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A0cTpakT. B nocnegno BpeMe, npu n3ydaBaHe Ha aTMOC(HEPHOTO 3aMbpPCSIBAHE, 0CO-
OeH uHTepec, MOpaau JokazaHata Bpeaa 3a Yoaemxoro 3npase (U3), mpean3BuKBaT
npaxoBute aepo3onu (PITY). Temara e ocobeno akryanHa 3a buarapus u rpax Codus,
KBJIETO CHUCTEMHO CE PEerMCTpUpAT HEKOJIKOKPATHU MPEBHUIICHHS Ha HOPMUTE 33 KOH-
nenrpanuu Ha OITY. Ilenta Ha HacTosmara padoTa € MPOBEKTAHETO Ha HaJCIKIHH,
W3YepIaTeTHd U AETalIHU M3CIEABAHMS Ha ITI0JIeTaTa Ha MPH3EMHH KOHIIEHTPAINH
Ha OIIY, ponsita M npu popmupane Ha MHnekca Ha 3aMbpcsBaHe U Bpb3KaTa UM C
MIPOLIECUTE, KOUTO I'M 00ycnaBAT. B cratusaTa ca mpeacTaBeHH CIEAHUTE PE3yIATaTu:
U3sicHsiBaHe Ha TPOCTPAHCTBEHATa M BpeMeBa N3MEHUYMBOCT Ha TI0JieTaTa Ha KOHIICH-
tpanuu Ha OITY u ycTaHOBsIBaHE Ha BPB3KUTE UM C METEOPOJIOTMYHHUTE YCIOBUS U
HM3TOYHMIUTE Ha 3aMbpcsiBane; OOoraTsBaHe Ha 3HAHUATA 32 B3aMMOJACHCTBHATA Ha
nponecure, Gopmupaniu 3ambpesBaneto ¢ GIIY; OTkposiBaHe Ha cirydan ¢ Hali-HeOma-
ronpusaTHO 3ambpesBane ¢ OIIY - ,,ropemu TOUKH ™ 1 Hall-HEOIarONPUATHI CHHOTITHY-
HU €MU3011 1 U3SACHSABAHE POJIATA HA CHHONTUYHHUTE YCIOBUS U JOKAJTHUTE METEOPO-
JIOTUYHHU IIPOLECH.

KirouoBu aymu: 3ambpcsiBaHe Ha arMoc(epHHs Bb3IyX, (QUHH NMPaxoBH YaCTULU
(PITY), nHeKe HAa 3aMbpCSIBaHe, KIMMAT Ha 3aMbPCSBaHE.

BLBenenue

B nacrosmara paboTa ca IpOBEeICH! HaJICXK/THH, U34EPIaTeIHN 1 ICTAMTHN H3CIIe/-
BaHUS HA TI0OJIeTara Ha Npu3eMHH KoHueHTpaimu Ha OITY, n3sicHeHa e posnsita UM npu
¢opmupane Ha 13 u Bpb3kara UM C mpouecure (arMoc(epHa AUHAMHKA ¥ XMMHUYECKH
TpaHchopmanum), KOUTO T 00ycnaBaT. HanesxiHu 1 u34eprare;IHu M3CJIeIBaHUs O3HA-
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YaBa M3IOI3BAHETO HA CTATHCTHYECKH 3HAYMMH aHCAaMOIN OT KOMIIOTBPHO CHUMYITUPAHH
JTAaHHU, OTPa3siBallld MHOT0OOpa3ueTo Ha METEOPOIOTHYHH YCIOBUS C TIXHATA TUITHYHA
MTOBTApPSEMOCT, KOUTO CHhYETAaHH C KOMITIOTHPHO CHMYJIHPAHNUTE JAHHH 32 KOHIICHTPAIIIH
Ha OITY, na mo3BoJABAT /A C€ MPABIT HAJESKIHA U3BOAM OTHOCHO TEXHUTE XapaKTepHU
0COOEHOCTH M TIOBE/ICHHE, BIMSAHUETO UM BHPXY M3 M BIMSHUETO HA XapaKTEPUCTUKUTE
Ha aTMoc(epHara TMHaMHUKa BbpXy TaX. OTKpOeHH ca Hali-HeOIaronpHATHUTE CIydand Ha
3ambpesBane ¢ OITY - ,,ropemy TOUKH™ ¥ € aHATM3UpaHa POJIATA Ha CHHONITHYHUTE yCITO-
BUSI U JIOKAJIHUTE METEOPOJIOTMYHH Hpolecu 3a GopmupaHeto um. Jlerailinu uscienBa-
HUSI 03HAYaBa J0CTAThuHO BUCOKA MPOCTPAHCTBEHO/BPEMEHHA pa3peliaBaiia criocoOHOCT
Ha TIOJIeTaTa, KOSTO J1a 3¢ BB3MOXKHOCT J1a OB/Ie OTpa3eH MyITUMAIIA0HHS XapaKkTep Ha
MIPOIIECUTE, J1a CE YIAOBAT B3aMMOJCHCTBIATA HA SBICHUATA C PA3IMYHN MaIlabu 1 Ja ce
MPOCJIEAT OCHOBHUTE M3TOUHMIIH, MEXaHH3MH U IIBTHUINA 32 (JOPMHpaHE Ha 3aMbpCsIBaHE-
T0 ¢ OITY. 13BbpILIEHN Cca U3CIIeIBaHUS 32 TEPUTOPUATA HA 1[sJ1aTa CTpaHa, HO ChC Clielna-
JICH aKIIEHT BbPXy rpajcka cpena (rpax Codust), KOUTO OTpa3sBaT HelHATa Creu(puIHaTa
KIIMIMATOJIOTHS U €KoJIoTHsA. AHcaMOnuTe, 00XBamamy CUMYIaliy 3a EPUO OT 7 TOIH-
Hu (o1 2008 10 2014 romuHa) ce cMATaT 32 CTAaTHCTUYECKH MPEICTABUTEITHU M OTPa3siBaT
OCHOBHHTE YepPTH Ha JIOKAJIHUS/PErHOHANICH KIIMMAT, KaKTo Ha arMocdepHaTa JuHaAMHUKa,
Taka 1 Ha Ka4eCTBOTO Ha BB3yxa. OCHOBHHAT U3CIIEAOBATEIICKH TIOIXOM € CbBMECTEH aHa-
JIN3 W CTATUCTUYECKO TPETHpPaAHE Ha rojierara Ha 3ambpcsiBane ¢ PITY u perrnoHaaHuTe/
JIOKAJTHA METEOPOJIOTHYHH ToJIeTa. B cratnsTa ca mpeacTaBeHu pe3ynTaTti pa3aeieHu 1Mo
cienuust HauwH: KimmMat Ha 3ambpesBaneto ¢ OITY; OcobeHo HeOIaronpusITHO MPU3EM-
HO 3ambpcsiBaHe ¢ OIIY u Bpb3kaTa My ¢ METEOpOJIOrMUHUTE yciioBus; M3cienBane Ha
npousxozna Ha 3ambpcsiBane ¢ PITY B rpan Codus u M3cnensane npuHOCA HA OTACTHHUTE
JMUHAMUYHH, XAMHUYHHA U a€PO30JIHH MPOIIECH 3a (hopMupaHe Ha 3ambpcsiBane ¢ OITY.

MeTtonosorust

AHanu3 Ha TPUMEPHHTE ToJieTa Ha KoHIUeHTpauun Ha OITY, moaydeHu cbe cpen-
CTBaTa Ha KOMITIOTBPHO CHMYyNHpaHe. M3moi3BaHa € CBETOBHO MpPU3HATA CHCTEMa OT
mozenn US EPA Models 3 System, cberosima ce ot 3 monena — WRF http://www.wrf-
model.org/, Skamarock et al. (2007), Dudhia, J. (1993), CMAQ Byun and Ching (1999),
Byun et al. (1998) u SMOKE http://www.smoke-model.org/, CEP (2003). EBporneiickara
n HanmonasaHa HopmaTHBHA 0a3a HSIMa CTPUKTHH M OIIPE/IC/ICHH H3UCKBaHUS U ne(uHu-
LMY 32 MOJICITUTE, C KOUTO J1a Ce TPaBsAT CUMYIIAllMK 3a ChCTaBa Ha aTMocdepara, ToBa ¢
Y IIPUYMHATA J]a ©Ma U J]a CE M3MOJI3BAT U3KIFOUYUTEIHO rOJIsiM Habop OT TaKMBa MOJICIIH.
Te3u Mozeny ca pasIdyHM 10 CIOKHOCT U pas3rojarar ¢ pa3inyHa Gpu3nuecka OCHOBA, U
ca MpUcrnocoOeH: KbM MHOT000pasueTo Ha MalabuTe Ha MPEHOC - OT 1o0aeH 10 Jo-
KaJIeH Manad B MHOTO pa3inyHK pa3paboTeHH 3a chcTaBa Ha atMocgepara B brirapust
(Gadzhev et al. 2013, 2014a, 2014b, 2015a,2015b, 2020, 2021a, 2021b), (Gadzhev G.
and K. Ganev., 2018, 2019a, 2019b), (Gadzhev G. and V. Ivanov 2020, 2021).

OO0eKT Ha U3CIEeIBAHETO € TEPUTOPUATA HA [IaTa CTPaHa, HO C aKIEHT BbPXY H3-
creBaHuATa B rpajacka cpena (rpaa Codust), KOUTO Ja OTpassiBar HeifHara crnenuduyuHa
KJIMMATOJNOTHsI U ekonorusi. OOpaboTkara u aHaIM3a Ha TCHEPUPAHUTE aHCAMOITH OT Me-
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TEOPOJIOTMYHHU T0JIeTa ¥ TaKWBa Ha KOHIeHTparuu Ha OITY ¢ pa3pemasaiia criocoOHOCT
ot | kM. 3a paiiona Ha rpax Codus ca H3BBPIICHH.

Ha 6a3a moiy4eHnTe KOHIGHTPAMH OT KOMITIOTBPHOTO MOJICIHpPAHE € M3YHCIe-
HU uHAEKC Ha 3ambpcsiBane (M3). Enun ot Hali-uecto usnonsBaaute N3 e bpuranckust
JTHCBEH MHJICKC 32 KauyecTBO Ha Bb3ayxa (Leeuw, F. de, Mol, W., 2005), n3nona3sad u B
bwarapus (Syrakov et al. 2012, 2013, 2014a, 2014b, 2015), (Gadzhev, G., 2018, 2020,
2021), (Georgieva, 1., 2014), (Georgieva et al. 2015), (Georgieva, 1. and Ivanov, V., 2017,
2018) and (Ivanov, V. and Georgieva, 1., 2017).

WuBenTapu3anuaTa Ha X0JTaHICKAaTa OPTaHU3ALNS 32 IPUIOKHU HAy9IHHU U3CIIeIBA-
uust (TNO) 3a 2010 1. (Denier van der Gon et al., 2010) ce u3mo3Ba 4aCTUYHO 3a TEPH-
Topusita Ha bearapus, karo 3a Codus rpajn ce n3nonssa HaronanHaTa HHBEHTapH3aIis
3a 2010 1., mpegocraBeHa oT brirapckara M3MBJIHATENHA areHIUs TI0 OKOJIHA cpena. B
nHBeHTapm3anusaTa Ha TNO, aHTPOIIOreHHUTE U3TOYHUITM ca pasnpezeneHy B 10 SNAP
kareropun (V30paHa HOMEHKJATypa 3a 3aMbpCSABAaHE Ha BB3AyXa), KIACH(PHIIMPANKH
TH CIIOpe]] MPOIIeCUTe, BOJCIUIM JI0 M3IyCKaHe HAa BPEJHU Marepuain B arMmocdepara
(EMEP/CORINAIR, 2002). MuBenrapuszanusta Ha TNO or 2010 r. uma pasgenurenHa
cnocodnoct 0,125°%0,0625° (okoo 7x8 km). Ha 6a3a Ha pa3meieHneTo Ha EMUCHUTE I10
KaTeTOPUH U3TOYHHUITN € OTPE/ICIICH MIPUHOCA HA BCSAKA OT KaTeTOPUUTE KbM KOHIICHTpa-
munte Ha OITY.

Monenstr CMAQ, uma onuust “Integrated Process Rate Analysis”, kosiTo 1aBa Bb3-
MOYKHOCT JIa C€ OIIEHH POJIATa U Ha BCEKU OT IWHAMHYHHUTE ¥ XUMHUYHH IIporiecute Gop-
MUpAIM aTMoc(PepHOTO 3aMbpcsaBaHe. 110 To3u HAYMH H3MEHEHHETO Ha KOHIIEHTPAIUATa
3a IaZieH MHTEPBaJI OT BPeMe MOXeE J1a Ce MPEACTaBs KaTo CyMa OT IIPHHOCA Ha pa3iInd-
HUTE TpOoIecH. BKIIOYBaHETO Ha OMIIUATA 32 U3CICABAHETO HA IPUHOCUTE HA OTJCITHUTE
MIPOIIECH, JaBa BB3MOXKHOCT Ja Ce OIMPEEIAT He CaMO MPUHOCHUTE Ha OTACTHHUTE MPOIECH
3a OTpeJIeNIeH 3aMbPCUTEN, HO CHIIIO TaKa U 3a FPyIa OT 3aMbPCUTENN KAKBATO € TpyraTa
Ha [IpaxoBute wactumm. Upes oOpaboTKara Ha KOMOIOTEPHO CHUMYJIMPAHUTE MOJETa Ha
MIPUHOCHUTE HA PA3IHMYHHUTE MPOLECH KbM I09aCOBOTO M3MEHEHHE HA MPU3EMHHUTE KOH-
nenTpannu Ha OITY morar ga ce 06orarsIT 3HaHHUSTA 33 CIIOKHOTO B3aMMOJCHCTBHE Ha
JUHAMAYHATE, XHMHYHH M aepO30JIHU Tporecy, ¢popmupaiiy 3ambpcsisanero ¢ OITY.
PasmexxnaneTo Ha B3aMMOJEHCTBHETO M MPUHOCA HA TE3W MPOIECH JaBa BB3MOKHOCT
3a o0sicHeHWe Ha olmara kapTuHa Ha 3ambpcsBaHe ¢ PITY kakTo 3a TepuTOopHUsATa Ha
bwirapus, Taka u 3a Codusi.

Pesyararu

[Ipaxta € eaMH OT OCHOBHUTE 3aMbPCUTENIN Ha Bb3/lyXa, KATO OCHOBHUTE M U3TOY-
HUIM ca IMPOMUILICHOCTTa, TPaHCIOpTa U eHepreTukara. EcTecTBeHO T MMa BpeIHO
BJIMSIHUE BbPXY HYOBEIIKOTO 3/]paBe, KOETO 3aBUCH ITIABHO OT pa3Mepa U XUMUYHUS ChCTaB
Ha npaxoBuTe yactuim. [lo-eqpure mpaxosu yactuiy (ot 2.5 um mo 10 pum - PM10) npu
MOMAJaHe B OpraHu3Ma upe3 AuXaTeslHaTa CUCTEMA, CEe 3abpiKaT B TOPHUTE TUXATEIHU
BT, a To-puHKTe (1ox 2.5 um - PM2.5) nocrurar 10 1mo-HUCKUTE OTAEIH Ha J1Xa-
TeJIHAaTa CUCTEMa M BOJST JI0 yBPEKAaHe Ha ThbKaHHUTe B Oenus 1po0. B Hacrosiara cra-
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THSI IPAXOBUTE YACTHIM € pazmep nox 2.5 um ca Hapedenu puuu (FPRM), a Te3u ¢ pas-
Mep oT 2.5 um 10 10 pm - expu npaxosu yactuiy (CPRM). C Hapenoda Ne 12 ot 15 ronu
2010 r. 32 HOpPMH 3a CepeH AMOKCHI, a30TCH TUOKCH, (MHU MPaxOBU YaCTHUIH, OJIOBO,
OeH3eH, BbIVIEPOICH OKCHUJI M 030H B arMocdepHus Bb3ayx B cuiia ot 30.07.2010 r., (OGH.
JIB. 6p. 58 ot 30 FOnu 2010 r., m3m. u gon. JIB. 6p. 48 ot 16 FOuu 2017 1., u3M. 1 J01I.
JIB. 6p. 79 ot 8 Okromepu 2019 1) ca mpueTH HOPMH 3a MPEACITHO JOIMYCTHMU KOH-
nentpanuu (ITIK) 3a ®ITY. Beeeaennrte [1JIK nemsit npeamnasBaHe OT TEXHUS BpeleH
e(eKT BbpXy 3/paBeTo Ha XopaTa u okosiHara cpena. FPRM - 20 pg/m3 CpenHo roaumnisa
Hopwma (CT'H); CPRM - 50 pg/m3 Cpenno /Inesna Hopma (CAH) u 40 pg/m3 CpenHo
rogumtHa Hopma (CT'H).

Kaumam na samvpcsasanemo ¢ @I14: OcHOBHATA 1EJ € J1a C€ U3SICHU MPOCTPaH-
CTBEHATa M BPeMEBa (JICHOHOIIIHA, CE30HHA) M3MEHYNBOCT Ha OCHOBHHUTE XapaKTEePHUC-
THKM HA I0JeTara Ha NMpu3eMHU KoHueHTpauuu Ha PIIY u aHanu3 Ha BPB3KUTE UM C
METEOPOJIOTHYHHUTE YCIOBHA. 3a TOBA € M3BBPIICH CTATUCTHYECKH aHAIHW3 Ha IOIY-
YeHUTE aHCaMOJHM OT ABYMEpPHHU IOJETa Ha W3YMCICHHWTE KOHIeHTpanuute Ha OITY
Qurypa 1. V3uncriena e mIbTHOCTTA Ha BEPOATHOCTTA 3a KOHIEHTparuute Ha OIIY,
MIPECMETHATH Ca CTATUCTUYECKUTE MOMEHTH (CPEHU U JUCTIEPCHH IO aHCAaMOBJT), MaK-
CUMYMH, TIEPCEHTHIIN C TAXHATa MPOCTPAHCTBEHA M BPEeMeBa (CE30HHA, ACHOHOIIHA)
n3MeH4unBocT durypa 2.

a) Cotun B) Barapin

0

ToHmHi

L;‘. Lf'- ’

®ur. 1. [[ByMepHH I10J€Ta HA U3YUCICHUTE KOHLIEHTPALUUTE (TOIUIIHO U CE30HHO OCPEAHEHH) Ha
OITY durypa 1A) FPRM/CPRM Codust u @urypa 15) FPRM /CPRM Bwnrapus 3a envs u3bpan
yac 07:00 UTC.

Ot durypute n00pe ce OTKposiBaT pailoHUTE C BHCOKHM KOHIeHTparmu Ha DITY,
KakTo 3a paiiona Ha Codust Taka u 3a bbarapus. Bikna ce, 4e u mpu aBara ciiydas ce
npesumasat [1JIK, kaTo mpuyMHNATE 3a TE€3U BUCOKH KOHIIEHTPAIUU ca PA3IUYHU U 3aBU-
CAT OT (PaKTOPH KaTo MOAJIOKHA TTOBEPXHOCT, METEOPOJIOTUYHH YCIIOBHSI, aBTOMOOHJICH
Tpaduk U ce30HHA 00ycioBeHocT. Ot noserara 3a bbiarapus ce BuxkIa, 4e KaTo OTAEI-
HO OTKPOSIBAIL[0 C€ MACTO C BUCOKHM KOHLIEHTpAlMU € NIaBHO paiiona Ha rpan Codus.
Jpyr paiion e TEL] Mapuna V310K, KakTo U 10-ToJIeMHUTE TPaJoBe B CTpaHaTa, 0COOCHO
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npe3 3uMHUTE Mecenu. 3a Codus noerara Ha KOHIEHTPALMKUTE Ha MPAXOBUTE YaCTUIIN
(FPRM/CPRM), kakTo Ha ()MHMATE TaKa U Ha CAPUTE Ca BUCOKU B LICHTpaIHUTE YaCTH U
FOxuuTe KBapTamu. Kato oTaenHo MsICTO ¢ BUCOKA KOHIICHTPALIKS CE€ OTKPOsIBA U paiioHa
Ha KoctrHOpO B 3amagauTe mokpaiHnHu. Ha Mecra B crioMeHaTnTe pailOHH Ha BUCOKH
KoHIIeHTparuu ce gocturar onpenenenute [1JIK 3a FPRM, nokaro CPRM mnpeBumasat
T11IK B IlenTbpa Ha rpama u paiiona Ha KoctuaOpos.

KommiorspHO cumynupanus ancamOba e 7 rogumier (ot 2008 mo 2014) u e moc-
TaThYHO TOJSIM W M3YEpIIaTelieH 3a Ja IMO3BOJISIBA Pa3HOOOPa3HHU CTAaTUCTHYECKU 00pa-
6otku. [IpencraBeHnTe OCPEIHEHN KOHIIGHTPAIIMU HE W34epIiBaT HH(OpMaIHsTa, KOSITO
MOXe Ja Ob/ie M3BJIE€UeHa OT aHCAaMObJIa, 3aTOBA Ca M3UUCIICHH PA3INYHN CTAaTHCTUIECKH
XapaKTepUCTUKH, 3a 1su1ara odnact Codwust. [To To3n HaYKH ca onpe/iesieHn KopeaaluoH-
HHU BPB3KH U € HAIIPABEH KaY€CTBEH aHAJIN3 HA 3aBHCHMOCTTA HA XapaKTEPHCTUKUTE Ha
3ambpesaBaneTo ¢ OITY ot mereoponormynuTe mojiera U nmapamerpu. Ha @urypa 2 ca
npescTaBeH: rpaduKy MoKas3Balid OCHOBHU aHCAaMOJIOBH XapaKTEPUCTUKHU Ha 3aMbpCsi-
BAaHETO, & MMEHHO CE30HHU M IOAUIIHK XapakrepucTuku 32 FPRM/CPRM, ocpentenu
3a oomact Codus rpan. Ha Bcuuku rpaduku ca M300pa3eHu CPSIHUTE KOHIICHTPALIUH,
MaKCHMAaJIHH 110 aHCaMObJI KOHLIEHTPAIMK U KpUBHUTE 0003HaueHu ¢ 10%, 25%, 75% u
90%. Te3u KpWBHU MPECTABIABAT UMarWHEPHU KOHIICHTPAIWHU, 32 KOUTO CHOTBETHO B
10%, 25%, 75%, 90% ot cirydauTe ca OWIIM CUMYIHPAaHU TO-HUCKH KOHIeHTpauuu. [Ipu
TaKa IPeCTaBeHUTE KPUBH B MHTEpBaJIa MEKIY 25% - 75% monanat 50% ot ciydaunTe, a
B uHTepBaia 10% - 90% nmonanat 80% ot ciydaunte. M1300pa3zeHuTe 10 TO3M HAYUH KPUBH
JIaBaT JI0CTAaTh4HO JJ00pa MpecTaBa 3a CTATUCTHYECKUTE XapaKTePUCTHKH Ha aHcaMOblia
— JMCTIepCHsi, aCUMETPHsI, eKciiec, 0e3 1a Obaar Mmoka3aHu sSIBHO.

FPRM CPRM
Tponernu Jlernn TIposersn Jlernn
1000 1000 1000 1000

Ecennn Sumtn Ecennu

Tomuuam Jlerensia Tonumnsn Jlerennia

1000 —e—Mean —e— Max 1000 WW —e— Mean —e— Max
Laaane s NUNIPIPY L)
w— 100
W ——25% —a—75% —a—25% —a—75%
10
| Rt iy
01 —m—10% —=— 0% 1 Sl h —m—10% —m—90%
001 01

®ur. 2. CTaTUCTHYECKH XapaKTEPUCTHKHA Ha OCPEIHEHH INpU3eMHH KOHIEeHTparuu Ha FPRM/
CPRM [pg/m?] 3a Codusi.
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I'padmkuTe ca mpencTaBeHH B JJOTapUTMHUYHA CKana. Biknaa ce, 4e cpeqHuTe KOH-
LEHTPAIHTE ca C J0Ope N3pa3eH! ICHOHOIICH U CE30HEH X0 U Ca ACUMETPUYHO PA3IIo-
JIOKEHU B PA3TUIHUTE OTPSI3BIH OT OPOs CIydan Mpe3 IEHOHOIUETO U MTPe3 Pa3InIHNUTE
cezonn. CpeqHuTe KOHIIGHTPALMH MOMaaaT B HHTEpBaja chabpxkam 80% ciaydan mpes
TOITUTE MECEIH W HaJ HEro Ipe3 €CeHTa U Ipe3 3MMaTa ChBIAJAT WM Ca MO-TOJIEMHU
oT 90% xpuBara. AGCONIOTHUTE MAKCUMAIIHU M CPEAHN KOHIICHTPALUU Ca Hail-BUCOKH
Ipe3 eceHTa U 3uMara (ycroiiunBara crparudukanms). B cyTpemnuTe vacope uma 100pe
n3pa3eH MaKCUMyM M MHHHMYM OKoJIO 00si1. BeposTHa mpudnHa 3a TO3H MaKCHMyM Ca
crabuiHaTa arMocdepa U MHTEH3MBHUSI aBTOMOOWIIEH TPAHCIIOPT CyTpHH. M3TOuHUIIM
Ha eJIpy NMPaxOBU YACTHUIIM Ca EHEPreTUKaTa 1 JIOKAITHOTO OTOIUICHHE, KOUTO ca Hail-uH-
TEH3UBHU IIPEe3 MO-CTyACHNTE Mecenr. PakThT, Y€ B MHOTO CITy4au JHHUATA HA CPEIHNUTE
KOHIICHTpAIINH TToTa 1a 1opu Haj muHusATa 90% nokasa, ge B octananure 10% ot ciryya-
UTE KOHIICHTPAINUTE Ca U3KIIOUUTETHO BUCOKH. CpeaHNUTE U aOCOMOTHITE MAaKCUMAITHH
kxoHnenTpanuu Ha FPRM u CPRM ca Hali-BUCOKM TIpe3 €CeHTa U 3uMaTa Imopajiu yCTon-
gyuBara armocdepa u cinabo u3paseHus TypOyJIeHTEH TPAHCIIOPT BbB BUCOYHHA.

Hszuucnseane na U3. Hzsacuaeane na ponsma na zamvpcesearemo ¢ @I 3a op-
mupane na M3. Ouepmasane na pecuonu/enuzoou npu xoumo PIIY ca onpedensuu
3a U3: KauecTBOTO Ha BB3/AyXa ce Oompenens, Karo ce KoHcTpyupa MHaeke 3a kadecT-
BoTo Ha Bb3ayxa (MKB), wnu ome HapeueH wHAEKC Ha 3ambpcsBane (M3), mokasma
JI0 KaKBa CTETICH € YMCTa WM 3aMbpPCEHa cpenaTa, KOsATO IUIIaMe M KaKBH Onxa OWiu
MTOCJIEUITNTE 3a 3/IpaBeTo Ha XopaTa. M3 e chCcTaBeH U ce M3MEPBa, 3a J1a C€ OIPEIeH
CBCTOSHHUETO M Ka4eCTBOTO HA BB3AYXa, CIPSIMO IIUPOKUSA KPBI OT 3aMBPCUTENH, OT
KOWTO € cheTaBeH. OcHOBHA (yHKIMs Ha M3 e OMOBECTSIBAHETO HA PEATHOTO ChCTOSI-
HHUE Ha Bb3ayXa U 0000IIaBaHeTO My B eaHa nudpa (Hanpumep, u3pa3eHa KaTo IBETHA
MUKTOTpaMa MJIM KaTo KOA), KaTo Ce JaBa BH3MOXKHOCT J1a CE OIHUIIE IO eIUH MPOCT U
pasbupaem 3a xopara HaunH. M3 Ha armocdepHHs Bb3AyX JlaBa MHTErpajiHa OLEHKA
Ha BIUSHUETO HA IIS1aTa CHBKYIMHOCT OT 3aMBPCHUTEIH BbPXY YOBEUIKOTO 3/paBe U ce
M34YUCIIABa Ha 0a3ara Ha KOHIICHTPAIMATA HA PA3IMYHUTE 3aMBPCUTENIN MOJIy4YeHa OT
M3MepBaHe WIN YUCIeHO Mozenupane. [IperoctaBsHero Ha nH(pOpPMAIUS 32 PeaTHOTO
Ka4eCTBO Ha BB3AyXa C€ OCBINECTBABA, Upe3 Mpeodpa3yBaHE HAa KOHIIEHTPAIHMITA HA
3aMBPCUTEIUTE B UHACKC, KOWTO C€ ONpeneis 3a BCEKH 3aMBbPCUTEI TOOTACIHO H IO
paznuyen HaunH. Crell npeoOpa3yBaHETO Ha KOHIEHTpALMATA B MHJEKC, ce 00pasyBa
Ge3pa3mepHa cKaja, B KOATO ITOTa/1a MHACKCHT U € CBbP3aHa C HHTYUTHBEH LIBETEH KOJ
(Hamp. OT 3€JIeHO /10 YePBEHO) U JIMHTBUCTHYHO OMKCaHue (HampuMep OT MHOTO 100po
JIo MHOTO J01110). M3 ce ompenens B HAKOJIKO MHTEpBaIa 3a BCEKH, OT KOWTO € TuHEelHa
(GyHKIMS Ha KOHIEHTpanusaTa Ha cborBeTHHUTE pumecH (EPA, 2009). U3 B bearapus
ce 6asupa Ha KoHueHTpanuute Ha 5 3ambpeutens: O3om (O,), Asoren nuokcun (NO,),
Cepen guokcnn (SO,) u Ilpaxon wactunn (PM10). Ilo To3n Ha4umH € ompenesieH u
M3YHUCIICH W WHACKCA HAa 3aMbBPCSABaHE, KATO PE3YyNTATUTE ca MpeACTaBeHH Ha Durypu
3 u 4. IIpocTpaHCTBEHOTO M BpEMEBO MoBeAeHNe Ha M3 e omnpeiesieH KaTo BCHUKH CH-
MYyJaIfH ca MPEeICTaBeH! KaTo CyMa Ha BCEKH MHAEKC BBB BCAKA €HA OT KAaTETOPUHUTE
- Hucko, Cpenno, Bucoko u Muoro Bucoko. B kareropusita Hucko Bb3ayxa € Haif 9uCT,
KOETO O3Ha4yaBa, Y€ BUCOKH CTOMHOCTH MpPH IOJIETaTa C MOBTApSIEMOCTTa Ha THUTE C
nanen M3, moka3BaT moBede Cilydau C YHCT BB3AYX, & HICKUTE CTOWHOCTH O3HadaBaT
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HU. T'eopeuesa u op.: 3amvpcagane na ammocghepnus 6v30yx ¢ punu npaxogu yacmuyu (PI1Y)...

110-MAaJIKO CIIy4aH C YUCT Bb3AYX, PECIIEKTUBHO — IOBEYE CIIyua ChC 3aMbPCEH BB3/YX.
IIpu octananute kareropun Cpeano, Bucoko m Muoro Brcoko, BHUCOKHTE CTOWHOCTH
MI0Ka3BaT MOBEYE CIIydau ChC 3aMBPCEH BB3AYX, & HUCKUTE — [IOBEYE CIydau C YUCT
BB3IyX.

Brarapis Hueko Cpemo

®@ur. 3. [ToprapsiemocT Ha 13 B 4-Te kareropuu — roUIIHO ocpenHeHH 3a brirapus u Codust.

Hitcko Buarapis Cpemmo Hitexo Codust Cpemo
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®ur. 4. [omunIHo ocpeHEHN THEBHN Bapuanuy [%] Ha JOMHHAHTHHUTE 3aMbPCHTEITH.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

®durypa 3 monerara Ha moBTopsieMoctTa Ha M3 3a aBeTe obmacth, MHOTO J00pe
OMHCBA TEPUTOPUUTE U PAWOHHUTE CHC 3aHIKCHO KaueCTBO HA BB3AyXa. 3a bwarapus Te
ca IMpeINMHO TOJIEMHTE TPAJ0BE U AIMHHUCTPATHBHU IIEHTPOBE B CTpaHaTa, KaKTo U pa-
tionnte Ha TELl-Te (boboB mon u Mapuma M3tok); 3a Codust ce OTKpOosSBaT MPEAUMMHO
LEHTPAJIHUTE YacTH Ha rpaja, paifona Ha KocTuHOpO/, 1o-ronemMure MbTHA apTepun Ha
Cronunara u TEIl-te M3tok u Codust. Ha durypa 4 ca npencraBenn rpaduku noka3pa-
IIM THEBHUTE BapUAIlH HAa BCEKU €AMH OT 3aMBPCUTEIUTE YIACTBAIIN B U3TPAXKIAHETO
Ha M3 BBB Besika e/iHa OT Kareropuute. Binkna ce sicHo, ue u mpu aBete odnacti Codus
u Bbarapusi, oTKposiBala JOMUHAHTHA PoJisi UMar (UHUTE NMPAXOBU yacTUIM. B kare-
ropunte Brucoko m MHOTO BHCOKO, C€ OTKpPOSIBAT KaTo BTOPU JOMHUHAHTEH 3aMBPCHUTE,
CJIeJ] CepHHUS TUOKCHJ, KaTo € PEeIHO Jla ce OTOENeXH, Ue Mpe3 Pa3IuIHuTe CE30HH U B
3aBHCHUMOCT OT MeTeopoyornunute ycaosus, @IIY ca qomMuHaHTEH 3aMBbpCUTeEN, 0cobe-
HO CYTPHH U cJie1o0erl, U OTPeaesIsAT KadeCTBOTO Ha Bb3yXa.

Ocobeno nebnazonpusimuo npuszemno 3amvpcesasare ¢ PITY9 u epvsxama my ¢ me-
meoponocuynume ycnogus: VI3scHsBaHe Ha pojisTa Ha KpyINHOMAI[AOHHUTE W JIOKAJIHU
METEOPOJIOTHYHH YCIIOBHS M IPOLIECH 3a popMHUpaHe Ha 0COOCHO HEOIAronpHsITHO (EKC-
TpeMHO) Tpu3eMHO 3aMmbpcsiBane ¢ @ITY. Hampasen e aHanu3 Ha mojieTara Ha IPU3EMHO
3ambpcesiBane ¢ @ITY u ca pasmieaanu ciaydyau Ha Hai-HEOIaronpusaTHO (EKCTPEMHO) 3a-
MBpCSABaHE — OTKPOSIBAHE HA ,,LOPEIIH TOUKHU ‘. AHATTU3UPAHH ca MoJIeTaTa Ha 3aMbpCsABa-
He ¢ ®ITY nax aBete obnactu bearapust u Codust rpan, u ca OonpeneIeHr OTKPOSBAIINUTE
ce ,,FOPelIN TOYKHA ™ ¥ 33 Te3HM TOYKH Ca MPEJCTABEHH I0JIeTa Ha KOHIEHTPAIUX U Tpa-
(HKH ChC CTATHCTHUECKH XapaKTEPUCTHKU. 32 TEPUTOPUSTA HAa CTPAaHATa Ca ONPEICICHU
,;ropermute Toukn'* @urypa 5, HO mpeacTaBeHUTe rpaduky ca ot paifona Ha rpag Codus,
MOHEeXXe TOBa € obsactra ¢ Haii-uHa XOPU30HTAJIHA pa3pellaBalia CIoCOOHOCT, a Mo
TeputopusaTa Ha bearapus Te me 6paat camo n3dpoern: ExHa OT Te3n ,,roperin TOYKu B
crpanara ¢ umeHHo rpag Codusi! Kakto ce BikIa 1 OT rmojieTara Ha KOHIIGHTPALMUTE Ha
nBete (hpakuy Ha npaxoBute yacTuiu, [1JIK ce npeBuIaBat, OTKPOsSBAIIUTE CE PAailOHU
ca TpeJIMMHO TojieMuTe Tpajose (Haii-mHoro Hag Codwus), oTkposiBat ce cbio TEIl-Te
Mapura Ustok u Bobos moi.

FPRM_ _ - PR

@ur. 5. ,,Jopery TOYKU* 110 TepUTOpUSITA Ha bbiirapus ¥ roAUIIHO OCPEIHEH!
xoHneHTpaun Ha FPRM/CPRM 3a teputopusiTa ¢ pa3pemasaiia CriocOOHOCT
oT 9 KM.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (OI1Y)...

IIpencraBenuTe mojera Ha KoHueHTparute Ha FPRM/CPRM ocpennenu 3a paiioHa
Ha Codust (Durypa 6) nmokaspart, ue ,,;OPELIUTE TOUKU OT 00JIACTTA C BUCOKU CTOHHOCTH
Ha KOHIeHTpanuuTe ca LleHTpamnure yactu Ha rpaga (tam ce Hamupa TEL] Codwus),
TEII U3tok B kB. Jlpy:k0a u ro)kHaTa Ibra Ha OKOJNOBPHCTHUSA MBT. [IpencraBurennure
Touku 3a noabpanute paiionu ca TELL ,,Codus“ u TEL] ,,U3rok™ (xB. [pyxba — roro-
M3TOYHA 4acT). Te3n paifoHu ce OTKpOSBAT U HAa CUMYyJAIHTE Mpu onpexaessae 13 cbe
3aHI)KEHO Ka4eCTBOTO Ha Bb3lyxa. Beuuku rpaduku ca MpecTaBeHy B JIOTapUTMUYHA
ckana. I'padukure mokassar, 4e CpPeAHUTE KOHIEHTPALMUTE ca C J00pe M3paseHu Je-
HOHOIIIEH W CE30HEH XOJ M Ca aCHMETPHYHO PA3IMOJIOKEHU B PA3TMYHHUTE OTPA3BIN OT
Opos ciaydau rmpe3 AEHOHOIINETO U Ipe3 pa3IuyHuTe ce30HU. CpeTHNTe KOHIEHTPAIHH
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®ur. 6. CTaTUCTUYECKH XapaKTePUCTUKH HA TOAMIIHO U CE30HHO OCPEIHEHH MPU3EMHH KOHIICH-
tpaunn Ha FPRM/CPRM [pg/m?] 3a us6panu ropeumm touku: TEL] Codust u TELL M3ToK.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

MoTazaT B WHTepBana chappkan 80% ciydan mpe3 TOIUIMTE MECENH M HaJ Hero mpes
CTyICHHUTE, KaTo mpe3 3uMara c¢bBragar ¢ 90% kpusara. AGCOTIOTHUTE MAaKCUMAJIHH U
CpeIHH KOHLEHTPALMHU ca Hali-BUCOKHM IIPe3 €CeHTa U 3UMara, KaTo BEepOsTHA NPHYHMHA
3a TOBa € 4eCTO ycToiuuBaTa cTparuduKanus Ha atMocdepara. B cyrpemnure gacose
numa 100pe u3pazeH MakCUMyM M MUHHUMYM OKoJIo 00si1 (cTtabuiHara armocdepa U uH-
TEH3UBHHUS aBTOMOOWJICH TPAHCIOPT CyTpHH). MiMa no0pe u3paseH MUHUMYM IIpe3 AEH
U MakCHMyM Beuep. VI3TOYHMIN HaA eIpu NPAaxOBU YaCTHLH Ca NPEJUMHO CHepPreTHKATa
1 JIOKaJIHOTO OTOILUICHUE, KOUTO Ca Hali-MHTEH3UBHH IIPe3 M10-CTYACHUTE MECELH, KOraTo
HOpaJu CTPATU(HKALMATA € BB3NIPEISTCTBAH TypOYIEHTHHS TPAHCIOPT Ha 3aMbPCUTEIIH
BbB BHCOYHHA U T€ C€ 3aIbPiKaT B IPU3EMHHS CIIOM.

Uscnedsane na npouszxooa na samwvpcseane ¢ PIIY ¢ epao Cogus: Upes obdpa-
00TKaTa Ha KOMIIOTHPHO CUMYJHMPAHUTE MOJIeTa HA MPU3EMHHU KOHIeHTpalmu Ha OITY
3a Pa3IMYHM eMUCHOHHHU CLCHAPUM CE OLCHU NPUHOCA HAa PA3IMYHHUTE KaTerOpUH U3-
TOYHMIM Ha aTMOC(EpHO 3aMbpCABaHE KbM IJIOCTHATA KapTHHA Ha 3aMBPCABAHETO Ha
rpax Codust ¢ ®ITY. Emucunte B n3non3Banara naBeHtapusamnus ot 2010 roguHa ca 3a

a)

FPRM

80 [N
70
6o f

FPRM CPRM

o
13 5 7 9 1113 15 17 19 21 23 25 13 5 7 9 11 13 15 17 19 21 23 25

Tonumun

——SNALL
1

o
13 5 7 9 11 13 15 17 19 21 23 25 13 5 7 9 1113 15 17 19 21 23 25

®@ur. 7. a) CpeqHO TOAWIIHU TpU3eMHU TpuHOCH Ha Kareropmute SNAP1, SNAP2, SNAP3,
SNAP7, SNAPALL [%] xbM m3MeHeHHETO Ha TMpu3eMHHTE KoHneHTpanuun Ha FPRM/CPRM n
6) OcpenHenu 1o aHcaMObJI TOANIIHU U CE30HHHU MIPUHOCH HA OTJEIHUTE U3TOYHUIIN, BOJCIIHN JI0
n3menenuero Ha FPRM u CPRM 3a Codwust.
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U. Teopeuesa u Op.: 3amvpcasane na ammocpephus 6630yx ¢ unu npaxosu yacmuyu (OI1Y)...

