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V3cneaBaHeTo Ha oTpaseHaTta OT NpupofHMTE 0bpasyBaHMs CITbHYEBa paguauums BbB BuauMata u bnuskata uHgpayepseHa (MY) obnactu Ha enekTpoMarHuTHIS
CMEKTBbP W Ha HACTBNBALLMTE U3MEHEHWS B CNEKTPAIHOTO 11 pasnpeaeneHne Noj BNUsHUE Ha pasnuyHu (akTopu Ha OKonHaTa cpefa € MeToz 3a aepOKOCMUYECKN
Ha3eMHM NCTaHLMOHHY U3CTIeABaHMs, KOMTO HAMMPa LUMPOKO MPUNOXEHWE B reonorusiTa, NpuroxHata reousmka, exonorusita u ap. B pabotata ca npeacrasenu
pesynTaTi OT MPOBEAEHN M3CMeABaHNA Ha CreKTpanHuTe oTpaxartenHu xapaktepuctuku (COX) Ha ckanHn obpasyBaHus (MarMeHn n MeTamopdHu ckanm)
pasnuyeH reHesnc W XUMWUYEeH CbCTaB W KOHTPACTHU MUHEparnHW KOMMOHEHTU B criekTpanHus guanasoH 480 + 810 nm. CnekTpanHuTe faHHM ca MonyyeHn ¢
MHOrOKaHanHata crnexkTpoMeTpiyHa cuctema “Cnektbp 256", paspaboteHa B LIJIC3B — BAH 1 u3nonaeaHa Abnrv roanHu Ha numoTupaHaTa KocMUYecka CTaHLms
“Mup”. B nabopatopHu ycrnosust ca uscnegsaHn COX Ha 06pa3suy oT yntpamaduyHm (MMpoKCeHUTH) 1 BasnyHm (rabpo) MarmeHu ckanu, rpaHuToMan (rpaHuTH,
ankanHu rpaHnTi) 1 PerMoHanHOMeTaMopMHK CKani — CEPNEHTUHWTI, THANCK, rpaHaToBM aMnbONUTY N KMaHUTOBM LWMCTW. Bb3 0CHOBA Ha CrieKTpanHuTe faHHM 1
MPUIOXKEHN CTaTUCTMYECKU METOAM € W3CriefBaHa W TEKCTypaTa Ha HAKOM CKanHu BUAOBE M Ca WAEHTUdMLMpaHW nopknacoBe 0BekTM B pamkuTe Ha obwms

CNeKTpaneH Knac B CbOTBETCTBME C MUHEpanH1A UM CbCTas.

BBLBEAEHME

CnekTpoMeTpUYHUTE M3MEPBAHWA Ha OTpaseHata oOT
npupogHuTe obpasyBaHus paguauus BbB BugMMmaTa w 6nua-
kata WY obnactv Ha enekTpOMarHWTHUS CMEKTbP NpegocTa-
BAT €KCTpecHa M AOCTOBEpHa WH(OpMauus 3a LenuTe Ha
KOCMUYeCKUTE U HaseMHUTEe AUCTaHLUNOHHU n3cneaBaHna n 3a
peaunua obnacTu Ha HaykaTa (reonorusi, NpunoxHa reodmanka,
ekonorus 1 ap.). CnektpanHuTe gaHHW, Npu BUCOKW CrekTpan-
Ha W NPOCTPaHCTBEHa pa3fenuTenHa cnocobHOCTM Ha 13nons-
BaHaTa anapaTtypa, AaBaT Bb3MOXHOCT [a Ce OCbLeCTBU
pasno3HaBaHe Ha OCHOBHM knacoBe 0OeKTH, MaeHTMdMUKaLMS
Ha TEXHW Pa3HOBWAHOCTU W CLCTOSHUSA, KaKTO M [1a Ce yCTaHo-
BM Hannyue Ha nogknacose 0OEKTM B paMKUTe Ha eOuH Chek-
TpaneH knac.

EQHO OT nmpurnoxeHusita Ha gaHHUTE OT OWUCTaHLUMOHHWTE
n3cnedBaHuMs Ha npupogHu 0bekTM e Oomo3HaBaHe Ha
reoNioXKkM CTPYKTypn W obpasysaHus. Owe c noseata Ha
KOCMMYECKUTE CHWUMKM W paspaboTBaHeTo Ha MeTogn 3a
W3MON3BaHETO WM, pa3fensHeTO Ha B3aWMOCBbP3aHUTE
[ELUMMPOBBYHM MpU3HALWM Ha reonoxkute 06eKkTH (npeku,
obycnaBslyM ce OT W3NbY-BAHETO Ha camuTe 06eKkTn K
KOCBEHW, CBBbP3aHM CbC CbOTBETHUTE OCOBEHOCTM Ha
naHpwadgTa) e W3BbPLWBAHO B 3aBMCMMOCT OT MOCTaBSHATA
reonoxka 3agada (TpucoHoB w Wynby, 1986; Mopanes w
Yewmxuna, 1989; Wood and Lasserre, 1990; Salisbury et al.,
1992). [puHUMNHO  3HaYeHe WMa  pasfensHeTo  Ha
[EeLUMPPOBBYHUTE MPU3HALM HA ONTUYHU U FEOMETPUYHM, THiA
KaToO MEeTOAMKaTa Ha M3NOM3BaHETO WM MpU pasno3HaBaHe Ha
reonoxkn obpasyBaHus e pas3nuyHa. ONTUYHUTE ChEeKTpamnHy
MpU3HaLK ca Hal-MHOPMATMBHM 1 XapakTepuaupar spKocTTa
Ha M3MbYBaHETO OT MOBbPXHOCTTA Ha  TeOMNOXKUTE
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obpasyBaHis NO CNeKTbpa Ha EerneKTPOMarHUTHUTE BbIHN.
FeoMeTpUYHUTE MPU3HALM XapaKTepuaupaT CTpykTypata M
TeKCTypaTa Ha MPOCTPAHCTBEHOTO pa3npedeNieHne Ha cUrHanu
C pasnMyHa SIPKOCT M MpW OMO3HABaHe Ha TeoNoXKUTE
obpasyBaHusi He e OT 3HauYeHWe Janu Te ce MposiBABaT kaTo
MPEKM U1 KOCBEHMN.

