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ycnoend 3A  MWUrPAUMA HA  HECOPBWPYEMW  3AMBPCUTENA B
HEBOAOHACUTEHATA 30HA HA NANEOrEHCKUTE BYNKAHUTU B PAUOHA HA
FPAQ XACKOBO. YACT 1. AETEPMUHWPAHE HA HUCKOPAHIOBU XUAPOIEONOXKK
EOUHULIN

Hukonaii CmosiHos, banyw Banywee, CmechaH [Jumoecku, CmaHuena Hedenyesa

MunHo-eeonoxku yHusepcumem “Cs. Mean Puncku”, Cogpus 1700; asmg.bg@gmail.com

PE3KOME. /3crieBanm ca ycroBusiTa 3a pasnpocTpaHeHue Ha HecopoMpyemMm 3aMbpCUTENI B HEBOJOHACUTEHA CPEAa OT U3BETPENM U YACTUYHO
MPOMEHEHM BYMKAHCKM ckanu. MpoyyBaHUST y4acTbk € CUTyMpaH B ManeoreHckuTe ByNkaHUTU, [O [EnoTo 3a oTnambly Ha rpap Xackoso. B
MPUNOBBPXHOCTHUS pa3pe3 ca AndiepeHLMpaHI HIKOMKO HCKOPAHTOBM XMAPOTeONoXKM eOuHULM. 3a LiernTa e MpUroXeH KOMMNEKC OT reomnoro-
neTporpadicku, reoenekTpUIHA U XUAPOTEOrNoKKA METOOM W TEXHUKM B TOBA YMCTIO: MAKPOCKOMCKM U MUKDOCKONCKW U3CTefBaHusi Ha CKamHu
06pasLiy, reoenekTpuiHo 2D MpoyyBaHe, hUnTpaLMoHHN TECTOBE in Situ M NaGopaTopHI MHAUKATOPHN OMUTH.

MASS TRANSPORT CONDITIONS FOR NONSORPTIVE POLLUTANTS IN THE UNSATURATED ZONE OF PALEOGENE
VOLCANICS IN THE HASKOVO CITY REGION. PART 1. DETERMINATION OF LOW RANGE HYDROGEOLOGICAL UNITS
Nikolay Stoyanov, Banush Banushev, Stefan Dimovski, Staniela Nedelcheva

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; asmg.bg@gmail.com

ABSTRACT. The conditions for mass transport of nonsorptive pollutants in unsaturated media presented by weathered and partially altered
volcanic rocks are investigated. The studied area is located in the south-eastern parts of the Paleogene volcanics, near the sanitary landfill of
Haskovo city. Several low range hydrogeological units are differentiated in the subsurface section. For that purpose is used a complex of
geological-petrographical, geoelectrical and hydrogeological methods and techniques including: macroscopic and microscopic analysis of rock
pattern, 2D geoelectrical profiling, flow tests in situ and laboratory tracer tests.

