH (HedparmeHTy-
paH) paHHOTpuacku cegumeHTauynoHeH baceiH B C3 bora-
pusi. MiacneaBaHata nnoLy, B KOSTO MOCTENEHHO Ce Hanara Ha-
COYEH Ha W3TOK CEAMMEHTEH ManeoTpaHCnopT, Han-BEPOSITHO,
e buna pasnonoxeHa B CPaBHUTENHO nepudepHaTa YacT Ha
T031 BaceitH. BbTpe B HEro ce yCcTaHoBsBa 3aBapeH OT Tpuaca
W BOCTATBYHO KOHTPACTHO M3ABEH Ha MecTa naneopened,
KOMTO e OKa3Bar JIoKanHo BNWSHUE Ha Tuna, Malyaba Ha yTan-
KOHaTpynBaHeTo, Ha MOPCHONOTNATa Ha CEeAUMEHTHUTE Tena U1
Ha pervoHanHuTe 1 NokanHu 0cobeHOCT Ha nocokaTta Ha ce-
AUMEHTEH NaneoTpaHcnopT.
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OCOBEHOCTU HA MATHUTHATA TEXXKA MUHEPAITHA ®PAKLUA OT AONMHOTPUAC-
KUTE KOHTUHEHTAINHW OTNOXEHUA B YACT OT 3AMNAQHA CTAPA NMNAHUHA

leopau AlidaHnuiicku, Padocmun lMa3depos
MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; ajdansky@mgu.bg, rpazderov@abv.bg

PE3KOME. Ha ocHoBata Ha uuknocTpaTurpadicka nogsinba Ha MeTpoxaHckata TepureHHa rpyna (gorneH Tpuac) oT paioHa 3a 3anagHa Crapa
NnaHuHa e U3yyeHa v xapakTepuavpaHa MarHTHaTa Texka MuHepanHa bpakuus B HEHUTE KNaCTUYHUTE KOHTUHEHTAmHW ckanu. MNpeacTaBeHu ca
XOMOTeHHM 1 NonudasHn AETPUTHI 3bpHa, M3rPAAEHN OCHOBHO OT MUHEPANM OT MarHeTUT-XpOMMTOBATA rpyna (MarHeTuT, TUTAaHOMarHeTUT 1 yn-
BbOLLMMHEN), UIIMEHWUT, XEMATUT U MUPOTMH. MpPUCHCTBAT OLLE CUAMKATHW (ONMBMHOBM) 3bpHA C BKIKOYEH B TSX TUTAHOMArHeTUT, BIOCTUT M
marxemuT. [pu aHanu3bT Ha JaHHUTE € NpunoxeHa npeanoxera ot Grigsby (1990) knacudmkalmoHHa anarpama CbriacHo KosTo aeTputHu Fe-Ti
OKCUAHM 3bpHA Ce MOAENAT Ha TPU rPYNM — XOMOTEHHI MarHeTUTOBM, MarHeTUT-yrBbOLLNMHENIOBY W1 MArHETUT-UNIMEHNTOBW. CHOTHOLLEHWETO Ha
TE3W TPW rpynu 3bpHa NO3BONSBA MAEHTU(MMLMPAHETO Ha Bb3MOXHATa NOAXPaHBALLA NaneonpoBMHLMA KaTo NAoLL, NO3nLmMs 1 CTPoeX. B3 ocHo-
Ba Ha MONy4YeHNTe pe3ynTaTi ca HanpaBeHu Naneoreornadckm U3BOAN 3a Pa3BUTUETO HA M3yYaBaAHUST PaoH Npes YacT OT paHHOTpUackarta eno-
xa.

CHARACTERISTICS OF THE MAGNETIC HEAVY MINERAL FRACTION FROM THE LOWER TRIASSIC CONTINENTAL BEDS
IN PART OF WESTERN STARA PLANINA

George Ajdanlijsky, Radostin Pazderov

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

ABSTRACT. On the base of cyclostratigraphic subdivision of the Petrohan Terrigenous Group (Lower Triassic) it is characterized the magnetic
heavy mineral fraction of its clastic continental beds. It is presented homogeneous and polyphasic detrital grains, built up mainly by minerals from
magnetite-chromite group (magnetite, titanomagnetite and ulvospinel), ilmenite, hematite and pyrrhotite. Silicate (olivine) grains are found that in-
clude titanomagnetite, wustite and maghemite. During the analysis of the data it was applied the classification diagram of Grigsby (1990) according
which the detrital Fe-Ti oxides grains are subdivided into three groups — homogeneous magnetite, magnetite-ulvospinel and magnetite-ilmenite
ones. The ration between these groups of detrital magnetic grains permits the identification as area, position and composition of the possible pale-
osource area. On the base of the obtained data it was done paleogeographical conclusions about the development of the studied area during part
of the Lower Triassic time.

BbBeaeHue pervoHanHu eguHuum, Hapevenn mesouuknn (MC) — pgoned
CBEOEHUSTA 33 CUCTEMATUYHU M3CTedBaHMs Ha Texkata (MC-0), cpepen (MC-1) u ropeH (MC-2). CpeaHusT mesouu-
MUHeparnHa ¢pakums B ckanute Ha lNeTpoxaHckaTa TepureHHa Kbfl, OT CBOSI CTpaHa, € NoferneH Ha Aga cybmesouukbia —
rpyna y Hac ca ockbaHu. ONuT B Tasu Hacoka npasu [Hoesast  AoneH (MC-1/1) u cpepen (MC-1/2), a ropHusT Ha Tpu cyGme-
(1962), KosiTO U3yyaBa “GyHT3aHAlaitHa" B YacT oT bepkoc-  30UMKbNa — cboTBeTHO AoneH (MC-2/1), cpener (MC-2/2) u
kaTa 1 BernorpaaumLLKaTa euHILa, a MONy4YeHNTe pesynTaTy ropeH (MC-2/3), oTrosapsilyy Ha OTAenHUTE (hasu oT passuTK-
u3nonaga 3a cTpaturpadckm Lenum. Hactoswoto nacneasaHe €70 Ha Me3oLMKIuTe. B MHOrO OTHOLIEHNS OTAENEHUTE LinK-
NpeLCTaBnsBa 4YacT oT no-MalabHo cTpaTturpadicko W nuTo- NUYHOCTPATUrPadbCKi rpaHNLM ¥ eANHNLM — Me30- 1 cyBme3o-
baumanHo n3cnenBaHe Ha KOHTUHEHTANHUTE KNacTUYHK CKamu LUMKNK, OTTOBAPAT Ha XapaKTEPUCTUKNTE Ha CEKBEHTHOCTpa-
Ha MeTtpoxaHckata TepurenHa rpyna (MTT) B obxsata Ha bep- TUrpacpCKkil TPaHULM U €4NHULY, MPUaraHin B U3LANO anysu-
KoBckaTa efiuHuLa — 3anaaHa CTapa nnaHuHa. alnH1Te nocrnefoBaTenHoCTU.
Matepuan v meToam OnpoGBaHK ca rMUHECTH-, TPABUIHM- U YaKbMECTN NSChYHK-

Ly OT PYCIIOBM OTNOXEHUS NPEAUMHO OT [OMHaTa 4acT Ha Me-
30- 1 cybmesouuknute. [JobvBaHeTo Ha TeXka MMHepanHa
dpakumus € peanuampaHo ot npobu ¢ uaxogHo Terno 8-10 kg
no cxemata onucaHa ot Kupssosa u Wnues (1974). Creq ge-
3MHTErpauus 40 AOCTATbYHO MbJIHO pasKpUBaHe Ha MOHOMU-
HepanHW 3bpHa ¥ HaboraTABaHe MOCPEACTBOM MPOMMBAHE C
BOAA € J0DUT KOHLEHTPAT OT TEXKU MUHEpPanM (LW/iux cbrnac-

3a uenuTte Ha W3CreaBaHETO ca M3yyeHn u onpobBaHu 34
Opos paspesn Ha [Tl oT paiioHa Ha Bepkoeckata egnHMua
(cpwr. 1). Baetn ca obwo 114 6pos. MpuBbp3BaHETO Ha Npo-
Bute ce 6asupa Ha npegnoxeHata ot AigaHnuiickn (2005)
uuknocTpaturpacdcka nopsinba Ha [Tl B koATO, Bb3 OCHOBA
Ha JMTONOXKW W NUTOaLManHu AaHHKM, Nogens B paspesnTe
Ha [TT OT M3y4eHns paiioH TpU anoLMKITMYHW (aNOreHeTNYHN)
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Ho Bakanos, 1977). Taka nonydyeHata wnuxosa npoba e pas-
JensHa Ha egpa u gpebHa dpakums. OT gpebHata Lwnmxosa
hpaKLys e OTCTpaHeHa nekata MuHepanHa pakuus, a B Tex-
kaTa ca oTaensHu marHuTtHa (M®), enekrpomarHutHa (EM®) n
HeenekTpo-marHutHa (HEM®) Texka MuHepanHa pakuum.
[TbpBOHaYanHo MarHuTHaTa Texka MuHepanHa dpakuns e
u3yyeHa nog OwHokynsipeH crepeommkpockon “Carl Zeiss”
Jena. Cnep cnosieaHe B TabneTu 1 nonupaHe, cbluata e usy-
YeHa ¥ nog MuKpockon 3a oTpaseHa ceTnHa AMPLIVAL
(VEB “Carl Zeiss” Jena) c hoTonpucTaBka 4 Ha CkaHupaLy
enekTpoHeH mukpockon JEOL JMS 35 CF ¢ peHTreHoB MUKpo-
aHanusatop Tracorn TN-2000 (EDS-wetog npu pexum: 20
keV, 2x10 A). MpOLEHTHOTO NPUCHCTBIE HA MUHEPaNuUTe BbB
npobuTe e onpeseneHo Bu3yanHo npu nonasaxe Ha AGI Data
Sheet 15.1-2 (Dutro et al., 1989).
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8p. KonpeH

3
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MaxegoHis

®ur. 1. Cxema Ha pa3npocTpaHeHue Ha paskputuaTta Ha letpo-
XaHcKaTa TepureHHa rpyna B u3crieaBaHus paiioH

Mpu n3yyaBaHeTo Ha AeTpuTHK Fe-Ti okeugHM 3bpHa e npu-
noxeHa KnacudukaumoHHata auarpama Ha Grigsby (1990),
KOSITO, Ha OCHOBAaTa Ha TEXHWS CbCTaB M CTPOEX M NOAENS Ha:
XOMOreHHW MarHeTUTOBHW, MarHeTUT-yNBLOLUNUHENOBM U Mar-
HETUT-UNIMEHUTOBH, MO3BOMABA TEHETUYHO OOBbLP3BAHE Ha
LETPUTHUS MaTepUan C BEpPOSITHUTE My M3TOYHULM CPEf Mar-
MEHWUTE U MeTamopdHuTe ckanu. lMopaan TBbpAe HesHaun-

Mo

TENHUTE CbObPXaHUA Ha MarHUTHa TEXKa MuHepanHa cpak-
uns B npobute oT cKbpckist MPONoM B MHTepBana Mexay C.
LlepoBo 1 max. LiapuHa (Vickbpcku nponom), Te He ca BKtoYe-
HW B HACTOALLMS aHanus.

Pe3yJ1TaTVI OT u3cnenBaHeTo
O6Wwwm gaHHK

OTHOCUTENHWAT AAN Ha MarHWTHaTa Texka MuHeparHa
thpakuws B u3cneasaHuTe npobu Bapupa B OTAENEHUTE Me30-
1 cybme3oLmKknmn — kakTo B cTpaTurpadckus paspes, Taka v no
nnoLy BbTpe B TaX (cpur. 1). Hai-Huckn cbabpxaHus Ha mar-
HUTHA TeXKa MUHeparnHa pakuus B ckanure OT ME3OLUKBIT
MC-0 — ot nopsigbka Ha 12-15%, nokassat npobuTte OT KoXHa-
Ta YacT Ha Mckbpckus NMponoM, a Hai-BUCOKM (CPedHo Hap
50%) — Tean 0T paiioHa Ha puaa KosHuua v oT 3anagHus pbo
Ha BpauaHcka Ctapa nnaHuHa. MexauHHO nonoXeHue Mexay
T€3n ABe rpynu 3aemat npobute OT Hai-3anagHaTa YacT Ha
NNoLLTa, OT CeBEpHaTa YacT Ha VICKbpCKUs MPONOM W OT paino-
Ha Ha ¢. 3ropurpag.

Konn4yecTBOTO Ha MarHUTHaTa Texka MUHepanHu dpakuum
Ha LWnnxa B ckanute ot cybmesoumkbn MC-1/1 ce meHu CbLuo
B LUMPOKK rpanuum (cpur. 26). Otyetnueo ce obocobseat ve-
TUPW rpynn Npobu: (/) TakmBa, B KOUTO TS MOYTW HAMbHO AO-
MWHUMpa — Npobu OT paitoHa Ha c. 3ropurpag v 3anagHo oT He-
ro); (if) npobu, Noka3BaLLy OTHOCUTENHO BMCOKW CbObpXKaHWs
Ha MarHWUTHa Texka MuHepanHa pakums — NPeaMHO OT 3a-
nagHus pub Ha BpayaHcka CTapa nnaHuHa W B YacT OT Jonu-
HaTa Ha p. MpoboiHuua (max. M'ybucnas)); (i) npobu, B kouto
MarHuTHa Texka MuHepanHa pakums noYTU HambIIHO OTCHC-
TBa — Npobu OT pa3spe3unTe B MCKbpCKMS Nponom B MHTEpBana
CEBEpHO 0T rapa boB 1 1xHO 0T p. MpoboiHuua.

KaTo usno, genmbT Ha MarHuTHaTa Texka MUHepanHa gpak-
Uus B npobuTte OT ckanuTe Ha cybmesounkbn MC-1/2 Hamans-
Ba (cpur. 26). OT HayanoTo Ha me3oumkbn MC-2 ce Habnoga-
Ba €HO OTHOCUTENHO YeAHaKBSIBAHE Ha CbOTHOLIEHNeTo M-
EM®-HEM® BbB BCMukM Mpobu OT paiioHa, kaTo npu ToBa no-
BEYeTO OT NpobuTte nokaseat HeBMcoko (nog 50%) cbabpxka-
HWe Ha MarHUTHa Texka MuHepanHa dpakums (dur. 2B).

O-Mc-2i3
0O-Mc-212
- MC-2A
A-MC-112
A- M-
O-MC-0

Md

HEM® 50 EM®

EM® % EM®

®ur. 2. [lnarpamu Ha CbOTHOLIEHUETO Mexay MarHuTHaTa (M®),enektpomariuTtHata (EM®) u HeenektpomarsutHata (HEM®) Tex-
Ka MMHepanHa pakumn B U3KYCTBEHUA LWNMX OT CKanuTe oT Me3oumknu: a — MC-0; 6 — MC-1; B - MC-2 ( B 06.%)

MuHepanorus
B n3yyeHuTe npobu MarHMTHaTa Texka MUHepasHa pakuus
€ MpeACTaBeHa OT XOMOreHHU W NonudasHu JETPUTHU 3bPHa,

n3rpageHu OCHOBHO OT MUHepanu Ha MarHeTuT-xpomuToBaTta
rpyna (MaFHeTVIT, TUTAHOMarHeTuT u yJ'IBbOLIJI'IVIHeI'I), UNTMEHMUT,
XeMatut U NUPOTUH. CpeLu,aT Ce ole 1 CMnnKaTHn (OJ'WIBVIHO-



BM) 3bpHAa C BKMIOYEH B TAX TWUTAHOMArHeTWUT, BIOCTUT W
Marxemut. Hai-LUMPOKO 3aCTbNEHN Ca XOMOTEHHUTE 3bpHa OT
marHeTuT. o chopma Te BapupaT OT pbOEeCTH 10 MHOro 100pe
3ao0bneHun 1 Jopu 3arnageqy 3bpHa. Paako B TAX npucbCTBaT
ApebHN CyNMOHN UMW CUNMKATHW BKIIOYEHMS. XOMOreHHNUTE
3bpHa MoraT Aa 6baaT CBeXu (HEMPOMEHEHMW) UMM NPOMeHe-
HW. Mpun nocnegHuTe, Halt-4eCTo OT NepudepusiTa HaBbTpE, a
CbLLUO M OT NYKHATMHK UM NOPK HABbTPE KbM 3bPHOTO, € pas-
BUT nogobeH Ha Mpexa Opeon OT ThHKM NaMenu Xemarur,
OpWEHTUPaHK NapanenHo Ha kpuctanorpadcku pasHUHKM {111}

(dour. 3a).

MonudasHuTe 3bpHa ce NOAENAT Ha ABEe OCHOBHM rpynu: (i)
3bpHa OT MarHeTUT-UIMEHUTOBM CPacTbLM, NpeacTaBeHu oT
uHu 0o febenu namenu OT UNMEHMT, YECTO PasBUTU B TpU
HanpaeneHus, napanenHn Ha {111} paBHWHM Ha MarHeTwTa
(cpur. 36), nnm KOMNO3WTEH TN 3bpHA, NPEACTaBNSBALLM OT-
CMECBaHUs Ha aHXedpaneH 0o eBxeapaneH UNMEHUT B MarHe-
1T, Be3 sicHa CTPYKTYpHa OPUEHTUPOBKA; U (i) 3bpHa, npeac-
TaBnsBaLy “obnakonogobHU” OTCMECBaHWS Ha YNBLOLUMUHEN
(Fe290Tio.01Al0.08)Os.00 B MarHeTut (cour. 3e).

OrpaHuyeH 6poi npobu cbabpkat (¢ur. 38) unu ca gomu-
HWUpaHU (cour. 3r) OT CUNUKATHU 3bpHA, U3rPaAEHN NPEaUMHO
ot asnut (Fe194MgoosCaoor)[Sir0200.98]4 1 xeneauct copc-
TEPWUT, B KOWUTO Ca BKITIOYEHW CKENETHU (Halt-4eCTO KPBCTOMO-
[06HM No hopma) Kpuctanu OT TUTaHOMarHeTuT (dwr. 3B —
nsBa 4acT), No-psoKo BIOCTUT (cour. 3XK) MAW M3OMETPUYHM
BKIMKOYEHMS OT MarxeMut. B HaKkomnko oT npobute — OT paiioHa
Ha Bp. KonpeH, YnnpoBckus MaHacTup W cpegHaTa 4vacT Ha
ponuHata Ha p. MpoboiHuua, ce ycTaHoBsiBa NPUCHCTBUETO
Ha 3bpHa OT JEeTpUTEH (DasiUT C BKIIOYEHWN B HErO CKENETHM
KpuCTanu Ha MuHepanu OT MarHeTuToBaTa W XemaTutoBaTta

rpynu.

B Hsikonko npobu ot ckanute Ha cybmesoumken MC-2/1 npu-
CbCTBAT MarHeTUTOBW 3bpHa, B KOWUTO CE CbAbpXaT HE3ao0-
NEHW 3bpHa OT TEPUreHEH KBapL, C NpopacTBaHus OT cyndnam
(rnaBHO nupwT) (cbur. 3a4). B TAX MarHETUTLT CyXM 32 OCHOB-
Ha mMaca (MaTpUKC), B KOSITO Ca BKITIOYEHN 3bpHATa OT AETPUT-
HWS KBapL, JOKATO MUPUTBLT WU3rpakaa NEHTOBWUAHM W NPbCTE-
HOBWAHW arperaTi C HeMpaBuIHa hopMa, NoHsKora 0bBMBaLLM
KBapLOBUTE 3bpHa. [MPOTUHBLT € npeacTaBeH nog dopmata
Ha eAVHWYHM, NPeaUMMHO CBEXM, pbbecTu 3bpHa, kaTo npu-
CbCTBA B NpoOWTE, B KOWUTO CE YCTAHOBABAT W OMNMBMH-
MarHeTMTOBM 3bpHa.

MnowHa u ctpaturpadcka xapakrepucTuka
Bbnpeku pasHoobpasneTo B CbCTaBbT HA MarHUTHaTa Texka

MWHepanHa dpakuus OT ckanute Ha cybmesoumkbn MC-0

(qpur. 4a), acHO ce 0dopMAT ABE OCHOBHYW rpynu 0beamnHsiBa-

Lu:

() npobw, B KkOMTO npeobragaBat 3bpHa C MarHeTWT-
YNBBOLLMMHENOBM OTCMECBaHMA. TOBa ca rmaBHO Npobu ot
paiioHa Ha Wckbpckus mponom (B MHTepeana mexay c. Lle-
POBO ¥ rapa JlakaTHuK), KakTo M TakuBa OT paspesuTe OT
cpepHaTa YacT Ha gonuHata Ha p. MpobGoiHnua u oT Hait-
3anagHata 4acT Ha paiioHa (Bp. KompeH n YunpoBckm ma-
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HacTup). B nocneaHMTe HaMbMHO OTCLCTBAT 3bPHA Chbp-
KalLy UMMEHUT;

(i) Npobu, AOMUHMPAHM OT XOMOFEHHM MarHEeTWUTOBU 3bpHa,
CbAbPKALM W TakMBa C UIMEHUT-MarHeTUTOBI CPACTbLM.
Te xa xapakTepHu 3a paspesuTe OT paitoHa Ha puaa KosHu-
Lia, 3anaaHara 4Yact Ha BpadaHcka CTapa nnaHuHa u paspe-
31Te B paitoHa okono ¢. OnneTHs B VcKbpcKis Nponom.

MeXanHHO NoMnoXeHne Mexay Tesw 4Be rpynu 3aemar npo-
OuTe 0T paspesa ceBepHO OT rapa JlakaTHUK 1 TO3M K0XHO OT C.
3ropurpag.

B npobute npeobnapgasat HesaobneHuTe fo cnabo 3aobne-
HU 3bpHa. MPOMeHN Mo NOBLPXHOCTTA Ha 3bpHaTa He ca ycTa-
HOBEHM.

lonsimMo e pasHooOpasMeTo OT CLOTHOLLEHUS MEXZY TpuTe

TMna getputHK Fe-Ti okcuaHu 3bpHa 1 B ckanuTe oT cybmeso-

umken MC-1/1. Bbnpeku TOBa, Morat ce 060COBAT HSKOMKO

OTHOCUTENHO eaHOPOAHM rpynu (cpur. 46) oT:

(1) npobu, U3rpageHm M3KNKYUTENHO CaMO OT XOMOTEHHM Mar-
HETUTOBW 3bpHa. KbM Taau rpyna npuHaanexar npobute ot
paspesute Ha [T B yyacTbka Mexay npoxoga [leTpoxaH
(BkntounTtenHo) u p. MpoboitHMLA, OT HXHMS CKMOH Ha Lo-
nuHaTa Ha p. MpoboiHuua, 1 0T OKONMHOCTUTE Ha Max. by-
uute B Vickbpckus nponom. Bewdku Te nexat Ha egHa cna-
60 orbHaTa Ha ceBep NuHUS ¢ asumyT okono 100°. 3bpHata
ca CBexu, He3aobneHu o cnabo 3aobneHu;

(2) npobu, B kouTO npeobragaeaT 3bpHaTa OT XOMOrEHEH
MarHeTuT, HO B MO-TONsIMaTa C YacT Te ca CUMHO 3arnaje-
HW 0O 3a06neHu 1 B 3HaYMTENHa CTeneH XemaTuUTU3VpaHW.
TakuBa ca npobute 0T paitoHa Ha Bp. KonpeH u ¢. MensHe;

(3) Npobm, CbCTaBeHM OT NOYTU €AHAKBW KOMYECTBA 3bpHa OT
XOMOTEHEH MarHeTUT W TakuBa C OTCMeCBaHWs Ha yn-
BbOLUMMHEN B MarHeTuT. 3arnageqn ca camo 3bpHaTta oT
XOMOTEHEH MarHeTuT, [oKaTo YNBbOLUNUHEN-MarHeTUTOBUTE
ca npeaumHo pubectn. KbM Tasn rpyna npuHagnexar npo-
BuTe OT paioHa Ha Mckbpckust Nponom, B MHTEpBana mexay
rapa JlakaTHuk u PagoB BpbX;

(4) npobu, B KOUTO AOMWHMPAT MarHETUT-YNBbLOLLMMHENOBUTE
3bpHa. ogobHo Ha npobuTe OT BTOpaTa rpyna n Tyk ce
HabntogaeaT npeanMHO 3a00MneHn M ¢ OKucreHa nepude-
pns 3bpHa. KbM rpynata npuHagnexar npobute ot paioHa
t0XHO OT C. [peBana 1 YnnpoBCKkM MaHacTup;

(5) npobu ¢ OTHOCMTENHO €OHAKBO KOMMYECTBO XOMOreHHM
MarHeTUTOBM W WIIMEHWUT-MArHETUTOBMA AETPUTHA 3bpHa.
MogobHo Ha TpeTaTa rpyna u TyK 3arnageHu ca npeauMHo
XOMOTEHHUTE 3bpHa, [OKaTO MonmdasHUTE ca NPeguMHO
pbbatn oo cnabo 3aobneHun. Yact oT MoHoasHUTe 3bpHa
ca ¢ okucrneHa nepudepws. pynata BkmoyBa npobute ot
3anagHus u ceBepeH pbb Ha MunaHoBCKOTO MyaTo W Te3n
OT paiioHa Ha ¢. 3ropurpag.

B toBa cTpaturpadicko HUBO He3aobneHun 3bpHa OT AeTpu-
TEH ONMBMH U (PasiuT, C BKITKOYEHU CKENETHW KpUCTanm OT
MarHeTuT, Ce YCTaHOBSIBAT camo B NpobuTe OT JonMHaTa Ha p.
MpoboiHunLa OT MbpBa rpyna 1 BbB BCUYKKM Npobu Ha nocnes-
HaTa rpyna.



50 um

50 pm

100 pm

50 pum
I

50 um

50 pum
—

®ur. 3. CbcTaB M CTPOEX Ha AETPUTHUTE 3bPHA OT MarHUTHaTa TeXKa MMHepanHa dpakuma Ha ckanute Ha MTI ot 3anagHa CTapa nnaHuHa: a — NOBBLPX-
HOCTHa NPOMSsIHA Ha MarHeTUT (CMBO) B XemaTuT (6510), KaTo XeMaTUTLT € Pa3BMT BbB BUJ Ha TbHKM Namenu, ycnopeaHu Ha {111} (BnsaBo), u ckenetHn
KpUCTanu oT TUTaHOMarHeTuT BLB (hopcTepuT-chasnuToBa Maca (BascHO) (3anageH pb6 Ha MunaHoBckoTo nnato, MC-1/1); 6 — oTcMecBaHe Ha TbHKM
namenu oT MNMeHMUT (CMBO) B MarHeTUT (64n0) no Tpu HanpaBneHus, napanenHu Ha {111} (ceBepHo oT ¢. OnnetHs, MC-2,3); B — xeTeporeHHa npoba, Cb-
Obpxawa: (i) cBexu, pbbecTn 3bpHa OT (hasNUT ¢ N30METPUYHU BKNIOYEHUSA OT MarHeTuT; (i) cnabo 3a06neHn KOMNO3NTEH-TUN MAarHETUTOBM 3bpPHa; (iii)
nobpe 3a06nenn, cnabo NnpomeHeHn no nepudepusaTa (XemMaTUTU3NPaAHN) XOMOTEHHN MarHeTMTOBM 3bpHa (c. 3ropurpag, MC-2/1); r — cBexu, pbbecTun
3bpHa OT (hasnuT ¢ N30METPMYHM BKNtoYeHus oT marxemut (K03 ot rapa JlakatHuk, MC-1/1); & — BoGpe 3a0651€HO 3LPHO OT MarHETUT C BKNIOYEHW B HETO
3bpHa OT cnabo 3a06neH TepureHeH KBapL 1 cynguan; TbMHUTE NeTHa B 3bPHOTO Ca OTNeYaTLK OT No-eApH 3bPHA AETPUTEH KBapLl, OTPOHEHW NpU noa-
rotoBKka Ha npenapata (c. Mensne, MC-2/1); e - marHeTuT (CBETNOCMBO) C “06nakonofoOHM” 0TCMeCBaHUA OT YNBLOLINMHEN (CUBOPO30BO) (CeBEPHO OT
rapa JlakatHuk, MC-2/2); x — ckeneTHM KpuCTanu BIOCTUT (CBETIOCUBO) BbB (hasnMTOBa OCHOBHA Maca (cvBO-kadsiBOCMBO), C Ape6HU M3OMETPUYHM
BKNIOYeHns oT cyndmuam (xwunto) (Max. ly6ucnas, cpeaHa YacT Ha gonuHata Ha p. Mpo6oiHuuya, MC-0); 3 — KOMNO3ULIMOHHO 3bPHO, U3rPaAEHO OCHOBHO
OT MarHeTuT (CMBo), hasnuT (TbMHO CUBO) M OCHOBHA Maca (TbMHOKa(sIBO); B FOPHUA CU AECEH bIbIN 3bPHOTO ChAbPKa GOPHUT (aHANOTMYHO Ha X); U —
M30METPUYHIU BIOCTUTOBM (CBETNOCMBO) U hasnUTOBU (TbMHOCMBO) KpUCTanu cpef TbMHOKadsiBa OCHOBHA Maca; BIOCTUTOBUTE KpMCTanu B NABOTO AeT-
PUTHO 3BPHO Ca NO-eAPU OT Te3U B AACHOTO (AaHANOMMYHO Ha X)
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B apyru npoGu — Hanpumep Teaw OT paiioHa Ha Mckbpckus () NpoGu, M3LANO CbCTaBEHM OT XOMOTEHHU 3bpHA U C Mo-

nporiom, B WHTepBana mMexay rapa JlakatHuk 1 Bpbx Pagos, HMCKa CTeneH Ha 3a0bneHoCT Ha 3bpHaTa. KbM Tasu rpyna
ce Habniopasa cmecBaHe Ha Benesn Ha onucaHuTe no-rope npuHagnexat npobute ot puaa KosHuua 1 yact ot paspe-
rpynu. 3uUTe OT gonuHara Ha p. MpoboiHuua;
(if) npobu, B KOUTO XOMOTEHHUTE 3bpHA AOMUHMPAT Hag oc-
B npobure ot cybmesoumksn MC-1/2 ce Habntofasa eaHo TaHanuTe [jBe rpynu 1 cpefHara 3arnafeHocT Ha 3bpHara
0610 3a LienusT paioH noBuliaBaHe Aena Ha XOMOreHHUTe e BMCOKa. YacT OT 3bpHaTa ca C OKMCreHa (XemaTuTuau-
MarHeTUTOBM 3bpHa. 3aedHO C TOBA HapacTea M JenbT Ha paHa) NOBbPXHOCT. B Taau rpyna nonagar BCUYKK OCTaHa-
3a06meHMTE OKVCTIEHN 3bpHA NPEAMMHO B CEeBepHaTa nono- nm npobu ot MC-1/2. Tyk, kakTo 1 B npobuTe OT Me3oLu-
BMHa Ha paitoHa. opmupart ce ABe rpynut: kbr MC-2, He e YCTaHOBEHO MPUCLCTBUE HA ONUBMH-

MarHeTuToBW OETPUTHN 3bPHa.

XOMOreHHU XOMOTeHHM XOMOTreHHU
O-Mc-23

0- Mc-2/2
- MC-2/1
A-MC-1/2
A-VC-11
O-MC-0

75(25) 50 25(75) 50 25(75)

3bpHa C MarHeTuT- 3bpHa C OTCMECBAHWA 3bpHa C OTCMECBaHMa 3bpHa ¢ 0TCMECBaHWA
UNMEHWUTOBM CpacTbLyn Ha YNBbLOWNWHEN B Ha YNBbOWNWHEN B Ha YNBbOLUNWHEN B
MarHeTuT MarHeTut MarHeTuT

®ur. 4. CboTHOWEHME Ha TPMTE OCHOBHM TMNA AETPUTEH MarHeTuT (no knacudmkaumsaTa Ha Grigsby, 1990) ot ckanute Ha me3oumMknu: a -
MC-0; 6 — MC-1; B — MC-2. MoneTa Ha gnarpamara, xapakTepu3upaim U3TOYHUKA Ha AETPUTEH MarHeTuT: | — meTamopdo3upaHu 6a3nytm
1 yntpabasunyHu komnnekcy; Il — kucenn Bynkanuty; lll - cpephu Bynkauuty; IV — 6a3nyHn Bynkanutu; V — kucenu nnytonutu; VI - 6a-
3WUYHW NNYTOHUTK

CbcTaBbT Ha npobute OT fonHata yacT Ha mesouukbn MC-2 BOAM 3a 0CODEHOCTWUTE Ha paHHOTpMackata KOHTWHEHTasnHa
(cybmesoumkbn MC-2/1) e aHamnoruyeH ¢ 1031 OT cybMe3oun-  CeaMMEHTOreHe3a B U3CNEABaHNS PaloH.
kbn MC-1/2. MNpeobnagasar XOMOreHHUTe M 3a00neHn 3bpHa
MarHeTuT (cpur. 4B). V3knoueHre npaBaT camo YacT oT npobu- 3HaunTenHuTe pasnuku B KOMIMYECTBOTO HA MarHUTHaTa Tex-
Te OT 3anagHara 4acT Ha nnowTa — OT paiioHa Ha c. [peBana ka MUHepanHa dpakuus OT CKaNnTe Ha Hali-goNHNA Me30LMKb
1 YMnpoBCKM MaHACTMp, B KOUTO HapaBHO Ca NPEACTABEHU XO- (MC-0) ca cBbp3aHM C xapaKTepa Ha CkanuTe OT Noaroxkara
MOreHHUTe 1 nonudasHuTe (CbabpXally YNBLOWNMHEN) 3bp-  Ha [leTpoxaHckata TepureHHa rpyna, KouTo Te nokpwsaTt B pa-
Ha. ioHa. BeposTHO, TOBa € mpuumMHaTa Mo-BUCOKW CTOMHOCTM Ha
MarHuTHa TexKa MuHepanHa (pakuus Aa ce YCTaHOBsBaT B
MoeHTnuHa e kapTuHata 1 npu npobute oT CcyOMe3ouuKb panoHUTe, KbAETo rpynara nokpuea ropHoNnaneo3onck auopm-
MC-2/2, ¢ Ta3u pasnuka, Ye KbM rpynara Ha npobute cbgbp- TV W rpaHognopuT (CTapomnaHUHCKKN rpaHOAMOPUT-TPaHITOB
Xaly AETPUTEH MarHeTUT C OTCMECBaHMS OT YMBbOWMMHEN  KOMMMekc) u auopwutoBn nopgmput (CtaponnanuHcka Ca-
3bpHa NpUHagnexat Tean oT YunpoBcku MaHacTup, . MensHe ankanta opmauus).
1 Bp. KonpeH.
060cobsiBaHETO Ha ABE MMHEPANOXKM CMELNGUYHM Tpymu
Bbnpekn TBbpOe HUCKMS OOOWMB Ha MarHuTHa TeXka MWHe- npu npobute oT ckannte Ha Mme3ouukbn MC-0 BeposiTHO ce
panHa pakuns oT ckanute Ha cybmesounkbn MC-2/3, Moxe  ObMKM HA HanM4YMETO Ha ABa PasfWYHM W3TOYHMKA Ha AETpy-
Ja ce otbenexu, Ye B nmpobuTe OT Lenus u3cnegsaH panoH  TeH MarHeTwt. 3a mbpBata rpyna, BeposiTHO, ToBa ca bunn me-
npeobragaBaT XOMOTEHHUTE MarHeTUTOBM 3bpHa. Benukn - Tamopdhoanpannte BasmyHM ckamu ¢ gokambpuiicka U QONHO-
MoBe 3bpHa Ca CUITHO 3a00MNEHN 1 C pasBUTHE Ha MPOMEHNTEN-  Maneo3oncka Bb3pacT, kouTo leTpoxaHckata TepureHHa rpyna
HW NPOLYKTU NO nepudepusTa um. MnokpuBa B paioHa Ha MCKbpckust MPoOfioM M JonvHaTa Ha p.
MMpoboitHnua. MarHUTHaTa Texka MUHepanHa dpakuus oT BTO-
paTa rpyna Moxe [a Ce CBbpPXe C ropHOnaneo3onckuTe rpa-
[Ouckycus n ussoam HOQMOPUTU U AnopuTM OT CTaponnaHWHCKUAT TpPaHOAMOpMT-
CubpaHaTa HoBa MH(OPMALVS 33 MUHEparoXKaTa, MfolHa  "PaHUTOB komnnekc 1 CTaponnaHuHckaTa Ca-annfanHa chopma-
W cTpaTurpadicka XapakTepucTuka Ha MarHuTHaTa Texka mu- LS, MSTpaxAalli noAanoxkara Ha rpynata B paioHa 3anapHo
HepanHa dpakuusi oT ckanuTe Ha MTT nossonsiga Hsikoit ua-  OT P. poBoitHMLE 1 Ha U3TOK OT fonuHaTa p. Mckbp.
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KakTo npum npobute ot me3okukbn MC-0, Taka u npu Te3n ot
nokpueawwms ro cybmesouukbn MC-1/1, obocobsBaHeTo Ha
HAKOMKO rpynu, BCsiKa OT TAX CbC CMELMPUUHO COTHOLLEHWE
MEXIY TPUTE TEXKM LUNUXOBK pakLmu, ce CBbp3Ba ChbC Cb-
LLIeCTBYBAHETO Ha [JOCTAaTb4HO U3paseH pened, passuT npe-
anmHo B KOW yacT Ha uscneaBaHus paiioH, KoiTo e dhopmupan
pasnuyaBaLLy ce efiHa OT Apyra NoAXpaHBaLy ¢ AeTpUTEH Ma-
TEpWan NpoBMHLN.

Ot Jpyra cTpaHa Hanu4uMeTo Ha 3a06MneHM 1 OKUCTEHM MaTe-
puanu B npobute OT ckanute Ha cybmesouukbn MC-1/1 e Be-
ner 3a Bb3MOXHa PECEAMMEHTALMS Ha JETPUTEH MarHeTuT oT
no-CTapu CEAMMEHTHM Ckanu. TakbB € HanpuMep Cryyasit C
npobuTte OT ceBepo3anagHaTa 4acT Ha uacrefpaHaTta Mo,
KbeTo ckanute Ha eTpoxaHckaTa TepureHHa rpyna nexat
BbpXy Aebena cepusi OT TepUreHH FopHOPNANeo30MCKI CKamnM.

Kakto B npobute ot cybmesouuksen MC-1/1, Taka v B T€3M OT
mesoumkbn MC-0, onuBKUH-MarHETUTOBUTE 3bpHa UMAT Nokar-
HO Pa3npOCTPaHeHKe 1, BEPOSTHO, Ca CBbP3aHM C OrpaHnieHu
Mo pasmepu 1 pasnpoCcTpaHeHne “TOMKOBU” N3TOYHWLMW Ha AeT-
puteH matepuan. lpn TAXHOTO ycTaHoBsiBaHe Tpsibea fa ce
“MaT B NpedBua M OaHHUTE 3a NOKAnHOTO HanpaBreHue Ha
arnyBswarneH CeauMeHTeH TpaHenopT (Bux AingaHnuicku, 2009).
Ha Ta3n ocHoBa MOXe fa ce Npeanonoxu, Ye U3TOYHWUKLT Ha
ONMBMH-MarHeTUTOBIUTE 3bpHa OT NpobuTe OT cpegHaTa yacT
Ha ponuHata Ha p. lMpoboiHuua (3a ckanute ot MC-0 — max.
Bpabuwute n max. lN'ybucnas) u Ha Te3u ot ot MC-1/1 oTHOBO OT
paspesuTe B CblliaTa AONMMHA € euH W CbLUMW U Ce € Hamupan B
panoHa HeNOCPEACTBEHO HXXHO OT 3anagHus i kpaw.

CbobpasHo nonetaTa 0T KnacudukalmMoHHaTa guarpama Ha
Grigsby (1990), B kouTO NonagaT CbOTBETHWUTE MPOOM OT rpy-
nuTE, MOXE Aa CE 3aKMiouu, Ye W Npe3 Bpeme Ha cybmesoLu-
kbn MC-1/1 npogbrkaBa ga e Hanuue egHa pasHoobpasHa u
CErMeHTMpaHa NMoaxpaHBalla C TEXKM MWHEepanu naneonpo-
BUHUMSA. Hanpumep: (i) npobute 0T paspesuTe OT MbpBeaTta rpy-
na nonagar u3usno B MONeTo Ha KUCenuTe MHTpyamem. Mopno6-
HW ckanu (ropHOManeo3oMcKk1 rpPaHoOaUOPUTI W rpaHNT nopdu-
py) marpaxpar oBWMPHW Nnowm OT noanoxkatra Ha [leTpo-
XaHckaTa TepureHHa rpyna, kakto B pailoHa Ha Teaw paspesw,
Taka W 3anafgHo OT Hero; (ii) yacT oT gaHHWTe oT npobute oT
CW vact Ha n3cneggaHaTa nnowy nonagat B MofieTo Ha Kuce-
nute BynkaHuTU. MogobHM No cbCTaB ckanmk C NepMcKa Bba-
pacT yJacTBaT B NOAJIoXKaTa Ha rpynara B T03u paiioH. Hanu-
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4YMEeTo Ha npeanumMHo He3aobseHu 3bpHa € NPU3HaK 3a OTHOCK-
TEJTHO KPaTbK TPAHCMOPT U onmsko noaxpaHBaHe.

Kato usino moxe aa ce otbenexu, Ye no OTHOLLEHWE Ha Mar-
HUTHaTa TeXka MUHeparnHa (pakums, BpeMEeTO Ha dhopMupaHe
Ha CkanuTe Ha MbpBWUTe ABa Mesouukbria Ha MTI — MC-0 n
MC-1, e eTan Ha 3Ha4yMMO BNUSIHWE Ha NOKanHU HaKTopu npw
(hOpMMpaHETO Ha XapaKTepucTMkaTa Ha (pakumusTa no niowl.
[pyrvsaT CblUeCTBEH eTan B HEHOTO pa3BUTHe e yefHaKBsBa-
HETO Ha LUNMXOBaTa XapaKTepuUCTHKa Ha CKanuTe OT ME3OLMKbN
MC-2, koeTo ce cBbp3Ba CbC 3annyaBaHe (NOKpUBaHe ChbC Ce-
OWUMEHTH) Ha CbllecTByBanus npe3 Bpeme Ha MC-0 u MC-1
naneopened B KOW yact Ha paiioHa 1 opmupaHe Ha efHa
obwwpHa anysuanHa paBHWHa C 0OLL (EAMHEH) M3TOYHWMK Ha
noaxpaHBaHe CbC CEAMMEHTEH MaTepuan.
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FEOCTATUCTUYECKW MOOENW HA EQHOPOOHUTE 30HU (QOMEWHW) B PYOHWUTE
HAXOOMULLIA

Ceemno3ap bakbpdxues

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpusi; zarcobak@mgu.bg

PE3IOME. [leoctatuctuyeckute MOAENM Ha 3anac-CbObpkaHWe Ha PyAHM Haxodulia Ce OCHOBABAT Ha OLEHKaTa Ha TeXHWUTe 3anacu.
ChabpxaHusTa ce geduHMpaT KaTo OTHOLEeHWe Ha MacaTa W3BIIEKaeMMSIT KOMMOHEHT KbM MacaTa Ha pydaTta. PassuTveTo Ha To3u npobnem
MOXXe [1a Ce TbpCH B rnobaneH Unn per1oHaneH nopsigbk. Toav npobnem ca 3a npbBe mbT pelueru ot flacku (1950). Toit npegnara, Ye ce noyyaea
NWHEAHA 3aBMCUMMOCT MEXAy norapuTbMa OT 3amaciTe B TOHOBE UM CbAbPKAHMETO Ha NONE3eH KOMMOHEHT. TO3M MOAEN WUMa OrpaHNyeHO
npurnoxeHue B npakTukata. B Tasu ctatus ce npegnara MOAer, B KOWTO MbpBOHAYanHaTa KOHLEHTPaUuUs He Ce orpaH1yaBa OT Haii-BUCOKUTE
KOHLIEHTpaLmM1 13MepeHn B pyaata. BeposaTHOCTHOTO pasnpedeneHue Ha MonyyeHuTe €OHOPOAHW 30HM (HOMENHM) ce anpokcumupa ¢ T.Hap.
YCTONYMBOTO pasnpeaeneHne. JOombaHUTENHUTE OLEHKM Ha NapaMeTpuTe Ha YCTOMYMBOTO pasnpeseneHne [aBa KOPEKTHOCTTA Ha OLEHKWTE Ha
3anacute Ha nonesHu ukonaemu. MeocTaTUCTUYECKUTE EKCMIEPUMEHTH Ca PeanuanpaHi B NpakTUkaTa Ha eaHO pearnHo 3naTHO-MegHO HaxoauLLe.
[MpaKT4eCKMTE acnekTh Ha Ta3n METOAOMOTUS Ce ANCKYTUpaT.

GEOSTATISTICAL MODELS OF DOMAINS ZONES IN AN ECONOMIC ORE DEPOSITS
Svetlozar Bakurjiev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; zarcobak@mgu.bg

ABSTRACT. Geostatistical models of ore grade and tonnage for economic ore deposits has provided a basis for ore reserve estimation. The grade
is defined as the ratio of mass of mineral extracted to the mass of the ore. Evolution can be made either on a global or a regional basic. This
problem was carried out of Lasky (1950). He proposed that a linear relation is obtained if the logarithm of tonnage of ore with grade above a
specified value plotted against grade. This model have limited appliance into practice. In this article proposed a model but with the further
concentration limited to the highest-grade ores. The probability distribution of obtained tonnage versus grade (domains zones) approximated to
Stable distribution. The additionally estimated parameters of the Stable distribution give correctness of ore reserve estimation. Geostatistical
experiments putting into practice in a real gold-copper ore deposit. The practical aspects of this methodology are discussed.

BbBeaeHue 30Ha Ha  pasnpocTpaHeHWe Ha  MOME3HOTO
PyoHute Tena npuTexaBaT BbTpellHa HEeaHOPOAHOCT B “3konaemo, Ce Xxapaktepusumpa C OTHOCUTEIHA
CbCTaBa, CTpoOeXa M CBOMCTBAaTa cW. [leTalnHocTTa Ha €[HopoaHoCT OCHOBHUTE roKasaTenu, Koeto
13y4yaBaHETO Ha Ta3W HEEOHOPOAHOCT 3aBUCK OT reoMeTpUaTa npeanonara €AHaKBea e(heKTUBHOCT Ha
W rbCTOTaTa Ha npoyyBaTenHata mpexa. Kato uact ot reonoronpoy4yarenHute  pabotu B pasnuiHiTe
rEONOXKUTE CUCTEMM, PYLHUTE CUCTEMM CE pasrnexaar kato 4acTu Ha obekTa;
€0HU OT Hal-CrOXHWUTE, KOUTO Ca WU3rpadeHn OT MHOXECTBO e MetogbT Ha epHopopHuTe 0CeKTH, M3BECTEH B
YCTIOBHO €7HOPOAH eNleMeHT. B To3n acnekT, noa CTPyKTypa aHrnoesnyHara nutepatypa kato “Exploration play
Ha obekta ce pasbupa HauMHa Ha OpraHu3aLna Ha method” ce ocHoBaBa Ha xunoTesata, Ye 0BeKTbT
CbCTaBSLUMTE TO eNTEMEHTH, Ype3 KOWTO Ce onpeaenst 3akoHa MOXe [a Ce pasfend Ha peauua OTHOCMTENTHO
Ha BbTPELUHMS CTPOEX Ha M3crieBaHaTa cucTeMa. 3ajavara €0HOPOAHM YacTu (domeltHu) 1 rnobanHarta oLieHka
Mpu reonoronpoy4saTenHusa NpoLec ce ceexaa Ao u3yvyasaHe € Cyma OT OueHkata Ha OTAENHUTEe 4Yactu unm
HeeHOPOOHOCTTA Ha pydHUTE Temna, aHu3oTponuaTa M [IOMEHN.
CTPYKTypaTa WM, KOUTO Ca OCHOBHWTE XapaKTepuUCTUKM Ha
npUpogHaTa MPOMEHNMBOCT HA  Haxoguiwata. Toea e OueBngHo €, 4e mbpBuAT MeToa e 6nusbk C T.Hap.
HeobxoaumMo npu M3Bopa Ha ONTUManHa MeToauka Ha ‘Knacuyecki” METOZ Ha NpoyyBaHe, a BTOPUS METOA € MPOAYKT
Npoy4BaHe. W [ObMKM  CBOETO  pasBWTME OT  MPUMaraHeTo Ha
reoctaTuCTUYeCKUTe  METOAM B TEOMnoronpoyyBaTenHata
B reonoronpoyusarenHara npakTika ca U3BECTHN ABe npaktika. TunuyHa Bpb3Ka Mex/y reoctaTucTMeckarta
OCHOBHW NpOy4BaTENHW CTpaTeruu: mMeToaonorng, npeacraBeHa Ypes BapuorpamnuTe U OCHOBHUTE
o  O06eKkTbT Ha npoyyBaTenHuTe pabotn (0b6ekTbT Ha BMAOBE aHM30TPONKA € NpeAcTaBeHa Ha dur. 1.

oquKa) - (baKTVI‘-IeCKaTa unn npegnonaraemata
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BOHAIHA AHU30TPONKA

®ur. 1. Bpb3ka Mexmy aHusoTponus
noBeAEHMETO Ha Bapuorpammre

Ha Haxoguwara e

1. OcBeH  uype3s  BapuOrpamHuUsT aHanus,
reoctaTMCTUYeCckata  METOdONorus  BKMoYBa U
thopmanuama HapedeH “Kpurudr’, konto Tpsbea aa
ce “Haroamn” KbM:

2. Cb3paBaHeTo Ha
00eKTN — JOMENHM,

3. Hai-gobpa oueHka Ha napameTpuTe Ha JOMENHUTE,
B KOHTEKCTa Ha reonoronpoyysartenHara 3agava.

ropecrioMeHaTuTe  eHOPOAHM

B Tasu ctatns ce gaBaT cBefeHus 3a 6a3oBUTE MeToAM W
TAXHOTO pa3BUTME B KOHTEKCTA Ha KITbCTepusauusta W

reocraTnucTnyeckarta OLeHKa Ha OOMENHUTE.

3akoH Ha Jlacku

EgHa oT Han-yecTo aHanu3MpaHWTe 3aBUCMMOCTM € Mexay
CbObpKaHMETO Ha MOMe3Ha KOMMOHEHTa U Ternoto Ha
pecypca — B Mocoka OT no-6oratute kbM no-6egHute Ha
Mone3eH KOMMOHEHT MWHepaneH pecypc. AMEepUKaHCKWSAT
reonior C. Jlackv € eguH OT MbPBUTE Y4eHM, yCnan aa u3sene
MaTeMaTU4Yecku 3aKOH, C KOMTO MpOrHo3upa 3amacute OT
pyoHUTE  Haxoguwa. AHamuaupanks — MpoM3BOLCTBEHWTE
OTYETW Ha HAKONKO MEAHO-MOPGMPHM Haxoauwa, Jlacku
“3BeXaa CrieJHOTO ypaBHEHNE:

U/G=K1 - Kz log cumulative (X), (1

KbOETO X € HaTpymaHOTO KONW4ecTBO fobuTta pyaa nnwoc
octaBawuTe 3anacu; U/G e cpeHOTO CbAabpXaHue Ha MeTar;
Ki n K2 ca KOHCTaHTHU BEnUYMHM, CheuuduyHn 3a BCAKO
Haxoguwe. K» BuHarM e c oTpuuateneH 3Hak, 3apagu
oTpuUaTenHaTa 3aBWUCUMOCT MEXZy TernoTo W MONe3HOTo
cbabpxaHue. OBKMKHOBEHO Ta3n 3aBMCMMOCT TrpadmuHo ce
MpeACTaBs Ha NomnynorapuTMuyHa rpaduka, (CbIbpXaHUETO
ce oTydTa NoO noraputMuyHata abuuca, a Ternoto no
anrebpnyHaTa opauHarTa) Kato HamansBalla npasa fuHKS.

Mo-kbeHo Tomac JlosuH (Agtherberg, 1982) gokassa, ue
3aKOHBT Ha Jlacku e BanmuaeH camo 3a OnpedeneH Tun
HaXOoZMLLA 1 MUHHW PETVOHM, U HE MOXeE Aa CE M3MON3Ba KaTo
KOPEKTEH MHCTPYMEHT 3a OLieHKa Ha Mo-ronemMu Haxoguia ¢
pa3nuyHO pasnpefeneHne Ha nomnesHata KoMMoHeHTa. J1oBuH
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npeanara oLle HAKOMKO anTepHaTUBHK TUMa Ha 3aBUCUMOCTTa
CbbpXaHWe/Terno; HOPManHONOrapuUTMIYHK 3a Haxoguia ¢
BMCOKO CbAbpXaHWe Ha MonesHa KOMMOHeHTa, 6nu3o go
KnapkoBoTO CbabpXaHue (KensisHa, anyMmuHueBa, TUTaHOBA
pyga); OumoganHa W MynTMMOZanHa 3a  MO-pSAKO
pasnpocTpaHeHuTe enieMeHTn (3nato; cpebpo; kuBak).
UeTupuTe anTepHaTUBHU pasnpedeneHns CbabpxaHue/Terno
ca nokasaHu Ha cur. 2.

co 5
iNX
u,; B vVl
0.4 \{\ 2 -3
0,2
Qo

®ur. 2. OCHOBHM 3aBMCMMOCTM MeXAy 3anac-CbabpxaHue B
3aBucumocT ot KoeduumeHta Ha kopenaums (V) (MapronwuH,
1974)

B MHOro npaktuyecku cutyaumm, npobute C KOMTO ce
pasnonara 3a OueHka Ha ONOK He ca pasmomnoXeHn mno
paBHOMEpHa Mpexa. Pasmepa Ha npobute 1 opueHTaumsTa
He ca KOHCTaHTa, W OposT M OTHOCUTENHaTa No3uuMs Ha
npobute M3NON3BaHM 3a W3uMCrnABaHe Ha BCeku Orok ce
n3MeHsT OT 610k KbM 6ok, MpecmsTaHeTo Ha Bnok W, Moxe
fa Obae MHOro CMOXHO M OTHEMALLO Bpeme ako Bcsika npoba
B OKOMHOCTMTE Ha Onoka e pasrexgaHa WHAMBMAYamHo.
MpaKTU4eCKOTO pelleHne Ce 3akmioyaBa B rpynupaHe Ha

npo6ute B 6riokose W, (i =1,2,...n) B cbceactso Ha W u
npecMaATaHe [L,, Kato CPeAHO TErsio Ha CPeAHoTo X, Ha

Bcuuku npo6u B W, .

3a numncnsBaHe KpUrMH OLieHKaTa Ha 4, Tpsbsa aa cme

B CbCTOSHME Aa U3YUCIAM aucnepcuaTa Ha X; - Uy, . Mo-

JOny B TeKcTa Lie 6bae MokasaHo Kak Teay BENWYMHW MoraT
Aa GbpaT M34MCNIEHM KOrato € WrHopupaHa MnosuumsTa Ha

npobute B 6noka W, . Cuutame, ye npobute ca cnyyaitHo

pasnpesienenn B W, ; kpuruHr ¢ TakoBa npefnonoxexue ce
Hapuya criyqaeH kpurutr (Journel, 2002).

W3uncnsBaneHa /' n O,
/3non3eat ce cnegHuTe 03HaueHus:
w - 6rok kouTO Lie Obae oLeHsIBaH



n - Opoit 6r1oKoBE M3MON3BaHM 3a OLEHKA Ha

W.

W, - i-AT GNOK M3MON3BaH 3a U34YMCNsIBaHE Ha
W(i=1,2,...n).

w - pa3Mep Ha eguHU4Ha npoba (npuema ce,

ye BCUYKM NpobYW MMaT eHaKbB pasmep W).

q - 6poit npobu ¢ pasmep w B 6ok W, .

X; - CTOWHOCT Ha j-Ta npoba c pasmep w B
6nok W, (=1,2,... ;).

X; - cpedHa cToiHocT Ha X; B W,

X :l i Xij

Q; istj=

W - support Ha X;,

W, - support Ha X, (W, e obeauHeHve Ha
BCUYKM Wij)

Wi = [Wig, Wiz, .. W,

Hy
7 - KPUTWHT OLieHKa Ha £4,,
KpuruHr oueHkaTa e:

He = Zbi X;
i-1

kbaeTo b, unexosete ynosneteopsiBar kpuruHr cucTemara ot
ypaBHeHus. Tasu cuctema € yHKLMs Ha:

[¢1
- HeM3BeCTHa CToMHOCT Ha bnoka W

y(Wiw)  sai=t2..n
yW5W,)  3ait2.n ;200 0 #
(W W) 3ai=1,2...n

Ako nosvuusita Ha npobute Q,c pasvep w B W, e
HEM3BECTHa, He MOraT fia Ce NPECMETHAT Te3n CTOMHOCTM Ha

y. Obaye, moraT pa 6baar W3UUCNEHN OyaKBaHUTE

CTOMHOCTM Ha ) koraTo npobute (|, 3aemaT BCUYKM

BbavoxHn nosuuymm B W, cnyvaitHo. Teau ovakBaHu

CTOMHOCTK e 6boat v3non3BaHu B KPUTWHI chcTemata OoT

ypasHeHus. OT geduHNLmMATa Ha ¥ , O4aKBaHaTa CTOMHOCT Ha

7_/(Wi ;W) , «orato  npobute W; ca cnywaito
pasnpegenexn 8 W, | e:
E[y(w;W)]=y(W;W) 3ai=1,2...n.

Cobuwo, ovaksarara croiiHocT Ha  y(W;W;) korato
npo6ute W, ca cnyvaiHo pasnpeseneqn 8 W, u W, ca

cnyvaiiHo pasnpenenenn s W, esa i # |
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Ely(w;w)l=yW;W,)  saiz]j.
OcBeH TOBa:
_ 1 g9 _ 9 G _
7/(\Ni;wj):¥(zy(wij;vvij)+zz Z}/(Wij;vvik)]

Cnen kaTo BCUYKM npo6|/| V\/ij MMaT efHakbB pasmep w,
nMmawme:

y (Wi 5w ) = (W, W) - sa Bonm i

Ouakgarata croitHoct Ha ¥ (W W;) sa i =K rwpeto

j ’
V\/ij n Wik B3emat BCUYKN Bb3MOXHU NO3NLMK B Wi €.

W, 7 (W W) — wy (w; w)
W, —w

E[7_/(Wij » W =

ail#k
3non3saHeTo Ha Cry4alHUAT KPUTVHI @ OnpaBAaHo Camo

aKo pasmepa Ha BrokoseTe Wi € MHOro no ronam ot pasMmepa

Ha npobata w (Chiles et al., 1999). Torasa ropHoTO ypaBHeHuWe
MOXe Aa Ob/e 3anucaHo:

ELy (W, Wy ) = 7 (Wi W)

Bl (o)) = -7 ) + &),

sail#Kk

MocneAHOTO ypaBHEHME LLe € BanaHO, ako 3aMecTum ¥ ¢

o .

OuaksaHata cromHoct Ha 7 (Wi;W,) wmoxe aa Gbpe
3anucaHa Taka:

L7 (o)1= 700 + 7o)~ W),
3Hae ce, Ye gucnepcusTa Ha np<;6a wB6nok W, e:
o? (W B W)=y (W W,) =7 (W; W) .

OcseH TOBa, ako pasrnegame npobute {; c pasmep w
cnyvaitHo pasnpegenedn B W, , rpelukata HanpaseHa npu
usuncnssaHe croiHoctta Ha W., nocpencteom cpepHara
CTOMHOCT X; Ha {; npobwm, e:

o2 (W, B W,)=0 (W, B W,)=— (W B W,).

Moxe ga 3anuem:

E[7_/(Wi;Wi)] = }_/(Wi;wi)_(err' W)).
AKO 13Mon3Bame Koapuorpama;
Elo(w;w)]=oW;W,)+o”(w, B W,).

ToBa YpaBHEHNE MOXe Ada Obae NMPOYETEHO MO CleaHna
Ha4nH:



Avcnepcusita Ha W, B Q e pasHa Ha aucnepcusita Ha W, B

Q nnioc pucnepeusitaa W, B W, .
PerynsipuavpaHata nonysapuorpama ot npobu ¢ nopapbxka
W, e:

Y, () =7 (W W) — 7 (W W)
OyakBaHaTa CTOMHOCT Ha nonyeapuorpamarta, KbAeTo
npobute (@, oT W, ca pasnonoxeHu cnydaitho B W, , e:

Ely,, (W]=7 W W,,) — 7 (W W) +errorW).

MpecmaTaHe Ha AomenHax(z,) NO 3apbyaHu
TOuYKa Z,
Ha Bcaka Touka Z,(1=1,...n) 3Haem croiHoCTTa Ha

X(z,)n moxe pa wsuicnum croiHocTTa Ha M(Z;) .

CronHocTuTe Ha onpegensHute drift u residual Ha ToukoBUTE
JOaHHM Ca W34YUCNEHU C M3MONM3BaHETO HAa  CregHuTe
YpaBHEHWSI:

M=PA
R=X-M
OvakBaHara CTOWHOCT Ha ocTatbka I(Z,) moxe ga e 0.

ABTO-KOBapMaLMOHHaTa MaTpuya Ha octatbka R Ha BCuYkM
TOYKOBM faHHM € S. BekTopa Ha koBapuaums Mexay ocTaTbka

r(z,) vocrarbka R e S(Z,) . 3a npecmsitaHe ocTatbka Ha

Z,, © u3non3BaHa NMHeiHa KOMOMHALMA OT ovakBaHuTe
A

octatblm R, Ternata ca nonyueHn OT KPUTMHI ypaBHeHUsITa

CbC U3BECTHO CPEAHO:

F(2) = 5'(z)S 'R

CromHoctta Ha X(z) Ha Z=

yHWBEpcasnHaTa OLeHkKa:

A A A

X(Zo) = m(zo) + r(Zo)

Z, e nomyyeHa cC

MpecmaATaHe Ha 6nokoBeTe
Pasrnexaame 6nok W unato cpegHa CTOMHOCT ALy, WCKaMme

"

na vaumcrium. Ako M(W ) e npecmeTHaTa cpefiHa CTOMHOCT

n

Ham(z) 8 W, a (W) nsuncrenara cpefiHa CTOMHOCT Ha I(z),
M3NON3BaMe CrIeHUTE OLIHKM:

A A

1 =MW+ T(W).

N A

m(W ) e nonyyeHo upes unterpupare Ha M(z) 8

Ay 1 Ay

m =— m(z)dz.
W) WZJW (2)

3Haem, ye :
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m(z)=P(z) A
A € He3aBuCuMMa OT Z, OTTYyK:

mw) = |

zinW

n

P(z)dz. |A.

n

r(W) e npecmetHara upes kpuruHra. Ako S(W) e

BEKTOP Ha KoBapuaLms Mexay ToukoBuTe npobu Z; 1 6nok W,
MOXe fia 3anuLIem:

S(W) =Wi j S(z)dz.

zinW

OmmyK

W) =5 'W)s R

CnyqaeH KPUIrMHr Ha MeaHo-3NaTHO HaxoAulLle

MegHata muHa (bakbpoxueB u gp., 2004) e macwBeH
nnacToB cyndwupoeH 3anex. PygHoto Tano moxe ga 6bvae
pasfeneHo Ha OnokoBe (OOMENMHW) CbC  CPaBHUTENHO
NOCTOAHHA MOCOKa W HaKMNoOH, W BbTPE B Te3N YyyacTbuu
nauucnuTenHusT npobrem moxe fAa Obge kato  [Ay-
aumeHcuoHeH. CoHpaxuTe pasnonoXeHn no HepaBHOMEPHa
Mpexa, npecuyart LsnaTa LWMpKUHa Ha PyAHOTO Tso. 3a BCeKM
COHAaX e [JafeHa CTOWMHOCT, KOSITO € paBHA Ha cpegHata
CTOMHOCT Ha pydata Ha CeYyeHueTo Mexay OonHaTta u
BucsLata creHn. CpegHata NiTbTHOCT Ha onpobBaHe e OKoMo
6 coHgaxa Ha 1000 m2. 3a uenuTe Ha nnaHMpaHeTo ce
W3NCKBA CpeaHaTa CTOMHOCT Aa ObAe u3uncreHa 3a BCEKM
6nok ¢ pasmepu 15x15 m BbTPe B NpenenuTe Ha pygHoOToO
TAn0. Toan naumucnuteneH npobnem Hail-gobpe e paspeLleH ¢
N3MON3BaHeTo Ha cryyaeH kpurudr. [lo-gony e onucaHa
u3nonasaHarta npowegypa.

MbpBO, PYOHOTO TAMO € pa3aeneHo Ha yyacTbly CbC
CPaBHWTENHO NOCTOSIHHW NOCOKAa W HakMoH. Heka (Q e TakbB
yyactbk. ToraBa Q ce pasgens Ha 6rnokose ¢ pasmep 15x15

m, u 3a Bcekn 6nok W, , cpegHata CTOMHOCT X; OT BCHYKM
COHAaXM KouTO Bnoka cbabpxa e usuucneHa. Heka W, e

Terno Ha X; B W,. CroiiHoctute X; ca pasnonoxeHu no

PaBHOMEPHA HO HEMbJiHA Mpexa: Hsikou OrokoBe He

CbIbPXaT COHAAKM.

y*(h)  na
MOXe necHo [gda Oboe wu3uKcheHa.
MaTemaTnieckusiT Mogen e :

7*(h) =0,05+0,009(1—e™"?)

KbdeTo h e npemepeHo B eauHuuM ot 15 meTpa.
Tosn mogen ponycka ecpekt Ha BknoveHuaTa N=0,05.

PerynsapuaupaHata  nonyBapuorpama

cronHoctute  X;

3aBucMoCTUTE MeXOy AUCMEPCUMTE B MIIOLLMTE, MOXE Aa
Obde uw3uMcrieHa u3non3sailku cToHoctute  X;. [lBe

CTOMHOCTM Ca 0CODEHO BaXHW: o4aKkBaHaTa aucnepcuna Ha Wi



E[o*(W, B Q)]=0,14, u ouakeaHara
W..

B Q, Koato e

aucnepcna  Ha Wi B lMocnegHata aucnepcua e

rpewkara Ha npecMsiTaHeTo Ha 6nokoBe ¢ pasmep 15x15
MeTpa Korato Te ca MPecMETHaTW MO CpeaHaTa CTOMHOCT Ha
npobute KouTo cbabpkaT. bu Tpsabeano ga e paBHa Ha
edekTa  Ha  BKMKYEHWsTa  Ha  monyBapuorpamara.
MocpeaCcTBOM — NMHEMHW  ekcTpanonauuM  nofyvyaBame

E[c* (W, B W,)]=0,05.

3a npecmsTaHe Ha Gnok W, moxe f[a B3emeM npensug
CpesHWUTe CTOMHOCTM Ha coHgaxuTe BbTpe B W (ako rv uma) u
CpegHUTe  CTOMHOCTM Ha  coHpaxute B OrokoeTe
obkpbxasawm W. Ako n e Opos coHpaxu KouTo ca
aHraxupaHm 3a ctonHoct W, kpuruHr oueHkata Ha W e:

Hye = Zbi X;
i-1

C aucnepems;
or =oW; W)+ Y hb; o(w;w,) -2 b o(w;W).
i=1 j=1 i=1

o(W;W) e avcnepcusta Ha W 8 Q. Ts Moxe Aa

Gbae npecMeTHaTa W3MON3Baku  3ABUCUMOCTUTE  MEXIY
AucnepcumTe:

o(W;W) =E[c*(W, BQ)]-E[c*(W, B W,)]=0,09
o (W,;W,) avcnepcustaa W, B Q:
E[o(w,;w)] = E[c*(w, B Q)]=0,14.

Ao 1% j, o(W;W) e Kosapuaymsita Mexay W, u
w;. Ta moxe fa 6bae npecmeTHaTa OT nonyeapuorpamara

y(h) (Lantuejoul, 2002) u CcboTBETHUS Mogen, KOWNTO €
npeacTaBeH Ha ¢or. 3.

WHTepnpeTauus Ha pesyntaturte

lMokasaHuTe Ha ¢ur. 3 pesynTat nokasear, 4Ye uma
M3BECTHO “paslMpsiBaHe” Ha reocTaTUCTMYECKUst MOAen, B
3aBMCUMOCT OT 13bopa Ha pasmepa Ha gomeiHuTe. Pasnukata
B TOTanHWTE 3anacu, MPEeCMETHAaTM Mo ABaTa pa3mepa Ha
JOMeinHuTe, e noeeye ot 25%, KOeTo € TBbpae CbLUECTBEHO
npu  NnaHupaHeTo Ha [JobuBa, Creg  MPOBEAEHOTO
eKCTioaTaLumMoHHo  npoyyBaHe. B mo-ronsmata cu  yact
npobnembT Npu reoctaTucTuyeckata 0bpaboTka ce ceexaa ao
n3bopa Ha HaumHa Ha onpobBaHe — B3ema ce npoba Ha BCekM
NIMHEEH MeTbp OT MpOoKapaHWTe MOA3EMHM COHAaxW. ToBa
JoBexaa [0 W3KIUMTENHa CunHa “kmbeTepusaums” no
NpoTEXeHUe Ha CoHZaxuTe. B Tasn Bpb3ka, B pyaHuKa ca
npaBeHW ONWTK 3a CbCTaBSHE Ha T.Hap. “KOMMO3UTW”, KaTo 3a
yaadeH ce e cmatano obeguHeHne mexagy 3-5 m, HO He e
W3BECTHO Aa € MONyYyeH YCTOMuYMB pesynTat. BbB BCUYKM
Cnyyau e O4eBMIHO, Ye MPoMeHN B obLyaTa koHdurypaums Ha
mMogena He ce Habnogasat. ToBa Ce ObMKM HA YCTONYMBMS
XapakTep Ha BapuorpaMmHUTe MOAENU.

23

5780 5810 5840 5870 5900 5930 5960 5990

5780 5810 5840 5870 5900 5930 5960 5990
X

®ur. 3 TpumepHu “AOMeNH”-Mogenn Ha HaXOAULLETO; MOAENbT B
ropHata 4Yact Ha ¢mryparta e NocTpoeH No JOMENHU C pasMepu
10x10x10, a mogensbT otAony e no gomenHun 15x15x15; 3a gBara
mogena ca nonseaHu o6wo 4 knbcTepa

3akntoyeHue

/ma aBe npakTUYecky TPYLHOCTYU B NPUNaraHeTo Ha KpUrMHT
chopmanuama 3a obpaboTtka Ha HEpaBHOMEPHO Pa3MOMNOXKEHM
B MPOCTPAHCTBOTO OrPOMHO KONM4ecTo npobu — Hag 5000.
[MbpBo, M360p Ha MaTemaTUyecka (PYHKUMS 3a npefcTaBsiHe
Ha TpeHaa. Tosa e npobnem cpeluaH BbB BCUYKM aHanW3W Ha
TpeHA NOBbPXHMHA. BTOpO W no BaxHO, KoBapuorpamata Ha
ocTaTbka TpsibBa ga 6bae MakcManHo TOYHO MpecMmeTHaTa.
Mma peguua TPYAHOCTM B M3MbIHABAHETO Ha ToBa
NpecMmsTaHe, HAKOM OT KOWTO Ca MOCOYeHM B Tasu cratus. OT
Pa3NUYHUTE METOAN KOUTO Ca MPEANOXEH!, Han-ehMKaCHUAT
e OasupaH Ha npeacraeata 3a obwa KoBapuauus W
KOpPeKTHaTa M OLeHKa, KOATO € Hai-gobpe npefcTaBeHa B
Goovaerts (1997) n Journel & Huijbregts (1978).

MpegnaraHata MeToAMKa WMa YCTOWYMB Xapaktep U
MPaKkTWYECKMW €  WHBapWaHTHa  ChpsAMO  HauMHa W
MPOCTPaHCTBEHOTO pas3ronoxeHne Ha npobute — CcpaBHM
[BETe TreoMeTpu3aumu, KOMTO Ca MokasaHu Ha dur. 3.
lMon3BaHeTo Ha MeToaukata, 3aefHO C MOM3BaHETO Ha
cdopmanuama Ha obeauHsBaHETO Ha npobute B T.Hap.
“komMno3nTK’, € CbLUO NEPCNeKTUBHO HaMpaBneHWe, BbMNPeku
OYaKkBaHWATa 3a MO-CUMeH u3maxgaw, edekT Bbpxy
reocTaTU4ecKuTE MOLENN.
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FEONOXKW NPEANOCTABKM 3A WAEHTU®ULNPAHE HA NEPCIMEKTUBHU
BOJOHOCHU CTPYKTYPU 3A CbXPAHABAHE HA NPUPOAEH 'A3 U CO:
B CEBEPOU3TOYHA BBJITAPUA

Bacun banuHoe, MapuaHa [JoHyeea, Eqppocuma 3aHega-fJobpaHosa

MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, 1700 Cogbus; geoenergy@ mgu.bg

PE3IOME. Pa3spaoTeHuTe OT aBTOpUTE B MPeSLIECTBALM M3CTIefBaHUS METOAUYHN NOAXOAN NMpU UAEHTU(MLMPaHe HA NepCEKTUBHA BOAOHOCHW CTPYKTYpU 3a
CbXpaHsiBaHe Ha mpupogeH ra3 u CO2 ca npunoxeru 3a yacT or CeBepousTouHaTa Bwnrapus. Te ca GasupaHu Ha OCHOBHWUTE W3UCKBaHWS 3a MPUrOAHOCT Ha
reonoxk1Te 06EKTM 1 ca 06BbP3aHN C KOHKPETHW Te0noXKN NPEANOCTaBKM, OCUTYpsBaLLN TE3W UMCKBAHUS: NIUTOMOXKM, CTPYKTYPHO-TEKTOHCKW, CEU3MOTEKTOHCKM,
XMIPOreonoXKM, NeTPODUINYHN, TEpMOBAPUYHY U Jp.

BbB (haHeposoiickus pa3pes OT M3crnedBaHaTa TepUTOpUs ce pasrnexpaaTr aeduHupaHuTe 3a CesepHa Bbnrapus pervoHanHi pesepBoapHM cuctemu. Te ce
XapaKTepuaupaT CbC CneLudUYHN NUTONOXKA 0COBEHOCTM M pa3BuUTMEe W NMpeACTaBnsBaT WHTEpeC OT INeaHa TouKa Ha CbXpaHsiBaHe Ha npupodeH ras u COa.
CTPYKTYPHO-TEKTOHCKUTE yCrioBWs Ha Mwuauiickata nnatcopma (BapHeHckaTa MoHoknuHana, Cesepobbhrapckusi cBod, AnekcaHapuiickata Aenpecus) W
[lonHOKaMumIACKOTO NOHUXEHUE 0BYCaBAT NPUCHCTBUETO HA Pa3NNyHU TUNOBE FEONOXKN CTPYKTYPU. KbM TAX Ca NpUBbp3aHu pasiuiH1 TUMOBE NPUPOAHM KanaHH,
4acT OT KOMTO OTFOBapSIT Ha M3UCKBaHUATA 3a CbXpaHsiBaHe Ha npupogeH ra3 u CO2. CemammyHaTa 1 HeOTEKTOHCKaTa 06CTaHOBKa € pa3HoobpasHa (OCHOBHO HuCka
[0 CpedHa 1 psAKo NoBYLEHa), kKOeTo 0BycraBsl pasnuyHaTa 3eMeTpbCHa akTUBHOCT U MOBEJEHWE Ha Pa3NOMHUTE HapYLUEHUS B HEOTEKTOHCKOTO pasBuTUE Ha
Teputopusita. TBbpAe pasHoobpasHy ca XMAPOTeoNoXKUTe YCIIOBUS B A(UHUPaAHUTE MPUPOAHIA Pe3epBOAPHY CUCTEMU, KOETO BIMSiE ChLUECTBEHO BbpXY U3Gopa Ha
nepcnekTBHM oBekTy. Hanpumep, NpUpOAHWSAT pe3epsoap, CBbp3aH C TFOPHOKPCKO-AONHOKPEAHWS NPOHWLAEM KOMMMEKC, BbMPEKW BUCOKMS KanauuTUBEH W
(bUNTPaLMOHEH MOTEHLMAN, Cbabpka NPECHN BOAU C aKTUBEH XWAPOAMUHAMMUYEH PEXMM, KOETO ro MpaBu HEMPUIOfeH 3a CbXpaHsBaHe Ha npupogeH rad u COa.
[leduHupaHnTe pe3epBOapHM CUCTEMU CE XapaKTepuaupaT C TBbpAe pasHoobpas3eH CTPOEX W METPO(U3MYHN MOKa3aTeNu Ha KONEKTOPHUTE W WU30NMpaLyuTe
3Py, KOETO BNUsie BbPXY NPUrOLHOCTTA Ha NPUPOLHUTE KanaHu 3a CbXpaHsiBaHe Ha npupoaeH ras 1 CO2. TepMoBapuuHuUTE YCROBUS Ha PE3epBOapHITE CUCTEMM
11 PUPOAHUTE KanaHu CbLUO BNMUSAT ChLLECTBEHO BbPXY MPUTOAHOCTTA Ha reonoxKkuTe CTpyKTypu. Ha 6asaTa Ha aHanuaa Ha reonoXkuTe YCrOBUS U CBbp3aHUTE C
TAX KpUTEpMarnHW nokasaTenu BbB (haHepo30MCKMs paspes Ha WacneaBaHaTa TepuUTOpUst Ca YCTaHOBEHM NEpCMeKTUBHN 3a CbXpaHsBaHe Ha npupogeH ras u CO;
BOZOHOCHM CTPYKTYpW, MPUBBP3aHN KbM AEBOHCKH, TPUACKY, CPEAHOKPCKY U NaneoreHcku pesepBoapH CUCTEMMU.

GEOLOGICAL PRECONDITIONS FOR IDENTIFYING OF PERSPECTIVE AQUIFER STRUCTURES FOR NATURAL GAS AND
CO2 STORAGE IN NORTH-EASTERN BULGARIA

Vassil Balinov, Mariana Doncheva, Efrossima Zaneva-Dobranova

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

ABSTRACT. The methodical approaches for identifying of perspective aquifer structures for natural gas and CO: storage indicated by the authors in previous works
are applied for a part of North-Eastern Bulgaria. They are based on the main requirements for the suitability of the geological sites and are connected to concrete
geological preconditions ensuring the: lithologic, structural-tectonic, seismotectonic, hydrogeological, petrophysical, thermobaric and other requirements.

The regional reservoir systems defined for Northern Bulgaria are examined in the Phanerozoic section of the studied territory. They are characterized by specific
lithological features and development and are of great interest for the natural gas and COz storage. The structural-tectonic conditions in the Moesian Platform (the
Varna Monocline, the North Bulgarian Uplift and the Alexandria Depression) and the Dolna Kamchia Depression determine the presence of different types of
geological structures. Different types of natural traps are bounded to them. Some of these traps correspond to the requirements for natural gas and CO; storage. The
seismic and neotectonic situation is variable (basically low to middle and in rare cases higher), which determines different earthquake activity and behavior of the fault
breaks in the neotectonic development of the territory. The hydrogeological conditions in the defined natural reservoir systems are too variable and this greatly -
influences the choice of perspective sites. For example, the natural reservoir connected to the Upper Jurassic — Lower Cretaceous permeable complex, in spite of its
high capacity and filtration potential, contains fresh water with active hydrodynamic regime and this fact makes it unsuitable for natural gas and CO; storage. The
defined reservoir systems are characterized by too different structure and petrophysical properties of the reservoir and sealing formations and this influences the
suitability of the natural traps natural gas and CO2 storage. The thermobarical conditions of the reservoir systems and the natural traps also greatly influence the
suitability of the geological structures. Perspective aquifer structures for natural gas and CO. storage, connected to Devonian, Triassic, Middle Jurassic and
Paleogene reservoir systems, are registered on the basis of the geological conditions’ analysis and the criteria parameters in the Phanerozoic section of the studied
territory.

BuBeneHue MOHOKNMMHana u  [lorHokamumincko noHwkeHue). Te ca

Pa3pa60TeH|/|Te oT aBTopUTE B npeaLecTaalu 633MpaHM Ha OCHOBHWUTE W3UCKBaHUA 3a MNPUrogHOCT Ha
W3CTIEBaHNS METOANYHN MOAXOAW MU MAEHTUDMLMPaHE Ha reonoxkute 006eKTH 1 ca 06BBbP3aHN C KOHKPETHIUTE FEONIOXKM
NepCreKkTUBHA BOLOHOCHW CTPYKTYpU 3a CbXpaHsiBaHe Ha NPEANOCTaBKN:  NIUTONOXKK,  CTPYKTYPHO-TEKTOHCKM, CEM3MO-
npupogeH ra3 u CO2 (BanutHos u gp., 2007; 2008a; 20086) ca TEKTOHCKM, NUTONOTO-(HM3NYHN  (NETPOCIU3NIHM),  XUApOreo-
npunoxeHn 3a vact ot CeseponstouHa Bvnrapus (Cesepo- NOXKM 1 TepMoGapuIHM.

Obnrapcks csoa, ArnekcaHapuiicka [aenpecus, BapHeHcka
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Jutonoxkute 1 NeTpousnyHUTE NPEANOCTaBkN 0bycnassaT
NPUCBCTBMETO B CEAMMEHTHUTE pa3pe3u Ha MpoHMLAeMu
(KOMeKTOpHM) 1 TPYZHOMPOHMLAeMM (M30MMpaLLM)  ckamu
(3agpyrw, komnnekcy). INpy onpegeneHn B3aMMOOTHOLLEHWS
nomexgy MM W BraronpusiTH NeTpodM3nNYHN KadyecTBa Te
chopMupaT pasnndHM TUNOBE MpupogHW pesepeoapn. OT
rmefHa TouKa Ha CbxpaHsiBaHETO Ha npupogeH ras u CO2
WHTEPEC MpeacTaBnsBaT — pe3epBOApHATE  CUCTEMM B
AbnbounHHus mHTepean 500-2500 m. Toi cboTBeTCTBa Ha
W3MCKBaHWATA 3a MUHUManHata AbnbounHa Ha obekTuTe 3a
cbxpaHsiBaHe Ha CO2 (okono 800 m), npenopbuuTEnHaTa
MakcumanHa AbnbounHa (2500 m) M Ha CBETOBHWS OMUAT
OTHOCHO ONTUMAnHUS MHTEPBanN 3a CbXpaHsiBaHe Ha NPUPOAEH
ra3 (500-1500 m). Mo-cneuunanHo BHUMaHWe e OTOENEHO Ha
pe3epBOapHUTE CUCTEMM, CbAbpXaliM BOOM C MOBULLEHA
MWUHEpanu3aLus, KOUTO He NpeacTaBnsaBaT MHTepec 3a bKuTosm
W Apyrv uenu.

Ponsta Ha  CTPYKTYPHO-TEKTOHCKUTE NPEANOCTaBkA €
CBbp3aHa C (POPMMPAHETO Ha Pa3NWU4HM TUMNOBE MOKAmMHU
CTPYKTYpU U MPUPOAHW KanaHu, KOWTO npu GnaronpustHo
CbYeTaHWe Ha Apyru (akTopy, NPeAcTaBnsBaT MHTEPEC KaTo
nokasnHu 0bekTn 3a CbxpaHsiBaHe Ha npupoaeH ra3 u CO2.

CensmMOoTeKTOHCKNUTE npeanocTaBkn MMat HenocpencTeeHo
OTHOLLIEHWE KaKTO KbM M3bopa Ha MepcreKTUBHU CTPYKTYPU,
Taka U KbM I'Ip06J'IeMI/ITe Ha TeonoXKna pPUCK, CBbP3aHU C
Bb3MOXHOTO HapyLuaBaHe Ha LienocTTa Ha usrpageHuTe Beve
XpaHunuwa Ha npupogeH ras u CO2 B pesyntat Ha

HEOTEKTOHCKOTO pasBUTUE Ha TEpUTOPUMTE, B KOWTO ca
Pa3noNIoKeH NoKanHuTe 0GeKTH.
XWOporeonoxkUTe  MPEANnoCcTaBkKM  ca  CBbp3aHM  C

XUOPOXUMUYHUTE MOKA3aTENM Ha BOAMTE, KOUTO ONpeaensT
MPUrOAHOCTTA UM 3a PasfNYHM Lieny W CBMEETEencTeaTt Mo
KOCBEH MbT 3a TEXHWUS PEXMM, KaKTO W C XMOPOAMHAMUYHMTE
nokasaTenn, KoMTO WMaT BaxHa pors npu u3bopa Ha
MEpPCreKTMBHW CTPYKTYPU W YCOBUSITA Ha CbXpaHsiBaHe Ha
npupogeH ras n CO..

TepmobapnyHuTE NpeanocTaBki MMAT OTHOLUEHUE OCHOBHO
KbM yCMOBUsiTa Ha CbxpaHseaHe Ha CO2. B cboTBeTcTBUE C
pernameHTupaHuTe manckeanusa (Metz et al., 2005; Chadwick
et al., 2007) CO., Tpsabsa ga ce Hamupa B HaLKPUTUYHM
ycnoeust  (pkp=71.9 bar, tx=34.3 0°C). TakuBa ycrnosus
cbluecTByBaT Ha gbnbounHu Hag 800 m. TepmobapuyHuTe
YCNOBMS Ca MPSIKO CBbP3aHM CbLLO Taka C KonuyecTaTa Ha
CbXpaHsBaHus npupogeH ras u CO2 B nokarnHuTe CTPYKTYpU
Ce pasrnexagat npy NPOrHO3HUTE UM OLEHKM.

AHanms un OLleHKa Ha reoyioXXKute npeanocTtaBKn
MpvpoaHu pe3epBoapHKu cucTemm

PesepBoapHute cuctemMu ce pasrnexgar Ha (oHa Ha
paedmHupaHnTe BbB (haHeposounckus paspe3d oT CeBepHa
Brrrapus npeobnagasatLo MPOHML,aeMN "
Tpy4HONpOHWLaeMn pervoHanHn komnneken (PMK un PTK):
neBoH-kapboHekn PIIK, nepmckm PTK, ponHotpuackm PTIK,
ponHotpuackn PTK, cpegHoTpuacku PrIIK, ropHoTpuacko-
cpegHotopckn  PTK,  ropHotopcko-gonHokpeaeH — PTIK,
ponHokpegeH PTK (Banwnos, 1975; Kammko, 1976; Bokos,
Yembepcky, 1987). Te cpopmmpaT YeTUPU pPErMOHANHM
npupogHu pesepsoapa (PIP), cBbp3aHn C eAHOMMEHHWTE
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PIK: neBoH-kapBOHCKM, [OMHOTPUACKM, CPEAHOTPUACKM M
ropHotopcko-gonHokpeaeH. B CesepoustouHa Bbnrapus Te ce
XapaKTepuaupat ¢ peauua creumdinyH 0coGeHOCTU OTHOCHO
TAXHOTO pasBuTMe, cTpaTurpadickm 0OXBaT, CTPOEX U
NUTONOro-(oM3NYHM NokasaTenu. Te ce HamupaT Ha pasnuyHa
AbnboyMHa nopaan PasHOOBpasHUTE TEKTOHCKM  YCIIOBHS.
3HauMTemnHNUTE XMaTycu B CEAMMEHTHWA pa3pes MoHsKora ca
MpuynHa 33  OTCHCTBUETO Ha HAKOM MpOHULEGEMU W
TPyOHOMpPOHULAemMK komnnekcu. [Mopagu ToBa 4acT o
OTAEeNeHnTe NPUPOAHM Pe3epBoapm He MPUCLCTBAT B OTAENHM
yyacTbUM OT M3ydaBaHaTa TepuTopus, a AapyrM umar
pasHopofeH cTpaTurpadicki obxBar.

B naneoreHckus paspes Ha CeseponstodHa Bbnrapus ca
oTaeneHn  npeobnajaBalio  MPOHWLAEMM U TPYOHO-
npoHuUaemu nutonoro-usmynm tena (NIPT), ¢ kouto ca
CBbP3aHW PEe3epBOapHU CUCTEMW OT FOPHONANEOLEHCKO-
€0LieHCKUS U onuroLeHckus paspes (banutos, 1975; [dewwes,
1976).

B  naneosolickus  paspes  wHTepec — npencTaBnsiBa
MPUPOOHWAT  pe3epBoap, CBbp3aH C [eBOH-kapOOHCKMS
NpOoHWLaem Komnnekc. Toil e paseuT B CEBEPON3TOYHATa YacT
Ha Cesepobbrrapckust cBog, Ha abnbounHa ot 800 go 1000
m. [MpeacraBeH e 0T pasHoOOpasHM kapboHaTHW ckanw,
obocobeHn B Hskonko 3agpyru. LLupoko pasnpocTpaHeHue
umat gonomutHata 3agpyra (03) u 3agpyrata Ha uBUYeCTUTE
Baposuuyn (3MB). C orpaHuyeHo pa3npocTpaHeHne ca
3agpyrata Ha WHTpPaKnacTUiHUTEe W TPYAKOBM BapOBULM
(3UTB) n 3appyrata Ha opraHoreHHuTe Baposuun (30B -
poneH kapboH). Ha mecta pasmuBbT Ha naneosomnckute
Hacnarv e 3HauMTeneH, B pesynTat Ha KOeTo NpUCLCTBA Camo
ponomutHata 3agpyra  ([03). KapboHathute ckanm ca
NpeacTaBeHn OT MUKPO-APeOHO3bPHECTU, WHTPAKNaCTUYHU U
rpyaKoBY BapOBWLM, JOMOMUTW 1 ONOMUTU3NPAHN BapOBULIW.
Obwara pebennHa Ha npoHMLaemMus komnnekc e Hag 280 m.
KonekTtopute ca OT CMECEH — MOPHO-KABEPHOBO-MyKHATUHEH
Tun. Te ce xapaKkTtepusupar C HUCKM BMECTUMOCTHU W
GnaronpusTHM  unTpaumoHHM  nokasatenu.  LLmpokoto
pasBWTME HA Makpo- M MUKPOMYKHaTMHM  Cb3dasa
XMApOAMHAMMYHA BPb3Ka MO Lienus paspes Ha komnrekca, a
Ha MeCTa W C OTropenexaLyuTe KPCKU TEPUrEHHN Ckanu.

CpegHotopckata TpygHOMpOHUL@eMa 3agpyra M3mbIiHsBa
ponsTa Ha nokpuBka. B TAcHa mBMUA OT CeBepoM3TOYHATa
yacT Ha TonbyxuHcko-BeTpuHckust Onok KoM Hed  ce
npuobLyasat npeobnapasaLlo TPyAHONPOHWLaeMnTe
JOMNHONepMck/  cegumeHTu. [lokpuBkata € u3rpageHa oT
aprunuTi,  HEBapOBWTM,  Pa3NMYHO  aneBpuTOBM, B
He3aKOHOMEPHO pedyBaHe C rnuHecTn anesponutu. Cpeg Tax
Ce CbAbpXKaT MPOCMOMKM W NnacToBe OT MACbYHMUM. Te ca
OpebHO- 00 CPeAHO3bPHECTM, B pa3nuyHa CTEMEH CrOEHM.
[ebenvHata Ha npeobnafasallo  TPyAHOMPOHWLAEMMS
komnexkc Bapupa B rpanuuute ot 70 go 270 m. Msonupawymte
My KayecTBa Ca MNPOMEHNMBM, MOpagn MPUCLCTBUETO Ha
MPOHWLAEMM NSCBYHMKOBM MNAcTOBe, KOETO Ha MecTa e
3HAYMTESTHO.

B mesosolickus  paspes  WHTepec  npencTaenssar
MpuUpodHUTE pesepBoapl, CBbP3aHM C  [OMHOTpUAacKMUTe,
CPEOHOTPUACKUTE U CPEOHOKPCKUTE NPOHMLIAEMI CEAUMEHTU.



[ornHoTpuackuaT  NpoHWLAEM  KOMMIEKC npeacTaensaea
WHTEpeC B 3anagHata yact Ha CeBepobbNrapckoTo U3auraHe,
toXXHaTa YacT Ha AnekcaHgpuickara Aenpecus W toxHaTa vact
Ha BapHeHckaTa MOHOKNMHana. PasnonoxeH e Ha AbnbounHa
okono 1700 m. TllpeactaBeH e oT YepBeHolpeTHaTa
nscbyHukoBa 3agpyra (UM3). WarpageH e OT pasHOLBETHM W
Pa3sHO3bPHECTW MACBYHMLM € YECTU  NPOCHOWKM  OT
anesporuTi 1 aprunuti. ebenuHata My B 3anagHaTa yact
Ha CeBepobbnrapckoto usgurae goctura 260 m, a B toxHaTa
yacT Ha BapHeHckaTa MoHoknuHana - 100 m. Konektopute ca
OT MOPeH TWM M Ce XapaKkTepusupat ¢ OnaronpusaTH
BMECTUMOCTHU 1 cunTpaumoHHn ceoitctaa (Il knac) (banuHos
u ap., 1977). KoM npoHuLaemMmst KOMNNEKC B KoXHaTa YacT Ha
BapHeHckaTa MOHOKIMHana ce npuobLLaBat W BynKaHOreHHo-
TEPUreHHW Hacnarm Ha LONMHOMEePMCKMS KOMMMEKC, KOUTO B
TO3M Y4aCTbK CbabpXa NPOHWLAEMM NACHYHUKOBYW NNacTOBE.

Ponsita Ha MOKpMBKA  W3MbIHABA  AOMHOTPUACKMAT
TPYAHOMPOHWLI@EM KOMMIEKC, pasBWT B 3anafHaTta 4acT Ha
CeBepoObnrapckoTo u3guraHe. MsrpageH € OCHOBHO OT
aprunutu. Te ca pasHOLBETHM, HEPAaBHOMEPHO aneBpUTOBH W
HeBapoBUTW. KaTo TbHKW NMPOCMOMKA NPUCLCTBAT (PMHO- A0
ApebHO3bPHECTU aneBpoNUTU U MACBYHWLYM, HEBAPOBUTMW.
[lebenuHata My ce wusmeHs ot 219 po 411 m.
TpyaHOMPOHULAEMMSIT ~ KOMMNEKC ~ MMa  CPaBHUTENTHO
€[HOPOAEH NUTOMOXKM CTpoeX. Mo faHHM oT nabopaTtopHy
n3cnenBaHna ckanute nputexasar OTHOCUTENHO
GnaronpuaTH  um3onupawm kadyectsa (knacose D u E)
(MlopnaHos n ap., 1985). B toxHaTa yacT Ha BapHeHckaTa
MOHOKNMHana  pomnsita  Ha  MOKPMBKA  W3MbIHsBA
CpegHolpckaTa TPyAHONPOHMLaeMa 3agpyra. Ta UMa CroxeH
CTPOEX Mopagu CbObpKaluTe ce B Hes PasHOBbL3PacToBK W
pasHOPOAHM MO NMTONOXKA CbCTaB Hacnarw. B paspesa
MPUCBLCTBAT aprunuTi, YUCT 4o cnabo rmuHecTn adaHuToBM
BapoOBULM UM aprunuTh, HEBapoBUTM A0 BapoBWTW, cnabo
arneBpuTOBK, Ha MecTa npexoxgawm B meprenn. Obwata
pebenuHa psagko npesuwasa 100 m. M3onupawmte kavectea
Ha 3agpyrata Ca MPOMEHNMBWA Mopagy MPUCLCTBMETO Ha
MecTa B pa3pesa Ha NpoHWLaeM1 NnacToBe.

CpenHOTPUaCKMAT NpOHWLGEM KOMMAEKC npeacTaBnsBa
WHTepec B 3anagHata yact Ha CeBepobbnrapckoTo n3guraHe
W KOKHaTa YacT Ha AnekcaHgpuiickaTta genpecusi, KbaeTo e
pasnonoxeH Ha gbnboynHa okono 1200 m. MpeacTaBeH e ot
kapboHaTHM Hacnarv — BapoBuMLM W gonomuTy. Baposuuurte ca
MWKPO- 00 ApeBHOKPUCTANMHHK, OTYacTU OONWUTHM, OTYacTy
ncesnobpekyoBugHM.  [onomMuTuTE Ca  MUKPOKPUCTAMMHHM.
Cpewar ce M MHOrO TbHKW NPOCMOWKA WIW BKIKOYEHUS OT
aHxugpuT. BapoBuuuTe 3aemat no-ronsmara 4yact oT paspesa.
[ebenuHata Ha komnnekca Bapupa oT 145 pgo 455 m. Ha
MecTa KbM Hero ce mpuobuiaBat NpoHWLaeMuUTe Hacrnaru ot
OcHoBaTa Ha CpesHopCKus npeobnapasallo
TPYAHOMPOHWLIGEM KOMMIIEKC, KOUTO pasMpsiBaT HEeroBus
obem u cTpaturpadckun obxeat. Konektopute nputexasar
MPOMEHNNBI BMECTUMOCTHW U (OUNTPALMOHHM CBOWCTBA. Te
ca B 3HauaTenHa cTeneH HanykaHu. OTkputata um
BMECTUMOCT Bapupa OT eguHuum go 16%. Te ca oT
MyKHAaTUHEH WNW MOPHO-MyKHATUHEH Tun. 110 uATpaLnoHHK
CBOWCTBA Ca OTHECEHM KbM knacoseTe ot |l go V.

CpepHotopckaTta  TpyOHOMpOHML@eMa  3afpyra,  4usiTo
pebenuHa poctura 105 m, U3MbIHABA PONATA HA MOKPUBKA.
MpenctaBeHa € OT aprnMuTK, KOWUTO Ca NPOCMOEHM OT
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aneBpoNUTU U MACBYHMLM. ANEBPONUTUTE Ca MECLUNNBU U
BapoBUTU. [ACbYHMLUMTE Cca [pebHO- [0 CPeAHO3bPHECTH,
KBapLiOBM, HeBapoBUTU. Ha MecTa paspesbT e npefcTaseH
OCHOBHO OT aneBpomnuTy.

B obxBaTa Ha cpepHotopckaTa TpySHOMPOHULaemMa 3agpyra
Ce CbbpXaT NPOHWLAEMM NACLYHUKOBM TENa, KOUTO yyacTeat
BbB (hOPMUPaAHETO Ha Pe3epBOapHu CUCTEMU CbC 30HAMHO M
nokanHo passuTue. Te 3aemaT pasnuyHM YacTW Ha paspesa.
MpUchCTBALYYMTE B ONHATA U FOpHAaTa YacT NACLYHMKOBY Tena
KOHTAKTMpaT Ha OTAENHW MecTa C  Jonynexalus
CPepHOTpUacku MPOHMLEEM  KOMMMEKC W PasmnosioXeHus
OTIOpe rOPHOIPCKO-JONHOKPEAEeH KOMMNEKC M chopmupat
eAMHHW pe3epBoapHU CUCTEMM.

B cpenHata yacT Ha paspesa NPOHMLAEMOTO MSICHYHIKOBO
TAno hopMupa NpMpoSeH pe3epBoap CbC 30HANHO pasBuUTHe.
To e pasnonoxeHo Ha gbnbounHa okono 1100 m. MarpageHo
€ OT MSACbYHMUM B pedyBaHe C aneBponuTh M aprumuTi.
[ebennHaTa my goctura 48 m. BMeCTUMOCTHUTE My CBOMCTBA
ca npomeHnueu. OTkputata nopectoct Bapupa ot 10 fo 25%,
cpenHo 17%. MpoxuuaemoctTa ce uamens ot 1 go 4000 md.
lMokpuBKaTa € M3rpageHa OT He3aKOHOMEepHO peayBaHe Ha
aprunuTy, MMWHECTW aneeponuTU W rmuHK. [ebenvHata 1
Bapwpa ot 27 go 70 m.

B  mepuuepHus  paspes  MHTepec  npeacTaBnsiBaT
NaneoreHCKUTe N ONUrOLIEHCKIUTE MPOHWULL@EMN CEAMMEHTU OT
BapHeHckaTa MOHOKNMHanNa v [10NHOKaMUMIACKOTO MOHMKEHME.
Te chopmupaT CNOXHM NO CTPOEX Pe3epBOapHM CUCTEMM,
KOETO Cce npegonpegens OT He3akOHOMEPHOTO pedyBaHe Ha
NPOHWLaemMu (MACHLY, NACBYHMLM, KOHTIIOMepaTy, BapoBuMLM)
W TPyOHOMPOHMUAEMM  (FMWHK, NMHECTW  aneBpomnuTH,
Meprenu, aprunnTi 1 4p.) NNactoBe M NPOCMONKK C pasnnyHm
pebenvHm, nnowHa HensabpxaHocT (Mopagu U3KIMHBaHE Ui
aumanHo  3amMecTBaHe) UM CMIOXHM  MPOCTPAHCTBEHM
B3aMMOOTHOLEHMs. [lebennHuTte Ha npoHuLaemuTe Tena ce
W3MEHAT B LUMPOKM TPaHULW — OT E€AMHWLM OO HSKOSKO
JeceTkM MeTpu, Kato HapacTBaT B IOKHATa 4acT Ha
[lonHoKaMuMICKOTO MOHWKeHWe. Te Ce XapakTepuaupar c
TBbpAe pasHoobpa3sHu KonekTopHu nokasarenu (I-V knac).

MpeobnagaBawlo  npoHuyaemute U npeobnagasallo
TPYAHONPOHULAeMuTe  nuToNoro-husnyHM  Tena  (3agpyry),
n3rpaxgaT pe3epBOapHi CUCTEMM OT NAcToB U KOMOMHMPaH
(nnactoBo-macueeH) Tun (Qewes, 1976). B onuroueHckute
CEAVNMEHTM NPUCHCTBAT Pe3epBOapu NPEAMMHO OT JIUTOMOXKM
TUM, CBbP3aHN CbC 30HW Ha W3KIMHBaHE Ha MACHYHUKOBUTE

xopu3oHTn. [locouyeHute ocobeHOoCTM B CTpoexa Ha
pe3epBoapHuTe cuctemu 0OYCraBAT MpUCHCTBMETO  Ha
‘rIMTONOXKM  NpO30pun’, Ype3 KOUTO Ce OCbLieCTBSBA

XVAPaBNMYHA BPb3Ka MEXIY ETaXHO Pa3nonOXeHUTE CUCTEMN
W nogcucTemu. B 0TAENMHM paiioHn NpoHULaeMuTe kapboHaTHM
CEOMMEHTU Ha naneoLeHa KOHTAKTMpaT C TOPHOKPEOHW
necbynuBo-kapboHaTHM  ckamy,  0Dpa3yBalku  eauHeH
npupogeH pesepBoap. KoM TakbB pe3epsoap € NprBbp3aHo
rasoBoto Haxoguwe ‘Tanarta’. C npupogeH pesepeoap OT
NIUTONMOXKA ~ OTpaHMYeHns TWN e CBbp3aHa rasosata
akymynauws kpai c. Ctapo OpsixoBo.

CTpYKTYpHO-TEKTOHCKM NPeanocTaBKu
Ha ocHoBaTa Ha CeM3MMYHIUTE MPOyYBaHNs 1 COHAMPAHETO B
n3yyaBaHaTta Teputopist OT CeBepousTouHa Bbnrapus ca



oTAeneHn okono 25 nokanHu cTpyktypu (bokos, Yembepcky,
1987). Te ca npuWBbp3aHM KbM PasNMyHKM CcTpaTUrpadicku
KOMMIeKCH — [EBOHCKW, NMEPMCKM, TpUackW, TOPHOKPCKO-
BamnaHXMHCKW, [ONHOKPESEeH, rOPHOKPEedeH W naneoreHcKku
(ropeHOEOLIEHCKM 1 ONUIOLIEHCKY). 3HAYMUTENHA YacT OT TAX ca
C HEU3SICHEH AbNOOYMHEH CTPOEX.

B pesynTaT Ha NpoBEAEHWUTE OT ABTOPUTE LOMbIHUTENHM
u3cnegBaHns (PEMHTEPNPETALMS Ha CEM3MUYHM paspesu,
CTPYKTYPHO-TEKTOHCKM MOCTPOEHMS W Ap.) Ca YCTaHOBEHM
HOBM,  MO-WMPOKOOOXBATHM  CTPYKTypW, a 4acT  OT
perucTpupanuTe ca noTebpaeHn. /36opbT Ha nepcnexkTBHM
3a CbxpaHsBaHe Ha npupogeH raz u CO2 cTpykTypu e
HanpaBeH Bb3 OCHOBA Ha aHanM3a Ha CTPYKTYpHUTE NraHoBe
Mo pasnMyYHmM CTpaTMrpadhCkm HUBA, CbNOCTABEHM C KapTUTe Ha
NPMPOJHMTE pe3epBoapy.

B naneosoiickust 1 Me3030iiCKkis paspes, B y4acTbLuTe Ha
MPUCHCTBME HA MEPCNEKTUBHUTE MPUPOAHW  pPe3epBoapu,
NOKarnHUTe NO3UTUBHU CTPYKTYpW Ca J0Bpe M3paseHu BbpXy

CTPYKTYPHWS! MfaH N0  AOMHMILETO Ha  CPeaHOKPCKUS
komnnekc. B naneoreHckus paspes 0T  BapHeHckaTa
MOHOKNMHanNa " JlonHoKaM4MinckoTO MOHMXEHNE

NPUCLCTBMETO HA TakuBa CTPYKTYPU & A0Bpe M3paseHO BbpXy
CTPYKTYPHUSI MNaH MO FOPHULIETO Ha CPeaHOEOLEHCKUTE
CeaNMEHTH.

OtpeneHnte  ceaeM  MEPCneKTMBHW  CTPYKTYpW  ca
pasnonoxeHn B pa3nuyHu yvactbum Ha Ceepobbrrapckus
€BO/, lOXHaTa YacT Ha [lorHOKaMYWMIACKOTO MOHMXEHWE W
loXXHaTa YyacT Ha BapHeHckaTa MOHOKNMHana. B Hskou OT Tsax
MPUCLCTBAT MOBEYE OT €AMH MOTEHUMANTHO MEPCrEKTUBHMI
MPUPOAHM KanaHMm.

Cen3MOTEKTOHCKM NpeanocTaBKku

TaxHaTa pons € MpsKo CBbp3aHa C MOBEJEHWETO Ha
PasNOMHUTE HApYLUEHWUs B TEKTOHCKaTa €BONKUMS Ha
CesepoustouHa Bbnrapus. B pesyntat Ha CTapokumepckute
TEKTOHCKM [BMKEHMS MO TAX ca 0060COBEHM pasnuyHM no
rornemuHa U [eHuBenauus TekToHcku 6Onokoee (Bokos,
Uembepckw, 1987). Pa3srneganute cTpykTypu, hopmupaHu B
naneo3oiickms 1 AOMHaTa YacT Ha Me3030MCKUs pa3spes, ca
YCMOXHEHN  OT  [OMbIHWTENHM  Pa3NOMHO-Pa3ceaHH
HapylweHus. B tOpCKO-KpEOHWS U MamneoreHckus paspes
ronsMa 4acT OT Te3n HapylieHusi ca norpebann. [aHHute ot
TEKTOHCKOTO HamykBaHe W (M3M4YHATa aHW30TPONUS  Ha
pasnuyYHUTE TUMNOBE CKanu B [ManasoHa paHHa Kpeda-KbCeH
naneoLeH CBULETENcCTBaT 3a YCTOAYMBA TEHOEHUWs Ha
poTaLMs Ha OCUTE Ha KOMMPECUs B TEKTOHCKOTO Mofe Ha
CeBeponstouHa Bbrrapus (Shanov, 1990|. Te ca pobpa
OCHOBa 3a WOEHTU(MUMPAHE HA TEKTOHCKM HapyLeHus ¢
XapaKTEPUCTVKN HA CbBPEMEHHM aKTUBHM Pa3nomMu U OLEHKA
Ha Bb3MOXHOTO MM Bb3[ECTBUE BbPXY NIOKANHUTE CTPYKTYPU.

Ha 0asata Ha CEM3MOTEKTOHCKM M3CNEABaHUS B
CeBeponstoyHa Bbnrapusi ce OTAENST TPU 30HW C MOBMLLEHA
noTeHUuManHa censMmuyHocT: [opHoopsixoBcka, LUymeHcka u
KanuakpeHcka (KoctagmhoB w  gp., 1992). Te ce
XapakTepuanpaT CbC CWHA HApYLUEHOCT Ha 3emMHaTa Kopa,
KaTo 4acT OT pasfoMHMTE AMCIOKALUMM Ca C HEOTEKTOHCKA
aKTMBHOCT. Hamuue ca CbWO Taka 30HM C MOBWLLEHN
TAHrEHUMaNHN HanpexXeHus, Mo KOMTO MoraT [a Bb3HMKHAT
HOBW pa3fioMM, TEHepupaly OrHWLLA Ha 3emeTpeceHus. B
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TE3N Ceu3MMYHW 30HM nomaga mo-ronamara  Yact  OT
WU3yyaBaHaTa TEpUTOPUS, C U3KIIOYEHNE Ha CEBEepOM3TOYHUTE
yyacTbLy oT CeBepoGbrapckus cBo.

Xupporeonoxku npeanocTaBk1

B usyyaBaHaTa Teputopus oT CeBepoustoyHa Bbnrapus
WHTEpeC  NpeAcTaBnsBaT  AEBOHCKMAT,  TPUACKMAT,
CPELHOIPCKUAT U NaneoreHckuTe BOJOHOCHU KOMMIEKCH,
TACHO CBbP3aHN C Pa3BUTUETO Ha OTAENEHUTE NepCreKTUBHM
MPUPOLHY Pe3epBOapu.

LesoHckusm 8000HOCEH KOMNeKC B LEHTpanHata u
nstoyHata uact Ha CeepobGbnrapckus CBOA, KOWTO €
n3rpageH oT kapboHaTHW ckanu, e CBbp3aH C eAHOUMEHHUTE
pe3epBoapHu cuctemu. Bogute ca ¢ MuHepanuaaums ot 2 [o
30 g/l. Te ca HanopHu, NyKHaTWHHO-KapcToBK. puBeaeHUTe
KbM MpsicHa BOJa NME3OMETPUYHM HMBA 3aKOHOMEPHO CE
n3meHsT ot + 54.8 m go +16.5 m. Boaute ca cnabooburnHu,
XnopuaHo-HaTpueB Tun. KoeduuneHTbT Ha dunTtpauus e
HUCBK (okono 102m/d).

LHonHo- u cpedHompuackume 60Q0HOCHU KOMNeKcU OT
3anagHata dvact  Ha  Cesepobbnrapckus — cBog W
AnekcaHgpuiickaTa aenpecust umart 6nvska xmapognHamniHa
XapaktepucTuka. MAcbyHULMTE (LONEH Tpuac) U BapoBuLUTE
W ponoMuWTMTE  (CpegeH  Tpuac)  MMaT  HuCKa
xugponposogumoct (o1 0.3 go 5.6 d cm/cP). Jebutute ce
U3MeHsT B rpaHuuute ot 2.4 no 50 m¥d. MuesomeTtpuyHuTe
Hvea ca or -30 po -47 m. [lo XWMWYeH CbCTaB
[OMHOTPUAcK1TE BOAM Ca COMNeHu, MuHepanuaupanm (ot 30 oo
65 ¢/l). Bomute ca xnop-kanuueB Tun. Bucoko e
CbObPXaAHUETO Ha CTPOHLMIA, Xensa3o, bpom, og, metabopHa
KACENMMHA W aMOHWIA, KOETO € [AoKasaTencTBo 3a aobpa
3aKpUTOCT Ha BOJOHOCHWTe Tema. B cpepHoTpuackus
Komnnekc uma pobpe w3paseHa BepTUKanHa XvAPOXMMWYHA
30HaNHOCT (MWHepanusauusTa HapacTsa ot 21 go 77 g/l).

CpedHOopPCKUSIM KOMNJTEKC CbabpXa BOAOHOCHM XOPU30OHTH

B 3amagHata vact Ha CesepoObarapckus cBog U
AnekcaHgpuiickaTa  penpecus, a BbB  BapHeHckata
MOHOKNMHaNa Toi e  TpyoHonpoHuuaem  (Bogoynop).

BoaoHOCHM ca MICbYHMLMTE, OT KOUTO Ca MOMY4YeHN NpOTOLM C
npomeHnuen 0ebuti — ot 3.4 go 47 md/d. MuesomeTpuyHNTe
HuBa ca oT — 4.8 go 52 m. Mo xumu4yeH cbcTaB BOAuTE B
JOfHaTa  4YaCT  Ha  CPEAHOPCKMS  KOMMNeKkc  ca
MuHepanuaupann — ot 15.9 go 26.3 g/l. Te ca ot xnop-
Kanuues " Xnop-mMarHesues M. Cbabpxar
MWUKPOKOMMOHEHTUTE 1og, Gpom, 6op, amoHuid 1 ap., KOeTo e
[0KA3aTenCcTBO 3a 3aKPUTOCT Ha BOLOHOCHUTE mracToBe. B
ropHaTa YacT Ha KoMnnekca BoauTe ca ¢ Gnuaku napameTpu
[0 TE3 OT FOPHOKPCKO-AONHOKPEAHMSI KapbOHATEH KOMMIIEKC,
nopagu XMapoAMHaMUYHaTa Bpb3ka MeXay TaX.

BodoHocHUMe mena u XOpU30HMU 8 eOUEHCKUS pa3pe3 Ha
[IONHOKAMUYMNCKOTO MOHWMXEHWEe Ca MHTEPECHW OT rnegHa
TOYKA Ha TEXHWUTE KanauuTUBHW U NPOQYKTUBHU Bb3MOXHOCTY.
Msrpaxgalimute rm TepUreHH 1 TepUreHHo-kapboHaTHU ckamnm
“MaT OTHOCMTENHO Jobpa npoBoaUMOCT. OpPUEHTUPOBBLYHMTE
CTOMHOCTK ca B rpaHuumTe oT 5-10 go 30-40 m?/d. OtcbeTBaT
NPEeACTaBUTENHM  [JAHHW 32  MME3OMETPUYHWUTE  HUBA.
OuyakBaHWTe CTOMHOCTH NPK YCIOBMS HA BOGOHAMOPEH PEXAM
ca OT NnopsiobKa Ha JEeCeTKM MeTpU Had MOPCKOTO PaBHULLE.
Mo xummyeH cbCTaB BOAMTE ca coneHu, ¢ obuwa



MuHepanusauus ot 8-10 go 40-50 g/l. FnaBHM KOMMOHEHTY ca
xnopuante Ha Hatpusi. CyndaTpedyKUMOHHM — npouech
00ycnaBAT MHOTO HWCKO CbObpkaHue Ha cyndatu w
OTHOCWTENHO MOBWLLEHO CbObpXaHWe Ha OukapboHaTy.
Bucoko e cbabpxanneTo Ha rog (ot 10-12 go 35-50 mg/l) u
Bpom (go 50-60 mgl/l). Bogute ce xapakTepusupaT C
MoBMLLEHa O BUCOKa TemnepaTtypa. Cnopen Abnbo4nHaTa Ha
3ansraHe Ha BOQOHOCHWTE Tenma WM Bb3AENCTBMETO Ha
KOHBEKTMBEH MPEHOC Ha TOMMMHA OT MO-AbnOOKUTE HUBA,
NacToBuUTe TEMNEPATYPU Ha BOAUTE Ce MBMEHSIT B rpaHuLuTe
ot 30 po 65°C. BucokaTa M OTHOCUTEMHO YCTOMYMBA BLB
BPEMETO MUHEPanM3aLms B LOXXHUTE W LIEHTPamHUTE YacTu Ha
MOHWKEHWETO € [0oKa3aTencTBo 3a fobpa M3onmMpaHoCT Ha

BOOOHOCHUTE TeNa WM  CTPyKTypuTe OT  aTMocdepHo-
MHUNTPALMOHHNS BOJOOGMEH.
B [pomHuTe HMBa Ha  OMWrOLEHCKWS  paspes ca

I/I,CleHTI/I(*)I/ILU/IpaHM Marku no obem BOJOHOCHW Tena, BMECTEHN
B JOMUHUPALLUTE B paspesa rMnHecTu CeAMMEHTH.

[lonHoeoueHckusim 8000HOCEH X0puU30oHM BbB BapHeHckaTta
MOHOKIMHana Ce XapakTepusupa C OTHOCUTENHO BUCOKM
BMECTUMOCTHN UM (PUNTPALMOHHM  XapaKTEPUCTMKW  Ha
U3rpaxaalluTe ro TepUreHHn u kapboHaTHM ckanu. B uenvs cu
00XxBaT  BOAOHOCHWSIT XOPM3OHT € B PEXMM Ha aKTMBEH
BOJOOOMEH W MH(UNTPALMOHHO aTMOCHEPHO NOAXpaHBaHe.
Tosa obycnass HUCKa MUHepanu3aLms Ha BOBUTE U MOHWKEHO
NPUCHCTBIE Ha XINOPUOHW KOMMOHEHTW. B 06xBaTa Ha toxHaTa
4acT Ha ABPEHCKOTO CTbNano BOAOHOCHUTE XOPWU3OHTU He ca
3acerHat OT PasfOMHO-PA3CeAHW aucrokauum W umat
HaeXaHW1 rOPHU 1 [JOMHIU BOAOYNOPY.

OnueoueHckume 6000HOCHU menia 0T  BapHeHckaTa
MOHOKIMHana ca MNpWBbp3aHW KbM JIOKanHO  pasBUTM
NpoHMULLAeMM Tena 1 ca ¢ 4obpa Xuaporeonoxka 3akpuTocT.

OcHoBHM pe3ynTaTtu

Ha 6asata Ha aHanu3a 1 oLeHKaTa Ha reonoXKuTe ycroBus
3a CbXpaHsiBaHe Ha npupoaeH ras u CO2 BbB BOAOHOCHM
topmaumm B panoHn ot  CeepoustouHa Bwnrapus
(BapHeHckaTa MOHOKMMHaNa, [JoNHOKaMYMIACKOTO NOHWMKEHME,
CeBepobbrrapckusi cBog v AnekcaHapuickaTa aenpecus), ca
MOEHTUULMPAHN NEPCMEKTUBHN BOLOHOCHN CTPYKTYPU, KOUTO
NpeLCTaBNABAT NOTEHLMANHM XpaHUIWLLA Ha NPUPOSEH ras u
CO2. Te ca npuBbP3aHM KbM pasfiniHM CTpaTUrpadicki H1uBa —
OT [eBOHA [0 ropHWsi eoueH. [bnbounHata um Bapupa B
rpaHuuy ot 500 go 1700 m.

NokanHuTe CTPYKTYpPU M CBBHP3aHUTE C TSAX NMPUPOAHI KanaHu
ca OT pasfMyeH TN — CTPYKTYPHW (AHTUKMMHAMHW Wnn
OpaxvaHTUKNMHAMHM) WM NUTONOXKM — OrpaHuyeHn. 1o
NpesBapuTENHU OLEHKM T€ OTrOBapsT Ha W3MCKBAHMSTA 3a
CbXpaHsiBaHe Ha mpupogeH ra3 u/unu CO2 BbB BOJOHOCHM
CTpYKTypu. B rpaHuuute  Ha  ugeHTUMUMpaHUTe
NepCreKkTUBHW CTPYKTYPW B peaumua cryyan ca AeduHUpaHm
noBeye OT eauH MpUPOOHM  KanaHu, C  pasnnyHa
cTpaTurpadcka NpuBbLP3aHOCT.

KorektopHute  3agpyry, C  KOMTO Ca  CBbp3aHu
MepCrekTMBHUTE MPUPOOHM KamaHW, Ca W3rpajeHu Ot
TEPUreHHN UNn kapGoHaTHN ckann. TepureHHUTe KONEKTOpM ca
OT MopeH Tun. Mo NPOrHO3HN OLIEHKM TEXHUTE KONMUYECTBEHM
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nokasaTenu ca B [PaHUUMTE Ha OCHOBHWUTE KpUTEpWamnHu
M3NCKBAHUS.  3HAuUMTEnHaTa  NUTOMOXKA  M3MEHYMBOCT
onpeaens BapuaLuuMTe  Ha  BMECTUMOCTHUTE U
unTpaLUuoHHTEe UM CBOIACTBA. [opecTocTTa e B rpaHuLuTe
ot 5 8o 30%, karo npeobrnagaealyte CTOAHOCTH ca Mexay 15
1 20%. MpoHMLaemMocTTa ce U3MEHs! OT HSAKOMNKO €OUHULM OO0
HAKOMKO CTOTMUM Munuoapcu. EdpektuBHata aebenvHa Ha
KOMEKTOPHWUTE 3afpyrit B OTAENHMTE NPUPOAHH KanaHu e oT 10
£0 70 m. TIpOrHO3HUAT KanauuTeT Bapupa B LUMPOKM rpaHMLM
— OT HAKONKO [AECETKM [0 HAKONMKO CTOTUUWM MIH. t, no
oTHoLeHWe Ha CO2 11 OT HSKOMKO CTOTMLM MITH. M3 O HAKOMKO
MIIpA. M3, N0 OTHOLIEHWE Ha MPUPOLHMS ras.

KapOoHaTHuTE KOMekTopW, C KOUTO Ca CBbp3aHu YacT OT
NepCneKTUBHUTE MPUPOLHW KanaHu, ca OT CMeCeH Tun, Hau-
4eCTO NOPHO-KaBEPHOBO-MYKHATUHEH. Te ce XxapakTepusupar ¢
HUCKW BMECTUMOCTHU MokasaTenn (mykHaTUHHO-KaBepHoBaTa
BMECTUMOCT He npeBuwasa 1%) u ¢ 6GnaronpusTHM
(unTpaumoHHu kavectsa. lNopagu 3HaunTenHara aebenuHa
Ha  KkapbOHaTHWTE  KOMEKTOPHW  3afpyrh  MPOrHO3HMAT
KanauuTeT Ha NPUMPOJHUTE KanaHu JOCTUra HAKOMKO CTOTULM
MrH. t no otHoweHwe Ha CO2. Tesu CTpyKTypu He ce
NPenopbYBaT 3a CbXpaHsBaHe Ha NPUPOLEH ras.

B naneo3soiickus paspes ca OTAeNeHW [Be MepCrnekTUBHM
CTPYKTYpM, pPa3noNoXeHM B CEBEpOM3TOYHATa YacT Ha
CeBepobbrrapckus cBod. Te ca CBbp3aHM CbC CpedHo- W
rOPHOAEBOHCKUTE KapOOHATHM KONEKTOPH.

B Meso3oickus paspe3 ca  ugeHTU(MUMpaHu  gBe
NepPCneKkTUBHW CTPYKTypW. EgHaTa ce Hammpa B toxHaTa vact
Ha BapHeHckaTa MOHOKNMHanNa W € CBbp3aHa C Nepmo-
TpUackuTe KNacTUYHWM MPOHWULL@EMM CEeAMMEHTW. [lpyrata
obxBalla y4acTbLm OT 3anagHaTta vacT Ha CeBepobbnrapckus
CBOJ M KOXKHaTa YacT Ha AnekcaHapuiickaTa genpecus. B Hes
Ca YCTAHOBEHW TpU MNPUPOOHW KamaHa, CBbp3aHW C
KnacTU4HNUTE M KapbOHaTHUTE [ONMHOTPMACKM, CPEHOTpUACcKM
1 CPEAHOKPCKM KOMEKTOPHI 3aApYTH.

B TepuuepHus paspes ca OTOENEHU TpU NEepCreKTUBHM
CTPYKTYpu. [EfgHaTa ce Hamupa B lOXHaTa u4acT Ha
BapHeHckaTa MOHOKNMHANA M B HESt KNACTUYHUTE KOMEKTOpM
ca C A0NHOeoLeHCKa Bb3pacT. [pyruTe [Be ca pPa3nonoXeHN B
foxHaTa 4acT Ha [lONHOKaMYWMACKOTO MOHMXEHMEe. B Tax
KOMEKTOpUTE ca NPeACTaBeHU OT NACBYHULMTE U BapOBULMTE
Ha  CpEeOHOEOL|EHCKO-TOPHOKPEAHUTE  CeaUMEHTM U OT
NACLYHULIUTE HA FOPHUS EOLIEH.

MepcnekTUBHUTE BOAOHOCHM CTPYKTYpW B Naneosoickus 1
Me3030/CKMsl  paspe3 Ce MNpenopbyBaT OCHOBHO  3a
cbxpaHsiBaHe Ha CO2, a Tean OT TepUMepHUs paspe3 — 3a
CbXpaHsiBaHe Ha NpUPOeH ras.

3a BCsiKa e[Ha OT NepCreKTUBHUTE BOAOHOCHW CTPYKTYPH U
CBbP3aHUTE C TAX MPUPOAHW KamaHW ca OLEHEHW OCHOBHUTE
MPOrHO3HN TMOKA3aTENN Ha MOTEHUMamNHUTE XpaHunuwa Ha
npupoaeH ras u CO.
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WU3CNEOBAHE HA Bb3MOXHOCTWUTE 3A OMNON30TBOPABAHE HA MAHTAHOBHU
TEXHONOrMYHU OTNAABLN

Mapzapuma Bacuneea, UeaH Huwkos, UpeHa puzopoea, boxudap [JeHes
MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Coghus; marvas@mgu.bg; iniskov@gmail.com

PE3IOME. [Mpe3 npoabmkUTENHUA NEPUOA Ha ekcnnoaTaLms Ha MaHraHOBOPYAHO HaxoauLle B BocHa n XepLieroBuHa, ca HaTpynaHu 3HauuTenHu
KOnM4ecTBa TEXHOMOTWYHM OTNaZbLM, MOMyyeHu npu npepaboTkata Ha MaHraHoa pyda. B HacToswarta paboTa ce npuBexaar AaHHW OT
U3BBPLUEHUTE 3bPHOMETPUYHI, XUMUYHU U MUHEPANOXKMA M3CNeNBaHNS HA TEXHOMOTMYHUTE OTNaAbLM OT AEHOCTTa Ha PasnuYHUTE MHCTanaLmm
Ha oboratutenHara dabpuka, ¢ Lien U3ACHABaHe Bb3MOXHOCTUTE 3a TAXHOTO OMONI30TBOPSIBAHE, KAaTO NOTEHLWAHa CypoBIHA 3a NPOU3BOLCTBOTO
Ha MaHraHoB KoHLeHTpart. lMonyyenute pesyntatn morat ga 6baar uanonasaHn npu paspaboTBaHETO Ha TEXHOMOTWA 3a MPOM3BOACTBO Ha
MaHraHOB KOHLLEHTPaT OT CTapy OTNaaHN NpoayKTu.

ON THE POSSIBILITY OF UTILIZATION OF TECHNOLOGICAL MANGANESE WASTE
Margarita Vassileva, Ivan Nishkov, Irena Grigorova, Bojidar Denev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; marvas@mgu.bg; iniskov@gmail.com

ABSTRACT. During the long period of exploitation of manganese ore deposit in Federation Bosnia and Herzegovina are accumulated considerable
quantities technological waste from mineral processing. Granulometric, chemical and mineralogical analyses of the technological waste from
different installation on the dressing plant has been performed. This study has purpose to explain the opportunities for manganese waste utilization
as potential material for production of manganese concentrate. The obtained data could be using for development of technology for manganese
concentrate production from technological waste.

BbuBeneHue Mpe3 1981 r. e 3anoyHano u3rpaxgaHeTo Ha HOBa
|'|pe3 NPOABLIKUTENHUS MEPUOA  Ha  ekcnroaTauns Ha oboraTutenHa (ba6pV|Ka, T.Hap. “WTanmaHcka VIHCTaJ'IaLI,VIﬂ”,
MaHraHoBOPYAHO Haxoauile B BocHa u Xele,eFOBVIHa, ca KOATO BKIKOYBA NpoMMBaHeE, KnacupaHe, oboratsBaHe Ha
JENOHMPAHW  3HAYUTENHM  KOMWMYECTBA  TEXHOMOFUYHM npoMWTAA M KnacupaH — NpOAYKT B Teéxka  Cpefa,
OTNagbLy, NOMYYeHN Npu npepa60TKaTa Ha MaHraHoBa pyga. 006e3BoaHsBaHe W npeyncTtBaHe Ha OTNagbYHUTE BOAW.
MaHraHOBOPYAHOTO HaxofulLe € oT cTpaTudopmer (SEDEX) WHctanauusta e 6una B ekcnnoataums go 1993 roguHa. B
TMN 1 e NOKANu3MpaHo CPef CPENHOTPUACKY, BYMKAHOTEHHO- HacTosLs  MOMeHT, B oboratutenHata chabpuka ce
cequmeHTHM Hacnaru (Palinka$ et al., 2008). PygHute Tena W3BBPLIBA PEKOHCTPYKUMA Ha TEXHOMOrM4HaTa InHna 3a
“MaT neLwoBuaHa (bopMa’ W ce mpocrosisaT C quDVITVI n npoMnBaHe U KnaclpaHe Ha MaHraHoBsaTa pyda. I'IpquBaT ce
TMMHECTU CeaMMEHTU. PymHWTE MMHepann ca npeacTaBeHw Bb3MOXHOCTUTE 3a oboratsiBaHe Ha npomuTata pyha upes
[MaBHO OT MMPOMY3UT, ‘NICMUIOMENaH’, MaHraHWT, XematuT, rpaBuTaLMOHHN METOAN, C OrNIEA nocrneasallo Npou3BOLACTBO
rboTUT, BpayHuT, nuput 1 Mapkasut (Palinkas et al., 2008). Ha MaHraHoB KOHLieHTpaT.
MpomuiLneH AOBMB Ha MaHraHOBa pyaa OT HAXOAMLLETO €
W3BbPLUBAH OT 1959 T. 3HaunMTenHN  KommyecTea MaHraHoB/  TeXHOMOTM|HM
OThagbUyyM ca HaTpymaHu NpW OENHOCTTa Ha pasnuyHuTe
[lobvBaHaTa pysa e 6una nognaraHa Ha MPOMUBHO WHCTamaumm Ha oboraturenHata cabpuka. OO6ekT Ha
oboraTsiBaHe, KaTto rOAMILHOTO MPOW3BOACTBO HAa MaHraHoB HacTosiwara pabota ca W3BbLIEHUTE  3bPHOMETPUYHH,
KOHLIEHTpAT CbC CbabpXaHue Ha Mn 35.0% 3a nepuoga 1959- XUMUYHU U MUHEpParnoXKn mnscnegBaHnWa Ha TEXHONOrnyHuTe
1973 r. e 6uno ot nopsigbka Ha 15000-20000 t. Mpe3 1973 1. e oTnafbly, AenoHMpaHn B OTNaAbKOXPaHWNULLIETO Ha
uarpageHa (_baﬁpy"(a 3a oboratasaHe ype3 npoMuBaHe Ha oboraTutenHata (ba6pvn<a, C Len u3sacHsaBaHe Bb3MOXHOCTUTE
,D,OGI/IBaHaTa pyaa, C MpOW3BOAMTENHOCT 30000 t roguwHo 3a TAXHOTO OMOn30TBOPABaHE, Kato MoTeHuManHa CypoBWHa
MaHraHOB KOHLIEHTPAT, KaTo Ca HarpaBeHW W crioMmaraTenHu 33 MPOM3BOACTBOTO HA MaHraHoOB KOHLEHTpaT. [lonyyeHuTe
00eKTM — OTNafgbKOXPaHUIULLE M €3ep0 32 TEXHOMOrn4Ha pesyntat Morat Aa GbAar usnonasaHu npu paspaboteaHeTo
Boga. To3n 00ekT, HapeyeH “CTapa cenapauus” e ovn B Ha TeXHomnorma 3a npou3BOACTBO Ha MaHraHOB KOHLEHTpAaT OT
ekcnnoartauus o 1990 r. CTapu oTnagHW NPOAYKTL.

31


mailto:marvas@mgu.bg
mailto:iniskov@gmail.com
mailto:marvas@mgu.bg
mailto:iniskov@gmail.com

MaTepMan N MeToaunkKa

W3cneaBaHu ca npefcTaBUTENHW NPoBW OT TEXHOMOMUYHM
oTnagbly, HaTpynaHW npe3 pasnuyHMTE Nepuoan  Ha
ekcnnoatauns Ha “Crtapa cenapaums” (1973-1980 r.; 1980-
1990 r.) u ‘“UranuaHcka wHctamaums® (1981-1993 r.),
nogbpaHu OT OTNagbKOXPAHUMMILETO Ha oboraTuTenHara
abpuka. 3a u3yyaBaHe Ha OTMAAHUTE NPOJYKTM, ca
NPOBELEHN 3bPHOMETPUYHM U XUMUYHW  @Hanmn3n K
MWHEPanNOXK/ W3CMedBaHWs Ha CbOTBETHUTE  paKLmu.
3bpHOMETPUYHUAT aHanM3 € W3BbPLUEH MO KOMOWHMpaHa
METOAMKa 3a MOKBbP W CyX CUTOB aHanu3, kato ca 13non3saHu
cuta ¢ pasmep: 0.1 mm; 0.25 mm; 0.4 mm; 1.6 mm; 6 mmun 13
mm. [bpBOHAYaNHO Ype3 MOKbP CUTOB aHanu3 e oThensHa
tpakumata “0.4 mm’. Opakyuure “1.6+0.4 mm’, “6+1.6
mm”, “13+6 mm” 1 “+13 mm” ca nony4eHn 4pes Cyx CuTOB
aHanu3. lNpu usnonseaHeto Ha cuta 0.1 mm n 0.25 mm e
NpUNoxeHa METOAMKA 3a MOKbP CUTOB aHanu3. 3BbpLLeHm ca
XUMWYHW aHanuau, 3a OnpefensHe XWMUYHWS CbCTaB Ha
nomnyyeHuTe pakumM U CbAbPKAHMETO HA MaHraH B TAX.
XUMWYHUTE M3CneaBaHus ca HanpaBeHu ¢ nomolyta Ha AES-
ICP aHanus, B LUHWI “Teoxumus”, MY “Cs. ViBaH Puncku”.

3a u3yyaBaHe MMHeparHWsi CbCTaB Ha TEXHOMOMMYHWUTE
OTMagbLuy, Ca NpoBedeHW MuHeparpadpCku uscrefsaHus B
OTpaseHa CBETNMHA Nog MWKpockon Ha 9 6pos cnoeHn B
enoKCMAHa CcMona MoNMupaHW npenapatn  —  GpukeTy.
Mpenapatute ca W3roTBeHM OT oTnagbun ot  “Crapa
cenapauus” (1980-1990 r. n 1973-1980 r.) u ot oTnagbk OT
“UTanmaHcka MHcTanaums”’, CbOTBETHO OT dhpakumm +0.25 mm,
-0.25+0.1 mm u -0.1 mm (npobu B 2.1; B 2.2; B 2.3; B 3.1; B
3.2; B 3.3; B 9.1; B 9.2; B 9.3). PygHata mukpockonusi e
U3BbPLIEHA C Monsapu3aunoHHu mukpockonn MOJIAM-311 u
NU-2. T[poeemeHn ca AMMPaKTOMETPUYHU  PEHTTEHOBM
aHanu3u, 3a [OMarHocTMKa Ha  MuHepanHute  (hasm,
npucbCTBalyM B OTnagbumute. Peructpupann ca 3 6pos
andpaktorpamn Ha otnagbum ot “Crapa cenapauus” u
“UtanmaHcka mHcTanaums” — npobun B 2.1; B 3.1 n B 91
(dbpakuymm “+0.25 mm”). PeHTTEHOCTPYKTYPHUTE aHanu3u ca
HanpaBeHu ¢ nomowTta Ha audpakromersp TUR-M62, CuKa
nbyenne, Ni duntbp, B HaumoHanHus myseir “3emsita u
xopata”. /3BbpLIEHN Ca €ANHUYHW KOMMYECTBEHU PEHTTEHO-
CMEeKTparnH1 MWKpoaHanmuan, 3a u3yyaBaHe XWMU3Ma Ha
OTHENHM MUHepanu, C NOMOLLTa Ha CKaHupall, erneKkTPOHeH
mukpockon JEOL-JSM 35-CF ¢ mukpoaHanusatop Ttacor
Northern TN 2000, B EBpotect-Kontpon, AL

Pe3ynTaTV| OT n3cnegBaHuUATa
3bPHOMETPUYHN 1 XUMUYHN aHaNM3n

Pesyntatute OT W3BbpLUEHUTE 3IbPHOMETPUYHM U XUMUYHM
aHanu3M Ha MpeACcTaBWTENHW NpoBKM  OT  TEXHONOMMYHM
OTMagbLy, OEnoHMpaHu npu genHocTTa Ha oboraTutenHarta
thabpuka Npe3 pasnuyHK Nepruoam, ca npeacTaBeHu B Tabn. 1.
MonyyeHUTe AaHHW NOKa3BaT, Y€ CbObPXKAHUETO HA MaHraH B
MOYTM BCUYKM OTMagbUy € BMCOKO. BeposiTHO mpouechkT Ha
pesuHTerpauus B “Crapa cemapaums’” 1 “MrtanuaHcka
WHCTanauus” He € Oun  [gocTaTbyHO edIeKTMBEH B
MPOLBITKEHNE Ha eKCnoaTaLuMOHHUS NEpPUOL, KOETO € JOBENO
[0 3HauuTenHM 3arybu Ha MaHraHcbgbpkawy gasu w
CbOTBETHO Ha MeETan B TEXHOMOrMYHMTE OTnagbum. [pes
pasnuYHMTE ekcnnoataumorHu nepuogm (1973-1980 r. n 1980
-1990 r.) “Crapa cenapauus” e pabotuna ¢ efgHa u cblya
e(heKTMBHOCT Ha pasfensHe, mopagu Koeto gobusute Ha
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knacute “+0.25 mm”, “0.25+0.1 mm” u “0.1 mm”, kakTo u
CbAbpKaHMATA HAa MaHraH B Tean Tpu pakumm Ha
oTnagbuMTe OT ABaTa Nepuoaa, NokasBaT MHOrO 6nusku
cToiHocTH (Tabn. 1).

Mpyn cpaBHsIBaHe Ha XMMWYHWS CbCTAB Ha TEXHOMOrUYHUTE
oTnagbum ot “Crapa cenapauus” v “UTanunaHcka nHcTanaums”
Ce BWXOa, Ye OTnagbUuTE WMaT CPaBHUTENHO Onu3ku
CbAbpXaHMs Ha MaHraH. CblUecTBeHM pasnuums  ce
ycTaHoBsBaT obaye, npu cbhocTaBkata Ha pgobuBa 3a
otgenHute pakymm. [obwebT Ha knaca “+0.25 mm” B
oTnagbka OT “UtanuaHcka uHcTanauus” e 62.91%, pokato
JoOMBLT Ha cbliata knaca B oTnagbuute ot ,Crapa
cenapauus” e 10.42-10.74%. ®unata dpakuma “0.1 mm” B
oTnagbka ot “VitanuaHcka uHctanaumus” e 25.60%, a B To3u OT
“Crapa cenapauus” e Hag ABa nbTi noseye (55.30 - 58.48%).
lMonyyeHuTe JaHHW nokassart, Ye cbe “Ctapa cenapauus’ B
MWHaNoTO e NOoMy4YaBaH MO-YUCT KOHLIEHTPAT, T.€. KOHLEHTpaT
C MO-BUCOKO CbAbpXaHWe Ha MaHraH, B CpaBHeHWe C
‘WtannaHckata wHCTanauus’, B pesynTaT Ha Mo-AbArOTO
BpEME Ha MNpomuBaHe W MO-e(DEKTMBHOTO pasgensHe Ha
MaHraHoBuTe basu OT FMMHECTUTE MUHEpany, NPUCLCTBALLM B
pygata. AHanuM3bT Ha pesynTatute OT NPOBEAEHWTE
3bPHOMETPUYHU U XUMUYHW u3crnegsaHns (Tabn. 1) nokassa,
ye TexHonmornyHuTe otnagbum ot “Ctapa cenapauuns” (1980-
1990 r. n 1973-1980 r.), kakto 1 Te3n ot “UrtanmaHckata
WHCTanauus’, cneg OTCTPaHsIBAHETO Ha (puHata pakuus “
0.1 mm”, UMaT CPaBHUTENHO BICOKW CbAbPXKaHWS Ha MaHraH —
cboTBeTHO: 30.19-33.03%; 33.36-34.85% u 27.9-28.86% w
NPeacTaBnsBaT MHTEPEC, KaTo MOTEeHUManHa CypoBuHa, OT
KOSITO C NpUIaraHeTo Ha NOLXOLALLA TEXHOMOTUS € Bb3MOXEH
[o6uBa Ha MaHraHoB KOHUEHTpaT. [oBULLEHN CbabpXaHus Ha
MaHraH (27.55-31.99%) ce ycTaHoBsBaT U B PbYHMS OTNadbK
ot “Ctapa cenapauus’, cneg oTAeNsHETO Ha Han-eapaTa “+13
mm” 1 Hait-GuHaTa “-0.1 mm” chpakyum.

