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PE3IOME

MpeameT Ha m3cneABaHe ca W3BOPHWTE Haxopwlia Ha MuHepanHu Boau Kocterew, [lonHa 6ans, MomuH npoxod v MuenvHckn BaHn, nposiBern B KocTeHeLkoTo
rpabeHoBO NMoHIMKkeHNe. CneLndnyHNTe recnoXKW, XWAPOreonoXKY W XMAPOXMMUYHM YCNOBISA B HAXOANLLATa fAaBaT OCHOBAHMA Te Aa Ce pasrnexaar kaTto YacTu ot
eaHa obLua Xuaporeonoxka CTpykTypa, 03Ha4yaBaHa kato JosiHobaHcku mepmogodoHoCceH bacelH.

Oyeptahm ca 06xBaThT U rpaHnLyMTe Ha baceliHa. HanpaseHo e onvcaHne Ha OTAeNHUTE HaxoamLya. Bb3 oCHOBa Ha akTyamHu U3MEpBaHWs 1 Ha AaHHN OT PEXUMHN
HabniofeHns e oueHeH Jebuta Ha Besko OT TaX. OBLMAT OTTOK HAa MMHepanHa Boja OT Haxoauiuata B [lonHobaHCk1s TepMOBOAOHOCEH HaceilH noHacTosLLeM
Bb3nu3a Ha 53 I/s. [lageHa e XxMApOXWMMYHA XapaKTepucTWka Ha MWUHEpanHUTE BOAW W Ca O4YepTaHU 3aKOHOMEPHOCTUTE B pasnpedenieHneTo Ha CbCTaBa M
Temneparypara um.

CbeTaBeH e koMnioTbpeH Mofen Ha flonHobaHckus TepMOBOAOHOCEH BaceliH, OT KOITO ca OnpefeneHn 30H1Te Ha noaxpaHBaHe 3a BCSKO OT Haxoauwata. Mogenst
NoTBbPXAABA XUAPaBNNYHATa BPb3Kka MeXMy OTAENHUTE YacTh Ha BaceiiHa u CblLeBPeMEHHO U3sicHsBa 060cobsBaHeTo Ha Haxoauile KocTeHel, kaTo aBTOHOMHa

yact ot baceiiHa.
BBLBELEHUE

[onHoBaHckST TepMOBOAOHOCEH DaceiiH ce Hamupa B
LieHTpanHaTa yacT Ha 3anagHa bbnrapus, mexay nnaHuHuTe
Puna u Wxtumancka CpegHa ropa, kato B rpaHuuuTe My ca
MposiBEHN Haxoguwata Ha MuHepanHn Bogu  KocTeHeu,
[onHa Bans, MomuH npoxog u lNMuenuHckn 6anu. Wscnensa-
HUAT pervoH nonmaja BbB Bojocbopa Ha p. Mapuua, kato
obxBalla lXHUTE CKIOHOBEe Ha YepHu pug oT WxTMaHcka
CpegHa ropa, w3TouHMTE CKMoHOBe Ha puga LlymHaTuua,
CEBEpOMU3TOYHUTE CKNMOHOBe Ha Puna nnavnHa u Kocre-
HeLkaTa KOTIIoBMHa.

[TbpBUTE Han-06LLM CBEAEHUS 3a reonorusTa Ha pervoHa
paeat A. Boue u A. Viquesnel. Mo-kbCHO Toi e u3cneasaH ot
I. 3natapckn, I'. Bonues, C1. Bonues, [1. bakanos u Aap.
Pesyntatute OT reonoxkuTe KapTUpoBkM ca 0boblieHn ot
HOumunTpoBa n Kaukos (1990), Mnues u Kaukos (1990, 1993) B
leonoxka kapTa Ha Bbarapus B M 1:100 000 - KapTHu
nucTose Benuurpag u Mxtuman.

[TbpBM M3CrMedBaHMsA Ha CbCTaBa Ha MUHepanHWTe BOAW
nsebpwsa H. [obpes (1905) un A. AsmaHos (1940).
CbBpEMEHHUTE  KanTaXHW CLOPBLXKEHWS HA  MUHEpanHuTe
n3eopu B MomuH npoxog u lMyenuHckn H6aHn ca m3rpageHu
nof pPbkoBOACTBOTO Ha . Bacunes cboTBeTHO npe3 1936 u
1937 r. KantaxHute paboT Ha ecTecTBEHUTE MUHepariHu
n3sopu B KocteHel, npe3 1939 r. pvkoBoau b. Pagocnasos, a
Te3u B [lonHa 6aHs npe3 1942-1943 r. - Maeen MeTpos. [aHHu
3a MUHepanHuTE BOAWM OT Haxoguwara nybnmukysa [1.Cr.
MetpoB (1964). B pailoHa Ha Haxoguwata ca W3BbPLIBAHN
COHOAXHO-XMOPOTEONOXKKM  MPOYYBaHUA OT  OpraHWu3auunTe

UMM "Bogokanannpoekt”, MMM - Codpus v MM - AceHosrpag
kbM KomuteTa no reonorus.

XuOporeonoxk1Te YCMoBMS B YETHMPUTE Haxoguwa ca
pasrnegann ot K. Llepes (1964), koiTo rv BknYBa B
"KocTeHelkn paiioH", kKaTo oTOens3Ba HanMymeTo Ha Xugpo-
FEOXMMMYHA 30HANHOCT B Hero. 3a MpbB MbT Haxoguwiara
Kocrteneu, [lonHa 6aHs, Momun npoxog u MuenuHckm 6aHm ca
06eauHeHn nop HassaHweTo "[onHobaHcku H6aceiH" ot M. Cr.
Metpoe u gp. (1970). Cnopen Te3n aBTOpU OaceiHbT
npeacTaensga rpabeHoBa CTPyKTypa, oopmeHa OT pasnom-
HWUTe 30HM Mexay Puno-Pogonckus macus u CpegHoropueto,
kaTo rnmaBHaTa 30Ha Ha MoAXpaHBaHe ce Hamupa no cesepo-
U3TOYHUS Asn Ha Puna nnaHuHa. Bbnpeku, ye Te3u aBTOpU
pasrnexgar Haxoguwiata kaTo yacT oT obLia Xuaporeonoxka
CTPYKTYpa, Te He MpaBAT LAMNOCTHA OLEHKA HA XUAPOAMHAMMY-
HWTE yCrnoBusi B Hesl. TeXHWUTE W3CMEABaHUS ca CbCPegoTo-
YEeHM [NaBHO BbpXY OTAENHWTE HaxoguLla Ha MUHepasnHu
BOAM.

lMpeaMeT Ha HacTOALWOTO M3cnedBaHe € W3sACHsIBaHe Ha
XMOPOreonoXKkuTE yCroBus B panoHa Ha KocteHey — [onHo-
faHckaTa KOTMOBWMHA, KbAETO Ca MPOSIBEHU YETUPUTE HAXO-
Ouvia Ha MuHepanHu Bogu Kocteneu, [onHa 6aHs, MomuH
npoxog u MuenuHckn BaHn. HaxoguwlaTa ca pasrnefaHn kato
eneMeHT oT efHa obla xwuaporeonoxka CTpyKTypa, O3Ha-
yeHa oT aBTopuTe kKaTo JJonHobaHcku mMepmo8oOOHOCEH
6aceliH. QuepTaHu ca rpaHuynTe Ha GaceiiHa u ca onpe-
[eNneHn 30HUTE Ha nopxpaHBaHe W ApeHupaHe Ha MuHeparn-
HuTe Boay B Hero. OT HanpaBeHWst aHanM3 Ha ChluecTyBallaTa
reonoxka W Xuaporeonoxka WHgopmauuss € CbCcTaBeHa
XMOPOreonoxka kapTa Ha pernoHa. CbCTaBeH e KOoHLenTyaneH



Menyes 1. udp. XMOPOrEONOMS HA JOTHOBAHCKMS TEPMOBOLOHOCEH BACENH

MaTemaTuyeckn mogen Ha [onHobaHckusi TepMOBOLOHOCEH
BaceiH, Ypes KOMUTO Ce NMOTBbPXKAABAT MPUETUTE OT aBTOPUTE
xunotesn. Ypes mopena 3a mMbpBM MbT CE MpaBW OMWT 3a
M3ACHABaHe Ha XWApOAMHaMUKata Ha MUHepanHute BOAM B
BacelHa.

OnuncaHWeTo Ha HaxoauwaTa e U3BbpLIEHO Bb3 OCHOBA Ha
obobliaBaHe Ha HanuWyHata apxuBHa MHGopMauus U
obcnensannsa, nposedeHn ot asTopute B nepuoga 2001 -
2003 r. Mpes T031 Nepuop ce n3Mepuxa AeduTUTe U Temnepa-
Typata Ha MWHepanHuTE BOAW OT OTAENHUTE Haxogulia.
MpoBeaeHn Bsixa M XUMWYHU,XENUOMETPUYHM U Paamorno-
TUYHM N3CnefBaHus.