BbBepeHue BYNKAHUTY, WU3rpaxpaalyy reonoxkarta OCHOBa Ha OTpeaeHaTa
[pupoaHMTE YCTOBKS, ONpEeensLLM CKOPOCTTa 1 Mallabute kpaii ¢. [apBaHOBO Mnollajka 3a paslMpeHre Ha AenoTo 3a
Ha TEXHOTEHHO 3amMbpCsiBaHe Ha  NOAMOBBLPXHOCTHOTO TBbPAKM GUTOBM OTMabLK Ha rp. Xackoso. Mpu peluasaHeTo
NPOCTPAHCTBO ca 0BEKT Ha peauLa Hay4Hu 1 CneLmuaniuanpanm Ha 3afa4ata € NpUINoXeH KOMMNMeKC OT  reonoro-
nacnegsanns. OCHOBHM Temu B noBeyveTo nybnmkauum ca neTporpadpck, reoenekTpUiHi - Xuaporeonoxk1 MeToan U
KpuTepuuTe 3a MﬂeHTM(bMKaLMﬂ W OLEHKAa Ha CTemneHTa Ha TEXHUKW B TOBa YMCMO: MaKPOCKOMCKM U MUKPOCKOMCKK
3amMbpcsABaHe; MeTOANYecKATe acrekTu W pesynratute of M3cTiefBaHis Ha ckanHM obpasup, reoenextpudHo 2D
eKCTiepUMeHTanHW  M3cnefBaHis Ha  MOBEAEHWETO Ha npoy4BaHe, (uUNTPaUMoHHM TecToBe in situ, naGoparopHu
PasnNYHN  3aMbPCUTENN; MaTeMaTUYECKUTe CUMynaumu Ha VHAUKATOPHA  OMUTA U MaTeMaTu4ecko  MOfenupaHe Ha
MpeHoca Ha BeLeCTBO B 30HaTa Ha aepauus M BbB (UATPALMOHHM W MUTPaLMOHHN  mpolec B cpefa ¢
BOAOHAcMTEHATa 30Ha M Ap. O6|_|_ta TeHOeHUUs e pga ce NPOMeHNnBa BOAOHACUTEHOCT. 3a LenuTe Ha HacroALeTo
U3nonaBaHu B TeopusiTa Ha dUNTpauusiTa M MpeHoca Ha upma “BopokaHannpoekt” Afl Tpu npoyysaTenHn CoHpaxa
BELLECTBO, MNpM OTYMTaHE Ha creuudukata Ha BCEKM (ur. 1). B cbluTe cOHoaxu ca M3MbIHEHW W nomeBsuTe
KOHkpeTeH 00ekT. [o-ronsiMata 4YacT OT W3CneABaHMsTa (unTpaumoHHn TectoBe. Bb3 ocHoBa Ha pesyntatute OT
pasrnexagat sBMeHusTa UM NpouecuTe B Mopecta cpeda NpoBeAeHOTO KOMNMEKCHO npoyyBaHe Ca peLlleHn HAKOMKO
(YaKbnu, nMAcbuM, rMKHKM). [pyra yacT 3acsraT KapcToBuTe BaXHU 3apa4n: (1) reoMeTpU4HO AETEPMUHMPaHE Ha 30HN C
opmMaLuM 1 HanykaHuTe CKanHu Macueu. [poBeaeHUTE Pasnu4HM - JUTONOXKA  XapaKTepuctikn 1 pasnuqHa
n3cnenBaHuns ca pokycpaHn BbpXy eauH CPaBHUTENHO cnabo BOAONPONYCKNMBOCT B MPUNOBbpXHOCTHATa  4acT  Ha
n3yyeH npobrem, CBbp3aH C PasnpocTpaHeHUeTo Ha BYMKaHcKnA Macus (2) onpedensHe Ha (UATPALMOHHUTE U
MOBbPXHOCTHU 3aMbPCUTENM B HEBOAOHACUTEHa cpeda OT MWrPALMOHHUTE XapakTepUCTUKA Ha OETEPMUHUPAHMTE 30HM,
W3BETPENMM W YAaCTUMHO  NMPOMEHEHW  BYMKaHUTM W (3) cbeTaBAHe Ha MaTematudeckn 2D Mopen, cumynupaly
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®ur. 1. MecTononoxeHue Ha obekTa

leonoro-netporpadcka xapakrepucTmka

B CTpPYKTYpHO OTHOWEHMEe pafoHbT Ce OTHAacA KbM
W3TouHopogonckata BynkaHcka obnact (Harkovska et al.,
1989; Dabovski et al., 1991), B kosto ca o6ocobeHn
Boposuwwkn, Momuunrpag-ApguHckn  (MBaHos, 1960) wu
Cywwmua-Kanotuko (Yanev et al., 1989) BynkaHcku paioHm.
W3cneaBaHuaT yvacTbk nonaga B BOpoBWLLKMA BynKaHCKM
paiioH. MarpageH e oT pa3HOODpa3HM NaneocreHcky ckanu,
NpeanMHO NUPOKNAcTUTK — arnomeparty (dur. 2a), B no-Marka
CTEMeH BYNKAHWUTW — natutu (cur. 2b), oTHacAWM ce KbM
3agpyraTa Ha BTOpY CPegHOKMCEN BYNKaHU3bM.

MeTporpacbckute M3crenBaHus BKMOYBaT HabnioaeHus u
onpo6BaHe Ha Tpu CoHAaxa, OT kouTo ca B3eTu 10 obpaseLa,
Wn3cneaBaHn Makpockonckn 1 ¢ GuHokynsipHa nyna Olympus.
W3arotBeHn ca 6 MuKpockonckv npenapata, W3cnegBaHu B
npoxogswa cBeTiMHa C  Mukpockoru Amplival n  Leitz
Orthoplan-Pol. HanpaBeHn ca gBa xumudyHu aHanu3a (Ha
BY/KaHCKa W MMPOKMacTUyHa ckana) ¢ ATOMHO-EMUCHOHEH
CMEKTPOMETBP C W3TOMHWK Ha Bb3bYXOaHe WHAYKTUBHO
cBbp3aHa nnasma (AES ICP) (anapat SPECTRO Analytical
instruments, Germany) B MI'Y “C. /iBaH Punckn”.

