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Abstract. The samples were collected from the lignite, subbituminous and bituminous coals from Maritza East, Pernik
and Balkan basins. The coals from Maritza East and Balkan are with high sulphur content, respectively 5.77wt%; 3.11wt%
and the sulphide sulphur (Spy) predominates in the total sulphur content. The total sulphur in Pernik coal is 2.36wt%.
Pyrite is the main mineral in the coal from Maritza East and Balkan and is in minor amount in the coal from the Pernik
basin. A large diversity of pyrite forms (framboidal, euhedral, massive, anhedral and infiltration) and their relations with
other minerals and macerals in the coal are observed. The concentration of major, minor and trace elements in coal, coaly
clay, coal ash and coaly clay ash is established and compared with the respective Clarke values. In Maritza East, Pernik
and Balkan coals were detected 35, 34 and 32 elements respectivelly. The content of S, Sb, Cu, Ni, Mo, V, Ba, Ti, Ag, Zn,
Pb, Co, Yb, Cr, As, Cd in the coal and Mo, Cu, Fe, Ni, Sb, V, Ag, Cd, Ti, Sr, Co, Zn in the coal ash from Maritza East is
higher than the Clarke values. In Pernik basin the concentration of Ni, As, Sb, Co, Cd in the coal and As, Fe, Ni, Ca, Co,
Cd in the coal ash are higher than the Clarke values. In Balkan basin the elements As, S, Cd, Ti, Sr and Ba in the coal and
As and Fe in the ash exceed significantly the Clarke values for coal and coal ash. Correlation between the element concen-
trations in coal ash and their content in coaly clay ash are performed. The elements from the five groups are separated
according to correlation coefficients with the ash content and their probable organic/inorganic affinity is determined. On
the basis of cluster analysis the elements were subdivided in several geochemical associations. The elements were grouped
also according to their correlation coefficients with pyrite sulphur. The elements Fe, Cd, Zn, Sn, Si, K, Al, Zr, Sc, Ga, Bi,
Ca, S,,;, and Mg from Maritza East lignite, Fe, S,,, Ca, V, Y, Zr, W, Sr, Ge, Be, As, Cr, Sb, Na, Mo, Co, Ni, Cu, B Y, Sc,
Ba, Sn, Mg, Ga, K, Al, Ti and Si from Pernik coal, and Fe, Co, S,,;, Mn, Y, Ni, Cd, Ge, As, Mo and Yb from Balkan coal
display positive correlation coefficients with pyrite sulphur. The importance of some regional geological factors and
local paleogeographical conditions for concentration of the elements in coal matter from the investigated basins is also
discussed.
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BobBenenne
CTBO U CTCIICHTA UM Ha HpI/IB"praHOCT KbM HI/IpI/ITa.

Onpob6Banu U U3CIEABAHU Ca 3 OT HAW-TOJIEMUTE
BBIJIMIIHU Oaceiinn y Hac — M3TOYHOMApPUIIIKY,
IMepuumiku u bankauncku. [I'bspBuTE NBa ca OT roOJIs-
Ma BaXXHOCT 3a €HepreTHKaTa Ha CTpaHaTa HU, Thi
KaTO OCHOBHA YacCT OT BBIVIAIIATA UM MOCTBHIBAT
3a m3rapsine B TEL] ,,Mapuna-W3tox” 1, 2 u 3, TEL]
»bo0oB non” u TELl ,Ilepauk”. bankanckusat
baceiiH, Makap ¥ B OrpaHUYeH 00eM, MPOIb/KaBa
Jla € eAUHCTBEHMS eKCILIOATUPaH OaceiiH Ha YepHU
BBINIMINA Yy HAac. M TpuTe TUIA BBIVIMINA Ca ChC
CPaBHUTEIHO BUCOKO ChIbp)KaHUE HA CApa, KAaTO
OCHOBHA 4acCT OT Hesl € mupuTHa. Llen Ha HAcTOS-
mara paboTa € Ja ce yCTAaHOBU KOHIIEHTpAIUsSITa
Ha €JIEMEHTHUTE-TIPUMECH BBB BBIJIMIITHOTO BeIlle-

ITonoOHO u3cieaBane OU aajio BH3MOXKHOCT J1a Ce
HampaBiAT W3BOIU OTHOCHO CIOCOOHOCTTa Ha
MAPUTA a KOHIIEHTPUPA TOKCUYHU E€JIEMEHTH W
BEpOATHOCTTA T¢ Aa OBbAAT, 1O U3BECTHA CTEIICH,
OTCTpaHEHH! Mpu 000raTsIBaHETO HA BBIJIMIIATA.

Bbrienocaure Haciaaru ot M3TOUHOMapUIIIKUS
baceiin ca B obcera Ha MapwuikaTa CBUTa U IIO-
crienuaHo B 00cera Ha TpOSSHOBCKOTO BBIJIGHOCHO
HUBO. Tazu cBHTaA BKJIIOYBA 3 XOPHU3OHTAJHO
3aJIsrally BIVIMIIHY IUTaCTa C pa3inyHa qebeTnHa
(bostHOB 1 ap., 1993). ITanoB (1982) natupa BB3-
pacTtTa Ha MapuIilkaTa CBUTa B TPAHUIINTE KbCEH
OJIUTOIIeH — cpeaeH MuolieH. [To crenen Ha BbIIIe-
(ukanus BpIIMINATA Ca JIUTHATHH.
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IIpe3 KbCHUS OJUTONEH W PAHHUS MHUOIECH
[MepuumkusaT OaceitH € mpencTaBisBajl HUISUHHO
TopdeHo 0aTo, a BBIICHOCHUTE My HACJaru ca
3ambjIBaiiv rpabeH, KOUTo e 6T OrpaJeH OT IOT OT
IMepuumxus pasmom u OT ceBep OT JIroauHCKUS
Bb3cen (Kamenos, 1964). BwriieHocHaTa 3aapyra
3aJisira ChIJIACHO HaJ MBCTPATa MONBBIJIMIIHA
3aapyra, a mebeiaunara u Bapupa oT 15 1o 100 m
(3aropues u np., 1994). BeroumniauTe miacToBe ca
5, obmara nm nedenmHa e okoJio 20 m, a BRIIMIIATa
ca OnemmuBY KasBH.

BankanckusT 6acelH mpeacTaBiisBa CJI0XKHA Ha-
r'bHATA CUCTEMA C MPEOOHPHATH I'bHKH U €THO BBI -
JICHOCHO HUBO. BrITIeHOCHATA 3a/1pyra € ¢ IeHOMaH-
CKa BB3pacT, uMma aedenmaa ot 20 10 120 m u BKTr04-
Ba § BBIJIUIITHY IUTACTA, KOUTO 00ave He ca pa3BUTHU
mo 1sutata 1wiom Ha O6acertna (Kwvaues, 1971). o
CTETIeH Ha BhINIeUKanys BHIJINIATA Ca YEPHHU.

JauHu, cBbp3aHu ¢ reoxumusita Ha M3TO4YHO-
MapuIikus 6aceitH KaTo [sU10, KAKTO ¥ Ha OTIEITHU
ejleMeHTH ca mybnukyBanu ot MunueB, Eckenasu
(1972), Eskenazy (1982, 1996), Eckerna3u, MunueBa
(1986, 1987), Ecxenasu (1993), Eskenazy et al. (1994),
Vassilev, Vassileva (1997), Vassilev et al. (2000) u
Eskenazy, Valceva (2003). Pesyaratu oTHOCHO
ChIbPXKAHUETO HA MENeI000pa3yBaly eJIEMEHTH 1
eJIEMEHTHU—IPHUMECH BBB Bbriammara oT Ilep-
HUIIKKS O0aceiiH ce HaMupaT B pabOTHUTE Ha Y3YHOB
(1976), Eskenazy (1978, 1982, 1996), Eckenasn,
Munuesa (1986, 1987), Kortenski, Bakardjiev (1993),
Koprenckn u ap. (1993), Kostova et al. (1996),
Vassilev, Vassileva (1997), Vassilev et al. (2001) u ap.
N3cnenBanusi, CBbp3aHA C TEOXUMHUSITA Ha OakaH-
CKHTE BBIJIMIIA UMa B CTaTUUTE HA Y3yHOB (1976),
Eskenazy (1978, 1982), Koprencku (1989), Vassilev
et al. (2000) u Kortenski, Sotirov (2001).

Marepuaa u MeTOAM HA U3CJIeIBAHE

HacTtosmoTo uscieaBane € u3BbPIIEHO BbpXy 248
BBIJIMIIHKU TIpo6u, oT kouTo 83 oT U3TOUHO-
mapuikus, 76 ot Ilepuunikus u 89 ot bankanckus
6aceiin. Onpo6BaHK ca BTOPU BBIJIMIIEH ILUTACT OT
Mapuna—H3Tok (pynaunu TposHOBO—ceBep H
TposiHOBO 3), mnact ”B” ot Ilepuumikus (pygHUIN
TeBa u Cera Anna) u VI miact ot bankanckus
6aceitn (pymaunu Kauynka, Uymepna, Tsbpauna,
Bosia non u Jles).

Ipobute ca usrapsHu B MydesHa Mell npu
temnepatypa 500°+15°C u pexxum, 3aBUCEI OT BUIA
Ha BbIMIIaTa. M3BbpiieHu ca 69 cuiukaTHH
aHaJu3d. 3a ONpeleNissHe Ha OKCUAUTE HA MEeMeso-
o0pasyBalluTe eJIEMEHTHU Ca U3MOI3BAHM CIICTHUTE
CTaHAapTHU METOIU: KoMILIekcomeTpuueH 3a CaO,
MgO u Fe,05; o6emen 3a Al,O5; TerioseH 3a SiO, n
SO;; cnekrpodoromerpuyueH 3a MnO, P,O; u TiO,
u wambaHOQoTOMeTpuueH 3a K,O. KonmyectBoTo
Ha BOJaTa W 3arybara mpu HakajsBaHE ca ompe-
JleJIEHU Ype3 TEIIOBHU METOIH. 3a ONpeneisiHe Ha
€JIEMEHTUTE IPUMECH BBB BBIJIUIIATA € U3BBPIICH
MIOJIYKOJINYE€CTBEH €eMUCHUOHHO-CIIEKTPAJICH aHAJIN3
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Ha 138 mpobwu, nmpu KOeTo ca ycTaHoBeHm 23 eje-
MeHTa. Upe3 MeToda HA WHAYKTUBHO CBBbpP3aHATA
mra3ma (ICP) ca onpenenenu cbabpxanusiTa Ha 11
exemMenTa B 93 pprmninan npobu. JlaHHWTE OT aHa-
JIN3UTE BHB BUJ HA M-N MACHUB, KBIETO M € OpOST
Ha IPOMEHJIMBUTE, a 1 — OpOST Ha JaHHUTE (IPOOH-
Te), ca 00pabOTEeHH MO CTaHJapTHA MpoIeaypa 3a
kirscTep-aHams Ha IBM—PC. Kpaiiaute pesynratu
— KOpeJIaIlMOHHU MATPUIX U NEHAPOTrpaMu, ca
MOCTpOEHH 0 MeToaukara Ha Davis (1977).

