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PE3IOME

naBHaTa Lien Ha ToBa M3cneaBaHe e OnpeaensHe Ha OTHOLLEHUATA MeXy NokasaTenuTe Ha OTpaXeHue Ha MalepanHuTe rpynu OT BBIMULA C Pa3nuyeH paHr n
VHTEpBana Ha M3MEHeHWe Ha OTPaXEHWETO Ha MacepanuTe C HapacTBaHe Ha paHra. Bbrmuwa ot pasnuuHu 6barapcku 1 cnoBeHckn HacelHn ca onpobBaHn
nacnengaHu. MpobuTe OT BCEKM TUN BBbIMWLA Ca W3CMeABaHW, Kato Ca HanpaBeHn M3mepBaHus B 60 TOUKM Ha BCekV aHWmnMd. YCTaHOBEHM ca crepHuTe
3aBUCKMOCTU MeXJy OTPaXEHMeTO Ha MalepanuTe OT TpUTe rpynu U CrepHuTe MHTEpBamW Ha M3MEeHeHWe Ha oTpaxeHueTo: 1) JlunougHute mauepann B
13CcrefBaHNTE NUTHUTY Ca C NokasaTeny Ha OTpaXeHue, KOWTO BapupaT B HAW-TECHM TPaHULM, @ NPpU YepHUTE BBIMNLLA BapuaLusaTa Ha Tesn CTONHOCTU e Haii-
ronsma. OTHOLLEHNETO Ha OTpaxeHneTo BUTPURUT/IUNTUHUT (V/L) u uHepTuHUT/BUTPUHUT (I/V) e epHakso (4,5). 2) Mpu kadseuTe BBIMUWA MHTEpPBaNuUTE Ha
BapuaLms Ha OTpaXeHWeTo ca nofobHW Ha Teaw npu NUrHUTUTE, a oTHolweHusiTa V/L u I/V ca cbe cToitHocT 3,5. 3) MHTepBanuTe Ha Bapuauus Ha nokasaTenute Ha
OTpaXeHue 1 Ha TpuTe MaLiepanHy rpynu ca no-rofieMi Npy YepHUTe BIMULLA, KaTo TOBA B Hali-ronsiMa CTeneH ce OTHacs 3a MHepTMHUTA. OTHOLLEHWETO Ha
oTpaxenueto V/IL=3,5, a I/V=2,5. 4) MNpu aHTpaLUTUTE MHTEpBanuTe Ha BapuaLmsi Ha OTPAKEHMETO Ha BUTPUHUTA M MHEPTUHUTA Ca Hall-rofemm, a CToMHocTTa Ha IV
e 1,5.Mpu nunounaHuTe MaLepanu ce Habniofaea Hail-TeCEH MHTEpBanN Ha BapuaLKUTE Ha NokasaTens Ha OTPaxeHWe 1 T HapacTBa HE3HAYNTENHO NPU BBITNLLA C
M0-BUCOK paHr. HEpTUHUTOBMTE MaLiepani ca C Halt-LUMPOK AManasoH Ha M3MepeHuTe CTOMHOCTM 3a BCEKM TUN BbIMULLA, AOKATO renuduumpaHnTe Malepanm ca
CbC CPEeAHN CTONHOCTM, HO MO-6nM3kK A0 Te3n Ha NUnoupHUTe. 3a MHEPTUHWTOBUTE W renuduLmMpannTe Malepanu ce Habnioasa yBennyaBaHe Ha MHTepBana Ha
BapuayMu C HapacTBaHe Ha CTepneHTa Ha Bbrmedukauus, 0CODEHO Npu YepHUTE BbIMMWa W aHTpauuTute. CpeaHoTo OTpakeHue Ha NUNOWAHUTE W
renuéuumMpanmTe Maepany e 6nmsko no CTONHOCT 0COBEHO NpW NUTHUTUTE 1 KadsBUTE BbrMLA. [padmknTe Ha M3MEHEHWe Ha TO3W nokasaTen ¢ HapacTBaHe Ha
CTeneHTa Ha BbrnedukaLys ca CXOAHW 3a TpuTe Mauepaniu rpyni. CbOTHOLIEHMETO MeXAy NokasaTennTe Ha OTPaXeHWe Ha WHepTUHWTa W BUTpUHMTA IV e
0bpaTHO NPONOPLIMOHANHO Ha paHra Ha BbrmLaTa W HeroBata CTOMHOCT HaMansBea ¢ eAuHULA OT NIMTHUTUTE KbM aHTpauuTiTe. MogobHa NuHeitHa 3aBucumocT ce
YCTaHOBSIBA M NPM OTHOLLEHMETO V/L OT NMUrHUTY KbM KadhsiB BLIMWLLA, HO CTOMHOCTTa My Ce 3ana3sa Nnpy YepHUTE BbINLLA.

