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Pesiome. I[IpoBeseHo e reousHyHO M3CIIEBaHE HA KOJEKLMs OT IPaxoBH HpodH,
CHOpaHU OT NETCKH IUIOIAJKH OT pa3inuHu paifonn B rp. Codus. Llennte Ha n3-
CJISIBAHETO ca: 1) OIlCHKA Ha CTETeHTa Ha 3aMbpPCsBAHE Ha OKOJHATA Cpefa, B KOs-
TO urpadar maikure aena B Codus; 2) mpociensBaHe Ha H3MEHEHHUETO B KaueCTBOTO
Ha OKOJIHaTa Cpefa Mpe3 pasindyHU Ce30HH B paMKHTE Ha 2 TOAMHU; 3) Mody4yaBaHe
Ha HOBM JAHHU 3a MAarHMTHUTC CBOMCTBaA Ha AHTPOTIOT€HHU TIPOAYKTHU OT OTJIOXKEHA
npax. ExcriepuMeHTaIHuTe pe3yaTaTu OT aHAIN3UTE Ha BU/Ia HA MAarHUTHUTE MUHEpa-
JIM TIOKa3BaT, Y€ OCHOBEH IPHHOC JaBaT OKUCHUTE Ha XKENII30TO — MArHETUT, MarXeMHUT,
THUTaHOMarHeTHT. [lomy4eHnTe MarHNTHHU TapaMeTpH ca HHTEPIIPETHPAHH BbB BPB3Ka
CBC CTEINICHTA Ha 3aMbpPCSIBaHE HAa Bb3AyXa OT JOKATHU U apEaTHU N3TOYHUIIN, CBBP3a-
HHU C LIIMPKYJIALKATA HA BB3AYLIHUTE Macu HaJ rpaja u pasnpoctpanenuero Ha OITY.
VYcTaHOBEHO €, e 3a MOBEYETO JIOKAIUTETH, ONpoOBaHu rpe3 ecenta Ha 2017 1. u Mecen
¢deBpyapu 2019 1. MarHuTHaTa BE3IIPUEMYHBOCT Ha ipedHaTa (paKiys € o-BUCOKa OT
Ta3M Ha expara ¢pakiys. 3a mpaxra, onpodBaHa npes ysaToro Ha 2019 . MarHnTHaTaA
BB3NPHUEMUYHNBOCT Ha eApaTa (pakius e Mo-BUCOKa OT Ta3W Ha ApeOHara. By3 ocHoBa
Ha aHaJIN3a Ha BapHAI[MHUTEe HA MATHUTHUTE ApaMeTPH € HallPaBEeH N3BOJA, Ue Ipe3 ec-
€HHO-3MMHUTE MECELH B IIPAXOBOTO 3aMbpCsiBaHe JoMUHMpa npuHoca ot PITY, a npes
JICTHHSI CE30H — IPUHOCA OT JIOKAJTHUTE U3TOUHUIM (Hal-Beue aBTOMOOHIHUS TpaduK).
HaGmronenusta cbC CKaHHpAI IEKTPOHEH MHUKPOCKOII HAa MAarHUTHU €KCTPAKTH OT
IIpaxoBeTe MOKa3BaT MACHBHO HAaJIMYHE Ha €pH aHTPOIIOTCHHH YaCTHIN C HEIPaBHIIHA
(dopma, KakTo U c(hepHUIHN JACTUIM, 00pa3yBaHH B pe3yATaT Ha BHCOKO-TEMIIEpaTyp-
HHU TEXHOJOTUYHH TPOIecH. BCHUKM aHTPOIOreHHN YacTHIM Ca CHIIHO 0OOTaTeHH ¢
JKEJIE3HH OCKHCH, a B HSKOU OT TAX MPUCHCTBAT M BKIIOYEHHS OT EIEMEHTH Ha TEXKKU
METaJIM KaTo OJIOBO, IUHK M aHTUMOHHH.

KiouoBu AyMHu: CI)I/IHI/I IpaxoBu 4aCTULU, aHTPOIIOICHHO 3aMbpPCABAHE, NCTCKU I1JIO-
1IaJAKA, MarHUTHA BB3IIPUEMYUBOCT
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1. BbBeaenue

Codusi € rpagbT ¢ Hali-MHOTOOPOMHO U MOCTOSHHO YBEIMUYABAIIO CE MPEe3 MOCIIC-
HUTE TOJIMHU HACEJICHHUE, MOpajd KOeTO U MpOOJIEeMbT ChC 3aMbPCSIBAHETO Ha aTMOC-
(depHus Bb3AyX € CIUH OT HAl-CEpUO3HUTE HE caMo B CTpaHara, HO u B EBpoma. Bposr
Ha JICUCTBAIIMTe MOHUTOPUHIOBU CTaHIUMK 32 ChCTOSHUETO Ha aTMOC(EpHUs Bb3IyX B
CTONHUIaTa, HOAXBPKAaHU OT M3nbaauTennata Arenuus kbM MOCB, e orpanuden (6 Ha
Opoit), a MHOTOOPOHHUTE TPAKIAHCKH CTAHIIMU 332 MU3MEPBAaHUS B pEaTHO BpeMe J1aBaT
caMO MOMEHTHHUTE CTOWHOCTH Ha KaueCTBOTO Ha BB3/IyXa.

Upes BBBEKIAHETO HA KOCBEHH METOMH 3a OIIEHKA HAa 3aMBPCABAHETO MOXKE Ja Ce
MOJIyYd MKOHOMHUYECKH eekTHBHA, Obp3a M JieTaiiHa nH(opMalus 3a ropemuTe To4-
KM B Tpajckara cpena. TakbB METOJ 3a OICHKA HA 3aMbPCSIBAHETO Ha OKOJHATA CPefa €
MarHUTOMETPUYHUAT MeToA. Toi € pa3paboTeH mpean okoiio 15 I. M Beue HaMMpa IIH-
POKO TPUIIOKEHHE B CBETA 3a KapTHpaHEe ¥ MOHUTOPHHT HAa CTETEHTA Ha aHTPOIIOTCHHO
3aMbpCsIBaHe Ha MOYBH U Ipajicka npax. Meroaukara ce 6a3upa Ha (akra, ue ToBeYeTo
WHIYCTPHAIIHU POM3BOACTBA, KOUTO 3aMBPCABAT OKOIHATA CPeNia, EMUCHUTE OT TPaHC-
mopta u oT TEL[-0Be oTaensaT B atMocdepara 3aeIHO C TeKKUTE €JIEMEHTH U 3HAYUTEITHO
KOJTMYECTBO CHJTHO MAarHUTHM YacTUIM. B pe3ynrar ce HaOmionaBa yBeanyaBaHe Ha Mar-
HUTHATa BH3MPHUEMYHUBOCT Ha OJNM3KHUTE 10 3aMBPCUTENS MOYBH, CEAUMEHTH U T'pajicKa
npax (Petrovsky and Elwood, 1999). ITo To3u HauuH 4Ype3 ObP3UTEC U CBTUHH MArHUT-
HU U3MepBaHus (TI0JIeBU U TaOOPaTOpHH), KOUTO MOrar Ja ObAaT MPOBEICHH BbPXY I'b-
CTa Mpeka OT U3MEPBATEIIHN MMyHKTOBE, MOTAT TOYHO Jia ce WACHTU(DUIMPAT MecTara ¢
Hal-CUJTHO 3aMbpCsIBaHe.

Bpennoro Bh3zaeiicTBre Ha (DMHUTE MPAXOBH YaCTUIM € 0COOSHO OMAacHO 3a 3/pa-
BETO Ha JeraTa. YCTaHOBEHO €, U CHIIECTBYBA KOpeJalus MKy HUBaTa Ha OJIOBOTO
B KpBBTa Ha JieliaTta W KOHILEHTPALUsITa Ha OJIOBO B rpajckara mpax u nousa (Laidlaw
et al., 2005; Laidlaw and Taylor, 2011). ITopaau ToBa nmpaxoBara (paxiys, OTIOKEHA
B JICTCKUTE TPaJiHU, TAPKOBETEe M Ha JETCKUTE IIOIIAIKH, 3aCIy’KaBa MO-BHUMATEITHO
n3ydaBaHe. Pequia n3cienBaHns MOKa3BaT, Ye MaTepHAIUTE, U3MOI3BAHN B Pa3IHYHU-
T€ HACTHJIKM Ha JETCKUTE TUIOINAIKH YECTO CHIBbpPIKAT 3aBHILICHU HUBA Ha ONPECICHU
TEXKHU MeTau, kato Zn, Co, Cr, Ni (Wachtendorf et al., 2017; Frias and de Rojas, 2002).
VYcTaHOBSIBaHETO Ha HUBATA HA 3aMBPCSABAHE C TE3H TEKKHU METallM, KAKTO U CTEIICHTA Ha
YCBOSIBAHETO UM OT JIelaTa, IMa OTPOMHO 3HA4EHHUE, Thi KaTo Te3H IEMEHTH UMaT Kak-
TO CHJIHO HEraTuBeH e(peKT BbPXY MOBEICHUETO ¥ MHTEIUICHTHOCTTA, Taka U U3pa3eHH
kapuunoreunu edekru (Wong and Mak, 1997).

B HacTosimata pabora e HampaBeHa OIICHKAa Ha CTENEHTa Ha aHTPOINOTCHHO 3a-
MBpCSIBaHE Ha JETCKH IUIOLIAJKU OT pa3in4Hu paiionu Ha rp. Codust U BIMSHUETO Ha
CE30HHMTE NMPOMEHM B CTEMEHTa Ha 3aMbpCsBaHE B Te3W paiionu. IIposenenu ca pe-
JIMlla MarHUTHH M HEMarHUTHH J1a0OpPAaTOPHU W3CIEBAHUS BbPXY MNPaxXOBH MHPOOH
ot 13 mercku tiomanku ot rp. Codus u ot 3 OAM3KU O CTOIUIATA MAJIKH HACEJICHU
MecTa.
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2. MeTomoJiorusi Ha U3CJeIBAHETO

2.1. U300p Ha JOKAJUTETH 32 ONIPOOBaHe

LenTa Ha MpoBeACHOTO M3CIIEABaHE O¢ Jla Ce MOTHPCAT CE30HHU 3aKOHOMEPHOCTH B
MarHeTu3Ma Ha OTJIO)KEHara Mpax Ha JAETCKUTE IUIOMIAIKH 1 J1a Ce CBbPXKAT € TPaJICKOTO
3ambpcsiBaHe. [lopaau ToBa 0sixa MPOBECHN ONPOOBAHUS HA MPaX OT JIETCKU IUIOMIAIKH
1pe3 TPH TOJUIIHN Ce30Ha — 3UMEH, JIETEH U €CEHEH.

CnOpanu ca obpasuu ot 13 pasnuunu paiiona B rp. Codus (dur. 1), npeaumMHo oT
CCBCPOMITOUYHUTE M FOTOU3TOYHHM KBapTalid, KAKTO U OT LHCHTPAJTHUTC 4YaCTH Ha rpaga
(bopucorara I'paguna; llentsp u T.H.). OnpoOBaHeTo O¢ MPOBENEHO HA TPU KaMIIaHUU
— mpBara npe3 Mmecen centempu 2017 r.; Bropara — mecen ¢espyapu 2019 1. u Tpe-
tata — Mecerl aBryct 2019 . Ot nokanuterute B I'epena (GER), pyx6a (DRZH) u
Hanexna (NADZ) ca B3etu 1o 2 mpodu OT €HO M ChIIO MSICTO Ha PAa3CTOSIHUE OKOJIO
20 merpa emHO OT aApyro. B3ertu ca mpoOu u OT AETCKH IOk u3BbH rp. Codust —
c. [ManyapeBo (PAN1, PAN2) u B paitiona Ha Hckbpckoro nedune — c. Lepoo (CER)
u c. 'apa Jlakarauk (LAK). 3a Besika JieTcka ruiomnajka ca M3MepeHu U reorpa)ckure
koopnuHaTh upe3 nopraruBeH GPSetrex summit (Garmin).
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[Tompo6HO onMcaHue Ha JIOKAUIUTETUTE € mpenctaBeHo B Tabmuia 1. Beska mpoba
ce ChCTOM OT Marepuall, B3eT C [IOMOIIITA Ha IIMakKia U 4eTka. KoiandecTBoTo Ha OT/es-
HuTe pobm Bapupa Mexay 30 — 40 rp. Llsmata xkomeKys mpoOH OT TPUTE KaMIIAHWU Ha
onpoOBaHe ce ChCTOM OT 51 mpoodwu.

Taéauua 1. Onucanue u reorpad)cKu KOOPAMHATH Ha ONPOOBAHUTE JIOKATUTETH.

Obpasen Haii-0.1mm3ka yauna 3amnpessane ¢ Koopannatu Hanw.
Ne oTHagbUH BHCOYHHA
ALJ Oyu. ,,Xp.bores* CHIIHO 3aMbPCEHO I];I;;Z: ;192 : 339 :66,’: H=523 m
Eﬁg%é Oyu. ,,Poxen CHJIHO 3aMbPCEHO I];I ;‘32: fg : 33;:75 : H=436 m
gggé 6yux. ,,boreBrpazacko moce* CPaBHUTEITHO YUCTO I];I §32: ; 11 : 5533: H=508 m
SLA yi. ,,CnaTuHCKa peka‘ CPaBHHUTEIHO YUCTO I];I ;?: ;21 : ;)81:;1: H=518 m
gggé Oyux. ,,bprokcen™ CPaBHHUTEITHO YHCTO I];I ;?: ;3? : 2536 .’62: H=557 m
GEO yiI. ,,AtaHac Y3yHoB® g?ﬁ;;;ﬁﬁqm Ges I];I ;32: ; 11 : igz:g ,” H=540 m
ML Oy ,,Auapeii JIsmues® CHJTHO 3aMBPCEHO Ig ;32: 2329 : 892:2: H=604 m
DIA yi. ,,Hukona "abpoBcku™ CPaBHHUTEITHO YUCTO I];I ;?: ;g : :f :; ,’,’ H=590 m
BG o cT. ,,brarapcka apmus™ gg;zz;izqm be3 I];I ;?: ;& : {);gf: H=548 m
CEN Oyu. ,,Bacun JleBckn* CPaBHUTEIIHO YHUCTO I];I 332: gg : 856”?: H=479 m
CER }éia;a[zﬁil;fﬁiii?}) CHIIHO 3aMbPCEHO I];I;;%,Oz%? ’522?%1,,” H=385m
LAK yi. ,,Bacun JleBcku™ CHJIHO 3aMBPCEHO I];I ;;: ;)25 : 23:2”: H=415m
PAN 1 yi1. ,,CaMOKOBCKO 1oce CPaBHUTEITHO YUCTO I];I ;132: 3;;,2%?, H=612 m
PAN 2 yiL. ,,PUIISIHUK CPABHUTEIIHO YHCTO I];I ;32: 3217,423’:, H=621 m

2.2. [loaroToBKA HA MPOOHUTE U JIAGOPATOPHH H3CJIEABAHUA

CpOpanuTe MpodU ca M3CYIICHH U MPECATH MpPe3 CHTO C pa3Mep Ha OTBOpA €IUH

munumeTsp. Taka ca nonyuenu jaBe ¢pakuuu: eapa (d > 1 mm) u gpedna (d < 1 mm).
Bbpxy TO3u Marepuall ca HalpaBeH! CIESJHUTE J1a00paTOPHHU U3MEPBAHHS:

1. 3amepBaHe Ha MarHWTHATa BH3IIPUEMYHUBOCT (K) Ha eapara (pakius OT Ipaxo-
Bute 1npodu ¢ kana-moct MFK-1FA (AGICO Ltd., Czech Republic) ¢ ayBcTBUTEIHOCT
27108 (SI).
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2. MI3mepBaHe Ha MarHUTHATA Bh3MPUEMUYNBOCT (K) Ha (huHATA (PPAKIIUSI U TPECMSI-
TaHe Ha Mac-crienM(puIHaTa MarHuTHAa BB3IPUEMUHBOCT (C), KaTo 3a IeJITa € U3MEPEHO
U TEeTJIOTO Ha mpobara. MarauTHaTa BE3MPUEMYNBOCT € H3MEPEHA Ha JBEe paOOTHHU 4ec-
toru: Hucka (low-field “If””) 976 Hz u Bucoxka (high field “hf”) 15616 Hz. IIpecmernar
€ IPOLEHTHT YECTOTHO 3aBUCMMA MarHUTHA Bh3npreMunBoct c¢fd% = (¢ -c,)*100/c,.

3. OT BCcHYKHM MPOOH OT TPUTE KAMIIAHWM Ca MPHUTOTBEHW KyOWMUYHW OOpasly ChC
cTpaHa 2 cM, KaTo € U3I0JI3BaH 2 TP. MPaxoB MaTepHall, CMECEH C MAJIKO KOJIIYECTBO THIIC
u Bofa. Bepxy Ta3m konekuus KyOdeTa ca MpOBEICHN M3MEPBaHUs Ha TabopaToOpHO-MH-
JTyIUPAaHU OCTaThYHU HAMAaTHUTCHOCTH.

4. Cw3naBane Ha nabopatopHa O6e3xucrepe3ucHa HamaruuteHocT (ARM) ¢ makcu-
MaJHa aMIUTUTY/Ia Ha IpoMeHInBOTO mosie oT 100 mT u cnabo moCTOSIHHO TOJIe ¢ HHTEH-
sutet 0.1 mT. M3nomn3san e anapar AF-demagnetizer (Molspin Ltd., UK).

5. Cp3maBaHe Ha JabopaTopHa OCTaThYHA M30TEPMUYHA HAMAarHUTEHOCT Ha HACH-
mane (SIRM) upe3 HaMarHWTBaHE ¢ TIOCTOSIHHO MarHuTHO mose ¢ ronemuHa 2T. Cren
ToBa 00pa3eubT € HAMarHuTeH B obparHa mocoka ¢ mone -0.3 T m -0.1 T (IRM,,
IRM, ) € L€N OTaensHe Ha (ppaknusTa MArHUTHO-MEKH MuHEpanu. M3meppanusra Ha
OCTaThYHATAa HAMArHUTEHOCT Ca HAIIPaBEHU C AaBTOMATHYCH POTAIIMOHEH MAarHUTOMETHD
3a ckaiHu oopasuu JR-6A (AGICO Ltd., Czech Rep.).

6. OnpenensiHe Ha Temmneparypute Ha Kiopyu Ha MarHUTHATE MUHEPAIX B U30paHu
poou Ype3 n3MepBaHe Ha BHCOKOTEMIIEPATypHOTO ITOBEICHUE HA MATHUTHATA BH3IPUEM-
quBOoCT. M3mon3Bana e Bucokotemneparypsa nemr CS-23, cBbp3ana ¢ kana-moct KLY-2
(AGICO, Czech Republic). Cueru ca kpusute Ha Harpssane ot 20 °C go 700 °C u Ha
rocieasaioro oxiaxaane g0 40 °C.

7. OnpenensiHe Ha Pa30IOKUpaITUTE TEeMIIepaTypy Ha cheTaBHa IRM, mHIyIMpana
mo 3-te ocu Ha KyOmunute oopasmm (Lowrie, 1990) upe3 CTBIKOBO TeMIepaTypHO pa3-
MarHUTBAaHE.

8. Habmonenus cbe ckanupai enexkrponeH Mukpockon (SEM-EDS) Ha equanaHn
YaCTUIM OT MATHUTHH €KCTPAKTH OT N30paHU MPOOH U OTIPEeIITHE Ha €IIEMEHTHHUS ChC-
TaB Ha YaCTHUITUTE.

3. AHAJIM3 M MHTEpIpeTanus HA pe3yJTaTuTe

3.1. UpenTuduuupane HA BAAA HA MATHHTHHTEC MHMHEPAJIN B NMPAXOBHUTE
npooun

3a ompenessiHe HAa BUJIa HA IPUCHCTBAIIMTE MAarHUTHU MUHEPAIH B MpaxTa, chOpa-
Ha OT JCTCKHU IUIOIAAKH, € U3II0JI3BAH METOABT, U3BECTCH KAaTO ,,TCPMOMAIrHUTCH aHAJIN3
Ha MarHUTHATa B3MpUeMIUBOCT . C TO3M METOJ CE MPOCIeIsiBa BUCOKOTEMIIEPATYPHOTO
MOBEJICHNE HAa MarHUTHATa BB3MPUEMUYNBOCT (K) B IIpOIieca Ha HarpsiBaHe OT CTaliHa TeM-
neparypa o 700 °C u mocneaBaio oxjaaxIaHe 10 cTaiiHa remmneparypa. [Ipocienssaneto
Ha M3MEeHeHUsITa B (K) ce paBH C LieJI J]a e yCTaHOBH Temrieparypara Ha Kropu (Temnepa-
Typara, HaJl KosiTo (pepuMarHiTHUTE MUHEPANU I'y0sST HAMAarHUTEHOCTTA CH U C€ JIbpIKaT
KaTo nmapaMaroHuTHH BeH_[eCTBa) Ha MPUCHCTBAIUTC MAIrHUTHU MUHEPAJIN.

Bulgarian Geophysical Journal, 2020, Vol. 43 7
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IIpoBenenu ca ananmm3u Ha 4 Opost U30paHU MPOOW OT CIEAHUTE JIOKATUTETH:
GER 1 (xomexmust 11.2019); CER (konexmus VIIL.2019); NADZH 1 (xomekmus 1X.2017)
u DRZH (xonexnus 1X.2017). [Tomyuennre pesynratu ca mokazanu Ha Our. 2.

a) b)
T'epena (GER), I11.2019 Hapnexxna (NADZH 1), IX.2017
60 400 W
- — - 300 74
7 40 2 3 H
2 3 %
2 g <20
= 20 s <
~ 100
0 0 T
0 200 400 600
T (°C)
c)
Jlpyx6a (DRZH1), 1X.2017
~ 60
80 N 120
- pS
60 -
a Z 40
@ ©
& 40 &
2 = 20
=z v
~ 20
0 0
T (°C)

®ur. 2. BucoxoremneparypHo MOBEIEHHE HA MarHUTHAaTa Bb3NIPUEMYU-
BOCT (K) pH HarpsiBaHe oT cTaitHa temmeparypa ao 700 °C (rurbTHaTa KpH-
Ba) M OXJIaKJaHe. 3a 00pa3uTe OT MpUMEpH a, ¢, U d KpuBaTa Ha OXJIaKaa-
HE € N0Ka3aHa Ha OTJIeJIHA OC BJIICHO OT TeMIlepaTypHara oc.

[ToBeneHneTo Ha MarHUTHATA BB3MPUEMUUBOCT IIPU HATPSIBAHE € CXOHO 3a U3CIIEA-
BanuTe oOpasuu. To ce xapakTepusupa ¢ IUIABHO yBelaudeHue Ha (K) B nHTepBaia 20-
220 °C, cien koeTo ce HaOIIoaBa M3paseH MakcuMyM B uHTepBasia 250-300 °C. To3n
MaKCHMyM MMa pa3jInyHa aMIUIUTY/Ia 32 U3CIIeBaHUTE IPOOH — Hall-1cHO 000Cc00eH € 3a
00p. NADZH1 u CER (®wur. 2 b, d), nokaro 3a mpobara ot ['epena (GER) e camo ciabo
3aratHatr (Pur. 2 a). Biwkza ce, e OCHOBHOTO HaMaJIsiBaHE HA MAarHUTHATA BB3IIPUEMYH-
BOCT CTaBa IpH Temmneparypu B uHtepsana 500-580 °C, cboTBeTCTBAILlO HA TEMIEpaTy-
para na Kropn na marnerut (Fe,O,) (Dunlop and Ozdemir, 1997).

Wnentndunnpanero Ha BUJla HA MAarHUTHUTE MUHEPAJIU B IIPaXOBUTE IPOOH € J0-
ITBJIHEHO C OIpEeAeNsiHe Ha pa30JIOKMpalIUTe TEMIIEpaTypy Ha ChCTaBHA M30TEPMHYHA
ocrarbuHa HamarauteHoct (Lowrie, 1990). MeToabT ce OCHOBaBa Ha MPOCICIIBAHETO
Ha TEMIIepaTypHOTO pa3MarHUTBaHe Ha 3 n3oTepMH4YHM HamaraureHoct (IRM), numy-
LUPaHU B PA3JIMYHO 110 TOJEMHHA MOJE [0 TPUTE B3aUMHO NEPHEHIUKYIIPHU OCU Ha
KyOnuHu oOpasuu. I1o To3u HaunH B najeHust o0paser ce OTJAEISAT TPH KOMIOHEHTH Ha
IRM, KOMTO HAMAarHUTBAaT MUHEPANIX C pa3IUMYHa KOEPLUUTUBHOCT. Taka ce mogyyaBa UH-
(dopmManus KakTo 3a TeMmIeparypara Ha pa30iokupaHe (KosTO OOMKHOBEHO € MaJIKO I10-
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HHUCKa OT Temueparypara Ha Kropu 3a ceorBetHust munepai (O’Reilly, 1984)), taka u 3a
KOEPLUTHBHOCTTA Ha Ta3u MHUHepanHa (pakuusi, GUKcHpaHa Mo choTBeTHara oc. To3n
JUArHOCTHYCH METOA O¢ MPHIIOKEH 3a W30paHH MPOOH OT KOJCKIMATA, ChOpaHa mpe3
2017 r. TonemuHaTa Ha HAMarHWTBAIIOTO ToJie O¢ M30paHa Mo CIeIHUS HAYMH: 32 MeKaTa
xomrioHeHTa — 0.3T, 3a cpennara — 0.6T, 3a TBbpaara — 2T. 1o TO31 HAYMH B MarHUTHO
MeKaTa KOMITOHEHTA Ce BKJIFOUBAT YacTUIIM, HaMarauTBanu ce B mosieta (0-0.3T), B cpen-
HaTa KOMIIOHEHTAa — YaCTUIM, HAMAarHUTBAIIH ce B mosieta Mexay (0.3-0.6T), a B TBbpaa-
Ta KOMITOHEHTA — YaCTHUIU ¢ KOEPIUTUBHOCT B uHTEpBana (0.6-2T).

Ha ¢ur. 3 ca moxasanu THOHMYHE IPUMEPH OT MOTydeHHUTE pe3ynTaru. CpaBHIBaWKH
MHTEH3UTETUTE Ha MeKara, CpeJ{HaTa U TBbp/iaTa KOMIIOHEHTH, C€ BIK/A, Y€ 32 BCHUKU
npoOu MeKaTa KOMIIOHEHTa JJOMUHHUPA B MAarHUTHUSI cUrHall. KpuBUTE Ha CTHIIKOBO TEM-
reparypHoO pa3MarHUTBaHe Ha MeKaTa KOMIIOHEHTa [OKa3BaT CXO/HO [TOBE/ICHUE HA BCUY-
ku podu (dur. 3). Kpusara Ha pa3MarHuTBaHe € BIThOHATA U KpaifHara pa3oaoKkupaiia
temneparypa e npu 580 °C, k0eTo NOTBbPKIaBa HAIMYMETO HA MarHeTHT. 3a mpobata
ot kB. Cinaruna (®ur. 3 ¢) ce HabMIOMaBa MMO-3HAYMMO HaMaJsIBAaHE HA HAMAarHUTEHOCTTa
npu Temmeparypu oxoio 200 °C, BeposITHO 0Tpa3sBaIlo TEMIIEPATypHOTO pa30OIoKupaHe
Ha HAMAarHATEHOCTTa, HOCEHA OT ePH MAarHeTUTOBU YacTUIM. 3a mpodute ot CiaTtuHa,
Hanexna u I'epena ce 3a0ens3Ba pasomokupaina temmneparypa 200 °C B cpeqHara KoM-
noHenra (Pur. 3 a, ¢, d), KOsITO ChHIIO € CBbp3aHa C TEMIIEPATYPHOTO MMOBEACHHE Ha elIpr
MarHeTUTOBH YaCTUIM C MAarXeMHUTH3HpaHa OOBUBKA.
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®@ur. 3. CTIKOBO TeMIepaTypHO pa3MarHUTBaHE HAa ChCTaBHA M30TEPMHUYHA
HaMarHUTEHOCT.
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Pesynrarure oT uWueHTU(HKALMITA HA MArHUTHUTE MHUHEpAJM II0Ka3BaT, dYe:
1) OCHOBHHTE CHIIHO-MarHUTHH OKHCH Ha JKEJSI30TO, ChIBPIKAIIM CE€ B MPAXOBETe OT
JIETCKH IUIOIIA/KHU, Ca: MATHETUT M MarxeMuT (IIPUCHCTBAIL BEPOSITHO KAaTO MOBBPXHOCT-
Ha 0OBMBKAa BHPXY €PUTE MATHETUTOBU YaCTHIIH). 2) BB3MOKHO € HAJIMYUETO U HA TH-
TaHOMArHeTHT C MAJIKO KOJIMYECTBO THTaH B ChCTaBa WM/WIIM MAarHETHUT C JPYrd HWOHHH
3aMeCTBaHMsI B KpUCTaJIHATa pemieTka. 3) CaMo B OTIASIHU MPOOH Ce TPOSBSIBA HAITHUNE
Ha XeMaTHT (BUCOKO-KOEPIIUTUBEH MUHEPAIT).

3.2. MarHUTHH CBOICTBA HA KOJIEKIMUTE OT OTJIOKEHA NPAaX OT AeTCKH IJI0-
maaku B rp. Codus

3.2.1. MaruuTHa Bb3NPUEMYHBOCT

MarsuTHaTa Bb3IPHEMYNBOCT € OCHOBHA MarHUTHA XapaKTepHCTHKA Ha €CTECTBE-
HUTE Marepualy, KOSTO OTpa3sBa CIIOCOOHOCTTA Ha BEIIECTBOTO Jia C€ HAMarHWUTBa B
MIPUJIOXKEHO c1ab0 MarHUTHO ToJIe (C TOJIEeMUHA, CPaBHUMA C Ta3W Ha 3eMHOTO MarHUTHO
nosie). Ts 3aBUCH IVIABHO OT KOHIIGHTPAIMSATA HA CHJIHO MAarHUTHU OKHCH Ha JKEJs30-
TO B W3CJIC/IBAHMSI MaTepHaj, HO CHIIO Taka M OT pa3MEpUTE Ha MAarHUTHUTE YaCTHUIH
(Thompson and Oldfield, 1986).

[TpaxoBute 00pa3nu, chOpaHu Mpe3 TPUTE KaMIIaHUH 3a OnpoOBaHe, Osxa pasje-
JeHu Ha ¢uHa ¥ eapa (pakuus, 3a Jja ce OLEHN NIPUHOCA HAa HAl-BOXHUTE U3TOYHUIIH
Ha aHTpororeHHu 4yactuiy — PIIY, kouto ce oTarar OT Bb3IyXa M MOIaT jJa MMar
0-aJIeYeH U3TOYHHUK, U eApUTe (PPAKIINU, KOUTO MPOU3XOXK/IAT OT U3TOUHHIIM B HETIO-
cpecTBeHa OJIM30CT 10 JIOKAINTETa Ha onpoOBaHe. PesynraTure oT M3MepBaHUsITa Ha
MarHUTHaTa BB3IPUEMUYUBOCT Ha JBETE (PAKLUK 32 BCAKA OT TPUTE KOJCKIMHU ITPpoOH
ca npeacTaBeHu Ha Qur. 4.

MarauTHaTa BB3IMPUEMYHMBOCT Ha IIPAaXOBETE€ BapHpa B INUPOKH T'PAHULU — OT
62°10*m*/kg 1o 760"10*m3/kg. 3abens3Ba ce, ye 3a npobuTe, CHOPaHU MpPE3 eCeHTa Ha
2017 r. (dur. 4 a) MarHuTHaTa BH3MPHUEMYUBOCT Ha JpeOHaTa (pakuus e no-BHCOKa OT
Ta3u Ha enpara gpaxuus 3a 13 nokanurtera oT o010 17. Hali-BHCOKH CTOHHOCTH Ha ¢ ce
HAOJTFOZIABAT B CEBEPHUTE U ceBepo-n3Tounu parionu Ha Codus (Hamexma, [epena, nen-
TpasiHara vact, ClaTuHa), a MO-HUCKU — B IOrou3TouHUTe Yactu (/Iuanaban, Mianocr,
Jpyx6a). B nokanurernte n3pbH Codust (Jlakaruuk, Lleposo, [TanuapeBo) maruutHara
BB3IMPHUEMYNBOCT MMa MEXANHHU cToiHOCTH (Dur. 4 a). [IpaxoBure npobu, B3eTH Npe3
¢deBpyapu 2019 r. mokasBar 10-BUCOKa MarHWTHA BH3IPHUEMYMBOCT Ha enpara (paxuus
3a 12 nokamurera, JOKaTo ¢ Ha JpeOHara (pakuus e no-BUCOKa caMo B 9 JoKajaurTeTa
(®wur. 4 b). Ta3u TeHICHIIUS € 3aCHIICHA 3a TpoouTe, B3eTH mpe3 aBryct 2019 r (dur. 4 ¢),
3a KOMTO C Ha JpeOHara (pakuus € Mo-BHCOKa OT Ta3M 3a epara camo B 5 JIOKaJIHTe-
ta. HabromaBanara 3akOHOMEPHOCT B MarHUTHATa BB3IPUEMUYMBOCT Ha JIBETE (DPAKLIUK
MOJKe J1a ce 00SICHM aKo ce IPEJIIIOoNIOKH, Y€ B TeUCHHE Ha 00XBaHATHS TIEPHO]] OT OKOJIO
2 TOAMHY HaMaJIsiBa KOJIMUECTBOTO Ha (prHaTa (pakiys B IpaxTa, KOsITO Ce CBbP3Ba IVIaB-
Ho ¢ ®ITY u orpassiBa qUHAMHMKaTa Ha aTMOC(HEPHHUTE YCIOBHUS B LM IPAJICKH apeall.
ToBa 03HauaBa, OT Jpyra cTpaHa, 4ye Ka4eCTBOTO Ha aTMOC(EpHHUs Bb3IyX B Ipaja Karo
1su10 ce 1noaoopsiBa. [10-3HaUNTEIHUAT IPUHOC HA MAarHUTHHS CUTHAJI Ha enpara Qpak-
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st mipe3 2019 1. mokasBa, ye Bede JOMUHHUPAT U3TOYHUIIN Ha 3aMbPCSIBAHE B HETTOCPEI-
CTBEHa OJIM30CT J10 ChOTBETHHS JIOKanuTeT. M 3a TpuTe nepuojia Ha onpoOBaHe npaxra ot
JIeTCKUTE IuIomaaky oT kB. Haznexna u kB. ['epeHa cucteMarnyHo OKa3BaT Hali-BUCOKU
CTOWHOCTH Ha MarHUTHATa Bh3NMPpUEMIHUBOCT (Dur. 4), KOETO JT0Ka3Ba, Ye 3aMbPCIBAHETO
TaM ce IBJDKA Ha eMUCHH OT JIOKTHU N3TOYHUIM. OT IpyTa cTpaHa, ako CHIIOCTaBUM 10~
Jy4eHWTE MarHUTHH JAaHHU C TE3W 32 HAMOPCKATa BUCOYMHA HA ChOTBETHHS JTIOKAIUTET
(Pwr. 5), moxe na ce 3abenexu, 4e B HUCKUTe yacTu Ha Tp. Coust MAarHUTHOTO 0OOTaTsI-
BaHE Ha MpaxTa € Hal-CHUITHO, a B Te3H ¢ Hal-ToJIsIMa HaJIMOPCKA BHCOYMHA — Hal-Cl1a0o.
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@ur. 4. MareuTHa BB3NPUEMUIHBOCT (C,) Ha eapara (CThIOUe-
TaTa ¢ pacTep Ha JIMHHUMN) U ApeOHaTa (CTHIOUETaTa C pacTep Ha
TOYKN) (PpaKINK Ha TIPAXOBETE OT AETCKHU ILIOMIAAKA 32 TPUTE
neproaa Ha onpo6saHe. Ha3zBanusra Ha JOKaTUTETUTE Ca Chb-
miacHo TaOmuna 1.
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@ur. 5. Ha[[MOpCKa BHCOYMHA Ha OHpO6BaHI/ITC JIOKaJIUTCTH.
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HarpaBenure HaOIIOIEHMS TO3BOJISIBAT Jla C€ HAIIPABU M3BOJIA, Y€ MATHUTHATA Bb3-
MIPUEMYHBOCT OTpa3siBa KOMOMHHPAHOTO BIMSHUE HA JIOKAJTHUTE U3TOUHHIIM U HA TIPUHO-
ca OT MO-JaJIeYHH U3TOYHUIHM B 3aBUCUMOCT OT 0COOCHOCTHUTE Ha pelneda.