Arromepatute ca  M3rpafeHM  OT  CKalHM  KbCOBE
(nuTOKNACTK) OT NaTUTK C pasMepu Hag 64 mm 1 3aMbrBaLLo
BELLEeCTBO (MaTPMKC) OT NMpoKnacTuyeH matepuan. CkanHute
KbCOBE Ca YepHM, MO-pAaKO TbMHOCMBM. TekcTypata UM e
MacuBHa, a CTpykTypata — nopdmpHa, rroMeponopdupHa.
O®eHokpuctarte  (20-35%) ca  OT  Mnarvoknasm,
KMMHOMMpOKCEHU M 6uoTuT. Mnarnoknasute (Anss4z, aHOE3wH)
ca npeobnapasawy. Te ca CBEXW, 30HanHM, cybnopdupHn n
nopcupHu (ur. 2¢). Ha wmecTa cbabpxaT BKMOYEHMS OT
XTOPUTU3NPAHO BYNKAHCKO CTbKNO UM 6uotut (cpur. 2d).
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®emMuyHMTE MUHEpPanW Ca MPEeACTaBEHW OT KIMHOMMPOKCEHM,
Ouotmt 1 onmBuH. Konu4yecTBEHUTE CHOTHOLIEHWS Ha
KMWHOMWPOKCEHUTE 1 BuoTUTa ca NpUBMN3MTENHO EAHaKBY.
KnnHonmpokceHuTe ca KbcompuamaTiiHy, bnegosenexn, 6es
nneoxponsbm, cybnopdmpHn 1 nopdupHn (cpur. 2e-f). Yecto
ca B [1IOMEPONOPMUPHM CTPYNBAHNS — CaMOCTOSITENIHO Wi
CbBMECTHO C mnarvokniasu u ouotut (cur. 2e). Cohabpkar
BKITIOYEHWS OT aKLECOPEH anatut W MarHeTut. BuotntsT e
CBEX, JIOCMOBMAEH, CbC CbBCEM CbBbpLUEHA LEMUTENHOCT.
Yecto e nepucpepHo omaumtuanpad (cpur. 2f). lNputexasa
CWIeH Nneoxponsbm no cxemata Z = Y > X, 0T TbMHOKasB 1
TbMHO3€NeHoKasB, NOYTM 4YepeH no Z Y no
ceeTnoseneHokadss u  ceetnoxbnt no X, Cbabpxa
MHOTOYMCIIEHN BKIIOYEHWS OT THHKOMPU3MATUYEH anaTuT.
OrmBuHBLT € nop dhopmaTta Ha eauHUYHM (heHOKpUCTanu,
HambHO MPOMEHEHM B OpaHXeBOKadsiBa CMEC OT CMEKTUTH,
Xnoput U rotUT  (uauHrewt) (cpur.  2g).  AkuecopHuTe
MWHEpanu ca npeacTaBeHu OT gebenonpuamMaTuyeH u
TBHHKOMPU3MATWYEH anaTuT, y4acTBaly KaTo BKMHOYEHWUS! BbB

~

teHokpucTanute. OcHOBHAaTa Maca C MUKpONMTOBa M
TpaxuTtoBa CTPYKTYpa € W3rpageHa OT  MHOXeCTBO
MNarvoknasoBm  MUKpormMT  (4ecto cbCc  cybnapanenHa

OpWEHTMPOBKa, 00TMYaLLM (heHOKpUCTanuTe), KCEHOMOpMEH
K-cenownat u kpuctanuti. B Hakom obpasum ce Habnopasa
HE3HAYMTENHO KOMNYECTBO XNOPUTU3MPAHO BYKAHCKO CTHKITO.
MaTpuKCbT € OT HaTPOLUEHM KPWUCTamoKnacTi (mnaruoknasu,
KMMHOMMPOKCEHM, BUOTWT), BUTPOKNACTM (LeBUTpUULMPaHA 1
LUSMOCTHO MPOMEHEHW B XMOPUT W CMEKTUTM, C HambIHO
3annyeHa ¢opma) 1 no-gpebHn ckamHu KbCoBE OT NaTUTH.

