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KAPTUPAHE MO KbCOBE (LESESTEIN) B PAMOHA HA MONEBATA YYEEHA BA3A B
C. NIOTUBPOA, BPAYAHCKO

HAumumsbp CuHboBCKU

MunHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cogpus, sinsky@mgu.bg

PE3IOME. KapTupaHeTo no KbCOBE € METOA, KOWTO Ce W3NOon3Ba LUMPOKO MpM 3aKpUTW TepeHu. B HemckaTa nuTepatypa 3a Hero uMa creuwaneH TEPMUH —
,Lesestein”. Toll N03BONsIBa NPeKapBaHETO Ha reONOXKN rpaHNULM MO KbCOBE OT KOPEHHWUTE CKamu, KOUTO Ce 3ana3saT B [enyBuUs cried TAXHOTO M3BeTpsiHe. ToBa
MOXe Aa ca NPOCTO KbCOBE OT CaMuTE CKanW UMW XapaKTEpHWU YCTOYMBI €NEMEHTU Ha CKamnuTe KaTo KOHKpeLuu, hocunn unn MuHepanu. HacTosiwara cratus e
nocBeTeHa Ha efuH Npobnem, KOWTO He e 3acerHat B MAa 3a reonioXKUTe NpakTUKK B pailoHa. B Hesi ce pasrmexaa 13non3BaHeTo Ha NPEOTIONKEHN KOHKpELMN OT
Cymepckata cBuTa (AnT) B rOPHOKPEAHUTE NSCHYHULMW, MapK1paLLy KbCHOKpeHaTa TpaHerpecust B 3anagHus MpenbankaH. basanHusT KOHrnoMepar B OCHOBaTa Ha
TE3W NMACHYHULM € WU3rpageH OT NONMPaHK pbxanBo-kadsiBu POCHOPUTOBO-XEMATUTHI KOHKPELMM, KOUTO Ca MHOTO XapaKTepeH W NECHO pa3nosHasaem penep. Mpu
13BETPSIHETO Ha BasanHus KOHrmoMepar Te W3MbnBaT AenyBUaNHUTE OTMOXEHUS B 3aKPUTUTE y4acTbl, KAaTo YKa3BaT HWBATa NoA rpaHuLaTa Mexay antckute u
kamnaH-MaCTPUXTCKUTE NSICBYHULM. [IbNroroauwHoTo 06y4eHme No reonoXKo kapTUpaHe B palioHa Nnokassa, Ye TOBa € eAnH euKaceH U MHOrO MpaKTUYeH Noaxon
3a kapTMpaHe Ha TpaHCrpecnBHaTa rpaHuua mexay [onHata u FopHata Kpeaa B paitoHa, KOMTO ce Bb3anpuema IeCHO U Ce 3anameTsiBa TPaHo OT CTYAEHTUTE.

MAPPING BASED ON PARTICLES (LESESTEIN) IN THE AREA OF THE FIELD TRAINING CAMPUS IN LYUTIBROD VILLAGE,
VRATSA DISTRICT

Dimitar Sinnyovsky

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

ABSTRACT. Mapping based on particles is a method, used widely in covered terrains. In German literature, for it has a special term — ,Lesestein”. It allows
identification of the geological boundaries based on particles of indigenous rocks, which are stored in deluvial deposits after their weathering. These may be just
pieces of the rocks or persistent characteristic elements of rock as concretions, fossils or minerals. This article is devoted to a problem that is not addressed in the
guide for geological training in the area. It examines the use of reworked concretions of the Sumer Formation (Aptian) in the Upper Cretaceous sandstones marking
the Late Cretaceous transgression in the Western Balkan. The basal conglomerate at the base of these sandstones is composed of polished rusty-brown phosphorite-
hematite nodules that are very distinctive and easily recognizable marker. During the weathering of the basal conglomerate they fill deluvial deposits in covered areas,
giving levels below the boundary between the Aptian and Campanian-Maastrichtian sandstone. The long years of training in geological mapping in the area indicates
that it is a very efficient and practical approach for mapping of the transgressive boundary between the lower and upper Cretaceous in the area, which is easily
perceived and stored permanently by students.

BbBeneHue W Mo-mManko B reomopdororuaTa B cMucbina Ha ,Lesestein”.
Bbnpekn pasnnyHOTO €U 3HAYeHWe, TEPMWHBLT fesellanH’
KamepaHeTo no KbCOBE € LUMPOKO M3Mon3BaH MeTod 3a HaBnn3a B reofiormata W 3anodYBa fa Ce WU3non3ea 3a
YCTAHOBSIBAHE Ha TeOMNOXKMA [PaHWLUM M OKOHTYpBaHe Ha kapTupaHe no KbCoBe, KOETO CE npuitara yCrewHo B pasnnyHi
reONOXKA eaWHMUM B 3aKpuTU TepeHW. B Hemckata TepeHn. To3n MeTog MOo3BOMsSBa NPeKapBaHETO Ha reornoXKu
nuTepartypa 3a Tasu JIeHOCT e BbBefeH creunaneH TEpMUH — rpaHnUmM No KbCoOBE OT KOPEHHUTE CKalnn, KOUTO Ce 3ana3eart B
,Lesestein” (,neseLaitH’), kolTo B GykBaneH npeeod 03Hayasa AenyBusi Crej TSXHOTO U3BETpsiHe. ToBa MoxXe fa ca npocTo
,HETEH KaMbK' WNMW ,4eTeHe MO KambHW'. B aHrmwitckata KbCOBE OT CamnTeé CKanmn WM XapakTepHu  yCTOUYMBM
nuTepatypa cblo nMa nogobeH TepmuH reading stone”, Ho enemMeHTU Kkato KOHKpeLuW, hocunn unu- MuHepanu. Toau
TOV 1fBa MO-CKOPO OT NMPEBOAA Ha HeMCKMs TepMuH. IMpeau fa MeTO e 3aCTbMEH M B MPaKTHKaTa Mo reomnoXKo kapTupaHe Ha
HaBre3e B reonorksTa, TEPMUHBT Ce U3MOM3Ba Pa3roBOPHO 3a CTyAeHTUTe OT [eonoronpoy4BaTenHus akynrer, KosTo ce
XapakTepuaMpaHe Ha U3NKOMEXaHUYHUTE KayecTBa Ha nposexqa Ha y4eGHust nomuron B c. JlioTubpon Beve Hap
CKarnH1 KbCOBe, M3MON3BaHN B MUHANOTO B CEJICKUTE PaiioHM YeTUpu AeceTuneTus. 3a ynecHeH1e Ha CTYAEHTUTe 1 npeno-
3a CTpoeX Ha Kby, HaBecu M 3acnoHn. B CesepHa fasatenute Ge u3nadeH Ma 3a TEONOKKUTE  MPAKTUK
epMaHus, KbAeTO B PaBHUHHUTE TEPEHN HAMA HUKaKBi (CuHboBcky, pen., 2004a), B koitTo obave To3u npobnem He e
KOPEHHU CKanu, NefHUKOBUTE OTNOXeHUst nofd dopmata Ha 3acerHar. HaCT(BHLLlaTa CTatha € NnocBeTeHa Ha KapTupaHeTo
MOPEHHM YaKbIK, HapU4aHK pasroBopHo ,Feldstein’, ca Gunu Mo KbCoBe B paifoHa Ha c. Yenonek, KbeTo TepeHbT € AocTa
€OMHCTBEHUST M3TOYHWK Ha CTPOMTENEH MaTepun ot 3aKpUT U He NO3BONABa WU3BLPLUIBAHETO Ha AUPEKTHW Nonesy
APEBHOCTTa [0 [HeC. Taka TOM € HaNoxXeH B CTPOUTENCTBOTO HabrlopeHus.

KaTo ,MOMNEBM KaMbK’ - ECTECTBEH KaMbK 3a CTPOUTENHN HYXON



CbCcTosiHMe Ha npobnema

B nocnegHute Tpu-4eTMpU OeceTuneTws, BCreacTBue Ha
cenckoTo obeantoasBaHe, paioHbT Ha MpaKTUKaTa OKOmMo C.
Motnbpon ©Ge 3HauMTeNHO 3aTpeBeH U MOBEYETO OT
TPAANLMOHHUTE PA3KPUTUS, M3MON3BAHW KaTo KIHYOBM NpW
y4ebHMTE npakTMkM, Beye ca noutu  3akputn. OT
thoTorpacpusTa Ha PutnuTe, HanpaeeHa ot 3natapcku (1904)
N4K, Ye B HauyanoTo Ha 20-Tu BEK OKONO TSX HE € MMaro HUTO
enHo abpeo (dur. 1), a cera Te eapa ce 3abensisear cpeq
OynHata ropcka pactutenHoct (dwur. 2). Okono c. Yenonex,
KbOETO TOraBa € WMarno HempeKbCHaTW pasKpUTUs Ha
rOPHOKPEAHO-NaNeoLeHCKkNTe BapoBULM, Cera ca OcTaHanm
camo oTAeNnHN pparmeHTu. BeblyHOCT aobpata paskpuTocT ce
3anasBa [0 BTOpaTa MoroBMHa Ha ABageceTy BeK, KOeTo Nnyn
pobpe Ha aepodotocHumkute ot 1970 r. lNpe3 cneasawute
40 roguHu ropckata pacTUTENHOCT MpeB3ema CKMOHOBETE Ha
pgona TpeckaBey W paskputuata Ha Cymepckata w
PomaHckaTta cBUTa Ce OrpaHnyaBaT [0 M3KYCTBEHUTE OTKOCU
oKomno woceto 3a Bpaua. Paskputusita Ha ropHOKpegHo-
ManeoLeHCKTE BapoBMLUM Ce 3anaseaT [MaBHO OKOMO KoTa
5442 Tonata rnaea. [loyTu 3aKpUTO € U KNACMYECKOTO
paskpute Ha Franz Toula (1881) B tOXHMS Kpal Ha C.

»

Yenonek (cur. 3), KOETO € C MCTOpWYecka CTOMHOCT 3a
Gbnrapckata reonorus (CuHbosckn u ap., 2004). Tyk cpeq
[MayKOHUTHUTE MACBYHULM M MHOLIEPaMYCHWTE BapoBWLM B
ocHoBata Ha [opHata Kpega, Toula onpegens mbpeute
ropHokpeaHu chocunu B bbnrapus. 3a ga ce npuaobue
MpeacTaBa 3a CKOPOCTTAa Ha €CTECTBEHOTO 0bpacTBaHe
TpsibBa ga ce otbenexu, ye ToBa paskputme Ge M3LUANo
Pas4UCTEHO MPW PEMOHTA Ha MbTHOTO MMATHO Ha LIOCETO
npeam 25 roauHm.

OT HampaBeHuWsi [OTYK aHanM3 CTaBa $ICHO, Ye 3a Masnko
fnoBeye OT CTO TOAWMHM, TO3M WAEANHO PasKPUT TepeH ce
npeBpblla B ropucta MeCTHOCT M obpaboTBaema oLy,
Bbnpekn ye aepodOTOCHUMKWUTE OT CEAEMAECEeTTe rOAWHM
no3BonsiBaT  CpaBHUTENHO  J0OpO  npocnedsBaHe  Ha
rpaHuuMTe, TEPeHHUTe HabMoAeHUs Cce W3BbpLUBAT B
YCNOBUSATA Ha MbJHA 3aKPUTOCT W M3UCKBAT KOCBEHW METOAMN
33 KapTupaHe. TakuBa YCMOBWS 3a KapTMpaHe Ha TpaHc-
rpecvBHaTa rpaHula B OCHOBaTa Ha FOpPHOKPeaHMTE Hacnaru
ocurypsiBaT  MPeoTnoXeHute  hoChopUTOBO-XEMATUTHN

KOHKpeuun oT CymepCKaTa ceuta B 0OasanHus crnoi Ha
,U,'bpMaHCKaTa CBUTa, OT 4MeTo WU3BETPAHE Ce nosyyasa
MacoBo HaboraTsiBaHe Ha aenysuanHuTe Hacnaru.

dumpumn npu ¢. Jomubpoos.
Jdorna kpega: Gapemckm gars (ODCKH THOB).

®ur. 1. Mbpeata doTorpadms Ha ckanHus cheHomeH “Putnute”, nybnukysaHa ot 3natapcku (1904), Ha KOATO ce BUXAA MbLIHOTO OTCLCTBUE Ha
PacTUTENHOCT OKOMNO TAX W 3HAYUTENHO MO-BUCOKOTO HMBO Ha p. Mckbp, KoeTo e gocTvrano noyTH Ao ocHosata M. Ha 3ageH nnau ca ponuT TpeckaBey

n lonara rnaBsa



dur. 2. CTo ¥ AeceT roguHn cnep cHUMKata Ha 3nartapcku (1904)
Putnute ca noTbHanu B ropcka pacTUMTeNIHAUCT

MpunoxeHuneto Ha MeToaa “Lesestein”

KapTupaHeTo no kbcoBe obxBalya [ocTa LuMpoka nowy oT
Hag 10 km2 mexay ¢. Yenonek, kota [onata rmaea u fJonuHa-
Ta Ha p. Kamenuua. To e CBbp3aHO C O4YepTaBaHETO Ha
TPaHCrPeCMBHATa rpaHMLa Mexay TOpPHOKPEOHO-NaneoLeH-
CKUTE OTNIOXEHWUS W TAXHATa NOAJIOKKA, NpeAcTaBeHa oOT

“Mezgpencra ceuTa” (MacTpuxr-
NaneoyeH): cHBM MAKPUTHY BADOBHUMW C SEDHH
00 CHB KPEMBYHA KOHKREUMA (Hag 50 m)

KyWuHcka cauta (Mactpuxt): Cued, sguecrtw
BAPOBMLUN C HIOBHNME OT MHOWEPAMYCHH YEPRYNKH (2«
4.5 m)

Ouwpwmancka cewra (Foped Kawmnaw - [foned
MacTpuxr): PEMARBOKADABM, BuoTypBupanu
rMAYKOHUTHH NACEYHUUMW C (DPArMEeHTH OT HHOLUBPAMYCH,
axMHMAM, kpuHonan, Genamunte (2-5 m)

BajaneH KOHINOMEBPAT © NPEOTAOMEHW NONMPaHK
PhEguBoEaPARN DOCPOPHUTOBO-XEMATHTHN KOHKDPELN
TPAMEIPACHBHA fpaHnLa

PoMaHCka coWTa (ANT): AeGenonRacTonn MACHYUHWLN ¢
MPOCHONEM OT ANEBEONUTH, ARTUIWTH W MEDRENd

®ur. 3. Camo 25 roanHm cnep paswMpeHNeTo Ha MbTA Pa3KPUTUETO Ha
Franz Toula (1881) e HanbnHoO 3aTpeBeHO

AebenonnacToBuTe anTckv NACYHULUM Ha PomaHckaTa cBuTa
(cwr. 4, 5). TpaHcrpecuBHWTE Hacnaru B OCHOBaTa Ha
FOPHOKPEAHWUS1 pa3pe3, MPEeACcTaBeHM OT  NayKOHUTHUTE
NACbYHMLUM Ha [IbpMmaHckata CBUTAa W MHOLEpPaMyCHUTE
BapoBuLy Ha KyHuHckaTa cauTa ¢ oblwa gebenuHa go 7-8 m
(dowr. 4) He ca kapTupyemo Tsano. Bunpekn ToBa Te npeacTas-
NsBaT HaAEXAEH MapK1paLL XOPU30HT, KOATO Ce NpocnessBa

®ur. 4. CxemaTuyeH pa3pe3 Ha FOPHOKPeAHO-NaNeoLeHCKUTe OTNOXKEHNUS B palioHa Ha c. Yenonek u pasnpocTpaHeHUeTo Ha ocopUToBO-xeMaTUTHUTE

KOHKpeLuu B AenyBus, KoeTto UHANKMPA AONTHOKpeaHa NoAN0XKa
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MacTpuxT): rnaykoHUTHU NACLYHNLIM U MHOLEPaMyCHU BapoBuLM; 6 - PomaHcka cauTa (CpeaeH — MopeH AnT): Ae6enonnactoBn NACHLYHULM C NPOCHONKM
OT aneBponuTu, meprenu u aprunutu; 7 — Cymepcka cButa (OoneH-CpepeH Ant): meprenu; 8 — Jliotubpoacka cButa (Bapem — [oneH AnT):
61oAETPUTYCHM, Yepyn4ecTn U OONMTHU BapOBULM, NECHYNUBYA U OPOUTONMHHU BapOBMLM, BapOBUTM MACHYHULIM, aneBPONUTHA, Meprenu U CMeceHu
ckanu; 11 — FnoxeHcka cBuTa (TUTOH): TBMHOCUBM 40 YepHU BapoBuLM; 9 — Yepenuwka cButa (TuToH-XoTpUB): cBETNOCUBU 0 GeXOBM GUOAETPUTYCHU
BapuUBULIM OT YProOHCKU TUN C vepynku oT pyanctu; 10 — Fnoxencka cButa (TUTOH): TBMHOCUBM MUKPUTHM BapoBuum; 11 — pasnomu: (a) Bb3cen, (b)
pascep; 12 - nutocTpaturpadicka rpaHuua; 13 — peyHa Mpexa; 14 - woce

®ur. 6. PanoHbT Ha c. Yenonek ce XapakTepusupa c noiia paskpUTOCT U He NO3BOJIIBA U3BBLPLLIBAHETO HA AUPEKTHU NoneBun HabniopeHus
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Ha KuNOMeTpu M Ha kaptata B M 1:25 000 e w3obpaseH
YCNOBHO nof (hopmaTta Ha ThHKa uBMUa ¢ UHAEKC KaCP™ (chur.
5). OCHOBHUAT KpUTEpWUA 3a MPUCLCTBMETO Ha MapKMpaLLus
XOPU3OHT e Ba3anHuAT KOHINoMepaT B OCHOBATa My, N3rpajeH
OT NPEOTIIOXEHW, NONMpaHK, PbXanMBokadsaeu HoctopnuToBo-
XeMaTUTHM KoHKpeuun ot Cymepckata u PomaHckaTa cButa
(Gur. 4, 7). 3a cbxaneHne paskpuTUSITa Ha TO3W KOHrmomepar
Beye He cbllecTByBaT. [lopagu cnaboTo cuenneHue u
MankaTa aebenuHa rmaykoHUTHUTE NSCbYHMUM He obpasysart
YCTOWYMBHW pasKpUTUS N GbP30 Ce MOKPUBAT C AENYBUIA, KOWTO
norpebBa M camusi KOHIMOMepaToB CoN. Te3n NACLYHULYM Ca
3anaseHu camo B TPU paskputus — paskpuTtueTo Ha Toula Ha
33B0OS Ha LIOCETO oHO OT ¢. Yenonek (cur. 3), Ha 800 m
M3TOYHO Npu 0BpoyHMs KpbeT ,CB. MeTbp” 1 Npu M3BOPa Ha p.
Kamenuua Ha 800 m ceBeponatouHo oT cenoto. OcTaHanuTe
paskputns ca no p. Kamenmya — Ha 1,5 km toxHO OT C.
MopaBuuya, npu BoOgomaga M B MecTHocTTa [lparasel
(CuHboBCKM, 20046).

fApyecTute MHOLEpaMycHW BapoBuuM Ha KyHuHckaTa ceuTa
ca Mo-ycToiumBKM M 0bpa3yBaT XOPW3OHTamNHU KO3MPKW Hag
TMAyKOHUTHUTE MACBYHULM, KOMTO Ce paspyllasaT Moa
thopmata Ha OrpomHu 6rokoBE MO MyKHATWUHKM, 0Bpa3yBaHM B
crnoiikata Mexgy kapboHaTHuTe sgkn. MogobHu cpyTuwa uva
no p. Kamenuua, kbaeTo T opopmsT nparose 1 Bogonagun. B
noBeyeTo cryyan obaye, ropHata MM MOBLPXHOCT 0bpasyBa
MMOCKM  y4acTbUM, KOMTO Ce MOKpMBAT MO-TPYOHO C
JenyBuanHu Hacnarv v Bce OLe Ce CpeLyaT kaTo OCTpoBYETa
cpen 3aTpeBeHuTe noneTa. lopagyu npeHebpexumo Mankara
3a mawaba gebenuHa Ha [bpmaHckata u KyHuHckata cuTa,
Mo Te3n OCKbAHM paskpuTWs rpaHuuata um ¢ PomaHckaTta
CBWTAa MOXe fAa Ce kapTupa B IMBagWTe U HUBUTE
CeBepon3ToyHo oT ¢. Yenonmek. C TOBa MOTEHUMaNbT Ha
paskpuTusTa 3a MpOCNensBaHETO Ha Tasu rpaHuMua ce
u34epnBsa. PanoHbT Ha ¢. Yenonek ce xapakrepuaupa ¢ nowla
PasKpUTOCT W HE MO3BOMSIBA W3BLPLIBAHETO HA [MPEKTHM
nonesu Habnogerus (cur. 6).

M3non3eaHeTo Ha Metoga ‘Lesestein” gatupa OT camoTo
Hayano Ha NPOBEXAAHETO Ha CTYAEHTCKUTE MPaKTUKW B C.
Miotnbpop. OcHoBHaTa XapakTepucTuka Ha [AenyBuanHute
OTINOXEHWS B paiioHa mexgy ¢. Yenonek w onarta rnaea e
“306MNMeTo OT BapOBMKOBM KbCOBE M hparMeHTH OT
KPEMBYHW KOHKpeuuu oT ,MesapeHckata cBMTA’, KOMTO ce
CpeLaT Kakto B [enyBust Hafd Hesl, Taka M MO CKMNOHOBETE
BbPXY MACbYHMLMTE HA PomaHckata cauta. CregoBaTtenHo Te
He ca HafeXaeH KpUTepuin 3a xapakTtepa Ha KOPEHHUTE CKanu.
MpeotnoxeHuTe ocopuToBM KOHKpeLuun OT  BasanHus
KoHrnmomepar, obaye, ca HaBCAkbge B AENyBUS MOA
TpaHCrpecuBHaTa rpanuua. Te ca obpasyBaHW MbpBUYHO B
meprenute Ha Cymepckata CBMTa M Ce CpewaTt YecTo B
OCKbAHMTE 11 paskpuTKs No Jona Tpeckasew, 1 NOKpai LWoCeTo
oT ¢. Yenonmek 3a Bpbx Okonunua. Tyk T Ca CBEXM W
BbHLUHATA UM MOBBLPXHOCT € CBETNOXBITOKA(ABA C LBAT Ha
oxpa (cur. 8), mokato B OasanHus KoOHrmomepar Te ca
TbMHOKapsiBM M nonmupaHn 4o 6nscek (dur. 9). Tosn Bug
KOHKpeLmuTe ca npuaodunu npegu noseye ot 70 MIH. T. mpu
obpabotkara BbB BbIIHOMpMOOIHaTa 30Ha Ha
KbCHOKaMMaHCKOTO ~ MOpE, KOETO  TpaHcrpeaupa  Bbpxy
meprenute Ha Cymepckata CBWTa UM MACBYHAUMTE Ha
PomaHckaTta cBuTa. Kato ycTomumMBM enemeHTU OT NOAJIOX-

ToBa e edwH yHuBepcaneH nparMaTWyeH Moaxofd, KOWTO
[aBa Bb3MOXHOCT Ha CTYAEHTUTE [a CU W3rpagsT HagexaHu
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kaTa, Te Ce HaTpyneaT Ha Mnaxa M OCTaBaT B OCHOBAaTa Ha
TPAHCTPECUBHUTE TNAYKOHUTHW MACBYHULM Ha [bpmaHckata
cButa nog copmata Ha 6asaneH koHrnmomepat. Paspylia-
BaHeTO Ha To3U 10-20 CaHTUMETPOB KOHIIIOMEPATOB CrOW
[laBa HEBEPOATHO roNsMO KOMMYECTBO MaTepuarn, pasnpbeHaT
B HUBMTE U NMBaguTe Hag PomaHckata cBuWTa W NMNCBaLy B
nenysus Hag ,Me3agpeHckata cauta’ (dur. 9).

®ur. 7. BasanHuAT KoHrmomepaT B OCHOBaTa Ha [NayKOHUTHWUTE
NACLYHMUM Ha [IbpmaHcKaTa CBWTa, W3rpajieH OT MpPeoTNOXeHU
nonvpasu pubxauBokacsaBy hocGopUTOBO-XeMaTUTHN KOHKpeuun oT
Cymepckata cBuTa

®ur. 8. ®ocdopUTOoBO-XEMaTUTHUTE KOHKPELIM
nonoxexue cpea Meprenute Ha Cymepckara cuTa

dur. 9. TpeotnoxeHute ¢ocopMTOBO-XEMATUTHU KOHKpPELMn Ot
©azanHus KoHrnomepar, pa3npbCHaTH B AeNyBUs HaA TPaHCrpecUBHaTa
rpaHuua

MomneBy KPUTEPUM 33 EKCTIPECHO pellaBaHe Ha npobnemuTe B
3aKpUTK TepeHn. Helwo noBeve, NPUCHCTBMETO HA KOPEHHUTE



3a (hoCHOPUTOBO-XEMATUTHUTE KOHKPELMW CKamni — MeprennTe
Ha Cymepckata CBMTa, OCUrypsiBa OOMbAHUTENHU Bb3MOX-
HOCTM 3a UHTEpNpEeTaLMs Ha NOCnesOBaATENHOCTTA Ha reoNoX-
kuTe cbbuTIS BHB BPEMETO W U3BexXaaHe Ha Aobpe 0bocHoBa-
HW naneoreorpadckm u3Boau.

3aknioyeHue

KapTtupaHeTo no KbCoBe Ce npunara npu BCsika kKapTMPOBKa,
HEe3aBMCUMO [anu recnosnTe U3Non3Bat TepMuHa neseLaitt”
urv He. B HacTosilwata ctatus e pasrnefaH €4uH KOHKpeTeH
BapuaHT, B KOWTO Ce npennutat oOpasoBaTenHu K
npodecuoHanHu  kputepuu. B cnyyas  nonvpanuTe
OChHOPUTOBO-XEMATUTHN  KOHKPELWUWM,  MPEOTNIOKEHN B
GasanHus koHrmomepar Ha [IbpmaHckata CBWTa, urpast
ponsTa Ha euH MHOrO NokasaTeneH 1 Jopu ,NpeeKkcrnoHupan”
OT npupodata npuMep 3a KapTupaHe no KbCOBE B 3aKPUTH
TEPEHM C BUCOKO MPAKTU4ECKO M 0OpasoBaTemnHo 3HayeHue.
ToBa e cnyyail, KOWTO 3acryxaBa BHWMaHWe He camo KaTto
umocTpauns Ha gobpa nonesa npakTika 3a KapTupaHe, HO M
KaTo MHTEpNpeTaTMBeH NpuUMep, KOMTO MOXe Aa 3anerHe B
nnaHa 3a pas3suTWe Ha [eonapk ,Mckbpcku nmponom” mnm
npupogeH napk  ,BpayaHckn  bankaH’.  Tbid  kaTo
pa3paboTBaHeTo Ha ,McKbpcku nponom” € B 3acToM, mno-
pearnHo € [a Ce BKMOYW B MPEACTOALLMTE MEPONPUATUS Ha
npupogeH napk ,BpavaHcku bankad’, B umsto nepudepns
nonaga nnowira. Tasu uHMLMaTBa Moxe aa ce 0bBbpxe 1 C
npeacToswuTe NpoekTy Ha obwyHa Mesgpa 3a npoyyBaHe Ha
HOBM 0DEKTU C MCTOPKUYECKA, KYNTYPHA M EKONOMYHA CTOMHOCT
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B paiioHa, Cnef YCMewWwHOTo paspaboTBaHe Ha apxeororu-
yeckus obekT ,Kaneto”.

INuteparypa

3natapcku, . 1904. MpuHoc KbM reonorusaTa Ha Vckbpckns
npornom ot Codus fo PomaH u cbeegHnte My npegen. -
Tpyd. bvre. npupodousn. 0-go, Il; 12-102.

CuhboBckn, L. (Peg.) 2004a. [eonoxku mapwpymu 8
cegepHama vyacm Ha MWckbpckus nponom. [ud 3a
2eonoxku npakmuku. C., MOH, Llentsp KCOYBO, Wap.
“B. Hegkos”, 136 c.

CuHboBckm, [. 20046. Mapwwpyt VI. Mopasuua — [JbpMaHLm.
B: CunboBcku, [. (Pem.) [leonoxku mapwpymu 8
cegepHama yacm Ha MWckbpckus nponom. [ud 3a
2eonoxku npakmuku. C., MOH, Llentsp KCOYBO, Wap.
“B. Hegkos”, 68-89.

CwHboBcku, [., M. AuToHoB, B. Xenes, . Aingannuiicku, [.
Banrenos, K. Croikosa. 2004. MapwpyT IlI. Jilotnbpog -
Yenonek. B: CunboBckm, [. (Pen.) [eonoxku mapwpymu 8
cegepHama vyacm Ha MWckbpckus nponom. [ud 3a
2eonoxku npakmuku. C., MOH, Lientsp KCOYBO, Ua3p.
“B. Hegkos”, 43-50.

Toula, Fr. 1878. Geologische Untersuchungen im westlichen
Theile des Balkan und in den angrenzenden Gebieten. 6.
Ein geologischen Profil von Vraca an den Iskar und durch
Iskar- Schluchten nach Sofia. — Sitzungsber. Acad. Wiss.
Wien, Math.- Naturwiss. Cl., Abt. 1, 77; 247-317.

Cratusata e peLeH3npaHa oT npod. A-p BeHenuH XKenes 1 npenopbyaHa 3a
nybnvkyBaHe oT kaT. ,[eonorus 1 reouHgopmaTmka”.



rOOVLUHMK HA MMHHO-TECTIOXKMA YHUBEPCUTET “CB. UBAH PUNCKI”, Tom 57, Cs. |, F'eonorus u reocpusmka, 2014
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 57, Part |, Geology and Geophysics, 2014

NOTEHUMANDBT HA CEBEPHA PUIA KATO r'EOINAPK

HAumumsbp CuHboBCKU

MunHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cogpus, sinsky@mgu.bg

PE3IOME. Pvna v MupuH ca cpep Hait-BUCOKUTE W Kpacusm nnaHnHn B 3touna EBpona. Ha TeputopusiTa 1 Ha [jBeTe MMa HauvoHamnHy napkose, kato HauvoraneH
napk ,MnpuH” oThaBHa e B Jluctata Ha CBeToBHOTO HacnencTeo Ha FOHECKO. HauwoHaneH napk ,Puna”’ Bce olle He e npeanaraH 3a BloYBaHe B nucTaTta, HO
NpUPOAEH Mapk ,Puicku MaHacTup®, KOUTO B MMHamnoTo Ge yact ot HaumoHaneH napk ,Pura”, Bkitoysa obekt Ha FOHECKO — Punckust maHacTup. Hamocnembk
HoBaTa kateropusi ,[eonapk” ce pa3paboTBa LUMPOKO B MHOTO CTpaHu Ha EBpona u cseta. OT MKkOHOMWYECKA FriegHa Touka TS Ce OKa3a AocTa no-uTanHa ot
NPUPOAHUTE U HALMOHAmNHWTE MapkoBe C TEXHUTE KOHCEPBATUBHM M PECTPUKTVBHU PEXWUMU. TS He Hanmara HOBM OTPaHUYMTENHW MEpKW OT rMefHa Touka Ha
pa3suTUeTO Ha Teputopunte. OcHOBHaTa Lien Ha eonapka e Aa onassa, U3yyaBa W MONMYNApWU3Mpa reonoXKOTO HACMeACTBO Ha A3AEH PErvoH, Kato passuBa 1
YKpenBa Bpb3KkUTE My C BCUYKMA ApYyri acnekTi Ha NPUPOAHOTO, KYMTYPHOTO M MCTOpuyecko HacneacTso. OT Taan rmeaHa Touka CeBepHa Puna e uakniouuTenHo
noaxoasila 3a paspaborBaHe Ha [eonapk, KOWTO Aa obeauHN reonoxKoTo HacneacTBO Ha CaMOKOBCKO C KyNTypHUTE W UCTOPUYECKN LEHHOCTU Ha peroHa u aa
[OMpUHECE 33 YCTONYMBOTO MECTHO pa3suTve. OT rmeaHa To4ka Ha reopasHoobpasveTo MOTEHLMANmbT Ha paiioHa e OrpoMeH. ToW BKIIOYBA Hal-BUCOKAS BPbX B
M3atouna EBpona — Mycana v ce xapakTepusupa ¢ KpacuBi NeHUKOBU 0Dpa3yBaHWs - annuiicky BbPXOBE, NEAHUKOBM AONNHN, LIMPKYCH, €3epa 1 MOpeHu. PaioHsT
ce XapaKtepuaupa C uakmiouuTenHo Gorata rama OT CEAMMEHTHM, MarMeHu M MeTamopHW PasHOBMAHOCTW, KakTO W AECETKA MMHEpanHWu M3BOpH, Haw-
3abenexuTeHnsT oT kouTo e reit3epbT B Canapesa baHsi. ToBa ca fobpu npeanocTaBku 3a pa3paboTBaHETO HAa edMH HOB HaLMOHameH reonapk, KowuTo ga 6bae
npeanoxXeH 3a BkMiouBaHe B EBponelickata Mpexa oT reonapkose kato [eonapk Ha KOHECKO.

THE GEOPARK POTENTIAL OF NORTH RILA MOUNTAIN
Dimitar Sinnyovsky
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, sinsky@mgu.bg

ABSTRACT. Rila and Pirin are among the highest and beautiful mountains in Eastern Europe. On their territory are situated National parks and Pirin National Park is
in the UNESCO World Heritage List for a long time. National Park "Rila" is not yet available for inclusion in the list, but "Rila Monastery" Natural Park, which in the past
was part of the National Park "Rila" includes a UNESCO site - Rila Monastery. Recently, the new category "Geopark" is widely developed in many countries of Europe
and the world. In economic terms, this category was proved to be more vital than the natural and national parks with their conservative and restrictive regimes. It does
not impose new restrictive measures in view of the development of the territories. The main objective of the Geopark is to preserve, study and promote geological
heritage of a region, develop and strengthen its relations with all other aspects of the natural, cultural and historical heritage. From this point of view, North Rila is very
suitable for the development of Geopark, which will unite the geological heritage of Samokov district with its cultural and historical values and will contribute to
sustainable local development. In terms of geodiversity the potential of the region is enormous. It includes the highest peak in Eastern Europe - Musala and beautiful
ice formations such as the alpine peaks, glacial valleys, cirques, lakes and moraines. The area is characterized by a wide variety of sedimentary, igneous and
metamorphic types, and dozens of mineral springs, the most remarkable of which is the geyser in Separeva Banya. These are good conditions for the development of
a new national geopark, to be proposed for inclusion in the European Geoparks Network as UNESCO Geopark.

BuBeaeHue reonapka Ha KOHECKO, a Gpost um B Kutait 3a 10 roguHu
JocTuria 27. Tosn naBuHooOpaseH NPOLEC Le NPOLLITKA U B

Puna v MupuH ca cpen Han-BUCOKUTE W KpaCUBM MNaHUHN B Gbdelle, 3alOTO OT WKOHOMMYECKa TrlefHa Touka Tasn
M3ToYyHa EBpona. Ha TEpUTOPUSITa W Ha [JBeTe MMa Kateropmna 3alluMTeHa TepuTopua Ce OKasa [0CTa No-BUTalnHa
HaLWoHarHu napkose, a To31 B [MpuH OTAaBHa e B Jluctara OT NpPUPOAHMTE W HAUWOHANHWTE MapkoBe C  TEXHWTE
Ha CBeTOBHOTO HacrneacTeo Ha KOHECKO. HauuoHaneH napk KOHCEPBATUBHM W PECTPUKTUBHM pexvmu. Ts He u3uckea
,Pvna” Bce oOLle He € MpeaJiaraH 3a BKITOYBAHE B NUCTATa, HO cneyuanHn  HOpMaTWBHU  [IOKYMEHTU W HE Hanara HOBM
npUpodeH napk ,,PMHCKM MaHaCTle”, KOWTO B MWHanoto be OrpaHUYUTENIHM MEPKM OT rneaHa TO4Ka Ha Pas3BUTMETO Ha
yact or HauwoHaneH napk ,Puna’, BknouBa 0bekT Ha Teputopumte. OcHoBHata Len Ha leonapka e Aa onasea,
FOHECKO - Punckus maHacTup, KOUTO nocpeLla eauH MUMOH “3y4aea W nomynsapnu3npa reornoxkoTo HacneacTeo Ha AafeH
noceTutenu roguiuHo. Mpes nocnepHute 15 rognHM HosaTa PEr oH, KaTo pa3siBa 1 yKpensa BPb3KUTE My C BCUYKK APYTU
kaTeropus 3awuteHa Teputopus - ,[eonapk’ 3aB3e OBLIMPHM acnektn Ha MPUPOAHOTO,  KyNMTYpHOTO W UCTOPUHECKO
Teputopum B EBpona u cBeTa. Bbnpekn ye B HUTO efHa HacneacTBo. eonapkbT He e cneuuduyHO HOBa KaTeropust
CTpaHa reonapkbT HE € XpaHeHMK Ha OHKeTa KakTo 3aluTeHa nnow, uiv naHpwadgt u moxe Aa 6bde focta
NPUPOLHUTE U HALMOHANHUTE NapKoBe, TOW 3aBOKBA NPaBOTO pasnnyeH  OT eduH Hamb/iHO - 3allTeH U perynmpad
CM Ha CblUecTByBaHe 1 Ce YTBLPAM B CBETOBEH Mallab. HauuoHaneH napk wnu MpupopeH napk (Guidelines and
EBponeMCKaTa Mpexa OT reonapkoBe BKIOYBA Beve 59 Criteria for National Geoparks, 2007) Onpep,enﬂHeTO Ha
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JafeHa Teputopus Kato ‘Feonapk’ He O3HayaBa NpoMsHa B
3aKOHOBMS CTaTyT Ha 3emsTa. OTrOBOPHOTO ynpaBrieHne Ha
eouH [eonapk ocurypsBa  3alutata Ha  reonoxkoTo
Hacneacteo Ha [eomapka B CbOTBETCTBME C MECTHUTE
TpaguuMM M 3aKOHOBa OCHOBA M HacbpyaBa COLMArIHO-
MKOHOMMYECKOTO PasBUTHE Ha PervoHa Ype3 reoTypuabmM, bes
Aa  Hamara  [OOMbIHWTENHW  OTPaHWYEHUs  BbpXY
TPagWUMOHHUTE OEMHOCTU, W3BBPLUBAHU Ha TepuTopusTa Ha
napka. ToBa npaBK reonapkoBeTe aTpPaKTUBHM 3@ MECTHWTE
o0WwHoCT, KOMTO B MHOTO OefHM pEervMoHM BukoaT B
pa3paboTBaHETO UM KaTO ENHCTBEHMS HA4WH 3a CbXWBSBaHEe
Ha MeCTHaTa MKOHOMMKA W MOCTUraHe Ha YCTONYMBO MECTHO
passuTye.

B bunrapust reonapkoeeTe 3acera UMar camo (HPUKTUBHO
MPUCBLCTBME, BBLMPEKM Y€ CTpaHata Oe edHa OT MbpBuTE,
KOMTO HampaBuWxa HayyHa paspaboTka Ha HauwoHaneH
reonapk B pamkuTe Ha Pernctbpa u kagactbpa Ha reonoxkute
tbeHomeHn B Bonrapus. Ta 6e peactaBeHa Ha TpeTata
KOH(pepeHLMs Ha EBponelickata Mpexa OT reonapkoBe npes
2002 r. (Jelev et al., 2002). Bvnpeku ye 6sxme cpea mbpauTe,
HaLMOHaMNHUTe YCUNnS B Ta3n Hacoka ce peanuaupat 6aBHO 1
TpyaHo. lMoHacToswem Ham-6nm3o go EBponeiickata Mpexa
ca bernorpapgunwkute ckanu, 3a KOWTO Beye MMa OdvepTaHa
TEPUTOPWS C NeT OBLLMHK, Cbrnacke Ha MecTHaTa OBLLHOCT,
Hay4yHo omucaHue Ha 50 reotona M paspaboTeH nnaH 3a
pa3suTWe Ha napka. OT Apyrute MoTeHUManHu obeKkTW Kato
Mobutute kambHM, MenHuwkute nupammamn, Puna, MupuH,
Butowa v gp., eamHCcTBEHO 3a Puna nma MeCTHa nHuLmMaTmBea,
KOATO 3acera ce nogkpens noHe ot Ase 06LwmuHN — CamMoKoB K
CanapeBa baHsi. Ta3an uHMLUMaTMBa MOXe Aa ce paspabotu
MHOrO ©bp30, Tbil kaTo Puna uMa OrpoMeH MmoTeHuwan 3a
Cb3aaBaHe Ha ['eonapk. B HacToswara cTatus ce pasrnexaar
reonoXkUTe NpeanocTaBku 3a paspaboteaHeTo Ha eonapk B
CeBepHa Puna, koiTo HAMa Aa CbBnaga C rpaHuuMTe Ha
HauuwoHarneH napk ,Puna” u npupogeH napk ,Puncku
MaHacTup®, a e BKMKYBA YacTW OT TAX W efHa MHOro no-
LUMpOKa TepuTOpUs Ha cesep 0T Puna.

leopasHoobpasme

OT cTpaturpadpcka rnegHa Touka reopasHoobpasveTo Ha
paiioHa He e BheyaTnsBallo, HO TOW Ce OTNuyaBa ¢
n3knoumTenHo 6orata rama OT MarMeHn W MeTamopdHu
ckann. Tyk ce paskpuBaT pa3HooOpasHu [okambpuiickm
MeTamopHM KOMMIEKCH, KOUTO Ca NpPefCcTaBeHW OT NOuTU
BCUYKM METaMOP(HU PasHOBUOHOCTU.

3a onucaHKeTo Ha MeTaMop(HUTE eAMHWULM B HacToswaTa
CTaTis € Bb3NPUET NPUHLMITLT, MPENOpBbYaH OT XPUCHEB U Ap.
(2005) 3a TepMmuHOrOrMSITa M HOMEHKNaTypata Ha
HECrnoecTuTe NMUTOCTPaTUrPadiCkM €AMHULM MPU TEONOXKKOTO
kaptupate B M 1:50 000 B 3anagHus bankaH. Mo 1031 HaumH
LLie Ce CbXPaHAT UMeHaTa Ha NoBEYETO METaMOPMHN eaNHULIA
KOMTO ca BbBEJEHM KaTO MMeHa Ha JmTocTpaTurpadcku
eovHmumM. Te we 6bgaT M3MON3BaHM 3a HaMMeEHyBaHe Ha
MeTamopHUTEe KOMMIEKCH, N0 mpumepa Ha obsicHUTENHaTa
3anucka Ha kapTeH nmuct BakceBo ot leonoxkata kapta Ha
Penybruka bvnrapus 8 M 1:50 000 (Munosa+os v ap., 2008).
ColueBpeMeHHO e ce u3berHe HeymobcTBOTO jJa ce
MOEHTU(ULUMPAT HAHOBO CTapwuTe E€OWHULM KaTo OTAENHM
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MeTaMopchHM Tena B paMKUTe Ha  HOBOOTAENeEHWUTE
NMTOTEKTOHCKN eauHnum (Capos n gp., 2011 a,6).

CmATa ce, 4Ye Hal-CTapute cKkanu B pailoHa ca
JokambpuiickuTe [OBYCMIOAEHW THACUM M NnarvorHaicu Ha
Manewwesckata rpyna (3aropuyes, 1984) n murmaTtuanpannTe
rHancu um murmatutu Ha OrpaxageHckata ([Mpapogoncka)
Hagrpyna (Kozhoukharov, 1988), kouto no-kbCHO ca nogeneHu
Ha MeTamOpHM KOMMMEKCU M NUTOTEKTOHCKM eauHuum -
TpockoBckn MeTamopcpeH komnneke (MunosaHos u ap., 2008):
amgpubonutn 1 amubonoBn  WKCTW, ABYCMIOLEHU W
OvotuToBM rHaick, Manewesckn MeTamopdeH KOMMMEKC
(MunoBaHoB 1 gp., 2009): ABYCMOAEHM THalMcn U
nnarvorHarcu, MnaHckw rHancoB komnneke (AHTOHOB W Ap.,
2011 a,06): aBycnogeHmn rHaicn u murmatuti, OrpaxaeHcka
NIUTOTEKTOHCKA efuHuua  (MUrMaTuavpaHum OuoTMTOBM 1
OBYCMIOLEHM  rHancu,  MmeTarabpa,  CepneHTUHU3MPaHH
ynTpabasuti), ManboBuiLka nuToTEKTOHCKa eauHnua (CapoB
n ap., 2011 a,6): cepneHTUHM3MpaHK ynTpabasuTi, amgpnbo-
Ty, BrotuToBM N amdubon-6MoTUTOBM rHaNcK, Mpamopm W
rpaHaT-KMaHUTOBW CIIOAEHU LWMCTU, Tpakuiicka NUTOTEKTOHCKA
eannmua (Capos u gp., 2011 a,6): annutoughHn GuoTMTOBM
MeTarpanuTi, amgubonuty (meTarabpa) 1 Mpamopu, KouTo ce
paskpueat mexpy [opHa [ukaHs, bnaroesrpag, Canapesa
6ans, MoBegapuy, benuuH, Benn ncksp 1 Boposel.

®ur. 1. Pa3kpute Ha newa OT rpaHaT-KMAHUTOBU CIIOAEHW LKUCTU NO
M3TOYHUSI OpAr Ha esepoto Bbbpeka cpes 6UOTMTOBM rHamcu oOT
Yenenapckata cBuTa Ha Pynyockust MetamopdieH komnnekc

Poponckata Hagrpyna (Koxyxapos, 1984, Kozhoukharov,
1988), BKItOYBa no-mragure HEoNPOTEPO30MCKH
MeTamopuTLh, OTHECEHN MbPBOHAYaNHO KbM Pynyockata u
CuroBckata rpyna. Ckanute Ha Te3u rpynu ca pasriiefaHu
kato Pynyockn MeTtamopdeH komnnekc u  CMTOBCKM
MetamopdeH komnnekc (Sinnyovsky, 2014) no awanorus c
OpyruTe  HOBOBbBEOEHW METaMOP(HM  KOMMreKkcH  npu
kapTupoBkata Ha Penybrmka Bwrarapus B8 M 1:50 000
(MunosaHos u ap., 2008; 2009).

PynyockuaT metamopdpeH KOMMIEKC BKIOYBa TpW CBUTH
(Koxyxapos, 1984): Yenenapcka, boryreBcka u BbuaHcka.
Yenenapckata mbcTpa CBMTA € NpeActaBeHa OT BUOTUTOBM
rHalcK, rHancoLMCTW, NENTUHUTK, AUCTEHOBM LUIMCTU, KOWUTO
ce paskpueat npu CanmapeBa baHs, Punckus maHactup,
Cepemte puncku esepa (cur. 1) n p. Manactupcka. Kbm Hes
Ce OTHacAT W CKapHUTE MO [OPHOTO TEYeHWe Ha p.



MaHacTupcka, kakto u rpaHatutute mexgy Cegemre puncku
e3epa 1 YpanHu esepa. boryTteBckata nnarvorHaincosa ceuta
€ u3rpafeHa OT MUrMaTM3MpaHu rHaiicu W rpaHUTOrHalcK,
paskpuBaly ce MNpeaumMHo no p. Puncka u  6uotut-
MNarMoknasoBn THaiiCcK, pasKpuBalM Ce CEeBEPHO OT C.
bayeBo, Paanoxko. BbyaHckaTa mbCTpa CBUTa € NpeAcTaBeHa
OT OMOTWUTOBM THaliCK, [BYCIIOLEHW THANCK, THAWCOLIMCTY,
nentuHMTH,  amcdubonmutn  m mpamopu.  [pegenckust
metamopdeH komnnekc (MunosaHoB w gp., 2009), koito
MbpBOHAYaNHO € OTHacsH KbM BbuyaHckata cButa, ce
paskpuBa B paiioHa Ha [lpegena u e uarpageH oT GMOTUTOBM
THaNCW U THANCOLUMCTH, aniMTONGHU BUOTUTOBM W MYCKOBWT-
ouoTuToBM rHawcy, amnbon-brnoTmToBM rHawcy,
amdubonuTi, MeTaynTpabasuTi 1 Mpamopu.

CMTOBCKMSIT MeTaMOp(eH KOMMMEKC CbLIO BKIOYBA TpM
cauti: JlykoBuiwka, bBonkoBcka M baukoscka. JlykoBuiikaTta
rHacoWNCTOBA CBMTA € MpeAcTaBeHa OT OMOTUTOBM M
ABYCTIOLEHM THANCK 1 THARCOLIMCTH, pasKpuBaLLW Ce CEBEPHO
ot [onHa 6aHst u KOM ot rp. KocteHey n c. KocteHel. Mo-
KbCHO CKanWTe ca OnMcaHM KaTo 4acT OT TpakuickaTa
nuTOTEKTOHCKa eguHiua (Capos 1 ap., 2011 a,6): GuoTuToBM N1
OBYCTIOOEHM  THAalCM,  MYCKOBMT-anbuTOBM  THaiicm U
THaNCOLUMCTI, MPaMOpHK, KaNKOLWIWCTW 1 amcnbonuTy.

BolikoBckaTa rHancoBa cBuUTa € uarpageHa oT GMOTUTOBK 1
[BYCIIOJEHN rHancK, paskpusalLy ce U3TO4HO OT rp. KocTeHey,
11 OMMCaHM NO-KbCHO KaTo YacT OT TpakuiickaTa NIMTOTEKTOHCKA
enuHuua (Capos v ap., 2011 a,6).

4 sl

®ur. 2. Bpbx ManboBuua (2729 m) e TUNUYeH NpuMep 3a NUpaMnAAnH
annuicku BbpxoBe (KapnuHru), hopMmpaHu oT neaHMKoBaTa AeHOCT

baukoBckaTa NenTUHUTOBA CBUTA Ce CbCTOM OT aniMTOMOHM
OMOTUTOBM W ABYCMIOOEHU NENTMHWTM, pa3KkpuBallM Ce
CeBepHo OT ¢. Pagyun u u3touHo ot rp. KocteHel, KbaeTo no-
KbCHO Ca ONMCaHM B pamKnTe Ha TpakuickaTta NIMTOTEKTOHCKA
eanHuua (Capos u ap., 2011, a,6) kato MyckoBUT-anbuToBN
THaCM W THACOWMCTU (M3TOYHO OT rp. KocTeHew) u
annMToOMAHN U BUOTUTOBM MeTarpaHnTy (npu c. Pagywn).

Kbm Poponckata Hagrpyna ce oTHacs u T. Hap. [JobpocTan-
CKa CBWTa, KOATO € yacT oT AceHoBrpaackata rpyna (Koxyxa-
poB, 1984). Ta e w3rpageHa OT MpamopW C MPOCIONKWM OT
OMOTMTOBM M ABYCTIOLEHM MHARCOLLNCTY.

Hait-mnagute metamoput ca Te3n Ha CTpymckus
anoputoB  komnnekc  (Heonpoteposoi),  [pasuHuToBuMS
komnnekc ([Jokambpuit-Kambpuit) 1 [nabasoBo-hunutonaHus
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komnnekc (BeHg - JoneH Maneoson). CTpyMCKMAT OMOpUTOB
komnnekc (MunosaHoB u gp., 2008) nssecteH kato ,CTpymcka
AmopuToBa dhopmaums’ e U3rpageH oT L1opuTi, rabpo-auopu-
T, rabpa, NepuaOTATM W ONMBMHOBM MUPOKCEHUTH, PasKkpuBa-
Wy ce npu rp. Puna. MpasuHUTOBUAT KOMNMEKC (AHTOHOB U
ap., 2011) otHacsH npean KbM [naba3oBo-punmMTONgHMS
KOMMMEKC, e 13rpageH oT MeTabasnTi  akTUHONUTOBM LUMCTH,
paskpuBawy ce Mexgy C. fApnoso u . KenesHuua.
[lnaba3oBo-hunUTOMaHUAT KOMMEKC, paskpuBaLy ce npu rp.
JynHuua e uarpageH ot ounutn n Metagmnabasm.

MarmMeHuTE CKamM CbLO Ca MHOTO pasHOObpa3Hu, KakTo no
CbCTaB, Taka M MO Bb3pacT. Hanpumep HactaBkuTe Ha
ropHokpeaHus TnaHcku NnyToH BKMOYBAaT Lsnata rama of
MarmMeHu CKanw, KouTo MoraTt fa ce obpasyBaTt B pamkuTe Ha
€HO MarMeHo TAMO: NEeBKOKpPaTHW amdubon-6uoTuToBM
rPaHUTK (CEBEPHO OT C. AMMHO), KBapLMOHLoAuoputh (C.
Pagyun), amgubon-61oTMToBK rpaHOLMOPUTM (CEBEPHO OT C.
ArnvHo 1 ¢. PenboBo), anoputi 1 kBapuauoputu (c. Pagywmn),
KBapL-MOHLOHNTM (Mexgy c. KosaueBum u c. [onossHe),
rabpa, rabpoamopuTi U MMPOKCEHNUTM (KO3HO OT C. MonoBsHE),
MOHLIOHWTU N MOHLOAMOPUTH (CeBepHO OT ¢. PenboBo), kBapu-
MOHLOAMOPUTK (CeBepHO OT C. PenboBo), empo3bpHecTu
rabpa rabpo-nupokceHnutn (c. Pagyun), auopwuTOBM U

KBaPLAMOPUTOBM M MOHLIOLMOPUTOBM NOPGNPUTH (CEBEPHO OT
c. PenboBo), nermatougHn rpanutn (CU ot c. Kosauesum),
nerMaTuTyh (CeBEPHO OT C. PenboBo).

®ur. 3. Han-BucokusT Bpbx Ha BbankaHckus nonyoctpoB Mycana (2925
m) ce HamMpa B ceBepHaTa 4acT Ha Puna nnanuHa cpep naneoreHckute
GuoTuToBM rpaHnTH Ha Puno-3anapHopoponckus 6aTonut

paHuTOMaMTE Ha PunosanagHopogonckus G6atonut, cpeg
kouto € u Bp. Mycana, 6sixa nogmnageHn 3HauYMTEHO Npu
nocreaH1Te U3cneaBaHms.

MMbpBOHaYanHo Te 6sxa OTHACAHM KbM KbCHOMaNeo30Mck1Te
toxxHoObArapckm rpanutomgn. Ha kaptute B8 M 1:50 000
Bb3pacTTa Ha batonuta Ge nogmnageHa oo KbcHa Kpepa —
EoueH (Capos u gp., 2011 a,6). Toit cblo BKMOYBA [OCTaA
Borata rama OT MarMeHu Pa3HOBWMOHOCTM KaTo OWUOTUTOBM,
MYCKOBUT-OMOTUTOBM 1 amcubon-6uoTUTOBKN  rpaHuTH,
annuTOMGHO-NErMaToONaHN  TPaHUTK, NOPGUPHA  TPAHUTK,
MYCKOBUT-BMOTUTOBM MrarvorpaHnTyi, nopupHm n amgubon-
BMOTMTOBM rPAHONOPUTH, KBAPLANOPUTY 1 Ap.

CeoumeHTHUTE  cKanu  BKMOYBaT Kap6OHCKVI, Tpracku,
FTOPHOKPEOHW, ONUIOLEHCKX, NJIMOLEHCKM W KBAaTEPHEPHWU



oTnoxeHnsi. KapboHckuTe CeaMMEHTM ca NPeLCcTaBEeH! MMaBHO
OT TEPWUreHHW pa3HOBMOHOCTW, TpUackute ca  3gpasy
KBapLWUTM3MPaHU NSICHYHMLM, FOPHOKPEOHUTE Ca MeChbYMBO-
kapOOHaTHW, ONUFOLIEHCKUTE Ca NPEeAUMHO (PMHO3LPHECTH, a
Cpef NnMOLEHCKATE Ce cpellaT W BbrmMwa. BeblyHocT
OUTYMWHO3HW MPOCTONKM WMa UM cped  KapboHckuTe K
onuroueHckuTe oTnoxeHns. OnpedeneH MHTepec npepcTas-
NABaT KBaTEpPHEPHUTE OTMOXEHWS, 4acT, OT KOUTO HOCAT
WHopMaLMs 3a NeHUKOBUTE EMOXM, a Apyra YacT obpasysar
WHTEPECHN u3BeTpUTENHM hopmn kato ,CTobekuTe nmpa-
mman”.

®ur. 4. CefemTe puncku esepa ca efHa OT Haii-aTpaKTUBHUTE
TYpUCTUYECKM AecTMHaLMK B Puna (Ha cHumKkata — PubHoTO e3epo)

Feomoponoxkm M KynTypHO-MCTOPUYECKM
npeanocTaBkM 3a cb3gaBaHe Ha [eonapk
»Puna”

Puna e kynonoobpasHa 6nokoBO-pasnoMHa (xopcTosa)
nnaHuHa. HeiHOTO reonoXko passuTe npe3 Heosos ce
npegonpesens ot oopMSHETO Ha BIIOKOBK CTPYKTYPM, KOUTO
C€ 3aMbJIBaT CbC CEAUMEHTHN CKamu.

Puna e annuiicka nnaHWHa C TUNMYHM NUPaMWUAANHM
annuinckn BbPXOBe (KaprmHrv) (dur. 2) W Kmacnyeckn
NefHUKOBI (HOPMI: MOPEHM, LIMPKYCH, NESHUKOBU AOMMHU 1
esepa. EgHa OT Hal-aTpakTMBHUTE 3a0EneXuTenHoOCTM Ha
Puna e Han-BuCOKUAT BpbX Ha bankanute u M3touHa Eepona
— Mycana (2925 m) (cpur. 3), HO OT npupogHUTe 3abenexu-
TENHOCTW Hail-nocellaBanm ca CefemTe punckv eepa, KouTo
ca edHa OT Hal-aTpaKTMBHUTE TYPUCTMHYECKW OEeCTMHauuu B
Puna (cour. 4).

bescnopHo efHa oT knovoBuUTe aymu 3a Puna e ,Boga’.
Bogata B TpuUTe CM arperatHu CbCTOSHUS € uMmana U
npoabMxaBa Aa “Ma Ki4oBa ponis 3a pervoHa. B naneoreo-
rpadCkn acnekT reomMopcoNoXKMAT 00nMK Ha MnaHuHaTa ce
ObITKM Ha KBAaTEPHEPHWTE 3anedsBaHns, NOCnegHoTo, OT
kouto — BiopmckoTo (npogbmkuno mexgy 70 000 n 11 700
roAuHM) npeponpeans obrvka Ha CbBPEMEHHUS anmUACKM
pened. Hait-kpacusute npupoaHn naHawadT™ B Puna ca
NeAHVKOBUTE JONUHM (cbur. 5) n umpkycuTe (dour.6).

MoHacrosem oT Puna ussupat asete Haii-ronemu Gbnrap-
CKi pekm — Mickbp 1 Mapuiia, KouTo ce 3axpaHBaT OT LMPKYCO
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®ur. 5. TunuyHa U-oGpasHa neaHMKOBa AONMHA CEeBEPHO OT Bp.
ManboBuua

®ur. 6. Linpkycosute Mapuunnu esepa, Hammpalyy ce Ha IorousTok oT Bp.
Mycana, jaBaT Ha4anoTo Ha eAHa OT HaW-ronemuTe GbLIrapcku peku -
Mapuua

-BUTe esepa. [naHWHaTa 3axpaHBa C npuUTOLM W Apyrn OBe
ronemu pekn — Ctpyma u Mecta. TpeToTo arperatHo CbCToS-
HWe — nmapaTa, npegonpegens obnuka Ha nnaHWHaTa karto
GanHeoneyebHa AecTMHaUMs owe OT Abnboka APEBHOCT,
NpesBua MHOTOTO OCTaHKM OT PUMCKM TepMn. B okomHocTuTe
Ha Puna uma Hag 70 MuHepanHu 3BOpU M eduH reisep — B
Canapesa 0aHs, koo cbc coute 101,4°C e eanH OT Hait-
ropeLuuTe B cBeta (¢ur. 7).

B KynTypHO-UCTOpMYECKM aCMeKT Ha MbpBO MSCTO Ca
KOBALLKWTE 3aHasiTh, C KOUTO e CBbP3aHO M UMETO Ha rpaj
CamokoB. To npou3xoxaa OT CPeaHOBEKOBHWUTE CaMOKOBM,
KOMTO Ca cnyxerm 3a obpaboTka Ha xenss3oto. OCHOBHWAT
MOMMHBK Ha peruoHa, konto npe3 18-19 Bek e cHabasBan ¢
KEMA30 LAnaTta OCMaHCka MMNEpWs, uma npsika Bpb3ka C
reornorusita, Tbil KaTo CypoBMHaTa 3a KOBALLKATE 3aHasfTW €
Oun pascunHmAT MarHeTuT, OobMBaH owe OT Abnboka
APEBHOCT OT pevHuTe NAcbUM Ha p. Uckbp. M3xoxaaiikm oT
Te31 OCHOBHY NMPEANOCTaBky, Npyu noceLleHneTo cu B CamokoB
n CanapeBa 0aHs, npe3ugeHTHT Ha  KOromaTtouyHaTa
per1oHanHa rpyna Ha EBponeiickaTta acouuaLus 3a onassaHe
Ha TeONOXKOTO HacnmeactBo  AnekcaHapy —AHxgpacaHy
topmynupa MOTOTO Ha Obaelms reonapk kato ,3ems Ha
Xenss3oTo 1 Bogara’.

W3kniounTenHo 3HayeHue 3a KyNTYpHOTO W AYXOBHO
HacneacTBO Ha paitoHa uma CamokoBCkaTa XyAoXecTBeHa
LIKoMa, YMMTO Hal-u3sBeH npenctasuten 3axapu 3orpad
(1810-1853) e Han-3HameHUTUAT GBArapCKM MKOHOMMCEL,



®ur. 7. MensepnbT B CanapeBa 6aHs ¢ Temnepartypa Ha Boaata 101,4° C e
e[|H OT Halt-ropelyuTe B CBETa

®ur. 8. Punckuat maHacTup e B CBeTOBHaTa nucta Ha KynTypHOTO
HacnegcTeo Ha FOHECKO u exerogHo ce mocewaBa OT Hag 1 MUIIMOH

TypHCTH

OcseH B Punckms maHactp 3axapu 3orpad pabotn B
Baukosckus, [MpeobpaxeHcknss u TposHCKMS MaHacTup, a
CbLLUO Taka u BbB Bnmkata JlaBpa B Cseta ['opa. He no-manko
W3BECTEH € W HEeroBusAT no-ronam 6pat v yuuten OuMuTbp
3orpad, kakTo 1 HeroBuTe HacnegHuuy CtaHucnas [locneBcky
(3acoup 3orpad), Hukona Jocnescku, 3axapuit locnescku u
BaH JJocneBcku, KOMTO CBLLO CE 3aHUMaBanM C XWUBOMUC.

Pa3bupa ce nepnata Ha KynTypHOTO, WCTOPUYECKO U
[JYXOBHO HacneacTeo B Puna e Punckust maHacTvp, KOMTO e B
Jluctata Ha CBETOBHOTO KynTypHO Hacneactso (cwur. 8).
PUnckusiT MaHacTup € Hal-MpUTEraTenHuaT TypUCTUYECKM
00ekT B bbnrapusi ¢ Hag 1 MUNMOH NOCETUTENM roaNLLIHO. Toi
€ OocHoBaH npe3 pecetn Bek oT CB. VBaH Puncku -
UynoTBopel, HeOeceH 3akpumHWK UM MOKPOBMTEN  Ha
Ebnrapckust Hapog. CTeHUTe Ha MaHacTMpa ca M3rpageHu ot
PeYHW KbCOBE W MpeAcTaBnsiBaT WCTUHCKM My3ed Ha
reopasHoobpasveTo B 3anagHus Asn Ha Puna nnanuHa (dwr.
9). B Tax mpuCbCTBAT pasnMyHM MarMeHn 1 MeTamopHW
ckanu. MarMeHuTe pasHOBWMAHOCTW Ca NPeACTaBEHU [MTaBHO OT
annUTOMAHO-NErMaToOMAHN  TPAHUTK,  MYCKOBUT-OMOTWTOBY
nnarvorpaHuT W CpepHo- A0 ApebHO3bpHECTM GUOTUTOBM
rpaHMTK OT NaneoreHckuTe Tena Ha Puno-3anagHopogonckus
0aTonuT, paskpuBallM Ce MO TOPHOTO TEYeHMe Ha p.
MaHacTupcka. Mo-psigko cpen TsX ce cpewaT W Kbcoe OT
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CpefHO- 00 eApOo3bpHECTW NopdmpHM GUOTWTOBK rpaHOAKo-
pUTM OT NO-CTApUTE HAaCTaBKM Ha CblUWs  MIYTOH.
MeTamophHUTE KbCOBE Ca OCHOBHATa 4acT OT KbCOBMS
CbCTaB B CTeHWTe Ha MaHacTMpa. Te ca NpeAcTaBeHu
W3KITKOUMTENHO OT BMOTUTOBM M amcpnbon-BroTUTOBM rHarcH,
KaKTO M OT THaWCOLUMCTU, OWUCTEHOBM LUMCTU, NENTUHUTA U
kanuudmpn 0T Yenenapckata mbCTpa CBMTA Ha Pymyockus
MeTamopieH KOMMMEKC, paskpuBally Ce B HEMOCPEACTBEHA
BnnsocT Harope no nopeyneTo Ha p. Manactupcka. Mo-psako
B CTEHMTE MoraT Aa ce 3abenexart v KbCoBe OT amcpmbonuTy,
amcnbonoBm WMCTH, BUOTUTOBM THAWCK U MUTMATUTU OT
TpOCKOBCKMS MeTaMOPCheH KOMMIIEKC.

®ur. 9. CteHuTe Ha PUnckua maHacTup ca u3rpafeHm oT peyHU KaMbHU 1
npeAcTaBNABaT UCTUHCKU My3eli Ha reopa3HoobpasueTo B 3anagHa Puna

3awuTeHn TepuTopumn

Mo-ronsmMata 4acT OT TepuTopusaTa Ha MNnaHuHaTa
npuHagnexu Ha HauwonaneH napk ,Puna”. Jpyrata sHauuma
3aliMTeHa TepuTopus B HER e NpupodeH napk ,Punckn
MaHacTMp” B KOWUTO Ce Hammpa Hai-3HakoBWAT 3a Gbnrapckata
JYXOBHOCT MaHacTup. Makap cera fja ca C pasnuyeH CTaTyT,
npeau Bpeme Tesu napkoBe ca OunnM eguHHa 3aluTeHa
TepuTopus B pamkuTe Ha HapogeH napk Puna u HaumoHaneH
napk Puna. B pamkuTe Ha Tesn 3alluTeHn TepUTopum 1Ma no-
Manky 3aliMTeHN NNowy C pasfuyeH cTaTyT OT Tuna Ha
NPUPOAHM pe3epBaTh M pamcapcku Mmecta. [paHuuumTe Ha
Obpelwms reonapk B HUKaKbB crnyyad He OuBa pa ce
00Bbp3BaT C [paHUUMTE Ha CMNOMEHATUTE  3alNTEHM
Teputopun. CobrnacHo Guidelines and Criteria for National
Geoparks (2007) Toi TpsibBa Aa 0bxBaLla AOCTATLYHO rofisMa
nmnoLy, 3a Aa CNYXM Ha MECTHOTO WKOHOMMUYECKO W KyNTYPHO
passutue. OT Tasu rmegHa ToYKa HEroBUTE rpaHuLm Tpsibea aa
BKIIOYBAT BCMYKM HACENEHM MEeCTa Ha 3aMHTEpecoBaHWTE
06LLUMHK, KOUTO Aa AoMpuHecaT 3a pa3paboTBaHETO Ha edHa
LiSNOCHa KOHLEMUMS 3a Pa3BMTMETO Ha reonapka C TAXHWTE
obuyan, TpaguMUMM W YHWUKAmHO  KyNTyPHO-MCTOPUYECKO
HacneacTBo, BbB (hOKyCa, Ha KOATO CTOAT CaMOKOBCKUTE
3aHasATH.

3aknoyeHune

M3bpoenute poTyK npeumyliectBa Ha Puna nnaHuHa S
NpaBsT MHOTO MEpPCreKkTMBHA 3a pa3paboTBaHe Ha reonapk.



W3kniounTenHoTo  reopasHoobpasve Ha  MarmeHute U
METamMopHUTE  CKamu B paloHa,  BhevaTnssaliuTe
KBaTEpHEPHU NeAHUKOBW 0bpasyBaHus U 3abenexuTenHoTo
KyNTYPHO-MCTOPMYECKO HACMEACTBO MOraT [ja NPeBbpHAT TO3M
kpaii BbB BTOPWS Bbrrapckv reonapk, kaHouaar 3a ,leonapk
Ha FOHECKO” cnen Benorpaguuwknte ckann. 3a ToBa €
HeoOXxo4uMa CurHa MecTHa WHUUMATMBa, KOSTO Beye e
Hanmuue u aaea mbpeuTe pesyntatu. O6wwmHuTe CamokoB M
CanapeBa 6aHs obeguHuxa CBOWTE ycunus W NOTbpCUXa
npodecuoHanHa nopkpena OT  Obhrapckata  reonoxka
obwHoct. Pa3spaboTBaHeTo Ha reonapk Puna e fosege Ao
CTUMyIMpaHe Ha MeCTHaTa MKOHOMMKa 4pe3 pasBuBaHE Ha
reoTypu3bM, KOWTO 3a pa3nuka OT TPaAULMOHHWS 3a peroHa
3MMeEH TYPNU3bM € LIeNOroamLLEH.
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XAPAKTEPUCTUKA HA APXUTEKTYPHO-ENEMEHTHUTE EOWHULIA B PA3PE3UTE HA
NETPOXAHCKATA TEPUTEHHA T'PYNA B YACT OT 3AMAHA CTAPA MNMNMAHUHA.
|. PYCNIOBU KOMIMNEKCH

leopau AlidaHnulicku

MurHo-eeonoxku yHusepcumem "Ce. Mgan Puncku”, 1700 Cocgbus, g.ajdanliisky@mgu.bg

PE3IOME. OTaensiHeTo Ha pycrioBu KOMMMEKCH B anyBUanHuTe OTNOXeH!s - enemeHT CH, e B npsika 3aBUCHMOCT OT Bb3MOXHOCTTa Aa ce AedmHupar dopmata u
paHra Ha orpaHM4aBaLlarTa ro oTAOMy epo31OHHa MOBBPXHOCT, KaTo MPX AOCTATbYHO YBEPEHO OMpefensHe Ha NOCNeaHNs, ce MAEHTU(ULMPAT U HAKONKO PasHOBME-
HOCTH, CBBP3aHI OCHOBHO C MposiBaTa Ha aBTO- W anoLKIMYHK NPOLIECk. XapaKTepHO 3a TO3M € pasBUTUE HA CbCTaBEH (MHOTOETaXeH) BbTPELLEH CTPOEX, YCIOoX-
HEH OT MHOXECTBO BbTPELUHW Pa3MUBHUM NMOBBPXHOCTU OT pasniyeH paHr. Hait-eapomalLabHuAT naeHTUULMpyeM enemMenT B anyBuanHata cuctema e pycrnoBusT
KOMMMEKC, MU KOWTO [OMHATa OrpaHNYMTENHa MOBBPXHOCT € OT LUECTU PaHr - pasHoBUAHOCT CHig). Bendkn ocTanani apxuTekTypHi enemMeHTh Morat Aa ce Cbabp-
KaT YaCTUYHO MIN M3LANO B HETO, MpW KOETO KaKTo Te, Taka W u3rpaxpaaluute ro nurodauuantn aHcambnm 4ecto popmMMpaT LMKINYHM NOCNeAoBaTeNHOCTH, Halt-
4eCTO MapKMpaHu OT YeTBBPTOPaHTOBa OrpaHU4MTENHA ePO3MOHHA NOBBPXHOCT. EnemeHT CHe) ce nHTepnpeTpa Kato anysuanHa naneopfonuHa ¢ LennusT Komn-
NeKC OT CeAMMEHTALMOHHN 0BCTaHOBKM M MpoLiecy B Hesl, (POpMMPaH B Pe3ynTaT Ha ps3ko U3MEHeHWe Ha HSKO OT napameTpuTe, onpedensiiyn npoduna Ha
paBHOBeCYWE Ha anysuanHara cuctema. OBpasyBaHeTo Ha pasHoBMAHOCT CHes) ce CBbpaBa C MPOLIECH Ha MUrpaLys (aBynicusl) Ha OCHOBHWUTE pycna, Korato eposu-
OHHaTa rpaHuLa B OCHOBAaTa € OT NMETW PaHr, U BbTPELUHOPYCMOBUTE (BTOPOCTENEHHM) PEYHM KaHamu, Korato epo3voHHaTa rpakuLa e ot 4eTBbpTy paHr. Obpasysa-
HETO Ha NOCNEeAHNTE YeCTO € CBbP3aHO C MEepUOaY Ha CUNHM HABOAHEHNS UMK NPK PA3KO CnajjaHe Ha BOAHOTO HUBO. [eomeTpusTa Ha enemeHT CH e npsko cBbp3a-
Ha CbC CTUMa Ha anyBm1anHaTa cUCTeMa, YUMTO NPOAYKT € TOM, KaKTO 1 C NpUpofaTa Ha CeANMEHTUTE, B KOUTO PYCIIOBUSIT KOMMNEKC Ce BPsi3Ba.

ARCHITECTURAL-ELEMENT UNIT CHARACTERISTICS OF THE PETROHAN TERRIGENOUS GROUP SECTIONS IN PART
OF WESTERN STARA PLANINA MOUNTAIN. I. CHANNEL COMPLEXES

George Ajdanlijsky

University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia, g.ajdanliisky@mgu.bg

ABSTRACT. The channel complexes recognition in fluvial deposits - an element CH, depends directly on the ability to be defined the shape and the rank of the
bottom-forming erosion surface, and in case it is possible to be done this well enough, to be identified several varieties, mainly related to the occurrence of auto- and
llocyclic processes. The development of a composite (multistore) internal structure, complicated by multiple internal erosional surfaces of different ranks is typical for
this element. Channel complex in which the lower bounding surface is of sixth rank - variety CHe), is most large-scale identifiable element in the fluvial flood plain
system. All other architectural elements may be present partly or wholly therein, in which both they as well as the lithofacies ensembles that build them form cyclic
sequences, often marked by the fourth rank bounding erosional surface. Element CHe is interpreted as fluvial paleovalley with the whole complex of depositional
environments and processes in it, formed as a result of a sharp change of any of the parameters that define the profile of equilibrium of the fluvial system. The variety
CHs) creation is associated with the process of migration (avulsion) of the mainstream, when bottom-forming erosion surface is from the fifth rank, and intra-
mainstream (secondary) fluvial channels, when bottom-forming erosion surface is the fourth rank. The formation of the last one is often associated with periods of
strong flooding or a sharp drop in water level. The geometry of the element CH is directly related to the style of the fluvial system whose product it is, as well as the
nature of sediments in which channel complex cuts.

BwBeaeHue Ma ponsi Mpy WM3yyaBaHeTO Ha anyBuanHaTa LMKIM4YHOCT. B
Ham-0bLWmMs criyyan TO3W eneMeHT dopmupa OCHOBaTa Ha
OTOensHeTO W XapakTepuaupaHeTo Ha  apXUTEKTYpHO- enemeHTapHuTe anysuanku  uuknn - (Aigannuitckn, 2009)
€IEMEHTHN eVMHULM B anyBUasHN OTNOXEHMS M3NCKBA LOCTa- pesynTar OT XOpWU3OHTarnHata MWrpalus Ha rnaBHOTO PEYHO
TbYHO [06pa PaskpUTOCT M AOCTLIHOCT 3@ M3MEPBaHe U f10- pycno. [leTaiinHata xapaktepuctuka Ha enemeHt CH e ot
KYMEHTUPAHE Ha M3yyaBaHUTE pPa3KPUTUS. B Han-ronsima CbLUECTBEHO 3Ha4YeHMe 1 3a Bb3CTaHOBABAHE Ha YCrOBUATa U
CTerneH TOBa BaXW 3a pycroBuTe (KaHAnMoBWTE) KOMMMEKCH - npoLieciTe, KOHTPONMPALLM (OpMUPaHETo Ha ApeBHUTE any-
enemeHT CH (channels), npescraensBaiiy pasHoobpastu no BManHata nocneaosaTenHocTy.
reoMeTpUsi EPO3NOHHI KaHamnu, sIBSBalLM ce YacT oT obljata
cvcTeMa 3a TPaHCTOpT Ha CeAMMEHTEH MaTepuan B anysuan- Llen Ha HacTosiwata pabota e fa 3anosHae B KpaTKoCT C
HaTa paBHWHa. TaxHaTa chopma, cTeneH 1 Mawab Ha passu- OCHOBHUTE MOMOXEHUst Mpu AeUHIPaHe U MHTEpPMpPETUpaHe
Tie, BbTPELLEH CTPOEX, KaKTO U AEMbT UM B U3rpaxaaHeTo Ha enemeHT CH, ycraHoeH B paspeaute Ha [leTpoxaHckpara
anyBuarnHi LMK OT pasnnyeH paHr ca cpef BOJELLUTE Kpu- TepureHHa rpyna (TpoHkos, 1981) B obxeara Ha bepkosckara
Tepuy 3a onpefensHe Ha Tvna anyBuanka cuctema. MaeHtu- epnHua, 3anapHa Ctapa nnanuHa (cur. 1). MpuHunnute n
(bukaumsTa U xapakTepucTukaTa Ha enemeHT CH uma 3Hauu- MeToauTe Ha OTAeNnAHe Ha efnieMeHTa Ca CbIraCHO Npeanoxe-

Hute oT Miall (1985). Mpu onncaHWe Ha BBTPELHMS MY CTPOEX
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ca M3non3BaHu Beve JedvHMpaHuTe B NpeaxofHu nybnuka-
unm (Airgannuickmn, 2010a, 2012, 2013a,6) anyeuanHn nuTo-
haumanHu eamHULM, CbINacHo KOWTO ca W NON3BaHWUTE B
TeKkcTa u urypute abpesmatypu. PaHrbT Ha OrpaHUuMTENHU-
T€ NOBLPXHOCTU W abpeBuaTypuTe, NON3BaHN 3a 0b03HavaBa-
He Ha apXUTEKTYpPHO-ENMEMEHTHUTE eAMHWULM, Ca CbIIacHo
AnpaHnuiicku (2014).
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®ur. 1. CxemaTUyHa KapTa Ha pas3KpuUTocTTa Ha lMeTpoxaHckaTta TepureH-
Ha rpyna ([1TF) B npoyyeHaTta obnact: (1) paioH Ha u3cnegBaHe; (2)
paskputus Ha MTT; (3) pasnowm; (4) HaceneHo mAcTo; (5) MmecTononoxe-
HUe Ha pasKpuTUsATa OT AuarpamuTe B TEKCTa .

IMpu n3yyaBaHeTo Ha enemeHT CH ca u3nonasaHu ¢otona-
HOpaMK Ha MpeacTaBUTENHW W OOCTaTbyHO [00pe paskpuTy
WHTEpBanu oT paspesute leTpoxaHckpaTta TepureHHa rpyna,
MOCIY)XMIM 3@ OCHOBA 3a pa3palboTBaHe Ha anarpamu ¢ HaHe-
CEHWN OrpaHUYMTENHN MOBBPXHUHK, pa3npOCTpaHeHWe W B3au-
MOOTHOLLEHNS MexXay nuTodbaumanHute eguHnum. MNpeobna-
JaBallaTa 3a paskpuTUeTO NOCOKA Ha CEeAMMEHTEH naneo-
TPaHCMOPT € yCTaHoBEHa Ha Ba3a Ha MacoBM M3MEpBaHMS Ha
BCMYKM [OCTBMHW B Pa3KPUTUETO TEKCTYpPU-MHOMKATOpPM 3a
TOBAa.

OnucaHue

WoeHtugmumpaHeTo Ha enemeHt CH B anyBuanxute otno-
XEHWS € B Mpsika 3aBMUCUMOCT OT Bb3MOXHOCTTa Aa ce aedu-
HWpaT paHra u opmaTta Ha orpaHuyaBalyarta ro oTgosny epo-
3MOHHA MOBBPXHOCT. HelHaTa ¢hopma Bapupa B LUMPOKM rpa-
HULM 1 4eCTO € (yHKLMS OT obLLMTe pasmepu Ha eaunHuLaTa.
Kato npaBurno ¢ HapacTBaHe Ha HanpeyHata Ha nocokara Ha
CEOMMEHTEH NaneoTPaHCMopT LUMPWHA Ha enemeHTa, okpaw-
HWHUTE My cTaBaT no-noneratu. Cpelyar ce U MIacToBUAHM
(nokpoBonogoGHK) No hopma PYCrioBM KOMMIEKCH, YWMWTO
OKpaiHWHM NpaKTUYECKW TPYOHO Ce uaeHTUdmumpat, nopaou
Markus ci HaknoH. [ophuweto Ha enemeHT CH moxe aa
Obae KakTo epo3noHHa MOBBPXHOCT Taka W MOCTENeHeH NUTO-
noxkm npexog. ObukHoBeHo enemeHT CH nokassa cbcTaBeH
(MHOrOeTaxeH) BbTPELIEH CTPOEX, YCMOXHEH OT MHOXECTBO
pasMMBHU MOBBPXHOCTU OT pasnnyeH paHr (dur. 26, 3 u 4),
KaTo YecTo u3rpaxgallute ro nutodaynanHu aHcambnm (nu-
Tocpaumecn S, Str, Sp, Sh, Sr u Ss) unu apxutextypHuTe
enemeHt (LS, CH(S), DA, SB u LA) nokassaT LMKINYeH
cTpoex. [lonHaTa rpaHvua Ha nogobHM LyKnn e MapkupaHa ot

20

OTAENHa, Hal-4eCTo YETBLPTM PaHr OrpaHN4YMTenHa eposuoH-
Ha MOBBPXHOCT, a AebenuHata Ha BCekM OTAENEH LMKbN He
npeBuLLaBa aMNAMTyAaTa Ha Mo-BUCOKOpAHroBata OrpaHu4u-
TenHa NOBLPXHOCT (dour. 3 n 4).

Mpn npoBedeHUTe [O MOMEHTa TEpeHHM u3cnedsBaHus Ge
YCTAHOBEHO, Y€ B CITyyauTe, Korato paHrsT v cneludmkata Ha
peduHmpallata ro [ONHa OrpaHnuuMTenHa MNOBbPXHOCT Ca
MOEHTUMLMPAHN JOCTaTbYHO MPELM3HO, € MONE3HO KaKTo 3a
LennTe Ha maneoreorpadiCkusl, Taka W 3a CTpaTturpadCckus
aHanua, enemeHTsbT CH ga 6bae nogensH Ha HAKOMKO pasHo-
BMOHOCTYW, 0603Ha4aBaHM C rOpeH UMn/i ropeH NHAEKC B CKOOU
cnep cumeora. Taka B criyyanTe KoraTo CTaBa gyma 3a xapak-
Tepa Ha OrpaHuuMTENHaTa NOBLPXHOCT Ce MOM3Ba ropeH UH-
Jekc (Hanp. CH(CS) — pycnos komnnekc, CBbp3aH ¢ opmmupa-
HETO Ha KpanpycnoBHW NMOTOKOBMW OTIIOXEHNS), AOKATO B Ciyya-
WuTe, MPN KOWTO [OCTATbYHO YBEPEHO € OnpedernieH paHra Ha
OrpaHMyaBallaTa ro oTAony MOBBPXHOCT, cred CMMBOMA Ha
enemeHTa, B Ckobu ¢ JoneH uHAeke ce Aobass paHra Ha Tasu
noBbpXHOCT (Hanp. CHps) — pycroB KoMnnekc, orpaHuyeH
OTZOIY OT €PO3MOHHA MOBBLPXHOCT OT 5-TU paHr, hopmmupaHa
MpY MUrpaunst Ha OCHOBHOTO pycrno). OTAEensHeTo UM € Bb3-
MOXXHO Camo Mpu HanM4me Ha NoaxoAasiLa 3a TOBa PaskpuToCT.

Hain-egpomallabHuAT MaeHTUdULMPYEM enemMeHT B anyBu-
arnHata cuctema e pasHosugHoct CHe) Ha pycnosute komn-
nexcu. Beuykm ocTaHann apxmTeKTypHU eNemMeHTH MoraT Aa ce
CbObPXaT YaCTUYHO WMMW M3UAno B Hero. [lednHuTvBHA 3a
HEroBOTO OTAENSHE e JOoNHaTa OrpaHUYMTENHa NOBbPXHOCT OT
LecTh paHr. Mopagu 3HauMTENHUTE CU pasmepu, To3u ene-
MEHT PSIKO e paskpuT u3Lano. ETo 3alyo Herosata reomeTpust
Moxe fa Obde pekoHCTpywpaHa NpeguMHO NOCPencTBOM
HabvpaHe Ha ajekBaTHa nuToaumanHa MHGopmaums u
Kopenaums mexgy 6nu3ko pasnonoXeHn paskpuTvs Wnn pas-
pe3n (B Angannuiicku, 20106, cur. 2). OT cBos CTpaHa
pasHoBuaHoCcT CHe) CbAbpxa MO-HUCKOPaspeoHn eauHuup,
KOWTO, MOpagu Mo-MarkuTe Cu pasMmepu, ca Mo-npurogHu 3a
npsik nonesu aHanu3 (cwr. 4). EgHa ot Tax e pasHOBMAHOCT
CHg) Ha enemeHt CH, geduHmpaHa oT epo3voHHa AOnHa
OrpaHUYMTENHA MOBLPXHOCT OT MeTu paHr. CneynaneH uHTe-
Pec npu aHanusa Ha anyBuanHus CTUN NPeACcTaBnsBaT cpas-
HWUTENHO HUCKOAMMIUTYOHWUTE M HELUMPOKU KaHaroBu KOMI-
NeKcU pasBUTM B rOpHaTa YacT 1 nepudepnsita Ha pasHoOBNA-
HoCT CHi) 1 AedvHMpaHn OT epo3uOHHa OrpaHuyMTenHa
MOBBPXHOCT OT YETBBPTU paHr (dur. 2e u 4). B noseyeto oT
cnyyauTe Te ca uarpageHu ot nutodaumecu Sl, Str, Sr u no-
psgko ot Fl, a 3ambnBawute M matepuany kato Lsno ca no-
OO COPTUPaHW W NO-OpebHO3bPHECTM OT TE3N U3rpaKaaLLy
pasHoBugHocT CHs) (cpur. 3). Tasau pasHoBuaHoCT ce 0603Ha-
yaBa kato CHI(CS),

UHTepnpeTauua

Otgenennte pasHoBugHocTM Ha enemeHT CH ca pesyntar
OT aBTOUMKNMYHM (pasHoBuaHOCTM CHis) m CHIC®) ) n anouuk-
nnyHK (pasHosuaHocT CHe) npouecy. PasHosugHocT CHig) ce
WHTEPNPETVPa KaTo anyBuarHa naneoaornuHa ¢ LenusT Komm-
NeKC OT CeaMMEHTALMOHHM OBCTAHOBKM W mpouecy B Hesl.
l'eHepupaHeTo Ha JedMHUTUBHATA 3a TO3W ENEMEHT ePO3UNOH-
Ha NOBBPXHOCT € Pe3ynTaT Ha psi3Ko M3MEHEHWE Ha €QUH WK
HAKONKO OT napameTpuTe, onpeaensly npocuna Ha pasHo-
BECME Ha aryBuanHaTa cuctema, U MOXe Aa Ce MomsBa Kato



pervoHaneH crpaturpadcku penep. [1Be TakuBa NOBBHPXHOCTM
ce CMeasT BbB BCUYKM pa3pesu Ha leTpoxaHckata TepureHHa
rpyna B obxBaTa Ha bepkoBckaTa efuHuMLa U NOAENsT rpynata

Ha Tpy 0060Cc0BeHM, pasnonoxeHn egHa Hag Apyra eauHuup,
0603HayeHn kaTo meouuknn (Adgannmicku, 20106).

P

®ur. 2. ApxutekTypeH enemeHT CH: (a) HuckopenedeH y4acTbk OT epo3MOHHa rpaHuua oT 6™ paHr (Hag 6enute cTpenku), otaenswa mesoumknum MC-0 n
MC-1 B paitoHa Ha Uckbpckua nponom (Bux owe Ainpannuiicku, 20106, dour. 2); (6) AonHa yacT Ha MHoroeTaxeH enemeHT CH(s ¢ uMKnuyeH BBTpeLleH
CTpoex, AOMUHMPaH oT nuTtodaumecy Str u Sl (enemeHT SB), ycnoxHeH oT HUCKOPAHrOBU €PO3MOHHU NOBBPXHOCTY (YEPHM CTPENKK); (B) — OrpaHUumMTEN-
Ha NOBBPXHOCT OT 5™ paHr OT OCHOBATa Ha eneMeHTapeH anyBuaneH LUKbLA, NOKpUTa OT nuTtodaumuec Sm; (r) HanpeyeH cpe3 Ha ApeGHOMalLaGeH ene-
meHT CH, pa3BuT B pa3nnBHM OTNOXEHMS, MacoBO 06XBaHaTh OT naneoneaoreHHN npouecu. MofoGHO Ha cnyyanT AeMOHCTPUPaH B (€), CTPLMHUAT GopT
Ha KaHana yka3Ba 3a YaCTUYHa NMUTU(MKALMA Ha CEAUMEHTUTE, B KOUTO KaHammbT € BpA3aH; () nopeauua ot ApedHomalabHu kaHanu, pa3BuTH B OCHOBa-
Ta Ha KaHanoB KOMNEKC, 3aMbJIHEH OT eneMeHT LA; (e) pasHoBuaHocT CH(CS) BpsizaH B npyUpycnoBu NeChbYnuBiM OTNOXKEHNS.

Ob6pasyBaHeTo Ha pasHoBuaHocT CHys) ce cBbp3Ba ¢ npole-
CV1 Ha MUrpaLyst (aByrcKsl) Ha anyBuanHm kaHanu. dopmara u
CTENeHTa UM Ha pa3BUTME Ca MPSKO OTPaXeHUe Ha CTUMa Ha
anysuanHata fAeiHocT. TyK ce BKMIYBaT OCHOBHUTE pycria
(koraTo epo3uOHHaTa rpaHWLA B OCHOBATa € OT MeTU paHr) 1
BbTPELLUHOPYCNOBUTE (BTOPOCTENEHHM, KOraTo epo3nOHHaTa
rpaHuLa € OT YeTBbPTY PaHr) PeyHu KaHanu. BbTpeluHopyc-
NaBuTe KaHamu MpefcTaBnsBaT BTOPWU M NO-HUCHK MOPSObK
pycra, TakuBa KaTo CeKyluuTe nepudepHOPYCroBM Kocu U
BaHkn KaHanw, Bpsi3aHUTe B FOPHULLETO Ha MallabHuTe BbT-

21

peLUHOpyCrnoBu Banose W 6aHku kaHanu (chur. 26) nnm kaHanm
Bpsi3aHM B KpaupycroBuTe Banose (pasHoBugHOCT CH(CS),
cwur. 2e, 3). TaxHoTo 06pasyBaHe Ce MHULMMPa B NEPUOAN Ha
MOLL{HW HABOAHEHWS (KoraTo ca uarpagenu ot nutochaunecyt Sl
1 Sh) nnu npn pssko cnagaqe Ha BOAHOTO HMBO (KOraTo AOMM-
Hupat nutodbaumecw Str, Sp u Sr). Mpwn yecTn rykTyauum Ha
MOTOKOBUSIT PEXMM, BbTPELIHUAT UM CTPOEX Moxe Aa Obae
MoamdULMpaH MHOTOKPATHO, KOETO BOAM O reHepupaHeTo Ha
WKW, pa3aenexn ot nutodaumec Se.
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®ur. 4. doTonaHopama (a) U apXMTEKTypHO-eNnemMeHTHa Anarpama (6) Ha HanpeyeH pa3pe3 Ha ABa, Pa3noNoXeHN eanH Haa APYr apXMTEKTYPHN enemMeHTH
CH(s cbc MHoroeTaxeH (CbCTaBeH) BbTpelleH CTpoeX OT Hal-ropHaTa YacT Ha [leTpoxaHckaTa TepureHHa rpyna ceBepousTo4Ho ot rapa JlakatHuk. fAcHo
nNYaT MHOXECTBOTO MO-HUCKOpa3peaHy (YeTBBLPTH PaHr) epO3MOHHN MOBBPXHOCTW, MapKUpalyy peakTUBaLma BbB (DYHKUMOHUPAHETO Ha anyBuanHuTe
KkaHanu. lbn6ounHaTa Ha epO3NOHHUAT BPE3 Ha KaHanuTe B pa3KpUTMETO YeCcTO HapBHILaBa 2 m. B gonHaTa nonoBmHa Ha Anarpamarta sicHo ca o6ocobe-
HU OCTaTbYHM (AbHHU), BUCOKO- M HUCKOGHEPIUIHN OTNOXEHUA, OTPa3sABalLy eTanuTe oT hopmupaHeTo Ha enemeHT CH (pasHoBuaHocT CH(s), nspasssa-
LM ce B HanaraHe ejUH BbPXY APYr Ha BLTPELWIHOPYCNOBYM KaHany (pasHoBuaHocTh CHy). B noBeyeTo oT cnyvanTe Te YaCTUYHO UNM HAMBIHO €a U3rpa-
neHu ot nutochaumec Bbr, popmmupaH npu moGunusaumn n noBTopHO OTNaraHe Ha kapOoHaTeH MaTepuan ¢ nocneaBallo HoOBO obpa3yBaHe Ha naneone-
[oreHHn npoaykTh (nutocdhaumec P). PaBHuHaTa Ha choTonaHopamaTa CknioyBa brbi 23° CbC AOMMHMpALLATa 3a Pa3KpUTUETO MOCOKA Ha ManeoTpaHc-

nopr.