PeHTreHOCTPYKTYpHM aHanu3m

[aHHuTe oT npoBefeHnTe ANPaKTOMETPUYHN
PEHTrEHOCTPYKTYPHN aHanuan Ha 3 6post npobu — dpakums
“+0.25 mm” orT TexHomornyHu oTmagbuu ot  “Crapa
cenapauws” (1980-1990 r. 1 1973-1980 r.) u ot “UtanmaHckara
uHcTanauus” (06p. B 2.1, B 3.1 n B 9.1) nokaseart, ue
n3cnegBaHuTe OTMagbLW UMAT CXOAEH MUHeparneH CbeTas. B
aHanuanpaHute 3 npobu  OT  OTNagHM  NPOAYKTH,
MaHraHoBopyaHuTe a3u ca NpeAcTaBeHu MNpeauMHo OT
KpunTomenaH, peHTreHoamopdHu Mn xuppokenam (‘Bag’),
pOMaHeLumMT, OupHecUT UM TOmOpOKMT? He ce u3knouBa
Bb3MOXHOCTTA 32 MPUCHCTBME W HAa BepHaaWT. TEpMUHBLT
“Bag” ce 13non3ea kaTo Ha3BaHWe 3a MaKpPOCKOMCKM 3eMIIECTH
WM NpawecTy, HEXOMOTEHHW,  (OMHOAMCTEPCHU [0
peHTreHoamopHu Mn  xuppokenam  (Koctos, 1993; Post,
1999). B peructpupanute audpaktorpamm ce Habniogasat
ylumpeHn pedonekcu mpu okono 7.2-7.3 A, 2.44-2.45 A n
okoro 1.410 A, kouTo cnopep NUTepaTypHIUTE U3TOYHMLM Ca C
JMarHoCTUYHO 3HaYeHue 3a unomaHraHata bupHecut (Brown
et al., 1971; Frenzel, 1980). MocnegHute gBa pedrnekca ca
XapakTepHW M 3a MaHraHOBOPYOHWS MWHEpan BepHaguT —
NPMpodeH aHanor Ha CcuHTeTMYHata asa  O-MnO,
pasrnexgaH OT HSKOM M3CMedoBaTenM kato [edekTHa,
CTPYKTYPHO HEMmoapeaeHa pasHoBMAHOCT Ha bupHecuTa (Post,
1999; Grangeon et al., 2008).



Tabnuya 1

3bPHOMEMPUYHU U XUMUYHU aHanu3u Ha MaHaaHo8U mexXHoI02UYHU omnadbyu

Knaca [obus
(mm) (%) “Ctapa cenapaumsi” ot 1980-1990 .
O6p.Ne
KomnoHeHTu (%)
+0.25 Al203- 7.28; BaO - 0.13; Ca0 - 1.51; Fe20s3 - 8.96; K20 - 2.64; MgO - 1.75; MnO - 38.94; Mn - 30.19;
O6p. B 2.1 10.42 | Na20 - 0.07; P20s - 0.31; P - 0.04; SO3 - 0.72; SiO2 - 26.38; TiO2 - 0.25; 3.H. - 11.73; Bnara - 3.29
-0,25+0.1 Al203- 7.54; BaO - 0.18; CaO - 1.54; Fe20s - 8.89; K20 - 2.38; MgO - 1.33; MnO - 42.96; Mn - 33.03;
O6p.B2.2 34.28 | Naz0 - 0.05; P20s - 0.27; P - 0.12; SOs - 0.39; SiO2 - 21.38; TiO2 - 0.21; 3.H. - 12.52; Bnara - 3.14
0.1 Al203- 8.41; BaO - 0.12; Ca0 - 1.66; Fe203 - 9.25; K20 - 2.43; MgO - 1.65; MnO - 30.98; Mn - 24.02;
O6p. B2.3 55.30 | Na20 - 0.06; P20s - 0.23; P - 0.1; SOs- 0.57; SiO2 - 34.04; TiO2 - 0.32; 3.H. - 9.76; Bnara - 2.2
Al203-7.99; BaO - 0.14; Ca0 - 1.60; Fe203 - 9.10; K20 - 2.44; MgO - 1.56; MnO - 35.92; Mn - 27.75;
Bcuuko 100.00 | Na20 - 0.06; P20s - 0.25; P - 0.1; SO3- 0.52; SiO - 28.90; TiO2 - 0.28; 3.H. - 10.91; Bnara - 2.65
Mn e knaca “+0.1 mm” - 32.57 %
“Crapa cenapauws” ot 1973-1980 .
KomnoneHT (%)
+0.25 Al203-7.39; BaO - 0.14; Ca0 - 1.35; Fe203 - 7.87; K20 - 2.49; MgO - 1.54; MnO - 43.03; Mn - 33.36;
O6p. B 3.1 10.74 | Na20 - 0.05; P20s - 0.21; P - 0.09; SO3- 0.67; SiO2 - 22.54; TiO2 - 0.22; 3.H. - 12.43; Bnara - 3.99
-0.25+0.1 Al203- 6.93; BaO - 0.19; CaO - 1.46; Fe20s - 8.39; K20 - 2.06; MgO - 1.12; MnO - 44.96; Mn - 34.85;
O6p. B 3.2 30.08 | Na20 - 0.06; P20s - 0.26; P - 0.11; SO3- 0.52; SiO2 - 22.51; TiO2 - 0.19; 3.H. - 12.35; Bnara - 3.53
-0.1 Al203-9.32; BaO - 0.11; CaO - 1.27; Fe20s - 9.88; K20 - 2.56; MgO - 1.72; MnO - 26.47; Mn - 20.52;
06p. B 3.3 58.48 | Na20 - 0.07; P20s - 0.26; P - 0.11; SO3< 0.03; SiO2 - 39.89; TiO2 - 0.4; 3.H. - 8.91; Bnara - 2.71
Al203- 8.33; BaO - 0.14; Ca0 - 1.33; Fe203 - 9.15; K20 - 2.38; MgO - 1.51; MnO - 33.62; Mn - 26.07;
Bcuuko 100.00 | Na20 - 0.06; P20s - 0.25; P - 0.11; SOs3- 0.25; SiO2 - 32.52; TiO2 - 0.31; 3.H. - 10.26; Bnara - 3.08
Mn 6 knaca “+0.1 mm”- 34.5 %
“ViTanuancka uHcTanaums”
KomnoneHTu (%)
+0.25 Al203- 7.68; BaO - 0.18; Ca0 - 1.13; Fe203 - 8.49; K20 - 2.83; MgO - 1.54; MnO - 37.23; Mn - 28.86;
O6p. B9.1 62.91 | Na20 - 0.27; P20s- 0.22; P - 0.1; SO3- 0.47; SiO2 - 28.86; TiO2 - 0.24; 3. H. - 10.96; Briara - 2.63
-0,25+0.1 Al20s3- 6.98; BaO - 0.2; Ca0 - 1.17; Fe20s - 9.64; K20 - 2.56; MgO - 1.41; MnO - 35.99; Mn - 27.9;
O6p. B9.2 11.49 | Na20 - 0.06; P20s - 0.28; P - 0.12; SO3- 0.39; SiO2 - 29.96; TiO2 - 0.24; 3. H. - 10.78; Bnara - 2.98
0.1 Al203-9.09; BaO - 0.11; Ca0O - 1.08; Fe20s3 - 9.56; K20 - 2.72; MgO - 1.75; MnO - 20.98; Mn - 16.26;
O6p. B9.3 25.60 | Na20 -0.07; P05 - 0.24; P - 0.1; SO3- 0.19; SiO2 - 44.08; TiO2 - 0.39; 3. H. - 9.29; Bnara - 3.64
Al203 - 7.96; BaO - 0.16; CaO - 1.12; Fe20s3 - 8.90; K20 - 2.77; MgO - 1.58; MnO - 32.93; Mn - 25.52;
Bcuuko 100.00 | Na20 - 0.19; P20s - 0.23; P - 0.1; SO3- 0.39; SiO2 - 32.88; TiO2 - 0.28; 3. H. - 10.51; Bnara - 2.93
Mn e knaca “+0.1 mm”- 28.7 %
PbueH otnagbk ot “Ctapa cenapaums”
KomnoneHtu (%)
+13 Al20s - 6.47; BaO - 1.79; CaO - 1.89; Fe20; - 11.04; K20 - 2.72; MgO - 2.24; MnO - 27.98; Mn -
O6p. B4.1 1.1 21.69; Na20 - 0.07; P20s - 0.35; P - 0.15; SO3- 1.24; Si0,-32.72; TiO2-0.24; 3. H.-10.47; Bnara- 6.01
-13+6 Al20s - 6.82; BaO - 0.19; CaO - 1.94; Fe20; - 10.68; K20 - 2.57; MgO - 1.68; MnO - 35.54; Mn -
O6p. B4.2 13.03 | 27.55; Na20 - 0.06; P20s - 0.27; P - 0.12; SO3-0.41; Si0,-29.09; TiO2-0.25; 3. H.-10.79; Bnara- 4.55
-6+1.6 Al;0s3- 7.04; BaO - 0.16; Ca0 - 1.77; Fe20s3 - 7.58; K20 - 2.6; MgO - 1.71; MnO - 38.76; Mn - 30.05;
O6p. B4.3 22.58 | Na20 - 0.06; P05 - 0.21; P - 0.09; SO3- 0.39; SiO2 - 27.92; TiO2 - 0.25; 3. H. - 11.02; Bnara - 4.57
-1.6+0.4 Al203- 7.52; BaO - 0.2; Ca0 - 1.47; Fe20s - 8.63; K20 - 2.43; MgO - 1.47; MnO - 40.23; Mn - 31.19;
O6p. B4.4 16.54 | Na20 - 0.11; P20s - 0.24; P - 0.1; SO3- 0.44; SiO; - 25.93; TiO2 - 0.24; 3. H. - 11.07; Bnara - 4.96
04 Al203 - 13.76; BaO - 0.06; CaO - 0.96; Fe20s - 9.63; K20 - 3.51; MgO - 2.29; MnO - 8.93; Mn - 4.7;
O6p. B4.5 46.75 | Na20 - 0.47; P20s - 0.26; P - 0.11; SO3- 0.35; SiO2 - 52.76; TiO2 - 0.58; 3. H. - 6.11; Bnara - 1.77
Al203 - 10.23; BaO - 0.14; CaO0 - 1.36; Fe20s3 - 9.15; K20 - 2.99; MgO - 1.94; MnO - 24.52; Mn -
Bemuko 100 17.97; Na20 - 0.26; P20s - 0.25; P - 0.11; SO3- 0.39; SiO2 -39.41; Ti02-0.40; 3. H.-8.70; Bnara- 3.34
Mn e knaca “+0.4 mm”- 29.62 %

Cnopen apyrv asTopu (YyxpoB u gp., 1978; 1978a; 1989;
Chukhrov et al., 1980), BepHaguTbT npeacTaBnsBa
CaMOCTOSITENEH MUHepaneH BUA CbC CTPYKTYPa, pasnuyHa ot
OvpHecuToBaTa. BbB BCMYKM  aHanmaupaHu npobu ce
YCTaHOBSIBA HaNM4We Ha XeMaTUT W BUCOKO CbbpkaHue Ha
KBapL, KaKTO 1 Ha IMWUHECTI MUHEPANM — NPEAUMHO UIKT, no-
PSAKO MOHTMOPWMOHUT WAM B HAKOW Cryyau KAOMMHMT.
YcTaHOBSIBA CE MPUCLCTBME M HA W3BECTHO KOMNMYECTBO
kapOoHaTW - [ONMOMMT K poaoxpo3nT. [udpakTorpama Ha
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pakumsa “+0.25 mm” oT MaHraHoBW TEXHOMOMMYHW OTNaLbLM
ot “Crapa cenapauws” ot 1973-1980 r. (obp. B.3.1) e
npeacraseHa Ha dur. 1.

Mukpockoncku uscnegBaHus
a)TexHonoz2u4yHU omnadbyu om cmapa cenapauyusi om
1980-1990 2.

B mukpockonckus npenapat, M3rotBeH OT (ppakyus +0.25
mm (0bp. B2.1) ce ycTaHOBSBAT CNEAHUTE KOMMOHEHTW:
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®ur. 1. Audpaktorpama Ha dpakumsa “+ 0.25 mm” oT MaHraHOBM TEXHOJIOTMYHM OTNagbLUM oT “Ctapa cenapauus” ot 1973-1980 r (06p. B. 3.1): Qz - kBapu,
H - xematurt, | - unut, M — MoHTMOpuUNoHuT, D — gonomut, B - 6GupHecur, Cr — kpuntomenaH, R — pomaHewut

OupHecuT?, Mn xuapokcugn C HuUcka TBBPLOCT W HICKO
OTpaxeHue (“Bam”), KpuUnTomernaH, POMaHeLLKT,
HeamarHocTuumpann Mn okcuam WnK XWAPOKCWAM, XematuT,
TbOTUT U HepyAHU MWHepanHu asu — NpeauMHO Keapl, W
TMIMHECTU MUHEpanW, 3acTbfeH B 3HAYMTENHO KOMMYECTBO.
BupHecuTbT ce Habnopaea noa dopmata Ha uHONKCNeCTy,
Hee[JHOPOAHW arperatu, B OTpaseHa CBETMMHA CbC CUB LBST,
aHW30TPOMHU. MHOrO 4ecTo GUPHECUTBLT € HEXOMOTeHeH, C
MHOXECTBO (PMHM BKIIOYEHMst OT KBapl, C npeobnapasalua
roreMuHa Ha sbpHara okono 20 um (cur. 2a). B sHaumTenHO
KONMM4eCcTBO ce YcTaHoBsiBAaT Mn xuapokcugn € Hucka
TBbPOOCT M oOTpaxeHne (‘sag”) (dmr. 26). B oTpaseHa
CBETNIMHA Te WMaT TbMHOCWB LIBST M MWKPOMOPECT CTPOEX.
®asnte ca HeeOoHOpOOHM, YECTO C  BKIKYEHWUS  OT
KCEeHOMOpGheH KBapL, Ha MecTa C rofnemMiHa Ha 3bpHata Hag
150 um. B Hsakou crnyyaum ca MUrMEHTUpPaHU OT  (PUHM
XeMaTUTOBM  BKMOYeHWs..  CpaBHUTENHO  MO-psgKoO  ce
YCTAHOBSABAT YABIKEHU WM C HenmpasuiHa Mopgonorus
(parmeHTn OT KpunTOomMenaH, ¢ ronemuHa ot 100 go okono
300 um. B oTpaseHa CBETNMHA KPpUNTOMENaHBT € XbnTobsn, ¢
(buHOBMAKHECT ~ CTPOEX,  aHu3oTponeH.  [lposepeHuTe
KOMMYECTBEHN PEHTTEHOCMEKTPANHA MUKPOaHann3n nokassat
CregHMTe [aHHM 32 Xumuama Ha MuHepana; MnO: - 93.22-
94.95%; K20 - 4.16-5.19%; CaO - 0.18-0.76%; Al2Os - 0.29-
0.83% wn SiO2 - 0.21-0.29%. PomaHewwTsbT Ce cpewa nog
topmata Ha oTenHM dparMeHTy ¢ XbnTobsn LBSAT, 4ecTo
KPUNTOKPUCTANHK, M30TPOMHW 4O cnabo  aHW30TPOmMHM.
MuHepanHaTa hasa ce XxapakTepusupa C HUCKO CbabpkKaHue
Ha Ba. [laHHuTe 3a xumuama Ha Tasn hasa ca ChegHuTe:;
MnO2 - 97.15%; BaO - 0.33%, CaO - 0.75%, K20 - 0.99%;
Al20s3 - 0.37% 1 SiO2 - 0.71%.

Fe okcugu w xugpokeugy (xematut U rbOTwT) Cce
HabnogaBaT BbB BWA HA CaMOCTOSITENHM YacTULM MMM KaTo
BKIMIOYEHNA cped Mn xugpokeugu, TMMHECTM MWHEpanu W
kBapy. B konnyecTBeHo OTHOLEHWe npeobriagaBa xemaTuTbT.
CamocToATENHUTE XEMaTUTOBM (PparMeHTM umar cvBobsn
LBSAT, MUKPOMOPECT CTPOEX, YEPBEHN BBTPELHW pedriekcy 1
Ha MeCTa CbbpXaT (UHU BKITIOYEHMS OT KBapL. [bOTUTBT ce
cpelua no-psaKo, BbB BUA Ha KOMOMOPCGHW CUBK arperati ¢
pbxanBokadsaBm BbTPeWwHN pednekcn. KBapLbT € OCHOBHUST
HepyaeH MUHepar, NMPEeACTaBeH B 3HAYMTENHO KOMMYECTBO.
CBobogHuaT kBapy o6pasyBa brmoBaTu (hparMeHTn Wiu
KCEHOMOP(HM 3bpHa, C HasbbeHW ouepTaHus. brnoeaTute
KBapLOBM YacTuUm ca ¢ ronemuHa go okono 250-300 ym v B
NoBEYeTO Cryyan ca efHopoaHu. KceHoMopHUTE KBapLOBM
3bpHa MHOrO YeCTO ca HeeAHOPOAHM, C BKIoYeHus oT Mn u Fe
OKCUAW U XMOPOKCUOM W TIMHECTM MuHepanu. [nuHectute
MWHepann ce HabniogaBaT BbB  BMA HA  OTAENHM
CamMoCTOSTENHK, 3a00neHn arperatu ¢ ronemuHa go 350 pm
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WNW Ha MecTa nog hopmata Ha BKIYeHNs ¢ ronemuHa 150-
200 pm B ocHOBHa Maca oT Mn xuapokeuay, ¢ Hucka TBbpaocT
1 oTpaxenue (“Bap’). B HAKou cnyyau rmuHecTUTe MuHepanu
ca ouseTeHn ot Fe unm Mn okeugu v xugpokeuan. B gpyru
cryyan cpeq arperaTute OT ITIMHECTW MUHepani npucLCTBaT
(DMHM BKITIOYEHMS OT KBapLL.

OCHOBHWTE KOMMOHEHTWU B MWKPOCKOMCKMTE Mnpenapatu -
OpukeTm, HanpaseHw oT gpakyus - 0.25+0.1 mm (06p. B 2.2) n
¢hpakyus - 0.1 mm (0bp. B 2.3) ca CbLynTe, KaKTO B ONUCAHUS
no-rope npenapart. B aHwnuda ot 06p. B 2.3 B kKONM4eCTBEHO
OTHOLLEHWe npeobnafaBaT PEHTTEHOAMOP(HUTE MaHraHOBM
XMAPOKCMOW C HUCKa TBBbPAOCT W OTpaxeHue (“Bag’).
YCTaHOBSIBA Ce CbLLUO Hanuyue Ha KpuntomenaH, GupHecur,
XemaTuT, KBapL, WNMT W KapboHaTh — AONOMMT M BEPOSTHO
POJOXpo3uT. B cblumsa npenapaT e HabniogaBaHO €AMHUYHO
NOMOMOP(HO 3bPHO C KBAAPaTHW OYEpTaHUs W roreMuHa
okorno 50 um, OT cuB, U3OTPOMEH PYAEH MUHEpar, Bb3MOXHO
BukcOMUT nnm GpayHuT.

6) TexHono2u4yHU omnadbyu om cmapa cenapayusi om
1973-1980 2.

B mukpockonckust npenapat — GpuKeT, M3roTBEH OT hpakyusi
+0.25 mm (0bp. B 3.1) ce pasrpaHuyaBaT crnegHuTe
MWHEpanHu asu: KpUNTOMENaH, POMaHELLUT, HEXOMOreHHM,
peHTreHoamopchHn Mn  Xugpokeugu C HUCKa TBbPHOCT M
OTpaxeHue (“sam’), BupHecnT(?), TOROPOKUT(?),
HeamarHocTuumpaim Mn-cbabpxaliy asu, xematut, Ksapl,
FMMHECTW MUHepanu 1 gp. KpuntomenaHbT ce Habnoaasa nog
copmaTa Ha OTAENHM YObIKEHW hparMeHTH, Ha Mecta C
NykHaTUHW Ha pgexugpataums (cdur. 28). lonemuHata Ha
HEeroBuTE YacTuUM B eauHu4HW cnyvam e Hag 300 um. B
OTpaseHa CBET/IMHA MWHEPabT € XbnTobsn, (PUHOBMAKHECT
unn - cvHokpucTaneH. PomaHewwtsT obpasyBa OTHenHM
(bparMeHT C HempaBunHa mopdonorns, ¢ roneMmuHa
pocturawa go okonmo 500 pm. Cpewat ce KonomopdhHwm,
(DMHOMBMYECTM POMAHELLUWNTOBW arperatut, KpUMTOKPUCTAmHM,
M30TpONHM A0 cnabo aHu3oTpomHu. B oTpaseHa ceetnuHa
MWHEpanbT € C Xbnroban ugaT. BupHecutsT? ObBpasyea
HEXOMOTEHHM arperaryi, B OTpa3eHa CBETNNHA CbC CMB LIBSAT,
aHm30TponHu. Mopagu MHOMO HUckaTa TBbPAOCT (okomo 1.5 o
Mooc), GupHecuTBbT € nowo nonupaH. B Hero ce Habnopasar
MHOXECTBO (DMHM BKIIOYEHMS OT KBapu, C TFONEMWHA Ha
3bpHata o okono 50 um. B 3HaYMTEenHO KOnuyecTO B
n3crnegBaHus npenapat NpUCbCTBAT HEEJHOPOAHM, MOPECTU
Mn XvapoKcKam ¢ HUCKka TBbPLOCT M HUCKO OTpaxeHue (“Bag’).
B oTpaseHa cBeTnMHa Te Ca TbMHOCWBH, YECTO C MHOXECTBO
BKITIOYEHMS OT KBapL, 1 xemaTtuT. B npenapara ce ycraHoBsiBaT
W HegmarHocTuumpanu Mn-cbabpxawym dasu. Habniogasaxm
ca MPEXeCTH, BAKHECTW arperaTi OT MUHepan CbC CUB LiBST,



®ur. 2. Mukpockoncku doTorpadhun Ha npenapati - GpUKETM OT MaHTaHOBU TEXHONOTMYHU OTNAAbLM (OTPaseHa CBETNMHA, YCOPeaHN HUKOMK, pa3mep
Ha BUAHOTO none 530 ym): a) GUPHeCHT, HEXOMOTEHHM arperaTi ¢ (hMHM BKNKOYEHUS OT KBapL (TbMHOCUB, € BUCOK penedb); 6) kpunTomenaH (xbnTobsn),
B OCHOBHa Maca OT MMKPOMOPECTM MaHraHOBU XUAPOKCUAU C HUCKA TBBPAOCT U oTpaxeHue (“Baa”); B) yAbmkeH (pparMeHT OT KpunToMenaH (kbntobsn),
C NMyKHaTUHW Ha AeXuAapaTauus; r) XeMaTuT (CUB) C MUKPOMOPECT CTPOEX (B AONHUA NSIB b HA kagbpa dparmeHT oT KPUNTOMeNaH — XbnTo6an); a)
KpunToMenaH (XbnTobsn), ¢ NPaBObLILMAHM W BIMOBATUM BKMHOYEHWS OT KBapl (TbMHOCMB); €) KpunToMenaH (XbnTobsn), yAbmkeHa 4actvuua c
(hMHOBNAKHECT CTPOEX; X) CPACTbK HA POMAHEWNT (XbNTOGAN) C HanyKaH KBapLOB arperat (TbMHOCHUBY); 3) PeHTreHOaMOP(HU MaHraHOBU XUAPOKCUAU C
HUCKa TBBLPAOCT M OTpaxeHue (“BaA”) — HEXOMOreHHW, MUKPOMOPECTH arperati, C MHOXeCTBO (pMHM BKIOYEHUS OT KBapL, (TbMHOCUB, C BUCOK pened), a
B FOPHUA NAB bMbA Ha Kagbpa — (hparMeHT OT KpunToMmenaH (kbnTobsan); u) kceHoMopdeH, HeeAHOPOAEH KBapL (TbMHOCMB, C BUCOK pened), ¢

Ha3bOeHH, HenpaBUNHU o4yepTaHUA

CWIMHO aHW30TPOMHM, BEPOSITHO OT TOAOPOKUT? XeMaTuTbT ce
cpela nog dopmarta Ha MMKPOMOPECTU arperat CbC CUB
UBAT, C SPKOYEPBEHM BBTPEWHM pedpriekey (cpur. 2r).
lonemuHaTa Ha HeroBute yvactuum poctura Hag 300 pm.
MHoro yecto xematuTbT obpasyBa ¢uHM BKoYeHWs B Mn
XWAPOKCUAM C HUCKO OTpaxeHwe. KeapubT € 3acTbheH B
3HAYNTENHO KONMYECTBO, NOA chopMaTa Ha cBOBOAHM YacTuLm
W BbB BUL Ha BkMoyeHns. CeobogHuaT ksapl obpasysa
KCEHOMOP(HM 3bpHa, C ronemuHa gocturawa Hag 300 pm,
KaTO e YCTaHOBEHO €AMHMYHO 3bPHO, C MO-TONEMU pasMepM.
Hsikon 0T KBApLIOBUTE MHOMBMAM Ca €AHOPOAHM, @ Apyra Yact
ca MUIMEHTMPaHW OT npallecT xematut. B umacnegpaHus
npenapart ce HabnioaasaT 1 YacTULM OT [MMHECTU MUHEpPanH,
¢ ronemuHa o okomno 300-400 um. B otpaseHa cBeTNMHa
TMMHECTUTE MUHEPanK ca CuBM, C 6enu BbTPELLHM pedinekcy.
B Hskou cryyau, FMMHECTUTe MWHEpanu ca OLBETEHU OT
XeMaTUTOBM  BKIOYEHMS..  MUKpOCKONCKUTE  WU3CNenBaHus!
nokasear, 4Ye B npenapaTtute-OpuKeTH, M3rOTBEHM OT ¢hpakyus
- 0.25+0.1 mm (06p. B 3.2) v ¢ppakyus - 0.1 mm (o6p. B 3.3)
MPUCLCTBAT CbLUTE KOMMOHEHTM, Kakto B 00p. B. 3.1. B
aHwnmga ot obp. B 3.2 e ycTaHOBEHO W Hanmnyve Ha
XMnguoMopdHK, POMOOELPUYHN WMHAMBMAM OT kapboHaTHa
(hasa.
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8)TexHono2uyHu omnadwbyu om “UmanuaxHckama
uHcmanauus”

B mukpockonckusi npenapart, w3rotBeH oT ¢hpakyus +0.25
mm (o6p. B 9.1) ce HabriogaBaT criegHWTE MO-BaXKHW
KOMMOHEHTW: KPUNTOMENaH, POMAHELUMT, HeXoMoreHHu Mn
XMOPOKCMOW C HUCKa TBBbPAOCT W OTpaxeHue (“Bag’),
HeguarHocTumpaHu Mn okeuam v xugpokeuam, Fe okenon u
XMOPOKCUAN (XEMaTUT U TbOTUT), KBApL,, FIMHECTW MUHEPAIY U
ap. KpuntomenaHbT obpa3dyBa oTgenHu parMeHtu C
brIOBaTa UMK yabIKEHa MOPONorus, Ha MecTa C ronemMuHa
Hag 300 um, kato e HabnwpaBaHa €eOuHWYHA MO-Tonsma
yacTuua. B oTpaseHa CBETIIMHA KPUNTOMENAHBT € XbNTobsn,
C (OMHOBIAKHECT CTPOEX (Cpur. 24, €) Mnmn KPUNTOKPUCTANEH, C
NykHaTUHW Ha aexugpaTauus. B pegkm  cnyyam B
KpUnTOMenaHa Ce YCTaHOBSIBAT BKMOYEHWs OT keapy (cwr.
20). PomaHewwnTsT Cce cpewa nog opmata Ha yactvum C
KpUNTOKPUCTaneH CTpoexX, unu obpasya  KOMOMOpdHM,
(MHOMBMYECTN arperat ¢ KbnTobsn LBST, M3OTPONHW [0
cnabo aHu30TponmHM. HabnwpaBaHM ca  CpacTbuM Ha
MWHEpana C HamykaHu arperat oT kBapy (cur. 2x). B
npenapata Ce YCTaHOBABAT HEXOMOTEHHM, MUKPOMOPECTM
arperatv ot Mn xvgpokcuan ¢ HUCKa TBbPLOCT M OTpaXeHue
("Bap’), Ha mecta ¢ ronemuHa Hag 300 um. B otpaseHa



CBETNMHAa Te WMaT TbMHOCKB UBAT. OnucBaHuTe arperat
4eCTO Ca MUIMEHTMPaHU OT (PUHM BKIIOYEHMSI OT XEMATUT U
rbOTUT. B TAX NpUCbCTBAaT M MHOrOBPOAHM BKMIOYEHMS OT
KBapL, C roneMnHa Ha 3bpHata 4o okono 50 um (cpur. 23). B
n3cneaBaHWsa npenapat, ce HabnogaBaT NnoYecTu arperaty
OT MWHepan CbC CWB LBAT, aHW3OTPOMEH, C YEepPBEHM
BbTpeWHN pednekcn. Fe okcuam U xuppokewgn  ca
NPEeLCTaBEHN OT XEMaTUT W rbOTUAT. XeMaTuTbT Ce CpeLla BbB
BML Ha OTAENHU MUKPONOPECTM YacTULM CbC CUBOBSAN LIBAT U
4epBEHW BbTPELLHM pedhnekcu, ¢ ronemmuHa go okono 300-400
um. Hait-4ecTo npuckeTBa nog dopmata Ha (uHK BKNIOYEHNS
B OCHOBHa Maca OT Mn xugpokcugu C HuCka TBBPOOCT U
oTpaxeHue. [bOTUTBT 06pasyBa YABIKEHW, KOMOMOPCHM,
MWUKPOMOPECT arperath CbC CUB LBAT U PbXAMBOKAGSBM
BbTPELLHM pedinekcu. KBapLbT € rnaBHUAT HepYaeH MuHepan
W € NpefcTaBeH B 3HAYMTENHO KonnyecTBo. HabnioaasaHu ca
€OWHUYHW  YOBMKEHU  KBAapLUOBM  WHOMBMAM, KaKTO U
MWKPOMOPECTN KBapLOBM arperat C MO-TONEMU pa3Mepw,
Hageuwasawy 300 uym. B noBeyeTo cnyyau KeapLoOBWTE
3bpHa ca KCeHOMOpHM, C HasbbeHn ouepTaHus (dour. 2u).
Hsikon OT KBapLOBUTE 3bpHA Ca NMUIMEHTUPaHU OT MUKPOHHM
XeMaTUTOBM BKMIOYeHWs. B gpyru  cnyyau, B KBapua
NpUCBCTBAT BKMKOYEHUS OT Mn Xuapokcuan WnW riMHECTH
MWHepann. B wu3cnegeanus  npenmapar  ce  cpewar
CaMOCTOSTENH, YOBIDKEHN YaCTULM OT IMMHECTU MUHEPan, B
OTpaseHa CBETMMHA CbC CuB LBAT M BesusetHn o Genw
BbTPELLHU pedpriekcy. [onemmHaTa Ha rmuHeCTUTe arperaTi B
Hakou cnyyam e Hag 300 um. B Tax Ha mecta npucbeTBar
(bUHW BKNKOYEHUs OT KBapL. B MukpockonckuTte npenapatm -
BpukeTn, n3roteeHun ot gpakyus -0.25+0.1 mm (0bp. B 9.2) u
¢pakyus -0.1 mm (o6p. B 9.3), ce ycraHOBsBA Hanuume Ha
CbLUMTE MUHEpanHK asu, kakto B 0bp. B. 9. 1. B aHwmuda
0T 06p. B 9.2 npucweTBat M kapboHaTh, a B aHwnmda ot obp.
B 9.3 — eanHM4HO 3bPHO OT NKpUT, ¢ ronemuHa okono 100 um.
B nocneghns npenapat, npeobnagasaliute B KOMMYECTBEHO
OTHOLLEHWEe MaHraHoBopyaHW asW, Ca npeacTaBeHu OT
HEXOMOTE€HHW, PEHTTEHOAMOP(HN MaHraHOBM  XMAPOKCWAM
(‘san’).

N3Boau

Pesyntatute 0T MpOBEAEHUTE  W3CMEABaHWS  BbPXY
MWUHEParHWs CbCTaB Ha TEXHONMOIMYHUTE OTMagblLy NOKa3eaT,
Ye MaHraHOBOPYAHUTE MUHEPAN ca NMPEeLCTaBeHu TMaBHO OT
kpunTomenaH, peHTreHoamopdHn Mn xugpokeugm (“Bag’),
poMaHewwmToB  TMN  chasa,  OupHecut,  TOLOPOKMT(?),
BepHaauT(?) M Apyrv HeaWarHoCTULMPaHN MaHraHChObpKaLLy
thasn. MaHraHoBIUTE OKCUAM M XMZPOKCUAM B NOBEYETO Cryyau
Cca HeeaHOPOLHM M 06pasyBaT (MHI CMECH KaKTO MOMEXIY CH,
TaKa CblLo U ¢ Fe oKkcuam 1 XMapokeuau, FMHECTN MUHEpPany
W keapy. [Mopagu orpaHudyeHuss 06eM Ha M3BbPLIEHUTE

uacregBaHWs W xapaktepHute  ocobeHoctM  Ha  Mn
XMOPOKCHAN, oBpasysaLyy KPUMTOKPUCTaIHN i)
(PrHOAMCNEPCHM, HEXOMOrEHHM, YECTO PEeHTreHOaMOP(HM

arperati, QaHHWTE 3a MAHraHOBOPYOHWTE MWHEpanu umat
npeaBapuTeneH xapakrep. MuHepanuute ¢asu, HOCUTENM Ha
Fe B otnagbuuTe, ca NpencTaBeHy NPeauMHO OT XEMATUT U
no-pAgKko  OT  TbOTWUT. B 3HauMTENHO  KOMMYECTBO B
TEXHONMOMNYHWTE OTMaAbLM NPUCHCTBAT HEPYAHM MUHEpanu —
TMABHO KBapL, W FMUHECTN MUHEPanW (MMUT, MOHTMOPUIIOHWT,
KaOmnMHWT), KOUTO OBYCNaBAT U MOBULLEHNTE CbAbPXaHNA Ha
SiO2. llpegumHO C TNMHECTM MWHEpanmW Ca  CBbp3aHy
MoBULLIEHUTE  KOHUeHTpaumm Ha AlOs B uacnegsaHuTe
OTMagHu npogyktu. KBapubT UM FMMHECTUTE MWHEpPanM ce
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cpellaTr BbB BMf Ha MO-TONiemMu, CBODOMOHK, CaMOCTOSITENHM
YacTMUM MNK Kato oMHW BKIKOYEHWS B OCHOBHA Maca oT Mn
Xugpokemgn. B CpaBHMTENHO MO-Marnko KOMWMYecTBO B
OTNafbLMTE Ca 3acTblNeHN kapboHaTHW MUHEPanW (LOMOMMT,
POAOXPO3NT) M B HE3HAYMTENHO KOMMYECTBO — Cyncuam
(nvput). C Han-BUCOKA CTeneH Ha [OCTOBEPHOCT ca
AMarHoCTULMPaHN W ONUCaHK NPUCHLCTBALLMTE B OTNaabLuTE
MWHepanHu asu KpunTomenaH, “Baf’, XemaTwT, [bOTWT,
KBapL, WAUT, MOHTMOPUIIOHMT, KAONMHMT, JONIOMUT W NUPKT.

PesynTatute OT M3BbPLIEHUTE 3bPHOMETPUYHIA U XMMUYHM
aHanuau nokaseaT, Ye Crej OTCTPaHSIBAHETO Ha dwHaTa
tpakumus “-0.1 mm”, MaHraHoBUTE TEXHOMOrMYHM OTNagbLM OT
“Crapa cenapaums” (1980-1990 r.; 1973-1980 r.), kakTo 1 Tean
oT ‘WranuaHcka wHCTanmauus”, Ce XxapakTepusupar CbC
CPABHWTENHO BUCOKA CbObPXaHWUS Ha MaHraH (CbOTBETHO:
30.19-33.03%;  33.36-34.85% wu  27.9-28.86%) w
NpeacTaBnsiBaT MHTEPEC KaTo MOTEHUManHa CypoBuMHa, OT
KOSITO C NpuUnaraHeTo Ha CbOTBETHU TEXHONOMM € Bb3MOXEH
A00vBa Ha MaHraHoB KOHLIEHTpaT. [OBULLEHM CbabPXaHUS Ha
MaHraH (27.55-31.99%) ce ycTaHoBSBaT U B PbYHMS OTNadbLK
ot “Ctapa cenapauus”’, cnef oTAensHeTo Ha Han-eapata “+13
mm’ u Han-¢uHata “-0.1 mm” cpakumn. [aHHuTe oT
NpOBEAEHUTE 3bPHOMETPUYHM, XUMWYHWM U MUHEPanOXKM
n3cnenBaHWs Ha OTMafHWM NPOLYKTW, AEMOHWPaHW npu
npepaboTkata Ha MaHraHoBa pyga, haBaT OCHOBaHWe fa ce
npueme, Ye Te Ouxa mornu pa 6baaT OMOM3OTBOPEHM 3a
MPOW3BOACTBOTO Ha MaHIaHOB KOHLIEHTpAT, C NpuUnaraHeTo Ha
NOLAXOASALLM TEXHONOMM.
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OTHOCHO NJIMOLIEHCKWUTE YEPBEHOLIBETHW KOHFNOMEPATU OT
CEBEPOU3TOYHATA YACT HA NMEPHULLKNA BACEWH (IOrO3AMNAOHA BBITTAPUA)

Munopad . Bayes

MurHo-eeonoxku yHusepcumem “Ce. MeaH Puncku”, 1700 Cogpus; vatsev@mgu.bg

PE3IOME. KoHrnomepaTtite 1 pegyBalLuTe Ce C TSX MACBYHULM OT CEBEpOM3TOYHATa 4acT Ha [epHuLKus BbrmeHoceH BaceiiH, paskputi B
IOKHWA CKNOH Ha JlionuH nnaHwHa, O3Ha4vaBaHW KaTo JIONMMHCKM KOHrMomepatw, ca pasyneHeHun. OtgeneHa e Hosa cBuTa — Paiinoscka,
npescTaBeHa OT MOCHeSOBATENHOCT OT BUMONEHOBOYEPBEHN M PO30BW MOMUINTOKNACTUYHI KOHITIOMEPATH, ChAbPKALL M CNOEBE OT NACHYHMLN.
CeOuMeHTHUTE OT CBUTaTa MMaT Han-BepOSTHO MMMOLIEHCKA BB3PACT M Mexar C biNoB AMCKOPAAHC BbpXy cnabo Aedopmupatute CBETO
KBMTOKAMSBY 1 CBETIO CMBW NACBYHMLW W1 KOHTTIOMEPATY OT NOLBBIMEHOCHATa 3aApyra, MMalLa ropHOONMIOLEHCKa Bb3pacT.

ABOUT THE PLIOCENE RED CONGLOMERATES FROM THE NORTHEASTERN PART OF THE PERNIK BASIN (SOUTH-

WEST BULGARIA)
Milorad D. Vatsev

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

ABSTRACT. Conglomerates and associated sandstones, developed in the northeastern part of the Pernik Oligocene Basin and present in the
southwestern part of the Ljulin mountain, called Ljulin conglomerate, are dismembered. The Railovo Formation is a new one, and is composed of
red conglomerate and sandstone. They are polylithoclastic and polymineral in composition. The Formation is most probably of a Pliocene age and
covers inconformity weakly deformed yellow-brown sandstones and conglomerates of the undercoal-burning formation of an Oligocene age.

BbBeaeHue

3a KoHrnomepatuTe NpeacTaBeHn B CEBEPOM3TOYHATA YacT
Ha [lepHuwkus onuroueH-paHHoMuoLeHckn 6HacenH (MB)
(KameHo, 1964; 3aropueB u pgp., 1994; wn gp.) wu
CbLLUEBPEMEHHO BbB BICOKATa YacT Ha toro3anagHus CKIoH Ha
MonuH NnaHmHa, AaHHW ca U3NOXEHW OT peauLa YyKoecTpaHu
n 6bnrapcku cneuuanuct (Hochtetter, 1872; Dimitrov, 1893;
Oesteeich, 1924; Penck, 1925; Ct. Bonues, 1898; 1924;
Bankos, 1906; Pages 1928; n ap.). lbneH nperneg Ha Te3u
matepuanu e uanoxeH B paborata Ha B. Papes (1928),
o3arnaeeHa “JTIONMHCKUAT KOHIMOMEpaT Mo YyXau W CBOM
HabmogeHus”. ABTOPbLT, Olle B MbpBOTO M3pEYeHue OT
BbBEJEHMETO nocoyBa: “Bbpxy ecTecTBOTO Ha NHOMMHCKNA
KOHrMomepar Ca W3ka3aHu Be4e MoBeYE MHEHUS, HO Thbii KaTo
TE31 MHEHWS HE Ce CbBMagaT no BCUYKM TOUKM, TO TpsibBa aa
MpUEMEM, Ye UCTUHATa OTHOCUTESTHO TSX € OLLE HEeAOCTaTbYHO
yACHEHa, W Ye CrefoBaTeniHoO ca HeobXoaUMKM pasnckBaHus”.
ToBa CcTaHOBMLLE Baxu C MbfIHA CiMa W Cera, HO 3a TOBa Le
CTaHe gyma no-gony.

KoHrnomepatn B ceBepousTodHatTa 4acT Ha [1b ca
HaHeceHn Ha cbcraBeHaTa ot Jlasap BaHkoB “l'eonoruyecka
kapta Ha [lepHuwKo-MOLIMHCKMS TopHOTepumepeH HaceiH”,
oTnevataHa npe3 1906 r. 3a pabortata no Tasu reonoxka
kapta, oOxBawawa M cbcegHute ¢ 0GacelHa MECTHOCTM
Bankos (1899) nocousa “Tas kapTa Lie Npunoxume no-ceTHe
KbM edHa creuuanHa no reonorMyeckoTo YCTPOCTBO Ha

37

GacenHa cratus’. Kaprata e otneyataHa (BaHkos, 1906), Ho
MOSICHUTENEH TEONOXKKN TEKCT W MO-KbCHO HE € OTnevaTtaH.
lMocoyeHnTe KOHIMOMEpaT Ca O3HA4YeHM Ha kapTata KaTo
“ek30TWYEH KOHrnomepat”. ToBa HaMMEHOBaHKE € 13MNON3BaHo
W NMOLHOTO UM Pa3npPOCTPaHEHME € NOKA3aHO Ha FEONOXKUTE
kapTu 1 paspe3n B pabotute Ha I. KoHspos (1932; 1941).
EK30TMYHMSI KOHTIIOMEpaT e pasnorioxXeH B OCHOBaTa Ha
TepumepHute ceaumeHt ot 1B, nnowHo e npeacTaBeH
rMaBHO B CEBEpOW3TOYHATA M NO-Cnabo B M3TOYHATA YacT Ha
GaceitHa. Tean KOHrMoOMepaT Ha MPUIIOXEHUST TEONIOXKM
pa3pes MMaT 3HauMTENEH HaKIOH KbM LiEHTbPa Ha BaceitHa u
Ca pasmnorioXXeHW B OCHOBATa Ha CEAWUMEHTHWUTE CKamM OT
BaceitHa.

Tean Kourmomepatu 3aefHO C ApYrA TakMBa OT CeBepo-
ustoyata yact Ha [1B, Jlionus n Butowa, no-KbcHO ca
MOMYYMNN NIOWHOTO HauMeHoBaHWe JTonMHCKM KoHrnomepar
(JIK) (Pages, 1928). OTHOCHO €CTECTBOTO 1 ONpeaeneHneTo
Ha TepMuHa “NIONMHCKM KOHrMoMepat’, aBTOpPbT W3Kasga
CNeJHOTO CTaHoBelle: “U3BECTHO €, Ye KOHrMoMepaTtbT, 3a
KOWTO CTaBa Tyka Ayma, MMa pa3npoCTPaHEHWe U W3BbH
rpaHuumuTe Ha JltonuH, no Butowa 1 np., ¥ No Tasn NpU4MHa
Jymata “nionvHcku” ce ynoTpebsBa Tyk kato 0boblumTenHa;
Ha MbpBO BpEMe Nof Aymata “MIONMHCKA KOHrnomepat” Lie
pasbupame BCUYKM OHE3U Hacraru, KOWTO UMaT, WK Ha NMpbB
nornes HM Cce CTpyBa, Y€ MMaT, OH3M  XapakTep,
neTporpapmyeH M np., KOWTO MpUTEXaBa KOHIMOMEPATHT,
Hamupaly ce B rpaHuuuTe Ha JlonuH”. MocoyeHo e, Ye cTaBa
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Jyma 3a KOHrnomeparute, KOUTo nexar BbpXy v ce gonupar
naTtepanHo [0 TOPHOKPEeAHUTE BYIKAHCKM, BYNKaHOrEHO-
CEAVMEHTHN W CEeOWMEHTHW  cKanu, warpaxgawm JlonuH
nnaHuHa M CbCefHWTe CeBepo3anagHu YacTu Ha Butowa
nnaHuHa, KbOEeTO HrouM3ToMHO oT Bragaickus nponom ca
paskpuUTU U CUEHUTU, U MOHLIOHUTU OT BUTOLIKMA NAYTOH.
PasrnexgaHusaT paioH obxsalja 4acTu OT HanmnyHuTE TyK
OCHOBHM TeOrnoXKM eauHULM: JTIOMMHCKMAT XOpPCTOB 6Ok,
pasnonoxeH mexgy b n Codmickus HeoreHcku rpabeHoB
cennmeHTeH OaceiH, BuwTowkaTta XxopcT-aHTUKNMHaNa W
MepHUWKuAT rpabeHoB cefuMeHTeH 6OaceilH, pasnonoxeH
forosanagHo oT TaAX. [EONOXKUAT CTPOEX Ha paioHa e
oTpa3eHu B eauH 0006LeH M [OCTaTbYHO MbMEH BMA Ha
reonoxkarta kapta B M 1:100000 u B obsicHuTenHarta 3anucka
KbM Hesi (3aropyes 1 ap., 1994; u ap.).

O6ekT Ha  wu3cnegBaHusiTa Cca  YepBEHOLBETHUTE
KOHrnoMepaTu oT ceBeponsToyHata yacT Ha [1b, npeactaBeHm
BbB BMCOKATa 4acT Ha KOXHWS CKMOH Ha JlonuH nnaHuHa.
Llenta Ha HacToslaTa paboTa e fa ce U3noxaT HOBM AaHHM
W3SICHAT  MPOCTPAHCTBEHO-BPEMEBWTE  CLOTHOLIEHMS  Ha
MNOLEHCKATE YEPBEHOLIBETHW KOHIMOMEPaTM U BbMPOCH
OTHOCHO TsIXHaTa cTpaturpacvs u ctpoex. [Npu gocerawHute
U3CneaBaHWsa Te3n KOHINOMEepaTy He ca pasrpaHiyaBaHu OT
JIK 1 e Heobxo4uMo Aa ce M3SICHAT CTaHOoBWLiATa OTHOCHO
nocnegHuTe.

MeTporpadhckn 0cOGEHOCTU M MPOCTPAHCTBEHO-

BpemeBU CbOTHOLIEHUA Ha NK

lMempoepaghcka xapakmepucmuka. OT neTtporpadckata
xapaktepuctuka u obobuieHnsta otHocHo JIK, HanpaseHu ot
B. PageB (1926) cTaBa scHO, Ye TOBa Ca MOMMMNTOKNACTAYHM
KOHrIIoMepaTh, CbbpXaLly KbCOBE OT FOPHOKPEAHM aHae3nTh
W TEXHUTE TyW, THANCK, YEPBEHMN AONHOTPUACKN NSCHYHULM W
NePMCKM KOHTIOMepaTH, KBapLmMTH, KBapL, 1 BUTOLLKN CUEHUTU.
Mo pa3mep Ha KbCOBETE TOBA Ca PasHOKLCOBYW KOHTIIOMEpaTH,
CbbpXal Ha Mecta BanyHu W OrokoBe, NPEAMMHO OT
CUEHUTW 1 aHae3nTn. OCHOBHATa Maca e rMHECTO-NeCbUnnea
W TPaBUAHO-NECHYNMBA, KATO 3ambiiBa MPasHUHUTE MEXY
KbCOBETE, @ LMMEHTBT € FMIMHECT UIK FMMHECTO KapOoHaTeH,
HO B paboTaTta He ce npaBu pa3nuka Mexay OCHOBHA Maca u
ummeHT. OTHOCHO NOAXpaHBaLLaTa NPOBMHLMS Ce MOCoYBa, e
BEpPOSITHO TaBa € paiioHa OT W3ToYHaTa 4YacT Ha Butowa
NNaHWHa, KbETO ca NPEACTABMHM TE3n BUOOBE Ckanu. B3ema
Ce OTHOLLEHWE MO TO3W BLMPOC M OTHOCHO CTAHOBMLIATA Ha
npeaumwHn uscneposatenn. OtbenssaHo e, Ye COpTUPOBKATa
Ha KOHIMOMEpaTUTE € HepaBHOMEPHO MposiBeHa W e
HesHaunTenHa unu craba 3a KOHrromepaTuTe, Cbabpalyy
BriokoBE W NO-AICHO NPOsIBEHA 3a NCEIUTOBUTE KOHIMOMEPaTH
W TpaBennTU. M3kasaHo e CTaHOBELLE, Ye TS € TakaBa KakeaTo
€ NPUCHLLA Ha NPOTYBMAITHU M PEYHMN OTIIOKEHMS.

MnowHa onpedeneqocm. Korato cTaBa gyma 3a TOBa,
cnopeq B. Pages (1928), ToBa ca KoHrnomeparute 0T panoHa
Ha [lonuH nnaHwHa, BkMuMTenHo w mpu p. Cyxoponcka,
KuspkeBo, bosiHa, Bnagas, umaluy nocoveHute netporacicku
ocobeHocTu. B HacToswwaTa paboTa ce pasrnexaa yact ot JIK,
NpeAcTaBeHa W paskpuBalla Ce B KrosanafgHus  CKIOH,
HenocpeacBTeHO Npu M nog GunoTo Ha nnaHuHata wu,
nonagalla CbLLeBPEMEHHO B CEBEPOM3TOYHA YacT Ha [1b. MMo-
KOHKPETHO, TOBa Ca paskpuTusiTa B MpUOUNHWTE 4YacTu Ha
forosanagHus CKMoH Ha Ma3TtoyeH JlionmwH, 3amagHo  oT
3anagHata BWrHa 4acT Ha c. Bnagas, npogbrkasawm w
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CEBEPOM3TOYHO OT C. M'onamo ByunHo, a CblUo Taka U B TO3N
CKMOH Ha 3anapaeH JTionuH, CeBEPOU3TOYHO OT C. JTHONKH.

OTHocHO nybnukyBaHuTe MaTepuanun W 0bobLLeHneTo
HanpaeeHo oT B. Papes (1928) 3a JIK npu Bnapaiickus
nponom, M3toueH n 3anageH JlionuH, Tpsbea aa ce nocouw, ve
He € HanpaBeHO HYXHOTO MO-MbAHO pasrpaHuMyaBaHe Ha
KOHroMepaTuTe No TEXHUTE MUTOMOXKKM Pasnuimns U TEXHUTE
NPOCTPAHCTBEHO-BPEMEBN  CBOTHOLIEHUS UM Takuea
CbOTHOLUEHUS C  OMUrOLEH-POHHOMUOLLEHCKATE  BbITIEHOCHM
ceaumeHTu ot MB.

3a npocTpaHCTBEHO-BPEMEBUTE CbOTHOLWEHUS Ha JIK mnm
Ha “eK30TWYHUS TepuuepeH KOHrnomepat” npefcTaBeH B
NOCOYEHUs paioH, MoraT fJa ce nocoyatr OnpeaerneHu
€HOTUMHM CXBaLLaHMsl, rpynupaHm KakTo creasa no-gony.

1. JIK eeposimHa(?) nodnoxka Ha cedumeHmume om [1b.
TakoBa cxBawaHe € uskasaHo oT CT. BoHue (1924)
nocoysaiiku, Ye cegumenTute ot JIK ce pegysat ¢ “yepBenu
nuckn’, nogobHN Ha TakvBa, NpeacTaBeHu B y4acTbka Ha C.
ArpoMupoBLM M O3Ha4aBaHW KaTo “rasoBCKW’, HO AaHHW 3a
Bb3pacTta Ha Te3u fUCKM HAMA; BEPOSTHO  PO30BM
FOPHOKpeAHU BapoBUTM apruruti u Mmeprenw(?). B. Papes
(1928) nocousa, Ye HUKbAe B 1B He e Bukaan NMckN 1 He
npuemMa TOBa CTAHOBWLIE, KOETO € MO-PasnuyHo  OT
W3NOXEHOTO B no-cTapa nybrnukaums Ha Ct. boHyes (1898).

2. JIK ca no-cmapu om gwaneHocHume cedumeHmu om [16.

CraHoBuwweTo, ye JIK B toxxHaTa yacT Ha JltonuH e “orbHart u
WM3NpaBeH, 1 Ye TOM TYK CE KPUE C HOXKHUTE CW NMOKPaNHUHK NOA
no-mraguTe Hacrnaru OT KOTNoBKUHaTa” — TOBA € CTaHOBULUETO
Ha B. Papes (1928, c. 150). Cnopeg I'. Konsipos (1932, ¢. 32),
KOMMIEKCLT OT “lapeHuTe FMUHW M MACBYHULN™ NEXU NOA
BbITNEHOCHUTE CEAMMEHTU, a EK30TUMHWAT KOHrmomepar €
pasnonoXeH MOA Hero, T.e. B OCHOBATa Ha CeaWMEHTUTe OT
Mb.

TakoBa craHoBuwe, 4e JIK nexu B oOcHoBaTa Ha
onuroueHckuTe ceaumeHT ot [16, e Bb3npueto U npu
u3guraHeto Ha HammenosanueTo JIK B odwmumanHa
nutocTpaturpadpcka eguHmua — JlionuHeka ceuta (MBaHos,
1993, ¢. 199-200). Ho B HacToALWWMA MOMEHT BCE OLLUE NUNCBa
efHa no-MbyiHa 060CHOBKA 1 ONUCaHWe Ha eauHULaTa.

3. JIK nomwea kbM yeHmpanHama yvacm Ha [16 u
flamepasiHo ce 3amecmea C npexod om cedumeHRmume,
usnwvrigawu baceliHa. ToBa BMKOaHe € 0Tpa3eHo B pabotute
Ha Ct. BonueB (1898). To ce cnogens u OT aBTopa Ha
HacToslaTa CTaTus, HO 3a Tasu 4YacT OT KOHITOMepaTuTe,
neXaly nog YepBeHOLUBETHUTE KOHrOMepaTH, OTAENEHMN KaTo
PaneBcka cButa no-gony B Hactoswara pabora. lNpu ToBa
MOMOXEHNE OTAONY NEXaLMTE XbITOKadSBU KOHTIOMepaTH,
pedyBaLy Ce C MACBYHULM, Le Ce OTHecaT KaTo faTepaneH
EKBMBAINMHT Ha “LUapeHuTe TMUHW W NAcbYHMLmM” (KOHSpOoB,
1932; 1941) wnm CBHOTBETHO KbM  MOABBLITIEHOCHATA
MonacovgHa 3agpyra (KameHos, 1964).

4. Hanuyue Ha nokpuuska om NuOUEHCKU YepseHousemHu
KkoHeniomepam+u 6bpxy JIK u cedumenmume om [16. TTbpBy
HEOTYETNMBM CBELEHMS 3a Hskakea(?) nokpuBka OT 6GMOKOB
NAcbK 1 Yakbnu B JionuH nnaxuHa, otoensssa K. Oestereich
(1924). Toit nocoyBa, Ye BbPXY OCHOBHTA ckana (“menadmp”)



npu 6unoto Ha JlionuH nnaHuHa, nexu OnoKoB MSCHK
(Blocksand), T.e., nocoyBa ce HanWM4METO Ha MOKPUBKA OT Mo-
cnabo  CnoeHW  KOHrIIOMepaTo-NAChYNMBK  MaTepuany,
Cbabpxaluy 1 6rokose. BeposiTHO B Taau 1 B nocoyeHara no-
pony nybnukauus, cTaBa [yma 3@ HapylweHute W
QE3VHTErpuUpaHn OT  CBMaYMla M OT  NOBbPXHOCTHU
W3BETPUTENHN NpoLeck, cnabo LIMMEHTUPaHN YePBEHOLIBETHM
KOHTIIOMepaTh 1 MACbYHULM, pas3rmexaaHn TyK W NOKpuUBaLLy
ceaumeHtute o1 B M rOpHOKPEOHUTE BYIKaHCKA W
BYNKaHOTEHO-CEANMEHTHU CKanu OT NnaHuHaTa.

A. Penck (1925) nocoysa HanuuMeTo Ha HELWUMEHTUpaH
pobpe, U3BETPAN M Je3MHTErpUpaH, HeycTonumB ncedmToBo-
necbynMB  MaTepuan (4akbn), KoWTo o0bpasyBa efHa
NOBBPXHOCTHA MOKPUBKA Ha KOXHUS CKMOH Ha JTionuH nnaHuHa.
Hanuumeto Ha nogobeH matepuan Toi 0TOenassa U BbpXy
onuroueHckute cegumeHtn ot B Ha BopmoaenHoto 6umno
mexgy Cocpuitckata w MepHWLLKaTa KOTNOBMHA; Ha GUNOTO
ceBepHo oT ¢. Masapayeso.

Kakto 6e nocoyeHo no-rope, 0OeKT Ha u3crnegpaHe B
HacToswata paboTa, Ca YepBEHOLBETHUTE MIMOLEHCKM
KOHrnomepatu, NpeacTaBeHn B CeBEPON3TOMHATA YacT Ha [1b.
[ocera Te He ca pasrpaHM4aBaHu OT OMNMUrOLEH-PaHHO-
MUOLIEHCKNTE CeauMeHTH, uambneawy baceitHa u obwo ca
pasrnexaaHu kato JIK.

Crpaturpadcms Ha

NIUOLUEHCKU CeANMEHTHU

OTHOCHO Ta3n MOKpWBKa OT BUONETOBO-YEPBEHU, PO30BU U
YepBEHO  KbNTOKAd)sIBM  KOHrMOMEpaTW,  MeCbunumBy
KOHrMomepaTu W rpaBuitHN NACHYHULM, NEXALLM HECBIACHO C
BITI0B AMCKOPAAHC, bAXa HacoueHn M3CneaBaHusTa, OTpaseHu
Tyk. Obave, TpsbBa [fa Ce MOCOMM HanMMuMETO Ha
LUMPOKONMOLLHA W MHTEH3WMBHO NPOSIBEHU CBRAYMLLHM NpoLecH
Mo IOKHMS CKMOH Ha [lonuH nnaHuWHa, KouTo obxBalat
ONMUroLeH-paHHOMMOLEHCKUTE ceaumenTi oT b u TAxHaTta
yepBeHOLBETHA MAMOLEHCKA MOKpMBKA, a Ha MecTa
ceBepo3anagHo oT C. JIonuH W ropHOKPEAHUTE BYIKaHUTY W
Tycoun, npeacrtaBeHn B 6opaa Ha 6. Tesn pasHoobpasHu
Br10KOBW, LIMPKYCOBMOHM 1 MOBBPXHOCTHU, LUIMPOKOMMOLITHO
MPOSBEHN  CBIMYAHWA Ca  3aTpygHsBanNM  3HAYMTENHO
reonoxkuTe uscnegsaHus. lapanenHo CbC CBAMYaHETO ca
NPOSIBEHWN HapyllaBaHe, [e3vHTerpupaHe M pasThyaHe Ha
CBIIEYEHWTE, TTIMHECTO-MECHUNIMBU TEPLMEPHU CEONUMEHTW.
[posiBEHO € CbLLO U 3HAYUTENHO MpeoTiaraHe N CMECBaHe Ha
MeCTa Ha NeChbUNMBO-TIIMHECTW MaTepuani OT CBreveHaTa u
HapylleHa YepBeHOLBETHaTa MAMOLEHCKa MOKpUBKa W OT
TakMBa OT CBETNO KbiToKapsBATE UM CBUTNIO CUBUTE
onuroLeHckn cegumenTy ot MNb. MapanenHoTo pa3nonoxeHue
Ha MecTa Ha crnoese ¢ febenuHa oT HAKoMka CaHTUMETpa OT

YyepBeHOLBETHUTE

TaKMBa pPasHOLBETHM MPEOTNIOXEHM MaTepuanu, npuaasa
MorpellHo  BrneyaTneHMe 32 faTepaned  MPexof.
MpeoTnaraHeTo  Ha  BUONETOBOYEPBEHUTE  [MUHECTO-

MeCbYNMBI MaTepuani e xapakTepHO MpOSIBEHO MO NIoCkuUTe
4acTy Ha CKITOHa, HEMOCPEACTBEHO 0 KOPEHHUTE PA3KpUTHS U
CBIIEYEHWUTE MaTepuanu — MPUMEPHO B MeCTHOCTTa MonsHuTe,
U3TO4HO OT C. lonamo ByuuHo, ceeepHo oT c. [paruveso,
KaKTO 1 CEBEPOM3TOYHO OT C. JlionuH. Bewukm Te3u npouec u
SBMNEHNS NMPUBMOHO CUIHO pasMpsiBaT MIoOWTa Ha TAXHOTO
pasBUTWE, HO CBLLEBPEMEHHO HEECTECTBEHO HapyLlaear,
MackMpat UM U3KpUBSBAT MpEACTaBUTE 3a  MCTMHCKUTE
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NPOCTPaHCTBEHO-BPEMEBU CbOTHOLLEHNA Mexay
OnuroleHckaTa noaJioxka 1 NnnoLeHCKaTa NoKpMBKa. I'Iopap,m
Te3n npoeck, YepBeHOLIBETHUTE KOHrnmomepaTu morat ga ce
HabntogaBaT B TSXHOTO MbPBUYHO MNONOXEHWE WU TEeXHUTE
MbNHU pa3pesn, Camo B OTAENHN Yy4acTbLW. BbﬂpOCbT 3a
nnuoueHckaTa Bb3pacT Ha YEpPBEHOLBETHUTE KOHrnomeparu
Ce pasrnexnga no-gony.

PannoBcka KOHrnomepaTHa cBUTa

HaumeHosaHue u munoso Haxoduwe. HaumeHOBaHMETO Ha
cBuUTaTa MaBa OT BPbX Paiinoscko paguile, XHO OT KOWTO
Ha NnockoTo 6UNo M NPy MeCTHOCTTa YILMTE B HOXHA MOCOKA,
Ce Hamupa TUMOBOTO Haxogulle W XOrocTpaToTMMOBUST
paspe3. Te ca pa3nonoxeHn HEMOCPEACTBEHO Haf KolapuTe,
CEBEPOU3TOYHO OT C. JTIoNKH (YacTTa Ha cTapoTo C. Paitnoso).

Obwu  ceedeHus.  TnuoUeHCKTE  YepBEHOLBETHY
CEOMMEHTW Ca Pa3BUTW BbB BUCOKATa YacT Ha HOKHMS CKMOH
Ha JlonvH nnaHuHa. Obave B npeobnafaBallata 4YacT ca
obxBaHaTM M NPEMECTEHM OT  3HAUUTENHM  CMIOXKHM,
CTbMNarNoBWAHW CBMaYMLLa, PasMoNoKeHW edHO A0 LpYro U
NposiBEHM HeepnHOKpaTHO. [Mpn TOBa Ha MSCTO ca 3anaseHy
CaMo CefMMEHTUTE OT ropHaTa 4acT Ha Marnkute 6una,
Pa3nomnoXeHN Mexay cbceaHuTe cBRavmLaTa.
PasrnexaaHute CeaMMEHTHM Ckanu ca MpeAcTaBeHu Ot
BMOMETOBOYEPBEHN, PO30BM W YEpBEHO KbrTokadsiBu
KOHrnomepartu, necb4nueun KoHrnomepaTtu,
BPEKYOKOHTTIOMEPEHN W PA3HO3BPHECTU MACLYHULM MeEXaY
TAX.

OTHOCUTENHO Hal-MbIEH M HEHapyLleH paspe3 Ha Tesu
CENMEHTU Ce pa3kpuBa, CEBEPOM3TOMHO OT C. JIMMH Ha
6unoTo npn mMecTHocTTa YwuTte n Bpbx Painoscko Mpaguie.
Tyk B OBpa3uTe 1 Aona Hag kowapute, ca 0THOCUTENHO fobpe
Pas3KpUTU  CBETNO  XbATOKASBM  MACBYHWALM,  TTIMHECTU
NACBYHMLM W PASHOKLCOBM KOHIMOMEpATW, ChAbpXally U
BanyHW. KbcoBeTe Ha TE3W KOHrmoMepaTtu, BKIHOUMTENHO W
KBapLOBMTE Ca OTHOCUTENHO no-gobpe (cmabo n ymepeHo)
3a00rneHM, OCHOBHaTa MM Maca e MecbynmBa W
rpaBuitHONECHYNMBA. TE3M KOHrMOMEpaT M MACbYHWLM ca
OTHOCUTENHO  JoOpe  UMMEHTMpaHM, a LMMEHTbT e
rmuHecTokapboHaTeH W rnuHecT. TexHuTe npactoBe ca
CTPbMHM, BEPTUKANHM W YaCTUYHO HAKIOHEHW Ha CeBep, T.e.
oObpHat. Taka, 4Ye Mexgy TaX W MOKPUBAWWTE TM
YEPBEHOLBETHA MOYTM  XOPWU3OHTANHW  KOHIMoOMepath, e
Harnuue brnoB AMCKOpPAAHC. ToBa ca CEAMMEHTHWM ckanu OT
NoABbINIEHOCHaTa MMM Hapu4aHa olle Monacoea 3appyra. B
ropHaTa 4acT Ha MOCOuYeHus paspe3 B OunHata Tepacosa
3apaBHEHOCT, YEepBEHUTM W YepBeHOKasBUTE MeECHUIMBY
KOHFMOMepaT ca MOKPUTU OT CBETIIOCKBK W CMBO3EMEHM
BEPOSITHO  MNEACTOLEH-XONOLIEHCKM,  TAIMHECTU  MSACHUM K
HECMNOEHW rpaBenuTh 1 GPEKYOKOHTIOMepaTH.

Xonocmpamomunos pa3pe3. CpaBHUTENHO Hai-MbNeH
paspe3 ce ycTaHOBfBa Ha OWMOTO Mpu MecTHOCTTa YwwTe
(Mank1Te BbPXOBE), KbAETO € U YynKaTa Ha BMCOKOBONTOBUS
[anekonpoBsag, ceBeponsTo4Ho oT ¢. JTionmH. MNpocneassa ce
OT OBpa3uTe B ropHaTa YacT Ha Aora CEBEPHO OT KoLlapuTe no
WM3KOMa Ha MbTS MPU BUCUYMHWTE YlLUTE M MO nrockata yacT
Ha OMNMOTO [0 HKHWS CTPBbMEH OTCTBN Ha BPbX PaiinoBcko
paguLe.



OnucaHue Ha xonocmpomomunosusi pa3pe3. [okpuBka.
KeaTepHep — nneicToLieH-xonoLeHcku cegumentu (Ne7): 7.
CBeTno cuBM 1M CBETNO XbiHokagsen cnabo copTupaHm
IMIMHECTW MACHUM, TPaBUHW enpo-CPeaHO3bPHECTU MACHLM,
CbObpXKal NewoBUMOHU  CroeBe  OT  HeLWMEHTUpaHN
PasHOKbLCOBMY, NpeauMHo CpeAHo-ApeBbHOKLCOBM
DpekyoKoHrnomMepaTH, Npexoxaalim B NEeCbuYnMBA TaKuBa;
pa3sMm1BHa ropHa 1 gonHa rpanuua — 5-20 m.

Patinoscka koHenomepamna ceuma (Ne2-6): 6. Csetno
YepBEHO-XbITOKAMABM M PO30BU Pa3HOKLCOBU, ChAbPKALLM
BanyHW 1 Marnku OrokoBe, MOMMIMUTOKNACTUYHK, YECTO
necbunMBM KOHrMoMepaT cbc cnabo obpaboTeHn Kbcose,
CbbpXally NEeLOBUAHU CIOEBE OT YePBEHU W KbITOKagsBN
pasHo W ApebHO-CPeaHO3bPHECTU MMHECTW, cnabo CroeHu
nacbyHuLUy — 40 m. 5. BuoneToBovepBeHn, po30BM U YePBEHO-
XbNTOKAPsABM ~ KOHrMOMepaT 1M BpeKyoKoHrmomepaTu,
CbbpXallM newoBWaHW CMoeBe OT rpaBuiHW  cnabo
COPTMPaHU eapo-CPEAHO3BbPHECTU M CPeaHO-0PEOHO3bPHECTH
FMMHECTH, Cnabo uuMeHTMpaHu nsacbyHuum — 30 m. 4. Maket
OT YepBeHW CpenHO-OPeOHOKBCOBM, MOMMIUTOKIACTUYHM
KOHrmomepaTn 1 efdpo-CPEeSHO3bPHECTM U CpefHo-
APEBHO3LPHECTH FMUHECTU NACBYHULIA C TIIMHECT W TMIMHECTO-
kapboHaTeH (KanuuToB) LIMMEHT W NACHYHUKOBW CrIOeBe,
CbAbpXalW KanuutoBu Kankpet — 6-8 m. 3. YepseHn u
BMONIETOBO YepBeHu Pa3sHOKBLCOBM, npeanmMHoO
MONUIMUTOKNACTUYHY, edpPO-CPEAHOKLCOBM KOHIOMepaT |
NeCbYnuBI KOHFIIOMEpaTW C rpPaBUIHO-NECHYIMBA OCHOBHA
Maca C XeMaTWUTOIMUHECT U TMUHECTO-kapOoHaTeH LMMEHT,
CbObpXKalyW NELOBUAHU CrioeBe OT po3oBu crabo rmuHecTH
€[pO-CPEAHOIbPHECT W XEMaTWTOTMWHECTM  CPEedHo-
ApebHO3bPHECTU BMONETOBOYEPBEHN MSACBYHMLM — 25 m. 2,
BuonetoBo  4epeeHM  XeMaTUTOIMMHECTU  MPEAUMHO
ApebHO3bPHECTN NACBYHMLYM, WMABALM KaTO MOANOXKA M
natepanHo (hauuaneH 3amecTWTen Ha 4acT OT OTrope
nexalliute KoHrmomepary, obxsaHaTM ca OT CBMAYMLLHM
npouecy — 6-8 m; pasmmBHa rpaHuLa.

Mognoxka (Ne1). 1. MoaBbrneHocHa MonacouaHa 3afpyra,
npefacTaBeHa  OT  CBETNO  XbnTokadsBuM  eapo Ao
ApeBHO3LPHECTY MACHYHWLM, PEAYBALLM Ce UMW ChAbpKaLLm
W3ObPXaHM CHOEBE OT eApo-CPELHOKLCOBM KOHIMoOMepaTth ¢
YMEPEHO 3a0051eHN KbCOBE, ChbPXaLUM BaNYHN U €AUHUYHM
Manku 6nokoBe, UMaLLM rpaBUAHONECHYNMBA OCHOBHA Maca W
TMMHECTOKApOOHATEH LIMMEHT — Hag 60 m; KoHrnomepaTtuTe u
MACbYHULMTE OT Tasu 3agpyra B CKNOHA MOA Kowapute A0
CEnoTo, Ca MOKPUTWU OT MPEOTIIOKEHN BUONETOBOYEPBEHN
NecbUrn1BIM MaTepuani, Cbbpxalyy CroeBe OT KbToKadsiBu
TakvBa MaTepuanu u rpaBennTm.

Pasnpocmpa+eHue. YepBeHOLBETHUTE KOHroMepatt oT
PainoBckaTa cBUTa ca NpeAcTaBeHW BbB BUCOKAaTa YacT Ha
IOXHWS CKIOH Ha V3ToueH v 3anaaeH JItonuH BbB BUCOYMHHUS
untepsan mexgy 900 1 1100 m. Ho kakto 6e n3TbkHaToO, Te
CaMOCTOATENHO UMW 3ae[HO CbC CEAMMEHTWUTE OT TsAXHaTa
MoAnoXKa B CKMOHa, ca o00xBaHaT OT  3HAYUTENM,
LUIMPOKOMJIOLLHO NPOSIBEHU CBMAYMLLHKM NPOLEec M npu ToBa
HaxoguLlaTa CbLIECTBEHO Ca HapyLIEHW, a JonHaTa rmaHuya
Ha Painosckata CBWTA, € HapyleHa W NpenokpuTa.
OcHoBHOTO  Haxoguwe B 3anageH JhonmwH,  KbAeTo
CeANMEHTUTE Ca MbPBUYHO 3ama3eHu, € MOCOYEHOTO TUMOBO
Haxoguwe. CkanuTe OT lOrou3TOYHaTa 4YacT Ha ToBa
Haxooulle Ca CBMEYEHU, MPEONOXKEHN U CMECEHW CbC

40

CEANUMEHTUTE OT NOANOXKaTa (FIO,ClBH'ﬂeHOCHaTa 3ap,pyra) B
y4acCTbKa 4ak fo C. longmo EyHI/IHO. Marko Haxoguile UMma Ha
nnockarta 4acT Ha pb6a Ha 3anafHoTo BOLOAENHo 6uno Ha p.

KpuBa, pasmnonoxeHo ceBepo3anagHo OT  CEnoto U
toroanagHo oT BpbX KnuHyosuua.
B M3toueH JlionuH, HaxoguWeTo €  pa3nonoXeHo

HEMOCPELCTBEHO t0XHO OT BurnHaTa 4acT ¢ NposiBeH OTCTHI.
ObxBalla OT M3TOK Ha 3amaf, NrowTa OT ropHata 4acT Ha
CKMOHa OT M3TOYHMS BOAOLEN Ha BOAOCOOpHUS palioH Ha p.
[parnyeBcka, Ha 3anag A0 ropHata 4YacT Ha W3TOYHMS
CTPBMEH CKMOH Ha p. MonsamMobyunHCKa, pasnomnoxeHa npu
Hag mbTa. Tyk OOWO tokHATa W 3anagHara rpaHuia Ha
HaxXOMMLLETO € NpUBMM3NTENHO B y4acTbKa Ha CBRauMLHMTE
OTCTBMM MpWU W Hag [parMyeBCKOTO CBRAYMLLHO €3epo W
KollapuTe, a Ha 3anag npu W Hag MbTS NPU BUCOKOBONTOBUS
panekonposof. 3a fAa Moxe fAa ce nonyyn no-gobpa
npefcTasa 3a CBMTATa Ce MOCOYBA AOMbIIHUTENEH paspes.
Tolh ce Hamupa B y4acTbKa, CEBEPHO OT BMCOKOBOITOBMS
[arnekonpoBof W KOLlapuTe Haf ropHata CeBepoM3TOYHa
Maxana Ha c. [onamo ByuuHo. lNpocnegssa ce no mbTa no
CKMOHa  OT Pa3KIOHEHWETO W MPeCUYaHeTo My C
AarnekonpoBofa B CEBEPOM3TOMHA MOCOKA A0 KanTaxa npeam
Bbpxa ¢ kota 1201.7 m.

B marka nnoLy, pasrnexaaHuTe ceyMeHTY ca NpencTaBeHH
1 Ha BogopenHoto 6uno mexay MepHuwkata u Coduiickata
KOTNOBMHa, CeBEpHO OT C. MasapayeBo. Tyk CblWo ca
NPOSIBEHW CBMAYMILHM  Mpouecu W  MpeoTnaraHe Ha
Je3nHTerpupann matepuani. Kem Tasu ceuta Tpsibea ga ce
OTHEcaT Crnopes Hac W YEpBEHOLIBETHUTE KOHIMOMEpaTH W
NACbYHMUM NpU  TenesuanoHata kyna npu Konutoto oT
ceBepo3anagHaTa YacT Ha nnaHuHata Butowa. Tyk Te nexar
BbpXYy TOpHOKpeAHW BynkaHwutu. [lebenuHata Ha csuTaTa e
100-150 m, HO e TpyaHa 3a onpeaensHe, nopaayu pasmMmBHUS
HepaBeH xapakTep Ha JorHaTa rpaHuLa Ha CBUTaTa, HesicHaTa
cnoectocT, crnabata yCTOMYMBOCT U  CBMMYAHETO Ha
n3rpaxgalumte ceuTaTa KOHrIoMepaTh 1 NACbYHULM.

[paHuyu. [onHata rpaHuya Ha Paiinosckata cBuTa €
pa3MuUBHA W TS NEXM C BITIOB AMCKOPAAHC BbPXY HarbHaT
onuroueHckn cegumenT ot TB. EguHcTBeHO npu TvnoBus
paspe3 npu Bpbx Painoso [paguiie, 4YepBEHOLBETHWTE
KOHFMOMepaT M MACLYHWLM Ha CBMTATa Ca MOKPUTU Haut-
BEPOSTHO OT  KBAaTEPHEPHM —  XOMOLEH-MNEACTOLEHCKM,
[MWHECTM NSICbUM W HELMMEHTMPAHW NCEUTOBM PaBUIHO-
nNecbynMei mMatepuani. paHuLaTa Mexay TaX € NUTONOoXKa,
BEPOSITHO CbC cnabo nposiBeH pasmuB. BkameHenoctu, ¢
KOWTO fa Ce [jakaxe Bb3pacTTa Ha NOKpUBALLMTE CEAMMEHTM B
TO3W TBbPAE MaITbK MO NIOLL, Y4acTbK, He Ca YCTAHOBEHM.

Bwnspacm. B pasrnexaaHuTte YepBeHOLBETHU KOHIIoMepaTy
W NACbYHMLM OT Painosckata cBuTa BKAMEHENOCTU NPSKO He
ca ycTaHoBeHW. 3bOu OT nnnoueHcka BosaiHnkoBa ayHa —
Deinotherium  giganteum Kaup, (Hwkomos, 1985), «ca
YCTaHOBEHM Hai-BEPOATHO KaTO MPeOoTNOXeHW, crnopes Hac,
cpea no-CTapu OT CbBPEMEHHWUTE KBATEPHEPHW anyBuamHu
OTNOXEHWS K0KHO OT C. BorgaHoB gon. HeuumeHTUparuTe i
cnabo UWMEHTUPaHW NACHUM-NACBYHMLM 1 KOHrMoMepaTy,
anyBuanHu Mo reHesuc, TAXHOTO MIOLLHO pasBUTUE W TAXHATa
mopdhonorus, [aBaT OCHOBaHWE Te3n CeauMeHTW da ce
pasrnexgar  Kato  KBaTepHepHW, HO  mo-ctapu  OT
cbBpemeHHuTe. Obave, Te ca onucaHn kato bataHoscka



CBATA, MMalla  MEOT-NNWOLEHCKA, HO  MO-BEPOSITHO
ropHonnuoLeHcka Bb3pacT (Angelova, Matova, 1993). OcBeH
HanMuMeTo Ha Te3u NPeOoTNOXEeHU ceanMeHTu 1 Bo3aitHukoBa
thayHa, OCHOBaHWe 3a pasrnexgaHeTo Ha YepBEHOLBETHUTE
KOHrroMepaTi OT Painosckata CBATa KaTo MAMOLLEHCKM, ca
JaHHUTe 3a MNWOLEHCKAaTa Bb3pacT Ha YepBEHOLBETHM
KOHrIoMepaTHW 3agpyrv B apyrute BaceiHn ot KOrosanagHa
Bonrapus: CpegHeHcka csuta ot louepenyesckust HaceitH
(Baues, lNeTkoBa, 1996), ropHaTa 4YacT Ha KanumaHcka ceuta
ot CaHgaHckus rpabeH (Kojumdgieva et al., 1982; u gp.) u ot
0006wWuTenHUTe paboTu 3a HeoreHckuTe rpabeHoBM GaceiHw
ot lOrosanagHa bbnrapus (Baues, 1999; LiaHkos u ap., 2005).

OmnuyumenHu yepmu. Paiinosckata CBUTa € U3rpageHa ot
BMONETOBOYEPBEHN U YEPBEHO-KbITOKA(SBA Pa3HOKLCOBM
KOHrnomepatu, GpekYoKoHroMepaT 1 pa3Ho3bpHeCTH cnabo
COPTUPaHU TNMHECTU U XEMATWUTOIMUHECTU  MSCHYHNLM.
KoHrnomepatute ca nonmnmuToKnacTM4H1, ChbpXally KbCoBe
OT TOPHOKPEOHW BYNKAHWTW, @ CbLO W TakuMBa OT rHawcy,
KBapLWTK, YepBEHM 30paBu MACHYHULM, CHEHUTH, NETMATUTM 1
pasnuMyHO ouBeTeH wnu  6an  keapy. KbcoeTe ca
HesHauuTenHo 1 cnabo obpaboteHn. OcHoBHaTa Maca e
rPaBUItHO-NECHYNNBA UMK TTIMHECTO-NECHYNMBA, HO HA MecTa
Mo nnow, ¥ B paspe3, Td HapacTea M WMa npexop B
€[IPO3bPHECTU MFCHYHNLM, CbObpXaluM NCeduTOBN KbCOBe.
MACbYHMUMTE Ca PasHO3bPHECTU, eApO-CPeAHO3LPHECTU W
cpefHo- [OpebHO3bPHECTW C MPOMEHNMB MONMMMKTOB [0
rpayBaKo-NoNMMUKTOB CbCTaB U XEMATUTOTNIMHECT, MMNHECT W
no-psiaKo TMNHECTO-KapOOHATEH (KanuMTOB) LMMEHT. Te KakTo
W KOHrnomepaTuTe ca cnabo copTupaHu.

Mo reHeauc ToBa ca NPOyBUasHU 1 anyBUanHW OTIIOKEHMS,
HO Ce YCTaHOBSBAT CPef TAX W ThHKW COEBE OT AenyBuarnHm
[MWHECTM  aneBponMTM W ApebHO3bPHECTM  IMHECTY
nsacbyHMuM. Cpen  eapo-CPenHO3bPHECTUTE MACBYHMLM C
KanuuToB LMMEHT Ca NpPEeACTaBEeHW B pedKn cryyau K
BaPOBUTY (KanLuUTOBK) KarKkpeTw.

3aknioyeHue

Mpu npoBefeHnTe M3cnegsaHus Ha cegumeHTute ot 1B,
Bsxa YCTaHOBEHW M MpoOCnedeHU OnpedeneHn pasnuuns B
nuTororMsiTa M cTpaturpadickata  nosuums  cpeq
KOHrnomepaTuTe K acouumpaliute ¢ TsX MSCbYHUMLM OT
CEeBEpPOM3TOYHaTa YacT Ha baceiHa, 03Ha4yaBaHu B MMHANOTO
KaTo ek30TU4YeH koHrnomepart (BaHkos, 1906), No-KbCHO KaTo
MonuHeku  koHrnomepat (Pages, 1928), a cneg ToBa —
NMionmHcka ceuta (MBaHos, 1993).

NuTonoXkMTe  pasnuuMs, pasnnuMsTa B UBeTA U
TEKTOHCKaTa  [epOopMMpPaHOCT M TakMBa  OTHOCHO
MpOCTPaHCTBEHO-BPEMEBUTE  CbOTHOLIEHUS  Ha  MocHe-

[OBATENHOCTUTE UM XapakTepa Ha rpaHuuMTe MEexgy TsX,
AaBaT 060CHOBAHO OCHOBaHMWe 3a TAXHOTO pasyneHsiBaHe. Bb3
OCHOBa Ha TakaBa KOMMreKkCHa 0D0CHOBKa, YEPBEHOLBETHUTE
KOHrMomepaTy,  MOKpWBaWM C  BIMIOB  AMCKOPAAHC
XBITOKAABUTI KOHIMOMEPATY M NSCBYHULM OT MbIIHEXa Ha
MB, ca ortgeneHn u onucaHn kato Painnoscka cauTa.
[paHuuMTe Ha cBMTaTa Ca pasmmBHM. Bwb3pacTta Ha
pasrnexaaHnuTe YepBEHOLBETHN CEOMMEHTU € Hai-BEPOSTHO
MINOLEHCKA, WM3XOXAalKW OT HanM4MeTo Ha MpeoTioXeHa
Bos3aiHMKOBa (bayHa M €TanHOCTTa B Pa3BUTMETO Ha
CEeAVMEHTALMSTa HAa YEpPBEHOLBETHUTE CKanu B PErvoHareH
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nnaH. TakbB TUN YepPBEHOLBETHW KOHrMOMepaT, CBbp3aHu ¢
TEKTOHCKUTE W KIUMATUYHWUTE W3MEHEHWs, ca Pa3BUTM U B
apyru baceithn ot tOrosanagHa Bbnrapus u B ChCenHMTE
cTpaHu.  QOpMMpaHETO  Ha  Te3u  YepBEHOLBETHU
e0pOKNacTUYHN  CEAWUMEHTW, MapkMpa HOB eTan  npe3
nnuoLeHa B passuTieTo Ha Mb u apyruTe cbeeaHu GacentHn.
B npenpaputeneH BuZ MOXe [a Ce MOCOYM, Ye aHanornyHu
YEpBEHOLIBETHW  KOHFMOMepaTM U acouuupam C - TsX
MACbYHNLM, Ca YCTaHOBEHW OT aBTopa M B boboBgonckus
rpabeHoB baceiH. Obave, Te we ca obekT Ha gpyra pabora.
O6pas3yBaHeTO Ha Te3W CEOUMEHTW, NpPeACTaBeHW W B
npubopaoeata yact Ha rpabeHa, MapkupaT — MposBM Ha
TEKTOHCKA ~ aKTMBM3aLUWsi, ONpedenuna W3AuraHeTo  Ha
CbCE[HUTE OrpafiHM XOpCTOBW OrOKOBE W NOHWKEHME B
pamkute Ha b u gpyrute rpabeHosn 6acenn ot KOrosanaaHa
Bbnrapus. lMapanenHo ¢ ToBa YEPBEHUSIT LBST Ha CKanuTe
CBMIETENCTBA U 33 KNUMATUYHN U3MEHEHMS.

PasrnexpaHute cegumeHTn oT PaiinoBckaTta ceuTa, ca
Ounu pa3BuTM BEPOATHO U B LiEHTpanHuTe Yactu Ha b, Ho
npu POpPMMPaHETO Ha CbBPEMEHHaTa peyHa Mpexa 1 pened,
ca 6unu pasmuti. Mpn TOBa YacT OT CEAMMEHTOrEHHMS
MaTepuan v CbabpXalute ce 0CTaHku OT rpbbHavHa dhayHa,
ca 6unM M YacTMMHO MpPEeOoTNOXeHM B MO-CTapu  OT
CbBPEMEHHUTE PeYHN KopuTa. TakbB € Hali-BepOSITHO CryYasT
C XbnToKahsBMTE, MMALM Ha MeCTa U YepBeH OTTEHDBK,
KNacTUYHW anyBuarHu No reHe3nc CeayuMeHTH, paskpuTu B
toxXHaTa yacT Ha ¢. borgaHo gon. Cnopeg Hac ToBa ca Haii-
BEPOSITHO ~ MO-CTapu  OT  CbBPEMEHHWTE  anyBuarHu
kBaTepHepHu  cegumeHT. CerawHata  M3y4eHOCT Ha
MonuHCcKATE  KOHTMOMepaT! W OpYyruTe  KOHrmomepatu Ot
ceBepom3TodHata yact Ha b npw c. Bnapas n Butowa, kouto
B MWHAamNoTO HE Ca pasrpaHMyaBaHu SCHO B CTpaTurpadckm
acnekT M He Ce pa3rmexgat TyK, npegonpenens
HeobxogumocTTa B GbelLe 0T HOBM U3CNeaBaHNs, aHanuau 1
06obuieHns.

WacnenBanuata ca (uHaHcupaHun oT  MOH,  doHg
nscnegsanus” — npoekt 03/06.
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YEPEMNULWKWTE CKAINW - EOUH ECTECTBEH AHCAMBbJ1 OT MOP®OJ10XKKHA
3ABENEXUTENIHOCTU B CEBEPHATA YACT HA UCKBbPCKMA NPOJIOM

Bopuc Bbnyee, Jumumbp CuHbOBCKU
MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, Cogpus 1700; b_valchev@mgu.bg, sinsky@mgu.bg

PE3IOME. eonoxkuat eHomeH “Uepenuiuku ckanu’, Hamupall, ce B CeBepHata 4acT Ha Mckbpckus nponom 1 npencTaBnsBall Heroeata
“ceepHa BpaTa’, e pa3BUT Cpef MacuBHWTE BapoBuUM Ha Yepenuwkata csuta. Crnoped ekcrnepTHaTa oOueHka no paspaboTeHata HaydHa
MeTOAMKa 3a OLIEHsIBaHE Ha reonoXkn heHoMeHN Toii nonaja B rpynata Ha 0beKTUTE C HaLMOHaNHo 3HayeHne. Bbnpeku ToBa Tol He durypupa B
perycTbpa M Kagactbpa Ha reonoxkure deHomeHu B Penybrnuka Bbnrapusi. B HacTosiwata ctatus ce onucBaT OTAENHM CKanHu dourypu
U3rpaxaalys HEMoBTOPUMMS aHCaMOBI OT MOPGONOXKM 3abenexnTenHocT B pailoHa Ha rapa Yepenuw. [peanoxeHn ca MMeHa 3a Hail-
XapakTepHuTe opmu.

Knroyosu dymu: reonoxku heHOMEHHN, PEUTMCTBP M KagacTbp, MICKbPCKM NPOnoM, MOPGONnoxku 3abenexuTenHocTy.

THE CHEREPISH ROCKS - A NATURAL ASSEMBLAGE OF MORPHOLOGICAL LANDMARKS IN THE NORTHERN PART OF
THE ISKAR GORGE

Boris Valchev, Dimitar Sinnyovsky

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

ABSTRACT. The geological phenomenon “Cherepish Rocks” is situated at the Northern part of the Iskar Defile Gorge and it represents its
“Northern Gate”. It is developed amongst the massive limestones of the Cherepish Formation. According to the expert appraisal based on scientific
methods, it is referred to the phenomena with national value. Despite this fact the “Cherepish Rocks” are not included in the register and cadastre
of the geological phenomena of Republic of Bulgaria. The present article aims to give descriptions of single rock forms composing the unique
assemblage of morphological landmarks around the Cherepish Station area and to propose names for the most characteristic amongst them.

Key words: geological phenomena, register and cadastre, Iskar Gorge, morphological landmarks.

YBop KaHuu, no Bpeme Ha MbTyBaHETO My Mpe3 GbirapckuTe 3emu

UepenuwKiTe ckanu, pefom ¢ Yepenuikusi maHactup, ca  Npe3 1871 ropuHa (Kanmy, 1995). Hapuda ca “kanpotiHckn
e[VH OT CUMBOITE Ha CeBepHaTa YacT Ha ckbpckust nporom.  Baposuuy™  (“Caprotinenkalk” — Toula, 1878), “yepeniuki
[1bnBoKo Bpsi3aHUAT cpef Yepenuiukute Baposvuy kapctop — Baposuuu”  (Bonues, 1910) 1 “Hepenmwku  kommnexc’
KaHbOH Ha peka Mckbp ce mpvema 3a ‘ceBepHata Bpata’ Ha  (Mlonkuyes, 1960). Tlo-kbCHo ropuute UM HuBa ca
VICKbPCKMS MIPOTIOM KbM HEroBaTa CTapOnfiaHuHeKka yacT (tabn.  XapakTepuaupatyu kato “Bpavarcka csuta” (Hukonos u Ap.,
I, cur. 2). BbMpeky M3BECTHOCTTa Ci 0bave, Tean ckanu He ca  1972), “BpecTHuwka cauta” (Bakalova et al., 1976; CanyHos,
3allMTeHa MpupoaHa 3abenexuTenHocT U He ca Bkmiowern B 1977; Nikolov, 1983) unn “CriBhmiuka ceuta” (AHTOHOB 1 Ap.,
perucTbpa M KagacTbpa Ha reonoxkute teHomenn B 1990; Lanko u gp., 1995). MoapobHa Auckycust no
Peny6nuka Bbnrapus. Te He ca OMMACAHM CbLO Taka U kato ~ MPODNEMUTE Ha HOMeHKnaTypaTa Ha efvHuLaTa aBa AHTOHOB
oTZeneH reoton B paspaboTenus B pamkute Ha Pernctbpa  (2004). B cbwata pabora ce npepnara 3nonssaHeto Ha
HaLMOHaneH reonapk Mckbpckv nponiom. YepenuwkuTe ckan  HaWMeHOBaHWeTo  Yeperuiuka cBATA  KaTo  Halt-CTapoTo
ca onucaHu Kato reonoxku deHomeH ot CuHLOBCKM 1 Bbnues BanMaHO Mme. B HacTosiwiaTta cratus ce OnUCBaT OTAEMHM
(2004). B pamkuTe Ha pa6otata no [loroop BY-OXH 304/07 ¢ CKanHu courypu, nonajawyn B 3abenexutenini npupopeH
®oHp “HayuHu uacriensaHus’ U no mpoekT Ha HUC wa MY — aHcambbr OT MOporioxkyu 3aDenexuTenHocTv B paiioHa Ha
“Cs. MBaH Puncku”, cbrnacHo u3paboTeHata Hay4Ha MeToamka rapa Yepenuu.
3a OlieHKa Ha reonoxkute dheHomeHu B Bbnrapust (CHHBOBCKY
u ap., 2002), ckanuTe Ca MOANOXEHN Ha ekcrepTHa oueHka — XapaKTepUCTMKA Ha Yepenuiukute BapoBULM
(CvnboBcku u gp., 2008), cnopeq kosTO nonagar B rpynara Ha Yepenuwkute BapoBULM, PECMEKTUBHO Yepenuwika cBuTa
reonoXKUTE (DEHOMEHU C HaLMOHAMHO 3HaYeHMe. (xpoHocTpaturpadicku obxsat TutoH-Bapem), ca cBeTnocusm,

cvBK Unu B6eXoBM, a Npu U3BeTpsiHe — cuBobenn unu benu Ha

Yepenuwkute ckanu ca Gunn oBekT Ha peduua reonioxkn  UBAT.  [IpeacTtaBeHn ca  OT  CNEAQHUTE  JIATONIOXKKM
Mpoy4yBaHMsi. 3a MbpBM MbT Ca CMOMEHATM M (DUrypupaHW  PasHOBWAHOCTM: OPraHOrEHHWM, XEMOTEHHW, KINacTU4HM W
(tabn. I, cour. 1) B 3anuckuTe Ha yHrapckus eTHorpad) Penmkc  KpunToreHHu Baposuuy (Tabn. |, dour. 3-5). CbabpkaT oCTaHku
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OT MaxvOLOHTU (OWLiepack B TUTOHCKATa YacT U PEKBUEHWM B
kpegHata), Gpuoson, kopanu W gpyru pocUnM OT CbBCEM
NAMTKOMOPCKM HEHTOCHW OpraHn3mu. VIHTepnpeTupaHi ca kato
kapboHaTHa pucboea noctpoiika (AHToHoB, 2004). Ckanute ca
pebenonnactoBM [0 MacuBHM, KaTo CMOeCTocTTa  ce
pasnuyaBa MHOTO TPYAHO M Ha MHOTO Manko Mecta. Hait-AacHo
noTbBaliMTe Ha CEBEPOW3TOK NNacToBe MoraT fa ce
HabniogaBaT BbB BWUCOKWTE YacTW NO fEBMS CKMOH Ha
ponvHaTa Ha peka Mckbp Ha u3Tok ot rapa Yepenuw (tabn. |,
cur. 6). B crapata kapuepa Ha AeCHUS! CKMOH Ha LOnuHaTa
CNOECTOCTTa MOXE [ia Ce Npocrneaun no peakuTe NPOCnomkn ot
LienoyepynyecTn BapoBULM WAM MO pa3npeneneHneTo Ha
BuogeTpuTyca.

L'|epeI'II/ILIJKI/ITe BapoBULIN Ca W3KNKOYUTENHO YKUCTU, nopagun
KOETO OT ObJr roAMHK Ce N3NoN3Bat 3a NPpou3BoACTBO Ha Bap.

OnucaHune Ha MopchonoXKUTe

3abenexuTenHocTy

Manka 4acT OT CKanHWTE KOMMO3WLMW B paioHa OKOMO
Yepenuwkus maHactup ca gobunu nonynsipHOCT M HOCAT
XapaKTepHW HaWMeHoBaHus. Haii-u3BecTHM cpen TaX ca
MHOrobponHUTE MELLepHM OTBOPW Hapuyanu “lUuwmaHosu

Oynku”.  [Opyru  nonynspHn  c¢opmu  ca  “lpomemed’,
“Appoduma’, “Xpucmo bomes’, “Opena’, “CogppoHull
BpayvaHcku”, “baba Mnudiya u YemHuka” (CuHboBCKM, Bbnyes,

2004). Mpu egHo no-geTannHo BraexaaHe Habnopatenat oum
MOMbJT [la pasfnyum MHOXeCTBO (urypu ¢ Hail-pasHoobpaHa
thopma 1 pasmepu — CkanHu Nupamuau, ckanuu rou, ckanHm
BEHUW 1 TakuBea, HaI'IO}J,OﬁﬂBaLLWI YOBeLlKN rnaBu Unu Tena Ha
XUBOTHU. [loBEYETO OT TAX HE Ca OMUCBaHW Aocera W
HacTosilaTa cTaTs UMa 3a Len Aa 3ambiHu Tasu NpasHuHa,
npeasiaraitkm HaMMEHOBaHWA 3a CKanHUTE POpPMM.

CkanHust aHcambwbn “KocmeHypkume” ce Hamupa B
OCHOBaTa Ha ckanHusa BeHel, ‘Bexdama” Ha okono 500 meTpa
(no npaBa nuHMs) 3anagHo ot napaknuca “Ceeti KoHcTaHTWH'
B Pawos pon. CbcTon ce ot ase cwmrypu. Mo-ronsmata e
gbnra Hag 20 m wu Bucoka Hag 10 m. Moxe pa 6bae
OMPWNNYEHa Ha rMaBa Ha KOCTEHypka C OTBOpPeHa ycTa (Tabn.
Il, cour. 1). Mo-mankaTta urypa e gbnra okono 15 m u Bucoka
3-4 m. HanogobsiBa TANO Ha KOCTEHypka C SICHO 060cobeHa
rnasa v Tynosuwe (tabn. Il, ¢ur. 2). Hammpaitku ce BMCOKO
Hag mbTekaTta, npecuvawa “Bexdama’, u osete curypu ot
aHcambbna ca HeoCTbIHM.

OctaHanute MopdonoXki 3abenexuTenHoCcTy, OnNuUCaHu B
HacToslaTa CraTus, Ce HamupaT OT 3anagHata CTpaHa Ha
Hal-SICHO 13pa3eHus CkaneH rpebeH NpocTupalL ce Ha CeBep U
M3TOK OT rapa Yepenuiu.

B cknoHa HenocpecTBEHO Ha CeBep W M3TOK OT rapara,
Hapea cC Bucokute Hag 30 m nupamupanHu  dopmu,
npuBnnYaLyy nornega otaaneye (tabn. I, dwr. 3-7), morat ga
Ebaar pasnuyeHn MHOrobpoiHK no-marnku durypu ¢ dhopma Ha
KonoHa, nupamuga unn ro6a, KoUTo BCE OLUE HAMAT MMEHa.
Cpeq TsiX, HEMOCPEACTBEHO Ha CeBep OT rapata, ce 0TKposiBaT
CKarHa KONoHa, HanogobsiBalla 3aMUCNeH MbX, KoATO Ou
morna ga 6wvge Hapwyana “Mucrumenam’ (tabn. I, dwr. 1),
CkanHa rbba, kosiTo Ou mMorma Aa OGbae onpunuyeHa Ha
xabelwka rmaBa u HapuyaHa “Kabama” (tabn. I, cur. 4),
rpyna oT ABe Manku nupamuau 1 rbba, KoWTo mpunuyat Ha
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nonerHan s (tabn. lll, dur. 5), KOMNO3WLKMSA, KOSITO CMIOKOMHO
MOXe aa Obae HapuyaHa “/Tbebm”.

Ha cesepoustok oT rapa Yepenuw ce Habniogasat ase
CKalHW KOMOHW CbC cxopHa dopma (1abn. I, dwr. 2),
n3pacteawm ot obwa OCHOBa, KOWTO MpUMMYaT Ha [Bama
Opata. He ©u Ouno TpygHo Aa ce npegnonoxu, ye Te buxa
Ounu nonynspHu nog umeto “bBpamsama’. B 6nusoct o Tax e
pa3noroxeHa Olle edHa WHTEpPEcHa CKanHa KOMMo3uuns —
rpyna OT 6 CKanHM NUpaMWgu C pa3niyHa  BUCOYWHA,
NpUnMyalLM Ha rpyna xopa, BbpBAwmM 6aBHO No MbTA. EAHO
MHOr0O NOAXOASALLO HaumeHoBaHue Ou 6uno “Cemelicmgomo’.
Ha HsIKOnKo MeTpa KXHO OT TsX Ce U3BMCSBA eAMHNYHA CKanHa
KOMOHa, 3aocTpeHa B ropHara cu vact (tabn. lll, cur. 3),
HanogobsiBalla CaMOTeH MbX, kosto 6M Morma ga Obae
HapeyeHa “CamomHukbm”.

B ckroHa HenocpedCTBEHO 0XHO OT TyHena npu rapa
Yepenuw morat Aa ObAaT pasnuyeHn ABe MHTEPECHM durypu —
ckanHa reba ¢ macueHo cTebno u cdepuyna ryrna (tabn. i,
our. 6) u ckanHa nupamuaa, HanopobsBaLLa rnasa Ha XMBOTHO
(tabn. Ill, cour. 8). [Bete curypu ca CPaBHUTEMHO MECHO
JIOCTBMHM M moraT ga 6baaT HabniopasaHu oTONMKM30, a 3a
HenpepybeaeHus noceTuTen TexHUTe KMeHa Ouxa OGunm
‘I6ama” v “3espbm”.

3akntoyeHue

Yepenuwikute BapoBuUM 0COPMST eanH 3abenexuteneH
aHcambbn OT ¢hopmu, w3gurawy ce Hap AbnboKMs KapcToB
kKaHbOH Ha peka Vickbp B paitoHa Ha rapa Yepenuw. OnucaHuTte
B HacTosllara cratus MOpQOnoXKM 3abenexuTenHocTu B
paMKuTE Ha reornoxkus eHomeH “Yepenuwku ckanu” Guxa
Ounu nonesHn Kato OCHOBA MpW efHO Obaelo no-AeTanrnHo
“3y4aBaHe Ha mopdonorusTa u reHeauca um. OT HanpaBeHOTO
MOP(ONIOXKO OMMCaHWE W eKCrepTHa OLeHKka ce Hamara
n3BOObT, Ye Yepenuwkute ckamm ca reoton C ecteTudyecka
CTOMHOCT. Bbnpeku CpaBHWTENHO HUCKATa HayyHa W
n3cnegoBaTtencka CTOMHOCT, CKanuTe mnpuTexasaT BUCOKA
obpa3soBaTenHa CTOMHOCT KaTo 0BEKT Ha eXeroaHn CTYAEHTCKN
npakTuku. Te uMaT M BUCOKA MCTOpMYECKka CTOMHOCT 3a
Gbnrapckata reonorus, Tbit kato ca bunu 0bekT Ha MbpBUTeE
W3cnegoBaTenu Ha HaluTe 3eMu, KakTO reornosn Taka M
eTHorpacon. HanmumeTto Ha emuH OT Hail-cTapute Gbnrapcku
MaHacTupy B pafioHa 3acunisa TsxHaTa AyXOBHA, PENnrno3Ha,
eTHorpadcka M MOEHTUYHOCTHA CTOMHOCT. MecTononoxeHneTo
M B pafioHa Ha MbPBWS HaLMOHaNeH reonapk e npegnocTaska
3a pasBuBaHe Ha Obgewa TypuCTMYeCKa [EMHOCT 1
nonynspuavpaHe Ha reonoxkute (EHOMEHW 3aedHO C
MCTOPUYECKOTO MUHAIO Ha panoHa.

lMpeanoxenute B HacToAwata nybnukaums MMeHa Ha
OTHAENHM CKanHW  Gurypu  OT  LANOCTHMA  aHcambbn  OT
Mopchonoxkn  3abenexutenHocTn  Guxa  MOAMOMOrHanm
nonynspuaMpaHeTo Ha Yepenuiukute ckanu, KOETo Cce
00Bbp3Ba MO eCTeCTBEH MbT € ONM30CTTa Ha Pa3noNoXeHus B
JecHns Bpsar Ha peka Vckbp Yepenuwkn MaHacTvp, KakTo u
cblyecTByBalata 6asa Ha MY “Cs. VBaH Puncku” B ¢. Jlion
Opog 1 exerogHo NpoBeXaaHUTe Y4EeOHW CTYAEHTCKI NPaKTUKNA
B padoHa. Bcuuku Te3su npegumcTea NoO3BOSSABAT  TO3W
reonoxkn (eHomeH Aa Obae NpeanokeH 3a BKIYBaHE B
Pernctbpa ¥ KagacTbpa Ha reOnOXKUTE (PEHOMEHM Ha
Penybnuka Brnrapus.



bnazodapHocmu. HacToswara nybnukaums e BbB Bpb3ka ¢ pabotata
no orosop BY-OXH 304/07 ¢ ®oHp “HayuyHu nacneasanus” (MOH).
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Tabnuua l

1 — akBapen Ha Yepenuwkute ckanu ot ®enukc KaHuu, HanpaBeH No BpeMe Ha MbTELWECTBMETO My NO ObNrapckute 3emu
npe3 1871 roauHa; 2 — norneg kbM YepenuwKkuTe ckanu OT PUMCKUA MbT KOXHO OT C. JIloTMbpoa; 3 — opraHoreHHU BapoBULM
Ha Yepenuwkara cBUTa C MHOrOGpOIHM Npepe3n OT naxmodoHTH npu CB. ATaHac; 4 — hparMeHT OT CbLMA OpraHOreHeH
BapoBMK; 5 — KnacTU4eH BapoBMK B CTapaTa Kapvepa HoKHO OoT rapa Yepenwuuw; 6 — ACHO n3paseHa CnoecTocT B Hal-TOpHUTE
4acTu Ha NeBUA CKNOH Ha peka IcKbp U3TOYHO OT rapa Yepenuw
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Tabnuual ll

1-2 - ckaneH aHcam0bn “KocmeHypkume”, 3anagHo ot napaknuca “CB. KoHcTaHTMH” B PawwoB aon, nornea ot U3TOK;
3-7 - ckanHu nupamuam ¢ BucounHa Hag 30 m B paitoHa Ha rapa Yepenwuw, norneg ot rorosanag
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Ta6nuua lll

1 - “Mucnumensim”, ceBepHO OT rapa Yepenui, norneg or u3Tok; 2 — “bpamsma”, ceBepoOM3TOYHO OT rapa
Yepenuw, norneg ot tor; 3 — “CaMomHUKbM”, ceBepoOM3TOYHO OT rapa Yepenww, norneg ot iwr; 4 -
“)abama”, ceBepHo OT rapa Yepenuw, norneg ot U3ToK; 5 — “/Tbebm”, CeBepOM3TOYHO OT rapa Yepenuu,
nornes OT WOCETO NOA BapHuuaTta; 6 — “I's6ama”, XHO OT TyHena npu rapa Yepenuw, nornes ot
ceBepo3sanag; 7 - “Cemelicmeomo”, ceBepoM3TO4HO OT rapa Yepenuw, norneg ot tor; 8 — “3espbm”, OXKHO
OT TyHena npu rapa Yepenwui, norneg ot ceBepo3anag; 9 — “baba Mnuliya u YemHuka”, KOXHO OT TyHena npu
rapa Yepenuw, nornea ot ceBepo3anag
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CbOBPAXEHWA 3A CYNEPMO3ULNATA HA MPAMOPUTE B OrHAHOBCKOTO
CTBNANO, NASAPIXXULLKO

WeaH fumumpoe
MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; idim68@abv.bg

PE3IOME. Pasno3HaBaHeTo Ha HopmarneH unn npeobbpHaT nnactopes e mbpeaTa CTbrka Npu CTpaTurpadickuTe U3cneaBaHms. BbB BUCOKO-MeTaMopHUTE ckamnu
MbPBUYHUTE CEAUMEHTHW CTPYKTYPU Ca 3anuyeHu, Nopaayn KOeTo U3SCHSBAHETO Ha CynepnoavuusiTa e TBbpae TpyaHo. 3a Metamopdutute B Pogonckus Macus
061KHOBEHO Ce Mpuema, 6e3 [okasaTencTea, Ye CyneprosnLusiTa € HopManHa, TOeCT Ye He e Hanuue npeofpbliaHe Ha nnactopeaa B 3HauuTeneH mawgab. OT
Apyra cTpaHa ce HabntogasaT ronsM 6poil MbHKM CbC CyBXOPU3OHTAMHM UMK HaKMOHEHI OCOBM NMOBBLPXHMHY, KOETO YKa3Ba, Ye NoHe B Mallaba Ha HabniogeHre Ha
Te3W MbHKI NNacTopeabT e npeobbpHaT. OCBeH M3NON3BaHETO Ha CEAMMEHTHU CTPYKTYPU Ca Bb3MOXHW 1 APYrM METOAM 33 aHanu3 Ha CynepnosuuusTa, KouTo ca
GaavpaHu rmasHo Ha chauuaneH aHanua Ha npoTonuTa. [lokaTo CTPYKTYpaTa Ha WHAMBMAYanHUTE NnacToBe Moxe Aa GbAe NecHo sanudeHa, To auuanHata
MocnefoBaTeNHOCT HA CEAMMEHTOOTNaraHe UMa 3HaYMTENHO MO-ronsMa CbXpaHsieMocT. B OrHSHOBCKOTO CTbMano, pasnonoxeHo B ceBepHaTta nepudepus Ha
LleHTpanHute Pogonu, ce paskpuBaT Hali-ropHuUTe HUBa Ha KOPGOHATHUS komnnekc, u3BecTeH kato [oGpocTaHcka cBuTa. B To3n kommnekc 6sxa M3BbpLUEHN
AeTailnHu N3cneaBaHNs, KOUTO yka3BaT 3a MPEXOp OT 1or Ha CeBep Ha nraxoBa, naryHHa v pudosa o6cTaHoOBKa, CbOTBETCTBALL M HA KNackyeckus daluaneH npexoa
Ha YuncbH. Thil kaTo thaluanHoTo noAMiaasBaHe ChBnaaa CbC CTPYKTYPHOTO MOAMIaAsRBaHe B palioHa Ha UcneaBaHe, To nnactopeda ce npuema 3a HopmaneH.

CONSIDERATIONS FOR THE SUPERPOSITION OF THE MARBLES IN THE OGNIANOVO GRABEN, PAZARDJIK DISTRICT
Ivan Dimitrov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; idim68@abv.bg

ABSTRACT. The recognition of normal or inverted stratification is the first step of the stratigraphic study. In the high-grade metamorphic rocks, the primary
sedimentary structures are destroyed, and for this reason clarification of the superposition is difficult to achieve. For the metamorphic rocks of the Rhodope massif, it
is accepted, usually without evidence, that the superposition is normal. That is, there is not overturning of the stratification at a significant scale. On the other hand,
many recumbent folds are visible, which shows, that at least in the scale of observation the stratification is overturned. In addition, to the use of sedimentary
structures, there are other ways to study the superposition, which are based on the facies analysis of the protolith. While the structure of the individual bed can be
easily destroyed, the facies succession shows better preservation potential. In the Ognianovo Graben, located at the northern margin of the Central Rhodope the
upper levels of the carbonate Dobrostan Formation are exposed. Detailed studies have been performed in these rocks, which indicate for a beach, lagunal and reefal
facies transition from south to north, corresponding to the classical Wilson’s carbonate facies succession. Because the younging estimated by facies corresponds to
the structural younging the superposition is interpreted as normal.

YBop obocHoBaHa. OT pgpyra CTpaHa, faxe W Npu HapylleHa
Bbnpeks Ye He nMNCTBAT AETalNHM CTpaTUrpadickm K cynepnosuuus, ako  KapTUpaHEeTo  MpaBWNHO  OTpassBa
MexaHo-cTpaTUrpadcki MOLEN Ha MeTaMopHUTe TepeHn B NPOCTPaHCTBEHOTO  MOMOXEHWE Ha  KapTUpyemu  CkanHu
Bbrrapus, npobrembT 3a cynepnosnuusTa B MeTamopdHuTe TMnoBe, TO reornoxkara kapra Ha Koxyxapos, KosTo cTov B
CKanu e [VMCKYTMpaH TBbpAe Manko. OCHOBHUST ofem ot OCHOBaTa Ha cTpaTurpadckata cxema Ha Poponute, He ryou
reonoxka MHOPMaLMA 3a BUCOKOMETaMOP(HUTE CKanu Ha 3HayeHneTo cu. He cnyvaitHo, BbMpeku MNaHCUpaHeTo Ha
Pogonute e Cb6paH npe3 cpegata Ha MUHanWs Bek, Ype3 MexaHOCTpaTMrpa(bCKM MOAenu 1 NoYTN NBHOTO OTpUYaHe Ha
JeTalnHa KapTUpOBKa, MpOBedeHa NOf4 PbKOBOACTBOTO Ha nutoctpaturpad)ckia  MOAXOA,  reonoxkata  kapta  Ha
cwBeTcki nHeTpyktopu (. M. Cnactywenckuit, J1. C. Cemeros, LenTtpantute  Pogonn, Hanp. kapteH mumct  K-35-74-B
B. W. Cnaswh, H. ®. Conoges u ap.). LianoctHo o606LueHme (Henenape), TBbpde MHOTO Npunuda  Ha - CcTapara
Ha pesyntaTute OT KapTMpoBkata 3a W3touHute Poponu e nutocTpaturpadcka kapra.
nybrvkyBaHo mbpBo oT P. MBaHoB c nomowTa Ha A.
Batuynayep u K. Cmynukoscku (VBaHo, 1961). B no-ronsm MpobnembT CbC CynepriosnMATa BUCH CbLO W Haj
[1eTaiin pesynTaTuTe OT CbBETCKUTE KAPTUPOBKY, [OMbIHEHM C TEKTOHCKaTa HaBrnadHa cxema Ha Poponute (Hanp. Burg, et. al.
NYHM [aHHK, ca cuctematuaupanu ot [. Koxyxapos u 1996), 3awjoTO KbM HACTOALMS MOMEHT Ce Mpuema, ue
nybnukyBaHW BbB BUL Ha nMTOCTpaTUrpadicka cxema (Hanp. cynepnosuuusTa € HopManHa W B HaBMa4YHWUTE MNacTUHM
Koxyxapo, 1968; Kozoukharov et al., 1974; Koxyxapos, (Hanp. ViBaros u ap., 1984a; 19846; Dimov et al., 2000). Camo
1984). B ocHoBaTa Ha Tasu Cxema CTOW AOMYCKAHETO, Ye 4e [ocera He € [AWUCKYTUpaH BbNpoca Aani HaenadHuTe
CYMepriosnLMATa Ha MeTamMopduTMTe € HopMamHa. Ako nnacTiiu (ako WUMa Takuea) ca obpasyBaHu OT ronemu
[ONYCKaHETO 3a HopMasiHa CynepnosuLysi € He06OCHOBaHO, TO nexaww  rbHkM € HapyleHa - cynepnosuuus - unm
W cTpaturpadckata cxema He MOXe Aa ce Npueme 3a npeAcTaenasat MOKPOBA C HOpMarnHa, HO MoBTapsila ce

cynepnosnuua. ®akT €, Ye ckanute B Pogonute ca BKIHOYEHM
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B CMOXHA MbHKOBATa MHTepdepeHUMs. “PeLLeTbYHNET’ CTPoeX
Ha Poponute, 060co0eH OT “KPbCTOCAHO HarbBeHE” (Cross
folding) onucaHo ot P. WeaHoB (1961), npencTaes camo
MOCMedHUS M HaR-MPOCT  MHTEPEH(DEPEHLMOHEH PUCYHBK,
KONTO € HanoxeH BbpXy MO-CTapu M BEPOSTHO TBbpAEe
mawabHm gedopmaumn. EguH ot ocHoBHUTE npobnemn npu
WHTEPNPEeTMPaHETO Ha reonoxkuUs CTpoex Ha PogonuTe €, ye
ce HabniogaBaT MHOTO MbHKM CbC CyOXOPU3OHTaNHU OCOBW
MOBbPXHUHW. MOBEYETO aBTOPW He ODpBLLIAT BHUMaHME Ha
TE3W TbHKM, BbMpeks uYe CyOXOpu3oHTanHata 0coBa
NOBBbPXHMHA 03HaYaBa, Ye nnacropesa e npeobbpHaT NoHe B
nokanHus mawab Ha HabnoaeHve.

Pogonute He ca €OMHCTBEHWS MacwB, KbOeTo ce
HabniogaBaT TakvBa [bHKW. B pmelcTBuTenHocT, Te ce
HabntoaaBaT BbB BCUYKW CTapU U MHOTOKpaTHO AedopMuUpaHm
macueu. 1o4TW BUHAMN TE3W MbHKM Ca HarbHaTW OT MO-KbCHM
W3NpaBeHW TIbHKW. B nexawure rbHKW  NUTONOXKAaTa
MBMYECTOCT € NpuBEAeHa 4O napanenusbM ¢ MeTamopgHaTa
ormaums — npouec, HapeyeH mpaHcnosuyus. [Mopaou
TPaHCNO3NLMSATa, CbLUECTBYBAHETO Ha MbHKaTa CTaBa BUAOHO
camo B LUapHupa, KbAeto ce HabniogaBa HeMocpeacTBEHO
3aBbpTaHe Ha NnacToBeTe U KbAETO € Bb3MOXHO Aa ce Buau
kak BUCOKOMETamopdHata onvaums Wnn  HUCKOMeETa-
MOP(PHUS  KNWBaX pascuyaT  NUTONOXKKaTa  MBWUYECTOCT.
MexaHuamute Ha popMMpaHe Ha NexaluuTe MbHKU ca Haii-
pasHoobpasHu (cur. 1). B noseyeto cryyam,ce gonycka, ue
nexawmrte rbHKM ca Ounu u3npaBeHu W Ca  pOTUpaHW
BOCMECTBME UMK Ca CPSA3aHWU UMK cnneckaHn B obecTaHoBKa

Ha NPOCTO MUINK YNCTO CpA3BaHe.

=

®ur. 1. MexaHn3amu Ha chopMUpaHe Ha nexalyy rbHKW: a) Ype3 cpsBaHe
Ha M3NpaBeHM WNW HaKNoHeHW TIbHKKM; 6) uype3 u3KopybBaHe,
CbNbTCTBAWO NpoLeca Ha Cps3BaHe; (B) Ype3 poTauus Ha M3npaBeHu
MNW HaKNOHEHW MbHKK; () Ype3 XxomMoreHHa gedopmaums, npeausBmkaHa
OT BepTMKarnHa KOMNpecusi, HanoxeHa BbPXy HaKIOHEHW MbHKK; (4) Ypes
M3KopyGBaHe, NpeAM3BMKaHO OT BepTUKaNHa KOMMPECUs HanoxeHa
BbPXy CTPbMHO NOTbLBAWM MNNaHapHW enemeHTH; Mofenute ca
B3aumcTBaHu ot Ez (2000)
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Bbnpeksn MHOroobpasveto Ha MexaHu3MW, BOAEWM [0
nexawy TbHKM, B HAKou nybnukaumm  “a  npuopu”
(NpegBapuTenHo) ce npuema, uYe npeobragasaiyms
MEXaHU3bM Ha (OpMMpaHe Ha TakuMBa IbHKU € npocmo
cpsisgaHe no HasnayHu nogbpxHocmu. MNpu nogobHo cpsiaBaHe
nocokaTta Ha TEKTOHCKM TPaHCMOPT nak “a npuopn” ce npuema
3a NaparerHa Ha LWapHUpKUTe Ha MLHKUTE, KaTo ce Aonycka, Ye
NpW HaBIMMYAHETO € M3BBLPLUEHO NMPEMECTBaHe Ha MaTtepuman
Ha “oeceTku unu CToTuum kunomeTpi”. Tosa, pasbupa ce, He e
33 bIDKUTENHO.

B noseueto crnyyau aBTOpPUTE, KOMTO MPaBAT NOZOGHM
[ONyckaHWsi, CMecBaT Nnocoka Ha MEKMOHCKU MpaHCnopT ¢
nocoka Ha pasmseaHe, a [BETe NOHATUE CbBCEM He Ca
CMHOHWMKM. B noBeyeTo cryyau nocokata Ha TEKTOHCKM
TPaHCNOPT € MepneHauKynsapHa Ha LIapHWpUTE Ha MbHKUTE,
[0KaTo foKanHata nocoka Ha pasTaraHe Moxe fda e
napanenHa Ha wWapHupute Ha rbHkuTe. Cregea ga ce
YNOMeHe, 4e Camo MpU eduH CTpOro cneuuduyeH 1 aocta
PAObK TN TbHKW, HAapeyeHW HOXUYHU 2bHKU, MocokaTa Ha
CpAi3BaHe, CbLOTBETCTBALLA HA MaKCMMamnHWsi TEKTOHCKM
TPaHCMOPT, € HauCTWHA napanenHa Ha LapHUpuTe Ha
rbHKUTE. ChLUeCTBYBAHETO Ha Teau MbHKM 0bave TpsabBea aa ce
JoKaxe, a He [ja ce Npueme karo AazgeHocT Oe3 HanuuneTo Ha
HeobXoaMMUTE JaHHW.

lMpn aHanmu3a Ha TEKTOHCKUS TPAHCMOPT, OCBEH Ye Tpsibea
Ja Ce YCTaHOBW TWNA Ha bHKUTE, € 3afbMKUTENHO fa ce
JOKaxe, Ype3 Hes3aBMCUMM Mapkepu 3a NpeMecTBaHe, ue
HaUCTWHA CbLLECTBYBA 3HAYMTENIEH TPaHCMOPT B naTepanHa
nocoka. TBbpOe Bb3MOXHO € nexawurte bHkM Aa ca
hopMMpaHM CbrNacHo MexaHu3mMuTe, nokasaHu Ha ¢urypa 1
(B, T, ), TOECT, 6€3 Y4aCTMETO UMK C HE3HAYUTENHOTO yyacThe
Ha NpOCTO cpsi3BaHe. B Tean cnyyan B nokaneH mawab we ce
HabntogaBa cpsi3BaHe, CbOTBETCTBAWLO HA (hrieKCypHU unu
NacvBHW NpemecTBaHus B begpata Ha rbHKUTE, HO TO HAMa Aa
CbOTBETCTBA Ha 3HAYWTENHO naTepanHo NpemecTBaHe.
dopmupaHe Ha nexawy rbHKM Ypes ,CrnieckBaHe” Ha Mo-
paHHK M3NPaBEHM MbHKU € JOoKa3aHO 3a Hskon fobpe M3yyeHu
meTamoppHn macuu (Hanp. de Roo, van Staal, 1994).
CnneckeaHeTo He npeanonara ronemu AudepeHuuantm
OBWXEHUS HA HaBMayHu MOKPOBYW. KakTo MOXe Aa ce 3aKmiouum
OoT d¢wmrypa 1, u3ACHABaHETO Ha cynepnosuuusaTa e
3a4bIKATENHO MPY aHanm13a Ha TEPEHM C NEXaLLM MbHKM.

B Tasu pabota ca npeanoxeHW reonoxku HabnogeHns
BbpXy CTpyKTypaTa W CbCTaBa Ha Mpamopute  OT
[obpocTtaHckata cBuTa, paskpueawy ce B becanapckute
pWaoBe, ron3TouHo Ot rpag MNasapmkmk. CbBCEM AETaNHO €
NPOBEAEHO re0NOXKO NPOyYBaHe B MPaMOpPK HEMOCPEACTBEHO
tokHo oT ceno OrHsHoBO (cpur. 2). TMpu npoyyBaHeTo €
060cobeH NOrmMroH, YCrnoBHO HammeHoBaH “OrHsHOBO 27, OT
KONTO ca B3eTM npobu 3a 60 xumuyeckm aHanmsa Ha
MaKPOKOMMOHEHM, 15 MUKPOCKONCKK mpenapatu, aHanuan Ha
huanKoMexaHN4HUTE CBOICTBA M Ap. B obnactra Ha nonuroxa
Cca aHanuaupaHu 12 obnbokn coHgaxa.
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®ur. 2. l'eonoxka kapTa Ha ceBepHus pu6 Ha Pogonute, mexay c. OrHsaHoBo u ¢. [lobpawmua, mogudmumpana no Kaukos v gp. (1964)

leonoxka o6cTaHOBKa

Mpamopute oT becanapcknte pugoBe Ce paskpueaT B
HeraTWBHa TEKTOHCKA chopma, yabrmkeHa B nocoka C3-tOU —
OrHsHoBckO  “cTbnano”.  Tasu  CTpykTypa  OTpassisa
CTbMarnoBMaHO MponagaHe Ha CeBep Ha  pogomnckuTe
METamMopGuUTM MO pasnomu, KOUTO ca rpybo napanenHu Ha
nepudepusita Ha Pogonckus macus. OT ceBep rpaHvuaTa Ha
JenpecusTa € MapkMpaHa OT pasnoM, YMSITO HEOTEKTOHCKa
aKTUBHOCT Ce NogyepTaBa OT HanMYMeTO Ha HaHOCHW KOHYCH.
OT 1or KOHTaKTBT Ha MpamopuTe C MarMeHuTe Ckanu Ha
KanutangumutpueBckus nnyToH e BbacedeH (dur. 2). B
OrHAHOBCKOTO CTBMano Ce paskpuBaT CPEeAHUTE W TOpHWTE
HuBa Ha [lobpocTtaHckata cBWTa, a Ha tor B Pogonute B
pailoHa Ha KpuuMM Ha CbLMTE XMMNCOMETPUYHM HUMBA Ce
paskpuBa JOMHOTO HMBO U Mognoxkata Ha [obpocraHckata
cBuTa.

Crparturpadicka no3uums Ha MpamopuTe

B n3cnenBaHata obnact gokambpuiickute MeTamopuTy ca
OTHaCsHM KbM “mpoTeposoiickns komnnekc” (Beprumnos v ap.
1963), KkbM ‘ropHms (mbcTbp  Popgonckw)  kommnnekc”
(Kozhukharov et al., 1974) n kum “Poponckata Hagrpyna”
(Kozhukharov, 1988). Iutoctpaturpadpckusat obxsaT n Ha
TPUTE eduHULUM e naeHTuyeH. B uacnepgsaHata obnact ce
paskpuBaT CamoO TOpHWTE HuBa Ha [lobpocTaHckata CBuTa,
KOATO Ce pasnonara Bbpxy JlykoBuiLKaTa ceuTa.
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[lobpocmaHckama MpamopHa cguma e BbBedeHa OT
Koxyxapos (1984) ¢ mbneH npocun B LieHtpanHute Pogonn.
TunosuaT paspes ce Hamupa Ha K. N. Yenenape tronsTo4YHoO
oT AceHoBrpag. CvrnacHo Koxyxapos 1 ap. (1992) ckanute
Ha [obpocTaHckaTa cBMTa Ce MpocreasBaT Mo CeBEpHUTE
cknoHoBe Ha LleHTpanHute u 3anagHute Poponu mexay
Kpuunm v Benoso n no becanapckute xbnmose. BbB BCukm
Pa3KPUTUS KOHTAKTUTE W C OKOHUTE CKamM Ca TEKTOHCKM.
Camo B paioHa Ha benoeo ropHara rpaHuuya Ha csuTata e
HOpMarHa-kOHKOpAaHTHa C MokpuBalaTa s benelyeHcka
CBUTA.

B tunoearta obnact [lobpocTaHckata cBiTa ce CbCTOM OT
TpY 3adpyru, U3rpafeHn OT pasfnyHu MO CbCTaB MPamopw.
Kbm donHama 3adpyea ce oTHacaT cuBobenuTe [O CUBW W
HEYACTM  MpamMopy,  MpexokgawW B MO-BUCOKWTE
cTpaTurpadCcku HUBa B JOMOMUTHI Mpamopu Mexay Kpuaum un
pebuuko, no becanapckute XbIIMOBE M Ha 3anaj OO KbM
Manko benoBo. B Te3n paskputus MpamopuTe CbObpxar
pasnnyHu  no aebenuHa nmpocrnoikm ot - amdmbonuTy,
pasHoOOpa3HN CIOAEHN LNCTW, KUAHUT-TPAHATOBM LUMCTH,
KanKkoLMCTW M MYCKOBUTOBM THaiicu. [lebermHaTta Ha Tasu
3aapyra gocrura o okono 500 m.

Kbem cpednama 3adpyea ce OTHacaT nmpegumHo Genu u
cvBobenu opebHo- 40 CPEeAHO3bPHECTU KamnLUUTHI MPaMOopy C
MacuBHa TEKCTYpa W C NPOCHOMAKM OT AONOMUTHW MpaMopi B
obnactta Ha EneHckus BpbX, Mexagy cenata Pagunoso



[obpawuua, txHo oT c. BeTpeH [monm u ceBepHO OT Bp.
BeTtpoBata BogeHuua.

[opHama 3adpyea ce ycTaHOBsIBa CaMO MO JOMnMHaTa Ha p.
Mapuya B Benoso, KbeTo e npeacTtaBeHa OT CMBU U
cmBobenu f[o Oemv  [ONMOMMTHM Mpamopu C  OTAEMNHM
MPOCNOiKK C rpadouT, KBapL, 1 crroaa.

Obuwara nebenuHa Ha [lobpocTaHckata cBUTa TPYAHO Ce
OLieHsiBa, MOpajW paskpuBaliM Ce HeedHaKBM 4acTn oOT
npouna B HECBbP3aH NMOMEXTY CU PasKpUTUsl, HO T He
npesuwwasa 1000-1200 m.

B TvnoBata obnact e ycTaHOBEHO Hanuune Ha pudiencku
Mukpodutopocunu B Ooratute Ha OpraHU4YHO BELECTBO
MpamopHu npocnoiku oT flobpoctaHckaTta ceuta (Koxyxapos,
TumodbeeB, 1989). B wuscnepgsaHata obnact AETaWNHOTO
pasnpegeneHie Ha MpaMopuTe € kapTupaHo OT KaLkoB u ap.
(1964).

CTpyKTypa Ha MpamopuTe

Koxyxapos u gp. (1992) cuutat, ye B paloHa Ha
BecanapckuTte BMCOYMHW Ca 3anaseHu PenvkTM OT ronsma
CWHKNMHana. [encTBuTenHo Mpamopute Tam Ce pasnonarat
MO-HUCKO OT TEXHWTE aHamno3W OT CceBepHUTe pbboBe Ha
Poponckns macu, CaMO Ye CblUeCTBYBaHETO Ha nogobHa
CUHKNVHaNa He MOXe HWTO Aa Ce MOTBbPAM, HUTO Ja ce
oTxebpnn. ®akT €, Ye B OrHAHOBCKOTO CTbMano Mpamopute
noTbBaT NpeobrazgaBaLlo Ha CeBep C PasfUYHW HAKIOHK, KaTo
Ce OTKpOsiBa TEHOEHUWS KbM MO-CTPBbMHM HaKMOHW B Haii-
ceBepHaTa yYacT Ha CTpykTypata. CbxpaHsiBaHeTo Ha
MpamopuTe MOXe Aa ce O0BACHW u3uano ¢ pasrnomHa
HEOTeKTOHWKa, 6e3 ga e Heobxogumo 3a Tasu LUen ga ce
AedurH1pa CUHKNMHana.

MpamopuTe ca npeTbpnen MHOrokpaTeH MeTamMmoptn3bm 1
pedopmaumn.  PervoHanHo  reonoxkute  kopenauuu
MOACKa3BaT, Ye BbpXy TE3W CKau CbC CUrYPHOCT Ca HanoxXeHu
Bapuiickn [fedopMauum M noHe ABe ¢hasn Ha annuicka
aedopmaums. 3a no-ctapu gedopmaim, HanpyMep Takuea ¢
KanedoHCKa W KafoMcka Bb3pacT, MOXe Aa Ce npeanornoxu
Bes ga e Hanuue [OMPeKTeH [OKasaTencTBeH matepuarn.
CbBPEMEHHUAT CTPYKTYpEH MNMaH Ha MeTamopdutute €
annuincky, Kato reoMeTpusiTa Ha recnoKKNTe JOMEHU B HEro
Ce KOHTpOnMpa OT MOCMEeAHUTE anmnuiicku HarbBaHus W OT
pasnomnTe OT ceBepHus 6opa Ha Pogonckus macve. BbTpe B
annuinckuTe bHKW obadve ca 3anas3eHn penvkTM OT Mo-CTapy
AedopMaLmoHHN CLonTHS.

MWKpOCKONCKMAT aHanu3 4aBa OCHOBaHWE fa ce CMATa, ue
MpamopuTe ca NpeTbPNENM NoHe ABe MeTamopdHM CbbuTus,
kaTo  MbpeOTO  CbOWTME €  BUCOKOTEMMEpaTypeH
mMeTamopusbM B amubonuToB daumec, a BTOPOTO Hail-
BEPOATHO € Ouno CBbp3aHo C AuHaMOMETaMOp(M3bM B
TEMMNEpaTypHUS MHTEpBan Ha  3€MeHOWWUCTHUS  haumec,
u3BecTeH B Obnrapckata nurepartypa 3a Pogonnte kato
Oduagpmopesa. [lpe3 Bpeme Ha BTOpPOTO CbLOWTWE edpuTe
KasnuuTHU 3bpHa ca (bparMeHTUpaHu, kato e hopmmpaHa no-
KbCHa (bonmauusl, HanoxeHa BbpXy paHHaTa BUCOKO-
MeTamopdHa  MUKpOCTpykTypa.  ®parmeHTauusta  Ha
KanuuTHUTe 3bpHa MO BpemMe Ha AuadTopesata € MHOro
WHTEH3uBHa. [og MuKpockon He ce 3abens3Bat TUNMYHUTE 3a
MWHepanma  JOonomuT  kpuctanorpadcku  opmu M
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OBOHMKyBaHe. Toea HabniopeHMe BIM3a B SABHO
npoTueBopeyne ¢ dakta, Ye XMMUYECKUTE aHamnmamn Ha CbLuTe
00pa3Ly noka3BaT BUCOKO CbabpXaHue Ha MarHesuit. Hanara
ce ybexaeHneTo, Ye 4acT OT MarHesus e BKIIOYEH B MHepana
MarHe3ueB KanuuT, a He B JONOMMUT.

OCHOBHMAIT MPOHWKBALL, CTPYKTYPEH ENEMEHT B MpaMopuTe
€ MeTaMOpP(hHOTO HaLLMCTsABaHe, (hOPMUPaHO B YCrOBUATa Ha
amcpmbonuTos aunec Ha meTamopduabM. apanenHo Ha
MNOCKOCTUTE Ha HALIMCTABAHE HAKOW OT KanuUTHWUTE 3bpHa ca
AecopMmupaHn KpUCTan-nnacTuyHO UK ca pa3gpobeHn Taka,
Ye ce popMupaT NOAYEPTaHW 30HW Ha OTAEMHOCT, N0 KOUTO
KoxeausTa Mexzy MUHepanuTe e NoHWkKeHa. 3a paioHa toKHO
oT ¢. OrHSHOBO HALUMCTABAHETO MMa MOCOKA, M3MEHsLa ce
mexgy 700 1 1100 n HakrnoH Ha ceBep, Bapupaly mexgy 300 n
880. CpegHaTa nocoka Ha LINCTO3HOCTTa MOXe fa ce npueme
3a 90°. OcHoBHa npuuyMHa 3a BapuauwsTa B MocokaTta Ha
LUMCTO3HOCTTA € HANNYMETO Ha KbCHWU OTBOPEHU MbHKM C 0COBU
NOBBLPXHUHYN, OpueHTUPaHu npubnusutenHo C-HO (edekTsT e
aHanornyeH Ha “peLleTbyHOTO” HarbBaHe Ha P. VBaHOB,
1963).

B nonuroHa “OrHsHoBo 2 ce 3abens3BaT 3HAYMTESHM
TEKCTYPHW Bapuauuu. B ceBepHata uyacT Ha [AeTalrHo
npoyyeHaTa NnoLy, NMTONOXKA M3MEHYNBOCT He ce 3abens3sa.
B Hai-toHaTa 4acT Ha nnowTa ce 3abenssBa NUTONOXKA
W3MEHYMBOCT, NOAYepTaHa OT rpapuTHIN 30HK, OKBapLABaHe,
CbMbTCTBAHO  OT  CMIOAA, OPaHXEBM  HKENE300KUCHM
mMnperdaymMm U OonoMUTHU OTCMECBaHUA. Tasn nuTonoxka
M3MEHYMBOCT Ce€ CbMbTCTBA OT OTAENIHOCT W CEMEKTUBHO
penedHo n3BeTpsHe. JIUTonoxkata M3MEHUMBOCT B HOXHATa
4aCT Ha nrowTa roBopu 3a TbHKO A0 cpegHo Aaebenn
nnacrose.

lMpoyyBaHaTa nnowy 3aema ceBepHOTO Gegpo Ha ronsma
MbHKa C OpUEHTaLMs Ha ocoBaTa NoBbpxHMHa W-3. Tasn roHka
€ YCMOXHEHA OT MO-KbCHW OTBOPEHU MbHKW C OpUEHTaLMs Ha
ocoBuTe NoBbpxHUHKM C-HO. B pesynTar Ha uHTEpdepeHumsTa
MeXOy Te3u MbHKM ce popmmpaT KynonoBUOHW NOJyBaHWs 1
GaceiHn C NepuKkNMHamHO MoTbBaHe Ha wapHupute. Cpen
MpamopuTe ce HabniogaBa paHHa MbHKa, KOATO MpeHarbea
CnoMeHaTuTe ABe MbHKOBU reHepauun. LapHupsT Ha Tasm
MbHKa NOTbBA CTPLMHO Ha M3TOK, a Begpata u ca npuseseHm
[0 napanenusbm ¢ MeTamopcHaTta donuaums. Tasu paHHa
MbHKa CbWO € opmupaHa cneg Metamopduama, MoHexe
HarbBa HawwcTsABaHeTo. Bb3MOXHO e B MpamopuTe Aa
npucLCcTBaT WU JpyrM NO-CTapu TbHKW, HO  nopagu
€[JHOPOLHOCTTA Ha MacuBa Te He ce 3abensagar.

B obxsata Ha npoyyBaHata nnoLy, 6sxa 3akapTupaHu Tpu no-
rofieMn pasnoma, OT KOWTO eAWHUAT € C OpUEHTaLus CeBep-
for, [JpyruTe [Ba C OpWeHTauus u3Tok-3anag. Hsama
[OKasaTencrea 3a 3HAYMTENHO pas3MecTBaHe MO  Te3w
pasnomn. Mankute pasnomu ca ¢ nocoku M1-3, CU-K03 n C-t0.
[MbpBuTE ABE rpynu pa3nomu NoThbBaT Ha cesep. Pasnomure ¢
nocoka C-tO ca BepTukanHu. B pasnomHuTE NOBLPXHOCTM Ce
HabntogaBa OpekunpaHe, FNMHACBaHE U OkapcTsBaHe. Haim-
pasnpoCTPaHeHN ca Mankute pasnomu ¢ nocoka M-3. Te B
MOBEYETO CMyyaum Ca MapanenHn Ha MeTamopdHaTta
cdonmauus. [MpemecTBaHeTO No TAX e nNpeobrnagasallo
OTCE[IHO, KaTo YECTO Ce MapKupa OT TEKTOHCKM orrefana.



ManeodhaunanHa nHTepnpetaums Ha kapboHaTuTe oT
“OrHsHoBo 2”

[e0NOXKOTO KapTUpaHe B CbYETaHWE CbC CTPYKTYPHMW,
neTporpadckn U XMMWUYHU UM3CNEedBaHKs, NO3BONM da ce
U3AiCHM naneodaluManHus CTpoex Ha kapboHatute oOT
“OrHaHoBO 2”. OCHOBHUTE HADMOAEHNS, KOUTO Ca U3MNOM3BaHK
3a noneodaumanHata UHTEPNpeTauus, ca pestoMuUpaHn Ha
turypa 3. Te ce CbCTOAT B CNEAHOTO:

1.

OT tor Ha ceBep B M3crneggata NnoLy MpamopuTe
CTaBaT Mo-MacuBHU. B toxHaTa YacT Ha nnowTa ce
pasnos3HaBa MbpBMYHA MNIACTOBOCT, AOKATO B
ceBepHaTa YacT TakaBa He Ce pasnosHaBa;

OT tor Ha ceBep HamansBa CbAbPXaHMETO Ha
marHesui B ckanata. OyepTtasa ce naneodaynanHa
rpaHuLa, KOSTO MPaKTMYecKU pasgmens MarHesveBw
OT KanuutHu mpamopy. HOXHO OT Tasu rpaHvua
kapboHaTMTE Ca MManM CbCTaB Ha [LOMOMMTH, HO

or

Npv nocreasaliy npoLecu Ha MeTamopduabM W
BEPOATHO Ae0NoMUTU3aLMA ckanaTa e oborateHa
Ha MarHesueB Kamnuur;

OT 1or Ha CceBep HamarnsBa CbabPXaHUeTO Ha cApa B
ckanaTa, KOeTo Ce OT4YMTa OT XMMUYECKUTE aHanmau
11 OT TepeHHUTE HabnoaeHus:;

lMnacToBeTe B XHAaTa YacT Ha NMoLTa, KOUTO ca
no-6oraTi Ha MarHeauii, ca no-Goratu 1 Ha cApa;

B loxHa nocoka ce yBenu4yaBa KOMM4ecTBOTO Ha
rHaiic M LIMCTH, KaTo Ce YCTaHOBSIBA MPEexod KbM
[ONHWTe HMBA Ha [obpocTaHckata cBUTa U
©BEHTYyarHo M3BbH NpoyyYBaHaTa NnolL KbM HeitHaTa
CUMMKaTHa NOANoXKa.