10 xareropun n3rounuiy (SNAP) 1 ToBa 103BOJIsIBa /1a C€ OIEHH MPUHOCA Ha Pa3iInd-
HUTE aHTPOIOTEHHU JIEHHOCTH KBbM oOIara kapTtuHa Ha 3ambpcsBane ¢ OIIY. B mo-
MEHTa ca HaJIMIHU aHCAMOJIOBH CUMYJIAIMH 32 CIIETHUTE eMUCHOHHHM crieHapun: SNAP1
- Enepreruka; SNAP2 - Heunnyctpuanau m3rapsausi; SNAP3 - Manycrpuanau usra-
psiaust; SNAP7 - ApromoomiieH TpancriopT 1 SNAPALL - BKIIFOYEHH €eMHUCHUN OT BCUYIKH
KaTeropuy u3TouHWIM. HampaBen e aHayim3 3a obmactra Codus rpaj ¢ paspermiaBaiia
crocoOHOCT oT 1 kM U nHBeHTapu3aius Ha emucunte oT 2010 roguna. M3uucien e ot-
HOCHUTEJIHUS IIPUHOC HA BCUYKU KaTErOpHU U3TOYHUIM KbM (pOpMHUpaHe Ha IPU3EMHOTO
3ambpcsiBane ¢ OITY. TIpeacraBenn ca ancamOIM OT ABYMEPHH, 3aBUCEIIN OT BPEMETO
M0JIeTa Ha OTHOCHUTETHNATE IPUHOCUTE Ha pasmiexkaannte SNAP kareropun KbM Mpu3eM-
uute KoHueHrpanuu Ha FPRM/CPRM, 3a Codus ®urypa 7.

Ot monerara 3a cpeaHusl TonuIIHUS npuHoc Ha emucuute oT SNAP1, SNAP2 u
SNAP3 3a o6pasyBane Ha FPRM ce Bmwk/1a, 4e IPUHOCHT NPe3 LSIOTO JICHOHOIUE Ha-
BCAKBJAEC € MonoxuTeneH. CpemqHusIT npuHoc 3a rpaga € okoio 30%. Camo Ha BHCOKH-
Te yacTu Ha mianuauTe Butoma u Crapa [lnannHa TOi € MUHUMAJICH U TTOYTH HYJIEB.
[IprHOCHT € Hall-BUCOK HaJl LIGHTPAJIHUTE YaCTU HA TPajia, FO)KHUTE KBApTalIu U palioHa
Ha KoctuaOpon oxomo 40%. Ilonerara 3a cpemHus TOOUIIEH MPHUHOC HA €MHUCHUTE OT
AromoOuHUS TpancopT SNAP7 Bozen 10 n3MeHeHne Ha KoHIleHTpanusaTta Ha FPRM
MIOKA3BaT, 4 MPUHOCHT MPe3 IIATI0TO ICHOHOIINE HABCAKBAEC € TONIOKUTeIeH. Kato B cyT-
PEIIHUTE U CIeA00ETHUTE YaCOBE CPETHIIT IPUHOC € MaKCHMaJIeH 3a Tpaja - okoio 50%,
KOTaTo M TPAHCIOpTa € Hal-MHTEH3UBEH U IIPTHUTE TpaceTa ca Hai-HaToBapeHU. OKOIIo
00511 1 TIpe3 BeuepTa, MPHUHOCA € TI0 HUCHK B CPAaBHEHHE C APYTHTE YaCOBE, HO BBIIPEKH
TOBa ocTaBa 0koJ0 30% B IEHTpaJTHUTE YacTH U HadasmoTo Ha AM Tpaxwust KakTo ¥ OCHOB-
HUTE IbTHHU TpaceTa B Croimuara. OT monerara 3a CpeIHIs TOIUIIEH TPHHOC HA eMUCH-
WTe OT BCUUKH KaTeropuu n3tounuim SNAPALL Bozent 10 n3MeHeHNEe Ha MPU3EMHUTE
koHUeHTpanuu Ha FPRM, ce Bux/a, ye puHOCHT Mpe3 LSIOTO IEHOHOIIME HABCAKD/IC €
MTOJIOKUTEIICH U MakcuMalieH. Jloctura ctoitHoCTH Halx 60% 3a 1siata 001acT OCBEH HaJL
IJIAHWHATE, KBJIETO TOH € HyleB. [[pHHOCHT € MaKCUMAaJIeH CYyTPHH U ¢e100e] ChC CTOM-
HocTH OKOJI0 70%, B IIEHTPATHUTE YaCTH U IOKHUTE KBapTaJld, KaTo C TOJISIM IIPUHOC CE€
OTKpOsiBa U paiioHa Ha paiioHa Ha KoctunOpoa. OT monerara 3a cpeHus TOAUIIEH TIPU-
HOC Ha EMUCHHUTE OT OT/ICTHUTE KaTerOPUH BOACIIH 10 N3MEHEHHE Ha KOHIICHTPaLUATa Ha
CPRM ce Bmxa, 4e MPUHOCHT HA BCHUKHU € MTOJIOKUTENICH, U HAH-TOJIEMH C€ OTKPOsBaT
ot SNAP3 u SNAP7. Han ninanuaute Buroma u Crapa [nannnaa npruHoca € MUHUMAIEH
u mouTH HyieB. OTKposiBaT ce LleHTpanHuTe 9acTH Ha Tpajia, FOKHUTE KBAPTAIU U paio-
Ha Ha KoctuaOpOox ¢ mpuroc okoio 60-70%, a cpenHus mpUHOC 3a OCTaHAIaTa 4acT Ha
rpaga e oxono 40%. Bcuuky KaTeropuy MMaT MOJIOKUATENCH IPUHOC KM U3MEHEHUETO
Ha KoHIeHTpanuuTe Ha FPRM/CPRM, HO Haii-rojieMu ca MPUHOCUTE OT aBTOMOOMIHHS
tpancnopT 3a FPRM u Unaycrpuannute nzrapsaus 3a CPRM. CewImio Taka npuHOCHTE
“MaT MHOTO 0Ope n3pa3eH ACHOHOIIEH U CE30HEH X0/, KOWTO MOXeE J1a Ce MIPOCIIEIH 1 Ha
rpadukute 32 CTaTUCTHUECKHs aHAJIM3 HA TIOJyYeHUTE aHCaMOJIM OT JBYMEPHH MoJeTa
®durypa 76. Ot ¢purypute 3a OCpeHECHUTE TIO0 aHCAaMObJIa TOIUIITHA U CE30HHU TPUHOCH
Ha OTAEITHUTE M3TOYHHIIM, BOICIIN 10 N3MEHEHNETO HA MPU3EMHUTE KOHILEHTPAINH Ha
FPRM u CPRM ce BWx/1a, 4e mpe3 OTASITHATE CE30HU MPUHOCHT HA PA3IMYHUTE THITOBE
M3TOYHHUIN € PA3INUeH, HO C MMOYTH €THAKHB JCHOHOIICH XOA. JJoMUHMpamusaT IpuHoC
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

3a FPRM e 1031 Ha m3tounmnute oT Bcuuku cHamoBe (SNALL) oxomo 40%, ciensan
0T To3u Ha aBTOMOOWIHHS TparcrmopT (SN7) - oxomo 30%. IIpuHOCHT Ha OcTaHATUTE
n3TOYHUIM € okoio 10% mpe3 BcHYKHM ce30HU. J[€HOHOIHOTO pasmpeiesieHHe MoKa3-
Ba, Ye MaKCHMAaJeH IPUHOC UMAT CHAIIOBETE B CYTPEIIHUTE U CIeT00SIHUTE 9acoBe, a
MUHUMAaJEeH OKoJo 0051 u mpe3 Homra. 3a CPRM HaBCsKbAe TOMUHUPAIIUAT PUHOC
€ Ha M3TOYHMIIUTE OT BCHUKH CHAToBe 0Koyio 50%. BTopuar mo rojemMuHa mpuHOC € Ha
ABTOMOOMITHHSI TPAHCIIOPT, KaTO B CYTPELIHUTE YacoBe, TOH ce M3paBHsBA C [IPUHOCA HA
eMHCHHUTE OT IMpOoMHUIIIEHOCTTa. Hali-rojieMn CTOMHOCTHM HAa MPUHOCHUTE Ca B CyTpelll-
HUTE YacOBE IIPe3 BCUUKHU CE30HMU, KAKTO U B ciiefiobeHuTe yacoBe. Haii-manbk npuHoc
nMmar u3TouHumTe Ha Hemanycrpuanaure m3rapstaus oxkoio 10%. 3a teputopusara Ha
rpax Codusi OTHOCHTEIHUTE NPUHOCH MMaT J00pe M3pa3eH JICHOHOIIEH M CE30H XO/I.
Ce30HHUAT X0 MOXKe Ja ObJe pa3nuyeH 3a Pa3INuHUTE 3aMBPCUTEIH U /1a CE€ MEHH B
3aBUCUMOCT OT M3TOYHHMKA. Mo)ke Ja ce HarpaBu 000O0IIEeH U3BOI, Y€ 3a 00pa3yBaHETO
Ha ®ITY momuuupar Asromobmaaus Tpancnopt (SNAP7) u UaaycrpuanHuTe usrapsi-
aus (SNAP3). [IpurochT Ha emucunTe oT Bcuuku kKateropuu (SNAPALL) 3a msutata
obnact Cocust rpan, e no-mManrbk or 100%, koeTo 03Ha4aBa, ue 4yacT OT KOHIIGHTPAIUUTe
ce (opMupaT ¥ OT U3TOUYHHUIIN, KOUTO Ca BHHIITHH 32 001aCTTa B pE3yiITaT Ha MPEHOC Ipe3
TPaHUIINTE .

Hscneosane npunoca na omoenuume OUHAMUYHU, XUMUYHU U AEPO30THU NPOYecu
KuM hopmupane na 3amvpcsisanemo ¢ PI1Y. ArmochepHoTo 3ambpesiBane ce Gopmupa
B pe3ynTaT Ha B3aUMOJEHCTBHETO HA PA3IMYHM TUHAMUYHU W XUMHWYHH Tporecu. Upes
00paboTkaTa Ha KOMIIOTBPHO CUMYJIHPAHHUTE IOJIETa HAa IPUHOCHUTE Ha PA3IMIHUTE MPO-
Iecu KbM TI0YaCOBOTO M3MEHEHHE Ha Mpu3eMHuTe KoHneHTpanuu Ha OITY ce oborarst
3HAHUATA 32 CJIIOKHOTO B3aWMOJCHCTBUE Ha TMHAMUYHHUTE, XUMUYHU U aepO30JIHHU MPO-
necu, popmupaiiu 3ambpesBanero ¢ OITY.

PasrexganeTo Ha B3aMMOJEHCTBUETO U IPUHOCA HA TE3W MPOIECH JaBa Bh3MOXK-
HOCT 3a o0sicHeHHe Ha ofmiara kapTuHa Ha 3ambpcsiBane ¢ @ITY kakto 3a TepuTopusTa
Ha bearapus, Taka u 3a Codust. Pasnuunure nporecu, KOUTO BIUSST BbpXY (hopMUpaHe
KapTHHATa Ha 3aMBPCIBAHE Ca: XOPU3OHTAIHA U BEPTUKAIHA AU(Yy3Usi, XOPU30HTAIHA U
BEPTUKAIHA aBEKINs, eMHUCHH, CyX0 OTJIaraHe, XUMHUECKH TpaHc(hOopMaIiy, aepo3oi-
HU [IPOIIECH, XETEPOreHHA XUMHSI U 00JIauHH MTPOLIECH, 3ala3BaHe/ChXpaHeHNEe Ha MaCH-
Te. B Ta3m wact ca mpencTaBeHH pe3ynTaTH OT KOMIIOThPHUTE CHMYJIAINH, OLEHIBAIIN
MPUHOCA Ha Pa3IMYHUTE TUHAMUYHH IPOLECH Ha IpeHoc U TpaHchopmarms Ha DOITY,
KOUTO (hOopMHpar KJMMara Ha 3aMbpPCSIBAHETO Ha Bb3yXa 3a JBere o0iacTu. M3BbpiieH
€ CTaTHCTUYECKY aHaJIM3 Ha aHCAaMOINTe OT IBYMEPHH IOJIeTa Ha OTHOCUTENIHHU TPUHOCH
Ha Pa3IMYHUTE MPOIECH KbM (hopmupane KoHieHTpanuute Ha OIIYU. Mogeast CMAQ,
KOWTO € M3MONI3BaH Mpu cuMmynanuute uMa omuus “Integrated Process Rate Analysis”,
KOATO JIaBa BB3MOKHOCT JIa C€ OIICHU POJIATA Ha BCEKH OT MPOIECUTE CIIOMEHATH I10-TO-
pe, ipu popmupane Ha arMocdepHOTO 3ambpcsiBane. [0 TO3u HAYMH U3MEHEHUETO Ha
KOHIICHTpAIHATA 32 a/IeH HHTEPBAJI OT BPEMe MOXKE Ja Ce MPEICTaBH KaTo CyMa OT IpH-
HOCAa Ha pa3lIUYHHTE MPOLEeCH. BKIIIOUBaHETO Ha OMITHSTA 32 H3CIEIBAHETO HA IIPHHOCH-
T€ Ha OTACIHHUTE MTPOIIECH, JaBa BB3MOKHOCT J]a CE OTIPEEIIAT HE CaMO ITPUHOCHUTE Ha OT-
JICITHUTE TPOIIECH 32 OTPEIEICH 3aMbPCHUTEI, HO CHINO TaKa U 3a IPyIa OT 3aMBbPCUTEIIH:
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EMISS

®@ur. 8. OcpefHEHN TOIUIITHU IByMEPHH T10JI€Ta Ha IPHU3EMHUTE IPUHOCH HA OTJEIHUTE Mpolie-
CHUTe KbM H3MeHeHHeTo Ha KoHneHrparunte Ha FPRM/CPRM 3a tepuropuure Ha A) Codust u
B) Benrapus.
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Enna TakaBa cnenn¢udHa Tpyna OT 3aMBbPCUTENH Ca IIPAXOBUTE YaCTUIN, KOUTO MOZETa
MOXe J1a pasfend u pasmiena karo oraenanu (pakiun: CPRM = ACORS + ASEAS +
ASOIL - Enpu IIpaxosu Yactum (CPRM) n A2 5 =S04 + NH4 +NO3 + EC +(ORGA
+ ORGB) + PM2.5- ®unu I1paxosu Yacturm (FPRM). TlpencraBenu ca pe3ynraru 3a
nBete rpynu npaxosute 3ambpceutesii CPRM u FPRM (eapu u puHU IPaxOBH YaCTHIIN).
OT IByMEpHHUTE KapTH 3a MPU3EMHNUTE IPHHOCH Ha MPOIIECUTE BOACIIN 10 00pa3yBaHETO
na ®@ITY, kakro 3a beirapust, Taka u 3a Coust, MOTaT fa Ce HAIPABAT CIACTHUTES U3BOIM:
[TpuHocuTe Ha aBoiikata Xopu3oHTanHa-Beprukanna aasexius (HADV, VADV) ca Bu-
Hard B MpoTuBo(asa, KOETo € OTpAKEHHE Ha YPaBHEHUETO Ha HenpeKbcHarocTTa. U nBe-
Te aJIBeKIIMH JJOOpe ONUCBAT IUTAHMHCKUTE YacTu u perneda Ha 001acTTa, KaTo ecTecTBe-
Ho B mojierara 3a Codus (¢ mo-geraiiiHaTa pe3osronus) ehexra € mo-BuauM. [IpuHOCHT
Ha HADV xsM FPRM e oTpuniatenes Haj IIIaHWHATE U B IEHThPa HA Tpajia | TOJI0KHUTE-
JIEH MPUHOC B IOJHOXUITA (JI0Ope ce omucBa U Ha KapTute 3a beirapus). Beprukannara
anseknus (VADV) e B ipotuBoda3za Ha XOpU30HTAIHATA U TS UMa TOJIOKHUTEICH IPUHOC
10 TUTAHWHUTE ¥ OTPULATEICH B MORHOXKUATA. [IpruHOCHT Ha XOpH30oHTAMHATA AUDY3HS
(HDIF) e orpunatenen Haja camute m3toununu - TELL ,,Codus®, TEIL ,,M3tok", TEI]
,Mapuia M3tok 1 boboB 107, a okoo TIX € mosokutenen. Haii-no0pe te3u edextu
ce orkpuBar Ha kaprtute 32 CPRM 3a Bbearapus. Beprukannara audysus (VDIF) uma
MTOJIOKUTEJICH TIPUHOC camo Hax Bucokute u3tounuim (TEL[-te) mpu kapture 3a Codust
u FPRM, nokaro 3a CPRM Ha kaptute 3a bearapus npunoca va VDIF e oTpumarernen.
[IpunocsT Ha VDIF e orpumarenen 3a FPRM /CPRM B nienTspa Ha Codust u paiiona Ha
KoctuaOpoa — kbaieTo ca mo-Hucku n3touHuiy. [IpuHocsT Ha cyxoTo otnarane (DDEP),
€CTECTBEHO, € OTPHIIATENICH 32 U 3a JBeTe (ppakunu, karo Hai-roism e Hax TEILL ,,M3Tok*
u Buroma mianuna 3a FPRM, a B nenTpainure yactu e noutu Hynes. [Ipu kaprture Ha
CPRM, npunocsT Ha DDEP e Haii-ronsiM ¥ oTpuiaTesieH B MEHThPa Ha rpajaa u paio-
Ha Ha KoctunOpoxn. [IpunockT Ha obmaunuTte nporiecu (CLDS) chio e oTpunareneH u
Haii-ToNsIM Haj neHTpanHuTe yactd U KoctuaOpon 3a CPRM, nokaro Ha monerara 3a
FPRM, npuHOCa € MOoNOKHUTEIeH U MakCUMaJIeH B Te3u paiionn 3a Codwus, a Ha Kap-
TuTe 3a bearapus orpunarteneH e npuHoca e orpunareneH Hax Codus u TELL ,,bo6os
JION, TOKATo Ha PyrHTe MecTa € moutu HyneB. [IpuHockT Ha emucuute (EMIS) e mo-
noxutenen! 3a Codus Toit e Hali-rossiM B LleHThpa Ha Tpaaa, paiiona Ha KoctnHOpon u
Hadanoro Ha AM Tpakus u 3a nBete ppakiuuu, a Ipu KapTuTe 3a brarapus Toi e Mak-
CHMaJIeH U MTOJIOKHUTENICH HaJl TOIEMHUTE TPaIoBe M N3TOYHHUIIUTE HA eMHICHU. [I[puHOCHT
Ha aepozonnute nporecu (AERO) e monoxurenen, kato 32 FPRM toit e Haii-romsm B
LEHTPAJIHUTE YacTu U paiioHa Ha KocturOpoa, a 32 CPRM nmpuHOCHT Ha aepo30JIHUTE
MIPOIIECH € M3KITIOYUTETHO MaTbK U 3a 1BeTe oOmacT. KakTo cTaHa sICHO OT ONMCAaHUETO
Ha TMoJIeTaTa Ha CPeIHUTE MPU3EMHHU MIPUHOCH, BCHYKH IPOLIECH UMAT Pa3InIHU M10-TO-
JIeMUHA TIPUHOCH, ChC PA3JIMYHU 3HAIM B PA3IU4YHU (Pa3u ca U UMaT pa3iniyHu 3HAYCHUSI.
3HAYEHUETO Ha ,,[TOJTOKUTENICH IPUHOC, € Y€ JaJEHHST MPOLeC TONPHHACS KbM ITOBH-
IICHNE Ha KOHIIEHTPALUATA, TOKATO ,,0TPHIATSITHIS * IPHHOC, HAMAJISI KOHIICHTPALUATA
Ha aaneHus 3ambpcuten (B ciaydas OITY).

Ha rpadukure ot @urypa 9, ca npejcraBeHn OCpeIHEHUTE IPUHOCH Ha Pa3IMYHHU-
te nponiecure (HADV, ZADV, HDIF, VDIF, EMIS, DDEP, CLDS, CHEM, AERO), Bo-
JICIIHM JI0 M3MEHCHHUETO Ha KoHIeHTparusta Ha PITY, ocpennenu 3a Codust u brirapust.
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A) Brarapus
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®ur. 9. TOIUIITHO ¥ CE30HHO OCPEHEHH PU3EMHHU IPHHOCH HA POIIECHTE BOJEIIH 10 U3MEHEHHETO
Ha koHueHTpanuute Ha OITY (FPRM/CPRM) B [(ng/m?)/h] 3a A) bearapus u b) Codus.

Cymaproto u3meHeHue Ha mporiecure (AC) e n300pa3eHo ¢ YepeH LBSAT HAa BCHYKHU I'pa-
(uKH 1 ce BIK/a, Y€ TO € KaKTO C MOJIOKHUTEIICH, TaKa M ¢ OTPHLIATENICH 3HAK 1 MMa 100pe
n3paseH jeHoHolneH xoj. CroiiHocTuTe Ha (AC) ca pa3iIuyHU Npe3 Pa3IuYHUTE CE30HU
U ce onpenessi OT Opost Ha MPOIECHUTE, KOUTO CBILO Ca C pa3jinyeH 3HaK U rojieMuHa. 3a
00pa3yBaHeTO Ha Pa3IMYHUTE 3aMbPCUTEIH JOMUHHUPAT Pa3IniyHU IPUHOCH C Pa3IHYHA
CTOMHOCTH M MMEHHO TOBa € IPOCIIEACHO ChC CleABAlIUTE rPadUKH - KOW MPUHOC Ha
JIaJIeH TpolLec € JOMUHMPAIIL, 110 KOe BpeMe Ha JICHOHOIIHETO U C KaKbB 3HaK.

3a bearapust: 3a u3MeHeHHeTo Ha KoHIeHTpausaTa Ha FPRM ocHoBeH nmonoxuTe-
nen npuHoc umat EMIS nipes uenus aen u VADV cyTtput u cienoden. HADV uma noutn
HyJieB npuHoc, a VDIF nMa usnsno orpunarenes npuHoc npe3 Bcuuku ce3oHu. DDEP
€ C OTpHLATEeNIeH NPHHOC ¢ MakCUMyM Okojio 00s1. AERO mpe3 Bcuuku ce30HU MMar
MOJIOKUTEJICH TIpuHOC. Bika ce ye moMuHaHTHUSA mporiec Tyk ca EMIS ocobeno mnpes
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sumHHATE Mecend. CymapHoTo n3Menenue (AC) Bogeo 10 N3MEHEHHUETO Ha KOHIIEHTpa-
nusata Ha FPRM nMma M311510 MOJIOKUTENEeH 3HAK, KaTo €IUHCTBEHO Mpe3 00eqHUTe va-
COBE TOW cTaBa MHOTO OJHM3BK J0 HyJa, 10pH oTpuiatesieH. 3a oopasyBaneto Ha CPRM
OCHOBEH MOJIOXKHUTENIeH MpUHOC uMar XxuMuaHuTe nporecu (CHEM), yunto croitHOCTH
ca Hal-ToJIEeMH OT BCUYKH JPYTH, C MAKCUMYM Tipe3 3uMHuTe Meceru u VDIF ¢ makcu-
MyM okos10 00s1. DDEP uma m31suto otpumaresne npuaoc. CymMapHOTO U3MEHEHHE Ha
nporecute (AC) e KakTo C MOJOKHUTENICH, Taka U ¢ oTpuiiaTesieH 3Hak 32 CPRM.

3a Codus: 32 m3MeHEHNETO Ha KoHIeHTpanusITa Ha FPRM ocHOBeH monokuTeneH
npuHoc umar VDIF npe3 nemus nen u VADV okomno o6sia. [Ipunocskt Ha VADV B cyT-
pemHuTe U ciaenobeaHuTe yacose ¢ orpumareineH. HADV e B nporuBodasza na VADV.
DDEP e ¢ orpumarenesn npuHoc ¢ MakcuMyM okoJio 00sis1. AERO npes Bcnuku ce30HU ¢
M3KITIOUEHUE Ha 3MMara ca ¢ OTpUIlaTesieH mpuHoc. 3a oOpa3yBanero Ha CPRM ocHoBeH
noniokutesieH mpuaoc umar CHEM, unuTo CTOWHOCTH ca Hall-ToJIeMH OT BCHUKH JPYTH,
¢ MakcumyM mipe3 3uMHuTe mecenu. VDIF u DDEP umar u3usio orpuniareneH npuHoc.
VADYV B 00enHuTe 4acoBe MMa MaJIbK MOJOXHUTENIEH MPUHOC, & B CIEA00SIHUTE U CY-
TpemHnTe, To! e oTpumareneH. Ilpe3 3umara mporecure ca Mo-akTUBHU B CPAaBHEHHUE C
JIPYTUTE CE30HH U CHIIO TaKa C€ OTKPOSBA TO3H CE30H C TOJSIM MOJIOKHUTENICH IPUHOC Ha
EMIS n namansiBam g0 orpunareies npuaoc Ha VDIF. Octananure nporiecu uMar mod-
1 HyJeB npuHoc. CymapHOTO m3MeHeHue Ha mporecute (AC) e KakTo ¢ MOJOKHUTENICH,
Taka u ¢ orpurareieH 3Hak 32 CPRM u npenumMHuo ¢ otpuniarenes 3Hak 32 FPRM.

3aKJaoueHmne

KoHcrpynpan e kimmara Ha 3ambpcsBaHero ¢ @ITY B pazauynn mamadu, karo
ce ompeseNnnxa ¥ TOYKH ¢ 0COOEHO HeOJIaronpusiTHO MpU3eMHO 3ambpcsiBane ¢ DITY.
W3cnensana e Bpb3KaTa Ha TOBA 3aMbPCSABAHE C METEOPOJIOrMYHUTE ycaoBusa. OT nony-
YEHUTE PEe3YJITaTH C KOMIIOTHPHOTO MOIEIMpPaHe Oelle 3CieABaH POU3Xo/a Ha 3aMbp-
csiane ¢ OITY B rpay Codust, KaTo ce omnpeenrxa U3TOYHUTE Ha 3aMbpCsBaHe, ChIIO
Taka U Ce U3ACHU POJISITa HA OTAEIHUTE JUHAMUYHU, XUMUYHU U a€PO30JIHU IIPOLIECH 3a
(dopmupane Ha 3ambpcesiBane ¢ OITY.

UucneHno nomyueHure mnonera 3a kKoHueHtpauus Ha OITY nokas3BaT HAKOIKOKPAT-
HO NpeBUIIaBaHe HA TPAHUYHUTE CTOMHOCTH 3a KOHLIEHTPALUH OCHOBHO B Hal-rojemMus
rpan B ctpanara Codusi.

[ToBeneHneTo Ha NPU3EMHUTE KOHLEHTPALMH, OCPEIHEHH 3a LIEIUsl aHCaMOBbJI To-
JIMIITHO WM 33 YETHPHUTE CE30HA € PasyMHO M JAEMOHCTpHpa e(eKTH, KOUTO 32 IoBeve-
TO OT ChEAMHEHUSITa MOTaT Jia ce OOSICHAT OT IVIeJHA TOYKa Ha OOIIONPHETHTE CXEMH
Ha AMHAMUYHY BIUSHUS (TypOyJIEHTEH TpaHCIOPT, arMocdepHa CTaOMIIHOCT), JIOKAJIHN
arMoc(epHHU LMPKYJaluy I XUMAYHU TpaHchopmanuy; [TpuzeMHNTEe KOHIEHTpAUN
Ha ®ITY BeposiTHO ce IbJDKAT Ha NPU3EMHHUTE U3TOYHUIM - Hali-Be4e Ha aBTOMOOMITHHS
TpaHcnopT; MuBentapuszanusata Ha emucuute Ha TNO e 3a 10 xareropuu SNAP, xouto
MO3BOJISIBAT OLIEHKA U OINpEeIsHE Ha MPUHOCA Ha Pa3IMYHKM aHTPOIOIE€HHH NEHHOCTH
KBM ISJIOCTHATa KapTHHA HA 3aMbPCSIBAHETO. 3a BCUYKU KaTerOPUH EMUCUU MOAETHT Ha
ToJieTara 3a IPUHOC € JI0CTa CIOKEH, KOETO 0Tpa3siBa KOH(UTypauusITa Ha U3TOYHUKA Ha
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eMHCHH, XeTEPOTeHHOCTTA Ha TONOTrpadusTa, H3IMOI3BAHETO HA 3eMATa U METEOPOIOTHY-
HU ycinoBus. OTHOCUTENHUAT MPHHOC HA OTACITHUTE THIIOBE H3TOUYHUIIA HA €eMHUCHH KBM
koHIeHTparusaTa Ha @ITY moxke aa Ob1e nocTta pasnudeH. [I[pHHOCHT Ha pa3IMIHUTE Ka-
TErOpUH eMUCHH KbM Ipu3eMHHUTE KoHIeHTpannu Ha PITY mMa pasnudeH THEBEH X0 U
3HaueHue. 3aMbPCIBAHETO Ha Bb3yXa ce popMHpa B pe3ylTar Ha B3aUMOJICHCTBUETO HA
Pa3IUYHM POLIECH, TaKa Y€ TI03HABAaHETO Ha MPUHOCA Ha BCEKH 32 PA3IHYHUTE IIPOLIECH,
METEOPOJIOTHYHHU YCIOBUSA 3a J1aJeHA MPOCTPAHCTBEHA KOH(MUTYpAIUs HA €MHCHUTE H
BPEMEHHO MTOBE/IEHNE, Ca MHOTO TIOJIE3HH 32 Pa30MpaHeTo Ha KIMMaTa Ha 3aMbPCSIBAHETO
Ha BB3/lyXa, B HACTHOCT KJINMara Ha 3ambpcsiBaneTo ¢ OITY.

Pesynrarure, momyuenun ot “Integrated Processes Rate Analysis” memoncTpupar
MHOT'O CJIO)KHOTO TIOBE/ICHUE U B3aUMOJCHCTBUE MEeX 1y pazinyHu npouecu 3a FPRM u
CPRM. Ilo-HaraTbllleH aHAIN3 Ha T€3W MPOIIECH, TAXHATA IPOCTPAHCTBEHA, JICHOHOIITHA
M CE30HHA MPOMEHJIMBOCT M B3aHMMOJICUCTBHE MOXKeE Jia ObJie MOJIe3eH 3a 00sSCHeHHEe Ha
IUTOCTHATA KapTHHA U MPOU3XOJ HA 3aMBPCSIBAHETO B pasmiexkaaHus pernoH. Obmara
npomsiHa Ha koHIeHTparusaTa (AC), Boxemia 10 MpoMsHa B KOHIIEHTPAIHITA, CE ONpeie-
JIS1 TIIABHO OT MaJIbK Ha OpOil JOMHHHUPAIIH MPOLECH, KOUTO UMAT TOJIEMH CTOHHOCTH U
Morar Jia ObJIaT ¢ MPOTUBOMOJIOKEH 3HAK U (ha3u. 3HAKBT HA MPUHOCA HA HSIKOHM OT MPO-
[IECUTE € OUEBHUICH, HO HAKOU OT TAX MOKE J1a IMAaT Pa3TUUeH 3HAK B 3aBUCHMOCT OT BUA
Ha €MUCHHTE, KAKTO U OT METEOPOJIOTHIHHTE YCIOBHUS U TONOrpadus.

Baarogapnoctu

Hacrosimoro n3cnenBane € mpoBeeHO BbB BPB3Ka C M3ITbIHEHNETO Ha Harmonanna
HayyHa nporpama (HHII) ,,Ona3Bane Ha okoiiHaTa cpena M HaMalsBaHE HA PHCKA OT
HEOMaronpusATHH SBICHUS W MPHpPOIHHU OencTBus “, omoOpeHa ¢ Pemenne mHa MC Ne
577/17.08.2018 1. m ¢punancupana or MOH (Cmopasymernne Ne J101-363/17.12.2020).
Crrertmaman 6marogaprocté Ha US EPA and US NCEP 3a mpenocraBsHeTo Ha ¢BOOOI-
HU JIJaHHU ¥ codTyep 1 Ha XOJMaH/ICKa OPTAaHU3AIMS 3a MPUIOKHH HayYHH W3CJICABAHNS
(TNO) 3a mpenocrassine Ha EBponeiicka HHBEHTapH3anys HA EMHUCHUTE C BUCOKA paspe-
I1aBama CuocoOHOCT.
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Fine particles (pm) air pollution - analysis of the results of computer
simulations for bulgaria and sofia city

I. Georgieva and N. Miloshev

Abstract. Recently, in the study of air pollution, special attention has been paid to partic-
ulate matter (PM) because of great importance for the quality of life and Human Health
(HH). The topic is especially relevant for Bulgaria and Sofia city, where the situation is
especially severe regarding PM concentrations, where several times exceeded the limit
values for concentrations. The research aims to provide a statistically reliable assessment
of the atmospheric composition climate, particularly PM surface concentrations, the role
in forming the Air Quality Index, and the relationship with the processes that determine.
The following results are presented in the paper: Analysis of the spatial and temporal vari-
ability of the PM concentrations fields and behavior, the establishment of the connections
with meteorological conditions and the pollution sources; Enrichment knowledge about
the interactions of the processes forming the PM pollution; Highlighting cases with the
most unfavorable PM pollution - ,,hot spots* and the most unfavorable synoptic episodes,
and clarifying the role of meteorological conditions and local processes.
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Aobctpakt. Che cpenctpara 3a 3D moxenupane ¢ ch3fancHa oOmmpHa 06a3a JaHHH,
KOSITO C€ M3I0JI3Ba B bbirapust 3a pa3nndHy M3CiIeiBaHMs 3a ChCTaBa Ha aTMoc(epara.
Beudku Te3u M3CIIEABAaHMS Ca MPOBEICHH C JOCTAThYHO TrOJIsIMa pasperiabalia Cro-
COOHOCT ¥ ¢ MOMOIITA Ha Hali-CbBPEMCHHHUTE HHCTPYMEHTH 3a MOJICJIMPAHH, 8 UMCH-
HO MOJENH OT CBETOBHO m3non3BaHaTa cuctema US EPA Model-3. bnaronapenue Ha
TOBa, Ca TMPOBEJCHH 33bJIO0YECHH TPOYYBAHMUS HAa KIMMaTa Ha aTMOC(EpHHs ChCTaB
B CTpaHaTa CcheC crenyaieH (GoKyc BbpXy IpajJicka cpena. M34ncieH e ctaTHCTHYeCKU
3HAYUM aHCaMOBJ 3a MHJEKC Ha 3ambpcsiBaHe (M3), kato e ompenerneHa M Heromara
MPOCTPAHCTBEHA U BPEeMeBa MPOMCHIMBOCT KAaKTO U THIHMYHATA MY MOBTapsieMOCT 3a
teputopusTa Ha rpag Codus. U3 omeHsBa BB3ICHCTBUETO HA KAYECTBOTO HA aTMOC-
(bepHus BB3IYX BbPXY HOBEIIKOTO 3ApaBe M JaBa JAUPEKTHA OLEHKA Ha e()eKTHTE OT
arMocgepHuTe 3aMbpcuTenu. Benuku onenkn Ha 13 ca nony4yenu Ha 6a3a KOHIIEHTpa-
L[MY HA 3aMBPCUTEIN B aTMOc(epara, MOITydeHH Ype3 YUCICHN CUMYIIALHH.

KuarouoBu gymu: 3ambpcsiBaHe Ha aTMOC(epHHS Bb3LyX, HHAEKC Ha 3aMbPCSABaHE, 10-
MHHAHTHHU 3aMBbPCUTENN.

BnBenenue

B nacrosmara paboTa ca MpoBeIeHH JeTaiIHA U3cienBanus oTHocHO 3 u Bim-
SHUETO My BBPXY YOBEIIKOTO 37paBe. M3cienBaHuATa ca HAACKAHA U W3YCpPIATEIHH,
TOpaJiy W3IOI3BAHETO HA CTATUCTUYECCKH 3HAYMMH aHCAMOIHM OT KOMIIOTBPHO CHMYJIH-
paHM TaHHH, KOUTO OTpa3sBaT MHOTOOOPA3METO HA METEOPOJIIOTHYHHU YCIIOBHS C TAXHA-
Ta TUIMYHA TOBTapsSEMOCT, ChUETaHH C KOMITIOTHPHO CHMYJIHPAHUTE JaHHU 32 KOHIICH-
TpaIyy Ha 3aMbPCUTEINH, TIO3BOJISIBAT HAJIEHKTHU U3BOJIM OTHOCHO TEXHHUTE XapaKTepHU
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0cO00EHOCTH W TIOBEJIEHUE M BIUSHUETO UM BHpXy M3. M3cnenBanusara ca u IeTalJIHH,
MOHEXe Ca U3BBPIICHHU C JJOCTATHYHO BHCOKA MPOCTPAHCTBEHO/BPEMEHHA pa3peliaBalia
CHOCOOHOCT Ha MOoJIeTara, KOATo JaBa Bb3MOXKHOCT Jia ObJie OTpa3eH MyaThMaliaOHus
XapaxTep Ha mporecure. M3BbpIeHn ca u3cienBanus 3a Teputopuira Ha rpag Codus,
KOWTO OTpa3siBaT HeWHaTa crienupruIHaTa KIMMAaTOJIOTHI U eKoJIoThs. AHcaMmOnuTe, 00-
XBallaly cuMyinanuu 3a nepuof ot 13 roguam (ot 2008 1o 2020 rogmna), ce cMsATar 3a
CTaTUCTHYECKH MPEICTABUTEIHN U OTPA3sIiBaT OCHOBHUTE YEPTH HA JIOKATHHS KIMMAaT, Ha
aTMoc(epHaTa JUHAMHUKA U Ha Ka9eCTBOTO HA BB3IyXa.

Nzcnenanmsta 3a U3 ca B pamkute Ha bearapckara Cucrema 3a [IporHosza Ha
Xumuunoto Bpeme (BrCITXB) (Syrakov et al. 2013a, 2013b, 2014a). brCIIXB u3unc-
nsBa u M3, KOWTO 1aBa MHTErpUpaHa OleHKa Ha Bb3JIEHCTBUETO HA 3aMbPCUTEINTE, JIH-
peKTHO u3MepBall e(heKTUTEe BbPXY YOBEIIKOTO 3/paBe. Pesyararure oT JeHOCTTa Ha
BbrCITXB no3BosBar fa ce HampaBsAT HAICKTHH 3aKIIOYSHHS 32 ChCTOSHUETO U ITOBEJIe-
HHUeTo Ha arMochepHus cbeTa. O000IABAHETO U AHAIU3BT HA TE3U PE3YIITATH, T0-CIie-
uaitHo 3a M3, HeroBOTO MPOCTPAHCTBEHO BPEMEBO pa3lpeeIeHNe, KAKTO U ONPEAeIITHE
Ha JJOMMHAHTHH 3aMbPCUTENIH € LIeJITa Ha HacTosIara padora.

MeTtonosorust

B Bbbiarapus 3aeHo0 ¢ uuciieHaTa IporHo3a Ha BpeMeTo, padoTH crcTeMara 3a 1po-
ruo3a Ha xuMu4HoTO Bpeme — brCIIXB. Cucremara e aBromarnyuHa u ce 6a3upa Ha cBe-
TOBHO M3BecTHHUTE yncieHn Mojesin WRF (Me3oMeTeoposiornyeH mporHocTHYeH MOJIEN )
http://www.wrf-model.org/, Skamarock et al. (2007), Dudhia, J. (1993), CMAQ (muc-
MIEpCHOHEH MOJIell C OTYMTaHe Ha arMoc(epHara xumus) Byun and Ching (1999), Byun
et al. (1998) u SMOKE http://www.smoke-model.org/, CEP (2003). Monenute Ha KOUTO
e OaszupaHa cucremara pasrojiarar ¢ pa3jiniHa (u3MYecka OCHOBA, M ca IpHcIocode-
HU KbM MHOTI000pa3sHeTo Ha MaladuTe Ha IMPEHOC - OT TIo0alieH JI0 JIOKaleH Mamad B
MHOTI'0 pa3JIM4HU pa3padoTeHH 3a cheTaBa Ha armocdepara B breirapus (Gadzhev et al.
2013a, 2014a, 2014b, 2015a,2015b, 2020, 2021a, 2021b), (Gadzhev G. and K. Ganev.,
2018a, 2018b, 2019), (Gadzhev G. and V. Ivanov 2020, 2021). M3non3Ban ¢ TeIeCKOI-
HUSIT TIOJIXO/1 (HECTHHT) C YBEJIMUEHHE Ha pa3/ie/InTeIHaTa CIIOCOOHOCT Ha CUMYJIAlnUTE
or 81 km 3a EBpona, 10 1 kM 3a Tepuropusita Ha rpag Codust, Purypa 1. EMucunonnure
JIAaHHU 32 ToJIeMHTe 00JIaCTH ca IMOJrOTBEHU 0T XOJIaH/ICKaTa OpraHU3aLusl 3a IIPHIIOKHH
nayynu uscaeasanust (TNO) 3a 2010 . (Denier van der Gon et al., 2010), a 3a brsrapus
U M0-MaJIKuTe obnactyu ce u3noi3sa HanmoHanHara MHBEHTapU3aLus HA EMUCUHTE, TIpe-
JloctaBeHa oT beirapckara M3IbJIHMTENIHA areHUUs 10 OKOJHA Cpeia, MOATOTBEHa OT
MOCB.