B 3aBMCMMOCT OT 3agaunTe Ha KOHKPETHO MpOBEXAaHUTE
eKCrnepuMeHTI, HaseMHuTe (nabopaTopHu W Nonesw) ANCTaH-
LMOHHM W3creaBaHus ca MHOTO pasHoobpasHu, Ho ce 06oco-
GsBaT B ABE OCHOBHY rpynu. EAHA YacT OT TAX € OpueHTUpaHa
KbM yCTaHOBSIBAHE Ha KaYeCTBEHW BPBL3KU Mexay napamer-
puTE Ha MpupoaHMTE OOEKTW M SIBMEHWS C WHopMaLmsTa,
KOATO [JaBaT 3@ TAX QAEepPOKOCMUYECKATE OUCTAHLIMOHHM
nacnegsanus. [pyra 4yacT € HacoyeHa KbM uacrefsaHe Ha
B3a/MOBpPb3KkaTa MeXOy pasnuyHUTe KOMMOHEHTW U CbCTOS-
HWs Ha 0DeKTUTE 1 ABNEHUSITA M (PaKTOPUTE, KOUTO UM BIIUSIAT.
[laHHuTE OT HA3eMHWTE CMEKTPOMETPUYHM W3MEPBaHWS BbB
Bugumata M WY obrnactm Ha CnekTbpa nokasgaTt, uye
CMEKTPANTHATE XapakTEPUCTUKN Ha eNeMEeHTapHUTE NPUPOAHM
obekTn ca cTporo uHamemugyanHu. Te G6bp30 moraT aa Gbaar
06paboTeHu 1 uaeHTUULMpaHn 1 ToBa OnNpeaenst BO4eLLoTo
UM MsCTO B obLiaTa CTpaTerus Ha Ono3HaBaHe Ha NPUPOLHU
00eKTV No gaHHM OT KocMmuyeckn uamepsanust (Mishev et al.,
1989; Salisbury and D'Aria, 1994; Mwwes u dp., 1999).
Mopagn ToBa 3HaHWeTo Ha COX Ha XxapakTepHu obekTn oT
3emMHaTa MOBBPXHOCT (MOYBM, CKamu, BOAa, ropcka W
CErCcKOCTONaHCKka PaCcTUTENHOCT U Ap.) UIMa OCHOBHO 3HaYeHue
3a NpaBurHaTa MHTepNpeTauust Ha SaHHUTE OT AMUCTaHLMOH-
HUTE M3cneaBaHus.

LlenTa Ha HacTosiliaTa paboTa e Ja ce NpeacTaBsaT pesyr-
TaTMTE OT M3CNefBaHWs B NabopaToOpHM YCMOBMS Ha Crek-
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TparnHNUTe OTpaxaTenHu XapakTEPUCTUKN Ha Pa3nuyHI CKarHu
oOpasyBaHusi BbB BuaumaTa U Ommskata UMY obnactm Ha
€NEeKTPOMArHUTHUS CNEKTbP, KaKTO U TAXHaTa NMpUNoXMMOCT
3a pasnosHaBaHe Ha OCHOBHM BWOOBE CKanu U TEXHU
Pa3HOBWAHOCTM C pasnuyeH MUHepaneH CbCTas.

MATEPWANA U METOIN

Metporpadhcka xapakTepucTMka Ha U3cneABaHUTE CKanHU
obpasuu

O6eKT Ha HaluTe M3CNeABaHNs ca NPEACTABUTENHN CKaNHM
obpasun OT MarMeHn W MeTamopchHM ckanu. CnekTpomert-
PUYHM W3MEPBaHWS Ca MPOBEAEHN HA MET OCHOBHW BWAA
MarMeHu M YeTMpW Buga MeTamMoOpdHM ckamuM C pasnnyeH
feHesuc N XuUMUYeH CbCTaB W KOHTPACTHWM MUHEpanHu
KOMMOHEHTH.

MaemeHu ckanu: CkanHute o00pasus OT MarmeHu ckanu
NpYHaZLNexaT KbM MeT [NaBHW KNacUMKaLMOHHA rpynu:
ynTpamacuyHu ckanu (MMpokceHuT); 6asnynm ckanu (rabpo);
CpefHO0a3NYHN CcKamu (QMOpUT); KUCEenM ckanu (rpaHuT) u
ankanHu ckanw (ankaneH rpaHoamopuT).

[MupokceHumbM € eApO3bPHECTa CKaNa C MacuBHa TEKCTypa
W C TbMHO3eNeH [0 uepeH UBAT. M3rpajeH e rmasHO OT
nupokceH (do 90%). Manko yyacTve B ckarnata ce naja Ha
€OMHNYHM 3bPHA ONMBMH U PYOHW MUHEpanu.

[abpomo (durypa 1) e cpegHO3bpHECTA Ckana C MacvBHa
TEKCTypa, TbMHOCWMBO3eneHa Ha UBAT. [naBHuTE Ckano-
obpasyBalLy MuHepanu ca 6asuyeH nnaruoknas 1 amgubon B
CbOTHOLEHME 1:2, KOETO Onmpeaens MaKPOCKOMCKA Me30-
KpaTHWS Xapaktep Ha ckarnata v knacuduumupaHeTo i kato
amcunbonoso rabpo.

—

®ueypa 1. CnekmpomempupaHa No8bPXHOCM Ha 2abpo

Luopumbm e cbC cpegHo- 0o OpebHO3bPHECTa CTPYKTYpA,
TbMHOCKBO-3€N1EHNKAB Ha LIBAT C MAcMBHa, Ha MeCTa TaKCu-
TOBa TeKcTypa. EAMHWYHW enuaoTOBM NMpOXMAKA MpoLensat
obpaseua. MuHepanHuaT My CbCTaB €: [flaBHM CKano-
obpasyBally MUHepanu - cpeeH nnaruoknas u amgubon (oo
90%); BTOPOCTENEHHU MUHEpanu — eAWHUYHW 3bpHA, rMaBHO
OT MNUPOKCEH, GuoTUT M kBapy. LiBeTHMAT wHpekc (M) Ha
ckanata e okorno 40 + 45 %.