CTPYKTYPHO NOAMIA/SABAHE . CEBEP
Yy 5 C (a)
cTpaturpad)cko mogMIaIsBane .
et MOPCKO _l pud
LL\ |npeapudosu
..... nedputH

KOHTUHEHT

JINTOJIOXKKA ACOLTUALIMA

CTPYKTYPA

[TAJIEODAIIMAJTHA
XAPAKTEPUCTHUKA

ITAJTEOCTPYKTVYPA

A

AnTepHanus Ha
MpPaMOpPH H LIUCTH
H KaJIKOIIHCTH

SIcHo n3pasena
TIIaCTOBOCT -
TBHKO HJIH
cpeHo aebenu
TJ1acTOBE.

KpaiiGpeskna paBHuHa HIIH
TIaK ChC CMECEHa
KapOOHATHO - CHIIMKATHA,

TEpUIreHHa CEeIMMCEHTAaLHA.

AnrepHauus Ha 100pe
o6ocobenu kapOoHATHH

M CHJIMKATHH [UIACTOBE

WJIH TIJ1aCTOBE C MOAYEPTAHH
pasinuMs B €pUHaTa Ha
TEPUTEHHHTE 3bPHA.
I'papauns Ha nebenunure,
oTpassBaila CeAMMEHTHU
LIHKJIH.

Mpamopu Goraru Ha
MarHe3ui, cepoBOOPOI H
OpraHu4eH BbITICPOJ
(rpadwur).

KapGonarute ca
TBHKO JI0 CPE/IHO
IJIACTOBH.
[InactoBocTTa €
No/4epTaHa oT
rpaUTHN UBHIH
¥ THHKM CHIIMKATHY
MEIKIYIIACTHSL.

ﬂal‘ymm BapoOBHLH B
ChYCTAHUE C €BAllOPUTH
= FHIIC, OJIOMHT M Jp.

EBﬂﬂ()pHTHH I1acToBe
C JIOKAJIHO pasBUTH
MaCHBHH 6110XCpMII.

&

MacuBuH, 4ucTH
MpPaMOpH.

He ce 3abens3sa
IJIACTOBOCT.

PudoBu BapoBHIIH.

Macusuun kapooHaTH
6e3 MIacTOBOCT.

(c)

®ur. 3. ManeodhaunanHia UHTepNpeTaLus Ha KapGoHaTUTe OT NpoyYBaHaTa NoLy Mo CXeMaTu4eH pa3pes, OPUEHTHUPaH OT 0T Ha ceBep: a
— reonoxku paspes npes OrHAHOBO 2; NMHMATA Ha paspe3a e NokasaHa Ha (ur. 2; 6 — chaumanHa cxema, oTpassiBalla NPOTONIUTUTE Ha
NUTONOXKMTE Pa3HOBMAHOCTH OT U3CnefABaHaTa YacT Ha [lobpocTaHcKaTa CBUTa; ¢ — TabnuLa ¢ OCHOBHUTE KOPEeNlaLMOHHU KOMMOHEHTH

Ha NPOTONUTUTE U Ha HabnopaBaHuTe AHeC MeTamMophHU pa3HOBUAHOCTH

KombuHaumsaTa OT MmarHeswn,

cApa W TbHKOMACToBa

copMaums MOXe [a Ce MHTEepnpeTMpa KaTo JaryHHa
o0CTaHOBKa, a NMncata Ha MNacToBOCT — KaTo pudosa
obcraHoska (Hamp. Wilson, 1975; James, 1984; Burchette,

Wright, 1992). Tpute obcTaHoBku — A nnaxosa — b naryHHa —
C pucoBa, ca noapedeHu OT Kr Ha CeBep B Cbrmacue ¢
per1oHanHa

obwara
MeTamopuTL.
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Ccynepnosnuus



MN3Bogm

lopeonucanuTe HabmioAeHUs ykaseaT 3a CbBMajeHue Ha
nocokata Ha CTPYKTYpHO MOAMMagsaBaHe M nocokata Ha
thauymanHo (ctpaturpadicko) nogmnagssaHe B “OrHsHOBO 2.
CbBnageH1eTo Ha ABETe HanpaBMneHus 03HavaBa, Ye nnowira
“OrHsHOBO 2° ce Hamupa B CceBepHOTO 6Geagpo Ha
aHTUKNWHANHA MbHKA M Ye Cynepnosvuusita e HopmarnHa.
MawwabbT Ha HabniopeHue e MaKpOCKOMCKM, CMefoBaTerHo
MOXe [ja Ce OvaKkBa, Ye CynepnosnuusTa € HopManHa 3a
MeTaMopuUTUTE OT NNOLLYTa, NOKa3aHa Ha durypa 2.

bnazodapHocmu. ®uHaHcoBa NoAkpena 3a HanmuCBaHETO Ha Taaw
nybnukaums ca nomnyyeHn oT HaumoHanHus ¢oHg 3a Hayuuu
n3cnenBaHus no npoekt H315/17. ApxuBHYW reonoxkn matepuani 3a
paitoHa toxHO OT c. OrHsHoBO MM Osixa npegocTaBeHu OT
pbkoBOACTBOTO Ha “OrHaHoBo K* Al
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PE3IOME. B paifoHu ¢ TOMbI M CyX KnuMaT, HENoCPEACTBEHO MOA NOYBEHWS CMOW M OKOMO HMBOTO Ha BOGHOTO Ornedanc ce gopmupa crow,
foraT Ha Kanuur, KOTO € BTOPUYHO yTaeH OKOMO NOAXOAALM reoxumuyHn Gapuepu. To3w Crol, W3BECTEH B nuTepaTypata Kato KankpeT unu
Kanu4e, 3aema ronsMu NpOCTPAHCTBA MOL OpraHWYHWA MOYBEH CMoW B Tpakuiickata Hu3WHa. HapacTBaHeTo My BOAM O 3aMecTBaHe Ha
OpraHN4HMs MoYBeH cnoit 1 3aryba Ha nnogopogue. Mopagu rmobanHata TEHAEHUMS KbM 3aTOMNSHE M 3acyluaBaHe, Ce 0YaKkBa CKOpoCTTa Ha
HapacTBaHe Ha kankpeta ga ce ysenuuu. Heobxogumo € u3yyaBaHeTO Ha kamnkpeTa C Lien B3eMaHe Ha MOaXOAsLM Mepku 3a edekTUBHO
ynpaBneHue Ha 3acerHaTuTe OT Kankpetusaums 3emegencki 3emu. OCHOBHUTE M3TOMHULM Ha Kanuus W BbIMEPoaa, y4acTeaLly BbB (DOPMUPaHETOo
Ha KanuwuTa, ca nognoyseHaTa ckanHa NoAnoxka, noysaTa W BanexHuTe BOAMU. [TOBBPXHOCTHUTE M NOAMOYBEHN BOLAW Ca TPAHCMOPTHUAT areHT,
KOMTO yrecHsiBa pa3TBapsHETO 1 MOCMEABAaLLOTO OTnaraHe Ha kanuuta. B3anmogencTBueTo Mexay pasnuyHWTE MPUPOAHWN W AHTPOMOreHHM
tbakTopu, Bogelm [0 hOPMUPAHETO M HApPaCTBAHETO Ha KarkpeTHaTa Kopa M HEraTMBHOTO W Bb3AEHCTBME BbPXY MOYBEHOTO pasHoobpasue w
nnogopoave e NpeameT Ha MynTuaucUunnMHapeH npoekT ¢ 6a3oBa opraHusauus MIY. NpeactaBeHn ca HayanHW LaHHU OT M3CMEABaHus,
kacaeLy reomopdonorusaTa, reoxXMMnaTa, XMapoxXumusTa, XMaponorvsiTa n usmKoXMmMmaTa Ha kapboHaTHUTE OTNIOXEHMUS B N3y4YaBaHUS PaiioH.
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ABSTRACT. A layer rich in re-precipitated calcite is formed around geo-chemical barriers in regions with hot and dry climate, immediately under
the organic soil or near the water table. This layer, referred to as “calcrete” or “caliche” in international literature, is widespread under the organic
soil layer in the Thracian Plane. It grows and replaces the organic soil layer, thus causing loss of sail fertility. An increase in the rate of calclete
growth is expected, due to the global tendency of temperature raise and aridization. In order to take measures for effective management of
agricultural land affected by calcretization, it is necessary to study the process of calcrete formation. Undersoil, soil and atmospheric precipitation
are the main sources of calcium and carbon that form the calcite. Surface and underground waters are the transporting agent that facilitates the
mobilization and immobilization of calcite. Interactions of different natural and anthropogenic factors leading to formation of the calcrete crust, its
growth and negative impact on the soil diversity and fertility are the subject of a multidisciplinary project, lead by the University of Mining and
Geology. Initial data are presented from studies on the geomorphology, geochemistry, hydrochemistry, hydrology and physical chemistry of
carbonate precipitates in the investigated region.

YBopg (Hanp. Wright, 2007). B reHeTwyHo OTHOLWEHKWE ce

KankpeT ce HapuyaT NpUNOBBLPXHOCTHUTE KOHTMHEHTANHM pasrpaHuyaBat figa Tuna Kamkper. [TbpBUAT TuM, HapeyeH
OTTNOXEHMs OT NpeoBnafaBaLLo kapBoHATHU MUHEPAMH, KOUTO neforexeH kankpet (pedogenic calcrete) ce copmmupa Hap
ce cpewar B pa3H006pa3Ha copma: npallecty, HOAYMHY, HMBOTO Ha noAnovBeHWTe BOAW, HEeNoCpPeACTBeHO nojg
XUIHW, NaMUHaPHW, MacuBHK W ap. B peauLa nuTepaTypHu KOpeHUTe Ha pacTeHusTa. BTOleﬂT TN, HapeveH KankpeT Ha
U3TOYHMLM, 33 CblUuTE 0Bpa3oBaHUs BMECTO KamnkpeT ce nognousexute Boau (ground water calcrete) ce copmupa
W3NOn3Ba TEPMUHBLT Kanude. [lBaTa TepMUHa ca CUHOHUMK. B OKOMO HWBOTO Ha MECTHOTO BOAHO ormeparo (Alonso-Zarza,
GbarapckaTa reonoxka nuTepatypa MacvBHUTE KapBoHaTHM 2003; Wright, 2007). B Tpakuiickata HM3uHa ce Cpeliar
06pa3yBaHV|g B KBaTepHepa Ha TyH,El)KaHCKOTO NMOHWKXEHME © [Bata Tuna. HapactBaHeTo Ha Kap6OHaTHVIF| nnact 3aBucu ot
CrnBeHckaTa KOTIIOBMHA Ca OMMUCAHU KaTO MHAUMTPALMOHHM MHOrO chakTopy, Mexay kouTo ca rnobanHoto 3atonnsHe Ha
BapoBuUM (Hanp. AHrenoea, u ap. 1991; Awrenosa, 1992). knuMmata, — KACENMHHOCTTa  Ha  BanexHute  Boau U
KankpeTbT ce obpasyBa 4pe3 M3MECTBALLO M 3aMeCTBaLlO arpecuBHOCTTa MM ClipsMO  KapboHaTy, — 3emefenckara
BbBEXOaHe Ha KanuueB kapboHaT B MOYBEHMSI NMpocun M npaktuka v ap. KapOoHaTHusT nnactT e MHOro BaxeH 3a
noyBeHaTa noasoxka B 06nacTuTe, KbAe€TO NOBbPXHOCTHUTE W fuonorniHata NPOAYKTMBHOCT Ha NoYBaTa, 3alloTo HEroBoTo
MOAMOYBEHUTE BOAM Ca MPECUTEHW Ha KanuueB KapboHaT HapaCTBaHe, 4pe3 3amecTBaHe WM U3MECTBAaHE Ha
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OpraHn4HuA cnoi, Boau A0 obefHsBaHe HAa noyaTa Ha
XPaHUTEIHN BELLECTBa.

B TpakuiickaTa HM3WHA XOPU3OHTBLT OT NOYBEHM kapBoHaTu
“Ma LUMPOKO MOLLHO pasnpocTpaHeHne. TO3W XOpU3OHT e C
HepaBHOMepHa AebenuHa 1 NITbTHOCT WU GopMMPa Pa3NnIHK
no dopma n pasmepu Tena. C Len u3yyaBaHe Ha NO4YBEHUTE
kapboHaTh, B Hayamoto  Ha 2009  3anoyHa
MyNTUAUCLMNIMHAPEH Hay4YHOM3CNEeAOoBaTENCKM MPOEKT C
basoBa opranusaums MIY, Codusi. OCHOBHMTE Lenu Ha
npoekTa ca:

e  /3AcHaBaHe Ha MexaHU3MUTe Ha W3Ny)XBaHe W oTnaraHe
Ha kapOOHaTHWN MUHEparn B TPAKUICKUTE NOYBMK;

e l3AcHaABaHe Ha BNWSHWETO Ha  kucenute  Wunn
arpecuBHUTEe CMPSMO  kapboHaTHU MUHepanu Boan W
rnobanHoTo 3aTonnsiHe BbPXY WMHTEH3MBHOCTTA Ha
oTnaraHe Ha kapOOHaTHW MUHepanu B NOYBUTE;

e /l3AcHsaBaHe Ha CKOPOCTTa Ha HapacTBaHe Ha KarkpeTa;

e OueHka Ha edeKkTUTE Ha Kankpeta BbpXy MOYBEHOTO
NnofopoLave;

e  (CbCTaBsHe Ha kapTa Ha pasnpedeneHneTo Ha KankpeTa B
noysara;

e [lpegnaraHe Ha Mepku 3a peknamauus u nogobpsisaHe
Ha 3acerHaTu OT KamnkpeTu3aLus NoYsm.

B tasu ny6nm<aum;| Ce nsnarat HAKOW OT MbpBUTE pe3ynTaTu
OT W3CneaBaHETO Ha kankpeTa B Tpakus.

I'eomopq)onoxa(a no3nUKnA Ha KankpeTa

Mpu npensaputenHata apebHomawabHa KapTWpoBka Ha
paoH ¢ nnow, 1870 km? orpaHuyeH ot CeeTuMnuiickute
BUCOUMHM, peka TyHmka, Cakap nnaHuHa u p. Casnuitka 6e
YCTaHOBEHO, Y€ KamnkpeTHaTa kopa Ce CpeLia MOBCEMECTHO.
MbTHOCTTa, TEKCTypaTa 1 aebenuHata Ha Kankperta Bapupar
cnopeq nokanHata reomopdonoxka cutyaumusi. B noseyeto
cryyam NAbTHUAT KankpeT opmupa AMCKOBWAHM Tena,
pasnonoXeHn BbpXy MO-BUCOKWTE 4acTu Ha peneda. B
OBO[HEHWUTE TMOHWKEHWS Ha penedia, KankpeTbT nMncBa.

PaskputusiTa Ha KarnkpeTHaTa kopa OBWKHOBEHO ca C NnoLy

HAKONKOCTOTUH ~ MeTpa. Te ca OOWKHOBEHO MO-CBETNO
ouBeTeHn o1 06Kp'b)KaBaLLlMF| YEepHO3EM. Ceetnoto
ouBeTABaHe Ceé [OblXM Ha  npawectn Kap60HaTHI/I

00pa3oBaHust MnM Ha kapOoHaTHW Hogymu. B nsicbuyHuTe
kapuepu OT obnacTTa ce YCTaHOBSIBA, Y€ KANKPETLT € MHOro
NIbTEH W XOMOreHeH M poctura aebenwHa go 3 m. B no-
AbnbokuTe Cpe3ose, KbaeTo uMa norpebaru nousm (cur. 1) ce
Habnogaea kapboHaTHa kopa, CBbp3aHa W C norpebaHuTe
noyBM, TOECT B OMNM3KOTO TEONOXKKO MUHANO KamkpeTbT e
hopMMpaH NepPUOLNIHO.

BbapacTTa Ha KankpeTHaTa kopa BCe OLLe He Moxe fa bbae
yCTaHOBEHa. M3ka3aHu ca CepuosHU KpUTUKM Ha WM3OTOMHOTO
fatupaHe Ha kankpeTute (Hanp. Budd et al., 2002), 3aToBa u B
HaCTOSALLOTO M3crneaBaHe Ce MpaBsT ONUTK 33 NpunaraHe Ha
JpyrM MeTOAM Ha [faTupaHe, kouTo Buxa Mormu ga gagar
OPWEHTUPOBbYHA Bb3pacT. YcTaHoBeHo 6e, 4e nnowHata
karnkpeTHa kopa B 3emnuwieTo Ha c. Ckanuua e cpsisaHa ot
€PO3VNOHHM hopMK, kaTo AbnboYMHATa Ha epoansTa e OKOomMo
20 M. AKO CpaBHUM epO3MOHHWUTE CPE30BE C NUTEpaTypHUTE
JaHHM 33 MakcuMarHa CKOPOCT Ha BOAHA eposust Ha
necoknueu cegumenTu (Hanp. Stock et. al., 2005) cturame go
“3BOda, Y€ Bb3pacTTa Ha kopaTa € MUHUMYM HSKOMKOCTOTUH
rOANHM.

YcraHoBeHO Oe, Ye KamnkpeTbT € pa3BuT Hait-gobpe Bbpxy
NECHKMMBM MOPUCTW NOAMOXKM U MPAKTUYECKN HE CE cpeLla
BbPXY HEMPOHWLLAEMU FIMHECTU CKamHW NOSMOXKM UIK BbPXY
MOANOXKNA OT KPUCTanMHHW ckanu. MHTepecHo e, ye pobpe
Pa3BUT KaNKpEeT HE Ce CPella BbpXy KanuyuTHW U AONOMUTHU
MpamMopu C Tpuacka Bb3pacT, @ CbLUEBPEMEHHO B Onn3ko
Pa3NoMNOXEHNTE HEOTEHCKM AEMPECU, 3aMbSIHEHN C MSCHLM
TOn e pobpe npeactaBeH. Toau hakT nokassa, Ye XUMM3MBT
Ha CkanHaTa MnofyIokKa He e OT Hal-CbLLECTBEHO 3HaYeHue 3a
(opMMpPaHETO Ha Kankpeta, a NO-CKOPO OT 3HaYeHuwe e
CnocobHOCTTa Ha CkanHaTa MOANOXka Aa NpoBexaa W
CbXpaHsiBa METEOPHY BOAM.

1,2,3 - NOYBEHU HMBA C pasnuyHa
Bb3pacT

®ur. 1. Maneonoysu B nAcbYHa kapuepa oT 3eMnuLieTo Ha c. TeHeBo. Ha chotorpachusiTa ca nokazaHu TpU NOYBEHU XOPU30HTA, BCEKN OT

KOMUTO MMa B lOfTHAaTa CU YacT KapGOHaTHa Kopa

56



CTPYKTYPHM M TEKCTYPHN 0COBEHOCTH Ha

noYBeHMTe KapooHaTK

B ocHoBHaTa Maca Ha kankpeta npeofrnagasa KanuuTbT OT
MUKpUTEH TUN (C pa3mepu Ha kpuctanute nog 0.004 mm),
konto 3aema wmexgy 20% wu 60% oT nnowTa Ha
MWKPOCKOMCKMTE Mpenapaty, W3roTBeHW C MaTtepuan ot
u3cneaBaHus  paitoH. MukpuTbT € TbMEH Ha  LBST.
Habntopasar ce yyactsum (B pamkute Ha 20% OT nnowTa Ha
npenapaTute) C U3KMIYUTENHO HenpaBuIHU PopMK, KOUTO ca
warpageHn ot  Buctbp  Mukpocrmaput. Pasmepute Ha
cnaputHute kpuctanm ca ot 0.004 po 0.02 mm. B
MUKPOCMApUTHUTE  y4acTbLM Ce YCTaHOBSBAT TOYKM M
AEHOPUTW OT YEPHO OpraHMYHO BELLECTBO W ThMHOKadseu Fe-
okcvpwu/xmapokeuan. Tlpu  HapacTBaHETO CW  CnapuTHUTE
KpUCTanu W3TNackBaT OPraHWuYHWS Matepuan W KenesHute
xugpokeugm u Te ce obeguHsBaT B MO-TONEMW  Macy.
MWKpUTBT ~ CbLIO CbabpXa (HUHOOUCNEPTMPAHO  YEPHO
OpraH14HO BELLECTBO U Fe-okeuam/xuapokenan.

Mpucwereat mexgy 10 u 20% KNacTMYHM KOMMOHEHTW. Te
ca npefcTaBeHn NpeayuMHO OT KBapl, kaTo Ce yCTaHoBsBaT
no-pedkn nmnarvoknasv u kanvesu cengwnatv. Cpewar ce
owe G1OTMTOBM MIOCTW, NUTOKNACTK OT MeTamMopdHW CKanu,
€OMHWYHW 3bpHa OT enuaoT, amdmbon u LmMpkoH. PasvepuTe
WM ca pocTa pasHoobpasHu. Mma TakuBa, KOMTO ca C
anespuTHM paamepu (nog 0.063 mm), Ho npeobnagasar Tesm,
kouto nonagat BbB dpakymm 0.063-0.125 n 0.125-0.25 mm.
Muoro  psgko ca no-egpu. B yyacTeumte ¢
HENPEeKpUCTann3npan MUKPUT, KNacTUYHUTE KOMMOHEHTW uMart
OucTpu 00BMBKM, KOWTO Ca WU3rpaZieHn OT KamnuUTHU KpucTanm
CbC CMapuUTHU pasmepu. Tam KbAeTo UMa CapUTHU MO3anku,
BbPXY TE3W KOMMOHEHTW He Ce Habniogasar 06BMBKK, KOETO
nokasea, Ye NpoLechbT Ha BTOPUYHA NpekpucTanusaumus rm e
3anuyurn. MHOro 4ecTo KnacTU4HUTE 3bpHa ca KOPOAMpPaHU W
BTOPWYHO KanUMTU3WUPaHW OT CMapuT C pasnnyHa MTbTHOCT.
Mo-HenpoMeHeHu ca Teau, KOUTO MMaT obBMBKK. YCTaHOBSIBAT
Ce YyyacTbUM C Marku pasmepu, KOUTO ca U3rpageHn ot

BNaKHECT XanueaoH.

®ur. 2. TekcTypHU TMNOBe OT TYHAXKAHCKOTO MOHMKEHWE: a — XWUIeH KankpeT cpef NNWOLEHCKaTa NACbYHA NOAMNOXKKA HAa noyBaTta oT
OKONTHOCTUTE Ha c. BoTeBo; 6 — npawecTn kKapOGoOHaTHKU 06pa3oBaHKUA cnep ropHUA YePHO3EMEH CIOM OT OKONTHOCTUTE Ha ¢. Ckanuua; B —
XXWINeH KankpeT pa3nonoxeH HenocpeaCcTBEHO NOA NNAcT OT MacUBeH KankpeT, Kapuepa U3TOUYHO OT C. TeHeBO; I — NbTHO LUMEHTUPaHU

Kanb6oHaTHWU HoAyNM OT MbTEH M3Kon Kpan ceno TeHeBO

W3kntountenHo pegku ca pu3ONUTUTE, MPEACTaBMsBaLLm
ocunuanpaHn parMeHT OT KOPEHWTe Ha pacTeHudTa.
Habniogaear ce eguHW4HN npepesn ¢ Mo-npaBuiTHA GOpMK.
Mpn ymMpaHETO Ha KopeHa oOCTaBa nopa (morga), Kosito
JOMbMHUTENHO Ce 3ambfiBa  OT  Kanuut, OBWMKHOBEHO
MuKpocnaput umuM cnaput (¢ pasmepu Hag 0.02 mm).
CnopagunyHu ca npepesnTe, B KOUTO Ce YCTaHOBSIBA CTPOEX,
HanogobaBaly kneTku. Tasu CTpykTypa ce dopmupa npu
KanuuT3aums Ha OYHKLMOHMPALLM KOPEHMU.
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MopuctoctTa e B pamkute Ha 10-15%. ObrkHOBEHO TS € no-
Manka B Yy4yacTbUMTE, LMMEHTMPaHM OT craput. Psgko
nopucTocTTa € ¢opMupaHa OT JMncata Ha TEepUreHHU
KOMMOHEHTH, BEPOSTHO B yyacTbuuTe, KOWTO ca Ounn mo-
KopoauMpaHn W kanuuTusmpanu. Cpewat ce M No-ronemu
nopoBu npocTpaHcTBa 0e3 onpegeneHa ¢opma, KOeTo
MOACKa3Ba, Ye No-Meku marepuanyu ca Gunu OTHECEHW mpu
NpaBeHETO Ha AHLWNMda.

C MMWKPOCKONCKOTO M3cCreaBaHe He MOXe CbC CUIypHOCT Aa
ce onpegenu gann MUKpUTLT uvnm CNapuTeT Ca KanuyuTHU



UNK AONOMMTHU N0 CbCTaB, MOHEXE PAa3MepuTe Ha KpucTanute
ca MHOro Manku. Ha mecta B cnapuTHUTE  MO3ailku
NPUCLCTBAT KpucTanu ¢ pomboedpudHa dopma, HO Te He ca
TUMNYHN.

Hail-BeposiTHO, MbPBOHAYAIHO € M3KpUCTanMaupan MUKPUT
OT pa3TBOpW, HaboraTeHn Ha kapbOHATHU IOHM, OBXKELN Ce
Harope no kanunapu. Cneg ToBa OKONO HaNWUYHUTE KNacTUYHU
3bpHa 3ano4Ba fda Ce (opmupa M30MaxMTEH LIMMEHT,
CbCTaBeH OT GucTpu cnaputHu kpuctanu. Tol obpasysa
0bBMBKM C enHakBa gebenuHa. TMoHsKora BbpXy e4HO 3bpHO
ce HabniogaBar ABe Unu Tpu Takuea 0BBMBKW. YCTaHOBSIBaBA
Cce NOCTENEHHO HamarnsABaHe Ha KONMYECTBOTO Ha KIacTUYHUTE
KOMMOHEHTW OT AOMY Ha rope B W3CNeABaHus MHTepBan Ha
npoduna.

B emuH no-kbceH eTan Beye copmupaHaTa kapboHaTHa
naneonoysa e MoArnoXeHa Ha NpoLEC Ha NpekpucTanuaaums.
Mpu  Hero  MbpBOHAYANMHUAT  MUKPUT  3anoyea  Ja
npekpucTanuanpa B MUKPOCNApUT W MO-psgko B cnaput (C
roneMuHa Ha kpuctanute Hag 0.02 mm). CreneHta Ha
npekpucTanu3alus ce yBenuyaea ot Aoy Ha rope. T4 e Ham-
cnabo nposBeHa B uHTepeana 60-80 cm, a Han-CunMHO B
ropHuTE YacTu Ha npocpuna (40-20 cm). BeposiTHo, ycnopeaHo
C npoLieca Ha npekpucTanuaaLms 3anoysa U KOpoaMpaHeTo Ha
KNacTUYHUTE KOMMOHEHTM M 3aMeCTBAaHETO WM OT ChapwT.
Kanuutusaumata (u/mwnu ponomuTusaumusta) € nposieHa B
pasnuyHa CTeneH, HO Ce YCTaHOBSABA, Y€ Te3W 3bpHa, KOWUTO
“MaT U30MaxuTeH LMMEHT ca no-cnabo sacerHaty.

CvnMUMAT 0T pasTBOPEHUTE  KMacTU4YHWM  KOMMOHEHTH,
HaboraTsiea NOPOBUTE (KAaNMUNSIPHUTE) pa3TBOPK, NOpaaM KOETO
Ha MeCTa W3KpUCTanMaupa BTOPUYEH KBapl, Hal-4ecTo
BMakHecT  (xanuepoH).  [lpekpucranusaumsaTa  3anuyasa
M30MaxmTHS LMMEHT BbpXy 3bpHaTa. Kanuutusauusta ot
CBOSl CTpaHa MOXe fa [oBefe A0 MbIHOTO W34e3BaHe Ha
HSIKOM KNacTU4H KOMMOHEHTY. Culo Taka
npekpucTanuauusTa UM Kanuutusauusta  npeyat  3a
YCTAHOBSIBAHETO Ha pu3onnTh. B Hai-cnabo npoMeHeHus
KankpeT OT Hai-dONMHMS WHTEpBAn Ha paspesuTe Cce
HabntoaaBaT eauHUYHN PU3ONIUTH, HAKOW OT TsX CbC 3anaseH
KNeTbYEH CTPOEX.

B TEKCTYpHO OTHOLLEHWE CE Pa3no3HaBaT pasnuyHu TUMOBE
noyseHn kapboHaTtu. B pailoHa Ha u3cneaBaHeTo, Halm-4ecTo
CpellaHN Ca MaCUBHWUTE, XUIHUTE W HOAYNHUTE KamnkpeTy
(qur. 2). Cpewat ce 1 edumepHn npaiect obpasoBaHus
(dur. 26), kouTO Ce MosiBABAT B TOPHMS MOYBEH CrOW Mpes3
nepuopa aBryct CENTEMBPM, a CE pa3vMBaT U 134e3BaT npes
3umata u nponetra. lNocnegHute OBWMKHOBEHO Ce CpeluaTt B
MOYBM, NOJ KOUTO UMa MaCMBEH KamnKperT.

XvuapoxummyHa n pU3MKOXMmmMyHa

XapaKTepucTuka Ha nognoyBeHnUTe BOAN

Tbit KaTo OCHOBHWAT (hbakTop npu 0bpasyBaHeTO Ha
KamnkpeTa e Xummu3ma Ha MoBbPXHOCTHWTE W MOAMNOYBEHM BOAN,
Bsxa mpeanpueTn uacnegBaHns ¢ Len U3sicHsiBaHe Ha 0bLwms
XMOPOXUMWUYEH (POH M BapuaLuuTe B XMMU3Ma Ha BOAWTE,
CBbP3aHN C KOHKPETHW reonoxkn obcTaHoBku. [Mopaon
KpaTkusi mepuog OT Ha4yanoTo Ha MpoekTa 4O MOMEHTa,
cbOpaHuTe AaHHW He MoraT Aa Ce CuuTaT 3a W34yepnarestHu.
Bbnpeku TOBa ce HanaraT HAKoM M3BOAM, KOWTO 3acnyxaBsa Aa
©baar cnomeHarw.
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VIHTerpanHuTe XvapOXUMWYHW mapameTpu Ha Bogute (pH,
ApH, cneuuduyHa enekTponpoBoAMMOCT — ) Ca ONpeaeneHn
Ha MsCTO C nomowTa Ha npeHocum pH-metbp HI 99121,
koHayktomeTbp HI 993310 n kombunupaH Tectep HI 98204.
MaKkpOKOMNOHEHTUTE Ca ONpeaensHN Mo CTaHgapTHU XUMUYHI
aHanuTiHu meToau: Ca2t u Mg2* - Ypea KOMMNEKCOHOMETPHSI,
HCOs - upe3 npotoHomeTpusi (Ha wmscto), Cl- — upes
apreHTometpus, SO — no TypbuoumetpuyeH metog, Na++K*
- Yype3 nnambKoBa POTOMETPHUS.

JAvxdoeHu eodu

Mo oTHOWeHWe Ha mokasarens Ha kucenuHHocT (pH) Ha
ObXOO0BHWTE BoaM ce 3abenssBa fAcHA  CE30HHOCT.
HenocpeacteeHo wu3mepeHata C  TepeHHn pH  Tectepu
CTOAHOCT Ha pH npe3 mMapT u anpun Be oT nopsgbka Ha 8.4-
8.9. HenocpepcteeHo u3MepeHata pH CTOMHOCT, KakTo W
nabopaTopHo onpeaeneHata pH CTOAHOCT Cried Banexu npe3
nepwoga toHu-tonn (Tabnuua 1) Bapupa B rpanuuuTe pH = 5.8-
7.20. YctaHoBeHO be, Ye B HA4YanoTo ObXAoBHATa BoJa €
cnabo kucena, AOKaTo B Kpas Ha Abxaa e HeyTpanHa (npobw
1 1 2, 6 u 7). Cbwo Taka ce ycraHoBsBa, 4e no-
KpaTKOTpalHUTE ABXKAOBE Ca NO-KUCENW OT NPOLLIKMTENHUTE
Banexu (npobu 3 n 4). EnemeHTn kaTo cspa u Xxnop ce
YCTaHOBSBAT CaMO B Hail-KUCENUTE BanexH1 BOAM, KOUTO KaTo
LSno ca No-MuHepanuaupanu. [laHHuTe 3a napameTpuTte Ha
AbXA0BHATa BOAA, Najalla B M3CNeBaHUs paiioH, roBOPST 33
3aMbpCsABAHETO W B M3BECTHa cTeneH. Boau kato Neb-7 He
MoraT fa ce knacuuuupaTt Kato HambiHO AEAOHU3NpaHU.
ToBa HM NO3BONM, Makap M C W3BECTHA MPELNasnuBOCT, Aa
onpenenuM exkCriepUMEHTANHO WMHOEKCa Ha HacuLaHe CpsiMo
kanunt  (ApH) ¥ pga  wu3umcnum  (HAa  OCHOBaTa Ha
TEPMOAMHAMUYHN PABHOBECHS) KOBMULMEHTLT Ha HacuLaHe
CnpsAMO  Kanuut 1 gornomut. Pesyntatute couat, 4e
AbXOA0BHATA BOAA NECHO LUe pa3TBOPW KanuuTa u JOnoMuTa,
NPV KOHTaKT C Te31 MUHeparni.

Tabnuua 1. Mapamempu Ha dbx0oeHa 80da

MsicTo Ha

npo6o- 1 2 3 4 5 6 7

B3eMaHe

toC 17 | 16 | 16 [ 145 235 [ 235 | 235
pH 200 720 | 707 | 63 | 67 | 620 | 586 | 597
ApH 200 - - - - 096 | -1.07 [ -0.84
%, 200C 23 [ 17 [ 18 [ 19 33 24 30
uS/cm

HCOs5 - . . . 153 | 122 | 122
mg/L

SOz - - . . 14 11 13
mg/L

Cl-mg/L - - - - 55 | 91 | 55
Ca2t mg/L - - - - 8.2 8.2 6.0
Mg2*mg/lL | - - - - 30 [ 22| 40
Na +K* : - : <02 | <02 | <02
mg/L

Mectononoxerue Ha npobute: 1. ¢. Manomup; 2. ¢. Manomup; 3. ¢. Ckanuua;
4. c. Ckanuua; 5. c. Manomup; 6. c. Manomup; 7. c. Manomup.
KnacudmkaynoHHa xapaktepucTika Ha Hskom oT Bogute: 5 — CyndpartHo-
XupporeHkapbOHaTHO-XNOPUOHO-KaNLMeBO-MarHeaueB TMN BOAA — arpecuBHa
cnpsmo CaCOs, arpecusHa cnpsamo CaCO3;.MgCOs; 6 — XnopuaHo-cyndatHo-
XupporeHkapboHaTHO-KanLMeBO-MarHe3neB TN BOAA — arpecuBHa CrpsiMo
CaCOs, arpecusHa  cnpsamo  CaCOs;.MgCOs; 7 - CyndatHo-
XupporeHkapboHaTHO-XNOPUOHO-MarHe3neBo-kanUymeB TMN BOAa — arpecueHa
cnpsimo CaCOs, arpecusHa cnpsmo CaC03.MgCOs;



[Mnumku nod3emHu eodu

MnuTkM nognoyBeHM Bogu Osxa u3cnefBaHW B pailoHa
ceBepou3ToyHo oT c. Ckanuua (Tabrmuya 2). Tean Bogm ce
pasKpuBaT B M3KOMM Ha MECTEH ra3onpoBoA C AbiboYMHaA OT
okono 2 m. BbB BCMYKM Crnyyan BOAMTE Ce MOSIBABAT B
MOHWKEeHUs Ha peneda, Kato Ca KOHLEHTPUPaHU BbPXY
BOAO3agbpXkallia NOANOXKKA OT MAMOLEHCKN NACHKMWBI TIINHU.
B nosutueHuTe hopMM Ha penedha OT CbLUMS parioH ce
HabntogaBa kankpeTHa kopa ¢ gebenuHa mexay 0.5 1 1.5 m.

Tabnuua 2

[Tapamempu Ha nnumku no03eMHuU 800u
MsicTo Ha 1 2 3 4 5
npoboB3emaHe
t,oC 23 21 2 23 19.5
pH 200 75 7.8 76 7.8 7.65
ApH 200c +0.28 | +0.46 | +0.19 | +0.16 +0.31
X, 200c puS/em - 2648 | 1710 | 1545 4142
HCOs mg/L 363 336 | 448 421 592
SO mglL 1440 | 1400 | 420 350 2400
Cl-mg/L 35 74 29 24 33
Cazmg/L 527 559 | 220 191 598
Mg2* mg/L 62 80 40 40 358
Na*+K* mg/L 102 44 49 37 21

Mectononoxexne Ha npobute: 1. 3emnuiie Ha ceno Papeuky; 2. 3emnuiie
Ha ceno Papeuku; 3. CeepHo oT si30Bup OBuyapuua; 4. CeBepHO OT 530BUp
Osuapuua; 5. HenocpencteeHo cesepHo ot TEL| Mapuua natok 2.
KnacudmkaumornHa xapaktepuctka Ha Bogute: 1 u 2 - CyndatHo-
XupporeHkapboHaTHO-KanLMeBo-MarHeaneB TMn Bofja — MpecuTeHa CrpsiMo
CaCOs, arpecusHa cnpsimo CaS04.2H20; 3 n 4 - CyndhaTHo-kanuues Tun Boaa
- npecuteHa cnpsimo CaCOs, arpecueHa cnpsimo CaS04.2H20; 5 CyndatHo-
kanuueeo-MarHeaues Tun Boga — npecuteHa cnpsmo CaCOs;.MgCOs,
npecuteHa cnpsimo CaCOs.

EkcnepumeHTanHo onpefeneHuTe CTOMHOCTM Ha WHAEKCa
Ha HacuwaHe cpamo kanuut  (ApH) M u3uucneHute
Koe(UUMEHTN Ha HacWlaHe CnpsMO KanuuT nokassar, ue
BOAMTE Ca MPECUTEHN CMIPAMO TO3M MUHEpPas — KaTo CbCTaBbT
1M € hopMUpaH Han-BEPOSTHO Ypes U3MNyXBaHe Ha NOYBEHaTa
noanoXka OT NMPeMWHanuUTe Npe3 noyeata AbXOO0BHU BOAM.
MHOro BMCOKOTO CbAbpXaHUE Ha CyndaTHU U KanumeBy NOHN
(ocobeHo B npobu 1, 2 u 5) Moxe Aa ce npueme KaTo
rnokasaTen 3a 3aconsBaHe Ha Nno4yBuTe B paiioHa B pesynTar
Ha aHTpOMOreHHa AenHOCT. AMTEpHATUBHO 00sICHEHME 3a
BMCOKOTO CbbpKaHue Ha Csipa e Bb3MOXHOCTTa BodaTa 4a
ce oboratsiBa Ha csipa NP MHUATPUPAHETO CU npe3
KankpeTa, KOMTO € XapaKTepeH 3a M3cnenBaHus pamoH. B tpu
OT npobuTte Ha TBbPA KankpeT OT paioHa Ha Ckanuua,
aHanuaupanu B LUHWIT reoxumus npu MIY, 6sixa ycTaHOBEHH
CbabpkaHus Ha obwa cspa ot 13.1%, 11.7% 1 11.09%.

Jwbn6oku nod3emHu 800U 8 KOHMAKM CbLC CKau

[Jvnbokute nopsemHn Bogu B obrnactra ce dopmupar ot
KOHTaKTa C FMIMHECTO NSCHKINBUATE MINOLEHCKA CEAUMEHTU U
CbC CKanuWTe OT u3gurHatuTe OrioKOBE Ha MoAJoXKaTa.
XUMUYHUST CbCTaB Ha Teau Bogw Oe uacneaBaH B npobu ot
yelumm 1 knageHum (Tabnuya 3).

EkcnepumeHTanHo onpegeneHnTe CTOMHOCTM Ha WHAEKCA Ha
HacvLaHe cpsaMo Kanuut (ApH) v uauucnenuTe KoeduumeHTmn
Ha HaculaHe CNpsMO KanuwuT MokaseaT, 4Ye BOgWTe ca
MPecUTeHN CnpsMoO TO3M MMHEpPan — KaTo CbCTaBbT UM e
(bopMupaH Hait-BEPOATHO upe3 U3MyXBaHe Ha novBeHaTa
noanoxka OT NMPeMMHanNUTe Npe3 novBaTta ObXOOBHW BOAM.
Kato nHTepeceH cnyyait moxe ga ce otbenexu soga Ne4, B

koTo no ApH mHgekca 6u Morno ga ce Hanpaeu MOrpeLleH
M3BOA 32 HACWLLAHeTO Ha BofaTta CnpsMo Kanuut. BeposiTHO
arpecuBHOCTTa Ha BofgaTa B TO3u cryyail 6u morna ga ce
CBbPXE C MHOrO BUCOKaTa KOHLEHTPALMUS HA HUTPaTHUTE OHN
— OT nopsgbka Ha 175 mg/L. KaTo Hain-BeposiTHa NpuynHa 3a
3aBULLEHNTE KOHLEHTpauun Ha NOsz Moxe fa ce nocouw
aKTUBHOTO TOPEHe B paioHa.

Tabnumua 3
Mapamempu Ha 0b6oKU NOO3eMHU 800U 8 KOHMaKm CbC
cKanu

MsicTo Ha

npo6o 1 2 3 4 5 6 7
B3EeMaHe

t,oC 14.5 16 14.6 14 15.7 15.8 13.4
pH 200c 750 | 756 | 745 | 730 | 773 | 733 | 7.74
ApH2ec | *012 | +022 +%.2 045 | +0.1 | +0.24 | +0.15
X, 200C 2504 895 389 | 2272 788 | 2042 1390
uS/cm

HCOs3 366 400 397 389 457 533 546
mg/L

SO 1200 116 50 286 30 286 192
mg/L

Cl- mg/L 42 58 6 100 9 88 44
Ca?* 324 198 149 304 106 209 127
mg/L

Mg?* 74 5 12 25 35 31 23
mg/L

Nat+K+ 235 5 10 51 37 136 130
mg/L
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KOHTaKTHM B3aMMOOTHOLEHMS C nognoxkaTta: 1. Boga B KOHTakT ¢
naneo3oicku rpaHnTV 1 KpeSHU AMopuToBM Nopuputy; 2. Boja B KOHTaKT €
KanyuTHY Mpamopy 1 AnopuToBm nopcupnTi; 3. Boaa B KOHTAKT € JONOMUTHU
mMpamopu W auoputoBu nopcuputy; 4. Bopga B KOHTaKT C Kamkper u
NAMoLEHCKN nsicbUy; 5. Boaa B KOHTaKT C KankpeT M NAMOLEHCKM TFIMHECTM
nacbuUm; 6. Boga oT nnvoLeHcku nacbuy; 7. Boaa oT NAMOLEHCKN NSCHLM.
KnacudmkaumnoHHa xapakTepuctuka Ha sogute: 1 — CyndhaTHo-kanumeso-
HaTpueB Tun Boga — npecuteHa cnpsmo CaCOs; 2 XupporeHkapBoHaTHo-
cyndaTHo-kanumes Tmn Boja — B paBHoBecue ¢ CaC03.MgCOs, npecuteHa
cnpsimo CaCOs; 3 XupporeHkapboHaTHO-kanLmeB Tvn Bofja — B paBHOBECKE C
CaC03.MgCOs, npecuteHa cnpsmo CaCOs; 4 — XupporeHkapGoHaTHo-
cyndaTtHo-kanumeB TMN Boga — npecuteHa cnpsmo CaCOs; 5 -
XupporeHkapboHaTHO-KanLMeBo-MarHeameB TN BoAa — MpecuTeHa CrpsiMo
CaCOs; 6 — XupporeHkapboHaTHO-CynchaTHO-KanUMeBo-HaTpueB TMN Boaa —
npecuteHa cnpsmo CaCOs; 7 XupporeHkapboHaTHO-CyndhaTHO-kanumeBo-
HaTpueB TUN Bofia — npecuteHa cnpsimo CaCOs3

Boaute ¢ NeNe1-4 ce m3nonaeaT BCEKMAHEBHO 3a MUTENHM
HY»OM Ha xopa 1 xuBoTHW. Bogute ¢ NeNe5-7 ce nanon3ear 3a
BOAONMOW Ha XWBOTHU W MHOTO PAAKO 3a NUTENHN Hyxau. Boau
NeNe 6 1 7 ca CbC 3aBWLLEHA ENEKTPONPOBOAMMOCT CrPSMO
n3ncKBaHMATa Ha ctaHgapTa (Hapegba Ne9/16.03.2001 r. 3a
KauecTBOTO Ha BogaTa, MpedHasHayeHa 3a MUTeNHO-OMTOoBM
Hyxaw, [1B 6p. 30/28.03.2001 r. n Hapenba Ne12/18.06.2003 .
3a KaYeCTBEHWTE MW3NCKBAHMS KbM MOBBbPXHOCTHUTE BOAM,
npeaHasHaveHu 3a NuTenHo-6uToBo BogocHabaseaxe, [1B 6p.
63/2002 r.) n C neKko 3aBWLLEHME HA KOHLEHTpauusiTa Ha
cynaTHUTe MOHW. 113non3BaHeTo Ha BOAM OT M3TOYHMLM Nei
M 4 3a nuTeiiHm Hyxgu Oygw Tpesora, Tbi KaTto Te He
OTrOBapAT  Ha  CTaHOApTUTe N0  OTHOLIEHWE  Ha
€NEKTPONPOBOAMMOCT, KOHLEHTpauus Ha CyndaTHUTE OHM
(ocobeHo Bopa Ne 1) 1 MMaT NeKo 3aBULLEHN KOHLIEHTpaLMM Ha
KanumesuTe NOHM.

S30eupHa eoda cped Kankpem
Mpoes 3a cbcTaBa Ha MOBbPXHOCTHUTE BOAW, KOUTO CE
HaTpyneaT BbB BOJOEMUTE Clief] NOBbPXHOCTEH OTTOK BbpXY




KankpeT, [JaBaT  XapaKTepuCTMKUTe Ha Bogata  OT
MWKpOsi30BMpa npu c. boTeBo. WHTerpanHuTte napameTpu Ha
Bogara ca: Temnepatypa 11.7 °C; pH=9.5; ApH=+0.40; y200c =
1107 pS/cm; MakpokomnoHeHTn: Caz=94 mg/L; Mgz = 35
mg/L; Na*+K* =74 mg/L; HCOs =145 mg/L; SO =265 mg/L,;
Cl=51 mg/L; COs2=56 mg/lL - cyndaTHo-xngpo-
reHkapOOHaTHO-KanUMeBo-HaTPUEB TN BOJA —  CUITHO
npecuTeHa cnpsmo kapboHar.

KucenunHocm Ha noysume

W3cneasaHuata Bbpxy MOYBEHaTa KUCENWHHOCT TembpBsa
NPeacTosT, HO Beye ce OopMUXa HSKOW BaXKHU WM3BOAM
(Tabnuua 4): MbpBUAT M3BOL €, Ye NOYBKUTE B MOHWKEHMATA
Ha peneda ¢ Aeben opraHuyeH cnoi ca TBbpae Kucenu (Hanp.
JIK4-2). B kankpeTusupaHuTe NoYBM KUCENMHHOCTTA Hamansea
OTrope Hagony, TOECT OT MOBbPXHOCTHMS ChoW, GoraT Ha
XYMWHOBM  KUCENMHM, KbM  KapbBoHaTHaTa  MOAMOoXKa.
KncenuHHOCTTa CUMHO Bapupa B MAOWHO OTHOWEHWE. Tam,
KbAETO KankpeTbT M3MM3a Ha MOBBLPXHOCTTA TS € Hucka. B
cbcefcTBo obaye TS Moxe [fa Obae TBbpae BMCOKA.
[MeTHUCTUAT XapakTep Ha KUCENMHHOCTTA TembpBa NpeacToun
ga Obge wmsscHeH. OueBugeH e DakTbT, 4Ye ako
MOBBPXHOCTHUAT OTTOK € (DOPMUPaH BbPXY MOYBH, B KOUTO Ce
paskpuBa KarkpeT, TO CbBCEM 3aKOHOMEPHO MOBbPXHOCTHUTE
BOAM, KaTo Tasn B A30BMpa npu c. boteso, we 6baat cnabo
arnkanHu.

Tabnuua 4
KucenuHHocm Ha no4YgeHu useneyu om 3emnuwiama Ha
¢. Ckanuya u c. Manomup

X
I'I;;\I%Ga pH pH BbB BOJA,
) B pa3teop Ha KCI BLB BOJA puSfem

M1-1; 0-20 6,93 7,94 180
M1-1;; 20-40 6,94 8,12 188
M1-1; 40-60 7,12 8,09 174
M1-1; 60-80 7,24 8,28 215
M1-2; 0-20 6,97 7,88 216
M1-2; 20-40 7,02 7,85 188
M1-2; 40-60 7,03 8,17 224
M1-2; 60-80 7,07 8,18 232
M4; 0-20 7,24 8,35 180
M4; 20-40 7,38 8,20 185
M4; 40-60 7,90 8,03 152
M4; 60-80 7,88 8,10 161
LK4-1; 0-20 7,26 8,28 186
LK4-1; 20-40 7,41 8,20 198
LK4-1; 40-60 7,01 8,05 210
LK4-1; 60-80 6,93 8,07 188
LK4-2; 0-20 5,73 7,66 145
LK4-2; 20-40 5,63 7,55 180

LK4-2; 40-60 5,57 - -

LK4-2; 60-80 5,63 - -

3akntoueHue

Hanara ce W3BOAbLT, Y€ eNemMeHTUTe Ha NaHgwadra ca
CBbp3aHy ¢ fobpe 13paseHa reoxMmmndHa 3oHanHocT (cur. 3).
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HcrapsiBaHe
che 3aryba
Ha CO2

3abnameH

(ynnamenT noyBeH crion y4yacmbK

3aconeHa
noanoqeeHa|

———————————> HapacTBane Ha oTHomenmneto Mg/Ca 800a

Our. 3. 06o6LWeH reoxMMMYeH NPocun Ha KankpeTusmpaHuTe
TepeHu

KankpeTbT e NpeAcTaBeH B NO-BUCOKUTE YacTh Ha peneda,
KbAETO KMCEMMHHOCTTA Ha MOYBKTE 1 BOAUTE € Mo-Hucka. B
MOHWKEHUsTa Ha penedya ce HabmogaBa  MoO-BUCOKO
CbObpXaHWe Ha cspa, XNMOp M MarHeswit B NANUTKUTE
NOAMNOYBEHN BOAM, HO MbK NuNcBa kankpeT. OueBuaHO
KarnkpeTbT € (MKCATOp Ha T3l enemeHTu U M W3Bmu4a ot
BOAMTE BbB BMCOKMTE YacTh Ha peneda. OT no-BUCOKUTE KbM
HUCKUTE YacTW Ha peneda CaMUAT KankpeT —rokasea
reoXMMUYHA 30HaMHOCT MO MocoKata Ha MpeMecTBaHe OT
KanuuT KbM AOMOMUT W runc. Beuuku Bogm oT obnactTa ca
NPeHacUTeHN Ha kapboHaT, KOETO € W Hait-BaXHOTO yCrioBue
3a OTnaraHeto Ha kapGoHatute B noysata. KucenuHHocTTa
MMa Cce3oHeH XxapakTep. CriefjoBaTenHo, Ce3OHHOCTTa e
BanMaHa U1 3a 0TnaraHeTo Ha Kankpeta.
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FEPMAHWUIA, FANTUA U IMPKOHWW B BBITAPCKU BBIMMULLA

Wopdan KopmeHcku
MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus

PE3IOME. W3cneasaHo e npuckcTBreTo Ha Ge, Ga 1 Zr BbB BbIMMLLA C pasniyHa CTENEH Ha Bbrnedukauuns (0T NUrHUTK 4O aHTpaumTh) ot 13
6bnrapcku baceitin 1 Haxoguwa. KoHueHTpaumsaTa Ha Ge BbB BbIMLaTa W TsxHaTa nenen e no-BuUCOKa OT knapkoBaTta camo B Kapnosckus
BacelH, fokato Tasn Ha Ga e HaaknapkoBa CaMO B CaMOKOBCKUTE W KIOCTEHAWNCKUTE M CyXOCTPErNckuTe Bbrnuwa. KonmdyectBoto Ha Zr e
NOAKNApKOBO BbB BCUHKM M3CIEBAHM BBIMMLLA, C M3KIOYEHWE Ha FrabpOBULLKMTE NUTHWTA. BBB BBIMMULHUTE CKanu camo KOHLeHTpauusTa Ha Ge
B coduiickute M Ha Zr B rabpoBWLLKUTE NUMHUTK e HagknapkoBa. OcoBeHO € HUCKO CbabpkaHueTo Ha Ga BbB BBLIMWLLHUTE [MWHW OT
Benobpexcus, CraHsHckus u Kapnosckus 6aceiH. BbB BbIMUWHNTE ckanu OT ocTaHanuTe 6aceitHn KoHueHTpauusTa Ha Ga e no-Bucoka ot
knapkosata. AGuHMTETHT Ha Ge e npeobnagaBallo OpraHMYeH BbB BCUMKM U3CeBaHN BbIMMLLA C U3KIKOYEHNE Ha cyxocTpenckute. OpraHuyeH
acuHnteT Ga nposiBsiBa CaMO B CaMOKOBCKUTE IUTHWUTW, CMeCeH B 6enobpexkute, CTaHsHCKUTE, COUICKUTE, KapNOBCKUTE, KIOCTEHANUNCKUTE,
CYXOCTPENCKIUTE 1 CBOrEHCKMTE BBIMMLLA, @ B OCTaHanuTe npeobrnafasa HeopraHWJHUAT My admHuTeT. B noseyeto Bbrmwa e npeobnagasaly
OpraHuyHUAT auHuTeT Ha Zr. B 3anagHomapuiukiTe, rabpOBWLLKUTE, CBOrEHCKMTE U BankaHckute BbrmmMwa npeobnagaBa HEOPraHUYHUAT
advHuTeT, gokato B 6enobpexkute W nepHUWKWUTE Zr € CbC CMEeCeH auHuTeT. MPUCHCTBMETO M KOHLEHTpaUusTa Ha TpuUTE M3crenBaHm
enemeHTa B Obhrapckv BbIIMLA 3aBMCM OT [Ba OCHOBHW (haktopa: 1) MpUCHCTBMETO B CKanuTe OT noaxpaHeawiata 3a TopdeHute Gnarta
MPOBUHLMS W 2) CTONHOCTTa Ha pH B ApeBHUTE TOpdpeHu Brata, KOSTO KOHTPONMpa (UKCUPaHETO Ha eneMeHTUTe KaTto eneMEHTO-OpraHnyHu
CbeVHEeHNs WM B MWHeCTUTE MuHepanu. CTeneHTa Ha HanykaHOCT Ha BBITMLWHMTE NNAcToBE, KaKTO MPUCLCTBMETO M CbCTaBa Ha
VHEUNTPALMOHHN MUHEPanV He OKa3Ba BIIUSHWE BbPXY NPUCHCTBUETO Ha U3CNEOBaHNTE ENEMEHTU.

KntoyoBm gymu: repmMaHui, ranuii, LMPKOHWIA, BBIMULLA, NPUCHCTBYE HA ENEMEHTH NPUMeCH, hakTopy 3a oTnaraHe

GERMANIUM, GALLIUM AND ZIRCONIUM IN BULGARIAN COALS
Jordan Kortenski
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. The occurrence of Ge, Ga and Zr in the coals of different rank (ranging from lignite to anthracite) from thirteen Bulgarian basins and
deposits were investigated. The concentration of Ge in the coal and coal ash was higher than the Clarke values of the Karlovo Basin only and the
content of Ga was higher than the Clarke in the coal from the Samokov and Kyustendil only. The contents of the three elements in al other coal and
coal ash were lower than the Clarke values. In the coal shale concentrations of Ge in the Sofia lignites and Zr in the Gabrovica lignite only were
higher from the Clarke values. The Ga content in was very low in the coal shale from the Belibreg, Stanyanci and Karlovo basin. In the other coal
shale the Ga concentration was higher from the Clarke values. The affinity of Ge was mainly organic in the all coals with exception of Stanyanci
lignite. The gallium affinity was mainly organic in the Samokov lignite only, mixed in the Belibreg, Stanyanci, Sofia, Karlovo, Kyustendil, Svoge and
Suhostrel coals, and mainly inorganic in the Maritza-West, Gabrovica, Oranovo, Pernik and Balkan coals. In the most coals the zirconium affinity
was mainly organic. In the coal from Maritza-West, Gabrovica, Svoge and Balkan the affinity of Zr was mainly inorganic and in the Belibreg and
Pernik coals was mixed. The occurrence and concentrations of the investigated elements in Bulgarian coals were depend on two factors: 1)
occurrence in the rocks from the peat bog feeding province and 2) the pH values in the ancient peat bogs, which control the fixation of elements in
the metal-organic compounds or clay minerals. The degree of fissuring of the coal seams and the presence and composition of mineral waters,
which precipitate infiltrational minerals into the fissures of the coal beds were not influenced of the occurrence of the studied elements.

Key words: germanium, gallium, zirconium, coal, occurrence of the trace elements, factors for accumulation

BuBeaeHue B3eTM OT CBoreHckns kapboHckn 6GaceiH. BbnpockT 3a
3a CbabPKaAHMETO W pasnpeaeneHneTo Ha repMaHmii, ranui Pa3Npe/enexneTo Ha Tesn eneMeHT BbB Bbinila OT ipyru

W UMPKOHWIA Ca M3CreaBaHW BbIMMLLATA U BbIMULLHUTE CKani GBHFaPCKM baceithn e pasrnexaad B paboture Ha MinCev &

oT 13 Gbnrapckv GaceiiHa 1 Haxoauwa. Bbrmuwara ca c Eskenszi (1963), Eckenasv (1969) u Eskenazy (1967; 1987).

pasnuyHa Bb3pacT U paHr. /3creasaHn ca NUrHUTYA OT ceaem
HeoreHckn baceitHa u Haxoguwa — Codwmiicku, Benobpexku,

3anapHomapuwiky, Kapnoecku, CamokoBcku, KiocTeHannckn n MaTepuan u MeToAuKa Ha u3cneaBaHe

labposyua. KagpssuTe BbrimiLa ca muoLeHCkM oT Oparoo v WacnengaHu ca 819 npobu OT BbIMMLLA U BBIIALLHN CKamy.
naneoreHcki ot MepHULLKUS GACEMH, @ YEPHUTE — EOLIEHCKM

o
oT CyxocTpen u LeHoMaHcku oT BankaHbac. AHTpauuth ca Te ca onenenexy npu Temnepatypa ot 800 C. Menenta e
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aHarnuaupaHa 4Ype3 norykonuyecTBeH cnektparneH u ICP-MS
aHanuau.  [onyyeHnte  pesyntatn  ca  0bpaboTeHw
CTaTUCTMYECKM, KAaTO ca onpedeneHn KoeduUMeHTUTe Ha
Kopenauusi Mexay enemeHTUTe W NenenHoTO ChAbpkaHue.

Pe3yl1TaTVI N QUCKyCus

lepmanut. CobabpkaHmeto Ha Ge B nenenta Ha
W3CnedBaHWTE BbIMMWA He € BUCOKO W HaaBWLLABA
HE3HAYNTENHO Krnapka Camo BbB BbIMMWHATA nenen ot
Kapnosckust GaceiiH, a € OKONMOKNapkoBO B Menenta Ha
coduickute nurHut (Tabn. 1). MHoro no-Hucka (6,5 go 9
MbTW) OT KNapka e KOHLEHTpaLusiTa Ha enemeHTa B nenenta
Ha rabpoBULLKUTE NUTHUTH, CYXOCTPENCKUTE YEPHU BBINLLA U
CBOTEHCKUTE aHTpauuTu (Tabn. 1).

Tabnuya 1
CpenHo cvabpxaHue Ha Ge, Ga, Zr BbB BbIMMLLHATA Nenen
0T 6bnrapcku 6aceinHu

baceitHu Bpoii Ha CpenHo cbabpxaHue
npobute (ppm) B nenenta Ha:
Ge Ga Zr

3anagHoMapuLLKu 51 2,2 6,6 14,4
Benobpexku 91 2,8 65 | 21,3
CraHsHup 38 2,2 2,1 H.0.
Cocpuiickm 89 10,3 | 27,5 | 54,0
CamoKoBCKM 31 4,2 325 | 675
Kapnoscku 23 14,2 2,0 56,4
labposuua 46 1,7 11,1 | 1444
KiocTeHamncku 39 2,3 351 | 81,2
OpaHoBckM 61 3,4 8,4 14,2
[MepHMLLKM 35 7,0 24,3 | 113,6
Cyxoctpen 42 2,7 30,0 | 28,0
BankaHcku 33 8,3 13,3 | 15,0
CBOreHCKM 90 2,0 18,0 | 40,0
Knapk 3a nuramTi
1 KadsBy 11 29 190
Bbrmwa’
Knapk 3a 4yepHu
BbITNLLA U 18 36 230
aHTpaumTy’

1- no Ketris, Yudovich (2009); H.g. — HAMa gaHHK

AHarormyHa € cuTyauusiTa cnpsMo  knapka no  Ketris,
Yudovich (2009) wu npu camute BbrMwa (Tabn. 2).
CbObpxaHusiTa Ha eneMeHTa B M3CNeABaHWTE BbIMLA
nonagat B uHTepeana no Swaine (1990), kato ca no-6nm3km
[0 [OfHaTa My TrpaHWua, KaTo W3KMYeHWe MnpaBsT
3anagHOMapULKNTE UM OpaHOBCKUTE BbImuvwa (1abn. 2).
KoHueHTpauusta Ha Ge BbB BCMYKM BBIMWA € MHOMO no-
HWCKa OT cpegHoTo 3a cseTa no Valkovic (1983) (tabn. 2).
KonnyectBoTo Ha Ge e HagkmapkoBO Camo B nenenta Ha
BbrivwHnTe rmnHu o1 Codminckus (Tabn. 3). OcobeHo Hucko e
CbAbPKaHMETO HAa €eneMeHTa BbB BBITMLHUTE CKanu OT
3anagHomapuwkiug, Kapnosckusi, CamokoBckusi,  KiocTeH-
punckust n OpaHoBckus 6acenH (tabn. 3). Okonoknapkosata
KOHLIEHTpaLWsl B COCDUIACKMTE MUTHUTW W HaaKnapkoBaTa BbB
BbIMMWHM [MWHA € TUNMYEH NpUMep 3a ponsiTa  Ha
OpraHMYHOTO BELLECTBO KaTo KOHLEHTpaTop Ha Ge, Tbil kato
CbAbPKaHWETO My ckanuTe oT OperoBata MBULA € MHOMO
HMCKO W Camo B aHAe3uTUTE oT ButoLwkus nnytoH e 1,0 ppm.
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Tabnuua 2
CpenHo cbabpxaHnue Ha Ge, Ga, Zr B Obnrapcku Bbrimiia

baceitHu Bpoit Ha CpefHo cbabpxaHne
npobute | (ppm) BLB BbrAMLATA Ha:
Ge Ga Zr

3anagHoOMapuLLKK 51 0,4 1,2 2,5
Benobpexku 9 0,9 2,2 7.1
CraHsHuu 38 0,8 0,8 H.A.
Codhuiickn 89 19 50 18,5
CamoxkoBcku 31 0,8 9,0 19,3
Kapnoscku 23 29 04 11,5
labpoenua 46 0,5 3,2 413
KrocteHamncku 39 0,8 11,7 27,1
OpaHoscku 61 0,3 0,7 1,2
[MepHULLKM 35 1,7 59 27,7
Cyxoctpen 42 0,8 8,4 7,8
bankaHcku 33 2,0 3,0 4,0
CBOreHckm 90 0,8 7,2 1,6
Knapk 3a nurmmy
W KahsiBu 2,0 55 35
Bbramwa’
Knapk 3a 4epHu
BbIMMLLA U 2,4 6,0 36
aHTpauuTy’
CpeaHo 3a cBeTa? 5 H.0. 30
WHTepBan Ha
CbabpXaHue BbB 0,550 | 1-20 | 5-200
Bbramwaras

1- no Ketris, Yudovich (2009); 2 — no Valkovic (1983); 3 - no
Swaine (1990); H.4. — HAMa faHHK

Tabnuya 3
CpegHo cbgbpkanme Ha Ge, Ga, Zr B nenenta Ha
BbITULHWTE TTIMHWA U aprunuTy

baceitHu bponHa | Ge Ga Zr
npobute | ppm | ppm ppm

3anagHoMapuLLKK 9 0,3 16,2 40,3
Benobpexku 8 0,8 58 22,5
CraHsHuu 10 2,0 2,0 H.0.
Codbuitckm 19 38 | 295 | 320
CamoxkoBcky 9 0,1 225 | 376
Kapnoscku 10 0,3 2,1 50,0
[abposuua 12 1,5 15,7 | 2024
KiocTeHaumncku 9 0,2 38,0 22,3
OpaHoBckm 19 0,0 | 30,3 0,0
[MepHNLLKM 9 08 | 329 | 107,7
Cyxoctpen 8 1,0 | 310 | 10,0
bankaHcku 7 20 | 20,0 | 30,0
CBOreHcKm 21 0,8 19,1 451
Knapkosu
CbObpXaHus 3a 3,0 14 140
BBITALLHM [TIAHK 1
aprunuti’

1- no Ketris, Yudovich (2009); H.A. — HIMa AaHHN

KoeduumeHTuTe Ha Koperauus Mexay KOHLEHTpauusTa Ha
Ge W MenenHoTo ChbAbpXaHWe ca OTPULATEMHW 3a BCUYKN
BbITMILA, KAaTO CaMO B CTaHSIHCKUTE W rabpoBuLIKUTE
CTOHOCTTa UM € NOZ CTAaTUCTMYECKM 3Hauumara (1abn. 4). B




CTaHsIHCKMTE W rabpOoBMLLKUTE BbIMMWA KOMMYECTBOTO Ha
ereMeHTa 0CTaBa NoyTW MOCTOSIHHO NPY pa3nuyHa NenesnHocT,
a B OCTaHanuTe psi3ko Hamansea C HapacTBaHe Ha NenenHoTo
cbabpkanue (ur. 1). Bbe Beuuky Bbrmwa Ge nposiBsBa
BMCOK OpraHW4eH acuHUTET, @ CaMO B CTAHSHCKUTE U
rabpoBulLkMTE — cMeceH. Peauua aBTopu cbobujaBaT 3a
BMCOK OpraHuyeH acmHuteT Ha Ge (Otte, 1953; MuHues,
EckeHasun, 1961; 1972; Gluskoter et al., 1977; Miller, Given,
1978; 1987; Kuhn et al., 1980; Harvey et al., 1983; EckeHasn,
MwunueBa, 1983; 1994; Parrek, Bardhan, 1985; Querol et al.,
1997a, Ward et al., 1999). Querol et al. (2001a) yctaHoBsiBa OT
53 po 98% opraHuyeH aUHUTET B HSKOM aMepuKaHCKM
Bbrivwa. He manko ca faHHUTe 3a cMeceH agmHuTeT Ha Ge
(Nichols, Loring, 1962; Ward, 1980; Querol et al., 1996;
Crowley et al., 1997, Warwick et al., 1997), a Querol et al.
(1997b) npuBexgaT OaHHW 3a MONOXMTENHa Kopenauws ¢
anymocunukaTHaTa cbCTaBka Ha BbITMLLHATA Nenen UM Cbe
cApaTa, PECreKTUBHO NupuTa.

Tabnuya 4
KopenaunoHHn koeduumeHT Mexay CbabpxaHueTo Ha Ge,
Ga, Zr 1 NenenHoTo CbabpkaHue

lpaHmy-
baceliHu Ha Ge- Ga- Zr-
CTOWHOCT | nenen | nemen | nenen
Ha o
3anagHoMapuLLKK 40,28 -0,75 | +0,58 | +0,52
Benobpexku +0,20 -0,65 | -0,18 | +0,10
CraHsHup +0,32 -0,02 -0,01 H.0.
Cocpuiickm +0,22 -0,52 | +0,05 | -0,49
CamokoBcky 40,35 -0,91 -0,36 | -0,38
Kapnoscku +0,41 0,72 | +0,05 | -0,48
labposuua +0,25 -0,31 | +0,36 | +0,46
KiocTeHamncku 40,32 -0,98 | +0,06 | -0,75
OpaHoBcku +0,25 0,61 | +0,68 | -0,57
MepHULLIKN +0,33 -0,70 | +0,46 | -0,18
Cyxoctpen 40,29 -0,56 | +0,02 | -0,76
BankaHckm +0,36 0,65 | +0,51 | +0,61
CBoreHcku 40,21 0,69 | +0,18 | +0,29

BuoreHHaTa opraHuyHa dopma Ha Ge efBa nn e Bb3MOXHa,
Tbil KaTO CbAbPXAHWMETO My B pacTeHusaTa cropen Bowen
(1966) e egpa 0,05 ppm. CopbumoHHaTa opma Ha enemeHTa
€ KaTo KOMMIIEKCHU XymaTu (Xenatu) npu BbIWLWA OT HUCHK
PaHr W repMaHnin-0praHnyHN CbeaVNHEHNS MPW BbITMLLA C MO-
Bucok paHr (OmoBmy w gp., 1985). Habniogasa ce
oboratsiBaHe Ha BUTpeHa ¢ Ge, KOETO Ce ObMKM CocoBHOCTTa
3a KomnnekcobopasyBaHe Ha [AepuBaHUTE Ha MMrHMHA
(KOpoBuny, Ketpuc, 2002). Yudovich (2003) n FOgosuy, Ketpuc
(2004b) otbens3gar, Ye enemMeHTHT MOXe Aa 6bae dusnyeckm
copbupaH OT OpraHM4HOTO BelecTBO WM fa obpasysa
Xymatu, dynsati 1 xenatu. MunepanHata copma Ha Ge e
CBbp3aHa MPEAMMHO CbC CUNMKaTUTE, B KOWTO Criopes
tOpoBny, Ketpuc (2002) Toit 3amectBa Si IOHW, a ToBa
obsicHsBa ¥ nonoXwuTenHata kopenauuss Ha Ge ¢
anymocunvkaTHata CbCTaBka Ha MenenTa, YCTaHOBEHa OT
Querol et al. (1997b). KOposwy, Ketpuc (2002) cmsatart, ye
enureHeTYHOTO oboratsiBaHe Ha Bbrnmwata ¢ Ge ce Sbmku
Ha cyndmaHaTa MuHepanusauus.
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®ur. 1. PasnpepeneHne Ha CpegHOTO CbAbpxaHWe Ha Ge B
3aBUCUMOCT OT MENeNHOTO CbhAbpXaHue: 1 — 3anagHoOMapULLIKK
GaceliH; 2 — Benobpexku 6aceiiH; 3 — CTaHsHCkM bGaceitH; 4 —
Codmincku baceitH; 5 — CamokoBcku GacenH ; 6 — KapnoBcku
OaceiiH; 8 — labpoeuua; 9 - Kioctenguncku 6GaceiH; 10 —
OpaHoBocku 6aceitH; 12 — MepHuwku 6aceitH; 13 — Cyxoctpen;
14 - BankaHb6ac; 15 — CBoreHcku 6acentH

Kakto e kasaHO mo-rope, usxopHata pacTUTENHOCT He e
n3TouHMK Ha Ge B TopdeHoTo Bnato. OCHOBEH M3TOYHMK ca
ckanuTe OT noAxpaHBallaTta MpoBMHUMSA, HO B OperoeaTa
WBMLUA Ha w3cnegsaHuTe OaceitHu SIBHO HAMa ronmemu
HaTPYNBaHMS U CbAbPXAHUETO Ha ENeMEHTa B U3CNeABaHUTE
BbrMwa He e Bucoko. K0gosid n Ketpuc (2002) otbensisear,
Ye KUCEeNMMHHOCTTA Ha CpefaTta OKasea BIMSHWE BbPXY
3aMEeCTBAHETO Ha METOKCUITHWTE TPYnu M Ype3 TOBa BbPXY
KOHLIEHTpauusTa Ha Ge, Tbii KaTo B OBMKHOBEHUTE XyMUHOBH
KMCENMHM C enemeHTa BCTbMBaT B peakuus camo 7% ot
(yHKLMOHANHUTe rpyni. SIBHO Ha ManKoTO KOMMYECTBO Ha Ge,
KOETO e MocTbnBano B TopdeHuTe Ornarta Ha MoBe4veTo OT



u3crenpaHuTe 6aceitHu e G1UNo AOCTaTbYHO U TO3MU OrpaHUYeH
Bpoit hyHKLMOHAIHM rpyry 33 CBbP3BAHETO MY C OPraHUYHOTO
BeLLecTBO. B TopcennTe 6nata Ha aeata 6aceiHa (Codmiickn
n Kaproscku), B KOUTO € HafKnapkoBO CbAbpXaHWeTo Ha
enemeHTa, pH Ha cpemata Bapupa B LIMPOKW rpaHuULW 10
HeyTpanHa. HeytpanHata u cnaboankanHara cpefa cnopej
tOpoBuy n Ketpuc (2002) e no-6naronpusitHa 3a CBbP3BaHETO
Ha Ge C OpraHW4YHOTO BELEeCTBO M ToBa, obycnaes mno-
BMCOKMTE KOHLIEHTpaLMM B Te3u BbIMWlwa. B uacregsaHuTe
BbIMMLLA EnUreHeTMYHaTa MUHepanu3auus edsa v e
uaurpana CblUeCTBEHa PONs Ha HaTpynBaHeTo Ha Ge, Tbil
KaTo BbB BbIMMLATa C NO-TONsMa HanykaHOCT CbAbpXaHNeTo
Ha eneMeHTa e Hucko. [o-BUCOKO e TO B GankaHckute
BbINLLA, HO € 3HAYUTENHO NOAKIAPKOBO.

[anuid.  Cobobpkanveto Ha Ga e npesuwasa
HesHaunTenHo knapka no Ketris, Yudovich (2009) camo B
nenenta Ha KIOCTEHOWNCKATE M CAMOKOBCKMTE BbIMMLIA,
J0KaTo B OCTaHanuTe € nogknapkoBo (tabn. 1). OcobeHo
HuUcka (okono 14,5 MbTW nog knapka) e KOHUeHTpauusTa Ha
eneMeHTa B CTaHSHCKMTE W KapnoBCKUTE IMMHWTW. BbB
BbInMWaTa CbAbpxaHWeTo Ha Ga e HaaKknapkoBo B
KIOCTEHWUIICKATE, CaMOKOBCKWTE, NEPHULLKUTE, CyXoCTpen-
CKMTE W CBOreHckuTe (Tabn. 2). [laHHWTe 3a KONUYECTBOTO Ha
ereMeHTa B M3CNeABaHUTE BbITULLA NONaaaT B MHTepBana Ha
cbabpxaHue no  Swaine  (1990) ¢ wu3kOYeHWe Ha
CTaHsIHCKMTE, KapMOBCKUTE WM OPAHOBCKUTE UTHWUTMW, B KOUTO
KOHLEHTpaLusITa € No-Hucka OT To3W HTepBan (Tabn. 2).

KoHueHTpaumusaTa Ha Ga BbB BbIULWHWATE CKamK OT NOMTM
BCUYKM M3crnenBaHu BaceiiHM M Haxogulia e HapdKnapkoea
(tabn. 3). MWsknwoueHme npaBaT camo  BenobpexkuTe,
CTAHSIHCKUTE W KapMIOBCKWTE IMMHN, CbAbPXaHWETO Ha Ga, B
kouto e or 24 p[o 7 MbTW NO-HUCKO OT Knapka. B
nogxpaHBeallaTa npoBuHUmMsA Ha CTaHsHckus, Benobpexkus n
Kapnoeckusi BaceiiH KOnMYeCTBOTO Ha €nemMeHTa §BHO €
HE3HAYNTENHO U 3aTOBA M BbB BbITMLLATA U BbB BbITLHUTE
CKanu TO CblUO € MWHMManHo. ToBa e CBbp3aHO C Mo-
rofisIMOTO y4yacTe Ha kapOOHaTHM Ckanu B CTpoexa Ha
OperoBata MBMUa, ocobeHo Ha mbpeuTE ABa OaceiHa. 3a
OpaHoBckust 6aceiH, otyacTyi v 3a 3anagHomapuLLkus 6acenH
MOXe da Ce Kaxe, Ye ycroeusiTa B TOpdeHOTO Brnato 3a
(bukcupaHe Ha enemeHTa sIBHO ca Gunu HebnaronpuaTHY, Thil
KaTo 3@ pasnuka OT BLITIMLLHWTE CKanu, CbAbPXKAHUETO My
BbB BbITMLLATA € MHOrO Hucko. OBpaTHOTO MOXeE Aa Ce Kake
33 CAMOKOBCKMTE BbITINLLA, B KOUTO KOHLEHTPaLMsTa Ha Ga e
MHOTO MO-BUCOKA OT TaaW BbB BLITIULHUTE CKaru.

Camo B nwurHutute oT CamMoKoBCKMSI 6aceiH KOHLeH-
TpauwnsTa Ha Ga HamansBa C HapacTBaHe Ha MenennHocTTa
Ce YCTaHOBsBa OTPMUATENEH KOE(WLMEHT Ha kopenauws C
nenenta (tabn. 4). B Tean nuriutn Ga nposiBaBa mo-BUCOK
opraHuyeH aduHUTET, 3a KakbBTO B ApyrM BbIMULA
cbobuwaeat u Otte (1953), Munyes, Eckenasn (1963), Parrek,
Bardhan (1985), Miler, Given (1987), Ward et al. (1999), a
Querol et al. (2001a) ycraHossBaT 53% OpraHuyeH auHuTET
BbB BbmMwa ot Mnuwonc (CALL). BbB Bbrivwara ot
Mapuua-3anag, OpaHoBo, [abposuua, MepHuk u bankaHbac
€I1EMEHTBT MPOsiBaBa NPEaNMHO HEOPraHYEH aMHUTET, Thil
kaTo KoedMUMEHTUTe Ha Kopermauws C rmenenra ca
MONOXMTENHM M 0coDOeHO npu MbpBUTe [Ba baceiHa ca C
BMCOKa CTOMHOCT (Tabn. 4). ChabpxanneTo Ha Ga HapacTea C
yBENMYaBaHe Ha nenenHocTTa (dur. 2).
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®ur. 2. PasnpepeneHne Ha CpPeAHOTO CbAbpXKaHue Ha Ga B
3aBUCUMOCT OT MENenHOTO CbhAbpXaHue: 1 — 3anagHoMapULLIKK
GaceliH; 2 — bBenobpexku 6aceiiH; 3 — CTaHsHCku bGaceiH; 4 —
Codmincku baceitH; 5 — CamokoBcku GacenH ; 6 — KapnoBcku
OaceiiH; 8 — labpoeuua; 9 - Kioctenguncku 6GaceiH; 10 —
OpaHoBocku 6aceitH; 12 — MepHuwku 6aceitH; 13 — Cyxoctpen;
14 - BankaHb6ac; 15 — CBoreHcku 6acentH

[aHHu 3a npeobnagaBaly HeopraHuyeH adMHUTET WK
CUITHa Kopenaums C anymocurnvkaTHaTa 4YacT Ha HeopraHuy-
HOTO BeLLeCTBO ca NybnmkyBaHM B MHOrO pabotn (EckeHaan,
MwunyeBa, 1994; Querol et al., 1996, 1997a,b, 2001b; Crowley
et al., 1997; Warwick et al., 1997; Karayigit et al., 2000, 2001,
Alastuey et al., 2001), a Querol et al. (2001a) ycTaHoBsBaT OT
57 po 83% HeopraHWyeH acMHUTET B HAKOM Bbrimwa. B
OCTaHanuTe w3crnegBaHn Bbrmuwa Ga nposiesBa CMECEH
a(PMHUTET, TbI KaTO KOE(ULMEHTUTE Ha Kopenaums ¢ nenenta
ca nonoxutenHn (Cocus, CamokoB, Csore, KrocteHgun,
Cyxoctpen) unum otpuuatentu (bebu 6psr, CTaHsaHLy), HO CbC



CTOMHOCT NOf CTaTUCTMYECKM 3Hauumata (tabn. 4), a
CbbPKAHUETO Ha €neMeHTa OcTaBa MOYTK NOCTOSHHO MpK
pasnuyHa nenenHoct. Nichols, Loring (1962), Pipiringos
(1966), Kuhn et al. (1980) cbwo cbobwasat 3a CMeceH
adwmuuteT Ha Ga. Eskenazy (1967) ycrtaHoesBa, 4e Ga
afgcopbupa OT OpraHMYHOTO BELUECTBO MOYTM B eAHakBa
creneH npv pH ot 3 go 7. K0goeud u ap. (1983) npegnonarar,
Ye C HamansBaHe Ha KMCENWHHOCTTa Ha cpepata
copbumoHHaTa popma Ha enemeHTa nopaan HectabunHocTTa
CM NpeMuHaBa B MuHepanHa. CbabpkaHueto Ha Ga B
pacTeHusTa e cumonuyHo — 0,05ppm (Bowen, 1966), nopagm
KOETO edBa N e Bb3MOXHO MPUCLCTBMETO Ha 6OuoreHHa
¢hopma Ha enemenTa. CopbumoHHaTa dopma e cBbp3aHa CbC
CRoXHUTE Xymatu - xenatu (K0gosuy u ap., 1985), a EckeHasm
(1969) ycraHoBsiea, 4e Ga obpasyBa  KOMMIIEKCHU
CbeauHeHNs ¢ amuHokucenuHu. MuHepanHaTa copma Ha
eneMeHTa € CBbp3aHa NouTW U3LSNO C IMUHECTUTE MUHEPANW.
tOgoBuy 1 gp. (1985) cbobLyaBaT 3a y4acTMeTO My B HSIKOW
3eonutn (HatponmT). Yact ot Ga moxe fa Gbae npumec B
cynduam (Koposuy, Ketpuc, 2002).

[enbT Ha u3xogHaTa pacTUTENHOCT KaTo U3TOYHUK Ha Ga e
He3HauuTeneH, Taka Ye OCHOBEEH W3TOYHMK Ca Ckanute OT
nogxpaHeawlara npoeuHUMA. Bwrmuwata ot 6aceiHu, B
noAxpaHBaLlaTa NpoBUHLWSA Ha KOUTO kapBoHaTHWUTE ckanu ca
npeobnagaeaLum (3anagHomapuLLkw, Benobpexku,
CraHsHckn,  Kapnosckw, — abpoBuua) — KOHUeHTpupart
MUHUManHW konuyectea Ga (Tabn. 1). YcTaHOBEHMAT oOT
Eskenazy (1967) TBbpae Wwupok uHTepean Ha pH, B kointo Ga
ce agcopbupa OT OpraHMYHOTO BELLECTBO, KaKTO W TOBa, Ye
Mpu pasnuyBa KNCENMHHOCT ce OTnarat rMHeCTUTE MUHEpanm
nokassa, 4e pH Ha cpefaTa He Oka3Ba CbLUECTBEHO BMNSHWE
BbpXy KOHLEHTpauusiTa Ha eneMeHTa BbB BbIMMLATA.
Bpb3kata Ha Ga  nNpeauMHO C TMMHECTUTE MWHepanu
WU3KMKOYBA Bb3MOXHOCTTA ENUrEHETUYHUTE MUHEepanu3aumn aa
ca (haKTop 3a HaTpynBaHeTO My BbB BbrIMLaTa.

LupkoHul. CbabpxaHMeTo Ha Zr B menenta Ha BCUYKM
U3CneaBaHW BbIMNLWA € 3HAYNTENHO NOaKNapkoso (Tabn. 1).
BbB BbIMMLWATA ENEMEHTLT € C HaAKTapKoBO ChAbpXaHue u
Hag cpepgHoTo 3a cseta no Valkovic (1983) camo B
rabpoBuiukute nurHuTy (Tabn. 2). KonwnuectBoto Ha Zr B
MoBeYeTO BBIMMLLA NOMafa B MHTEPBANA HA CbabpXaHWE Mo
Swaine (1990). WsknoueHne npaBAT 3anagHOMapULLKNTE,
OpaHOBCKUTE, BarnkaHCKUTE W CBOrEHCKUTE BbIMNLA, B KOUTO
KOHLiEHTpaUusiTa Ha efleMeHTa € Mo-Hucka OT TO3W MHTEepBan
(tabn. 2).

BepoatHo cbabpxaHWeTO Ha Zr € HUCKO B CKanute OT
nogxpaHBallara MpoBWHLMS Ha MOYTW BCUYKM BaceitHn, Tbi
KaTo ¥ B MenenTa Ha BbIMLWHMTE CKanu Konm4yecTBata Ha
ereMeHTa ca nopaknapkosu (tabn. 3). WsknioueHne npasw
camo Haxoguule Mabposuua, B KOETO KOHLEHTpauusTa Ha Zr e
HaJKMapKoBa 1 BbB BLITIMLLHUTE CKanmn (okono 1.4 mbTu Hag
Knapka) ¥ BbB Bbriuwata (tabn. 1, 2, 3).

B noBeyeTo OT W3cneaBaHnTe BbITMWa KoednLMEHTUTe Ha
Koperauusi Mexmay KOHUEHTpauusTa Ha Zr M NenenHoTo
CbAbpkaHMe ca OTpULATENHM, a CbC CTOMHOCT Hap
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CTaTUCTMYECKM 3Haummata ca B Team oT  Codpuidcku,
Kapnosckn, Camokoscku, KiocteHauncku, OpaHoBcku BaceitH
n CyxocTtpen (1abn. 4). Habniopaa ce HamansiBaHe Ha
KONMYECTBOTO Ha Zr C HapacTBaHe Ha nenenHoctTa (cur. 3 -
9). B Tean BbIMMWA eNEeMeHTLT MposiBaBa npeobnapasaly
opraHnyeH aduHuteT. C MONOXWTENHA M CTaaTMUCTUYECKM
3HauMMa CTOMHOCT Ca KOpemnaLMoHHUTe KoeduLmeHTH Ha Zr ¢
nenenTa B 3anagHoMapuLLkuTe, rabpoBuLkuTe, GankaHckute
W CBOreHCkuTe BbrMwa (Tabn. 4), a CbObpXaHWETO Ha
efleMeHTa HapacTBa C yBenuyaBaHe Ha nenentoctra (cur. 3 -
1,12). AdmHUTETLT Ha Zr B Te3n Bbrnuwa e npeobnagasallo
HeopraHuyeH. Camo B 6enobpexkuTe 1 NepHULLKITE BLIINLLA
KopenauuoHHUTE KOe(ULMEHTU Ca CbC CTOMHOCTW MOA
CTaTUCTMYECKN 3HauMmuTe (Tabn. 4) u IBHO Zr e CbC CMeceH
admHnTeT. KOHLEHTpaLmusaTa My Ce MpPOMEHS HE3HAYUTENHO
Npu HapacTBaHe Ha MEenenHoTo CbabpkaHue (dur. 3 - 2).
JaHHu 3a npeobnapasaly opraHuyeH aduHuTeT Ha  Zr
npueexgat Otte (1953), Ward (1980), Spears-Tarazona
(1993), Querol et al. (1997a). MHoro6poitHu ca paboTute, B
kouto ce cboblaBa 3a npeobnagasaly HeopraHuyeH
aduHuTeT B peguua Bbravwa (Munyes, EckeHasw, 1972;
EckeHasn, Munuesa, 1983, 1994; Querol et al., 1992, 1996;
Crowley et al., 1997; Dill, Wehner, 1999; Karayigit et al., 2000,
2001). [lonoxwTenHa kopenauus C BUCOKA CTOWHOCT C
anyMmocunukaTHaTa CbCTaBka Ha MWHEPANHOTO BeELECTBO
ycTaHossBaT Querol et al. (1997b, 2001b) u Alastuey et al.
(2001). Querol et al. (2001a) onpepenst ot 10 go 40%
OpraHn4eH acmHUTET Ha Zr B HSKOM aMepUKaHCKW BbrIMLA.
MpuBexaaT ce AaHHM W 3a CMECEH athMHUTET Ha eneMeHTa
(CmupHos, 1969; Kajima, Kurusawa, 1986; Warwick et al.,
1997).

HOposuy, Ketpuc (2002) npegnonarat, ye Zr Mmoxe Aa
NpMCbCTBa BbB  BbIMMwarta nop 6uoreHHa  dopma.
OTHoCUTENHKAT Asn Ha Tasu opma obavye eaga nv e ronsm,
Tbii KaTO CbAbPXKAHMETO HA eneMeHTa B pacteHusTa e 0,64
ppm (Bowen, 1966). KOpouy v ap. (1985) Bb3 OCHOBA Ha
oboujaBaHe Ha peguua pabotn cbobLiaBaT 3a KOMMIEKCHM
€NeMEHTOOPraHUYHN CbeAMHEHUS HA Zr NPW HUCKW CTOMHOCTY
Ha pH. MwHepanHaTa (opma Ha enemeHTa e CBbp3aHa
W3KIKIOYNTENHO C LMPKOHA, KOWTO € MPEAUMHO TEPUrEHeH.
Finkelman (1980) cuuta, Ye YyacT OT UMPKOHA € CUHrEHETUYEH
W e (PMHOAMCMEPCHO BKMIOYEH B OPraHWYHOTO BELLECTBO.
Cnopen KOposuy n Ketpuc (2002) mHoro ot cnyvante Ha
oboraTsiBaHe Ha NO-HUCKOMENenHU BbINNLWA C Zr Ce AbMKM He
Ha npeobrajaBaHe Ha oOpraHWdyHata My copMa, a Ha
CMHFEHETUYHMS LMPKOH. Bb3MOXHO e W B u3cneaBaHuTe
BbINLLA OTPULATENHUTE KOBULMEHTM Ha Kopenaums Ha Zr ¢
nenenta fAa Ce [AbMKM Ha CUHTEHETUYEH LMPKOH, HO
MWHEPANbT HE € YCTaHOBEH MNpW  MUHEpanoxkuTe
n3cnepsaHns. CbabpxaHuaTa Ha Zr BbB BCUYKW WU3CHELBAHM
BbIMWLLA Ca MOAKMAPKOBM M € Bb3MOXHO ronsMa 4act oT
KONMYECTBOTO MY Aa € CBbP3aHO C OPraHWYHOTO BELLECTBO,
0cobeHo 3a HacelHn ¢ HUCKM CTOMHOCTM Ha pH B TopdeHnUTe
6rnata  (KiocteHgun,  Cyxoctpen). CbC  curypHocT
nonoxuTenHata kopenaums Ha Zr ¢ NenenHoTo CbabpxaHue e
CBbp3aHa ¢ npeobnafaBalla MUHepanHa opma — TEpUreHeH
LINPKOH.
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®ur. 3. PasnpegeneHne Ha CpeAHOTO CbAbpXKaHWe Ha Zr B
3aBUCMMOCT OT MENeriHOTO CbhAbpXaHue: 1 — 3anagHoOMapULLIKK
GaceliH; 2 — Benobpexku G6aceiiH; 3 — CTaHsHCKM GaceiH; 4 —
Codminckm GacentH; 5 — CamokoBckn GaceitH; 6 — KapnoBcku
GaceiiH; 8 — labpoBuua; 9 - KioocteHaunckm GacenH; 10 -
OpaHoBocku b6aceiiH; 12 — MepHuwku 6aceiiH; 13 — Cyxoctpen;
14 - BankaH0ac; 15 — CBoreHcku 6acenH

OCHOBEH M3TOYHWK Ha Zr ca ckanuTe oT Bperoeara vBuUa Ha
TopcheHnTe Bnata. MHOro BucokaTa KOHLEHTpauus Ha
eneMeHTa B ananadykute Bbrvwa Hower et al. (1999)
CBbP3BaT C ByNKaHckaTa nenen. Hain-BMCOKU CTOMHOCTU MMa
CbObpKaHUETO Ha Zr B Te3nW BbIMWA Ha KOHTaKTa C
TOHLLANHOBUTE MPOCMOMAKK, OT KOWTO, Chopen aBToOpuTe,
€IIEMEHTBT Ce M3MY)XBa U NpeHacs BbB Bbrivwata. Kogosuy n
Ketpuc (2002) cbwo otbensssar BynkaHckara nenen Karto
Bb3MOXEH W3TOYHWK Ha Zr. Taka Hanpumep, B ckanute OT
Butowkus nnytoH cbabpxaHueto Ha Zr e 150 ppm
(Anekcues, 1960), fokaTto B OCTaHanuTe ckamu oT Bperosata
umUa Ha Codomiicknst GaceiH NpUCbCTBMETO Ha enemMeHTa e
CMMBOMMYHO, TH KAaTO CamoO B [JONMHOTpUAcKuTe Hacrar
KONM4ecTBOTHO My goctura o 6 ppm (KopTeHcku, 1989a).
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CbabpkaHueTo Ha Zr B COUACKATE BBIMULIA U BBIIWLLHN
CKanu e 3HauuTeNnHO NOAKNAapKOBO, Thbil KAaTO NOAXPaHBaHETO
0T Butowwkus nnyToH sBHO e 6uno cnabo. KakTo e otbenssaHo
no-rope BbB BCUYKM U3CMEABaHN BIIULLA W BBITIMLLHM CKanu
KOHLieHTpaLusTa Ha eneMeHTa e MofKNapKoBa, KOeTo SIBHO €
CBbP3aHO C He 0CODEHO BMCOKM CbbpXaHWs U B ckanute OT
noaxpaHBallata npoBMHUMSA. M3knioueHue BeposiTHO npasu
camo [abpoBuua, Tbil KaTO BbB BLITALIHUTE CKanW OT TOBa
Haxogulle ce YCTaHOBSBAT Haaknapkosu (okono 1,4 mbTw)
konmyectea Zr. lMo-cnabo kucenata cpega B TOPEHOTO
Bnato obaye He e Guna OnaronpusiTHa 3a CBbp3BaHe Ha
efemMeHTa C OpraHWYHOTO BeLLeCcTBO W TOW € no-cnabo
KOHLieHTpMpaH BbB Bbruwata. B TopceHute 6nata ¢ no-
kucena cpepa (Cyxoctpen, OpaHoBo) Zr siBHO e 0bpasyan
KOMMMEKCHN ENEMEHTO-OpraHuYHU CbeMHEHMS, Thil KaTo ca
BMCOKM OTPULIATENHUTE CTOMHOCTM Ha  KOPEnawuuoHHUTE
koecduumeHT ¢ nenenra. CbabpxaHUsiTa Ha eNemMeHTa B Te3u
BbMMLLA 0badye, ca MHOTO HUCKW W SIBHO MPUCHCTBUETO My B
ckanuTe OT MofXpaHBaliaTa MPOBUHUNS € HE3HAYUTENHO.
EnvreHetuyHata MuHepanusauust efsa nu e paktop 3a
nocTbNNeHne Ha Zr B WU3CMeBaHWTe BbIMWLLA, Thbii Kato B
TakvBa CUNHO HanykaHW M MMHEpanu3vpaHu BbIWLLA KaTo
CBOTEHCKUTE M BarkaHckuTe, KOHLETpauusTa Ha efemMeHTa e
MHOI0 NO-HUCKa OT Knapka. OcseH TOBa, enureHeTn4yHata
MUHepanusauua B K3CnegBaHUTe BbrMula € npegumMHo
cynduaHa u kapboHaTHa 1 He Moxe aa 6bae HocuTen Ha Zr.

3akntoyeHue

Camo B KaprnoBCKNUTe JNUrHATM W TAXHATa nenen ce
YCTaHOBSIBA HafknapkoBa KoHUeHTpauus Ha Ge, a BbB
Bbrmwara ot Camokoeckust u - Kioctengunckus  6aceiH
HaOKNapkoBO € CbabpkaHneTto Ha Ga. B octamanute
BbIIMWaTa W TAXHAaTa Menmen KOMuYeCTBOTO Ha TpwTe
eneMeHTa € nogknapkoso. BbB  BbMMWHMTE  CcKanw
KOHLeHTpauusTa Ha Ge camo B cOuickuTe 1 Ha Zr camo B
rabpoBuLIKMTE NMrHMTM e HapknapkoBa. OcobeHo e Hucko
CbObpkaHneto Ha Ga BbB  BbITUWHWTE  [AMHA  OT
benobpexcusi, CraHaHckust wn  Kapnoeckus GaceiiH. BbB
BBITULWHWTE CKanu OT ocTaHanuTe bacelHun KOHLEeHTpauusTa
Ha Ga e no-BuCOKa OT KnapkosaTta.. [epMaHWsT e C opraHuyeH
auMHUTET BbB BCWYKW M3CredBaHW BbIMWLA, KaTo C Haw-
BMCOKa CTOWHOCT € OTpuuaTenHata kopenauus ¢ nenenta B
KiocteHaumnckus n CamokoBckus 6aceitH. CaMo B CTaHsHCKUTE
nurimtn Ge e cbC CMeceH admHuTeT. lanuaT nposiesABa
CMeCeH admHMTET BbB BbIMMWaTta OT benobpexkus,
CraHsHckus, Codpmitckma  Kapnosckus,  KrocteHgunckus,
CsoreHckusi 6aceitt 1 CyxocTper, NPeAMMHO OpraHYeH camo
B CamoKoBCKWTE IWTHWTW, @ B OCTaHanuTe BbIMWA € C
npeaymMHO HeopraHuyeH aduHuTeT. B 3anagHomapuwkute,
rabpoBuLLKkuTe, BankaHCKUTE U CBOTEHCKUTE Bbrimwa Zr e ¢
npeobnapa.aly HeopraHudeH aduHuUTeT, B Genobpexkute 1
MEPHULLKUTE — CbC CMECEH, @ B OCTaHanuTe ¢ npeobnagasaly
OpraHu4eH aguHuTeT.

CbObpkaHUETO Ha ENEMEHTUTE B PACTUTENTHUTE OCTaHKW €
He3HauuTenHo. OCHOBEH M3TOYHWMK ca  ckanute  OT
nogxpaxeawlata nposuHUuMs. KoHueHTpatop Ha Ga u Zr ca
NPEOVMHO TIIMHECTUTE MUHEpanu, a Ha Ge — OpraHn4yHoOTO
BELLECTBO Ha Bbrmmwara. HanykaHocTTa M enureHeTnyHaTta
MWHEpanu3auus He OKa3aBaT CbLIECTBEHO BIWSIHUE BbPXY
MPUCLCTBMETO W KOHUEHTpaUMsiTa Ha  M3cnedBaHuTe
€NeMEHTHU.
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BbINULWEH METAH -TEXHONOIUKX 3A U3BINUYAHE

HAumumsbp T. Mepayee
“Osepeas MHk.” ALl, 1407 Cogpus; dimitar_merachev@overgas.bg

PE3KOME. EauH oT MeToauTe 3a OCUrypsiBaHe Ha ropua OT HETPAAMLIMOHEH M3TOUHMK, [OOMBaLL BCe noBeye nonynsipHocT, e CBM (coal bed
methane — MeTaH 0T BbIMNLLHM NNnacToBe). MeToabT HaMupa NPUIOXeHe BbB BLIWLLHM NNACcTOBE, 3ansrally Ha no-ronsma AbnbounHa, Kbaeto
MWHHaTa TeXHOMorus 3a JO6MBAHETO UM € TPYAHO NpUNoXuMa. 3a U3BMMYAHETO Ha BLITIULIEH METaH Ce M3MoN3BaT pasnuyHi TEXHOMOTUHK, KaTo
LienTa Ha BCsika efHa OT TsiX e MOBULWABaHE Ha MPOHWL@EMOCTTa BbIMWHMS nnacT. M36opbT Ha nopxopsila TexHonmorust criegsa Aa Obae
CbobpaseH C reonoxkus CTPoex Ha BacerHa 1 NeTpoU3NIHUTE NapameTpyu Ha BbIMLWHMA nnacT. KoMOMHMPAHOTO M3non3saHe Ha pasnuyHuTe
TEXHOMOMM OCUrypsiBa BUCOKW 1e6UTYH OT ra3 3a CpaBHUTENHO AbITbr NEpUOA OT BPEME.

COAL BED METHANE - TECHNOLOGIES FOR PRODUCTION
Dimitar T. Merachev
“Overgas Inc.”, 1407 Sofia; dimitar_merachev@overgas.bg

ABSTRACT. One of the methods for fuel production from unconventional sources is coalbed methane (CBM). This method finds application in
deep buried non-mineable coal seams. There are different technologies for coalbed methane production and the purpose of each one of them is to
increase the permeability of coal seams. The choice of different technology must be suitable with geological structure of the basin and petrophysical
parameters of coal seam. Combined application of different technologies will ensure high volumes of methane for a long time.

B cBeToBeH MalLab Bce noBeye cpeactaa ce MHBeCTUpaT - OUeHKa Ha BOOHWS Pecype;

B [0OuBa Ha ropuea OT HETPaZMLMOHHM WU3TOYHULM. KbM - oueHka Ha nnowTa, cregsawa Aa 6bae gpeHnpaHa
HEeTPaOWULMOHHUTE WM3TOYHMLM Ce OTHAacAT: rasoxugpature, (T.e. KOMM4YECTBOTO BOAA, KOETO crefsa fa ce aobue
OCTaTbYHMTE 3anacu OT HedT B HaxogWLiaTta, MeTaHbT OT 3a U3BNWYaHE Ha METAHOBMS PECYPC);

BbITMLWHWTE NNacToBe, GUTYMONNUTUTE, BOAOPA3TBOPEHUST - W3sCHsBaHe Ha (Pu3NYHUTE NapameTpu Ha nnacToseTe
ra3. 3a HAKOM OT Te3M M3TOYHWLM Ce UHBECTUpAT CpeacTBa (MPOHML2EMOCT, MyKHATUHHA BMECTMMOCT) ;

3a Cb3gaBaHe Ha TexHororss 3a [gobus, apyrn Beve - copbuuoHHa CMOCOBHOCT Ha MfacToBETE, CbAracHo
HamupaT  MPWNOXEHMe W 3agosonsBaT — yacT  OT copbuwnoHHaTa kpuea Ha JlaHrmyp;

notpebHocTuTe Ha ropuneo. OcobeHo BHUMaHKWe ce obpblua - NEenemniHOCT, paHr, TMn W AbnboYMHa Ha 3ansraHe Ha
Ha fobwea Ha copbupaH MeTaH OT BbITMLLHUTE NIacToBe. BbrMLwaTa.

Mpn wW3yyaBaHETO Ha METaHOBMS MOTEHUManm Ha [a30CbabpXaHMeTO BbB BBLIMMLWHWTE MIAcToBe Bapupa B
BbITMLHNTE DACEHN € HYXHO M3SICHABAHE Ha TEKTOHCKUTE Pa3fUYHM TpaHuLUM U e (PYHKUMS OT CbCTaBa Ha BbIMMLIATa,
YCMOBMSI W MAOWHATa W3ABPXKAHOCT HA  BBITMLLHATE AbnboynHaTa Ha 3ansraHe, UCTOpUSTa Ha reonoXKo pasBuTHe
nnactoee.  Heobxogumo €  u3ACHABaHETO  Ha Ha GaceitHa n murpaumsaTa Ha rasa. Cuuta ce, Ye BbImMLaTa,
XMOPOTEONOXKKNATE YCIOBUSA C Lien M3yyaBaHe Ha 30HUTE C Borat Ha BUTPUHWT U IMATUHWT, MOraT fa reHepupar ronemu
MOBMLLIEHA MUHEPanM3aLms Ha NOA3eMHIUTE BOAM. Te3W 30HM KOnm4ecTBa ras. bBUTYMWHO3HMTE BBIMLA Ca OCHOBHA LieN npu
Ca VHOWKATOp 3a M30nMpaHa XvApOoLAMHamMUYHa cucTema, B TbPCEHETO Ha BLITMLLEH METaH. [IBIKEHNETO Ha hyuanTe BbB
KOATO KonnyectBata copbupaH ras ca C  BMCOKO BbITNLHMTE NIAacTOBE Ce KOHTPOMMpa OT npoLeca Ha andyans.
CbbpXKaHue.

3a pasnuka OT TpPagUUMOHHUTE pPE3epBOapy BbIINLLHUTE

3a 13yyaBaHETO Ha BBITIMLLHWUTE MIACTOBE € HYXHO da ce NNactoBe WrpasT ponsTa Ha reHepupawy, usonupawm u
U3ACHAT cnegHute ycroeust (Mavor, Nelson, 1997), a BMECTBALLUM ckanu. BbriuvwHuTe pesepBoapu ca npeacTaBeHu
VIMEHHO: €OMHCTBEHO nog (hopmata Ha NnactoBe, CbObpkallm

- (uKCMpaHe Ha M30fMpaHa  XMapOoAMHaMKYHA OPTOrOHaNMHW MyKHATUHW, KOWTO C HAAMbXHA WKW HanpeyHa
cucTeMa; OpWEHTaLMS CNpsAMO HannacTsiBaHeTo (dour. 1).

- BUCOKO ra3oCbAbpXaHne Ha BbITULWHWA NNacT;
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s Ha N b3KHW NYKHATUHIA

— HEMPEYHW NYKHETIHI

Dur. 1. Pasnpe.qeneuue Ha NYKHaTUHUTe BbB BbINULLEH nnacTt

MeTaHbT BbB BbITWLHUTE NNACTOBE CbLUECTBYBA B [BE
CbCTOsHNA — cBOOOAHO W copbupaHo. Toil € NpoaykT Ha
€CTBeCTBeHaTa BbriedmkaLums. ['eHepupaHeTo My npoTuya
nof BAMSHWE Ha TepMoDapuyHUTE YCMOBMS B 3eMHUTE
Hempa W Ce u3ps3sea B npeobpa3yBaHe Ha BBITMLHOTO
BELIECTBO Ha MOMEKyNHO HWBO. B pesyntat Ha Tasu
TpaHcdopMaLmsa ce 0TAens MeTaH, KOWTO ce HaTpynea B
nnacToBeTe WNW MWrpUpa BbB BMECTBALuTE  CKanu-
konektopu. Yact oT rasa e (m3nyecku CBbp3aH C
OpraHMYHOTO BeLLecTBO, a Apyra e nog dopmata Ha
cBobopeH ra3 B nykHaTuHuTe M nopute. C yBenuyaBaHe Ha
pbnbounHata Ha 3andraHe Ha BBIMWLLHMTE MNacToBe
HapacTBa Temnepartypata 1 CbOTBETHO JOMUHWpALLA pons
MMaT reOXMMMYHUTE NPOLIeCH.

B npoueca Ha u3yyaBaHe Ha Bb3MOXHOCTUTE Ha
BBIIMLLHATE NACTOBE 3a OTAaBaHe Ha copbupaH MeTaH e
HYXHO M3MOM3BaHETO Ha peauua MeToau — TEOSOXKM,
COHAaXHW, reodmsnyHn u nabopatopHu. Heobxoguma e
WHTEpNpeTaLmMs Ha KOMMieKkca OT M3CMeABaHus, KouTo fa
BKIIOYBAT XapaKTEPUCTUYHW NapameTpu Ha BbIMMLLHMA
nnacT, kato; febenuHa; NnowHa M3LbpXaHoCT; CTPYKTYPHO
MOMNOXEHNE; ra30CbAbpkaHue; HansraHe; NPOHULAEMOCT.

Mpn n3yyaBaHETO Ha BbIAMWHUTE BacelHn e Heobxoanmo
nposexgaHeto Ha 3D ceuammuyHu npoysaHus. [lopaaw
TAXHaTa BUCOKA pa3pellaBalla crnocobHOCT (B pamkuTe Ha 1
m) morat fa 6baT nonyyeHn AaHHU 3a MUKPOTEKTOHWKATA
Ha GaceiHa, KOeTo € OT O0CODEHO BaXHO 3HaueHve 3a
W3BNNYAHETO Ha BIMMLLEH METaH.

Mpy npoKapBaHETO Ha COHO@XM € Heobxoaumo
npunaraHeTo Ha MOAXOAAL, KOMMIEKC OT  KapOTaxHM
u3cneaBaHus, KOMTo aa Obae cbobpaseH C M3MCKBaHMATA
npu wu3yyaBaHe Ha BBMUWHW nnacTose. Ham-LUMpoKo
MPUINOXEHNE HaMMUpa CPABHUTENHO HOBMST METOZ HapeyeH
Mukpodbokycupalla ckanupaia cuctema (FMI - Fullbore
Formation Micro-Imager) (Tenuyos, 2005; Schlumberger,
2003).

MeToabT f[aBa BbL3MOXHOCT fa ce uaeHTudmumpar
HAAMBXHUTE U HANPEYHUTE MyKHATUHW (dur. 2), HaknoHuUTe
1 NPOCTUPAHWUETO Ha NNacToBEeTe.

dur. 2. MeochusnyeH metopq FMI npu u3yyaBaHe Ha BBLIMMILHM
nnacrose

£10KOBOTO COHAMpaHe e 3agbiiKUTEeNneH eneMeHT B npoueca

Ha W3yyaBaHe Ha METaHOBMSI MOTEHUMan Ha BbITULLHUTE
nnactoBe W 0COOEHO C HacoveHocTTa CM 3a M3yyaBaHe B
nabopaTopHM yCrnoBMS Ha napameTpute 3a nogbop Ha
NOAXOASALM TEXHOMOrMM 3a U3BNMYaHe Ha MeTaH (Jenkins et al.,
2007). Teau napameTpu ca CreaHuTE:

- ras’oCbAbpKaHWe Ha BbIIULWHUTE NacToBE;

- CTOMHOCTM Ha copBuoHHaTa Kpusa Ha JlaHrmyp;

- BpeMe 3a agcopbus Ha peareHTa;

- BpeMe 3a aecopbuusi Ha peareHTa;

- BMa¥HOCT Ha BbMMLLHMS NNacT;

- NeneniHo CbAbpKaHWe Ha BLITULHMS NNacT;

- MOPECTOCT Ha BbITULLHMS NracT;

- NPOHMLAEMOCT BbITIMLLHMS NNacT.

ChblUeCTBYBAT HSKOIKO TEXHOMOIMM 3a M3BMMYAHE HA MeTaHa
OT BbITMLHUTE MNacToBe: 4Ype3 APEeHWUpaHe Ha BbITULHUTE
nnacrose; 4ypes HarHeTsiBaHe Ha COy; upes HarHeTsBaHe Ha Na.

Te3n TEXHOMOMM 33 M3BMMYAHE HA MEeTaHa OT BbIULLHUTE
NniacToBe Ca HACOYeHW KkbM “chusmdyeckn” CBbp3aHus ras. 3a
ocBoOOXAaBaHETO Ha TO3W a3 ca MpaBeHu cepust OT
WN3cnenBaHns B pasnnyHu TUNOBE BBIULLHN Gaceittu.

Mpw npunaraHeTo Ha Bceka efHa OT Te3n TEXHOMOTAN Ce Lienu
Ja Ce YBENMYM MPOHMLAEMOCTTa Ha BbIMWLLHUTE MNacToBe.
Mopagn hakta, Ye BbIMMWATA MMaT MHOMO  Marka
MPOHMLLAEMOCT, MKOHOMMYECK! LienechobpasHOTO U3BNMYAHE Ha
BbIULLHNAT MeTaH Moxe fa Gbhe peanusupaHo B HamykaHu
30HM, XapaKTepuaupalLy ce no-B1coKa NpoHuuaemocT. Mopaau
HMCKaTa MPOHWLAEMOCT XWAPaBNMYHATA MHTEPBEHUMS BbLPXY
NnacToBeTe e 3afbiKUTENeEH npouec 3a edeKTMBeH A06YB.
CBETOBHWAT OMUT MOKa3Ba, Ye CbLUECTBEHO BIUSHWE BbpXy
MeTaHOOTAaBaHETO OKa3Ba CbLO Taka NOCNeAoBaTENHOTO
HarHeTsiBaHe Ha PasnuyHu peareHTu.

3a  MOMeHTa  Hail-UMpOKO  MPUNOXEHWe  Hamupa
mexHosoausima Ha OpeHupaHe Ha BbIMUWHUTe nnactose. Mpu
HEHOTO npunaraHe Ce MpokapBaT COHOAXW, 4YMSTO Len e
CHWXaBaHe Ha MNacToBOTO HansraHe [0 KPUTWUYHU CTOMHOCTM.
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ToBa npeausBukBa AecopbupaHe Ha BBLIMMWHWSA ras.
TecToBeTe, CBbp3aHM C MPUMOKEHMETO Ha TO3M TuM
TexHonorus, ce Hapuyat — FALL OF TEST (unn Tect npw
cnajaHe Ha HansraHeTo). lomsMa 4acT OT COHOaxuTe,
npegHasHaveHn 3a [OOMB Ha BLITIMILEH MeETaH, fobuBat
3HAYMTENIHO KONMWYECTBO Boda W Manku obemu ot ras. B
pafeH etan oT Bpeme Ha aobusa obemute Boga Hamanssar
3a cMeTKa Ha yBenuyeHust 0bem fobuT ras. [asbT, KOUTO Cce
0Thens, e pa3TBOpPeH BbB BoAaTa U crefisa Aa ce cenapupa.
Mpn W3NOM3BaAHETO Ha TO3M TWM TEXHOMOTUS He ce
Habniogasa crabunusaums Ha gobutuTe  KOnMYecTBa.
[bpBOHaYanHo cneaBa fha Ce W3BNEeYE ronsMo KONMMYeCTBO
BOfa 3a [a 3anoyHe MeTaHooTAaBaHe. OBMKHOBEHO 3a [a
3anoyHe METaHOOTAaBaHE OT €A4WH BbIMWLWEH nnact ¢
npoHuuaemoct okono 5 mD u gebut Ha Boga nog 1l/sec e
HeoOX0AMMO ipeHMpaHe B NpogbiikeHne Ha 1 roguHa. Creg
3ano4yBaHe Ha METaHOOTZABAHETO CPaBHUTENHO ObP30 ce
peanuaunpa BMCOK 40OMB, KOWTO cnaja BbB BpEMETO.

Mpu NpunaraHeTo Ha MeXHo/Io2UMeE C HasHemseaHe Ha
asom unu evanepodeH Auokcud ce Lenu yBenuyasaHe Ha
MeTaHooTZaBaHeTo. Cref HarHeTsBaHETO Ha peareHTa
cTapTupa npouec Ha agcopbums BbB BbIMLLHUA nnacT. 1o
npeaBapuUTeniHoO U3yyeHn B nabopaTtopHu ycnosus npobu ca
OnpesdeneHn CTOMHOCTU Ha napameTpuTe Ha CopBuuoHHa
METaHOEMKOCT, Bpeme 3a agcopbuus u gecopbums. Cunta
ce, Ye BPeMETO Heobxoaumo 3a apcopbums Ha pereHTa u
Jecopbuns Ha rasa e okono 1 meceu. Pasnukata mexay
[BETE TEeXHONOrnn, CBbp3aHn C HarHeTsaBaHe Ha pasnuyHuTe
peareHTy, Ce u3passiBa B MPOLYLMPaHUTE KONMYeCTBa ras.
MMpu 13NON3BaAHETO Ha a30T Ce peanuanpar BUCOKM 4ebuTy,
HO 3a KpaTbk nepuog OT Bpeme. [pn HarHeTsABaHETO Ha
BbITIEPOAEH AMOKCUA Ce NOCTUraT no-Manku aebutn, Kouto
0CTaBaT (hvKCMpaHu 3a Mo AbITbr NEPUOA OT BpeME.

B 3aBucumocCT OT TexHororusTa, kosto cnefsa aa 6bae
n3bpaHa 3a M3BNMYaHE Ha BbIMNLLEH MeTaH, cneaea da ce
npokapat pasnuyHu TUNOBE COHAaxK. B nocnegHuTe roguHm
BCe MO ronsiMa nonynsipHoCT NpugobuBaT XOpU3OHTamnHuUTe
coHgaxu. [lpu T9x ce npocoHaupsaT cepus  OT
XOPU3OHTANHM Y4acTbLy BbB BbIAMLLHKMS nnacT (cur. 3). Mo
TO3 Ha4WH Ce MOKPWBA MAaKCUManHO BBIMWHMAT MAacT,
ocurypsBa Cce Mo-ronsaMa nnow, 3a [JpeHupaHe W ce
CnecTaBaT CPeAcTBa, Tbi-kaTO COHAaXHaTa nrowagka e
camo egHa. [lpu npokapBaHETO Ha XOPW3OHTamNHUTE
y4acTbLy Ce 13nonaea T.Hap. “HebanaHcupaHo coHaupaHe”,
T.e. HanaraHeTo Ha npoMWBHaTa TEYHOCT He OwBa faa
nMpeBWllaBa NNacToBOTO HandraHe. 10 TO3W HauwH ce
npeanassa NnacbT OT HaBNM3aHe Ha dyua B NyKHaTWHHATA
cuctema Ha pesepBoapa. COHO@XM C  XOPM3OHTarHM
y4yacTbUM HammpaT MpUIOXEHWe NpW M3MNON3BaHETO Ha
TEXHOMOrNsATa Ha APEHMPaHe Ha BbITULHUTE MTacToBe.

Mpn npunaraHeTo Ha TEXHOMOTMUTE, CBbp3aHN C
HarHeTABaHETO Ha peareHTU, Ce M3NoMn3BaT BEPTUKAIHM
COHOaxHM n3paboTku. Te ce pasnonaraT B paBHOMepHa
KBagpaTHa Mpexa KaTo B LEHTbpa Ce Hamupa
HarHeTaTenHUAT COHAaX. Ype3 CUMyMauMOHHW Mogenw,
cb0obpaseHm ¢ U3NYHNUTE NapaMeTpU Ha BbIMULLHMS NNacT,
Ce Onpefens 30HaTa Ha NPOHMKBaHe Ha peareHTa M Mo To3u
HauMH ce uKcupa pPasCTOSHUETO Mexay OTAENHUTE
coHpaxu. Taka ce n30srea NPOHUKBAHE Ha peareHTa B HAKOW
0T [pobuBHuTe coHpaxu. Cnepg kato peareHTbT Obae

ancopBupaH 3amodyBa npolec Ha Oecobpuust Ha MeTaHa.
HeraTBute Npu M3N0O3BAaHETO HA TEXHOMOTAM, CBbpP3aHM C
HarHeTABAHETO Ha peareHT MOCPECTBOM EOuH HarHeTatered
COHOAX W HAKOMKO [0GMBHM B CbCEACTBO, Ca CBPbP3aHM C
BMCOKATA KanuTanoemckocT Ha To3W npolec. HyxHo e
WN3TPaXOaHETO Ha HAKOMKO COHAAXHM NoLaaki. Beekn eauH ot
n06MBHUTE COHAAXM CreaBa Aa ce CBbPXe C TPLBOPNPOBOA 10
cenapaTopHa cTaHLus. HarHeTaTenHute coHaaxu ce oGopyasar
CbC COXHa 1 CKbNOCTPYBaLLa anaparypa.

W3nonasaHeTo Ha KoMGMpaH Moaxom MpW TEXHomoruute 3a
W3BMMYaHe Ha MeTaH OT BbITULHWTE NNacToBe MOXe fa
rapaHTMpa BMCOKW AeBUTM 3a MO-MbITbr Mepuof OT Bpeme. Ako
HarpuMep Ce W3Non3Ba TEXHOMOrUA 3a [PeHMpaHe Ha
BbITMIIHMA  MNAcT MOCPEACTBOM  XOPU3OHTAMHW  COHOAXHM
13paboTKM 1 napanenHo C TOBa B HAKOW OT XOPU3OHTANHUTE
y4acTblM Ce HarHeTsiBa peareHT, TO MoraT Aa ce JOCTWrHar
BUCOKM eBUTW OT ra3, KOMTO C MOMOLLTA HA peareHTa Lie ce
3a[bPXaT 3a Mo—ObIro Bpeme.

Cnepn npokapBaHeTO Ha COHAAXWTe CnedBa Aa Ce Hanpasu
WHTEPBEHUMS Ha nnacta C Len NoBUWABaHe Ha HerosaTa
npoHuuaemocT. B nocnegHo Bpeme LMpoka  MOMynsipHOCT
pobuea nyncosata nepdopauus, KoATo € MOMowTa  Ha
YNTpasByK nosuLlaBa HanykaHoCTTa n CbOTBETHO

i 4

MPOHMLL@EMOCTTa Ha nnacra.

®ur. 3. Cxema ¢ pasnonoxeHue Ha XOPU3OHTAmNHUTE yyacTbLU B
OTAENTHN BLIAMMILHM NNacToBe

BuramwHnar metaH e pecype, kouto crnega ga 6bae
OMON30TBOPEH U HETOBOTO W3BMMYAHE B MOCHEOHUTE TOOUHM
npeausBMKBa BCe MO ronsM WHTepec. M3nonssaHeTo Ha
pasnuyHN BULOBE TEXHUIONMM 3a U3BMNYAHE MOXE @ OCUTYpU 1
pasnnyHu gebuT OT ra3 3a pasnuyHu Nepuoan OT BpeEME.
KoMOMHMPaHOTO 13Mon3BaHe Ha TEXHONOMMSTa 3a JeHupaHe Ha
BbITMILHMS MNacT C Te3u, CBbp3aHM C HarHeTsiBaHe Ha
peareHTW, MOXe [a OCUrypu BUCOK M CTabuneH [obws BbB
BpemeTo. PakTbT, Ye BBITMLLHUTE MNacToBe yCBOsBAT A0bpe
(copbupaT) BbLIMEPOAHMS  AMOKCWE, [AaBa  CbLUECTBEHO
NPeaMMCTBO Ha MpuUraraHeTo Ha Tesn TeXHOnoruW, nopaaw
HapacTBalloTO  OE3MOKOMCTO  OT  MapHUKOBMS  ECEKT,
npeausBikaH OT TMaBONIOMHO pacTALUMTE BPEeAHUM eMUCUM B
aTmocepaTa, B TOBa YMCNO W BbINEepoAeH ANOKCHA.
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WU3CNEOBAHE HA ®A30BUA CbCTAB U CTPYKTYPATA HA NELHW METANYPIM4YHU
LUNAKW OT NPOU3BOACTBOTO HA ME[L

UpeHa Muxaiinosa
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PE3IOME. B npeactaBeHOTO M3cnefBaHe e yCTaHoBeH akTyanHusT (2006 - 2009 r) xumuyeH cbeTas, (pa3oB CbCTaB 1 MUKPOCTPYKTYpa Ha 06pasLiy OT MeAHM Lunaku
OT TOMWrHa new. 3a uscnesBaHeTo Ha MeJHUTE LUNak ca NPUNOXKEHU CreJHUTe METOAM: XMMUYEH aHamnu3, peHTreHodasos aHanua (POA), Electron Probe Micro
Analysis (EPMA), cBeTnvHHa MWKpOCKOMMS B OTpaseHa cBeTnuHa. LlnakuTe ce xapaktepuavpaT C BUCOKa KpuCTanu3auuoHHa cnocobHocT. MuHepanHata
acouuauns, xapaktepHa 3a uacrneABaHuTe obpasuu BKNiouBa (GasnuT, MarHeTuT, MeHO-CYyNUAHM BKIMIOYEHUS| W CUIMKATHO CTBKMO. XUMWYHMAT CbCTaB Ha
KpucTanHuTe ¢asu e NPOMEHINB W CROXEH, NOPaay BKNIOYBAHETO HA peanLia KOMNOHEHTN KaTo N30MOPMHM NPUMECH. YCTaHOBEHU U UNIOCTPUPAHU Ca XapaKTepHut
MWKPOCTPYKTYpU Ha W3cnefBaHuTe 0bpasuute OT MedHM Lnaku. 3akoHO[aTeNncTBOTO, CBbP3aHO C OMa3BaHe Ha OKOMHAaTa Cpefa, W3NcKBa CbXpaHsiBaHe Ha
naHpwadTa v HapacTeaHe Ha npepaboTkaTa 1 ONon30TBOPSIBAHETO Ha OTnadbLuTe. TOBa, KakTo U ambuuusTa Aa ce Hamanu 3non3BaHeTo Ha MPUPOLHU CYpPOBUHY
BOAM [0 MOBULIEH WHTEPEC KbM M3NOM3BaHe Ha anTepHaTMBHU maTepuanu. V3cneaBaHeTo Ha MWHEparnHWs CbCTaB M CTPYKTypaTa Ha MeaHuTe Wwnaku e oT
3HaYeHe 3a KOMMEKCHOTO MM OMON30TBOPSIBAHE U ONa3BaHe Ha OKonHaTa cpeaa.

INVESTIGATION OF THE PHASE COMPOSITION AND THE STRUCTURE OF METALLURGICAL SMELTER COPPER SLAGS
Irena Mihailova
University of Chemical Technology and Metallurgy, 1756 Sofia; irena@uctm.edu

ABSTRACT. In the presented article the actual (2006-2009) chemical, phase composition and microstructure of the metallurgical smelter copper slags have been
investigated. A mineralogical characterization of flash smelting slags, using chemical analyses, X-ray diffraction (XRD), reflected light microscopy, Electron Probe
Micro Analysis (EPMA), was made. The crystallization ability of the studied samples is high. The investigated samples consist of fayalite, magnetite, chalcocite and
silicate glass as the composition of the mineral association. The chemical compositions of the recognized crystalline phases are variable and complex, because some
components are included as isomorphous impurities. The microstructures of the investigated metallurgical smelter copper slags are presented. Environmental
legislation, like stricter regulations for landfills and increasing recycling and utilization of secondary materials, as well as an ambition to decrease the use of natural
materials, have increased the interest for the use of alternative materials. The mineralogical composition and morphology of solidified copper slags are of interest for
complex slag utilization and for environment.

BbBeaeHue FonsMo 3HauyeHWe “Mar, Korato cTaBa gyma 3a NpaBWUHOTO
Hayanoto Ha WHTEH3MBHW MWHEPANOXKW M3CMeaBaHUs Ha M 0non3oTeopsiBaHe, XUMUYHNAT CbCTaB u
TEXHOTEHHM obekT B obrmactTa Ha  MeTanyprusta, MWKPOCTPYKTYpaTa Ha HEOpraHuiHUTE TBLPAW OTNadbLM.
eHepreT/kaTa ¥ NPOMMLLNIEHOCTTA (CUNMKATHA U XUMUYECKa) B OcBeH ToBa HEBB3OOHOBAEMOCTTA Ha NPUPOAHUTE pecype ot
bbnrapua e nocrasexo npes 1960 r. (Maspyauves, 2005). NONe3HM W3KOMaemu Hanmara fa Ce ThPCAT anTepHaTUBHM
Tean o0bekT npopbkaBaT [a ca aKkTyanHu M gHec. B U3TOYHMUM U HA  AOMBITHUTENHM  KENnA30CbAbPXKally
pesynTaT Ha MHAYCTpPUanHOTO pa3suTe Ha Bbnrapus npes CypoBMHW. Pefula NpoMULLINEHN OTnadbLy, kato MUPUTHM
MocregHUTE AECETUNETUS Ca HAaTPYMaHu OrpOMHMN KONMYecTBa yrapku OT NPOM3BOACTBOTO Ha CAPHA KWUCENWHA, NELHn W
TBbPAM OTnagbuu. Te ce BnMcBaT B reomopdororusita Ha KOHBEPTOPHU LWUNaKn OT UBETHaTa MeTanyprua, HAKOW nenenu
CTpaHaTa, BNUAST BbPXY EKONOTMATa Ha XM3HeHaTa cpeda. 3a ot TEL, u Ap. CbAbpXaT NOBUILEHN KONMYECTBa Xens3o. 3a
NPaBWUMHOTO OLEHsIBAHE Ha TBbPAMTE OTMagbUWM Kato pellaBaHe Ha BbMNpPoOCa 3a OMnon30TBOPABAaHETO Ha Te3un
3aMbpCUTENM Ha OKOMHaTa cpepa Te Tp;|6Ba Ja Obgar oTnagbLUM KaTo AOMb/IHUTENTHXN BTOPUYHM U3TOYHKULN 3a nobus
XapaKTepuaupaHu  OETaiHO B XMMMKO-MUHEPANOXKKO Ha Xendso MHOro BaXHO € f[a ce 3HadT BiMda Ha
OTHOLLEHMe. Hsikou OT Te3u oTnagbLy Nopaan OrPOMHUTE CM KENAsoCbAbpKalNTe  MUHEpanM 1 CTPYKTYPHUTE UM
KONMYecTBa NPeACTaBNsABaT WHTEPEC W KaTo anTepHaTMBHM OTHOWIEHW C Apyrute pasn B TBLPAUTE OTNaAbLM
W3TOUHMLM 3a 3aMsHa Ha PeAVLIA NPUPOAHI CYPOBUHI NOPaay (Craspakesa, 2000).
TAXHaTa HeBb3obHOBAEMOCT Hail-4ecTo, korato ce obcbxaa
BbMPOCLT 33  OMOM30TBOPSBAHETO HA  MPOMMULLIIEHUTE WscnepsaHeTo Ha  WwnakuTe, nonyyasalp ce  mpu
0TNagbLm ce TbPCAT BbAMOXHOCTH 32 BNaraHeTo UM IMaBHO B MPOM3BOACTBOTO Ha LIBETHM MeTanu, e oT 0cobeHo 3HaueHue
CMHTE3a Ha peaula CUMMKaTHU mMaTepuanil, kato efgHu oT 3a paswupsBaHe Ha CypoBuHata 0asa, 3a MoBMLIaBaHe
MHOTOTOHaXHWTE npounsBofcTea (Babayes, 1980; Bosmkmesa, W3BIMYAHETO Ha TONE3HUTE ENEMEHTH, 3a KOMMIEKCHO
ViBaHoB, 1982). OMoN30TBOPSIBAHE Ha CYPOBMHMTE W OMa3BaHe Ha OKomHaTa

cpena. Taka HanpuMmep nNo akTyanHu AdaHHu CaMo OT
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MPOW3BOACTBOTO Ha Med roAMILHO B rnobaneH mawab ce
nonyyasat 19 MunMoHa TOHA nelHa lWnaka M 7 TOHa
KOHBEPTOPHa.

XUMUYHUSIT 1 MUHEPANHUST CbCTaB Ha LWNakuTe Bapupa B
W3BECTHM rpaHULM B 3aBMCUMOCT OT M3XOAHaTa CypoBMHA U
meTtanyprudnms npouec. Ot MBaHoB v gp. (1967; 1990) ca
NPOBELEHN CUCTEMHI M3crneaBaHus BbpXy (asoBus CbCTas M1
CTpyKTypaTa Ha MegHu wwnaku B nepuoga 1966 -1990 r.
[MaBHWTE MUHepanHu casu, YCTaHOBEHW B MEHUTE LUNaKM ca
(asnnUT 1 MarHeTUT, HO Ca YCTaHOBEHW U peauua Apyru
KpucTanHu asm — CyndmaHn arperath CbC CINOXEH W
NPOMEHNMB CbCTaB, cBODOAHA Mefd, OCTAaTbYHO CUMMKATHO
CTbKMOo. MexaHuuHuTe 3arybn Ha Med B MeOHWTE LUNaku ce
0bycnaBaT npeay BCUYKO OT HANMMYMETO Ha YacTuLym cBoboaHa
mMea UM cyndmou.  YCTaHOBEHM €A M3KMKOYMTENHO
pasHooOpasHN  MUKPOCTPYKTYpM, HO obla XapakTepHa
0COBEHOCT 3a BCWYKM TUMOBE LUMakW e [OoMUHMpallaTa
ckeneTHa copma Ha pactex Ha kpuctanute. CTpyKTypHuTe
W3CnedBaHWs  CBWAETENCTBAT 33  CWMHO  W3paseHa
MWKPOXETEPOrEHHOCT Ha LLMakoBaTa CTonunka.

Kaksa e cutyauusta B bbnrapus gHec? OT egHa cTpaHa ot
JocerallHata ekcnnoarauus ca ce HaTtpynanu Ha TabaHa
3HAUATENHW  KONMWYEeCTBA  OTMafHW  LUMakW,  YMeTo
0nonaoTeopsiBaHe OW MMano eKoMorMyeH M MKOHOMUYECKN
etekt. OT gpyra cTpaHa B pe3yntar Ha paspaboteHa
TEXHOMNOMMSI MEOHWTE LUMaKW, NOMy4aBaHW NOHACTOSLLEM Ce
noanarat Ha NOBTOPHO (hIOTMpaHe 3a W3BNWYaHe Ha MeaTa ot
TAX. 3a LenTa OrHeTeyHaTa Lunaka ce OXMaxaa B sMW, Npu
KOETO MeATa OcTaBa B CbCTOSHWE, NMpU KOETO MOXe Aa ce
n3Bnn4a nosTopHO. OT TAX Ce Nony4aBaT MeaeH KOHLEHTpaT v
(basnuToB oTnagbK. M3cneaBaHeTO Ha Tesn LakM e ot
3HaYyeHMe 3a onTUMM3MpaHe Ha npepaboTkata WM, 3a
NOBULLABAHE Ha CTEMeHTa Ha W3BNMYaHe Ha mnonesHuTe
KOMMOHEHTU W 3a MPUMIOXEHWe Ha OTnagbKa, NonyyeH cneq
tbnotaumsTa um.

EkcnepumeHTanHu metoam

3a n3cneaBaHeTo Ha 06pasum OT LUNaK1TE Ca MpUIOXEHM
CNegHUTe METOAM: XUMUYEH aHanu3, peHTreHo(asoB aHamms
(P®A), Electron Probe Micro Analysis (EPMA) , cBeTnuHHa
MUKpOCKONMS B OTpaseHa cBeTniHa. POA e nposegeH ¢
anapat “Philips” ¢ Cu-aHog Ha peHTreHoBata Tpbba.
W3cnegBaHusita B OTpaseHa CBET/IMHA Ca MPOBEAEHN C
mukpockon Laboval-Pol-U Ha dwmpmara “Carl Zeiss” Jena.
EPMA ca n3BbpLlIEHM Ha CKaHMpaLl, efeKTPOHEH MMKPOCKONM
JEOL JSM 35 CF ¢ peHtreHoB mukpoaHanuaatop TRACOR
NORTHERN TN-2000, u4pe3 eHepruiiHo AucrepcrBHa
cuctema. ManonseaHu ca etanoHm Ha dupmata JEOL. B
KonoHa (enemeHTn) Ha TabnuuumTe, B KOUTO Ca NpeaCTaBeHM
pesyntatute ot EPMA ca npegcrtaBeHu enemeHTute, KOWUTo
Ca 3aNOXEHW KaTo eTanoHW Npu CbOTBETHUSI aHanmn3 M ca
peructpupanm B u3cnegsaHata npoba. Anapatypara He
OT4MTa KOMMYECTBOTO KWUCMOPOA, 3aToBa B KomoHute (Wt.%)
cymnte ca nog 100%. OcratekbT o 100% ce Obrmku
MPEUMYLLECTBEHO Ha CbObPXaHMETO Ha kucropod. KonoHata
(atom.%) npeAcTass yCTaHOBEHUTE KOnu4ecTBa,
npeuaumcnenu B atomHu % go cyma 100%.
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Pe3yJ1TaTVI M OUCKYCus

MpeacraeenuTte pesynTat 0606LLaBaT eKCrepuMEHTaHN
u3crneaBaHus, nposeaeHu npe3 nepuopa 2006-2009 r. Ha
Tabnuua 1 e npeactaBeH  000OLUEH XMMWMYEH CbCTaB 3a
n3crnegeanuTe obpasuy OT Wiaka oT TonuIHa neL,

Tabnuua 1
XumuyeH cbcmas Ha 06pasyu om wiiaka om monunHa new
KOMMOHEHT konuyectso, wt. %
Cu 1.21-1.33
Fe 40.05 - 47.00
Pb 0.050 - 0.074
Zn 0.25-0.52
Ni 0.001-0.003
Co 0.007 -0.010
As 0.026 — 0.086
Sb 0.009 - 0.023
Bi 0.014 - 0.033
Mo 0.11- 0.13
Cd 0.004 - 0.013
S 1.24-1.78
SiO2 26.67 - 27.23
Ca0 0.40-1.91
MgO 0.03-0.61
Al20s 3.34-4.04

®a30BMAT CbCTaB Ha 06pasuuTe € onpefeneH Bb3 OCHOBA
Ha pesynTaTuTe OT peHTreHochasos aHanus (PPA). 3apavara
Ha NPUNOXeHUs PeHTreHohas3oB aHann3 € MoeHTUdUKaLmMs Ha
KpucTanHute (asute No TeXHUTEe PEeHTTeHOANdPaKLMOHHM
JaHHu. WHTepnpeTauusaTa Ha gaHHute ot POA e nposeaeHa
Ype3 CpaBHEHWE HA EKCTIEPUMEHTANHUTE aHHM C ETaNOHHN OT
6asata gaHHu PCDPFWIN v. 2.2. va JCPDS - International
Centre for Diffraction Data.

PeHTreHorpamuTe ca 6nm3ku nomexay ci U Bb3 OCHOBA Ha
CPABHEHWETO UM CbC CbOTBETHU E€TANOHHN AaHHM 33 MarHeTUT
W hasnuT KaTeropuyHo MOXe fa ce NOTBbPAM NPUCHCTBUETO
Ha Te3n KpucTanHuM ¢hasn B u3cnegBaHuTe  obpasum.
3abensaga ce, Ye CTEMEHTA Ha KPUCTANMHHOCT Ha obpasyuTe
€ CpaBHUTENHO Brm3ka, HO UMa pasnnyuMe B MHTEH3UTETa Ha
OVDPaKUMOHHUTE MaKCUMYMU Ha  ropecrioMeHaTnTe [Be
kpucTtanHu asn. OCHOBHUTE pasnuums B PEHTTEHOrpamuTe ca
CBbP3aHW C PasnuyHN KOMMYECTBEHN (Pa30BM CbOTHOLIEHMS.
3abens3sa ce M HapacTBaHe Ha WHTEH3WUTETA Ha OTOENHM
ONDPaKLUMOHHN MakcUMyMn Ha dbasnuta B Hskou obpasuy,
koeTo obaye He 3aBMCM OT KONMYECTBOTO Ha CbOTBETHATa
hasa B 0bpaseLia, a BEPOSTHO € CBbP3aHO CbC CTPYKTypUpaHe
Ha obpasela B u4acTHOCT C opmata Ha asIUTOBUTE
kpuctanu. C nomoLLTa Ha KOMMIOTbpHa nporpama 3a asosa
uoeHTudmukauma — Match e onpegeneHo KonMYeCTBEHOTO
CbOTHOLUEHME MexXay (hasnuta u marHetuTa B obpasyute oT
wnaku. [lonyyeHute pesyntatu 3a MedHaTa lnaka oOf
TOMWMHA NeLy 3a MacoBOTO OTHOLUEHME (PasUT:MarHeTUT ca B
pamkuTe ot 77:23 o 88:12. BbB BCUUKM M3cneaBaHu 06pasum
JOMUHMpaLlaTa KpuctanHa asa e dpasnut.  TunudHa
peHTreHorpama Ha obpasel OT nelyHa Wiaka e npeacTaBeHa
Ha dour. 1.
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®ur. 1. PeHTreHoaMdpakLMOHHM AaHHM Ha obpasel OT wWraka ot
TONUNHA newy

Mpn aHanM3 Ha PEeHTreHoaWUMPaKUMOHHUTE [aHHU Cce
YCTaHOBSIBA, 4Ye CTOAHOCTUTE Ha  MEXOYNNOCKOCTHUTE
pascTosiHus (d), CbOTBETCTBALUM HA DAsNUT ca MHOro Bru3ku
[0 eTanoHa 3a uucTa (hasa KeneseH cunukat — pasnur
Fe:SiOs (PDF 34-178). ToBa e BanugHO 3a BCUYKM
n3cneaBaHn obpasuyn. Te He Ce pasnuyaBaT YyBCTBUTENHO
noMexay Cu, B Han-BUCOKA CTEMeH CbOTBETCTBYBAT Ha TO3M
€TanoH, KakToO NoKa3BaT pesynTaTuTe OT MpoBefeHata
MOeHTU(MKALMS Ha  KpucTamHuTe (hasn C  KOMMIOTbpHa
nporpama Match. Tosa Moxe da Ce cunTa 3a 4OKa3aTeNCTBO B
nogkpena Ha TBbPAEHWETO, Ye BBMPEKU Ye (HasnuTsT ce
obpasyBa B CnOXHa MHOTOKOMMOHEHTHA cucTeMa UM e
Bb3MOXHO Aa BKIOYBA B CTPYKTYpaTa Cu M OPYri KOMMOHEHTM
KaTo W30OMOPC(HM NpUMECH TO Tesn npuMecn He ca B
3HAYUTENHO KONMWYECTBO. B mpoTvBeH cryyan TOBa Lewwe fga
ce 0TpasW Ha mapameTpure Ha eremeHTapHaTa kneTka Ha
KpucTarnHarta peLleTka u pecnekTUBHO Ha MEXOYNNOCKOCTHUTE
My pascTtosiHus. ToBa e BanuaHo W 3a marHeTuta. Hait-6nmskm
[0 eKCNepUMEHTanHUTE My PEHTTEHOANMPAKLMOHHN LaHHK
ca CrefHWUTe eTamnoHW 3a XeneseH okcua — marHeTut FesOs
PDF 75-0033 n PDF 87-246. B ertanona PDF 75-0033
CbObPKaHMETO Ha Xens30 B hopmynata Ha MarHeTtura
0TroBaps Ha CTEXMOMETPUYHOTO T.e. 3, a 3a PDF 87-246 10 e
2.90 n cbotBetHata copmyna e Fezo004. Te3an pesynTatu
MoraT a Cce CBbpXaT KaKTo C MOBULIEHO CbAbpkaHue Ha Fedt
B CPaBHEHWE CbC CTEXMOMETPUYHOTO, Taka M C Hanm4yMeTo Ha
M30MOPCHW NPUMECH B LUNMHENHATA KPUCTaMNHa peLueTka.