Ha 0a3a mosiydeHuTe KOHIEHTpaUWMU OT KOMIIIOTBpHOTO Mojenupane brCIIXB
n3uncisiBa M3, no nopoOue Ha BpUTaHCKUAT JHEBEH MHJEKC 32 Ka4eCTBO Ha Bb3IyXa
(Leeuw, F. de, Mol, W., 2005), usnon3san u B bweirapus (Syrakov et al. 2012, 2013a,
2014a, 2014b, 2015), (Gadzhev, G., 2018, 2020, 2021), (Georgieva et al. 2014, 2015),
(Georgieva, L. and Ivanov, V., 2017, 2018).
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@ur. 1. Teneckonmzanus Ha Mereoponorndaa (WRF) u xummana (CMAQ) mpo-
rHo3a ot obmact Espoma (81 km) no Codus rpan (1 km).

OcHoBHHUTE 3aMBPCHUTENH, BEPXY YMATO 0a3a ce u3umcisiBa nuaekca ca 5: Ozon (0,),
Asoren mmokcun (NO,), Cepen nmokcun (SO,), Bereponen okeun (CO), u Ilpaxosn
gactuiy (PM, | — IlpaxoBn vacTuim, KOUTO ca GUHHM ¢ quameThp mexay 2.5 and 10
MUKpomeTpa). [ panmaauTe cTOifHOCTH Mexkay W3 ca ompeneneHn 3a BCEKH 3aMbPCHTEI
MOOT/IEITHO, KaTo 32 BCEKN KOHKPETEH CIIydail KOHLCHTPALUTA Ha JaJICHUS 3aMBbPCHUTEI
moraza B eqHa ot kareropunte (, Hucko®, ,,Cpeano®, ,,Bucoko* u ,,MHoro Bucoko*)
u ce ompenens M3 3a Bcekn 3ambpcuten Ourypa 2. O6o6menusT 13 e 3a Bcekn 3a-
MBPCHUTEN, NIPU KOWTO B JAJEHUs Cllydail MHJIEKca Molaja B Hail BUCOKAaTa KaTeropusl.
3aMBpCUTENAT, KOWTO omnpenens oomwst M3 3a mageHns KOHKpETeH cirydail, ce nepuHupa
Karo ,,JIOMHHAHTEH 3aMbpPCHUTEN".

Kateropus 03 NO, SO, co PM,,
MHAEKC ug/m3 ug/m3 pug/m3 ug/m3 ug/m3
1 0-32 0-95 0-88 0-3.8 0-21
Huco | 2| 33-66 96-190 89-176 3.9-7.6 22-42
3 67-99 191-286 177-265 7.7-11.5 43-64
7 180-239 573-635 532-708 17.4-19.2 97-107
Buoo | 8 | 240-299 636-700 709-886 19.3-21.2 108-118
9 300-359 701-763 887-1063 21.3-23.1 119-129
oo | 10 >360 >764 > 1064 >23.2 >130

®ur. 2. [(paHIYHATE CTORHOCTH MEKAY MHACKCA 38 BCEKH 3aMBPCHUTEI.

Bulgarian Geophysical Journal, 2021, Vol. 44 25



u Feopzueea: Cez0oHHa u 200uHa nosmopsemocnm Ha UHOEKCUme 3a Kawecmeono...

[TpexncraBeHuTe pe3yaTaTd B HACTOAIIATA CTATHs ca 3a u3umciieHus: 13, HeroBara
TOJIMIIHA U CE30HHA MOBTAPSIEMOCT KAaKTO U OINPE/eIsIHE HA JOMUHAHTHUTE 3aMbPCUTENN
OTIPE/ICISIIIM ChOTBETHATA KATETOPHUS M TAXHOTO Pa3Ipe/ielieHHe 1 MOBTapsIeMOCT, 3a 1ie-
nust mepuon Ha cumynanuu ot 2008-2020 roguHa.

Pesyararu

[IpencraBeHuTe pe3yaTaTd B CTaTUsITAa Ca OTHOCHO MoBeaeHueTo Ha U3 ocpennenu
3a teputopusta Ha rpan Codus. [IpencraBenu ca monera Ha U3 rpynupanu mo kare-
TOpUH, Karo ca W30paHu YacoBe OT JCHOHOIIHME, KOUTO CE CMSITaT 3a MPEACTABUTCIHH
Y OTpa3sBally JIEHOHOUIHUS XoA. Purypa 3 mpeseHTupa IoJjieTa Ha TOAUIIHU U CE30H-
HU BapHallMy Ha MMOBTapsieMOCTTa Ha Kareropuute (,,Hueko*, ,,Cpexno®, ,,Bucoko® u
»-VHoro Bucoko*) na 13, ocpennenn Bbpxy nenus gomeiin. [lorapsiemocrTa Ha Kare-
ropus ,,Hucko* e oxono 90-99% Bbpxy 1s1aTa TEpUTOPHUS, IPE3 LETHUs JEH U NPe3 BCUY-
ku ce3oHu. Octananure 10% ot cimyyauTte ca pa3npeesieHn MeXy IPYTUTe KaTeropuu.
Moske n1a ce 3a0eiexu HIKaKbB THEBCH XOJ] B KaTeropus ,,CpeqHo™ ¢ MOBTapsieMOCT HaJI
10% npe3 as1T0TO U 0KOJIO 3-5% Npe3 3MMHUTE MECel U TOUIIHNUTE Nonera. Bucokara
MOBTApPSIEMOCT PE3 JIETHUTE MECELU B Ta3U KATEropus C€ IBbJDKU MPEJUMHO Ha pas3ipe-
nenenuero Ha O,. [Noenennero Ha npusemuuaT O, € CJI0KHO U HaJl bbiarapus, 10 roisama
CTEIIeH TO ce JABJDKM Ha npeHoc ot uyxOuna (Gadzhev et al. 2013b). [Topanu To3u daxr,
kakTo ¥ nopaau O, GOTOXMMHUYHH PEAKIIMH, KOHLIEHTpauuuTe Ha O, B CyTPENIHUTE Yaco-
BE Ca MO-HUCKH (3apaau ciiad TypOyJICHTEH TPAHCIIOPT OT MO-BUCOKHUTE HUBA) U BUCOKH
110 00sI1T U ciie00eTHITE YacoBe. 3a Kareropuure ,,Bucoko® u ,,MHuoro Bucoko*, monera-
Ta MOKa3BaT HUCKA MOBTAPSIEMOCT, HO BBIIPEKU TOBA Pa3NpPEACIEHUETO B CYTPEIIHUTE U
cie00eTHITE YacoBe, 0COOCHO Ipe3 3uMara € TaKOBa, Y€ ChCTOSIHUETO Ha aTMOC(epHHS
BB3AYX € BiouieHo. Kareropusra ,,MHoro Bucoko* nma moBrapsieMoCT KOSITO JOCTUTa
110 10% B HSIKOM TOUKH OT I'pajia, B CyTpEUIHUTE yacoBe. Bucokara nmoBTapseMocT Ha Ka-
Teropuute ,,Bucoko” u ,,MHoro Bucoko* npe3 3uMara ca IiaBHO MOpPa CTAOMIHOCTTA
Ha aTMocdepara mpe3 Te3U MECEIH, KOETO OT CBOsI CTpaHa BOIU JI0 Bh3IPEIISATCTBAHE HA
TypOyJICHTHOCTTA U TaKa 3aMBbPCHTEIIATE Ca 3aTPYJHCHHU Jla CE M3KaYBaT BB BHCOUMHA
U TI0 YeCTO Ce 3aJbpKar Ha npu3emMHO HHBO. Ha ®urypa 4, ca npencraBeHu rpaduku
OTpa3siBallld OTHOBO paslpe/ie]IeHUEeTO Ha MOBTapsieMocTTa Ha kareropuute Ha U3, HO
TO3H IIBT MHOTO JI0OpE CE OMKCBA JACHOHOIIHUAT UM X0J. OTHOBO C€ BMXKJa MOBTapsi-
eMmocTTa Ha kareropus ,,Hucko™ ot 90-99% 3a nenus 1OMEWH U Mpe3 BCUUKU CE30HU,
KaTo TYK BEYe MOJKE SICHO JIa C€ OYepTac M JIOKAJICH MUHUMYM B 0OCTHUTE YacoBe, KaTo
Hail ToJIsIM TOM € Mpe3 JISATOTO, a Hall MalIbK Mpe3 3umara. HambiHO MPOTUBOMONIOKHO €
pasmpeseseHueTo Ha MOBTApseMOCTTa B clielBalara Kareropus ,,CpeaHo®, KbAeTo ce
BHKJIA SICEH MAKCUMYM OKOJIO 0011, mouTh 8% mpe3 nsaToTo U 3-5% npe3 3uMara u Ha ro-
JIUIIHO OCpeqHEeHUTE pesynraT. Kakro Beue Oellie CIIOMEHATO U 110 Harope, MPUYHHUTE
3a ToBa ca O, koHueHTpauuu u pasnpesenenue. [lpu kareropuure ,,Bucoko® u ,,MHoro
Bucoko®, moBrapsieMocTTa € CpaBHUTEIHO HUCKA, KATO CE OTKPOsBAT JIBa MaKCUMyMa
B CYTPCIIHHUTE U CIICIO0CIHUTE YyacoBe (MHTCH3UBCH MBTCH TpaduK), 1 0COOCHO mpe3
3MMara, opa iy CTAa0MIHOCTTa Ha aTtMocdepara.
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®ur. 3. ToguniHa/ce30HHa OBTapsieMOCT Ha KaTeropunte Ha 13 (%) 3a Teputopusta
Ha p. Codus, 3a mepuon 2008-2020r B uzdpanure gacose (06:00, 12:00, 18:00 GMT).
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®ur. 4. [opumIHN/Ce30HHN ,,THTNYHA THEBHN BapHanuu (B %) Ha TOBTapsie-
mocTtra Ha 13 3a Besika kareropust, ocpeanenu 3a Codwust rpazn 3a nepuoga 2008-
2020 .

®urypa 5 npeactass rpadukn OTpa3sBaIld MOBTapsSEMOCTTa HA CIyYanTe, B KOH-
TO JaJCH 3aMBbPCHUTEN IOMHHHpA MPH BCsKa eaHa OT kareropuute. Kakro Bede Oere
criomeHaro B Metomosorusra, M3 ce u3uucisiBa U onpeaess Ha 0asa 5 3aMbpCUTEIIs
HMEHHOTO TE3H 5 3aMBPCHUTENIS Ca pa3liicAaHd B CleaBaIInTe rpadMKH, KaTo ¢ Onpee-
JICHO KOW OT € JOMHHHpAI] 32 BBIPOCHaTa Kareropus. [loBedeTo OT ciydanTe, KakTo
CTaHa SICHO OT MpEJHHTE IBe (UTYpH, ca pa3mpencieHn B Kareropus ,,Hucko®, a camo
10% ca pasnpenenenu B kareropuunte ,,CpeaHo™, ,,Bucoko* u ,,Mnoro Bucoxo®. ITopaau
Ta3u MpUYHMHA TYK Kareropwus ,,Hucko™ He e mpejicTaBeHa W GOKYCHT Maja BbPXY Taka
HapedeHuTe ,,JIOIMH * KaTeropuu. 3a kareropus ,,CpeaHo™ sICHO ce BHXK/Ia, € BOACIIUAT
sambpeuten € O,, ¢ Hak-BUCOKM CTOMHOCTH Npe3 JATOTO. O, € IOMUHUPAI 3aMbPCHTEN
Ipe3 Mo-ToJIsIMaTa 9acT OT ACHs, OCBEH paHO CyTpuH. B cyTpenraute gacose ¢ oxoio 50%
BepostHOCT omuanpa CO u ¢ 10% BepoATHOCT ce BKAa U pasnpenencnne Ha PM, .
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®@ur. 5. TopuirHa/ce30HHa MoBTapsieMocT (%) Ha cilydanTe B KOMTO BCEKH 3aMbPCHUTEI JIOMHUHHPA
npu o0pa3yBaHeTo Ha Besika Kareropus 3a reputopusita Ha Codust 3a neproga 2008-2020 1.
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3a kareropunre ,,Bucoko® n ,,Muoro Bucoko®, O, HsIMa HUKaKBa IIOBTAPAEMOCT, KOETO
MOKa3Ba 4e 32 Te3H JIBE KaTeropru OTTOBOPHU ca JPYruTe 3aMmbpcuTesn. Bukna ce, ue 3a
Kareropus ,,Bucoko* nomununpa npexumuo PM, ¢ mouru 100% mosrapsemMocT, cyTpun
u crenoben u okono 50% 1o o0s1. BTopusT TOMHHAHTEH 3aMBPCUTEN 32 Ta3U KaTeTOPUS
e CO, ¢ moBrapsiemoct okoi0 50% mo 0651 u 10-20% cytpun u ciaenoben. 3a KaTeropus
,»Muoro Bucoko“ ocHoBen nommnmpan 3ambpeuten € PM, ¢ mosrapsemoct ot 100%
npe3 1eJHst IeH U BCUYKH CE30HH.

3aKJaoueHune

Pesynratute oT yncieHUTe cUMyJAlMK [0Ka3Bart, ye M3 nomnana npearMHO B J1BE
kareropuu — ,,Hucko* u ,,Cpeano®. Berpeku ToBa, HOBTapsIeMOCTTa Ha CIIy4YauTe C BU-
COKO 3amMbpcsiBane jjocturar 10 10% 3a Hsikol TOYKH 1o Tepuropusita Ha rpax Codust.

IToBrapsiemoctTa Ha Kareropus ,,Hucko“ e nax 90% nHan uenus rpaj, mpes Le-
JIUAT JCH U Ipe3 BCUYKU ce30HH. Bucokara moBTapsieMocT Ha kareropus ,,CpeaHo® e
IPEMMHO 110 0OEIHUTE YaCOBE M IIPE3 JATOTO, KaTO Ce ABJDKU [1aBHO Ha O, KOHIIEH-
TpaIuu.

3a kareropuure ,,Brucoko u ,,MHoro Bucoko®, Bcoka moBTapseMocCT ce HabIroaa-
Ba MPe3 3UMHUTE MECEIU B CYTPELIHHUTE U CIICAOOCIHUTE YacOBE, KOraTo ¢ U Hall-HHTCH-
3MBCH aBTOMOOWIHUSAT Tpah)UK B HATOBAPCHHUTE YacOBE U 3apajiv MMO-4eCTO CTaOWITHATA
arMocdepa 1npe3 3uMara (Bb3IPENITCTBAH TYPOYJICHTCH TPAHCIOPT Ha 3aMbPCUTCIIUTE
BbB BHCOUYUHA).

Pesynrarure 3a MoOBTapsieMOCTTa Ha PA3IUYHUTE 3aMbPCUTEIH BOJCIIU 10 (Pop-
MHUPAHETO Ha BCsiKa Kareropus mnokassar, ye O, u CO ca noMuHUpaIy 3aMbPCUTENH 38
kareropus ,,Cpenno®, PM10 e equncTBenus noMuHupai 3ambpeuteln ¢be 100% mnosra-
psiemMocT 3a kareropus ,,MHoro Bucoko®.

OcBeH Te3u O0IIM XapaKTePUCTUKHU, KIMMAaTHYHOTO [TOBEJICHHE HA BEPOSTHOCTHTE
Ha U3 e mocTa CII0KHO, ChC 3HAYUTEINIHA IPOCTPAHCTBCHA, CE30HHA U ICHOHOIIHA Bapua-
OwmmHOCT. PalfoHHTE € TI0 3aHIKCHO Ka4eCTBO Ha aTMOC(HEPHUS BB3IyX, HE Ca HEIIPEMEH-
HO CBBP3aHH C TOJIEMUTE U3TOUHUIIM HA 3aMbpcsBane. [lupokute kpaiirpaicku u 1opu
TUTAHUHCKY PaflOHM CHIIIO MOTAT Jla MMaT 3HAYUTEIIHA IMTOBTapsieMocT Ha U3 B kaTeropus
,,Cpeano™.

Baarogapuoctu

Hacrosimoro n3cnenBane € MpoBeeHO BbB Bpb3Ka C M3ITbIHEHNETO Ha Hanmonanna
HayyHa nporpama (HHII) ,,OnasBane Ha okoiHara cpeia W HaMalsiBaHE HA pHCKa
OT HEeOJAroNnpusATHU SBJICHUS M NPUPOAHU OexcTBHs “, onoOpena c¢ Pemenne na MC
Ne 577/17.08.2018 1. u punancupana or MOH (Crniopazymenne Ne J101-363/17.12.2020).
Crrermmamau 6marogaproctd Ha US EPA and US NCEP 3a mpenocraBsHeTo Ha ¢BOOOI-
HU JIJaHHU ¥ codTyep 1 Ha XOJaH/ICKa OPTAaHU3ALMS 3a IPUIOKHH HayYHH W3CJICABAHUS
(TNO) 3a npenocrassine Ha EBponeiicka nHBeHTapH3anys Ha EMHUCHUTE C BUCOKA paspe-
I1aBala CocoOHOCT.

Bulgarian Geophysical Journal, 2021, Vol. 44 29



u Feopzueea: Cez0oHHa u 200uHa nosmopsemocnm Ha UHOEKCUme 3a Kawecmeono...

Jlureparypa

Byun, D., Ching, J., 1999. Science Algorithms of the EPA Models-3 Community Multiscale Air
Quality (CMAQ) Modeling System. EPA Report 600/R-99/030, Washington DC. http://www.
epa.gov/asmdnerl/models3/doc/science/science.html.

Byun, D., J. Young, G. Gipson, J. Godowitch, F. S. Binkowski, S. Roselle, B. Benjey, J. Pleim,
J. Ching, J. Novak, C. Coats, T. Odman, A. Hanna, K. Alapaty, R. Mathur, J. McHenry,
U. Shankar, S. Fine, A. Xiu, and C. Jang, 1998. Description of the Models-3 Community
Multiscale Air Quality (CMAQ) Modeling System, 10th Joint Conference on the Applications
of Air Pollution Meteorology with the A&WMA, 11-16 January 1998, Phoenix, Arizona,
pp. 264-268.

CEP (2003). Sparse Matrix Operator Kernel Emission (SMOKE) Modeling System, University of
Carolina, Carolina Environmental Programs, Research Triangle Park, North Carolina.
Denier van der Gon, H., Visschedijk, A., van de Brugh, H., Droge, R., (2010). A high resolution
European emission data base for the year 2005, TNO-report TNO-034-UT-2010-01895 RPT-

ML, Apeldoorn, The Netherlands.

Dudhia, J., 1993. A non-hydrostatic version of the Penn State/NCAR Mesoscale Model: validation
tests and simulation of an Atlantic cyclone and cold front. Mon. Wea. Rev. 121, pp. 1493-
1513. http://www.wrf-model.org/

Gadzhev G., K. Ganev, D. Syrakov, M. Prodanova and N. Miloshev 2013a. Some Statistical
Evaluations of Numerically Obtained Atmospheric Composition Fields in Bulgaria, in
the Proceedings of 15th International Conference on Harmonisation within Atmospheric.
Dispersion Modelling for Regulatory Purposes. 6-9 May 2013, Madrid, Spain, 373-377.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M.: Numerical, 2013b. Study of
the Atmospheric Composition in Bulgaria, Computers and Mathematics with Applications
65, 402-422.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M. 2014a. Some basic facts about
the atmospheric composition in Bulgaria - Grid computing simulations. Lecture Notes in
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture
Notes in Bioinformatics), 8353 LNCS, pp. 484-490

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M. 2014b. Analysis of the process-
es which form the air pollution pattern over Bulgaria. Lecture Notes in Computer Science
(subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 8353
LNCS, pp. 390-396.

Gadzhev G., Ganev K., Miloshev N. 2015a. Numerical study of the atmospheric composition cli-
mate of Bulgaria — validation of the computer simulation results. Int. J. Environment and
Pollution, Vol. 57, Nos. 3/4, pp, 189-201.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M. 2015b. HPC simulations of the
fine particulate matter climate of Bulgaria. Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 8962,
pp. 178-186.

Gadzhev G., Ganev K., Mukhtarov P., 2020. Statistical Moments Of The Vertical Distribution
Of Air Pollution Over Bulgaria. I. Lirkov and S. Margenov (Eds. (sad) LSSC 2019, LNCS
11958, pp. 213-219, 2020. https://doi.org/10.1007/978-3-030-41032-2_24

Gadzhev G., Ganev K., Mukhtarov P., 2021a. HPC Simulations of the Atmospheric Composition
Bulgaria’s Climate (on the example of coarse particulate matter pollution), HPC 2019, SCI
902, pp. 221-233, (2021) https://doi.org/10.1007/978-3-030-55347-0 19

30 Bulgarian Geophysical Journal, 2021, Vol. 44



u. Feopeuesa: Cezonna u 200una nosmopsaemocm Ha uHoeKcume 3a Kauecmeomo...

Gadzhev G., V. Ivanov, K. Ganev, 2021b. Modelling of dry and wet deposition processes for the
Sulphur and Nitrogen compounds over Bulgaria, The 20th conference on ,,Harmonisation
within Atmospheric Dispersion Modelling for Regulatory Purposes” was held in Tartu,
Estonia, in June 2021.

Gadzhev G. and K. Ganev., 2018a. VERTICAL STRUCTURE OF SOME POLLUTANT OVER
BULGARIA - OZONE AND NITROGEN DIOXIDE. SGEM 2018, 18, 4.3, (2018),
ISBN:978-619-7408-70-6, ISSN:1314-2704, DOI:10.5593/sgem2018/4.3, pp. 449-454.

Gadzhev G. and K. Ganev., 2018b. Vertical structure of atmospheric composition fields over
Bulgaria, International Conference on ,,Numerical Methods for Scientific Computations and
Advanced Applications” (NMSCAA’18), Hisarya. Bulgaria, 27 — 31 May 2018, pp. 38-41.

Gadzhev G. and K. Ganev., 2019. VERTICAL STRUCTURE OF AIR POLLUTANT FIELDS
OVER BULGARIA, 19th International Conference on Harmonisation within Atmospheric
Dispersion Modelling for Regulatory Purposes (Harmo’19) 3-6 June 2019, Bruges, Belgium.

Gadzhev G. and V. Ivanov, 2020. MODELLING OF THE SULPHUR AND NITROGEN
DEPOSITIONS OVER THE BALKAN PENINSULA BY CMAQ AND EMEP-MSC-W
— PRELIMINARY RESULTS, (2020), Proceeding of Ist Internationa conference on
ENVIROnmental protection and disaster RISKs, 29-30 September 2020, Sofia, Bulgaria,
ISBN 978-619-7065-38-1, pp. 90 — 100, https://doi.org/10.48365/envr-2020.1.8

Gadzhev G. and V. Ivanov, 2021. Modelling of the Seasonal Sulphur and Nitrogen Depositions over
the Balkan Peninsula by CMAQ and EMEP-MSC-W, N. Dobrinkova and G. Gadzhev (eds.),
Environmental Protection and Disaster Risks, Studies in Systems, Decision and Control 361,
(2021), pp. 171 — 183, https://doi.org/10.1007/978-3-030-70190-1_12

Gadzhev, G., 2018. Recurrence of Air Quality for the city of Sofia for 2013 and 2014, Bulgarian
Geophysical Journal, 41, 46-58.

Gadzhev, G., 2020. PRELIMINARY RESULTS FOR THE RECURRENCE OF AIR QUALITY
INDEX FOR THE CITY OF SOFIA FROM 2008 TO 2019, Proceeding of 1st International
conference on ENVIROnmental protection and disaster RISKs, 29-30 September 2020,
Sofia, Bulgaria, ISBN 978-619-7065-38-1, 53 — 64, https://doi.org/10.48365/envr-2020.1.5

Gadzhev, G., 2021. The Seasonal Recurrence of Air Quality Index for the Period 2008-2019 Over
the Territory of Sofia City, Dobrinkova and G. Gadzhev (eds.), Environmental Protection
and Disaster Risks, Studies in Systems, Decision and Control 361, 161-170, https://doi.
org/10.1007/978-3-030-70190-1 11

Georgieva, 1., Gadzhev, G., Ganev, K., Prodanova, M., Syrakov, D., Miloshev, N. 2014. Numerical
study of the air quality in the city of Sofia -Some preliminary results. Int. J. Environment and
Pollution, Vol. 57, Nos. 3/4, pp, 162-174.

Georgieva, 1., Gadzhev, G., Ganev, K., Prodanova, M.,Syrakov, D., Miloshev, N. 2015. Numerical
study of the Air Quality in the city of Sofia, 8th Congress of the Balkan Geophysical Society,
BGS 2015.

Georgieva, [ and Ivanov V. 2017. Air Quality Index Evaluations for Sofia city, IEEE EUROCON
2017 — 17th IEEE International Conference on Smart Technologies, [IEEE EUROCON 2017,
pp- 920-925.

Georgieva, L., Ivanov, 1., 2018. Computer simulations of the impact of air pollution on the quality
of life and health risks in Bulgaria, Int. J. Environment and Pollution, Vol. 64, Nos. 1/3, 2018,
pp. 35-46.

Leeuw, F. de, Mol, W., (2005). Air Quality and Air Quality Indices: a world apart. ETC/ACC
Technical Paper 2005/5 http://acm.eionet.europa.eu/docs/ETCACC TechnPaper 2005 5
AQ Indices.pdf

Bulgarian Geophysical Journal, 2021, Vol. 44 31



u Feopzueea: Cez0oHHa u 200uHa nosmopsemocnm Ha UHOEKCUme 3a Kawecmeono...

Shamarock et al., 2007. “A description of the Advanced Research WRF Version 2”, http://www.
mmm.ucar.edu/wrf/users/docs/arw_v2.pdf

Syrakov, D., Etropolska, 1., Prodanova, M., Ganev, K., Miloshev, N., Slavov, K., 2012. Operational
Pollution Forecast for the Region of Bulgaria, American Institute of Physics, Conf. Proc.
1487, p. 88 - 94; DOI: 10.1063/1.4758945

Syrakov, D., Etropolska, 1., Prodanova, M., Slavov, K., Ganev, K., Miloshev, N., Ljubenov T.,
2013a. Downscaling of Bulgarian Chemical Weather Forecast from Bulgaria region to
Sofia city, American Institute of Physics, Conf. Proc. 1561, p. 120-132, http://dx.doi.
org/10.1063/1.4827221

Syrakov, D., Prodanova, M., Slavov, K., Etropolska, 1., Ganev, K., Miloshev, N., Ljubenov, T.
2013b. Bulgarian System for Air Pollution Forecast. J. Int. Sci. Publ.: Ecol. Saf., 7 (1),
325-334. Syrakov, D., Prodanova, M., Etropolska, 1., Slavov, K., Ganev, K., Miloshev, N.,
Ljubenov, T. (2014a). A Multi- Domain Operational Chemical Weather Forecast System. In:
Lirkov I. et al. (eds.) Large-Scale 52 Dimiter Syrakov, Maria Prodanoval, Emilia Georgieva
Scientific Computing, LNCS 8353, 413-420. Springer-Verlag Berlin Heidelberg.

Syrakov, D., Prodanova, M., Etropolska, 1., Slavov, K., Ganev, K., Miloshev, N., Ljubenov T.,
2014a. A multy-domain operational chemical weather forecast system, Lecture Notes in
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture
Notes in Bioinformatics), Volume 8353 LNCS, 2014b, Pages 413-420.

Syrakov, D., Prodanova, M., Georgieva, E., Etropolska, I., Slavov, K., 2014b. Impact of NOx emis-
sions on air quality simulations with the Bulgarian WRF-CMAQ modelling system, HARMO
2014 - 16th International Conference on Harmonisation within Atmospheric Dispersion
Modelling for Regulatory Purposes, Proceedings 2014, Pages 187-190.

Syrakov, D., Prodanova, M., Georgieva, E., Etropolska, 1., Slavov, K., 2015. Impact of NOx
emissions on air quality simulations with the Bulgarian WRF-CMAQ modelling system,
International Journal of Environment and Pollution, Volume 57, Issue 3-4, 2015, Pages 285-
296.

Annual and seasonal reccurance of the air quality index for the teritory of
sofia city

I. Georgieva

Abstract. Based on 3D modelling tools, an extensive database was created and used for
different studies of atmospheric composition. All the simulations were conducted with a
sufficiently high resolution and with the help of the most modern modeling tools, models
from the globally used US EPA Model-3 system. This gave the opportunity to conduct
extensive studies on a fully competitive modern level of the climate of atmospheric com-
position in the country with special focus on urban area. A statistically significant ensem-
ble of Air Quality indexes (AQI) was calculated, and their typical recurrence, space, and
temporal variability for the territory of the Sofia city was constructed. The AQ impact on
human health is evaluated in terms of AQI, which gives an integrated assessment of the
impact of pollutants. All the AQI evaluations are based on air pollutants concentrations
obtained from the numerical modelling.
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Pe3iome: 3a ceM3MUYHO aKTUBHUTE PaliOHH B CBETA 3eMETPECEHUATA Ca HeJleJMa JacT
OT OKOJIHATa cpefia (IpHpojiaTa) 1 HsIMa 00JIacT OT 3eMsATa, KOSITO /1a He € 3acerHara (1o
M3BECTHA CTEIIEH) OT TO3U MPHUPOACH (CHOMEH. 3eMETPECCHUATA ca U3Pa3 Ha MPOIBII-
JKaBallara eBOJIOIMS Ha IutaHerara 3ems. Tepuropusta Ha Bbenrapus (pasmosioxeHa
B U3TOYHATA YacT Ha baJlkaHCKH MOIyoCTPOB) GE3YCIIOBHO CE YHCIIU KbM 38METPBCHO
omnacHute obnactu Ha 3emsra. OT cen3aMolornyHa IJieaHa Touka, beirapus e gact ot
Anmo - Xumanaiickusi Cen3MHYeH I105IC, XapaKTepH3upal] ce ¢ BUCOKO HHBO Ha Ce-
HW3MUYHATa aKTUBHOCT. IIpe3 M3MHHAINTE BEKOBE TEPUTOpHUsATA Ha Bbarapus e Ouia
MOJUIOKEHA Ha CHJIHM CEU3MHUYHHU Bb3JeicTBHs. B Hawamoro Ha 20™ Bek (or 1901 mo
1928 1) Ha TepuTOpUATa Ha bbarapus ca peaau3upaHu €IHU OT Hal-CHITHUTE €BpPOTICH-
cku 3eMmerpecenus. Cren 1928 r. HacTBIIBa 3aTHIINE, TPOIB/KABAILO 10 HAIIK AHU. B
HACTOSIIIIOTO M3CJIeBAHE ca MPEACTABEeHN 0™ Hal-CHIIHH 3eMETPECCHNUs, pealn3upanu
B 3emute Ha bearapus cien 1900 r.

Ki11040BH AYMH: CHJIHH 36METPECEHHs!, MAaTHUTY/1, HHTEH3UBHOCT

BnBenenue

3eMeTpeceHunsTa U TOCIESICTBHUATA OT TAX ca Hal-KaTacTpohaTHUTE PUPOIHU OeI-
ctBusi. Toa ce 00ycnaBsi OT crienuguKara Ha SBICHUETO 3eMETPECEHNE — KPATKOTPaHO 1
CHJTHO BB3/ICHCTBHE C M3KITIOUUTEITHO HE XYMaHHH MOCIIE/ICTBUSI BbPXY TOJISIMa TEPUTOPHSL.
B MHOro OT 3eMETPBHCHO 3aCTpAIlIEHUTE CTPAHU, BKIFOUYUTEIHO U B bbirapus, nMa
HAJISKIHO PelIeHHEe Ha Hall-Ba)KHATA YacT OT MPOrHO3HATA 33/1a4a - Kb/Ie U KOJIKO CHIIHU
3eMETPECeHHUs] MOTaT Jia ce 04akBaT. M3Moi3BaHeTo Ha TaKMBa OLIEHKH U ChBPEMEHHUTE
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METO/IM Ha CEU3MUYHOTO MH)KEHEPCTBO MOTAT /] HAMAJISIT B MHOT'O TOJIsSIMA CTEIICH IIETH-
T€ M )KEPTBUTE [IPU pealin3alius Ha 3eMETPeCeHHe.

CensMHYHOCTTA, TeHEPUPaHa Ha TepUTOpUsITa Ha bhirapus e HepaBHOMEPHO pas-
pejiesieHa B IPOCTPAHCTBOTO U BPEMETO.

HepaBHOMEpHOTO BpEeMeBO pasmpeielieHle Ha CeM3MUYHOCTTA, HAIIPUMED OTChCT-
BHE Ha CHJIHU 3€METPECEHHUsI Ipe3 MocIeaHnTe noBede ot 90 roquHu, MoXe Jia I0Be/Ie 10
MOAILICHSIBAHE U JIOPU TIpeHeOperBane Ha Cen3MHYHATA OITACHOCT.

B 1npocTpaHCcTBOTO 3eMeTpeceHusITa ce KOHIIGHTPUPAT B ONPEEICHU reorpadcku
o0I1acTi, HApeYCHU CEU3MOTeHHH 30HH. Besika e/iHa OT Te3u 30HH Ce XapaKTepu3rpa ChC
CBO4 crienn(pUKa B CEM3MOTEKTOHCKH, TEOIOKKHU 1 Teodr3nyeH acekT. Cem3sMHUYHOCTTa,
reHeprpaHa Ha TepUTOpHsTa Ha Bbirapus u OKOIHOCTHTE MOXe Jia Objie acoluupaHa
KbM CEM3MOTCHHHUTE 30HH, Je(UHUPAHH B MHOXECTBO M3CJIEABaHHs (KAaTo HAIpUMeEp
Sokerova et al., 1992; Dachev et al., 1995; Simeonova et al., 2006) Ha 6a3ara Ha mpoc-
TPAHCTBEHOTO pas3lpe/ielieHne Ha 3eMETPECCHUSITA, HICHTU(PUIMPAHNUTE TEOJIOKKHU U Te-
0(pM3MYHU CTPYKTYPH, U Ha Bb3MOXKHUTE OTHHIIHU 30HH, TpeuioxkeHn B Boncev et al.
(1982). OcHOBHHUTE CEM3MOTCHHU 30HH (T€HEPUPATN JTOKYMEHTHPAHH, CUITHH 3eMeTpe-
ceHus), nacHTU(UIMPaHu Ha TepuTopusita Ha bearapus ca: Kpecua, Codust, Mapuna,
T'opna OpsixoBunia u 11la6ma.

3eMeTpeceHnsATa B CEM3MOT€HHUTE 30HH Ca IUTUTKH KOPOBH CHOUTHS C ABIO0OYHHA
1o - masiko ot 60 kM (h<60). Ot ananu3a Ha TBIOOUYMHHOTO paznpeneneHue (Boncev et
al., 1982; Sokerova et al., 1992; Dachev et al., 1995) e yctaHOBEHO, 4e 3eMETPECEHUSITA
ca reHepupand B 3eMHaTa Kopa Ha Jabia0ounHa 10 50 kM. XUIMOLIEHTPHUTE Ha 3eMeTpece-
HUATA Ca JIOKAJTM3UPAHU MIPETMMHO B TOpHaTa yacT Ha kopara (10 20-25 km).

CunHy 3eMeTpecenus (C MarHUTYJl TIO-TOJISIM MM paBeH Ha 6.5, M, > 6.5) ca pe-
aNM3MpaHy Ha TepuTopusiTa Ha Bbarapus npe3 u3mMuHamaure cronerus. [IpBoto mobdpe
JIOKYMEHTHUPAHO 3eMEeTpeceHne y Hac € chOuTHeTo oT | Bek mpenu Xpucra, CTaHalo B
UepHo mope, 6mu30 a0 rp. KaBapna. Eqam oT Hal-CHITHUTE €BPOIEHCKH 3€METPECECHHSI,
crananm npe3 20™ Bek, ca peanusupanu B bearapus. C BUCOKa ceM3MUYHA aKTHBHOCT C€
xapakrepusupa KO3 bwirapus npe3 nepuoaa 1904-1906 r. ITpe3 1928 r., mo qonuHara Ha
p. Mapuna (B niearpannara yact Ha KOxxHa brirapust) ce peaau3upa mopeaniia oT CHIIHA
3eMETPECEHHUSL.

Cnen 1928 1. 3eMeTpecenns ¢ MarHuTy 1 M >6.5 He ca peanu3upaHyu Ha TEPUTOPHS-
Ta Ha CTpaHara.

CWJIHU 3eMeTpeceHHsl, peajJu3upPaHi Ha TepuTopusTa Ha bharapus
B Ha4aJ01o Ha 20™ Bek

3emerpecenue ot 31 mapt 1901 r., renepupano B cemamorenHa 3ona Illaomna

W3siBeHaTa ceM3MHUYHOCT B Ta3W 30HA € M3pa3 Ha HEOreH/KBaTepHEpPHATa aKTUBHOCT
Ha pasznomMHa cucteMa B Harpasienne CCH-I0I03, cepp3ana ¢ popmupanero Ha 3amnaz-
HO-YepHOMOpCKUS 3a/TbIOB MapruHajieH pudroreHen Oaceiin. Haii-cuutnure 3emerpe-
CEHMSI CE CMSTA, Y€ ca CBbp3aHu ¢ KaimakpeHcKkus pa3ioM, KOWTO € UJICHTU(QHUIIUPAH MO
JITAaHHU OT COHJIAKH U CEeN3MHYHOTO npodumpane B YepHo Mope.
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[IbpBOTO 100pE JOKYMEHTUPAHO UCTOPHUUECKO 3eMETPECEHHUE € ChOUTHETO OT | Bek
npenu Xpucra, craHajgo B UepHo mope, 6mu30 g0 rpaj KaBapHa B cem3MoreHHa 30Ha
[abma.

Haii-cuimHoTO 3eMeTpeceHre B Ta3W 30HA, pEaIM3UpaHo Mpe3 XX BEeK € chOouThe-
10 oT 31 mapr 1901 r. (¢ narensusroct [ =10 MILK 1 MarauTyx mo censMu4eH MOMEHT
M,,=7.1) ¢ enuuenTBp B MOPETO Ha 0KOMO 20 KM 10kHO 0T HOC Kanumakpa. Cren coOutnero
nponana opersT Mmexxay Kammakpa n bamuuk. [Iponananero e ¢ pazmep okono 200 nekapa.

CuHo 3acerHat ca cenuniata Kammakpa, Kamen Opsr, TronenoBo, bearapeso,
bamauk, KaBapua u [1labmna. [TocieacTBusiTa OT 3eMETPECEHNUETO ca ONMCaHu B paboTaTa
Ha Crac Baros ot 1902 1. (Bamos, 1902).

LYlonykaxa ce kvuu, uznonaoaxa MHo2o KomuHu u cmenu... B Kasapna 28 xvouwu
pasnykanu u cvbopenu...Llvpreama, HO6OMo u cmapomo yyuiuuje u 4acmuume 30aHusl
6 [llabna...Ha 102co3anaonama cmpana om Banuux cvbopena wacm om Mopckusi opee cob
npubausumenno 200 dexapa no3s. bpeevm npoowvadicaséa da ce ponu u naoa 6 mopemo *
(Bamos, 1902).

BbB BecTHUK ,,BeyepHa mormma“ (6poit 91 ot mapr 1901) 3a Bamuuk e HammcaHO
yoe - - 3EMSIMA CE PASKAAMU U ROKPUBUINE 3ANPLULEXA; NPONYKAXA C€ CMEHU U HAKOU 3U008e
00 OcHo8UmMe,; Kblyume yenu 3ampenepuxd. ...30anuama ce 3anronexa, Kamo oa naoam, u
Camo xXevpisixa om cede cu PLXHUMe CU HaCmil; 3anaoaxa KOMUHUME Cb CIPAULEH ULYM.
Munapemvm na oxcamusima ce nposaiu, YGUCHA HA NOKPUSA, a 20pe no benume daupu
ce 80UcHa Mbeid Om Npax, me 3auepaxda, npbema ce cpusa 8 2yx ponom!...Eono mene
Kpail camus Opee ceOna 8 zemsama mpu mempa no-wusko. Hacmana obwa nanuxa....
(Bamos, 1902).

BwB BapHa ...,,compecenuemo mpas HEKOIKO CeKyHOU, Npe3 Mosa epsme yyxme
wiym, Kamo om Koad, Kosimo ce npubiudicasa, noaueieume u iamoume ce pauonsixa Cui-
HO, Kambanume noyHaxa 0a Ousim, 2padcKusim Yaco8HUK cnpe, CMeHu U MmasaHul ce npo-
nykaxa, MHo2o komunu naonaxa..” (Bamos, 1902).

MecemOpust (HeceOwbp) — ,,6b1H000pasno 3emiempecenue, npeouledCmeano om
noosemen wiym. Kybemo na uepksama ,,Ce. Hean* ce cpymu, a om uepkeama ,,cmapu
Mumponon*“ naonaxa nsxoaxo kamwvka “ (Bamnos, 1902).