KntoyoBw gymu: oTpaxkeHre Ha pasnnyH1 MaLepani,0THOLLEHUS Ha OTPaXXEHUETO, MUTHUTY, KadsiBM BBIMNLLA, YEPHU BBITNLLA, aHTPaLUTL.

BbBELEHME Ca U3BBbPLLEHM C MUKpOcKon “Leica” B 0TpaseHa cBeTNMHA (A =
546 nm), obektms 50x/0,85 (macneHa umepcusi), C
KoMnioTbpHa nporpama “Leica mpv_meas”. [agonuHuia-ranuin-

rpaHaT ¢ oTpaxeHue Ro = 1,699% e u3non3saH 3a cTaHAapT.

W3cneasaHn ca npobu OT BLIMWLLA C Pa3nnyeH paHr ot
Obnrapcku W crnoBeHcku GaceiHu. Jivrhutute ca  oOT
Codhuickms KbCHOMMOLIEHCKU-MNMOLIEHCKM BaceiH, kadssnte
BbrMLWa OT MepHULWKUS (C Bb3PACT KbCEH ONMUMOLEH - paHeH
MWOLIEH), YepHuTe BbIMMWa ca oT Bpemcku Bputos (KOro-
nstouHa CroBeHust) C KbCHOKpeOHa Bb3pacT W aHTpauuTuTe
ca ot [peHoB Mvp (LleHTpanHa CroBeHus)) ¢ KbCHOTpUacka
Bb3pacT.

PE3YNTAT W ANCKYCUA

3BeCTHO e, Ye OTPaXeHWETO Ha MalepanuTe OT BCUYKA
rPynu HapacTBa C HapCTBaHe Ha CTerneHTa Ha BbrnedukaLns
Ha Bbrnuwara (Taylor et al., 1998) u 4ye oTpaxeHMETO Ha
BUTPMHWTA 33eMa CpedHO MOMOXEHWe ChpsaMo  ApyruTe
MauepanHu rpynu (Stach et al., 1982). YnMuHUTBLT 1
TENOKOMMHUTLT NOKa3BaT OTHOCUTENHO PaBHOMEPHA NPOMSHA
npu pasnuyeH paxr (Veld et al., 1994) n Te obukHoBeHO ca

maBHaTa Len Ha u3cnepBaHeTo e aa 6baaT onpeneneHu
3aBUCMMOCTUTE MeXay CTOMHOCTMTE Ha MoKasaTens Ha
OTpakeHWe Ha MaLieparHuTe Tpynu Ha BbITMWA C Pa3nuyeH
PaHr 1 [a Cce W3Befe 3aBUCMMOCT 3a MpOMsHaTa Ha TO3u

nokasaten npu BCAka MaleparnHa rpyna ¢ HapacTBaHe Ha
CTeneHTa Ha BbrnedukaLms.

MATEPWAN 1 METOONKA

B3eTu ca 0bpasuy OT BCEkW TUM BBINLLA U ca U3paboTeHu
aHwnud-opeketn. MamepeHn ca no 60 Toukm oT npoba 3a
OonpefensHe Ha nokasaTens Ha OTpaxeHwe. MacnegsaHusTa

Hal-4eCcTO  W3Non3BaHWTe renuduuMpanm mauepamnu  3a
“3MepBaHe Ha OTpaXeHWeTo B HacToswara paborta. OT rpyna
TvnTuHNT  (EK3MHMT) OTpaXeHWeTo € OnpedensHo Ha
Mauepana CrnopuHWT, KoMTo npeobragasa B W3CnefBaHuTe
npobu. Hai-4ecTo e MepeHo OTpaxeHWEeTo Ha dy3uHuTa OT
Mauepanute oT rpyna WHepTwHuT. Hskon oT npobute ca
fegHu Ha VHEPTWHUTOBW M MUMTMHMTOBM Mauepanu, HO
BbMpeks TOBA M3MEPBAHMS Ha OTPAXEHMETO € HanpaBeHo
CblLO 1 Ha TAX. [lnarpamata Ha OTPaXXEHWETO Ha PasnuyHUTe



MaLepanu 3a BbruLLa C pasfiyHoO BBINEPOSHO ChabpKaHue,
pecnekTMBHO pasnuyeH paHr (Alpern et al., 1970) He nokassa

M3MEHEHNETO Ha NokKa3aTend Ha OTpaXKeHWe Ha Malepanute
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Queypa 1. Xucmoepama Ha nokasamenume Ha OmpaxeHue
R, [%] Ha mauepanHume epynu Slunmurum, Bumpurum u
WHepmuHum 3a 8banuwa ¢ pasfuyeH paxe.