W3cnenanero Ha 1abOpaTtoOpHO Ch3IAJACHH OCTAThYHM HAMArHUTEHOCTH HMa
3a IeJl yCTAaHOBSIBAHETO Ha CBOicTBara Ha (pakiusTa MarHUTHH YacTHUIHU, KOSATO
“Ma CTaOWITHM MarHUTHHU CBOWMCTBA (T.€. OCTaThUHA HAMAarHUTEHOCT). V3mon3BaHu ca
JIBa BUja JlabopaTopHa HAMarHUTEHOCT — Oe3xuctepe3ucHa (ARM) u m3oTepMmuuHa
(IRM). Besxucrepe3ncHaTa HAMAarHUTEHOCT € crienu(uYHa ¢ TOBa, Y€ C€ MPHUI00MBa
Hal-eEKTUBHO OT Hail-IpeOHHTE eIHOJOMEHHM YacTui Maruetut (Banerjee et al.,
1981; Egli and Lowrie, 2002), kouto umar pasmepu ot nopsiabka ~0.03um (Dunlop and
Ozdemir, 1997). 3a pasnmuxa or ARM, n3otepmuuna HamarauTesocT (IRM) mpugo6usar
Haii-e()eKTUBHO TO-SPUTE TICEBA0-CAHOJOMEHHU U MHOTOIOMEHHHU YaCTUIH C Pa3Mepu
OT HSIKOJIKO MUKPOHA JI0 JIECETKH MUKPOHA.

Ha ®urypa 6 ca nmokazanu pesynrarure oT uzmepBanusaTa Ha ARM u IRM 3a cb-
Opanute npobu. Bukaa ce, ye KakTo M NPH MarHUTHATa Bb3IPHEMYUBOCT, Taka U 3a
ARM wu IRM, npobute ot 2017 I. moka3Bar Hail-BHCOKHM CTOHHOCTH. ToBa 03Ha4aBa, ue
MarHuTHaTa QpakKiys B MpaxTa ChIbpiKa KaKTo ApeOHN CyO-MUKPOHHH (T.€. €THOIOMEH-
HH), Taka u eapu (MHOTOJOMCHHH) (pepHUMarHUTHH YaCTUIU. 3a JOKAIUTETHTE, [I0Ka3Ba-
1M Hail-CUJTHM MarHUTHU CBOMCTBA ce 3a0esi3Ba CUCTEMAaTHYHO MOHIKaBaHe Ha OCTa-
THYHUTE HaMarHuTeHocTu oT centeMBpu 2017 1. mo aBrycrt 2019 1. (®Pur. 6), gokaro 3a
OCTaHAJIMTE JOKAIMTETH TakaBa TeHJCHIMs HsiMa. ToBa € B ChIllacHe C pe3yiTaThre 3a
MarHuTHaTa Bb3IPHUEMYHUBOCT.
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®@ur. 6. besxucrepesucua (ARM) n uzorepmuyna (IRM) HaMarHuTEHOCT Ha Ipaxo-
BUTE MPOOH OT JETCKH IUIOIMIAIKH.
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3.2.2. OTHOLIEHMS] HA MATHUTHHUTE NMapaMeTPH KATO UHIMKATOPH 3a pa3Mepa Ha
yacTHIHTe.

Tbii KaT0 OCTATHPUHUTE HAMATHUTECHOCTH KaTO TOJEMHUHA 3aBHCAT OT KOJHUYECTBO-
TO Ha CHOTBETHHUTE I10 pa3Mep YacTULX (€IHOIOMEHHHU, MHOTOJJOMEHHH ), 32 U3CJIe/BaHe
Ha pasnpeneNeHueTo Ha pa3Mepa Ha MarHUTHUTE YacTUIIM, B MarHeTH3Ma Ha OKOJIHATa
cpenia ce M3MOJ3BaT Pa3IMuyHU OTHOIICHUS Ha MAarHUTHH TlapameTpu. [lpu pasrexnane
Ha OTHOILICHHS Ha J[Ba MapaMeThpa, KOUTO 3aBUCAT U OT KOHIECHTPAIMSITA, U OT pa3Me-
pa Ha najzeHa (Gpakxiiys YaCTHIM, Ce IPeMaxBa BIUSIHUCTO Ha KOHIICHTPLHUATA, Thil KaTo
ce mpejronara, ue Ta3u (pakiys JaBa CpaBHUM MPUHOC U KbM JIBeTe BenndyuHu. Haii-
4ecTo u3noszBaHute orHomeHus ca: ARM/IRM, . ARM/SIRM; SIRM/c (Thompson
and Oldfield, 1986; Evans and Heller, 2003). M3mon3BaHeTo Ha TE3W OTHOIICHHUS KaToO
HWHIMKATOPU 3a pa3Mepa Ha YacTHIMTE ce 0a3upa Ha CKCIIEPUMEHTAHO YCTaHOBEHATA
3aBHCHMOCT OT pa3Mepa IOOTACIHO Ha Besika eHa BeinynHa (Peters and Dekkers, 2003).
ToBa ce mpaBu OOMKHOBEHO 32 CHHTCTHYHH MHHEPAJIH C TPEABAPUTEIIHO U3BECTHO pa3-
npeneneHue Ha pazmepure. OTHOIIEHHTa, B KOuTo ce u3noia3sar ARM u IRM ca ayBct-
BUTEITHU KbM HAJMYHETO HA CTAaOWJIHU €THOJIOMEHHHU YacTHUIH, Thil kato ARM ce npu-
no0uBa Haif-epekTUBHO OT TsX, a IRM - or MHOromomenuute yactuid (Maher, 1988).
Ha @ur. 7 u 8 ca nokasauu croiiHocTute Ha otHomenusata ARM/IRM,, SIRM, /c, 3a
M3CIICIBAHUTE KOJICKIIUH [TPAX0BE OT ACTCKH IUTOIMAAKH 0T Codusl.
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@ur. 7. Bapnauuu Ha otHomenneto ARM/IRM,, o o6pasuu 3a TpuTe KoJjiek-
LIUU TIPaxoBe.
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@ur. 8. Bapuanuu Ha otHouenuero IRM, /c mo o6pasuu 3a TpuTe KOJEKIUHU
TpaxoBe.
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Croiinoctute Ha otHOmEHMeT0O ARM/IRM, - HMar MakCHMallHU CTOMHOCTH 32 00-
pasiy, B KOUTO UMa 3HAYUTEITHO KOJUYECTBO Hail-puHU, CTAaOUIHN €IHOJOMEHHH Yac-
tui| (t.e. ¢ pasmepu ~0.03 mm) (Evans and Heller, 2003). Ot ®urypa 7 ce Bmwkza, ue
3a BCEKH JIOKAIUTET OTHOIIIEHUETO BapHpa B paMKUTE Ha M3CJIECABAHUS TIEPUO OT OKOJIO
2 roguHU. 3a TIOBEYETO JOKATUTETH OTHOIIEHUETO € MO-BICOKO 332 €CEHHO-3UMHHTE Me-
cel, HO 3a HAKoJKO (Miagoct, Jlmanaban) v B JIETHUS CE30H CTOMHOCTUTE Ca 3aBHUIIIEHU
B cpasHenue ¢ Gespyapu 2019 r. Haii-ucoku croiinocty na ARM/IRM, . ce nabiona-
BaT 3a jokanuretute B Hanexxna, [epena, CnatuHa, KO€TO IOKa3Ba, 4e B TAX (ppakmusaTa
YaCTHUIHN, KOATO HOCH OCTaTh4HA HAMAarHUTEHOCT, € ¢ Hail-IpeOHu pa3Mepu.

OTHOIIIEHNETO IRMZT/C MMa MaKCHUMAaJIHU CTOMHOCTHU 3a MarHETUTOBM YaCTHUIU C
pasmepu 0.1-2 mm (Peters and Dekkers, 2003). Croitnoctute Ha IRM, /c 3a uscnejsa-
HUTE MpaxoBu podu Bapupar B rpanuimre 1 — 50 kA/m (®wur. 8), KOUTO ca B ChIVIACHE
C MAHHWTE 332 MArHETHUTOBHM dacTuiu ¢ ropaute pasmepu (Peters and Dekkers, 2003).
MakcuMaTHATe CTOWHOCTH Ha OTHOIIIEHUETO ce HaOMoAaBar B jokanutetute Jpyxoa 1,
I'epena, Llentsp, LlepoBo, Jlakarnuk. B nmokamuretute LlenThp, Crnarmnaa, Muamoct,
JlakaTHUK ce OTKpOsBa CUJIHO 3aBHIIeHO oTHOeHne IRM, /c 3a neTnus nepuos Ha on-
poOBaHe B CpaBHEHHE ChC CTOMHOCTHTE 3a 3UMHUTE Mecerr. ToBa moka3Ba, 4e mpe3 JeT-
HUS CE30H TaM Ce HATPYyNBaT MHOTO ITOBEYE €PHU MarHETHUTOBH IICEBI0-CIHOIOMEHHH H
MHOTOJIOMEHHH YaCTHUIIH.

4. Mopdosorusi v eJieMeHTeH ChCTAaB HA AHTPONOTeHHUTE YaCTHULHM OT
Npaxra oT AeTCKHU MJI0IIATKH.

W3cnenBanusaTa chC CKaHMpAI] e1eKTpoHeH MuKpockon (SEM) ca mpoBeneHH BbpXY
MarHWTHU €KCTPaKTH OT M30paHu npoOH, ChOpaHH Mpe3 TPUTE KaMIaHUU Ha OrpoOBaHe.
Marepuainst, pukcupan BbpXy Abpkada Ha SEM e uscrnieqiBad B peKUM Ha BTOPUYHO pa3-
CesTHH €JIEKTPOHH 3a NMPUI00MBaHE Ha 00IIa MMpecTaBa 3a BapualiuTe B pasmepa u Gop-
Mara Ha yactuire. CHOIMKHMTE Ha €IMHUYHY YAaCTHUIIM Ca HAllPaBEHH B PEXKUM Ha 00paTHO
OTpa3eHu eJIeKTpoHH. Ta3u MeTO0IOrHs 3 U3CIIeBaHe Ha eIMHIYHU YacTHIM Oe u30pa-
Ha 3a ToJTy4yaBaHe Ha HH(OPMAIHs 32 ChIbPIKAHMETO Ha €JIEMEHTH C IO-TOJISIM aTOMEH HO-
Mep (T.e. MEeTalluTe), Thil KaTO T ca OT MHTEpeC 3a LieNIUTe Ha n3cieaBaHeTo. Habmonapanu
ca eIMHIYHM YaCTHUIIH, HAa KOUTO € IIPOBEJICH U aHAJIN3 HA €JIEMEHTHHSI ChCTaB, HAIIPABEH B
LEHThpa Ha YacTulara. M3cieBanu ca HIKOJIKO IPOOHU OT Pa3iIMYHUTE KOJICKIHH.

Kakro ce Bwkaa ot @ur. 9 u ®ur. 10, npaxra oT JokaauTera B KB. J[pyx0a cbabp-
Ka Pa3IMYHU MO pa3Mep aHTPOIOIeHHH YaCTHIH — OT JIECEeTKH MHUKPOHA 10 MO-eIpH
or 100 mm wactuuu. Ilo pazmep cdepuynuTe yactuuy ca Hai-eapu. Te ce xapakre-
pusupar cbe crerudruuHa MophoJIorus Ha MOBbPXHOCTTA, HAMOA00sBAIA TOPTOKATIOBA
kopa. Tasu cTpykrypa ce hopMupa B pe3yaTar Ha MpOLEecH, CBbP3aHU C BUCOKO-TEMIIE-
parypHo ropene (Vassilev, 1992; Jordanova et al., 2006). TakiBa aHTPOIIOTCHHU YaCTUIIU
obukHoBeHO ce emuTupar oT TEL] npu u3rapsine Ha BbIVIMIIA, KAKTO U IIPU ONpEeNICHN
MHJIyCTpUAIIHE MeTanoo0paboTsaiiy mnporecu. EJleMeHTHUST ChCTaB, ONpeesieH B 13-
Opanu o0JIacTH Ha M3CIIEIBAHUTE YACTHUIIM MTOKa3Ba JOMUHMPAIL IPUHOC HA OKUCHUTE Ha
KEJIA30TO. B 3HAYMTETHO MO-HUCKU KOHIIGHTPALMH MPUCHCTBAT ATyMUHHUH U CUIIHLINH.
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®@ur. 9. 061 m3mien Ha marepuai ot 0op. DRZH1 (kB. [Ipyxo0a)
B PEXKHMM Ha BTOPUYHO Pa3CesHU eJICKTPOHHU. Binkaa ce Hainume
Ha pa3HOOOpa3HH 1Mo pasmep U (GopMa YacTHIM — eIpH, Herpa-
BUJIHH; OpeOHU, cheprudHu.

20KV X600 20pm 10 46 BEC

10 46 BEC 20kV X4,000 n 10 46 BEC

20KV X900 20pm 10 45 BEC 20kV X1,000 10um 10 47 BEC

®@ur. 10. SEM u300pakeHUs] HA €NUHUYHUA YACTUIM OT mpoda
DRZH]1 (xB. [Ipyx0a) B pe>kiM Ha 00paTHO OTPa3eHHU SJICKTPOHN.
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5. U3Boau M 3aKJII0YEHUS

1. OCHOBHHAT MarHUTEH MUHEPAJ B IIPAXOBETE OT JCTCKH IUIOMIAIKH € MarHeTUT
(Fe,0,), marxemur (g-Fe,O,), KakTo ¥ THTAaHOMAarHETHT W/WIM MarHeTUT C JPYyTH 3a-
MECTBaHHs B KPHCTAJIHATa PEIISTKA, KOMTO IMOHIKABaT TemIieparypara Ha Kiopu.

2. Haii-BUCOKH CTOMHOCTH Ha MarHWTHATa BB3IPHEMYHBOCT (C) ca MONYYECHH 3a
IIPAaXOBETE OT JETCKH IUIONIAJIK B CEBEPOM3TOYHNTE U LEHTpaIHN yacTu Ha Codus, a
Hal-HUCKU — B M3TOYHHUTE U FOTOM3TOYHH 4acTh. [1ogo0Ha 3aBHCHMOCT ce HaOIonaBa 1
3a KOHLEHTPALMATA Ha MO-APEOHNUTE YaCTHLH, HOCCIIM OCTAThYHUTE HaMarHUTCHOCTH
(ARM, IRM).

3. Bb3 0CHOBa Ha MOJYyYCHUTE PE3YITATH 3a BHJA, KOHLICHTPALMATA U pa3Mepa Ha
MarHUTHHUTE YaCTHLH B IPAXOBETe, € HAlPaBeH H3BO/IA, Y€ MPe3 €CEHHO-3UMHHTE MECELH
B IIPaXOBOTO 3aMbpCsBaHE TOMUHUpA MpUHOCA OT ApeOHuTe PIIY, a npe3 JIeTHUs Ce30H
— MIPUHOCA OT JIOKAJTHUTE U3TOYHHLM (Haii-Beye aBTOMOOHIHUS Tpaduk). To3u u3Box ce
HOJKpEIs U OT (hakTa, 4e mpe3 SMMHUTE MECELH JIMIICBA JIUCTHATA Maca Ha PaCTUTEITHOC-
TTa, C KOSTO OOMKHOBEHO Ca OTPaJICHU JETCKHUTE IUIOIIAIKH, KOETO [O3BOJISBA MO-CBO-
0oHa HUPKYJIaLys ¥ OTJaraHe Ha (PMHUTE YaCTHUIIU.

4. TlpocnensBailku BpeMeBaTa CBONIOLMS HAa MArHUTHUTE XapaKTEPUCTHKH, M
MO-CHELHATHO Ha MarHWTHATa BB3IPHEMUYHBOCT 32 OOXBaHATHs 2-TOAMILCH HEPUOJ, €
YCTaHOBEHA TEHJCHLMS Ha HAMAJISIBaHE Ha C, KOETO MOXKE Ja Ce CBBPIXKE C MOo00psiBaHe
Ha KaueCTBOTO Ha OKOJIHATa Cpela B rpaja. Berpeku ToBa, ToKanuTeTuTe B KB. Hanexna,
kB. ['epeHa, KakTo U B LIGHTpAJHATA YaCT, [I0Ka3BaT Hai-BHCOKO HUBO Ha 3aMbPCSIBaHE.

5. HabmoneHusTa CbC CKaHUPAIL eIEKTPOHEH MUKPOCKOII HA MArHUTHH €KCTPAKTH
OT IPaxoBe OT HSKOJIKO JIOKAJIMTETa OKa3BaT HAIMYHe HA MHOXKECTBO SIPH aHTPOIIOTeH-
HH YaCTHUIIM C HeMpaBWiIHA (popMa, KaKTO U ChepUuHM YaCTHLH, 00pa3yBaHH B pe3yJTar
Ha BHCOKO-TEMIIEPATypPHU TEXHOJOIMYHH POLECH. BCHUKM aHTPONOreHHH YacTHLM Cca
CHJIHO 00OTaTeHH C JKEJIEe3HH OCKUCH.

6. MarHUTOMETPUYHHAT METOJI YCIICIIHO € MPUIIOKEH 32 YCTAaHOBSBAHE HA CTEICH-
Ta Ha aHTPOIIOTEHHO 3aMbpCsBaHE HA JeTCKU Iuromanky ot rp. Codus. YcraHOBEHH ca
B&KHU 3aBHCHMOCTH, CBbP3aHH ChC CE30HHUTE OCOOCHOCTH B Pa3NpPOCTPAHCHUETO Ha
AQHTPOIOTCHHUTE YacTHLH. ToBa MOKa3Ba, 4e METOABT MOXKE YCIICLIHO Ja Ce Ipuiiara 3a
IBJITOCPOYCH MOHUTOPHHT Ha Ka4YeCTBOTO Ha OKOJIHATA CPe/ia B TPaoBeTe.
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Geophysical magnetometric study on the degree of anthropogenic pollution
at children playgrounds in the city of Sofia

Daniel Ishlyamski, Bozhurka Georgieva, Neli Jordanova

Geophysical magnetometric study on a collection of dust material from playgrounds in
the city of Sofia and several sub-urban areas in its vicinity was carried out. The main aims
of the study were: 1) evaluation of the degree of anthropogenic pollution at the urban
playgrounds in Sofia; 2) tracking out the changes in the quality of environment during
different seasons; 3) obtaining new data on the magnetic properties of anthropogenic set-
tled dust. Experimental mineral magnetic data show that the main magnetic minerals are
magnetite, maghemite and titanomagnetite. The obtained magnetic results are interpreted
in relation to the degree of anthropogenic pollution by local (point) and areal (distant)
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sources, related to the atmospheric air circulation in the city and the particulate matter
(PM) distribution. Magnetic susceptibility of the fine-grained (d < Imm) dust fraction for
the locations, sampled in the autumn 2017 and January 2019 is higher than the suscep-
tibility of the coarse (d > 1mm) fraction. Contrary, playground dust sampled in summer
2019 has magnetic susceptibility of the coarse fraction higher than that of the fine frac-
tion. It is concluded that fine-grained PM pollution dominates during the autumn-winter
seasons, while during the summer season local sources (mostly automobile traffic) dom-
inate. Scanning electron microscopy observations on magnetic extracts from playground
dusts show abundant presence of anthropogenic particles of irregular shape and spherules
formed as a result of high-temperature technological processes. All anthropogenic parti-
cles are strongly enhanced in iron oxides. In some of them other chemical elements, like
lead, zinc and antimony are also detected.
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Abcrpakr: Codust e cronuiara u Hail-ronemust rpaa B boarapus. Codust € 0CHOBeH
AAMUHUCTPATHUBEH, l/IHI[yCTpI/IaHeH, TPaHCIIOPTEH, KynTypeH nu yHI/IBepCHTeTCKI/l IICH-
TBp Ha CTpaHaTa, KaTo B Hesl € ChCPEAOTOYCHO 1/6 OT IPOMHUIIIEHOTO IPOM3BOJCTBO
Ha bparapus. ['pagbsT e KynTypeH, HKOHOMHYECKH M aJMUHHCTPATHBEH IEHTHP Ha JIbp-
JKaBaTa ¢ BHCOKA IUTBTHOCT Ha HACEJIECHHETO, KOWTO € M3JIOKEH Ha BUCOK CEH3MHUYCH
puck. IIpe3 mmuHanute BekoBe B Cousi M OKOIHOCTUTE I Ca pEAM3UPAHH CHITHU
3eMeTpecenus — cbOuTneTo or 1818 ¢ enmuentpanna uutensuBHocT 1 =8-9 MSK64
U Hali-CWJIHOTO JIOKYMEHTHPaHO 3eMeTpeceHHe, chbOuTHeTo oT 1858 ¢ MHTEH3MBHOCT
[,=9 MSK64. B HacTosIioTo u3ciieaBane, 3a OLEHKa MOCIIEACTBUATA OT 3€METPECEHHUE-
To ipe3 1858, e crOpaHa 1 aHAIM3UpaHa MaKpOCeH3MUYHATa HHPOPMAIIS OT MHOXKE-
CTBO HAJIMYHHU ITUCMEHH U3TOUHHIIN — CTAPH PEIUTHO3HH TPUITUCKH, PHKOTIACH, 3aITHC-
KH, THCMa, O€JIeKKH, BECTHHUIIHN, CIICAHUS U JIp.

KurouoBu qymu: paspymuTenso 3emerpeceHue, Copusi, HHTCH3UBHOCT

BnBenenue

Brarapust e pa3monoxkeHa B M3TOYHATa yacT Ha bankaHckust monyocTpos. B cuBpe-
MEHHHUTE HEOMOOWJIMCTHYHH MPENCTABH Ta3H 4acT Ha BamkaHCKHS MONYOCTPOB Mpel-
CTaBIIsIBA CEKTOP OT MHTEH3HMBHO JMe(opMupaniaTa ce KOHTHHEHTAIHO MapriHaaHa 30Ha
Ha EBpasus. CTOWHOCTHTE HAa CKOPOCTTA HA CHBPEMEHHUTE XOPU3OHTATHH JBHKCHUS,
KOHTO C€ YBEJIUYABAT OT CEBEpP Ha FOT MOTBBPIKIABAT EKCTCH3MOHHUS pekuM B LleHTpar-
Ha 3anajna u FOrosananua bearapus. [pag Codus e pa3monokeH B [EHTpaTHATa 9acT
Ha 3anajna bearapus, B CoduiickaTa KOTIOBHHA, KOSITO € 3200HMKOJICHA OT IUIAHWHUTE:
Buromnra na ror, Jlronun Ha 3aman u Crapa miaHuHA Ha ceBep. [ paabpT € U3rpasieH BbpXY
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YeTHpUTE Tepacu Ha peka Vckbp u HelinuTe npurtonwu: [lepnoBcka u Bianaiicka (Enerni-
auna). Coduiicka KOTIIOBUHA € PA3MOJ0KEeHa B CEBEPHHUTE YaCTH HA TPAH3UTHA 30HA
Mexay EBpoasurckara KOHTHHEHTaIHA T1o4a U Erefickata Mukporuioda — T.Hap. FOxHO
BankaHCcKH eKCTEeH3MOHEH paiioH, ChC ceBepHa rpanuna Ctapa IaHuHa.

Codus HOCH UMETO Ha KbCHO aHTUYHATA PAaHHO XPHUCTUSHCKA ChOOpHA IIbPKBA Ha
rpazaa ,,Cera Codust™. Hail-paHHUTE apXCOJIOTHYHN CBUACTEIICTBA 3a O0OMTAaBaHE HA Te-
putopusita Ha Codwust ca ot panaus HeonuT (VI xuwsaonerue np. Xp.). Codust e 0dsBeHa
3a cronuia Ha 3 anmpuit 1879 . oT YupenuTenHOTO HapoaHO ChOpaHue Mo MPeIIoKEeHNE
Ha pod. Mapun JI[pHHOB, KaTo cTap ObJIrapcKu rpaj.

CeusmuaHOCTTa B cemzMorenHa 30Ha Codust € cBbp3aHa MpeIuMHO ¢ TeprudepHuTe
HEOTeKTOHCKH pa3iomu Ha Coduiicku rpaden. CemsmuyHara aktuBHOCT Ha Coduiicka
30Ha TPE/CTABIIABA TOJIIM WHTEPEC MOpaad KOHIEHTPAIMITa HAa MPOMHIUICHH, aJIMH-
HUCTPATHUBHU M TPAXKITAHCKU 00CKTH U BICOKA ITBTHOCT HA HaceJIeHneTo B Hes. [Ipose-
JICHUTE CEM3MOJIOTHYHHU M3CIeIBaHMs Moka3Bat, ye B Codwuiicka 30HA 3HAYUTEIHU pa3-
PYIICHUS MOTaT J1a CE OYaKBaT OT 3eMETPECEHUATA, TCHEPHPAHH B JIOKAITHUTE OTHUIIA.

I/ICTOPI/I‘lGCKI/I 3eMETpECCHUA

HcropuyeckusT mperie Ha cen3amMuyuHara akTUBHOCT B Coduiicka 30HA MOKa3Ba,
4e B HEsl ca CTaBall CHJIHU 3€METPECeHHs ¢ paspyumTelieH edekr Bepxy rpax Codus
U OKOJIHOCTUTE My. OTKPUTH Ca HCTOPHYECKU JOKYMEHTH 33 CEU3MHYHH IPOSIBU B Ta3H
30Ha oT XV, XVI, XVII u XVIII Bek. Te3u ganHM KaTo L0 ca TBbPAEC HETOUYHU U MOXKE
caMo IPUOIM3UTEIHO JIa C€ OICHH CHJIaTa U MECTOIOJIOKEHUETO Ha chOuTHsTa. [10-T0u-
HO TOKYMCHTHUPAHU ca 3eMeTpeceHusTa, craHaiu B Coduiicka 30Ha mpe3 XIX Bek, karo
OCHOBCH M3TOYHHK Ha MH(popMarlus ca padoture Ha Crac Bamos ot 1902 1. 1 1908 .

[IBpBOTO TOKYMEHTHUPAHO pa3pyIIUTEIHO 3eMeTpecenue mnpe3 XIX e craHamo Ha
4.04.1818 . ¢ 1 =8-9 MILIK64. Criopen cBesieHusTa, MPEJACTABEHU BbB Baios (1902) ,,ce
Tpeciia 3eMsTa... MHOTO 3[aHUs U JDKAMHU MO AN, XKESKKU U CTYJICHHU BOIIU MPECEKIIN
u ,,...Hacpeq bansbamm (npu Typckara 6aHs) U3BpsIa JKeKKa Boja™.

Haii-cuitHOTO 3eMeTpeceHue B UCTOPUYCCKH U CHBPEMEHEH IUIaH, CTAHAJI0 OKOJIO
rpan Codus npes 19™ ek, e croutuero ot 30(18) cenremspu 1858 1. (I,=9 MILIK64). TTo
toBa Bpeme Cous e Herossim rpaj (oxosio 20 000 sxurenu u wionr ot 2.8 km?) B rpanu-
nute Ha OTOMaHCKaTa UMITEPUs. 3eMETPECCHUETO € HAHECIIO CEPHO3HU IIETH B TPajia U €
JIOBEJIO JIO MOsIBaTa Ha TepPMaJIHU M3BOPH B 3arlaJlHATa MY YacT.

3a ToBa 3emeTpecenue yuntenat CaBa Ouiaperos numie B [[apurpaacku BECTHUK:
., B cvwusa momenm 3zemama maka cmpawiHo ce 3anions, 4e 8CUUKU NOMUCTUXA, Ye Ha-
cmvnea ckonuanue mupa ceema. Cneod 2-3 munymu ce euos, we om 24 oacamuu, KOumo
ce Haxoolcoaxa 6 epadd, camo 5 ca ocmananu ¢ munapema...Ho xaxmo na nvpeume, maxa
u Ha mopume cmenume u Kybemama ce pasnykaiu... . ,,Om 7 ybpkeu camo 8 08e mMooice
oa ce cyocu... . ,, I[lonosun uac na 3anad om epada Ha nNoOiemo, KbO0emo HUKo2a He e
UMAno 6004, 6 MO3 YaAC ce NoKA3a 20pewja 600a 04 U38UpA u ckaya nazope....* ,,...naa-
Hunama Bumowa, eoun uac na weozanad om Cogusi, 0a ce e pasnykania Ha eOHO MACMO
OM NONOBUH APWIUH U NONIOBUH YdC HA ObIIC Medcdy cerama bosna u [pazanesyu...om
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Mas NYKHAMUHA ce e NOKA3AL 2bCM OUM U CUH NIAMbBK... " ...KOpama Ha 3emMsima He ce
Jojieeute, a ckavawie; my ce nogouzauie NPUMEPHO Ha eOUH Apuiul Hazope, ny nadauie
nax 001y ¢ HeONUcyema 4espbCmuna u yscacet ekom. ,, Ha oocamusima na ,, Bawvewime
MEMATHUsSIN, KOHYCO0OPA3eH NOKPUG Ha MUHAPEMO, KOUMO Onl 3eMempeceHuemo oe on-
X@bplleH Ha2ope, Kamo NaoHAl HAOOLY, 3a0yYUlL ce ¢ 6bPXd CU 8b8 GUKAIOMO HA CbUJOMO
munape... “ (Bamos, 1902).

B HacTOAII0TO M3CTeBaHE ca aHAIM3UPAHH MHOTOOPOMHUTE, ITyOIMKYBaHH THCMe-
HH W3TOYHHIIM - PHKOTIUCH, 3aIUCKH, ITMCMa, BECTHHIIN, CIIUCAHUS U PYT'H U3/IaHHs, OT-
passBaiy HaOOMaBaHNUTE Bh3CHCTBHS 0T 3eMeTpecerneTo (ot 30 cenremBpu 1858 1)
BBpXY crpanure u HacesneHueTo Ha rpajx Codust 1 OKOJHOCTUTE, KAKTO U B PYTH ONN3KH
cenuia Ha TepuTopusita Ha bbarapus. JlombIHUTENHO, H3MOI3BAHKY HATMYHATA MAKPO-
cer3MUyYHa HHOpPMALIHUS, Ca OLIEHEHHU HAKOH OT OCHOBHHUTE MapaMeTpH Ha CbOMTHETO.

JIoKyMeHTHPaHU MAKPOCEHM3MUYHH Bb3/1€iiCTBUS OT 3eMeTPeCEeHUeTo
Ha 30(18) centemBpu 1858 1.

3eMEeTPECEHNETO € 3aCeTHAI0 YyBCTBUTEIHO ToJIsIMa JacT oT crpajaure B rpajx Co-
(hus m OU3KKTE HAceNeHN MecTa (ceramHnTe kBapTanu Ha Codus: bosaa, [[paranesim,
Topna banst. KasoxeBo, Oua kymen). Okono 70-80% OT mocTpoikuTe ca MOBpEieHH U
omnacHHM 3a n3non3sane (Asnes, 2007).

OT HajgWmYHATa MaKpOCEM3MUYHA MH(OPMAIUS MOXE N1a ce 0000IIM, 4Ye Ha OIl-
pEIeNICHH MECTa 3eMETPECEHHETO € OMII0 YCEeTEHO M HE ca ONHMCaHH MOAPOOHOCTH 3a
epexture My. Ha npyrn mecra nHpopmanusara 3a CbOMTHETO € MoapoOHa, KOSTO JaBa
BB3MOKHOCT 32 KapTorpadupaHe Ha MOCIEACTBUATA B ChOTBETHH TOUKU. JlaHHHUTE OT-
passiBat MOBpeAN Ha MOHYMEHTAIIHH, 32 BPEMETO CH, CIpajil — IIbPKBH, [PKAMHUH, MaHa-
CTHPH, OOIIECTBEHH CTPaayl C MOJCHICHN KAMEHHU CTeHH. MH(popMamnusTa 3a merure
BBbPXY OOMKHOBEHHTE >KWJIMIIHHU KBIIH — KAMEHHH U JIbPBEHH HE Ca Taka MOIpOOHO 3a-
cerraru. Haii-o01mo e ymomeHnato, 4e KaMeHHHU JIOMOBE ca ,,lTagHanu’. O4eBUIHO e, e
IIPY €IHO M CHIIIO HUBO HA IPHUIOBEPXHOCTHNUTE JBM)KEHHS HA TI0YBAaTa PEAKIUATA MIPU
pa3IMYHUTE TUIIOBE KOHCTPYKIMH Iie ObJie pa3iindHa. 3a Ja ce n30erHe IO/ICHsIBaHEe
WJIN HaJIICHSABAaHE HA MHTEH3MBHOCTHUTE CTOMHOCTH 32 OIPECIsIHE Ha Bb3JCHCTBHUATA
B paiiona Ha rpaj Codus 1 OMU3KUTE OKOJHOCTH Ca B3CTH MO/ BHUMAaHNE KOHKPETHUTE
JTAaHHU 32 JOKyMEHTHPAHH IIETH.

JloKyMEeHTHpaHN MaKpOCEH3MHYHH BB3IEHCTBHA OT 3eMerpeceHuero Ha 30(18)
centemBpH 1858 1. ca moxpoOHO mpencraBenu B Tabmmma 1. HaGmromaBanuTe Xapak-
TEpHH 0COOEHOCTH IIPU Pa3pyIICHMATA HA CTPAJANTE Ca OLEHEHH 110 MaKpOCEN3MHUYHATA
ckaima MSK64 (Medvedev, Sponheuer and Kérnik, 1965). Ilocouena e Haii-BeposTHaTa
CTEIICH 32 MOJIy4aBaHe Ha ChOTBETHUSI MAaKpPOCEN3MHUUCH e(eKT (yBpeKaaHe).

3a OIeHKa Ha BTOPUYHHUTE MaKpOCEU3MHUYHN €(EKTH KaTO KaMEHOIIA!, TPOMSIHA B
HUBOTO Ha MHUHEPAIHUTE U3BOPH, MOSIBA HA HOBU N3BOPH U TOBBPXHOCTHH Pa3KbCBAHMS,
HaOJIfo1aBaHy B OJIM3KHUTE HACEJIEHH MECTa € MPWIOKEHAa U MaKpocen3MuYHaTa cKaja
ESI-07 (mpencraBena B Michetti et al. (2011). Ta3u ckana ce ocHOBaBa Ha €(PEKTUTE B
OKOJIHATa cpefia, HOPOJCHH MPH peasin3anys Ha 3eMETPECeHHE.
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B Tabmuia 1 ca mocoyeHrn HaOIIOAaBaHU BTOPUYHU €(EKTH, HHAYIHMPAHH OT 3€-
METPECEHUETO — ThPKAJsSHE Ha KAMBHH M Pa3MepHu Ha MOBbPXHOCTHO pa3KbCcBaHe. Te3n
e(eKTr JaBaT OCHOBaHHE 33 Pa3Mpe/IesICHNETO Ha Hall-BUCOKUTE MHTEH3UBHOCTH B OKOJI-
Hocrute Ha rpax Codus.