B Cunuctpa ,, [Toumu ecuuxu 08yemancnu u myxieHu 30anus ce NOnyKaxd, HO Hu-
Kaxeo cpymeaue... “ (Bamos, 1902).

B Codwust ,,3emnempecenuemo e buno ycemeno u 6b 6CUUKU 4acmu Ha 2paoa, MHO2O
cmennu yacosnuyu cnpenu. - (Bamos, 1902).

[lomrTa, HAa KOSTO € YCETEHO 3€METPECEHUETO € OlleHeHa Ha okoyo 610 000 kM.
W3cnenBanusita BbpXy adThpIIOKOBaTa aKTUBHOCT, OCIIE/BANIA 36METPECEHUETO MOKa3-
Bat, ue Mpociie/ieHaTa NPOAbDKUTEIHOCT Ha ad) ThPILIOKOBAaTa CEpUsi € HaJl JIBE FOJUHU
(Cumeonosa, 1995).

3emerpecenus 4 anpua 1904 r., renepupanu B cemsMmorenHa 3ona Kpecna

Jbn6ounuansaT CTpyMCKH pasiioM, pocTupanl ce B Hanpasienne C3-FOU, koiito
ce rpecnuva OT MHOKECTBO HEOTEKTOHCKH Pa3JIOMH € OCHOBHATa CTPYKTypa B Ta3H 30HA.
Bucoxkara cen3smMuyHa akTUBHOCT, B 30Ha KpecHa, ce cBpp3Ba cbc CTpyMcKaTa pa3ioMHa

Bulgarian Geophysical Journal, 2021, Vol. 44 35



. Conaxog u op.: Cunnu, paspyuumentu 3emempecenis, peaiusupani Ha mepumopusmd...

cuctema. Cemamuunara nopeauia 3amnousa Ha 04.04.1904 r. ¢ aBe karacTpodaHu 3eme-
TpPECeHNs1, peaTu3upany B MUHTEpBaJ oT 23 MUHYTH (TbPBOTO, peanusupano B 12:03 gaca
C MarHuTy[l 110 CEM3MUYEH MOMEHT M =6.8 ce mprema 3a (OopIIoK Ha BTOPOTO 3EMETpe-
CeHue, CTaHano B 12:26 4aca ¢ MarHuTys 110 CEM3MUYEH MOMEHT M =7.6 U UHTEH3UB-
noct [=X MIIK). Broporo chbutue € yceTeHo Ha oOmmpHa Tepuropus (10 bynanema,
VYHrapus) u CBHICTEIHN TBHPIIT, Ye ca HaOII0aBaHNU MOBBPXHOCTHH BBJIHU OT 3eMeTpe-
cenneto B rpaja Codust. Crnenu oT 3emeTpecenneto B KpecHeHCKOTO aeduiie Morar aa ce
BUJIAT U cera. 3eMeTPEeCeHHUETO € MOCIEeBAHO OT 00pe n3siBeHa adThpIIOKOBA AKTHB-
HOCT MPOABJDKUIIA MTOBeYe OT Tpu roauuu (Simeonova, Solakov 1999). ITocnencteusita
OT 3eMETPECEHHUETO ca JAETAWIHO MpeacTaBeHu B padorata Ha Crac Bamos ot 1905 1.
(Barmos, 1905).

3a cenunie bobomeBo, pa3mnonokeHo OJIM3KO 10 EMUIICHThPa Ha 3eMETPECEHUETO €
Hamucaso ,,/lanuka yoicacna. Bcuuku xopa ca na yiuyama, HUKoU HAmMa 6 kvwyu * ,, Pso-
KO UMa Kva ocmanana c komut. Mrozo cmenu cvbopenu, opyeu nanykanu. 4epkeama
cvhBCceM Hanykama, uma onacHocm om cepomonsceane ‘. Ha oxono 2 kM u3BbH boborieBo
X0opara BUICIH ,,....HA XULAOU Mecma 0a Oauka cmyoena 6ooa om 2 00 5 mempa 8uUcoxo.
Cned npedcmassnemo i OCMaHal yepen nacvK, Koumo mupuuten na oapym, na capa.
(Barmos, 1905).

B Pusickn MaHacTup IbPBOTO 36METPECEHUE ,, NPEOU3BUKEA CIMPAUUHA NAHUKA 8 Md-
Hacmupckume dcumenu, 8CUYKU C ACHO U300pa3zen yxicac Ha auyemo 0:a2axa u HesHaexd
Kboe 0a ce ckpuam . BTOpoTo cbOUTHE ,,...MHO20 NO-cmpauiro om nvpeomo ¢ 12%“ ¢
nPUOPYIHCEHO ... ... om 37106eujomo nodzemHo obyuene.

,,Uepxeama, Koamo ce namupa 6 cpedama HA MAHACMUPCKUA 080p , € 30pdeo U
CONUOHO 30aHUe, YALOMO e HANPABeHo ¢ OANaHU KambHu. Om 3emempeceHusama npes npe-
OX00HUmMe 200UHU, M He e UMANd HUKAKEU NO8peoll, HO OM OHEWHOMO M CUIHO ce e
HanyKkania Ha MHo2o mecma. “

,, Bb 8peme Ha cunnume mpycose 8CUUKU YeuwLMU 8bmpe U 8bH OM MAHACMUPA CAP-
Xa,; cneo MAIKo NpomeKoxd, Ho ¢ MbMHA U KAIHA 8004d... ...Bb cvwyomo epeme écpeo éce-
obwama naumuka, ce yygauie exom u OymMmeHe Ha cesep U HA 102 OM MAHACMUPA, Om
nadanemo Ha CKAIU, OMPOHEHU Om UCOKUme u cmpvmuu evpxose. - (Bamos, 1905).

B Haii-0mu3K0TO 10 enuIeHThpa cenuiie [1exdeBo ,,...Hamaio Kviya, HAMALo no-
CmpotiKa Hepaspyuiena uiu nenogpeoena. B nianunama é6auzo oo Ilexueso ce obpazysa-
JIU 2PAMAOHU NYKHAMUHY ,, 8b HAKOU O MAX ce CRYCKANU ¢ 8bxcad tobonumnuu Ilexuesyu,
HO Oe3 pe3yimam ce 8pvbuaIU, HUKo2A He ca cmeenu oa omudam 00 0vHomo.* (Baios,
1905).

»JemiempeceHuemo e ouno cunHo paspywumento 8 [ocymaa (nHemen bmaroes-
rpan) u opyeu oausku cenuwya. MHoeo nocmpoiiku u 0xcamuu b Jocymas Cviyo ca Co-
oopenu. “ ,, Cenama Kpynnuks u Cumumaus cv» cvoopenu 0o ocrhosu.” ,, B ocnosume na
Hupunw-Ilnanuna, 6auzo 0o cenomo Cwvpounoso (Kpecnencko) umano oopasysano eona
2071AMA U ObJl2d NYKHAMUHA, 8b KOAMO X8bPIleHU KAMbHU 0A8dIU eKOm No YAna Munyma.
(Barmos, 1905).

B rpax Codus 3emeTpeceHneTo e CUITHO YCETEHO, HO ChC ,,CPABHUMENHO MATKO NO-
epedu . ,, Hatl-3nawumennu nonpasxku e uzuckeano ochosno yuuauuie Ce. Ceomoyucne-
HUYU, 3a140mo evmpeuiHume My npecpaoHu cmeHu ounu MmHo2o nogpedetu. Buv Jleopeya
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, Hapoonomo Cvopanue, Mvockama ['umnazus, Jupexyusma na IHowume u Teneepaghu-
me u MHO20 Opyau ObICAGHU YUPEHCOeHUst NAK UMA MAIKU NYKHAMUHU, HO MOXCe Od ce
mune de3 écaxaxeu nonpaesxa“ (Bamos, 1905).

B rpan IlnoBnus ,, Beuuku xopa 6sxa uzdseaniu na omkpumo, a HAKou 00 eeyepma
He ce npubpaiu 6 Kowu.....Kazeams, ye HUKOU He NOMHU MOIKOBA CUTIHO 3eMempeceHue
0a e cmasano maxa.  (Bamos, 1905).

3emerpecenueTto ot 14 oum 1913 1., reHepupaHo B cem3MoreHHa 3oHa I'opHa
OpsixoBuia

CeunsmorenHa 30Ha ['opHa OpsixoBHIla € pa3noyiokeHa B ieHTpasiHara yact Ha Ce-
BepHa bbarapus. CensMuuHuTe CHOUTHS B 30HATA CE FeéHEpHpAT OCHOBHO MO KOHTAaKTa
mexay Ilpen-bankana u Musniicka mnardopma. Haii-cHiaHOTO M3BECTHO 3eMeTpeceHHe
B Ta3u 30Ha ¢ chOuTHeTo OoT 14 tonu 1913 r, peamusupano B Onusoct 1o rpan [opHa
OpsxoBuIa ¢ MArHUTYJ[ IO CEM3MUYEH MOMEHT M, =6.8 n untensusnoct [ =9-10 MIIK.
Pazpymienu ca rpagosere: I'opna Opsixosuia — 10 95%; Benuko TwpHoBO, JIsckoBel u
Homna OpsixoBuna — 110 80 %. Cepro3Ho 3acerHaTu ca 1 MHOTO Apyru cenumia. [lnomnira,
Ha KOSITO € YCETEHO 3eMETPECEeHHETO ¢ oleHeHa Ha okono 400 000 kM. IMocnensanara
aTHPIIOKOBA aKTUBHOCT € TIPOIbIDKMIIA OKouto 2 roaunu (Cumeonosa, 1995).

[Tocnencreusita OT 3eMeTpeceHHETo ca onucaHu B paborara Ha Cnac Bamos or
1923 r. Haxou ot pa3pyuieHusTa, yctaHoBeHH B rpafosete ['opHa Opsaxosuria 1 TepHOBO
ca npencrtaBeHu Ha Owur. 1.

®@ur. 1. Paspymenus B rpagosere ['opHa OpsixoBuna u Benuko TbpHOBO OT CHIHOTO
3eMeTpecenue ¢ MarHuTyn M, 6.8, peanmusupano npes 1913 roauna.
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3a rpag T'opaa OpsixoBuila BbB BECTHHK ,,JIHEBHUK™, Opoit 3872 mume — ,,Pasnece
ce NP0 CULEH 2PbM U3 0O 3eMIMA U ROCIE08d NPOOBINCUMENHO pasmbpceane. Mznia-
wienu, epaxcoanume Hanywam 0omose, 3a8ederus, OraHu U Op. u 6s2am oa ce Cnacam.
CekyHnoa cied mas cmuxus, 3anoygam ¢ a0CKU mpecvK 0a ce pyuam cepaoume Ha 2paod
U Mo ¢ maxaea cuia u ObP3UHA, 4e 8 MUHYMA CAMO 2Padbm ce npeodpwbyd Ha CIPAUUHY
pazsanunu “ Baros (1923).

3a rpaxg TepaOBO yunrenar M. Ilonos mume ,,Heraoeiino Hu cmpechHa eOuH yica-
cen evpmedic omxwvm Ce. [opa. B cowyus mue ce 06vpraxme Hazao 3a 0a UOUM WO CMasd,
HO e 0a ModiceM 0a cu OOSICHUM NPUYNUHAMA 30 2bPMeNCd, 3eMsIma NoYHa 0a ce mpece
CbC Cmpawna cuia.....Bve epeme na mpyca, koeamo 6cuuko Ha 0Koio mpeujeute ¢ a0CKu
wym, kKapmunama beute CMmpauta......6 YIuyama Kosimo 600U KoM KAmeopaiHama ybpK-
6a Cs. boeopoouya, mpsicvka beuie HeONUCYeM, BCKbOE NO NABAJICA U MPOMyapume ce
pyuiexa ¢ 2po3eH WymM KOpHU3UMe Ha MACUSHUME 30aHUsl, Jcele3HUume U KAMeHHU OanKo-
HU U naoaxa Kkepemuoume om nokpusume.... "

SLopreama ,, Ce.40 mbuenuyu ** e HANOLOBUHA CPYMEHA, 30 KOEMO He MAJKO Cd CNOo-
MoeHanu u epamadnume kauapu, cvbopenu om Llapesey. Cmenume na yoprea ,,Cs. boe-
poouya“ ca cvbOpHU 00 NONOBUHA, A KAMOAHAPUAMA U, MHO20 CONUOHA KAMEHHA KYId,
Hocu 0vaboku omeechu nyknamunu. Cpymena e couo MUmponoIumcKama u ouje HaKoi-
Ko Opyeu cmapu ywvpxreu “ Barios (1923).

3emerpecennero oT 1913 . e mocnenBaHo OT CEM3MHUYHO 3aTHIINE, KOETO TPOJIBJI-
kaBa 10 1986 ., koraro B paiioHa Ha rpax Ctpaxwuia (censMmorenHa 30Ha ['opua Opsixo-
BHIIA) CTABAT JIBE YMEPEHO CUJIHU 3€METPECEHMS, IILPBOTO € Maruuty M =5.4, renepu-
pano Ha 21 ¢eBpyapu ¥ BTOPOTO ¢ MarHUTY[ IO CEM3MUIEH MOMEHT M =5.6, peanusn-
paHo Ha 7 nexemBpu 1986 1.

3emerpecenusita ot 14-18 anpua 1928 r., reHepupaHu B ceUM3MOTeHHA 30HA
Mapuua

CeunsmorenHa 30Ha Mapuna e pasnonioxena B Llenrpanna Oxna bwarapus. Cens-
MHUYHOCTTA B 30HaTa € IPUBbP3aHa KbM J100pe u3BecTHara MapHIlka pa3jioMHa cucrema,
npocrtupaina ce B HanpasiaeHue 3C3-MIOU. Ta3u paznoMHa cucreMa uMa AbJIT0 FeoI0K-
KO pa3BUTHE, KOETO IPObIDKaBa U Npe3 HeoreHa U kBarepHepa. Hali-cuimHure n3BecTHH
3eMETPECCHUs], CTAaHAJIM B 30HAaTa, ca chOuTHsITa OT 1928 . (HuprnaHcKoTo 3eMeTpeceHue
ot 14 anpun 1928 r. ¢ marautyn M =6.5 u [Tnosausckoro ot 18 anpun 1928 . ¢ Marnu-
Tyn M =7.1).

3a te3u croutus Kupos (1945) nume: “Ha 14 u 18 anpun 1928 2. bvaeapus npedicu-
65 06e kamacmpoghannu cvoumusn. Bmopomo semempecenue e Hati-201AMaAmMa ceusmMuiHa
kamacmpodga 6 bvneapus. 3anucano e om écuuxu ceusmozpagu no ceema.”

3eMeTpeceHusnTa NpeAn3BUKBAT 3HAUUTENIHU pas3pylleHus B rpajgosere [1noBaus,
Yupnan u [TepBoMaii, KakTo ¥ B MHOTO JpyrH ceiuia (mioctpupano Ha @ur. 2). Ha-
eJIHO paspyuienu ca 74 000 crpanu, 3arusar okono 150 yosexa u Hag 1000 ca paneHn.

[TpencraBeHuTe MO-/10JTy OIUCAHUS ce Oa3upar Ha HaOJIIOaBaHNUTE U IOKyMEHTHPA-
HHU 11eTH, npeacraBenu B orueta “JIUITO3E” (1931), B apxuBHU Marepuainu ot [Ibpkas-
HUsE apXxuB ¥ B I pajckara Gubnuorekara Ha rpaja [lnosaus.
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Ennn ot Hali-MacoBUTE pa3pylICHUs ca HAOMIOIABaHW B KBApTAIUTE HA CEBEP OT
pexa Mapuma — Kapumsika n @unnnoso. ExnH 0T Hall-TEXKO MOCTpagalnTe KBAPTAIH
e CpamiickusaT kBapTai, pasnonoxeH B FOW vacT Ha rpasna, KbIETO TEPEHBT € HAHOCEH
- MouypnuB niox Craniickus kBaptan. Hsxora oTTaMm e MUHaBalI pbKaB Ha peka Mapua,
MO-KBCHO 3acyIieH U 3acunad. KBaptansT e 3acTpoer npe3 1925 . Bppxy Hacunmre. [Ipu
3eMETPECEHUETO pyxBaT 95% OT KbIIUTE — MOCTPOIKK Ha €AMH U ABa eTaxa. lonemu
ca paspyenusrta 1 B Krouyk Ilaprk B roxxuHuTe nepudepnu yactu Ha rpan [lnosaus —
Haii-0eTHOTO HaceJIeHUE KHUBEE B TO3U KBapTall.

Ha 1or ot pexa Mapuna nopaxeHusTa BbpXy CIpainuTe ca 3HAYUTEIHO HO-Calu.
ITo neHTpanHaTa yauua crpajnuTe ca BUCOKH M MacHBHH, C MHOTO JOOPO CTPOHUTEIIHO
n3nbiHeHue. Haii-cnabo 3acernaru B Lenust rpaji ca moCTpOMKUTE U3rpajieHH OKOJIO U B
6mm3oct A0 Tenerara (M3rpaneHu oT cueHuT). [Ipu TaX ehekTUTe 0T 3eMETPECEHUETO ce
CBEJK/IAT 10 YaCTUYHM OTJICTIBAaHUS HAa MAa3HJIKa M CTPHCBAHE HA KEPEMUIM.

Tps6Ba na ce orGenexu, ye HAOIIONABAHUTE Bb3ICHCTBUS Ca MOCIEACTBHS OT ABETE
3eMETPECeHHUsI U MOTaT Jia Ce pa3lIexkJaT KaTo KOMOMHHMpPaH e(eKT OT cuiiata Ha JBeTe
CEM3MHYHH CHOUTHS, HHKEHEPHO-TEOJIOKKUTE YCIOBUS U TUIIA CTPOUTEIICTBO.

3eMeTpeceHusTa ca OCIeABaH! OT HHTEH3UBHA a)ThPIIOKOBA AKTHBHOCT, IPOABII-
xuia 1o kpast Ha 1933 r. (Simeonova, Solakov 1999).

Cren 3emeTpbcHarta cepust oT 1928 ., B cTpaHaTa HaCTHIIBA 3aTUIINE HA CHIIHHUTE
3eMeTpecenus ¢ M *6.5, KOeTo MPONBIKaBA U IO CETANTHUAT MOMEHT.

®ur. 2. [TocnencTsus ot 3emMeTpecenusTa npe3 1928 ., B rpagosere [Inosaus u Ynpman.

[pe3 ropuaute 1922, 1926 1 1929 1. reorpadckusiT HHCTUTYT Ipy BoeHHOTO MU-
HHUCTEPCTBO MPaBH HUBEJIAYHU U3MEPBaHHS B 00JIaCTTa OKOJIO EMHIEHTHPa Ha 3eMeTpe-
cenuero. Te3u n3MepBaHus ca 0000IIEHN U NpecTaBeHu B padorara Ha SIHkoB (1935).
ToBa € einH OT MAJIKOTO CITy4au, IUTHPAaHH B CBETOBHATa InTeparypa (karo Hanp. Richter,
1958), koraro mpenu U Ciej CHIIHO 3eMETPECEHUE Cca MPOBEJCHU NCTAWIHHA TCOIC3UIHH
n3MepBanusi. ChbcTaBeHara Kapra e npejcraBeHa Ha Our. 3.
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@ur. 3. [lenuBenanus Ha TepeHa BCIEACTBHE Ha 3emeTpeceHusTa ot 14 u 18.04.1928 1.
(cvrnacHo SHKoB, 1935): 1) nebenute n3TerNeHn JMHIN O3HAYaBaT HUBEIauHATa MPEXKa, 110
KOSITO Ca MPaBEeHN M3MEPBaHMsATA; 2) NPEKbCHATUTE JIMHUM O3Ha4YaBaT MecTara ¢ €IHAKBO
MporajiaHe Ha TepeHa B CM, 8 TBHKHUTE HENIPEeKbCHATH JIMHHIH C €IHaKBO U3urane. Paznnka-
Ta MEX/Y JIBE ChCEIHU JMHUH ¢ 10 cM n3uraHe wiM npomnajgaHe: 3) npy 1o - Maiako ot 10
CM M3IMTaHe ce 0003Ha4YaBa ¢ (+) U ChOTBETHO C (-) MpoMalaHe Ha TepeHa.

IIpu 3emeTpeceHneTo oT 14 ampuit ce U3sIBSIBAT 1Ba OCHOBHH Pa3jioMa ITOYTH YCIIO-
penuu equH Ha Apyr. CuuTa ce, 4e Mpu 3eMeTPeceHueTo oT 18 ampui e oOpa3yBaH enuH
OCHOBEH pa3yioM. ChlIIECTBYBAT MHOXECTBO BTOPOCTEIIEHHU Pa3jiOMU YCHOPEAHU WU
KocH Ha ocHOBHHUTe. O0mmIa IhIDKHHA Ha 00pa3yBaHUTE Pa3ioMu € Okoiro 141 kM.

KoncratupaHu ca OCHOBHO M3IWTaHHS CIIPSIMO HHUBATa TIPEIU 3€METPECEHUATA, HO
Ha MecTa ce HaOmonasar u nponaganus (Kupos, 1945). Ilpu oCHOBHUTE pa3ioMu ce
3a0ensi3Ba ,,IpolaJaHe’’ Ha IIoYBaTa, KOeTo JocThra 1o 2.5 - 3 merpa. Mexy ceBepHaTa
U K0)KHaTa pa3ceHa CUCTeEMa MMa caMo IpornajaHus Ha TepeHa. FOrozamnaaHo ot roxkHaTa
pa3cenHa cucTeMa ce HaOroaBa M3KITIOYUTEITHO caMo u3anurane. [Inomira Ha 3aTbBaHETO
Ha TepeHa e okoio 900 km?, a Ha u3murane oxono 240 kM2, Ha otienau MecTa JicHUBEa-
LMUTE Ha TepeHa gocturar 1.5-2 merpa.

3akJarouenue

CensMOoJIOTHYHHTE M3CIeBaHUs OS3CIOPHO JOKa3BaT PEajHOTO BHCOKO HUBO Ha
3eMeTpbCcHa onacHocT 3a bbarapus. Haykara naBa npeaynpexaeHue 3a OnacHOCT | Olie-
HSIBA NPUOJIN3UTEITHO MOCIIEACTBHUATA OT Hesl.

3a cekaNeHne, IOYKUTE OT 3eMETPECEHUSATA, peaTu3upaHy B HauanoTo Ha 20™ Bek,
Ha TepuTopHsATa Ha beirapus, qHeC ca U3TPUTH OT MMaMeTTa Ha Xopara U mpeobiaaaBa
MHEHHETO 32 OTHOCUTEIHA 3eMeTPhCcHA Oe30nacHOCT. ONUTHT OT MUHAIH 3€METPECEHHs
y Hac, a M OT CBETOBHATA MIPAKTHKa TI0Ka3Ba, 4e 0OIIECTBOTO B3MMa MEPKH NOCT(AKTYM,
T.€. ClIeJl pealiu3anusiTa Ha OeJCTBUETO.
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T'onmstmMata 9acT OT akTUBHHUTE IEMCTBHS Ha YOBEKA 32 HaMallsiBaHE Ha CEU3MUIHUS
PHUCK OIMUPAT 1O MKOHOMHUYCCKHA ITOTCHI A Ha AbpKaBara, 10 OTACICHUTE CPEACTBA 3a
Cb31aBaHC U IMMOAABPKAHE HA I'OTOBHOCTTA IPHU 3€EMETPECCHUC U NIPCOAO0IABAHE HA I10-
CICACTBUATA OT TAX.

BaaropapHocTu:

Hacrosiiioro u3ciieiBaie € nMpoBe/ieHO BbB Bpbh3Ka ¢ M3NMbIHeHHeTo Ha Hanmonai-
Ha HayyHa nporpama (HHII) ,,Ona3Bane Ha okoiHaTa cpela M HaMaJsIBaHE Ha pHCKa
OT HEONMAroMpHUsATHH SIBJICHUS U MPUPOAHU OencTBUs™, omodpeHa ¢ Pemenne nHa MC Neo
577/17.08.2018 . u ¢punancupana or MOH (Criopaszymenue Ne J101-363/17.12.2020).
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Strong, destructive earthquakes, occurred in Bulgaria after 1900
D. Solakov, P. Raykova, S. Simeonova, I. Aleksandrova

Abstract: For seismically active regions of the world, earthquakes are an integral part of
the environment (nature) and there is no area of the Earth that is not affected (to a certain
degree) by this natural phenomenon. Earthquakes are the expression of the continuing
evolution of the Earth planet. The territory of Bulgaria (situated in the eastern part of
the Balkan Peninsula) represents a typical example of high seismic risk area. Bulgaria is
located, from seismological point of view, in the Alpo-Himalayan seismic belt, which is
characterized by high seismic activity. Over the past centuries, Bulgaria has experienced
strong earthquakes. Some of the Europe¢s strongest earthquakes occurred in Bulgaria
at the beginning of the 20" century (from 1901 to 1928). No such large earthquakes oc-
curred in Bulgaria since 1928. In the present study, the six strongest earthquakes occurred
in Bulgaria after 1900 are presented.
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Abstract. In this paper is analyzed the reaction of the ionosphere over Bulgaria during
the G3 (Strong) geomagnetic storm on 3-4 November 2021 on the basis of data from
constantly acting monitoring of the state of the ionosphere at the National Institute of
Geophysics, Geodesy and Geography - Bulgarian Academy of Sciences. The global ge-
omagnetic indices (Kp and Dst), which characterize the time development of the storm
and the data for the solar wind, are presented. The model values (MAK model, working
on the NIGGG website) of the global index of geomagnetic activity, which is calculated
in real time from solar wind data show good agreement with definitive values of this
index from global data centers. The values of Total Electron Content (TEC) and the
forecast values of the critical frequencies of the ionosphere (foF2 and MUF3000) for
Bulgaria during the storm are presented. Due to the lack of data from the ionospheric
station Sofia, the values foF2 and MUF3000 are calculated on the basis of TEC and are
used to prepare daily forecasts for the propagation of radio waves on the territory of our
country. A very good coincidence between the model values and the measured ones was
reported. As a result, the reaction of the ionosphere was monitored, which in the con-
sidered interval 3-5 November and in the conditions of a geomagnetic storm is positive.
An explanation of the observed behavior of the critical frequencies of the ionosphere is
also purposed. All parameters discussed in this work are subject to monitoring activities
under the Project “National Geoinformation Center” (NGIC) financed by the National
Roadmap for Scientific Infrastructure 2017-2023.

Key words: geomagnetic activity, solar wind, ionosphere, critical frequencies, Total
Electron Content.
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Introduction

The geomagnetic storm is a complex geophysical phenomenon of cosmic origin.
It has two main manifestations — a change in the values of the geomagnetic field and
a change of the electron density of the ionosphere. These two phenomena are result
of the particle precipitation, emitted by the Sun, into the Earth's magnetosphere and
ionosphere. The electric currents generated in them cause both variations in the geo-
magnetic field and a change in the temperature regime of the ionosphere and hence
a change in the ionospheric plasma. The change in the electron density of the iono-
sphere directly affects the long-distance radio communications made with meter radio
waves, as well as the accuracy of satellite navigation. For these reasons, controlling
variations in ionospheric density (so-called “ionospheric storms”) is essential for radio
communications and satellite navigation. For this purpose, the National Institute of
Geophysics, Geodesy and Geography - Bulgarian Academy of Sciences has developed
empirical models that provide in real-time: nowcast and forecast of some of the main
parameters in geophysics: a) the values of the global index of geomagnetic activity
Kp, b) the critical frequencies of the ionosphere over Bulgaria and c¢) Total Electron
Content (TEC).

The relationship between Interplanetary Magnetic Field (IMF) components and
geomagnetic activity plays an important role in the physical understanding of the solar
wind-magnetosphere interaction (Kamide et al., 1998; Tsurutani and Gonzalez, 1997).
This relationship is a key element in Space Weather modeling and forecasting (NSWP,
2000). On the basis of such connections the empirical model for forecasting Kp-index
was created and subsequently improved (Muhtarov and Andonov, 2000; Andonov et al.,
2004), which uses some of the data on the components of the solar wind: a) vertical
component of the interplanetary magnetic field Bz, b) speed and c) pressure of the solar
wind.

The model allows calculating the values for every 15 minutes, which are pub-
lished on website of the National Institute of Geophysics, Geodesy and Geography at
the Bulgarian Academy of Sciences. Due to the absence of a station for vertical sounding
of the ionosphere, an empirical model has been developed (Bojilova and Mukhtarov,
2021; Mukhtarov and Bojilova, 2021a), which allows to calculate estimated values of the
critical frequencies of the ionosphere (foF2 and MUF3000) by TEC data obtained from
the Center for Orbit Determination of Europe. These values can be used to determine
the parameters of radio paths on the territory of Bulgaria, which are used by government
organizations.

The geomagnetic storm on November 3-4, 2021 is the second storm of rank G3
(Strong) for the 25™ solar cycle. This storm occurred in conditions of comparatively low
solar activity (for November the average number of sunspots is 35). Usually during low
solar activity geomagnetic storms are caused by plasma flows ejected by the so-called
“coronal holes” of the Sun. The considered storm on November 3-4, 2021 was the result
of Coronal Mass Ejection (CME), recorded by the DSCOVR satellite.

The designation G3 (Strong) is perceived in the NOAA Space Weather Scales
(https://www.swpc.noaa.gov/noaa-scales-explanation) for geomagnetic storms in which
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the geomagnetic activity index Kp reaches 7. On average, about 200 such geomagnetic
storms are registered for each solar cycle. The first geomagnetic storm for the current
cycle was registered in May 2021.

Data and methods

The geomagnetic activity is described by the Dst- and planetary Kp-index that
are received from: Goddard Space Flight Center (https://omniweb.gsfc.nasa.gov/), the
values of solar wind (including Bz-component, Density, Speed, and Pressure) are tak-
en from the same webpage. The TEC values for Sofia are obtained by the Center for
Orbit Determination of Europe (CODE) at Astronomical and Physical Institutes of the
University of Bern (ftp:/ftp.unibe.ch/aiub/CODE/). TEC data have a grid spacing of
5¢ x 2.5¢ in longitude and latitude respectively. The values in point with coordinates on
Sofia are obtained by interpolation. The data for the critical frequencies over Bulgaria are
calculated by an empirical model from TEC (Bojilova and Mukhtarov, 2021; Mukhtarov
and Bojilova, 2021a). The data for the other ionospheric station San Vito (Station Code:
VT139, 40.6°N, 17.8°E), subject to this work, are taken from Global Ionosphere Radio
Observatory (GIRO) https://giro.uml.edu/didbase/scaled.php.

Results

The main task of the present study is to trace the behavior of the empirically modeled
geophysical parameters in NIGGG in disturbed conditions. As mentioned, geomagnetic
storms are characterized by changes in the Earth‘s magnetic field due to its interaction
with streams of charged particles emitted by the Sun. When considering such phenomena
of interest to geophysics, indices are used that characterize the global change in the
Earth‘s magnetic field.

The Kp-index is used to characterize the magnitude of geomagnetic storms. Kp is
an excellent indicator of disturbances in the Earth’s magnetic field and is used to decide
whether geomagnetic alerts and warnings need to be issued for users who are affected by
these disturbances. The Dst index is an index of magnetic activity derived from a network
of near-equatorial geomagnetic observatories that measures the intensity of the globally
symmetrical equatorial electrojet (the “ring current”). The Dst index shows the effect of
the globally symmetrical westward flowing high altitude equatorial ring current, which
causes the “main phase” depression worldwide in the H-component field during large
magnetic storms.

Fig. 1 shows the variation of Kp and Dst, which are used to determine main phases
of the storm. Data for both indices were obtained from https://omniweb.gsfc.nasa.gov/.
The figure shows that the storm started around 18UT on November 3 through the fol-
lowing changes in both parameters: a) Kp- index exceeds 6 (which is an indication of
geomagnetic disturbance), b) the other index Dst reacts with a positive change up to
20nT, followed by a sharp drop in the index to -120nT. The graph shows that the changes
in the two indices occur sharply, which may define the considered event as a storm with
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a sudden commencement. The maximum of the storm is around noon on 4 November. In
the hours around 12UT the Kp index exceeds 7.67 and Dst reaches its minimum. After
18UT on November 4, the Kp index returns to quite condition, which is characterized
by values below 4, and the Dst index gradually begins to recover. The duration of the
storm according to the considered global indices turns out to be one day from 18 UT on 3
November to the same hour on 4 November 2021.

20 —
0|
20 —f-- v .

-40 | N

Dst[nT]
1

-60 —|

~

-

wn

Kp
~ w -
IIIIIIIIIIIIIII

[

e

3-Nov 4-Nov 5-Nov 6-Nov

Fig. 1. Global indices of geomagnetic activity Kp
(continuous line) and Dst (dash line)
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Fig. 2. Solar wind parameters: Bz component of interplanetary magnetic field (continuous line;
left panel) and solar wind density (dash line; left panel), Speed (continuous line; right panel) and
Pressure (dash line; right panel).
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Shown in Fig. 2 parameters of the solar wind show that at 18 UT on 3 November
the increase in the density of the solar wind (dash line), which reaches about 11 cm™. The
component Bz of the interplanetary magnetic field - IMF (continuous line; left panel) has
negative values, reaching about -10nT, which allow for coupling between the solar wind
and the Earth’s magnetosphere. The speed (continuous line; right panel) and pressure
(dash line; right panel) of the solar wind also increased sharply at 18 UT on 3 November,
which is another confirmation besides the global indices of geomagnetic activity (see
Fig.1) that we have a storm with a sudden commencement. By 12 UT on 4 November Bz
has negative values (about -15nT) and then turns into positive values (above 10nT). This
means that the coupling between the solar wind and the Earth‘s magnetosphere ceases
around 12UT on 4 November, when the density and speed of the solar wind begins to
decline. This also causes rapid decline in the Kp-index (see Fig. 1).

The MAK model (Andonov et al., 2004) presents estimated Kp values (marked in
Fig. 3 as Kpm) as a function of the inert system-modified Bz values, the speed and pres-
sure of solar wind. Fig. 3 shows the variation of Kpm, obtained by the model (continuous
line), compared to the variation of Kp values. During the storm the values of Kpm are
close enough to the actual values of Kp (dash line), which are determined from data from
geomagnetic stations of the world network (Muhtarov and Andonov, 2000; Andonov et
al., 2004).

3-Nov 4-Nov 5-Nov 6-Nov

Fig. 3. Comparison between the model values of the Kp-index,
calculated from the MAK model (continuous line) and the ac-
tual (dash line).

Total Electron Content is the integral of the ionospheric electron density for
the entire ionosphere along a line vertical at a point on the Earth's surface. The TEC
quantity is important for determining the so-called ionospheric correction to using Global
Navigation Satellite Systems (GNSS). The radio waves used in satellite navigation
are with a very high frequency and they are not reflected by the ionosphere, but when
pass through it they get an additional delay, which introduces errors in determining the
coordinates of the receiver. Knowing of the TEC values makes it possible to correct the
values of the devices.
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In Fig. 4 the TEC values for the point with coordinates 42.7°N u 23.4°E calculated
from the CODE data by interpolation are shown. Shown with dotted lines relative devi-
ation (Mukhtarov et al., 2018) describes the deviation of the TEC values from the steady
state presented by the TEC hourly medians for November 2021. When using a relative
deviation, the diurnal, seasonal and solar course of the respective ionospheric character-
istics is eliminated. The short-period variations caused by geomagnetic disturbances are
clearly distinguished. The figure shows that during the considered storm both the TEC
values and the relative deviation have a predominance of positive values, which means
an increase in the electron density of the ionosphere. A similar reaction is typical for the
winter season (Bojilova and Mukhtarov, 2020; Bojilova and Mukhtarov, 2020a). Weak
negative reaction in TEC is observed only in the initial phase of the storm (on the night
of 3 to 4 November) in the values of relative TEC (dash line). In daytime conditions on 4
November, a positive response of relative TEC of about 0.5 was observed, which means
an increase of TEC by 50% compared to the calm state this month. An increase of up to
30 TECU was again observed in the raw TEC values.
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Fig. 4. TEC values for Bulgaria (continuous line) and their relative
deviation from the steady state (dash line).

The physical explanation for the observed positive response may be the result of
some of the main mechanisms: the F2-layer uplifting due to vertical drift, plasma fluxes
from the plasmasphere, and downwelling of the gas as a result of the storm-induced
thermospheric circulation (Danilov and Lastovicka, 2001).

In the physics of the ionosphere, the following values are of the greatest interest:
foF2 and MUF3000, which together with the value foE allow to calculate the main
parameters of a given radio path. The task for calculating a radio path contains the
determination of the range of frequencies on which a radio communication can occur at
a given distance between the two radio communication points. The frequency range is
limited by the minimum and maximum usable frequencies, which depend on the distance
of the radio path and the state of the ionosphere at the time. To solve this problem, it is
necessary to know the altitude profile of the electron density of the ionosphere to the
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maximum in the layer of reflection of radio waves. The model named after its creators,
the profile of Di Giovanni-Radicella, is based on the presentation of the electronic profile
with hyperbolic sequence functions (Di Giovanni and Radicella, 1990). The values of the
three critical frequencies are sufficient to calculate the model altitude profile for heights
up to the height of the maximum of the F- layer. After calculating the electron profile, the
model ionogram is calculated. After determining the model ionogram, the calculation of
the model inclined ionograms at a given distance of the radio communication is started.

Therefore, the values of foF2 and MUF3000 were chosen in the present work to
illustrate the ionosphere response. Two points were selected to compare the behavior of
ionospheric parameters. One point is ionosonde station San Vito, and the other is the point
with coordinates close to Sofia.
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————— foF2 San Vito - ===== MUF3000 San Vito

30 —

:F: 4
z =

§ S 20
5 5

<
= 4
10 —
0 T T T I T T T I T T T I 0 T T T I T T T I T T T I
3-Nov 4-Nov 5-Nov 6-Nov 3-Nov 4-Nov 5-Nov 6-Nov

Fig. 5. Variations of the critical frequencies of the ionosphere over Bulgaria during the storm cal-
culated according to the TEC data (continuous line). For comparison with dotted line the measured
values from a similar coordinate ionospheric station San Vito are shown.

Fig. 5 shows the values of the critical frequency with vertical propagation foF2 (left
panel; continuous line) and the maximum usable frequency of radio communication at a
distance of 3000km (right panel; continuous line) obtained from an empirical model that
makes it possible to calculate both critical frequencies through TEC data (Bojilova and
Mukhtarov, 2021; Mukhtarov and Bojilova, 2021a). For comparison, the measured values
of these quantities from a nearby ionospheric station San Vito (40.6°N, 17.8°E) are shown.
Fig. 5 makes it evident that the values of the critical frequencies during the storm increase
in comparison to the values on quite days. During the day on 4 November (the maximum
of the storm) foF2 for Sofia exceeds 10MHz, and the same value on 3 November and
5 November (quite conditions) has values around 8 (see Fig. 5; left panel; continuous
line). The other ionospheric quantity MUF3000 has analogous increase in values during
the storm (see Fig. 5; right panel; continuous line). From the parameters shown at the
San Vito ionospheric station in fig. 5 (right and left panel; dash line) a similar situation
with the behavior of the ionosphere on the territory of Bulgaria is clearly visible. In
conclusion, we can say that in the studied ionospheric stations at almost the same latitude
in the territories of Bulgaria and Italy there is a positive response in the behavior of
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critical frequencies during the studied event on 4 November, 2021. The positive storm ef-
fects, especially at midlatitudes, remain the most unpredictable feature of the ionospheric
storms. Besides an increase in the neutral density ratio O/N2 as possible candidate for
the positive storm occurrence, storm time thermospheric winds, prompt penetration, and
disturbance dynamo electric fields, as well as plasmaspheric downward fluxes, have been
reported to be the main causes of the storm time increases in the ionospheric plasma den-
sity (Astafyeva et al., 2015; Fuller-Rowell et al., 1996; Richmond and Lu, 2000; Forster
and Jakowski, 2000; Huang et al., 2005; Crowley et al., 2006; Danilov, 2013, Gadzhev
et al., 2013). A positive response to the critical frequencies of the ionosphere means that
during this storm there are no conditions for disruption of radio communications.

Summary

Empirically modeled values of the geomagnetic activity index Kp presented in this
paper, calculated from satellite data of the solar wind, allow to predict with satisfactory
accuracy through the website of the National Institute of Geophysics Geodesy and
Geography the occurrence of geomagnetic storms with a delay of not more than 15
minutes. This is a definite advantage over the three-hour estimated values published by
the world data centers.

The model, which calculates the estimated values of the critical frequencies of the
ionosphere over Bulgaria (foF2 and MUF3000) provides, in the absence of a working
ionospheric station, a way to control the state of the ionosphere over Bulgaria. The results
of the model allow to predict the ionospheric characteristics with satisfactory accuracy
not only in quiet conditions, but also during disturbances of geomagnetic origin and to
make short-term and medium-term prediction.