Cneg  KkaTo  yCTAHOBEHUTE  HAa  PEHTreHorpamuTe
AndPaKLMOHHN MaKCUMYMM Ce OTHeCaT KbM FOpenocoyeHuTe
thasm — hasnuT 1 MarHeTUT, OCTaBaT NMKOBE C HE3HAYUTENEH
WHTEH3UTET MPW CregHUTe CTOMHOCTM Ha 20; 27.50; 29.74;
30.73; 42.20; 42.70; 43.10, 44.73; 89.75. Te3un audpakLMOHHN
MakCUMyMW Ca CBbp3aHW C MPUCHCTBALMTE B LIMAKUTE  OT
TOMWMHA newy cynduaHn dasn Ha meaTa 1 xens3oro. 1o Tax
He MOXe AOCTOBEPHO [a Ce perucTpupa npuchbCTBUETO Ha
JOMbIHATENHM KpUCTanHK hasn. ToBa e pa3bupaemo KaTo ce
“Ma B NpedBug rpaHuLaTa Ha YyBCTBMTENTHOCT Ha MeToda —
Ja Ce YCTaHOBSBAT KpucTamHW asn MpUCLCTBALLM B
konnyecteo Hag 5% B w3cnegBaHuTe MpobW, KakTo M
CMOXHOCTTA Ha  peHTreHogudpakUMOHHATa KapThHa W
BEPOSITHOTO MPUNOKPUBAHETO Ha MUKOBE.

3a u3cneABaHe Ha MWKPOCTPYKTypaTta Ha obpasuuTe ca
npoBefeHn HabniofeHUs B OTpaseHa CBETNMHA. XapaKTepHu
MWKPOCTPYKTYPW Ha 0bpasuy OT Lunaku OT TonunHa newy ca
npeacTtaseHu Ha cur. 2-10. Pesyntatute OT MUKPOCKOMCKUTE
HabniogeHus ca B CbOTBETCTBME C pesynTatute oT POA u
NOTBbPXAABAT MPUCHLCTBUETO HA (DAsNUT U MarHeTuT Kato
OCHOBHM kKpucTanHu asn B obpasuute. OcCBeH TaX ce
YCTaHOBSBAT CYNUAHN BKMIOYEHWS U CUUKaTHa CTbKIoasa,
a B HsiKou OT 0Bpa3LuTe W YacTuLM MeTanHa Mef .

®asnuTbT e [OMMHMpaLlaTa KpucTanHa asa BbB BCUYKM
obpasum ¥ e npeacTaBeH OT  YABbJKEHW MPEAUMHO
npuamatuyHu  (nnoyect) kpuctamu. o nocoka Ha
YOBIDKEHNETO CY ronemuTe asiuToBN KpucTanu gocturar 1-
2 mm u MoraT fa ce 3abenexart B nonupaHuTe obpasum v c
MPOCTO OKO. XapaKTEpHM Ca CKENETHW (POPMU Ha KpucTanuTe,
HO Ce YCTaHOBSBaT W HAMbIIHO M3rpageHu WAMOMOPEHM
kpuctanu. B obpasuyu, KouTo ca B3eTW OT TeyHaTa Wnaka (C
mbxuua) ce 3abensisBa  egHoobpasHa  MpegnounTaHa
OPWEHTMPOBKA Ha (hasnUTOBUTE KpUCTany, NepneHauKynsipHO
Ha oxrageHaTa MOBLPXHOCT. Ha CHWMKWTe € Mo-CBeTbN OT
cTbknocgpasata. [lpu pactexa cu hasnuToBUTE KpUCTany
3axBallat cynduaHUTe Kanku, XapakTepH ca 1 BKIMIOYEHUS OT
crbknodgasata. OcBeH kaTo efpu Kpuctanu asnutbT e
BKMIOYEH W B CTbkroBugHatata obla maca Kkato uHM
JeHOpUTM  —  dpasnuT  BTOpa  reHepauws. Brnmsa B
pa3HOODOpa3HN CTPYKTYPHU B3aUMOOTHOLLEHWS C MarHeTuTa,
KOWTO TOBOPST 3a NOCMeAoBaTenHa WNKM €enHOBPEMEHHA
KpucTanuaaums. XMMUYeH CbCTaB Ha (hasnuToB KpucTan ot
Lnakata, onpegeneH nocpeactsom EPMA e npencrtaseH B
Tabnumua 2.

Tabnuua 2. XumuyeH cbcmaeg Ha hasnum om neujHa wiaka

EnemeHTu wt.% atom.%
Mg 0.82 2.28
Al 0.31 0.77
Si 14.69 34.90
Ca 0.29 0.48
S 0.05 0.1
Fe 50.98 60.54
Cu 0.19 0.20
Zn 0.72 0.73
p2 68.05 100.01

Fe182 Mgo.or Cao.o1 Zno.o2 Sit.05 So.03 Alooz O4

®ur. 2. GasnuT — NpU3MaTUYeH CKeneTeH KpucTan B o6pasel) ot
newHa wnaka. OTpaseHa cBETNUHA



MarHeTUTbT npUCHCTBA NOL  pa3HOObpasHN  KpUCTamHW
chopmu. B Hskom 0bpa3sum ce Habnioaasa cregHus Npexof ot
rpaHu4YHaTa MoBPBXHOCT Ha LUNAKUTEe KbM BbTPELLHOCTTA UM:
OT CKENeTHU U AeHOPUTHWU OpMU KbM  HaMbIIHO W3rpajeHn
0BeMHN KpucTanu ¢ WAMOMOPGHU KyOUUYHW, TeTpaempuyHM 1
Apyru  opMu.  XapakTepHU ca W3OMETPUYHW  HEMbHO
U3rpafieHn MarHeTUTOBWTE KpucTanu, Kouto npu 6bp3ata cu
KpucTanusauus ca 3axsaHanu YacT OT cronunkata. Apyra
CTPYKTYpHa 0COBEHOCT € CBbp3aHa C HEepaBHOMEPHOTO My
pasnpedeneHne B obema Ha obpaselia. Morat Aa ce oTAensT
obnactu, B KOWTO Ce HaTpynBaT MarHETUTOBUTE KpUCTanM.

C [

®ur. 3. XapaktepHa MUKpOCPYKTypa Ha oﬁpéseu OT laka ot

TONWUITHA NeLL; OTPa3eHa CBETIMHA
v e N3
1% L®

P S, <
®ur. 5. CyndmaHo BknoyeHne B oOpasel, OT NewHa LLNaKa;
oTpa3seHa CBeTNMHa

[pyrs 30HM Ca W3rpageHn NpenumyllecTBEHO OT asnur.
3abenssBa ce TEHOEHLMA 3@ acOUMMpaHe Ha MarHeTUTOBUTE
KpucTanu u cyndugHuTe BKIOYEHUS. “GasnutoBute 30HW”
0BWKHOBEHO Ca MHOro no-6edHu Ha CynduaoHM BknoYeHus. B

peouua cnyyau CynduHATE  BKMIOYEHMS CriyxaT 3a
KPUCTANM3aLMOHHM  LIEHTPOBE, OKONMO  KOUTO  HapacTsa
MarHeTMT,  T.e.  CyNdMOHWTE  KankW  MpOBOKWpaT

Kpuctanusauuata Ha MarHeTurt. C'b[J,GVIKI/I no (*)a3OBI/ITe
B3aMOOTHOLUEHNA B aHLIJJ'II/IquTe, d,')aFIJ'II/IT'bT 00MKHOBEHO
Kpuctanusupa crneg MarHeTuta oT Mbpea reHepauma.

®ur. 6. Kpucranuszauma Ha MmarHeTMT oOKOno CyndmaHO
BKINIOYEHWE; OTPa3eHa CBET/IMHA

.

®ur. 7. WpuomopdieH MarHeTUTOB KpucTan  obxBaljaly
cyndMgHO BKIKOYEHME B Maca OT CTHKNO M (hasanuT; oTpaseHa
CBeTNMHA

®ur. 8. MavomopdeH chasanuT ¢ BkNoYeHus oT cyndwman u
CTbKNO B 06paseL| OT nelyHa LWnaka; oTpaseHa CBETNUHA



B kpas Ha KpUCTanu3auMOHHUSI MPOLEC B MEXOWUHUTE Ha
Beye obpasyBaHMTe KpUCTanu SOMbIHWUTENHO KpuUCTanuavpar
AEHOpUTW OT asnuT M MarHeTMT — BTOpa reHepauus, a
BMeCTBaLLaTa v CTonurka 3aTBbpasBa kato amopdHa dasa.
XUMWYHUAT CbCTaB Ha MarHeTUT OT NeLLHa Lunaka, onpeaeneH
¢ EPMA e npeacraseH B Tabnuua 3.

Tabnumya 3
XumuyeH cbecmas Ha Ma2Hemum om neuwHa wnaxka
EnemeHTy wt.% atom.%

Mg 0.19 0.58
Al 2.24 6.20
Si 0.55 1.46
Ca 0.06 0.12
S 0.10 0.24
Fe 67.46 90.11
Cu 0.60 0.24
Zn 0.62 0.71
Pb 0.91 0.33
)3 72.73 99.99

Fe2.79 Alo.20 Mgo.o2 Zna.o2 Cuo.oo7 Pbo.o1 Sio.os O4 So.007

Kakto nokassaT [faHHWTe, npefctaBeHu B Tabn. 2 n 3
basinuToBaTa M MarHeTMTOBaTa (hasa UMaT CIOXEH CbCTas W
skntousat Al, Mg, Ca, Zn, Cu, Pb u pap. kato 13oMOpgHM
npumeck. B eauH obpasel,, a v 4OpK B Pa3NNYHUTE 30HM Ha
€OVH W Cbly KpucTan CbAbpXaHWsTa Ha npumecute ce
npomeHsT. Mo Tasn npuymHa cbabpxalla ce nog Tasv dopma
Med, KOsiTo e OT 0CODeH WHTEpec e TPyAHO fda ce OLeHu
konuyecTBeHo. [lpu aHanmuauTe ca  PerucTpupaHn u

(hasnUTOBM W MarHeTUTOBW KpUCTamnu, KOUTO He Chbabpxar
meq.

®ur. 9. BzaumHu npopacTBaHUsi MeXAy WNAKOBUTE MUHepanu;
oTpaseHa CBeTNIMHa

OcHoBHaTa ¢hopma, nof KOSITO Ce BKIOYBA MEQ B LUMAKUTE
ca cyndugHn dasn. CynduaHuTe BKIKOYEHNS Ca 3aKpPbINEHH
C pasnnyHn HopMK 1 pasMepu W Kakto 6e KOMEHTMpaHO no-
rope ca NpUBbP3aHN KbM MarHeTUTOBUTE 30HU. CyndmaHuTe
kanku B obpasuute ca crneuuduyHn 1 pasHoobpasHu —
YCTaHOBSABAT Ce€ CYN(MAHU BKIHOYEHWS, KOUTO MO LBETa W
oTpaxaTtenHaTta Cu crnocobHOCT HanoaobsiBaT Ha XamnkouuT.
Mma obpasum, B KOUTO CynNMAHUTE BKIHOYEHUS M3rnexpar
MPEUMYLLECTBEHO OT €AWH W CblUM TWMn, BBAPEKN Ye
pasrfiefaHu npu no-rofeMn YBENMYEHNs NposiBABAT M3BECTHA
HexomoreHHoct. B pgpyr oT obpasuute ce Habniopasa
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W3KIIOYMTENHO pa3Hoobpasne B cynduaHute dasn. B Hsakoun
CYNcMAHM Kanku MoraT a ce OTAENST N0 Pasnnyus B LBETA U
OTTEHbKa A0 YeTupm-neT asn. CynduaHnTe BKIKOYEHNS, C
KOMTO OCHOBHO Ca CBbp3aHu T.Hap. MEXaHWYHM 3arydu Ha meq
B MeLyHaTa Wraka ca C NPOMEHNB CbCTaB, KOWTO YecTo He
CbOTBETCTBYBA Ha CTEXMOMETPUATA HA N3BECTHUTE KPUCTAITHN
a3 B cuctemute Cu-S u Cu-Fe-S. B Tabn. 4-7 ca
NPeAcTaBeHu CbCTaBW Ha CyndmaHu hasn, YCTAHOBEHM C
EPMA. CbobpkaHueto Ha Mef 00MKHOBEHO Haapwwasa 70
wt.%. TWNMYHO € pEerucTpUpaHeTo Ha Kenaso, apceH U
aHTUMOH. Te NpUCHCTBAT KaTo NPUMECKH B MeSHUTE Cynduan
WUnn narpaxgat cobeTeeHn asn.

Tabnuua 4
XumuyeH cbcmas Ha CyrhuOHU BKIIOYEHUs (Xarkoyum) 8
obpasey om winaka

EneMeHTH BxntoueHue 1 BxntoyeHue 2
wt.% atom.% wt.% atom.%
S 20.58 33.90 17.97 30.57
Fe 6.68 6.29 1.42 1.38
Cu 72.61 59.81 77.90 66.27
As - - 2.47 1.79
p3 99.87 100.00 99.76 100.01

®opmyna 3a Bkntoyenue 1: Cu1.77Feo.19S;
®opmyna 3a BkntoveHne 2: Cuz.osFeo.05S0.94AS0.06

Tabnumua 5
XumuyeH cbemae Ha CyngudHO eKmoqeHuUe 8 obpasey om
wrnaka

EnemeHTu wt.% atom.%
S 27.26 42.52
Fe 18.78 16.56
Cu 51.81 39.97
As 1.46 0.96
p2 99.31 100.01

®opmyna: Cuo.s2FeossSoss Aso.o2

Tabnuua 6
Xumu4yeH cbcmag Ha 30Ha (apceHuOHa chasa - domelikum) 8
CcynehudHO BKIIYeHUe 8 obpa3ey om wiiaka

EnemeHTu wt.% atom.%
S o2 0.44
Fe 1.43 1.71
Cu 70.00 73.31
As 26.43 23.62
Sb 1.68 0.92
b3 99.54 100.00

dopmyna: Cuz.ssFeoo7AS095Sb0.04S0.02

Tabnuua 7
Xumu4eH cbcmas Ha 30Ha
obpasey om winaka

8 CynudHoO BKITKYeHUe 8

EnemeHTm wt.% atom.%
S 13.05 23.38
Fe 3.23 3.31
Cu 72.12 64.63
As 11.01 8.42
Sb 0.56 0.26
p3 99.97 100.00

®opmyna: Cuz.2Fe0.10S0.73A50.26Sb0.01



®ur. 10. HexomoreHHo (nonucaszHo) CyndMAHO BKIHOYEHME;
oTpa3eHa CBeTNIMHa

YacTuum MeTanHa meg morat aa 6baat 3abenssaqn camo B
HSKOW OT 0DpasuuTe, BKMOYEHU B CYNUOHUTE BKIHOYEHMS
WnM KaTo camocTosTenHW 0bpasyBaHus B CTbknodasata unu
kpuctanHute dasu. Te acouumpar ¢ nonudasHuTe CyndugHm
BKIMIOYEHWS M Ca 3HAYMTENHO no-manmkw ot Tax. Mankute
pasMepu Ha Te3u BKMIOYEHUS Bb3NPENaTCTBAT PasKpUBAHETO
M NPV CMUNAHETO Ha LLnakaTta 1 Nopaay Toea Te He Morat aa
ce Ce OTAEeNAT npu prioTauusTa.

Crbkrnodasata ce 06pasyBa OT ocTaTbyHaTa CTONUIKA creg
0bpa3yBaHeTO Ha KpucTanHute ¢asu M M cnosea B
OTHOCUTENHO NNbTHa obwa Maca. Ha Tabnuua 8 e
NPeLCcTaBeH XMMUYEH CbCTAB Ha CTbKMoghasa B LUnaka ot
TonunHa newy. Kakto Moxe [a ce ovakea CTbknogdasara e Cbe
CMOXEH XMMWUYEH CbCTaB JOMUHUPAH OT OKCUAMTE Ha CUNMLMS
n xensasoTo. T ce oborataBa Ha KOMMOHEHTM, KOUTO He Ce
BKIIOYBAT MMM Ce BKIIYBAT OrpaHWYEHO B CbCTaBa Ha
kpuctanHute pasu. B obema Ha 06pasuuTe NpUCHLCTBAT NOPU.
Te ca 3akpbrneHn C HempaBUnHU POPMU HEPABHOMEPHO
pasnpeneneHu.

Tabnvua 8
Xumu4eH cbcmas Ha CmbKiioghasa om neuwjHa winaka
EnemeHTu wt.% atom.%

Na 2.00 4.61
Mg 0.24 0.52
Al 5.50 10.82
Si 2347 44 51
S 0.56 0.93
K 3.61 4.92
Ca 3.82 5.07
Fe 28.72 27.23
Cu 0.83 0.69
Zn 0.87 0.71
)3 69.62 100.01

OT npoBefeHOTO M3credBaHe Ce MOTBbpXKOABa, Y€ T.Hap.
CKeneTHO-NapanenHa CTpyKTypa, onucaHa oT MBaHOB U Ap.
(1967) e xapaktepHa 3a MegHWTe Lwnakn. Ts  ce
XapakTepuanpa ¢ nofyepTaHa ckeneTHa (opma Ha pacTex Ha
(hasnUTOBUTE MIOYECTU KPUCTanM, OPWUEHTMPAHW Ha Tpynu
napanenHo wnu  cybnapanenmHo  emwH  Ha  Apyr.
MpoCTPaHCTBOTO MEXOY TAX € 3amblIHEHO CbC CKENeTeH
MarHeTuT, CynUOHM Kanuuuum U CUnMKaTHO CTbkmo. [Moutw
MOHOMMWHEPANHMAT (PasoB CbCTaB Ha W3CMedBaHWUTE MEOHM
WNakKM W MOHOTOHHAaTa WM ApebHO3bpHECTa CTPYKTYpa,
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nonyyeHn  CrnoOHTaHHO, Oe3 cneyuaneH  pexmm  Ha
Kpuctanusauua, naBat OCHOBaHWE Ha UNTUPaHUTE aBTOpPU Ada
cuntat, dve cnen obeamegsBaHe, Te e ca noaxonAi
Marepuan 3a nony4aBaHe Ha NeTu LWNakoBu N3genus. Ot Tax
fuxa mornu pa ce nonyyatr martepuanu rmaBHO 3a MbTHOTO
CTPOUTENCTBO, KaTo naeeTa, 60p,|:uopH|/| BnokyeTa 1 HaCTUINHU
Nno4yun.

3akntoyeHue

B pesyntat Ha npoBeneHWTe M3cnenBaHus Oe ycTaHoBEH
aktyanHusT (2006-2009 r.) xummyeH cbeTaB, (has3oB ChCTas W
MWKPOCTPYKTypa Ha obpasuu oT megHu wnaku. Lnakute ce
XapakTepuaupaT C BUCOKA KpUCTanmuaaLnoHHa CnocobHOCT, HO
BKIMIOYBAT M OCTATbYHO CUNMKATHO CTbKMO. OCHOBHUTE
KpuctanHu asn, xapakTepHu 3a MegHW Wnaku ca qasnut 1
MarHeTUT kato asnuTbT npeobnagaea. Bouuku wnakosm
ha3n ca CbC CNOXEH W NPOMEHNMB CbCTaB. B cbCTaBuUTe Ha
tasnuta n MmarHeTtura, yctaHoseHun ¢ EPMA, ce Bkntoysat
OCBEH OCHOBHUTE UM koMnoHeHTu u Al, Mg, Zn, Cu, Pb kato
n3oMopcbHM npumecn. CynduoHuTe BKMKOYEHWUS, C KOWUTO
OCHOBHO Ca CBbP3aHu 3arybute Ha Mef B nelHaTa Wnaka, ca
C TMPOMEHNMB CbCTaB, KOATO He CbLOTBETCTBYBA Ha
CTEXMOMETPUSTA Ha M3BECTHUTE KPUCTanHM das3un B cucTemMmuTe
Cu-S 1 Cu-Fe-S. Ctbkrnodhasara B 06pasumTe e HeXOMOreHHa,
MMa Han-CMOXEH XUMUYEH CbCTaB W BKMKOYBA OCBEH OKCWAM
Ha Fe u Si un ankanHu, ankanosemHu w ap. okewaun. Ts ce
oboratsiBa Ha KOMMOHEHTM, KOUTO He Ce BKIOYBAT B CbCTaBa
Ha kpuctanHute casu. Mpasu BrieyaTneHue, Ye yCTaHOBEHNTE
cbabpkaHus Ha Cu B cTbkrnodhasata, asnura u MarHeTuTa,
Makap ¥ MPOMEHNNBM, AOCTUraT A0 OTHOCUTENHO BWCOKM
ctonHocTn. lpu npunaraHata B MOMEHTa  TEXHONOTMYHa
cxema, Tasn Cu, He mMoxe Aa ObJe u3BnedyeHa, Taka Ye
npobnembT 3a HamansiBaHe Ha 3arybute Ha Mef B LUNAKUTE
0CTaBa aKTyareH.
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WU3CNEOBAHE HA ®A30BUA CbCTAB U CTPYKTYPATA HA KOHBEPTOPHU
METANYPTUYHW LLNAKKA OT NPOU3BOACTBOTO HA ME[L

UpeHa Muxaiinosa
XUMUuKo-mexHomnoauyeH u memarypaudyeH yHugepcumem, 1756 Cogpus; irena@uctm.edu

PE3IOME. B npefcTaBeHOTO u3criefsaHe € yctaHoBeH aktyanHuat (2006 - 2009 r.) xumuyeH cbCTaB, pa3oB CbCTaB W MUKPOCTPYKTYpa Ha
06pasLy OT KOHBEPTOPHM MefHM LWnaku. 3a MUHEpanoXKo 3cnenBaHe Ha MELHUTE LUNaku Ca NPUNOXKEHW CRESHUTE METOAN: XUMUYEH aHamnus,
peHTreHodasos aHanu3 (P®A), Electron Probe Micro Analysis (EPMA), cBeTnnHHa MUKpockonus B 0TpaseHa cBeTnHa. MuHepanHata acouuaums,
XapakTepHa 3a uscrneasaHuTe obpasuu BKNOYBa (PasnuUT, MarHeTuT, MeTanHa mMed, MegHoO-CyNndUAHN BKIOYEHNS U CUNMKATHO CTbKno. OcBeH
6rmskn go xamkount CuzS, KaKBWTO ca CbCTaBUTE Ha TUMMYHUTE  CyndWUAHW BKMKOYEHWs B obpasuute Ce YCTaHoBABA W W3KIKOYMTENHO
pasHoobpasne OT MEAHO-XenesHn cynduaHu dasu. TunudHM Npumecn B MeA ChAbpkKalyute BkMtoueHus ca Pb, Zn, As, Sb, HO B Hskou OT
yCTaHOBEHUTE (Da3n TE3N enemeHTW NPUCHCTBAT KAaTO OCHOBHWM KOMMOHEHTW. YCTAHOBEHW W WIKICTPUPAHW Ca XapaKTePHU MUKPOCTPYKTYpU Ha
u3cnenBaHuTe 0bpasLm OT MEAHM LNaKK.

INVESTIGATION OF THE PHASE COMPOSITION AND THE STRUCTURE OF METALLURGICAL CONVERTER COPPER
SLAGS

Irena Mihailova

University of Chemical Technology and Metallurgy, 1756 Sofia; irena@uctm.edu

ABSTRACT. |In the presented article the actual (2006-2009) chemical and phase composition and microstructure of the metallurgical converter
copper slags have been examined. A mineralogical characterization of converter slags, using chemical analyses, X-ray diffraction (XRD), reflected
light microscopy, Elecron probe Micro Analysis (EPMA), was made. The mineral composition for the investigated samples included fayalite,
magnetite, metallic copper, copper-containing sulfide and silicate glass. The composition of the typical sulfide is similar to the stoichiometry of
chalcocite. In the studied samples wide variety of copper- and iron-containing sulfide phases can also been observed. The typical isomorphous
impurities in copper containing phases are Pb, Zn, As and Sb but in the observed phases these elements attended as base compositions. The
microstructures for the studied samples are established and illustrated.

BbBeaeHue BCMYKM CbObpXaT CTbKMO, KanKOBWAHW MOAMMMHEpPANHU
KoHBEpTOpHUTE LWNaKM He Ce TPeTupaT Kato OTMambk,, CyNdMaHN BKIIOYEHUS C M3MEHUMB CbCTaB W cBoboaHa Mea. B
3all0TO CbAbpKaT BUCOKM KOMMYecTBa Men (3-7%). Te HAKOM LWNakM ca YCTaHOBEHU XeMaTtut Fe203 un CVIJ'IVIKOCbepVIT
MPeCTaBNsBAT 0BEKT Ha UHTEPEC U M3CTeABaHIs, CBbP3aHH 16Fe0.4Fe20:.35i02.  CTpykTypHute  pasnuaus B
C T.Hap. 3arybu Ha meq T.e. Kakeu ca hopmuTe, Noa KOWUTO Ce M3CNeaBaHMTE  LUMakn Ce OnpedenaT oT Bapuauuute B
CbObpKa MedTa — BWA HA MeO-ChAbpkalute hasu W XAMWYHUA CbCTaB.
CTPYKTYPHUTE WM B3aUMOOTHOLLEHMS. Te3n M3crneaBaHus ca
MpeanocTaBka 3a Cb3faBaHe Ha TEXHONOTWs, KOSTO Aa Ce Mpe3 1967 roauHa ot VBaHoB W Ap. B kaTefpata no
0Beaneun Hail-TbHO M3BMMYAHE HA MOME3HUTE KOMMOHEHTH. ‘Metanyprusi Ha uBeTHuTe W pegkv Metanu” npu BXTW,
MOHACTOSILLEM LUMaKaTa OT KOHBEPTOPU C& CMUFa, CMEcBa C Codpms (noHacTosem XTMY), ca nposefeHy u3crensaHms
nelyHaTa 1 ce nofnara Ha chiotauus 3a U3BnMYaHe Ha Meara. BbPXY HSIKOM (PU3MKO-XUMUYHW CBOWCTBA HA KOHBEPTOPHM
Wnaku. M3cnegBaHo € BNWSHAETO Ha XUMWYHWS CbCTaB U
WMBaHoB 1 gp. (1966, 1967), Kirov & Ivanov (1968) Tenepatypata BbpXy MOBbPXHOCTHOTO  HampexeHue W
npoBexaaT MbpBUTE U3CNEABAHNS BbPXY ¢)a303m:| CcbCTaB ” NITBbTHOCTTA HA CUMHTETUYHM LNaku, ONW3KM NO CbCTaB Ha
CTpYKTypaTa Ha Gbrrapckute KOHBEPTOPHW MeaHu wnaku. Ot peanHuTe 3aBOACKM LNaku B MefofoBMBHOTO MPONU3BOACTBO.
MBaHoB 1 ap. (1966) € NpeAnokeHo KOHBEPTOPHUTE LUMaKM Bbe Bpb3ka C TOBa M3CNeABaHe TEOPETUMYEH MHTEpec
[Ja Ce pasgensT YCOBHO Ha TPM OCHOBHM TUMA: LUNaKW C NpocT MpencTaBnsiBa u3y4aBaHeTo Ha (ha3oBusi CbCTaB Ha TBLPAUTE
EBTEKTOMOEH CbCTaB UM  CTPYKTYpa; LUMAKM C  BMCOKO LUnaku. CVIHTeSVIpaHVI Ca 0CeMm LUNaku, B KOUTO Ca yCTaHOBEHN
cbabpkaHue Ha FexOs u ycnokHeH MuHepaneH CbCTas; CNesHUTe MUHEpanu: asnuT, MarHeTUT-XepLUHUT (CMeceHm
LUMaky C BUCOKO CbabpxaHue Ha SiO2 1 ronsiMo KonmyecTso KpUCTanu), BIOCTUT, CANMKO(EPUT M CTbKIO. PasmuTbT e
CTbKNOBMAHA ¢)a3a_ [naBHu |_|Jna|(006p33yBa|_|_|'|/| MUHEpanu u OCHOBEH MUHEpan 3a BCU4KK o6p33u,14, HEeroBoTo KONnM4yecTBo
3a TpuTe BUOA LUNAKM ca MarHeTuT u asnut. OcBeH ToBa cunHo Bapupa w gocvra Ao 80%. Bapuauuute B XMMU4HUS
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CbCTaB Ce OTpasdsar npeaumMHo
CbOTHOLLEHMA  Ha  MWHepanure,
YyBCTBUTEMHM Ka4€CTBEHN NPOMEHMN.

Ha
He

KOInM4yecTBeHuTe
I'Ipe}J,M3BMKBal71KM

W3cnepgBaHusita Bbpxy CbCTaBa M npepaboTkata Ha
KOHBEPTOPHMTE Lnaki B rnobaneH mawab He ca 3arybunm
CBOSATA aKTyanHOCT W MpoAbkaBaT M noHactoswem (Rao,
Nayak, 1992; Li, Rankin, 1994; Simeonov et al. 1995;
Degterov, Pelton, 1999; Roghani et al., 2000; Gorai et al.,
2003; Carranza et al., 2009; Rudnik et al., 2009).

EKcnepumeHTanHM MeToau

3a n3cneaBaHeTo Ha 0o6pasuy OT LUNakUTe Ca MPUMOXEHN
CNefHUTe METOAM: XUMUYEH aHanu3, peHTreHo(asoB aHamus
(P®A), Electron Probe Micro Analysis (EPMA), ceeTnuHHa
MWUKpOCKONUS B OTpaseHa ceeTnvHa. POA e nposedeH ¢
anapar “Philips” ¢ Cu-aHop Ha peHTreHoBaTa Tpbba. EPMA ca
M3BBPLLEHN Ha CKaHMpaLl enekTpoHeH mukpockon JEOL JSM
35 CF c peHtreHoB mukpoaHanusatop TRACOR NORTHERN
TN-2000, u4pes  eHepruiiHO  OuCrepcMBHA  CUCTeMa.
W3nonsaHu ca eTanoHu Ha cupmata JEOL. [avuute 3a
XMMUYHMS cbeTaB nonyvyeHn ¢ EPMA ca npeacrasenn ¢
Tabrmuw, B KOUTO Ca NPEACTaBEHN YCTAHOBEHUTE ENEMEHTU U
CbOTBETHO KonnyecTBata UM kato wt. % unu atom. %. Cymara
Ha konuyectBata B Wt. % e nog 100 % kaTo HegoOCTUMBT €
CBbp3aH Halt-Beye C kucnopoga B obpasuute, KOWUTO He ce
peructpupa oT anapatypata. PeructpupaHute enemeHTu B
atom. % ca npeunsuncnenu kem cyma 100 %. UscnepsaHusaTa
B OTpa3eHa CBET/IMHA Ca mpoBedeHun ¢ Mukpockon Laboval-
Pol-U Ha cmpmara “Carl Zeiss” Jena.

PesynTati n guckycus

MpencrtaBeHute pes3yntatii obobuiaBar ekcnepuMeHTanHm
uscneasaxus, npoeegeHn npes nepuoga 2006-2009 rogumHa.
Ha tabnuua 1 e npeacraBeH 0606LLeH pe3ynTar 3a XMMUYHNS
CbCTaB Ha 00pasLy OT LWnaka OT KOHBEPTOPM.

Tabnuua 1
XumudeH cecmas Ha 06pa3yu om winaka om KOH8epmopu

KOMMOHEHT Konuuectso, wt. %
Cu 3.20-6.70
Fe 46.10-54.54
Pb 0.31-0.50
Zn 0.42-0.61
Ni 0.043-0.053
Co 0.028-0.039
As 0.018-0.070
Sb 0.014-0.027
Bi 0.019-0.033
Mo 0.023-0.025
Cd 0.006
S 0.30-0.61

SiO2 19.84-24.49
Ca0 0.22-0.34
MgO 0.17-0.37
Al20s 0.94-1.27

TpsibBa fa ce MMa B NpeaBwa, Ye peanHusaT XMMUYEH CbCTaB
€ MO-CTIOXeH W B 3aBUCUMOCT OT W3MOM3BaHUTe pYOHM
KOHLIEHTpaTX W APYrv KOMMOHEHTW Ha LKMXTaTa € Bb3MOXHO
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NPUCHCTBMETO Ha peauLia ApYrn KOMMNOHEHTH, MeXay KOUTO W
LieHHu enemeHTH kato Ag, Au, Se v ap.

®a30BMAT CbCTaB Ha 0bpa3unTe e onpedeneH Bb3 OCHOBA
Ha pesyntaTtute oT PeHTreHoda3os aHanus (POA). 3agayata
Ha NPUMOXEHUs PEHTreHoha3oB aHanu3 e MaeHTMdUKaLms Ha
Kpuctanuute asute No TEXHUTE PEHTIeHOANdPaKLMOHHM
AaHHn. ViHTepnpeTauuaTa Ha gaHHute oT POA e nposegeHa
4pe3 CpaBHEHWE Ha eKCrIEPUMEHTANHUTE AaHHU C ETaNOHHMW OT
Gasara gaHHum PCDPFWIN v. 2.2. Ha JCPDS - International
Centre for Diffraction Data.

OcHoBHMTE ~ KpucTanHM  (hasu,  onpedenieHM  no
PEHTTeHorpamMuTe Ha obpa3suuTe OT KOHBEPTOPHW MenHM
WwrakM ca Qasnut 1 marHetut. Tesu kpuctanHu asu ca
onpeaensiuym 1 3a NeLLHUTE MEAHU LLUNaKK, HO MMa pasnnyue B
WHTEH3UTETA Ha AMPPaKUMOHHMTE MakCUMymu Ha [BeTe
tasn. B obpasyute OT MefHa LWnaka OT TOMWNHA neLy
JOMUHMpa asninut, a B obpasunTe MedHa LWnaka OT

KOHBEPTOPWM NWKOBETE HA MarHeTuTa ca C  MO-BUCOK
WHTeH3nTeT. C MOMOLTa Ha KOMMIOTbpHA MporpamMa 3a
asoBa ugeHTUMKaums — Match e  onpegeneHo

KONMWYECTBEHOTO CHOTHOLIEHWE Mexay asnuTa u MarHeTura
B LUNAKMTE KOHBEPTOPU — (hasinUT : MarHeTUT, KOETO Bapupa
mexgy 62:38 v 58:42 B pasnuynute obpasum. Ha dur. 1 ca
NPEACTaBEHN TUMUYHU PEHTTEHOAN(PAKUMOHHM [aHHW Ha
Luraka KOHBEPTOP.

4
u Fe O, - Magnetite
¢ Fe,SiO, - Fayalite

5000 L

4000

3000 +

Intensity

2000

1000

2 Theta scale

®ur. 1. PeHTreHoaU(pakLIMOHHM AaHHK Ha obpasel| OT Lnaka oT
KOHBEpTOpH

Mpn aHanuM3 Ha peHTreHOAUMDPAKLUMOHHUTE [daHHM ce
YCTaHOBSIBA, 4Ye CTOWHOCTUTE Ha  MEXOYNIOCKOCTHUTE
pasctosHna  (d), cboTBeTCTRAWM Ha  asnuTa  OT
KOHBEPTOPHUTE WMaku ca MHoro Ormsku [O eTanoHa 3a
yucta hasa xeneseH cunukat — dasmmt  FezSiO4 (PDF 34-
178). Ha cblyns eTanoH CbOTBETCTBAT U EKCMIEPUMEHTANHUTE
[aHHW 3a hasinuTa OT newHuTe Wnaku. Hamn-BucokaTa creneH
Ha CbOTBETCTBME HA €TanoHa Ce onpegens OT NPOBEeAEHaTo
cpaBHeHue ¢ 6asata gaHHu PCDPFWIN v. 2.2. Ha JCPDS -
International Centre for Diffraction Data oT komnioTbpHa
nporpama Match ¢ uen wgeHTMdMKAUMS Ha KpucTanHuTe
basn. ToBa ce cuuTa 3a [0KA3ATENCTBO B MOAKpena Ha
TBbPOEHWETO, Y& BbMpekn 4e asnuTbT ce obpasysa B
CMOXHA MHOTOKOMMOHEHTHA CWUCTEMa M € Bb3MOXHO Aa
BKIIOYBA B CTPYKTypaTa CW UM [JpYrM KOMMOHEHTU KaTo



M30MOPHN NPUMECK TO TE3N NPUMECK He ca B 3HAYUTENHO
Konu4ecTBo. B npoTueeH cnyyai ToBa LueLle Ja ce 0Tpasu Ha
napameTpute Ha enemeHTapHaTa KneTka Ha Kpucrarndara
pelleTka UM PECNeKTMBHO Ha  MEXOYNNOCKOCTHUTE My
pasCTosHuS.

Hai-6nmaku Jilo) eKkcnepuMeHTanHuTe PEHTreHo-
OMPPAKLUMOHHW JaHHM Ha MarHeTuTa ca CrefHuTe eTarnoHu
3a xeneseH okeua, MarHeTuT FesOs PDF 86-1360 n PDF 86-
1335. B nocoyeHWUTe eTanoHU CbAbpPXaHUETO Ha XEnsso e
no-HUcko oT 3 M CboTBETHUTE hopMynu ca Fe2o4s04 U
Fe288704. Taau TeHOEHUMS ce 0TOens3Ba v npu n3cneaBaHeTo
Ha MarHeTuta OT MELHMTE LUMaKkkK, HO 3a MarHeTura oT
KOHBEPTOPHMTE LLMaKK Ce NPOsiBABA OLLe NO-ACHO.

Te3an pesyntati MoraT [ja Ce CBbpXaT KakTo CbC MOBULLEHO
CbibpXaHue Ha Fed* B CpaBHEHWE CbC CTEXMOMETPUYHOTO,
Taka W C HanM4MeTo Ha M3OMOPEHN NPUMECK B LUNWHENHATA
kpucTanHa pewetka. C  HanMMYMETO Ha  AOMbIHUTENHM
kpucTanHu asv B mscnegsaHute obpasuy OT KOHBEPTOPHM
WNaku Ca CBbpP3aHW, NPOSIBEHUTE HA PEHTreHorpamuTe
AMDPaKLMOHHN MaKCUMYMU MpU CEAHUTE CTOMHOCTM Ha 26:
29.60; 36.20; 42.20 v gp. Tesun kpucTanHu ¢asm He moraT fa
Obpar UaeHTuLMpaHn [O0CTOBEPHO no
PEHTreHoaNdPaKLMOHHUTE AaHHW B NpeaBua Ha nonudgasHuTe
obpa3syn, KOMTO AaBaT CMOXHA AWUPpakLMOHHA KapTWHA M
BEPOATHOCTTA 3a MPWNOKPMBAHE Ha MWKOBE Ha pasnuyHWTE
KpucTanHu pasn. 3a peructpupaHe U oxapaktepusupaHe Ha
Te3u (hasun ce pasunTa OCHOBHO Ha AaHHuTE oT EPMA.

CBeTnMHHaTa  MWKPOCKOMWS B OTpaseHa  CBET/IMHA
npoBeLieHa BbPXY NONMpaHu NpenapaTti — aHWwnudu nokasea,
Ye MpUCHLCTBAT CMEAHNTE OCHOBHW hasu: (hasnuT, MarHeTur,
CTbKNodasa, CynduoHn W MegHW BKITIOYEHMS. XapaKTepHu
MWKPOCTYKTYpU 3@ KOHBEPTOPHWUTE LUMNaKK ca NpeAcTaBeHu Ha
ur.  2-8. OdasnutoBMTe KpucTanm  OOMKHOBEHO ca
NPU3MaTUYHN HEMBHO U3rpafeHn 1 Bruski No oTpaxaTtenHa
€nocobHOCT A0 cTbknodasata. OCBEH KaTo rofieMu KpucTanm
hasnuTbT NpuckcTBa M Noa opma Ha (MHWM AEHApUTH B
cTbKrnodasara.

MegHu (Hai-cBeTnu) u cynduaHm Kanku B obia Maca ot pasnut
1 CUNUKATHO CTHKNO; OTpaseHa CBETNMHA

3a MarHeTMTa CblUO Ca XapaKTepHU HEMmbiHO W3rpageHu
KpUCTanm, KoUTo Npu 06pa3yBaHeTo Ci Ca 3axBaHanu YacTu ot
CTOMKMKaTa, OT KOSITO Ha NO-KbCEH eTan ce 0bpa3yBa (asnuT

(dowr. 3-6).

®ur. 3. MarHeTUT C BKIHOYEHUS OT CUMMKATHO CTBLKNO.
OcHoBHaTa Maca — cTbkrnodasa 1 BKNOYEHUsATa B MarHeTUTa ca
M3NMbAHEHU ¢ (OMHU AeHAPUTH; OTpa3eHa CBETNUHA

Ot HabniogaBaHuTe  (ha3oBM  B3aUMOOTHOLIEHWS B

aHWnuduTe Ce Hamara BhevyaTNeHMeTo 3@ MUKpO-
XETEpPOreHHOCT Ha obpasuwte, BCreacteue Ha 6Obpsa W
HepaBHOBECHa KpucTanusauus. TunuyHu ocobeHocTn ca
00pa3yBaHeTo Ha MarHeTuT okono cynduaHute kanku. Cneg
TOBa OKOMO M3OMETPUYHUTE MOMOMOPGHW Npepesn Ha
MarHeTUToBM Kpuctanu ce dopmupa dasnut. OctaTtbyHaTa
CTOMMNKa 3aTBbpfsBa Kato CTbkMogasa, OT KOSTO B
NOCNEAHMST eTan Ha KpuUcTanusauusiTa KpucTanuaupar Kato
[EHAPUTU OCHOBHUTE (ha3un — hasiuT 1 MarHeTUT.

KakTo nokassaT pesynratute OT W3CrnefBaHe Ha CbCTaBa Ha
dasute ¢ EPMA dasnureT u  MarHetMTLT nokasear
MPOMEHIMB CHCTAB MO OTHOLLEHWE HA U3OMOPHIUTE NPUMECH,
KOETO Ce OTHacs M 33 CbObPKaHWMETO Ha Mef.

EkcnpumeHTanHo ycTaHoBEH CbCTaB Ha MarHeTUToBa ¢hasa ¢
€ npeacTaBeH B Tabnuua 2.

®ur. 4. MarHetut (cBeTna chasa) obpasyBaH OKono cyndmaHu
Kanku; xunuguomopdHu hasnuToBM  KpuUcTanu obxBawat
MarHeTuta (TbMHaTa )a3a e CUNMKaTHOTO CTHLKMO); OTpa3eHa
CBETNMHa



Tabnuua 2
XumuyeH cbcmas Ha MagHemum 8 06pasey, om KoHeepmopHa
wraka

EnemeHTu wt.% atom.%
Si 0.36 0.98
Fe 72.21 97.26
Cu 0.33 0.39
Zn 1.18 1.37
z 74.08 100

®opmyna: Fez2.92Zno.04Cuo.01Si00304

®ur. 5. HenbnHo w3rpageHM MarHeTUTOBM (CBETAM) W
¢asnuToBM (TbMHM) KpucTanu B CTbknoBuaHa obla Maca
(hasnuTLT HaBAM3a W KpUCTanu3upa B MNpPasHUHUTE Ha
MarHeTUTOBUTE KPUCTanM); oTpaseHa CBETNMHA

®ur. 6. XapakTepHa MUWKpPOCTPyKTypa Ha obpasey ot
KOHBEPTOPHA lnaka - MarHeTUTOBU KpucTanu (cBeTnn) U
¢aanuToBM  KpMCTanu(TbMHM) B CTbLKNOBMAHA obwa Mmaca;
oTpaseHa CBeTNIMHa

CyndpmoHuTe BKIKOYEHMS Ca rOfeMu OO0 HSKOMKO mm B
CeyeHue, WMar HempasuiHM POPMU 1 Ca HEPABHOMEPHO
pasnpeaeneHn. Yecto B TAX ca BKIHOYEHW ronemm chepuyHm
MegHu kanku (cur. 7). Tlo-Manku no pasmep MegHu
BKIIOYEHNS ca [Apyra xapakrepHa asa B obpasuute. B
Tabnuua 3 ca NpeacTaBeHN XMMUYHU CbCTaBM OMPEeAeneHn ¢
EPMA 3a megHw BKIOYEHMS.

Kakto ce wmtocTpupa M OT TOPENOCOYeHUTe [aHHM 3a
ME[HUTE BKITOYEHMS Cca xapaKTepHu npumecu ot As, Sb, Pb,
Znn Fe.

®ur. 7. MegHM Kanku B ronsiMO XankoUMTOBO BKIHOYEHME;
OTpa3eHa CBeTNMHA

Tabnmua 3
XuMuyeH cbcmag Ha MEOHU BKITIOYEHUS Om KOHeepMOopHa
waka

MeaHo MeIHO
EnemeHTu BKMto4eHMe 1 BKIIOYEHME 2
wt.% atom.% | wt.% | atom.%
Si 0.27 0.62 - -
S 0.06 0.12 - -
Fe 1.10 1.28 - -
Cu 93.23 95.03 | 9341 | 9491
As 3.12 2.7 4.29 3.72
Sb - - 1.03 0.55
Pb 0.76 0.24 - -
p2 98.54 100 99.44 | 100.01
CyndwugHuTe  BKMKOYEHMS  OT  CBOS  CTpaHa  ce

XapakTepuaupaT C W3KMOYNTENHO pasHoobpasue n 4ecto
obpasyeat nommdbasHu arperatu. Llenta Ha npoBepeHuTe
EPMA aHanuau e ga ce XBbp/u CBETIMHA BbPXY CbCTaBa Ha
cyndmpHuTe asu, KoUTO He moraT Aa 6baaTr egHO3HaYHo
ONMPEeAEnexn ¢ ApyruTe npurnoxeHn metogu. Pesyntatute ot
aHanuauTe nokassaT, Ye CyndmaHWTE BKIOYEHUS 4ecTo ca
CbC CIOXEH CbCTaB W PasnuYHUTE 30HW B €AHO BKITKOYEHME Ce
pasnuyaBaT MO  KOMWYECTBEHWTE  CLOTHOLIEHWA  Ha
KOMMOHeHTUTe cu. HabniogaeaT ce MWUKPOBKIHOYEHMS  T.e.
hasa BKIOYEHA B MO-TONAMO CYNMAHO BKMIOYEHNE, KaKTO W
PELLETbYHN CTPYKTYpW, nogobHM Ha pas3nag Ha TBbpA
pas3TBOp. M3non3BaHWTe HaMMEHOBaHWSI Ha MUHeparM U
OMUTBT [JdaHHMTe Aa 6baar npedctaBeHu nog dopma Ha
chopmynn ca no-ckopo ynopobseaHe N TbpCeHe Ha aHamnorus ¢
W3BECTHW W pa3npoCTpaHeHn cyndmaHu u gp. dasnm no
Konmyecteata  Ha  OCHOBHUTE  KOMMOHEHTW.  Teau
HaMMEHOBaHUS 1 NPeasioXeHnUTe POPMYNM He ca EQMHCTBEHO
Bb3MOXHUTE. Hali-xapakTepHu ca ¢asu CbC CbCTaB BrmM3bK
00 Cu2S 1 CboTBETCTBALYM MO ONTUYHUTE CU XapaKTEPUCTUKM
Ha XankouuT. Tak1Ba no cbCcTaB ca 0OMKHOBEHO Hal-ronemuTe
BKITIOYEHWS] C MEOHM Kankv BbB BbTPeLUHOCTTa cu. OCBEH TAX
obave B peauua 00pas3us OT KOHBEPTOPHM LUMAKM Ce
YCTaHOBSBAT U peauua apyrv CyndmaHu U apceHngHu dasu,
KOMTO YECTO He OTTOBapsT Ha CTEXMOMETPUSTA Ha M3BECTHU
KpucTanHu asu. EkcnepumMeHTanHo yCTaHoBEHU CbCTaBU Ha
MegHu cyndmaonm B obpasunm OT KOHBEPTOPHM Lnaku ca
npeactaBeHn B Tabmvum 4 u 5. Qopmynute um ca
NPEeACTaBeHn 3a CpaBHEHME CbC CbCTABa Ha Xankouura —
CuzS.



Tabnuua 4

XumuyeH cbcmae Ha CYGUOHO BKIKYeHUEe (Xarkouyum) 6

o6paseu om winaka

EnemeHTu wt.% atom.%
S 18.73 31.55
Fe 0.21 0.20
Cu 81.06 68.25
z 100 100
®opmyna: Cu 2.16Fe0,01S
Tabnuya 5
XumudeH cbemae Ha CyrguOHO BKITIOYEHUE 0m KOHBEPMOpPHa
winaka
EnemeHTy wt.% atom.%
S 15.88 27.59
Fe 0.33 0.33
Cu 81.14 70.48
As 2.16 1.60
T 99.51 100

®opmyna: Cu 242Fe 001S0.95A80.05

Cnepgawwute Tabnuum (6 n 7) npefcTaBsT CbCTaBUTe Ha
asm oT KoHBepTOpHWTEe wrnaku B cuctemata  Cu-Fe-S.
BopHuTbT e TunmuHa chasa B MegHWs LWedH W 3atosa
CbCTaBWTE Ca CPABHEHW C HEro, BBMPEKM Y€ OYEBUAHO Ce
OTKMOHSIBAT OT CTEXMOMETPUATA MY.

Tabnuuya 6
XumuyeH cbcmas Ha CyngudHO eKmYeHue 8 obpasey om
wrnaka
Enementy wt.% atom.%

S 21.32 34.92

Fe 9.66 9.04

Cu 67.66 55.40

As 0.90 0.63

z 99.54 99.99
®opmyna: CusssFer.03Ss
Tabnuua 7
XumuyeH cbcmag Ha CynhudHO ekmoyeHue 8 obpasey om
wnaka

Enementy wt.% atom.%

S 23.45 37.53

Fe 9.25 8.46

Cu 67.49 54.01

Ni 0.00 0.00

As 0.00 0.00

z 100.19 100.00

®opmyna: Cus.6Fe090S4

[opn B egvH v cbwym obpasel, NOHsKOra ce ycTaHoBSBaT
MHOXECTBO ~ creumduyHn  cyndmgHm  ¢asu, B KOWTO
€reMeHTUTE TUMWYHW KaTo NpUMECH B MepHUTe Cyndwuam
oBpasyBaTt (hbasu, B KOWTO BMW3AT KaTO OCHOBHM KOMMOHEHTM
kaTo NpeacTaBeHuaT B Tabnuua 8 cbCTaB Ha ONOBHO MedeH
cyngma. OcseH cyndwman, ca YCTaHOBEHM M apCeHuan — B
Tabnmua 9 e npedcTaBeH CbCTAB Ha XenesHo-apceHuaHa
(hasa, KoATO e YacT OT nomudasHo CynuOHO BKMIOYEHME.
O6wwa yepta Ha cyndugHnTe Pasn € HECTEXMOMETPUYHUST UM
W CIOXEH CbCTaB. [1opn B €4HO U CbLLUO MUHEPATHO 3bPHO Ce
YCTaHOBSABAT Bapvauum B CbCTaBa Ha (pasute - B
CbOTHOLUEHMETO HA KOMMOHEHTUTE, KOUTO 1 M3rpaxaar.
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®ur. 8. MegHu n megHOCYNUAHN BKNIOYEHUS B KOHBEPTOPHA
wnaka. Ha mukpodotorpadmata BKnoYeHUsTa ca CBETNIM CbC
3aKpbrieHa hopma 1 NTbTEH KOHTYP; OTpa3eHa CBETNMHA

Tabnmua 8

XumuyeH cbCmag Ha CynhudHO eKmoyeHue 8 obpasey om

KOHBEPMOpHa Wiiaka

Enementy wt.% atom.%

S 17.02 47.67
Fe 1.60 2.56
Cu 15.28 21.40
As 0.00 0.00
Sb 0.00 0.00
Pb 65.51 28.37
z 99.41 100

®opmyna: Pb2.gsCuz.2555

Tabnuua 9

XumuyeH cbcmag Ha apCeHUdHO 8KIYeHue 8 obpasey om

KOH8EepMOpHa winaka

Enementy wt.% atom.%

S 0.00 0.00
Fe 2313 28.58
Cu 4.24 4.58
Ni 2.01 2.36
As 69.86 64.47
z 99.24 99.99

dopmyna: FeosaNioo7Cuo.14As2

AvoptHaTa ¢pasa B Hakon OT oBpasuure TpygHo ce
OTNMYaBa NO OTpaxaTenHaTa CW cnocobHOCT OT chasnuTa.
MMpw ronemu mukpockonckn yennyerus (200-540x) ce Bimkaa,
Ye BMECTBA MHOTO (BMHM AEHAPUTM, OT PasuT U MarHeTUT.
CucraBuTe Ha amopdHaTa Maca ca NpeacTaBeHu B Tabnvum
10, 11 1 12 wmniocTpupar nunca Ha XOMOreHHOCT.

Tabnuua 10
XumuyeH cbcmag Ha cunukamHa ¢hasa e obpasel om wiaka
EnemeHTu wt.% atom.%
Si 10.44 25.10
Ca 0.27 0.45
Fe 60.05 7218
Cu 0.00 0.00
Zn 1.28 1.32
As 1.06 0.95
P2 73.10 100.00




Tabnmya 11

Xumu4eH cbcmas Ha 0CHO8Ha Maca 8 KOH8epmopHa wiaka

EnemeHTu wt.% atom.%
Al 0.70 1.68
Si 17.68 41.06
Ca 0.23 0.38
S 0.19 0.39
Fe 43.42 50.43
Cu 4.82 4.90
Zn 1.13 1.13
Pb 0.08 0.02
z 68.25 99.99
Tabnuua 12
Xumu4eH cbcmae Ha OCHOBHA Maca 8 KOH8ePMOpHa Wiaka
EnemeHTn wt.% atom.%
Al 0.97 2.15
Si 2242 48.12
Ca 0.07 0.11
S 0.16 0.31
Fe 45.33 48.65
Cu 0.38 0.36
Zn 0.33 0.30
z 69.66 100

CbCTaBbT Ha CUNWKATHOTO CTHKNO € MPOMEHNMB B AOCTa
WMAPOKM  TPaHMUM W Ce  YCTaHOBSBA  Bb3MOXHOCTTA
CbbPXKaHWETO Ha MeS Aa AOCTWra 3HAYUTEMHWU CTOMHOCTH,
CbU3MEPUMM C 0BLLOTO ChbpKaHUE MeS B LUMaKMTE.

3aknioyeHune
B pesyntatT Ha npoeepfeHWTe M3CMEABaHWS € YCTaHOBEH
aKTyanHnAaT XUMUYEH CbCTaB, (*)3308 CbCTaB n

MUKPOCTPYKTYpa Ha 06pasuy OT MeSHM LLUMakn OT KOHBEPTOPK.
da3oBuAT CbCTaB Ha M3cnegBaHuTe obpasys OT wWraka ot
KOHBEPTOPW Ce OMpedens OCHOBHO OT (hasnuT, MarHeTwT,
XankoumuT u meTanHa med. CbetaBbT Ha dhasute B obpasyute
€ MPOMEHNMB 1 HECTEXMOMETPUYEH W Bapupa He camo MeXay
oTgenHute obpasuu, HO JOpM Ha MWUKPOHMBO B paMKuTe Ha
efHa uacregBaHa npoba W Ha €OHO MWHEpanHo 3bpHO.
AHanuante Ha cunukaTHu (pasnut, CTbknodasa) 1 okCuaHM
asn (marHeTMT) ca BbB Bpb3ka C MNPUCHLCTBMETO Ha
M30MOPCOHN NPUMECH B CbCTaBa UM W PECMEKTUBHO C OLIEHKa
Ha konm4ecteoTo Cu, KOETO MOXe Aa Brese B CbCcTasa uM. B
OKCUZHMTE W CUNMKATHW pa3n konmyectBoTo Ha Cu, cropeq
nposegeHuTe aHanuau Bapupa ot 0 go okono 0.4%, Ho ca
YCTAHOBEHM y4acTbUy B CTbKModasata C MHOMOKpaTHO Mo-
BUCOKM CbabpaHns ~5%. Mpu uanonasaHata noHacTosLEM
chroTaums 3a npepaboTka Ha LwakuTe, MeaTa B CUIMKaTHUTe
1 OKCUZHM hasm He Ce n3Bnya.

3aKMioYeHNeTo 3a M3MEHYMBOCT W HECTEXMOMETpUsS Ha
LwnakoBuTe hasu e BanuaHo B OLLe NO-rofisiMa CTeneH, Korato
CTaBa BbMPOC 3a cyngwugHute dhasn. Cneundumkata Ha
oTAenHUTe obpa3suy OT KOHBEPTOPHA LUMaKa ce U3siBsBa Hai-
Beye BbB BUAA Ha npucbcTBawumTe cyndman. OcseH 6nmskm
po xankount Cu2S, KakBMTO Ca CbCTaBUTE Ha TUMUYHUTE
CyNnnaHM BKMKOYeHUs B oOpasuute Ce YyCTaHoBABa W
WU3KMKOYMTENHO pa3Hoobpasne OT MEAHO-XENEe3HU CynduaHm
thasu. TunuyHM NpUMecH B Mea CbabPXaLLMTe BKITIOYEHNS Ca
As, Sb, Fe, Zn, Pb, HO B HsIKOW OT aHanuU3nTe TE3N eNeMEHTH
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NPUCLCTBAT KaTO OCHOBHU KOMMOHEHTW. YCTaHOBEHW ca
apceHuaHn asu, kakto 1 ¢asu ¢ npucberame Ha Ni.

YcTaHoBeHu ca XapakTepHU CTPYKTYPHN B3aMMOOTHOLUEHUA
Ha rmaBHUTE MUHeEpann — (baﬂﬂMT, MarHeTuT, me[, CyI'ICbMD,HVI
d)aaw, KOUTO Ca OTpaxeHue Ha XO4a Ha Kpuctanmsauud.
CprKTypHVITe n3cnegBaHna noTBbpXAaBaT W3BOAUTE 3a
CUNHO  M3pas3eHa MUKPOXETEPOreHHOCT Ha  LUfakoBaTa
cTonunka. MMHepaJ’IO)KKMTe n3cneaBaHnMA Ha KOHBEPTOPHUTE
lwnaku Ca npegnocTtaBka 3a 3a ONTUMU3NPaHE Ha
TeXHonoruata 3a npepa60TBaHe Ha LWnakute ¢ uen no-nbiHo
M KOMMNMNEKCHO U3BNN4YaHe Ha None3HnTe KOMMNOHEHTH.
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PUONUTWUTE OT BBIITAPUA KATO CTPOUTENTHO-KOHCTPYKTUBEH, AEKOPATUBHO-
OBMMLUOBBYEH U MOHYMEHTAIEH MATEPUAN
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PE3IOME. TepunepHuTe ByNKaHUTH, B YaCTHOCT PUONMTUTE, UMAT LUMPOKO NIOLLHO pasnpocTpaHeHue B Pogonckata obnact. B sanagHuTe yacTu
Ha MaTouHuTe 1 3anagHute Pogonu Te ca npeactaBeHu Ot ronsm Opoit eAMHNYHN PUONMTOBM Tena, HO OCHOBHO Y4acTBaT B M3rpaXaaHeTo Ha
HAKOMKO ronemu nokpoa — [hxebencko-YctuHeku, Kpymosrpaackw, bpauumroso-flocnatckw, CmonsHckm n MecteHcku. B 3anagHa Bunrapus
naneoreHckUTe edy3nBM 3aemat OrpaHWMYeHU MMOLWHW apeanu B TpbHCKOTO Kpamwle, B PyeHckata MarMoTeKTOHCka 30Ha (KiocTeHamncko).
OcHoBHaTa YacT OT NPOMMLLIIEHO 3HAYMMUTE Kapuepy 3a PUONUTH, U3NON3BaHN 3a CTPOUTENHU U3AENNA 1 KaTo CKanHO-06nMLoBBbYEH MaTepuan
ca cwcpegotoyeHn B Bpauuroso-[ocnatckus BynkaHcku Macve, B CmoneHckus u [hkeben-YctuHcku nokposw. B 3anagHa Bwnrapus,
€[VHCTBEHOTO HaXOAWMLLE Ha AEKOPaTUBHU PUONKTM Ce pa3nonara B KKHaTa YacT Ha BYTIKAHCKO TS0, OTHACALLO ce kbM CTainyoBCKO-3HENomnCKkMs
6rok.

BULGARIAN RHYOLITES AS A BUILDING-CONSTRUCTIVE, DECORATIVE FACING AND MONUMENTAL MATERIAL
Radostin Pazderov’, Mikhail Petrov2, Georgi Rabadgiev’

"University of Mining and Geology “St. Ivan Rilski’, 1700 Sofia; rpazderov@abv.bg, georgi.rabadjiev@gmail.com
2“Omikron” JSC”, Iskar Str. N63a, 1527 Sofia; omicron@ybobg.com

ABSTRACT. The Tertiary volcanites, and rhyolites in particular, are widespread in the Rhodopes. In the Western Rhodopes and in the Western
part of the Eastern Rhodopes they are represented by a number of single rhyolite bodies, but mainly they are building several big flows — Djebel-
Ustino; Krumovgrad, Bratsigovo-Dospat, Smolyan and the Mesta ones. In Western Bulgaria the Paleogene effusives are occupying limited areas in
the Trun Kraishte and the Ruen magmo-tectonic zone (Kyustendil area). The main part of the rhyolite quarries of economic value are developed for
building and decorative facing materials. They are concentrated in the Bratsigovo-Dospat volcano massif and in the Smolyan and Djebel-Ustino
flow. In Western Bulgaria the only deposit of economic value for decorative rhyolites is situated in the Southern part of a volcano body, which
belongs to the Staychovo-Znepole block.

BbBeaeHue MarMoTeKTOHCka 30Ha (KiocTeHawncko). [pyrm mecta Ha

Ha TepuTopuaTa Ha E'bnrapmq’ Han-ronsmMo MNOWHO TepuTopmaTa Ha E'bﬂl'apVIH, KbOeTo ce 0Thens3Ba HanmuneTo
pasnpoCTpaHEHNe TEPUMEPHUTE KWUCENK BYFKAHUTU MMaT B Ha  kBapunopgupu W TexHM Tydu,  HeefHO3HAYHO
Poponckata 0bnact. PUONNUTUTE U TEXHUTE PasHOBMOHOCTY ca Bb3npuemMaHn  Kato  naneoTunHW  pasHOBUOHOCTM  Ha
CbCPEOOTOMEHM B 3anafHWTE YacT Ha M3TouHuTe K puonuTUTE, Ca OBLMPHM nrowm, cesepHo oT CrmeeH, kato
3anagHute Pogonn. Te uarpaxaat HSKOMKO roneMu nokposa Han-ronemuTe PaskpUTHA ca B MECTHOCTTA “CUHWUTE KaMbHU'.
,u)KEGGJ'ICKO-yCTVIHCKVI, KPYMOBrpaﬂCKVI, Epau,mroso- I'Io-no,qp06Ho OnncaHnsa Ha Te3n BYNKaHWTK Ce [fdasat OT
Jocnatcku, CmonsiHcku U MecTeHcku. C BMCOKa CTeMeH Ha Monos v LiaHesa (1967) n KbHues (1995), kouto Bb3 0CHOBA
M3y4YEHOCT 1 OBEKT Ha [eTailNHu M3cneaBaHus OT CTpaHa Ha Ha MuHepanoro-neTporpagcki  M3cneasaHus ycTaHoBsaBaT
peauua aBTOpU Ca TEPUMEPHUTE EKCTPY3MBHU W €dhy3VBHM HSIKOMKO (haLutanHy pasHoBUAHOCTM: KBApLMOpdOpH, rpaHnT
nasn B Bpaumroso-flocnatckata cTpykTypa (MBaHos, 1963; ropchvpy 1 rpaHocpi. Bb3pacToBo ca OTHECEHM KbM Nepma.

1972; WBaHoB, CtosHoBa, 1966; lopaHoB, bosHoB, 1968;

Bosmxues, 1971; CtedbaHoB u ap., 1974; OdumutpoBa n ap.

1975; baxHeBa u gp, 1978; boxkoB u ap., 1978; Mapues, KpaTkn uctopuyeckn cBepeHus, BbB Bpb3Ka C
1985; SAnes, 1. 1990; iumosckn u ap., 2003; Harkovska, 2004 U3NON3BaHETO Ha  PUONUTOBUTE  CKAllHW
W gp.). B To3n BymkaHCKM MacuB Ca CbCPEOTOYEHN W MaTepuani B CTPOUTENCTBOTO

OCZOBHaTaang; ;T EEZM”;””ZHO 3"':”:'\"”T9 ZaFc))MsF;M :;a PUONMTUTE He Ca TPaaWLMOHEH CTPOWTENEH Matepuan 3a
PUIOTIUTIA, MNON3BAHI 38 CTPOUTENHM USAENMA U KATO CKATHO- Hawara CTpaHa KakBUTO Ca rPAHUTUTE, MSCHYHMLMTE,

obnuyosbuer  matepvan. B - 3anagna  Bunrapus, BapOBULIUTE, MPaMOpUTE 1 fip. BE3CNopHO &, Ye PUONUTOBUTE
ManeoreHckUTe puoNMToBK Ghy31BM Ca C OrpaHNYEH! MITOLLHM CKATIHI MaTEpUANY BLB B Ha TIOMEH, LieneH 1 AANaH KambK
apeann - B TpbHckoTo Kpauwe u B PyeHckata
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3a M3rpaxmaHe Ha 3MOOBE W BLHILHM CTEHW Ha Ccrpaau,
MOAMOPHM CTEHW, MOCTOBE U [p. ChOPLXEHUA Ca U3NOM3BaHu
y Hac oLLe OT AbnGoka PeBHOCT.

3non3BaHeTo Ha pUONUTUTE KaTo CTPOUTENEH MaTtepuan y
Hac benexw HayanoTo cv npes cpepata Ha 19 Bek. MMbpauTe
KOHCTPYKTMBHU CTPOUTENHW M3Oenus OT TO3W Matepwan ca
nnouute, AobueaHu B parioHa Ha CmonsH. Te ca Gunm
00paboTBaHu, kato UM € Guna npuaaBaHa kBagpaTHa gopma
4pe3 ouyKBaHe Ha MACTO. Tean nnouu ca Gunu npegHasHaveHm
3a MOKPMBaHETO Ha OKOMO fdeceTuHa 4epken B CpepHure
Poponun, 3a cTpoexa Ha kowuto, npe3 1834-1836 r. e 6un
n3gageH cneumaneH cyntaHcku cpepmaH. Torasa, ToBa Cce €
CYMTano 3a MOAEPEH eNeMeHT OT OBLLMS CTPOEX Ha YepKBaTa.
Bnocnencrtere, No-3aMOXHUTE XKUTENM Ha TO3W Kpail 3anouBsar
Ja 3aMeHAT CMameHUTe NOKPUBM Ha KbLUMTE C PUOMMTOBU
MAoYM OT TOraBallHaTa kKapuepa “TwuknapHuuara’, B
MecTHocTTa “KapamaHmka’, Hamupalla ce Ha cesep OT
CwmonsH (torasa rp. Mawwmaknu).

Cnepn OcBoboxneHMeTo OT Typcko pobCTBO, NO-TOYHO Cref
1886 r., 3ano4BaT ycureHu CTpoexM Ha 0bLLECTBEHM Crpaam u
uarpaxgaHe Ha MbTUWA C TPOLIEHO-KAMEHHA HacTUIKa,
6anactoBu NpuaMK Ha X.N. NuHAM W ap. 3a LenuTe Ha ToBa
ctpoutencteo, B KOromstoyHa Bwbnrapus, ca paspaboTBaHu
kapuepu B PUONMTOBWTE Haxoguwa B XackoBCKO —
CeuneHrpagckus panoH, kakto W kapuepu B [lewwepckm,
Masapmkuikn 1 BpauuroBckM paloHM 3a  HyxauTe Ha
ToraeallHata nosamecka obnacr.

Mpe3 30-Te roguHn Ha MUMHANKS BEK, OT KapuepuTe B panoHa
Ha lNewwepa v bpauynroso ca nponssexgaHn naseTa u 4obKBaH
NOMEH KaMbK 3@ MbTHU HACTUMKW M 3udaH CTpoex. Haim-
maLabHoTo pa3paboTBaHe Ha KapuepuTe OT TE3W panoHu €
CBbP3aHO C M3MON3BAHETO HA PUONUTUTE KaTO KOHCTPYKTMBHO-
CTPOMTENEH  MaTepuan W apXMTEKTYPHO-AEKOpaTUBEH
enemeHT. Taka Hanpumep, C PUONMTOBM CKanHU W3AENUs OT
kapuepa “XKpebnuko” ca u3paboteHn 0bnMLOBKMTE Ha YacT OT
naHampHuTe nanati Ha MocTpeHus naHaup B rp. [1noBaue.

CTpOUTENHO-KOHCTPYKTVUBHW U3AENNS OT PUOSIUTHA Ca LUMPOKO
M3MOM3BaHN NPU U3rpaxgaHeTo Ha HOBUS LieHTbp Ha Codms n
npu MOCTPOSIBaHETO Ha  OOLLECTBEHO-MPABUTENCTBEHMUTE
crpagn npe3 nepuoga 1952-1956 r. PuonutoBuTe CKamnHu
usgenus (puormtoBu nnoum go 20 cm) oOT kapwepute OT
Mewepckus, MMasapmkuwkmns W BpauuroBcku paiioHn ca
13Non3eaHu 3a AebenocTeHHUTe OOMMUOBKM Ha LIOKNUTE Ha
BbHLUHWTE CTEHW Ha CrpagW B LEHTpanHaTta YacT Ha
cronvuyata. — xoten ‘bankan’, LleHTpanHus yHuBepcarneH
marasuH, Munuctepckusi cbBeT, [pe3ngeHTCTBOTO M Apyru
crpagu (comr. 1). OcseH TOBa, B T€3n crpady, BbB ¢acagHarta
MM YacT ca W3NON3BaHU Peauua apXUTEKTYPHO-CTPOUTEMHM
eneMeHT Kkato konmoHu (cur. 2a, 6), nNOANPO30OpEYHN
€NTeMEHTM, ENEMEHTM OT CBOLOBE Ha BPaTH W NPo3opuu (cpur.
3a, 6) n op.

BbB (hacagute Ha Te3m crpagm ca u3norna3saHu 4eKopaTUBHM
€NemMEeHTU OT PUONUT, ODMKHOBEHO C KpbroBa dopMa W
XapakTepHWTE 3a BpeMeTo croxeTu (cur. 4, 5, 6).
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®ur. 1. [eGenocTteHHU OONMLOBKM Ha BLHIUHUTE CTEHU U
LUOKNUTE Ha Crpagu B LEHTparHata YacT Ha CTonMuara,
MuHucTepckusa cbBet

®ur. 2a, 6. KonoHa ¢ kanuTen OoT pUONMT KaTo apXUTEKTYpHO-
cTpouTeneH enemeHT, MpesnpeHTcTBo, Codms



®ur. 3a, 6. EnemeHTM oOT cBOAoOBe Ha Npo3opuM W
NOANPO30PEYHU ENEMEHTMN OT PUONTUT

®ur. 4. EneMeHTV Ha HauMOHanHaTa CMMBONMKaTa, U3paboTeHu
OT puonut

®ur. 5 u 6. [lekopaTUBHU CIOXKETHWU eNleMeHTH, U3paboTeHu ot
pvonut

V3non3eaHeTo Ha Matepuana oT PUONINTOBUTE HaxXO4MLa 3a
LenuTe Ha  CrpagoCTpoOUTENCTBOTO, Ce €  Okasano
LienecbobpasHo W CPABHWUTENHO WKOHOMMYHO peLLeHue npu
TOraBallHUTe CneaBoeHHu roguHun. Jpyr npumep Ha mawabHo
W3Mon3BaHe Ha pUONMTa KaTo CTpoUTENeH martepwan, oT
Haxoguwata ot [lewepckusi, Masapmkuwkus u bpauuroBeku
pavoHK, e N3rpaxaaHeTo Ha batallkus BOGHOCWOB MbT U Ap.
XNOPOCHOPBXEHUS B paiioHa. [pes 70-Te roauHu Ha MUHanms
BeK ce paspabotBa kapuepa ‘“JleWHMKOBUM®, OT KOSITO
Hanpumep ca NPoM3BEAEeH!N NoYmM 3a 06nMLOBKa Ha hacapaTa
Ha xoTen “Puna’e ctonuuara. Tosn maTtepuan He ce nogaea
Ha MnOnMpoBKa, HO ce wnudoBa [0 CTENeH “CpeaHo
wnudoBaHe” n BrarogapeHne Ha BUCOKaTa Cy 1EKOPaTMBHOCT,
ObITKalla Cce Ha LBETOBWS PUCYHBK M MBMYECTA TEKCTYpa, Ce
SBSIBA €HO OPUTMHAITHO apXUTEKTYPHO PELLEHNE.

Kbm  Hactoswmss MomeHT ce 0TbenssBa  M3BECTHO
Bb3paxgaHe npu gobusa W W3MONM3BaHETO HA PUOMMTOBK
CKamHW  MaTepuWanu, NpegHasHayeHn  Hal-Beye  3a
NPOM3BOACTBOTO Ha OBMMLOBBYHM MIIOYM C ps3aHa OCHOBA U
obpsisaHa npaBObIb/HA WM TpaneuosuaHa dopma, ¢ rpyba
nuueBa aktypa (06ukHOBEHO LieneHa — Tun “ckana’). OcseH
TOBa Ce Npou3BexgaT obps3aHn KBagpaTHW W NPaBOBIbIHN
nnouu ¢ hakTypa Ha nuuesaTa CTpaHa LWnugoBaHa, Kakto u
cTbnana, NAMHTOBE, NIIOTOBE U Ap. NOA0OHM n3genus. Takus
TN W3Aenvs, OT PWOMWTOB MaTepuan Ha Haxoguwa oT
bpauuroBckus paioH, ca Mon3BaHM WM NpW CbBPEMEHHOTO
CTPOMTENCTBO — MNpUMEPHO crpagata Ha “Kenutbn cutu
ueHTsp” B Mnosays (cur. 7).



®ur. 7. Apkoobpa3HuTe KONoHU Ha “KenuTbn cutn LeHTLP” B
Mnoeaus

MonsgaHeTo Ha  pUONMUTUTE  KaTO  MOHYMeHmaneH
Mamepuan € e[HO W3KMIOYeHWe 3a TO3M BMA CKanu M ce
OTHacs caMo 3a T.Hap. ‘0bCMAMAHOB” TUM PUOMMT OT
Haxoguweto npu c. JleBoueBo, CmonsHcko. To3n BuA
matepuan, OTnuYaBal, Ce C MHOr0 BWUCOKM [eKOpaTUBHM
kayecTBa, € W3MONM3BaH MHOM0 MOAXOZALWO Kato Bnokos
mMaTepuan 3a HanpasaTa Ha nameTHuuuTe Ha [. l1eTpos B C.
Mporneg v Ha Otey Mauncuit B rp. bancko.

MecTononoxeHne M KpaTKu CBeAEHWA 3a Hal-
BaXHWUTEe HaxoAMIla Ha puOnuMT, AoOMBaH KaTo
CKanHo-06nMLOBBLYEH MaTepuan

Haxoguwa “Kasavute 1, 2”, Masapgxuwko. Hamupar ce
Ha 6 km toxHO oT ¢. [lebpalumua u Ha okono 15 km 3anagHo ot
rp. Mewepa. OnuroueHckuTe PUONMTM OT Haxoguwata ca
MacvBHW, C XapaKTEPHOTO CHEPUYHO  W3BETPSHE, C
nynganHa TekcTypa, ApebHo- A0 cpegHonopdvpHM, C
XManuHHa OCHOBHa Maca. LIBeTbT UM e po3oB [0 CBOPO30B.
[MaBHK ckanoobpasyBallm MUHEpPan ca kanues denalnar,
kBapu, Ouotut u amdubon, a BTOPOCTEMEHHM — LIMPKOH,
anatut M pyoeH MuHepan. XapakTepHO 3a Haxogule
“KazaHnte 2", ye e noKanu3MpaHo B PaMKUTE Ha OTPOMHO
CpyTHLLE OT pUonMTOBYK BNIOKOBE C pasmepu OT 2-3m3 4o Hag
10 m3. Matepuanute OT OBETe HaxoAulia Ca OKaYeCTBEHU
kaTo rogHu 4obue Ha BIOKOBE CKamnHM M 3a MPOM3BOACTBO Ha
KaMbK JIOMEH 1 LIENEH 3a crpaau U CbopbxeHus. Hesasncumo
OT HEBMCOKMSI 0BEMEH paHLemaH, KONMM4ecTBOTO MaTtepuan,
W3BbH HEro € npedBWAEHO fa Obae u3non3BaHo 3a
NPOW3BOACTBO Ha Pa3HOKAMEHHW N3AENNS.

Haxoguwe “Xpebuuko”. Pasnonara ce Ha okono 7 km
CEeBEpPOM3TOMHO OT  bpauuroso, HXHO OT  [lasapmxuk.
pUONUTUTE OT HAaXOAMLIETO Ca MacyBHW, NITbTHU, ApebHo- 4o
CpegHonopgvpHW, € METHUCT  u3rmed, CuBM 10
OenesHnkaBopo3oBK. MopdurpHaTa reHepauus e NpeacTaBeHa
OT Marvoknas, Keapu, CaHuguH W OuotuT, a kato
BTOpPOCTENeHeH MuHepan ce otbensssa  amcmbon.
XapaKkTepHa 3a puUOnUTUTE € Mpu3MaTuyHaTa HanmykaHocT W
ChepUYHOTO M3BETPSIHE, AOBENO 40 OHOPMSHETO Ha ronemu
Mo pa3mepyu curnHo 3acbneHu 6rnokose. B oTaenHm yyactsum B
OCHOBaTa Ha paspesa, puonuTuTe ca HaborateHu Ha
BYJIKAHCKO CTBKII0, KOETO WM MpMAAaBa CMOMMCTOYEPEH LBAT.
Mpu npoyuBaHeTo npe3 1984-1985 r. ca onpefeneHu aga
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[EKOpPaTUBHN TuUNa PUONUTU. CUMBU W PO30BU, 3a KOUTO Ce
npeanonara CbOTBETHO ﬂpVIa6OHCKa W onuroleHcka Bb3pacT.

Haxoanwe “NewHukoBun”(3Henone). Hamupa ce B
3anagHa Bbnrapus, TpbHekoTo Kpauiue. 3aema toxHara Yact
Ha BYNKaHCKO TANMO, OTHacAWoO ce kbM CTaivoBCKo-
3Henonckus  6rmok.  Puonutute  OT  Haxoaumileto ca
NEBKOKPaTHM, CcMBODENe3HMKkaBM Ha LBAT. [pakTuyecku
WHTEpEC, KaTo CKaNHO-0bML0BbYEH matepuan,
NPeAcTaBnsiBaT  Xb/ITOBUYECTUTE  PA3HOBMOHOCTM  Ha
puoNUTUTE, NOpaaN BUCOKMTE CU LEKOpaTWBHW KayecTBa. Te
ca fapebHO- [0 (DMHO3bPHECTH, C MacuBHAa U WBUYECTa
nopcupHa cTpykTypa. MopdupHara reHepaums (okono 15%) e
npeacTaBeHa Nnarvoknas, Kanvee hengwnat, Keapy M
ouotuT.

Puonutu npu c. lleBoueBo, CmonsHcko. peacraseHu ca
oT urHumbputonopobeH Tun puonuti (“‘obcuamaHos” Tun),
CUBO3ENEHN [0 CMBOYEpPHM Ha UBAT. TekcTypata um e
(nyuaanHa, ot cybnapanenHo OpWUEHTMPaHU BUTPOKNACTM C
yepeH A0 cuBoseneH LBaT. OCHOBHaTa Maca e uarpageHa ot
BYNKaHCKO CTBKMO M MUKPOSBPHECT arperar OT KBapLy W karnues
cenawnar. Mputexasat MHOrO Aobpa NONMPYEMOCT W BUCOKM
CTOMHOCTMW Ha SKOCTHUTE NokasaTenu.

Haxoavwa “Butuna” (“ButuHa 1, 2 u 3”). B paitoHa Ha c.
ButnHa, Pynosemcko, 0T Hayanoto Ha MWHanmus Bek, C Marnku
NpeKbCBAHWS BbB BPEMETO, Ce € M3BbPLUBAN KapuepeH aobus
Ha PUONUTK - PBYHO C KUPKKU U KNNHOBE Ca Mnpou3BexnaHu
nnovn OT PUONUTU 3a NOKPUBEH MaTepuan, 06J1I/ILlOBKI/I n
HacTunkn. B pesyntat Ha ToBa € BbB3HMKHANO OBLWIMPHO
KapuepHo none, Kato B HeroBusi 0b6xBaT MMa JOCTa Marku,
CPeaHO TonemMn W ronemn KapuepHu rHesga. B uentpantHata
4acT Ha norneto e odopMeHa Kapuepa C [OCTa rofnemu
pasmepu — Haxoauwe “ButuHa”. B HemocpencteeHa Gnmsoct
[0 HEero ca npoyyeHW Tpu HOBWM Haxoguwa — “ButuHa 17
‘ButuHa 2" n “ButuHa 3. lMonesHo uakonaemo ce sBsBar
€CTECTBEHO Hanso4eHnTe puonutu (Mriumbputos tun). Te ce
CYMTaT 3a 4YacT (BEpOSITHO OTAENEH pasnuB) OT MacUBHWTE
PUONUTM (MTHAMBPUTK), C KOWTO 3aMoyBa M 3aBbPLUBA paspesa
Ha BuTuMHCKMS BynmkaHcku nokpoB. Makpockoncku TekcTypaTa
Ha pMONUTUTE € MaCcMBHa, a CTPYKTypaTa NopdmpHa, Thil KaTo
ce Habntogaea ronsmMo KonmyecTeo, 40CTa eapu nopdupu ot
kanues cenawnar u ksapy. OcHoBHaTa mMaca € usrpageHa ot
BYNKaHCKO CTHKI0. HannoueHuTe puonuti oT Haxoguwara ca
OTHECEHM OCHOBHO KbM [Ba [ekopaTuBHW Tuna: B1 -
cuBobexoBOKasiBM  C  BUOMETOB OTeHbk U B2 -
cmBobeXOBOKasIBM C PO30B OTEHbK. [lBaTa [eKkopaTMBHM
TMNa, NPexoxaatT €efHu B OpyrM C MeXOWHHW LBETOBM
cbyeTaHus. dakTypata Ha nuuesaTa MOBLPXHOCT 3aefHO C
LBeTa ¥ TeKcTypaTa WM [OMbfiBa B MHOMO rofisiMa CTeneH
TAXHaTa [eKopaTUBHOCT. PuonutoBuTe matepuanu OT Tesw
Haxogula ca OKayeCTBEHW KkaTo roaHu 3a AoBuMB Ha nnoum
LieneHu 3a BbHLUHW 1 BbTPELIHU 00nmMLoBKM ¢ HeobpaboTeHa
NMLEBA MOBLPXHOCT W 3a U3rpakaaHe Ha BbHLLUHM CTEHM 6e3 1
C Maswrika Ha crpagy ¥ CbOPbXEHWS, 3@ Orpaay W HACTUIKN Ha
BpeMeHHM MbTuia.. OT pUONMTOBOTO Haxoauwe “Butuha’,
Pynosemcko ce npoussexgat 1 0bpsi3aHn naeeta ¢ pasmepu
4x4x4 v 5x5x5 cm.

Haxopauwara npu c. YctpeH u ¢. Porosye. Puonutute ca
Ounu nonaBaHuM kaTo MaTtepuan 3a uspaboteaHe Ha HGopaopu
1 naeeTa Ao npeau 20-Ha roguHu.



OCHOBHM NOHATMA U onpepeneHus, oTHacsLiu ce
A0 CKaJlHUTe MaTepuanun Kato CypoBUHa 3a

CTpOUTENCTBOTO

B CbBPEMEHHOTO CTPOUTENICTBO CE WU3MNon3ea 3Ha4YUTENEH
ACOPTUMEHT OT CTPOUTENTHM MaTepuanu u unsgenunA. ToBa
Hanara W NO-TOMHOTO oOnpefdendHe Ha TepMUHOMornaTa,
un3non3eaHa npu CkanHWTe Martepuanu, npunaraHin B
CTpouTenHaTta npakTuka.

CkanHu Mamepuainu ce HapudaT Tesn, Kouto ca gobutu ot
CKaNMHMS MacuB 4Ype3 pPasnuYHM TEXHWYECKU Bb3LeNCTBUS
(MexaHW4HM, B3pUBHW, TEpMUYHW W Op.). CneposaTenHo
CKaNHUTe MaTepuanit ca NPOAYKT Ha TEXHOTEHHO Bb3aeicTame
W OTAENAHETO MM OT TAXHOTO ECTECTBEHO CbCTOSHWE B
3eMHMS MacuB T.6. HE Ca pesyntarT Ha NpUPOAHM
PaspyLINTENHN 1 aKyMynaLMOHHM npoLecu. M3non3saHeTo Ha
CKanHUTe MaTepuanu 3a CTPOWUTENCTBOTO € CBbP3aHo C
npunaraHeTo Ha TEXHONOMMYHUTE onepauuu npepaboTka W
obpaboTka, npu KOETO Ce MONydyaBaT CbOTBETHO CKa/HU
cCmpoumesHU Mamepuanu W CKa/lHU cmpoumenHu
usdenus.

CKkanHusim cmpoumesieH Mamepuan ce Nonyvasa npu
npoueca Ha npepaboTka, KOETO 03Ha4YaBa, Ye WM3XOOHWAT
Matepuan (CypoBuHa) € MOANOXEH Ha YaCTUYHO UMK MbITHO
paspylwaBaHe (HapylwaBaHe Ha Heroeata LAMOCT), upe3
Pa3fM4HX  MEXaHW4HW npolecu — TPOLUEHe, MpecaBaHe,
cMunaHe v ap. B To3n acnekT e Heobxoaumo aa ce otbenexu,
Ye NOoYTU He CblleCTBYBa Bb3MOXHOCTTA CKanHUAT Matepuan
Aa 6boe wsnonssaH 3a CTpouTenHW Lenu 6e3 onpeneneHo
TEXHOTEHHO BBb3AENCTBME WWUMKM TEXHOMorMyHa npepaboTka.
CKanHuaT CTpoUTENEH MaTepuan Cce M3nonaea 3a pasnnyHu
uenu: pobaBbyeH Matepuan 3a OETOHM, 3a MbTHOTO
CTPOMTENCTBO, MPW MPOM3BOACTBOTO Ha LWMMEHT, Bap, KaTo
NMOMEH KaMbK 3a 3ugoBe M T.H. B cbotBeTcTBME C
npefHa3Ha4YeHNeTo, KbM CKanHWs MaTepuan ce npeasBsBaT
Ka4eCTBEHM U3CKBAHMS, OTHACSLLW Ce 10 onpeaeneHun (uanko-
MeXaHW4YHUTE NnokasaTenu.

CkanHomo cmpoumenHo u3denue ce nomnyyaea 4pe3
obpabotka Ha nogxogsw, 3a LenTa ckaneH Mmarepuan
(NpeamMmHO GNIOKOBE WMWK MIOYEHU MACKBM) U MMa 3aBbPLLEH
BWA, NpedHasHaYeH 3a OMPEKTHO M3MOn3BaHe (BrpakaaHe) B
JageH ctpouteneH o6ekT. B TexHomorusTa Ha matepuanure,
nog obpaboTtka ce pasbupa W3MEHEHMETO Ha chopmarta Ha
M3xogHaTa CypoBMHA 4Ype3  YaCTMYHO  LieNeHaco4eHo
paspyllaBaHe Ha HelHaTa LAnoCT, C Len nonyvyaBaHe Ha
nonycgabpukat wnn rotoso u3genve. B To3m  cmucobn,
obpaboTkata Ha CKanHus maTepuan BKIHOYBA: psdaHe Ha
ckanHua BrnoK Ha MnouM WhnW Opyru 3aroTOBKM, TSAXHOTO
0Bpsi3BaHe M nMpuaaBaHe Ha NWLEBWTE UM MOBbPHOCTM Ha
Heobxoaumata hakTypa (cTeneH Ha 0bpaboTka).

Crnopeq  NMpegHasHayeHWeTo CW  CKanHUTe  CTPOMTENHM
n3genvst GuBaT KOHCMPYKMUGHU CKalHu u3denusi W
apxXumeKmypHo-cmpoumesiHu u3oesusi.

KOHcmpmeueHume CKanHu uzdenus nmart
npegHasHa4yeHneTo Aa MnoHacAT OCHOBHO HaTOBapBaHMA Ha
cTpouTenHata KOHCTPYKLMA. KbM TAX ce OTHaceaT: naserta,
60p,£u0p|/|, BbHLLUHU CTbJ'l6VILLlHVI CTbnana, nno4yn 3a HaCctTunka u
ap. 3a Tesn n3genus ce M3MCKBaT onpedeneHn MUHUManHm
CTOMHOCTM Ha OCHOBHM d)VI3VIKO-MeX8HVI‘-IHVI NnoKa3aTesin KaTo:
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AKOCT Ha HaTWUCK, M3HOCOYCTOMYMBOCT, MPa30yCTOMYMBOCT U
ap. CBolicTBa KaTo LBSAT, PUCYHBK, CTPYKTYPHO-TEKCTYpHM
0COGEHOCTH 1 [AP. CE SBABAT BTOPOCTENEHHM.

ApxumekmypHo-cmpoumesiHume ckanHu usdenus ca
MHOTO pasHO0bpa3Hy kaTo NpeaHasHayeHue U KOHCTPYKTMBHA
topma — 6OaniocTpag, KOMOHM, KanWuTenW, MacyBHM
CTBNOVWHM enemMeHTu, nnoyn 3a OOMWLOBKM, MNOTOBE,
tpusose W gp. lNpu Tesn usgenus BbHWHATA dopma K
[eKopaTuBHUTE KayecTBa Ca 3afbIKUTENHW apXUTEKTYPHU
€NeMEHTI, @ HAKOW OT TAX Ca NOAJIOKEHN W HA Pa3fMYHKM Mo
rofieM1Ha HaToBapBaHUs U Ap. BbHLUHM B3AEACTBIS (KOMOHN,
KanuTenu, MacuBHW CTbNOMLLHW eNEMEHTU 1 Ap.).

Puonuture kato MOHYMEHTalleH MaTepuan

OcBeH OCHOBHOTO WM MpefHa3HayeHWe Kato CypoBWHA 3a
CTPOMTENCTBOTO, HAKOM CKamH1 MaTepuani ce 13nonsear 1 3a
MOHYMEHTanH1 W3genus (CKynnTypHu cpurypu, Gapenedm u
ap.). 3a TasM Uen ckanHuTe MmaTtepuanu Tpsbea Aa
nputexaeaT Heobxogumarta OnokoBocT kato obem U
MOHOMWTHOCT, flecHoO Aa ce obpaboTBaT upes yaapH
Bb3OencTBus (C  WWno, AneTo, YyK), Aa npuTexasar
onpeneneHn AeKopaTMBHU KayecTBa M Aa Ca YCTOMYMBM Ha
aTMocepHUTe Bb3AENCTBUS.

Kapuepm puonuTy,
CTPOMTENHU  u3genuss U

06HMHOBbHeH MaTtepuan
B nepuoga ot 1952 r. 0o Haww gHM ca pa3paboTBaHu C
pa3nNyYHO BPEMeTpaeHe U NpeKbCBaHMS BbB BPEMETO OKOSO
22 Kapvepun 3a puONMTM, KOWTO Ca TpynupaHM Mo
TEPUTOPUANHO FEHETUYMH NPU3HAK KaKTO crieaBa:
BuotuTtoBU puonutu
XackoBcko — CBUNEHrpaacKku pamoH:;
v Haxoguwe “Jloser”, CBuneHrpag;
v’ xapwepa npu c. bpsiroo, XackoBcko;
v' Haxoguwe “Maxanoto”, “Kapmbluka 1, 2" B paitoHa
Ha KeHaH l"awuHs, XackoBcko.
[MeLepcku paioH:;
v kapvepw “Tonnuka 1, 2";
v xapuepa ‘TapsaHoea Ckana’;
v xapuepa “ToLuKoB yapK'.
MasapmKnLLKK pamoH;
v' Haxoguwa “Kasavute 1, 2" n “lamboB 3UMHUK" npu
c. [lebpawmua.
[leBuHCKO-CMONSIHCKN paiioH:
v' xapuepa npu rp. CMonsiH;
v’ xapwepa npu Jocnat, [eBUHCKO;
v' “Xucapcko aepe’, [leBuHcko — Jocnat-Telbi.
Amdn60on-6MoTUTOBM PHONUTK
bpauuroBcku panoH:
v' xapwepw “bpauuroso 1, 2, 3’;
V' Haxoauuie “YKpebuyko”.
TpbHCKK pamoH:
v Haxoguuie “JlelHnKkoBUM” npy ¢. 3Henone.
WUrumm6puroB (“ob6cuanaHoB” Tun) puonutu*
CwmonsHcko-Pyno3emcku paiioH:

3a n3non3BaHn  3a

KaTo CKalnHo-

v’ xapwepa npu c. JleBoueBo, CMOMSIHCKO;
v' HaxogMwa “ButwHa” (‘ButuHa 1, 2 u 3
Pynosemcko).

*3abenexka: OT TO3W TN PUONUTI UMa NPOSIBNIEHNS B paioHa
Ha c. OpexoBo, KOETO He Ce ekcrnoaTupa.



®usnko-mexaHnyHu nokasarenu (®MI) Ha puonuToBUTE
cKanHu MaTepmanu oT pasnuyHNUTe Haxoauwa (kapuepm)
O000LIeHN AaHHM 3a hU3NKO-MEXAHUYHUTE MOKas3aTenu Ha
PUONUTOBMTE MaTepuani no panoHW ca AafeHu B Tabnuua 1
(MupyeBa, BesHes, 1969; Metpos, 1994). OnpenensHeTo Ha

OMI1 3a no-ronsamara 4YacT OT OKaYeCTBEHUTE KAaTO CKanHo-
0ONULIOBBYHM MaTepuanit PUONnUTK ca U3BBLPLLEHN B Nepuoaa
1954-1966 r., a 3a no-manka Yact — npe3 1961-1980 r. u npe3s
2003-2005 .

Tabnuya 1
0606LLEHI CTONHOCTM Ha OCHOBHUTE (DU3MKOMEXAHUYHM NOKa3aTenu Ha pUoNIUTUTE OT Haxoguia B Bbnrapus
R
Akoct Ha Hatuck, MPa © g §
oai CromHocT OemHa Oem Ha Bopono- Koedpu- £ g &
alioH, Ha MnbTHOCT nueae- LMEHT 5| o
Opoit kapuepw rnokasa- maca, kg/cm3 nopure, MocT Ha Hacu- g5 ©
pou kapuep — kg/cm3 g % o BbB BbB cnen | &3 =
0 Laxe Bb3d. | BOAO- 25- é 8 §
Cyxo | HanuTo | KpaTHO =l =
CbCTO- [ CbCTO- | 3ampa- =
AH1e fHWe | 3sBaHe
Xackoscko-Cu- min 1850 2450 5.70 1.88 0.58 69 42 52 0.73 -
neHrpagceku, 5 max 2480 2670 24.50 9.70 1.00 108 101 90 0.91 -
Mewepcku, 4 min 2370 2590 4.61 1.06 0.58 50 46 48 0.76 -
max 2480 2680 9.20 3.57 1.00 94 75 73 0.94 -
MasapmKULLKK, min 2420 2600 5.78 2.15 0.73 127 97 97 0.77 -
max 2450 2620 7.65 2.32 0.91 175 143 130 0.85 -
[JleBuHcKo- min 2210 2570 5.30 5.17 0.46 70 51 49 0.70 -
CmonsHcku, 3 max 2510 2650 14.00 9.65 0.82 113 140 - - -
Bpauwroscku, 4 min 2380 2580 3.30 0.93 0.44 44 41 40 0.73 | 555
max 2500 2640 9.04 242 1.50 165 137 137 090 | 7.30
TpbHCKM, 1 CpeaHo 2470 2510 1.59 0.54 0.84 206 214 112 >1.0 | 5.80
CmonsiHckm, 1 cpeaHo 2300 2650 14.90 4.88 0.92 46 43 42 069 | 7.10
3abenesxka: MMHMManH1Te 1 MakcUManHUTe CTOMHOCTY 3a OTAEMNHUTE NoKa3aTenu ce OTHacAT 0bLLo 3a rpynaTa kapuepw.
Bb3 ocHOBa Ha HampaBeHaTa CbMOCTaBKA HA KOHKPETHUTE OfnpefensHn BbB BbL3OYWIHO CyX0O W BbB BOAOHANWUTO

JaHHU 33 OTOENHWTE Kapuepu M Haxogula M TexXHWUTe
00600LLEH CTOMHOCTM Ce Hanarat CnegHUTE U3BOAM:

1. ObemHaTa maca Ha puonutute e B rpanuuute 2200-2500
kg/m3, kaTo eOMHCTBEHO 3a pwonuTWe OT C. bpsiroo
nokasaTtensaT e nog Tean crtonHoctn — 1850 kg/m3. Tosa ce
ObIIKU Ha BUCOKATa NOPECTOCT HA MaTepuana, KosiTo € OKomno
24.50%.

2. MnbTHOCTA Ha pUONUTWTE Bapupa B TECHW TPaHWUUM — B
pamkuTe Ha 2450 go 2680 kg/m3.

3. lopectta Ha puUONUTUTE, C W3KMIOYEHWE HA Te3n OT
kapupepata npu c. bparoso e B rpaHmm 1-10%. C
3HAYNTENHO MO-BUCOKM CTOAHOCTM HA TO3W MOKA3aTeN Ce

Xapaktepusupar  Mmatepuanute oT  kapuepa  ‘TloseH’,
CeuneHrpageko  (19.50%) wu  Haxoguwe  “JlelwHnkoBuUm”,
TpbHcko (14.90%).

4. CrToiHOCTUTE Ha nokasaTenss BOJOMONMBAEMOCT [0
MOCTOSHHA Maca, 3a PasnuYHUTE HaxOguLa Ha pUoOnMTU ce
uamensi ot 0.54% 1o 5.57%, karo 3a matepuana oT kapuepaTa
npu c. bparoBo goctura go 9.70%. Puonutute oT Kapuepa
“Xucapcko [fepe’, Tewbs, He3aBMCUMO OT CPaBHUTESTHO
Huckata cu nopectoct (5.30%) nokaseaT [ocTa BMCOKM
CTOMHOCTM 3a BOAOMONMBAEMOCTTa — CpeaHO okomno 9.65%.

5. KoenumeHTbT Ha HaculaHe Ha pUonuUTUTE C BOAa € B
rpaHuumte o1 0.44 go 1.50 u e B npaBonponopLUMOHaNHa
3aBMCMMOCT C MOKasaTens BogononueaemocT. B cnyyas,
KOMMYeCTBOTO BOAA, C KOATO Ce HacuwaT puonuTuTe ce
oBycnaBs KakTo OT CTeneHTa Ha TsxHaTa BOLOMNOMWBAEMOCT,
Taka U 0T (DU3NKO-XMMWYHWTE MpOLECH, CBbp3aHu C
yacTu4HaTa XxvapaTaums Ha ByNKAHCKO CTBKITO.

6. FKOCTHMTE MOKa3aTenu Ha PUONUTUTE, NMPW MPOYYBAHETO W
“3cregBaHeTo Ha MaTepuannuTe OT pasnuYHUTE Haxoguwia ca

a)
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CbCTOSIHME, KaKTO W cnep 25-kpaTHO 3ampassBaHe. Kato
NpaBuWIo pUONUTUTE HAMAT BMCOKW SKOCTHM nokasaTenn. Tosa
ce obycnaBs OT efgHa CTpaHa OT TeXHUS XUMUYEH W
MWHEpaneH CbCTaB, a OT Apyra — OT CTPYKTYPHO-TEKCTYpHUTE
nm ocobeHoctn. Cnopen SKOCTUTE Ha HAaTUCK BbB Bb3AYLUHO
CYX0 W BbB BOOOHAMUTO CbCTOSIHUE PUONATUTE OT HawwWTe
Haxoguwa morar ga 6baar 060cobeHm B Tpu rpynu;

a. puonuTuTe OT panoHa Ha CmonsH, npy c¢. JIeBoYEBO, KOUTO
nokassaT Haii-B1COKW SKOCTHUM nokasaTenn — 200 MPa u 214
MPa, CcbOTBETHO BbB Bb3OyLWHO CyXO WM BbB BOZOHANWTO
CbCTOSHUE;

6. pronuTUTe CbC CTOMHOCTM Ha nokasatens B rpaHuyute 100-
175 MPa. Tosa ca matepuanute oT bpauuroBckusi panoH ¢
WU3KIMoYeHNe Ha Tean oT Haxoauwle “YKpebuuko®, puonutute ot
MasapmxniLkns panoH 1 npu CMONsH, KakTo 1 Te3un oT Tewwbn
— “Xncapcko aepe” ot [1eBUHCKO-CMOMSHCKMS paiioH;

B. KbM TpeTata rpyna Ce OTHAaCAT PUOMMTUTE OT BCUYKM
OCTaHamnm kapyepy 1 Haxoguia, OT KOMTO Te3n MaTepuani ce
M3MonaBaT Kato CKanHo-06MMLOBBbYHM MaTepuanu. AkocTuTe
Ha HaTWUCK BbB Bb3AYLLHO CYXO U BbB BOAOHAMUTO CbCTOSHWE
ca B rpaHuuute ot 41 go 100 MPa.

7. fkocTTa Ha HaTuck cneg 25-kpaTHO 3ampassiBaHe W
pasvmpassBaHe Bapupa oT 42 pgo 137 MPa, KoeTo
NPemonpenens W Huckata Mpas3oyCTOMYMBOCT Ha Tesu
matepuanu — B rpaHuuute 0.69-1.00. C Hal-HUCKM CTOMHOCTM
Ha nokasaTens KOoe(MULUMEHT Ha MpasoyCTOMYMBOCT Ce
XapakTepuaupat puonuTuTe OT HaxoguLle “JlelHMKoBLK’.

8. M3HocoyCcTOMYMBOCTTa (CHNPOTUBAEHNETO Ha M3HOCBAHE) €
onpegensiHa no metoaa Ha [eean. O606LeHM ca aaHHUTE 33
KapuepHuTe PUOMMTOBM MaTepuanu OT  Bpauurosckus,
TpbHckmsa 1 CmonsHckus panoHn (tabn. 1). CtonHocTuTe Ha




nokasaTensi WsHoceaHe no [lesan BapupaT B rpaHuUuTe OT
2.65% (puonutute oT kapuepata npu CmonsH) go 7.30% 3a
kapuepuTte npu Bpauuroso.

B 3akntoueHne, 0THOCHO (bI/ISI/IKO-MexaHVNHVITe CBOMCTBA Ha
puonntTe OT HalluTe Haxoaulla, Moxe fAa ce oTbenexu, Ye ¢
U3KNK4YyeHne Ha puonutute Ot CwmonsiHeckus pa|7|0H,
OCTaHanuTe puonuToBM Martephanin ce OueHABaT KaTo CbC
3aJ0BOJIUTENHM NOKa3aTenn.

ﬂeKopaTMBHM CBOMCTBA Ha puonutute

Kato npaBuno puonutute ca CbC CpedeH Knac
[leKOpaTUBHOCT,  KOATO  Ce  onpefens  [MaBHO
npeobragaeawms puUCyHbK M UBAT.  [locnegHuaTt, 3a
pasnUyHUTE HaxOAMLla Bapupa B PasfMYHM  HIOAHCK Ha
Bnenopo3oBo, kadsiBo, CUBOOEKOBO, XbNTO, CBETNOCUBO A0
noytu 6sino. ToBa OLBETABaHE Ce OTHACs 3a BCUMKM BUAOBE
PUONUTW OT HalWUTe HaxoAulia, C U3KMIOYEHWE Ha Tesun OT
“NewHnkoBun”, TPBHCKO U Te3N 0T CMONSHCKUS PaiioH.

Ha
oT

B Haxoguwe “JleWHWKOBUM’, C BUCOKM AEKOPaTUBHM
KayecTBa Ca OLEHEHU XKbMTOBWYECTUTE PA3HOBMOHOCTW Ha
puonutute.  WrHumbputonogobHus  (‘obcuamaHos”)  Tun
CMBO3€MNEHN O CUBOYEPHM Ha LIBAT PUONUTK Npw c. [leBoyeso,
npuTeXaeaT BUCOKA CTEMEH Ha MOMMPYemocT M Ha Takasa
MOBBPXHOCT MMaT ApebHONOPMPEH U3rnes C ACHO u3pa3eHa
nynganHa Tekctypa OT  cybnapanenHo  OpuMeHTUpaHu
BUTPOKNacTW. ToBa npugaBa Ha Te3n MaTepuanum MHOro
BMCOKa CTENEH Ha JeKOPaTUBHOCT.

CBepeHus 3a TexHonorusaTa Ha 4oouBea,
npepaboTkaTta n o6paboTkaTa Ha pUONUTOBUTE

CKanHu matepuanu

[obuBbT Ha puonUTOBM MaTepuans OT CKanHWs MacuB
TpsibBa fa ce pasrnexaa B ABa acnekTa: [obWB Ha ckaneH
matepuan 3a npepabotka 1 goOuB Ha ckaneH matepuan 3a
obpaboTka 1 nony4aBaHe Ha CTPOUTENHI U3OENUs.

Llobusbm Ha puosumos ckaneH Mamepuan 3a npepabomka
Ce OCbLLECTBsIBA KaTo CE Mpurara MeToAa Ha npobusaqe Ha
B3PMBHW OynkM (CbC COHOA WnM  npobuBeH uyk) K
LieneHacoveHo ynpaensemo B3puBsiBaHe. Mo TO3W HauuH ce
nomnyyaBaT CKanHWTE CTPOMUTENHW MaTepuans Kato JIOMEH
KaMbK 32 OCHOBW Ha crpaau, enbp AobaBbyeH MaTepuan 3a
OeToHW, YaKkbfl 3@ HacTUNKa Ha MbTUWa C TPETOpaspsaHO
3Ha4eHue (3a JOMHW NacToBe, KaTeropust Ha ABWKEHWE MOTO
NEKO, NIEKO 1 CPELHO).

Llobusbm Ha puonumos ckaneH Mmamepuan 3a obpabomka u
nony4agaHe Ha CKafHU u3denus 3aBUCM OT XenaHaTta
KOHCTPYKTUBHa ¢hopMa Ha u3fenusaTa.Taka Hanpumep, npw
MPOU3BOACTBOTO HA HEO(OPMEHU MNIOYM 1 MIIOYN 0OpsidaHyu C
KBagpaTHa WM MpaBobrbiHa opMa, OT HEHapylleHaTta
ckarnHa maca ce gobusat nnoyects macusu. OBUKHOBEHO ce
npurara pbYyHO OTLENBaHE C M3MOM3BaHe Ha KNnHoBe. Taaw
TEXHONOrWs Ce MPEANoYNTa, KOraTo PUONUTOBWAT Macus € C
Mo-BUCOKA CTEMeH Ha HamykaHOCT, kato npeobnafasaliy ca
CMCTEMATUYHUTE MYKHATWHKM, CbBMafaly C ecTecTBeHata
HanmMo4YeHoCT Ha puonuTuTe. Mpn No-3apaBuTe, MacvBEH TUN
PUOMNUTH, CbC CUCTEMATUYHO HaMyKBaHe, NepneHanKYNspHO Ha
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nocokata Ha pasnpOCTPaHEHWE Ha HanmIo4YeHocTTa Ha
ckanuTe, MOXe fa Ce npunara MeTOaM Ha B3puBsiBaHe B
PEXVM Ha MUHUMANHO B3PWBHO Bb3aeicTaue. B Tesun cnyyawm,
PUCKLT OT [OMbIHMTENHO HamykBaHe M Ha paspyluaBaHe Ha
CKamnH1si MacvB e MUHUMAeH, Thil KaTo NIOYUTE, NOMyYaBaHu
KaToO CTPOUTENHO M3genue ca CbC CPABHWUTENHO Marnku
pasmepn — 0o 40x60 cm u aebenuHa oT 2 4o 4 cm. Tesm
nnouM Cce M3non3eat MpeaWMHO 3a HacTWika Wnu  3a
obnuuoBKa Ha BBHWHM LOKTKM Ha crpagu. [Mo-psgko Te ce
nonarar karo NoKpUBEH ENEMEHT NpU LIbPKBY 1 eAHOaMMUITHM
KbLuy (rnasHo B PogonuTe). Mo-ropeonucannte TEXHONOrMM ce
pobuBaT OT pUOMUTOBMS MacuB M CPaBHWTENHO Mamno- U
cpeaHorabapuTHi 6MOKOBE, OT KOWMTO YpEe3 PbYHO LieneHe W
janaHe (c  wwno, [AneTto U Yyk) Cce npowseexaar
KOHCTPYKTMBHWU CKanHX W3AENWS KaTo YNWUYHU U FPafMHCKM
Gopatopu, MacBHYM CTbNana Ha CTbrbuLa v ap.

Mpe3 50-Te u 60-T€ roguMHM Ha MuHanMs Bek e JobuBaH
MaTepuan W ca Mpou3BEXOaHW ronsMo KONMYecTBO NaBeTa
(paamepu 9x9x9 1 9x9x18 cm), kouto obaye nopagm Huckata
CM W3HOCOYCTOMYMBOCT Ca WU3MON3BaHM 3a LUOCENHN MbTULLA C
Marka MHTEH3WBHOCT Ha [BWKEHWE, KaKTO M 3a MapKoBOTO M
YNM4HO CTponTencTBo. MoHacTosiLeM, ThpCEHETO Ha nasapa
Ha naBeTa e 3HauMTenHo, 0cOOEHO 3a Mankus TUnopasmep
(5x5x5 c¢m), M3non3eaHW B NApPKOBOTO CTPOUTENCTBO 3a aneu.
ToBa € Hanoxuno B ronsMa CTeneH W MexaHW3MPaHeTo Ha
TAXHOTO  MPOM3BOACTBO  —  W3NOM3BaT  Ce  yAapH
EKCLIEHTPUKOBYW WM XMIPABMMYHM LIENAYHN MALLMHU.

B 3akntoueHue, OTHOCHO TexHonmorusiTa Ha [fobuBa Ha
PVONMTOBK MaTepuanu u TaxHata obpaboTtka 3a nonyyasaHe
Ha KOHCTPYKTUBHW CTPOUTEMHU W apXUTEKTYPHO-CTPOUTENHM
n3genus, Morat aa ce HanpassT cnegHuTe 0606LeHus.

1. Puonutnte OT HalwmMTE Haxoguwa ce xapakTepusupar ¢
SICHO M3pa3eHa HammoYeHOCT UM CUCTEMATWYHA, MepneH-
JUKyNsipHA HA HEs HanykaHoCT, KOETO npefonpepens u
6nuskata go napanenenunes ¢opma Ha gobutute OTLENEHM
6nokoBe 1 ¢ mMakcumaneH obem go 3 m3. C usknoyeHme Ha
pobuea Ha puonutn 0T Haxoguwe “flewHukoBun”, 3a
OCTaHanuTE Haxoauwa He e LenecbobpasHo M3Mon3BaHEeTo
Ha BbXEHUM pe3aykm C OWUMAHTOHOCHM BTYNKM, Tbit KaTo
PUONIUTOBUTE MaCUBM Ca CbC CPABHUTENHO BUCOKA CTEMEH Ha
HanyKaHoCT, paHOeMaHbT Ha CkanHu BIIOKOBE € HUCHK, KOETO
B kpalHa CMeTKa BOAM 40 HeonpaBaaHo BMCOKA cebecToNHOCT
Ha JobutuTe ckanHu 6nokose.

2. briokoBeTe Ce NojaaBar Ha psi3aHe Ypes ratepu C HoXoBe
C [MaMaHTEHU CErMEHTW, KaKTO M C e[HOAMCKOBM U
OPTOrOHanHM pe3aqky C AaMaHTEH CETMEHTH.

3. TouyHaTa obpaboTka Ha m3genuaTa no ¢opma necHo ce
OCbLUECTBABA 4pe3 psisaHe, (Hpe3oBaHe W yAapHu
Bb3AEACTBIUA — LIENEHe 1 PbUHO AsNaHe C LKMo, ANETO U YyK.

4, PasnnyHata cTeneH Ha (pakTypHa obpaboTka Ha
NMLEBNTE MOBBLPXHOCTM MOXE [a Ce MOCTUTHe C yhapHW
onepauwm (UueneHe, AsnaHe, OyyapgoucBaHe W Ap.) M
wnudosaHe Puonutute, nopagu CTPYKTYPHO-TEKCTYPHUTE CM
0cobEHOCTH, He ce mommMpaT U OT TSX MPEUMYLLECTBEHO Cce
A06MBaT NMOYM LiENEHN 3a BbHLUHW U BbTPELUHW 0BNNLIOBKY C
HeobpaboTeHa nuUeBa MOBbpXHOCT.  M3knioueHne ca
UrHMmOpuTOBHMS (“0b6CKaMaHoB”) TMN PUONUTK OT paiioHa Ha C.



NesoyeBo, CmonsHcko. Cblyute ce XapakTepusupaT CbC
BICOKA CTEMEH Ha NoMnM1pyemocT.

3akntoueHue

B cratusta ce pfaBaT CBedeHMS 3@ PUONUTUTE KaTo
CTPOUTENEH, apXUTEKTYpeH UM MOHYMEeHTaneH Martepuan.
MpeacTaBeHM Cca  HAKpaTKO  MPOMWWINEHO — 3HaYMMUTE
Haxogulia W Kapuepu Ha PUONMTW Ha TepuTopusiTa Ha
Bbnrapust u ca 0600LUEHM JaHHUTE 3@ OCHOBHUTE HU3MKO-
MeXaHWYHWUTE MoKasaTenu, KbM KOMTO Ce npeasBsBaT
W3NCKBAHWS NPU OKAYeCTBABAHETO Ha Teau MaTepuanit kato
rOfHM 3a CKANHO-06NMLOBLYEH MaTepHan W U3MoN3BaHEeTo UM
33 CTpouTeNnHM u3fenus. PasrmegaHa e HakpaTko U
TEXHonorusTa Ha fobuea, npepabotkata u obpaboTkata Ha
PUONMUTOBMTE CKANHU MaTEpUanil.

PvonuTtoBuTe  ckamHu  maTepuanu  Genexar  CBOETO
Bb3paXzaHe KaTo CTPOUTENHO-KOHCTPYKTUBEH U AEKOPATMBHO-
06nuLoBBYEH MaTepuan npe3 50-Te roauHN Ha MUHaNMA BeX.
MoHacTosleM Te WMaT LIMPOKO MPUNOXKEHME W KaTo
APXWTEKTYPHO-CTPOUTENHM ~ W3OENUS  C  OMpOCTEHH,
“‘obnekyeHn”  opmMu, MNOCTUraHW MNpU  CbBPEMEHHaTa
MexaHuaupaHa obpaboTka Ha MaTepuana. Te pasHoobpasssat
acopTMMeHTa Ha  [pyruTe, W3NON3BaHW C  TakoBa
npefHa3Ha4eHne, MarMeHm ckanm.
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PE3KOME. 3anagHouepHomopckaTta nepudepust n ocobeHo yacTta v nonagalla B rpaHuuuTe Ha Gbnrapckata akeatopus G6e B None3peHneTo Ha
HaLLW 1 YyXauW reonosu Npes nocnegHuTe ase aecetunetus. bescnopHu ca gokasaTencTeata 3a He(hTOra3oHOCHWS NOTEHLManN Ha pasrnexaaHarta
MMoLL, HO CHLUEBPEMEHHO He Ca Marko 1 He3a40BONUTENHUTE Pe3ynTaTi OT NOCNEOHUTE FOAUHN, KOUTO HE [OBEeOXa A0 OTKPUBAHETO HA HOBW
NPOMMLLIEHN aKyMynaLmuy OT BbINEBOJOPOAM. Tean ABa NpoCTyM U3BOAA HanaraT 3agbnboyeH aHanua Ha NpoBegeHUTe 40 MOMEHTa N3CneaBaHus
W M3rpaxxaaHe Ha HoBa KOHLIENUMS 3a NO-HaTaTbLUHWTE TbPCELLO-NpoyyBaTenHn pabotn 3a HedT v ras. B HacToawmaT matepuan ce npunarat
AaHHW OT MOCMEeAHNTE reonsnyHN U CoHgaxHW pabotn B GbarapckuaT cektop oT 3anagHouvepHomopckus baceitH. C oTyMTaHe Ha BCWYKM
HeraTMBHW pes3ynTat ce npeanara NMOLWHO OrpaHWyeH CTpaTurpadpcku AuanasoH, BKMKOuBAl, B cebe CU HAKOM pasnnyHM Mo reHesunc
NEepCneKTUBHI B HEPTOra3o0HOCHO OTHOLLIEHE 0BEKTH.

NEW DATA FROM THE WEST BLACK SEA PERIPHERY: SOME CONCLUSIONS ABOUT BULGARIAN OIL GEOLOGY
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ABSTRACT. The West Black Sea periphery and especially its part located on the Bulgarian aquatory was of interest for our and foreign geologists
during the last two decades. Undoubtedly there are evidences conceming oil and gas potential in the inspected area, but also there are
disappointing results from the last years, that did not lead to the discovery of new industrial hydrocarbon accumulations. These two simple
conclusions impose a deep analysis for the studies at the moment and presentation of a new concept for further on searching and prospecting
activities for oil and gas. Applied data in this context are presented from latest geophysical and exploration works in the Bulgarian sector of the
West Black Sea Basin. Regarding all the negative results, a limited area stratigraphy section including different in genesis and perspectiveness oil
and gas potentional objects is suggested.

MocneaHUTe  roneMu  TEONOXKA  pekanuTynauum  no Bb3HMKBAT HAKOM CbMHEHWS OTHOCHO €edhEeKTWBHOCTTA Ha
3anagHata 4act Ha YepHo mope (TyronecoB u gp., 1985; NPOBEXAaHWs KOMMMEKC OT npoyyBaTtenHu pabotu. He crasa
Motaxos u gp., 1990; Robinson, 1997) npeactaenssat gobpe SCHO W KaK HOBMTE AaHHM OT JWLEH3MOHHUTE BrokoBe
W3BECTHM W LIMPOKOOBXBATHM NaHopamu Ha YepHoOMopckaTa NpOMeHsT 0bLMTe NpeacTaBn 3a CTPOEXa M Pa3BUTUETO Ha
aKeaTopust M Npunexaluute cywn. Te oTpassBaT BbarneauTe Ta3u rofiiMa YacT oT TepuTopusiTa Ha bbnrapus. BbamoxHo e,
Ha MyNTUAMCUMNIIMHUPAHWN €KMW OT EKCMEPTU, KOUTO CbC BEYe HaTpynaHuTe pasHOBMLOBM U3CnedBaHWs fa ca
CBOS @BTOPUTET HanoXuxa W [JHEC CbLUECTBYBALUMAT JOCTaTbYeH MOTMB 3@ HsiKakBa PEBW3US Ha Bb3rNeauTe,
reonoxku mogen. KoM HeroBata cuctema OT NPeACTaBM, 3anerHan B cTpaTernure 3a TbPCEHe W MpoyyBaHe Ha
MOHATMS U TEPMUHM CE MPULbPXAT MOBEYETO CbBPEMEHHM nepucepHns CErMeHT OT ronemust  3anagHo4YepHOMOPCKM
u3crneaoBaTesnm. HedpTorasoHoceH bacenH (34YHIB). Crneapawure 6enexkm

UensT Ja npuBRekaT BHUMaHWETO Ha 3aMHTEpEecoBaHUTe

Mpe3 nocnegfHaTa YETBbPT HA MUHANWS BEK M B HAN-HOBO CNeLmManmecTi KbM NoCOYEHNUTE NO-TOpe TEMM.

BpeMe Obrrapckata Mopcka akeaTopus Ce mnpoyyBa OT
pasnu4HK, rnaBHO YyXAEeCTpaHHWU KOMMNaHWM Ha OCHOBaTa Ha HuBoO Ha pervoHanHa n3y4yeHoct

JIMLEH3MOHHa N KOHLleCMOHHa J0roBopeHa OCHOBa (TO3V| eTan Kbm Kpas Ha MUHanMs BEK MOBEYETO OT CbLUECTBEHUTE
€ MapkipaH C OTKDUTMETO Ha €[OHO rasoBO Haxofuuie CTPOEXHM OCODEHOCTM Ha WHTepecHaTa 3a Obmrapckute
“Tanata”). [JobuBaHata OT KOMNaHWMTE-ONEPATOPU FEONOXKKa reonoan yact ot 34HIG (Hamecthuko 1 gp., 1981) Gsxa
WHOpMaLWs NOCTENEHHO CTaBa U3BECTHA U Ha Gbnrapckute OTYETNMBO M3SICHEHW. B HeroaTa Cyxo3eMHa 4acT, NpoyyeHa
cneyvanmcti. pedsup ronemMute pasvepit Ha MporHO3HUTe W c ronsim Bpoit CoHaaw, ca 0BsIBEHU TMABHUTE CTPYKTYPHM
BBITEBOAOPOAHN  PECYPCH, @ CbLUEBPEMEHHO CPABHUTEITHO eTaXM — Maneo3oickn, TpUackm M opcko-kBaTepHepeH. [lo
OrpaHueHns  obem  JokasaHu  3amack,  OCHOBATENHO OTpassiBalLy CEeU3MUYHU TPaHNLM B NOCNeaHaTa CeKBEHLMS B
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pamKuUTe Ha CpaBHUTENHO TecHUs ceBepobbnrapcky Wwend ca
pasnMyYeHn HAKONMKO HaBMW3awy OT 3anag  pasnoMHO
000c06€eHN TEKTOHCKM euHuLy, 0006LweHn oT BapHeHckaTa
MOHOKNMHana 1 W3touyHomusmiickaTa xoMoknuHana (gsata
pailoHa ce pa3genat oT KanwakpeHckaTta AMCROKaLMOHHA
30Ha). [potskHata 3oHa Ha  KOxHOMM3MiAcka  nmepu-
nnatcoopmeHa  obnact  Tyk ce  npeacrtaes  OT
JonHokamumiickata genpecus, npunarawa go bnnsHawwkara
(briekcypHO-pasnoMHa 3oHa. Ha u3tok ot wenda, nog

CbBPEMEHHIS KOHTUHEHTANEH CKIMOH U NOLHOXWE, 0TAaBHa Ca
OKOHTYpPeHW 3TouHOMM3WiCKaTa [Jenpecuss W KpynHaTta
BanoobpasHa cTpyktypa Ha [lonwkos (¢ur. 1). Ha tor B
aKkeaTopusTa Ca NpOCMedeHU TbHKOBUTE CTPYKTYpWU Ha
W3TouHuTe BankaHuau — (npepbankaHcku 1 CTaponnaHUHCKN)
W Ha ropHOKpeaHaTa ByrKaHCKo AbroBa cuctema (M3TouHo
CpepHoropue — ¢ noctoporeHHata bypracka genpecus — u
3anagHu MoHTuaw).

L ‘B\d
NP
- .
ST g
0 30 60 \ 2
kilometres
Tectonik Bulgarian Part of Black Sea
On several stuctural stages
Edge of the shelf
e Boudaries of tectonic units on all structural stages
On one structural stage
Izobath

®ur. 1. TekTOHCKAa M GaTUMeTpUYHa KapTa Ha Obnrapckusi cektop or YepHo mope (mo gaHHM Ha Bokos,1987; Vintage Petroleum u

Overgas Inc.)
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B cyxo3emHOTO 1 LwendoBoTo 6aceiHoBO MPOCTPaHCTBO
(MpemenHo  HacuTEHO CbC  CeM3MONpOdMIHM  TpaceTa U
coHgaxm) Osxa 3aKkapTMpaHu M MPOBEPEHW MHOFO IIOKamHM
cTpyktypu.  [oBeveto  ce okasaxa  MPOMMLLIIEHO
HENPOAYKTUBHM, C W3KMIOYEHUE Ha CIIOKHWS XOPCT Mexay C.
KameH Gpsr v Hoc Labna, BMecTn n3eecTtHoto oT 1951 T.
TtoneHoBCKO HaxoauLLe.

B gbnbokoBoaneTo, KbaeTo ce cneast fobpe cemsmuyHuUTe
rpaHMUM Hap TFOPHOKPELHWS penep, Ca OnMcaHW AeceTuHa
NOKaNHM  CTPYKTYpPW, KOMTO OCTaBaT BCE OLe COHAAXHO
Henpoy4eHu.

B obcera Ha pailoHa Hal-MHTEpPECHWTE 3a NeTponHaTa
reonoruss  reodmsnyHn nonera 6sxa  3akapTupaHu  u
3a[0BONUTENHO U3yyeHu. KapTaTa Ha rpaBuTaLMOHHOTO none
(pemykums Byre) obocobsiBa [0 7 cTeneHn Ha rpagauus.
30HaTa Ha 3anagHOMEPHOMOPCKWS MakCUMyM, C BuUCLIA
WHTEH3WMBHOCT (OKEaHCKM TWM Kkopa), ce pasnonara (poHTanHo
Ha M3TOK OT Obnrapckus Opsr, KOETO Ce MOTBbPXZaBa OT
peuHTepnpeTaumusaTa Ha ¢upmata “Vintage Petroleum” (cur.
2). CxemaTta 3a CTpyKTypaTa Ha MarHWTHOTO Mofie nokassa
HAKOIKO KPYMHU enemeHTu (3oHm), umawm CCU opueHTaums.
KapTaTa Ha CbBpeMeHHOTO TOMMWMHHO Nofe, onepupatya ¢ Tpu
rpagaLym Ha nokasaTenure, 3a cera yBepeHo OTAeNs 30HoTa ¢
Ham-ucoku nokaszatenum (50-70 mWtm?) B uvact oT
KOHTUHEHTaNHWA CKIOH 1 nogHoxme (cpur. 3).

®ur. 2. Kapta Ha rpaBUTaLMOHHOTO NONie MapKUpaLo npexopa
MeXpay OKeaHCKM W KOHTUHeHTaneH Tun Kopa (I'IO AaHHU Ha
Vintage Petroleum)
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®ur. 3. Kapta ¢ no3uums Ha apeanute ¢ NOBULIEHU CTOWHOCTU HA TOMJIMHHUA MOTOK (MO AaHHM Ha Benes, 2008; Vintage Petroleum u

Overgas Inc.)
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Pa30upaeMo €, Bce Mak, Ye TO3M MO3HABATENeH eTan
npemmuHa B ucTopusiTa 03  MpeuusHa  TUMOMOrMYHa
XapaKTepucTVka Ha MOBEYETO OT CTPYKTYPHUTE ENEMEHTH W
rPaHULM, MpWU OFPaHUYEHO WNKM KONEBNMBO MpunaraHe Ha
CEM3MOoCTpaTUrpadpckusl  MHCTPYMEHTApUYM B MpaKTuKaTa.
CbLOTO Ce OTHacd M 3a Pa3nu4HUTE BULOBE MPOLECH B
MPUPOLHUTE PE3EPBOAPHM CUCTEMM, OTHECEHW KbM BPEMETO U
MeXaHW3MuTe, KOHTponupawy — obpasyBaHETO Ha camuTe
BbITIEBOAOPOAHM 3aNEXN.

MpuHoC Ha HOBUTE onepaTopu

Ot 1991 r. BbB BapHeHckata, [onHokamumiickata W
Byprackata  HedbTorasoHocHa  obnact  (HIO)  Ha
3anapHoyepHomopckust  DacelH  3amoyHaxa  TbpCeLlo-

npoy4yBaTenHN paboTh HAKOMKO YyKAECTPaHHW komnaHun. C
MOMOXMTENHN KpalHu pe3ynTaTu Ce OTNM4M onepupanara
BbpXy CeBepHus Obnrapcks wend go 1998 r. “Texaco
Exploration Offshore Bulgaria”, kosTo B cbapyxue ¢
“Enterprise Oil Exploration Ltd"” n  “OMV” cnonyunxa pa
OTKpUAT rasosus 3anex “lanata” (1993). Tosu ycnex e
pesyntat Ha [obpe M3fCHEHa CeKBEHTHa cTpaTurpacus,
WHOpPMATVBHA CEU3MMYHA MpexXa 1 JeTalinHo paspaboTteHa
WHTEpnpeTauus Ha nonyyenute npodunu. OT 1998 r. npasata
Ha onepatopa ce noemart ot “Petreco Sarl”. Owe npeau ToBa
3anoyBa [OMbBaHe W YTOYHSIBAHE Ha JaHHW MO reoxuMusiTa
Ha OB 3a wwupok crpaturpadickm Habop OT CEeaUMEHTH:
naneosounckmn (“Texaco”), paHHo-cpeaHotopckn (‘OMV”) u no-
MITaau Ype3 MOLEPHN NUPOMUTUYHO-XPOMATOrpadhCku METOaM.
Kato pobpe pabotewa B tokHaTa yacT OT Gbnrapckara
akBatopusi ce otnmum 1 onepupanara o 2005 r. komnaHus
“Vintage Petroleum” kodTO ocTaBW 3HauuTeneH no obem
Cen3MUYeH matepuann.

B pgbnbokata 4acT Ha obnmactta  HaBnM3aT  MOYTW
€[HOBPEMEHHO aBCTpuickata komnaHms “OMV” (ceeepHata
yacT) u wwartckata “Vintage Petroleum” (toxHa yact). B T03u
ronaM no nnow, apean (okono 15000 km?2) komnaHuuTe
npokapsat noeeye oT 4000 lin. km HoBn 2D Cen3MMyHM
npodmunn 1 nokpueaT B ceBepHara vacT 600 km2 ¢ 3D
CEeM3MUYHO KapTupaHe. Ypes cepusita MOCTPOEHW KapTu (Mo
BpeMe W KOHBEpPCUpaHu B ObNOOYMHHN TakuUBa) € M3SICHEH B
3HauMTeNHM [OeTannm CTpyKTypata W MCTopusiTa Ha Ha
ceMMeHTHOTO 3anbneaHe Ha 3YHIB, Haii-Beye B HerosaTa
Heo3olicka yYacT. EoueHckoTo Bpeme ce XapakTepusupa C
pedyBaHe Ha AuCTamnHu ObHHU haHOBE W CKITOHOBMW KaHamHo-
(haHoBM  cUCTEMMN. OnwroueHcknTe  yTalkn MmbK  ca

NpeAcTaBeHu MaBHO OT AMCTanHM Typbuautn. MuoLeHckuTe
Hacnary ca pesynTaT Ha pa3HOOBpasH MacoTPaHCMOPTHM
CTUMYNIMPaHM OT MalLabHOTO MOHWKEHME Ha

npouecy,

MOPCKOTO HWBO KbM Kpasi Ha enoxata. B ceBepHaTa uvacT
“OMV” ycTaHOBSIBa HanM4MeETO Ha NOHe 6 pasnuyHM Buaa
NepcrekTMBHW  00ekTW,  pasnpedeneHn B LUMPOK
cTpaTurpadcku AnanasoH: OT topa A0 MUOLEH (BoaeH cTbnb
Hap 1400 m). FonemuTe Hagexan ce CBbp3Baxa C MUOLIEHCKO
aKkyMynaTWBHO TSmO, HECHIMACHO MOKPUTO OT  MIWOLEH-
kBaTepHepHu Matepuanu. Ceusmuynnte 3D u3cneaBaHus
obaye He MOTBbPXAABAT MPOTHO3MPAHUTE pa3Mepu W
kayecTBa Ha obekTa. llonynauus OT ManoMOLHM CKMOHOBM
(aHoBe B OMNMrOLEHCKaTa Cepust W  KaHanHo-genToeaTta
cuctema Ha [laneo-Kamums Cblo He YAOBNeTBOpsBAT
KpuTEPUMTE 3a MPOMWLLIIEHA MepCnekTMBHOCT. KomnaHusita
OLEeHM KaTo MepcnekTMBHA 30HA CTPYKTYpUTe Ha Bana
MonwikoB, KbaeTo ce Habensa3eaT Bb3MOXHM KanaHu OT
pasnuyeH Bug W Bb3pacT. MMo-pasnuyHO M3rnexaa toxHaTa
4acT — NMepuMETBLP Ha AOCKOPO onepupanara TyK KOMMaHus
‘Vintage Petroleum”. B npegenute Ha KOHTMHEHTANHUS CKIOH
1 HErOBOTO MOAHOXME KOMMaHUATa YCTaHOBsIBa noseye OT 7
nepcnekTMBHM  00ekTa,  MPUBLP3AHM  KbM  LUMPOK
cTpaTurpadcku ananasoH: JONeH eoLeH — MUOLIEH, Npu BOAEH
ctbn6 o1 700 go 1500 m (cpur. 4).

WHTepec Tyk Buxa npepctaBnsBanM CKMNOHOBM (paHoBE C
rOPHOEOL|EHCKa-A0MHOONUIOLEHCKa Bb3pacT, NpeacTaBeHu ot
TypouanTHM  nacbuHuuyn.  Mpu npeumsHo  6opaseHe €
WHTEPNPETALMOHHN WHCTPYMEHTW W YMENo npunaraHe Ha
CEKBEHTHWS aHanM3 € Bb3MOXHO [0Ka3BaHETO Ha
aHTUKNUHAMHK Tena C HeW3sICHEH 3acera reHeaunc. Mosuuusta
Ha ManeocKnoHa Npe3 CpeaHUs eOLeH O PaHHWUS ONUrOLEH
Bb3MOXHO € 6]‘Iar0I'IpI/I$|TCTBaJ'I NPOTUYAHETO Ha CBNaYULLHK
npouecn (slumps) n obpa3yBaHeTO Ha OTAEMHM HaMpeyHo
pasnonoxeHn cbc CC3-tOIOW  HanpaBneHue Tena c
nsgbpxaHa hopma. 3HaYUTENTHO MOHMKEHOTO MOPCKO HUBO M
0bpa3yBaHeTO Ha NaneokaHbOHW W TYPBUAUTHU CEaUMEHTH C
MWOLIEHCKa Bb3pacT, oborateHn ¢ NCaMUTHU MHTEpBanu, ce
NOTBbPXAaBa ¥ Ype3 NPOBEAEHUTE reoU3NYHI U3CneaBaHus
(Fullbore Formation Micro Imager FMI) B Hskon coHpaxu (cour.
5).

Kato onpegeneHn npuHOCM KbM  cTpaturpadmsta u
UCTOpUsSTa Ha PErvoHa MOXE fa Ce CuMTaT KaTeropuyHuTe
AedrHMLMM Ha HecbrnacusTa B Kpasi Ha MuoLeHa (MECUHUiA
LST), B kpasi Ha akBMTaHa (FOpHULLE Ha MaNKOMCK1S haumec),
B Kpasi Ha eoueHa (mpuaboHCKO) M T.H., KOWTO AedmHMpaTt
cekBeHTHUTE rpanHuumn. OT apyra CTpaHa, noHe 3acera, He ce
noTBbPXKOABAT  BWKAAHMSTA  HA  onepaTtopute  3a
pa3npefeneHneTo Ha knactukata B 3anafHodepHoMopckaTa
OKpanHWHa Npe3 ONUroLEH-MUOLEHCKUS XPOH.

®ur. 4. BatumeTpuyeH 301 mogen Ha 6bnrapckus cektop ot YepHo Mope (no gaHHu Ha Overgas Inc.)
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®ur. 5. CoHpax Ponotamo - (SF — Sand Facies) 30Hu, 0TOMTH Ha
6a3a (FMI)

B onuroueHckust Bek BHOCBT OT 3anaj € UaeHTU(uumMpaH —
MpoTo-Kamums, HO TEPUrEHHUAT MaTepuarn Hal-BeposiTHO ce
3agbpka B rpaHuumute Ha [onHokamumiickata genpecus. Mo
JaHHM OT YKpaWHCKUTE reoro3n B CeBepHara yacT Ha 34
BaceliH KNacTUYHUTE XOPU3OHTU Ca [Ba, HO C OTanevaBaHe
OT 3axpaHBaliaTa MPOBMHUMA Te rybsT XOMOreHHocT. B
KOHTYpuTe Ha Bana [lonwkoB € BEposTHO Aa CbluecTByBaT
BEYe M30NMPaHN OUCTamnHM Tena Ha KnactuiHu nutoTtunu. fo-
[00pu MPUEeMHWLW Ha BbLIMEBOZOPOAM MOXe da Ce okaxar
pe3epBoapuTe OT TEpUMEPHUTE aKyMyrnaTWBHW Terna Bbpxy
CKMoHOBEeTe Ha Bana [lonwkoB u 30HaTa Ha CTPYKTYpHUS
WwapHup (TAXHOTO 3axpaHBaHe MOXEe fa uaBa OT noseve
U3TOYHMUM). Me3030icKUTe  MOTEHUMAanHW  KONEKTOpU B
CTpyKTypaTa Ha Bana BEpOsTHO Lue 6baaT Ha AbnbounHa no-
ronsMa oT 5000 m, KbOeTo TAXHOTO KayecTBO CTaBa
npobnematuyHo. loBeye BHUMaHWE 3acnyxasaT AgucTarnHuTe
yacTh (4yenHata 30Ha) Ha [lyHaBckuss chaH B Hail-
CeBepoM3TOYHaTa YacT Ha bbrrapckata akBaTopusi, KOWTO 3a
cera ca CbC crnaba CTeneH Ha 13y4YeHoCT.

B Muo-nnuoueHCKO Bpeme HAMa rofsM  BHOCUTEN Ha
KnacTuka OT CTpaHa Ha Mu3uiickaTa Cylua, Tbil KaTo BOAMTE Ha
Maneo-[yHaB ce ynassaT oT u3onupaHu mankv baceiHu-esepa,
kato Jakuickm 6aceiH (Gillet et al., 2007). [o6pe e u3secTHo,
ye u lManeo-Kamuns He gpenupa usna CesepHa Bbnrapus,
KaKBWTO Ca BuxdaHWATa Ha koHcynTupanute OMB reonosu.
Mo Tean NpUYMHM  akymynmaTUBHUTE Tena Mo CKMOHOBETE Ha
3anagHouyepHomopckus  GaceiiH ca Mmanku. Bce nak Ou
TpsibBaNo KOHTYpHUTE BacenHOBM TeUeHUs Aa ca copTvpany 1
pasnpegenunu ceQuMEHTHUS MaTepuan B CbOTBETCTBME CbC
3aKOHUTE Ha XWapaBnukata u rpaeuTaumsaTa. Mo cknoHoBeTe
Ha PesoBckata CTpyKTypHa 30Ha U MOAHOXMETO Ha
KOHTVHEHTANHWA CKIIOH CEeN3MMYHMTE Npodmnu  LoKa3sat
MWOLIEHCKM KaHaIHW KOMMIIEKCM C  BEPOSITHO  KNACTW4HO
CbbpXKaHue.

Beuukn  cnomeHaTM  MPUPOOHM  pe3epBoapu  umat
Bb3MOXHOCT [a ObdaT 3axpaHeHu C BbITIEBOLOPOANTE,
reHepupaHu ot oborateHn ¢ OB cemuMeHTU C eolleHcKa,
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ONArOLiEHCKAa M MMOLieHCKa Bb3pacT. [MpeobpasyBaHocTTa
(“spsinocTTa” unu BbrnedukaumusTa) Ha TEXHWUS KEpPOreH B
obxBata Ha wWenda e OUEHeH MO eMMMPUYHM daHHu (OT
OTpassBaliata  CnocobHocT  Ha  BuTpuHWTA).  3a
ObnboKoBOgHMTE 4acTM Ha GacelHa KOMnaHuMTe ca
OCUTYpPUI  MHOrOBapMaHTHW  KOMMIOTbPHM  MOZENN, KOWUTO
MoraT Ja ObaaT TapupaHuW cbobpa3HO KOHKPETHW AaHHM OT
COHL@XMTE BbPXY KOHTUHEHTAHMS CKIOH.

WUHTerpupaHe Ha HannMyHaTa UHpopmaums
TekmoHcKo palioHupaHe. Ype3 HAKOW TeMaTU4HU MPUHOCK
Ha onepaTopuTe cTaBa Bb3MOXHO TPAacMpaHeTo Ha ceBepHaTa
rpaHiua Ha [onHOKaMuMICKOTO MOHMXEHWe B 30HaTa Ha
KOHTUHEHTaNHMA CKIOH W mogHoxue. TyK TS Ce pucyBa upes
Obp3a rpagueHTHa nNpoMsHA B CTOAHOCTUTE  Ha
rpaBuTaunoHHoTo none. MpupoaaTa Ha TO3W BWA Npexoau
BEYE € ThbIKyBaH OT Halm reodmsnuyn kato pesyntar oT
OTHOCUTENHO pa3mecTBaHe Ha 6nokose ([daues, 1988).
lMpuemaHaTta TpakToBKa AaBa OCHOBaHWeE 3a 06Bpb3Ka Ha TOBa
TSCHO NMPOCTPaHCTBO, MMaLLo 3-W opueHTaums, ¢ u3BecTHaTa
BrmsHawka dnekcypHo-pa3nomHa aucnokaumus. Cnegumara
TEKTOHCKA rpaHWLa, CnefoBaTenHo, BCE NO-YBEPEHO Ce
oyepTaBa KaTto He3aBuUCMMa OT nocokata Ha BankaHugHuTe
MbHKOBW CTPYKTYPW 1 BEPOSITHO € CBbp3aHa C pasBUTHETO Ha
3anagHouepHoOMopCKaTa Meragenpecys.