[paHuUmbM € HepaBHOMEPHO3bLPHECT (ApebHO- 40 CpesHo-
3bpHECT), CBETNIOCMB Ha LUBAT C MacuBHa TeKkcTypa U
MWHEpaneH CbCTaB: rMaBHU CkanoobpasyBawy MuHepanu -
Kucen nnarvoknas, kanves engwnar, keapy u 6uotut, 1
BTOPOCTENEeHeH MuHepan - amgmbon. Mopaau HepaBHOMEPHO-
3bPHECTWS XapaKTeP Ha rpaHuTa ca MpOBEAEHN CMEKTPOMET-
PUYHM M3MepBaHWS Ha ABa obpaseua — eauHusiT, ¢ apebHo-
3bpHECTA CTPYKTypa, a [gpymMsT C No-eApo3bpHecTa Ao
nermatutob6ogobHa CTpyKTypa, kaTo M B fBaTta (bemuyHaTa
komnoHeHTa e 6eaHa v uHgekesT M e go 7% u morar ga ce
ONPESensT KaTo NEBKOTPaHUTH.

AnkaneH epaHoduopum - TbMHO OLIBETEHA YepBEHO-PO30Ba
ckana C MacuBHa TekcTypa Ha MecTa C MeTHUCT
xapaktep. MuHepaneH cbcTaB: kanveB cenwnat
(rmaBHO), kucen  nnarvoknas,  keapy,  6uoTwT,
amdmborn.

MemamopdpHu ckanu: /i3cneasanmn ca obpasum Ha pervoHan-
HOMETaMOPHNTE CKanuW: CepneHTUHUT, THaic, amdmbonuT u
KWaHWUTOB LLKCT.

CepneHmuHum (Memaynmpamacbum) - CYBO3€NEeHa Ha LBsT
MITbTHA CKana, M3rpafeHa OT MUHEpanu OT CepreHTUHOoBaTa
rpyna, XsfopuT, Tank, pyaH1 MUHeparnu u cropaguyHi penukTu
OT ONMMBWH U NUPOKCEH. |-|OB'prHVIHaTa, Ha KOATO Ca NMpoBeX-
OaHn n3MepBaHuATa e nsrpageHa npeanumMHo OT TalK-Xnoput—
CEPMNEHTUHOBYW NPOLYKTH.

Ampubonum (memabaszum) - TbBMHO3eNEH, ApebHO3bPHECT,
C MacvBHa [0 HesICHOMBMYECTa Ha MecTa TeKCTypa U MUHepa-
neH cbcTae: amubon (60 = 65%), rpaHat (go 5%), kucen
nnarvoknas (20%), kBapl, enuaoT 1 TuTaHuT. Makpockoncku
SICHO € BUAUM Nopc1poBNacTUYHUAT XapaKTep Ha rpaHata.

[Hatic (memagpaHum) - GUOTUTOB THAIC C OYHO-MBMYECTA
TEKCTYpa M MUHepaneH CbCTaB: BMOTWT, Mnaruoknas, Keap,
(rnaBHm ckanoobpasyBaliy MUHEpani) 1 MYCKOBUT W Kanves
thengwnar (BTOpocTENEHHM MuHepany). Ckanata e C sACHu
fenesan Ha TekTOHCKa 0bpaboTka M MpuTexaBa Ha MecTa
6eneaun Ha GnacToMUNOHUTU3aLWS.

KuaHumoe wucm (memanenum) - opebHO3bpHECTa, PO30BO-
kadpeHnkaBa Ha LBAT (PMHO LUMCTO3HA CKamna C MUHepaneH
CbCTaB — KMAHUT (MPOMEHEH B CEPULMT-MYCKOBMT), BUOTMT,
rpaHat v keapu. Ckanata nputexaBa CUIHO WU3paseHa MuHe-
panHa NWHeMHOCT W nopdupobnacTHa CTpyKTypa no
MWUHEpana kuaHuT. amepeHu ca aea obpaseLia — NoBbpXHOCT-
Ta Ha mbpBua (Purypa 2) e WNCTO3HA C KMaHUTOBM nopdup-
obracti, a Ha BTOpUS € MyKHAaTUHHA U KWaHUTOBUTE Mopdmp-
obractv oTChCTBaT.

CneKTpOMETPUYHM M3MepPBaHUA Ha CKanHUTe obpasum —
anapartypa u MeToauka

M3mepeaHusaTa Ha COX Ha ckanHuTe 0b6pasum ca npoBeaeHH
C MHOTOKaHanHaTa cnekTpomeTpuyHa cuctema “Crektbp 256",
paspaboTeHa ot yyeHu u cneymanucti Ha LJIC3B — BAH BbB
Bpb3ka C M3MbHEHME Ha HayyHaTa nporpama 3a norerta Ha
BTOpWUSt Obnrapcks KOCMOHaBT M paboTuna noeeye oT 12
FOOVMHU Ha NUNOTMpaHaTa opbuTanHa KocMUYecka CTaHLus
“Mup” (Mishev and Kovachev, 1888; Mishev et al., 1990).
KoHcTpykTMBHO cucTemaTa ce cbcTOM OT [fBa Oroka -

FOONIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Puncku’, mom 46 (2003), caumnk I, FTEOJIONMS U TEOOUINKA
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CMeKkTpoMeTpuyeH M Bnok 3a peructpauust Ha [faHHute. B
CNEKTPOMETPUYHMS BNOK € MOHTMpaH ¢hoToanapart, KoWTo e
CBbP3aH OMTUYECKA C HErO M paboTn B aBTOMATUYEH PEXUM.
Ype3 poToanapata ce OCbLECTBABA MpUBPbH3KA Ha
perncTpupannTe CNeKTpanHn JaHHW C nacnensaHuTe 06ekTu.

