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Abstract. The presence and the distribution of the major elements in some of the lignite basins (i.e. Sofia, Beli Breg and
Staniantsi basins) within the Sofia coal province were investigated. The results indicate very high concentrations of Si, Al,
Fe, K and Na in Sofia lignite, of Ca and S in Beli Breg lignite and of Fe, Ca and S in the Staniantsi lignite. In Sofia and Beli
Breg basins the elements B S, Fe, Mg, Ca, Na and Ti are having predominantly organic affinity, whereas in Staniantsi
basin such elements are S, Ca, Mg and Mn. Predominantly inorganic affinity are showing K and Si in Sofia basin, Al, Si,
Mn and K in Belibreg lignite, and Ti, Al, Si, Na and K in Staniantsi lignite. Only few elements are showing mixed organic
and inorganic affinity. Such elements are Al and Mn in Sofia basin, and Fe, P in Staniantsi basin. Based on the results from
the present investigation a tendency towards increasing the concentrations of Si and Al to the eastern parts of the Sofia
province was established. In the same direction the concentrations of Ca, S, and partly P are decreasing. In addition, the
share of terrigenous supply was also determined to increase towards the east, whereas the groundwater supply is progres-
sively decreasing in that direction. In the western part of the province the palacomires were developing in a Ca-rich facies,
and hence the peatification processed in neutral to weakly alkaline environment. Towards the east, however, the pH set-
tings varied within broad limits. The basins from the western part of the province are characterized by the predominance
of major elements having predominantly inorganic affinity. Two similar in composition associations of major elements
are present in all three studied lignite basins. The first one is based on Si, Al and K (Sofia basin), and toward the western
parts of the province include also elements with inorganic affinity like Ti in Beli Breg basin, and Ti and Na in Staniantsi
basin. The second association includes elements with predominantly organic affinity. The association in the central parts
of the province (Sofia basin) is composed of 6 major elements, whereas to the west their number decreases to 4 in Beli breg
basin, and 3 in Staniantsi Basin. The main elements in this association, which are present in the lignite from all three
studied basins, are Ca and S.

Key words: major elements, lignite, Sofia coal province, Sofia basin, Staniantsi basin, Beli Breg basin.

BunBenenue

B HacTosmaTa paboTa € HalmpaBeHa ChIIOCTAaBKa HA
MPUCHCTBUETO HA MENEI000Pa3yBAIINTE SIEMEHTH
B urantuTe oT Coduiickus, bernobpexkus u Cra-
HsHCKUs OaceitH Ha CoduiickaTa BBIIMIHA MPO-
BUHIIMS U Ca U3BEJICHH 3aKOHOMEPHOCTH B pasIpe-
nenenneto uM. Coduiickata MpOBUHIUSA 0OXBaIa
yacTu oT 3amagHoto CpenHoropue u 3amagHUTe
Bankanunn, kKaTo Bb3pacTTa HA BHIJICHOCHUTE Ha-
cJIard € CpeJieH MHUOIIeH 10 morneH. baceitnuTe n
HaAXOJUIIIaTa Ca CBbP3aHU C TPaOEHOBU CTPYKTYPHU
ChC 3amaj-ceBepo3anajHa MOCOKa, 3albJIHEHU C
MOJIACOBU CEIMMEHTHU. Bbrimiiata ca JUTHUTH.
ChbabpikaHUETO Ha MENeI000pa3yBaiin eJIEMEHTH B
Codmiickus n CTaHsHCKUSA OaceiH € OMJIO O0eKT
Ha uscienasane Ha Koprtencku (1986, 1989), Kop-
TeHckd U np. (1989), a Ha Te3u oT benobpexkus
baceitn — Ha KopTencku, 3apaskos (2003).