3eMEeTPEeCeHUETO € TTOCIIe/IBAHO OT NHTEH3UBHA A THPIIOKOBA AKTHBHOCT, POIbJI-
JKHJIa TIOBEYE OT JIBE FOJIMHH.

DakThT, 4e 3eMETPECEHUETO € B3€JI0 CPABHUTEITHO MAJIKO )KEPTBH, MOXKE Jia ce 00sic-
HU C MO-JI0JTy MPEICTaBeHUTE JeMOrpad)cKi 0COOCHOCTH U THII CTpOoUTeNncTBO B Codust
mpe3 1858 1. (cermacHo ABzes, 2007).

ITvpso —mipe3 1858 1. rpag Codust e Maiko cenutie ¢ okoio 20 000 sKATeNn 1 TITom]
ot 2.8 km?. I'panumute Ha rpaga 06XBaIaT TEPUTOPHSL, KOATO € [O-MajKa OT HACTOSIIIHS
coduiicku IeHThp. MakcumanHuTe Bb3aeicTBUs (0T 9 ctenieH MSK64) ca BbpXy 3HAUH-
TEJTHO ITO-MaJIKO HACEIICHUTE OKOJTHOCTH Ha rpaja (cemara mpe3 1858 r. bosHa, [{parae-
B, OBua kymen, [opua bans, Bk Tabmuma 1).

Bmopo — 3EMETPECCCHUCTO € PCAJIM3UPAaHO Ha 066[[, KOraro rojisMa 4acTt OT Xxopara
ca pa6OTI/IJ'II/I H3BBH I'paJa Ha IOJIETO.

Tpemo — ycTOMYMBUTE HA 3eMETPECEHUS CrpaJIHd KOHCTpyKiuH. [ToBedeTo ot crpa-
JIATE Ca 3HAUUTEITHO MOBPEIEHN, HO MHOTO MAJIKO OT TSX Ca HAI'BJIHO Pa3pyIlCHHU.

Taduua 1. JlokyMeHTHpaHU BB3ACUCTBHSA OT 3eMeTpeceHuero, peanusupano Ha 30.09.1858 1.
(M,6.5) B Codpuiicka censmoreHHa 3oHa

HUnTeH3M-
Ceauie Onucanue H3TOYHHK BHOCT
I MSK 64

Codus ,,OT HoBara ubpkBa CB. Kpan Credan (nH. Xp. Cs. | ABzges. Cr., 2007 8
Hepnenst), kosiTo cera ce npaBu OTHOBO, IMajiHa €AUH
cBOJI (KyOe) 1 yOuBa eiiH OT pabOTHHIUTE ....“

Codus ,[1o Bpeme Ha 3-TO B MecTHOCTTA ,,3emisiHe” (MuH. | Banos, Ci.., 1902 8.5
u3Bop npu OBYa Kymen), KbJIETO HUKOTa MPEIH TOBa
HE ¢ UMaJIo TOILIA BoJa ce MoKasa ,,)Ke)KKa Boja“, Kosi-
TO CKayaJia Harope U Ouiia TOJIKOBA MHOTO, Y€ MOXKella
I1a Kapa 3 BOICHUYHU KaMbKa. ... Karo reiisep - cTb10
OT Ipax, 3eMs 1 Bojia“

Butoma ,,-..IUTaHMHaTa Buromra, enun yac Ha FO3 ot Codus, | Banos, Ci.., 1902 9
ce e pasmyKaja Ha eJHO MSCTO OT IOJIOBHH apIiinH
(30-40cm) 1 monoBHH Yac HALIBXK (okomo 1.5-2KkMm)
Mexny cenara bosira u JlparaneBiu censHUTE ¢ yau-
BIICHHE Ka3BaT, Y€ Hal-HAIpea KOraro ce ¢ pasThp-
CHJIa 3eMsATa OT Ta3W ITyKHATHHA Ce € I0Ka3aJl I'bCT
JIUM U CUH IUIaMBbK...MI310nasang 1 roleMu KaMeHH!
cKaimm.

Codus ,...3namaxa ToraBa MHoro jpkamuu ... Ha Kopy | Asnes. Ct., 2007 8.5
yemmMa JpkaMusTa rnajgHa, ta nputucHa VMcans Axrap®
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Codus ,,...Ha mKxamusrta Ha Bam yemma MetanHusT KoHy- | Bamos, Cr.., 1902 7.5
c000pa3eH MOKPUB HA MMHAPETO, KOUTO OT 3eMeTpe-
CeHHeTo Oe MOAXBBPIICH HArope, KaTo MajgHa HaJlouy,
3a0y4di ce e ¢ BbpXa CH BbB BHKAJIOTO (YaHAKa) Ha
CBIIOTO MHHApE .
Codus ,,bOIOK Dkamus maaHa BbpXy axrapHunara Ha Mcas | Azes. Ct., 2007 8.5
AxrapuHa u ro you...“
Codus magHa,Yenebu mramMus Asgpes. Crt., 2007 8.5
Codus CusiBym joxamus (1. C.Codust). ,,I1Ipu tasu TpecaBu- | B [TameTHu Genexku 8.5
na ce e pascunana ordactu C. Codus, kosro noto- | uz Cpenen. (ABnes.
raBa e CIIy’)kella 3a KIIaHsSHE U MOJIUTBA Ha Xackepa... | Ct., 2007)
Cren Ta3u TpecaBuIa TYpPLUUTE IPECTAHAIN Ja C& MO-
JAT B Hes.* XpaMbT € OWIT paseH, caMo J1Be MoOMYeTa
3arMHUAJIH, KOUTO C& OMIIM MOKaTePHIIH Ha MUHAPETO.
Codus ,Ilagna uspksara ,,Ce. Hukonxa Manu“ Haues, B. u 1p., 8.5
1984
Codust ,Ilagna mepkBara ,,Cs. boropoauna Ipeuncra™ Haues, B. u n1p., 8.5
1984
HxTuman 5. CbOOPEHU KOMMHUTE Ha KbIIUTE Banos C.., 1912 6.5
Jlonna 6ans | ,,...a Toruate Boau B ¢ Jlonna OGams TonkoBa Hama- | Baros. Crm., 1912 7
JIeJU, HSKOM BBHIIHYU YELIMH IPEeCTaHaIN Jia TeKaT U
JKeHCKaTa OaHst 3amycrsia.
Yepenuwku | ,,1858, cenremBpu 18, Tpu mpTH T03M 1eH 3emsra ce | UB. Toromes, 1932 YCETEeHO
MaHaCTUp Tpece...”
Bpana ,,1858, 18 centemppu, Kora ce tbpcu 3emsra™ BB Bparma-C6op- YCETEHO
HUK YMOTBOPEHHSI,
HayKa M KHWKHUH
(Asnes. Cr., 2007)
Buprer ,Ja ce 3Hae xora ce Thpcu 3emsra 1858, mecer | BB Bparma-Coop- YCETeHO
cenTeMBpH, Ha 18 jeH. ..« HUK YMOTBOPEHMS,
HayKa M KHHXXHUH
(Asges. Cr., 2007)
Jloseu 3eMeTpeceHneTo € OUII0 yCEeTeHO Baros, Cr., 1907 YCETEHO
Bosina ,,-..M3BOPBT HapeueH ,,Cerara Boma“ mpecranan B | Bauos, Ci., 1902 9
JICHSI Ha 3-TO U MPOTEKBJI YaK CIE] HAKOJIKO JHH....
TopkansHe Ha kKaMbHU OT Burorma.*
JHparaneBuu | xato bosina Baros, C., 1902 9
T'opHa Gaust | ,,...n Tam pe3epBoapbT B MUHEpayHaTa OaHs Taka ce | Bauos, Ci., 1902 8
NPEIbJIHUI BbB BpPEME Ha 3-TO, LOTO BCUYKU H30s-
rajv HaBbH
Codust ,,-..KaKTO M KblILIaTa ce crbopuxa“. OTHacs ce 3a ka- | Apnes. Ct., 2007 8

3apMHUTE, KOUTO Ca CC HAMHPaJId Ha MACTOTO Ha JHCII-

Hus BoeHeH kiry0.
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IInoBauB Ycereno Hapurpaacku YCETEHO
BECTHHUK, Op. 398,
1858, Anes. Cr.,
2007

ITazapxux | Ycereno Hapurpaacku YCETEHO
BECTHHK, Op. 398,
1858, Asnaes. Cr.,

2007
Puiickun CunHo ycereHo. IIponykanu ce Hskou creHu. Cke- | Banos, Ci..,1902. 7
MaHaCTHP JIeTa, MOCTABEHH 3a MOJHOBABAHE HA CTEHOIMCUTE B
MaHACTUPCKAaTa IIbPKBA, TaKa CC PAa3UTPalIH, Y€ JKH-
BOIHCLUTE €/iBa yCIeNN Jja HacKadaT OT TSX H Ja I10-
OsIrHAT HABBH.
Bpesunk ,,Jla ce 3Hae kora ce Tpece 3emsra Ha Mecell centeM- | ['oromes, 1., 1935 6

BpH, JieH 18, 1858, y rutajgue ce Tpece Tpu IbTH | 110
IUTa IHE J1BA ITHTH, ¥ MHOTO C€ CBET M3ILIAIIN. ... To-
raBa BbplIeexa Ope3HUYaHu Ha OCIIMYKOTO I'YMHO.,,

[Tpu uzcnensane Ha 3emeTrpecennero oT 30(18) cenremBpu 1858 . Kupon (1952)
MIPaBU CJICJHUTE 3aKIIIOUCHHUSI:

1) ,,BepTuxamHOTO yCKOpeHNE Ha TOBA 3eMETPECEHHE € OMII0O MHOTO TOJISIMO - MOXKE
Om OT mopsiIbKa Ha 3eMHOTO YCKOpPEHHE";

2) ,,lHTeH3uBHOCTTA .... € Omra MuHIMYM X, a MakcuMyM X CTeTeH 1Mo THHAMHY-
HaTa MHTEpHAllMOHAJIHA cKaja.

3) ,,... TPYCHT IPUHAIICKH KBM YMEPEHO TBIOOKUTE 3eMETPECEHHS - MOKe OM OT
nopsiapka Ha 10-15 km*

Ha ®urypa 1 e npeacraBeHa CHIIHO yBpeJeHaTa oT 3eMeTpeceHneTo CHsBYII JKa-
Mmus (Hactostmara rppkBa CB. Codus).

®@ur. 1. CusBym jxamus (1ppkBara Cs. Codust). Cuumka ot 1879 .
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Gurypu 2 - 4 warocTpupaT pasnpeneneHueTo Ha JOKYMEHTUPAHUTE Bb3ACHCTBUS,
cboTBeTHO BBpXY rpax Codusi, okonHOCTHTE Ha rpaja mnpe3 1858 (cemara Bosina, [pa-
ranesuu, OBua kynen, Kuspkeo u TopHa banst) n BbpXy ApyrH celmIna oT TepUTOpHATa

Ha bearapust.
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@ur. 3. Be3aelcTBus OT 3eMETPECEHHETO, PeaTn3upaHo
npe3 1858 r. BbpXy TepuTopusaTa Ha cbBpeMenHa Codust
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®ur. 4. Bp3aeiictBUsS OT 3€METPECEHHMETO, peaM3UpaHO Ipe3
1858 r. BbpPXY TepUTOpHUATA HA CTpaHaTa

ITapamerpu Ha 3emerpecennero ot 30(18) cenremBpu 1858 r.

B HsKOM OT ChIIECTBYBAaIIUTE 32 PETHMOHA KaTajlO3W Ca OLECHEHH OCHOBHH IT1apa-
METPH Ha UCTOPHYECKOTO 3eMeTpeceHue oT 1858 r, peanmmsupano B 6aM30CT 110 rpaj
Codust. B Tabnmuma 2 ca npeacTaBeHN HAJIWYHU OLEHKH Ha KOOPIMHATHTE, MAarHUTYA 1

CIIUIICHTPAJIHAaTa UHTCH3UBHOCT HA CHOUTHETO.

Taomuua 2. [TapameTpu Ha 3emeTpeceHneTo oT 1858 1, 1ajeHN B ChIIECTBYBAILH KaTalO3U

¢ (°N) A (°E) M I, H3TO0uHMK AbpeBuaTtypa
42.8 23.5 6.6 (M) 8 Papazachos et al. (2000) GR

42.8 23.2 Karnik (1971) KR

405 233 Utsu (1990) UT

42.8 23.25 5.9 (Ms) Grigorova et al .(1978) BG
42.667 23.286 6.2 (M) Stucchi et al (2013) SHARE
42.75 23.25 6.1 (Ms) 9 Shebalin et al. (1998) SH
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Ennuenrpanna MHTEH3UBHOCT, I0

B Tabnuia 2 ca najgeHu ABe OIIEHKH Ha eMUIIEHTpaTHATa MHTEH3UBHOCT I, OueBna-
HO €, 4Ye KOOPJIMHATUTE Ha CMUIICHTHPA CE Pa3InyaBar ChIIECTBEHO B PA3JIMYHUTE U3TOY-
HUIM. MarHuTyanTe Bapupar B NIMPOK JMAIa30H M ca JaJICHH CaMo JIBE, pa3iiyaBalin
Cce C eJIMHUIIA OLICHKH Ha eNUICHTPAIHATa HHTCH3UBHOCT.

Ha 6a3ara ma HasiMyHaTa Makpocen3sMuuHa nH(OpMaIKs B HacTosIara paboTta ca
MPEOLICHEHH M IMPEACTaBEeHH, MO-A0Jy, HSIKOW OT MapaMeTPUTEe Ha 3eMETPECEHHETO OT
centemBpH 1858 1., peanmusupano B 06u3ocT 10 rpag Codust.

B uscnenBaneto Ha Papazachos et al. (2000) HHTEH3UBHOCTTAa HAa 3€METPECCHUSATO
e ot 8 crerneH, a B u3cieaBane Ha Shebalin et al. (1998), unTen3uBHOCTTA € 9™ cTemneH.
Cnopen Kupos (1952) ,,JIHTeH3UBHOCTTA .... € Ouna MUHUMYM 9, a MakcumyM 10 crte-
neH...“, a B I'puroposa u I'puropos (1964) e mocoueHo, 4e HHTEH3UTETHT Ha 3eMeTpece-
HHUETO He TMpeBHIIaBa 9™ cTereH.

[IpencraBenuTe mo-rope OIEHKK M MOAPOOHATAa MaKpOCEH3MUYHA MH(pOpMAIus B
Tabnuua 1 naBar ocHOBaHME Jia C€ NPUEME, Y€ ENULECHTPAIHATA MHTEH3UBHOCT [, Ha
semeTpecenneto ot 1858 B rpan Codust, € 9™ crenen no ckanara MSK64 (I, =9 MSK64).

MarHurtya no ceMm3MH4YeH MOMEHT, MW

B TaGmuna 2 ca npencraBeHH JBe OLEHKHM HAa MAarHUTYJ MO CEM3MHYEH MOMEHT
M, - 6.6 B Papazachos et al. (2000) u 6.2 B Stucchi et al. (2013).

MarHuTybT Ha 3eMETPECEHHETO MOXKE Jla C€ OILICHU B ChOTBETCTBHE C MaKpOCEU3-
MuvHata nHpopmanus B Tabnuna 1: ,,mannHaTa Butoma, enus yac Ha KO3 ot Codus, ce
€ pasmykasia Ha eHO MsIcTo oT mosioBuH apuvH (30-40cm) Bamos (1902). Axo ce npu-
eme, ue cpeniHoTo npemectiane € 40 cm 1o M =6.5+0.34 u M =6.3+0.34 npu npeamno-
JOKeHue 3a MakcuMaiHo npemectBane 40 cm (cprmacuao Wells and Coppersmith, 1994).

JIOIBJIHUTENHO, MAarHUTYIBT MOKE J1a ObJIe OIICHEH U Bb3 OCHOBA Ha CITUIIEHTpAJI-
Hara MHTEeH3UBHOCT I, n3nmonspaiikn penamunre M =M_ (I ), momydenn no metona Ha
Haii-mankute kBajapard (LSQ) u meTona Ha oproronanHa perpecus (OR) npencraBeHu
B nmyoOnukarusita Ha Aleksandrova et al (2019). Ouenkure 3a MarHuTyza 1Mo CEU3MHYCH
MoMeHT ca M, = 6.47+0.4 (mo LSQ) u M, = 6.56+0.4 (o OR).

Tyk mosxydeHHTe OLIEHKH HAa MarHUTY/a JaBaT OCHOBAHUE Jia Ce NPEITOIOKH, Ye
MarHuTyJa 10 CEM3MHUYCH MOMEHT Ha 3emerpeceHuneto oT 30(18) cemremBpu 1858 r,
peanusupano B okosHocTute Ha rpajx Codus, e M, = 6.5.

Koopannaru Ha enuneHTbpa

Ha ®ur. 5 ca npeacraBeHy eNULIEHTPUTE HA 3eMETPECEHUETO, AA/IEHU B Pa3JINUHUTE
kartanosu (Tabmuma 2).

B paGorara ra Bamos (1902) BTopu9yHATE SBICHUS, HHAYIIMPAHHA OT 3eMETPECEHHUE-
TO (mocouenu B Tabnuna 1) ca neTaiiHo ONMCaHy ,,...JTUTaHWHATa BuToma, enquH yac Ha
103 ot Codus, ce e pasmykana Ha eqHO MACTO OT MmojoBUH apmiH (30-40 cm) i TOITOBUH
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gac HaIBX (okomo 1.5-2 km ) mexnay cenara bosiHa u JlparaneBiiy u CEISTHUTE C YIH-
BJICHME Ka3BarT, ue Half-HaIpe KOraTo Ce € pa3ThpCHIIa 3eMATa U OT Ta3H IyKHATHHA Ce €
MOKa3aj I'bCT UM U CHH IIaMBbK™. ,,J10 5 OKTOMBpH Tam Tedaso cTpamHo.. . ,,M3monama-
JIU ¥ TOJIEMH KaMEHHH CKaJn.

B®3 ocHOBa Ha TOBa OMHCAHUE M TOMBIHUTEITHUTE MAaKPOCEU3MUYHH Bb3CHCTBUA
(mocouenu B Tabnuual) Moxe 1a ce IPENONOKH, Ye 3eMeTpeceHueTo oT 1858 (M 6.5)
€ peasM3upaHo Mo pasjioMa, pa3nojamKeH KHO oT rp. Codus B noaure Ha Buroria.

[Ipu My, = 6.5, B3MMafKy B IPEABHJI TEOMETPHUATA HA pasiioma (3ansrane 60°), mu-
puHara Ha pasjomsiBane (oueHena mo Wells and Coppersmith, 1994) 14 km u mecTono-
JIOKEHUETO Ha MyKHATHHATa BbPXY 3eMHATa TIOBBPXHOCT, TO €/IHA OIIEHKA Ha ITPOSKIUATA
Ha IIEHThpa Ha Pa3IOMSIBAHETO BHPXY 3€MHATa MOBBPXHOCT € ¢ KoopauHatu ¢-42.66°N u
A-23.3°E) u Moke 1a ce mpreMe 3a eMUIEeHThp Ha 3eMeTpecenneTo. Ha dur. 5 npeamona-
raeMuAT EMULIEHTHP € MapkupaH kato NEW u o1BeTeH chC 3€J1eH0.

EnuuenTtpu
@ KaranoxHu enuueHTpy

@® Hos enuueHTsLp

Pasnom

Mpoekyuu Ha pasnom (Eeponeiicka 6a3a AaHHKu)

®@ur. 5. OueHKH Ha eNUIEHTHPa Ha 3eMeTpeceHneTo ot 1858 .

3akjaoueHmne

AKTyaJHO 3a CeM3MHUYHHS PHUCK Ha cbBpeMeHHa Codus e mpenynpekIcHHETO Ha
U. Hauyes, nanucano B cnucanue ,,[Ipupona* ome mpe3 1897 r. ,,Ot ronuHa Ha roguHa
Ce MPaBSIT HOBH U TOJIEMU 3/1aHUsL.......He e 311e 00aye HAIMTE rpaXkIaHu U ApXUTCKTH Ja
MMaT IPEJIBUJI TOpeKa3aHoTo (OMMCAHH ca ITOCIe/ICTBUATA OT 3eMeTpeceHneTo ot 1858 1,
M,,6.5). He naii bosxe eano nogo6Ho 3eMeTpecenne U Hallara Milajia CTOJIMIA ChC CBOH-
T€ HOBU ¥ TM3/IaBH JIbPKaBHU M YaCTHU IOCTPOMKHN OU ce 00bpHAJIa Ha KYII OT pa3Baiu-
uu“ (Asznes Crt., 2007)
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The devastating earthquake of September 30(18), 1858
D. Solakov, I. Aleksandrova, S. Simeonova, P. Raykova

Abstract: The city of Sofia is the capital of Bulgaria. It is the most populated (with more
than 1.2 mil. inhabitants), industrial and cultural region of Bulgaria that faces considerable
earthquake risk. The city of Sofia represents a typical example of high seismic risk area
in the central Balkans. Over the past centuries, the city of Sofia has experienced strong
earthquakes: the 1818 earthquake with epicentral intensity [ =8-9 MSK 64 and the 1858
earthquake with [ =9 MSK 64. In the present study, to assess the consequences of the
1858 earthquake, macroseismic information from a number of available written sources
- old religious records, letters, memoirs, newspapers, journals and others was collected
and analysed.
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Abstract. This article presents information about the importance of biologically active
ultraviolet radiation from the Sun (UV-B), which is the subject of long-term (2011-
2019) monitoring at the National Institute of Geophysics, Geodesy and Geography -
Bulgarian Academy of Sciences. Information on the technique, the units of measure-
ment and the summarized characteristics of the diurnal and seasonal course of UV-B
are presented. On the basis of simple physical concepts of absorption of UV- radiation
in the Earth’s atmosphere is proposed an empirical model for forecasting its integral
value, depending on the daily weather and season. According to the recommendations
of the World Health Organization, a method for real-time notification of the permissi-
ble stay in the sun has been developed. In conclusion, the information on UV-index,
which is provided on the website of the National Institute of Geophysics, Geodesy and
Geography - Bulgarian Academy of Sciences is described in detail.

Key words: Solar ultraviolet radiation, UV-index, monitoring, empirical modelling

Introduction

Solar radiation includes ultraviolet (UV) radiation, visible radiation (light), and
infrared (IR) radiation. The radiation is often characterised by its wavelength, usually
expressed in nanometers (1nm=10°m). When describing biological effects ultraviolet ra-
diation is often subdivided into three spectral bands: UV-C radiation (100-280nm), UV-B
radiation (280- 315nm) and UV-A radiation (315-400nm). UV radiation can be measured
as an irradiance — the power falling upon a surface unit area — in units of W/m?, or as a
radiant exposure, or dose — the energy falling upon a surface unit area during a specified
period of time — in units of J/m?.

31



P. Mukhtarov et al.: Monitoring and forecasting the biologically active ultraviolet radiation...

UV radiation is absorbed and scattered in the atmosphere. UV-C radiation is com-
pletely absorbed in the upper atmosphere by oxygen and ozone molecules. Most of the
UV-B radiation is absorbed in the stratosphere by ozone molecules and only a few percent
reach the surface of the Earth. Therefore, at the surface of the Earth the solar UV radia-
tion is composed of a large amount of UV-A radiation and only a very small amount of
UV-B radiation. UV-B radiation is known to be biologically damaging, whereas UV-A
radiation is much less damaging but is known for its ability to tan the human skin. As
ozone is the main absorber of UV-B radiation the UV-B intensity at the Earth’s surface
depends strongly on the total column of ozone in the atmosphere, thus on the thickness of
the ozone layer (Kaleyna et. al, 2013a; Kaleyna et. al, 2013b). A factor, which describes
the relation between the sensitivity of the UV-B intensity to changes in total ozone, is the
so-called Radiation Amplification Factor (RAF). For small changes in the ozone layer
thickness the RAF represents the percent change in UV-B intensity for a 1-percent change
in the total column ozone (Kaleyna et. al, 2014).

Solar elevation is the angle between the horizon and the direction to the sun. The
solar zenith angle (SZA) is often used in place of the solar elevation: it is the angle be-
tween the zenith and the direction to the sun. For high solar elevations the UV radiation
is more intense because the rays from the sun have a shorter path through the atmosphere
and therefore pass through a smaller amount of absorbers. As the UV irradiance depends
strongly on the solar elevation it changes with latitude, season and time, being highest in
the tropics, in summer and at noon.

The UV irradiance increases with altitude because the amount of absorbers in the
overlaying atmosphere decreases with altitude. Measurements show that the UV irradi-
ance increases by 6-8% per 1000 m increase in altitude.

At the surface of the Earth solar radiation is composed of a direct and a scattered
(diffuse) components. Solar radiation is scattered on air molecules and on particles such
as aerosols and water droplets. The direct component consists of the rays from the sun
that has passed directly through the atmosphere without being scattered or absorbed. The
diffuse component consists of rays that have been scattered at least once before reaching
the ground. Scattering depends strongly on wavelength. The sky looks blue because blue
radiation is scattered more than the other components. UV radiation is scattered even
more and at the surface of the Earth the UV-B is roughly composed of a 1:1 mixture of
direct and diffuse radiation.

The UV irradiance is higher when the sky is cloudless. Clouds generally reduce the
UV irradiance but the attenuation by clouds depends on both the thickness and the type of
clouds (optical depth of clouds). Thin or scattered clouds have only a little effect on UV at
the ground. At certain conditions and for short times a small amount of clouds may even
enhance the UV irradiance comparing the fully clear skies. In hazy conditions UV radia-
tion is absorbed and scattered on water vapour and aerosols and this leads to decreasing
of the UV irradiance.

Part of the UV radiation that reaches the ground is absorbed by the Earth’s surface
and part of it is reflected back to space. The amount of reflected radiation depends on the
properties of the surface. Most natural surfaces such as grass, soil and water reflect less
than about 10% of the falling UV radiation. Fresh snow, on the other hand, may reflect up
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to about 80% of the falling UV radiation. During winter and spring and a cloud-free sky,
the reflection of snow can increase UV radiation on inclined surfaces to values typical
of summer. This is important at higher altitudes and at higher latitudes. Sand may reflect
about 25% of the UV radiation and can increase the UV exposure at the beach. About
95% of the UV radiation penetrate into the water and 50% penetrate to a depth of about 3
m. An action spectrum describes the relative effectiveness of UV radiation at a particular
wavelength in producing a particular biological response. The biological response may
refer to various detrimental effects on biological subjects including humans, animals or
plants. An action spectrum for a given biological effect is used as a wavelength-depend-
ing weighting factor to the spectral UV irradiance (280 to 400nm) and then integrating
over wavelength to find the actual biologically effective irradiance (in W/m?). The effec-
tive UV dose (in J/m?) for a particular exposure period is found by summing (integrating)
the effective irradiance over the exposure period. The most important for common use are
the erythemal, DNA absorption and non-melanoma skin cancer action spectra.

Human exposure to solar radiation may result in acute and chronic health effects.
The main affected are the skin, the eye and the immune system. Acute effects of UV
exposure include erythema (sunburn) of the skin and photo keratitis of the eye. Benign
abnormalities of melanocytes may occur from overexposure to UV during childhood or
adolescence. Chronic skin changes due to UV are skin cancer, and photo aging. Chronic
effects on the eye include cataract, pterygium, droplet keratopathies and squamous cell
cancer of the conjunctiva.

Major risks and public health concerns related to exposure to UV are skin cancer and
cataract. The majority of UV epidemiological studies have addressed skin cancer. Various
studies have been carried out on UV related cancers, influences on the immune system
and diseases of the eye. A comprehensive summary and review of current knowledge can
be found in the WHO/UNEP/ICNIRP Environmental Health Criteria 160 “Ultraviolet
Radiation”, published by WHO, Geneva, in 1994 (World Health Organization,1994).

As sunburn is a frequent detrimental effect on human skin the CIE Erythemal action
spectrum is recommended for use in assessing the skin-damaging effect of UV radiation.

The “Minimal Erythemal Dose” (MED) is used to describe the erythemal potential
of UV radiation and 1 MED is defined as the effective UV dose that causes a perceptible
reddening of previously unexposed human skin. However, because human individuals
are not equally sensitive to UV radiation due to different self-protection abilities of their
skin (pigmentation), 1 MED varies among the European population within the range of
between 200 and 500 J/m? (McKinlay and Repacholi, 2000) .

The best known acute effect of excessive UV radiation exposure is erythema, the
familiar skin reddening termed sunburn. In addition, most people will tan from the UV
radiation stimulation of melanin production, which occurs within a few days of expo-
sure. A further, less obvious adaptive effect is the thickening of the outermost layers of
the skin that attenuates UV radiation penetration to the deeper layers of the skin. Both
changes are a sign of damage to the skin. Depending on their skin type, individuals
vary greatly in their skin’s initial threshold for erythema and their ability to adapt to UV
exposure. Prolonged exposure to UV radiation also causes a number of degenerative
changes in the cells, fibrous tissue and blood vessels of the skin. These include freckles,

Bulgarian Geophysical Journal, 2020, Vol. 43 33



P. Mukhtarov et al.: Monitoring and forecasting the biologically active ultraviolet radiation...

nevi and lentigines, which are pigmented areas on the skin, and diffuse brown pigmen-
tation. UV radiation accelerates skin ageing, and the gradual loss of the skin’s elas-
ticity results in wrinkles and dry, coarse skin. Several studies have demonstrated that
exposure to environmental levels of UV radiation alters the activity and distribution of
some of the cells responsible for triggering immune responses in humans. Therefore,
sun exposure may enhance the risk of infection with viral, bacterial, parasitic or fungal
infections, which has been demonstrated in a variety of animal models. Furthermore,
especially in countries of the developing world, high UV radiation levels may reduce
the effectiveness of vaccines. Since many vaccine-preventable diseases are extremely
infectious, any factor that results in even a small decrease in vaccine efficacy can have
a major impact on public health.

The purpose of this study is to present detailed information on the importance, meth-
ods of measurement and application of biologically active ultraviolet radiation from the
Sun (UV). This paper illustrates the method of monitoring and the possibilities for fore-
casting the biologically active ultraviolet radiation of the Sun at the National Institute of
Geophysics, Geodesy and Geography (NIGGG) - Bulgarian Academy of Sciences. The
practical application of the UV index is presented in detail on the NIGGG website.

Monitoring equipment and organization

UV-B measurements are performed with equipment manufactured by Solar Light
Company, Philadelphia. Two independent semi-kits are supported, consisting of a sensor
located on the roof of the NIGGG building, a device for recording data in digital form
(data logger) and a personal computer program developed by the company, performing
the setup of the equipment and control over it. The sensor contains a detector, a GaAs
semiconductor located in the horizontal plane, an optical system ensuring the transmis-
sion of a certain range of wavelengths and a device for maintaining a constant tempera-
ture of the detector. The operation of the detector is based on the ability of semiconduc-
tors to generate an electrical voltage proportional to the flow of light energy that irradiates
it. Recording device transforms the voltage indications in digital form, averaging in the
set time interval and recording the values in RAM from which the program transfers them
to the disk memory of the working computer.

The basic unit for the UVB level is referred to as the UV index. It is a dimensionless
quantity related to the energy flow of solar radiation:

400nm
]UV = ker j Eﬂ.Ser
250nm

(A)dA (1)

where E| is the spectral density of solar radiation [W/(m’nm)], S, is the so-called erythe-
mal function, which equalizes the impact on human skin of the components of the solar
spectrum and the coefficient k, =40 m?/ W turns the energy flow into a dimensionless
index, which is convenient for information to a wide range of people.
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Fig. 1. Left panel- sensor and data recording device, right panel - erythemal function of the device.

The control program records in text form the average hourly values of the relative
radiation dose (dose rate), which represents the ratio of the ultraviolet radiation flux to
this value 0.05833W/m?, which causes sunburn in people with sensitive skin, exposed for
1 hour. From these values the UV index can be determined as:

I, = Dose Rate " 0.05833 " 40. 2)

Assuming an inversely proportional dependence of the time for obtaining sunburn
on the flow of ultraviolet radiation, the reciprocal value of the dose gives the allowable
stay in hours.

According to the definition of the UV index, the permissible dose for 1 hour corre-
sponds to /,,,=2.3332. Therefore, the time required to obtain a sunburn can be defined as:

Time till sunburn [hours] = 2.3332/1 . (3)

Using the UV index to determine the degree of risk of sunburn.

World Health Organization recommends [/, values up to 2 to completely safe.
Values between 3 and 7 as requiring precautions especially for people with sensitive
skin. At values above 7, exposure of uncovered skin to sunlight is not recommended.
In this way, the publication of real - time UV data available to the user allows everyone
to assess the risk of sunburn and take the necessary measures to avoid it (World Health
Organization, 2002).

More precise researches about the protecting against the harmful effects of sunburn
divides human skin into four main types:

Type 1 very sensitive, people with very light skin;
Type 2 sensitive, people with light skin;

Type 3 normal, people with light brown skin;
Type 4 wealkly sensitive, people with brown skin.
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Fig. 2. Dependence of the allowable stay under solar radiation of
UV- index and type of human skin. A dotted line shows the sim-
plified dependence of formula (3).

Based on these dependencies, the allowable time for staying under the Sun’s radi-
ation of people with different sensitivity to sunburn can be determined with sufficient
accuracy.

Main dependences of UV-index on the diurnal time and atmospheric
conditions.

The flux of biologically active UV radiation can be considered constant, it is slight-
ly affected by the activity of the Sun. The UV index is defined as the flux of radiation
through a horizontal area of a single size (m?), therefore, other things being equal, the
value of the index will depend on the zenith angle of the Sun.

Fig. 3 shows a simplified model of the passage of UV radiation through the Earth’s
atmosphere. Different components of air have the ability to absorb the energy of radia-
tion. In the stratosphere, UVB is absorbed mainly by the ozone layer and water vapor.
In the figure the area of absorption of the UVB is simply presented as homogeneous. At
the zenith angle of the Sun (denoted by c) is different by 0, the path of radiation through
the absorption layer increases and it decreases in proportion to the cosine of the zenith
angle. The impact of the radiation flux on the horizontal Earth’s surface also reduces it in
proportion to the cosine of the zenith angle. In the absence of additional absorption by the
cloud layer in the troposphere, the dependence of the UV index on the zenith angle of the
Sun can be assumed with sufficient as:

1

o =1y cos” X 4)

where [, denotes the UV - index that can be measured at the position of the Sun at the

zenith. This value is conditional, because at the latitude of Bulgaria the Sun is never at
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its zenith. The zenith angle of the Sun depends on the time of day and the day of the year
as follows:

COS ¥ = sin @ sin ¢, + oS ¢ COS @, COS L(IS(UT—IZ)—H)
180 )

7 . (360
== _23.45sin| —(DOY - 21
% =180 365( )

With j is marked latitude, ¢ is longitude, UT- universal time (along the Greenwich
meridian) and DOY is the day of the year.
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Fig. 3. Simplified representation of the passage of ultra-
violet radiation through the Earth’s atmosphere.
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Fig. 4. Comparison of average data for August and model ac-
cording to formula 4 and 5.
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Fig. 4 shows a comparison between the average hourly data for August during the
period 2011-2019 and the model values calculated by formulas 4 and 5. The dependence
of the diurnal time, represented by the square of the cosine of the zenith angle of the Sun,
satisfactorily describes the diurnal course of the UV- index. Equations (4) and (5) make
it possible to predict the values of the UV- index in clear weather depending on the time
of day and the date.

Results of the monitoring of the UV-index for the period 2011-2019.

The values of the UV index strongly depend on the cloud cover, that is why the sta-
tistical processing of data during the study period is difficult, especially during the winter
and equinox months, when days with very clear sky are rare.

UV-index

kY .;-
. e r . P . - y UK
| L L L L
1-Jan 31-Jan 2-Mar 1-Apr 1-May 31-May 30-Jun 30-Jul 29-Aug 28-Sep 28-Oct 27-Nov 27-Dec

Fig. 5. Composed year from the measured values for the period 2011-2019 at local time
11, 12 and 23 hour.