QOueypa. 2. CnekmpomempupaHa NO8bPXHOCM Ha KUaHUmos
wucm ( obpasey 1)

M3mepBaHusiTa cbe cuctemata “Cnektbp 256" B nabopa-
TOPHW YCIOBWSI CE W3BBPLUBAT Ha cneuuanuavpad CTeHs, B
CbCTaBa Ha KOWTO OCBEH CuUCTeMata YyyacTBaT ONTUYHA
ckameika, ONTUYHA MacKyka, eTanoHeH Bsn ekpaH, NogBMkHA
nnarcopma 3a NMocTaBsHe Ha W3CreaBaHuTE CkanHu obpasup,
CBETNIMHEH M3TOYHWK C BUCOKA CTAOMIHOCT (TPW XamoreHHu
namnm u cTabunuavpaHu 3axpaHBaly YCTPOWCTBA Ha
namnute). benuaT exkpaH e auck ¢ auameTsp 32 cm, NOKPUT C
GapveB cyndar, N UMa NWHEHa CnekTparHa XxapakTepucTuka
BbB BuauMmata u Ormskata MY obnactm Ha cnektbpa. Ha
ONTUYHaTa Machyka ce NnocTaBaA CNEKTPOMETPUYHNA Onok Ha
cucTemata, Taka Ye OnTMYHaTa My OC [a € XOpM3OHTarHa, ¢
Bb3MOXHOCT 3@ (PUHHO 1 NaBHO NpemecTBaHe no ocute X u
Y, 3a ga ce OCbluecTBsBa CKaHMpaHe Ha M3cneaBaHuTe
0bekT. BenusT ekpaH W W3cnegBaHWUTE MOBBLPXHOCTM HA
ckanHute obpasuu ce pasnonaraT NepneHauKynspHO Ha
ONTMYHaTa OC Ha 0DEeKTMBA Ha MHOTOKaHaMHMS CNEKTPOMETBP.

CnekTpoMeTpUYHNTE M3MEPBAHMS Ha CkanHUTe obpasuy ca
NpoBedeHN B pexuM Ha paboTa Ha cuctemata “Cnektbp 256"
128 cnekTpanHu kaHana ¢ MonyLUMpWHA Ha BCEKM eanH OT TAX
2.6 Nm ¥ NPOCTPaHCTBEHA pasfenuTenHa cnocobHocT 2 mm?,
3a epgHa cekyHoa c Hes ce peructpupat 40 cnektbpa B
cnekTpanHus auanasoH 480 + 810 nm.

Memodukama 3a nposexdaHe Ha U3Mep8aHusima 6K/Yea.
OnpefensiHe Ha ONMTUMANHWTE YCIOBWS HA OCBETABAHE Ha
nscneppaHuTe 06pasun, Taka Ye peructpupaHaTta oTpaseHa
paguaumus aa UMa AOCTaTbYHO BUCOK AMHAMMYEH [nanasoH B
paboTHUS CMeKTpaneH AuanasoH; onpeaensHe Ha onTuMan-
HaTa nnowy, oT npobuTe 3a NpoBEXaaHe Ha CNEKTPOMETPUY-
HUTE U3MepBaHus; onpeaensiHe Ha MUHUMANHUS 6poi NNoLLM
(Mmkcenm), koMTo € HeobXxoauMo fa ce CreKTPOMeTpupa, Taka
ye nomyyenute COX ¢ pocTaTbyHa [JOCTOBEPHOCT Aa
onpegenat cpegHata COX Ha obekta, pasrnexpaH kato
cnekTpaneH knac.
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Bb3a ocHOBa Ha npenBapuTenHM eKCrepUMEHTamH
n3cregBaHus HUE MPOBEJOXME WM3MEpBaHWsiTa Ha CKarHuTe
obpasuy B cpegHo 25 + 30 Toukm (Mmkcena) B 3aBUCMMOCT OT
TeKCTypaTa WM, crefBaluy HeMoCpeaCTBEHO eaHa Creq Apyra
B XOPW30HTaNHO HanpasneHue. 3a BCeku ckarneH obpasey ca
perucTpupaHi [aHHW 3a: TbMHUHEH TOK; OTpaseHaTa OT
n3cnedBaHaTa Nnowy, paguauns B onpegeneH Opoit nukcenu;
oTpaseHatTa OT paudyseH 6an ekpaH paguaums u ca
ONpefeneHn CnekTpanHuTe KoeUUMEHTU Ha OTpaxeHue
(CKO). 3a Bcsika cnekTpoMeTpupaHa nioLLy, ca peructpupaqm
cpefHo no 60 cnekTbpa, a 3a 6enus ekpaH ¥ TBMHUHHWS TOK
no 120.

Bcekn npupopeH obekT oTpassiBa cneumduyHo nagHanata
BbPXY HEro paguauust n toea obycnass MHGOPMaTUBHOCTTA
Ha (PYHKUMSATA HA M3MEHEHWe Ha CrekTparnHata MITbTHOCT Ha
eHepreTuyHaTa ApkocT B abconoTHu eauHnuym unm Ha CKO - B
OTHOCUTENHW efuHMUM. Te3n BenuuMHU ca MHOrOChaKTOpHN
(POTOMETPUYHM (PYHKLMK, KOWUTO 3aBUCAT OT (PUBMKOXMMUYHUTE W
BronornyHMTe CBOICTBA Ha OBEKTUTE.

CneKTpanHusT koeUUNEHT Ha OTPaXeHWe XapakTepusupa
CTpYKTypaTa Ha pascesiHaTa OT eNleMEHTUTE Ha MOBbPXHOCTTA
Ha MpUPOAHOTO 0bpasyBaHWe paguauns, KakTo Mo ObITKUHA
Ha BbHaTa, Taka M B 3aBUCMMOCT OT YCNOBMATA Ha
oceeTsiBaHe. [lpu ycrnosus Ha ocseTsBaHe (6, ¢.), B
HanpaBreHre Ha perycTpupallata cuctema (6, ¢ ) n obxeat Ha
ObiDKMHATE Ha BbIHUTE A, A+AA | CKO ce onpegens ot
OTHOLLEHMETO

r(/\i; eo; ¢o; 9: ¢):L (Ar} 9; ¢)/L0(Ah 90, ¢0)y
(1)

kbgeto: L(A, 6 @) e cnektpanHata NABLTHOCT Ha
eHepreTMYHaTa sIpKOCT Ha AaaeH obekT B Hanpasnexue (6, ¢ )
3a ObiKuHa Ha BbrHata A ; L(A, 6, ¢.) e cnekTpanHata
MITLTHOCT Ha eHepreTYHaTa SPKOCT Ha OPTOTPOMHA HaMbHO
OTpassBaLla NOBLPXHOCT, HAMMPALLA Ce NPK ChbLUKTE YCIOBUS
Ha 0CBETSBaHe.