Pa3ssuTineto Ha pasHosuaHocT CH(CS) ce cBbp3Ba OCHOBHO C
[EHOCTTa Ha aHacTomupaly v cnabo MeaHapupaly Tvn any-
BuanHu cuctemn (Miall, 1996). 3a pasnuka oT cxemata Ha
CblUMsi aBTOP, B KOSATO MOAOBHM OTNOXEHWs NpeAcTaBnsBaT
CaMOCTOSITENEH eNEMEHT, B HacTosilaTa pabota Te ce pasr-
nexpaar KaTo pa3HOBMAHOCT Ha enemeHT CH. KbM To3n nops-
AbK KaHanoBM KOMMNEKCW Ce OTHAcsT W Teau, reHepupaHm
cpen (hMHO3bPHECTUTE OTHOXKEHUS HA pa3nuBHATa PaBHWHA,
HO 3ambIIHEHN OT NCAMUTHOLOMMHMPaHU nuTodaumech (dur.
2r).

B cnyuaure, korato enement CH e usrpageH npeobnagasa-
wo ot nutodaumecu Ss, Fl, Fm umnm Fsc, columsat ce uHTep-
npeTupa KaTo Nposiea Ha M30CTABEHO pycro (cTapuua), obpa-
3yBaHO B pe3ynTaT Ha AefHOCTTa Ha MeaHapupaLy unu aHac-
TOMMpal, TN peyHa cuctema. MHoro yecto nogobeH pog
TEna ca NPOAYKT OT AECTBUETO Ha 3HA4WUMM, NOHSIKOra kaTtac-
TpochanHu, HaBoAHEHUst N 6bp3a aByncust Ha OCHOBHOTO
pycro.

Mopdhonorusita Ha enemeHT CH e npsiko cBbp3aHa CbC
CTUMa Ha anyBuarnHarta cuctema, YiTo NpoaykT e Tol. Friend
et al. (1979), Friend (1983) u Blakey and Gubitosa (1984)
OTAENAT TPW OCHOBHM TWNA PYCIIOBM KOMMAEKCH: (a) dukcupa-
HW - CbC CTabumHW kpampycnosu Banose; (6) mobunHn - ¢
HecTabuHM KpanpycroBy BanoBe (C KOMMINEKCEH XapaKTep Ha
BbTPELHNS CTPOEX); (B) MOKPOBOBMAHU. DuKCUpPaHMAT Tvn
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PYCIOBM KOMMMEKCH Ca C OTHOLUEHWE LWKMpuHa/gbnboumHa no-
manko ot 15. Mpu MOBUNHMS TN LOMMHMPAT MPOLEcUTe Ha
pycroBa MUrpauysi, KOeTo BOAM A0 OTHOLUEHWE LMpUHa/gb-
BoumHa Ha komnnekca no-ronsmo ot 15. Korato ToBa OTHOLE-
Hve npesuwasa 100, Te ce OTHACAT KbM MOKPOBOBWAHMS TUM.
Ot ppyra ctpaHa reomeTpusita Ha enemeHT CH e yHKumMs 1
0T NpupogaTa Ha CeaMMEHTUTE, B KOUTO PYCIOBMST KOMMNEKC
ce Bpsasga (Crowley, 1983; Church and Rood, 1983; Carson,
1984a,6). Pycnata, npecuyaluy JOMUHMPAHN OT (IMHO3bPHEC-
TV CEONMEHTY y4acTbLu, 0coBeHo, KoraTo Teu maTepuani ca
OTHOCWTENHO  YMITbTHEHW, WMAaT MO-CTPBbMHN  OKpaNHUHM
(Smith, 1976). PasBuTMETO Ha NELOrEHHM NPOLECH CbLUO
MoBWLIaBa YCTOMYMBOCTTa Ha M3BLHPYCIIOBUTE OTIIOXEHMS
kbM eposus (Allen and Williams, 1982; Gibling and Rust,
1990). Pycnata, KOUTO mpecuyaT HEKOHCONMAMPaHM, C HUCka
PE3NCTEHTHOCT KbM MEXaHW4yHa epo3nsi NcamMmUTHO- U nceduT-
HOAOMWHMPaHM Hacnark, OOMKHOBEHO MMaT Mo-noseraty
OKpalHWHW. B cnyyauTe, npu KOWTO TBLPAUAT CTOK Ha pekaTta
Ce AOMUHMPA OT NCAMUTHM /MMM NCeUTHN MaTepuanm, CbLo
ce obpa3syBaT MOKPOBOBMAHW MO (hOPMA PYCIIOBU KOMMIEKCH.
CreneHTa Ha passuTHe M 3anaseHocT Ha enemeHT CH e B
npsika 3aBMCMMOCT M OT HANIMYHOTO KbM MOMEHTA Ha HEroBOTO
(hopMMpaHe aKOMOZALMOHHO MNPOCTPaHCTBO. B cryvaure,
KoraTo TO € OrpaHM4YeHo, ca Hamuue pasHoobpasHM npoLecu
Ha HacnarsaHe u npepaboTka, KOUTO OT efHa CTpaHa 3aTpya-
HABAT MOEeHTU(MKaLMSTa Ha paHra 1 npupodata Ha JonHata
OrpaHuYMTENHA MOBBPXHOCT, HO OT Apyra, Ca LEHeH WHAMKa-



TOp 3a (PaKTopM W MpoLeck ¢ BbTpeLHoBaceitHoB xapakTep.
Mopagu ToBa natepanHata W BepTUKanHa M3MEHYMBOCT B
Xapaktepuctukute Ha enemeHt CH, cteneHTa Ha Heroeata
3ana3eHoCT W AeNbT Ha TO3M eNEMEHT B anyBuarnHuTe nocne-
[0BAaTENHOCTY Ca Cpej BaHUTE KpUTepum npu pa3paboTeaHe
Ha BbTpeLLIHObaceHOBM anoreHeTUYHN CTPaTUrpacdickm Cxemm
0TPa3sBaLLY N3MEHEHNETO Ha aKOMOAALIMOHHOTO NPOCTPAHCT-
BO (AgaHnuickm, 2005).
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NAPAMETPU HA APXUTEKTYPHO-EJIEMEHTHUA AHAINU3 HA AITYBUATTHO-
AOMWHWPAHU KOHTUHEHTAINTHW CEAUMEHTHW NOCNEQOBATENHOCTH

leopau AlidaHnuticku

MunHo-eeonoxku yHusepcumem "Ce. Mgan Puncku”, 1700 Cocbus, g.ajdanliisky@mgu.bg

PE3IOME. ViHTepnpeTaumaTta Ha anysuanHus CTUN 1 U3SICHABAHE Ha ponsiTa Ha BbTPELLHO- W BbHLWHOGACEAHOBMS KOHTPON NpU (hOPMUPAHETO My M3UCKBA KOMIT-
NEKCHO M3y4aBaHe Ha B3aMOOTHOLLEHUSTA Ha (hOPMUPaHUTE OT HEro NUTOhaLManii e[uHULYM 1 OrpaHUyaBaLLMTe T NOBBPXHUHW. MOHaCTosWEM cpes MeToauTe
npunaran 3a NOCTUraHETO Ha Tasu Lien Hal-umpoka NomynspHOCT NpuaobuBa apxuTEKTYPHO-ENEMEHTHUST aHanu3. AHanu3bT Ce OCHOBaBa Ha pasbupaHeTo, ye
anyBswanHuTe NOCNefoBaTENHOCTM Ca M3rpafieHn OT OrpaHiyeH Opoil rpaanBHIA €OMHULM - “apXUTEKTYPHWN eneMeHTW’, MpeacTaBALyM TPUMEPHUTE BapuaLmin B
CbCTaBa W reOMETPUSATA Ha anyBUNHUTE NUTOdaLanHu nocneaoBaTenHocTu. leuHupaHeTo UM e BasnpaHo KakTo Ha TsxHaTa (opma, Taka M Ha opraHu3auusTa
Ha BBTPELLHNS UM CTpoex. Tean Genean 0TpassiBaT pasnuyHWs CTUN HA HapacTBaHe Ha CeAMMEHTHUTE Tena M B MOBEYETO Cryyau ca CBbP3aHi ¢ MOPEONOKKM
6enean ot mMawaba Ha KOMMNEKCHUTE CeANMEHTHU Makpodopmu. MaeHTudukaumsTa n xapakTepucTikata Ha apXUTEKTYpHUTE eNeMEHTM BKITKOYBa YCTaHOBSBaHE
npupopara, MopcomnorusTa 1 OpueHTaLMATa Ha OrpaHNIMTENHUTE NOBBLPXHOCTY, MaLaba, BbTpeLlHaTa M BbHLIHATA FeOMETPUS Ha €AMHMLATa, KaKTO U naTepanHm-
Te W BepTUKanHu nuTodaLmanii nocneAoBaTenHoCTH, TAXHAaTa 3HaYMMOCT W B3aUMOBpPb3Ka. [punoxeHata npu u3y4asaHeTo Ha leTpoxaHckata TepureHHa rpyna B
yact o1 3anagHa Ctapa nnaHuHa cxema e 6asvpaHa Ha npegnoxeHarta ot Miall (1996) ¢ u3BecTHM LombiHeHUs 1 MOAUdMKaLMKM, Cbobpa3eHn ¢ 0cobeHocTUTE Ha
13cnenBanuns 0bexT.

ARCHITECTURAL-ELEMENT ANALYSIS PARAMETERS IN FLUVIAL-DOMINATED CONTINENTAL SEDIMENTARY SUCCES-
SIONS

George Ajdanlijsky

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

ABSTRACT. The fluvial style interpretation and the role of intra- and extra-basin control recognition during its formation requires a complex investigation of the
generated lithofacies units’ relationships and their bounding surfaces. Today, among the methods applied to achieve this objective, the widest popularity acquires the
architectural-element analysis. The analysis is based on the understanding that the fluvial successions are composed of a limited number of building units — “architec-
tural-element”, that represent 3-D variations in the composition and geometry of fluvial lithofacies successions. Their definition is based both on their external form
and organization of their internal structure. These features reflect the different style of growth of sedimentary bodies and in most cases are associated with morpho-
logical features on the scale of the complex sedimentary macroforms. The identification and the characterization of architectural elements includes establishing the
nature, morphology and orientation of the bounding surfaces, the scale, the internal and external geometry of the unit, as well as lateral and vertical litofatsialni
sequences, their significance and relationship. The applied in the study of Petrohan Terrigenous Group in part of Western Stara Planina Mountain scheme is based
on that proposed by Miall (1996) with some additions and modifications tailored to the specificities of the research object.

BbBepeHue Cpen nbpeute paboTunu B ToBa HanpaeneHue e Friend
(1983), konTO aKueHTUpa BbPXY HeobxogumocTTa OT nuToda-

WHTepnpeTauusTa Ha anyBuanHus CTUN Ha CEAUMEHTaLWS 1 uManHa nogsnba anysuanHuTe OTNOXEHUS Ha ABA OCHOBHM
u3sBaTa Ha ponsiTa Ha BBTPELIHO- U BbHLWHOOGACENHOBNS APXUTEKTYPHW enemeHTa - pyCrioBu 1 U3BBHPYCIOBK OTIIOXE-
KOHTPON MNpyu HEroBoTo (PopMMpaHe W3MCKBA KOMMIEKCHO Husl. CboGpa3Ho crieumdukuTe Ha TAXHaTa reoMeTpusi U BbT-
W3yyaBaHe Ha B3aWMOOTHOLLEHWATA Ha nuTOhaynanHuTe peLIeH CTpoex Toit AepuHIpa AiBa TUNA PYCrIOBY OTTIOKEHMS -
€0VHULY OT PasrinyeH paHr 1 orpaHNYaBaLLnTe i NOBbPXHUHN NpoAyLMpaHn OT (huKCPaHU 1 OT MOBUNHW anysuanky cuc-
(Cant and Walker, 1976, 1978; Cant, 1978). MoHacTosieM Temu. CriefiBalya CTbka B ToBa Hanpaeneve npasy Allen
CPe/l MeTofUTe MON3BaHM 33 NMOCTUFAHETO Ha Tean Lieni Hail- (1983), koitTo, Gasupaitkn ce Ha BbBeaeHuTe ot Campbell
LUMpOKa MOMYMISIPHOCT MPUAOBU aPXUTEKTYPHO-ENEMEHTHIST (1976) w Brookfield (1977) iiepapxuiHu cxemun Ha OrpaHum-
aHanu3. Toan MeToA ce OcHOBaBa Ha pa3bupaHeTo, e knac- TETHWTE MOBBPXHUHN B KOHTWHEHTANHUTE CEAUMEHTM, OTAENS
TUYHUTE KOHTUHEHTAMHM NOCNEe0BATENHOCTY Ca U3rpageHm oT B PYCNOBWTE OTNOXEHNA €OMHULW, OrpaHN4eHn OT pasnu4a-
Heronsm 6poi 6a3nCHU rpaayMBHU E€OUHWLW, HAPEYEHN apXu- BalL Ce MO CBOS reHeanc n 06xeaT NoBbPXHUHU. B nocneact-
TekTypHu enemeTn (Allen, 1983; Ramos and Sopena, 1983; Bue Miall (1985, 1988) nopassuea Tasu upes, npeanaraiku
Miall, 1985). HeroBoTo npunaraHe gonpuHacs 3HaunTeNiHO 3a CxEMa, KOATO obxBalla 1 U3BBLHPYCTIOBUTE OTrOXeH!s. B Hes
Bb3MOXHO Hall-bNiHa (paumManHa XapakTepuctuka, Mopenu- Tolt CBEX/AA CTpOeXa Ha arnyBuanHuTe cepun o KoMoMHaLus
paHe Ha 0BCTaHOBKWTE Ha CeguMEHTauus U cTpaTurpadcka OT OrpaHu4eH Gpoit yHUULMPAHN EAMHULIA - apXUTEKTYPHY
I'IO/J,FU'I68 Ha KOHTUHEHTANHW OTNOXEHUS. enemeHtnn. B nocnencTene TAXHaTa reHeTvyHa uHTepnperta-

v nossonsBea aa bvae u3seaeH u Habop ot Benesu, noge-
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NAWM NpouecuTe NpoTWYaLM B aryBuWanHata paBHWHA Ha
CBbP3aHu C BbTPELIHOBACENHOBMS KOHTPOM (aBTOLMKINYHY) 1
TakuBa, 13nckeaLLy n3ebHOacenHoBO 0BsICHEHWe (anouuknmny-
HW). CTUMBT Ha anyBuarHa CeguMeHTauus, OT CBOS CTpaHa,
onpegens cneuuduIHNTE YepTU Ha reoMeTpuUsiTa U NpocTpaH-
CTBEHUTE B3aMMOOTHOLUEHUSI MEXZY PYCIOBU U U3BBHPYCIOBM
OTNOXEHUS, HapuyaHu 3a MO-KpaTKo “apXuTekTypa Ha Knac-
TuyHaTa nocnegoatenHoct” (Mackey and Bridge, 1992).

ApXNTEKTYPHO-ENEMEHTHUSIT aHanu3 ce OCHOBaBa Ha pasbu-
paHeTo, Ye arnyBuanHuTE MOCnefoBaTeNHOCTU Ca M3rpageHu
OT orpaHnyeH Gpol rpaguBHN EONHULMW - apXUTEKTYPHU ene-
meHTm (Allen, 1983; Miall, 1988), HapnuaHu B peauLa no-KbCHU
nybnukauum 3a KpaTkocT “enemeHTn’. TexHuTe ugeHTudmKa-
UM M xapaKkTepuaupaHe ce M3BLPLIBA B 3HAYMMW MO NAOLY
ABY-, @ NPX Bb3MOXHOCT W TPUMEPHM PasKpUTMS, NO3BOMNABA-
WM NO-MbIHO M3y4aBaHETO NPOCTPAHCTBEHWTE Bapuauun B
CbCTaBa W reoMeTpusiTa Ha anyeunHuTe nutodhauyuanHu noc-
neposaTenHocTu. [lenHMpaHeTo UM € OCHOBAHO KakTO Ha
TAXHaTa (popMa, Taka 1 Ha OpraHW3aLMsTa Ha BLTPELHUS UM
cTpoex. Tean 6enesu 0Tpa3sBaT Pa3nnyHUs CTUN Ha HapacT-
BaHe Ha CedguMeHTHWTe Tena B obxBaTa Ha anyBuanHata
paBHMHA 1 B MOBEYETO CMyyYan Ca CBHP3aHW C MOPEONOKKM
Benesn o1 mawaba Ha KOMMNEKCHUTE CeAWMEHTHW Makpo-
topmu. Cropeg Miall (1988), Bbnpekn Hskou Bapuauun B
OTAENHN AeTanmnmn OT XapakTepUCTUKATE UM, BCUYKW anysuan-
HW OTNOXeHWs MoraT Aa Ce pasrnexaaT KaTo M3rpajeHu B
pa3nuyHn NPOMOpLMK OT OCEM OCHOBHM enemenTa. B pesyntar
Ha MawabHuTe u3cneaBaHWs MpoBefeHM B Ta3n obnacr,
BBb3HWKBAT peauLa no-geTainnHm cxemu (Halfar et al., 1998), B
KOMTO Ce Mpeanarat no HAKOMKO PasHOBMAHOCTU Ha OTAENHM
€reMEHTH, KaKTo 1 CbBCEM HOBU 3a cxemata Ha Miall (1988)
6a3o0Bu eguHLK. B noBeyeTo cnyyan Te ca pesynTar ot npo-
Y4BaHMSA Ha KOHKPETEH OBEKT M PEervoH 1 oTpasssaT cneLu-
(bU4HM reonoxku ycnosus. MNopagu ToBa TAXHOTO npunaraHe
npu Apyri U3cneaBaHus U ycrioBust HeBuHaru e yaadHo. Cam
Miall (1995) nogkpens Tasu npakTuka, HO YTOYHSBA, Ye NOAO-
BeH noaxon 6w foBen 40 W3NMWHA 1 3aTOpMO3sBalla feTai-
nu3auus Ha cxemuTe.

Makap 1 Beye LUMPOKO NPUET B YyXAeCTpaHHaTa cneuuanu-
3upaHa nuteparypa, Matepuanure 6asvpaHu Ha u3cnesBaHus
nonagaLly TO3K TUM aHanu3 y Hac ca Bce OLe TBbpAe OrpaHu-
YeHu kakTo kato Opow, Taka u kato obektn (Ajdanlijsky and
Stoyanov, 2003; Xenes n Anpaxnuiicku, 2004; AAgaHnminckm
u ap., 2004; Ajdanlijsky et al., 2005). OT gpyra cTpaHa nony-
NAPU3NPAHETO Ha TO3M METOL U3NCKBA M3BECTHO YHUMLMPa-
He B TEPMWUHUTE U KPUTEPUWTE, NpWmaraHu npu OTAENsHe W
XapakTepusupaHe Ha nogobeH pog eanHULY, KOeTO e U LenTa
Ha HacToslaTa paboTa. 3a 0CHOBa Ha TOBa NOCHYXM LUMPOKO-
06xBaTHO u3cregsaHe Ha paspesu Ha [eTpoxaHckata Tepu-
reHHa rpyna (Tponkos, 1981) B yact ot 3anagHa Crapa nna-
HWHa, NPOBEXAaHO Npes3 NOCNegHUTe roawHW, mpu KoeTo Be
npunoxeHa npegnoxeHata ot Miall (1996) HomeHknaTypa Ha
APXUTEKTYPHO-ENEMEHTHUTE  eAuHMLM,  MoaudMUmMpana W
JOMbJIHEHa CbobpasHo 0coBEHOCTUTE Ha U3CNEABaHNS 0BeKT.

OCHOBHM NONOXeHus
anﬂaFaHeTO Ha apXUTEKTYPHO-ENEMEHTHNA aHanu3 € Bb3-

MOXHO Camo 3a pailoHu, Npeanaraluy HeobxogumaTa 3a ToBa
pasKpuUTOCT. 3a0BONMTENHATA XapaKTEPUCTVKA Ha apXuTek-
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TYpHUTE ENTEMEHTW U3NCKBA MPEAM BCUYKO W3sACHSBaHe Ha
TAXHaTa reoMeTpusi, KOETO YECTO € CBbP3aHO C HaNnyneTo Ha
naTepanHu paskpuTUs OT MUHUMYM HSIKONKO AECETKW MeTpa.
MMpn noeHTUMKaLmMaTa Ha no-maLabHuTe enemeHTH 1 Te3n ¢
NnacToBMaHa reoMeTpusl, TOBa M3MCKBaHe HapacTBa [0 CTo-
TULUM METPK, YCIIOBME, KOETO PSAOKO CE Cpelia B MPOyYBaHMS
panoH. PaskpuTus, YMMTO pasMepn ca CbU3MEPUMU MK Mo-
Masku oT mMawaba Ha fafeH eneMeHT 0OMKHOBEHO He MO3BO-
nsiBa HeroBaTa KOpeKTHa xapaktepuctuka. ETo 3allo B Tepe-
HW, B KOWTO Taku1Ba YCMOBUS He Ca Hamuue, nogobHW uscnen-
BaHWs MoraT ycrnewHo ga ce 6asupat u Ha JOCTaTbyHO Hacu-
TEHO MO MNOL, W BHUMATENHO MO3WULMOHMPAHO BEPTUKAIHO
nuTochaumanHo npogunnpaHe, Cb4eTaHo ¢ MacoBK M3MepBa-
HWSI Ha OpMEHTaUMATA Ha MHOMKATOPUTE Ha Mocokata Ha ce-
OMMEHTEH NaneoTpaHcnopT W u3yyaBaHe Ha MopdonorusTa u
OpWEHTaLMATa Ha OrpaHNYMUTENHUTE MOBBPXHUHW. 3a nocTura-
He Ha KOPEeKTEH MOZen Ha MbieH PYCroB KOMMEKC YECTo ce
Hanara u3yyaBaHe Ha rpynu OT BHWUMATENHO KOpenupaHu
PasKpUTUS, PA3nONIOXEHU HANPEYHO U HAAMBXHO Ha AOMUHM-
palLuTe NaneoTpaHCMOPTHW HaNpaBleHus U oTAaneveHu (no
Bb3MOXHOCT) OTHOCUTENHO Ha PaBHU PasCTOSHUS €dHO OT

apyro.

[JetvHnpaHeTo U MAEHTUULMPAHETO HA apXUTEKTYpHUTE
eNemMeHTI Ce OCHOBAaBa Ha TsixHaTa MOpdonorus, B 3HauMTenN-
Ha cTeneH npefonpefeneHa oT xapakTepa Ha OrpaH1yaBaLLy-
T€ M NOBbPXHUHM, 1 BbTPELLHATa UM OpraHu3auus, npeacra-
BsLLa creumdmnyHa nutodhaumnanta acouuaums. B tesun bene-
31 NPSKO pedbriekTpa CTuna Ha CeguMeEHTauus, npegonpese-
nswy BUAa 1 Malabute Ha reHepupaHuTe CeaMMEHTHI hopMu.
Mo ceaumeHTHN hopmu ce nogpasbupa BCAKO M3MEHEHWe Ha
nnockata popma Ha ropHaTa NnoBbPXHOCT Ha CEAMMEHTUTE OT
PYCIOTO, HErOBMTE OKPaWHWHW WKW OT 3anvBHaTa Tepaca,
CBbP3aHO C Bb3AENCTBMETO Ha TeYalla Boga unv apyr dnyus,
onepupaly no Tasv NOBbPXHOCT. B n3cneasaHusTa, nposese-
HM B pa3pe3u Ha [leTpoxaHckaTa TepureHHa rpyna, be Bban-
pueTa npegnoxeHarta ot Jackson (1975) nogsanba Ha noToko-
BMTE CEAMMEHTHU (hOpMU Ha: (a) MukpomaLyabHu dopmu (unu
Mukpocbopmu), mpoayumpary apebHomaliabHara koca croec-
TOCT; (6) Me3omaLLabHn dopmm (MM Me30opmMm) ONMCBaHH
KaToO MSCbYHM BbMHM, €OMHWYHM BanoBe M OaHkM C Hait-
pa3HoobpasHa hopma, NpoayKT OT efHOoBpasHu ceanMeHTa-
LiMOHHW NpoLecy (KbM Taaw rpyna Bnn3aT U HACKOpa3peaHuTe
€PO3NOHHU KaHanu); u (8) mMakpomaliabHn dopmmn (UM Mak-
pohopmm), CbCTABHWM BanoBe M (HOPMM, TEHEPUPaHU Npu
KyMynaTUBHOTO AENCTBUE Ha pasHOOBpasHu CeauMEHTaLMOH-
HW CBOUTHA.

Kakto apXxuTeKTypHO-ENEMEHTHUAT aHanus, Taka W BepTu-
KaIHOTO NnTOhaumarnHo npogunmpaHe ce OcHoBaBa Ha npu-
naraHe Ha yHWUcuLUMpaH Noaxos npy U3y4aBaHETO U JOKYMEH-
TaumsaTa Ha paspesute. OcHoBHa paboTHa eauHWLA Npu TOBa
onucaHve e nuTodaunecsT, NpeAcTaBnsBaLy Cymata OT BCUY-
KW MbPBUYHM OCODEHOCTW Ha CEAUMEHTHUTE CKAnW, Ha OCHO-
BaTa Ha KOWTO MoraT Aa Cce MpaBsT M3BOAM 3a YCroBusTa U
obcTaHoBKaTa Ha TAXHOTO obpasyBaHe. /36opbT Ha knacudu-
KaLWMOHHa HOMEHKMATypa 3a onucaHue Ha nuTodaunecute 3a
LienuTe Ha apXMTEKTYpPHO-eNEMEHTHUAT aHanu3 ce 6asvpa Ha
[BE OCHOBHM W3WCKBaHMS: () CbMNOCTABUMOCT Ha pesyntaTi-
Te; 1 (0) BbAMOXHOCT 3@ MHTEpNpeTauns U MogenupaHe Ha
XapakTepa U AMHamuKaTa Ha CeaMMEHTALMOHHMTE MPOLEcH.
Kato Hai-nogxogswa nutoaumanHa HoMeHknatypa npu
NpoBeaeHOTO M3crnedBaHe Ha paspesu Ha [leTpoxaHckaTta



TepureHHa rpyna B yacT ot 3anagHa Ctapa nnaHuHa 6e Bban-
pveTa Tasu npepnoxeHata ot Miall (1978), 6asupaija ce Ha
IbPHOMETPUYHATA W TEKCTYpHA XapaKTepuCTUKa Ha ckanure.
0O603HayaBaHeTO Ha eauMHULMTE CTaBa NOCPEACTBOM abpesu-
aTypu, CbCTaBEHW OT efHa rMaBHa, 0Tpa3sBa JOMMHMpaLLaTa
B eAuHNLaTa 3bPHOMETPHUS, U e4HA UMK OBE Masku NaTUHCKM
OykBi, OTpassBawa(4) HeWHaTa TekcTypa (AMOaHIMIACKN,
2010a, 2012a,6, 2013a,6; Ajdanlijsky et al, 2005, 2006 ). Mo-
pobeH abpesuaTypeH noaxon € TBbpAEe NOAXoAsLy 3a noneea
[OKyMeHTaLMs KakTo npu nutocaLmanHo npodunmpaxe uimnm
APXUTEKTYPHO-ENEMEHTEH aHaNMM3 Ha PasKpuUTUs, Taka 1 3a
pasHoobpasHa MaTemaTuyecka 0OpaboTka Ha MonydveHuTe
AaHHun. py cnassaHe Ha Tean npasuna 3a geduHupaHe Ha
nuTodhaumanHuTe eauHULM, NP Hyxda HOMeHKnaTyparta
npeanoxena ot Miall (1978) ycnewHo moxe ga 6bae moau-
cuumpaHa 1 JoMbiBaHa, B TOBA YNCTIO 3@ EONNYHN 1 CMECEHN
TEpUreHHo-kapboHaTHM nocrnegoBaTenHocT!  (ARAAHIMIACKK,
20126; Ajdanlijsky, 2002).

M360pbT Ha MeTod 3a TepeHHaTa JOKyMeHTaLus Ha u3yda-
BaHUTe PaskpUTUS NPedonpefeni BbanpueMaHeTo Ha npeg-
noxeHata ot Allen (1963) knacudmkaums 3a kocata Croec-
TOCT, GasvpaHa Ha: (@) Hanmune unu OTCLCTBME Ha rpynupa-
HOCT Ha cepuuTe, (6) mawab Ha cepuunTe, (8) xapakTtep u (2)
¢hopMa Ha [onHaTa orpaHuuMTeNnHa NOBbPXHOCT, (0) Brnosy
OTHOLLIEHWS Ha CMOEBETE C JoMnHaTa NOBLPXHOCT Ha cepusTa u
(€) cTeneH Ha NIMTONOXKA XOMOTEHHOCT, a MpU CBBbP3aHOTO C
Hes onucaHue Ha gebenvHarta Ha croeeeTe € Cbobpa3eHo ¢
HOMeHKnaTypata Ha Ingram (1954, Tabn. 2, Bux ouwe Blatt et
al., 1972, Tabn. 5-1). Mpu onucaHneTo Ha Bb3xoasALWMTe pebpa
(climbing ripples) Tasn cxema e [ombiHeHa C KputepuuTe,
BbBedeHn oT Hunter (1977), kouTO Ca CbMOCTaBUMM C TE3M,
uanonasaxu ot Simons et al. (1965), npu xmapoanHamMnyHaTa
VHTEPNPETaLuns Ha CeaUMEHTHUTE TEKCTYpu B paspaboTteHaTta
OT HEro KOHLENUmMsATa 3a NOTOKOBUS PEXUM.

OT cBOS CTpaHa M3bopbT Ha NuTOdaLuKuanHa HoMeHkpatypa
Npeaonpesens 1 Tasu, npunaraHa npy CTPyKTypHaTa xapakTe-
pUCTUKA Ha nuTodbaumanHuTe eauHuumM. llopagu ToBa mpu
npunarade Ha nutodaunanHus nogxog Ha Miall (1978) 3bp-
HOMETPUYHATa XapakTepuUCTHKa Ce 3BBLPLLBA B KIacoBeTe Ha
¢-ckanarta (MetumkoH u ap., 1976), fokaTo 3bPHOMETPUYHATA
noresa xapakTepucTuka Ha eauHuumTe ce 6asupa Ha paspa-
BoteHata o1 PpugmaH v 3aHgepc CTaHdapTHa ckana (BuX
Miall, 1990, Tabn. 2.1). OT cBOs CTpaHa Npu OMMCaHWe Ha
CTEMeHTa Ha COPTUPAHOCT e Nofi3BaHa NeTcTeneHHa ckana -
MHOTO IOLLO COPTUPaHM, MOLIO COPTUPaHU, CPEOHO CopTUpa-
HW, obpe copTupaHu 1 MHoro fobpe copTupanm (Bogs, 1995,
ctp. 85-91; Lewis and McConchie, 1994, dur. 7-12). Mpu
aHanu3a Ha JaHHWTe e npunoxeHa paspaboteHata ot Folk et
al. (1970) kmacudmkaumst Ha NOWO COPTUPAHW TEPUTEHHM
cKkanu, KOSITo e NMoMneBo M3Non3eaema, WHAEKCoBa 1 NPUoXu-
Ma npu nutodaumanHoTo mogenupare. Mpu LOKyMeHTaums
Ha NCeUTHOAOMUHUPAHUTE Pa3HOBUOHOCTM € Bb3npueTa
npeanoxeHueto Ha Folk (1954) n Folk et al. (1970) 3a gonHa
rpaHM4Ha CTOWHOCT Ha Tasu rpyna ga ce npuema HammuneTo
Ha 30% v noeeye ncedmTHU KbCoOBE (Haa 2 mm) B obema Ha
ckanata. B rpynarta Ha nceduTHOQOMUHUpaHUTe nuTodaLme-
CU Ce pasnuyaBaT HEeHacUTEeHW U HaCUTEHU Pa3HOBWOHOCTH,
OTroBapsLLUM Ha TepMuHuTe “matrix supported gravel” u “grain
supported gravel” B aHrnoesunyHara nurepartypa.
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Hapen ¢ nutodaumanHata uaeHTUKaums, Apyr BaxeH
eNeMEHT OT apXMTEKTYPHO-ENEMEHTHWS aHann3 e u3yvasaHe-
TO Ha MHAOWKATOPWTE Ha MOCOKaTa Ha CeAMMEHTEH NnaneoTpaH-
cnopT. lNog nocoka Ha CEAUMEHTEH naneoTpaHenopT (npeob-
nagaBallia nocoka Ha naneoTpaHcnopT wiu npeobragasalla
nocoka Ha naneoTeveHne) ce nogpasdbupa TPaHCMOPTHO Har-
paBneHne, YMATO MOCOKA € M3BefeHa upe3 M3yyaBaHe Ha
TeKCTYpHN 6enesn Ha ckanuTe, HapuyaHu OLLe MHANKATOPK Ha
nocokata Ha naneoTpaHCnopT, ykasgaluy nocokata Ha ceau-
MEHTEH TpaHCMOpT B NpoLeca Ha reHepupaHeTo Ha M3yvaBa-
HUTE CeOMMEHTHW nocnegoBaTenHocTW. ToBa BKMOYBA Ma-
WwabHOTO N3mMepBaHe Ha: (&) CTpaHaTa M HakoHa Ha Me3oMa-
wabHa nnockonapanenHa W MyngoBMAHA Koca CrOeCToCT
(nutocbaumecwn Sp u Str - Aigannuiicku, 2012a); (6) opuenTa-
LMsATa Ha 3HaLMTe Ha TeYeHue Mo AOMHMLLETO M FOPHULLETO Ha
nnacToeeTe (AMKM OT BOLOBBPTEXW, Cneau Ha obTuyaHe u
BnaveHe); (8) cTpaHaTa 1 HaknoHa Ha anysuanHa gpebHoma-
WwabHa koca CroecocT OT BCWYKM Bupose (nutodpauuec Sr -
Anngannuiickn, 2012a); (2) nocokata Ha rpebeHnTe Ha acumer-
puuHu pebpa; (0) cTpaHaTa 1 HaKMOHBLT Ha nnockaTa NoBbpX-
HOCT W Obnrata oC Ha NcedMTHN KbCOBE B Tena ¢ UMOpuKaLm-
OHHa TeKCTypa U (e) CTpaHaTa W HaKMoHa Ha PeakTMBALMOHHM
W1 HEEPO3WNOHHM BbTPELLHOKAHANOBH NOBLPXHOCTY.

1)_| Str

4).

®ur. 1. Cxema Ha OrpaHM4MTENHUTE MOBBLPXHWUHU, HOMEpPUpaHU CHOG-
pasHoO paHra UM (Bux owe Tabn. 1), M3Non3BaHN NpU apXMTEKTYpPHO-
enemMeHTHUA aHanu3 Ha [leTpoxaHckaTa TepureHHa rpyna B 4acT OT
3anagHa Ctapa nnaHuHa. O603HayeHus: (1) abpeBuaTypHO 0603HauYeHUe
Ha nuTodhaumanHa eaMHULa; (2) paHr Ha orpaHMuMTeNnHaTa NOBbPXHOCT;
(3) cTpaHa 1 HaKNOH Ha CJIOECTOCTTa UMW OrpaHUuYMUTESTHAa NOBBLPXHOCT;
(4) abpeBuaTypHO 0603HaueHMe 3a apXUTEKTYpPHO-eNIeMEHTHa eANHMLA.

ChlLeCTBEH €neMeHT Mpu MOeHTU(MKaLMATa Ha apXuTek-
TYPHUTE ENEMEHTU € u3yyaBaHe Ha MopdonorsTa U opueH-
Tauu[Ta Ha OTNMYaBaly ce Mo paHr orpaHuyaBalLy nuroda-
LyarnHuTe eguHALM NoBbPXHUHN. [TbpeoHadanto Allen (1983)
JeduHMpa TpUpaHroBa MepapxuyHa CUCTEMA Ha OrpaHuyu-
TenHuTe noebpxHuHW. Cuctemarta e [fopa3suta OO LeECT-
paHrosa ot Miall (1988) (cbur. 1), koiTo JaBa u kpaTka reHe-
TUYHA MHTEPNPETaLMS Ha BCAKO OT HUBATa B Hes (Tabn. 1).

3a KopekTHa MOpChoroxKka XapakTepucTUka Ha OrpaHuum-
TENHN MOBbPXHOCTY OT Hal-BUCOK PaHr & HeobX0aMMO M3yya-



BaHe Ha MHOXECTBO PasKpWUTUS, Pa3noNOXeHU OTHOCUTENHO
PaBHOMEPHO W HAMPe4HO Ha AOMWHMPALLMTE NaneoTpaHCnop-
THW Hanpaenexus (Aingannuiickn, 20106).

lMoa TepmuHa peaKkTUBALMOHHA NOBBPXHOCT Ce pasbupa
HUCKOBIbIHA (cnabo HaknoHeHa) €epo3OHHA MOBBPXHOCT,
CeKylla eauHWYHM, TPynupaHu MnM CbCTaBHW KOCOCHOECTM
cepum (Miall, 1992), pesynTat oT npepaboTka Ha NogBETPEHNS
CKITOH Ha MakpodopMuTe, CBBbP3aHa ¢ PrykTyauun (rasHo B
AbnboynHaTa M B no-marnka CTeneH B eHeprusTa) Ha noToka
(Collinson, 1996; Miall, 1996). C TepMnHa epo3nOHEH KaHan ce

obo3HayaBar HeratuBHU opmu, Be3 3HaueHne Ha dopmara u
pa3smepa, 0bpasyBaHu B pe3ynTtaT Ha epPO3VNOHHOTO AECTBUE
Ha BOgHW noTouu. PasnuuaBat ce eguHuyHM (simple) u cbe-
TaBHW (composite) kaHanu.

CennmeHTuTe 0Opa3syBaHW B YCMOBWSTA Ha 3arMBHa Tepaca
ce 0bo3HayaBaT Kato PasfMBHI WM U3BBHPYCIOBK OTHOXe-
Hus (overbank deposits B aHrnoeauyHaTa nuteparypa — Bb3r-
pUET € NPeBoabT Ha pycku Ha paa3suHbCkuin u ap., 1980).

MneHTUdDMKaLMSITa M XapaKTepUCTIKATa HA apXUTEKTYpHUTE

Tabnumua 1.
WepapxuyHa cxema Ha 02paHu4uUmeHume nosbPXHUHU, U3N0/38aHU NPU apxumexkmypHo-eneMeHmHus aHanus (no Miall, 1988).
PaHr Ha
orpaHuJuTenHaTa JOeduHnuyms WHTepnpeTauus
NMOBBbPXHOCT
1-8 Pasgensiia otgenHuTe cepum cnoectoct.  Murpaums Ha CEAMMEHTHU MUKPO- M Me30hopMM NpK YCTONYMB
noTokoB pexuM. OrpaHnyaBallata i NoBbPXHOCT € PYHKLMS
OT reoMeTpusTa Ha Me3odopmara.
2 Paspensilua pasnuuny N0 TN @AMHUYHN  KpaTkoTpaiiHi (hnyKTyaLyy B XUAPOAMHAMUYHUST PEXUM Ha
WNW CbCTaBHN CEPUM. noToKa.
3 HucKobIMbHA €PO3MOHHA MOBBPXHOCT. [Mo-NPOABITKUTENHN CMEHN B XUAPOAMHAMMYHUTE YCIOBUS B
NOTOKa, BOAELLM A0 MOANGMKALIMS Ha CHLLECTBYBALLMTE ME30-
1 Makpogopmu.
4 Pasgensia eamHnum cbe 3acebeqa Murpauus Ha egpomalabHi MakpohopMmM MM BTOPOCTENEHHM
aKpewLyoHHa LANoCT. MOTOKOBW KaHan, NpoTuyaLLa B CTabuIHKU KaHanu Unu npu
peopraHm3aLys No BpeMe Ha 3HaYMMn HaBOGHEHNS.
o™ MoBBPXHOCT Ha 3HaUMMa CMAHA Ha 3bD-  Murpaiyisi 1 epo3isi Ha OCHOBHYS! (IOMUHMPALLIAS) PYCrIOB
HomeTpuATa Wnnn mMawlaba Ha PopMUTE.  kauan.
6™ Pasgensiua rnasHuTe pycnosu Tena ot 3HaunMmMm n3meHeHus B anyBuanHusa peximm. Moxe ga otpassisa

KOHTPaCTHM paLecy.

N3MEHeHMe Ha epOo3NOHHUA 6asuc, KNUMaTUYHK NPOMEHU Unu
TEKTOHCKa aKTuBKh3aLuA.

€MeMEHTH BKII0YBa:
% npupoga 1 MOpPGOnorus Ha OrpaHUYUTENHUTE Mo-
BBHPXHOCTY;
% Mawab Ha epuHuuata — gebenuHa M naTteparHo
(napanenHo W nepneHauKynspHO Ha nocokata Ha
AOMUHMPALLMS CEAMMEHTEH TPaHCMopT) pasnpocT-
paHeHue;
BbHLUHA reOMeTpyst Ha eauHuLaTa;
BbTPELLEH CTPOEX Ha eanHuLaTa, B T.4.: natepantm
W BepTMKanHW nutodaunantm aHcambnn wnn noc-
NefoBaTENHOCTY, HaNMWMYMe M OPUEHTALNS Ha HUC-
KOpPaHroBn (2+3™ paHr) epo3nNOHHU MOBBPXHOCTH,
OpWeHTaLMs Ha WHAMKATOpUTE Ha NocokaTa Ha na-
NeoTPaHCnopT, B3aMMOOTHOLLEHUS HA CrOECToCTTa
CpsIMO OrpaHMyaBalL1Te NOBbPXHOCTM.

5

%

e

%

BaxHo e na ce othenexw, 4e noBeyeTo OT NIUTOdalnanHuTe
TUNOBE Ce ABABAT B NoBeYe OT e[lMH anyBhaneH apxmTekTypeH
€/IEMEHT, HO 3Ha4YMMOCTTa UM 1 B3aMOBPb3KaTa noMmexay um
€ pasnuyHa BbB BCEKU €OUH OTAeneH enemeHTW. EauH ot
pasnpoCTpaHEHUTE METOAM 3a WU3SICHABaHe Ha TOBa € npwna-
raHETO Ha aHanu3 Ha MapKOBCKW BEPWXHW CBOWCTBA, KOWTO
Moxe fa 6bae TBbpAe noneseH npu geduHUPaHeTo Ha nTo-
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(haumanHuTe NocneaoBaTeNHOCTUTE BLTPE B apXUTEKTYPHUTE
€NIeMEHTH, ako npu ToBa ce OTAens 0cobeHO BHUMaHWe Ha
TUNa W paHra Ha epo3noHHuTe noBbpxHOCTH (Cant and Walker,
1976; Miall, 1973, 1977; Miall and Gibling, 1978). MNpunaraHe-
TO Ha TO3K MeToA Ha o6paboTka Ha MHdopMaLKs, nonyyeHa
MNPy apXUTEKTYPHO-eNEMEHTHUAT aHanus, Tpsbsa Aa 6bae
cbobpa3eHo M CbC CneumuduknTe Ha naTepanHoTo PasnpocT-
paHeHWe 1 B3aUMOOTHOLLEHWS Ha NUTO(aLManHuTe eQuHALM.

CbliecTBEH MOMEHT Npy MPOBEXOAHETO Ha TEPEeHHUTE
apXUTEKTYPHO-ENEMEHTHN M3CNeABaHUs e MawabHoTo npega-
BaHE Ha nateparnHaTta W3MEHYMBOCT B M3y4YaBaHUTE Pa3pesut.
ETo 3awo, cvrnacHo npegnoxenus ot Allen (1983) nogxog, B
yyacTbLuTe, KbAETO BUAA M MaLwaba Ha paskpuUToCTTa No3Bo-
nsBaxa TOBa, BbPXY NpeaBapuTenHo U3roTBeHn oTonaHopa-
MV Ce HaHecaT JaHHMTE 3a TMMa W paHra Ha OrpaHUYNTENHUTE
MOBBPXHOCTY, NTOGaLMaIHATE TUNOBE M TEXHUTE B3aUMOOT-
HOLLEHMSI, TUNA M HaNPaBMNEHMETO Ha MHAMKATOPUTE HA NOCO-
kaTa Ha NaneoTPaHCMopPT, KAKTO U OTAENHM, KMKYOBM 3a WH-
TEPNPETUPAHETO Ha anyBuanmHus CTUN TekcTypu. Ha Taaw
OCHOBa Ce pas3paboTeBaT Auarpamu Mo3BonsBallM NPeLusHo
OTHENSHE 1 XapaKTepuanpaHe Ha apXMTEKTYPHUTE ENEMEHTM B
paskpuTneTo (Aingannuicku, 2014).



ApXUTEKTYPHU eAUHULMN

[Mpu NpoBefeHnTe 4O MOMEHTA 13creBaHns Ha paspesn Ha
MeTpoxaHckata TepureHHa rpyna B yact oT 3anagHa Ctapa
nnaHuHa ca oTAeneHn obLo AeceT apXUTEKTYPHO-ENEMEHTHM
€OMHMLK, KaTo JEeBeT OT TAX ca NpSK NPOAYKT OT anyBuarnHuTe
npouecy NpoTUYaLLM B PYCOBMS KOMMMEKC U 3anuBHaTa
Tepaca. Hakoi OT enemeHTMTE MoraT Aa NpuchbCTBaT eaHOB-
PEMEHHO W B PYCNOBUTE 1 U3BLHPYCMOBUTE OTROXeHNs. Ene-
MEHTW BapupaT B Mawjaba u KOMMMEKCHOCTTa Ha BbTPELLHNS
CM CTPOeX, KaTo 4yacT OT no-mankuTte enemeHtn obpasysat
"MHoroeTaxHu cTpyktypu" (Friend et al., 1979) unm "komnnek-
cu" (Allen, 1983) BbTpe B NO-roNEMUTE ENEMEHTHU.

Bcpen pycnoBuTe OTNOXEHWS Ca OTOENEeHU CregHuTe ene-
MeHTu: (a) enemeHT CH - pycnoB (kaHanos) komnnekc (chan-
nel), npeacTaBeH 0T pasHOObpasHN Mo reoMeTpust epO3NOHHM
kaHanu, sBsiBalL ce YacT oT obLaTa cuCTema 3a TPAHCMOPT Ha
cegumeHTeH matepuan (Pettijon and Potter, 1964); (6) nce-
(PUTHOZOMMHMpAHW MOTOKOBW Makpodopmu (gravel bars and
bedforms) — enemeHT GB; (8) NnCaMUTHODOMMHMPAHU MaKpO-
topmu (sandy bedforms) — enemeHT SB; (2) nporpagaLnoHHi
ncamuTHWU Makpocgopmu (downstream-accretion macroforms) —
enemeHt DA; (0) natepanHo-akpeLMOHHW OTMOXEHUs (BbT-
pelHoMeaHapoBa ceauMMeHTHa Koca - lateral-accretion depo-
sits) — enemeHT LA; 1 (e) NOKpOBK OT XOPU3OHTAMHOCMOECTH
nacbum (laminated sand sheets) — enement LS. MocnegHuar
4eCTo Ce cpeLla 1 Cpea U3BLHPYCIIOBM OTMOXEHUS.

/3BbHPYCNoBUTE  (3ANMBHO-TEPACOBUTE)  OTHOXEHUS Ce
nogensT Ha: (a) npupycnoBu HUCKOpenedHN BanoBe (eCTecT-
BeHM aurv) — enemeHT LV; (6) kpalipycrnioBu NOTOKOBM OTNIOXe-
Hus (crevasse-splay deposits) — enemeHT CS; u (8) PnHO3Bp-
HECTW OTINOXEHUS| W XWUMOCEAMMEHTU OT 3anuBHaTa Tepaca
(overbank fines) — enemeHT OF.

Kato Hesasucuma rpyna ce pasrnexgar OTNoXeHusiTa oT
BMCOKONITbTHOCTHM (rpaBuTayHmn) notoumn (sediment-gravity-
flow deposits) — enemeHT SG, kouto Miall (1996) npuuucnssa
KbM anyBuanHuTe OTNIOXEHMS.

B ponbrHeHue, noa dopmata Ha oTaenHu nybnmkaumm 1 Ha
0CHOBaTa Ha KOHKPETHW NONEBW NpuMepH, Le BbaaT aeduHu-
paHu W MHTEpNpeTUpaHu U3bpOeHUTE MO-TOPe apXUTEKTYPHO-
€NEMEHTHN efJMHULM, YCTAHOBEHM NpU M3Y4aBaHETO Ha paspe-
31 Ha MeTpoxaHckaTta TepureHHa rpyna B obxsata Ha bepkos-
ckaTa eauHuua, 3anagHa Ctapa nnaxuHa.
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METPONOXKA XAPAKTEPUCTUKA HA XMIMOABUCATTHUTE MATMATUTI B PAUOHA
HA BbPBULLKA CTAPA MNITAHUHA

banyw Bbanywes

MunHo-eeonoxku yHugepcumem "Ce. Mean Puncku”, 1700 Cogpusi, banushev@mgu.bg

PE3IOME. V3cnenBaHu ca cnabo u3yyeHn 1 C OrpaHMYeHo pasnpoCTPAHEHWE Masku MHTPY3MBHU Tena U [aiki, OT CEBEPHUTE W H0XHM CKIOHOBE Ha Bbpbuiuka
Crapa nnaHuHa. OnpeneneHo € NpOCTPaHCTBEHOTO MOSIOXEHWE Ha CKanuTe, BELIECTBEHUS CbCTaB, CTPYKTYPHO-TEKCTYPHUTE OCOBEHOCTM M XWapoTepManHuTe
npomenu. Criopes CbBpemMeHHaTa neTporpadickaTa HOMEHKNaTypa M3CreABaHUTe WHTPY3UBHW Tena M [aiiku ca KeapLavopwuToBu, cybamnkanHu OUOpUTOBK U
cybankanHu KeapLavoputopu nopdupuTh, MpexoXaali B MOHLOAMOPWUTOBM U KBApLIMOHLIOAVOPUTOBM MOPGMPUTM MPU YBENUYABAHE KOMM4ecTBOTO Ha K-
henpwnat. MarmaTuTuTe ca BHEZPEHN CPEeS rOPHOTPUACKM aneBpONUTY U NACHYHULM Ha prnwikaTa, No-psiaKo B MEPrenHo-BapoBMKOBaTa M MeprenHata 3aapyra, B
€[MHWNYHM Cry4an 1 B BOMHO- W CpefHotopcku Hacnaru. Ckanute ca npecutern Ha SiOz, cpeHokanuesy, ¢ npeobnagaqve Ha NazO Hap K20, ¢ kanuveso-ankanHa 1
BMCOKOKanneBo kanuueso-ankanHa cepuanHoct. OnpeseneH € XMMu3MbT Ha ckanoobpasyBalyuTe nnaruoknasu, ampubonm, KNMHONMPOKCEHN U BUOTUT, N3BBPLLEHN
ca reotepmMobapoMETPULHN pasyeTH U € U3kasaHo Npeanonoxexue 3a P-T ycrnosusTa Ha kpuctanuaauusi. HanpaseHu ca NeTPOXMMUYHU CPABHEHWUS CbC CXOAHM,
Marki1 UHTPY3UBHYW TeNa 1 Aaiiku, C aHanorvyHu BELLECTBEHN XapaKTEPUCTUKW, HaMUpaLLM Ce B HEeNOCPeACTBeHa Bnn3ocT, B paitoHa Ha PuLukus npoxog,.

PETROLOGIC CHARACTERISTICS OF THE HYPABYSSAL MAGMATITES FROM THE REGION OF VARBITSA STARA
PLANINA MOUNTAIN (BALKAN MOUNTAIN)

Banush Banushev

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

ABSTRACT. Objects of study are not enough analyzed and with local distribution small intrusive bodies and dykes in the northern and southern slopes Varbitsa
Balkan Mountain. Determined is the spatial position of these rocks as well as their composition, structure-textural features and the hydrothermal alterations. According
to the modern petrographic nomenclature the studied intrusive bodies and dykes are quartz-diorite, subalkaline diorite and subalkaline quartz-diorite porphyrites
changing to monzodiorite and quartz-monzodiorite porphyrites with the increase of the K-feldspar content. The magmatites are intruded in Upper Triassic siltstones
and sandstones of the flysch, rarely of the marl-imestone and marl suits and in single cases also in the Lower and Middle Jurassic depositions. The rocks are
oversaturated in SiO2 and are medium-K with prevalence of Na2O over K20 with calc-alkaline and high-potassium calc-alkaline series. The chemical compositions of
the rock-forming plagioclases, amphiboles, clinopyroxenes and biotite were determined. Geo-thermobarometric calculations were performed and on their basis the P-
T conditions of crystallization were proposed. A petrochemical correlation with similar small intrusive bodies and dykes with analogous composition and situated
nearby the region of Rish pass was also performed.

BbBeaeHue Bb3npueMaT paiioHUTe Ha pasnpocTpaHeHue Ha TenaTa U
[ankute OT AuopuToBM nopduputu. MbpBOTO NeTporpadcko
WatouHa CTapa nnaHuHa, B YacTHOCT BbpbuLuka nnaHuHa ce n3cnefpaHe, MOCBETEHO Ha WMHTPY3MBHWTE CKamn  Mexay
XapakTepusmpa  CbC cnaba MarmMeHa  aKTMBHOCT U cenata BecenuHoBo n 3Besga, € Ha KbHueB, MBaHoBa-
HE3HAUNTENHO Pa3NPOCTPAHEHWE HA MarMeHUTE MPOAYKTU. MaHaitoToa (1972). Bb3 oOCHOBA Ha MMKDOCKOMCKA U
B'bl'lpeKVl TOBa paVlOH'bT NPeacTaBnsBa MHTEPEC 3a orpaHuyeH 6p017| XUMUYHU aHanu3n, MarMeHuTe ckann B
U3SICHSBAHE Ha HSKOM acnekTW, Kacaewy reognHamuyHata paiioHa ca OnpedeneHu Kato [WOPUTOBW MOPGUPUTH W
nosuuus, esoniouusaTa W MUrpauusaTa Ha ropHOKpenHWs KBapLiCeHOAMOpUTOBY NopcpuTy. Criopen CTpaTurpadckoto
MarmaTusbM B obmactra. MarmeHuTe nmpogykTh  ca nonoxexHne Ha BYINKaHUTATE B TOPHOKPEOHUA pa3pe3 Ha
NPeacTaBeHu OT Aaiiku U Manku xunoabucanHu tena. Te ca TP‘jHaLUKaTa CUHKNMHana € YCTAHOBEHO, 4 MarMmeHata
cnabo u3yyeHu 1 ceefeHusTa 3a TAX ca OCKbAHU. Hai-yecto AEVHOCT B paloHa € OCbleCTBEHA B MHTEPBana KbCeH
ca BbanpuemaHu kato awpeautn (3narapcku, 1905; Kockel, LieHomaH — paqeH KamnaH (KbHues, 1966).
1929; KoeH,1938; BoHueB u Aap., 1957; lawes, 1961). B
u3cneaBaHe, NOCBETEHO Ha MeauTepaHckus Tun MopHa Kpepa B nocneaHute roauMHM ca W3BBPLIEHN TEOXMMUYHM ¢
B MatouHa Crapa nnaHuHa, KbHueB (1966) cboblaBa 3a M30TOMHN w3crieaBaHns B VI3TouHoTo CpepHoropue - Ha
AVOPUTOBYW NOPGUPUTH 3anafHO OT TpbHALLKATA CUHKNMHANA. obpasuy ot paitoHa Ha cenata 3aum4eso 1 3esna B VaTou-
Bb3 OCHOBA Ha MPOCTPAHCTBEHOTO TMOMOXKEHUE U TEKTOHO- Hust bankaH (Georgiev et al., 2009; 2012). [laitkute u marve-
cTpaTurpacpckata  OBCTaHOBKA ce  mpegnomara,  4e HUTE Tena OT OMNMHMTE 4acTu W CEBEPHUTE CKIOHOBE Ha
WHTPY3VBHUTE CKanu 1 HammpaLyuTe ce B 6nM3oCT BymKaHUTM VaTouHa Ctapa nnaxuHa He ca bunu obexT Ha Teau ucnep-
oT TpbHalKkaTa CUHKIMHANG, Ca MPOAYKT Ha €OHO W CblLO BaHuA. banywes (2013) npefcTass HOBI AaHHI 3a MarMary-

MarmMeHo OrHuLle. 3a LeHTpOBE Ha MarmeHata JenHocT ce
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dur. 1. Meonoxka kapTa Ha paiioHa KXHO OT c. BecenuHoBo, U3ToyHa
Crapa nnaHuHa (no KbHuyeB, 1993, ¢ ponbnHenus): 1-2 ManeoreH: 1 -
KOHrroMepaTHa 3aapyra, 2 — NACbYHUKOBA M BapoOBMKOBa 3agpyra; 3-6
FopHa Kpepa: 3 - marmeHu ckanu - Tena u paiiku, 4 — dnuwka sagpyra
(LeHomaH-TypoH), 5 — nayku oT aHAe3UTOBU naBobpekun u Tycu, 6 —
nAcbyHukoBa 3appyra (LleHomaH); 7 Kamuwuiicka cButa (BanaHxuH-
Bapem), 8-9 Opa: 8 - d¢nuwka 3agpyra (Cpepna HOpa), 9 -
KOHIMOMepaTHO-NACbYHNKOBA 3aapyra ([onHa KOpa); 10-12 Tpuac: 10 -
¢nuwka 3agpyra (Fopex Tpuac), 11 - meprenHa 3appyra (FopeH Tpuac),
12 - obeguHenn BapoBukoBa (CpepeH-TopeH Tpuac), MeprenHo-
BapoBukoBa (CpegeH Tpuac) u BapoBMKOBO-MeprenHa 3agpyra (doneH
Tpuac), 13 - pasnom, 14 - HaBnak

TUTE OT paiioHa Ha PuLLKMS MpOXOA W MbpBM CBEAEHUs 3a
XMMM3Ma Ha ckanoobpasyBalluTe MUHEpany.

ObekT Ha HacToswaTa paboTa ca Marnku UHTPY3WUBHK Tena u
Jaiikn OT OUNMHMTE 4YacTu, CEBEPHWUTE W KXHWU CKIIOHOBE Ha
Bbpbuwka Crapa nnanuHa, KO-HOW ot c. BecenuHoso. Llenta
Ha nybnukaumsTa € [fa MNpeactaBu  pesyntatute ot
NETPOMNOXKATE U3CNEABAHNS Ha MarMaTUTITE, MbPBUTE JaHHM
3a XxuMmu3mMa Ha ckanoobpasyBaluTe  MWHEpaNM W
NETPOXMMWYHUTE ~ CPaBHEHUS C  Hamupawute ce B
HenocpefcTBeHa BnM30CT MarmMaTuTh OT paioHa Ha Puiikus
npoxoga.

Feonoxka obcTaHOBKa

PaiionbT Ha Bobpbuwka Crapa nnaHuHa ce OTHacs KbM
barnkaHckaTa oporeHHa cucTeMa Ha ANWACKUS  OPOTeH.
N3touHobankaHckaTa eguHuua, 4acT OT KOATO € u3cnep-
BaHWAT PaiioH, NPEACTaBNsiBa CIOXHO YCTPOEH CUHKIMHOPWIA,
pedopMupaH OT CEBEPHOBEPreHTHW HaBnauu W Bb3ceam
(Daboscku, 3aropues, 2009). B obnactra ce paskpusar
TPUacKu, HOPCKM, FOPHOKPEAHW M NaneoreHcku ckanm (ur. 1).

IIUTONOXKMAT CbCTaB Ha JOMHO-CPEAHOTPUACKUATE CEAUMEH-
TW BKMOYBa BapoBUUM W Meprenu, 060Co6EHM B HSKOMKO
3agpyrn. TopHuaT Tpuac e npefctaBeH OT MeprefiHa U
brmwka 3agpyra — antepHauus OT PUTMUMYHO pedyBallyn ce
Meprenu, aneBponnTK, NACbYHULM U KoHrnomepaTu. KOpckuTe
Hacmarm ca 0060COOEHN B KOHINIOMEpATHO-MACBYHMKOBA W
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drvwka 3agpyra, BkMKuBawWa TypbuauTHM nnactose OT
NACBYHALM, aneBpoNnTM, BapoBMLUM W aprunuTi  CbeC
cuaepuTHU, psako tocoputHu KoHKpeuun (KbHues, 1995).
[onHokpegHuTe Hacnary ca npeacTaBeHn OT Mepreru ¢
TYpOWAUTHM NnacToBe OT NACHYHULM. [OpHOKpeaHaTa cepus
BKMIOYBa MsCbYHMKOBA 3agpyra (LleHomaH), u  dnnwka
sagpyra  (LleHomaH-TypoH), wu3rpageHa OT  PUTMMYHA
anTepHauusl Ha BapoBWUTW MWMHU, NACBYHULM U aneBponuTH,
Ha MecTa B 3anagHata 4acT Ha TpbHallikaTa CUHKNWHAaNa C
NaBoBM MOTOLM OT aH4e3nTW, NaBobpekun 1 MUPOKNIACTUTH
(KbHueB, 1995). lNaneoreHbT ce paskpyBa B CEBEPHUTE YacTu
Ha paiioHa, nog cdopmata Ha MBMLA C M3TOK-3anagHa nocoka.
Toi BKMOYBa NACHYHMKOBA, BapOBWMKOBA UM KOHrIomepaTHa
3agpyra. CeOuWMeHTWTE Ha  KOHIMomepaTHaTa  3agpyra,
MbpPBOHAYaANHO OMUCaHW KaTo ,eK30TWYHW KOHrmomepatu’
(Kockel, 1927), Bknw4BaT  MOMWrEHHW,  HECOPTUPaHU
KoHrnomepat (C  pas3HooDpasHM KbCOBE OT  MarmeHw,
CEOVMEHTHW W MeTaMopdHW Ckanu) W edpO3bPHECTM
NACHYHWLM, B NO-Manka CTeNeH aneBponuTi U Meprenu.

Matepunan n metogu

N3BbpLueHn ca TepeHHW u3cnefBaHus u onpobsaHe Ha 5
MarmeHu Tena (e4Ho, OT KOWTO YCTaHOBEHO MPU HACTOSLMTE
nscneasanus) u 17 ganku OT FOPHOKPEOHW MarMeHu ckanv B
parioHa tO-tOU ot c¢. BecenuHoBso. [labopatopHute meToau
BKMIOYBAT ONTWMYECKA MUKpockonus Ha 46 obpaseua, 4
PEHTTEHOCTPYKTYPHU, 21 MUKPOCOHZOBM U 14  XUMWYHK
aHanuaa. OnpegeneH e pasTBOPUM KOMMOHEHT Ha 6 obpaseya
OT BMeCTBalWTe CeauMeHTHM ckanu. CbCTaBbT W
CTPYKTYPHWUTE OCODEHOCTM Ha CKanuTe Ca W3SCHEHW C
nonspusaunoHHn  mukpockonu Leitz Orthoplan-Pol n Meiji
Techno. PeHTreHoCTpyKTYpHUTE uacnensaHus ca
ocbluecteenm ¢ gudpaktometsp APOH-1 (CuKa mbyenme, Ni
duntbp, 30 kV, 20 mA). XuMU3MBT Ha MuHepamuTe e
onpefeneH ¢ MUKPOCOHAoBM aHanuan B ,EBpoTect-KoHTpon”
EA[, Ha ckaHupaly, enekTpoHeH mukpockon JEOL JSM 35CF,
C peHTreHoB MukpoaHanusatop Tracor Northern TN — 2000,
ype3 eHepruiHoO AaucrnepcuBHa cuctema (AHamutuk — X
CtaHyeB). XUMUYHUTE aHanM3n Ha ckanuTe ca W3BbpLLEHU B
UHWN Feoxummus” npu MI'Y ,Cs. MBaH Puncku”, ¢ anapatu —
SPECTRO Analytical instruments (Germany) u onTuko-
€MUCHOHEH CrMEeKTPOMeTHLP ICP-OES-720, Agilent
Technologies, C M3TOYHWK Ha Bb3OYXAAHE WHOYKTUBHO
cBbp3aHa nnasma (AHanutuum —I'. CtosHosa 1 [1. dparoesa).

Pesyntatu

MeTtporpachcka xapakrepucTuka. MarmeHnTe ckanu ca noa
opMata Ha Manku WHTPY3MBHM Tena W Aalku  OT
KBapLAMOpWUTOBK, CcybankanHu AuopuToBM W cybankamnHu
KBapLAMOPUTOBU MOPEUPUTU, MOHLIOAMOPUTOBN W KBAPLIMOH-
LoavopnToBN nopduputn (ur. 2,a-g). Tenata ca u3omeT-
PUYHM, 0O CNabo yabImkeHu, ¢ BUgUmMm paamepu okono 50x100
40 200x600 m.

[Jankute ca ¢ npeobnagasalla opueHtposka C3-HOU u pe-
OennHa 1-20m. PaamepuTe Ha HSKOM Ca 3HAYMTENHO MO-
ronemu — gebervHa go 80-100 m n gbmkuHa 1000 m (KbHues,
1995). B HsKOM alki 1 OKpalHU YacTu Ha Tenata ce Habno-
[faBsa Jobpe M3pa3eHo NpU3MaTUYHO HanykeaHe 1 ChepuyHo



®ur. 2. a-c UHTpy3uBHM Tena: a-6 — C3 ot Bp. Acapa, ¢ - 3 ot Bp. [leGenel; d — cyO6BepTMKanHa Aanka ¢ NPM3MaTUYHO HaNyKBaHE; e —
nawika, 3 ot Bp. [lebeneun; f — chepuyHo U3BETPsAHE Ha KBapLAUOPMTOBU NOPGUPHUTH; g — KOHTAKT MeXAY MOHLIOAUOpUTHOPGMPUTOBA
[Javika U1 BMeCTBaLM BapoBUTH aneBponuth; h-i — uBnyectu xopHdensu, C3 ot Bp. flebenew (h), Kasanmku gepe (i)

u3BeTpsHe (cur. 2,d,f).

MarmaTuTTe Ca BMECTEHW B TOPHOTPWUACKU aneBpoOnUTU U
NACBYHMLM Ha chnuvwkaTa 3agpyra, Mo-psaKko B MEprenHo-
BapoBuKkoBaTa W MeprenHata 3agpyra (cur. 1). EguHnynm
Jailkn ca BHeOpeHM B [JOMHOIOPCKA  KOHIIOMepatn U
MACBYHALM (HOXXKHUTE YacTW Ha panioHa) U B CPEAHHOKPCKM
(bnnLLKK Hacnary (CeBepHM YacTh).

AreBponutute ca BapoBWTM, KadsBW, 3eneHokadsieu W
TBMHOCMBW [0 YEPHM, C NHOCTIOECTa TeKCTypa W aneBpuTHa
CTPYKTYpa. Ha mecTa B MPUKOHTAKTHWTE 4acTW C MarMeHuTe
CKarM  ca  YNImbTHEHW W Temnepupanu, HO  bes
npekpucTanu3auns Ha matepuana, CbC 3anaseHa croecta
TEKCTYpa. XapaKTepHO e MHOTOKpPaTHOTO peflyBaHe Ha Croese,
¢ pebenuta 1-2 mm ot gpebHo- 1 eApO3bPHECTH ANEBPONNTH,
C PasnuyHO CbbpXaHWe Ha KanuuT U FAIMHECTN MWUHEpanu.
KnacTuyHMAT KOMMOHEHT e Hes3aobneH u nonysaobneH, ¢
M30OMeTpUYHa W yAbIDkeHa ¢hopma, ¢ npeobrnagasalim
pasmepu 0,02-0,06 mm, Bapupalin B pasnnyHUTE CMOEBE.
MpeactaBeH e OT MWHEpPanHM 3bpHa (KBapL, MYCKOBWT,
BuoTuT, Nnarvoknasm), Ha Mecta cybnapanenHo OpUeHTUPaHM
W PEmKM CKanHu KbcOBE OT KBapuuth. PastBopumust
KOMMOHEHT e oT 28 10 44%. LINMEHTBT € OT MUKPO3bPHECT
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Kanuut W TAMHECTM MUHepanu, Manko XfOpUT W OpraHn4Ho
BeLecTBO. YepHUTe aneBporMTM ca C aHanoruyeH CbCTas,
MUTMEHTUPAHN OT (PUHO AMCMEPTMPaHO OPraHUYHO BELLECTBO,
Ha MecTa 1 oT Fe-xuapokcuan, NpoLenermn oT KbCHU KanuyuTHU
Xunkn. B opeGHO3bpHECTUTE BapoOBUTW aneBpONUTH Ce
Habniogasat KahsiBY KanuuTHU KOHKpeLMn ¢ pasmepm 2-3 cm.
BapupalloTo KOMMYECTBO KNACTUMHM MUHEpanu W Kanuwt
obycnaar npexogm W MHO pedyBaHe Ha BapOBUTH
aneBpONUTY 1 aneBPUTHN BapOBUL.

MscbYHMUMTE ca  BapOBUTM, MO-PsAKO  cnaboBapoBMTH,
cnaboaneBpuTHM, ApebHO- [0 CpPeaHO3bPHECTM, CUBM A0
TbMHOCVBM, Ha M3BETPUTENHA MOBBPXHOCT — KadpeHuKaBMm.
TekcTypata € crnoecta, a CTpykTypata [ApebHo- [o
CpefHO3bpHECTa NcaMUTHA M aneBponcamuTHa. Ha mecTa ca
KaTaknasupaHu, C HaTpolleHn [0 ApebHO3bpHecT arperar
KBAapLOBM 3bpHA W MPOLENEHN OT MHOXECTBO PasNnYHO
nebenn kanuutHU XUnkw. Msrpagenn ca oT HesaobneHn u
3a00n€eHn, HecopTMpaHu KnacTuiHu MuHepamu (kBapy, K-
chengwnart, nnarMoknas, Xrnoputuaupax GUoTUT 1 MyCKOBUT) 1
PEeOKA CKanHU KbCOBE OT KBapLWTW, MYCKOBWUTOBW LUMCTW U
rHancu?, ¢ paamepu 0,03-2 mm, npeobnagasaim 0,1-0,5 mm.
Pa3tBopuMMAT KOMMOHEHT € 22-43%. LumeHtsT € oOT
MWUKPOSBPHECT KanuuT oT 6asaneH 1 nopoB Tum.



®ur. 3. MukpodhoTorpacum Ha mMarMeHn ckanu ot Bbpbuiwka Ctapa nnaHuHa: a — cybnapanenHo opveHTUpaHu nnarvoknasv u amdubonm, +N; b -
nopdmpeH nnarvoknas c BkntoveHue ot amdmbon, IIN; ¢ - cybnopdmpen aBrut, lIN; d - TuTaHuT ¢ BkntoyeHus ot anatur, IIN; e-f — auoputoBn
BKIHOYEHUS B MOHLIoAMOpUTOB nopchupuT, +N; g — MeTacomaTtnyeH 6UoTuT no amcubon B AUopuTOoBO BKNIoYeHue, |IN; h-l - MoHLoAOPKUTOB NopdupUT
cbe 3arpabeHn kbcoBe oT BapoButu anesponutu (Al), i — +N; a, e, i — GuHoKynspeH ctepeomukpockon Olympus ¢ nonsipusarop, b-d, f-g -
nonsipusauuoHeH MUKpockon, h — ectecTBeHa NOBBLPXHOCT

Ha mecta, nocnoiHo, unm He3akoHOMEpHO ce Habntogasat
Fe-xugpokcuan W HepaBHOMEPHO Pa3npefeneHo OpraHuyHo
BeLeCTBO. B 3aBUCMMOCT OT CbCTaBa ca ONpedeneHn kato
ApebHo- 10 CpeaHO3bPHECTM apko3oBM Baku. B cnyyaute, B
KOMTO MaTpukCbT Hamansea nog 15% ckanute Genexar
NPEX0AMN KbM apKo30BW apeHNTU.

B NpuKoHTaKTHWTE YacTu ¢ MarmeHuTe Tena u no-ronemuTe
Jalkv, aneBpoNUTUTE Ca TEMNepupaHu U YNIbTHEHW, Ha
MecTa NpeBbpHATH B XOPHeEnau. MpexoabT KbM XOpHDENau
Ce OCbLLECTBSIBA C HaMarnsBaHe KONMMYEeCTBOTO Ha Kanuuta u
yBenuyaBaHe Ha MWUKPO3bPHECTUS KBApL,, KOWTO OT OTAEMHM
NEeLLM 1 HenpasuIHK No opma Tena, NOCTENEHHO NMPeMUHaBa
B M3abpxaHu crioese. B cbcTaBa Ha xopHenaute yyacTear
MWKPO- A0 KPUMTO3BbPHECT KBapLL, MNarvokasm, XnopuTuanpaH
OnoTUT, XNMOpWUT M HepaBHOMEPHO pasnpeneneH kapboHar.
Hait-4ecTo npekpucTanusaumsTa Ha matepuana € HembiHa,
Bes gocturaHe JO TUMMYHA MUKporpaHoBrmacTHa CTpykTypa.
Ha mecTa ce HabnogaBaT XOpHMEN3N C MBMYECTA TEKCTYPA,
obycnoBeHa OT pedyBally CE CMBM W TbMHOCUBW MBMLM, C
PasnuyHO M HEPaBHOMEPHO CbAbpaHue Ha kapboHaT — oT 5
po 30%, KoeTo Hal-BeposTHO € yHacneneHo OT MpoTonuTa
(dur. 2 h). B 1oxHUTE YacTh Ha pailoHa, OKOMO Hai-ronsMoTo
T4M0, B pailoHa Ha KaBangxw aepe, ce paskpuBaTt XOpHGensau,
C pedyeawy Cce CUBO3ENEHUKABM U  KahsiBOBMONETOBH
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MWKPO3BbPHECTU W OpebHO3bpHECTU uBMLM (Pur. 2i). B Tesu
4acTW XOpHGenauTe ca C NO-MbfHA M LANOCTHA Mpekpuc-
Tarm3auusi. CTpykTypaTa e MukporpaHobnacTHa, bnacroanes-
putHa W BrnactoncammutHa MWKPO3BPHECTUTE MBULM, C
BEPOSITEH MPOTOMNMUT aneBPONUTY, Ca U3rpageHun OT MUKPO3bp-
HECT KBapl, KIWHOMWPOKCEH, XIMOPWT, KanuuT W PyaHU
MWHepanu. B cbcTaBa Ha ApebHO3bpHECTUTE WBUUM, C
NPOTONUT aneBponnT — APeOHO3BPHECT MACHYHUMK yyacTeaT
kBapl, B Mo-manmka CTeneH nnaruoknasu, K-cenpwinatw,
KMMHOMMPOKCEHU, KanuuT 1 Fe-xuapokcnam.

MarmMeHuTe CcKamu ca CMBO3ENEHM, C MacuBHa TEKCTypa,
nopgupHa u rnomeponopdupHa cTpykTypa. Usrpagenu ca ot
MarMaTuyHu nnaruoknasm, amcmbonu, Buotu,
KMHOMMPOKCeHK,  K-chenalunat, Keapl, anatwut, LMPKOH,
TUTAHMT, anaHUT, MarHETUT W BTOPUYHW — XNIOpUT, KapBoHar,
apebHontocnecta 6sna cnioga  (cepuumt), anbwt, keapu,
enmpot, K-denawnat, GUOTUT, KITMHOMMPOKCEHM, TNMHECTM
MuHepanu n Fe-xugpokenan. PeHokpucTanuTe (mnarvoknasm,
amcmbonu, GMOTUT M KIMHOMMPOKCEHM), YECTO ca C fobpe
n3paseHa  cybnapanenHa  opueHTMpoBka  (dur.  3a).
Konnyecteoto um e ot 15-20% B nepudepHute yactu, Ao
45% B LeHTpanHuTE YacTu Ha Tenata u no-gebenute paiiku.
CbOoTHOLLEHNETO Nnarnoknasu/mMacuiHu MiuHepanu e ot 70/30
no 60/40. MnarnoknasnTe ca SICHO 30HarHK, B ABE reHepauum



— nopgmpn (1,5x5 mm, go 4x8 mm) u cybnopdmpu (c
npeobnapasawy pasmepu 0,1x0,4 mm). Hskom kpuctamm ca
MPOTOKNACTUYHO OrbHaTW. Te ca CPaBHWUTENHO CBEXW, A0
YaCTUYHO (Hal-4eCTO KOHLEHTPUYHO-30HAMHO) 3aMECTEHN OT
ppebHontocnecta  Gsna  cnoga,  [MMHECTM  MUHepany,
kapboHaT, psAAKO XNOpPWT, Ha Mecta W anbut. Cbabpxar
BKIMKOYEHMs OT amdpmbon, 6uotut 1 urnect anatut (dur. 3,b).
Amdmbonute ca nopduphm (go 0,6 x 2 mm) u cybnopdupHu
(okono 0,1 x 0,3 mm), ObArONPU3MATUYHYM, 3aMECTEHU OT
XNopwT, KapboHaT M Manko enupoT, ¢ oTaeneHn Fe-Ti
MuHepanu n Fe-xuppokcuau. CBexuTe KpucTanmu nokassar
30HaMNEH CTPOEX W SCEH NNEOXpom3bM no cxemata Z > Y > X.
Ha mecTa cbabpxaT BKMOYEHMS! OT MAarMoknasv v anatwr.
BuMOTMTLT € npeactaBeH OT  pedku  XIOPUTU3MPaHW,
MYCKOBUTM3WpaHW 1 kapboHaTuanpann cybnopdmpu. Ceexute
KpuUCTanu ca CWUNHO MNEeoXpouTHU, no cxemata Z = Y > X,
CBETNOXBLIT W cBETNOKasB No X, 4O HACUTEHO TbMHOKa(sB
no Z =Y. KnuHonmpokceHuTe ca Hai-peakn. YCTaHOBEHM ca B
no-6a3nyHNTe NPEACTaBNTENN OT KOXHUTE YacTu Ha paioHa, B
marmeHuTe Tena okono Bp. Acapa v Kasanmxu gepe. Te ca
30HanHW, npuaMatuyHn ¢ pasmepu o 0,5x1 mm (cur. 3,c).
3amecTBaT ce YaCTU4HO Mo nepudepusiTa 1 No NyKHATUHU OT
kapOoHaT W XJIOpPUT-CMEKTUTOB  arperat.  AKLeCcopHuTe
MWHEpanu ca OT anatuT (B ABe reHepauuu — gebenonpus-
MatnyeH, o 0,3x1 mm W WMecT), UMPKOH, KITMHOBWAHM
TUTAHUTOBM KPUCTANM (HAKOW C BKITOYEHUS OT anatuT), anaHnTt
u marHetut (cpur. 3,d). B cybankanHute pasHOBMOHOCTM
KONMWYECTBOTO Ha aKUECOpHWS anatut U TUTaHUT Cce
yBenuyasa. OcHOBHaTa Maca, ¢ MUKPONpU3MaTUYHO3bPHECTA,
Mo-psigKo MUKporpaduyHa CTPYKTypa € MbIHOKpUCTANMHHA,
ApebHO3bpHECTa, M3rpafeHa OT nnaruoknasu, amgpubonm, K-
benawnart, peaku KIMHOMMPOKCEHMW, anaTiT, BTOPUYEH KBapL,
W pyoHW MuHepanu. KbM nepudepHuTe YacTu Ha Jankute
pasMepuTe Ha MUHEpanuTe HamansBaT W nnaruoknasurte oT
ApeBbHO3bPHECTH, NMPU3MATUYHWU, MPEMUHABAT B MUKPOIUTW.
Ha mecra ce HabniogaBar HepaBHOMepHa kapboHaTusauus u
XNOPUTU3aLMSA, KCEHOMOPCHN arperatit OT kapboHaT u keapu
u  Fe-xugpokeugm  okono  cynugHu  MuHepanu. B
KBapLAMOPUTOBUTE NOPGUPUTM OT CEBEPHUTE YaCTW Ha
paioHa Ce YCTaHOBSIBAT (PEHOKpUCTAmM OT MarmMaTu4Ho
kopoaupaH kBapu, ¢ pasmepu o 2 mm. [loseata Ha K-
engwnat B OCHOBHaTa Maca, 6enexu npexog KbM
cybarnkanHu uoputoBu NopcupuTH, a yBenuyasaHeTo Ha K-
cenawnat Hag 10% — KbM MOHLIOAUOPUTOBU M KBAPLIMOHLIO-
AVOPUTOBM NOpcUPHTY, MPU HaMUYKe U Ha kBapy, Hag 5%.

B Hskou cybamkanHu OWOPUTOBM W MOHLOLMOPUTOBU
nopcupUTM Ce YCTAHOBSBAT BKIMIOYEHUS OT JWOPUTA W
Mukpogmoputi, ¢ pasmepu 0,5-3 cm (cur. 3,e-f). Bkriove-
HWSATa Ca C Pe3Ki KOHTaKTM, MbIIHOKPUCTANWHHW, PABHOMEPHO-
3bpHECTH, OpebHO- 40 CpeaHO3bpHecTw,. VarpageHn ca ot
nnarvoknasu, amdwmbonu, pegku OUOTMTOBM  KpuUCTamm,
€[MHUYHN KBApLIOBM 3bpHA, anaTuT W MarHeTuT. B Hskow
OVOPUTOBW  BKITIOYEHMs, amdubonute ca 3amecTeHu no
NykHaTUHW W B nepudepHuTe yactu oT apebHoncnect
BuotuT (dour. 3g). Hammumeto Ha meTacomaTnyeH BUOTUT BbB
BKIIOYEHNSATA M OTCHCTBUETO My BbB BMECTBALLWTE CKasnu, €
pesyntar  Ha  BucokoTemnepaTypHa  K-meTacomatosa,
OCBLUECTBEHA, HAN-BEPOSATHO B KbCHOMArMaTu4HWS CTaguii Ha
WHTPY3VWBHO TANO C AMOPWUTOB CbCTaB, 4acTu, OT KOETO ca
3arpabeHu, YaCTUYHO YCBOEHM W M3HECEHN KbM MOBBPXHOCTTA.
YCTaHOBEHU Ca U eauHUYHK, JpebHN (0KOMo 5 mm) KceHonUTH
0T GMOTUTOBM rHalcK. Ha MecTa B OKpalHUTE 4YacTy, HSKOW

35

Jalikn CbObpkaT MHOXeCTBO 3arpabenu kbcose (8o 30%), ¢
npeobnapasaiyy pasmepu 0T 3-6 mm go 1-2 cm oT BMeCTBa-
LyMTe BApOBUTW anesponuTi 1 Baposuum (cur. 3,h-i).

B nutepatypata ca OnMMUCaHM NOCTEMEHHWM Npexogu OT
OVOPUTOBN NOPGMPUTI B OKpalHUTE YacTW Ha TenaTta KbM
KBapLCMEHOANOPUTOBM NOPMPHUTM B LieHTpanHuTe (KbH4eB,
MBaHoBa-MaHanoToBa, 1972). HactoswmTte w3cnensaHus
nokaseaTt, Ye B MOBEYETO Cryyan Ce Kacae 3a egHOPOAHM
Jalkn  OT  KBapLAMOpUTOBM, cybamkanHu JMOpUTOBM W
cybarnkanHm kBapLamoputoBn nopduputi. ChLLOTO Ce OTHACA
W 3a WHTpy3uBHUTE Tena. Camo B Haik-ronsamoTo TAMo, B
pailoHa Ha KaBanmku [epe, KbM LEHTparnHuTe 4actu ce
Haﬁﬂ}OﬂaBaT NOCTENEeHHN npexoan KbM NO-Kucenu u no-
ankanHu pasHOBMAHOCTW. B toXHUTe YacT Ha parioHa (0Komo
Bp. Acapa), Ce ycTaHoBsiBaT no-6a3nyHu npefcraBuTenu, B
KOMTO KOMMYECTBOTO Ha MadMyHUTE MMHEpanu ce yBennyaea
1 e NpuBIM3MTENHO PaBHO Ha MIarMoknasuTe, NosSBSBAT Ce U
KNNHOMUPOKCEHN.

Tabnuya 1.

MpedcmasumenHu MUKPOCOHA0BU aHanU3u Ha hiaeuoKnasu:
¢ — s0po, r — nepucpepus. S Dp — cybankaneH Auopumos
nopgupum; S QDp - cybankaneH keapuduopumos
nopgupum, Qdp — keapyduopumos nopgupum.

Cka- SDp S QDp QDp

na

O6bpa- (54-1- |54-1- |60-1- |60-1- |33-1- [33-1- |49-1- |49-1-
3el 1c 2r 7c 8r 11c  |12r |15¢ |16r

SiO2, (58,41 |54,39 |58,85 |63,57 |54,64 (61,44 |58,23 |58,63
TiO2, (0,00 (0,00 |0,03 (0,00 |0,03 |0,03 |0,04 0,04
Al203, (26,13 (28,08 |26,20 |22,77 |29,16 |24,91 (26,68 |26,31
FeO®, 0,20 (0,49 (0,13 |0,18 0,22 |0,28 |0,12 (0,08
MnO, (0,11 10,29 (0,00 |0,02 |0,00 (0,00 |0,00 0,03
MgO, (0,20 0,82 (0,20 |0,23 |0,19 (0,10 0,16 0,19
Ca0O, (641 (8,77 (643 |3,05 (10,08 (567 |7,01 6,66
Na20, (7,51 |567 |[7,52 |9,89 |535 (6,82 |7,25 |7,48
K:0, [0,57 |0,54 [060 (0,26 (0,29 (0,69 (0,47 (0,54
BaO, (0,37 (0,85

Total 99,91 (99,90 99,96 (99,97 |99,96 99,94 (99,96 |99,96
An, 31,0 |446 (31,0 |143 |50,1 (30,1 33,9 (32,0
Ab, 65,7 |52,1 [656 |84,2 |482 655 |63,4 [650
Or, 33 33 34 |15 1,7 |44 |27 |30

XvppoTepManHu W3MeHeHUsi. BTopuuHMTE NpOMEHN Ha
CKanuTe B CEBEPHWTE YacCTh Ha paiioHa Cce XapakTepusupar ¢
HepaBHOMepHa K cnabo w3paseHa MPONMANTU3ALMS, C
TMNOMOpGHA MUHepanHa —acouuauns  XnIopuT,  enupor,
kapboHaT W anbut. JlokanHo, OKOMO TEKTOHU3UPaHU 30HW €
Pa3BUT aprunMaNTOB TWM W3MEHEHWE, C XuapoTepmarnHa
MUHepanHa acoupauus rmaBHO OT MOHTMOPWMOHWT W UMNT-
MOHTMOPWIOHMT, KOWTO 3amecTBaT B pa3niyHa CTeneH
(heHoKpuCTanuTe U MWHepanuTe OT OCHOBHatTa Maca.
XuapoTepMarHn U3MEHeHWUs! Ha CKanuTe OT KXXHUTe YacTu, ca
YCTaHOBEHM B Hail-ronsiMOTO TAMo, B paitoHa Ha Kaeanmku
Aepe. M3passeart ce B cnaba K-chenglunatusauus, ¢ BTOpUYHa
MUHepanHa acouuauus oT OpebHOMoCnecT MeTacomaTiyeH
BroTuT, passuT B NeputepHNTE YacTu 1 Mo MyKHaTUHUTE Ha
amubonuTe 1 KMHONMPOKCEHNTE, APEBHO3LPHECT MarHeTuT,
BTOPUYEH KNMHOMMPOKCEH (OKoro amdmbonute, Ha Mecta U
KaTo KbCW HeusgbpxaHu Xunku) u K-dpengwnat B ocHoBHaTa
maca.

XnuMuzbM Ha MuHepanuTe. [naruoknasuTe Bapupar no che-




Tabnuua 2.

[MpedcmasumenHu MUKpocoHA08U aHanu3u Ha amgpubonu: ¢ — a0po, r — nepughepusi. Mg# = Mg/(Mg+Fe?)

Ckana S Dp S QDp QDp
Obpasey | 54-2-3c 54-2-4r 60-2-9¢c 60-2-10r | 33-2-13c 33-2-14r 49-2-18c | 49-2-19r
SiOy, 41,01 41,11 40,22 41,48 43,93 42,98 44,42 41,93
TiOg, 1,54 1,64 2,07 1,43 1,72 1,64 1,05 1,60
Al203, 12,31 12,06 13,11 14,42 10,52 10,79 10,87 12,11
FeQO, 15,33 15,66 15,42 12,02 15,72 16,52 15,81 16,70
MnO, 0,85 0,82 0,33 0,11 0,25 0,52 0,77 0,56
MgO, 10,48 10,67 10,94 13,13 11,12 10,80 10,95 9,93
Ca0, 11,12 11,21 12,96 12,06 11,93 11,91 11,18 11,66
Naz0, 2,54 2,43 1,99 2,50 1,61 1,97 2,06 2,27
K20, 1,60 1,49 1,12 1,01 1,30 0,95 0,89 1,25
BaO, 1,23 0,94
Total, 98,01 98,03 98,16 98,16 98,10 98,08 98,00 98,01
Mg#, 0,60 0,62 0,59 0,74 0,59 0,59 0,62 0,55
Pargasite | Mg-hastingsite Pargasite | Pargasite Edenite Mg-hastingsite | Edenite | Pargasite
Tabnuua 3.
TaB OT ONMroknas-aHaesuH (Aniass1o) 4O aHAe3wH-nabpagop MpedcmasumenHu MUKPOCOHO08U aHanusu Ha

(An3p.1-50.1) (Tabn. 1). AHOPTUTOBOTO CbAbPXKAHWNE NOCTENEHHO
ce yBenuyaea 0T cybankanHuTe KBapLAMopuToBM NOPGUPUTH,
KbM cybankanHute  OMOPUTOBM nopcupuTH "
kBapuguoputoBute  mopcuputn.  lnaroknasute ca ¢
HOpMarHa 30HarHOCT — aHOPTUTOBOTO CbAbPXaHWe Hamans-
Ba OT LiEHTpanHuTe KbM nepud)epHUTe YacTu Ha KpucTanure,
CboTBETHO OT Anso1 A0  Anwus.  WsknioveHne npasu
WHTPY3WBHOTO TANO CeBepo3anagHo oT Bp. Acapa, B KOETo
nnarvoknasuTe ca obpaTHO 30HaMHNM — Ansio B LIEHTpamnHuTe
00 Anass B nepudepHuTe (Tabn. 1), KOETO MOXE fa Ce ObITKN
Ha npoLiecy Ha CMecBaHe Ha Marmm.
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®ur. 4. KnacudumkaumoHHa puarpama Ha Leake et al. (1997), ¢
pasnonoxeHue Ha (urypaTMBHUTE TOYKM Ha amdpuéonu oT MarmeHu
cKanu ot Bbp6uwka Ctapa nnaHuHa

Cnopep knacudukaLmoHHaTa cxema Ha Leake et al. (1997)
amdmbonuTe ca Kanuuesn — Napracut, MarHe3NoXeNCTUHICUT
W enenuT (cpur. 4). MapracutsbT ce ycTaHoBsBa B cybankan-
HUTE  AmopuToBW W cybankamHuTe  KBapLAMOPUTOBM
nophupuT, NO-psaKO B KBapLAMOPUTOBMTE MOPMpUTH, a
€[EHUTBLT € XapaKTepeH 3a KBapLAMOPUTOBUTE MOPCUPUTM.
MarHeanoXenCTUHICUT Ce CpeLla KakTo B cybankanHute, Taka
W B HOpMarHoankanHuTe pasHoBugHocTn (Tabn. 2). Mg#
cboTHowenve e mexay 0,55 u 0,74, npeobnagasawio — 0,60.
YcTaHoBeHaTa MUKPOCKOMCKA 30HANHOCT Ce MOTBbpXAasa W
OT MUKPOCOHAOBUTE aHanu3u, Mpu KOWTO C M3KMIOYEHME Ha
HAKOM Tena OT KXKHWTE 4acTW Ha pailoHa ce Habniogasa
HamanssaHe Ha MgO u yeenuyaBane Ha FeO u Na:0 Kkbm
nepuepH1Te YacTy Ha KpuctanuTe.
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KIUHONUPOKCEeHU u 6uomumu: ¢ — a0po, r — nepughepus, Mg#
= Mg/(Mg+Fe?).