As an illustration, Fig. 5 shows the measured values for the entire period 2011-2019
at 11, 12 and 13 hour local time (around noon). There is a significant scattering of data
due to the different degree of cloudiness in the respective dates of the years, as well as
the presence of obviously invalid values due to equipment errors. In order to obtain a
relatively reliable value of the noon UV- index for the date, the respective medians, lower
and upper deciles were calculated from the data for each day. The median is a value that
halves the values below and above it, the upper decile is a value above which 10% of the
data is found. The lower decile is a value below which 10% of the total data remains. The
upper decile is a suitable value for estimating the UV- index in clear weather.
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Fig. 6 shows the climatology of the UV index for the period 2011-2019. For each
calendar month and for every hour are calculated the medians, upper and lower deciles.
For each calendar month and for each hour, the medians, upper and lower deciles of the
set of measured values are calculated. The diurnal and seasonal course of the UV-index
satisfactorily follows the diurnal and seasonal course of the zenith angle of the Sun ac-
cording to formula 5. The values of the upper deciles can be taken as values in clear
weather, the lower deciles as values in significant cloudiness, and the medians as values
in average seasonal cloudiness. The maximum value of the UV index for Bulgaria turns
out to be 9.

10 —
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Upper decile
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UV-index
o
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L1
———

AU A

Jan_rFelJ_rl\fIm'_r Apl'—r l\flm—l— Jun T Jul Ang—l— Sep_r Oct_er_r Dec_|
Month

Fig. 6. Climatology of the UV-index for the period 2011-2019.

UV- index forecasting.

The empirical model for forecasting the UV-index developed in NIGGG is based on
the measurements conducted for the period 2011-2019 and on the basic regularities of the
diurnal and seasonal variability according to Equations 4 and 5 (Bojilova et. al, 2020).

Fig. 7 demonstrates climatological values of the quantity /,,,, obtained for each day
of the year from the upper deciles of the measurements in the hours around the local
noon according to Equation 4. If the UV-index depended only on the zenith angle of
the Sun, this value should not change during the year, but its dependence on the season
is observed. Practically constant values are obtained only in the months of July, August
and September. During the winter season, the increase of aerosol concentrations in urban
conditions is likely to have an impact, which may cause additional absorption of UV
radiation even on cloudless days. During the spring months, the spring maximum is also
affected by the concentration of stratospheric ozone, which can also cause additional
absorption. The obtained empirical daily values of 7, allow to predict the value of the

uro
UV- index or each hour of the respective date in clear weather according to formulas 4
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and 5, taking into account the additional seasonal dependences of the absorption of UV
radiation from the atmosphere.

If there is a forecast for cloud cover (in percent) for the respective day, the forecast
values can be adjusted using the recommendation of the World Health Organizations,
according to the research of which in case of cloudiness 100% UV-index drops to 20% of
the value time. Assuming that the decrease of the UV index from the clouds has a linear
character, the final formula for predicting the UV-index becomes:

I, (DOY,LT)=(1-80R,)1,,,(DOY)cos y(DOY,UT).  (6)

R, is the relative cloudiness in percent, and /,, are the values shown in Fig. 7.
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Fig. 7. Comparison between upper decile of the UV-index, median values of the UV-
index, the theoretical values of the UV-index and /.

The recommendations of the World Health Organization allow an additional op-
portunity to correct the forecasts of the UV-index, taking into account the influence of
altitude and the reflectivity of the environment.

Approximately every hundred meters above sea level UV-index increases by 1%.
In the presence of an environment with expressive reflectivity, the time for safe stay is
reduced as follows:

" snow cover - 1.9 times;
" gsand - 1.15 times;
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" gea foam - about 1.25 times;
® water - about 1.1 times.

Final remarks.

This study presents a detailed analysis of the importance of biologically active ul-
traviolet radiation from the Sun, as well as the monitoring and practical application of
the UV index for the territory of Bulgaria. In order to provide information available to
anyone interested in the condition of UV radiation at the Bulgarian Academy of Sciences,
NIGGG has developed a special website presenting the current condition and relevant
forecasts. The Web Page is publicly available: http://data.niggg.bas.bg/uv_index/uv_in-
dex_bg.php.

The graph of the UV-index for the current day is presented, which is updated auto-
matically every hour. The values shown on the NIGGG page are colored with the colors
recommended by the World Health Organization, indicating the degree of danger of get-
ting sunburn, as well as the allowable time for stay according to equation 3.

A separate graph on the same web page shows the forecast for the next day - values
that are obtained in clear weather, medium cloudiness and dense clouds (rain or snow).
The values corresponding to the cloud forecast are shown in a separate color.

A separate application (http://data.niggg.bas.bg/uv_index/uvmaps bg.htm) shows
an animated map of Bulgaria with values of the UV index in clear weather, corrected for
altitude.

The information services provided on the NIGGG website also include an inter-
active calculator (http://data.niggg.bas.bg/uv_index/time_sunb.htm), through which the
user can calculate the time for safe stay on the Sun depending on the date and time, skin
type, altitude and reflective properties of the surroundings. It includes also information
to the user about the protective cream, which will ensure a safe stay for an unlimited
time and a Practical Guide translated into Bulgarian and published by the World Health
Organization.
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MOHI/ITOPI/IHF H NMPOrHO3MpPaHE HA 0HOJIOrHYeCKH aKTHBHATA
YIATPABHOJIETOBA paiuanus HA CabHIETO

I1. Myxrapos, H. Munomes, I'. I'apxes, P. boxunosa

Pe3iome: B cratusra e npencraBena nHpopManus 3a 3HAY€HUETO Ha OMOIOTHYECKHU aK-
THUBHATa yntpaBuosieToBa paauanus Ha CirpHuero (UV- B), kosTo € 00eKT Ha ABAToro-
quied (2011-2019) monutopunr B Harmonanuus uactutyT no ['eodusuka, ['eonesus
n ['eorpadus keM bparapcka akanemust Ha HaykuTe. [IpencTaBeHn ca cBeIeHHS 3a TeX-
HUKaTa, N3MEPUTEITHUTE eMHNAIN U 0000IIEHUTE XapaKTepUCTUKN Ha ICHOHOIHUS 1
ce3oneH xox Ha UV- B. Ha 6a3ara Ha onpocTeHn Gpu3HYeCKH NpeACTaBH 3a MONTbIIa-
Heto Ha UV- panmanusara B 3eMHara arMocdepa € MpeyIoKeH eMIMPHYEH MOJIEIN 32
MIPOrHO3MpaHe Ha HEMHHUTE CTOMHOCTH B 3aBHUCHMOCT OT jJarara u ce3oHa. ChbIilacHO
npenopbkute Ha CBeToBHara 31paBHa Opranuzanys € pa3padoTeH METO[] 3a OIOBEC-
TSIBAaHE B peallHO BpEMe 3a JIOIYCTUMHUS MIPECTO! I10J CIbHYEeBHTE Tb4yH. Onncanu ca
JIeTaliiuTe Ha pa3padoTeHNTE OH-JIaliH MPUIIOKEHHSI, CBOOOTHO TIOCTHIIHH HA HHTEPHET
crpanuuara na HUI'TT.
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Abstract. Presently, in the era of Internet communication the preliminary time series
(INTERMAGNET’s reported data) acquired in geomagnetic observatories are available
in near-real time, while the final absolute time series (definitive data) are disseminated
with many months delay, being subject to many checks. This paper reports the defini-
tive geomagnetic data obtained in Panagjurishte observatory in 2015, prepared in the
form of local geomagnetic indices and absolute time-series of daily mean values plots.
Calculated indices show that 2015 has quite disturbed geomagnetic field reaching K=8.
This is reasonable due to the fact that it is in the middle of the 24th So;ar cycle when
the Sun is in its most active period. Verification of data quality is performed according
to “IAGA guide for magnetic measurements and observatory practice”.

Key words: PAG observatory, geomagnetic variations, geomagnetic activity, local ge-
omagnetic indices, daily mean values, 2015.

Introduction

The Geomagnetic observatory in Panagjurishte (PAG) is established in 1937 — first
on the Balkan Peninsula and unique in Bulgaria and during more than 80 years performs
absolute measurements of the geomagnetic field elements and continuous registration of
their variations (Buchvarov, 2006). In 2007 PAG observatory was equipped with digital
systems for the recording of geomagnetic field element’s variations. Thus, the observa-
tory implemented the technical requirements and was joined to the INTERMAGNET
(International Real-time Magnetic Observatory Network), which establishes a global net-
work of cooperating digital magnetic observatories, and facilitate data exchanges and
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geomagnetic products in close to real time. Preliminary recorded time series and local
geomagnetic k-indices are published on the NIGGG web page (http://data.niggg.bas.bg/
magn_datal/dailymag bg.php) and automatically reported to INTERMAGNET. The
present paper provides quasi-definitive geomagnetic data which are checked and pro-
cessed to comply with the IAGA standards for observatory practices.

Local geomagnetic indices (K, A,, XK) calculated at
PAG observatory.

The K-index is often used as a quantitative measure of local magnetic activity. It is
a 3-hour quasi-logarithmic scale developed to measure magnetic activity ranging from 0
to 9, with 0 indicating completely quiet conditions and 9, representing extreme magnetic
activity. It is intended to measure geomagnetic disturbances outside the normal diurnal
quiet time variations. In order to have a somewhat consistent scale of magnetic activity
between observatories at high latitudes, where field variations can be quite large in am-
plitude, and those at low latitudes, each observatory is assigned its own set of amplitude
ranges corresponding to the various K-index levels. Thus, for example, a K-index of 5 at
College (TCO) observatory (212.4°E, 64.87°N) corresponds to a lower limit of magnetic
activity range of 350 nT over the 3-hour interval, while at San Juan (SJG) observatory
(293.85°E, 18.117°N) this same K-index level corresponds to a lower limit of magnetic
activity of 40 nT. The idea is to have K-index compensation for the influence of latitude
on magnetic activity, so that a K-index of 7 at College and San Juan would represent the
same magnetic storm intensity despite the actual differences in the range of magnetic
fluctuation amplitudes at the two latitudes.

The ranges of the individual K numbers in PAG observatory (24.177°EN, 42.515°N)
are defined as follows:

Deviation
from the
normal Sg | <5 | 5-10 [10-20|20-40{40-70|70-120{120-200{200-330{ 330-500 > 500
variation

[nT]

K 0 1 2 3 4 5 6 7 8 9

The eight three-hourly K numbers (after Bartels) are calculated by a computer code
(FMI method, Sucksdorff et al., 1991) from the digital recordings of three component
flux-gate variometer FGE.

The local equivalent daily amplitude index Ak [nT] which is determined by con-
verting K —indices into eight 3-hour equivalent linear amplitudes a,, and calculating the
mean value. The 3-hour equivalent amplitude a, is assigned for each K value using the
following table:
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K
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2K is the daily sum of the eight K numbers.

The calculated local geomagnetic indices (K, Ak, 2K) at PAG observatory for 2015

are presented in Table 1.

Table 1. Local geomagnetic indices (K, A, £K) calculated at PAG observatory in 2015.

Activity Indices

Day K | Ak nT] | =K
01-Jan-15 2t [ 2]t ] 2]21]3 7 14
02-Jan-15 3 |t 222 |3]4]:5 16 22
03-Jan-15 s 323211 ]o 12 17
04-Jan-15 L1 1t | 3] 35|45 20 23
05-Jan-15 5 03232 [2]3]3 16 23
06-Jan-15 2 |3 3[4 2]3[4]1 15 2
07-Jan-15 2 |36 [ 5|3 2]2]4 26 27
08-Jan-15 3 |33 (3|3 |3 ][2]3 14 23
09-Jan-15 2 223 2]2]2]~?2 8 17
10-Jan-15 2 |3 22242711 10 18
11-Jan-15 3 |t 3 [2]2]2]21]3 10 18
12-Jan-15 L1 2] 23| 2]3 ]2 8 16
13-Jan-15 12 2] 2]2]3]2]2 8 16
14-Jan-15 2 [t 2213231 8 16
15-Jan-15 o o[ 1 [ 2]3[21]0].1 4 9
16-Jan-15 2 22221 ]2]1 6 14
17-Jan-15 2 2|t [ 2] 1 ]o [ 1]3 6 12
18-Jan-15 L[ 2] 2]2]3 6 13
19-Jan-15 2 |t v [ 1o |1 [2]3 5 11
20-Jan-15 2 ol it [ 11t Jof[1]2 3 8
21-Jan-15 2 |2 |3 [ 22 ]|4]4]3 14 2
22-Jan-15 4 2 v [ 331 [3]2 12 19
23-Jan-15 3 2221 ]2]2].1 7 15
24-Jan-15 L 223 ]2 6 13
25-Jan-15 2 2 v [ 1|t 2]2]3 7 14
26-Jan-15 3 23 [ 3] 2]3]3]¢?2 12 21
27-Jan-15 3 |33 [ 223 ]2]4 14 22
28-Jan-15 s 2] 2211 ]2]2 7 15
29-Jan-15 2 1t v [ 2] 2]3[5]3 13 19
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30-Jan-15 3 2 2 2 1 2 4 4 13 20
31-Jan-15 1 2 2 2 2 2 3 4 10 18
01-Feb-15 4 3 3 3 2 3 4 5 21 27
02-Feb-15 4 4 3 3 2 4 4 3 20 27
03-Feb-15 3 3 2 2 3 3 3 3 13 22
04-Feb-15 2 2 1 2 3 3 2 2 9 17
05-Feb-15 1 2 2 2 3 4 3 2 11 19
06-Feb-15 0 1 2 3 1 1 1 1 5 10
07-Feb-15 1 1 2 3 2 3 3 2 9 17
08-Feb-15 2 2 2 2 1 2 3 3 9 17
09-Feb-15 3 2 1 1 2 2 2 3 8 16
10-Feb-15 0 2 1 1 1 1 2 3 5 11
11-Feb-15 1 3 2 2 2 1 0 1 6 12
12-Feb-15 2 2 1 1 2 1 2 2 6 13
13-Feb-15 0 0 1 1 1 1 1 1 2 6
14-Feb-15 0 1 1 1 0 0 0 1 2 4
15-Feb-15 1 2 2 2 3 2 2 2 8 16
16-Feb-15 1 1 1 2 2 2 3 4 9 16
17-Feb-15 3 3 2 3 3 3 5 4 20 26
18-Feb-15 5 3 3 3 2 2 3 3 17 24
19-Feb-15 3 2 2 2 1 2 3 2 9 17
20-Feb-15 1 2 2 2 2 1 1 2 6 13
21-Feb-15 2 1 1 1 1 2 2 3 6 13
22-Feb-15 3 2 1 2 2 1 1 3 8 15
23-Feb-15 3 2 3 3 3 4 4 4 19 26
24-Feb-15 5 4 3 3 2 1 1 3 17 22
25-Feb-15 1 1 3 2 3 3 3 0 9 16
26-Feb-15 2 1 1 2 1 0 1 1 4 9
27-Feb-15 1 1 1 2 1 2 1 2 5 11
28-Feb-15 1 2 2 2 2 3 4 4 13 20
01-Mar-15 5 4 4 3 1 2 3 3 20 25
02-Mar-15 3 3 4 4 3 4 3 3 20 27
03-Mar-15 3 3 2 2 1 2 3 4 12 20
04-Mar-15 2 2 2 4 4 1 2 3 13 20
05-Mar-15 1 1 1 2 2 3 2 2 7 14
06-Mar-15 1 2 3 2 1 2 3 4 11 18
07-Mar-15 3 3 3 3 3 4 4 4 20 27
08-Mar-15 2 2 2 3 3 3 2 1 10 18
09-Mar-15 3 2 1 0 1 1 1 1 10
10-Mar-15 1 1 2 1 1 0 1 0 7
11-Mar-15 0 3 2 2 2 2 3 1 15
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12-Mar-15 1 3 2 2 2 2 1 0 6 13
13-Mar-15 1 0 1 3 4 1 1 1 7 12
14-Mar-15 1 2 2 2 2 0 1 3 6 13
15-Mar-15 3 2 2 2 2 2 3 2 9 18
16-Mar-15 2 3 4 3 3 3 2 1 13 21
17-Mar-15 2 5 5 6 7 7 5 7 81 44
18-Mar-15 5 4 3 4 6 5 5 4 40 36
19-Mar-15 4 3 3 4 4 3 3 4 21 28
20-Mar-15 4 3 4 3 3 3 4 5 24 29
21-Mar-15 4 2 2 3 3 2 2 2 12 20
22-Mar-15 2 3 5 5 3 1 2 1 18 22
23-Mar-15 3 3 2 3 5 3 3 4 20 26
24-Mar-15 1 1 1 3 3 4 2 2 10 17
25-Mar-15 2 2 2 4 4 3 4 2 16 23
26-Mar-15 3 2 2 1 2 2 2 4 10 18
27-Mar-15 3 2 2 2 3 2 1 2 9 17
28-Mar-15 1 2 3 2 2 3 2 3 10 18
29-Mar-15 3 3 2 2 2 2 2 2 9 18
30-Mar-15 2 1 1 2 0 1 1 2 4 10
31-Mar-15 1 1 2 3 3 3 3 2 10 18
01-Apr-15 1 1 2 2 1 3 3 3 9 16
02-Apr-15 1 2 2 2 2 2 3 4 10 18
03-Apr-15 3 3 2 3 3 3 2 3 13 22
04-Apr-15 3 2 2 3 3 4 3 2 14 22
05-Apr-15 2 1 1 1 1 2 2 3 6 13
06-Apr-15 2 1 1 1 1 1 1 1 4 9
07-Apr-15 2 2 2 1 1 1 2 1 5 12
08-Apr-15 2 0 1 1 1 1 2 1 4 9
09-Apr-15 2 2 3 3 2 2 3 3 11 20
10-Apr-15 4 4 4 3 4 3 3 2 20 27
11-Apr-15 4 3 2 2 2 4 3 1 14 21
12-Apr-15 0 1 1 1 1 1 2 1 3 8
13-Apr-15 2 2 2 1 1 2 2 1 6 13
14-Apr-15 0 1 2 2 3 4 5 4 17 21
15-Apr-15 2 3 2 4 4 4 5 3 22 27
16-Apr-15 4 3 3 4 3 3 5 5 26 30
17-Apr-15 4 3 3 3 2 3 3 2 15 23
18-Apr-15 2 1 3 3 2 3 4 3 13 21
19-Apr-15 2 1 1 2 1 2 3 3 8 15
20-Apr-15 3 2 2 2 2 2 3 4 12 20
21-Apr-15 3 3 3 4 4 4 3 3 20 27
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22-Apr-15 2 2 3 3 2 2 2 3 10 19
23-Apr-15 1 2 1 2 1 1 1 2 5 11
24-Apr-15 1 2 1 2 0 1 1 0 3 8
25-Apr-15 0 0 1 1 0 1 1 1 2 5
26-Apr-15 1 1 1 1 1 1 1 1 3 8
27-Apr-15 0 1 2 2 1 2 2 2 5 12
28-Apr-15 2 1 2 2 2 2 2 1 6 14
29-Apr-15 1 1 1 1 2 2 1 1 4 10
30-Apr-15 3 1 1 1 1 1 2 1 5 11
01-May-15 1 2 1 1 1 2 2 2 5 12
02-May-15 2 2 1 2 2 2 3 3 9 17
03-May-15 3 2 2 2 1 2 2 1 7 15
04-May-15 1 1 2 2 2 2 2 1 6 13
05-May-15 1 1 1 2 2 2 2 2 6 13
06-May-15 3 2 3 4 4 5 5 2 24 28
07-May-15 2 2 2 2 2 3 2 2 8 17
08-May-15 2 2 2 2 1 1 1 1 5 12
09-May-15 1 1 1 3 2 3 3 3 10 17
10-May-15 1 2 2 3 3 1 3 2 9 17
11-May-15 3 3 2 2 3 2 2 4 13 21
12-May-15 2 2 2 3 3 3 3 3 12 21
13-May-15 4 5 5 4 3 4 4 4 31 33
14-May-15 2 2 2 2 2 1 2 2 7 15
15-May-15 1 2 2 2 2 1 2 2 6 14
16-May-15 1 2 1 1 2 1 1 2 5 11
17-May-15 2 2 1 1 2 2 2 1 6 13
18-May-15 2 2 2 3 3 2 3 4 13 21
19-May-15 5 3 2 2 2 2 2 1 13 19
20-May-15 2 3 2 1 2 2 1 0 6 13
21-May-15 1 1 0 1 1 1 1 1 3 7
22-May-15 1 2 0 1 1 0 0 0 2 5
23-May-15 0 1 1 2 1 1 2 1 4 9
24-May-15 2 2 1 1 1 1 1 1 4 10
25-May-15 0 1 1 1 1 0 1 1 2 6
26-May-15 1 2 2 1 2 3 2 1 7 14
27-May-15 1 2 1 1 3 2 1 2 6 13
28-May-15 2 3 1 2 2 2 2 1 7 15
29-May-15 1 3 1 2 2 2 2 2 7 15
30-May-15 1 2 1 1 2 1 1 2 5 11
31-May-15 1 1 1 1 1 2 2 2 5 11
01-Jun-15 3 2 1 2 1 1 2 1 6 13
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02-Jun-15 2 2 0 1 1 1 2 1 4 10
03-Jun-15 2 2 1 2 1 1 2 1 5 12
04-Jun-15 1 2 1 1 1 1 1 0 3 8
05-Jun-15 0 1 1 1 1 1 1 1 3 7
06-Jun-15 1 2 1 2 2 1 0 1 4 10
07-Jun-15 1 2 2 2 2 2 3 3 9 17
08-Jun-15 3 5 6 5 3 4 3 4 34 33
09-Jun-15 3 3 3 2 3 3 3 2 13 22
10-Jun-15 3 2 3 3 2 2 2 2 10 19
11-Jun-15 2 2 2 2 2 3 2 1 8 16
12-Jun-15 1 2 1 1 3 2 2 2 7 14
13-Jun-15 3 2 3 3 1 2 2 2 10 18
14-Jun-15 4 2 3 4 3 3 2 3 16 24
15-Jun-15 2 2 2 3 3 3 3 3 12 21
16-Jun-15 3 2 2 1 2 3 3 2 10 18
17-Jun-15 3 3 2 2 3 3 1 1 10 18
18-Jun-15 2 1 1 2 2 3 2 1 7 14
19-Jun-15 2 1 1 1 1 0 1 0 3 7
20-Jun-15 1 1 1 1 0 1 1 1 3 7
21-Jun-15 1 1 1 1 1 4 3 3 9 15
22-Jun-15 1 3 4 3 5 5 8 5 56 34
23-Jun-15 6 5 5 4 4 3 4 4 37 35
24-Jun-15 3 2 3 2 3 3 9 16
25-Jun-15 0 0
26-Jun-15 1 1 1 2 2 5
27-Jun-15 2 3 2 2 2 2 2 2 8 17
28-Jun-15 3 3 3 2 3 2 3 2 12 21
29-Jun-15 2 2 2 2 2 2 1 0 6 13
30-Jun-15 1 2 2 1 1 1 2 3 6 13
01-Jul-15 2 2 1 2 2 2 1 0 5 12
02-Jul-15 1 2 2 1 1 0 0 0 3 7
03-Jul-15 1 1 1 1 0 1 0 0 2 5
04-Jul-15 1 2 2 2 3 3 4 4 14 21
05-Jul-15 4 4 2 3 2 3 3 3 16 24
06-Jul-15 3 3 2 2 1 1 3 2 9 17
07-Jul-15 2 2 1 2 1 1 2 2 6 13
08-Jul-15 0 1 1 2 2 2 2 1 5 11
09-Jul-15 1 2 1 1 1 1 2 1 4 10
10-Jul-15 1 2 1 1 0 2 2 5 10 14
11-Jul-15 4 3 3 3 2 2 3 3 15 23
12-Jul-15 2 3 2 3 2 2 3 3 11 20
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13-Jul-15 4 4 4 3 3 3 5 3 24 29
14-Jul-15 3 2 2 2 2 2 3 2 9 18
15-Jul-15 1 2 1 2 3 2 1 2 7 14
16-Jul-15 3 2 2 2 2 2 2 1 8 16
17-Jul-15 1 2 1 2 1 1 0 0 3 8
18-Jul-15 1 1 1 1 1 1 2 1 4 9
19-Jul-15 1 1 2 1 0 1 0 0 2 6
20-Jul-15 0 0 1 1 1 1 1 1 2 6
21-Jul-15 3 3 3 2 2 2 2 2 10 19
22-Jul-15 2 2 1 1 2 3 2 2 7 15
23-Jul-15 3 3 3 3 3 2 3 3 14 23
24-Jul-15 2 2 1 2 2 2 2 3 8 16
25-Jul-15 2 2 3 3 2 1 2 3 10 18
26-Jul-15 3 2 1 2 1 2 2 2 7 15
27-Jul-15 2 2 2 3 2 2 2 2 8 17
28-Jul-15 2 2 2 3 2 1 2 1 7 15
29-Jul-15 1 1 2 2 2 2 2 1 6 13
30-Jul-15 2 2 1 2 2 3 4 5 15 21
31-Jul-15 3 2 2 2 3 4 3 3 14 22
01-Aug-15 3 2 1 2 2 3 3 2 10 18
02-Aug-15 3 2 2 1 3 2 2 2 9 17
03-Aug-15 2 3 2 1 2 2 1 2 7 15
04-Aug-15 1 2 2 1 2 1 2 4 8 15
05-Aug-15 2 2 1 2 2 2 1 2 6 14
06-Aug-15 2 2 2 3 3 2 2 2 9 18
07-Aug-15 2 3 4 3 4 4 3 2 18 25
08-Aug-15 2 2 2 3 3 1 3 3 11 19
09-Aug-15 2 2 2 3 2 3 2 3 10 19
10-Aug-15 3 2 3 2 2 2 3 2 10 19
11-Aug-15 3 3 2 2 1 1 2 2 8 16
12-Aug-15 2 2 2 1 2 3 3 3 10 18
13-Aug-15 3 4 2 2 2 1 1 1 9 16
14-Aug-15 1 1 1 2 1 1 1 2 4 10
15-Aug-15 3 2 4 5 5 4 3 3 25 29
16-Aug-15 4 3 5 4 3 4 3 4 25 30
17-Aug-15 3 3 3 3 4 4 4 2 19 26
18-Aug-15 3 3 3 1 1 2 1 2 9 16
19-Aug-15 4 3 3 2 3 3 3 3 16 24
20-Aug-15 2 3 2 3 4 3 2 3 14 22
21-Aug-15 1 2 2 1 2 1 1 1 5 11
22-Aug-15 2 1 2 3 3 2 3 2 10 18
50 Bulgarian Geophysical Journal, 2020, Vol. 43




M. Metodiev et al.: Annual report of the observed geomagnetic activity in Panagjurishte...

23-Aug-15 3 3 4 3 4 3 4 2 19 26
24-Aug-15 2 2 2 3 2 1 2 1 7 15
25-Aug-15 2 2 1 2 1 2 3 2 7 15
26-Aug-15 3 3 2 4 3 5 5 5 28 30
27-Aug-15 4 5 4 4 3 4 4 6 35 34
28-Aug-15 5 3 2 2 4 5 5 4 28 30
29-Aug-15 3 2 2 3 2 3 3 2 11 20
30-Aug-15 1 2 1 1 1 2 2 2 5 12
31-Aug-15 2 1 2 2 2 2 2 2 7 15
01-Sep-15 2 1 1 1 1 1 1 3 5 11
02-Sep-15 2 2 2 1 2 3 3 3 10 18
03-Sep-15 2 2 2 2 1 2 2 3 8 16
04-Sep-15 3 4 4 3 3 2 3 3 17 25
05-Sep-15 2 2 3 2 3 5 4 2 17 23
06-Sep-15 2 2 2 2 4 2 5 3 16 22
07-Sep-15 2 2 2 2 4 5 5 5 25 27
08-Sep-15 6 4 3 2 3 2 2 4 23 26
09-Sep-15 4 5 4 4 4 4 5 5 35 35
10-Sep-15 3 1 2 1 2 4 5 4 17 22
11-Sep-15 3 3 6 6 5 6 3 3 44 35
12-Sep-15 4 2 4 3 10 13
13-Sep-15 0 0
14-Sep-15 1 5 5 3 14 14
15-Sep-15 4 3 5 7
16-Sep-15 0 0
17-Sep-15 0 0
18-Sep-15 4 2 2 2 3 3 10 16
19-Sep-15 3 4 4 3 2 0 2 3 14 21
20-Sep-15 3 4 6 5 4 5 3 3 34 33
21-Sep-15 2 2 1 3 2 2 1 2 7 15
22-Sep-15 3 2 3 2 3 2 2 2 10 19
23-Sep-15 1 2 3 3 3 4 4 2 15 22
24-Sep-15 2 2 2 1 1 2 3 3 8 16
25-Sep-15 1 2 2 2 3 2 1 2 7 15
26-Sep-15 1 1 1 1 1 2 2 2 5 11
27-Sep-15 1 1 2 1 1 1 1 2 4 10
28-Sep-15 1 1 2 1 1 1 2 2 5 11
29-Sep-15 2 2 2 1 1 1 1 1 5 11
30-Sep-15 1 0 1 1 2 1 1 1 3 8
01-Oct-15 1 1 1 2 3 4 4 5 17 21
02-Oct-15 2 2 3 2 2 2 3 2 9 18
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03-Oct-15 2 2 2 1 2 3 2 3 9 17
04-Oct-15 3 3 3 2 3 2 3 5 17 24
05-Oct-15 4 3 3 4 4 2 3 3 19 26
06-Oct-15 3 3 3 1 3 4 5 5 23 27
07-Oct-15 4 4 4 5 4 6 6 5 46 38
08-Oct-15 3 5 5 4 4 5 5 4 36 35
09-Oct-15 3 2 2 3 4 4 5 4 22 27
10-Oct-15 2 2 3 1 2 4 2 2 10 18
11-Oct-15 3 2 1 2 2 3 4 4 14 21
12-Oct-15 1 2 2 3 2 5 5 4 20 24
13-Oct-15 2 3 3 4 2 4 4 5 22 27
14-Oct-15 3 4 3 3 3 3 4 2 17 25
15-Oct-15 2 2 1 2 2 2 3 3 9 17
16-Oct-15 2 2 1 1 2 1 1 1 5 11
17-Oct-15 2 3 2 2 3 2 4 2 12 20
18-Oct-15 3 2 3 4 3 3 3 3 16 24
19-Oct-15 0 1 1 2 1 1 1 2 4 9
20-Oct-15 1 1 2 2 2 3 4 3 11 18
21-Oct-15 1 2 2 4 4 2 2 2 12 19
22-Oct-15 1 1 2 2 1 2 3 2 7 14
23-Oct-15 2 1 1 2 2 2 2 3 7 15
24-Oct-15 2 2 2 1 1 1 4 3 9 16
25-Oct-15 2 1 2 2 3 2 1 1 7 14
26-Oct-15 1 0 1 2 1 0 0 0 2 5
27-Oct-15 0 0 1 1 1 0 1 3 3 7
28-Oct-15 0 1 1 2 0 1 1 0 2 6
29-Oct-15 1 0 1 2 1 0 1 3 4 9
30-Oct-15 2 1 1 2 2 3 2 3 8 16
31-Oct-15 0 0 1 2 2 2 2 3 6 12
01-Nov-15 1 2 2 1 2 2 3 2 7 15
02-Nov-15 1 0 1 1 3 3 1 2 6 12
03-Nov-15 3 3 5 4 4 4 5 4 29 32
04-Nov-15 4 5 4 3 5 3 3 3 26 30
05-Nov-15 3 1 3 3 3 4 3 4 17 24
06-Nov-15 4 2 2 2 2 2 5 4 17 23
07-Nov-15 4 5 5 4 3 3 4 2 27 30
08-Nov-15 2 1 1 2 4 4 5 5 21 24
09-Nov-15 4 2 3 3 3 4 5 5 25 29
10-Nov-15 4 3 3 5 5 4 4 4 29 32
11-Nov-15 4 2 3 2 4 5 4 2 21 26
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12-Nov-15 1 1 1 1 1 2 1 1 4 9
13-Nov-15 1 1 1 2 4 4 4 4 16 21
14-Nov-15 3 1 2 2 3 1 2 2 8 16
15-Nov-15 2 2 1 2 1 2 3 3 8 16
16-Nov-15 3 2 2 3 3 2 3 3 12 21
17-Nov-15 1 2 1 2 1 3 3 2 8 15
18-Nov-15 1 3 2 2 2 3 5 4 16 22
19-Nov-15 3 2 1 3 1 1 1 1 7 13
20-Nov-15 1 1 3 2 0 1 0 1 4 9
21-Nov-15 2 1 0 1 0 0 1 1 2 6
22-Nov-15 1 1 1 1 1 1 1 1 3 8
23-Nov-15 1 1 1 1 1 0 0 0 2 5
24-Nov-15 1 0 1 1 0 0 0 0 1 3
25-Nov-15 0 0 1 0 0 0 0 0 0 1
26-Nov-15 0 0 1 1 0 0 2 2 3 6
27-Nov-15 3 3 2 2 2 2 2 2 9 18
28-Nov-15 2 1 1 2 2 2 3 3 8 16
29-Nov-15 1 1 2 2 3 2 3 4 11 18
30-Nov-15 3 2 4 3 2 1 3 3 13 21
01-Dec-15 2 2 1 2 4 4 3 4 15 22
02-Dec-15 2 2 2 1 3 2 2 2 8 16
03-Dec-15 1 1 1 1 1 1 1 2 4 9
04-Dec-15 1 1 1 1 1 1 1 2 4 9
05-Dec-15 2 1 3 3 3 5 4 3 18 24
06-Dec-15 2 3 2 4 4 4 4 4 21 27
07-Dec-15 3 3 2 3 4 4 4 2 18 25
08-Dec-15 3 2 2 3 3 1 2 3 11 19
09-Dec-15 2 1 0 1 2 3 4 2 9 15
10-Dec-15 3 4 3 3 3 4 4 4 21 28
11-Dec-15 4 3 2 3 3 5 4 4 23 28
12-Dec-15 2 2 2 2 2 3 3 2 9 18
13-Dec-15 2 2 2 2 2 1 1 1 6 13
14-Dec-15 2 2 1 1 4 5 5 5 24 25
15-Dec-15 4 3 2 2 3 4 3 3 16 24
16-Dec-15 3 2 1 1 0 0 1 1 4 9
17-Dec-15 1 1 1 1 2 2 4 2 8 14
18-Dec-15 2 1 1 1 1 0 1 3 10
19-Dec-15 1 1 1 1 1 4 5 5 17 19
20-Dec-15 4 5 5 3 5 6 6 6 53 40
21-Dec-15 6 4 4 3 2 2 2 3 23 26
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22-Dec-15 3 2 3 4 3 1 3 2 13 21
23-Dec-15 2 2 1 2 3 2 3 4 11 19
24-Dec-15 2 2 3 2 2 2 3 2 9 18
25-Dec-15 3 2 2 2 2 2 2 2 8 17
26-Dec-15 2 2 2 2 4 4 3 5 18 24
27-Dec-15 3 2 2 2 3 3 3 2 11 20
28-Dec-15 1 1 2 2 2 1 0 2 11
29-Dec-15 2 0 2 1 2 2 3 3 15
30-Dec-15 0 0 1 1 1 1 1 2 7
31-Dec-15 4 3 3 5 5 6 5 4 39 35

Definitive daily mean values of the Declination (D), Inclination (I),
Horizontal (X and Y), and Vertical (Z) field components.

Presently, daily mean values are obtained from the hourly means (HMVs) which
in turn comes from the minute mean values (MMVs), based on the digital recordings of
the three-component fluxgate magnetometer FGE. The baseline of this magnetometer is
determined from absolute measurements with a DI-flux theodolite and an Overhauser
proton magnetometer.