OU3MKOTEOrPA®UA, TEONTOMNA
N XMOPOrEONOr A HA PETMOHA

KnumaTtbT € yMEepeHO-KOHTUHEHTANEH, C MOAMNAaHUHCKN 1
MMAHUHCKW XapakTep. JIATOTO e ropeLlo, a 3umata € CTyaeHa.
CpepgHata roguiuHa Temepatypa ce usaMmeHs ot -2.9 °C 3a
nnaHWHckuTe paitonn po +9.3 °C 3a KOTNOBMHHATa YacT OT
BaceiHa (ct. JonHa 6aHs). Banexute, kouto ca eauH ot
OCHOBHUTe (hakTOpy 3a (HOPMMUPAHETO Ha NOA3EMHUTE BOAM,
cpeaHorogMwWwHo ca oT 685 mm 3a KOTNMOBMHHATa YacT Ha
BaceitHa (cT. JonHa 6aHs) 0o 1252 mm 3a nnaHuHcKaTa YacT
(Bp. Mycana). CHexHaTta MokpuBKa, pecn. CHEroToneHeTo, €
BaXeH enemMeHT 3a YCTOWYMBOTO MOAXpaHBaHe  Ha
MOBBPXHOCTHUTE U MOL3EMHUTE BOAM. B nnaHuHckaTa yact ot
BaceiHa (Bp. Mycana) cpegHaTta NpOABIDKUTENTHOCT HA HWTE
CbC CHEXHa MOKpuBKa e 241.

PenedbT B NpoyyBaHus paiioH € pasHoobpaseH - OT paBHK-
HEeH NpeMWHaBa B XBAMWUCT U NNaHUHCKK, C Aobpe uapaseHa
pasyneHeHoCcT. Hagmopckata BMCOYMHA CE W3MEHSI, KaKTo
cneaga: 450 - 600 m B kotnosuHata, 600 - 850 m B nogHo-
Xueto Ha Puna, 1262 m (Bp.Kpenoctra ot YepHu pua) B
ceBepo3anajHaTta yacT Ha b6aceitHa u Hag 1500 m B macuBa
Puna nnanuHa, ¢ Han-Bucok Bpbx Mycana (2925 m).

maBHaTa OTBOAHUTENHA apTepus B GaceiiHa e p. Mapuua, ¢
MaKcvmarieH OTTOK npe3 nponeTTa. PeyHata Mpexa e rbeTa, ¢
MHOroGpOAHN MPUTOLM W Manku AepeTta, Chyckalwu ce of
OrpagHuTe MaHuHK.

B reonoxkus CTpoex Ha pervoHa yyactsar: fOKamMBpuicku
MeTamopHu opmauun - rHarck, am@ubonnuTi, WUCTU 1
MUrMaTUTX; Naneo30NcKku1 rPaHNTOUOHN NYTOHK; FOPHOKPEHM
rPaHOLMOPUTHU UHTPY3UK; NANEOreHCKN KOHTUHEHTAMHK OTO-
XEHUs N0 PunckuTe CKNOHOBE; HEOreH-KBaTEPHEPHU E3EPHO-
PEYHM Hacnaru U KBaTEPHEPHW PEeYHW OTNOXeHUs B [lonHo-
BaHckaTa KoTnoBuHa.

OCHOBHMTE TEPMOBOZOHOCHN (hopMaLK Ca TpaHUTONaKUTE
Ha Puno-3anagHopogonckus 6aToNMUT 1 TOPHOKPEOHUTE
UHTpy3um B CpeaHoropueTo 1 Pogonckus Macys.

Puno-3anagHopogoncku 6atonut (Pz). Uarpaxaa toxHaTa
YacT Ha uacneaBanus baceiiH. B peroHaneH nnaH 6atonuTsT
€ BITOXEH AMCKOPAAHTHO cpeq Aokambpuickus meTamopdeH
(byHAAMEHT. B Hero ce OTAENAT [BE HACTaBKW: rpaHoaNOpUTY
(rydPz) u cpegHo- 0O €4pO3bPHECTM BUOTUTOBM TPAHUTH
(ryPzy). M'paHomuopuTuTe OT MbpBaTa HacTaBka Ce paskpuBaTt
toxHo ot rp. JonHa GaHa. CpegHo - [0 e4po3bpHecTUTe

PaHUTX Ha BTOpaTa HacTaBka W3rpaxgaT paroHa KXKHO M
3anajgHo OT KypOpTHO cenuiie KocTeHeL, 1 CEeBEPOM3TOYHO OT
Bp. Mycana. Te ce oTiMyaBaT C MOCTOSHCTBO B CTPOEXa,
CbCTaBa U XMMU3Ma, NEBKOKPATHM Ca W Ca WU3rpadeHu ot
nnarvoknas, kanves engwnar, ksapl, 6uotut, amgubon u
aKLEeCcopH1 MUHepanu.

'opHOKpeaHU MHTpY3um (K, ). MpeacTaBexm ca oT:

'yuancku nnyToH (guydK,). Paskpuea Ha 3anag ot ¢. MomuH
npoxod, okono cenata lyuan w [MuyenuH. WsrpageH e ot
€[pO3bPHECT rPaHOLMOPHT, NEBKO- A0 ME30KpaTeH, C MacuBHa
TekcTypa. MuHepanHusiT My CbCTaB € Mnarvokans, Kanues
cengwnar, ksapu, amdubon, 6MOTUT, anaTuT, TUTAHMT,
cepvumT, enugoT. o XMMW3BM CkanuTe Ce OTHAcAT KbM
HOpMarHWTe rPaHOAMOPUTY OT Kan1eBo-HaTpueBaTa Cepus.

MnaHcku nnyToH. M3rpaxaa ceBeposanagHnTe OTLENM Ha
BaceitHa. Vima HacTaBeH xapakTep. [Tbpeata HacTaBka e
npeacTaBeHa oT rabpo, rabpo-nupokcernTn (plyKy), a BTOpata
- OT AvopuTw, kBapu-anoputy (pldKy) 1 KBapL-MOHLOANOPUTM
(plCK,). OBaTa nnyToHa ca yacT oT MapuiukaTa HEOMHTPY3MBHA
30Ha. BbapacTTa UM € onpeaeneHa Ha OKomno 73 MiH. FroguHu.

opHOKpeaHu MHTPY3um B Pogonckus macus. Cunta ce, ye
Te ca CaMOCTOSTENHU Tena, BHedpeHu B Puno-3anagHo-
pogonckus BatonuT, B NO-KbCEH eTan Ha MarMeHa aKTuBM-
3auma (Owmutposa, Kaukos, 1990). [Mpeactaeenn ca oT
ApeBbHO3bPHECTU BUOTUTOBM PAHUTW [0 NMarkorpaHnTy,
u3rpaxgally WHTPY3UBHO TANO, HAMUPALLO Ce toro3anagHo ot
KypopTHO cenuiye KocteHel,

[MaBHa TEKTOHCKA CTPYKTypa B pervoHa e Mapukns Lwes,
koto pasgens Poponckus macuB ot CpegHoropueto.
MpocnepsiBa ce oT gonvHata Ha p. benu ckbp npes kypopTa
Boposeu, c¢. Papynn, Koctereu, ¢. Cectpumo go benoso.
[MbpBOHa4anHo uma nocoka okosno 90° a kbm ¢. CecTpumo 1
rp. benoso nocokata ce usmenst go 120°. LUmpuHata my e ot
nopsigbka Ha 10 - 20 km. Ton npeacraensisa AbnbouMHEH
pasnoM, CbCTaBeH OT cepusi Cybnapanenyu, NpeauMHo BepTy-
kanHW, CbC cnaba KHa BEPreHTHOCT pasnomu, No KOUTO
CTbMNANoBMAHO € NponagHan CeBepHUsIT CKMoH Ha Poponckus
MacuB.

MomsemHuTe Boay B paitoHa Ha KocTeHel - [lonHobaHckaTa
KOTMOBMHA W CKIMOHOBETE HA Orpaxgjalute s MNaHUHCKM
MacwBK ca NOpPOBM, MYKHATUHHO-KAPCTOBM U MyKHATUHHMW.

Moposu 600u. AxymyrvpaHu ca B KBaTepHEPHUTE U
HEOreHCKUTe HeCcmoeHu W cnabocnoeHn MaTepuanu. Vmat
WHGWNTPALMOHHO MoaXpaHBaHe W MNWTKA  LMPKynauus.
[peHnpaHeTo WM Ce OCbLLECTBABA OT PEYHO-OBPaXHaTa
cucTema.