KpaTtka nerporpadcka xapakrepucTuka
U ChABbPAKAHUE HA cAPA BbB BHIIMIIATA

Hzmounomapuwku dacetin. ManepaimaTe OT rpynara
Ha XyMHUHHUTa TpeodianaBaT U HaAXBBPIAT 90%
(06.) ot oprannvyHaTa Maca. Haii-BUCOKO € KOJIH-
YeCTBOTO Ha aTpuHUTA U AeHcuHuTa (10 60—70%),
cnensa ynmuaUTA (10 40—50%) M TekcTuHUTA (IO
10%). OT moarpyna XyMOKOJIMHUT ce HabJrogaBat
TeJIMHUT U KOPIIOXYMUHUT KATO ChABPKAHUETO UM
B oTmesauTe ipobu Bapupa ot 0 mo 10%. Kosm-
YECTBOTO HA MALlEPAJIUTE OT rpynaTa Ha JIUMITUHATA
e MaJiko — 10 4—5%. HabmrogaBa ce ClOpWHHMT, a
KyTUHUTHT, PE3UHUTHT U JIMITOACTPUHUTHT CE
cpemaTt MHOTO psAako. OT MHEPTUHUTOBUTE
Marepaliy ce yCTaHOBSIBAT (Qy3WHAT (MUPODY3MHAT
u nerpanody3mHUT), CEMUDY3MHUT, MAKPUHUT,
GYHTHHHAT M WHEPTONETPUHUT. AHANU3BT Ha
HEOPTaHWYHOTO BEIIECTBO MMOKA3Ba, Y€ KOJIMYECT-
BEHO Ipeod1agaBaT MAHEPAINTE MOHTMOPIJIOHUT,
KaOJIMHUT, MUPUT ¥ KBapIl. B 3HAUNTEITHO TO-MaJIKO
KOJIMYECTBO CE€ CPEIAT WIUT, MyCKOBUT, ILJIAaTHO-
KJIA3H, THIIC, KAJIIUT, CHIECPUT U JOJIOMUT. YCTaHO-
BEHHU Ca ¥ FOJISIM OpOii aKI[EeCOPHU MUHEPAJIH, YUETO
KoJimuecTBO € mo-Maiko oT 1% (KoctoBa, 2002).
Hab6mronaBa ce TsicHA acoualids Mexay ¢ppam-
OouaTHUSl MUPUT U [JIMHECTUTE HPOCIOUKU BHB
BBIJIMIIIHOTO BEIIECTBO, KaTO camuTe hpamMboungn
CBhIIO CHABPKAT MIIMHECTH YACTUIU, BHEIPEHU
MEXAy OTAETHUTE ChCTABSIIIY T KpucTaiu. Yecto
CBbBMECTHO Ce cpemaT u ppamMOOuIaicH U eBXeI-
paJieH NUPHUT C IJIMHECTH U KapOOHATHU MUHEPAJIH,
KaKTO U C Mallepajiy OT rpynara Ha untuaura. [1o-
PSIKO ce HaOJI0/1aBa OTIaraHe Ha MAPUT B 3aMa3€HU
KJIETHYHUA OTBOPH HA PACTUTEJHU ThKaHU (TEKCTHU-
HUT, TEKCTOYJIMUHHUT, Qy3UHUT, QYHTUHUT).
Ilepruwku baceiin. ManepajnuTe OT rpynaTa Ha
xymuHuTa gocturat 80% ot opranuvyHara maca. Ot
TAX nmpeoOsagaBaT yJIMHUHHUT U [EHCUHUT, B
3HAYMTETHO I0-MaJIKa CTETIEH Ce CPEeIaT TEKCTUHUT
U aTPUHHUT, & TeJIMHUTHT U KOPIOXyMUHUTHT Ce
yYCTaHOBSIBAT B €IMHUYHU Ci1y4au. PasHooOpasuero
Ha MalepaJiiTe OT rpynara Ha JUNTHHUTA B
CpPaBHEHHUE C W3TOYHOMAPUIIKUTE JIUTHUTHU € IO-
roJyissMo. CbIbPKAHUETO UM B OTIEITHH IPOCTIOMKA
moctura 10—18%. Uecto ce HabmronaBaT CIOPUHUT,
Io0pe 3ama3eHd KyTUHUT U CYOSPUHUT, aJITMHUT (10
5—10%), munroneTpuHuT (10 3—4%) ¥ pe3uHMUT.
KaTo 1151710 Hail-HICKO € ChIbPKAHUETO Ha (PFO3EHU-
3epaHuTe Malepajid, HO Ha OTAEJHH MecTa Te



nocturat 10—15%. IIpeobmanasa ¢y3uHATET, TO-
PSIKO ce cpermaT ceMu(py3MHUT ¥ MHEPTOIETPUHUT,
a KOJIMYECTBOTO HA MAKPWHUT U QYHTHHUT € OKOJIO
1%. I'maBaMTE MUHEpAIM B NEPHUIIKUTE BHIJIAINA
ca KBapIl, KAOJMHWUT, WIUT U CHUAEPUT, & BTOPO-
CTETIEHHU — TUPUT, MapKa3uT M KAJIIHUT. YCTAHO-
BEHHU Ca W PEIWIa APYTrd MUHEpATHU (a3u, YMeTo
KOJITIeCTBO 00ave € HE3HAYNTEIHO.

HabmronaBa ce TsaCHa Bpbh3Ka MEXAY CHHTEHE-
TUYHUSIT TUPUT, XyMOJCTPUHUTET U TJIMHECTUTE
muHepam. OT apyra cTpaHa, CHAEPUTET, KOUTO €
MpeIUMHO UHPIITPAIMOHEH U OTIIOKEH IO ITyKHA-
THHU € B TSICHA aCOIAAIIUS C eTIUTCHETUYHIS TUPUT.

bankancku 6acetin. IlerporpadCkusT ChCTaB Ha
BbIMINAaTa OT balkaHCkusi OaceiH € CPaBHUTEITHO
eqHooOpaszeH. MarnepanuTre OT rpynaTa Ha BUTPH-
HUTA PS3KO mpeodnagasat u gocturat 85—90% ot
CbCTaBa Ha OpraHnyHara maca. Haii-Bucoko € cb-
IbpxkaHueTo Ha koauHuTa (1o 50—60%), mpencra-
BEH OT T'€JIOKOJIMHAT, JECMOKOJIMHUT U BUTPOIETPH-
HAT. B MuauManHo konmdecTBO (eaBa 2—3%) ce
cpemar OTAESIHN EQUHUYHA MHUKPOCHOPH OT TPy-
mata Ha eK3WHWTa. Mamepajaute OT IpymaTa Ha
MHEPTUHATA Ca HEPABHOMEPHO pa3mpeIesIeHu, KaTo
B OTJICJTHY HMBA HA BBIJIAIIHUS IUIACT JOCTUTAT 8—
10%. YecTo ce ycTaHOBsIBa (Dy3WHUT, YUUTO OTBOPHU
MOHSIKOTA Ca 3aTbJIHeHN OT IMpuT. [1o-psimko ce cpe-
AT CeMU(y3MHUT, MAKPUHUT, QYHTUHUT U HHEPTO-
IeTpuHUT. bajJkaHCKHATE BBIJIMINA CE OTIIMYABAT C
rOJIIMO MAHEPAJTHO pa3sHOOOpasue, KaTo IIaBHU ca
MUPUTEHT, KBAPI'ET, KAOJMHUTET, IJIaTMOKIIA3UTE 1
KaJIIUTET, @ BTOPOCTENIEHHN — MapKas3uT, WIIHT,
MOHTMOPWJIOHHAT, MYCKOBHT, aHXUIPUT, THIIC,
CUJIEPUT U JOJIOMUT. YCTAHOBEHHU Ca U MHOXKECTBO
JIPYrd MUHEPAJIH, YAE€TO KOJIM4ecTBO € o 1%.

B ompeneneHu HUBa Ha BBIJIUIIHUS ILIACT CE
3abensa3Ba TSCHA acOLUAIUSl MEXIY BUTPOJETPU-
HUTA, CYyJ(PUIHUTE, NIMHECTUTE U KapOOHATHUTE
MUHepain. XapakTepHa 3a 0aJIKaHCKUTE BBINIUIIA
¢ 1 boraraTta MHOUITPANMOHHA MHUHEPaTM3aINs,
ChCTOSIIIA C€ OCHOBHO OT MHUPHT, KAOJHWHHUT,
kapbonatu u kBapu. OTiaraHeTo WM € CTaBaJio
KaKTO [0 €HJIOTEHHU MyKHATHHU B KOJMHUTA, TakKa
Y 1O €K30TE€HHM MYKHATUHU U KIIUBAXK.

OT pasmiexJaHUTE BBIJIMINA C HaW-BUCOKO
chabpxanue Ha o6mma csapa (5,77%) ce xapakre-
pu3UpaT JIUTHUTUTE OT I3TOUHOMApUITIKKS OaceiH.
IIpu Tx mpeobmagaBa muputHaTa csapa (3,19%),
cienaBana ot oprannyHata (2,51%) u cyndarHata
(0,07%). OTHOCUTEIIHO BHUCOKa KOHIIEHTpAIUs Ha
obma csapa (3,11%) uMat u YepHUTE BBIJIUIIA OT
Bankanckus 6aceiin. Ilpu Tsax ce HabaromaBa Jiek
npeBec Ha opranuuHata (1,61%) Ham nmupuTHaTA
(1,45%) u popma Ha mpucnhcTBue. ChaAbpPKAHKETO
Ha cyjidaTtHara cspa e 0,06%. Haii-Hucko e xou-
4eCTBOTO Ha csipa BB BbIIUIIATa OT [lepHUIIKMS
b6aceitn — ob6ma (2,36%), nuputHa (1,42%),
opranunyHa (0,91%) u cyidartna csapa (0,04%).

ITupUTEHT € IaBHUS CEPOCHIbPIKAIL MUHEPAI U
B TPUTE THUNA pa3rjexIaHu BBIIMINA, KATO
KOJIMYECTBOTO My MHOTOKPATHO HaJBUIIIABA TOBa
HA BCMYKHU OCTaHAJIH CyJIDUIHA MUHEPaJU (MapKa-

3UT, MEJTHUKOBUT, MAKWHAYHT, TPEUTHUT, TUPOTHUH,
cthaneput, XaJIKOOUPUT, PYKYIWIAT U NIP.) B3ETH
3aemHO. Toit ce oTmyaBa ¢ boraTto pasHooOpasue
Ha Mopdonoxku popmu (Kocrosa, 2002). Odpam-
OommaneH muput (cPepuvHU arperatu OT €BXEM-
pajgHu A0 cyOXegpasiHU MUPUTHU KPHUCTAIU) Ce
YCTAHOBSIBA M B TPHUTE THUIA BBIJININA, KATO B
JuraatutTe or Mapuna-M3Tok KOJIr4yecTBOTO My €
Haii-rosismo. EBxenpamausat nuput (mobpe odop-
MEHM IAPUTHHA KPUCTAJIU C Pa3HOOOpa3HU pazMepu
1 XabWTyC) € C OKTaeAPUICH U KyOU4eH Xxaburyc B
M3TOYHOMAPUINKWUTE BHIJIAIIA U C IEHTATOHIOAeKA-
€OpUYCH U Ky0O—OKTaeqpUICH XaOUTYC IPH BBIIIN-
maTta ot IlepHuimkus u bankanckus OaceiHu.
MacuBHEAT (IMPUTHU arperatu ¢ HENMPaBUJIHU
oYyepTaHus U pa3Mepu mo-rojemu oT 10 um) u aH-
XeIpATHAST MHUPHUT (3aBHCH OT (popmara Ha pac-
TUTEJTHUTE OCTAHKH, B KOUTO CE€ OTIara) ce Cpemar
C elHAaKBa YyecToTa u B TputTe OaceiHa. [IepBUAT ce
YCTaHOBSIBA MO (hopMaTa Ha MUPUTHHU arperaTu C
pasmepu ot 10-20 pm 10 4—5 mm, TOKaTO BTOPHUAT
3am’bJiBa KJIETHYHUTE OTBOPU HA TEKCTHHUTA,
TEKCTOYJIMUHUTA, QPy3uHUTA, CEMUDY3NHUTA, TEITH-
HUTA ¥ KaMepuTe Ha QYHTMHUTA, KATO IPUEMA TSIX-
Hata opma. Madmnrpannones muput (oOpasysa
Ce B pe3yJITaT Ha IIUPKyJIalys Ha pa3TBOpH, Oaratu
Ha MUHEPAJIHU BEIIECTBA IO €HIOTE€HHU W €K30-
reHHU MyKHATWHU) ce HabJIrogaBa caMoO BbB BBIIIN-
marta ot IlepHuk u bankas.