KnnHonupokceHu Buotutn
Ckana S Dp QDp
Obpasey | 54-3-5¢c | 54-3-6r | 48-1-20 | 48-1-21
SiO2 54,55 52,94 37,85 39,11
TiO2 0,09 0,28 3,83 3,57
AlO3 2,55 3,87 16,08 15,82
FeQ® 5,88 7,07 15,26 14,44
MnO 0,26 0,27 0,51 0,48
MgO 16,00 14,21 13,11 13,34
Ca0 19,33 20,39 0,03 0,00
Na20 0,89 0,91 0,39 0,00
K20 0,02 0,04 8,96 9,27
Total 99,57 99,98 96,02 96,03
Mg# 0,83 0,78 0,60 0,62
Wo 40,25 42,88
En 46,37 41,59
Fs 10,03 12,07
Ac 3,35 3,46

KnuHonmpokceHute ca ¢ [obpe W3paseH 30HaNeH CTPOEK.
Cnopen knacudmkaumusta Ha Morimoto (1983) Te ca aBrutu
(qur. 5). CbCcTaBbT B LeHTpanHuTe M Yactu € Woso2Ensss, a
B nepudeprute — Wosz2sEns15. Coabpxanusta Ha Alz0s, FeO
n Ca0 Hapactsar, a Ha MgO u napameTbpbT Mg# Hamanssart
OT LEHTpanHuTe KbM MepudbepHUTE 4acTu Ha Kpuctanute
(Tabn. 3). MarHeananHoTo cboTHoLeHWe Mg# = Mg/(Mg+Fe?*)
e 0,78-083 u cboTBeTCTBA Ha CPABHWUTENHO BWCOKM
TEMNEPaTypy Ha KpUCTaNN3aLms.

Wo

50 Hd
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45
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dur. 5. KnacudukaumoHHa puarpama Ha Morimoto (1983), c
(UrypaTUBHM TOYKM Ha KIMHOMMPOKCEHW OT MarMeHW cKanu oT
Bbpbuwka Ctapa nnaHuHa



XvUMM3MBbT Ha OuoTMTUTE e oTpaseH B Tabnuua 3. Ha
pnarpamata Fe/(Fe + Mg) — VAl Te nomagat B moneto Ha
fwotuta, Ha rpaHuyata ¢ dnoronuta. MarHeauanHoTo
cboTHowweHue e mexay 0,60 1 0,62 (tabn. 3).

MeTpoxummuyHm ocobeHocTn. Ha KnacudumkaumoHHaTa
Ognarpama Ha boratukoB u gp. (1981), u3cnegsaHuTe
WHTPY3MBHM Tena 4 [aiiku nonajgat B moneTtata Ha
KBapLAMOpUTOBITE, cybankanHure ANOPUTOBM "
cybankannute ksapuauoputopu nopduputn (dur. 6). SiO2
Bapupa ot 55,98 0o 63,81%, KaTo Hal-HUCKM CbAbpPXKaHNS Ce
oT0ens3BaT B MHTPY3WBHOTO TAMO CEBEpPO3anagHo OT Bp.

Tabnuua 4.

Acapa (tabn. 4). Habniogasa ce TeHAEHUMS 3a MOCTENEHHO
yBennyaBaHe Ha SiO2 OT HOXHUTE KbM CEBEpHWUTE YacTu Ha
panoHa. Ckanute ca npecuteHn Ha SiO2, cpegHokanuesu, ¢
npeobnapasaHe Ha Na:0 Hag K20, kato CbOTHOLIEHWETO
K20/Na20 e mexay 0,40 1 0,61. KoedmupeHTsT al’ o1 1,72 o
3,48. MepankanHuat uHgekc e mexay 0,46 u 0,57 (tabn. 4).
Ha puarpamata K20-SiO2 dwrypatBHnTe TOYKM  Ha
KBapLAMOPUTOBUTE MOPUPUTM MOYTM M3LANO nonagat B
noneTo Ha Kanuueso-ankamHa cepws, a cybankanmHuTe
Pa3sHOBMOHOCTM Ca C BMCOKOKANMeBO KanuueBo-arkanHa
cepuanHoct (cur. 7).

XumuyeH cbcmae (Wt %) Ha MazMmeHU ckanu om palioHa Ha Bepbuwka Cmapa nnaHuHa; K/Na = K20/Naz0;

al= Al,03/(Fe20s + FeO + MgQ); PI=Naz0 + K20/Al20s(mol).

Obpa- | EB28- | EB29- | EB15- | EB11- | EB 16- | EB 26- | EB 6- EB 5 | EB13- | EB16- | EB14- | EB 3- | EB34- | EB 37-
3el 54 S 558 36N 29N 37N 518 23N 22N 33N 48N 34N 16N 60 S 63 S
Ckana S Dp QDp S QDp
SiO2 55,98 56,65 57,42 61,04 61,13 61,30 61,41 61,82 62,86 63,31 63,52 63,81 61,10 62,83
TiO2 0,56 0,58 0,54 0,45 0,40 0,41 0,44 0,38 0,39 0,33 0,35 0,38 0,38 0,37
Al203 17,86 17,54 16,94 17,10 17,98 18,07 17,91 17,95 17,24 17,24 17,38 18,02 18,15 18,26
Fe203t 6,98 6,48 6,96 511 4,55 4,52 4,42 3,81 4,04 3,40 3,42 3,75 4,58 3,85
MnO 0,13 0,12 0,11 0,16 0,12 0,09 0,14 0,10 0,08 0,11 0,06 0,12 0,07 0,12
MgO 2,81 2,98 2,90 1,66 1,47 1,97 1,48 1,74 2,08 1,65 1,58 1,78 1,60 1,78
Ca0 6,30 6,54 6,05 4,99 5,36 5,01 5,05 4,93 4,34 442 4,07 3,42 4,11 3,59
Na:0 4,22 4,29 3,76 3,71 4,27 3,78 4,34 4,32 4,33 4,52 4,33 4,04 4,54 4,36
K20 1,68 1,86 1,93 2,25 2,00 1,99 2,08 2,13 2,40 2,19 2,41 2,27 2,21 2,52
P20s 0,34 0,36 0,23 0,21 0,22 0,28 0,23 0,19 0,37 0,34 0,33 0,20 0,25 0,29
SOs 0,57 0,42 0,15 0,66 0,03 0,03 0,23 0,15 0,09 0,03 0,03 0,22 0,42 0,03
LOI 2,46 1,97 2,87 2,55 2,27 2,38 2,38 2,38 1,96 2,15 2,45 1,94 2,06 1,78
Total 99,89 99,79 99,86 99,89 99,80 99,83 100,11 99,90 100,18 99,69 99,93 99,95 100,07 99,78
K/Na 0,40 0,43 0,51 0,61 0,47 0,53 0,48 0,49 0,55 0,48 0,56 0,56 0,49 0,58
al' 1,82 1,85 1,72 2,53 2,99 2,78 3,04 3,23 2,82 3,41 3,48 3,26 2,94 3,24
Pl 0,49 0,52 0,49 0,50 0,51 0,46 0,52 0,52 0,56 0,57 0,56 0,51 0,54 0,54
0, o,
Na;O-l-KQO Wt% | as K20 wt% HKCA
SSS m Dp
e 3 SDp
¥ QDp
R A SQDp
5 = / P
] Qd 2 / ( . -
3 o) I .
o™ D |
Gb
L , L , Si02 Wt% 1 SiO2wt%
49 52 55 58 61 64 67 49 52 57 63 66
our. 6. Knacudmkaumowna puarpama (Boratukos u ap., 1981) ¢ wr.7.[varpama Ha Peccerillo, Taylor (1976) c pasnonoxeHne Ha MarMeHu

pasnonoxeHue Ha (purypaTMBHUTE TOYKW HA MAarMeHu ckanu oT paiioHa Ha

Bbp6uwka Ctapa nnaHuHa (YepHu TOYKM) U Pukn npoxop (NpasHu TOYKK)

YcnoBus Ha kpucTtanusaumsa. 3a onpegensHe P-T ycnosusTa
Ha KpucTanu3auus Ha xunoabucarHute WHTPY3uBM OT
BbpbOuwka Crapa nnaHuMHa € W3MON3BaH XuWMKU3Ma Ha
nnar1oknasosuTe 7 amgubonosm theHoKpucTanm.
Temnepatypute ~ ca  onpegeneHn  no  amdmbon-
nnaruoknasosus reotepmomeTsp Ha Blundy, Holland (1990) u
Holland, Blundy (1994), a HandraHeTo € OUEHEHO Mo
amdubonosus reobapomeTsp Ha Schmidt (1992) u Anderson
& Smith(1995).

TeMHepaTprTe Ha Kpuctanusaunsa Mexay asara reotep-

ckanu oT paioHa Ha BbpGuwka Ctapa nnaHuHa (NMbTHU cuMBONM) M
Puwku npoxopa (npa3hu cumeonu). Cepum: CA - kanumeBo-ankanHa; HKCA

BUCOKOKanuneBo KanuueBo-ankanHa

Tabnuua 5.

TepmobapomempuyHu OaHHU om  amebubos-nnasuoKnasosu
dgoliku. BH — Blundy, Holland (1990); HB — Holland, Blundy
(1994); S — Schmidt (1992); AS — Anderson & Smith(1995)

Ckana T°C P kb
Keapuamoputos BH 750°-780° |S |5,7-7,2
nopguput HB 710°-750° |AS |5-6
CybankaneH BH 790°-850° |S |7,2-7,5
[ONOPUTOB NOPUPUT HB 780°-830° |AS |4-5
CybankaneH BH 800°-810° (S |7,8-8,8
kBapuanopntos nopdmput  |HB 760°-780° |AS |6-7
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MOMETbpa Ca CbMOCTaBUMMW, KaTo Mpy reoTePMOMETbPa Ha
Holland, Blundy (1994) Te ca manko no-Hucku (Tabn. 5).
CpasHsiBaku P-T ycrosusTa, cneasa ga ce otbenexu, ye
cybankanHute pasHOBMOHOCTM Ce XapakTepusupar C no-
BMCOKI TEMNEPATYPM Ha KpucTanuaauus (tabn. 5).

3aknioyeHue

Marmatutute o1 Bbpbuwka Crapa nnaHMHa ca nog
copmaTa Ha Manku WHTPY3WBHM Tena M Jalkn BHEOPEHW B
CeOMMeHTUTe Ha TOpHWs Tpuac, no-psgko B AOMHO- M
cpeaHotopcku Hacnaru. Cnopen cbBpemMeHHaTa netporpadcka
HOMEHKNaTypa, Te Cca KBapLAMOpUTOBM, CybamkanHu
OMOpUTOBM M CyDankanHu  KBapLAMOPUTOBM  NOPGMPHTH,
npexoxaaliM B MOHLOAMOPUTOBM U KBAPLMOHLIOAMOPUTOBM
nopcupnTM C yBENWYaBaHe KONMWYEeCTBOTO Ha K-thengwnat.
Ckanute ca npecutenn Ha SiO2,  cpeaHokanuesy,
BUCOKOANyMuHueBu, ¢ npeobrnagaHue Ha Na2O Hag K20,
KanuueBo-ankanHa W BUCOKOKANWEBO  KanlLeBo-ankanHa
cepuasnHocT.

M3cneaBaHuaTa nokassat, Ye B MOBEYETO Cryyau Ce kacae
32 UMHTPY3MBHM Tenma M [Jaiku C €OHOPOdeH CbCTas.
M3knioveHne npaBW HaW-ronsMoOTO TAMO, B pailoHa Ha
KaBanmxu gepe, B KOETO OT nepudepHUTe KbM LiEHTpanHuTe
yacTu ce HabniogasaT NOCTENEHHU NPEXOAM KbM NO-KMCeni v
no-ankamnHu pasHoBMAHOCTU. BellecTBeHUTe XapakTepucTuku
Ha n3cneaBaHUTE BKMIOYEHNS B MarMaTuTuTe, Nnpeanonarar 3a
HanuMuMe Ha WHTPY3MBHO TANO B AbnOO4YMHa C OMOPUTOB
CbCTaB, MOAJIOKEHO Ha BUCOKOTeMmnepaTypHa K-metaco-
MaTo3a, OCbLLECTBEHA Hal-BEPOSTHO B KbCHOMArMaTU4HUs
CTaauii, YacTn OT KOeTo ca 3arpabeHu, YaCTUYHO YCBOEHM M
M3HECEHM KbM MOBBLPXHOCTTA.

3a pasnuka OT ckanuTe B paiioHa Ha PuLLkusi npoxog, KouUTo
ca MpeauMHO [MOPUTOBW W cybarkarHu AMOPUTOBM MOPCHU-
PUTH, C MOAAMHI KNMHOMUPOKCEHM, HAKOW W ONMBIH, MarmaTm-
TUTE I0TOM3TOYHO OT C. BecenuHoBo ca mo-kucenn w mo-
ankarnHu, Mo-BYCOKOANMyMUHUEBN U C MO-BUCOK MeparnkaneH
WHOEKC OT Te3n B Puwikus npoxog. Hail-BeposTHo Tean ocobe-
HOCTY Ce AbJIKaT Ha eBOMIOLMOHHM MpoLiecH (audepeHumaLms
OCbLLUECTBEHA C Mambk pa3Max) KbM NO-KMCENMM M ankasnHu
MarMeHu TWMOBE, a HAKOM BELECTBEHU XapaKTEPUCTUKN He
W3KMIOYBAT U MPOLIECU Ha CMECBaHe Ha Marmu.
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FEONOXKU ®EHOMEHU B PAUOHA HA CO30MOJ1 U YEPHOMOPEL] - CbCTOSIHUE U
NEPCNEKTUBHU

Benenun Xenee, bopuc Bbnyes

MunHo-eeonoxku yHusepcumem ,Ca. Mear Puncku”, 1700 Cogpus, vjjelev@yahoo.com, b_valchev@mgu.bg

PE3IOME. PaitoHbT Ha rpagosete Cosonon u YepHomopel, ce xapaktepusupa ¢ Aobpe pasuneHeHa OperoBa nuHWS, MpeaocTaBflla OTMNYHK YCNoBMS 3a
€KCMOHMPAHETO Ha reonoXKi (PEeHOMEHN C BICOKa eCTeTUYecka W Hay4Ha CTOMHOCT. Tyk nonapaT TpW reoTona, BKMIOYeHM B ,Per1cTbp M KaaacTbp Ha reonoxkute
theHomenn B Penybnuka Bbnrapus” — MYepseHka’, ,Konokuta” u ,Hoc Aranuna’. [eoton ,YepBeHka’, Hamupaly ce W3TOYHO OT rp. YepHomopeu, nokassa
B3aWMOOTHOLLEHUATa Mexay edysusHuTe (Cosononcka cBuTa) M HTPY3MBHUTE (baumecy Ha PoceHckaTa BynkaHO-MMyTOHNYHa CTPyKTypa. HacedyeHaTta ot kpacusy
chropaoobpashu 3anueu 6perosa NUHUA NPEACTaBA KOHTAKTUTE HA MPecyaHe Ha MHTPY3MBHM, CyOBYNKAHCKM W ey3nBHW Ckann, MPOTOTEKTOHWUKATa U HaYanHuTe
CTaAM Ha CHepUYHO (NYKOBMYHO) M3BETPSIHE HA MHTPY3NBa, BNIOKOBO-MPU3MATUYHO HaMyKBaHE M KABEPHO3HO M3BETPSHE Ha BynkaHuTUTE. FeoTonuTe ,LKonokuta' n
,Hoc AranuHa”, pa3suTi 13usano B ckanute Ha Cosononckata CBUTa, NPEACTABAT B3aUMOOTHOLLEHUSTA Mexay aLmech oT MbproTo Ha POCEHCKUS naneoBynkaH.
Hait-xapakTepHuTe naneoBynkaHONOXKM 0BEKTM ca BymKaHcku Gpekun, Jaliku, XuapoTepManHO NMPOMEHEHM CKanu, KaBepHO3HO U3BETPsHE, 6rIOKOBO-NPU3MATUYHO
HanykBaHe, KOHTaKTW Mexay pasHodaLmantn BynkaHckv npoaykTi. B reomopdonoxkv acnekT AsaTa reotona NpeaocTaBAT Bb3MOXHOCTM 3a HabnioaasaHe Ha
chropaoobpasHu 3anveu, knucose ¢ BUCOUMHa A0 10 m, KaKTo M ckanku nupamuaun. Cbrnacko knacudukaLmaTa Ha reonoxk1Te heHOMeH TpuTe reoTona nonapar
B rpynata Ha 0bekTuTe C ecTeTYecka 1 HayyHa CTOMHOCT, a Cnopes opuriHanHaTa 6bhrapcka METOAMKa 3a OLieHKa Ha reonoxkin (eHOMeHM reoTombT “YepBeHka”
ce OTHacs KbM 0DEKTMTE C HaLMOHANHO 3HayeHue, fokato “Konmokuta” u “Hoc AramvHa” ca reoTonu C pervioHanHo 3HadveHue. [poBefeHUTe npu HAcTOSALIOTO
n3cneasaHe Habmiofenus nokasaxa, ye reoton ,YepseHka” e 3aCTpoOeH 4acTuuHo, a reoton ,Konokuta” — u3LAno, KOeTo NocTaBs NOA BBNPOC TEXHUS CTATYT Ha
3aLMTeHN 0BEKTH.

GEOLOGICAL PHENOMENA IN THE AREA OF SOZOPOL AND CHERNOMORETS TOWNS - STATUS AND PERSPECTIVES
Venelin Jelev, Boris Valchev
University of Mining and Geology ,St. Ivan Rilski”, 1700 Sofia, vjjelev@yahoo.com, b_valchev@mgu.bg

ABSTRACT. The area of Sozopol Town and Chernomorets Village is characterized by well-articulated sea coast line providing excellent conditions for exposition of
geological phenomena of high aesthetic and scientific value. Three geotopes, included in “Register and cadastre of the geological phenomena of the Republic of
Bulgaria’, are exposed here — “Chervenka’, “Kolokita” and “Agalina Cape”. “Chervenka” geotope is situated east of Chernomorets Town and represents the
relationships between effusive (the Sozopol Formation) and intrusive facies of the Rossen volcano-plutonic structure. The sea coast line is articulated by beautiful
fiord-like inlets and reveals intersection contacts of intrusive, subvolcanic and effusive rocks, prototectonics and initial stages of spherical (onion-like) weathering of
the intrusive, block-prismatic fracturing and vesicular (cavernous) weathering in the volcanic products. “Kolokita” and "Agalina Cape” geotopes, developed entirely in
the rocks of the Sozopoll Formation, represent the relationships between pre-caldera and caldera facies from the neck of Rossen paleovolcano. The most
characteristic paleovolcano objects include volcanic breccias, dykes, hydrothermally altered rocks, vesicular (cavernous) weathering, block-prismatic fracturing,
contacts between volcanic materials belonging to different facies. In geomorphological aspect both geotopes reveal good opportunity for observation of fiord-like
inlets, cliffs up to 10 m in height, as well as rock pinnacles. According to the classification of the geological phenomena all the geotopes are referred to the geosites of
aesthetic and scientific value, and according to the original Bulgarian methodology for estimation of geological phenomena “Chervenka” geotope corresponds to the
criteria for geosite of national importance, while “Kolokita” and “Agalina Cape” are geosites of regional importance. The observations, carried out during the present
investigation, showed that “Chervenka” geotope is partly built while “Kolokita” geotope is entirely covered by modern buildings. This fact put forward the question
about their statute of protected areas.

YBog TENMHOCTH, KbM KOUTO Ce OTHAaCAT W FeonoXKUTe (EeHOMEHN.
. HacToswata cTatvs uma 3a Len [a NpecTaBi HaKpaTKo
PatonsT Ha rp. Cosonon 1 HepHomopeL, ce xapakTepuaupa reomnoXKIs CTPOEX Ha paioHa, 4a Nonynsipuaupa HoBy 0GeKTH
C AoBpe paureretia Gperosa NMHIs, NPEAOCTABALLA OTMNHHN B PaMKWTe Ha TpUTe reoTona, Aa OnuiLe reonoXku (heHoMeHM
YCTIOBIA 32 EKCTIOHMPAHETO Ha rEoNOXKM (DEHOMEHY C BUCOKa W3BLH OGXBATA UM, KaKTO M 12 MPEAICTABH aHHM 3a CTENeHTa
ecTeTuyecka 1 HayyHa CToMHOCT. B cbliecTsysalumsa ,Peruc- Ha 3aCTPALLEHOCT Ha 3aLLMTEHNTE OBEKTH.

Tbp W KajacTbp Ha reonoxkute ceHomeHu B P Bbnrapus’,
cb3gadeH no npoekt Ha MOCB (1999-2003), uacnepnsaHuat
pafioH e npeactaBeH C gocveTata Ha Tpu reotona —

aHHW 3a reoNOXKNUSA CTPOEX Ha panoHa
,HepseHka’ npu c. YepHomopel, ,Konokuta’ u ,Hoc AranuHa’, A P P

Hammpalwm ce tokHo ot rp. Cosonon. [lMpegsug MacoBoTo Crtpaturpadua. B paitoHa ce paskpuaT rOPHOKPEOHM
3aCTposiBaHe Ha ObArapckoTo YEPHOMOPCKO Kparbpexwe e BYIKaHCKW, BYNKAHOr€HHO-CEAUMEHTHU, UHTPY3MBHU W CyOBYI-
HEoBXOAMMO  CTPUKTHOTO  MpOBEX[JaHe Ha  MepuoauyHm KaHCKM (KWIHM W JaNKOBM) CKamnu, HEOTEHCKM MOPCKA Cepu-
HabntofeHUst BbpXy CNa3BaHeTo Ha 3anoBeguTe 3a 0bsBsiBa- MEHTU W KBATEPHEPHW KOHTMHEHTANHW (eONUYHM, e3epHo-
HeTO W 3awuTaTa Ha CbLUECTBYBALLMTE NPUPOLHN 3abenexu- BraTHM 1 anyBuanHm) U Mopcku Hacnar (cour. 1).
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®ur. 1. l'eonoxka kapTa Ha paiioHa Ha reonoxkute geHomehnn (no Metposa n ap., 1992, ¢ M3meHeHus)

KsatepHep (1-4): 1 — anyBuanHu Hacnaru (Yakbnu, NACHUM W FMWHK); 2 — CbBPEMEHHU MOPCKM Hacnarv (nnaxHu nacbum); 3 — e3epHO-6naTHM Hacnaru
(nsicbUm, rNuHK, Topd); 4 - eonnyHu obpasyBaHua (nacbum); HeoreH (KaparaH-Capmar): 5 — EBKcMHorpagcka cBuTta (FMuHM, NACHLUM, NACbYHMUM); FopHa
Kpepna (6-16): xunHu u gaitkoBu ckanm (6-8): 6 — Xunm oT CMeHUTU W KBapLI-CUEHUTH; 7 — JaNKN CbC CPeAEeH CbCTaB; 8 — Aailku OT ankanHu 6azantouau u
ankanuu Tpaxuth; 9-10 — PoceHcku nnyToH: 9 — cueHnTH 1 kBapu-cueHuTr, 10 — moHuoHuTH; (11-15) — Bypracka rpyna: 11-12 - Cosononcka csuta (11 -
Tycu, 12 - pasnuem 1 cunose oT ankanHu Tpaxutu); 13-15 - Xusuanuiicka ceuta (13 - Tychm, 14 - paznuem u cy6BYNKaHCKM Tena oT ankanHu Tpaxutu, 15
- cyGBynkaHcKu Tena oT ankanHu 6asantouam); 16 — MuuypuHcka rpyna: Tuknutcka ceuta (Tycm); 17 - reonoxka rpaHuua; 18-19 — paznomm (18 - pascegq,
19 - pyaoHoceH pasnom); 20 — opueHTUPOBKA Ha CNOECTOCTTa B CTpaTuduumMpaHuTe ckanu; 21 - OpMEHTUPOBKA HAa MbPBUYHUTE NNOCKOCTHN CTPYKTYPU B
MarmeHuTe cKanu; 22 — ByNKaHCKM Hek; 23 — MeCTOMONOKEHNE Ha reoTon; 24 — MeCTONonoXeHne Ha reonoxku heHomeH

lopHokpedHama cepusi e npeacTaBeHa OT TUKNWTCKATA,
XKususnuitckata u Cosononckarta CBUTA, KakTo 1 0T PoceHckus
MITYTOH.

Tuknumckama ceuma (MetpoBa u gp., 1980; Metpoea,
CumeoHoB, 1989) ce oTHaca kbM MwudypuHckata rpyna
(MeTpoBa, CumeoHoB, 1989) 1 ce paskpuBa kKaTo Masnko NeTHO
B lorosanagHara 4acT Ha paiioHa. Ts BKIoYBa CpeaHo- 1 ae-
©enonnacToBu CMBO3ENEHW NManWiHX W NENnenHn (NcamuTHI)
TyM C MHOXECTBO €fpW KPWUCTanoKmacT OT Mnaruoknas,
MUPOKCEH 1 amcnbon. JIuToknacTuTe ca OT TpaxuaHAE3NTU U
natutn. JlateparnHo ce cbuneHsBa ¢ YXuBu3nuickata CBuTa.
MakcumanHaTa i gebenuHa e 500 m.

Xususnutickama u Cosonornckama ceuma ce OTHAaCAT KbM
Byprackata rpyna (Metposa u gp., 1980; NeTposa u Cumeo-
HoB, 1989). Xususnutickama ceuma (Metposa u ap., 1980;
MetpoBa v ap., 1995) ce paskpusa B toro3anagHaTa 4Yact Ha
paitoHa nog ¢opmarta Ha usnua c nocoka C3-tOW. B cberasa
i1 B3emMaT y4acTue pasHo3bpHeCT Tycu (6oMbeHu, nanumHm u
nenenHm), nebenu naBoBM NOTOLM, CUIOBE W CYOBYMKAHCKM
Tena oT ankanHu Tpaxutu (Gbnraputn) n cybBynKaHcku Tena
OT ankanHu 6asantoupu. B pgonHute cu YacTu csuTaTta ce
CbuneHsiBa natepanHo ¢ [jpayesckata n Kaprankyckata cauta
(3anagHo OT w3cnedBaHWsA paiioH), a Haj Hes ce pasnonara
Cosononckata cBuTa, kaTo Ce Npegnonara, Ye Ha KOHTakTa
Mexay ABeTe CBUTU e BHeapeH PoceHckusT nnyToH (MeTposa
n ap., 1994). lebenunarta i e okono 1250 m.
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Cosononckama ceuma (etposa u ap., 1980; MeTtposa w
ap., 1995) ce paskpuBa B TpU U30NMPaH NETHa B M3TOYHATA U
CeBepHaTa 4acT Ha paioHa. Ta BKIMKOYBA IMABHO TPAXUTOBM
nuroy-naeum, NpoCcrnosisalyM ce Ha MecTa OT NnactoBe OT
pasHO3bpHeCTM Tyn. Tpaxutute Ha Cosononckarta cauTa ce
pasnuyaBat oT TunuyHUTe 3a byprackarta rpyna Gbnraputu.
Ha BbHWEH BuA Te npunuyar Ha aHAe3uTu W natuTw.
Makpockoncku B naBoBKUTe MOTOUM Ce pa3nnyaBaT gBa Buaa
TpaxuTn. MbpBMST e CbC CMBA OCHOBHA Maca M BNpbCReLy ot
enbp nnarvoknas u apebeH MUPOKCEH, a BTOPUSIT € CbC
CMBOPO30Ba OCHOBHA Maca 1 ApebHu nopdmpu OT nnarvoknas
n Guotut. Habmiogaeat ce M npexodHu pasHoBuaHoCTU. o
XMMU3BM  Te3u  Ckanu  MpefcTaBnsaBaT  BUCOKOKANMEBH
cybankanHM [0 ankanHu Tpaxwtu. [pegnonmara ce, 4e
Cosononckata csuTa nexu BbpXy uBuanuickata, HO
KOHTaKTBLT MEXQy ABETE € 3anuyeH OT BHEOPEeHUTE Mo-KbCHO
cuelntn Ha Pocenckus mnyToH. Cosomonckata csuta ce
MoKpMBa OT KBAaTepHEPHW Hacnarn. [lebenuHata # ce
nauncnsea npubnuantenHo Ha 3750 m.

PoceHckusm nnymoH Ce paskpuBa B CeBepo3anagHata,
3anagHaTa U LieHTpanHaTta YacT Ha paioHa nog gopmata Ha
wupoka meuya ¢ mocoka CC3-HOHOW. BbanpuemaH e kato
koHu4Ho (MBaHoB, 1979), cunoobpasHo (IMeTposa u ap., 1980)
unu npbcTeHoBuaHo (Haboscku, 1988) TAno, BHeapeHO Ha
koHTakTa Mexgy Cosononckata u KueusnuiickaTta CBUTA.
MarpageH e rnaBHO OT MOHLIOHUTY, CUEHUT W KBapL-CHEHUT!,
a OT npexogHuTe (hauuec MpUCHLCTBAT MOHLOCUEHUTU W
CMEHOMOHLOHNTM. KoHTakTUTEe ¢ BMecTBawuTe ckanu ca



pesku. EHOOKOHTAKTHUTE 30HM Ce MapkupaT oT ApebHO3bp-
HECTW MHTPY3WBHM PA3HOBMAHOCTM, HaboraTeHn Ha GMOTHT,
nerMaTUToBM rHe3aa, annuToBN XUMKU U KCEHOMUTM OT BMECT-
BalUWTE BYNKaHUTW. XXUMHUTE CUEHWUTU W annuTL npolensar
BCMYKM (DALManHK pasHOBUAHOCTU Ha UHTPY3uBa U NpeacTaB-
nsBaT NOCNeHUTe AEPUBATM HA NHTPY3MBHATA AEiHOCT.

Latikosume ckanu ca obeguHeHn yCnoBHO NO CbCTaB B TPU
rpynu (Metposa u ap., 1995): 1) ankanxn 6asantouam u Tpa-
XWTU, MPecHyaLL camo BYFKaHUTUTE B toro3anagHara 4act Ha
paioHa; 2) CpegHOKUCenV Aaiikm — TpaxuaHgesntn U CUeHo-
AVOPUTOBW NOPCUPHUTH, NPOLIENBALLM KAKTO MHTPY3MBA, Taka 1
BynkaHuTUTe Ha Cosononckara CBuTa, U 3) cueHuTnopdupy,
BMECTEHW CaMO0 B CKaNnTE Ha UHTPY3nBa.

HeozeHckama cucmema BknwuBa EekcuHoepadckama
ceuma (Foues, 1935; TMonoe n Kotommkmesa, 1987), obpasy-
BaHa B Kpumo-KaBkaskuns baceitH, 3anvean Tasu 4acT oT kpau-
OpexHata wuBMua npe3 MwoueHa. Ta ce paskpuBa B
LieHTparnHaTa v KrousToyHaTa yacT Ha paioHa. MarpageHa e
OT MOMUIEHHN KOHTIIOMepaTy, TIIMHECTU U BapOBUTW NACHYHM-
LW, NECLYAMBX U BapOBUTK MWHU, HA MecTa HaboraTeHu Ha
pacTuteneH fgetputyc. CBuTaTta Nexu TPaHCTPECHBHO BbPXY
TOPHOKPEAHUTE BYNKAHCKM W WHTPY3MBHM CKamW, a 4acTWU4HO
Ce TNOKpMBa OT KBAaTEPHEPHW (XOMOLIEHCKM)  Hacnaru.
XpoHocTpaturpadockuat 1 obxsat  (Kaparan-Capmat) e
onpegeneH ot lNonos n Kotommxuesa (1987).

KeamepHepbm B paiioHa € npefcTaBeH camo OT XOMo-
LieHCK/ Hacnaru, NofeneHu Ha YeTupy NUTOreHETUYHW Tuna
(Metposa n gp., 1992, 1994): eonuyHm, e3epHo-6naTHu, mop-
CKW W1 anyBuUanHn CEaUMEHTU.

EonuyHume CefMEHTU MMaT OrpaHN4eHO pasnpocTpaHe-
Hue. Habntopasat ce B TpU Marku U30nMpaHu NETHa KXKHO W
torouaTo4Ho oT Co30Mon, KakTo W B NNAXHUTE MBMLM, KbOETO
opmupat AtoHeH pened. [MpeactaBeHM ca OT HECMOEHU
pa3HO3bPHECTWN nNACbUM. E3epHo-6namHume Hacna-rm ce
paskpuBaT B yCTUSATA Ha pekuTe 3anagHo W oxHo ot Cosonon,
KOMTO Ca NPeBbpHATU B NMMaHu. Te BKMKOYBAT (OMHM NACHLM,
MeCbYNMBN [MIMHU U [IWHK, BoraT Ha OBBITIEH pacTu-TENeH
JeTputyc. Ha mecta ce ycTaHOBSBAT W TBbHKM YaKbIHW
npocnonkn. Mopckume Hacnaru ce OTHacaT KbM HuckaTa
(HoBouepHoMmopcka) Tepaca M (POpMUPAT NNKHUTE UBULM.
MpeacTaBeHn ca OT NACbUW, BOraT Ha YepymnKkoB LETpUTYC.
AnysuanHume CegVMEHTU Ca CBbP3aHM MPOCTPAHCTBEHO C
PYCIOTO W HUCKaTa peyHa 3anvBHa Tepaca HemoCpeACTBEHO
Ha 13TOK, CEBEPOM3TOK U ceBep oT ¢. PaBaguHoBo. CbCToAT Ce
OT YaKbn, NACHUN, IMUHECTU NACHLUMN U TMNHW.

TekToHMKa. [eonoxkute heHoMeHN OT paioHa Ha rp. Co3o-
non u c. YepHomopel nonagaTt B Hail-W3TOYHaTa 4acT Ha
CpepnHoropckata 30Ha M MO-TOMHO - B LiEHTparnHata 4act Ha
PoceHckata BynkaHO-NMyTOHWYHA CTPYKTypa (Cur. 2), BKIHOY-
Balla PoceHckus naneoBynkaH, Mpexa OT BYIIKaHO-TEKTOHCKM
pasnomMu U CBbp3aHUTe C TAX CYOBYMKaHCKM Tena w Lauku,
PoceHckust nnyToH v pyaHu xunn (Ctanuwesa-Bacunesa u
Bacwunes, 1981; Bacunes u ap., 1984; Xapkoscka u ap.,1989 un
ap.). B PoceHckns nnyToH ce Habnogasa MHOTO SICHO passuTa
cucTemMa OT MPOTOTEKTOHCKM CTPYKTYpW Ha paspylua-BaHe,
BKIIOYBALLA TPW TMaBHM MyKHATUHHK rpynu. Te ca 0bLo B3ETO
OpPTOrOHaNHW efHa Ha [Apyra, KaTto OpUEeHTMpOBKaTa WM
Bapupa B pasnuyHUTE YacTu Ha nnyToHa. [ige OT rpynute ca
cybBepTukanHu, kato MbpBata € ycnopegHa, a BToparta -
HanpeyHa Ha KOHTaKTUTe Ha nnyToHa. TpeTata rpyna e
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cybxopusoHtanHa Jo cnabo HaknoHeHa Ha CCWU. B
MOPOCTPYKTYPHO OTHOLIEHME PalOHBT Ha W3CneaBaHeTo ce
Hamupa B LEHTbpa Ha byprackata npbCTeHoBMOHA MOpEo-
cTpyktypa (Ionos 1 CrnpugoHos, 1990).
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®ur. 2. Cxema 3a cTpoexa Ha PoceHckua naneoBynkaH (no CtaHuweBa-
Bacunesa n Bacunes, 1981; Bacunes n gp., 1984dp; Xapkoscka u gp.,
1989)

1 - pe3ypreHTHa Kangepa; 2 — NpbCTeHOBMAHA MHTpY3us (PoceHCku
nnyToH); 3 — BbHLWHA YacT (coma); 4 — MecTononoxeHue Ha uscnegsa-
HUTe reoTonu

XapakrepucTuka Ha reonoxkurte eHoMeHU

Feoton ,YepBeHka” (,YepBeHaka”, ,Hoc YepBeHka”).
ObsiBeH e 3a npupogHa 3abenexutenHoct 4051/29.12.1973r.
cve 3anosen Ne 4051/29.12.1973r. Ha MuHuCTepcTBOTO Ha
ropuTe M OnasBaHe Ha NpupogHaTa cpeda. Bkniousa nonera-
TS MOpCKM Opsar ¢ ObmkuHa 1 km CEBEpPHO OT KbMMWHT
“UepHomopeL” (cpur. 3). HenpekbcHaTUTe paskpuTis nokassart
B3aMMOOTHOLLEHUsATa Mexay edhysmsHuTe (Co3ononcka cauTa)
W WHTpy3uBHWTEe chbaumec Ha PoceHckata  BynkaHo-
MNANYTOHWYHA CTPyKTYpa. Hai-yeCTo cpeljaHusT eHOMEH ca
KOHTaKTUTE Ha MpecuyaHe Ha MHTPY3WBHW, CYOBYMKaHCKM U
eqhy31BHM CKamu, KOWTO CE PasKpuBaT B HSAKOMKO rokanuTeTa
(dur. 3, 1.1, 2, 3, 5, 6; Tabn. |, cH. 2-5). B toxHaTa yacT Ha
reotona morat ga 6bAaT HabnioLaBaHU NPOTOTEKTOHMKATA Ha
WHTpy3muBa (cur. 3, 7. 1, 2; Tabn. |, cH. 2,6), KaKTO U Havan-
HUTE CTagun Ha CepuyHO (NyKOBWUYHO) M3BeTpsiHe (Tabn. |,
CH. 6,7), @ B LEHTpanHaTa My 4acT M3MbKBaT paskpuTus C
BrokoBonpuUaMaT4HO HanykeaHe (cur. 3, T. 4; Tabn. |, cH. 7) n
KaBepHO3HO u3BeTpsiHe (Tabn. |, cH. 8) Ha BynkaHuTuTe. B
reomMopo-NOXKM acrekT LieHTpanHata yact oT bperoeata
MIMHMS B paMKUTE Ha reoToma € HaceyeHa OT HSAKONKO
Heronemm cproppoobpasHu 3anvea (cur. 3, 1. 3,4; Tabn. |, cH.
1), pasKpuBaLLM OOMbIHUTENTHO XapPaKTEPHM YepTu OT NeTpo-
norvsiTa 1 TEKTOHMKaTa Ha POCEHCKIS NaneoBynkaH.

Cropen kmacudmkaumsta Ha reonoxkute  heHOMeHU
reotombT ,YepBeHka’ monaga B rpynata Ha obektute ¢
ecTeTyecka (knac reoMopdonoxKu) M HaydHa CTOMHOCT (knac
BYNKaHOMOXKY), a cnopes opuriHanHata 6bnrapcka MeToanka
3a OlUeHsBaHe Ha reonoxkn deHomeHn (CuHBOBCKM W Ap.,
2002), Toi € C HaLWOHaIHO 3HaYEeHNe.
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®ur. 3. MecTononoxeHne Ha Hali-xapaKTepPHUTE pa3KpPUTUA B PaMKuTe Ha
reoton ,,YepBeHka”

CvrnacHo 3amoBeAta 3a 00siBsiBaHe Ha Tasu yacT OT
OperoBata MBMUA 3a MNpuUpoaHa 3abenexuTenHoct e
3abpaHeHo BCAKAKBO CTPOMUTENCTBO, OCBEH B CMyyauTe, KOrato
TakoBa € MPeaBMAEHO B YCTPOMCTBEHWUS MPOEKT Ha MpUpPOd-
HaTa 3abenexuTtenHoct. HezaBncumo OT TO3u pakT, B loXHaTa
1 OT4acTW B LiEHTpanHaTta WU CeBepHaTa YacT Ha reotona ce
Habniogaea mMacueHoO ctpoutenctso (cur. 3; Tabn. |, cH. 9),
KOETO 3aTpyaHsiBa 3HAUMTENHO JOCTbMa 40 bperoBarta nuHNS
1 NOHWxaBa obLuaTa My OLeHKa.

leoton »Konokura” (»Monyoctpos Konokura”,
»KopeHnsita”). ObsBeH e 3a NpupoaHa 3abenexnTenHoOCT Chbe
3anoBen Ne 1754/16.06,1970 r. Ha MuHUCTEPCTBOTO Ha
ropute M ropckata npomuwneHoct. O6xBawa CTPbMHUS
MOpCKK Bpsr ¢ AbMmKkuHa 5 km Mexay nnaxoseTe ,XapmaHuTe”
u “KaBauute” toxHo ot Cosonon (cpur. 4). OchopmeH € B
ckanute Ha Cosononckata CBWATa M NpeacTaBs B3auMo-
OTHOLLIEHWSITA MEXAY OOKaNLepHUTe W KangepHu dauuec ot
rbproto Ha PoceHckus neneosynkaH (Kenes, 2014). Hai-
XapaKTepHUTE NaneoBYNKAHOMOXKA OBEKTH Ca  BYNKaHCKN
Opekun (cur. 4, 1. 5, 6; Tabn. I, cH. 12,13; Tabn. Il, cH. 1),
pavkn (cpur. 4, 1. 5, 6; 1abn. Il, cH. 2,3), xugpoTepmanHo
NPOMEHEHN BynKaHuTy (cwr. 4, T. 3; Tabn. Il, cH. 4), Grokoso-
npM3MaTMYHO Hanykeane (dwr. 4, 1. 7; T1abn. I, cH. 5),
KaBEpHO3HO u3BeTpsHe (cur. 4, T. 5, 6; Tabn. Il, cH. 6, 7). B
ckaneH OTKOC B CeBepo3anajHWst Kpal Ha reotona ce
pasKpuBa HecbrracueTo Mexgy BynkaHutute Ha Cosonon-
ckata CBUTa W CeguMeHTUTE Ha EBKCWHOrpagckata cBuTa
(dwr. 4, 1. 1; Tabn. Il, cH. 8). bperoBata nuHMA € CUNHO
pasynieHeHa oT KpacusW (hropaoobpasHu 3anmBm C BUCOYMHA
Ha knudpa go 10 m (tabn. Il, cH. 9), B HsKOM, OT KOMTO Ce
Habntogaeat fobpe 0hopMEHU CKANHW NMpaMMau, BUCOKW A0
6-7 m (tabn. Il, cH. 10,11).
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®ur. 4. MecTononoxeHue Ha Han-xapakTepHUTE pa3KpUTUA B paMKuTe Ha
reoton ,Konokuta”

Cnopen knmacudukaumsTa Ha  reonoxknte  heHOMEHM
reotonbT Konokuta” nonaga B rpynata Ha obektute ¢
ecTeTyecka (knac reoMopdOonoxKu) U HaydHa CTOMHOCT (knac
BYNKQHOMOXKW), a Cropes opuriHanHata Gbrarapcka MeToanka
33 OLeHsIBaHe Ha reomnoxku ¢eHomeHn (CuHbOBCKM M Ap.,
2002), npunoxeHa npy CbCTaBAHETO Ha gocveto My (2003),
TOW € C PErMOHanHo 3HayeHue.

Mogo6Ho Ha reoTon ,YepBeHka” 1 B TO3M CryYail, 3anoBeaTa
3a 3awuTa 3abpaHsBa BCAKAKBO CTPOUTENCTBO, HO B paMKuTe
Ha ,Konmokuta” Ts e HapyweHa rpy6o — OperoBaTta nuHus €
3acTpoeHa nibTHO (cour. 4; Tabn. II, cH. 12,13) u Ha npakTuka
JOCTbMBbT [0 TeONoXKUTE (DEHOMEHM € HEBB3MOXEH (C
U3KNKYeHe Ha paiioHa Ha Hoc CeeTu CredpaH). Mo TO3M
Hau4WH, He3aBucUMO OT obLuaTa BUCOKa OLEeHKa KaTo 0BekT ¢
ecTeTUYECKa U HayyHa CTOMHOCT, iuncaTta Ha 40CTbMN NOCTaBs
NOA BBMPOC HErOBMSA CTATYT Ha 3allMTEHa NpuUpoaHa 3abene-
KUTEMHOCT, KaKTO 1 MACTOTO My B ,Perncribpa’.

Feoton ,Hoc AranuHa” (,Hoc CBeTta AranuHa”). ObsBeH e
3a npupogHa  3abenexutenHoct cbC  3anoBeg  Ne
878/25.11.1980r. Ha KomuTeTa 3a ona3saHe Ha npupofHaTa
cpega. ObxBawa CTPbMHUS MOPCKM Opsir Mexmy KbMMMHT
‘Becenue” n “Aneny - [tonn” ¢ gbmkuHa 2,7 km (cpur. 5) u
nomaga w3usno B ckanute Ha Cosononckata  ceuTa.
HenpekbcHaTuTe paskpUTWs MOKa3BaT B3aMMOOTHOLLEHUSTA
MeXay [oKanaepHuTe U KangepHu daumecu oT rbproTo Ha
PoceHcknss  naneosynkaH. B T1ax wmorat pga 6wbpar
HabniogasaHu BynkaHcku Gpekun (ur. 5, 1. 1; Tabn. II; cH.
14,15), BynkaHcku Bombu (cpur. 5, 7. 1; 1abn. lll, cH. 1), ganku
(Gur. 5, 7. 2; Tabn. lll, cH. 2), KOHTaKTK Mexay pasHodauman-
HW BYNKaHCKW npogykT (cur. 5, 7. 3, 4; Tabn. lIl, cH. 3), kaBep-
HO3HO n3BeTpsHe (cur. 5, 1. 1; Tabn. lll, cH. 4), Bnokosonpus-
MaTu4HO HanykBaHe (cpur. 5, T. 3; Tabn. lll, cH. 5), naBoBu no-
TOUW OT Tpaxutu (dpur. 5, 1. 4; Tabn. lll, cH. 6). N Tyk Bperosa-
Ta NIMHUS e HaceyeHa oT (ropaoobpasHn 3anmem ¢ pasnnyHa
LMPKHA 1 BUCOUMHA Ha knudba (dowr. 5, T. 2-4; Tabn. lll, cH. 7-
9). Ha Hskonko mecta abpasusTa e u3Basna Hero-nemu (go 5-
6 m BMCOKW) ckanHu nupamuau (cur. 5, 7. 6; Tabn. lll, cH. 10).

H. Mano Netpa é
W E
2

3 H. Ceera
Aranuua

MACHEHO
CTPOWTENCTBO

5

Yepro mope

T~ TeoTon
“Hoc AranuHa”

®ur. 5. MecTononoxeHue Ha Hai-xapaKkTepHUTE PasKpUTMSA B paMK1Te Ha
reoton ,Hoc AranuHa”

Crnopen  knmacudukaumsta Ha reonoxkute  heHOMeHU
reotombT ,Hoc AranmHa’ monapa B rpynata Ha obekTute ¢
ecTeTnyecka (knac reoMmopdonoxKm) M HaydHa CTOMHOCT (knac
BYNKaHOMOXKW), @ Criopes, opuriHanHata Gbnrapcka MeToauka
3a OLUeHsBaHe Ha reonoxkn ¢eHomeHn (CuHBOBCKM W Ap.,
2002), TO e C pervoHanmHO 3HayeHue. 3a pasnuka OT



npeaxogHnTe OBa reotona ,Hoc AranuHa’ He e 00eKT Ha
3aCTposiBaHe W AOCTBMBT [0 OperoBata nuHUS He e
BBb3NPENATCTBaH. B TO3M CMMUCHA HACTOALOTO W3creaBaHe
NOTBbPXKAABa BMCOKATa OLiEHKa, HanpaBeHa Npu CbCTaBAHETO
Ha gocveto (Kenes, 2003, HenybnkyBaHU AaHHu).

Opyru reonoxku deHomeHu. B ceBepHnsa kpan Ha ¢. YepHo-
MOpeL, HenocpeacTBEHO Ha CEeBEpoM3TOK OT nnaxa, B
norneratus Mopcku 6psr, B egHa mBuaua ¢ nocoka 3-U u
abmkuHa 370 m, ce paskpuBaT KBapLCWMEHUTU OT PoceHckus
MnyToH. B Tax MoXe Aa ce Habniogasa NMpoOTOTEKTOHMKATA Ha
uHTpy3uBa (tabn. lll, cH. 12), pasnuyHm cTagum Ha CPepuyHo
(MyKOBMYHO) U3BETPSIHE, KAKTO W annmuToBM Xunu ¢ gebennHa
po 30 cm (tabn. lll, cH. 13).

B ceBeponsTouHns kpai Ha ,CTapus rpag’ Ha Cosonon, B
paioHa Ha Hoc ,CkaMHM’, CTPBMHMAT [0 MOYTW OTBECEH
Mopcku Bpsr (BucoumnHa Ha knudpa o 10 m) npegocrass Bb3-
MOXHOCTM 3a HabniogaBaHe Ha  GroKOBO-MpU3MaTU4HO
HanykBaHe B Tpaxutute Ha Cosononckata cauta (tabn. lll, cH.
14), kakTo 1 abpa3svoHHM (hOpMU, MPELCTABEHN OT HSKOMKO
cKarnH1 nypammam ¢ BucodnHa 5-6 m (tabn. lll, cH. 15).

3aknioyeHue

leonoxkute eHoMeHW B paioHa Ha rp. Cosonon u c.
UepHomopel, ca OPOPMEHM B YCTOMYMBM HA BIUSHWETO Ha
€K30TEHHUTE MPOLIECU UHTPY3MBHW U BYNKAHCKW CKamnu, KOETO
npegonpegens TAXHOTO NPOLLIKMTENHO  CbLUECTBYBAHE.
MocTaBsHETO Ha WH(OpMaLMOHHM Tabrma C  reonoxka
WH(OpMaLMs, KaKTO W NOAFOTBSHETO HA WHTEPMPETATUBHM
rEONOXKA MapLUpyTh, Ha ¢oHa Ha 6oraToTo KynmTypHO M
MCTOPUYECKO HAcnedcTBO Ha palioHa, CbYeTaHo C OTMMYHM
TPAHCNOPTHM KOMYHUKaLuK, B1 JONPUHECNO 3HAYMTENHO 3a
TAXHOTO  MOMynspu3upaHe W3BLH Kpbra Ha  TecHUTe
cneumanucTyt. Mo To3n HauMH Taau YacT oT BperoBaTa mBMUa
On ce npeBbpHana B eCTECTBEH CEBEPEH CErMEHT OT reonapk
Mo ManeoBynkaHomorus, obxeallaly YepHOMOPCKOTO Kpai-
Opexue Ha tor oT byprac, 3aegHO C ONUCaHMTE B MO-PaHHM
nybnukaumum reomnoXkm heHOMeHU B paiioHa Ha pesepsaTa
,Ponotamo” (XKenes un Bbnues, 2013), toxHo oT rp. Axtonon
(XKenes wn pgp., 2012), kakKTO W Te3n B NPUPOLEH Napk
,CTpaHpKa’, npeacTaBeHn [peTamnHo oT [eoprueB M
BarnkaHcka (2014).

OrpoMHUSIT TYpUCTMYECKM NOTOK B PEroHa e npeanocTaBka
33 TbpCEHE Ha Bb3MOXHOCTY 33 paswWwimpsiBaHe Ha nernosarta
Basa, K0eTo M3nara Ha Cepuo3eH PUCK Oma3BaHeTo Ha bno- u
reopasHoobpasneto. B Tasn Bpb3ka € Heobxogumo
AbPKaBHUTE WHCTUTYLWKM, OTIOBapSLLM KaKTO 3a 3aluuTata Ha
NPUPOAHWTE,  KYNTYPHUTE W WUCTOpUYeckuTe  3abenexu-
TenHocTn (MuHUCTEpCTBaTa Ha OKOMHaTa Cpeda 1 BoauTe, Ha
VKOHOMMWKATa, Ha KynTypaTa), Taka U 3a WHpacTpykTypaTta
(MuHMCTEPCTBOTO  Ha  TpaHCnopTa,  MHGOPMaLMOHHUTE
TEXHOMNOMMM W CbOoOLieHusTa), 4a npeanpuemat KOOpAWMHU-
paHo, OT e[iHa CTpaHa, EHePruiHM AeiCTBIA 3a 3ana3BaHeTo 1
nogobpsBaHETO Ha cTaTyTa Ha 3awuTeHuTe o0ekTn, a oOT
Apyra — ga cb3gapar HeobxogumuTe ycnoBus 3a 4OCTbA 4O
TE31 0BeKTH.
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TABJIULAI

1-11 - reovon ,,YepBeHka”: 1 — 06w, M3rnea Ha LEHTPanHaTa U CeBepHarTa YacT Ha reotona ¢ HaKoJsiko gobpe opopmeHu ¢propaoo6pas3HM 3anmBa (CHUMKa
oT M. anpun 2003 r.); 2 - TPM CMCTEMM NYKHAaTMHU B MOHLIOHUTUTE Ha POCEHCKMS NNYTOH C BHEAPEHU annuToBU Xunu ¢ aebenuHa 10-12 cm B roXkHaTa yacT
Ha reoTona; 3 — KOHTaKT MeXxAy MOHUMHUTUTE HAa PoceHCKMA NNYTOH M TpaxuTuTe Ha Co3ononckara CBUTa, NPeceyeHn oT CyGXOpU3OHTamNHa annuToBa
KWUNa B LEHTparnHarta YacT Ha reotona; 4 — ceKkyly B3aMMOOTHOLLEHUS! MeXZy anfIuTOBY KUK U KBApLICUEHNTU Ha POCEeHCKUA NNYTOH B ceBepHaTa YyacT
Ha reoTona; 5 —kOHTaKT Mexay Tpaxutute Ha Co3onosickaTa CBUTa U KBapLCMEHUTUTe Ha POCEeHCKMS NNTYTOH CbC 30HA Ha 3aKkanka B CeBepHaTa YacT Ha
reotona; 6 — cybBepTMKanH1 NyKHaTUHU B MOHLIOHUTUTE Ha POCEHCKMs MNYTOH B l0XHaTa 4acT Ha reotona; 7, 8 — pasnu4HM eTanu oT c(hepUyHOTO
(nykoBMYHO) M3BETPsAHE Ha MOHLOHNUTUTE HAa POCeHCKUA NNYTOH B l0XHAaTa YacT Ha reotona; 9 - NPU3MaTMYHO HanykBaHe B TpaxuTuTe Ha Cosononckara
CBMTa B LieHTpanHaTa yacT Ha reotona; 10 — KaBepHO3HO M3BeTpsiHe B TpaxuTuTe Ha Co3onornckara CBMTA B LEHTPaNnHaTa yacT Ha reotona; 11 — MacuBHO
CTPOUTENCTBO B HOXHaTa YacT Ha reotona; 12, 13 - reoton ,,Konokuta”: BynkaHcku 6pek4un npn Hoc CBeTu CtedbaH.
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TABINULAII

TABNUUA Il

1-13 - reoton ,Konokuta”: 1 - BynkaHcku 6pekun Ha 300 m N ot Hoc CBeTu CtedpaH; 2, 3 - cybBepTMKanHM achaHUTOBM AaliKM CbC 30Ha Ha 3akanka npu
Hoc CBetu CtechaH; 4 — xuapoTepmanHo npomeHeHu BynkaHuti Ha 400 m ENE ot Paiickus 3anuB; 5 — GnokoBo-NpM3MaTUYHO HanyKBaHe B TPaxuTuTe Ha
Cosononckara cBuTa npu Hoc Xpuctoc; 6, 7 — KaBepHO3HO M3BeTpsHe B Tpaxutute Ha Co3lononckata cButa npu Hoc CBetn CrtedhaH; 8 — brnoso
Hecbrnacue mexpy Cosononckara n EBkcunorpapckara ceuta B NW kpaii Ha reotona; 9 - TEKTOHCKU npefonpeaeneHu ¢puopaoodpasHu 3anueu ¢ Nocoka
W-E Ho 200 m N ot Hoc CBeTu CtedpaH; 10 — ckanHu nupamuam, oopMeHn B Manbk pmopaoobpaseH 3anme npu Hoc Xpuctoc; 11 — ,MopckuaT nbB” -
KaMeHHa nupamuga npu Hoc Konokuta (cH. ot M. anpun 2003 r.); 12 — ceBepHUAT Gpar Ha nonyocTpoB Konokuta npe3 2003 r.; 13 — CHIUMAT y4acTLK €
NNbTHO 3acTpoeH npe3 2013 r.; 14-15 - reoton ,Hoc AranuHa”: BynkaHcku 6pekun npu Hoc Mano MeTpa (14 - 06w usrneg, 15 - petann).
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TABINULA 1l
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TABJIALA I

1-11 - reoton ,Hoc AranuHa”: 1 — BynkaHcka 6om6a oT mopdMpoknacTUYeH NUPOKCeH-6MoTUTOB Tpaxut Ha 630 m SW ot H. CB. AranuHa; 2 -
cybBepTMKanHa Aaiika cpef NopdupPoOKNacTM4HU NUpokceH-6uoTuToBu Tpaxut Ha 700 m WNW ot H. CB. AranuHa; 3 — B3aMmooTHoleHUs mexay K-
TpaxuaHae3uTo6azanTu M NopcHMpPOKNACTUYHN NUPOKCEH-GUOTUTOBM TpaxuTu Ha 130 m WNW or H. CB. AranuHa; 4 — kaBepHO3HO U3BeTpsiHe Npu H. Mano
MeTpa; 5 - GnokoBo-NPM3MaTUYHO HaNyKBaHe B MUPOKCEH-0MOTUTOBM TpaxuTi Ha 670 m WNW or H. CB. AranuHa; 6 — naBoB NOTOK OT NOPMPOKNACTUYHM
NUPOKCEH-OMOTUTOBM TpaxuTh npu H. CB. AranuHa; 7 - TeceH ¢hmopaoobpaseH 3anmB ¢ nocoka N-S Ha 100 m W ot H. CB. AranuHa; 8 — TeceH
¢uoppoobpaszeH 3anue ¢ nocoka NE-SW ¢ BucouuHa Ha knucha Hag 10 m M GnoKoBO-NPM3MaTUYHO HanykBaHe B MOP(MPOKNACTUYHW NMUPOKCEH-
61oTUTOBM TPaxuTK Npu H. CB. AranuHa; 9 - 3apoauwm Ha dmopaooGpasHm 3anuem Ha 100 m S ot H. Mano MeTpa; 10 - ckanHa nMpammaa ¢ BUCOYMHA 6 m
Ha 500 m SW ot H. CB. AranuHa; 11 - ckanHa apka cpep BynkaHcku 6pekun npw H. Mano Metpa; 12-15 - opyru reonoxku deHomenu: 12 — Tpu cuctemn
NyKHaTMHU B KBapLicueHnTUTE Ha PoceHckus nnyToH E ot nnaxa Ha c. YepHomopeu; 13 — cchepuyHO U3BETPSIHE U annMTOBA XMNa B CblyuTe ckanu; 14 —
6MOKOBO-NPM3MaTUYHO HanykBaHe B TpaxuTuTe Ha Cosononckata cBuTa npu H. CkamHw, rp. Cosonon; 15 — ,,CkanHuAT cMHKC” - ckanHa nupamupa ¢
BucounHa 5 m Ha 220 m WNW ot H. CkamHu.
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FEONIOXKUAT ®PEHOMEH ,,CNIOHBT” MPU C. AONTHU KOPUTEH, KKOCTEHAWUIICKA
OBNACT

Bopuc Bbnyes, Benenur Xenee, Cmosin TaHayues

MunHo-eeonoxku yHusepcumem ,Cs. MeaH Puncku”, 1700 Cogpus, b_valchev@mgu.bg

PE3IOME.[ eonoxkusT deHomeH ,CrioHbT”, n3BecTeH ole kato ,Lynnu kambk”,e ¢ HaaMopcka BucoumHa 868 m 1 ce Hamupa B LieHTpanHaTa yact Ha Kobuncka
NNaHuHa, B JONMHATa Ha p. YiHeHwWwMya, Ha 770 m 3anag-torosanagHo ot c. [JonHu KoputeH, KiocTeHauncko. ®eHomeHbT € 0hopMeH B ckanuTe Ha cybeepTukanHa
nayka oT KnacTU4YHW BapoBULM Ha efHa dnuwonaHa 3aapyra (FfopeH EoueH-foneH OnuroveH). Hanopobsisa Tsn0 Ha cnoH ¢ gbmkuHa 17,50 m v BucoumHa 5,50 m ¢
scHo obocobeHa rnaea u xo6oT. PesynTaT e oT koMbMHaLMsTa Ha Tpu hakTopa: IUTONOXKKK, TEKTOHCKM 1 reoMOPOmnoxXKA. PasnonoxeHneTo Ha no-ycTonyneata
BapOBMKOBa Nayka MeXay CPaBHUTENHO HEKOMMETEHTHUTE NNacToBe Ha (hNMLLIOUAHATA 3a4pyra, OT eaHa CTpaHa, v CybBEpTUKaHOTO 1 NOMOXEHIe B loro3anagHoTo
6eapo Ha Manka cuHknMHana, e bnaronpusaTCTBano TBOpeLa, KOWTO Ypes CBOWTE OpbAMS - u3bupaTenHata AeHyaauus U eposusTa, € oopMun Tasu CTpaHHa
penedHa dopma. Cropes knacudmkaumsTa Ha reonoxkute teHomeHm ,CroHbT” ce 0THaCs KbM 0BEKTUTE C eCTETMYECKa CTOMHOCT (Knac reoMopionoxki obekT),
a cropes opuriHanHata Gbnrapcka METOAMKA 33 OLEHsIBaHE HA TeonoXkM (HEeHOMEHU TOW e C NokarHo 3HadeHwe. OTroBapsi Ha KpUTEpUMTE 3a MpUpOLHa
3abenexuTtenHocT no 3akoHa 3a 3aluTeHUTe Teputopuu. B cbueTaHus c kpacvBaTa MpUPOAA, UHTEPECHWS FEONOXKA CTPOEX, MPUCHCTBUETO HA OLLE HSKONKO
reocaiTa C HayyHa W ecTeTyecKa CTOMHOCT, KaKTO W HamW4neTo Ha creau OT peBeH 3naTopobus, ,CroHbT” AoMbhBa MECTHUS NaHAwadT v 3acnyxasa Aa 6bae
nonynsipusupaH 1 3anase.

»THE ELEPHANT” GEOLOGICAL PHENOMENON NEAR DOLNI KORITEN VILLAGE, KYUSTENDIL DISTRICT
Boris Valchev, Venelin Jelev, Stoyan Tanatsiev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, b_valchev@mgu.bg

ABSTRACT.,The Elephant” geological phenomenon, known as ,Porous Stone’,is situated at the central area of Kobilska Mountain in the Ujnenshtitsa River
valley,770 m west-southwest of Dolni Koriten village, Kyustendil Districtat an elevation of 868 m. The phenomenon is formed in the rocks of a subvertical limestone
package of flyshoid formation (Upper Eocene-Lower Oligocene). It resembles anelephant body - 17,50m long and 5,50 m high,with distinct head and proboscis. It
resulted of combination of 3 factors: lithology, tectonics and geomorphology.The location of the resistant limestone packet among the incompetent layers of flyshoid
formation as well as its subvertical dipping in southwestern limbs of a small syncline, enabled the creator who by means of his tools — selective denudation and
erosion, has sculptured this strange relief form. According to the classification of the geological phenomena ,The Elephant” is referred to the geosites of aesthetic
value (class geomorphologic geosites) and according to the original Bulgarian methodology for estimation of geological phenomena it corresponds to the criteria for
geosite of local importance. It also corresponds to the criteria of natural site according to the Protected Areas Act. In combination with the wonderful nature,
complicated geological structure, presence of several geosites with scientific and aesthetic value as well as traces of ancient gold mining, ,The Elephant” represents a
natural part of the local landscape end deserves to be popularized and protected.

YBoa Penybruka Bbnrapus’. Cregsawute pefose umat 3a uen ga

NpeacTaBsT HaKpaTKO TEONOXKMA CTPOEX Ha palioHa, Aa

PaionsT Ha Kioctengunckoto Kpauiie ce xapaktepusupa ¢ HanpaBsT XapakTepucTuka Ha reonoxkus (heHoMeH 1 Ja

pasuneHeH pened M pobpa pasKpUTOCT Ha  CKamnHWTe nomynapusnpar  Bb3MOXHOCTUTE 3@  BKIKOYBAHETO My B
KOMMMEKCH — efjHa OTNWYHA NPEANOCTaBKa 3a eKCNOHMPaHeTo TYPUCTUHECKM MapLLPYTW.

Ha reonoXKu (PEHOMEHM KaKTO C BUCOKA CTETUYECKa, Taka U C
BMCOKA HayyHa CTOMHOCT. Hes3aBMCMMO OT TO3M (hakT TOW
0CTaBa BCTPaHM OT AMCKYCUUTE 3a BBIrapckoTO reofioxKoTo [laHHM 32 reONOXKUA CTPOEX Ha paloHa
Hacneacteo. B ,Peructbp ¥ Kkagactbp Ha reonoxkute

tbeHomeHn B Penybrnuka Bwnrapus”  (1999-2003) e Crpaturpacus. PailoHbT Ha reonoxkus eHomeH (cur. 2) e
npeacTaBeH oT obwWo Tpu reotona - Aea obekTa ¢ BUCOKa W3rpageH OT PaHHOManeo30MCKM MeTamopuTX W rpaHUTH,
HayyHa CToMHoCT (,Pa3spes MMonetuHckn pon” w ,[bpPOUHCKM TPUACKM W NaneoreHCkN TEPUreHHM, TEPUreHHO-KapboHaTHM
HaBrak”), KakTo 1 eauH 0BEKT C BIUCOKa ecTeTuyecka CTONHOCT kapOOHaTHN CKamnu, HEOreHCKN 1 KBaTEPHEPHU KOHTUHEHTAMHU
(»3emeHckn ckann”). OnucaHusT B HacToswata Cratus Hacnaru.

reonoxkm c¢eHomeH ,CrnoHbT”, Hamupal, ce npu ¢. [onHu

KoputeH, KiocteHguncko (cur. 1), ce sBsiBa €CTECTBEHO Hait-cTapute ckanv B pailoHa ce pa3kpuBaT B loroanagHarta
JOMbIHEHME KbM  MPEACTaBWTE 33  reoMOpONIOXKOTO My yacT. Te ca mpeactaBeHu OT YewrnsiHckume memacedu-
pa3Hoobpasne B Tasu 4acT OT cTpaHarta. [locera (heHOMEHbT meHmu (Kambpuit-OpaoBuk), KOUTO B NO-paHHM Ny6nnkaumm ca
He e obsBsBaH 3a 3aWuTeHa nnow, W He durypupa B OnucBaHm kato ,MewnsHcka ceuta” (MbpsaHos, 1967; 3arop-
"PerucTbp M KagacTbp Ha reonoxkute (heHOMEeHW B yeB u [uHkosa, 1991; 3aropues, 1993), HO npeaBua Hecnoe-
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CTUs UM xapaktep MunosaHoB v ap. (2006) 3amMeHsT paHroBus
TEPMUH C NUTONOXKM. EAMHMLATA e npepcTaBeHa OT Karko-
WNACTU, CEPULMT-XINOPUTOBM  LIKCTU, METaMSCbYHULM U
anabasn.

Oonuun
KoputeH

Ho6pu pon

2

Cywmuua

3norow

Moncka
Ckakaeuua

[opaHoBUM

[paroeuwmua

Masapayeso

Nucey

lopHa BpecThuua

KiocteHgun

@ur. 1. Cxema 3a AocTbn A0 reonoxkusi ¢eHomeH ,,CNoHBLT” ¢
MeCTOMNOMNOXEHUETO Ha ApYr1 reonoxku (heHoMeHu B paiioHa: 1- ,,Pa3pes
MoneTtuHcku gon”; 2 —,.3eMeHckmn ckanu”; 3 — ,,FbPOUHCKM HaBnaK”

tOrosanagHo ot c. [lonHu KoputeH ce paskpuea Manko Tsmo
OT feskokpamHu gpaHumu (OpooBuK), npecnyallo YelnsH-
CKUTE MeTaceguMeHTW. B pervoHaneH acnekT Tesu ckamm ca
MOKPUTW HECBITIACHO OT ManEOoreHCKM N HEOTEHCKN CEOUMEHTH,
HO B pasmexgaHus panoH (¢wur. 2) ce paskpuBa Camo
HeoreHckaTa UM MOKPYUBKa.

Tpuackama cucmema Ce pa3kpuBa Ha LUMPOKM MAOLMN
CEBEPHO, W3TOK-KOTOM3TOYHO, 3aMafHO W t0XHO OT C. [lonHK
KoputeH. BkniouBa ckamu Ha Mckbpckata M MusuiickaTa
rpyna. Yckbpckama kapboHamHa epyna (TpoHkos, 1981) e
npeacTaBeHa oT Tpu cBuTH — bocHekcka, Pagomupeka u TpbH-
cka, a Musulickama epyna (Yembepcku u ap., 1974) Bknioysa
camo ckanuTe Ha Komwmukara ceuta.

bocHexckama ceuma (TpoHkoB, 1975; AHM3) ce paskpuBa
I0XKHO W M3TOYHO OT C. [lonHn KoputeH. Ta e uarpageHa ot
cuBM, Ha Mecta Oenu 3axapoBugHW, [ebenonnactosu
JONOMUTK C HesiCHa CMOECTOCT W MPOCMOMKNA OT AONMOMUTHU
BapoBMLM. [1OKpMBA C PA3bK MUTONMOXKM KOHTAKT CKanuTe Ha
Morunckata ceuTta (M3BbH paiioHa). [lebenuHata ” He
Hagxebpns 50 m.

Padomupckama ceuma (TpoHkoB, 1983; [lagwH) ce
Habniogasa nog opmarta Ha HAKOIKO TECHU MBWLM CEBEPHO,
torozanagHo, KKHO 1 U3TOYHO OT C. [lonHu KoputeH. Mokpuea
C psiska nuTonoxka rpaHuua bocHekckata ceuta. Bkniousa
TbMHOCMBM OO CMBOYEPHW TbHKONNACTOBMU a(baHI/ITOBI/I
BAapOBMUM, TbMHOCMBM $OYECTM BapOBULMM Maykum OT
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TbMHOCWBW [10 3€NEHUKaBM MEprenn 1 aprunuTit (,LaoHemHu
nmckmn”), Gorat Ha cpocunm (Tponkos, 1983; 3aropues, 1993;
Budurov et al., 1995). lebenuHata Ha cBuTaTa ce U3MEHs OT
50 go 150m.

TpwHckama ceuma (Tpoxkos, 1981; KapH-Hop) ce paskpusa
Ha LUMPOKM MIOWM B Lenus paitoH. lNokpuBa ¢ nocTeneHeH
npexog Pagomupckata ceuta. lNpeacTtaBeHa e OT CBETIOCHBM
0O TbMHOCWMBM W ©GenesHukaBu adaHMTOBW BapoBULM C
MPOCIOVKM OT SICHOKpPUCTaNNHHK BapoBuum. [ebenuHata il e B
ananasoHa 100-250 m.

Komwuukama ceuma (Tronkov, 1969; Hop) uma orpaHuyeHo
pasnpocTpaHeHue B w3crnedBaHus paiioH. PaskpuBa ce B
Manku W3onupaHu NeTHa n3touHo ot c. JonHu KoputeH.Jlexu
C ps3ka IMTONOXKA [paHWLa BbpXy TpbHCKaTa CBuTa.
WarpageHa € OT YEpBEHW aprunuT U aneBporuMTh C
NPOCMONKM  OT  KBapuoBM MsAcbyHMUM. [ebennHata Ha
eouHuata e B pamkmte Ha 100-150 m.

ManeoeeHckama cucmema € w3rpageHa OT ckanute Ha
OpekJoKoHromepaTHaTa 1 nmwoungHata 3agpyra (Munosa-
HoB U ap., 2006; MopeH Eouen-[oneHn OnuroueH), kouto ce
paskpuBaT HenocpeaCcTBEHO Ha 3anaf v toro3anag ot ¢. [lonHu
KoputeH. bpekyokoHanomepamHama 3adpyaa nexu TpaHerpe-
CMBHO BbpXy YeLnsHckuTe METAaCeaMMEHTU U e NpefcTaBeHa
OT  nomureHHW  OPEKYOKOHrIoMepaT,  KOHrmomeparu,
NACbYHMLM 1 ruHu. Jebenunata 1 Bapupa ot 0 go 130 m.
OnuwoudHama 3adpyza NOKPWBA TPAHCPECMBHO TpbHCKaTa
cButa wunn  BpekyokoHrnomepatHata 3agpyra. Bkniousa
penyBaly Ce Pa3HO3bPHECTM MACLYHWULM, ane-BponuTA U
aprunuti. [lebenmHata Ha egmHuuata e ot 0 go 120 m.
HenocpencTBeHo Ha torosanag ot ¢. [lonHu KoputeH B obema
Ha 3agpyraTa ce HabrioaaBa kapTupyema nayka ot KnacTU4HU
BapoBULY, B KOSITO € CKynnTupaH ,,CnoHbT” (dour. 2).

HeozeHckume ckanu ce paskpuBaT B M30MMpaHW neTHa
CeBepo3anagHo, KrosanagHo W KrousToyHo oT C. [onHu
KoputeH. lpeactaBeHn ca OT €3epHO-PeYHU CcedumMeHmu
(MunosatHoB 1 gp., 2006; MonT-JoneH Poma), BkntouBaLLM
YaKbfM, KOHFMOMepaTW, nacbUM W rvHW. Ha  mecta
nebenvHata Ha Tean ceuMeHTH Haaxebpns 150 m.

KeamepHeppm B  panoHa e  npeactaBeH  OT
OenyguanHuotnoxenust (MnencToueH-XonoueH), Kouto ce
paskpueaT B [BE NETHa CEBEPHO M 3amagHo OT C. [JonHu
KoputeH n BkmioyBaT rpybu KbCOBE OT THalcu, rpaHuTH,
MACBYHALM 1 BapOBULW, CMOEHW C [MWHECTO-NECHUNNBA
cnomka.

TekToHMKa. B pervoHaneH acnekT panOHbT Ha reornoXKus
(heHOMeH nonaga rnasHo B obxsata Ha TpbHCKO-JTyKHMuKaTa
nogeovumua (3aropuyes, 1990) Ha Crpymckata eguHvua
(3aropues, 1984, 1990, 1993), B pamkuTE Ha TEKTOHCKA 30Ha,
onuceaHa kato Kpanwwmau (borues, 1971), KpanwieHcka 30Ha
(MBaHos, 1998) unn Mopascko-Pogoncka 3oHa (Dabovski et
al., 2002). B torosanagHus kpait Ha paioHa (dur. 2) ce
paskpuBa M Manmbk (pparMeHT OoT 4enoTo Ha [loneTuHckus
HaBnak Ha MopaBckaTa eguHuua. Toi BKIOYBA KanKOLIMCTH,
CEpULIMT-XMOPUTOBM LLIMCTH, METANACHYHULM 1 Anabasu (YeLw-
LMSHCKM  MeTaceauMEHTH), MpoLeneHn OT NEBKOKpaTHUTE
narneosomncki rpaHuTu. Mo-ronsamarta YacT OT HaBnaka e Nokpu-
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®ur. 2. Meonoxka kapTa Ha paiioHa Ha reonoxkus ceHomeH ,,CnoHbT” (no Xenes u Ap., 2006, ¢ U3MeHeHUs)

1 - KBaTtepHep (menyBuii): HeornageHn KbCOBe C FMUHeCTo-NeckynuBa cnouka; 2 — HeoreH (MoHT-foneH PomaH): Yakbnu, KOHrnomepaTy, NACbUU W
rnuuu; ManeoreH (3-5): 3-4 - dnmwongHa 3appyra (FopeH EoueH-foneH OnuroueH) - pasHO3bPHECTU NACHYHULM, aneBPONUTA U aprunuty; 4 -
BapoBWKOBa Nayka; 5 — 6pekyokoHrnomepatHa 3agpyra (FopeH Eouen-[lonen OnuroueH) — 6pekvoKOHrNoOMepaTH, NACLYHULM W rnuHK; Tpuac (6-9): 6 -
Komuwmuka ceuta (Hop) - YepBeHM aprunuTin 1 aneBpoNUTH C NPOCIONKN OT KBApLIOBU NACBLYHMLM; 7 — TpbHCKa cBuTa (KapH-Hop) - adhaHuToBM BapoBMLM
C NPOCHOIKM OT CHOKPUCTaNUHHN BapoBuuy; 8 — Pagomupcka ceuta (MlaguH) - adaHuToBM BapoBULM, ARYECTU BapoBULM, MEPrenu U aprunutu; 9 -
BocHekcka cButa (AHM3) - pebenonnactoBu QONOMUTH W JonoMuTHM BapoBuuu; 10-11 — MManeo3soi: 10 — neBkokpaTHu rpaHutn (OppoBuk); 11 -
YewnsHcku metacegumenTu (KamOpmin-OppoBuK) —KankowWwMCTH, CEPULUT-XIOPUTOBM LIMCTH, METansicCb4yHUUM M Avabasu; 12 - nutoctpaturpadpcka
rpaHuua; 13 - pascep: a - ycraHoBeH, 6 - npeanonaraem; 14 — HaBnak; 15 - cnoectocT; 16 — MecTononoxexue Ha reonoxkus eHomeH

Ta OT NaneoreHckn (M3BbH PalioHa), HEOTEHCKW U KBAaTEPHEPHN
CeAUMEHTH (dur. 2), HO (bpoHTanHatTa My uacT e paobpe
paskputa M Mo Hes ce HabmopaBa HaBnuyaHe Ha
Maneo3onCcKUTE CKanv BbPXy BapoBULMTE Ha TpbHCKaTa CBUTA
(FopeH Tpuac). CamuaT cheHOMeH € 0hopMeH B HarbHaTaTa
narneoreHcka MOKpPUBKA, CbCTaBHa YacT Ha KopuTeHckus
efHocTpaHeH rpabeH. Toil e 3ambfiHeH OT ManeoreHckn W
HEOrEHCKN CeaMMEHTH, KaTo B lNaneoreHa e odopmeHa Marka
CMHKMWHANa CbC CEBEPOM3TOYHA BEPrEHTHOCT M MOCOKA Ha
waphupa C3-HOM. HOrosanagHoTO ¥ KpWUNo e CTPBbMHO
(ss=50/80), a ceBepOM3TOHHOTO — CYBXOPU3OHTAMHO, C HaKmMo-
Hu, Bapupalm ot 0 fo 250, Ot KO3 rpabeHbT e orpaHnyeH ot
['OPHOKOPUTEHCKNS Pa3noM, KOWTO B TO3KM Y4acTbK MMa
Xapaktep Ha pasceg, ¢ notbHano CW kpuno, B koeTo ce
paskpuBa MbIIHEXbT Ha KoputeHckus rpabeH. Ha HOU obave
(B OKOMHOCTUTE Ha C. 3MOrOW — M3BBH paioHa) B CEBEPOM3-
TOYHOTO My KPUNO Ce pasKpuBaT Maneo3oncki rpaHuTH, a B
l0ro3anagHoTo — TpUAackM CEOMMEHTH, T. €. TYK € NOTbHanNo
tO3 kpuno. Tasn cMsiHa B 3Haka Ha ABWXEHWSITa MO pasnoma
r0 Onpenens KaTo WapHUPEH (HOXWYEH).

XapakrepucTuka Ha reofioxXkus eHomeH

leonoxkuat  ceHomeH ,CrOHLT' €  eKCroHMpaH B
LeHTpanHaTta yvact Ha Kobuncka nnaHuHa. Hamwupa ce B
JonuHaTa Ha p. YitHeHwwmua Ha 770m 3anag-toro3anagHo oT C.
HonHn KoputeH u e ¢ Hagmopcka BucounHa 868m. Ha
Tonorpacpckata kapta B M 1:25000 e otbensizaH kato
€OMHWYHA CcTbpyalla ckana nog umeto LWynm kambk® (cur.
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3). lokpaih Hero MWHaBa MbT C MakajamoBa HaCTUIKa,
cBbp3gal, €. [opHO YitHO cbc cenata [opHu u [onHu
KoputeH. Bbnpeksn 6nmusoctta my go mbts, ,CnoHbt” ce
3abens3sa TpyaHO mopaou rbCTaTa ObpBECHa M XpacToBMaHa
PaCcTUTENHOCT, KOSATO ro nokpuea (Tabnuua |, cH. 1, 2).

®ur. 3. ®parmeHT oT Tonorpadcka kapta 8 M 1:25 000

,CNOHBbT” e pesynTar OT KOMOMHMPAHOTO JEeNCTBUE Ha TpU
cakTopa:  NMTOMOXKM, TEKTOHCKM U reoMopcpONoXKM.
®eHomeHbT € 0dhopMeH B CTpbMHOTO (ss=30/80) torozanagHo
fegpo Ha Manka CMHKNWMHaNa B paMkWTe Ha nadka oT
KNacTMYHM BapoBULM Ha drMwonaHata 3agpyra (tabn. |, cH.



1, 2, 6). B 1031 yyacTsk T4 € ¢ gebermna 1,60 - 2,00 m n B
HagmbXeH paspe3 HanogobsBa TAMO Ha CMOH C  SICHO
obocobeHa rnaea n xo60T (Tabn. I, cH. 2-5). bmkuHaTa Ha
ckanHata komnoauums e 17,50 m, a BucounHarta i — 5,50 m.
Pa3nonoxeHneTo Ha mno-ycToiyMBaTa BapoBWKOBA MNadka
MeXdy CPaBHUTENHO  HEKOMMETEHTHUTE MNacToBe Ha
cbnvwonaHaTa 3agpyra, OT efHa CTpaHa, U CybBepTUKanHoTO
i MONOXeHWe B 0ro3anagHoTo Gegpo Ha CuHKNWHanmata e
GnaronpuaTcTBano TeBOpeua, KOMTO Ype3 CBOMTE Opbaust -
n3bupatenHata OeHypauns v eposusta, € odopMun Tasu
cTpaHHa penedHa opma. Umeto Lynnu kambK’, ¢ KOETO T4
€ W3BECTHa Cpef MECTHOTO HaceneHue, Ce [Ab/kM Ha
MOBCEMECTHO Pa3BUTUTE KaBEPHW B Madkata Ha KnacTuyHuTe
BapoBuUM. TOBa OT CBOSI CTpaHa € pe3yntar OT HelHus
reHesuc. PenedHara opma npeactasnsea nponysuaneH
KOHYC, MOAXpaHBaH oT Br13Ko pasnonoxeHa Cylia, narpageHa
NPeauMHO OT Tpuackute kapboHaT Ha Wckbpckata rpyna.
BcblwHocT  KMacTMYHUTE  BapoBuuW®  npedcTaBnsBsar
kapboHaTHU Opekyn, B KOUTO KbCOBETE Ca MPEAUMHO OT
TpWUacky BapoBULM W LOMOMWTM, CMIOEHM CbLUO C kapboHaTHa
cnonka. lMopagn pasnukata BbB Bb3pacTTa Ha KbCOBETE W
cnonkara, Te ca NMUTUULMPAHN B pasnuyHa CTEMeH, KOETO M
npaBW PasnnyHO YCTONYMBK Ha epo3udTa. [lo-MekaTa cnoiika
ce paspywasa no-6bp3o, kato B Ckanata ce obpasysar
HeraTuBHU MUKpopenedHu (HopMK, O3HaYaBaHW KaTo Lynu
unu kaeepHu. Makap W psigko, B nadkata ce Habniopasat u
KBapLOBM KbCOBE, MPEOTNOXKEHM OT  JOMHOTpUackuTe
koHrnmomepatn  (lleTpoxaHckaTa  TepureHHa  rpyna),
pasKpuBaliM CE IOKHO W IOTOW3TOMHO OT HER Win OT
narneoreHckata Gpek4oKoHrnoMepaTHa 3agpyra nog Hes. Ha
MecTa Te Ca 3anaseHn W uarpaxgat  NosuTUBHM
MuKpopenedHn (popMuK, HO Ha ApYru ca OTAENEHN OT ckanaTa
u o0pasyBaT XapakTepHW KpPBLIMM UMM OBaiHU HEraTMBHM
chopmu (Tabn. I, cH. 7-9).

B torozanagHata cteHa Ha ,CnoHbT’ ce HabnwopasaT U
nuTkM (00 5 cm) keagpatHu (12x12 cm) unu NpaBobLIbAHK
(30x14 cm) Huwwm (Tabn. I, cH. 10). OyeBugHO Te ca geno Ha
YoBeLLKa pbka M Hal-BEPOATHO Ca M3NOMN3BaHW Kato OMOpHH
€reMeHTU 3a BPEMEHHa NoCTPOMKa (3acroH).

Cnopen  knacudukauusita Ha  reonoxeute  eHoOMeHM
,CNOHBT” ce OTHacs kbM 0DeKTUTE C BMCOKA ecTeTudecka
CTOMHOCT (knac reomopchonoxkn  obekTn), a  crnopen
opurvHanHata Obnrapcka MeToAaMka 3a OLEHsiBaHe Ha
reonoxkn eHomenn (Cunbockn w ap., 2002) Tom e ¢
nokanHo 3HaueHve. OTroBaps Ha Kputepuute 3a ,NpUPOAHa
3abenexuTenHocT” No 3akoHa 3a 3aLUTEHUTE TEPUTOPHM.

,CMOHBT” He Ce Hyxaae OT CrieumarnHu Mepku 3a 3awmTa. 3a
no-4obpoTo My ekcnoHupaHe obaye e Heobxogumo fda ce
n3ceye OyliHaTa ObpBECHA UM XpacTOBMAHA PaCTMTENHOCT,
KOSITO OT MpOMETTa 40 €CEHTa 0 CKPUBA MOYTM HAMbIHO OT
nornesa Ha Typuctute (tabn. I, cowr. 1).

3akntoyeHue
Onucanmar  reomoponoxku  peHoMeH  [0MbnBa

npeacrasute 3a 6'bﬂrapCKOTO reoNnoXKo HacneacTso B Ta3un
yacT Ha crtpaHata. EcTecTBEHOTO cbueTaHWe Ha CrioxeH
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reonoXkM CTPOEX U pasHooOpaseH pened npegnonara
HanMuMeTo Ha Bb3MOXHOCTM 33 OTKPUBAHETO Ha HOBU
(HEHOMEHM C BUCOKA €CTETUYECKA W HAyyHa CTOWHOCT, KOWUTO
fa ObJat BKMKYEHU B TYpPUCTMYECKW MapLUpyTU 3aedHo C
nonynsipHute Beye ,3emeHcku ckanu’, ,Paspes loneTuHcku
aon” u ['bpBbrHCKM HaBnak”, NOCeLLaBaHN EXEerogHo No Bpeme
Ha CTYOEHTCKM NPaKTUKW 1 HAY4HW FEONIOXKM EKCKYP3nK.

Ot pgpyra ctpaHa, B paioHa morat fa 6bgaT noceTeHn u
HAKOW OOEKTW C uCTOpuYecka CTOMHOCT 3a Gbnrapckarta
reororvs. ToBa ca cTapute OTpaboTkW B Hap3anuBHuUTE
TEPacK W HEOrEHCKUTE KOHFMOMepaTW OKono cenata [opHO
YitHo, CoBonsHo M PbxaaBuua, cBuaeTencTealm 3a gobmsa
Ha Pa3CMMHO 3MaTo B MUHAMOTO.

Kpacuata npupopa, nobpe passuTMTE KOMYHMKaLMW U
Bnm3ocTTa fo 06nacTHUS LIEHTBP C HEroBOTO 60raTo KynTypHO
W UCTOPUYECKO HACNeaCTBO HU jaBa OCHOBaHWE Aa npuemeM,
ye paroHbT Ha KiocteHgunckoto Kpaulie nputexasa BUCOK
reoTypUCTUYECKN NOTEeHLMan.
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TABINULA |

1-2 - o6 u3rnepn Ha cy6BepTMKanHaTa BapoOBMKOBA Nayka Ha nuwonaHaTta 3agpyra B AoNIMHaTa Ha p. YiiHeHwuua Ha 770m 303 ot c. [lonHu KoputeH —
nornep ot K03; 3 — 6nM3bk NnaH Ha reonoxkus deHomeH ,,CnoHbT” — nornep ot K03; 4 — ,rnaBara” u ,x060TbT” Ha ,,CnoHbLT” — norneg ot CU; 5 -
¢parmMeHT oT ckanHata komno3uuua — nornep ot lOU; 6 - cy6BepTUKanHUTe BapoBUKOBYW nnacToBe — norned ot C3; 7-9 — AicHO M3pa3eHu Wynnu B
CKanuTte Ha BapoBMKOBaTa Mmauyka, Aanu umeto ,llynnu kambk”; 10 — Mankv HAWK B OCHOBATa Ha ,rnaBata” Ha ,,CNOHLT’, BEPOSITHO AENO Ha YOBellKa
pbka.
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METABA3WUTU OT HAWU-CEBEPHUTE YACTU HA BUCOKOMETAMOP®HUA PA3PE3 HA
LIEHTPAJNTHA CPEAHA TOPA, BbITTAPUA

SHko lepdxukoe?, JuaH BaHnzenoe?!, AHHa Jlazapoea?

T Cogputicku YHusepcumem "Cs. KnumeHm Oxpudcku”, 1504 Cogpusi, janko@gea.uni-sofia.bg
2 ['eonoeuqecku uHemumym, bAH, 1113 Cogpus

PE3IOME. B orpagHuTe CkroHOBe Ha 3natuikus 1 Kamapckus rpabeH ce paskpuBaT BUCOKOCTENEHHU METamopduTy, YacT OT SAPOTO HA XEPLMHCKUS OPOreH Ha
TeputopusTa Ha bbnrapus. Tyk Te ca 3acerHati ot 06eMHU CPs3BaHNS, CBbP3aHM C ABWKEHUATA MO PervoHanHa nnacTuyHa 30Ha Ha Cpsi3BaHe — TEKTOHCKA 30Ha
Crbpren-bonysaHs, kosTo Genexu KoHTakTa Ha rHaricute ¢ HuckomeTamopdHuTe ckanu oT Ctapa nnaHuHa. BucokometaMopthHUAT paspes ce CbCTOM [MaBHO OT
AvachTOpU3NpaHm ABYCIIIO[EHN NaparHaiicu u peaki Tena oT OpTOrHaNCK, kaTo AOMUHUPAT NEBKOKPAaTHUTE pasHOBMAHOCTY. [poBeaeHUTe TepeHHI n3cneaBaHms B
paioHa Ha Mbnbbel v 3natuikus rpabeH nokasaxa, Ye MeTamopdHUAT pa3pes BKMOBa METPOBM, JEKAMETPOBU W CTOTULW METPOBW Tena oT MeTabasutn. Te ca
NpeacTaBeHu rMaBHO OT CUITHO MUTMOHUTU3NpaH MeTarabpa, BMecTBaLLyy ronam 6pol annuTouaHN 1 NerMaTouaHMN KWK, KaTo B OTAENHN NOKANUTETV € YCTaHOBEHO
NPUCHCTBIME W Ha PETpOrpapHo npepaboTenm eknoruT. MocneaHuTe UrpasT KNIYOBa POs NP PEKOHCTPYWPaHETO Ha XepLuHckaTa OporeHesa, kato ca Mpsk
WHpmMKaTop 3a Abnboko norpebBaHe Ha YacTh OT MeTaMopchHWs paspes. B no-nokaneH nnaH, [OKYMEHTUPAHOTO B HACTOSALLOTO U3MOXEHUe MO-LUMPOKO MPUCHCTBIE
Ha MeTabaauTv BbB BUCOKOMETaMOP(HWUS pa3pes Mo Te3u MecTa Hanara NpeocMUCNIsHE Ha CTPYKTYpHO-CTpaTurpadickata nosuumusi Ha MUNMOHUTU3MPaHUTE
MeTarabpa oT toXHUTE CkroHoBe Ha CTapa nnaHuHa. Te TPagMLUMOHHO Ce MpUYMCABAT KbM TMIMYHUS 3a bamnkaHa HUCkomeTamMopdeH paspes, HO N3NOXEeHUTE Mo-
Aony dakTi NokaseaT TAXHATa reHeTYHa 06BBLP3aHOCT C paspesa Ha BUCOKOCTENEHHUTE MEeTaMopNTA.

METABASITES FROM THE NORTHERNMOST PARTS OF THE HIGH-GRADE METAMORPHITE SECTION OF CENTRAL
SREDNA GORA, BULGARIA

lanko Gerdjikov', Dian Vangelov', Anna Lazarova?

1 Sofia University “St. Kliment Ohridski”, 1504 Sofia, janko@gea. uni-sofia.bg

2 Geological Institute, BAS, 1113 Sofia

ABSTRACT. High-grade metamorphic rocks from the core of the Variscan orogen on the Bulgarian territory are exposed along the margins of both Zlatitsa and
Kamartsi grabens. Here, they are involved into an intense ductile deformation along the regional-scale Stargel-Boluvanya tectonic zone, coinciding with the contact
between high-grade basement and the low-grade complexes of the Stara Planina zone. The high-grade metamorphic section is dominated by diaphtorized two-mica
paragneisses, but rare domains of leucocratic orthogneisses are presented as well. Our field studies in the area of Galabets horst and Zlatitsa graben show the
presence of several meters, decameters as well as up to hundreds meters in scale bodies of metabasic rocks. Most common are intensively mylonitized metagabbros
hosting numerous aplitoid and pegmatoid veins, but locally bodies of diaphtorized eclogites are distinguished as well. The latter are playing a key role in
reconstruction of the Variscan orogeny indicating deep burialof parts of the high-grade metamorphite section. In addition, the documented here more widespread
occurrence of metabasic rocks within this high-grade complex requires reassessment of their structural and stratigraphical position. Namely, the mylonitic
metagabbros from the southern slopes of Stara planina Mountain, which traditionally are attributed to the Stara Planina (Balkan) low-grade metamorphic unit, have to
be taken away from this section due to the great contrast of the experienced metamorphic transformations.

BbBeaeHue MoKasBaT 3HAYUTENHO MO-LUMPOKO MIOWHO MPUCLCTBME Ha
MeTabasuT M eKnoruTi, CrpsMo AOCErallHUTE NMPeAcTaBu.