OT rpynu JWUNTUHUT W VIHEPTWHWT, C U3KMIOYeHWe Ha
cemucbysuHuTa. Ha cbluata guarpama Moxe ga ce Buau
HapacTBaHe Ha OTPXEHMETO HA BUTPUHMTA MpU BLIMMLLA C
BMCOK paHr. MopobHa auarpama Ha Hoover&Davis (Taylor et
al., 1998) nokassa ICHO W3pa3eHa NMUHERHA 3aBUCUMOCT Ha
nokasaTensi Ha OTPaeHWe OT paHra Ha BbiMwara 3a
BUTPWHUTA, MAKpUHUTA, OTYACTU CEMUY3NHITA W CMIOPUHUTA,
[0KaTo Mpn dhy3uHUTa ce Habnogasa ronsamMo pascenBaHe Ha
cTtomHocTuTe. B Hactodwara pabota e  YCTaHOBEHO
HapacTBaHe Ha OTPaXEHWETO Ha Malepanute U OT TpuTe
MauepanHu rpynn OT IMTHUTU KbM aHTpauuty (cur. 1). OcseH
TOBa Ce HabntojasaT OnMpedeneHn 3aBuCUMOCTU B [uanaso-
HWTE Ha BapuaLus Ha CTOMHOCTUTE Ha OTPaXeHUETO 3a oTaen-
HUTE MaLepanHm rpyny Npu BbIWLLATA OT PasnuyieH paHr.
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Queypa 2. [pacuka Ha UsMeHeHUemo Ha UHmepeana Ha
cmolHocmume Ha ompaxeHue (R,max-R.min, %) Ha
mauepanHume epynu flunmurum (L), Bumpurum (V) u
Wrepmurum (I) 3a 8benuwa ¢ pasnuydeH pae.

JlueHumu. Toka3aTensT Ha OTpaXeHWe Ha mauepanuTte ot
rpyna JuntuHmt B nuriutute Bapupa ot 0,03 go 0,11% (dwr.
1), KaTo TOYKWTE C MO-BMCOK MOKasaTen He HaaBuLIaBaT
3HAYMTENHO Tesn C MO-HUCBK noka3aten. MakcumanHata
CTOMHOCT HafpuwiaBa 3,7 MbTW MUHUManHaTa. OTpaxeHneTo
Ha XyMuHUTa Bapupa B no-wupok uHtepsan (0,21-0,4%), kato
MOBEYETO TOUKM 33 TPYNMPaHW MpU MO-HUCKUTE CTOMHOCTU
(cpur. 1). Pasnukata Mexgy MakcumanHata v MUHUManHata
CTOMHOCT € oKorno 2 nmbTW. lMokasaTensT Ha OTpaxeHue Ha
WHEePTUHWUTa Bapupa B 3HAYUTENHO MO-LUMPOKM rpaHuLm (0,96-
1,94%), HO NoBeYeTO pe3ynTaTh ca rpynupaHn B MHTepBana
0,96-1,5% (cpur. 1). MakcumanHata CTOHOCT € No-BWCOKa OT
MWHUMarHaTa kaTo npu renuduumpaHuTe Malepani — OKomo
2 mbTW. YCTaHoBsIBA Ce, Ye cpeaHaTa CTOMHOCT Ha oTpaxe-
HWETO Ha XyMMHWTA e 4,5 MbTU Mo-BUCOKA OT Tasn Ha NUNTu-
HUTa 1 4,5 MbTW NO-HWCKA OT Tasu Ha UHepTUHUTa (cur. 3).

Kagpsieu emvenuwa. [okasaTensaT Ha OTpaxeHWe Ha
Mauepanute oT rpyna JIUnTMHUT B W3creaBaHuTe KadsiBu
Bbrvwa Bapupa ot 0,08 £o 0,17%. [lnanasoHbT Ha Bapuaums
€ TeCeH, KaTo MOBEYETO 3aMEPEeHW TOUKM ca C MO-BUCOKO
oTpaxeHue (cur. 1). MakcmanHaTa CTOMHOCT € Mo-BUCOKa OT
MWHUManHaTa okono 2 mbTu. lNokasaTensar Ha oTpaxeHue Ha
XYMUHWTA € NO-BUCOK OT TO3M Npu NMrHuTUTE M Bapupa ot 0,33
0o 0,54%. Tuit kaTo nepHULWKUTE BbraMWa ca bnectawm
kahsiBu, TO W NOBEYETO 3aMepBaHUs YCTAHOBSBAT MO-BUCOKA



CTOMHOCT Ha oTpaxeHueTo (cur. 1). Inana3oHbT Ha Bapuauus
Ha pesynTaTute € 0,19%, KONKOTO M Npu MUrHATUTE (ur. 2), a
MaKkcuMarnHaTta CTOHOCT e okono 1,6 mbTu no-BUCOKA OT
MWHUManHata. MauepanuTe oT rpyna VHepTUHWT ca ¢ NoYTu
WOEHTUYEH MHTEpBAnN Ha oTpaxeHneTo (0,93-1,94%) kato npu
MIUTHWTUTE, HO TMOBEYETO OT W3MEPBaHWATA ca IPynMpaHu
okono 1,7% (cwr. 1). Bbrmso gBa MbTM MakcumanHata
CTOWHOCT HagBuwaBa MuHUManHaTa. CpegHusT nokasaten Ha
OTPaXEHMETO HA XyMUHWUTA € MO-BUCOK 3,5 MbTU MO-BUCOK OT
TO3M Ha NUNTMHWTA U 3,5 MbTM MO-HUCBK OT TO3M Ha
WHEPTUHUTA (cbur. 4).