3a onpegensHe Ha CKO, peructpupanute aaHHn OT
cuctemata “Cnektbp 256" ce nognarat Ha npeasapuTenHa
obpaboTka, BKMOYBALLA: OCPEOHsSBaHE HA AaHHUTE OT efHa
CNEKTPOMETPUPaAHA MoW, OTYMTAHE HA TbMHUHHWS TOK,
OCpefHsiBaHe Ha AaHHUTE 3a eTaNOHHUS eKpaH, OCPEAHsBaHe
Ha [JaHHUTE OT BCUYKMA CMEKTPOMETPUPaHW MAOWM Ha eauH
ckaneH obpasel,.

PESYNTATW 1 ANCKYCUA

Ha ®urypa 3 ca nokasanu nonyvenute ocpegHeHn COX Ha
u3crneaBaHuTe NOBBLPXHOCTW Ha 11 ckanHu obpasuu. Morat ga
ce 0TAensaT Tpu scHo u3pasenu rpynn COX. Hai-ronamata
rpyna obeguHsBa MarMeHu ckanum ¢ ynTpabasuueH
(nmpokceHuT), 6asuyeH (rabpo) u cpegHobasnueH (auopur)
CbCTaB U enHa OasnyHa meTamopdHa ckana (amdmbonur).
Hait-Hucku ctoitHoctn Ha CKO mmat amdmbonuta (kpusa 10)
1 nupokceHuTa (kpua 11). Tean ckanu ca Hal-TbMHM Ha LBAT
M MMaT MacuBHa TekcTypa. MarpageHu ca OT pasnuyHu
(hEMUYHN MUHEpanu, KOETO Ce MpOosiBsBa B pasnnyusTa Ha
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ctonHocTuTe Ha CKO B cnekTpanHus ananasoH 480 + 650 nm.
Tosn u3BOm Ce MNOTBbpXKAABa CbWO OT pesynrata Ha
KOpEenaLmMoHHMs aHanus, npoBeaeH 3a ocpeaHeHute COX Ha

Teau [Ba ckanHu obpaseua. durypa 4 uniocTpupa Hucka
CTEreH Ha Koperauysi B 4acT OT CNIeKTparHus auanasoH.
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Queypa 3. OcpedHeHu COX Ha ckanHume obnpa3syu: 1) kuaHumos wucm (obpasey, 1); 2) kuaHumos wucm (obpa3sey 2);
3) eHatlic; 4) epaHum (obpa3sey 1); 5) epaHum (obpasey 2); 6) 2abpo; 7) cepneHmuHum; 8) duopum;
9) ankaneH epaHoduopum; 10) ambubosum; 11) nupokceHum

OcpenHenute COX Ha cepneHTUHWUTA (kpuBa 7) U auoputa
(kpvBa 8) mmat npubnM3MTENHO efHaKbB XO4 C pasnuka B
ctoHocTute Ha CKO = 0.07 OTHOCMTENHU €AMHALM B Lienus
nscneaBaH cnektpaneH ananasoH. OcpegHeHata COX (kpuea
6) Ha crekTpomeTpupaHaTta nnow, OT MOBBLPXHOCTTA Ha
rabpoTo, mokasaHa Ha ®urypa 1, umMa nnaBeH xof W Haii-
BMCOKW CTOMHOCTY 3@ Taaw rpyna CrnekTpanHu XapakTepucTUK
B W3CnedBaHus AuanasoH. WIHTEpeCHO e W MoBedeHWeTo Ha
xoga Ha COX Ha ankanHws rpaHoguoput (kpuBa 9).
OcpepHenute cToiHocTM Ha CKO Ha cnekTpanHata My
XapaKTepucTuka UMaT Hai-ronsam guHamuyeH guanasoH (0.15
+ (.23 OTHOCUTENHM €AMHULM).

Bropata rpyna COX obeauHsBa rpaHutute (kpusn 4 n 5) n
rHanc (kpuBa 3), KOWTO € MeTamopdosupan rpaHuT.
PasnnyHata oTpaxatenHa CrnocobHOCT Ha wu3crneaBaHuTe
MOBbPXHOCTW Ha [BaTa rpaHWTa OTpassiBa pasnukata B
TAXHaTa CTPYKTypa (eApo U ApebHO 3bpHECTa) M PasnnyHOTO
MPOLLEHTHO y4acTue Ha (PEMUYHN 1 PYAHU MUHEpPanN.

piroxenite

0.10 &
0.104 0.112 0.120 0.128 0.136
amphibolite

Queypa 4. KopenayuoHeH aHanus Ha COX Ha amgpubonum u
NUPOKCeHUM
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Queypa 6. OcpedHeHu COX Ha cnekmpomempupaHume nowu Ha KuaHumos wucm (obpasey, 2)
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Queypa 7. KopenayuoxeH aHanu3 Ha COX Ha dsa epaHuma

KopenauuoHHuaT aHanus Ha ocpegHenute COX Ha gsata
obpaseLa rpaHuT MOTBbPXAaBa CXOACTBOTO B CbCTaBa MM,
He3aBWCUMO OT HepaBHOMEpHOCTTa Ha 3bpHaTa. ToBa ce
untocTpupa Ha durypa 7.

B tperara rpyna nonagat kmaHutoBuTe Wwinctu (kpuea 1 m 2
Ha ®urypa 3). [iBete ocpeaHeHn COX umaT efgHaKbB XoA.
MacneapaHaTa MOBbPXHOCT Ha eauHust obpasel (kpuea 1) e
UMCTO3HA CBbC ChObPXKaHUE Ha €edpu CUBOCUHW Ha LBAT
KpUCTanu OT KMaHWT W HeliHaTa oTpaxaTernHa cnocobHoCT e
no-BUCOKA OT Ta3W Ha MOBLPXHOCTTA Ha BTOpWS obpasel,
KbOETO KpUCTanM Ha KuaHWT OTCbeTBaT. Ha ®urypa 5 ca
nokasaHn ocpegHeHnte COX Ha 27 w3criedBaHM MO,
M3MepeHu No MyKHATUHHA NocKoCT Ha BTopus obpasel. COX
copmupat eauH cnektpaneH knac. Ha ®urypa 6 ca
npeacTaBeHn ocpeaHernTte ot 25 nnowm COX Ha obpasel 1
Ha K1aHUToBMS LWMCT. CNEKTParHUTE XapaKTEPUCTUKA ICHO ce
pasrpaHuyaBaT B [Ba CMeKTpanHu nogknaca. Te oTpasssar
pasnukata B TekcTypaTta Ha MOBBPXHOCTTA, AbMKala ce
CbOTBETHO Ha KuWaHMTOBWTE nopdupobnactn u apebHo3bp-
HecTaTa kBapu-b6uotutoBa maca. Ha ®urypa 8 ca nokasanu
ocpepHenute COX Ha fgpata nogknaca, a @urypa 9 wnto-
CTpuUpa pesyntatute OT MPOBEAEHWS KITbCTEPEH aHanu3 Ha
COX Ha gBaTa nogknaca 3a ObMmkuHU Ha BbiHuTe 500 nm 1
779 nm.
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Queypa 9. KnbecmepeH aHanu3 Ha dsama nodknaca Ha
obpasey 1 Ha KuaHUmMosUS wucm