KomnneKkcbT 0T BUCOKOCTENEHHN METaMOPUTK, pasKpusall AokyMeHTUPaHETO W XapakTepu3MpaHeTo Ha Tesn Tena uma
ce B ueHTpanHa (C'bLI.WIHCKa) n MxTumaHcka CpeﬂHa ropa, M3KIMHOYNTENHO 3Ha4YeHne B ABa OCHOBHW acnekTta. Ot efHa
Bepuna v 3anagHata nepudepust Ha Pogonute, HeCbMHEHO CTpaHa, TAXHOTO NPUCHCTBUE € HEABYCMUCNEH MHAMKATOD 3a
NPeacTaBnsiBa YacT OT §APOTO HA XEepUMHCKUS OpOreH Ha reofyHammyHaTa 06CTaHOBKa, NOLCKA3BaNKK nukengaunsa Ha
Teputopusita Ha Bbhrapusi — chakt, [obpe nogkpeneH ¢ OkeaHcki baceiH 1 nocnepgaLlo cybayLipaHe Ha hparMeHT!
peanua reoxpoHonoxku paHHm (Velichkova et al., 2004; OT OKeaHCka kopa Ha 3HaYMTENHW abnbounkmn. OT apyra
Cortesogno et al., 2005; Peytcheva and von Quadt, 2004; CTpaHa, PalioHbT Ha W3creaBaHe e ,Bb3NOB", Mnopau
Carrigan et al., 2006; Gaggero et al., 2009; Gerdijikov et al., HemocpefBeHaTa Bno3oCT Ha KOHTaKTa Ha TO3W KOMMMEKC C
2010). Bbnpeku ToBa, Te3n MeTaMopchUTi OCTABaT eaHa oT HuckomeTamMopgHuTe  ckamu - (AnToHos v ap.,  2001),
Han-cnabo N3YYEHWUTE EQUHNLM. n3rpaxgalin  nomMe3osonckata noanoxka Ha bankaHa,
B pamkuTe Ha peaumua Hay4YHW 1 Hay4YHO-NPUMOXKHW MPOEKTY, TpacupaH ot T. Hap. CTbpren-bonyBaHcka TEKTOHCKa 30Ha
U3BBPIIMXME AETAMHM  MPOUMHM  M3CTIeaABaHMs  Mpe3 (Gerdjikov et al., 2007). WweHHo napaneHo Ha Hero
BMCOKOMETaMOpP(HUSI pa3pes, paskpuBaly Ce B panioHa Ha usobuncreat  Temata o1 MeTabasuTu,  TpaaULMOHHO
Kamapckust n 3natuwkus rpabeH, kato nomyyeHuTe LaHHU BKIIOYBAHM B HUCKOCTEMEHHWsI pa3pe3. XapakTepusMpaHeTo

Ha 6a3uTuTe Lie No3BoNM hOPMUPAHETO Ha eauH HOB Mornes
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KbM npobnemMa C KOHTaKTa Mexay BMCOKO- W HUCKOMe-
TamopHuTe ckanu B LleHTpanHa Bbnrapus, KOeTo OT cBOS
CTpaHa LWe ynecHW no-HaTaTbllHKM  Bb3CTAHOBKM Ha
XepuuHckaTa reogMHammnka.

leonoxka o6¢cTaHOBKA

BaxHocTTa Ha paiioHa 3a pa3bupaHeTo Ha xepuuHcKaTa U
annuickaTa TEKTOHMKa Ce Ompedens OT TpacupaHeTo B TO3W
yyacTbk Ha bankaHugute Ha [BE€ BaXHW 30HM — KOHTaKTbT
MEXOy HWCKO- M  BUCOKOMETAMOP(HUTE KOMMAEKCH, U
ceBepHata rpaHnua Ha CpepgHoropckata 30Ha. Bwbnpeku
3HAYMMOCTTa 1 MHOTOTOAMLLHUTE M3CreaBaHus, BbNPOCHT 3a
Xapaktepa Ha Tesn 30HM BCe olle e obekT Ha auckycus. Mo
OTHOLLEHWE TemaTukaTa Ha HaCTOSALETO W3NOXeHWe, Hai-
BaXEH e KOHTaKTbT Mexay ABaTa KOHTPacTHW MO CTeneH Ha
METamMopuabM  KOMMnekeu. ToW ce Tpacupa B HOXHUTE
cknoHoBe Ha CTapa nnaHuHa o1 Kamapckus rpabeH Ha 3anag,
npe3 3natuwkus rpabeH go Ounnute yact Ha Crapa
nnaHuHa B parioHa Ha Bp. bonysawa Ha wu3tok (Pur. 1).
MpeacTaBnsBa 30Ha Ha CPA3BaHe C KWIIOMETPOBW pasmepu
(tektoHcka  3oHa  Crbpren-bonysaHs), no koSO
BMCOKOMETaMOP(HUTE Ckanu Ce pasnonarar BbpxXy unmn ca
JOMpeHn [0  HWUCKoMeTamopdHWUa  paspes. PervoHanHusaT
TEKTOHCKM aHanu3 W KOHKPETHWUTE CTPYKTYPHU [aHHW [aBat
OCHOBaHWe [a Ce TBbpaM, Ye ToBa e fcHO obocobuma
TEKTOHCKA 30Ha, HO pasnMyHa OT Tasu, KOATO Tpacvpa
KOHTaKTa Mexgy BWUCOKOMETEMOP(HUTE — KOMMMEKCHM K
O®porowkata eguHuya B O3 Bwarapus (Gerdjikov et al.,
2010).

BucokomMeTamopgHUSAT KOMMMEKC Ce paskpuBa Ha LUMPOKA
nnowy B paitoHa (dur. 1), HO cneumanuaupaHn NETPONOXKKA 1
CTPYKTYPHW M3CrefBaHns He ca NpOoBeXdaHu, a MOBEeYeTo
JaHHW 32 MeTamopcuTUTE Ca MOMyYeHU NMPpU reonoXKUTe
kapTupoBkn (BpbbnsHcku u gp., 1958; AntoHoB n ap. 2010).
Pa3pesbT ce [OMWHMPA OT MUTMaTW3MpaHu [ABYCHOAEHU
rHancw, BCPeR KOUTO ca BMECTEHW Tena OT opToamdubonuTty
(AHTOHOB n gp., 2010) m no-psgko oT ynTpabasuty.
Pa3nosHaBalikn pervoHanHoTo pa3npocTpaHeHne Ha Tasu
MeTamopHa eduHuua §  o3HayaBame Kato Bucokome-
TamopdreH komnnekc Ha LieHtpanHoto CpegHoropue (BMKLC
— T'epmxukoB v ap., 2010). Jlewwm OT eknoruTi ca M3BECTHM 3a
Pa3nonoXeHNst Ha tor paioH Ha WxtumaHcka CpepHa ropa
(Oumutposa u benmycrakosa, 1982; Gaggero et al, 2009) u 3a
obnactta Ha Bepuna (Kozhoukharova et al., 1993, Savov et
al., 2007).

Pepuua faHHu OT NOCNEAHUTE rOAMHM Mokasaxa CbCTaBHMS
XapakTep Ha HWUCKOMETaMOp(HMS KoMnnekc. PasrnexgaH B
MWHaNoTo kato [lmabas-chunutongeH KoMnnekc, To3u paspes
MoKasBa 3HAYUTEMHU Pa3NUKU B FUTONOXKO, CTPYKTYPHO M
MEeTamMoptHO OTHOLLEHMe. Hai-BMCOKO B paspesa, B panoHa
Ha Bp. 3Be3peLl, ce pasnonarat oyt HemeTamopdoanpaHnTe
aneBpONennTY 1 KBapUMTL Ha [ poxoTeHcKaTa cBuTa (AHTOHOB
w Ap., 2010). PasnonoxeHute OTAOMNY HWUCKOMETaMOP(HM
ckanu ca 3acerHatu OT MPOHMKBALA honnaums, KosSTo Hai-
4eCTO HambfiHO ,Mackupa’ CIOWCTOCTUTE U MbpBUYHATA
cTpaturpadcka nocne-goBaTenHocT. B pesynTar, eanHCTBEHO
Bb3MOXHOTO MOAENSHE TYK € CBbP3aHO C W3MON3BaHeTo Ha
ormaumaTa  kato  penepHa  MNOCKOCTHA  CTPYKTypa.
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MpegnoxeHa e noganba, KOATO Ce OCHOBaBa Ha
NPeOnonoXeHWe 3a  CblieCTBYBaHE Ha  PervoHasnHo
npeobpbllaHe B Tasn YacT Ha paspesa (AHTOHOB 1 ap., 2003,
2010). ObocobsiBaT ce 6asnToBa (4ONHAa) U NenuTHA (ropHa)
MeTasagpyr¥, Kato  HaxogMwara Ha mbpBata  ca
MPOCTPaHCTBEHO MpuBbP3aHM KbM CTbpren-bonysaHckarta
30Ha M HenoCpeLCTBEHUSI KOHTAKT C BMCOKOMETaMOp(HUS
komnnekc. B HacTosweTo u3noxexue Te ca obemuHeHu U
03HayeHu kato dunuteH komnneke (dur. 1).

Pe3yJ1TaTVI OT TepeHHUTe n3cneaBaHuA

[etannHu npocpunu 6sxa HanpaBeHu npes3 Tpu JOMEHa —
paoHa Ha [bmbbel, w3gurHatata 3anagHa  4act  oOT
(hyHOameHTa Ha 3naTuiwkus rpabeH M paiioHa Ha M3TOK OT C.
HOywarum (dur. 1). CTpykTypHUTE W neTporpadickn AaHHW OT
TpUTe [OMeHa HW [JaBaT OCHOBaHWs [a pasrexgave
paskpuBawmTe ce Tyk ckanm Ha BMKLIC kato 3acerHatu ot
obemHn cpsssaHus no  Crbpren-bonyeaHckata  3oHa.
OcHoBHuTe aprymeHTH 3a ToBa ca: 1/ Moyt noBcemecTHaTa
avadTopesa Ha paspesa W cBbp3aHaTta C Hest npepaboTka Ha
cdonnauusTa. B pesyntar Ha Tean npouecn MurmaTtuyHata
MBMYECTOCT Ha THaWCKUTE € MOYTM HaMbITHO 3anu4yeHa u Te ca
npesbpHaT B 6orath Ha cnoga  NOpPGUPOKNACTUYHM
TEKTOHWTW € ,NCeBA0-ovHA”  TekcTypa.  MurmaTtnyHusT
XapakTep Ha W3XOOHWTE rHalucW € 3anaseH camo B OTAEMNHM
no-cnabo gedopmmpanm newwm (low-strain domains), a cbLyo u
B MO-KOMMETEHTHUTE OPTOTHANCOBW HWBA; 2/ B Lerms ckaneH
obem ce [OKyMEHTMpa YCTOMYMBA OPWEHTWPOBKA Ha
chonnauusTa, KoHopmHa Ha Taau B Ctbpren-bonysaHckata
30Ha.

Homen 1. XpebetbT bnbbel, e n3rpageH nNouTu m3uano ot
ckanuTe Ha BMCOKOMEeTamopdHaTta nognoxka (dur. 1), kato
OTHOCWTENHO NO-MankaTa amnnuTyaa Ha  pascegHuTe
OBWKEHUS! B KOXHUSI CTApOMMaHWHCKM CKIOH MO Te3n MecTa
JaBa [obpa Bb3MOXHOCT Aa Ce W3yuu Mo-MbieH paspes Ha
3acerHatute ot paedopmauunte B obxeata Ha Crbpren-
bonysaHckaTa TekToHCKa 30Ha ckanu Ha BMKLIC. BaxeH cakT
€, Ye Ha CbLLECTBYBALLMTE FEONOXKM KapTh B TO3W JOMEH He e
0Tpa3eHo nNpucbCTBME Ha MeTabasuToBM Tena. Te umat
HE3aKOHOMEPHO pasnpefeneHne W ca NPeAcTaBeHu oOT
METpOBM, PSAKO AEKAMETPOBM JIELLOBUAHM TENa OT UBMYECTH,
WHTEH3MBHO NMacTniHO Aedopmupanm metarabpa. Camo B
LieHTpanH1Te 4acTh Ha newuTe WMa 3anaseHn PenukTu C
OTHOCUTENHO Mo-HeaedopMupaH obnuk Ha npoTonuta. Hai-
CUIHO npepaboTeHnTe Tena ca HambfHO MPEBbPHATU BbLB
hMHOMBMYECTU M (hrHOLIENNMBK aMcbrnbonnTy.

Paskputusita no rnasHms mbT E-871, a cbwwo 1 Te3m no
rmaBHoTO Buno Ha lambbel ca pedku W CURHO M3BETPENN.
CpaBHutenHo aobpu npocdunu npe3 MetamopdHUst paspes
Osixa ABOKYMEHTUpaHW MO CTPBMEH TOPCKA MbT, TpacupaH
CEBEPOM3TOYHO OT 5130BMPa, Pa3noroXeH cesepHo ot ¢. [lon-
Ho Kamapuuw, a cbwo u no 6Gunoto Ha xpebeta.
OpueHTupoBKaTa Ha onuauusta Bapupa B uHTepeana 180-
220°/50-80°. Bcpen aBycnioaeHuTe rHaiicu ce Habniogasat
CaHTMMETPOBM 40 METPOBYW TeNa OT NEBKOKPATHN OPTOTHacH,
CbC MO-MacuBeH OOMMK W OTHOCWTENHO 3anaseHn Ot
aunadtopesara CTpyKTypu.
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®ur. 1. CxemaTyHa reonoxka kapTa Ha U3cnefBaHus paiioH (c MoaudmKkaLuumu no AHTOHOB M Ap., 2010). AnnuiickuTe TEKTOHCKU CTPYKTYpPU He ca nokasaHu. C 6ano e npeacTaBeHa KBaTepHepHaTa NOKpUBKa.

Cbkpawenus: BMKLC — BucokomeTamopdieH komnnekc Ha LeHTpanHoto CpegHoropue; CBT3 - Ctbpren-BonyBaHcka TekToHCKa 30Ha.



OomeH 2. MlouTM HenpekbCHATUM pPasKpUTMS Ha  BUCOKO-
MeTamopHus yHoaMeHT ce Habniogasat Mmexgy cenara
ByHoBO 1 MupkoBo. B Tasu yact Ha 3naTtuwkus rpabeH,
pasnonoxeHa Ha 3anag oT  Becenomorunckus  npar,
KBaTEpHEpHaTa MOKPKUBKa € OrpaHnyeHa Camo A0 MIaHUHCKNS
CKIOH ¥ ronemute gonnHu (Muwes u gp., 1962). BpbonsHcku
n ap. (1958) poKyMeHTMpaT NPUCHCTBMETO Ha amdubonuTh n
MeTabasuTi B TO3M y4acTbK. Ha TaxHaTa reonoxka kapra €
MapuKMpaHO  yOb/KEHO B cybekBaTopuanHa  MOCOKa,
amdunbonMToBO TANO C Ob/KMHA noeve oT 2.7 km. Hai-
£00py paskpuTUs Ha Te3u ckanmu ce Habniogaeat no Abnboko
BCEYEHA pEYHa [OMMHA, KOATO 3aBbpliBa B anyBus Ha
ByHoscka peka (npu E 23.950308°, N 42.688202°). Tyk
pebenvHaTta Ha [OMWHMPaHUAT OT OPTOAEpUBATW paspes e
okoro 200 m. Toil BKMYBA KaKTO CWUIHO MAACTUYHO
aecopmupann  ckanu  (DMHO  HALIMCTEHU/MUIOHUTU3NPAHN
amubon-6moTMToBM  rHamcn,  amubonoBM  LWUCTM W
amgubonuTi), Taka W Takua, 3anasunu ocobeHocTuTe Ha
npotonuta (nopcupHn no nnarnoknasa rabpa, CcpegHo-
3bpHecTH rabpa, anabaan). onvaumsTa Bapupa B MHTEpBana
150-180°/45-70°, kaTo Ha MecTa ce Habntogasa NUHEAHOCT No
amcubon ¢ opueHtupoBka ~150°. [lpaBu BnevatneHue
nuncata Ha 6enesu 3a HanaraHe Ha  MHTEH3MBHM
AMadbTOPUTHM  M3MEHEHMS B TasuM 4acT OT paspesa.
CpaBHWUTENHO YecTM ca [eLUMETPOBM anniuUT-NeErMaTuTOBM
KUIW, HSKOW OT KOWTO HE Ca HalMCTEHW, JOKaTo Apyru ca
MAacTUYHO AedhopMupaHi.

OomeH 3. IOxHO OT ceno AHTOH ce pasnonara W3gurHat
y4acTbK OT (hyHAameHTa Ha 3naTuiukis rpabeH, B KOWTO ce
Habniogaea  CpaBHUTENHO  MbieH  npodun  npes
BUCOKOMeTamopHaTa nognoxka. OTHOBO JOMMHMpaLiaTa
nuTonoMMs ca ABycCnwaeHuTe naparHamcn. PenednsT ce
JOMWHMPA  OT  yOBIXKEH B CEBEPOM3TOK-OrodanagHo
HanpaeneHne xpebeT, KOWTO Cce Mapkupa OT peguua
TBbPAMLN, U3rpafeHmn oT opTomeTamopduti. Ponmaumsarta Tyk
e C opueHtupoBka 160-190°/30-45°. Paskputnsita ca u30-
nvpaHu W mbieH npodmn He Moxe da ce Habmiogasa.
[oMuHMpaT [BYCMIOAEHW, YECTO TrpaHaT-ChabpXaly napa-
rHancu. CpeLuat ce HUBa OT NEBKOKPATHWU OPTOrHancy, nem
0T meTarabpa W (pMHO3bPHECTM MeTabasuTu. B KbcoBe ca
HabnogaBaHm M MacvBHM yrTpabasuTy.

PetporpagHo npepaboTeHn eKNOruTyu u rpaHar-
CbAbpKawm metarabpa

PeTporpagHo npepaboTeHuTe eknoruTi ca YCTaHOBEHU B
3anafgHnTe ckoHoee Ha xpebeta Mbmbbel, kato opmmpart
NELOBMAHO TAMO C METPOBM PasMepy, BMECTEHO Cpef, CUITHO
HawmcTeHn amdubonutn. Toea ca OTHOCUTENHO ApebHo-
3bPHECTU CKanu ¢ nopdmpupobnactHa no rpaHata TekcTypa.
[MaBHMTE  CKanoobpasyBallM  MWHEpanM ca  [paHar,
KIMHONMPOKCEH, amdmbon v pyTun, a BTOPOCTENeHH! asu,
NpeLCTaBEHN B MUHUMAITHM KONMYECTBa, Ca NnarnoknasbT u
KBapL/bT.

lpaHaTbT obpasyBa nopdupobnactu ¢ gobpe 3anasenu
oyepTaHns u pasmepn nog 1 mm. KnuHOMMpOKCEHBT € mno-
ebp 1 e npeactaBeH OT XUnMAMoBnacTHW [0 KceHoBnacTH
3bpHa. XapaKkTepHu 3a Hero ca MupMmekuTonogobHuTe
CUMNNEKTUTOBM  CTPYKTYPU Ha pasnag, u3rpageHu oT
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nnaruoknas, NMPOMEHEH KIMHOMMPOKCEH U * KBapL. TAXHOTO
NPMCLCTBME € MpPSKO YKasaHue 3a [OEeKOMNPECMOHHOTO
npeypaBHOBECSBaHE  Ha  MbpBUYHMS,  BUCOKODBapu4eH
KnuHonMpoKceH, Borat Ha Al u Na, CbNpoBOAEHO C OTAENSHE
Ha Nnaruoknas (a BeposTHO M Ha KBapL,) ¥ NPOMsHa B CbCTaBa
Ha KIMHOMMPOKCEHA KbM auoncugoB Twn (Borat Ha Ca).
PeTporpagHata npomsiHa € CbnpoBogeHa 1 ¢ obpasyBaHe Ha
amcunbon, KOMTo 3aMeCTBa BeYE MPOMEHEHUS KITMHOMMPOKCEH.

[paHaTbLT € cpaBHUTENHO cnabo 3acerHaT OT peTporpagHu
npouecu. OKOMO  BBHWHMA  KOHTYp HAa  MHOrO  OT
nopdmpobnactute My, Ha rpaHuuata C KIMHOMMPOKCEHOBM
3bpHa, ce Habnogasa NPUCHCTBIUE HA THHBK ,PUAM” OT PUHN
CUMNNEKTUTW, YUMATO MWHEpaneH CbCTaB He MOXe jJa ce
YTOYHW, NOPaAN MarkuTe pasmepw.

M30BUnHMAT pyTin ce cpelua Hait-4ecTo KaTo BKIHOYEHUS B
KNWUHOMMPOKCEHa, OCOBEHO B y4vacTbLWTE C Beye yeopenu
CTPYKTYpW Ha pa3snag. Ha MecTa, OKOno Unu B HEMOCPeaCTBeH
KOHTaKT C pyTuna, ce HabniopaBa HenpospaveH MuHeparn,
Hal-BEPOSITHO WIMEHUT, 4mMeTo obpa3yBaHe creg pytuna
noakpenst npefcraBata 3a [OEKOMMPECUMOHHA peTporpagHa
npomsHa.

Hes3HaunTenHOTO KOMMYECTBO nnarMoknas B ckanara,
CBbP3aHO M3KMIOYATENHO CbC CTPYKTYpUTe Ha pasnag B
KIMHOMWPOKCEHa, npegnonara eknorut, obpasyBaH W3BbH
MnoneTo Ha CTabunHOCT Ha mnarvoknasa. lpeobnagasalloTo
KOMMYeCTBO (hEMUYHWN METaMOPMHU MUHEpann u n3obunneTo
Ha pyTun, HacouBa KbM focta 6asndeH u 6orat Ha Ti
NpoTONNT, BEpPOSTHO 6azantonaeH Tvn.

Opyr  no-,ek3oTmyeH” Twn  meTabasuT ca  rpaHart-
cbabpkawuTe Metarabpa. Te npucbcTBaT B paspes3a Ha
[omeH 3, KOWTO € AOMMHMpaH OT naparHaicu. ogo6Hu
Pa3sHOBWMOHOCTW Ca OMWUCBAHM W MO KOHTaKTa Ha BUCOKO- U
HWCKOCTEMEHHNTE MeTamopuTh, HO Ca pasrexaaHn karto
4acT OT HuUckomeTaMop(Hus pa3spes (AHTOHOB M ap., 2001).
Tyk, TOBa Ca CpaBHUTENHO €ApO3bPHECTU, NopchrpobracTHu
no rpaHata ckamu. [naBHuTE ckanoobpasysally MUHepanu ca
rpaHaT, KIMHOMMPOKCEH, amcnbon, nnaruoknas u keapl, a
aKLUECOPHW -  PYTWM, UIMEHWUT, TUTaHWUT, anaTuT, * LMPKOH.
KonuyecTeeHnte B3aMMOOTHOLIEHUS MEXOY Te3W MuHepanu
BapupaT AOpu B paMK1Te Ha OTAENHWUTE Tena.

MpaHaTbT hopmMpa XMnUaMobnacTHW, YecTo HamykaHu W
(hparMeHTUpaHu 3bpHa ¢ pasmepu Hag 1 mm. MoBcemecTHO e
pe3opbupaH, KaTto napaneHo Ha KOHTYpUTe Ha 3bpHaTa
MPUCHCTBAT TBHHKM OPEONM OT PETPOrpagH/ Mrarvoknasw,
(OVHW prunocunukaTh 1 No-psaaKo Keapu. 3HaunTenHa yact ot
KMMHOMMPOKCEHa € 3amecTeHa OT amdmbor, kaTo nocnegHUsT
JoMuHMpa B oOwms obem Ha ckanata. AMdubonbT K
KMWHOMMPOKCEHBT Ca MPEACTaBEeHU W KaTo BKMKOYEHUS B
nnaruoknasa, koeTo NoAckasasa, Ye B MUKoBaTa MeTamopdHa
acoumaums Hain-BeposTHO € yyactean amcmbon, a moxe 6um
TOW € NPUCHCTBAN U B NPOTONMUTA. 3HAUNTENHUTE KONUYECTBA
nnarvoknas B ckarnata CBWAETENCTBAT, Ye Td € ocTaHana B
noneTo Ha CTabuMHOCT Ha TO3W MWHEpan U M3NUTaHWSAT
nporpageH MeTamopn3bM Hait-06Li0 € MPOTEKBIT B YCOBUS
Ha BUCOKOCTeneHeH amtunbonnTos daumec.



Aunckycus u 3aknoyeHne

B nscnensanata teputopusi, BMKLIC e npefctaBeH 0CHOBHO
oT Boratn Ha criogu naparHancu. Bepep TAX HE3aKOHOMEPHO,
Ha pa3snMyYHU HMBA OT TEKTOHCKM CTpaTMMLMPaHNS pa3pes, ce
cpeLyat optodepusati — metabasnti 1 meTarpaHuTy. Mo Tosm
HaYMH ce NOTBbPXAABAT WM AOYTOYHABAT W3NOXEHUTE OT
BpvbnsHckn u gp. (1958) u AHtoHOB M Ap. (2010) gaHHM 3a
MPUCBLCTBMETO Ha opToamdmbonuTu n meTarabpa B paspesa
Ha BMKLIC. IMbpBMYHMTE MM OTHOLLEHMS C napackanute ca
HaMbHO ,MackupaHu” OT HamnOXeHUTe TEKTOHO-METaMOPHM
npouecu. [laHHn 3a NpoTonuTHaTa UM Bb3PacT HAMa, HO Be3
CbMHEHWe Te ca 3acerHatm OT BUCOKOTEMMEpaTypHWs
MeTamopmsbM C BbapacT 336 Ma (Carrigan et al., 2006).
[pUCLCTBMETO Ha Te3n OpTOMETaMOPMTM MOXe Aa ce
TbIKYBa KaTo MHOMKaUMS 3a BumoganeH marMaTu3bM, KOWTO
YCMOBHO MOXE Aa Ce CBbpXe C MpOoLecu Ha PUTUHT npes
paHHMA naneo3ol. PenukT OT TakbB TWN MarmaTuuHa
aKTMBHOCT Ca LUMPOKO MpeacTaBeHn B Lenus 00em Ha
Bapucunaute B pamknte Ha EBpona (Paquette et al. 1985;
Briand et al. 1995; Gaggero et al. 2004).

YCTaHOBSIBAHETO Ha EKMOrMTM B Tasu YacT OT paspesa Ha
BMKLIC HecbMHeHo roBopu 3a gbnbokoto norpebeaHe/cy6-
JyuMpaHe Ha KOpOBUSI (PParMeHT, W3rpaxgall BUCOKOME-
TamoppHns  paspes. BaxHa e nosuumaTa Ha HOBOYCTa-
HOBEHWUTE BUCOKODApUYHW Ckanu — B BN30CT A0 HUCKOMETa-
MopHMs paspes ot Crapa nnaHnHa u B obxBata Ha
3acerHatute OoT cpsisBaHusta no Crbpren-bonysaHckata
TEKTOHCKa 30Ha ckann Ha BMKLIC. Tosu cakT owle no-sicHo
Mapkupa 3HaUMTENHWTE pasnukn B MUKOBUTE TepMasHo-
GapuyHn  ycrnoBusi, 3anevyaTtaHM OT [BaTa KOHTPACTHM
MeTamopdHM KoMnmekca.

[lokyMEHTUPaHETO Ha CpaBHUTEMHO ronemn metabasnToBw
Tena B HenocpeacTBeHa GNM30CT [0 KOHTaKTa Mexay Aparta
MeTamopHM KOMMMEKca HacoyBa KbM MPEOLEHKa Ha
nosuuMaTa Ha MWNOHMTM3UPaHMTE rabpa, PasnonoXeHu B
KOHTakTHaTa 30Ha. OT noBeveTo JoceraliHW W3crefoBaTenu
(MBaHoB M pgp, 1987; uyacTu OT [JonHa MUTOCTPYKTYpHa
eaumHmua Ha AHTOHOB M gp., 2001, 2003; vactm ot
MeTabasuToBaTa 3agpyra Ha AHTOHOB M Aap., 2010) Te ca
NPUYUCTISIBAHN KbM HUCKOMeTamMopgHus paspesd. CTpyKTypHo-
neTporpackMTe HU [aHHU, KaKTO W TEe3W, W3MOXeHU OT
AHTOHOB W ap. (2003) nokaseat, 4ye rabpata 3anevatBart
BMCOKOCTEMEHEH  MEeTamopdu3bM  (MAHUMYM  [JOJeH
amunbonuToB aumec), KoeTo € HECbBMECTUMO C TSIXHOTO
npuymcnsBaHe KbM HUCKOMETaMOpHMA paspe3. [oHskbae
CXOOHM Maen ca W3noxeHu no-paHo ot benes (1967), Ho e
HECbMHEHO, Ye pellaBaHeTO Ha TO3M BBMPOC WU3WUCKBA
JOMbIHATENHU METPONIOXKM, TEOXPOHONOXKM M CTPYKTYPHM
u3crnegsaHus.

BnazodapHocmu. [ou. 3naTka YepHeBa okasa BaxHa MomoLy npu
neTporpadckuTe U3cnenBaHus Ha MeTabasutute. MpuaHaTenHu cme
Ha peleH3eHTa npoch. B. XKemeB 3a KOHCTPYKTWUBHATa KpuTUka W
OenexKu.
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NPUPOAEH A3 B CNTABOINMPOHUUAEMU TEPUTEHHU ®OPMALIUU (TIGHT GAS)

E¢ppocuma 3aHesa-fJobpaHosa

MunHo-eeonoxku yHusepcumem ,Ca. MeaH Puncku”, 1700 Cogpus, geoenergy@mgu.bg

PE3IOME. V3ayyaBaHeTo Ha ckanuTe KaTo KOMeKTopy 3a MPUPOAEH ras, OT rmeaHa Touka Ha TeXHUTE crieluduyHn neTponainiHin 0cobeHOCTH, € OT ChLLECTBEHO
3HaYeHue 3a NPOrHO3MpaHeTO Ha 30HM C PasNyHK OT OOLLONPUETUTE CXBALLAHMS 3@ aKyMynaTUBHUTE UM XapaKTepucTUki. B cBeTOBHaTa npakTuka BCE no-ronsma
nonynsipHOCT NpuA0BMBAT 30HUTE Ha PasnpOCTPaHEHNe Ha MPUPOAEH ras, XapaKTepuaupaLLyM Ce C OTHOCUTENHO HUCKM KOMEKTOPCKW CBOWCTBA. B aHrnoesnuHata
nuTepaTtypa e npueto HaumeHoBaHueTo Tight Gas. Moa Hero ce pasbupa NpupoAeH ras CbAbpXaly Ce B TEPUreHHU CKamu, KOWTO Ca HeHanykaHu, C BUCOKO
CbAbPXKaHWe Ha LMEHTMPALLIO BELLECTBO, C Pa3Mepy Ha NOpHUTE kaHanu Henpesuwasaluy 0,1 my, ¢ NPOHULAEMOCT Ha MaTpuuata no-Hucka ot 0,1 md, Bucoko
CbAbpXKaHue Ha 0CcTaTb4Ha BOAOHACUTEHOCT U C onpeaeneHa MexaHyHa yctoitunsocT. Obwmte pecypen ot Tight Gas, B cBeTOBeH Mallab ce oueHsiBaT Ha Haj 45
000 mnpa. m3, KOETO MoKka3ea TAXHATa 3HAYMMOCT, KaTO MEPCMEKTUBHM U3TOYHWLM 3a J06MB Ha NpupodeH ras. MpernegbT Ha cneumanu3vpaHata nuteparypa,
no3eonsea Aa 6baat otaeneHn Hskou bW 3aKOHOMEPHOCTM MO OTHOLLEHWE MO3WLMSTa, PasnpOCTPaHEHNETO, CBOCTBATA HA CMabOMpOHULaEMUTE TEPUTrEHHN
Hacnaru v Jpyri xapakTepHU Mpu3HaL, KOUTO NO3BONSBAT HACcOYBaHe Ha Mpoy4ysaTenHuTe U AobuBHUTE AeitHocTi. OT 3HayeHne e NPOrHo3MpaHeTo Ha nofobHM
30HW Ha pa3npocTpaHenue Ha Tight Gas u B pamkuTe Ha Bbarapus, ¢ Len ocbBpeMeHsiBaHe Ha CbLLECTBYBALUMTE MO3HAHUS W NPOYYBAHETO Ha MOAXOAALM 33
OCbLLECTBABAHETO HA A06OMB 06EKTH.

NATURAL GAS FROM LOW PERMEABLE TERRIGENOUS FORMATIONS (TIGHT GAS)
Efrosima Zaneva-Dobranova
University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, geoenergy@mgu.bg

ABSTRACT. The study of rocks as collectors for natural gas in terms of their specific petrophysical characteristics is essential for predicting the areas other than the
conventional notions of their accumulative characteristics. In the world practice the zones of distribution of natural gas are increasingly gaining popularity,
characterized by relatively low collectors properties. The name Tight Gas was adopted in the English literature. This specific term holds the meaning of a natural gas
contained in terrigenous rocks that are uncracked, high in a pack, the size of a porn channel not exceeding 0,1 my, with the matrix permeability of less than 0,1 md,
high residual water saturation and certain mechanical resistance. The total supply of Tight Gas, globally estimated at over 45 000 billion m3, shows their importance
and quality of a promising sources of natural. A review of the specialized literature allows to separate some general laws regarding the position, distribution, properties
of poorly permeable terrigenous sediments and other traits that allow targeting of exploration and mining activities. The prediction of such zones of distribution of Tight
Gas and within the teritory of Bulgaria is important due to the modemization of the existing knowledge and research of appropriate for carring out the extraction sites.

BbBepeHue TEHAEHUMSTa 3@ HamansBawute [fobuBM Ha ra3 ot
KOHBEHLIMOHANHM Haxoaulia W MOBMLIABAHE Ha LieHWTe; BCE
V13y4yaBaHETO Ha CkanuTe KaTo KOMEKTOPW 3a NPUPOLEH ras, Ollie BMCOKATa 3aBUCMMOCT OT BbIMEBOLOPOAHM EHepruiHi
OT TrfegHa Toduka Ha TexXHUTe creundnyHu ocobeHoCTy CYPOBIHM; BYPHOTO pasBUTUE Ha TeXHWKaTa W TeXHomoruure,
(pesepBoapHM CBOWCTBA), € OT CbLIECTBEHO 3HAYeHWe 3a KOMTO CTaBatr B NO-rOfiiMa  CTENEH  eKonorowansn
NPOTHO3WPaHETO Ha 30HWM C pasnuyHM OT obLionpueTnTe 3anoysaT Aa Npupobueat  MbPBOCTENEHHO — 3HAYeHwe;
CXBaLliaHus 3a akyMynaTWBHWTE UM XapaKTepucTuku. Yact ot OTCbCTBMETO Ha 3HAYUTENHM MO mMalab 1 MHOro no-cKkbu
TEPUrEHHUTE Pa3HOBMAHOCTY MpU OMpeLeneHu YCroBus, ce Bb30OHOBNISAEMI EHEPTUIAHM U3TOYHILM U AD.
OTHacsAT KbM KaTeropusita Ha crabonpoHuuaemute, a
CbObpXKaLLMTE Ce BbINeBOAOPOAM Ca C ra3oB ha3oB CbCTaB - Llenta Ha HacToseTo W3cnefBaHe € W3BEXOAHETO Ha
Tight ras. reoroxkUTe U  PEe3epBOApHUTE  3aKOHOMEPHOCTW, KOWTO
XapakTepuaupat CcnabonpoHMLAeMUTE TEPUreHHW Tena W
B cBeTOBHaTa crnelmanusnpaHaTa nutepatypa 3a Tosu Tun oTAensHe Ha oHeau Teputopuu oT CesepHa Bbnrapus, B
ra3 ce CnOMeHaBa OT BTOpaTa MOSIOBMHA Ha MWHaNWA BEK, KOWUTO Ca Bb3MOXHU NEPCNeKTNBHA 3a Tlght Gas ckanm ¢ HUCKK
cnepn OTKPMBAHETO Ha OBLUIMPHM NPOCTPAHCTBA HA HACUTEHU C KONEKTOpCkM CBOVCTBA.

MPUPOAEH ra3s cnabonpoHULaeMU TEPUreHHM CKamu.

Mo MHeHue Ha peguua wuscneposatenu (Naik, 2010; C'bCTOﬂHVIeVIaKTyanHOCT Ha npo6nema
Abdelaziz et al, 2011), pobue Ha npupogeH ras ot

HEKOHBEHLMOHAMHM  M3TOYHWLM, B TOBA YMCMO W OT ®opmaumm ¢ rasoHacuuiaHe B C€nabo npoHuUUaemu
cnabonponuuaemu Hacnaru, B 6mmsko Obgewe e uma TepureHHn ckanu. lMpupogeH ras (Tight Gas) ce gobusa ot
W3KMIOYMTENIHO BaXHO 3HadveHne. To ce onpegens oOT paiionn, Ha Teputopusta Ha CAL, Kanaga, AscTpanus,
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Mekcuko, BeHeuyena, ApxeHTuHa, ViHooHesus, Kutai, Pycus,
Ervnert, Caygutcka Apabus n p.

MroHep B npoyyBaHeTo M fobuea Ha Tight Gas ca CALL,
kbaeto npe3 1960 r. B DOaceiiHa San Juan ca 3anoyHanm
MbpBUTE M3creaoBaTencku pabotn. baceHbT e pasnonoxeH
Ha ceBep oT Hio Mekcuko n toxHO OT Konopago u cbabpxa
OTPOMHM 3anacy OT ra3, BMECTEH B Pa3HOBb3PACTHU MITbTHY
TEPUreHHN nnactoBe. [a30HACMTEHW 30HW Ca YCTAHOBEHM B
paiioHa Ha Kanrapu B Gaceitha Piceance. Te ca ¢ gebenvHa
Hag 76 m. Ot Tsx ce gobusat no 14 000 m3/d ras.

CepunoseH noteHuman Ha Tight Gas uma B palioHa Ha
Ckanuctute nnaHuHW, KbOeTo AokasaHuTe 3anacu npes 2000
r. ca or nopsigbka Ha 0,7 Tpn. m3 ras, npes 2004 r. ca
HapacHanw Ha 1,2 Tpn. m3 (o OLUeHKM Ha eonoxkaTa cnyxba
Ha CAL), a noTeHumanHuTe pecypcy OT MPWUPOAEH ras oT
paiioHa Ha CeBepHUTE BENMKM PaBHWHM MOraT Aa HagMuHar
2,8 Tpn. md,

B bGaceita Uinta, pa3nonoxeH CEBEpOM3TOMHO OT LuaTa
fOta, ca pobutm Hag 0,03 Tpn. md ras, a OCTaTbYHMAT
noteHunan ce oueHssa Ha 0,9 Tpn. md. [lo oueHku Ha
l'eonoxkata cnyxba Ha CALL, HenpoyyeHuTe pecypcu OT ra3 B
paioHa Ha Exrndyg B wata Konopapo cwcraenssar 0,2 Tpn.
ma,

Hepaneve ot Mekcuko, B KOxeH Tekcac, Tight Gas ce
CbbpKa B MITbTHY NACHYHULM, C NpoHuLaemoct ot 0,1 go 1,5
md, M30MpaHm OT IMMHECTM CKanu C PaHHOEOLIEHCKA Bb3pacT,
nonagHanu B yCroXHeHa NogHaBnaqHa TEKTOHCKa CTPYKTYpa C
pebenuHa Ha Hacnarute ot 150 go 360 m, pasnonoxeHn Ha
abnooyunna ot 1500 go 3600 m.

B TepurenHata 30Ha Lobo sanacute ot Tight Gas ce
oueHsiBaT Ha Hag 0,1 Tpn md.

Mo paHHu Ha Working Document of the NPC Global Oil and
Gas Study (July 18, 2007), pecypcute ot Tight Gas
obesneyasat noutn 20% ot gobuBaHMTE KONMMYECTBA OT ra3 B
CALL v npepcTaBnsBaT BaxHa YacT OT M3BNeKaeMuTe 3anacu
Ha npupoaeH ras. CymapHo B CALL ce npegnonarat pecypcu
oT nopsigbka Ha 400 Tpn. m3 ra3 OT NTbTHW TEPUTEHHU CKanu.

YHukanHaTa rasosa 30Ha Ha Tight Gas e ycTaHOBeHa B
paiioHa Ha Sulige, pasnonoxeH Ha Cesep OT LEHTpanHata
yact Ha baceitHa Opgoca (Kutait). 3oHaTa Ha razoHacuLaHe e
c npegnonaraema nnowy ot 40000 km2 v cbabpxa pecypcu Ha
npupogeH ras oT nopsgbka Ha 1,68 Tpn. ms. Ta e
W3KMIOYMTENTHO ~ CMOXKHO — MOCTPOEHa W MpeAcTaBnsea
CBBKYMHOCT OT NACbYHM newy, GapoBe no AOnMHA Ha
naneopeka, akymynaTWBHW Tena 4 nnactoBe, C LUMPOK
cTpaturpadcku 1 AbNGOYNHEH AMANA30H.

B  HedprorasoHocHute  GacemHu,  pasnoNioXeHu  Ha
Teputopuata Ha Pycusa, 50% OT nporHosHuTE pecypcu
npuHagnexar  KbM  yyacTbUM € pasBUTME  Ha
cnabonponuuaemm ckanum (Anonotos u Jlebeges, 2000).

Obwwute pecypen ot Tight Gas, B cBeToBeH Mawab ce
oueHsiBaT Ha 45,6 Tpn. m3. C Hai-BUCOKO MPOLIEHTHO y4acTne
Ha Hactoswms etan ca CAW wu KaHapa, cnegsa
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TuxookeaHckusiT pervoH (Kutaim n Asctpanus) (Haines, 2006;
Victor Hein, 2009).

TepmuHonornyHm ocobeHocTu. B aHrnoesnyHara cneupyanu-
3upaHa nuTepatypa, KaTo TEPMUHONOMMYEH aHanor Ha
MPUPOJHUS a3, KOWTO Ce CbAbpxa B crabonpoHuyaemm
ckanu, e npueTo HanmeHoBanueTo ,Tight Gas“ (Law and
Curtis, 2002). B pyckoesuyHata nuteparypa (®ununnos, 1967)
ce ynotpebsiBa CMOBOCHYETAHMETO ,MNOTHbIE KOMMeEKTopa
rasa“. B 6bnrapckara cneumanuanpaHa nutepartypa oTchbCTBa
0bLoNprUeTo HaMEHOBAHNE Ha TUNa NPUPOAEH a3, KOWNTo ce
CbObpXa B TEPUrEHHW PE3EpPBOAPHM CKalu C  HUCKM
BMECTUMOCTHW M (PUNTPAUMOHHM  KavecTBa. Ham-yecto
ynoTpebsiBaHNTe TEPMWUHM 3a NUTONOXKATE Pa3HOBMAHOCTM,
KOWTO CbbpXaT NPUPOAEH ras oT nogobeH Tun, ca ,cnabo
NPOHWL@EMN nuTONOro-puanyHu Tena“ (banuHos u ap.,1977),
,CKann ¢ MexauHHM ceomnctea” (Mowos, 1973), konektopu C
NoaKoHAMUMOHHM napameTpu” (3aHeBa-[lobpaHosa, 2002). B
OcHoBaTa  Ha  (hOPMYNMPOBKUTE  Ca  MOCTABEHM
NeTpogmanyH1TE CBOACTBA Ha CkanuTe. KaTto rpaHnyHm,
KOHAMLMOHHW CTOMHOCTM, B 3aBWUCUMOCT OT crneuuduyHaTa
reonoxka 0OCTaHOBKA W KOHKPETHUS W3CreJoBaTencku
MWpOTTes, Ca 3aoXeHN PasnMyYHN KONMYECTBEHM NoKasaTeny.
MMo-ronsiMa 4acT OT u3cnegoBaTenuTe NpMemMart CTOMHOCTU Ha
NpoHWLaeMocTTa pasHa 1 no-Hucka ot 0,1 md (Haines, 2006,
Perry and Lee, 2007), HO Mma u Jpyru, KOUTO npuemar
CTOWHOCT Ha NPOHMLIAEMOCT OKOIO U no-Hucka ot 0,6 — 0,4 md
(China National Petroleum Corporation, 2006; German Society
for Petroleum and Coal Science and Technology, 2010).

Cnopes ofbwonpuetata Yy Hac knacudukauus —Ha
konektopute Ha XaHwH (1969) u Ap., TEpUreHHM ckanu ¢
npoHuuaemoct mexay 0,1 u 1 md ce oTHacAT KbM rpynata Ha
HWCKO MpoHMLaemuTe (krac V), a ¢ MPOHMLAEMOCT MO-HIUCKa OT
0,1 md — TBBPAE HUCKO NpoHuLaemu (knac VI). Mpueto e, ye
konekTopute oT V Knac Morat Aa npefcTaBnsBaT NpOMMLLEH
WHTEpeC camo 3a rasoBM 3anexu, a Tesn, KouTo ca
npuumcneHy kem VI knac HAMaT MPOMULLNIEHO 3HayeHue. B
nogobHa nornyecka NOCNEAOBATENHOCT € M TPYNUPpaHeTo Ha
ckanute N0 OTHOLUEHWe TAXHaTa ekpaHupalla CrnocobHOCT.
lpyna E n F oTroBapaT CbOTBETHO Ha ra3onpoHWLIAEMOCT no-
HWUCka W paBHa Ha 0,1 md., ¢ pa3mep Ha NOpHUTE KaHanu B
natepsana 0,1 — 1 my. EkpaHupawata um cnocobHocT e
HMCKa M TBbPAE HUCKa.

HesaBucumo OT  cMmuCbiia, KOWTO Cce 3amara B
HaMMEHOBAHWETO, TOBA € MPUPOLEH a3, CbC 3HaYUTEneH
noTeHunan B CBeTOBeH Mawab, KkoATo ce pasnmonara B
Pa3NNYHM MO NUTOMOXKM CbCTaB Hacnaru. 3acuneH WHTepec
Ha HacTOALLMS eTan Npeav3BUKBaT Te3W, KOWTO ca U3rpaaeHu
OT TEPUreHHN MO CbCTaB CKanu - NACHYHWULM U aneBpoOnuUTY.
TaksBa, KOMTO Ca: C HaW-BUCOKO CbObpXaHWe Ha
LMMEHTMPALLO BELieCTBO; C PasMepn Ha MOPHWTE KaHanm
Henpesuwasaluy 0,1 My; BUCOKO CbAbPXaHWe Ha OCTaTbyHa
BOLOHACUTEHOCT U C OMpefeneHa MexaHnyHa YCTONYMBOCT.
Kbm Tasn rpyna Hakon wscneposaterm (Naik, 2010 v gp.)
npuumucnsBaT U kapboHaTHUTe ckamu (BapoBWLM, SOMOMMTH,
Bb3MOXHO XanWuT WMKW  aHXWOPUT), HO nopagn TexHuTe
cneundnyHM CBOWCTBA (MbPBMYEH CbCTaB, CKMOHHOCT KbM
HanykeaHe, OKkapcTsBaHe W Ap.), KOUTO Ce nposBsBaT B
pasnuyHu eTanu OT NUTOreHe3ata, No-ronsAMa YacT OT TAX no-
CKOPO NpeLCTaBnsBaT UHTEPEC KaTO XapaKTepeH TUM KONeKTop
32 KOHBEHLIMOHAMHW BLIMEBOAOPOAHN akymynaLm.



Tabnuua 1.

Obwu 3aKoHOMEPHOCMU, Xapakmepusupawiu 30HUmMe CbC CnabonpoHUyaeMu mesa, HaCUMeHU ¢ 2a308u 8b21esodopodu

(Naik, 2010, ¢ donbrHeHusI).

3akoHOMepHOCTH

KpaTko onucaHue

l'eorpadhcka nosnyms

[MpaKT4eckn Ha BCUYKW reorpadockit LWMPHHK

Mrowy OT HAKOMKO AECETKN A0 HSKOMKONKO CTOTULYW KBaApaTHW KWMOMETPA, B MIOWM, 3HAUMTENHO Mo-
rofileMm OT Te31 Ha KOHBEHLIMOHAINHUTE HEPTEHW W ra3oBy HaxoauLLa
[MpuBbp3aHOCT PervoHanHa HedTOrasoHOCHOCT C  LWWPOK cTpaTurpadpcku auanasoH B 6nms3oct o

HechTorasoreHepypalLLy ckanm, O BbINEHOCHN 06pa3yBaHusl, CUIHO YMITbTHEHN W HE3aCerHaTH oT
BTOPUYHO TEKTOHCKO HaMykBaHe CKanM B PasfMYHM yvacTbUy Ha GaceilHa (LEHTpasHu, 4ecto
MPWUBBP3aHM KbM KOHBEHLMOHANHM HaXOAuLLa U nepudepHn), HaBCsKbaEe, KbAETO ChblyecTByBaT
BriaronpusTHY yCrioBus 3a hOPMMPaHE Ha NPUPOAHN PE3EPBOaPHU Ckamu

Ycnosus u cpega Ha

Mopcku, KpanmbpexHW, mnaryHHW, KOHTWHeHTanHu 6aceiHu, cybakeanHa cpeda, aHaepobHa

cegMMeHTaums reoxummyHa 06CcTaHoBKa Npy OTHOCUTENHO NpeobnagaBallo NoTbBaHe Ha ceauMeHTHNS bacelH, B
KOHTWHEHTAMHW YCNIOBUS MPU HATPYMBaHe Ha BbIMEHOCHW Hacnaru

NutoTtunose Pa3nuyHu no cbCTaB ckanu, HO OCHOBHO TEPUMEHHN

Mopdonorus MnactoBe, MPOCNOAKM, NEWOBMAHM Y4acTbUM, OPEBHW pPevHn kopwta, OGapoe w Aap. ¢

pasHoobpasHn KoHUrypauun u pasmepu, Mopdororus YecTo OHTpONMpaHa oT (U3KNYecKuTe
napameTpu Ha ckanute (kanunspHa apuepa); CbyeTaHMe Ha NMUTONOXKA C XWAPOAMHAMWUYHA
Gapvepa

Tun Ha kanaHa

CTpYKTYpHH, CTpaTUrpadCkit, NUTONOKKM, HAN-YECTO PasfMYHM OT Te3U Ha KOHBEHLMOHANHUTE
BbITIEBOAOPOAHM HaxoamLla, Ges CTporo onpeaeneHa reomeTpust

Pecypcu

lonemu pecypcu, CbnocTaBUMM C TE3U OT KOHBEHLIMOHAHUTE HaXOAWMLLA Ha ra3

NnactoBa cuctema

MHorocnoiiHa oBLUIMpHa HeeHOPOAHA CMCTeMa, XapaKTepuampa ce CbC CRIOXHM MPOCTPaHCTBEHU
B3aNMOOTHOLLEHNS MEXOY CKANHUTE acoLMaLmu; W3WCKBaLya KOMMIEKCHU W3CIenoBaTenckm
paboTy, reonoXKO W XMAPOAMHAMIYHO MOAENMPaHE 1 CUMYTaLMM

B3anmooTHolLeHue ¢
Bofata

Boaorasos KOHTAKT OBMKHOBEHHO OTCbCTBA, MOBCEMECTHO BOLOHACUTEHM CKamM, MHOrO(asHo
HacuLLiaHe

Hansrane

HopmasnHo XuapocTaTyHO 4O MOBULLEHO (@HOPMArHO)

[poHULaemocT, NopecTocT

MpoHuuaemoct no-Hucka ot 0,1 md 1 nopectoct nog 10%

Pa3smep Ha
unTpupaLLmuTe KaHamm

B npeobnapasaluata cv yacT He npesuwasaiym 0,1 my

MexaHu4Ha ycTonumBoCT
Ha ckanuTe

[MoBuLLEHA NBTHOCT 1 YCTONYMBOCT (MOAYN Ha KOHr)

KoethuumeHT Ha
U3BNM4yaHe

HUCBK - KaKTO 3a NpUpoaHKA ra3, Taka v 3a Boaata

[ebuTy Ha coHpaxuTe

[leGuTuTe ca HICKW, @ 3anacuTe ce yCBOSIBAT Mo crieLuanHo paspaboteHa cxema

[Ouckycuum n pesynrtatu

3aKOHOMEPHOCTH, XapaKTepu3vpaLLy 30HM Ha Pa3BUTHE Ha
cnabonpoHvuaeMu Tena, HaCUTEHW C ra3oBu Bbrne-
Bogopoau. lpernegbT Ha cheuuanuaupaHaTa nurepatypa,
BbB BPb3ka C M3y4aBaHETO HA LIMPOK KpbI OT BbAPOCH,
CBbP3aHM C NPUCHCTBMETO Ha ra3 B CNabonpoHMLaeMn ckanm
(Tight Gas), nosBonsBa ga Gbaar OTAENEHW Hskon 06LM
3aKOHOMEPHOCTW MO OTHOLIEHME NO3WUMATa, pasnpocTpa-
HEeHVeTo, CBOWCTBaTa Ha BMECTBALMTE Hacrmaru u Apyru
XapakTepHW KpuTepuanHu npusHaum (tabn. 1).

AHanu3bT Ha TreonoOXKUTE W pe3epBOapHUTE  3aKOHO-
MepHOCTM nokasea Onu3ko poacTBO, Mexay cnabonpo-
HULaemuTe ckanmu, cbabpxawm Tight Gas u TepureHHuTe
KOMEKTOpW Ha NPUPOAEH ras. lNpu onpeaeneHm ycnosus cnabo
npoHuyaemnTe ckanu, cvabpxawm Tight Gas, morat pa ce
pasrnexnart 1 Kato KOHBEHUWOHanHW U3TOYHULWN. ToBa Haw-
BEYye Ce OTHacs 3a OHE3N OT TAX, KOUTO Ca enemMeHTu oT
HEee[HOPOOHOCTTA Ha MHOrOCMOMHA NnacToBa  CUCTEMA,
XapakTepuaupalla ce CbC CIOXHU MPOCTPAHCTBEHN B3anMO-
OTHOLLEHMS MEXQY CkanHuTe acouvauuu. EgHOBpemeHHo ¢
TOBa, MPErnegbT Ha YCTaHOBEHWTE (hopmaLun B CBETOBEH
Mama6 Nnokasea, 4e WHOMBMAYaNHOTO WM NPUCBHCTBME €
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3HauuTenHo,  MopdororMsita €  pasHoobpasHa, a
NPMBBLP3AHOCTTA UM € KbM PasfinyHW YacTu Ha baceiHute ¢
WMpoK  cTpaTurpadiCkn  AvanasoH. CneposarternHo,
CbllecTBeHaTa pasnuka crnefBa Aa Ce Tbpcu He TONKoBa B
reonoXKuUTe yCrnoBus Ha oOpasyBaHe, KONKOTO B cneludukaTta
Ha MpOyYBaHETO WM W TEXHOMOTMMTE 3a CTUMYyNMpaHe Ha
Jobuea.

CnabonpoHuLaeMu TepuUreHHU Tena, NepCneKTUBHM 3a
Tight Gas B CeBepHa Bbnrapus. Kato BaxHu aktopn 3a
OTLENSHETO Ha NepPCrekTUBHM Cnabo MPOHMLLAEMM TEPUrEHHN
Tena, ca M3non3BaHu NTONoro-paumanyuTe, nocTceanumeH-
TaLMOHHUTE, NETPOPU3NYHUTE (BMECTUMOCT, MPOHULIAEMOCT,
KanunsApoOMETPUYHM  XapakTEpWUCTWKM)  CBOWCTBA  Ha
TEPUreHHNUTE CKamnu, COHOAXHO-Teo(u3NYHUTE U3CTEeABaHUS 1
AaHHWTE OT W3NUTaHWATa Ha COHOaxuTe Ha nputok. Kato
KONMNYECTBEH KPUTEPUIA € 13MON3BaHa OLieHsBaLLaTa Ckana 3a
(unTpaLmroHHMTE cBONCTBA Ha ckanuTe (banuHos v ap., 1977,
[ewes, 1980), n oueHsBawaTa ckama 3a ekpaHupaliuTe
CBOIACTBA Ha TpyAHONpoHuLaemuTe ckanu (MlopaaHos v ap.,
1985). BbanpueTaTta rpaHudHa CTOMHOCT Ha abcomoTHaTa
npoHuuaemoct € 0,1 md, KOATO CbLOTBETCTBA Ha Knac Ha
npoHulaemMocT Ha konmektopa - IV, V, rpyna Ha
¢nyunaoynopute - E, F. Bb3 ocHoBa Ha Te3n nokasatenu B
rpanuuuTe Ha CeBepHa Bbnrapusi ca oTgeneHn BbH3MOXKHO
MEepCnekTMBHM  XPOHOCTpaTUrpadckm 1 nuTocTpaTurpadckm
€OVHALM, KOWTO CbabpxaT ra3 B  criabonpoHuLaemu
TEpUreHHW nutonoro-cpuanyHn Tena (cwur. 1) B: naneosos
(20pHOKapbOHCKO, nepMo-mpuacko); Me30305
(2opHOmMpuacko-00IHOPCKO, 0THO-CPEAHOIOPCKO); HEOo305
(00n1HO-CPedHOEOUEHCKO, 20PHOEOUEHCKO U OSTU2OUEHCKO).

FopHokap60oHCKO CabonpoHULaeMO MePU2EHHO MmO,
OtpeneHo e B rpaHuuute Ha [oOpymkaHCKMS BBITMLLEH
BacenH, KbaeTo pa3pe3bT Ha [Maneo3os e oTHoCUTENHO Aobpe
u3yyeH. B Hero ca obeduHEeHU HAKOMKO nuUToCTpaTuUrpadckm
eOVHULY, 3ansraliy Mexay BbruwHWTe nnactoee. Tosa ca
l'ypkoBckata,  [longHckata, 4acT  oT  KpyneHckata,
MakepnoHckaTa, BpaHuHckaTa, yact oT MorunuiieHckata 1
Benkosckata cButa. Te ca u3rpageHn OT OTHOCUTENHO
€[0HOPOJHW NUTONOXKW TUNoBe — ApebHO- A0 rpybo3bPHECTH
MacuBHM NSACBYHWLM, NPEeMUHaBal W pedyBalm ce ¢
MPOCNOAKM OT [PaBENUTW, KOHIIIOMEPATH, KOHINIOMEepaTHU
KbCOBe OT BYNKAHCKW Ckanu. AHanmu3bT Ha CbluecTByBaLjaTa
MHOPMaLMSA 32 TEXHUTE KOMEKTOPCKM CBOMCTBA NOKa3ga, Ye
CKarmMTe ca C HWUCKW MeTPOU3MYHM CBOWCTBA UM HEBMCOKA
CTeneH Ha ra3oHacuTEHOCT. Ha HacToALMS eTan Ha 13y4eHoCT
He e Bb3MOXHa OLIeHKa Ha ra3oBuMAT NOTEHLMan.

Mepmo-mpuacko cnabonpoHuyaeMo mepu2eHHO Mmsio.
Paskputo e B CeBeposanagHata u LleHTpanHaTa 4acT Ha
MpenbankaHa B €OWHWYHM COHOa@XHW pa3pesn. Hacnarute
3angrat Ha AbnbounHa ot 3000 go 5500 m. Te ca
npeacraBeHn OT NACHYHULN W aneBponnTu, C MeXxay3bpHecTa
BMECTUMOCT cpegHo okono 1,5% M npoHMLaemMocT Ha
Mmatpuyata - okono 0,1 md. Ckarmte ca obxBaHatw OT
TEKTOHCKO HanykeaHe, KoeTo e NpeanocTaska 3a nogobpsisaxe
Ha UATPaLMOHUTE UM CBOICTBA Ha MeCTa.
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Q Unerosa thopmaliia
(Shale Gas)

®ur.1. OGobweHa cxema Ha nUTONOro-YM3MYHO pa3ureHeHWe Ha
taHepo3oiickun pa3pe3 Ha CeBepHa bBbnrapus c¢ otpensHe Ha
nepcneKTUBHU TepureHHN cnadonpoHuuaemn Tena (3aHeBa-floGpaHoBa
n ap., 2012)

FopHompuacko-0onHopPCcKo cnabonpoHuyaemo
mepuzeHHo msano. Paskputo e B YacT 0T 3anagHus
MpenbankaH n Jlomckata genpecus. XpoHocTpaTurpadicku
obxBalja TepureHHuTe Hacnaru Ha KapH-XeTax-CuHemypa
(TnaBawka u BaunileHcka cBuTa). YTankute ca C
NAMTKOBOLEH reHeanc, 00pasyBaHu B AMHAMUYHM YCIOBUS Ha
cefMMeHTaums (peku, NMMTKOBOZHM Mopcku Oaceihn, B
obractv Ha 4efCTBMS Ha TEYEHNSTA), C HUCKO CbabpXaHue Ha
Copr. OCHOBHUMTE NIUTOTUMOBE Ca ApeBHO- U CPEAHO3BPHECTM
NACBYHALM U aneBpOnUTA, HEPaBHOMEPHO TIMHECTU U
BapoBWTW, C Mexay3bpHecTa BMecTUMOCT [0 8% w
ra3onpoHNLAeMoCT Ha MaTpuuata okono u no-Hucka ot 0,1
md, BWCOKO CbObpXaHWe Ha MOpHWU KaHanmn C pasmep nog



0,1 My 1 BUCOKO CbAbPKaHME Ha OCTaTb4Ha BOLOHACUTEHOCT
(Hap 70%). CkanuTte ca CUMHO YMITBTHEHW W HEPABHOMEPHO
HanykaHu. B nnatdopmeHata yacT 3ansrat Ha gbnboynHa ot
2900 go 3900 m.

[HonHo-cpedHotopcko  cnabonpoHuyaeMo  mepu2eHHO
msano. OOxeawa 3HauuTenHa uyact ot [lpegbankaHa,
Nomckata penpecus, 3anagHata u LleHTpanHa vact Ha
Mwsuiickata nnatpopma. B cbctaBa My Bnu3aT TepUreHHo-
kapboHaTHUTe W TepureHHUTe Hacnarn Ha [nuitHc6axa fo
baiioca (JornHonykosutckM uneH Ha O3supoBckata CBUTA,
Kuyepcka ceuta u JlonsHcku uneH Ha ETpononckata ceuta).
TepureHHWTE CKanu ca C HWUCKM NETPOMM3NYHU CBOMCTBA,
knacoee V-V no nponuuaemoct. Te ca nmbTHU, Ha MecTa
KPEXKM W HamnykaHw, C TeHOEHUMs Ha YBenuyaBaHe Ha
CTeneHTa Ha HanykaHe B OnW30CT [0 pervoHanHuTe
TEKTOHCKM pasnomu. Mpu M3NUTaHUS OT eANHUYHW COHAAXM ca
noryyeHn cnabu NpUTOLW Ha ra3 1 BOAa C pPa3TBOPEH ras.

HonHo-cpedHoeoyeHcko cnabonpoHuyaeMo mepu2eHHo
msno. YcraHoBeHO e B [lONHOKAMUMICKOTO MOHWXKEHUE.
Ob6xBalla pa3nWyHW HWBA Ha KOHIOMepaTHaTa 3agpyra M
JonHoundnuwkms yneH Ha ABpeHckata cauTa. [peacTaBeHo
€ OT MIUTKOMOPCKW MACBYHULM, aneBponuTU, Meprenu, a Ha
MecTa W KpanbpexHn 1 (nyBranHo-eCTyapHN KOHIIoMepaTy.
NokanuteTMTe C HWUCKM BMECTUMOCTHU U  (PUNTPALMOHHN
CBOWCTBA 0OXBALLAT LEHTPANHUTE PaiOHK Ha NMOHWKEHWETO B
HeroBaTa Cyxo3emHa 4acT (okono LLkopnunosum u Crapo
OpsixoBo). Te ca HeusgbpkaHW B NatepanHo M BEpTUKaNHO
HanpaBnexue. [lebenuHata Ha nnacTtoBeTe Ce W3MeEHs B
rpaHuymTe Ha 50-100 m.

lopHoeoyeHcko cnabo npoHUyaeMo Mepu2eHHO MSO.
ObxBalja pasfMyHM HMBA Ha TFOPHOEOLEHCKMSI paspes Ha
[lonHOKaMUMICKOTO MOHWXEHWEe. Wma fokanHo passuThe.
MMpWBbP3aHO € KbM pPasfinyHW HMBa Ha [lonHOuMnULIKKS
uneH Ha ABpeHckaTa cBuTa. M3rpageHo € OT MACHYHULM W
necbynvBK Meprenn. HeegHopogHo e no ctpoex. Obxealya ot
ABe [0 YeTUPK NPOHULLAEMM INTONOr0-(hN3NYHN Tena, B KOUTO
KOMEKTOPCKUTE CBOWCTBA Ha ckanuTe 6bp30 Ce MPOMEHAT B
nateparHa u BepTukanHa nocoka. Ckanute ca IV u V knacose
Mo NPOHMULaeMocT. penMyLLeCTBEHO Ca pa3BUTH B OKpanHuTe
4acTL Ha MOHWKEHWETO.

OnuzouyeHcko cnabonpoHULaeMo Mmepu2eHHO mSAso.
ObxBalla pasnuyHn HUBa B Pycnapckata cBuTa. YCTaHOBEHO
€ B rpaHuuMTe Ha BapHeHckata MoHoknuHana u [lonHo-
KamynnckoTo noHwkeHne. C  W3KMIOYEHME HA paloHa Ha
Mpucenuu, 1 Ha LeHTparnHaTa u txHaTa yacT Ha [JonHokam-
UMACKOTO  MOHMXEHMe,  CrabonpoHULAEMOTO  NUTONMOrO-
(PM3MYHO TANO MMA LUMPOKO pasnpocTpaHeHue. OCHOBHUTE
FIMTONOXKN TUMOBE Ca NACLYHULM U aneBponmuT C NPOCIONKN
oT rnuHu. [ebenuHata Ha TepUreHHUTe cKanu ce U3MeHst oT
Hakonko ao Hag 100 m. KonekTopckute cBOWCTBa ca cnabo
U3y4eHM, HO MOBMLLEHNTE CbObPKAHMSA Ha [MIMHECT MaTepuman
npegnornara TeXHATE HEBUCOKY NOKasaTenu.

3aknioyeHue
I'Ipernep,bT Ha CBETOBHUA ONUT 3a NPUCHCTBME Ha NPUPoaeH

ra3 B NTbTHN CJ'Ia6OI'IpOHVIL|36MI/I TEPUreHHK CKanu nokasea, 4e
T€ CbAbpXaT 3HAYUTENEH Tra3oB MoTeHuman, KOWUTO ™
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pobnkaea no 3Ha4MMOCT O KOHBEHLMOHANHUTE BbINEBOAO-
pogHM Haxoguwa. HesaBucumo OT (pakTa, 4Ye TAXHOTO
npoyysaHe W [OBWMB Ce HyxdasT OT npunaraHeTo Ha
CI'IeLlVICbI/I‘-IHI/I MeToan U TexHonoruu, Te I'IpVIJ:l,06I/IBaT BCe Mo-
ronsiMa akTyanHOCT, 3aCuneH WKOHOMWYECKU UHTEpec U
CTUMyNMpaHe  BbBEXOAHETO  HAa  €KonorocbobpasHu
TEXHOMOMMM 3a N3BMNYaHE.

LleneHacoyeHn w3creaBaHus, CBbpP3aHU C MPOYYBAHETO W
W3BNMYAHETO Ha NPUPOAEH ra3 OT MITbTHYW, crnabonpoHuLaemm
TepureHHn ckarm B Bbnrapus He ca npoBexganu. [lo TO3w
MOMEHT Te Ca pasrmexgaHu KaTo ,MEXOUHEH eNeMeHT” Ha
pes3epBoapHUTE CUCTEMU W HECnpaBeanvBo npeHebpersaHu.
OtgeneHnte Bb3MOXHO MEPCNEKTUBHM, CnabonpoHuLaemm
TEpUreHHW Tena BbB (paHepo3ost Ha CeepHa Bwnrapus,
0DeKT Ha pasmexgaHe B HACTOALWETO W3credBaHe, ce
HYXOasT OT JOMbHUTENHO N3y4YaBaHe, KaKTo OT rMefHa Touka
Ha TsXHaTa no3uLus B pa3pesa 1 reoMeTpus, Taka 1 OT rmegHa
TOYKa Ha TEXHUTE PE3ePBOAPHU CBOMCTBA W ChbpXKaLLMs Ce B
TAX rasoB noteHuuan. OT 3HauyeHWe e JeTalnu3upaHeTo Ha
nopobxum Tena, coabpxawy Tight Gas, He camo B pamkuTe Ha
CeBepHa, HO U B OCTaHanarta 4acT Ha bbnrapus, kbaeTo ca
Hanuue GnaronpusTHU  OBLLOreonoXKA MPeanocTaBkM  3a
TAXHOTO MPUCLCTBME. TOBA LUe [OBEAE A0 OCbBPEMEHSBAHE
Ha CbliecTByBalMTe MO3HAHWS W HACOYBAHETO  Ha
npoyyBaTenHuTe  AEMHOCTM  KbM  MOAXOAAWM  3a
OCBLLECTBABAHETO Ha A0OMB 06eKTY.

B uHTepec Ha Gbnrapckoto 0bLWecTBo U NpodecoHanHuTe
cpeau e Mo3HaHWETO BbpXy OCOBEHOCTUTE 3a MpOyyBaHe W
J0OVB Ha anTepHaTMBHU EHEPrUiiHW pecypcu, He camo OT
MITbTHK, CNaBoNPOHULIAEMM CKaNK, HO W OT APYIA U3TOMHULA.
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NPUPOOHU PE3EPBOAPU B U3TOYHATA YACT HA FOXXHOCAKAPCKOTO
NOHUXEHUE

E¢ppocuma 3aHesa-fJobpaHosa, epzaHa Mepayesa

MunHo-eeonoxku yHusepcumem ,Cs. Me. Puncku”, 1700 Cocpusi, geoenergy@mgu.bg, g.meracheva@gmail.com

PE3IOME. BbB Bpb3ka C M3SICHABAHETO Ha eNeMeHTU OT HedTOrasoHOCHaTa NEPCrEKTUBHOCT Ha pa3nyHW paiioHn B Bbnrapus € uabpaH pervoH, KouTo ce
XapaKkTepusupa C OTHOCUTENHO cnaba reomnoro-reom3nyHa M COHfaxHa u3yyeHocT. Tol e pasnonokeH B tOromstouHa bBbnrapus, B pamkute Ha
MaTouHoTpakuiickata genpecusi. PervoHbT ce pasrnexpaa kato ceBeposanageH 6opa Ha ronemusi Tpakuiickv 6aceiiH. Bba ocHoBa Ha MpoBedeHUTe reonoro-
npoyyYBaTeNHN U COHAAXHM paboTu npoBedeHn Ha Gbnrapckata yacT Ha Tpakuickus 6aceiiH U AaHHUTe 3a pe3epBoapHUTe CBOWCTBA Ha OHOMMEHHM Hacraru B
paitoHa Ha Typuus, B pamkute Ha HOXHOCAKapCKOTO MOHWKEHMe, Ca OTAeneHn U AednHNpaHu NPUPOAHN pe3epBoapn B Tepuvepa. Te ce xapakTepusupart CbC
CrOXHa TEKTOHCKA M NuUTONOXKa ob6CTaHOBKa Ha CeAMMEHTaLMsi, NPOAWKTYBaHa OT pasnoMHWU HapylleHws. Toa npegonpedens opMUpaHETO Ha PasHOTUMHM
NPUPOZHU Pe3epBoapu C MOKarHO W 30HaNHO Pa3npoCTPaHEHNE W CbC CNIOXHM NPOCTPAHCTBEHM B3aMMOOTHOLLEHWSI HA ChCTaBSILUNTE M KONEKTOPHU U eKpaHupaLLm
3aapyru.

HYDROCARBON RESERVOIR SYSTEMS OF THE EAST PART OF THE SOUTH SAKAR DEPRESSION
Efrosima Zaneva-Dobranova, Gergana Meracheva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; geoenergy@mgu.bg, g.meracheva@gmail.com

ABSTRACT. As regard the clarification of elements of hydrocarbon potential of different regions of Bulgaria an area is selected, which is characterized with relatively
poor geological, geophysical and drilling knowledge. It is situated in Southeast Bulgaria, within the East Trakia depression. The region is considered as Northwest
flank of the large Thrace basin. Based on the conducted geological exploration and drilling activities in the Bulgarian part of the Thrace basin and the data of the
reservoir properties of the same sequences from the Turkish region, within the South Sakar depression, some hydrocarbon potential reservoir systems with Tertiary
age are separated and defined. They are characterized with very complex tectonic and lithological environment of sedimentation, caused by tectonic faults. This
determines the formation of various types of hydrocarbon potential reservoirs with local and zonal distribution and complex spatial relationships of the constituent
reservoir and seal formations.

BbuBeaeHue cbxpaHsiaHe Ha COz, reHepaLyoHus HedhTO-ra3oB NoTeHLMan
Ha W3rpaxaalluTe TEPLMEPHNS pa3pes XPOHO- U NUTOCTpaTu-
[ledmHnpaneTo Ha NpUPoOAHUTE pPe3epBoapyu B TepLUEPHUS rpadcku nopasaeneHns, ca pasrmexaaxn B pabotute Ha
paspe3 Ha TepuTopusiTa Ha FOXHOCAaKapckoTO MOHWKEHMe, B Aonuesa 1 fp. (2005), banuHos u Ap. (2013), 3aHesa-
rpaHMUMTe Ha MaTouHoTpakuiickus baceitH  (KOrouaTouHa AobpaHosa u ap. (2013), Manakapyesa, CredaHosa (2013).
Bbnrapus)), e BakHa MPEANOCTaBKA 3a M3ACHABAHETO Ha O6ekTbT Ha u3criefsae, B No-WMpok Mawab, npeactasnssa
HehTora3oHoOCHaTa NepcnekTMBHOCT B Ta3n YacT Ha CTpaHaTa. VHTEPEC W 3a PEeannu3npaHeTo Ha TbPCeLo-npoy4BaTenHn
ToBa ce Obmku Ha OBCTOATENCTBOTO, Y€ B pamkuTe Ha AEMHOCTM, 3arnerHanu B paboTHUTE Mporpamu Ha ronemm
ronemust Tpakuicku 6aceitH, Ha Teputopusita Ha Typuus, ca ra3oBu KOMNaHWA.

YCTAHOBEHW 3HAUUTENHM MO Mawabn HedpTeHn, rasosu W
ra3oKOHAeH3aTHW Haxoguwa u akymynauuu. lpeasapuren-
HWUTe NPOy4YBaHNA Ha pa3pe3sa B KOXXHOCAKapCKOTO MOHWMKEHME, KpaTKVI cBefleHNA 3a TeKTOHCKUTe U

npoBefeHM B MpOOBbIKUTENEH Nepuos 3a LUenWTe Ha nuTocTpaTUrpacdckuTe 0CO6EHOCTH
pervMoHanHaTa W pygHaTa reonorusi U eauMHWYHUTE COHAAXM

NpokapaHK B pasfiniHin 4acTu Ha NOHWXKEHWETO U CbCeaHUTe B TEKTOHCKO OTHOLIEHWE pa3rmexaaHusT panoH obxBalua
CTPYKTYPHM €AMHALYM, Ca OCHOBAHWE 3a 3aCUIEH MHTEPEC KbM yacT oT WatouHoTpakuiickata genpecus (Boyanov, Goranov,
paiioHa. braronpuaTHUAT NUTONOXKM CbCTaB, NETPOPU3NY- 2001), kosTO NpeacTaBnsABa KbCHOANMMICKA HamNoXeHa CTPYK-
HUTE XapaKTePUCTUKK, onTUManHaTa ,D,'bﬂﬁOLII/IHa Ha 3andraHe Typa OT KONMW3MOHHO-KOMANcoB TUM (Boyanov et a|_’ 1989) 7]
v nebenvHa ca npeanocTaeka 3a AeduHnpaHe Ha nMpupoaHn 33edHO CbC CbCEAHM CTPYKTYPW y4acTBa B U3rpaxaaHeTo Ha
pesepeoapy, NpUBbP3aHN KbM PasfiniHn HUBa Ha TepLMEPHNS MapuwkaTa HanoxeHa rpabeHoea cuctema. B no-paHHu ny6-
pa3pe3. OTAENHN enemeHTy, XapakTepusnpally nepenekTus- nukaumn VIaToyHoTpakuickata Aenpecus e HapuyaHa genpe-
HOCTTa Ha ckanuTe B Tasu yacT Ha KOroustouHa 5bJ'|rapV|9|, oT cus Ha ﬂonHa Mapmua " EpreHe (HpaHOB, 1960)’ a CblLO Taka
rmepHa Touka Ha NMTONMOXKUTE OCOBEHOCTU Ha TepLuepHUs n V3TOMHOMApULLKO CTPYKTYpHO noHuxeHune (Casos, 1972).

paspe3 B Mpunexaliy CTPYKTYpW, BB3MOXHOCTUTE 3a
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JInnus Ha npodua

®ur.1 TekToHCKa cxema Ha u3y4aBaHusi paioH (no Boyanov, Goranov, 2001)

Tasn vact ot Teputopusta Dabovski et. al. (2002) onpegenst
kato W3ToyHoCpedHoropcka 30Ha, B KOATO Mpe3  eoLeH-
ONMroLeHa W HeoreHa ca OTnfaraHM KOHTWHEHTanHW W
MAUTKOMOPCKM Hacnarv. B W3TOWHO CW npogbiikeHue, Ha
TeputopusTa Ha Typuwsi, aenpecusTa Ce O3Ha4yaBa kato
Tpakuitckn baceitn (Doust, 1974, Huvas et al. 2007). B Tasn
yact gebenuHata Ha TepUMepHUTE 1 KBaTEPHEPHUTE Hacrnar
Hageuwasa 7000 m.

FOxHOCaKapckoTO MOHWxKeHne (cur. 1), KaTo enemeHT oT
M3ToyHOTpakuidckaTa aenpecusi, uMa creumguyeH CTpoex u
passuTie. Vosues n ap. (1971) ro npuuncnsear kb Maaxa-
POBCKOTO MPELMaHNHCKO NOHKEHNE, KOETO Ce Mpuema Kato
MIafonaneoreHcka 4enpecoHHa CTPYKTypa, HaroxeHa Bbpxy
WHTEH3WBHO pa3noMeHaTa u3To4Ha YacT Ha Pogonckust macus.
Koxyxapos u ap. (1995) ro onuceart kato dhparMeHT OT 06Lump-
HaTa M3ToyHOTpakuiicka Aenpecus, PasnonoXeH BbPXy
lOXHUTe cknoHoBe Ha Cakap nnaHuHa. CTpykTypata uma
XapakTep Ha MOHOKINMHaneH rpabeH. MOHWKEHWETO e Npeauc-
TMHUPaHO OT M3TOK — 3anagHn Ao CC3 - HOKOU n C3 - 0N
pasnomu, KOWTO MapKkupaT CeBepHaTa 1 ceBeposanagHara my
nepudpepus. Te umaT pascefeH Xapaktep W KOHTpornupar
pasnpegeneHneTo Ha aebenuHuTe, B3aMMOOTHOLIEHMSTA W
pasnpoCTPaHEHNETO Ha  NUTOCTPATUrpadickuUTE  EAUHULM.
[ebennHuTe Ha TEPUMEPHUTE HAcnary HapacTeaT OT CeBep Ha
tor U OT ceBepo3anag Ha toro-usTok. Hai-ronsamara npemuHata
pebenuHa Ha Tepuuepa W KkBaTepHepa € B coHgax P-1
'eHepanoBo, kbaeTo ca oTbenssaHn ctomHoctn ot 1136 m.
Ha ceeep HOXHOCAKApCKOTO MOHWKEHWE MPAHWUYM C HOXHUTE
cknoHoBe Ha Cakapcko-CTpaHXaHCKUst aHTUKIMHOPWIA, Ha
3anag M ceeeposanag ce orpaHuyaBa oT JloseH-Vbpen-
Kekckata 3o0Ha (Boyanov and Goranov, 2001), kosto e
€NeMEHT OT W3TOYHO-POJONCKOTO MOHWKEHME U e pa3aeneHa
Ha ABe NO-HUCKOPa3psiGHM CTPYKTYPHW EOMHMLM: Ha CeBep —
NoseHcka pgenpecss M Ha tor — MbBpemkekcka xopcT
aHTUKNMHana. Ha tor u 1oroustok, Ha Typcka TepuTopus C
reHepanHa nocoka u3Tok-3anag, KOxHocakapckoTo NOHWKEHWE
npemuHaBa B Tpakuiickus BaceitH u ce pasrnexaa kato Heros
cesepo3anageH 6opa.
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TepumepHnaTt paspe3 B HOKHOCAKApCKOTO MOHMKEHWE €
u3rpageH OT CKaneH KOMMMEeKC Ha eoLeHckata W onuro-
LleHcKaTa Ccepust WM HeoreHckata cuctema. ToW 3ansra
OWCKOPLAHTHO Had pasfNyHW HUBA OT Mpen NaneoreHcKy
(hyHOAMEHT Unn No-CTapy NaneoreHckn 3agpyrv 1 ce Nokpuea
YaCTWYHO MMM WU3LANO OT anyBWanHuTE, MPONyBMAMNHUTE W
anyeuanHo-genyBuanHuTe  Hacnaru  Ha - katepHepa. B
OCHOBATa Ha TepuMepHUs pa3pes, No JaHHW OT CeU3MUYHUTE
n3crnedBaHus, ce paskpuBaT Hacnarute Ha naneoLeH-eoLeH
(?), npuuncnenn kbMm Bucepcka u JleWwHWKoBCKA CBWTA.
HesaBucumo OT TOBa, Ye Te He Ce sABABAT XapakTepHW 3a
tOxHocakapckoTo noHwkeHue (Koxyxapo u gp., 1995), Ha
CEeM3MUYHUTE pa3pesn Ha cesep OT coHpax P-1 CeuneHrpag,
Ce OTHens 30Ha C HesiCHa KOH(Mrypauus W C XxapakTepeH
necbYnMBO-KoHrnomepareH aupec (ur. 2 u 3). Hag 1% unm
BbpXy AONaneoreHoB (hyHAaMeHT ce pasnonara bpekyo-
KoHrmomepaTtHa 3agpyra (2Pgz3) (npwaboH), kosTO €
narpageHa ot cnabocnoeHn Gpekyn, Bpek4oKoHrmomepaT 1
AebenocnoecTn YepBeHW (OCHOBHO B 3amapHWTE 4acTu Ha
FOXXHOCaKapckoTO MOHMKEHME) NACBYHWLM W rpaBenuTh. Ha
ceBep bBpekyokoHrnomepaTHata npemuHaBa B KoHrmome-
paTHonechbunMBa 3agpyra. 1o toxHuTe ckroHose Ha Cakap
NnaHuHa TS Ce pa3kpuBa Ha MOBBLPXHOCTTA M € NpefcTaBeHa
OCHOBHO OT YepBEHM NACbYHULM. [lebenvHaTa Ha 3agpyrute e
NpOMeHNMBa 1 JocTura Jo okono 50 m. Te TpaHCrpecuBHo ce
nokpueat  OT  TepuUreHHO-BapOBMKOBO-IMMHECTA  3adpyra
(3Pg23), kosTO € XxpoHocTpaTurpadickm aHanor Ha BbrneHocHo-
necbunueata B M3TOYHOPOZONCKOTO MOHMKEHWE. TepureHHo-
BapOBMKOBO-MMWHECTATA 3adpyra € CbC creuuduyeH 3a
pafioHa Ha u3cnegBaHe TepureHHo-kapboHaTeH dauyec,
MPEeLCTaBeH OT CNOXHA anTepHauust OT Meprenu 1 rnHeCT
BapoBULM, NACBYHMLM M BApOBUTW KOHrmomMepaTu. 3agpyrata
npemuHaea B [MpoknacTiHo-MeprenHo-Baposmkosa (4Pg2°) ¢
NOCTENeHeH NUTONOXKA npexof. KaTto oTnuuuTeneH HemH
Bener e NpUCHCTBMETO Ha KUCENN Ty 1 TyPuTL, Cpes KOUTo
NPUCHCTBAT FMHW, MEPrenn Uy BapoBuuy. 3agpyrata 3aema
OTHOCMTENTHO TOMEMU MMOWMW B M3TOYHATA YacT Ha HOXKHWS
cknoH Ha Cakap nnaHwHa. B Hai-ropHaTa W yacT ce oTgens
MeprenHo-BapoBKKOBa Nayka — NpeAcTaBeHa ot 6enu 1 ceT-
NOCYBUM OpraHoreHHM (pucoBu) BapoBULW. Te ce OTKposiBaT B
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®ur. 2. CpaBHMTENHA XapaKTepuCTUKa Ha TepuMEpHUTe Hacnarn B pasnuyHM yacTu Ha Tpakuiickus Gaceiin (no Huvas, 2007 ¢ pombnHeHus u

MoaudukaLmm)

npocuna Ha naneoreHa B toXHUSA CknoH Ha Cakap. lNaukata e
13BECTHa M oLe kaTo ,Pudoso-kapboHaTHaTa 3agpyra“. Ts ce
ABsIBa XapaKkTepHa ,0apnepHa nperpaga’“, kosTo e ykasaHue 3a
ofcTaHOBKaTa Ha CeguMEHTaUMs W pasmepuTe Ha
naneoreHckust 6aceiH B rpaHuMuuMTe Ha V3TOUHOTpakmitckaTa
Aenpecws. Harope no paspesa ¢ nocTeneHeH npexoa cneasa
MyxamxupckaTa rpyna (onuroueH), kopenat Ha [nuHecto-
meprenHata (Koxyxapos u ap., 1995) sappyra (Pgs). Ta e
XapakTepHa 3a KOXHOCaKapCKOTO MOHKEHUE 1 CIOpes, HAKOW
aBTopu (LUunacgos n gp., 1972, Henybn. aaHHM) € OCHOBEH
TPagMBEH MbIHEX HA MNOHWKEHWETO. 3afpyrata BKIOYBA:
JonHa TepureHHo-kapboHaTHa Ccepusi, nNpeAcTaBeHa oOT
He3aKOHOMEPHO pefyBally Ce BApOBUTW [MWHY, aneBponnTy,
Meprenu ¢ Npocronki OT PasHO3bPHECTU NACHYHMLM U [opHa
TEpUreHHa Ccepust — uarpageHa OT MWHM C MPOCIONKM OT
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nacbyHMuM u  anesponutu. CegumeHTuTe ca C  gobpe
n3paseHa XOpW3OHTaNHa CroecTocT. XapaKTepHW ca T.H.
XapTUEHU LUMCTU U THHKOCMOWHU TTIMHW, KOUTO Ha MecTa ca
oboraTeHu ¢ BbMULLHKA THK. [ebenuHute Ha eoLeHCKUTE I
onuroueHck1Te Hacnaru Hageuwaeat 1000 m.

ManeoreHckuUTE OTNOXEHUSI Ce MOKPUBAT TPAHCTPECUBHO U
JUCKOPAAHTHO OT KOHTUHEHTArHW HEOreHCKM CeaMMEHTHM
ckanu, BkyeHn B obxsata Ha AxmaTtoBckaTa cBWTa (MeoT-
KbCeH MmnuoueH). TS e marpageHa ot apebHOKbCOBM YaKbiu,
rpaBuu, rpaBenuTy, NAChLM, NACBYHULM, aneBPOUTI W FINH.
Mo-rpybute ceauMEHTHM ckanu 3ambnieaT norpebaHn peyHu
ponuHu. MponysuanHo-anysuanHuTe Mo NPousxog YTaiku Ha
AxmaToBckaTa cBuTa Benexar HoBa TEKTOHCka 06CTaHOBKa B



kpasi Ha MWOLIEHa W mpe3 Lenus nnuoueH. [ebenuHata Ha
Hacnarute goctura go 230 m.

OT rnegHa TouYKa Ha NOCTaBEHUTE uenn Ha HacCToALEeTo
uacnegsaHe, Han-ronsim MHTEpeC npeacTaBnABaT M3TOYHUTE
4acT Ha |'O)KHOCGKapCKOTO MOHMXEHNUE.

Mpupoaxu pesepBoapu

CpaBHMTeNHa XapaKTepucTUKa Ha TepuuepHWUTe Hacnaru
oT lOxHocakapckoTo noHwxeHue B W3TouyHOTpakuickaTa
Jenpecusi N HeMHOTO NMPOABLIDKEHME Ha TepuTopuATa Ha
Typums. Ha 6asata Ha cbBpemeHaTa npeacTasa 3a reoucro-
PUYECKOTO pasBUTUE U TEONOXKUA CTPOEX Ha M3y4aBaHaTa
TEPUTOPMS, KaTo eNeMeHT OT M3TouHoTpakuiickaTa fenpecus,
ce npepnofaraT CXO4HW ycnoBus Ha obpasyBaHe Ha
TEPUMEPHUTE ENEMEHTU B pamkuTe Ha OOWMPEH M CMOXHO
nocTpoeH BaceiiH. ToBa npegnonara (POPMMPaHETO Ha efHo-
TUNHA  NpUPOZHM  pesepeoapu. CpaBHUTENHATa XapakTe-
puUCTUKa e NPOAMKTYBaHa OT BMCOKATa CTEMEH Ha WU3y4eHOCT
Ha TEeOnOXKWS pa3pes, YCTAHOBEHUTE MaljabHu HedTeHu,
rasoBM W Tra30KOHAEH3aTHW HaxogulWa M akymynauum Ha
TepuTopusiTa Ha Typuus, OT egHa CTpaHa 1 OTHOCUTENHO HUMC-
KaTa CTerneH Ha reonoro-reouanyHa 1 CoOHAaxHa W3y4yeHocT
Ha TepuTopusTa Ha M3TOuHOTpakuidckata Aenpecus, B ToBa
uncro u KOKHOcakapckoTo MOHWKeHWe OT apyra. EnemeHTute
33 CpaBHeHWe ce 0a3upaT Ha JaHHMTE OT onucaHWsTa Ha
paskpuTUsTa M U3cnegBaHndTa B eOuHUYHU COHAAXHM pas-
pe3n B 1 U3BBH TEPUTOPUATA Ha NOHUXEHUETO.

Ha TeputopusTta Ha Typuus, BbB chopmauus Xamutabat
(dowr. 2), ¢ eoueHcKa Bb3pacT, € pa3nonoKeHO Hal-ronsgmMoTo
ra3o-HepTeHo Haxoguwie B Tpakuickmsa GaceiiH — Hamitabat
(Conybeare et. al, 2004). dopmaumsTa e n3rpageHa oT mpo-
CMOWKM OT MACLYHULW, anesBponuTu u rmuHKn. Hedpto-raso-
HacUTEHW Ca NACLYHULMTE, KOUTO MpUTEXaBaT BMECTUMOCT
okono 10%, npoHnuaemoct B guanasoHa 0,1-1 md v HedTo-
HacuTeHa febenuHa Hapg 15 m. B egHoebapacTHata ¢hop-
mauns KowoH6aba, w3rpageHa OT KOHrmomepat, BMECTU-
mMocTTa poctura go 17%. B Hes ca ycTaHoBeHu raso-
HedbTeHuTe Haxoguwa [esedatarn u [ervpmenkon. [lo
YCIOBWS Ha CeJUMEHTALMS U TUTONOXKM CbCTaB HacnaruTe Ha
copmaumsaTa ca Brimskm po npuaboHckata BpekqokoHro-
MepaTHa 3agpyra, paskputa B KOKHOCAKapCKOTO MOHIKEHE.
ToBa ce noTBbPXAABA OT AaHHUTE, MOMYYeHU OT AbNOOKUS
coHgax P-1 CeuneHrpag, KbdeTo AOnHaTa 4acT Ha ropeH
€oleH e npeacTaBeHa OT Opekyn, Opek4YOKoHrmomepaTn W
Aebenocnoectv NACLYHNLM.

Otropenexallata €oUeHcka 3aapyra, C  TEpUreHHo-
kapboHaTeH cbCTaB B KOXHOCAKApCKOTO MOHMKEHWE, MOXE Aa
NpeAcTaBnsiBa aHanor Ha copmauus [keinsH oT Typckata
yacT Ha OaceitHa. dopmauusiTa € U3rpageHa OCHOBHO OT
TEPUreHHN Hacnaru. B nsicbyHMUMTE Ca M3MEPEHU CTOMHOCTY
Ha BmectumocTTa 10-18%.

B Hai-ropHuTe HMBA Ha eoleHa, Ha TeputopusTa Ha
Tpakuickust 6aceitH B Typuus, ca yCTaHOBEHM NIMTKOMOPCKN
WwendoBn BapoBMLM M ObNOOKOBOAHM KapbOHATHU aprunmTi
Ha opmaums Copykak, KbM KOSTO Ca MPUBBLP3aHM rasoBuTe
Haxoguwa [eseyvartaru, Mapmapa u Kympynap. Bmectumoctta
Ha pesepeoapHuTe ckanu e 10-13%. Tasn hopmaums moxe aa
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ObAae YacTnyeH aHanor Ha MMpoknacTMYHo-MeprenHo-BapoBu-
koBaTa 3agpyra unu Ha MeprenHo-BapoBuKkoBaTa mavka OT
Gbnrapckara yacr.