I'eosio:kKkH cTpoexk HA DaceliHUTE

Codbuiicku 6aceiin. TlognoxkaTta u OperoBarta Jiu-
HUS Ha OaceiiHa e u3rpajeHa OT MajJe030UCKH, TPH-
aCKW, FOPCKU W KPEIHHW CENMMEHTH, TOPHOKPEIHU
aHe3UTH ¥ najieoreacku ckainu. Kamenos u Korom-
mkueBa (1983) moaenaT HEOTEHCKUTE HAcjaru Ha
nbCcTpa TepurenHa 3anpyra u Codwiicka rpyma,
KOSITO BKJIFOUYBA Tpu cBUTH. [IBCTpa TepureHHa 3a-
Ipyra: u3rpajicia € OT I'bCTPOONBETEHU TJINHHU,
NECHWINBY TJIMHA C NOJUMUKTOBH AJICBPOJIUTH,
ISCHUM M MSCHhYHUIM. Hacnarurte ca aiyBUaiHU U
MPOJIyBHAJHY 1 ca ¢ Bb3pacT MeoT. Coduiicka rpy-
na: Tnuasancka ceuma. 3anira TPAaHCTPECUBHO U
MHACKOPIAHTHO BBHPXY MOIJIOXKATA VJIM C HESICEH
MPEXOJ BBPXY IIbCTpaTa TepureHHa 3aapyra. [Ipen-
CTaBEHA € OT YaKbJIN, KOHIJIOMEPATH, SICHIIH, IIICHYI-
HUIIM, aJICBPOJINTH M IIMHU. B Haif-ropHaTa ¥ yact
Ce YCTaHOBsIBa BBIJIUIIICH IIACT, O3HaUeH KaTo ha.i-
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wieHcku gveaeroce yaen. Cpenna My gebenvHa e
30 m, HO Ha MeCTa IO TEKTOHCKU NMPUYUHU JOCTHU-
ra 70-95 m. CTpoex BT My € CJIOXEeH — MPOCJIOEH €
OT BBIJIAIIHY [JIMHY U 1uHu. Ha MecTa mom ocHOB-
HUS IUJIACT Ce HAOIIOMaBa OINe €IWH BHCOKOIIEIe-
JieH, o3HaueH kaTto KpemukoBcku. JlebenunaTa Ha
TIuunsuckara ceura € 100-150 m. Bw3pacrra 1 e
ompenesieHa 3a moHTcka. Hosouckspcka ceuma.
Hsrpanena e OT CHBH CJIOMCTH IJIMHHM, C ThHKA MPO-
cioiika oT 6ene3nukaBu Ty¢hu. O61aTa i qedbenuna
e Bapupa ot 100 go 350-400 m. Otraenenu ca ABe
HUBA: TOJJHO — CHC CPETHOIOHTCKA M TOPHO — C
paHHOIakcka BB3pact. Jloseneyka ceuma. Ilpen-
CTaBeHA € OT IVIMHHU, MeCHWIMBHU [JIMHHU, MMSACHIH,
aJIeBpUTHU U Yakbyid. B Hes ce otnens HoBoxaHCku
YJIeH, KOWTO € U3rpafeH OT YepHU DiuHM U 10 10
BBIJIAIIHY ILIACTA C OTPAHUYCHO Pa3BUTHUE U BUCO-
KO TIETeJHO ChAbpXaHue. B m3tounara vacrt Ha Oa-
ceitra 4-5 ot Tix ca ¢ nebenuHa 10 3—4 m. Br3pact-
Ta Ha CBHTAaTa € MOHT-Jakcka 10 poMaHcka. [ebe-
nmuHaTta u goctura 150-200 m. I[Tokpura e OT miei-
CTOIICHCKU U XOJIOIIEHCKU Hacjiaru. bacensr npe-
craBisgBa rpabenoBa cunkiauHana — Codwiicka,
KosATO € B pamkuTe Ha Codwuiickus rpabeH, ¢ TOCoKa
ceBepo3anaa-rorom3Tok. B mepudepusra miactosere
ca c HakJIoH 10 10-15°. YcTaHOBEHHU ca penuiia pas-
ceou ChC CeBepO3amnai-IorOM3TOYHA U FOro3ama-
CeBEepOM3TOYHA MMOcoka U amIutyna go 100 m.
beaobpesncku 6aceiin. PAOHET € U3rpaicH IiaB-
HO OT CKaJIi ChC CPETHOIOPCKA, TOPHOIOPCKA, OJ-
HOKpeIHa, TOPHOKpPEIHA U HEOTeHCKAa BB3PACT U
kBaTepHepHU Hacjarn. OCBEH TAX HA MeCTa Ce Ha-
OroaBaT W OTAETHHU, TEKTOHCKU KOHTPOJIMPAHU
pPa3KpUTHI OT MEBOHCKM U TPHUACKH CEIMMECHTH.
BBrieHOCHU ca HEOTEHCKUTE CenMMeHTH. JuMuT-
poBa (1995) nanara ugesTa 3a nmpsika Bpbh3ka Mex-
Iy Te3n OaceiiHM KaTo OMMCBA CEIMMEHTHUTE B TSIX
kaTo vacT ot Jlo3eHenkaTa CBUTA, OTAeaeHa oT Ka-
menoB 1 Korommxuesa (1983) B pamkute Ha Coduii-
ckus Oaceiin. Tt KaTO MHUO-IUTHOLICHCKUS pa3pe3
B bemoOpexkust GaceiiH ce pa3inyaBa OT TO3HW Ha
Jlo3eHemnkara cBUTa, B HACTOSIIOTO U3CJIEABAHE 32
ONNCAaHNE HA CEIMMEHTHUTE € M3IOJ3BaHA CTPATH-
rpadckara cxema, BbBeneHa or Kamenos u Korom-
mxueBa (1983) B pamkute Ha Coduiickus Gaceitn.
I'uunssHCKaTa CBUTA B paMKHTe Ha OaceiiHa e
MpeacTaBeHa B OCHOBATa OT MPOJYBUAJHU U aiy-
BHAJIHY TPYOOKIIACTUYHH CEIMMEHTH, OOpa3yBaHU
B HOHIKEHH YYaCTBIM Ha maneopeneda BbPXy Oe-
HyIupaHa Me3030icka nmojioxka. Ilocneguure ca
IpEeACTaBeHN OT YaKbJIHU U IPABUWHU KHCOBE, KO-
WUTO Ha MeCTa IIPEMHUHABAT B CJ1ab0OCIOeHN OpeKun
7 KOHIJIOMEPATH C TPABUHHO-TIECHWINB MATPHUKC
WU B ISCBHIOHU, ChABPIKAIINA YaKbIHU KbcoBe. Ha-
rope B pa3pesa CJIeIBaT CHBO-3EJICHU CHIIHO MEChY-
JIVBY [JIMHM C e TMHUYHYU TPABUIHU U YAK'bJIHU KBCO-
B€, KOUTO M3rPaXXJaT OCHOBHUS O0eM Ha CBUTATA.
CxajuTe ChABPKAT 3HAUATEITHO KOJIUIESCTBO KJ1ac-
THYHU KOMIIOHEHTH, KATO Ha MECTa MPEMUHABAT B
MSACHIN U CIa00CIIOeHN IMHECTH MIChIHALY. [1oc-
JIETHATE OOMKHOBEHO 00pa3yBaT HEroJIeMH JIEeIo-
BUIHM Tejia. B rOpHHTEe YacTW Ha CBUTATa, a Ha
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MeCTa ¥ B IOJTHATA YacT Ha 0Opa3yBaHUTE HAI TSIX
e3epHM ceauMeHTH Ha HoBOMCKbpCKaTa CBHUTA, €
oOpa3yBaHa eHa BBHIICHOCHA MOCJIEIOBATEITHOCT,
ChCTaBEHA OT IO 4 HEPABHOMEPHO MPEACTABCHH B
OaceiitHa BBIVIVIIHY IIACTA, PEIYBAIIH CE C Pa3JIN-
HO BapOBHTH IJIMHECTH CKaJIM, MEPreJu U clIabo
CrloeHuW BapoBuIU. HoBoucCKbpcKaTa CBUTA HAL
IPOAYKTUBHUS BBIJIUIIEH IUIACT € IPeACTaBeHa OT
MOHOTOHHHU CHUBH 10 CUBO-0eJii Meprejiu ¢ aebeu-
Ha 10 40 m, Ha MeCTa IPOCJIOEHU C ThHKU IIIMHEC-
TH npociolku. B Haii-ropaute HuBa Ha HoBOMCKBD-
cKaTa CBHTA, B IECHTpaJHUTE YacTu Ha Heemimen-
CKM y4acTBbK 1 Ha MecTa B LlarapoBCKu y4acThK, €
o0pasyBaH OIlle eIVH BbIJIMIIICH IJIACT, C Je0euHa
oT 1 10 3 m ¢ MO-BHCOKO INENEIHO ChIbpXKaHUE.
OcBeH BBIVIMINIATA, B Ta3M YacT Ha pa3pesa, ce yc-
TAHOBSBA U €[THA IPOCJIOWKA OT KapOOHATHU CKaJIN
ChC CBETIOCUB 110 KpemasB LBAT. Paspessr Ha Jlose-
HEeIKaTa CBUTA 3aBBPIIBA C PBAKINBO-KaQECHUKABU
JI0 CBETJIOXBJTH, CIIa00BAPOBUTH 0 MECHUYTHUBU
DJIMHY, ChIBPIKAIIA TPEOHM YaKbJIHA KbCOBE U Kap-
OOHATHM KOHKPELHH C pa3MepH OKOJIO 5—6 cm.

O6mara nebenHa HA BHIICHOCHUTE CETUMEHTHI
B benmobpexxkus Bprumen daceitn noctura go 150
m B mobusHa o ,,Hegemmme” n 1o 100 m B mror
,LlanapoBuu“, a OTJaraHeTo UM Hal-BEPOSTHO €
OCBIIECTBEHO BBB BPEMEBUS MHTEPBAJ OT IOHTC-
KHSI IO PYMaHCKUS BEK, T.€. IPe3 KbCHUS MHUOLIEH U
paHHUS TUTHOIEH.

Haii-BeposiTHO 00pa3yBaHeTO Ha benoOpexkus
0aceiiH € OCBHIIIECTBEHO BHB BPEMEBHS OOXBAT OT IIOH-
TCKHS 10 PYMaHCKHS BEK, T.€. IPe3 KbCHUS MHUOIEH
Y PaHHUA ITHOIICH. MUO-TLTHONEHCKUTE KOHTUHEH-
TaJIHA CEIMMEHTHU OT bemobpexkus BpouieH 6a-
ceiiH ca oTimoxxeHu B [abepckus rpabeHoB OaceiH.