Positions of the Variation house where the three-component fluxgate magnetometer
FGE is installed and the Absolute house where absolute geomagnetic measurements are
performed are given in the Fig. 1.

+ Administrative Building
. Garages With Aggregate Premise
. Seismic Pavillon
. Absolute House / 2
5. Absclute House
. Yariation House
. Exterior Pillar

Fig. 1. Ground plan of the Panagjurishte observatory (after Kostov and
Nozharov, 1987)
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Before calculating of MMVs, inspection and verification of the reported data is
performed. The reported data (available in near real time) are usually used in applications
where the reliable representation of higher-frequency magnetic field variations is more
important rather than absolute levels or secular variation. This concerns, e.g. the forecast
of magnetic activity, radio-wave propagation, or space weather. In the case of reported
data it is not possible to verify them prior to dissemination. Careful monitoring of the
automatically transmitted data and the present-day computer technologies enable us to
improve the quality of data and reduce the number of gaps in the records. After the quality
control procedures have been applied to the 2015 reported data, we obtained the definitive
minute mean values and calculated the HMVs and DMVs. Due to technical problems
there are gaps in the data records in February and March.

Daily mean values of the Declination (D), Inclination (I), Horizontal (X and Y), and
Vertical (Z) field components for 2014 are plotted in the next figures:

min
270
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260

day

Fig. 2. Plot of the daily mean values of the Declination (D) registered in PAG
observatory in 2015.
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Fig. 3. Plot of the daily mean values of the Inclination (I) registered in PAG
observatory in 2015.
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Fig. 4. Plot of the daily mean values of the North geomagnetic field component (X) reg-
istered in PAG observatory in 2015.
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Fig. 5. Plot of the daily mean values of the East geomagnetic field component (Y) regis-
tered in PAG observatory in 2015.
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Fig. 6. Plot of the daily mean values of the Vertical geomagnetic field component (Z)
registered in PAG observatory in 2015

56 Bulgarian Geophysical Journal, 2020, Vol. 43



M. Metodiev et al.: Annual report of the observed geomagnetic activity in Panagjurishte...

Conclusions

Continuous registration of the geomagnetic field components gives the sum of all
field contributions from the internal and external to the Earth sources. A straightforward
separation of the individual contributions is impossible and many scientific studies deal
with different aspects of this problem (Mandea nad Korte, 2010). Approximate descrip-
tion of the strength of different external variations however, are provided by geomagnetic
indices. A quantitative measure of 2015 local geomagnetic activity in the form of 3 hour
K-index is published here, based upon the range of fluctuations in the PAG observatory
records. Table 1 shows that 2015 has disturbed geomagnetic field with 67 disturbed days.
The most active period are recorded in September, October, November and December
each of them having at least 7 days with recorded geomagnetic storm. The most strong
events during 2015 are two — between 17-23 March with largest K=7 and 22-23 June
when K=8 was reached. The observed activity is quite reasonable because 2015 is in
the middle of the 24™ Solar cycle. with 6 days having K-index > 5 and 1 with K=6.
Annual variations of the geomagnetic field components are plotted in form of daily mean
values. Data are checked and verified according to IAGA requirements (Jankowski and
Sucksdorff, 1996).
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Tl'oguimen qokaaj 3a Ha0/II0JaBAHATA T€OMATHUTHA AKTUBHOCT B
Oo6cepBartopus [Tanaropumie npe3 2015

M. Metonues, I1. Tpudonosa

Pe3siome: [lonacrosmem, B epaTa Ha HHTEPHET KOMYHHKALIUKUTE, 3aIIHCUTE OT T€OMArHHT-
HHTE 00CEpPBATOPHU CE IIPEIOCTABAT HA 3AMHTEPECOBAHHUTE ITIOTPEOUTEIIH TIOYTH B PEATTHO
BpeMe, JOKaTo 00paboTeHUTE BPEMEBH CepHH (OKOHYATEITHN JaHHU) ca 00EKT Ha MHOTO
IPOBEPKH U C€ Pa3sNpOCTpPaHsABAT C MecelH 3aKbcHeHue. Crarusra npencrass aeUHN-
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TUBHHUTE T€OMAarHUTHU JAaHHU, ToiydeHu B OOcepBaropus Ilanartopumie npes 2015 r,
JlajieHy 1oji popMara Ha JIOKaJIHU FeOMAarHUTHU UHJICKCH U rpadUKy Ha CPEHOIHEBHUTE
CTOMHOCTH Ha KOMIIOHEHTHTE Ha MArHUTHOTO ToJie. V3uncieHnTe HHAeKCH 1OoKa3Bat, e
2015 . mMa J0cTa CMYTEHO T€OMarHuTHO Moite, nocturamo K = 8. ToBa e ogakBaHO U
pasdupaemo mopaau Gakra, ye roquHarTa ce HaMmupa B cpeaara Ha 24-ust CIbHYEB [UKDI,
korato CI'bHIETO € B Hali-aKTUBHHUS CH TIEPHO/I.
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Abstract. A map of epicenters of 129 earthquakes with magnitude M >= 2.5 that
occurred during 2019 in Bulgaria and surroundings (sector outlined by latitude =
41°- 44.5° N and longitude = 22°- 29° E) registered by NOTSSI is presented. Expert
generalized analysis is proposed. Catalog of earthquakes is applied.

Key words: Bulgaria, seismicity

The Balkan peninsula is one of the active regions in the Alpine-Himalayan seismic
belt. High activity is observed in Western Turkey, Greece, Vrancha region — Romania,
Bulgaria, Northern Macedonia, Albania, Serbia. The depth distribution is very character-
istic. There are two highly active levels in the range of 20-40 km and 90-110 km and a
less active one in 50-70 km.

Bulgaria is an earthquake prone country. Over the past centuries, Bulgaria has ex-
perienced strong earthquakes. Some of the European strongest earthquakes during the
20th century have been occurred in Bulgaria. At the beginning of the 20th century, from
1901 to 1928, five strong earthquakes with magnitude larger than or equal to 7.0 occurred
on the territory of Bulgaria — 30.03.1901 Ms = 7.2 Shabla earthquake; 04.04.1904 Kres-
na earthquakes with Ms magnitudes 7.1 and 7.8; "14.6.1913 Ms = 7.0 G.Orjahovitsa
earthquake and two earthquakes near the city of Plovdiv in 1928 - 14.04 with magnitude
Ms = 6.8 and 18.04 with magnitude Ms = 7.0.

Strong seismic impact on the territory of Northern Bulgaria have the intermediate
earthquakes in Vrancha — Romania region. The strongest being the one in 1944 with mag-
nitude of 7.7 and some may remember the one in 1977 with magnitude of 7.4 caused a lot
of deaths and destructions.
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The present study contains generalized information and analysis of the data about
the seismic events recorded by the National Operative Telemetric System for Seismo-
logical Information (NOTSSI) during 2018. Seismic data is gathered in real time by 26
Bulgarian stations and a number of stations from neighbouring countries which increases
the accuracy of hypocentral locations. Between 2005 and 2010 almost all stations are
modernized and equipped with broadband seismometers. A number of stations also are
equipped with accelerometers of type RefTek 131A-02/3 of the company “Refraction
Technology”. The data from the digitizers DAS 130-01 are collected through the RTPD
(Real time protocol demon) module and the data from foreign stations and from Quanter-
ra digital systems are collected with the sI2rptd module.

Data are transferred to the National seismological center in the Geophysical Insti-
tute, BAS in real time. Then they are archived in PASSCAL format and additionally in
the widely used miniSEED format. The data are processed automatically (relevant signals
are recognized and the main parameters of the earthquake are evaluated) by the program
Seismic Network Data Processor (SNDP) (Christoskov et al., 2012). The data are later
processed manually by an on-duty seismologist and corrections are made if required. At
present the body P-wave magnitude Mp is evaluated by:

M, =log(%j +0y (A)+s, (1)

where [éj :%, A is the amplitude in um, 7 is a period in s, and V. is the peak
max 7[

ground velocity in pm/s of P-phase recorded on the broadband seismograph vertical-com-
ponent at epicentral distances less than 10°; o, (A) is the calibration function; and s, is the
J station magnitude correction.

In the present study Mp is transformed into the more reliable and more widely
used Mw magnitude, which would allow the creation of a uniform catalogue for earth-
quakes, needed for reliable evaluation of the seismic hazard on the territory of the
country and surroundings. Mp is transformed into Mw through the formula (D. Solakov
et al., 2018):

M, =093%M,+0.31 )

The high sensitivity of the seismographs allows recording and processing of a great
number of local and regional earthquakes. Different magnitude’s lower thresholds for
reliable determination of local and regional earthquakes are established: Mw = 2.5 for
the territory of Bulgaria, Mw = 3.0 for the central part of the Balkans, Mw = 5.0 for re-
gional events. The accuracy of the epicenter location is different; except on the distance
it depends also on the epicenter position with respect to the recording network. The pa-
rameters of seismic events occurring at a distance more than 100-150 km outside the ter-
ritory of Bulgaria should be accepted only informatively and cannot be used for reliable
seismotectonic investigation.
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After comprehensive analysis of the digital records and application of the above men-
tioned calculation procedures it is established that 129 of all registered earthquakes are on
the territory of Bulgaria and surroundings outlined by space window 41° —44.5° N and 22°
—29° E. In the Fig. 1 are plotted the earthquake epicenters using different magnitude levels.
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Fig. 1. The number of the events in the magnitude.

The number of the events in the magnitude interval Mw = 2.5-3 is 106, in Mw =3.1-
3.5-19,in Mw = 3.6-4 - 3, in Mw = 4.1-4.5 — | earthquakes (as shown in Fig. 2). Fig.
3 shows that the data fit well with theoretical expectations, meaning that all incoming
earthquakes have been detected by the network.

Magnitude histogram
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Fig. 2. The number of the events in the magnitude.
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Fig. 3. The data fit well with theoretical expectations
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Throughout the year 18 earthquakes in total were felt on the territory of Bulgaria
from local and regional sources. The strongest event outside Bulgaria during the studied
period occurred in the region of Tirana (Albania) with magnitude Mw = 6.4. Maximum

intensity on the territory of Bulgariais I =3.5.

As a whole, events with Mw<3.0 which occur outside Bulgaria are difficult to be

localized by the national seismological system.

Table 1. List of earthquakes with M >= 2.5 in Bulgaria and adjacent lands during 2019

. Latitude Longitude Depth Magnitude

Date Time [N°| [§°] [kﬂl | [%’[w]
7.1.2019 03:23:21 4297 22.24 2 3.0
25.1.2019 18:02:27 41.94 23.14 20 2.8
6.2.2019 03:42:30 42.49 28.08 20 2.6
6.2.2019 03:45:21 42.49 28.22 20 2.7
6.2.2019 03:51:01 42.54 28.01 10 2.9
6.2.2019 03:57:24 42.59 27.93 16 2.9
6.2.2019 04:41:42 42.54 28.01 18 2.7
6.2.2019 05:15:27 41.52 2291 13 3.4
6.2.2019 05:46:00 42.57 27.98 19 2.6
6.2.2019 07:59:44 42.52 28.02 12 2.9
6.2.2019 08:29:10 42.58 28.01 16 2.6
6.2.2019 09:47:20 41.22 24.75 11 2.7
9.2.2019 20:59:18 41.23 24.73 9 34
9.2.2019 22:05:28 41.23 24.70 9 3.1
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10.2.2019 14:20:44 41.21 23.14 13 2.7
10.2.2019 14:22:04 41.21 23.14 15 2.9
11.2.2019 01:46:11 41.20 24.72 15 3.1
18.2.2019 07:05:07 41.24 23.74 11 2.9
18.2.2019 07:13:41 41.24 23.74 11 2.6
22.2.2019 17:45:27 41.93 23.53 12 2.9
27.2.2019 09:13:35 41.22 23.73 15 33
27.2.2019 14:44:49 41.17 23.73 6 3.0
27.2.2019 15:53:49 41.22 23.71 11 3.1
27.2.2019 16:41:19 41.21 23.74 13 3.9
28.2.2019 00:05:15 41.21 23.71 17 2.7
28.2.2019 20:35:18 41.19 23.73 10 2.8
1.3.2019 20:35:19 41.24 23.72 15 2.8
6.3.2019 06:56:53 42.76 29.22 15 3.5
9.3.2019 23:32:59 42.52 25.16 14 2.7
13.3.2019 18:56:43 41.11 23.35 11 2.9
15.3.2019 03:26:55 41.71 24.38 13 2.9
15.3.2019 10:45:14 41.48 24.92 10 2.6
15.3.2019 16:46:34 43.3 27.91 17 3.1
19.3.2019 03:30:33 41.13 23.34 11 3.6
20.3.2019 10:39:39 4431 29.12 10 2.8
25.3.2019 00:27:53 41.95 23.28 20 32
26.3.2019 00:27:54 41.94 23.27 17 2.9
26.3.2019 22:25:20 41.94 22.98 18 2.7
27.3.2019 11:53:55 41.17 23.33 7 2.6
28.3.2019 13:01:37 41.16 23.34 10 2.9
28.3.2019 20:28:03 41.16 23.34 11 2.6
1.4.2019 04:45:56 41.15 23.35 10 2.9
2.4.2019 20:04:13 41.57 24.03 20 2.8
3.4.2019 01:04:52 44.26 26.58 4 3.0
3.4.2019 14:48:38 42.95 23.33 16 2.9
11.4.2019 19:22:47 41.06 23.30 4 2.8
13.4.2019 11:05:24 41.96 23.19 11 2.8
14.4.2019 08:36:00 43.16 27.48 3 2.7
18.4.2019 10:50:57 41.13 23.63 7 2.7
18.4.2019 11:02:56 41.13 22.45 10 2.6
25.4.2019 01:11:53 41.02 22.69 16 3.2
30.4.2019 18:22:35 43.16 2747 5 3.6
2.5.2019 13:08:36 42.50 23.41 18 2.7
4.5.2019 12:36:06 42.48 23.66 19 2.6
15.5.2019 06:15:12 41.95 23.64 18 2.9
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18.5.2019 03:32:59 41.76 24.18 20 2.6
19.5.2019 03:32:59 41.76 24.18 18 2.6
21.5.2019 06:53:35 41.97 23.03 9 2.6
24.5.2019 08:48:13 42.12 25.74 17 33
24.5.2019 17:29:44 41.81 22.81 11 33
27.5.2019 01:51:40 41.84 22.87 12 2.9
28.5.2019 14:57:52 41.33 23.33 15 3.1
28.5.2019 15:39:44 41.37 23.24 11 3.1
2.6.2019 13:09:09 41.95 29.20 7 3.7
6.6.2019 03:45:50 41.46 27.93 17 3.1
9.6.2019 02:26:50 41.79 23.76 10 33
25.6.2019 13:23:59 41.15 23.36 6 2.9
10.7.2019 09:48:05 42.16 26.07 2 2.6
12.7.2019 07:06:52 41.84 22.84 13 2.8
12.7.2019 19:01:31 41.48 25.50 2 2.6
15.7.2019 13:50:19 41.83 22.86 8 3.2
16.7.2019 19:17:30 41.36 22.71 8 34
20.7.2019 21:04:30 41.94 23.16 16 2.6
21.7.2019 04:30:14 41.29 22.74 15 2.7
23.7.2019 17:09:13 42.95 23.29 17 2.8
24.7.2019 14:29:32 41.19 24.21 20 2.8
26.7.2019 20:58:21 41.46 25.47 15 2.6
4.8.2019 14:11:45 42.69 23.43 20 2.6
6.8.2019 17:56:56 42.53 24.41 20 3.2
8.8.2019 08:49:51 42.11 24.82 7 2.6
9.8.2019 11:44:01 41.39 25.94 8 2.9
10.8.2019 06:39:40 41.95 26.43 20 3.6
14.8.2019 09:25:02 41.23 24.64 20 2.6
15.8.2019 06:35:59 43.13 27.41 2 3.0
16.8.2019 12:04:45 41.83 22.83 20 2.6
22.8.2019 08:44:44 41.25 22.90 11 2.8
2.9.2019 15:27:56 42.94 23.38 14 2.8
7.9.2019 19:02:09 41.23 22.83 20 2.7
7.9.2019 19:38:15 43.13 27.49 2 2.6
16.9.2019 00:05:48 41.58 24.66 12 2.9
19.9.2019 22:33:36 42.20 25.12 12 3.0
22.9.2019 10:14:19 41.63 25.33 12 2.7
22.9.2019 12:13:22 41.63 25.34 13 3.6
24.9.2019 10:39:55 41.29 22.73 16 2.9
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26.9.2019 22:02:20 41.07 28.11 12 3.1
26.9.2019 23:48:10 41.04 27.84 13 2.6
2.10.2019 02:18:06 41.29 23.50 13 3.1
2.10.2019 03:33:32 41.30 22.76 12 29
3.10.2019 21:42:46 42.11 24.55 18 2.6
9.10.2019 21:29:51 42.92 22.79 4 2.8
13.10.2019 23:27:28 42.46 23.67 9 2.8
14.10.2019 07:48:26 4133 22.66 2 33
14.10.2019 19:40:01 41.34 22.69 8 3.1
21.10.2019 12:21:39 41.70 2421 13 2.7
22.10.2019 13:36:00 41.78 22.20 20 2.8
23.10.2019 21:16:43 41.23 24.69 12 3.1
28.10.2019 10:20:29 41.69 2421 16 2.9
28.10.2019 10:30:28 41.69 24.22 17 2.7
28.10.2019 11:53:48 41.70 2421 10 2.7
28.10.2019 22:46:50 41.79 22.24 8 3.0
30.10.2019 15:50:43 41.79 22.23 10 32
31.10.2019 11:04:31 41.10 23.34 7 27
16.11.2019 11:51:27 41.47 23.60 12 2.6
18.11.2019 04:49:38 42.37 23.13 14 27
21.11.2019 07:00:46 43.83 22.01 6 27
25.11.2019 21:09:00 41.25 24.66 10 3.1
28.11.2019 03:20:49 41.58 25.51 14 2.6
28.11.2019 11:37:50 43.40 28.69 15 34
30.11.2019 14:36:14 41.06 23.50 20 2.9
5.12.2019 22:08:33 41.39 23.57 13 2.6
8.12.2019 19:45:50 41.17 23.14 9 2.7
8.12.2019 22:26:30 41.90 23.52 15 2.7
11.12.2019 20:25:52 4131 23.64 17 2.6
12.12.2019 00:35:19 44.27 26.51 23 2.6
12.12.2019 04:46:15 41.01 23.50 8 2.6
21.12.2019 04:43:32 41.77 22.78 8 3.1
28.12.2019 12:05:41 41.75 22.28 15 2.7
29.12.2019 17:36:52 41.96 23.47 17 38
30.12.2019 18:01:40 42.17 23.55 12 43
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As usual, the largest concentration of the epicenters in the other regions of Bulgarian
territory during 2019 is marked in the southwestern part of the investigated region (pre-
sented in Fig. 1 and Table 1). In 2019 only 1 event of Mw>4.0 occurred in this region.
Two are the felt earthquakes, which occurred in seismogenic zones on the territory of
the country, with maximum intensity Imax = 4.5 (MSK-64). These events were on the
30.04.2019 — Mw = 3.6 and on the 30.12.2019 - Mw = 4.3.

A detailed analysis of seismicity in the individual seismic zones is hard to be ful-
filled because of the insufficient quantity of events and the narrow magnitude range of the
earthquakes. The joint statistics of all the events in Fig.1 characterize predominantly the
seismicity parameters of the southwestern part of the territory under investigation.
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Fig. 4. The distribution of the number of events according
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Fig. 5. The distribution of the number of events according
to magnitude
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Fig. 6. The distribution of depth according to location

The graph of the depth distribution in Fig. 4, Fig. 5 Fig. 6 shows that the majority
of events occur in range 5-20 km depth. Fig.6 does not show correlation between mag-
nitude and depth, as the majority of the events occurred in the 5-20 km depth range.
The number of events does not decrease smoothly with increase of the depth. In the
same time the number of events in the interval 10-15 km is the largest. The magnitude
distribution of the events in depth (Fig. 6) permits to note some differentiation of depth
»~floors* with the increase of magnitude - the maximums can be traced out for the depth
interval from 5 to 20 km. The stronger events with magnitude Mw>= 3.5 have depth in
the range 10-20 km.

Date histogram

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 7. The distribution of the number of events per month
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Fig. 8. The distribution of seismicity in time according to the number of events per month

Fig. 7, 8 illustrates the distribution of seismicity in time according to the number of
events per months. The highest amount of earthquakes is displayed in February, when 24
earthquakes occurred, and it is associated with seismic activity in South-Western Bulgaria
— Bulgaria-Greece border and Western Black Sea. The lowest earthquake quantity is in
January, when only 2 events with magnitude larger than 2.5 occurred. Fig. 7 shows that
there is no definite distribution of the earthquakes throughout the months.

The figures below show the daily distribution of the number of earthquakes/day for
each month. We can see that the distribution is not spread out equally and while in some
days 10 earthquakes may occur, like the first week of February, there are periods, like in
January, May, June, July, November, where for periods of 10-15 days no events occur on
the territory of Bulgaria.
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Cen3MHUYHOCT Ha TepUTOPHATA Ha BbJrapus u npuiexammre 3eMH 10
aanun oT HOTCCH npe3 2019 1.

. Aparomupos, E. Oitnakos, B. byuakunes, M. Mukos

Pesrome: [lpencraBeHa e kapra ¢ enuueHTpuTe Ha 129 3emeTpeceHMs, ¢ MAarHUTYH
M >=2.5 ciyunnu ce nipe3 2019 . B beirapust u okostHOCTHTE (CEKTOp OTpaHWYEH OT Tre-
orpadeka mmpuHa ¢ =41°- 44.5°N u reorpadcka npokuHa A=22°-29°E) peructpupann
ot Hanmonannara OneparnBHa Tenemerpnuna Cucrema 3a Cenzmonornuna Mudopma-
st (HOTCCH). Exkcniepren, 000011eH ananu3 e npenacraseH. [IpuiioxkeH e karajor ¢be
3eMETPECEHUsI.

KuirouoBu nymu: beirapust, CEM3MUYHOCT

BaaromapHocT: ABTOpUTE M3pa3sBaT CBOUTE OJIarONapHOCTH KbM CEH3MOJIO3UTE, KOU-
10 ca padotmwu B HOTCCU 3a mepuona 01.01.2019 — 31.12.2019.
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Abstract: Spectral analysis of seismic waves is one of the most important origin of in-
formation for the earthquake sources. In this study are presented P- and S-waves spectra
of the M 5.6 Sofia 2012 earthquake seismic sequence. Earthquake source parameters
(seismic moment, source radius, stress drop) are estimated applying Brune model. The
model has been used extensively and it has been shown that it is in a good agreement
with observations from many different tectonic regions and for a large range of mag-
nitudes. The database is compiled using digital data from the Bulgarian Seismological
Network - NOTSSI (National Operative Telemetric System for Seismological Informa-
tion). Displacement spectra are generated for P- and S- waves to estimate some source
parameters, such as seismic moment, stress drop, source radius and moment magnitude.
The source parameters are estimated for 6 earthquakes: for the main event with moment
magnitude M, 5.6 and for five aftershocks with magnitude M, in interval 3.4 +4.5. The
stress drop values estimated for P - waves are within the expected range for moderate
earthquakes while for the S - waves the stress drop values are several times higher than
the expected ones. The strongest aftershocks are characterized with lower than the main
event stress drop values.

Key words: spectra, stress drop, source radius, seismic moment, Sofia seismogenic zone

1. Introduction

Seismology is the science that studies the seismic waves and what they tell us
about the structure of the Earth and the physics of the earthquakes. It is the primary
means by which scientists learn about Earth’s deep interior, where direct observations
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are impossible, and has provided many of the most important discoveries regarding
the nature of our planet. It is also directly concerned with understanding the physical
processes that cause earthquakes and seeking ways to reduce their destructive impacts
on humanity.

The effects of earthquakes are function of a number of random factors ranging with-
in broad limits, which should be adequately modelled on the basis of physical consider-
ations, and the available seismic data. Modelling of space-time and energy distribution
of earthquakes is a major aspect of modern seismological research. Examination of the
space - time distribution of earthquakes is of fundamental importance for understand-
ing the physics of the earthquake generation process. Another important aspect related
to seismicity is spectral analysis of seismic waves. This analysis provides information
of fundamental importance for parameters characterizing the earthquake source process.
Earthquake parameters (seismic moment, source radius, stress drop) are estimated apply-
ing Brune model. The model has been used extensively and it has been shown that it gives
a good agreement with observations from many different tectonic regions and for a large
range of magnitudes.

In the present study are presented the spectra of P- and S-waves for earthquakes
from the 2012 seismic cluster (main earthquake - aftershock).

A formal definition of seismic clusters is still lacking despite of the conception that
the earthquake clustering is an essential aspect of seismicity that provides key informa-
tion on earthquake dynamics (Zaliapin and Ben-Zion, 2013).

Aftershocks are defined as seismicity above the background activity following a
main shock (Liu and Stein, 2011). Aftershocks occur after the main event and their fre-
quency decays over time, typically following a pattern known as the Omori’s law, which
later is modified by Utsu (1961) and is known as modified Omori’s law. The power-low
decay represented by the modified Omori relation is an example of temporal self-simi-
larity of the earthquake source process. The duration of aftershock sequences may last
months, a few years, or even longer for earthquakes within stable continental interiors
(Stein and Liu, 2009). Some authors recognize that the main causes of aftershocks include
main shock-induced changes of frictional properties of the fault zone and stress perturba-
tions (e.g. Liu and Stein, 2011).

In our study the source parameters of aftershock sequences of the May 22, 2012
earthquake with moment magnitude M 5.6 (T =00:00:32, ¢=42.58, 1=23.02 and
h=14 km) are examined. The 2012 M, 5.6 earthquake occurred in Sofia seismogenic
zone after a long quiescence (of about 95 years) for moderate events. Moreover, a
reduced number of small earthquakes have also been registered in the recent past. The
2012 earthquake is located in the vicinity of the city of Pernik at about 25 km south
west of the city of Sofia. The quake was followed by intensive aftershock activity. A
detailed analysis of the space - time distribution of aftershocks is presented in Solakov
et. al. 2016. The 2012 M 5.6 earthquake was largely felt on the territory of Bulgaria
and neighboring countries: northern Greece, northern Macedonia, eastern Serbia and
southern Romania. No casualties and severe injuries have been reported. Predominant-
ly moderate damages were observed in the epicentral area (in the cities of Pernik, Ra-
domir and Sofia).
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2. Method and Data
2.1 Method

Spectral analysis of seismic waves is one of the most important origin of informa-
tion for the earthquake sources. The earthquake source parameters are computed follow-
ing Brune‘s theory by using the corner frequency and the low frequency asymptote. The
Brune model predicts the source displacement spectrum S(f), which depends on M, - the
seismic moment, p - density, v - velocity at the source (P or S-velocity depending on
spectrum), and f; - corner frequency.

The seismic moment M, (in N*m) is a direct measure of the tectonic size. The scalar
seismic moment M is defined by the equation:

M, = uSD, (M

where p is the shear modulus of the rocks involved in the earthquake (in pascals (Pa), i.e.
newton per square meter), S — is the area of the rupture along the geologic fault where
the earthquake occurred (in square meters), and D is the average slip (displacement offset
between the two sides of the fault). The seismic moment can be determined by moment
tensor inversion or spectral analysis. It is the most objective static measure of earthquake
size and is used to determine moment magnitude.

Stress drop o is the average difference between initial and final stress along a fault
after an earthquake. For large, shallow earthquakes, Ac vary from about 1 to 10 MPa or
from 10 to 100 bars with M variations from 10" to 10 Nm (Kanamori and Anderson,
1975; Kanamori and Brodsky, 2004). It has been observed that earthquakes near plate
boundaries (interplate events) generally have been observed to have somewhat lower
stress drops than those that occur in the interior of plates (intraplate events) (e.g., Kan-
amori and Anderson, 1975; Kanamori and Allen, 1986). In average Ac for interplate
quakes is about 3 MPa (30 bars) while for intraplate events it is about 6 MPa (60 bars)
(Allmann and Shearer, 2007).

For a circular fault in a whole space, Eshelby (1957) obtained:

_ T M,
16
where 7 is the fault radius (in m or km) and A is seismic moment.
The first quantitative model for estimating stress drop was derived by Brune (1970),
who assumed a simple kinematic model for a circular fault with effectively infinite rup-
ture velocity and showed that the expected high-frequency spectral falloff rate is w2 and

that the corner frequency is inversely proportional to the source radius. This result, to-
gether with several other proposed rupture models, predicts that the fault radius varies as:

-4 ®
.

where 7 is the fault radius (in m or km), / is the observed corner frequency (in Hz) and &
is a constant that depends upon the specific theoretical model.

Ao 2

r
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To estimate the spectral parameters of the earthquake, it is necessary to transform
the signal. The next figure presents an example of transformation of amplitude-time
signal into amplitude-frequency and generated displacement spectra using Fast Fourier
Transformation (FFT). In the figure 1 is presented: a) a time window of the P-wave signal
from seismic station VTS; b) a time window of several seconds of the signal that are used
for spectra generation; c) displacement spectra of P-wave.

The amplitude of seismic pulses in a perfectly elastic environment is controlled by
the reflection and transmission of energy at the different boundaries. Seismic waves at-
tenuate with time, the amplitudes of the waves are changed as they pass through different
layers of the earth.

We study the distance effect on the low frequency spectral amplitude of the P and
S waves using quality factor Q and near surface attenuation k. In the study, we fixed
Q =400 (Malagnini et al., 2000) and k = 0.035 (Margaris and Boore, 1998).

Amplitade [V]

u_-no;sm.se 12:00:50 AM27 1201:12 AMS8 12:01:26 AMLES 12:01:40 AMLI9 12:01:54 AMLIO 120207 AM.B1
Time [s]

g-'- Amplitude [V]

AM.32 12:00:56 AM. 52 12:00:59 AM.53 120002 AMLI3 12:01:04 AM.T2 1201:07 AML32 12:01:09 AMS2

o
L 5 L 5

'y
=1

Ll
L B 1

-
=3

Amplitude spectrum displacement [cm*s]
i o " ]

-10 05 L 05 0
Frequency [Haz|

Fig. 1. Example of P-wave displacement spectra.

i
('S

In the study the parameters: seismic moment M_; stress drop Ac; and source radius r
are calculated using the following relationships.
The seismic moment for P-wave (Mop) is calculated as:

_ p.47Z'.Qp.R.Vp2

MOp s
R&(p(P)

“)

where p — density in g/cm’, Q- spectral level in nm*s, v,— velocity of P-wave in km/s,
R — distance in km, Reﬁ(P) — radiation pattern.
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The average correction for radiation pattern varies between 0.55 and 0.85 as pre-
sented in the literature. According to Aki and Richards, the average is 0.52 and 0.63 for P
and S-waves, respectively. (Aki and Richards, 2002).

The seismic moment for S-wave (M) is calculated as:

2
Mos = pATQs.Ry, , )
Ra(S)

where p — density in g/cm’®, Q — spectral level in nm*s, which is determined by the spectra

of wave, and its value is determined by Z, N, E — components (QS =. Qé + Q]zv + Qfg ),

RWJ(S) —radiation pattern, which for seismic moment for S-wave is 0.63, and v, is velocity
of S-wave in km/s.

The following formulas are used to determine the source radius and stress drop:

vp.3.36
rp=— s (6)
27 fo
where v is P-wave velocity, and f; is corner frequency in Hz.
For S-wave, the source radius is determined in an identical approach:
v5.2.34
rs = N (7)
2rfo

where v is S-wave velocity, and f; is corner frequency in Hz.

The stress drops for P- and S-waves are calculated using the following relationships
(Eshelby, 1957):

7 M,,
Ao, =L ®)
14
7 M,
Ao, Zgr—?, ©)

N

where r, and r are the radius for P- and S-waves.

2.2 Input data

In the present study 218 digital records from 6 earthquakes (recorded at the stations
of Bulgarian Seismological Network - NOTSSI) in the magnitude range M, =3.4 - 5.6 are
analyzed. Spectra are generated on the base of records at the stations at a distance less
than 200 km.
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3. Results

The results of the present study are presented in Fig. 2 - 3 and Tab. 1. Results of
spectral analysis for the main event is presented in Fig. 2 and spectra of five of the strong-
est aftershocks are presented in Fig. 3.

The source parameters are estimated for 6 earthquakes: for the main event with
magnitude M 5.6 and for five aftershocks with magnitude M, in the interval 3.4 +4.5.

The spectra for the main event with M 5.6 are generated on the base of the records
at 13 stations. Displacement spectra for P and S waves based on records at 3 stations are
presented in the Fig. 2. In the figure 3 are presented spectra for five of the strongest after-
shocks. Presented displacement spectra for aftershocks both for P and S waves are based
on records at the nearest station.

22.05.2012; To=00:00:32

Amplitude spectrum displacement [cm*s]

e JMB
JMB a

10 05 [ [ 0 ET) Ty ) I )

Frequency [Hz]

Fig. 2. Displacement spectra for P (the left column) and S wave for the 2012 Sofia earthquake
(M,,5.6).
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Fig. 3. Displacement spectra for P (the left column) and S wave for five of the strongest
aftershocks.
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In table 1 are presented source parameters for the main shock and for 5 of the strong-
est aftershocks.

Tab. 1. Seismic source parameters of the 2012 seismic cluster that is located near the city of Pernik
(Sofia seismogenic zone).

Number
Date My, of [13:(31] [ﬁgﬁ [.Zfa] [1\11\:01;1] [l?:;] [Kr;'l]
stations
22052012 | 5.6 13 461E+17 | 5299 | 353 | 2.13E+18 | 27672 | 3.54
22.052012. | 3.7 13 6.10E+14 | 1895 | 0.53 | 4.68E+14 313 | 041
22052012 | 4.5 11 1.57E+16 | 4047 | 124 | 9.24E+16 2173 | 236
22052012 | 34 7 4.67B+13 | 5228 | 0.17 | S.50E+13 3714 | 021
22052012 | 4.0 13 208E+15 | 4771 | 053 | 224E+15 4495 | 0.61
14.07.2012 | 42 13 302E+15 | 7448 | 061 | 5.44E+15 9723 | 0.82

The results (based on P - wave and S - wave spectra) show that the stress drop for
the main M_ 5.6 earthquake is about 53 bars for the P-wave and approximately 280 bars
for the S - wave. The stress drop values estimated for P - waves are within the expected
range for moderate earthquakes while for the S - waves are several times higher than the
expected ones.

The stress drop average values for the aftershocks are between 19 bars and 97 bars.
The aftershocks are characterized with lower stress drop values than those for the main
event.

Source radius for the main shock is 3.5 km. Results for the aftershocks source radius
are between 0.2 km and 2.4 km.

For aftershocks, seismic moments are in the range 4.67x10°<M <9.24x10'°(Nm)
and the corresponding moment magnitudes, M, are from 3.0 to 4.6.