Pe3y.IITaTI/I A NUCKYCUSA

C”bl[”bp)KaHI/Ie Ha CJICMCHTUTC
BBB BbITIMIIIATA U BBITIMIIHUTC ITINHHU

Hsmounomapuuiku 6acetin. B pesynrat Ha HACTOSI-
IIOTO M3CJieIBaHe 0sXa yCTAHOBEHU 35 eJleMeHTa B
W3TOYHOMAPHUIIKUTE JJUTHUTU, KATO CPETHUTE UM
ChI'bPXKaHUS BbB BBIJIMINATA, BHIJIUIITHATE TJIMHA
1 TAXHATA Memel1 ca mpeacraBenu B Tabmuia 1. Cpen-
HaTa KOHIICHTPAIUs Ha €JIEMEHTHUTE BB BhIJIMIIIATA
U TIETeJITa UM Ca CPABHEHU C KJIIAPKOBUTE ChAbPXKA-
uust Ha FOmosuy u np. (1985), cboTBeTHO 3a kahsBU
BBIJIMIIIA ¥ TSIXHATA IeTe], ¢ Te3u Ha Beus, Grigorian
(1975) 3a mmucTu u Ha Mason, Moore (1991) 3a nenen-
Ta Ha TemneI000pasyBalluTe eJIEMEeHTH. B 3HaunTe -
HO KOJIMYECTBO, IpeBHIaBamo oT 1,7 no 6,7 nsru
KJIApKOBOTO ChIbpiKaHue ca eleMenture S, Sb, Cu,
Ni, Mo, V, Ba, Ti, Ag, Zn, Pb, Co, Yb, Cr, As u Cd.
BbB BhIIMIIHATA TEMENl KOHLIEHTpauusita Ha Mo,
Cu, Fe, Ni, Sb, V, Ag, Cd, Ti, Sr, Co 1 Zn ¢ noBuiIieHa
ot 1,5 1o 3,2 msru cipsiMo KJ1apka. 3HAUUTEJTHO TOI-
KJIAPKOBO KaKTO BBHB BBIJIAIIATA, TaKa U B TIETIEITA
uM e cbabpxanuero Ha K, Y, Sn, Mg, Ga, Sc, Zr,
Na, Be, W u P. Hucka e cbl10 Taka KOHIIEHTpaIusTa
Ha Si, Al u Ca B usciieqBaHuTe JUTHUTH U Ha Bi,
Pb, Ge u Mn B nieriesiTa Ha chIuTe npobu (tabi. 1).
EavHCTBEHHO NaHHUTE 3a NPUCHCTBUETO H
KOHIIEHTpaInusaTa Ha Bi B u3cienBanuTe BBIIUIIA
JIO M3BECTHA CTEIEH Ca CIOPHU, TIOPAIU ECTECTBOTO
Ha U3MOJI3BAHUTE aHAJIUTUYHA METOIN.
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Tabauna 1
Co0BpHCAHUC HA CACMCHMUME 868 662AUWA, 8BAUWHU 2AUHU, 6B2AUWHA NENeA U NENeA OM 6b2AUWHU 2AUHU OM
Hzmounomapuwkus 6aceiin

Table 1
Element contents in coal, coaly clay, coal ash and coaly clay ash from Maritza East basin

Cpeano chIbpkanue (ppm) B Krapk 3a E;ellg;( ;2
menen
Enementu BBIVI. | TEMeNa OT oT K° KagseH K¢ KahsBH K
BBITIUINA BBITIUINA,
TJIMHA | BBIVIAIIA | BBIJL ppm’ B’bl“J'II/IIila,
TJINHU ppm
Be 1,2 2,8 4,3 5,1 0,8 2,4 0,5 11 0,4
Na, % 0,45 0,24 1,6 0,44 3,7 0,98° 0,5 2,88 0,6
Mg, % 0,39 0,62 1,4 1,1 1,3 1,5° 0,3 2,18 0,7
Al, % 3,2 8,9 11,5 159 0,7 8,65° 0,4 8,1% 1,4
K, % 0,26 0,92 0,96 1,7 0,6 2,7° 0,1 38 0,3
Ca, % 1,4 2,0 5,0 3,6 1,4 2,0° 0,7 3,6 1,4
Sr 174 57 625 102 6,1 130 1,3 3758 1,7
Y 1,7 1,7 6,3 30 2,1 7 0,2 37 0,2
Zr 14 136 50 243 0,2 30 0,5 160 0,3
Mo 12 1,7 42 3,0 13,7 2,4 4,8 13 3,2
W 2,3 1,4 8,1 2,6 32 4,0 0,6 20-40 0,4 -0,2
Ba 330 168 1188 301 3,9 120 2,7 890 1,3
Yb 0,9 0,8 34 1,5 2,3 0,5" 1,9 3,48 1,0
Si, % 5,4 15,3 19,3 27,6 0,7 27,5° 0,2 HA -
P 100 200 200 400 0,5 130 0,8 1000 0,2
S, % 1,6 2,0 5,8 3,6 1,6 0,24° 6,6 HA -
Sc 1,0 4,0 3,6 7,1 0,5 2 0,5 15 0,2
Ti 1266 1143 4560 4113 1,1 500 2,5 2600 1,8
v 94 65 339 117 2,9 23 4,1 120 2,8
Cr 20 18 73 32 2,3 12 1,7 70 1,0
Mn 108 156 390 280 1,4 100 1,1 510 0,8
Fe, % 43 7,3 15,6 13,2 1,2 4,8° 0,9 5,08 3,1
Co 6,4 8,4 23 15 1,5 34 1,9 20 1,5
Ni 42 55 153 98 1,6 8 5,3 51 3,0
Cu 41 42 147 75 2,0 7,5 5,4 48 3,1
Zn 40 130 145 233 0,6 18 2,2 100 1,5
Cd 2,0 15 7,3 27 0,3 0,3 6,7 3 2,4
Ga 2,8 19 10 34 0,3 7 0,4 36 0,3
Ge 1,7 0,6 6,1 1,1 5,7 1,5 1,1 9 0,7
As 24 18 85 32 2,6 14 1,7 60 1,4
Sn 0,3 0,6 1,0 1,1 0,9 1 0,3 4,1 0,2
Sb 5,8 6,1 21 12 1,9 0,5-2 11,9-2,9 5-10 4,1-2,1
Pb 4,8 11 17 20 0,9 2,5 1,9 53 0,3
Bi 0,4 1,8 1,3 32 04 HA - 30-60(?) 0,04-0,02
Ag 0,8 0,6 2,8 Lo 2,6 0,3 2,5 1 2,8
A% % 28,0 56,1 - - - - - - -
bpoii na 61 22 - - - - - - -
npobume

2 Knapk nmo FOgosuu u ap. (1985)

® KoedunuesT Ha TMIOMOP(GHOCT (IPECTaBIABA OTHOMIEHHETO MEXAY CPEJHOTO ChIbPXKAHUE HA €JIEMEHTa B NENeNTa Ha
BBIJIMLIATA KbM CHIBPKAHUETO My B IMEMEJITa HA BBIIMIIHHU [JIHHH)

¢ Koedunuent Ha oboraTsBaHe Ha BbIJIUIIATA (IPENCTaBJsSIBA OTHOIIEHUETO HAa CPEOHOTO ChABPIKAHHE HA €JIEMEHTa B
BBIJIMIIATA KbM KJIapka My 3a KasiBM BBIJIUINA)

4 KoetumuenT Ha oboraTsBaHe Ha HemenTa (IPEJCTAaBIABA OTHOIIEHHETO HA CPENHOTO ChABPXKAHME HA €JEMEHTA B MEleNTa
Ha BBIJIMIIATA KbM KJIapka My 3a MenenTa Ha kadsBu BbIIMINA)

¢ Knapk 3a muctu (Beus, Grigorian, 1975)

f Cpenno cwabpxkanue 3a permmma (Valkovic, 1983)

¢ Kiapk mo Mason and Moore (after Beaton et. al., 1991)
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Cnopen uzcnensanusita Ha Eskenazy (1996) main-
KO MMO-BUCOKM Ca CPpEIHUTE ChIbpXkKaHUsi Ha Pb u
Sc BuB Bpomumara u Ha Ge, Mn, Mo u As B nieriejira
VM B CpaBHEHHME C U3JIOKEHUTE B HACTOSIIIaTa paboTa
pesyiraru.

IHepnuwxu 6acetin. B rabnuna 2 ca npencraBeHn
CpeIHUTE CTOWHOCTH Ha ONpeesIeHuTe 34 eeMeHTa
B Ka(hsIBUTE BHIJIMIIA, BHIJIUIITHUTE TJTUHM U ITETIEITa
uMm ot [epHuikus 6aceriH. B cpaBHEeHME ¢ KIapKO-
BuTe Chabpxanus Ha FOgosud u np. (1985) 3a kads-
BY BBIJIMINA W Te3W 3a mucTh Ha Beus, Grigorian
(1975) 3a memenmooOpas3yBamuTe eIEMEHTH OT 2,5 10
10,5 mbTH € NOBHIIIEHO ChaAbpkanueTo Ha Ni, As,
Sb, Co u Cd BBB BpImMIaTa. Majako HagKIapKOBa
¥ OKOJIOKJIApKOBa € KOHIeHTpanusaTa Ha Sc, S, Ti,
Pb, V, Mo, Cr, Ba, Ca, Y, Mn u Cu. 3HaunTenaHo
MOIKIIApKOBO € KojmyecTBoTO Ha Si, K, Al, Na, W,
Mg, Ag, Ga, Sr u Be. B nenenrta Ha cbiuTe npobu
As, Fe, Ni, Ca, Co u Cd ce ycTaHOBSIBAT B KOJIMTYECTBO
OT 2 10 6 ITBTW MO-BHCOKO OT TOBA Ha KJIapka 3a
reresiTa Ha KadssBUTE BhINIAINA U mucTuTe. OKOJI0-
KJIAPKOBO € ChAbpKaHueTo Ha Sr, Mn, Sn, Mg, Y u
Zr, a 3HAYUTEITHO MOJIKJIAPKOBO € TOBA Ha €JIEMEH-
tute W, K, Na, Pb, Ag, Ga, Al, Yb, P u Zn B menenra
Ha U3CjieABaHUTE BbIMIna (TaoJr. 2).

KopTtencku u np. (1993) ycTaHOBSBSAT HSIKOJIKO
ITBTY IO-BUCOKO ChAabpkanue Ha Cu 1 Zn B CHITUTE
BBIJIMINA, a CHIIO Ha As ¥ Zn B neneiTa uMm. JlaHHu
3a MHOTOKPAaTHO HO-TOJiiMa KOHIeHTpamnus Ha Ti
nasa Eskenazy (1996).

baaxancku 6acetin. BuepHUTE BBIJIAINA, BBIJIMII-
HUTE TJIMHU U TSAXHATA TETeN ca ompeneseHu 32
eJIEMEHTAa, a CPEJHUTE UM CTOWHOCTH ca IpecTa-
BeHHU B Tabymna 3. XapakTepHO KakTO 3a BBIJIMIIATA,
TaKa ¥ 3a IeNeJITa UM € Mo-BUCOKoTo 12 u 11,1 meru
CHbOTBETHO B CPaBHEHHUE C KJIapka ChIbpiKaHHE HA
As. OT 2 10 4 BTH HO-BUCOKA OT KJIapKa € ChIIO
Taka koHnenTpamnusatra Ha S, Cd, Ti, Sr u Ba BBB
ppommiaTa u Fe B menenta. CpaBHUMO € KJIapKa Ha
FKOnoBuu u np. (1985) 3a uepHM BBITIUIIA U TO3U HA
Beus, Grigorian (1975) 3a mmcTH € KOJIUYECTBOTO
Ha Be, Ni, Cr u Zn. 3a nemneyita OKOJIOKJIapKOBH ca
cpabpxanuiaTa Ha Cr, Yb, Ag, Cd, Ti, Ba u Ca.
MuHarMaTHa € KOHIleHTpanusTa Ha Zr, Mg, Na, Si
u K BBB BpIIvmiaTa ot bajkanckus 60aceiH U Ta3u
Ha Pb, Zr, Sn, Sc, BY u Na B nemneyra um.