MopoGHa 3acnyra Ha onepaTopuTe Ce BiKaa 1 B MO-TOYHOTO
pa3nuyaBaHe Ha apeanuTe CbC 3€MHA KOpa OT OKEaHCKU U
npexogeH  Tun. Toea  palioHupaHe npegocTass
WHopMaumsTa, Heobxoayma 3a JOCTOBEPHO PETPOCTEKTUBHO
naneoreoTepMWYHO  MoZenupaHe B 30HaTa  Ha
KOHTMHEHTANMHWA CKMOH W nogHoxue. [Mpu obBpb3ka Ha
HanuYHUTE AaHHW OT PasnuYHUTE reO(MU3NYHN USTOYHULN C
nosuumMsTa Ha CTPYKTYPHWS LapHup Ce BWkda, ue
CbBPEMEHHUTE BUCOKM CTOMHOCTW Ha TOMIMHHMA MOTOK Ca
XapakTepHW 3a ronaMa 4YacT OT 30HaTa Ha KOHTUHEHTaNHUS
CKITOH W MOAHOXME, KbAEeTO nonaja u3mbfiHeHaTa ¢ aebenu
yTanku M3TouHOMU3MIACKa JENpecus U CUITHO AucnoumpaHaTa
30Ha Ha CTPYKTYpHWS WapHup. JlornyHo e Ja ce o4akBa, Ye B
MWHaroTO Te3n MokasaHusi ca BunM CbLUECTBEHO NO-BUCOKM,
JOBeXOalkn reonoxkata cpega [0 XunepreotepMuyeH
pexum. Cnopeg (Robert, 1985) B GaceitHnte ¢ nopobeH
PEXIM, Pa3BUTW BbPXy 30HM Ha EKCTEH3WS, reoTepMUYHNTE
rpagueHTyn Bapupart B auanasoH ot 50 go 100 °/1 lin. km.

leHepaLuMOHHM NpoLecu

B cBosiTa CbBKYMHOCT Hanu4yHUTE rE0NOXKMA, re0(U3NYHA 1
FEOXMMMYHM JaHHU O4epTaBaTt M3TouHOMM3MICKaTa genpecys,
KaTo edHa OT OCHOBHUTE KyXHU MMM BaHM Ha MpouecuTe,
Bogewy o obpa3syBaHeTo Ha HedT 1 ra3 B Gbnrapckus cektop
Ha bacenHa. C Hai-ronam peseps oT OB B Tasu KyxHs
pasnonaraT ceuMeHTUTe OT “Mankonckus haumec” (rnaBHO
onuroueH) ¢ pebervHa mexgy 1 m 2 km (cpegHa
koHUeHTpauus Ha OB 1% Tern.). Mpeobrnagasawara yact ot
TOBa OpraHMYHO BELIECTBO M3rnexaa obpas3yBaHO W
norpebaHo B “eBKCuHCKA cpepa’. B nopobHm ycrosws
ENTEMEHTHWNA CbCTaB Ha MaMKOMCKUS KEpOTeH € MHOro
oborateH Ha a30T W Ha cspa (Saint-Germes at al., 2002).
TakbB TVN KeporeHoBa MaKpOMOSIEKyna e TepMUYHO NabunHa,
pasrpaxga Ce NpW  CPaBHUTENHO  HWUCKW  MNAcToBU
Temnepatypu, a pesynTMpaliata rama npogyktM  ce
XapakTepuaupa C Manko KOnMM4ecTBO “‘paHeH HedT M



poMuHMpaLy obem oT rasoobpasHu BbrMEBOAOPOAU. Tasu
0cobeHOCT Ha Mailkonckata cepusi € Beye buna 3abenssaqa
OT pycku n3cnegosatenu (baxenosa u gp., 2000). B Hawwute
BUXOaHNA 0bOpasyBaHETO Ha paHeH HedT B OMUrOLIEHCKUTE
MaW4MHM CKanu € 3aBbpLuun OLe Npeau Kpas Ha MuoLeHa.
Cnen “MeCWHCKUSI KpU3WUC™ OMNWTOLIEHCKMAT MOTeHuuMan ce
peanusupa Ypes reHepupaHeTo Ha ra3aoobpasHu NPOaYKTH.

Bpeme 1 MexaHM3bM Ha o6pa3syBaHe Ha

3anexurte

C ornmen Ha 3HAYMMOTO 3@ peroHa HEOTEKTOHCKO
CTPYKTypUpaHe HAMa CbMHeHWe, Ye U ABETE MPOMMLLIEHH
Haxoguiwa B Owbnrapckus cektop — ToneHoso w lanata, ca
aKyMynupaHu B CPaBHUTENHO HOBO Bpeme (TEpLMEpHO 1 no-
HOBO Bpeme). HedpreHaTa pasa Ha THONEHOBCKOTO HaxoaumLe
€ TpaHChopTWpaHa OT 30HaTa Ha HediToreHepauus KbM
BbTPEWHMS LWend C MOMOWTa Ha EKCUnMpaHuTe OT
YNTBTHSABALLMTE CE ONUIOLEHCKM CKanu CeaMMeHTHW Bogu. B
YCNOBMSATA Ha ENU3VMOHEH PEXMM OT €AUH KyOUYeH KUNOMETbP
onuroueHcka ramHa ce  otgenat go 100000 m3
CeOMMEeHTaUMOHHa Bofja. TeuyHuTe  Bbrmesogopoau  OT
MamnkuTe KanaHu B PaMKATE Ha CTPYKTYPHWS LapHUp W
BbHLHMS Wend ca bunu mamecTeHn oT rasosute asn w
akymynupaHu B Han-BucokuTe 6nokoBe OT  THONEHOBO-
LLlabneHckaTa TEKTOHCKA 30Ha.

N3Boau

CeBepHaTa (BapHeHcka) u toxHata (Bypracka) yactu ot
Obnrapckus cermeHT Ha 3YHIE gemoHCTpupaT KaTeropuyHo
pasn1yHN TEKTOHCKM CTUNOBE, KOUTO Ca B OCHOBATa Cv Bnnaku
WNW [anevyHn aHarnosu Ha MOfenuTe 3a MacvBHA U aKTVBHA
KOHTUHEHTanHa  OkpalHuHa.  Pegmua  obcrtosTencTea,
CBbp3aHM C duamkoreorpamaTa M reoguHamukaTa Ha
pernoHa (baceiiHOBOTO MPOCTPAHCTBO M HeroeaTa pamka OT
pedopmmpawn ce noscu — rnasHo Kapnatu, Bankanuaw,
MoHTuawM) npaesaT obave TE3N aHan03M LOCTATbUYHO HEMbITHU U
cneumpuyHn.

Mpu  GnaronpusTHW  FEOXMMWYHM M TEOTEPMUYHM
npeanocTaeku 3a BapHeHckaTa 06nacT HeMHUTE Bb3MOXHOCTM
3a (hopMupaHe Ha CpegHu M Trofiemu MO 3anacy 3anexm
OCTaBaT HENOCTATbYHO M3SCHEHW MOPagM OrpaHUyeHn Mo
pasmepu, U3BECTHW [0 cera TpaauUMOHHM (MO BMA) KanaHu B
WU3SIBEHWUTE CTPYKTYPHU W akyMynaTuBHU hopMi. BbamoxHuTe
W3KMIOYEHUs ce BXAAT B 30HaTa Ha Bana [MomnwkoB (noa
KOHTUHEHTANHOTO MOAHOXWE) M YENHUAT 106 Ha AyHaBCKUS
tbaH, pasnonoxeHn nop pgeben BogeH CTbAO6 M MOWHa
CeMMEHTHa MOKPUBKA. KaTo anTepHaTVBHa CTpaTeris Moxe
Ja ce NpeanoXu W Bb3MOXHOCTTA 33 (hopMMpaHe Ha
KanunsipHO ~ eKpaHupaHW 3anexu B xuopodobuampanm
OMeChbYEHM XOPU3OHTM Ha ONMFOLIEHa N MUOLLEHa B Mpunsralla
W Hansrawa nosuunst B 30HaTa Ha KOHTUHEHTAMHWS CKMOH M
BbHLeH wend (Benes, 2008a; 20086).

B [onHokamumitckata HedhTOrasoHocHa 0bnact aHTu-
KNMMHanHuTe  cTpyktypn Ha  morpebannsa  [MpepbarnkaH
CbObpKaT  KMaCTWMHM  XOPU3OHTW,  CBBP3aHM  CbC
CWHOpOreHHaTa [IBOMHWILKA CBUTA, KOSITO obave e C HUCKO
CbabpkaHue Ha nogxoaswo OB. 3acnyxasa fa ce n3BbpLLM
peuHTepnpeTauus Ha cbOpaHata OT AucTanHata 4YacT Ha
JenpecusTta reodusnyHa MHGoOpMauMss C orneg Ha no-
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[OCTOBEPHO  KapTWpaHe Ha  ONUrOLEHCKO-MUOLIEHCKUTE
aKkyMynaTWBHW Temna, CBbp3aHW C BHOCA Ha MaTepuan oOT
Maneo-Kamuns.

B BpraCKaTa obnacT 1 ocobeHo B yacTTa u Ha Pe3oBckata
CTPYKTYpHa 30Ha W NOAHOXMWETO Ha CKITOHa € HeobxoauMo
W3BBbPLUBAHETO HAa [JeTalneH CeKBEHTHO cTpaTurpadicku
aHanus ¢ uen onpegendHe Ha CUCTEMHUTE TPAKTOBE N TOYHO

KapTupaHe Ha  NpeACTaBnABallMs  MHTEPeC  LUMPOK
cTpaTurpadocki4  AManasoH. [OMEH €OolUeH —  MUOLIEH.
OKOHTYpBAHETO ~ Ha  NoAXpaHBaluTe  MmarneokaHanu

(MVIOLteHCKa U OnuroLleHcka B'b3paCT) 1 npegnonaraemuTe
Typ6VI,E|VITHVI Tena B OCHOBaTa Ha KOHTUHEHTaNHWA CKIOH
HanaraT OOMbMHUTENHM 0bemu FGO(*)VI3VI‘-IHVI n3cnenBaHua €
uen TAXHOTO [OKa3BaHe W onpedendHe nocokata Ha
3anbrBaHe.

CybakBaTopuanHoTo npogbikeHue Ha byprackaTa rpabeH-
CUHKNWHAaNa (genpecust) CbLIO MMa HyXAa OT BHUMATEnHa
peuHTepnpeTauMsl Ha OTA@BHA HanuMyHa  MHAopMaLMs,
3acsrawja pasnpocTpaHeHWeTO Ha W3yyeHata no cyla
FOPHOEOLIEHCKA BbrNEHOCHa hopMaLms N HEMHUTE Bb3MOXHM
CbOTHOLUEHUS CbC CTPYKTYPUTE Ha CPEOHOOPCKAS (PyHAAMEHT
1 Ha cbecepHaTa MatoyHa Ctapa nnaHuHa.
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FEONIOXKUAT ®EHOMEH “CEYEH KAMBK” MO PYCNOTO HA P. ®ULLEPA B CAKAP
NNAHUHA

HAumumsbp Cunboecku, MeaH umumpos
MurHo-eeonoxku yHusepcumem “Ce. UeaH Purnicku”, 1700 Cogpus; sinsky@mgu.bg

PE3IKOME. MectHocTTa “CeyeH kambk’ e pasnonoxeHa B fonuHata Ha p. duwepa toxHo ot . Pagosey B Cakap nnaHuHa. HaumeHyBaHa e Ha
pa3ceyeH OT BOAWTE Ha pekaTa ckaneH macus. [penMeT Ha HacToslata CTaTus € efuH 3abenexuTeneH reonoXku eHomeH, pasBuT cpen
MeTamopcho3upaHi TpaHOAMOPUTM C MpeanonaraemMa naneo3oincka Wiu fokambpuidcka Bb3pacT, M3BECTHU KaTo “JleCOBCKW THaMc-rpaHuTy’.
BcrencTeue Ha CbBpeMeHHaTa epo3noHHa AENHOCT Ha pekaTta okono 1 km oT CTapoTo PeyHo KOpUTO € M30NMPaHO NPW NPOHUKBAHETO Ha BOAMTE
npe3 eauH OT 3aBouTE Ha pekata. lpu Bps3BaHETO HA HOBOTO PYCNO B KOPEHHUTE Ckanu e obpasyBaH kpacve BOAONaA, a CTapusT MeaHabp Ha
pekata ce OBOAHSBA CaMO Mpu NporeTHuTe Banexw. MeTarpaHoaMopuTMTE Ce XapakTepusupar C fcHa MetamopdHa honuauns, KosTo B
pervoHaneH maLab onucea KynonoBuagHa CTPYKTypa yObIKeHa B M3TOK-3anagHa nocoka. VHTEH3MBHOCTTa Ha METaMOP(HOTO HaLMCTABaHe e
HepaBHOMEpHa. JIOKarnHO HaLUCTABAHETO € OT (UMOHUTEH TN, KaTo Ce XapakTepuanpa C NOBULLEHO ChAbpkaHue Ha 6sna MmeTamopdHa cnioga u
MO MHTEH3MBHO AedhopMMpaHe Ha MarMaTuyHUTE MuHepanu. B obnacTute, kbgeto donmaumsta notbBa CTPBMHO, No-crabo gedopmupanuTe
yyacTbuy obpasyBaT No3nUTMBHW penedHu ¢opmu — CkanHu nupamuan ¢ BucoumHa go 10-15 m. Pycnoto Ha p. ®uwepa cnegea cnabw
(PUNOHUTHM 30HW 1 pasnomu ¢ ABe Hanpasnenns. flonvHata e V-o6pasHa n e gbnboka cpegHo 70-80 m. ,CeyeHnaT kambk’ NpeacTaBnsBa TACHO
KOpeno passuTo B nakeT OoT amdubonuTy, BKMIOYEHU Cpen MeTarpaHuTUTe Kato KceHonwt. [leTporpadpckute macnegsaHus nokassat, ye
HaLMCTABAHETO B ampnbonuTiTe e no-cTapo OT ToBa B MeTarpaHuTa. CbrnacHo paspaboTeHata METOAMKA 3@ OLEHKa Ha reonoXku heHOMeHN B
Bonrapus “CeveH kambK’ cpen 06eKTUTE C HaLMOHanHa 3Ha4MMOCT.

GEOLOGICAL PHENOMENON “BROKEN STONE” ALONG THE FISHERA RIVERBED IN THE SAKAR MOUNTAIN
Dimitar Sinnyovsky, Ivan Dimitrov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; sinsky@mgu.bg

ABSTRACT. The “Broken Stone” area is situated in the Fishera River valley south of Radovets Village in the Sakar Mountain. It is named after the
rock massif cut in two by the river. The subject of the present paper is a remarkable geological phenomenon developed in the metamorphosed
granodiorites of supposed Paleozoic or Precambrian age, known as “Lessovo gneiss-granite”. Due to the present erosional activity of the river
about 1 km of the old riverbed is isolated by the penetration of the stream across one of the meanders of the river. During the incision of the new
riverbed in the native rock a beautiful waterfall is formed and the old meander is flooded only during the spring rains. The metagranodiorites are
characterized by clear metamorphic foliation outlining in regional scale an east-west elongated dome-like structure. The foliation intensity is
irregular. Local foliation is of phylonite type characterized by enhanced content of white metamorphic mica and intensive deformation of the igneous
minerals. In the areas with steep foliation the less deformed parts of the rock form positive relief formations — 10-15 m high rock pinnacles. The
riverbed of Fishera River follows weak phylonite zones and faults of two directions. The V-like valley is 70-80 m deep. The “Broken Stone” is a
narrow gorge incised in a packet of amphibolites included in the metagranite as a xenolith. The petrographic investigation shows that the foliation in
the amphibolites is older than the one in the metagranite. According to the methodology for estimation of geological phenomena in Bulgaria the
“Broken Stone” falls among the geosites of national importance.

BuBeaeHue pasBuT BCMEACTBME HA CbBPEMEHHATA €PO3UOHHA JeMHOCT Ha
MecTHocTTa “CeyeH kambk” ce Hamupa B Cakap nraHuHa pekata — CTapo PeYHO KOPUTO, U30/IMPaHO Npu MPOHMKBAHETO
Mo JonuHaTa Ha p. duiiepa 1xHO oT ¢. PagoBel, XackoBcka Ha BoAWTE Npes eauH OT 3aBOUTE Ha pekatal. I'Iopg,uw ronamara
obnact (cur. 1). MectHocTTa ce xapakTepusupa CbC fieHuBenauus Mexay [BeTe ToukM Ha Oavinaca ce e
CPaBHWTENHO  eAHOOOpaseH  HUCKOMMAHWHCKM  pened, obpasyBano Bpsi3BaHe Ha HOBOTO PyCrio B KOPEHHUTE ckani
XapaKTepeH 3a I0XHUTe CKIOHOBE Ha NMnaHuHaTa. [eonoxKkuaT OCyliaBaHe Ha CTapus MeaHabp Ha pekara.
CTPOEX Ha panoHa CbLLO e JocTa eaHoobpaseH. [JonuHata Ha
p. Ouwepa e passBuTa B METaMOP(ONPaHM [PAHUTU Toa reonoxko obpasysaHue nonaja B knaca Ha
rpaHOOMOPUTM C  MpeanonaraeMa  naneosoiicka  Unu reoMopchonoxkuTe heHOMEHM 1 Makap [a He € HeOBUKHOBEHO
aokambpuiicka Bb3pacT, M3BECTHM KaTo “[lecoBcku rHaiic- SIBNEHNE, Ce OTNM4aBa C U3PA3NTENHN YepTn N Moxe [a ce
rpaHuTi’. Teau ckamu ce XapakTepusupaT C noauyepTaHa cura Kkato f[obbp npumep B cBOS  knac. CbrnacHo
mMeTamopdhHa onuauys, KoSTo B per1oHaneH Maiab onucea Bb3npueTata METOANKA 3a OLieHka Ha reoTonu Ha reorpagcku
KynorioBuaHa CTPYKTypa, YAbIKeHa B U3TOK-3anagHa nocoka. MpuHLMN, CeYeHUAT KaMbk ce OTHAacA KbM (heHOMEHUTE C
Cpeﬂ TSX e o(bopMeH €0WH VHTEPECEH TEOMNOXKM (beHOMeH, HalUMOHanHoO 3Ha4eHune, He CamMO nopaaun npedcTtaBUTENHUTE

npu3Haun 3a CBOA Knac, HO 1 nopaan OTCbCTBMETO Ha TakKbB
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BML (beHOMeHM B PerucTbpa W kagacTbpa Ha reonoxkuTe
theHomeHw B Bbrrapus.
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®ur. 1. MectononoxeHne Ha reonoxkusa ceHomeH ,CeuyeH
KamMbK” no pycnoto Ha p. ®uwepa B M3TOYHaTa YacT Ha
XackoBcka o6nact mexay cenara Pagoseu, CtygeHa n CnagyH

KpaTKM AaHHU 3a reoJyIOXKUsa CTPOeX Ha paﬁoua

PaiioHbT € u3rpageH u3uano oT  MeTamopdosvpaHm
rPaHUTW W rPaHOAMOPUTY C NpeamnonaraeMa naneo3oncka unm
Aokambpuiicka Bb3pacT. Tesaun ckanu ca onucaHu 3a nNpbB MbT
kaTo camocTosTenHa eguHuua ot bosHos n ap. (1965) nog
uveto “flecoBcku rHaic-rpaHuTn’. Koxyxapoea u Koxyxapos
(1973) oTgensT BHUMaHWe Ha NeTPorpadckoTo OnMcaHne Ha
TE3N ckanu. MuWKpOCTpykTypaTa WM € aHanuaupaHa ot
nosnuMsaTa Ha TaxHaTa MeTamopdHa npepaboTka.

®ur. 2. CatenuTHa CHUMKA Ha PEYHOTO KOPUTO Ha p. Puwepa B
paoHa Ha CeyeHns KambK, HOXHO oT c. PapgoBel, XackoBcka
obnacr; cTpenkara couyM MACTOTO Ha Gaiinaca, KOMTO CBbp3Ba
ABe PasNuyHN XMNCOMETPUYHM HUBA Ha CTapPOTO PEYHO KOPUTO

JlecoBckuTE rHaWC-TPAHUTU Ca CbLUECTBEH ENEMEHT OT
CTpoexa Ha loxHUTe cknoHoBe Ha Cakap nnaHuHa. Te
U3rpaxxgat ABe TONEMW W HAKOMKO Mo-Marku Tena ¢ obuwa
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nnow Hag 370 km2 mexay CumeoHoBrpag u c. Jlecoso (bosiHoB
n ap., 1965; Koxyxapos u gp., 1968; 1995).

MMo-KbCHO THaMC-rpaHUTUTE, 3aeAHO C LANKOBWS KOMMMEKC,
ca obeanHeHn B T. Hap. ‘JlecoBcks opTomeTamopdeH
komnnekc” (KameHos u ap., 1986). ToBa no-HOBO M3crneaBaHe
Ha JlecoBCKWUTE THaNC-rpaHUTI UMa NETPOXUMUYEH XapakTep.
HoBuTe AaHHM B Hero ca CBbp3aHu C AeTainu3aupsaTa Ha
cbluecTByBawmte B JlecoBCckUTe rHaWC-rpaHUTV chaumanim
Pa3HOBWOHOCTW.  PasrpaHuyeHn ca  MeTaKBapLavopuTH,
MeTarpaHoaMopuTH, MeTarpaHuTy, anauTi U OankoBu ckamm
KaKTO 4Ype3 OMTMYHA MUKPOCKOMMS, Taka W 4Ype3 3HauuTeneH
Opoit xumndecku aHanmau. M3eegeHnTe pasnuums B CbCTasa
Ha (baumanHuTe pasHOBMOHOCTM € [Jano OCHOBaHWE Ha
aBTopuTe  Ja  npeanoxar  HaseaHueTo  “JlecoBcky
opTomeTamopdeH komnnekc’. B nybnukaunsTa e 3acerHar
npobrnembT 3a Bb3pacTTa Ha JIeCOBCKUTE rHaNC-rPaHUTH, KaTo
ca uuTupaHn HenybnukyBaHu Ka/Ar M30TOMHM W3CneaBaHus,
kouTo ca rpynupanm okono KOpcka Bb3pact. Tosu pesyntar e
0DSICHEH C MpOsiBA Ha €HOBb3PacTHO TEKTOHOMAarMaTuyHo
cbbuTKe B paitoHa.

Koxyxapos v gp. (1993, 1995) He npuemat obeauHABAHETO
Ha THaiC-TpaHNTUTe C JANKOBMSI KOMMMEKC M M OTHACST KbM
BbBEAEHMUS OT TAX “KOMMIEKC Ha rHalc-rpaHnuTy’.

®ur. 3. Hauanoto Ha 6ainaca Ha 3aBOsi Ha PEYHOTO KOPUTO Ha p.
®uiwena: 1 - nocoka Ha cTanoTo bveno. 2 — NocoKa Ha bavnaca

MMpn onpeaensHETO Ha OTHOCUTENTHOTO HUBO HA EPO3VOHHMS
cpe3 Ha JlecoBckuTe rHalc-rpaHnTH Ce Harnara CpaBHEHWETO C
6nmsko pasnonoxeHus Cakapcku 6aTonuT, KOWTO e BKIHYEH
BbB (opmauusita Ha  HOxHODBArapckute  rpaHuMTOMam
(Qumutpos, 1999; Dimitrov, 1999; Dimitrov, lvanova, 1999). Ha
MbPBO MSACTO, XUMCOMETPUYHOTO HWBO HA PasKpuBaHE Ha
lecoBckUTE THAMC-TPAHUTK € MO-HMCKO OT ToBa Ha Cakapckus
GaTonuT, KOWTO M3rpaxga BMCOKUTE 4acTM Ha NiaHuHaTa
Cakap. Bwpxy [lecosckute rHaic-rpaHnTM Ca  3amaseHu
"lWankn" OT rHaicu B paiioHa Ha [llpucagey u Ha Bbpxa ben
Tene mexay cenata Pagosey u CTyaeHa. B koHTakTUTe C TE3M
"luankK", KakTo W B LIEHTparHUTE YacTu Ha Kynona torousTouHo
or Papoeu, donuauusita S B rHaic-rpaHUTUTE 3anaga
nonerato. Te3n HabmAeHWs MOACKa3BaT, Y€ EepO3VOHHUSAT
Cpe3 € 3acerHarn TEMEHHWUTE YacTu Ha UHTPY3MBHOTO TAMO.



®ur. 4. CeYeHNAT KaMbK € TACHO CKalHO XApeno, U3CeYeHo B
naketr or amguOGONMTK, BKMIOYEHM KAaTO KCEHONMWUT CpeR
JlecoBCKUTE rHaNC-rpaHUTy

XapaKTepMCTMKa Ha reoTtona

B TO3u palioH pocera He ca OMMCBaHW ApPYrU FEOMOXKM
theHoMeHU. B rpaHuTouauTe, KbaeTo onuauusTa notbea
CTPBbMHO, Mo-cnabo gedopmupaHnTe yvactbun obpasysat
nosuTMBHU  penecdHn  ¢opmu,  HanogobsBaWy  CKanHu
nupamman ¢ BucoumHa go 10-15 m. Te ce cpewar Ha
TEPUTOPUSTa Ha Lienvst paioH, KbaeTo Ce paskpueat
JlecoBCKUTE THAMC-TPAHUTK, HO He NpeAcTaBnsBaT 0CObEH
WHTEPEC KaTo NPUPOAHN 3aBeneXMTENHOCTH

®ur. 5. CTapoTo peyHo KopuTo Ha p. Puwepa ¢ AbMKMHA OKOJO
1 km ce oBogHsIBa caMO Npe3 Ce30Ha Ha NPONETHUTE BaNexu

Mpn CeyeHns KambK, OCBEH CKanHWTE MMpamugy, “Ma
Bo0pe n3paseHo CTapo peyHo KopuTo (“‘cTapuua”), opopMeHo
cpen rpaHutomgute (dur. 2, 5). OBukHOBEHO MOAOGHM
reoMoponoxks (PeHoMeHn ce obpas3yBaT B PaBHUHUTE,
KbOETO TEYEHWNETO Ha pekuTe e 3abaBeHO M Te obpasyBar
Wwmpokn Meanapu. JonvHata Ha p. ®uilepa He Moxe aa Obae
OTHeceHa KbM To3u Tun. T e V-obpasHa M e CbC cpeaHa
abnbourHa npubnusutenHo 70-80 m. OdopmeHa e cpen

HUCKOMMAHMHCKW pened), 3a KOWUTO He € XapaKTepHo
00pa3yBaHeTo Ha nogobeH TMN MeaHapy (cpur. 2).

CeyeHuAT KaMbK NPeAcTaBnsBa TACHO XApPeno passuTo B
nakeT OT amcpubONUTH, BKIOYEHU CPed MEeTarpaHuTUTE KaTo
kceHonuT (cour. 3, 4). MeTporpadhckute U3cnenBaHns Nokasear,
Ye HawwwucTsBaHeTo B amdmbonuTMTe € no-CTapo OT ToBa B
MeTarpaHutuTe. BcrneactBue Ha CbBpemeHHaTa €epo3voHHa
[EHOCT Ha pekaTa okono 1 km oT cTapoTo pedHo koputo (cpur
5) e n3onmMpaHo npu NPOHMKBAHETO Ha BOAMTE Npe3 eawH oT
3aBouTE Ha pekata (cpur. 2, 3). To ce 3anmBa camo no Bpeme
Ha MponeTHWTe Banexwu, a Mpe3 NATOTO Ce 3anassaT camo
OTZenHW BuMpYeTa B MO-ObNOOKATE YyyacTbUyM Ha PycroTo.
3uraaroobpasHata ¢hopma Ha HOBOTO Pycro nogckasea 3a
TEKTOHCKM, BEPOSITHO CEM3MOreHeH npousxog Ha bainaca, npu
KOETO BOAMTE BCE OlUe He ca ycnenu Aa 3arnagsaT HeroBuTe
ovepTaHus (cur. 2).

Mpw Bpsi3BAHETO HA HOBOTO PYCNO B KOPEHHUTE CKam ce e
obpasyBan kpacus Bogonap BCMeLCTBUE AeHuBenauusita
MexXdy ABETe HMBA Ha CTapoTO PYCrno, Mexay KOWTo €
OCblLLECTBEH DarnachT (cpur. 6).

®ur. 6. HoBoto pycno Ha p. ®uwepa e uzgbLNGaHO OT OyiHUTE
nponeTHu Boawu nof hopmara Ha TACHO XApeno ¢ BUCOYMHa 7-8
m Y WMpoYnHa 2-3 m

Haii-TsicHaTa 4acT Ha XOpenoTo e Lumpoka 2-3 m 1 goctura
7-8 m gwbnbounHa (dur. 4, 6). Mo npuHLUMN cKopocTTa Ha
NOBbPXHOCTHA Ep03Us B KPUCTANMHHUTE KBapL-(henawnaTosm
cKkanu e ocTa Marika, oT Nopsifbka Ha HAKONKO MUNMMeTpa 3a
roguHa. BeposTHO B HauyanoTo BobnbaBaHeTo B rpycupanara
yacT Ha rpaHuToMguTe e Ourna no-BMCOKa, HO cpedHaTta
obnboyvHa Ha nporiomMa npegnonara, Ye BpeMeTO 3a
0hOPMSIHETO Ha €PO3NOHHIS CPEe3 € OT NopsibKa Ha AECeTKM
Xunsign roauHu. Tosa obsicHiBa hakTa, Ye CTapusaT MeaHObp
BCE OLLe He € HambHO M30MNMpaH W Noema YacT OT BoauTe Ha
pekaTa npe3 AbXIOBHUTE NEPUOAM.
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3aknioyeHue

Cnopen paspaboreHata MeToguka 3a OueHka Ha
reonoxkute ceHomeHn (CuHbocku 1 ap., 2002) onucaHarta
npupoaHa 3abenexvTeNHOCT Ce Hapexaa CPef reonoXkuTe
(heHOMEHM C HauuoHanHa 3HaummocT. [lo  mpuHuMn
reonoXKUAT cheHoMeH “CeyeH kaMbK' Ciafa KbM KaTeropusiTa
Ha beHOMeHuTE C Hay4Ha cToiHOCT. KpacotaTa Ha OKOMHMS
naHpwadgt obaye npespblia TOBAa MACTO B yaobHa
pecTuHaumns 3a oraumx. HeroBata oTganedyeHoctT  OT
CbCeAHUTE HaceneHW MecTa OCurypsisa CrMOKOWACTBUME U
YeOVWHeHWe cped NpUPOAHWTE AAZLEeHOCTW Ha edHa OT Hait-
€K30TWYHUTE nnaHuHn B bBbrrapus — Cakap nnaHuHa.
JocTbMbT KbM HEro ce OCbLUECTBABA NIECHO MO YEpeH MbT,
OTKMOHSIBALL, Ce BNSBO OT achanTpaHoTo LIOCe Marko npeau
c. CnagyH.

Kato  npenopbuatenHM  mepkn 33 3awmMta M
nomynsipusMpaHe Ha reonoXkus (peHOMeH MmoraT ga ce
W3TBbKHAT CriejHUTe MeponpusTS: MapkupaHe Ha reotona
WHopmaumoHHm Tabenu no woceto 3a c. Cnagyk;
nocrtaesHe Ha Tabenu ¢ kpaTka MHGOpMaLMs 3a pasBUTUETO
Ha TreonoXkTe npouecs AoBenu A0 06pasyBaHeTO Ha
aiinaca Ha camoTo MACTO, pa3paboTBaHe Ha reombTeka no
CTapoTO PEYHO KOpUTO U paspaboTBaHe Ha CalT Ha
KMeTCTBOTO B C. PagoseL.

|-|pI/I Hanu4yne Ha No-CepuUo3HN WHBECTULUKN CbLLEeCTBYBaT
pobpu nepcnekTBM paiioHbT Aa O6bae paspaboTeH kaTo
00eKT 3a OTAMX M Typu3bM. ToBa 61 MOrMO Aa Ce OCHLLECTBY
ypes pasBMBaHe Ha MbTHaTa  WHpacTpykTypa W
paspaboTBaHe Ha Ou3Hec-nporpama 3a OCUrypsiBaHe Ha
XOTENCKM MECTa B CbCEOHUTE HACENEHM MecTa WM Ha
CaMOTO MSICTO, KbIETO € PA3NONIOXKEH FEONOXKMAT (PEHOMEH.
AHraxupaHeTo C Te3n mMeponpusTus 6u ocurypuno paboTHu
MeCTa 3a MECTHOTO HacerneHue.

brazodapHocmu. HacTosiwarta nybnukaums e pesynrat ot paboTata
no [orosop BY-OXH-304/07 c¢ ®oHg “Hayynu wscnepsaHns’
(MuHucTepcTBO Ha 06pa30BaHMETO M HayKaTa).
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PYOHA MUHEPANU3ALNA N NETPOITPA®CKU OCOBEHOCTU HA
3NATOCBABLPXKALLOTO PYAONPOABNEHUE NOBPOCENEL| (YHACTBK MOTUNUTE),
CAKAPCKW PYOEH PAUOH

Cmpawumup Cmpawumupos, Cepeeli [Jobpes, Cmeghka lpucmasosa, Mapzapuma Bacunesa
MurHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cogpusi; shs@mgu.bg

PE3IOME. [MpuBeaeHn ca AaHHM 3a TeonoXkWs CTPOeX, BMECTBALMTE CKanu M MO-BaXHUTE CTPYKTYPHU OCOBEHOCTM Ha 3MaTochbpiallo
pynonposienenue [Jobpocenel, kato BHUMAHWETO € HACO4YEHO KbM y4acTbk Morunute, 3a KOTO 4O MOMEHTa He Ca W3BBLPLUBAHM MO-NOAPOGHH
uscnegsanus. B pabortarta ce npegnara HoBa MHopMaums 3a neTporpadckata XapakTepucTka U XMAPOTEPMAnHUTE U3MEHEHUS!, HaMOXEHN
BbPXy BMecCTBalmTe ckann. OnpeeneH e xapaktepa Ha pyaHaTa MUHepanu3aLys, Kato ca onucaHn 0CobeHOCTUTE Ha YCTaHOBEHUTE MUHEpanu.
Onmcanm ca HAKOM pesky 3a CTpaHaTa MUHepanHm ¢asn (eCKUMOWT), KaKTO 1 3a MbpBM MbT B CTPaHaTa Ce AaBaT CBEAEHUS 3a MUHEpana ypenuT.
Ha Gasara Ha n3cneasaHe Ha yuaHW BKIKOYEHUS B 4BOMHONONMPAHM NNACTUHKW OT KBapL, Ca HanpaBeHu NpeanoroXeHus 3a TemMnepaTypHus
PeXMM Ha pasBuTME Ha XugpoTepManHata CucTeMa B PyOONPOSBIIEHMETO U TO € XapaKTepuaupaHo Kato TWUMMYEH MPEACTaBWTEN Ha
HWUCKOCYNUOHNS enUTEpPManeH TUN 3naTHN MUHEpPanu3aLum.

ORE MINERALISATION AND PETROLOGICAL FEATURES OF THE Au-BEARING ORE OCCURRENCE DOBROSELETZ
(SECTOR MOGILITE), SAKAR ORE REGION

Strashimir Strashimirov, Sergey Dobrev, Stefka Pristavova, Margarita Vassileva

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

ABSTRACT. Data about the geological structure, host rocks and the most important tectonic features of Au-bearing ore mineralization Dobroseletz
are provided and the attention is focused on Mogilite sector where no any detail investigations are done till now. The paper includes a new
information about the petrogrological characteristics and hydrothermal alterations of the host rocks. It is determined the type of ore mineralization
and features of observed ore minerals are described. Some rare for the country ore minerals are described (eskimoite) and for the first time are
provided information about the presence of oureite. Suggestions about the temperature regime of development of the hydrothermal system in this
ore occurrence are done on the basis of fluid inclusions studies of quartz and it is characterized as typical representative of the low sulphidation
epithermal gold mineralizations.

BbBeaeHue MpeomeT Ha HacTosiwata paboTa ca pesyntatute OT
Pygonposierenve [obpocenel, € MbpBOTO 3MaTopyaHO W3BbPLIEHUTE  U3CnefBaHua  3a  OnMpeaensHe  Ha
nposieneHue B Cakapckata obnact, oTkputo npes 1987 r. npu neTporpadckiTe 0COBEHOCTU 1 XWAPOTEPMANHUTE NPOMEH!
NpoKapBaHETO Ha coHpaxHu pabotn ot buewoto LCO “Pemku Ha BMECTBalUMTE Ckan, BELUIECTBEHMA CbCTaB Ha pydHaTa
MeTanu”. PyaonposiBNieH1eTo BKMOYBa y4acTbuuTe “Yanpa” u MWHEpanu3auus U TEMNEpaTypHWA PEXUM Ha  HEMHOTO
“Morunute”, KOMTO ca MpOyvBaHM B MWHANMOTO OT ChbluaTa oTnaraHe B  pyponposinedwe  [obpocerney,  y4acTbk
dupMa C SAKOBU COHpaxy (3aHeB v ap., 1995, Heny6n.), a ‘Morunute”, koWTo He e Oun obekT Ha no-4eTannHo
npes 1996 . ca M3BbPLWIEHUM HA3EMHU TEOPU3NYHM MUHepanoxko — usyyaae fdocera. [lybrukysaHute B
u3criegBaHns U ca npokapaHu kaHaeu oT dupmata “Rio Tinto nuTepaTtypata iaHHu 3a 3nato-CynduaHata MuHepanusaLys
Plc.”. |'|pe3 nocnegHuTe roauHu B paMOHa Ha B PYAONPOABNEHWETO Ca CPaBHUTENHO OrpaHu4eHn u ce
PYAONPOSBNEHMETO [OMLIHUTENHN COHAAXHM paboTn ca OTHacAT 3a ydactbk “Yaupa” (Ctoes u ap., 1989; Metposa,
npoBeaeHM ot dupmara “Eit Ec Ik Keitmbpumk — Bbnrapust’, 1995).
EAL
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®ur. 1. Neonoxka kapTa Ha paioHa Ha pygonposBnenue [lobpoceney: 1 — anyBuanHu OTNOXEHUS; 2 — FMIUHK, TNIMHECTU NACHYHULM,
necbKNMBKM BapoBuUM; 3 — TPaHUTM O TFpaHOAMOPUTH; 4 — [JONOMWUTM, AONOMUTHW BapoBMLM, Mpamopu3uMpaHW BapoBuuu; 5 -
MYCKOBMTOBM LUUCTW, FpaHaT-CMIOAEHW LIMCTH, MPaMOPU3NPaHM BapoBUUM; 6 — paBHOMEPHO3bPHECTW OMOTUTOBM FpaHUTH; 7 —
OMOTUTOBM UM [ABYCNIOAEHM THaWiCM M WKCTW; 8 - ycTaHOBeHM pasnomu; 9 - npepnonaraemu pasnomu; 10 — HaBnak; 11 -

MecTononoxeHune Ha yyactouute, M - “Morunute”, Y - “Yaupa”

FeonoXku CTpoeX Ha paiioHa Ha

pyaonposiBneHneTo

3natHoTo pyponposieneHue [obpocenel e pasnonoxeHo Ha
10 km ceBepou3TOuHO OT Tonmonoerpad, Mexgy cenata
Ho6pocenel v Yykaposo (¢ur. 1). PygonposieneHneto nonaga
B npegenute Ha Cakap-CTpaHmkaHckata 30Ha UM €
nokanuampaHo B paHUTOBO-YyKapoBCKUS MAYTOH, rpaHnyeLy
Ha tor ¢ TomonoBrpagckata CWHKNWHana, a Ha ceeep — C
MaHacTupckuTe BUCOYMHM, B HOXHATa MpUPasnioMHa 30Ha Ha
MaHacTupckus rpabeH. B reonoxkoTo passutue Ha obnacTra
MoraT fja ce OTAENAT TpU rMaBHM eTana: KbCHOKaMOpuncko-
nasneo30MCKK, Me3030MACKM N HEeO30MCKM. [pe3 MbpBKS eTan ca
ce hOpMMpanu rHawcK, KpUCTanMHHWU LIUCTW, TPaHWUTN U
amubonuT, KOUTO Ce paskpueaT MpeaWMHO Ha tor OT
pasrnexmgaHna panoH. B me3o30s e copmupaHa aebena
(>2000 m) cepus ot TepureHeH (T1) U gonomuTo-kapboHaTeH
(T23) Tpwac B torosanagHata YacT Ha panoHa. [pe3 KbcHaTta
kpega no BopeHcko-KameHopeykata pasfnoMHa 30Ha ce
BHEOpsBa [ paHWUTOBO-YyKapoBCKMA TPaHUTOMOEH MAYTOH.
OnucaHuTe JOTYK CKanu B ronsma CTEMeH ca MOKPUTM OT
HEOreHCKUTe, NPEAUMHO anyBuaNHO-NPONYBUANTHW OTIIOXEHWS
Ha Enxoecko-Ambonckms 6aceiiH — NMHECTU NSCHYHULMN,
MACbUM, TMIMHA W MECHKIMBM BapOBULM, KaTO B MOAYMHEHO
KOMMYEeCTBO Ca 3aCTbMEHU KOHIMOMEpaT 1 rpaBenuTy.
KBaTepHepbT B paiioHa e npefctaBeH OT enyBui, JenyBui,
nponysun U anysuin. [paHUTOBO-YyKapOBCKUAT NNYTOH Ce
paskpuBa Mexay cenata OBuu knageHeu, KameHHa peka,
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UykapoBo u [panutoBo. [nyToHbT € ¢ gbmkuHa 35 km,
LwupoymnHa 5-6 km 1 obwa nnowy okono 200 km2. CbcTaBeH €
MPEANMHO OT rPaHUTW 40 FPaHOAMOPUTH, KBApLMOHLIOANOPUTY
W Ap. C ropHokpegHa Bb3pacT (Beprunos, Ctoiuesa, 1968;
MeTpoBa, 1995; CkeHpepoB u ap., 1994; CkeHpepos, 1996;
1997; Munes u ap., 2007).

B CTpYyKTYypHO OTHOWEHWE pPalOHbT Ce XapakTepusupa C
OroKOBO-MO3ag4YeH CTPOeX. YCTaHOBEHM Ca  Pa3fIOMHM
HapyLLeHns ¢ pasHoobpasHa Mocoka W OT pasnuyeH NopsAabK —
cybmepuanoHanHy, CybeksaTopuanHi, CEBEPOU3TOMHW U
ceBepo3anagHu, Mpecuyallm ce Ha MecTa. Tesn HapyLleHus
ca KOHTporupanu u XxugpoTepmanHata denHocT. PygHata
MWHEpanu3auus e nokanuavpaHa B CWIHO XMOpPOTepMarnHo
NPOMEHEHW [0  KBapU-CMKOQEHW,  30HanHW,  OUOTUTOBM
nnarvorpaHnTX, NerMaTtougHn MoHUoguoput 1 amdgunbon-
OMOTUTOBM rPaHUTH.

OpyasBaHeTo B yyacTbk “Yaupa’ e 3acebeHo B ueTupw
MWHEpanuaupaHu 30HW, NPWBBP3aHW KbM pasfnomMu CbC
ceBepon3ToyHa nocoka (20-40°), m3rpageHu OT WHTEH3WBHO
NPOMEHEHU FPaHUTONAM, KBAPLIOBM KWW U XKWITKW 1 XKNIKOBO-
BNPbCMeYHa 3nmaTo-CyndmaHa MuHepanusaums. [ebenuHata
Ha OTAEMNHUTEe MUHEepanuaupaHn 30HKU Bapupa oT 6 4o 113 m.
OBWOTO KOMWYECTBO Ha MPOTHO3HWTE pecypcy OT 3MaTto
Bb3nu3a Ha 9.5 t (Munes u gp., 2007). Makpockoncku pygata
€ C npeobnafaBallo NUPUTEH CbCTaB, C BMPBCIEYHa,



KUIKOBO-BMPBLCIMEYHA  WIM  XKWMKOBMOHA TEKCTypa, CbC
CbbpKaHUe Ha PYAHU MuHepanu oT nopsigbka Ha 5-6%.
PygHuTe MUHEpanu ca npefcraBeHu rMaBHO OT MUPHT, a KaTo
BTOPOCTENEHHN W pedKku hasu ca 3acTbheHn TeTpaegpuT-
TEHAHTUT, XanKoMUPWT, TraneHnT, cdaneput, CamOpPOLHO
31aTo, XankocTulWT, eHaprut, BOPHWUT, OMOBHM CyndoCoNH
(DKeMCOHUT,  OYPHOHMT,  (DHONEMUT, LWHKEHWUT),  alKWUHWT,
TETPAAUMUT, TEeNypuan (KanaBepwuT, XecuT?), CTUBHMT W
apceHonupur (Metposa, 1995).

Yyactbk “Morunute” ce pasnonara Ha 1 km ceBeposanagHo
oT . Yykapoo, fAmboncko. B reomoxkus  cTpoex
npeobnagasat rpaHuToMauM, B KOUTO ce Habniogasar
KBapLIOBU XMIN U XUIKU W OKBAPLIEHW Y4acTbLy. YCTaHOBEHM
ca pasfioMHU HapyLIEHUs C pa3CefeH W Bb3CcedeH XapakTep,
pasMecTBaliM OpeonnTe OT  XMOPOTEPMAnHO NPOMEHEHU
BMeCTBaLLW ckanu u pyaHuTe Tena (Munes v gp., 2007).

MaTepMan n MeToauka

W3cnepsaHusTa ca u3BbplueHn Bbpxy 30 Opost 06pasum ot
COHO@XHA sOKka W OT TMOBBPXHOCTHW  PasKpUTUS B
pyoonposieneHne  [lobpoceney,  yyactek  “Morunure’.
HanpaeeHn ca 4 Gpos gudppaktorpamm 3a guarHoCTka Ha
MWHEpPanHW a3 B XMOpPOTEPMAnHO NPOMEHEHUTE CKamnu.
PEHTreHOCTPYKTYpHUTE  AMGIPAKTOMETPUYHM  aHanu3n  ca
peanusupaHu B nabopatopusta “PCA n AITA” Ha “EBpoTect —
Kontpon®, EAL, ¢ anapatypa “Cuctema D 500 Siemens” npu
40 KV/30 mA.

3a wu3yyaBaHe XuUMM3Ma Ha PyOHUTE MMHepann ca
npoBeseHu KONMYECTBEHN PEHTrEeHOCNEKTPAsHM
MWUKpOaHanuay, C MOMOWITA Ha CKAHMpaLl ENEeKTPOHEH
mukpockon JEOL JSM 35 CF, ¢ peHTreHOB MUKpoaHanuaatop
Tracor Northern TN-2000, B nabopatopusita Ha “EBpoTect —
Kontpon®, EAL. AHanuaute ca M3BbPLWEHW C NpuCTaBka
EDEX, kato cTaHgapTM ca M3non3BaHW YMCTM MeTamu U
NPUPOAHN  CbeauHeHws.  [poBedeHn ca  MuHepan-
TEPMOMETPUYHI  M3CNefBaHus Bbpxy 11 Gpos
ABOMHONONMPaHM MNACTUHKW OT KBapL, CbMbTCTBALY pyAHaTa
MWHEpanu3auus, C  MWHEpanTepMOMETPUYHA  Macuuka
Chaixmeca, npu cTbrka Ha HarpsieaHe 10°C/min.

MeTtporpachckn 1 MMHEpanoxku uscneaBaHus
Metporpadcku 0co6eHOCTM Ha BMECTBALLUTE CKalu
CkanuTe, BMeCTBALLM U3CneABaHaTa pyaHa MUHepanuaaLms
ca MpencTaBeHU OT €OpO3bpHECTM OMOTUTOBM pPaHUTK,
3acerHat C pasnuyHa WMHTEH3MBHOCT OT XWApOTepMarHu
npomeHu. Te ca CUBM Ha LBSIT, €APO- 4O CPEAHO3BPHECTH, C
macuBHa TekcTypa. Cnabo 3acerHaTute OT XxugpoTepManHu
NPOMEHU FPaHNUTU Ce XapaKTepuanpaT C rpaHUToBa, Ha MecTa
MOVKWNUTHA  (MOHLOHWTOBA) M MMPMEKWTOBA  CTPYKTYpa.
MarmaTyHaTa MuHepanHa acouuauus e npeAcTaBeHa OT
nnaruoknas (onuroknas) (ao 30%), K-chengwnat (MUKpOKMMH)
(8o 25%), 6uotut (80 5%), kBapL (8o 35%), LIMPKOH 1 anatuT.
HanoxeHnte  (KBapu-CepuuutoB  TWM)  XMOpPOTEpManHu
NPOMeHU B TsX Ca MPOSIBEHN NMOBCEMECTHO U HEPABHOMEPHO
MO WMHTEH3WBHOCT, CbMPOBOXLAT CE C WHTEH3UBHU KPEXKM
pecdopmaumn n  obpasyeaT acousauus OT kBapy (Tpw
reHepauum), 6sna cnopa (CepuumT-MyCKOBUT), XITOPUT, PyTUII,
XENSA30-TUTAHOBM MPOAYKTY, €NWAOT, KapOOHaT M pyaHu
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MuHepanu. Teau ckann ca ONMCaHW KaTo KBapL-CIIOAEHM
MeTacoMaTuTH, B KOUTO Ca OTAENEH [JBe NapareHesan — paHHa
(KBapL-CEpMLMTOBA) W HanoxeHa (kBapu-kapboHaT-onanosa)
(BbaxHeBa u gp., 1988; Ctoes n fp., 1989).

Bsinara cnioaa e npefcraBeHa OT (OMHONKOCNECTM arperaTy,
KOMTO YaCTUYHO UMM HaMbIHO 3aMecTBaT enawnaTure (gur.
2a) B ckanata, WIW B acouMauusi C XNOPUT XOMOOCHO
MPOMEHSIT MbPBUYHUS MaduT — GuoTuTa. Mpm TO3M NpoLiec ce
obpasyeaT ApebHO3bPHECT PyTUN 4O (PUHOWIMECT CareHuT W
‘nosnekna” ot Fe-Ti npogykTy.

KeapubT OT xuapoTepmanHaTa acouuaums e npeacTaBeH ot

TPU reHepaLuu, KouUTo MOpdonoxkn B obpasuuTe ce
pasrpaHMyaBaT kakTo criegga: 1) Mbpeata €  CUMHO
WMNperHupana ckanata M ce  Habnmiogaea  kato

MOHOMMHepasnH1 Pa3HO3bPHECTW Cerperauun ot GucTpy, Cbe
3aNVBOBWAHM OYEPTaHWUS 3bPHA W arperat, U Hail-BepOsITHO
acoummpa ¢ WHTEH3MBHOTO 0OpasyBaHe Ha Osnata cnoga; 2)
BTOpaTa reHepauusi WMa MOKanHo pasBuTME MO FMHEIHO
W3ObPKAHM 30HM, M3rPafeHN OCHOBHO OT KBapL, Masnko
apebHontocnecta 6sna cnioga (CepuLmuT) U pyaHU MUHEpany.
KBapLbT e pasHO3bpHECT — OT eapo- A0 ApeBHONPU3MAaTHYEH,
Ha MecTa C MO3aWdeH XapaKkTep MO KOHTaKTW Ha OTAENHU
3bpHa. CepuuuToBUTE NPOAYKTU Ca (DMHO BRPLCHATK W Ca
pas3noNoXeHW B KBapUOBWTE WHTepCTUUMM (dur.  2b-c).
PyaoHuTe MuHepanu B T€3W 30HM Ca OTAENHU M3OMETPUYHM
3bpHa ¢ Bapupawy pasmepn — ot 0.3 go 1.0 mm, kato
MOBEYETO OT TAX Ca 3aMECTEHW OT KaghsiBOYEPBEHWKABM
arperat OT XenesHu Xuapokcuau; 3) KBapubT OT TpeTata
reHepauuss e XanuedoHOB TWM W Ce YCTaHoBsBa B
HEN3ObPKAHM KUMKM.

OcobeHocTuTe Ha KBapua B yyacTbk “Morunute”, ca Tebpae
CX0OHW ¢ HabnoaaBaHMTe B yyacTbk “Yampa’, KbaeTo CbLuo
Cca yYCTaHOBEHM TPy reHepaumun Ha MuHepana (etposa, 1995).

XuapoTepManHo MpOMEHEHUTe TPaHUTU MOBCEMECTHO Ca
NpoLeneHn OT (WHW, MPEXOBMOHO pPasBUTK KapboHaTHM
KUMKK, C KOUTO acouumpar ApebHO3bPHECT ENUAOT, XIOpUT U
LpebHO3bPHECT pyaeH MuHepar.

PygHa muHepanu3saums B yyactbk “Morunure”

B pesynTart Ha npoBefeHUTEe MAKPOCKOMCKM M3crneaBaHus Ha
NnonupaHu npenapatit OT y4yacTbk “Morunute”, ca ycTaHoBEHU
CrefHUTE PYAHU MUHEpanu: MUPWUT, XamnkonupuT, cdaneput,
raneHnT, CaMOPOAHO 3MaTo, ENEKTPYM, KOBEMMH, XamnKOo3uH,
TEHAHTUT, TETPAEAPHT, ECKUMOUT, YPEINT W XENE3HU OKCUAM U
XMEOPOKCUAM.

Mupumbm ce cpella B HaN-roSIMO KONMYECTBO BbB BCUYKM
n3crnegeaHn npenapatu. Makpockoncku e npefcTtaBeH oOT
(uHM  BhpbCIEUM MM MacuBHM  arperatn.  [lpw
MWKPOCKOMNCKUTE HabMIgeHUst ce yCTaHOBABAT UAMOMOPQHM
WHAVMBWAK, B HAKOM CMyYau YaCTUYHO UMK HAMBITHO 3aMECTEHM
OT Xemne3HW MNPOMEHUTENHU MPOAYKTU. 3amecTBaHeTo €
XapakTepHo camo 3a obpasyuTe OT NPUMNOBbPXHOCTHATA YacT
Ha PYZOMNPOSIBIEHMETO W He Ce Habmogasa B 0bpasum oT no-
ronsiMa gbnbounHa. Ham-4yecto nupuTLT acouumpa ¢ raneHut
1 NO-psiAKO CbC cdhanepur.



23KV X658 4911

4318 108,00 JEOLS

®ur. 2. Mukpodotorpacomm Ha BMecTBalLM CKanu, pyaHU MUHEpanu 1 KBapL oT pygonpossneHue [lobpocenen, y4acTbk “Morunure”: a,
b, ¢, | - npoxopsiua ceetnuHa, (N +); d, e, f, g, h, j — oTpaseHa cBeTnuHa; i, k - CEM (pa3mep Ha BugHOTO none: a, ¢ — 1470 ym; b — 1070
um; d, e, f, g, h, j - 320 pm); a — K-cbenpgwnar (Kfsp), neTHecTo 3amMecTeH OT FMMHECTU MUHEPaNU U MYCKOBUTM3MpaH OuotuT (Bt); b -
KNacT OT CMITHO okBapLieHa ckana (Si-rock) cpen xuppotepmanen kBapy (Qz); ¢ — xuppoTepmareH KBapL ¢ npusMatuyeH xabutyc (Qz) n
¢uHontocnect cepuumt (Ser); d — BknroYeHUe oT caMopofHO 3naTo ¢ kankoBuaHa dopma (Au) cpen nuput (Py); e — nnacTuHkoobpasHo
BKITKOYEHMe OT camopoaHo 3narto (Au) u ypeiut (Our) cpen nupwur (Py); f — camopoaHo 3nato (Au), oTnoXeHo no nykHaTuHu B nupuT (Py);
g — YAbIIKEHU BKNoYeHUsi oT TeHaHTUT (Ten) cpep ranewut (Ga). B ponHata yacT Ha kagbpa - BknoyeHue ot cipaneput (Sph) c
Bnpbcneun ot nuput (Py); h — Tetpaepput (Tetr), oTnoxeH no creHata Ha nupuToB arperat (Py), B acounaums ¢ ranenut (Ga); i -
BKIIOYEHUs1 OT camopopHo 3nato (Au) u ypeuut (Our) cpep nuput (Py) — obpaTHO oTpa3eHu enekTpoHu, pexum COMPO, pasmep Ha
mapkepa - 10 ym; j — ngnomopdHu kpuctanu ot nupuT (Py), cnoeHun ot no-kbeeH raneluT (Ga), cpea nupuTa BASCHO — Marnku 3ao0neHn
BKNOYeHus ot eckumomT (Esk); k — BknioyeHus ot eckumour (Esk), camopoaHo 3nato (Au) u ranenut (Ga) cpea nupwur (Py), obpatHo
oTpaseHu enekTpoHu, pexum COMPO, pasmep Ha Mapkepa 100 pm; | — xanuepoHoBupeH (Qz—chic) u kpuctanen kBapy (Qz), B
KpUCTanHusa KBapL ce Habnogasa eaHo ABydasHo BknoyeHme (F1) c HenpaBunHa mopdonorus

XapakTepHa 3a nupuTa e nosieata Ha caMopodHO 3/1amo, yCTaHOBEHa B COHOaxHWU 0bpasum ot gbnboumHa 154.00 m.
CpeLLaLlo Ce KaTo BKIOYeHUs ¢ pasHoobpasHa mopdonorus HabniopaBaHu ca Hag 15 BKMIOYEHWS OT CaMOPOAHO 3MaTo,
cpeq Hero. Acouuauusita Ha MUPUT U CaMOPOAHO 3naTto e Nno-xapaKkTepHNTe OT KOWUTO Ca MokasaHu Ha dur. 2d,.e,f.
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CpelLaT Cce KaKTO KankOBWAHW WMM MAACTMHYATM 3MaTWHKM
(ur. 2d-e), Taka W YOBIKEHM WHOMBMOWM, Pa3BUTW MO
nykHaTUHW B nupuT (chur. 2f). Paamepute Ha 3naTuHkuTe ca
TBbpAE (DMHM, KaTo Hail-ronsmata HabniogasaHa 3naTuHKa
poctura go okono 50 uym no gwnrata oc (cur. 2d). Mpw
HanpaBeHWTe KONMYECTBEHW MUKPOCOHAOBM aHanu3n Ha 3nato
(Tabn. 1), ce ycTaHOBSBAT CPaBHUTEMHO HWUCKM ChAbPXaHWs
Ha Ag, Bapupawm ot 2.24 go 13.01 tern.%. Kato enemeHTu
npumeck npucseteat Fe n Cu, Kato BTOPUAT EneMEHT e ¢
YCTOMYMBO MPUCLCTBUE BbB BCUMKUTE aHanuavpaHu npobu.
lpoBeneHUTe aHanusK B LieHTpanHata u B nepudepHa yact
Ha 3naTuHKa C No-ronemu pasMepu, He NoKasBaT 3HaYMTENHN
pasnuuns B CbabpkaHuaTa Ha Ag (ueHTbp — 2.43 Tern.%,
nepudpepus — 2.24 tern.%).

OcBeH C nupWT, CaMOPOAHOTO 3MaTO € YCTAHOBEHO B
acouuaumsi ¢ ranexuT, B npenapar oOT COHAaxeH obpasel, oT
gbnbousHa  100.00 m. KonuyecTBeHWTe MUKPOCOHZOBH
aHamu3W Ha 3naTto, acoumupallo C rarneHwT, nokaseat
YyBCTBUTENHO MO-BUCOKM CbabpkaHua Ha Ag (23.22 tern.%),
KOeTO [JaBa OCHOBaHMe TO [fa Obde onpegeneHo Kato
€neKkTpyM. B Hero cbLLo ce YCTaHOBSBA Hanuuue Ha NpuMeceH
enemeHT Cu, cbe cbabpkanue 0.61 tern.%.

Ha 7031 etan OT u3cnefBaHusTa e TPYOHO Aa ce Hanpasu
3aKMIYeHne Janu ce Kacae 3a ABe leHepauuu 3naro —
nbpBaTa 0bpasyBaHa 3aeqHo C NMUPUTa, a BTopaTa (enekTpym)
acouumpalya c ranenur-caneput u nuput. OT npoBegeHuTe
HSIKOMKO aHanuaa MOXe Aa e Hanpasw NPeLnONoXEHNETO, Ye
KaTo LSO CamMOpOZHOTO 3MaTo Ce XapakTepusvpa C BMCOKa
npoBHOCT.

OnncBaHOTO CamMOpOAHO 3MaTo Mokasea TBbpAe Onuskm
XapaKkTepucTukn o HabrnogaBaHoto B yyacTbk “Yampa’,
kbaeto [letpoBa (1995) ycTaHOBSIBA CbLWMUTE €NEMEHTH
npumecy — Ag, Fe u Cu B nogobHM KoHLeHTpaumn. 3a pasnvka
OT MOCOYEHWS y4acTbK, MpWU HACTOSLLMTE M3CMEeABaHWS ce
PEermcTpupa enekTpyM, Ho OTCbCTBA KanaBepuT.

Fanenumbm “Ma CpaBHUTENHO Mo-LUMPOKO
pasnpocTpaHeHne OT  cdanepwuta. [leata  MuHepana
0OMKHOBEHO Ce cpellaT B acouuauus, npubnusnTenHo B
paBHW KONMWYECTBa, HO OCBEH TOBA raneHut ce Habmopasa
4eCTO CbBMECTHO C MWPWUT, MPU OTCbCTBME Ha Cdanepwt.
[aneHuTbT e obpasyBaH MO-KbCHO OT nupWUTa W canepuTa.
UecTo ce ycTaHoBsBa nof dopmata Ha (UHW KUIKK,
OTIIOXEHW MO CTEHUTE Ha MUPUTHM KpUCTa4eTa unm Ha Mecta
kopoaupa caneput. B HaKom OT npenapaTuTe cpeq ranexuTa
ce HabnogaBaT BKIIOYEHUS OT TEHAHTUT W TeTpaedpuT. B
€OVHMYEH Clyyall, MUHeparbT acouuupa C  ENEKTPyM.
lNpoBegeHUTe KayecTBEHU MUKPOCOHZOBW aHanmau rokassar

Tabnmua 1

OTCbCTBUE Ha €NEMEHTU-NPUMECU U XUMU3BM Ha MUHEpana,
Onmabk 10 TEOPETUYHUA.

Coanepumbm ce cpewa nop opmata Ha HenpaBWiHU
arperaTit, KOpoaupaHu OT raneHuT. XapakTepHO 3a Hero e
HanM4YneTo Ha emyrcus OT XamnKonupuT, KOSITO € pesynTaT Ha
eMnUreHeTHoO oTnaraxe.

Xankonupumbm e npeActaBeH B TBbpAe  OCKbAHO
KONMYeCTBO B W3CNeABaHWTE NpenapaTi. YCTaHoBsiBa ce
NpeauMHO KaTo emymncust cped caneput M B eAUHUYHM
cnyyau BbB BML Ha Marnku, Jobpe 3aobneHn 3bpHa cpep
raneHut. B no-ropHMTE HMBA Ha  PYSOMPOSIBNEHMWETO,
KONN4ECTBOTO Ha MUHEpana e 6uno no-3HaunTenHo, Thid-kato
B 00pasum OT TsX, ce HabniogaBa HanmuumMe Ha XankosuH u
KOBESUH.

Xanko3uHbm u KoeenuHbLM Ce CpeLiaT CbBMECTHO, KaTo
BTOPUYHM MeaHU CyNchuaN, PasBUTI BEPOATHO MO XanKOMMPHT.
Cpen Tax ce Habniofasar PenuKkTM OT MUHepana raneHuT,
KOWTO € MPUCLCTBAN BbB BUI Ha BKMIOYEHUS B XankonupuTa.
XankoauH W KoBenuH ca HabniojaBaHu camo B [JBa OT
W3creaBaHuTe npenaparu.

B acousaums ¢ raneHut W cdpaneput ca YCTaHOBEHM
MWHepanu OT pefuuatra meHamum-mempaedpum. [pu
HanpaBeHUTE KOMWYECTBEHW PEHTTEHOCMEKTPArHM  aHann3m
(Tabn. 2) no-yecTo ce ycTaHoBsBa meHaHmum. Toi ce cpela
noA copmara Ha Marki, 3a06neHu BKIOYEHUS B raneHnT (gur.
2Q), 4eCTO OTNIOXEHW Ha KOHTaKTa My C NupuT. BrnioyeHnsTa ca
C HENpaBUITHW O4EPTaHNs, MOHSKOra C YAbmKeHa Mopdonorus.

[laHHUTe OT NPOBEAEHMTE KOMWUYECTBEHM MUKPOCOHAOBM
aHanuau nokaseaT, Ye mMeHaHMUMbBbM Ce XapaKTepuanpa CbC
CPaBHWTENHO HUCKM CbabpxaHus Ha Sb, Zn u Fe, Hucku
koHUeHTpauum Ha Ag (0.40 Tern.%) 1 NOBULLEHN CbObpPXKaHWS
Ha Cd (2.97 tern.%). AHanuaupanust mempaedpum (cur. 2h)
Ce 0TNM4aBa C NOBWULLEHN CbabpxaHua Ha Ag (3.69 Tern.%), Zn
(6.39 tern.%) n Te (4.27 Tern.%), n B CpaBHEHWE C TEHaHTUTA
nokassa Mo-H1ckK KoHueHTpauun Ha Cd (1.46 tern.%). ®asata
MoXe fia 6bje HOMUHMPaHa KaTo LIMHKOB TeTpaeapuT.

Mpu HacToswmTe m3cnenBaHus Osixa ycTaHOBEHM U [Ba
TBbpAE peakn MuHepanu ot cuctemara Ag-Pb-Bi — ypeint u
eckumonT. [laHHW 3a HaxOOKW Ha YpeinT B CTpaHaTta Hu,
OTCbCTBAT B NMTEpaTypaTa, a eCKUMOUT € AWarHoCTMUMpaH
pocera B bbrrapusi, QMHCTBEHO B NONMMETANHOTO HAaXoaMLLEe
ApawHo, Lientpantn Pogonu (Boxes, 1991).

KonusecmeeHu peHmeeHocnekmpanHu MUKpoaHanu3u Ha camopodHo 3i1amo 8 acoyuayusi ¢ nupum (aHanusu Net, 2, 3, 4) u Ha

efieKmpym, 8 acoyuayusi ¢ 2aneHum u cpanepum (aHanua Neb).

Ananua Ne MuHepanHa acouuaums Enementy (tern.%)
Ag Au Fe Cu >
1 (ueHTBP) CaMOPO/IHO 3N1aTo + NupuT 243 | 9537 | 1.16 0.84 | 99.80
2 (nepudbepns) cbluaTa 3naTuHka 2.24 | 95.31 1.40 0.62 | 99.57
3 yObIKEHa 3naTuHKa B NUPUT 12.59 | 86.28 - 0.76 | 99.63
4 caMopofHo 3narto + nupur + ypennt | 13.01 | 86.54 - 0.31 99.86
5 €MeKTpyM + raneHut + ccpaneput 23.22 | 75.46 - 0.61 99.29

Kpuctanoxumuaru coopmynm: 1. Auo.goAgo.oaFeo.0sCuo.oz; 2. Auo.soAdo.osFeo.0sCuo.oz; 3. Auo77Ago21Cuo.02; 4. Auo.78Ago21Cuo.01; 5. Auo.e3Ago.ssCU0.02
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Tabnuya 2

KonuyecmeseHu peHmeeHocnekmpanHu MukpoaHanusu Ha meHaHmum (1), mempaedpum (2), eckumoum (3), ypetum (5) om
pydonposieneHue [Jobpoceney (ysacmuk Moaunume); eckumoum (4) u ypetium (6) no Yeunesa u dp. (1988)

AHanus EnemenTu (tern. %)

Ne Ag Sb Fe Cu Pb Bi Zn As Te Cd S 3

1 0.40 313 | 250 | 46.37 - - 219 | 18.14 - 297 | 2432 | 100.02
2 3.69 29.19 - 35.01 - - 6.39 - 4.27 1.46 19.58 99.59
3 10.60 - - 0.73 31.52 | 40.38 - - - - 16.38 99.61
4 10.62 - - - 29.12 | 44.07 - - - - 16.22 | 100.03
5 14.07 - - 0.58 26.17 | 42.77 - - - - 16.02 99.61
6 12.95 - - - 29.87 | 41.16 - - - - 16.02 | 100.00

KpucTtanoxumuynm copmynu: 1

. (Cu11.35Ag0.06F €0.70ZN0.52Cdo.11)13.04(AS3.77Sb0.04)4.17S 11.80; 2. (Cu10.11AG0.63ZNn1.80Cd0.24)12.78Sb4.40(S11.21Te0.61)11.82:

3. Ags.92Cu0.81Pb10.71Bi13.60S35.96; 4. Ag7.00PDb10.00Bi15.00S36.00; 5. Ags.36CU0.24PD3.26Bi5 27S12.87 ; 6. Ag3.12Pb3.75Bi5.12S13.00

Ypeiium (ourayite). XvUMWYHMAT CbCTaB Ha MWHepana
cnopen Makovicky and Karup-Mgller (1984) cbotsetcTBa Ha
topmynata AgsPb4BisS+3, a cnopes Ysunesa u ap. (1988) —
Ha Ag2sPbaoBis1S104. Cnopes Koctoe (1993) cbcTaBbT Ha
MWHepana Moxe fa Obae npeactaBeH ¢ chopmynara
Agi25Pb1sBi205Ss2 . B uscneasanute npenapatut ypenmTsT ce
HabniogaBa nop dopmata Ha (PMHM NPOPacTBaHMs CbC
CaMOPOAHO 3MaTo cped nuput (dur. 2e). Mo oTpaxeHne
UBST YpeWuTbT e TBbpAe CXOLeH C ranexuta. B ckanupaly
enekTpoHeH Mukpockon, B pexum COMPO, ypeautsbT
OTYETNMBO Ce pasnnyaBa OT CaMOPOAHOTO 3nmato (dur. 2i).
N3BbpLueHuTe KONMYECTBEHM PEHTrEHOCNEKTpanHu
MWUKpOaHanuay, mnokassaT MHOTO TOMsAMOTO CXOACTBO Ha
XMMW3Ma Ha u3crnefBaHata hasa CbC CbCTaBa Ha MUHepana,
nybrvkysaH ot Ysunesa wu gp. (1988) (Tabn. 2).
CbobpkaHuaTa Ha S ca nouTh eaHakem, TBbpae Onuskn ca u
CbObpXKaHusiTa Ha OCTaHanuTe enemeHTu. B aHanusupaHata
(hasa Ce YCTAHOBSABAT HE3HAYUTENHW KOHLEHTpauun Ha
enemenTa Cu (okono 0.5 Tern.%), konto cnopeg Ysunésa
ap. (1988) npencraBnsBa xapakTepeH NPUMECEeH eneMeHT 3a
ypenuTa.

Eckumoum (eskimoite). EckumoutbT (Ag7Pb1oBitsS3s) e
MHOrO psigbK MWHepan, Tebpae Onu3bk no CbCTaB Ao
onucaHWs mo-rope ypenut. Ha dwur. 2j MuHepambT e
NpeacTaBeH KaTo 3a06neHn BKMIOYEHUS B MUPUT M € MOYTH
HepasnuuuM OT ranenuta. W geata MuHepana ca 6enn Ha
LBAT, HO €CKMMOMTBLT Ce OTnM4aBa CbC crabo 3abenexuma
@HW30TPOMHOCT. B CkaHupall, enekTpoHeH MUKPOCKOM, PEXUM
COMPO, pBete ¢hasn (ECKMMOWT W TaneHuT) He ce
pasrpaHuyaBar otyetimBo (cpur. 2K), HO nmpoBeaeHuTe
KOMMYECTBEHW  PEHTTEHOCMEKTPaNHN  aHamuan, [okasBaT
pasnuunsaTa B XMMUYHUS CbCTaB Ha (pa3ute. Pesynratute ot
aHanuanTe Ha eCKMMOWT, MOKA3BaT MOYTU MbIIHO CXOACTBO B
CbabpkaHusTa Ha Ag n S ¢ nybnukysaHuTe oT YBunesa v ap.
(1988) paHHM 3a MuHepana, MHoro 6mmM3kM  ca M
cbabpkaHusTa Ha Pb u Bi (Tabn. 2). U Tyk kaTo xapaktepeH
enemeHT-npumec npucbctea Cu, KOWTO CMOpesd MOcouveHuTe
no-rope aeTopy, Moxe Aa gocturHe go 0.6 Ttern.%. B
aHanuaupaHata MuHepanHa casa megra e okono 0.7 Tern.%,
T. €. C MaIKo MO-BMCOKO CbbpXaHue B CPAaBHEHME C ypenuTa.

MpobnembT 3a KmacuukaumsTa Ha  CyndoconHuTeE
MWHEpann OT [ObIro Bpeme € ODekT Ha AucKycun B
MUHepanornyeckata obwHocT. B knacudmkaumsTta Ha Koctos
(1993) gBata onmcaHu MO-rOPe MWUHEPanM Ca OTHECEHU KbM
naBOHMT-pamaopuToBaTa rpyna. B pabotata Ha Mdelo et al.,
(2008) ce npegnara HoBa cucTemaTWka Ha CyndoconHWTE
MWHEepanw, KaTo Te Ca NOJeneHn Ha CTPYKTYPHU CEMENCTBa,
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XOMOMOXHM ~ CEpUM, W3OTWUMHA U XOMEOTUMHU  Cepuy,
MWHepanHu BuaoBe u nonutunu. Cnopen Tasu knacudukams,
YPEAUTBT W ECKUMOWTBLT momagaT B NWMMaHUTOBATa
XOMOMNOXHA Cepust Ha omnoBHuTE cyndoconu, 6asnpaHu Ha
wupokn 2D dparmentn ot PbS/SnS apxetun. Mo-cneumanHo
ECKMMOUTBT Ce OTHAcs KbM XE/pOBCKMWUTOBaTa XOMEOTWMHA
cepusi. YpelmuTsT 3aefHO C NO-psagko cpellaHus ypenut-P ce
obocobsBaT B XOMeOTUNHa ABOMKa. Pasnukata mexay fBeTte
hasn ce u3passBa B MO-HUCKOTO CbObpkaHue Ha OnoBO B
ypeimt-P  (Makovicky, Karup-Mgller, 1984), uuuto cbcrtas
CbOTBETCTBA Ha thopmynata Ags6Pb2.sBis 6513,
AHanusupaHaTa npu HacToAwWTe w3cnegsaHus (hasa, no
XMMU3BM NONaja Mexay ypemuta u ypeiuut-P. Mankute
pasmepn Ha HabniogaeaHuTe  BKMKOYEHUS He  gasat
Bb3MOXHOCT 3@ MPOBEXOAHE HA  PEHTTEHOCTPYKTYPHM
nscnegBaHus, ¢ kouto 6u MOrMO Aa Ce M3BbPWM no-
npeuusHata AuarHocTWka Ha (pasara, YCTaHoBeHa B
pynonposienexue [Jobpocened,

MuHepanoTepMOMeTpUYHM U3CNeaBaHUA

3a n3cnegBaHe Ha (rywoHWTE BKIKOYEHUS B KBapua, OT
obpasyute ca u3rotBeHM 11 ABOWMHO MOMMPAHM NNACTUHKA,
BKMIOYBALLM TPW Pa3NNYHM pasHOBMOHOCTM kBapl. B age ot
Pa3HOBWAHOCTUTE CE YCTAHOBSBAT TBbPAE MamKO BKIHOYEHMS,
NOOXOASLUM 33 MPOBEXAAHE Ha MMHEpanoTEPMOMETPUYHM
u3crnedBaHusl, a B TpeTata (XanlenoHOBMAEH KBapl) He ce
Habntopgaeart. lMopagn OTCLCTBMETO Ha fobpe obocobenn u
[0CTaTbYHO NPO3paYHN KBAPLIOBM KpUCTanu, 0COBEHOCTUTE Ha
BKMIOYEHMSITA HE Ca SICHO M3pa3eHu M € TPyaHO pa ce
onpeaeny efHO3HaYHO Aanu Te ca MbPBUYHM UMK BTOPUYHM.
MamepBaHusTa ca NpOBEXLAHM TNABHO BbpXYy a30HanHu
(nyuaHU BKMIOYEHMS, 3a KOWTO CE Mpeanonara MbpeUYeH
Mpou3xod, HO He3aBUCUMO OT ToBa  OBCTOSTENCTRO,
pesynTaTuTe OT NPOBEAEHUTE WM3CNeABaHUs B 3HAYUTENHA
CTENEeH UMaT NpeABapUTENEH XapakTep.

MbpeaTa pa3HOBWAHOCT KBapL, € NpeacTaBeHa BEPOSITHO OT
MeTacoMaTi4Hu arperati, 06pasyBaHu Npu XxuapoTepmanHarta
npomsHa Ha BMecTBawwTe ckann. Cpewat ce 060cobeHu
KBAPLIOBM 3bPHA CbC CBETNOCMB A0 6EnesHNKaB LBST, B KOUTO
CE YCTAHOBSIBAT EAMHWYHM Ta30BO-TEYHW BKIMIOYEHUS] CbC
CPaBHWTENMHO TOMSIM WM TbMEH Ha LBST rasoB Mexyp.
M3mepeHuTe TemnepaTypu Ha XOMOTEHM3aUMs B TE3u
(NyuaHM BKIIOYEHUS ca OTHOCUTENHO BUCOKW — B AManasoHa
380-400°C, koeTo Hapep ¢ neTporpadckute 0COBEHOCTU Ha
obpasuy OT CbCEAHW MHTEPBANM Ha COHAaxa, NoACKasea
Bb3MOXHOCTTA 33 pa3BuTME Ha rpaii3eHonogobeH Tun
npomsiHa. B nogkpena Ha ToBa NPeANonoXeHne e HanuineTo
Ha edHothasHW TBbPAM BKIKOYEHWS B KBapua, KOMTO ca




XapakTepHu 3a MNo-BUCOKOTEMNEPATYPHUTE XnapoTepmMarHu
MPOMEHN.

Bropata KBapuoBa pasHOBWAHOCT € MpeAcTaBeHa oOT
CBETNIOCMB [0 6sn Ha LBSAT XWNeH KBapl, CbMbTCTBALY
pyoHata MuHepanuaaums. OCHOBHaTa YacT OT M3MepBaHusTa
ca NpOBEAEHN VMEHHO BbpPXY TasW pasHOBMAHOCT. B XunHus
kBapy,  MogxogswMTe 3@  MWHEPaNOTEPMOMETPUYHM
uacnegBaHns  NyMoHW  BKIKOYEHWS, CbLO Cca  TBbpae
ockbaHu. OBocobsBat ce ABe 06MacTi Ha XOMoreHu3aums Ha
ra3oBO-TeYHWUTE BKMIOYeHMs. MMbpBaTa obxBawa MHTepBana
265-220°C, kaTo 3a MOBEYETO OT W3MEPEHWUTE BKIIOYEHUS
MOXe Aa Ce npegnonara ¢ Mo-ronsiMa YBEPeHOCT MbpBUYeEH
reHeauc. [lpu Temnepatypu 6Gmmskn go  260°C  ca
HabntofaBaHn SBNeHUs Ha kunewe (?) B cOHAaxH1 0bpasum ot
okono 100 m nog noebpxHocTTa. 10 TOBa Bpeme, MOXe fa ce
npegnonara, 4Ye € 3anoyHano MacoBOTO OTfaraHe Ha
cynéuaute. Bropara obnact obxsatya nHrepsana 175-150°C,
KaTo BKIOYEHMsITa NOKa3BaT No-CKOPO BTOPUYEH XapaKTep.

Ot wn3cnenBaHuTe 00pasun He MOXe €eJHO3HAYHO fda ce
HanpaBW UM3BOLLT, AanW MWPUTLT Ce CbMbTCTBA OT
obocobeHa, camocTosTeNnHa reHepauns Keapl, Mnu ChbLUMAT
KBapL npuopyxaBa nonMMeTanHata MuHepanusauus  u
nuputa. M3mepeHute TemnepaTypu Ha XOMOreHW3auus Ha
hryMaHU BKIKOYEHWS B KBApL, HEMOCPEACTBEHO acoLumpaly ¢
nupuT, ca 3acebeHn B MO-BMCOKOTEMMEpATypHaTa YacT Ha
uHTepsana 240-265°C, pokato B obpasuute ¢ Hanuuue Ha
raneHut u cdaneput, Temnepatypure Ha XOMOreHu3aLus
00MKHOBEHO Ca No-HICKK, B AnanasoHa 230-220°C.

TpetTuaT Tun KBapy € OT XanuyedoHOB T W uUma
konomopdHa cTpykTypa (dowmr. 21). B Hero He ce ycTaHossBart
BKITOYEHWSI, HO MOXe [a Ce MPEeLnonoxu, Ye TOi e OTNOXeH
npW Hail-HUCKM TemnepaTypu B MuHepanoobpasyBaTenHaTa
cuctema (BeposiTHo nog 150°C). XanueaoHOBUAHMAT KBapL, e
XapaKTepeH MUHepan 3a HUCKOTEMNepaTypHUTE enuTepMarHi
MWUHEpanu3aLum, B KOUTO YECTO MpUAPYXaBa MposBUTE Ha
3nato. Ha dwr. 21 ca nokasaHM parmMeHTn ot
XanueaoHOBUAEH KBapL, M KOHTAKTUTE My C KpUCTaneH Kaapu.
Ha TO3M eTan Ha w3crneaBaHusiTa He MoraT fa W3mbkHar
OTYET/IMBO W3MEHEHMsTA Ha TemnepaTtypata Ha obpasyBaHe
Ha MUHepanu3aumsaTa B AbnboumHa.

3akntoueHue

B pesyntar Ha NpoBeAeHUTE W3CMELBaHUS Ca YCTaHOBEHM
CrefHMTE NO-BaXHW O0COBEHOCTW Ha 3natocbAbpialyara
MWHepanu3aums B Haxoguwe [oBpoceney  (y4acTsk
“Morunute”):

OpyasiBaHeTO € pa3BUTO B NIMHEAHO W3TErMEHN 30HU C
OKBapLsiBaHe, Mpecuyaly  XMLPOTEPMANHO  MPOMEHEHN
OrnoTUTOBM rpaHUTM OT [paHuTOBO-YyKapoBCKMS WHTPY3WB.
XwapoTepManHata npoMsiHa, OCBEH  OKBapLsBaHe, €
npefcTaBeHa M OT  KBApL-MYCKOBUTOB TWM  M3MEHEHUs!
(rpanseHn3auma?), 3acsrawy MO-MHTEH3MBHO BMECTBALLMTE
ckanu, B no-gbribOoKNTE YacTh Ha PyaoNpPOSIBIIEHNETO.

PyoHata MuHepanusauusi BKMIOYBA MMPUT, XaskOMMpWT,
chanepuT, raneHnT, CaMmopoaHo 371aTo, eNeKTPYM, KOBENMH,
XanKko3WH, TEHaHTUT, TETPaedpuT, ECKUMOMUT, YPeinT u
KEenesHU okcuau W xugpokeuau. Hocutenu Ha 3nato B
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PYOONPOSBIEHNETO Ca CAMOPOLHOTO 3MaTo U enexkTpyma.
CamopogHOTO  3maTo WMa  OTYETIIMBO  MO-LUMPOKO
pa3npocTpaHeHe 1 acoumupa rmasHo ¢ nupuT. Habniogasaxu
ca pasHoobpasHu No Mopdonorus U pasmepy 3naTuHKW, Haii-
4eCTO Pa3BUTW MO NYKHATUHKM B nupuTa. ChabpkaHuaTa Ha Ag
B CaMOpPOJHOTO 3naTo ca Hucku (2.24 po 13.01 tern.%.), kato
enemeHTU-Npumec ce YyctaHoessat cregum ot Cu u Fe.
EnekTpymbT acouuupa npeauMHo ¢ raneHut. CbabpxaHueTo
Ha Ag B Hero poctura po 23.22 Ttern.%. BbamoxHo e
OTMaraHeTo Ha 3ratoTo fda € MPOTeKNo B [Ba PasnuyHu
cTagus, kato ca 0bpasyBaHi CbOTBETHO CaMOPOAHO 3MaTo U
enexkTpyM.

C  KOMMYECTBEHM PEHTIEHOCTIEKTPANHM  aHanmuau  ca
noryyeHu OaHHM 33 XWMM3Ma HA ABa Peaku MuUHepana -
ypeimTt (Ag3.36CU0.24Pb3 26Bi5.27S 12.67) " €CKUMOUT
(Ags.92CU0.81Pb10.71Bi1360S35.96), KaTO YpemnTLT Npencraensea
MbpBa Haxofka 3a CTpaHata. [lBeTe MuHepanHu asu ce
HabntofaBaT nof dopmata Ha UHW BKITHOYEHNS, acoLumpaLLy
C MUPUT 1 CaMOPOHO 3MaTo.

lMpoBedeHUTe  MUHEPANoOTEPMOMETPUYHU  U3criesBaHus
OTYETNIMBO OMNpedensT ABa TemnepaTypHu [OuanasoHa Ha
OTnaraHe Ha MWHepanu3auusTa B YyyacTbka. [Tbpeust
[AManasoH, BEPOATHO € CBbP3aH C XuapoTepManHara npomsaHa
oT kBapu-myckosutoB Tun (380-400°C), pokato BTOPUAT
AManasoH € CBbP3aH C OTMaraHeTo Ha Mo-KbCcHara nupuT-
nonumeTanHa MuHepanusaums. MuputsT ce obpasyBa npu
240-265°C, a raneHuTbT U canepuTsbT — NPU Manko no-HUCKN
Temnepartypu (230-220°C).

B  reHeTMYHO  OTHOWEHME  W3cnegBaHata  pyaHa
MWUHEpanu3aLs Hail-BeposiTHO Ce OTHAcs KbM enuTepMasnHus
HUCKOCYNMAEH TN 3naTochbAbpaly  OpyAsiBaHMS,
NPeACTaBUTENN HA KOUTO Ca M3BECTHW TMaBHO B paiioHa Ha
W3tounute Pogonu, u B no-manka creneH — B Cakapckus
PYOEH PalioH.

EnazodapHocmu: W3kasBame Hawarta OnarogapHocT Ha ¢upmara
“Ein Ec Dxu Keitmbpumk — Bwbnrapus’, EALl 3a npegoctaBeHata
Bb3MOXHOCT 3a NPOBEXaHe Ha ucrneasaHusTa.
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THERMOCHEMICAL PROCESSING OF DIAMONDS

A. A. Altuhov’, E. V. Gladchenkov?

"UralAlmazinvest inc., Ivan Franko Str. 4, 121108 Moscow, Russian Federation; uai-co@yandex.ru
2Moscow State Mines University, Lenin Avenue 6, Moscow 119991, Russian Federation; evgenozz@rambler.ru

ABSTRACT. Diamonds material is unique by characteristics. It has the record of high mechanical, heat physical, optical and electronic
characteristics; it possesses high chemical stability. Diamond is gaining the first place among minerals according to hardness in the world. Mines
get per annum hardly more than ten tons. Of that, only 25% can be used in jewelry. But the rest are used in industry due to it's extremely high
hardness. Diamonds are historically used as a cutting instrument. In recent times numerous quite new diamond instruments are used to make
sensors and other précised instruments. Also it traditionally is used for details on electronic chips, processors and other devices. Its unique physical
parameters provide efficient and stable capacity to work in micro-mechanic and electronic devices on base of critical conditions for working
processes and external influencing factor. All that requires much improvement of existing and new and developing methods for processing
diamonds. Constantly it enlarges the existing area for practical application. The study reviews the thermochemical production of diamonds.

TEPMOXWUMWYHO NPON3BOACTBO HA AUAMAHTU

A. A. Anmyxoe’, E. B. [nadveHkog?

"YpananmasuHsecm, yin. MeaH ®parko 4, 121108 Mocksa, Pycka ®edepayus; uai-co@yandex.ru

2Mockoscku ObpxageH MuHeH yHusepcumem, np. Jlenun 6, 119991 Mocksa, Pycka ®edepayus; evgenozz@rambler.ru

PE3IOME. [lnamaHTbT € YHUKarneH no CBOWTE XapaKTepuCTWK/ KaTo matepuan. Ton ce OTnU4aBa C BUCOKM MEXaHWYHW, TOMMUHHA (PU3NYHK,
OMTUYHM W ENEKTPOHHN XapaKTEPUCTUKY; TOM NPUTEXABA BMCOKA XUMIUYECKA YCTOMYMBOCT. [IaMBbHTBLT € Ha MbpBO MSICTO B CBETA Cpeq ApyruTe
MWHEpanu no cBosiTa TBbPAOCT. MuHuTero gobuBat egBa 40 HSKOMKO AeceTku ToHa roguiwHo. OT Tax, okono 25% Moxe Aa ce u3nonassa
toBenvMpHM uenn. Ho ocTaHanuTe ce M3non3sar 3a WHOYCTPUanHW LEnu Nopagu W3KIMKYMTENHO BMCOKATa CW TBBPLOCT. Mctopuyecky,
[VaMaHTUTUTE Ca M3MON3BaHN KaTo PEXEL MHCTPYMEHT. Hanocnembk MHOTO CbBCEM HOBW AMAMaHTEHW MHCTPYMEHTU Ce M3NOoN3BarT 3a Hanpasa
Ha CEH30pW W ApYru Mpeumu3Hu MHCTPYMeHTW. CblLo Taka TpagWLMOHHO Ce M3nonasa B JeTalnin 3a enuKTPOHHWYLLNOBE, NPOLEecopu W Apyrv
ypean. Heroute yHukanHu (vsnyHn napameTpu ocurypsiBat edvkacHa W ctabunHa paboTa B MUKPO-MEXaHWYHW M ENEKTPOHHW ypeau Ha
OCHOBaTa Ha KPUTUYHUTE YCTOBUS HA PabOTHWS MPOLIEC M BBHLUHUTE BRUSHUS. BCuuko ToBa M3KCKBa JocTa NOAPOBPEHMe Ha ChLUECTBYBALLMTE
HOBM METOAV 3a NPON3BOACTBO Ha AuaMaHT. MoCTOsIHHO Ce pasLuMpsiBa NOMETO Ha HEeroBaTa NpakTyecka Npunoxmumoct. PaspaboTkata ucneasa
TEPMOXMMUYHOTO NPOU3BOLCTBO Ha AMAMaHTY.

Practical application of diamonds constantly enlarges and semiconductor instruments. Many types of research are
penetrates into human life. Mostly, science and technology released for putting on the sale precious diamond blades for
absorb all newly developed processing technologies. An active microsurgery, as well as micro-instruments based on mono-
part of that area are technologies for microelectronics. crystalline diamond material.

Remarkably broad science practice shows that diamonds (and

new chemical materials on base on the diamonds structures) At present, shaping high precious planar surfaces, including
including elements detectors for optical and radiation sensors, nano-size has many types of approach for undertaking the
such as elements detectors for micro-electro-mechanical following technological operation: for example, lithography
systems (MEMS), are also successful for the development in method, fixing hybrid and pellicle element for an integral
the field of semiconductor integral microcircuits (IMS) microcircuits, etc. High quality surface layer semiconductor
improvement research and very good for discrete elements substrate influences upon structured perfection of the inflicted
based on diamond plates. SVCH semiconductor, for an layer. Work capacity of the integral microcircuits IMS usually is
example (as a highly precious instrument for new electronic of a very high importance. Dislocations and defects on a
components) meets conditions for the most part of surface layer form from substrate and inherit its negative
contemporary devices and other products for microelectronics, character, worsening the electro-physical features of the
as well. There is no doubt that these materials cause the microcircuits. In  this condition, undersurface material
keenest interest all over the world for developments in the field processing stands on the first plan and corrects inadmissibility
of creation of micro-size supercomputers, based on diamonds the origin scratches, rifts, and microdefects in the main mass of
multi chip modules technology. Now, in Russia and overseas, the material. A removal of the surface layer material with
many producers put on the sale coolers for powerful shaping by reception nano-size is required, which makes
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changes to surfaces with minimum amount of defects. This
method appears to be progressing.

Realization of that scientific idea in concrete types of
instruments is mainly defined on the technological possibilities.
Thus, development of the technological problem is a priority
problem to science and technology in the constructing
instruments spheres. General technological solution for
receiving new types of product from preprocessing as the
described new type of material demands exact and specific
technological approaches to such new material (Grigoriev et
al., 1981; 1983; Natural Diamonds..., 1997; Pleskov, 2003;
Mityagin et al.).

Fig. 1. Diamond substrate

Hardness of the surface is an important factor in technical
approach as a feature of the product. It influences upon all
processing characteristics, including machine’s parameters: so
as details, elements and nodes-wear capabilities for surfaces
treatment and, also, toughness, stability etc.

Shaping surfaces of nano-size dimensions meets demands
and raises interest for new methods in microelectronics. In
most cases, it provides minimum importance of surfaces
hardness (Ra) at a rate of not more than 10 nm, on all the 14
classes, based with lehght 0.08 mm (GOST; Russian
Standards Register Number GOST2.309-73 - indications to
hardness surfaces). To undertake the following, we need to
optimize the technological operations (fixing element hybrid
and nano-film surface integral microcircuits, etc.) and numerate
its importance for operations. The quality of a surface layer
substrate strongly influences upon its future capacity for work
in an integral microcircuit.

The traditional way of processing hard frail mineral (including
crystal) is by precise mechanical polishing abrasive, free and
compounded with combined abrasive. Abrasive processing is a
roughly mechanical way for polishing to remove the extra mass
of diamonds. It usually occurs to be too rough for mechanical
sharpness, especially with blowing particle of non-sized
abrasive under quick rotation of the diamond disk on tool. As a
result, the springy voltage problem arising occurs, scratching
the processed material.

Usually it would wear quickly, because of the damaged in
hardness space. In addition, diamonds have different
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properties in various crystallographic directions. The hardness
of the different planes of a diamond differ. And within each
plane its importance very much depends on directions. In
connection with the anisotropy of hardness and toughness of a
diamond being under processing by abrasive mechanical way
it is necessary to orientate the crystals so, that processing was
produced toward the least hardness. But wear-out of the
diamond instrument depends on thir application to the most
hard planes. Mechanical processing of diamonds surfaces no
more satisfies the demands for necessity and importance in
the microelectronics sphere. The mechanical method of
processing only allows reaching on a maximum hardness 12-
13 classes, that forms 100-50 nm.

Using such a diamond in electronics is an insufficiently
structured perfection of the material. Big partition of the
marriage diamonds are IMS processed diamonds, polished
with processing the surfaces substrate. A more perspective
way for mechanical processing of hard minerals and crystals is
polishing in a mode of quasiplastic. Theoretical and
experimental studies attested that in determined condition
under mechanical influence frail hard material display plastic
characteristic.

Mode of quasiplastic surface processing of frail minerals and
materials makes it possible to provide such a parameter within
special selection. The pressure and velocities of the moving
instrument on the parallel surface must vary. The latter is
subjected to mechanical influence. The first drawback of this
way is because of the difficulty of the method's realization. The
second is the comparatively high costal for the equipment (the
machine module with CHPU), greater expenses and much
processing time.

A quite new perspective method for processing diamonds is
the thermochemical method. The essence of it is that at the
temperature above 600°C in an atmosphere of hydrogen the
carbon atoms begin to open in heated metal and then interact
with hydrogen, forming gas methane, which abandons the total
zone to the reactor. Metal in it plays the role of the catalyst. By
this thermochemical method it is possible also to polish
diamonds very precisely without an error. The processing
abrasive, as thin power, acting on crystal, makes defects on it
under the instrument. But the chemical nature of the
processing method does not cause the material. The
mechanical processing is effectively possible only on "soft"
crystal directions of the diamond. This new method does not
require a precise orientation of the crystal, nor of the polishing
powder (Shamaev et al., 2002).

The thermochemical method for natural diamonds
processing and for polycrystalline diamonds is the same. It
becomes possible to process diamonds in combination with
other methods since there are new technologies without “fall
out’ crystals. Turning diamond to cutting instrument on its
"hard" direction brings two different crystals like twins. It makes
possible to germinate diamonds to the varieties of "boart". This
method also makes possible the manufacture of flat diamonds
and twin crystals as "macles" (the crystals of the diamond
correspond to the variety Il on the genetic classification of
diamond by Yu. L. Orlov, 1974).



The essence of the thermochemical method

At the temperature of the processing from 600 to 1300°C,
diamonds do not react with hydrogen directly. But hydrogen
reacts with the dissolved metal carbon rendering from a
diamond, forming methane gas. Thereby, safety of the crystal
can be reached by not being subjected to a hard processing

C+2H2 ->CH4

area, but to a small laboratory with chemical requirements and
unceasing  regeneration  diamond  processing  metal
equipment. All that means that the method is close to a
catalytic hydrolysis of carbon reaction on the diamond (Fig. 2).

[ » Diamond

> Metal

Fig. 2. Diamond-solution from carbon in metal and gas (CHq)

Catalytic hydrolysis is hydrogen or organic gas joining the
reaction. Realization of that means the reaction takes place on
molecular hydrogen catalyst or donor to hydrogen (in our case,
as catalyst emerges the metal from a group or alloy of metals
as iron, nickel and cobalt). During processing diamonds are
still under an instrument process the crystal surface takes its
shape proceeding on the metal's surface. Diamond contacts
are under minimum load with slowly revolving warmed
instrumental disk. As it can be seen on Figure 3, the
thermochemical installation is (in a simplified variant) not a
very complicated equipment by design. The method can be
recommended and adapted by others as a main method for
contemporary diamond’s processing.

An experimental equipment of the thermochemical method,
composed by the only installation is shown on Figure 4. It is
possible to slice diamonds (and other similar materials), as well
as to perform holes of the complex stenciled forms in the
material. It can be possible emboss the diamond, inflict on
crystal signs, or drawings on its surface.

The technology was designed on the base of research of
thermochemical polished diamond and of sharpening blade
mono-crystal diamond instrument for eye microsurgery.
Removing the waste mass of a diamond needs to take into
account the dissolution of carbon diamond by simple metallic
disk. All this allows using the thermochemical polishing method
to bring precious high processed diamonds and rigid hard
instruments.
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Fig. 3. A scheme for the thermochemical installation (http://st-
yak.narod.ru/index2-4-1.html): 1 - diamond processing disk; 2 -
cover; 3 — the holder with diamond; 4 - lid; 5 - observation
window; 6 - heater; 7 — base; 8 — pulley; 9 - spring stress

Fig. 4. An experimental sample for the thermochemical method
installation:  processing diamond (modification = PTC
"URALALMAZINVEST")
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The thermochemical way of processing makes real effects to
the after processed diamonds hardness factors. The factor of
removing wasted mass from the material is limited by the
velocity by extraction of carbon from metal, which leads the
processing. The velocity of processing forms before 0.3 mm
per hour. Hardness in thermochemical polishing reaches Rz=6
nm for a monocrystal of a natural diamond. These factors suit
the diamond for its application as a new, perspective material
namely in the sphere of microelectronics.
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ELECTRON PARAMAGNETIC RESONANCE (EPR) SPECTROSCOPY OF NEPHRITE
(FROM NEOLITHIC ARTEFACTS FROM SW BULGARIA)

Ruslan I. Kostov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; rikostov@yahoo.com

ABSTRACT. Electron paramagnetic resonance (EPR) studies are carried out in different regimes on five samples of nephrite
oCaz(Fe,Mg)sSisO22(OH)2 from Neolithic artefacts, found during archaeological excavations in prehistoric settlements in South-West Bulgaria -
Galabnik, Bulgarchevo and Kovachevo. Three types of signals are identified in the EPR spectra of the studied samples of nephrite. The first one is
a weak signal of Fe3* (with a g~4.3; in supposed tetrahedral sites in the structure), the second one is a strong and broad signal due to iron-bearing
phases and/or Fe3*-Fe?* clusters (with g~2) and the third one - a signal from Mn2* (6-component signal at g~2 with a wide of ~50 mT). The EPR
spectroscopic data as well as the geochemical data are considered as useful for determination of groups of nephrite samples from one, two or more
probable deposits (occurrences) on the territory of Southern Bulgaria or some other Balkan countries.

ENEKTPOHEH MAPAMATHUTEH PE3OHAHC (EMP-CMEKTPOCKOMWA) HA HE®PUT (OT HEONMUTHU APTE®AKTU OT
IOFO3ANALOHA BBJITAPUA)

PycnaH U. Kocmoe

MurHo-eeonoxku yHusepcumem “Cs. MeaH Puncku’, 1700 Cogpus; rikostov@yahoo.com

PE3IOME. lpoBedeHn ca w3crefBaHWs upe3 enekTpoHeH napamarHuteH pesoHadc (EMP) B pasnuyeH pexum Ha 5 npobu Hedput
oCaz(Fe,Mg)sSisO22(OH)2 (0T HeonuTHM apTedbakTh, paskpuT MpKU apXeonorMyeckn Paskomku OT MPauCTOPUYECKN Cenuwia B torosanagHa
Bvnrapus — Mermb6bHKK, Bunrapyeso n Kosayeso). Tpu Tvna curHanu ce yctaHoBsear B EMP cnektpute Ha usyyenute npobu oT HedpuT. MbpBusdT
e cnab curHan ot Fe¥* (c g~4.3; BbB BEPOATHO TETPaeAPHUIHM NO3NLUN B CTPYKTYpaTa), BTOPUST € CUNEH W LIMPOK CUTHaM, AbiKall Ce Ha Xens3o-
cbabpxaLuy dasn uimnm Fe3*-Fe2* knactepm (C g~2) 1 TPETUST CUrHan ce Abimkn Ha Mn2* (6-kOMNOHEHTEH curHan npu g~2 ¢ wupuHa ot ~50 mT).
[anHuTte ot ENMP cnekTpockonckuTe uacneasaHus, KakTo 1 reOXMMUYHNTE TakuBa, Ce NpueMart Kato MnoresHu 3a onpeaensHeTo Ha rpynu HedbpuT
0T e[iHO, [1BE UMK NOBEYE Bb3MOXHMW HaXOAyLLa (MPOSIBIIEHNS) Ha TEPUTOPUATA Ha KXHA Bbrrapus Unu Hskou cbeeaHmn 6ankaHcky CTpaHw.

Nephrite oCaz(Fe,Mg)sSisO22(OH). is a Fe-Mg-bearing Ca- and nephrite — 6-5.5. This gem material has been esteemed by

silicate mineral with double-chain structure in the group of a lot of prehistoric and ancient cultures because of the
amphiboles. It is a massive fine fibrous member with a toughness of the mineral due to its internal structure. The
composition in the tremolite ©Ca:MgsSisO2(0OH): - mineral crystallizes in the monocline-prismatic class of the
ferroactinolite oCazFe?*5SisO22(OH)2 amphibole series. Usually monoclinic system forming aggregates composed by fine
nephrite has a tremolite to actinolite composition (for the interlocking fibers (Mallinson et al., 1980; Dorling, Zussman,
structure, composition and elementary cell parameters, 1985; Kovalenko et al., 1985).
compare Hawthorne, 1981; Leake et al., 1997; Verkouteren,
Wylie, 2000; Hawthorne, Oberti, 2007). It is recognized mainly The nephrite aggregates have a specific grain-like to fibrous
with a pale green or dark green colour, but can also be white, fracture. Its specific gravity is in the range 2.9-3.1. lts luster is
yellowish or brownish depending of the presence or lack of glassy to greasy. Nephrite is optical biaxial (negative) mineral,
isomorphic or phase impurities (Kostov, 2003). Some rare and the refractive indices are among 1.600-1.614 and 1.627-
bluish black nephrites from the alkaline Murun Massif in the 1.641. It posses a marked dichroism (the green colour
Russian Federation have been also described, with a becoming yellowish), masked by the fine fibres. According to
composition in the richterite-arfvedsonite amphibole series structure, several types of nephrite aggregates can be
(cited after Bakhtin et al., 1997). distinguished — massive, spotted, layered, and with adopted
from the serpentines black inclusions of oxide mineral phases.
Nephrite and jadeite (NaAlSi2Os, another similar in colour, In most cases, the nephrite aggregate is not transparent, but
pale coloured greenish mineral from the group of pyroxenes) translucent in thin slices. The genetic types of nephrite
are frequently mistaken in general archaeological or popular deposits have been described in numerous monographs and
articles, and the unified term “jade” has been introduced a long special papers in gemmology (see Ostrovskaya, 1981; Suturin,
time ago, when no precise mineralogical determination has Zamaletdinov, 1984; Harlow, Sorensen, 2001; Kostov, 2003).
been used. Jadeite has hardness on the Mohs’s scale 7-6.5, They can be attributed mainly to two genetic types, related to
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serpentinites and to carbonate rocks. In the first case nephrite
associates with quartz-zoisite-albite and/or diopside-tremolite
mineralization, and in the second case - with contact
metasomatic zones in carbonate rocks (marbles).

Nephrite artefacts are known from prehistoric sites in
Bulgaria since the Early Neolithic and they disappear at the
end of the Chalcolithic period (Kostov et al., 2003; Kostov,
Bakamska, 2004; Kostov, Genadieva, 2004; Kostov, 2005a;
2005b; 2007a; 2007b; Kostov, Lang, 2005; Kostov, Machev,
2007). The nephrite source is under discussion as no nephrite
deposits (occurrences) have been reported on the Balkans.
The wide distribution of this gemmological material and its use
for prestigious and attractive artefacts (Nikolov, 2005) during
the mentioned prehistoric periods gives the opportunity for
searching of local sources on the territory of southern Bulgaria
and neighbouring countries on the Balkans where there is a
suitable for nephrite formation geological setting with a lot of
serpentinied ultrabasic rocks outcrops. Because of their
abundance, fine design and most early appearance in Europe
and worldwide, the nephrite artefacts are related to a newly
introduced prehistoric Balkan “nephrite culture” in analogy to
the later in age Chinese “nephrite cultures” (Kostov, 2005b).

The chemical compositions of the nephrite artefacts from
some of the Neolithic sites in Bulgaria are close (Kostov,
2007a; 2007b; N15-17). The high FeO content in some
analyses will transfer the nephrite from the field of tremolite in
the field of actinolite (Leake et al., 1997; for chemical analyses
see Letnikov, Sekerin, 1983; Hung et al., 2006). For a more
precise structural and chemical identification of some structural
defects in nephrite, five samples are studied by electron
paramagnetic resonance (EPR; or electron spin resonance in
some publications, ESR) spectroscopy.

EPR spectra are recorded on a JEOL FA100 facility in the X-
band (9.5 GHz; with standard conditions of the EPR spectra at
a microwave power of 0.998 mW, modulation 100 kHz, time
constant 4 and 8 minutes for different range of the
corresponding magnetic field) at room temperature. The EPR
spectra are recorded at different position of the magnetic field
— 500 mT for eventual detection of broad signals and
identification of the Fe%* signal at g=4.3 and 100 mT for
identification of electron-hole centers and trace elements in the
g=2 region, where appears the 6-component signal of Mn2+,

For the EPR studies 5 samples of nephrite from artefacts
were chosen, all of them found in prehistoric sites along the
Struma River valley in South-West Bulgaria (previously
analyzed by electron microprobe analyses; Kostov, 2007a;
2007b): one sample from Bulgarchevo (fragment of an axe
from the south pit; B1, pale green, N870), two samples from
Galabnik (fragments of small axes; G1 — pale green, N92/330;
G2 - dark green, without number) and two samples from
Kovachevo (fragments of small axe or wedge; K1 — pale green,
N54499/2001; K2 — dark green, N46203/1999). The artefacts
from Galabnik and Kovachevo are from the Early Neolithic and
the sample from Bulgarchevo — probably from the Late
Neolithic. For the EPR spectroscopy study a volume of 5-7
mm?2 material has been placed in a small quartz tube.

According to previous EPR studies in tremolite are identified
paramagnetic centers Mn2* (Bershov et al., 1966; Marfunin et
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al., 1966; Manoogian, 1968; Golding et al., 1972; McGavin et
al., 1982; Craighead Tennant et al., 2007; according to optical
spectroscopy data — Bakhtin et al., 1979; Bakhtin, 1985), Fe3*
(McGavin et al., 1984; Craighead Tennant et al., 2007) and
phosphorus-bearing groups (Bershov, 1970), and in actinolite -
Mn2+ and Fe3* (Gopal et al., 2004) (for reviews with data on
tremolite-actinolite see Calas, 1988; Vassilikou-Dova, 1993). In
the EPR spectra of amphibole also have been registered
several other centers with a g-factor value about 2, all of them
with a suggested hole nature (Matyash et al., 1980).

Three types of signals are identified in the EPR spectra of
the studied samples of nephrite from Neolithic artefacts (Fig.
1). The first one is a weak signal of Fe¥* (with g~4.3; in
tetrahedral sites in the structure), the second one — a strong
and broad signal due to iron-bearing phases and/or Fe3*-Fe2*
clusters (with g~2 with a superimposed signal) and the third
one - signal from Mn2* (6-component signal at g~2 with a wide
of ~60 mT). In sample G1 a very strong broad signal is
detected (~100 mT; shifted to g~3) which is attributed most
probably to numerous iron-bearing phase (this signal does not
allow to identify other weaker signals from other paramagnetic
centers).

Similar impurity centers are known in several minerals, as
well as in natural glasses, including in perlites from Bulgarian
deposits (Kostov, Yanev, 1996). It is assumed, that the width of
the signal at g~2 in the case with the iron clusters corresponds
to their size (Calas, Petiau, 1983). A weak EPR signal from
Fe¥* is detected in both samples from the Kovachevo site.
Such signal has been registered without comment (Manoogian,
1968), but later it has been attributed to high-spin Fe3* in
unclear structural sites (McGavin et al., 1982). A signal from
iron-bearing microphases or Fe3*-Fe2+ clusters is recorded in
the spectra of all the samples with maximum intensity in the
pale coloured sample from Kovachevo (K1).

The ion Mn2* substitutes in the amphibole structure (with a
tremolite to actinolite composition) both Ca2+ and Mg?*, with a
specific EPR spectrum (55Mn; spin 5/2; abundance 100%). The
investigations in an another band (Q; 94.1 GHz) display, that
the well exposed six-component structure in the spectra is due
to replacement in the structural position of Ca?* by Mnz
(McGavin et al., 1982; Craighead Tennant et al., 2007), and
that is dominantly the position of the Ms deformed polyhedron
(Papike et al., 1969). In the studied samples Mn2* has been
registered in all the EPR spectra, even in those samples,
where the element has not been detected by electron
microprobe analysis. The arbitrary intensity of the EPR peaks
corresponds to the manganese content — thus the EPR studies
can be used for a quantative or semiquantative evaluation of
the manganese impurity. It is in lower concentrations in the
darker nephrite varieties (samples G2 and K2).

EPR data, especially for nephrite, are known published only
for samples from New Zealand (Craighead Tennant et al.,
2007) or for some sort of fibrous actinolite (Gopal et al., 2004).
In both cases the EPR data are being correlated with data from
other spectroscopic methods (the EPR spectra are similar to
those, which are obtained from the Bulgarian samples).
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Fig. 1. ERP spectra of nephrite from Neolithic artefacts (left — width of the magnetic field 500 mT; right — width of the magnetic field 100
mT, the arrows show the range of the 6-component signal of Mn?*): B1 — Bulgarchevo; G1 and G2 - Galabnik; K1 and K2 - Kovachevo
(the same number of sample can be compared from their chemical analyses, Kostov, 2007h).

Attention has to be paid, during the EPR analyses of nephrite
that the sample are not been contaminated with serpentine
minerals (serpentinite artefacts usually are close to nephrite
artefacts in archaeological sites; Kostov, 2008), as according
to EPR studies in antigorite one can be find the same
impurities elements as Fe3* (with g chaktop ~4.3) and Mn2* (six
lines at g~2; width 92.5 G) (Reddy et al., 2001).

According to Mdssbauer spectroscopy data of pale green
and dark green nephrites, it has been found that the spectra for
tremolite and actinolite are practically identical, in both cases
with two quadruple doublets from ions Fe2* in two non-
equivalent octahedral positions — the inner doublet of Fe?* in
M2 sites, and the outer doublet correspondingly to Fe2* in the
M1 and Ms sites (Platonov et al., 1975; Suturin, Zamaletdinov,
1984). According to some other data (Wilkins, 2003; Craighead
Tennant et al., 2007) the inner doublet corresponds to Fez* in
the Mq sites.

The position of the iron ions is registered by Mdssbauer
spectroscopy (Burns, Greaves, 1971; Craighead Tennant et
al., 2007; general data for the amphiboles compare in Matyash
et al., 1980) and that of the Mn2+ (bands at 570 nm in the
position of Ca2* and at 620 nm in the position of Mg#*), Cr3
(690-700 nm) and Fe3 (720-730 nm), rarely the center O
(450-500 nm) by X-ray luminescence data (together with
thermoluminescence) of nephrites (Boroznovskaya et al.,
2007). It has been stressed, that among the green nephrites of
a serpentinite origin the X-ray luminescence decreases in the
presence of Fe2*, and among the pale coloured nephrites from
the carbonate rocks an intensive X-ray luminescence of Mn2*
and Cr¥ both is detected.

During the study of the optical spectra of nephrites from
different deposits in general are obtained bands in the regions
21000-24000 cm- (from Fe?* in octahedral sites), 14000-
16000 cm-* (with a significant importance for the intensity of the
green colouration) or bands of charge transfer from transitions
between iron ions of different charge in different octahedral
sites Fe2* (M1) — Fe3* (M2) (in charge for the bluish tint in
some nephrites) and 10000-11000 cm-* (from FeZ* in
octahedral sites in geometrically non-equivalent sites in the
structure) (Platonov et al., 1975). The three-charge iron can be
detected in the optical spectra by the charge transfer bands 0%
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— Fe3* with an increasing yellowish hue (for content over 1%
Fe20s), and the other important colouring agent — the ion Cr3*
has absorption bands with a complex nature about 14000-
16000 and 22000-23000 cm-' (Platonov et al., 1975). The
colour of the studied nephrites from Russia and Kazakhstan
varies in the region 507-576 nm, and the brightness — from
1.992 (dark gray) to 11.642% (white to a pale green colour),
dominating being the samples in the range of the colour hue
545-565 nm and brightness 2.5-4% (Suturin et al., 1980;
Suturin, Zamaletdinov, 1984). The mentioned data for nephrite
correspond to amphiboles of a tremolite to actinolite
composition (Bakhtin, 1985). The absorption band at 415 nm,
which has been identified among the rare dark bluish
nephrites, corresponds to an electron transfer of Mn2* in an
octahedral site (in the amphibole structure this is mostly the M4
site) (Bakhtin et al., 1997). The absorption bands at 520, 560
and 800 nm in a manganese-bearing tremolite (hexagonite)
are related to ions Mn3* in an octahedral M1, M2 and Ms site
(Bakhtin, 1985).

The data from the microprobe analysis of the nephrite
samples and of the oxide inclusions in them, as well as the
content of the trace elements according to spectroscopic data
point out that at least two different mineral deposits
(occurrences) can be suggested for their origin. The samples
from the Kovachevo site can be placed in one group and the
samples from the Galabnik and Bulgarchevo sites — in a
second one. Visually spotted nephrite prehistoric implements
from other sites in Bulgaria (for example from the Neolithic site
Kurdjali or the Chalcolithic site at Vamna Il) have not been
studied, and in this respect at least one additional unknown
type of nephrite deposit (occurrence) has to be suggested for
search on the territory of Bulgaria or on the territory of the near
to the border southern Balkan countries.
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HYDROCHEMICAL MODEL OF CO2INJECTION INTO THE LOWER BADENIAN AQUIFER
WITHIN THE UPPER SILESIAN COAL BASIN (CZECH REPUBLIC)

Krzysztof Labus
Silesian University of Technology, Institute for Applied Geology, 44-100 Gliwice, 2 Akademicka St, Poland; krzysztof.labus@polsl.pl

ABSTRACT. The paper presents an example of the CO2 storage dynamic behavior model for a potential host rock from the USCB - the Debowiec
Fm. sandstone. The modeling was performed assuming the formation pressure at the level of 70 bar. The zone of changes in the gas-water-rock
system, for the assumed parameters and for a short injection time (100 days) does not exceed 60 m from the center of injection well. The main
reaction that rules CO2 trapping is albite dissolution, and dawsonite precipitation. Mineral-trapping capacity, for a period of 20000 years, calculated
according to the results of modeling for the example rock, is close to 1.9 kgCO2/m3,and the solubility trapping capacity equals to almost 1 kg
CO2/m?3 of formation.

XUWAPOXUMWYEH MOJEN HA CO2 HATHETABAHE B JONHOBAJEHCKATA BOOOHOCHA CTPYKTYPA HA
rOPHOCUNE3UNKUS BbIrMALLEH BACEMH (PEMYBJTUKA YEXUSA)

Kpucmoch J1abyc

Cunesuticku TexHomoauy4eH yHugepcumem, MHcmumym no npunoxHa 2eonoausi, 44-100, 'pusuue, 2 yn. Akademuyecka, lNonwa;
krzysztof.labus@polsl.pl

PE3IOME. B cratusita ce npeactas Mofen Ha fAuHamuyHoTo nosegeHue Ha CO npu NoA3eMHOTO My CbXpaHsiBaHe B MOTEHLMAnHO BMeCTBalyM ckamu oT
['opHocuneauitkust BbrnwweH GaceiH — Debowiec nsicbuHukoa copmauums. MogenvpaHeTo npefdsuxaa Cb3faBaHe Ha Hansraus ot 70 bar. 3oHaTta Ha
Bb3feliCTBIe BbPXY CUCTeMaTa ras-Boja-ckana, 3a OTHOCUTENHO KpaTko BpeMe 3a HarHeTsiBaHe (100 AgHW) He npesuwasa 60 m OT LieHTbPa Ha HarHeTaTenHus
coHpax. OCHOBHaTa peakwusi, KOSTO Ce OCbLUECTBSIBA B pe3ynTaT Ha HarHetsBaHeTo Ha CO2 e pasTeapsiHe Ha anbuTa u yTasiBaHeTo Ha AaycoHUT. MuHepanHoTo
pasTBapsiHe, kosiTo ce hopmupa 3a nepuog ot 20000 roguHN M3UMCIIEHO B pe3ynTaT HaMOAENMpaHe BbPXY eKCnepuMeHTanHus nnact, cbetaensea 1.9 kgCO2/m3, a
Pa3TBOPUTENTHOTO CbXpaHsiBaHe Bb3nuaa Ha okoso 1.0 kg CO2/m3.

Introduction Basin (USCB), on the borderland of Poland and Czech
Republic (Fig. 1), are interesting as potential greenhouse
gases repositories (Labus, 2008). This work gives an example
of the storage dynamic behavior characterisation for a potential
host rock from the USCB. The following issues are presented:
reactive processes (the reactions of the injected CO2 with the
rock matrix); short and long-term simulations (to establish CO:
impact and behaviour over decades and millennia including the
rate of dissolution of CO2 in water); changes in formation fluid
(pore water) chemistry and subsequent reactions (e.g. pH
change, mineral formation).

According to the Directive of the European Parliament and of
the Council on the geological storage of carbon dioxide — CO2
storage is considered as a technology that will contribute to
mitigating climate change. Stabilization of greenhouse gas
concentrations in the atmosphere at a level preventing
anthropogenic interference with the climate system is the main
objective of the UN Framework Convention on Climate
Change, which was approved by the Council. Article 4 of the
Directive - Selection of storage sites-qualifies the Member
States right to determine the areas from which storage sites
may be selected in accordance to the requirements of this
Directive. The suitability of a geological formation for use as a
storage site shall be determined through an evaluation and
assessment of the potential storage formation.

Perspective localities for CO2 sequestration in Poland
comprise mainly the oil and gas fields, coal seams, and saline
aquifers within Mesozoic anticlinal structures of Central
Poland. Results of numerous tests (White et al., 2005) prove
however, the possibility of long-term binding of injected CO: Fig. 1. The Upper Silesian Coal Basin — USCB (Labus, Grmela,
also in the structures other than distinct anticlines. In this 2003): 1 - Tertiary overburden; 2 — Carpathians; 3 - medicinal

context, also the saline aquifers of Tertiary and of waters exploitation; 4 — towns; 5 — borders of the USCB
Carboniferous productive formation of the Upper Silesian Coal
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Hydrogeology

The main, primary hydrostructures of the area are the
multiaquifer  formations of: Quaternary, Tertiary and
Carboniferous. Considering the carbon dioxide sequestration
the latter two ones might be taken into account. The example
of potential host rock presented in this paper belongs to the
Tertiary coarse-grained sediments of Lower Badenian that fill
deep depressions in the roof of Carboniferous formation and,
considering the conditions of coal exploitation, form the most
important hydrostructure within the Czech part of the Upper
Silesian Coal Basin (Fig. 2).

Two hydrochemical environments were defined in this
structure (Labus, Grmela, 2004). The environment | covers the
western part of the Bludovice depression, NE slope of the
Ostrava-Karvina Ridge and the Rychvald depression. Waters
of the HCO3-(SO4-Cl) - Na(Ca-Mg) type occur in the western
part of the environment |, while waters of Cl-Na type are
observed in its remaining part. Exclusively stagnant waters of
the Cl-Na type represent the environment Il — typical mainly for
the Detmarovice depression (Labus, Grmela, 2004). The
deepest parts of the Detmarovice depression reach 700 m
below sea level, and up to 1100 m in case of the Bludovice
depression. Maximal thicknesses of the analysed sediments
reaches 268 m (Hufova, 1971).

Hydrochemical modeling - method

Simulations of water-rock-gas interactions were performed
with use of the Geochemist's Workbench (GWB) 7.0.1. -
geochemical software (Bethke, 2008). The GWB package was
used for equilibrium, and kinetic modeling of gas-brine-water
system. The reactions quality and progress were monitored
and their effects on mineral sequestration capacity (CO2
trapping in form of carbonates) were calculated. The kinetic
transport modeling was carried out in order to evaluate
changes in the hydrogeochemical environment of the
formation, due to the injection and CO: storage. This enabled
the assessment of volumes and amounts of mineral phase
precipitating or being dissolved during the simulated reactions,
and amounts of CO2 sequestered. The model required the
thermodynamic data for the reacting minerals, their abundance
in the assemblage within the host rock (tab. 1), relative fraction
of pore water and the information on its physic-chemical
parameters (Table 2).

Composition of mineral assemblage was determined by
means of planimetric analysis of thin sections, using Axioscope
Zeiss Microscope (Fig. 3). Additional XRD analysis was
performed on HZG-4 X-ray diffractometer, with the use of Cuka
lamp in the following conditions: voltage 30kV, intensity 20 mA,
angle range 2 theta 4-64°, step 0.02°. For determining the
porosimetric properties of the examined rocks the Mercury
Intrusion Porosimetry (Autopore 9220 Micrometrics Injection
Porosimeter) was used. Reaction models required the input of
the mineral specific surface areas - SSA. They were
calculated assuming spherical grains of different diameters for
sandstones and fine-grained rocks.
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Fig. 2. Hydrostratigraphical profile of the Czech part of the USCB
(after Labus, Grmela, 2003): Q — Quaternary complex; To, Th1+2-
waters of Lower Badenian sandy horizons within clayey cover of
the Carboniferous complex (Skawina Formation); Tuk- waters of
sandy-gravel sediments of Lower Badenian (Debowiec
Formation); Tk — waters of sandy and sandstone aquifers of
autochtoneous Carpatian; M - fissure waters of the Subsilesian
Nappes; Ci- fissure and pore waters of Carboniferous; C - waters
of fissure-fault system of upper Carboniferous and its basement.
Arrows indicate the possibility of groundwater downward
migration into the deeper aquifers

Fig. 3. Microscopic photos of rock sample thin section (symbol:
XN - crossed Nicols); D5 - poorly sorted sandstone, highly
porous; feldspar crystals deeply kaolinized; sericite-loamy-
ferruginous matrix



Table 1

Composition of mineral assemblage, specific surface areas,
kinetic rate parameters at 25°C (Palandri, Kharaka, 2004)
and recalculated values for 30°C, considered in the model.

Lower Badenian Debowiec Fm.NP631 well.

SSA Kinetic rate parameters

Mineral [cm2/g] kos Ea ka0
[vol%] [mol/m2s-1]|[J -moI-1]J[moI/mzs-1]
Quartz | 75 | 2,27 |1,02:104| 87,6 |[1,83-10"
Albite 2 | 6,95 |9,12:103| 69,8 |1,45-1012
K-feldspar| 8 | 7,11 |3,89:103| 38,0 |5,01-10-1
Muscowite] 5 |[105,9812,82:10-4| 22,0 |3,26:10
Illite 3 [108,75(8,91-10%¢| 14,0 |9,78:106
Kaolinite | 7 {1156,491,00-103| 22,2 [1,16-10-13

SSA- Specific surface areas of mineral grains

The modeling was performed assuming the formation
pressure at the level of hydrostatic pressure of 70 bar. As the
utilized software — GWB - requires the gas pressure input in
form of fugacity - a measure of a chemical potential in the form
of adjusted pressure. The appropriate value (tab. 1) was
calculated using on-line calculator of The Duan Group:
http://lwww.geochem-model.org/models/co2/ (Duan et al.,
2006).

Temperature values were estimated basing on the direct
measurements and archival data (Karwasiecka, 1996, 2001).
Analyses of the formation water were carried out using
standard methods; they include also the results of in situ
measurements, assuring the quality of interpretation. The
chemical composition of the formation water in the aquifer —
host rock for the purpose of the simulation was obtained by
equilibration of the formation water with the minerals
assemblage typical for the modeled environment.

Table 2
Initial composition of aquifer pore waters used in the
computer simulation
Parameter Unit Aquifer
Porosity - 0,05
fcoz bar 47
T °C 30
Na* mg/kg 12270
K* mg/kg 59
Caz mg/kg 964
Mg?* mg/kg 105,2
Sr mg/kg -
HCOs ma/kg 38,1
Cl- mg/kg 20910
SOs% ma/kg 5,88
SiOz(aq) mg/kg 8,86
Al mg/kg 0,004
Fe2+ mg/kg 0,7
pH - 7,37
TDS mg/kg 34311

The following kinetic dissolution/precipitation rate equation,
simplified after Lasaga (1984) was used in the calculations:
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e =Agk; (1— 1)

3

where: 1« — reaction rate ([mol's] ; dissolution — rc > 0,
precipitation — r¢< 0),

As — mineral's surface area [cm?],

kr — rate constant [mol-cm-2-s-'] at the temperature T

Q - activity product

K- equilibrium reaction for the dissolution reaction

According to the above equation a given mineral precipitates
when it is supersaturated or dissolves when it is
undersaturated at a rate proportional to its rate constant and
the surface area.

Reactive transport model; trapping capacity

The X1t program (part of the GWB) was used to model
reactive transport in radial dimension (Fig. 4). The transport
calculation take into account the movement of groundwater
and the transport of chemical species dissolved in it by
advection, the movement of groundwater through the
subsurface, hydrodynamic dispersion, the mechanical mixing
within the groundwater flow, and molecular diffusion. The
domain was designed in a manner enabling the simulation of
the processes within the space situated around the CO2
injection well. The model accounts for the nature of
hydrochemical phenomena rather than for the real scale of
their spatial range.

|

Reacted
fluid

Unreacted
fluid

Fig. 4. Scheme of model domain

The following parameters were defined: injection well radius:
10 c¢m, outer radius of the domain: 100 m, height of a single
cell: 5 cm, domain angle: 0.1 rad, number of cells: 10, diffusion
coeff.: 106 cm?/s, injection pressure: 71 bar.

Modeling was performed in two stages. The first one was
aimed at simulating the immediate changes in the aquifer and
insulating rocks impacted by the beginning of CO:2 injection
(100 days), the second — enabled assessment of long-term
effects of sequestration — 20000 years (20 ka).

During the CO:2 injection into the sandstone of the Debowiec
Formation — hydrolysis of kaolinite leads to the production of
chalcedony (Fig. 5):


http://www.geochem-model.org/models/co2/

ALSi,O,(OH), +6H" <>

Kaolinite

© 5H,0+2A1 + 2Si0,

Chalcedony

(2)

The CO: fugacity reaches the value of 47 bar, and
concentrations of COz (aq) rise from: 0.00003 to 1.321M, and
HCOs from 0.0004 to 0.0026M. Pore fluid reaction drops from
7.37 to 3.44 pH. Increase of porosity amount to relative 4%.
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Fig. 5. Changes of minerals quantities as function of pH on the
stage of the injection — D5 sample

—3e—4
3 75

Analysis of the hydrochemical processes, during the
sequestration stage, within the different cells of the domain: 5,
15 and 25 m, is possible on the basis of the Figs. 6 and 7. In
this stage, for the period of 20 ka, within the cells situated at 5
and 15 meters from the injection point, the main reaction that
rules CO: trapping is albite (NaAlSi3Os) dissolution, and
dawsonite precipitation:

NaAISi,O;+ 2C0O,(9) + 2H,0 <

Albite

<>2NaAICQ,(OH), + 6SIO,
Dawsonite Chalcedony
In the zones more distant to the injection well (Fig. 6-7), the
CO2 mineral trapping is not registered. The main reaction that
modifies the proportions between the rock matrix components
is the dissolution of k-feldspar and kaolinite and chalcedony

and muscovite precipitation.
KAISL,O; + AlLSIL,O,(OH), <>

K—feldspar Kaolinite

3)

4
<> KALSIi,0,,(OH),+SiO, + H,0 “
Muscovite Quartz
The CO2 fugacity reaches 17 bar after a stable decay. COzaq)
concentration drops to 0.48M, while HCO3 rises to 0.013M.
The pH goes up to the value of 4.6, and the total porosity
lowers slightly to 0.048.

The zone of changes in the gas-water-rock system, for the
assumed parameters and for a short injection time does not
exceed 60m from the center of injection well. During the
sequestration stage the CO: fugacity — drops significantly to
the value of about 10 bar within the distance of 5m from the
injection well (Fig. 6). At the same time a drop of CO2@q and
HCOz3- concentrations is noted. The pH, increases to the value
of natural background, reached at the distance of 25 m from
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the injection point (Fig. 6). Relative change in porosity does not
exceed 4% (0.002).
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Mineral-trapping capacity was calculated basing on the
quantity of newly precipitated dawsonite — Fig. 8. Its value,
determined for the first cell — representing the injection point
into the Debowiec Fm. sandstone aquifer — is close to 1.9
kgCOa/m3.
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This value is approximately 2-3 times lower then the ones
obtained in simulations regarding other geologic formations
considered as perspective CO2 repositories (eg. Xu et al.,
2003; Labus, 2008). Solubility trapping capacity (calculated
basing on simulated pore water chemistry) for the modeled
formation equals to almost 1 kg CO2/m? (Table 3).

Table 3. Values of porosity, mineral and dissolution trapping
capacity of analyzed formation

Nnp -primary - 0 kg 0.050
Porosity ni - final - 20 ka 0.048
Dawsonite
Precipitating 0.445
Minerals Dolomite )
mol/UVR
Siderite
Dissolution Siderite
mol/UVR Kalcite
0.445
co, mol/UVR
Mineral trapping kg/m? 1.861
CO, as HCOsz g/l 28.7
Solubility trappin
¥ trapping kg CO2/m3 0.994
SUM [kg CO2/m3
lkg COm’] 2.855
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COMPERATIVE PETROLOGY, GEOCHEMISTRY, Sr AND Nd ISOTOPE
CHARACTERISTICS AND ORE GENETATION POTENTIAL OF THE LATE CRETACEOUS
IGNEOUS ROCKS IN THE NORTHERN PART OF THE PANAGYURISHTE ORE REGION,
SREDNOGORIE MAGMATIC ZONE

Stanislav Stoykov
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ABSTRACT. The investigated Upper Cretaceous magmatic rocks are located in the region of the Chelopech Au-Cu epithermal deposit, the Zlatitsa
pass and the Elatsite Cu-Au porphyry deposit. These igneous rocks are predominately of E-W orientation. They are mainly of andesitic, latitic and
trachydacitic chemistry. They are of Turonian age according to radiogeochronological investigations of the dykes in the Elatzite deposit and the
volcanics in the region of the Chelopech deposit. These magmatic rocks show similar petrographical, geochemical and isotopic composition and
mineral chemistry. The main phenocrysts in the dykes and volcanics are represented by plagioclase and amphibole, rarely by quartz and biotite.
The ground mass is microlitic. The trace element composition of these magmatic rocks is similar to those typical for the active continental margins
(Andean type). Sr and Nd isotopic compositions suggest a mixed mantle and crustal source of the Turonian magma.

CPABHWTENHA NETPONOrUA, TEOXUMUA, Sr U Nd U3OTOMHA XAPAKTEPUCTUKA U PYIOHOCHA NEPCMNEKTUBHOCT
HA KbCHOKPEOHUTE MATMEHW CKANW OT CEBEPHATA YACT HA MAHATHOPCKUA PYOEH PAWOH, CPEQHOMOPCKA
MAIMEHA 30HA

Cmanucnas Cmoiikos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogbusi 1700; sstoykov@mgu.bg

PE3IOME. PasrnexpaHuTte ropHOKpEOHW MarMeHu ckanu Ce HamupaT B paiioHa Ha Haxoguie Yenoned, 3naTuiLKus NPOXOod M Haxoguiie
Enauute. Tesu ckanu ca ¢ neobnapasawo W-3 pasnpocTpaHenue. Te ca ¢ aHAE3WTOB, NATMOB [0 TpaxwaauMToB CbecTaB. Bbapactta um e
BEPOSITHO TYpOHCKa NPeABuME, fATUPaHUTe AalkoBW CKanu B paiioHa Ha Hax. Enauute u Yenonewwkute BynKaHUTY, KOUTO ca B HEMOCPEACTBEHA
6nm3ocT 1 ¢ nopobeH netporpadicku, reOXMMYEH M N30TOMEH CbCTaB KAaKTO M MUHEpanuH XummuabM. [lankute ca nopdupHK Mo nnaruoknas u
amdubon, psagko kapy, u Guotut. OcHOBHaTa Maca e MUKPOnuToBa. MUKPOXMMUYHUST CbCTaB Ha M3cnedBaHMTe Oailku € nopgobeH Ha To3w,
XapaKTepeH 3a aKTUBHUTE KOHTUHEHTaNHM okpanHuHM (AHgumickn Tvn). CoabpkaHueto Ha Sr usotonu 0.7052 (kopurupanu 3a 90 mrH. T.), @ Nd
M30TOMHYM oTHOLLEHNS ca 0.5124 (kopurupann 3a 90 MrH. T.).

Introduction The basement of the igneous rocks consists of high-grade
The aim of present investigation is to reconstruct the metamorphic  rocks  (two-mica  migmatites  with thin
geo|ogica| evolution of the Late Cretaceous Che|opech intercalations of amphibolites, amphibole-biotite and biotite
volcanic complex, dykes system eastern and north-eastern of it gneisses), and low metamorphic phyllites and diabases of the
and the Elatzite subvolcanic bodies and porphyry dykes, andto ~ Berkovitsa group (Early Paleozoic island-arc volcanic complex;
identify the temporal relationships between its igneous ~Haydoutov, 2001). These units are in tectonic contact with
products and other rock units and to outline the relation ~ €ach other, and to the North of Chelopech the phyliites of the
between magmatism and ore mineralization formation. Berkovitsa group are intruded by the Vejen pluton.
Geological setting and petrology of the investigated The Upper Cretaceous succession in the Northernmost part
magmatic complexex of the Panagyurishte ore region starts with conglomerates and
The products of the Late Cretaceous Chelopech volcanic ~ coarsegrained sandstones intercalated with ~coal-bearing
complex, dykes system eastern and north-eastem of it and the ~ interbeds  (coal-bearing formation; Moev, Antonov, 1978)
Elatzite subvolcanic bodies and porphyry dykes are located in covered by polymictic, argilleous and arkose sandstones to
the Central Srednogorie volcanoplutonic area, which forms part ~ Siltstones (sandstone formation). Collectively, these units have
of the Srednogorie tectonic zone (Dabovski et al., 2002; Fig. 1 a thickness of less than 500 m. Pollen data suggests that both
and 2). formations are Turonian (Stoykov, Pavlishina, 2003), where the

age of 93.5 Ma was taken as transitional from the Cenomanian
to the Turonian according to the Geological time scale. The
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sedimentary rocks are cut by volcanic bodies and overlain by
sedimentary and volcanic rocks of the Chelopech Formation
(Moev, Antonov, 1978). It comprises the products of the
Chelopech volcanic complex, epiclastics, as well as the Vozdol
sandstones. The latter ones are recently paleontologically
dated as Turonian in age (Stoykov, Pavlishina, 2003). These
formations have been eroded and transgressively covered by
sedimentary rocks of the Upper Senonian Mirkovo Formation
(reddish limestones and marls), which are in turn overlain by
flysch of the Chugovo Formation (Campanian-Maastrichtian in
age; Moev, Antonov, 1978).
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Fig. 1. Tectonic reconstruction of Bulgaria for the Campanian
(Dabovski et al., 2002)
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Fig. 2. Geological map of the Northern most part of the
Panagyurishte region (modified by von Quadt et al., 2002, after
Cheshitev et al., 1989)

Quartz-monzodiorite porphyries are presented in the region
of the Elatsite deposit (Kamenov et al., 2003). They are the
first and voluminous most important part of the ore-related
group of dykes (included the sub-volcanic body called “the big
dyke” in the deposit). Granodiorite porphyries (unit 2) and
aplites (unit 3) completed the ore-related stage (von Quadt et
al., 2002). The dykes from the post-ore mafic stage comprise
unit 4 (microdiorite, micromonzodiorite, diorite porphyry and
their quartz-bearing varieties) and unit 5 (quartz-diorite
porphyry mainly). U-Pb geochronology revealed 92.3 Ma (unit
1), 91.84 (unit 2) and 91.42 Ma (unit 5, post-ore stage) (von
Quadt et al., 2002). Ar-Ar age on biotite from the mine
(Velichkova et al., 2001) of 90.5 Ma is interpreted as the
closing time of the Rb-Sr and Ar-Ar isotope systems. A
monzodiorite porphyry dyke yielded ages of 90.78 (amphibole)
and 91.72 (biotite, Ar-Ar method; Handler et al., 2003). Rb-Sr
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isochron plot for the biotite and feldspar from rock unit 2 yields
an age of 90.55 Ma (von Quadt et al., 2002).

Based on their structures, host rocks, crosscutting
relationships and alterations Stoykov et al. (2002; 2003; 2004)
divided the products of the Chelopech volcanic complex into 3
units: (I) dome-like volcanic bodies, (Il) lava and agglomerate
flows and (lIl) the Vozdol volcanic breccias and volcanites. The
first unit is composed of dome-like volcanic bodies, which
extruded through the unconsolidated Turonian sediments (the
sandstone and coal-bearing formation) and through the
metamorphic basement. The largest volcanic body (Murgana)
is approximately 2x1 km in size. It shows higher stage of
phenocryst crystallization than other units. Brecciated
fragments of the dome-like volcanic bodies have been
observed as xenoliths in the third unit of the Chelopech
volcanic complex — the Vozdol volcanic breccia. The dome-like
bodies mainly have an andesitic and trachydacitic composition.
They are highly porphyritic (phenocrysts >40 vol.%). The
phenocrysts consist of plagioclase, zoned amphibole, minor
biotite, titanite and rare corroded quartz crystals, whereas the
microlites consist of plagioclase and amphibole only. The
accessory minerals are apatite, zircon, and Ti-magnetite. The
second unit is represented by lava flows, which grade upwards
into agglomerate flows (with fragments up to approximately 30
cm in size). Borehole data shows that the total thickness of
these volcanic products is generally less than 1200 m, but
exceeds more than 2000 m in the region of the Chelopech
mine (‘within their extrusive center”; Popov et al., 2002). The
composition of the lava flows varies from latitic-trachydacitic to
dacitic. Subsidiary andesites are also present. These volcanic
rocks consist of the same phenocrysts, microlites and
accessory minerals as the first unit, with the exception of the
corroded quartz crystals. The lava flows contain fine-grained,
fully crystallized enclaves of basaltic andesites to shoshonites.
The enclaves consist of the same minerals as the main mass
of unit 2 (plagioclase, amphibole and minor biotite), but
comprise phenocrysts of different (more basic) chemistry
(basaltic — andesite to andesite). A fine-grained quartz zone
marks the margins of the enclaves. These features are typical
for magma mingling and mixing processes and are mostly
exhibited in the lava flows compared to the other volcanic units
(Stoykov et al., 2002; Chambefort, Moritz, 2006).

Analytical techniques
Major and trace elements

Major and trace elements were analysed by X-ray
fluorescence (XRF) at the University of Lausanne, Switzerland.
Part was analyzed by ICP-atomic emission spectrometry in the
University of Mining and Geology “St. Ivan Rilski”. The rare
earth elements (REE) were analysed by ICP-atomic emission
spectrometry. The representative analyses of the
compositional variation of the rock recovered from the studied
volcanics are given in Tables 1 and 2. A petrological study has
also been performed. Mineral analyses on samples of the
different units were carried out at the University of Lausanne
on a CAMEBAX SX-50 electron microprobe. Part 2 of these
data are published in Stoykov et al. (2004; 2005).

Chemical composition of the igneous rocks

The magma of the Chelopech volcanic complex initially
erupted more acid volcanic rocks. The earlier products (dome-
like bodies and lava to agglomerate flows) contain 61-64 wt%



SiO2 whereas the more basic Vozdol breccias and volcanites
contained 55.5-58.0 wt% SiO»2.

Several dykes are exposed to the east- norteast compared to
the Chelopech volcanic complex. They strike predominately in
an east-west direction and intrude into the Pre-upper
Cretaceous metamorphic basement. They do not show
crosscutting relationship to the Chelopech volcanic complex.

The largest dyke is more than 7 km in length. These dykes
have andesitic, latitic, dacitic and trachydacitic compositions.
The phenocrysts consist of plagioclase, zoned amphibole,
minor biotite, titanite and rare corroded quartz crystals,
whereas the microlites consist of plagioclase and amphibole
only.