This study presents the second geomagnetic storm of class G3 for 2021, which oc-
curs on November 3-4, 2021.From the considered geophysical parameters it can be seen
that the models providing monitoring at the National Institute of Geophysics, Geodesy
and Geography describe in great detail and accuracy the behavior of the basic quantities
used to study the behavior of the ionosphere in geomagnetic and ionospheric disturbanc-
es, namely: 1) the Kp-index by MAK model, ii) the critical frequency of the F2 layer, iii)
the maximum usable frequency at a distance of 3000 km and iv) the TEC quantity.
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G3 (cuana) reoMaruuTHA Oyps npe3 25-Tusi CIbHYEB HHKBJ Ha 3-4 HOeMBpH
2021

I1. Myxrapos, P. boxuiosa, b. AHI10oHOB

Pe3iome: B HacTosmaTa craTis e aHaTu3upaHa peakiusaTa Ha HoHocdepara Hag bpiarapus
o BpeMe Ha G3 (Strong) reomarauTHa Oyps oT 3-4 HoemBpu 2021 Ha 6a3aTa Ha JaHHUTE
OT MTOCTOSTHHO JICHCTBAIINSI MOHHUTOPHHT Ha CHCTOSHUETO Ha HoHOC(hepaTa B Hanmonns
Wuctutyt no I'eodpusuka, ['eonesns u I'eorpadus — bearapcka akageMus: Ha HayKuTe.
[IpencraBenu ca rmobamaute reomarauTHr nHAekcH (Kp and Dst), xapakrepusupamiu
MIPOTHYAHETO Ha OypsATa M JaHHWTE 3a CIBHUYEBHUS BATHP. Monenaute croiitnoctr (MAK
Mozen paboteny Ha uHTepHET cTpannnara Ha NIGGG) Ha mio0amHus HHACKC Ha TeoMar-
HUTHAaTa aKTUBHOCT, KOUTO C€ M3YMCIISABAT B PEAHO BpEME IO JAHHWUTE Ha CIIbHUEBHS
BATBHP IOKa3BaT J00PO CHOTBETCTBUE C AC()PUHUTUBHUTE CTOMHOCTH HA TO3H MHJIEKC OT
CBETOBHUTE IIEHTPOBE 32 NaHHU. [IpeacraBenn ca croitHocTrTe Ha Total Electron Content
(TEC) 3a bpnrapus mo Bpeme Ha OypsiTa ¥ IPOTHO3HUTE CTOWHOCTH HAa KPUTHIHUTE YeC-
ToTH Ha fioHocdepara (foF2 and MUF3000), kouto ce nzuncisBar Ha 6azata Ha TEC u
CITy’KaT 3a M3TOTBSHE HA €XKEJAHEBHU IIPOTHO3U 32 Pa3NpOCTPAHEHEHNETO HA PaHOBbI-
HUTE Ha TepuTopusaTa Ha bearapus. OT4eTeHO € MHOTO JOOPO CHBIAAECHUE MEXKIY MO-
JISTHUTE CTOWHOCTH M U3MEPEHNTE TaknBa. KaTo pesynrar e mpocieneHa peakiusra Ha
HoHOC(epaTa, KOSITO B pa3mIekKIaHUsI HHTEPBAI OT BpeMe 3-5 HOeMBPH U B YCIIOBHUATA Ha
reoMarHuTHa Oyps e monoxkutenHa. [Ipeqmokero e u o0scHeHne 3a HaOIIaBaHOTO I10-
Be/ICHHE Ha KPUTUYHUTE YECTOTH Ha HoHOocdepara. Benuku quckyTupanu napamerpu B
Ta3u paboTa ca 00eKT Ha MOHUTOPHUHOBaTA AeiHOCT 1Mo Project “National Geoinformation
Center (NGIC)™.
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Abstract. The geomagnetic disturbances caused by the geomagnetic storm on 12 Oc-
tober 2021 — class G1 increasing to G2 are investigated. The data set, recorded at 1s
sampling rate at the Geomagnetic Observatory Panagjuriste, Bulgaria, along the X and
Y components of the geomagnetic field variations, are analyzed. The time evolution of
the ULF variations, the local and the global geomagnetic K-indices and the dynamical
spectra in the ULF range are presented. It is found that spectral characteristics before
10 UT along the two geomagnetic components have similarities in term of the time of
occurrence, the time scale and power. After 10 UT, the results show radical differences
in the manifestations of disturbance in the two geomagnetic components in terms of the
time scales in which they occur.

Key words: ULF variations, spectral properties, geomagnetic storm, Panagjuriste.

Introduction

Many parameters that characterize different geophysical fields (Earths magneto-
sphere, ionosphere, atmosphere and lithosphere) are used and analyzed to identify a pos-
sible source of disturbances of ultra-low frequency (ULF) field variations (Chamati and
Botev, 2019; McPherron, 2005; Nenovski et al., 2013; Regi et al., 2014; Villante and
Vellante, 1998). These variations, recorded by the different types of magnetometers on
the ground and in the Space provide very useful information about the Sun and magne-
tosphere/ionosphere processes (Blagoveshchensky and Sergeeva, 2018; Borovsky, 2020;
Chamati, M., 2018). Many centers for scientific information collecting geophysical data
include in their database information of ULF observation such as National Geoinfor-
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mation Center (Miloshev et al., 2019) as well as information about geomagnetic field
elements (Metodiev and Trifonova, 2020).

In terms of their spectral characteristics, the irregular short-term geomagnetic vari-
ations with external origin resulting mainly from the impact of the storms and the sub-
storms on the geomagnetic field, cover a wide range of periods and frequencies - from
part of second to minutes (Chamati, M., 2018; Chapagain, 2017; Kleimenova et al., 2019;
Watermann and Gleisner, 2009).

On 09 October 2021 at 06:38 UT the coronal mass ejection (CME) associated with
flare from Region 2882 (N17, L=1.57) has occurred on the Sun. The CME reached the
Earth on the 11 October 2021 to early 12 October 2021 and disturbed the Earths mag-
netosphere, in particular geomagnetic field, and caused a geomagnetic storm at high and
mid latitudes.

Measuring instrument

At the Geomagnetic Observatory Panagjuriste, Bulgaria (geographic coordinates:
42.51N/24.18E) operate a tri-axial search-coil magnetometer system which is a part of
SEGMA Array (South European Geomagnetic Array, Figure 1). It is designed to measure
and collect data for the Earth’s magnetic field variations, specific geomagnetic events and

sermania

Repubblica
c v .

Fig. 1. The map of SEGMA Array and measuring instrument pictures
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long-term study of ULF signals. The sensitivity of the measuring instrument is in range
10 mV/nT — 100 mV/nT. The frequency band is 5 mHz — 20 Hz and its intrinsic noise is
0.05 pT/\((Hz)) at 1 Hz. The timing is provided via GPS.

Data set

The acquisition system records originally data sets associated with X (north-
south), Y (east-west) and Z (down/vertical) directions. They are sampled at 100 Hz,
organized in files with duration one hour. With aid of some software packages perform
verifications of the data files and transform them into data files with duration one hour,
sampled at 1 Hz.

Results

At early hours on 12 October 2021 the shock from the coronal mass ejection (CME)
arrived resulting in a geomagnetic storm — class G1 increasing to G2 according to clas-
sification of BGS (British Geological Survey) categories since 2014. It was recorded by
the search-coil instrument at Panagjuriste, Bulgaria, which provides continuous data of
ultra-low frequencies of geomagnetic field variations. Figure 2 illustrates the variations of
the magnetic field along the X (north-south) and Y (east-west) directions for twenty-three
hours. The shock is characterized by sudden decrease in the both values along the X and
Y components at 02:26:20 UT (Figure 3). The absolute values of the decrease for the X
and Y components are about 2.10°uV and 1.10° uV, respectively.
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Fig. 2. ULF variations along the X and the Y components on12 October 2021
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Fig. 3. ULF variations at the beginning of the storm on 12 October 2021, X and Y
components

The planetary geomagnetic index - K reaches values about 6 during the time in-
tervals 03-06 UT and 09-12 UT (the bottom panel on Figure 4) (Matzka et al., 2021)
(https://www-app3.gfz-potsdam.de/kp _index/Kp _ap Ap SN F107 since 1932.txt)
while the local K index (Metodiev, M. and Trifonova, P., 2021) (http://data.niggg.bas.
bg/magn_datal/pag_archive bg.php), calculated for Panagjuriste is 5 (upper panel on
Figure 4). The local geomagnetic activity remains relatively high after 12 UT while the
global index is gradually decreasing.
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Fig. 4. The K index, Panagjuriste, Bulgaria (upper panel) and the Kp index (bottom panel)
on 12 October 2021
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To extract detailed information on the spectral characteristics of the geomagnetic
ULF variations along the X and Y components the Wavelet analysis is applied. The time
scales 1-900 seconds are analyzed. On Figure 5 the results obtained for the X component
are presented. It shows that at the beginning of the storm at the 02:26 UT the sudden
powerful disturbance, which comprise the time scales 90-900s, is recorded. At the same
time a similar behavior of this disturbance is observed along the Y component (Figure 6).
Then, up to about 10 UT, similar power and frequency interferences in time scales 45-
350s occur along both directions — X and Y.
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Fig. 5. Dynamic spectra, X component on 12 October 2021, PAG
station, time in seconds
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12 October 2021, 01-23UT, Y component, search-coil instrument

Fig. 6. Dynamic spectra, Y component on 12 October 2021, PAG
station, time in seconds
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After 10 UT the disturbance strength of the X and Y components (Figures 5 and 6),
but not at the time of its occurrence, is very different. Along the X component stronger
disturbances, compared with Y component, in time scales 250-450s and 550-900s appear.
Three maxima of ULF spectra of the disturbances stand out particularly clearly: about
14:30 UT, 20 UT and 22 UT. The first one covers the time scales 600-900s, the second ~
270-370s and the third one ~ 700-900s. Figures 6 and 7 show similarities in that almost
no timescale disturbances of less than 45 seconds are observed.

Conclusion

On 12 October 2021 the shock from the coronal mass ejection (CME) caused a
geomagnetic storm — class G1 increasing to G2. The local spectral characteristics of ULF
geomagnetic noise along the X and the Y components, recorded at the Panagjuriste Geo-
magnetic Observatory have been studied. It is found that the disturbances along the two
geomagnetic components have similarities and differences in terms of the time scales in
which they occur and also in terms of the time of occurrence. The similarities appear be-
fore 10 UT and correspond to time scales 90-900s. The differences between disturbances
recorded along X and Y components appear after 10 UT. They occur on the X component
and are expressed by strong disturbances (compared to the Y component) in the time
scales 600-900s, ~ 270-370s and ~ 700-900s. Along the Y component, after 10 UT, the
powerful disturbances are not observed.

Acknowledgments. This work is supported by Contract No D01-404/18.12.2020
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I'eomaranTHn cmymenusi B ULF quana3on, Had/ro1aBaHu 10 BpeMe Ha reo-
MarHuTHa Oyps B 'eomarnutna OocepBaropus Ilanaropuine

M. IlamaTn

Pe3tome. U3cneaBanu ca reOMarHUTHUTE CMYIIEHUS, MPUYMHEHU OT TreOMarHuTHaTa
Oypst ot kiac G1 napactBai 1o G2, HabnronaBana Ha 12 oktomBpu 2021 1. AHanu3zupa-
HU ca aaHHU 3a ULF Bapunanunte Ha X 1 Y KOMIOHEHTHTE HA 36MHOTO MarHUTHO TOJIE,
3anucanu B [eomarautnara OOcepBaropus ,,[lanartopumie’, bearapus, ¢ pezomtorust 1
cexyHpa. IIpencrasenu ca 3anucure Ha ULF Bapuanuunte ot 01:00 UT go 23:59 UT ,
JIOKaTHUAT ¥ io0amuusT K-unaeken u quHamuanaute crektpu B ULF nuamaszona. Y-
TaHOBEHO €, Y€ CIEeKTPATTHUTE XapaKTePUCTUKHU HAa T€OMarHUTHUTE Bapuanuu npeau 10
UT, HamepeHu 3a JIBeTe€ T€OMarHuTHU KOMIIOHEHTH, UMaT MPUJIMKU MO OTHOIIEHUE Ha
BPEMETO Ha Bb3HUKBAHE, BPEMEBUTE CKallk, B KOUTO C€ MPOSBSIBAT U MOIIHOCTTA WM.
Crnen 10 UT pesynrarure mokas3Bar paJuKaiHU PA3JIUKH B IPOSIBUTE HA CMYIIEHUS B JIBE-
T€ T€OMAarHUTHU KOMIIOHEHTH 10 OTHOIIIEHHE Ha BPEMEBUTE CKaJIH, B KOUTO C€ TMOSIBSIBAT,
a ChIIO TaKa | MO TAXHATa MOIIHOCT.
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Pe3rome: Tepuropusra Ha bparapus e 4acT ot 3eMeTpBHCHO onacHUTe obnacTu Ha 3e-
msra. Cronuuara Ha benrapus — rpag Codus, e pasnoioxeHa B CeM3MOT€HHA 30Ha
Codwust. I'paxbT € MHIYCTPHATICH U KYITYpeH LEHThp Ha bbirapus, xapakTepu3upari
ce C rojsiMa IUTbTHOCT Ha HaceJICHUEeTo (OKoo 1.2 MUIIMOHA )KUTENIU) U BUCOKO HUBO
Ha CeM3MHYHUS PUCK. B m3cnenBaneTo ca mpencTaBeHN Hall-CHITHUTE 3eMeTPEeCEeHHs (C
M, >5.0), renepupanu B censmorenna 3ona Codus cnen 1900 r. ITbpoTo censmuano
CHOMTHE C MarHMTY/ MO CEM3MMYEH MOMEHT M =5.7 € peaqnsupaHo B HAYaJIOTO Ha
20™ ek Ha 18 oktomBpH 1917 1. [TouTn eauH Bek nMo-KbCHO (95 roauHu cien 3eMeTpe-
cenneto ot 1917 1), Ha 22 maii 2012 1. B censmorenna 3ona Coust € reHeprupaHo BTOPO
3emeTpecenue ¢ M =5.6.

KiarouoBu AYMU: CWIHHU 36€METPECCHUA, MATHUTYA, MTHTCH3UBHOCT

BonBenenne

Cem3MHYHOCTTa, TeHEpUpaHa B bbirapus ¢ HepaBHOMEPHO paslpeleieHa B
MPOCTPAHCTBOTO U BPEMETO. 3eMETPECEHHATA B IPOCTPAHCTBOTO CE€ KOHLICHTPHPAT B OI1-
pexnenenn reorpadcku 06IacTH, HapeYEeHH CEU3MOIeHHHU 30HU. Besika eHa OT Te3u 30HU
Ce XapaKTepU3Hpa ChC CBOS ClIENU(HKA B CEH3MOTEKTOHCKH, TCOJIOKKH U re0()U3H3NICH
acmexT. 30HUTE ca AeUHUpaHU Ha 6a3aTa Ha IMPOCTPAHCTBEHOTO PasIpeieiecHue Ha ce-
U3MUYHOCTTA, UICHTHOUIUPAHUTE TEOJIOKKH U TeO(QU3UYHN CTPYKTYPH, U BH3MOXKHHTE
OTHUIIHU 30HH, mpemiokeHn B Bonchev et al. (1982). HabmonaBanara 3a TepuTopus-
Ta Ha CTpaHaTa CEM3MHUYHOCT MOXE Jja OBbJie acolMUpaHa KbM OCHOBHHUTE CCH3MOICHHH
3oum: Kpecna, Codust, Mapura, T'opra Opsixosuma u [1labma, xouto ca aepuHUpaHU B
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penuia u3CaeaBaHus 3a CCM3MUYIHOCTTA (KaTo Harpumep Sokerova et al., 1992; Dachev
et al., 1995; Simeonova et al., 2006).

Ot aHanu3a Ha AbI00YMHHOTO pasnpenencHue (Bonchev et al., 1982; Sokerova et
al., 1992; Dachev et al., 1995) e ycraHOBEHO, Y€ 3eMETPECEHHUATA HA TCPUTOPUSATA HA
cTpaHara ca kopoBu cbouTus (h<60), TOKaTM3UpaHHu MPSIUMHO B TOPHATA YacT Ha 3eM-
HaTa Kopa Ha abiabounHa g0 20-25 km.

B nacrosmara pabota ca npencTaBeHu HaH-CUIHHTE 3eMeTpecenus (¢ M >5.5),
peanmsupanu B censmorerna 30Ha Codust ciaen 1900 1. 1 moCaeACTBUATA OT TSIX B Ipaj
Codust.

Codust e cronuia U Hal-roJIsIM Ipaja B Bbiarapusi, KOWTO € Pa3loIOKCH B ICH-
TpanHara 4yact Ha 3anaana bearapus, B Codumiicka cem3moreHHa 30Ha. Mcropusita Ha
Codust 3amouBa npeau celleM XU TOAUHHA. [ pabT € eHO OT Hail-CTapuTe YOBEIIKA
cenumia B EBpora, a Heropure MHOrOOpOIHHI HCTOPUIECKH U apXUTEKTYPHHA TaMETHUIIH
CBHXpaHSABAaT MBAPOCTH OT €AWH BEKOBEH KYATYpeH OMUT. [pambsT € HaclIeqHWK Ha
JIpeBHaTa puMcKa Kpenoct ,,Cepauka®“, KosSTo B Ha9aJIoTo Ha 2P" BeK CJI.H.e. pepacTsa B
pernoHaseH HeHThp Ha PuMckara nmmnepus, a B Kpas Ha 3™ BeK ce MPEeBpPhINa B CTOIUIIA
Ha HOBOCH3aieHaTa poBuHIMS BrTpemHa Jlakus (Dacia Mediterranea).

Codust e rpag ¢ Ooraro apXUTEKTYpHO HACIEICTBO, BKJIOYBAIIO PUMCKH, BU3aH-
TUICKU M CPETHOBEKOBHU OBJrapCKH Crpajiy, 3aMa3eHy B LIEHTPaJHATa 4acT Ha rpaja.
B kpas ma 19™ Bek ce Hajara MOAEPHHUAT IO TOBa Bpeme CTHI B EBpoma — cerecuoH.
[To-kbCcHO, pe3 mbpBUTE ToAnHN Ha 20™ BeK, CTHIIBT, IPUMECEH C (OPMHU U BIHSIHUE OT
OBJITAPCKU APXUTEKTH C MECTHOTO apXHUTEKTYPHO HACIEACTBO, ce 0(hOpMsl KaTo HAIMO-
HAITHO-POMAHTHYEH OBJITapPCKU CEL[ECHOH.

B cBoeTo MHOroBekoBHO pasButue Codusi BUHArH € UMall BayKHA POJIsi B UCTOPHATA
Ha OBJITApPCKUTE 3€MH KaTo CPEIUINEH IIEHTHP, €CTECTBEHO KPHCTOBUIIE HA ITHTUINATA
cBbp3Bamm M3Toka che 3amaia, KakTo M CTPAHUTE Ha CeBep OT bharapus ¢ Te3u Ha 10T OT
Hesi. [ToHacTosmeM rpagbT € Ha-TONeMUT aAMUHUCTPATUBEH, HHIYCTPHAJICH, TPAHC-
MOPTEH, KYATYPEH ¥ YHUBEPCUTETCKH IEHTHP Ha bharapus.

Cen3MOTeKTOHCKH XapaKTepHCTHKH

TexToHCKara 00CTaHOBKA B M3TOUYHOTO Cpenn3eMHOMOpHE € JOMHUHHMPaHa OT KO-
mm3usaTa Ha ApaOckara u AdpukaHckara ioun ¢ EBpoasmarckara (Hamp. B McKenzie
1970; Jackson and McKenzie 1984, 1988). Moxenute 3a IBUKECHIE HA KOHTHHCHTAITHUTE
IUTOYH TIOKa3BaT, 4e ApaOcKara Iioda ce ABMKI B CEBEP-CEBEpPO3aIafHa IOCOKa CIPSMO
EBpasus cbe ckopoct oT okono 18-25 mm/y. AdprkaHckaTa KOHTHHEHTAIIHA IJI0Ya Ce
JIBIDKM B CE€BepHa Iocoka cripsiMo EBpasust cbe ckopoct oT okoso 10 mm/y. Adpuxan-
cKara IIoda ce nmoAmbsxsa (cyomyknus) mo I'pbiikara rpra nox EBpoasuarckara rioda

CJI0’)KHOTO B3aMMOJICHCTBHE HA IJIOUUTE U CBBP3AHUTE C TSX Ae(OpMaIMU HA 3eM-
Hara KOpa B U3TOYHOCPEIU3EMHOMOPCKHUSI PETHOH CE M3pa3siBa B MHOKECTBO Pa3pyIIH-
tenau 3emerpecenns (McKenzie, 1970; u Jackson and McKenzie, 1984, 1988).

[Ipeamnonara ce cpiiecTByBaHeTo Ha Ereficka MUKpOIUIOYa M HAJIMYME HA ITPEXOAHA
30Ha Mex 1y EBpoasurckara KOHTHHEHTaIHa 1uto4a U Erefickara Mukporioda — Taka Ha-
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pedenusat KOxxHOOaMKaHCKH €KCTE3MOHEH PaiioH, Che ceBepHa rpanuiia Crapa riaHuHA.
TepuropusTa Ha brirapus ce Hamupa B ceBepHaTa JyacT Ha HOKHOOATKaHCKHS €KCTEe3H-
OHEH paiioH. 3a pernoHa € yCTaHOBEHA EKCTEH3HSI C JOMUHHPAIIA TOCOKA CEBEP-IOT, KaTo
CTOHHOCTUTE Ha XOPU30HTAIHUTE CKOPOCTH CE€ YBEIWYaBaT OT CEBEp Ha OT.

I'pax Codus, pasmosnoken B Coduiicka KOTIOBUHA, € 32a00MKOJICH OT TPH IIAHUHU
— Buromia, Jlronua u Crapa mnannHa. Coduiicka KOTJIOBHHA, HAMUpAIA Ce B IIEHTpaTHA
3amajaHa beirapust e hopmupana Ha npeceyHuara Ha 3aa0anKkaHckust 1 MapuIkust rpa-
6eHoBu KoMIuTeKcH. [ eomopdonokkoro odopmste Ha Coduiickara KOTIOBHHA € CBP3aHO
¢ passutrero Ha Coduiickara rpabeHOBa CTPYKTypa, OrpaHHUYEHA OT CEBEP M FOT C Pa3CE/IH.

ChBpeMeHHaTa TEKTOHUKA Ha IEHTpaJIHA 3ammafHa bearapus ce ompeaens oT HeoTeK-
TOHMKaTa Ha PaliOHa, B KOATO JOMHHHUPAT MPOLECUTE HA EKCTEH3US C TeHepalHa MOCOoKa
CEeBEp-I0T, B pe3yNTaT Ha KOETO, CHh3/1aICHITE AKTUBHH PA3JIOMHH CTPYKTYPH UMaT MOCOKA
M3TOK-3amaj] 0 CEeBepO3amaa-Ioron3ToK. /[eTaliTHO poyyBaHe Ha aKTHBHUTE Pa3loOMHU B
paiioHa Ha roro3anagHa bwirapus u B enuueHTpaiHara 30Ha Ha [lepHuinkoro 3emerpece-
Hue npe3 2012 r. e HanpaBeHO, choTBETHO OT Ieoprues (2010) u Pamynos u ap., (2012).
I'eoctpykrypute B Coduiicku 6acelin ca uzcnenanu ot Pamyios u ap. (2011).

B TEKTOHCKO OTHOIIEHWE Pa3IOMHHUTE CTPYKTypH ca ¢ mpeobmanasamio C3-IOU
HanpasieHue. Karo Haii-ChIeCTBEHH ca Te3H, KOUTo orpanndaBatr Coduiickus rpadeH.

CoulickusT rpabeH e OrpaHudeH OT CeBep OT 3a10aIKaHCcKaTa pa3IOMHA CUCTEMA.
ITo Te3m pasnomu craBa m3nurane Ha Crapa IJIaHWHA W MOHWXkKaBaHe HaA COPHUICKOTO
ToJie, a B M3TOYHA ITOCOKA ca 00pa3yBaHu 3aj0ankaHckuTe rpadenu (mosiera). Ot ror, Co-
(HUICKOTO 110JI€ € OTPAHUICHO OT PA3IOMH C pa3CceleH xapakTep - Buromiku u JIO3eHCKH.
PaiionsT Ha tor ot rpajg Codust ce cuuTa 3a Hal-M35IBEH B CTPYKTYPHO-TEOMOPGOTIOKKO
OTHOIICHHUE U HAJTMYNE HA CEM3MOTEKTOHCKA aKTHBHOCT.

CeusmorenHa 30Ha Codusi € pasnoyiiokeHa B IIeHTpaHara yacT Ha 3anaana beara-
pust. Ot cen3monornyna mieana touka Coduiicka KOTJIOBHHA € YacT OT Ta3u 30Ha. Ha-
JIMYHUTE UCTOPHUYCCKU JOKYMEHTH IOKa3Bart, 4e mnpe3 nepuoga 15™ - 18™ pek B Coduii-
CKa 30Ha ca CTaBaJIM CUJTHHU 3€METPEeCEeHHs ¢ paspymuTeseH edekt Brpxy rpan Cobus u
okxomHOocTUTe My (Bamos, 1902). IIpenu 19™ Bek, cBeneHUsATA 32 YCETCHUTE 3eMeTpece-
uust B Codust ca TBbpIE OCKBIHH, 3a1[0TO 110 ToBa BpeMe Codust € MaIbK Ipaj, pasio-
JIOKEH TBIOOKO BHB BETPEIIHOCTTA Ha OTOMaHcKara ummepust. [Ipe3 19™ Bek, B Gimzoct
1o rpan Codus ce peanusupar ase cuiaHu cbOuTus. [IbpBoTo ¢ nHTeH3uBHOCT [ =8-9™
MSK64 (Cxana na Mensenes-I1Inonxoep-Kapuuk (MSK64)) ce e ciyumno Ha 23 mapT
(4 anmpun) 1818 . Hali-cruimHOTO 3eMeTpeceHne, B MICTOPUIECKU U ChBPEMEHEH IIIaH, CTa-
nano B Coduiicka censmorenna 3o0Ha, € csoutnero or 30(18) cenremspu 1858 . (1,9
MIIIK64). 3eMeTpeceHHeTO € HaHeCIO CEPHO3HH IIETH B Tpaja U € JIOBEJIO J0 TosBaTa
Ha TepMaJHH U3BOPH B 3amaaHarta My Jact (Bamos, 1902).

3emeTrpecenneto ot 18.10.1917 .

3emerpecenuero ot 18 okromspu 1917 1. ¢ M =5.7 n 1 =7-8"* MSK64 ¢ nait-cui-
HOTO CHhOHMTHE, peal3upano B okoiHocTuTe Ha rpajx Codus npe3 20™ Bek. 3a ToBa 3e-
METPECEHHUE CHIIECTBYBAT MOAPOOHH ONMCAHUS M U3CIIEABAHMS, IpeCTaBeHn B MIBaHOB
(1931), Kupos (1931) u ITetkoB, Xpuctockos (1965).
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3eMeTPECeHUETO € MPEAXOKAAHO OT HIKOJIKO M0-CJIadu Tpyca. YCETeH € TPYChT, pe-
anmm3upan okosio 40 MHHYTH MPeIU TIIAaBHOTO chOuTHE, 32 KoeTo Kupos (1931) nume ,, B»
20 18 16 ce nouyscmea 8 yenusi 2pads CUTHO 8ePIMUKATIHO 3eMempecenie, npeouecma)-
6AHO U NPUOPYICHO OMb CUTHO, NOO3EMHO Oyuene, N0O0OHO HA U3bPMABAHEMO eOHO8Pe-
MEHHO Ha MHOXcecm8o Oaneunu monoge.. “. Cieq ToBa ChONUTHE € peaTn3upaHo IIIaBHOTO
3emeTpecenue: ,, Cougama geuep 6v» 20 57 41 cunno...3emempecenue..., KOemo npoowvaicu
oK10 4 cexynou u ce npeduwicmaysauie u npopyicasauie Omv NOOIMHO OyyeHue no-CuiHo
omv nvpsomo*“ (Kupos, 1931).

»lonsima nanuxa dewe obzena ysnomo nacenenue. Xopama 6s2axa usniaueHu no
yauyume u 080pogeme u HUKoU He cmeeule 0a gieze OMmHo8o 8 Kvuyu...Mnozuna npexapa-
xa mpu u nogue oHonowjus Ha omxkpumo* (Msanos, 1931).

[maBHUAT ynap € perucTpupaH OT MHOTO CEU3MOJIONMYHM craHuuu B EBpora,
Hali-0yiM3Kara, oT KouTo € AtnHa Ha 526 km, Haii - nanednara € Yocana Ha 1849 km ot
Codust.

3eMeTpCEeHUETO € MPHUIPYKAaBAHO OT MHOTO CHJTHO Io/13eMHO Oydene. Criopen ode-
BUJILH ,,...MHO20 CUTHO OyyYeHe, NPUIUYHO HA NPUOIUICABAWD YPa2aib, KOemo OyueHe
nPOOBIANCU 0adNCe MHO20 MATKO U CNO c8bpuidarnemo Ha mpyca™. Hikom oT KuTenure
Ha Codust ca pazkazBaiiy, ue NpU [NIABHOTO CHOMTHE ca 3a0elsi3alid CBETeHe HaJl rpaja
(UBanos, 1931).

3eMeTPEeCEeHHETO € HAHECI0 3HAYNTEIIHU OBpead BbpXy crpaaute B Codus. Cro-
pen Pagu Meanos (1931),,...6cuuku kvwu 6v Cogust 6sixa noonodxicenu muil 0a ce Kaxce
Ha uznums.

Haii-noctpananara 4act oT rpajia € KBapTarbT MEXIY YIHIUTE ,, 0)1e6apos ,, Llap
Ocsobooumen“ u ,, I papv Henamuesw“ u cesepnama cmpana na oynesapov, Depou-
HaHO® “, b OHA3U MY YACH, KOAMO MUHABA NOKPALl 300J102UHeCKama 2paouna, u yiuya
LJlescku ™., Snauumanume nospedu, cmananume 0opu Heobumaemu 30anusl, Cb 6ce
UMEHHO NOo musl YIuyy Ha mosu keapmans. Tosa ce Owadicu, nokpai cuiama na yoapa,
He MOIKO8A HA JIOWIUSL CIPOEC, HO U HA HYCIMOUNUBUS MEPEH, KOUMO 6b 2OIAMAMd CU
Yacmv e U3KyCmeHs Hacuns. Tams npedu 200unu e meKia cmapa pexd, Kosimo omnocie
e nacunana‘* (MBanos, 1931).

Paspymuienusita, npuurHeHu ot 3emerpecenuero B rpaj Codust ca moxpodHo onu-
canu B paborara Ha Panu MBanos (1931). Ha ¢urypa 1 e npemcraBeHa 4act oT yCTaHo-
BEHHTE MOCIICICTBUSL.

ITonpoOHUTE CBEACHUS 3a MUHEpPAJIHUTE M3BOPH, npeactaBeHu B Mpanos (1931),
ca nanenu Ha JupexnusaTta Ha meteoposiorusTa ot Ct. [IeTkoB (acCHCTEHT) ,,...cedsb 3e-
Mempecenuemo yeauuerue na oeouma na Cogpuiickusi mepmaniens u3gops, memnepanty-
pama ce e yenuuuna camo cv 0.2° “Temnpamypama na éooama ce e ygenudund..... Ha
ussopume 6v ,, Knusoceéo “ cv 0.2°C, u na ,,Osuama xynen* npu Ilasnroso cv 0.35°C, a
namansana 6v bauks cv 0.1°C, 6v Knaonuya cv 0.4°C u v I[lanuepeso cv 0.9°C* (UBa-
HOB, 1931). Temneparypara Ha Bogara B [ opHa OaHs He ¢ mpoMeHeHa. J[eOuThT Ha Bomara
e yBenudeH B banks, ['opHa Oans, KashkeBo u B m3Bopa ,,OBUa Kymen®, a € HamalleH B
[Tanuapeso u Knagnuna.

Pagu MBanos (1931) onpenerns MmakcumaiHoTo yckoperue B Codust, KOETO 10CTUTa
or 2000 mm/s? go 4000 mm/s?, npuaraiiku moaxona, usnonssad or Craiiko CTailkoB
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pu m3y4aBane Ha [opHO-OpsixoBckoTo 3emerpecenne ot 1913 . Copen MBanos (1931)
MaKcHUMalHaTa ckopoct e ouia 40 cm/s, a aMIUTUTy1aTa Ha 3eMHUTE KOJIeOaH s JOCTHUTa
5-10 cm, ,,a npu ucoxume emasicu u no-eonama.

Cwriacuo MBanoB (1931) 3emerpecenuneto e ycereHo Haii-cuinao B Codusi u ¢ ota-
Je4aBaHe OT Ipajia yCeIaHeTo HaMallsiBa, a 000JIacTTa Ha yCelllaHe Ha 3eMETPECEHHETO
e okoio 70 000 km?. “....6una e pasmuvpcena 3anaonama nonosuna na bBvicapus 6w ce-
eawmume u npedenu, yacmv omv Cvupousa u Maxedonus, Kamo Ha 102b 3eMempeceHueno
e docmueHano wxcHo omv Podonume, na cesepa e npemunano /[ynaea, a Ha 3anadv e
docmuenano 0o pxkama Ha p.Mopasa “ VIanos (1931).

3emerpecenuero ot 18.10.1917 1. e mocneaBaHo OT adTHPILIOKOBA aKTHBHOCT, IPO-
JUbJDKUIIA TIOBeue OT eHa rojuHa (CumeoHoBa, 1995). Cien croutrero B Coduiicka 30Ha
HACTHIIBAa OTHOCUTEIHO CIIOKOHCTBHE, KOETO NPOXBIKAaBa OKOJIO 95 roANHH.

®@ur. 1. llletu B Codusi, mpuunHeHu ot 3eMeTpecenneTo npe3 1917 r. (MBanos, 1931).

3emeTpecenuneTo ot 22 maii 2012

IToutn Bek MO-KBbCHO cien 3eMeTpeceHuero mnpe3 1917 1., Ha 22 mait 2012 1. 3e-
meTpecenne ¢ M =5.6 € peructpupano B paiiona Ha Coduiicka 30Ha. CHOUTHETO € C
enuneHThp Ha 25 km B FO3 mocoka ot niearspa Ha Codust, Mexay rpagosere [lepHUK
Pagomup. B rpag Codust u okomHOCTHTE ca HaOMIOMaBaHW YMEPEHH JI0 TEeXKH meTn. Ha
¢urypu 2 u 3 ca WIOCTPUPAHU STHH OT Hall-CepHO3HUTE IETH HAHECEHHU OT 3eMeTpece-
Hueto B rpagosete [lepauk u Codust.

Pasmpenenennero Ha Makpocen3sMUIHUTE e(heKTH, HaOIIOIaBaHu CIIe]] 3eMeTpece-
HHUETO, B paiioHa Ha rpang Codus, e oleHeHo Ha 0a3ara Ha JOKYMEHTH M HaJIeXKIHA WH-
¢dopmanus ot otaen ,,Apxusn’ mpu Cromuana OOmuHa.

Hsaxon oT Hali-ysi3BeHUTE Crpaiu ca Moka3zaHu Ha ¢urypa 3. Exna gact ot te3m
Crpajy ca HeoOMTaeMHU C HEM3BECTHH COOCTBEHHMIM M caMmopa3pymiaBamu ce. Jpyru ca
00IIMHCKAa COOCTBEHOCT M CE€ M3IIOJ3BAT 3a JKUJININA Ha COIMAIHO CIIa0M ceMeiicTBa.
Bcewnukn Te ca crpaan, KOUTO He ca OMIM PEHOBUpaHM. TpeTH BUJ Crpajayl C TAKUBA yB-
peskiaHus ca 00SIBEHH 32 TAMETHHILIM Ha KyJITypara, HO M TyK ITOpaJIy JIMICA Ha SICHOTA B
COOCTBEHOCTTA UM, CBHIO Ca HEOOUTAEMH M CHITHO YBPEACHH OT aTMOC(HEPHUTE YCIOBHS
(Anexcannposa, 2014).
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@ur. 2. [lletu, npuyuHEeHU OT 3eMeTpeceHueTo B rpaj IlepHuk u
OKOJTHOCTH.

®@ur. 3. HabmronaBanu metn B rpag Codust cien 3eMeTpeceHHeTo,
peanuzupano npe3 2012 r.
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[IpeobnanaBamure Bb3ACUCTBHS ca oleHeHH Ha 7' crerien MSK64 (®ur. 4), kato
Crpajure ¢ Te3W YBPEKIAHUsS ca ChCPEIOTOUYCHH B LIEHTpAJIHATA rpajicka yacT. ToBa ca
KBIIU ¥ KOOTIEPAIINH, TOCTPOSHHU B HAYAIOTO Ha 20™ BEK.
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®ur. 4. HaGmronaBanu BB3CHCTBHS CIIET 3¢METPECEHHETO, peanusupano npe3 2012 .

IToBeueTo oT Te3um crpaay He ca MOIBPXKAHU - O€3 /1a € U3BbPIIBAaH OCHOBEH pe-
MOHT. BenencTBue Ha TOBa KOMUHUTE ca ¢ MaJHAIM IIANKU, C U3POHEHA Ma3WKa, TyX-
JIUTE Ca HECUTYPHHU U MOJATIMBU Ha najaaHe. Mma rozemMu kbcoBe Ma3uiIKa NajHaIUA OT
(acaauTe Ha crpaguTe, a CHIIO M THHKHU ITyKHATHHU B cTeHHuTe. B okono 40% ot Habmo-
JJaBaHMUTE CIIyuyad MMa pa3MeCTBaHE U CBIMYAHE HA KepeMuau ot nokpusute. Ilnomra ¢
BB3ICUCTBHS 0T 7™ cTeneH no MSK64 ce pasmupsBa IpeArMHO 3amaJHO OT LIEHTpa-
HHUTE YacTH Ha rpajaa (oT ceBeposaraj A0 [oro3armaj, JOCTUTalKH 0 KBapTan Branas,
pa3IoyioKeH B Ioro3amnajHara 4acT Ha Buroma).

OCHOBHOTO 3eMETpPECeHHE W MocieaABaiaTa ro ahThpIIOKOBa aKTHBHOCT ca pea-
JIM3UPaHU B 00JIACT, KOSTO JI0Ope OouepTaBa aCeM3MHUYHO MTPOCTPAHCTBO, FOTO3aIaHO OT
rpax Codus (Pur. 5). Ha ¢purypa 5 e mintoctprpano npocTpaHCTBEHOTO PasIpe/ieicHHe
Ha EMUILIEHTPUTE Ha 3eMETPECEHUITa, reHepupanu 3a 30 roauIlleH BPeMEBU UHTEPBAI C
marautyn Hag 2.0 (M>2.0), peanmmsupanu B Coduiicka 30Ha.

3a mpocneAsBaHe MPOCTPAHCTBEHO-BPEMEBOTO PA3NpPEEIEHHE HA CEU3MUYHOCT-
Ta, Pa3MISKJAHUAT BPEMEBU UMHTEpBAJl € pasjesieH Ha JBa mepuopa: 1™ or 1985 r. no
22.05.2012 r. (xorato € peaNM3MpaHo Hal-CUIHOTO chOuTHE ¢ M =5.6); 2P mepuon ot
22.05.2012 r no xpast Ha 2014 r. CpOuTHATa OT JBaTa MEPHUOAA Ca O3HAYECHH C PA3IHUYCH
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3emeTtpecenus (M>=2.0)
+* [Mpeawn 22/05/2012
* Cnep 21/05/2012

Tectonic map compiled by: J.lvanov, R.Nakov, A.Radulov,Y.Gerdzikov o 5 10 20 —— Normal fault

Quaternary Neogene —— Strike slip
+—Thrust
Il Basalt
Y Fans [ ] Sediment —— Faults with not identified type
Aluvial sediments edimets - -~ Possible fault

[ | Aluvial sediments (Cattel type in Southern Bulgaria) —— Fold axis

@ur. 5. [IpocTpaHCTBEHO pasmnpeieeHue Ha 3eMeTpecenusita ¢ M>2.0, peanusupanu B Coduiicka
cen3MoreHHa 30Ha npe3 nepuona 1985-2014 r. (OcHoBara e GparMeHT OT HEOTEKTOHCKATa KapTa,
cbctaBeHa ot JK. MBanoB u ap., npexacrasena B Otaer [OU, 2008 1).

pacrep u uBsAT Ha durypara. Ot ¢purypara ce BUWK/Ia, 4e ChbOUTHSITA, PEATU3UPaHH CIIe]
22.05.2012 r. (03Ha4YeHN C YEPHU TOYKH) YACTHYHO 3aITBJIBAT JOOpPE OYEPTAHOTO acems3-
MHYHO IPOCTPAHCTBO, Foro3anagHo ot rpajg Codus.