4. Conclusions

e For 2012 M,,5.6 earthquake the stress drop (about 53 bars) estimated using P-
waves is within the expected range for moderate earthquakes (from 10 to 100
bars), while for S-waves (approximately 280 bars) it is about 3 times higher than
the expected one;

e The stress drop values estimated for P and S waves for aftershocks are within the
expected range for moderate earthquakes. The stress drop values are between 19
bars and 97 bars.

e Source radius for the main shock is about 3.5 km. Estimates of the aftershock
source radius are between 0.2 km and 2.4 km.
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OueHKa OTHHUIIHUTE MAPAMETPHU HA 3eMEeTPCEHHs, W3MOJI3BANKH CHEKTPH
Ha P ¥ S-BbIHH-aHAJIM3MPAH € CeM3MUYHUSAT KIBCTEP, Peaiu3upaH npes
2012 r. B ceu3morernna 3oua Codusi

I1n. PaiikoBa

Pe3tome: CrieKTpaJIHUAT aHAIN3 HA CEU3MUYHUTE BBJIHH € €IUH OT OCHOBHHUTE H3TOUYHH-
111 Ha HHpOpMAaIHs 3a 3eMeTpecenusTa. [IpeacraBenu ca cnekrpure Ha P- 1 S-BbIHE 32
3€METPECEHUS OT CEM3MUYHHS KITbCTED (INIABHO CHOUTHE ¢ MarHuTys M 5.6 - adTopmro-
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1) ot 2012 1. OuieHkara Ha OTHUIITHUTE TapaMeTpu € Oa3upaHa Ha Mmojena Ha Brune. Mo-
JIEITBT C€ UIMPOKO U3MOJI3BaH B CEU3MOJIOIMYHUTE U3CIISIBAHUS U € YCTAHOBEHO, Ye TOi €
B 7100pO CHOTBETCBHE C HAOMIONEHUSATA OT PA3JIMYHU TEKTOHCKUA PETHOHU U € MTPUIIOKHM
3a TOJISIM MarHUTyjeH Jauana3oH. [IpoBeneHoTo u3cie[BaHe ce OCHOBaBa Ha HU(POBU
nanHu oT bearapckara cemsmonormuHa mpexka - NOTSSI (HamuonanHa omnepaTtiBHA
TeJIEMETPUYHA CHCTeMa 3a Cer3MoJorndyHa uHpopmaius). [eHepupanu ca CekTpu Ha
npemectBane 3a P- u S- BJIHU, C Lel J1a ce ONpeIesisT HIKOW OT MapamMeTpuTe Ha ce-
W3MHYHHUSI U3TOYHHK, TAKUBA KaTO CEM3MHUYCH MOMEHT, CBAJICHO HAIPEKEHUE U PAIHYC.
Ormnpejeneny ca napamerpuTe Ha 6 3eMeTPeCeHHs: Ha [IaBHOTO ChOUTHE C MATHUTYJL 1O
CEeM3MUYEH MOMEHT M 5.6 u Ha meT adThpioka ¢ MaruuTyn M, B uHTepBana 3.4 +~4.5.
3a MIaBHOTO CHOMTHE CTOWHOCTHTE HA CBAJIICHOTO HAIPEXKEHHE, 3YMCIIEHO 3a P - BbII-
Ha, ca B pAaMKUTE Ha OYaKBaHUs JUANA30H 332 YMEPEHO CHIIHO 3eMeTpeceHHe, A0Karo 3a
S — BbJIHA CTOHHOCTUTE Ha CBAJICHOTO HAIPEKEHUE Ca HSIKOJIKO I'bTH ITO-BUCOKHU OT O4-
aKBaHMTE. YCTAHOBEHO €, Y€ aThPILOLHUTE Ce XapaKTepH3HUPaT C MO-HUCKA CTOMHOCT Ha
CBAJICHOTO HAIIPEKEHHE B CPABHEHUE C OCHOBHOTO ChOUTHE.
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Abstract. An empirical model has been developed for short-term forecasting of ion-
ospheric critical frequencies over Bulgaria, taking into account the variations in solar
and geomagnetic activity. The model is based on data from the vertical sounding of the
ionosphere over Bulgaria for the period 1995-2014 and designed to prepare real-time
forecasts for the propagation of radio waves during ionospheric reflection on the terri-
tory of Bulgaria.

Key words: ionosphere, critical frequency, geomagnetic storm, solar activity.

Introduction

Forecasting of the critical frequencies of the ionosphere is a scientific and practical
activity related to implementation of long-distance radio communications using iono-
spheric reflection of the radio waves. The critical frequencies of the ionosphere — foF2
(maximum frequency at which the reflection from the ionosphere is observed in vertical
propagation) and MUF3000 (maximum frequency of reflection in oblique propagation at
a distance of 3000km) are connected with the maximum value of the electron concentra-
tion in the ionosphere and the shape of its altitude profile.

Knowing these critical frequencies allows determining the operating frequencies
of radio receivers and radio transmitters when making a radio communication at a giv-
en distance. The ionospheric electron concentration, respectively the critical frequencies
depend on the diurnal time, the season, the level of the solar and geomagnetic activity.

The task of short-term prediction is to determine the most probable values of the
critical frequencies for a future period of time of the interval 1-3 days, taking into account
the forecast values of solar and geomagnetic activity, represented by heliophysics.
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Short-term ionospheric prediction has been a priority topic of the section “Physics
of the ionosphere” at the National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences since its creation.

A team from the section participates in the international scientific project COST 251
with a developed autocorrelation model for short-term prediction (Kutiev et all, 1999,
Muhtarov et all, 1998). The tradition of providing ionospheric forecasts to the Ministry of
Defense of the Republic of Bulgaria is long-standing.

This paper presents the newest empirical model for predicting of the ionospheric
critical frequencies, developed in the section “Physics of the ionosphere”.

Data

The geomagnetic activity, described by the planetary Kp-index, and solar activi-
ty, described by F10.7 is provided from: https://omniweb.gsfc.nasa.gov/. The foF2 and
MUPF3000 values are derived from the ionosonde station Sofia - SQ143 (42.4°N, 23.2°E)
that belongs to the National Institute of Geophysics, Geodesy and Geography, Bulgarian
Academy of Sciences for the period of 1995-2014.

Detailed research (Mukhtarov et al, 2018) shows that for the purposes of short-term
forecasting it is appropriate to use modified values of both the critical frequencies and
the quantities characterizing the solar and geomagnetic activity. In this modification, the
steady (undisturbed) state is removed from all quantities.

The task of prediction is to determine the deviation from this steady state. The
steady state itself is determined on the basis of a sufficiently long time interval before the
moment of forecasting, assuming that for this time interval there are measured values of
the critical frequencies and the indices of solar and geomagnetic activity.

rfoF2(t) = foF2(t)- foF2,,,(UT) |
foF2,,,(UT) .
MUF3000(t)- MUF3000,,, (UT)
rMUF3000(¢) = |
MUF3000,,, (UT)

The relative values of the critical frequencies in (1) are calculated from the meas-
ured value at the given moment ¢ and the median, calculated on the basis of the values
during the same hour of the day in the 15 previous days.

The relative value of the index of solar activity (F10.7) is determined in a similar
way:

F10.7(1) = F10.7 1511)0—7F10.7m |

2

With index m is denoted average value of 10.7 for the previous 15days.
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The modification of the index of geomagnetic activity Kp is reduced to the sub-
traction of the average value of Kp for the previous 15 days:

Kp, (t) =Kp(t)—Kpm. 3)

The modified index of geomagnetic activity is subjected to additional processing
related to the fact that the ionosphere reacts to disturbances of geomagnetic origin as an
inert system, due to the inertia of the processes of heating neutral gases in polar latitudes
under the action of the solar wind (Andonov et al, 2011):

Kp,(t,)= (exp (%j _lngpf (¢, )exp(— by ;t" j (4)

The time constant of delay 7 depends on the season and is determined in the syn-
thesis of the model.

Model functions

The main dependences of the relative deviation (formally denoted by F) of the crit-
ical frequencies of the day time, solar and geomagnetic activity can be represented as:

o=, (UT)®,, (F107,,)®,(K,). (5)

Each of the three unknown functions is assumed to be continuous, so it can be rep-
resented by the partial sum of its decomposition in order. Obviously, the periodic depend-
ence on the diurnal time is represented by its Fourier decomposition, and the aperiodic de-
pendences on the solar and geomagnetic activity are presented by Taylor decomposition.
The study of the functional dependence of the relative deviations from the geomagnetic
activity shows that it is expedient to use a third degree polynomial, which means that the
partial sum of the Taylor order can be limited to the third degree. The dependence on solar
activity turned out to be close to the linear one, but a second degree polynomial will be
accepted (Mukhtarov, Bojilova 2017).

Under these assumptions, the three functions take the following form:
2 . (2
D, =a,+a,cos “Zur +a, sin “Lur |+
24 24
2 2 ©)
+a,cos| —UT |+a,sin| —UT
12 12

®, =b,+bF10.7,,(t—t)+b,F10.7., (t 1) (7)
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o _CO+CszT1()+62K;1T1()+CSK13)1T1() '
C4KpiT2 (t_tg2)+ csK;zplm( )+C6K;3nr2( g2)

In accordance with the study of the global ionosphere response (Mukhtarov et al.,
2013), it is assumed that there are two types of ionosphere responses to geomagnetic
disturbances with two different time constants denoted by 7'/ and 72, respectively. Two
additional time delays have been introduced. The delay ¢ reflect the delay of variations
in the electron concentration with variations in solar act1V1ty The delay lo reflects the
additional delay of the negative reactions of the electron concentration durmg geomag-
netic disturbances, related to the time required to transport the heated air from polar to
mid latitudes.

The model is described by a total of 193 constants, which are different for rfoF2 and
rMUF3000 and for each calendar month of the year. Separately calculated the constants
of the model for day and night conditions. They are determined by the method of least
squares, which minimizes the standard deviation of the model values from the data.

®)

Results

Fig. 1 shows the seasonal course of root mean square errors (RMSE) of the model
relative deviations of foF2 and MUF3000 separately in day and night conditions. The
error in daytime conditions for both critical frequencies is about 11%. For nighttime
condition varies from 11% to 16%. Under nighttime conditions, larger deviations of
the model from the data are obtained, which is due to the greater instability of the night
ionosphere, which is dominated by recombination processes related to the dynamics
of neutral gases, which is determined by internally atmospheric processes. Deviations
increase during the winter season compared to the summer season due to the greater
instability of the neutral atmosphere during the winter season.

0.16 —
Relative foF2 error
7] —0—0 Dy
0.14 — *—%k—k Night
. .
S 012 —
[~
0.10 — - Relative MUF3000 error
- _ —0—0 Dy
Y—k—k Night
0.08 LI I I I 0.08 LI B N B Y B
0 3 6 9 12 0 3 6 9 12
Month Month

Fig. 1. Seasonal course of RMSE of the model relative foF2 and MUF3000 pre-
sented separately for day (circles) and night (stars) conditions.
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In real prediction mode, the critical frequency values are calculated as follows

)

from (1):
JoF2(t)= foF2,,,(UT)(1+ foF2,, (1)),
MUF3000(t) = MUF3000,,, (UT)(1+MUF3000()).
1.00 — foF2 error 3.00 = MUF3000 error
- @—@—@ Full forecast 1 @—@—@ rull forecast
0.90 — ¢—¢—@ Median forecast 2.80 —| ¢——@ Median foree
g 0.80 — g 2.60 —
g ] 7 ]
= 0.70 —_ 2 240 —_
0.60 — 220 —
0.50 LI I I B B 2.00 LI L B I B I B
0 3 6 9 12 0 3 6 9 12
Month Month

Fig. 2. Seasonal course of RMSE of the model for foF2 and MUF3000 values
when forecasting only by the medians (circles) and by the full model (diamonds).
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Fig. 3. Comparison between data (marked with circles) and the model in conditions of strong

geomagnetic storm in November 2004.
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Fig. 2 shows the seasonal course of RMSE of the model for foF’2 and MUF3000. For
comparison, the prediction error is shown only on the basis of medians (relative values
depending on the variations of solar and geomagnetic activity take zero values). The sea-
sonal course in both types of forecasting has peaks during the equinox months. The fact
that these increases also exist when predicted only by medians shows that they are due
to the unstable course of the critical frequencies during the seasonal edistribution of the
ionosphere in the equinox months.

Fig. 3 shows comparison of the hourly values of the data and the model during a
strong geomagnetic disturbance in November 2004. For comparison, Fig. 4 presents a
completely quiet period in May 2008.
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Fig. 4. Comparison between data (marked with circles) and the model during in quiet condi-
tions in May 2008.

Conclusions

The model for short-term prediction of the ionospheric critical frequencies foF2 and
MUF3000 presented in the this study is designed for automatic and in real-time prepara-
tion of forecasts for the propagation of radio waves over Bulgaria to be used in the im-
plementation of radio communication through ionospheric reflection. The model is based
on measured values of the critical frequencies for a 15-days period before the current day
and on forecasts of solar and geomagnetic activity indices.

The measured values of the critical frequencies can be data from the vertical sound-
ing of the ionosphere or from their reconstruction according to the data of Total Electron
Content TEC data (Rumiana Bojilova and Plamen Mukhtarov, article in press).
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Forecasts of solar and geomagnetic activity are available online from Space Weather
Prediction Center, National Oceanic and Atmospheric Administration (https://www.swpc.
noaa.gov/).

The presented model is developed on the basis of data from vertical sounding of the
ionosphere over Bulgaria for the period 1995-2014. The root mean square error (RMSE)
when forecasting foF'2 is 0.65 MHz and when predicting MUF3000 is 2.2 MHz, which
allows calculation of specific radio paths in the territory of Bulgaria with sufficient ac-
curacy.
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KparkocpouHo nporao3upane Ha iioHOC()epHUTE KPUTHUYHU
yecToTH HaJ Bbarapus

P. boxwuuoga, I1. Myxrapos

Pe3some: PazpaboreH e eMnupudeH MOJEN 3a KPaTKOCPOYHO MPOTHO3HMPAaHE HAa HOHO-
cepHUTE KPUTUYHHU YECTOTH HaJ bhirapus ¢ oTYNTaHe Ha BapHalMHUTE B CIIBHUYEBATA
U T€OMarHuTHA aKTUBHOCT. MoaensT ce 0a3upa Ha JaHHM OT BEPTUKAJIHHS COHIAX Ha
noHocgepara Hag bearapus 3a nepuoga 1995-2014 . u e mpegHa3HAYCH 32 U3TOTBSIHE B
peaHo BpeMe Ha IPOTHO3M 32 Pa3MpOCTPAHECHUETO Ha PAANOBBIHHUTE IPH HOHOC(EPHO
OTpa)XeHHE B IpaHULIUTE HAa bbarapus.

88 Bulgarian Geophysical Journal, 2020, Vol. 43



Bulgarian Geophysical Journal, 2020, Vol. 43
National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences

ULF GEOMAGNETIC OBSERVATION AT PANAGJURISHTE,
BULGARIA AS A TOOL FOR INVESTIGATION OF THE
MAGNETOSPHERE-IONOSPHERE-LITHOSPHERE SYSTEM

M. Chamati

National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences,
ul. Acad. G. Boncheyv, bl 3, Sofia 1113, Bulgaria, e-mail: mchamati@geophys.bas.bg

DOI: 10.34975/bgj-2020.43.8

Abstract. A tri-axial search-coil magnetometer system, a part of SEGMA Array (South
European Geomagnetic Array), operates since 2003 at the Geomagnetic Observatory
Panagjurishte, Bulgaria. It is designated to measure and collect data for the Earth’s
magnetic field variations, specific geomagnetic events and long-term study of ULF sig-
nals. These observations provide information on the dynamical processes in the Earth’s
magnetosphere, geomagnetic micro-pulsations, fluctuations and storms. Here, we ob-
tained results related to three powerful geomagnetic storms recorded by the search-coil
magnetometer during the years 2017-2018. Furthermore, we presented the dynamical
spectra in the ULF range of each storm.

Key words: ULF variations, search-coil magnetometer, geomagnetic storm, Panagju-
rishte.

Introduction

The study of the ULF spectrum (0.001-10 Hz) of the Earth’s magnetic field, its local
fractal structures, spectral and polarization characteristics are important for the identifi-
cation of the causes of the associated disturbances. In the last two decades, the analysis
of the ULF spectrum of magnetic field is particularly relevant, as it is believed that ULF
emissions are likely to be generated directly from the area of preparation of geodynamic
processes (Fraser-Smith, 2009; Molchanov et al., 2011). In most of all reported cases of
such emissions, recorded by ground-based measurements, these are signals that are not
of lithospheric origin, but are related to the interaction of the solar wind with the Earth’s
magnetosphere. These processes, which have a magnetospheric origin, are recorded on
the Earth and together with the ionospheric and local ones, form the electromagnetic
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noise at a given point of recording (McPherron, 2005). Signals of lithospheric origin are
difficult to identify against the background of general electromagnetic noise. For this
reason, different authors use different methods to analyze these ULF emissions, both clas-
sical and non-traditional: the direct search method (Ismaguilov et al., 2003; Kopytenko et
al., 2001, 1993; Li et al., 2019, 2013; Prattes et al., 2011) polarization method, determi-
nation of principal components and singular spectral analysis (Serita et al., 2005), Power
spectrum analysis, monofractal and multifractal analysis (Gotoh et al., 2003; Ida et al.,
2012, 2005; Varotsos et al., 2009, 2003), DFA (detrended fluctuation analysis) (Chamati
et al., 2011, 2009; Chamati, M., 2018; Chamati and Botev, 2019; Nenovski et al., 2013)
and classical statistical methods (Fidani, 2019, 2018; Zhang et al., 2013).

The preparation of geodynamic processes in the lithosphere is not well understood
from an electromagnetic point of view. To gain insight the variations of the magnetic field
measured in the ground layer, a comprehensive study of the complex of physical phenom-
ena arising in the preparation of geodynamic processes is necessary.

Geomagnetic variations

The geomagnetic variations can be generally classified as variations of external and
internal origin. The time variations of external origins include two main types: regular and
irregular. The regular variations are classified as daily (Solar-quiet and Lunar-magnetic)
and long-term (Solar cycle). The irregular variations include pulsations, storms and sub-
storms. The time variations of internal origins are mainly due to sources in deep interior
of the Earth. They are known as long-term variations (secular, jerks) and generally occur
on time scales longer than few years. The short-term variations originate in the sources
external to the Earth and they occur in time scales less than one year. ULF pulsations
(continues and irregular) and their manifestation in the Earth’s magnetic field variations
are important to the study dynamical processes in magnetosphere (Bleier et al., 2009; Li
et al., 2013; McPherron, 2005; Prattes et al., 2011). Many studies suggest a lithospheric
source of some of the short time variations that are lasting from few seconds to few days.
The variations, recorded on the ground and related to anthropogenic activities, are also a
part of the general geomagnetic noise.

Measuring instrument and data set

On May 2003, as a part of South European Geomagnetic Array (Italy, Hungary, Bul-
garia), at Geomagnetic Observatory Panagjurishte a three-axial search coil magnetometer
was installed. Thanks to the cooperation between University of L’ Aquila, Italy and Nation-
al Institute of Geophysics, Geodesy and Geography, Bulgaria, the acquisition system and
communication equipment were fully upgraded in 2016. The timing is provided via GPS.
The station allows to conduct studies on the longitudinal propagation of ULF signal. It pro-
vides real time measurements at a sampling period of 0.01s. For the needs of our research
we use filtered data at sampling period 1s. In Tablel basic characteristics of the induction
magnetometer which is located at Panagjurishte Geomagnetic Observatory are presented.
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Table 1. Characteristics of the induction magnetometer at Panagjurishte, Bulgaria

Characteristics of induction magnetometer at Panagjurishte, Bulgaria

Frequency band:

5mHz-20 Hz

Sensitivity:

10 mV/nT — 100 mV/nT

Intrinsic noise:

0.05 pT/+/(Hz) at 1 Hz

Temperature drift:

0.001%/C

Linearity:

0.006%

Axes misalignment:

<0.1 degrees

Output signal:

+/-10 V (+/-1000 or 100 nT)

Dimensions: 80x80x80 cm
Power supply: 12V
Current absorption: 300 mA
Thermal range: -40 °C/+50°C

Table 2 presents the geographic and geomagnetic coordinates of the measuring in-
strument.

Table 2. Location of the measuring instrument

Geographic Corr.
Station £ . P Geomagnetic L
Coordinates K
Coordinates
Panagjurishte, 251N 37.02N 1.6
Bulgaria
(Corrected geomagnetic coordinates (CGM)
and L values refer to the year 2006 and
COD: PAG 24.18E 9724 E altitude of 120 km and are computed from a
geomagnetic field model provided by:
http://modelweb.gsfc.nasa.gov/models/cgm)
Results

As a demonstration of some of the many opportunities that research of ULF geo-
magnetic spectrum provides, here are presented three different cases: two geomagnetic
storms and the set of three subsequent days with high geomagnetic activity recorded at
Geomagnetic Observatory Panagjurishte, Bulgaria. Case one: the geomagnetic storm
that occurs on 27-28 May 2017. The K index reaches a value 6.5 for the hours be-
tween 22:00 (UT) on 27 of May and 03:00 (UT) on 28 of May 2017 according to the
prognostic data information (calculated from data on the parameters of the solar wind)
which is updated every day on the internet page of National Institute of Geophysics,
Geodesy and Geography, Bulgaria (http://data.niggg.bas.bg/kp for/kp mod_bg.php).
On Figure 1 a shape-preserving Piecewise cubic Hermite interpolation (PCHIP) of the
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ULF signal for the X (north-south) component of the geomagnetic field variations,
which allows to emphasize the changes in the signal that originally recorded at reso-
lution 1s is presented. Here are clearly visible rising disturbances in the signal and it
maxima in time interval 22:00 (UT) on 27 of May till 03:00 (UT) on 28 of May 2017.
On Figure 2 the dynamic spectra of the ULF signal, its period scales and energy spec-
trum are presented. Disturbances are observed over all time scales between 1Hz and
ImHz as most of the energy of the process is concentrated within time scale 180-900
seconds during the storm.

Amplitude (micto\oll)

=)
ra
=
o
@

10 12 14 16
Time in sec., 27-28 May 2017, PAG station, search-coil instrument x10'

Fig. 1. Shape-preserved signal in seconds, 27-28 May 2017, X component

Dynamic spectra X component

2 4 6 8 10 12 14 16
Time in sec. 27-28 May 2017, PAG station x10*

Fig. 2. Dynamic spectra, X component, 27-28 May 2017, PAG station, time in seconds.

Case two: the powerful geomagnetic storm which occurred at 7-8 September 2017.
It begins about 23:00 (UT) and about 02:00 (UT) Dstmin = —142 nT (Blagoveshchensky
and Sergeeva, 2018). During the storm at the Geomagnetic Observatory Panagjurishte
the local K index reaches the value 7. The shape preserved signal for the X component of
geomagnetic field variations is presented on Figure 3 and its dynamic spectra are present-
ed on Figure 4 (Fig.4 is previously presented in (Chamati, M., 2018)). Here are observed
powerful disturbances, including continuous ULF pulsations, during the whole period in
all time scales. These storms are studied in detail in (Chamati, M., 2018).
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Fig. 4. Dynamic spectra X component, 7-8 September 2017, PAG station

Case three: the geomagnetic storm that occurs at 26 August 2018. During the
morning hours at same day, Dst index reaches the value -169nT at high latitudes
(Kleimenova et al., 2019). Here are recorded and observed geomagnetic disturbanc-
es and pulsations which appear in time period 25-27 August 2018. Figure 5 presents
shape-preserved signal in seconds for the X component of geomagnetic field variation
at PAG station. The disturbances with high amplitudes are clearly visible at 26 August
2018. The calculated K index varies between 4 and 6.5 for the hours between 19:00
(UT) at 25 August and 22:00 (UT) at 27 August 2018 (http://data.niggg.bas.bg/kp for/
kp_mod_bg.php). The K value is 7.

Figure 6 depicts dynamic spectra obtained for the X component. Relatively low-
er-energy disturbances are observed in the ULF spectrum of geomagnetic field variations
at Panagjurishte, Bulgaria than high geomagnetic latitudes. Its maxima appear during the
storm at 26 August 2018 with periods 450-900sec. For the other time scales the signal
is significantly disturbed. Detrended fluctuation analysis (DFA) (Peng et al., 1995) is
applied to data for X, Y and Z components for the time period 25-27 August. The DFA
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exponent is calculated for two time scales: 10-180 sec and 10-900 sec. for each geomag-
netic component. The behavior of the DFA exponent is presented on Figure 7. The time
scale 10-180 sec. shows enhanced dynamic and unstable changes in the behavior of the
DFA exponent compared to time scale 10-900 sec.

Conclusion

Using the data for the X component of the geomagnetic field variations, collected
by the search-coil magnetometer at Panagjurishte, Bulgaria, we investigate three signif-
icant and powerful geomagnetic storms during 2017-2018. These storms have occurred
at 27-28 May 2017, 7-8 September 2018 and 26 August 2018. For the first one we found
that during the storm most of the energy of the process is concentrated in the time scale
180-900 seconds and all of the analyzed time scales are disturbed. For the second one
powerful disturbances, including continuous ULF pulsations are observed, during the
whole presented time period in all time scales. The third storm provides information that
lower-energy disturbances are observed in the ULF spectrum of geomagnetic field vari-
ations at Panagjurishte, Bulgaria than high geomagnetic latitudes. The maxima of ULF
spectra appear in the time scale 450-900 sec. DFA analysis shows that scaling exponent
has enhanced dynamic and unstable changes in its behavior in time scale 10-180 sec.
compared to time scale 10-900 sec.
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Haoaronenus B ULF cnekThpa Ha 3¢eMHOTO MarHuTHO noJie B [lanaropuiie,
Bbbarapus, kaTto MHCTPYMEHT 3a M3CJelBaHe HA cUCTeMaTra MarHurocge-
pa-iioHocdepa-iurochepa

M. [llamaTu

Pe3iome. B reomarautHa o0cepBaropus ,,[laHarropurie’, Karo 4acT OT MarHUTOMETPHY-
Hara mpexa SEGMA (South European Geomagnetic Array), or 2003 roguna omnepupa
TPUKOMITOHEHTCH MHIYKIIMOHEH MAarHUTOMETHP — €AMHCTBEH 10 poja cu y Hac. Ta3m
CHCTEeMa pPEerucTpupa BapualuuTe Ha 3eMHOTO MarHUTHO nojie B ULF cnekrbpa u npe-
JIOCTaBs MoJie3Ha nH(pOpMAaITUs 32 TMHAMUYHHATE MPOTIECH B MarHUTOCepara Ha 3eMsTa,
MHUKPOMYJICAINH, (QIyKTyalluy, TEOMarHuHu OypH M CIeUU(UIHNA MarHUTOC(HEpHU-HO-
HOCcepHHU-THTOChepHHN chOUTHSA. [lomydenu ca pe3ynraTy, CBbpP3aHU C TPH T€OMarHuT-
HU Oypu 3a mepuona 2017-2018 roguHa, KOUTO OTpa3sBaT JOKATHUTE CMYIICHHUS B T€O0-
MarHuTHOTO mone. [lpencraBenu ca auHamuyHute criektpu B ULF nuanaszon 3a BcsAko
€/IHO CHOWTHE U Ca OTPENICICHN BPEMEBUTE CKAJIM Ha CMYIICHHUSATA.
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Pe3tome. JlazeHo e kpaTko omrcaHue Ha 3¢eMHOTO MarHUTHO Tosie (3MII). Omucan e
IpolechT Ha 00paboTKaTa Ha M3MEPEHUTE HA MOJNETO CTOMHOCTH 0 HAHACSHETO UM
BBPXy Tomorpadckara ocHoBa. Hampasen e 0030p Ha reOMarHUTHUTE U3MEPBaHUS B
CTpaHara, KakTo U u3uncienute mozxenu Ha 3MII B TeueHne Ha TOnUHUTE, U € Jaje-
Ha KpaTKa XapaKTepHUCTHUKa Ha M3MEHCHHETO Ha JIeKIMHANWATa HA TEePUTOpUSATA HA
boarapus.

KurouoBu nymu: 'MO Ilanartopuiie, reOMarHuTHO 10Jie, T’eOMarHUTHU U3MEpBaHMs,
JIeKJIHauus, bwirapust.

3eMHO0 MATHUTHO IOJIe

3emnomo maznumno none (3MII) unu oue ceomaznumnomo noie, N3MEPEHO
BBPXY 3€MHATa MOBBPXHOCT U OKOJIO3EMHOTO MPOCTPAHCTBO CE MOPaXia OT [Ba U3TOUHHU-
Ka: 1) BTpEIIEH — OT eJICKTPUYCCKU TOKOBE, IIPOTUYAIIM B TEYHOTO SAPO HA 3eMsTA, T.H.
,,MACHUMHO OUHAMO™ U 2) BBHIICH — OT CJICKTPUYCCKH TOKOBE, IPOTUYAIIH B 3eMHATA
HoHOC(epa, TOPOJICHU OT B3aUMOJICHCTBUETO Ha CI'BHUCBUS BSITHP, CHCTOSII CE OT pas-
JINYHU €JICMEHTAPHU YaCTUYKH, U MATHUTHOTO 1oJie Ha CIIBHIIETO U MOJIETO, MOPaKIAHO
OT MarHUTHOTO AuHAMO. [1oyIeTo, MPOU3THYAIIIO OT BRTPEITHOCTTA Ha 3eMsTa, CE Hapuda
YCIIOBHO ,,HOCHOAHHO 3€MHO MAZHUMHO ROJe" U TIPEICTaBIsiBa 0KoJIo 95% oT obmus
unTeHsureT Ha 3MIL. [onero, mpou3THYAIIO OT TOKOBETE B 3eMHara HoHOCdepa, mak
YCIIOBHO, C€ HApHUA ,,HPOMEHIUBO 3EMHO MACHUNIHO noje™.

3MII e pyHKIMS KAKTO HA POCTPAHCTBOTO, Taka U Ha BpeMeTo. [locTossaHOTO 3MIT
Ce U3MECHS TUTAaBHO BHB BPEMETO C IIEPUOIH OT MOPSAbKA Ha ECETKH, CTOTHIIN ¥ XUIISIH
TOJIMHY, KaTO TOBA U3MCHEHHUC B Pa3IMYHM TOYKU Ha 36MHATa TIOBBPXHOCT € Pa3JIMYHO,
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HO 32 KbCH TIeproiu oT BpeMe (1 — 2 ToquHN) MOYKe J1a ce IpHeMe €HAKBO 32 TEPUTOPUH
OT TOpSAbKA HA HaIlaTa cTpaHa. VI3MEHEeHHeTo My B IMIPOCTPAHCTBOTO OT TOYKA B TOUKA
10 3eMHaTa MOBBPXHOCT B J]a/IeH MOMEHT 00ade MOKe 1a OBb/1e 1 MHOTO PSA3KO.

ITpomennuBoTo 3MII 06paTHO — BEB BPEMETO TO C€ M3MEHS OBP30, C MEPUOAH OT
MOpsiAbKA Ha MECENHU JI0 YacTH OT CEKyHJara, JOKAaTO B MPOCTPAHCTBOTO M3MEHEHHETO
My BBB BPEMETO, BUIBT U CTOHHOCTUTE HAa TOBA M3MEHEHNE, OOMKHOBEHO OCTaBa MOYTH
€/IHO W CBINO 3a TEPUTOPHUH OT MOpSAAbKa Ha Hamara ctpaHa. OcHoBHaTa Bapuanus (Ie-
puon Ha m3mMeHenne) e | nenonommue (24 gaca). ToBa € T.H. ,,cHOKOE€H 0eHOHOUIEH X00,
JBIDKAI] Ce HA CI'BHUYEBUS BATHD IPH ,,cnokoiino CiopHIE. Bapnanmunre ¢ mo-Bucoxa
YECTOTa CE€ MOSBSIBAT MIPU 3aCHJICHA CITBHYEBA aKTUBHOCT, IIPU KOATO CE CH3AAaBaT PE3KHU
MIPOMEHHU B CIIBHUEBUS BATHP, KOETO OT CBOS CTaHA MPEAM3BHKBA B OKOJIO3EMHOTO TIPOC-
TPAHCTBO M BBPXY 3eMSTa T.H. ,,2e0MAZHUMHU Oypu‘’ W IPYTH TEOMAarHUTHH SIBICHUS
(Metonues u Tpudonona, 2015).

3MII e BexTopHO mosie. [Ipreto € BeKTOpHT Ha TOBA MOJE — MOMATHUAN UHMEH-
3umem — B JaJeHa TOYKA S OT 3¢MHATA MOBBPXHOCT Ja Ce OEIeKH ChC cHMBONA F.
Komnonentute Ha F ca: X — jeKama B IIOCKOCTTA Ha TeorpadCKusi MEPUIMAH H TaH-
TeHIMaJHATa IIOCKOCT (XOPMU30HTAIHATA PAaBHUHA) KbM 3€MHAaTa MOBBPXHOCT, HACO-
YyeHa Ha ceBep, Y — JIeKallla B ChIlaTa TAHTCHIMATHA IUIOCKOCT, HACOYEHA Ha M3TOK U
Z — HacodeHa KbM IeHThpa Ha 3eMaTa. OCBeH Te3W KOMIIOHEHTH Ca BBBEICHHU OIIE U

cnenuute Beauunuu Ha 3MIT: H =+ X?+Y? - XOpU3OHMANHA KOMNOHEeHma, Jexala
B XOPU30HTAJIHATA PABHUHA, IOCOYEHA TI0-Tope, [ = arctg(Z | F)— unkiunayus — brbIbT,
CKJIIOUEH MEX/Jy XOPU30HTaJIHaTa paBHUHA U FubD= arccos(X | H) — oexnunayus —
BI'BIBT, CKIIFOYCH MEXKIY IUIOCKOCTTa Ha reorpad)CKusi MEpUIMaH H XOPHU30HTAIHATA
koMItoHeHTa H. Bcruky Te3u BeTMYMHN Ce HApHYAT \eJleMeHmU Ha 3eMHONO MAZHUN-
Ho none (E3MII).

ChIiTacHO Ka3aHOTO IO TYK, aOCOJIOTHATa MOMEHTHA CTOMHOCT Ha maneH E3MII,
KOAITO OO0 32 BCHYKH €JIEMEHTH IIIE O3HAYUM ChC cuMBOJa E (£), B MOMEHT ¢ B 1ajeHa
TOYKA OT 3eMHATa MIOBBPXHOCT § MOXKE JIa C€ MPEICTaBH KaTo CyMa OT JIBE KOMIIOHCHTH
(cveraBsimm) ¢ popmynara:

E(t)= E(f) + 3E(f), (1)

KBJETO C E‘_(t) € O3Ha4YeHa MOCTOsSHHATa cheTaBsIma Ha najgeH E3MII B MOMeHT ¢ B T. s,
IbJIKallla Ce Ha TOKOBETE OT BbTPENIHOCTTa Ha 3eMsATa, a ¢ OE (¢) — Bapuanusra, Hajo-
’KeHa BhPXY TOBA MOJI€ OT MPOMEHJIMBaTa cheTaBsnia Ha To3u E3MII B chiius MOMEHT
¢ B chlIaTa T. §, ABJDKAILA CE HA TOKOBETE B iloHOC]epara..

I'eoMarauTHmn H3MEpPBAHUA U MOACIN

Fenepaﬂua CeOMACHUMHA CHUMKA

[Ipn HiAKOM M3CIIEABAaHMSA Ha TEOMAarHUTHOTO II0JIe, a U 3a PEIIaBaHETO Ha pas-
JUYHA TPUIIOKHH 3aadd, € HEOOXOAMMO Ja Ce M3uepraBaT (IIOCTPOSBAT) KapTH Ha
noctosiHHara cheraama E () na manen E3MII BbpXy onpesiesieHn yqacTbiu OT 3€M-

Bulgarian Geophysical Journal, 2020, Vol. 43 99



H. Bvusapos: I'eomazHummno noie, 2eoMacHUmMHU UsMEP8aHus u Mooeau, kapmoepagpupate...

HaTa MOBBPXHOCT 332 (UKCHPAH MOMEHT, KOMTO HIE O3HAYMM C I, HAPEUEH ,,enoxa“.
JIMpeKTHO Ta3| ChCTaBAIIA HE MOXe Ja ce n3Mepu. Ciell MHOTO TEOPETUIHH U eKCITe-
PUMEHTAIHN U3CJIEABAHIS 00aue € yCTaHOBEHO, Y€ C MHOTO IojIisiMa TOYHOCT TS € paBHA
Ha T.H. ,, CPEOHO200UUIHA CMOUHOCH “, KOSATO 1€ 03HAYUM CHC CHITUS CUMBOJI Es(t), Ha
naneunst E3MII.