5
|

4 |

3 B \%
B
-}
14 2 |

1

L
0 ‘ ‘ ‘
0 1 2 3 4
Vitrinite Ro, %

Queypa 3. lpapuka Ha usmeHeHUemo Ha cpedHama
CMOUHOCM Ha noKka3amens Ha OmMpaxeHue Ha MauepanHume
epynu flunmurum (L), Bumpurum (V) u Unepmunum (1) 3a
gbenuwWa ¢ pasnuyeH paxe.

YepHu ewvenuwa. [lokasaTenaT Ha OTpaxeHWe Ha
nvnougHNTe Mauepanu (rpyna EksuHWT) ce n3meHs B mo-
wupok uHtepsan (0,19-0,34%), kaTo Hal-MHOro 3amepBaHusl
YCTaHOBSIBAT Hail-BMCOKaTa CTOMHOCT (cpur. 1). MakcumanHaTa
CTOMHOCT TMpeBMllaBa MWHUManHata okono 1,8 mbTu.
OtpaxeHueto Ha BuTpuHUTa Bapupa ot 0,85 go 1,13%, kato
TO3W WHTEPBAN € 3HAYMTENHO NO-LUMPOK OT YCTaHOBEHWUTE 3a
nurHnTMTEe M Kadseute Bbrmwa (cur. 1). lNoseyeto ot
cronHocTute ca nog 1%. JokaTto pasnukata Mexgy CpegHus
nokasaTen Ha OTpaXeHue Ha renuduumpaHuTe Mauepanv 3a
MUrHMTUTE W KadsBUTE BBIMMWLA € MWHUManHa, TO npu
YEpHWUTE BBITIMILA OTPAXEHWETO € 3HAYUTENHO MO-BUCOKO
(dur. 3). OTHOLLEHWETO MaKCMManHa/MUHUMarnHa CTOMHOCT €
okomno 1,5. OTpaeHWETO Ha WHEPTUHUTA € 3HAYNTEMHO Mo-
BMCOKO M MHTEPBAITLT Ha M3MEHEHWE Ha CTOMHOCTUTE € MHOTO
wupok — 1,76-3% (dwmr. 1). MakcumanHata CTOMHOCT
HadBWLIaBa MUHUManHaTa 1,7 MbTu, a pasnukata Mexay TX €
Mo-BMCOKA, OTKOMKOTO MPW NIUFHUTUTE U KadsiBUTE BBIWLLA
(ur. 2). TlloBeyeTo OT 3aMepBaHusTa yCTaHOBSBAT
oTpaxeHue okono 2% (cwmr. 1). Maueparmte ot rpyna
BuTpuHNT Mmat 3,5 MbTW MO-BMCOKO OTpaXeHWe OT ToBa Ha
nMnouaHUTe Mauepanu M 2,5 MbTW MO-HACKO OT TOoBa Ha
WHEPTUHUTOBUTE (chur. 4).

Anmpayumu. Tb KaTo B aHTPaLMUTATE NUNOUGHUTE MaLepani
He MoraT fja ce Habnoaasart ¢ TPaaWULMOHHUTE METOAM U Aa
UM ce 3amepBa otpaxeHue (Taylor et al., 1998), aHHuTe ca
camo 3a [pyruTe ABe MauepanHu rpynu. ButpuHutsT e ¢

OTpaXeHue B NO-LUIMPOK MHTepBan (2,53-3,21%) v sHauuTenHo
no-B1coKa cpeaHa CToMHOCT (cpur. 3). MNoBeyeTo M3mMepBaHus
ca rpynupaHu B uHTepaana 2,5-2,8% (¢ur. 1). MakcumanHata
CTOMHOCT HafBullaBa MuHuUManHata egea 1,3 mbTu.
VHepTUHMTOBMTE MaLlepamy ca C MokasaTen Ha OTpaxeHwe,
KOMTO Bapumpa B LUMPOKM rpaHuum — oT 3,18 0o 4,9% (dwr. 2) u
M3MepBaHuUsTa ca NoYTM PaBHOMEPHO pasnpefeneHi B TO3u
uuTepBan (cur. 1). CpegHaTta CTOMHOCT Ha OTPAXEHUETO €
MHOTO MO-BMCOKA OT Tasw Mpu U3CreBaHnTe YEPHU BbIMMLLA
(¢pur.3). OTHOLLIEHMETO MEXOY MakcumarnHaTta U MUHAMarnHata
cronHocT € 1,5. CpegHOTO OTpaxeHue Ha MHepTUHUTa € 1,5
MbTW NO-BUCOKO OT TOBA Ha BUTPUHUTA (cpur. 4).
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Queypa 4. lpacpuku 3a omHoweHusMa mexady cpedHuUme
nokasamenu Ha ompaxeHue sumpurum/nunmurum (V/L) u
uHepmuHrum/nunmurum (I/V) 3a ebenuwya ¢ pasnuyeH paxe.