TykHamuHHO-Kapcmosu 800u. YCTaHOBEHM ca B Hait-
forou3ToyHaTa Yact Ha pervoHa. Popmupanu ca B gokam-
OpuiickuTe HanykaHM W OkapCTeHu Mpamopu. Mmat nnutka
UMpKynaums 1 noaxpaHBaT CTyAEHW M3BOPU C HEMOCTOSIHEH
nebur.

nyKHamUHHU 800U OM 30Hama Ha eK302eHHa HanykaHocm.
Bogute ca NPMBBHP3aHM KbM HanykaHuTe, W3BETpenn u
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rpycvpanu rpaHut U gokambpuiicku metamopduti. Te ca
CTyZeHW, CbC CBOOOAHO BOAHO HMBO W aKTUBEH BOJOOOMEH.
MogxpaHBaT Ce WHQWUATPAUMOHHO OT Banexute W ce
APEHMPAT OT HU3XOAALLM U3BOPM C MaTbk AebuT. YacT ot Teau
BOAW NPOHKUKBAT NO NYKHATUHW Ha ronamMa A‘bl‘lﬁOHVIHa, KbOeTo
B CrneAcTBue Ha NpomMeHWTe B CbCTaBa W TeMneparypara Cu,
ce TpaHcdopmmpat B TepMOMUHEPATHU.

lykHamuHHU 800U 8 30Hama Ha eHO02eHHa HanykaHocm.
Bopute ca TepMOMWHEpanHu, UMaT WHGUNTPALMOHEH reHe-
31C, akyMynupart ce U LMpKynupaT no NyKHATUHK U TEKTOHCKM
30HM B NANE030MCKUTE TPAHUTOMAN W FOPHOKPEAHN UHTPY3UU.
MocneaHuTe hopmmpaT eAMHEH B XWAPABMMYHO OTHOLLEHWE
pe3epBoap Ha TEPMOMMHEpanHM BOAM, O3HAYEH KaTo
[onHobaHcky TepMOBOAOHOCEH BaceiiH.

[IONHOBAHCKN TEPMOBOLOHOCEH BACEWH

Mpu oboCcHOBKaTa Ha Tasn XWApOreosnoxka eauHULa, KaTo
reonoro-TeKTOHCKa OCHOBA e u3rnonasaHa l'eonoxka kapta Ha
Bonrapus 8 M 1:100 000 - k. n. "Uxtuman" u "BenuHrpag"
(OumutpoBa n Kaukos, 1990; Kaukos, Wrnues, 1993), u
CNESHNTE XNOPOTEONIOKKA KPUTEPUN:

1. CxofleH NMTONOro-NEeTPOrpachcki CbCTaB Ha OCHOBHUTE
BOJOBMECTBALLM CKarnHu dopmaLyu.

2. Obwa obnact Ha nogxpaHBaHe Ha TEPMOMUHEPANHUTE
BOAM, KOSTO CbBMaja C obrmactute Ha paspuTue Ha maneo-
30/iCKUTe U TOpHOKpeaHuTe rpanuTomnan. Coluata obxsalla
Yepuu pup u WymHatmua ot CpegHOropueTo U CeBepoms-
TOYHUTE CKMOHOBE Ha Puna, momapaliy B ropHaTa 4acT Ha
Bogocbopa Ha p. Mapuua go c. MabposHuua.

3. OBy 3aKOHOMEPHOCTM BbB (POPMUPAHETO HA XUMUYHUS
CbCTaB Ha MUHepanHUTe BOAM OT OTAEMHUTE HaxoauLLa.

paHuLM Ha TePMOBOAOHOCHMA DaceiH

paHMLUTE Ha TEPMOBOLOHOCHUS BaceiH U pasnpocTpaHe-
HWETO Ha OCHOBHWTE TWMOBE MOA3EMHW BOAM B W3CNEABAHMS
PETVIOH, Ca MOKa3aHu BbpXy CbCTaBeHaTa OT aBTopUTe XWApOo-
reornoxka kapta — éur.1.

CeBepHaTa 4acT Ha DaceiiHa € u3rpageHa OT rpaHo-
AuopuTuTe Ha Myuanckus nnyToH W auoputute Ha MnaHckus
MNYTOH, a lXHaTa - OT rpaHuToMauTe Ha Puno-3anagHo
pOAONCKUs  GaTONMT, cped KOUTO ca BHEAPEHM OTAemnHM
WHTPY3MBHU Tena C FOPHOKPeAHa Bb3pacT. XuapasnuyHata
Bpb3ka MexOy MOA3EMHWTE BOAM OT [ABETe YacTu e
YCNOXHEHA OT PasnOMHUTE CTPYKTYpU Ha Mapuikus wes.
Bb3aceq-HaBnaka C toxHa BEPreHTHOCT, N0 KOWUTO rPaHNUTUTE U
MeTaMopduTTE Ca  HaBMEYeHW BbPXY NaneoreHckuTe
CEANMEHTH, Criedsly, ce no nuHusTa Boposel - Pagywn -
KocteHel, npeactaBnsiBa  xuapaBnuyHa  Gapuepa  3a
ABWKEHMETO Ha MOA3EMHWUTE BOAM B CEBEPHA Mocoka. Taaw
Gapvepa BeposTHO cnocobcTBa 3a MPOSIBNIEHWNETO  Ha
MUHepanHuTe Bogu B Haxopuwe KocteHel, koeTo ce
pasrnexga Kato aBTOHOMHa 4acT OT  [lonHoGaHckus
TEPMOBOAOHOCEH HaCemH.

lNaneo3onckuTe U rOPHOKPEAHUTE MHTPY3UBHW hopmaLm
KOHTaKTyBaT NpsIkO €AMHCTBEHO B 3anapHaTa YacT Ha baceitHa

B paiioHa mexgy rp. [onHa GaHs u c. Pagywn, kato
XvapaBnuyHaTa Bpb3ka Mexay hopMupaHnuTe B TAX NO43EMHM
BOOWM € AMpeKTHa. B ueHTanHaTta M u3TOYHaTa YacT Ha
BacenHa (pecn. KocteHeuko - [lonHobaHckaTa KOTNOBKHA), Ha
MOBBPXHOCTTA Ce paskpuBaT AokamOpuUickM MeTamopnTi u
TEPUMEPHN W KBATEPHEPHU CEAMMEHTU, KaTto MO COHAAXeH
MbT, MOL HEOrEHCKUTE 1 KBAaTEPHEPHW OTNOXEHMUS Ca YCTaHo-
BEHW rpaHuTK W rpaHoguopuTy. MocnegHoTo AaBa OCHOBaHWE
fa ce [JOMyCHe HarMyMeTo 30HW Ha MPSK KOHTaKT Mexay
naneo3oick1Te rpaHuTU Ha Puno-Pogonckus Macus OT tor U
l'yuanckus nnyToH - OT CeBep, KOeTo e npeanocTaBka 3a
OCbLUECTBABAHE HA XMApaBMMYHA Bpb3ka Mexay opmupa-
HWTe B JBaTa CKanHW KOMnnekca nogseMHu Boau. B Hskou
yyacTbUW XuipaBnuyHaTta Bpb3ka Mexay BOAuTe, akymynu-
paHu B [jBaTa KOMMIEKCa, Ce OCbLLUECTBSABA W NPes HanykaHuTe
W TEKTOHCKM npepaboTeHu npOTEpPO3OWCKN rHalcKH, KOWUTO
NpeacTaBnABaT BTOPUYEH KOMEKTOP Ha MUHepanHWTe BOau B
Haxoauwe [lonHa GaHs.

30HM Ha ApeHMpaHe Ha MUHepanHNUTe BOAY

[ipeHnpaHeTo Ha MUHepanuTe Boay B BaceliHa ce OCbLLECT-
BABa 4pe3 yeTupu ob6ocobeHn m3BopHM Haxopmwa - Kocre-
Heu, [lonHa 6aHs, MomuH npoxoa 1 MuyenmHcku Bann. Ha dur.
2 ca MnokasaHW pesynTaTuTe OT PEXUMHWTE HabmniogeHus u
aKTyanHu [aHHM 3a OTTOKa OT OTAenHUTe Haxogwuia,
obxeawawy nepuoga 1983 - 2003 r. TengeHuusiTa Ha
M3MEHEHWe Ha OTTOKa OT HaxoawLwaTa Ha MUHepanHu Boau €
BU3yannsupaHa upes IuvHeMHa (yHKUWS. YcTaHoBsBa ce
HECBLUECTBEHO HamansBaHe Ha CYMapHWS OTTOK OT BCUYKK
Haxogula B pasrnexganus nepuod. MpuumHute 3a ToBa Lie
6bpat npegmeT Ha Obdewm uscregsaHus. [MoHacTosLeM
CYMapHWST OTTOK OT YeTUPUTE Haxodulla ce oueHsBa Ha 53
I/s.