B 3aknioueHne e otbenexum, Ye CrnekTpanHute oTpaxa-
TENHW XapakTepuCTUKM Ha u3cnenBaHUTe CKanHu o6pa3yBa-
HWs faBaT MHAOPMALMS 33 TEKCTYpPHUTE UM OCOOEHOCTU U
ponbnBat 6asaTta AaHHW OT HA3eMHW AMCTAHLMOHHM W3cnea-
BaHus, HeobxogMma 3a NpoBexaaHe Ha aepoOKOCMUYECKM reo-
NOXKM NPOYYBAHMS MO CMEKTPANHM LELUMEPOBLYHN NPU3HALM.
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The investigation of reflected by natural formations solar radiation within the visible and near infrared ranges (NIR) of the electromagnetic spectrum and occurring
changes in its spectral distribution under the action of various environmental factors is a well established technique for aerospace and ground remote sensing, which
finds broad areas of application in geology, applied geophysics, ecology and others. In this report we present results from investigations of the spectral reflectance
characteristics (SRC) of rock formations (magmatic and metamorphic rocks) with different genesis and chemical composition and contrasting mineral constituents in
the spectral range 480 + 810 nm. The spectral data were obtained using the multichannel spectrometric system ‘Spectrum 256’ developed in STIL-B.A.S., which has
been operated for many years onboard the manned orbital space station ‘MIR’. The studies of SRC were carried out under laboratory conditions on samples of
ultramaphic (pyroxenite) and basic (gabbro) magmatic rocks, granitoids (granites, alkaline type granites) as well as regional metamorphic rocks — serpentinite, gneiss,
garnet bearing amphibolite and kyanite schist. On the basis of the spectral data and implemented statistical methods the texture of the rock types was analysed and
for some of them there were identified spectral subclass objects belonging to a common spectral class in accordance with their mineral composition.

INTRODUCTION

The spectrometric measurements of reflected by natural
formations solar radiation in the visible and near infrared (NIR)
ranges of the electromagnetic spectrum provide an express
and reliable information for the objectives of cosmic and
ground remote sensing and for various areas of science
(geology, applied geology, ecology, etc.). At a high spectral
and spatial resolution featured by the apparatus in use, the
spectral data provide for the possibility to recognise main
classes of objects, to identify their diversity and states, and to
establish the presence of subclasses of objects within the
frames of a single spectral class.

One of the applications of data from remote sensing of
natural objects is the recognition of geological structures and
formations. Already with coming into light of the aerocosmic
photos and emerging methods for their usage, the interrelated
decoding indications of the geological objects were separated
into direct, involving the radiation of the objects themselves,
and indirect, related to corresponding salient features of
landscape. This was done on the basis of the geological
objectives formulated (Trifonov and Schulz, 1986; Moralev and
Cheschihina, 1989; Wood and Laserre, 1990; Salisbury et al,
1992). The division of the decoding indications into optical and
geometrical is of basic importance, because of differences in
the methods applied for their use for recognition of geological
formations. The optical spectral signs are most informative and
characterise the brightness of radiation from the surface of the
geological formations in the electromagnetic spectrum. The
geometrical signs characterise the structure and the texture of
the spatial distribution of signals with different brightness and
in the recognition of geological formations it is of no importance
if they manifest themselves as direct or indirect.

Depending upon the objectives to be achieved by the
particular experiments being carried out, there is a variety of
the ground (laboratory and field) remote sensing investigations
but two main groups could be specified. A part of them is
oriented to ascertain qualitative relationships between the
parameters of the natural formations and phenomena on one

side and the information provided for the latter by the
aerospace remote sensing on the other side. Another part is
aimed to reveal the mutual relation between the different
components and states of the objects and phenomena, and the
factors which exert an influence upon them. The laboratory
spectrometric measurements in the visible and NIR spectral
ranges show that the spectral characteristics of the elementary
natural species are strictly individual (Mishev et al., 1989;
Salisbury and D'Aria, 1994; Mishev et al. 1999). They can
easily be subjected to treatment and identified which
determines their leading place in the general strategy for
recognition of natural formations based on data from
aerospace measurements. Because of this, the knowledge of
SRC of particular characteristic objects located on the Earth’s
surface (soils, rocks, water, forest and agricultural vegetation,
etc.) is of primary importance for the correct and accurate
interpretation of the data from remote sensing.

The aim of the present work is to report on results from
laboratory investigations of spectral reflectance characteristics
of different rock formations in the visible and near infrared
ranges of the electromagnetic spectrum and their applicability
for recognition of main types of rocks and their variety by
texture and mineral composition.

MATERIALS AND METHODS

Petrographic characteristic of the rock specimens under
investigation

The objects under study in the present report are
representative specimens of magmatic and metamorphic
rocks. The spectrometric measurements were carried out on
five basic types of magmatic and four types of metamorphic
rocks with different genesis and chemical composition and
contrasting mineral constituents.



Magmatic rocks: The rock specimens of magmatic rocks
belonged to five main classification groups: ultramaphic rocks
(pyroxenite); basic rocks (gabbro); mediumbasic rocks (diorite);
acidic rocks (granite) and alkaline rocks (alkaline granite-
diorite).

Pyroxenite is a coarse-grained rock of massive texture and
coloured in dark green to black. It was built mainly of pyroxene
(up to 90%). Small portions in the rock were single grains of
olivine and ore minerals.

Gabbro (Figure 1) is a medium-grained rock of massive
texture, dark greyish-green of colour. The basic rock forming
minerals were plagioclase and amphibole in a ratio of 1:2,
which determines macroscopically the mesocratic character of
the rock and its classification as amphibolic gabbro.