Natntute ca GexoBW, CUMHO M3BETPENM U MPOMEHEHW [0
[MVHECTM MUMHEpanu, C MacuBHa W mopecTta TekcTypa. B
gbnboysHa Te ca YepBeHOKahsiBY, CPABHUTENTHO CBEXW.
MuWHepanHMAT MM CbCTaB € aHanorMyeH Ha OnucaHuTe
NMTOKNAcTK B nupoknactutute. GeHokpuctanute (15-20%) ca
OT MNNaruoknasu, KIWHOMWMPOKCEHM U BMOTWT,  YecTo
rmomeponopdvpHo  cTpynanu.  [narvoknasute  (Anssas,
aHOe3wH) ca 30HanmHW, MpU3MaTUYHU, PSAKO Ca MAoYecTy.
demMnyHUTE MUHEpamM KIMHOMMPOKCEHWM K 6uoTuT ca B
NpuBIrM3NTENHO paBHM KOMMYecTBa. bBWOTUTBT € CBEX,
nepudepHo OMaumMTU3NpaH, CbC CUNEH MNEOXpON3bM — OT
yepBeHoKasiB M0 Z = Y [0 CBETNOXbATOKasB no X.
KnuHonmpokceHnte ca 6neposeneu, 6e3 nneoxpousbM C
BKIIOYEHWS OT anatut W pyoHW MuHepann. AKLEeCopHuUTe
MWHEpanu ca MpeAcTaBeHu OT amatuT nog dopmata Ha
BKIHOYEHNS B KIMHONMPOKCEHNTE 1 BroTuta. OcHOBHaTa mMaca
C MWKPONINTOBA W TpaxuTOBa CTPYKTypa € CbCTaBeHa OT
rONSMO  KONMYECTBO  MArMokNasoBW — MUKPONUTM  CbC
cybnapanenHa opueHTMpoBKa, kceHomopdeH K-chenawnat
Fe xugpokcmau, Ha KOMTO Ce [Ob/KM YEepBEHWMKABOTO
ouBeTsiBaHe Ha ckanara (cur. 2h).

Cnopeq XvMMMYHMS CbCTaB uM3cneaBaHWTe obpasun ca

onpedeneHn Kkato natuth. Te Cca  BMCOKOKanueBsM, C
BICOKOKANMEBO  Kanuueso-ankanHa M LIOLIOHMTOBA
cepuarHocr.

B npeapuoenns 3a uarpaxgaHe Ha [leno 3a TBbpay Gutosm
OTMagbUM paiioH CKaHWUTE PasHOBWMAHOCTW (MMPOKNMACTUTK W
BYNMKaHWTW) Cca 3acerHaTy B pasnuyHa CTeneH  oT
W3BETPUTENHM NPOLLECH U OT MO-KbCHW MPOMEHM, B pesynTar
Ha KOETO Te NpUTEXaBaT PasuiHu  OU3MKOMEXAHWYHN
CBOMCTBA M CTOMHOCTW Ha €NEeKTPUYHOTO CbMPOTUBIEHME.



OcBeH npoMmenuTe, Opyr d)aKTop OKa3Ball, CbllUeCTBEHO KaTto C yBenn4yaBaHe KONM4EeCTBOTO Ha Matpukca U CteneHTa

BNNAHWE BbPXY CBOMCTBATa Ha CKanWUTe Ca KOMNMYECTBEHUTE Ha NpOoMAHa, MNponopunoHanHoO HamMandABa 3[4paBuMHATA Ha
CbOTHOLLEHMA Ha CKalTHUTE KbCOBE U MATpPUKCa B Pa3NINYHNTE CKanuTe WU CTONHOCTUTE Ha ENEKTPUYHOTO CbIPOTUBIIEHNE Ha
COHO@XW UIN Ha pa3JinyHKn ABbNOOYMHM B €aMH 1 CblLl COHAAX, cpepara.

b

®ur. 2. Makpo- 1 mukpochoTorpachuu Ha BYNKaHWUTU M NMPOKNACTUTK OT paitoHa Ha c. FapBaHOBO, XackoBcko. EcTecTBeHM NOBBHPXHOCTH
(a-b): a — arnomepart cbe ckanHu KbCOBe OT NaTUTKU U NUPOKNAcTUYeH MaTpuke; b — natut. Mukpodpororpadomm (c-h): ¢ — nnaruoknas ¢
SICHO M3pa3eHN MONMUCMHTETHW cpacTbuyu; d — NnarMoknas C BKIKOYEHWUS OT GUOTUT; € — KNMHOMUPOKCEHW B rriomeponopdupHu
cTpynBaHus; f — KNMHONUPOKCEH W nepudiepHO onaunTU3UpaH GMOTUT; g — LANOCTHO NPOMEHEH B WAUHICUT ONMBMH; h — TpaxuToBa
cTpykTypa (c, g, h +N; d, e, fIIN)
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FeoeneKprqu 30HUpaHe B CKalIHUA MaCcuB

'e0eNeKTPUYHOTO 30HMPaHE B M3CMEABaHNS CKaneH Macus €
HanpaBeHO MOCPeSCTBOM  AByMepHO (2D)  npoyuBaHe
(enektpoTomorpadmsi). MpUNOXKEHNETO HA TO3W OTHOCUTEINTHO
HOB reomauyeH MeTog Mo3BonsBa MHOro  Aobpa
pudepeHUMaLns Ha ckanuTte Mo CneunuguYHO ENEKTPUYHO
cbnpoTueneHne. [logpobHOCTM, OTHOCHO — TEOPETUYHUTE
OCHOBM, HeobxogumoTo obopygBaHe W TexHukata 3a
npurnaraHeTo Ha MeToga, MoraT ia Ce HaMepsAT B ronsm Gpoi
nuTepatypHu nstounuuy (Griffiths, Barker, 1993; Loke, 2001;
CrosiHo, 2003; Aumoscku v ap. 2007 v ap.).