Haxoduuwje Kocmeney. MwuHepanHaTa Boga M3BMpa Mo
QUCNOKaUMs C MOcOKa M3TOK-3anmaf, Ha rpaHuuatra mexay
rpaHuTUTe Ha Puno-Pogonckus 6aTtonuT M naneoreHckuTe
cegumeHTU. [MaBHaTa 30Ha Ha MogXxpaHBaHe Ha Te3n Boau ce
Hamupa Mo CeBepou3TOMHMA Aan Ha Puna. Haxoguweto e
NPOSIBEHO C [Ba €CTECTBEHW W3Bopa (Ha koTa 850 m) u Tpu
coHgaxa. [lo 3anoyBaHe Ha COHOAXHO-XMOPOrEONOoXKATE
npoyysanns (1960 r) gebuTsT Ha M3BOpUTE CE € M3MEHSN OT
3.3 no 4.2 Ils, a TemnepatypaTta Ha Boaarta - o1 35 8o 41.7 °C.
KantupaHute n3Bopu ca npecbxHanu crep U3BbPLIBAHETO Ha
COHaxHUTe paboTW M eKkcnnoatauusiTa Ha COHAAXMTE.
lMoHacTosILLEM OT MPOKAapHWTE COHOAXM eKcrnoaTauMoHeH e
camo eguH (Conpax Ne2), ¢ gbnbounHa 444.70 m. CoHpaxsT
€ KanTupaH ¢ orfef exkcrnnoaraunsTa My 4a ce M3BbpLUBa Ha
CamMOW3NMB, KaTo KbM [HeLlHa Aata ebuTbT My Bb3nu3a Ha
okono 14.3 I/s npu Temnepatypa Ha Bogata 46 °C.

Haxoguwe [donHa 6aHA. HaxoguweTo e pasnonoxeHo Ha
pecHus Opsar Ha p. JTboka Jepe, KOATO e MPUTOK Ha p.
Mapuua. MNpeau kanTupaHeTo TepManHuTe BOAW ca U3BMpanu
Ha TpM MecTa B peyHaTa Tepaca, Ha kota 615 m. [lpu
KanTUpaHeTo Ha 13BOpa e YCTaHOBEHO, Ye TepmarHata Boga
M3BMpa OT KPWUCTANMHHMTE LUMCTW MO AMCNOKauMs C WMpUHa
0okono 1 m v nocoka u3Tok - 3anag. MTbpBOHAYarnHoO U3BOPBT €
uman gebur ot 2,25 I/s fo 4 /s npu Temnepatypa Ha BoaaTa
0T 56 °C. B nocrneacteue Ha TepuTopuUsiTa Ha HaxoauLLeTo ca
uarpaZeHun Tpu AbnboKWN COHAAXM, OT KOUTO eKcnnoaTaLyuoHHK
ca camo [Ba, CbOTBETHO C Abnbounun: 279 u 315 m. B
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CnefcTBMe NPOKapBaHEeTo Ha CoHAaxuTe, AeOUTBLT Ha M3Bopa
e Hamansm po 14 Ils. B nocneactBue  mexagy
BOAOW3TOYHMLMTE € YCTaHOBEHO XWAPABMMYHO PABHOBECHE,
KaTo  MOHACTOSILEM  EKCTnoaTalUMOHHUTE  Pecypcu  Ha
HaxOAWLETO ce OueHaBaT npubnusutenHo Ha okono 15 Ifs,
npu TemnepaTtypa Ha Bojata B rpaHuuute 56 - 64 °C
(CbOTBETHO - OT U3BOPA U OT EKCMOATALMOHHUTE COHLAXM).

Haxoauwe MomuH npoxoa. HaxoauwleTo € pa3nonoxeHo no
lOXHUTE cKnoHoBe Ha CpegHa ropa, B JonMHaTa Ha p.
BawHuya. MuHepanHata Boga W3BMpa OT pasfOMEHUTE U
HamnykaHW rpaHoaMOPUTM OT M3TOYHaTa MBMUA Ha [yuanckus
nnyToH, Ha koTa 538 + 540 m. B cbceacTBO Ha u3BOpHaTa
30Ha € KOHTaKTBT C AMCMOLMpaHNTe AOKaMBPUIACKN THaiich v
rHaMcoWNCT, KOMTO ce sBsBaT OapuepHa rpaHuya 3a
[BWKEHWETO Ha MUHepanHuTe BOAM. [MaBHUTE pasnoMHu W

NYKHaTUHHX CUCTEMW NPKU N3BOPUTE Ca C NMOCOKK: U3TOK-3anag
1 cesep-ceBepo3anag - Hr-toron3Tok.

1 - KBaTepHepeH BOJOHOCEH XOPW3OHT C MOPOBW BOAM M BUCOKA A0 CpeaHa BOLOOOMIHOCT — peYHM Tepack N HaHOCHW KOHYCH
(YaKbnmM, BanyHW, NACHLM U FIMHECTU NMACHUM); 2 — XMAPOreonoxkv opMaLun ¢ MyKHaTWHHW BOAM M CpefHa BOJ0OBMIHOCT —
Naneo3oickn 1 FOPHOKPEAHN UHTPY3WUM (TPaHUTW 1 FPAHOAMOPUTY); 3 — XMPOreonoXKk1 hopMaLum C NyKHaTUHHW BOAW U HUCKaA
BOA0OBMITHOCT 40 HEBO[OHOCHU CKanu — JOKamMBpUiCKk MeTamMopdeH KOMMNEKC (THaney, WCTh, amubonuTi) 1 naneoreHcku
CeAVMEHTW (KOHIMOMepaTH, MACBYHMLM, aprunuTit, GUTYMMHO3HW WKMCTW M BbIMWWA);, 4 - XMOPOreonoXku opmauun ¢
NyKHaTWHHO-KaPCTOBM BOAM M CPefAHa O BUCOKa BofoobunHocT — [lobpocTaHcka cB1Ta (BOKaMBpUACKK HamyKaHW U OKapCTeHM
Mpamopu); 5 - XgporeonoxKi1 popmaLiv ¢ MOPOBM BOAW W HUCKa BOAOOBMIHOCT 40 HEBOAOHOCHM CKani — NAMOLEHCKW Hacnaru
(FMnHK, NACHLYW 1 BPeKYOKOHrNoMepaTH); 6 - HaxoAuLLe Ha MUHepanHa BoAa.

Queypa 1. Xudpoeeonoxka kapma Ha LJonHobaHckus mepmosodoHoceH 6acelH
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lpeau KanTMpaHeTo, MUHEpaNHWUTE BOAM Ca ce ApeHupant
oT 10 n3Bopa, nogpeneHn No pasrioMHa 30Ha Ha NPOTEXeHMe
0T okofio 25 m. TemnepaTypata Ha BogaTa B OTAEMHUTE
n3Bopu ce e namensna ot 20 go 68.8 °C, a obwuaT um gebut
npean kantupaHeto e Bb3nusan Ha 11.10 I/s. Creg
kanTupaHeTo Ha u3sopute npe3 1936 r. npu BOOHO HMBO,
3anaseHo M 0 OHec, OebWUTLT Ha W3rpajeHus kantax ce e
yctaHosun Ha 15.00 I/s npu Temnepatypa Ha BogaTta 65.4 °C.
Cpeq BCWYKM TEPManHW W3BOPHUM Haxoauiia B JonHobaHckus
TEPMOBOJOHOCEH BaceitH, kanTupaHusT 13sop B MomuH npo-
XO[ U3THYa Ha Hal-HuUCKa KoTa, C NocTosHEH Aedut ot 15 1/s.

Haxoguwe [4yenuHcku OaHW. TepeHbT e u3rpageH oOT
rpaHutouaute Ha lyuanckus nnyToH. MuHepanHata Boga
npeau KanTupaHeTo ce € [peHupana OT HSKOMKO Marku
“3BOpA, M3NM3ally OT pascedHa 30Ha ¢ WwipoynHa ot 3 go 10
m, C U3TOK-3amafHa Nocoka W CTPbMEH HakmoH. /3aBopuTe ca
Ce MOSIBUMM Ha MSICTOTO, KbAETO PasnoMbT Ce Mpecuya oT
HaMpeYHN TEKTOHCKM MyKHATUHK C Mocoka cesep-tor. Ckanute
B 11 OKONIO pasrfioMHaTa 30Ha Ca XMApOTEPMAsHO MPOMEHEHN.
ObwmsT 0ebuTt Ha M3BOpUTE NPeau KanTPaHETO e Bb3anu3an
Ha 11.17 Ils, a cnep ToBa - 11.7 I/s, npn Temnepatypa Ha
Bopata 73°C.