YCTaHOBSIBAT Ce MHTEPECHW 3aBUCUMOCTU B CTOMHOCTUTE Ha
nokasaTens Ha OTpaXeHue 3a OTAENHUTE MalepanHu rpynu
npy BbINMLLATa C pasnnyeH paHr. Ha durypa 2 moxe fa ce
BMOM, rpaukuTe Ha pasnvkata Mexgy MakcumanHata W
MWHWUManHaTa M3MEpEeHN CTOMHOCTM 3a TPUTe rpyni Mavepanu
Ca CXOAHW. M3MeHEHNETO € MO He3HAYUTENTHO OT IUTHUTU KbM
kadsiBW BbMMLLA, HapacTBa Npu YepHUTe W 0coBeHo psA3Ko
npum aHTpaLuTuTe.

Ha curypa 3 e nokasaHO M3MEHEHWETO Ha CcpefHus
nokasaTen Ha OTpaXeHWe 3a TpWUTe Tpynu Mmauepamm C
HapacTBaHe CTeneHTa Ha Bbrnedwmkauus. B rpadmkute cbluo
Ce ycTaHOBsIBa CXOACTBO. CblueBpeMEHHO MOXeE Aa Ce BuUaM,
ye OTPAKEHWETO Ha JMMNOMOHUTE U TenuduuMpaHnTe
Mauepanm € no-6nm3ko Mo CTOMHOCT, @ WHEepPTUHUTOBMUTE
MaLiepanm ca ¢ MHOTO BUCOKO OTPaXeHUe, KOETO € YCTAaHOBEHO
n ot Taylor et al. (1998). ToBa ce oTHaca ocobeHo 3a
BbITMLLATA C MO-HUCBK PaHr, AOKATO MPW YEPHUTE BBbIMLA
pasnukata B OTPAXEHWETO Ha BUTPUHUTA M €K3uHUTa € Mo-
ronsmo. [paBy BreyaTneHue, Ye pasnukaTta Mexay CpegHuTe
CTOMHOCTM Ha MOKa3aTENMTE Ha OTPaXEHWE Ha BUTPUHMTA W
MHEPTWHWTA Ce 3anas3Ba MOCTOSHHA Npu Bbruwara oT
pa3N4eH paHr.

Ourypa 4 wncTpupa OTHOWEHMETO MEXY CPeAHOTO
OTPaXeHWe Ha PasnMYHUTE MaLepanHu rpynu Npu BbIAWa ot
pasnuyeH paHr. CTOMHOCTTa Ha OTHOLIEHWETO Mexay
OTPAXEHUETO Ha MHEpPTUHUTA M BUTPUHUTA (I/V) Hamansea ot



MIUTHUTM KbM a@HTPaLMTU, KaTo 3aBMCMMOCTTa € NWHEMHa.
TakaBa e B Ha4anoTo ¥ 3aBUCUMOCTTa MEXIY OTPAKEHNETO Ha
AMNTUHWTA W BUTPpUHUTA (V/L), HO NpuW YepHUTE BbIMMLLA TOBA
OTHOLLEHME 3ana3Ba CTOMHOCTTA CY OT KadsiBuTE.

3AKIIOYEHNE

1. YcTaHOBEHM ca CrnegHWTE B3aUMOOTHOLUEHMS Mexay
nokKasaTenuTe Ha OTPaXeHue 1 AnanasoHUTe Ha Bapuaums Ha
TEXHWUTE CTOMHOCTM:

2. JivnougHuTe Mallepani B v3cremBaHUTE NUTHUTK ca ¢
nokasaTenu Ha OTPaXeHWe, KOMTO BapupaT B Hal-TECHM
rpaHnuyy, a MpU YepHUTe BBIMMWA BapuauusTa Ha Tesw
CTOMHOCTM € Ham-ronsma. OTHOLEHNETO Ha OTPaXEHWETO
BUTPUHUT/AMNTAHUT  (VIL) W uHepTuHuT/BUTPUHUT (IIV) €
efHakso (4,5).

3. [pu KkadhsBMTE BBIMULLIA MHTEPBANMTE HA BapuaLmMs Ha
OTPaXEeHMETO ca MopjobHW Ha Te3W npu NUrHUTMTE, a
oTHowehusTa V/L u I/V ca cbe cToiHocT 3,5.