Table 1
Major element composition of the representative samples
(major components)

Oxides | Vozdol |Chelopech| Mafic
wt.% | volcanics | lava flows | inclusion | Dyke Dyke
Si02 | 57.11 61.07 57.76 | 61.91 | 62.60
TiO2 0.65 0.49 0.58 048 | 0.46
Al20s | 18.35 17.68 19.52 | 17.36 | 17.24
Fe:0s | 7.03 4.56 6.8 445 | 4.24
MnO 0.12 0.13 0.08 0.14 | 0.15
MgO 1.75 1.49 1.14 126 | 1.22
Ca0 4.87 4.9 3.14 3.09 | 435
Na:O | 4.19 4.21 6.01 3.78 | 4.07
K20 3.27 2.95 2.52 504 | 2.89
P20s 0.26 0.22 0.25 022 | 0.19
LOI 1.55 1.54 1.94 221 | 2.82
Total | 99.15 99.24 99.74 | 99.94 [100.23

[ o Chelopech volcano
| = Elatsite intrusive
® Dykes

Pc

Sio, W%

40 45 50 55 60 65 70 75 80

Fig. 3. TAS diagram after Le Maitre (1989) for representative
samples from the studied region (B - basalt; BA - basaltic
andesite; A - andesite; D - dacite; SH - shoshonite; L - latite; TD -
trachydacite); data for the Chelopech volcanites are after
Stoykov et al., 2004; for the dykes system eastern and north-
eastern of the Chelopech volcano after Stoykov 2005; for the
Elatzite after Stoykov & Popov (unpublished data)
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Fig. 4. SiO: vs. KO diagram after Le Maitre (1989) for
representative samples. Data for the Chelopech volcanites are
after Stoykov et al., 2004, for the dykes system eastern and
north-eastern of the Chelopech volcano after Stoykov 2005, for
the Elatzite after Stoykov & Popov (unpublished data)

Table 2
Major element composition of the representative samples
(trace elements)

Elements Chelopech | Vozdol
(inppm) | Dyke | Dyke |105GD | lava flows | volcanics
Nb 9 12 8 7 8
Zr 123 206 107 98 135
Y 22 27 22 20 22
Sr 641 794 1414 781 736
U <2< n.a. <2< n. a. 3
Rb 102 86 87 63 99
Th 4 n.a. 3 3 7
Pb 13 n.a. 15 16 21
Ga 19 18 18 19 18
Zn 49 81 45 72 52
Cu 7 n.a. 4 26 5
Ni 2 n.a. 2 2 3
Co 7 n.a. 39 10 25
Cr 13 n.a. 9 14 9
Vv 89 90 92 127 79
Ce 51 n.a. M 49.3 43
Nd 25 n. a. 20 24 22
Ba 726 | 780 | 612 1441 771
S 11 n. a. <3< 113 <3<
Hf 6 n.a. 7 6 6
Sc 10 n.a. 7 10 7
As 7 n.a. 7 6 4
La 2520 | n.a. | 28.30 22.9 n.a.
Ce 5330 | n.a. | 58.30 49.3 n.a.
Pr 6.40 | n.a. | 6.00 9.3 n.a.
Nd 2480 | n.a. | 26.20 24 n.a.
Sm 4.90 n. a. 5.10 4.9 n.a.
Eu 1.23 n. a. 1.26 1.26 n.a.
Gd 3.60 n. a. 3.30 3.3 n.a.
Dy 3.20 n. a. 3.10 3.1 n.a.
Ho 0.67 n. a. 0.69 0.66 n.a.
Er 1.80 n. a. 1.80 1.8 n.a.
Tm 0.26 n. a. 0.28 0.26 n.a.
Yb 160 | n.a. | 170 1.5 n.a.
Lu 025 | na | 025 0.22 n.a.




Mineral chemistry

The composition of plagioclase phenocrysts of the Murgana
dome-like body of the Chelopech volcanic complex Ansgs42.2
(core) to Anss7462 (rim); those of the lava flows varies from
Ang25.48.2 (core) to Anso.1-539 (rim); for the Vozdol volcanic rocks
phenocrysts display range from center Ansos to Ans2 in the
periphery; and for dykes Anss.1462 (core) to Anso744.2 (rim). The
rims are variable in composition and substantially overlap the
field of the phenocryst cores the compositions of plagioclase
microlites vary from Anas to Anss. K-feldspar microlites (Orss-g3)
where only analyzed in the Vozdol volcanic rocks.

Table 3
The plagioclase composition of the representative samples
Sample | Plip.4l | Pllp.5 | Plip.6 | Pip.3i | Pllp.dc
SiO2 58.30 | 58.82 | 58.59 | 58.16 | 58.06
TiO2 0.05 n. d. n. d. n. d. 0.21
Al,Os | 2578 | 25.77 | 26.00 | 26.53 | 27.17
FeOtot | 0.27 n. d. 0.07 0.11 0.24
MnO n. d. n. d. n. d. 0.21 0.12
Ca0 8.49 8.54 8.65 8.08 8.86
Na20 6.48 6.90 6.35 6.04 5.06
K20 0.56 0.60 0.56 0.91 0.60
BaO n. d. n.d. n.d. n.d. n. d.
Summe | 99.93 | 100.63 | 100.22 | 100.04 | 100.32
Or 3.2 3.3 3.2 5.4 3.8
Ab 56.1 57.4 55.2 54.4 48.9
An 40.7 39.3 41.6 40.2 47.3

The composition of plagioclase phenocrysts (Table 3) of the
investigated dykes north-eastern from the Chelopech volcanic
complex varies from Ansg ,4; 7 (Core) to Ang; ;44 4(rim). The rims
are variable in composition and substantially overlap the field
of the phenocryst cores. The amphiboles display Mg# between
0.48 and 0.57. The contents of Si p.f.u. range between 6.40
and 6.48 and they plot on the limit of the magnesiohastingsite,
and hastingsite field of Leake et al. (1997).

The amphiboles for all volcanic rocks display Mg#* between
0.48 and 0.67. The contents of Si p.f.u. range between 6.40
and 6.55 and they plot on the limit of the magnesiohastingsite,
pargasite, ferropargasite, hastingsite and Fe-edenite field of
Leake et al. (1997). The composition of the amphibole crystals
of the inclusions is different to the one of the volcanic rocks. It
displays higher values of Mg# between 0.70 and 0.83 and is
classified as magnesiohastingsite. The contents of Si p. f. u. of
the amphiboles from the inclusions range between 5.90 and
6.10.

Bulk rock trace elements composition

The MORB normalized patterns for the investigated
magmatic rokcs (Table 1 and 2; Fig. 5) indicate enrichment of
LILE and in lesser degree of some HFSE (Ce, Zr, P and Hf)
with a strong negative Nb anomaly and a depletion of the Fe-
Mg elements. All these features are typical for subduction-
related magmatic sequences due to the melting of sedimentary
material of the subducted slab. In comparison to the volcanic
rocks of an Andean-type active continental margin, the
investigated magmatic rocks show small K,O, Ba and Hf

enrichments and depletions of Nb, TiO,, Zr and P,O;. The
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Elatzite igneous rocks show relatively increased Rb, Th and Cr
ratios and decreased P, Zr, Hf, Ti, Y and Sc ones.
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Fig. 5. Spider discrimination plot for the investigated dykes. Data
for the Chelopech volcanites are after Stoykov et al., 2004; for
the dykes system eastern and north-eastern of the Chelopech
volcano after Stoykov 2005; for the Elatzite after Kamenov et al.,
2003

These rocks have fractionated LREE and relatively flat HREE
patterns (Table 2, Fig. 6), as typically found in subduction
related volcanic rocks. The LREE enrichment ranges from 33
to 80 times chondritic, whereas La,/Yb, ratios vary from 10 to
13. Middle and heavy REE show relatively flat patterns,
generally within 5-30 times that of chondritic ones. An Eu
anomaly is not observed, which suggests that there was no
plagioclase fractionation involved in genesis of the studied
andesitic rocks. The Elatzite igneous rocks show relatively
increased Gd, Dy, Ho, Eu, Tm, Yb and Lu ratoes.
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Fig. 6. Rock/chondrite diagram for the investigated magmatic
rocks. Data for the Chelopech volcanites are after Stoykov et al.,
2004, for the dykes system eastern and north-eastern of the
Chelopech volcano after Stoykov 2005, for the Elatzite after
Kamenov et al., 2003

Sr and Nd isotopes
Rb-Sr and Sm-Nd whole rock isotope analyses

The isotopic composition of Sr and Nd and the determination
of Rb, Sr, Sm and Nd contents were performed at the
University of Geneva. The initial Sr ratios for the investigates
dyke complex range between 0.7055 and 0.7060 (after 90 Ma
correction). The Sr isotope ratios of the magmatic rocks from
the Chelopech volcano display a small range between 0.7049
and 0.7054 after a 90 Ma correction (Stoykov et at., 2002).
Generally 87Sr/86Sr ratios fall within the field previously defined



by Kouzmanov et al. (2001) values from 0.7046 to 0.7061
(after 80 Ma correction) for the volcanic (andesites and
dacites) and plutonic (granodiorites and granites) rocks from
the southern part of the Central Srednogorie volcano-intrusive
area. The Nd isotope ratio for the investigated dykes from the
Zlatiza pass varies from 0.512449 to 0.512450 (after 90 Ma
correction). The calculated €90(Nd) values are between -2.27
and -3.55. These data are similar to Sr and Nd isotope
composition of the Chelopech volcanites (Stoykov et al., 2004)
and the Elatsite subvolcanic rocks. They suggest a mixed
mantle-crust source of the Turonian magmatism in the
Chelopech region. However using the variations of the initial Sr
and Nd ratios vs. SiO2 the evolution of the magma may be
largely due to mingling/mixing processes, without isotope
homogenisation in the whole volume of the magma chamber,
and not to a simple differentiation of one parental magma,
combined or not with assimilation of upper crustal rocks
(Stoykov et al., 2004).

Conclusions

The investigated Chelopech volcanites and dykes from the
Zlatiza pass are of andesitic, latitic to dacitic and trachydacitic
chemistry. Their phenocrysts (>40 vol.%) consist of
plagioclase, zoned amphibole, minor biotite, and ftitanite;
whereas the microlites consist of plagioclase and amphibole
only.

The MORB normalized patterns for the mamatites form the
Northern part of the Panagyurishte ore region indicate
enrichment of LILE and in lesser degree of some HFSE (Ce,
Zr, P and Hf) with a strong negative Nb anomaly and a
depletion of the Fe-Mg elements. All these features are typical
for active continental margin. These rocks have fractionated
LREE and relatively flat HREE patterns, as typically found in
subduction related volcanic rocks. The LREE enrichment
ranges from 33 to 80 times chondritic, whereas La,/Yb, ratios

vary from 10 to 13. Middle and heavy REE show relatively flat
patterns, generally within 5-30 times that of chondritic ones. An
Eu anomaly is not observed, which suggests that there was no
plagioclase fractionation involved in genesis of the studied
andesitic rocks.

The initial Sr ratios for the Chelopech volcanites and dykes
from the Zlatiza pass complex range between 0.70550 and
0.70601 (after 90 Ma correction) and the Nd isotope ratio
varies from 0.512449 to 0.512450.

The combined petrologic, isotope-geochemical and
geochronological investigations of the dyke complex in the
Zlatitsa pass suggest similar composition compared to the
Chelopech volcanites and the Elatsite subvolcanic rocks.

The petrological and geochemical features give additional
evidence for a possible uniform magma chamber of the
volcanic rocks in the Chelopech and Elatsite deposits (Stoykov
et al., 2004) and the investigated dyke complex in the Zlatitsa
pass with a complex evolution in Turonian times, when a
combination of processes of magmatic differentiation,
assimilation, mingling and mixing took place. These magmatic
products reveal similar Sr and Nd characteristics (Stoykov et
al., 2002; von Quadt et al., 2002), where the tendency of an
increase of initial Sr and Nd isotope ratios related to minor
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assimilation of host rocks within parts of the magmatic
chamber. The amphibole chemistry of the magmatic units of
both deposits and the investigated dyke complex shows some
similar characteristics — Mg# between 0.48 and 0.67 and Si per
formula unit content between 6.40 and 6.55, but mark
differences comparing to the other deposits of the
Panagyurishte ore region (Stoykov et al., 2002; Kamenov et
al., 2003).

The porphiry-copper Elatzite and the copper-gold epithermal
Chelopech deposits are related to described Late Cretaceous
subvolcanic and volcanic magmatic products. Quartz-
monzodiorite porphyries (unit 1) are the first and voluminously
most important part of the early ore-related group of dykes
(includes the subvolcanic body called “the big dyke” in the
Elatzite deposit). Granodiorite porphyries (unit 2) and aplites
(unit 3) completed the ore-related stage (von Quadt et al.,
2002). The ore mineralization in the Chelopech deposit is
hosted in the second stage of the volcano (lava flows, Stoykov
et al., 2004).

Ore mineralizsations related to the dyke complex in the
Zlatitsa pass are not described.
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GEOLOGY, PETROGRAPHY AND GEOCHEMISTRY OF THE OLIGOCENE ACID
VOLCANITES OUTCROPING WEST OF SMOLIAN (CENTRAL RHODOPES) AND THEIR
APPLICATION AS BUILDING AND DECORATION MATERIAL
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Mining and Geology University “St. Ivan Rilski”, 1700 Sofia; sstoykov@mgu.bg

ABSTRACT. The investigated volcanic rocks are located in the Smolian region. These magmatic products are of rhyolitic and of high-K
composition. They are probably of Oligocene age.The main phenocrysts in the rhyolites are represented by plagioclase, K- feldspar, quartz, biotite
and muscovite. The ground mass is microlitic and glassy. Similar rock materials are used as building material, roof tails productian, house facing,
decorative pavement production, efc. in the past in the area of the Rhodopes and other parts of Bulgaria. Hewn stone materials of thise type are
used in the present too. They are popular in new houses building and touristic objects. Similar rocks of decorative quality as studied rhyolites are
popular for production of material used in pavement production, house facing, as roof tails, interior and exterior decoration, etc.

FEONOrunga, NETPOrPA®UA U rEOXUMUA HA ONIMTOLIEHCKWUTE KUCENW BYNKAHUTW, PA3KPUBALLM CE HA 3ANAL
OT CMONAH (LEHTPANHW POAONKU) N TAXHOTO NPUNOXEHUE KATO CTPOUTENHU U BUKOPATUBHU MATEPUATIU
Cmanucnae Cmolikos

MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, Cogbusi 1700; sstoykov@mgu.bg

PE3IOME. PasrnexaaHute MarMeHu ckanu ce Hamupat B paiioHa Ha rp. CmonsH. Te ca ¢ pyOnMTOB W BUCOKO KanmeB CbCTaB. BbapactTa um e
BEPOSITHO onuroueHcka. MopdupHata reHepauns € uarpageHa OCHOBHO OT MMaruoknas, kanues cenpwnat, ksapl, OWOTUT M MYCKOBMT.
OcHoBHaTa Maca € MUKPONUTOBA U CTbKNeHa. MogobHM ckanu ca ce M3nomn3Bany B MUMHANOTO KaTo CTPOWUTUNHM MaTepuani, 3a M3roTesHE Ha
NMoYM 3a NOKPUTUS Ha NOKPUBHM, OBMMLOBKM Ha KWUMMLLHWA W APYTW CTPaaM, SEKOpaTMBHW HACTUIKU W Opyru, KakTo B npedenute Ha PogonuTe,
Taka W B Opyrv YacTu Ha cTpaHaTta. LleneHute kameHH u3genust oT TO3W TWN Ce M3NoN3BaT W cera, KaTto “Ma NOBULLIEH MHTEPEC KbM TSX Mpu
WU3rpaXaaHeTo Ha HOBW XWIWLLHW Crpagu U TypucTdecku obekTi. Tasn cypoBuHa W NogobHM Ha Hes ce MOM3BaT C ronsma nonynsipHoCT npw
W3MbITHEHNETO Ha BLTPELLHN W BBHLUHW 0BNMLIOBKM B MHOTO EBPOMENCKM CTPaHM.

1984) intruded by several large Palaeozoic and Late
Cretaceous granite plutons, followed by Oligocene? “minor”

Introduction
The aim of present investigation is to present new geological,

petrographical, pertological and geochemical data about the
studied volcanic complex, located in the Rhodopes near Smolian
town, and to describe traditional and new usage of this and
similar rocks as building and decoration materials.

Geological setting and petrology of the

investigated magmatic complexex

The present study is focused on the petrological and
geochemical characteristics of the volcanics outcrop in the
Smolian region. The main aim of this investigation is to
reconstruct the geological evolution of the Oligocene volcanic
complex and to outline traditional and new usage of these rocks
as building and decoration materials. Combined field
observations with representative whole rock major and trace
element analyses are used in present study.

Geological background and sampling

The Rila-Rhodope unit of the Morava-Rhodope zone (Dabovski
et al., 2002; Fig. 1) exhibits high-grade metamorphic rocks
(Prerhodopian and Rhodopian supergroups (Kozhoukharov et al.,
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intrusions. They are covered by thick Palaeogene volcano-
sedimentary successions (Kozhoukharov et al., 1992; Fig. 2).
This is the unit with thickest (40-52 km) continental crust in
Bulgaria.

The basement of the volcanic rocks consists of
metamorphic rocks (biotite and two-mica schists and
marbles of the Dobrostan Formation (Kozhoukharov, 1984).
The Oligocene succession in the region starts with
conglomerate - sandstone formation. It coveres
transgresively the metemorphic basement. This formation is
built up by thick sandsones, conglomerates, intercalated by
argilites and alevrolites. Thin grey linestones are described
in the Cherna river valley in the conglomerate — sandstone
formation. It is normaly covered by the coal-bearing
formation. The last one is built up by conglomerates, marls
and sandstones. It is normaly covered by the volcanogenic —
sedimentary formation (tuffs, sandstones, tuff-breccias, etc.)
in the region. This formation is of Middle Oligocene age



(Stefanov et al., 1974). They are partly covered by volcanites,
mostly of rhilitic composition.
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Fig. 1. Tectonic reconstruction of Bulgaria for the Oligocene (after
Dabovski et al., 2002)
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Fig. 2. Geological map of the area eastern of Smolian (after
Kozhoukharov et al., 1992 modified by the author)

Petrography

The volcanites in the studied region are presented mainly by
lava flows and necs. They are utcope as joined columns and
plates in the upper most part of the section. These rhyolites are
pink, pink-grey to grey on colour. The pink colour rhyolites are
strong, their phenocrysts consists of plagioclase, K - feldspar,
quartz, biotite, muscovite and amphibole up to 5 mm on size.
Accessory minerals are presented by titanite and apatite,
secondary ones by clay minerals and carbonates. These
rhyolites are of high degree of crystallization (2:1 to 3:1
porphyries to ground mass). Some of the phenocrysts are
plastically deformed to partly fractured (Fig. 3). The plagioclase
crystals are from 1.5 to 5 mm in size. In some cases they are
partly replaced by carbonates. The K-Feldspar (sanidine) crystals
are from 1.5 to 2 mm in size. They are fractured. The quartz
phenocrysts are strongly deformed and fractured. They are from
1.5 to 3 mm in size. Amphibole and biotite crystals are relatively
rare. The second one is presented by deformed phenocrysts.

The ground mass is flow-banded to fluidal and hyaline (Fig.
4). ltis of a brownish colour.
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Fig. 3. Microscope image of thinsection from the grey rhyolites
(image size 1.5 mm) deformed biotite crystal

Fig. 4. Microscope image of thinsection from the grey rhyolites
(image size 1.5 mm) deformed groundmass crystal

The grey rhyolites are of similar petrography. They are
characterized by relatively higher degree of deformation of
the biotite crystals and presence of deformed volcanic glass
in the groundmass.

Analytical techniques
Major and trace elements

Part of major and trace elements were analyzed by X-ray
fluorescence (XRF) at the University of Lausanne,
Switzerland. The other part was analyzed by ICP-atomic
emission spectrometry in the University of Mining and
Geology “St. Ivan Rilski”. A petrologic study has also been
performed. The representative analyses of the compositional
variation of the rock recovered from the studied volcanics are
given in Tables 1 and 2.

Chemical composition of the volcanic rocks

The SiO2 content in the analyzed rock samples veries from
73.89 to 75.59 wt.%, K20 from 2.53 to 5.10 wt.% and Na2O
form 2.64 t0 6.01 wt.%.

Studied volcanic rocks are classified as rhiolites after Le
Maitre et al., 1989 classification diagreme (Fig. 5). All
analyzed reprezentative rock samples are high-K (Fig. 6).
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Fig. 6. SiO2 vs. K:O0 diagram after Le Maitre (1989) for
representative samples from the investigated volcanites

Bulk rock trace elements composition

The MORB normalized patterns for the investigated magmatic
rokcs (Table 1 and 2, Fig. 7) indicate enrichment of LILE and in
lesser degree of some HFSE (Ce, Zr, and Hf). All these features
are sililat to there for subduction-related magmatic sequences
due to the melting of sedimentary material of the subducted slab.
The grey color rhyolites show slightly increased content of
elements as show relatively increased Sr, Ce, Ba, Ti and Cr
ratios and decreased Nb, Rb, and Hf ones.
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Fig. 7. Spider discrimination plot for the investigated rhyolites (Sm rg - grey
rhyolites, Sm rp — pink rhyolites). Normalization values after Pearce (1982)
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Table 1
Major element composition of the representative samples
(major components)

Oxides
wt.% M1 M2 M3 1Mg* | 2Mp*

SiOp | 7559 | 7TA79 | 5776 | 73.89 | 74.60

Tio | 0.21 0.24 0.58 024 | 022

AOs | 1217 | 13.00 19.52 13.63 | 13.68

Fe:0; | 156 1.54 6.8 182 | 1.58

MnO | 0.0 0.04 0.08 0.03 | 0.04

Mgo | 0.44 0.38 1.14 043 | 038

Ca0 | 123 1.14 3.14 138 | 1.13

NaO | 280 3.00 6.01 264 | 255

K20 4.63 4.97 2.52 490 | 5.10

P.0s | 0.06 0.04 0.25 0.08 | 0.07

LOI 2.12 1.59 1.94 0.67 | 0.83

Total | 100.86 | 100.73 | 99.74 99.70 ]100.16

Table 2
Major element composition of the representative samples
(trace elements, n. d. — not determined)

Elements

(inppm) | 1Mg 2Mp M1 M2
Nb 16 19 n. d. n. d.
Zr 123 124 n. d. n. d.
Y 19 17 n. d. n. d.
Sr 183 143 n. d. n. d.
U 8 10 n. d. n. d.
Rb 262 304 n.d. n. d.
Th 36 35 n. d. n. d.
Pb 35 36 102 15
Ga 17 16 n. d. n.d.
Zn 30 30 46 57
Cu 6 3 27 10
Ni 2 2 28 49
Co 2 4 n. d. n. d.
Cr 10 4 n. d. n. d.
V 28 23 n.d. n. d.
Ce 51 67 n. d. n. d.
Nd 16 21 n. d. n. d.
Ba 684 521 n. d. n. d.
S 64 53 n. d. n. d.
Hf 6 8 n.d. n.d.
Sc 3 3 n.d. n.d.
As 3 4 38 21
La 64 53 n. d. n. d.

Application of the studied and similar rocks

Similar rock materials are used as building material, roof
tails productian, house facing, decorative pavement
production, etc. in the past in the area of the Rhodopes and
other parts of Bulgaria. Hewn stone materials of thise type
are used in the present too. They are popular in new houses
building and touristic objects. Similar rocks of decorative
quality as studied rhyolites are popular for production of
material used in pavement production, house facing, as roof
tails, interior and exterior decoration, etc.



Conclusions

The volcanites in the studied region are presented mainly by
lava flows and necs. They are utcope as joined columns and
plates in the upper most part of the section. These rhyolites are
pink, pink-grey to grey on colour. The pink colour rhyolites are
strong, their phenocrysts consists of plagioclase, K-feldspar,
quartz, biotite, muscovite and amphibole up to 5 mm on size.
Accessory minerals are presented by titanite and apatite,
secondary ones by clay minerals and carbonates. These
rhyolites are of high degree of crystallization (2:1 to 3:1
porphyries to ground mass). Some of the phenocrysts are
plastically deformed to partly fractured. The plagioclase crystals
are from 1.5 to 5 mm in size. In some cases they are partly
replaced by carbonates. The K-feldspar (sanidine) crystals are
from 1.5 to 2 mm in size. They are fractured. The quartz
phenocrysts are strongly deformed and fractured. They are from
1.5 to 3 mm in size. Amphibole and biotite crystals are relatively
rare. The second one is presented by deformed phenocrysts.

The MORB normalized patterns for the investigated magmatic
rokcs indicate enrichment of LILE and in lesser degree of some
HFSE (Ce, Zr, and Hf). All these features are sililat to there for
subduction-related magmatic sequences due to the melting of
sedimentary material of the subducted slab. The grey color
rhyolites show slightly increased content of elements as show
relatively increased Sr, Ce, Ba, Ti and Cr ratios and decreased
Nb, Rb, and Hf ones.
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NONEBU U NABOPATOPHW U3MEPBAHUA HA MATMEHW, CEQAUMEHTHU U
METAMOP®HW CKAIKX 3A NMOMBI/IBAHE HA BA3A OAHHU NPU AUCTAHLMOHHU
HABNIOAEHUA HA 3EMATA

Hexuya bopucoea’, Xpucmo Hukonos?, baHyw baHywee?

TWMHemumym no cribHYe80-3eMHu 8b3delicmeus, Bbreapcka akademusi Ha Haykume, 1113 Cogpusi; dborisova@stil.bas.bg
2MunHo-2eonoxku yHugepcumem "Ce. Wear Puncku", 1700 Cocpusi; banushev@mgu.bg

PE3IOME. HasemHuTe n3mepBaHus B KOMMIEKCa Ha AWCTAHLMOHHWUTE M3CeBaHNs Ce MHOMO BaXHW B CbCTaBAHETO M MOMbMBAHETO Ha 6a3n
AaHHu. 3a LenTa ca npoBeAeHn NabopaTopHu U NONEBN CNEKTPOMETPUYHM 3MEPBAHHIS Ha 0BpasLy OT MarMeHu, CEAUMEHTHU U METaMOP(MHM
ckanv ot Brnrapus. /13anon3saH e TeMaTUYHO OpUEHTMPaH CnekTpomeTbp, pabotely B ananasoHa 400-900 nm. CnekTpOMETLPBT € KOHCTPYMpaH B
C3B-BAH. MonyyenuTe aaHHu e 6bAaT BktoyeHn B 6a3a AaHHW 3a AOMbMAHUTENHA MHAOPMALMS NPW AMCTAHLIMOHHW M3CMEABaHNS Ha 3eMHaTa
MOBBLPXHOCT.

IN-SITU AND EX-SITU MEASUREMENTS OF IGNEOUS, SEDIMENTARY AND METAMORPHIC ROCKS IN EARTH
OBSERVATION DATA BASE COMPLEMENT

Denitsa Borisova', Hristo Nikolov!, Banush Banushev?

TSolar-Terrestrial Influences Laboratory, Bulgarian Academy of Science, 1113 Sofia; dborisova@stil.bas.bg

2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; banushev@mgu.bg

ABSTRACT. Ground-truth data in remote sensing investigation complement are very important. For this purpose laboratory and field spectroscopy
measurements of samples of the igneous, sedimentary and metamorphic rocks are performed. The thematically oriented spectrometer working in
400-900 nm range is used. The spectrometer was designed and constructed in STIL-BAS. The obtained data will be included in data base for Earth
observation complement.

BbBepgeHue onpegensHe Ha npskata 3aBUCUMOCT HA OTPAXEHMETO OT
HasemMHWUTe M3MepBaHUS B KOMMIEKCA Ha OMCTAHLMOHHUTE 0BeKTIUTE OT OCBETABAHETO UM U BUAMMATA UM CTPYKTYpa.

W3CNeABaHNs C& MHOTO BaXKHW MPW CbCTaBSIHE W NOMbIIBaHe

Ha 6a3n fOaHHM. 3a LenTa ca MpoBedeHM MoMeBn OT Havanoto Ha 80-Te roguHM Ha XX BeK ca NpoBedeHM
NabopaTopHW CNEKTPOMETPUYHN M3MEPBAHHUS Ha 0Bpasuy oT MHOXECTBO U3MEPBAHUA Ha CMEKTPANTHATE XapaKTEPUCTUKIA Ha
HSIKOW MarmMeHu, CEeaMMEHTHM W MEeTaMOpPHM Cckann OT MPUPOAHM W @HTPOMOTEHHN OOeKTM ¢ MomoLyTa Ha nonesu
Bbrrapus.  WsnonssaH e TeMaTWMHO  OPWEHTMpaH CNEKTPOMETPY, paboTelLy BbB BUAMMATA W MH(payepBeHaTa
CMEeKTPOMETbP TOMS, paﬁo-reu_t B guanasoda 400-900 nm. obnactu ot €NeKTPOMarHUTHWA crnekTbp. He no-manko ycunua
MnaH1paHo e NomnyveHnTe AaHHM B TabnyeH u rpadnyeH Bug Ca HanmpaBeHn fAa Ce CucTematusupar U MHTepnpeTupar
Ja Obgar BKMYeHM B reobasa [JaHHM 3a AOMbMBaHE Ha NONy4eHNTe AaHHM, HAPEYEHN MbPBIYHN AaHHM (METadaHHM).
WHopMAaLMSTa NPX ANUCTaHLMOHHN W3CTIEABaHUS Ha 3eMHaTa CpaBHeHWeTo Ha CnekTpasnHuTe KpuBI OT CrIEKTPOMETPUYHNUTE
MOBBPXHOCT. noneBu WM3MepBaHWs € 3aTpyAHEHO nopagy pasfuyHuUTE

MeToaukn  3a  nonyyasaHeto um  (Milton,  2001).
OnonsoTBopsiBaHETO  HA  [aHHUTE  OT  MHOXeCTBOTO
W3CMedBaHWs  M3NCKBA  KAyecTBEHA OLEHKa, KosTo €
HanpaBeHa crpsmMo nocTaBeHaTa 3apada. Cnopen Kancheva,
1999, Milton et al., 2006, To4yHOCTTa 3aBUCK OT KOPEKTHOTO
onpegensHe Ha ToBa, koeTo e Obae uamepsaHo. B
reobasata JaHHM TpsabBa ga ce BKMKYM M MHopMauus 3a
YCIOBKSITA MO BPEME Ha MOJIEBUS EKCMIEPUMEHT.

Marepuanu n metoau

CnekTpanHuTe XxapakTepucTUKM OT Ha3eMHUTE W3MepBaHus
ce cbbupat B reobasa fOaHHM 3@ CMeAHUTE  Lenu:
kanubpupaHe ¥ Banuaauus Ha M30BpaeHus W CrnekTpanHu
AaHHW MpU  OWCTaHUMOHHM W3CrnedBaHWsi, MpoBepka Ha
NPUNOXMUMOCTTa HAa  CMEeKTpanHUTe  W3MEepBaHWs  Mpu
CaMONETHN W CaTEeNUTHA MUCUM; OCHOBHO MPOYYBaHe Ha
B3aWMOBPbL3KNTE  Mexay  (pu3uyeckuTe  CBOACTBA W

€/IEKTPOMAarHUTHOTO OTPaXeHUe Ha u3y4aBaHuTe obexTy; MupBUdHUTe pakHM ca HYXHIA  Tipn yn0Tpe6aTa v

WHTEpnpeTaumaTa Ha Hayynute ganHu (Michener, 2000).
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HembnHata WHopMaums No OTHOLIEHWE Ha BbBEAEHUTE
MeTajaHHW LWe [JoBede [0 TaAxHata  be3nonesHocT.
Cnektpanhute OubnMOTEKM NpeacTaBnsABaT Konekuun of
JaHHW, KOMTO ocurypsisaT pedepeHTHW CMeKkTpu 3a pepuua
npouesypy B OWCTAHUMOHHWTE  M3CMEABaHUS  KaTo;
[EKOMMO3NLMA Ha ChekTpanHuM cMecu crnopes 6asoBute
knacoee 00ekTM (KpaHM uYneHOBe Ha W3crnefBaHuTe
CNEeKTparnH1 CMeck); knacudukaums Ha 3eMHOTO MOKPUTHE;
atmMocepHu Kopekuun. CbLLecTByBaT MHOXKECTBO AOCTHIMHU
cnekTpanHu 6ubnnoTekn kato Tasn Ha MeonoXKOTO APYKECTBO
Ha CALWl (Clark et al., 1993), cbobpkally Ka4yecTBEHM
CNEKTParnHX XapakTeEPUCTUKA Ha MHOTO 0BekTM, B KOWTO
OCHOBHO BHWUMaHWe € 00bpHaTo Ha MuHepanute. OCHOBHUTE
HeJoCTaTbUM Ha TEe3W CMeKTparHW XapakTepucTukM ca B
cTaTucTMyeckaTa NpeacTaBUTeNHOCT Ha BKIOYEHUTE CNEKTPM,
nMncata Ha BpemeBa WM3MEHYMBOCT Ha obektute (KaTo
PacTUTENHOCT) U Ha NONEBW U3MepPBaHU.

[pyra 6a3a gaHHW, KOSTO BKIOYBA U CMEKTPaNHWU JaHHW OT
noneesu ekcnepumeHtu, e cuctemata SPECCHIO B
NabopatopusTa N0  AMCTAHUMOHHW  W3CMEOBAHUS  KbM
YhusepcuteTta B Lifopux (Hini, Kneublhler, 2007).  Joctbmbt
po SPECCHIO e cBobogeH cnep peructpauus, kato Moxe
KaKTO fa ce u3nonasaTt daHHuTe OT basara, Taka u da ce
BbBEXOAT BaHHM, MOMYYEHW MPU MPOBEXOAHE Ha PasnuyHu
eKCepUMEHTH.

B HacTosLwaTa paspaboTka e U3NoXeH Nonesn eKCrnepumMeHT
Ha TeputopusiTa Ha Bbnrapus, pesyntatute OT KOWATO ce
no3roTBAT Aa ObhaT BKMOYEHM B ropeynomeHarata 6asa
JaHHu. B reobasata paHHWTEe ce NpeacTaBAT BbB BUA Ha
TabnuumM ¢ MbpBMYHUTE [aHHW OT NONEBUTE W NabopaTopHuTe
W3MEepBaHUS, NONMyYeHUTE rpacmky M JOMbIHUTENHATA
WHGOpMaUMs  3a  BCAKO uM3mepBaHe. B pabotara ca
NPEeLCTaBEHN Pe3ynTaTuTe OT MONMEBN  CMEKTPOMETPUYHM
W3MepBaHMS Ha neTporpadyCkm PasHOBMOHOCTM OT  HSIKOW
MarMeHu, CeauMEHTHM M MeTamopdHu ckanu. [lonesute
€KCNepUMEHTU ca NPOBEAEHM MO MapLpyTh npe3 man 2009
roguHa B Puna u LlentpanHoto CpegHoropue. OT cbluymte
paskpuTMs ca B3ETU CTaHZapTHM neTporpadcks obpasum,
KOUTO Ca u3cneaBaHu B nabopatopHu ycnosusi (bopucosa,
2007).

CnekTpanHuTe W3mepBaHWst ca NMpoOBEdEHM C MoMoLTa Ha
cnektpomerbp TOMS, pabotewy B CnekTpanHus AuanasoH
400-900 nm. CnekTpomMeTbpbT € pa3paboTeH M KOHCTPyWpaH
B HCcTUTYTa NO CMbHYEBO-3€MHW Bb3EeNCTBUA Ha bbnrapcka
akagemusi Ha Haykute (MC3B-BAH) (Petkov et al., 20053;
2005b). B pesyntat Ha Te3u W3MepBaHWS Ca MOMYyYEeHW
CMEKTparnH1 XapakTepUCTWKM Ha  W3credBaHuTe  0BekTu.
CnekTpanHaTa xapaKkTepucTika NpeacTaBnsiBa 3aBUCMMOCT Ha
OTPaXEHWETO OT  W3yyaBaHUTe OOEKTM B  MPOLEHTM
(reflectance, %) OT AbmkWHaTa Ha BbrHaTa H HaHOMETPM
(wavelenght, nm). TlonyyeHute paHHM ca oBpaboTeHm
CTaTUCTUYECKM, KAaTO B  W3NON3BaHWs  codpTyep Ha
CreKTpoMeTbpa € 3ajageHo peructpupaHeto Ha 100
cnekTbpa.

Pesyntatn n guckycus

B paitoHa Ha Puna ca u3BbpLUeHu U3cneaBaHus Ha ckanu oT
yeTupu paskputis — M. Kupunosa nonsiHa, torosanagHo ot
Punckn maHactup, c. [llactpa u okono rp. Puna. B
LlentpanHoto CpepnHoropue ca u3cneaBaHu ABe paskpuTus —
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no p. Megetcka Ha 10 km toxHO oT rp. 3natuua u kapuepara
Ha 4.5 km ceBepo3anagHo ot ¢. Cmoncko (Tabnuua 1).

Tabnmua 1
CkanHu obpasyu om Puna u LlenmpanHomo CpedHozopue
Touka Ne Ckana MecTononoxeHue
1 Buotutosu rpaHuTi | Kupunosa nonsHa, Puna
2 BuoTuToBYM rHamcy 5 km KO3 o1 Puncku
MaHacTup
3 ["Haiicu c. Mactpa
4 Bpekyo- 2 km W ot rp. Puna
KOHrmomeparu
5 Buotutosu rpaHuTi | p. Megetcka, Ha 10 km O
oT rp. 3natuua
6 [onomutu kapuepa CMoncko

PaiionbT okono Kupunoea nonsHa (T. 1) e wuarpageH ot
JokamOpuiicku  BUCOKOMETaMOpHM  ckanu  (rHancoBo-
MWUrMaTUTOB KOMMNEKC M KOMMMEKC Ha THalc-rpaHuTuTe)
oTHacawm ce kbMm OrpaxaeHckata  (Mpapogonckata)
Haarpyna, MetamopdosupaHu ynTpabasuuHn 1 6asnyHK
MarMeHu Ckamnu; tXHOOBbIrapCkM U rOPHOKPEAHU MpaHUTOMAM
(MapuHoBa, 1993). B cbcTaBa Ha rHacoBO-MUrMaTUTOBWS
KOMMIIEKC y4acTBaT MArMaTUTH, FPaHUTOrHaICK, THaRCOLINCTH,
rHaitcu, amcmbonuti, nerMaTMTOBM W anUTOBM KWW,
KomnnekcbT Ha TrHalc-rpaHuTUTE M3rpaxha YObIKEHO B
CEBEpOM3TOK-toro3anagHa nocoka Tamo.  Ckarmte  ca
HepaBHOMEPHO3LPHECTU C KaTakrnacTuyHa, bnactonopdmpHa
W rpaHobnactHa CTpyKTypa M HESICHO u3paseHa napanenHa
Tekctypa. Metamopdosupanute yntpabasmuHn 1 6a3nyHm
MarMeHW ckanu Ce paskpuBaT XHO OT p. MnuiHa.
MpeoctaBenn ca  OT  Mertarabpa,  MeTagmopwTy,
MeTacepneHTUHUTY U MEeTaBYNKaHUTW, BHEAPEHM B CKanuTe Ha
Yenenapckara cauta. Cnopen Koxyxaposa (1986) Te ca yact
0T odmonutoBa acoumaumsi. KOxHobbArapckuTe rpaHUTOMam
ca NpedcTaBeHW OT  [PaHOAMOPUTM W CPESHO3bPHECTY
OVMOTUTOBM rpaHUTK, U3rpakdaly 3anagHUTe 4YacTh Ha
MycaneHckoto Tano ot Puno-3anagHopogonckus GaronwT.
KbM ropHOKpegHUTE WHTPY3MBW Ce OTHAcAT Manku Tena u
[Janku oT ApeBHO3bPHECTN BUOTUTOBM rPAHUTK M ANAIMTOMEHO-
nermaTougHM rpaHnTy.

OGekT Ha u3cnegpaHe ca GWOTMTOBM TpaHUTKU OT Puno-
3anapgHopogonckust  Gatonut. paHuTuTe ca  neBko- Ao
ME30KpaTHW, MAaCUBHY, CPEAHO3bPHECTU. [NaBHMTE MUHEpanu
ca K-penmpgwnar, KBapy M KMCeNl  NAarnoknas,
BTOPOCTENEHHUTE — OMOTUT, @ aKUECOPHUTE — LMPKOH K
marHeTuT. CTpyKTypata e XUNWaMOMOP(HO3bPHECTA, a
TekcTypata — macusHa (baHywwes v ap., 2007). Ha durypa 1 e
NpeacTaBeHa CrekTpanHaTa XxapakTepucTuka Ha u3yvaBaHuTe
ckann B T. 1.

Ha 5 km torozanagHo oT Puncku maHactup no mbTs 3a rp.
Puna (1. 2) ce paskpuBaT BMCOKOMETAMOP(HM CKamM Ha
Yenenapckata cauTa. lpeacTaBeHun ca oT BUOTUTOBY rHalicH,
cpen kouTo ce HabnogaeaT NpoCrovku OT amdubonuTy,
FHAaCOWMWCTM W WWUCTM C  pasnnyHa AaebenuHa u
HepaBHOMEpPHO pasnpepdeneHne B paspesa. buoturosute
rHanmcw, ODEeKT Ha u3yyaBaHe Ca CMBM O TbMHOCMBM C
LUNCTO3HA, (DMHOMBMYECTA TEKCTypa U nenugorpaHobnactHa
CTpykTypa. B cbCraBa MM yyacTBaT nnaruoknasu, Ksapl,
kanues enawnat, BUoTUT, rpaHaT, enugoT, anaHuT 1 pyTun.



Ha d)vlrypa 2e npeacTaBeHa CriekTpanHata XapakrepucTuka
Ha U3yvaBaHUTE CKann B T. 2.

PaiioHbT okono c. MMactpa (1. 3) e wu3rpageH of
BMCOKOMETaMOp(HN Cckanu  (MUrMaTuaupaHum OuoTUTOoBW 1
ABYCIIOAEHM rHaiici) Ha boryTeBckata cBWTa, BbBefeHa OT
Koxyxapo (1984) u nermatutu c rpaHaT 4 eapontocnect
MYyCKOBMT. [10-OrpaHM4eHO pasnpocTpaHeHue WMat rpaHar-
OunoTUTOBUTE, nNENTUTOWAHWTE TrHaiich W amdubonuTute.
Ckanute ca MmertamopcosvpaHu B amdubonutoB caumec
(Koxyxaposa, Koxyxapos, 1980). Wacneasanute
MUrMaTu3vpaHu OMOTUTOBW W [BYCMIOLEHU THANCK Ca CUBH,
TbMHOCUBM, CPEHO- 0 e4PO3IbPHECTU C UBUYECTA TEKCTYpa Y
nenuporpaHobnactHa  CTpykTypa. Msrpapewm ca ot
nnaruoknas, keapL, Guotut u myckosut. Ha durypa 3 e
npeAcTaBeHa CrekTparnHata xapakTepucTika Ha u3yyaBaHuTe
ckarm B T. 3.

Ha 2 km wstowHo oT rp. Puna (1. 4) ce paskpusart
NaneoreHckn CeauMeHTHW ckamu  (MTbeTpa  NoaBbIMMWHA
3afpyra), sanbneawy Maganckus rpabeH (MapuHosa, 1993).
lMpeactaBeHn ca OT CWBM [0 CMBO3ENEHW, Ha MecTa
pbXaMBoKagsiBu MNONMMUKTOBM KOHromepary "
BpekyokoHrnomepati, C pasmepu Ha kbcoBete 2-10 cm,
Npexoxpaly BbB BanyHHW OPEKYOKOHrNIOMEpaT C KbCOBe
pocturawm 50-60 cm. MarpageHu ca OT CkanHM KbCOBE OT
MeTaMopduTH, rpaHUTW M nermatut. MaTpukcbT e oT no-
ApeBbHOKBLCOB MaTepuan CbC CblMS CbCTaB, a LUMMEHTBLT e
rnuHecTo-necbunue (baywes u ap., 2007). Ha dwmrypa 4 e
npefCcTaBeHa cnekTpanHata XxapakTepucTika Ha uyyasaHuTe
ckanM B T. 4.

Ha 10 km toxHo ot rp. 3naTtuuya no mbTa 3a rp. Maxaropuie
(t. 5) ce paskpueat T.Hap. KOXHOGBIrapcku rpaHUTOMaON,
BHEOPEHU  Ccped  BMCOKOMETaMOpHWTE  Ckanu  Ha
Mpapogonckata Hagryna. Kbem KOxHoObnrapckure rpaHutonam
Ce OTHAaCAT WHTPY3MBHM Tema C naneosoncka Bb3pacT,
pasfUyHM pa3Mepn U CbCTaB, 060COBEHN B TPU UHTPY3MBHM
komnnekca (dabosckn u gp., 1972). MbpBUAT MHTPY3UBEH
KOMMIEKC BKMKOYBA FPaHWUTM, TPaHOAMOPUTM U Manku Tena ot
KBapuauoput 1 guoputn. KbM TO3M KOMMIEKC Ce OTHacaT
CmunoseHckus, [lombpeHckuss M Xucapckus niyToH. B
CbCTaBa Ha BTOPWS WHTPY3MBEH KOMMMEKC Ce BKMHOYBAT
amunbon-6moTUToBM, GUMOTUTOBM TPAHUTW W NEBKOrPaAHUTU.
KbMm 1031 komnneke npuHagnexat KonpusLueHckn, Knucypcku
M MbTEHWWKM NAYTOHU. TPETWAT WHTPY3MBEH KOMIMIEKC €
MPeAcTaBeH  OT  JIeBKOKPATHW,  PaBHOMEPHO3bPHECTM
BroTMTOBM, GMOTUT-MYCKOBUTOBM W NETMATOMOHW TPAHATOMAN.
KbMm 1031 komnnekc ce oTHacaT CtpenyaHcku, KapaBenoscky,
Necuyosckm n Buplumncku nnytonn (Jabosckv n gp., 1972).

B Touka 5 ce paskpuBaT OMOTUTOBM TpaHUTK OT
ceBeposanagHata yacT Ha KonpuslieHckus nnyToH. Te ca
CBETNOCMBYM, HA MeCTa OLBETEHW B pbxavBokadsso oT Fe
xugpokenan. CpegHo- [0 €OpO3bPHECTH, MOPPUPOMAHA C
SICEH NHeeH napanenusbM. Warpagenun ca ot K-chenawnar,
nnarnoknas, keapy, 6uoTuT, anatut w umpkoH (Mpuctasosa,
Banywes, 2007). Ha ¢urypa 5 e npefcraBeHa crnekTpanHara
XapaKTepuCTHKa Ha U3y4yaBaHuTE ckanm B T. 5.

Ha 4.5 km ceBeposanagHo ot c. Cmoncko (1. 6) B
W3KYCTBEHO paskpUTMe (Kkapuepa) Ce pa3KpuBaT TpUacku
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kapboHaTHM ckanu — 4ONoMUTW. [JoNOMUTUTE Ca YepHU W CUBM
C PO30B OTTEHbLK, pefyBaly Ce He3akoHOMepHo. Te ca
CpefHOCNOECTH, C MUKPO3bPHECTa CTPYKTYpa. M3rpaderu ca
OT MUKPO3LPHECT [AOMOMMT, €OMHWYHW KBapLOBM 3bpHa M
PELKN OpraHWU3MOBH OCTaHKW Ha OCTPaKoaM U hopamuH1depu.
YepHuTe JONOMUTY Ca C NO-BUCOKM CbAbpkaHus Ha SiO2 v no-
Huckn Ha CaO u MgO ot cusute (Mpuctasosa, baHylwes,
2007). Ha dwmrypa 6 e npeacrtaBeHa CriekTpanHata
XapaKTepucTuKa Ha 13yyaBaHuTe ckanu B T. 6.
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B reobasata paHHu B TabnuueH Bug (tabnuuya 2) ce
npeacTaBs AOMbIHUTENHA MHAOPMaUMs 3a aTMocepHuTe
YCMOBUS HA W3MEpBaHE MpW NONEBUTE  EKCIEPUMEHTMH,
MocTaHoBKAaTa Ha BCEKM EKCMEpPUMEHT, BPeMeTo 3a
npoBexaaHe Ha enHo uamepBaHe (t), Opoil ycpeaHeHu
cnekTpu (An) 1 pasctosiHue ot obekTa 4o 0bekTnBa (Hoo).

Tabnuua 2
LonbiHumenHa uHopMayus 3a 8CEKU EKCNEPUMEHM
Touka | AtmoccepHn | Hoo, cm ti, ms M

No ycnoBus
1 #cHo, csaHka 50 10 100
2 #cHo, caHka 50 10 100
3 #cHo, caHka 50 10 100
4 #cHo, caHka 50 10 100
5 #cHo, caHka 50 10 100
6 #cHo, caHka 50 5 100

3aknoyeHue

MonyyeHnte B pes3ynTaT Ha MPOBEOEHWUTE  MOMEBU

13MepBaHMs JaHHW ca efjHM OT MasnKoTo y Hac. Te no3gonseat
Aa 6bae uanonseaHa oTpaxarenHarta CrnocobHOCT Ha ckanure
KaTo OTNMYMTENEH MpU3HAK 3a TSXHOTO pasrpaHMyaBaHe B
MHOrOCMEKTpanHu  M300pakeHus 0T AMCTAHLMOHHM
u3credBaHWs Ha 3emMHaTa MOBbPXHOCT. [lpedcTaBeHUTe B
HacTosilwaTa pabota pe3yntat ca NONYYeHU camo OT eanH
HauMH Ha obpaboTka Ha mMbpPBUMYHWTE OaHHW. 3a no-
MbHOUEHHaTa WM ynoTpeba ce npoBexgaT owe peauua
aHarnuan Ha MbPBUYHWTE [aHHW, KAaTo OLeHKa Ha MUHUMYMUTE
W MaKCUMymMUTE BbB Bpb3Ka C XMMWYHMS CbCTaB Ha
U3CneaBaHWTe  cKanu, u3nonseaHe Ha peauua
TpaHChopPMAaLMOHHM UHAEKCH 1 Ap.

BKriouBaHeTO Ha [aHHM OT Pas3NU4YHW EKCNepUMEHTU B
o6LoaocTbNHA Gasa AaHHW MOACUTYPsiBa MPOAbIKUTENHATA
M ynoTpeBa, ocurypsisat Gasa 3a kayecTBeHaTa UM OLEHKa U
obmsHaTa UM Mexay creuuanuctute. 3atoBa Gasute [aHHM
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ce 0bHOBSBAT Ha pasnMyHK KpaTku nepuoan Ot Bpeme, KOUTO

3aBucAT 0T obekta Ha wu3crnegeaHe. Cb3aaBaHeTo,
0BHOBSIBAHETO U noadbpXaHeTo Ha reobasa MeTagaHHu
M3NCKBa NpoBEXAaHETO Ha nepnoanyHu nonesu

eKCNepUMeHTU KaTo [OKNaABaHWUTe B HacTosliata paboTa.
MonyyeHnTe pesynTaTi NoKasgar, ye Teau U3MepBaHuUs Morat
pa Obaar MpuioXeHM W 3a ApYrM padoHM W CKarHu
Pa3HOBMOHOCTM OT TepUTOpUsTa Ha Bbnrapus.

Tasu paboTa e nognomorHata huHaHcoBo ot gorosop ¢ HOHU-MOH
WHW-12/05 1 no npoekt COSMOS no Ceama PamkoBa nporpama.
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HOBA TEXHONNOIUA 3A NOArPABAHE HA NMUNOTEH A3 B ABTOMATUYHWUTE
FA3OPErYNNIATOPHUTE CTAHLIUW (ATPC)
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PE3KOME. B foknapaa ca v3cnensaHy v npeacTaBeH Bb3MOXHOCTY 3a NOLTPsiBaHE Ha NMUNOTHWS ra3 B ra3operynaTopHuTe cTaHumu Ha 6asata Ha
MPUHLMMHO HOBO TEXHOMOMMYHO U eHeprocnecTsBallo pelueHne natentosaHo B CALL u npeactaBeHo B Bwnrapus ot komnanusta Universal
Vortex Europe Inc. HoBata 3a ycnosusta Ha Bbnrapus ekonoruyHa TexHOnorus 3a MoarpseaHe Ha rasa e paspaboTteHa Ha OCHOBaTa Ha
TEPMOAMHAMUYHITE MPUHLMIK Ha TpbbaTa Ha PaHk. BuxpoBus edekT ce peanuanpa B CneumanHo KOHCTPYMpaHO YCTPONCTBO Bes aBuxeLyn ce
yacTu (Buxposa Tpbba — BT), kbaeTo kuHeTMYHATa eHeprus Ha rasa ce npeobpasyBa B TOMMMHHA Npy mpoueca Ha HeroBaTta gekomnpecus. Mo
Ta3n TEXHOMNOMS Ce 3aMeHs KNacu4eckoTo MOATPSBaHE Ha rasa Ypes AOMbIHUTENHO M3rapsiHe Ha rOPUBO 3a TEXHOMOTMYHN Hyxau. PasrneaaH e
VKOHOMWYECKWS 1 eKOMOTMYEH ePeKT KaTto Ca OvepTaHu MepecrekTMBMTE 3a pa3BuTHE 3a NOBULLABaHEe Ha eqeKTUBHOCTTA MpW npouecuTe Ha
MOAroTOBKA Ha rasa 3a TPaHCMOPT, KaKTO W Npu NPeHoca W pasnpeaeneHneTo Ha npupoaHus ras Ha 6asa BT. KonuuectseHo edpektnBHOCTTa OT
V3NON3BaHETO Ha HOBAaTa TEXHOMOIMS Ce OLEHsBA Ype3 KOHOMUCAHOTO ropUBO 3a MOATPSIBaHE Ha Lienvs MOTOK OT ra3a, CbyeTaHu C no-Mankara
amMopTN3aLMs Ha OCHOBHUTE CbOPBXEHWS OT ra3operynatopHata CTaHuus.

NEW TECHNOLOGIES FOR PILOT GAS WARMING-UP IN NATURAL GAS REGULATION STATIONS
Martin M. Boyadjiev!, Gergana Stoicheva?

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

2Qvergas Inc., Sofia

ABSTRACT. This paper presents a review of actual problem to application practice project and design of heater for pilot gas in Gas distribution
station. New for conditions of Bulgaria, environmental technology for heating of gas is developed on the basis of thermodynamic principles of the
Rangue tube. Vortex effect is realized in a special device without moving parts Vortex tube (VT), where the kinetic energy of the gas is converted to
heat in the process of its decompression. By this technology is replaced classical heating gas by additional heating of fuel for technology needs.

BbBepeHue TOBA SIBMIEHNE, € HeoOX0aMMO rasbT Aa ce NoArpsiBa npeam Aa
MoBULWIEHOTO TbPCEHE M HApacTBaWlOTO NOTpebneHWe Ha nocTenn B perynaropute, 3a  KOMNEHCMpaHe  Ha

NPUPOAEH ra3 ca TeHaeHUM 0BYCNOBEHM OT MKOHOMUYECKUTE, TemneparypHata pasnuka cref AekomnpecuaTa my. 3a uenta

TEXHONMOMNYHUTE U EKOMOTMYHM NPEAMMCTBA Ha ra3oBOTO KbM pefyLmpallute CbOpbXeHUsA ce BKIoYBa noarpesatenHa

ropueo. [peHoca Ha MpWpodeH ra3 [0 noTpebutenute ce MHCTanauus, ¢ koATo Ce ocurypsea ropellia Bofa ¢ napameTpu

OCBLLECTBSABA MO MPEXV BICOKO HanaraHe okono 5.5 MPa unu 80°/60°C Ha naxopa v Bxopa. loarpsiBaHeTo Ha rasa cTaga B

upe3 ByTUrKM € BUCOKO HamsraHe o 22 MPa (komnpecupaH TonnooGMeHHM anapatu, kato npoueca ce  perynupa

npupogeH ras). [lpeau noCTbTBAHETO Ha rasa B aBTOMAaTU4HO.

rasopasnpeaenuTenHI1TE MpeXu B rpafoBeTe W MU HEroBOTO

JeKoMmnpecupaHe O  yCnoBusTa NpU  KOHCymatopute TonnuHHa eHeprus Heobxoauma 3a noarpsiBaHETo Ha rasa

HanAraHeTo Ha rasbT Ce pedyuupa OO M3MON3BaHETO B 3aBMCW OT Temnepatypata Ha BXOAAWMA ra3 U HEroBoTo

CbOpbXeHnaTa 3a npupogeH ras. [lpu  pegdyumpaHe KOMMYECTBO U Cce onpeaens no opmynara:

HanAraHeTo Ha rasa B rasoperyrnaropHute ctaHuu (FPC) unm N =Q=*AT *Cp Q)

BYTUIKOBMTE MHCTaNALMM 38 KOMMPECUpaH ras BCreacTeie Ha KbaeTo:

Jpocen eekTa ce NoHWxXaBa 1 TeMnepaTypara Ha rasa. Kato N e HeobxoanMaTa MOLLHOCT 3a nogrpsisate, W

CreacTBMe € Hanmuie Bb3MOXHOCT 3a MonydyaBaHe Ha Cp — CreLuMIHIAT TOnMMHEH kanauwer, J/kg.K

KpucTaroxvopati, a KaTo pesynTaT 3ackpexaBaHe W AT - TemnepaTypHata paanuia, K

sampb3saHe Ha rasosara apuatypa. Cneasa cMpaHe Ha  Q_ wacomwsiT 1EGUT HA NOATPSIBAHOTO KOMMUECTBO ra3, kg/s

rasonofasaHeTo, — apapunhn - cuTyauum M Wem  3a B Tabnuuata ca MpeacTaBeHM [aHHM 3a KOMMYECTBOTO

NPOM3BOACTBEHUTE NPEANPUATUA KaKTO 1 CcoLanHo-butos rOpUBEH ras, HeoBXo4UMO 3a NOAIPSBAHETO Ha OB NOTOK

AMCKOMOPT B PE3YNTaT Ha CMPAHOTO OTONNeHve B G1ToBMS 1 ras B 'PC npu BxoaHo HansiraHe 50 6apa 1 13xoaHo HansiraHe

06LLECTBEHO aMUHICTPATMBEH CEKTOp. 3a [a He ce AonycHe 4 6apa 1 paanuuH LeBuTM.
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Tabnuua 1

Pex/Pusx, | AT Obwy a3 3a lopum ras,
MPa K nebwu, noarpsiBaHe | scmiyear
scm/h scm/d

5/0.4 20 5000 127 44 350

- - 10 000 253 88 700

- - 20000 1014 177 400

- - 100 000 2534 887 000
- - 200 000 5070 1774 000

Kakto ce Bwkga u ot Tabnuuata npu gebut 100 xun.
kyOW4HM MeTpa Ha yac, KakeuTo ca ronsma vact ot AFPC
obcnyBaHu OT rasonpeHocHata komnaHusi BynrapTpaHcras,
rOOMLIHMTE Pasxo4m 3a ropum ras ca okono 900 xun. kyBuyHm
MeTpa, KOETO Npu LieHuTe cnef HamaneHueto ot 1 tonm 2009
npasu 323 xun. neea. Ypes npefcraBeHaTa HOBa TEXHOMOMS
TE3W KONMWYECTBa ras, PECneKTMBHO Napu4HN cpeacTea morat
Ja 6baaT MKOHOMUCAHM.

TexHonornyHa cxema Ha ATPC
KpaTtka xapakTepucTuka Ha n3cneaBaHus 06eKT

AFPC e pasnonoxeHa B OTKPUT HaBeC C MNeK MOKPUB.
W3nonsea ce 3a 3axpaHBaHe C ra3 Ha NPOMMULLIEHN 1 BUTOBM
koHcymatopu. AIPC e ¢ pgOBe napanenHu WOEHTUYHM
perynupaLly nMHuK, Besika oT kouto ¢ kanauureT 5000 scm/h,
1 [1BE U3MEPUTENTHU NNHUU 33 TbPrOBCKO MEPEHE.

MpeaeugeHa e W [OMbIHUTENHA  perynaTopHo-
uaMepeatenHa nuHus ¢ kanayutet Qmax=10 scm/h n
HansraHe 20 mbar 3a nogaBaHe Ha ra3 KbM nogrpeeateniHata
WHCTanauus.

BxoAHOTO, U3XOOHWUTE HanAraHusa U NafbT Ha HanaraHe BbB
unTpute ce CNeasT CbC MAHOMETPM, PA3MONIOKEHN BbPXY
cronkm 3a KA.

TexHU4Yecku xapakmepucmuku

BxogHo HansraHe: 3.6+5.5 MPa

WaxoaHo Hansraxe: 0.4 MPa.

MakcumanHusT gebut Ha BCska OT perynupawute NUHUA €
5000 ma/h.

OtcekaTenuTe 3aTBapsT — B OCHOBHaTa perynupaia nMHus
npu HansraHe Hag 5.2 bar n nog 2.0 bar, a B pesepeHaTa
perynvpalla nuHus — Npu Hansarase Hag 5.7 bar v nog 2.0 bar.
MpennasHuTe KnanaHu OTBapAT Mpw HanmsraHe Hag 4.8 bar.
MakcumaneH gebuT Ha OCHOBHaTa M3MepuTenHata NMHUS —
10000 m3/h. MakcumaneH febut Ha mankata u3MepuTenHaTa
nnHus = 5000 m3/h.

PeoyumpaHe Ha HanAraHeTo Ha rasa ¥ uM3MepBaHe Ha
pasxoja Ce W3BbpLUBA CbINACHO TEXHOMOrMYHa Cxema
npeactaBeHa Ha dur. 1. ATPC e usonupaHa oT BXogswus u
U3XOOALLMSA Ta30npoBO4 C  ENEeKTpoMsonmMpaly  hriaHLoBM
CbeanHeHns. BxogHOTO HansiraHe ce W3MepBa C MaHOMETHP,
MOHTMpaH Ha cToika 3a KA.
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®ur. 1. TexHUYeCKkn YepTeXx Ha ra3operynaTopHa CTaHuus

QOunctBaHETO Ha rasa OT MEeXaHW4HM npumecn ce
ocbLlecTeaBa OT (bMHTpM. [a3bT ce noarpssa npeasapuTenHo
B TOI'IJ'|006MGHHVILWI C TonnoHocuTen aHTM(*)pMS, 3arpABaH B
KOTIN Ype3 ra3oBu ropersiku.

3a n3BbpLLBaHe Ha NPOCUNAKTUYHN UMK PEMOHTHI paboTu
no cunTpuTe, TONNOOBMEHHULMTE, AeBUTOMEPUTE, MOHUTOP-
perynatopute U oTCekaTenute ca NpeaBuOeHW W30nMpaLLy
kpaHoe . MagbT Ha HandraHe BbB (OUNTPUTE € B 3aBUCMOCT
OT 3aMbpCsBaHETO Ha (HUNTPUpaLUMTE ENeMeHTM U ce
n3mepBa ¢ AnhepeHLManeHn MaHoMEeTpU.

MpuHyunbsm Ha paboma Ha pez2ynupaujama
NuHus

Mpy noBuwaBaHe Ha W3XOQHOTO HansraHe (Hanmpumep
W3KMIOYBAHE HA rOMAM KOHCYMAaTop) M HEBL3MOXHOCT Ha
OCHOBHWS PErynarop fa pearvpa nopagy Hskakea npuunHa,
npu [oCTUraHe Ha HansraHe 4.4 bar 3anoysa ga pabotu
MOHWTOPBT (PErynaTopbT M MOHMTOPBLT ca B 00wy kopryc). Ako
N0 HSKakBa MPWYMHA U MOHMTOPBLT CbLO HEe MOXe [a
peayuupa HansraHeTo, npu JoCTuUraHe Ha Hansrave 4.8 bar
npegnasHuTe KnamaHu 3anoyeaT fa u3nyckar ras B
aTMocdeparta npes caeLura.

AKO HansraHeTo Ha M3xoda NMpoAbikaBa [a ce Baura, npu
JoCTUraHe Ha HansraHe 5.2 bar 3aTBaps oTcekaten u
HansraHeTo Ha u3xoga Ha AIPC 3anouBa ga napa. lMpu
pocturaHe Ha 3.6 bar oTBaps pesepBHaTa NMHUS, KOSATO
paboTW aHanorMYHo Ha OCHOBHAaTa. AKO HansraHeTo OTHOBO
3anoyHe da ce noeuwaea M JocTurHe 5.7 bar, 3atBaps w
oTcekaTensi Ha pesepBHaTa NWHMSA. [logaBaHETO Ha ras KoM
koHcymatopute ce npekparsiea. OT OCHOBHata nuHWMS e
n3BedeHa  perynaTtopHo-M3MepBaTenHata  IMHWA  KbM
noarpeeaTenHata MHCTanauws, BKIOYBalWla: CrMpaTenHu
cepnyHn  KpaHoBEe, perynatopu C BrpajeH OTcekarern,
npeanaseH KnanaH 1 memopaHeH gebutomep.

WUcTopusa Ha BuxpoBaTta Tpboa

BuxpoBata Tpuba e ypeq KOWTO reHepupa CTyAEH U TOmbA
MOTOK OT ra3 KOWTO € MpefBapuTENIHO KOMMPECHpaH ,KakTo €
nokasaHo Ha cur. 2 (Wu, Ge, 2007). Ycrtpowctsoto my
BKITIOYBA CIEHUTE YacTU: edHa M NOBEYe BXOASLLM AH3N,
BMXpOBa kamepa, OTBOpP 3a CTydeH NOTOK, BEHTMN 3a
perynupane v Tpbba 3a TonnmaT notok. Korato komnpecvpaH
rasa ce nogage TaHreHUManHO KbM BWXpOBaTa kamepa,
MOCPEACTBOM BXOAALMTE 1031 B HES Ce Cb3daBa BMXPOB
noTok. Korato rasbT ce 3aBUXpW O LEHTHPLT Ha kamepaTa
TOW Ce paswmpsiBa M oxnaxga. BbB BuxpoBaTa kamepa yact



OT rasa ce npegswksa A0 TONNUS Kpai ,a Apyra AMPEKTHO A0
CTygeHusT Kkpail. Yact ot rasa ce obpblya OT akcuanHarta
KOMMOHEHTa Ha CKOpOCTTa U OT TOMMUAT Kpail ce npeHacoysa
KbM CTYAEHUAT Kpail. B cTyaeHnsT kpaii raza Hanycka Tpbbara
C No-BUCOKa TemnepaTtypa OT HayanHara, a B CTyAeHUsT ¢ no-
Hucka. ToBa siBneHue e oTkpuTo OT Rangue (1933), a cblwo
Taka u ot Hilsch (1947). B yecT Ha TexHust NPUHOC BUXpOBaTa
Tpbba € n3BecTHa ole kato ‘BuxpoBa Tpwbba Ha PaHK,
“Buxposa Tpbba Ha Xunw” u “Buxposa Tpbba Ha PaHk-Xunw”
(BTPX).

BTPX uma cnegHuTe npeumyLiecTBa npen HopMmanHuTe
OXraguTenHu ypeau: MO NPOCTa KOHCTPYKUMS, nunca Ha
JBWXELLM Ce YacTu, Nnnca Ha eneKkTpoeHeprs U XUMUYHN
BElleCTBa, Manku pasMepu U TErno, HuUcka LeHa
(kanuTanoBMOXeHWE), HAMa HyXaa OT NoAApPbXKa, He3abaBHo
reHepupa CTygeH noToK, ObMbr MEepUop Ha excrnnoarauus
(HanpaBeHa OT HepbXgaema cTomMaHa W pabota ¢
HesambpcsBall, paboTeH ryua), Bb3MOXHOCT 3a HarnacsiHe
Ha u3xogHaTa Temneparypa. Buxposata Tpbba Cblo Taka
“UMa W HeJoCTaTbLM HAW-BAXHUAT OT KOUTO € HUCKWST
TOMAMHEH KOBULMEHT, CbLUO TaKa LYMbT 1 HEOOXOAMMOCTTa
Ha KOMNpecupaH ra3 orpaHWvasat ynotpebara 1.
CrepoBaTenHo Korato KOMMaKTHUTE pa3mepu, HagexaHocTTa
W HWCKaTa LeHa ca C No-ronsMa TeXecT OT eeKTUBHOCTTA
RHVT craBa mgeanHo CpefcTBO 3a 3aTOMMsHE, OXnaxaaHe,
noynucTBaHe, u3cyllaBaHe W pasgensHe Ha rasoee. Cblio
MOXe [ja Ce M3MON3Ba 3a, BTEYHABAHE Ha NPUPOAEH ra3 u oLle
MHOrO Bb3MOXHOCTM .

OUNYHMAT NPUHLMN Ha AENCTBUE MO KOWTO Ce OCBLLECTBSBA
OXNaX[AHETO Ha rasa He Ca HambIIHO YCTaHOBEHM [O cera.
M3cneagaHeTo Ha BuxpoBaTa Tpbba 3acsira HSKOMKO acnekTa:;
OQVHaMMKa Ha KOMMpecupaHu rasoBe 3a TypOYMeHTHO W
HEYCTaHOBEHO TeuyeHWe, TEPMOAMHAMMKA UM MPEHOC Ha
TOMAMHA. Te3n BbMPOCM MNpaBAT W3CMELBAHETO  CIOXHO.
MHTepecbT KbM (PeHOMeHa aatupat OT WM3criedBaHeTo My OT
Westley (1954), komto 3asBsaBa: “OcBeH 4e MOCTMXMMA W
Ba)XHa KaTo AENCTBALY ypes, BUXpoBaTa Tpbba OTKpKBA HOB U
WHTpUryBaL, (peHoMeH B [JnHamukaTta Ha dryngute”,

Bxoa KomnpecupaH ras (6 bar, 20°C)

} |

Perynupauw BeHrin

CryneH usxoa (-50 °C)

®ur. 2. MpuHUMN Ha gencTBMe Ha BuxpoBa Tpb6a

HoBa TexHonormyHa wHcTanauusa Ha AIPC c

BKNO4eH BUXPOB noAarpeBaren Ha NUOTHUA ra3

W3nonseaHata HOBa TEXHOMOrWA 3a MOATPsSBaHE Ha
MANMOTHUA ra3 e paspaboTeHa Ha MpuHUMNA Ha paboTa Ha
BMXpOBaTa Tpbba C LN eNMMUHMPaHe Ha MoarpeBaTenHuTe
uHcTanaumm B AFPC 1 NO-KOHKPETHO 3a noAarpsiBaHe Ha
MANOTHUA Ta3 B KOHBeHUMoHanmHute AIPC. Hacrosuwms
JOKnag pasrmexga BbBEXAAHETO Ha TexHomorusta 3a
ycnosusita Ha ATPC B penybnvka Bbnrapus.

KbM TexHonormyHara yact Ha cbluectsysalius AIPC, kosTo
BKIMIOYBA (DUNTPUPaHE, NOATPsSBaHE Ha BXOAAWMS a3 U

Tomen u3xoA (100 °C)
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pedyuupaHe Ha HansaraHeTo ce BHeapsiBa CbOpbXeHWe 3a
NOArpsiBaHe Ha NUIoTHUS ra3 ype3 “Buxposa Tpvba Ha PaHK”
Ha oupma UNIVERSAL VORTEX (cpur. 3). Ha no-kbceH eTan
e Bb3MOXHO M pa3paboTBaHe Ha Cxema M TexHOmorus 3a
BHeApsBaHe Ha CaMONOArpsiBall ce perynatop Ha Cbluus
NpUHLMN.
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®ur. 3. TexHonornyHa cxema Ha AI'PC ¢ BuxpoBa Tpbba

OnucaHue Ha BUXpeBUSA HarpeBaTten 3a NUNOTHUA ra3

Buxposarta tpbba Ha VORTEX e paspaboteHa Ha Ga3sata
edekt, nateHToBaH B CbeauMHEHUTE aMepUKaHCKM LiaTh
(CALL) npes 1934 r.: United States Patent 1952281 ot 27 mapT
1934 r., mexayHapogeH knac F25B 9/02 (20060101).

MpuHumMn Ha paboTa Ha MMNOTHWA NoArpeBaTen Ha rasa

BbB BUXPEBUA NOArpesaten Ha NNoTHUA ra3 ce U3BBLPLLBA
CaMonoArpsBaHETO Ha rasa Ha crnegHus npuHumn. a3 ¢
BMCOKO HansiraHe B3eT Mpeau perynatopa ce pocenvpa B
TaHreHyManHuTe AK3n Ha BuxpeBaTa Tpbba, Npu Koeto ce
HamansBa HamnaraHeTo Ha MnoToka Ha rasa. Buxpesus
HarpesaTen npeobpasyBa TO3W 3aBUXPSLY Ce MOTOK C BUCOKA
KMHETWYHA EHEprUs BbB BWUCOKO W  HUCKOTEMMEPATYpHU
notouu. [lOKOMKOTO MOTOKbT C BUCOKa TemnepaTypa €
pa3noNoXeH NOKpaii CTEHUTE Ha HarpesaTens, TONNHHaTa My
€Heprus Ce nogasa Ha MUMOTHUA ra3 ype3 TONNOOBMEHHNK
pagnatopeH Tvn. Cxema Ha NpuHUMNA Ha JEeNCTBME e NokasaH
Ha cur. 4.
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dur. 4. anIHLlMﬂHa CXema Ha nogrpeBaren Ha NUIOTHUA ra3

MoHTuMpaHe Ha BuxpeBarta Tpbba

BuxpeBns HarpeBaten Ha nunoTHua ra3 Tpsbea ga ce
MOHTMpa BbB BEpTUKANHO nonoxeHwe. [lpenopbysa ce
NOAaBaHETO Ha rasa KoM TpbbaTa ga craBa Mpes ropHus u
kpaii. Crie MOHTaxa Ha BuxpeBaTa Tpbba TS 1 BXogsALmMs 1
nsxogswms manucong Tpsbea ga 6bgaT TONNOM3OMMpaHW.
lMpy NpaBuneH MOHTaX NOKa3aHMsATa Ha BXOLa Ha BUXpeBaTta
Tpbba TpsbBa [Ja ca paBHM Ha BUCOKOTO HansraHeTo npeaw
perynatopa UM CbOTBETHO HansraHeTo Ha M3xoga Ha
BuxpeBaTa Tpbba Aa e paBHO Ha M3XOAALLOTO Crief OCHOBHMS
perynatop. Ha dwur. 5 e npeacrtaBeHa cxemata 3a
MOHTUPAHETO My.
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®ur. 5. MoHTUpaHe Ha muUnoTeH noarpesaTten Ha rasa (nosvuus
10)

EKcnnoaTauvm Ha CbOPBbXKEeHUATA
Excnnoamayus Ha suxpesama mpwba

[a30BUs MOTOK C HamnsraHe paBHO Ha HansAraHeToO Ha rasa
nocteneaw, B AFPC ce paswwpsiBa BbB BXOgHaTa Ar03a Ha
HarpeBaTens C nocregsallo pasgensHe eHeprusaTa Ha rasa.
Cre KOETo rasa C HUCKO HansiraHe npeaasa cBOSTa TONMMHHA
€Heprus Ha NUINOTHUS ra3 W Hamycka BuxpesaTa Tpbba.
MMnoTHMAT a3 C BWCOKO HangaraHe nocTbnBa B
TONNOOOMEHHMKA Ha BMXPOBMSI HarpeBaTen v nog CbLioTo
HansraHe ce 0TnpaBs KbM NUNOTUTE.

Mpu manka KoHcymaums Ha ra3 cneg AIPC, korato ce
MOBWLLABA HaNsraHeToO Mpeay OCHOBHMA PErynaTop Herosara
paboTa Moxe Aa ce NpeKbCHe M BUXpeBaTa Tpbba M3usano aa
ro 3amectu. 1o TO3n HaumH ce u3bsreat nyncauumte u ce
HamassBa M3HOCBAHETO Ha OCHOBHMS perynatop. Paborarta Ha
ArPC cnep BKMOYBAHETO Ha BMXPOBWS MogrpesaTten Ha
NAMOTHWA ra3 e npeactaBeHa Ha dwur. 6. Ha rpadwmka ca
nokasaHu npoduna Ha HansraHeTo, gebuta u Temneparypara
3a BPEMETO Ha eKCrepuMeHTa:

Pexum Ha pa6oTa Ha ATPC

BpeMe, Yac
5 10 15 20 25 30

o

§ 1400 l.‘lg-,l‘& -‘,llu)(\‘/ 25
g o R el 2 e
s 1000 / TR/ 15
£ 8001 Jio. v Y 10
® 600 ARETRRARA SABAAAARLRAAANGA 5
= 0074 ] Maad 0
200 [ -5
0 -10

—x— [lebut —=— Temneparypa —— HansraHe

®ur. 6. Pexxum Ha pabota Ha ATPC

EkcnepumMeHTanHu pesynratu
3a BKMIYBAHETO Ha MWMOTHWS  NoarpesBaTen  KbM
cbopbxeHnsaTa Ha AIPC Gewe peanuavpaH cnegHus
TEXHUYECKM NMIaH:
1. CnupaHe Ha rasa no 0CHOBHaTa fMHMS;
2. lpexBbpnsiHe Ha MOTOKa ra3 Mo BTOpaTa MNMHWS Ha
ra3operyrnatopHaTta CTaHUus;
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3. 3aBapsBaHe Ha LOLEpP KbM IMHWSTA 33  BUCOKO
HansraHe, OT KOWTO 4pe3 MOHTMPaH KpaH rasa ce
OTBEX/a KbM NUNOTHUS NOATPEBATEST;

4, MoHTvpaHe Ha MNOArpeBaTena Ha fMHWATA 3@ HUCKO
HansraHe;

5. MoHTupaHe Ha 3axpaHBallaTa Tpbba Ha noarpesatens;
6. CBbp3BaHe Ha WMNYNCHATE JIMHMM Ha MNUIOTUTE C
nogrpesarens U cbopbxeHusita ot AIPC;

7. WN3nutBaHe 3a XepMETUYHOCT;

3arassiBaHe Ha OCHOBHaTa NMHMS;

9. EkcnepumentanHo HabniogeHne  Ha
npowecu.

Cnep u3knKYBAHETO Ha NOATPABAHETO Ha LiENns NOTOK OT
rasa, Temneparypata Ha 43xofa My ce Hamamu 4O MUHYC 2
rpagyca, npu BxogHa Temnepatypa 10°C. HansraHeto ot 38
Gapa Ha Bxoja Ce peayuupawe yctodumeo go 4 Oapa.
/avepeHata TemnepaTypa Npu BUXPOBWSI MOArpeBaTen
pocturHa Hag 800C, a Temnepatypata Ha NUMOTHWA ra3 ce
noggbpxawe  okono  550C.  Mlpu  Tesn  ycnosws
razoperynaropHaTa cTaHuus pabotu ycTonumeo npu Lebutn
40 200 m3/h. Mo Bpeme Ha exkcnepUMeHTa no-Manku He 6sxa
HabrnoaaBaHu.

©

npoTUyaLLyTe

M3Boau u npenopbku

Bb3 ocHoBa Ha M3BbpLUEHATa M3CenoBaTeNCKO-NPUNoxKHa
pabota MmoraT fa ObaaT HanpaBeHU CregHUTE M3BOAWN U
NPenopbku:  HanpaeeH e 0030p Ha nmpuHUMNMTE U
TEXHOMOTMMTE Ha OCHOBaTa Ha Tpbbata Ha PaHk;
pa3paboTeHa e KOHKPETEH NPOEKT 3a NPUMaraHeTo Ha NUIoTeH
NOArpeBaTer Ha rasa Ha rasoperynaTopHa CTaHUysi; BHeAPEHO
€ MbPBOTO CbOPBXEHME 3a MOArPABaHE Ha rasa Ha NpuHUMna
Ha PaHk B Bbnrapus; B pesyntaT OT M3MOM3BaHETO M Ha
koHkpeTHUst AFPC 6uxa mornu ga ce cnecrsigat okono 10000
m3 ropum ras.

KbM Taka npoekTpaHaTa TEXHOMOTMYHA CXeMa € yaayuHo Aa
ce fobaBu v KnanaH, KOWTO Aa NpekpaTsiBa NogaBaHeTo Ha ras
KbM BWUXPOBWSI MOArpeBaTen B Chyyail Ha OrpaHnyeHo
notpebneHue Ha ra3 B ra3opasnpefenuTenHaTa Mpexa.

bnazodapHocmu. ABTOPCKMST KONMEKTVB W3kasBa OnaropapHOCT Ha
cupma “Osepras MHk” ALl n “T'astek BI™” 3a 0ka3aHOTO CbaencTBME,
MaTepuanHa M TeXHWYecka MofKpena npu NPOBEXAAHETO Ha
nscneaBaHusiTa v aHanusute.
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OL[EHKA HA METOOWUTE 3A U3CNEABAHE HA COPBLIWOHHUTE NPOLIECU BbB

BbIULLHU NNACTOBE

JT6omup lepos, JTbyesap Meopeues
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PE3IOME. B nocnegHo Bpeme HapacTBa OTHOBO WHTepeca kbM [lobpymkaHCkuaT BbrmMweH 6aceiH, kato noteHuuaneH obekT 3a fobus Ha
BbrMLLeH ra3 (CBM). B Ta3u Bpb3ka Ca OLEHEHM OCHOBHUTE MeTOAM 3a M3creaBaHe Ha COpOLMOHHUTE MpoLecH BbB BBLIWLLHM CPEAM U ca

aHanusnpaHn HannyHuTe 4aHHW 3a ra3ocbAbpXaHNeTo.

Evaluation of methods for the study of sorption processes in coal seams

Lyubomir Gerov, Luchezar Georgiev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; LGerov@mgu.bg, lucho_sdng1@yahoo.com

ABSTRACT. Nowadays as potential object for production of coalbed methan the interest of Dobrudza carbon basin is increased. In this connection
the new methods of development of the sorption processes in coal seams are evaluated and base data for gas contents are analyzed.

BbBeaeHue

Mpes nocnegHWTe  rOAMHM  HAapacTBa  3HAYMTENHO
npomMuwneHns AobuB Ha  ra3 OT BBITMILHM HaxogwLa,
HapeyeH CBM (Coalbed methan) (Vello, 2001). Cnopes
CbBPEMEHHUTE  CXBalLaHWs, OCHOBHOTO KONMYECTBO ras,
CbObpXaly Ce BbB BbIMMWATa, Ce Hamupa B copbupaHo
cberosHue. CopbupaHeTto Ha ra3 OT BbMMwara, T.e.
KOHLIEHTPMPAHETO Ha ra3oBWUTE MONEKYNMW BbpXy OTKPUTUTE
MOBBbPXHOCTM  Ha  copbeHTa nog  AENCTBMETO  Ha
MOMEKYNAPHATE CUIW € CIOXEH MNpouec, Mpu  KOWTo
€0HOBPEMEHHO Ce M3BbpLWBa agcopbums, abcopbuns u
xemocopbuus. XapaktepHute 0coBEHOCTY Ha Te3m NpoLecu ce
OMpedensaT npeau BCUMYKM OT CBOWCTBaTa Ha cpedata
(Pinczewski, 2005) ceoiicTBaTa Ha rasosata 1 Te4HuTe hasu u
TepmobapuuHuTe ycrosus. B nmocnegHuTe roguHnM Y Hac
HapacTHa OTHOBO MHTepeca kbM [106pymXaHCKOTO BBbIIMULWHO
Haxoguwe kato obekt 3a gobwe Ha CBM ras. Cnopen
(Hvkonos, 2000) npupogHaTa ra3oHOCHOCT Ha Bbrvwata ot
TOBa Haxoguwe e B pa3mep Ha 13 cmd/g ropuma maca, a
MOTEHLMArNHOTO CbAbpXXaHie Ha ras e BbaMOXHO Aa e Hag 20
mnpgd. m3. 3a 3HauMTeNHM BL3MOXHOCTK 3a JOOMB Ha ras or
BbIMMLiAaTa Ha TOBA Haxopuwe ce gonycka B (Mwnyes v ap.,
2007), KbAeTo KOMMYECTBOTO Ha METaH e oueHeHo fo 20-25
m3 Ha ToH Bbrnmwa u ot (depmeHmknes v ap., 2007) cnopeg
KOWTO OTHOCUTENHaTa MeTaHoOOUIHOCT Ha JobpymKaHckuTe
Bbrvwa e Hagxebpan 20 m3 Ha TOH BbrMLa.

OcHoBHaTa LieNn Ha [0kNafa e [a Ce Hanpasu OLeHKa Ha

W3NON3BaHUTE MeTomy 3a OnpedensdHe Ha HAKOM OT
XapaKTepUCTUKUTE Ha COPOLIMOHHUTE MPOLIECH, CBbp3aHH
npeoM BCUYKM C BBb3MOXHOCTTA 3a pasrmexagaHe Ha
HaXoWLLETO KaTo NoTeHUmaneH obekT no6us Ha CBM ras.
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KpaTtku cBepeHus 3a [lo00pyaKkaHCKUA BLINULLEH
baceunH

[obpymxaHckmaT BbrMweH 6GaceiiH ce Hamupa B
toronstoyHata yact Ha KOxHa [Jobpyaxa. B Herosute rpaHuum
ca yCTaHOBEHW Tpu Haxoauwa; [JobpymkaHcko, KanuakpeHcko
n HaHeBcko. [eHeTW4HWTE rpaHMuM Ha OaceiiHa ca
HEM3BECTHM MOPaaN MHTEH3MBHO NPOSIBEHUTE MOCTTEHETUYHM
TEKTOHCKM W €PO3MOHHM NPOLIECH.

Wctopusata Ha n3yyaBaHe Ha baceiHa ce nogens Ha Tpu
eTana (Xpuctos, CtecpaHoBa, 1988): mbpsyu eTan (oTkprBaHe)
ot 1963 go 1970 r. — npe3 TO3U nepuog ca MpoKapaHM
MbpBUTE [ECeT COHOaxa npe3 5 Km, C KOETO € OKOHTYpeHa
3HaYWTENHa NNOLY C pa3nnyHa BbIMEHOCHOCT U LWMPOKa rama
OT YepHu BbINMLA; BTOpK eTan, obxaalla nepuoaa ot 1970
00 1979 r. — Npe3 To31 Nepuog B OKOHTYpeHaTa NpoMuLLIEHa
Moy ce NpokKapBaT MHOXECTBO CoHaaxu B Mpexa 1000/1000
m; Tpetu eTan, obxeawa nepuoga 1979-1986 r. — npes ToBa
BpeMe u3crefBaHusaTa ce 3agbfboyaBaT B pesynTar Ha
npoBeAeHnTe B ronsm obem npoyysaTenHm pabotw.

Metogn 3a wu3cnepBaHe Ha

npouecu BbLB BLIMULHKU NnacToBe

Mpn M3yyaBaHe ra30HOCHOCTTA Ha BLITIMLHWTE MNacToBe
ce onpeaenst KOMMYECTBEHOTO CbAbpXaHne Ha copbupanus
ras, HeroBus CbCTaB, KakTo W peguua napameTpu,
XapaKTepuaupalLm copbUMOHHMS NpoLec: CopbLMOHHO Bpeme
audysmoHHa KoHcTaHta M gp. (Mavor et al, 1990).
MonyyeHnTe KOMMYECTBEHW NanameTpu ce CBLP3BAT C TUNA
Ha BbIMLWATA U TEXHUTE (DU3NKO-XUMUYHKM CBOWCTBA. Kato
06exkT 3a 406uB Ha CBM ras Bbrimwata ce uscnegeat u ¢ Len

COpPOLMOHHM
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[a ce onpedensT TeXHUTE KanauuTeTHO-(OMNTPaLMOHHM
CBOIACTBA 11 NPOMSHATA M NPY TEPMOBAPUYHITE YCIIOBMS.

3a LenTa KbM HacTOSALLMS MOMEHT Ce W3MOn3BaT CreaHuTe
MeToaM W CTaHgapTw: nabopaTopHU MeToaM 3a onpedensHe
CbbpXKaHWETO Ha copbupaH ra3 BbB BBITMLHM NPoby
(npouenypn Ha Ticora Geosciences, SGS Group w Aap);
craHpaptm — ASTM D 5142 (3a onpegensHe Ha ocTaTbyHa
Brara BbB BbITMULWHUTE NpoOM M MENEnHO ChObpKaHue),
ASTM D 4239 C (3a onpegensiHe Ha obwa cspa), ASTM
D5016 (3a onpepensHe Ha capa 1 nenen), ASTM D 5865 (3a
onpefensHe Ha KaropuyHoCTTa Ha Bbramwara), ASTM D2799
(3a onpegensHe Ha MUHepanHuaT cbetas) U ASTM D2798 (3a
onpegensHe Ha oTpaxatenHa cnocobHoCT).

KaTo ocHoBeH MeTof 3a u3crefBaHe Ce e Hanoxun Metoga
Ha AecopbLMOHHUTE KaMepu, CbLLHOCTTA Ha KOWTO e nokasaH
Ha our. 1.
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Mpu To3n MmeTon sakoBuAT obpasel ce fgerasupa npu
KOHTPONMPaHO WM3MEHEHME Ha HamnsraHeTo M MOCTOsHHA
TEMnepaTtypa B [AerasauMoHHa kamepa B TeueHue Ha
NPOLBbITKUTENEH NEPUOS OT BpeMe. B TeyeHne Ha OCHOBHMS
nepuog Ce aHanuaMpa HenpeKbCHATO  CbCTaBbT W
KONMN4YECTBOTO Ha Aecopbupanns ras. Crep 3aBbpluBaHe Ha
OCHOBHMSI MPOLieC SAKOBUAT MaTepuan ce Ae3uHTerpupa Ao
pasmepun 40-60 mesh u ce nscnegsa OTHOBO 3a OnpedensHe
Ha OCTaTbyHWA (CBbp3aHusl) ras. EkcTpanonupaHeTo Ha
nomnyyeHata AecopbuMOHHa 3aBUCMMOCT faBa Bb3MOXHOCT 3a
OLEHsIBaHE Ha KOonMM4ecTBaTa Ha “u3rybeHus” ras 3a BpEMETO
OT OTKbCBAHETO Ha fgkaTa Ha 3abos Ha coHgaxa [go
MOMECTBAHETO 1 B XepMeTU4YHaTa kamepa.

Ot npoBegeHuTe nabopaTtopHu M3cneaBaHus ce noryvasart
pesynTaTi 3a: CbCTaBa Ha rasa, obema Ha copbupanus ras,
obema Ha ocTaTbyHus ras, obema Ha “uarybeHus ras’, obLyms
obem oT ras, KakTo M 0BLOTO ra3ochbabpkaHne, M3paseHo B
m3 Ha TOH BbraMLa.

EgHa OT OCHOBHMTE LN Ha u3cnedBaHeTo e M
noctposisaHe Ha agcopbuuoHHa wu3oTepma. Vsotepmara
npeacTaensBa (YyHKLUMOHANHO OTHOLLEHWE Ha aacopbLMOHMS
rasoB KanauuTeT Ha BbIMMLIATA U HanAraHeTo NpW NOCTOsHHA
TeMnepartypa, onucBaH OT ypaBHEHWeTO Ha Langmuir (Mavor
et al., 1990). Kato npaBuno u3nonssaHus ras npu To3v Bug
eKCrIepUMEHTanHN u3cneaBaHus e MeTaHbT. [lonydvenute
pesynTaTi MoraT C M3BECTHO NpubnvkeHue ga ce usnonssat
3a onpegensHe Ha 3anacute oT agcopbupaH ras Ha MscTo. Ha
cur. 2, 3aBMCMMOCT 1, € nokasaHa npumepHa agcopbuMoHHa
n3oTepma. CbBPEMEHHWAT MOLXOA MPU WU3yyaBaHe Ha TO3M
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npoLec € [ ce u3cne/Ba 1 npoLeca Ha aecopbuus T.e. fa ce
W3FCHW W XapakTepa Ha  XWUCTEPEe3NCHWUTE  MpoLiecu
(3aBMCKUMOCT 2 Ha dur. 2).

Korato 06ekTbT ce u3cnenBa Kkato NoTEHUManeH 3a Jo6uB
Ha CBM ra3 e 3ab/muUTENHO Aa Ce M3cneaBaT kanauuTeTHo-
(hMNTpaLMOHHUTE NapaMeTpu: Makpo 1 MUKPO MYyKHATMHHOCT,
MOpOBO-MyKHATUHHA BMECTUMOCT, abCconmioTHa W (hasosa
MPOHULLAEMOCT, AeOPMUPYEMOCT, (HUNHOCT, KaNUMAPHOCT M
Ap. OBMKHOBEHO BBITIMLLHMAT NNACT Ce pasrnexaa kaTo cpeaa
C ABOIiHA NOPECTOCT T.€. BbITMLLHA MATpHLia C MUKPO, HaHo
ME30 NMopy 1 NYKHaTMHHA cUCTEMa C MUKPO U Makpo pasmepl.

3a uenta B npakTMKaTa Ce W3NON3BAaT CTaHOAPTHU U
cneumanuaupann nabopatopHu komnnekcy (Kovscek, 2006) u
cneumanHu MeTOAMKN 3a XMAPOra3oaMHaMUYHI U3crneaBaHus
Ha CoHpaxuTe.

AacopBunonta HeoTepma
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WUscnepBaHusa npoBedeHM 3a  onpegensiHe
ra3soHOCHOCTTa Ha BbLITIMIWLHATE NnacToBe B

[o6pyaxaHCKOTO BLIMMLLHO HaxoauLye
Han-nbnHo  w3cnedBaHusTa Ha  rasoHocTHoctTa!  Ha
[obpyaHCKOTO BBITIMLHO HaxXoAulle Ca NpeacTaBeHu B
(CtosHoB w gp., 1998) c ormeg nNpoEKTUPaAHETO Ha
BEHTMNALMOHHM cucTeMU. M3nonssaHu ca CneaHuTe MeToau.

W3yyaBaHe Ha KayeCTBEeHMs CLCTaB Ha rasa

CblyHOCTTa Ha MeToda Ce 3aknioyasa B TOBa, 4Ye cred
n3BaxgaHe Ha saKaTa NocpeacTBOM ABYCTEHHa saKoBa Tpbba
OT MpoyYBaTeNHUTE COHAAXW HA MOBbLPXHOCTTA, ce OT6MpaT
NpoGu OT BbLIMMWATA, KOUTO Ce MOCTaBAT B  MeTarHu
XepMeTWyHu  yawu. [ocnegHute ce  [JOCTaBAT B
nabopaTtopusTa 3a Aerasauus 1 aHanus Ha rasa.

[erasaunsara Ha npobute ce M3BbPLLBA NMpU Temneparypa
900C BbB BogHa baHs. o cbcTaBa Ha rasa ce ycTaHOBsBa
rasoBaTta 30HaNMHOCT, @ MO KONMYECTBOTO Ha MeTaHa -
gbnbousHata Ha 3ansraHe Ha ropHaTa rpaHuua Ha
MeTaHoBaTa 30Ha. T031 MEeTOZ Ce M3MOn3Ba C ycrnex B 30HaTa
Ha rasoBOTO M3BETPsHE W B ropHaTta 4acT Ha MeTaHoeaTa
30Ha. Mo T03M meTon ca m3cnegsaHu 150 6post BLIIMULHK
Npo6bu OT pasn4H1 BLITIULLIHN XOPU3OHTW OT 38 COHAaXM.

Mony4YeHOTO KONMYECTBO ra3 e OnpeaeneHo KaTo ocTaTbyHa
rasoHocHocT. [laHHWTE 3a ocTaTbyHaTa Fa30HOCHOCT ca
JafeHn B TErMOBHM MPOLEHTM M B cm3, cred KoeTo ce
npeusyucnsaBar Ha cmdr.maca u cm3r.r.m. (cm3 Ha rpam
ropuma maca) umv B m/ton.

1 Manon3Bana e TEPMUHOIOIMATA Ha U3TOYHUKA



Mo cBosiTa CbLHOCT METOABT € OnM3bK 40 pasrnefaHusT
meTop Ha aecopbunoHHuTe kamepu. OnpeaeneHara 4ypes Toau
MeTO[ 0CTaTbyHa ra30HOCHOCT CE U3MEHS B LUMPOKM FpaHnLy,
kaTo MakcumanHata u croitHocT e 9.21 cm¥g ropuma maca
(Hukonos, 2000).

Onpepensive Ha ocCTaTb4yHaTa ra3oHOCHOCT cnef
cBOOOAHO M3TM4aHe Ha rasa, NOCPeACTBOM XepMETUYHU
Yawm

OnpobBaHeTo ce W3BbpWBA NO CNEOHWST HauMH: OT
u3BafeHaTa ska ce B3eMa OKOMo 1 m YMCTW Bbruwia.
lMocnepHute ce cuykeat Ao ronemuHa 13-25 mm u 1-3 mm,
npecsBaT ce W ce kBapToBaT. Tpy MUHYTU CRed U3BAXLAHETO
Ha sigKaTa ce B3eMa npoba ¢ aMameTbp Ha 3bpHaTa 13-25 mm
W Ce MOCTaBAT B XepMeTuyHa vawa. Cnep ToBa npobu ¢
efipvHa Ha 3bpHarta 1-3 mm ce otbupar Ha 10, 20, 30, 60, 120
n 180 muHyTW. Baetute npobu ce uanpawar HesabaBHO B
cneyuanusnpana naboparopus 3a aerasaumsi M aHanua.

OcHoBHaTa 3ajaya Ha TO3W METOL € [a Ce YCTaHOBAT
M3MEHEHWSTa B KAYECTBEHWS U KONMMYECTBEHNS CbCTaB Ha rasa
npes3 pasnuyHu nepuogm OT B3emaHe Ha npobute. Mo To3m
MeTOA Ca u3cneasaHu 76 6pos npobu OT YeTUPU BBLIMULLHM
nnacra ot [Ba CoHgaxa.

OnpepensiHe Ha NPUPOAHaTa ra30HOCHOCT

Upes To3n MeTof onpobBaHeTo e W3BBLPLIBAHO C NOMOLYTa
Ha cneumaneH npubop — SAKorasocbOpHMK, KOMTO NO3BONSBA
Ja ce B3emar npobu OT BbIMMLA M ra3 B CTECTBEHOTO UM
CbOTHOLLEHWE U [a Ce Onpeden CbAabpXaHMeTo Ha rasa B
AaKaTa, 6nm3o 10 eCTECTBEHOTO.

Llenta Ha meToga e [fa ce Onpedeni KOnM4ecTBOTO Ha
“npMpoaHaTa ra3oHOCHOCT” Ha BBITMLLHMTE MacToBe W
HEWHOTO W3MEHEHWe — MAOWHO M B AbnbounHa. Baetute
npobn C sgKorasocOOpHMK Cce m3npawatr B XMMUYecka
nabopatopus 3a Aerasauysi u aHanma.

Mo To3u meTog ca uscneasaHu 37 6pos BbIUWHKM Npobu
oT 14 coHpaxw. Mo obem To3n BMA onpobBaHe He € HaMbIHO
3a[J0BOSITENHO, HO € [JOCTaTbYHO 3a OLiEHKA Ha MpupoaHaTa
rasoHocHocT (CtosHoB 1 ap., 1998) OnpepeneHata no To3m
HauYMH NpUpPOAHa ra3oHOCHOCT pocTtura 4o 13 cm3/g ropuma
maca. Pasnukata mexmy Tasu CTOMHOCT M CTOMHOCTTA Ha
ocTaTbyHaTa rasoHocHocT (9.2 cm3/g) moxe ga ce obsichn ¢
YaCTU4HOTO MPUCHCTBME HA CBODBOAEH ra3 (OCHOBHO a30T) B
SOKOBMS  MaTepuan, MpUCHCTBMETO Ha  pasTBOPEH B
nnacToBata BoAa ras v 3arybute o ras, perucTpupaliy ce npu
MbpBUS METOA.

KocBeHo onpepensiHe Ha npupogHaTa ra3oHOCHOCT, Ype3
onpepensiHe Ha NOTeHUUanHaTa METaHOEMKOCT?
lpvpogHaTa METAHOEMKOCT Ce onpefenst OT Bb3MOXHaTa
METAHOEMKOCT Ha BbITMLLATA MpW OMPEAENeHn YCnoBus Ha
3ansraHe Ha nnacToBeTe — HansraHe Ha rasa u Temneparypa.
OT cBOS CTpaHa METAHOEMKOCTTa Ha BbrmmMLiaTa ce onpegens
OT TEXHUTE COPOUMOHHM CBOWCTBA, T.e. COPOLMOHHM
Bb3MOXHOCTU. M0 TO3n MeTon ca uacneasaHn 51 obpasel,
npm ycnosws: Temnepatypa 30-40 °C n HapacTBalLLo HansraHe
oT atMocepHo 10 5 MPa. lMonyyeHn ca CTOAHOCTM Ha Ha

2 A3anon3eaHa e TepMuHonoruaTa Ha U3ToYHUKa
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MaKkcuMarnHata rasoHocHocT, gocturawm go 13.3-13.4 cmd/g
BbrMLa.

Komnnekcen meTop 3a onpeaensiHe Ha ra3oHOCHOCTTa Ha
BMECTBallMTe  CKanu, NOCPeACTBOM  reodu3nyHu
u3cneaBaHus

Toan MeToA ce OCHOBaBA Ha M3MON3BAHETO Ha HEMpeKbCHAT
ra3oB KapoTaX Ha W3nM3alara OT COHAaxa MPOMMBHA
TEYHOCT B MpoLieca Ha COHAMpaHe. ManonasaHeTo Ha MeToAa
e OLEHEeHO KaTo HeedeKTMBHO NMpe3 eTana Ha AeTainHoTo
npoyysaHe (CtosiHoB 1 ap., 1998).

B cbcTaBa Ha rasa OT Bbrmwarta, norydyasaH no MbpeuTe
TPU MeToda Ca YCTAHOBEHU KOMMOHEHTUTE METaH, asoT,
BbITIEPOAEH [ABYOKUC, BOZOPOA M Xerui M3MeHslM ce B
LUIMPOKM TPaHULM.

3aknoyeHune

B pesynTtaT OT HanpaBeHaTa OLeHKa Ha METoauTe 3a
n3cnenBaHe Ha COpOLMOHHUTE NPOLIECH BbB BBITMLLHM Cpeam
W OUeHKaTa Ha M3NON3BaHUTE MeTOaM 3a OleHka Ha
rasocbabpkaHWeTo Ha Bbrmuwara ot  [obpymKaHcKkoTo
HaXOWLLEe MOraT [ja Ce HanpaBsT CreaHUTe U3BOAM:

1. CblLecTByBa CbLIECTBO pasfnyMe B TEPMUHONOTMATA U B
KONNYECTBEHOTO NPeACTaBsHe Ha MOMyYeHuUTe pesyntati 3a
rasocbabpkaHWeTo Ha Bbruwara B [lobpymKaHcKkoTo
BBINLLHO HAaXoauLLE.

2. lNpoBefeHnTe M3CNeaBaHNS U NONYYeHUTe pesynTatu ca
CbOTBETCTBaNM Ha MoCTaBeHaTa 3afjaya — obesnevyaBaHe Ha

GesonacHM  ycroBus 3@  pyAHMYHa  paspabotka  Ha
[obpymxaHCKOTO HaxoauLLe.
3. [lonmyyeHnte [aHHM 3@ OCTaTbyHaTa ra30HOCHOCT,

npupoaHaTa ra3oHOCHOCT W MaKCUMarnHaTa Fa3oHOCHOCT Ce
GasupaT Ha s4KkoB MaTepuan OT yyacTbk MakedoHka.
XapakTepusupaT Ce CbC 3HaYMTENHA KayecTBeHa W
KOMMYeCTBEHa W3MEHYMBOCT, KaKTO MO MNfow, Taka W no-
abnbousHa u He Ou cnedBano ga ce W3non3ear 3a Apyru
y4acTbLy OT HAXOAULLETO.

4. 3a onpegensiHe Ha ONTUMArHUTE YCIOBWSI HA Bb3MOXEH
pobne Ha CBM ra3 e HeobXxogumo W3BbpLUBaHE Ha HOBK
JeTannHu nabopartopHu M3cneaBaHns Ha Sakoeu  obpasuy,
OT HaXoAMLLETO, KAaKTO W M3CNeABaHWs Ha HaculawuTe m
cnynan (ra3 v NnacToBa BOAA) C M3MON3BaHE Ha CbBPEMEHHM
METOAN 1 CbOPbXEHNS.
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WU3CNEOBAHE HA CMELU®UYHOTO ENNEKTPUYECKO CBMNPOTUBIIEHUE HA
CKAJIUTE YPE3 CbCTABAHE HA EKBUBANIEHTHU ENEKTPUYECKU CXEMHU

CmecpaH umoscku

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; dimovski@mgu.bg

PE3IOME. PaspaboTeHn ca nofxoa v MeToauMKa 3a M3cneABaHe Ha CneundnyHOTO eNEKTPUYECKO ChMPOTUBIEHNE Ha CKanuTe Ype3 CbCTaBsHE Ha EKBUBAMNEHTHM
enexkTpuyecki cxemn. CneLduYHOTO eNeKTPUYECKO CLNPOTUBNEHNE Ha BCSiKa CpeAa, ChAbPXaLLa N-KOMMOHEHTM C Pa3nUYHO CeLdUYHO CNpOTUBMEHNE, MOXE
Aa ce NpefcTaBy Ype3 eKBUBANEHTHA eNeKTpUYecka Cxema, KOSITO ChAbpka napanernHo cBbp3aHi 0606LLyeHn enekTpuyecku cbnpotueneHns. Besko egHo ot Tesu
CbMPOTUBMEHUS MHTErPUPa CbBKYMHOCT OT NapanenHo CBbp3aHu ChCTaBHU CbPOTUBIEHIS, KOUTO B 0OLMS Cryyal ce NPeACTaBsT OT NOCNe0BaTeNHO CBbp3aHu
enemeHTH. EnektponposoanmocTTa y Ha ckanute (y = 0) ce 0bycnass 0T NPUCLCTBUETO HA “TOKOMPOBOAALLM kaHann” B eneKTpuyeckara Bepura, T.e. OT napanenHo
CBbP3aHUTE B EKBUBAmNeHTHaTa CXemMa ENeKTpPUYeckd ChMpOTUBNEHWS, 3a kouTo R # oo. MpOCTPaHCTBEHOTO pasnpefeneHue Ha KOMMOHEHTWUTE onpefens
CBOTHOLLEHMETO MeXay cneLuduyHus “enexkTponpoBoasLy” obem 1 cneLuduyHms “TokonpoBoasLy” obem B ucnesaHata cpeaa.

STUDYING ROCKS SPECIFIC ELECTRICAL RESISTANCE BY DESIGNING EQUIVALENT ELECTRICAL CIRCUITS
Stefan Dimovski
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; dimovski@mgu.bg

ABSTRACT. An approach and methodics for studying rocks specific electrical resistance by designing equivalent electrical circuits are developed. The electrical
resistivity of each medium that contains n-components characterized by different specific electrical resistance can be presented by an equivalent electrical circuit that
consists of compound resistors connected in parallel. Each of these components integrates a set of connected in parallel composite resistors that can be represented
by elements connected in series. The rocks electrical conductivity y (y = 0) is caused by the presence of “current-conducting channels” in the electrical circuit, i.e. by
the connected in parallel in the electrical circuit resistors for which R = . The special distribution of the components determines the ratio between the specific
“electrically conductive” volume and the specific “current-conducting” volume in the studied rock sample.

BbuBeneHue EKBMBANIGHTHM  eFeKTPUYECKN CXeMW MpU  U3CnepBaHe
cneuuduryHaTa enekTponpoBOAMMOCT Ha CKanuTe.

3a onpenensiHe Ha CpeHWUTe CTOMHOCTM Ha CreLnudnYHOTO
€NTEeKTPUYECKO CLMPOTUBNEHNE HA ABYKOMMOHEHTHA cpefa ca
W3BbPLIBAHN W3CMEOBAHMS Ype3 CUHTETUYHW Mogenu. [pu Mopxon M MmeToaMKa 3a M3cneaBaHe Ha

Te3n moaenu B ejHata KOMMoHeHTa Ca BMECTEHU BKITOYEHUA CHGLWI(*)VI‘-IHOTO €J1eKTPMYHO CbNpOoTUBNEHNe
OT BTOpaTa, KOUTO MMaT efHakea K(bopma W pasmep u ca c 4ype3s CbCTaBSAHE Ha EKBUBANEHTHHU

aBHOMEpHO  pasnpedenenue. Kato ce wu3xoxga oOT

ﬁpe,qnocrpasxms 3a pMMHepanHm CbCTaB Ha TBbpAaTa ¢asa EnexkTputieckn cxemm
Ce 3aiaBaT MHOTO BWCOKW, Brin3ku Ao 6€3KpaHOCT CTOMHOCTM
3a efjHaTa OT KOMMOHEHTUTE W CPABHUTENHO HUCKW CTOMHOCTY
3a BTOpaTa komnoHeHTa. OBo6LIEHO npunaraHUsT NOaxXo4 3a
OnpefensiHe Ha CNeuUNYHOTO ENEKTPUYECKO CbNPOTUBNEHNE
Ha [BYKOMMOHEHTHN CUHTETWYHW MoZenu, ¢opMmupaHu OT
€I1EKTPONPOBOASALLA 1 HEMPOBOAALLA KOMMOHEHTH, Ce CBeXaa
JO  OnpedensHe MrowTa Ha  enexkTpornpoBogsliaTa
KOMMOHEHTa B CEYEHWETO Ha MOZena, Mpe3 KOeTo mpoTuya
Toka. OCHOBHAaTa HACOYEHOCT Ha M3BBPLUBAHUTE M3CNEABaHMS
€ OpWeHTMpaHa KbM Bpb3kaTa Mexay CneunduyHoTo
€NIEKTPUYECKO CBLMPOTMBIEHWME M cneundnyHna obem Ha
€N1EKTPONPOBOAsLLATA KOMMOHEHTA. Toan obem 3a ycnosusiTa
Ha WOHHA  eneKTPOMpPOBOAMMOCT W KOE(ULMEHT Ha
BOJOHacMILaHe Ks = 1 CbOTBETCTBA Ha KoeduuUMeHTa Ha

MogenupaHeTo  Ha  CREUMUGUYHOTO  ENEKTPUYECKO
CbMPOTUBIIEHNE HA CKanuTe € Bb3MOXHO Ype3 CbCTaBSHETO
Ha EKBMBAINEHTHU CXEMW OT €NeKTPUYEeCKN CbMpOTUBMEHUS,
opmMMpaHM B CbOTBETCTBME C  pa3npedeneHneTo B
n3crnegBaHaTta cpefa (ckama) Ha KOMMOHEHTUTE C PasfnYHO
€NEKTPNYECKO CbMPOTMBIIEHNE.

Mogen 3a enekTpu4ecky M30TPONHa ABYKOMMOHEHTHA Cpeaa
MOXE Aa Ce MPeACcTaBu Ype3 NnomecTBaHe B Ky ¢ pbb bg =1
(cbotBeTHO L =1 1 S =1) Ha CUMETPUYHO Pa3MONOXKEHO
kybuyHo BKmtoueHne c pub b. [lpocTpaHCTBOTO Mexay
OCHOBHUSI Ky6 M KyOMYHOTO BKIKOYEHME € 3amMbiHEHO OT
KOMMOHEHTa CbC CMELNUMUYHO ENEKTPUYECKO CbMNPOTUBNEHNE

MOPECTOCT Kn p1, @ CMNeuuduYHOTO ereKTPUYEcKo CbMPOTUBIEHWE Ha
Mpu npoBedeHUTE MOAENHM MPOYYBAHMS BHUMAHWETO € BKMoYeHneTo e p2.  (cur. 1). KybuuHoto BriodeHue ce
HaCOYEHO KbM YHU(MLVMPaHe Ha MOMXOMA 3a M3MoMaBaHe Ha pasrionara CUMETPUYHO EOUHCTBEHO C OrMef PaBHO3HAYHOCT
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npu d)opMMpaHe Ha €KBMBANEHTHUTE CbMNPOTUBNEHNA MO
TpuUTE NOCOKN Ha N3MepBaHe.
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®ur. 1. MpumepeH BapuaHT 3a U3cneaBaHe Ha cneuudUYHOTO
€NIeKTPUYHO CBLMPOTUBNEHNE Ha ABYKOMMOHEHTHA W30TPOMHa
cpeaa — Moaen ¢ eaHo Kyon4HoO BKNoYeHue

ExBuBaneHTHaTa enekTpuyecka cxema 3a OnpepensHe Ha
€NeKTPUYECKOTO CbNPOTUBNEHME R Ha ABYKOMMOHEHTHaTa
cpeda BKIOYBA ENEKTPUYECKM CbNPOTUBMEHMS, AeUHMPaHH
B CbOTBETCTBME C B3aMMHOTO pasMoNoXeHWe Ha ABeTe
KOMMOHEHTY (chur. 2):

- eKBMBANEHTHO cbnpoTuerexne Ri, koeTto ce dopmmpa ot
KOMMOHeHTaTa CbC cneungmnyHo ENeKTpUYECcKko
CbNPOTUBREHNE p1, OBKpPBKABaLLa KyOUYHOTO BKIHOYEHME W
PasnonoXeHUTe CUMETPUYHO (MOZ U Hafg Hero) dparMeHTH oT
CblyaTa KOMNOHEHTa. ToBa CbMPOTUBNEHME € CbC CEYeHMe
S1=1-b2 nc gomxuHa L =1 (cur. 2a);
- eKBMBANIEHTHO CbNpOTUBIEHNE Rz, KOETO Ce npeacTass OT
TpH nocneLoBaTenHo BKITHOYEHM EJ1EKTPUYECKN
cbnpoTueneHus R21, R22 M R™22 (R'22 = R"22) (dur. 26):
- eKBMBArIEHTHOTO CbNpoTMBNEHNe R21 ce chopmmupa OT
KOMMOHEHTaTa CbC  CMEUMU(UYHO CLMPOTUBIIEHNE P2
(kybn4HOTO BKMIOYEHME); TO MMa ceyeHne Sz1 = b2 n
ObmkuHa L21= b
- eKBMBAIIEHTHOTO CbNpOTMBNEHNe R22 ce hopmmpa OT
[Ba (parMeHTa Ha KOMMOHEeHTaTa CbC CheunutuyHo
€NeKTPUYECKO  CBMPOTUBNIEHWE  p1,  Pa3MONIOXEHM
CUMETPUYHO Had W MoA KyOMYHOTO BKMKOYEHWE, Tesu
conpotmeneHns R22 n R"2 (R22 = R"22) ca cbe
ceyenne Sz2=b? u gbmkuHa L2z = (1-b)/2

lMpn Tasn NOCTaHOBKa €NEKTPUYHOTO CbNpoTMBIEHME R Ha
mMogena Ce MpeAcTaBs OT [ABe MNapanenHo  BKITIOYEHM
cbnpotueneHns R1 u Rz (cwr. 28):

(1)
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1-b
2 =Y
pab p1[ 2 j

R, =Ry +Ry, + Ry, :bT + b2

T

B

®ur. 2. MNpumepeH BapuaHT 3a CbCTaBsiHE HAa E€KBMBaJNleHTHA
eneKTpuyecka CxemMa Ha [JBYKOMMOHEHTHa W30TPOMHa cpeja
Yype3 mopen C eAHO KybuuyHo BknmoveHue (dur. 1): a -
thopmmpaHe Ha eKBUBaNEHTHUTE eNEKTPUYECKU CbNPOTUBNEHUE
R1 1 Rz; 6 - hopmmpaHe Ha ekBUBaneHTHOTO CbRpoTUBIiEHME R:
Yype3 nocriefoBaTeNiHO BKNKYBaHe Ha KOMMOHEHTU CbC
cneunguyHN CbNPOTUBNEHUA p2 M p1; B — €KBMBaNeHTHa
eneKTpuyecka cxema

Bb3 ocHoBa Ha (1) 1 (2) 3a enekTpu4eckoTo CbNpPOTUBIEHME
Ha Mofiena ce nonyyasa:

1 1 1 1-b? b? 3)
—=—t—= +
R R R, p p+b(p—py)
Ot (3):
+b -
R=p,, = p1+b(po—py)

p =
b2p +(1-% )[py +b(p, —py )]

pi+b(p,—py)

_ (4)
pr+b(1-b2)(p, —py

)P1

B (4) croiHocTTa Ha b moxe fa ce npencTaBu uypes
cneundnyHOTO 06EMHO CbfbpXaHWe ®, Ha cpedaTa, B

KOATO Ce pa3nonara Ky6VI‘-IHOTO BKIIOYEHWE!



(5)
(6)

®,=1-p>

M CbOTBETHO: b =3/1— o,

N3pas (4) moxe pa ce peayuupa 3a YacTHUS Crydail KoraTo
€0Ha OT KOMMOHEHTUTE € eneKkTpMYEeCKn HenpoBoddlla u
CbOTBETHO C MHOIM0O BWCOKO cneuwbquo €neKTpu4ecko
CbNpOTUBIEHKE. I'Ipvl HenpoBoaALlo Ky6VILIH0 BKIo4eHne
py, —>00.

_ pr+b(pr—ps)
P1+b(1—b2)(Pz—P1)

P1 ‘pz—)ao -

P1,2]pp >0

P1

- (7)
1-b?

3amectBame cToitHOCTTa Ha b o1 (6) B (7) v nonyyasame:

P1

P (8)
1-3 (0, 1)

P12 =

W3pa3 (8) e aHamormyeH C nonmyyeHuss u3pa3 upes
TPaQUUMOHHMSA MOAXOL Ha OnpejensHe Ha cneuuduyHoTo
€NeKTPUYECKO CLMNPOTUBNEHIE 3a [JBYKOMMOHEHTHA M30TPONHA
cpefa, B KOSITO HENPOBOAsLLATA KOMMOHEHTA Ce NPeLcTaBs OT
PaBHOMEPHO Pa3nONOXEHN KyOUYHN BKIHOYEHUS.

OT wm3pa3 (4) npu  enexkTpU4eckM  HenpoBoAsLla
BMeCTBaLLaTa KOMMNOHEHa, T.€. Npu p, — oo Ce Nonyyasa:

P1+b(P2_P1)
P1+b(1—b2)(Pz_P1)

©)

—> 0

P1,2‘p1—m = P1 ‘p1—>oo

M3pa3 (9) e HambnHO (hM3MYECKM MOTMBMpAH, KaTo ce
0TuMTa, Ye W [BeTe NaparenHo CBbp3aHu B EKBMBANEHTHaTa
CXema eneKkTpUYecKM CbnpoTUBNEHMS ca “Oe3KpaitHo” ronemu:

p
(1 = R1‘Pw—>w=ﬁ P10 (10)
(2) = &MWFM+b$fme%—w> (1)

WacnegBaHuTe gBa 4acTHu cnyy4asa unocTpupat ronamoTto

BMMSIHWE  BbPXY  CMEUM(MYHOTO  CHNPOTMBMEHME  Ha
pa3npedeneHneTo Ha eneKTponpoBOAsLLaTa KOMMOHEHTa B
cpegata (ckamata) M CbOTBETHO Bb3MOXHOCTMTE  3a

(hopmupaHe Ha “ToKONpOBOAALL KaHan”.

MpUNOXEHNAT NOAXOL 33 ChbCTABSIHE HA EKBMBANEHTHU
ENEKTPUYECKM CXEMM MOXE [1a Ce MPUNOXN 32 HeorpaHuyeH
Bpoin Kybr4HM BKITKOHEHNS.

Hanpumep, mMoxe fga Ce wmiocTpupa BapuaHT C OCeM
KyOUYHW HENpoBOASLM BKIKOYEHMS, PA3NOMOXEHUETO Ha
KOUTO OCUrypsiBa enekTpuYeckn 3oTponHa cpeda. ChoTBETHO
KyOUYHWTE BKIKOYEHWUS Ca BMECTEHM B OCHOBHUS KyD Taka, ye
CTPaHWUTE UM Ca YCMOPEAHU U NPOBOASILUNAT CION 32 BCUYKM
kyboBe e egHakbB (cwr. 3).
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3a [pga ce peanuavMpa [JMPEKTHO CbMOCTABSHE Ha
eKBMUBANEHTHUTE cxeMu 3a 1 1 8 kyBa npuemame, Ye pbba Ha
BCEKM OT ocemTe Kyba b’ e paBHa Ha %2 oT pbba b Ha kyba B
Mogena ¢ egHo KybuyHO HEMPOBOAALLO BKMtoueHue (cur. 1),
CbOTBETHO b’ =% b.
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®ur. 3. Mogen Ha usotponHa cpefa, hopmupaH 4pe3 BMeCTBaHe
B OCHOBEH Kyb (a) Ha KyouuHu BknoueHus (6), kouto ca 8 Ha
Opon 1 ca CUMETPUYHO Pa3nonoXeHH (B)

Mpn CbCTaBSHETO Ha BapWaHTHaTa EKBUBANEHTHA CXema
(cur. 4) ce m3xoxga OT npegnocTaBkata, Ye TS MOXe fa ce
npeactaBn OT NeT MapanefHo CBbP3aHW  EKBMBANEHTHU
CbNPOTHBNEHNS (chur. 4B):

R

R

Ry

Rs

R,

1 1 N 1 1 1 (12)

1

= R,
lMpn TOBa CLMOCTABMMO C EKBMBArEHTHaTa CXemMa 3a egHo
KybU4YHO BKITIOYEHME CBbNPOTUBNEHMETO R1 ce dopmupa oT
KOMMOHeHTaTa CcbC cneumguyHo €NeKTPUYECKO
CbNPOTUBAEHNE p1, OBKpbKaBalla KyOWYHWTE BKIIOYEHWS W
Pa3noNOXEHNTE CUMETPUYHO (MOA, MEeXZy W Hag TaX)
(bparMeHT OT CbluaTa KOMMOHEHTA. ToBa CbMPOTUBIIEHNE €

b

2
CbC CeveHme 5‘1:1_4( ) —{_p? mcpobmxuHa Ll =1

(pur. 4a). CnegosatenHo:

1 1-Db?

R

(13)

P1

Enektpuyeckute cbnpotusnenns Re, Rs, Ra 1 Rs ca egHaksm
W ce MPencTaBAT OT BUCOKOOMHATa KOMMOHEHTa (Ky6uyHuTe
BKMIOYEHNs) 1 dparMeHTUTE OT  eneKTponpoBoasLaTa



KOMMNOHEHTa, KOWUTO Ce pasnonarat Hag, Mexagy W nog
Ky6I/NHI/ITe BKIMKOYEHMA N0 NOCOKa Ha enekTpuyeckata sepura,
T.€. Hanpe4Ho Ha pa3npoCTpPaHEHMETO Ha TOKaA:

b
P25 _
R,=R,; =R, =R; =2 22 " p (1 zb)
(bj (bj
2 2
R,=R; =R, =R; 4P1+b(b22—01) (14)

P = TeIEEaE

B

®ur. 4. MpuMepeH BapuaHT 3a CbCTaBsiHE Ha E€KBMBaNEHTHA
eneKTpuyecka cxema Ha [ABYKOMMOHEHTHa W30TPOMHA cpeda
ype3 mopgen ¢ ocem KyouuHu BknoueHus (dur. 3): a - 6asoBo
¢parMeHTMpaHe Ha cpepata; © - opmupaHe Ha
€KBMBANIEHTHOTO  CbNPOTUBMNEHNE ypes napanenHo u
nocneaoBaTeNiHO BKMHOYBAHE HAa KOMMOHEHTU CbC cneuudmryHm
cbnpoTuBneHnss p1 (p1#o ) U p2 (p2 > © ); B —
€KBMBaseHTHa eNeKTpUYecka cxema

Monaraikw (13) n (14) B (12), nonyyasave:

4b?
4[91 +b(P2 — Py )]

1-b?
= =+

1
p P1

| =

:P1+b(1_b2)(Pz_P1 )
P1[P1+b(Pz—P1 )]

P1+b(Pz_P1 )
P4 +b(1_b2)( P2 — Py

)P1

MonyyeHust wm3pa3 (16) 3a CNEUMUYHOTO ENEKTPUYHO
CbMPOTUBMEHWE HA [ABYKOMMOHEHTHA M30TPOMHAa Cpeaa,
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MofienMpaHa upe3 8 KybudHK HENPOBOAALLM BKIIOYEHUS, €
aHanoriyeH ¢ nonyyeHus uspas (4) sa mogen ¢ 1 kyGuUYHO
HENpOBOASLLO BKITOYEHHE.

MoeHTUYHUTE M3pasu 3a €OHO M OCEM HenpoBOASLLM
KyBWYHM BKIIOYEHWS!, CUMETPUYHO PA3MONOXEHN B OCHOBHMS
kyb, Morat fa 6baat 0606LLeHN 3a Npon3BoneH 6poi KyouuHu
HENPOBOASLLM BKMtoYeHHs. 3nonssame nogxoad, aHanoruyeH
Ha NPUNOXeHWsl 33 Beye CbCTABEHUTE EKBUBANEHTHU CXEMM.

B ky6 ¢ pb bs = 1 ce pasnonarat cumeTpuyHo N3 enHakBw
CbCTaBHM KyGU4HM enemeHTa, [Mpu ToBa NO BcekM pbb Ha
OCHOBHMS Ky6 ce noapexpaT no N CbCTaBHW KyOMYHM
enemeHTa C Jb/XMHa Ha pbba:

BbB BCEKM CbCTaBeH €nemeHT Ce MOMECTBa CUMETPUYHO
Pa3MnonoXeHo HeNpOBOAALLO BKIKOYeHUe ( p — o) C Kybu4Ha
topma u pwb ¢ gbmkuHa b'. Mpu ToBa oblyata gbmkuHa Ha
HeNpoBoAsLLaTa KOMNOHEHTA MO ObIKMHATA Ha BCekW pbb Ha
OCHOBHUS Ky6 € h=Nb' W CbOTBETHO:

b

B pasrnexpgaHus o6y cnyyait CbnocTaBUMO CbC CxemaTa 3a
egHo Ky6VILIHO BKMOYEHNe eKBMBaNeHTHaTa enekTpunyecka
cxema ce npeactas oT N2 napanenHo  BKITOYEHH
TOKOMPOBOAALM KaHana CbC CneUMdnyHO  ENEKTPUYECKO
CbNpoTUBAEHNEe p1. Bcekn OT Te3n kaHamn uma ceveHve

2 2
3'1:[1j _(bj - 1-b* ObmKkvHa L =1:
N N2

N

(17)

(18)

CbBKYMHUAT aHanu3 Ha noryyeHuTe u3pasu nokassa, ue
eNeKTPMYECKOTO CbNPOTUBIIEHNE R Ha BCsika cpeda Moxe Aa
Ce NPeACTaBM Ype3 EKBMBANIEHTHA ENEKTPUYECKA CXEMA, KOSITO
CbAbpXa MapanenHo CBbP3aHW CbCTaBHU CbNPOTUBMEHMS
Ri(i=1,2, ..., n). Mpx ToBa enemeHTuTe Ri B 06WMA cryyan
Cca CbCTaBeH! OT MOCIe0BaTENHO CBbP3aH CbNPOTUBMEHMS
Rij (j =1, 2,..., m). HanpaseHoTo 0606LLeHNe Cce aeduHmpa
ype3 criegHuTe U3pasu:

l=i+i+...+l+...+ 1 (19)
R Ry R, R R,
R=R;+R,+..+R;+.+ R, (20)

Bb3 ocHosa Ha (19) u (20) moxe aa ce dopmupa BapuaHTEH
Mogien 3a BCsika N-KOMNOHEHTHa cpeja.

3a [BYKOMMOHEHTHA ENEKTPUYeckM UM30TpONHa cpeda
(ckana) cneum@uYHOTO enekTPUYECKO ChbNPOTUBIIEHNE 3aBUCH
0T ChneuudmyHoTo 0OEMHO CbAbpkaHWe W B3aMMHOTO
Pa3noroXeHne Ha ABETE KOMMOHEHTU. 3a BapuaHTEH Moaen,



Mpu KOMTO B KOMMOHEHTaTa CbC CMELNGUYHO eneKTPUYECKO
CbMpOTMBMEHNE  pP1 Ca BMECTEHM  BKIHOYEHUS CbC
cneynduyHo €NeKTPUYECKO CbNPOTUBIEHNE P2,
€NEKTPUYECKOTO CHNPOTUBNIEHE R MoXe aa ce mpeacTasy
ypes  [OBe  MapanefiHo  CBbp3aHM  ENTEKTPUYECKN
cbnpoTueneHns. [puMepHO pasnpedeneHMe Ha [ABeTe
KOMMOHEHTW MpU OTYMTaHA Ha cneuuduyHuTe UM obemm u
B3aMMHOTO pPa3nonoxeHue ce unioctpupa Ha @ur. 5a, a
(hopMMpaHeTo Ha eKBMBarNEHTHaTa enekTpUiecka cxema — Ha
dur. 56.

P2
P1

I

P4

a 6

®ur. 5. MpumepHo pasnpepeneHne B ABYKOMMOHEHTHA
cpedga Ha ABeTe KOMMOHEHTM - nNpu OTYMTaHe Ha
cneundmyHUTE UM 06eMM 1 B3aUMHOTO pa3nosioxeHue (a) u
¢opmmupaHe Ha eKBUBaneHTHaTa enekTpuyecka cxema ()

ConpoTuenexneTo R Ha u3cneaeaHata cpefa e:

11,1 (21)
R R, R,
B unapas (21):
plL
R=E-- (22)
S p
R, =Pl (23)
Sy
R2 :R2’1 + R2,2 = pﬁj + pﬁ’z (24)
21 S2,2
3a (24) npuemame:
81+8,=1, §;;=8,,=1-§ (25)
Li=ly+L,,=1 Ly,=1-L,, (26)

3amectBame (23) 1 (24) B (21) kaTo oTUMTame (25) 1 (26) n
cnep npeobpasyBaHe nonyyaBame:

92—5(92—91)

= P2 2k (27)
P p1+S; (1—|-2,1 )(92_01)

P1
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Mapa3 (27) moxe pa Ce KOHKPeTM3upa 3a eneKkTpu4ecku
u3oTponHa cpea. B To3m cnyvai:

L2,2:\/872:\/ 1-3;

Ly =1-/1-8, (28)
3amecrtBame (28) B (27) 1 nonyyasame:
oe pz—(l—\/T&)(pz—m)m (29)
pr+8 1= (p—p1)
Ako  Mopenupame  hopManMaupaHo - EneKTPUYECKOTO

cbnpoTueneHne Rz upes kyb ¢ pub b, nonyyeHusT nspas
(27) n cboTBETHO (28) Ca MAEHTUYHM ¢ u3pa3 (4), JOKONKOTO
R+ ce pecmnmpa ot u3pas (1), a Rz - o1 u3pas (2).

Vacneasame (27) 3a TpW Bb3MOXHW YaCTHH Criyyas:

1) B enekTponposogswa cpeaa C EneKTPUYEcKo
CbNpPOTUBNEHME P1 Ca BMECTEHN HENPOBOAALLM BKIMOYEHUA C
€NeKTPUYECKO CbNPOTUBIIEHNE P2 —> O

o _ Pﬁz"—imﬁz—m)
P27 p+ Sy (1—L2,1 )(Pz -py)

P1

pp—>x©

(30)

2) B EneKTpUYeckM Henposogslia cpeda CbC
cneumnyHO  enexkTPUYECKO CbMPOTUBMEHME p1 —> oo Ca
BMECTEHU €NEKTPONPOBOASALLM BKIOUEHUS CbC CMEeLMbUYHO
eNEeKTPUYECKO CbNPOTUBIEHNE P2

_ Pz_rzn(Pz—P1) o
= = — 1
P2 py+ S, (1—L2,1)(92—P1)

p

p1 —>00

(31)

P>

3) EkBMBaneHTHUTE CbNPOTUBAEHNS Rz2 M Rr cac
enHakea fbmkuHa (L,, =L, ):

Lo, =L, =1 = L, —0
0 _ Pz_g(Pz_M) o
2170 py+8; (1=Lyy J(po—py) ' 12210

_P1P2

. PiP2 (32)
P+ S (Pz _P1)

p |.2’1 —0

AHanusbT Ha uspasute (27) — (32) yHuMUMpa BaKHMS
W3BOf, Y€ eneKTPOonpoBOAMMOCTTa y Ha ckanute (y = 0) ce
obycnaBs OT MPUCLCTBMETO HA “TOKOMPOBOAALLM KaHanu” B
enekTpuyeckata Bepura, T.e. OT MapanenHo CBbp3aHW B
eKB/BANEHTHaTa CXeMa eneKkTPUYECKN CbMpOoTWBNEHUs, 3a
KouTo R % o0.



lMpuMepHO pasnpefeneHne Ha  enekTponpoBogALmTeE
kaHanu B ecTecTBeHa [BYKOMMOHEHTHa cpefa (ckana) C
HenpoBOAALLW BKMIOYEHUS ce uniocTpupa Ha dur. 6a, a Ha
TOKOMPOBOAALMTE KaHanm - Ha dur. 66.

l

6

®ur. 6. [pumepHo pasnpegeneHne Ha  enekTpo-
NpoBoAsAwWMUTE KaHanW B ecTecTBeHa ABYKOMMOHEHTHA
cpeda (ckana) ¢ HenpoBoAswWM BKMOYEHUsi (a) M Ha
TOKONpPOBOAALMTE KaHanm (6)
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3aknoyeHune

Pa3spaboTeHu ca NoaxoA M MeToauka 3a MOAEnUpaHe Ha
CNELUMENYHOTO ENeKTPUYECKO CHMPOTUBIIEHWE Ha CKanuTe
Ypes CbCTaBSHETO HA EKBUBANEHTHW CXEMU OT EMNEKTPUYECKN
CbNPOTUBNEHMS, hOPMUPaHN B ChLOTBETCTBME C pasnpefe-
NeHNeTo B M3cneaBaHaTa cpeda (ckana) Ha KOMMOHEHTUTE C
Pa3nu4HO ENEKTPUYECKO ChNPOTUBREHME.

Pesyntatute OT W3cnedBaHusiTa Ha - CneuyudUYHOTO
€NeKTPUYECKO  CbMPOTUBNIEHME  Ype3  M3non3eaHe Ha
€KBMBANEHTHM EreKTPUYECKM CXeMW Mo3BOnsBaT fda ce
AeUHMpaT CNeHUTE OCHOBH U3BOAM:

. CneumdrIHoTO eNEKTPUYECKO CbNPOTUBNEHME Ha
BCAKa Cpeda, CbAbpkalia N-KOMMOHEHTW C PasnUYHO
CrieLmMdIUIHO CLNPOTUBIIEHE MOXE fja Ce NPefCTaBy Ypes
eKBMBANEHTHa €eNeKTpUYecka CXema, KOATO CbAbpxa
napanenHo  CBbp3aHW  0BOBLIEHNM  eneKTPUYecky
CbMPOTUBMEHMS. BCAKO €QHO OT Teau CbMpOTUBMEHMS
MHTErpupa CbBKYMHOCT OT NapanenHo CBbp3aHu CbCTaBHM
CMPOTUBIEHMS, KOUTO B OGLLMS Cryyali ce NPeACTaBsT oT
NOCNEeA0BAaTENHO CBbP3aHM eNEMEHTH.

" EnekTtponposogumoctta y Ha ckanurte (y = 0) ce
00ycnass OT NPUCHCTBMETO HA “TOKOMPOBOAALLM KaHanu’
B eNleKTpuyeckata Bepura, T.e. OT NapasnesnHo CBbp3aHuTe
B EKBMBANEHTHATa CXeMa ENEeKTPUYECKU CbMPOTUBIIEHNS,
33 kouto R # co. [IpOCTPaHCTBEHOTO pasnpeaeneHue Ha
KOMMOHEHTUTE ~ OMpefens  CbOTHOLIEHWETO  Mexay
cneunduyHus “enexktponpoeogsiy’ obem 1 cneumduyHmus
“TokonpoBoasLy’ 06eM B U3creBaHaTa cpeaa.

lNutepatypa

KobpaHoea, B. H. 1986. [Tempogusuka. M., Heapa, 392 c.

CnpasodHuk eeogpusuka. Pusuyeckue ceolicmea 20pPHbIX
nopod u nonesHeix uckonaemsix. 1989. M., Hegpa, 527 c.

Western Atlas International, Inc. 1995. Introduction to Wireline
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WHXEHEPHO-IEONIOXKW NPOBNEMU U PELLEHUA B MbTHATA UHOPACTPYKTYPA

leopau 3names

HayuoHanHa azeHyus “TismHa uHghpacmpykmypa”, Cogpus

PE3IOME. Pa3BuTieTO Ha CbBPEMEHHOTO OOLECTBO Hamara Bce no — ronsiv 06MeH Ha CypoBWHMW, CTOKM M xopa. EAHa ronsiva yact oT Tesu
HYXOW Ce MOKpMBa OT aBTOMOOMIHWST TpaHcmopT. Hanuuveto Ha pasBuTa MbTHA MHGPACTPYKTypa € KakTo nokasaTeneH akT, Taka M
HeobXoaMMOo ycroBuWe 3a Hanpeabka Ha BusHeca W MKOHOMUKaTa Ha gbpasuTe. Bce no-BUCOKNTE M3UCKBaAHMS 3a ©E30MacHOCT 1 HaToBapBaHe
Hanarat JeicTBuUs N0 yLUMPsiBaHe Ha CbLECTBYBaLUMTE TpaceTa 1 CTPOUTENCTBO Ha HOBM aBToMarucTpanu. CblyeBpemerHo obave, He Tpsibea Aa
Ce NofLeHsiBa U NOALbPKAHETO, Ha ChLLECTBYBaLMTE MbTUa. [opagn pes npuunHKM, OT PasnuYHO €CTECTBO, B HallaTa CTpaHa ce Habnoaasa
3aHWKaBaHe Ha OTAENSHOTO BHUMaHWe 3a eNEMEHTapHWUTE JEeNCTBUS MO OCUrypsiBaHe HOPMAnHOTO OTBOAHSIBAHe Ha mbTuwarta. B pesyntar
Bb3HWKBAT CBMAYMLLHM, CPYTULLHM W Ap. NPOLECH, KOUTO 3HAYUTENHO 3aTPYAHSBAT, @ B HAKOW Clyyau W NpeKbCBaT ABWKEHWETO Ha MOTOPHU
NpeBO3HM cpeacTBa. MpaBuUMHO NnaHupaHuTe NpoyyBaTenHu paboTn 1 ToWHaTa NpeLeHka 3a OCHOBHUTE (HaKTOPU JOBENW 40 Bb3HUKBAHETO Ha
npoLieca MoraT 3HAUMTESTHO fa YNIECHAT U NMOEBTUHAT YKpenuTenHute pabotu.

ENGINEERING-GEOLOGICAL PROBLEMS AND SOLUTIONS CONSERNING ROAD INFRASTRUCTURE
Georgi Zlatev
National Road Infrastructure Agency, Sofia

ABSTRACT. Development of modern society imposes an increasing exchange of materials, goods and people. A lot of those needs are fulfilled by
means of road transport. The availability of well-developed road infrastructure is both a symbol and a necessary precondition for the advancement
of business and economy of nations. Increasingly higher requirements for safety and load imposed actions for enlargement of existing roads and
construction of new motorways. Moreover, the maintenance of existing roads should not be underestimated. However, due to several reasons, of a
different nature, in our country it is observed lower attention to ensure proper drainage of roads. As a result, landslides, rock falls and other
processes occur that significantly hamper, and in some cases disconnect the roads. Properly planned study and precise assessment of the main
factors leading to the emergence of the process may significantly facilitate and decrease the costs for reinforcement.

BbBeaeHue [lBectameTpoBuAT yyacTbk OT mbTa Musums — OpsixoBo,

KbM HacToslmsa MOMeHT Ha Teputopusita Ha Penybrnka 3akniodeH Mexay fAsata bopaa Ha cenaunweto, Gewe
Bbarapus uma uarpageHn okono 19280 km penyBrivkaHcku M3MecTeH B nocoka p. [lyHas ¢ MpubnuauTenHo 2 m, kato
mbTULLA T.e. aBTOMarucTpanu u mbtuwa knacose |, Il u lll. Ot BEpTUKanHuTe Nponagaqus gocturaxa fo 1.5 m.

YWCTO CTaTUCTUYECKA FMeaHa TOYKa, BEPOSTHOCTTA Y4acTbK OT
TasW 3HauMTenHa MbTHa Mpexa fa Obae 3acerHar or
HeONaronpuATHO MHXEHEPHO-TEOMNOXKO SBMEHNE € ronama.
CobLUEBPEMEHHO 3aHIDKEHNAT 0BEM W Ka4eCTBO MpU TEKYLLOTO
nogabpxaHe ‘GriaronpusaTcTBa” Bb3HUKBAHETO Ha aBapUilHM
cutyauumn. OCHOBHUTE MHXEHEPHOrEONOXKKN Mpobnemu, KouTo
Bb3HWKBAT Ca: CBMAYMLLa, CPYTULLA, KanHO-KaMEHHW MOTOLM,
cnsraHe Ha Hacvmu 1 gp. Ypes crefsaliute HAKOMKO TUMNYHN
npumepa, e Ce OnWTame Aa NpeacTaBuM  OCHOBHUTE
npobremn, KakTo W MpWnaraHUTe TEXHUYECKU PELUEHWs 3a
NUKBMOMPAHE Ha MOCNEAUUMTE M TpaiHo cTabunusnpaHe Ha
3acerHaTuTe y4acTbLm.