XM,U,pOTepMaJ'IHOTO Haxoaulle npeacraenasa CEN3mMoxmnapo-
re0NoXKun d'.)eHOMeH - MNpn BCUYKM CUNHW 3eMeTpeceHus,
NnpoABEHU OT OrHuLLaTa B EBJ'IFapVIFI Unn B CbCeHU CTpaHn, ce

oTuMTa HamaneHwe Ha pebuta Ha kanTupaHus u3sop. B
paitoHa Ha Haxogumweto npe3 1965-1967 r ca npokaaHu 3
coHpaxa ¢ abnooynHa ot 349 go 497 m. OT TaX eauHUAT e
NUKBMAMPaH,  BTOpMAT €  6un  obopyaeaH  kaTo
CEM3MOXMAPOreonoXKkN HabnaaTeneH NyHKT, KOWTO MOHac-
TOsILeM He (DYHKUMOHWpA, a TPETWAT e KanTupaH kaTto
pesepBeH eKCnnoaTauuoHeH BOJOW3TOYHWUK NPU EeKCTPEMHU
cutyauuu. MoHacTosiem aebutsbT Ha kantupaH ussop "Mue-
nuH" Bb3NK3a Ha okono 8.8 Is.

®U3MKO-XMMMNYEH CbCTaB Ha MUHepanHuTe Bogu

B xumnueckns cbCTaB Ha MUHEPaNHUTE BOAM OT YeTupuTe
HaxoguLla e YCTaHOBEHO OMPEAENeHO0 XUMUYHO M TEHETUYHO
CX0fCTBO. TepmoMuHepanHute Bogu oT Kocteney (46 °C),
JonHa 6aHsa (62 °C), MomuH npoxog (65 °C) u lMuenuHckw
BaHn (73 °C) ca a30THW, XeNMeBM, CPELHO U CUIHO pagmo-
aKTMBHM, ¢ obwwa muHepanusaums ot 0.29 go 0.98 g/l, ¢ Bu-
COKO CbAbpxaHue Ha dnyopua (8o 12.5 mg/l) u cunuumin (go
127 mg/l H,SiO;). Mo kaTMOHEH CbCTaB BOAWTE Ce XapakTe-
pW3npaT Kato HaTPUEBH, a MO aHUOHEH - OT XuapokapboHaTHO-
cyndathu (KocTeHel) Ao cyndatHu (octaHanute Tpu Haxo-
puva). B Tax e yCTaHOBEHO HanM4MeTo Ha ronism Gpoi peakm
W Pa3cesHN MWKDOKOMMOHEHTH, Cpef KOUTO C MOBULIEHM
MukpocbabpkaHus ca Li, Ga, Ge, W n ap. /aBopHuTe BOAM B
MuyenuHckn GaHu MMaT Haii-BUuCOKaTa Temnepartypa - 73 °C, a
T€31 B MOMMH MpOXOA - MakcMManHa paguoakTUBHOCT - A0
580 emaHa (2146 Bqll).

Haxoguwe KocteHeun Haxoguwe [JonHa 6aHs
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Queypa 2. PexumHu HabnodeHus Ha ommoka om Haxoduwa Kocmeneu, JonHa 6aHs, MomuH npoxod
u Muenuxcku 6aHu 3a nepuoda 1983 - 2003 2.

3aKOHOMEpHOCTUTE B pasnpedeneHMeTo Ha CbCTaBa W
Temneparypara Ha MuHepanHuTe Boau B B6aceiiHa, oTpassBat

(OUNTPALMOHHUS UM MbT Npe3 BOAOBMECTBALMTE CKaNHM
thopmauuu. MNaneosoickute rpaHuTonam Ha Puno-3anagHopo-
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LOrckust 6aTonuT ca no-cTapn W CrejoBaTenHo, NyKHaTUHNTE
B TSX Ca "no-npomMuTi", 7.6 BOAOPaA3TBOPUMMTE COMM ca B Mo-
ronsiMa CTeneH W3HECEHM M NMog3eMHUTe BOAM, hopMupaHi 1
LMPKYNMpaLLm B TSX, €a C No-HUCKa MuHepanuaaums. Mpuvep
3a TOBa € CbCTaBbT Ha MWHEpanHata Boga B Haxomuiie
KocteHed,.

[OpPHOKPEAHUTE HEOMHTPY3UM Ca 3HAYUTENHO NO-Mragw, W
CneaoBaTeNiHO ca no-mManko "MpoMuTW", KOETO AaBa Mpsiko
OTpaxeHue BbPXY MO-BUCOKOTO ChbObpXKaHWe Ha Pa3TBOPEHM
KOMMOHEHTW B aKyMyNMpaHWTe B TSX MOA3EMHM Boau. Toea
0DsICHABa YBENMYEHWETO HA MUHEpann3auusTa, KOHLEHTpa-
uuuTe Ha cyndatute, dnyopuauTe, MeTacunuumesata Kuce-

NMHa B CeBepHa nocoka - oT Puna kbm CpegHoropueto. B
cblyata nocoka OTHOCWTENHO HamansiBa CbAbPXaHWETO Ha
XnapokapboHaTUTeE M Ce MNOHWXKaBaT CTOMHOCTMTE Ha pH.
YcTaHoBsIBa ce 3aKOHOMEPHO YBENWYaBaHe Ha Temneparypata
Ha MWHEpanHUTe BOAM B CEBEPHA MOCOKA, KOETO Ce AbMKM Ha
no-ronsMaTta gbnboysHa Ha LMpKynauus Ha noA3eMHUTE
BOAM.

O6obuweHa nHhopmaums 3a aebuta u OCHOBHUTE (HU3UKO-
XAMUYHU MapamMeTpu Ha MMHeparHWTe BOAW OT ueTupuTe
XMAPOTEPMAIHU Haxoamwa B [lonHoGaHCKMs TEpPMOBOAOHOCEH
BaceliH e npeacraeeHa B Tabnumua 1.

Tabnuua 1 Xmpporeonoxkn u UMKO-XUMWUYHIM XapaKTEPUCTUKX Ha MUHepanHuTe BoauTe B [lonmHOGAHCKMS TEPMOBOAOHOCEH

BacelH.

XVOPOONHAMUYEH MOZLEI HA IONHOBAHCKMA
TEPMOBOAOHOCEH BACEMH

3a usscHaBaHe Ha XvapoanHamMuyHUTe ycnosus B [lonHo-
BaHckus TepMOBOOHOCEH HaceilH € CbCTaBeH KOHLEeNTyaneH
KoMMITbPeH Mogen. Llenta Ha mogena e fga ce nOTBLPAAT
OCHOBHWUTE [OMYCKaHWS U TBbPAEHWS, U3NOXKEeHU No-rope, Aa
Ce OonpedensaT 30HWTE Ha MOLXpaHBaHe Ha BCAKO HaxXoauLue,
KaKTo M Aa Ce Wu3cnensaT XUAPaBMMYHNTE BPB3KN MEXDY TAX.
Mpyn cbCTaBsAHETO Ha MoAena ca BL3NPUETU XapaKTepHu 3a
CbOTBETHUTE  FIUTOMOXKM PA3HOBWBHOCTA  PUATPALMOHHM
napameTpy, TbA KaTO NWNCBAT KOHKPETHW LaHHW 3a TAX.
MogensT e reHepaneH v npegcton 6bAELOTO MYy YCbBBp-
LUEHCTBaHE W NpoBepKa.

XugpognHamuynute yenosus B [lonHoGaHckus Tepmo-
BOZIOHOCEH DaceilH ca BU3yanuaupaHu Ype3 KOMIOTbPEH MO-
gen, reHepupaH ¢ mogyn MODFLOW 96. lpaHuuute Ha
MogenHata obnact cbBnagaT C rpaHWUMTE Ha pasnpocTpa-
HEeHWe Ha rpaHuTUTe OT Puno-Pogonckusi Macue W rpaHo-
puoputute oT lyuanckust w MnaHCKus MAYTOHW, KOUTO dhop-
mupart [JonHobaHCK1sl TEpPMOBOAOHOCEH HaceiH.

BbHWHUTE rpaHuuM Ha BaceiHa ca npUeTu Kato HenpoHu-
Laemu (6apuepHm) rpaHnLm. KOXXHOBEPTEHTHUSAT HaBrakK, KOUTO
noanuMpa notoka Ha noasemuute Boau oT Puno-Pogonckus
MacuB KbM LiEHTparnHuTe YacTh Ha baceiiHa, e 3agageH kato
BapuepHa rpaHuua.

TepMOBOAOHOCHMSAT OacelH € npuBeAeH KbM €AHOPOAEH
HanopHo-6e3HanopeH BOAOHOCEH MNAacT CbC CreAHuTE napa-
meTpu: Kota gonHuie Ha BogoHocHus nnact — 300 m; Kota
ropHule Ha BogoHocHua nnact — 400 m; KoeduumeHT Ha
cuntpaums k - ot 0.08 go 0.2 m/d; MposogmmocT T — 0T 8 KO
20 m?d; [leBenuHa Ha BOLOHOCHUS XOpMU3OHT — m = 100 m;
AxtveHa nopectoct — n, = 0.05.

MogenHata obrnact e guckpeTusMpaHa no MeToda Ha
KpaliHWUTE pasnuku Ypes KBafpaTHa Mpexa OT HOZAMHM TOUKH,
umawa 171 kononm n 161 pega.