IIpe3 mepBus nepuox (mo 22.05.2012 1) ca peammsupanu 736 3emerpeceHus (c
M>2.0) cbc cpeana rofauinHa akTuBHOCT 27.3 cwOutHs/roquna. He ce nabnronasa 3a-
KOHOMEPHOCT BbB BapHallMWTe Ha TOJMIIHATA aKTHBHOCT. Haii-BHCOKa € aKTHBHOCTTa
mpe3 2010 1, peanmmsupanu ca 59 3emerpecenus, Ho npe3 2011 . akTHBHOCTTA CIIaga Mo
cpemHaTa — reHepupanu ca camo 18 crouTus. IlomoOHu Bapraiui B CEM3MUYHATA aKTHB-
HOCT ce Habmromasat u ciex 2012 1. [Ipe3 2013 . u 2014 1. ca peanu3upaHy, ChOTBETHO
14 u 45 zemerpecenus ¢ M>2.0 (0T CEM3MUYHUTE U3SBH Ca U3KIIOYCHHU a)THPIIOKOBUTE
crOuTHsT). OCHOBHA YaCT OT TE3W 3eMETPECEHHUS ca peanu3upanu B nepudepusara va Co-
(huiicka cen3MUYHA 30HA.

3emerpecenne ot 22 maif 2012 1. He ce XapakTepu3npa ¢ (OPIIOKOBA AKTHBHOCT, HO
€ pean3upaHo B 00JIaCT, XapaKTEPU3HUPALla ce C U35IBEHO CEM3MHYHO 3aTHILHE 3a ClIabu
JI0 yMepeHo cuitHu 3emerpecenus (Solakov et al., 2016).

3a m3ciieqBaHe NMPOCTPAHCTBEHOTO paslpeneieHne Ha aQThpPIIOKOBHTE CHOUTHS,
TeHepHpaHu cief 3eMeTpecennero ot 22.05.2012 . e popMupaHa n3BajKa, BKIIOYBAIIA
209 adTepoIOKOBH CHOUTHS ¢ MarHAUTYZ B MHTEpBaia 1.0 <M < 4.4 (Mp, nepunupaH B
Christoskov et al., 2012).
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Ha ¢urypa 6 e npeacraBeHa NIpoCTpaHCTBEHA KAPTHHA HA a)THPILIOKOBATA aKTHB-
HOCT 32 TPU Pa3IMYHU BPEMEBU HHTEPBAIA.

Magnitude ¢<20 ©2.0-3.0 ©3.0-4.0 © 4.0-50 % >=5.0

— KM

Tectonic map compiled by: J.lvanov, R.Nakov, A.Radulov,Y.Gerdzikov 0 5 10 20 — Normal fault
Quaternary Neogene —— Strike slip
: I Basalt “—-Thrust
Y Fans [ Sediment —— Faults with not identified type
Aluvial sediments aciments

--- Possible fault
[ | Aluvial sediments (Cattel type in Southern Bulgaria) —— Fold axis

®@ur. 6. [IpocTpancTBeHO pasnpeneneHne Ha aTHPIIOKOBUTE CHOUTHS, PEATU3UPaHH CIe]] 3eMe-
tpecenuero ot 22.05.2012 .: a) 3 yaca cien maBHOTO chOuTHE; 6) 14 AHU Cen MaBHOTO CHOUTHE,
B) 663 qHM Clie[ TNIaBHOTO ChOUTHE.

Durypara umoctpupa 0COOCHOCTH B NPOCTPAHCTBEHO paslpenesieHne Ha ad-
THPIIOKOBaTa aKTUBHOCT: 1) TIIAaBHOTO 3€METPECEHHE U MOCIEABAINTE IO, B IBPBUTE 3
yaca (dur. 6 a), apThpIIOKOBH CHOUTHS Ce TPyMUpaT MO pasziomHa CTpykrypa B C3-
IOU namnpasnenue; 2) Haii-cuaHNUTE aTHPIIOKOBH CHOUTHSI Ca pealu3upaHu B CPABHU-
TEJTHO MalKa 00JacT, KOATO HapacTBa ¢ BpeMeTo (Pur. 60) u B)); 3) mpocTpaHCTBEHATA
eKCIIaH3Us Ha adThPLIIOKOBaTa aKTHBHOCT € MPEJUMMHO B CEBEPO3aIaJHO HAIPABICHUE
(Dwr. 6B)).

3a pasznMka OT MOBEYETO OT (DM3MYHHUTE IIPOLECH B NPHPOIATa, KOUTO 3aTHXBAT
€KCIIOHEHIIMAIHO BbB BPEMETO, aTHPIIOKOBHSAT IIPOLIEC 3aTHXBA 10 0OpaTeH CTENCHEH
3aKOH — ()eHOMEHaJHAa HEeroBa XapaKTepHCTHKa, NPEACTaBeHa upe3 MOoAM(HIMpaHaTa
¢dopmyna va Omori (Utsu, 1957, 1961, 1969):

n(t) = K(t + ¢)-p, (1)

KBJIETO: P € IapaMeTbp, XapaKTepu3upall 3aTUXBaHeTO Ha adThPLIOKOBaTa aKTHBHOCT
BBB BpeMeTo, a K 1 ¢ ca KOHCTaHTH.

Moaudunupanara popmyna Ha Omori € eauH OT MaJKOTO €MIMPHUYHO YCTaHO-
BEHU 3aKOHU B CEM3MOJIOTHATA C OCHOBEH NapaMeThp P, XapaKTEepU3HUPAILl 3aTHXBAHETO
Ha a(THPIIOKOBaTa aKTHBHOCT BbB BpeMeTo. [lapaMeThpbT 3aBUCH KaKTO OT (PM3NYHHTE
CBOIfcTBa Ha cpenaTa, HapHMep OT HelfHaTa XeTePOreHHOCT, TaKa U OT Pa3lpeeIeHHETO
Ha HalPe)KEHHATA B HEsL.
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[Ipu aHanu3a Ha BpeMeBO pasipelelieHne Ha adThpLIOKOBaTa aKTUBHOCT € IMPHU-
JIOKEHa METOJIMKA 3a OIPE/CNIsIHE Ha 3aTMXBAaHETO Ha adThPIIOKOBATa aKTHBHOCT BHB
BPEMETO, KOSITO € MOApOoOHO onrcaHa B padorure Ha CumeonoBa, 2015 u Paiikosa, 2021
(Simeonova et. al., 2015, Raykova, 2021) A TspuiokoBaTta akTHBHOCT € H3CJICABAHA 32
JIBa pa3IMYHU BPEMEBHU MHTEpBaa: (O4aKBaHa M HAOJIIOAaBaHa MPOIBIDKUTEITHOCT, ChOT-
BeTHO T=254 iim u T=1080 1num) ¢ n 6e3 maruuTynen npar M, =2.0. Ha gurypa 7 e npen-
CTaBEHO YECTOTHO-BPEMEBOTO pasipe/ielieHre Ha adThPIIOKOBUTE CHOUTHS 32 YETUPUTE
pa3miekKIaHu Clrydas.

Ha ¢urypa 8 e moka3zaHO 4eCTOTHO-IMHEAPU3NPAHOTO pasmlpeneieHne Ha apTbp-
mokoBuTe chOuTHs 32 Bpeme T=1080 nuu u T=254 nHu, npu pasnuyveH J0JIE€H MarHUTY-
JIeH Tpar Ma.

Habnronaea ce 100po ChBIIaICHHE MEKIY OYaKBaHOTO (TEOPETHYHOTO) U HAOrO1a-
BaHOTO YECTOTHHU PA3IPEACIICHHs U B YSTUPUTE pasniexkJaHu ciydas. Taka u30paHusT
MOJIEIN 3a alpOKCUMHUPaHEe Ha BPEMEBOTO paslpe/ielieHHe € B OTHOCUTEIHO JT00pO ChOT-
BETCTBHUE C pasnpejeieHnero Ha adhrbpuokoBute croutus. [Ipu uernpure ciydas ad-
THPIIOKOBaTa aKTUBHOCT C€ TOHM)KaBa MaJKko npenu 40-s1 neH u HapacTtBa Mexay 50-60-
WSl JICH, KOraTo € PeaJr3upaHo eIHO OT Hail-CHITHUTE adThPIIOKOBH ChOUTHsI (Ha 14 roim
2012 . ¢ Mp=4.4). ToBa gaBa OCHOBaHHE B TO3W MHTEPBAJ Ja C€ MOTHPCH MOJEI C BTO-
puuHa adThpIIOKOBa aKTUBHOCT. [lomydenuTe pe3ynraru ca mpeacraBeHu B Tadmuma 1.

Ta6.a. 1. Ouenxu Ha napamerpure K, p, ¢ u AIC - xpurepuii 3a pa3inuyHu MOJIEIU Ha MOPEAMUIIN
cien 3emerpecenueTo ot 22.05.2012 1.

Monea Mepuox K p C K, P, ¢ AIC

bes3 Bropuna cepns, 6e3 1080 1486 | 088 | 002 279.96
MarHuTyJeH rpar

bes Bropuuna cepus, ¢ 1080 830 | 094 | 001 143.95
MarHuTyjeH npar M, =2

bes Bropuuna cepus, 6e3 254 15.46 | 092 0.03 -93.51
MarHuTyJeH Ipar

bes3 Bropuuna cepus, ¢ 254 857 | 099 | 0.02 -59.59

MarHuTyaeH npar M, =2

C enHa Bropu4Ha cepusi, 6e3
MAarHuTy/eH npar

1080 14.87 | 0.89 | 0.02 | 0.47 | 0.89 | 0.02 274.48

C ezHa BTOpUYHA cepus, C

1080 822 | 095 | 0.01 034 | 095 | 0.03 142.40
MarHuTyzeH npar M,=2

C enHa BropuyHa 0e3
MarHuTyJeH Ipar

254 15.46 | 0.93 0.03 0.50 | 0.93 0.03 -99.69

C enHa BTOpHYHA CEpHs, C

254 849 | 1.02 | 0.02 | 0.38 1.02 | 0.04 -62.44
MarHuTyzeH npar M,=2

Ot nony4enure oneHku 3a napamerpute K, p, ¢ u croitnoctu Ha AIC, mpencraBeHn
B Tabnuia 1, KakTo M OT MPEICTABEHUTE Pe3yNTard Ha GUTypHUTE, MOXKE Ja Ce HAIPaBSIT
CIIETHUTE 3aKJIIOYCHUA: |) OIICHKUTE M Ha TPUTE MapaMeThpa Ce BIUSAAT OT JOTHUS Mar-
HUTY/EH npar M, mapamerpure K u ¢ HamassiBar, JI0KaTo apaMeThpbT p Ce yBenuya-
Ba C MpOMSHATA Ha MAarHUTYIHUS Mpar; 2) OI[eHKUTE Ha IMapaMeThpa p ca B cperara Ha
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MHTepBaIa oT croiirocT Ha p (p 1 [0.71;1.17]), moxydeHu 3a ahTHPIIOKOBH MOPEIHIIH,
peaiM3upaHu Ha TEPUTOPHsITa Ha Bbiarapus u okoaHocTuTe (Simeonova, Solakov, 1999);
3) OT 4eCTOTHOTO pasnpesesieHue Ha adThPIIOKOBUTE CHOUTHS MOXKE Jla Ce Kaxe, ue B
I'BPBO MPUOIMIKEHHE 3aTHXBAHETO Ha aThPIIOKOBATa aKTHBHOCT CE OMKCBa J00pe ¢
Momudunupanara hopmyna Ha Omori; 4) MOAETBT B Hal-100PO CHOTBETCTBHE C HAOIIO-
nenusita (Haii-aucka croiiHocT Ha AIC) e ¢ eqHa BropuvHa cepus 3a nepuoa T=254 nuu,
0e3 MarHuTy[eH Mpar; 5) IpeMHHaBaHETO HAa aKTUBHOCTTAa KbM (DOHOBA CEM3MHUYHOCT
ce HabmoaaBa okoso 360 THU clen IIaBHOTO ChOUTHE, KOTAaTO KyMYJIATUBHUST Opoil Ha
CchOUTHSATA ce yBear4yaBa Obp30 M MOKa3Ba OTKIOHEHHE OT HayallHus TpeH. TpsioBa aa
ce oT0enexu, ouakBaHaTa MPOIBIDKUTEITHOCT Ha adThpIIokoBaTa nopeauna € 254 nHu
(TponBIDKUTENHOCT omnpesenena upes padorure Ha Gardner and Knopoff, 1974; Xpuc-
TockoB u Jlazapos, 1981) u e mpeBuieHa ot HabIronaBaHara ¢ okosio 100 qHu.
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®@ur. 7. YecTOTHO — BpeMeBO pasmpeesieHne Ha aQThPLIIOKOBUTE CHOUTHS BBB BPEMETO: a) 3a
nepuon T=1080 nguu Ge3 MarHUTYAeH mpar; 0) 3a nepuon T=254 nuu 6e3 MarHUTYIEH Ipar; B) 3a
nepuon T=1080 nnu, ¢ maruutynen npar M =2; r) 3a nepuon T=254 nuu, ¢ Marnutyaen npar M =2
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@ur. 8. UeCTOTHO-THHEAPU3UPAHO Pa3MpeiCiICHHe Ha aQThPIIOKOBUTE CHOUTHS: a) 3a MEPHO.
T=1080 nuu 6e3 MarHuTy/CH mpar; 0) 3a nepuoa T=254 nHu 6e3 MArHUTYJCH Mpar; B) 3a MEPHO.
T=1080 muu, ¢ marruTyzen npar M, =2; r) 3a nepuon T=254 nxu, ¢ Marautyen npar M =2.

3aKjaoueHune

CeunsmorenHa 30oHa Codus ce Hamupa B lOro3zanaana benrapus - 30Ha xapakrepu-
3Mpalla ce ¢ TeKTOHCKa aKTHBHOCT U JIOKa3aHO JBIKEHHE Ha 3eMHara kopa. B ucropu-
YECKU U CbBPEMCHEH IIJIaH CUJIHU 3€EMETPECCCHUSA, IPUYUHUIIN MHOT'O HI€TU B I'paJOBCTE,
ce reHepupar u B cenzmorenna 3oHa Co¢ust. M3cnenBaneTo Ha IPOCTPaHCTBEHO-BpEMe-
BOTO paslpe/eeHre Ha 3eMETPECEHUATa € OT OCHOBHO 3HA4Y€HHE 3a pa3bupaHeTo Ha Qu-
3MKaTa Ha Ipoleca Ha FeHepupaHe Ha 3eMeTpeceHus. PesynTatuTe oT ToBa H3CieBaHEe
Morar Jga ¢€ MHTCpHPETUPAT KATO MOTBBPKIACHUC HAa KOHICIIIUATA, Y€ TPYIIUPAHCTO HA
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3eMETPECEHUsITA € ChIUICCTBEH aCIeKT Ha CEM3MHUYHOCTTA, KOWTO MPEIOCTaBs KIIOYOBa
nH(popMaIUs 32 IMHAMUKATA HA 36METPECCHUETO.

W3cnenBanero mpennonara, ye HEpaBHOMEPHOTO MPOCTPAHCTBEHO-BPEMEBO pas-
[peJieNieHne € MPUChIA XapaKTePUCTHKA HAa Bb3HUKBAHETO HA 3€METPECEHHS U B CEH3-
MoreHHa 30Ha Codust. YMEpeHO CHIIHUTE 3eMETPECeHNUs], peau3upaHi B Ta3Hu 30HA ce
XapakTepU3Upar ¢ MPOABIDKUTENHA AP THPIIOKOBA AKTHBHOCT.

CBETOBHMSAT ONMUT B CEM3MUYHO 3aCTPAIICHUTE PailoHM KaKBaTO € CEHM3MOIeHHA
3oHa Co¢us MoKa3Ba, ye CCM3MUYHUAT PUCK MOXKE Ja ObJe HamalieH upe3 e(PeKTUBHO
IpajioyCTPOUCTBEHO IIAaHWPaHe, ChOOPa3eHO C MPUPOJHUTE OCOOCHOCTH U HAJIUYHOTO
YCTPOMCTBO Ha HaceneHOTo MsicTo. ChC CTPOHMTENICTBO, ChOOPA3eHO ChC CEM3MHUYHATA
OIACHOCT — aHTUCEU3MHYHO CTPOUTENICTBO. Upes roBuIlIaBaHe TOTOBHOCTTA 3a IOCpela-
HE TOCJIE/IUIMTE OT CHJIHA 36METPECeHNUS — aJICKBATHH MPEBAHTUBHU MEPKH, 00y4eHHe
Ha HACEJICHUETO, TNIAHUPAHE Ha CHACUTEIHUTE JISHHOCTH, KAKTO U Ype3 aKTUBHO B3aHMO-
JIeiiCTBHE Ha HayKara ¢ BCHYKU HUBA Ha YIIpaBJICHHE Ha CTpaHara.
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Eearthquakes with magnitude M >5.0, occurred in Sofia seismogenic
zone after 1900

P. Raykova, S. Simeonova, D. Solakov, I. Aleksandrova

Abstract: The territory of Bulgaria represents a typical example of high seismic risk area
in the eastern part of the Balkan Peninsula. The city of Sofia is the capital of Bulgaria. It
is situated in the Sofia seismogenic zone. The city is the most populated (the population
is of more than 1.2 mil. inhabitants) industrial and cultural region of Bulgaria that faces
considerable earthquake risk. In the present study, the two strongest earthquakes (with
M, >5.5) occurred in Sofia seismogenic zone after 1900 are presented. The first M =5.7
earthquake occurred at the beginning of the 20th century on October 18th, 1917. Almost
a century later (95 years after the 1917 earthquake) on May 22nd, 2012 an earthquake of
moment magnitude 5.6 hit Sofia seismogenic zone.
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Abstract. Magnetic variations shows different records at each observatory. They de-
pend mainly on the latitude of the observatory and the local time. This paper reports the
definitive geomagnetic data obtained at Panagjurishte Observatory in 2016, prepared
in the form of local geomagnetic indices and absolute time-series of daily mean values
plots. The Solar cycle 24 was a slowly rising one having moderate amplitude (https://
www.swpc.noaa.gov/products/solar-cycle-progression). It had a “double-peaked” solar
maximum, with the first peak reaching sunspot number of 99 in 2011 and the second
peak in April 2014 with 101.

Calculated indices show that 2016 had 62 days with “storm” level conditions of the ge-
omagnetic field but only moderate levels have been reached. Only one day, 25.10.2016
picked at K-index 7. This is reasonable due to the fact that the sunspot numbers that
year continue to decline.

Verification of data quality is performed according to “IAGA guide for magnetic meas-
urements and observatory practice”.

Key words: PAG observatory, geomagnetic variations, geomagnetic activity, local ge-
omagnetic indices, daily mean values, 2016.

Introduction

The Geomagnetic observatory in Panagjurishte (PAG, 24.177°EN, 42.515°N) is es-
tablished 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 observato-
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ry was equipped with digital systems for the recording of geomagnetic field element’s
variations. Three different magnetometers are installed which operates in 24/7 regime:
two tri-axial fluxgate magnetometers model FGE (DTU Space) — one of standard type in
which the three fluxgate sensors are mounted on a 12x12x12 ¢cm?® marble cube placed on a
three legged aluminium base, and a second version, in which the marble cube is suspend-
ed in two crossed phosphor-bronze strips to compensate any tilt of the sensor foundation.
The third instrument is a three-axial search coil magnetometer used for studies on the lon-
gitudinal propagation of ULF signal (Chamati, 2020). It provides real time measurements
at a sampling period of 0.01s which are integrated at a period of 1 s.

Thus, the observatory implemented the technical requirements and was joined
to the INTERMAGNET (International Real-time Magnetic Observatory Network),
which establishes a global network of cooperating digital magnetic observatories, and
facilitate data exchanges and 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 definitive geomagnetic data
which are checked and processed to comply with the IAGA standards for observatory
practices.

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

Geomagnetic irregular variations or so called geomagnetic disturbances are driven
by the solar wind. Globally, they are evaluated by the Kp-index which is predicted and
later on determined by the world data centers (Matzka et al., 2021a). It is a 3-hour qua-
si-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 vari-
ations (Sq). In order to have a somewhat consistent scale of magnetic activity between
observatories at high latitudes, where field variations can be quite large in amplitude,
and those at low latitudes, each observatory is assigned its own set of amplitude ranges
corresponding to the various K-index levels. By definition, the K-limit scales for all ob-
servatories are proportional to the Niemegk scale (Matzka, 2021b).

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 ranges of the individual K numbers at PAG observatory and the 3-hour
equivalent amplitude @, which is assigned for each K value are defined in Metodiev and
Trifonova, 2019. 2K is the daily sum of the eight K numbers.

The calculated local geomagnetic indices (K, Ak, 2K) at PAG observatory for 2016
are presented in Table 1.
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Table 1. Local geomagnetic indices (K, A, £K) calculated at PAG observatory in 2016.

Activity Indices

Day K Ak [nT] K
01-Jan-16 5 4 5 3 2 1 2 1 20 23
02-Jan-16 3 2 2 2 2 2 2 2 8 17
03-Jan-16 1 1 2 2 2 2 2 3 7 15
04-Jan-16 1 1 1 2 1 2 2 1 5 11
05-Jan-16 1 1 2 2 1 2 3 2 7 14
06-Jan-16 5 3 2 3 2 3 3 4 19 25
07-Jan-16 3 2 2 3 3 3 3 2 12 21
08-Jan-16 1 2 2 3 3 1 2 1 8 15
09-Jan-16 2 1 2 2 2 2 1 1 6 13
10-Jan-16 2 1 1 2 2 1 3 3 8 15
11-Jan-16 1 2 3 2 2 3 4 4 14 21
12-Jan-16 3 2 2 2 2 2 3 3 10 19
13-Jan-16 4 4 2 2 2 2 3 1 13 20
14-Jan-16 1 2 3 3 2 2 2 3 10 18
15-Jan-16 2 1 1 1 1 1 2 1 4 10
16-Jan-16 1 1 1 2 2 0 1 1 9
17-Jan-16 1 1 2 2 2 2 1 1 5 12
18-Jan-16 0 0 1 1 2 3 1 3 6 11
19-Jan-16 4 2 2 3 2 2 1 2 10 18
20-Jan-16 0 1 2 4 4 5 4 4 21 24
21-Jan-16 4 4 4 3 3 4 5 4 27 31
22-Jan-16 3 3 3 3 2 2 3 3 13 22
23-Jan-16 2 2 3 2 3 3 2 2 10 19
24-Jan-16 2 2 2 1 2 3 5 1 12 18
25-Jan-16 1 0 1 1 1 0 0 0 2 4
26-Jan-16 1 1 2 2 1 2 2 1 5 12
27-Jan-16 2 2 1 2 1 1 0 0 4 9
28-Jan-16 0 0 1 2 1 2 1 1 3 8
29-Jan-16 1 1 1 1 1 1 1 1 3 8
30-Jan-16 1 1 1 1 0 1 1 0 2 6
31-Jan-16 1 1 2 2 2 2 3 10 17
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01-Feb-16 2 2 2 2 0 0 0 0 4 8
02-Feb-16 0 1 1 1 2 2 3 3 7 13
03-Feb-16 3 3 2 1 2 2 1 0 7 14
04-Feb-16 1 1 1 2 3 2 2 2 7 14
05-Feb-16 3 2 2 2 2 3 4 2 12 20
06-Feb-16 1 2 1 2 1 2 2 3 7 14
07-Feb-16 2 1 2 2 2 4 3 2 10 18
08-Feb-16 5 4 3 2 1 1 1 1 14 18
09-Feb-16 2 1 2 3 2 1 2 3 8 16
10-Feb-16 3 2 1 1 1 1 1 2 6 12
11-Feb-16 2 1 1 2 1 2 2 4 8 15
12-Feb-16 3 2 2 3 2 3 3 3 12 21
13-Feb-16 2 3 2 2 1 1 0 1 6 12
14-Feb-16 2 2 2 2 2 4 2 2 10 18
15-Feb-16 2 1 2 2 2 1 2 5 11 17
16-Feb-16 4 2 2 4 5 5 6 4 34 32
17-Feb-16 4 3 3 3 3 4 5 5 26 30
18-Feb-16 4 3 3 4 3 3 5 4 24 29
19-Feb-16 3 2 2 3 3 4 4 2 15 23
20-Feb-16 3 1 1 1 2 1 1 1 5 11
21-Feb-16 1 2 1 1 1 1 3 3 7 13
22-Feb-16 0 1 0 1 1 1 1 1 2 6
23-Feb-16 2 1 1 1 1 1 2 3 6 12
24-Feb-16 2 1 1 1 2 2 2 2 6 13
25-Feb-16 3 1 1 2 1 1 2 3 7 14
26-Feb-16 3 2 1 1 2 1 2 0 6 12
27-Feb-16 0 1 1 2 1 1 1 1 3 8
28-Feb-16 1 1 1 2 1 0 1 2 4 9
29-Feb-16 2 0 1 2 1 1 1 3 5 11
01-Mar-16 3 2 2 2 2 2 1 3 9 17
02-Mar-16 2 1 1 2 2 3 1 1 6 13
03-Mar-16 2 2 2 2 2 1 1 1 6 13
04-Mar-16 3 2 0 1 1 1 0 0 4 8
05-Mar-16 0 1 1 2 2 1 0 0 3 7
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06-Mar-16 1 2 3 3 3 6 6 6 37 30
07-Mar-16 4 4 3 2 3 4 4 5 24 29
08-Mar-16 3 2 2 1 3 2 3 1 9 17
09-Mar-16 2 2 1 1 2 2 2 2 6 14
10-Mar-16 3 1 2 1 1 1 2 3 7 14
11-Mar-16 1 2 2 4 6 3 4 4 24 26
12-Mar-16 3 2 2 2 2 4 4 1 13 20
13-Mar-16 0 2 1 1 0 1 0 1 2 6

14-Mar-16 2 1 1 1 1 3 5 4 14 18
15-Mar-16 4 3 3 3 1 3 5 4 21 26
16-Mar-16 5 2 2 3 3 2 4 5 22 26
17-Mar-16 4 4 3 4 2 4 4 4 23 29
18-Mar-16 1 1 2 1 2 2 3 3 8 15
19-Mar-16 2 2 3 3 3 4 3 2 14 22
20-Mar-16 1 2 1 2 2 4 4 2 11 18
21-Mar-16 2 1 2 2 2 2 2 3 8 16
22-Mar-16 3 2 1 3 1 0 1 2 7 13
23-Mar-16 2 3 3 2 1 1 2 3 9 17
24-Mar-16 2 1 2 2 2 2 1 2 6 14
25-Mar-16 3 2 1 2 1 2 1 1 6 13
26-Mar-16 0 0 1 1 1 1 2 2 3 8

27-Mar-16 2 2 3 3 2 4 3 2 13 21
28-Mar-16 2 2 1 2 2 2 3 3 9 17
29-Mar-16 3 2 2 2 2 3 2 2 9 18
30-Mar-16 3 2 2 2 3 2 3 2 10 19
31-Mar-16 2 1 2 1 1 1 1 1 4 10
01-Apr-16 2 0 0 0 0 0 2 1 2 5

02-Apr-16 2 1 1 1 3 5 4 4 17 21
03-Apr-16 3 3 2 3 1 2 2 4 12 20
04-Apr-16 2 2 1 2 2 1 1 1 5 12
05-Apr-16 1 1 1 2 2 2 3 2 7 14
06-Apr-16 2 1 2 2 2 2 1 1 6 13
07-Apr-16 2 1 2 2 1 3 5 6 21 22
08-Apr-16 4 2 1 2 1 0 1 1 7 12
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09-Apr-16 0 0 0 1 0 1 0 1 1 3
10-Apr-16 1 2 3 3 2 1 1 2 8 15
11-Apr-16 0 0 0 1 1 3 1 2 4 8
12-Apr-16 3 2 1 2 3 3 4 4 15 22
13-Apr-16 5 3 3 3 4 4 4 3 24 29
14-Apr-16 3 2 2 3 3 5 4 4 20 26
15-Apr-16 3 2 1 1 2 2 2 2 7 15
16-Apr-16 0 1 2 2 2 4 4 4 13 19
17-Apr-16 4 3 2 2 2 3 4 3 15 23
18-Apr-16 3 1 2 2 1 0 1 1 5 11
19-Apr-16 0 1 0 1 1 1 0 0 4
20-Apr-16 0 1 2 2 1 1 2 1 4 10
21-Apr-16 0 1 2 2 1 2 2 1 11
22-Apr-16 2 1 1 2 3 3 3 4 12 19
23-Apr-16 1 1 1 2 3 2 3 4 10 17
24-Apr-16 2 1 2 1 2 4 3 1 9 16
25-Apr-16 1 1 2 2 2 1 2 0 5 11
26-Apr-16 1 1 1 2 2 1 2 3 6 13
27-Apr-16 1 2 2 1 3 3 3 2 9 17
28-Apr-16 2 1 1 2 1 1 1 1 4 10
29-Apr-16 1 1 0 1 1 1 2 1 3 8
30-Apr-16 1 1 2 2 2 2 2 3 7 15
01-May-16 2 2 2 2 3 3 4 3 13 21
02-May-16 4 5 2 2 3 3 4 4 22 27
03-May-16 2 3 2 2 2 3 3 3 11 20
04-May-16 1 1 1 1 1 1 1 1 3 8
05-May-16 0 1 2 3 3 2 2 3 9 16
06-May-16 3 2 2 3 3 3 4 4 16 24
07-May-16 4 1 1 2 2 2 1 3 9 16
08-May-16 5 5 5 4 4 4 4 6 42 37
09-May-16 5 3 2 3 3 3 4 4 21 27
10-May-16 3 3 2 2 2 2 3 2 10 19
11-May-16 2 2 1 1 1 1 1 2 5 11
12-May-16 2 1 1 1 0 0 1 2 3 8
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13-May-16 2 1 1 1 2 2 2 6 13
14-May-16 3 2 2 2 2 2 3 4 12 20
15-May-16 3 2 2 1 3 3 3 1 10 18
16-May-16 2 3 2 3 3 2 2 1 10 18
17-May-16 2 2 3 3 3 2 3 2 11 20
18-May-16 2 2 2 3 2 2 1 2 8 16
19-May-16 1 1 2 2 2 3 2 2 7 15
20-May-16 3 3 2 1 1 0 1 2 7 13
21-May-16 2 3 4 2 3 4 2 2 14 22
22-May-16 2 2 2 2 2 2 1 0 6 13
23-May-16 1 2 1 2 1 0 2 1 4 10
24-May-16 1 2 1 3 1 1 1 1 5 11
25-May-16 1 2 1 1 1 1 1 0 3 8
26-May-16 0 1 1 1 1 1 1 1 3 7
27-May-16 2 3 1 # 2 3 3 3 10 17
28-May-16 3 2 3 2 2 3 2 3 11 20
29-May-16 1 2 2 2 2 2 2 3 8 16
30-May-16 4 3 2 2 1 3 2 2 11 19
31-May-16 1 2 2 1 2 2 3 3 8 16
01-Jun-16 1 2 1 1 2 1 2 1 5 11
02-Jun-16 1 2 1 1 0 1 0 1 3 7
03-Jun-16 2 1 1 1 1 1 1 2 4 10
04-Jun-16 1 2 1 1 0 1 2 2 4 10
05-Jun-16 1 2 2 4 5 4 5 4 24 27
06-Jun-16 4 4 3 4 3 2 3 2 18 25
07-Jun-16 2 2 1 2 2 2 3 2 8 16
08-Jun-16 2 2 1 2 2 2 0 1 5 12
09-Jun-16 2 2 1 1 1 2 1 1 5 11
10-Jun-16 1 0 1 1 2 2 3 3 7 13
11-Jun-16 3 1 2 2 2 2 3 4 11 19
12-Jun-16 2 2 2 2 3 3 3 2 10 19
13-Jun-16 2 3 2 2 2 1 2 1 7 15
14-Jun-16 2 2 2 2 2 3 5 4 16 22
15-Jun-16 3 2 2 3 3 2 2 1 10 18
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16-Jun-16 2 2 1 2 2 2 2 2 7 15
17-Jun-16 2 2 2 2 2 2 2 1 7 15
18-Jun-16 2 2 2 2 2 2 2 2 7 16
19-Jun-16 2 2 2 1 2 1 1 0 5 11
20-Jun-16 1 2 1 1 1 0 1 1 3 8
21-Jun-16 1 2 0 2 2 0 1 1 4 9
22-Jun-16 1 1 1 2 2 3 4 3 10 17
23-Jun-16 1 3 1 2 2 3 3 4 12 19
24-Jun-16 3 3 3 3 2 2 2 3 12 21
25-Jun-16 2 2 1 1 1 1 3 3 7 14
26-Jun-16 2 1 2 2 2 3 3 3 10 18
27-Jun-16 3 2 3 2 2 1 2 2 9 17
28-Jun-16 2 2 1 2 2 2 2 1 6 14
29-Jun-16 2 2 2 1 1 1 2 1 5 12
30-Jun-16 1 2 1 1 1 3 3 3 8 15
01-Jul-16 3 3 2 3 1 1 0 1 8 14
02-Jul-16 1 1 1 1 2 2 3 4 9 15
03-Jul-16 3 2 1 2 1 2 2 3 8 16
04-Jul-16 2 2 2 2 1 1 3 2 7 15
05-Jul-16 1 1 1 1 1 0 1 1 3 7
06-Jul-16 1 2 1 2 1 1 2 3 6 13
07-Jul-16 3 3 2 2 3 4 4 4 18 25
08-Jul-16 3 2 2 3 4 4 4 2 17 24
09-Jul-16 3 2 3 2 3 3 3 2 12 21
10-Jul-16 2 2 1 3 3 2 2 2 9 17
11-Jul-16 2 2 1 2 2 3 2 3 9 17
12-Jul-16 3 4 3 3 2 2 2 3 14 22
13-Jul-16 3 2 1 2 2 2 1 3 8 16
14-Jul-16 2 3 3 4 2 3 3 2 14 22
15-Jul-16 3 3 3 3 2 2 2 2 11 20
16-Jul-16 3 2 2 2 3 2 2 1 9 17
17-Jul-16 1 2 1 1 1 1 1 2 4 10
18-Jul-16 1 2 1 1 1 0 0 1 3 7
19-Jul-16 1 1 1 1 1 1 1 5 9 12
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20-Jul-16 5 5 3 2 2 3 2 1 19 23
21-Jul-16 1 1 1 2 2 3 1 2 6 13
22-Jul-16 2 2 2 2 3 3 3 2 10 19
23-Jul-16 2 3 3 1 1 1 2 2 8 15
24-Jul-16 1 2 2 2 3 4 4 4 15 22
25-Jul-16 5 3 3 3 3 4 3 3 21 27
26-Jul-16 1 1 2 2 2 2 2 2 6 14
27-Jul-16 0 1 1 1 1 1 1 3 4 9
28-Jul-16 3 3 3 2 2 4 4 3 16 24
29-Jul-16 3 3 3 3 2 3 3 2 13 22
30-Jul-16 3 2 1 2 1 1 1 1 12
31-Jul-16 2 1 1 2 1 1 1 0 4 9
01-Aug-16 1 1 1 1 1 2 1 2 10
02-Aug-16 2 2 2 2 3 4 4 5 18 24
03-Aug-16 5 5 4 4 4 5 3 2 31 32
04-Aug-16 3 3 3 2 3 4 3 2 15 23
05-Aug-16 2 3 3 3 3 2 2 3 12 21
06-Aug-16 2 2 2 3 2 2 2 3 9 18
07-Aug-16 4 2 2 1 2 2 1 3 10 17
08-Aug-16 3 2 2 2 2 4 3 1 11 19
09-Aug-16 1 2 2 3 3 3 2 3 11 19
10-Aug-16 4 3 3 3 2 3 4 3 17 25
11-Aug-16 2 2 1 2 2 3 3 3 10 18
12-Aug-16 4 4 3 2 2 2 2 1 13 20
13-Aug-16 1 2 1 2 2 1 2 1 5 12
14-Aug-16 2 1 1 1 2 1 1 0 4 9
15-Aug-16 1 1 2 1 1 1 1 1 4 9
16-Aug-16 0 0 0 1 2 1 2 4 6 10
17-Aug-16 2 3 1 1 1 1 2 3 7 14
18-Aug-16 2 3 1 2 2 1 1 2 7 14
19-Aug-16 0 1 1 1 1 2 2 1 4 9
20-Aug-16 2 2 1 1 0 0 0 1 3 7
21-Aug-16 0 1 1 2 3 3 2 3 8 15
22-Aug-16 2 1 2 1 1 1 2 2 5 12
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23-Aug-16 2 1 1 3 4 3 4 4 16 22
24-Aug-16 5 3 1 3 3 2 2 4 17 23
25-Aug-16 2 1 3 3 2 3 3 3 12 20
26-Aug-16 3 1 1 1 1 2 2 2 6 13
27-Aug-16 2 2 1 2 1 1 1 1 5 11
28-Aug-16 1 1 1 1 1 1 1 1 3 8
29-Aug-16 2 1 1 2 2 2 3 3 8 16
30-Aug-16 2 2 3 2 2 4 4 5 18 24
31-Aug-16 2 1 1 2 1 1 3 3 7 14
01-Sep-16 4 2 3 2 4 4 5 5 26 29
02-Sep-16 5 4 3 3 5 4 3 5 30 32
03-Sep-16 3 4 4 4 4 4 4 4 26 31
04-Sep-16 4 2 3 3 4 4 4 3 20 27
05-Sep-16 3 2 2 2 2 4 4 3 14 22
06-Sep-16 2 3 4 3 3 2 4 2 15 23
07-Sep-16 3 2 2 2 4 3 2 2 12 20
08-Sep-16 3 2 3 2 2 2 3 2 10 19
09-Sep-16 2 1 1 1 1 1 1 2 4 10
10-Sep-16 1 1 1 1 0 1 1 3 4 9
11-Sep-16 1 0 1 1 2 2 2 1 4 10
12-Sep-16 2 2 1 2 2 1 1 2 6 13
13-Sep-16 2 1 1 1 0 1 1 2 4 9
14-Sep-16 1 2 2 2 2 2 4 3 10 18
15-Sep-16 3 2 2 1 1 1 1 2 6 13
16-Sep-16 ol o] o] # |1 1| 2|1 2 5
17-Sep-16 1 1 1 2 1 1 0 2 4 9
18-Sep-16 2 1 1 2 3 3 2 2 8 16
19-Sep-16 1 1 3 2 2 3 2 3 9 17
20-Sep-16 4 4 3 3 2 3 3 3 17 25
21-Sep-16 4 2 2 3 1 1 2 1 9 16
22-Sep-16 2 1 2 1 1 0 0 0 3 7
23-Sep-16 0 1 1 1 1 1 1 1 3 7
24-Sep-16 1 1 2 2 1 2 3 3 8 15
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25-Sep-16 4 4 2 4 3 4 5 5 28 31
26-Sep-16 4 3 3 2 3 3 4 5 21 27
27-Sep-16 5 3 3 5 5 5 4 3 33 33
28-Sep-16 4 3 3 4 4 4 6 4 31 32
29-Sep-16 3 4 3 3 4 5 5 3 26 30
30-Sep-16 3 3 3 3 3 4 5 2 20 26
01-Oct-16 3 3 2 2 2 4 5 4 19 25
02-Oct-16 3 2 2 2 4 3 5 3 18 24
03-Oct-16 1 3 3 1 2 3 4 4 14 21
04-Oct-16 3 4 3 4 3 2 4 4 20 27
05-Oct-16 3 2 3 2 2 3 2 3 11 20
06-Oct-16 2 1 1 1 1 3 3 2 7 14
07-Oct-16 2 1 1 1 1 2 3 1 6 12
08-Oct-16 2 3 2 2 1 1 2 2 7 15
09-Oct-16 2 1 1 1 2 1 3 2 6 13
10-Oct-16 3 2 2 2 2 3 4 1 11 19
11-Oct-16 0 1 1 1 0 0 1 1 2 5

12-Oct-16 1 0 1 2 1 1 2 3 5 11
13-Oct-16 3 3 4 4 4 5 5 5 32 33
14-Oct-16 6 4 3 3 2 2 2 1 20 23
15-Oct-16 3 2 2 2 2 3 2 3 10 19
16-Oct-16 3 2 2 3 3 3 5 4 19 25
17-Oct-16 3 2 3 4 2 3 4 4 18 25
18-Oct-16 2 2 3 2 1 2 2 3 9 17
19-Oct-16 3 1 1 1 1 1 2 1 5 11
20-Oct-16 2 0 1 1 0 0 2 0 3

21-Oct-16 0 0 1 1 1 0 0 1 2 4

22-Oct-16 1 1 1 1 1 2 2 2 5 11
23-Oct-16 0 3 2 1 1 3 3 3 9 16
24-Oct-16 4 3 2 2 4 3 3 4 18 25
25-Oct-16 3 3 3 4 6 7 5 5 49 36
26-Oct-16 3 3 3 5 5 6 4 5 37 34
27-Oct-16 4 3 3 2 3 5 4 4 23 28
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28-Oct-16 2 2 3 2 3 4 3 4 15 23
29-Oct-16 4 4 3 3 4 3 3 2 19 26
30-Oct-16 3 3 2 2 4 4 4 2 17 24
31-Oct-16 2 2 2 2 2 3 3 1 9 17
01-Nov-16 2 1 1 3 3 2 2 4 11 18
02-Nov-16 4 2 1 2 4 3 3 4 16 23
03-Nov-16 3 2 3 3 3 3 3 4 16 24
04-Nov-16 3 2 2 1 0 0 1 1 5 10
05-Nov-16 1 1 0 1 0 0 1 1 2 5

06-Nov-16 1 0 1 2 2 1 2 2 5 11
07-Nov-16 2 1 2 2 2 1 0 0 4 10
08-Nov-16 1 1 2 1 1 1 1 2 4 10
09-Nov-16 0 0 2 2 1 2 3 3 7 13
10-Nov-16 2 2 2 2 3 5 3 3 15 22
11-Nov-16 4 1 1 2 1 3 2 3 10 17
12-Nov-16 3 3 2 3 3 3 4 4 17 25
13-Nov-16 3 3 2 3 3 4 5 4 21 27
14-Nov-16 1 2 2 2 3 3 3 3 11 19
15-Nov-16 3 2 1 2 3 2 1 1 8 15
16-Nov-16 1 1 1 1 0 1 3 2 5 10
17-Nov-16 2 1 1 0 0 1 1 1 3 7

18-Nov-16 1 0 0 0 0 2 1 0 2 4

19-Nov-16 0 0 0 0 1 1 2 1 2 5

20-Nov-16 0 1 1 1 1 1 1 2 3 8

21-Nov-16 1 1 1 1 1 2 2 3 6 12
22-Nov-16 1 1 1 3 2 4 3 4 13 19
23-Nov-16 3 3 2 1 2 3 4 2 12 20
24-Nov-16 4 2 2 3 5 3 5 4 24 28
25-Nov-16 4 4 4 3 5 4 5 2 28 31
26-Nov-16 2 2 2 2 2 3 3 3 10 19
27-Nov-16 2 2 2 2 2 2 3 3 9 18
28-Nov-16 2 1 2 2 2 4 3 2 10 18
29-Nov-16 2 1 1 1 1 1 2 3 6 12
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30-Nov-16 1 2 1 1 0 1 1 0 3 7
01-Dec-16 1 1 1 1 1 0 0 0 2 5
02-Dec-16 1 1 1 1 1 2 2 1 4 10
03-Dec-16 0 0 1 1 0 1 2 0 2 5
04-Dec-16 0 1 0 0 0 1 1 1 2 4
05-Dec-16 2 1 0 1 1 2 1 2 4 10
06-Dec-16 1 1 2 3 4 2 2 3 11 18
07-Dec-16 1 2 2 2 2 3 4 3 11 19
08-Dec-16 3 3 3 3 3 5 5 5 27 30
09-Dec-16 3 2 3 4 3 5 5 5 28 30
10-Dec-16 3 3 2 3 3 3 3 3 14 23
11-Dec-16 3 3 2 3 3 4 4 3 17 25
12-Dec-16 2 1 1 1 1 1 1 2 4 10
13-Dec-16 1 1 0 1 1 1 1 2 3 8
14-Dec-16 1 1 1 1 1 1 2 1 4 9
15-Dec-16 1 0 1 1 0 1 1 0 2 5
16-Dec-16 1 0 0 0 0 0 0 1 1 2
17-Dec-16 1 1 2 2 2 2 3 3 8 16
18-Dec-16 3 2 1 1 2 2 2 2 7 15
19-Dec-16 1 1 1 1 1 1 3 1 5 10
20-Dec-16 1 1 1 1 2 2 2 3 6 13
21-Dec-16 2 2 1 3 4 6 4 4 24 26
22-Dec-16 4 4 3 2 3 3 4 3 19 26
23-Dec-16 3 3 2 3 3 4 4 3 17 25
24-Dec-16 2 2 2 2 4 4 3 3 14 22
25-Dec-16 3 3 1 3 4 4 4 3 18 25
26-Dec-16 4 2 2 3 4 4 3 3 18 25
27-Dec-16 4 3 1 2 2 1 3 3 12 19
28-Dec-16 2 1 1 1 1 2 1 2 5 11
29-Dec-16 2 1 0 1 2 2 1 0 4 9
30-Dec-16 0 1 1 1 1 1 1 2 3 8
31-Dec-16 1 2 2 3 3 4 3 3 13 21
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Definitive daily mean values of the Declination (D), Inclination (I),

Horizontal (X and Y), and Vertical (Z) field components

In Table 2 are given days with K-indices equal to or larger than 5 which means
geomagnetic storm conditions. Indices above the “threshold” value are marked in red.
For 2016 there are 62 days with K-index > 5, 11 days with K-index > 6 and 1 day with

K-index =7 (25 Oct 2016).