Cenauvuwa
EgHo OT Hai-ronemuTe CBravvwa, Bb3HWKBaNM npes
MOCMEAHUTE HSKOMKO FOAWMHM W 3acsarawy penybnukaHckata

MbTHa Mpexa, e cenavnweto Ha muT 11-15 ‘Musus-Opsixoso” ®ur. 1. YuacTuk o km 73+300 go km 73+500 Ha nbT 1115
ot km 73+300 go km 73+500 (cpur. 1).
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Becuuko ToBa ce cnyysa npe3 M. ¢espyapu 2008 r., kaTto B
CreacTBMe  aKTuBM3aLMATa Ha CBMauuiLeTo e
komnpomeTupaHa OeToHeHa MOAMOpHa CTeHa, npeanassalla
npemyHaBalata B MMHaNoTO XenesHuya 1 penybnukaHcKuaT
nbT. Mo Bpeme Ha W3BBLPLUEHUAT orned Cce YcTaHoBMXa
U3KIOYUTENHO BUCOKM HWMBA Ha MOLA3EMHUTE BOAW, KaKTO M
3aMbfHEHU C NOBbPXHOCTHW BOAM HEraTUBHW (POPMU B TANOTO
Ha cenauuweto. BepHara 6sxa npegnpueTu AencTBus noO
OTBOAHsIBaHe Ha 3abnaTeHWTe yyacTbLM U u3rpaxpaHe Ha
OpeHaxHu pebpa, KOMTO [Ja oOrpaHMyaT npuToKa Ha
MOBBPXHOCTHU BOAM B TANOTO Ha CBMAYMLLETO, KaKTO W Aa
JpeHupaT NIuTKo 3ansrayte nog3eMHu BOAK.

MpoyyBaHETO M NPOEKTUPAHETO  HA  YKPENWUTEMHM
CbopbXeHus Delue Bb3NokeHo Ha ‘Teosawmta’ — [llepHuK
EOOL. [okato Tpaexa nonesute ¥ nabopaTopHUTE
npoyysaTenHn paboty, Gelue B3ETO peLleHue 3a U3rpaxgaHe
Ha CUCTEMA OT XOPU3OHTANHW COHAAXHU APEeHaxu, KoaTo Aa
MOHWKWN HMBaTa Ha noasemuute Bogw. Ipynute XC[ 6sxa
NPOEKTMPaHW W W3rpageHn Ha Tpu HuBa. EdektsT OT
U3MbITHEHUTE OTBOLHUTENHU MeponpusTAS BeLlie NoHWXKaBaHe
HWBaTa Ha MOA3EMHWTE BOaW C npubnuautenHo 1.5-2 m u
3HauMTeNnHO 3abaBsHe CKOpOCTTa Ha MpemMecTBaHe Ha
CBNAYNLLETO.

Ha ¢our. 2 e nokasaHo BOLHOTO KONMUYECTBO APEHMpPaHo OT
€AVH COHAaXeH ApeHaX npu Banex.

®ur. 2. ipeHnpaHo BogHO KonnyecTtBo ot XC

Crnen kato Oelle nOCTUrHATO CbCTOsHME 6nM3ko o
rPaHMYHOTO PaBHOBECME W CE OCUrypW LENocTTa Ha MbTHaTa
Bpb3ka MO KOSTO npemuHaeat okono 500 TexkoTOBapHM
aBTOMOOWNM Ha AeHOHoLe, TpsabBalle ga ce npeanpuemar
JENCTBMS MO TPaMHOTO CTabunuaMpaHe Ha CBMAYMLLETO.
ObcbkgaHm Osixa pasnMyHM CXeMM Ha yKpenmBaHe — OT
HabMBHM NWUNOTW!, MPe3 W3NWBHW MUNOTY C FONAM AMAMETBP,
[0 U3rpaxgaHe Ha koHTpadopceH Hacun. Cnep kato Beve
MMalle YacTWyHa SICHOTA OTHOCHO TEONOXKMAT CTPOEX,
topmata M AbnboyMHaTa Ha Xb3raTenHaTa MOBbPXHWHA,
3anoyHa  ‘oTcABaHe” Ha  pelleHWsTa  3a  YKpenBaHe.
[NpeanonoxeHusTa, U3kasaHu no BPEMe Ha NpeaBapUTENHUTE
ornegy, 3a gbnboka xTbaratenHa NOBbPXHWHA UM NeTa Ha
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CBMAYMLLETO, Hamupalla ce B pycroto Ha p. [lyHas ce
notebpauxa.  [lpoBegeHuTe  npoydysaTenHu  pabotu
YCTaHOBWXa XITb3raTenHa NoBbpXHWHA Ha AbnOoYNHa cpegHo
okono 11m, kaTo netata Ha CBMAYWLLETO Ce YCTaHOBM Ha
okono 25m cneg KomnpoMeTMpaHaTa MoanopHa creHa (B
pycnoTo Ha p. flyHas; cur. 3).

®ur. 3. MnaBa 1 Ban Ha U3TNACKBaHe Ha CBNAYULLETO

Obnboko opmupaHata  xmb3raTenHa MOBbPXHUHA U
nmMncata Ha NoaxoAsLy UHXEHEPHOreoNoXKN pasHOBUOHOCTY
B AbnbouMHa, B kouTO fa 6baT “3aKoTBEHW NWMOTUTE,
npegonpefensiie 3HauuTenHu napameTpu Ha TO3M  Twn
KOHCTpYKUMS:: ObimkuHa 15-18 m, gmametsp ®1000 mm u
0CcoBO pasctosHue 1.5 m. [MpubnusutenHata CTOMHOCT Ha
TOBa pelleHMe BbaM3awe Ha 3.54 wmmH. nB. Cneg
JOMbIHUTENEH aHanu3 Ha OCHOBHWTE (hHaKTOpW, MMaLLy
OTHOLUEHME KbM aKTWUBM3ALMATa Ha Mpoueca, a WMEHHO:
BMCOKM HWBA Ha NOA3EMHMTE BOAM B TANOTO Ha CBMAYMLLETO,
OVMHaMUYHW HATOBApBaHMS OT aBTOMOOWIHMAT TPaHCMOPT,

€pO3NOHHA AerHocT Ha p. [yHaB, 6sxa HanpaBeHu
W34NCMIEHWNST 3@  YKpenBaHe Ha  CBMAuMLIETO,  uYpes3
koHTpachopceH Hacun. ToBa CTapo W gobpe nosHaTo
TEXHWYECKO  pelleHue, Ce  npegnonarawe, 4e e

NPOTMBOLENCTBA KAaKTO CPeLly epo3WOHHaTa AEHOCT Ha p.
[yHaB, Taka W upe3 YNITbTHABAHE Ha OTLONEnexalmre
WHXEHEPHO-TEONOXKA PA3HOBWAHOCTM CPELly Bb3MOXHaTa
cydo3us. MsuncneHusaTa nokasaxa, ve 4pes usrpaxgaHeTo Ha
KoHTpadhopceH Hacun ¢ gbmkuHa 200 m (ycnopeaHo Ha mbTs),
wupoynHa 20-25 m u cpegHa BUCOUMHA 2.5 M, Ha CTOMHOCT
0Kkono 1.3 MIH. NB We Ce NOCTUrHE XENaHWST MUHWUMAneH
koeuLMEHT Ha yCcTon4mMBoCT (cur. 4).

dur. 4. l'IaHopameH uirnea KbM M3NbIIHEHUAT KOHTpa(bOpceH
Hacun



Cpytuwa

[pyr He No-marko onaceH MHXEHEePHOreonoXKN heHOMeH ca
cpyTuwata. 3a cbkaneHne Te ca YeCTU SBMEHUS MO HaLuTe
nnaHuHckn nmvtuwa — 11-86 “AceHosrpap-CmonsH”, 111-866
‘OesuH-Kpnumm™ 1 gp. B 3aBUCUMOCT OT pasnonoxeHWeTo Ha
NyKHaTUHHUTE CUCTEMM B MacuBsa, CTENeHTa Ha W3BETPSHE,
BMOA Ha ckanuTe W Ap. cpyTuwwaTa uMar pasfnyHa ronemmnHa
1 akTMBHOCT. KaTo Hal-uapasuteneH npumep 3a npobnemure,
Cb3faBaHW OT Te3W npouecw, e cpytuweto Ha nuT 1I1-197
‘Toue fAenyes-Jocnar-AesuH” npu km 83+720 (cur. 5).

®ur. 5. CpyTuwe “I'poxoTHO”

CpyTuiLeTo € yCTaHOBEHO M mpoyyeHo ouwe npe3 70-Te
rogMHM Ha MuHanus Bek. C Len  ocurypsiBaHeTo Ha
fesonacHoCTTa Ha MbTyBalWWTE € W3rpageHa yHUKanHa
KOHCTPYKUMS “nonyTyHen" B KOMBMHALMS ¢ MacvBHa NOANOPHa
CTEHa, KOSTO NpeAnasBa NpemMuHaBalLuTe MOTOPHW NPEBO3HN
cpeactea OT Najallute CKanHM KbCoBe. 3a CbXarneHue
KOHCTPYKUMSITa He JocTura Ao neBusT 60pa Ha CpyTULETO.
Mpes 2004 r., B pesyntaT Ha nopegHata akTMBM3auWs Ha
npoueca, CkaneH KbCc ¢ npubnuauteneH obem okono 2.5 m3
najia BbpXy NsBata NbTHa NleHTa.

Mopagn pasnuyHn Mo ecTecTBO MPUYMHM NPOyYBaTENHUTE
paboTh Mo HOBOAKTMBM3WpaHATa YacT OT MpoLeca cTapTupar
enBa npe3 2008 r. HanpaBeHw ca reofe3nyecko 3acHeMaHe W
reouanyHN 13cnenBaHmus. AKTUBU3NPAHWST CKIOH € C toHa
€KCrio3numMs, M3rpafieH € OT THaNCOBMSIT KOMMMEKC Ha
Borikosckata ceuta (boPeE), kato cpyTuweTo nma cregHute
napameTpu: Ab/mkuHa 220 m, cpegHa LWwmpodMHa 50 m u
abnooymHa 10-12 m.

lMopmeneHn ca HAKOMKO MHXEHEPHOrEONOXKN PasHOBMOHOCTM
pasnpeaeneHn B [ObnbOYMHA KaKTO Criegpa. TAnoTo Ha
CPYTULLETO € U3rpafeHo OT eabp ckaneH 6nokax (1); cknoHoB
Hacvn — BaiyHW W YaKbiM C NECHYNMBO-TIMHECT 3aMbiHUTEN
(2); ocHOBHMTE CKanW, SBABALLM CE KaTO OCHOBA MO KOSTO
CTaBa XITb3raHeTo Ca [ABYCMIOEHW THACU C NPOCIOVKW OT
amdmbonut (boPeE) (dur. 6). TexHW4eckoTo pelleHne Ha
npobnema TpsbBawe ga Obge HacoueHO B ABE MOCOKM:
ocurypsiBaHe Ha oblwarta yCTOMYMBOCT Ha  CPYTULLETO;
OrpaH14YaBaHe Ha Bb3MOXHOCTTA 3@ NajaHe Ha EeauHWUYHM
KbCOBE BbpXy MbTHOTO NAATHO.
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@ur. 6. FeonoXKM CTPOeXk Ha cpyTuwe “I' PoXoTHO”

ObcbaeHn Osixa f[Ba OCHOBHM BapuaHTa — MpofbihkaBaHe
Ha CbluecTByBallaTa KOHCTPYKUMS ‘TonyTyHen” — gokasana
e(heKTMBHOCTTa CU Mpe3 TOAuHUTE, WNW yabikaBaHe Ha
CblyecTByBaljaTa  MacuBHaTa  NOAMOpHa CTeHa W
NOBLPXHOCTHO yKpenBaHe Ha oTkoca. B kpaitHa cmeTka Gelue
n3bpaH BTOPUAT BapWaHT, KaTO WKOHOMUYECKM MO-WU3rOAEH.
Mpn hyHAMPAHETO Ha NOANOPHUTE CTEHM OsiXa KOHCTaTMpaHu
HSIKOM HECLOTBETCTBUS C pe3ynTatute OT Te0hU3NYHIUTE
N3cnenBaHusl, KOETO OLLe BEOHBX [oKa3a HeobxoauMocTTa ot
N3MbIHEHWETO Ha COHOAKHW MpOoyyBaTenHW u3paboTtn, KoM
KouTO Aa ce ‘MpuBbpkaT’ reodmsnyHuTe npoyysanus. Cnen
OCUrypsIBAHETO Ha 0bLLaTa YCTOMYMBOCT Ha CPYTULLETO, Ype3
W3rpagaHeTo Ha MacvBHW MOAMOPHM CTEHM (LMpOuYMHA B
ocHoBaTa 4O 2 M U4 BMCOYMHA O 4 m) ce MpUCTBNM KbM
n3rpaxgaaHe Ha BpeMeHHU CTbAOM Mo TANOTO My 1 0BpyLLIBaHE
Ha no-eapuTe M HecTabunHu ckanHu brnokose. PesynratsbT OT
NpoBefeHNTE B3PUBHW paboTy e nokasaH Ha ¢ur. 61 7.

®ur. 6. Mpeay obpywBaHeTo

®ur. 7. Cnep o6pylBaHeTo

MOBBbPXHOCTHOTO YKpenBaHe Ha cpyTuweTo e 6bae
peanu3npaHo, 4pe3 MOKPUBAHETO Ha Lanata My nnowy
(npnbrmantenHo 8000 m2) ¢ KOPO3MOHHO YCTONYMBA Mpexa,
chuKkcMpaHa Mo OTKoCca Ypes aHKkepu C AbIKKMHA 4o 2.5 m.

KanHo-kameHHW noTouu

ToBa sBneHne e [obpe nosHato Ha Obnrapckute
NECOVHXEHEPH, KaTO 3a CbXaleHWe TO He € YyXOo M Ha
Obnrapckute  MbTHW  cneuwanuctn.  Pesynratute
NPOBEXOAHUTE Mpe3 TOAMHWTE aKTWBHW  [EeNCTBUSA
3anecsBaHeToO Ha OnMoOXapeHn wunu ‘fonu”  CKIoHoBe
OMpEeAENEeHo NOMNOXNTENHN.



Ha 24 mai1 2009 r. B paiioHa Ha “KpecHeHckoTo fedune” —
Mot 111 ‘Bugun-Kynatra® ce cbuyetaBaT  cnegHute
HebnaronpuaTHM DakToOpW: He3aneceH CKMOH, u3rpageH oT
YaKbfM M BanyHM C [MMHECTO-NECHYNUB  3aMbIHUTEN,
WHTEH3MBHU Banexu; HEMOYUCTEHN VHXEHEPHN CbOPBXEHNS.
B pesyntar oT CKNOH C toxHa ekcnoauums 1 nnoty, okorno 100
pka (cur. 7), ce aKTUBM3MPAT NPEOBMAXHEHU [MIMHECTO-
necbun1BmM Matepuani, KOUTo NPeMUHABaT Haj WU3rpaseHuTe
‘Gapaxu” 1 npenuBat Hag 3ambiHEHUs BOJOCTOK (cur. 8). 3a
MOYMCTBAHETO Ha CBMEYEHUTE Mach M MOYNCTBaHE Ha
3aTnayeHnss BOAOCTOK e MoDwnmuaupaHa crneuwanusmpaHa
TEXHUWKA, KOATO [1a Bb3CTaHOBW MPOXOAMMOCTTA Ha MbTS.

9 Tele|Atlas
Technologies
Spot Image

obe
Bucou. 349 M BicounHa Ha norne,

®ur. 8. Pasnue ot npeoBnaxHeH matepuan

MpobrnembT € gobpe mosHaT Ha konerute oT Ob6nacTHo
MbTHO ynpaenenne braroesrpap. Te cnogensT, ye nout
BCsika roguHa ce HabniogaBa ToBa siBneHue, pasbupa ce ¢
MPOMEHNMB MHTeH3uTeT. [Nopaay 3HaunTenHara Moy, KOSTo
€ MoanoXeHa Ha epo3nst e WKOHOMWYECKM HEeonpaBoaHo
MofaraHeTo Ha MPOTUBOEPO3NOHHM MPEXM, 3aNecUTenHu
npouegypu v Agp. lMopagu Tasw npuyMHa Ca uM3rpageHu
HAKOMKO  Mperpagy, KoMTO fAa  3agbpkaT 4acT  oT
aKTUBM3MpaHWTE Macu 1 Aa noracaT YacT OT eHeprusita Ha
MoToKa. 3a CbXaneHne odopmeHuTe ‘mena’ 3af CbluuTe
CpaBHWTENHO ObP30 Ce 3ambiBaT ¢ MaTepuan W MoHwxasaT
e(eKTUBHOCTTA CH.

TexHuyecknTe pelleHus 3a NPOTUBOAEUCTBME Ha Tasu
CTUXWS ca MHOrooOpasHu, KaTo Hail pa3npoCTPaHeHH ca T.Hap.
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‘nperpagHn  cTeHn’. Te3n CbOpbXKeHus  Hanogobssar
S130BUPHU CTEHU, KAaTO BUCOYMHATA UM Bapupa oT 5-6 m fo 30
m (dur. 9). [Opyro WMHTEPECHO TEXHMYECKO PELLEHME €
nokasaHo Ha dur. 10.

(2) 11B)S 3 =

®wr. 9. MperpagHa cteHa B 06n. Gosuke, BMectumoct 300000 m3
(a b)

®ur. 10. EHeproracuten ¢ gpeHaxHu dyHKumK (a, b)

CbopbXkeHneTo Mma 3a Lien OT efHa CTpaHa Aa pasgenm
TBbpAATa TO TeyHata (pasa B KarHO-KAMEHHUST MOTOK, a OT
Apyra camusiT HaTpynaH matepuan fa [efcTsa kaTo nperpaga
33 MpuwKgalmMTe HOBM eposupaHu Macu. Pasbupa ce,
MOYMCTBAHETO U MOLABPXKAHETO HA TE3U CbOPBXEHUS TpsiOBa
na 6bae nobpe opraHN3MpaHo 1 CBOEBPEMEHHO.

3akntoyeHue

Bu Mmorno Ja ce kaxe, Y€ CbBPEMEHHMST TEXHUYECKN
“apceHan” 3a NpOTUBOLENCTBIE HA HEBMaronpuATHKU NpoLecH
W sBneHus e pJoctaTbyHo 6Oorat, 3a Aa Cce crpaesme
e(heKTUBHO C Bb3HMKBaLMTe npobnemu. B MHOro ot cnyyauTe,
OT MbPBOCTENEHHA BAXHOCT, € TOYHOTO OrpedensHe Ha
OCHOBHMTE (PaKTOPH, MMALLW OTHOLLEHNE KbM Bb3HUKBAHETO W
Pa3BUTMETO HA  CBMAYMLIETO, CPYTWULLETO WIM  Apyr
reogvHammyeH npouec. OnpepeneHo He Tpsbea pa ce
pas3uuTa, Ye aKo efHa KOHCTPYKUMS € [oKa3ana CBOsTa
e(heKTUBHOCT B HAKOMKO KOHKPETHW Cryyas, TO TS credpa Aa
Obge npunaraHa BbB BCMYKM CXOOHW 3apaun, 6e3 pa ce
NOTbPCK MKOHOMUYECKW NO-L00BP BapuaHT, Npu 3ana3saHe Ha
eheKTUBHOCTTA.
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MPOrHO3UPAHE HA Bb3MOXHATA MUTPALINA HA PANUOHYKIUAU NPE3
NbOCOBUA KOMMNIEKC B PAMOHA HA AEL| “KO3n04YW”

Hukonaii T. CmosiHos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; nts@mgu.bg

PE3IOME. MocpeacTBOM MaTeMaTU4ecki MArpaLMOHHW MOLIENY € NPOrHo3MpaHa Bb3MoXHaTa MUrpaLyst Ha PaavoHYKIMAKM NPe3 NbOCOBIS KOMMNEKC B paiioHa Ha
AEL| “Koanopgyit”. CumynupaHu ca ycrosusiTa 3a [BUXKEHWETO Ha u3oTonute 90Sr, 137Cs, 60Co, 63Ni, 1 24'/Am B HeBOAOHacMTEHaTa 30Ha (30HaTa Ha aepauus).
M3anonaeaHa e cxemata Ha KOHBEKTMBHO-AMMY3MOHEH MPEHOC Ha BELLECTBO C OTYMTAHE Ha CbTbTCTBALLMTE MPOLiecH copbLys, AUCTIEPCHS, PaaMOaKTUBEH pa3nag v
cmecBaHe. Ha ocHoBaTa Ha MONyYeHUTE KONMMYECTBEHU NMPOTHO3HW PELLEHUS € HANpaBeHO XMAPOre0EKONOrMYHO 3aKr4eHe OTHOCHO MPUIOAHOCTTA Ha NbOCOBMS

KOMMNeKC 3a u3rpaxaaHe Ha XpaHunuLle 3a pagnoakTMBHU OTnaabLu.

PROGNOSTICATION OF MASS-TRANSPORT OF RADIONUCLIDES IN THE LOESS COMPLEX IN THE REGION OF NPS
”KOzZLoDul”

Nikolay T. Stoyanov

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

ABSTRACT. Mathematical models are developed in order to prognosticate the mass-transport of radionuclides in the loess complex in the region of NPS “Kozlodui”.
The conditions for mass transport of the isotopes of %Sr, 137Cs, 60Co, 63Ni, and 2'Am in the unsaturated zone (zone of aeration) are simulated. The applied scheme of
convective and diffusive mass transport takes into account the concomitant processes of sorption, dispersion, radioactive decay, and mixing. The obtained
quantitative prognostication solutions served as a base for the elaborated hydrogeological conclusion about the suitability of the loess complex for building a new
disposal facility for storage of radioactive waste.

BbBepeHue reomnoXKM, XWAPOreonoXKA W MWIPaLMOHHU U3CreaBaHus B
Mpe3 MOCMEOHUTE HSIKOMKO AeceTuneTus ronmam  6poii paitoHa Ha AEL| Kosnopy.

OpraHu13aLMM U aBTOPCKM KOMEKTWBW Ca NpoBeXdanu U o

MOMEHTa M3MbIIHABAT MHOTOBPOHW 1 pa3nuyHu no BuA Pesynratute OT npoBefeHUTE MOAENHN W3creaBaHus

W3CMeABaHNS 3a M3SCHSBAHe Ha TeONOXKUTE, WHKEHEPHO- no3sornseat Aa ce fAane no-kateropuiHo XmaporeoeKkonorniHo

reonOXKATE W XWNOPOreonoXKNTE YCNOBUA B paﬂOHa Ha AELl 3aknto4eHne OTHOCHO NPUroAHOCTTa Ha JIbOCOBUA KOMMEKC 3a

"Kosnogyn” (Mbnbbos m gp. 1992, 2003; Escratves u ap. “3rpaxxaaHe Ha XpaHWnuLle 3a paanoakTUBHN OTNagbLy.

2004; KapactaHes 1 gp. 2007a, 2007b; n ap.). AHanu3bT Ha
cbbpaHata [0 MOMEHTa WHopMauus Mokasea, u4e

YCTAHOBEHWAT B rOpHaTa 4acT Ha reonioXkuUs paspe3 J1bOCcoB Xnpaporeonoxku ycnosus
KoMmnnekc e ¢ gocta ronsama gebenuHa, cnaba nponycknmeocT OcHoBeH 00eKT Ha M3CnedBaHe € JTbOCOBWST KOMMIEKC B
1 CPaBHUTENHO Aobpa 3agbpkalla cnocobHocT. Hapes ¢ Tesn paitoHa Ha AEL| Kosnogyi. TOYHOTO MECTOMONOXEHWe Ha
KOHCTaTauum 3a OTCbCTBME Ha GrarompusTHW ycrosusi 3a obekTa e npeacTaBeHo Ha ¢ur. 1.
MPEeHOC Ha BeWeCTBO Npe3 3oHaTa Ha aepauus, nuncear
JOCTaTbYHO [0Ka3aTEeNCTBa 3a HeroBara ecTeCTBeHa 3aluura. ['eonoXKMAT CTPOEX B palioHa Ha nnowaakata 3a XPAO e
OTHocuTenHo npocT. [lo  JaHHM  OT mpoBegeHuTe  OT
OcHoBHa 3afjaya Ha HacToswata paspaboTka e ga ce l'eonormyecknst WHCTUTYT Ha BAH pdeTailnHu npoyysaHuMs
Hanpasy Mo-NpeLusHa OLeHKa Ha 3adbpxalliata CrnocobHOCT (Kapactanes u gp. 2007a, 2007b; u gp.) B paspesa ce
Ha I1bOCOBMS KOMMMEKC MO OTHOLIEHWE Ha  PasfnyHu pasrpaHnyaBaT Ba  OCHOBHM  TEONMOXKM  KOMMeKca:
PagvoHYKNUauW. 3a LenTa ca CbCTaBEHW YMCIIOBU ABYMEPHM KBaTEPHEPEH U NNMOLEHCKU. KBaTepHEpHUAT KOMMMEKC ce
(2D) mogenu, C KOWMTO € CUMYNMpaHO MOBELEHMETO Ha CbCTOW OT NbOCOBM MaTepuany (Nboc U NbOCOBUAHN TMNHM) W
usotonute 2Sr, 137Cs, 80Co, 63Ni, n 241Am. Ha Tasn Oasa e cTapu anysuanHu Tepacu (TMMHW, NACBUM M YakbiM C
HanpaBeHa M MpOTHO3a 3a Bb3MOXHATa MM MUrpauus B [MIMHECTO-NECLYNMB 3ambHUTEN). MTIMOLIEHCKUAT KOMMAEKC e
reofioxkata OCHOBa Ha oTpefeHaTa B 6nm3ocT 4o LeHTpanata npeacTaBeH OT Hacnarute Ha Bpycapckata ceuta (npaxosu
MrolWaaka 3a BPEMEHHO XpaHWIUWE Ha  PagnoaKTVBHM FTIMHW C NPOCTIONKMA OT (PUHM NACHLM).

otnagbun (XPAO). TMpu paspaboTBaHeTo Ha 4MCrOBUTE
MOZENN Ca M3MON3BaHN BCUYKM HAMMYHW AaHHMW OT NPeauLIHM
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®ur. 1. MecTononoxeHue Ha o6ekTa

Tabnuua 1
Qu3uYHU U XUOPOOUHaMU4HU XapakmepucmuKU Ha crioegeme
Crioi No Cn1017| CJ12017| C%oﬁ leoﬁ
,[le6en|/|Hr?l OT-A0-. | 10.35 | 4-16 | 1-5 > 40
O6eMH;/ (l;-lrﬂ-:THOCT’ 150 165 210 2.00
;ai?;auﬁmn:}z 110 | 025 | 350 | 0.005

Tabnuua 2
MuzpayuoHHu xapakmepucmuku Ha crioegeme
g KoedhuupmeHT Ha pasnpesenexue
3 Koed. Ha Ky, cmd/g
I | pasnagaHe
= y, d Crnon | Cnoit | Cnon | Crnon
& 1 2 3 4
80Co | 3.60x104 180 420 212 223
90Sr 6.64x10% 138 315 53 148
®¥Cs | 6.29x10% 298 825 346 424
63N 1.90x10- 350 650 400 650
21Am | 4.39x10¢ | 5000 | 10000 | 10000 | 30000

FeoMeTpUsSTa 1M MPOCTPAHCTBEHUTE TpaHULM Ha Taka
AETEPMUHMPAHM CrIOEBE Ca WUMIOCTPUPAHWM Ha CbCTaBEHWs!
Xvaporeonoxkn npogun (Bx. dwur. 2). B T1abn. 1 ca
NPeLCTaBEHM [JaHHW 3a TaxHaTa aebenuHa, obemMHa nibTHOCT
1 MPONYCKNMBOCT (KOeUUMEHT Ha dmnTpauus), a B Tabn. 2 ca
JafeHN OCPEeAHEHM CTOAHOCTW 3@ MUrpaLMOHHUTE WM
XapaKTePUCTIKM MO OTHOLUEHME Ha Pa3fnYHU PaaMOHYKIMAN —
QOSI', 137C57 GOCO, 63Ni n 241Am.
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© o2 cesep
2 100 XPAO

= O A/ i
Q AEL "Kosnoayn"
§ ] M;h‘?&"“’»} __800HO HUEO.
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250 350 450

150
XOPWU30HTanHoO pascroaHue, m

YCNOBHW O3HAYEHUA

@ | -Nboc
- llbocosuaHa rnuHa

7 ® | - MecbunuBa rMuHa 1 rMMUHECT NSACHK
- - [MuHa 1 npaxoBa rMuHa C NSCBHYHU NPOCNOWKK
- - CTOMaHOBGETOHHM XPaHUUwHn kamepun

'~ _| - Hueo Ha noasemHuTe BOAN
®ur. 2. Xuaporeonoxku paspe3 B paiioHa Ha nnoiyaakara 3a XPAO

Bb3 ocHOBaTa Ha npeuwseH aHamM3 W WHTEpnpeTauus Ha
cbbpaHata apxuHa uHGopMauus B 0bxBaTa Ha nnoLaakata
W Npunexalute W TEpUTOpUA Ce OTAENAT YETUPU HUCKO
PaHroBu eauHuUK: cno 1 — nboc (Qp23); cnom 2 — NbocoBKaHa
rnuHa (Qp23); cnom 3 — necbunMBa rnmHa M rMUHECT NSIChbK
(Qp?3); cnoit 4 — npaxoBu TAMHKM € NSICbYHM Npoconku (Na).
TexHute NpOCTPaHCTBEHW TPaHULY, XMAPOLMHAMUYHA 1
MUrPALMOHHN XapaKTEPUCTUKN Ca OMpederneHn no AaHHW Ha
Moo u gp. (1992; 2003), Escratnes u ap. (2004) u
KapacraHres n gp. (2007a; 20076).

B macuea e chopmupaH nogsemMeH MOTOK C reHepanHo
HanpaBneHWe OT or Ha ceBep. BbB BUCOKNTE YaCTW Ha CKITOHa
KBATEPHEPHUST KOMMNEKC € NPaKTUYECKM HEeBOJOHOCEH.
BoaHOTO HMBO € PasnomnoXeHO B MIMOLEHCKUTE FNIMHW Ha
abnbounHa okono 45-50 m nop TepeHa mnm Ha 30-35 m nog
obHoTO Ha Obpeworo XPAO. Ha ceBep BOOHOTO HMBO
MNOCTENeHHO CTaBa NO-NUTKO W NpeMIUHaBa B JOMHAaTa YacT Ha
NbOCOBMSI KOMMMEKC. HamnopHUAT rpagueHT € CPaBHUTEMHO
Bucok — okono 0.028. lMogseMHMST NOTOK OT MacuBa ce
JpeHMpa Ha ceBep B edHOMNbOCOBATa HE3anuBHa Tepaca,
BbPXY KOSITO € PasnosioxeHa LieHTpanara.

OCHOBHOTO MOAXpaHBaHe Ha MOO3EMHMTE BOAM € OT
WHUNTPaUMs Ha nagHanuTe Banexu. [lpu  KOHKpPeTHWTe
ycrnosust okono 10-11% oT cpegHata Cyma Ha roguLUHUS
Banex wnn npubmmautenHo 60 mm/a ce uHuNTpUpa B
[ObnooymnHa.

MeTopuka Ha uscneaBaHeTo

TeopeTuyHY Genexku 3a NpeHoca Ha BelecTBo B HeBOAO-
HacuTeHa cpefa

B HeBopoHacMTeHaTa 30Ha, PEC. B T. Hap. 30Ha Ha aepaLyust
MPeHOCLT Ha BEWEcTBO Ce peanuavpa MOCPEACTBOM
npoLecuTe Ha AUdY3us U KOHBEKLMS. [udy3NOHHNAT NpeHoc
MMa MSICTO HE3aBMCUMO OT HaNMYMETO Ha BEPTUKaneH NoToK
(MHUNTpauus) npes TasW 3oHa. KOHBEKTMBHWAT MpEHOC,
obaye, npeanorara HanuuMe Ha MHUNTpaUMs Ha Boda OT



MOBBLPXHOCTTA KbM HMBOTO Ha MOA3EMHUTE BOAM, C KOATO CE
MPEHAacAT U pasniyHM 3aMbPCUTENU. B KOHKDETHUS Criydai,
MUrpauusiTa Ha paagvoHYKNWOM Ce pasrnexga no obums
MOZIEN Ha eauH Andy3NOHHO-KOHBEKTUBEH NPEHOC.

BnaronpeHacsHe (MH(unTpauusiTa) B HeBOAOHAacUTEHaTa
30Ha Ce OMNUCBa OT CMOXHM HENUHEHM AudepeHLmanHmu
ypasHeHus (Richards, 1931; Philip, 1958; Havercamp et al.,
1977; v Op.), W3nCKBaWW YMCreHO pellasaHe. Hait-yecto
OCHOBHOTO YpaBHEHWE Ce 3an1cBa BbB BUAA:

Bl e My,
dt dz dz

KbreTo: B - 06eMHa BnaxHOCT (BOLHOTO ChabpxaHue), k*(0) —
koeduumeHT Ha  BrnaronposogHoct, h(B) BCMYKBalLL|
noTeHuman, z — 4bnboumnHa, t — Bpeme.

(1)

KombuHupaHeTo Ha ypaBHeHwe (1) C  MUrpaLyOHHUTE
ypaBHeHUs! NpaBu 3adayata W3KMIOYUTENHO croxHa. [Mpu
HEHOTO peluaBaHe B MpaKTUKaTa Hal-4ecTo Ce M3nonasat
CPaBHWTENHO MPOCTU aHanMUTUYHW METOAM. Te3n MEeToau
OBWKHOBEHO pasrnexmaT YacTHWUTE ChyyaW, Npu KOUTO €
Hanuue camo Any3NOHEH NPEHOC, UMK KOHBEKTMBEH NPEHOC
6e3 gucnepcus. 3a M3rOTBAHETO HA MO-TOYHM MPOTHO3HU
PELLEHNS MNPaBUMHUAT U edEKTMBEH NOAXO04  M3WCKBa
W3MON3BaHETO HA COOTYEpHW MPOAYKTM, KOUTO pasrnexpat
€OHOBPEMEHHO W faBeTe (POPMW Ha  MaconpeHacsHe
(koHBEKTMBHA W AMMY3MOHHA), KATO CE OTYMTAT W OCHOBHUTE
B3aMMOZENCTBIS HAa MUrpUpaLLNTE KOMMOHEHTH C reonioxkaTa
cpega. To3n MOAXO4 MMEHHO € MpuUrioXeH TyK, Kato e
M3NOM3BaH eOUH OT CbBPEMEHHUTE MPOrpaMHM MPOZYKTM 3a
MPOrHo3MpaHe pPasnpOCTPaHEHWETO Ha “3ambpcutenu’ B
30HaTa Ha aepauus.

MaTtemaTiyeckTe MOAENM Ha YCroBusiTa 3a [BMXKEHME Ha
PagMOHYKNWAM B HEBOOOHAcMTEHaTa  30Ha  BKMOYBAT
pellaBaHe Ha [Be 3adauu: PUNTPALMOHHA W MUrPaLMOHHA.
duntpaunoHHaTa 3agada 3acara npeHoca Ha Boga npes
HeHacuTeHaTa cpeda, a MurpauuWoHHaTa — rMpeHoca Ha
BeLLeCcTBO. 3a pelaBaHeTO Ha MbpBaTa 3agaya € BaxHO
[o0po nosHaBaHe Ha (PU3MYHWUTE U PUNTPALMOHHK CBOWCTBA
Ha cpegaTta (ob6emMHa MITbTHOCT P, €CTECTBEHA BMaXHOCT 6,
koeUUMEHT Ha uATpauus K), KakTo W Ha 3aBUCMMOCTTA
Mexay KoeduumeHTa Ha BNaronpoBOAHOCT W BMakHOCTTa: K*=
f(8) m Ha 3aBMCMMOCTTa MEXZy BCMYKBaLWMs MOTEHUMan u
BnaxHoctTa: Y = f(6). Bropara 3agavya uanckea nosHaBaHe Ha
OCHOBHWTE ~ MUrPaLMOHHM MapameTpu  KOedULMEHT Ha
pasnpepeneHve K¢, koedmumeHT Ha xwugpogucnepeus D w
koehULMEHT Ha pa3nagaHe y.

WHCTpyMeHTW Ha MaTeMaTU4eckoTO MOAenMpaHe
MaTtemaT4eckoTo MOAENMPaHE € U3MbIIHEHO C NOMOLLTA Ha
komnioTbpHata nporpama VS2DI (Variably Saturated 2D
Interface). Ta e paspaboteHa ot 'eonoxkata cnyxba Ha CALL
(USGS) - Healy, 1990; Hsieh et al., 2000; Lappala et al., 1987;

n ap.

AnropuTbMbT Ha nporpamaTa M3nonaea YKUCMoB MOAEN No
KpaiHW pa3nuki 3a CbBMECTHO PELLIaBaHE Ha YPaBHEHMSTA Ha
BMaronpeHacsHeTo 1 MaconpeHoca. 3asucumoctute k*=f(8) n
y=f(B) ce mopemmpar C QyHKUUMTE NPEANOKEHM OT van
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Genuchten (1980), Brooks and Corey (1964) n Haverkamp et
al. (1977). TMpouecute 3a ONMUCBAHE Ha MaconpeHoca
BKNIOYBAT KOHBEKTMBHWS MpEHOC, aucnepcusta (audysus u
MeXaHWdHa  gucnepcusl),  0BpaTUMOTO  ENUMUHUPaHE
(apcopbuus) n HeobpaTUMOTO ENUMUHUPaHE (PagMoaKTUBEH
pasnag).

MaTemaTuyecku Moaenu 3a NPorHo3upaHe Ha
MUrpaumusTa Ha paguoHYKNUau

KoHuenTtyanex mogen

Mp maTemMaTM4ecKkoTO MOfenupaHe Ha MurpauusiTa Ha
PafvOHYKNAKM Npe3 30HaTa Ha aepauus ca NpUeTH cregHuTe
Mo-BaXHW NPEANOCTaBKy:
PapumoHyknuauTe 3anoysaT Aa HaBnM3aT Nog LbHOTO Ha
XPAO 100 roguHu cnep HeroeoTO uarpaxzgaHe. Toraea
KOHCEpPBaTMBHUAT MOLeN npegnonara, Ye GETOHOBUTE W
OPYrM  3alUMTHW CbOPLXKEHWS Bevye He MoraT [a
WU3MbIHSIBAT CBOUTE CDYHKLMM.
MoCTbNBAHETO HA PAAMOHYKNMOM C  EKCMOHEHLMANHO
Hamanasatla aKTUBHOCT B NnoanoBbPXHOCTHOTO
MPOCTPaHCTBO €  HenpekbCcHaTo  npe3  Lenus
ekcnnoarauuoHeH nepuog Ha XPAO.
VIHWUNTPaLUMOHHOTO noaxpaHBaHe € MOCTOSHHO Mo
Lsinata nnowy Ha nrnowaakata u e B pasmep Ha 60 mm/a
=0.000164 m/d.
[MporHo3HmaT nepuog e ¢ npogbmkutenHoct 30000 r.
Xuoporeonoxkute eguHuuM (CnoeeeTe) B paspesa ca
XOMOTEHHM W Ce XapaKTepuanpaT C NOCTOSIHHU OU3NYHN,
XVAPOLANHAMUYHYA U MUTPALMOHHM NapameTpu.
Murpaumata Ha paguvoHyknuMau ce peanuavpa no
KOHBEKTMBHO-OM(Y3MOHHATa CXema, C OT4MTaHe Ha
copbuwsTa, gucnepcusiTa U paanoakTUBHUA pasnag.
Pesyntatute 0T NPOrHO3HWTE M3YMCIIEHNS Ce AaBaT kaTo
OTHOCUTENTHA aKTMBHOCT, T.e. OTHOLLEHMETO Ha TekyLlaTa
aKTUBHOCT Ha [JafeHus PaguoHYKNWG B MPOM3BOIIEH
MOMEHT W MpOM3BONHA TOYKA OT 30HaTa Ha aepauus
CnpsiMo “BxofHaTa” akTUBHOCT.

KomnoaupaHe Ha MaTemaTnyeckusi moaen

MpM KOMMO3MPaHETO Ha MaTemaTMyeckust Mogen ca
nsnonasaHu nporpamHus  mogyn VS2DTI u  ocHosHuTe
MONOXEHWS, NMPEACTaBeHN B KOHLeNTyanHus mogern. Mogenbt
e JaBymepeH. C Hero e CUMynMpaHO MOBEAEHWETO Ha
papuoHyknugute 0Sr, 1¥7Cs, 60Co, &Ni n 241Am.

MopenHata obnact obxealua paspesa B AbnbounHa o koTa
25 m (cpur. 3). YcTaHoBEHMTE B Ta3n YacT Ha paspesa YeTupy
HUCKOPAHIOBW XMAPOTEONOXKA EAMHULM Ca CUMYNMpaHu C
YeTUpU MOZEemHN 30HW. Beska MogenHa 30Ha e 3afafieHa B
rPaHuULM 1 CbC CBOWCTBA, OTFOBApALLM Ha peanHute 0bekTH n
XapaKkTepuaupalyM MoBeAEHWETO Ha M3BpoeHUTE No-rope
paguoHyknuam (Bx. Tabn. 1 v Tabn. 2).

lpaHMLaTa Mexay HeBOAOHAcWTEHaTa M BOLOHACMTEHaTa
30Ha (HMBOTO Ha NOA3EMHUTE BOAM) € AafieHa C MyHKTMpaHa
nnHns (cour. 3).

VIHGMNTPaLUMOHHOTO NoaxpaHBaHe OT BaNnexuTe € 3aAafeHo
KaTo MOCTOSIHHA BEMWYMHA MO LsnaTta MOZEemnHa nnowy Cbe
ckopocT Ha wHmnTpauus W = 0.000164 m/d. BanexHute



BOAM, NOCTbMBALM M3BLH IPaHULMTE HA XPaHUNULLETO, ca Tabnuua 3
YMCTW U 33 LENns Nepuod Ha cuUMynauust e npueto, Ye Pesynmamu om modeniHume u3cnedsaHus

KOHLEHTpaLs Ha pagunoHyknuam B Tsx e ¢ = 0. MpueTo e owle,

* ) © MakcumanHa oTHocuTenHa

Ye OTHOCUTENHaTa KOHUEHTpauua Ha paguoHyknugu c° B & z z KOHLIEHTDALIMA

nocToneawiuTe noa [AbHOTO Ha [AenoTo TEeYHWn eMUCUKn §[ E = 2 2 = 4 pay

HamansBa eKCroHeHUWanHo. 3a BCeKM CTpec nepuop Ts ce g = ..é g Bpewme, OTHOCHTENHA

onpefens 0T 3aBUCUMOCTTa: T = roauHM KOHLIEHTpaLust

-3
¢ = ¢/ co= exp () ?) 1 15 50 1.86x10
205 2 3.0 170 4.94x10-8

KbAeTo:. C € KOHUeHTpauuda B npou3BoneH MOMEHT U B . . -

3 5.0 300 1.90x10-12
npou3BOrHa TOYKA, Co € BXOAHATa KOHUEHTpauus, y - 4 25.0 1610 3.00x10-61
KOG(*)I/ILU/IeHT Ha enuMHMpaHe Ha nscnensaHna pagnoHyknua, 1 15 50 9.11x10+4
t — BpemeTo. HauyanHata BxogHa OTHOCUTENHA KOHLIEHTpaLms ' '

* 2 3.0 190 5.80x10¢

(npu t = 0) e co* = 1, T.e. OTHOCUTENHUTE KOHLIEHTpaLuW B 137Cg

nnacta ca B 4acTit OT eAvHNLaTa. 3 5.0 320 5.13x10-14

4 25.0 1630 1.94x10-70

1 1.5 11 3.10x104

150
o2 ceeep 60Co 2 3.0 33 1.65x10-10

© 1251 £ - 3 5.0 68 1.11x10-16

2 —OSO:OE'GSmId gE E:: 6

m 1001 - % w=o00g016smi 4 25.0 1744 1.35x10-

5 s S - 1 1.5 200 3.00x10-3

C 751

S @ i |2 3.0 600 1.53x107

(o] 2

£ 50 @ 3 3 5.0 1020 1.09x10-11

- = 4 | 250 | 5360 1.60x10%
110 130 150 170 190 210 230 250 270 290 310 330 350 1 15 850 9.09x104
XOPU3OHTANHO Pa3cTosiHue, m
¢ 2 wnm | 2 3.0 2580 4.22x10%
YCNOBHW O3HAYEHUA 3 50 4450 2.77x10-14
@ | -Nboc 4 25.0 23170 5.89x10-70
- JlbocoBuaHa rmuHa
@ - MecbynuBa rnuHa v rMUHECT NSCHLK ;5 2.0x10° =
4 1 r
- - MMuHa n npaxoBa rnuHa ¢ NACHLYHN NPOCONKN z 1.6x10° e T
= 5 ‘ \: | | | | labn. moyka Ne
- - CTOMaHOBETOHHN XpaHUMULLHW Kamepun % ;':::Z‘ 1 \ [unGosuna: 1.5m
>~ _| - HuBo Ha nopzemHuTe BOAN g Pl 1 \
| $ | - UHdbunTpaums Ha HesaMmbpceHu (BanexHu) Boav E 0.0x10°
0x10° 2x10° 4x10° 6x10° 8x10° 1x10°
[ 3 \ - UHdpuntpauma Ha 3ambpcenn Bogun oT AbHOTO Ha XPAO ) * * g Bpeme t, d * x g
s 2.0x107
[ .4 | - HabnogartenHa Toyka Ne 3 i ] | S
| = 1.6x10
5 T 1 Ha6n. moyka Ne2
o .2x T

®ur. 3. MogenHa o6nacT, MOAENHN 30HU W FPaHNYHM YCIIOBUS g 8.0x10° Awvn6oyuna: 3.0 m
3 s
ES ]

2 a4ox10®
z 0.0x10° / T
Mpu auckpeTnsaumsaTa Ha modenHata obnacT e u3nonasaHa ° P 210° ax10t 6x10° 8x10° 1x10°

paBHOMEpHa OpTOrOHanHa MpeXa C pasMepu Ha KneTkuTe % G spewet, d
g 2 | ogp

2.5x1.0 m. MporHo3HusT neprog e 30000 roguHw. S i
5 ' Ha6n. moyka Ne3
8 1.2x10™"

MpOorHo3HM peweHus E sono® Aun6osuna: 5.0m
= " T
I
g 40x10™

C paspaboTeHuss MaTemaTuyecku MOeNn e HanpaBeHa £ | ‘
5 0.0x10

NporHo3a 3a OTHOCUTENHWUTe KOHLEeHTpauun Ha 908r, 137Cs, 0.0x10° 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10°

80Co, ®Ni u 24Am B ueTwpu HabnrogaTenHuW TOYKM Ha R spevett d
S : 904

AbnbounHa 1.5 m, 3.0 m, 5.0 m n 25.0 m nog AbHOTO Ha S exto® %

XPAO (Bx. cour. 3). 3 1207 et mcixe NS
% . Awawuua: 250m
=

[MonyyeHUTe NPOTrHO3HW PELLEHNS Ca UMKCTPUPaHu Ha cur. 5 yawic™

4-8, a B Tabn. 3 ca npeacTaBeHW M3YUCNEHUTE MaKCUMarHU B omin

OTHOCUTENTHU aKTMBHOCTU B YETUpUTE HaGJ’I}OﬂaTEJ'IHI/I TOYKN 0.0x10° 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10°

nog AbHoTo Ha XPAO u BpemeHara, 3a KouTO Te ca speve t d

AOCTUTHATW. ®ur. 4. MIPorHo3Hu peLeHns 3a MurpaumsaTa Ha 0Sr
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1.0x10*

25 ] 137Cs
o 8.0x10* A
E 1 \ Ha6n. mouka Ne1
g 6.0x10"
g
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3 4.0x10 \
x
2 20x10*
3 K
& 0.0x10°
0x10° 2x10° 4x10° 6x10° 8x10° 1x10°
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] s
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3aknioyeHue

lMonyyeHuTe ¢ MaTeMaTUYECKUS MOAEN NPOTHO3HM PeLLeHns
MnoKa3eaT, Ye BCUYKM W3CreaBaHn paguoHyknmam (0Sr, 1¥7Cs,
0Co, 83Ni u 2/Am) uMaT MHOrO OrpaHU4eHN Bb3MOXHOCTM 33
pasnpocTpaHeHue B HEBOLOHACUTEHUS JbOCOB KOMMMEKC. Te
Le HamarnsBar CBOSTA aKTMBHOCT O MPaKTUYECKN HULLOXHM
paBHWLLA B PE3ynTaT Ha KOMMMEKCHOTO LEeMCTBUME MaBHO Ha
npoLiecuTe Ha ecTecTBeH pasnag v Ha copbuus (3agbpxate) B
3emMHata ocHoBa. OTHOCUTEnHaTa WM aKTMBHOCT — Ha
AbnboumHa 25 m, T.e. Manko Hag HMBOTO Ha NOA3EMHMTE
BOAM, LLE € U3KIKOYMTENHO Hucka — Mexay 1056 u 10-70,

IbocoBuaT komnnekc B paoHa Ha AEL “Kosnopyn”’
npuTexaBa MHOTO BWCOKA 3ambpxalla CrnocobHocT u
npeactaensBa  HagexgHa — Oapuepa,  orpaHuyaBalia
pasnpoCTPaHEHNETO Ha PaAMOHYKNMAM B NOANOBBPXHOCTHOTO
NPOCTPaHCTBO.
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OLIEHKA HA OINMACHOCTTA OT CY®O03UA U CNnArAHE HA OCHOBUTE HA XOTEN
“MAPULA” B TPAL NnnosauBe NP OTBOAHABAHE HA CTPOUTEINEH WU3KOMN

Hukonai T. CmosiHoe, AHmoHuo B. Jlakos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus; nts@mgu.bg; lakov_geot@mgu.bg

PE3IOME. OcHoBHa Lien Ha uscnefBaHeTo e fia Ce OLieHN OMacHoCTTa OT crisiraHe W cyo3usi NoA OCHOBaTa Ha xoTencku komnnekc “Mapuua” B rp. Mnoeaus npu
OTBOAHSIBAHETO Ha CTPOMTENHMS W3KOM 3a HEroBOTO paslumpsiBaHe. 3a onpefensHe Ha MakCUMamHUTe rpafneHT! Ha UNTPaLMOHUS MOTOK KbM YKpEMneHus
NUNOTHa CTeHa W3kon e paspaboTeH MaTemaTuyeck 3D MOAEN Ha HapYLLEHOTO OT AEICTBMETO Ha BOAOMOHN3NTENHATA ciUcTeMa PUATPaLMOHHO none. MonyyexuTte
MOZIENHN PeLLeHNs Ca U3NoM3BaHW 3a OLEHKa Ha OnacHOCTTa OT Cypo3ns N0 pasnuyHM METOAW W 33 W3YMCNABAHE Ha CnAraHuaTa nof xotena. HanpaseHaTa
KoMnnekcHa OLieHka Nokassa, Ye CsraHusATa Ha 3eMHaTa OCHOBA Mpy OCyLUaBaHe Ha u3kona ca B 6e3onacHu rpaHuLm, AoKaTo CydosnsTa € noTeHumaneH daktop 3a
Bb3HWKBaHE Ha Henp1eMnuBy AedopmaLun Ha hyHAaMeHTUTe.

HAZARD OF SETTLEMENT AND SOIL PIPING UNDER THE FOUNDATION OF THE “MARITSA” HOTEL IN PLOVDIV
RELATED TO DEWATERING THE EXCAVATION PIT

Nikolay T. Stoyanov, Antonio V. Lakov

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

ABSTRACT. The major subject of the study is to estimate the hazard of settlement and soil piping under the foundation of the “Maritsa” hotel in Plovdiv related to
pumping from the excavation for new hotel building. A 3D numerical model was developed to estimate the disturbed ground water filtration field and the maximum
gradients adjacent to the supporting secant pile wall. The obtained solutions were used in several methods to calculate the piping hazard and the settlement under the
hotel. The general evaluation of the hazards revealed that the settiement due to the groundwater drawdown will be within allowable range while the soil piping will be
potential factor for development of unacceptable settlement of the foundation.

BbBepeHue BCMELCTBME Ha NMOHWXaBaHe Ha BOLHWTE HWBA NMOA Crpagu u
HoBOTO CTPOMTENCTBO B LEHTpanHaTa 4acT Ha rpaj CBbOPBXEHN HE CE pasrnexna B HOPMATUBHUTE LOKYMEHTW y
MnosouB ce XapaKkTepusuMpa C HapacTBaly nnowm Ha Hac. OT Ta3u rnegHa ToYka, AOCErallHusT, 40 rofsama CTeneH
3acTposiBaHe W ObnbounHa Ha dyHampaHe, KOUTO CbBMECTHO eMNUpUYeH ONUT B palioHa, Beye e He[loCTaTbuyeH 3a JaBaHe
C  VHXEHEpHOreosnoXKNTE U XMOPOreosnoXKM  YCroBMS, Ha KO\!VII'IJ'IeKCHa OleHKa 3a o4akBaHWUTe He6J'IaI'OI'IpVIF|THVI
XapaKkTepusupaly ce ¢ pedyBaHETO B reonoXkus paspes OT Bb3AenCTBNA U NocneacTena OT OCylaBaHe Ha CTPOUTENHUTE
Pa3HO3bPHECTW HECBLP3aHW MACLUM M YaKbiM A0 CBbp3aHM n3konu, He Camo MO BPEME Ha CTPOWUTENICTBOTO, HO W Npu
TMMHECTU W NpaxoBy anyBuarnHW mMaTepuani, BUCOKM HUBA Ha ekcnnoaraynsaTa Ha crpaguTe U CbopbXeHusTa.
MOA3EMHUTE BOAM W CNOXHW XWAPABIMYHW BPb3KM Ha
BOZOHOCHMS Komnrieke ¢ p. Mapuua, onpeaensT 3HauMTENHO OcHoBHa LieNn Ha HaCTOSLLETO W3creaBaHe e Aa Ce Hanpasu
MO-LUMPOK M YCHOXHEH 0BXBaT Ha 30HaTa Ha B3aMMOZEeNCTBMe MPOrHo3a 3a CrisiraHeTo ¥ Bb3MOXHaTa Cy(ho3usi NoA OCHOBaTa
Mexay CrpaguTe, 3eMHaTa OCHOBA M (HUNTPALMOHHOTO More. Ha xotenck komnnekc ‘Mapuya® - [lnoeavs  npu
EoHu oT Bce no-yecto cpelawmTe ce |'|p06]'|eMVI ca OTBOAHABAHETO HAa W3rpageHuns 3a HeroBoTo pasliunpsaBaHe
npeamsBuKaHn  OT HeoOxoauMmocTTa  OT yKpensaHe K CTpouTeneH Mu3kon. M3roTBaHETO Ha nporHo3ata W3NcKBa He
OTBOAHSIBaHe Ha CTPOUTENHUTE W3KOMK, KaKTO U CBbP3aHUTe C Camo AaHHM 33 (HU3NKO-MEXaHUYHUTE XapaKTepucTukv Ha
TOBA MOTEHUMANHO OnacHu npouecu, Karo Cyd)o:wm n OCHOBATa, HO U MHOro ,£|06p0 Nno3HaBaHe Ha MakchmanHuTe
pedopmMupaHe (ChsiraHe) Ha 3eMHaTa OCHOBA He CaMo B rpafiMeHT Ha nop3emHus motok. ToBa Hanoxu fAa ce
rpaHMUMTE Ha CTpOWTenHaTa nrowjaaka, Ho 4 B obxBata Ha paspabotn u wmarematuyeckn TpumepeH (3D) momen Ha
peanuavpaHata npu ToBa [Jenpecus, 4ecTo OOXBallalla HapYLIEHOTO B XOfi@ Ha BOAOOTNMBA (PUNTPALMOHHO more.
npunexalumte 3acTPOEHW TEpPUTOPUWN B padmyc A0 HSKOMKO HanpaBeHWTe U34MCEHUst U NPOrHO3K ca 683I/IpaHVI Ha OaHHKU
CTOTMH MeTpa. TyK e oThenexum, 4ye ako oueHkata 3a OT WHXEHEePHOreosnoXkKnTe 1 Xnaporeonoxkn npoy4yBaHna Ha
onacHoctTa oT qu)o3|/|;| M NporHo3aTa 3a PasBUTMETO Ha 06eKTa, NpoekTa 3a BOAOMOHWKEHNE NPU N3KONMHUTE pa60T|/| n
JEenpecroHHaTa 30Ha Ce W3WCKBAT (Makap W HECBbP3aHU efHa u3rpapeHata nunoTtHa CTeHa 3a yKpersaHe Ha OTkoca Ha
C Apyra) CbOTBETHO CbrnacHo un. 12 Ha HMM®-1996 . v . u3kona ot cTpaHarta Ha xotena (Xpuctosos, 2006; Todopos,
10 Ha EBpokog 7 [eOTEXHUYECKO MpOEKTMpaHe, KakTo M Kapuesa, 2006 1 ap.).

Hapepba 9 Ha MOCB, To onpeaensHeTo Ha chsiraHusTa
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MatemaTuyecku 3D mogen Ha HapyLLEeHOTO

thunTpaumoHHo none

3a 0TBOAHSABaHE Ha U3rpafieHnst B HemocpeacTeeHa bnmsoct
[0 XOTencku komnnekc “Mapuua” ctpouteneH uskon ot upma
“BofokaHanctpon” — Byprac e npoektupaHa W u3rpageHa
CMCTEMA OT JpeHaxHW knageHuu. Mpu paspaboTBaHeTo Ha
MpoekTa ca MoM3BaHW OMPOCTEHW M3YUCTIUTENHI CXEMW W
aHanuTUYHM (HOPMYNK, KOETO CTECHsIBa BL3MOXHOCTUTE 3a
NPeuMsHo OTpassiBaHe Ha KOHKpETHaTa XWOpOreonoxka W
TEXHOrEHHa 0OCTaHOBKA M MOHWKaBa [JOCTOBEPHOCTTA Ha
MPOrHO3HUTE peLLeHus.

HanpaBeHuTe nNpedBapuUTENHN M3YMCNIEHNS MOKasaxa, 4e
Beye M3rpageHata BOJOMOHM3WUTENHA CUCTEMA He € B
CbCTOSIHWE HaMb/IHO Aa OrpaHMyM BOLOMPUTOKA OT oKHaTa
cTpaHa Ha wu3kona (oT p. Mapuua) u He 6u cb3gana
HeoDXOOMMOTO MOHWXKEHMe Ha MOA3EMHUTE BOAM NOA
HeroBoTOo [AbHO. CblleBpeMeHHO, pabOTHUAT NPOEKT He
Cbabpxalle  WHOpMauMs 38 OuHamukata  Ha
(OUNTPALMOHHUTE MPOLECH W MPepasnpefeneHneTo  Ha
XnapaennMyHUTE Hanopwn npn OTBOAHABAHE Ha U3Kona, KoATO €
KpaliHO HeobXxo4uMa 3a OLEHKa Ha ClsAraHeTo U Bb3MOXHATa
Ccyo3nsi nog, OCHOBATa Ha XOTESCKMS KOMMITEKC.

ToBa MoTuBMpa U pa3paboTBaHETO Ha MaTeMaTU4ECKU
MOLEN Ha XMAPOAMHAaMUYHUTE YCnoBKA B obcera Ha 0bekTa, ¢
koNTO Aa 6baaT peLueHun crieaHUTe BaxHU 3aaaum;
ONTUMM3NPaHE Ha U3rpafeHaTa NOHWU3UTENHa CUCTEMA;
mogenHa 3D cumynauus Ha HapyLweHOTO OT AeNCTBUETO
Ha BOAOMOHM3UTENHATa cUcTEMA (OUNTPALMOHHO nore;
JETEPMUHMPAHE HA MPOCTPAHCTBEHOTO U BPEMEBO
npepasnpesencHne Ha Hamopute W XULpaBIUyHWTE
rpagveHTV B paiioHa Ha obekTa, C aKUEHT 3a yvacTbka
Mexgay CTpouTenHus uskon u p. Mapuua.

Mpu paspaboTBaHETO Ha Mogena €  W3nornsBaHa
komntoTbpHaTa nporpama MODFLOW. MogpobHoCcTH, OTHOCHO
W3MON3BaHMs MaTemMaTMyeckn anapaT B anroputbMa Ha
nporpamata, KakTo M HauuMHbT 3a paboTa ca nogpobHO
onucaHn B nutepatypata (Andersen, 1993; McDonald,
Harbaugh, 1988; CtosHos, 2003 u ap.).

KoHuentyanen mogen

OBekT Ha MaTeMaTuJeckuTe M3CNeaBaHNs € ropHaTa YacT Ha
HeOreH-kBaTepHEpPHNS BOJOHOCEH KOMMIeKC (0 gbnbounHa
30-40 m). Paspe3bT € npencraBeH OT MACHUM, YaKbiM U
BayHU C IMWHECTO-NECHYNUB 3ambiHUTEN. B no-ronamara cu
yacT Tean mMatepuanu ca gobpe NPOMUTH, KOETO onpeaens u
ronsmara BOLOMPONYCKNMBOCT Ha cpegata. [lpoBogumocTtTa
poctura go 2000-3000 m2/d, a koeMUMEHTBT Ha uUnTpaums
e 80-90 m/d. 'paBUTaLMOHHOTO BOAOOTAABAHE € B AManasoHa
0.15-0.25, «koeTo onpedenss  HWUCKM  CTOMHOCTM  3a
nuesonpenaBaHeTo. Bucokata NpOBOAMMOCT UM HUCKOTO
niesonpedaBaHe Ca MpeanocTaBka 3a Cb3fgaBaHe Ha
OTpaHWYeHN MO MNMOLW, [Eenpecunm U BUCOKW XUOPABMMYHN
rpagueHT B GMN30CT A0 BOAOMOHUSUTENHUTE CbOPBXEHMS.
ToBa 0OCTOSTENCTBO 3HAYMTENHO 3aTPYAHSBA MMOLLHOTO
MOHWXEHWE Ha NOA3EMHUTE BOAW [a Ce peanuavpa OT Maltbk
Bpoit BEpTUKANHW COHOAXM, KOUTO He MOKpUBAT (MK MOHE He
OKOHTYpBaT) NpesBMaeHaTa 3a OTBOAHABAHE TEpPUTOpPYS.

166

7
\CTpouTeneA
u3kon

XOTeJICKu
KOMMnnekc

N
D
2o
Q
32 |
I
85
23
3]
(=)
=

uud
p. Map

- U3rpageHun CoHpgaxu
- COHOAXW B NPOEKT
- APeHaXXHU KaHanu

- MUNOTHA CTeHa

[ EE
0 10 20m

M-

®ur. 1. MecTononoxeHue Ha CTPOUTESHUA U3KOM, XOTENCKUA KOMNNEKC U
BOJONOHN3NTENHUTE CLOPBHKEHUSA

lMogsemHuTe Boaym ca Ge3HanopHM U B Mpsika XWApaBnMyHa
Bpb3Ka C p. Mapuua. Pekata e rmasusT (akTop, KOHTponmpaly,
CTpyKTypaTa Ha mog3emHWs noTok. [eHepanmHaTta mocoka Ha
MOA3EMHMSA MOTOK CredBa PEYHOTO TeyeHue (0T 3anaj Ha
W3TOK), kaTo cpegHuaT rpagueHT e okono 0.0005. OcHoBHOTO
noaxpaHeaHe Ha nofsemHuTe Boau € oT p. Mapuua. B To3m
cnyyail ce npegnonara, Ye BOAOMPUTOKLT B CTPOUTEMNHWSA
W3KOM Le NOocTbnBa rMnaBHO OT tr. [lpuTokbT e ce
OrpaHMyaBa YacTU4YHO OT M3rpageHarta o CeepHaTa rpaHuya
Ha XOTENCKMSi KOMMMEKC MUIOTHa CTeHa. T npencTaBnssa
NIMHEEH pef OT 3acTbMBaLLM Ce W3NMBHM NUIOTW C AMaMeTbp
88 mm, m3mbnHenn go gbnbounHa 13 m ot kota 160. Opyra
4acT OT NOAXPaHBAHETO HA BOZOHOCHWS KOMMMEKC upBa OT
WHunTpaums Ha BanexHu Bogw. lpu npegnocTaekata, Ye
10% ot cpegHoroguiuHaTa cyma Ha Banexa (540 mm) otuea
332 NOAXpaHBaHE Ha MOA3EMHMTE BOAM, 3a CKOpOCTTa Ha
WHGMNTPaums e npueTa ctonHoctTa 1.5x104 m/d.



Mogen Ha ecTecTBeHOTO hUNTPaLMOHHO none

MogensT npeacraensasa 3D cumynauums Ha CTpykTypata Ha
€CTECTBEHUS noA3eMeH noTok. [pu KOMNo3upaHeTo My ca
MON3BaHN NOCTaHOBKUATE, M3NOXEHU B KOHLENTYanHus mogen
u nporpama MODFLOW. MopemsT e egHonnactos. Mnowra
Ha MogenHata obnact e 1 km2 T[lpu npocTpaHCTBEHaTa
AUCKPETU3aLMS € M3NON3BaHa HepaBHOMEpHa OPTOrOHamnHa
Mpeska, KOTO € CrbCTeHa B 6rM30CT [0 CTPOMTENHMS M3KOM W
[0 BOLOMOHU3UTENHUTE CLOPBXEHUS (KNaeHUM U OpeHaxy).
3a XxapaKkTepucTMkWTe Ha MOAENHWA nnacT ca npueTy
CTOMHOCTUTE: KOE(MUMEHT Ha unTpaums 80 m/d;
koeduumeHT Ha BogooTaaBaHe — 0.2; cpenHa AebenvHa Ha
nnacta — 30 m. BOAOHOCHMAT KOMMNEKC € MOAenupaH Kato
BesHanopeH. Pekata e cuMynupaHa kato TpuMepeH 06ekT Cbe
CbOTBETHWTE TEOMETPUS Ha Pycrnoto W  XvAPaBMNYHM
XapakTepuUCTUKM Ha PEYHOTO TeyeHne. 3adageHa e C rpaHnyHo
ycnoeue OT | poa - NOCTOSHEH Hanop Ha Kota 155.3 (cpeluy
XOTENICKUS KOMNAeKC). PervoHanHuaT notok € mopenupan
ypes CUMynupaHe Ha pasxod MO 3anagHata W M3TouHaTa
rpaHuya no cxemara GHB. 3a HayanHoTO pasnpegeneHne Ha
HanopuTe ca NpueTH TakmuBa CTOWHOCTU, MPU KOUTO CPERHWST
xuapasnuyeH rpagueHt e okono 0.0005. VHdunTpalmoHHoTo
nogxpaHBaHe € 3aJafeHO KaTo MNOCTOSIHHA BeNWYMHA BbB
BCWYKW KNeTkU Ha mogdena. [unotHaTa cTeHa no cesepHaTta
rpaHNLa Ha XOTENCKMUS KOMMNEKS, KOATO € ¢ AbnbounHa 13 m
oT kota 160, e 3agageHa KaTo HenpoHuuaema rpaHuua.
[eTepmuHmMpaHaTa no TO3M HauMH eCTeCTBEHa CTPYKTypa Ha
(bUNTPaLMOHHOTO NOMe e UMKCTpUpaHa Ha dur. 2.

Mopen Ha HapywweHOTO hUNTpaLMOHHO none

3a onTumuU3MpaHe Ha Beye W3rpageHaTa BOAOMOHU3UTENHA
cucTema, BKIouBala 38 apeHaxHu knageHeua ¢ gbnboynHa
12 m v gnameTbp Ha ekcnnoaTtauuoHHata konoHa 200 mm,
nocpeacTsoM matematnyeckus 3D Mogen ca mpourpaHm
PasnMYHM  BapuaHTM 3a €(EKTUBHO OTBOOHSBAHE Ha
CTPOMUTENHUS WU3KON Ype3 BapupaHe Ha BbTPELLHUTE rpaHuYHu
YCMOBWS:: MPOMEHU B EKCMIOaTaLMOHHNS PEXUM Ha cuctemata
W BKMKOYBAHE Ha Pa3nyHi BOJOMOHWU3UTENHN CbOPLXEHUS —
CblUecTByBalWM W LOMBIHUTENHW KNageHUM W JpeHaxH
kaHarm. Cepusita OT KOMMIOTBPHM CUMynauuu nokasa, ue
cucTemata e feiicTBa eddeKTUBHO Npu cnegHata paboTHa
xunote3a. OcBeH cbluecTByBawumTe 38 knageHeua, Ha 3-4 m
OT OXHMs BOPT Ha M3Kona [a ce u3rpagsaT 5 HoBM knadeHeLa ¢
gbnboynHa 15 m u gnametsp Ha konoHata 400 mm (cpur. 1).
Mpe3 mbpBUTE 11 OHW OT ekcnnoaTauusTa Ha cucTemata Lie
pabotar BcuukuTe 38 “cTapu’ KnageHeua, KakTo U netTe
HOBOM3rpadeHn knageHeua. “Crapute” we paboTtar ¢
eauHndeH pedbut 15 /s, a “HoBute” ¢ gedut 17.5 I/s. 3a To3m
nepuog HanopuTe B U3Kona LUe cnagHaT 40 HMBA Ha OKOMOo W
nog kota 151. Taka Le cTaHe Bb3MOXHO Ha AbHOTO Ha M3kona
Ja Ce U3KomasT APEHaXHW KaHanu no cxemarta nokasaHa Ha
cur. 1. TpoekTHaTa wWupoynHa Ha KaHanute e 0.8 m, a
gbnooynHata UM — Ha kota 149.5. Crnen BkntoyBaHeToO Ha
XOPWU3OHTANHWA [OpeHax B ekcnnoatauus, e 6bgar
u3krnodeHn 18 ot “crapute” KnageHum.

[MpOrHO3HWTE M3YUCIIEHMSTA Ca HaNpaBeHW 3a nepuog ot 12
Mecela. PesynTature nokasear, Ye XEenaHOTO MOHWKEHME Ha
MOA3EMHUTE BOAM B CTPOMTENHMS WM3KOM Lie Ce JOCTUTHE 3a
okono 21 OHM Cried BKIIOYBAHETO Ha BOAOMOHM3UTENHATA
cuctema. ToraBa Ce O4aKBaT UM HaW-BUCOKMTE XMOPABIMYHM
rpagueHT nog ObHOTO Ha XOTENCKMSI KOMMIEKC U B
HenocpeacTBeHa 61M30CT 4O CTPOUTENHWS U3KON.
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Ha ¢ur. 3 e npenctaBeHO HapyLLeHOTO UITPALMOHHO
none, pecn. pasnpefeneHneTo Ha Hanopute B CTPOUTENHUS
U3KOn U B Npunexawute My Teputopuu, a Ha d¢wur. 4 ca
UMIOCTPUPaAHU U OYaKBaHUTE MPOMEHU B CTPYKTypaTa Ha
nof3eMHUs MOTOK MOA XOTenckust komnnekc. Bb3 ocHoBa Ha
HanpaBeHWs C Mogena BogeH OanaHc ca onpegeneHn u
CTOMHOCTUTE Ha AebuTa Ha BOLOMOHUIUTENHINTE CbOPBLXEHUS
B pa3nn4HMTE NPOrHO3HW Nepuoay (Tabnumua 1).

Tabnuua 1

ExcnnoamayuoHHu 0ebumu Ha CbopbXeHusima
BogONOHHSHTENHM EkcnnoartauunoHeH nepuog

ChOpbXEHIS O-11pgwm [ 11-365 gHm
[ebuT Ha cbopbxeHnsTa B Q, I/s

“cTapu” KnageHum 540.0 270.0
“HoBM” KNaaeHuUm 87.5 75.0
JPEHAKHN KaHanw 0.0 283.0

Bb3 ocHoBa Ha pesynTaTuTe OT NOMyYeHUTE MOAENHN
PeLLEeHNs MoraT fja Ce HanpaesT CregHUTe No-BaXHMW U3BOAN U
3aKMIYEHNsT OTHOCHO [EeACTBMETO M e)eKTUBHOCTTA Ha
ONTUMM3MPaHaTa BOAOMNOHU3NTENHA CUCTEMA:

e [Tbpsute 11 geHOHOWMS cuctemata, CbCToswa ce oT 38
“ctapu” 1 5 “HoBW” KnageHeua, Le paboTh CbC CymapeH
pebut 627.5 I/s, kaTo B Kpas Ha nmepuoga HamopbT B
LileHTpanHaTa yact Ha u3kona e 6bae Ha kota 151.2 (c
0.35 m Hag kota AbHO). MogenHute cumynalum
rnokasaxa, 4e ako cuctemara npoab/ku Aa paboTu B Tasm
KOH(pMrypauus u npu T03u PeXnM, TO HanopuTe B U3Kona
e nagHaT nog kota AbHO Ched eauH MHOr0 ObiTbr
nepumog, KOeTo € MHOTO Hee(hEKTHBHO.

e BnocneacTtue, korato oT cuctemarta ce u3kntoysat 18
‘crapu” KnageHeua W Ce BKMOYAT B AEUCTBME
APEeHaxHNTe KaHanw (cbe pebut 283 I/s), camo 3a 10 gHu
HanopbT B LEHTbpa Ha M3kona Le cnapHe go kota 150.5
(c 0.25 m nog koTta AbHO).

B saknoueHne we o0bobwmM, Ye onTuMMU3MpaHaTa
BOLOMOHM3NUTENHA CUCTEMA LUE € B CbCTOSHWE Aa OTBOLHM
€(EKTUBHO CTPOUTESTHWS U3KOM 3@ CPOK OT OKOMO 3 CEAMMLM.

OueHka Ha BB3MOXHOCTUTE 3a cycosua no
rpaHMuaTa Mexay XOTeNCKUS KOMNMeKC |

CTpouTenHua n3kon

CydosusiTa e npouec, CBbp3aH C MEXaHNYHOTO U3HACsHE Ha
yacTuuu, Hai-Beye OT HECBbp3aHM MOYBM, NOL BIMSHWE Ha
unTpupawmTe ce npe3 TAX MOA3EMHW Boau. HenHoTo
Bb3HMKBAHE Ha MpaKTMKa Ce onpedens OT [Ba OCHOBHM
tbaktopa - HebnaronpusTeH 3bpPHOMETPUYEH CbCTaB U
CBbp3aHaTa C T0Ba NOPECTOCT Ha MOYBKTE), OT efHa CTpaHa u
HanuuMe Ha [OCTaTbyHO BWCOKM CKOPOCTM (rpagneHTn) Ha
noToKa Ha NOA3eMHWTEe BOAM, OT Apyra. TdxHaTa B3auMHa
Bpb3Ka Ce ONpeaens Han-4ecTo Ypes eMnUpUYH aHANMUTUYHN
UMM rpacuyHM  3aBUCHMMOCTH, KOWTO 3a CTpouTenHata
MpaKTKKa y HaC He Ce pasrnexaar B CbOTBETHUTE HOPMATWBHM
pokymeHTn. NpedBna Ha TOBA, MPW HACTOALMS aHanmu3 Lue
ObaaT M3non3BaHM U3BECTHUTE B NpaKTUKaTa 3aBUCUMOCTY Ha
3amapuH (Jemmpes u gp., 1979), UcTommuHa, U3baw (MeHyes
v ap., 1990) n Koanosa (Jemupes v gp., 1979) 3a onpeaensHe
Ha KPUTMYHWTE T[PaAdWEeHTM Ha NOTOKa B 3aBUCMMOCT OT
MOPUCTOCTTa M 3bPHOMETPUYHIS Ha NOYBMTE B MacKBa.

CbrnacHo [aHHUTE OT MHXEHEPHOTEONOKKUTE NPOYYBaHMS
Ha nnoljagkata, paspesbT Ha 3eMHaTa OCHOBA BKIOYBA
HEe3aKOHOMEPHO pefyBaHe Ha HECBbP3aHu MOYBM OT eapu 4o
YaKbNecTn NACbUM W ApebHM Yakbin B MOCNEeL0BaTENHOCTTA
Ha TAXHOTO onpoOBaHe, mocoyeHa B Tabn. 2, KbaeTo ca
OafEHN W OCHOBHUTE UM 3bPHAMETPUYHM NokasaTenn. Tosu
reornoXKi1 CTPOEX e YCTaHoBeH [0 AbnbounHa ot okono 30 m,
[0 Kb[eTo Npyemame, Ye Lie JOCTHra 30HaTa Ha MakcuMasnHo
Bb3[EeNCTBIE Ha CTPOUTENTHUTE U OTBOZHUTENHM paboTu.

®opmyna Ha 3amapuH

®opmynaTa Ha 3amapuH Onpesens KpUTUYHIS rPagueHT 3a
Bb3HWKBaHE Ha cyo3ns B CNeACTBME HA BOLAEH MOAEM,
[eiCTBaLL, BbPXY YacTULMTE Ha noYBaTa.

o :me, (1)
w

KbdETO: Vs M yw — CbOTBETHO CMeuuUyYHOTO TErno Ha
MOYBEHUTE YacTULM M 0OEMHOTO TErNo Ha Bogara, n — oblara
NOPECTOCT Ha noyearta. B cnyyas e npueTo, Ye ys = 27.0 kN/m?3
n yw = 10.0 kN/m3. CwlueBpemeHHo, obLiata nopecroct 3a
nogobeH Tvn Hecebp3aHu MaTepuanu e n = 0.25+0.30.

MonyyeHnTe MO TO3W HAYMH CTOMHOCTM Ha KPUTUYHMTE
rpagueHTy Bb3anuaat Ha lp.= 1.34+1.40.

3aBucumocT Ha UcTomuHa

3aBucumocTTa Ha McTomMuHa CBBP3BA KPUTUYHWS rpagueHT
lkp. C KOBCMLMEHTA Ha pa3HO3bPHOCT Ha noysata U = Deo/D1o 1
e npeacTaBeHa Ha ¢ur. 5. MapameTpute Ha 3bPHOMETPUYHUS
CbCTaB Ha MACbUMTE UM  YaKbiuTe, ONpedeneHn 3a
CTpouTeNnHaTa nnoLjagka ca fageHu B Tabnuua 2.
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Tabnuua 2
Kpumuyru ckopocmu u epadueHmu 3a CyghO3UOHHO U3HaCsHe
mexdy KoHmaKkmysauwjume cu Mamepuanu (no icmomura)

Mpoba HanmenoBanme | Deo, | Do, U=
nab I
Ne. no BAC mm | mm | Deo/D1o b

5604 Enbp nacek 063|019 | 330 | ~0.80

5605 | Yakbnect nacbk | 1.30 | 0.34 3.80 ~0.75

5606 | Yakbnectnsacbk | 1.70 | 0.16 | 10.60 | ~0.45

5607 | [OpebeHuakbn | 3.70 | 0.16 | 23.10 | =0.32




B Tabn. 2 ca npeactaBeHn n onpegeneHnTe Kputu4Hu
rpagueHTn no rpacbVlKaTa Ha MCTOMMHa, KOUTO Ca B rpaHuunTe
IKp. ~0.32+-0.80.

®opmyna Ha Ko3noBa

®opmynata Ha Kosnosa onpefens KpuTWyHaTa CKOPOCT 3a
Bb3HMKBAHE Ha KOHTaKTHa Cyo3us Mexgy nnactoBe C
pasfyHa 3bPHOMETPUS U MPOHNULLAEMOCT.

(2)

2
Vp = 0.260%| 1+ 1000 9 | |
D60

kbaeto: deo M Deo Ca gnameTpute Ha YactuuuTe OT ABaTa
nnacTa, cboteTcTBaLM Ha 60% CbabpxaHue.

®opmyna (2) e BanuaHa 3a CTOMHOCTW Ha deo 0T 0.088 mm
o 0.5 mm u 3a Deo o1 2.0 mm go 5.0 mm. Mpeasua Ha
MOCOYEHMS] MO-TOPE 3bPHOMETPUYEH CbCTAB Ha MOYBMTE,
13MOMN3BaHETO Ha hopMynaTa e JOnycTUMO 3a nnolyaakarta. B
Tabn. 3 ca NocoyYeHn NOMyYeHUTe CTOMHOCTW Ha KPUTUYHUTE
CKOPOCTW 3a Cy(DO3MOHHO WM3HACsHe MeXAy KOHTaKTyBalmTe
CW MaTepuanu, B NocregoBaTenHoCcTTa Ha TAXHOTO 3ansiraHe
otrope Hagony. OT Tsx, No 3akoHa Ha [lapcu ca u34nucneHn u
KPUTUYHUTE  TPafMEeHTM nNpu  cpedeH  KoeduUMeHT Ha
cuntpaums k = 80 m/d.

Tabnuua 3
Kpumuyru ckopocmu u epadueHmu 3a Cy¢h03UOHHO U3HACSHE
mexQy KoHmakmysawume cu mamepuanu (no Koznoea)

Mpoba | HammeHosanue | Deo, | D1o, | Vkp, |
Ne no BAC mm | mm | m/d -

5604 Egbp nacek 0.63 | 0.19 - -

5605 Haxerect 130 | 034 | 181 | 230
NACbK

5606 Haxerect 170 | 0.16 | 1064 | 13.30
NACbK

5607 | [peberuaken | 3.70 | 0.16 | 16 | 0.21

MocoyeHute B Tabnmuua 3 rpaguMeHTM ce OTHacAT 3a
rpaHuLuTe MeXay OTAENHWUTE nnacTtoBe. Bucoknte CTOMHOCTY
Ha KPUTWUYHWS rpagmeHT (l. > 1.0) Ha NpakTika CbOTBETCTBAT
Ha (PM3MYecKN HeBL3MOXHA Cyhosns Ha Mo-eapO3bpHECT
maTtepuan KbM no-4pe6HO3bpHECT. B T031 cMUCHI, OCHOBHATA
OMaCcHOCT € BBb3HWKBAHETO Ha MEXaHW4YEeH MacorpeHoc B
30HWTE Ha KOHTAKT MEXZy NeCbYnuBIATE Pa3HOBUAHOCTY U MO-
€[PO3bPHECTUTE YaKbIECTU OTIOXEHNS.

OnpepgensiHe Ha MaKCUMaIHUTE NPOrHO3HM FPaANEHTU B
30HaTa Ha CTPOMTENTHMSA U3KON

3a onpepnensHeTo Ha MakCUMarHUTE rpaaveHTH Ha NoToka e
13M0ONn3BaHO MPOrHO3MPaHOTO ¢ MaTemaTuyeckus 3D mogen
pasnpeaeneHne Ha Hamopute Npu AOCTUTHATU MakCUMaIHW
MOHWKEHUs B CTpouTenHus uakon (cmr. 3 n 4). Mpu Te3n
YCMOBMSI MAKCUMarHuTe pasfiuku B Hamopute B paioHa Ha
nunoTHaTa crteHa ca AH = 152.3-148.8 = 3,5 m. lNpu kota Ha
poneH pvb nunotn 147.0 n guametbp @800 MM, 3a MbLTA Ha
tunTtpaumst nog cteHata AL v 3a rpagueHTa Ha notoka | ce
nonyyaBar cregHUTE CTOMHOCTM:
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AL = (152.3 - 147.0) + 2.0 + (148.8 - 147.0) = 9.1 m
|=35/9.1=0.38

AHarnoruyHo, 3a cpewynonoxHara CTeHa Ha u3kona ce
nonyyasa:

AH =152.25-150.1 =2.15m
AL =(130.5-149.5)=19.0m
| =2.15/19 = 0,11,

Ha 6a3aTa Ha CpaBHeHWe Ha NOy4yeHUTe CTOMHOCTM 3a lip.
no OTAENHWTE METOAMKM W OENCTBUTENHUTE PaAMEHTU Ha
notoka nNpu BOOOMNOHWXKEHWE B  CTPOUTENHMS  U3KOM,
0MacHoCTTa OT Cyo3ns e OLieHeHa kadecTBeHo B Tabn. 4. OT
Hes Ce BWKAA, Ye Ha TakaBa OMacHOCT Ca W3MOXEHMW rMaBHO
MaTepuanuTe B 30HaTa Ha NUNOTHaTa CTeHa W CeBepHust pbb
Ha XoTenckaTa crpafa Ha gbnboumHa Hag 7-8 m oT TepeHa.

Tabnuua 4
OueHka Ha onacHocmma om cycho3ust

Mooba | HaumeHosakme OnacHocT oT ciquvm cnpsiMo
Kp.
Ne no BC 3amapu | MctommHa | Kosnosa
5604 Egbp nacek He He He
5605 Hakenect He He He
MACBK

5606 Hakenect He He aa
NACHK

5607 | [pebeH yakbn He Aa Aa

OnpegensiHe Ha CNAraHeTO Ha CEAUMEHTUTE, U3rpaxaaLLy
reonioxkara 0CHOBa Ha XxoTencku komnnekc “Mapuua”

BnusHWeTo Ha MOHWXaBaHETO Ha HWBaTa Ha NOA3EMHMTE
BOAW B OCHOBAaTa HA XOTENICKWS KOMMMEKC € CBbp3aHo C
MOHWKABAHE Ha MOPOBOTO HansraHe BbB BOAOHACUTEHWUTE
NSICbLM U YaKbiK, KOETO OT CBOSI CTPaHa BOAM A0 NOBHLLABaHe
Ha epeKTMBHWUTE HAaTOBAPBAHWS BbPXY MOYBEHMUS CKENET. Tbin
KaTo 3emHaTa OCHOBa MOL XOTena B HACTOALWOTO Cu
CbCTOSHME OTAABHA € KOHCOnMavpana nof HeroBusi ToBap,
OCyLUABAHETO Ha 4YacT OT Hes Lie MPOMeHU HanperHatoTo
CbCTOSIHWE Nof PYHAAMEHTUTE, KaTO eDEKTUBHUTE HOPMATHY
HanpexeHns! AG LLe HapacHaT C ronemuHaTa Ha M3MEHEHWETO
(HamarneHWeTo) Ha Hamopute B nnacta M LOMbIHUTENHUTE
cnsiraHus As wwe 6baaT CbOTBETHO:

Ac = Au = AH.yw, )
As = EAm : 4)
EO

KkbeTo: AH — MakcMManHo MOHWXKXEHWE Ha BOAHWTE HWBA NOg,
xotena; Eo — mogyn Ha obwa nuHenHa Aedopmauust Ha
NoYBEHUTEe NnacToBe; Am — crersaemara AebenuHa Ha
NnacToBeTe OT 3eMHaTa OCHOBA.

MakcuManHoTo MOHWKEHWE Ha BOOHUTE HMBA Ce Ornpedens
OT pasnukara B KoTara Nnpeay BOAOYEPNEHETO 1 B KpalHUA My
eran, T.e.:

AH =155.09-152.3=2.79 m.




Mo AaHHM OT NPOBEAEHOTO UHXEHEPHOTEOMOXKO NpOyYBaHe
cToiiHocTTa Ha Eo 3a mMatepuanute OT 30Hata Ha
tyHaameHTute e Eo= 20 MPa.

Mpuema ce, ye cnersaemata gebenuHa Ha nnactoBeTe OT
3eMHaTa  ocHoBa  cbBnaga Cc  AebenuHata  Ha
CUITHOMPOBOAALLMTE YaKbN U MAcbUM. 10 apxvBHU AaHHU
pebenuHa UM B paiioHa Ha xotena e 4o 30 m ot TepeHa. Mpu
KOTa Ha HWBOTO Ha MOA3EMHMTE BOOM MPELN BOLOYEPNEHETO
155.09 m (npwu kota TepeH 160.00), cnersaemata aebennHa Ha
YakbinTe 1 nacsumuTe € Am ~ 25.0 m.

MonyyeHata CTOAHOCT 3a MakCUMamnHWTe CRsiraHus Mo
thopmyna (4) e:

_35x10

As=———
20000

x25=0.035m

Mo aHanorMyeH HauuH onpeaensmMe CRsiraHeTo U NOA KXHUS
pbO Ha xoTena:

155.09 x 154.00) x 10

As= ( 20000 x25=0.0136 m

Mpu wwupnHa Ha crpapgata xotena okono 50 m, 3a
HaKMOHABAHETO B HanpeyHa nocoka | ce nony4asa:

| =(0.035-0.0136)/50 = 0.004

Mpensua Ha xapakTepa Ha MaTepuanuTe OT 3eMHaTa 0CHOBA
Ce 04YaKBa Te3u CrisiraHust Aa HACTLNAT Ha NpakTUKa BeAHara
cref nocTUraHe Ha NOHWKEHUSTa B HUBATA.

CvrnacHo nocovenute B HIMM®-1996 rpaHuyHO-gONYyCTUMM
NPeMecTBaHUs Ha (PyHOAMEHTUTE, NOMyYeHUTE CTONHOCTY 3a
CRSIraHUs 1 HaKMOHABaHE HAMA [ja ca ONacHM 3a crpagara.

3akntoyeHue
OCHOBHO 3aKMYeHWe OT pasrnexgaHns cryyan e, 4e
Haco4yeHocTTa Ha npoBeXaaHnTe obnyanHu

WHXEHPEHOTEOMOXKM U XUOPOreornoxXki Npoy4YBaHIs € rMaBHO
KbM OnpeasnsiHe HOCUMOCTIOCOBHOCTTa Ha 3eMHaTa 0CHOBA Ha
nnolaakata, koeTo He AaBa AOCTaTbYHO MOAPOGHW U3XOAHM
AaHHM 33 KOMMIIEKCHA OLeHKa 1 MPOrHo3a 3a:

e e(heKTMBHOCTTA HA  OTBOQHMUTENHUATE  CUCTEMM U
pa3BUTMETO Ha  [denpecuaTa BbB  BPEMETO W
MPOCTPaHCTBOTO;

BEPOATHOCTTA OT Bb3HWKBAHE, NPOCTPaHCTBEHUS 0OXBaT
11 MHTEH3WBHOCT B AbNG0YMHA Ha cydho3usTa;
CBbp3aHUTE C TOBA MPOLIECK Ha pasyniTbTHABAHE MU
HapyllaBaHe Ha CTpyKTypaTa Ha HECBbp3aHWTe MOYBMU
Mof CbLUECTBYBALLMTE Crpajy;

e  /3MEHeHMsiTa Ha  AeOpMaLMOHHUTE W SIKOCTHU
XapaKTepuCTVKM Ha MOYBMTE OT 3eMHATa OCHOBA M
TAXHOTO ~ MOBEEHWE MNP  CMOXHOTO  HamperHato

CbCTOAHME, HA KOETO LLie Ca NOANIOXEHN.

B Tasu Bpb3ka, Ce MnpenopbyBa Haped C obWuaitHUTE
Mpoy4YBaHMst 3a CTPOMTENCTBO B paiioHa M MO Bpeme Ha
CaMOTO CTPOWTENCTBO UM eKcrnoaTauust Ha crpagute U
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CbOpbXeHWsiTa Ja Ce  W3BbPWBAT M CRedHuTe
cneLmManM3npanm u3cnensaHus 1 HabnoaeHus:

(1) MogenHa oueHka Ha 0bxBaTa Ha 30HaTa Ha BMWSHME Ha
CTPOMTENHOTO WWNKM eKcnnoaTaLMoHHO BOAOYEpneHe 3a
OCyluaBaHe Ha CTPOUTENHUTE M3KOMW, BKMOYUTENHO W
BMMSIHMETO Ha CbLUECTBYBALLW WM MPOEKTHU Crpagm u
YKPENUTEMHU CbOPBXEHNS.

CuctemaTyHo M noppobHO onpobBaHe Ha MousuTe B
30HMTE Ha OYaKBaHM MaKCUManmHW rpagueHTn Ha
noA3eMHNUTE BOAW, C Lien onpefensHe Ha nokasatenure,
XapaKkTepuaupaLyy nofaTnmBocTTa UM KbM Cydo3us.
In-situ  onpemensHe Ha CcTemeHTa Ha  cbutocT,
[eopMaLMOHHUTE MOAYMM W HEOPEHUpaHUTE SKOCTHM
XapaKTepuCTUKM ~ Ha  MOYBWTE,  [MaBHO  4pes
neHeTpaLmorHu ucneasaqus (tun SPT v ap.).
WarpaxgaHe B 3acTpalleHUTE 30HM HAa MOHWUTOPWHIOBY
COHA@XW C Len HabniofeHne Ha CKOpOCTTa Ha pasBuTHe
Ha enpecusiTa B NpOCTPaHCTBOTO M BPEMETO.

lMocTosHHO KOHTpOMNMpaHe Ha febuTuTe Ha BOLOYepneHe,
C ornep ocurypsisaHe Ha nnaBHO W 6e3onacHo passuThe
Ha aenpecusiTa.

leogeswyHn HabniogeHus Ha  CbluecTByBalWwuTe B
CbCEeACTBO 3aCTpalleHN Crpag M CbOPbXEHWUs C Len
YCTaHOBSIBAHE Ha HEAOMYCTUMM CIISiraHWsi B OCHOBMTE.
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BIOLOGICAL PRECIPITATION OF HEAVY METALS IN THE CLAY HORIZON OF A
CINNAMON SOIL DURING ITS BIOREMEDIATION

Plamen Georgiev, Stoyan Groudev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; ps_georgiev@mgu.bg, groudev@mgu.bg

ABSTRACT. The mulching of an alkaline sail heavily polluted with radionuclides (uranium and radium) and heavy metals (mainly copper, zinc,
lead) was effective way to it decontamination. The treatment was connected with solubilization of pollutants located in the horizon A, their
transportation through the soil profile as complexes, and precipitation as insoluble compounds in the clay horizon. At this depth the pollutants were
precipitated due to the enhanced activity of the indigenous microflora in which the iron and sulphate reducing bacteria were the prevalent groups.
Their activity resulted in the creation of layers in the clay with characteristic mineralogical content of iron and sulfur which restrained the leaching
out of precipitated heavy metals and uranium.

Keywords: soil, microflora, heavy metals, precipitation

BMONOrUYHO YTASIBAHE HA TEXXKU METANM B IMUHECTUA XOPU3OHT HA KAHENEHA NOYBA NPU HEWHOTO
TPETUPAHE

Mnamen Meopaues, CmosiH pydes

MurHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cocbusi; ps_georgiev@mgu.bg, groudev@mgu.bg

PE3IOME. MynuupaHeTo Ha ankanHa noysa, TEXKO 3aMbpCeHa C TEXKW METanu W paguoakTUBHU €neMeHTH (ypaH u Topuii) Gelue edekTuBeH
HauMH 3a HEWMHOTO npeumncTBaHe. MMpoueckbT Gelle CBbP3aH C Pa3TBapsSHETO Ha 3aMbPCUTENNUTE OT XOPU3OHT A, TPaHCMOPTUPAHETO WM Mpes3
NoYBeHNst NPOHUN KaTo PasTBOPUMW KOMMIIEKCH W YTasiBAaHETO UM KaTo HEPA3TBOPUMU MUHEPanN B IMIMHECTUS XOPU3OHT. Ha Tasu gbnboumHa,
3ambpcuTenuTe 6sixa yTaeHn B pesynTat noBuLIeHaTa akTUBHOCT Ha MECTHAaTa MUKPOChIIopa, B KOSITO XENs30 W cyndarT peayLmpalmute baktepum
6s1xa OCHOBHM rpynu. TsixHaTa aKTUBHOCT BOAELLE 0 Cb3faBaHe Ha CMOeBe B IMHATa C XapaKkTepeH MUHEPaneH ChCTaB Ha XEeNs30To U caparta,
kouTo 6roKkMpaxa pa3TBapsHETO Ha YTaeHUTE TEXKM MeTanm 1 ypaH.

KntowoBw gymu: nousa, MUKpOnopa, TEXKM MeTanu, yTasiBaHe

Introduction soil profile as a result of the dissolution of inorganic
The mining and mineral processing industries are one of the ~ contaminants or the  biodegradation of the organic
main sources of soil contamination with heavy metals, toxic counterparts. For this reason, at this step is obligatory to study
e|ementsl and in some cases - radioactive elements the pOtentia' negative effect of the applled method towards the
(Lottermoser, 2007). Their accumulation in the topsoil has whole ecosystem as a part of the risk assessment. The results
strong negative effect on the soil properties and its productivity. would allow the including of some additional measures by
For this reason, the most European countries and the which the risk to the environment would be decreased (Sistani,
European Community as a whole introduced some permissible Novak, 2006).
levels with the main aim to stop increasing the concentration of . S
these and other pollutants in topsoil and by this way to save its This paper presents some results about the precipitation of
fertility (Council Directive 86/278/EEC). At the same time, the the leached out from the upper soil horizons non-ferrous
needs to app|y cheap and effective  methods for soil metals and uranium in the below Iylng clay horizon during the
remediation are arising rapidly (Directive 2004/35/EC). The treatment of polluted cinnamon forest soil.

main challenge to them is to clean soils polluted with different
pollutants presented in different mobility forms. One of the )
most promising options is the biological methods relying on the Materials and methods

activity of the indigenous soil microflora which governs the A sample of an alkaline soil was treated in zero suction type
processes of pollutants dissolution, precipitation or lysimeter in which a permanent water layer was maintained on
biodegradation (Le Cloirec, Andres, 2005). A preliminary step its bottom to prevent the penetration of molecular oxygen from
before their application into practice is a feasibility study with the air. Each lysimeter was charged with 70 kg of soil
main aim is to determine the most suitable conditions of the containing its own living indigenous microflora. The soil profile
relevant soil treatment (Evans, Furloy, 2003). However, this was underlined by a 5 cm sand layer, which was located on the
treatment is connected with pollutants migration through the false bottom of the lysimeter.
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Finely cut dried plant biomass (hay) was added to and
mixed with the soil horizon 0-30 cm to a final content of 4%.
The hay consisted of 36% cellulose, 24% hemicellulose, 18%
lignin and 6.1% ash. The feasibility study of the soil treatment
was carried out by two different lysimeters. The soil in the first
lysimeter was irrigated with solutions containing 0.10 g/l NH4CI
and 0.02 g/l K2HPO4. The soil in the second lysimeter was
irrigated with solutions containing the above-mentioned salts
plus 0.05 N NaHCOs. The duration of the soil treatment was 18
months.

The irrigation rate was 50 I/t soil per week. The pregnant
effluents were replaced weekly by fresh solutions with the
relevant initial composition. The leaching was carried out at the
temperatures varying in the range of about 15-23°C.

Nutrient solutions containing equimolar concentration of
acetic and lactic acid (total organic carbon 175-200 mgll),
preliminary neutralized to pH 6.1-6.3 and pH 5.1-5.3 were
injected in lysimeter 1 and lysimeter 2, respectively. The
injection of these solutions was carried out by means of a
piezometer at a soil depth of 75 cm.

The migration of the dissolved pollutants from a horizon to a
horizon was monitored regularly by means of gravity water
solution samplers installed at the relevant soil depths. The
collected soil solutions were characterized by pH, Eh,
alkalinity, dissolved organic carbon, dissolved hydrogen
sulfide. The concentrations of heavy metals and uranium were
determined after the preliminary digestion of dissolved organic
compounds by means of 705 UV Digester (Metrohm). The
precipitated heavy metals after this treatment were dissolved in
HCl and analyzed by ICP spectrophotometry. Uranium
concentration was measured photometrically using the
Arsenazo Il reagent (Savvin, 1961). The specific activity of Ra-
226 was measured by means of a gamma-spectrometer
(ORTEC-USA). The soil samples below the depth of 50 cm
were kept at anaerobic conditions till the moment of the
relevant analysis.

Elemental analysis of the soil samples were performed by
digestion and measurement of the ion concentration in solution
by atomic absorption spectrometry and induced plasma
spectrometry. The carbonate content was determined by
measuring the volume of hydrochloric acid consumed in the
neutralization process. The net neutralization potential was
determined by a static acid-base accounting test (Sobek et al.,
1978). The isolation, identification and enumeration of soil
microorganisms were carried out by methods described
previously (Groudeva et al., 1993). The basic forms of iron
minerals were determined by well-known methods of selective
extraction (La Force, Fendorf, 2000).

The mobility fractions of the soil pollutants were determined
by means of a sequential extraction procedure (Tessier et al.,
1979).The main forms of sulfur in the solid samples were
determined by means of sequential chemical extraction
method (Tuttle, Goldhaber, 1986). As a part of this analysis the
content of the acid volatile sulfide (AVS) and simultaneously
extracted metals (SEM) in the clay were determined after its
reaction with cold HCI (1N). The produced hydrogen sulfide
was entrapped with 05 N NaOH and measured
spectrophotometrically (Cline, 1969).The pregnant solution
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from this test was characterized by means of the concentration
of dissolved non-ferrous metals, and iron. The sum of
dissolved non-ferrous metals (copper, lead, and zinc) was
noted as ZSEM. The ratio XSEM/AVS was valued (Van den
Hoop et al., 1997).

Results and discussion

The carried out feasibility study showed that effectively
removal of the heavy metals and uranium from the soil horizon
A were reached when the both processes of dissolution and
complexolysis with inorganic and organic ligands have been
combined (Georgiev, Groudev, 2009). These processes were
greatly depended on the activity of the indigenous soil
microflora and for this reason the soils in the tested lysimeters
were leached with solutions enriched with assimilable forms of
nitrogen and phosphorous (Georgiev, Groudev, 2008). To
avoid the sorption of the dissolved cations on the pH-
dependent negative charged of the soil sorbent, finely cut hay
was added to and mixed with the soil of upper soil horizon in
the both lysimeters.

The formation of stable dissolved complexes of heavy metals
(copper and lead, mainly) with dissolved organic compounds
(monosaccharides and organic acids, as well as humic acids)
greatly enhanced their migration as electroneutral or negatively
charged complexes through the soil profile (Voegelin et al.,
2003). Apart from the non-ferrous metals, the soil was
contaminated with radioactive elements (uranium and radium),
too. For this reason, the leach solutions for the second soil
lysimeter contained NaHCOs also. It allowed the formation of
soluble uranium carbonate complexes and their effectively
leaching out of the upper sail horizons.

This article presents some results about the fate of the
transported soil pollutants in the clay horizon and how its acid-
base properties was changed as a result of the applied one-
year-and-half treatment.

As a result of the applied soil treatment the total
concentration of the heavy metals and radioactive elements
were greatly increased in the clay horizon (Table 1). It was due
to interdependent chemical and biological processes that were
initiated by the stable redox conditions established there.

Table 1

Data about the content and mobility of pollutants in the soil
Pollutant Before After treatment

treatment | Lysimeter1 | Lysimeter 2

Cu, mg/kg 52.4 177 194
Pb, mg/kg 56.1 365 392
Zn, mg/kg 73.1 550 293
U, mg/kg 2.7 65.4 57.2
Ra, Balkg 35+30% | 150+£30% | 150+30%

Solutions enriched with lactic and acetic acids and preliminary
neutralized to pH 6.1-6.3 and 5.1-5.3 for lysimeters 1 and 2,
respectively, were injected by piezometers at depth of 75 cm in
both lysimeters.



The lower pH of the solutions in the second lysimeter was
needed to neutralize highly alkaline pH of the solutions drained
from the upper soil horizons. By this way, pH was optimal
(slightly acidic to neutral) for most groups microorganisms, as
well as the stability of some dissolved organo-metallic
complexes had drained to the clay horizon were lowered.
These factors enhanced the biodegradation of their organic
ligands, and respectively, the sorption and precipitation of the
released heavy metals cations. However, the bidentate chelate
complexes of humic compounds with copper and lead were
quite stable which allowed them to leach out of the clay
horizon. It is well known that this is one of the main
disadvantages of bicarbonate leaching of alkaline soils polluted
with heavy metals which limit the widely application of method
into the practice (Xu et al., 2005).

The permanent supply of easily assimilable organic
compounds in the clay horizon by means of the injection and
drained solutions from the upper soil horizons greatly
increased the number and activity of the soil microflora (Table
2, 3). Due to the existed conditions at this depth, the available
oxygen was consumed rapidly and the anaerobic heterotrophic
bacteria were prevalent groups during the soil treatment.
Amongst them, the iron and sulphate-reducing bacteria played
the main role in the degradation of dissolved organic
compounds and the followed pollutants precipitation. Because
of the higher content of the ferric iron minerals in the clay,
initially the iron-reducing bacteria were the prevalent microbial
group. As a result of their activity, the ferric iron was reduced to
ferrous state, which was resulted in the iron dissolution,
changes in the iron mineralogy and turn from yellow-brown to
grey color of some zones in the clay horizon. It is well known,
that the process of bacterial iron reduction is carried out by
means of direct and indirect contact between the microbial cell
and the ferric iron minerals (Hansel et al., 2003). In lysimeter 2,
the indirect mechanism was more important process because
of the higher concentrations of dissolved humic acids in the soil
solutions, which were acting as an electron shuttle between
bacterial cells and ferric iron minerals (Kostka et al., 2002).
Amongst them, ferric hydroxide Fe(OH)s, ackagenite P-
FeOOH, and lepidocrocite y-FeOOH were the prevalent
electrons” acceptor because of their higher specific surface. As
a result of this, the content of iron presented in easily reducible
iron oxides was decreased with 36.2% and 25.5% for
lysimeters 1 and 2, respectively (Table 4). The content of iron
in the secondary iron minerals (presented mainly as siderite
FeCOs and vivianite Fe3(PO4)2.8H20 was increased 3.3 and
2.2 times for lysimeters 1 and 2. The content of iron in the
crystalline iron oxides (presented mainly as magnetite Fes04)
was increased 1.2 and 1.1 times respectively for lysimeters 1
and 2, and in both lysimeters the total content of iron in the
clay was decreased by 1.5%. However, the main part of the
iron was capsulated in the crystal lattice of the silicates, which
were microbial inaccessible (Table 4), and for that reason the
bacterial iron reduction was steadily ceased after the seven
month of the soil treatment. The higher concentration of
sulphate ions in the pore solutions, formed as a result of the
sulphides’ oxidation in the horizon A, determined the microbial
sulfate reduction as the key process in the anaerobic
degradation of dissolved organic compounds in the clay
horizon when ferric reduction waned.
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Table 2
Data about the microorganisms in the lysimeter effluents
during the soil treatment (3-8 months)

Microorganisms After treatment
Lysimeter 1 | Lysimeter 2

Aerobic heterotrophic | 102- 103 102- 103
bacteria

S2032-0xidizing 106 - 108 104 - 105
chemolithotrophs (at pH 7)

Fe?*- oxidizing bacteria 105 - 106 105- 106
(atpH7)

Anaerobic heterotrophic | 105- 107 105- 106
bacteria

Microorganism  fermenting | 104- 10° 104- 105
sugars with gas production

Denitrifying bacteria 105 - 107 105 - 106
Fe3*-reducing bacteria 105 - 106 104 - 108
Sulfate-reducing bacteria 104 - 105 103 - 104

Table 3
Data about the microorganisms in the lysimeter effluents
during the soil treatment (9-16 months)

Microorganisms After treatment
Lysimeter 1 | Lysimeter 2

Aerobic heterotrophic | 103- 104 102- 103
bacteria

S2032-0xidizing 107 - 108 105 - 108
chemolithotrophs (at pH 7)

Fe?+- oxidizing bacteria 105 - 106 104- 108
(atpH 7)

Anaerobic heterotrophic | 108- 107 105- 106
bacteria

Microorganism  fermenting | 104- 105 104- 108
sugars with gas production

Denitrifying bacteria 106 - 107 104 - 108
Fe3*-reducing bacteria 103 - 105 103 - 104
Sulfate-reducing bacteria 105 - 106 104 - 105

Table 4

Data about the content of the main types iron minerals in the
clay samples before and after treatment determined by
chemical tests

Fraction Before After treatment
treatment | Lysimeter | Lysimeter
1 2

!ron ir_1 secondary 0.4 13 0.9
iron minerals, g/kg
Iron in easily
reducible iron 4.7 3.0 35
oxides, g/kg
!ron in crystalline 26 39 30
iron oxides, g/kg
I[ron capsulated in
the silicate 18.7 18.6 18.6
minerals, g/kg
Total iron, glkg 264 26.1 26.0




Table 5
Data about the content of the main forms of the sulfur in the
clay samples before and after treatment

Fraction Before After treatment
treatment - -
Lysimeter | Lysimeter

1 2

Sulfate sulfur, g/kg 0.5 0.8 0.8

Acid volatile sulfur, 0.3 1.9 0.9

g/kg

Disulfide sulfur, 1.2 10.0 6.5

g/kg

Total sulfur, g/kg 2.2 13.0 9.3

Table 6
Data about the values of SEM, > (SEM)/AVS and the content
of the non-ferrous metals and iron in oxidisable fraction

Index Lysimeter 1 Lysimeter 2
SEM, | Oxidisable | SEM, | Oxidisabl
mglkg | fraction, ma/kg e
ma/kg fraction,
ma/kg
Cu 14.3 79.7 28.5 73.5
Pb 22.6 103.4 72.4 108.3
Zn 36.2 138.2 66.7 110.4
> (SEM) 73.1 - 182.1 -
> 0.04 - 0.19 -
(SEMY/AVS
Fe 1550 6800 1200 5100
U 5.9 18.4 23.6 12.2
Table 7

Data about the content of pollutants in the horizon A before
and after treatment

Index Before After treatment
treatment | Lysimeter | Lysimeter
1 2
pH (in H20) 7.90 9.34 8.53
pH (in KCI) 7.20 8.48 8.15
Carbonate content, % 3.73 5.56 4.64
Content of sulphidic 1.3 11.4 9.6
sulphur, g/kg
Net neutralization +41.1 +225 | +18.3
potential, kg CaCOa/t

The sulphate-reducing bacteria are metabolically versatile
microorganisms using a wide range of organic compounds as
a source of carbon and energy as well as different electron
acceptors. It allowed thriving in the aquatic and terrestrial
environments worldwide (Faugue, 1995). During the soil
treatment the produced hydrogen sulfide was immediately
consumed for the precipitation of ferrous iron and non-ferrous
metals presented as cations in the pore solution. As a result of
this, the concentration of the heavy metals and uranium in the
solutions draining out of the clay horizon were below the
relevant permissible levels for waters intended for use in
industry or agriculture. Although the higher leaching of the
pollutants from horizon A in lysimeter 2, the better sorption and
precipitation of the non-ferrous metals and uranium in the clay
horizon were measured in lysimeter 1. The formation of
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bidentate complexes of the dissolved heavy metals as well as
the bubbles™ accumulation of carbon dioxide in the soil pores,
formed as a result of the chemical neutralization, were the
main factors that have influenced on the pollutants behavior in
lysimeter 2. It diminished their diffusion by means of the soil
solution and the sorption of the dissolved pollutants on surface
of the clay particles later.

Approximately nine months after the beginning of the soil
treatment three distinct layers were formed in the clay horizon
of the first lysimeter. The first layer was product of the ferric
iron reduction and it was characterized with a pale grey color.
When sulfate reduction was the prevalent microbial process of
anaerobic degradation of the dissolved organic compounds (8-
16 months, Table 3), the second layer (with a distinct bright
black color) was formed in the middle of the first one. It was a
result of the accumulation of amorphous iron sulfide minerals
(such as pyrrothine FeS, greygite FesS4), and magnetite FesO4
formed there. After it, the third (post-reduction) layer was
formed in which bands with grey color were distributed
scatterly in the clay horizon. In the second lysimeter the first
two layers were distinguishable, however their distribution were
quite narrow in comparison to their counterparts in lysimeter 1.
The results presented in the article about the total content of
the pollutants, the mobility fractions of iron and sulfur, and
some parameters of the clay horizon (Tables 1, 4, 5, 6, and 7)
are referred to the second layer in the clay horizon of each
lysimeter. Apart from the transformations of the iron
mineralogy, the fate of the non-ferrous metals in the clay
horizon was assessed by means of the ratio SEM/AVS. It
characterized the extent of their precipitation, the redistribution
and stability of presented mobility fractions when microbial
sulfate reduction was dominant process in the clay horizon. For
example, copper as a typical chalcophilic element was mainly
accumulated as low leachable sulphides in both lysimeters
independently of the soil pH. However, the bioavailability of this
metal in lysimeter 1 was two times lower than lysimeter 2
(Table 6). On other hand, the total content of zinc and lead in
the solid samples were similar but leachability of both elements
from the clay sample of lysimeter 2 was considerably higher
than that of sample of lysimeter 1. However, the higher content
of the dissolved iron in the pregnant solution of this analysis
showed that in the both lysimeter the main part of the hydrogen
sulphide was consumed in reactions with the iron.

The microbial iron and sulfate reduction are both alkaline
generating processes and for this reason the soil pH and
carbonate content in both lysimeter was increased (Table 6).
The accumulation of sulfide sulfur (presented mainly as iron
sulphides) determined the lower value of the net neutralization
potential of the clay horizon if the oxidation process would be
initiated. Because of the soil depth and mineralogical content,
the penetration of strong acids or oxidants (such as molecular
oxygen) into the clay horizon is minimal which determined the
possibility of leaching of the precipitated non-ferrous metals as
insignificant.

Conclusion

The permanent injection of solutions enriched with acetate
and lactate in the clay horizon of the treated soil enlarged the
number and increased the activity of anaerobic bacteria.
Amongst them, the prevalence of iron reducing bacteria was



changed with the domination of sulfate reducing during the
treatment. It allowed the non-ferrous metal, leached out from
the upper horizons and drained to the clay horizon, to be
precipitated as the relevant sulfides. However, a large amount
of produced hydrogen sulfide was consumed by ferrous iron
which allowed accumulation of the relevant acid volatile
sulfides (AVS). Their formation determined the lower
leachability of the precipitated non-ferrous metals even in the
presence of strong acid or oxidant.
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IN-SITU SURVEYS SUPPORTING SPACE OBSERVATIONS

Rumiana Kancheva, Denitsa Borisova, Georgi Georgiev

Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Science, 1113 Sofia; rumik@abv.bg

ABSTRACT. Acknowledged and justified is the recognition of remote sensing as a powerful tool in land cover/land use monitoring for a large
number of purposes ranging from agricultural practices to global ecology and environment protection. Data collected and information created from
Earth observations constitute critical inputs to the sustainable management of the Earth — providing evidence for informed decision-making.
However, policies on the environment often suffer by having to rely on information that is fragmentary and of uneven quality and value despite of
the considerable progress that has been made in space-borne observation systems and information technologies. Currently, the remote sensing
community is recognizing again, in a more complex and systematical way, the indispensable necessity of ground-truth information in support of
satellite Earth observation missions. In order the remote sensing techniques to be widely transferred to operative applications, data accuracy and
information reliability is critical. Algorithms and quantitative models for estimating various land surface variables from remotely sensed observations
need to be validated using geo-reference data. Supporting and raising the capacity of remote sensing investigations encompasses the
implementation of a wide range of information sources, making full use of ground-based in-situ monitoring as well as of airborne surveys and
space-based observations. In this context the paper presents a vision on the objectives, the infrastructure and the functioning of in-situ networks for
data acquisition on target selected test-sites with the aim to enhance remote sensing scientific and modelling capacities and to meet the need for
multidisciplinary research and multipurpose data application relying both on technology developments and data accuracy. The paper aims also at
rising the interest in international networking and collaboration.

HA3EMEH KOMNNEKC U3CNEOQBAHUA NPU KOCMWUYECKW HABJIIOAEHUA
Pymsana KvHyeea, [leHuya bopucoea, Neopeu Neopaues
MHemumym no cmeHYeso-3eMHU 8b3deticmeus, brreapcka akademus Ha Haykume, 1113 Cogpus; rumik@abv.bg

PE3IOME. B nocneaHute roguHm uMa Bce noBeye He0OXOAMMOCT OT HaseMHa MHGOpMaLMs Npy NPOBEXAAHETO Ha KOCMUYECKM HabMIOaeHUs Ha
3emgaTa. ToBa 3acara MHOXeCTBa 3agayn OT Haln-Mankus pervoHaneH mawab npu CenckoTo CTOMAHCTBO M MUHHATA LeWHOCT A0 rnobanHuTe
NPOMEHM B OKOrHaTa cpega. AnropuTMUTE M KONMYECTBEHUTE MOLENM 3a OLEHKA Ha NPOMEHUTE HA 3eMHaTa MOBBPXHACTO MO AMCTaHLMOHHM
[aHHM ca OCHOBEH paboTeH MHCTPyMeHT. Taan paboTa npeacTaBs eanH KOMMIEKC CbC CbOTBETHUTE 00eKT Ha HabnogeHve, MHGpacTpykTypa 1
(PYHKLMOHMPaHE Ha Ha3eMHa Mpexa 3a nory4aBaHe Ha AaHHW Ha 13bpaHu nonuroHu (test-sites) ¢ Len noBuWwaBaHe Ha TOYHOCTTA Ha KpailHUTe
JaHHW.

Introduction and information created from Earth observations constitute
The Cha”enges posed by the increasing natural and man- critical inputs to the sustainable management of the Earth -
made pressures on the environment and its resources require providing evidence for informed decision-making. However, a
efficient and coordinated research at different levels. Dealing better data provision is needed to fill existing gaps. Policies on
with the consequences of the anthropogenic impact on the the environment often suffer by haVing to rely on information
environment and the ecological balance requires more  that is fragmentary and of uneven quality and value. This is
informed policies. The same refers to geo-hazards such as despite the fact that over the last years considerable progress
floods, landslides, wildfires, pollution and etc. This implies has been made in space-borne devices and observation
better understanding of the events and improved assessment systems.
and forecasting to mitigate risks. A multidisciplinary and
integrated approach is needed in order to advance our Ecosystem assessment and related ecological issues are
knowledge on the interactions between the climate, biosphere, one of the most important areas in using remote sensing data.
ecosystems and human activities. This will help to develop new Land cover dynamics is strongly influenced by a great number
environmental technologies, tools and services for sustainable of factors, generating the need for adequate mapping and
management of resources. monitoring tools. As a consequence, robust and sophisticated
analysis methods are required for efficient data handling and
Acknowledged and justified is the recognition of remote accurate information extraction adopted to the rapid advances
sensing as a powerful tool in land use/land cover monitoring for in sensor technologies. Besides, multi-temporal and multi-
a large number of purposes ranging from agricultural practices sensor approaches are becoming more and more important
to global ecology and environment protection. Data collected not only for change detection but also for the development of
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more detailed classification and state assessment methods. In
the study of land covers the information requirements can be
effectively met by using conventional (terrestrial) and modern
remote sensing techniques. Often remote sensing data alone
do only perform a part of the job since comprehensive end-
user products are a result of the combination of remotely
sensed data coupled with ground survey and modeling. Data
accuracy, data processing, and the creation of customer
specific and dedicated products are keys for a breakthrough of
remote sensing applications. Data reliability is essential as
well.

Currently, the remote sensing community is recognizing
again, in a more complex and systematical way, the
indispensable necessity of ground-truth information in support
of satellite Earth observation missions. In order the remote
sensing techniques to be widely transferred to operative
applications, data quality and retrieved information reliability
are critical. Algorithms and quantitative models for estimating
various land surface variables from remotely sensed
observations need to be validated using ground-truth data.
Supporting and raising the capacity of remote sensing
investigations encompasses the implementation of a wide
range of information sources, making full use of in-situ ground-
based and airborne surveys as well as of space-based
monitoring.

In this context the paper presents a vision on the objectives
and functioning of in-situ infrastructure for data acquisition on
target selected and representative of different ecosystems and
environmental conditions test-sites. It outlines the most
necessary steps towards the constitution of an efficient system
for information support in the field of Earth resources and
ecology. The development of an integrated in-situ and remote
sensing information system responds to the needs for
coordinated multi-disciplinary data acquisition, data integration
and multi-use in monitoring the state of the environment,
including air, water, soil, natural landscape and farmlands.

In-situ support - closing the gaps

Spatial information (any data with reference to a specific
location or geographical area) plays a special role in
environment monitoring because it allows information to be
integrated from a variety of sources and disciplines for a
variety of uses. However, the widespread use of spatial
information is still not a routine. The main problems relate to
data gaps, incompatible data sets and services due e.g. to
varying data needs, standards, undefined quality and barriers
to sharing, accessing and using of data. Some technical and
economic characteristics of spatial information make the
problems particularly acute. Undoubted is, however, the
awareness that quality information is needed in order to
understand the complexity of ever-increasing human activity
and that such information should be collected and used in an
operational mode.

Remote sensing is an important source of information for a
large number of Earth sciences and application fields. Data
acquisition technologies and information extraction methods
are pushed to give shift to user-oriented approaches where
quantitative and reliable assessments, trend evaluations and
forecasts are demanded. To achieve this, it is necessary to
make full use of data collected from space-borne, airborne and
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field observation systems (the latter two composing the in-situ
system). The way is to optimize the infrastructure for data
acquisition, efficient processing, integration and use. The
optimization includes adequate instrumentation and better
timing and coordination in information collecting and
management. Validation of data processing and retrieval
algorithms has an essential importance as well. In this context,
the in-situ support is indispensable because: e Despite
advances made in sensor technology, data evaluation
techniques and information networks, the production of
information remains often below its full potential to provide
benefits for the users; e Not all problems related to data
acquisition, combining and integration from different sources
have been addressed; e Initiatives to share data between
users and applications are not enough; e Without a clearly
designed and shared multi-use infrastructure that
encompasses ground-based, airborne and space tools, the
implementation of policies affecting the environment, natural
resources and land use will be hampered by the barriers to
gathering and exploiting cross-domain data; e The synergy
approach is a highlight of today’s information technologies and
responds to the need to integrate environmental considerations
in view of promoting sustainable development; e Calibration of
the implemented systems and validation of the operational
tools (models, information extraction algorithms) and
information products through geo-referencing and ground-truth
data gathering on test-sites are required to enhance data
accuracy and reliability in order to provide the maximum added
value. Thus, the provision of information products relies both
on the space and in-situ components that capture the required
data. Data sharing and integration from different levels
(ground-based and remote sensing), sources and at different
scales are needed to increase the potential of the observations
and to ensure cross-level and cross-thematic consistency of
the acquired data.

All these come to clarify that for the production of high-quality
and timely information, an adequate in-situ support is required
enabling data demand definition, acquisition, processing and
use. Developing the in-situ component in environment and land
cover monitoring is an essential step to the creation of the
necessary integrated space-terrestrial information system
incorporating ground-based and remote sensing means for
spatial data collection, handling and dissemination. In this way
the overall continuity, comparability and integration of space
and in-situ data, modeling activities and interoperability of the
systems will be strengthened. Since much of the data is to be
underpinned by "multi-purpose” information, special emphasis
should be put on coordinated data acquisition, evaluation of
different user data needs and access to information products.
Remote sensing information technologies have passed
different stages in their development from sensor design to
observation missions and data application. Views have
changed during these stages on the importance of the various
links of the information chain. Today it is unambiguously
recognized that the in-situ component (encompassing field and
airborne observations) is not only an integral part but the
backbone of a spatial data information system and that in
conjunction with the space component forms a common
environmental info-structure. To adequately obtain and deploy
information, substantial improvement is required in in-situ
surveys, observing systems and networks together with the
development of GMES-oriented information services.



Integrated ground-based and remote sensing

information system

Because of its dispersed nature, it is more difficult to capture
the full complexity of the in-situ information system than the
space segment. The ground-based component relates to data
collected by: (i) networks of sensors deployed on land, sea,
water and in the atmosphere aimed at measuring and
providing a complete description of the investigated object; (ii)
surveys aimed at collecting socio-economic data, land cover
and land-use data, geological, soil and bio-diversity information
and other geographical data (such as for example elevation,
administrative boundaries, etc). In-situ studies play a major
role for the elaboration of information extraction methods and
validation of algorithms and models. Geolocation of satellite
imagery is needed because only if the navigation on ground
does sufficiently coincide with the target parameters measured
from space the data are useful. Remote sensing devices
measure different spectral characteristics of land covers
(reflectance, emittance, fluorescence) in a wide range of
electromagnetic wavelengths (optical, thermal, radio). The
spectral response of land covers is associated with and
depends on the target type (vegetation, soils, rocks, water) and
its biophysical and chemical properties, physiological and
morphological state (biomass, leaf area index, chlorophyll,
water content, mineral composition, organic matter and etc.).
Ground-truth data allows quantitative relationships to be
established and spectral-biophysical modeling to be performed
which lies at the root of using remotely sensed data.

For instance, many of the applications of remote sensing rely
on multispectral data in the visible and near infrared band
where the radiometric sensitivity of the optical instruments is
sufficient to measure small changes in target reflectance.
Surface reflectance retrieval from imaging data is needed for
quantitative information extraction. On the other hand, image
data have to be expressed in reflectance values in order to
allow comparisons with field or laboratory measurements and
to be used in inversed models for target parameters retrieval.
In order to calculate surface reflectance from remotely
measured radiance, radiative transfer models are elaborated
for removal of the scattering and gaseous absorption effects of
the atmosphere. Comparison and verification of the retrieved
land cover reflectance by ground-based reflectance
measurements are essential for accurate information content
extraction from remotely sensed data. In order reliable
predictive equations of land cover parameters to be obtained
from spectral data, the predictive ability of the established
relationships has to be verified through ground-based
measurements, the latter serving also for correction of the
atmospheric effects on remotely sensed data. Besides, remote
sensing multispectral and hyperspectral sensors have different
spectral band-widths and wavelength position. Geo-referencing
and ground truthing by in-situ data from test-sites is essential
for calibration purposes (ground truth spectral characterization
of reference targets, atmospheric corrections, data
comparability and verification) and analysis of remotely sensed
information. In-situ field and airborne measurements are
necessary to check the performance of remote sensing
devices through evaluation of data quality (spectral sensitivity,
accuracy, signal to noise ratio, signal variations, etc.), and for
producing geometrically and radiometrically corrected
datasets. Thus spectral data from field devices are needed to
elaborate models and perform adequate image analyses and
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thematic interpretation of remotely sensed data. The in-situ
obtained data are needed to develop land cover classification
and state assessment tools basing on their spectral features as
well as to perform feasibility studies on extrapolating the
information over other similar objects. Some preliminary
methodological issues are also essential, such as the timing of
data collection, spatial and temporal scale of the
measurement, viewing and illumination geometry, ancillary
datasets and etc.

All this undoubtedly identifies the necessity of in-situ ground-
based and airborne measurements which serve as reference
datasets and support satellite data and imagery in terms of:
spectroradiometric calibration of remote sensing instruments;
radiometric data corrections for the atmospheric effects;
transferring image data to target spectral response; referencing
remotely sensed data to ground-truth spectral characteristics;
enhancement of data accuracy; elaboration of data processing
algorithms; integration and fusion of data from different
sources and levels (platforms); development of models
describing land cover state, trends, forecasts; ground-truth
feedbacks and methods for validation of spectral-biophysical
models; verification of information extraction techniques.

The integrated information infrastructure consists of
distributed and interoperable facilities brought together into a
coordinated system oriented towards multiple data use.
Encompassing a wide range of information sources and
making full use of space and in-situ (ground-based and
airborne) monitoring capacities, it includes the following
functionalities: data acquisition by a complex of terrestrial and
remote sensing equipment; data processing; data verification
and validation of algorithms for data analysis through terrestrial
investigations on test-sites (ground-truthing); data integration
from different sources and transformation into information
products (maps, models, etc.). Data storage, cataloguing,
access and sharing between users should be enabled as well.
The following principles and cross topics contribute to
optimizing the overall process in terms of effort and
effectiveness: develop synergies; ensure compatibility between
ground-based and remote sensing systems; data fusion from
multiple sources, data assimilation and data integrity; validation
of data acquisition technology and data processing algorithms;
verification of the existing and future research results.

In the Figure below, the basic infrastructural segments,
components and elements of an integrated terrestrial and
remote sensing information system are shown. They are
distinguished according to their nature and the function they
perform. The ground-based segment includes laboratory and
field studies, the in-situ component encompasses additionally
airborne surveys. Data Acquisition, Data Processing and
Information Production elements refer both to ground-based
and remote sensing systems. The in-situ component has the
following data acquisition elements: test-sites used for geo-
referencing, as well as for calibration and validation needs;
spectroradiometric and other sensors for data acquisition;
wireless networks for data collecting, storage and transfer;
mobile station for the equipment; airborne platforms for remote
sensing surveys.
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Test-sites are thematically (target) selected territories to
represent various ecosystems and landscapes (natural
vegetation, forests, agricultural lands, soil types, geological
objects) with different land-use, land management and degree
of anthropogenic pressure. These test-sites are monitored at
regular or requested intervals during the year using a mobile
station equipped with a field data acquisition complex. Integral
parts of this complex are devices for contact and remote
sensing measurements of different physical and chemical
parameters such as spectral features (reflectance, absorption,
transmittance, fluorescence, etc.), bioparameters (leaf areas
index, chlorophyll content, etc,), soil humidity and organic
matter, temperature, wind speed, solar irradiance, PAR and
etc. Test-sites are thoroughly explored by means of contact
field measurements using both destructive and non-destructive
methods, and by in-situ (comprising ground-based and
airborne) remote sensing techniques. Laboratory analyses are
performed using dedicated methodologies and expertise.

The in-situ infrastructure more readily allows a ‘build-as-you-
need’ approach retaining a modular open system that can
easily accommodate new elements. Relevant to the latter is
the special attention paid to the development and the
implementation of field-based networks. Wireless sensor
networks and wireless local aria networks are most advanced
monitoring tools. The survey areas (environment, land covers)
that are data intensive need high-performance networks that
enable the gathering, aggregation and transfer of data from
geographically distributed “"autonomous" resources. The
architecture progressively evolves from a set of unconnected
networks to a fully integrated network, incorporating stand-
alone data and information, the selection and aggregation of
information from heterogeneous sources and the translation of
data in real time. This, in turn, enhances the sharing of
environmental information across sites and regions. To
maintain coherence between various data sources is an
essential emphasis in study activities on test-sites. Measuring
environmental variables at appropriate temporal and spatial
scales remains an important challenge in ecological research.
New developments in wireless sensors and sensor networks
will revolutionize the ability to study ecological systems at
relevant scales. Sensor networks can analyze and manipulate
the data they collect, thereby moving data processing from the
end user to the sensor network itself. Such embedded
processing will allow sensor networks to perform data analysis
procedures, identify outlier data, alter sampling regimes, and
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ultimately control experimental infrastructure. A wireless
sensor network is an integral component in the infrastructure of
an end-to-end information system that transforms raw
measurements to scientifically significant data and results. This
end-to-end system includes calibration, interface with external
data sources (e.g. for measuring agro-meteorological
parameters), databases, web-services interfaces, analysis, and
visualization tools. Wireless technology used to communicate
information from one point to another, can be applied to
various electronic devices. Although wireless technologies
have been used in specific applications for decades, wireless
networks have recently become much more widespread due to
better technology and lower prices. Wireless networking offers
various advantages over wired connections, including mobility,
connectivity, adaptability, and ease of use in locations that
prohibit wiring. The work within this information system
element covers various aspects of wireless technology, but
focuses on improving network performance (network speed,
collecting and transmitting capacity), on examining mobility
management, energy concems, spatial diversity and multiuse.
Specific applications include wireless sensor networks. A part
of the instrumentation is a short range (up to 300 m)
independent radio network to service up to 20 different devices
from one central point. This central point works in two modes:
autonomous (all devices are served at specified time interval
and all data are stored) and user-oriented (only some of the
devices provide data, but at shorter intervals).

These various instruments and systems need to be
configured so that they can exchange information with one
another and provide the integrated data and information
products that decision makers need. The capacity of ground-
based infrastructures to offer reference information and
ground-truth data for calibration and validation purposes is
critical in environment monitoring. The optimal combination of
remote sensing airborne and space systems with terrestrial
infrastructures, as well as the integration of multi-source data,
creates further application perspectives. This combination
comprises target and process dedicated surveys on test-sites,
remote sensing and field data acquisition, data fusion from
multiple sources, modeling and validation activities. The
performance on test-sites of joint ground-based campaigns,
airborne surveys and space observations addresses the
following main issues: v standards, sensor calibration and
atmospheric correction; v* multi-platform sensing and sensor
networking; v~ system integration and interoperability; v
processing of multi-source and multi-temporal data; v~ data
fusion and information extraction; v* quality of spatio-temporal
data and validation of models; v* remote sensing data
verification. The provision of reliable multi-use information
through a wide range of information sources and making full
use of an appropriate ground-based and airborne in-situ
monitoring infrastructure results in improved change detection
tools and prediction capabilities.

Conclusions

Earth monitoring is at a turning point world wide. It is by now
well accepted that the proper monitoring of our planet will
require the use of both in-situ and remote sensing techniques.
While these approaches are operationally very different, they
have each an essential role to play in any serious plan to
monitor a site, region, country, or the Earth as a whole. Space
and in-situ observing systems constitute significant



contributions to environmental assessment, agriculture, water
resources, risk mitigation and other domains. The way to
strengthen the Earth observation capacity is linking space
observations with ground-based monitoring. Linking space
observations with ground based monitoring results in reliable
data acquisiion and enhanced information production
techniques.

In combining, integration and joint use of ground and remote
sensing data, special attention is to be paid to the
development, subsequent upgrading and expanding of the in-
situ component. It should be outlined that aiming at optimal
combination of terrestrial and space-based infrastructures, as
well as at integration and dissemination of data and services
will create further interdisciplinary and multi-application
perspectives. Putting emphasis on the integration of terrestrial
and airborne data with space monitoring will increase the
efficiency and information value of research, will develop
synergy and enable the validation of end-to-end information
products which is an issue of prior importance concerning data
reliability. Combining the broad spatial coverage that is one of
the great advantages of satellites with the precision of in-situ
instruments located in the ocean or on land. This will lead to:
enhancement of monitoring technologies (including advanced
in-situ sensors); improvement of interoperability and linkage
between space observing systems and other data sources;
ensuring the compatibility of different types of data;
enhancement of modeling capacities; improvement of methods
for information retrieval; strengthening the capacity for
analysis, forecasting, planning and decision support.

The establishment of an appropriate in-situ network for
airborne and ground-truth data gathering, calibration, validating
and enhancing space-based observations of ecosystem
properties in both terrestrial and aquatic ecosystems supports
remote sensing surveys and surve for raising data quality and
reliability. It also sets up the path to better coordination and
expansion of a network of land, ocean and coastal reference
stations for monitoring ecosystem properties (such as carbon,
nitrogen, phosphorus, and iron fluxes), including change
detection, and to the development of a general strategy for the
implementation of advanced information technologies, multi-
source data collecting and multi-purpose data use. All this
qualifies the in-situ infrastructure as a pillar of the remote
sensing surveys and services contributing to the solution of
environmental problems.

Establishing of an in-situ information infrastructure
represents significant added value in establishing a GMES-
relevant capacity which requires the combination of remote
sensing observations with in-situ measurements. Such
combination facilitates the harmonization of methods for
observing ecosystem variables and the networking of
institutions performing observations related to ecosystems;
advocates the development of tools to scale up from a limited
number of in-situ ecosystem observations performed at local
scales, to arrive at a large-scale, comprehensive picture of
ecosystems; enables the validation of existing tools (such as
synthetic aperture radar and hyperspectral imagers) for the
measurement of ecosystem properties, advocates the
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development of new sensors and platforms, and facilitate their
use for routine observations on an operational basis.

The ground segment development focuses on the objective
to progressively improve the deployment and operation of
different thematic in-situ networks and surveys addressing
cross-institutional  and  cross-national issues, such as
assessment of sensitive areas for early warning and crisis
management. Giving a general view of the ground segment of
the information chain, stressing on the need for
multidisciplinary research and multipurpose application and
relying both on technology developments and data accuracy,
this paper aims to initiate international joint research on test-
sites as well as application activities, and to stimulate the
cooperation between researchers and organizations in building
and using multinational networks, developing integrated
approaches and future collaboration. A main goal is to further
enhance remote sensing capacities in treating and solving
common problems. Networking is a useful instrument in
international cooperation for knowledge and experience
sharing. This paper can be considered as a partner search for
the establishment of international collaboration and networking
on test-sites in case of common research interests and
problem solving.
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IN-SITU APPLICATION OF THE MINERAL SORBENT CLINOPTILOLITE AS PERMEABLE
BARRIER TO RADIOACTIVITY IN RIVER WATERS
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ABSTRACT. The natural zeolites as very effective mineral sorbents are often used for adsorption of many metals and other pollutants in the
process of water purification. This study focused on the results of using the unique adsorption and chelating affinity of one of the most spread
natural zeolites — clinoptilolite for reduction of radioactivity in river water ecosystems. For this purpose in-situ experiments were carried out in the
river basin of the rivers Musalenska Bistritsa and Iskar from the Rila Mountain area. The dynamic of radioactive sorption of radioactive elements as
¥7Cs, "Be, efc. is traced in the different river waters. The study could be useful in the developments of new safety and economically beneficial
mode for reducing the harmful anthropogenic influences.

NPUNOXEHUE “UH-CATO” HA MMHEPANNHUTE COPBEHTU KNMMHONTUONUTU KATO NPOMYCKITMBA BAPUEPA 3A
CTENEHTA HA PAOWOAKTUBHOCT B PEYHUTE BOAU

H. Hukonosa!, A. flamaxoea’, U. lenes?, U. Cuspues?, J1. [eopeaues?

MHemumym 3a sdpeHu uscnedgaHus u s0peHa eHepeusi, bbreapcka akademusi Ha Haykume, 1784 Sofia

2MurHo-2eonoxku yHugepcumem “Cs. Mear Puncku”, 1700 Copus

PE3IOME. [MpupogHuTe 3e0n1TH KaTo MHOTO eheKTUBHIM MUHEPanHW COPOEHTM YeCTO ca M3NoMn3BaHu 3a agcopbupaHe Ha MHOrO MeTanu v Lpyrm
3aMbpCUTENM B NPOLLECA Ha O4NCTBaHe Ha Boau. CTaTusiTa e (hokycuppaHa Bbpxy pesynTaTute, KOUTO ca NnonyyeHu Ha 6asata Ha yHuKkanHata
apcopbums 1 ecTecTBEHUS aMHUTET Ha HaR-pa3noCTPaHEHUs NPUPOAEH 3E0MNUT — KIMHOMTUONWTA 33 HaMansBaHe CTENEHTa Ha PaguoaKkTMBHOCT
B peyHuTe ekocucTemu. 3a Tasn uen 6sxa NpoBeLeHU eKCnepuMEHTU “WH-cUTO” no mopeuneTo Ha pekute MycaneHcka buctpuua u Wckwbp,
u3BupalLyu oT Puna nnanuHa. Toa no3sonsea Aa ce Npocnean AMHaMukaTa Ha M3MEHEHWe Ha CTEMEHTa Ha PaaMoakTMBHOCT npu copbumsTa Ha
pagmoakTBHK enemeHTn kato '3’Cs, 7Be, B pasnuyHu peyHun Bogn. Ctatusita Ou morna ga ce Manonssa 3a W3cneaBaHe Ha HoB, 6e3omaceH u
MKOHOMMYECKN W3TOAEH METOL, 3@ HaMarsiBaHe Ha BPEAHUTE aHTPOMOreHHN Bb3aeACTBUS.

separation and removal of gases and solvents. Other
applications are in agriculture, animal husbandry and
construction. The shape-selective properties of zeolites are also

Introduction
In the last decades the mineral sorbents “zeolites” have
been intensively investigated for their adsorption properties.

They are found in abundance in the world. In Bulgaria there
are many deposits of natural zeolites near to the city of
Kurdjali. The deposits of Beli Plast and Beli Bair are the most
popular industrial of them. Zeolites are microporous
crystalline solids with well-defined structures. Generally they
contain silicon, aluminum and oxygen in their framework and
cations, water and/or other molecules within their pores. In
all, over 130 different framework structures are now known.
One of the most utilized zedalite is clinoptilolite because of his
adsorption properties. About 40 natural occurring zeolites are
known and more than 180 zeolite types have been
synthesized. Many occur naturally as minerals but the others
are synthetic, and are made commercially for specific uses,
or produced by research scientists trying to understand more
about their chemistry. Because of their unique porous
properties, zeolites are used in a variety of applications with
a global market of several million tones per annum. In the
western world, major uses are in petrochemical cracking, ion-
exchange (water softening and purification), and in the

the basis for their use in molecular adsorption. The ability
preferentially to adsorb certain molecules, while excluding
others, has opened up a wide range of molecular sieving
applications. Cation-containing zeolites are extensively used as
desiccants due to their high affinity for water, and also find
application in gas separation, where molecules are differentiated
on the basis of their electrostatic interactions with the metal ions.
This is the reason zeolites often to be used to exchange their
cations with the surrounding water because their cations are free
to migrate in and out of zeolite structure. Conversely,
hydrophobic silica zeolites preferentially absorb organic solvents.
Zeolites can thus separate molecules based on differences of
size, shape and polarity.

The application of natural zeolites recently is more often
environmentally related. Natural zeolites are being used for
treating of low and intermediate aquatic waste. They even have
been used in the clean-up at Chernobyl. Zeolites contribute to a
cleaner, safer environment in a great number of ways. In fact
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nearly every application of zeolites has been driven by
environmental concerns, or plays a significant role in
reducing toxic waste and energy consumption. More often
the iindustrial and eenvironmental applications of zeolites are
in the field of Gas adsorption (Nikolova, 2001a), ion
exchange (Nikolova, 2001b), (Zhaohui Li, Bowman, 1997),
(Helfferich, 1995), wastewater treatment (Korczak M., 1988),
radioactive waste treatment (Scerjan-Stefanovié, Gurkovié,
1997), (Takagi, 1978), aquaculture (Cantrell et al., 1994),
(Chmielewska et al., 2002), agriculture, etc.

The aim of this study was to investigate the possibility for
in-situ application of zeolites (clinoptilolite) for river water
purification from radionuclides.

Experimental; Materials and methods
Materials

The zeolites (clinoptilolite) used in the study are from the
natural deposits in South-East Bulgaria near to the city of
Kurdjali. Among the different varieties of zeolites the most-
wide spread zeolite — clinoptilolite (size 0.8-1 mm) has been
chosen for its adsorption properties. In the experiment it is
placed in the permeable plastic containers (volume 250 ml).