B nBeTe OCHOBHM 06MactM Ha WHUNTPaLMOHHO mnog-
XpaHBaHe Ha noasemMHuTe Bogm B 6aceliHa - Puno-Pogonckus
macuB u Mxtumaxcka CpepHa ropa - ca 3agafeHn CTONHOCTY
Ha MHMnTpauusTa, cboteetHo 1,3.10° m/d 3a mbpeata u
0,8.10° m/d - 3a BTOpaTa. B LieHTpanHuTe YacTu Ha GaceitHa,
pecn. KocteHey - [lonHobaHckaTa KOTNOBWHA, € 3adageHa

FOONLLIHVK Ha MurHo-2eonoxkus yHugepcumem “Ce. Mear Puncku’, mom 46 (2003), ceumsk |, FTEOJTOTNA U TEOOU3UKA

4



HyneBa UHGMNTpauwus. B kneTkaTa, anpokcummpalla kantupaH
n3eop ‘MuenvH” e 3apageH MOCTOSHEH Hamop (FpaHu4HO
ycnosue oT | pog) - abc. kota Ha BOAHOTO HMBO 632.9 m. B
KneTkuTe, anpokcumupawy Haxoguwara MomuH mpoxog,
[onHa baHs 1 KocTeHel ca 3agageHn CpeaHOroANWIHMTE UM
nebutn, a umeHHo: MomuH npoxog - 15 I/s ; [onHa 6aHs - 15
I/s; KocteHel, —14.3 I/s.

XugpoguHammyHata Mpexa Ha Mofg3eMHUst MoTOK e
reHepupaHa ype3 mogyn MODFLOW 96 npu crabunuaupaH
PEXUM Ha UnTpaLms.

Peayntatute oT MOAENMPaHETO 3a BU3yanuaupaHu Ha our.
3 (xmppoaMHammnyHa Mpexa Ha noToka). [oTBbpXaaBa ce
HanMuMeTo Ha XWApPaBNNYHA BPb3Ka MEXAY OTAEMHUTE YacTy
Ha TepMOBOOHOCHKS BaceiiH. ObnacTute Ha NogxpaHBaHe Ha
yeTMpuTe Haxoauwa ca nobpe obocobenn: Haxopuwata

MowmuH npoxop u [onHa GaHsi ce mogxpaHBaT WM OT ABeTe
obnactu Ha WHUNTpauUus, MoaxpaHBaHeTo Ha [MyenmHcku
BaHn e wsknoumtenHo oT WxtumaHcka CpegHa ropa, a
[ebutbT Ha Haxopmwe KocTeHel, ce gbmku M3usno Ha Puncko
nogxpaHBaHe.

Ot mogena, Moxe fa Ce HanpaBu M3BOAA, Ye Haxoguiie
KocreHel npeacraBnsBa obocobeHa 4acT OT TEpMOMMHe-
panHus GaceiiH. Ypes BnusHMeTo Ha GapuwepHaTta rpaHuua
(ur.3) ce obscHsiBa no-BMCOKaTa kOTa Ha [peHWpaHe Ha
MWHeparnHuTe BoaW OT Haxoguweto - ¢ okono 200 m no-
BMCOKa OT Ta3u B [lonHa 6aHs 1 MuenuH. Ypes To3u mogen ce
W3SICHSIBAT M pasnuuMsTa B CbCTaBa Ha BOAUTE OT HaXOAMLLe
KocTeHeL, cnpsiMo TO31 Ha BOAUTE OT OCTaHANUTE HaxoauLa -
MWHepanHaTa Boda TyK € C Hali-HuckaTa MUHepanusauus |
Temnepatypa B Lenus 6aceitH, KOeTo ce AbMmkW Ha NO-KbCus
untpaumoHeH mbT M 6nm3ocTTa Ha  obnactta  Ha
nofxpaHBaHe.

TTuenuacku Oanu

MoMuH npoxon
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Queypa 3. Konuenmyane+ moden Ha [JonHobaHckus mepmogodoHoceH bacelH

3AKMIOYEHNE

[onHobGaHckuaT TepmMoBOAOHOCEH DaceiiH npefcTaBnsea
obocobeHa xuaporeonoxka CTPYKTypa CbC CNOXHW NpoCT-
PaHCTBEH CTPOEX W XMAPABMMYHM BPb3KI MEXIY OTAETHUTE W
yactn. B baceitHa ce hopmupaTr TEPMOMUHEPANHU BOAM,
NposiBEHM B YeTupuTe Haxoawuula - KocteHel, [onHa GaHs,
MomuH npoxog 1 MyenuHcku 6aHu.

B noknaga ca ovepTaHu 06xBaTbT M rpaHMUMTE Ha BaceiiHa,
OMpeAeneHn ca 30HWTEe Ha MoAXpaHBaHe Ha MUMHepanHuTe
BOAM W e [JafeHO OnucaHue Ha OTAENHWUTE Haxoaulia B Hero.
Bb3 OCHOBa Ha aKTyanmHW W3MEpBaHMS M Ha [AaHHW OT
PEXUMHU HabnopeHns e oueHeH gebuta Ha BCAKO OT THX.
OBwwmsT OTTOK Ha MMHEpanHa BOAa OT Haxoguwara B
[onHobaHckns TepMOBOZOHOCEH 6aceilH MOHACTOsAWEM Ce
nsumcnsea Ha 53 I/s. [lpegcrtaBeHa €  XvOPOXUMMYHA
XapaKTepucTKa Ha MUHEPanHUTe BOAM OT Haxoguwiata u ca
OYepTaHu 3aKOHOMEPHOCTUTE B Pa3npeaeneHNeTo Ha CbCTara
1 Temneparypara um.

CbCTaBeH e KOHUEeNTyarneH KoMMoTbpeH Mogen Ha [lomnHo-
BaHckus TepmMoBOAOHOCEH BaceiiH. Ypes Hero ca onpepenenu
30HMTE Ha MoaxpaHBaHe 3a BCSKO OT Haxoguwata. Mogembt
noTBbpkaaBa XMApaBNMYHATa Bpb3ka MEXAY OTAENHUTE
yacT Ha OacelHa U CbLIEBPEMEHHO M3sCHsBa 060Co-
0sBaHeTo Ha Haxopuwe KocTeHel kaTo aBTOHOMHa 4acT B
Hero. MogenbT e reHepaneH u o ronsma creneH obobwasa
XWOPOreonoXkuTe ycrnoeus B OaceiiHa, nopagn Koeto e
HeobXooMMO M3cnefaHuaTa [a npogbikat B CriegHuTe
HanpaBneHus:

NayyaBaHe CTpykTypaTa Ha GaceitHa 1 XMAPOAUHAMUYHUTE
B3aMMOZENCTBUS MEX[Y YeTUPUTE HAXOAMILA;

MacneaBaHe Ha BNUSIHUETO Ha rnoGanHuTe KnMMaTUyHM
M3MEHEHUA BbPXY PeCypCUTE Ha MUHEPanHa BoA4a B DaceliHa,
Ype3 CpaBHUTENEH aHann3 Ha PEXUMHU HabntoaeHns ¢ JaHHM
3a USMEHEHNETO Ha KNUMaTUYHUTE ENEMEHTH.

lMpoyyBaHust ¢ Len cbbupaHe Ha No-geTannHa HgopMaLms
3a kanubpupaHe 1 ONTUMM3MPaHe Ha Mogena.

Mpenopvyara 3a nybnukysaHe om
kamedpa “Xudpozaeonoeus U uHxeHepHa eeonoeus ”, IO
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The study is devoted to mineral water occurrences at Kostenets, Dolna Banya, Momin prohod, Pchelinski bani, revealed within the Kostenets graben depression.
Specific geological, hydrogeological and hydrochemical conditions of the above mentioned occurrences of mineral water are the reasons for treated them as parts of

a common hydrogeological structure, denoted as Dolna Banya thermal water basin.

Scope and boundaries of the basin are delineated. A description of individual mineral water occurrences is presented. The discharge of each of them is assessed on
actual measurements and observations of discharge regime. The total outflow of mineral water from the occurrences of the Dolna Banya thermal water basin recently
amounts to 53 I/s. The hydrochemical characteristic of mineral waters is presented as well as regularities in the distribution of composition and temperature.

A conceptual computer model of the Dolna Banya thermal water basin is compiled and it is used for determining the cathcment areas for each of the mineral water
occurrences. The model confirms hydraulic connection between specific parts of the basin and in the meanwhile studies the determination of Kostenets occurrence of

mineral water as an autonomous part of the basin.
INTRODUCTION

The Dolna Banya thermal water basin is located in the
central part of west Bulgaria, between the Rila Mountain and
the Ihtiman Sredna Gora Mountain. Four mineral water
occurrences are revealed in the basin: Kostenets, Dolna
Banya, Momin prohod and Pchelinski bani. The region under
investigation belongs to the Maritsa River catchment area,
comprising the southern slopes of Cherni rid of the Ihtiman
Sredna Gora Mountain, the eastern slopes of the Shumnatitsa
heights, northeastern slopes of the Rila Mountain and the
Kostenets valley.