Hannum 3a cpabpxanneto Ha Ni 1 Co B pasniex-
nmauus OaceitH uma B paborata Ha KopTeHckH,
bnusnakos (2001), xbeTO € yCcTaHOBEHA OKOJIO 3
II'BTH [TO-HUCKA KOHI[EHTPALMS Ha MbPBUA U MaJIKO
MO-BHCOKA HAa BTOPHS €JIEMCHT B CpaBHEHHE C
pe3yJITATUTE OT HACTOSIIIOTO U3CJIECBAHE.

IIpuBBP3aHOCT HA E€JIEMEHTUTE
KbM OPTaHUYHOTO/HEOPTaHUYHOTO
BBIJIMIIIHO BEIIECTBO

Hsmounomapuwiku 6aceiin. IlpuBbp3aHocTTa Ha
€JIEMEHTUTE KbM OPraHUYHOTO/HEOPTAaHUYHOTO
BEILIECTBO € OIpeAesIeHa O OTHOLIEHUETO MEXIY
TSAXHOTO ChIIbPXKAHUE B IeTeJiTa Ha BrIruiiara (B)

KbM CBIBbPXKAHUETO UM B IENeJiTa Ha BBHIJIUIIHHA
e (BI') — B/BIC u ciopen koedunrenTa Ha KOpe-
Janus (r,) Mexay Tsax u nenenta. ITo To3u HaunH
€JIEMEHTHUTE Ce MOJIENIAT Ha MeT IPYITH:

— €JIEMEHTH, CBbP3aHH OYTH U3IISJIO C OpTaHWY-
HOTO BeIIeCTBO. TSIXHOTO ChIbPKaHUE BbB BBIJIMIII-
HaTa IereJl HaIBUINaBa IMOBeYe OT 2 BT TOBa B
TeTeJiTa Ha BhIJIUIIHATE IJIMHY, T. €. OTHOIIIEHUETO
B/BI' e no-rossimo oT 2, a r,e oT -0,5 1o -1. Kem
Ta3W rpymna cuajaT Mo-ToJiIMa YacT OT €JICMEHTHTE:
Mo, Sr, Ge, Ba, Na, W, V, Ag, As, Cr, Yb, Y u Cu,
yneTo otHomenue B/BI Bapupa ot 2 no 13,7;

— eJIEMEHTH, CBBbP3aHM B MO-TOJIIMA CTEICH C
OpPraHMYHOTO BemecTBo. KbM Tas3u rpyma ce
otHacaT Sb, S, Ni, Co, Mn, Ca u Mg. ChabpxkaHHEeTO
VM BBB BBIJIMIIHATA Tenen npesumana 1,3 mo 1,9
ITBTY KOJIMYECTBOTO MM B IEIeJITa Ha BBIJIUIIHA
[JIMHA, a KOe(UIIMEHTBT UM Ha KOpeJialus Bapupa
ot -0,33 0o -0,5;

— eJIEMEHTH, CBbpP3aHM B €IHAKBa CTEIEH C
OPraHUYHOTO M HEOPTAaHUYHOTO BernecTBO. [1pu Tsx
otaomenueTo B/BIT e 6mu3o 1o 1, a koeduueHTET
Ha KOpeJTaIys € MO-HUChK OT CTATUCTHYECKH 3HAYM-
must 1o Davis (1973). Kem Tas3u rpyma cniagat Tpu
enementa — Fe, Ti u Pb;

— eJIEMEHTH, CBBbP3aHM B MO-TOJIIMA CTEICH C
HEOPraHUYHOTO BelecTBO. KoHIeHTpanusaTa Ha Te3n
€JIEMEHTH € TIO-3HAYMTE THA B MeIeJITa Ha BhIJIUIIL-
HUTE DIMHKA OTKOJIKOTO B TENeJITa Ha BBIJIMINATA U
r, ce m3mens ot 0,33 mo 0,50. Kem tasu rpyma
npuHaaiexart Be, Al, Si, K 1 Zn, uneTo oTHOIIICHHE
B/BI" ce usmens B uarepsaia 0,8 — 0,6;

— €JIEeMEHTH, CBBhP3aHU MOYTHU H3IIJIO KbM
HeOpTraHu4YHOTO BetecTBo. Zr, Cd, Ga, Bi, Scu P ce
OTJINYaBaT C HaW-HUCKU CTOWHOCTU HAa OTHOIIIE-
nueto B/BI'u r, mexny 0,5 u 1,0, xoeTo e nokaszaren
3a mpeobiiamaBaIo MUHEpalTHaTa UM QopMa Ha
MPUCHCTBUE B pa3mieKIaHUTE BBIJIUIIA.

PasnpeneneHneTo Ha eJIEMEHTUTE B 3aBUCUMOCT
OT MENEeTHOTO ChAbPIKAHKME Ha BBIVIMIIATA € MPE.-
craBeHO Ha ¢ur. 1. Mi3nosBana e kiiacudukamusta
Ha Alpern et al. (1989), ciope KOs TO KaTO BBIVIMIIA
ca O3HAYEHHU Te3M C NenejHo chabpxanue (AY) no
30%, KaTO HEYNCTH BHIIHUINA Te3u ¢ Ad mexay 30 u
50% u xaTo BBLIUIIHA DirHE Te3u ¢ Ad Hag 50%.

Pesynrature OT pasnpeaesicHIeTO Ha EJIEMEHTUTE
BBB BBIJIMINA C PA3JIMYHO IEMETHO ChIbPKAHUE
MMOYTH M3IJIO ChBIAda C HO-TOpPe HU3BBPIICHOTO
rpyIUpaHe Ha €JIEMEHTHTE CIPIMO OTHOIICHHETO
OpPraHWYHOTO/HEOPTaHUYHOTO BemiecTBo. Ilpu
exementute oT I u Il rpyma ce nabnromaBa
nmoavyepTraHa TEHIACHIUS KbM HamajsgBaHe Ha
KOHIIEHTPAIMSATA UM MMapajIeJIHO C YBEJIUYaBaHE HA
nenenrta. [lono6Ho pasnpenenenne nmat Na, Mg,
Ca, Sr, Y, Mo, Ba, Yb, S, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Ge, Sb u Ag. HapacTBane cbabpKaHHETO HA
€JIEMEHTHUTE MapaJjiesIHO C HapacTBaHE KOJIMYECTBOTO
Ha IeMeJITa € BaJUIHO 3a Te3H, MPUHAIJICIKAIHA KbM
nocyjexHuTe ABe rpymu, a umenno K, Zr, Si, B Sc,
Zn, Cd, Ga, Pb u Bi (¢wur. 1).

CxonHnu maHHd mMa B pabortarta Ha Eskenazy
(1996). Kato TunoMophHu 32 H3TOUHOMAPHUIIKUTE
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Tabnuna 2
Coiopicanue HA eAeMEHMUMe 6868 8b2AUWA, 6BAUUHU 2AUHU, 6B2AULHA NENeA U Nenea Om 8deAUUHU 2AUHU OM
Ilepruwkus 6acetin

Table 2

Element contents in coal, coaly clay, coal ash and coaly clay ash from Pernik basin

Cpeano cpabpikanue (ppm) B Krapk 3a Krnapk 3a
Ternest Ha
Enementu BpOL. | menern ot | oned K° Kadssn K* KadsBu K¢
BBIVIAIIA OT BBIL BBIUINIIA,
IIMHKA | BBIVIMINA a BBITINIIA,
TJIMHA ppm a
ppm
Be 1,3 3,1 7,3 4.4 1,7 2,4 0,5 11 0,7
Na, % 0,10 0,30 0,59 0,42 1,4 0,98° 0,1 2,88 0,2
Mg, % 0,32 1,8 1,8 2,5 0,7 1,5° 0,2 2,18 0,9
Al % 1,0 6,6 5,8 9,2 0,6 8,65° 0,1 8,1¢ 0,6
K, % 0,08 0,84 0,46 1,2 0,4 2,7° 0,1 3,08 0,2
Ca, % 2,0 2,2 11 3,1 3,7 2,0° 1,0 3,6° 3,1
Sr 64 170 367 238 1,5 130 0,5 375% 1,0
Y 6,0 18 34 25 1,4 7 0,9 37 0,9
Zr 24 72 137 101 1,6 30 0,8 160 0,9
Mo 3,2 3,7 19 5,2 3,6 2,4 1,4 13 1,4
w 0,7 0,8 3,9 1,1 3,4 4,0 0,2 20-40 0,2-0,1
Ba 132 461 752 645 1,2 120 1,1 890 0,8
Yb 0,4 1,1 2,2 1,6 1,4 0,5 0,8 3,48 0,6
Si, % 2,6 18,7 15,0 26,1 0,6 27,5¢ 0,1 H -
P 100 400 600 500 1,2 130 0,8 1000 0,6
S, % 0,41 0,84 2,4 1,2 2,0 0,24° 1,7 HI -
Sc 3,6 10 20 14 1,4 2 1,8 15 1,4
Ti 860 3654 4900 5116 1,0 500 1,7 2600 1,9
A% 35 68 198 95 2,1 23 1,5 120 1,6
Cr 17 44 94 62 1,5 12 1,4 70 1,3
Mn 87 411 493 576 0,9 100 0,9 510 1,0
Fe, % 32 7,3 18 10 1,8 4.8 0,7 5,08 3,6
Co 8,5 13 48 18 2,8 3,4 2,5 20 2,4
Ni 31 28 179 39 4,6 8 3,9 51 3,5
Cu 7,1 25 41 35 1,2 7,5 0,9 48 0,8
Zn 11 53 64 74 0,9 18 0,6 100 0,6
Cd 32 10 18 14 1,3 0,3 10,5 3 6,0
Ga 3,3 31 19 43 0,4 7 0,5 36 0,5
Ge 1,2 0,6 6,7 0,9 7,4 1,5 0,8 9 0,7
As 43 9,8 247 14 18,1 14 3,1 60 4,1
Sn 0,7 3,4 3,9 4.8 0,8 1 0,7 4,1 1,0
Sb 1,8 1,3 10 1,8 5,7 0,5-2 3,6-0,9 5-10 2,0-1,0
Pb 4,2 24 24 34 0,7 2,5 1,7 53 0,4
Ag 0,1 0,1 0,5 0,1 3,8 0,3 0,3 1 0,5
A % 17,4 69,1 - - - - - - -
bpoii na 49 27 - - - - - - -
npobume

2 Knapk nmo FOgosuu u ap. (1985)

® KoedunuesT Ha TMIOMOP(GHOCT (IPECTaBIABA OTHOMIEHHETO MEXAY CPEJHOTO ChIbPXKAHUE HA €JIEMEHTa B NENeNTa Ha
BBIJIMLIATA KbM CHIBPKAHUETO My B IMEMEJITa HA BBIIMIIHHU [JIHHH)

¢ Koedunuent Ha oboraTsBaHe Ha BbIJIUIIATA (IPENCTaBJsSIBA OTHOIIEHUETO HAa CPEOHOTO ChABPIKAHHE HA €JIEMEHTa B
BBIJIMIIATA KbM KJIapka My 3a KasBM BBIJIUINA)

4 KoetumuenT Ha oboraTsBaHe Ha memenTta (IPEJCTAaBIABA OTHOIIEHHETO HA CPENHOTO ChABPXKAHME HA €JEMEHTA B MEleNTa
Ha BBIJIMIIATA KbM KJIapka My 3a MenenTa Ha kadsBu BbIIMINA)

¢ Knapk 3a muctu (Beus, Grigorian, 1975)

f Cpenno cwabpxkanue 3a permmma (Valkovic, 1983)

¢ Kiapk mo Mason and Moore (after Beaton et. al., 1991)
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Tabnuna 3
Co0BPAHCAHUC HA CACMCHMUME 8668 8B2AUWA, 8BAUWHU 2AUHU, 82AULHA NENeA U NENe OM 8b2AUWHU 2AuHU om Baikanckus
bacetin