TepeHHUTe M3MepBaHUst Ca U3MbIHEHN NO eANH reon3nyeH
npochun ¢ obwa gbmkmuHa 290 m (cur. 1). M3non3saHa e egHa
koca OT 12 xwneH kaben ¢ pascTosHUE MeXay enekTpoguTe
10 m (obwo 12 enekTpoga Ha pascTaHoBka). MamepBaHusiTa
ca npoBefeHn ¢ 3-enekTpogHa cxema ‘nontoc-gunon”. Cnen
M3MepBaHe Ha BCsKa pa3CTaHOBKA, Ce M3BbpLUBA CTLIKOBOTO
npemecTBaHe (‘npunb3BaHe”) Ha kabena cbC cTbrka 60 m.
Peructpaunsta e u3BbplIEHA C MOMOWTA Ha anapaTypa
Terrameter SAS 1000 npoussoactBo Ha ¢upma ABEM.
[laHHMTE OT MOneBWUTE M3MEpBaHUS Ca WHTEPNPETUPaHU C
kommioTbpHa nporpama RES2DINV (Loke, 2001; v gp.) v e
[ETEPMUHMPAHO  pasnpedeneHneTo  Ha - AeACTBUTENHUTE
CbMPOTUBAEHNS B MOAMOBBPXHOCTHOTO  MPOCTPAHCTBO.
[ony4YeHNsT reoenekTpUYEH paspes e NpeacTaBeH Ha dur. 3.

Model resistivity with topography
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®ur. 3. MeoenekTpuyeH paspes no reocmsuyeH npocoun I-

PeructpupaHoTo reoenekTpuyHo none no3sonssa Aa ce
[eTannuanpa reonoxkus paspes ao abnbounHa 40-50 m. Hai-
0006LLEHO M3CNeaBaHNAT pa3pe3 ce MpeacTaBs OT YeTUpH
€NEKTPOCHNPOTUBUTENHI CPEAM, MAPKMPALLM 30HW C PA3NINYHN
NIUTONOXKA XapaKTEPUCTUKX WKW C pasniyHa CTeneH Ha
BOAOHacuwWaHe. [Tbpgama eniekmpocbnpomugumenHa cpeda
(BoHa A) e Han-lWMpoKo pasnpocTpaHeHa. CToWHOCTUTE Ha
€NeKTPUYHOTO CLNPOTUBIIEHWE 3a Ta3W Cpeda ca B Auanas3oHa
or 50 Om pgo 200 Om. Hait-BepOATHO BMCOKOOMHUTE
yqactbun B rpanuumte 100-200 Om KapTtupar 4yactu ot
CKanHusi MacuB, B KOMTO npeobnafaBalioTo CbOTHOLLEHME
MEXZY CKarHuTe KbCoBe U MaTpukca e okono u nog 50 %. Tyk
NUPOKNacTUTMTE ca crnabo NPOMEHEHN M Ce o4akBa Aa umar
CPaBHWTENHO  MO-HWUCKA  MPOHMUAeMocT.  HuCKoOMHUTE
y4acTbLy, B KOUTO CbMPOTUBNEHUSATA Ca B rpaHuyuTe oT 50 [0
100 Qm, mapkupaT npPUCLCTBMETO Ha [0CTa MO-BUCOKO
KONMMYeCTBOTO Ha CBbP3BALLO BELWECTBO MEXAY CKarHuTe
kbcose (mMatpukc) (okomno 60-70 % u noseye). Criegea aa ce
OvYakBa, Y€ TyK CKalnHMAT MachB € C Manko Mo-BMCOKa
npoHWLaemocT. Bmopama enekmpocbnpomusumernHa cpeda
(3oHa B) uma Hal-BUCOKM CTOMHOCTW Ha €neKTPUYHOTO
CBLNPOTUBEHNE 33 M3CNEeaBaHUSA re0eneKkTpUYeH paspes — B
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OuanasoHa ot okono 200 Om go 350 QOm u noseye. T4
Mapkupa pasnpoCTpaHeHUeTO Ha HeU3BETPENuUTE, MITbTHMU
NaTUTK U He3acerHaTuTe OT BTOPUYHA NPOMSIHA MUPOKNACTUTH.
BynkaHckuTe ckanu B Ta3W 30Ha Ca 34paBy, MITbTHWA W MHOMO
cnabo npoHuuaemun. Tpemama enekmpocbnpomugumenHa
cpeda (3oHa C1) ce xapaKTepuaupa ¢ Mo-HUCKM CTOMHOCTM Ha
€MEeKTPUYHOTO CBMPOTUBIEHNE CMIPAMO 30Ha A — B A1anasoHa
ot okono 35 Om go 50 Om. 3oHa C1 BeposTHO nokanusupa
pa3nomnoxXeHnTe Ha ronama abnbounHa (Hag 30 m) yyacTbLm,
B KOWTO MWPOKNAcTUTUTE Ca CbC CUMHO MPOMEHEH MaTPUKC.
Yemebpmama enekmpocbnpomugumersHa cpeda (3oHa C2)
Ce XapaKTepusupa C Hai-HWUCKM CTOMHOCTM Ha EneKTPUYHOTO
CbNPOTUBNEHNE 33 U3CMEABAHNSAT re0enekTpUYEH paspes — B
JuanasoHa oT okorno 25 Om go 50 Om. Tasu 30Ha kapTupa
CUITHO M3BETPenuTe, AE3VHTErpUpaHn W pasnoXeHn Natuti 1
MUPOKITACTWTM B rOpHaTa 4acT Ha paspesa.