Cmansancku bacetin. bperoBata nBnma Ha 6acei-
Ha ¥ MOIJIOXKKATA HAa BBIJICHOCHUTE CEIMMEHTH Ca
U3TpaZieHd OT CKaJM ¢ Tpuacka (KOHIJIOMepaTH,
NACHYHUIIY, aJICBPOJIUTH, BAPOBUIM U TOJOMHUTH),
opcka (MACHYHUIY, AJICBPOJIUTUA ¥ BAPOBHIIM) U
KbCHOKpEIHA (Meprejid U BapoBUIIM) Bb3pacT. Ba-
meB (1999) obocobsiBa 4 CBUTH, TPU OT KOHUTO Ca
BKJIFOYEHU B enHa rpyna — Masrom-CraHsiHCKa
rpymna. JIBeukeHCcka CBUTa — M3TPalieHa € OT CBET-
JIOCUBU U CHBO3EJICHU NMECHUJIUBYU IINHK U TIINHEC-
TH MSCHYHUIM, KOUTO JIEKAT HECHIIACHO BBPXY
Me3030iickaTa moaioxka. Jlebenunara u e ot 15 mo
50 m, a BB3pacTTa — KbCHOCapMaTcka. beiozem-
CKa BBIJIEHOCHA apTIJINTOBA CBHUTA — IpPEACTaBe-
HA € OT €3¢ PHM AJIEBPOJIUTOBH U MIECHUITMBO-aPTUIIH-
TOBH IJIMHY, YEPHU IJIMHW, BAPOBUTH [JIMHU, MEP-
rejv, BAPOBUIM M BBHIVIMINECH ILUIACT B OCHOBATA.
BermmausaT miact e exuH ¢ nebenmra ot 20 m.
Hebennnara Ha ceutata e 30-60 m. Bu3pactra i e
KbCHOCapMaTtcka. Tpertara cButa oT Masrom-Cra-
HSAHCKaTa rpyna ¢ 3aifHuIKaTa MAChYHUKOBO-ap-
TIJIMTOBA CBUTA. T € M3rpajzieHa OT MeChuwINBO-ap-
THJINTOBY DJIMHYU U TJIMHECTH MSACHYHUIIM C KOHIJIO-
MepaTHU KOHKpenuu u obma mebenmnaa 35-60 m.
Bb3pacTTa 1 € KbCEH HMOHT-paHeH IinoleH. Haii-
otrope 3ansra CTpaHsSHCKa KOHIJIOMEPATHO-IISI-
CHbYHMKOHA CBHTA, MPEICTaBEHA OT PeayBalllk Ce



rpaBesIuTU, OPEKIOKOHIIIOMEPATH, NIPEeOHO- 10 eli-
PO3BPHECTH ISACHYHUIM U NECHUIUBH DIHHA. Bb3-
pacTTa i € KbCHOILUTHOIIEHCKA-TICHCTOIICHCKA, a JIe-
6enunata u — 50-80 m. I[TokpuTa e OT KBaTEepHEP-
HU OTJIOXKEHHS. BBIIIEHOCHWTE HACJard 3ambjIBaT
OJIoK-rpabeHOBa CTPYKTYpa C MOCOKa CeBepO3ana-
FOTOM3TOK.

Marepuaa u MeTOAMKA HA U3CJIeBaHe

3a HyXIWTE HAa HACTOSIIOTO MU3CJIEABaHE Ca OMPOOD-
BaHW IPOMHIUICHUTE BBHIIMAMIHU 1uiacToBe B Co-
¢wuiickus, benoOpexkus u CraHsHCkus OaceiHw.
IMopanu daxkra, ue Coduiickusar 6aceiiH He ce pas-
paboTBa, 3a W3CiIenBaHe Ha TCOXUMHYHUTE 0COOe-
HOCTH Ha BBIJIUIIATA Ca U3MOJI3BaHu Mpoou ot ba-
MIEHCKUS BBIIMAINEH ILUIACT, B3eTd OoT 10 commaxa
IO LEJIUSI My pa3pes IO BpeMe Ha AETaHIHOTO IMPOo-
yuBaHe. M3cienBanu ca 89 ceknmoHHM MpoOH, HA-
MHpAII C€ Ha CbXpaHEHUE B JabopaTopusiTa IO
BbomuinHa meTposioruss KbM MUHHO-TE€OJIOXKKHS
VYuusepcuret ,,Cs. IBan Puncku“, Cotpus. B pam-
kuTe Ha BenmoOpexkus OaceiiH B yyacTbuuTe ,,He-
nenumie” u ,,llamaposuu”“ e onpo6san 11 Berumen
IJIaCT, KOMTO € HOCUTE]I Ha OCHOBHUTE 3aIacd OT
JUrHUTH B OaceiiHa, kato ca cbOpaHu 21 KbCOBH
npobu u 68 ceKNMOHHM MPOOH 1Mo 5 paspesa, Mpo-
KapaHU HANPEeYHO Ha neOelWHATa HA IUIACTa, OT
kouto 11 Opost oTpassiBAT caMO TOpHATa 4acT HA
miacta. B pamxute Ha CTaHSHCKUS BBIIMINEH 0a-
CelH BBIIMIIHUAT IJIAacT € onpoOBaH B 1 paspes,
oTpa3ssBal] Isj1aTa nedeIiMHa Ha BbIVIUIIHNS ILI1aCT,
KaTo ca cropanu 13 6pos mpobu. B nombiHeHUE ca
B3eTH omie 17 Opos mpobu OT BBIIAIATA W HPO-
CJIOWKY OT BBIJIMITHY IJIMHY 1O 3 MPOMUITHA JTUHIH
u 10 kbcoBH MpOOHM OT OOPTA HA PYITHUKA.

3a u3BBpIIBaHE HA HEOOXOIUMUTE U3CJIEIBAHUS
npobute ca KBapTyBaHU U CHKPATEHU JO KOJIAYe-
cTBO okoJio 1 g. B mocnencTBue mpobute ca omerne-
JIEHU, KaTO 32 IIeJITa Ca MOCTABEHHU B IICIIl W HArpe-

Tabmuua 1

TH mbpBoHavaHO 110 500° C 3a mepuoa ot 30 min,
clie]l KOeTO TeMIlepaTypaTa B IeIlTa € yBeJlnyeHa
10 815° C3a2 h. [T1aBHUTE eJIeMEHTH, U3rPaAXKIAIIN
MeneTa Ha BBIJIMINATA Ca ONPEACICHH Ype3 CUITH-
KaTeH aHam3, cbriacHo ctanmapt BC-ISO 11535-
2002. 3a uenTa memeiTa € IPUBEIECHA B pa3TBOPEHO
CBCTOSIHHE UpEe3 TPETUPAHE C A30THA KUCEJINHA, CIIE]T
koeto nosyueHusT pastop (0,1-250 ml) e ananu-
3upaH Ha cnekrpajeH ananu3atop ICP-VISTA-MPX
SIMULTANEOUS CCD. KonnuecTBEHOTO OIpeie-
JISHE Ha CHOTBETHHUTE OKCHUIW € HAMPABEHO ChC
CTaHIapTHU BEIIECTBA.

JlaHHUTE OT aHAJM3WUTE Ca MOIJIOKEHN HA MHO-
rOMepHa CTaTHUCTUYeCKka 00paboTKa, B pe3yyTaT Ha
KOSITO € MOJTyueHa KOpeJIallMOHHA MAaTPHIIA, N3OJI-
3BaHAa KaKTO 32 CAMOCTOSITEJIHA MHTEPIPETaINS,
Taka ¥ 3a BXOJ KBbM KIIbCTep-aHayim3a. Kopena-
OUOHHATA MATpPHIA W AEHApPOrpaMaTa 3a BBIJIH-
maTa OT BCEKU OT TpUTe OaceliHa ca MoIyueHu CTaH-
naptHo. M3non3BaHa e iepapxuvHa mpolienypa Ha
KIBCTBp aHanu3 (tree clustering) mo metoma Ha
cpenHo mpenenHute pasctosHus (Weighted pair-
group average). MUHUMaTHaTa CTAaTUCTUYECKH 3HA-
9rMa CTOHHOCT Ha KOS(PUIMEHTHUTE HA KOPEIaIvs
32 BCEKM OacedH e ompeeyieHa B 3aBHCHMOCT OT
Opos Ha mpobwuTe.

Pe3yaratu u nuckycus

CobabppXxaHHe Ha Menea000pa3yBaliuTe
CJIEMEHTH

PesynraTuTte OT M3CiieqBaHUATA BBPXY ChAbpPXKa-
HHUETO Ha Menesoo0pa3yBally eJIEeMEHTH BbB BbIIU-
mata ot Coduiickata TPOBUHIUS Ca OTPa3eHH B
Tabmuma 1.