—

Figure 1. The measured surface of gabbro

Diorite is with a medium up to fine-grained structure, dark
greyish-green coloured, with a massive, locally taxite texture.
Single epidote veins cut the specimen. Its mineral composition
is of primary rock forming minerals — medium plagioclase and
amphibole (up to 90%), and minority minerals — single grains,
mainly of pyroxene, biotite and quartz. The colour index (M) of
the rock was of about 40 + 45 %.

Granite is an unevenly grained (fine to medium-grained),
light grey of colour, with a massive texture and a mineral
composition of primary rock forming minerals — acidic
plagioclase, K - feldspar, quartz and biotite, and minority
minerals - amphibole. Because of the unevenly grained
character of the granite the spectrometric measurements were
performed on two specimens poor in the femic component with
an index M up to 7%, and both cases could be specified as
leucogranites. The first specimen was with a fine-grained
structure, while the second one featured a more coarse-
grained up to pegmatite-like texture.

Alkaline granodiorite — dark-coloured reddish-rose rock with
a massive texture of locally spotted character. Mineral
composition: K-feldspar (main), acidic plagioclase, quartz,
biotite, amphibole.

Matemorphic rocks: Specimens of regional metamorphic
rocks were studied, as follows: serpentinite, amphibolite,
gneiss, and kyanite schist.

Serpentinite (metaultramaphit) — a greyish-green of colour
dense rock built of minerals from the serpentinite group,
chlorite, talc, ore minerals, and sporadic relicts of olivine and
pyroxen. The surface upon which the measurements were
taken was textured mainly of talc-chlorite-serpentinite products.

Amphibolite (metabasit) — dark green, fine-grained, with a
massive up to locally unclear stripe texture, and mineral
composition; amphibole (60 + 65%), gamnet (up to 5%), acidic
plagioclase  (20%), quartz, epidote, and titanate.
Macroscopically, the porphyryblastic character of the garnet
was clearly visible.

Gneiss (metagranite) — biotite gneiss with an augen-layered
texture and mineral composition: plagioclase, quartz (primary
rock forming minerals), and muscovite and K-feldspar (minority
minerals). The rock is with clear signs of tectonic treatment and
features local indications of blastomylonitisation.

Kyanite schist (metapellite) — fine-grained rose-brownish of
colour schistose rock with a mineral composition of kyanite
(modified into sericite-muscovite), biotite, granite, and quartz.
The rock exhibits a strong mineral linearity and a
porphyryblastic texture by the mineral kyanite. Two specimens
were measured with surfaces of different texture. The surface
of the first one (Figure 2) is schistose and with presence of
kyanitic porphyryblasts, whereas the surface of the other
specimen is pronouncedly cracked and with lacking kyanite
porphyryblasts.

Spectrometric measurements of the rock specimens -
experimental set up and methods

The SRC of the rock specimens studied were measured
using the multichannel spectrometric system ‘Spectrum 256'.
This system was developed by scientists and specialists of
STIL — BAS in connection with the implementation of the
scientific program of the second Bulgarian cosmonaut, and for
more than 12 years was operated successfully onboard the
manned orbital space station ‘MIR’ (Mishev and Kovachev,
1988; Mishev et al, 1990). ‘Spectrum 256" consists of two
blocks - a spectrometric block and a block for data registration.
The spectrometric block contains a built-in  photographic
camera, which is optically linked to it and is operating in an
automatic mode. By means of this photo camera it is achieved
the link between the spectral data recorded and the objects
under study.

For the measurements under laboratory conditions it was
used a special experimental set up. Besides the multichannel
spectrometric system it incorporates an optical bench, an
optical table, a standard white screen, a movable platform for
fixing and adjustment of the specimens, and a light source of
high stability (three halogen lamps each one energised by an
individual regulated power supply). The white screen is a disk
with a diameter of 32 cm, covered with barium sulphate, and
featuring linear spectral characteristics in the visible and NIR
spectral ranges. The spectrometric system MS is fixed with
horizontally aligned optical axis on the optical table which
allows for fine and smooth displacement about X and Y axes in
order to realise the scanning of the studied objects. The white
screen and the investigated surface of the rock specimens are



adjusted perpendicular to the optical axis of the objective of
"Spectrum 256'.

Figure 2. The measured surface of kyanite schist (Specimen 1)

The spectrometric measurements of rock specimens were
carried out with "Spectrum 256’ used in an operational mode
with 128 spectral channels, each of 2.6 nm halfwidth at a
spatial resolution of 2 mm? Each second the system is
recording 40 spectra in the spectral range 480 + 810 nm.

The measuring method includes: determination of the
optimum conditions for illumination of the specimen studied, so
that the recorded reflected radiation to possess a sufficiently
high dynamic range in the visible and NIR spectral ranges;

formation radiation by both wavelength and conditions of
illumination. Under conditions of illumination (6,, ¢,), in the
direction of the recording system (B, ¢) and range of wavelengths
Ai, AtAN, the spectral reflectivity coefficient is determined by

r(/\i, Ho, ¢07 8, ¢) =1L (Ai, 9, ¢)/Lo (/\i, 90, ¢0)7
(1)

where L(A, 6, ¢ ) is the radiance of a given object in direction
(6, ¢ ) at wavelength A;, Lo(Ar, 6, @) is the radiance of an
orthotropic fully reflecting surface under identical conditions of
illumination.

For determination of the spectral reflectivity coefficients the
spectral data recorded by the system ‘Spectrum 256" are
subjected to a preliminary treatment. It includes averaging of
the data of one area spectrally measured, accounting for the
dark current, averaging of the data of the standard screen,
averaging of the data of all areas being spectrally measured for
each rock specimen.