Table 2 Days with K-index > 5 registered in 2016 at the Panagjurishte observatoryError! Not a

valid link.

DD-MM-YY | 00-03 | 03-06 | 06-09 | 09-12 | 12-15 | 15-18 | 18-21 | 21-24 iAnl'([] K

01-Jan-16 5 4 5 3 2 1 2 1 20 23
06-Jan-16 5 3 2 3 2 3 3 4 19 25
20-Jan-16 0 1 2 4 4 5 4 4 21 24
21-Jan-16 4 4 4 3 3 4 5 4 27 31
24-Jan-16 2 2 2 1 2 3 5 1 12 18
08-Feb-16 5 4 3 2 1 1 1 1 14 18
15-Feb-16 2 1 2 2 2 1 2 5 11 17
16-Feb-16 4 2 2 4 5 5 6 4 34 32
17-Feb-16 4 3 3 3 3 4 5 5 26 30
18-Feb-16 4 3 3 4 3 3 5 4 24 29
06-Mar-16 1 2 3 3 3 6 6 6 37 30
07-Mar-16 4 4 3 2 3 4 4 5 24 29
11-Mar-16 1 2 2 4 6 3 4 4 24 26
14-Mar-16 2 1 1 1 1 3 5 4 14 18
15-Mar-16 4 3 3 3 1 3 5 4 21 26
16-Mar-16 5 2 2 3 3 2 4 5 22 26
02-Apr-16 2 1 1 1 3 5 4 4 17 21
07-Apr-16 2 1 2 2 1 3 5 6 21 22
13-Apr-16 5 3 3 3 4 4 4 3 24 29
14-Apr-16 3 2 2 3 3 5 4 4 20 26
08-May-16 5 5 5 4 4 4 4 6 42 37
09-May-16 5 3 2 3 3 3 4 4 21 27
05-Jun-16 1 2 2 4 5 4 5 4 24 27
14-Jun-16 2 2 2 2 2 3 5 4 16 22
19-Jul-16 1 1 1 1 1 1 1 5 9 12
20-Jul-16 5 5 3 2 2 3 2 1 19 23
02-Aug-16 2 2 2 2 3 4 4 5 18 24
03-Aug-16 5 5 4 4 4 5 3 2 31 32
24-Aug-16 5 3 1 3 3 2 2 4 17 23
30-Aug-16 2 2 3 2 2 4 4 5 18 24
01-Sep-16 4 2 3 2 4 4 5 5 26 29
02-Sep-16 5 4 3 3 5 4 3 5 30 32
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25-Sep-16 4 4 2 4 3 4 5 5 28 31
26-Sep-16 4 3 3 2 3 3 4 5 21 27
27-Sep-16 5 3 3 5 5 5 4 3 33 33
28-Sep-16 4 3 3 4 4 4 6 4 31 32
29-Sep-16 3 4 3 3 4 5 5 3 26 30
30-Sep-16 3 3 3 3 3 4 5 2 20 26
01-Oct-16 3 3 2 2 2 4 5 4 19 25
02-Oct-16 3 2 2 2 4 3 5 3 18 24
13-Oct-16 3 3 4 4 4 5 5 5 32 33
14-Oct-16 6 4 3 3 2 2 2 1 20 23
16-Oct-16 3 2 2 3 3 3 5 4 19 25
25-Oct-16 3 3 3 4 6 7 5 5 49 36
26-Oct-16 3 3 3 5 5 6 4 5 37 34
27-Oct-16 4 3 3 2 3 5 4 4 23 28
10-Nov-16 2 2 2 2 3 5 3 3 15 22
13-Nov-16 3 3 2 3 3 4 5 4 21 27
24-Nov-16 4 2 2 3 5 3 5 4 24 28
25-Nov-16 4 4 4 3 5 4 5 2 28 31
08-Dec-16 3 3 3 3 3 5 5 5 27 30
09-Dec-16 3 2 3 4 3 5 5 5 28 30
21-Dec-16 2 2 1 3 4 6 4 4 24 26
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). Furthermore, there
are also effects of additional sources which could influence the magnetic records as for
example thunderstorms (Chamati and Andonov, 2021). Approximate description of the
strength of different external variations however, are provided by geomagnetic indices.
A quantitative measure of 2016 local geomagnetic activity in the form of 3 hour K-index
is published here, based upon the range of fluctuations at the PAG observatory records.
Table 2 shows that 2016 has less disturbed geomagnetic field with 62 disturbed days.
The most active months are September and October, each of them having 8 days with
recorded geomagnetic storm. The most strong event during 2016 is one — between 25-27
October with largest K-index 7. The observed activity is quite reasonable because 2016 is
already in the declining part of the 24" Solar cycle. Data are checked and verified accord-
ing to IAGA requirements (Jankowski and Sucksdorff, 1996).

Secular trend of the Declination (D), Inclination (I), Horizontal (X and Y), and
Vertical (Z) field components, as well as of the Total field intensity measure in the
Panagjurishte observatory up to 2016 is plotted in the next figure:
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Annual Mean Data Viewer: PANAGYURISHTE
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Fig. 1. Annual mean values of D [min], I [min], H [nT], X [nT], Y [nT], Z [nT] and F [nT] registered
at PAG observatory from 1948 up to 2016.
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T'opuuien poxnan 3a HadJI01aBaHATA TEOMArHUTHA AKTUBHOCT B
OocepBaropus [lanarropuie npe3 2016

M. Metonues, I1. Tpudhonosa

Pe3rome: 3anucure Ha MAarHUTHUTE BapHAIMK TIOKa3BaT Pa3IMuHU CTOMHOCTH U TTOBEJE-
HHUE BBB BCsAKa oOcepBaropus. Te 3aBUCIAT OCHOBHO OT reorpadckara IruprHa Ha odcep-
BaTOPHATA ¥ MECTHOTO BpPEME.

Tasu crarust npescTaBs OKOHYATEITHUTE TEOMArHUTHHY JTaHHH, TIOJTydeHH B 0OcepBa-
topust [larartopurie npe3 2016 1., U3roTBeHU oA popMaTa Ha JIOKATHH TeOMarHUTHA WH-
nexcn. Kaxro Bede e 1obpe n3BectHo, CIrbHUEB IUKEI 24 € 6aBHO HapacTBAIl C yMepeHa
ammnTyga. Toil ce XxapakTepusupa ¢ JIBOCH CI'bHUEB MAKCHUMYM, KaTo IPU IIbPBHS MTHK
€ JocTurHar Opoif Ha cirpHYeBUTe 1eTHa 99 mpe3 2011 1., a BEB BTOPHS MUK MPE3 APl
2014 r. 6posiT Ha reTHaTta ¢ 101.

W3uncnennTe nHACKCH MOKa3Bar, 4e mpe3 2016 . uma 62 THU ¢ YCIOBHS, OIpeaes-
Y HUBO ,,0ypsa™ Ha TEOMArHUTHOTO TIOJIE, HO ca JJOCTUI'HATH caMo yMepeHH HuBa. Camo
3a equH neH, 25.10.2016 r, e nzuncnen K-ungexc 7. ToBa e ouakBaHO M pa3dupaeMo
mopanu (akra, ue OpOSAT Ha CI'BPHUCBHUTE IETHA IMpe3 Ta3u 4acT OT CIBbHYEBHSA HUKBI
MPOIBIDKaBa /1a HAMAJIIBA.
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Abstract. Magnetic variations shows different records at each observatory. They de-
pend mainly on the latitude of the observatory and the local time. This paper reports the
definitive geomagnetic data obtained at Panagjurishte Observatory in 2017, prepared in
the form of local geomagnetic indices. In 2017, the Solar cycle 24 is already in his de-
creasing phase (https://www.swpc.noaa.gov/products/solar-cycle-progression). It had a
“double-peaked” solar maximum, with the first peak reaching sunspot number of 99 in
2011 and the second peak in April 2014 with 101.

Calculated indices show that 2017 had 50 days with “storm” level conditions of the
geomagnetic field but only moderate levels have been reached. Only two days, on 22
February and 08 September, picked at K-index 7. This weak activity is reasonable due
to the fact that the sunspot numbers that year continue to decline.

Verification of data quality is performed according to “IAGA guide for magnetic mea-
surements and observatory practice”.

Key words: PAG observatory, geomagnetic variations, geomagnetic activity, local geo-
magnetic indices, daily mean values, 2017.

Introduction

The Geomagnetic observatory in Panagjurishte (PAG, 24.177°EN, 42.515°N) is es-
tablished 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 observato-
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ry was equipped with digital systems for the recording of geomagnetic field element’s
variations. Three different magnetometers are installed which operates in 24/7 regime:
two tri-axial fluxgate magnetometers model FGE (DTU Space) — one of standard type in
which the three fluxgate sensors are mounted on a 12x12x12 cm?® marble cube placed on a
three legged aluminium base, and a second version, in which the marble cube is suspend-
ed in two crossed phosphor-bronze strips to compensate any tilt of the sensor foundation.
The third instrument is a three-axial search coil magnetometer used for studies on the lon-
gitudinal propagation of ULF signal (Chamati, 2020). It provides real time measurements
at a sampling period of 0.01s which are integrated at a period of 1 s.

Thus, the observatory implemented the technical requirements and was joined to
the INTERMAGNET (International Real-time Magnetic Observatory Network), which
establishes a global network of cooperating digital magnetic observatories, and facili-
tate data exchanges and geomagnetic products in close to real time. Preliminary record-
ed 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 definitive geomagnetic data which are
checked and processed to comply with the IAGA standards for observatory practices.

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

Geomagnetic irregular variations or so called geomagnetic disturbances are driven
by the solar wind. Globally, they are evaluated by the Kp-index which is predicted and
later on determined by the world data centers (Matzka et al., 2021a). It is a 3-hour qua-
si-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 vari-
ations (Sq). In order to have a somewhat consistent scale of magnetic activity between
observatories at high latitudes, where field variations can be quite large in amplitude,
and those at low latitudes, each observatory is assigned its own set of amplitude ranges
corresponding to the various K-index levels. By definition, the K-limit scales for all ob-
servatories are proportional to the Niemegk scale (Matzka, 2021b).

The eight three-hourly K numbers (after Bartels, 1939) are calculated by a computer
code (FMI method, Sucksdorff et al., 1991) from the digital recordings of three compo-
nent 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 @, and calculating the
mean value. The ranges of the individual K numbers at PAG observatory and the 3-hour
equivalent amplitude @, which is assigned for each K value are defined in Metodiev and
Trifonova, 2019. 2K is the daily sum of the eight K numbers.

The calculated local geomagnetic indices (K, Ak, 2K) at PAG observatory for 2017
are presented in Table 1.
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Table 1. Local geomagnetic indices (K, A, ZK) calculated at PAG observatory in 2017

Activity Indices
Day K Ak[nT] | =K

01-Jan-17 3 3 2 2 3 4 3 2 14 22
02-Jan-17 2 2 1 2 1 3 1 1 6 13
03-Jan-17 0 1 2 3 2 4 4 3 13 19
04-Jan-17 1 2 2 2 2 3 4 4 13 20
05-Jan-17 3 2 1 2 3 4 4 4 16 23
06-Jan-17 3 2 2 2 3 3 3 3 12 21
07-Jan-17 4 2 3 3 4 4 4 3 20 27
08-Jan-17 2 2 2 3 3 3 4 4 15 23
09-Jan-17 3 2 1 2 4 3 2 3 12 20
10-Jan-17 2 1 2 1 2 4 3 2 10 17
11-Jan-17 3 1 2 2 1 3 3 2 9 17
12-Jan-17 2 2 3 2 1 1 2 2 7 15
13-Jan-17 1 1 0 0 1 2 2 2 4 9

14-Jan-17 1 2 2 1 1 1 1 1 4 10
15-Jan-17 2 1 1 1 1 1 3 1 5 11
16-Jan-17 1 0 1 1 0 1 2 0 2 6

17-Jan-17 1 1 1 1 2 3 1 1 5 11
18-Jan-17 1 2 3 3 3 4 4 4 17 24
19-Jan-17 3 2 2 3 2 2 2 1 9 17
20-Jan-17 3 2 2 2 2 1 3 3 10 18
21-Jan-17 3 1 2 2 2 3 4 4 14 21
22-Jan-17 3 2 2 2 3 2 2 2 9 18
23-Jan-17 0 1 2 2 1 2 3 2 6 13
24-Jan-17 1 1 # # 1 0 1 1 2 5

25-Jan-17 2 2 1 1 1 0 0 2 4 9

26-Jan-17 1 1 2 3 4 5 4 3 18 23
27-Jan-17 4 3 3 3 3 4 2 3 17 25
28-Jan-17 2 2 1 1 1 1 2 3 6 13
29-Jan-17 3 2 1 2 2 2 1 0 6 13
30-Jan-17 0 1 1 1 2 2 2 3 6 12
31-Jan-17 3 2 3 3 3 4 4 5 21 27
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01-Feb-17 4 3 3 3 4 5 4 5 28 31
02-Feb-17 3 2 3 3 3 4 4 4 19 26
03-Feb-17 2 3 4 2 3 4 4 3 18 25
04-Feb-17 2 2 2 2 2 2 3 3 9 18
05-Feb-17 3 3 2 3 3 4 4 2 16 24
06-Feb-17 2 2 1 2 3 4 2 4 13 20
07-Feb-17 2 2 1 2 3 2 2 1 7 15
08-Feb-17 1 1 1 2 2 2 1 2 5 12
09-Feb-17 2 2 2 2 1 2 3 3 9 17
10-Feb-17 2 1 2 2 2 3 2 3 9 17
11-Feb-17 3 1 1 1 0 0 1 0 3 7

12-Feb-17 1 1 1 1 0 2 2 1 4 9

13-Feb-17 2 1 1 1 0 3 3 2 7 13
14-Feb-17 0 0 0 0 0 0 1 1 1 2

15-Feb-17 0 0 0 1 0 1 2 1 2 5

16-Feb-17 1 1 2 1 3 4 3 2 10 17
17-Feb-17 2 3 3 4 2 4 3 5 20 26
18-Feb-17 5 3 2 1 2 2 4 3 16 22
19-Feb-17 3 3 2 1 2 3 3 1 10 18
20-Feb-17 1 2 1 1 # # 4 1 6 10
21-Feb-17 2 1 2 2 2 2 1 3 7 15
22-Feb-17 3 2 3 7 5 3 2 1 31 26
23-Feb-17 2 2 # # # # 4 4 9 12
24-Feb-17 4 2 2 4 4 3 2 3 17 24
25-Feb-17 3 2 2 1 1 0 1 3 13
26-Feb-17 1 1 1 0 1 0 0 0 4

27-Feb-17 1 2 1 2 2 2 4 3 10 17
28-Feb-17 3 2 2 2 1 2 3 3 10 18
01-Mar-17 2 3 2 4 4 5 5 5 28 30
02-Mar-17 4 3 3 4 5 4 5 3 28 31
03-Mar-17 3 3 3 3 3 4 2 1 14 22
04-Mar-17 4 2 2 2 3 4 3 4 17 24
05-Mar-17 3 2 2 2 3 3 5 4 18 24
06-Mar-17 4 3 1 3 5 4 5 4 26 29
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07-Mar-17 2 2 3 3 3 4 4 3 16 24
08-Mar-17 3 1 2 2 3 2 4 4 14 21
09-Mar-17 3 2 # 4 3 2 4 3 14 21
10-Mar-17 2 2 3 3 2 2 1 2 9 17
11-Mar-17 1 0 1 1 1 1 2 4 6 11
12-Mar-17 3 3 1 1 2 1 1 1 7 13
13-Mar-17 0 1 1 2 1 1 0 1 3 7
14-Mar-17 1 1 1 1 2 2 2 2 5 12
15-Mar-17 1 1 1 2 1 1 2 4 7 13
16-Mar-17 3 2 0 0 1 1 2 2 5 11
17-Mar-17 0 1 1 1 0 1 1 2 3 7
18-Mar-17 1 0 0 0 1 1 1 2 2 6
19-Mar-17 0 0 1 1 0 1 2 2 3 7
20-Mar-17 0 0 1 0 0 1 1 1 2 4
21-Mar-17 2 3 4 2 2 5 5 4 23 27
22-Mar-17 4 2 2 2 4 4 5 5 25 28
23-Mar-17 4 3 2 2 2 2 1 2 10 18
24-Mar-17 1 2 2 1 3 3 1 0 7 13
25-Mar-17 0 1 1 1 1 1 0 1 2 6
26-Mar-17 2 0 1 1 1 1 1 2 4 9
27-Mar-17 2 4 4 5 5 5 6 4 39 35
28-Mar-17 3 4 2 3 3 3 4 4 19 26
29-Mar-17 3 3 3 3 3 4 3 3 17 25
30-Mar-17 3 3 2 2 3 4 4 4 18 25
31-Mar-17 4 3 3 4 3 4 3 4 21 28
01-Apr-17 2 2 2 3 2 4 3 3 13 21
02-Apr-17 2 2 2 2 2 3 1 1 7 15
03-Apr-17 0 1 2 2 2 2 0 1 4 10
04-Apr-17 2 3 3 3 3 1 1 3 11 19
05-Apr-17 2 1 1 2 2 3 3 4 11 18
06-Apr-17 2 1 1 2 3 3 2 1 15
07-Apr-17 3 1 2 2 1 2 3 3 9 17
08-Apr-17 3 3 3 2 2 2 3 4 14 22
09-Apr-17 3 3 3 2 2 3 2 2 11 20
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10-Apr-17 2 1 1 2 2 1 1 1 5 11
11-Apr-17 1 1 2 3 2 2 4 3 11 18
12-Apr-17 3 1 1 1 0 1 1 0 4

13-Apr-17 1 0 1 0 1 2 3 1 9
14-Apr-17 3 3 2 2 2 3 4 2 13 21
15-Apr-17 3 1 2 1 1 2 2 1 6 13
16-Apr-17 1 1 1 1 0 1 2 2 4 9
17-Apr-17 0 1 2 3 2 1 0 1 10
18-Apr-17 2 1 1 1 2 2 2 2 6 13
19-Apr-17 3 3 3 1 1 3 4 4 15 22
20-Apr-17 3 5 3 4 3 3 3 3 21 27
21-Apr-17 0 1 1 1 2 4 5 5 17 19
22-Apr-17 3 4 3 4 5 5 4 5 32 33
23-Apr-17 4 3 4 5 5 5 4 4 33 34
24-Apr-17 3 3 3 2 2 3 4 3 15 23
25-Apr-17 3 2 2 3 3 3 3 3 13 22
26-Apr-17 3 1 2 1 1 3 3 3 10 17
27-Apr-17 2 2 2 2 1 2 2 1 6 14
28-Apr-17 1 1 1 1 2 2 1 2 5 11
29-Apr-17 2 1 2 2 1 1 3 3 8 15
30-Apr-17 1 1 1 1 1 2 2 3 6 12
01-May-17 3 2 1 2 1 1 2 2 7 14
02-May-17 1 2 2 2 1 1 0 2 5 11
03-May-17 2 0 1 1 1 2 0 0 3 7
04-May-17 0 2 1 2 1 1 2 4 7 13
05-May-17 3 2 1 2 1 1 1 1 6 12
06-May-17 1 2 2 2 1 0 2 1 5 11
07-May-17 1 2 2 2 1 1 3 2 7 14
08-May-17 2 2 2 2 2 2 2 2 7 16
09-May-17 2 2 1 2 3 3 2 2 9 17
10-May-17 2 1 1 1 3 2 2 2 7 14
11-May-17 1 3 2 1 2 2 2 2 7 15
12-May-17 2 2 2 2 3 1 1 2 7 15
13-May-17 1 2 1 2 2 1 1 2 5 12
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14-May-17 2 2 2 3 2 2 3 3 10 19
15-May-17 1 2 2 4 2 2 4 3 13 20
16-May-17 2 2 2 2 4 1 1 1 8 15
17-May-17 2 1 2 2 1 2 2 3 7 15
18-May-17 3 3 2 1 1 2 2 2 8 16
19-May-17 2 3 2 2 2 4 3 3 13 21
20-May-17 3 3 3 3 4 4 3 3 18 26
21-May-17 2 3 2 2 2 1 2 2 8 16
22-May-17 2 1 2 2 3 2 3 2 9 17
23-May-17 1 3 1 1 2 2 3 3 9 16
24-May-17 2 2 1 1 1 0 1 1 4 9
25-May-17 0 2 1 1 1 1 0 2 3 8
26-May-17 2 1 2 1 0 1 1 0 3 8
27-May-17 1 1 0 1 2 4 3 5 13 17
28-May-17 5 5 3 3 3 2 2 1 20 24
29-May-17 1 1 1 2 3 3 3 1 8 15
30-May-17 2 3 1 2 1 1 1 1 6 12
31-May-17 1 2 1 1 2 1 2 2 5 12
01-Jun-17 1 1 2 1 2 3 3 3 9 16
02-Jun-17 2 2 1 1 1 1 1 2 5 11
03-Jun-17 1 1 2 2 3 4 2 2 10 17
04-Jun-17 1 1 0 1 1 0 0 1 2 5
05-Jun-17 1 2 1 1 2 2 1 2 5 12
06-Jun-17 2 2 1 1 1 1 1 0 4 9
07-Jun-17 1 2 1 1 1 2 0 2 4 10
08-Jun-17 1 1 1 1 1 2 1 2 4 10
09-Jun-17 3 2 1 1 1 1 1 1 5 11
10-Jun-17 2 2 1 1 0 1 1 1 4 9
11-Jun-17 1 2 2 2 4 5 5 3 20 24
12-Jun-17 2 2 1 1 3 3 2 3 9 17
13-Jun-17 3 2 2 3 2 2 1 1 8 16
14-Jun-17 1 2 1 3 3 2 1 1 7 14
15-Jun-17 2 2 1 2 1 1 1 0 4 10
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16-Jun-17 1 3 4 4 4 4 3 5 24 28
17-Jun-17 3 3 2 2 2 3 4 4 15 23
18-Jun-17 3 3 2 2 2 2 2 2 9 18
19-Jun-17 2 2 2 1 1 1 1 1 5 11
20-Jun-17 0 1 1 1 1 2 1 0 3 7
21-Jun-17 1 2 1 2 1 2 2 2 6 13
22-Jun-17 2 2 1 1 1 1 3 2 6 13
23-Jun-17 1 1 1 1 1 1 2 3 5 11
24-Jun-17 2 1 2 3 2 2 3 3 10 18
25-Jun-17 2 2 3 3 3 3 2 2 11 20
26-Jun-17 2 2 1 2 1 2 3 2 7 15
27-Jun-17 2 1 1 2 2 2 1 1 5 12
28-Jun-17 1 2 1 1 1 1 0 0 3 7
29-Jun-17 1 2 2 2 1 1 1 1 5 11
30-Jun-17 1 2 1 1 2 1 1 2 5 11
01-Jul-17 2 3 2 2 3 3 4 2 13 21
02-Jul-17 3 3 4 4 3 2 3 4 19 26
03-Jul-17 2 2 1 2 0 1 1 2 5 11
04-Jul-17 1 2 1 1 1 1 1 2 4 10
05-Jul-17 1 1 1 1 1 1 1 1 3 8
06-Jul-17 1 2 1 1 1 2 2 4 8 14
07-Jul-17 2 2 1 2 1 2 2 2 6 14
08-Jul-17 1 2 2 1 1 0 1 1 4 9
09-Jul-17 4 3 2 5 3 3 4 3 21 27
10-Jul-17 3 3 2 2 1 2 1 2 8 16
11-Jul-17 2 3 2 1 2 3 1 1 8 15
12-Jul-17 2 1 1 2 2 1 1 1 5 11
13-Jul-17 1 1 1 1 1 1 1 2 4 9
14-Jul-17 1 2 1 0 0 1 1 1 3 7
15-Jul-17 1 2 1 1 1 1 1 1 4 9
16-Jul-17 2 2 5 4 4 5 5 4 30 31
17-Jul-17 3 4 3 3 4 5 2 2 20 26
18-Jul-17 2 3 3 2 1 1 1 1 7 14
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19-Jul-17 0 1 1 1 1 2 1 1 3 8
20-Jul-17 1 2 1 2 2 2 2 3 7 15
21-Jul-17 3 3 3 2 2 3 2 2 11 20
22-Jul-17 2 2 4 4 2 3 3 3 15 23
23-Jul-17 3 2 2 3 3 3 3 4 15 23
24-Jul-17 3 2 2 1 2 2 2 3 9 17
25-Jul-17 2 2 1 2 # # # # 3 7
26-Jul-17 # # # 3 2 2 2 1 5 10
27-Jul-17 1 2 1 2 1 2 1 3 6 13
28-Jul-17 1 1 1 1 1 3 3 2 7 13
29-Jul-17 1 2 2 2 1 2 1 1 5 12
30-Jul-17 1 2 1 1 1 1 1 0 3 8
31-Jul-17 1 2 1 # 1 1 1 1 3 8
01-Aug-17 1 2 2 2 2 2 1 2 6 14
02-Aug-17 1 1 1 2 2 2 1 2 5 12
03-Aug-17 0 1 0 1 2 4 4 4 12 16
04-Aug-17 3 4 3 3 4 4 3 3 20 27
05-Aug-17 2 3 2 2 3 4 4 3 15 23
06-Aug-17 3 2 3 4 3 2 3 3 15 23
07-Aug-17 1 2 2 2 2 1 1 1 5 12
08-Aug-17 1 2 1 2 2 2 2 1 6 13
09-Aug-17 0 1 1 1 1 1 2 1 3 8
10-Aug-17 0 1 2 2 2 1 1 2 5 11
11-Aug-17 2 2 1 1 1 3 3 2 8 15
12-Aug-17 3 3 1 2 1 1 3 3 10 17
13-Aug-17 3 2 1 2 2 2 2 3 9 17
14-Aug-17 2 2 1 1 1 1 2 2 5 12
15-Aug-17 0 1 1 1 1 1 1 2 3 8
16-Aug-17 2 2 1 1 1 2 3 3 8 15
17-Aug-17 3 2 4 4 4 4 4 4 23 29
18-Aug-17 4 3 2 3 4 4 5 3 23 28
19-Aug-17 4 2 4 4 4 5 3 4 26 30
20-Aug-17 4 4 3 3 2 3 3 3 17 25
21-Aug-17 2 2 3 3 2 2 3 3 11 20
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22-Aug-17 4 4 3 2 3 3 3 4 19 26
23-Aug-17 3 3 2 3 4 5 5 3 24 28
24-Aug-17 3 3 2 2 2 2 1 1 8 16
25-Aug-17 0 1 2 1 2 1 1 2 4 10
26-Aug-17 1 1 2 1 1 2 2 1 5 11
27-Aug-17 2 1 1 3 1 3 4 4 13 19
28-Aug-17 1 1 1 1 1 1 0 1 3 7
29-Aug-17 1 1 1 2 1 3 4 3 10 16
30-Aug-17 2 2 2 1 1 1 1 0 4 10
31-Aug-17 2 4 6 5 4 4 4 3 32 32
01-Sep-17 3 2 3 4 4 2 2 4 17 24
02-Sep-17 4 4 4 3 2 3 3 3 19 26
03-Sep-17 2 2 0 2 3 3 1 2 8 15
04-Sep-17 3 3 2 2 3 3 4 5 19 25
05-Sep-17 4 3 3 2 2 2 3 1 12 20
06-Sep-17 2 2 2 4 5 3 1 4 18 23
07-Sep-17 3 4 3 3 2 1 3 6 22 25
08-Sep-17 7 4 5 5 6 6 5 4 62 42
09-Sep-17 2 2 1 2 2 0 0 0 4 9
10-Sep-17 0 0 1 1 1 3 2 3 11
11-Sep-17 3 2 2 1 2 3 3 3 11 19
12-Sep-17 2 1 2 2 3 3 5 5 19 23
13-Sep-17 6 2 3 3 2 1 2 0 17 19
14-Sep-17 3 2 2 3 4 6 4 4 26 28
15-Sep-17 4 3 4 3 3 4 5 4 25 30
16-Sep-17 4 4 3 3 4 4 3 3 21 28
17-Sep-17 2 2 2 3 5 4 3 2 17 23
18-Sep-17 4 3 3 3 3 3 3 4 18 26
19-Sep-17 2 1 1 2 1 2 3 2 7 14
20-Sep-17 3 2 2 2 3 2 3 1 10 18
21-Sep-17 1 1 2 2 2 1 2 3 7 14
22-Sep-17 1 0 2 1 1 1 3 3 6 12
23-Sep-17 1 1 1 1 1 1 3 2 5 11
24-Sep-17 1 1 1 1 1 2 3 3 7 13
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25-Sep-17 2 2 1 2 0 1 1 0 4 9
26-Sep-17 1 1 1 2 0 0 1 3 4 9
27-Sep-17 3 3 4 3 3 4 5 5 26 30
28-Sep-17 5 4 4 3 4 4 4 4 28 32
29-Sep-17 3 2 2 3 3 2 3 3 12 21
30-Sep-17 2 2 2 2 4 4 3 3 14 22
01-Oct-17 3 2 2 2 3 4 2 3 13 21
02-Oct-17 1 2 2 2 1 1 1 0 4 10
03-Oct-17 2 2 2 1 1 1 1 2 5 12
04-Oct-17 2 2 1 1 1 1 2 2 5 12
05-Oct-17 2 1 1 1 1 1 2 4 7 13
06-Oct-17 3 2 1 2 1 2 2 3 8 16
07-Oct-17 2 1 0 0 0 1 2 1 3 7
08-Oct-17 2 2 1 1 1 1 1 1 4 10
09-Oct-17 2 1 1 1 1 1 0 1 3 8
10-Oct-17 0 1 0 1 1 1 1 3 4 8
11-Oct-17 4 3 4 3 5 5 4 4 29 32
12-Oct-17 5 2 4 4 5 4 3 5 31 32
13-Oct-17 3 3 1 3 5 5 5 5 30 30
14-Oct-17 5 3 4 4 4 4 3 3 25 30
15-Oct-17 3 3 2 4 4 4 4 1 19 25
16-Oct-17 2 2 1 2 2 2 3 3 9 17
17-Oct-17 1 1 1 1 2 2 2 1 5 11
18-Oct-17 1 2 1 1 0 0 2 3 5 10
19-Oct-17 3 2 2 2 2 4 3 3 13 21
20-Oct-17 3 2 1 2 2 1 2 2 7 15
21-Oct-17 2 2 2 2 2 3 3 4 12 20
22-Oct-17 3 2 1 2 1 1 2 3 8 15
23-Oct-17 3 1 1 2 1 1 1 2 6 12
24-Oct-17 1 0 3 3 5 5 3 4 21 24
25-Oct-17 3 2 4 2 3 3 3 4 16 24
26-Oct-17 2 2 3 3 4 4 4 1 16 23
27-Oct-17 3 1 1 2 0 0 2 2 5 11
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28-Oct-17 1 1 1 1 1 2 2 1 4 10
29-Oct-17 1 1 0 1 1 1 1 0 2

30-Oct-17 1 1 0 1 0 1 0 0 2 4
31-Oct-17 1 0 1 1 2 0 0 0 2

01-Nov-17 1 1 1 1 1 0 1 2 3 8
02-Nov-17 2 1 1 1 1 2 2 3 6 13
03-Nov-17 3 2 2 2 3 1 2 2 9 17
04-Nov-17 2 1 1 1 1 1 1 2 4 10
05-Nov-17 1 1 1 1 0 0 1 1 2 6
06-Nov-17 1 0 0 0 0 0 0 1 1 2
07-Nov-17 1 2 3 3 4 4 6 5 28 28
08-Nov-17 4 4 3 4 5 5 4 5 33 34
09-Nov-17 3 3 2 # # 4 4 4 15 20
10-Nov-17 2 2 3 3 4 4 4 3 18 25
11-Nov-17 3 2 1 2 2 1 1 2 7 14
12-Nov-17 # # # # # # # # 0 0
13-Nov-17 # # # # # 2 1 1 2 4
14-Nov-17 3 3 2 1 2 3 3 3 12 20
15-Nov-17 2 2 2 3 3 4 3 3 14 22
16-Nov-17 3 4 3 2 1 2 3 3 13 21
17-Nov-17 1 1 1 2 2 0 1 1 4 9
18-Nov-17 1 1 1 1 2 2 1 2 5 11
19-Nov-17 0 1 2 1 1 1 1 1 3 8
20-Nov-17 1 0 1 1 3 2 3 4 9 15
21-Nov-17 4 3 3 2 3 4 4 4 20 27
22-Nov-17 2 2 1 2 3 3 3 2 10 18
23-Nov-17 2 1 2 3 3 2 3 3 11 19
24-Nov-17 3 2 1 1 0 1 5 4 13 17
25-Nov-17 3 1 1 1 0 2 1 0 4 9
26-Nov-17 0 0 1 0 1 1 2 2 3 7
27-Nov-17 2 2 1 1 2 1 2 1 5 12
28-Nov-17 2 2 2 2 1 1 2 1 6 13
29-Nov-17 1 1 1 1 1 2 2 2 5 11
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30-Nov-17 2 3 2 2 2 3 2 2 9 18
01-Dec-17 2 2 1 1 2 3 3 1 8 15
02-Dec-17 1 0 0 0 1 3 1 0 3 6

03-Dec-17 1 1 1 0 0 0 0 2 2 5

04-Dec-17 0 1 1 2 2 3 4 5 14 18
05-Dec-17 3 3 3 4 5 5 4 4 28 31
06-Dec-17 2 3 2 2 3 3 4 2 13 21
07-Dec-17 2 1 2 2 3 3 3 3 11 19
08-Dec-17 1 1 2 2 2 1 2 2 6 13
09-Dec-17 2 1 1 0 2 2 2 0 4 10
10-Dec-17 0 0 1 1 1 1 1 2 3 7

11-Dec-17 1 2 2 2 3 3 3 2 10 18
12-Dec-17 3 2 2 2 1 4 5 3 16 22
13-Dec-17 1 1 2 2 2 2 3 3 8 16
14-Dec-17 3 1 1 1 1 0 2 1 5 10
15-Dec-17 1 0 0 1 2 1 1 2 3 8

16-Dec-17 0 0 1 1 1 1 1 3 4 8

17-Dec-17 3 3 4 3 3 3 5 4 22 28
18-Dec-17 4 3 3 3 3 2 2 1 13 21
19-Dec-17 1 1 0 1 1 2 3 3 6 12
20-Dec-17 2 1 1 2 1 2 3 0 6 12
21-Dec-17 0 0 1 1 1 1 0 0 2 4

22-Dec-17 0 0 1 0 1 0 0 2 2 4

23-Dec-17 1 2 1 2 1 0 1 1 4 9

24-Dec-17 2 2 2 3 3 4 3 4 15 23
25-Dec-17 3 1 1 2 2 3 4 3 12 19
26-Dec-17 3 2 1 1 2 2 4 4 12 19
27-Dec-17 2 2 1 1 1 3 2 3 8 15
28-Dec-17 2 0 1 1 2 2 2 2 5 12
29-Dec-17 1 1 1 1 1 2 3 1 5 11
30-Dec-17 1 1 1 1 1 2 1 3 5 11
31-Dec-17 1 0 1 1 1 1 2 3 5 10

Error! Not a valid link.
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Definitive daily mean values of the Declination (D), Inclination (I),

Horizontal (X and Y), and Vertical (Z) field components

In Table 2 are given days with K-indices equal to or larger than 5 which means
geomagnetic storm conditions. Indices above the “threshold” value are marked in red.
For 2017 there are 50 days with K-index > 5, 7 days with K-index > 6 and 2 days with
K-index =7 (22 Feb and 08 Sep 2017).

Table 2. Days with K-index > 5 registered in 2017 at the Panagjurishte observatory

Error! Not a valid link.