Coguticku 6acetin. JJaHHUTE OT U3BBPIICHUS
cuIMKaTeH anaim3 Ha npobute ot Codwuiickus Oa-
CeifH, ca OTpa3eHu B TaOnnna 2, KaTo 32 CPaBHEHHE
ca aJieH!u U OCPEIHUTE ChABPKAHUSI 32 CbOTBET-

Cpeono co0spiicanue Ha OKCuoume Ha eaemeHmume 8s8 vlAuwyHama nenea om bacetinume ¢ Cogutickama 8seauyha

nposuHYUA
Table 1

Average content of the major element oxides in the coal ash from the basins in the Sofia coal province

Cpenno cbabpxanue (wt. %) B memnenrta Ha JUTHUTUTE OT:
Oxcuan
Coduiicku Gaceitn Benobpexku 6aceiiH CraHsiHCKHU Oaceiin

SiO, 33,27 20,12 13,10
AL Os 18,42 9,15 7,97
Fe,0; 16,81 8,25 15,56
MgO 2,95 3,06 3,39
CaO 16,65 35,90 31,37
TiO, 0,82 0,18 0,31
MnO 0,11 0,07 0,02
Na,O 3,23 0,57 0,15
K,0 1,10 0,74 0,42
P,0s 0,89 0,56 0,36
SO, 8,55 21,32 27,39
CpeziHO NenenHo ChAbPKAHHE 17,71 24,57 35,09
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HUTE €JIEMCHTH BBHB BBIJIAIIATA ¥ BHIJIMIIHATA TIe-
meJl B CBETOBHU HAXOJIMIIA.

B codmiickuTe TUTHUTH TpeobianaBaT alyMOCH-
JIMKATHATE MUHEPAJTHU IIPUMECH, TOPATU KOETO Ch-
obppxanueto Ha SiO, u Al,O, e Haii-BUCOKO (Tab. 1).
B cpaBHEeHHE CHC CPENHOTO 32 BBHIJIUIATA KOHIEH-
TpanusaTa Ha Si BbB BbIJIMINIATA € €JHAKBO, a Ha Al
051130 2 IBTH IO-BUCOKO (TabI. 2), KOETO € pe3yaTaT
OT CPaBHUTEIHO BUCOKHS I HA TEPUTCHHOTO MOJI-
XpaHBaHe. BrieuatiieHue mpaBu BECOKOTO ChIIbpIKa-
Hue Ha CaO (Makap u OiM30 2 BT MO-HUCKO OT
ToBa B benn Opsr u CtansHiu — tabi. 1), koeTo e
pe3yaTaT OT aKTHBHO I'PYHTOBO IOIXpaHBaHE OT
KapOOHATHUTE CKajd B MOAXpaHBaIlaTa MPOBUH-
nus Ha OaceiiHa. OkoJIO 2 BT ITO-BUCOKA € KOH-
IEHTPAIMATa HA €JIEMEHTA B CPAaBHEHHE U ChC CPEJI-
HaTa 3a BBIVIMINA B cBeTa (Tabu. 2). KoaudyecTBOTO
Ha MgO e 61u3Ko 10 TOBa OT IPYruTe JBa OaceitHa,
Makap U Hail-MaJIKO IO CTOMHOCT, HO ChIbp)KaHH-
€TO Ha eJIeMEHTAa 3HAYMTEIHO HAIBHUINIABA CPEIHHU-
Te CTOWHOCTH 3a BpIMInaTa (tabin. 2). Konmenrpa-
nusta Ha Fe,0, e Hail-Bucoka (61130 2 IBTU HO-BU-
COKa OT TOBa B OenioOpexkuTe BboMina) (Tabdsm.l).
KonyecTBOTO M Ha caM¥sI €JIEMEHT BHB BBIJIUIIA-
Ta € O30 2 ITBTH TO-TOJISIMO OT CPETHOTO 34 BBIJIU-
mara B cBeta (tabm. 2). Crabpxkanuero Ha SO, e
HaW-HUCKO OT TpUTe OaceliHa W TOBa € HOPMAJHO
KaTO ce MMa MpeIBUI TUIA HAa MOAXPAHBAHETO HA
Codwiickus baceitn. CoabpxanueTo Ha K m Na e
3HAYHTEITHO MTO-BUCOKO, KAKTO OT TOBA B OCTaHAJIH-
Te nBa OaceiiHa, Taka M OT CPEAHOTO 33 BBHIJIUIIATA
(Tabm. 1, 2). TonaMOTO KOJIMYECTBO HA TE€3U EJIEMEH-
TH U ocobeHo Ha Na B copuiiCkuTe BBIIUINA Ce
I'bJKM Ha TPOHMKBAHE HA MUHEPAJIU3UPAHU IPYH-
toBu Boau (Koprencku, 1989). Ha te3u Bonu ce
I'BJDKY BEPOSITHO M HATKIIAPKOBOTO U ITO-BUCOKO OT
OCTaHAJINTE BHIVININA ChIbpXaHue Ha P, a Ha Tepu-
T€HHOTO MoJXpaHBaHe — ToBa Ha Ti (tabm. 1, 2).
KonnyecTBOTO Ha Mn € MaJiko MO-BUCOKO OT KJjap-
Ka ¥ OT TOBa B JAPYruTe ABa OaceiiHa W 3aBUCU OT
MPUCHCTBUETO MYy B CKAJIUTE OT MOIXpaHBAIIATa
MPOBUHIMS. BHB BEIIUIITHUTE IIMHA HAOKIAPKOBO
e cpappxanneTo Ha Si, Ca u S, OKOJIOKIIapKOBO HA
Na u P, a Ha ocTaHaJinTE €IEMEHTH € MOIKIApPKOBO
(Tabm. 2).