RESULTS AND DISCUSSION

Figure 3 shows the averaged SRCs obtained for the
investigated surfaces of the 11 rock specimens. Three clearly
displayed groups of SRC can be separated. The most
numerous group brings together magmatic rocks with
ultrabasic (pyroxenite), basic (gabbro) and medium basic
(diorite) constitution and one basic metamorphic rock
(amphibolite). The lowest values of the spectral reflection
coefficient are associated with the specimens of amphibolite

determinatidr* of the opfimum area of the specimens for
carrying out the spectrometric measurements; determination of
the minimum number of areas (pixels), which is necessary to
be spectrally measured, so that the SRCs obtained to yield
with a sufficienfly high_reliability the averaged SRC of the
object, cofsRfrad as beingaspectral clages

.
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ctral range”480 + 650 nm. This conclusion i$ confirmed
also byAtie result from the correlation analysis of the averaged
SRC of these two rock specimens. Figure 4 illustrates the low
degree of correlation in a part of the spectral range.

he averaged SRC curves of the segpentini®e (curve 7) and
diarite (curve™8y—exhitsit a roughly similar course with a
difference Tn~the value of SRC of about 0.07 relative units in
the whole spectral range studtes-The averaged SRC (curve 6)
of the measured area from the surface of éabbro shown in
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SRC reaches thehighestvalugs. A special nqte deserves the
behaviour of SRC of the alkaline granodicrite %curve 9). Itis of
particular interest because the averaged spectral reflection
coefficient values of this group of spectral characteristics is
featuring the highest dynamic range, 0.15 + 033 relative units.

The second group of SRC comprises the g;anites (curves 4
and gneiss (curve: 3).the-latter4ging a metamorphosed
granite. The difference in the reflection power of the surface of
the two granites studied is related with theirBdifferent texture
(coarseerfing-grained) and the difforanis pro&ortian of femic
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Figure 3. Average SRC of the rock specimens: 1) kyanite schist (specimen 1); 2) kyanite schist (specimen 2);
3) gneiss; 4) granite ( specimen1); 5) granite (specimen2); 6) gabbro; 7) serpentinite; 8) diorite;
9) alkaline grnodiorite; 10) amphibolite; 11) pyroxenite

The correlation analysis of the averaged SRCs of the two
specimens of granite confirmed the similarity of their
constitution, irrespectively of the uneven grain size. This is
illustrated in Figure 7.

In the third group of SRC fall the kyanite schist’s (curves 1,
and 2). The two averaged SRCs have a roughly identical
behaviour. The surface of one of the specimens was schistose
with presence of large greyish-blue crystals of kyanite and its
reflective power is higher (curve 1) than that (curve 2) of the
surface of the other representative of this type of rocks where
crystals of kyanite were absent. Figure 5 shows the averaged
SRC of 27 studied areas, measured on the cracked surface of
the secon specimen. The spectral reflectance characteristics
form a single spectral class. Figure 6 displays the averaged
SRC of 25 areas of sample 1 of the kyanite schist. The spectral
characteristics are clearly differentiated into two spectral
subclasses. Their presence reflects the differences in the
texture of the surfaces due to the kyanite porphiryblasts and
the fine-grained quartz-bioite body, respectively.

0.16

0.15

0.14

0.13

piroxenite

0.12

0.11

0.10 &
040 0112 0120 0128 0136

amphibolite

Figure 4. Correlation analysis of SRC of amphibolite and
pyroxenite
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Figure 7. Correlation analysis of SRC of two granite specimens

Figure 8 presents the averaged SRCs of the two subclasses.
The results from the cluster analysis of the SRC of the two
subclasses are illustrated in Figure 9, where the case of
carrying out such analysis for the wavelengths 500 nm and 779

nm is given as an example.
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Figure 8. Averaged SRC of the two subclasses of specimen 1
of the kyanite schist

Concluding, we shall note that the spectral reflectance
characteristics of studied rock formations give information for
their texture features and contribute to the ground remote
sensing database necessary for aerospace geological
research by spectral indications.
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Figure 9. Cluster analysis of the two subclasses of specimen
1of the kyanite schist

REFERENCES

Mishev, D., S. Kovachev, 1988. Multichannel Spectrometric
System “Spectrum 256" on Board of “Mir" Station, 39th
Congress IAF, India, Bangalore, |IAF No 88-115, pp. 1-4.

Mishev, D., S. Kovachev, D. Krezhova, Yu. Uzunov, 1989.
Images and Analysis of data Obtained By Spectrum 256’
Under the Program ‘Georesource’, 40th Congress IAF,
Malaga, IAF No 89-167, pp. 1-5.

Mishev, D. N., S. T. Kovachev, D. D. Krezhova, 1990. New
Generation of Space Multichannel Spectrometric Systems,
Compt. rend. Acad. bulg. Sci., 43, No 1, pp. 53-56.

Mishev, D., S. Kovachev, T. Yanev, D. Krezhova, 1999. The
multichannel spectrometric system ‘Spectrum 256’ onboard
the manned space station ‘MIR’ and afterwards, (in
Bulgarian), Proceedings “10 Years from the Space Project
Schipka” 1988, ISR-BAS, Sofia, pp. 104-111.

Moralev, V., K. Cheschihina, 1989. Spectral reflectance of
‘Black Schists’ and the possibility for their recognition on
aerospace images, (in Russian), Investigation of Earth
from Space, Ne 6, pp. 84- 87.

Salisbury J., L. Walter, N. Vergo, D. D’Aria, 1992. Mid Infrared
Spectra of Minerals, John Hopkins University Press,
Baltimore, pp. 1-296.

Salisbury J., D. D'Aria, 1994. Emissivity of Terrestrial Mterials
in the 3-5 pum Atmospheric Window, Remote Sens.
Environ, 47, pp. 345-361.

Trifonov, V., S. Schulz, 1986. Peculiarities in Geological
Application of Space Information (in Russian), Investigation
of Earth from Space, Ne 1, pp. 32- 42.

Wood, J., M. Lasserre, G. Fedosejevs, 1990. Analysis of Mid-
Infrared Spectral Characteristics of Rock Outcrops and an
Evaluation of the Kahle Model in Predicting Outcrop
Thermal Inertia, Remote Sens. Environ., 30, pp. 345-361.



	К. Величкова
	С. Приставова
	PEЗЮМЕ
	ВЪВЕДЕНИЕ
	МАТЕРИАЛИ И МЕТОДИ
	Фигура 1. Спектрометрирана повърхност на габро

	   Алкален гранодиорит - тъмно оцветена червено-розова скала с масивна текстура на места с петнист характер. Минерален състав: калиев фелдшпат (главно), кисел плагиоклаз, кварц, биотит, амфибол.
	Препоръчана за публикуване от


	ABSRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Figure 1. The measured surface of gabbro

	RESULTS AND DISCUSSION