Table 3
Element contents in coal, coaly clay, coal ash and coaly clay ash from Balkan basin

CpenHo chabpkanue (ppm) B Krapk 3a Krnapk 3a
Enemenrn HeTest K® e K* H?JEEJII{: : K¢
BBIJ, | MEMeN OT
BRIIMIA | oot | by rumma OITHI;IT;IFI;II'I, Bbrnml_la, e —
ppm a
ppm

Be 1,6 3.4 5,8 6,0 1,0 2,1 0,8 21 0,3
Na, % 0,14 0,33 0,55 0,59 09 0,98° 0,1 2,8 0,2
Mg, % 0,22 0,54 0,86 0,97 09 1,5° 0,1 2,1 0,4
Al, % 2,8 7,6 10,7 13,7 0,8 8,65° 0,3 8,1° 1,3
K, % 0,58 1,7 2,2 3,1 0,7 2,7° 0,2 3,0° 0,7
Ca, % 0,98 0,60 3,8 1,1 3,6 2,0° 0,5 3,6" 1,1
Sr 189 556 700 1000 0,7 76 2,5 460 1,5
Y 2,1 3,7 8,3 6,5 1,2 6 0,4 47 0,2
Zr 4,0 17 15 30 0,5 41 0,1 250 0,1
Mo 1,8 2,8 6,9 4,7 1,5 3 0,6 25 0,3
Ba 286 556 1050 1000 1,1 130 2,2 930 1,1
Yb 1,5 2,3 6 4 1,5 0,8 1,9 7 0,9
Si, % 5,9 15,0 22,8 26,9 0,8 27,5° 0,2 HJ -
P 50 100 219 217 1,0 220 0,3 1300 0,2
S, % 0,96 0,93 3,8 1,7 2,2 0,24° 4,0 HI -
Sc 1,2 9,2 4,8 17 0,3 3 0,4 20 0,2
Ti 1400 3700 5200 6600 0,8 500 2,8 4600 1,1
v 18 40 70 73 1,0 31 0,6 180 0,4
Cr 17 28 68 50 1,4 16 1,1 86 0,8
Mn 50 60 200 100 2,0 95 0,5 460 0,4
Fe, % 2,5 2,5 10,8 4,5 2,4 4,8° 0,5 5,0 2,2
Co 2,3 2,4 9,1 4.4 2,0 5,2 0,4 34 0,3
Ni 15 19 58 35 1,7 16 0,9 90 0,6
Cu 6,8 8,8 27 22 1,2 18,5 0,4 80 0,3
Zn 27 116 109 210 0,5 22 1,2 150 0,7
Cd 1,7 2,4 7,4 3,7 2,0 0,6 2,9 6,5 1,1
Ga 3,0 11 13 20 0,7 7 0,4 51 0,3
Ge 2,0 1,2 8,3 2,0 4,1 2,9 0,7 20 0,4
As 241 52 995 94 10,6 20 12,0 90 11,1
Sn 0,4 1,7 1,5 4 0,4 1 0,4 7,5 0,2
Pb 6,7 14 24 20 1,2 25 0,3 170 0,1
Ag 0,3 1,7 1 3 0,3 0,4 0,6 1 1
A% % 25,5 55,0 - - - - - - -
bpoii na 58 31 - - - - - - -
npobume

2 Knapk nmo FOgosuu u ap. (1985)

® KoedunuesT Ha TMIOMOP(GHOCT (IPECTaBIsABA OTHOMIEHHETO MEXAY CPEIHOTO ChIbPXKAHUE HA €JIEMEHTa B NENeNTa Ha
BBIJIMLIATA KbM CHIBPXKAHUETO My B IMEMEITa HA BBIIMIIHH [JIHHH)

¢ Koedpunuent Ha oboraTsBaHe Ha BbIIUIIATA (IPENCTaBJsSBA OTHOIIEHUETO HAa CPEOHOTO ChABPIKAHHE HA €JIEMEHTa B
BBIJIMIIATA KbM KJIapKa My 3a YE€PHHU BBIIIHIIA)

4 Koe¢umueHT Ha oboraTsBaHe Ha HemenTa (IPEJCTAaBIsABA OTHOIIEHHETO HA CPENHOTO ChABPXKAHME HA €JEMEHTA B MEleNTa
Ha BBIJIMIIATA KbM KJapKa My 3a HemesiTa Ha YePHU BBIVIMILIA)

¢ Knapk 3a muctu (Beus, Grigorian, 1975)

f Knapx nmo Mason and Moore (after Beaton et. al., 1991)

7 Cnucanue Ha BBJIrapckoTO reosiorn4ecko ApyxecTBo, kH. 1—3, 2005 49
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®ur. 1. Pa311pe)1eJ1e}me Ha CpeaJHUTEe CHADBPKAHUSA HA €JEMEHTHUTE B 3ABHCHMOCT OT MNENEJHOTO CHABPKAHHUE B
HU3TOYHOMAPHUINKHUTE BBHIVIMIIA

Fig. 1. Distribution of average content of the elements according to ash content in coal from Maritza East
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BBIJIMINA CA IOCOYEHH EJIEMEHTHUTE, YNUTO KOedu-
nuenT Ha TunoMopduoct K (K = B/BI) ce nBmxu B
uHTepBana 2 4 5 (Ba, Cu, Mn, Co, Ni), a kato
M3KITFOYUTEITHO THITIOMOP(DHH — TE31 C KOSHUITUCHT
mo-rojisMm ot 5 (Mo, Ge, Sb, As, Sr, V). Bcuukn
ITOCOYECHH €JIEMEHTH B HACTOSIIIIaTa paboTa ca ompe-
IEJICHU KaTO NMPUBBP3aHU HOYTH U3ISLIO WA B
3HAYMTEJIHA CTENEH KbM OPTaHWUYHOTO BEIIECTBO
KaTO 3a 9aCT OT TsX o0adye € MaIeH 3HAYUTEITHO T0-
BHICOK KOE€(DUITMEHT Ha THIOMOP(HOCT — 8 II'BTH MO-
BuCOK 3a Ge, 6 mesru 3a Sb, 4 weTH 32 As, 2,5 TBTH
3a Mo u 2 msTH; 32 V.

Ilepnuwiku b6aceiin. Bb3 0cHOBa HAa OTHOIIIEHUETO
B/BI, a cbmo u Ha koepuIMeHTa HA KOpEJamus
MEX/Ty €JIEMEHTHUTE U TIeTeITa ca 000cobeHu cien-
HUTE MET TPYIH:

— EJIEMEHTH, CBBP3aHH IIOYTH U3IISLJIO C OPraHuy-
HOTO BemecTBO. CrabpxanueTo Ha As, Ge u Sb B
IemnesITa Ha BhIJIMINATA HAJBUIIIABA MHOTOKPATHO
(Ham 5 ETH) TOBA B MEMEJITA HA BBIJIUIIHATE TIIVHA.
OT 2 10 5 IBrY IO-BUCOKA BB BBIVIAIIHATA IIEIIE]T
e koHneHnTpanusaTa 1 Ha Ni, Ag, Ca, Mo, W,Cou V.
Onpenensifku KaTO THIOMOPGhHH 32 pa3mICKIAHUTE
BbIuina ejaementure Mo u As, Eskenazy (1996)
mpuBEXJa JaHHW 32 9 IIBTH MO-BUCOKA KOHIICH-
TpaIys BbB BBIJIMIIHATA IETEJ HA TbPBUS U 6 ITBTU
MO-HUCKA 33 BTOPUS €JIEMEHT B CPDABHEHHE C IETEIITa
Ha maATe. Koprercku u ap. (1993) ek onpenenst
10 mbTH O-BUCOKO ChIOBpXKaHWEe HA W BBB BBI-
JINIITHATA TETIeT;

— €JIEMEHTH, CBBP3aHH B IO-TOJISIMA CTEIEH C
opraamvHOTO BerecTBo ca S, Fe, Be, Zr, Cr, Sr, Sc,
Yb, Y, Na, Cd, Cu, P u Ba. CroitHOCTTa Ha OTHO-
menueto B/BI' 3a Te3u eneMeHTH ce IBUXU B
uHTEpBaia oT 2 10 1,2 1 oTpa3sBa mpeBeca UM BbHB
BBIJIMIIIHATA TIENe] B CPABHEHKE C TO3M B IEMeNTa
Ha BBIJIMIIHUTE [JIVHY;

— eJIEMEHTH, CBbP3aHU B €JHAKBA CTEIEH C
OPTaHUYHOTO M HEOPTAaHUYHOTO BelecTBO. Koedu-
[UEHT HA KOpeJIalus HO-HUCHK OT CTATUCTUYECKU
3Haunmus mo Davis (1973). Bkaroyenute B Tasu
rpyna Ti, Zn u Mn ce xapakTepusupaT C OTHOIIICHHE
B/BI" oxoro 1;

— @JIEMEHTH, CBbP3aHU B MO-TOJISIMA CTEIEH C
HEOPraHMYHOTO BelnecTBO ca Sn, Pb, Mg, Si u Al.
3a TsAX e XapakTepHa MHUHepanHata ¢popma Ha
NPUCHCTBUE, Thi KATO KOHIEHTPAIUSITA UM Ha-
pacTBa C yBeJIMYaBaHE Ha HENETHOTO ChIbpXKaHNUE
(¢ur. 2), koePUIHMEHTHET UM Ha KOPEJIAIUs C IeneiTa
€ ToJIoXKuTeJieH, a oTHomeHnueto B/BI' e mo-manko
ot 1;

— €JIEMEHTH, CBbP3aHU MOYTHU MBS0 KbM
HEOPraHUYHOTO BeriecTBo. KbM Tasu rpyna cnagat
nBa enementa — Ga u K. OtHomenuero um B/BI e
0,4. IToBuieHaTa UM KOHIIEHTpAIUs BbB BBIJIMIIA
C BHCOKO IEMENHO ChAbpxkanue (ur. 2) ce Hamupa
B IIpsika Bp'b3Ka C yBEJIUYaBaHE J1eJia HA [JIMHECTUTE
koMmoHeHTH B mpobute. To3u dakt rosBopu 3a
eBeHTya)tHO yuyactue Ha K 1 Ga B chcTaBa Ha K-
HECTUTE MUHEPAIIH.