Benobpercku 6acetin. BbB BhITIMIIIHATA TIEIENT €
BHCOKO ChabpxaHueTo Ha Ca0, koeTo e xapakrep-
HO 3a BbINIMINA, OOpa3yBaHu B oborateHn Ha Ca ¢a-
nuec. To e Manko mo-BucOKO ot ToBa B CTaHsiH-
cKkust 6aceiH ¥ MHOTO ITO-BUCOKO OTKOJIKOTO TOBA B
Coduiickus Oaceitn (tabn. 1). ToBa ce mbKKM Ha
HAJIMYMETO Ha KapOOHATHU CKaJIU B MOJIXpaHBaIa-
Ta MPOBUHIMS Ha OaceifHa, OT KOUTO IO BpeMe Ha
TopdoobpasyBanero ca moctrenBaiu boratu Ha Ca
pastBopu. KommaectBoro Ha MgO e 6m3ko 1o ToBa
oT Apyrute 1Ba 6aceitna. CpabpxanueTo Ha SO, e
Mo-HUCKO OT ToBa B CTaHsHCKMUA OaceilH, HO 3HAa-
YUTEJHO HAJBUINIABa KOJUYECTBOTO HA OKCHJIA B
murautute oT Codwmiickus Oaceiin. Tosa e pesyi-
TaT Ha CXOAHATa najieoreorpadcka oOCTaHOBKA Ha
Benobpexxus n CransHckus 6aceiiH (oboraten Ha
Ca ¢ammec). Cnopen Taylor et al. (1998) Bucokorto
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cpabpxkanue Ha SO, ce IbJKM HA TOBUILIEHATa Oak-
TepuaJiHa aKTUBHOCT B aJIKaJIHaTa Cpela Ha JpPeB-
HOTO 671aTO. B MOg00HY yCIOBUS TOJisiMa 4acT OT Si,
KOWTO MOCTHIIBA MPEIUMHO C TEPUTCHHUTE MPUME-
cH, ce pa3TBaps U ce u3Hacs ot O6jmatoro. ToBa Be-
POSTHO, 3a€IHO C OTPAHWYEHOTO MOIXPAHBAHE C
TEpUTeHEH MaTepHall € OCHOBHA IPUYMHA 32 CPaB-
HHUTEJHO HUCKOTO ChIbpxkanue Ha Si0O,, KoeTo e 1o-
BHACOKO OT ToBa B CTaHAHCKUSA OaceifH, HO 3HAYM-
TEJIHO MO-HUCKO OT TOBAa B COQHUICKUTE JIMTHUTHU
(tabun. 1). KomuuectBoto Ha Fe,O, e 6iu30 2 nsru
ITO-MaJIKO OT TOBa B OcTaHajmTe 2 OaceiiHa (Tad. 1).
Crappxannero Ha K,O 1 Na,O e 3Ha4UTEIHO 1O~
HUCKO OT TOBa BbB BhIuIata ot Coduiickus 0a-
CeifH, HO € MO-BUCOKO OT TOBA B CTAHSIHCKUTE JIUT-
HUTH (Tabm. 1). ToNIMOTO KOJIUYECTBO Ha TE3M OK-
cunu u ocobero Ha Na,O B coduiickuTe BpIININA
Cce ObJDKM Ha MPOHWKBAaHE Ha MUHEPAJIU3UPAHU
rpyaTosu Boau (Koprerncku, 1989). BB Bbrmuma-
Ta MO-BUCOKU OT CPEIHUTE 3a CBETa Ca ChIbpiXKa-
HUATA Ha MIOBEYETO €JIEMEHTH, a CaMO Te3U Ha Si u
Ti ca mo-uucku (Tabm. 2). BbB BIIMIHUATE TIMHA C
HaJkJapkoBa KoHmeHTpamus ca Si, S, Ca, P u Al,
OKOJIOKJIapKOBa € Tas3u Ha Fe, mokaro 3a ocrananm-
TE eJIEMEHTH € IMO-HUCKa OT KJiapka (Taoir. 2).
Cmanancku 6acetin. B cTaHsgsHCKUTE BBIVIAILIA
IPaBHU BIEYATIICHUE HUCKOTO ChAbpxkaHue Ha AL, O,
u SiO,, kouTO OGUKHOBEHO Ca OCHOBHA ChCTAaBKa Ha
BBIJIMIIHATA Tenesl. KoHIeHTpanusaTa Ha Te3HW OK-
CHIHW € MHOTO IIO-HWCKAa OT Ta3W B OCTAHAJNTE
BBIJIMINIA OT MpOBUHIUATA (Tabu. 1), a Ta3u Ha Si
BBB BBIJIMIIATA € IIO-HUCKA OT CpeIHATa 33 BBIJIM-
mara (tabmn. 2). KomruectBoTo Ha Al € Manko mo-
TOJIIMO OT CPEIHOTO 3a Bbruiarta (tabi. 2). CoIio
MHOTO HHUCKO € ChIBPKaHUETO Ha OKCUIINTE HA aJ-
KaJHUTE ejJeMeHTH (Tabi. 1), HO B CpaBHEHUE ChC
CpPeTHOTO 33 BBIJIUIIATA, KOJIMYECTBOTO HA CAMUTE
eneMeHTH (ocobero Ha K) B CTAHSHCKUTE JIMTHUTH
e mo-roJisMo (Tab. 2). B menenTa Ha JUTHUTUTE OT
CraHsHCKHs OaCeiiH € 3HAYMTEJIHA KOHIIEHTPAIIHsI-
ta Ha Fe,0,, kosT0 € 6im3ka 10 Ta3u B copuiickuTe
JIUTHATH W 3HAYMTEIHO HAABUINABa Ta3u B Oelo-
Opexkute (Tab. 1), a KOIUIECTBOTO HA EJICMEHTA €
3 OBTH MO-TOJAMO OT CPEIHOTO 3a BBINIMINATA
(tabmn. 2). OcobeHo BICOKO ¢ ChabpxkanneTo Ha CaO.
Konnentpanusta Ha Ca HagBuIlaBa 0130 8 IBTH
cpenHaTa 3a BeIIMINATa B cBeTa (Tadu. 2). CpaBHH-
TEJIHO BUCOKO, HO OJIM3KO 4O TOBA B OCTaHAJIUTE Oa-
celiHu e chabpxanneTo Ha MgO (tab:. 1), a Ha ca-
MU €JIEMEHT 3HAYUTEJHO MIPEBUIIIaBa CPEIHOTO 32
BbIIUIIaTa (Tab. 2). CTaHIHCKUTE JIMTHUTH CE OT-
JINYABAT C U3KJIIOYMTEIHO TOJIIMO KOJUYECTBO HA
SO, (tabmn. 1). Ceabpxanuero Ha Ca, Mg u S e Tu-
MMAYHO, 34 J1a ce IpuemMe, ue ToppeHoTo 61aTo € oT
Tuna Ha oboratenuTe Ha Ca Gnata mo Taylor et al.
(1998). ToBa ce nbxu Ha akTa, Ye THHOTO U Ope-
roeaTa MBHIA Ha APEBHOTO TOp(deHo 6JaTo ca u3-
rpajeHu IPEIUMHO OT CPEIHO- U TOPHOTPHUACKU U
FOPCKHU BapOBUIIM U JOJIOMHUTH, KOETO € CBHIO OTIHU-
yuTeneH Oemer 3a oborarenute Ha Ca Onara.
ChbappKaHAETO HAa OCTAHAJIUTE OKCUAM € MO-HHC-
KO OT ToBa B Jurautute B Coduiickus 6aceiiH, a 3a
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MnO u P,O; u or ToBa B 0€100pEXKUTE JTUTHUTU
(tabn. 1). CrieBpeMeHHO KOHIeHTpanusaTa Ha Ti
u P HanBuImaBa MHOTOKpaTHO cpefHaTa 3a BBIJIU-
mara (Tab. 2). BbB BbIIMITHUTE DJIMHYU € HaAKIap-
KOBO chIbpxkanueTo Ha Si, Al, Fe, Ca, P u S, okoJo-
KJ1apkoBo ToBa Ha Ti u mogkimapkoBo ToBa Ha Mg,
Mn, Na u K (Tab:m1. 2).

ITpuBBbpP3aHOCT HA €JIEMEHTHUTE
KbM OPTaHWUYHOTO BEIIECTBO

IIpu onpenensHe HA MPUBBHP3AHOCTTA HA €JIEMEH-
THTE KbM OPTAaHWYHOTO BEIIECTBO Ca M3MOJ3BAaHU
MOJIYICHUTE OT KIIBCTEP-aHAIN3a KOSHUIINECHTH HA
KOpeJnanus MeXy KOHIIEHTPAIUsATa Ha eJIEeMEeHTH-
T€ U MENeJHOTO ChABbpKaHWE Ha Bbprumara. OT-
JIEJIEHU Cca CJICHUTE TPYIHU MO IPUBBHP3aHOCT:

— EnemMeHTH, IpUBBP3aHNU B IMO-TOJIIMA CTEICH
KBM OPTaHWUYHOTO BEMIECTBO (IpeobIagaBalr opra-
Hr4eH a¢puHuTeT). KoehunmenTsr Ha Kopenanus ¢
HeNeNTa € OTPULATENIEH U ChC CTATUCTHYECKU 3HA-
YrMa CTOMHOCT. 3a TE3H I'pyIa eJIeMEHTH € Xapak-
TepHa OpraHMvyHaTa (opMa Ha MPUCHCTBHE, KATO
HE Ce M3KJII0YBA MPUCHCTBHETO W HA MUHEpAJHA
(dhopma, KOSITO B OTAEIHU CIy4au MOXxe na Oble B
3HAYMTENHO Kom4yecTBO. HapacTBanero Ha meme-
HOTO ChIbPKaHUE BOIM IO HaMaJIIBaHE HA KOJIH-
4eCTBOTO Ha eJIeMEHTUTE OT Tasu rpyna. [lociegHo-
TO C€ ABJDKU HA CHW)KABAHE HA OTHOCUTEJIHHS IS
Ha OMOTreHHATa M COpONMOHHATA TIeTIel.