Cnensa pna OTOENeXuM, Ye [Ee3NHTErpupaHuTe W CUIHO
NpOMEHeHN ByrnkaHcku ckanu B 3oHa C1 1 B 3oHa C2 BepOsATHO
“maT BMUCOKa BOLONPOMYCKMUBOCT, PECH. MPOHWLAEMOCT.

Xnaporeonoxku ycnosus

[paHMLM Ha HUCKO PaHTOBUTE XMAPOreoNOXKM eQUHULM

B HeBoaoHacuTeHaTa 4acT Ha M3CnefBaHUs MmaneoreHcku
MacvB (0o gbnbounHa 50-60 m) ce eTEPMUHMPAT TPU HUCKO
PaHrOBW XWOPOTEONOXKA eduHULM  (30HW): nbpsa crabo
npoHuyaema 30Ha (30Ha A-1); emopa crabo npoHuyaema 30Ha
(3oHa A-2) n MHo20 crabo npoHuyaema 30Ha (30Ha B).
MpOCTPaHCTBEHUTE FPaHMLM M FEOMETPUSTA HA TE3W 30HM ca
onpeneneHun cnef npeuuseH aHanua Ha cbhbpaHaTta apxuBHa
WHOpPMALMs, KaKTO W Ha pesyntaTuTe OT NPOBELEHUTE
reonoro-neTporpadcky, reonanyHu, OUNTpaLMOHHM
u3cnenBaHus. MpoCTPaHCTBEHOTO NOMOXEHME Ha TPUTE HICKO

paHrosn eguvHuun €  UNKCTPUpaHO CbC  CbCTaBEHUA
XWBPOreonoxkn npocoun (cur. 4).
350
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®ur. 4. Hucko paHroBu eaMHULM No xuaporeonoxku npodwun I-1

Mbpeama cnabo npoHuyaema 30Ha (30Ha A-1) e
opMMpaHa B y4acTbuUMTE OT CKarHWs Macue, B KOWTO
npeobnagaBalyoTo CbOTHOLLEHWE MEXAY CKanHUTe KbCOBE M
matpukca e okono u nog 50 %. Tyk nupoknactutuTe ca cnabo
NPOMEHEHN U ENEKTPUYHOTO CHLMPOTUBIIEHNE € OTHOCUTENHO
BMCOKO. TOBa mMpeanonara, Ye TasnW 30Ha NpuTeXasa W
CPaBHUTENHO HMCKA MPOHULLAEMOCT.

Bmopama cnabo npoHuyaema 30Ha (30Ha A-2) ce
YCTaHOBABA B Yy4acTbLMTE, B KOWTO KOMUYECTBOTO Ha
CBbp3BaLLO BELLECTBO (MaTpukca) e okorno 60-70 % v noseve,



B CUMHO M3BETPEnuTe W AE3MHTErpUpPaHM NaTuTK B ropHaTta
YacT Ha pa3pesa, KaKTO M B 30HUTE CbC CUMHO MPOMEHEH
MaTpuKkc B ObNibouMHa. MaTpukchT e B 3HauuTernHa cTeneH
NMPOMEHEH, a eneKTpUYHUTE CbMPOTUBIEHUS Ha cpefaTa ca
Huckn. CrieaBa [a ce ovakea, Ye 30Ha A-2 e C Mo-BUCOKa
MPOHULIAEMOCT OT 30Ha A-1.

MHozo cnabo npoHuyaema 30Ha (30Ha B) nonaga B
rPaHULMTE Ha Pa3NpOCTPaHEHWNE HA HEU3BETPENUTE, MITbTHM
naTMTM W B YacT OT He3acerHaTuTe OT BTOPUYHA MPOMSHA
MUPOKNACTUTU. ENeKTpuyHNTE CLNPOTUBREHNS Ha Te3U cKanu
ca OTHOCMTENHO BUCOKM. KaTo Lsno BynkaHUTUTe B 30Ha B ca
30paBu, MITTHI 1 MHOTO €Nabo NpoHULaeMy.