A. Boue and A. Viquesnel provided first data about the
geology of the area. Later the area is studied by G. Zlatarski,
G. Boncheyv, S. Bonchev, P. Bakalov etc. Results of geological
mapping in the area are summarized by Dimitrova and Katskov
(1990), lliev and Katskov (1990, 1993) in the geologic map of
Bulgaria in scale M 1: 100 000 — map sheets Velingrad and
[htiman.

First analysis of mineral water composition were carried out
by N. Dobrev (1905) and Azmanov (1929, 1940). Data about
the capture of water sources in the mineral water occurrences
are presented in the papers of G. Vasilev (1938, 1939), B.
Radoslavov (1939) and Pavel Petrov (1943). Data about
mineral waters of the mineral water occurrences are published
by P. S. Petrov (1964). Hydrogeological conditions of the four
mineral water occurrences are analyzed by K. Shterev (1964),
who includes them in the “Kostenets area” and draws attention
to its hydrochemical zoning.

For the first time the mineral water occurrences of Kostenets,
Dolna Banya, Momin prohod and Pchelinski Bani are grouped
under the name “Dolna Banya basin” by P. Petrov etc. (1970).
According to the last authors the basin is a graben structure,
shaped by the faults between the Rila-Rhodope massif and the
Srednogorie, and the major recharge area is located down the
northeastern part of the Rila Mountain. Authors did not make
overall assessment on hydrogeologiacal conditions in the
region - their investigations were concentrated mainly on the
individual occurrences of mineral water within it.

In the present study the separate mineral water occurrences
are considered as integral parts of a general hydrogeological
unit, denoted by the authors as Dolna Banya thermal water
basin. The last unit is described through detail review of all
available reference information and the results of field
investigations, conducted by the authors in 2001 - 2003
period. Actual data for mineral water discharge, temperature,
chemical composition and radioactivity are presented as well.

DOLNA BANYA THERMAL WATER BASIN

From geological point of view the area under investigation is
represented by: Precambrian metamorphic formations -
gneiss, amphibolite, shale and marbles, Paleozoic granitoid
plutons, Upper Cretaceous granodiorite intrusions, Paleogenic
continental depositions down the Rila Mountain slopes,
Neogene -Quaternary lake-river depositions and Quaternary
alluvial depositions in the Dolna Banya valley.

The major water bearing formations collecting thermal
(mineral) water in the region are Rila-Western Rhodopes
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batholite and Upper Cretaceous intrusions within the
Srednogorie and the Rhodopes massif. Thermal waters have
an infiltration genesis, they are accumulated and circulate
along fractures and tectonic zones within the above described
Paleozoic granitoids and Upper Cretaceous intrusions. Both
rock complexes may be treated as parts composing a united
hydraulic reservoir, denoted as Dolna Banya thermal water
basin.

Boundaries of the basin (Fig.1) are delineated on the base of
geologic map of Bulgaria in scale 1: 100 000 and

hydrographical network of the region. They coincide with the
boundaries of Rila-Western Rhodopes batholite and Upper
Cretaceous intrusions outcrops and the surface water divides.

Northern part of the basin is composed of granodiorites of
the Gutsal pluton and diorites of the Plana pluton, and the
southern one — of granitoids of the Rila-Western Rhodopes
batholite with individual intruded bodies of the Upper
Cretaceous.

“Dolna b

C‘Lm.

Aquifer type

1 |'+'+I 2 i::i::l 3

B BE= ¢ o

Figure 1. Hydrogeological map of Dolna Banya thermal water basin
1 - Porous aquifer in Quaternary deposits (gravel, boulder, sands and loamy sands), middle to high water bearing capacity;
2 — Fractured aquifer in Paleozoic and Upper Cretaceous intrusions (granites and granodiorites), low to middle water bearing
capacity; 3 — Non aquiferous geological formations in Precambrian metamorphic complex (gneiss, shale, amphibolite) and
Paleogenic sediments (conglomerate, sandstone, argellite, bituminous shale and coal); 4 — Fracture-karst aquifer in Dobrostan
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formation (Precambrian fractured and karstified marbles), middle to high water bearing capacity; 5 - Non aquiferous geological
formations in Pliocene depositions (clay, sand and breccia-conglomerate); 6 — Location of the mineral water occurrences

Hydraulic link between ground water from both parts is
complicated by faulty structures of the Maritsa fault. The south-
verging over-thrust, where granites and metamosphites are
thrust over Paleogenic sediments, follows the line Borovets —
Raduil — Kostenets, presents a hydraulic impermeable
boundary for groundwater flow to northern direction. That
impermeable boundary probably brings to showing of mineral
waters in the Kostenets occurrence of mineral water, which is
treated as an autonomous part of the Dolna Banya thermal
water basin.

Paleozoic and Upper Cretaceous intrusive formations contact
directly only in the western part of the basin in the location
between the town of Dolna Banya and village of Raduil, where
the hydraulic link of ground water is direct. In the central and
eastern part of the basin (Kostenets — Dolna Banya
depression), Precambrian metamorphites and Tertiary and
Quaternary sediments outcrop on the surface. In the
depression, below the Neogene and Quaternary deposits there
are granites and granodiorites, established in boreholes. That
is a reason for supposing the availability of zones of direct
contact between Paleozoic granites of the Rila-Rhodope
massif from south and the Gutsal pluton. This is a precondition
for establishing a hydraulic connection between ground water
accumulated in both structures. In that parts the hydraulic
connection between waters, accumulated in both complexes is
realized through tectonically fractured Proterozoic gneiss,
which represent a secondary collector of mineral waters in the
Dolna Banya mineral water occurrence.

Discharge areas

Drainage of mineral water in the basin is performed by four
thermal spring occurrences - Kostenets, Dolna Banya, Momim
prohod and Pchelinski Bani. Results from the actual
investigations, performed by the authors in the period 2001 -
2003, and the data obtained from regular observations during
the 1983-2001 period, are shown on Figure 2. The trend of
discharge changes of mineral water occurrence is visualized
by linear function. Unessential decrease of the total discharge
from all mineral water occurrences is established. The reasons
for this will be investigated in the future. Now the total outflow
from the four occurrences of mineral water is assessed to 53
I/s.

Kostenets mineral water occurrence. Mineral water springs
in a dislocation of east-west direction, at the boundary between
granites of the Rila-Rhodope batholit and the Paleogenic
sediments. The major recharge area of those waters is located
in the northeastern part of the Rila Mountain. The occurrence
of mineral water were presented by two natural springs (at
elevation 850 m) and three boreholes. Before the beginning of
borehole-hydrogeological exploration (1960) the discharge of
springs had changed from 3.3 to 4.2 I/s, and water temperature
- from 35 to 41.7 °C. Thermal springs dried after drilling the
boreholes and their exploitation. Now, only one of the drilled
boreholes is exploited (Well Ne 2), with a depth of 444.70 m.
There is a catchment aiming the exploitation of the well in a
mode of artesian flow, and now its discharge amounts to nearly
14.3 I/s for temperature of the water 46 °C.

Kostenets mineral water occurrence Dolna Banya mineral water occurrence
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Figure 2. Visualization of data, obtained from regime observations on the discharge of mineral water occurrences for 1983 — 2003
period

Dolna Banya mineral water occurrence. The occurrence of
mineral water is located on the right branch of the Ludja dere
River, which is an tributary to the Maritsa River. Before the
capture thermal water had been out flowing at three locations
in the river terrace at an elevation of 615 m. During the time of
the spring capturing it was established that water outflows from
crystalline schists along a dislocation of nearly 1 m width and
east-west direction. Initially the spring had a discharge from
2,25 t0 4.0 I/s for temperature of the water of 56 °C. Due to
drilling boreholes the discharge of spring was reduced to 1.4
I/s. As a consequence a hydraulic equilibrium was established
between water sources, and recently the exploitation resource
of the mineral water occurrence is assesses to approximately
15 Ifs, for temperature of water in the range 56 - 62 °C (from
the spring and from the exploitation boreholes, respectively).

Momin prohod mineral water occurrence. It is located on
the southern slopes of the Sredna Gora Mountain, in the valley
of the Bashnitsa River. Mineral water outflows from faulted and
fractured granodiorites of the eastern part of the Gutsal pluton,
at elevation 538 + 540 m. Nearby the spring zone there is a
contact of dislocated Precambrian gneiss and gneiss-shales,
which are an impermeable boundary for seepage of mineral
water. Major fault and fractured systems near the springs are
directed in east west and north-northwest — south-southeast.
Before the capture mineral waters had been draining from 10
springs, ordered on the fault zone in a distance of 25 m.
Temperature of water in individual springs had been changing
from 20 to 68.8 °C, and their total discharge before capturing
amounted to 11.10 I/s. After the capture of thermal springs in
1936 at elevation, which is maintained even now, discharge
was established at 15.00 I/s for temperature of water 65.4 °C.
The captured spring of the Momin prohod mineral water
occurrence flows at the lowest elevation in the thermal water
basin with a constant discharge of 15 I/s.