MMpOKNaCcTUYHO-BYNKAHOTEHHUTE Hacnark, NpeacTaBeHn ¢
[MIMHECTO-TEPUreHHO-kapOboHaTeH  dhaumec, B pandoHa Ha
FO)XHOCaKapckoTO MOHWXKEHWe, MOraT fa ce fBsABaT Kopenar
Ha copmauma [xednsH Ha Typcka Teputopus. TydosHuTe
NACHYHNLM Ha hopMaLMsITa NPUTEXaBAT BUCOKM pe3epBOapHU
cBonCTBa (pur. 2). Tyk Ca CbCPemoTOMEHU 3HAYUTEMHU MO
MaLLab rasosum 1 HepTEHN akymynaLmm.

TepureHHo-kapboHaTHWTe  Hacnarm  Ha  [nuHecTo-
MeprenHaTa 3agpyra (onuroueHcka cepus) ca 6nmskm go Tesu
Ha copmaumoHa rpyna Myxaump B Typumus. B Tepureqnute
pesep- BOAPHW CKanu Ha Ta3n rpyna ca CbCpenoTOYeHU
Haxoguwata louepnep, Anatene, Kanpaepe, [ervpmeHkon,
Ymypka u  CunmvBpu. BmectumocTTa Ha  msiCbYHMUMTE
HagMmuHaBa 20%, a npoHuuyaemoctta goctura o 10 md.
Akymynauuute ca NpeauMHO OT ras3oB TWUM CbC 3HAYMTENEH
noTeHLmar.

B pebenus npoHuuaem TepureHHo-kapboHaTeH paspe3 Ha
HeoreHa (MuoueH) B Tpakuiickusi GacemH ca yCTaHOBEHU
rasoBo-HedhTEHU akyMynaLum U NposiBNEHNs!, CbCPESOTOUYEHM
BbB hopmaumm Gazhanede, Kirazli u Alcitepe. AHanornyHu
Hacnarn Ha TeputopusTa Ha HOXHOCAKapCcKOTO MOHWXeHWe
OTCbCTBAT.

XapakTepucTuka Ha npupogHuTe pesepBoapu. Ha Gasata
Ha CpaBHWTENHaTa XapaKTepucTuka, MO3HaHUsTa HU 3a
Pa3BUTUETO Ha CeaWUMEHTALMOHHUS 6aceilH npes Tepuuepa, B
n3ToyHaTa 4acT Ha HOXHOCaKkapckOTO —MOHWKeHue ca
OeUHAPaHN  KOMEKTOPHW W U30NMpaly  3adpyru, Kato
CbCTaBHW €MeMEHTU Ha MpUpoaHM pesepBoapu. BaxHa pons
npy hOPMUPaHETO Ha B3AMMOOTHOLLUEHUATA MEXOY TAX UMmaTt
peskuTe  pausanHM  M3MEHeHWs BbB  BEpTUKaNHa U
XOpU3OHTanHa nocoka. Te ca NpoaMKTYBaHW U KOHTPOMMPaHH
OT PasfoMHUTe HapyLeHus (cur. 3), KaTo Hal-CUITHO BINSHIE
ca oOKasann TeaW C MOCOKa —CeBepo3anag-toronsToK.
OTHOCMTENHO OrpaHuyeHus obem reomnoro-reouanyHa u
COHOA@XHa WH(opMauns 3aTpydHsBa NpPOCNeAsBaHeTo Ha
NPOCTPAHCTBEHUTE  B3aUMOOTHOLIEHMS,  KaKkToO  Mexay
KOMEKTOPHUTE M W30MMpalnTe 3agpyri, Taka W Mexay
NPUPOAHUTE Pe3epBoapwm.

BbB Bpb3ka C HanpaBeHWUTE KOMEHTapu W OnMCaHUs B
TepunepHust paspe3 Ha HOXHOCAKAPCKOTO MOHUKeHWe ca
AeUHMpaHN TpU MPUPOAHM pe3epBoapa — fABa OT THX B
HacnaruTe Ha eoLieHa 1 efIH — B ONUTOLIeHa.

EouyeHcku npupodeH pe3epeoap npuebp3aH KbM
BpekyokoHannomepamHama 3adpyaa. JintoctpaturpadckusT
obxBaT Ha KomekTopHaTa 3agpyra obxsawa Bpekyo-
KOHrmomepaTHaTa W 4acT OT TepureHHO-BapOBMKOBO-Meprer-
HaTa 3agpyra. B ocHoBata ca Gpek4oKOHrmomepaTy,
npemMuHaBallM 1 pegyBawy ce CbC cnabornmHecTn u
PasNMYHO  BApPOBUTM  MACBYHMLM. TS MMa  LIKMPOKO
pasnpocTtpaHerue. lebenunata it goctura oo 400 m. [laHHuTe
3a (PM3MYHMTE NapaMeTpy Ha KOMEKTOPHUTE CKamnu ca orpaHu-
yeHu. [NpedBng NUTONOXKOTO pasHoobpasue ce mpegnonara
WMAPOK [AManasoH Ha W3MEHeHMe Ha  NeTpoU3NYHUTE
ceoncTBa. Mo pdaHHM OT nabopaTopHWTE W COHOAXHO-
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®ur. 3. Feonoxku paspes B KOXHOCaKapCKOTO NOHUXKeHMe (Ha 6a3aTa Ha MHTepPNPeTUPaHU CEU3MUYHMN Pa3pesu OT paioHa)

reoduanyHMTE M3cneaBaHnMs B coHpax P-1 Ceunedrpag,
OTKpUTaTa BMECTUMOCT Bapupa 0T 6 4o 12%. Mpu usnutaHve
B COHZ@Xa € NoJy4yeH NpUTOK 0T Boga ¢ aebut 39,6 m¥/d.

Ha cesep oT paiioHa Ha coHgax P-1 CsuneHrpap nog
BpekyokoHrnomepaTHaTa 3agpyra 3ansrat TepUreHHUTe ckanu
Ha Bucepckarta u flewHnkosekata ceuta (dur. 3). XapaktepsT
Ha CEeM3MWYHMTE 3anucK, NoACcKkasea M30NWUPAHOTO UM
NpUChbCTBME B panoHa. JIMTONOXKMAT CbCTas, [JaHHUTE 3a
CTPOEXa W XapaKTepucTiKa Ha aHarnornyHata UM dopmauus
Hamitabat, nossonsear npuo6LiaBaHETO MM B OrpaHU4YeHu
pafoHN KbM KOMEKTOPHUTE CKanu Ha bpekvokoHrnomepaTHaTta
3agpyra.

[MnHecTO-KapBOHaTHUTE  Hacnarh Ha TOPeH  EOLleH,
3andrawy Hag KOMeKkTopHaTa 3agpyra, Mrpasit ponsita Ha
U30NMpalla NOKpMBKa. TS e NpeMuHaTa OT eduH COHOAX,
KOeTO He Mo3BONsBa fa Ce NpOCneau, NPOCTPaHCTBEHOTO M
pasnpocTpaHeHue. [aHHM 3a u3onupaliuTe  CBOMCTBA
OTCbCTBAT, HO MPeABUA FMTOMNOXKNS CbCTaB Ha CKanuTe W
obcToATENCTBOTO, Y€ nomobeH TWM Hacnarm ekpaHupar
HehTeHM U TrasoBM aKymynauum W3BbH TepuTopusTa Ha
Bonrapus B pamkute Ha Tpakuiickus BaceiH, moraT ga ce
npegnonarat Jobpu ekpaHupawy csoictBa. B conpax P-1
Ceunexrpan pnebenuHata i e okono 350 m. 3a noanoxka
cryxaT AOManeoreHcKM TpYAHOMPOHNLIAEMN CKanu.

EouyeHcku npupodeH pesepeoap npuebp3aH KbM Tepu-
2eHHO-8aposUKoBO-2/lUHecmama u ,,Pucghoso-kapboHam-
Hama 3adpyea“  XpoHocTpaturpadckusr — obxeaT  Ha
KonekTopHaTa 4acT obxBalja ropeH eoueH. B ocHosaTta ce
pedyBaT MACBYHMLM M KOHIIOMEpatW, KOWTO Harope Mo
paspesa ca B anTepHauus C IMUHW W anesponuTu. Hag Tax
3anaraT Meprenu, cpeg KOUTO Ha CeBep Ca YCTaHOBEHM
OpraHoreHHu, pucosn BaposuL. MeTpodmsnyHUTe CBOIMCTBA
Ha CKamuTe He Ca OMpedensHu, HO MPeABWUE FUTONOXKWS
CbCTaB U PE3EpBOAPHATE XapaKTEpPUCTWKM Ha KopenaTta B
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TypckaTta yacT Ha baceiHa, Te moraT aa 6baaT OLUeHeHu KaTo
BraronpuaTHu.

3a wu3onupalla nokpuBKa crnyxat kucemmte Tydu, C
NPOCONKA OT MWHW, MEprenit Uni BapoBULM C eOLEeHCKa U
onuroueHcka Bb3pacT. [lebenuHaTta Ha mokpuBkaTa AoCTUra
go 200 m. Mo MbCTpUs NMTONOXKM CbCTaB MOXe fa ce
npeanonarat NpPOMEHAMBM W30MMpaWy CBOWCTBA. 3a noa-
noxka CnyxaT CpeaHOEeOLEHCKUTE BapOBUKOBO-MEPrenHi
ckann Ha TepureHHO-BapoOBMKOBO-IMMHECTATA 3agpyra, a Ha
Mectata, KbAeTo Te  OTCbCTBAT  [IOMaNeoreHckuTe
TPYAHONPOHMLIGEMU CKanu.

OnueoyeHcku npupodeH pe3epeoap npuebp3aH KbM
Myxadxupckama 2pyna. XpoHocTpaTurpachckusat obxsaTt Ha
KOMEeKTopHaTa 4YacT € B rpaHNLMTE Ha ONMUroLeHcKaTa Cepusi.
KonekTopHuTe ckanu ca NACbYHALMTE W aneBponnTUTe, KOUTO
NOCMOMHO Ce peaysaT C MMMHECTW ckanu. Te ca ¢ pasnuyHa
nebenvHa 1 NpocTpaHCTBEHO pa3BUTME. 3aemart ropHaTa 4act
Ha Myxampkupekata rpyna, oTaeneHa kato fopHa TepureHHa
cepus. [aHHnte oT nabopaTopHuTe M3CNEABaHUS HA MACHY-
HULWMTE NoKa3BaT BMECTUMOCT 0T 9 10 25% v npoHNLaemocT —
2-6 md. Mo gaHHM OT u3nuTaHusaTa B coHpax C-3 KanutaH
AHppeeso, B uHTepsan 300-450 m, e nonyyeH NpUTOK Ha ras ¢
nebut 980 m3/d n MuHepanuaupaHa Boga — ¢ nebut 3,8 m¥/d,
a B nHtepBan 130-182 m, nputokbT € OT ras ¢ gedut 1270
m¥d u BWCOKO MMHepanuaupaHa Boga - ¢ aebut 5,7 m3fh.
AHamu3bT Ha nabopaTopHWTEe AaHHW M MHGopMaumsTa 3a
pesepBoapHUTE CBOMCTBA Ha kopenaTa B TypckaTa vacT gasart
OCHOBAHWE TEPUrEHHUTE Pa3HOBMAHOCTM fa ObaaT OTHECEHM
KbM ckanuTe ¢ 4obpn pe3epBoapHM CBOICTBA.

W3ormpawa nokpuBka ca MMHECTWTE Hacnmarm  OT
MyxamkupckaTta rpyna, sansdrawy B ropHute 1K yvactn. B
yyacTbLMTE Ha OTCBbCTBME € Bb3MOXHA XWAPOAWHAMMYHA
BPb3ka C OTropenexalyute nponyBranHo-anyBuanHu Hacnaru
Ha AxwvatoBckata cButa. Cbaeilkm no pesynratute oOT
nanutaHusTa B congax C-3 KanutaH AHZpeeBo, B KOWTO ce



HabniogaBa MoBWLIEHA MWHEpanu3auus Ha BOAUTE, a Taka
CbWO M CMOCOBHOCTTA Ha nopobHKM ckanu Aa ekpaHwpar
rasoBu M He(TeHU akymynauuu W3BbH TepuTopusTa Ha
CTpaHaTa, MoraT Aa ce npegnonaraT fobpu wsonupalum
CBOWCTBA.

3a nognoxka CnyxaT [MHECTO-TepPUreHHO-kapboHaTHUTE
Hacmar B [lonHaTta TepureHHo-kapboHaTHa cepus  Ha
Myxamxupckarta rpyna.

3aknioyeHue

Bb3 oCHOBa Ha CbBPEMEHHWTE MpedcTaBu 3a eoucTo-
pU4ecKoTO pa3BUTME M CTPOEX Ha W3TouHOTpakuickaTa
JEenpecust N HENHUTE CbCTaBHU CTPYKTYPHU ENTEMEHTH, MOXE
Ja Ce npegnornara, Ye ycnosusta 3a obpasyBaHe Ha
TEPUMEPHUTE CEAUMEHTM ca Bnu3kM B pasnMyHUTE 4acTu, B
TOBa YNCNO W C TE3W, KOUTO WU3rpaxgaTt ronemmust Tpakuiicki
BaceiH n3BbH TepuTopusTa Ha bbnrapus. ToBa npeanonara
CXOACTBO M BbB (DOPMMPAHETO Ha MPUPOAHUTE PE3epBOApPHM
cucTemu.

YCMOXHEHWUSIT TEKTOHCKM CTPOEX OT MPUCLCTBUETO Ha
pa3NoMHU HapyLLEHUs C pa3nuyHa amniuTyaa U HACOYEHOCT,
€ MpeanocTaBka 3a 3HaYMTENHW hauuanHu U3MEHEHUS BbB
BEpTMKaNHa M XOPW3OHTanHa nocoka. ToBa npegrnonara
CIOXHM NPOCTPaHCTBEHN B3AUMOOTHOLLIEHUS! MEXIY KOTEKTOp-
HUTe W u3onupalimTe 3agpyrn. Ha Tasu ocHoBa ce npep-
rnonara HanuMuMeTo Ha CNOXHM pe3epBOApHM CUCTEMW B
TepunepHus paspe3 Ha HOKHOCAKapCKOTO MOHWKEHWe, C
€NleMEeHTV Ha MnacToBW, NNACTOBO-MACMBHU U FIUTONOXKKO-
OrPaHMYEHN TWUMOBE MPUPOAHN PE3EPBOAPH, YCTIOKHEHU OT
TEKTOHCKW HapyLUEHWs, C NOKANHO M 30HanHO pasnpocTpa-
HEHME, C Bb3MOXHU XUAPOAMHAMUYHIA MPO30PLIA.

3a Mo-MbfHOTO WM W3fiCHSBaHe ca  Heobxoaumu
OONBbNHUTENHU FGOJ‘IOFO-FGO(*)VI(WI‘-IHVI N COHOaXHW pa60TVI n
nabopaTopHM M3CnedBaHMs C MpunaraHe Ha CbBPEMEHHM
MeToau 3a MofenupaHe Ha reoNoXKoTO NPOCTPaHCTBO.
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GEOHAZARD DESCRIPTION FOR SOFIA IN THE FRAME OF THE PANGEO PROJECT

Kalin Ruskov, Stanislav Stoykov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia,e-mail: rouskov@mgu.bg

ABSTRACT. PanGeo project is a 3-year Collaborative Project of the European Commission that started 1st February 2011. During the project PanGeo provide free
online geohazard information for 52 of the largest towns in Europe, mapping geohazards that could potentially affect up to 13% of the EU population. The GeoHazard
Description for Sofia was prepared as support for the PanGeo Ground Stability Layer (GSL) of Sofia (intermediate product), Bulgaria. The area covered by the GSL
corresponds to the administrative area of Sofia Municipality (~1,342 km?) and includes the City of Sofia and other surrounding boroughs. The identification of
geohazards was performed through combined interpretation of geological, land use and other geospatial layers together with satellite Persistent Scatterers (PS)
ground motion data for 1992-2003 for the city of Sofia, by processing ERS-1/2 SAR with the Interferometric Point Target Analysis (IPTA) algorithm. The results of
PanGeo project are included also in OneGeology-Europe portal which aims to create dynamic digital geological map data for Europe.

OMUCAHWE HA FrEONOXKUTE PUCKOBE 3A PAUOHA HA FPAL] CO®US KATO YACT OT NPOEKTA MAHIEO
KanurPyckoe, CmaHucnae Cmolikoe
MunHo-eeonoxku yHusepcumem “Ce. MeaH Puncku”, 1700 Cogpus, rouskov@mgu.bg

PE3IOME. PanGeo e 3-roauiieH CbBMeCTEH MpOeKT Ha EBponeiickaTa kommcus, KoiTo 3anouHa Ha 1 despyapu 2011 roguHa. Mo Bpeme Ha npoekta PanGeo
ocurypu 6eannatHa oHnmaiiH WHGOpMaLWst 3a reonoXKATE PUCKOBE 3a 52 OT Hai-ronemute rpafoBe B EBpona w kapTorpacupaHe Ha reopuckoBeTe, KOWUTO
noTeHymanHo 6uxa mornu fa 3acerHat 4o 13% ot Hacenexueto Ha EC. Meonoxkute puckoe onucaHu 3a Codust ce nomy4asat kakto YacT ot PanGeo Ground
Stability Layer (GSL) 3a Cocusi (MexanHeH npogykT), bunrapus. PaitonsT, o6xBaHaT o1 GSL kapTata CbOTBETCTBA Ha agMUHMCTpaTMBHA obrnact Ha CTonuyHa
obwmHa (~ 1342 km2) n BkntouBa rpap Codust 1 Apyr HaceneHu MecTa. MaeHTuduumpaHeTo Ha reopycKOBETE € U3BBPLLEHO Ype3 KOMOMHMPAHOTO ThiKyBaHe Ha
reonoxku, jaHHU 3a 3eMenonaBaHe 1 pyrv reonpocTPaHCTBEHM CroeBe 3aefHO Cbe caTenuTHu (PS) AaHHM 3a 3eMHOTO ABWXeHMe 3a nepuopa 1992-2003 r. 3a rpag
Codpus, upes npepabotka Ha ERS-1/2 SAR c InterferometricPointTargetAnalysis 3 (IPTA) anroputbM. Pesyntatute oT npoekTa ca BKWYeHW B nopTana
OneGeology-Europe umaly 3a Len cb3gaBaHETo Ha AurMTanHa reofoxka kapta Ha Eepona.

Introduction Description  (GHD) document, a supporting report
whichdescribes in detail the geological setting and places of
PanGeo project provides information describing the stability interest affected by each geohazard, the confidence and any
of the ground. Ground instability can be dangerous and costly, additional evidenceassociated with the interpretation.
yet information on these phenomena has, to date, been difficult
to obtain (Frey et al., 2012). PanGeo provides free access to PanGeo project provides a ‘ground stability layer' product
ground instability geohazard information for many of Europe’s which describes the spatial location and extent of geohazards
largest cities (Cigna et al., 2012). Users of the PanGeo service for all the towns mapped. Each polygon within the ground
include local authorities, civil protection agencies, geological stability layer is linked to a full interpretation made by that
surveys, insurers and businesses providing environmental and country’s National Geological Survey. PanGeo data is created
land reporting services and of course the general public by combining the following information:
(Bateson et al., 2011; Jordan et al., 2011). e  Satellite measurements of ground and building
movement
PanGeo provides open access to validated and INSPIRE e  Geological informationalreadyheldby ~ National
compliant geohazard products for 52 cities and towns. GeologicalSurveys.
Products are generated by the European geological surveys; Also included in the PanGeo product is the European
using satellite derived terrain motion data and integrated with Commission’s Urban Atlas land use data; this provides insights
geological information. into what types of urban land use are affected by geohazards
described in the ground stability layer.Access to the GSL and
The University of Mining and Geology is responsible for the the GHD for a town is via the PanGeo website
generation of the PanGeo products for Sofia and Varna, (www.pangeoproject.eu).

Bulgaria. This paper presented the results obtained for Sofia.
The area covered by the GSL of Sofia (fig. 1), a ~1,342km2,

The product consists of the polygon-wise Ground Stability area that includes the City of Sofia and other surrounding
Layer (GSL) showing location, extent and typology of the boroughs, with a total population of about 1,3 million
observed and potential geohazards, and the GeoHazard inhabitants in 2011 (~5,200 inhabit/km2). Urban areas cover ~
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258km2 while the Sofia town covers ~ 153.6km2. Mountains
and forest units cover ~618kmz2. Agriculture and semi-natural
areas are mainly concentrated in the external sectors of Sofia,
for a total of 309km2.

Geological settings

The Sofia valley is situated between West Balkan Mountain
unit (part of the Balkan zone) and Western Srednogorie
Mountain unit (part of the Srednogorie zone).

The West Balkan Mountain unit is composed of greenschist
facies Vendian-Cambrian ophiolite, island-arc and olistostrome
assemblages at the base, overlain by Ordovician, Silurian and
Lower-Middle Devonian slates and clastic rocks, Upper
Devonian to Lower Carboniferous flysch, Upper Carboniferous
coal-bearing continental sediments and Permian clastics. The
Mesozoic succession begins with Triassic clastics and platform
carbonates, followed upward by Lower-Middle Jurassic
continental to shallow marine sediments and a dominantly
carbonate succession of Late Jurassic to Late Cretaceous-
Paleocene age. Lower-Middle Eocene continental to shallow
marine clastic and carbonate sediments are locally exposed.
The main compressional deformations are of Late Cretaceous
age. Mid-Eocene thrusting over the Moesian platform affected
the northern periphery of the unit.

The West Srednogorie Mountain unit is composed of locally
exposed high-grade metamorphic rocks of Precambrian (?)
age at the base, overlain by Devonian flysch, Permian clastics,
Triassic platform carbonates, Jurassic shallow marine clastics
and carbonates, Upper Jurassic - Lower Cretaceous flysch and
Lower Cretaceous carbonate successions (Dabovski et al.,
2002). The Upper Cretaceous section begins with
Cenomanian-Turonian continental to shallow-marine clastics
and shales, followed upward by an over 4 km thick Coniacian-
Campanian  volcano-sedimentary ~ succession  that s
transgressively overlain by Campanian-Maastrichtian shales
and carbonates. Typical magmatic rocks are basic to
intermediate varieties of the calc-alkaline and high-potassium
calc-alkaline series with shoshonitic trends in some polyphase
plutons. The cover comprises Oligocene and Neogene
continental sediments.

The Vitosha paleovolcano is situated south of Sofia. Part of
the city is situated on its products. The Vitosha volcano is
largest well shaped volcanic structure in the Western
Srednogorie zone (Zhelev, 1982, 1988). The volcano products
are presented by lava flows and lava breccias. Their thickness
is from 10 to 80-100m. They are Ca-alkaline and of basaltic to
andesitic chemistry.

The subvolcanic rocks related to the Vitosha volcano are
represented by numerous dykes, situated near the volcanic
centre. They are of basaltic-andesite to andesitic and dacitic
chemistry. Pyroclastic rocks outcrop on the northern slopes of
the Vitosha Mountain. The Vitosha pluton is of area about 120
km2. It isintruded in the central part of the volcano (Zhelev,
1982, 1988). The plutonic rocks are gabbros, monzonites,
syenites and aplitic granosyenites.

Rock complexes outcropped in the Sofia area are presented
by Upper Cretaceous magmatic products and sediments,
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Paleogene sediments and Quaternary depositions. Upper
Cretaceous rocks are presented by sediments: sands and
marls, volcanic products: lavas ofandesitic composition, tuffs
and subvolcanic bodies. The Paleogene sediments are thick
complexes represented mainly by clays, sands, gravels and
conglomerates. The Quaternary depositions are built up
predominately by aluvial and proluvial sediments. They
consistof gravels, sands and clays.

Input data

PanGeo thematic services are based on advanced satellite
interferometry products; however they exploit additional data
sources.During the interpretation of Sofia and surrounding area
a series of geologic datasets composed primarily of recent
vector geological maps Scale 1: 100000 are used. The biggest
part of the data are restricted, some of them are available in
the National Geofond (vector Geological maps in 100 000 or
50 000 scale) or in the Sofia municipality.

PSI processing and methodology

Persistent ~ Scatterer  Interferometry  (PSI) is  the
mostadvanced class of differential interferometric Synthetic
Aperture Radar techniques (DInSAR) based on data acquired
by spaceborne SAR sensors. One of the advantages of PSl is
its sensitivity to small deformations, which in terms of
deformation velocity are in the region of 1 mm/yr. PSI also
offers wide-area coverage (ERS standard imagery, for
instance, cover 100 by 100 km) typically associated with a
relatively high spatial resolution (Ferretti et all., 2001).

PSI processing was carried out in the period between 11
December 1992 and 05 October 2003. It was used two satellite
data type — ERS-1 and ERS-2 and 57 number of scenes. For
this period were identified 37399 number of PS. The Average
PS density (PS/km?) is about 48.

The area shows wide spread stability (table 1). There are a
couple slow moving areas in the center of the scene, showing
some movement away from the satellite. A clear moving area
is identified on the north-east corner of the scene: in that case,
both movement towards and away from the satellite is
measured.

Table 1

PS motion statistics
PS motion statistics (mm/year | Number of points in
classes) each mm/year class
275110 -5 24
510-3.5 71
35t0-1.5 1724
-1.5t0+1.5 34357
+1.51t0 +3.5 1214
+3.510 +5 7
+5 to0 +6.65 2
Average annual motion rate 0.01
of the entire processed area '
Standard deviation of average

. 0.77

annual motion rate
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Period: 11th December 1992 to 5th October 2003
No. Scenes: 45
Master Scene: 5th December 1998
Average annual moticn rate (mm/yr)

Coordinate System: Universal Transverse Mercator 5 and more

Zone: 34 (E 18 to E 24) .

Projection: Transverse Mercator | Image Copyright: NPA Group 2005
Datum: World Geodetic System 1984 0 Data Copyright: ESA 1992-2003
Ellipsoid: WGS 1984 - Background image: Landsat ETM+ B8
Units: meters -5 and more Data processed by TRE 2004

Fig. 1. Persistent Scatterers (PS) ground motion data for 1992-2003 for the city of Sofia
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Fig. 2. Identified ground instabilities polygons for the city of Sofia
A summary of the identified ground instabilities
Geological conditions capable of causing damage, or loss of

property and life, are called geological hazards and commonly
referred to as "geohazards".
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PanGeo is specifically focused on geohazards relating to
ground instability and mapping phenomena in the urban
environment where there effect is most damaging. Ground
movements (upwards, sideways or downwards) can be caused



by a wide range of natural and manmade geological processes
with some processes being so slow as to be imperceptible to
the naked eye whilst others may cause large scale obvious
movement in the ground. Whatever the "geohazard" they have
the potential to severely damage urban infrastructure and
buildings (Bateson et al., 2011).

Geohazards can be descripted as either ‘potential’ or
‘observed’. A potential geohazard existsin the case that the
local geology makes is more probable for ground movement to
occur even if movement has not been measured. At the other
hand observed geohazards are where ground movement has
been measured (by whatever method). The PanGeo ground
stability layers captures both potential and observed
geohazards.

In PanGeo project ground stability geohazards are grouped
into common classification themes describing the broad scale
processes at work (Cigna et al., 2012):

1) Deep ground motions
Earthquake (seismic) hazard
Tectonic movements
Salt Tectonics
Volcanic Inflation/deflation
2) Natural ground instability

e Landslide

e Soil Creep
¢ Ground Dissolution
[ ]

Collapsible Ground
Running Sand/ Liquefaction
3) Natural ground movement
o Shrink-swell clays
e  Compressible Ground
4) Man-made ground instability
Ground water management - Shallow compaction
Ground water management - Peat oxidation
Groundwater abstraction
Mining
Underground construction
Made ground
Oil and Gas Production
5) Other

In this research for the city of Sofia ware recognized
geohazard polygons mainly in two groups - Natural ground
instability and Man-made ground instability. The first one
describes ground conditions where there is a propensity for
upward, lateral or downward movement of the ground. Some
movements associated with particular hazards may be gradual
or occur suddenly and also may vary from millimeter to meter
or even tens of meters scale. Man-Made Ground Instability are
ground motions covering a local area brought about by the
activity of man. Subsidence (downward movement) of the
ground can result from a number of different types of
anthropogenic activity, namely mining (for a variety of
commodities), or tunneling (for transport, underground service
conduits, or for underground living or storage space).

The Ground Stability Layer is represent a collection of
polygons representing areas of ground instability within the
Sofia.Potential for natural ground movements is observed for
the majority of the area of interest. Geohazards observed
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throughthe PS data include both natural processes (landslide)
and anthropogenic instability due to underground construction,
recent engineering works and mining.There were identified 40
geohazard polygons (fig. 2) over city of Sofia in 3 different
categories (geological risk, industrial area, mining sites). The
polygons which fall in first category (mainly landslides) cover ~
46 km? the mining sites polygon cover ~ 160.7 km2; the
industrial area polygons cover ~ 12.5 km2,

In geological risk category there are identified 15 polygons.
The hazard type is recognized as landslide and confidence
level is high (fig. 2).There are 22 polygons which are
recognized in hazard category Anthropogenic GroundInstability
(fig. 2). That is quarries from hazard type mining with external
confidence.The industrial area polygons are situated in the
downtown (fig. 2). Hazard type is Underground Construction
and other. Confidence level is medium. There are 3 polygons
of this type. All of the identified geohazard polygons are
descripted as “potential”.

Detailed information for all of these 40 polygons is an
available in Geohazard DescriptionDocument for Sofia
(Stoykov et al., 2013). For each polygon is made geological
interpretation of the motion which include the mechanisms that
are at play including the relationships between the interpreted
ground stability areas and the geological and ancillary
datasets.

It is used a digital terrain model created with the mission of
the space shuttle in February 2000, known as SRTM (shuttle
radar topographic mission) and having a resolution of 90 m
(pixel size).

The product created by PanGeo is a web-based geoportal
based on the One-Geology Europe infrastructure. Within this
geoportal isa Ground Stability Layer for each of the 52 towns
for which PanGeo information is tobe made available.In the
geoportal the Ground Stability Layer will be automatically
integrated with the Urban Atlas data. Since the Urban Atlas
gives information on land cover types (exposure) and the
Ground Stability Layer provides information on hazards the
user can make informed decisions on risk. The portal provides
the ability to both view and download theGround Stability Layer
and Geohazard Summary (as GHD).

Conclusions

Combined interpretation and integration of geological maps,
land-use layers and other geospatial information with ground
motion estimates derived from Persistent Scatterers data in the
period between 1992 and 2003 allowed the identification and
mapping of observed and potential geohazards in 40 polygons
over Sofia valley. The identified geohazard polygons include
both natural processes and anthropogenic instability This
information is synthesized and made available to the public
through the PanGeo Ground Stability Layer and Geohazard
Description document, and will act as a support for local
authorities, planners, regulators and decision makers in their
long and short term lan-duse planning and risk management
activities.

PanGeo represent an online service that provides to all users
open access to geohazard information across European cities



and towns down to a mapping scale of 1:10 000. Geohazards
are natural and man-made phenomena that make the ground
unstable and in a built environment can be both costly and
dangerous. PanGeo’s geohazard products have been created
to improve decision making and reduce risk. PanGeo data can
be viewed in Google Earth or via the integrated "portal”.

The results of Pangeo project are included also in
OneGeology-Europe portal (http:/lonegeology-
europe.brgm.frigeoportal) which aims to create dynamic digital
geological map data for Europe. This geological portal will
make a significant contribution to the progress of INSPIRE
directive- i.e. develop systems and protocols to better enable
the discovery, viewing, downloading and sharing of core
European spatial geological data. OneGeology-Europe portal
will make geological spatial data held by European geological
surveys both discoverable and accessible.
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LASER “RAMAN” SPECTROSCOPY OF ANGLESITE AND CUBANITE FROM DEPOSIT
“CHELOPECH”

Dimitar Petrov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. Using a laser "Raman" spectroscopy are found not listed at this moment minerals in the deposit "Chelopech”, namely Anglesite (PbSO4) and Cubanite
(CuFe2S3). The main advantages of spectroscopic methods are successful chemical and structural characteristics of the samples in sizes less than 1 ym in diameter,
as well as rapid and specific identification of minerals and ores. The values of the acquired spectral peaks in the analysis of minerals from the studied rock samples,
differed by about 1-2 cm-! with those of a database RRUFF and in literature, which is perfectly acceptable, as the difference could be due to the inclusions of another
minerals or elements within the researched mineral, or interference in medium during the process of analysis. Anglesite is a typical Pb-containing secondary mineral.
Spatial and structural relationships of mineral are the basis to be assigned to galena-sphalerite mineral association in the deposit. In the studied samples are found
together with the ore minerals cerusite, pyrite, galena, sphalerite and tennantite, and the gangue minerals quartz, barite, anhydrite and kaolinite. The newly
determined cubanite is found in association with pyrite, chalcopyrite, tennantite, sphalerite, quartz and anatase. This Cu-Fe-sulfide is more typical for a high-
temperature type of hydrothermal deposits, where occurs together with pyrrhotite. Cubanite from the deposit "Chelopech” is a rare ore mineral deposited in the main
stage of hydrothermal mineral formation and belongs to the pyrite-chalcopyrite mineral association.

NA3EPHA ,,PAMAH” CNEKTPOCKOMWA HA AHFNE3WUT U KYBAHUT OT HAXOOMLLE ,,YENONEY”
Jumumsp Mempoe
MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku", 1700 Cogpus

PE3IOME. C nomoluTa Ha nasepHa ,PamaH’ cnekTpockonusi ca yCTaHOBEHM HEOMMCBAHM KbM TO3W MOMEHT MUHEpanu B Haxoguile ,Yenoney’, a UMEHHO aHrnesut
(PbSO4) 1 kybaHuT (CuFe2Ss). OcHOBHM NpeauMCTBA Ha CMIEKTPOCKOMCKMS METOA Ca yCrelHaTa XUMUYecka v CTPYKTYpHa xapaKTepucTuka Ha npobu ¢ pasmep no-
Manbk oT 1 UM B MameTbp, Kakto 1 6bp3aTta u cneunduiHa MHAEHTUdMKALMA Ha MuHepanu u pyan. CTOMHOCTUTE Ha MOMyyYeHWTe CMeKTpanHu MUKoBe npu
aHanuaupaHe Ha MiHepanu oT 3CneaBaHUTE CkanHu npenapaTy ce pasnuyaeat ¢ okono 1-2 cm™, ¢ Teau ot 6asa AaHHM RRUFF v no nutepaTypHyu AaHHW, KOeTo e
HambNHO AOMYCTUMO, KaTo pasnukata 61 Morna Aa ce AbMKM Ha BKIKYEHUS OT pYr MUHepan B pamkuTe Ha uacnenBaHusi obpasel|, BKIOYEHWUS OT XMMUYHM
€NTeMEHTV NN CMYLLEHWS B CpefaTa Npu npoLieca Ha aHanuaupaHe. AHMenTsT e TunudeH Pb-cbabpikaly BTOpryeH MiuHepan. MpocTpaHCTBEHUTE U CTPYKTYPHU
OTHOLLIEHMS HA MUHEpana ca OCHOBaHWe Toit ja 6be NPUYMCIEH KbM ranernT-chaneputoBata MUHEpanHa acounaLms B HaxoauLLeTo. B nacneasanute obpasuy ce
cpelja CbBMECTHO C PYAHUTE MWHEpanu LEpycuT, MUPMT, raneHuT, caneput W TEHaHTUT, KakTO M C HepyaHuTe kBapl, OapuT, aHXWApUT WU KaomuHuT.
HoBoycTaHOBeHUAT KybaHMT e B acouMauusi ¢ MUPUT, XankonmupWT, TeHaHTuT, cdanepwt, kBapy W aHatas. Toan Cu-Fe-cyndua e no-xapaktepeH 3a
BMCOKOTEMMEPATYPEH TUN XMAPOTEPMANHM HaXOAMLYa, B KOUTO Ce CPeLLa CbBMECTHO M C MMPOTUH. KybaHuTbT oT Haxoauwe ,Yenoney” e psabk pyaeH MuHepan,
OT/NOXEH Hai-BepOSTHO B HAYanoTO Ha OCHOBHMA XMApOTEpManeH CTaguil Ha MuHepanoobpasyBaHe M MPUHAANEXM KbM MUPUT-XanKomupuTOBaTa MUHEpanHa
acouypauus.

Introduction The main advantages of spectroscopic methods are
successful chemical and structural characteristics of a sample
The laser "Raman" spectroscopy has been applied to in sizes less than 1 pm in diameter, as well as easily and
minerals since its discovery in 1928 (Raman and Krishnan, proper identification of minerals and ores. To ascertain the
1928). It should be noted that "Raman" spectra of minerals is relative presence and qualitative determination of minerals in a
not strictly defined in comparison with those of gases and studied rock samples, it is used a method of obtaining spectra
liquids. This means that the positions and relative intensities of in a system of spots, located over the entire surface of the
the waves may differ slightly in one spectrum to other, sample (Haskin etal., 1997) Serious advantage of the method
depending on the orientation of the crystal lattice and/or the in the qualitative diagnostics of minerals is the speed of
presence of impurities or defects in the crystal structure (White, obtaining the result (within 1-2 minutes) and lack of preliminary
2009). "Raman" spectroscopy is a suitable method for preparation of the sample for analysis. It is recommended that
qualitative determination of mineral species. The intensity (the the analysis to be conducted on fresh mineral surface. This
height of the wave spectra) can not be used for carrying out a method provides a means of obtaining spectra of very small
quantitative analyzes and determining the concentration of a mineral grains with different orientations, which in turn opens
chemical element in a studied sample. The positions (shift) of ~ the possibility for new future geochemical identification of ore
the wave’s peaks, but not the intensity are reported usually in minerals.

the literature.
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Despite  considerable advantages of the "Raman"
spectroscopy as a method for diagnosis of ore minerals, it is
relatively rarely used and the database RRUFF for comparison
of the spectra is still not entirely completed. Micro-Raman
spectral analyses of minerals from the gold-copper deposit
"Chelopech” are not published till now and this study is the first
attempt.

Materials and methods

30 polished rock sections for conducting the mineralogical
studies of ore bodies of block Ne 149 form sector "West" in the
gold-copper deposit "Chelopech" are prepared. Small-sized
mineral grains are found after microscopic observation of the
samples. Determination of these mineral grains by standard
microscopy was difficult. 10 polished sections are selected on
which is carried out a laser "Raman" spectroscopy by which
are found not listed at this moment minerals in gold-copper
deposit "Chelopech”, namely anglesite (PbSO4) and cubanite
(CuFe2Ss). Analyzes are carried out at room temperature in the
Laboratory of fluid inclusions of the University of Leoben
(Austria). Laser "Raman" micro-spectrometer Horiba Jobin-
Yvon, laser with a nominal power of 100 mW and a wavelength
of 514 and 532 nm are used (Fig. 1). The “Raman” device
includes a microscope Olympus BX60, camera CCD CV-252,
connected to a monitor for direct observation, computer system
and specialized software LabSpec.

Microscope
Olympus BX 60

Fig. 1. Lasers "Raman" micro-spectrometer HORIBA in the Laboratory of
fluid inclusions of the University of Leoben, Austria

The data acquisition was performed by 5x5 seconds
exposure and added various filters (from DO0,6 to D2),
depending on the stability of the mineral, as spectra were
recorded with a spectral resolution within 1 - 2 cm'. The
method is essentially a non-destructive one, but the majority of
the ore minerals burn at a long and high-intensity laser
radiation. Spectra manipulation consists in a basic data
treatment, such as base line adjustment and peak fitting within
the figures.

One hundred ninety-four spectra of ore and gangue minerals
which include pyrite, marcasite, pyrrhotite, tennantite,
tetrahedrite, chalcopyrite, enargite, famatinite, sphalerite,
hematite, cerusite, anglesite, cubanite, anatase, quartz,
dolomite, apatite, zircon and others are obtained within the
framework of the studies. The subsequent interpretation and
analysis of spectral data is accomplished with the software
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product CrystalSleuth, which provides an opportunity to
compare the obtained spectra with the database RRUFF. The
database RRUFF was created in order to maintain a full range
of high quality spectral data from well characterized minerals
(Downs, 2006). This database is internet based and freely
accessible, which facilitates its use, sharing and adding. It is a
growing demand for this type of mineral database due to the
increased popularity and use of the "Raman" methodology in
modern geological and mineralogical practice.

Results and discussion

The anglesite (PbSQOs) is a typical Pb-containing secondary
mineral. In the studied samples it occurs together with cerusite,
pyrite, galena, sphalerite and tennantite, rarely with enargite,
chalcopyrite, cubanite, covellite and famatinite, and gangue
minerals quartz, barite, anhydrite and kaolinite (Fig. 2 a and b).
The sulphate minerals such as barite, anhydrite and anglesite
are formed after the main ore forming processes in the deposit
and belong to the fourth stage of mineralization: quartz -
carbonate — barite stage. These minerals probably are formed
as a result of the interaction of cool and with nearly neutral pH
magmatic fluids with the host rocks. The spatial and structural
relationships of anglesite give grounds to be assigned to the
galena-sphalerite mineral association in the ore deposit.

The anglesite is more frequently found in the upper levels of
epithermal systems where the zone of oxidation is favourable
for the forming of sulphate minerals. Under certain conditions
due to the depth supergene weathering, minerals such
anglesite and cerusite could be discovered within the deeper
parts of the deposits containing Pb-Zn mineralization.

Pyrite forming the matrix, in which anglesite and cubanite
have been detected, is observed and analyzed in detail in
earlier studies (Terziev, 1968a and 1968b; Petrov et al., 2013,
and etc.) in the form of two generations that differ in their
structures and relationships with other minerals. The first
generation often forms colloform aggregates with concentric-
zonal, typical "bird's eye" or "atoll-like structures, among which
is registered a cubanite (Fig. 2 ¢ and d). The colloform
aggregates are accompanied by fine semi-euhedral to
xenomorphic fine grains pyrite located nearby the larger pyrite-
marcasite aggregates, which are representatives of pyrite-
marcasite association formed probably at hydrothermal-
sedimentary conditions before deposition of the main economic
associations in the deposit. The second generation pyrite
formed relatively massive aggregates, indicating areas of
growth, marked by alternation of light and dark stripes. Fine
size of the stripes do not allow precise determination of trace
elements by microprobe analyses, but using a laser “Raman”
spectrometer would prove that the differences in optical
properties in stripes are due to different chemical composition.
Anglesite is observed and con firmed by "Raman"
spectroscopy exactly amidst a zonal pyrite of the second
generation in the analysed samples from the "Chelopech"
deposit.



Fig. 2. Microphotos of ore minerals in polished sections from the Western sector of the gold-copper deposit "Chelopech” shot on the microscope with
reflected light which is a part of the Raman device.

a. - anglesite among pyrite matrix;

b. - mineral grain of anglesite among pyrite and gangue minerals (black);

c. - grain of cubanite among the "atoll"-like pyrite;

d. - mineral aggregate of cubanite in contact with chalcopyrite in matrix of pyrite and gangue minerals.

Legend: Ang - anglesite; Cpy - chalcopyrite; Cub - cubanite; Py - pyrite. With a circle is marked the location of laser radiation.

It should be noted that the volume of the studied polished
samples and the number of registered mineral grains
anglesite and cubanite is too small to be able credibly attach
these minerals to the typical spatial distribution of mineral
associations within the ore bodies of the deposit.

It is presented on Figure 3 the obtained spectrum of
anglesite from the "Chelopech" deposit compared with those
of database RRUFF (Ne R050408, natural anglesite from the
"Tsumeb" deposit, Namibia) and after Griffith (1970). The
positions of the main waves in the spectrum of the mineral
are marked by numbers. Typical peaks in the "Raman"
spectral waves of anglesite from the "Chelopech" deposit and
published data are presented in Table 1, as in Figure 3 are
included only the spectra obtained at 514nm wavelength.

On the presented figures, it is clear that the characteristic
peaks are marked at 78, 93, 138, 153, 184, 438, 449, 605,
643, 975, 1056 and 1157cm1. Some values of these peaks
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vary by about 1-2 cm-! in the spectra of anglesite according
to the published data, which is perfectly acceptable and they
are within the sensitivity of the spectroscope. It follows that
the micro-spectral analysis is trustworthy, but it is advisable
that the presence of the mineral to be confirmed by other
types of analyzes. A confirmation with other types of analysis
(e.g. microprobe analysis) should be obtained for the
cubanite as well.

In case if there are vast differences in the shift of the
spectrum, or the presence of additional, well-defined peaks, it
could be due to inclusions of other minerals within the
studied sample, inclusions of trace elements and/or
interference in the environment during the process of
analyzing. In certain cases and in a more precise analysis,
except the type of mineral it could be inferred and the nature
of the inclusions of other chemical elements in the structure
of the studied sample.
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Fig. 3. "Raman" spectra of anglesite (PbSO4) at 514 nm wavelength (A: anglesite after Griffit, 1970; B: anglesite by database RRUFF Ne
R050408, "Tsumeb” deposit, Namibia; C: anglesite - analysis Ne 15-6-10, "Chelopech" deposit, Bulgaria)

Table 1.
"Raman" spectral waves peaks of anglesite (cm')
Cm;‘ggf 3;?0 » iRﬁgl;Foggzaob: S? &f;i';eBgz%?rdiggzl | after Grfitn, 1970 | after Beny, 1991
sumeb” deposit
78
93 95 96
138 136 133
153 152
184 184 184 181
438 439 438 438
449 450 450 449 449
605 606 553 604 605
611 617 617
643 643 646 641 643
975 978 978 977 977
1056 1058 1058 1052
1140
1157 1158 1157 1155 1156
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Fig. 4. "Raman" spectra of cubanite (CuFe:Ss) at 532 nm wavelength (A: cubanite by database RRUFF Ne R061068, "Hendersen-2" deposit,
Canada; B: cubanite - analysis Ne 15-6-11, "Chelopech" deposit, Bulgaria; C: cubanite - analysis Ne 26-4-02, "Chelopech" deposit, Bulgaria)

Table 2.
"Raman" spectral waves peaks of cubanite (cm-')
An. Ne15-6-11 AnNoze4gp | RRUEF Gatabase Synthetic cubanite
“Chelopech” deposit | “Chelopech” deposit “Hen de_rson-2” deposit (after Chandra et. al., 2001)
128 126
287 287 285 286
332 328
342 337
375 375 373 374
426 427
471 471 469 469
The newly identified in the deposit "Chelopech" cubanite where occurs together with pyrrhotite, pentlandite, pyrite and
(CuFezSs) is in an association with pyrite, chalcopyrite, sphalerite. The most often it is found as intergrowths with
tennantite, sphalerite, quartz and anatase. This Cu-Fe-sulfide chalcopyrite and pyrite.

is typical for high-temperature type of hydrothermal deposits,
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The cubanite from the "Chelopech" deposit is a rare ore
mineral, deposited probably at the beginning of the main
hydrothermal ore-forming stage and it belongs to the pyrite-
chalcopyrite mineral association. According to the published
data cubanite from the "Hendersen-2’ deposit, Canada
(database RRUFF Ne R061068), the positions of the "Raman”
spectra’s peaks are indicated at 126, 285, 332, 373 and 469
cm” (Fig. 4). The micro-Raman spectroscopy studies on
synthetic cubanite showed strong wave modes at 286, 374 and
469 cm' and weak at 328 cm! (Table 2). It is assumed that
the peaks at 286, 332 374 cm™' mark the group of Fe-S, and
that at 469 cm-' of the Cu-S in the wavelength range of natural
cubanite at room temperature (Chandra et. al., 2001). The
studied mineral grains of cubanite are within the range of 2-3
pm, often sprout with chalcopyrite in pyrite matrix. Namely
microscopic inclusions of chalcopyrite and pyrite in the analysis
of cubanite from the "Chelopech" deposit are due to relatively
well expressed wave’s peaks at 342 and 426 cm-! in analysis
Ne 15-6-11, and at 337 and 427 ¢cm-' in analysis Ne 26-4-02.
On the presented Figure 4 and Table 2 it is shown a strong
similarity between the two wave regimes in the spectrum of
studied cubanite, although both analyses were performed on
samples from different ore bodies within one and the same ore
block.

Conclusions

The laser "Raman" spectroscopy as quick and generally
non-destructive method which provides an easy opportunity for
a qualitative characteristic not only of liquids, gases and
homogeneous solid materials, but also to the zonal,
heterogeneous and impure ore and gangue minerals.

In addition to those listed so far advantages of this method
we can add the ability to compare and clarify the ore-forming
and geochemical relation of the same mineral in different ore
environment.

Together with the microscopy, X-ray and geochemical
assays the laser “Raman” spectroscopy it is a modern powerful
diagnostic tool for mineral identification in ore deposits studied.
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ENIEKTPOTOMOrPA®CKO KAPTUPAHE HA 3EMHATA OCHOBA HA AJITEPHATUBHU
NNOLWAAKN 3A U3rPAXAAHE HA HOBA EHEPTMUHA MOLLHOCT B AELl KO3NOAYH

CmedpaH [Jumoecku, Hukonali CmosiHos, Cmegh4o CmoliHes, MueneHa SIHkosa

MunHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cogpus, dimovski@mgu.bg, nts@mgu.bg, stoynev@mail.bg

PE3IOME. BucokaTta eheKTMBHOCT Ha eneKTpoToMorpadCkiis METOZ, MU KapTUPaHETO Ha MPUNOBBPXHOCTHUS pa3pes ce obycnsea oT AobpaTa AndepeHumauns Ha
cpefaTta no CneuwduyHO enekTPUyHO CbNpoTUBREHMe. BapupaHeTo Ha Tasn xapakTepucTuka Ce CBbp3Ba C Pasniuvs B NUTONMOXKAA CbCTaB, NOPECTOCTTa,
BOJOHACUTEHOCTTa W CbCTaBa Ha NnacToBaTa BOAA B M3CNEABaHUTE YacTW OT NOANOBLPXHOCTHOTO MPOCTPAHCTBO. [MpunaraHeTo Ha MeToAa B CbyeTaHWe CbC
COHA@XHO SiIKOBO NPOYYBAHE € MHOO Mone3eH WHCTPYMEHT 3a MPOCTPaHCTBEHO OYepTaBaHe Ha reomnoxKu1, TEKTOHCKW, MHXEHEPHOTEONOXKM U XUAPOreonoXKM
rpaHuLn. TO3W NOAXOL € M3NOM3BaH 3a AETalNM3NpaHe Ha rpaHuLMTE Ha MHXEHEPHOTEOMOXKUTE U XMAPOreoNokKUTE eANHALM, CbCTaBsALM 3eMHaTa OCHOBA Ha
YeTMpU anTepHaTMBHM NMOLLAAKA 33 W3rpaxfaHe Ha HOBa eHepruiiHa MOLLHOCT B parioHa Ha AEL| Kosnopyi. lMpenctaBeHute pesynTaTit AeMOHCTpUpaT
Bb3MOXHOCTUTE 33 Cb3AaBaHe Ha No-noApobHM Mofenu Ha NOANOBBPXHOCTHOTO MPOCTPAHCTBO NpU KOMMMEKCHO 13MoN3BaHe Ha enekTpoToMorpadekus MeTos ¢
ApyrvTe KOHBEHLMOHANHM METOAM Ha NPOyYBaHe.

APPLICATION OF ELECTRICAL TOMOGRAPHY FOR MAPPING THE NEAR SURFACE SECTION OF SEVERAL
ALTERNATIVE SITES FOR CONSTRUCTION OF A NEW ENERGY FACILITY AT THE KOZLODUY NPP

Stefan Dimovski, Nikolay Stoyanov, Stefcho Stoynev, Miglena Yankova

University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia, dimovski@mgu.bg, nts@mgu.bg, stoynev@mail.bg

ABSTRACT. The high efficiency of electrical tomography method for mapping of near-surface section is based on the good differentiation of the environment in
respect to its specific electrical resistivity. The variation of this physical characteristic is associated with differences in lithological composition, porosity, water-
saturation, and composition of groundwater in the studied parts of the sub-surface area. The application of this method in combination with exploration core drilling is
a very useful tool for spatial mapping of geological, tectonic, engineering geological or hydrogeological boundaries. This approach is used in order to obtain a detailed
picture of the engineering geological and hydrogeological units constituting the near-surface section of four alternative sites for construction of new energy facility in
the region of Kozloduy NPP. The presented results demonstrate the possibility to create more detailed models of sub-surface area by the combined application of
electrical tomography and other conventional methods of study.

BuBepeHue HOumosckn, 2010; Oumosckn u CtosHos, 2010, 2011 u MHoro
npyru).
B nocnegnute 10-15 rogunn reoenektpuyHoTo 2D npoyusa-
He (enekTpoTomorpacmsiTa) ce YTBbPAM KAaTO MHOTO MONeseH Vi3nbHEHOTO  OT  HalMsi  ekun  recenekTpuiHoto 2D
NHCTPYMEHT 33 KapTipaHe Ha MPUNOBBLPXHOCTHUS TEONOXKM npoyyBaHe B pavioHa Ha AELL ,Kosnopyi® nemoHcTpupa
paspes. anIﬂO)KI/IMOCTTa Ha meToda ce 06yCﬂaBﬂ oT ﬂ06paTa eCpeKTVlBHOCTTa Ha CbBMECTHOTO NpunaraHe Ha €enekTpoTo-
audepeHUmMaums Ha w3cnegBaHaTta cpefa Mo cneuuduyHo Morpacusita 11 Mpoy4BaTENHOTO COHANPaHe 3a KapThpane Ha
€NeKTPUYHO CbNpOTUBMEHNE. BapupaHeTo Ha HeroeuTe NPUNOBBPXHOCTHWA TEONOXKKM paspes 1 3a AeTaunmnsnpaqe Ha
CTOMHOCTM Ce CBbp3Ba C PasnuuMs B JIUTONMOXKUS CbCTaB, PaHALMTE Ha OCHOBHUTE WHXEHEPHO-TEONOXKA  €ANHALNA.
3bPHOMETPUATA, NOPECTOCTTA, HANyKaHOCTTa, OKapPCTABAHETO, MpoyyBaHeTo AoMbIBa €AHO MallabHo u3cneaBaHe, BKtoYBa-
BOJOHACMTEHOCTTA, XMMWUYHIS CbCTaB Ha TBbpAATa W TeyHaTa WO COHOaXHW NpOYy4BaHUS, WHXEHEPHOTEOMNOXKA U XWapo-
(haza 1 MHoro OPYIV XapaKTepucTUKW Ha NOAMOBbPXHOCTHOTO reoNnoXKn nscneaBaHna, XmaporeoekonornyHu OUeHKN n mate-
MPOCTPAHCTBO. MaT/4eck/l MOZENHM M3CTIEIBAHNA Ha YETUPU anTepHa-THBHY
NMowagkM 3a u3rpaxgaHe Ha HOBa EHepruiiHa MOLLYHOCT B
[loceraluHinTe HY U3CNEABaHNS 11 HAaTPyNaHUST MPaKTMYECKM paitoHa Ha aTomHara LeHTpana (CroitHes v ap. 2013).

ONUT WUMIOCTPUPAT NPeaMMCTBaTa Ha enekTpoToMorpadckuTe
METOAM 3a OnpefensHe Ha reOMETPUSTa W NPOCTPAHCTBEHUTE

TPAHWULUM Ha TEeONOXKKM, WHXEHEPHOreonoXkn wummu Xugpo- Oobwa WHdpopmauma 3a nscneaBaHus obekT
EONOXKN edNHULIM, TEKTOHCKW HapyLUEeHUs, OKapCTeHW Wnu

HanykaHu 30HW; 30HM C pa3niyHa BOAOHACUTEHOCT W BOJO- ObekT Ha u3cneaBaHe € reoroxkkata OCHOBA Ha YeTupw
OBWNHOCT, 30HM C pasfnnyHa CTEMEH Ha TEXHOTEHHO WnK nNpoyyYBaTenHM NIoWaaKk1, pasnonoXeHn B KXHaTa nepude-
NPUPOHO  3amMbpcsABaHe, CBMAYMLLHM - yyacTbUyM U Ap. pust Ha KosnopyickaTa Hu3WHa, B oxpaHsiBaHaTa 3oHa Ha AELL

(CtosHoB, 2004; CtosHoB v fp. 2004; [umoscku u ap., 2007; L,Koanogyn* — Bx cumr. 1. u qowr. 2.
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PenedbT € paBHUHEH o cnabo XbIMWUCT C Hagmopcka
BNUCOuMHa oT 25 go 50-60 m n noseve (ur. 1). Huckute kot
Ca XapaKTEepHW 3a CEeBEepOW3TOYHaTa MOMOBMHA Ha paioHa,
KbAETO Ca pa3BuUTU 3anMBHaTa M MbpBaTa Hag3anneHa Tepaca
Ha p. [lyHaB. Ha tor-torosanag TepeHbT ce uagura CTbna-
NOBMAHO, crefBaiikn MoponorisTa Ha NbOCOBUTE Tepac.
XapaKTepHu 3a paitoHa ca 1 NbOCOBUTE TPEAOBE, PasBUTU B
3anvMBHaTa Tepaca W pasnonoXeHu ycrnopeaHo Ha p. [yHas.
OpI/IeHTaLI'VIﬂTa Ha [HUTE N0 OCTa Ha W3AbimKeHaTa U
u3gurHaTa yacT cneiBa ceBepo3anagHo-lrou3To4HO Hanpas-
nexve.

lMnowaaka 1 nonaga M3usAno B CbBPEMEHHaTa (XONOLEHeKa)
3anueHa Tepaca Ha p. [lyHas. lnowagka 2 e cutyupaHa Bbpxy
[Be MOPONOXKM eQUHULYM — 3anMBHATA Tepaca Ha p. [lyHas 1
u3gurHaTa nbocosa rpegosa opma. [pyrute gBe niowagkm
(nnowagka 2 1 4) ca pasnonoXeHn B rpaHULMTe Ha MbpBaTta
nbOCOBa HaasanuBHa Tepaca, KbAeTo e wuarpageHa u AEL

n* (cur. 1).
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[€0NOXKMAT CTPOEX B palioHa e U3rpafeH OT KBaTEPHEPHN 1
HeoreHcku oTnoxeHus. CbrnacHo CTpaTuUrpad)ckoTo panoHu-
paHe Ha TepuTopusTa Ha Penybnuka Bbnrapus 8 M 1:100000,
B oOxBata Ha nnowagknTe ca 3acTbleHn CheaHuTe
nUTOCTPaTUrpadhCkn eauHULM:

o AnysuarnHu obpasysaHus (alQh) — pycriosu u Ha 3anusHume
mepacu. [peactaBeHn €a OT YaKbiW, NSCHUM, TIMHW W
MPEOTNIOXEH MNbOC (NbOCOBMAEH MMHECT MACHK B T.Hap.
nbocoBa rpeaoBa opma). Tesn Hacnaru, uarpaxgaiim
BNOXEHUS anyBuaneH TepacoBueH komnmekc, obxsaliar
nauysno nnowagkm 1 u 3. OebennHata Ha XonoueHckute
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OTNOXeHWs Bapupa ot 7-12 m (nnowagka 1) go 20-24 m
(nnowagka 3).

e FonuyHu o0bpasyeaHus — neceynug U enuHecm boc
(eolQp23). 3acTbneHu ca No MbpBaTa NTbOCOBA Hag3anmBHa
JyHaBcka Tepaca. B HeltHus obxsaT ce pasnonara aToMHaTa
LeHTpana, kakto W nnowagkm 2 u 4. [ebennHata Ha
e0nnyHnTe 00pasyBaHns e cpeaHo okono 8-9 m.

o EonuqHo-anysuanHu 1b0COBUGHU 2nuHU U nacbyu (eol-
alQp?2?). 3ansraT nog NeCbUNMBMS W TNIMHECT NbOC B
obxeaTta Ha nbocoBata Tepaca. [lebenuHata um e 3-6 m.

e AnysuaneH necbysugo-yakbsiecm komniekc (eol-alQp?).
M3rpaxaa OCHOBHWSA CMOi Ha anyBuUst Ha PEYHOTO NErno B



norpebaHaTa oT NbOCOBUTE Hacnaru Tepaca. 3acTbheHu ca
no-efpn pasHO3bPHECTM NACBUM M OpebHWM  YaKkbiu.
[ebenuHata um Bapupa ot 1-2 m go 4-5m.

o bpycapcka ceuma (br Nz). 3rpageHa e OT ruHU 1 NSChLUM.
[ebenuHata i Hagxebpna 50 m. FOpHULIETO Ha cBUTaTa B
obxBaTa Ha 3anvBHaTa peyHa Tepaca Ce YCTaHOBsBa Ha
AbnboumHm o1 7-12 m o 20-24 m OT 3eMHaTa NOBbPXHOCT,
a Ha TepuTopusaTa Ha nbocoBaTa Tepaca Ha 12-20 m ot
TepeHa.

Mog bBpycapckata cBuTa CTpaTUrpadCkm  KOHKOPAAHTHO
3ansarat oTNoXeHusaTa Ha Apyapckarta cBuTa. Te UMaT cxofeH
npom3xog 1 CbCTaB € Te3n Ha bpycapckata cBuTa, KaTo B TAX
npeobnagasart NACbUMTE U [MUHECTUTE NACHLM.

MH)KEHepHOFGOHO)KKVI eaAnHuuun

Bb3 oCHOBa Ha KOMMMEKCEH aHanmu3 Ha pesynratute oT
MPOBEAEHOTO COHAAXHO MPOYYBAHE W W3MbIHEHUTE MOMEBMN W
nabopaTopHu uM3CnedBaHWst B reornoXkata OCHOBA Ha
yeTMpuTEe  Nnowagkn  ca  OETEePMUHMpaHW  CriegHuTe
UHXeHepHoreonoxkn eauHuuy (CtomHes u ap. 2013):

A. CbBpeMeHHM (XOnoLeHCkH) cnado ynimbLTHeHU [0
HeyMTbTHEHU Hacnary, u3rpaxaaluy 3anvBHarta Tepaca Ha
p. OyHas
Cpewar ce €eOMHCTBEHO B reonoxkarta OCHOBA Ha
nnowagka 3, KbAETO U3rpaxaaT IbOCOBUS  Tpeq.
[ebenunata um goctura 10-12 m 1 noseve.
YcTaHoBeHM ca B MPUNOBLPXHOCTHATA YacT Ha pa3pesa
Ha nnowagku 1 n 3. B ropHata cu yact fo gbnboyunHa
1,0-1,5 m npaxoBo-NECHUNMBMUTE TAIMHM Ca TbMHOKadsIBM
W CMBOYEPHM, C OPraHWYHW Mpumecn (OnaTHW TrhvHK).
Mog TO3K CroW IMUHUTE Ca NECHYNUBY, PHXANBOKADSBM
CbC CMBM NMeTHa A0 3eneHukaBy, a AebennHata um e B
rpaHuumTe o1 2,5 00 4,0 m.

III. AnysuanHu enurecmu 00 OpebHu nsckyy (alQh)
MpuCbCTBAT OrpaHMYeHO B Treonoxkata OCHOBA Ha
nnowagkm 1 n 3. Onuceat ce KaTo FMUHECTW NSACHLUM, B
HacnoeHus [0 NACHK, paxnu 4o cpeaHo coutn, cnabo o
HenuTU(MLMpaHK, BoJOHOCHM. [lebenuHata um Bapupa
B AnanasoHa 1,0-2,5 m.

B. MnelicToueHckn NponagbYyHM eonuyHM 06pa3yBaHus Ha
nbpBa NbOCOBa Tepaca
Warpaxga ropHuTe 4YacTu Ha TreonoXKus paspes Ha
nnowagkn 2 u 4. TecbunmBuAT nboc € Cyx Ao crnabo
OBMaXHEH, a IMUHECTVST NTbOC € BMaXeH, B AbnboynHa v
BogoHacuteH. Obata um gebenuta e okono 8-9 m.

B. MneincroueHckU Henponagb4yHu NbOCOBUAHM

obpa3yBaHusl Ha MbpBa NIbOCOBA Tepaca
YcTaHoBsBaT Ce NMpakTMYeCKu MOBCEMECTHO B paspesa
Ha nnowagki 2 u 4 nog WHXEHEePHOreonoxka eauHuua
IV. OTgenar ce HAKOMKO pasHOBUAHOCTU: (@) NbOCOBMAHA
necbynmea rmMuHa; (6) NbOCOBMAHA NecbuYnMBa rMKHa C
rHesga OT 3arfMHeHM NAcbUM C Yakbil, (B) mpaxosu
TTIMHECTU NACHLYW, BOAOHOCHMW; (r) ApebHW [0 cpeaHm
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NACbLUM, 3arfUHEHW, PSOKO C HACMOEHWS OT FMMHECT
NSCbK, BOAOHOCHW. B paspesa Teau pasHOBMAOHOCTM Ce
cpeLyaT kaTo MnactoBe W MpOCroiku ¢ aebenuHara ot
0,5003,5m.

I". XonoueHcku U NNenCTOLEeHCKN anyBualH1 NACHYHU
Hacnaru

PaskpuBart ce B reonoxkus paspes Ha BCUYKW MIOLLLazKN.
B cbctaBa cv BKMKOYBAT CBLLO YETUPW PA3HOBUOHOCTY:
(@) YaKkbnecTu nACbUM, Pa3HO3bPHECTW, B pasnnyHa
CTENEH 3arfMHEHN, BOQOHOCHH; (6) YaKbiecTu IMUHECTM
NACbUM, BOAOHACUTEHW; (B) CpPeaHU A0 edpu nAchbuw,
pa3sHO3bPHECTW, BOAOHOCHM; () FMUHECTU MACHUM [0
NECHLUNMBM FIMHM, BOJOHACUTEHU. [JOMMHMPALLO NPHUCHC-
TBME MMa MbpBaTa Pas3HOBMOHOCT (YaKbrecTute MACh-
), a gpyrute ce cpewat nog dopmara Ha NpoCroKu.
Obwara gebenuHa Ha MHXeHepHoreonoxka eguHuua V
e B avanasoHa ot 3,0 go 11,0 m.

0. NMn1oueHCKN rMMHeCTo-NeCcHLYNUB KOMMIIEKC

YcTaHOBSIBAT Ce B OCHOBAaTa Ha reonoxkusi paspe3 Ha
BCAKA OT YeTupuTe nnowaskv. MpeacTaBeHn ca oT Tpu
OCHOBHM  Pa3HOBMAHOCTM: (@)  NMpaxoBM  FNWHMU,
XbnTokadssy; (6) NpaxoBW TNUHK, CUBO3ENEHWKaBU C
KbITOKAhsIBU MBULM M NETHA; (B) MPaxOBO-NECHUNMBH
TTMNHN. Cpeu.gaT Ceé Kato OTHOCUTENHO W3abpXaHU
nnactoBe ¢ aebenuHa ot 0,5 8o 9,0 m u noseve.

VIII. [acvyu u OpebeH Yakbi om b
MpucbcTBaT B AONMHATA YacT Ha reonoXkus paspes Ha
BCMYKM NNoLaaku. MsrpageHm ca oT BOAOHOCHW ApebHM
NACHUM W MMUHECTU NACHLN, NPOCNOEHN C HEU3ObPXaHU
MPOCIIONKM W NELLM OT CPeAEH M eAbP NACHK C YaKbIM.

MeToauka un UHCTPYMEHTU Ha uscnegBaHe

M3nonasaHusT MeTog € MOAXOAsLY 33 ABYMEPHO KapTipaHe
Ha MPUMOBBPXHOCTHWS TEONOXKA pa3pe3 BbB BepTUKaNHU
pa3spesu no npodunu. TepeHHUTe U3MEPBaHUS Ce U3MbIHSBST
NOCPeaCTBOM CBbP3aHM KbM MHOTOXMUIEH kaben enektpoau
(Griffiths and Barker, 1993). W3non3sa ce 4-enektpogHa
cxema Schlumberger. Peructpaunsta ce w3BbplBa C
nomowyta Ha anapatypa Terrameter SAS 1000 B, npowms-
BOACTBO Ha ¢hvpma ABEM. Ts paboTu ¢ M3X0AHO HanpexeHue
150 V v makcumaneH uaxoaeH Tok 1000 mA.

W3non3BsaHu ca ABe Kocu OT 12 xuneH kaben ¢ pascTosHMe
Mexay enektpoaute 5 m (0bwo 24 enektpoga Ha pascra-
HoBka). Cref M3MepBaHe Ha BCska Pa3CTaHOBKa, Ce U3BbPLUBA
CTBIMKOBOTO MNpemecTBaHe (“npunib3eaHe’) Ha kaberna Cbe
crbnka 120 m.

Mpu obpaboTkaTa Ha MoMeBMTE [aHHM Ce M3Mon3sa
komnioTbpHata nporpama  RES2DINV ~ (Loke,  2001).
Mporpamata faBa paspe3 Ha peanHOTO pasnpedeneHve Ha
ENEKTPUYHUTE CBMNPOTUBMEHNS B MOANOBBLPXHOCTHOTO MPOCT-
PaHCTBO. [JeTEPMUHMPAHUST MO TO3W HAYMH FEOENEKTPUYEH
MOAEN Ce TpaHChopMUpa B TEONOXKKA WMIM  WUHKEHEPHO-
reornoxk1 MOAEN Bb3 OCHOBA Ha:



o 06LLa nHOpMaLKS 3a re0NOXKIUTE, TEKTOHCKIUTE, UHXEHep-
HOTeOoNOXKITE 1 XMOPOreomnoXKUTE YCoBUS;

e NINTEpaTypHM [aHHW 33  CNeuudUUHUTE  eneKTPUYHM
CbNpOTUBNEHNS Ha pasnuunuTe Tunose ckanm (Keller and
Frischknecht, 1966; Daniels and Alberty, 1966 v gp.);

e [aHHX 33 MpemuHaTuTe C MpoyyBaTenHUTE COHAAXM
FEONOXKA W VHXEHEPHOTEONOXKA EfMHULM, KaKTO M 3a
PErucTpupaH1Te HUBA Ha NOA3EMHMUTE BOAM.

0OGeMm Ha TepeHHUTe U3MepBaHuA

EnekpoTomorpadckoTo nmpoyyBaHe oOXBalja reonoxkara
OCHOBA Ha YeTupuTe Npoy4BaTenHN Nowaaki 4o AbnboymnHa
40-45 m. TepeHHUTE U3MepBaHUS Ca M3MbIHEHU NO OCEM
reohu3nyHu npodpuna (no Asa npocuna Ha BCska nnoLiaaka)
c obwa gbmkuHa 4020 m. ObmxkuHaTa Ha npodunnte no
nnowagkm ca kakto crnegpa: nnowaaka 1 — Id npodwmn 1-1
(950 m) n I'd npodpun 1-2 (350 m); nnowaaka 2 — ' npochun
2-1 (670 m) n [® npodmn 2-2 (670 m); nnowagka 3 - [
npodun 3-1 (470 m) u F'd npodpun 3-2 (470 m); nnowaaka 4 —
F® npocpun 4-1 (250 m) u I'® npocpun 4-2 (210 m). ToyHoTO
MeCTOMONIOXEHNE Ha  reou3nyHMTE  Npodmnm M Ha
pasnoNoXeHNTe B  HeMocpeacTeeHa 6mm3oCcT o TAX
npOoyyYBaTENHN COHAAXN € NPEACTaBEHO Ha dur. 2.

leoenekTpnyHm paspesun. MHxXeHepHOreonoxka
UHTEpnpeTaums

[etepmunuparoto ¢ nporpama RES2DINV pasnpepenexue
Ha [eCTBUTENHUTE CBNPOTUBIEHUS B pa3pe3nTe no ocemTe
reotu3nyHu npodmna, ca NpeacTaBeHn Ha durypu oT 3 1o
10. Ha reoenekTpuyHnTe paspesn ca HaHECEHN B CbOTBETHUS
Mawab npoyyBaTENHNTE COHOAXM M MPEMUHATUTE OT TAX
VH)XXEHEePHOreonoXkn eguHuup. ToBa no3sonsBa fa ce
MOEHTU(ULMPA Halt-BEPOSTHOTO PAa3NOfOKEHUME Ha KOHTaK-
TUTE MeXOy TeOenekTPpUYHW Cpedu,  XapakTepusupaiy
MMacToBe W 30HW C Pa3fUYHU TIUTONOXKM XapaKTEPUCTUKA,
3bPHOMETPUS 1 CTEMEH HA BOJOHACULLAHE.

rpaHVILlI/ITe Ha WHXEHEePHOreonoXkute enuHuLn, oYepTaHn
Ha MpefcTaBeHUTe pas3pesu Mo ocemTe npoduna, ca
AETEPMUHMPAHN Bb3 OCHOBA HAa KOMMNEKCEH CPaBHUTENEH
aHamM3  Ha: (1) pasnpedeneHMeTo Ha  JeNCTBUTENHUTE
€MNEKTPNYHMN CBNPOTUBNEHUSI B TEOENEKTPUYHUTE Mofeny; (2)
CﬂeL[VICbI/I‘-IHVITe ENEKTPUYHN CbNPOTUBNEHUA HA NPEMUHATUTE
CbC COHOAXMTE NIUTONOXKM Pa3HOBMAHOCTY; (3) NUTONMOXKUTE
XapaKTepPUCTUKM 1 BOAOHACUTEHOCTTA Ha AeMHMPaHUTE Mo-
TOpe WMHXEHEPHOreonoXKN eauHuuy; (4) no-obLim npeactasu
3a reomnoro-TEKTOHCKMS CTPOEX Ha paiioHa.

/3non3saHeTo Ha reoenekTpUYHOTO KapTUpaHe No3Bonu Aa
Ce Moy MHGOPMAaLMA 38 reoMeTPUATa U NPOCTPaHCTBEHOTO
3ansraHe Ha UHXEHEPHOreONOXKATE eAVHULM NPaKTUYECKM MO
usrata nnow Ha nrowagkute. ToBa € 0COBEHO BaxHO 3a
TEpPeHM C MPOCTPAHCTBEHA NUTOMOXKA HEeemHOPOOHOCT Ha
NnacToBeTe, KOBTO & TMMMYHO 33 FeHETUYHUTE TUMOBE PasHO-
BMOHOCTW, M3rpaxdally TeonoXkns Npocun Ha YeTupute
NoLaaKM.
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®ur. 3. TeoenektpuyeH paspes no I'® Mpodwmn 1-1. MpaHuum Ha
MHXXEHEePHOTeoNOXKUTE eAUHNLIN
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®ur. 4. l'eoenektpuyeH pa3spes no P Mpodun 1-2. MpaHNLM Ha MHXEHEPHOrEONOXKNTE eAMHULIN
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®ur. 5. l'eoenektpuyeH pa3spes no P Mpodun 2-1. MpaHNLM Ha MHXEHEPHOTEONOXKNTE eAMHULIN

Site AEC Kozlodui - Line 2-2

Model resistivity with topography AEL| “Koanoayi™ [® Mpodun 2-2
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®ur. 6. FeoenektpuyeH pa3spes no [P Mpodun 2-2. paHNLY Ha MHXKXEHEPHOTEONOXKUTE eANHULIM

Site AEC Kozlodui - Ling 3-1 AEL| "Koanogyi™ I'® Mpodpun 3-1
Model resistivity with topography

lteration 2 RMS error = 3.2
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®ur. 7. FeoenektpuyeH paspes no P Mpodun 3-1. FpaHMLK HA MHXKEHEPHOTEONOXKUTE eAUHULIM
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Site AEC Kozlodui - Line 3-2
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®ur. 8. M'eoenekTpuyeH paspes no ' Mpodmn 3-2. MpaHMLKU Ha UHXXEHEPHOTEONOXKUTE AUHNLM
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®ur. 9. M'eoenektpuyeH paspes no [P Mpodun 4-1. [paHMLM Ha MHXKXEHEPHOTEONOXKKMTE €AUHULIM

Site AEC Kozlodui - Line 4-2
Model resistivity with topography

lteration 5 RMS error = 0.93
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®ur. 10. FeoenektpuyeH paspe3s no P Mpodmn 4-2. MpaHULM Ha UHKEHEPHOTEONOXKUTE eANHULIU
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KOMMNNEKCEH rEO®U3UYEH NOAXO[ 3A NOKANTU3UPAHE HA BOAOMNPOMYCKIUBU
30HU B 3EMHOHACUMNHA CTEHA HA MOBBPXHOCTEH BOAOEM

CmedpaH [Jumoescku, Hukonali CmosiHos, XpucmusH LjaHkos, AmaHac Kucboe

MunHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cocgpus, dimovski@mgu.bg, nts@mgu.bg

PE3IOME. HannuneTo Ha pasynimbTHEHW U BOAOMPONYCKMMBM 30HW B CTEHUTE HA MOBLPXHOCTHUTE BOJOEMM HapyLLaBa TAXHOTO HOPMarHo (yHKUMOHMPaHe, a 6u
MOrTIO [ja A0BEfE M A0 KOMMPOMETMpaHe (paspyLuaBaHe) Ha Tean ChbopbeHUs. [peanoKXeHNsT KoMnneKceH reouanyeH Noaxo4 3a Nokanuavpate Ha npobnemHuTe
y4acTbLy BKNIOYBA NpUNaraHeTo Ha ABa re0ENeKTPUYHN MEeTofa - reopagap W enekTpoTomorpacdus. BbaMoXHOCTUTE 3a kapTupaHe Ha BOLOMPONYCKIMBY 30HU U
e(heKTUBHOCTTA OT MpuraraHe Ha Moaxoda e WoCTpupaHa ¢ pesynTaTuTe OT MPOBELEHOTO reOpafiapHo W eNeKTPOTOMOrpad)cko Npoy4BaHE Ha 3eMHOHaCcUNHaTa
CTeHa Ha u3paBHUTENEH BopoeM ,Kpuuum®. MpeactaBeHuTe pesyntatit NOTBbPKLABAT MPUNOKMMOCTTA Ha M3MOM3BaHaTa METOAMKA Ha M3MepBaHe, aHanmns u
MHTEpNpeTauus Ha AaHHWTE.

AN INTEGRATED GEOPHYSICAL APPROACH FOR LOCATING WATER-PERMEABLE ZONES IN THE EMBANKMENT WALL
OF A SURFACE WATER BODY

Stefan Dimovski, Nikolay Stoyanov, Hristian Tsankov, Atanas Kisyov

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

ABSTRACT. The presence of non-compacted and water-permeable zones in the walls of surface water bodies violates their normal functioning and could lead to a
compromising (destruction) of these facilities. The proposed integrated geophysical approach for locating the problematic areas include the application of two
geoelectrical methods — GPR and resistivity tomography. The possibilities for mapping of water-permeable zones and the efficiency of the proposed approach
implementation is illustrated by the results of the performed GPR and electrical tomography surveying of the embankment wall of the equalizing dam "Krichim". The
presented results confirm the applicability of the employed methodology for measurement, analysis and interpretation of data.

BuBepeHue 30HM. Tasn 3agaya MOXe Aa Ce W3MbIHM MOCPEeacTBOM
Pa3fMYHM KOCBEHM W/MNW Npekn MEeToaM W TEeXHWKM 3a
BaxeH BbMNPOC, CBbP3aH C De3onacHaTta ekcnnoataums Ha n3cnegBaHe. B rpynarta Ha KOCBEHWUTE nonagat FeOd)M3VI‘-IHI/ITe
W3KyCTBEHUTE MOBBPXHOCTHM BOZOEMM  (A30BUpUTE), € MeToAM, KOUTO MMaT npeaumcrsara: 6bpavHa Ha ucnes-
OpraHu3uNpaHeTo M NPOBEXOAHETO HA CUCTEMHM HabMAEHUs BaHETO, He HapylwasaT LenocTTa Ha creHata, MoapobHO
C LEN YCTaHOBSIBAHE Ha TEYOBE MPE3 S30BUPHUTE CTEHM KapTupaHe Ha NPOCTPaHCTBEHUTE rPaHNLM, HUCKK (UHAHCOBM
(BeHTOBE). Bb3HMKBAHETO U Pa3BUTMETO Ha NOAOOHM NpoLecu pa3xopu. KbMm rpynata Ha npekute METOgM Ce OTHACAT
e BcneacTeve q)opMmpaHe Ha HanykaHu, pasynibTHEHWU K COHA@XHUTE Npoy4yBaHWA, nonesuTe (*)VIJ'ITpaLlI/IOHHVI TecToBe,
BOZOMPONYCKNMBM 30HUW B CTEHWTE Ha BOAOEMMUTE, KOWUTO naGopaTopHMTe MU3NUTBaHNA Ha B3€TU OT CTeHaTa ﬂp06|/| n ap.
HapyLLaBaT HOPMarHOTO UM (PYHKLIMOHMPaHe, a € Bb3MOXHO [MaBHOTO MPeanMCTBO Ha Tasi rpyna METoau e, Ye Aasar
Ja [oBefaT M [0 paspyllaBaHe Ha Te3n ChOpPBbXKEHMS. ETo Bb3MOXHOCT 332 KONIMYeCTBEHa OLEeHKa Ha CTeneHTa Ha
3allo, creq perncTpupaHe Ha TeHOBE, CUMHO OBMaXHEHW Unn PasyniTbTHEHOCT 1 BOAONPONYCKNMBOCT B U3CnefBaHuTe
BMOMMO HapYLLEHM Y4acTbLyM B CyXusi OTKOC Ha SI30BUPHUTE y4acTbLy. KocseHuTe METoAM ca MHOTO edbeKTUBHU U Morat
CTEHW, € HeoBXOOMMO B KpaTbK CpoK Aa Ce Harpasut [a Ce M3Mon3BeaT KaTo efNHCTBEHO CPEeACTBO 3a M3crefBaHe
MPOYYBaHe 3a NOKANM3NPaHe 1 KOMMYECTBEHA OLIHKA Ha 30HH Ha npobnemHy GexToBe, ocobeHo 3a no-manku Bogoemu. Mpu
C MOBYULIEHa BOAOMPOMyCKAMBOCT. [MpoyyBaHeTo Tpsibea Aa FOfTEMM U C MHOTO BaXHO 3HAYEHWE TEXHNYECKN CbOPBKEHMS,
3aCerHe 1 reHesnca Ha pasynnbTHEHUTE 30HM, C KOETO Lie obavye, Haped C KOCBEHUTE METOAW € HamoXuTenHo fa ce
MoMOrHe 3a MO-(heKTMBHOTO M TpalHO pellaBaHe Ha npunarat v Npek1 METoAM 3a OLieHKa.

npobrema ¢ TexHu4eckaTa uanpaBHOCT Ha CbOPBXEHNETO.
3a KapTupaHe Ha pasyrnTbTHEHI U BOAOMPOMYCKINBY 30H B

Hait-06LLO MbPBUSIT €TaN Ha MPOYYBAHETO BKMIOYBA NMpermes SI30BUPHUTE CTEHM C YCMeX MOraT fa Ce M3MonaBaT pasnnyHu
Ha HamWyHatTa [OKyMEHTauuWst 3a  uarpaxaaHe n/vinm reO(*)Vl3W~|HV| MeToan — BEPTUKaNHO enekTpu4YecTko coHanpaHe
PEKOHCTPYKLMS Ha CTEHaTa, 3a eKcrnoaTaLysiTa Ha BojoeMa, (BEC), enektpotomorpadicko 2D npoyusaHe (enexTpotomo-
B TOBA YMCMO AaHHWNTE OT MOHWUTOPWHIA, U JeTalneH ornes Ha rpacousi), reopaziapHo Npoy4saHe, CeM3MUYHO Npodpunm1paxe u
npobnemHuTe yyacTbuM. BTopusT etan BknuBa creuma- Ap. TpennoXeHusT OT HalWWA €ekAn KOMNMeKCeH MNoaXod
NU3NpaHN 13cneaBaHus 3a YCTaHOBSIBaHE W onpefensHe Ha BKIIO4BA MpunaraHe Ha Ba METOfa — enekTpoTomorpacpust u
pasMepuTe U NPOCTPAHCTBEHUTE FPaHULM Ha pasynibTHEHUTE reopafap. Herosute BBb3MOXHOCTW 3a KapTupaHe Ha pas-
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YNITbTHEHW 1 BOROMPOMYCKIMBM 30HM Ca WIKOCTPUPaHU C
pesynTaTuTe OT NPOBEAEHOTO NMPOYYBaAHE Ha 3eMHOHAcUMHaTa
CTeHa Ha n3paBHUTENEH BOJOEM ,Kpuumm®,

KpaTtka nHcpopmauusa 3a uscnenaHns o6exT.
Onucanue Ha npobnema

ObBekT Ha u3creBaHe € 4YacCT OT 3eMHOHacunHaTta CTeHa
(aurata) Ha u3pasHuTeneH Bogoem Kpuuum® (cpur. 1). Mo-
KOHKPETHO, N3MepBaHusTa in Situ ca U3MbIHEHW B y4acTbka Ha
HOBOW3rpafileHMTe BOJOB3EMHa LwaxTta M Tpbbonposog 3a
MBEL| ,Jlo3aTa-1” no npoekT Ha ,CTpONeKCnepT UHKEHEPUHT”
EOOL. Mpu u3mbnHeHNeTo Ha TO3W NPOEKT, CEBEPOM3TOYHATA
yacT OT CTeHaTa B y4acTbK C Ab/kuHa okono 35-40 m e
paspyweHa. Cnep uarpaxgaHe Ha BOOJOB3EMHaTa Laxta W
HanopHMs BOLOMPOBOA CTEHaTa e Bb3CTaHoBeHa. Brocneg-
CTBME, MPW Hamb/iBaHe Ha BOJOEMA [0 MPOEKTHOTO HMBO, Ca
Bb3HMKHANM TeYOBE B MeTata Ha Cyxus OTKOC B HOBWS
(BB3CTAHOBEHWS) y4aCTbK Ha CTeHaTa.

W3creaBaHeTo 3a MOKanM3vpaHe Ha  HEYMITbTHEHW W
BOZOMPONYCKIMBM 30HM B 00XBATa Ha Bb3CTaHOBEHMS Y4acTbK
Ha CTeHaTa Ha BOJOeMa U MOf HelHaTa OCHOBA € W3MbIHEHO
Mpn CbBMECTHO NpunaraHe enexkTpoTomorpadus 1 reopaaap.

/3vepBaHusTa N0 BCEeKM OT U3NON3BaHUTE METoaW ca
U3MbIIHEHN Mo 2 mpoduna ¢ oblwa gbmkuHa 200 m. To4HOTO
pa3nonoXxeHue Ha NPogunTe e NPeaCTaBeHo Ha dur. 2.

npoy4eaH
y4acmuK

Eirw

Uzpae
“BOAOEM o

®ur. 1. MecTononoxeHue Ha u3cnegBaHus 06ekT

MeTtoau 1 TeXxHMKa Ha U3cneaBaHeTo

3a nokanusupaHe Ha BOJOMPONYCKNNBA 30HU B HOBOW3-
TPajeHns yyacTbK Ha CTeHaTa Ha u3pasHuTen ,Kpuunm® ca
13n0N3BaHun ABa reon3nyH1 MeToga:
o Enektpotomorpadcko 2D npoyysaHe;
o [eopagapHo NpoyyBaHe.

CbBMeCTHOTO NpunaraHe Ha [Bata MeTofa Aasa no-ronsma
YBEPEHOCT NPW aHanuaa u WHTepnpeTauusaTa Ha pesynrature
0T reoh13N4HOTO NPOYYBaHE.

Enektpotomorpadicko 2D npoyusaHe. MeToabT ce npunara
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3a KapTupaHe Ha NpUMOBLPXHOCTHUS pPa3pe3 BbB BEPTUKAIHN

paspesu no npodunu. MamepeaHuaTa ce M3MbIHABAT 4pes

CBbpP3aHM KbM MHOrOXWneH kaben enektpoau (Griffiths et al.,

1990) no 4-enmektpogHa cxema Schlumberger u anapatypa

Terrameter SAS 1000 B. W3nonseart ce ase kocu 0T 12 xurneH

kaben c pascTosiHue mexay enektpoaute 3,5 m. 3a obpabor-

ka Ha norneBuTe AaHHW Ce U3MoM3Ba KOMMIOTbPHATa nporpama

RES2DINV (Loke, 2001). MporpamaTa faBa fABYMEpHOTO (B

paspes) pasnpefeneHne Ha [LedCTBUTENHUTE ENEeKTPUYHM

CbNpoTUBNEHNS. [lONYYEHNAT TeoenekTpuyeH Mmogen ce

TpaHcdopmMpa B XMAPOreOnOXKkM MOZEN Ha M3cnedBaHata

TEXHOTeHHa cpeda (CTeHaTa) W HelHaTa 3eMHa OCHOBa Bb3

OCHOBA Ha:

e ofla MHopMaLmMs 3a TreomnoXKUTE, XMOPOreonoXKUTE U
TEXHOrEHHWUTE YCIOBMS B U3CINELBaHNSA PaioH;

e NINTEPATYypHU [daHHM 33 CMeuudUYHATE  eNeKTPUYHM
CbMPOTUBIEHNS Ha pas3nuyHuTe Tunose ckanu (Keller and
Frischknecht, 1966; Daniels and Alberty, 1966 v ap.);

e MH(OpMaLMs 3a CTpOeXa Ha reonoXkara OCHOBA, HUBOTO
Ha NOA3EMHMTE BOAM W HUBOTO BbB BOJOEMA;

e [JaHHM 3@ KOHCTPYKTMBHUTE MapaMeTpu Ha CTeHaTa U
NPEMUHABALLMTE NPe3 Hest CbOPbKEHUS.

leopapapHo npoyu4BaHe. [lpunoxumocTTa Ha reopagapa B
npaktukata ce obycraBs OT HanMYMETO Ha KOHTpacT B
QVENEKTPUYHUTE CBOWCTBA Ha NpoydyBaHaTa cpeda W/umm
TbpceHnTe 06ekTn. MeToabT ce CbCTOM B U3NbYBaHE Ha
€NEeKTPOMArHUTHW BbITHW B W3CNeaBaHaTa cpefa, npuemaxe
Ha OTpa3eHWTE OT EneMeHTUTe Ha cpefaTa BbiHM W aHanu3
Ha mnonyyewute QgaHHu. [lomyyeHoto, B pes3yntar Ha
NPOBEJEHNTE UM3MEPBaHUS W [OMbiHMTENHA 06paboTka,
n3obpaxeHue [aBa npeActaBa  3a  pasmepute U
NPOCTPAHCTBEHOTO Pa3npenenieHne Ha CKpuTUTe 0BeKTI ninnm
CTPYKTYpH.

leopapapbT Ce CbCTOM OT KOMAHOHO YCTPOWCTBO, aHTeHa
(Npenasaten W MPUEMHWK) M 3axpaHBaHe. B komaHaHOTO
YCTPOWCTBO Ce reHepupa NpaBObMbAEH UMMYNC, KOWTO ce
noJaea KbM aHTeHaTa npefasaten. B Hes Bceks NpaBobrbneH
MMNYNC ce TpaHcopMMpa BbB BUCOKOYECTOTEH OUMONspeH
WMAOYNC M Ce W3MbyYBa KbM W3CredBaHata y4acT o
NOAMOBBPXHOCTHOTO MPOCTPAHCTBO. [IPOHMKBALLMAT MUMNYNC
KOHTaKTyBa C 0OEKTW C pasnuyHn cneuudmryHa enekTponpo-
BOAMMOCT M AMENeKTpUYHa KOHCTaHTa. Ha rpaHuuarta mexay
ABE CPEeau C pasnnyHN ENEKTPUYHN NapameTpm YacT OT CUrHa-
na ce 0TpassBa (0TpaseHa BbiHa), @ OCTaHanata YacT npemu-
HaBa BbB BTOpaTa cpega. OTpaseHnTe curHanu gocTurat Ao
npMemMHaTa aHTeHa 1 ce U3npaLlaT B KOMaHAHOTO YCTPOWUCTBO,
KOeTO 3anucBa [BOMHUS MbT HA BPEMETO Ha pasnpocTpaHeHue
Ha OTpa3seHuTe BbIHW. [eopagapHOTO u3obpaxeHue (pagap-
rpamara) ce HabntofaBa B peanHo Bpeme Ha aucnneil. Cneq
NPEXBLPNSHETO HAa JAHHUTE B MOLLUEH KOMMIOTbP, MONEBUTE
[aHHM  nognexar Ha  JombnHuTEnHa obpabotka  CbC
cneuranuanpan cogtyep.

lMpu n3mepBaHusaTa ce nonasat reopagap moaen SIR-3000
Ha Geophysical Survey Systems Inc., USA, cpeaHo4yecToTHa
anTeHa GSSI mogen 5104A ¢ gbnboynHa Ha NpPOHUKBaHE 6 M
1 HUCKoYecToTHa aHTeHa moaen SUBECHO-150 ¢ gbnbounHa
Ha NpoHWKBaHe 00 25 m. AnapaTypaTa e npefHasHayeHa 3a
pellaBaHe Ha WHXEHEPHO-TEONOXKM, EOTEXHUYECKM, XMOPO-
EONOXKA W apxeonoxku 3agaus. [laHHuTe OT monesuTe
n3mepBaHna ce obpabotear ¢ nporpamarta ReflexW.