ChIeCTBYBAT Pa3JIMYKs C INTEPATYPHUTE TaHHU
OTHOCHO pasmpeneieaneTo Ha Pb u Zn. Eskenazy

(1996) ru oTHACS KBM rpymnaTta Ha THIOMOp(HHTE
€JIEMEHTH 32 MEPHUIITKUTE BBIJININA, T. €. CBhP3aHH
NpeaIuMHO C OPraHWYHOTO BemecTBO. Pasmpe-
NEJIEHUETO HA €JIEMEHTHUTE MIPH PA3JIMYHO IETIETHO
ChIbpPKaHUE € MPEICTABEHO Ha (UT. 2 U WIIFOCTPH-
pa IpUHAIJIEKHOCTTAa UM KbM TOPHUTE MET TPYIIH.

baaxancku 6acetin. YcTaHOBEHH ca 32 eleMeHTa,
YUETO paslpenesieHue B 3aBUCUMOCT OT IEMETHOTO
ChIbPXKaHWE Ha BBIJIMINIATA € OTpa3eHo Ha dwur. 3.
OcHoBHO Ha 0a3aTta Ha oTHomeHueto B/BI
€JIEMEHTHUTE OT OAJKAHCKUTE BBIJININA CA TPYIUPaHH
IO CJICIHUS HAYMH:

— EJIEMEHTH, CBBP3aHU IOYTH U3IISLJIO C OPraHuyY-
HOTO BemecTBo. Tyk ce BkitouBat As, Ge, Ca, Fe n
S, YMeTO KOJMYECTBO BBHB BHINIMINATA IPEBUIIABA
MOB€YE OT BA I'BTU KOHIECHTPAIUITA UM BBB
BBIVIMLIHUTE DJIUHU U I, € OTpHuuareset. Mskirouu-
TEJIHO TUIIOMOP(eH 32 OATKAaHCKUTE BhIIIHINA € As,
YUUTO KoeuimeHT Ha TunoMopagHoct e 10,6;

— €JIEMEHTHTE, CBhP3aHU B MTO-TOJISIMA CTEIIEH C
oprann4HoTO BerecTBo ca Co, Mn, Cu, Ni, Yb, Mo,
Cr, Cd, Y u Pb. Ilpu Tax orHomenuneTo B/BI" ce
koJebae ot 1,2 1o 2, K0eTo mpeamnoiara mo-rojsm
OTHOCHTEJEH AN Ha opranm4yHata popma Ha
NPUCHCTBUE HAa €JIEMEHTHUTE B CPaBHEHHUE C
HeoprannyHata. CBBbp3aHU ca MIABHO ChC COpO-
[OMOHHATA U B [TO-MAJIKa CTETEH C OMOTeHHATA TeTIeT
(FOnoBuy, 1978);

— EJIEMEHTH, CBBbP3aHU B €IHAKBA CTEICH C
OpPraHWYHOTO M HEOPTaHWYHOTO BemecTBO. KM
Tasu rpymna ce otHacsaT Ba, V, B Be, Mg u Na.
Orromennero B/BI e oxoso 1. Te Bim3at B chcTaBa
KaKkTO Ha OpPTaHWYHWUTE, TaKa U Ha HEOPTaHUIHUTE
CBhEMHEHUS], KOETO Ce UIIOCTPUPA U OT pasImpe/ie-
JIEHHETO MM BBB BBIJIAIIATA C PAITMYHO HENETHO
ChIBbpXKAHUE, TPEACTABEHO Ha (ur. 3;

— EJIEMEHTH, CBbP3aHU B MO-TOJISIMA CTEIEH C
HEOPraHUYHOTO BeEIeCTBO. TyK cCe BKJIIOUYBAT
enementure Ti, Si, Al, K, Sr u Ga. Tax"oTO
KOJIMYECTBO B IIENEJITa HA BBIIMIIHUTE TJIUHU
MPEBUIIIABA KOHI[EHTPANUSATA UM B HUCKOTICIICITHUTE
BBIJIMINA, KOETO TOBOPHU 3a MmpeobiagaBaiio
MHUHepaHaTa uM Gopma Ha nmpucberBue. Al, K, Si
u Ti BIM3aT OCHOBHO B CbCTaBa Ha IIIMHECTUTE
MUHEpaJIU U KBapIa;

— €JIEMEHTH, CBbpP3aHU MOYTHU MBS0 KbM
HEOPraHMYHOTO BeIIecTBO ca Zr, Zn, Sn, Ag u Sc.
CroitHocTute Ha oTHOINeHueTo B/BI' mpu TaX e
HUCKO ¥ ce koJsiebae B rpanunure ot 0,5 mo 0,3.
PasnpeneneHneTo Ha T€3W €JIEMEHTH BbB BbIJIUIIA
C Pa3IMYHO MEIEIHO ChAbpKaHue ((ur. 3) MOTBBPK-
JlaBa PS3KOTO yBEJIMYaBaHE KOHIICHTPANMSTA HA SC
U Zr ¥ MO-IUIaBHOTO HAa Ag ¥ Sn IpH BBIJIMIIHUATE
rmau ¢ A4 > 50%. Wskmrouenne npasu Zn, 3a KOWTO
MaKCHMAJTHO KOJIMYECTBO C€ YCTAHOBSIBA IIPU MEMeT
ot 30 10 50%, T. €. Ip¥ HEYUCTHUTE BHIIIMIIA.

N3usno npuBbp3aHu KbM OPTaHUYHOTO Be-
IECTBO WU MPEUMHO CBbP3aHU C HETO U B TPUTE
pasmiexnanu 6aceitna ca S, Ca, Ge, As, Y, Mo, Yb,
Ni, Cu u Co. Janau 3a nogyepTaHusi OpraHUYCH
aUHUTET HA €IMH WK IPYT OT IIOCOUEHUTE EJIEMEHTHU
ce cpemat B pabotute Ha Munues, Eckenaszu (1972),
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®Qur. 2. Pa311pe)1eJ1eHne HA CPEeIHUTE CHABPKAHUSA HA €JIEMEHTHUTE B 3aBHCHUMOCT OT NENEJHOTO CHABPKAHHE B NMEPHUILIKUTE

BbIIMIIA

Fig. 2. Distribution of average content of the elements according to ash content in coal from Pernik
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BBIJIMIIA

Fig. 3. Distribution of average content of the elements according to ash content in coal from Balkan

53



Azambuja et al. (1981), Harvey et al. (1983), Warbrooke,
Doolan (1986), Miller, Given (1987), Goodarzi, Swaine
(1993), Eskenazy (1996) u np.

K, Ga, Al u Si ca npenmMyIecTBEHO CBbP3aHU C
HEOPTraHUYHOTO BEIIECTBO, T. €. MpeobiiagaBa MUHe-
panHaTa uM (GopMa Ha MPUCHCTBUE U B TPUTE TUIA
pbruma. Correa da Silva et al. (1984) rosopAT 3a
IpUBBP3aHOCTTA HaA Ga KbM HCOPraHUYHOTO BE-
mecTBO, mokato Kuhl et al. (1980) u Nicholls (1968)
CUYMTAT, Y€ TOW B €[HAKBA CTEMEH € CBhP3aH KaKTO
C OpraHnMvHaTta, Taka 1 C MUHEpaJIHaTa 4aCT Ha BbI'-
JIMITHATA MaTpPHIIA.

Paznuynata hopma Ha CBhP3BaHE HA OCTAHATIUTE
C€JIEMCHTHU B OTACJIIHUTEC HAXOoAUIIa CEC OBbJIXKU Haii-
BC€POATHO HAa pPAa3JIMKU BBHB ¢)H3I/IKOXHMI/I‘IHHTC
nmapaMeTpu Ha CpejaTa Mo BpeMe Ha OTJIaraHeTo
uM (Lindahl, Finkelman, 1986).

I'eoxuMuuHM aconuanuy Ha €JIEMEHTUTE
1 Bpb3KaTa UM C IIMpUTHATA CApa

Ha 6a3aTa Ha U3BBPIIEH KITBCTEP—AaHAINA3 EJIEMEH-
TUTE Ca BKJIIOYCHH B OTIEIIHH T'€OXMMUYHHU aco-
nuanuu. [Ipenmonara ce, 4e e1eMeHTH, OOeTMHEHN
B €IHA aCOIMAIUs, Ca MOCTHIBATIU CHBMECTHO B
TOpGeHOTO OJ1aTO, T. €. TPAHCIOPTUPAHU Ca OT OOIII
M3TOYHWK HA IIOJXPaHBaHE, OTIOXKEHH Ca IIPH OJTU3KU
(OM3MKOXMMIYHY ITApaMETPH Ha CPEeIaTa ¥ y4acTBaT
B CHCTaBa HAa CXOIHN OPTAaHNYHU WU HEOPTAHUYHU
ChEIUHEHUS.

Ot gpyra cTpana B 3aBUCUMOCT OT CTOMHOCTHTE
Ha KoeuIOMEHTa HA KOpeJlanus Ha OTHETHUTE
€JIEMEHTH C IMPUTHATA CSAPA EJIEMEHTUTE CTATUCTHU-
4YeCKU ca 0OCIUHEHU B JBE ITPYNU — EJIEMEHTH ChC
CTaTUCTHYECKH 3HAYUMHU CTOMHOCTU HA KOEPUIIU-
€HT Ha KOpeJalusi C HMPUTHATA CSIpa U €JIEMEHTHU
CBhC CTOMHOCTH MO CTATUCTHYECKH 3HAUUMUTE U
OTpHUIATENeH KOSQUIIMEHT Ha KOPEeJIaIus C MIUPUT-
HaTa cspa.

Hzmounomapuwku odacetin. CTaTUCTUYECKHU
sHauuMmaTta ctoinocT (0,33) Ha koedHUIEeHTa HA
KOpeJanys o0yCIaBsT OTACJISTHETO HA 7 aCOIMAaIUH,
KaTo HeOOBBp3aH OCTaBa enMHCTBEHO Sn (dur. 4).

(I) Si—K—Al—Zr—Sc—Ga—Bi—Ca—S, ,—Mg

(IT) Fe—S,,—Zn—Cd

(I1I1) P—Be

(IV) Ti—Pb

(V) Mn—Ni—Co

(VD) Na—Sb—Cr—Ge—V-Yb—W—Y —Ag—Sr—Ba

(VII) Cu—Mo—As

B 3aBHCHMOCT OT KOS(UIIMEHTUTE HA KOpeJIalus
HA eJIEMEHTUTE C MUPUTHATA CsIpa T€ MOraT ia 0b-
JIaT pa3rielaHy Mo CJIeIHUS HAUYWH:

— €JIEMEHTH ChC CTATUCTUYECKH 3HAYMMA CTOM-
HOCT Ha KOe(UIMEeHT Ha KOpeJalus C MUPUTHATA
cspa:

r, > 0,80: Fe

r,= 0,80 — 0,60: Cd, Zn

r, = 0.60 —0.15: Sn, Si, K, Al, Zr, Sc, Ga, Bi, Ca,
Siors Mg. .

— €JIEMEHTH ChC CTOMHOCTH MO/ CTATUCTUYECKU
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3HaYMMAaTa U OTPHUIATEICH KOePUIMEHT Ha KOope-
JIaldsl ¢ MUPUTHATA Cspa:

r,=0,15—-0,15: As, Mo, Cu, Ba, Sr, Ag, Y, W,
Yb, V, Ge, Cr, Sb, Na, Co, Ni, Mn, Pb, Ti, Be, P

ObGsicHuma e TscHAaTa Bpb3ka Mexky S, u Fe ot
enHa ctpana u Zn u Cd ot gapyra. C Fe csapara ce
CBBp3Ba B xene3HuTe cyadunm, nokaro Zn u Cd
Morat Ja ObIaT eJIEMEHTU—IIPUMECH B HETO WU
Jia GopMHPAT CAMOCTOSITENIHY CYJIQUIHU MUHEPAITH
(manmpumep chanepur).

CBoeobOpasHa Bpb3Ka MEXIY €JIEMEHTHUTE OT
BTOpa (r, = 0,80 — 0,60) u Tpera (r, = 0,60 — 0,15)
rpynu ce siBsiBa Sn, ChIO XapaKTEPEeH MpUMec B
xenesHuTe cyiadpuau. B rpymara Ha eeMeHTHTE C
r,= 0,60 — 0,15 nonanat TakuBa, KOUTO HOPMUPAT
cobcTBeHn MuHEpa (Zn, Si) UJIU y4acTBaT B ChC-
TaBa Ha NIMHEeCTOTO BemecTBo (Si, Al, K, Ga, Sc).
[MonoxuTenHata uM Kopenanus ¢ S, B ciyyas ce
I'BJDKM HA JOKa3aHATa TSACHA aCOLMAIUS MEXIY
[JIMHECTUTE MUHEPAJM ¥ HUPUTA B U3TOUYHO-
mapumkute qurautu (Koctosa, 2002). Tosa
obscasiBa 1 Msctoro Ha Ca u Mg B Tasu rpyna,
TBI KaTO T€ YECTO Ce acopOMpaT OT IIIMHUTE U CE
cpemar nofd ¢opmara Ha pasNpbCHAT Cpeld TIX
kpuntozbpHecT kaauT (Kostova, Kortenski, 2002).
[MonoxwureneH e KOeQUIIUEHTHT HA KOpeEJanus u
Mexay obiaTa ¥ mupuTHaATa cspa. Ilo-Huckata
CTOHHOCT Ha I, B CIy4asl C€ JBbJDKM Ha y4aCTUETO
Ha OpraHWYHATa Csipa B ChCTaBa Ha o0IIara cspa,
YUETO KOJMYECTBO € Pa3jU4YHO BbB BBIJIUIIHU
MPOCIIONKY C PA3JIMYHO MEMETHO ChIbPiKaHME.