4. WHTepanute Ha BapuaupMs Ha rokasaTenuTe Ha
OTPaxXeHWe W Ha TpWUTe MalepanHW rpynu ca no-ronemMu npu
YepHUTE BBIMULLA, KAaTO TOBA B Ha-ronsiMa CTeNneH ce oTHacs
3a uHepTuHMTa. OTHOWEHWEeTO Ha oTpaxeHueto V/L=35, a
IIV=2,5.

5. TMpn aHTpauuTMTe WHTEpBaNWTE Ha Bapuauus Ha
OTP@XEHUETO HA BUTPUHWTA U WHEPTUHWTA Ca HaW-ronemu, a
cToiHocTTa Ha I/V e 1,5.

Mpu nunougHUTe Mauepanu ce Habniofasa Hai-TeceH
WHTepBan Ha BapuaLuUMTe Ha NoKasaTens Ha oTpaXeHue 1 Toil
HapacTBa He3HauuTenHo MpW BbITMILA C MO-BUCOK PaHr.
WHepTMHUTOBMTE Mallepani ca C Hai-WpoK AuManasoH Ha
W3MEepeHUTe CTOMHOCTM 33 BCEKM TWUM BbIMMWA, [0KaTo

IMpenopvyara 3a nybnukysaqe om

renucuumMpaHnTe Malepani ca CbC CpeaHN CTOMHOCTH, HO No-
6rm3ku OO TeaM Ha JMNoMpHUTE. 3a MHEPTUHUTOBUTE W
renudmumpannTe malepanu ce Habniogaea yBenuyaBaHe Ha
WHTEpBaNa Ha BapuauuW C HapacTBaHe Ha CTEpneHTa Ha
Bbriedmkauns, 0cobeHo Mpu  YepHUTe  BbIMMWA W
aHTpauutute. CpegHOTO OTpaXeHue Ha TNUNOUZHUTE W
renudpmumpannTe mauepanu e 6nm3ko No CTOAHOCT 0cobeHo
npu JUTHUTUTE W KadsBuTe BbrmMwa. [padukute Ha
M3MEHEHME Ha TO3M MOKa3aTen ¢ HapacTBaHe Ha CTEMeHTa Ha
BbrnedukaumMs ca CXOOHW 3a TpUTe MauepanHu rpynu.
CBOTHOLIEHNETO MeXOy NokasaTenuTe Ha OTpPaXeHWe Ha
WHEPTUHUTa 1 BUTPUHKTA |/V e 0bpaTHO NpoNOpLMOHANHO Ha
paHra Ha BbMMWATa M HeroaTta CTOWHOCT Hamansea C
e[/HALA OT NMUrHUTUTE KbM aHTpauuTute. MogobHa nuHeiHa
3aBUCUMOCT Ce ycTaHoBsiBa W npu OTHOWeHueTo V/L ot
TIUTHATW KbM KadhsiBK BBITIMLLA, HO CTOMHOCTTa My Ce 3anasBa
NPV YepHUTE BBIINLLA.
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kamedpa “leonoausi u npoy4YgaHe Ha none3Hu uskonaemu” Ha [T1®
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COAL WITH DIFFERENT RANK
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ABSTRACT

The main purpose of the study was the determination of the ratios between the reflectance of the maceral groups of coal with different rank and the range of the
reflectance of each maceral group with changing of the coal rank. The coal from different basins from Bulgaria and Slovenia were sampled and studied. The samples
from each type of coal were studied and 60 points were measured of each sample. The following relationships between the reflectance of the maceral groups and the
following ranges of the reflectance of each group were observed: 1) In the studied lignite the Liptinite macerals have reflectance, which vary in short interval and that
interval is widest for the bituminous coal. The ratio of the reflectance Vitrinite/Liptinite (V/L) and Inertinite/Vitrinite (I/V) is equal (4.5). 2) The intervals of variation of
maceral reflectance in the sub-bituminous coal are similar to the lignite, but the V/L=3.5 and 1/V=3.5. 3) The intervals of variation of the reflectance of the macerals
(especially Inertinite) for the bituminous coal are wider than the lignite and sub-bituminous coal and the ratios V/IL=3.5 and 1/V=2.5. 4)The intervals of variation of the
reflectance of the Vitrinite and Inertinite macerals are largest in the anthracite and the ratio I/V = 1.5. The Liptinite macerals have most short interval of variations of
the reflectance and this interval increase with the increasing of the coal rank. The Inertinite macerals have the widest interval of the reflectance values for each coal
type. The Vitrinite maceral reflectance has middle settled values, but they are more similar values to the Liptinite macerals reflectance. The interval of variation of the
reflectance increases for the Inertinite and Vitrinite macerals with the increasing of the rank (especially for the bituminous coal and anthracite). The average
reflectance of the Huminite (Vitrinite) and Liptinite macerals is similar, especially for the lignite and the sub-bituminous coal. The graphics of the changing of the
reflectance with the increasing of the coal rank is similar for the three maceral groups. The ratio I/V decreases with the increasing of the rank of the coal and its value
decreases from lignite to anthracite with step of 1.0. Similar linear relationship is established for the ratio V/L from lignite to sub-bituminous coal, but the ratio VIL is

not changed from the sub-bituminous to the bituminous coal.
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INTRODUCTION