06em Ha TepeHHUTe n3MepBaHUA

EnekrpoTomorpadycku namepanus. [posefeHnTe enexkTpo-
TOMOrpadCK/ U3MEPBaHUS Ca M3MbITHEHM MO ABA re0U3NYHN
npodmna ¢ obwa gvmkuHa 203 m - Bx. ur. 2. MMbpBusT
enekrpotomorpaccku npocun (ETI 1) npemuHasa no kopo-
HaTa Ha CTeHatTa ¥ e C gbmkuHa no 122.5 m. Bropwar
enektpotomorpadcku npodun (ETI 2) B no-ronsmata cu vact
ce pasnonmara no 6epmata B Cyxus OTKOC Ha CTeHara.
Herosata gbmkuHa € 80,5 m. TepeHHWTe W3MepBaHWs ca
HanpaBeHu no 4-enekTpogHa cxema Schlumberger ¢ nomolyTa
Ha aBe kocu OT 12 xuneH kaben W pasCTosiHME Mexay
enektpogute € 3,5m.

leopagapHu u3mepBaHus. [eopafapHUTe W3MepBaHusa ca
MpOBELEHN NO ABa OCHOBHYM Npoduna ¢ obwa gbmkuHa 209,4
m, KOUTO B OCHOBHAaTa CW 4acT MPUNOKPMBAT €NeKTPOTOMO-
rpacpckute npocounu (cpur. 2). MbpBuAT reopagapeH npodun
(TPM-1) e pasnonoxeH NO KOpOHaTa Ha CTeHata, a BTOPWAT
(TPM-2) Ha Gepmata Hag woceTo 3a rp. Kpuuum. Bewukm
npocunn ce HammpaT B CEBEPOU3TOYHUS Kpai Ha y4acTbka OT
cTeHaTa B HEnocpeAcTBeHa 6nM3oCcT [O HOBOM3rpageHuTe
BOAOB3EMHa LaxTa W HanopeH Tpbbonposog (dur. 2). 3a
rapaHTupaHe Ka4yecTBOTO Ha CbOpaHWTe reopagapHu LaHHU,
npocunuTe ca MOBTOPEHU HAKONKOKPATHO C MWHUMAneH
oTcTbN eauH oT Apyr. [lo Bpeme Ha u3mepBaHeTo ca
M3NON3BaHW [Ba BUOA a@HTEHW C pasnuyHa pasgenuTenHa
cnocobHOCT W ObnboYMHa Ha NPOHUKBAHE NpencTaBeHW no-
rope. [puaBuxBaHeTo Mo MPOPUNUTE € OCHLIECTBEHO C
KONMMyka 3a npeceyeH TepeH Mopen 643, cHabgeHa ¢
€I1EKTPOHHOM3MEPBATENTHO KOMENOo, KbM KOSITO Ce MpuKpensat
reopagjapbT UM u3MepBaTenHata aHTeHa. [anuute oOT

ren4  ETN-

NEFEHAA
ETN  Enextpotomorpadcrd

rFn leopagaped
npodmn

0 10 20 30m

®ur. 2. MecTononoxeHue Ha reousnyHUTe Npocnnu

npodmn BOOOB3EMHA
LLAXTA

reopafapHuTe w3cregBaHus ca HatpynaHn B 16 bit *.dzt
(RADAN) chopmaT M npexBbpreHn Ha paboTHa CTaHuus 3a
MOCTNPOLIECHHT.

OOpaboTka Ha JaHHMTE OT TePEHHUTE
u3mepBaHua. Pesyntatu

Obpabotka W pe3yntaTu OT enekTpoTomorpadusTa.
[laHHuUTe OT nonesuTe enekTpoToMorpadcku 13mMepBaHus ca
WHTepnpeTupaHu ¢ KomniTbpHa nporpama RES2DINV u e
LETEPMUHMPAHO  pasnpedeneHneTo  Ha  [LEeMCTBUTENHUTE
CbMpOTWBMEHNS B MOAMOBBPXHOCTHOTO  MPOCTPAHCTBO.
MonyyeHnte no [feata npoduna reoenekTpuyHu paspesu
(ETM-1 1 ETN-2) ca uniocTpupanm Ha ¢ovr. 3 u ¢ur. 4. AHanu-
3bT Ha CbCTABEHWUTE rEOENeKTPUYHU paspesn nos3sonsesa fa
C€ HanpaBsT CNeHUTE NO-BaxHU U3BOAM:

o [e0eneKkTpuYHUAT paspes no Aeata npoduna e pobpe

M3ObpKaH MO  PasnpefeneHMeTo Ha  EneKTPUYHOTO
CbMpOTUBNEHME B AbNOOYMHA.

e ENEKTpUYHOTO  CbMPOTUBNIEHME HA  PasHOBMAOHOCTUTE
(cpemuTe), KOMTO  W3rpaxgaT — W3CnedBaHus  paspes

CBWAETENCTBA 3a MPUCHCTBME Ha MOLYEPTaHO W3paseHa
ioHHa nposogumocT. CTOMHOCTUTE Ha  ENEeKTPUYHOTO
CbNPOTMUBIEHME Ca HUCKM M BapupaT B OTHOCUTENHO TECHM
rpaHuum — o1 4 Qm go okono 50 Qm 1 noseve.

o Ha-0006LieH0 U3CneaBaHMAT reoenekTpuyeH paspes ce
NpeacTaBs OT HSKOMKO ENEKTPOCHMPOTUBMTENHU CPeay,
MapKupally 30HM C pa3niyeH CbCTaB, CTEMeH Ha BOAOHa-
CMTEHOCT W1 BOAONPOMYCKINBOCT.
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Site Krichim - Line 1
Model resistiity with topography
Elevation Resation 4 RMS e = 18
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®ur. 3. Pasnpepenenne Ha enekTpUyHOTO cbnpoTtuenexve no ETI 1 (cMTyaumoHHMAT NnaH e npefcTaBeH Ha ¢ur. 2)
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Model resistiity with topography
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Resisthity in ohm.m
Unit Electrode Spacing = 0.875 m

®ur. 4. Pasnpepenexne Ha enekTpUyHOTO cbnpoTtuenexue no ETI 2 (cuTyaumoHHMAT nnaH e npefcTaBeH Ha ¢ur. 2)
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(6) no AaHHM OT M3MepBaHMATA C reopaaapHa aHTeHa moaen 5104A

®ur. 5. Papaprpamu no I'PI 1 (cuTyaunoHHUAT nnaH e npeacTaseH Ha ¢ur. 2)

e

®ur. 6. Papaprpama no 'PI1 2 (cuTyaumoHHMAT NnaH e npeAcTaBeH Ha ur. 2)
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Unit Electrode Spacing = 0.875 m
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- [lbpeama enekmpocsnpomugumenHa cpeda uma Hail-
HWUCKN CTOMHOCTU Ha ENEKTPUYHOTO CbMPOTUBIEHME — Halt-
yecto B rpaHuumte ot 4 Om go 8 Qm. Tasau cpega
BEPOSTHO KapTupa Hail-BOAOMPONYCKIMBUTE YacTW OT
MOAMNOBbPXHOCTHOTO MPOCTPAHCTBO WAW 30HW, B KOUTO
(PMHHOAMCNEPCHUTE U FMIMHECTUTE (hpaKLUM UMAT JOMUHU-
pawo npucbcTBue. B obxeaTta M ecTecTBeHO nonagat M
€IeKpONpOBOAsALMTE CTOMAHEHW TpbbW Ha HaMOpHUS
BOJOMNPOBOA;

- Bmopama enexmpocbnpomusumenHa cpeda o4epTaBa
30HM C €NEKTPUYHO CbNPOTMBIEHNE B 0b6xBaT 0T 8 Qm [0
15 Qm. Te3n 30HM Hal-BEPOSTHO Ca BOAOHACUTEHW, NO-
BOAOMPOMYCKIMBM WK Ca U3rPageHn 0T ApeBHO3bPHECTH
1 puHOAMCNEPCHU MaTepUan;

- Tpemama enekmpocbnpomusumenHa cpeda npuTexasa
Hai-BICOKU CTOMHOCTU Ha €NEeKTPUYHOTO CLMPOTUBIEHWE
— Hag 15-20 Qm. Tasn cpega BEPOSTHO kKapTipa Cyxu,
cnabo BOJOHACUTEHM UM MHOTO cniabo BOAOMPONYCKIMBM
4acTW OT CTeHaTa MMM 30HM M NNacToBe OT reoroxkara
0CHOBa, B kouTO Npeobragasat no-eapn pakuum (NAckb-
LW W YaKbu).

o [I3paseHnTe rpagmMeHTHW MNpexogn Mapkvpat rpaHuuaTta

MeXOy HeHacuTeHaTa M BOJOHacuTEHaTa 30Ha (BOAHOTO

HWBO) B CTEHATa U HWBOTO Ha NOA3EMHUTE BOAM.

O6paGoTka M pe3yntaTu OT reopagapa. TepeHHuUTe
reopagapHu AaHHu ca Habpanu B RADAN dopmat (*.dzt),
cneq koeto ca obpabotenn B ReflexW. CraHmaptHo ca
u3BbPLIEHN cnepHuTe npouenypu: (00) nmpeopueHTHMpaHe Ha
BCWYKW reopafapHi npouny B egHa nocoka (3anapg-uaTok);
(01) npemaxsaHe Ha U3KYCTBEHUTE MUKOBE HA aMNUTYAUTE Ha
oTgenHute Tpaceta; (02) kopurupaHe Ha HeCUMETPUYHOCTTa
Ha curHana; (03) dukcmpaHe HMBOTO Ha 3eMHaTa NMOBBbPXHOCT
B AaHHWUTE NO BpeMeHaTa Ha BcTbnnenue; (04) nobassiHe Ha
CTaHOapTEH HWUCKO/BUCOKOYECTOTEH (DUNTHP, CbrnacyBaH C
LeHTpanHaTta u4ectoTa Ha u3non3saHute aHteHu; (05)
npeMaxsaHe Ha aBTOMATW4YHOTO YCunBaHe Ha curHana; (06)
PBYHO BbBEXAAHE Ha ycunBaHe Ha curHana; (07) npemaxsaHe
Ha NMHenHus oH oT pagaprpamuTe; (08) HopmmpaHe cunata
Ha curHana Ha otaenHute papaprpamu;  (09) pbuHO
KOHCTpyMpaHe W MpunaraHe Ha BPEMEBO-MPOCTPAHCTBEHM
unTpn 3a LOMbMHUTENHO M3YUCTBAHE Ha LUyMa OT AaHHWTE;
(10) kopurmpaHe Ha eHepruiHUTe HuBa Ha curHana. [pu
OTHEeNHM  pagaprpamMi e  W3BbpLIEHA  AOMbIHWTENHA
0BpaboTka 3a moCTWraHe MakciManHa YMCTOTa Ha curHana,
HaJEXKOHOCT Ha WHTEprpeTauusTa U CbBMECTUMOCT MeXIy
OTLenHuTE Npocunu.

3a npaBunHa WHTEpNpeTauusi Ha reopafapHUTE AaHHU €
Heobxo4MMo [a ce onpeaeny CKopocTTa Ha NpeMuUHaBaHe Ha
eneKkTpoMarHuTHaTa BbfiHa Npe3 W3cregpaHata cpega. 3a
LienTa e U3non3BaH y4acTbK OT TECTOB NpocuI, NpeM1HaBaLy
Hag HanopHus BogonmpoBog ¢ auametsp 300 cm.
[ObnbounHata Ha ropHULETO My MOA 3eMHaTa MOBBbPXHOCT B
npodunupanust yyactek € okono 3,5 m. Ckopoctta Ha
reopafiapHuTe eNeKTPOMarHUTHW BbiHU € OnpefeneHa ypes
MnocrneaoBaTeNHN PbYHO BbBEAEHN NPOMEHN B CTOMHOCTUTE /A,
Mo TO3N HaunMH € HaMepeHo BL3MOXHO Hait-0obpo cbBnaje-
HWe Ha MbpBOTO BCTHMNEHWE HA BbIHATA Ha rpaHuuaTa
Mexnay BMecTBallaTa cpefa v TpbbaTta KaTto CblLeBpPEMEHHO
AbnbounHaTta no BepTUKanHaTa OC OTroBaps Ha pearnHarta.
MonyyeHata ckopoct v = 0,15 m/ns e Bruska go TabnuyHata
CKOPOCT 3a MITbTHW CyXU FMUHECTU nousK, kosto e v = 0.173
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m/s. Ta3u CTOMHOCT MOXe [a ce NnpuemMe 3a JOCTOBEpHa, Tbi
KaTo 3eMHOHacunmHaTa CTeHa e u3rpageHa oT rmuHa. Ha
pagaprpamuTe CKOpocTTa Mo BepTukanHata oc (BASICHO) MMma
[Ba MbTU NO-TONEMW CTOMHOCTY, 3aLLOTO Ce OTYMTa ABOMHUSAT
MbT Ha BpeMeTo, T.e. OT MpefaBaTens [0 OTpaxatenHara
MOBBPXHOCT W 0BpaTHO — OT OTpaxaTenHaTa MOBLPXHOCT A0
MPUEMHMKA.

l'eopagapHuTe MpounM  KapTupaT [OCTAaTbYHO MITLTHO
uscneaBaHata nnow,. Ha dur. 5 u ur. 6 ca npegcraseHu
pagaprpamute, nomnyyeHn creg obpaboTkata Ha JaHHUTE U
BbBEXJAHETO Ha ckopocTute. Ha TAX fACHO Cce Bwxaa
HanMYMeTo Ha HEeeQHOPOAHOCTM B CTPYKTypaTa Ha CTeHaTa Ha
BOZOEMa W reonoxkata 0CHOBa.

AHanu3 Ha pesyntatute un ns3sogu

KoMnnekCHMAT aHammM3 Ha pesynTatuTe OT MPOBELEHUTE
enekTpoTomorpadickn M reopajapHuM  MpoyyBaHus M B
CbOTBETCTBME C MPOEKTHWUTE MapameTpy Ha BOAOB3EMHaTa
waxta u Tprbonposoaa 3a MBEL, ,Jlo3sTa-1" nasa ocHoBaHwe
[ia Ce HanpaBAT CeJHUTE NO-BaXHU KOHCTaTaLUN.

(1) B HoBOM3rpageHus y4acTbK Ha CTeHaTa Ha U3paBHUTENEH
BojoeM ,Kpuuum™ ce ycTaHOBSIBAT YETUPWU 30HU C Mo-
ronsiMa BOgoNpPOmNyCKMMBOCT:

- 3oHa-1 - ouepTaBa MPOCTPAHCTBOTO OKOMO W Haj
TpbOUTE Ha HAaNOPHUS BOAOMPOBOA;

- 3oHa-2 - obxBaLLa NPUNOBBPXHOCTHATA YaCT Ha paspesa
[0 AbnboynHa 2-3 m 1 Ha okono 1-4 m 3anagHo oT ocTa
Ha HanopHus BOAOMPOBOS;

- 3o0Ha-3 — pa3BwnTa e B Halt-13TOYHaTa YacT Ha HOBOM3rpa-
[EHMs yyacTbK Ha NnowW, C LmMpoyMHa 56 m n fo
abnbounHa 3-4 m, B HenocpeacTBeHa 6rM3ocT 4o rpaHu-
L|aTa CbC CTapara YacT Ha CTeHaTa;

- 3oHa-4 — 3aema 3anagHaTa MpUMOBBLPXHOCTHA YacT Ha
HOBOM3rpafeHns yvacTbk A0 AbnbounHa 2-3 m, B
6rm30CT [o rpaHuMLaTa cbC cTapaTa CTeHa.

(2) BogHOTO HMBO B CTEHaTa Ce yCTaHOBSIBA Ha AbnbounHa
23-25m.

(3) HuBoOTO Ha nMog3eMHuTE BOAW € Ha AbnboumHa 7-8 m oT
3eMHaTa NOBBbPXHOCT.

PasnonoxeHneTo Ha OeTEepMUHMPAHNTE 30HW C NOBMLLEHA
BOAONPONYCKIMBOCT, BOAHOTO HMBO B CTeHaTa M HWBOTO Ha
noA3eMHUTE BOAU € NpeacTaBeHo Ha cur. 7 u ¢ur. 8.

YCTaHOBEHUTE MO-CUITHO BOLOMPONYCKNNBA 30HW B HOBUS
y4yacTbK Ha CTeHaTa Ha u3paBHWTeneH eogoem ,Kpuuum” ca
NpeanocTaBka 3a Bb3HMKBAHE Ha TEYOBE B CYXUst OTKOC Mpu
noBuULLIABaHe Ha BOAHOTO HMBO [0 MPOEKTHaTa MakcuManHa
kota. ToBa 0OOCTOATENCTBO 3HAYUTENHO CTECHSIBA Bb3MOX-
HOCTUTE 3a HopMasnHaTa paboTta Ha CbOPBXEHWETO U MOXE Aa
[OBede OO0 TeXKM aBapuilHM CUTyauuu, B TOBa YMCIO M [0
HapylwaBaHe Ha LAnocTTa Ha CTeHaTta. 3a MoBWLABaHe Ha
BesonacHata u no-edekTMBHA eKkcnnoatauus Ha Bogoema e
HanOXWTENHO Aa Ce Npeanpuemart ChewHn AeicTBusa 3a
YNITbTHABAHE Ha HacuNa B YCTAHOBEHUTE PUCKOBM 30HM C LIEN
HamarnsBaHe Ha TaxHaTa BOAOMPOMYCKIMBOCT.
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®ur. 7. 3oHnpaHe no Bogonponycknueoct B paspesute no MPM-1 u ETM-1 (cuTyaumoHHMAT nnaH e npeAcTaBeH Ha ¢ur. 2)

Model resiitnaly with lopograghy
Raation 4 RMS peror = 30
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GEENERAL PRINCIPLES OF THE KINEMATIC MODELS USED IN EARLY WARNING
SYSTEMS - EARTHQUAKES AND TSUNAMIS (VENICE CASE)

Ivan Parushev, Boyko Ranguelov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, parushev92@gmail.com

ABSTRACT. The seismic early warning systems (SEWS) and tsunami early warning systems (TEWS) are the product of the last and most modern achievements of
the recent practical Earth’s science. Heavy earthquakes occurred in Japan (2011), Sumatra (2004), Chile (2010), Solomon Islands, etc. These earthquakes
demonstrated the need of such systems. All known SEWS are based on the fundamental physical property of the seismic waves propagation: the P-waves (with lower
amplitudes and smaller destructive potential) travel approximately 1.71 times faster than the S waves (with several times larger amplitudes and much more
destructive potential due to the medium particles movement perpendicular to the wave ray propagation). Up to now — only Japan has fully operative and effective
SEWS introduced in operation in 2007 and TEWS some years earlier. Their efficiency was demonstrated during the M9 earthquake on 11t March, 2011. All TEWS
are based on the time differences between the propagation velocity of the seismic and the tsunami waves. Several very peculiar cases and models have been
developed for Venice in two directions: 1) The SEWS about some typical cases — seismic sources defined according the seismic zoning maps of Italy; 2)The TEWS
about a case of the tsunami sources located around the Venice in the Adriatic Sea. The results of these models are under investigations and discussion.

OBLUK NPUHLUMNX HA KWHEMATUYHWUTE MOJENWN U3NON3BAHU NPU CUCTEMUTE 3A PAHHO NPEAYNPEXOEHUE -
3EMETPECEHUA U LLYHAMU (HA NPUMEPA HA BEHELIUA)

WeaH Mapywes, boliko PaHeenoe

MunHo-T'eonoxku YHusepcumem ,Ca. MeaH Puncku”, 1700 Cocpus, parushev92@gmail.com

PE3IOME. Cuctemnte 3a paHHO npedynpexaeHne Npu 3eMeTPeceHns W LyHamu Ca MpaKTUYEcKU MPUIOKEHWS Ha Hail-HanpefHW4YaBuTe NOCTUXKEHWS Ha
CbBpPEMEHHUTE Hayki 3a 3emsTa. Texku 3emeTpeceHus ctaHaxa B Anowus (2011), Cymatpa (2004), Yunu ( 2010), ConomoHoBuUTE OCTpOBM W Ap. Tesu
3eMeTpeceHns nokasaxa HyxauTe oT NofobHM cucTemu. BCuuiki CeM3MUYHI CUCTEMM Ce OCHOBABAT Ha eAHO (DyHAAMEHTANHO CBOMCTBO HA CEU3MUYHUTE BbHM: P -
BBIHUTE (C NO-Marnky aMnauTyauM W No-MarbK paspyLunTeneH NOTUHLMAMN) Ce pasnpocTpaHaBaT B TBbPAUTE CPeAn CbC CKOPOCT NpubnnautenHo 1.71 mbTv no-6up3o
0T S — BBIHUTE (C HAKOMKO MbTW NO-TONEeMM aMnauTyau 1 bnarogapeHne Ha CBOWCTBOTO YaCTUYKWTE Ha cpefata fa TPenTAT B NeprneHankynsapHa nocoka Ha
pa3npocTpaHeHue Ha BbMHUTE UMAT 3HAYUTENHO MO-TONSM pa3pyluuTeneH MoTMHUWAN. MoHacToswem, camo FAnoHust nputexasa (PyHKUMOHWPALLA CenaMU4Ha
cucTeMa 3a paHHO npeaynpexaeHne, nycHarta B exkcnnoatauus npe3 2007r. kakTo 1 Takasa 3a npefynpexaeHne oT LyHamu. Beudku cuctemu 3a npegynpexaeHve
OT LiyHaMmi Ce OCHOBAHBAT Ha pa3fukaTta B CKOPOCTUTE Ha Pa3npoCTpaHeHne MeXay CEeM3MUYHUTE BBITHU W LiyHaMW BbIHUTE. HAKONMKO CneunduyHn KUHEMaTUYH
mofena ce oTHacaT 3a BeHeuws u ca paseuTu B Tasn paspabotka: 1) CeusmnyHa cucTema 3a PaHHO MpedynpexaeHne OT TUMWYHW 3eMETPLCHU OTHULLA
3annawsalyy rpaga; 2) Cuctema 3a paHHO NpeaynpexaeHre oT LyHamu reHepupaHi B Aapuatiiecko mope. Monyyennte pesyntaty ca ucnensau u obcbaenm B
Taan paspabotka.

Introduction seismic shaking, which could be dangerous for the historical
buildings in Venice. The tsunami danger was assessed as a

Venice as a world cultural heritage city is threatened by ~ few centimeters (Paulato et al., 2007), but during the flooding

many natural hazards - floods, lagoon fulfilment, pollution, etc. time these few centimeters could significantly increase the
This part of our research is focused to the possible negative influencing negative effects to the flooded areas. The
influence of two natural hazards - earthquakes and tsunamis. methodology of the hypothetic kinematic models and their
Both hazards are wide spread in ltaly since historical times application to the early waming systems (seismic and tsunami)
until the present days. Our investigations are related to the is developed and applied to other regions in Europe,
possible hypothetical kinematic models of both hazards and specifically Bulgaria and Romania.

possible building of the early warning systems related to these
both dangers. Even though there is no strong evidence about
the influence of these hazards during the historical times, the Theoretical fundamentals and methodology
increased urbanization and the complex combined effects

create our interest to model such EWS, in the context of the The typology of the Early Warning Systems (EWS) could be
vulnerability assessment and resilience of Venice. According to systemized in two big groups:
the new seismic zoning maps of Italy (Slejko et al., 1998), - Seismic EWS (SEWS) - working in the time domain of
Venice is attributed to the zone of expected PGA between 0.08 seconds to minutes and
and 0.12 g for 475 return period (which is a standard for EU) - Tsunami EWS (TEWS) - effective in the time domain of

and macroseismic intensity of VIl MSC, with a probability of minutes to hours.
exceeding 0.1g in 20 years. This suggests the expected
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The TEWS such as the transoceanic tsunamis required (for

example PTEWS and ITEWS - located in the Pacific and
Indian oceans) time of warning issue between hours. All known
SEWS are based on the fundamental physical property of the
seismic wave's propagation: the P-waves (with lower
amplitudes and smaller destructive potential) travel
approximately 1.71 times faster than the S waves. The P-
waves have compression movements of the particles of the
solid strata and move to the ray propagation path. These
waves are the fastest and have the highest velocity — between
6 and 8 km/s. The amplitudes of the P-waves are frequently
the lowest in the whole phase package of any seismic wave
emitted by the seismic source. The S-waves - with several
times larger amplitudes and much larger destructive potential
due to the medium particles movement perpendicular to the
wave ray propagation have lower velocity. The S-waves also
do not propagate trough liquids.
The equation:
Vo/Vs=212 (1)
is the fundamental relationship on which the kinematic SEWS
are functioning (Ranguelov and lliev,2013). This relationship
always exists in the solid ideal body and is an immanent
property of any ideal elastic medium. Frequently in the earth
crust this relationship shows smaller value due the not ideal
elasticity of the Earth’s strata.

The travel time function F (d, tps) presents the relationship
between the travel times of the different waves phases (S, P,
Sg, Pg, Sb, Pb, etc.) and the distance to the seismic source.
The function in the coordinate system (d,t) is usually a straight
line, depending of the velocity of the seismic waves in the
respective layer. The travel time function is the main
relationship, which is used to calculate the kinematic models of
the time deficit EWS. The main principle of the SEWS requires
longer time propagation from the seismic source to the
endangered territory, which means longer distance. This time
(tp-ts) is called “warning time” and presents the difference
between the P and S waves arrival to the threaten object.

The TWES are based on a similar relationship, but in the two
strata — water and the solid Earth.

As was pointed out that the seismic waves are propagating
with very high velocities — in the range of km/s. The tsunami
waves are propagating with much lower velocity — between
tens and hundreds of km/h. The time difference between the
tsunami and the seismic waves can reach the range of 102 to
104 of seconds. The case of time deficit in such systems can
be conditionally limited to 2-3 hours between the time of
occurrence of the earthquake that generated the tsunami and
the arrival time of tsunami to any vulnerable object located on
the coast. The important peculiarity of the tsunami waves is
that they are moving with very low amplitudes (not larger then
few meters — in the extreme cases) and very low frequencies
(long lengths of about tens to hundreds of kilometers) in the
open ocean, where they propagate with higher velocity
(between 800 and 1000 km/h). Near to the coast the amplitude
of the tsunami wave increased dramatically and can reach tens
of meters. The velocity is decreasing, but in any case is over
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40 km/h (the highest speed anybody can reach in sprint short
distances is always lower).

There is another peculiarity of the tsunami wave propagation
and interaction with the bottom bathymetry — this is so called
refraction. The refraction means that frequently the tsunami
energy can be focused to the selected parts of the coast due to
the ray refraction of the wave (Ranguelov, 2014).

There are also some specifics in the wave-coast interaction:

a. smooth bottom and long waves — the increase of the
water level is going smoothly like fast tide

b. deep bottom and short waves — the increase of the wave
water front is like wall — so called “bore”

c. intermediate cases, sometimes accompanied by
dispersion — higher frequency, but lower amplitude of the
incoming waves.

All described peculiarities suggested that in case of tsunami
(especially in the time deficit domain is possible to observe
high waves and low sea level very close in space, sometimes
just few kilometers). Such an effect increased the probability of
the false alarms. So such cases need compromising approach
— economy of time versus more frequent false alarms
(Ranguelov, 2011). In our case of research two hypothetical
approaches are performed:

Hypothetical ~ Seismic  kinematic = model

(Ranguelov and lliev, 2013)

It is based on the assumption that P waves are traveling from
each seismic source to the city of Venice. The seismic sources
are outlined by the researchers during the construction of the
seismic zoning map of Italy (Slejko et al. 1998). The
seismotectonic model considered all known seismic events
occurred on the territory of ltaly simplified as geometrical
polygons.

According to the new seismic zoning maps of Italy (Slejko et
al. 1998)., Venice is attributed to the zone of expected PGA
between 0.08 and 0.12 g for 475 return period (which is a
standard for EU) and macroseismic intensity of VIl MSC, with a
probability of exceeding 0.1g in 20 years. This suggests the
expected seismic shaking, which could be dangerous for the
historical buildings in Venice.

To investigate the expected travel times of the first P wave
arrivals (“signaling” - seismic phase) we use the calculated
model of Jeffrey's-Bullen table. (Ranguelov, 2014). The graph
is presented on fig. 1. On the same graph the S-P travel times
(‘warning time”) are also plotted. All these data are used to
model the kinematic peculiarities of the P, S and S-P waves
travel times for each distance between the respective seismic
zone and the city of Venice (fig. 2.). The zones are extracted
from the seismic zoning map of ltaly (Slejko et al. 1998),
applying the same approach of the “Low” and “High” seismic
active zones. The geometric centers of each zone are obtained
by special software (Golden Software’s Surfer).



Hypothetical tsunami kinematic model
(Ranguelov, 2013)

The hypothetical tsunami kinematic models have been
investigated by many scientists - for example (Ranguelov,
2011). The travel times of the tsunami wave’s propagation from
the respective tsunamigenic source to Venice have been
calculated using acceptable models — for example (Ranguelov,
2013). The results of (Paulato et all, 2007), show the travel
times from the established tsunami sources, together with the
expected wave heights at the lagoon of Venice. According
these results the travel times are enough for the evacuation
measures, thus decreasing the tsunami risk for the city of
Venice from the influence of the possible tsunamis generated
in the Adriatic Sea. On one side this is acceptable low risk for
the population. On the other — the possible additional tsunami
influence to the effects of the floods — seasonal or generated
by storm surges can increase dramatically the destructive
potential in case of such coincidence. That's why an effective
tsunami warning system could be very useful for the Venice
resilience to the combination of the tsunami and seismic risks.
To avoid such risks a combination of the seismic and tsunami
early warning systems could benefit by the city administration
of Venice. Such experience have been developed and used by
the Bulgaria-Romania border region including marine hazards
in the sea and on the land.

Results and discussion

As it was mentioned before the seismic sources have been
divided in two classes — *high” and “low” seismically active.
The modelled calculations covered both types. For illustration
we presented only the “high” seismic active zones (fig. 3). It is
clearly visible that the nearest distances are due to the Central
Apennines seismic zones located at the distances between
130 and 200 km. On the same figure all other distances are
plotted with different colours. This gives the possibility to
estimate the farer seismic areas, which can generate seismic
signals at the distance more than 800 km.

On fig. 3A the average travel times of the P waves are
presented. They show that the minimum travel times from the
‘high seismic” zones range between 30 and 36 seconds.
These travel time are very short, but gives a possibility of the
automatic systems to switch off the lifelines in the city. Some
chances for the population to evacuate at the more secure
places are also available. The larger “signaling” times are
expected from the most far zones and range between 110 and
120 seconds (about 2 minutes). The “warning” times (ts-tp)
varied between 19 and 88 seconds - fig.3B. These time
intervals between the first arrivals of the “signaling” P waves
and the most destructive “damaging” S waves also provide
some time for reaction.

The tsunamigenic zones at the Adriatic Sea - most
dangerous for the Venice lagoon are extracted from M.
Paulatto et al. (2007) (fig. 4). The distances and the travel
times are modeled following the methodology described in
(Paulatto et al, 2007) and presented at fig. 4. and the Table 1.
The distances varied between 130 to about 700 km and the
travel times respectively between 130 to about 380 minutes.
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Fig. 1. The travel times for the different seismic phases - according to
Jeffries - Bullen tables

Fig. 2. A) Seismotectonic sources of Italy according (Slejko'¥%8) and
distances between them and Venice. B) Distances between the high
seismically active zones Venice



Fig. 3. A) Average travel times of the P-waves between the highly active
seismic sources in Italy and Venice. B) Travel times differences ts-tp
between the high active seismic sources and Venice

Algorithms of the kinematic early warning systems
(models for earthquakes and tsunamis). The algorithms of
the early warning system action is developed on the kinematics
of the seismic (respect. tsunami) waves. The algorithms are
developed on the basics described in the fundamentals section
and consider the different velocities of the P and S waves (for
the SEWS) and seismic and tsunami waves (in case of the
TEWS) (Ranguelov et al., 2006).

The installation of the hardware needs to follow some

general considerations:

1. Selection of the locations according the seismic sources
geography

2. Travel times curves for the transformation of the distances
to the time domain.

3. Use of the P-waves times for the signalization of the event
and triggering the whole system.

4. Seismic station optimization according the seismic
sources locations and common use (in some cases) of the
same equipment (if possible)
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Table 1.
Distances and travel times from tsunamigenic zones to Venice

Zone Ne Epicentral distance, Travel time

(km) (min)

1 331 188

2 219 135

3a 451 215

3b 474 259
693 379

567 310

130 132

] =
- - -

& lmm

Fig. 4. A) Tsunamigenic zones in the Adriatic Sea and surroundings. B)
Travel times for the tsunami waves from the tsunamigenic sources to
Venice

5. The trigger stations located to the nearest point of any
epicenter.

6. Use of some stations locations of the equidistant travel
times to the seismic sources.



7. Peripheral stations for detection of the strong seismic
motions with sources outside the network geometry.

The general steps follow the philosophy that it is essential to
have a signal for the hazardous event (earthquake or
generated tsunami) as soon as possible after its generation
(Ranguelov, 2010). As the seismic P,S - waves velocities are
in the range of km/sec it is essential to have a seismic sensor
as possible as to the nearest point of the epicenter. The same
is valid when tsunami wave is generated by the seismic (or
other type tsunamigenic event — landslide, turbidities, volcanic
ash slump, etc.). When the threshold is considered for the
dangerous event, if the registered level is higher, then the
whole algorithm is triggered. Then the following steps are
necessary:

1. P-wave signal that the event is generated and the
waves are propagated. (Usually such signal triggers the
entire network).

2. Modeling of the wave's propagation direction,
following the consecutive triggered seismic devices.
3. Selection of the precomputed scenario (this is valid

for the tsunamigenic sources, because of their variety in
magnitude, location, bottom and costal geometry and
other influencing the tsunami propagation parameters).
The selection is closely related to the so called — decision
matrix.

4, Modeling of the time of incoming S-waves (for the
SEWS) and the time delay of the S-waves, following the P
waves. Zonation to near distance, middle distance and
long distance and introduction of the “green”, “orange”
and “green” signaled zones.

5. Same for the tsunami waves. The confirmation of the
tsunami waves generated by the disturbing event
(earthquake, slump, fast subsidence, etc.) usually is
performed by the bottom located  devices
(microbarographs, sea-level measuring devices, OBS,
DART, etc.) like effective hardware.

6. Decision for the warning issue — the decision matrix.

7. Warning issue to the clients — population, civil
defense authorities, decision makers, administrations, etc.

8. The combined warning issue in case of simultaneous

action of earthquakes, landslides, turbidities (or other
generating events) and tsunamis.

9. The transmitting possibility of the warning is in
various ways — SMS, i-phone adds, e-mail message,
pager signal, TV, radio emissions, sound or light signals,
etc.

10. Cancelation of the warning after the event passed.

To perform these algorithms a lot of specific actions must be
performed (Ranguelov et al., 2011). The most important one is
the hardware (devices) installation as possible closer to the
seismic (tsunami) source. This could be a specialized seismic
strong motion device, or the nearest seismic station of the
national seismological network (fig. 5 and fig. 6).

Suggestions for the early warring systems —
tsunamis and earthquakes (Venice)

Considering the results obtained by the investigations of the
kinematic models — both for the earthquakes and tsunamis two
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Fig. 5. Seismic sources (according Slejko, 1998) and the nearest seismic
stations of the Italian national network to each source

- 2
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Fig. 6. Travel times from the center of each tsunamigenic source to the
city of Venice

possible directions could be suggested (Ranguelov et al.,

2012):

- To use the existing infrastructure of the national seismic
network in ltaly. This means to use the closest seismic
sensors to the respective seismic zone, to trigger the
signaling device in Venice. The advantage of such
approach do not need special network creation covered
the whole Italy.

- Another approach is to create the new established system
locating in each seismic source specialized devices and
connect all of them in a specialized SEWS. This approach



creates independent approach to the SEWS use, but a
unification of all devices in the SEWS and TEWS is
essential.

- The creation of a TEWS is necessary due to the
possibility of a coincidence in time of the high water level
(for example seasonal flood or storm surge, etc.) and the
tsunami generation in a far field source. In such a moment
the small additional water level increase can generate
much more destruction due to the nonlinear effects
observed in similar situations.

- The TEWS needs a specialized approach for the
assessment of the locations and the equipment of it. The
previous investigation show that each site needs rather
specific  equipment, based on the specialized
investigations (Ranguelov, 2011), based on the local
conditions. In any case the complex bottom stations are
an obligatory element of such systems. (Ranguelov, 2014;
Ranguelov et al, 2013).

- The construction of a specific decision matrix, specialized
protocols of announcements and other elements providing
the warning issue to the authorities and population is
another direction which must be developed for any EWS.

Conclusions

The kinematic modes about seismic and tsunami early
wamning systems are developed using the standard
methodology of the travel times for seismic S and P waves as
well as for the tsunamis travel times.

The models covered all seismic active zones in Italy. They
have been divided into two main groups — “high” and “low”
seismic zones. For both types the travel times of the P, S, and
S-P seismic waves to the city of Venice are calculated. These
calculations can be used by the local authorities, decision
makers and other responsible institutions (like Civil Defense of
Venice) for the development of a SEWS providing resilience of
Venice infrastructure and population in case of strong
earthquake occurring anywhere in ltaly.

The models of the travel times of tsunamis propagating
trough the Adriatic Sea and the calculations of them show
relatively high effectiveness of the TEWS regarding Venice
lagoon and low coasts.

Some practical considerations are presented about the
organization of a SEWS and TEWS in the region of Venice,
using the existing seismic network of Italy or creation the own
infrastructure of these early warning systems.

100

Acknowledgments. This work is partially supported by Contract DFNI-
T01/0003 - 2012.

References

Paulatto, M., T. Pinat, F. Romanelli. 2007. Tsunami hazard
scenarios in the Adriatic Sea domain. - Nat. Hazards &
Earth Syst. Sci., 7, 309-325.

Ranguelov, B. 2010. Atlas of the tsunami risk susceptible
areas along the Northern Bulgarian Black Sea coast,
Balchik site. 25 p.

Ranguelov, B. 2011. Natural hazards — nonlinearities and
assessment, Acad. Publ. House (BAS), 327p.

Ranguelov B. 2013. Complex geophysical investigations —
natural hazards, monitoring and early warning systems, on
land and in the black sea. - Proc. of the 4t Int. scientific
and technical conference "Geology and hydrocarbon
potential of the Balkan-Black Sea region" 11 - 15
September, Varna, Bulgariaq 257-263.

Ranguelov, B. 2014. Early warnings - Bulgarian experience in
case of time deficit systems (earthquakes and tsunamis). -
Proceeding 1/2, 5th ICC&GIS 2014, 738-745.

Ranguelov, B., T. lliev. 2013. A kinematical model of the
Seismic Early Warning System (SEWS). - Proc. 7t Balkan
Geophysical Congress, Tirana, 7-10t October.

Slejko, D., L. Peruzza, A. Rebes. 1998. Seismic hazard maps
of Italy. - Annali di geofisica, 41, 2, 183-214.

Ranguelov, B., A. Georgiev, E. Spassov. 2006. Natural
hazards and early warning systems. - Ann. M&G
University, 49, 1, 209-212.

Ranguelov, B., R. Radichev, S. Dimovsky, G. Oaie, R. Dimitriu,
M. Diaconescu, A. Palazov, O. Dimitrov, S. Shanov, N.
Dobrev. 2011. MARINEGEOHAZARDS Project - key core
elements of the early warning system in the Black Sea. -
Ann. of M&G University, 54, 1, 177-182.

Ranguelov, B., G. Mardirossian, N. Marinova, E. Spassov.
2012. Early warning systems — EWS (earthquakes and
tsunamis) and their effectiveness. - Seventh scientific
conference, “SES2011”, 29"  November — 1st December
2011, Sofia, Bulgaria, 307-312.

Ranguelov, B., I. Paskaleva, R. Radichev, S. Dimovsky, Ch.
Tzankov, A. Kisiov, M. Yankova, T. lliev, M. Vasileva.
2013. Complex geophysical investigation for development
of seismic monitoring and quasi EWS around Pernik city. -
Proc. 7t Balkan Geophysical Congress., Tirana, 7-10t
October, 2013 (on CD).

The article is reviewed by Prof. Dr. Ivanka Paskaleva and recommended for
publication by the Department "Applied Geophysics".



FOOVLUHMK HA MMHHO-TECTIOXKMA YHUBEPCUTET “CB. UBAH PUNCKI", Tom 57, Cs. |, F'eonorus u reocpusmka, 2014
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 57, Part |, Geology and Geophysics, 2014

FEO®PU3NYEH KOMMNEKC 3A U3YHABAHE HA NOBBPXHOCTHUA FEONOXKK
PA3PE3 B PAUOHA HA 3EMETPECEHUETO NPWU rPAL NEPHUK OT 22 MAWU 2012 T.

boiiko PaHeenoe, XpucmuaH LjaHkos, LjeemaH Ipyes
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PE3IOME. B pamkute Ha npoekt CUMOPA ca npoBeaeHn KOMMNEKCHU reouanyHin U3MepBaHmus 3a yCTaHOBSBaHe Ha MOBBbPXHOCTHUS (BECETKM [0 CTOTULM METPY)
reoNOXKN CTPOEX B paoHa Ha 3emeTpeceHneTo MepHuk — 22 Mai, 2012 r. M3non3BaHusT KOMNNEKC BKKOYBA ENEKTPOTOMOrpadpCkv 1 reopafapHi 13MepBaHus,
YCropeaHo C paauoMeTpust U kanameTpus. Enektpotomorpadickute npochunv, NpakTUYEcKM CbBrafaT C reopafiapHUTE U MO3BOMSBAT OMPELEnsHETO Ha
€NeKTPOCLNPOTUBUTENHUTE CBOMCTBA HA Hali-ropHaTa YacT OT reonoXkus paspas. [eopafapbT CyXM 33 NOTBbPXAEHUE UMW OTXBBLPASHE HA NO-Manko MallabHu
€NeKTPOMarHuTHU CMyTUTENW. MHTepnpeTauusiTa Ha MONyyYeHUTe AaHHW MOKas3Ba HanuuMeTo Ha HSIKOMKO OCOBeHoCTM B paspesa — Hanuuue (OTChCTBME) Ha
MOBBbPXHOCTHW PA3NOMsiBaHUS, OTHOCUTENHA ObnBOYMHA Ha MOAMOYBEHWTE BOAW, HanMuue (OTCLCTBME) HA ENEKTPUYECKU HEeeOHOPOAHOCTM, AbMKallM Ce Ha
ehekTUTe Ha TepUreHHaTa ceauMeHTauus. MonyyeHnTe pesyntaTi ca nonesHu 3a OBsICHEHWE Ha MOBPEaM U Pa3pyLLEHWUs B Crpafiyl U CbOPbXEHUS (PyHOMPaHN B
pasnnyHN FPYHTOBM YCIOBUSI.

GEOPHYSICAL COMPLEX STUDY OF THE SHALLOW GEOLOGY IN THE AREA OF PERNIK EARTHQUAKE 22 MAY, 2012
Boyko Ranguelov, Christian Tzankov, Tsvetan Gruev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, branguelov@gmail.com

ABSTRACT. Complex geophysical investigations (in the frame of the SIMORA project) are performed in the area of the Pernik M5.8 earthquake of 22 May, 2014.
Electric tomography and georadar measurements have been done massively to establish the electrical inhomogeneities due to the different reasons - faults, ground
water’s level, etc. The interpretations of the measurements results show different peculiarities of the cross-sections — surface faults, surface underwater level, other
electromagnetic anomalies. The georadar gives results of the most surface part of the ground. The low penetration is useful for shallow anomalies generated by the
electromagnetic inhomogeneities. The observed relationships and the obtained results could be very useful for the explanation of the damages observed to the
different structures and buildings.

BbBepeHue [O0BENMW [0 TOBA CEN3MUYHO CHOMTUE Ca: PEXNM Ha EKCTHE3NS
B paioHa Ha Tpyca (CredBaly AMPEKTHO OT MeXaHu3Ma Ha

M3yyaBaHeTo Ha AbNOOYMHHMTE OCOOEHOCTM Ha BCSKO rnaBHMA  TpYC, YCTAHOBEH OT peauua  MexayHapoaHu
OTHWLLE Ha 3eMETPECEHWe, W3UCKBA OTYMTAHETO Ha peauLa Cen3MOnoruyHi  LigHTpoBe), OnoKoB CTpoex (AokasaH Mpu
(akTopu,  CBbP3aHM  CbC  CEU3MOTEKTOHCKUTE W n3crnedBaHMATa Ha rpPaBUTALMOHHOTO M MarHWTHO Mone B
CEM3MOreHepaLMOHHN YCOBMS 3a Bb3HWKBAHE Ha CEM3MUYHO paitoHa), pa3npeseneHueTo Ha adepluokosata nopeavua
cubuTne. YcnopeaHo ¢ ToBa He 6uBa fga ce npeHebpersat u Cnef OCHOBHOTO CbbuTWE BbB BPEMETO U MPOCTPaHCTBOTO
NOBLPXHOCTHUTE TPYHTOBM YCMOBMS, YECTO SIBSIBALM Ce (Ranguelov et al., 2013). B pesyntat e KoHCTpyupaH
W3TOUHMK Ha [0BaBBYHM ebekTV KbM paspyluMTenHaTa cuna CEM3MOTEKTOHCKN Mopen (cur. 1) Aokassall acMeTpudHo,
Ha CEeM3MUYHWTE BBIHM W MOHSIKOTa BOAELM [0 MECTHO NUCTPUYHO, ~ aHTUTETUYHO  pa3nomsABaHe  [OBENO [0
yCUNBaHE Ha CEM3MWYHOTO Bb3fencTBMe, focTurawm 2-3 peanu3alua Ha censmmyHaTa eHepris, OTaeneHa npu rnasHUA
CTEMEHM Haj OuakBaHuTe eceKTM Mo CpaBHeHMe cbc  TPYC W rnocresanute ro adepiuokose (Parenos v Ap.,
cTabunHa ckanHa OCHOBa. 2013a,0).
Jdbn6o4nHHa XapaKTepucTuka Ha KomnnekcHu FEO¢M3VI'~IHVI un3cnegBaHuda Ha
3emeTpeceHueto ot 22 Man, 2012 NIUTKUTE XOPU3OHTU B PanOHa Ha

3eMeTpeceHueTo

ObnbounHHMTe  OCOBEHOCTM B TEOTEKTOHCKaTa W
reoguMHamnyHa obCcTaHOBKa B palioHa Ha 3eMETPECEHWETO OT 3emeTpeceHneTo ¢ Marnutyn 5,8 npeausBiMka  MacoBu
22 Mait 2012r. B paitoHa Ha rp. MepHuk ca fobpe nacneaBaHm edoektnt ot VIII cteneH no EMC. bsixa 3asiBeHu nopaxeHusi Ha
¥ [aBaT MouyTW MbiiHa NPeAcTaBa 3a mpouecuTe, JOBENM A0 Hag 8000 crpaau, koeTo 3a Tpyc ¢ nogobHa cuna e noeeye ot
3emeTpecenmetro ¢ M 58 (Padrenos u gp., 2013a, 6; CpeaHoTo.
PaHrenos u [llackanesa, 2013) u nocnegsanute ro lMopeauua nacrneaBaHus yCTaHOBSBAT, Ye Hal-CUNHWUTE Mo-

cneatpycose (Ranguelov, 2013a,b). OcHoBHuTe chakTopM
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®ur. 1. CenaMOTeKTOHCKM Mofen Ha 3emeTpeceHneTo ot 22 Maw 2012 r. -
ACUMETPUYHO, aHTUTETUYHO, NIMCTPUYHO, Pa3NoMsBaHe

1 - CUNM Ha eKCTeH3usi; 2 — NMOCOKM Ha ABMXEHWETO Ha MponagHanus
6nok npu 3eMeTpeceHneTo; 3 — NMMHUM Ha NUCTPUYHOTO pasnomsBaHe; 4
- Mocoka Ha nponagaHe Ha uenus 6nok; 5 — 30Ha Ha pa3spylaBaHe Ha
cpegata no BpemMe Ha OCHOBHUA Tpyc (BeposTeH W3TOYHMK Ha
OTHOCUTENTHO NO-BUCOKOYECTOTHUTE KonebaHus); 6 — Hal-HMCKa 30Ha Ha
nponagaHeTo (BeposiTeH U3TOYHWK HAa OTHOCUTENHO NO-HUCKOYECTOTHUTE
kone6aHus) (PaHrenos u ap. 2013)

PaXeHWs 1 pa3pyLUeHUs ca NoKanusMpaHu He B ennueHTpan-
HaTa 30Ha Ha [MaBHWS TPpyc, a Marnko Nno Ha Ccesep-
ceBepouaTok. [puunHuTe 3a ToBa MoraT Aa 6baaT ThpceHu B
HAKOMKO NOCOKM. Hanmume Ha XOpuU3OHTamnHN HeeJHOPOAHOCTM
B Han-ropHata 4acT Ha 3emMHaTa kopa, Hanuuue Ha cnabo
CMOeHN ceauMeHTH B rpabeHoBaTa CTpykTypa Ha MepHuLkus
rpabeH W Hali-HaKpas, HO He MO BAXHOCT — Hanuuue Ha
NAMTKO3ansraly rpyHTOBM BOAM B palioHM Ha 3abnaTtsBaHus,
PEYHM Tepacu W KopuUTa U MECTHW U3BOPU M BOGOU3TOYHMLN OT
pasnuyeH xapakTep.

MnutkuTe edekTn OT 3emeTpeceHneTo ce obycnaBat Ha
AbNBOYMHM OT €AMHWLM O AECETKN METPU. 3a U3y4aBaHETO
MM Ca M3MON3BaHN €OHN OT HaN-CUIHWUTE TE0CIU3NYHN METOAM
- l'eopagap 1 Enektpotomorpacms.

Enektpotomorpadckn  uscnegBaHusi.  Enexktpotomorpa-
udTa e MeTod,  YCTaHOBABAL,  MPOCTPAHCTBEHOTO
pasnpeaenHue Ha enekTpUYHOTO CbPOTUBNEHUE MO NPoUK
C MOCTABEHW ENEKTPOAW — 3axpaHBally M npuemHu. Wambn-
HeHa e ypes uamepsaHe ¢ Anapatypa Terrameter SAS 1000,
kosTo pabotu ¢ u3xogHo Hanpexenue 450 V n makcumaneH
usxogeH Tok 1000 mA. EguH TUnMYeH enekTpoTomorpagcku
npodun oT paroHa Ha lNepHuK e nokasaH Ha dur. 2.

cHBpORITEe

mmEE

®ur. 2. EnektpoTomorpadicku npocpun ot panoHa Ha MepHUK — cUHUAT
LIBAT MOKa3Ba HUCKW CbNPOTUBNEHNS, @ YePBEHUSAT — BUCOKM

06wo ca npokapaHu 25 npodmna (dumr. 3), kato ¢ TAX ca
MOKPUTM MOYTI BCUYKM r€ONOXKM 0CODEHOCTY, HabnogaBaHu B
paiioHa - M3MepBaHus ca npaBeHu B MepHULLKUs rpabeH U Ha
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rpaHuLMTEe My C OKOMHWUTE reonoxki kommnekcu. CepuosHo

BHUMaHWe € 06bpHATO Ha KapbOHATHUTE KPeaHW KOMMIEKCH,

KbAETO € [MaBHOTO pa3BuUTME Ha CeusMoreHepaumoHna

NpoLiec, KakTo M B paioHa Ha 53. CtyaeHa. OCHOBHUTE Lienu

Ha N3MepPBaHNATa Ca HSKOMKO:

- [la ce yCTaHOBSAT Bb3MOXHU MOBBbPXHOCTHN eekT Ha
pasynibTHABaHe CBbP3aHM C PasfoMsBaHNS B ropHarta
4acT Ha recnoxkus paspes. Te ca TMNMYHU NPOSIBEHUS B
YyCnoBuATa Ha EKCTEH3UOHEH PEXUM.

- [la ce ycTaHOBST 30HM Ha CrMaboCnoeHn MOBLPXHOCTHM
CEOMMEHTU, KOWUTO WMaT CBOWCTBOTO [fa ycuneart
CEN3MNYHNS eDEKT.

- [a ce ycTaHOBAT 30HM Ha MNAUTKO 3andraHe Ha
NOA3EMHUTE BOAM, KOUTO CbLUO Ca BaxHO YCrioBue 3a
noBuWaBaHe Ha HabntofaBaHaTa MHTEH3WBHOCT Ha
CEM3MWYHWNTE BBL3OENCTBUS BCMEACTBME HA MpEMWHA-
BaHETO Ha CEN3MUYHUTE BBITHY.

- [a ce HabenexaT MecTa CbC cTabunHa 3eMHa OCHOBa 3a
€BEHTyarHOTO pasnonaraHe Ha uM3mepeaTenHaTa anapa-
Typa — aKcenepoMeTpu 3a CUrHanMavpaHe Ha Habnto-
[aBaHu N0 BPEME Ha TPYC YCKOPEHWUS.

TpsbBa pa ce otbenexu, Ye W3BbLPLIEHUTE NONEBM
W3MEpBaHWs C enekTpudeckata Tomorpacusi, 4ecto ca
OrpaHM4YaBaHu OT Bb3MOXHOCTUTE 3a MPOBEXAAHETO UM -
3aNeceHn yyacTbLm, NpeceyeH pened, nunca Ha MbTUWA W
ap. Pesyntatute OT M3MepBaHusiTa NO3BONSBAT CUCTEMA-
TM3aumMs Ha HabniogaBaHuTe OCOBEHOCTM KOWTO MoraT fAa
Obaat noapesneHn B HAKOMKO TUMa; NPOGUIM C XOPU3OHTASTHO
W cyOXOpWU3OHTANHO 3ansiraHe Ha MPOBOASALUMTE W CbMPO-
TMBMTENHM croeBe — Hanp. Ne 11, 12, 9, 1, 18, 21, 23, 13 u
Ap.; Npodunu C HaKMOHEHO pasnorniaraHe Ha MpOBOAsLNUTE
rpaHuuy  (TyK WAEHTU(MUMPaHM, KaTo MOPSIBMEHWS Ha

Bb3MOXHO CyDMOBBLPXHOCTHO pasnomsisaHe) — Hanp. Ne 15,16,
3, 24, 8 v npodunn ¢ PUBBLPCHO pasnonaraHe Ha CbRpoTYH-
BneHneTo — Hanp. Ne 20, 7, 26, 13, 14 (Tyk uHTEpnpeTUpaHu,
KaTo 30HW C MNUTKO pasrnonaraHe Ha MOA3EMHUTE BOAM).
Pasbupa ce, nogobHu knacudmkaumm msnckeat 3agbnboyeH
aHarnu3 3a Bceku npodus.

®ur. 3. MMpocTpaHCTBEHO pa3nonoxeHuWe Ha eneKkTpoTomorpadckute
npodunu B paitoHa Ha rp.llepHuK U OKONMHOCTUTE My

WrniocTpaTMBHO Ca noOKa3aHW pasnuyHuTe HabmogaBaHu
€NEeKTPOCHNPOTUBUTENHN NPOKNK, 0BYCNIOBEHN OT Pa3NnNYHK



NpudnHK. 3agbnboyeHaTa HTEPNPETaLms NOACKa3Ba pasnuy-
HYW FeHETUYHI U3TOYHWULM 33 M3MEHEHUsITA BbPXy Habnoaa-
BaHOTO €NEKTPOTOMOrpadpCko none.

BcrieactBue Ha OMbHOBWTE HAMPEXEHUs W pasynnbT-
HEHMETO Ha Hail-ropHaTa 4acT Ha pa3pesa OT MaBHUs TPYC K1
nocneaganute ro agTepLUIOKoBE, JIMCTPUYHM edekTn oT
Bb3MOXHOTO pa3noMsiBaHE MOKas3BaT HAKOMKO npodwmna ¢
HamansBawo CbNPOTUBMEHNE B AbNOOYMHA U M3KIMHBALLA
rpaHuLa Mexay Kpunata Ha 0bpasyBaHUTE NUCTPUYHUA NPU3MM
— Hanp. npocounn Ne 26 n 6 (kakto 1 npodmnm Ne 24, 15, 16 u
4p.), PasnonNoXeHW MO4TW CUMETPUYHO CMPsMO OCTa Ha
W3TEIMEHOCT Ha CeM3MWYHOTO OrHuWe B kapboHaTHaTta
cTpykTypa Ha l'ono bbpao (dur. 4).

o cenep

\\\ "

mmEmm mmee

Mpodun 6

Mpodun 26

®ur. 4. Mpodunun 6 1 26 — TMNNYHM NpeACTaBUTENM HAa npoanonaraeMu
e)eKTU OT NMCTPUYHOTO pasnomsBaHe No nepucrepusTa Ha kapOoHa-
THUS KOMNNEKC U CEAMMEHTHU Y4acTbLM

lonsmMa yacT OT npodunuTe [LEMOHCTPUPAT MOBULIEHO
MOBBPXHOCTHO CLMPOTUBIEHNE, MOCNEABAHO OT HamarnsBaHe
B AbnbounHa. Tosu BuA Npodmnu ce MHTEpnpeTupaT Kato
MOBbPXHOCTHA BWCOKOOMHA cpeda. HamansBaHeTo Ha
CbMPOTUBNEHNETO B ObNO0YMHA Hall-BEPOSTHO Ce AbMKM Ha
JOCTMraHe [0 HMBOTO Ha NogmnouBeHMTe BOAW. TakuBa ca
Hanpumep npocomnm Ne 7, 9, 10, 11, 14 » gp. Tosn Bug
€NeKTPOCHNPOTMBITENHU NMPOUIN Ca Pa3BUTU TMABHO B
toxXHaTa nepudepns Ha M3CNeABaHNs panoH (cur. 5 u gour. 6).
Habniogaea ce n obpaTtHa TeHAEHUMS — HUCKOOMEH MOBBbPX-
HOCTEH CrnoW, nocrefgBaH OT MO-BUCOKOOMHA KBasUXOpW-
30HTanHa cpega (Hanp. npocounu 17, 18).

lonsmMa 4acT OT enekTpoToMorpadckute  npodpunu,
0TpassBaT eneKkTpUYeCkM HEXOMOTEHHOCTY MPEAM3BUKAHW OT
pasnNyHUTE ENeKTPUYECKM CBOMCTBA HA CKANHWUTE KOMMAEKCH
B paioHa. MopobHu npumepu ca npocounm 15, 16, 4-6 v ap.

leopagapHu u3mepBaHusa. [eopagapHuTe WU3MEpPBaHUA ca
npoBedeHn c anapatypa leopadap (moden SIR-3000) w
CbOTBETHaTa My aHTeHa (cur. 7). [lokonkoTo reopagapsT e
YCTPOWCTBO, W3MbYBALLO ENEKTPOMArHUTHA BbIHM C BMCOKA
4ecToTa, HeroBata gbMNOOUYMHHOCT € CUIMHO OrpaHuyeHa. Hai-
pobpa pasgenuTenHa cnocobHOCT U KOHTPACHOCT ce Nofy4aBa
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Ha mankv gbnboynHn ot 0 4o 10-15 meTpa. MeToabT € BUCOKO
eheKTMBEH NPy TbPCEHE M NPOYYBaHe Ha CUITHO MPOBOASALLM 1
CUIHO M30MaTOPHW CpedM, 3aToBa € W3Non3yBaH 3a
yTOYHsBaHe Ha NPOBOAALLY (cbnpoTMBUTENHN)
HEeeHOPOOHOCTW B Hal-ropHaTa YacT Ha reomnoXKkus paspes
(dur. 8). Moyt BCMYKM Mpochmnm ca pasnoNioKEHN BbPXY Wi
yCropeaHo Ha enexkTpo-Tomorpadckute usmepsanus. Hanpa-
BEHW Ca U OMUTHO-METOAMYHM paboTh 3a M3MepBaHUs OT
aBTOMOOMN, KbETO TOBA € Bb3MOXHO, Hanpumep B GaHkeTa
Ha (He)acanTupaH nbT. [lonyyeHuTe pesynTat CUNHO ce
BMMSAST OT MOBBPXHOCTHUTE TMOYBEHM YCMOBWS, BMaXHOCT,
MITbTHOCT, Taka Ye Te3u npeyeLyn daktopu He moraT Aa 6baar
nsberHatu.

mmmo CEmm

Mpodmn 7

CEMpOIINL

Mpodmn 11

®ur.5. Mpodunu 7 n 11 - cy6xopusoHTanHa BUCOKOOMHaA cpeaa nocnea-
BaHa B AbNOOYMHA OT MO-HUCKOOMHA — BEpOsATEH MPU3HAK 3a Noamnou-
BEHMU FPYHTOBW BOAW B CEANMEHTUTE

= Cmmm

Mpodomn 17

s T~
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Mpodmn 18

®ur.6. Mpodunu 17 n 18 - npoBopAwa cpepa noacTUnaHa ot no-
BMCOKOOMHA — MHAMKALIA 32 BEPOATHN NOBBPXHOCTHN KapCTOBM ehekTn
B kap6oHaTuTe



Ha cur. 9 e nokasaHO NpOCTPaHCTBEHOTO Pa3NoNOXeHe Ha

reopagapHuTe npotunM  BbPXYy reonoxkata OCHOBa Ha
paioHa. [letainHata Kkopenauws Ha  HabnogaBaHwTe
aHoMmarnuu ¢ enektTpoToMorpadckuTe Npouni e HanpaseHa ¢
OTYMTAHE Ha BanexHuUTe YCMoBMS MO  BpeMe Ha
“3mepBaHuaTa.

®ur.7. Meopagap ¢ aHTeHa.

.B.—‘.’,i“i‘i —__01600 [ns]

pcomard
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®ur. 8. TunmyeH reopagapeH npocun - gbLN60YNHA HA NPOHMKBAHE C
nobpa pasgenuTenHa cnoco6HocT - okono 10 M

®ur. 9. Meorpadcko pasnonoxeHue Ha reopagapHuTe NPocmnu BbLPXY
reosioxKara OCHoBa

HexoMOoreHHoCTUTE B €MEKTPOMATTHUTHUTE CBOWCTBA Ha
NOBBPXHOCTHUSI FEONOMXKM CTPOEX Ce AbMKaT Ha MHOXECTBO
pasnuYHM haKTopu: CKann C pasnnyHW CBOMCTBA (kapBoHaTw,
OCHOBHa CKara 1 CeaUMEHTM), TPaHULIM U KOHTaKTU MEXZY THX,
HaMuMe Ha Mo-edpu BamnyHU B CEAMMEHTWUTE, Hanuume Ha

KapCT, Hanmnyue 1 OTCTLCTBUE Ha FPYHTOBM BOZW, CMyTUTENM
OT TEXHOrEHEH XapaKTep 1 MH. ap.

TUNMYHM  NpeaCcTaBUTENM Ha Te3W HEXOMOTEHHOCTU Cce
HabnopaBat Ha MHOrO  OT  npodpunmute.  [JokonkoTo
AbnBOoYMHHOCTTA Ha MEeTOfa € No-Marika, Npska kopenauus ¢
enekTpoTomorpagmsTa He buea ga ce Tbpcu. WM Bce nak,
HanMuMeTO Ha EneKTOCHNPOTUBMTENHN HEXOMOTEHHOCTU Ce
noTBBPXAaBa 1 C peguua npodwnn OT reopagapa — Hanp.
npodunm 5, 6, 9, 10, 17, 20 u ap.

Mpodun 10

®ur. 10. CpaBHuTeneH aHanus Ha npodmn 10 - enektpotomorpadus u
reopagap — BUXAAT Ce rPpaHMLMTE Ha CKanHUTe KOMMIEKCH B AbNIGOYMHA
(B cpemata Ha npochuna) M BUCOKOOMHMUS OBEKT — BNABO Ha npodunute

3a MbIHOTaA Ha KOMMIEKCHUTE reodnU3nYHM U3cneaBaHns ca
MPOBEAEHN U  TOYKOBM M3MEPBAHWA Ha  MarHuTHaTa
Bb3NPUEMYNBOCT U PAAMOAKTMBHOCTTA IMaBHO B kKapboHaTHWS
komnnekc Ha ono bbpao. YCTaHOBEHO €, Ye NMncBaT 3Hauu-
TENHW aHoManuu B paitoHa. CTOMHOCTUTE Ha pagnaLMOHHUS
¢oH ca B pamkute Ha 0,09-0,12 mkSv/h (uHTerpanHa gosa),
KOETO € HOpPManHO 3a BapoBMLUM W HUCKA CTOMHOCTW Ha
MarHuTHaTa Bb3npuemumBocT — B pamkuTe Ha 0,08-0,16x10-3S]
(3a Baposuumute) 1 0,003-0,006x10-SI (3a uncT kanuut B
KanuuTHUTE Xunn).

N3Bogu 1 3aknoveHune

. ['e0(M3NYHNAT KOMMNEKC OT MOBLPXHOCTHW METOAM
(reopapap 1 enekTpoTomMorpadms) 4aBa Bb3MOXHOCTH 3a
N3yyaBaHe Ha NPUNOBBPXHOCTHUS Pa3pe3 B OTHULLETO Ha
3emetpecenuneTo ot 22 Mai, 2012r. B OKONHOCTUTE Ha p.
MepHWK Ha ABNGOYMHN OT HAKOMKO Aa HSKOMKO JeceTk
MeTpy.

. YCTaHOBEHUTE 3aKOHOMEPHOCTM OT EeNeKTPOTOMO-
rpadckiTe W3MepBaHWs, MO3BONSABAT YBEPEHO Aa Cce
npaeAT 060CHOBaHM M3BOAM 3a MNOBBPXHOCTHUA CTPOEX
Ha paspe3a W HEroBOTO OTPaXeHWe BbPXY CbMPOTMBM-
TENHOTO MONeE: HanW4ne Ha rPYHTOBU BOAM, Pa3nioMsBaHe
OT IWUCTPUYEH TWM, HEXOMOrEHHOCTM AOMWHWPAHW OT
FeOmnOoXKMA CTPOEX W CKanHUTE Pa3HOBUAHOCTY.

. lMOBbPXHOCTHUTE YCMOBWS Ca BaxeH cakTop 3a
HabniogaBaHuTe edpekT! OT 3eMEeTPEceHneTo — creup-
(OUYHO pasnpeeneHie Ha MoMeTo Ha MHTEH3VBHOCTUTE
(ycTaHOBEHM No HabniogaBaHUTe paspyLLeHUs Ha crpagu



n C'bOp'b)KeHVIﬂ) W B3aMMHaTa BpPb3Ka C OTHOCUTEITHO
NNNTKO 3andaralnTe XOPpU3oHTU OT reosioXkaTa cpefa.

BnazodapHocmu: Tasu paspabotka e nogkpeneHa ot [poekT
CMMOPA (O®HW T01/0003)
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PE3IOME: B nybnukauusiTa e nokasaHo, ye TpsibBa aa ce obbpHe Mo-ronsMo BHUMAaHWE Ha U3MEPBaHUATA, U3BLPLUBAHM C ENEKTPOHHW HUBENWPY W LLPUX-KOLO0BY
natv no NHWMTe Ha AbpxaBHaTa Husenauus | knac. CromeHasa ce, Ye CblyecTBYBALLMAT B Bbnrapus komnapaTop 3a eTanoHupaHe Ha LupoBu nati He e
npuroaeH 3a Lpux-kogosmu nath. HeoBxomumo e enekTpoHHUTE HUBENMPW W LPUX-KOAOBW NaTu Aa Ce Wanpalar 3a komnapupaHe B CTpaHW, KOUTO umat
MHTEpdepeHyHn komnapatopu. MHcTpykumusta no Husenauws | u Il knac ot 1980 r. e HanpaBeHa 3a ONTUYHM HUBENWUPU M LMAPOBK NaTH, @ He 3a eNeKTPOHHU
HUBENUPU 1 LLPUX-KOOBM NaTV. M3BbpLUBAHETO HA rPaBUMETPUYHI N3MEPBAHNS N0 HUBEMAYHM NIMHUM MOXE fia CTaBa C HannyHuTe B Bbnrapus rpaBumeTpu, KoUTo
morat fia ocurypsT TouHocT nog + 0,300 mGal Ha ,g"npu e[HOKpaTHa METOANKA Ha U3MEPBAHE C KOHTPOIHU TOYKM.

USE OF ELECTRONIC LEVEL GAUGES AND STATIC GRAVIMETERS WHEN MEASURING HIGH ACCURACY LEVELING
CLASS | AND Il OF THE REPUBLIC BULGARIA
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ABSTRACT: This publication shows that more attention should be paid to the measurements carried out with electronic leveling and outline-code battens on the
lines of the state leveling | class. It is mentioned that the existing comparator in Bulgaria for calibration of digital battens is not suitable for outline-code battens.
Electronic leveling and outline-code battens need to be sent to comparation in countries that have interference comparators. Instructions on Levelling | and Il class
from 1980 are made for optical leveling and digital battens, not electronic level gauges and outline-code battens. Performing gravimetric measurements based on
leveling lines can be done with the available gravimeters in Bulgaria, which can provide accuracy within + 0,300 mGal of "g" with a single method of measurement of
control points.

1. BbLBepeHue Hueenupu npe3 90Te roguHW Ha MWHanMs Bek cromara 3a
HaBNM3aHETO Ha HWBenauwsita B HoBa epa. OcobeHocT npu

Bbp3oTo pasBuTME Ha MHDOPMALMOHHMTE TEXHOMNOTUM B Te3N HUBENUPY Ce siBsiBa OTYMTAHETO Ha WH(OpMaLMATa o
pasnUyHUTE OTPACMN Ha 3HAHUSTA NPe3 MOCNeaHUTE FOAWHM ENEKTPOHEH MbT OT KOAMPAHW J1aTW W 3anMCBAHETO W BBPXY
3acaraT, Kakto BCMYKM obnacTu Taka U reogeausita U BbTPELIHATA NAaMET Ha HWUBENMPA, Kato NO-KbCHO CbllaTa ce
reogmamkata. M3mMepBaHETO HA [bIKMHM B MMHANoTO C npedaBa 3a MO HaTaTbliHa KaHuenapcka obpadoTka Ha
PONETKM W WMHBApHM XWULUM CE 3aMeHM C paguo U nepcoHaneH KoMniTbLP. 3a pa ce obe3neun wn3ncKBaHaTa
cBeTnofanekomepu. MeHaynata u TeOAONMUTBLT Ce 3aMeHuxa C TOYHOCT U HaOeXOHOCT Ha PesynTatute OT HWBENMPAHETO,
enekTpoHHU Taxumetpu (3abaroHckuit, 2012). MaxanHuTte rony4eHn OT U3MepuTenHata cuctema ,LMgpoB Hueemup +
abConioTHM  rpaBUMETPU Ce 3aMeHuxa C  BanucTudHuTe WTpUX-kogoBa nata’ e Heobxooumo Aa ce MpoBexnaa
abconTHA rPaBUMETPM, @ CTATUYHUTE [PaBUMETPU - C nepuoanyHOTO W aTtectupaHe. punoxeHNeTo Ha cuctemara
KOMMIOTpU3MPaHK rpaBumeTpn. Ho Bce nmak 3apagu orpaHu- LONTUYECKU HMBENMp-naTa’, C W3NON3BaHe Ha Hueenup ¢
YeHaTa JEenHOCT Ha rpaBUMETPUATA 3a re0fe3nyeckn, reogu- BU3yanHu OT4ETW W LUTPUXOBA WHBApHa faTta, MpW KOSATO
3MYHM W TEONOXKM LIeNu, a CbLUO M 3apaay BUCOKATa LigHa Ha n3cnenBaHeTo ce uU3nbiHABa OTAENHO 3a HMUBENUpa U nartata
KOMMKOTPU3UPAHUTE TPABUMETPU, CTaTUYHWUTE TPaBUMETPM npu cuctemara ,LMpoB HMBENUP + LITPUX-KOAOBA naTa’ e
owe moraT fa 6baTt M3non3saHu B reogesnsTa u reodusm- MHOTO COXHO M3crefBaHeTo M e Henpuemnuso. To ce
kaTta. [py MHOTOKpaTHWU M3MEPBaHUS C TAX U no-ronsm Gpoit obycnassi OT TOBa, e LLUpUX-KOAOBATA NaTa HMa MeTpudHa
rpaBUMETPU, TOYHOCTTA UM € MHOro Ormaka 40 TOYHOCTTa OT Ckana CpaBHUTENHO HAaHECEHa C AENeHHA Npes 5 unmn 10 mm.
MHOTOKpaTHW M3MEpBaHUS C KOMMIOTPU3MPAHWN TPaBUMETPU ¥ 3aToBa 3a M3CneaBaHeTo i He Tpsbea Aa ce w3nonssa
(Paguves 1 ap., 2013a). MosiBsBaHeTo Ha GPS cuctemmre KEHEBCKaTa IMHUS UMM CTaHOAPTHUTE ONTUKO-MEXaHWYHM
HanpaBu peBOMIOLUMS B TeopusTa UM MpakTukata Ha komnapatopu. Mpu npolieca Ha oT4MTaHe C LMdpoBIS HBe-
reofeanyeckuTe namepeaHns. Cb3gaBaHeTo Ha eneKTPOHHUTE fp B3emat y4acte He [iBa CbCeAHM LWTpuxa OT natata, a

nocneaoBaTtenHoCcT OT MHOIO LUTPUXKU C pa3rfnyHa LWUpUHa. Ja
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CE W3MbIHAT W3CMedBaHuATa pasgernHo 3a  Uudposus
HWBENMMP W LUpUX-KOJOBaTa flata MOXe camo B Creuwa-
nuaupata nabopatopus. Mpu To3n cryyan 3a u3cneasaHe Ha
LNepoBMS HMBENWP € HEODXOAMMO [a MMa eTanioHHa LUTPUX-
KO4OBa MSpKa, NOMOXEHMETO Ha LUTPUXMTE, Ha KOATO
CbOTBETCTBYBA Ha TEOPETMYHMTE UM  3HayeHus. 3a
uscnedgaHe (bakmuyeckomo nosnoxeHue Ha omdesHume
wmpuxu om koda cam0 3a wWpux-kodogume namu U
CcpasHsgaHemo UM meopemuyHUme 3HayeHus ce npunazam
86pMUKaNHU  UMU  XOPU3OHMANHU  UHMEPHEpPeHYHU
komnapamopu (Yctaeud 1 Awbaes, 2013). B npon3BoACTBOTO
ronsiMa 4acT OT YacTHWUTE (UPMM W COPYXKEHWS 3akynysar
€NEKTPOHHU HWBENMPM, HO HAMa HOpMmaTWBHa ypenba,
onpegensia peaa Ha paboTuTe € TO31 TN MHCTPYMEHTM.

2. U3non3BaHe Ha onTMYHUTE /MexaHW4YHU/ U Ha
€NeKTPOHHUTE HUBENUPU NpPU BUCOKOTOYHA
HuBenauus | v Il knac

2.1 OnNTUYHKM HuBenupu u umcdpoBu natn. Metogute Ha
pabota, onucanu B MHCTpykumaTa 3a Hueenaums | u |l knac
usganve Ha M'YTKK ot 1980 r. ca 3a onTuyHUTE /MEXaHUYHUTE/
HWUBENMMPU. Tean METOAMKM Ha U3MEPBAHE Ca OPUEHTUPaHu 3a
Bopba ¢ rpeLuknTe, BOMWNHCTBOTO, OT KOUTO B ENTEKTPOHHUTE
[kommioTpuanpann/ HUBENWpM OTCcbCTBaT. Pasbupa ce Ha
pesynTatuTe 3anoyBaT ga BAWSST CUCTEMATUYHWTE TPELLKU.
Mpn pabota B NpOM3BOLACTBEHU YCMOBWSI C ENEKTPOHHUTE
HWBENWPKU Ce MOoMy4aBaT HECBPb3KM, JOMyCTUMU DOPMarHO,
HO C MpeBansBalio KONMWYeCTBO C eauH 3Hak (3abaroHckuit,
2012). Tpu onTuyHUTE /MEXaHW4HW/ HUBENMpW Mmame mMo-
MPOCTO YCTPOWCTBO. 3aToBa MpW TAX He e TPyaHO da ce
OTKPUSIT TPELUKUTE OT KOHCTpyMpaHe Ha npubopute u pa ce
OTCTPaHSIT upe3 BKapBaHe Ha mnonpasku. [pu onTU4HWUTE
HABENMMPM  BbLBEXZAMe MOMpaBkM 33  pasnuuve B
TeMnepatypata Ha natute MNpu ETanoHMpaHeTo UM Ha
KomnapaTopa ¥ npu HUBENMpaHe B MONCKM YCOBUS, @ CbLLO
Taka nonpaska 3a CpegHa ObIKWHA Ha METbpa Ha KOMMMEKTa
nat¥ OT HOMMHanHusl. 3aToBa MOXEM [a Kaxem, 4e Tesu
M3MepBaHMs ca No AocToBepHW. ETanonupaHeto  Ha
ouncdposaHute natm B bbhrapus ce um3BbpwBa Ha
komnapatopa Ha HAMm® —-EOO/.

2.2 EnekTpoHHM [KOMNIOTPU3MPaHW/ HUBENMPU N KOAUPAHW
natu. [lpou3soguTenute Ha eNEKTPOHHU HUBENMWPU He
paskpuBaT [0 kpail CBOWTE TallHM OTHOCHO TOYHOCTTa Ha
TEXHUTE  U3denws, 3apagu  TAXHaTa  BUCOKA  LieHa
(3abaroHckuit, 2012). Tean HMBENMPK M NaTK Ce eTanoHupar
OT 3aBOfa NpOM3BOANUTEN, KbAETO CE BbBEXAAT W NONPaBKM B
nporpamMuTe Ha U3MepBaHe 1 BCUYKO TOBA CE bPXM B TailHa.
3aToBa BCekM NpOM3BOAMTEN WMMa CBOSTA MHGOpPMauuMs 3a
npovnsBedeHuTe  W3denus, Kato A  nasu B TailHa.
W3cneasannaTa Ha  CbBPEMEHHUTE  reofe3nyeckm
WHCTPYMEHTU MOKa3BaT, Ye TOYHOCTTA Ha W3MEepBaHUsTa C
€NEKTPOHHUTE HUBENMPY CE ONPeAEns, KakTo OT rpelukaTa Ha
camus HWBENMWp, Taka W OT Ka4yecTBOTO Ha LUPUXWUTE Ha
kogosute natu (3abaroHckuit, 2012). Wnu obpasHo kasaHo,
KOABT HaHeCeH Ha natara Tpsbea Aa MoXe TOYHO Aa CbBraga
CbC CBOS TeopeTnyeH Mogden. pu oTunTaHe ¢ enekTpoHHUTe
HWBENMPW BbpXYy KOLOBWUTE NaTW B3eMa y4actue nocnemo-
BaTENHOCT OT MHOTO LUTPMXM C pasnunuHa aebenuHa. 3aToBa
TPagULUMOHHMTE MeTogM MO [edcTBallata WHCTPYKUMS Ha
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I'YTKK He ca BanuaHu Tyk. iva aBa meToga 3a nposepka Ha
BMCOKOTOYHM LITPMX-kogoBK natu (3abaroHckui, 2012):;

1) npoBepka NOMOXEHNETO Ha OTAEINHUTE LITPUXM B KOAA U
TAXHATa LWMPUHA;

2) oOueHka TOYHOCTTAa Ha M3MepuTenHaTa cucTema
,UNPOB HMBENMP + LITPUX-KOZOBA NaTta” Mo MbTS HA CPaBHS-
BaHe pasnukuTe B OTYETUTE, B3ETW MO NataTta C eneKkTPOHHMS
HWBENWp, C eTaroHHUTE Pa3nuku MOMyyeHu C MoMmoLiTa Ha
nasepeH UHTEpdEepoOMETHP.

3a TasM uen ce M3NOM3BaT CneuuanHu CKbMOCTPYBaLLm
XOPU3OHTANHW MMM BEPTUKANHM MHTepEPEHYHN KoMnapa-
Topn. Te mos3eonsiBaT Aa Ce M3BBLPLIBAT M3MEPBAHWS CbC
cpenHa kBagpaTHa rpellka no manka ot 0,01 mm. C Tax ce
npaBu kanubpupaHe /eTanoHupaHe/ Ha cuctemata ,UncpoB
HMBenWp + WTpKx-kogoBa nata’. Ha cwur.1 e gadeH TakoB
XOpU3OHTaNeH WHTEPdepeHyeH komnapatop. 3a npegnouyn-
TaHe e [a Cce M3Mon3BaT BEPTUKAIHW KOMMApaTopu, Thil KaTo
narata ce Hamupa B paboTHO nornoxeHue. Komnapatopu 3a
eTanoHUpaHe Ha enekTPOHHK /UuucpoBu/ HUBENUPKU C KOLOBM
natv uma B MUUTAUK /Pycusi/, TexHuyeckuss yHuBepcutet
MioHxeH /Tepmanus/, OUHNAHOCKNS Te0me3ndeckn WHCTUTYT
[FIG ®unnanams/ n CTeMHOOPCKUS LEHTbP 3a JMHEEH
yckoputen /SLAC, CALL/ (3abaroHckuit, 2012). Tesu komnapa-
TOPU Ca YHUKAHW U C BUCOKA LieHa.

®ur. 1. BbHuweH BUA Ha XOPU3OHTanHN UHTepdepeHyeH KomnapaTop 3a
npoBepka Ha cucTemara ,,LuucpoB HUBENMP + WTPUX-KOZOBA nara”

1 - HanpaBnsABalWy pency Ha nasepHus UHTepdepeHYeH komnaparop; 2 -
undpos HuBenup Leica DNA - 03; 3 - noctaBka; 4 — npeBo3 ¢ noaaBaHe
M BIMOB OTpaxaTen ¢ MuweHa; 5 - kogoBa nata Leica GPSL 3; 6 -
MuKpockon; 7 - orneaano; 8 - nasepeH uHtepcdepomeTsp Mogenu ML 10
GOLD ot ¢dmpmata RENISHAW; 9 - untepdpeiic Habop DX 10 USB c
GenexHuk

2.3 EkcnepuMeHTU OT U3BBLPLIBAHETO Ha U3MepBaHUA C
eNeKTPOHHN U onTuyHu Husenupu. Okono Kpemwvn e
Cb3fafieHa HuBenayHa mpexa | knac 3a cnegeHe gedopma-
UMMTE Ha NamMeTHUUMTE B eduH LMKbN Ha Habnogenus.
[MoBTapAHETO Ha TE3M XO40BE B Pa3Hu LIMKMKW OT N3MEpPBaHE Ce
okas3Ba HEBL3MOXHO. HabniogeHusita ca U3MbAHEHM C
eNEKTPOHHM HMBeNMMpM Leica no Hopmute Ha [ocTcTpoi
(®enocees, 2012). Pesyntatute OT U34MCnsBaHE Ha MbpBUTE
[Ba LMKbMa Ha M3MEpBaHe ca MokasanW, Ye MoryyeHuTe
TOYHOCTM Ha napameTpuTe Ha U3paBHeHaTa Mpexa W
HaMepeHuTe B NO-MamnkuTe  MOMWUMOHM  HECBPb3KM
CbOTBETCTBAT Ha HOPMaTMBHUTE [JOKyMeHTW. LlatenHusT
aHanu3 Ha pesynTaTuTe OT U3PaBHEHWE € OTKPUI, Ye BCUYKM
HECBPB3KM B MAnKuTE MOSUIOHM /C Mamnku W3KIio4eHus/ nmart



€OVH W CbLUM 3HaK, KOETO FOBOPM 3a HalMuMe Ha cuctema-
TUYHM TpeLwku. ToBa ce e MOTBLPAUIIO W OT U3YMCNIEHNSTA Ha
ronemMuTe MOMUIOHM, 3HAYEHUATA Ha HECBPDB3KUTE, Ha KOUTO
npesuwasar 2-3 MbTu gonyctumute ctonHocTu (Pegocees,
2012). Columute pesyntatu ce nonyyasaT 4 OT npeusMepsa-
HeTo Ha [lbpaBHaTa HMBenayHa Mpexa | knac 3a Teputopu-
a1a Ha Penybnuka Bbnrapus. CblioTO npensmepBaHe ce
13BbpLLUBA OTHAYano ot ,l'eonnaHNpPoeKT”, a No-KbCHO, Chbriac-
Ho 3akoHa 3a [eogeswsTa, OT 4aCTHU (UpMKM 3akynunu
pasnWyHu  BWOOBE EMEKTPOHHW HUBEenupu. [lpu  BCUYKM
HWBEMAYHN U3MEPBaHMS, W3BbPLUBAHM C  ENEKTPOHHWTE
Huenupu ot 1995 no 2008 r., umame no-rofemu cuctema-
TUYHM TPELLKW, KaTO AOMYCKbT Ha CKIOYBAHE MpW 4eTnpw
MOMNrOHa M3MEPEHW OT 4YacTHWTE UPMM € MO ronsaMm OT
ponyctumus. Mpu asata nonuroHa VI u VIl cknousaHeTo e ¢
€[IHaKbB 3HaK, KOETO FOBOPU 3a HaNMMYMETO HA CUCTEMATUYHM
rpeLku. VI3BbplueHnTe HUBENaYHM uamepeaHus ot ,leonnaH-
MPOEKT” Mpe3 NpeaxXOOHWUTE TOAMHW C ENEKTPOHHU HUBENMPK
CbLUO AaBaT MO-rOfiemMn CUCTEMATUYHM rpeLlku. ETanoHupa-
HETO Ha KoaMpaHuTe NaTtu WU U3CcreaBaHETO Ha eneKTPOHHUTE
HWBENMPU Ca U3BBLPLLEHN Ha koMmnapaTopa Ha HATu® — EOO[
¥ Ha MONMIoHa 3a WM3crefBaHe Ha HWBENWPM B kB. MMaBnoBo —
rp. Codmsi. KomnapaTopbT M MOMWMOHBLT Ca Cb3dadeHu 3a
u3cneaBaHe Ha ouud)peHUTe nath U ONTUYECKUTE /MEXaHuy-
HUTe/ HuBenupu. ExcnepumMeHTanHuTe n3MepBaHus, U3BbPLL-
BaHW OT HUBenaTopuTe Ha ,[eonnaHnpoeKkT” nokaseat, ye npu
“3MepBaHE Ha HMBENayHa fMHWA B MPaB XOf C ENeKTPOHeH
HWBENMWP 1 MOBTOPHOTO 1 Npeu3mepBaHe B obpaTeH xof ¢
ONMTMYECKM HWBENMWP CE MOnyyaBaT MO-TONEMW PasnukM OT
pgonyctummute  no  MHetpykumsta 38 Hueenaums.  Ako
M3MEpBaAHETO Ha HMBEMayHu NUHWW, MpaBo W obpaTHo, ce
M3BBPLLBA CamMO C ENEKTPOHHW HUBENMPY UMM CaMO C OMTUYHM
HWBENMWPK, TO PasnuKUTe Ca JOMYyCTUMM CBIMAcHO VHCTpyKuy-
ATa 3a HUBEMaUms.

3. U3nonsBaHe Ha CTaTMYHWUTE rpaBUMETPMU MpU
rPaBUMETPUYHU U3MEpPBaHMA MO HUBENAYHM
nuHum | n |l knac.

MMpn n3uncnsBaHe Ha HagMOpCKNUTE BUCOYMHM B BanTtuiicka
cucTeMa, a cera v Npy NpeM1HaBaHe BbB BUCOYMHHA cUCTEMA
AmcTtepaam (LleHkoB u gp., 2011; Paguyes u gp., 20136) Ha
penepute OT AbpXaBHaTa HWBENauus, € HeobxoauMo KbM
W3MEpEHUTE CTOMHOCTM Ha MpeBULIeHWsTa Aa ce npubaBAT
rpaBMMETPUYHM NONpaBKW (MOMpaBkuU 3a HenapanenHocT Ha
HWBOMOBBPXHUHUTE HA HOPMANHOTO TPaBUTALMOHHO Mone M
nonpaBKu 3a pasnuka Mexgy OeNCTBUTENTHOTO U HOPMArHOTO
rpasuTtaumoHHo none). ObeanHeHaTta eBponeicka HUBENayHa
mpexa (UELN), B kosto yyactsa u Penybrmka Bwnrapus
Delle n3paBHeHa, kaToO OKOHYaTENeH pesynTar ca MoMyyeHu
HOPMaIHW BUCOYMHW M reonoTeHumanHn kotu (LieHkoB u ap.
2011). TeonoTeHUnanHaTta koTa ce MofyyaBa No AaHHW OT
reoMeTpuyHatTa  HuBEnmauMsi M OT  IPaBUMETPUYHUTE
u3MepBaHus no penepute. pu rpaBUMETPUYHU U3MEPBaHUS
Mo HMBENaYHN NIUHWK, Halt-NPON3BOANTENHA € MeToaMKaTa Ha
€[IHOKpaTHU M3MepBaHUs C KOHTPONHW Touku. OBMKHOBEHO,
W3MepBaHusiTa MO Ta3n MeToaMka Ce M3BbplBaT C [Ba
CTaTWYHW rpaBUMETBbPA 3a Mo JO6BLP KOHTPON Ha pesynTaTuTe.
TakuBa ca rpasumetpute ot Buga MAK, TP/K2, THY-KC unn
HY-KB, kouto ca Ha pasnonoxerue B Penybnuka Bbnrapus.
Te3n rpaBMMETpU Ca HETEpMOCTaTUpaHW M MawabHuTe UM
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KoehULMEHT 3aBUCAT OT Temnepatypata, aTMOCHEPHOTO
HansiraHe W ckanosuTe UM nonpasku. CbluuTe UMaT No-rons-
MO U3MeCTBaHe Ha HynuTe B CpaBHEHWE C rpaBUMETpUTE La
Coste @ Romberg u Scintrex CG-3 u CG-5.

3.1.M3amecTBaHe Ha Hynata Ha ynoTpebsiBaHUTE B
bbnrapua  KkBapuoBu  rpaBuMMeTpU.  [eCTBUTENHOTO
N3MECTBaHE HYNUTE Ha rPaBUMETPUTE UMa CIOXEH XapakTep
1 He MOxe Aa 6bae NPOrHo3upaHo HambIHO. BbnHoobpasHoTo
W3MEHEeHWe Ha HynaTa Ha rpaBuUMETPUTE, C Bpeme Aaxe mno
Manko OT eduH yvac, e oDycnoBeHO OT MpouecuTe Ha
nonspusauMsl Ha KeapuoBaTa cucTema. 3amsHata Ha
Bb/IHOODpa3HaTa NuHUS Ha M3MeCTBaHe Ha HyrnesaTa Touka C
npaBa, KakTo Ce MpaKkTUKysa B [paBUMETpUATa, €
NpubnManTenHoO M JoBexda A0 NOHWKaBaHe TOYHOCTTA Ha
pesyntaTute Mnpyu BMCOKOTOYHW [PABUMETPUYHW  CHUMKM.
ToyHOCTTa Mpu  efHOKpaTHM HabrniogeHus €  mo-Hucka
OTKOJKOTO TOYHOCTTA MPU  MHOMOKpaTHM M3MepBaHus 3a
ropenocoyeHns Tun rpasumeTpu. OBUKHOBEHO HabnogeHusTa
C Pa3nnNyHKU CTATUYHW rPaBUMETPU Ca CHMNPOBOAEHN C roNemu
CUCTEMATUYHN Pa3XOXOAHWA Ha Pe3ynTatute Mexgy TaX.
lMoHexe HabnogeHusTa ¢ ABaTa rpaBUMETbpa Ce NpoBexaar
Mo €OHO M CbLWO BpPEME W MPW €QHM W ChbLUM YCroBUS,
pasnukuTe MMaT CUCTEMATWYEH W ChyyYaeH Xapaktep W ca
CBbP3aHM C TexHW4yeckute ocobeHocTn Ha npubopute M C
MUKpOCEWU3MMKaTa, Cb3faBaHa OT [BWXKELLMTE Ce NPEBO3HU
cpeacTsa (LeHkos 1 gp. 2011). Pasnukute mexay npnbopute
ca 00yCnoBeH 1 OT KPUBOMMHENHOTO N3MECTBAHE Ha HynuTe
UM 1 oT konebaHne Ha MaLabHUTe KOEPULIMEHTU Ha OTYETHM-
T€ YCTPOMCTBA OT TPAHCNOPTUPaHE Ha rpaBUMETpUTE.

3.2. Usnon3BaHe Ha rpaBumeTpu ot Buga FAK-7T, TP/K2,
FHY-KB u THY-KC 3a rpaBUMeTpMYHM CHUMKM B
Penybnuka Bbnrapua. Tesn rpaBuMeTpu MOXe fAa ce
npunaraT 3a A€TalNHW, pPErvMoHanmHM M MapLIpyTHU
/NPOCOUHU/ CHUMKM C Pa3CTOSIHUS MEXIY TOUKUTE OT [EeceTk
metpu go 10-15 km. u noseye. CpeaHata UM rpewwka Ha
namepeaHe ce konebae ot + 0,030 go £ 0,060 mGal, a npu
rpaBumeTbp MHY-KB 19 € go £ 0,030 mGal (Muxainnos, 1998;
Mwuxaiinos 1 Paguues, 2011). Hait-gobpe e etanoHnpaHeTo Ha
Te3n rpaBMMETPU Aa Ce MpaBW Npean 3anoysaHe Ha
rpaBUMETPUYHUTE U3MEPBAHWSA U Cref 3aBbpPLLUBAHETO UM, T.€
[Ba MbTW, MOHEXE HE CE 3HAe KakBO € CbCTOSHUETO Ha
Bakyyma Mpu KBapLOBUTE WM CUCTEMU. A KaKTO ce 3Hae
nuncata Ha BakyyM B KBapuoBaTa CuCTema BOAM [0
N3MeHeHVe Ha mawabHus koeduumeHT. [paBuMeTpUpaHuTe
HWBENAYHW NWHMM, Ce MNPUBLP3BAT KbM TOUKATE OT
ErtanoHHaTa rpaBumeTpryHa Mpexa Ha Penybnuka Bbnrapus,
KOSTO € npuBbp3aHa kbM HasucHaTa Mpexa 0T abCcomoTHU
Toukm (UEGN 2002) (Munes u gp., 2005, 2008). MNpepun ga
Obae cb3gageHa 6asucHata Mpexa OT abCoMOTHU TOUKM,
EtanoHHaTa rpaBumeTpuyHa Mpexa belle npuebp3aHa Kbm
agete abcomoTHo mamepeHn Toukn B Codmst u BapHa ¢
rpaBumeTbpa [ABJ1 OT pycku ekcneguuuu npes roguHuTE
1982, 1983 n 1986 (Muxaiinos,. 1998).