OTpunaresieH KOeQUIUEHT HA KOpEJanus C
NUPUTHATA CSIPa MMAT EJIEMEHTU C NPEeIUMHO
BHCOKA CTEIEH Ha MPUBBP3aHOCT KbM OPTaHUYHOTO
BerectBo. Cu, Mo, As, Ag, Ni, Co, Pb, Mn, Ge, kouTo
YeCTO aCOLUUPAT C KEJIE3HUTE CYIPUIN, MOManaT
B Ta3W Ipyla MIABHO MOpaiy 3HAYUTEIHOTO CH
y4acTHe B ChCTaBa HA OPTaHMYHOTO BEIIECTBO.
YacT oT Te3u eneMenTy kato Mn, Cu, Zn, Pb u As
BEpPOSITHO (hopMupaT M COOCTBEHU CYJNIPUAHU U
kapbonaTHu MuHepaiau dasu (Vassilev, 1992).

Ilepruwku 6acetin. OTaeieHu ca 6 reOXUMHYHI
acoIMalNy IPYU CTATUCTUYECKU 3HAYNMA CTOWHOCT
Ha koeduuueHT Ha kopenanus r, = 0,21 (dur. 5):

(D Si—Ti—Al—-K—Ga—Mg—Sn

(II) Fe—S ,, —Ba—Sc—Yb—P—Cu—Ni—Co—Mo

{Iim Na—Sb—Cr—As—Be—Ge—Sr—W

av)zZr—Yy—v

(V) Ca—S,—Ag

(VI) Mn—Cd—Zn—Pb

OcBeH TOBa €JIEMEHTUTE Ce JCJIST Ha:

— €JIEMEHTH ChC CTATUCTUYECKHM 3HAYMMA CTOM-
HOCT Ha KOe(QUIMEeHT Ha KOpeJalus C MUPUTHATA
cspa:

r, > 0,8: Fe

r, = 0,80 — 0,60: HAMa etleMeHTHU

r,=0,60—0,15:S,,,,Ca, VY, Zr, W, Sr, Ge, Be,
As, Cr, Sb, Na, Mo, Co, Ni,Cu, B Y, Sc, Ba, Sn, Mg,
Ga, K, AL, Tj, Si.

— €JIEMEHTH ChC CTOMHOCTH MO/ CTATUCTUYECKU
3HaYMMaTa M OTpHUIATe]eH KOeQUIIMEHT Ha
KOpeJanus ¢ MUPUTHATA CsApa:
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®ur. 4. leagporpama, cbcTaBeHa Ha 0azaTa Ha chbAbpP:KaHHEeTO HAa 35 exemeHTa BHB 83 BBIIMINHH HpodH OT

HN3TtouHomapumkus daceiin

Fig. 4. Dendrogram, produced by cluster analysis of 83 analytical data for the content of 35 elements from Maritza East

basin
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®ur. 5. enaporpama, chcTaBeHa Ha 0a3aTa Ha cbAbp:kaHHeTO Ha 34 ejeMeHTa BBB 76 BbrMINHN npodu ot IlepHumkus

Daceiin

Fig. 5. Dendrogram, produced by cluster analysis of 76 analytical data for the content of 34 elements from Pernik basin
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®ur. 6. Jenaporpama, chcTaBeHa Ha 0azaTa Ha cbAbpKaHueTo Ha 32 eneMeHTa BbB 89 BHIIMIIHM npodu ot IlepHumkus

Daceiin

Fig. 6. Dendrogram, produced by cluster analysis of 89 analytical data for the content of 32 elements from Balkan basin
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r,=0.15—-0.15: Mn, Cd, Zn, Pb.

C M3KJIIOUMTENHO BUCOK T, ¢ S, e Fe, koero ¢
JIOTUYHO, ThI KaTO XKEJII30TO € 4acT OT nupurta. B
rpynata ¢ r, = 0,60 — 0,15 nomagart ejxeMeHTH C
WHaYe pas3inyeH aQUHUTET KbM MHAPUTHATA CSIpa,
KOE€TO C€ I'bJDKU Ha CJICTHUTE OOCTOSATEIICTBA:

e /1 B mepHUIIKATE BBIJININA, TOAOOHO HA W3-
TOYHOMAPHIIIKATE CHIIECTBYBA TSICHA BPb3Ka MEXKIY
MAPUTA U IMHECTOTO BEIIECTBO. TOBa BEPOSITHO €
MPUYNHATA, IOPAIHA KOSITO €JIEMEHTH, TUIIMIHA 32
mmuauTe kato Si, Al, K, Ga, Sc u takuBa, decto
amcopbupanm oT Tsax kato Mg, Ti, Ca moka3Bat
CXOIHO paslpeiesieHue ¢ TUPUTHATA CAPA.

e OT apyra cTpaHa, €JIEMEHTH C TOJIOXKUTEJICH,
HO CPaBHUTEIHO HUCHK KOS(PUIIMEHT HA KOPEJaIHs
CIPSIMO MUPUTA Ca WHAYE TUIUYHUTE 34 HETO eJie-
MeHTu—rpuMecH kato Mo, Co, Ni, Cu, As, Sb. ITo-
HUCKATa CTETEH Ha KOpeJanus B CIyvasi ce IbJDKU
Ha CHJTHATA UM MPUBBP3aHOCT KbM OPTaHUIHOTO
BEMIECTBO M MO-MaJIKWSI OTHOCHUTEJIEH ST Ha
MuHepaiHaTa uM Gopma Ha npucwcTBue (Kostova
et al., 1996). I[Topanu ole MO-5ICHO U3PaA3CHUS CH
apuHUTET KbM OpPTAaHWYHATA MATEPUS CHIIUTE
€JIEMEHTH UMAT JOPH OTpHUIATEIeH KOeUIIMEeHT Ha
Kopenauys ¢ S, npu turauTute oT Mapuna—MHWsrok.

Bneuatnenve npaBu BUCOKHUAT KOE(HUIIMEHT HA
kopenanus (r, > 0,80) mexny S, u Ca kakTo 3a
peommara ot IlepHuk, Taka u 3a Te3u or Mapuma
N3Tok. OcHOBHA IpWYMHA 32 TOBA € CHbBMECTHOTO
yuacTue Ha opraHmvHara cspa u Ca B cbCcTaBa Ha
OpraHUYHOTO BetecTBo. [TapaneHoTOo pasnpenencHie
Ha S, 1 Ca BEepOSTHO ce OBJIXKU U HA 3HAUYUTEIHOTO
yuyactre Ha 4acT oT S m Ca B CbhCTaBa Ha HAKOHU
cyndatHu MuHepain. ToBa Baky B ITbJIHA CTEIEH 3a
M3TOYHOMAPHUIIKATE BBIJIMINA, KbAETO cyidarure
CBhCTABJISIBAT 3HAYUTEHA YACT OT HEOPTraHMYHOTO
BellecTBO. ToBa ce WIIFOCTpUpPA U OT CTOMHOCTUTE HA
I, cboTBEeTHO 0,93 3a muraurure or Mapuna—HM3tok
u 0,85 3a te3u ot Ilepuuk (dur. 4, 5).

HabnrogaBa ce oTpunaresieH KoeQuuueHT Ha
Kopeanus Ha Spy c eementute Pb, Mn, Zn u Cd,
KOUTO MO MPaBUJO Ca TUINHUYHHU 32 HUPUTHUTE
MPUMECH MPU NEPHUILKUTE BHIIMILA. Te BepOosTHO
BJIM3aT B ChCTaBa HA CMHreHeTH4HA Pb-Zn cyndun-
Ha MUHEpaJIU3aIus, JOKaTO rOJIsiMa YacT OT MUPUTA
€ CIMUTreHEeTUYEH, OTIIOXKEH M0 MyKHaTUHI. OCBEH TOBa
yacT OT Mn, Pb 1 Zn e cBbp3aH C yCTAHOBEHUTE
eIMUreHeTUYHN KapOOHATH.

Baakancku 6acetin. TeOXUMUYHUTE aCOLIAALIUU
Ha eJIEeMEHTHUTe OT basikaHckusg 6aceiit, OTAEJIEH Bb3
OCHOBA Ha CTATUCTUYECKHU 3HaUnMaTa croiHoct 0,22
Ha Koe(HuI[eHTa Ha kopesaius ca 8 (¢wur. 6):

(I) Si—Ba—Be—Ti—Al—K—Na

InpP—zr

(I Pb—Zn—Cu—Cr

(IV) Ca—Mg—V

(V) Sr—Sc

(VI) Ag—Sn—Ga

(viD S, ,,—S,,—Fe—Co—Mn—Y

L Y
(VIIT) Ni—Cd—Ge—As—Mo—Yb
CrupsMO KOpeJlalliOHHATA UM Bph3Ka C MUPHUT-
HaTa Cdapa CJIEMCHTUTC Ca IMOACJICHU Ha:
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— €JIEMEHTH ChC CTATUCTUICCKU 3HAUAMA CTOM-
HOCT Ha KOe(DUIMEHT Ha KOpeJlanws ¢ TUPUTHATA
cspa:

r, > 0,80: Fe, Co, S,

r, = 0,80 — 0,60: Mn

r,=0,60—0,15:Y, Ni, Cd, Ge, As, Mo, Yb;

— €JIEMEHTH ChC CTOMHOCTH MO/ CTATUCTUIECCKH
3HAYMMaTa M OTPHUIATENIeH KOehUIUEHT Ha
KOopeJlanusi ¢ TUPUTHATA Cspa:

r,=0,15—-0,15:Si, Ba, Be, Ti, AL, K, Na, P, Zr,
Pb, Zn, Cu, Cr, Ca, Mg, V, Sc, Sr, Ag, Sn, Ga.

Bucokusat xoedunuent Ha kopenanus (0,98)
MEXOy MUPUTHATA ¥ O0IIaTa Csipa npu OaTKAHCKUTE
BBIJIMINA € CJIEACTBUE OT CHIIECTBYBAIAaTa IPABO-
MPOMOPIIMOHATHA 3aBUCUMOCT MEXIY THX, T. €. C
YBEJIMYaBaHe ChIbPKAHMETO HA S, ce HabiroaBa
mapaJieIHO HapacTBaHE HA KOHIEHTPAIUSITA W HA
S0 KATO KOJIMYECTBOTO HA OPraHUYHATA CSIpa HE
ce nmpomens yyBctBuTesiHO. Co, Mn, Ni, Cd, Ge, As,
Mo u Y morar na mpuchCTBAT KaTO €JIEMEHTU—
MPUMECH B KPUCTAJIHATA PEIIETKA HA TUPUTA U TIO-
HUCKaTa CTOWHOCT Ha KOe(UIIMEHTa Ha KOPeJaus
Ha Hkou OT TsX (Ni, Mo, As, Ge) ¢ nupuTa ce IBbJIKI
Ha BUCOKATa UM MPUBBP3aHOCT KbM OPTaHUIHOTO
BEIIECTBO. 3a€0HO CHC CcspaTa T€ y4acTBaT B ChC-
TaBa Ha CXOJHU METAJOPTraHUYHU CHEIMHEHUS,
onpenensau oT BoritkeBud u ap. (1983) kaTo xematu.

EnureHeTHYHUAT IPOW3X0/1 HA 3HAUNATEITHA YaCT
oT nmuputa B bajkan u ydyactuero Ha Pb, Zn, Cu,
Sn, V, Ag, B cbcTaBa Ha COOCTBEHU WJIH YY>KIH CHH-
TFEHETUYHU MUHEPAJTH, KAKTO U BUCOKHUSIT OPTaHUYCH
aunruTeT Ha HIKOM OT TsX (Pb, Cu, V), BeposTHO €
NpUYAHA 32 OTPUMATEIHUTE KOCPUIUECHTH HA
KOopeJianus, KOUTO TE€3M €JIEMEHTH UMAT C MUPHT-
HaTa cspa.