Coal with different rank from Bulgarian and Slovenian basins
was studied. The lignite from the Sofia Neogene basin, the
sub-bituminous coal from the Pernik basin with Late Miocene—
Early Oligocene age, the bituminous coal from Vremski Britov
(South-East Slovenia) with Upper Cretacerous age and the
anthracite from Drenov Griz (Central Slovenia) with Upper
Triassic age were sampled.

The main purpose of the study was the determination of: 1)
the relationships between the reflectance of the maceral
groups of coals with different rank and 2) the change of the
reflectance of each maceral group with the increasing of the
rank of the coal.

MATERIALS AND METHODS

The coals from each type were sampled. They were
prepared for microscopic investigations. Sixty points were
measured for reflectance of the macerals of each sample. A
microscope “Leica” with reflective light (A=546 nm), objective
50x/0.85 (oil) and a computer program “Leica mpv_meas” was
used. Gadolinium-gallium-granat with reflectance Ro=1.699%
was used as a standard.

RESULTS AND DISCUSSION

The reflectance of the macerals from all groups increases
with the increasing of the coal rank (Taylor et al., 1998). The
reflectance of the Vitrinite macerals is intermediate (Stach et
al., 1982). The ulminite and telocollinite show relatively gradual
change with increasing rank of the coal (Veld et al., 1994) and
usually they are the most measured macerals for the
determination of the Vitrinite reflectance in the present study.
The sporinite is most measured maceral from the Liptinite
group. He is the prevailing maceral from that group in the
studied samples. The fusinite reflectance is the most
determined from the Inertinite group. Some samples are poor
of Inertinite or Liptinite macerals. Alpern et al. (1970) report a
diagram for the reflectance of different macerals of coal with
different carbon content (respective different rank). This
diagram shows that the reflectance of the macerals from the
Liptinite and Inertinite groups (with an exemption of the
semifusinite) not varies. The Vitrinite reflectance varies in coal
with higher rank only. Hoover&Davis (Taylor et al., 1998) report
similar diagram, which shows linear relationship between the
reflectance of the vitrinite, macrinite, semifusinite and sporinite
and the coal rank. The fusinite reflectance is very varied only.
The reflectance of the macerals from all groups increases from
lignite to anthracite (Fig. 1). The relationship in the ranges of
reflectance for each maceral group in the coal with different
rank is established in the present study (Fig. 1).
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Figure 1. Histograms of the reflectance Ro (%) of the macerals
from the Liptinite, Vitrinite and Inertinite groups in coal with
different rank.

Lignite. The reflectance of the Liptinite macerals varies from
0.03 to 0.11% (Fig. 1). The maximum value is higher than the
minimum value about 3.7 times. The reflectance of the
Huminite varies between 0.21 and 0.4%. The more
measurements have low values (Fig. 1). The difference
between the maximum and minimum value is about 2 times.
The reflectance of the Inertinite macerals varies in wide interval
(0.96-1.94%), but the most of the values are grouped at the
interval 0.96-1.5% (Fig. 1).The maximum value is higher than
the minimum value about 2 times. The average reflectance
value of the Huminite is 4.5 times higher than the Liptinite and
4.5 times lower than the Inertinite (Fig. 3).

Sub-bituminous coal. The reflectance of the Liptinite
macerals varies from 0.08 to 0.17%. The interval of the
variation is short and the most of the measured points have
higher reflectance (Fig. 1). The maximum value is higher than
the minimum value about 2 times. The reflectance of the
Huminite is higher than the same of the lignite and it varies
from 0.33 to 0.54%. The rank of the Pemik coal is sub-
bituminous A and the most of the measurements have higher
values of the reflectance (Fig. 1). The interval of variation of
the values is 0.19% (as much in the lignite) (Fig. 2) and the
maximum value is about 1.6 times higher than the minimum.
The Inertinite macerals have nearly the same interval of the
reflectance (0.93-1.94%) as much in the lignite, but more of the
measurements are grouped about 1.7% (Fig. 1). The maximum
value is nearly 2 times higher than the minimum value. The
average reflectance of the Huminite is about 3.5 times higher
than the Liptinite and 3.5 times lower than the Inertinite (Fig.4).
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Figure 2. Plot for changing of the interval of reflectance values
(Romax-Romin, %) Of the maceral groups Liptinite, Vitrinite and
Inertinite in coal with different rank.