®unTpaumuoHHK napameTpy

3a onpegensiHe Ha BOAOMPOMYCKIMBOCTTA HA W3CNEeABaHMS
MacvWB B TPUTE COHAAXa Ca M3MbAHEHW 8 (DUITPALMOHHM
TecTa (ekcnpecHu BogoHanueaHus). Bcekn TecT e npoBegeH
MpU pasnuyHa paskpUTOCT Ha COHZAAXHWS CTBOM W pasnnyHa
BMCOYMHA Ha BOZHMS CTbnb (Tabn. 1). OnuTHUTe gaHHu ca
WHTEPNpEeTMpaHM no MeToga Ha EpHCT B koopanHaTHa
cuctema Ig(h+0.5r0) — t, kKbaeTo h e BUCOYNMHATA Ha BOAHWA
CTb0 BbB BCEKM MOMEHT t OT HAyanoTo Ha onuTa, a fo €
paguycbT Ha CoHgaxHus cTBon. [lpn wn3uucrnenusTa e
n3nonasaHa nporpama Express, anroputbMbT Ha KOSTO
BKMIOYBA M TO3M MaeHTUdmKaumoHeH meTog (MbrmbboB u
CrosHoB, 2005 v gp.). MonyyeHnTe rpachnyHM 3aBUCUMOCTH Ca
npeactaBeHn Ha cur. 4, kato ¢ pombyera ca HaHeceHu
ONUTHUTE [aHHW, @ C MITbTHU NMHUW — anpoKCUMMpaLuTe
npasy. M3umcnenute cToitHocTH 3a k ca 0606Lenn B Tabn. 1.
Pesyntatute OT eKCnpecHWUTE BOAOHANMBaHWs Mokasear, ue
BOZOMPOMYCKNMBOCTTa Ha MW3CredBaHWs MacuB €  Hicka.
Onpepenenute, cneg eanH No-NPELM3eH aHanma, OCPeaHEHN
CTOHOCTM Ha K 3a BCSAKa OT HUCKO PaHrOBUTE XWAPOTEONOKKM
€MHMLM Ca NOCOYeHM B Tabn. 2. ChLuuTe ca 13nonaBaHu kato
W3YUCIUTENMHM  BENWYMHM  NpW  pa3paboTBaHeTO  Ha
MaTeMaTU4YeCKNsl MOAEN 3a MPOrHO3MpaHe Ha YCroBusTa 3a
pasnpoCTpaHEHWE Ha 3aMbpCUTENUTE B HEBOAOHACUTEHATa
30Ha Ha MacuBea.
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Tabnumua 1
[aHHu 3a ycnosusima 3a npogex0aHe Ha ecnpecHume onumu
ManuTBaH [BH cnep Koedh. Ha
Comam WHTepBan CBH, m BOZOHa- untpaums
a oT- 10-, M nBaHe, m k, m/d
0.0-54 CyX CTBON 0.00 0.05
C-1 4.6-9.2 CyX CTBON 4.60 0.03
9.4-15.5 CyX CTBON 9.40 0.06
0.0-54 CyX CTBON 0.00 0.03
C-2 5.0-9.3 CyX CTBON 5.00 0.05
9.3-15.5 CyX CTBON 9.25 0.10
c3 0.0-5.5 CyX CTBON 0.00 0.03
4.0-9.0 CyX CTBON 3.95 0.002
Tabrmuya 2
CpedHu cmoliHocmu Ha Koeghuyuerma Ha unmpauyusi K
Xugporeomnoxka eanHuLa WHpekc Koecpuuen Ha
countpauus k, m/d
[TbpBa cnabo npoHuLaema 3oHa A-l 0.050
Bropa cnabo npoHuuaema 3oHa A-2 0.100
MHoro crniabo npoH1Liaema 30Ha B 0.005

®ur. 4. PesyntaTu OT WHTepnpeTauuaTa Ha [JaHHUTe
eKCnpecHUTe BOAOHanuBaHus B coHgaxm C-1, C-2 u C-3
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MurpaumoHHmM XxapakTepucTUKM