B codmiickute 1 6eTOOpEXKKUTE JIUTHUTH B Ta3U
rpyna nomagat B, S, Fe, Mg, Ca, Na u Ti (Ttab:m. 2).
Paznukata € B CTOMHOCTUTE HA KOPEJAIMOHHUTE
Koe(UIIMEeHTH C ENeTHOTO ChAbpKaHue. 3a Mg, Na
1 0cobeHo 3a P Te ca mo-BrCOKH 32 COPUACKUTE BBI-
mma, a 3a S, Fe u Ca — B 6emobpexxkure (Tabi. 2). B
CTAaHSHCKWTE JIUTHUTHU B Ta3u rpyna nomanat S, Ca,
Mg u Mn, xaTo U 3a YeTUPUTE eJIEMEeHTa Koeduu-
EHTHUTE Ha KOpeJalus ca ¢ Hail-Bucoka abcoroTHa
CTOWHOCT, T.€. OPTAHUYHUAT AQUHUTET € Hal-BUCOK.
Te3u pasnuuus ca pe3yiTaT OT pa3jIMYHATa KUCe-
JIMHHOCT Ha cpeflaTta mo BpeMe Ha TopdoreHesa, oT-
pa3eHu mo-moJy.

ITocTwhIBaHETO HA €JIEMEHTUTE B TOpPEeHOTO OJ1a-
TO CTaBa NpeAMMHO mon ¢opmarta Ha pa3TBOPH,
KaTO OCHOBHATa 4YacT C€ CBBbP3Ba C OPraHMYHOTO
BEIECTBO MO (hopMaTa Ha €JIeMEHTO-OPTraHUuIHU
ceenunenus (Ti, Fe, Mn), xenatu (S, P) unu ¢yssa-
1 1 xymatu 3a Na, Ca u Mg (BoiiTkeBuu u 1p.,
1983). HacT OT KOIUYECTBOTO OT €JIEMEHTHUTE TO-
CTBIIBA U C PACTUTEIIHUTE OCTAHKH U CE OTJIara 3ae-
HO C TSIX — T.Hap. OuorenHa opranuvaa popma. Ta-
KaBa € XapakTepHa B CPABHUTEITHO TOJIEMHU KOJIMYE-
CTBa IIOYTH 32 BCUYKM OT IIOCOYCHUTE SJIEMEHTH 0e3
Ti (BoitkeBuu u ap., 1983). Heopranmunarta ¢op-
Ma Ha MPUCHCTBHUE € CBBP3aHa WM ChC COOCTBEHU
muHepau 3a Fe (mpeauMHO cynduam, Maiko ¢ Kkap-
OOHATH M HE3HAUYMTEIHA YaCT ChC cyJipaTn), S (cy-
¢unu u cyndartu), Ca, Mg u Mn (xapOoHATH WK
cynpatn) u Ti (pyTHIT), HJIK KATO TPUMECH B TIIMHE-
ctu muHepaym 3a B Na u yact ot Ti. Manka vact
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oT S B 6e100peXKNTE BBIJIUINA € CBbpP3aHa C MUHE-
panuTe BB BhINIMINIATa O hopmara Ha cyidunu
u cyndatu. ToBa ce MOTBBPXKIaBa OT U3CJICIBAHM-
siTa HA OpraHWYHATA U MUPUTHA CIpa, KaTO MbpBa-
Ta mpeobiiagaBa 3HaunTeHo (Markova et al., 2007).

3a mpeobnamaBann opranndyeH adpuHuTeT Ha Na
nmanau npusexmat Miller, Given (1987), Beaton et
al. (1991), a Querol et al. (2001a) yctanoBsBat oT 40
10 98% oprannued apuHUTEeT HA Na B pa3IdvHH
pprnma. Eskenazy, Ivchinova (1987) cro0maBat 3a
ps3Ko mpeobamasar opranndeH apuaUTET Ha Na
pu neneysHo cpabpxkanue 1o 10-20% B penuma
Owsrapcku Bermuina. Oprannyen apuauter Ha Mg
B peauna Bberuiia ycranosiBat Gluskotter et al.
(1977), Miller, Given (1987), Querol et al. (1996). 3a
npeoOanasai opranuieH apuauteT Ha P cho01ma-
Bat Miller, Given (1987), Liu et al. (2001), Querol et
al. (1997b). MHorO aBTOpPM ONpeAesaT npeobiaana-
BaIll opraHnyeH ahuHUTET HA S B peauIa BbIJIMINA
(Beaton et al., 1991; Querol et al., 1996, 1997a; Crowley
et al., 1997). Cnopen Querol et al. (2001a) B HaxOM
BBIJIMIIA OpraHnyeH ahuHUTET Ha S mocTura 65 mo
98%. 3a opranmueH adpuauTeT Ha Ca mpuBeXaaT
nanau Crowley et al. (1997) u Liu et al. (2001), na
Mn — Beaton et al. (1991); Eskenazi (1996); Querol
et al. (1997b); Crowley et al. (1997), nHa Fe — Newman
et al. (1997) u ma Ti — Otte (1953); lllep6una (1980);
Kojima, Kurusawa (1986). B oborutennara cu pa-
Oora 3a TutaHa, Eckenasu (1972) otbensssa, ue B
MHOTO OT H3CJIEIBAHATE OT Hes BHIVIAIIA €JIEMEHTET
e ¢ mpeobnagasama opranndaa popma.

— EnemMeHTH, NpUBbpP3aHU B €IHAKBA CTENEH
KBbM OPTaHUYHOTO U MUHEPATTHOTO BEIIECTBO (CMe-
ceH ahuHUTET). 32 TAX KOCPUIMEHTHT Ha KOpeJia-
A C TMEMETHOTO ChIIbPXKAHNUE € MOJIOXKUTEICH WU
OTpHIaTEJIEH, HO € CbC CTOWHOCT I1OJ MUHUMAJIHA-
Ta cratucTudecku 3HaunMma (10,22 3a coduiickure
u 6enobpexkute U 1£0,30 3a CTaHAHCKHUTE BBIJIH-
ma). EneMeHTHTe IPUCHCTBAT B MPUOIU3UTEIIHO
€IHAKBO KOJUYECTBO B OPraHUYHOTO U MUHEPAJI-
HOTO BeIecTBO. B couiickuTe JIUTHUTH C TaKWBa
koepunuentu ca Al u Mn (taba. 2), a B CTaHIHCKH-
te — Fe u P (Ta6m. 2). Oprannunara gopma Ha eJe-
MEHTHTE € CBbP3aHa BEPOSITHO C KOMILIEKCHH eJie-
MEHTO-OpTaHUYHU ChEIUHEHMS, a 3a P — ¢ xeaTu.
Munepannata popma Ha Mn Hali-BEpOATHO € KaTo
npuMec B KapOoOHaTHH MuHepaym, HAa Al u P e
CBBbP3aHa C INIMHECTUTE MUHEPaIIH, a Ha Fe cbe cyi-
¢buouTe U oTyacTH C KapOOHATH W CyiIdaTu.

JanuuTe 32 cMeceH aQUHUTET Ha TE3U eJIeMEH-
TH B JIUTEpaTypaTa He ca 0CoOeHO MHOTO: 3a P —
Kuhn et al. (1980), 3a Fe — Beaton et al. (1991);
Querol et al. (1997c¢), a 3a Mn — Idzikowski, Trze-
biatowski (1960); Spears, Tarazona (1993) u np.