Localities

In-situ experiments were carried out along the basin of river
Iskar, Bulgaria. The experimental containers with zeolites
have been placed at three points along the river — at the
upper stream (Musalenska Bistritsa River), the middle stream
and the lower stream of Iskar river.

Experiment.

At each locality 3 containers have been placed. For safety
reasons the containers have been put in a netbox and tied to
stones. After different periods of time (1week and 1 and 5
months) the containers have been removed. Prior the
analyses the zeolite samples have been dried at 90°C and
homogenized. The radioactivity of ambient water and zeolite
(control) also has been measured.

Methodology

Radioactivity in the different samples were measured with
gamma-spectrometer with H.P.Ge-detector with relatively high
effectiveness ~30%. Energy resolution is in the frame of ~2-2.2
KeV for energy ~1.3 MeV. For determination of absolute
effectiveness was used standard prepared in INRNE with size @
60x20 mm and density ~1.1 g cm=3. For low activities is used
low background system with typical lead protection. This one is
giving possibility to measure activities lower then ~0.5 Bq kg of
the sample. For processing of the gamma-spectra is used
program ANGES, developed in INRNE and recommended by
IAEA. After full processing the final results are presented in Bq
kg

Discussion

The comparative investigations for evaluation of adsorption
capacity for 137Cs in river waters show the different results. The
content of '3Cs in the water of Mussalenska Bistritsa River
shows about 100 time lower radioactivity in comparison with the
zeolite samples. The linear increasing indicates the potential
possibility for accumulation of significant quantity of 137Cs from
the ambient water depending on the remaining period of time in
the river (1-5 months). Nevertheless the slow flow velocity in the
upper stream of the river a significant adsorption of 137Cs with
the time (50% higher for 5 months) in comparison with 37Cs
content in the control zeolites samples is observed (Fig. 1). In-
situ experiments in the middle and lower stream of Iskar River
show an accumulation of 137Cs in the zeolites samples from the
middle stream, which for 1 month is significantly higher than in
Mussalenska Bistritsa River (Fig. 2). This fact is due to the
higher flow velocity nevertheless the lower 137Cs content in the
water. The accumulation rate of 137Cs in the lower stream of
Iskar river is higher. For 1 month it increases double in
comparison with the control zeolite samples. The reason for this
result probably is due to the higher flow velocity in this part of the
river (Fig. 3).
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0-zeolite(control)
1-after one month
2- after five month:
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3- water x100
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0,2

0,1+

0 1

2 3

Fig. 1 Changes in the radioactivity (**’Cs) of zeolites (clinoptilolite)
after different period of in-situ remaining in the water from
Musalenska Bistrica river
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after remaining in the water from middle stream of Iskar river
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Fig. 3 Changes in the radioactivity (*°'Cs) of zeolites (clinoptilolite) after
remaining in the water from lower stream of Iskar river

Conclusions

Zeolites (clinoptilolite) present specific property to 37Cs in
natural river water. Despite the low level of 137Cs in the river
water the zeolites indicate a high capacity for adsorption from
the ambient water probably due to their structure and
adsorption properties. The adsorption capacity is high even
at slow flow rate and has a tendency to increase with the
increasing of the water velocity and the duration of their
remaining in the running river waters.
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TSUNAMI INVESTIGATIONS - VULNERABILITY AND RISK ASSESSMENT TO THE
BULGARIAN BLACK SEA COAST
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ABSTRACT. Tsunami investigations — cataloguing, modeling and satellite imaginary have been performed during the last years. Lowlands, steep
bays, lagoons, beaches, river deltas and estuaries — the whole spectrum of the natural tsunami vulnerable elements could be observed on the
North Bulgarian Black sea coast. Depending of their spatial position and size these elements are local traps for increasing the tsunami negative
effects due to their magnification of the tsunami inundation. Some of these objects could be concentrators of the more dense populated areas (such
as beaches, and lagoons with the SPA possibilities). Some others are not so much populated due to their spatial position and worse conditions of
everyday human practice (such as river beds, deltas and estuaries). Statistical assessment of the vulnerability of these structures is performed
according to their distribution and sizes. Similar approach of classification of the man-made tsunami vulnerable structures is performed. Modern
practices such as DEM, satellite images, GPS measurements are performed to assess more accurately the vulnerability functions of the different
structures. Preliminary classification and typology of all such structures is done to be able to separate different vulnerable elements of the tsunami
influence parameters — inundation heights and velocity currents. The area under investigation is located from Varna city to the Bulgaria-Romania
border.

W3CNEOBAHUA HA LIYHAMMU - YA3BUMOCT U OLIEHKA HA PUCKA 3A BbNTTAPCKOTO YEPHOMOPUE
Boliko PaHzenos!, CmechaH Llieep?, Mapo MapdupocsH?

"MuHHo-2eonoxku yHugepcumem “Ca. Mear Puncku’, 1700 Cogpusi; branguelov@gmail.com

2JRC, 1113 Ispra

3SMHCmumym 3a kocmu4ecku uacnedeaHusi, boneapcka akademust Ha Haykume, 1000 Cogpusi

PE3IOME. Vi3cneasaHus Ha LyHamy BKMIOYBALLM KaTanoruaaums, Mofenupaqe 1 MCTaHLUMOHHM METOAM Ca NpuiaraHi npe3 nocrneaHnTe roanHu.
HW31HWM, OCTPYM 3anuBw, NaryHn, MMMaH1, PEYHN AENTU U ECTyapn — LEMMST CNEeKTbP OT NPUPOLHM YS3BMMM 3a LyHaMM Ys3BUMM €NIEMEHTM ca
npeactasenu no CesepHoTo Bbnrapcko YepHomopue. B 3aBUCHMOCT OT NPOCTPAHCTBEHOTO CY Pa3MONOKeHWe 1 pasmMepa CH, TE3N eNeMEHTH ca
NOKanHM JafeHOCTW yBENNYaBalLy HeraTuBHUTE edhekTI B PE3YNTaTH HA YCUMBALLOTO CW BRIMSIHUE BBPXY LiyHaMM HaxnyBaHusTa. Hskou OT Te3u
€enemMeHTH MoraT Aa ObaaT M KOHLEHTPATOpW Ha MO MITbTHO HAaceNeHn apeanu (Hanp. nnaxose, Tyanu v ap.) Apyrv ca no-Manko nocellaBaHu
(Hanp. peyHuTe nerna — aentu u ectyapw). CTaTUCTMYeCKa OLEHKA Ha YS3BUMOCTTA Ha Te3u MPUPOLHM CTPYKTYpW € NPEeLsIoKeHa Ha OCHoBaTa Ha
TEXHUTE pasmMepy W MPOCTPAHCTBEHO pasnonoxeHue. MomobeH Noaxon e M3nonsyBaH M MpU OLEHKA HA YS3BUMOCTTA HA AHTPOMOTEHHM
koHCTpykumu. Mogephu nogxomu (kato uncpoB mMoaen Ha peneda, uamepsanus ¢ ITIC, catenutHu u3obpaxeHns v ap.) ca ManonaysaHu 3a
OLieHKa Ha (DYHKLMUTE Ha YS3BMMOCT 3@ pasninyHuTe eneMenTu. MpeasapuTentu knacudmkawmum u TUNomnorus e HanpaBeHa C Len pasfensHe Ha
Pa3NUYHNTE YS3BMMU ENEMEHTM OT Bb3AENCTBUATA Ha LiyHaMK — MO BUCOUMHA Ha BbIHATa M CKOPOCTUTE iA. V3cneasaHaTa obnacT e pasnonoxeHa
Mexay rpag BapHa 1 pymbHckaTa rpaHuLa.

Introduction

Recent investigations and research about tsunami waves in The available data are collected and a relative completed
the Black Sea increased the knowledge about these rare, but ~ catalogue created. Tsunami zoning to the Black Sea coasts is
hazardous events. This really dangerous phenomenon exists ~ applied. The extreme events are considered, based on the
for the Black Sea and formulates the tsunami hazard and risk. ~ a@vailable data. The vulnerability analysis to natural and man-
Tsunamis in the Black Sea could be triggered by the same made elements is considered and the structures classified in

phenomena triggering tsunamis in the world ocean — seismic ~ this direction. The multi hazard approach is performed for the
sources: earthquakes (inside and/or outside the aquatory of first time and results obtained show eXIStlng, but neglected up

the sea), and nonseismic sources: underwater and/or surface to now, danger.

landslides, mud volcanoes (active real volcanoes have not ) . .

been reported for the Black Sea) and any kind of underwater The tsunami research in Bulgaria has been developed to
blasts. The available data shows that the Black Sea coast several directions: new data and homogeneous catalogue (as
could be attacked heavily by the tsunamis. part of the standardized GITEC catalogue) has been compiled
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(Tinti, Ranguelov, 1995); tsunamigenic sources and natural
vulnerable areas have been outlined; ray refraction analysis
and tsunami energy dissipation/concentration have been
performed for the whole Black Sea area; special vulnerability
analysis has been performed for some areas and test site
areas; fractal properties of the tsunami in the Black Sea
according the bottom and coastal geometry; first attempts of
the tsunami zoning for the whole Black sea at large scales and
in case of not completed information have been executed and
rough schemes created, assessing the expected average run-
ups and attack velocities of the tsunami to the shore, based on
the average repeated recurrence time established by the real
data (Ranguelov, 2002); original equipment about the tsunami
laboratory generation and physical modeling investigations has
been patented; paleotsunami deposits have been discovered
for the first time on the Black Sea coasts (Ranguelov, 2002).

Data and earlier studies

There are many case studies reported by different authors
about the tsunami observations on the Black Sea coasts
(Murty, 1977; HukoHos, 1997). Our research allows us to
compile a new Black Sea catalogue of tsunamis. It consists of
about 30 cases since ancient times up to the present days
(Tinti et al., 1995) cross-checked and updated during the last
years. The acting and potential sources of the tsunamis could
be studied and mapped with their tsunamigenic potential,
frequency of tsunami generation, expected run-ups, etc.

The calculations of the travel times from the different tsunami
sources show, that the closed sea like Black Sea, has
sometimes very short response time — 10-15 minutes (Kaliakra
source for example), up to 2-3 hours for the distant located
sources. In any case the short reaction time could be a big
problem for any kind of the early warning system. It must be
organized on a wide frame of international cooperation
between the Black Sea countries.

Paleotsunami deposits have been discovered and studied on
the Bulgarian Black Sea coast for the first time (Ranguelov,
2002). Several sample points have been observed, measured
and investigated by the microfossil and macrofossil analysis,
showing the heights of 7-8 meters above sea level.

Vulnerability and tsunami zoning methodology

There are two vulnerable structures from tsunami at the
Black Sea cost. Natural vulnerable areas from the tsunamis
(like — steep bays, estuaries, flat lowlands, etc.) and vulnerable
man-made elements: cities, dangerous installations, ports,
military bases, etc. The mapping of the first groups of elements
is already done (Ranguelov, 1994). A map about the most
vulnerable natural elements has been prepared for the Black
Sea. Some calculations about the tsunami energy
dissipation/concentration and the accuracy estimations have
been done (Ranguelov, 2001). According these results some
selected big cities or different port facilies and other
vulnerable objects have been investigated about their
vulnerability (Ranguelov, 1996).

The tsunami zoning is the action when all tsunamigenic
sources, which can affect the selected coastal sites (or the
coast lines), are considered. They are taken into account and
all possible regional expected tsunami influences are
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presented as maps, graphs, tables, etc. (Ranguelov et al.,
2005).

This procedure, which can present and use for practical
purposes the most vulnerable to the tsunami effects elements
- natural and/or artificial (man-made) is very useful. The
vulnerability assessment is done on the basis of the
observations during the 26.12.2004 tsunami in Indian Ocean.
The vulnerability is calculated by statistical approach to the
different man-made structures as well as to the space
distributions of the natural vulnerable elements (Table 1).

Table 1
Tsunami natural vulnerable elements for the North Bulgarian
Black Sea coast

Elements/ | Length/ | % vulnerability by | % vulnerability by

Parameter| area |3 m tsunami heightf5 m tsunami height
Coastline | 118 km 76.5 80.2
Lowlands || 73.8 km? 94.1 97.2
Bays 20 km 42.3 48.7
Lagoons | 9.1 km2 ~08.1 100
River beds| 54.8 km2 ~92.6 99.7

The environmental consequences also are considered using
the approach extraction the results of observations in many
cases of the occurred tsunamis all over the world. Table 2
presents an extraction of several environmental vulnerable
elements by tsunami and the destructive processes which
affect them. The rough qualitative assessments to three levels
and ways of protection are added.

Table 2
Tsunami vulnerable environmental elements (example table)
Name/ |Destruct.| Vulnerab. Level of | Protection
Parameters| process | elements |vulnerability  (Y/N)
Beach |Erosion,| sand, dunes High | Not possible
pollution
Soil  [Erosion,| salinity, silt High | Not possible
pollution
Sand, |Erosion, grains High | Not possible
gravel |pollution
Water |Pollution| purity, salinity |  High [ Not possible
Low veget.|Pollution| grass, bush | Middle Possible
Forest |Pollution trees Low Possible
Rocks | Erosion cracks Low Possible
Biodiversity| Live creatures High | Not possible
environ.

The long-term expectations about the active tsunami
sources, travel-time charts, and the expected tsunami
amplitudes are essential elements of the tsunami zoning. All of
these elements could be calculated in dependence of the
different initial conditions and limitations. This procedure, which



takes into account all case studies and extrapolate probabilistic
the expected tsunami influence in terms of tsunami heights for
different time intervals shows: maximum expected run-ups;
extreme events; expected velocity of inland inundation, etc.

A) The tsunami zoning maps usually present:

a) The probability (in selected time domain) of
occurrence of different wave heights on any
particular site on the coast.

The maximum expected wave height (run-up) on the
coast line andlor different elements of the coast —
lowlands, steep bays, deltas, estuaries, etc.

Usually the combinations with other phenomena
(meteoevents, underwater landslides, rockfalls, etc.)
which can bring additional effects are under
consideration.

The expected velocity (acceleration) of the tsunami
wave at the coast is the very useful element for the
engineering purposes.

b)

If the vulnerability is added to the tsunami zoning maps, the
tsunami risk maps could be created showing the expected
influence in terms of different scenarios — expected flooded
areas and/or destructed facilities; expected victims; expected
economic losses, etc.

B) General input data necessary for the tsunami zoning:

The tsunami catalogue — is compiled for the Black sea.
Tsunami records are very few available. Paleotsunami
diggings are hard, expensive and slow processes, but they
help a lot the long term clarifications. Earthquake catalogues
are useful about the potential tsunami generation sources
establishment. The information about the surface and
underwater landslides is also useful. These data can help also
the source identification. Possible useful information could be
extract from the DEM and other geophysical and distant
prospecting. Maps about the tsunami vulnerability elements
(natural — steep bays, deltas, estuaries, etc.) — could be found
on the world atlas. Tsunami vulnerability elements (artificial —
ports, facilities, structures, etc.) — could be extracted from
satellite and field maps).

C) The output of the tsunami zoning could be useful for;
tsunami warning systems optimization; land use planning;
tourism; structures’ safety, people’s protection; Civil Defence
plans, Military bases safety, etc. For the first time the
repeatability of tsunamis are studied, based on the probabilistic
approach. The results obtained show that in average in 300
years a tsunami with height of about 3-4 meters can be
expected. The extreme cases show much bigger heights, but
are much rarer.

Several cases of parametric maps have been created and
used for the zoning purposes. The main parameters
considered are: the bathymetry and the geometric coastal
configurations; the landslides — surface and submarine; the
extreme meteoevents — like storm surges and sashes and
finally — the concentration and dissipation of the tsunami
energy calculated using the ray refraction. Several output
maps are calculated: Average run up for the certain time
period; Maximum expected velocity, Maximum expected run
ups - with their probabilities, concerning all possible events
which can produce additional effects, like storm surges,
changes in the atmosphere pressure, etc..
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The tsunami zoning - Black Sea exceptional

case

The general scheme about the tsunami zoning is presented.
Using the general methodology explained earlier and the
established earlier relationships about the time repeatability,
the tsunami zoning is applied about the Black Sea. The
specific relationships have been established and the maximum
run-ups calculated using the formulae (Ranguelov, 2001).

Hmax = Hay + Hav(Kg+Ks+Kf) )]

where Hay — is the average height extracted from the
recurrence graph and the three empirical correction
coefficients introduced:
Kg - geometry coefficient — it reflects bottom and coastal
geometry influence and tsunami energy
dissipation/concentration according to the refraction.
Ks — source coefficient — reflects the source location influence
(in and out the aquatory of the Black Sea)
Kf — landslides and rockfalls coefficient — reflects the effects of
the surface or underwater landslides and rockfalls as possible
tsunami generators.

These coefficients have been preliminary mapped and used
for the Hmax calculations (Ranguelov 2001). Then the velocity
map — V=f(Hmax) — has been created according Pelinovski's
approach (Pelinovsky, 1999) and Hmax map was drown.

The new maximum run up’s map — MaxHmax - has been
created and presented as well as. It reflects the most
conservative approach and shows also the reliability (rel.) of
the obtained values. The map incorporates all possible effects
due to other different sources of the additional effects, which
could be added to the influence of a tsunami accompanied by
other similar events (for example storm surges, high water
levels due to sashes, etc.). Many new and unavailable data
have been incorporated conceming the observations about
storm and wind influences to the wage generation and power.
They are summarized and based on the real observations
done during the last century. The important element is the
reliability of such calculations taking into account the
probability of occurrence and coincidence of such events with
the occurrence of tsunamis.

Case studies about Bulgarian coastal tsunamis

lll-rd (Demetrious Kalatious) (I-st?) century BC case - IX-
X tsunami intensity (Papadopoulos-Imamura (P-l) scale)

“Ancient town Bisone (Greek colony) sank in the sea waters”
(Strabo). Major earthquake (M~8), accompanied by huge
slides and large inundation (probably tsunamis). “The whole”
ancient city (most probable — the port and the facilities) went
under water. The rest part of the town was moved on the top
hills. Paleotsunami findings.

543AD case - VIl tsunami intensity (P-l scale)

Earthquake (magnitude ~7.5), probable local tsunami,
activated landslides, destroyed and buried the Cibele temple.
Possible paleotsunami findings.

31st March 1901 earthquake and tsunami — V tsunami
intensity (P scale)

Earthquake of magnitude M=7.1 occurred in the sea. Large
destruction in the epicentral area (more than 5 villages and
small towns have been affected; more than 830 houses



damaged.). Aftershock sequence lasted more than 7 years.
Land subsidence and landslides (probably submarine as well)
occurred. Rockfalls were reported. A witness reported a sea
level rise of about 3 meters at the port of Balchik, recognized
as tsunami.

The case of 7t May, 2007 - V tsunami intensity (P-l scale)

Northeast Bulgarian coast — nonseismic origin (possible
underwater turbidities). Data about withdrawal and inundation
- frequency of the phenomena (3-5 - 6-8 minutes) are
collected. Data about the water peculiarities consequences —
observed turbulences, currents and water boiling supports the
used models. Data about the consequences — moved boats,
tetrapodes and other items also have been assessed (the
detailed description — see later on). The systematic data of the
parameters of these events are presented at Table 3 and 4.

Table 3
The tsunami cases to the North Bulgarian Black Sea coast

Time/parameters Events observed Tsunami
intensity
I-st (I11?) century BC Earthquake, [X-X tsunami
multihazards event slides, regional intensity (P-1)
inundation scale
543AD multihazards Earthquake, VIl tsunami
event slides, local intensity (P-I
inundation scale)
31st March, 1901 Earthquake, V tsunami
slides, rockfalls, intensity (P-I
local inundation scale)
7t May, 2007 Nonseismic V tsunami
origin, only intensity (P-I
frequent water scale)
level oscillations

The suggested scenario for the North Bulgarian Black Sea
coast is based on the 1901 case (referent event — as a better
studied and the most informative and reliable case), intend a
multihazard assessment, possible inundation areas outlines,
risk mapping and possible evacuation roads indication.

Table 4
The known tsunami generating events to the North Bulgarian
Black Sea coast

Latitude | Longitude | Depth, Macros.
Year E N km | M| Int. (EMS)
llird (Ist?)
c.BC 43.4 28.4 20 (8.0 IX-XI
543 435 28.3 20 (7.6 IX-X
1901 434 28.6 14 (7.2 IX-X
2007 43.1 28.6 0 - slide(?)
Results

For the modeling purposes the basic scenario earthquake
has the following parameters: epicenter location: 43,2E; 28,6N;
depth — 15; epicenter intensity — X EMS; magnitude: 7.2;
vertical displacement; 2-3 m; strike: E-W (1%t variant) and NE-
SW (2 variant). This scenario is based on the event of 1901
as best studied earthquake and its consequences. Due to the
not reliable information about earthquake mechanisms several
experiments have been modeled using different parameters
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about fault dimensions and movements (displacements, rake,
dip, slip, etc.). Two variants are explored and their parameters
are presented on Table 5.

Table 5
Earthquake parameters about the modeled cases 1 and 2
Earthquakes Case 1 Case 2
parameters
L (m) 57000 57000
W (m) 22000 22000
Strike 90° 40°
Dip 40° 40°
Rake 270° 270°
Slip (m) 2 2
Position (°) 28.7°,43.4° 28.7°,43.4°
M 7 7
Fault 1 2

The initial conditions about the case studies models are
presented on Fig. 1.
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Fig. 1. Initial conditions about case 1 and case 2

For the calculations Digital Elevation Model extracted by the
satellite images is created based on scale 1: 50000 (Fig. 2).

As a result of the modeling done by UNiBo, several variants
of inundation by tsunami of the North Bulgarian Black Sea
coast have been obtained. All of them are in coincidence with
the reported observations. The most appropriate appeared the
results due to the Case 2 with the respective parameters of the
seismic source. Due to the active depositions along the coast
there are some considerations about the existence of movable
sliding masses - so called turbidities. That's why the
possibilities of additional effects to the tsunami generation due
to the underwater slides is not excluded coexisting with the
seismic source dislocation movements.
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Fig. 2. DEM and water bodies near the coast
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DRILLING TECHNOLOGY AND USAGE OF POLYMER DRILLING FLUIDS FOR MINERAL
EXPLORATION DIAMOND CORE DRILLING APPLICATIONS IN THE CHELOPECH
Cu-Au DEPOSIT (BULGARIA)

Ivan Todorov, Milko H. Harizanov, Stanislav Stoykov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; ibt@mgu.bg, sstoykov@mgu.bg, mharizanov@mgu.bg

ABSTRACT. This paper presents a review of the geology of the Chelopech Cu-Au epithermal deposit (Bulgaria), as well as the drilling technology,
chemistry, composition and prepared polymer drilling fluids applicability for mineral exploration diamond core drilling. The present investigation is
focused on recommended, mud program selection and application of the polymer drilling fluids and wireline core barrel NQ complex drilling
technology from deposits Chelopech, Bulgaria. The key is to provide affordable drilling fluid solutions that will reduce overall drilling costs and
drilling problem.

TEXHONOrnsa HA COHQUPAHE U U3NON3BAHW NMPOMWBHMU TEYHOCTU MPU MPOKAPBAHE HA MPOYYBATEITHO
A0KOBW COHOAXK NO NPUMEPA HA HAXOQULLE YENONEY

Mean Todopoe, Munko X. XapuzaHoe, CmaHucnae Cmolikos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cocpusi; ibt@mgu.bg, sstoykov@mgu.bg, mharizanov@mgu.bg

PE3IOME. B HacTosaTa cTatus ce pasrniexaa akTyaneH npobnem, CBbp3aH C TEXHONOrMsATa Ha NPoKapBaHe Ha NpOyYBATENHO SAKOBU COHAAXM
Ha Haxoauie Yenoney. Pasrnenaqu ca reonorusita Ha paitoHa Ha Yenoney, TEXHONOrMsTa Ha CoHaMpaHe, CbCTaBa Ha U3nonaBaHuTe NONMME pH
NMPOMMBHW TEYHOCTY MPUIOXKUMM NMPU UAaMaHTEHO SAKOBO coHampaHe. OcHoBHaTa YacT e (pokycupaHa BbpXy MpenopbuMTenHaTa nporpama 3a
NPOMMBAHE Ha COHOaxa, u3bopa W MPUMOXEHWETO HA MONMMMEPHUTE MPOMMBHW TEYHOCTW MPWU AMAMaHTEHO COHAMpaHe C W3Baxaaema
snkonpuemHa Tpbba — komnnekc NQ.

Introduction Desire to place the Projects into production by early 2007-
The Chelopech volcanic complex is located in the Central 2009 and applies the most sophisticated and up-to-date
Srednogorie magmatic zone (Fig. 1a) and hosts one of the exploration technologies and methods in Bulgaria such as
largest Cu-Au deposits in Europe (Stoykov et al., 2003; (Chelopech Mining; Haydoutov, 2001):
Stoykov, Pavlishina, 2003). 1. Compilation and analysis of geological, geophysical and
geochemical data in text format and map materials;
The Chelopech Mining Ltd is a subsidiary of Dundee 2. Regional methods of preliminary prospecting — primarily
Precious Metals Inc. It is a copper-gold mining and processing stream sediment sampling;
operation that ultimately produces copper-gold concentrate. 3. Preliminary local-scale research in conjunction with detailed
The Plans include upgrading of the operation to 1.5 Mt per geological mapping;
annum and metal production on the site (Chelopech Mining; 4. Additional detailed research — petrography, XRD analysis;
Haydoutov, 2001). 5. Local-scale geophysical research;
6. Exploration diamond core and RC drilling;
The Chelopech Deposit is situated near Chelopech village, 7. Processing, qualitative and quantitative analysis of
in the northern part of the Zlatitza valley. The deposit is at the samples;
foot of the Balkan Mountains and is on about 700 meters 8. Computer processing and development of GIS models
elevation. The geological prospecting of the deposit began as utilising specific geological computer software.

early 1840s. The Chelopech copper-gold mining and
processing operation was commissioned in late 1950s with

initial capacity of a few thousand tonnes. The mine was Geology of the Chelopech deposit
expanded and a new concentrator was build in the early The basement of the volcanic rocks consists of high-grade
1970s. metamorphic  rocks  (two-mica migmatites with  thin
intercalations of amphibolites, amphibole-biotite and biotite
Balkan Mineral and Mining EAD company is currently gneisses), and low metamorphic phyllites and diabases of the
exploring on 10 license areas located throughout Bulgaria. Berkovitsa group (Early Paleozoic island-arc volcanic
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complex, Haydoutov, 2001). The base of the Chelopech
volcanic rocks is partly exposed on the surface, although it
has been intersected in the underground mine. The Upper
Cretaceous succession in the Chelopech region starts with
conglomerates and coarse grained sandstones intercalated
with coal-bearing interbeds (coal-bearing formation, Moev,
Antonov, 1978) covered by polymictic, argilleous and arkose
sandstones to siltstones (sandstone formation). Collectively,
these units have a thickness of less than 500 m. Pollen data
suggests that both formations are Turonian (Stoykov,
Pavlishina, 2003). The sedimentary rocks are cut by volcanic
bodies and overlain by sedimentary and volcanic rocks of the
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Chelopech Formation (Moev, Antonov, 1978). It comprises
the products of the Chelopech volcanic complex, epiclastics,
as well as the Vozdol sandstones (Fig. 1b-c). The latter are
recently paleontologically dated as Turonian in age (Stoykov,
Pavlishina, 2003). These formations have been partly eroded
and transgressively covered by sedimentary rocks reddish
limestones and marls, which are in turn overlain by flysch of
the Chugovo Formation (sandstones, aleurolites, argilites and
marls with clear turbidite marks) Campanian-Maastrichtian in
age (Fig. 1b-c).
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Fig. 1. (a) Major tectonic zones in Bulgaria with the location of the Srednogorie zone and Chelopech deposit; (b) Geological map of the
Chelopech region (modified after Stoykov et al., 2002); (c) Geological section of the Chelopech region after Stoykov et al. (2002)

Field observations and sedimentary relationships allow to
distinguish three units of the volcanic complex: (I) dome-like
bodies, (1) lava to agglomerate flows, and (lIl) the Vozdol lava
breccias and volcanites (Stoykov et al., 2004). The volcanic
rocks are porphyritic with plagioclase and amphibole
phenocrysts, quartz and biotite are rare. The lava flows
contain fully crystallised, fine-grained enclaves of more basic
composition.
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Selecting drilling fluids for mineral exploration -
diamond core drilling and planning the mud
program

The economic importance of the information to be gained
through diamond coring is well known to mining geologists
(Heinz, 1994; Papp, 2001; http://www.dpm-
group.com/internal/bmmAbout.html?l=bg). ~The enormous
capital investment required developing a low-grade ore body
demands a reliable evaluation of the prospect based on
adequate core rock samples. Incomplete core recovery may
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require additional drilling and even then results may not be
sufficiently reliable to justify major development costs. The
cost of the core depends on the time and materials expended
to get it; its value depends on the extent of recovery, and both
are strongly influenced by the drilling fluid. Consequently, the
drilling fluid deserves consideration in a well-planned
exploratory drilling program. The purpose of exploratory
drilling is to gain information. However, there are times when
preoccupation with current operating details appears to
obscure the true objective. The attempt by drilling contractors
to manage with inadequate equipment, their insistence on the
use of water only as the drilling fluid, the reluctance of the
driller to accept new technologies, and the refusal of the
purchasing agent to buy on quality rather than price, can be
cited as examples of failure to keep the subject clearly in
focus. The drilling fluid should be regarded as one of the tools
in the planned program to secure maximum results at the
minimum cost.

The cost of the drilling fluid can be evaluated only in terms
of the total cost of drilling and not just on the price of the
additives alone. Numerous inter-related factors affect the
results of a drilling operation consideration should be given to
the following significant factors:

1) The primary purpose of the drilling program: requirements
for core, depth, time allotted;

2) The nature and properties of the rocks to be drilled: type
and thickness of formation, and structural conditions as
related to hole stability;

3) The site, in relation to the layout of the rig, sumps and
working environment, disposal of wastes and the availability of
and access to supplies of mud products;

4) Water: source, quality, and quantity;

5) The capabilities and limitations of the drilling equipment;

6) The skill, experience, training and attitudes of the crew.

Product selection and application

There is no uniformity in the formations that will be drilled
there can not be uniformity in the formulation of the drilling
fluid to be used. In each individual case the fluid must be
formulated to meet the objectives at hand. In cases where the
mud engineer does not have any information on the area to be
drilled then he will have to formulate a generic mud. The mud
formulations have to be used until the problems are identified.

The drilling mud engineer can then adjust the mud
formulation to make certain that the objectives are met. In
areas, which have been drilled previously, the engineer has
been able to look at a core. By looking at the core he can
determine the problem areas and to formulate mud to
overcome problems. The drilling contractor may also be
consulted as to common problems that have been
encountered in the previous drilling program. Another vital
piece of information is to determine what type of drilling fluid
and products were used in the previous drilling program.

The project geologist can be contacted to learn about the
rocks and the stratigraphy that will be drilled. With all this
information, the engineer can develop a cost-effective
formulation that will provide an optimum drilling fluid.

Certainly no rules can be laid down that will serve to fit each
drilling condition with the drilling fluid of optimum composition

and properties. Some generalizations can be made, however,
that may be used as a first approximation. The following
formulations are based on average requirements and normal
emphasis placed on several factors that have been discussed.
These drilling fluids should be considered as examples that
have been found to be satisfactory under general conditions.
Supplementary materials may be needed to furnish certain
properties for specific applications. The formulations are
keyed to different formations that will be drilled.

The selection of the composition of the drilling fluid may be
influenced by several factors. Obviously certain compromises
must be made and requirements sometimes are contradictory.
The planned mud program requires consideration not only of
the water supply and the additives but also of the facilities for
mud mixing and separating cuttings.

Drilling techniques, technology and usage of
drilling fluid for applications in the Chelopech
Cu-Au deposit

The tool complex for drilling with a wireline core barrel NQ of
the company "Board Longyear" (Table 1) is used for drilling of
boreholes with reception and extraction of the core on a
surface without wireline rising, and also for work on rise and
descent of a column for rock cutting tool change.

Table 1
Technical parameters wireline core barrel NQ of the company
"Board Longyear"

System NQ
External diameter of reamer, mm 75.82
External diameter of core bit, mm 75.44
Internal diameter of core bit, mm 47.6
Diameters of drill rods (string)

External,mm 69.9
Internal, mm 60.3
Length of drill rods, m 1.5;3.0
Weight of drill rods, kg 11.7; 23
Length of core barrel, m 1.52; 3.05
Borehole deviation, degree 90-45
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Elements of the Complex NQ (Table 2; Fig. 2) of the
company "Board Longyear": rock core bit; core wireline barrel;
drill rods (string); liting equipment, auxiliary and emergency
tool; cable hoist for rising of a retrievable core receiver. Core
sets are intended for reception and preservation of a core
during the process of drilling, and also for extraction of a core
on a surface without rise of a drilling string.

Table 2. Technical features of core barrel NQ of the company

"Board Longyear"
Diameter of core barrel, mm
External 73.2
Internal 60.5
Diameter of wireline core , mm
External 55.6
Internal 50.0
Weight of core set, kg
Weight of core lifter, length — 1.525 m 43.0
Weight of core lifter, length — 3.05 m 62.9
Weight of retrievable core receiver, kg
Weight of core lifter, length — 1.525 m 171
Weight of core lifter, length - 3.5 m 214
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Fig. 2. 1 — bearing unit; 2 — internal core barrel; 3 — locking ring
of core breaker; 4 - core breaker ring; 5 - core-catcher adapter;
6 - special passage; 7 - reducing coupling; 8 - supporting ring;
9 - outside pipe; 10 — stabilizer of internal pipe; 11 - core bit

Recommendations on impregnated bit application in the
Chelopech Mining Ltd. of various series depending on
hardness, abrasivity, grinding and fracturing of rocks and
power of drilling rigs:

- Series 4 is for half-hard, abrasive and dense rocks. It is
recommended only for low-power drilling tools, in particular for
drilling from underground excavation. The increase of load on
bit will considerably reduce its lifetime.

- Series 6 is for half-hard, hard and very hard, abrasive and
grinded rocks. Also it can be used in dense nonabrasive
rocks. It works very good in the rocks alternating on hardness
and abrasivity. It is a bit of wide application, which has a long
lifetime and high mechanical speed of drilling.

- Series 7 is for hard and very hard, moderately abrasive and
fracturing rocks. Such strong, rather easily cutting bit has a
good speed of borehole making.

The recommended fluid application for drilling in difficult
geological conditions by the wireline core barrel complexes
NQ of the company "Board Longyear" should meet the
following basic requirements:

- to create a thin and strong polymeric or polymeric-clay layer
on borehole and core walls for increase of stability of
borehole walls and core output;

- to possess a good greasing ability for maintenance of high
speeds of bullet rotation and decrease of core friction in a core
lifter;

- to give all the sludge to a sediment in circulating system
(about 7 kg/m3 of a borehole), leaving only thin sludge
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particles of solution (on the level of clay particles). It allows to
carry out drilling on high speeds of bullet rotation without
sludge crust formation on an internal surface of boring pipes.

The long-term experience in the Chelopech Mining Ltd. and
laboratory experimental program in the Department of Drilling,
Qil and Gas Production, Laboratory of Drilling Fluids and
Cement Slurry at the University of Mining and Geology “St.
Ivan Rilski” — Sofia, has development a series of laboratory
experiments to quantify drilling fluids performance and has
shown that the drilling solution prepared on the basis of basic
polymeric reagents: PAC, PA and PHPA meets these
requirements. Polymer muds incorporating generally long-
chain, high-molecular-weight polymers are utilized to either
encapsulate drill solids to prevent dispersion and coat shales
for inhibition, or for increasing viscosity and reducing fluid
loss. Various types of polymers are available for these
purposes, including acrylamide, cellulose and natural gum-
based products. Frequently, inhibiting salts such as KCI or
NaCl are used to provide greater shale stability. These
systems normally contain a minimum amount of bentonite and
may be sensitive to divalent cations such as calcium and
magnesium. Most polymers have temperature limits below
300 [degrees] F, but under certain conditions may be used in
wells with appreciably higher BHTs (drilling fluids for mineral
exploration).

1. PAC polymer reagent is a high-molecular cellulose polymer.
This reagent is nontoxical and it is not exposed to
fermentation

The basic function of PAC polymers:

- viscosity increase of drilling solutions with small content of
the firm phase, prepared on fresh, salty and sated with salts
water; decrease in solution filtration;

- covering of slate surfaces to avoid swelling and destruction;

- formation of thin impenetrable filtration crust, preventing from
water penetration into a layer.

2. PHPA ("Fibrospan” — Bulgarian trade mark) reagent is a
highly active (> 69%) partly hydrolized polyacrylamide with a
big molecular weight (10-15 million). This reagent is
ecologically safe at the use in recommended concentration.

3. PA (“Geolin K-D” - Bulgarian trade mark) reagent modified
water — soluble polymer of acrilonitril. Non-toxic, fire-proof.
“Geolin K-D”" is also used as a stabilizer of wash liquid in
geological drilling operation.

The main reagents features are:
- slate stabilizer, strengthening the borehole walls;
- effective intensity decrease of dispersion of clay and slate
particles in water by the attachment to particles that reduces
the water penetration to the minimum:;
- effective viscosity increase of drilling solutions on the water
basis; polymer is dispersed in water and as a result of
electrostatic and chemical interactions it forms a grid of
polymeric chains, and it leads to the viscosity increase of
drilling solution;
- flocculation of rock particles (sedimentation in circulating
system); greasing ability increase of drilling solution (the
content of reagent in water is 0.7 kg/m?, solution greasing
ability raises on 31% in comparison with pure water.

The slippery and strong polymeric layer appears during the
usage of reagents PA, PHPA and PAC on a column of drilling



pipes and it allows to work on the high speeds of bullet
rotation, decrease the deterioration of boring pipes on external
diameter and the tightening of threaded connections. In the
solution there is no sludge, it is completely besieged in the
circulating system and it also stimulates the deterioration
decrease of boring pipes.

At work with the wireline core barrel NQ complexes the
following borehole construction is usually used. The drilling
works are carried out with the help of a conductor (112 mm)
and casings (108 mm). The further drilling up to thick root
rocks is made by drilling core bits (93 mm) and a borehole is
settled by the casing (89 mm). After that the complex NQ can
be used.

The clay solutions are used for drilling works on the friable
deposits and the clayless polymeric solutions are used for root
rock drilling. The preparation of clay solutions from the lumpy
clay is carried out in a usual clay mixer, and the addition of
soda ash (0.5-1.0 kg/m3 of solution) is necessary for clay
mixing improvement. The solution viscosity (as well as the
clay quantity) depends on the geological section complexity
and it should be not less than 32-38 sec on the Marsh funnel
viscosimeter.

The clayless polymeric solution is made in a high-speed
propeller mixer, allowing dismissing the polymeric clots
quickly. It is possible to prepare a clay solution from the
bentonite drilling powder in this mixer.

Depending on complexity of geological conditions at
borehole drilling the following kinds of drilling solutions can be
used:

- clayless solution on the basis of polyacrylamide (PHPA -
“Fibrospan”) with some reagent in water (1.0-1.5 kg/m3) is
used for drilling in rather favorable conditions (good stability of
walls).

- clayless solution on the basis of two reagents (PAC and
polyacrylamide — “Geolin K-D”) is used for drilling in rather
difficult geological conditions, but the same quantity of
reagents should be in the water (0.75-1.0 kg/m3 of PAC and
1.0-1.25 kg/m3 of polyacrylamide — “Geolin K-D”).

- polymeric clay solutions are used for drilling in very difficult
geological conditions. Such solutions are made of highly
colloidal montmorillonite bentonitic powder. The same quantity
of reagents should be added into the prepared solution (0.7-
1.0 kg/m3 of PAC and 0.7-1.0 kg/m3 of polyacrylamide -
“Geolin K-D”). The viscosity of prepared polymeric clay
solution should be within the limits of 32-48 sec on the Marsh
funnel.

When such solutions are used the circulating system should
have two sludge pits (1-2 m3 and 3-5 m3). The slime
sedimentation is to go in the first pit. Drilling with junk solution
is inadmissible, as it leads to crust formation on internal
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surface of drilling pipes that impedes the descending of
overshot and the rise of retrievable core receiver with
overshot, because of the gland formations.

It is necessary to apply the solutions of high viscosity with
increased content of reagents and clay to overcome the
caving. It is possible to use a rolling cutter bit (76 mm) for
borehole cleaning to avoid a steep slope. The special adapter
(from a rolling cutter bit on the boring pipes) can be made.

The particular fillers, added in the drilling solution, are used
for the control of drilling fluid absorption. After retrievable core
receiver extraction on the open end of drilling column a swage
is settled, it is used for the solution with a filler. In case of
substantial increase of pressure on a manometer of the pump
to include. The rotation of drilling string can be switched on in
case of pressure increase on the pump manometer. It is
possible to use this operation several times to clean any
borehole from drilling fluid. The drilling of boreholes with
washing using the pure water is carried out only in steady
rocks, and Rod Grease is used for increase of rotation speed
and wastage decrease of drilling pipes.
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BbBeaeHue

HeotgaeHa (2008) B MNoguwHuka Ha MI'Y (1. 51, ¢B. |, ¢. 91-
102) ca nybrukyBaHn gaBe pabotm Ha W. [Oumutpos:
“Suprastructure of the Metamorphic terrains in South
Bulgaria™ “Infrastructure of the Metamorphic rocks in South
Bulgaria discussion”. Bbnpeks NpeTeHUMO3HUTE UM
3arnasus, Te buxa octaHanu 6e3 cepuo3eH KOMeHTap, ako
aBTOPBLT HE CM e MOCTaBMN 3a 3ajaya Aa Aeckpuautupa
pesyntatute — (PakT¥ U MHTEprpeTauun, OT M3BbPLUEHUTE
npe3 nocnegHute TpU  OECETWNETUS  W3CMedBaHus B
Pogonckma  macuB  (rnaBHo), Cakap u  CrpaHgxa,
OCbLUECTBEHN OT [ECETKN HalM W YyKOM Y4eHU Ha
Teputopuata Ha HOxHa bBunrapus, CesepHa [bpums u
Esponeitcka Typuns. Hewo noseye, TOBa € HampaBeHo C
KaTeropuyeH MEHTOPCKM TOH, KOMTO YECTO € HECbBMECTUM C
[00pus HayyeH cTun.

WniocTpauus Ha ToBa CTaHoBuWwe € GesanenauuoHHaTa
KOHCTaTauus Ha [WMUTpOB, M3noxeHa owe Ha ctp. 91;
‘AHanu3bm Ha numepamypama nokasga, 4ye 8 ycrnogusma Ha
bbreapckama akadeMuyHa npakmuka KOHUenuyusma 3a
mMemamoppHUme A0peHU Komniekcu He 8odu 00 pasgumue
Ha KayecmeeHu HaydHu uleu, 3amoea 8 masu U
nocredgawama s nybnukayus ce npednaea npepasenexdaHe
Ha cmpoexa Ha Memamopgumume 6 pamkume Ha Opyea
¢hurocoghcka KoHUenyus, a UMEHHO KOHUenyusma 3a cynpa u
UHgbpacmpykmypama Ha MemamopHume mepeHu. [lod
cynpacmpykmypa (cynepcmpykmypa 6 Hskou pabomu) ce
pa3bupa 20peH cmpykmypeH emax, 8 kolimo npeobnadagam
usnpaeeHu ebHKU U cyb-eepmukanHa ¢honuayus. [lod
uHgbpacmpykmypa ce pa3bupa QoneH CmMpyKMypeH emax,
Kb0emo ebHKUMe ca flexauiu, a MemamoppHama ¢onuayus
nombea nod Manbk bebil U hopmupa KynonoobpasHu
nodyeaHus. B Bbreapus cynpacmpykmypama e ¢ annulicka
eb3pacm.”

3abenexka: LutathT e oT GbIrapckoTo pestomMe Ha aBTopa.
MpeanoyeTeH € TOW, Tbil KaTO aHIMMACKUTE TEKCTOBE Ha
OuMKUTPOB ca [OCTAa HECHBBPLIEHHN B TEPMMHOMOTMYHO W
rpamMaT4ecKo OTHOLLIEHME.
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BHuMaTenHmaT aHanus Ha CbAbPXaHNETO Ha NOCoYeHUTE
nybnukauum nokasea, Ye JuMUTPOB He camo He pasnonara ¢
HeoBX0AMMOTO KONMWYECTBO COBCTBEHM TEPEHHW [AaHHW U
HabniofeHus 3a paspellaBaHe Ha AUCKYTUPaHUTE npobnemu,
HO He Mo3HaBa [OCTAaTbYHO CbLUECTBYBALlATA [EONOXKKaA
nutepatypa 3a TpeTupaHute obnactu. Ta e He camo
3HaunTenHa karo obem, Ho e pasHoobpasHa No CbabpXaHue,
Tematka W METOAMYHWM  MOAXOAU cTpaturpadcku,
CTPYKTYPEH, NETPOMOXKM, FEOXPOHOMOXKM, reodnsnyeH n ap.
lMpaBu BneyaTneHue Cblio, Ye OTXBLPMAWKA MO HAMbIHO
HeapryMeHTUpaH HauuH YTBbPAEHM, W3Non3gawn ce B
CTPYKTYpHaTa reonorusi, MeToay 3a Me3so- U MUKPOCTPYKTYPEH
aHanus3, a Taka Cblo Ha Jobpe M3BECTHM (MOTUMBMpaHW C
reonoXkn,  reousnyHn M nabopatopHu  [gaHHM)
WHTEPNPETALMOHHN MOZenu, aBTOPbT HE e 3ano3HaT B
JoCTaTbyHa CTeneH CbC CbBPEMEHHWUTE  NUTEpaTypHH
W3TOYHMLM 3a TAXHaTa CblWHOCT. 3a fJa He ocTaHar
FOMOCMOBHN TE3W KOHCTaTauuW, Lie Ce Crpem KOHKPETHO Ha
HAKOM OT HaM-CblUECTBEHWUTEe cu Benexkn no obecwbxgaHuTe
pabot.

KoHcTaTauum
HekopekTHO uuTMpaHe

®akTbT, Ye [MMMTPOB He € 3ano3HaT [OCTaTbYyHO CbC
CbObPXaHUETO Ha IUTEPATYPHUTE U3TOYHWLM (BOPK Ha HAKOU,

nocoyeHn B HeroBute OGubrmorpadicku  cnpasku) ca
Npean3BuKani ronsm 6poit HETOYHOCTM NP LUTUPaHKATA.
e Ha c. 9192 aBtopbT TBbpAM, Y&  “BankaHckuaT

(Bbnrapckn)’ Mogen 3a  annuInCKOTO  pa3BUTME  Ha
meTamopHute TepeHn B ctuna Ha MAK B HOxHa
Burrapus e npegnoxeH ot Kounov et al. (2004) - 3a
Ocoroso-Jlucew; Bonev et al. (2006) — 3a Pogonute n
ViBaHoB v kon. (2001) — 3a Ctpanmka-Cakap. V1 B TpuTe
cryyas npenpaTkuTe ca CbBbPLUIEHHO HETOYHU:

ViBaHoB 1 kon. (2001) moTMBMpaT Bb3HMKBAHETO Ha

NoKanHo ~ MpOsIBEHAa  EKCTEH3MOHHA  30HA B
ceBepousToYHaTa nepudiepns Ha Cakapckus NMyToH B
Kpas Ha paHHoannuiickata TEeKTOreHesa,

npeaonpeaeneHa ot KMHeMaTukaTa Ha AedopmauunTe B
paMK1Te Ha LUIMPOKOOGXBATHA pervoHarHa OTceHa 30Ha
Ha Cpsi3BaHe;



Kounov et al. (2004), obocHoBsBaT (Ha 0asaTta Ha
HWUCKOTEMMEPATYPHN W30TOMHU AaHHW) CbLLECTBYBAHETO
Ha nonerato  pasnonoXeHU pascemHn 30HW W
(hopMMpaHeTO Ha MOJYTWHA, CbLO NUMUTUPAHW OT
OTCeaeH TUN NPUABUKBAHMS.

Bonev et al. (2006), xapakTepuaupar ocobeHocTUTe Ha
€[Ha HeronsiMa KynomnHa nogyTuHa B MaTounn Pogonu.

Ha [uMmuTpoB BWMOMMO He € U3BECTHO, Ye MbpBuTE
WHTepnpeTaLuW 3a annuickaTa eBonoLns Ha MeTamopdHUTe
TepeHn B LleHTpanHute vactn Ha Popgonckus macus (Ha
Teputopusita Ha bunrapus n CesepHa Mbpums), cbobpasHo
mogena Ha MAK, ca HanpaseHu oT lvanov (1989). To3u Mogen
Oe [opasBUT CbC CTPATMrpadickit, CTPYKTYPHU M W30TOMHM
AaHHu ot Dinter, Royden (1993), Krohe, Mposkos (2002),
Brun, Sokoutis (2007) u ap.

MopobHO M3noxeHWe 3a CTpoexa Ha cucTemara B
LieHTpanHute Pogonu ce cbabpka B pabotata Ha Ivanov et
al. (2000), kosiTo € uuTMpaHa B GubnuorpadmsiTa Ha aBTopa Ha
c. 102.

KputukyBaiikn no-paHHute paboT Ha Owbnrapckute
aBToOpW, [JMMMTPOB M3nara MHEHWETO, Ye MOAenuTe 3a
esonouuata Ha MAK urHopupat nonumetamopdHaTa
AedopMaLMoHHa UCTOpUSt Ha MeTamopgHUTE TepeH
(ctp. 92). MMopobHo craHoBuwe Oyau HepoymeHue W
Haco4yBa KbM KOHCTaTauusiTa, ye TOW He nosHasa (6e3
CbMHEHME), KaKTO  KnacuyeckuTe npeacTaBuM — 3a
topmupareto Ha MAK (Lister, Davis, 1989; Brun, Van
den Driessche, 1994), Taka cCbwo ronemus Gpon
CbBPEMEHHU NeTPONOXKA " FEOXPOHOMOKKN
uacrnensanus, nybnukyaHu npes NocnegHNTe roanHn 3a
obnactta Ha Pogonckus macue B Bunrapus u CesepHa
Mvpuus (Peycheva et al., 2004; Liati, 2005; u peauua
HOBW [aHHU W3MNOXEHW Ha rOAWLIHUTE KOH(EepeHUMn Ha
Bl v opyrv mexayHapogHu cumnoanymm). Hanara ce ga
nosiCHAM, 4Ye cnopeg “comnocodckata KoHuenuus” Ha
MAK, octaHana “TaiHa” 3a [UMWUTPOB, EKCTEH3UOHHUTE
(no-kbcHM) mpouecy ce npepllecTsaT OT ABa eTana Ha
ANHAaMOMETaMOPHN U3MEHEHUS — MPW BUCOKOOAPUYHM 1
yMepeHobapryHu yCrioBus, B KOMNPECHOHHa 0BCTaHoBKa.
Te ce wu3pbpwearT cpegHo 20-22 MAH. . mpegu
eKCTeH3uATa — nepuogd, Heobxogum 3a penakcauus Ha
yaebeneHara kopa.

JumuTtpoB € 0cOBEHO KPUTUYEH KbM NOAXOAMTE Ha Mo-
paHHWTe ObIrapckn aBTOpU MpU  WU3y4aBaHETO W
WHTEPNPETUPAHETO Ha MEXaHu3Ma Ha Bb3HWKBaHE Ha
NWHENHUTE  CTPYKTYPU — MUHEpanHa fUHENHOCT W
WapHUpW Ha Me30-bHKM. 3a  MOTMBMpaHETO Ha
KaTEeropuyHoTo CU CTaHOBMLLE TOW € OTZenun camo
kpaTbk absay (Ha c. 101) u uuTMpan egHa egMHCTBEHa
(dbyHoameHTanHa, Ho gatupaida ot 1946 r.) pabora Ha E.
Cloos. Pyckust npesog Ha Tasw nybrvkaums e gobpe
nosHatT Ha Obnrapckure CTPYKTYpHM TEO0N03M Olle B
Hayanoto Ha 60-Te roAMHM Ha MUHANOTO CTOMeTue.
HegoymeHne Oyau akTsT, Ye TOi He e ygocToun C
BHUMaHWEeTO cu paspaboTkute Ha Hammer & Pachner
(1991), Lin, Wiliams (1992), Lin et al. (2007) v gp., Bbpxy
kouto ce 0OasupaT  CbBPEMEHHUTE  CTPYKTYPHW
u3cnedBaHWs Ha MeTamopdHUTE TeKTOHWTW. Hewlo
noBeye, HEODACHMMO 3a uuTaTens € 3alo aBTOPbT,
KOWTO MHOrOKpaTHO npaBW omuTW da ro ybean B
NPUCBLCTBMETO Ha ‘NpeHarbHaTocTM’ B pa3pe3a Ha
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MeTamopcHUTE  nocneposatenHocT B LlenTpanuuTe
Poponu, e uutupan B GubnuorpadmsTa cu (c. 102)
pabotara Ha WBaHoB u ap. (1985), a Hukbae He 9 €
n3nonsean B Tekcra?

Mo HeKOpeKTeH HauMH € UuuTMpaHa U TbIKyBaHa
nybnukaumsita Ha TepmxukoB (2004), nocseTeHa Ha
napanenuama Mexay rbHKOBUTE OCKM W MUHeparnHaTta
NUHeHOCT. B Hes ce mpeanaraT pasnuyHM MexaHu3mu,
KouTO obscHsBar NPOCTPAHCTBEHNTE um
B3aUMOOTHOWeHUs. To3n paktT [Oumutpos (c. 101)
WrHopupa HambfHO. Hapen C TOBa, HEOTuYMTalKW, Ye
onucaHuTe OT epaKNUKOB MHKOBU (HOPMU Ca B HOXHUTE
ckroHoBe Ha Cakap, kaTo MOTMB B NOLKpena Ha TesaTta
CU TOW npednara W3MepBaHWs OT CEBEpOM3TOYHATa
nepucpepust Ha Cakapckata nogyTuHa! Helwo noseve, He
e ofbpHan BHUMaHWe, Ye MO Te3W MecTa aHanornyHu
JaHHM ca nybnukysaHu B paboTtute Ha MBaHOB U p.
(2001) v T'epmxukos 1 MocnoguHos (2007). Octaea ce ¢
BreYaTrieHune, Ye Ha aBTopa He € W3BECTEH NPUHLMITBLT 3a
JeuHMpaHe  Ha  CTPYKTYPHU  QOMEHW,  Cropeq
FEOMETPUYHINTE B3AUMOOTHOLLEHUS W KMHEMaTuKaTa Ha
CUHMeTaMopcHUTE AedhopmaLiu.

KomeHTuparikn 3HayeHneTo Ha ByauHaxHUTe CTPYKTYpM,
Oumutpos (c. 99) TBbpan, Ye Aumos (1992), Burg et al.
(1990; 1996) n Dimov et al. (2000) ru pasrnexgat kaTo
MapKu1paLLy NUHEHOCTTa Ha pastaraHe. Heobxogumo e
[a Ce NOAICHU, Ye LMTUpaHUTe aBTopu He XapakTepuaupar
MesomallabHuTe ByauHaxHU opMu, a akueHTUpaT Ha
ocobeHocTTe Ha  OyauHMpaHu  MUHeparM  BbpXY
(DONMUALIMOHHUTE MIIOCKOCTU — EeNEMEHTH, MapKupaLum
NIMHENHOCTTA Ha pasTsiraHe.

HeaprymeHTMpaHo  OCriopBaHe UM OTXBbPisHE  Ha
MOTVMBMpAHM C  [OCTATb4HO  (PaKTM4YecKM  MaTepuan
WHTepnpeTauuy, MOZEenn W YTBbpOEHW W3CnesoBaTencku
NpaKTUKA,

/3BbplweHuTe npe3  nocregHuTe  TpU - gecetvneTus
WHTEPNpETaLMM 3a CTPOeXa W reoAMHaMMYHaTa eBonoLmMs Ha
meTamopHute TepeHu B HOxHa Bbnrapus v cbcegHute
Teputopun  Ha [bpums u  Esponeiicka Typuws  (BK.
cb3aaneHuTe 060bLIEHN MOZEnM 3a annuiickoTo PasBUTHE Ha
pervoHa) He ca pesynTaT OT NWYHUTE MPEAnouMTaHus Ha
oTdeneH aBTop (HE3aBMCMMO OT CTEMeHTa Ha Heroeata
epyanums U NO3HaHUs BbPXY CbLUHOCTTA Ha npobriema) KbM
onpegeneHa “‘dunocous’ — Knacuyecka WM NO-KbCHO
Cb3fageHa KoHLenums.

Bcekn, konto e 3anosHaT cpaBHuTEnHO [fobpe ¢
MatepuanuTe (TepeHHu 1 nabopaTopHW LaHHM), MOCAYXMIN
kato Gasa 3a Te3n ob6oOweHus, 3Hae [obpe, 4ye Te ce
OCHOBaBaT Ha pesynTaTute OT 6POi KOHKPETHW U pervoHastm
n3crneaBaHusl, M3BbPLUEHN OT AECETKW aBTOpW, Npunaraliy
CbBPEMEHHUTE METOAM Ha pasNMyHUTE HanpaBleHus Ha
reonoxkata Hayka — reomnoXKO kapTupaHe, ctpaturpacus,
CTPYKTYpHa reomorust  (BKM.  MWKPOCTPYKTYPEH —aHanus),
neTponorus, NETPOXUMMS, pyLonorus, M30TOMHa
reoxpoHonorus, reousnka u ap. WHTerpupaHeTo Ha Tesu
pesyntatu, npuaobuty Ypes MNpunaraHeTo Ha  pPasnuyHu
METOAMYHM MOAXOAM Ha M3CMedBaHe, Ca M3Non3BaHu npu
W3BBPLUBAHETO HA PeaMLa PErMoHarnHm nHTepnpeTaumu. Tesu
WHTEpnpeTaumu, obaye ca MOTMBMPAHW C [OCTATbYHO



KOMUYecTBO
nabopaTopeH.

d)aKTI/I‘-IeCKI/I matepunan

TEPEHEH U

[exnapatuBHuTe cTaHoBULWA, WM3Ka3aHW OT [MMWUTPOB Ha
penuua MecTa v B JBETe KOMEHTUPaHM Tyk nybnukaLuu, He ca
NOAKPENEHN C HUKAKBU CEPUO3HU (haKTUYECKU JaHHW — KapTHU
n300paxkeHus:; reonoxkn paspesu  (OTpassBally peanHu
TEPEHHW  B3aWMOOTHOLIEHWS  Mexdy MbpBOpaspeaHuTe
METaMOP(HN eAMHALM UMW YacTU OT TAX); KOHKPETHU
cUCTeMaTU3aLMN Ha Me30CTPYKTYPHUTE U MaKpPOCTPYKTYpHUTE
€reMeHT B NOKaneH W pervoHareH nraH; aprymeHT# 3a
Bb3pactta W TepMo-DapuyHUTE YCMOBUS Ha OTAENHUTE
AUHaMO-MeTaMopHu CcbbuTMS 1 T.H. BMecTo ToBa, aBTOPBLT
Ce € 3a10BONuI a UMoCTpupa KaTeropuiHOTO C1 MHEHWE, Ye
CbBpPEMEHHaTa CTPYKTYpa Ha KpuUCTanuHHuTe TepeHu B KOxHa
Bbnrapus e cnoxHa (“nonudasosa’) u He Moxe Aa ce 00sICHM
camo C MpOLeCUTE B PaMKUTE Ha €OQMH OPOreHeH LMKbI, C
HemaLyabHn (Moertm) nsobpaxeHns — “Gnok-guarpamu” (Fig.
3a, b —c. 94 u Fig. 2a, b, ¢. 99), npuapyxeHu ot coTorpadum
Ha paskpuTus ¢ geuumeTposwm (Fig. 3a, b) n nekametposu (Fig.
2b) pasamepu. EguHcTBEHOTO KapTHO M3obpaxeHrue (Fig. 1, c.
92) He cbObpka HUKAKBW TEONOXKM ENEMEHTW, a Camo
nokasea Ha uutatens kbae ce Hamupat Pogonute, Cakap u
CtpaHmxa — obnact Ha HerosuTe n3cnensaHus!

Bbnpekn cxematmuHus M “waenHns”  xapaktep  Ha
noCcoYeHUTE (Urypu, BCEKW, KOMTO A0 M3BECTHA CTENEH €
3anosHat ¢ npobnemuTe Ha reonorusita Ha MeTamopdHUTe
TepeHu B HOxHa Bbnrapus, we koHctaTtupa, Ye QumMutpos He
Cam0 He npuTexaBa [AOCTATbYHO COOCTBEHW [daHHM W
BreYaT/IEHNs: 3a reonoXKNg CTPOEX Ha ceosTa “study area’,
HO He € OLEHMN N0 KOMMETEHTEH HauMH CbObPKAHMETO Ha
“3non3eaHuTe nybrnukyBaHM W HenybnukyBaHu (choHOOBM)
matepuanu.

OcobeHo uniocTpaTneBHO ToBa ce Bkaa Ha Fig. 2a (c. 99).
Hukoi He moxe aa pasbepe “udeliHama” Brok-guarpama kos
yacT oT obnactta Ha LleHtpanuute Pogonu untoctpupa?
KakbB e HelmHuaT Mawab (Xopu3oHTaneH W BepTukaneH)?
Kaksa e TouHaTa M npocTpaHcTBeHa nosuums? Kou ca
AbNOOYNHHUTE [JaHHM (COHOAXHM, MUHHU W Te0U3NYHM), C
noMoLiTa Ha KoMTO e m3roteeHa? Kou ca aprymeHTuTe 3a
Bb3pacTOBOTO pasrpaHiyaBaHe Ha [OOanmnUIACKM (KagoMCKu,
KanegoHCKW W BapUCLKM) WU anmnuincku (Mpy TOBa M3NPaBeHN U
nexalum) reHku? Ko, kbae v kora ri € onucan v gatupan?

He no-manko HEKOHKPETHY ca cxemaTuyHuTe 6roK-auarpamm
Ha Oumutpos Ha Fig. 3 (c. 94). Te, cnopeg Hero, 6u TpsGeano
Aa 1300passaT B3aUMOOTHOLLEHMSITA MEXY CynpacTpykTypaTa
W WHdpacTpykTypaTa (T.e. MEXAY T. Hap. OT HEro ropeH u
JOMneH “cmpykmypeH emax’) Ha MeTamopcdHUTE TEPeHU B
tOxHa Bbnrapus. Yntatensat oTHOBO € 3aTpyaHeH aa pasbepe
He camo Mmawaba Ha w3obpaxeHwsTa, HO Taka CblO Ha
GasaTa Ha KakBW KOHKPETHW TEPEHHW AaHHM ca MOCTPOeHn?
HeobsicHUMM OT CTPYKTypHa rneaHa Touka ca nsobpaseHuTte B
pervoHareH nnaH B3alMOOTHOLLEHWS Mexay croectocTTa (So)
W nNpoHWKBawaTa donvauus (S1) B AJokambpuickute u
naneosoickute ckanm (Fig. 3b). Hewo noseve, Ha Fig. 3a,
T€3n [Ba * cybnapanenHu NoMexay c1 NNOCKOCTHW enemMeHTa
ca OrbHaTh KOMhOPMHO Ha AedopmMupaHaTta CTpaTUtmKaLms
Ha MepMckuTe, TpUackuTe U HOPCKTE MeTaceanmeHTH!
CepuosHM CbMHEHUS| NPeaU3BUKBA W (haKTbT, Ye aBTOPbT €
W3pasnun  CbLUECTBYBAHETO HA  PEMMOHANHO  MPOSIBEHO
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“OonHoKpeOHO™ Hecbrnace B obrmactta Ha Cakap u
CtpaHoxa. Wcka HM ce ga 3anuTame — KO M Kbie 10 e
ycTaHoBun? C KakeyM A0Ka3aTencTBa e MOTUBUPaHO?

I'Ioawuwma Ha CaKapCKI/IS'-I NNyTOH, CXeMaTtu3npaHa Ha Fig.
3a, e B npoTuBopevne C TEPEeHHUTE B3aUMOOTHOLLEHNA.
HeobsicHumo e kbae l[ll/IMI/ITpOB € YCTaHOBMN TPaHCrpecuBHO
pasnonoxexHue Ha nepmo-Tpuackute TEPUTreHHU
MeTaceaAMMEHTN OUPEKTHO BbPXY CaKapCKI/ITe rPaHNTN.

OcraHarnata 4acT OT (hakmudeckus Mamepuars, KOWUTO
aBTOPbT Ha obCbxgaHuTe [fBe paboTu npegnara Kato
UMKOCTPALWS Ha CBOS KPUTUYEH aHamnu3 3a KOHCTaTupaHuTe oT
Hero HegocTaTbUM MPWU  FEONMOXKOTO U CTPYKTYPHOTO
u3creaBaHe Ha meTamopdHuTe Tepenu B HOxHa Brnrapus, He
ce Hyxgaae oT nogpobeH komeHTap. OcTaBame C BrieyaTtneHne
obaye, 4e TO BMAMMO He e pa3bpan 3Ha4eHMEeTO Ha
mMawabHus akmop Npu  CTPYKTYPHWUTE  M3CREABaHus.
Mo3sonsBame CW [fa NPUMNOMHUM, Ye B 3aBMCUMOCT OT
pasMepuTe W CbNOLYMHEHOCTTA CU CTPYKTYpHWUTE chopmu (B
Knacuyeckata M CbBpeMEHHaTa CTPYKTypHa reonorus) ce
XapaKkTepuaupar u knacuduumpar Ha Makpo-, Me30- U Makpo-
HMBO. Te Ce u3yyasat C PasnnyHM METOAUYHM Noaxoau (u/mnu
TEXHWUKM) M WUrpasT pasfinyHa ponst MpU U3ACHSBaHE Ha
CTpoEXa Ha MeTaMOpHUTE TEPEHU, BKI. NPU U3BLPLLBAHETO
Ha Per1oHanHm reoauHaMUYHN MHTEPNPETALMUN.

Bceku, kouTo ce 3anosHae ¢ usobpaxeHusTa Ha Fig. 2 (c.
93), Fig. 3 (c. 94), Fig. 1 (c. 98), Fig. 2 (c. 99), Fig. 3 (c. 100) n
ap., Moxe Ja ce ybeau, ye B KayecTBOTO Ha COBCTBEHM
HabntogeHns,  umKCTpupawwy  pervoHanHute  (“udedHu”)
CTPOEXHN ocobeHocTy, [umuTpoB npeanara HOTOCHUMKM
(Mnn onuTK 3a CKULW MO TAX) Ha PasKPUTMS C OEeLMMETPOBY,
MeTPOBM UMK AeKaMETPOBM pa3mepy. Hewo noseye, 4ecTo Te
Cca JOMbJHEHN C €NEMEHTapHN WAENHN CKUL OT TPUBMAITHWTE
reonoxkn cnpasoyHuLW. EgBa nu HaKkonkomeTpoBaTa nexalla
rHKka B paWoHa Ha PoxeH (Bx. Fig. 1d, c. 98) e
[0Ka3aTencTBoTo, Ye MHGPaCTpyKTypaTa Ha METaMopHMs
komnnekc B LleHTpannute Pogonn ce onpepens oT
pervoHamnHu rbHKOBM  (POpMM  C  KUITOMETpOBK  pasamepu!
YanensBaT CbLUO pasChxaeHUsITa Ha aBTopa 3a CTpoexa Ha
LleHTpanHopogonckaTta obnact, umocTpupasi ¢ hOTOCHUMKA
Ha €4HO pasKpuThE B AONMHaTa Ha p. Bbua, ¢ pasmepn 10x10
m. Moxe nu pa ce cuMTaT 3a CEpUO3HW apryMeHTW npu
MOTUBMpaHe Ha npegnoxenuss Ha Fig. 3 (c. 94) mogen 3a
cynpacTpyktypata Ha MeTamopcHute Tepenn B Cakap u
CtpaHoxa, aBeTe dhotorpadum Ha paskputus C Mo, oT
HsKkonko dcmz2 (c. 94) u cTpykTypHUTE Anarpamu Ha Fig. 2 (c.
93)? [locTaTbyHM N1 Ca HSAKOMKOTO OECETKM U3MEPBAHMS Ha
LUMCTO3HOCTTa (M3BBPLUEHM B OTAENHW Masiku NoKanuTeTh) Aa
NPEeCTaBAT CTPYKTypHATa puUcCyHKa Ha obract ¢ nnowy, ot 4000
km2 (cnopen OumutpoB B 06sicHUTENHUs TekeT KbM Fig. 2, c.
93)?

Tebpoe 06€30TTOBOPHO € KATeropuyHOTO TBbPAEHWE Ha
Ouwmutpos  (c.  97), de  “MHgppacmpykmypama  Ha
mMemamoppHume ckanu 6 KOxHa bbneapusi ce hopmupa om
nexawu ewHKku. Okasga ce MHO20 mpyOHo Oa 6b0am
pasepaHuYeHu annulicku fexauwju ebHKUu om doannulicku
nexawu ebHKku. OyesuOHO  fexXawjume  2bHKU  ca
npeHagbHamu 8 pasfuyHO 8peme, HO nopadu funcama Ha
HalexO0HU CMPYKMypHO-2€0/10XKU u3credsaHusi ebHKosume
2eHepauuu He ca cucmemamusupanu.”



ToBa KaTeropuyHo CTaHOBULLE NPEAM3BUKBA
Cepyo3Hu BbNpoca:
Koi, kora 1 ¢ kakBo e [okasarn, 4ye B [OMHUTE HMBA OT
meTamopdHus paspes B Pogonckus macus, Cakap w
CTpaHmxa ca uarpafieHu OT nexalliy MbHKW C perMoHaneH
Xapaktep? EgBa nu aBTOpbT cuuTa, Ye TOA € MpuBEnN
JokasaTerncraa 3a Tosa.
Mo KakbB HauuH B Pogonckus mMacuB ca pasrpaHnyeHi
annuicky U JoanmuiAckn (NpeHarbHaTh) MHKW M Kon ca
(hakTUTE, NOCIYXUNW KaTo apryMeHT 3a yCTaHoBABaHe Ha
TAXHaTa Bb3pacT?
3awo cnep kato TBbpAMW, Ye “..nopadu nuncama Ha
HadexoHu CMPYKMYPHO-2€0/I0XKU uscnedeaHusi
2bHKOBUME 2eHepauyuu He ca cucmemamu3upaHu’
JumuTpoB He e 06bpHAN HUKAKBO BHUMaHWe Ha paboTarta
Ha VBaHoB u kon. (1985), kosTo e BknOuUMN B
Bubnuorpadickara cu cnpaeka Ha c. 102? Bugumo He e
3ano3HaT C Hes, Tbil kaTo € MHAWKMpan, Ye T4 € Ha
Obnrapcku esuk! Bmecto pga s obcbau, Tom ce e
3a00BONMA  Ja@  WMOCTpUpa  CTaHoBMWaTa cM ¢
erneMeHTapHa otorpadmst Ha paskpuTMe OT MECTH.
LIbHKOB KambK.

KAKOJTKO

CepnosHn kputuk OUMUTPOB OTnpaBs KbM Obnrapckute
CTPYKTYPHY reornosu, Ye “kamo npagurio” MepsT NIMHENHOCT Ha
pasTsraHe napanenHo Ha rbHKOBUTE OCU. TOBa TBbpAEHUe
OTHOBO NOTBbpXAaBa CTAHOBULLETO HW, 4e TOil He nosHaBa
CbAbpPXaHNETO Ha ny6n|/||<a|4v||/|Te, KOUTO € BKNK4Mn B
Bubnuorpadckute Cu CrpaBkM W MHOMOKpaTHO LUMTWpa B
Tekcta. 3a [fga He ObgeM ronocrnoBHM Lie OTOenexum
CNeAHoTO:

Burg et al., (1990; 1996), Ivanov et al. (2000) n ap.
HaBCAKbAE B TekcTa W B KapTHUTE M306paxeHus
pasrpaHuyaBaT Mo [OCTATbYHO KaTEropuyeH HauwH
NuHeWHocTTa Ha pastaraHe (Lm) M nuHeiHoCT Ha
LIapHUPUTE Ha Me30rbHKUTE (Lb).

B obnactra Ha ponuHata Ha p. Bbua (y4acTbk Ha
VHTEH3WBHU CpsidBal dedopmauum) WeaHoB W ap.
(1985) onncaxa HsSKOMKO MOCNEedOBATENHO Bb3HMKHAMM
KoakCManHM  MbHKOBW  reHepauuy, napanenHo  Ha
LIapHUPUTE Ha HSAKOW OT TAX MO-KbCHO 6e ycTaHoBeHa
MWHepasHa IMHENHOCT Ha pasTsraHe.

TpeHobT W neptypbauumTe Ha MWHEAHOCTTA  Ha
pasTaraHe B cpegHUTe W QONMHUTE YacTu Ha AONMHaTa Ha
p. Bbua Bsixa n3yyeHu 1 komeHTpanu ot [umos (1994).
Yanenexue npeaussukea dakrsT, ye Oumutpos Ha Fig. 3
(c. 101) ¢ nomowTa Ha Yy4ebHMKapka puCyHKa W
choTocHMMKa (C nnowy oT HsKonko dem?2) ucka aa ybeaw
ynTaTens, Ye eguHuuute Ha Apaa 1 AceHuua
MPeACTaBsiBaT YacTu OT HOPMAITHOTO M NpeobbPHATOTO
Bedgpo Ha nexalla rbHKa C egHakBa (HO MpeHarbHara)
NnHeNHOCT. 3a ChxarneHue Toin aemoHcTpupa (Ha Fig. 3c)
He MuHepanHa nuMHemHocT (Lm), a nuMHerHocT Ha
npecuyaHe (Lx) mexay cdonuaumsata (S1) 1 NoBbPXHOCTTa
Ha paskpuTieto! Tosn npumep nokasea, Ye aBTOPLT SBHO
He Mo3HaBa Ha NpaKTuka 0COBEHOCTUTE HA MUHEparHara,
NMHENHOCTTA Ha pasTaraHe (Te Ce wu3yyaBaT BWHaru
BbPXY MIOCKOCTUTE Ha honuauusTa) u Kputepuute 3a
YCTaHOBSIBAHE Ha NOCOKaTa Ha Cpsi3BaHe.

OumnTpoB  3asBsBa  KaTeropuyHo: “..nocokama Ha
MEKMOHCKU MPaHCNopm NnoYmu 8uHa2u cbomeemcmea
Ha nocokama Ha pesUOHa/lHO CcsuBaHe, KoAmo e
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nepneHOUKynsipHa Ha ocume Ha ebHkume” (c. 97). Cbe
cbxaneHue uckame Aa otbenexum, ye ToBa He € Taka.
Toh He camo He e pasbpan pasnukata Mexay
MexaHu3muTe Ha AedopmaLus B yCroBUsITa Ha NPocmo u
yucmo cpsseaHe (Bx. Passchier, Trouw, 1996), Ho
TpyoHo 6M MoOrbn ga cu OBACHM 3al0 TbHKOBUTE
CTPYKTYpM (CbC CyOXOpU3OHTArHM LUApHWPK) B 30HaTa Ha
CesepHonupuHeiickus  pasnom  (Chouckroune, 1976;
Chouckroune, Mattauer, 1978) ca cbc cybekBaTopuanHa
(mnmm WNW - ESE-Ha opwueHTuposka). OLe no-npocro,
Mpu BHUMATENHO 3ano3HaBaHe C TekcTa Ha MBaHoB u ap.
(2001), konto TOM “00BMHSIBA” KaTo cb3paten Ha MAK —
mogen 3a obnactta Ha Cakap, dumutpoB TpsbBalle aa
pa3bepe 3awo B CesepousToyHaTa nepudepus Ha
Kynona nnactuyHuTe aedopmaLuy ca OT eKCTEH3MOHEH
BAL, @ B KXHWTE OKpalHWHM umat 6enesute Ha
KOMMNPECUOHHN (OTCEAHM U Bb3CEAHW) NMPUABWKBAHWS.

3akntoyeHue

LLle ocTaBum 6e3 komMeHTap 3afgbiiKaBalluTe 3arnaBus Ha
pervoHanHM Temu W npobremu, KOMTO aBTOPLT Ha
aHanusnpaHuTe ase I'Iy6]'IVIKaLWIVI € Mapkupan B U3NOXeHNeTo
B ABete cM nybnukaumu, kato:  ‘fegpuHuyuu  Ha
cynpacmpykmypa U uHgpacmpykmypa’, “TeoOuHaMu4Hu
ycnosusi Ha hopmupaHe Ha cynpacmpykmypama’”, “bHKu unu

Hagnayu?’, ‘WUma nu e Podonume cuHMemMamophHU
Hagnayu?”  “CmpykmypHO-2€010XKU — hpomueopeyus  3a
Podonckama  uHppacmpykmypa”,  “Tlceg0o-ebHKU ~ Ha

cpsazgaHe’, ‘Tlcesdo-pasnomu Ha omdensHe’, ‘TpeHazbeaHe
Ha paHHama nuHelHocm’, ‘Ticesdo-muHepanHa nuHelHOCM
Ha pasmseaHe” n T.H. ToBa € HEHYXHO, Tbi KaTo [uMMTPOB
(kakTO Beve oTDEnsi3axmMe NO-TOpe) BWAWMO He Camo He
npuTexaea AOCTATbYHO WH(OpMaUMs 3a pesynratute OT
CbBpEMEHHUTE U3CneaBaHUs Ha MeTamopHUTe TepeHu B
HOxHa Bwvnrapus u cbcegrute Teputopun o1 CesepHa Mbpums
un EBponelicka Typumsi, HO He € 3ano3HaT CbC CbLHOCTTA Ha
TeopeTuyHata 0asa Ha KOHUenuusTa 3a eBoMouusTa Ha
meTamopHute sgpeHn komnnekeu (MAK) B pamkute Ha
oporeHHuTe obnacT. 3a Hero ca OCTaHanM TalHa W
YTBbPAEHUTE OTAABHA B CTPYKTYpHaTa reonornss MeTOanYHM
NPakTWKM 32 Me30- W  MUKPOCTPYKTYPEH aHanu3 Ha
MeTamopdHuTe Komnnekeu (Bx. Hammer, Passchier, 1991;
Brunell, 1986; Passchier, Trouw, 1996 u gp.). Hewo noseuve,
TOW Ce e aHraxupan CcbC 3agayata Ha apbutbp Ha
MHOTOTOANLLHUTE OUCKYCUM 3@ CTpOeXa W reognHamunyHata
€BONIoUMSA B Han-kOH(NMKTHUTE obrmact oT HOromsTouHnTe
yacTu Ha barnkaHckus nomyocTpoB — TEPUTOPUS, KOATO TOW Ha
NpakTuKa Ha TepeHa He no3HaBa.

Hegoymenne Oyau akTsbT, 3awo eauH mnag yyeH (6e3
CbLUECTBEHM CODBCTBEHWM MpWHOCM B  M3y4aBaHETO Ha
meTamopcHuTe komnnekcn B KOxHa Bbnrapus) ce e 3aen ¢
HemocurHaTta 3afja4a (C noMmowa Ha HSIKOMKO EKCKYP3WMOHHM
Habntoperus B LleHTpanHute Pogonu) fa Bb3poau waesTta

(“punocopusma’)  3a  bHKOBO-ONOKOBMS  CTPOEX  Ha
Pogonckus  macuB  C  HEroBUTE  Cynepno3WLMOHHO
PasnonOXEHU  “CMPYKMYpHU — emaxu’, [LOMWHMpaWu B

“6brieapckama akademuyHa npakmuka’ owe npes 60-te u 70-
Te roAuHM Ha MuHanoto ctoneTue. Moxe 6u Toi e cumtan, Ye
TOBa BOAM “....00 Ka4ecmeeHu Hay4yHu udeu”?
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YBog

Tbit kaTo nybrvkaummTe, KouTo Bb3OYaMXa pennukaTa Ha XK.
IBaHOB 1 HEroBWs KOMEKTUB Ca HamnucaHu Ha aHFJ'II/Il7ICKVI, a
pennukaTta e Ha Gbrapcku eauk, Le Cv No3BOMS Aa NPUNOMHS
HaKpaTko OCHOBHWTE MOMEHTWM OT Te3u [Be ny6nvn<aumm.
|-|pI/NI/IHaTa €, Ye He Mucna, 4Ye OMNOHEeHTUTe MK Ca npesenun
TOYHO Ha Obrirapcku ToBa, KOETO CbM Kasan Ha aHrmuACKK
SPOCTHaTa UM aTaka € Haco4eHa CPeLly 3HayeHusi, KOUTo Te
Ca BNOXWUN B MOSI TEKCT, @ He a3 camuaT. B noBeyeTo cnyyan
T€ Pa3HWULLBAT HeLla, KOUTO He CbM Ka3an, a UrHopupar Helwa,
KOMTO CbM Ka3an. TakTukata Ha OTrOBOpa UM Ce CbCTOM B
M3MUCTISIHETO Ha HSKAKBO 3HAYEHWE, KOETO Chabpka eneMeHT
Ha nogobume ¢ Mos TEKCT, HO B HUKAKbB Clyyal He € CbLyoTo.
Cnen ToBa Te artakyBaT M3MWUCIEHOTO OT TAX nogobue.
KoHKpeTHO MouTe aprymeHTu He ce atakysar. [10 T03M HauuH
uuTaTensat ce 3abnyxaasa 3a MCTMHCKOTO CbAbpkKaHue Ha
pennukMpupaHata nybnukauna. Tosw nogxod HaMa Aa MuHe
npu nuua ¢ gobbp aHrmUACKM WU Npy Nuua, KOWTO MO3HaBar
npobnemute B ObnboynHa. Pennukata He e npenHasHayeHa
3a TsX, a 3a Macosata nybnuka, kato HagexgaTta e, Ye Tasu
nybrvka HaMa 4a NpoYeTe BHAMATENHO aHTNUACKUS TEKCT unu
HsiMa [a ro pasbepe.

CTWITbT Ha HaMKCBaHE Ha Tasn pennMka CUHO NMpunuya Ha
enHa gpyra nybnukaums ot 2001 r., o3arnaseHa “HoBu gaHH
1 CboBpakeHUs 3a CTPYKTypaTa W TEKTOHCKaTa €BOMIOLMS Ha
Cakapckata obnact”. Hoeute AaHHM NpeacTaBnsiBaxa MbIHO
OTpWYaHe Ha usnaTa HaTpynaHa reonoxka MHgopmauns 3a
paiioHa ¥ mpeacTaBsHe Ha HOBa naparenHa MHgopMauus ¢
YMULLIIEHO W3KPWBSBaHE Ha BCMukM (pakTi. HambnHo Osixa
npenHaveHun aktu, uanoxenun ot . Yaranos, [. Koxyxapos,
C. CaBos, M. bosiHos, X. [labosckn u ap. Hakpasi ce okasa, ye
HWLLO OT NMCaHUSITa HE € BSIPHO.

He mora ga 0TroBOpst Ha BCWUYKM KPUTUKKM, TbI KaTo, KakTo
kasax Te He Ca BbpXy Helja, KOWTO CbM UCKanm da Kaxa.
Bwxoam eOuHCTBEHOTO pelleHMe B ToBa Aa npeeeda
nybrvkauuuTe Ha Gbrrapcku e3uk, 3a Aa MOXe YuTaTendr ga
ce opueHTupa. MpeBogbT 0baye He MOXeE Aa Ce Hanpasw cera
rnopaau nunca Ha Bpeme.
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KOMeHTapM BBbPXY TEeKCTa Ha ONOHEHTUTe

Kputukata Ha konmerute ce pasmuHaBa HambilHO C LsraTta
MOSi bpBa NyOnMKaLusi, B KOSTO Ce OMMCBA KOHLenuusiTa 3a
CynpacTpykTypa u uHdpactpyktypa. OCHOBHUTE MOMEHTU OT
nybnukauusTa My He ce aHanuaupar. Liutature mu He ce
KOMEHTMpaT, 3Ha4YeHWeTo Ce wuskpuesBa. Habuwea ce B
Cb3HaHWETO CaMoO, Y€ CbM HanpaBuMm HELWO HEenpaBUmHO,
HEeLLo He CbM pasbpan, HeLo CbM NPOonyCcHan, HAMaM gaHHu,
He pa3bupam npobnema, He LMTMPaM BSIPHO — M306LLO BCUYKM
aKkaAeM14Hu rpeEXoBe Hakyn.

e B pasgen HekopekmHO yumupaHe Ce u3nara
obWMpeH TEKCT 3a TOBa, KakBO He CbM LWTWpan
BAPHO. A3 CaMO CbM ynoMeHan nybnukawum, B KoUTo
ce BM3npa annuicka aedopmanms n ekexymaums no

petaymeHtn.  OnoHeHTMUTE B TekcTa  Cu
NOTBbPXKAABAT, Y€ CbObPKAHMETO Ha  Te3w
nyGnmkauum e UMEHHo Takoea! 3Haun NpaBUIHO CbM
m uuTupan.

e bux nonutan OMOHEHTUTE 3a HEWO KOeTo e
“ocTaHano TaiHa” 3a MeH. Te3n aBa KOMNPECUOHHM
eTana, CbMbTCTBaHM ot BMCOKODapuyeH
QuHamoTepManeH  MeTamopu3bM, KouTO  ca
NPOTEKNM 22 MITH. TOAWHM NPEeam ekcxymaumsTa — Te
BCBLUHOCT da He ca eTanuTe Ha onucaHute ot XK.
/BaHOB M CbaBTOpM HaBnM4yaHusA? 3a MeH He e
OCTaHano TaiHa, 4e B Pogonute, cnopeg XK.
VBaHos, MbpBO  MMA  KOMMpEecus  CbC
CMHMeTaMopdHM HaBerauw, nocrne ygebeneHata
kopa u3nnmyBa Obp30 B XO4a Ha EKCTEH3MOHHOTO
n3guraHe, Kato ce U3BbpLIBa pasTaraHe B rOpHUTE
4acTW Ha MmacuBa No AeTauMeHTH. KbM Kos TOYHO
YaCT Ha TekcTa MW BCBIUHOCT Ce€ OTMNpaBs
KpuTukaTa?

e A npeau T€3M 22 MIH. rOOMHW KakBO € umano? A
kora ca ()OpMMpaHM W3NPABEHUTE TIbHKM B
PoponuTe, KONTO ca W3BECTHW OLiE OT BPEMETO Ha
PoceH WBaHoB? U 3alLo ce TBbpAK, Ye pasTaraHeTo
€ CbC  ONWIOLEH-MWOLEHCKA  Bb3pacT, a
NanecHTOMNOXKUTE JaHHW TOBOPAT 3a TOBa, Ye



MeTamopcuTUTE Ca [OCTUrHaNM OHEBHA CBETNMHA
[ocTa no-paHo?

BepeH e camo MbpBMAT LUTAT, TO3W, B KOTO Ka3Bam,
Yye cMsTaM Mogena 3a sOpeHUTe KOMMeKcu 3a
He3a0BOSUTENEH, Thbil kaTo urHopupa
nonumeTamopdHaTa WCTOpusi Ha MacuBa. ToBa
HaucTMHa e Taka. CnoxHaTa eBOMUMS Ha TO3M
MacvB ce CBeXa [0 eTan Ha KOMMpecus 1 eTan Ha
eKCXyMaLusi ¢ eKcTeH3us. ToBa e TBbpae NecHo y
npocTo. B TekcTa cu KOMeHTHpam, Ye No Apyru YacTy
Ha CBETa CbLLO Ce NaHcupaT SAPEHN KOMMMEKCH, HO
B TSIX CE Pasno3HaBa nonumeTamopdHa nctopus.
Ko TOYHO M30TOMHM [aHHM  MOTBbpXOaBaT
KoHUenuuuTe Ha XK. /iBaHOB 1 HeroBus konekTua? A
“Ma v TakmBa, KOUTO He M NOTBbPXAaBaT?
O6BuHsIBAT Me, Ye nokassam [pebHM paskpuTys.
OnoHeHTUTE MM, MbK OT Apyra CTpaHa nokaseat
kapTy B MaLLab eHO Ha HSAKOMKO MUMMOHA, Ha KOUTO
“Ma CTPenkW, 3a KOWTO Te cera TBbPAAT, Ye ca
pasrpaHuuMIM  PasfMiHM  TEHETMYHM  TUNOBe
NIMHENHOCTU M UHAMKATOPU Ha CPsi3BaHE, Makap Ye B
nybrvkauumMte WM He MNWIEe KakBO M Kak ca
pasrpaHu4unu.

M0 HMKaKBB Ha4WH He CbM Kasar, ye B LieHTpanHuTe
Pogonn ApguHckata M AceHuwkata eauHuLa
npeacTaBnseart Yyacti oT npeobbpHaToTo Geapo Ha
nexalla rbHka. pocTo CbM Mokasan Aguarpama Ha
nexalla rbHKa, C KOeTo UICTpupam reoMeTpuyHm
B3aMMOOTHOLLEHMS, KOWTO CrMOpes MeH He ca
aHanuaupaHu ot astopute. llog durypata nuwe
“Sequence of sketches illustrating refolding of a
lineation by a recumbent fold. ..... the two lineation
directions may be interpreted as different lineations
formed in different tectonostratigraphic units (e.g.
Asenishka and Ardinska units” (e.g. — for example,
Hanpumep).

Paskputneto B ponuHata Ha Bbua (c. 99), koeto
nokaseam, € OT MecTHocTTa LibHkoB Kambk.
OpueHTaumsTa Ha CTpyKTypaTa noka3sa nocoka Ha
TEKTOHCKM TPaHCMOpT, pasfninyHa OT Ta3u, KoATo e
u3BeaeHa ot [MMOB M CbaBTOpW 3a Tasn obnacr.
TpaHCnopTbT € NepneHanKynapeH Ha WapHUpuTe Ha
HaBnayHuTe TrbHKM, a He napaneneH, 3atoBa €
MPUNoXeHa Tasu 3apucoBka no hoTorpacus.
ObBuHsBaT Me, Ye npeanaram camo UAEAHW CKULM
(Hanp. cur. 2a, ¢. 99). ToBa e Taka, 3awWoTO Ce
cTpems aa 6boa pasbpaH, mbk U B F0AMLIHMKA Ha
MI'Y Hama mscto 3a noseye. Monst yutatens ga
pasrniega nybnukauuuTe Ha MOWUTE OMOHEHTH, KOUTO
CbM UMTWpan, M Aa NpeLeHn Te He ca N MaeiHu
Cblo. bux ce pagsan ga BMAA MaenHa ckuua Ha
MbHKOBaTa MHTEP(EPEHLMS Y MOUTE  OMOHEHTW.
Ckuuata e wsrpageHa npu HabnopeHns B paroHa
Mexgy c. MwxankoBo u CTtomaHoBoO, LleHTpamnHm
Poponu.

Ha dwvrypa (dwr. 36, c. 100) cbm nokasan
NIMHEMHOCT Ha MpEecuYaHe MMEHHO 3aLloTO CMsTaM,
4e OMOHEHTMTE MU He Ca HanpaBuIu pasnnka Mexay
Tasn IMHEWHOCT W MUHEpanHaTa NWHEMHOCT Ha
pasTdraHe, a He 3awWomo He s pasnosHasam. llog
turypata nuwwe Intersection lineation — nuHeHocT
Ha npecuyaHe. Tasu NWMHENHOCT € maparnenHa Ha
ocuTe Ha ByOMHUTE W Ha LWapHUPUTE Ha MbHKuTE. T8
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HanogobsiBa MMHEparHa NIMHEHOCT Ha pasTsraHe,
HO He € Takaea. BbnpocbT MM € u3yyaeaT i
OMOHEHTUTE MM JIMHEHOCTW Ha NPECUYaHe OT TO3K
WM OT APYr TWM, Kak KpbliaBaT MWHEpanHuTe
cTpuaumm B 6eaparta Ha nekCypHUTE MbHKN U Kbe
[a TNpoyeTa TexHUTE OnuCaHMs no  Bbrpoca.
Pabotara Ha lepmxukoB (2003) nosHaBam, HO T4
cnopen MeH Mokpuea npobrnema enHOCTPaH4YMBO.
Hagseam ce cera ga aHammaupa KakBo ca MMany
npeasus 1 oHe3n 54 asTopu, 3a kouto oue Knooc
cbobuyasa (Cloos, 1946).

He cbm kasan, 4e WHpacTpykTypata Ha
MeTamopdHus komnnekc ot LleHTpanHute Pogonu
Ce Onpegmens OT nexawy TbHKM C KUTOMETPOBH
pasmepy. Kasan cbm, ye B Pogonute usobuncreat
Manku nexal TbHKM, 4YMETO 3HayeHue He e
0bsicHeHO. YyaHO 3aLli0 ONOHEHTUTE He KOMEHTUpaT
W B3aMMOOTHOLLEHMsiITa Ha dur. 1c, a ce cnupat
camo Ha rbHKaTa ot PoxeH (cour. 14).

Korato nokaseam ok guarpamata Ha CTPYKTYpHUTE
B3aUMOOTHOWeEHMS B CTpaHgKaHckata  30Ha,
aKUeHTbT €, 4Ye Tam Ce pasnuyaeaT [pe
HUCKOMETaMOPCHN GhonuaLun, MbpBaTta OT KOUTO €
HarbHaTa 3aefHO C MNMacToBOCTTa, a BTOpaTa
donvaums — knuBax e uanpaeeHa. He mucns, ye
TOBa € Marko 3a efjHa “‘mManka” guarpama.
OnoHeHTUTE Ce Bb3MyllaBaT, Y& He MoraT ja
pasbepat mawaba Ha  u3obpaxeHueTo B
cxemaTnyHuTe My Grok auarpamu. Ye te Hanm ca
cXemaTuyHu bnok aunarpamun.

OnoHeHTUTE Cce Bb3MyLaBaT, Y& Ha dur. 3 (c. 94)
Maneo3onck1Te CKanm ca OrbHaTh KOH(OPMHO Ha
topckute U KpegHute. He Buxgam npobnem. Ako
TEKTOHCKO HarbBaHe 3acerHe kpegara, TO HAMa nu
[ia HarbHe W naneo3soickata u noanoxka? OcseH
TOBa CbBCEM ECTECTBEHO € METaMOP(HOTO
HalMCTABaHe Ja € HarbHato. [MaBHUTE MbHKW B
Ceetunnuitcknte BucoumHn, CtpaHmka u [lepBeHT
ca Mo HalWCTABaHETO, KOETO MOKanHO CbBnaja C
HannacTaBaHeTo. Bb3MOXHO nu e Ja ce MUCTK, Ye B
naneosonckute ckanu o1 CTpaHxaHckata 30Ha
HALUMCTSBAHETO HE € HarbHaTo?

O6BuWHABAT Me, Ye 1Mam Manko JaHHu. imam MHoro
paHHu. B nybnukauuwsta cu  nokaseam  no-
NPeACTaBUTENHM  JaHHM B Mogkpena  Ha
naHcupaHata koHuenuus. durypa 2a e noctpoeHa
no 500 donmauMoHHN NNOCKOCTM, W3MEpeHN B
pasnuyHM OOMeHU (MpOonyckbT MU e, ye 6pos He e
yka3aH). durypa 2a nokpusa nnowy ot okono 2 km2 B
Cokonckata cBMTA, KbOeTo Ce Bukga, ue
HALUMCTSBAHETO M HamnacTsBaHETO npaBsAT obLy
nosic. OBLWMAT Nosic 03HayaBa, Ye Ca HarbHaTu
3aefHo cneg hopMupaHeTo Ha chonnauuata. A cneg
kaTo ponaumsTa noTbBa MOMeraTo, 3HauM rbHKaTa
€ nexawa. ToBa e CTpyKTypHa reonorus.
Pasnonaram ¢ nogobHM  B3aWMOOTHOLLEHWST B
ysanarta CtpanmkaHcka 3oHa. Bce nmak He onuceam
LETANNMHO pasKpUTUs, a NpaBs MNpefcTaBsHe Ha
pervoHanHa KoHuenuus.

He pasbpax 3awo Me 0OBMHSBAT, Y€ HE CbM
pasbpan MawabHWaT hakTop B TEONOXKUTE
n3cnegeanus. ToBa € HeWo, 3a KOETO He CbM
FOBOPWI 1 HE CbM Jan NoBog Aa Ce roBopy.



Ha kapTuTe Ha OMOHeHTWTE, KOUTO Ca AocTa ApebHo
MawabHu (Hanp. Burg et al., 1990; Dimov et al.,
2000) ¢ efHM 1 CbluM CTPENKM € 03Ha4eHo lineation
trend and direction of shear — ToecT egHa 1 cblua
CTpernka yka3Ba €[HOBPEMEHHO M Mocokata Ha
MMHEMHOCTTa W MocoKaTa Ha cps3BaHe (nog
cpa3BaHe pa3bupaii Nocoka Ha TEKTOHCKU TPaHCnopT
— HaBnuyaHe). ToBa € BCWUYKO, KOETO MOXeE fa ce
pa3bepe ot Te3n nybnukauun. He pasbupam 3auio
aBTOPUTE TBBLPOAT, Ye pasrpaHMyaBaT pasnuyHu
NUHENHOCTM M Ca HasicHo ¢ npobnemute Ha
“3non3saHeTo UM. Ha dwmr. 2, paskputue Ne8 or
kaptata Ha VBaHoB u pap. (1985) e nokasaHa
CTpenka, KosTO CbOTBETCTBA Cropes aBTOPWUTE Ha
WapHUpuU Ha MariKu ebHKU U JuHeliHocm  no
MUHepanHu aspeaamu. JIMHEHOCTTa, MokasaHa Ha
MosiTa cHuMKa (cpur. 36, ¢. 100), e oT TO3M LJOMEH W
T HauCTMHAa € napanefiHa Ha LapHWpWUTe Ha
MBHKUTE W Ha ocuTe Ha DyaMHMTE, KakTo W Ce 04aKBa
OT NIMHEMHOCT Ha npecuyaHe. Criea kaTo NOYTU He
cpelyam B nuTepatypara 3a Pogonute onucanue Ha
TakaBa IMHEMHOCT OWX nonuTan Komko  OT
CrOMeHaTuTe “MUHepanHa nuHenHoCT”, “NUHeNHOCT
Mo MWUHepanHu arperati’, “MHENHOCT Ha pasTtsrare”
1 T.H. € OT TO3M TMn?

Mo noBOg CbMHEHWETO Ha OMOHEHTUTEe 33
ponHokpeaHo Hecbrnacve! B Cakap u CtpaHgxa He
Ce paskpuBa JornHa kpega. ToBa Criopeq MeH e
CBbP3aHO C €pO3usi, KOATO MbK HAKOW CBbP3BaT C
Hecbrmacue.  HapucyBanm  CbM  epO3vOHHA
noebpxHocT. Moxe W pJa rpewa, HO O4akBam
OMOHEHTUTE Aa MM OBACHAT 3aLlo crnopeg TaX HaMa
[JOMHOKPEOHO HeCbrnacue B obnacra.

Cnopeg onoHeHTWTe TBbpae 6€30TTOBOPHO €
TBbPOEHMETO MW, Y€ UH(GpacTpykTypata ce
opmmupa OT nexawy rbHKM. B npuHUMNHMTE
nybnmkaum No To3n BBNPOC MHApacTpyKTypaTa ce
thopmmupa MMEHHO OT Nexalum rbHkW. ToBa e Taka B
AnnuTe, KOMTO Ca YacCT OT CblluaTa OpOreHHa
cuctema. Bugsn cbM [OCTaTbYHO Mexaluy rbHKA Y
Hac, 3a fa pascbxgaBam Bbpxy TAX. HanomHswM, ye
nexallumTe MHKW He BUHaru ce BixaaTt. Te no-ckopo
Ce [oKkasBaT uype3 CTPYKTYpPEeH aHanua, Kato To3u
nokasaH Ha cur. 2¢ (c. 93). 3a nexawm roHku ce
roBopu M B Opyrv nybnukauum (Hanp. Sarov et al.,
2006).

B otroBop Ha nokaHata 3a guckycusi nony4nx obBUHEHNs, ye
ce cTpemsi pga ‘Ouckpedumupam pesynmamu, ¢hakmu u
UHMepnpemauyuu’, KOUTO ca pes3ynTar Ha AbAroroguileH Tpym.
ToBa He e BApHO. He ce cTpema ga AuckpeguTMpam Tesu
pesyntatu u aktn. Ctpems ce ga rv npomeHs u oborars.
Pasbpax, 4e CbM Ce “3aaHeaxupar ¢ ponisima Ha apbumbp 8
MHO20200UWHU QUCKYCUU 3a cmpoexa U 2eo0uHamudHama
€80/T0YUST Ha HaU-KOHGIUKMHUME obiacmu om u3mo4Hama
yacm Ha bankaHckusi nonyocmpos’”.

O6BMHEH CbM, Ye CbM TBbpAe M1ad (BCbLYHOCT CbM Ha 41
r.) v ye He no3HaBam PoponuTe. 3a uuTatenuTe e CNoMeHa,
ye CbM M3pacTHan kato cneuuanuct B Jlabopatopusita no
npobnemn Ha pokambpus kbm M npu BAH, pbkoBogeHa OT
nokoHms  Oumutbp  KoxyxapoB, KkoWTo 6e  OCHOBHWMAT
kapTupoBad Ha Popgonute 3a noseve oT 40 roguHu. Tasm
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nabopatopus ce 3aHWMaBalle C npobrnemu, nogobHM Ha
JuckyTupanuTe. B kpas Ha pennukata cu XKueko MBaHOB 1
CbaBTOPUTE KOMEHTUPAT, Ye ce CTpems ‘0a 8b3polds udesima
3a 2bHK0B0-brloKogUA cmpoex Ha Podonckus macug ¢
He208Ume  Cynepno3uYUOHHO  Pa3nOofIoOXeHU  CMPYKMypHU
emaxu”. ToBa TBbPAEHME, KaKTO W APYIW HETOBN TBLPLAEHMS
He OTroBapsT Ha WCTWHaTa. B TekcToBeTE MU Ce roBOpM 3a
KOHUeNnyusi 3a cynpacmpykmypa u uHgpacmpykmypa. ToBa
HAMa HUWo obwo c GrnokoBus cTpoex. KoHuenuusta 3a
CynpacTpyKTypa M UHPaCTPyKTypa Npeanonara npeHarbeaHe
Ha MbHKM C pasnuyHa Bb3pacT, a He 6nokose. Han-bnuskm oo
OnokoBe ca nnounTe, KOWTO NpOdECOPLT W HeroBuUTe
CbTPYAHULM HaBnMyaT u pascsgar en block, 3anuuyasaiiku
MHOTO A€eTaliIHN reomnoXKN B3aUMOOTHOLIEHMS.

KoHuenuusita 3a cynpa- 1 wHpacTpykTypa e paspaboTeHa
OT BawuTe Ha annuickata M Ha CTPYKTypHaTa reonorvs u B
MOMEHTa Ce M3Mon3ea B CbBCEM HOBM MNybnukauum oOT
MOZepHM reonosn (uutupaHa nuteparypa B Dimitrov, 2008
a,0). Hayka 6e3 npuemMCcTBEHOCT HaMa. 3aToBa M HSMa HULLO
nowo B efHa CcTapa KoHUenumsi, oCOBEHO ako Ce Okaxe
nonesHa. 3a ynTaTens Lie KOMEHTUPAM, Y€ ONOHEHTUTE MU He
XapecsaT CTPYKTYPHUTE €Taxu, 3aloTo B TAX Ce Aomnycka
Bb3MOXHOCTTa [a “Ma cmap CmpykmypeH emax CbC CTapu
Joannuiicku gedopmaumu, 3a KOUTO Te Hskak cu u3bsrea ga
mucnsaT. [podecopbT M HEropusT KOMEKTMB OnpocTsBaT
TBbPAE MHOrO U annuiickata reonorus. OTHOBO nogyepTaBam,
Ye cynpacTpykTypa M MHAPACTPYKTYpa HE 3HauM CTPYKTYPHM
€Taxu B CMUCBINA, KOATO OMOHEHTUTE MW BRarat B TOBA.

CblHOCT Ha AUCKycUATa

B 3akntoueHneTo cu /IBaHOB 1 HEroBUTE CHTPYLHULM Ka3BaT:
‘lla octaBum 6e3 KOMEHTap 3afbihKaBalMTe 3arnasus Ha
PETVOHANHM TeMU M NpobnemMn, KOWTO aBTOPLT Ha ABeTe
nybnukauun e wmapkupan...” [pegnountam pa obbpHa
BHUMaHWE UMEHHO Ha TemuTe W NpobremuTe, KOUTO aBTOpUTE
npegnounTar Aa “ocraeaTt Oe3 komeHTap”. 3aw0To BCE nak
NMEHHO Te Bs1xa OCHOBHMSI MOMEHT B Nybrvkayumre Mu.

HedmHnuma 3a cynpacTpykTypa u MHGpacTpyKkTypa
UutatensT MOXe Aa Hayuu [negHata MM Touka OT

pennukupanute nybnukaumu. 3a no-3agbnboyeH aHanus
MpenopbyBam LUTUPaHUTE NUTEPATYPHU U3TOUHUUM. He CbM
MPUBBPKEHUK HA MEXAHUYHOTO NPeHacsiHe Ha MOAENM, 3aT0Ba
W MOsiTa [nefHa TOUKA WMA pasiuuus ¢ LWUTMpaHuTe
nybnvkaumm.

FeoanHaMNYHK
cynpacTpykTypara
Mopagn runca Ha NpOCTPAHCTBO OTHOBO MPEMopbYBaM
nybnukauumTe ot 2008 r. 3awwTasam Tesara, Ye PogonuTe ca
ctap MeTamopeH Macus, npepabOTEH MHOMOKpaTHO OT
Jedopmaumn n MetamopusbM. KoHuenuusta 3a cynpa u
WHpacTpykTypa [daBa Bb3MOXHOCT [da Ce aHanuaupart
MMEHHO TE3W CMOXHM B3aWMOOTHOWIEHMS, TbA KaTo €
paspaboTeHa 3a paloHM kaTo AnnuTe, B KOWTO Ca HANOXeHM
annuinckm 1M Bapuckn  aedopmauun.  Tasn  KOHLENums
3a0bMKaBa Aa Ce W3yyaBa IbHKOBaTa MHTEpPdEpeHLmus W
nuTocTpaTturpacusaTa SOKOMKOTO € Bb3MOXHO. B Tekcta cu
3a0agox BbMpoca “3allo B NybnukauuuTe Ha HSAKOM aBTOPH
Poponute ce pasnuyaBaT C €QHOAKTHUTE CU  amnmuincku
aecopmauum oT Apyrv BUCOKOMeTaMOpdHM Macuew B EBpona

ycnosus  3a  opmupaHe  Ha



u cbcenHa Typuwms’, KbAETO Ce B3emar npensus U nNo-cTapu
aedopMaLmn — BapUCKM, KaneaoHCKM, KagoMcKu?

MbHKM M HaBRaum

Y Hac BCe ouwe He € SCHO KaKk da ce MHTepnpeTupar
MHOroOpOAHUTE  NeXaly TbHKM CbC  CYOXOpU3OHTamHM
WapH1pu. He e ACHO ganu nnovnTe, KOUTO KONMEKTUBBLT Ha
npogecopa HaBnMya W pascsda, Cca B HOpMarHa
cynepnosnumus unu ca Befpa Ha nexally MbHkW ¢ npeodbpHar
nnacrtopes.

Mpn aHanM3a Ha TEKTOHCKWS TPaHCMOPT, OCBEH Ye TpsibBa
Ja Ce YCTaHOBW TUMA Ha IbHKUTE, € 3abIKUTENHO da ce
JOKaxe 4pe3 HesaBUCUMWM Mapkepu 3a MpeMecTBaHe, uYe
HauCTMHa CbLUECTBYBA 3HAYMTENEH TPaHCMOPT B natepanHa
nocoka. Ho TakuBa Mapkepu He Ce npeanarat, a U aBTopuTe
Ha HaBnayHus mMogen (1 mMogena 3a ekcxymauus) oTpudat
nutocTpaturpadckus  nogxod, koito 6u Morbn Aa gage
Takuea mapkepu. Moxem Aa c NPUNOMHUM LucKycusiTa OT
2007 (maTepuanu, noMmecteHu B caitta Ha BI), kbgeto XK.
MBaHOB W3Hece nekuus, OTpuyalia nuTocTpaTurpadckus
noaxod W B 3alpTa Ha MexaHocTpaTurpadckus nogxog.
XKarnko, 4e ToMm He 7 nybnukyBa, KakTO Hanpasuxa Lpyr
y4aCTHULM B auckycusta. MpoHusTa e, ye camuat XK. /BaHoB
€ aBTOp Ha nuTocTpaTturpadcka cxema Ha Pogonute, noytw
UgeHTUYHa Ha cxemute Ha [l. Koxyxapos.

3a cunmetamopchHuTE Aedopmaumm

BwnpocwT, koinTo Be noctaseH B nybrvkauuute Ha Dimitrov,
(2008 a,6), e mocTaBsH M OT [ApyrM aBTOPU — CaMo eauH
MEeTamMopdheH eTan nu e NposiBeH B PogonuTe 1 camo Ha eauH

mMeTamopdeH eran v ca CMHMETaMOPHN
“cuHmeTamopdHnTe” HaBnaum ot Pogonute? Hakpatko, nonm-
WM NpOrpecuBHO-MeTamopgHa  MocCnefoBaTeNHOCT e

ycTaHossiBa B Pogonute?

W3ka3aHu ca MHEHUSi, 4e MUKPOCTPYKTYpUTE B HSKOM OT
NPeLSIOKEHUTE OT KOMEKTMBA Ha npodecopa HaBnayHm
MOBBPXHUHW Ca OT Kpexko-nnacTuyeH tun. T.e., Te ca
HanoXeHW BbpXy CKanute  cnesj  BUCOKOCTEMEHHMS
mMeTamopgmsbM. B TAX Ce paskpuBaT KpPEXKO-NNacTUYHM
pgedopmaummn,  kouto ce  opmupaTt  NpU  MO-HUCKM
Temnepatypn. AKO Te3n Kpexko—mnacTuiHu aedopmaumm ca
CUHXPOHHM Ha CMHMETaMOP(HUTE HaBnauW, TO Ha KakeM
pedopmaumn € CUHXPOHEH amdubonuToBus aumec, BbpXy
KOMTO Te Ca HanoxeHun?

30HM Ha cpsizBaHe

O6guHeH cbM 4e He nosHagam memoda Ha KUHeMamu4yHUsI
aHanus u He usnonssam pabomume Ha [llackua, Loyga JTuH u
Mon Yunnuam! ToBa e 3abaBHo. [lackma € MarucTpaHT Ha
Yunamc, JIuH e JOKTopaHT Ha Yunamc, a a3, Kakto u JIuH
cneyuammampax npu  YWnsMC  HSAKOMKO roguHW. Toi e
[0alleHbT Ha CeBepHOAMepUKaHckaTa CTPYKTYpHa reonorus.
3Ham oT coBCTBEH OMUT, Ye TOW Ce Bb3MyLLaBa, Korato HsKou
MTb3ra NIoYUTe MapanenHo Ha LapHupuTe Ha rbHkuTe. OT
Hero Hayuux fa He 6baa koHdopmuct. Cera CbLIO LMTMPaM
e[Ha Herosa nybnvkauus, KaTo Npu3oBaBam OMOHEHTUTE Aa
npovertar.

AHanuabT ce cbCcToM B nogbop Ha orpaHuyeH Gpoit
KpuTepun 3a Cpsi3BaHe, KOUTO Ce npunaraT 3a [afeH TEPEH.
CpeaHuTe CTYAEHTM YCnsiBaT fa 3anaMeTsT OCHOBHUTE
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KMHEMATUYHW WHAMKATOPU 3a HAKOMKO Yaca cnep feTaiinHa
npeseHTauus ¢ Myntumeaus. HaukaTop 3a cpsi3BaHe € BCska
CTPYKTYpHa (hopMa, KOSTO € MpeTbpnsana cps3BaHe Wnu
poTauMs U e CbXpaHura cneau oT ToBa [BWKeHue. Hsikou
chopmmn 0bave ca NpeTbpneny ABMKEHUS C Pa3NNieH 3HaK Ha
poTauus, KaTto He Ca CbXpaHunu cnegu OT NO-paHHWTE
[BWKEHWS, @ caMo OT nocregHute. B kuHemaTWiHus aHanus
“Ma TBbpAe MHOro npobnematmynu Hewa (Hanp. Jiang,
Williams, 1999). B nowo npoBegeHUTe  KMHEMATUYHU
n3crnegBaHWs MHOMKATOpPUTE 3a Cps3BaHe ce npunarat 6es
cbyeTaBaHe C [eTalnHa nMTONOXKA KapTupoBka, 6e3
JatupaHe Ha CTpykTypute U 6e3 reoMeTpuyeH CTPYKTYpHO-
reonoXkyM aHanua. EguH CTymeHT v gaxe XxabunurtupaH ydeH,
KOMTO MOXe [a pa3no3Hae UHAWKATOPU Ha cpsisBaHe, MOXe Aa
“Ma HenpeogonuMu npobnemn Aa “pasrbHe” Te3u MHOMKATOpK
OKOMO 0CTa Ha rbHKa. Mons ynTaTenaT 4a NOTbPCK ENEMEHTH
Ha reomeTpuyeH, AedopMaLMOHeH Mnu CTPeC aHanus cpeg
paboTuTe Ha HalWUTe MANCTOPU Ha KNHEMATUYHUS aHaNK3.

KnHemaTuyHO 3HayeHWe Ha NUHeHOCTTa

NIuHeHOCTUTE YecTO Ce M3NOn3BaT 3a W3BEXAaHe Ha
nocokata Ha npemecTBaHe B Ae(OpMMPaHUTE CKanHK Macy.
Mo OTHOLEHWE Ha NIMHEMHOCTTa Ha NpecuyaHe Hama ocobeHu
npobremu, cBbP3aHu ¢ u3nonssaHeTo i. Bee nak, fobpe e ga
ce WMma npeaswa, ye JsuHelHocmma Ha npecudyaHe e
napanesiHa Ha WapHUpUme caMo Ha CUHXPOHHU &bHKU, U Mo
aKo ¢honuayusima e napanenHa Ha ocogama nosbpxXHUHa Ha
ebHKuUme. o OTHOLLEeHWE Ha JIUHelHoCmma Ha pa3msizaHe ca
HaTpynaHu MHOrOBPOMHM M NPOTMBOPEYMBM Bb3rMEAM U ca
N3Ka3aHW CEpUO3HU KPUTWUKM Ha MPUIIOKEHUETO 1 (Hanp.
Turner, 1957; Means, 1987; u gp.). IMeHHO nuHenHOCTTa Ha
pasTAraHe e NanTMOTMBA Ha MOWUTE OMOHEHTU. 3a NOACHsBaHe
Ha npobnemuTe Mo-gony ca UUTUPaHW HAKOM OT TUraHTuTe B
obnactTa Ha CTpyKTypHaTa recnorus.
“TpoTuBOpEUMBATE BB3IMEAN 33 KUHEMATUYHOTO
3HaYEHWE Ha NUHENHOCTTa YaCTUYHO ce 0BsCHSBAT C
OTCbCTBMETO Ha fCHa npeacTaBa 3a TOBa, ye
2nasHama oc Ha degpopmayus 8 dadeHa moyka om
macuga Moxe U da He 3agucu Unu HanbiHO da ce
pasnudaga no HanpaeseHue Om nocokama Ha
npemecmeaHe Ha ma3u MO4YKa CNPSIMO HsKakea
Opyea omnpasHa moyka” (Means, 1987).

e ‘Tlpu  wHAeHTMdMUMPAHETO HA b  NUHEMHOCT
(MMHEMHOCT NapanenHa Ha LWapHUPKUTE Ha MbHKKTE),
KaToO [nMaBHa MOCOKAa Ha MpeMecTBaHe Ha

BELLECTBOTO, HSAKOW aBTOpu npeHebpersat wmw
OTXBBLPIIAT NOCTynata Ha 3aHAep 3a CUMETpUsTa Ha
TEKTOHCKMS CTpoex. [logobeH noaxop usrmexzga
HeonmpaBgaH Mo ABe NpWuMHW:  Tesu, Koumo
uHleHmudpuyupam  pezuoHaHa  nuHeliHOCM ¢
peauoHanHa nocoka Ha npemecmeaHe, npassim
mosa 3a Ookambpulicku unu naneo30lcKU CKanu,
yusmo memamopghHa UCmopusi € npomugopeYusa
unu mewvpde HesicHa. [locokama Ha npemecmeare 8
makuea cKanu He e ycmaHOBeHa Ype3 He3agucumu
kpumepuu... "(Turner, 1957).

Mpn aHamM3a Ha  NMHEMHOCTTA  “TeYeHue,
nepneHOUKYNapHO Ha Ocume Ha IbHKUTE T.e. No
nocokaTa Ha TEKTOHCKW TpaHCMopT e Buno onucaHo
OT 54 aBTOPM.... @ pasmsiecaHe, hapanefiHo Ha ocume
Ha ebHKUme W MEepneHAMKYNSHO Ha nocokata Ha
TEKTOHCKM TpaHCnopT € onucaHo ot 60 astopw...”
(Cloos, 1946) (B cour. 1).



B umsnoxeHuTe no-rope LMTaTW Ce KPWUTMKyBaT peauua
aBTOPW, OT BPEMETO Ha 3aHOep OO HalM [JHM, 33 KOWTO
nocoka Ha pasmsizaHe U NOCoKa Ha MEKMOHCKU mpaHcnopm
ca CuHoHWMM. [locokama Ha MEKMOHCKU —mpaHcnopm
06UKHOBEHO € NepneHOUKYIApHa Ha WapHUpUme Ha abHKume
(Bux owe Cloos, 1946 v gap.), a nocokama Ha pasmseaHe
moxe Oa 6nvde, a Moxe U Oa He b6vde nepneHOUKynspHa Ha
wapHupume Ha ebHkume (cpur. 1). HaBnuyanusta obave ca
napanefiHm Ha nocokara Ha TEeKTOHCKM TpaHcnopt! Toecr, Te
He ca napanenHn Ha LWapHUpUTE Ha MbHKUTE OCBEH ako Te3u
MbHKM He €a OT “HoXHUYeH” TUn. B obLyms cnyyai nocokata Ha
pasTaraHe, MapkupaHa OT Abfrata oc Ha AedopMaLyOHHNS
enuncoua, € InoKanHo CBoicTBO. B nybrmkauunte Ha
aBTOPCKMS  KONEKTWB, KOWTO pennukvpa pabotata M,
“300MnCTBaT NPUMEPH, NPU KOUTO NOCOKama Ha MEKMOHCKU
mpaHcnopm U nocokama Ha pasmseaHe, MapKupaHa om
NUHeUHOCM, haparnefiHa Ha WapHupume ce npuemam 3a
CUHOHUMU.

A b
| ]
| 1

A, B,
L TCKTOHCKHU TPAHCIIOPT >
I
(a)
4
N$26\A14
e / 7
é}"/
me/(mo;./c/(u
m,Och,yopm»

(0)

®ur. 1. Cxema, UNOCTpUpALLA NOCOKA HA TEKTOHCKW TPAHCMOPT U
MOCOKa Ha pasTAraHe: a) NOCOKa Ha TEKTOHCKM TPaHCMOPT,
peduHMpaHa KaTo HanmpaBneHuMe, NO NOCOKA Ha KOETO
NbPBOHAYANHO XOPM30HTaNHa NNacToBa NOCNeA0BaTENHOCT ce
CBUBa, AOKAaTO AOCTUIHE MbHKM C OMpeAeneHa amnnuTyaa W
ObIKMHA Ha BbMHAaTa;, OYEBMAHO, NpPU  HanM4MeTo Ha
MHOTOOPOMHN ronemMu MbHKU TEKTOHCKUAT TPaHCMOPT MOXe Aa
JOCTUrHe AECEeTKW WNM CTOTUUM KunoMmeTpu; 6) pasTarade,
napanernHo Ha WapHMpUTe Ha MbHKUTE — pa3TAraHeTo B WapHUpa
Ha KOHKpeTHa TIbHKa, OTpa3siBa nokaneH pAecdopMaLUoOHeH
enuncomng, YuneTo yabmkeHue (A1) e HeCbM3MEPMMO NO ABbMKUHA
C TEKTOHCKMA TpPaHCMOPT; 20/IIMOMO npemecmeaHe (Hanp.
HaenuyaHe) e napanenHo Ha MeKMOHCKUSI mMpaHcNopm, a He Ha
yOB/IKeHUEMo Ha JIoKanHusi enuncoud Ha degpopmayus!

lMapanenHo Ha LWapHUPUTE Ha [bHKUTE Ce W3BeXaaT
3HaYMMKU TEKTOHCKM [ABWKEHWS OT MOpsAbka Ha “CTOTMLM
KuromeTpu”. Te3n TEKTOHCKM ABWKEHMSI Ce NpUCHXOaT Ha
HaBnayHW MNMOYW, KOUTO MbTyBaT B MPOCTPAHCTBOTO efHa
cnpsMo Apyra. M3snonssaiku xunortesaTa 3a INIMHEWHOCT Ha
pasTaraHe, napanenHa Ha 3HauuMM TEKTOHCKM TPaHCropT, e
u3rpageHa MexaHocTpaturpadgcka cxema Ha Pogonute, KosTo
LMPOKO Ce uuTupa. Hanpumep, NWMHEMHOCTTA LUMPOKO ce
W3Mon3Ba 3a pasrpaHM4aBaHETO Ha TEKTOHOCTpaTurpadickm
eauHuumM, Kato ApauHckata W AceHullkata eguHuua B
LieHTpanHute Pogonu.
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Mo oTHoweHMe Ha TeKTOHOCTpaTurpadckutTe eauHULM,
“3BeAEHM Ype3 KNHeMaTUYeH aHanm3
TekToHOCTpaTurpadickoTo aeneHe Ha LleHTpanuute Pogonu
toXHO OT AceHoBrpag (Hanp. Sarov et al., 2006) nokassa eguH
TBbPAE NPOCT CTPOEX, MPU KOTO efjHA HaBMaYHa nnoya Nexm
BbPXY CBOSI aBTOXTOH. Taka, KakTo ca HapuCyBaHW Ha KapTuTe
(Hanp. Dimov et al., 2000; Sarov et al., 2006), Tesu
B3aWMOOTHOLLIEHNS MOraT fa ce 00SCHAT C epoausl, Npn KosTo
4acT OT aBTOXTOHA € OTHECEH W € 3anaseHa camo efHa Knuna
OT anoxToHa, NOYTU KaTo MfioYa OT BapOBWLM, MOKPUBALLM
MeprenHu rvHn B CesepHa Bbnrapus. [la, Ho BosHoB K
Koxyxapos (1960) u ocobeHo Koxyxapoa u Koxyxapos
(1962) nokaseaT efHa AeTailnHa kapTa, Ha KOATO Ce BUXaa
ronsMa aHtudopma (CesepHopogonckata aHTUdopma), B
Oegpata Ha KOSTO OT CeBep, KOr M M3TOK Ce paskpusa
CMMeTpUYHa cTpaTurpadicka NOBTApPSEMOCT U TO He Ha eayH, a
Ha HSIKOMKO KOHTPACTHM NMTOCTPATUrpadiCki  XOpU3OHTA.
BsaumooTHoLeHusTa, nokasaHu ot KoxyxapoBa, ca TBbpe
oYeBMaHM W npuHumnHW. Sarov et al. (2006) 3anassart
OYepTaHuaTa Ha sApOTO Ha aHTUopmaTa, HO HambiHO
3anuyaBart cTpaTturpadckata CUMETPUS U NOBTaPSIEMOCT, KaTo
Ha NpaKTWKa 3anu4yaBaT 1 NUTONOKKUTE eNeMEHTU Ha MbHKaTa.
B Gegpata Ha rbHkaTa, orpaHuyaBaiiki 4poTo U OT BCUYKM
CTpaHW, Te NOCTaBAT MOBLPXHOCT HA Cpsi3BaHe OT Tun
[eTayMbHT (nonerat pascef), KOATO cnopes TAX KOHTponupa
ekcxymauusta B Tasu yact Ha Pogonute. oBbpxHOCTTa Ha
JeTauMbHTa Ce MOsiBABA NapanefHo Ha enuMUHMpaHaTta
ctpaturpacdus B Gegpata Ha rbHkata Ha Koxyxaposu, oT
KOETO crieaBa, Ye AeTaYMEHTA € HarbHaT OT Tasu MbHKa.
[TbpBUAT 13BOA, KOWTO CW MpaBsi, aHanuanpanki
TOPHWS Crnyyail, € 4e TeKTOHOCTpaTurpadiCkoTo
pasrpaHuyaBaHe e 6e3cMUCneHo, Tb KaTo TO
WrHopuMpa MPWHLMMHM  MOMOXeHus oT  oblata
reonorus, Kato  Hanpumep  HanuuMeTo  Ha
aHTUOPMHA MbHKa.

Btopuat nsBoa (ako noesipeam Ha Dimov et al., 2000
n Sarov et al., 2006), e ye demaymeHmume ca
HaebHamu om ebHKume 8 Podonume v TO OT NoHe
[BaTa eTana Ha HarbBaHe, KouTo (hopmupart
“pelLeTbyHMA cTpoex” Ha Pogonure.

3Haun, nbpso Podonume ca ekcxymupaHu ho demaumeHmu
u nocne demauymeHmume ca HagbHamu om 0ee 2eHepauuu
ebHKu! Mons konektusbT Ha XK. /IBaHOB Ja nomucnmn no To3u
BbMNPOC M [a WHTErpupa HarbBaHeTO Ha AETAUMEHTUTE B
MOZJenuTe cu.

3akntoyeHue

Mpodpecop VBaHOB € rpewwmn MHOrO MbTU. Heka camo cu
MPUMOMHAM  MPU3HAHWETO HA HEroBMSl CbTPYAHWK, FAHKO
l'epmxukoB: “basvpaitku ce Ha pesynTaTuTe OT CTPYKTYPHWS
aHanua, Hackopo be omxebpreHa 6b3MOXHOCMMma 3a
cbuwjecmgygaHemo  Ha  Qoannulcku — MemamopeH
¢pyHOamenm e Cakapckama eOuHuya. VBaHos u gp. (2001)
[0pa3BuBaT Te3W WAEM W pasrnexgar BUCOKOCTEMEHHWTE
meTamopguTu o1 LlermpanHa CmpaHOxa Kato MpoayKT Ha
paHHoannuiickata oporeHesa. Ot gpyra crpaHa, Okay et al.
(2001) npuBexaat 3a MbpBM MbT M30TOMHU JAHHWU, C KOUMO
HECbMHEHO ce 0oKa3sa CbujecmeysaHemo Ha 00annulicku
¢pyHOamenm B CmpaHOxaHckama 30Ha.  KomekTuebT
ONpegens Bb3pacTTa Ha MeETaMopdnama kato paHHonepmMcka
(285+13 Ma), pokato Kbpkrapenckusm epaHum v 2paHumsm



Kyna (npogbrxeHueto Ha  LleHmpanHo-cmpaHOxKaHCKus
6amonum) ca oTHOcWTEnHO no-mnagu (271 Ma). Teaw
onpegeneHus ca OT rofisMa BaxXHOCT 3a cTpaTurpagusTa u
WHTenpeTauunTe Ha cTpoexa Ha CmpaHdxaHckama 30Ha, Thil
kato...” (Tepmxmkos, 2005). YbeaeH CbM, Ye OMOHEHTUTE MM
He XernasT pJa u3bpos TexHute nybnukauun, B KOWUTO
LOQNMUIACKMAT (DyHOAMEHT INWNCBA, a UgnaTta reornoxka
CMOXHOCT Ce HaTUKBa B TECHWTE PaMKM Ha anmuiACcKu1s aporeH.
YbeneH CbM, Ye BCEKW ONMWT Aa HaTMKaLl HeLLo ronsmo B no-
TSCHO MPOCTPaHCTBO BOAW [a CMaykBaHe U M3KpUBSBaHe,
KOETO Hsikou no-HabnioaarenHu xopa Morat Aa 3abenexar.

BbB Bpb3ka C rOpHWS LMTaT MpU3oBaBaM 4uTaTenuTe fa
npovetat nybnukauusta Ha VMeaHoB u gp. (2001) u pa ce
onuTaT Aa  HamepsaT  “ByNKaHCkuTe  armomeparu’  OT
ManeokacTpeHckaTa cBUTa tOXHO OT Tononosrpag. EauH ot
arnomMapTHWUTe KbCOBe € nokasaH Ha dur. 3a (c. 94) ot mosiTa
nybnukaums. Ako moraT Aa nokanusupat M “KCeHONMWTU OT
Tpuaca” B “annuidckute rpaHut” oT Cakap M T.H. 3a
KOMEKLUMOHEpUTE ~ HA  BKAMEHEeNocTM  MpenopbyBaM
nobonutHata nybnukaums Ha Koxyxaposa n Wues (1989),
nocBeTeHa Ha BKAMEHENOCTUTE B CkanuTe 0T ampmbonMToBms
thaumec B Pogonure.

CbxansBam, Y€ OMOHEHTUTE BUAsSXa TakaBa ronsma
3annaxa B nybnukauuute mu. Te He Bsixa Hanucanu 3a TsX, a
3a MraguTe YYyeHu M CneunanucTi, Ha KOUTO TembpBa
npeacTou fa ce opueHTupat B npobnemurte. bux uckan te aa
3HaAT, Ye MMa W [pyrM TMeOHW TOUKM OCBEeH Tasu Ha XK.
/iBaHOB 1 HEroBWst KOMEKTMB. 3a CbXaneHue, MUCHS, Ye He
nonyyux OTFrOBOPYM Ha BbMPOCWUTE, KOMTO 3adajox B ABeTe
nybnumkaum (Dimitrov 2008a; 2008b). Te BcblyHOCT 6sxa
3a00ukoneHn B pennukatra. A L0 ce OTHacs [o obuwata
KOHCTaTauus, Ye HUWO He pasbupam OT reomnorusi, He CbM
KOPEKTEeH M T.H, TO a3 M cam C1 3Ham. 3aToBa M nuwa no-
Manko ot XK. MBaHOB W HSAKOM OT HEroBuUTe CbTPYOHMLM.
BaxHOTO e crieq TOBa Aa He Ce cpamyBaM OT HanmcaHoTo.
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MexdyHapodHa koHghepeHyusi “Ieoapxeonoaus u apxeomuHepanozaus” (Cogpus, 2008)

Ha 29-30 oktomepu 2008 roguHa B Cochmst ce nposege
MexayHapogHa  KoHdbepeHuus no  [eoapxeonozuss U
apxeomuHepasnozusi. Tlo OTHOWeHWe Ha BTOpaTa 4acT OT
3arnaBveTo Ha KOH(hepeHLMsiTa ToBa e MbpBaTa KOH(EPEHL S
B TOBA HanpaBneHue B CBETOBEH acnekT. HayyHoTo cbbutue
Oewe nocseTeHo Ha obsieeHata ot OOH u HOHECKO
MexOyHapodHa eoduHa Ha nnaHemama 3emsa  2008.
KoHtbepeHuusiTa ce nposege B [lapk-xoten “Butowa’ u
MwuHHO-reonoxkus  yHuepcutet “C. MBaH Punckn”. B
HayyHaTa nporpama Ha KoH(epeHuusTa Osxa BKIHOYEHM
CMe[JHMTE OCHOBHM HanpaBneHust U TEMW:

o ApXeOMWHEpanorus 1 reMornorus: MUHepanHu M CKamHu
aptedhakTi Npe3 BEKOBETE; MMHepanH{ MUrMEHTU W COnu;
OvoMWHepanHN matepuany; Kepamuka M NMpUPOLHW CTbKNa;
IOBENMPHO U3KYCTBO; MMWMTKKA; CYPOBWHHA CTpaTeris u pons
Ha MUWHEparnHuTe M KaMeHHWTe CTPOWTENHM maTepuani B
yoBellkaTa KynTypa, WCTOPUS Ha TAXHOTO YCBOSIBaHE,
obpabotka 1 TbproBus;

o MeranutHu 1 CkanHo-U3CeYeHN NameTHILY;

e Metanw, pyaapcka fenHOCT 1 apXeoMeTanyprus;

e [eomopchonorMsi M reonoXkM MpoLecy, CBbp3aHu ¢
KyNTYPHO-MCTOPUYECKN 0BEKTU 1 NaMeTHULW;

® [e0(h13NYHI 1 BUCTAHLMOHHN METOLM B apXEOnoruaTa;

e KoHcepBauus 1 onasBaHe Ha apTediakTi M KynTypHOTO
HacneacTeo.

B koHbepeHumsTa B3exa yyactue noeeye ot 100 ayww, kato
uvawe npegctasuten ot 20 cTpaHM OT  uyxbuHa.
YuacTHuuuTe B KOH(hepeHuusTa 6sixa Nno3apaBeHun OT pekTopa
Ha MuHHO-reonoxknsa yHuBepcuteT “Ca. VBaH Punckn” npod.
a-p VBaH MuneB M oT npeacegatens Ha HauuoHanHus
KOMUTET MO reornorusa akagd. Togop Hukonos. bsxa nsHeceHw
80 ycTHM 1 NOCTEPHM AOKNada, OTneYaTaHu B CrieLuaneH Tom
C MaTepuanuTe Ha KOH(EpeHUMaTa Ha aHruicKn esuk
(Geoarchaeology and Archaeomineralogy. Proceedings of the
International  Conferenece, 29-30 October 2008 Sofia,
Publishing House “St. Ivan Rilski*, Sofia, 390 p.; Editor-in-Chief
R. . Kostov, Editors B. Gaydarska and M. Gurova). C ronsmo
BHUMaHue Osixa mocpellHaT ABaTa MieHapHU foknaja —
€OVHWAT Ha [oalieHa Ha CBETOBHAaTa reoapxeonorus W
apXeoMuHeparnorus, noveTHus npocgecop xopmx (Pun) Pan
oT YhuBepcuteTa Ha Munecota, CAL (Tpsbsa nu apxeo-
muHepanoeusma 0Oa nocredga 2eoapxeonioeusma  6b8
hamuniugma Ha OpeaHusupaHume HaydHu obrmacmu?) W
OPYrMST — Ha uneH-KkopecnoHgeHT VBaH 3aropyeB oT
leonornyecknst MHCTUTYT Ha bBbrrapckata akagemust Ha
HaykuTe (Haykume 3a 3emsma u Kynmypama: npupoGHoOmo u
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KkynmypHomo Hacrnedcmeo 8 MexdyHapodHama 200uHa Ha
nnaHemama 3ems). Cpen ydyacTHuuute 6sxa owe peauua
W3BECTHW cneuuanucti kato npod. M. Buamku n npod. k.
Nombapau ot Utanugs, npodp. B. 3aiikos ot Pycus v npod. M.
MaenukoBcku OT Monwa.

Mpes nbpeus AeH, B 3acefaTtenHata 3ana Ha napk-xoten
“‘Butowa” 6sxa opraHusupaHu ase cneunanHu goTonsnoxdn
Ha 3anaseHuTe W 3acTpalleHuTe OT paspyllaBaHe
MeranuTHW nameTHWUM OT tokHa bwrrapus (cT.H.Cc. g-p J1.
LioneB oT UOTT-BAH 1 cbaBTOpM) 1 Ha ckanHo-u3gbnbaHu
nameTHWUK oT M3touHnte Pogonm (cT.H.c. 4-p C. MBaHoBa oT
HAVM-BAH wn cvasTopu). lpes BTOpus OeH AOMakuH Ha
HayyHaTa nposiBa bewe MuHHo-reonoxkus yHusepcutet “Ca.
MBaH Puncku’, kaTo 3acepaHunsiTa no Cekuum ce npoeefoxa B
3anuTe Ha My3esi Ha yHukanHuTe kpuctanm “‘Unus [lenes’ n Ha
Myses no MuHepanorusi, neTporpacgus 1 NONe3HM U3Konaemu.
B kade-naysata yvacTHUUMTE B KOH(pepeHUusTa MMaxa
Bb3MOXHOCT fAa ce 3anosHast u ¢ Myses no reomorus u
naneoHTonorus. MoBeYeTo OT YyKAECTPaHHUTE FOCTW yensxa
Aa NOCETAT U HAKOM OT HaluOHanHUTe Mysen B cTonvuara,
CBbP3aHW C MUHepanornyecka Wwnu  apxeonormyecka
TeMatuka.

KoHthepeHumusiTa Gelle CbnpoBoAeHa OT ABE HACUTEHM C
MOCELLEHNS Ha apxeornornyecks obekTM W 3ano3HaBaHe ¢
apteakT OT My3euTe HayyHW eKCKyp3uu W3 cTpaHaTta —
npeaum U crneg HeHoTo npoBexpaaHe. MbpBata Gewe noj
HaacnoB ‘HeusgecmHume” me2anumHu U CKasiHO-U3CeYeHU
namemsuyu Ha Eepona (MerammTHM W  CKamHO-M3CEYEHN
obekTu B toronstouHa bbnrapus: gonmenun npu . Xns6oBo u
ckanHo-n3gbnbaHu kpbroe B M. ‘TManeokactpo” B Cakap;
CKarnHo-u3ceyeHn HUWKM B M. “MyeneH kamMbK' M KOMMMEKCEH
ckanHo-n3gbnbaH n newepeH obekt “‘Apkata’ npu p. Apaa,
KakTo W ckaneH obekt “llepnepek’, BcuukuTe B M3TOYHMTE
Poponw), a Topata — Ponisima Ha bwreapusi @ ceemogHomo
108€MUPHO  U3Kycmeo  (mbpeuM  06paboTeHn  toBENMPHN
MWHEpanNW W MbpBM MeTanu; EHUrMaTa Ha HEeOmUTHO-
XankonuTHuTE apTedakT oT HedpuT; Hal-paHeH OOOMB Ha
veq B EBpona; mbpBo haceTupaHe Ha KapHeonoBa MbHUCTA,
Hail-paHHK apTedhakTy OT 3naTo OT BapHeHCKMS XanKonuTeH
HEKPOMoN1; 3MaTHU CbKPOBMLIA M MOAMOTWIHM XPamoBE Ha
OPEBHUTE TPaKW; CPEOHOBEKOBHO IOBEMUPHO W CKanHO
nskyctBo: Crapa 3aropa — KasaHmbk — BapHa - Anagxa
maHacTup — Nnncka — obekt Ha FOHECKO “Magapcku KOHHUK”
— Benuku Mpecnae — Bennko TbpHOBO).



Mpod. Mxopmk Pan (CALL) - poaeH Ha cBeTOBHaTa re0apxeoniorusi M apxeoMMHepanorusl, U3Hacs nneHapeH Joknag,

Mo Bpeme Ha BTOpaTa eKCKypaus BbB BapHeHckus
apxeonormyeckn Mysen Gele opraHusMpaHa npeseHTauus
MOCBETEHA Ha “4epHOMOpCKMSt noTom” W Bpb3kata My C
BapHeHckata npotoumsunusauns (npodp. g-p M. Qumutpos
a-p 0. OumutpoB — WHCTUTYT no okeaHonorus Ha BAH,
BapHa), nocnegsaHa OT Hay4Ha guckycus. 3a KoHdepeHLmsTa
Odxa w3gageHn owe [Tbmesodumen Ha eKcKypsuume Ha
aHrIMACKM esnk (c asTopu npod. auH B. ®on, cT.H.c. op O.
leproBa u gou. g-p P. W. Koctos) n 6ubnmorpadmsa no
[ecapxeonoeuss U apxeoMuHepanozusi: apmegakmu U
obexmu om bvreapus (cbCtasuten: oy, a-p P. W. Koctos).

KoHtpepeHumsiTa ce  npoeege  GnarogapeHue  Ha
CMOHCOPCTBOTO W MOMOLWTA Ha CNEgHUTE [ObpXaBHU W
OBLLECTBEHU MHCTUTYLUMM U OpraHmsaumn: MWHHO-TEONOXKM
yHuBepcuter  “CB.  MBaH  Punckw’,  HaumonaneH
apXeonorM4eckn MHCTUTYT 1 My3eit Ha BAH, MunncTepcTBo Ha
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06pa3oBaHMeTO M HaykaTa, MMHMCTEPCTBO Ha OKOMHaTa cpeaa
n Bogute, Cblo3 Ha yyenute B bwnrapus, bwbarapcko
MWHEPANorniyecko  ApyXecTBo, bBbnrapcko  reonormyecko
apyxectBo ¥ [pyxecTBo Ha reogmauumte B bbrrapus.
KoHdhepeHumsiTa, B cBOsiTa paboTa MOKPW HAKOMKO OCHOBHM
3afjayn; HacoyBaHe Ha BHMMAHMETO KbM BAXHOCTTa U
NEPCNEKTUBHOCTTA OT MHTEPAUCLIMNIMHAPHUTE W3CHEBaHMS;
npernes Ha HAKOM OT M3BECTHUTE M HOBM 3@ Haykata
MWHEpanHm (KakTo 1 MeTanHu) aptedakTit 1 ckarnHn obekTn ot
HaLMOHAMHO W CBETOBHO 3HAYeHWe; MomynspusMpaHe Ha
apXeosorM4eckoTo HacneacTBo OT GbrapckuTe 3eMu ¢ orneq,
Ha KyNnTYPHO-MCTOPUHYECKMS TYPU3bM; WU3AMraHe MpecTka Ha
MWHEPANOrNiecKUTe N apXeonorMYECKUTE LIKONM B CTPaHaTa 1
CbOTBETHUTE HALMOHANHW W PETMOHANHM My3eM; Cb3faBaHe
Ha MEXOYHaPOAHN KOHTaKTW 3a GbAELM HayYHU MPOEKTU.
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