3a onpepensHe Ha copOuuMoHHaTa nopecTocT (Ns) W
JuCnepcmBHOCTTa (o) Ha (UNTpaLMOHHATa cpeda ChpsiMo
Obp30noaBKHA 3aMbpcuTeny (Hamp. XMOpUAHM WOHK) ca
NpoBeLEeHN TPU MHOMKATOPHM OnUTa B KOMOHM. 3non3saHarta
MeToguka e nogpobHo omucaHa B CrosHoB  (2006).
W3cnenBsaHu ca Tpu npeacTaBUTenNHN Npobu OT paskpUTUs Cbe
COHAAXNTE reonoxkn paspes. BxogHuTe KOHLEHTpauuu Co Ha
xnopugHute oHn (Cl) ca nmocoveHn B T1abn. 3. Cvuwara
TabmMua CbAbpka [OaHHM 33 reoMeTpusita Ha npobute,
CKOpOCTTa Ha (UnTpaLust v u GoHoBaTa KOHLEHTpaLus Cs. B
XOfla Ha BCEKW OMUT Mpe3 pasnuuyHi WHTepBanu ca B3emMaHu
BOLHM Npobu 1 e onpefensiHa KoHUeHTpaumsita Ha Cl- B TaX.
OYHKUMMTE, ONMCBALLM W3MEHEHWETO HA KOHLEHTpaLusiTa Ha
Cl- BbB BpemeTo c(), ca MHTEPNPETMPaHN C KOMMIOTbpHA
nporpama LTT1DPI (CtosHos, 2003; 1 ap.). OnUTHWTE AaHHM
ca WncTpupaHu Ha dur. 5 ¢ pombueta, a nonyyeHuTe ¢
nporpamMata UAEHTUPUKALMOHHN KPUBM — C MITBTHWA JIMHWM,
OnpepgeneHunTe CTOMHOCTM Ha Ns M Ha i ca JaaeHu B Tabn. 4.

Tabrmuya 3
Ycnosusma 3a nposexdaHe Ha UHOUKamopHUme onumu
Konona Ne 1 2 3
Xugporeon. eauHnLa (MHEeKc) A-1 A-2 B
ObmkvHa Ha npobata x, m 0.09 0.09 0.09
Paguyc Ha konoHaTa r, m 0.008 0.008 0.008
CkopocT Ha counTpauus v, m/d 0.214 0.232 0.195
BxogHa koHueHTp. Ha CI co, g/l 1.665 1.627 1.645
®oHoBa KoHLEeHTP. Ha C cg, gl 0.00 0.00 0.00
Tabrvya 4
Pesynmamu om uHOuKamopHUmMe onumu 8 KOIoHU
Korto- Nuronoxka réﬁ)ﬁta e .
Ha Ne pasHoBMAHOCT S o
eauHmLa
1 [upoknacTnyeH Al 091 | 0.008
MaTpUKC, M3BETPAN
9 TNatT ¢ nupoknacTuyeH A2 089 | 0003
MaTpUKC, U3BETPAN
3 TNatut, pasgpober go B 052 | 0001
ApebHM KbCoBE Mpax

Pesyntatute 0T waeHTUGMKALMOHHUTE npouenypn Aasar

OCHOBaHWe Jja Ce HanpaBsiT CneaHUTe U3BOAM:

o [lbpgama cnabo npoHuyaema 3oHa (A-1) npuTexasa
ronsma cnocobHocT fa copbupa (3agbpxa) BELIECTBO.
lMonyyeHaTa 3a Ta3n 30Ha CTOAHOCT Ha Ns € MHOro Mo-
BUCOKAa OT obLjaTa NOpecTocT Ha MUPOKNACTUYHMS
MaTpuKC, KOETO Mpeanofiara M MHOTO  OrpaHUyeHN
Bb3MOXHOCTU 3a Pa3npoCTPaHEHNE Ha 3aMbPCUTENN.

e Bmopama crnabo npoHuyaema 3oHa (A-2) cbwo pobpe
copbupa 3ambpcutenu. OnpeneneHaTa CTOMHOCT Ha Ns €
HSIKOJTKO MbTW MO-BMCOKA OT 0BLLaTa NopecToCT.

e MHoeo cnabo npoHuyaemama 30Ha (B) MMa MHOTO HuCka
npoHuLaemocT, pecn. fobpa cnocobHOCT fa 3agbpxa
3ambpcuTenn kato uano. OnWTHO ycTaHOBeHata 3a
pasgpobeH MaTepuan OT Ta3W 30HA CTOMHOCT Ha Ns
npegnonara  OTHOCUTENHO  BMCOKa  3afbpallia
CNOCOOHOCT Ha 3ambIHUTENS B OrpaHUYEHNTE Mo pasMep
W KOMMYECTBO MYKHATWHM B CKamHWSl MacyB.

e CrOiiHOCTUTE 3@ HaAnbXHaTa AMCMEPCUBHOCT aL 3a
BCWYKM M3CNEABaHN Npobu ca M3KMIOYUTENHO HUCKW — OT
nopsiAbka Ha HSKOKO MUNMMeTpa. ToBa e CBbp3aHo ¢
Marnkus Mawab Ha nabopaTopHUTe TECTOBE.
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