— EnemMenTH, IpUBBP3aHU B [IO-TOJISIMA CTEICH
KbM MHUHEPAJTHOTO BellecTBO (mpeobiamaBai He-
opranunueH adpunauter). KoepuuueHTHT UM Ha KO-
peJanus ¢ MeneHOTO ChIbPKAHKUE € MOJIOXKUTEICH
7 MO-BHCOK OT MHHUMAJHUSI CTATUCTUYECKU 3HA-
yuM. KonmuecTBOTO MM HapacTBa ¢ yBeJIMUCHHE HA
MEMETHOTO ChIbPXKaHUE W MUHEpaJHATA UM (Hop-
Ma Ha NMPUCHCTBHE € npeobiaaasaiia, a MoHsIKora



U eguHCTBEHA. B Tasm rpyma 3a codwuiickure Jur-
HutH nomagat K u Si, 3a 6enobpexkure Al, Si, Mn
u K u 3a crausuckure Ti, Al, Si, Na u K. BposTt Ha
CJIEMEHTHUTE C HEOPTraHUYCH a)UHUTET € MO-BUCOK
B OaceifHuTe, B TOpdeHnTe OiiaTa HA KOUTO cpefa-
Ta e Owta HeyTpasiHa 10 cjiabo ajnkaiaHa. OCHOBHO-
To xoamvecTBo Si, Al, K, Na u Ti e cBbp3aHO ¢ DiH-
HECTUTE MUHEPAJIH, KaTO YacT OT Si MPUCHCTBA U
KaToO TEPUT€HHU KBapIl M CUJIMKATH, a 4acT oT Ti
KaTo pyTwI. MaHTaHBT € CBbpP3aH C KapOOHATHHUTE
MuHepaau. Be3aMoxHa e oprannyHa popma, KOSITO
3a K, Na u Mn moxe na 6sae u 6norenna. Copomu-
OHHaTa opraHuvHa opMa € CBbp3aHa C KOMILIEKC-
HU eJIeMEHTO-OpTraHuYHH chenuHenus, 3a Na u K ¢
XymaTH 1 QynBatw, a 3a Si JOpH U C XeIaTH.

Pemuiia aBTOpH yCTaHOBSBAT MOJIOKUTETHA KOPE-
sarust Ha Al u Si ¢ meneTHOTO ChABpXKanue (Beaton
et al., 1991; Querol et al., 1996; Warwick et al., 1997,
Crowley et al., 1997; Spears, Zheng, 1999; Liu et al.,
2001). Querol et al. (1997a, b, 2001b), Ward et al. (1999),
Karayigit et al, (2000a, b), Alastuey et al. (2001) mpu-
eMaT anpuropy Bpb3KaTa Ha Si U3KIIOUUTEITHO C TIIH-
HECTHUTE MUHEPAJd W W3MOJI3BAT KOpEIalusITa Ha
€JIEMEHTUTE C AJTyMOCHWJIMKATHATA YaCT Ha IETeNTa
3a ompeessiHe Ha MPUBBP3aHOCTTA HA EJIEMECHTUTE
KbM MHUHEPAJHOTO BEIIECTBO UJIK 3a y4aCTHETO UM B
Te3W MUHepaIu. 3a HeopraHuveH aduuuter Ha Ti
crobmasat CmupHOB (1969) u Beaton et al. (1991), a
Querol et al. (1997b, c, 2001b) ycranoBsBaT TSICHA
aconuanys (OJIOXUTENIEH KOe(PUIIMEHT Ha KOPEJTaIist
Hag +0,6) Ha eJleMEeHTa C aJyMOCHJIMKaTHATa 4acT
HAa MHHEPAJHOTO BEIIECTBO Ha BbIIUINATA. JJaHHU
3a mpeoOiagaBail HeopraHuveH apuHUTET HA Na
npuBexaat Warwick et al. (1997), Crowley et al. (1997),
Liu et al. (2001), a Querol et al. (1996, 1997b, 2001b)
YCTAaHOBSBAT MOJIOXKUATETHA KOPEJIays Ha eJIEMEHTa
C aJyMOCIUIMKAaTHATa CbCTaBKa Ha HEOPTaHUYHOTO
BEIIIECTBO U DIMHECTUTE MUHEpaTd. JJaHHUTE B JIUTe-
paTypaTa CBhIIO ca 3a IpeobiiaTaBail HeOpraHuIeH
adunuteT Ha K (Beaton et al., 1991, 1993; Warwick et
al., 1997; Crowley et al., 1997; Spears, Zheng, 1999;
Liuetal., 2001). Querol et al. (1996, 1997b) u Alastuey
et al. (2001) ycTaHOBSIBAT NOJIOXKHUTEJTHA KOPEJIAIHS
Ha eJeMeHTa C aJlyMOCHJIMKATHATAa 4acT Ha MUHe-
panHOoTO BetecTBo, a Querol et al. (2001a) onpeaenst
ensa ot 8 10 16% opranwuen apunutet Ha K. Cro-
pen Eskenazy, Ivchinova (1987) B penuna Obarapcku
BBIJIAIIA € MHOTO BICOKO ChIbPKaHUETO HA HEOpra-
HuUYHAaTa opMma Ha kamus. Heopranmuaust apuau-
TeT Ha Mn ce ycTaHoBsiBa OT MHOro aBtopu (Otte,
1953; Munues, Eckenasu, 1963, 1966; CmupHoB, 1969;
Gluskoter et al., 1977; Kojima, Furusawa, 1986 u ap.).
Querol et al. (2001a) onpenenst 95% HeopraHWYeH
adpuHUTET HA Mn B Hskou BbIIMINa, a Querol et al.
(2001b) cpobIIaBaT 32 MpeobIaaaBaiy ahQUHATET KbM
KapOOHATHUTE MUHEPAJIH.

I'eoxuMUYHM aconmanuy eJIeMeHTH

‘Ipe3 KIIBCTEP-aHan3a Ca OTACIICHU CJICTHUTE aCO-
nuamuun:

Codpuiicku bacetin

Si-Al-K aconumanus. [TooxuTteaHaTa kopenanus
MEX/Iy €JIEMEHTHTE C€ TbJDKU P BCHUKO Ha y4a-
CTHETO MM B DIIMHECTUTE MHUHEpad. YCTaHOBSBA
Ce W BUCOK KOC(HUIIMEHT Ha KOpeJalus Ha eJIEeMEeH-
THTE C IENEeJTHOTO ChIIbpIKaHHE.

P-Na-S-Mg-Ca-Fe aconuanus. Tazu acounanus
ce 00ycCIiaBs OT CXOJIHATA IPUBBHP3aHOCT KbM OpTa-
HUYHOTO BEIIeCTBO W OWorenHara ¢opma Ha
MPUCHCTBUE HA €JIEMEHTHTE.

W3BbH aconmarnuute octaBaT Mn u Ti.

benobpexncku bacetin

Al-Si-Ti-K aconmanus. Y4acTBaT €JIEeMEHTH C
npeobrnaaaBany HeopranudeH apuaurteT. Te u3rpax-
JIaT NIMHECTUTE MUHEPAJIH, OOMKHOBEHO MOCTHIIBA-
Y C TEPUTCHHUS MaTepuai B 6matoro. Toa o0yc-
JIaBS TMOJIOKHUTEJIHATA KOpPEJanus C MemeJIHOTO
ChIIbp)KaHHE.

S-Mg-Ca-P aconmnanus. Tyx momagat ¢ mpeo6-
JlajaBan oprannyeH agpuautet. ToBa, kKakTo U O1O-
reHHaTa ¢popMa Ha IPUCHCTBUE O0YCIABAT BKIIFOY-
BaHETO UM B ¢JHA aconuanus. Bpb3kara ce 3acui-
Ba M OT CXOJITHa MUHEpajiHa (hopMa 3a HIKOM OT eJie-
MeHTHTe — kapbonaTHa (Ca u Mg) u cyndarHa (S,
Ca u Mg). KapbonaTture decto aconuupar ¢ IiIu-
HECTUTE MUHEPAJIH, KOUTO ca HocuTe Ha P

WN3BbH TEe3u aconuanuu octaBaT Fe, Mn u Na.