Bituminous coal. The reflectance of the Liptinite macerals
changes in wide interval (0.19-0.34%) and the most
measurements have high values (Fig. 1). The maximum value
is about 1.8 times higher than the minimum value. The
Huminite reflectance is wider in comparison with the lignite and
sub-bituminous coal (Fig. 1). The most of the values are below
1%. The ratio max/min value is about 1.5. The reflectance of
the Inertinite is significantly higher and the interval of change of
the values is very wide (1.76-3% - Fig. 1). The maximum value
is higher than the minimum 1.7 times and the difference



between them is higher than the lignite and the sub-bituminous
coal (Fig. 2). The most of the measurements establish
reflectance about 2% (Fig. 1). The Vitrinite macerals
reflectance is 3.5 times higher than the Liptinite macerals and
2.5 times lower than the Inertinite macerals (Fig. 4).

Anthracite. The Liptinite macerals may not be observed with
the traditional methods in the anthracites (Taylor et al., 1998)
and they are not measured in the present study. The interval of
the Vitrinite reflectance is wider (2.53-3.2%) and it has
significantly higher value than in the other coals (Fig. 3). The
most measurements are grouped in the interval (2.5-2.8% -
Fig. 1). The maximum value is higher than the minimum value
1.3 times only. The Inertinite macerals have reflectance in wide
interval — from 3.18 to 4.9%. (Fig. 2) and the measurements
have uniform distribution into that interval (Fig. 1). The average
value of the reflectance is much higher than the studied
bituminous coal (Fig. 3). The ratio max/min value is 1.5 times.
The average reflectance of the Inertinite macerals is about 1.5
times higher than the Vitrinite macerals (Fig. 4).
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Figure 3. Plot for the changing of the average reflectance
value of the maceral groups Liptinite, Vitrinite and Inertinite for
coals with different rank.

The following relationships between the reflectance of the
maceral groups in the coal with different rank are established.
The differences between the maximum and minimum values of
the maceral groups reflectance are similar (Fig. 2). The change
is smaller for the lignite and sub-bituminous coal and it

increases in the bituminous coal and anthracites.

The change of the average reflectance value of the three
maceral groups with increasing of the coal rank is shown on
the Figure 3. The graphics are similar. The reflectance values
of the Liptinite and Vitrinite group are near. The Inertinite
macerals have much higher reflectance and Taylor et al.
(1998) were established this too. It is valid for coal with lower
rank and the reflectance of the Vitrinite and Liptinite are very
different. The difference between the average values of the
Vitrinite and Inertinite reflectance is constant for coal with
different rank.

The Figure 4 illustrates the relationship between the average
reflectance of the three maceral groups with coals with
different rank. The value of the ratio between the Inertinite and
Vitrinite (I/V) is decreasing from lignite to anthracite and the
relationship is linear. The relationship between the reflectance
of the Vitrinite and Liptinite (V/L) is similar, but the ratio V/L is
not changed from the sub-bituminous to the bituminous coal.
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Figure 4. Plot for the ratios between the average reflectance
values Vitrinite/Liptinite (V/L) and Inertinite/Vitrinite (I/V) for
coals with different rank.

CONCLUSIONS

The following relationships between the maceral reflectance
and the intervals of variation of their values were established:

1) In the studied lignite the Liptinite
macerals have reflectance, which vary
in short interval and that interval is
widest for the bituminous coal. The
ratio of the reflectance Vitrinite/Liptinite
(VIL) and Inertinite/Vitrinite  (IV) is
equal (4.5).

2) The intervals of variation of maceral
reflectance in the sub-bituminous coal
are similar to the lignite, but the
V/IL=3.5 and I/V=3.5.

3) The intervals of variation of the
reflectance of the macerals (especially
Inertinite) for the bituminous coal are
wider than the lignite and sub-



bituminous coal and the ratios V/L=3.5
and I/V=2.5.

4) The intervals of variation of the
reflectance of the Vitrinite and Inertinite
macerals are largest in the anthracite
and the ratio I/V = 1.5.

The Liptinite macerals have most short interval of variations
of the reflectance and this interval increase with the increasing
of the coal rank. The Inertinite macerals have the widest
interval of the reflectance values for each coal type. The
Vitrinite maceral reflectance has middle settled values, but they
are more similar values to the Liptinite macerals reflectance.
The interval of variation of the reflectance increases for the
Inertinite and Vitrinite macerals with the increasing of the rank
(especially for the bituminous coal and anthracite). The
average reflectance of the Huminite (Vitrinite) and Liptinite
macerals is similar, especially for the lignite and the sub-
bituminous coal. The graphics of the changing of the
reflectance with the increasing of the coal rank is similar for the
three maceral groups. The ratio I/V decreases with the
increasing of the rank of the coal and its value decreases from

lignite to anthracite with step of 1.0. Similar linear relationship
is established for the ratio V/L from lignite to sub-bituminous
coal, but the ratio V/L is not changed from the sub-bituminous
to the bituminous coal.
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