Ion ,,cpeonozcoouwna cmoiinocm® ce pazoupa ocpenHeHara crtoiHoct Ha E3MIT
3a 1 roguHa, IEHTpHUpaHa KbM CpefaTa Ha MHTEepBaa 3a OCpPEeIHsIBaHE:

El)= [E (s, n

kpeto 7'= 1 ronuna, a ¢, € cpeata Ha riepuoa Ha ocpeaussane. E (7) u Eﬁ_(to) ca nedu-
HUpaHU Trope.

Ha mpaktuka M34MCIISIBAaHETO Ha Eﬁ_(to) cTaBa, Karo TMPeIBapUTETHO HM3YUCICHH
,,CpeOnouacosu cmoutnocmu* Ha nanenvs E3MII ce ocpemusT 3a onpesieieHara roanHa.
ToBa MOXe J1a ce HAaIllpaBU CaMO B FTeOMarHUTHA 00CepBaTOPHS, KbJIETO UMa HENPEKbCHA-
TH HAOJIONEHNUS U 3allMCH Ha cToiHOCTUTE Ha E3MIT.

[Ipuero e xapTuTe Ha CPETHOTOAMIIHUTE CTOWHOCTH Ha maneH E3MII na ce mo-
CTpOsBAT 3a TOAUHH, KpaTHH Ha 5 — Hanpumep 1995, 2000 u T.H., KATO CTOWHOCTHUTE
ce LEHTpHUpaT KbM | [OJIM Ha CHOTBETHATA I'OJIMHA, T.€. CPEIHOTOJHUIIIHATA CTOWHOCT €
ToJiydeHa Mpu ocpeaHsBaHe Ha cToiHocTHTe Ha To3u E3MII 3a BpemeTo (MHTEpBaa)
ot 01.01. mo 31.12. Ha Ta3u roguHa — enoxa. BepXy KapTuTe 0OMKHOBEHO C€ M3MHCBA
TEKCTHT (HapUMep 3a ACKINHAIUATA): ,,/lekaunayusa na 3MII na mepumopusama na
P. Bvneapus, enoxa 1990.5. Toukata u neTuiara ciieJ] TOAMHATA 03HAYABAT, Y€ CPEJI-
HOTOJUIIHUTE CTOWHOCTH ca meHTpupanu kpM 01.07.1990 r. B Haxon ciydan cpenHo-
rogumanTe croiHocTH HAa E3MII ce mzuucnsiat u 3a untepsaia ot 01.07 npennara
roguHa 1o 31.06 Ha ronuHara — emoxa. ToraBa TEKCTHT BbPXY Kaprara € (Hampumep)
SJAexnunayus na SMIT na mepumopuama na P. bvazapus, enoxa 1990.0%, xato Hy-
Jara clie]l ToJMHATa 03Ha4aBa, 4e CPEAHOTOAMITHUTE CTOWHOCTH ca IICHTPUPAHH KbM
01.01.1990 .

Onucanute rope kaptu Ha E3MII 3a onpenenena emoxa ce n3paboTpar, KaTo 00HK-
HOBEHO €KHUIM OT J[aJIcHa TeOMarHuTHa 00CepBaToOpHs MPOBEXK/IA MOJIEBH M3MEPBaHMs
(cHuMKa) BbpXY Habens3aHara 3a kaprorpadupane Teputopus. TakaBa CHUMKaA Ie Ha-
peueMm ,cenepanna zeomazHumna cuumka’“. IIoHexxe B OTHEITHNATE TOYKH HA M3MEpPBa-
He ce pasmojara cke ctoiHocT Ha gageH E3MII camo B enuH MOMEHT ¢ (MOMEHTHT Ha
M3MEPBAHETO), 32 []a CE ONPEENH CPEAHOTOMUIIHATA CTOMHOCT 3a M30paHara emnoxa f, B
TE3W TOYKHM, C€ M3MOJ3BAT JaHHHU OT OJNM3Ka JI0 KapTorpapupaHus y4yacThbK reOMarHuT-
Ha obcepBaTopHs, KbAETO Ca U3BECTHH M CPEAHOTOIMIIHATA CTOMHOCT Ha €JIeMEHTa 3a
eroxaTa Ha KapTaTa, 1 CTOHHOCTTa My B MOMEHTa Ha U3MEpPBaHETO. 3a yI00CTBO TakaBa
obOcepBaTopusi TIO-HATATHK IIIe Hapudame ,pegepenmnua“. Y Hac karto pedepeHTHa ce
non3Ba ['eomarautHa obcepBaropus — [lanartopuime (I'MO Ilanartopuiie).
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M3mepeHuTe B MOMEHTA ¢ CTOMHOCTH C€ ,,HpugeHcoam KbM €roxa 1o cjieaHara
hopmyna:

E(t)= E (1) ~E 0 +E(), 2

KBJIETO Eﬁ_(to) u Ey(to) ca ChOTBETHO ThpCEHATa CPEAHOTOIUIITHA CTOMHOCT Ha M3MepBa-
HUA B T. s enemeHnT Ha 3MII u B 00cepBaTopusTa, O KOSTO C€ MPUBEKAAT N3MEPBAHUATA,
B MOMEHT {; (emoxara), a E (#) u E (#) — n3mepeHunsT enemMenT B T. s 1 B 00cepBaTOpHATA B
MomeHT ¢ (bpuBapoB u Yomakos, 1994).

[IpennocraBka ja ce U3noia3pa Ta3u Gpopmyla e, 4ue H3MEHEHHUETO Ha MTOCTOSHHO-
TO T€OMArHUTHO T0JI€ 32 KbCU MEepHoAu OT Bpeme (1 — 2 TOAMHM) 32 TOJIEMH TEPUTO-
pHH OCTaBa IMOYTH €/IHO U ChILO, KAKTO M (PAKTHT, Y€ N3MEHEHHETO Ha IPOMEHIUBOTO
TEOMarHUTHO TI0JI€ CHINO 33 TOJIEMU TEPUTOPHUH CBHINO € eTHAKBO, KAKTO CTIOMEHAXMe
mo-rope.

Crien KaTo CpeAHOTOMUITHUTE CTOWHOCTH Ha naneHuss E3MII ca u3dncieHu mo rop-
Hara (opMyiia, CaMOTO U3UepTaBaHe Ha Kaprara cTasa 1o u3dpaH ot kaprorpada MeTo/.
3a ymo0OCTBO MO-HATAThK T€3W KapTH 1€ HapuuaMme ,,0CHOGHU .

CL’KleapHM usmepeanus, aKkmyaiuzupane Ha OCHoeHume Kapmu

OpraHu3upaHeTo U MPOBEKAAHETO HA ,,2eHEPAIHA 2e0MAZHUMHA CHUMKA'™ TaXKe C
MOJIepHaTa B MOMEHTA arnapaTypa U 3a TEpPUTOPHs, MaJIKa KaTo Hallara CTpaHa, OCBEH ue
€ CKBII0 MEpOIpHUATHE, OTHEMa U MHOTO Bpeme. [Topaau ToBa, 3a MOAIBPIKAHETO HA Kap-
tute Ha E3MII akTyannu, moHexe, KakTo Kazaxme, TeOMarHUTHOTO TOJie C€ U3MEHS BbB
BPEMETO, MPE3 OMPEICIICHH Mepruo/ i (OOMKHOBCHO 5 TOIUHHK) CE MPOBEK AT U3MECPBAHHUS
BBbPXY MaJbK, HO JIOCTaTbueH, OpOH TOYKH 0 3eMHAaTa MOBbPXHOCT, HAPEUCHH ,,CEK)-
Aaphu cmanyuu‘ (Ha aHTIMICKY ,,Fepeat stations*), ChbBIAAIINU ¢ TOYKH OT Mpekara
Ha TreHepajHarTa reoMarHuTHa cHUMKa. [1o10opbT Ha CeKyJapHHTE CTAHIIMHU CE MPaBU
Taka, 4e T¢ Jla MOKPUBAT PAaBHOMEPHO KapTorpadupaHara TEPUTOPHS M T'bCTOTATa UM
Jla ObJic Takapa, 4ye B OOIIM JIMHUU Jla OTPa3siBaT MOBEICHUETO Ha moyeto TaMm. CaMute
M3MEpPBaHUs Ce Hapuyar ,,ceKynapru usmepeanua’. Te ce MpuBeXIaT KbM roUHATa HA
NPOBEX/IaHe Ha U3MEPBaHKATA MaK 1Mo Gpopmyia (2), KaTo 3a enoxa BMECTO £, C€ TI0CTaBs
TOJIMHATA Ha CEKYJIApHUTE U3MEPBAHMUS, KOATO ILE OTOENEKHM C £ :

Exec (tSm ) = Eo (tsm ) - Eo (t) + Esec (t)’ (3)

KbAeTo E (¢,,) € THPCEHATA CPETHOTO/IUIITHA CTOHHOCT B CEKyJapHaTa CTAHIMA Sec 3a
enoxara ¢, E, (txm) € CpeJHOTO/IMIIIHATA CTOHHOCT B pedepeHTHara obcepBaropus 3a
enoxara ¢, E (f) € momenTHara ctoiiHocT Ha E3MII B obcepBaropusTa B MOMEHTa Ha
usmepBane £, a E (f) e momenTHara ctotinoct na E3MII B cekynapnara cTaHuus B Cb-

ITUST MOMEHT.
ITo naHHUTE OT M3MEpPBAHUATA B CEKYyJAPHUTE CTAHIIMU CE€ ONMPEIENSIT TOAUIIHUTE
U3MEHCHUS (BapHallii) Ha CPSTHOTOMUIIHUTE CTOHHOCTH Ha naneHns E3MII B Tax:
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AE,, =|E,.(t,) - E.()]/A, “)

kpaeto AE e Thpcenara rogmmma Bapuanus (M3MEHEHHETO 3a €IHA TOJMHA) Ha
CPEHOTOUIIHUTE CTOMHOCTH Ha jdanenus E3MII B cexynapuara cranuus, B (¢ )
€ CPE/IHOTOIMIIHATA CTOHHOCT B CEKyJlapHaTa CTaHIMs 32 €110XaTa Ha MIPOBEK/IaHE Ha
cexynapuute usmeppanus f,,, E () e cpenHoroauminara cToiHOCT 3a ernoxara Ha
ocHosHara kapra Ha E3MII B cexynaphara cranuus, a A, =t —{, ¢ OpOsT roxuHu,
U3MMHAIIM MEXJly €r0XaTa Ha OCHOBHATa KapTa f, U eroxara Ha CeKyJlapHUTe U3Mep-
BaHUs £,,. _

Ilo n3uncnenure rogumuyu Bapuaunu AE — Ha CpeHOTOIMIIHUTE CTOHHOCTH ce
MOCTPOSIBAT KapTH 3a KapTorpadupaHara TepUTOPHs Ha T.H. ,,u30R0pU" — IIPOCTPAHCTBE-
HOTO pasnpeenenue Ha roguurauTe Bapuannu Ha E3MII Bepxy Hes.

3a npUBEXJAHETO HAa JAHHUTE OT eroxara Ha OCHOBHHTE I'€OMAarHUTHU KapTU B
€I10XaTa Ha CeKyJIapHUTE U3MEPBAaHUs 3a TOUKUTE OT 3€MHATa IIOBBPXHOCT, Pa3IMYHU OT
TOYKUTE Ha CEKyJIapHUTE U3MEPBAaHU, C€ U3IOJ3BAT KApTUTE C M30IIOPUTE, KaTO TO Ce

U3BBPIIBA 10 hopMyIiaTa:

(t,,)=E, (t,)+Az,AE, (5)
KBICTO Es(tsm) € ThpCeHaTa CPETHOTO/IUIIHA CTOWHOCT 3a enoxaraf B T. s, Ev(to) € CTOM-
HOCTTa, OTYETEHA OT KapTara ernoxa f, (0OCHOBHaTa KapTa) B Ta3H T. s, a AE e oTyeTeHara
OT KapTara ¢ U30MOpUTE CTOMHOCT Ha rofviHara Bapuauus Ha Aaaenus E3MII B cbiara
Touka. At e lepuHUpaHo rope. 3a TOYKHTE OT 3€MHATa MOBBPXHOCT, KOWTO He Tonaaar
BBPXY HAKOS M30110pa, CTOHHOCTTa Ha AE 0OMKHOBEHO C€ ONpeJies Ype3 JMHEHHa WH-
TeproJanus OT KapTaTa ¢ U30MOpPHUTE.

[Ie orOenexuM, ye TopHaTa POpPMYIa MOXKE C JIOCTATHUHO TOISIMA TOYHOCT Jia Ce
U3M0J13Ba 32 MOMEHTH, ONIM3KHM JI0 £ (OT MOPA/IbKA Ha HAKOJIKO TOJIMHH), KaTo BMECTO Af
ce MOCTaBH MHTEPBAIBT OT BpeMe (OpOSAT FOIWHM), M3MUHAI OT II0XaTa Ha OCHOBHATA
KapTa J10 JKeJIaHUsI MOMEHT.

0030p HA reoOMarHUTHUTE U3MepBaHus B bbarapus
Teomaznumnu cnumku

[IppBUTE reOMarHUTHU U3MEPBaHUS Ha TEpUTOpHUsATa Ha bearapus ca nmpoBeaeHn
o Bpeme Ha Pycko — typckure Boitan: 1787-1791 u 1828-1832 r. (Kocros n Hoxapos,
1987). Usmepena e camo aexnuHanusara D. Ilo-kbscHo, mpe3 1858 1., n-p Kpaiin, nu-
pexTop Ha L{eHTpanHaTa MeTeOopoIOrMYHa U MarHWTHA ciiy0a BbB Buena, n3pbpiiBa
HsiKOJIKO m3MmepBanus Ha D, H u Z. TIpe3 90-re ronunu Ha 19 B. mpodecopbT OT pycKu
npousxox baxmerses, padoremr B Copuiickusi yHUBEPCUTET, U3MEpPBa BapHallMUTE HA
D oxkono Co¢us, [lerpoxan u bepkoBuna, a npe3 1911 . cnenmanuctu ot MHCTUTYTA
Kapueru npaest usmepanus Ha D, H u [ okono Codus, Byprac, Hosa 3aropa u
[lnoBnus.
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[IppBHUTE TEOMAarHUTHU M3MEPBaHHUA HA TEPUTOPHATA HA HAIIaTa CTpaHa, MMAIH
XapakTep Ha reHepajHa 'eOMarHWTHa CHUMKA, ca u3BbpiieHu oT npod. Kupun [Toros
mpe3 1917-1920 r. Bepxy 76 To4ku OT 3eMHaTa MOBbpXHUHA ca n3mepenu E3MIT: nexim-
Hauust D, Xopu30HTaJIeH uHTeH3uTeT H v naknuHanus /. MiamepBanusTa ca penyuupaHu
kbM emnoxa 1921.0 upe3 MarautHa obcepBaropus [lona Ha AnpuarndeckoTo KpanOpe-
skue (bpuBapoB u ap., 1984).

CrnenBaimuTte n3MepBaHus ca u3BbpIIeHH oT Xpucto Kanduu B nmepuoma 1937—
1947 r. lexnuaanusara D e uamepena B 750 Touku, a M3MEPBAHUATA Ca PELYIIUPAHT KbM
enoxa 1940.0 mo ganaute Ha MO Ilanariopuie.

Ot 1958 mo 1961 1. mox peroBoacTBoTO Ha K. KocToB ca m3mepenu otHoBo D, H
n [ B 342 ToukH OT 3eMHAaTa MOBBPXHOCT. MaJiko 1o-KbCHO, Tipe3 1968 u 1969 1., 10kxHO
ot (=42°40’ ca m3mepenu omie 104 Toukm, 3a 1a C€ YTOUHST JOKATHUTE T€OMArHHT-
HU aHOMAaJIMH B IOKHUTE PAliOHW Ha cTpaHara. M3mepBaHusTa ca pexynupanu mo MO
[Tanarropuine u cexynapHara Mmpexa kbM enoxu: 1960.0, 1965.0 u 1970.0.

[TocnennaTa reHepaIHa TeOMarHUTHA CHIMKA Ha bhirapus e HampaBeHa B eproaa
1978-1980 ron. or exunm Ha 'MO — Ilanarropuiie u BoeHHo-reorpadcekara ciyxoa
KbM MUHHCTEPCTBOTO Ha oTOpaHara. Bepxy 473 paBHOMEpHO pasmpesesieHn CTaHIINH,
Haif-00I10 ChBHAAIIN C TEOAE3UUECKH TOUKU OT J[bpKaBHATa reo/ie3ndecka Mpexa Ha
Benrapus u ot ['eone3nueckara Mpeka ¢ MECTHO MTpeIHA3HAYCHUE, Ca N3MEPEHH reoMar-
HUTHHTE €JIEMEHTH TOTAJICH HHTCH3UTET F, NeKauHanus D 1 XOPU30HTAICH HHTCH3UTET
H. I3non3Banu ca MarHUTEH TEOAONHT ,,Schulze-545%, tpu QHM u aBa MpOTOHHH Mar-
HutoMeTbpa PMP-2A. Besika oT cTaHnnuTe € M3ciieiBaHa 3a HAUIMYUE Ha JIOKAJTHU CMY-
tutenu. Ha cBOOOIHNTE OT CMyTHTEH CTAHIIMH Ca TIPABEHH 110 €JHA CepHUs H3MEPBaHUS,
BKJTIOYBAIIIA JIBE N3MEPBAHUS Ha ACKIMHANNATA OT JBAMa HAOIIOATeIH, TPH N3MEPBaHHSA
Ha XOpHU30HTATHU nHTeH3UTeT ¢ Tpute QHM 1 nBe n3MepBaHus Ha TOTAIHUS HHTCH3H-
TeT — C JIBaTa MPOTOHHKW MarauTomMeThpa. [Ipe3 1980 rox. ca uamMepeHn caMo CeKyJIapHH-
Te u ctaniuuTe [-Bu kiac. Te ca U3Moa3BaHM 3a MPUBEKAAHE HA U3MepBaHusITa oT 1978
u 1979 rox. B enmoxa 1980.0.

IIpe3 2018 roguua BoenHo-reorpadckara ciry:x06a Ha MUHHCTEPCTBO Ha OTOpaHaTa
B CBTPYIHHYECTBO ChC CICHHAIUCTHA OT IeomarnuTHara ciry:x0a nva HUI'TT-BAH 3a-
MMOYHA HOBA T€HEepaHa TeOMarHnTHAa CHUMKa Ha TepuTopusaTa Ha bwarapus. Ctpanara
€ paszeneHa Ha YEeTHPHU YacTH U BCSKAa TOAMHA Ce M3MEpBa MO eaHa oT Tix. [lomeBute
n3MepBaHus ce 00padorsar o ganuau Ha [ MO Ilanartopuiiie v ce IPUBEKIAT KbM T'OTH-
Hata Ha u3MepBane (Tpudonosa, Meronues n bruBapos, 2019).

Cekynapnu usmepeanus

CekynapHara TeOMarHuTHa Mpexa B beirapus ce cp3nasa npe3 1934 roguHa u mo-
HACTOSIIEM CE€ CHCTOU OT 27 TOYKH, PA3MOJIOKEHUETO HAa KOUTO € MokazaHo Ha dur. 1
(Metonues u Tpudonona, 20156)

— Cexynapau uzmepsanus 1990 ron.

IIpe3 1990 rox. ca mpoBeaeHN U3MEpBaHUs BbpXY 13 cexynapHu cTaHIMU U 9 cTaH-
uu [ KkJac, KaTto Te3W M3MEPBaHUs Ca U3BBPIICHU C anaparypara, u3loji3BaHa U 1pe3
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®ur. 1. PaznonoxxeHne Ha CeKylIapHUTE CTAHIIMU Ha TepUTOpUsTa HA Brirapus

nociuenHara resepania cHuMka 1978—-1980 rox. OpueHTHpaHETO HA CTAHIIMUTE € U3BbP-
LIEHO CaMO IO Te0JIe3UYEH BT C U3IOA3BaHE HA KOOPIUHATUTE OT T€0AEC3UYHU TOUKU OT
Jbp:kaBHaTa reojie3ndyHa Mpexa Ha bearapus.

JlaHHUTE OT NPOBEJEHUTE U3MEPBAHUS HA €JIEMEHTUTE Ha TEOMArHUTHOTO I0JIE Ha
TepuTopusTa Ha bearapus 3a enoxa 1990.0 ca cpOpaHu B KaTaor.

— Cekymnapuan n3mepsanus 2007-2012 rog.

[Tpe3 nepuona 2007-2012 roa. e u3BbpIIeHO 00CIIEIBAaHE U IPEU3MEPBAaHE Ha CEKY-
JIJAPHUTE U IbPBOKJIACHU CTAHIIUX OT T€OMarHuTHaTa MpeKa Ha anrapnﬂ. HpI/I U3ITBJIHC-
HHUETO Ha 3aJja4yaTa € yCTAaHOBEHO, Y€ YacT OT CTAHIMUTE Ca YHHUILOKEHH WIIM OKOJIO TSIX
MArdimMTHOTO MOJIE € CMYTCHO, BCJICACTBUC HAJIUYNEC HA U3KYCTBCHHU CMYTUTECIIN, HAKOU
CTaHIMK OT CEeKyJapHaTa Mpea, TeXHUTE pe3epBHU U cTaHiuuTe [-BU Kiac. B mporeca
Ha paboTa ca M30paHy HOBM TaKMBa Ha MOAXOASIIM MECTa, KATO ChOTBETHO Ha TSIX ca
W3BBPILIEHN U U3MEPBAHUATA HA €JIEMEHTUTE Ha 3MHOTO MarHUTHO I10JIE.

C pesynrarute OT MOCICAHNUTE CEKyJapHU U3MEPBaHMsI € HAITPaBeH MOJIEN Ha CEeKy-
JIJApHUTE Bapualliu Ha JCKJIMHaUATA 3a HEJIMTE Ha U3ITOJI3BAHETO )1 IIpHU CbCTABAHCTO HA
perronanuute Tonorpadeku kapru (Meronues, 2014).

T'eoMaruuTHH MoOaeIH

Ha171—061110, MOJCINTEC Ha I'COMArHuTHOTO IIOJIE CC IIOACIIAT Ha 100aHA U peruo-
HaJIHU. Hy6J’II/IKyBaHI/ITC r1o0aIHu MOJCIIN U3N0JI3BAT PA3JINYHU CTPATCTUH. Haii-uecto
CC pa3uuTa Ha C(I)epI/I‘lHI/IH XapMOHHYCH aHaJIn3 ¢ MOACIIUPAHC Ha BCUYKW HAJIUIHU JaH-
HU WKW 49pe€3 MOACIIMPAHEC HA U3TOYHHUIHUTE MOOTACIIHO. HezaBucumo ot TOBA, KOH OT
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HAaYMHATE € TPEANOYEeTEH, CTOTUIIUTE KIJIOMETPH MEXy CaTeIUTUTE B HUCKAa OpOUTa U
KPUCTAJMHHNTE N3TOYHUIN BOJIAT 0 3aMbIyIsABall e(ekt. [1o To3u HauuH, euH CaTemnT,
neTsig Ha 350 KM. BUCOYMHA MOJKE J1a JIa/ie XOPU30HTAIHA Pa3IeTuTelHa CIIOCOOHOCT OT
He-nioBede oT 350 km. Ha oOpaTHo, rbcTUTE HA3€MHU M A6pOMAarHUTHH JJAHHU ca OJIM3KU
JI0 U3TOYHUIIUTE U OCHUTYPSIBAT Pa3eNUTeIHa CIIOCOOHOCT B PAMKHUTE Ha HSKOJIKO KHJIO-
MeTpa. 3a chKaleHHe obade, Te CTpajaT OT HEpaBHOMEPHO pas3mpeieieHre Ha TOYKH-
TE TI0 3eMHAaTa MOBBPXHOCT, KOETO Hajlara MHTEPIIOJIAINS M M3MOI3BAHE HA CHHTETHYHHI
JIAaHHU, ¥ CHOTBETHO IIPUBHACSHE HA IPELIHN YECTOTHU CUTHAIM U apTeaKTy.

Te3u npobremu ce MPeooABaT YaCTUYHO C PETHOHATHUTE MOJIEINH, KOUTO ca Ipe/-
Ha3HaueHH 32 00paboTKa Ha I'bCTH MPEXKHU OT JaHHU HA pa3linuHi BUCOYMHH. [T100amHN
MOJIENH ca pa3pabOoTBaHU U B MUHAJIOTO, HO eMHCTBeHO ciie 1980 1., korato ce momyda-
BaT AaHHMUTE OT carenuTHara Mucus MAGSAT ctaBa Bb3MOYKHO YIOBJIETBOPSIBAHETO Ha
ypaBuenuero Ha Jlamac. Te ce 6a3upar Ha chepuuHu crutaliHoBe, wavelets win apyru
THUIIOBE JIOKATHH ChepruHH DYHKIIHH.

OOWKHOBEHO, PETUOHAITHUTE MOJICTTU ce 0a3upar Ha TMO-TOJSIM HAO0O0p M KOJMYECTBO
OT JIaHHH, 32 CHOTBETHHUSI PETHOH, B CPAaBHEHHUE C ITIO0ATHUTE MOJICIN U IOPAIH Ta3H IpPH-
yuHa ca no-rounn (Mangea u Kopre, 2010). B gonmbiHeHHe, perHOHATHUTE MOJENN Ca
CIOCOOHM /1a TIPECTABAT JIbDKUHN Ha BBIHUTE, ITO-KBCH OT TE€3W Ha IIIOOATHITE MOJIEIH,
C KOETO M300pa3siBaT He CaMO H3TOYHHUIIUTE B SAPOTO, HO U MO-TOIEMH CMYTHTENH B KOpaTa.

PaznuanauTe METOIM 32 OMMCBaHE Ha MOJIETO MOTAT Ja ce KJIaCHpHUIHpaT Haif-001110
Karo rpaduyuHu U aHATUTHYHU. [ paduuHuTe METOAM MOraT jia ObJIaT PhYHO HAYEpTaHU
nn nu(poOBU KapTH, JOKATO aHAJHUTUYHUTE METOAU ce 0a3mpar Ha IUIOIIHU MOJIHHO-
MU, METOJl Ha €KBUBAJICHTEH TUIIOJIEH N3TOYHHK, KAKTO U Ha MaTeMaTHYECKU Pa3JIoiKe-
HUsI KaTo HalpUMep aHaiu3a 1o cepudyHu xapMoHuiu. Yecto, cieq karo Oblie Ch3/aa-
JICH aHAJIMTUYEH MOJIEN Ce Ch3/laBa BTOPHUYCH MOJEN 1o/ GopMmara Ha KOHTYPHA KapTa.
BTopu4HHAT MOJIEN B MHOTO OT CIIyYanuTe Ce SBSIBA U KPAaeH PEe3yIITaT, KaTo aHAIUTHYHUS
Mo7ien OMBa M3MOJI3BaH CaMO KaTo CPEACTBO 3a JOCTUTAHE 10 TO3H KPACH Pe3yiTar.

[IspBUTE MOZENHM HA TEOMAarHUTHOTO TIOJIE 33 TepUTOpHATA Ha beiarapus ca Hampa-
BeHu 3a eroxu 1960.0, 1965.0, 1970.0 (bvusapoB u Kocros, 1981) u 1980.0 (bpuBapos u
Yomnaxkos, 1980). bnaromapenne Ha TOBa, ca HAIIPABEHU U PEUIla aHATM3U Ha aHOMAJTHO-
TO TOJIe 3a TEPUTOPHUSATA HA cTpaHarta (karo Hamp. bruBapoB & Yomakos, 1995), kouto
CITy’KaT 3a OTJENSHE W WHTEepPIpEeTanys Ha OCHOBHHUTE CTPYKTYPHO-TEKTOHCKH €IWHUIIH
B CTpOE’Ka Ha 3eMHAaTa Kopa.

IMocnennusat anamutudeH monen Ha E3MII Ha TeputopusiTa Ha CTpaHaTa € Harpa-
BeH 3a enoxa 2015.0 mocpencTBoM MojeupaHe Ha MOJIETO ¢ MOJIMHOM OT BTOpPa CTEIeH
Ha reorpadckure koopauHatu (MeroaueB u Tpudonosa, 2017). Hsakonko romusu cien
TOBA TO3W MOJIEN € aKTyaJH3HpaH ¢ MOMOIITA Ha U30MOPHU KAPTH OT CEKyJapHUTE U3-
MEpBaHMs M € ChCTaBeH BB3MOXKHO Hak-akTyasneH monen Ha E3MII — 3a enoxa 2020.0
(Metonues u Tpudonora, 2020). Ha ¢ur. 2 ¢ nokasaHo npoCTpaHCTBEHOTO M3MEHCHHE
Ha JEKIMHAIMATA 32 TEPUTOPUATA HA CTpaHATa, ChIVIACHO TOyYEHUTE MOACTHH CTOIi-
HoctH 3a 2020.0.

XapakTepHH MecTa C TOJIEMH MAarHUTHH aHOMAJWH, ca TepuTopuuTe Ha Puio-
Poponckuss macu, Butoma, ManactupckuTe Bb3BHILEHUS, OKoJio rp. Byprac u ap.
(Metonues u Tpudonosa, 2016).
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@ur. 2. Mogen Ha nexnuHanusaTa — D Ha TeputopusaTa Ha bearapus 3a emnoxa
2020.0 (Metonuer u Tpudonona, 2020).

Kaprorpadgupane Ha 3eMHOTO MATHUTHO 10JIE

KapTuTe Ha Cpe/IHOTOIMITHIMTE CTOWHOCTH Ha IeKIMHAIMATA — D — y HAC € MPHeTo
na ce m3padborsar B M 1 : 200 000. o ermoxa 1990.0 Te Os1xa m3uepTaBaHu caMO Ha PBKa,
a cJIeJ] TOBa BEYe M C IIOMOIITA Ha TIEPCOHAJIEH KOMITIOTBP.

Bbpxy kapTHHS JTHCT C elleMEeHTapHa Tororpadcka OCHOBA Ca HAHECEHW W30JIH-
HUUTE Ha D KOWTO B CIydas ce HapHyar ,.u3ozonu’. TeomarautHOTO mone B CeBepHa
Bwirapus € CiokoiHO U TaM M30JIMHUUTE ce N3MEHAT I1aBHO. B FOxHa bwinrapus obaue,
MOpaJ MHOTOTO MarMeHH CKaJli Ha MOBBPXHOCTTA Ha 3eMATa, 0COOCHO B IIAHUHUTE,
TO € cMyTeHO. [1o Ta3u mpudyMHa B MHOTO paifioHM HE € Bb3MOXHO /1a Ob/aT MpeKapaHu
N30JIMHUH.

CraHJapTHUAT HAuMH 32 MIPWIAaraHe Ha KapTara Ha CPeIHOTOJHIITHNUTE CTOWHOCTH
Ha JAEKJIMHAINATA BbPXY TOHOTrpad)CKuTE KapTHH JIMCTOBE, IIPHU MTOJIOKEHNUE, Y€ Ce MOI3Ba
kapra, nentpupana kM 01.01 3a chOoTBeTHATA €MmoXa, €, KAaKTO CIIe/Ba:

B pamMkoBoTO moJie Ha KapTHHS JIUCT ce naBa (opmyrara, o KOSITO C€ IpecMsATa
MOMEHTHATa CTOMHOCT Ha JeKJIMHALNATA Ds(t):

D, (1)=D,(y,)+(A, +A,, /12)AD, +V(m,h), (4)
KBbJICTO

DS (yfo ) € CpeaHoroaumiHara CTOMHOCT Ha JACKJIMHAIUATA, OTYCTCHA OT KapTara 3a
CBOTBETHATA €110Xa, MOCTABCHA KAaTO YMCJI0 B PAMKOBOTO IT0JI€;
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A y, = Yi = V,» KbCTO y, © TOMHATA, B KOATO CE ThPCH MOMCHTHATA CTOHHOCT, & Y
€ TOJIMHATA Ha eroxara Ha Kaprara (1aaeHo);

Am’ =m,, KbJIETO M, € HOMEPHT HA MECENA 3a FO/IMHATA },, B KOATO CE THPCH MOMEHT-
HaTa CTOMHOCT, NpH MoJjiokeHue ue e nentpupana koM 01.01 Ha choTBeTHATa
ronuHa (Hamp. 1990.0);

AD, € BIIOBHAT KOE(QUIIMEHT Ha EKCTPANIONMpaIaTa JUHeHHa QyHKIHS, CBIIO M0~
CTaBeH KaTO YMCJI0 B PAMKOBOTO MO0JIe B ,/T0o. (MUHYTH Ha TOUHA; B3CT € OT
KapTaTa ¢ U30II0pUTE);

V(m,, h) ce B3uma ot Tabn. 1. B MHHYTH, KOATO CBIIO € MOCTABEHAa B PAMKOBOTO
moJie.

IIpumep:

Heka xaprara Ha cpeAHOTOAWIIHMTE CTOMHOCTH Ha NEKIMHALMATA Ja € 3a eIoxa
2010.0 1 HEeka CTOMHOCTTA 3a TaJCHUS KapTeH JHCT aa € 4°43° = 283°. Heka chIIo BIII0-
BUAT KOS(UITMEHT HA EKCTpAroNMpaniara JuHeitHa QyHKIwS ¢ 2.3°/To1. 1 MOMEHTEHT, 3a
KOWTO THPCHUM abCOIOTHATA CTOMHOCT Ha JNEKIMHAIMATA, da ¢ Mai 2015 1. Heka wachT
mae 14.

Torasa:

D, (z,)=283";

A, =y,—y,=2015-2010=5roxn;

A, /12=m/12=5/12=0.42rox. (ocHoBHATa KapTa ¢ eHTpupaHa kbM 01.01.2010);

AD =2.3"/ron.;

V(5.14)=3.5°
u 3a D (¢) momy4aBame:

D, (2015 ., mecen maii, 14 .) = 283+ (5+0.42)x2.3+3.5=300" =5°00"

Taomaua 1. OcpeqHeHH IEHOHOIIHU pa3nuku B [eomarnuTHa oGcepBaropus — [laHarropuie.
Pa3mepHocTTa Ha Bapuanuara € B MUHYTH [, ]

Mec.
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GEOMAGNETIC FIELD, GEOMAGNETIC MEASUREMENTS AND
MODELS, FIELD MAPPING

Ivan Buchvarov

Abstract: A brief description of the Earth’s magnetic field (EMS) is given. The process
of processing of the values measured in the field until their application on the topographic
base is described. An overview of the geomagnetic measurements in the country is made,
as well as the calculated models of EMS over the years and a brief description of the
declination on the territory of Bulgaria is given.
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Pestome: CriekTpamHuAT aHAIU3 HA CEM3MHUYHHTE BBJIHH € €AMH OT OCHOBHHTE M3-
TOYHUIM Ha MH(pOpMaLus 3a 3eMeTpeceHusTa. IlpencraBenn ca crnekrpute Ha P- n
S-BBIHM 32 3eMeTpeceHust OT pOeB THIL: mopeauiara ot Mecen anpui 2009 roguna B
paiiona Ha rpaj Keppkanu, u mopenuna peanusupana npe3 2014 r., B 61130CT 10 rpajg
[TnoBaus. [IpoBeneHoTO M3CiIeABaHE Ce OCHOBaBA HA IM(POBHU JaHHH OT bearapckara
cemmonornyaa Mpexa - HOTCCH. I'enepupanu ca crieKTpu 1o pemectBane 3a P- n
S- BBIIHH, € LIeN Ja ce OMpEeeNaT HIKOHW OT MapaMeTPUTe Ha CeM3MHYHUS U3TOYHUK,
KaTo CEeM3MHUYEH MOMEHT, CBAaJIEHO HAMpeXeHHe U pajuyc Ha n3ToyHuka. OleHkara Ha
OTHHUIIHHTE MapameTpH e Oa3upana Ha Mozienia Ha Brune. OmnpeiesieHu ca napameTpure
Ha 10 3emerpeceHus:: 5 oT cbOUTHATA OT OpeaULaTa B paiioHa Ha rpaj Kepmkanu u 5
OT CHOMTHATA OT OpeUnaTa B paifoHa Ha rpaj [1noBauB, ¢ MarHuTyx B HHTepBana 2.7
+ 4.1. Ilomy4ennTe CTOHHOCTH 3a CBAJICHO HAIPEXEHHE Ca B paMKHTE HA OYaKBAHMS
nuana3oH. [Ipu mopenunara ot 2009 1. ce HaOMIOAABaT IO HUCKHU CTOMHCTH Ha CBAJICHO
HanpeXeHue, B CpaBHEeHHe ¢ nopenunara ot 2014 r.