4. N3sogm

OT BCKMYKO KasaHO no rope B ny6nvn<aumma Morat fa ce
HanpaBAT crneaHnTe U3Boau:



4.1. Mpu n3mepBaHe Ha ObpxaBHaTa Hueenaums | u Il knac
OT (PMPMWTE M3MBITHUTENKU Ha Tasn GEMHOCT C eNEKTPOHHN
HMBENMPU € HeobXxogumo ChbluuTe fa Ce u3npatar 3a
u3cneaBaHe W €TanoHWpaHe /komnapupaHe/ B HSKOS OT
ropenocoYeHnTe [ObpkasW, KbAETO WMa UHTEPdEpPEeHYHM
komnapaTtopu. Kato mpumep Lie mocoyum, 4e B MWHANOTO
uHBapHUTE Xuuy Ha HAMm® /TYTK/ n BTC ce komnapupaxa Ha
komnapatopa Ha MAArK B Mockaa.

4.2. [lpyruat BapuaHT e npeusMepBaHeTo Ha oCTaHanata
yacT oT [ibpaBHaTa HMBenauus | knac, KosSTo e NoBeYeTo B
MaHUHCKM paioHn, Aa ctaea ¢ ontuyHuTe Huenupy Ni 002 n
Ni 007, kato Buaypute ¢ Ni 007 ga ca go 25 metpa. ETanoHu-
paHeTo /KomMnapupaHeTo/ Ha naTuTe Aa CTaBa Ha kommnapa-
Topa Ha HATu® - EOOL.

4.3. Cneppall, BapuaHT e pesynTaTuTe OT W3MepBaHuATa,
W3BBPLUEHW C €NEKTPOHHI HUBENWPH W KOJOBM NaTy, Aa 6baat
WU3paBHABaHM CbC CMeLManHo paspaboTeHu 3a TAX NPorpamu,
Mpy KOMTO [a Ce ENAMUHMPAT CUCTEMATUYHUTE TpPeLLKu.
TakuBa nporpamn UMa paspaboTeaHi B Pycus, Ho He ce 3Hae
[OKOIKO LLe Ca [JOCTOBEPHW pesynTaTuTe crief U3paBHeHe ¢
TAX.

4.4. [paBUMETPUYHUTE U3MEPBAHUS MO HUBENAYHUTE MUHUN
B Penybnuka Bbnrapus Moxe ga ce W3BbpLWBAT W CbC
CTaTUYHUTE PaBMMETPW, HAMMPALLW Ce Ha Pa3noroXeHue B
Penybnuka Bbnrapus. Colyute n3amepBaHus aa ce U3BbPLLBAT
C ABa rpaBuUMETbpa 32 HaMansBaHe Ha CUCTEMaTUyHUTE
rPeLLKM M Mo eAHOKpPaTHa METOAMKa C KOHTPOMHW TOYKM, KaTo
OpOST Ha KOHTPONHUTE TOYKW Aa e no-ronsm. BpemeTpaeHeTo
Ha BCEKM rpaBMMETPUYeH peinc aa e okomno 1 [0 Makcumym 2
vaca. C HanuuHuTe B bbrrapus rpaBumeTpy € Bb3MOXHO
nocTuraHeto Ha TouHocT nog + 0,300 mGal, no epHokpaTtHa
MeToaMKa C KOHTPOMHM TOYKM 3a g. Mo-gobpu rpaBumeTpu 3a
Tasu pabota uma Ha 6poit 4 B MI'Y ,Mean Puncku”, 1 8 YACT,
18 ,leoxant” n ,BIC" n 18 HAMm® — EOOL.
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NOKANU3NPAHE HA PA3JIOMU B CTPYMCKATA CEM3MUYHA 30HA NO PE3YNTATHU
OT rPABUMETPUYHU U HUBENAYHU NUSMEPBAHUA
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PE3IOME: OT rpaBMMETpUYHN 1 HUBENAYHU U3MEPBAHMS, U3BBPLLEHW NMPe3 pasnuyHi Nepuoamn OT Bpeme, Ca CbCTaBEHW NPOdMnM U KapTu, KOUTO MHOrO obpe
nokanuaupat KpynHuwkus pasnom B paiioHa Ha Hueenaynu penepu RO, 1047, 30 v 2014. Bovpxy npodmnute no-cnabo ce nokanuaupat XKenesHuWKuAT u
'papesckusT pasnomu npu penepn 1003, VNR 371 1 1004. Ha kapTaTa ¢ octaTbyHuTe /nokanHu/ aHomanuu, KpynmHULWKUST pasnom nonaga okorno oTpuuatenHara
4acT Ha oCTaTbyHaTa aHOManus UM MOXeEM Aa KaxeM, Ye Mpyu Hero CTaBa CMsiHaTa Ha 3Haka Ha 0CTaTbyHWTe aHoManuu. Ha npodmna ¢ Bb3MOXHOTO M3MEHeH!e
Ha NITbTHOCTUTE Ha NPOMEXAYTBYHMS CION — P, CbLLO MMaMe MUHMMAIHO OTPULIATENHO U3MEHEHWE Ha NITbTHOCTUTE B paiioHa Ha pa3noma. HanpaseH e aHanua Ha
pesynTaTuTe OT U3BBPLUEHUTE rPABUMETPUYHN U HUBENAYHN M3MEPBAHWS NPE3 Pa3NNYHUTE NepUoay.

LOCATING FAULTS IN STRUMSKA SEISMIC ZONE BY GRAVIMETRIC AND LEVEL MEASUREMENT
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ABSTRACT: Based on leveling and gravimetric measurements carried out during different time periods are drawn profiles and maps are drawn which very well
localize the Krupnik fault in the region of level benchmark RO, 1047, 30 and 2014. Profiles localize the Jeleznishka and Gradevska faults the region of level 1003
benchmarks, VNR 371 and 1004. On the map with the cards with the remaining / local / anomalies, the Krupnik fault falls about the negative portion of the residual
anomaly or we can say that it is the point where the change of sign of the residual anomalies happens. On the profile with the possible change of the density of the
intermediate layer - p we also have minimal negative change in the densities in the region of the fault. An analysis of the results of the gravimetric and leveling
measurements has been conducted over the different periods.

1. BbLBepeHue [edopmauunte Ha 3eMHaTa kopa Moxe fa ce 3abenexar u
OT HabniogeHnst Ha BepTUKanHU OBWxeHus. Metogute Ha

npoueCMTe, CBbp3aHu ¢ p‘eq:)opMauMMTe Ha 3eMHaTa kopa n3mMepBaHe BepTUKanHUTE OBMXEHWA Ha 3eMHaTa Kopa ce
BbB BPEMETO, € Bb3MOXHO Aa 6-bna-|- npocregeHn OHeC ¢ ABABAT MOBTOPHOTO HMBENuWpaHe, NPUIMBHUTE W HAKITOHO-
M3NON3BaHETO Ha CbBPEMEHHA YChbBbLPLIEHCTBAHA M3MepBa- MepHuTe Habnioperns (Moru, 1988). Beekn ot Tean metoaun
TenHa anapatypa, Npu W3MNON3BaHETO UM Ha nogxogsiia MMa cBoute ,U,OCTOVlHCTBa U HeJocTaTbUu. ,D,OCTOVlHCTBO Ha
MeToauMKa Ha N3MepBaHe. HakrnoHomMepHuTe Ha6ﬂ|'0ﬂeHV|ﬂ € BUCOKaTa YyBCTBUTEITHOCT U
HEMpeKbCHaTOCT Ha HabmiojeHusTa, a HedocTaTbk e, ue

OCHOBHUTE reoCTpyKTypu, KOuUTO MoraT ja 61,'”31' Ha6ﬂ}0ﬂeHV|ﬂTa Ce OTHacAT KbM KpaTKW Pa3CTOAHWA WU 3a
onpeseneHn N0 reoU3NYHN M rEOAE3MYHM METOAM, ca oTaentu Touky /craHuuu/ (Morw, 1988). Mpunuekute Habnio-
PAsfOMHUTE, HSIKOW NnathOpMeHd W [ApYrU  CTPYKTYpH. JEHWsI Ce M3BbPLUBAT Ha OTAENHM CTaHUMM U Ca Bb3MOXHM
Pasnomute ce fBABaT €OHW OT OCHOBHWTE €NEMEHTU Ha HenpeKbCHaT HabmloAeHNs, a HefJoCTaTbKLT UM Ce CbCTON B
3eMHaTa Kopa, Onpedensly mMoHskora obwWwms CTPYKTYp- TOBa, Y€ UM BIMSST M3MEHEHMATA Ha Xxuaporpadckute
HOTEKTOHCKM MrnaH Ha ronemu TepuTopuu. 30HUTE Ha ycnoBusi. 3a pasnuka OT NpUNNBHUTE HabriofeHws, HuBenay-
pasnomuTe MOXe [fa Ce NoKanuaupaTr W KapTupar, u4pes HUTE U3MEPBaHUA Ce M3BBPLUBAT MPE3 PAsNniHA nepuoamn 1
rPaBIMETPUYHA 11 HUBENAYHA CHUMKY. ca C BUCOKA TOYHOCT. HMBENMAYHMSAT MeTof € TpYAOeMbK W
N31CKBa NOBEYE BPEMe W CPEeACTBa, a Cblyo Taka C yobrika-

[paBUMETPUYHUTE CHUMKW NO3BONSBAT Aa Ce pellasaTt BaHe Ha HuBenayHUTE XOAOBE, rpellkuTe Ce HaTtpynear.
peauua reonoXkM 3agadn, AOKOMKOTO B TPaBUTALMOHHOTO 3aT0Ba MHTEPNPETUPAHETO Ha pesynTatiTe Mpi To3u METOA
nore Ce Hamupa CymMapHO OTPaXeHWe Ha BbTPELLHO- TPHGBa fa CtaBa NO-BHUMaATEIHO. l—Ipe3 M3BBbPLIBAHETO Ha
MaHTUIAHUTE W BBLTPELLHOKOPOBUTE BapyaLn Ha MITbTHOCTUTE BMCOKOTOYHA HMBENALMA NPE3 PA3NUYHI TOANHWN € BB3MOXHO
Ha 3eMHUTEe Macu, OCHOBHUTE T[paHuLuM Ha paspensHe, Aa ce creay 3a BEPTUKANHUTE ABUXEHWA HA 3EMHATa Kopa B
TEKTOHMKATA M CTPYKTypodhopMaLmoHeH cTpoex (Becenos, AafeHnst palioH Ha pasnoma v TO Ha npodpunu, Kouto ro
1986; [lenuHmxep,1982). npecuyat. OnuT 3a onpegensHe Ha pasnoMHUTE CTPYKTYpU OT
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TPaBUMETPUYHU U HUBENAYHU WM3MEpBaHUS € HanpaBeH B
paitoHa Ha KpynHULWK1S pasnom.

2. [paBUMETPUYHM U HUBENAYHWU U3MEepBaHUA U
pe3ynTaTtu OT TAX 3a paoHa Ha KpynHuk

3agbmkuTenHo e npu paboTaTa ¢ rpaBUMETPM, HAYarHoTO U
3aKYMTENHOTO HABMIOAEHNE Ha BCEKW FPABUMETPUYEH PEAC,
Ja Cce NPOBeXAaT UMK Ha efHa W Cblya TOYKA, UIM Ha TOYKK C
M3BECTHW 3HAYEHMSI HA YCKOPEHMETO Ha cunaTa Ha TexecTTa.
FBunnTe ce Npu TOBa N3MEHEHUS B OTYETUTE NO rPaBUMETBLPA
Ce ObKaT Ha M3MeCTBaHe Ha HynesaTa Touka Ha npubopa.
OBuKHOBEHO Ce cunTa, Ye Te3n U3MEHEHUS UMAT JIMHEEH BbB
BPEMETO XapakTep 3a KpaTkM MHTepBanu OT Bpeme 1 vac,
MakCMMyM 2 4yaca W ce pasnpegensT nponopuLMoHanHo mno
Bpeme Ha HabmniogeHus B JaJeH peilc.

[paBUMETpUYHM M3MepPBaHWUA B KpynHULLKUS paioH ca
u3BbplueHn npes rogunute 2004, 2007, 2008 u 2009 ot
cneumanuct ot BAH u YACT ¢ rpaBumeTpu CobCTBEHOCT Ha
YACT n MuHHO-reonoxkust yHueepcuteT. Mamepenn ca faga
npocuna: bapakoBo — Cumutinm — KpynHuk — rapa [MvpuH
/KpecHa/ n Cumutim — 'pageso — lNpepena. bposT Ha ToukuTe
B paitoHa Ha KpynHULLKWS pa3nom e CrbCTeH MMOLLHO, KaTo ca
B3eTW M3MEPEHW TPaBUMETPUYHM TOUKM OT [eonnaHnpoekT
npe3 1969 r. n no-kbCHO NpensmepsaHm oT E. Muxaiinos npe3s
1988 r., Taka Ye OpPOAT Ha TOUKMTE B pailoHa Ha pasnoma
craBa 42. [loBeye nogpobHOCTM 3a W3MepBaHMATa W
uaducnenusaTa ca gagenu B Mihailov et al. (2008) u Mihailov
and Dimitrov (2006). Ha BcuykuTe rpaBUMETPUYHO U3MEPEHN
TOYKM Ca U3YMCTIEHW aHoManuuTe byre n e usyepTaHa kapta
aHomanus byre, gageHa Ha ¢ur. 7 (LeHkoB u Muxaiinos,
2011). OT HMBENAYHM M3MEPBaHMS, U3BBPLLEHM OT ,[eonnaH-
npoekT” npe3 Tpu paanuyHmn enoxu 1956, 1978 n 2000 rognHm
(Georgiev et al., 2006), ca nocTpoeHu rpacuku Ha M3MEPeHNTE
npeBuLLEHNs Ha npodmna bapakoBo — CuMuTAM — KpynHuK -
rapa MvpwuH- /KpecHal, fagenu Ha doumr. 1. Ha durypn 2 m 3 ca
JafeHn rpadvkn Ha aHomanuute byre, ocTaTbyHUTE
aHoManuu 1 KoTuTe Ha penepute 3a npodunute bapakoso —
Cumutnnm — KpynHuk - rapa Mupud /KpecHal/ n KpynHuk —
lpaneso — MNpegena (Mihailov et al., 2008). Ot rpaBumeTpny-
HWUTE M3MEpPBaHUs, U3BBLPLUEHW ¢ TouHOCT nog * 0,060 mGal
npe3 roguHute 2004, 2007, 2008 n 2009, ca um34ucneHu
CPEeHOrOANIHMTE MPOMEHU V 33 Bb3MOXHOTO M3MEHEHWe
cunata Ha Texectta cnpsmo 2004 rogwHa 3a npoduna
bapakoBo — Cumutim - KpynHuk- rapa MupuH /KpecHal u ca
u3vepTaHu rpacvkv, gageHn Ha ¢ur. 4. 3a gpyrus npodun
KpynHuk — 'papeBo - Mpegena He ca n3yncnsBaHn NPOMEHUTE
V, NOHEeXe UMa YHUMLLOXaBaHe Ha HUBENaYHUTE penepu npes
pasnuYHMTE MEPUOAM Ha W3MEpBaHe OT paswWwwupsBaHe Ha
mbta. OT pasnukn B KOTUTE HA  penepute  Mexay
u3mepBaHusaTa u3sbplleHu npes 1958 u 1982 rogwHu ot
HWBEnaumsaTa Ha npoduna, oT Yepka bapakoso npe3 yepksa
CvMWTAM 0O X.M. KAHTOH cried x.n. rapa MupuH (Bypunkos un
Benswku, 1987), e nocTpoeH rpadmk Ha pasnukute dH, papeH
Ha owr. 5.

OTpaxeHneTo Ha AMHaMMUKaTa Ha nutocepaTa B paioHa Ha
KpynHuk  BbpXy rpaBUTALMOHHOTO MOMe, HarnegHo ce
WMKOCTpUpa, MO MaTtepuany Ha HabniogaBaHe Bb3MOXHOTO
M3MEHEHVE Ha cunata Ha Texectta OAQ BbB BPeMeTo, Ha
KpynHWLLKKS rpaBUMETpUYEH NONUroH, AafeHo Ha dwvr. 4. B
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pesynTaT Ha W3MepBaHe Ha PasfNYHN TOYKW OT MOMUroHa ca
KOHCTaTMpaHW pasinyHW MO 3HAK M CKOPOCT Bb3MOXHM
W3MEHEHMS Ha rPaBMTALMOHHOTO none BbB BpemeTo. Ha eaHu
TOYKM OT NONWroHa ce Habnoaasa yBenuyasaHe Ha Ag, a Ha
OpyrM - MOHWXaBaHe Ha Ag. BbamoxHuTe Hail-ronemm
N3MEHEHWs Ha Ag ce npegrnonara, Ye ce gbMxaT Ha HsKakBo
npemecTBaHe Ha A4pOTO Ha 3emsTa OTHOCHO HeiHaTa kopa.
Hskon m3scnegosatenm (Oragxaqos, 1998; HOpkesuy, 1984)
ka3BaT, Ye BapuauuuTe /NPOMEHUTE/ Ha cunata Ha TexecTtTa
Ce Mnpeau3BMKBAT OT MPOLECH, M3MEHSIUM CKOpOCTTa Ha
BbpTeHe Ha 3emsTa. CesoHHuTe konebaHWs Ha CBETOBHWS
OKeaH MoraT Aa MpeawsBuKaT W3MECTBaHE Ha LieHTbpa Ha
TexecTTa Ha 3emATa v ja joBeAaT A0 M3MEHEHWe Ha 3eMHOTO
yckopeHue. ATMOC(EpHUTE Macu CbLio Lie npeansBukat
W3MEHEHWE Ha cumnaTa Ha TEeXecTTa, KakTo W NOAMOYBEHUTE U
TPYHTOBMUTE BOAN.

W3meHeHneTo Ha cunata Ha TexecTTa Ce [ObiKM Ha
W3MEHEHWe Ha MITbTHOCTUTE HA MPOMEXAYTbYHUA CMOW O B
pasrnexaanus painoH. MNpes roguHute 2004, 2006 n 2007 ca
CTaHanu 3eMeTpeceHust B TO3W paiioH, Ha KOUTO EBEHTYarnHo
Ce ObITKM TOBA W3MEHEHME Ha NITbTHOCTUTE P, KAKTO W Ha
PasnMYHOTO HMBO Ha MOAMNOYBEHNTE BOAM, MOAXPaHBaHM OT p.
Ctpyma npes pasnuyHuTe nepuogn Ha u3mepsade. OT
rpaBUMETPUYHUTE U3MEPBAHWS, N3BLPLUEHM NPE3 PasNniYHNTE
nepuogu OT BpeMe, e HanmpaBeH OMUT fa Ce npocrneau
W3MEHEHMETO Ha NbTHOCTUTE P No npoduna bapakoso -
Cummutin - KpynHuk — rapa MupuH /KpecHa/ u cbluuTe ca
[adeHu Ha rpadvka Ha cour. 6.

3. AHomanumu byre, ocTaTbyHM aHOManNuMu M
OCPeAHEeHNM  XOPU3OHTaNHW  rpagueHTH 3a
KpynHuwkusa panoH

OcHoBHaTa Ler, Npu M3MepBaHMsATa W MOMy4YaBaHEToO Ha
[PaBUTAUMOHHMTE aHOManuu, € OTKPMBAHE HanuMuneTo U
pasnpefeneHneTo Ha 3eMHM Macu C pasnuyHa MITbTHOCT.
Ofwata 3emHa Maca, npeaus3BMKBalla TasW wnm ppyra
aHomanus, ce nogaea Ha WuauucneHue. [paBUTALMOHHOTO
BNUSIHWE Ha BCMYKM aHOMAmHM Macu, Hamupaly ce BbTpe B
3ajageH obem, ce sBsBa CymMapHO M € XenaTerHo Ja ce
pasgensT edekTuTe, CBbP3aHM C PEMYOHANHUTE 0COBEHOCTM 1
edpekTuTe OT nNo-apebHuTe CTPyKTypW. ToBa CTaBa No MbTA Ha
pasgensHe HabntogaBaHUTE aHOManWM Ha PervoHanHu K
ocTaTbyHu /nokanHu/ (3HameHckuid, 1980; Oenunxwbp, 1982,
OragxaHos, 1998). Bbpxy kapTata aHomanusa byre, aageHa
Ha ur. 7, € U3BBPLIEHO OCPeaHsIBaHe Ha rpaBUTaLMOHHOTO
nore Mo OKPLKHOCTM C papguycn R=2 km., kato cpegHoTo
3HaYeHMe Ha aHoMamMWTe Ce OTHaca 3a LeHTbpa Ha
OKPBXHOCTTA. M3umcneHnsTa ca M3BbPLIEHM 3a LLECT A0
[eceT TOYKM OT OokpbkHOCTTa (3HameHckuir, 1980). CpegHoTo
3HayeHWe Ha aHOMANHOTO TMONE € M34YUCTIEHO B TOYKM,
SBABALUM Ce BbPXOBE Ha MPaBObIbMIHA Mpexa npes3 efHa
Jeceta oT rpagyca. 1o ocpegHeHuTe aHomanuu OT Tasu
Mpexa e MOoCTPOeHa KapTaTa Ha OCPEOHEHUTE aHoManuu,
pdapeHa Ha dwmr. 8 (OramkaHos, 1998). Wssaxpaitkm oT
HabnoaaBaHUTE aHOManuM OCPERHeHuTe, Cce nonyvasar
OCTaTbyHWUTE /NOoKanHUTE/ aHOManuu, JafeHn Ha kapTa dwur. 9
(3HameHckui, 1980). HanpaseH e onuT 3a pa3gensHe Ha
rpaBWTaLUMOHHOTO MNOMe No MeToda Ha  OCPeaHeHuTe



XOpU3OHTanHW rpagueHTn (3xHamenckuit, 1980). Monyyasa ce
no cpopmyna:

G=(Agr1- Agr2) /r1-r2, W)
KbaeTo: Agr1 n Agr2 ca 0CpefHEeHN aHoManum B OKPBKHOCTH

11 2cobw ueHTbp u paguycn rinr2, katorf =2km,ar2 =1
km.

CpegHuaT  rpagMeHT ce OTHacA 3a LeHTbpa Ha
okpwxHocTuTe. Ha cur. 10 e pageHa kapTata Ha ocpepHe-
HWTE XOpW3OHTamnHW rpagueHTu. o dusmyecku cmucbn
OCPEOHEHUTE  XOPU3OHTaNMHW rpPagueHT MOXe fJa ce
pasrnexgart, Kato ocTaTbyHu /MoKanHW/ aHomanuy.

4. AHanu3 Ha pesynraTute

[pacvkuTe C M3MEPEHUTe pasiuku B HUBENaYHUTE
MPEBULLEHNS NPE3 PasnUyHK rOAUHW, JaOeHN Ha ur. 1, SCHO
nokanuaupat KpynHWLIKWMS pasnoM B paiioHa Ha HugenayHu
penepu RO, 1047 wn cmeHHa npusma 30 Ha MbTHUS KAHTOH
Kpynhuk. OT rpacmkute Ha dour. 2 ce BIKIa, Ye Mame psisko
M3MEHEHME Ha OCTaTbYHWUTE /MoKanHK/ aHoManui B panoHuTe
Ha KpynHuwkua 1 XXKenesHuwkus pasnomu, T.e UMame psisko
yyneHe Ha rpadwmkute. Tesan uyynku ce HamupaT npu
HugenayeH penep 1047 v cmeHHa npudma 30 Ha MbTEH KaHTOH
KpynHuk wrv moxem [a Kakem, 4Ye Ha Te3um Mecta ce
nokanuanpa KpynHWWKUST pasrnom, a npu HugenadyeH penep
1003 ce nokanuaupa no-cnato u XenesHnwkuat pasnom. Mpu
nocnegHoTo rpaBMMETpUYHO M3MepBaHe npe3 2009 r. ce
yCTaHoBM, Ye cmeHHa npusMa 30 € YHWLLOXEHa M € HEeBb3-
MOXHO HuBenupaHeTo . OT dwur. 1 1 2 ce Buxaa, Ye U
HWBEMAYHNTE W TPABUMETPUYHMTE M3MEPBAHWS SCHO MOKanu-
supat KpynHukus pasnom B paloHa Ha HugenayHume
penepu RO, 1047 n cmenHa npudma 30 Ha MbTHAS KAHTOH.
Opyrvat kpait Ha KpynHulKkus pasnom ce nokanuaupa ot
rPaBUMETPUYHUTE M3MepBaHua Ha penep 2014 Ha MOCT no
npodmna Cumutnn — M'pageso - MNpenena, gapeH Ha ur. 3.
Ha cblums npocun ce nokanuaupa u pageBckuaT pasnom
npu CumuTtiun. Bupxy rpadmkute ¢ Bapuauuute B cunata Ha
TEXecTTa, AajeHu Ha dur. 4 3a npoduna bapakoso-KpynHuk-
KpecHa, icHo ce nokanuaupart, kakto KpynmHWLWKuAT, Taka u
KenesHuwkmat pasnomu npu penepute RO n 1047 3a
KpynHuwkus n npu penep 7003 3a XKenesHuwKUs pasnomu.
Mpn VNR371 n 1004 ce Hamupa u [pageBckuST pasnom.
Pesyntatute oT HUBENAYHUTE U3MEPBAHWS, U3BBPLLEHN MPe3
pasnuYHM nepuogM, [adeHu Ha ¢ur. 5, CbWo SICHO
nokanuaupat  KpynHuwkus, Xenesuuwkus u [pagesckus
pasnomn npu penepu RO, VNR30,1003 VNR371 n 1004. Ha
¢ur. 7, kapTata aHomanus byre, ce 3abenssea onbBaHe M
CrbCTABAaHe Ha M30aHOManuuTe B paioHa Ha KpynHuLikus
pasnom. CblLo TakoBa OMbBaHE W CrbCTABaHE Ha M30aHOMa-
nuATe NMYM U OT KapTaTa C OcpefHeHuTe aHomanun bByre,
AafeHa Ha cur. 8, KoATO 0Tpa3siBa BNUSHWUETO Ha AbnbokuTe
3eMHM Macu BbpXy aHomanuute. Bbpxy kaptata ¢
OCTaTbYHUTE /NoKanHW/ aHomanuu, fageHa Ha dur. 9, AcHo ce
3abens3ga, Ye pa3noMbT Nonaga OKOMO OTpULaTENHaTa Yact
Ha aHOManusTa WM MOXEM Aa KaXem, 4e Mpu Hero umame
CMSHa Ha 3HaKka Ha OCTaTbyHuTE aHomanuu. [onyyaBaHeTo
¥M NpeacTaBnsABa ronsM MHTepec, Tbil Kato ¢ TAX moraT Aa
Obaat cebp3aHK reonoruyeckute cTpyktypu. MNpegnonara ce,
Ye OCTaTbYHWTE aHOManuW xapaktepuaupat [apebHute
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cTpykTypu. Kato npaBumo, u3yyaBaHuTE CTPYKTYpu ca
pasnosioXeHN B ropHaTa YacT Ha 3emMHaTa kopa. B Hai-ronama
CTENeH ToBa Ce OTHacs 3a U3crneaBaHe Ha no-eapu CTPYKTyp,
kaTo ronemu pasnomu. Ha npaktMka € MHOrO TPyAHO
OTOENSHETO Ha OCTaTbYyHWTE aHOManuu, CBbp3aHu C
onpeneneHun CTPYKTypy, 3aToBa Te Jasat rpyba npeacrasa 3a
edbekTuTe, MOMYYEHN OT e4Ha WnM apyra cTpykTypa (Becenos,
1986). Mpn npoduna ¢ M3MEHEHME Ha MITbTHOCTUTE P, AAAEH
Ha ¢ur. 6, CbllO Taka MMaMe MUHUMAMHO OTpULATENHO
W3MEHeHWe Ha NMbTHOCTUTE B paloHa Ha pasnoma. Psasko
W3MEHEHVE Ha MNITbTHOCTUTE P OT MOMOXUTENHA KbM
oTpuuaTtenHa umame B paitoHa Mexay penepute VNR371 u
NR 1004 (vepkBa Cmutnmn u rapa Cumutim). ToBa ce Obimku
€BEHTYyanHO Ha MPUCTPOSBAHETO W  paslWWpsBaHETo Ha
yepksata [0 VNR371 npe3 pasnuyHuTe nepuoau Ha
rpaBUMETPUYHU U3MePBaHUs. TaM MWHABA, KaKTO CrIOMeHaxme
no rope, v 'pageBCcKUST pasmnom.
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®ur. 1. Pas3nuku B M3amepeHnTe NpeBuLLIeHUS
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®ur. 2. Mpadmkn Ha aHomanuute Byre, octaTb4YHNTE aHOManMM 1 KOTUTE
Ha rpaBMMETPUYHUTE TOYKM 3a npocmna BapakoBo - Cumutnu -
KpynHuk - rapa MupuH /KpecHal. [lobpe ce mapkupaT KpynHUWKMAT u
YKenesHULWKMAT pa3nomMu, Ypes 0CTaTbYHUTE aHOMasNUM

Chbllo TakoBa Ps3KO W3MEHEHME Ha MIbTHOCTUTE P OT
oTpuLaTenHa KbM MomoXuUTENHa UMame W B yyactbka ot NR7
kbM NR8 (Bxog Ha TyHen 1 nognopHa cteHa npu KpecHeh-
CKOTO XaH4e). ToBa M3MEHEHME € Bb3MOXHO Aa Ce Ab/IKW Ha
Pa3nMYHOTO BOAHO HMBO Ha p. CTpyma no Bpeme Ha
N3MepBaHWaTa, KOATO NoAXpaHBa nognouvseHuTe Bogn. U
JBata penepa ca Ha pasctosHue o 30 meTpa OT pekaTa.
Mpe3 2004 r. n3amepBaHWsTa Ce W3BbLPLIMXA NMpe3 Mecel
anpun, a npe3 2009 r. - npe3 okTomBpu. Kaptata Ha



OCpEeJHEHUTE XOPWU3OHTaNHN rPagMeHTH, aageHa Ha dur. 10,
Cblo SACHO oyepTaBa KpynHuwkws pasnom. [lonyveHute
pesynTaTi OT rpaBUMETPUYHUTE U HUBENAYHUTE U3MEPBaHUS
MHOro fobpe nokanuaupat KpynHuwkms pasnom u no cna6o
YKenesHuwkus u [pagesckns pasnomu.
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®ur. 3. Mpacmkn Ha aHomanuuTe Byre, ocTaTbyYHUTE aHOManUK N KOTUTE
Ha penepuTe Ha rpaBUMETPUYHUTE TOukM 3a npocuna KpynHuk -
IpapeBo - MMpeaena. KpynHUWKKUAT pa3nom ce mapkupa Ha MOCT npu
peka Enouua, a pageBckuaT - npu Cummutnm
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®ur. 4. Bapuauum Ha Bb3MOXHUTE TOAMIWIHM MPOMEHM Ha cunata Ha
TeXecTTa 3a pasnuuHUTe nepuogu Ha usmepsaHe. flobpe ce mMapkupar
KpynHuwkwmst, XenesHnwkuat v [papeBckusT pasnomu npu penepu
1047, 1004, VNR371 1 1003
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@ur. 5. Pasnukm B KOTUTE Ha penepuTe Mexay M3MepBaHUATA,

n3BbpLieHn npe3 1982 u 1958 roamHm, ot yepkBa BapakoBo npe3 yepkea
CvmuTIM [0 X.N. KaHTOH cnep rapa MupuH. OTyeTnMBO ce Mapkupar
KpynHuwkust, FpageBckusT u XenesBuwWKMAT paznomm
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®ur. 6. 3meHeHVe NTBTHOCTTA Ha NPOMEXAYTHLYHMA CNoii p B g/sm3 no
npodmna BapakoBo - Cumutnm - Kpynuuk — rapa Mupux /KpecHal. [lobpe
ce mapkupat KpynHuwkuaT u MpogeBCkuaT pasnomu

®ur. 7. Kapta aHomanus Byre npy NMbTHOCT Ha NPOMEXAYTLYHNSA CON
2,67 glcm3 n ceyeHne *2 mGal, B rpaBumeTpuyHa cuctema IGSN-71 u
HOpManHa cuna Ha TexectTa (1980 r.)
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®ur. 8. Kapta Ha ocpegHeHuTe aHomanuu Byre B mGal. CeyeHue
n3oaHomanuute * 2 mGal
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®ur. 9. Kapta Ha octaTbyHuTe aHomanuu Byre B mGal. CeyeHne Ha
u3oaHomanuute 1 mGal
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®ur. 10. Kapta Ha ocpeaHeHUTe XOPU3OHTanHM rpaaveHTn Ha KpynHuw-
Kus pasnom B mGallkm
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PEFTMOHANEH 3D MOLEN HA XWAPOIEONOXKUTE YCNOBUA B PANOHA HA MUHU
»[TEPHUK" CIEQl NPEKPATABAHE HA NOA3EMHUA BLIMEAOBUB

Huxkonati ToHes CmosiHos

MunHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cocgpus, nts@mgu.bg

PE3IOME. MMocpenctBom pervioHaneH matematudecku TpumepeH (3D) mopen ca cumynupaHu (MpeacTaBeHu) ycroBusiTa 3a (popMUpaHe W [BWXEHWE Ha
nof3emMH1Te BOAM B paitoHa Ha MuHM MlepHUK cnep npekpaTsiBaHe Ha nofsemHust Bbrnefobus. MMpu HeroBoTo paspaboTBaHe e M3non3BaHa KOMMIOTbpHaTa
nporpama Modflow. MogensT otuuta npupogHUTE W TEXHOTEHHUTe (hakTopW, JOBENN A0 CbBPEMEHHOTO ChCTOSIHWE W C AOMUHMPALLO 3HAYEHME 33 AMHaMUKaTa Ha
XMIPOreONoXKMTE MPOLECH B AbNTOCPOUEH NiiaH. AKLEHTLT HA MOLEMNHUTE U3CNEeABaHNs € KbM M0-06CTOEH aHamnu3 Ha CUIHO NPOMEHEeHaTa W TBbPAE YCHOXHEHa OT
Bbrneobrea cpefa, Ha oHa Ha HECMOXHUTE eCTECTBEHU XMAPOreonoXkn ycnosusi B NepHuLIKkaTa KoTnoBuHa. MonyyeHuTe pesyntati ca Cepuo3Ha ocHOBa 3a
pa3paboTBaHe Ha NokanH1 MoJEenH 3a OLeHKa Ha KONMYECTBEHUTE XapaKTEPUCTUK Ha BOAHWS BanaHc, CTpYKTypaTa Ha Nof3eMHIs NOTOK W AMHaMukaTa Ha BOgHUTE
HWBa B 3aCErHaHUTe OT MHHaTa AEHOCT YacTyh Ha TepuTopusiTa Ha rp. MepHuK.

REGIONAL 3D MODEL OF THE HYDROGEOLOGICAL CONDITIONS IN THE PERNIK MINES AREA AFTER TERMINATION OF
UNDERGROUND COAL MINING

Nikolay Tonev Stoyanov

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

ABSTRACT. The conditions for the formation and the movement of groundwater in the Pernik mines area after termination of underground coal mining are simulated
by a regional mathematical three-dimensional (3D) model. It is development using the computer program Modflow. The model takes into account the natural and
technogenic factors that led to the current state and that have dominant influence over the dynamics of the long term hydrogeological processes. The focus of the
research is to perform a detailed analysis of the highly altered and complicated groundware flow conditions as result of the coal mining environment as compared to
the relativley simple natural hydrogeological conditions in the Pernik Valley. The obtained results are a solid basis for the development of local models aimed towards
estimating the water balance quantitative characteristics, the groundwater flow structure, and the water levels dynamics in the affected by the coal mining areas in the
city of Pernik.

BuBepeHue MaBHa Lien Ha CbCTaBEHWS permoHaneH matematnyecks 3D
MoZen e aa cuMynvpa ycnoBusiTa 3a oopMupaHe v ABWKEHNE
BbrnepobuebT B [MepHulLkus BbrivweH OaceitH Boau Ha nopi3eMHUTe BOAK B paiioHa rp. MepHUK, Mpu oT4MTaHe Ha
Havanoto cv ot 1891 r. [JobnBHMTE AEHOCTM Ca N3MbIHSABAHM MPUPOAHUTE M TEXHOreHHUTe  (hakTopu  [oBENM 10
Mo OTKPMT 1 noasemeH cnocob Ha nnowy, 260 km2. B pesyntart CbBPEMEHHOTO CBCTOSHWE M C [AOMWHMPALLO 3Ha4eHue 3a
Ha npogbmkunua 120 r. Bbrnenobus B paoHa ca HacTbMM Pa3BUTUETO Ha XUOPOr€ONOXKUTE NpOLECU B ABITOCPOHEH
3HAUUTENHM NPOMEHM B FEOTEXHUYECKUTE W XMAPOreonoXKUTe MnaH. AKUEHTBT Ha MOJENHUTE U3CreaBaHus € KbM Mo-
ycnoeus. Han-ronemu ca npoMeHuTe B yyacTbuuTe C 0BCTOEH aHanu3 Ha CUIHO npoMeHeHaTa 1 TBbpAe YyCNoXHeHa
noa3emeH HO6V|B, 3aemalyy nnoy 49 km2. B 0bxBaTa Ha Ta3u oT Ber'Ie,ElO6I/IBa cpena, Ha d)OHa Ha HECNOXHUTE eCTECTBEHU
TepuTOpus nonaga efHa 3HauuTenHa vyact ot rp. MepHuk. X1APOreornoxKki yCroust B MepHuLLKaTa KOTHOBUHA.
MHOroroguWHNAT BbIMeaobuB € MnpuuMHa 3a  3HAYMMU C pervioHanHus Mofen ce TbpCAT OTTOBOPUTE W Ha peauLia
M3MEHEHUSI B CbCTOSIHUETO W (PUATPALMOHHUTE CBOWCTBA Ha Ba)XHM BBMPOCK OTHOCHO BOAHMS Gamac, CTpykTypara Ha
MoANOBLPXHOCTHOTO NPOCTPAHCTBO W 0 Cb3JjaBaHe Ha 30HM C MOASEMHMA TNOTOK W AnMHamukata Ha BOOHWTE HuBa B
BMCOKA MPOHWLAEMOCT U ronisma BopoobunHocT. CblyeBpe- 3acerHaHUTe  OT  MWHHATa  AEMHOCT  KBapTanu  cnej
MEHHO, Ccrnef ChnupaHe Ha BOAOOTNMBHWTE CUCTEMW B npekparsiBaHe Ha PyAHM4HUS BOAOOTIMB. CbLLEBPEMEHHO,
pyoHWumMTE ce HabniopgaBa 6bp30 MokayBaHe Ha HMBaTa Ha rony4eHuTe pesynTatu ca A00pa OCHOBa 3a AedUHMpaHe Ha
MoA3eMHUTE BOAM M BOROMPOSIBNIEHWS B PA3fMYHW 30HM Ha Ha4arHuTe W rpaHU4HWTE yCnoBUA MNpu CbCTaBAHETO Ha
NOBbPXHOCTTA. TOBA € [I0BENO 10 OBOAHABAHE HA MPU3EMHU nokarnHu nporoatu 3D MoAenu 3a BCeku kBapTan.
€TaXM Ha XUNWULLHW Crpaam 1 3aMOYypsiBaHMUS Ha TepeHa B TpH
nepHULLKU kBapTana — kB. baikywesa maxana, k. [paraHo- PervoHanHuat 3D Mogen € CbCTaBeH MOCPEACTBOM
BeL, U KB. Pyﬂ'quap (q)mr. 2u qjmr_ 4) KOMMIOTbPHa nporpama Modflow (MCDO”a'd and Harbaugh

1988; Harbaugh et. all. 2000, u mHoro gpyru). lMpuetute B
moJena KoHuenuna n BXOOHW AaHHW ca 683V|paHVI Ha Heny6-
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NVKyBaH pe3ynTaTi OT AETalHN N3CeaBaHmMs 3a 3roTBsHe
Ha TEOMEXaHWYHa W XUOPOreonioxka OUeHka Ha  Hail-
3acTpalleHnTe 0OeKTM Ha NOBLPXHOCTTA OT MpeKkpaTeHuTe
nog3eMHU MUHHW AerHOCTU KbM ,Munn MepHuk® EAIL (MuTkos
u gp. 2013). WanonssaHa e u oboblieHa mHdopmaLus 3a
rEONOXKNTE,  MUHHO-TEXHWYECKATE W XWAPOTEOnoXKUTe
ycnosus (no HemyGnvkyBaHW ¢)OHOOBM MaTepuanit OT apxuea
Ha MOCB, ,Munu MepHuk” n 06LmHa MepHuk).

KouuenTyanHa cxema

IMpn paspaboTeaHe Ha pernoHanHus 3D Mogen ce u3nonaea
crepHaTa KOHLEMNLMA 3a XUAPOreonoxXKUTe YCrOBMUS B paiioHa
rp. MepHUK 1 NpunexaLymTe My TEPUTOPUK:

U3cnensaH paioH. 3aema 3HauUTenHu yacty ot MNepHuwkara
rpabeHoBa CTpyKTypa, nokanuaupaHu mexgy p. Ctpyma u
NNaHUHCKNTE OrpagHu CKoHoBe Ha Butolwa v Jlionuk (cur. 1).

s

leodesuyHu koopdunamu 1970 2.
PO NIONUH, S

BNTOWA

e

rpaHvua Ha
mopgenHara
obnact Owmeo

Hadmopcka eucoyvuHa, m
[ T

650 900 1150 1400 1650

- ManeoreHckn cnaboBOAOHOCEH KOMMNNEKC (HeHapyLlweH)

.
m - NaneoreHcKM aHTPONOreHeH KOMNNEKS (noAz. Bsrnenobue)
oy
- lOpcko-TpHacku BOAOHOCEH KOMMNEKC
ua Ha mogenHara obnact

ManeoreHcKW aHTPONOreHeH KOMNNEKC (OTKPHUT BLrnenobue)

&
cnao

®ur. 2. Xugporeonoxka kapTa Ha U3cneaBaHus paiioH. MogenHa o6nact

MogenHa obnact
+ NlatepanHo obxeawa nnow, ot 101,8 km2 OrpagHute
MNaHWHCKA  MacuBM, MOBLPXHOCTHUTE  BOJOAENM U

pa3BuTaTa peYHa Mpexa ca rmaBHWU Mapkepu, Onpeaensm
€CTECTBEHUTE rpaHuLy Ha mogena (cur. 1 v dur. 2).

+ BepTtukanHo mogemnbT BKIKOYBA XMAPOTEONOXKM €AMHWLM,
YCTaHOBEHU B TOpHaTa YacT Ha TepumepHus paspes (8o 100-
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150 m). M3bopbT € MOTMBMpaH OT ABa BaxHM (pakTa:
(1) nop3emHuaT Bbrnenobus e passueaH 4o AbnbounHa 60-
70 m (psigko go 90 m), pecn. B Te3n pamki ca hopMupaHm n
CUITHOMPOBOASALLMTE U C TONAIM KanawuTeT TEXHOreHHN 30HK;
(2) nog Ta3m rpaHmMLi@ NaneoreHCKUAT CeaMMEHTEH KOMMEKC
€ 3/ipaB, MITbTEH W MHOTO Clabo BOAONPOMYCKMMB.

750

Feodesuynu koopdurnamu 1970 2.

®ur. 3. TpumepeH Mozen Ha 0TpaboTeHUTe NPU NOA3EMHUSA [OBUB YacTy
Ha BbrnMwHu nnactose A, B, D1 u D2 (pened Ha ponHuiara)

Xupporeonoxkn eauHUUM. OCHOBHUTE  XUOPOrEOMNOXKM
eMHULM B MogenHaTa obnacT ca:
KeamepHepeH godoHoceH komnnekc - Qemy. OBxBalla
HEe3HAYMTENHW MIIOLW B HOXHATA W 3anagHaTa nepudepus
Ha mogerna. MpefcTaBeH e OT AecHOBpexXHUTe anyBuanHu
Tepacy Ha p.CTpyma v p.Pyaapuvua v nesobpexHnTe Tepac
Ha p.KoHcka n p.Mewpnyka.
HeozeHcku HesodoHoceH komnnekc - Nemy. PaskpuBa ce
KaTo MeTHa B M3OWrHaTMTE 3anapHN yyacTbLW Ha pailoHa.
Pasrnexza ce kaTo CbCTaBHa YacT OT 30HaTa Ha aepauys.
[MTaneoeeHcku cabosodOHOCEH KOMNIEKC (8 €CmecmeeHo
cbecmosHue) - Pgemx. Warpaxga okono 95 % ot mogenHata
obnacTt, T.e. M3NbNHSABA ponsTa Ha MaTpuua, B KOSTO ca
BMECTEHM OCTaHanuTe XUAPOTeonoXKA emuHuuM. Tosa
0DCTOATENCTBO Hapen C HWcKaTa MpOHMLAEMOCT  Ha
NarneoreHcKMTE CEOMMEHTM € TpUYMHa 33  YaCTUYHO
kancynupaHe Ha BOAOHOCHUTE KOMMMEKCH M 30HU, KaKTO U
3a 3abaBeHst BOJROOOMEH B PETYOHaNeH NnnaH.
[ManeozeHcku ~ 800OHOCEH — KOMNIEKC (8  HapyweHo
cbecmosiHue) — (Anthremx). TO3W KOMNMEKC € MPOAYKT Ha
npoabkunus Hag 100 r. oTKPUT M NOA3EMEH BbrMeaobus.
Ha npaktuka € Hai-BomoobWnHaTa CTpyKTypa, KOSTO
Cb3faBa W OCHOBHWTE Npobremu C MOA3EMHUTE BOAW.
Xapaktepusupa Ce C M3KMIUMTENHO CrIOXHA rEOMETpUS,
MHOTO CWUSTHA XETEepOreHHOCT M 13pa3eHa aHU30Tponus Ha
cpenarta, KosiTo ¥ B MOMeHTa Tbpnu NpOMEHW. AHanM3bT Ha
reomnoxXKaTa M MUHHO-TEXHUYECKA MH(bOpMaLMs 3a obxeaTta
W X1paBnMyHaTa CBbP3aHOCT Ha OTPAbOTEHNUTE BBIMMLLHK
nnactose (A, B, D1 1 D2) u Ha 3acerHatute OT MEXaHWYHM
pedopmaumy BMeCTBalUM CKanu AaBaT OCHOBaHWe B
CbCTaBa Ha HapylleHWs NaneoreHckM KOMMnekc fa ce
OTAENST YETUPY aHTPONOrEHHN XUAPOreONOXKN eAUHULM:
-[open komnnexc  (Anthromeup). PopmupaH e B
HapylleHWTe npu  OTKpUTMS  JOBMB  yacT  OT
naneoreHckMs BbITIEHOCEH KOMMIEKC M U3rpageHuTe
BbpXy TaX TabaHu ¢ ,oTkpuBka'. ObxBalja OTKpUTUTE
PYLHWLM M pa3pesa 4o abnbounHa 5-10 m u noseve.



- CpedeH komnnexc (Anthremx.m). OBeanHsBa ecTecTBeHo
CBbp3aHUTe OTpaboTeHM MNpoCTpaHCcTBa  (MOA3EMHM
PYZHUL, OBPYLLEHN 30HU, HAMYKaHW 30HW 1 LIENWLM) Ha
BbIIMWHKM nnactose D1 u D2.

- Pasdenaw; komnnekc (Anthremxq). OBXBalla 4acTU4HO
HapyLIeHUTe Mepren W MeprenHn MuHWM OT T.Hap.
,Mexgynnactue” mexay BbrvwHu nnactose B n D1.

- floner komnnexc (Anthreme). Bkniousa oTtpaboTeHute
NpOCTpaHCTBa (MOA3EMHM DPYAHWLM, OOpYLUEHW 30HM,
HamyKaHu 30HW W Lenuum) Ha no-abnboko 3ansrawure,
HO 6113K0 Pa3nonoXeHn BbIWLLHK nnacTtose A 1 B.

3a yrecHsiBaHe W MpeLManpaHe Ha TpUMepHaTa CuMyraLust
B pervoHanHus Mogen e CbCTaBeH uucrneH Mogen Ha
JOMHWLaTa Ha OTPabOTEHUTE YacTW Ha BBIMULHWA NacToBe
A, B, D1 D2 (chur. 3).

dunTtpaumoHHu cBoncTBa. [103HaHMETO 3a PUNTpaLMOHNTE

XapaKTepucTWKM ~ Ha  [eTEepMUHMpaHUTe B Mogena

XMAPOreonOXKN eanHULN € 0BEKTUBHO OrpaHNYeHo nopaau:

+ Cneundmvka Ha unTpaumoHHaTa cpea. lNoasemHnTe Boau
ce pewkat B (a) crmabonmpomycknMBa O MPaKTUYECKN
HenpoHUL@ema, CUITHO XeTeporeHHa W aHU30TPOnHa cpeaa,
narpaxgalia MaTpukca Ha MogenupaHaTa Xvaporeonoxka
cuctema; (6) KyxuHu C ronemu pasmepn M HapyLueHw
BMCOKOMPOBOASALLM 30HU, PA3MNYHI HANPaBNEHUS U CIIOXHM
NPOCTPaHCTBEHN BPb3KM MOMEXTY WM.

* JlokaneH xapakrep Ha MNpOBEAEHUTE  (PUITPALMOHHM
TecToBe. Te ca CbCPEJOTOYEHW B 3acerHaTuTe KsapTanw,
YNSITO TEPUTOPUS CbCTaBNSBA He noBeye oT 5-6% OT nnowya
Ha mofenHara obnacr.

+ OTCbCTBME Ha apXvBHA WHOPMALMS 3a XUOPOTEONoXKUTE
YCNoBUSI B pEMVOHaneH nnaH. Toan akT € HambiHo
0bscHMM  MpedBME MpakTUYeckata HEBOLOHOCHOCT Ha
ceanMeHTUTe, 3anbrsally MNepHuikus rpabex.

Tabnuya 1.
XapaKmepuchKu Ha ModefIHUme niacmose U 30HU
Xugporeonoxka eanHula
Wgekc Mopenes | MopgenHa k, mld u, -
nnacr 30Ha
KBaTepHepeH BOJOHOCEH KOMMNIEKC
Qe | ML [ MZ11 [ 200 | 005
HeoreHckn HEeBOLOHOCEH KOMMIEKC
Nem | M1 | Mz42 | 005 [ 001
lNaneoreHcku cnaboBOAOHOCEH KOMMNEKC
ML-1 MZ1.3 | 003 0.005
ML-2 MZ-21 | 0.3 0.005
Pgom ML-3 MZ-31 | 0,03 0.005
ML-4 MZ41 | 003 | 0.0005
ML-5 MZ-51 | 0.01 0.0001
l'opeH aHTPOMOreHeH KoOMnekc
Anthremep | ML-1 Mz14 | 0041 [ 001
CpeneH aHTPOMOreHeH KoMnrekc
Anthremen | ML-2 Mz22 | 024 [ 003
Pa3JJ,EJ'IFILL| aHTPOMOreHeH KoMniiekc
Anthrems | ML-3 | MZz-32 | 0034 [ 0005
[oneH AHTPOMNOreHeH KOMnniekc
Anthrems | ML4 | MZ42 | 045 | 002

Cnen BHMMATENeH aHanM3 Ha HanuMuHWTe [aHHW 3a
NINTONOXKNTE U (1)I/I3VI‘~IHI/ITe XaPaKTepUCTUKN Ha reonoxkara
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cpeda v Ha pesyntatute oT unTpaumorHuTe onutn (MuTkoB
n op. 2013), 3a koeduumeHTa Ha duntpaums (k) u BogooT-
[aBaHeTO (M) Ha [ETEPMUHUPAHUTE XWUOPOreONoXKA eAUHULM
ca MpUeTH CpeaHuTe CTOMHOCTW, nocoyveHu B Tabn. 1. Te ca
Mon3BaHW KaTo HayanmHu Npy xapakTepusupaHeTo Ha mogen-
HUTE NNacToBe 1 30HM B pernoHanHus 3D Mogen.

PasnpepeneHue Ha xuapaBnuMyHuUTe Hanopw. leHepanHaTa
nocoka Ha MOA3EMHWSt MOTOK € OT OrpagHuUTe MMaHUHCKM
macueu (Butowa u Jlormn) kbm p.CTpyma w HeiHuTe npu-
Toun. CTpyKTypaTa Ha peruoHarnHus notok ce aedopmupa B
pafioHa Ha aHTPOMOreHHUTEe KOMMIEKCH, KOUTO W3MbIHSBAT
ponsTa Ha ronsima ApeHaxHa cuctema cnpamo ManeoreHckus
HeHapyLLeH komnnekc. Tasu Te3a ce NoTBbPX/4aBa OT Mueso-
MeTpUYHaTa KapTa, CbCTaBeHa Mo JaHHU OT U3MEPEHNUTE KbM
mecel, anpun 2013r. HMBa Ha NOA3EMHMTE BOAWM M BOAHMUTE
CTOEXM B PEKUTE W MOBLPXHOCTHUTE BOZoemu (cur. 4).

O
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:’ Bogoc6opHa obnact Ha KBapTanute
- TpaHuua Ha MopenHaTa o6nact

®ur. 4. lnezomeTpuyHa kapTa kbm MapT 2013 .

paHmuu Ha mopenHa oGnact. MopenHata obnact e
AeuHpaHa kaTto OTHOCMTEITHO camocTosiTenHa
XMOPOreonoXka cUCTeMa C MHOTO OTHYETNMBW W XMZPABNMYHO
LETEPMUHMPAHN NPOCTPAHCTBEHM rPaHULW:
oqepTaBaT TPM 30HM C  Pa3NNYHO  MH(PUNTPALMOHHO
MoaxpaHBaHe M HAKONKO BbTPELUHM 3a MopenHata obnact
pekn W Bogoemn M (dur. 5). B mogena ce 3apasat ¢
rpaHuyHn ycnosus Recharge (nnowHa wHGuNTpauws), ¢
River (rpanuuHo ycrnosuwe ot Il pog) wnn Specified Head
(rpaHnyHO ycrmosue oT | pog). 3oHMTe € pasnnyHa
VHUMATPaLMs ca O4epTaHu Bb3 OCHOBA Ha NWTONOXKA W
3bpHOMETPUYHN  OCOBEHOCTM Ha paskpuBaluTe Cce Ha
TEpPeHa XWOporeonoxku komnnekcu. CTOMHOCTMTE Ha
ckopocTTa Ha WHgwuntpaums (W) 3a Bcsaka 30Ha ca
M34YMCIIEHN KaTo (DYHKUMA Ha CpPeAHoroguiuHaTa cyma Ha
Banexute 3a cTaHuma [lepHUK UM Ha  NUTONOXKATE
Xapaktepuku. [leTepMUHMpaHuTe MO TO3M HaYMH 30HU Ca:
3oHa 1. Bkrtousa paskputis Ha lManeoreHckns HeHapyLueH
cnaboBOJOHOCEH KOMMMEKC M HeoreHckus HEeBOJOHOCEH
komnnekc. CkopoctTa Ha WHuUnTpaums e Hucka — Wi
3.5E-5 m/d, koeto npeacrtaensiea okono 2% OT Banexa.
3oHa 2. Obxpalla 3acerHaTute OT OTKPUTUSI WU MOA3EMHUSA
Bbrnegobus nnoww, a W e manko no-ucoka — W, = 5E-5
m/d (okono 3% ot Banexa). 3oHa 3. Monaga B rpaHuUKTe
Ha  anyBWanHWTe peyHn  Tepacu,  CKOpocTTa  Ha
WHunTpaumsa e gocra Bucoka — Wi = 1.25E-4 m/d, T.e.
VHMATPaLMOHHOTO NogxpaHBaHe e 7.5% oT BanexuTe.
rpaHmuaTa e

HAKOJTKO TUNa: Pekn, noa3emMeH MnoToK OT/KbM CbCeaHu



BOLOHOCHM  KOMMMEKCH,  perdoHaneH  MoToK  Wim
HenpoHuuaemu rpaHuuu. B 3aBucumocT OT  CBOETO
MPOCTPAHCTBEHO pPA3MNoNOXeHWe naTepanHuTe  rpaHuLm
BuBaT NPUMNOBBLPXHOCTHU (BUAUMM M NIECHO ONpeaenvmi) u
AbNn6ounHHM (npepnonaraemu). MpUnoBbPXHOCTHUTE rpaHu-
LW ce 3agaBaT B MbpBWS MOLENeH NniacT, a AblbounHHUTE
B OTOOMynexawiuTte MOAEenHW nnactoBe. [1o-KOHKPeTHo,
pedvHMpaHata mogenHa obrmacT e  OKOHTypeHa CbC
CNefHUTe NPUMNOBBPXHOCTHW NaTepanHu rpaHuum (BX. cur.
5): ceBep — rpaHuLa cbe 3aaaaeH notok (Specified Flow) ot
'opHOKpeaHMs cnaboBOJOHOCEH KOMMMEKC; CEBEPOM3TOK —
rpaHuLa CbC 3ajafgeH pervoHaneH motok (GHB) no
Bogofena Mexay pekute byyeHuwka u JlonuHcKa; WM3TOK-
torousTok — p. Monobpeuka; tor — p. Ctpyma v p. Pypapuua;
3anag — p. KoHcka u p. Mewuyka; ceBepo3anag — Henpo-
HMLaemMa rpaHuua (no TokoBa nmHns). [lo-gbnboko
3ansraluTe 4acTn Ha MogenHata obnact ca OKOHTYPEHW
CbC CreaHuTe nartepanHu (abnbounHHK) rpaHuuy (cur. 6):
ceBep — rpaHula cbe 3agafeH notok (Specified Flow) ot
'opHOKpeaHMst cnaboBOJOHOCEH KOMMMEKC; CEBEPOM3TOK —
rpaHula cbC 3afafeH pervoHaneH notok (GHB) no
Bogofena mexay pekute ByyeHuwka w JlionuHcka; M3TOK-
IOroM3TOK — rpaHuUla CbC 3agageH notok (GHB) ot
FopHOKpeaHust cnaboBOLOHOCEH KOMMMEKC, tor-3anag -
rpaHMua CbC 3afjafeH pervoHaneH notok  (GHB),
CUMynMpalla [peHupalums Ce MW3BbH rpaHuunMTe Ha
MogenHata obnacT nog3eMeH MOTOK; CeBepo3anag -
HenpoHMLaema rpaHmua (no ToKkoBa NIMHNS).

LC-1.8 (No Flow) LC-1.1 (Specified Flow)

LC-1.2 (GHB)

LC-1.3 (River)
LC-1.4 (River) p- FonoGpetina
p. Pydapuya | w—

LC-1.5 (River)
p. Cmpyma

W3 = 1.25E-4 m/d

®ur. 5. paHn4HM ycnoBus B MogeneH nnact ML-1

LC-2-5.1 (Specified Flow

LC-2-5.6 (No Flow) LC-2-5.2 (GHB)

LC-2-5.5 (GHB) NEPHUK

LC-2-5.4 (GHE) LC-2-5.3 (GHE)

®ur. 6. paHn4HM ycnoBus B MogenHu nnacrose ML-2, ML-3, ML-4 u
ML-5

Xugpaenuynn Bpb3kM. OCHOBHO [omyckaHe e, uye
B3aUMOAENCTBMETO  MeXay MO-BOAOOOUIHUTE  amnyBUasTHU
TEpacu W aHTPOMOTEHHM KOMMIEKCM Ce peanuaupa npes
BMECTBALUMS M HEHapyleH 1 MHOrO cnabo npoHuLaem
narneoreHckM KOMMMEeKC (MaTpukca Ha  MOAenupaHaTta
XMOpOreonoxka cuctema). HUBOTO Ha MoA3eMHMTE BOAW BbB
BCEKM KOMMIEKC LLE Ce BIMSie TMaBHO OT MOCTLMUINTE B HETo
BOOHM KOMMYECTBA (OT MHCPMITpALMS WM OT HeHapyLieHus
KOMMMEKC) M OT [APEeHUpaHeTo My MO ECTEeCTBEH MbT UMK
nocpeacTBOM  BOAOMOHU3MTENHU ChOPBXEHUS! (FPaBUTAYHO

unu ¢ nomnu). Peakumsita B Apyrute BOLOHOCHW KOMMMEKCH
Lie e 3abaBeHa Uy L nmncaa.

Komno3supaHe Ha pernoHanHusa 3D mopaen

TpumepHaTa pamka Ha pervoHanHus Mogern, e KoMnoaupaxa

Mpu criegHUTE NONOXEHUs U BXOAHU NapameTpu:

* /snon3BaHn ca KommnwTbpHata nporpama Modflow u
MOCTaHOBKITE, U3NOXEHN B KOHLIENTYyanHaTa cxema.

+ [pocTpaHcTBEHaTa AUCKpeTU3aLms Ha MogenHaTa obnact e
HanpaBeHa NoCcpPeACTBOM PaBHOMEPHa OPTOrOHamNHa Mpexa,
cbabpxala 5 mogennu nnacta — ML-1, ML-2, ML-3, ML-4 1
ML-5. B nbpBuTe uyeTupn nnacta ca getepmuHupanu 10
MOAEITHN 30HW. [ paHNLMTE Ha MOLENHMTE NNacToBe U 30HM
ca fageHu Ha ¢our. 7 1 cour. 8.

« PenedbT 1 XMNCOMETPUYHUTE HMBA HA OrPaHUYUTENHUTE
MOBBPXHWUHM (T.Hap. JOMHMILA U FOPHULLA) HA MOZEnHUTE
MnacToBe W 30HM Ca CbobpaseHn C MOpPGOMOrMYHUTE
0CODEHOCTM Ha TepeHa 1M MpOCTpaHCTBEHUTE (DOPMW Ha
XNOPOreonoXkuTe eauHMLy (cur.7). 3emMHaTa NMOBBPXHOCT €
3afageHa kato ropHue Ha ML-1 (cour. 1 n dour. 7).

« B MogenHute nnactoBe W 30HU  (PUATPALMOHHMTE
XapaktepucTukm (k 1 W) ca 3afageHun cbobpasHo fageHuTe
B Tabn. 1 cToitHocTh. 3a KkoedmumeHTa Ha punTpauus e
MpMeTo CboTHOLEHME kx = ky = 10k

* PervoHanHuat noTtok e MOAenuMpaH CbC 3adaBaHe Ha

rpaHuyHo ycnosue GHB no YacT OT BbHLWHUTE rpaHuum. B

rpaHWYHUTE KNETKU € NpUeTo, Ye HanopbT € paBeH Ha

3afjafeHns HavyaneH Hanop. MMpoBoguMMOCTTa No rpaHuMuaTa

€ M3umncneHa cbobpasHo gebenuHaTa Ha MOLENHMS NnacT u

koeduumeHTa Ha UNTpauus B NiacTa unm 30Hata, B KOATO

nonaga cbOTBETHaTa MOAErHa Knetka.

Pekute Crtpyma, KoHcka, Pygapuua u gpyrute no-manku

PeKu B panoHa ca CUMyMMPaHM Kato TPUMEPHM ODEKTU ChbC

CbOTBETHATa rEOMETpUS U XUAPABINYHW XapaKTEPUCTUKM.

3apapeHn ca B mopeneH nnact ML-1 ¢ rpaHMyHO ycrnoeue

ot Il pog (River) — ¢owr. 5.

* MoBbPXHOCTHUTE BOAOEMW Ca 3afafeHN C  IPaHWYHO
ycrnosue ot |-u pog (Specified Head).

* BogHute cToexu B peknTe 1 NOBLPXHOCTHUTE BOZOEMM Ca
3ajageHn Bb3 OCHOBa Ha CbbpaHata  apxvBHa
WHOpMaLWs, AOMbITHEHA U OCbBPEMEHEHA C HaNpPaBeHOTO
JETalnHO XMApPOreornoxko npoyysaqe npes anpun 2013r.
(MutkoB 1 gp. 2013). lMpueTute HavanHW CTOMHOCTM ca
KopurpaHu BNocneAcTBye Npu kannbpupaHeTo Ha Mogena.

* MogxpaHBaHETO OT  TOpHOKpeOHWs  CnaboBOAOHOCEH
KOMMIEKC e 3ajageHo Mo CeBepHata rpaHMua Ha
MogenHata obnact ¢ rpaHuyHo ycnosue ot |l pog (Specified
Flow) — cpur. 5. Mo rpaHuLaTa e npueT NOCTOSHEH pasxof
Ha nogsemuns notok q = 0,3 (I/s)km. Ta3u HavanHa
CTOWMHOCT CbLUO Ce Kopurupa B Xofa Ha KanmbpauuoHHUTe
npoLeaypw.

* WHduNTpaumMoHHOTO noaxpaHBaHe e 3a4afeHo BbB BCUYKM
KNeTKM Ha MbpBUS MOAEMNEH MnacT C rpaHWyHo YCroBue
nogxpaHsaHe (Recharge). Mpuetnte B Mogena rpaHuum Ha
TPUTE 30HW C pasfNyHa BB3MOXHOCT 3a MHGUNTpaLMS U
3ajafeHnTe B TAX HavarHW CTOMHOCTM 3a CKOpOCTTa Ha
WHMATPaLWs ca npeacTaBeHn Ha dur. 5.

+ 3a kanubpupaHe Ha Mogena ca W3MOMn3BaHW AaHHM 3a
HWBaTa Ha NOA3EMHWTE BOAM, W3MEpeHu No Bpeme Ha
JeTannHoto npoyysaHe npe3 2013 r., KakTo U cbCcTaBeHaTa
nne3omeTpuyHa kapTa (cur. 4).



®ur. 7. MpocTtpaHcTBeHa 3D AnckpeTU3aums Ha MogenHaTa o6nact

MogenHu 3oHW B
moaened nnact ML-1

MEPHWUK

MogenHu 3oHW B
mopaened nnact ML-2

MEPHWK

MogenHu 3oHW B
moaened nnact ML-3

MEPHWK

MogenHi 30HH B
mogened nnact ML-4

NEPHWK

@ur. 8. Moaentu 3oHu B nnactose ML-1, ML-2, ML-3 n ML-4

MopenHu pewexus

Ctpyktypa Ha cuntpaumonHoto none. OnpefeneHata ¢
pervoHantus 3D mMoaen CTpyKTypa Ha (unTpaLm oHHOTO none
€ WICTpUpaHa C MME3OMETPUYHM KapTW, MpencTaBsAwm
pasnpegeneHneTo Ha XMapaBnuyHUTe Hanopu (BOGHUTE HUBA)
B neTTe mogenHn nnacra (cdur. 9 - cur. 13). MonyyeHoTo
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D,06p0 CbOTBETCTBNE MEXOY d.)aKTVILIeCKaTa N MopenHata
nuesomeTpnua e CBMOETeNncTBo 3a YCTOVNVIBOCTTa n
AocTaTbYHaTa HaAeXaHoCT Ha moaena.

Bb3 ocHOBa Ha nomnyyeHUTE MOJEMHU PELLEHNs MOXE Aa Cce

HanpaBu CreaHNs KOMEHTap:

+ [eHepanHaTa Nocoka Ha NoTOK € OT rMaBHUTE NOAXPaHBALLM
MPOBUHLW JTtonmnH nnaHuHa n Butowa kbm p. Ctpyma.

* [wesomeTpuyHaTa kapTuHa, 0Co6eHO B NPUNOBBPXHOCTHATA
4aCT Ha MHOTOETaXHWS BOLOOHOCEH KOMMekc (MoaeneH
nnact ML-1) — cur. 9, e CunHO ycnoxHeHa B pesynTaT Ha
aKTMBHMS BOJOOOMEH Mexay nog3emMHuTe BOAW OT edHa
cTpaHa W pekuTe W MOBBPXHOCTHUTE BOAOEMW (OCHOBHO
OTKPUTUTE pyOHWLM) OT Apyra.

« B ofxBata Ha MNNaHMHCKMTE CKIOHOBE UM XbIMUCTUTE
TEPUTOPUN XWAPABNUYHUTE FPaOMEHTU Ca MHOTO BMCOKM U
crefBar HaknoHa Ha TepeHa. Ha pasnuyHi XMncoMeTpuyHu
HWBA CbLLECTBYBAT BOLOHOCHW NMactoBe W 30HM, KOUTO ca
HEeCBbP3aHW WnK ¢ MHoro cnaba xwuapaBnuyHa Bpb3ka Mo
Mexgy cu. Yact oT TAX ce ApeHupaTt no CKIOHOBETE, B
HWUCKMTE YacTW Ha JepeTata WNW B peyHata Mpexa noj
chopmata Ha pa3cesiHi M3BOPU (PSOKO KOHLEHTpUpaHu) ¢
HesHauuTeneH gebut (okono v nog 0,01 I/s).

* B paBHuHHMTE y4acTbuM M B AbnbounHa (ocobeHo B
mogenHu nnactose ML-4 u ML-5) nue3omMeTpuyHuTE NHUM
ca w3rnagequ, 6e3 pesku Npexoau W C OTHOCUTENHO Mo-
HUCKN XMAPABIMYH rpagmeHTn — cour. 12 n dour. 13.

+ 3abenexumn pedopmauun B CTpyKTypata Ha ¢untpa-
LiMOHHOTO Mmone ce HabmnioaasaT B paiioHa Ha NoA3eMHuTe
MWHHM M3paboTkK, KOMTO Ce XapakTepusupar C eouH U
noBeye nopsiAbka Nno-B1coka NPOBOAMMOCT OT BMeCTBaLLaTa
T ecTecTBEHa reonoxka cpefa W M3MbMHABAT (yHKUMATA
Ha pervoHaneH ApeHax CbC CrOXHA NPOCTPaHCTBEHA

opma.

PervoHanen BogeH 6anaHc. CbCTaBeHWAT ¢ MaTematnye-

ckust 3D mopen pervoHaneH (06w) BogeH 6anaHc 3a usnarta

nnow, Ha MogenHaTta obrnacT e npeactaseH B Tabm. 2.

lMpencraBeHuTe pesynTaTi OT HanpaBeHaTa Konnye-CTBeHaTa

OLeHKa Ha OanaHcoBWUTE €nemMeHTW B YCMOBMSITA Ha CTabu-

nU3npaH pexuMm Ha (UNTpauus faBaT OCHOBaHWE Ja Ce

HanpaBsT cregHUTe No-BaxHU 0600LeHs 1 U3BOAK:

+ CymapHOTO KONMYECTBO MOA3EMHM BOAW, LMPKyIMpaLLy BbB
BOJOHOCHMTE KOMMIIEKCU B paMKMTE Ha U3CrefBaHus parioH
Ha nnow, 102 km2 n go gbnbounHa 150-200 m, ca B pasmep
Ha 280 I/s.

+ OcHoBHOTO nofxpaHBaHe (Hag 67%) e oT opmupaHus B
OfpagHWTE  MnaHWHM  TOpHOKpeZdeH — cnaboBOAOHOCEH
komnnekc (okono 36 %) u OT BOAEWMTE Ha4yanoTo cu OT
MonuH n BuTowa peku M NOBBLPXHOCTHM MOTOUM (OKOMO
31%). Opyrv 18 % noctbnBat Ype3 MHUNTPaLMS Ha nagHa-
nute Banexu. Okono 10 % OT noaxpaHBaHETO € 3a cMeTka
Ha NPWBNEYEHN BOAM OT NOBBLPXHOCTHUTE BOZOEMM, a
octaHanute 5 % noctenear ot p. CTpyma.

* [peHnpaneto Ha noasemHute Bogm (okomo 70 % oT obuwws
pervoHaneH pasxod) Ce peanuaupa B paBHM YacTW KbM
CbCEAHN Ha pasrnexaaHns paioH XMLPOreonoXKA eauHULM
W B PEYHO-OBpaXHaTa Mpexa NOCPeACTBOM Pa3CcesHu mm
OTHOCWTENHO  KOHLIEHTPUPaHU  ECTECTBEHM  U3XOAMLA.
Ocranarmte 30 % OT pervoHamHus pasxog, Cblo B
OTHOCWTENTHO PaBHW 4actu, u3tnya kem p. Ctpyma u B
OTKPUTUTE BOAOEMW (MPEaMMHO B AEWCTBALUMTE OTKPUTH

PYAHALW).



" Mewpua Thog TANBOTHHO :
i \\a,i ' %
g o W S
% 1 N
750 (-5'{0 !
[

PHUK, P-Cmpyua
!{aﬂwﬂc‘l. P\—.\

®ur. 9. CTpykTypa Ha punTpaumoHHoTO none B MoaeneH nnact ML-1
(npUNoOBBLPXHOCTHA 30HA — FMMHU W HanyKaHW Meprenu)

PHWK, P-Cmpyma

p. Cmpyma

®ur. 10. CTpykTypa Ha (hunTPaLMOHHOTO none B MoaeneH nnact ML-2
(nnact D1, nnact D2 v 0GpyweHUTe Hap TAX 30HK)

PHUK, P Cmpyue
xa.mac.‘ e

p. Cmpyma

®ur. 11. CTpykTypa Ha hunTpaumoHHOTO none B MogeneH nnact ML-3
(mexpynnactue mexay D1 v B)

PHUK, P Cmpyma o, Prdapiua
p. Cmpyma Kanwac gy N 2 3km

®ur. 12. CTpykTypa Ha (hunTpPaLMoHHOTO none B MoAeneH nnact ML-4
(nnact A, nnact B 1 0GpyweHuTe Hag TAX 30HM)

V/)/'/ﬁmur“

. BnsoTnHo

Koncga

PHUK, P Cmpyse

Karwac g N

®ur 13. CtpykTypa Ha hunTpaunoHHOTO none B MoaeneH nnact ML-5
(He3acerHaTa OT MMHHaTa IGNHOCT YacT OT NaNeoreHCKM KOMNIeEKE)

JlokaneH godeH banaHc. C pernoHanHus Moaen € CbCTaBeH
nokaneH BoaeH OanaHc 3a BogocbopHaTa obrnacT Ha 3acer-
HaTUTe OT MUHHAaTa AeiHoCT kBapTanu (Tabn. 3). MnowrTa Ha
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Tabnuua 2.
PezuoHarneH (06wy) 8odeH banaHc 8 epaHuyume Ha Modena

[MpuxogHu enemeHTy (M3TOuHUUM | PasxogHu enemMeHTy (30HK Ha
Ha nogxpateaHe), Q" , Ifs ApeHupaHe), QU Ifs
l'opHoKpeneH 102,25 CbceaHu xugporeo- 98.21

cnaboBOJOHOCEH K-C NOXKN €OUHULN
Peka Ctpyma 14,39 | Peka Ctpyma 43,94
[pyrv peku, fepeta 86,87 | Opyru peku, gepeta | 96,72
BbHLWHM YacTh Ha 26,30 BbHLWHM YacTu Ha 41,34
ManeoreHckns k- [ManeoreHckus K-c
OTKpUTH BOgOEMY 50,44 | OtkpwuTy Bogoemu
WHdunTtpaums 280,25 280,21
Obuwo | 102,25 Obuwo | 98,21
banaHcosa epewka 0,02 % (difference)
Tabnmua 3.
JlokaneH eodeH banaHc ebe 8000cbopa Ha kKeapmanume
[MpWXOAHN enemMeHTH (M3TOYHK- | PasxomHu eneMeHTy (30HW Ha
LM Ha nogxpaHeaHe), Qi", I/s ApeHupate), Qevt Ifs

l'opHOKpeneH 6.95 CbcenHn xuaporeo- 1029
cnaboBOJOHOCEH K-C NOXKM €4NHULM
Peka Ctpyma 1,48 | Peka Ctpyma 7,81
Hpyrv peku, aepeta 8,60 | Apyrv peku, nepeta | 12,23
BbHLWHKM YacT Ha 1056 BbHLWHM YacTu Ha 9,97
ManeoreHckus k-C ManeoreHckus k-C
OTkpuTH BogoEMM 10,58 | Otkputn BOZOEMM 10,50
WHunTpayms 13,76

Obuwo | 51,93 Obuwpo | 51,80
banaHcosa epewka 0,25 % (difference)

T031 Bogochop, chBnagall, oT4acTu ¢ sogocbopa Ha p. [ueo-
TUHCKa, € 29 km2 (dwr. 4). AHanu3bT Ha NpeacTaBeHuTe
pesynTaTi Nokassa, ye:

+ [lop3emHusT BopooOMeH BbB BogocbopHaTta obrnacT Ha
TpuTe KBapTana Ao gbnbounHa 100-150 m e okono 58 Ifs.

+ OCHOBHOTO MoaxpaHBaHe € OT WHunTpauusa (27 %) ot
otkputute Bogoemu (20 %), oT BBHIWHKM 3a BogocOopa
yactn Ha [laneoreHckus BBIMIEHOCEH KOMMMEKC (CbLLO
okoro 20 %), ot p. [iusoTuHCKa 1 HelHuTe nputoun (17 %),
OT ropHokpeaHus crnaboeogoHoceH komnneke (okoro 13 %).
HesHauuTenHo konuyectso (3 %) noctbnea v ot p. CTpyma.

* [peHupaHeTo Ha NOA3eMHMS MOTOK CE OCbLUECTBABA B
MoYTM pPaBHU YacTu KbM p. [MBOTUHCKA, HEAHUTE MpUTOLM,
AepeTa 1 13Bopu (24 %); otkpuT Bogoemm (22 %); cbeeaHm
BOAOHOCHM X0pn30HTH (20 %), BBHLWHK 3a Bogocbopa vactv
Ha BbrneHocHus komnneke (19 %) u p. Ctpyma (15 %).
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MPOrHO3NMPAHE HA Bb3MOXHOTO NOKA4YBAHE HA NOA3EMHUTE BOOW B
3ACErHATUTE OT MUHHATA OEWHOCT KBAPTAIU HA I'PAl NEPHUK

Huxkonati ToHes CmosiHos

MunHo-eeonoxku yHusepcumem “Cs. MeaH Puncku”, 1700 Cocgpus, nts@mgu.bg

PE3IOME. CbcTaBeHn ca eauH OCHOBEH 1 ABa MPOTHO3HW nokanHy 3D moziena 3a oLeHka Ha CbBPEMEHHOTO CbCTOSIHUE U Bb3MOXHWUTE NPOMEHW B CTPYKTypaTa Ha
NOA3EMHUS MOTOK B 3aCerHaTuTe OT MWHHATa AeNHOCT kBapTanu Ha rp. MepHuk. Mogenute ca paspaboTeHu ¢ komnoTbpHa nporpama Modflow, npu otuntaHe Ha
pesynTaTUTe OT NPEeAXOXAallW PErvoHanHu MOAEMHN U3CNeaBaHNs U Ha KOHKPETHUTE XWAPOTEONOXKA W MUHHO-TEXHOMOMMYHM ycrosusi. OCHOBHUAT nokaneH 3D
MOZEN AeTepMUHMPA NMPOCTPAHCTBEHOTO pasnpeaenieHne Ha NMe3OMETPUYHUTE HAMOpU (HMBaTa Ha MOL3EMHUTE BOAM) W OMPESEns KONMYECTBEHO MPUXOAHUTE U
pa3XO[HNTE ENEMEHTU Ha BoaHWS GanaHc crepd npekpatsBaHe Ha nog3emMHus Bbrnenobus. C ABaTa MPOrHO3HM MoAena ca NpaBeHu U3UYMCTIEHUs 38 04aKBAHOTO
nokayBaHe Ha NoA3eMHUTE BOAM U Bb3MOXHUTE NPOMEHU BbB BOAHWS BanaHc cnep npekpaTsBaHe Ha OTKPUTIUS BOAOOTIVB 1 B YCIOBUSTA Ha CPEHU 1 MaKCUManHK
CTOMHOCTM Ha MHAUNTPALMOHHOTO NOLAXpaHBaHe.

FORECASTING A POSSIBLE GROUNDWATER RISE IN THE AFFECTED BY THE COAL MINING AREAS IN THE CITY OF
PERNIK

Nikolay Tonev Stoyanov

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

ABSTRACT. One basecase and two predicitive local 3D models are developed in order to assess the current state and the possible future changes in the
groundwater flow structure in the areas affected by the coal mining near the city of Pernik. The models are developed using the computer program Modflow and
taking into account the results of prior regional modeling studies and the site specific hydrogeological and mining-technological conditions. The basecase local 3D
model determines the spatial distribution of the piezometric hydraulic heads (groundwater levels) and estimates quantitatively the inflow and runoff elements of the
water balance after termination of the underground coal mining. The two predictive models are used for performing calculations for the expected rise in groundwater
and the possible changes in water balance after termination of the open draining and for the conditions of average and maximum values for the infiltration recharge.

BuBegeHue XWOPOreonoXka OLieHka Ha Hai-3acTpalleHute o6ekT Ha

MOBBLPXHOCTTA OT MpeKkpaTeHUTe NOA3EMHU MUHHU [EAHOCTM

3a n3ACHABaHE Ha CbBPEMEHHOTO ChCTOSHUE 1 BH3MOXHHUTE kbM ,Mubu MepHuk’ EAL (Mutkos u ap., 2013), kakto

NPOMEHW Ha HWBATa Ha NOA3EMHWTE BOAW Cnea cnupaHe Ha HenybnukysaHu doHaosn matepuanm ot apxusa Ha MOCB,
PYOHUYHMS BOLOOTIIMB B 3acerHatute OT MUHHATa [EMHOCT »MuHu MepHuk’ n obiHa MepHuk.

4acTi Ha rp. TepHUK Ca CbCTaBEHM NOKANHI XUAPOreOsOXKH
3D wmopgemu 3a paioHa Ha kB. baikywesa maxana, KB.
OparaHosey M k8. PygHndap. C  nonydyeHute MopenHu OcHoBeH xugporeonoxku 3D mogen
pElleHNs 3a BCEkW KBapTan € HarmpaBeHa OueHka Ha

CTPyKTypaTa Ha (hUNTpaLMOHHOTO Mone Cnep npekpaTsiBaHe KoHuentyanHa cxema. OcHoBhuAT 3D mogen w3nonasa
Ha MoA3emMHWs BbrmesobyMB M MPOrHo3a 3a MokayBaHeTo Ha cnegHata obLUa KOHLENUWs 3a XMApOreonoXKNTe YCroBus Ha
MOA3EMHUTE BOAM U MPOMEHUTE BbB BOAHMSA BanaHc creq TpWTe KBapTana u npuniexawute UM TepUTOpum:
npekpaTsiBaHe Ha OTKPUTWS BbIMedobuB W B yCnoBusATa Ha
WHTE3WBHa MHUNTPaLMS Ha aTMOCCHEPHM Banexu. WacneaBaHnaT paiioH 3aemMa 4acT OT hopMUpaHuTe B
TepunepHnTe CeaVMMEHTH BOZOHOCHM KoMMeKe,
MocpeactBom kommioTbpHa nporpama Modflow (McDonald noKanuaupaHn B HOXHaTa MONOBMHA Ha Bogocbopa Ha p.
and Harbaugh 1988, n mHoro gpyrv) ca paspaboTeHn eauH [InBotnHcka mexay p. CTpyma 1 oTKpuTUTE pyaHuUm (cur. 1).
OCHOBEH M ABa MPOrHO3HM xupporeonoxku 3D mogena 3a MogenHata obnact e Ha nnow ot 8,2 km2. B nnaH KoHTypuTe
TEpUTOpUATa Ha TpUTE KBapTana W ronsma 4act OT HeMHus Ha OCHOBHMS MOAEN eCTEeCTBEHO Ca OuYepTaHu Mo
BopocOop. 3agafeHuTe B TAX Ha4amHu 1 rpaHNYHK YCoBus ca NOBBbPXHOCTHUTE Bogoderu, p. Ctpyma w rpaHuuuTe Ha
Gasvpannm Ha paspaboteHuss oT asTopa ,PervoHaned 3D OTKpUTUTE pygHuuM. B paspes ca oOxBaHaTM BCWYKM
MOZENn Ha XMOPOTeoNOXKMTE YCMOBMS 3a paiioHa MMHU XWNOPOreonoXku egnHULyM 0o abndounHa 100-150 m.
L,/ IEPHMK” cnep cnupaHe Ha noa3emMHus Bbrnegobus” (CtosHoB
2014). W3non3BaHu ca Cblo HenybnukyBaHu pesyntatit oT Pa3pesbT BKNKOYBA CNEAHNTE XMOPOTEONOXKN eANHULIK:

JeTalnH1 n3cneaBaHust 3a M3roTBSIHE Ha reoMexaHuvHa u
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noT Py TIIHHK W MEPTenH

dur. 1. Xuaporeonoxka kapta Ha uscneaBaHus panoH. MogenHa obnact

KeamepHeper so0oHoceH komnnekc Qemx. POpMUpaH e B
anyBuanHata Tepaca Ha p. Ctpyma u ce pasnonara no
toxkHaTa nepudepms Ha mogenHata obnacr.

[ManeoezeHcku crabogo0OHOCEH KOMNIEKC (8 ecmecmeeHo

cbemosHue) Pgemx. Pa3suT € B TACHA MBMLA (LEenuK) Mexay

aHTPOMOreHHNTE KOMMIIEKCH M Tepacata Ha p. Ctpyma (dowr.

1). 3ansra noBCEMECTHO NOA OTPabOTEHUTE BBIMULLHM

nnacToee. Tyk NaneoreHck1Te HeHapyLUEHN CeaMMEHTU Cce

XapakTepuanpaTt ¢ MHoro criaba BogompomnycKMBOCT, KOETO

MpeanocTaBs MHOroO crab BOgOOOMEH (UMK OTCHCTBME Ha

TaKbB) C OTropenexaLyyuTe BOLOHOCHN KOMMIEKCH.

lopeH aHmponozeHeH komnneke Anthromy-up. POPMUPaH € B

HapyLUEHUTe Npy OTKPUTUS [OBMB 4acTW Ha BBIIEHOCHWS

KOMMIIEKC U U3rpageHnTe BbpXy Tax TabaHu ¢ ,0TKpuBKa'.

CpedeH aHmponozeHeH Komnmnekc Anthremem. ObeguHsBa

0TpaboTeHN NPOCTPAHCTBA Ha BbIMMLLHKM nnacTose D1 n D2

(noa3emMHM pyaHULM, 0BPYLIEHM U HaMyKaHW 30HK, Lienuuy).

Pa3denaw; aHmponozeHeH komnnekc Anthremyd. W3rpageH

OT Meprenu 1 MeprernHu rmiHM OT T.Hap. ,MexaynnacTue”

Mexay BbriuHv nnactose B u D1.

« [onen aHmponoeeHeH komnnekc  Anthremx..  3aema
0TpaboTeHnTE NPOCTPaAHCTBA (MOA3EMHM PyAHMLM, 06pyLLe-
HW 1 HanykaHu 30HW, Lenuuu) Ha no-gbnboko sansrawmte
BbIMMLLHKM NnactoBe A u B.

[MNOWHMTE Pa3KPUTUS Ha aHTPOMOreHHUTE KOMMMEKCH ca

NPeAcTaBeHy Ha Gur. 2, a TEXHUTE CIIOXHU NPOCTPAHCTBEHM

(hOpMK 1 B3aMMOOTHOLLIEHWS!, KOWTO Ca MMMMEMEHTUPaHN B

OCHOBHUS NokaneH 3D mogen, ca uncTpupaHn Ha gur. 4.

dunTpauymoHHuTe napameTpy (koeduumeHT Ha dunTpauus k
¥ BOAOOTAABaHE W) Ha AednHMpaHUTE MO-TOpe eAMHWLM ca
onpegeneHn No AaHHM OT MpOBEedEeHO B paioHa Ha Tpute
KBapTana geTainHo X1oporeonoxko npoyysaHe (MuTkos v ap.
2013). Jagenute B Tabn. 1 CTOMHOCTH, KOUTO Ce NPUMOKpUBAT
CbC 3afafeHuTe B pervoHanHus 3D mogen, ca W3mnon3saHu
KaTo Ha4anHW CTOMHOCTY 1 3@ MOZENTHWTE NNacToBE U 30HN B
OCHOBHUS nokaneH 3D mogen.

I'Ime3omeTpML|Ha KapTta no yCcTtaHOBEHWUTE BOAHM HBa B MO-
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HWUTOPWHIOBUTE COHAAXM U NyHKTOBE KbM anpun 2013 r. (ur.
2) wmCcTpupa CTpyKTypaTa Ha (UNITPaLMOHHOTO none B
paioHa Ha kBapTtanute Baikywesa maxana, [paraHosey u
PyoHuuap. Hakpatko, reHepanHata nocoka e kM p. Ctpyma,
KaTo Ha TO3W (POH B PA3NUYHW y4acTblW CTpyKTypata Ha
MOA3EMHMS MOTOK e gedpopMmpaHa B pesynTaT Ha YacTUYHO
OPEHVpaHe Ha MoAs3eMHW Bogu B p. [MBOTWMHCKA Wrm
BCMEeACTBME Ha BMCOKAaTa MPOBOAWUMOCT B paioHa Ha nogsem-
HATE MUHHW M3paboTKW. XWOPOAMHAMUYHUTE BPB3KM MEXIY
BOLOOOWNHUTE aHTPOMOTEHHM KOMMMEKCH W Tepaca Ha p.
CTpyma e onocpeACTBEHO Npe3 BMECTBALLMS M HEHAPYLLEH W
MHOTO Crlabo NPOHMLIaeM NaneoreHcKN KOMMEKC.

Tabnmua 1.
XapaKmepuchKu Ha MoOesTHUme nnacmose U 30HU
XMﬂpOI’GOJ‘IO)KKa eanHula
WHgexc Mopenex Mopenna k, m/d u,
nnacr 30Ha
KBaTepHepeH BOJOHOCEH KOMNNEKC
Qm« | M1 ] MZA4 [ 200 [ 005
[aneoreHcku CJ‘IaGOBOp,OHOCGH KoMnnekc
ML-1 MZ-1.3
ML-2 MZ-2.1 0.03 0.005
Pgemx ML-3 MZ-3.1
ML-4 MZ-4.1 0.03 0.0005
ML-5 MZ-5.1 0.01 0.0001
rOpeH AHTPOMNOreHeH KoMnnekc
Anthremep | M1 [ MZ-12 [ 0041 [ 0.01
Cpe,qu aHTponoreHeH KoMniekc
Anthromcm Mt; mg;g 0.24 0.03
Pa3gensiy aHTponoreHeH KoMnekc
Anthrems | ML-3 | MZ-32 [ 0034 | 0.005
,U,OJ'IeH aHTPOMOreHeH KoMniiekc
ML-1 MZ-1.5
Anthrem 23 g4 0.02
ML-4 MZ-4.2

KB. "BaiKkywega ueoOMmMUHCKa

710 —|
\ KB. "Pyaxuyap"

I —
0 500 1000 1500 m

®ur. 2. lMnezomeTpuyHa kapTa kbm MapT 2013 .

rpaHVILl'VITe Ha MofenHaTa 0bnacT ca crnegHuTe:

« [lo eopHUwemo Ha modena (3eMHama no8bPXHOCM)

rpaHuYHUTE YCroBus ce AeduHUpaT ¢ 4 30HW C PasnyHo
VHUATPALMOHHO NOAXpaHBaHe M BbTPELLHaTa 3a Mogdena
p. OusotuHcka. CkopocTtta Ha uHcpunTpauus (W) 3a Bcska
30Ha € onpegeneHa cbobpasHo CpefHOroAMLIHATA CymMa Ha
BanexuTe 3a rp. MepHuK 1 NUTONOXKNTE XapaKTEPUCTUKN Ha
MPUNOBBPXHOCTHWS CROW. YeTnpuTe 30HM Ca KakTo creasa:
30Ha MZ-W1 - Tepaca Ha p. Ctpyma (Wi = 1.25E-4 m/d);
30Ha MZ-W2 - noBbPXHOCTHW paskpuUTUs Ha NarneoreHckus
HeHapywweH komnnekc (W2 = 3,5E-5 m/d); soHa MZ-W3 -



3acerHatu ot Bbrnegobuea nnowwm (Ws = 5E-5 m/d); 3oHa
MZ-W4 - paskpuBaliM Ce Ha MOBBPXHOCTTA Yactu OT
BbravwHmu nnacrose (Wa = 1.0E-4 m/d) — cur. 3.

+ [lo donHuwemo Ha modena rpaHuLaTa e HenpoHuLaema.

+ JlamepanHu npunosbPXHOCMHU  epaHuyu (8 mModeneH
nnacm ML-1): ceBep — rpaHuua CbC 3afafeH NOToK (Mo
npueTa OT PerMoHanHWs MOLEN eKBUMOTEHUManHa NMHUS);
M3TOK — HENpOoHULaema rpaHuLa (no TOKoBa JIMHKS); Kor — .
Ctpyma; 3anaf — rpaHuLa CbC 3agafeH notok (dur. 3).

* JlamepanHume 0b/1I60YUHHU 2paHUyU (MOOEHU ninacmoge
ML-2, ML-3, ML-4 u ML-5): ceBep — rpaHuLa CbC 3aaafeH
MOTOK (N0 NpueTa OT PervoHarnHus Mogen ekBUnoTeHLManHa
NIMHUSY); N3TOK — HEMPOHMLIaeMa rpaHuLa (Mo TOKOBa IMHKS);
for M 3anag — rpaHuLia CbC 3aageH NoTok.