Pchelin mineral water occurrence. The terrain is composed
of the granitoids of the Gutsal pluton. Mineral water before the
capture had been drained through several small springs,
coming from a faulty zone of 3 to 10 m width, with an east-west
direction and steep slope. Springs had appeared in a location,
where the fault is crossed by tectonic fractures of north-south
direction. Rocks in and near the faulty zone are hydrothermally
altered. Total discharge of springs before the capture
amounted to 11.17 I/s, and after - 11.7 I/s, for temperature of

the water 73°C. This mineral water occurrence represents a
seismo-hydrogeological phenomenon - for all severe
earthquakes, taken place in Bulgaria and neighbor countries
there is a reduction of the spring discharge. Three boreholes of
depth 349 to 497 m were drilled in the period 1965 — 1967.
One of them was closed, the second was equipped as a
seismohydrogeologic observation point, which does not
function recently, and the third is set to reserve exploitation
water source. Recently the discharge of “Pchelin” spring
amounts to nearly 8.8 I/s.

Physical and chemical characteristic of mineral water

There is a certain chemical and genetic similarity in the
composition of mineral waters of the four mineral water
occurrences. Thermal mineral waters from the Kostenets
mineral water occurrence (46 °C), Dolna Banya mineral water
occurrence (62 °C), Momin prohod mineral water occurrence
(65 °C) and Pchelin mineral water occurrence (73 °C) contain
nitrogen, helium, with medium to heavy radioactive content and
total dissolved solids from 0.29 to 0.96 g/l, and high content of
fluoride (up to 12.5 mg/l) and silica (up to 127 mg/l H.SiOs). In
the aspect of cation composition waters are characterized as
sodium, and anion composition — from hydro carbonate -sulfate
(Kostenets) to sulfate (the other three mineral water
occurrences). Availability of some rare and disseminated
microelements is established, increased are the micro-contents
of Li, Ga, Ge, W etc. Spring waters from the Pchelin bani have
the highest temperature (73 °C), and those in Momin prohod -
the maximum radioactivity (up 580 emanes).

Regularities in the distribution of composition and
temperature of mineral water in the basin show the way of
seepage through water-bearing rock formations. Paleozoic
granitoids of the Rila-West Rhodope batholite are older and
therefore, fractures in them are “more rinsed”, i.e. water-
soluble salts are removed and ground water, formed and
circulating in them has a lower quantity of total dissolved
solids. An example is the composition of the mineral water
from the Kostenets mineral water occurrence. Paleozoic
granitoids of the Rila-West Rhodope batholite are older and
therefore, fractures in them are “more rinsed’, i.e. water-
soluble salts are removed and ground water, formed and
circulating in them has a lower quantity of total dissolved
solids. An example is the composition of the mineral water
from the Kostenets mineral water occurrence.

Table 1 Hydrogeological and physico-chemical characteristics of mineral waters in the Dolna Banya thermal water basin
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Upper Cretaceous neointrusions are significantly lower and
therefore less rinsed, which directly affects the higher content
of dissolved components in accumulated in them waters. That
explains the enhancement of quantity of total dissolved solids,
concentration of sulfates, fluorides, meta-silica acid in northern
direction — from Rila to the Srednogorie. In the same direction
content of hydrocarbonates and values of pH are relatively
reduced. There is a regular increase of temperature of mineral
water in northern direction, which is due to higher depth of
ground water circulation.

Summarized information about discharge and main physic-
chemical parameters of mineral waters from the four
hydrothermal mineral water occurrences in the Dolna Banya
thermal water basin is presented in table 1.

HYDRODINAMIC MODEL OF THE DOLNA BANYA
THERMAL WATER BASIN

The conceptual computer model of Dolnd Banya thermal
water basin is generated to determine the hydrogeological

conditions in the basin. The purpose of the model is to confirm
the basic hypothesis presented above, to determine the
recharge areas of each occurrence of mineral water and to
investigate the hydraulic link between the occurrences.
Because there is no specific data for filtration parameters of
the basic lithological formations, their typical values are used.
The model is general and its future improvement is
forthcoming.

Hydrodynamic conditions of the Dolna Banya thermal water
basin are illustrated by a computer model, generated by
module MODFLOW 96. Boundaries of modeled field coincide
with boundaries of distribution of granites from the Rila-
Rhodope massif and granodiorites of the Gutsal and Plana
plutons, which form the Dolna Banya thermal water basin.

Outer boundaries of the basin are considered impermeable
(barrier) boundaries. The south-verging thrust, which supports
the ground water flow from the Rila-Rhodope massif towards
the central parts of the basin, is assigned as an impermeable
inner boundary.

-
[~ Pchelinski Bani
i I bl ;
e ?
[ FamiEEs
l;ﬁ v
/_' it Momin prohod
i H =
1 Dolna banya
Ii\—\.
'-,I"_‘_ F
. W1
< EEEL !
: it oo =
o {!{EQ 2 T
v
e i
5 G
-'r i
& o
o Kostenets

F)




Menyes 1. udp. XMOPOrEONOMS HA JOTHOBAHCKMS TEPMOBOLOHOCEH BACENH

Figure 3. Conceptual model of Dolna Banya thermal basin
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Thermal water basin is reduced to a homogeneous
unconfined-confined aquifer of the following parameters.
Bottom of the aquifer- 300 m; Top of the aquifer — 400 m;
Hydraulic conductivity — k = 0.08 + 0.2 m/d; Transmissivity - T
= 8 + 20 m?d; Thickness of the aquifer — m = 100 m; Active
porosity — n, = 0.05.

The modeled area is transformed in a discrete type by the
method of finite differences through a square grid of nodes with
171 columns and 161 rows.

In both main recharge areas of ground waters in the basin —
the Rila Rhodope massif and the |htiman Sredna Gora the
values of infiltration are assigned as 1,3.10° m/d and 0,8.10°
*m/d, respectively. In the central parts of the basin, Kostenets —
Dolna Banya valley a zero value for infiltration is assigned. A
constant head (boundary condition of first order) is assigned
for the box approximating the capture at “Pchelin” — absolute
elevation of water head 632.9 m. Average annual discharges
for the boxes, approximating the mineral water occurrences of
Momin prohod, Dolna Banya and Kostenets, namely Momin
prohod - 15 I/s; Dolna Banya - 15 I/s; Kostenets — 14.3 I/s. The
hydrodynamic grid of ground flow is generated through the
module MODFLOW96 for steady-state conditions. Results
from modeling are shown in Figure. 3.

Presence of hydraulic connection between individual parts of
the thermal water basin is confirmed. The recharge areas of
the four mineral water occurrences are well determined:
mineral water occurrences of Momin prohod and Dolna Banya
are recharged from the both areas, recharging of the Pchelin
bani mineral water occurrence is done extremely through the
Ihtiman Sredna Gora, and the discharge of Kostenets mineral
water occurrence is completely to recharging from the Rila
Mountain.

The Kostenets mineral water occurrence may be treated as
an autonomous part of the thermal mineral basin, which is
shown in Fig.3. The effect of the impermeable boundary is
explained by the higher elevation of draining of mineral water —
nearly 200 m higher than Dolna Banya and Pchelin.
Differences in the composition of waters from the Kostenets
mineral water occurrence in comparison to waters from other
mineral water occurrences are explained through that model -
mineral water there has the lowest quantity of total dissolved
solids and temperature for the whole basin, which is due to the
proximity of the recharge area.

CONCLUSIONS

Dolna Banya thermal water basin has complicated structure
and hydraulic links between its parts. Four occurrences of
mineral water are revealed within the basin — Kostenets, Dolna
Banya, Momin prohod and Pchelinski Bani. Boundaries and
scope of the basin are delineated, recharge areas of the
groundwater are determined. Hydrogeological descriptions of
each individual occurrences of mineral water are given.

Recommended for publication by Department
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The discharge of each one of them is assessed on the basis
of actual measurements and analysis of data obtained from
regular observations. Up-to-date the total discharge of mineral
water is assessed to 53 I/s. Hydrochemical characteristic of
mineral water is given. Regularities in distribution of mineral
water composition and temperature are described.

Conceptual computer model of Dolna Banya thermal water
basin is generated through the module MODFLOW. It confirms
the hydraulic links between the parts of the basin and also
clarifying the separation of Kostenets mineral water occurrence
as an autonomous part of the basin. Model is conceptual and it
generalizes the hydraulic conditions in the basin, so that a
continuation of hydrgeological investigations in the area is
recommended as follows:

Studying the basin structure of basin and connection
between the four occurrences of mineral water;

Studying the effect of global climatic changes on mineral
water resource by a comparative analysis of regime
observations with data for changes of climatic elements;

Investigation with the objective of collecting a more detailed
information and model calibration and optimization.
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