CmaHaucku bacetin

Na-Si-Al-K-Ti aconunanus. B Ta3su aconuanus
y4acTBa M NENETHOTO ChaAbpxkaHue. EneMenTuTe ca
¢ mpeobiataBai HeopraHuueH ahUHATET, KATO W3-
rpakaaT DIMHECTUTE MUHEPAd BbB BbIIAIIATA.

Mn-Ca-S acomuamnus. Enementure ca ¢ mpeoo-
JlajaBall opranuved aduHuTeT. Te moCThHIBAT B
TOp(eHOTO OJIaTO C TPYHTOBH BOJIM OT CPETHOTPU-
ACKHATE W TOPHOIOPCKU BAPOBHIIM W JTOJIOMUTH W
BJIM3aT B PEAKIUSA C OPTAaHUYHUTE KUCEJIWHH KaTO
o0pasyBaT eJIeMEeHTO-OpraHuYHN CheauHeHus. Oc-
BEH TOBa 3a TAX € XapakTepHa U OworeHHa gopma
Ha npucbcTBue. CyndarHaTta MuHepaiaHa Gopma
oOycnaBs Bpb3kaTa Ha Ca u S, a kapOoHaTHATa Ha
Ca u Mn.

W3BbH aconunanuute octasat Mg, Fe u P

KucemHHOCT Ha cpenaTa B IPEBHUTE
Topenu Onata

KucennmHHOCTTa Ha cpefara B APEBHOTO TOp(deHo
6y1aTO € ompenesieHa Bb3 OCHOBA HAa XUMHUYHUS
ChCTaB Ha BBIJIMIHATA TICMENI HA AUarpamMara Ha
kucenuHHocTTa HAa KopTeHncku (1986). B Tpute Oa-
celiHa ca M3CJIeIBAaHN BBIJIUINATA OT €IUHCTBEHUS
BBIJIMIIEH IJIACT C IPOMHUIILJIEHA CTOWHOCT U OIIpe-
JleJIeHaTa KUCEJIMHHOCT Ha cpejaTa ce OTHacs 3a
Top(heHOTOo O6J1aTO IO BpeMe Ha OTJIaraHeTo Ha ChOT-
BETHHS IIJIACT.

Codbuiicku 6aceiin. TleneTHOTO ChIBpPXAHUE U
KOS(UIMEHT BT HA KUCEJIMHHOCT B Pa3JIMYHUTE IPO-
cioiiku Ha banmenckus niact BapupaT B ITUPOKH
rpanuiy. ToBa ce IbJKM HAa HEMOCTOSHCTBOTO Ha
KUCEJIMHHOCTTA Ha CpelaTa B OTACJIHUTE eTalu OT
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pPa3BUTUETO HA TOPPEHOTO OJaTO, CBHP3aHO C pas-
JIMYHM aKTUBHOCT W BHUJ Ha moaxpaHBaHeTo. OT
IHarpaMaTta Ha KUCEJMHHOCTTAa ce Bwxnaa, ue pH
Bapupa B MHOTO IIIMPOKY IpaHuIy — ot 3,5 1o 6,5-7,
HO B IIOBEUYETO OT MPOOUTE MOMagaT B MO-TECEH
uHTepBal — oT 4 10 6 (dur. 1). Cpennara CTOM-
HOCT € OKOJIO 5,2.

beaobpexcku baceiin. Cpenata B TopeHoTO O1aTO
e Owia HeyTpaiiHa, a B oTaenHuTe etand pH e Bapu-
pajia B MHOT'O TECEH HHTepBaJI — OT 6,5 1o 7,5 (¢wr. 1).

CmanaHncku 6acetin. KucenmHHOCTTA Ha cpefa-
Ta B APEBHOTO TopdeHo O61aToO € Bapupaja oT 5,5
o 7,5 B ornennute etanu. Ha ¢urypa 1 ce Buxna,
4e MOBEYeTO TOYKM MonajaaT B MHTepBaa Ha pH ot
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e CTOWHOCTM 3a OTAernHa npoba
o OcpeaHeHa CTOMHOCT 3a bacelHa

. Si0,+AL,0,+SO,+P,0,
“” Ca0+MgO+Fe,0,+MnO+Na,0+K,0

®@ur. 1. /luarpama Ha KHCEJHHHOCTTA HA cpexaTta B Topde-
HOTO OJIaTO
K,=8i0,+Al1,0;+S0,;+P,0,/Ca0O+MgO+Fe,0;+MnO+
Na,0+K,0

1 — cTOWHOCTH 3a OTAeNHA Mpoba; 2 — cpelHa CTOMHOCT 3a
OaceitHa

a) Coduiicku Gaceiin; 6) benobpexku 6aceiin; B) CTaHIHCKA
baceitH

Fig. 1. Diagram of the environmental acidity in the peat bog
K,=8i0,+Al1,0;+S0,;+P,0,/Ca0+MgO+Fe,0;+MnO+
Na,0+K,0

1, values for each sample; 2, average value for the basin

a) Sofia Basin; 6) Beli Breg Basin; B) Staniantsi Basin

6 1o 7, a cpemHA CTOMHOCT € OK0JIO0 6,5. B oTenan
eTamy OT Pa3BUTUETO Ha TOP(PEHOTO OJaTO cpeaa-
Ta ce MPOMEHsLIa 10 ¢1abo ajikalHa.

CphIoCTaBKa HA TEOXUMUYHUTE
ocob0eHoCTH Ha DacerHuTe
ot CoduiickaTa mpOBUHIIUS

B®3 ocHOBa Ha MOJyYeHUTE PE3yJITATH € YCTAHOBE-
HO pasmpeeICHIETO Ha MeneI000pa3yBaIlnTe efe-
menTd B Coduiickata npoBuHIusA. ChIbpPKAHUETO
Ha Si m Al oT 3amaj Ha W3TOK HapacTBa, AOKATO
koHneHTpanusaTa Ha Ca, S, oruactu u Ha P Hama-



nsBa. ToBa ce onpenens mpearuMHO OT THIIA Ha CKa-
JIUTE OT MOAXPAaHBAlIATa MPOBUHINS HA JPEBHUTE
topdenu 6mata. B 3anagHaTa 4acT HA MPOBUHITUS-
ta (Cransucku u Benobpexku 6aceitnu) anuecu-
Te ca 00OraTeH! Ha KaJIIIHH.

Ot 3amag Ha M3TOK HapacTBa OENBT HA IMOMI-
XpaHBAaHETO C TEPUTCHEH MaTepuall, a HaMmalisaBa
TPYHTOBOTO NOIXpaHBaHe. B 3amamHaTta yact Ha
NpOBUHIUATA TOpdeHuTe Oj1aTa ca ¢ oboraTeH Ha
Ca ¢anuec, mopaau KOETO U Cperarta Mo BpeMe Ha
TopdoreHesa e oT HeyTpajHA IO C1abo ankajHa,
IokaTo Ha M3TOK pH Ha cpemarta Bapupa B IIMPOKU
rpaHUIN.

IIpuBBbp3aHOCTTA HA EJIEMEHTUTE KbM OpraHuY-
HOTO BEIIECTBO Ce OOBBpP3Ba C yCTAaHOBEHATa OT
KopTtencku (1993) Tenaennus, e B 3amaaHaTa 4act
Ha IPOBUHIMATA Ca MOBEYE EJIEMEHTHTE C MPeoo-
JlaiaBaml HeopranmdeH adpuHuTeT. ToBa Cce TBJIKU
Ha TO-aJIKaJIHaTa cpeda B ApeBHHUTE TOopdeHu Oma-
Ta Ha CraHsHckus U benobpexkus O6aceiHu.
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