LC-Str (River)

N E—
0 500 1000 1500 m

®ur 3. MpaHnyHK yenosua B mogeneH nnact ML-1

KomnosupaHe Ha ocHoBHUSA nokaneH 3D mogen. OCHOBHM-

a1 3D Moaen e KOMMo3npaH Npu CNeSHUTE U3XOLHW NO3NLAN 1

BXOJHM NapameTpy:

* M3anonagaHm ca nporpama Modflow u noctaHoBkuTE,
WM3MOXEHM B KOHLieNTyarnHaTta cxema.

* MopenHata obnact e [uCKpeTu3uWpaHa C paBHOMepHa
opToroHanHa mpexa. MogembT BknouBa 5 MoaenHu nnacra
n 14 MOZENHW 30HM, YUMTO TPaHMLM Ca WIKCTPUPaHN Ha
cur. 4 v cour. 5. PenedbT Ha fonHULATA W ropHULLATa Ha
MOZENHUTE NnacToBe € CbobpaseH ¢ MopdonorusTa Ha
TEepeHa M CrnoxHaTa reoMeTpust Ha CUMYNUpaHUTE XWApPO-
FEONOXKW eguHuLy (cur. 5).

+ 3agageHuTe B Mopena CTOAHOCTM Ha (OUNTPaLMOHHUTE
xapaktepucTukm (k 1 W) ca npeacTaBequ B Tabn. 1.

* PervoHanHusT noToK e MogenupaH kato no 4acT OT

naTtepanHuTe rpaHuum e 3afafeHo rpaHnyHo yenoame GHB.

Pekute Ctpyma u [MBOTMHCKa Ca CUMYNMpaHW KaTto

TpuMepHu obekT B mnact ML-1 ¢ rpaHuyHo ycnoswe or |l

pog (River), cboteeTHO LC-Str n LC-Div — BX. ur. 3.

MHpUNTpaumnoHHOTO noaxpaHBaHe € 3a4afeHo B MOAENeH

nnact ML-1 ¢ rpaHnyHO ycroeue nogxpaHeaHe (Recharge).

paHNLMTE Ha YETUPUTE 30HM C pa3nu4Ha Bb3MOXHOCT 3a

WHMNTPaUmMs W 3afageHuTe B TAX Ha4anHu CTOMHOCTM 3a

CKOPOCTTa Ha MHUATPaLMs Ca UMCTpUpaHu Ha dur. 3.

KanubpupaHe Ha ocHoBHMA nokaneH 3D mopen. Kanubpu-
pauusTa e HanpaseHa ¢ nporpama PEST (Andersen, 1993).
M3non3BsaHu ca CTONHOCTU Ha u3mepeHuTe npe3 anpun 2013 r.
Hanopu B 33 coHgaxa W 4 NOBbPXHOCTHW BOLHW MyHKTa
(MutkoB n gp. 2013). 3a MMHMMM3MpPaHE pa3nukaTa Mexmy
M3MEPEHUTE U W3YNUCIIEHUTE C MOZENa Hamopu Ca BapupaHu
CTOMHOCTM Ha WMHUNTPaUWOHHOTO nopxpaHBaHe W u Ha
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koedmumeHTa Ha cuntpaums k. MsnonssaHa € cxema, npu
KOSITO BapupaHuTe napameTpyu Ce 3agasart B creuuduumpaqm
TOYKM, @ MHTEepnonauuoHHaTa npouedypa € no MeToga
Kriging. MonyyeHoTo [o6po CLOTBETCTBUME MEXaY hakTudec-
kaTa W mMofenHaTa nuMe3oMeTpus e CBUAETENCTBO 3a YCTOM-
YMBOCTTA M [OCTaTbyHaTa HagEeXAHOCT HA OCHOBHWS MOZEN.
CbwmsT e npueT 3a OCHOBA Mpu pa3paboTBaHe Ha NPOrHO3-
HUTE MOLenw.

ML-5 -~

®ur 4. MpocTtpaHcTBeHa 3D auckpeTU3aumsa Ha MoaenHaTa obnact

Mogenum aonm MOoaenHM 301K
g nnact ML-1 g_nnact ML-2

1000

1500 m 1000 1500m

MonenHu 3oH MonenHu 3omu
g nnact ML-3 g nnact ML-4

®ur 5. Mogenhu 30Hu B nnactoee ML-1, ML-2, ML-3 n ML-4

®ur 6. CTpykTypa Ha hMNTPaLMOHHOTO none B moaeneH nnact ML-1

MopenHu peLueHus. CprKTypaTa Ha (bVIJ'ITpaLlVIOHHOTO none,
MINOCTPUpaHa CbC CbCTaBeHNUTE NOCPeaCTBOM OCHOBHUA I10-



p. Cmpyma

®ur. 8. CTpykTypa Ha punTpaumoHHoTO none B MoaeneH nnact ML-3

-—-_._H).?Gg

®ur. 10. CTpykTypa Ha hunTpaLMoHHOTO none B MoaeneH nnact ML-5
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KaneH MoZen KapTu Ha pasnpefeneHneTo Ha BOGHUTE HUBA B

neTTe MogenHm nnacra (cwr. 6, 7, 8, 9 n 10), nokasea ye:

+ [naBHaTa Nocoka Ha Nog3eMHMs NoToK e KbM p. CTpyma.

« CTpykTypata Ha (UATPALMOHHOTO mone, 0CobeHo B
mogeneH nnact ML-1, B pe3ynTaTt Ha akTuBHUSI BOBOOOMEH
e 3abenex1mo gedopmupaHa okono p. UBOTHHCKa.

* XugpaBnuyHUTE rpagneHTV B CKIOHOBMTE yyacTbum B HO3 n
CW yacT Ha paitoHa ca MHOro ronemu. Tyk ca (opmupanm
BOOOHOCHM 30HU, MeXady KOUTO XnApaBIiM4HUTE BPB3KK Ca
cnabu (Mnu OTCLCTBAT), @ BOAHWTE HWBA B THX Ca yCTaHO-
BEHW Ha PasnuYHM XUMCOMETPUYHM HUMBA.

Tabnmua 2.
OcHoseH nokaneH 3D moden. BoOeH banaHc.

[MpuxoaHN enemeHTH P
a3XO[HN eNEMEHTY (30HM Ha
(M3TOYHMLM Ha NofxpaHBaHe), ,
p ApeHnpane), Qo I/s
Qin , /s
Natepantv rpanuum | 21,28 Tlarepartiv 19,08
rpaHuLm
Peka Ctpyma 8,79 | Peka Ctpyma 9,22
Peka [InBoTuHCKa 1,18 Peka [InBoTuHCKa 2,17
Crapw pyaHU4Hu
WHuntpauus 11,05 | ranepwuu, aeperta, 11,79
pascesHu U3BOpU
O6wo | 42,30 O6wo | 42,26
bana+cosea epewka 0,1 % (difference)

* B no-BogonponycknueuTe YacT¥ Ha paiioHa (B 30HaTa Ha
noa3eMHWTe pyoHMuM u Tepacata Ha p. Ctpyma) u B
gbnbounHa (mmactoee ML-4 n ML-5) nuesomeTpuyHuTE
NVHWW Ca NNaBHW, @ rPaANeHTUTe Ca JOCTa NO-HUCKY.

YacT oT nog3emMHUTE BOAM Ce OTTUYA Ha MOBLPXHOCTTA OT
CTapu pPYQHUYHW ranepuu, OT pasCesHu W3BOpU C
HesHaunTeneH febut unm KbM fepetata. [pyra vacT ce
ApeHupa noa3eMHo B Tepacata Ha p. CTpyma unu U3BbH
rpaHvuMTE Ha MogenHaTta obnact.

BodHusam banaHc 3a paioHa (Tabn. 2) gasa ocHoBaHue aa

C€ HanpaBsT CefHUTE No-BaxHW 13BoAM 1 0606LEeHMS:

+ OOWOTO KOMMYECTBO Ha LMPKyNMpalluTe B MOAENHata
obnacr ¢ nnowy 8,2 km? noasemHu Boay e okono 42 I/s.

+ OcHoBHOTO nopgxpaHeaHe (Hag 50 %) e oT nocTbNBaLMA MO
naTeparnHuTe rpaHuLKM noasemeH notok. MoaxpaHBaHeTo ot
uHGunTpaums e okono 26 %. Moctbneawure ot p. CTpyma
konuyectBa ca okono 21 % OT npuxogHaTa YacT Ha
BanaHca, a ot p. [IuBoTuHcka nasat easa 3 %.

* lMogsemHnTe BOOW Ce OpEHMpaT Ha Kr Mpes natepanHuTe
AbnboynHHM rpanmum (45 %) u B p. Ctpyma (okorno 22 %).
[pyra 3HauuTenHa vact (okono 28 %) ce apeHupa B cTapu
PYOHWYHW  Tanepwuu, [Jepeta M pascesHn  W3BOpU.
OcraHanuTe 5 % ce oTTU4aT KoM p. [JUBOTHHCKA.

MbpBu nporHo3eH moaen

KoHuentyanHa cxema. [TbpBMAT NPOrHO3eH Mogen uma 3a

Len Aa OUeHW Bb3MOXHO MoKayBaHe Ha MOA3EMHUTE BOAW U

MPOMEHN BbB BOAHMS BanaHc npw cCnegHoTo passuUTME Ha

MWHHaTa AeNHOCT:

* BbrnenobusbT B OTKpUTMTE PYAHWUM Ce npekpaTsea, a
3aedHo C TOBa CnMpa M U3NOMMBaHETO Ha BOAA OT PYAHWY-
HWTE KOTNIOBaHM.



+ BopHute HMBa B pygHMUMTE 3anmoyBaT Aa ce Mokayear B
pesynTaT Ha NoA3eMeH BOAOMPUTOK, aTMOCEPHMN Banexm u
MOBBPXHOCTHW ckaToBu BoaM. ChLUEeBPEMEHHO, HMBATA Ha
BOAMTE B NaneoreHCcK1s KOMMIEKC U B CBbP3aHUTE C HETo
XUOPOTEONOXKA €AMHULM CbLWO Ce nokayeaT [0 HOBO
PaBHOBECHO CbCTOSIHME, CLOTBETCTBALLO HA MpOMEHeHaTa
Xnaporeonoxka obCTaHoBKa.

* HanpaBeHuTte C pervoHanHWs Mogen npeaBapuUTenHu
M3YMCTIEHUS, B KOMTO € MPOMEHEHO E€AMHCTBEHO BbTPELL-
HOTO rPaHNYHO yCroBue (BOJOOTIIMBA OT OTKPUTUTE PyOHM-
W), NokaseaT, Ye MpU Tasu HOBa CUTyauus crefsa fga
OvYaKBame, Ye Hanopute MO TpaHULUMUTE Ha OCHOBHWS
nokaneH 3D mopen e ce noBuwWwaT ¢ He noeeye OT 4-5 m B
yCnoBusiTa Ha cTabunuanpana huntpawms.

KomnosvpaHe Ha nbpBusi NPOrHO3eH Mmopgen. [TbpBusT
MPOrHO3eH Mogen e u3usAno 6asvpaH Ha OCHOBHMS NOKAneH
3D mopen. HanpaBeHUTe MPOMEHM 3acsraT Camo BBHLIHWTE
rpaHWYHX YCMOBKUS MO CEBepHaTa W 3anagHata rpaHuua Ha
MogaenHata obnact. B CbOTBETCTBME C KOHLENTyanHaTa cxema
MU C U3BECTEH WHXEHepeH 3anac npu JeduHUpaHe Ha
rpaHuyHoTO yenosue GHB no gBeTe rpaHuumM ca 3afafdeHu
Hanopw ¢ 5 m no-BUCOKM OT NPUETUTE B OCHOBHWS MOZENT.

MporHo3uu pesyntatu. lNonyyeHuTe NPOTHO3HM peLUeHus ca

naaenu B 0606LeH Bua Ha dour. 11 1 12 v Tabn. 3. MpeacTa-

BEHWUTE pe3ynTaTi NoKa3gar:

+ [MokayBaHeTo Ha No43eMHUTE BOAM LUE Bapupa B TBbpae
LMPOKM rpaHmuum — ot 0,1 go 4-5 m.

¢ HuckuTe CTOMHOCTW Ca XapaKTepHM 3a y4acTbLy B 6nm3ocT
po p. OueotuHcka u Tepacata Ha p. CTpyma, Kboeto
nokayBaHeTo Le e Hai-vecTo ot 0,1 o 1-2 m. Hait-Huckute
CTOWHOCTM Ce OTHacAT 3a Tepacata Ha p. Ctpyma. Cnaboto
MOBWLIABaHE Ha BOOHWTE HMBA B TE3W YaCTW CE AbITKM Ha
CPaBHWTENHO NO-BMCOKATa BOAOMPONYCKIMBOCT Ha (unTpa-
LMOHHaTa cpefa W HemocpeacTBeHaTa 6nm3ocT Ha 30HUTE
Ha eCTECTBEHO APEHUPaHE Ha NMOA3EMHNS NOTOK.

+ B paiioHa Ha TpuTe KBapTana MokayBaHETO Ha BOAHWTE
Hnea we e ot 0,3 go 3-4 m. Hai-ronsamo e e B KB.
[paraHoBeL, a Han-HUCKO — B kB. PygHuyap.

Tabnuya 3.
[Tepsu npoeHo3eH modesn. BodeH banaHc.

[MpuxoaHn enemeHTy
Pa3sxogHu enemeHTH (30HKM
(M3TOYHMLM Ha NoAXpaHBaHe), ot |/
A Ha apeHupane), Qo Ifs
Natepantu 2342 Jlatepantu 19,05
rpaHm1Ly rpaHuLy
Peka Ctpyma 8,57 Peka Ctpyma 9,65
Peka [JnBoTuHCKa 1,14 Peka [JnBoTuHCKa 317
CcTapy pyaHU4HY
WHdpunTpayus 11,05 | ranepwu, gepera, 12,32
pa3cesiHu U3Bopy
Obuwpo | 44,18 Obwo | 44,19
banarcosa epewka 0,03 % (difference)

* HesaBucyMO OT MOBCEMECTHO MOKaYBaHe Ha MOA3EMHUTE
BOAM BbB BICOKWTE YacTV Ha TepeHa, TaxHaTa gbnbounHa
Lue e gocTa ronama — okono 15-20 m u noseve. B netute Ha
CKIOHOBWTE  y4acCTblLy, MOHWKeHUTe penedHn opmm,
CyxuTe AepeTa, JonuHaTa Ha p. [IMBOTMHCKa M Tepacata Ha
p. Ctpyma, obaye, BOgHMTE HMBA Ce oOvakBa fAa ce
YCTaHOBAT No-0m130 A0 3eMHaTa NOBbPXHOCT (Hal-4ecTo B
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AvanasoHa ot 1 4o 5 m). Bb3MOXHO € CbLyo 4a Bb3HUKHAT
HAKOW, Makap W MHOro cnabu W CbBCEM OrpaHuYeHn no
MnoLy BOLOMPOSBNEHUS, [MaBHO Mokpail p. [uMBOTWHCKa,
npeam Haenu3axeTo i B CTpymckarta Tepaca.

* He ce oyakBaT Cepuo3HM MpOMEHWN BbB BOAHWS DanaHc,
KaKTo MO OTHOLIEHWEe Ha KOMMYecTBOTO Ha BOJOOOMEHa,
Taka u B CbOTHOLLEHMETO Ha BanaHcoBNTE eNeMeHTH.

+ PasxogbT Ha uUupkynupalwmTe B MOAenHata obnact
NoA3eMHW BOAW e HapacHe ¢ 2 |fs. JombnHutenHust
BOJOMPUTOK LUe MOCTbMBa Npe3 ceBepHaTa M 3anagHata
rpaHuua. [peHnpaHeTo Ha MOA3eMHWs MOTOK e ce
YBENMWNYM B NOCOKa Ha p. AuBoTuHcka ¢ okorno 1.0 Ifs, a kbm
p. Ctpyma ¢ okono 0.4 I/s. [ipeHnpannTe BOAHW KONMYeCcTBa
B CTapuTE ranepum v gepetata cbluo Lwe HapacTHe ¢ 0.5 Is.

28.00
26.00

p. Quedmunxcka

p. Cmpyma
000

®ur. 11. Bropu nporHoseH mogen. [Ibn6o4nHa Ha noA3eMHUTE BoAM
crnep cnvpaHe Ha OTKPUTUSA BbLIMe[o0omB.

5.50
T 500
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050
000

k8. PyaHuuap

p. Cmpyma

®ur. 12. Bropu nporHo3seH mogen. lMokauBaHe Ha NOA3EMHUTE BOAM cnef
CnupaHe Ha OTKPUTUS BbrNeaoous.

BTtopu nporHoseH mogen

KoHuentyanHa cxema. BTopusT nporHo3eH mogen cumynupa

No-eKCTPEMHa XUnoTe3a, C KOeTo Ce Uenu B AbMAroCcpoyeH

NnaH fda ce MporHosupa MakCUManHoTO MoKayBaHe Ha

nog3eMHWTe BOAM B paioHa Ha TpuUTe  KBapTana.

KoHuenTyanHata cxema BkitoyBa:

* Mpvema ce M3UANO CuMynMpaHaTa C MbpBUS MPOrHO3eH
mogen paboTHa xunoTesa, KOATO JOMycKa, Ye cred CnupaHe
Ha BOAOOTNMBA OT OTKPUTUTE PYOHULM HMBOTO Ha
NoA3eMHUTE BOAM MO CeBepHaTa W 3anafHa rpaHuua Ha
Modena B eduH MO-ObfTbl MEPUOA e Ce nokayaT C He
noseye o1 4-5 m.

* B ycnosusta Ha no-npogbmkUTENeH AbXO0BEH Nepuos ce
04aKBa, Ye UHUNTPALMOHHOTO NOLAXPaHBaHE Lie AOCTUTHE
CBOSI MakcuMyM. lMpeaBapuTENHO NPOUrpaHUTE ¢ OCHOBHUS
MO[en BapuaHTK NOKa3BarT, Ye MakCManHuTe CTONHOCTM Ha



ckopocTTa Ha WHunTpaunss W 3a Bcska OT OTZeneHuTe
4eTUpUTE 30HW C pasnuyHa BoponponyckmeocT ca: Wi
1.75E-4 m/d; W2 = 5.0E-5 m/d; W3 = 1.0E-4 m/d n W4 =
1.5E-4 m/d (9 % ot cpegHus Banex).

* HanpaBeHuTe C perMoHanHus Mogen U34nCcneHns nokasear,
Ye MpWU NO-MHTEH3NBHO WHCWUMTPALMOHHO NOAXpaHBaHe
HanopuTe Mo rpaHULMTE Ha OCHOBHWS MOKamneH Mogen Lie
ce nosuLart ¢ okoro 0,5 m npu paBHM Apyrv YCrOBMS.

KomnosupaHe Ha nbpBMA NporHoseH Mmopen. Bropusr
NPOrHO3eH MOAEN € CblOo M3uano 6asupaH Ha OCHOBHUA
mogen. [poMeHnTe 3acsaraT BbHLIHUTE MPaHUYHKM YCIOBUS MO
CeBepHaTa M 3anagHa  rpaHMua Ha  mopgena W
WHUATPALMOHHOTO nogxpaHBaHe. [lpu  peduHupaHe Ha
rpaHnyHo ycnosue GHB no gBeTe rpaHuun ca 3agjageHu
Hanopu ¢ 5,5 m no-B1COKM OT MPUETUTE B OCHOBHUS MOZEN.
ToBa NpeByLLEHWE OTYATA CTIMPAHETO HA OTKPUTUTE PYOHMLN
W WHTEH3MBHOTO WH(UNTPALMOHHO MOAXpaHBaHe W3BBH
rpaHMUMTE Ha  OCHOBHWS  Mogen.  MHMMNTPaLMOHHOTO
nogxpaHeaHe B YeTUpUTE 30HW B MogeneH nnact ML-1 e
3afjafeHo, cbobpasHo mpueTuTe B KOHLEMTyanHaTta cxema
MaKCMMarHW CTOMHOCTM 32 CKOPOCTTa Ha MH(UATPaLMA.

MporHo3Hu pesyntatn. Pesyntatute OT NPOrHO3HUTE
u34mncnenns ca aapeHn B 0606LweH Bua Ha ur. 13, cour. 14 n
1abn. 4. lNpencraBeHnTe KapTM Ha MPOMEHMTE Ha BOAHWUTE
HWBa 1 CbCTaBEHWS BoLeH BanaHc nokasear, ve:

* [lokayBaHETO Ha MOA3EMHUTE BOAM B palOHa Ha TpuUTe
KBapTana M npunexawiute UM TEPUTOPWUW Lie Bapupa B
TBbPAE WKpOoK AnanasoH — ot 0,1 5o 6,8 m.

+ Hait-Huckute croitHoctn (10-15 cm) ce ycraHoBsiBaT B
Tepacarta Ha p. CTpyma.

* B paitoHa Ha KBapTanuTe nokayBaHETO € J0CTa MO-BUCOKO —
Hait-yecto oT 3-4 f[o 55 m. EAMHCTBEHO B loXHaTa
nonoBuHa Ha kB. PygHuyap e no-Hucko — ot 0,1 go 3, m.
HuckuTe CTONHOCTM Ce OTHAcAT 3a Tepacata Ha p. CTpyma.

¢ [JbnboynHaTa Ha Noa3eMHUTE BOAW BbB BUCOKUTE YacTu Ha
pasrnexgaHus paiioH we octaHe ronama (10-15 m wu
noBeye), Makap uYe MOKa4yBaHeTo BCreacTBME  Ha
NPOOBIMKUTENHUTE Banexu TyK e Hait-ronamo (o1 3 go 6-7
m). CblueBpEMEHHO, B HWUCKaTa 4acT Ce O4akBaT Masku
nokausaHus Ha BogHuTe HuBa (o1 0 go 1 m), koeTo
npegnonara 1 cnabo paswwupsiBaHe Ha 30HWTE C MMUTKO
3ansrawyy nogsemHu Bogu. masHo nokpan p. [JMBOTUHCKa, B
neTuTe Ha CKIOHOBETE W AbNOOKUTE gepeTa Nog3emMHuTe
BOOM e ca cbBCeM 6Onu30 [0 MOBBPXHOCTTA, a
BOLONPOsIBNEHMsTa W 3abnatsiBaHusTa Ha TepeHa e
Bb3MOXHO [ja 06xBaHaT no-ronsima TepuTopus.

+ Mog3emHusaT BOJOOOMEH B rpaHMUMTE Ha Mofena Lie ce
yBenuun ¢ okono 3 Ifs.

+ [logxpaHBaHeTo Ha NOL3EMHUTE BOAM OT MHGMATPaLms Le
e ¢ 55 I/s no-ronamo, T.e. ¢ noseye oT 50 % Hap
obuyaitHute cTonHocTM. ChbLLEBPEMEHHO, NOCTHMBALLMS
npe3 ceBepHaTa U 3anagHata rpaHuua Ha Mogena
nogsemeH notok we ce yeenmun ¢ 1,8 I/s. PeuHoTo
noaxpaHeaHe Ce O4aKBa Aa CnagHe nopagy 3HauYUTEenHoTo
MOBWLABAHE Ha HaropuTe BbB BCUYKM  BOAOHOCHM
komnnekcw (6e3 anyeuanHaTa Tepaca).

+ [IpeHnpaHeTo Ha Nof3eMHUTe BOAM NO MOcoka Ha p. [uso-
TUMHCKA e ce yBennuu ¢ npubnuautenHo 1.2 /s, KbMm
crapute ranepun n gepetata c¢ okono 0,9 I/s, a kem p.
Crpyma cbwo ¢ 0,9 I/s.
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p. Cmpyma
000

®ur. 13. Bropu nporHoseH mogen. [Ibn6o4nHa Ha noA3eMHUTE BoAM
cnep Kpasi Ha OTKPUTUS BbrNeAo6UB U NpU NPOALIMKUTENHN AbXKAOBE.
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m

®ur. 14. Mbpeu nporHo3eH mogen. MokaysaHe Ha NoA3eMHUTE BOAN
cnep Kpas Ha OTKpUTUS BbrNeao6UB U NpU NPOALIMKUTENHN AbXKAOBE.

Tabnuua 4.
Bmopu npoeHoseH moden. BodeH banakc.

MpuxoaHn enemeHTH (M3ToYHMUM | Pa3xogHu enemeHTH (30HM Ha
Ha nogxpaHeaHe), Qi , Ifs apeHupane), Qevt, Ifs
JlatepanHu rpaHuLm 21.98 Natepannu rpaHuum | 20.37
Peka Ctpyma 7.92 Peka Ctpyma 10.14
Peka [JusoTuHcka 1.05 Peka [JusoTuHcka 3.34

CTapy pyaHUYHM
WHdpunTpayms 15.56 ranepuu, fepeta, 12.67
pascesiHi U3Bopy
0Obuwo 46.51 Obuwo | 46.52
banarcosa epewka 0.02 % (difference)
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RELATING PLANT GROWTH AND SPECTRAL RESPONSE TO ECOLOGICAL FACTORS
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ABSTRACT. Remote sensing is recognized as a powerful tool in numerous scientific and application fields. Remote sensing surveys have become an operational
technology in managing problems of global importance, such as accelerating environmental changes and ecosystems degradation. The derived information supports
solutions for more rational and sustainable land-use, biodiversity conservation and natural resources preservation. Recent developments in environmental studies are
greatly related to ecological problems arising from increasing anthropogenic impacts on the biosphere and especially on vegetation. The interrelated nature of many
environmental issues imposes the necessity to conduct interdisciplinary research and implement different approaches as well as to share and integrate the acquired
data. Remote sensing provides advanced monitoring and alerting techniques, timely information extraction, modeling and forecasting possibilities used for decision-
making in environmental control policies. In this paper we report results from an experimental study designed to make use of vegetation spectral features in assessing
plant performance under different growth conditions. We investigate and analyze the relationship between growth variables and spectral response of agricultural
species to abiotic stress factors (heavy metal pollution, nutrient deficiency and soil acidity). Multispectral data obtained from ground-based optical spectroradiometric
measurements are examined in terms of the relation to ecological factors and the ability to serve as an indicator of crop performance.

BPBH3KA HA PA3BUTUETO U CNEKTPAJTHUTE XAPAKTEPUCTUKW HA PACTUTENHOCT C EKONOIMYHUTE YCINIOBUA
PymsiHa KbHyega, [JleHuya bopucoea, leopau eopaues

WHemumym 3a kocmudecku uscnedsaHus u mexHonoeuu, beneapcka akademusi Ha Haykume, 1113 Cocpus, rumik@abv.bg;
dborisova@stil.bas.bg

PE3IOME. [ucTaHUMOHHUTE M3CneaBaHus ca Mpu3HaTX KaTo MH(OPMATMBHO CPELCTBO B MHOXECTBO HAy4yHM W MpUNoxHM obnactu. MacneasaHusita upes
[UCTaHUMOHHM HabnlogeHUs ca CTaHanu onepaTvBHa TEXHONMOMWM B YMpaBneHWeTo Ha npobnemu oT rmobanHo 3HayeHue, KaTo Hanpumep YCKOPSIBAHETO Ha
NpoMeHUTe B OKOMHaTa cpeda M Aerpajauusta Ha exocucTemuTe. M3BnedyeHata MHOpMauus noanomara B3eMAHETO Ha PELIeHWst 3a MO-paLyoHanHoOTO U
YCTOIYMBO 3eMENON3BaHe, 3a OnasBaHeTo Ha BUONOTMYHOTO pasHooBpaavre W Ha MPUPOAHUTE pecypci. HOBUTE MOCTINKEHMS B M3y4aBaHETO Ha OKONHaTa cpefa ca
CUNHO CBBbP3aHW C EKOMOTMYHM MpoBnemu, NpousTMYalyy OT YBENMYABAHETO Ha AHTPOMOreHHWUTEe Bb3AENCTBUS BbpXy Guoctepata M 0coBeHO BbpXy
pacTuTenHocTTa. B3auMOCBbP3aHUST XapakTep Ha MHOrO OT NpoBnemuTe Ha OKonHaTa cpefa Harara HeoGXOAMMOCTTa Aa Ce NPOBEXAAT MHTEPAMCUMNIMHAPHM
W3cnefBaHus U fia ce npunaraT pasnuyHK NOAX0AM, KaKTO M Aa CTIOAENsT W 4a Ce MHTerpupat npuaobutute AaHHM. [UCTAHUMOHHUTE M3CneaBaHus npeanarat
MHOXECTBO Bb3MOXHOCTM KaTo MOHUTOPWHI U CUrHamuaupaHe B peanHO BpeMe, HaBPEMEHHO U3BMMYaHe Ha WH(OpMaLWs, MOLenvpaHe M NpOrHo3upaHe,
13MON3BaHK 3a B3EMaHe Ha peLUeHus Mo NONMUTUKUTE 3a KOHTPON Ha OKoNHaTa cpefia. B Tasu pabota npepctaBsaMe pe3ynTtaTi OT eKCnepUMEHTaNHo U3creaBaHe,
MMaLLo 3a Lien Aa Ce W3MON3BaT CNekTpanHUTe XapakTepUCTUKU Ha PacTUTENHOCTTA MU OLEHKA Ha CbCTOSIHMETO Ha MOCEBUTE MPW Pa3nMuHU YCMOBUS Ha pacTex.
Hve u3cneasame 1 aHanuavpame Bpb3kaTta Ha PacTeXHUTE NMPOMEHIBI 11 PETUCTPUPAHATa NPOMsIHA B CMIEKTPaNHUTE XapaKTepUCTUKN Ha 3eMefenckuTe KynTypu ¢
abyOTUYHM CTPeCOBM (HaKTOpH (3aMbpCSBaHE C TEXKU METanM, LehMLUUT HA XPAHUTENHY BELLECTBA U KUCENMHHOCT Ha NoyBaTa). MHOrocnekTpanHuTe AaHHu, KouTo
Cca MomyyeHn Mo Bpeme Ha Ha3eMHM OMTUYHW CMIEKTPOMETPUYHW U3MEpBaHUS, ce pasrnexgar OT rMefHa Touka Ha Bpb3kaTa UM C eKOMOrMYHUTE (hakTopu U Ha
CcnocoBHOCTTa UM fia CriyaT KaTo nokasaTen 3a NPOAYKTMBHOCTTA Ha CENCKOCTONaHCKaTa pacTUTENHOCT.

Introduction Ecological monitoring and control are an objective of a great
variety of projects, multipurpose programs and interdisciplinary

The expansion of industrial development and rapid research. In agriculture, abiotic stressors, including different
urbanization pose serious ecological problems associated with types of pollution, are the most harmful factors concerning
the increasing anthropogenic pressure on the environment. species growth and productivity. Heavy metals are among the
Destructive processes caused by human activities are in the most dangerous pollutants because of their high toxicity to
focus of the scientific research and occupy the attention of ~ Organisms, persistent nature, high mobility, and long biological
social communities and government authorities. Air, water and half-life. They constitute a group of environmentally hazardous
soil pollution and its negative effects on the biosphere with substances whose deposition in soils and easy uptake by
unfavourable short-term and long-term consequences are a species affect soil fertility, plant development and production.
worldwide ecological problem. Industry, agriculture, forestry, In recent time, the desire for food safety and security has
and transportation all generate substances and by-products stimulated research on the danger associated with the
that are considered pollutants and contribute a significant consumption of food contaminated with heavy metals and
impact on the environmental quality. Contaminated other toxins. Soil is the primary recipient of these
environments are a continuing concern because of the contaminants. Plants take up and absorb them and then they
potential risks to natural resources and human health. enter the food chain. Plant damage associated with heavy

metals is of great concern throughout the world because of
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their toxic and mutagenic effects even at low concentration.
Therefore, particularly great interest has focused on heavy
metal-induced stress in plants, its mechanisms of action,
consequences, and prevention (Rodriguez-Serrano et al.,
2009; Bavi et al., 2011; Sobukola et al., 2010; Abii, 2012).

The interrelated nature of environmental problems has
imposed the need of data integration and information sharing
between different databases. Advanced monitoring, risk
detection and early warning techniques, timely information
refrieval, modeling and forecasting possibilites are
prepositions for successful data application and decision
support in developing policies and strategies dealing with
environmental issues. In this respect, remote sensing is an
essential tool in ecology-related research. It plays an
expanding role in vegetation studies and especially for
diagnosis of plant stresses. In agriculture, a primary goal of
remote sensing is the assessment of crop development
throughout the growing season. Agricultural lands are
subjected to enormous pressure and their monitoring and
assessment have become an important economic and
ecological issue. The spreading acceptance of the concept of
precision agriculture running generates much interest in the
early detection of crop stress. The implementation of modern
remote sensing technologies is one of the basic assumptions
of this concept (Seelan et al., 2003; Liaghat and Balasundram,
2010). A lot of attention has been devoted to studying the
influence of unfavourable environmental conditions on species
performance and the relationship with their spectral behaviour.
The impact of stress factors, such as drought, nutrient
deficiency and toxic pollution, is described and evaluated from
plant spectral response data. Various multispectral features
have proven capabilities for crop health assessment and
detection of stress situations (Carter et al., 1996; Penuelas et
al., 1994; Serrano et al., 2000; Filella et al., 2004; Kancheva et
al., 2005; Kancheva and Borisova, 2007; Baret et al., 2007,
Franke and Menz, 2007; Falkenberg et al., 2007).

The interactions between vegetation canopies and incident
radiation lie at the root of vegetation remote sensing. Remote
sensing of vegetation is based on the analysis of plant
reflectance and emittance properties as a function of plant
physiology and morphology. Vegetation spectral behaviour
depends on plant biophysical and biochemical variables and
reveals significant sensitivity to them. Growth variables are
defined by plant development processes and health condition.
This means that variations of plant performance cause spectral
response changes. On the other hand, vegetation health and
vigour are an expression of the growing conditions
(meteorological, soil properties, agricultural practices) including
stress factors (nutrient deficiency, high temperatures, drought,
contamination, etc.). As such, knowledge of plant spectral
response to different environments is necessary to interpret
remote sensing data and extract the information content of
spectral data. The information is carried by the specifics of
vegetation spectral characteristics which depend on biomass
amount, leaf area, canopy cover, chlorophyll content, and etc.
The relation “growing conditions - plant state - spectral
features” determines the informational potential of multispectral
data and provides grounds for vegetation stress detection.

In view of all this, our paper studies various features of plant
spectral response to crop performance and growing conditions.
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We use multispectral data in the visible and near infrared
wavelength range to and describe plant canopies. Growth
variables are associated with the phenological development
and related to crop state and growing conditions. Spectral
variables are used to characterize crop performance under
different conditions. The paper is devoted particularly to
studying the impact of heavy metal contamination and the role
of the soil type and nitrogen fertilization on agricultural species.
The main goal is to examine the ability of spectral signatures to
serve as sustainable stress indicators. Stress factors and their
effects on crop performance (growth and productivity) are
related to plant spectral response in a statistical manner. The
derived empirical relationships allow not only stress detection
from plant spectral data but also stress monitoring during plant
development period and quantitative assessment of stress-
induced growth changes.

Materials and Methods

The paper presents some results of an extended study on
the impact of stresses on crop performance and spectral
behaviour. The research comprised greenhouse and laboratory
experiments. Spring barley, peas and alfalfa were cultivated
under different conditions and controlled combinations of
factors. The pot trials included spring barley grown on neutral
(pH=7.0-7.5) chernozem soil and acid (pH=5.0-5.5) grey forest
soil. These soils were chosen for their different properties and
response to heavy metal pollution. The soils were
contaminated with Ni in concentrations 0 (control), 100, 200,
300 and 400 mg/kg. In addition, different nitrogen fertilizers
were applied to treatments with equal 200 mg/kg Ni
concentrations. Calcium nitrate Ca(NOs)2, ammonium nitrate
NH4NOs and potassium nitrate KNOs were used in amounts to
provide equal N supply. The effects and interactions of the
three factors: Ni, soil pH and N-form, were examined as
conditions influencing crop performance. The trials were grown
from seeding to harvest. Peas and alfalfa were grown in
greenhouse conditions on the same soil types. The stress
factor applied was Cd-contamination of the soil in
concentrations 0, 5, 10, 20 and 30 mg/kg. The experimental
design included also spring barley fertilization treatments with
varying nitrogen supply rates (0, 200, 400, 600, 800 and 1000
mg/kg) of ammonium sulphate (NH4).SO4. The greenhouse
trials were conducted in 3-5 replications. A second set of
experiments comprised peas hydroponically grown in different
media (water and green algae supernatant) and subjected to
Cd contamination in concentrations 0, 5, 10, 20 and 30 mg/l.
The heavy metal was introduced through CdCl2.2.5H20. These
treatments were replicated twice. The variety of growing
conditions and their interactive effects ensured a wide range of
plant performance and physiological status thus causing
considerable variations of the spectral behaviour of the trials.

Reflectance, biometric and phenological data were collected
on the greenhouse treatments throughout the entire growing
season from emergence to full maturity for barley and to
second harvest for alfalfa plots. Visible (VIS) and near infrared
(NIR) multispectral measurements were carried out in the
wavelength range 400-820 nm. Reflectance measurements
were conducted at canopy level at weekly intervals. Crop
performance under varying conditions was characterized by
key growth variables (biomass, canopy cover fraction, height,
pigment content) and yield (alfalfa biomass after harvest and



barley grain production). The datasets were statistically
analyzed to assess and describe the variations in plant
development as a function of environmental conditions (heavy
metal contamination, soil properties and nutrient deficiency).
Multispectral  reflectance data acquired during plant
development were linked to plant variables and stress factors
and examined for the ability to detect and quantify stress-
induced changes in plants. Plant spectral response was
examined for its sensitivity to crop performance (growth
variables and productivity) and the stress level. Analysis of
variance was conducted to determine the statistical
significance of the differences between the samples (between
replications and between different treatments). The analysis of
variance allowed also to reveal the individual and interactive
effects of the applied factors. Correlation analysis of the
datasets was performed in order to determine the presence
and strength of the relation between plant spectral and
biophysical characteristics as well as to reveal the dependence
of these variables on the growing conditions. Through
regression analysis conducted on phenology-specific basis, i.e.
at different phenological stages, empirical relationships were
derived describing plant spectral and physiological response to
the applied factors, Spectral models of plant performance were
established quantifying the stress impact.

Remote sensing techniques make use of multispectral data
to estimate plant biophysical and biochemical characteristics
which are factors effecting plant canopy reflectance. Spectral
variations carry information about plant growth and health
condition, and the goal of data analysis is to extract this
information. A common technique for multispectral data
processing is the use of spectral transforms called vegetation
indices (VIs). They are calculated as various combinations
(Carter et al., 1996; Penuelas et al., 1994; Broge and Leblanc,
2000; Kancheva and Borisova, 2007; Glenn et al., 2008;
Hatfield and Prueger, 2010; Osorio et al., 2012) of the
measured spectral reflectance factors r, and are defined
usually as different ratios at two or more wavelengths or
normalized differences. The wavelengths correspond to
specific absorption and high reflectance regions of vegetation
spectrum in the green (G - 550 nm), red (R - 670 nm) and near
infrared (NIR - 800 nm) range, or are located within the R-NIR
interval (680-780 nm) where the reflection increases steeply.
Various spectral indicators were used in our study to
characterize crop performance under different conditions.

Results and Discussion

In our study we examined a big number of vegetation indices
for their correlation with plant variables and the applied stress
factors. Various ratio combinations in different reflectance
bands were calculated from the acquired multispectral data.
Regression analysis was run on those indices which showed
the best correlation with plant growth attributes and stress
factors, the obtained empirical regressions being significant at
95% level of confidence. Special attention was paid to
temporal aspects of plant spectral properties throughout the
growing period. Statistical relationships were established also
between the stress level and plant spectral and biophysical
response, thus attaching a quantitative measure to the stress
impact on crops. A comparison was made of the evaluated
stress degree from growth and spectral data. The comparison
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demonstrated a very good agreement between the estimates
from stress bioindicators (reduced canopy cover fraction and
biomass, lower yield) and from spectral indicators (vegetation
indices)

In this section we illustrate the performance of some
vegetation indices for assessing plant condition and detecting
nutrient and heavy metal-induced stress. Significant variations
of crop biological and spectral performance were observed
associated with the heavy metal impact. These variations were
more pronounced and statistically meaningful for the trials on
grey forest soil.

In the heavy metal treatments, significant worsening of plant
performance was observed, especially of the trials on grey
forest soil. Stress induced by heavy metals manifested itself in
plant growth depression and resulted in reduced biophysical
parameters. Ni and Cd inhibited also chlorophyll synthesis and
accelerated carotenoid cumulation. Stress-induced changes of
growth variables affected in turn plant reflectance features and
a consequence of plant depression were variations of canopy
spectral response. Strong correlations were found between
spectral indicators and plant attributes. In Table 1 the
correlation coefficients of different vegetation indices with peas
growth variables and Cd concentration are given.

Table 1.
Correlation coefficients between vegetation indices and growth
variables of Cd-polluted pea plants

VI Height | Biomass | Cover | Cd
(rs20 = re70)/(razo + revo) 0.88 | 0.86 0.97|-0.97
rs20,/r670 093 | 0.92 0.99 | -0.97
(rs20 — r550)/(r820 + I'sso) 075 | 0.75 0.931-0.96
T820/T550 0.77 | 0.76 0.94|-0.97
(rss0 — re70)/(rsso +1er0) | 0.96 | 0.96 | 0.97(-0.93
550 / 670 0.97 0.98 0.96 | =0.91
rs20.(rs50 — re70)/(rss0 +rero) | 0.89 [ 0.90 0.98-0.95
re70/(rss0 = Tero) -0.90 |-0.90 |-0.96| 0.94
re70/(rsso + razo) -0.86 [-0.86 |-0.97| 0.97
rsso/ (re7o + razo) -0.71 |[=0.71 |-0.91] 0.95
(re70.r670)/(r620.r720) —-0.90 [-0.89 [-0.98] 097
\/ (rss0.rss0) + (rs20.ra20) 0.50 | 0.50 0.75 | -0.77

One more evidence of the high correlation between spectral
indices and stress factors is Table 2 which presents the
established coefficients of correlation between various VIs and
Cd concentration in the grey forest soil for alfalfa at different
phenology stages. As it can be seen, the stress effect became
stronger with time (and higher the correlation) which is
explained with the longer action of the heavy metal.

The contamination impact on crop growth variables and
reflectance features was quantitatively described by regression
analysis. Notable differences in vegetation reflectance,
especially in the infrared portion of the spectrum, were
attributed to green canopy fraction. This growth variable is a
factor of vegetation spectral reflectance and, on the other
hand, is closely related to other plant characteristics such as
(biomass, leaf area index, density, etc.) being indicative of crop
development. Canopy reflectance signatures considerably
varied with the amount of soil exposed, i.e. with canopy
fraction.



Table 2.

Correlation coefficients between Cd concentration in the grey

forest soil and vegetation indices of alfalfa at different

phenological stages: real leaf (1), rosette (2), button forming

(3), and before flowering (4)
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Seasonal changes are a distinguishing feature of species
biophysical and spectral properties. In agricultural monitoring,
remote sensing time series data are a source of valuable
information about the growth process. This determines the
importance of studying the relationships between crop
variables and spectral response at different stages of plant
development. The temporal behavior of spectral indices
represents a typical canopy expansion and senescence curve
and proves useful for crop growth assessment by tracking the
onset and duration of phenological events. Crop stress
detection from multitemporal data is based on the temporal
trends and characteristics of vegetation index temporal curves
(amplitude, minimum and maximum values, integrated area
under the curve, slopes, and so on). The impact of Ni
contamination on the seasonal behaviour of the (NIR-
R)/(NIR+R) index of spring barley on grey soil is shown in
Figure 1a. In Figure 1b the link between Ni contamination level
and spectral data acquired during the growing season is
shown.
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Fig. 1. Dependence of the temporal behavior of barley (NIR-R)/
(NIR+R) spectral index (a), and accumulated sum of the index during
the growing season (b) on Ni concentration in the grey forest soil

The temporal profiles considerably differed during the
vegetative period. They denoted differences of crop
performance and detected differences of plant condition
related to the occurrence of stress. Temporal spectral patterns
were indicative not only of plant depression but also of the
stress level. The important point is that stresses were observed
throughout the whole growing season and could be already
detected at early stages of the phonological development.
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Seasonally-integrated sums XVl of various vegetation
indices were associated with crop stress response and related
to yield. In Figure 2 an example of yield prediction applying this
model is shown. Using the temporal sum of the spectral index
and the obtained regression equation, the grain yield from
three barley treatments was estimated. The nitrogen fertilizer
type effected plant spectral behaviour, while the other factors
(soil type, contamination, nitrogen amount) were constant.
Good correspondence was found between actual (measured)
and modeled (estimated) yield values, the maximum relative
error being about 12%. Yield prediction models with high
accuray were developed also for half-season VI sums and VI
values at single growth stages. Temporal spectroradiometric
data distinctly tracked plant ontogenetic changes and were
able at the same time to discriminate between plant health
conditions. This explained the fact that accumulated Vs values
during growth were found to be very closely related to crop
yield. An advantage of using multitemporal predictions is that
they account for any unfavorable effects on species
development that exist or might occur during the growing
season, and thus can serve as a type of “dynamic” predictors.
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Fig. 2. Relationship between barley grain yield and (NIR-R)/(NIR+R)
whole-season sum (a); actual (—) and predicted (- - -) from the
regression model barley yield of equally Ni-contaminated (200 mg/kg)
treatments with different fertilizers applied (b)
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Soil properties were another factor effecting plant
performance, especially in combination with other growing
conditions. Neutral chernozem and acid grey forest soils
exhibited different behaviour to heavy metals whose mobility
and uptake by plants increased with higher soil acidity. The
influence of the soil type was statistically significant and
manifested in reduced heavy metal impact on crop growth in
the case of chernozem soil trials and stronger stress impact on
the acid soil treatments. There were not big yield differences
between the control non-polluted treatments grown on both
soils, the grain yield of the chernozem plots being about 10%
higher. The polluted spring barley and alfalfa treatments grown
on chemozem were less affected by the heavy metal than
those on the grey forest soil. As a consequence, much smaller
variations of plant spectral response to contamination of the
chernozem soil were observed. This is clearly illustrated by
Figure 3a and 3b. They show (NIR-R)/(NIR+R) seasonal
profiles of control and equally Ni-polluted spring barley
treatments grown respectively on chernozem and grey soil. On
the contrary, considerable spectral variations were observed
for ftreatments on grey forest soil in relation to Ni
concentrations (see also Figure 1a). The acidity of the soail in
this case increased the mobility and accessibility of heavy
metals to plants thus stronger inhibiting their growth.
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Fig. 3. (NIR-R)/(NIR+R) seasonal profiles of control (1) and 400 mg/kg
Ni-polluted (3) spring barley treatments on neutral chernozem (a)
and acid grey forest (b) soil

Nutrient supply was another factor detected by
measurements of plant reflectance response. Figure 4a shows
the impact of nitrogen concentration in leached chernozem soil
on NIR/G temporal profiles of barley fertilization treatments. As
evident from the plot, nutrient deficiency was clearly
manifested and observed from multispectral data. Differences
in crop reflectance were observed also in relation to the
fertilizer form regardless of the equal nitrogen amount as
illustrated in Figure 4b which presents the variance of NIR/G
temporal behavior of barley frials with equal nitrogen
concentration introduced through different fertilizers. Spectral
reflectance was a reliable sign and measure of plant growth
performance.
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Fig. 4. Temporal behaviour of NIR/G spectral index of spring barley
treatments with different nitrogen concentration:

1- 800 mg/kg, 2 - 200 mg/kg, 3 - 0 mg/kg) introduced through the
same fertilizer (NH4)2804 (a); and with equal nitrogen concentration
(800 mg/kg) introduced through different fertilizers (b): 1 -
(NH4)2804, 2 - NH4NO;, 3 - KNO3

Conclusions

The obtained results indicate that growing conditions cause
statistically significant variations of plant spectral response
associated with the sensitivity of the reflectance properties to
crop growth characteristics. Various spectral features
(vegetation indices) are highly correlated with stress impacts
resulting in our study from heavy metal contamination and
nutrient deficiency. Multispectral and multitemporal data proves
applicable for reliable diagnosis of plants and detection of
stress symptoms. Growth depression expressed in variations
of plant performance is successfully evaluated from spectral
measurements. The derived empirical dependences of
biophysical and spectral variables on factors effecting growth
attach a quantitative measure to plant condition assessment.
They permitted not only to discriminate between depressed
and healthy canopies but also to quantitatively describe
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negative impacts and assess the degree of stress. These
findings highlight a promising strategy for applying remote
sensing techniques and spectrally-based approaches to
characterize dynamic and environmentally sensitive aspects of
species physiological development.
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FIELD SPECTROSCOPY MEASUREMENTS OF ROCKS IN EARTH OBSERVATIONS
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ABSTRACT. Remote sensing applications in Earth observation begin with the design and development of equipment for carrying out research of the monitored
objects remotely and without disturbing their integrity. Ground-truth data in Earth observation of the environment and in the remote sensing investigations are very
important. The main goal in the geological remote sensing is the determination of the chemical and/or mineral composition and the structure of the rocks. For this
purpose the field spectroscopy measurements of the samples of the main rock types are performed. These measurements are made to collect, compile and complete
guide with spectral characteristics of different rocks for their reliable identification and for the determination of their mineral and chemical composition. The
experiments are based on major physical principles such as light scattering, absorption of light, and reflection of light in the electromagnetic spectrum. In the field-
based studies the Thematically Oriented Multi-channel Spectrometer designed and constructed in Remote Sensing Systems Department at SRTI-BAS is used. The
spectrometer with increased spectral resolution works in (400-900) nm range of the spectrum. The obtained spectral data are compared with similar data from
different instruments for Earth observation included in the spectral libraries. They correspond to the shape of the spectral signature in the same spectral range
obtained with other spectrometers. These promising results encourage us to plan the next campaigns for the field spectroscopy measurements in different regions of
Bulgaria.

TEPEHHU CNEKTPOMETPUYHU U3MEPBAHWA HA CKANU B KOMNNEKCHUTE HABJIIOOEHWA HA 3EMATA
JeHuua bopucosa’, baHyw BbaHywee?, [oliHo [lemkoe?, BanenmuH Amaracos’

1MHcmumym 3a KocMuYecKu uscredgaHus U mexHonoeuu, buneapcka akademus Ha Haykume, 1113 Cogpus, dborisova@stil.bas.bg
2MunHo-2e0M0XKU yHUSepcumem "Ce. Mear Purnicku"”, 1700 Cocpusi, banushev@mgu.bg

PE3IOME. MpunoxXeHWeTo Ha CTbTHUKOBUTE M306paKeHNst pyu koMMnekcHUTe HabnioaeHns Ha 3emsTa 3ano4Ba C NPOEKTUPAHETO U KOHCTPYMPaHeTo Ha anapaTypa
3a U3BbPLUBAHE Ha HabNoAEHUs Ha U3yyaBaHuUTE 0BEKTY OT pa3cTosHWe W 6e3 a ce HapyluaBa TsXHaTa LsanocT. Ha3eMHUTE AaHHW Ca MHOTO BaXHU B MOHUTOPWHIA
Ha OKOnHaTa cpefja W B AUCTaHLMOHHM U3cneaBaHust Ha 3emsiTa. EfHa OCHOBHA LEN B AUCTaHLMOHHUTE U3CTENBAHUA 32 HYXAUTE HA reonorvsita e onpeaensiHeTo
Ha XMMUYHUS! M/ MUHEPaseH CbCTaB M Ha CTPYKTypaTa Ha ckanuTe. 3a Tasu Len ca M3BbPLUEHU NOMNEBM (TEPEeHHI) CNEKTPOMETPUYHM U3MepBaHUs Ha 0Bpasum ot
OCHOBHWTE BWAOBE Ckanu. Te3an W3MepBaHMs ca HanpaBeHu, 3a Aa ce cbbepe, CbCTaBW W MEPUOAMYHO [a Ce MOoMbiBa PbKOBOACTBO CbC CMEKTPanHu
XapaKTepUCTUKA Ha PasnuU4HUTE CKamu C Lien TAXHOTO HaAEXAHO WAEHTUMULMPaHe 1 3a ONpeaensiHe Ha MUHEPanHUS U XMMUYHWUS UM cbeTaB. EkcnepumeHTuTe ca
6asnpaHn Ha OCHOBHM (DM3MYHM MPUHLMMKM KaTo pasceiiBaHe, abcopbuws W OTpaxeHWe Ha CBETNMHATA B enekTpomarHuTHus cnektsp /EMC/. B TepeHHuTe
NpOyYBaHUs € U3NoraBaH TEMaTUYHO OPUEHTUPAH MHOTOKAHAMEH CMIEKTPOMETHP, NPOEKTUPaH 1 u3paboTeH B cekuust CuCTeMM 3a AUCTAHLMOHHM W3CrefBaHus
/COWI B UIKUT-BAH. CnekTpomeTbpbT C MOBUILEHA CriEKTpanHa pasgenutenHa cnocobHocT paboTu B auanasoHa Ha EMC (400-900) nm. MonyyeHnTe cnektpantm
[aHHW ca CpaBHEHM C NOLOGHW AaHHW OT Pa3nu4HKN WHCTPYMEHTU 3a HabnioaeHue Ha 3emsiTa, BKIIOYEHW B cnekTpanHu 6ubnuoteku. MonyyeHuTe 3aBucUMOCTM
CbOTBETCTBAT Ha (hopMaTa Ha CMEeKTparHuTe CUrHaTypu B CblUMsi 06XBaT Ha CreKTbpa, MOMyYeHu C ApYri CrekTpoMmeTpu. Tesn obellaBalyy pesyntatu Hu
HacbpyaBaT Aa nraHupame crieaBaLly kamnaHuy 3a TepeHHI CrIEKTPOMETPUYHN M3MEPBAHWS B Pa3nnyHN PerMoHyn Ha bunrapus.

Introduction such as light scattering, absorption of light, and reflection of
light in the electromagnetic spectrum (EMS). Field spectral
Remote sensing using geophysical principles begins with the measurements were made with Thematically Oriented Multi-
development and design of equipment for performing research ~ channel Spectrometer designed and constructed in Remote
of objects remotely and without disturbing their integrity. In ~ Sensing Systems Department at SRTI-BAS. The spectrometer
geological remote sensing studies the determination of the with increased spectral resolution works in (400-900) nm range
chemical/mineral composition and the structure of the objects ~ Of EMS. The results are compared with similar data from
within the field of view of the instrument either obtained in the ~ Spectral libraries. They correspond to the shape of reflectance
lab, with a field spectrometer, or with a remote sensor is a spectra in the same range of EMS obtained with other
main goal. Or in other words: “What kind of rock am | looking spectrometers.

at?” For this purpose field spectrometric studies of rocks were

made to collect spectral signatures of different rock types for

the reliable detection and identification of their mineral and Theory and Methods

chemical composition. The aim of this study is to present and

test the procedure of preprocessing of the field spectrometric Physical principles. Main physical principles that are based
data. The experiments are based on major physical principles for performed experimental measurements are: scattering,
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absorption and reflection of the solar radiation in the visible
range of electromagnetic spectrum (ems). Two major
definitions which refer to the measurements carried out:

* Rocks are natural mineral aggregates and thus considered in
the experiments;

* Hapke’s equation to model the reflectance (I, ) from an

exposed rock (Hapke, 1981). The point of all of this is that with
knowledge of known optical constants of various minerals and
the angle of incident and emitted light, we can model the
reflectance of a rock with mixed minerals and grain sizes.

v\
.I*'. .I‘ b
‘H R

Fig. 1. Physical processes in solid transparent parallel plate

What does the solar radiation do when it hits a rock? When
the radiation reaching the object (in this case - the rocks) it
simultaneously scattered, reflected off of the grains either away
from the surface or onto other grains, refracted through a grain
onto other grains and absorbed by a grain. Thus the physical
processes occur simultaneously (Figure 1) and following
physical laws and relationships are applied:

+ Beers Law (exponential law of absorption):

| =1, (1)

| - observed light intensity [Wisr], 1,

[W/sr], k — absorption coefficient (kK = 4K /A ) [m"] and x is
the distance traveled through the medium [m].

— original light intensity

* Intensity of reflected solar radiation 1, [Wisr]:

{2
&

R is the reflection coefficient, is defined for two types of media,

(3)
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and is not dependent on the direction of propagation and n is
the relative refractive index of the reflecting medium.

+ Spectral reflectance (measured in the field):

r,=L,/L

calib 4)
represents a measure of the ability of a surface to reflect solar
radiation which criterion is equal to the ratio of reflected solar

radiation by the object for each wavelength L, [W/(m2.sr)] to
reflected solar radiation by the calibrated reference surface the
same wavelength L, [W/(m2sr)] in the same conditions of

these measurements. Resultant graph plotted as a functional
dependence I, vs. A is called the spectrum or the spectral

reflectance characteristics, or the spectral signature.

Spectrometric measurements. The field spectrometric
measurements in this research are performed using the
thematically oriented multichannel spectrometer (TOMS)
working in (400 - 900) nm range of the EMS (Petkov et al.,
2005a,b). The main measuring device of the field spectrometer
TOMS is USB2000 (Ocean Optics, 2013).

The preprocessing is an important part of analysis of imaging
spectrometry data and is relevant to a quantitative estimation
of the data. It includes realization of characterization and
correction procedures eliminating at sensor effects and data
correction algorithms accounting environmental conditions.
The measured radiance is influenced by a number of factors
such as instrument response characteristics, atmospheric
conditions, changes in scene illumination and viewing
geometry.

More spectrometer characteristics will be expected to remain
constant through instrument life and can be characterized in
laboratory condition, while others will be expected to change
during the operating mode and these must be corrected at the
field work The characterization methods and correspondence
procedures are determined in detail on the basis of error
analyses. The frequency of characterization processes and
algorithm update will vary with rate of errors change.

The following preprocessing procedures are expected to be
considered critical for data calibration:
- atmospheric correction;
- spectral data correction;
- radiometric data correction.

Atmospheric correction reduces the radiance at the sensor to
a reflectance value at the object.

When detailed radiometric correction is not feasible,
normalization is an alternative could be makes the corrected
data independent of multiplicative noise such as topographic
and solar spectrum effects. This can be performed using white
calibrated target (reference standard), and the results are
based on the relationship between radiance and reflectance.

A way for preprocessing of spectrometer data is indicated in
the flow diagram (Figure 2).
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Fig. 2. Preprocessing data flow diagram

The preprocessing algorithms of the received data are
performed by the software of the spectrometer and include: the
correction for electrical dark, the noise correction, the
radiometric correction, the statistical correction and calibration
(Atanassov and Jelev, 2004; Atanassov et al., 2005). The
atmospheric  correction is not needed in these filed
experiments because of the low distance between the studied
object and the fore optics of the spectrometer (see Table 1).

Table 1. Additional information per experiment

In Table 1 as a part of the preprocessing data the additional
information is presented. In addition we have to take in account
GPS-coordinates of the field points of measurement (GPS),
weather conditions of the measurements in the field
experiments (atm), the integration time for each acquisition

(t,), the number of statistically averaged spectra (A, ) and the

distance between the object and the device fore optics ( H ).

point object GPS coordinates Mountain atm t,ms A, H,,, cm
1 monzonite N42°35'18" E23°17°34" Vitosha clear, shadow 5 100 10
2 granite N42°09'14” E23°19'53" Rila clear, shadow 5 100 10
3 diorite N43°07'39" E23°08'04” | Stara planina | clear, shadow 5 100 10
4 reference standard at every point at every point | clear, shadow 5 100 10

Short petrographic description. Plutonic rocks in the Vitosha

mountain leucosyenites  and

are gabbro,

monzonites,

magmatic

K-feldspar, quartz, plagioclase, biotite and zircon
and secondary - sericite, chlorite and clay minerals.

granosyenites (Oumutpos, 1942), which according to modern
petrographic  nomenclature are monzodiorites, quartz-
monzodiorites, quartz-monzonites, syenites, and quartz-
syenites ([Jaboscku 1 ap., 2009). Field spectrometric studies in
the area of Hotel Moreni are made for the monzonites.
Monzonites are colorful, grey-greenish, and medium-to-coarse-
grained, with a massive structure and monzonitic texture. The
rock-forming minerals are plagioclase, K-feldspar, augite,
amphibole, biotite, a little quartz, accessory magnetite, apatite
and titanite. The rocks are relatively fresh, with the rarely
overlaped secondary mineral association - sericite, clay
minerals, carbonate, epidote and chlorite.

In Rila Mountain the area of the locality Kirilova polyana is
consisted of high-grade metamorphic rocks, metamorphosed
ultrabasic and basic igneous rocks; called South Bulgarian
granitoids, aplite-pegmatoid granites and fine-grained biotite
granites. Spectrometric studies were made of the fine-grained
biotite granite. They expose near Kirilova polyana and in the
West direction and form the Monastic Body. Fine-grained
biotite granites are light gray with a massive structure and
hypidiomorphic  texture. The rock-forming minerals are
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On the road to the village Barziya in about 3 km after
Petrohan pass are revealed magmatic rocks from Petrohan
pluton. It is a complex magma body emplaced into rocks of
Berkovska and Dalgidelska groups. It is made of several
magmatic phases: the first is gabbro, widespread in northern
part of the pluton near Berkovitsa; the second is represented
by diorites, and the third - by granodiorites. The largest areas
occupy diorites and granodiorites. Field spectrometric studies
have been made of the diorites. They are gray, grey-greenish,
medium-grained, and uniform-grained. Their structure is
massive, and the texture — prismatic granular. The main rock-
forming minerals are plagioclase (andesine) and amphibole,
secondary — biotite and augite, and accessory - titanite and
magnetite.

Results and Discussion

For the reflectance calibration of the spectrometric
measurements in the field we used a reference standard. The
field standards are reference materials that should exhibit a
highly Lambertian reflectance over the whole spectral range of
interest. In addition, the reflectance of the materials should be



insensitive to the bidirectional reflectance distribution function
effects and should reflect at least more than 80% of the
incoming solar radiation.

Since contamination of the standards material is often a
problem, the spectral and spatial characteristics should not
degrade over time and — if used frequently in the field — should
be able to be washed or rinsed to remove contamination or
particles such as mud, sand or others (Schaepman, 1998). The
used reference standard is made from barium sulphate and its
surface exhibits lambertian behavior (Figure 3).

120 1
.
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© 40 - == point 2
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O T T T T 1
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wavelength, nm

Fig. 3. Reflectance spectra of the used reference standard

In Figure 4 the presented reflectance spectra of three rock
types are resulted as following the above described procedure.
The obtained spectral data are pre-corrected under laboratory
conditions.

100 -
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Fig. 4. Reflectance spectra of the studied rocks

The received, preprocessed and analyzed data are compa-
red with similar data from the spectral libraries (USGS, 2013).
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The spectral libraries represent the collections of spectra of
numerous minerals and rocks obtained using the
spectrometers with high radiometric and spectral resolution.
Collected spectra could be compared with other spectra in
order to be more accurately identified objects of comparative
research. It is particularly important to take into account that
data from different spectrometers should be compared only
when they are converted to the criterion of comparability - the
reflectance coefficient. Such spectral libraries are the basis for
comparative remote sensing studies of rocks.

Conclusions

The procedure of the preprocessing of the field spectrometric
data is presented and tested. Obtained with the spectrometer
TOMS the reflectance spectra of the studied rocks correspond
as form and values of spectral reflectance in the same range of
EMS to the similar signatures received using other
spectrometers and presented in the spectral libraries.
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NEPCNEKTUBX 3A HAKITOHEHO-HACOYEHO COHAMWPAHE B HAXOAULLATA HA
BbIMEBOJOPOAU B BBbIIFTAPUA

Jobpomup Heyos

MurHo-eeonoxku yHusepcumem ,Ce.Mear Puncku®, 1700 Cogpusi, necov_21@yahoo.com

PE3IOME. CoHavpaHeTo 3a TeYHW NMONe3Hu 13konaemu, B YacTHOCT BbINeBoaopoay, B Bbnrapus aatvpa ot npegy noseye ot 50 roguHn. HatpynaHusT coHpaxeH
toHa npe3 uenus To3u nepuog (noseve ot 3000 coHgaxa) HW JaBa NoapobHa xapakTepucTuka Ha OTKpUTUTE 1 pa3paboTeHn HedTeHU, ra3oBW W KOHAEH3aTHM
HaxoguLya, TEXHUTE CTPYKTYpU, pexumu Ha paboTa 1 3anacu. Tbil KaTo BCUYKM Te ca B NOCNeAeH eTan Ha paspaboTka, ¢ HamansBealy A0BvB 1 yBenuyaBallo ce
BOHO CbAbpXKaHWe MHTEPEC 1 NPEAU3BUKATENCTBO € Aa Ce NPUNoXaT METOANTE Ha HaKIOHEHO-HaCOYEHOTO COHAMPAHe Ha MecTa, B KOUTO UMa OCTaHamnu Heapexu-
paHy y4acTbLy OT NPOLYKTUBHUTE XOPU3OHTM U Taka OT efiHa CTpaHa, ja Ce BbpHaT BIOXEHUSATA 3a OTKMOHsSBAHE Ha COHAaX, a OT pyra — Aa Ce y4bIlKM eKkcnnoa-
TauusiTa Ha KOHKPETHOTO HaxoauLle. Tean MeToau ca OTAaBHa NpuraraHu HaBCsIkbAE N0 CBETA U Ca Ce Jokasanu kKaTo MKOHOMUYECKM edhekTuBHN. Baemaliku npea-
BW[ HaNWN4HaTa reonoxka, reouanyHa, TEXHOMOrMYHA U TEXHUYECKa MHGOpMaLMs MOXEM [ja ONpeaeninM NepCrekTMBHUTE OT MKOHOMUYECKW FeAHa TOUKa COHAaXM
3a Haxopuwata [lontn [b6Huk, Mophu Ib6HuK, [onHu Jlykosut, TioneHoBo v gp. TS BKNKOYBA AbNOOYMHN U MOLHOCT Ha MHTEPECYBALLMTE HI XOPU3OHTH, NNAacToBM
HansiraH1s 1 NOBEEHMEeTO UM NPe3 rOANHITE Ha eKchrioaTalysl, KayecTBa Ha CKaNIUTe-KONeKTOpH, PEXMMU Ha paboTa Ha COHAAXWTE, TEXHONOMYHOTO U3MbITHEHWE
Ha OTKNOHEHUSTA W TEXHUYECKUTE CPELCTBA 3a NOCTUrAHETO My W, pasbupa ce, METOAUTE 3a MOBTOPHO NMPeAU3BUKBAHE HA MPUTOK B COHOaXa W BLBEXIAHETO My B
pabota.

PERSPECTIVES FOR DIRECTIONAL DRILLING IN HYDROCARBON FIELDS IN BULGARIA
Dobromir Netsov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, necov_21@yahoo.com

ABSTRACT. Drilling for hydrocarbons (oil, gas and condensate) in Bulgaria has a history for more than 50 years. The drilled wells (more than 3000) during this
period give us full characteristics of the discoveries and exploration of our oil, gas and condensate fields, their structures, working regimes and reserves. Due to the
fact that they are all in their last stage of development, with constantly decreasing production and increasing water content, it is rather interesting and challenging to
apply the methods of horizontal and directional drilling in such areas of the fields that are not fully extracted yet. Success in these operations could mean that on one
hand we would return the investments we give for directional drilling and on the other hand — we prolong the life of the field. This is widely used all over the world with
very good economic effect. Having all the geological, geophysical, technological and technical information in mind we can determine the economically perspective
wells in some of our Bulgarian fields — Dolni Dabnik, Gorni Dabnik, Dolni Lukovit, Tulenovo etc. This information should contain debts and widths of pay zones, layer
pressures and their behavior during the years of extraction, rock characteristics, well working regimes, technological execution of the directional well and the technical
means for its realization and last, but not least the methods for making secondary flow in the well and extracting it.

BuBepeHue Bsemailkn npedBug HanuyHata reonoxka, reoguanyHa,
TEXHOMOMMYHA W TeXHMYecka MHGopMaLMs Moxe Aa ce onpe-
CoHavpaHeTo 3a TeYHM MONEe3HW W3KOMaemu, B 4acTHOCT AenuAT NEPCNeKTUBHUTE OT WKOHOMWYECKM TNedHa Touka
BbLIMEBOAOPOAY, B Bbnrapus aatupa ot npeau noseye ot 50 CoHmaxu 3a Haxoguwarta [onHu [uOHuk, MopHu [Jb6HuK,
roavHI. HaTpynaHusT coHpakeH (hoHf npes Lenus To3u ne- HonHu Tykosut, TioneHoBo 1 ap. Ta BKMoYBa: AbNGOUMHI W
puoa (noseye ot 3000 coHpaxa) faa noapobHa xapakTepuc- nebenuHa Ha NepcnekTUBHIUTE XOPU3OHTU; MNAcTOBW Hansra-
TKA Ha OTKPUTUTE U pa3paboTeHn HedTeHw, ra3oBu U KOH- HUS 1 NMOBEAEHNETO UM Npe3 TOAMHUTE Ha ekcnnoatauns;
[IeH3aTHN HAXOMMLLA, TEXHUTE CTPYKTYPU, pexiummn Ha pabota KauecTBa Ha CKanuTe-KONEKTOPU; PEXUMU Ha paboTa Ha COH-
1 3anacu. Thil KaTo BCUYKK Te Ca B NOCMIEIEH eTan Ha paspa- [AXMTE; TEXHOMNOTUYHO U3MbIHEHWE HA OTKMOHEHWSTA U Tex-
BoTka, ¢ HamansieaL, JO6MB 1 YBENNYABALLO Ce BOAHO CbAbp- HUYeCKMTE CpeacTBa 3a NOCTUraHETo My W METOAM 3a MOBTOP-
XaHue, MHTepec W Npeamu3BUKaTENCTBO € fa ce npunoxar HO NPeau3BMKBaHE Ha NMPUTOK B COHA@Xa N BbBEXOAHETO MY B
METOAMTE Ha HaKIOHEHO-HACOYEeHOTO COHAMpaHe Ha MecTa, B pabora.

KOWTO MMa OCTaHamnM HeLpeHUpaHn y4acTbLu OT NPOSYKTUB-

HUTE XOPW3OHTU W Taka, OT edHa CcTpaHa, Aa ce BbpHaT BIO-

XEHWUATa 3a OTKMOHABAaHE Ha COHAaX, a OT Apyra — fa ce AHanu3 Ha HanuM4yHaTta MH(bOpMauMﬂ

YOBMKA ekcnnoaTaumMsaTa Ha KOHKPETHOTO Haxomuule. Teaw

MeToauW ca OTaBHa NpunaraHn HaBCAKbAE NO CBETa M ca ce Cnep npenBapuTenHa nogpofHa OLeHka Ha Haxoguwara

[JoKa3anu KaTo MKOHOMUYECKN ehEKTUBHN. FopHu v OonHu ObOHMK ca u3bpaHu 3 coHaaxa, NoaxoasLim
3a OTKIOHEHNE — 03HaueHu ycnoBHo P-1, P-2 [lonHn [b6HMK 1
P-3 lophn [ObbHuk. Pasrneganu ca koopauHaTUTE Ha Xapak-
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TEPHUTE TOUKM 3a 3aps3BaHe HOB CTBON 3@ BCEKM OT TAX —
AbnboynHa u gebenvHa Ha NPOaYKTMBEH XOPU3OHT, TOYKa Ha
OTKIOHSIBaHe, ToYka Ha obcaxaaHe, 3aboi, MHTEH3UBHOCT Ha
U3KpUBSIBAHE, NNACTOBW HansiraHus v T.H. BvrnesogopoaunTe B
Te3n Haxoouwa ce Hamupat B ckanute Ha CpegeH Tpuac —
Anu3s (T2a) u 3aToBa Tpsabea Aa ce 3Hae MbPBOHAYaNHO KakbB
€ 0BT recnoxkM paspes Ha BCEKW OT COHOaxXMTE Mog Tou-
kaTa Ha 3apsi3BaHe (YCMOBHO CMpsIMO koTa poTop — 5 m). Tosm
paspes e AafeH 3a BCEKU OT TpUTe coHgaxa B Tabn. 1,2 un 3.

Tabnuua 1.
Paspes nod modykama Ha omkrioHsieaHe 3a coHOax P-1 [JonHu
LJb6HUK

Obn6oynHa,
dopmaums m neﬁ?ﬂma’ Nutonorusa
ot o
KacnuyaHcka Baposuum n
ceuta (K) 2300 | 2514 214 LIONIOMUTH
I'IneBeHccf:Ka cBuTa 2514 | 2742 208 Baposuum
(J2"+Ja)
AprunuTu,
OsupoBcka cBuTa 2742 | 2816 74 anesponuTu n
(J1-J2) OpraHoreHHm
BapoBULY
AprunuTu
NMbCTPOLIBETHU C
ropHO,Cl,'b6HI/IrLLIKa 2816 | 2909 03 NpPOCINONKN OT
ceuta (T3') NACLYHMLUN U
nnacTt oT axug-
puTH
AprunuTm nbc-
FopHoub6Hanun<a 2009 | 3027 118 TPOLBETHU, KbM
cauta (T3") ocHoBara cuBK
1 BapoBUTU
OonomMut TbMm-
HOCUBW, M-
I'Ipecnchk:Z»%\ cBnTa | 5007 | 3114 87 HeCTW 1 aHxua-
(T37) puTtn 6enmn go
cvBobenu B
pefyBaHe
Baposuum,
PycuHoBaencka [ONOMUTU3VPHN
ceuta (T%7) 3114 | 3220 106 BapoBULM 1
[onomMuTH
MwTpoBcka cauTa Aprunuti n
(T, +T.4) 3220 | 3355 135 BAPOBULM
LonHoabOHULLKK 'E‘gngg:g”
uneH Ha JonpeH- 3355 | 3550 195 p
KaBEPHO3HU 1
cka cauta (T,a)
HanykaHmu

W 3a TpuTe coHpaxa AHU3LT € MPeAcTaBeH OT MOPECTH,
KaBEPHO3HW 1 HamykaHu JOMOMUTK C AOKa3aHa MpoMuLLIeHa
HehTOra3oHOCHOCT, kaTo 3a Haxoauwwe [onHn [ObbHuk nebe-
nuHata um e okono 150 m, a 3a MopHu JbbHuk — okono 60 m.
Mpu 3apsi3aH HOB CTBON BbB BCEKM OT COHAaxuTe TpsiOBa Oa
ce nperneaaT HanpaBeHWUTe kaBepHorpamu npean obcaxaaHe
¢ 5 3/4“ obcapHa konoHa (po3es u [eoprues, 2008; PoHp Ha
Ovpekups Mpoyusane®, 2008). Ha dur. 1, 2 n 3 ca papequ
CerallH1Te KOHCTPYKLMM Cref NpOKapBaHETo 1 3aBbpLLUBAHETO
Ha coHpaxuTea Ha ur. 4, 5 1 6 - CbOTBETHUTE MHKNWHOPa-
MW, KOUTO HW OPUEHTMPAT Kbie Aa 6baaT TouKUTE Ha OTKMO-
HeHusiTa um (Pong Ha Oupekums ,MpoyusaHe”, 2008).

HanuyHute AaHHW 3a CbBPEMEHHWTE TEXHONMOMMYHO W Tex-
HUYECKO CbCTOAHWA Ha COHAaXuTe — Bpeme U AGGVITI/I Ha
nocnegHuTe Ao6WBHY, pesynTaTit OT MPOMMLLNIEHN M3NUTBAHMS,
NPOXOAMMOCT Ha BEPTUKarHWA CTBOM W T.H. 4aBaT Bb3MOX-
HOCT [a Ce NpUCTBN KbM U3BMpaHe Ha MACTOTO Ha CrioMeHa-
TUTE MO-TOPE XapakTepHW TOYKW Ha npoduna, KOWTo Le ce
3apa3Ba. [eorpadckTe KOOpAMHATA Ha YCTWSTa Ha Tpute
COHAaXa Ca NoKasaHW B CpaBHWTenHa Tabnuua (tabn. 4)
Mexgy no-crapata u Bee olle u3nonssaHa y Hac MKC (leoge-

3M4Ha KooopaMHaTHa cuctema) u no-Hosata WGS-84 (World
Geodetic System).

Crep ToBa TpsibBa Aa ce onpegensT ABe XapakTepHW TOUKM
OT HOBWS CTBOM — TOYKA Ha obcaxaaHe W Ha 3aboi. MMbpeata
OT TSIX € BaXHa Mo [Be NpU4MHK: 1) cned AOCTUraHeTo i COH-
JaxbT TpsbBa aa ce obcagm v no-HaTaTbK Aa ce mpokapa ¢
ONeKoTeHa NPOMMBHA TEYHOCT, NOPaAM HANMNYMETO Ha aHOMa-

Tabnuua 2.
Pa3spes nod moykama Ha OMKIIOHsI8aHe 3a CoHOax P-2 [JonHu
[b6HUK

ObnbounHa,
dopmaums m ﬂeG?MHa, Nutonorus
oT oo
Kachancha 2300 | 2468 168 Baposuuy un
ceuta (Ky) [0NoOMUTH
MneBeHcka Baposuum
camTa (J,"+Jg) 2468 | 2690 222
AprvnuTy,
OsupoBcka 2690 | 2766 76 anesponuTu u
cauta (J1-Jz) opraHoreHHu
BapoBuUM
ApryunuTu nbeT-
POLBETHU C MpO-
rOpHoﬂb6HMrLUKa 2766 | 2876 110 CIOWKK OT nsi-
cauta (T3)
CbYHULM U NnacT
OT aHXMapuTU
AprunmTi nbeT-
FopHoub6Hanm<a 2876 | 2996 120 POLBETHU, KbM
cauta (T3") ocHoBaTa CMBU 1
BapoBUTYU
LonoMuTn Tbm-
Moecnascka HOCWBM, TTIMHEC-
P Kk2-3 2996 | 3087 91 TU U @HXMOPUTH
cauta (T;°7)
6enu oo cueo-
6enu B pegyBaHe
Baposwuuu,
PycwHOBnekJ;nga 3087 | 3176 89 [0MNOMUTU3MPaHU
ceuta (T3°7) BapoBMLUM U
O0NoMUTH
MuTpoBcka Aprunutun n
canTa (T, +T4") 3176 | 3283 107 BapOBULIN
LonHoabOHULLKK LonomuTn
uneH Ha [own- 3283 | 3389 106 nopecro-
peHcka cBuTa KaBEpHO3HM 1
(T5%) HanykaHu

Tabnuua 3.
Paspe3 nod moykama Ha omkroHsisaHe 3a coHdax P-3 [opHu
[bbHuk

[Obn6oynHa,
dopmaums m ﬂeﬁ?ﬂma’ TNutonorusa
oT oo
C;ﬂgi‘j‘:‘f’fl) 2650 | 2742 92 Baposuuu
OsupoBcka cBuTa Aprunuty, anes-
(Jr-Ja) 2742 | 2782 40 ponnTK 1 opraHo-
™2 reHHN BapoBULM
AprunuTu nbCT-
pouBETHU, Ha
Koanonymf]:l(ra 2782 | 3134 350 MecTa CUBMK U
ceuta (T3 ) BapoBUTH, C
NPOCIIONKN OT
NACHYHULIM
LonomuTtu Tbm-
Mpecnascka HOCWBM, FNIMHECTU
K2-3 3134 | 3223 89 N aHXMapuTH
ceuta (T3°) 6
env oo cnusobnu
B pefyBaHe
Baposwuum, gono-
Pycmoaneggka 3223 | 3303 80 MUTU3NPaHU
ceuta (T3°) BapoBULM U
[onomMnTH
MuTpoBcka Aprvnutu n
ceua (T, +T) 3303 | 3392 89 BAPOBULY
[onHoabOHNLLIKK [onomnTn nopec-
uneH Ha [own- 3392 | 3448 56 TO-KaBepHO3HN 1
peHcka cBuTa HarnykaHu
(T2%)
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®ur. 6. UHknuHorpama 3a conpax P-3 FopHu Ob6HMK

MIHO HWCKO NNacToBO HansraHe B NPOAYKTUBHWS XOPWU3OHT
BCMEACTBME AbNrOroAMiIHaTa ekcnnoatauus M 2) puck oT
3aMbpCsiBaHe Ha Xopu3oHTa. Tasn Touka e Han-gobpe ga
Obae. ToBa TpsibBa [1a cTaHe Ha He noeeye oT 10 m Hap rop-
Huweto Ha CpeoHus Tpuac — AHus. Taka n3bpaHute 3a 3-Te
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COHOaxa TOUKM Ha obcaxaaHe ¢ KOOpAMHATUTE CU ca AafeHu
B Tabn. 5.

Tabnuua 4.
Koopduhamu Ha ycmusma Ha coHOaxume C npoeKkmupaHo
OMKIIOHEHUE

CoHpax FKC/1950 WGS-84

o1 Homn HuGrm | X=4 81189598 | X=4 809 852,437
Y=5203 666.27 | Y= 293 634682

X=4 810 899,58 | X=4 808 856,413

P-2 [lonkn ABOHAK | 5 994 74610 | Y= 294 714.072
5.3 Foprt Hugrm | X=4 813 743,56 | X=4811699,385
Y=5287 82610 | Y= 287 796.834

Tabrnuua 5.
Koopdunamu Ha modykama Ha obcaxdaHe Ha Hosusl 3aps3aH
cmeon 3a pasanexdaHume CoOHOaXu

CoHpax

'KC/1950

WGS-84

P-1 JonHn Ob6HMK

X=4 811 610,001
Y=5 293 330,000

X=4 809 566,576
Y= 293 298,539

P-2 OonHu Ob6HmK

X=4 810 675,000
Y=5 295 040,000

X=4 808 631,916
Y= 295 007,853

P-3 lNopHu Ob6HMK

X=4 813 725,000
Y=5 287 750,000

X=4 811 680,834
Y= 287 720,764

B 7abn.6 ca mageHn koopauHaTUTe Ha BTOpaTa XapakTepHa
TOYKa 3a TpUTE COHOaxa — 3abosT. 3bpaHm ca no TexHomo-
TUYHW U TEXHUYECKM CboBpaxeHus — NMowW, Ha ApeHupaHe,
TEXHUYECKN BB3MOXHOCTW 3@ W3MbIHEHWe, Oe3aBapuitHi
onepauum 1 T.H. [JonycTumMUTe OTKIIOHEHWS NMpU JOCTUraHETO
Ha Te3an TOuKM ca cboTBEeTHO 40 30 m 3a mbpBaTa 1 4o 50 m 3a
BTOpaTta.

Tabnuua 6.
KoopduHamu Ha moykama 3aboli Ha Ho8US 3aps3aH CMeor Ha
a3enex0aHume coHOaxu

CoHpax 'KC/1950 WGS-84
P-1 [JonHm [u6HIK Xf4 811 615,000 Xf4 809 571,576
Y=5293 205,000 | Y= 293 173,588
P-2 [lonHn [b6HIK Xf4 810 655,000 Xf4 808 611,924
Y=5295 075,000 | Y= 295 042,839
P-3 FopHm [b6HMK Xf4 813 710,000 Xf4 811 665,840
Y=5 287 735,000 | Y= 287 705,769

BaxeH napameTbp Ha BCeKM 3apsisaH HOB CTBOI € W T.Hap.
3€eHUTEH bIbJ — bILITLT MEXAY BepTuKanHata oc, M1HaBaLla
Mpe3 HayamnHaTa TouYka Ha OTKIOHEHWE W NMHWSATa MO NOcoKa
Ha npodmna. B npoueca Ha W3MbIHEHWE Ha OTKMOHABAHETO,
0OMKHOBEHO CTOWHOCTTa Ha 3€HUTHWS BIbJ1 CE€ pasMUHaBa C
NPOEKTUpaHaTa MO PasfMYHM MPUYMHU W 3aTOBA € HYXKHO
NepyoANYHO fa Ce KOHTPONMpa 1 1a ce NpaBsT HeobxoaumunTe
KOpEeKLWM, ako NpouITbT Ce OTKIOHSBA OT KOOpAWHATWUTE Ha
TOuKMTE 3a obcaxaaHe u 3aboi (po3es u M'eoprues, 2008).

C u3knoyeHre Ha NPOAYKTUBHUS XOPU3OHT, MO Uanata Abn-
004MHa Ha CTBOMOBETE Ha COHAAXMTE MNACTOBUTE HaNsraHus
ca HOpMarHuUTe XMapocTaTuyHU. B ckannte Ha AHu3a, KbaeTo
ca v ['opHo- 1 [JonHOABOHMILKUAT HedTEHN 3anexw, nocnea-
HWTe 3amepun nokassaT cboTBeTHO okono 302 kglcm2 n 280
kg/cm2. CnegosatenHo umame okono 20 kg/cm?2 no-Hucko 3a
Haxogmwe TopHu [wuOHuk u okono 40 kg/cm? mo-Hucko 3a
Haxogmwe [onum [ObbHuk. U gBaTa 3anexa ca OT MacuBeH
TN, BMECTEHN Ca B kapOOHATEH W CUMHO HamyKaH KONEKTOp W
PeXuMbT MM Ha pabota e enacTuyHO-BOZOHamopeH. Taka
BOAOHAMNOpPHaTa CMCTEMA YaCTUMHO KOMMEHCMpPA CrafaHeTo
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Ha MacTOBOTO HansraHe, BCMEACTBUE AbNTOroAuWHaTa eKc-
nroatauusi.

MpegswxaaHuaT cnocob Ha ekcnnoatauus u 3a 3-Te coHAa-
Xa, CNef W3BbpLUBAHE Ha OTKIOHEHWUATA, € AbN6OYUHHO-
MOMMEH, T.e. Ype3 KOMMPECOPHU TpBON U ObNOOYMHHM LIEHT-
pobexHM nommu.

MpoeKTHN OTKNOHeHUs Ha U3OPaHNTe COHAAXKM

Llenta Ha 3aps3aHWTe HOBW CTBOMOBE Ha COHAAXUTE €
JOCTUraHe Ha HeApEHWPaHM yyacTbuy (Lenuuy) u 13nomnea-
He Ha ocTaTbyHus HedT. OTKNOHEHNETO Ha coHaax P-1 [don-
Hn Jb0HuMK wwe 3anoyHe ot 2300 m. Mo KOHCTPYKUMS ekcnnoa-
TauuoHHata konoHa ®5%" e B uHtepsan 0+3329 m, kato we
ce cpexe Ha gbnbounHa 2350 m v cekumsaTa 4O YCTMETO Lue
ce u3Baan. Taka Lie ocTaHe TexHuyeckata konoHa ®11%" B
uHTepeana 01712 m., a B uHTepBana 1712+2350 m we uma
oTkpuT cTBon ¢ anameTbp P10%". OTKNOHEHWETO LWe ce 3a-
pexe cneg nocTaBsHE Ha LMMEHTOB MOCT B WHTEpBan
2300+2350 m u e ce u3BbLPLLK Ha ABa eTana. [TbpBuAT € Ha
abnbounHa ot 2300 40 5 M Haf rOpHULLETO Ha NPOAYKTUBHUS
XOPM30HT, CbC cpefieH 3eHnTeH brbn 300, asumyT 2380 u xopu-
30HanHo mamectBaHe 500 m. Crnepg To3u etan Tpsbsa fa ce
cnycHe obcagHa konoHa 5%, uMMeHTMpaHa OO0 YCTWETO.
BbB BTOpUS €Tan OTKNOHEeHMEeTO TpsAbBa Aa AOCTUIHE KpanHa-
Ta gbnbounHa 3550 m, npu cpegeH 3eHnTeH brbn 300, asumyT
2700 1 xopu3oHTanHo uamecteaHe 125 m. bnbounHata 3550
m e u3bpaHa B CbOTBETCTBUE C HavyanHusa BHK Ha 3anexa.

AHanornyHo, OTKNOHEeHNeTo Ha coHpax P-2 HonHn ObOHukK
we 3anoyHe ot 2300 m. EkcnnoatauuoHHata konoHa $5%" e
B uHTepBan 0+3318 m. Ta 0THOBO Le ce cpexe Ha Abnooym-
Ha 2350 m U cekuusTa OO YCTMETO Lie ce u3Bagu. TyK Lie
ocTaHe TexHuyeckata konoHa P8%" B uHTepeana 0+1723 m, a
B uHTepeana 1723+2350 m. e uma oTkpuT CTBON C AMame-
Top P7%". Cnen noctaBsiHe Ha LMMEHTOB MOCT B MHTEpBan
2300+2350 m. e ce npokapa HOBUAT CTBOI. TOBa ChLLO Lie
CTaHe Ha Aga etana. [MTbpauAt - B uHTepBana ot 2300 go 5 m
Haf TOPHWLIETO Ha MPOAYKTUBHUS XOPWU3OHT, CbC CPeaeH
3eHWTeH brb 159, asumyT 1160 M XOPU3OHTANHO M3MECTBaHE
300 m. Cnep To3u eTan Tpsabea ga ce cnycHe ®5%" obcagHa
KOMOHa, LMMEHTMpaHa A0 YCTMeTo. BbB BTOpMS eTan OTKMo-
HeHueTo Tpsbea ga gocturde 3389 m, npu cpedeH 3eHUTEH
brbn 199, asumyt 116° u xopusoHTanHo uamecTsaHe 40 m
(Tposes u l'eoprues, 2008).

LlenTta Ha 3apsi3BaHeTO Ha HOB CTBON B COHAax P-3 opHu
[bOHMK e [a ce OOCTUrHe Mo-BUCOKO M3aurHaT, 0060cobeH
kynon oT OpHOABOHMILKOTO HedhTEHO HaxoauLie, 3a fa ce
nobue HedT oT Hero. ToukaTa Ha OTKMOHEHWE Ha TO3W COHAaX
e Ha abnboumnHa 2650 m, a KakTo Mpy NpeaxoaHuUTe, ekcnoa-
TauuoHHaTa obcagHa konoHa P5%" We ce cpexe v u3Bagu ot
abnbounHa 2700 m go yctueto. B coHaaxa octaBa TEXHUYeEC-
ka konoHa ®8%", kosTo e ckputa u € B uHTepBan 1316+2716
m. Cnea noctaBsiHe Ha LMMEHTOB MOCT Ha AbnbounHa 2650
m, MOXe fa ce 3apexe HoBuAT cTBoN. MogobHO 1 Ha apyruTe
MPOEKTH, OTKMOHEHWETO e e Ha ABa eTana. [TbpBusT — OT
2650 m o ropHueTo Ha AHusa (3390 m), cbe cpefeH 3eHu-
TeH brbn 200, asumyT 233° 1 XOpU3OHTaNHO M3mecTBaHe 250
m, crnef KoeTo CTBOMBT We ce obcagn. Bropusit etan uenu
JOCTUraHe Ha KpaiHata abnbounHa 3448 m, npu cpeneH



3eHuTeH brbn 200, asumyT 233° U XOPU3OHTANHO M3MECTBaHe
20 m.

Mpean M3MbIHEHMETO Ha NPOEKTUTE 3a OTKNOHEHWe Ha
CcoHaaxmTe TpsbBa Aa Ce NOArOTBM W NpOrpama 3a COHOaXHO-
reouandHM 13CnedBaHns U 4a ce ocurypu MHdopmauus 3a
reONOXKM YCHOXHEHNS NpU 3apsA3BAHETO (MHTepBanu Ha 06-
pyLIBaHe, MOrNbliaHe, MofLyBaHe Ha ckanuTe W T.H.), NPOrHo-
3MpaHM NnacToBu TeMnepaTypu 1 OTAENHW nnaHose 3a npo-
BEXOAHe Ha MOBTOPHW MPOMWLLNEHM WM3NUTBaHMS. YacT oT
TE3W AaHHM Ca NPeACTaBeHu B Tabn. 7.

Tabnuua 7.
LaHHu 3a eseHmyantu npobnemu u CI'M no epeme Ha 3apss-
8aHemo Ha Hogume cmeosnoge

Mpobnem/ P-1 onHu P-2 [onHu P-3 l'opHu
Onepauus [b0OHMK [b0HMK [bOHMK
cri [eTainHu [letaintu [eTaintu
u3cneaBaHus | M3CneaBaHns | M3CneaBaHns
O6pywsaHe |2740+3355 m | 2690+3283 m | 2742+3390 m
Sary0aKa | 3355, 3550 m 32833390 m| 3390+3448 m
LMpKynauus
MposiBnenns | 3355+3550 m | 3283+3390 m | 3390+3448 m
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3aknioyeHue

CbBpeMeHHUTe METOAM Ha HaKMNOHEHO-HACOYEHOTO COHAM-
paHe mMoraT [a MPOMEHST W3LANO HayyHWs nogxon KbM Hed-
TEeHUTe W ra3oBuTe Haxoguwa B bbnrapus. Kato ce aHanuau-
pa WHopMaLmsaTa, HaTpynaHa 3a TsX, MOXe C ronsma ycne-
BaEMOCT [a Ce 3apexaT HOBW CTBOIOBE B TE3W COHAAXW,
OKOMO KOWTO MMa HepEeHUpaHK y4acTbLy Unu KOUTO ca aBa-
pupany oLLe B nepuoaa Ha nocTosiHeH Jo6mB. 10 T03K HaumH
Lie Ce YOBbIKW CPOKBT Ha eKcnrnoatauus Ha HaluTe Haxogu-
wara.
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