3akiouenue

Cpen obcrosiTencTBaTa, KOUTO OJaronpusTCTBAT
3HAYUTEIHOTO HATPYIBAaHE HAa ONpPEIEJCHU eJie-
MEHTH BbB BBIJIMIIIHOTO BEIIECTBO Ca: HAIMYUETO
Ha METaJIOTeHHA MPOBUHIMS, XUIAPOTEPMATHO
NPOMEHEHHM CKaJIi U BYJIKAHCKA aKTMBHOCT B
oblacTTa Ha MOJIXpaHBaHE Ha TOP(HEHOTO OJaTO
KaKTO 10 BpeMe Ha Top(doreHesara, Taka u 1o Bpeme
Ha guarcHe3aTta u katareneszata (Eskenazy, 1996).
Goodarzi, Swaine (1993) cuurat, ye pasmpepeie-
HUETO HA €JIEMCHTHUTE BbB BBIJIUIIATA C€ KOHTPO-
JIUpa OT CJICAHUTE T'eOJIOKKH (hakTOpH: BHUI Ha
OrpaJiHUTE CKaJId, HAJUYKME HA U3BETPSHE B THX,
CTElNeH Ha TPYHTOBO IOJXpPaHBaHe, MPECHOBOIHA,
OpakuYHAa UM CMECEHA Cpella Ha OTJIATaHe U CTEeIeH
Ha HamyKaHOCT Ha BBIJIMINHUS mjact. Kem
MHOroo6pasueto ot hakropu Kusunpireita u ap.
(1989) mpubaBsAT M MUHEPATTHUS CHCTAB HA IJIUHUTE
KaTO CYMTAT, Y€ XUAPOCIFOJAUTE NPOSIBIBAT MHOTO
MO-TOJISIMA CKJIOHHOCT J]a KOHIIEHTPUPAT EJIEMEHTH
B CpaBHEHHUE C KAOJUHUTA.

Y4acTHeTO Ha €JIEMEHTHUTE BbB BBIJIUIIHOTO
BEIIECTBO MOXe J1a ObJie B ChCTaBa HA OPTaHMYHUTE
CbEJUHEHHS] KaTO TJIAaBHM WJIM BTOPOCTEINECHHU



€JIEMEHTH B CbCTaBa HA MUHEPATHUTE KOMIIOHEHTH,
KaTO IJIaBHU €JIEMEHTH WU MPUMECH B Heopra-
HuYHE amMop(dHU (as3u, kakTo u mox dopmarta Ha
teunu Burouenust (FOgosuy, 1978).

Hacrosimara pabora noka3pa IOBHIIIEHO ChIBP-
xanwue (ot 1,7 10 6,7 TBTH COPSAMO KJIapka) Ha eJie-
mentute S, Sb, Cu, Ni, Mo, V, Ba, Ti, Ag, Zn, Pb, Co,
YD, Cr, As u Cd B usciieBaHUTE U3TOYHOMAPHUIIKH
JIMTHATHU M TOBMIIIEHO ChAbpxkanue (ot 1,5 mo 3,2
ITBTH CIPSIMO Kjapka) Ha Mo, Cu, Fe, Ni, Sb, V, Ag,
Cd, Ti, Sr, Co u Zn B TsIXHATAa MEIEI.

I[Ipu npobute ot Ilepuumkus OaceiH ce
ycTaHoBsiBa oT 2,5 mo 10,5 msru mo-BUCOKa OT
KJ1apka konnentpanus Ha Ni, As, Sb, Co u Cd BbB
BBIJIUIIATA ¥ OT 2 10 6 ITETY IO BUCOKO ChIABPIKAHUE
Ha As, Fe, Ni, Ca, Co u Cd B neneara um.

PemraBariu 3a KOHIEHTPUPAHETO HA CIIEMEHTHUTE
Ca PETHMOHAJHUTE re0JI0XKHA (aKTOPU U MECTHUTE
najieoreorpadcku yCIoBus, IJIABHOTO OT KOUTO €
BUIIBT ¥ ChCTaBBT HA MOIXPAHBAIIATA IPOBUHIIVSL.
[NoBUIIIEHOTO KOJIMIECTBO HA PENWIIA €JIEMEHTHU BHB
BbIIMiIaTa oT Mapuna—M3Tok ce IbJIXKU U3KIIO-
YUTEJTHO HAa HAJIMIMETO HA TPYHTOBU BOIM, OoraTtn
Ha S ¥ BUABT HA OTIOJYJIEKAIIUTE U BMECTBAIIU
ckaym, 6oratu Ha Mo, Cu, Zn, Fe u S. CbrcTaBsr Ha
Buromkust u JIFOTUHCKUS IUTyTOHU OT 3amamgHOTO
CpenHoropue bk MpeIonpenessiT MAKCUMaTHATA
kounentpamus Ha Ca, Co, Cd u 3HAYUTETHOTO
HaJKJIapKoBO chabpxaHue Ha As, Pb u Ni B
nepHUMKUTE Bhranma. ChIIeCTBEH MPUHOC 3a
oborarsBaneTo UM ¢ Fe mmat u mpomecure Ha
BTOPWYHO MUHEPAJIOO0pa3yBaHe.

XapakTepHO KaKTO 32 YEpHHUTE OaJIKaHCKH
BBIJIMIIATA, TAKa U 34 [ENeJITa UM, € ChIbPIKAHUETO
Ha As, cboTBeTHO 12 1 11,1 OBTU O-BUCOKO B
cpaBHeHue ¢ kiapka. OT 2 10 4 BTY NO-BUCOKA OT
KJIapKa € ChIIo Taka KoHneHTpanusata Ha S, Cd, Ti,
Sr u Ba BBB Bbmumara u Fe B memesita uM.
CohIIecTBEH MPUHOC 3a MOMBJIHUTEIHOTO obora-
TSABaHE C €JIEMEHTH—INPHMECH Ha BBIJIKIIATA OT
Bankanckus 6aceiid € HaOJIrOjaBaHaTa UHTEH3UBHA
eIUreHeTHYHA MUHEPAIM3aIUs B TSX.

B U3TOYHOMAPHUIIIKUTE JJUTHUTUTE CE YCTAHOBSBA
TSICHA ¥ 00sSICHUMA BPb3Ka MEXIY Spy, Fe,Zn, Cd u
Sn. C Fe csapara ce cBbp3Ba B XeJie3HU Cyaduau, a
Zn, Cd u Sn Mmorat na 6baaT eJIeMeHTH—IIPUMECH
B TSIX WJIK 1a POPMHUPAT CAMOCTOSITEJIHHU CYJIDUTHI
muHepand. C HOJOXUTEJeH KOSDUIUEHT Ha
Kopealus ¢ MMpUTHATA CsApa ca U eJiIeMeHTHuTe Si,
K, Al, Zr, Sc, Ga, Bi, Ca, S,,,, Mg. YacT or Tax
MOCTHIBAT B TOPHEHOTO OJATO 3aeMHO C TEpH-
renHus marepuai (Si), npyru popmupat cooCTBEHH
MuHepanu (Zn) wid BJiU3aT B CbCTaBa Ha TJIH-
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Hectoto BemectBo (Si, Al, K, Ga, Sc). ITomoxu-
TEJIHATA UM KOpeJauus ¢ S, BEPOATHO Ce JbJIKH
Ha TSICHATA aCOUMAINNS MEXIY INIMHECTUTE MUHE-
paJIi ¥ TUPUTA B U3TOYHOMAPUIIKHUTE TUTHATH. Ca
1 Mg CBIIo 4eCcTO ce ancopOupar OT IIIMHATE KaTO
ce cpemart mox (popmarta Ha pa3IpbBCHATH CPEX TIX
KQJIIUTHU KPUCTAJIH.

B nepuutikuTe BHIIUINA C TOBEYETO YCTAHOBEHU
eneMeHTH (¢ uzkirouenne Ha Mn, Cd, Znu Pb) ca c
MTOJIOXKUTEJICH KOS(DUIIMEHT Ha KOPEJIAINs C IAPUT-
HaTa csgpa. B Ta3m rpyma momamaTt u €JIeMEHTH C
vHaYe paszinyeH aQUHUTET KbM NMUPUTHATA CSpa,
KOETO Ce€ IBJDKHU Ha ciemaute oocrosTencTea. Ot
€oHAa CTpaHa U B MEPHUIIKUTE BBIJININA, TOAOOHO
Ha U3TOYHOMAPWINKNUTE CHIIECTBYBA TSICHA BPBH3Ka
MEXIy NUpHUTA U TIUHECTOTO BEIIeCTBO. ToBa
BEPOSITHO € NPUYMHATA, TOPATU KOSITO €JIEMEHTH,
Trunuyay 3a rouauTe kato Si, Al, K, Ga, Sc u TakuBa,
yecTo agcopbupanu ot Tax kato Mg, Ti, Ca
MMOKa3BaT CXOOHA BpPB3Ka ¢ mmpuTHata cspa. Ot
Ipyra CTpaHa, €JIEMEHTH C MOJIOXHUTEJIEH, HO
CPaBHHUTEIHO HUCHK KOSQUIIMEHT HA KOpPEJIaIus
CIIPSIMO NMHUPUTA Ca WHAYEC TUIUYHHUTE 32 HEro
enemenTH—ipuMecu kato Mo, Co, Ni, Cu, As, Sb.
IMo-HucKaTa UM CTEIEH Ha KOpeIalus B cirydas ce
IBbJKU HAa CHJIHATA UM NPUBBP3AHOCT KbM
OPraHUYHOTO BEIIECTBO U ITO-MAaJIKASI OTHOCHUTEJICH
IsUT Ha MUHEpaJIHATa UM (opMa Ha MPUCHCTBUE.
YcTaHoBsiBa ce TsICHA Bpb3ka Mexay S, 1 Ca KakTo
3a Bbiuiiata ot IlepHuk, Taka 1 3a Te3u oT Mapuua
N3tok. OCHOBHA MpUYMHA 32 TOBA € CbBMECTHOTO
ydacTue Ha oprannvyHaTa cspa u Ca B cbcTaBa Ha
opraamvHOTO BemecTBo. [lapanennoro pasmpe-
nenenue Ha S, 1 Ca BEpOSITHO C€ IBJDKU U Ha
3HAYMTETHOTO yuyacTue Ha yacT oT S u Ca B chCcTaBa
Ha HSKOW BTOPHMYHU CyjdaTHH MuHepanu. ToBa
BaXHU B IbJIHA CTEIEH 32 U3TOYHOMAPUIIKHUTE
BBIJIUINA, KbAETO CYJI(PATUTE ChCTABJISIBAT 3HAYUHU-
TeJIHA YaCT OT HEOPTaHMYHOTO BEILIECTBO.

CohlllecTBYBa BUCOK KOG(UIIMEHT HA KOPEJaIus
MEXly TUpUTHATA 1 00IIaTa csapa npu OaJIKaHCKUTE
BbIMIa. ToBa € CliencTBUE OT ChIECTByBaIllaTa
MPABONPONOPIIMOHAIHA 3aBUCHMOCT MEXY TSIX, T. €.
C YBEJIMYaBaHE ChIIbPKAHUETO HA Spy ce Ha0romaBna
HapajeTHO HapacTBaHe Ha KOHLEHTPpAaUATa U HA S,
Enementure Co, Mn, Ni, Cd, Ge, As, Mou Y BEpOsITHO
MPUCHCTBAT KATO €JIEMEHTH-TIPUMECH B KPUCTATHATA
peleTka Ha MUPUTA U MO-HUCKATA CTOWHOCT Ha
koeduIreHTa HA Kopesanus Ha Hakou oT Tsx (Ni, Mo,
As, Ge) ¢ nupuTa ce ABJIXKH Ha BHCOKATa UM
MPUBBP3aHOCT KbM OPTraHUYHOTO BEIIECTBO. 3aeTHO
CBhC csIpaTa Te BEPOSATHO y4yaCTBAaT B ChCTaBa Ha
CXOJTHA METAJIOPTaHUYHU ChEINHCHUSI.
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