KirouoBu JAYMHU: POCB TUII CCU3MUYHOCT, CBAJICHO HAIIPC)KCHUE, paaguyC Ha U3TOYHU-
Ka, CCUBMHUYCH MOMCHT

BonBenenne

3eMEeTPEeCeHHETO € YHUKAIHO IPUPOIHO SIBICHNE, OMPEIEIISIIO Ce OT TosiM Opoid
(baxTOopH, KOUTO HE MOTar J1a ObAaT HETOCPECTBEHO HAOIIONAaBAHU U TPYAHO C€ KOHTPO-
Jmpar. 3a CeM3MHYHO 3aCTpallleHnTe 001acTH (KakBaTro € M TepuTopusaTa Ha bbiarapns)
3eMeTpeCceHMsITa ca HeJlelIMMa J4acT OT OKOJIHara cpena. HsiMa 1pyro npupoaHo siBIeHHe
C Taka CHJIHO M35IBEH Jlyaln3bM, KAKBOTO € 3€METPECCHNETO — M3KJIIOUUTEIHO TOJIE3HO
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3a M3ydaBaHe Ha IulaHeTara 3eMsl (CEM3MUYHMTE BBJIHH, IIOPOJCHU OT 3eMETPECEHUsTA
ca M3TOYHHUK Ha MHGOPMAIIUS 3a BHTPEUIHMS CTPOCK Ha 3eMsTa) U KaracTpoasHo OT
COLMAJIHO - MKOHOMHYECKa IJIe/IHA TOYKa.

Edexrute ot 3emeTpecenusnTa ca GyHKIUS HA penuia Gpakropu, Bapupaly B HIn-
POKH I'paHHUIH, KOUTO MOTarT fa Ob/IaT a/IeKBaTHO MOJICJMPAHU Bb3 OCHOBA Ha (DPH3HUUYECKH
ChOOpaXKEHHSI U HAIMYHU CEM3MOJIOTMYHN HAOIFOIHUSL.

CeusMoNornyHuTe JaHHU 100pe ce omnucrar ¢ [1oacoHOB mpoliec, ako OT TSIX ce
M3KJTI0YAT MOPEAUIUTE OT 3eMETPECEHHs - CeM3MUYHHTE KiIbcTepH. [10acoHOBOTO pas-
npejiesieHne, KaTo MOJeNl Ha CeM3MHUYHHS MPOLEC, HE OTYMTa Bb3MOXKHOCTTA 3eMeTpe-
CeHMsITA Jia ce reHepupar B rpynu. Takusa rpynu (WM KII'bCTEPH) OT 3eMETpeCceHH s ca
(hop-ad THPIIOKOBUTE TIOPEAUIIN U pOEBATa CEU3MUYHOCT (CEU3MUYIHH POEBE).

Dop-adTHPIIOKOBUTE M POEBETE ITOPEIUIIN MIPEACTABISBAT OCHOBHA YaCT OT IMPO-
1eca Ha TeHepUpaHe Ha 3eMEeTPECEHHs, OPaJH KOETO Te Ca YeCTO TPETUpaH npodieM B
CEM3MOJIOTMYHUTE U3CIIeBaHus. B MHOTO M3ciie[BaHus € J0Ka3aHo, Y€ aKko He Ce OTYUTa
HAJIMYUETO HA MOPEAMIHUTE, OKa3Balld ChIIECTBEHO BIMSHHUE BbPXY PasIpe/eieHHeTo
Ha 36METPECEHUsITa B IIPOCTPAHCTBO U BPEMETO, MOXKE J]a C€ JIOCTUTHE [0 HEKOPEKHU
pe3yATaTH ¥ W3BOM 32 CEU3MUYHUS MTPOIIEC.

DopiIoKoBHUTE CHOUTHS Ca rpyra 3eMEeTPECeHHUs, IIPEIXMKAAIIN 0-CUITHOTO TJIaB-
HO chOHUTHE. AKO TO3H KI'BCTEP MOXKE J1a ObJIe pa3lo3HaT MPEIH Jia ce peaau3npa IIIaBHo-
TO 3eMETPECEeHNE, TO Ta3H rpyIa 0K ce IpeBbpHAlIa B [10JE36H MHCTPYMEHT 32 POTHO3H-
paHe Ha CHUJIHU 3eMEeTPECEeHUSI.

AQTHPIIOKOBHUTE MOPEAMIH Ca TE3U IPYITH OT 3eMETPECEHMUSI, KOUTO C€ peaii3upar
HEMOCPEICTBEHO CJIe/| [IABHOTO ChOUTHE U TIOCTENIEHHO 3aTUXBaT BbB BpemeTo. EjiHa ot
(heHOMEHAITHHUTE XapaKTEePUCTUKH Ha ad THPIIOKOBHS IPOLIEC € HaMallsiBaHe Ha Opost ad-
THPILIOLUTE BbB BPEMETO 110 00paTeH CTEINEHEH 3aKOH, JI0KATO MOBEUETO OT (PH3UYHUTE
MPOLIECH 3aTHXBAT EKCIIOHEHIINAIHO BB BPEMETO.

3a poeB THIl CEM3MUYHOCT C€ CYMTa MHOXKECTBO OT 3€METPECEHHUs] OTHOCHUTEIIHO
0JIM3KHM BbB BPEMETO U MPOCTPAHCTBOTO C MPHOIM3UTEIHO €IHAKHB MArHUTYA. 32 Ibp-
BU BT B JIUTEpaTypara MOHSATHETO ,,ceM3MHUeH poii e n3monsBaHo oT Credner (1876).
Bb3HUKBAHETO HA TO3M THIT CEU3MHYHOCT C€ OOSICHSIBA ChC CHITHO Pa3HOPOJICH XapaKkTep
Ha 00JacT, W/WiaKk ¢ OTCIIabeHN 00JacTH B 3€MHATa KOpa, HECIIOCOOHHU J1a M3IbpIKaT Ha
npuiIokeHoTo Hampexerne (Mogi, 1963).

W3yyaBaHeTo Ha MPOCTPAHCTBEHO-BPEMEBO U CHEPIHUHO pasIipe/ieieHe Ha 3eMe-
TPECEHHsTa € OCHOBEH aCIEKT OT ChBPEMEHHUTE CEU3MOIOTHUHH U3CIIE/[BAHUSI.

Jlpyr acriekT, CBbp3aH ChC CEM3MOJIOTHYHHUTE M3CIIEABAHMS, € CIIEKTPAIHUIT aHa-
JIM3 Ha cen3MHUUYHHTE BBJIHK. CHEKTPAIHUIT aHalu3 HA CEM3MUYHUTE BBJIHHU € OCHOBEH
M3TOYHHMK Ha MH(OPMAIMs 33 3eMETPBCHOTO OTHHMINE M CpelaTa Ha paslpoCTpaHEeHHE.
CrHexThpbT Ha CEM3MUYHHUTE BBIHM MOXKE J1a C€ M3I10JI3Ba 32 OLICHKA Ha IlapaMeTpUTe Ha
CEM3MUYHUSI U3TOYHUK. 32 U3CIIeIBAHE CIICKTPAIHUTE XapaKTEPUCTUKU Ha 3eMETPECEHH-
siTa Hal-9ecTo ce M3Mnoi3Ba MoAenbT Ha Brune (Brune, 1970).

B Hacros10TO M3cieABaHe ca reHepUupaHu CeKTpu Ha P 1 S-BbJIHU U ca oleHe-
HH OTHUIIHUTE [TapaMeTpy Ha ChbOUTHUSATA OT JBa CEM3MHUUHH POsi. ENUHUSAT, TPOIBIDKUIT
MO-MaJIKO OT Mecell, € HaOmoaaBan npe3 anpui 2009 roguHa B paiioHa Ha rpaj Kepmka-
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JIM, KOMUTO € 4acT oT cen3moreHHa 30Ha M3rounu Pononu. Bropara nopenuua e peanu-
3upaHa npe3 mecenute ssHyapu-Gespyapu 2014 1., B 6nmsoct 10 rpan [LnoBaus, KoHTo €
9acT OT CeM3MOTeHHa 30Ha Mapwuiia.

MeToauka U BXOAHH JAHHHU

B HacTos1m10TO M3CNeiBaHe ca OLEHEHU Upe3 CIIEKTPajieH aHaJIu3 OCHOBHHU Iapame-
TPM Ha CEM3MHYHHUS H3TOYHUK TaKMBA KaTO: CEM3MUYIEH MOMEHT (M), CBaJIeHO HaIpeske-
Hue (Ac) ¥ paJauyc Ha U3TOUHUKA (7)

CensmuunuaT MomeHT M, (u3mepBaml ce B N*m) e BeJqu4MHa, KOATO 00eIMHsABa
IUTOIITA Ha Pa3KbCBAHE U OCTAaThYHOTO NIPEMECTBAHE 110 PA3IoMa C IKOCTHUTE CBOMCTBA
Ha CpeziaTa, U Ce ONPEAes: Upe3 pelanusiTa:

M, = uSD, (1)

kbzeTo i (B Pa) e Moxyna Ha cpsi3BaHe (TBBPAOCTTA), S € IUIONI HA pa3IioMHAaTa MOBbPX-
HHHA, [0 KOSITO € CTAHAIIO MPEeMECTBaHeTo (M3MepBaia ce B m?) u D ¢ OTHOCHUTEIHOTO
IIPEMECTBAHE 110 pa3jioMHaTa NOBbPXHHUHA (B m). CEM3MUYHUST MOMEHT MOXKE JIa Ce OIl-
peleny Ype3 MHBEPCHs Ha TeH30pa Ha MOMEHTa WJIM Ype3 CIIEKTPaJICH aHaJIu3 Ha Ceus-
MUYHHTE BBJIHH. TO3M IapaMeThp € HaJeK/IHa OLIEHKa Ha pa3Mepa Ha 3eMETPECEHHETO U
C€ M3M0JI3Ba 33 ONPEJIENHE Ha MAaTHUTYJL [0 CEM3MHYEH MOMEHT M, .

CaasieHOTO HampekeHue (stress drop) e pasnmkara MeXJIy IbpBOHAYajHara |
KpaiiHaTa CTOMHOCT Ha HalpeXeHHeTo B cpeiara. CBaJeHOTO HAIPEKEHUE € CBbP3aHO
C eHeprusiTa 0CBOOOJIEHA MPH pealn3alysiTa Ha 3eMETpeceHHe, OCHOBHO ChC CEU3MHY-
HUSI MOMEHT, a OT TaM ¢ MarHurtyzaa Ha 3emerpecenuero (Frankel, 2009). Bapuamyu B
CTOMHOCTTa Ha CBAJIEHOTO HAIPEKEHUE Ce HAOJIIOAABaT, MOPaAN Pa3InYHUTE HU3HYHU
CBOICTBa Ha cpejara, U IbJI00YMHATA Ha CEM3MUYHMS U3TOUYHHK. HabnrogaBanure cToii-
HOCTH Ha TO3M NapaMeThbp, IIPH 110 CHITHUTE 3MeTpeceHus, ca mexay 10 — 100 Gapa nin
ot 1-10 MPa (Kanamori and Anderson, 1975; Kanamori and Brodsky, 2004). 3a 3emetpe-
CeHHMs B OJIM30CT /10 TPAHULIUTE Ha IUIOYHUTE (MEXK/YIUIOUEBU CHOUTHUS) CPEAHUTE CTOM-
HOCTTH Ha TO3H MapaMeThp ca MO-HUCKH, OTKOJIKOTO IPH T€3H B KOHTUHEHTAITHUTE YaCTH
- BBTPELIHOIUIOUEBH CHOUTHSI, KAKBUTO Ca 3eMTPECEHUSTA, TCHEPUPAHH HA TEPUTOPHATA
Ha bparapus (e.g., Kanamori and Anderson, 1975; Kanamori and Allen, 1986). Cpennara
CTOMHOCT Ha CBaJICHOTO HarpexeHue e okoyio 3MPa 3a MexxaynIoueBr 3eMeTPECeHUs! 1
oxosio 6MPa 3a BeTpentnomioueu 3emerpecenus (Allmann and Shearer, 2007).

CBaJicHOTO HampexeHue ce omnpenels no ¢popmynara (Eshelby, 1957):

_1M,

Ao = 3
16 r

2

KbJ1eT0 Ao € cpeHuAT stress drop (B bars), M, € CeM3MUIHHA MOMEHT U 7 € PaJIMyChT Ha
pasjioMHaTa MoBbPXHOCT (B m uiu km).
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PapuychbT 7 € cBbp3aH ¢ bIIOBATA YeCTOTA f, (OCHOBEH MapamMeThbp, CBbP3aH ChC
CHEKTPHUTE, TCHEPUPAHHU OT CEM3MHUYEH WM ekruto3uBeH m3TouHuK (Hanks and Wyss,
1972)), orieHeHa OT CIEKThpa Ha ChHOTBETHATAa BhJIHA. TO3W MapaMeThp Ce MPENCTaBs C

(hopmymara:

kp
_iP 3)
1

KBACTO 7 € PaOIyChT Ha pa3noMa (B m miau km), ]: ¢ HaOJIrojaBaHara bIjIoBa 4ecTora (B
Hz), a k e xoHCTaHTa, KOSITO 3aBUCH OT KOHKPETHHUS TEOPETHUECH MOZEL.

3a 1a ce ompeneNAT MapaMeTpUTe Ha 3eMETPECEHHETO, ¢ HEOOXOANMO Jia Ce TpaH-
chopmupa CEM3MHUYHUS CUTHAJ. 3a TpeoOpa3yBaHETO Ha aMIUTUTYIHO-BPEMEBH CUTHAI
B aMIUIUTYIHO-9ECTOTEH ce M3moi3Ba Obp30 mpeobpasyBane Ha Dypue (FFT). dur. 1
WITIOCTpUpa Ipeodpa3yBaHETO Ha aMIUTHTYJHO-BPEMEBH CUTHAJI B aMIUIUTYIHO-YECTOTCH
C LIeJI TeHepupaHe Ha CIIEKTHD 1o IpeMecTBaHe. Ha ¢urypara e npexcraseH: a) 3anuc Ha
3eMeTpeceHre Ha BepTHKaTHAaTa KOMIOHEHTa Ha ctannusa Buroma (VTS) 3a ompenenen
BPEMEBH HHTEPBaI; 0) KOHKPETEH BPEMEBH HHTEPBAI, 3a KOUTO IIIe ce TeHepHpa CIEKTHP
TI0 MpeMecTBaHe; B) CIIEKThP Ha IpeMecTBaHe Ha P-BbiHa.

7

z
]
2
005 AL 12005 MAZ7 20wz AN 20126 A 2070 AN 120154 M0 Taazer A
Time Ip]
=
i
-1
120034 ALY AEOG S AMED 120055 AM.S) 2042 AMLTY 120004 AMLTY 120007 ML 120100 AMR

- a3 [*] [}

o
Frequency [H2]

®@ur. 1. [Ipumep 3a criekTsp 10 npemMecTBaHe Ha P -BbiHa.

AMITIHTYaTa Ha CEM3MUYHHS MUMITYJIC B MICATHO €IaCTHYHA Cpela ce KOHTPO-
JHMpa OT OTPaKCHUETO U NMPEHOCa Ha SHeprus Npe3 pa3iIH4yHd rpaHuuu. V3BecTHO e,
ye 3eMsTa He ¢ WACaTHO eIaCTUYHA M BBIHUTE 3aTUXBAT C BPEMETO W Pa3CTOSHHETO.
AMIIIATYIUTE HA CEU3MHYHUTE BBJIHU THPIAT MPOMEHH M 3aTOBA, 4e T€ NPEMHUHABAT
npe3 pa3IHMYHUTE CIIoeBe Ha 3eMsTa. Koraro GpoHTHT Ha BBJIHATA CE JBIKH OT U3TOY-
HHKa HaBBH, TbPBOHAYAJIHATA SHEPTHs, 0CBOOOICHA IPH 3eMETPECEHUETO CE PA3IPOC-
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THpa Ha MO-TOJIIMA IUIOMI M TI0 TO3W HAaYWH MHTEH3MBHOCTTA HAa BBJIIHATA HAMalsiBa C
yBeJIM4YaBaHe Ha pa3cTosHUeTo. [Iponecn, CBbp3aHu ¢ MpepasnpeneIeHueTo U 3aryoa
Ha €HEPTHs MPHU Pa3NPOCTPAHEHUETO Ha BBIHHUTE Ca: TEOMETPHYHHUAT CIPEIUHI, 3a-
THUXBAHETO - KauyeCTBEeH (pakrop Q, HACOYEHOCT HA M3JIbUYBAHETO, KAKTO U 3aTHXBAHE B
OJIM30CT /10 TIOBBPXHOCTTA - K.

[Ipu pa3miexxJaHeTo Ha CIIEKTPUTE IO MPEMECTBEHE Ha CEM3MHYHHITE BBHIIHH ca Ha-
MIPaBEeHU KOPEKIINH 3a HAKOHM OT Te3u mapameTpu. Kato 3a xagecTBeHUs (akTop € 3aio-
xeHa croiiHocT Q =400 (Malagnini et al., 2000), a 3a 3aTUXBaHETO B OJIM30CT J10 MOBBPX-
Hocrra e kK = 0.035 (Margaris and Boore, 1998).

B mHacrosmoro u3cieaBaHe ca TeHEepUpaHu crekTpute o P- u S- BeaHH. 3a BCAKO
CchOMTHE ca M3IMOJI3BAaHN BXOJJHU JAHHU OT MHHHUMYM II€T CTaHIMH, a 33 BCSKA CTaHIHS ca
HanpaBeHu criiekTpu 1o Z, N, E komnonenTu. CUrHanuTe, KOUTO ca pasriieand B U3CIe/-
BaHETO ca KaJIMOpUpaHH Criopel] ChOTBETHHS MPUOOP BbB Besika cTaHims. CToiiHOCTUTE
Ha TTapaMeTpuTe, XapaKTepU3UPAId OTHUIIETO Ca MOIYYCHU Ype3 MaTeMAaTHYHUS ama-
par, IpeCTaBeH Mo JOIy.

OT nosy4eHuTe CIEKTPH CE ONMPENETAT BIIIOBATA 4eCTOTA () M HUCKOIECTOTHOTO
CIIEKTPAHO HUBO (L2 ).

CeusMUYHHAT MOMEHT TI0 CTIEKThbpa Ha P-BbiHaTa (Mop) ce ompesIens Mo cliefieHara

dbopmyna:

2
MOp _ p.47Z'.Qp.R.Vp , (4)
Rﬂw(P)

KBJIETO Mop € CeM3MUYHMAT MOMEHT 3a P-BpaHara (B N*m), p — IUIbTHOCTTA Ha cpena-
ta (B kg/m?), Qp — HHMBO Ha TUIaToTO (B Nm*S), ONpe/esieHo Ype3 CIeKThpa Ha BhJIHATA,
v, — CKOPOCTTa Ha BhJIHATA (km/s), R — XHITOIIEHTPAITHOTO Pa3CTOSHUE, RMPF Hacoye-
HOCT Ha M3IbuBaHeTo (radiation pattern), KOSTO MPH OMPEICIITHETO HA CEU3MUIHHSI MO-
MeHT 3a P-Beaam € 0.52.

B MHOro u3cnenBaHus 3a HACOUSHOCTTA HA M3JIBUBAHETO NpHU P- wiu S- BeIIHU ce
M3MOJI3BAT CTAHIAPTHU CTOIHOCTH, KOMTO ca ChOOpa3eHHU ¢ a3UMYyTUTE M Uara3oHa Ha
BIIUTE HAa n3n3ane. CTOMHOCTUTE Ha TO3M MapameThp 0OMKHOBeHO ca (.52 3a P-BbiHN
n 0.63 3a S-BeitanTe (Aki and Richards, 2002).

Cen3MUYHMAT MOMEHT 1O S-BbJHA (M) Ce NaBa ChC CIEAHOTO yPABHEHHE:

_ pATQRY]
Ru(S)

M os (5)

KBJIETO M € CCM3MHYHHUAT MOMEHT 32 S-BbJIHATA, p — IITBTHOCTTA Ha Cpejiata,  — HUBO
IUIATOTO, ONPEAENICHO Ype3 CIEKTbpa Ha BBJIHATA, KATO CTOMHOCTHTE MYy C€ OIPELeIIAT
no Z, N, E — komnonenTa ((QS =Q, +Q +Q2 ), R, — HACOHEHOCT Ha H3ITHYBAHETO
(radiation pattern), KOSITO P OIIPEICISIHETO HA CEM3MUYHUAT MOMEHT 3a S-BhJIHH € 0.63,

aVv € CKOpOCTTa Ha BbJIHATA.
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3a ompeeSIHETO Ha Panyca Ha H3TOYHHIKA U CBAJICHOTO HAITPEKEHUE Ca TPUITOKE-
HHUE CIeTHUTE (HOPMYJIH:

p.3.36
p=——", (6)
27 fo
KBJIETO V, € CKOPOCTTa Ha BhIIHATA, a f0 ¢ pIIoBara yecrora B Hz.
3a S-BBIHATA paNyCHT HAa M3TOUYHUKA CE OMPELIIs 10 MICHTHYCH HAYMH:
vs.2.34
Vs = > (7)
27 fo

KBACTO vV € CKOPOCTTA Ha BbJIHATA, af(‘) ¢ pIyIoBara uyecrora B Hz.

3a CBaJeHOTO HampexeHue 3a P- u S-BuiHHTE ca B Cuia CIEAHUTE (OPMYIH
(Eshelby, 1957):

7 M,

Ao, =——" ®)
P 3
16 r,
7 M

AO‘S ZEF_;)S’ (9)

KBJICTO 7, ¥ /' Ca OLCHKUTE Ha Pajiyca 1o P- u S-BpaHM (B km).

Bxognu nanHu

B nacrosiara padota ca oleHeHH OrHUINHHUTE napamerpu Ha 10 chOuTHs oT 1Ba
pos, peanusupanu npes nepuona 2009 - 2014 r. Ha Tepuropusita Ha bearapus. 3emerpe-
CEHUsITA ca C MAarHUTYJ B UHTEpBaJa 2.75Mp§4.1 (Mp, nedunupan B Christoskov et al.,
2012).

OCHOBEH M3TOYHHMK Ha WHQOpPMAaLUs 3a pasriielaHuTe 3eMETPECEHHs Ca JaHHU OT
Hanmonanuara Onepatuaa Tenemerpuuna Cuctema 3a Ceusmonornyna Muabopmarms
(HOTCCH).

Upes nporpamara, 6a3upana Ha mozena Ha Brune ca renepupanu 204 ciekrbpa Ha
Pu S Bbanm.

IIspBaTa nopenuia e peanuzupana npe3 nepuoga 08-30 anpr 2009 1. B 61130CT 110
rpax Kepmkanu (censmorenna 3ona M3rounu Pononn). [Topenunara cpabpxa 291 chou-
THUA, OT KOUTO 27 3eMETpeceHus ca ¢ MarHuTyl B MHTepBaja 1.0§Mp§4.1. Ocrananure
cpouTHs (264 cHOUTHS) ca MHOTO Cl1a0M M ca PErMCTPUPAHH CaMO OT CEM3MUYHA CTaHIIMS
Kbpmxanu (KDZ) - Haii-0113K0 pa3nosioxeHara CTaHIHs 10 aKTHBU3MpaHara oonact (Ha
okoio 18 km). Te3u 264 crOuUTHS HE MOraT fa OblaT JIOKATU3UPAHU U POCTPAHCTBEHO
wintocTpupanu. [IpocTpaHcTBEeHOTO pasnpenesieHne Ha 27-Te ChbOMTHS € IPE/ICTaBEHO Ha

¢urypa 2.
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®@ur. 2. [IpocTpaHCTBEHO pa3npeiesieHne Ha poeBa akTUBHOCT 3a [IepHO/Ia
08.04.2009 r. — 30.04.2009 r.., akTUBHUTE pa3JIOMH ca OT ,,HeoTekToHCKa
kapra Ha bearapus®, npencrasena B Oraer 'O 2007 .

Bropara nopeauua BkitouBa 47 ¢hbOUTHSI ¢ MarHWTY/] B UHTEpBaJIa l.OSMP§4.1 u
€ peanusupana B paiiona Ha rpan [lnoBaus (ceusmorenHa 3oHa Mapuua). Ilepuonst Ha
peanu3anus Ha Te3u chOnuTHA € MajKo nosede ot 30 auu. [IpocTpancTBeHaTa KapTHHA Ha
nopejuLara e npeAcTaBeHa Ha ¢urypa 3.
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®@ur. 3. [IpocTpaHCTBEHO pa3npeeieHIe Ha POEB aKTUBHOCT, peaii3upa-
Ha npe3 nepuoga 12 siuyapu — 16 despyapu 2014 r., akTUBHUTE pa3ioMu
ca ot ,,HeorexToHcka kapra Ha bbarapus“, npeacrasena B Otuer I'OU
2007 r.

Ot ngere ¢urypu (dur. 2 u dur. 3) ce BUkIa, Y€ CHOUTHATA B TE3H MOPEIHIHU CE
rpymupar B MHOTO MaJlka IPOCTPAHCTBEHA 00IACT, KOSITO HE MOXE Jla C€ IIPUBBPIKE KbM
JeprHUpaHa pa3iioMHa CTPYKTYpa.
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Pe3yararu

Pesynratute oT M3cIeABaHETO ca MpencTtaBeHu Ha ¢ur. 4-5 u B Tabn. 1-2. Pesyn-
TaTUTE OT CIEKTPAJIHUS aHaJM3 338 5 OT MO-CHIIHUTE CHOMTHSI OT MOpeauiara B paiioHa
Ha rpaa Keppkanu e npencraBena Ha ¢ur. 4. Ha ¢ur. 5 ca npeactsenn crekrpute Ha 5
CHOUTHS OT IOpEUIIaTa B paiioHa Ha rpaf [ImoBaus.

Ot cepusiTa peanusupana npe3 mecer anpui 2009 1. B paiiona Ha rpaa Kepmpkanu
(gacT ot cen3moreHHa 30Ha M3rounu Pogonm), ca pasmienanu 5 cebutus. [IpeacTsenure
CBHOUTHS ca peaNn3upaHy B HaYAJHHUTE YacOBE HA CEPUATA U Ca C MO-BUCOK MAarHUTY] B
uHTepBana 3.3 ~ 4.1.

3a BCAKO 3eMeTpeceHue ca TeHepUpaHH CIIEKTPH 110 mpemMecTBaHe 3a P u S - BbiHH,
KaTo ca M3MOJ3BAHU 3aUCUTE OT TPUTE KOMIOHEHTH (Z - criekTpu 3a P-BbiHa; Z, N u
E - cnexrpu 3a S -BbiHA) Ha pa3nuyHu craHuuu. Ha ¢urypa 4 ca npeacraBeHn ClieKTpH-
Te, TEHEPUPAHU 3a pasriielaHuTe ChOMTHUS, IO HAN-OJIM3KHUTE /IO CMUIICHThPA CTAHIIUH.
OreHeHNTE MapaMeTPH Ha CeM3MUYHNUS U3TOYHHMK 32 BCSIKO OT ChOMTHATA ca JaICHU
B TaOm. 1.

Taomuua 1. OueHky Ha mapaMeTpUTe Ha CEM3MUYHUS M3TOYHMK 32 CHbOUTHS OT POEB TUI CEM3MUY-
HOCT, reHepupanu npe3 2009 r. B paiiona Ha rpajg Kepmkanu

Aara M, CT];[:I([)[]:IM M,, [N*m] [ﬁgﬁ] [1:1':4] [1\11\:::1] [l?:;] [Krl:l]
08.042009 | 3.5 8 887E+13 | 11.07 | 042 | 975E+13 | 2033 | 036
08.042009 | 3.3 5 1.69E+13 | 677 | 023 | 1.58E+13 | 13.00 | 020
08.042009 | 3.5 7 172E+13 | 954 | 0.19 | 203E+13 | 1100 | 020
09.042009 | 4.1 8 341E+14 | 1034 | 057 | 567E+14 | 2976 | 0.65
09.04.2009 | 3.4 5 874E+12 | 1393 | 0.6 | 10SE+13 | 1123 | 0.18

Tesn 3emerpecenus ca ¢ MPUOIN3UTETHO €THAKBB MarHUTY/] CbC CTOMHOCTH Ha CBa-
JICHO HaINpe)XeHHe B auana3zona 7 + 14 Gapa 3a P-enna u 11 + 30 Gapa 3a S- BbiIHA U
CTOMHOCTH 3a pajinyc Ha u3ToYHMKa B Arana3ona 0.2 + 0.6 km 3a P-BbiHan 0.2 + 0.7 kM 3a
S- BbaHa. [Tomyuenure pesynraru ca B O4aKBaHUs JUaNa3o0H, Thil KaTO TOBA ca MPEIUMHO
cy1abu ChOUTHS B AMANa30H ¢ MarHuTy Mexxay 3.3 +4.1. [TonoOnu pesynraru ca momyde-
HU U B Apyru u3cieasanus (Hamp. Siile, 2010). CroitHocTHTE 32 CEM3MUYECH MOMEHT Ca B
nuanasona 8.74x10"°<M <3.41x10"*(N*m) 3a P-bana n 1.08x10"<M <5.67x10'*(N*m)
3a S- BBJIHA.

Ot cepwusiTa, peanusnpana 1npe3 Mecenute ssHyapu-gespyapu 2014 ., B Oimzoct 110
rpaz IlnoBnuB, TepuTOpUsl pa3snonokeHa B MaprHHaIHATA 4acT HA CEU3MOrEHHA 30HA
Mapwna, ca pasrienanu 5 csouTHs. M3cnensanure cbONTHS ca ¢ MaTHUTY/L B MHTEpBaJia
2.7+ 3.4. Ha ¢urypa 5 ca npezicTaBeH! CIIEKTPUTE, TCHEPUPAHH 32 pa3nIelaHuTe ChOu-
THSI, TI0 HaW-ONMU3KUTE IO eNMHUIEHThpa cTaHuy. OIeHeHnTe mapaMeTpH Ha Cen3MuY-
HHUS U3TOYHHK 32 BCAKO OT CLOMTHATA ca gajenu B Taom. 2.
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B paiioHa Ha rpaa Kepmxanu
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Taomauua 2. OnieHKy Ha MapaMeTpUTe Ha CEM3MUYHUS M3TOYHHK 32 CHOUTHS OT POEB TUI CEHU3MUY-
HocT, reHepupanu npe3 2014 r. B paiiona Ha rpan [1noBnus

Aata M, ch:nf:(::m [13:';;] [tA):rp] [1::1] [1\11\:31] uf:;] [Kr;’l]
14012014 | 32 5 LI2E+13 | 1804 | 020 | LI9E+13 | 1180 | 0.17
14012014 | 3.1 8 1O3E+14 | 23.03 | 030 | 136E+14 | 3213 | 033
20012014 | 3.4 9 277E+14 | 13.69 | 0.56 | 491E+14 | 2683 | 0.50
02022014 | 28 7 3.A3E+13 | 964 | 024 | 291E+13 | 1632 | 0.20
09.022014 | 2.7 6 9.12E+13 | 2025 | 032 | S.ISE+I13 | 1437 | 0.26

[Ipu Ta3u mopenmiia CTOWHOCTH Ha CBAJICHO Hampe)keHHe ca B auamasoHa 10 + 23
Gapa 3a P-BpiHa u 12 + 32 Gapa 3a S- BhJIHA U CTOHHOCTH 32 PaiyC Ha W3TOYHHKA: OT
0.2 + 0.6 xm 3a P-BemHa 1 0.2 + 0.5 3a S- BeyiHA. CTOMHOCTHTE Ha OLIEHEHUTE TapaMe-
TPHU ca B OYaKBAaHMS JMAIla30H W MMOTBBPXKIABAT PE3Y/ITaTHTE, NOMYYeHH OT APYrH aBTO-
pu (mamp. Siile, 2010; Bhat, 2013). CroiiHOCTHTE 32 CEU3MIYEH MOMEHT Ca B THara30Ha
1.12x107<M_<2.77x10"*(N*m) 3a P-gbina u 1.19x10<M,<4.91x10"“(N*m) 3a S- BbHa.

3aKjaoueHune

Upes aHaIM3 HA MOIYYCHUTE PE3YyNTaTH C€ JOCTHUra JI0 CIECTHUTE 3aKIIOYCHHUS 32
rnapamMeTpuTe Ha CeM3MUYHUTE U3TOUHULIN B PA3IIICIAHUTE JIBA POSL:

v' Tlosy4eHuTe CTONHOCTH 3a CBAJIEHO HAIPEKEHUETO Ca B PAMKHMTE HA OYAKBAHUS
nmuarazoH ot 10 mo 100 6apa. CpemHara CTOHHOCT Ha CBAJICHOTO HAIPEI)KECHUE €
B MHTepBasia 7 + 23 Gapa no P-sesina n 11 + 32 Gapa no S-BeiHa. Karo npu post
ot 2009, rerepupaH B paiioHa Ha Tpax Kepmxamu, ce HaOMOmaBaT 1Mo HUCKH
CTOMHCTH Ha CBAJICHOTO HAIIPEKEHICE;

v’ 3a gBara posi CTOMHOCTUTE HA CEU3MUYHMS MOMEHT MO’ OIICHECHH TI0 CIIEKTHpa Ha
P u S- Bbina, ca B unteppana 10<M <10"(N*m);

v CToiHOCTH 3a paJiiyC Ha U3TOYHHUKA ca B quanasoHa or 0.2 + 0.6 kM 3a P-BbiHa
u 0.2 + 0.7 3a S- BpHA. U mipu nBeTe mopeamny ce HaOMFOHAaBaT MICHTHYHH
CTOHHOCTH Ha TO3U ITapaMeThp.
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Estimation of source parameters for swarm type of seismicity
P. Raykova

Abstract: Spectral analysis of seismic waves is one of the most important origins of in-
formation for the earthquake sources. In this study are presented P- and S-waves spectra
of the earthquakes from two seismic swarms: the April 2009 swarm located in the vicinity
of the city of Kardzhali and the 2014 swarm located near the city of Plovdiv. The data-
base used in the study is compiled using digital data from the Bulgarian Seismological
Network — NOTSSI. Displacement spectra are generated for P- and S- waves to estimate

Bulgarian Geophysical Journal, 2020, Vol. 43 121



I1n. Paiikosa: OM@HKLI OCHUWHUmMeE napamempu Ha 3emempecerus on poes mun

some of the source parameters, such as seismic moment, stress drop, source radius and
moment magnitude. Earthquake source parameters are estimated applying Brune model.
The source parameters are estimated for 10 earthquakes: five earthquakes of the sequence
near the city of Kardzhali and five earthquakes of the sequence near the city of Plovdiv
with magnitude in interval 2.7 + 4.1. The estimated stress drop values are within the ex-
pected range. The 2009 swarm have lower values of the stress drop, in comparison with
2014 swarm.
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