DD-MM-YY | 00-03 | 03-06 | 06-09 | 09-12 | 12-15 | 15-18 | 18-21 | 21-24 | Ak [nT] | XK
26-Jan-17 1 1 2 3 4 5 4 3 18 23
31-Jan-17 3 2 3 3 3 4 4 5 21 27
01-Feb-17 4 3 3 3 4 5 4 5 28 31
17-Feb-17 2 3 3 4 2 4 3 5 20 26
18-Feb-17 5 3 2 1 2 2 4 3 16 22
22-Feb-17 3 2 3 7 5 3 2 1 31 26
01-Mar-17 2 3 2 4 4 5 5 5 28 30
02-Mar-17 4 3 3 4 5 4 5 3 28 31
05-Mar-17 3 2 2 2 3 3 5 4 18 24
06-Mar-17 4 3 1 3 5 4 5 4 26 29
21-Mar-17 2 3 4 2 2 5 5 4 23 27
22-Mar-17 4 2 2 2 4 4 5 5 25 28
27-Mar-17 2 4 4 5 5 5 6 4 39 35
20-Apr-17 3 5 3 4 3 3 3 3 21 27
21-Apr-17 0 1 1 1 2 4 5 5 17 19
22-Apr-17 3 4 3 4 5 5 4 5 32 33
23-Apr-17 4 3 4 5 5 5 4 4 33 34
27-May-17 1 1 0 1 2 4 3 5 13 17
28-May-17 5 5 3 3 3 2 2 1 20 24
11-Jun-17 1 2 2 2 4 5 5 3 20 24
16-Jun-17 1 3 4 4 4 4 3 5 24 28
09-Jul-17 4 3 2 5 3 3 4 3 21 27

16-Jul-17 2 2 5 4 4 5 5 4 30 31
17-Jul-17 3 4 3 3 4 5 2 2 20 26
18-Aug-17 4 3 2 3 4 4 5 3 23 28
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19-Aug-17 | 4 2 4 4 4 5 3 4 26 30
23-Aug-17 3 3 2 3 4 5 5 3 24 28
31-Aug-17 2 4 6 5 4 4 4 3 32 32
04-Sep-17 3 3 2 2 3 3 4 5 19 25
06-Sep-17 2 2 2 4 5 3 1 4 18 23
07-Sep-17 3 4 3 3 2 1 3 6 22 25
08-Sep-17 7 4 5 5 6 6 5 4 62 42
12-Sep-17 2 1 2 2 3 3 5 5 19 23
13-Sep-17 6 2 3 3 2 1 2 0 17 19
14-Sep-17 3 2 2 3 4 6 4 4 26 28
15-Sep-17 4 3 4 3 3 4 5 4 25 30
27-Sep-17 3 3 4 3 3 4 5 5 26 30
28-Sep-17 5 4 4 3 4 4 4 4 28 32
11-Oct-17 4 3 4 3 5 5 4 4 29 32
12-Oct-17 5 2 4 4 5 4 3 5 31 32
13-Oct-17 3 3 1 3 5 5 5 5 30 30
14-Oct-17 5 3 4 4 4 4 3 3 25 30
24-Oct-17 1 0 3 3 5 5 3 4 21 24
07-Nov-17 1 2 3 3 4 4 6 5 28 28
08-Nov-17 | 4 4 3 4 5 5 4 5 33 34
24-Nov-17 3 2 1 1 0 1 5 4 13 17
04-Dec-17 0 1 1 2 2 3 4 5 14 18
05-Dec-17 3 3 3 4 5 5 4 4 28 31
12-Dec-17 3 2 2 2 1 4 5 3 16 22
17-Dec-17 3 3 4 3 3 3 5 4 22 28
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). Furthermore, there are
also effects of additional sources which could influence the magnetic records as for exam-
ple thunderstorms (Chamati and Andonov, 2021).

Approximate description of the strength of different external variations however,
are provided by geomagnetic indices. A quantitative measure of 2017 local geomagnetic
activity in the form of 3 hour K-index is published here, based upon the range of fluc-
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tuations at the PAG observatory records. Table 2 shows that the number of data having
disturbed geomagnetic field in 2017 is decreasing down to 50 (for comparison - in 2016
there were 62). The most active period began on August 31 and led to 10 stormy days
in September. The strongest events during 2017 were on 22 February and 08 September
with largest K-index 7. The observed activity is quite reasonable because 2017 is already
in the declining part of the 24" Solar cycle.

Data are checked and verified according to IAGA requirements (Jankowski and
Sucksdorft, 1996).

Secular trend of the Declination (D), Inclination (I), Horizontal (X and Y), and
Vertical (Z) field components, as well as of the Total field intensity measure in the
Panagjurishte observatory up to 2017 is plotted in the next figure:
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Fig. 1. Annual mean values of D [min], I [min], H [nT], X [nT], Y [nT], Z [nT] and F [nT] registered
at PAG observatory from 1948 up to 2017
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Toanen pokiaan 3a HadJII0IaBAHATA T€OMATHUTHA AKTHUBHOCT B
OocepBaropus Ilanaropuie npe3 2017

M. Metonues, I1. Tpudonora

Pesrome: 3amncure Ha MAarHUTHUTE Bapualyu 1rokKasBatT pas3JM4Hu CTOMHOCTHU U II0OBEAC-
HUE BbB Besika oocepBaropus. Te 3aBUCST OCHOBHO OT reorpadckara mupHHa Ha o0cep-
BaTOpHATA U MECTHOTO BpEME.

Ta3u crarus npeacTaBd OKOHYATCIIHUTE '’COMAariuTHU OJaHHH!, IMOJYYCHU B o6cep—
Batopus [lanartopuiie npe3 2017 r., U3roTBeHU o7 popMara Ha JIOKAJIHUA T€OMArHUTHH
unjgekcu. [Ipe3 2017 r. CrpHYCBHSIT HIUKBIT 24 Beye € B CBosiTa HamassiBaina dasa (https:/
www.swpc.noaa.gov/products/solar-cycle-progression). Toii ce xapakrepusupa ¢ JIBOCH
CITBHYEB MAaKCUMYM, KaTo IpHU II'BPBUS MUK € JOCTUIHAT Opoil Ha cabHYEeBUTE MeTHA 99
npe3 2011 r, a BpB Bropus nuk mnpe3 anpui 2014 . 6post Ha netHarta € 101.

W3uucnenure nHaeKcH mokasear, ye npe3 2017 1. uma 50 aHu ¢ ycnoBus, onpee-
JISIIIM HHUBO ,,6yp§1“ Ha r€OMarHuTHOTO IIOJIC, HO Ca JAOCTUTHATU CaMO YMCPCHH HHUBA.
Camo nBa 1iHH, Ha 22 deBpyapu u 08 centemBpu 2017 r, e u3uncien K-unnexe 7. Tosa e
04YaKBaHO U pa3dupaemMo nopaau (axra, ue OposiT Ha CITbHUEBHUTE IETHA ITPE3 Ta3u YacT
ot CirbHYEBHSA LUKDBJ OpOABbJI’KaBa Jia HaMaJisBa.
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Abstract. On 27-28 September 2017 at Geomagnetic Observatory Panagjuriste (PAG),
Bulgaria the geomagnetic storm - class G2 increasing to G3 was observed. It caused
disturbances over the ultra-low frequency (ULF) geomagnetic field variations. The time
series of the collected data along the X (north-south), the Y (east-west) and Z (vertical)
directions are analyzed. Trough Morlet wavelet analysis the dynamic spectra for the X
and the Y components are obtained. They show disturbances strongly corresponding
with geomagnetic activity and covers all investigated time scales (1-600s). The two
most powerful interferences are recorded on 28 September- 09UTC and 21UTC- along
the Y component which strongly correspond with Kp index, but not with local K index.
They don’t appear along the other two components. It is found that during the time in-
terval 00-03UTC on 28 September the pulsations are recorded along the X component
with periodicity that covers time scales 40-110s and main period about 85s, and they
are most likely related to injections of energetic plasma.

Key words: ULF variations, spectral properties, geomagnetic storm, Panagjuriste.

Introduction

The geomagnetic field variations, in particular ULF variations, recorded by the dif-
ferent types of magnetometers provide very useful information about the Sun and magne-
tosphere/ionosphere processes (Blagoveshchensky and Sergeeva, 2018; Borovsky, 2020;
Chamati, M., 2018). Many centers for scientific information collecting geophysical data,
such as National Geoinformation Center include in their database information on differ-
ent geophysical fields (Miloshev et al., 2019) as well as information about geomagnetic
field elements (Metodiev and Trifonova, 2020).
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The geomagnetic storms are natural phenomena which are directly linked with the
Solar activity. Depending on the latitude, they cause disturbances in the Earth’s magnetic
field which can be recorded on the ground. The records include among other “noises” of
different type of sources, such as magnetospheric/ionospheric, atmospheric, lithospheric
and anthropogenic (Chamati and Botev, 2019; Klimenko et al., 2018; McPherron, 2005;
Nenovski et al., 2013; Villante and Vellante, 1998). By studying of the geomagnetic field
variations and disturbances caused by natural phenomena the useful information about
the Solar-terrestrial interactions is provided (Blagoveshchensky and Sergeeva, 2018;
Borovsky, 2020). Irregular short-term geomagnetic variations of the geomagnetic field
due to storms and substorms have peculiar spectral characteristics covering a multitude
of periods ranging from a part of second to a few minutes (Chapagain, 2017; Kleimenova
et al., 2019; Watermann and Gleisner, 2009).

Measuring instrument

At the Geomagnetic Observatory Panagjuriste, Bulgaria (geographic coordinates:
42.51N/24.18E) operate a tri-axial search-coil magnetometer. It is designed to measure
and collect data of the Earth’s magnetic field variations, specific geomagnetic events and
long-term study of ULF signals. The sensitivity of the measuring instrument is in range
10 mV/nT — 100 mV/nT. The frequency band is 5 mHz — 20 Hz and its intrinsic noise is
0.05 pT/\((Hz)) at 1 Hz. The timing is provided via GPS.

Data set

The acquisition system records original data sets associated with X (north-south),
Y (east-west) and Z (down/vertical) directions. They are sampled at 100 Hz, organized
in files with duration one hour. With the aid of some software packages, it performs ver-
ifications of the data files and transform them into data files, sampled at 1 Hz. The data
sets collected for the X and the Y components of the ULF geomagnetic field variations
for the period 27-28 September 2017 are analyzed. The data sets for the values of the
local K (Metodiev, M. and Trifonova, P., 2021) and the global Kp indices for the above
mentioned period were downloaded from: http://www.niggg.bas.bg/observatories-bg/
geomagnetic-observatory-pag/%D0%BB%D0%BE%D0%BA%D0%B0%D0%B-
B%D0%BD%D0%B8-%D0%BA-%D0%B8%D0%BD%D0%B4%D0%B5%D0%BA
%D1%81%D0%B8/ https://www.spaceweatherlive.com/en/auroral-activity/top-50-geo-
magnetic-storms/year/2017.html

Results and discussion

On 27 September, 2017 at 08:48 UTC a Minor geomagnetic storm level (G1) took
place. Later at 20:24 UTC on 27 September it was followed by a G2 - Moderate level
storm and then increased to G3 - Strong one on 28 September, 2017. On Figure 1 the ULF
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geomagnetic field variations along the X (north-south), the Y (east-west) and the Z (verti-
cal) directions are presented. It is visible that variations along the three directions during
the whole investigated period — 27/28 September 2017 are disturbed.

0 5 X, Y and Z components, 27-28 September 2017, PAG, Bulgaria

micro Volt

micro VoIt

w WL
T " Wr

micro Volt

27 Sept. 0 06 09 1 15

Fig. 1. ULF variations along the X, the Y and the Z components on 27-28 September 2017

Figure 2 shows Kp index (https://www.spaceweatherlive.com/en/auroral-activity/
top-50-geomagnetic-storms/year/2017.html) calculated for the investigated period.

On 27 September in the time interval 06-09 UTC Kp index reached a value 5 and the
local K index reached a value 4 (Figure 3). Later, when the storm increased to Moderate
level-G2 and Kp=6, the local index takes value K=5. Finally, the storm reaches its Stron-
gest level on 28 September when Kp becomes value 7 in the time interval 06-09 UTC.
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Kp index
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Fig. 2. Kp index, 27-28 September 2017
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Fig. 3. The local K index, Panagjuriste, 27-28 September 2017

Morlet wavelet analysis is applied on time series with recorded data along the two
investigated directions (X and Y) of the ULF geomagnetic field variations. The time
scales 1-600s (in range of continuous Pc/-5 and irregular (Pi [-2) pulsations (partly in
Pcl and Pil)) are analyzed. On Figure 4 the results obtained for the X component are
presented. All investigated time scales are disturbed and the power of the disturbances is
greatest when Kp index reaches the highest values. Figure 5 shows the results obtained
for the Y component. Here, simultaneous but weaker disturbances compared to those of
the X component are observed. Two powerful disturbances stand out- the first one about
09 UTC on 28 September and the second one about 21 UTC at the same day. They fully
correlate with Kp=7 and Kp=5. The X component, during above mentioned hours, does
not reflect such powerful interference.
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Fig. 4. Dynamic spectrum, X component on 27-28 September 2017, PAG station
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Fig. 5. Dynamic spectrum, Y component on 27-28 September 2017, PAG station

The time interval 00-03 UTC (27 September 2017) on Figure 4 shows disturbances
along the X component in time scales about 60-120s, which are not observed at the same
time along the Y component (Figure 5).

On Figure 6 are presented ULF variations along the X component (top panel) and
dynamic spectrum (bottom panel) for the same component on 27 September 2017 for
the time interval 00-03 UTC. About 00:10 UTC and 01:10 UTC are observed pulsations
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Fig. 6. ULF variations, X component (top panel) and dynamic spectrum (bottom panel),
X component on 27 September 2017, 00-03 UTC, PAG station, time in seconds

which lasting a few minutes. On the bottom panel on Figure 6 the dynamic spectrum
shows that these pulsations have periodicity covers time scales 40-110s and main period
about 85s (in Pc4 range, possible related to injections of energetic plasma).

Conclusions

On 27-28 September 2017 the geomagnetic storm was recorded at Geomagnetic
Observatory Panagjuriste. The storm begins as a Moderate level-G2 on 27 September and
on 28 September increasing to Strong level-G3. At Panagjuriste Observatory the storm
reached level G2. To investigate the spectral characteristics of the storm Morlet wavelet
analysis is applied over the time series which contain data records of ULF geomagnetic
variations along the X and Y components. The time scales (1-600s) corresponding to both
continuous (Pc! (partly) - Pc5) and irregular (Pi/ (partly) - Pi2) pulsations are analyzed.
The obtained results show that along the X and Y components all investigated scales are
disturbed and it agrees with local and planetary K indices. The most powerful interferenc-
es along the Y component (at 09UTC and 21UTC on 28 September) strongly correspond
with the value of Kp index, but not with that of the local K index. It was found that on
27 September 2017 in time interval 00-03 UTC pulsations in Pc4 range appeared. They
have periodicity which covers time scales 40-110s and main period about 85s and they
are most likely related to injections of energetic plasma.
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CrnieKTpaTHH XapaKTepPUCTHKHU B YJITPa-HUCKOYeCTOTEH IHANAa30H HA
reoMarHuTHara Oyps ot 27-28 centemspu 2017 r., Ha0;1101aBaHa B
I'eomaruuTHa o6cepBaropus [lanaropuine

M. llamaTu

Pe3rome. M3ciieiBany ca reoMarHUTHUTE CMYILCHHUS M TEXHUTE CIIEKTPATHA XapaKTepuc-
TUKH, IPUYNHEHN OT reoMarHuTHara Oypst ot kiac G1 nHapacrtsang 1o G3, HaOmonaBaHa
Ha 27-28 cenremBpu 2017 r. Ananusupanu ca nanxu 3a ULF Bapuarnuure Ha X u Y
KOMITOHEHTHTE Ha 3€MHOTO MarHUTHO IoJje, 3anucanu B [eomarnutnara O0cepBaropus
,lanartopuie®, bearapus, ¢ pezontonus | cekynaa. [IpencraBenu ca 3anucute Ha ULF
Bapuaruure ot 00:00 no 23:59 UTC 3a nBara, u3cieBaHu JHH, JTOKATHUSIT U [I00ATHU-
a1 K-unaexcu u qjunamuusute crekrpu B ULF nquanasoHa. YeTaHOBEHO €, 4e clieKTpall-
HUTE XapaKTePUCTHKH Ha TEOMAarHUTHUTE BapHalliK, HAMEPEHH 3a JBETE XOPU30HTAIHN
(X(ceBep-tor) u Y(M3TOK-3aI1a/1)) TEOMAarHUTHU KOMIIOHEHTH, UMAaT CXOZCTBA IO OTHO-
IIIEHNEe Ha BPEMETO Ha Bh3HUKBAaHE, BPEMEBUTE CKaJlM, B KOUTO CE TPOSIBSIBAT, & UMEHHO
1-600 cexyH/H, KaT0 CMYIIICHUATA KOPECIIOHIUPAT [0 BpeMe C JIOKaTHUs U iodanaus K
unnekcu. [lo nanpasnennero cesep-tor B yacosere 09UTC u 21UTC nHa 28 centemBpu
2017 ce HaOMIOMAaBaT CMYIICHHUS, KOUTO KOPECIOHAUPAT ¢ Tiodanaus K MHIEKC, HO HE
u ¢ noxanuud. Ha ceimus nen B wacosust auanasoH 00-03UTC ca mHamepeHu myncaium,
KOUTO MMaT OCHOBEH IEPHO]] OKOJIO 85 CeKyH/aM M ce HaOoaBaT €MHCTBEHO 0 Ha-
MIPaBJICHUETO CEBEP-IOT.
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AOcTpakT. B HacrosImoTo npoyuBaHe € M3cie[BaHa ceu3MuyHocTTa mpe3 2021 T
[IpencraBeHo e pasmpenereHHeTO Ha SNUIEHTPHTEe Ha 258 3eMeTpeceHus, ¢ MarHu-
Tyn M>2.5, HaOnoaBaHy 1pe3 pasniekIaHus epruo/] Ha TepuTopusita Ha bbarapus
U ONMU3KUTE OKOIHOCTH (B MEPUMETHP, OTpaHUYEH OT reorpadcka mmpuHa ¢ =41° -
44.5°N u reorpadcka awmkuna A=22° - 29°E), peructpupanu ot Hauwmonannara
Oneparuna Tenemerpuuna Cucrema 3a Cemsmonorunyuna Mudopmarnus (HOTCCH).
OrmpezeneHy ca NPOCTPAHCTBEHHUTE, TBIO0OUYMHHHE M €HEPreTHYHM IapaMeTpy Ha pas-
IeKIaHuTe ChOUTHA. B M3cinenBanns nepros ce HaOIIOAABAT MPOSIBY B ITOYTH BCHYKH
CEU3MOICHHH 30HM Ha CTPaHaTa, Karo € OTYETeHa Hal-BUCOKA aKTUBHOCT B FOr03ara/i-
HaTa YacT OT TepUTOpusiTa Ha briarapus.

KnrwuoBu AYMH: B’I)J'[FapI/IH, 3EMETPECCEHUE, CEUSMUYHOCT

BnBenenue

3eMeTpeceHUeTo € IPUPOJHO SABICHUE, ONPEAEIIAIIo ce 0T ToysiM Opoil daxropw,
KOHMTO He MOorar Jia ObJaT HelOCPEeICTBCHO HAOIIOAaBaHH. 32 CEU3MUYHO 3aCTPAlICHUTE
0051acTH, 3eMeTpeCceHHATa IpeCTaBIsIBaT Hele/IMa 4acT OT OKoyHaTa cpena. Edexrure
OT TO3U THII ChOUTHS ca QYHKIHS Ha peauua (GakTopH, Bapupalin B IMHUPOKU T'PAHUIIH,
KOUTO Morar Jia ObJjaT aJlekBaTHO MOJICIMPAaHU Bb3 OCHOBA HA (PM3NYECKU CHOOPAKEHHUS
W Ha/IC)KTHA CEM3MOJIOTUYHH HAOIIOICHNSI.

BajkaHCKUST TONyOCTPOB € €IUH OT aKTUBHHUTE palloHW B Aumo-XuManaicKus
censmuueH nosic. OCHOBHATa 4acT OT 3eMETPECEHHUsATa B TO3U PalioH ca C IbIOOYMHU
10 60-70 km. CpaBHHTEITHO MaJiKara AbJIOOYMHA Ha 3eMETPECEHHsATA CHIIHO YBEJINUaBa
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CTETIeHTa Ha Bb3/IEHCTBIE BbPXY 3€MHATa MOBBPXHOCT. MEeKANHHOPOKYCHH CHOUTHS (C
neinoounHa 100-200 km) ce renepupar camo B paifoHa Ha BpaHua u XejeHckara apka.
XerneHckara apka ce CuMTa 3a CJIOKHA 30Ha Ha cyOayKuus Ha AdprKaHCcKaTa miova moj
EBpoasuarckara. [onsimara qpi004rHa Ha 3eMeTpeceHusITa B pailona Ha Bpanua cuiiHO
YBEJINYaBa IUIOITA HA Bb3JCHCTBHE.

bbirapus e pasnosioxkeHa B LeHTpaiHara yacT Ha bajakaHCKHUS MOJIyOCTPOB, KOM-
TO OT TEKTOHCKA IVIe[HA TOYKA € YacT OT KOHTHHEHTaJHaTa rpaHuna Ha EBpasus. Ta3u
rpaHuIa ce Hamupa Mexxay EBpornelickus koHTHHEHT (Musniicka ratrgopma) Ha ceBep
u opuonutoBuTe CTpyKTYpH (Bapmap n M3mup-Ankapa) Ha ror. HEOTeKTOHCKUTE JIBH-
KEHNS Ha BankaHCKUS MOIyOCTPOB ca KOHTPONHWPAHU OT €KCTEH3MOHATHMS KOJAIlC Ha
KBCHUSI aJIIIMACKA OPOTEH U Ca O] BIUSHUETO, KAKTO HA IPOIECUTE, MPOTHYAIIN 331
Ereiickara apka, Taka W Ha CJIOKHUTE BEPTHKAJIHU U XOPU3OHTAJIHU JBM>KeHus B [la-
HoHckust peruon (Solakov et al, 2019). Ot ceusmoorn4Ha ieaHa ToYka bbiarapus e
pasmoiokeHa B Anmo-XuManaiCKust CeM3MHUEH I0sIC, KOUTO Ce XapaKTepu3Hupa ¢ BUCOKa
CEeM3MHUYHA AKTUBHOCT.

Bearapus e crpana xapakTepu3mpania ce ¢ yMepeHa Cen3MHUYHa aKTUBHOCT. [Ipe3
BEKOBETE HA TEPUTOPHATA HA CTPAHATAa Ca TEHEPHUPAHU HAKOJIKO CHIIHH 3€METPECEHHS.
[IppBOTO TOOpE TOKYMEHTHPAHO 3eMETpEeceHHe Ha TepuTopusaTa Ha beiarapus e zeme-
Tpecenueto ot | B. mp. H. . B UepHo mMope kpaii rpax KaBapna. B rorozanaana boirapus
Ha 4 anpun 1904 1. e perucTpupaHo U eIHO OT HAl-CUITHUTE TUIMTKH 36METPECCHUS Ha
TepUTOpHsITA HAa KOHTHHEeHTaHA EBpona ot 20-TH Bek (B Hauanoto Ha 20 Bek ot 1901 n0
1928 r. Ha TepUTOPUATA HA CTPAHATA C€ Pea3upar 6 CUITHU 3eMETPECECHUS C MAarHUTY/]
IO CEM3MHMYEH MOMEHT M >6.0).

Haganoro Ha Obarapckara cemzmonorus garupa ot 1891 . u e moctaBeno ot Criac
Bamos. ITo ToBa Bpeme Toii € aupektop Ha LleHTpanna mereoposornyna ctanius B Co-
¢wus. Cniac BaroB opranuszupa Mpexa OT KOPECHOH/ICHTH 32 HAOII0ACHHE HA YCEeTEHUTE
3emerpecenns B buirapus (Watzof S., 1902). IleproabsT Ha ObIATapcKkaTa HCTOPUIECKA
epa 3aBbpiBa npe3 1905 r., koraro cem3morpad st Trnn Omorri-Boch e MmoHTHpaH B 11bp-
BaTa cem3MoJoruyHa ctanius B rpaa Codus.

HarnpoHamHusIT HHCTUTYT 10 reodusuka, reoxe3ust u reorpadus (HUI'TT) - BAH
OCBIIECTBIBA HEMPEKbCHAT MOHUTOPHHT Ha CEM3MUYHOCTTa upe3 Harmonanna cenmsmmy-
Ha mpexxa — HOTCCHU. HOTCCH e ocHoBana B kpas Ha 1980 . B HawanoTo maHHuTe
OT CEM3MHYHHUTE CTAaHIMU Ca TPENaBaHU B PEAIHO BPEME Upe3 aHaJIOTrOBH TeIe()OHHH
JUHAW 10 UEHTHPA 32 JaHHH, a TapaMEeTPUTE HAa PETHCTPUPAHUTE CEM3MUYHU CHOUTHUS
ca omensBaau pbuHO. [Ipe3 2006 1. KakTO Cen3MoIOTHYHATa Mpeka, Taka U uHpopma-
LHUOHHUSAT LEHTBP Ca MOJAEPHU3UPAHH ChC ChBPEMEHHO 1M(POBO 000pyABaHE U € opra-
HU3MpPaHa aBTOMaTHYHa 00paboTka Ha naHHu (Christoskov, 2019). B rieHThpa JaHHUTE CE
CBHOMPAT B peajHO BpeMe OT 26 ObJITapCKU CTAHIIMK U PEANIIA CTAHIIMK OT ChCEIHH CTpa-
HH, KOETO TIOBHINIABAa TOYHOCTTA HA XHITOIEHTpamHuTe ornleHku. Mexay 2005 u 2010 1.
MTOYTH BCHYKY CTAHIIUH Ca MOJIEPHU3NPAHU B 00OPYIBAHH C ITUPOKOICHTOBH CEU3MOMeE-
Tpu. Jlanaute B Harmonanuus Censmonoruuer nenTsp B HUI'TT - BAH ce npenasar B
peasino Bpeme. Crien ToBa Te ce apxuBupar BbB (hopmat PASSCAL u JOIMBJIHUTEIHO B
mupoko minonsBaemust popmar miniSEED. JlanauTte ce 00padoTBaT aBTOMAaTHIHO (pas3-
MTO3HABAT CE CHOTBETHUTE CUTHAIU M CE OIICHSABAT IMapaMETPUTE HA 3eMETPECEHUETO) OT
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nporpamata Seismic Network Data Processor - SNDP. IIpe3 mocnennuTte ronuau Oposit
Ha CEM3MUYHHUTE CTAHIIMM HapacTBa 3HAYMTETHO W B kpas Ha 2019 r. e 40. B momeHTa
CEU3MOJIOTMYHHMSAT LEHTHP € MOoAepHHU3HpaH cbe codryep SeisComP3 3a peanHo BpemeBH
TpaHcdep u aBToMaruuHa 00paboTKa Ha JaHHH, KOWTO C€ U3IOJI3BA IIHUPOKO B CEM3MOJIO-
rugHara oOIHOCT U nenTposere 3a ganuu (Christoskov, 2019).

Bucokara 4yBCTBUTEIHOCT Ha cer3Morpadure Mo3BojisBa perucTpupane u oodpa-
60TKa Ha TOIAM OpOH PErMOHATHM W JIOKAJTHH 36METPECCHUS. YCTAaHOBEHH Ca Pa3InIHH
[0 MarHUTYJ JOJHU TIParoBe 3a HAJASKIHO ONpPEAESTHEe Ha PETHOHAIHU W JIOKAIHHU 3€-
METPECEHUS: C MATHUTY]I TI0 cen3MHuueH MOMeHT Mw=2.5 3a TepuTopusiTa Ha bbarapus,
Mw=3.0 3a nentpayinara gyact Ha baikaaure 1 Mw=>5.0 3a peruoHaIHA CHOUTHS.

Tpsi6Ba na ce oTOesnexH, 4e ¢ MOBUIIaBaHe KA9eCTBOTO HA PErUCTpaIusiTa Ha ChOH-
THUSITA, Ce MOJ00PsIBa aHAIM3a Ha Pa3IpeIeICHUETO UM B IPOCTPAHCTBOTO, BPEMETO U CE
MIPEAOCTaBs Bb3MOXKHOCTH 32 IPUJIaraHe Ha TMO-CJI0KHA METOIN KaTo OIeHKA Ha MOJIETO
Ha HanpexeHue (Hapes ¢ Apyru uscnensanus B Simeonova 2015 u Protopopova 2020) u
OIIEHKa Ha MapaMeTpUTe Ha CeM3MUYHHS N3TOYHHK C TIOMOIITA Ha CIIEKTPATHUTE XapaK-
TEPUCTHKH (KaKTo ca mpejactaBenu B Raykova 2019, 2020a, 202006).

Hacrosimara padota chabpika 06001eHa nHGOpMaIHs 3a pe3ynTaTuTe 0T 00padoT-
KaTa U MpeABAPUTEITHAS aHAJIM3 Ha U3XOJHUTE JaHHU 3a peructpupanute or HOTCCU
cem3sMHuYHH crouTus 3a 2021 roquHa.

MeTonosnorust npu 00padoTka Ha JaHHUTE

OCHOBHUTE KUHEMATHYHHU ITapaMeTPH 1 MArHUTYbT Ha 3eMETPECEHHSITA CE OLIeHSI-
Bar [TOCPECTBOM aJlalTalysl Ha IUPOoKo pasnpoctpanenus npoxykt HYPO*71 (Solakov,
1993). ITo nacrosimem MarautynsT Mp ce onpenens o gopmynara (Christoskov et all,
2011a, b):

A
M, = log =] +Oum (A)+s,, (1)
max
A V
KBJIETO | = =M% 4 e amminrygara B um, 7' e mepuoza B cekyHau (s),a Ve
T 2r

max

MaKCHMallHa CKOpocT B P-dazara, perucTpupaHa Ha BepTHKaJIHATa KOMIIOHEHTA Ha IIU-
POKOJICHTOBHS CEM3MOrpad Ha EMMIEHTPAIHH Pa3CTOSHUA Mmo-Maiku oT 10°, o, (A) e
KaOpOBbYHA (PYHKLIS; | S, € j CTAHIHOHHA MArHATY/IHA KOPEKLIHS.

B nactosmero uscnensane M, ce TpanchopmMupa B MO-HAJEKIHATA H TO-IIUPO-
KO M3II0JI3BaHa MAarHUTYHA cKana M, KOeTo OM MO3BOJIMJIO Ch3/IABAHETO Ha €IMHEH H
XOMOTCHHU3UPAH KaTaJlor Ha 3eMETPECEHMATA, HEOOXOIMM 3a HaJIe)K(HA OLICHKA Ha CeH3-
MHYHUS Xa3apT Ha TEPUTOPHATA HAa CTpaHaTa U OKOJIHOCTHTE. MarHutyasT Mp ce TpaH-
cthopmupa B Mw upe3 popmymara (Solakov et al, 2018):

M,,=0.93*M +031 )
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IIpocTpaHcTBEHO — BpEMEBO M €HEPTreTHYHO pa3iipeeieHue Ha 3eMe-
TPeceHusiTa

Ha ¢urypa 1 e mpenctaBeHO MPOCTPAHCTBEHOTO PA3NpEAEICHHE HA CHMULEHTPH-
Te Ha 3eMeTpeceHusATa peanmsupanu npe3 2021 . M3Baakara cpabpxka 258 crouTws,
B MarHutyjieH uHrepsan 2.5£M <4.0, renepupaHn B MPOCTPAHCTBEH NPO3OPEILL C KOOP-
nmuHatH 41° — 44.5° N u 22° — 29° E. Ha kaprata ca n300pa3eHr U akTHBHHUTE pa3JIOMH B
pasmiexnanara Tepuropus no nanau ot: GEM Global Active Faults (https://github.com/
GEMScienceTools/gem-global-active-faults).

.o + Events
Rivers
I— plate boundaries|
44 136 Lakes
main faultine
| — Coastline
43.5 34 ——Borders
grid points
4 Seismic stations
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Magnitude
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®@ur. 1. Enunentpanna kapra Ha 3eMETPECEHHTa pealn3upaHy Ha TEPUTOPUATA HA
CTpaHaTa ¥ mpuiaexamuTe 3emu 3a 2021 .

Qurypa 1 wmmrocTpupa HEpaBHOMEPHO TPOCTPAHCTBEHO paslpefieiieHHe Ha ce-
M3MUYHOCTTa B bhirapus. Haii-romsima xoHmeHTpaims Ha 3eMeTpecenus 3a 2021 . ce
HaOIroZaBa B FOTO3alalHUS PalioH Ha cTpaHarta. To3m M3BOA ce MOTBBpKaaBa M oT Du-
rypa 2, KOATO TPECTaBsi MPOCTPAHCTBEHOTO PA3INpeAeIeHre Ha Oposi 3eMeTpeceHus B
Mpexka oT KIeTku ¢ pazmep 0.1°x 0.1°.
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@ur. 2. 3D Busyanuzanus Ha Opoil 3eMeTpPeceHUs] U MPOCTPAHCTBEHO
pasnpenenenue Ha enunentpure [0.1°x0.1°]
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Qurypa 3 wirocTpupa pasnpenesieHueTo Ha CEU3MUYHOCTTa BbB BPEMETO CHOPE]
Opost Ha crOuTHATA 1O Meceny. Haii - ronsm Opoli 3emeTpeceHus ce HabromaBar mpes3
MeCcelUTe I0HU 1 HOEMBPH, a Haii-Maliko 1npe3 (heBpyapu U arpui.
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®ur. 3. BpeMeBO paslpesesicHHe Ha 3eMETPECeHMATa PEalM3upaHd Mpes3
2021 r. Ha TepuTOpUATa Ha BBITApH U OKOTHOCTHTE

[Ipe3 Mecel] HOEMBPH € PETHCTPUPAHO U HAal-CHITHOTO 33 TepUTOpUsITa Ha bbarapus
3eMmeTpecenune. 3emerpecenneTo ot 25.11.2021 1. ¢ emunenTsp B 6mm3ocT 10 rpax Camo-
koB. ChOuTHETO € ¢ MaruuTya M =3.7, 1bi0ounHaTa Ha orHuIeTo 15 km u Makcumat-
HaTa MHTEH3UBHOCT B enuueHTpannara 3ona: [ =4.0 crenen MSK64. 3emerpecenuero
e 0uo ycereHo B paiiona Ha rpaj CaMOKOB, KakTo U B Hsikou 4acTu Ha rpag Codus. Ha
¢urypa 4 ca npejcTaBeHN Bb3/ICHCTBUITA OT 3eMETPECEHUETO YCTAHOBEHH CJIe/ 00Cie-
BaHE Ha 3acernarara o0JacT U OLIEHEHHU 10 MHTEH3UBHOCTHATa ckajla MSK64.

[oBuIieHaTa akTHBHOCT MPE3 Mecel] HOEMBPH € CBbp3aHa 1 ¢ HaOJIIo[aBaHaTa cens-
MHUYHA aKTUBHOCT B paiioHa Ha rpaj Benunrpaz. Peructpupanure ceusMUUHU CHOUTHA
ca B mopeauiia ot poes Tur (Raykova 20200). Peructpupanu ca okoio 15 3emerpeceHus
¢ apiabounHa 10 15 KM., KaTo Hal-CHITHOTO CHOUTHE OT MOPEANIIA € 3eMETPECCHUETO OT
24.11.2021 r., ¢ marauTyn M, =3.2 u 1bn0ounna 12 kM. Criopes reookKuTe U3CIeIBa-
HUSI TIPY MIOCJIEIHATA OICHKA Ha CEM3MUYHATa OMAacHOCT B paiioHa Ha rpaja BemuHrpan
ca neUHUPAHU CTPYKTYPH, KOUTO MMAT MOTCHIIHAI [Ia TCHEPUPAT CCU3MHUHU ChOUTHS
(Solakov et al, 2019). B ucropuduecku iaH B TO3U pailOH ¢ HaOIIOMaBaHa yMEPCHA CCH3-
MHYHa akTUBHOCT. Haii-cunmHoTto chOutue peructpupano tam e ot 03.11.1977 r.,, ¢ mar-
HUTYJI IO CEM3MHUYEH MOMEHT M, =5.5. Crieq1 3eMETPECEHHETO ca HAaOIIOIaBaHu 9acTHY-
HU TIOBPEIH B CTPAANTE M U3MEHEHHE B AeONTa Ha MHUHEpaTHUTE u3Bopu. [locnensana e
HMHTEH3MBHA a(THIIOKOBA MOPEAUIIA.

Ot MMpOCIEAIBAHCTO HA MArHUTYAUTC HA CHOUTHSATA BHB BPEMETO NPEACTABCHO Ha
(urypa 5 morar z1a ce oTOenexaT ¥ MECeIiTe, B KOUTO ca HaOMI0AaBaH! 3eMETPECEHUSITA
C Hal-BHCOKU MAarHUTYIHHU OLICHKU. 3eMETPECCHUETO PeaM3UPaHO Mpe3 Mecell SIHyapH,
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@ur. 4. CensMuuHM Bb31CHCTBHSA OT Hali-cunHoTO 3a 2021T. 3emMeTpecenue (M, 3.7), peanusu-
pano Ha 25.11.2021r. B Giu3oct 1o rpag CaMoKoB

B I'PaHHMIMTE Ha I0kHa PYyMBHHS ¢ MarHuTyJl O CEM3MUYIEH MOMeHT M = 3.8, koero
€ YCETEHO C MaKCHMaJlHa MHTEH3MBHOCT Ha TEPUTOpUATA Ha cTpaHara Hu ¢ [ = 3.5
MILIK64. TTpe3 mecel; HOEMBPH € PETUCTPUPAHO 3EMETPECEHUETO B pailoHa Ha rpan Ca-
MOKOB ¢ MaruuTyji M =3.7 u 1b1004nHaTa Ha OrHUIIETO 15 km. MakcumasnHara MHTEH-
3UBHOCT B enuieHTpannara 3ona € [ =4.0 crenen MSK64.

Bposr Ha 3emMeTpecenusTa TPyNUpaHd B MATHUTYAHU uHTepBamn: My = 2.5-3.0 ca
204 cr6uTHs, c MarHUTY/l B MHTepBaia M = 3.1-3.5 ca 50 cbOMTHS ¥ C MAaTHUTYJL B HHEP-
Bana M, = 3.6-4.0 ca paenmsupanu 4 cr6utus (dur. 5). [logpoben ananus Ha ceM3MHUY-
HOCTTa B OTJCIHNTE CEM3MUYHH 30HU € TPYJHO Ja Ce U3BBPIIM NOPaaAN HEAOCTATHYHOTO
KOJIMYECTBO CHOUTHS M TECHUSI MATHUTY/ICH JJMAIa30H Ha 3eMETPECEHUTA.

Tyk HyJI€BOTO HUBO TpsIOBa J1a Ce CYMTA 32 OTHOCUTEIIHO, UMAaWKHU NPE/IBUI, Y€ HE ca
B3€TH 071 BHUMaHNE 3eMETPECEHUS ¢ MAarHUTYAX TOx 2.5.
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@ur. 5. MarautyiHo — BpeMEBO pasIpeieieHue.
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@ur. 6. Paznpenenenue Ha 6post cCbOUTHS CIIOpe]] JBIOOYHHATA.

I'padmkata Ha TBIOOYMHHOTO pasmpeneiicHue Ha Gurypa 6 mokaspa, 4e MO-TOJIs-
Mara 4acT OT ChbOUTHATA CE peallu3upaT B quamazoHa ot 5-20 kM aeioounHa. bposT Ha
CHOUTHSITa HE HaMAaJIsBa IUIABHO C YBEIMYaBaHE HA IBJIOOYMHATA. B chIIOTO Bpeme Opo-
ST Ha 36METPECCHUATA pean3upaHy Ha IbI00YnHA 5-15 kM e Haii-romsiM. Pasmpenere-
HUCTO HA MATHUTYIUTE Ha CHOUTHATA B IBJI00YMHA TIO3BOJISBA JIa CE OTOCIICKH U3BECTHA
TU(epeHIIHAIs Ha TI00YHMHHUTE ,,eTaXH ~ C HAPaCTBAHE HA MATHUTYJIA - MAKCHMYMUTE
Morar Jia ce MPOCIeT 3a HHTEepBalia Ha Jba0ounHata ot 5 10 20 kM. [lo-cumHuTe Ch-
OwTHs, HaNpUMep ¢ MarHuTy1 M >3.5, nMat abia6ounna B auanasona 10-20 km. Bendku
OTHUIIA ca Pa3MoIoKEHH B 3eMHaTa Kopa.

Bulgarian Geophysical Journal, 2021, Vol. 44 123



M. Ilonosa u op.: Ceusmuunocm na mepumopuama na bvicapus u npunesxcawume 3emu...

Jakiouenune

Teputopusita Ha bearapus, pa3nonoxeHa B U3TOYHATA 4yacT Ha bajkaHckus nomy-
OCTPOB € TUIIMYEH IPUMED 3a PAiOH XapaKTEPU3HPALL C€ C BACOK CEM3MUYEHA OIIACHOCT.
ITpe3 BekoBeTe Ha TEPUTOPUATA HA CTpaHATa ca HAOMIONABAHU CUJIHH 3€METPECEHHs,
KaTo €THO OT TAX € Hal-CHIIHOTO 3eMeTpeceHue B EBpomna npe3 20-Tu Bek.

Or mpencTaBeHuAT ananus Ha 258 3eMeTpeceHuaTa ¢ MaruuTya M, >2.5, Bb3HHK-
Hanu B bearapus u oxonHoctute npe3 2021 ., MoXe /1a ce HalmpaBAT CICAHUTE 3aKIIO-
YCHUS:

e 2021 r. ce xapakrepusupa ChC ciada CCHM3MHUYHOCT - JOMHHHUPAT CHOUTHUS C
Marautyq noz 3.0, caMo YeTHpHU 3eMETPeceHHs ca ¢ MarHUTyAd Haj 3.5, karo
Hal-CUJIHOTO OT TSIX € ¢ MarHurtyy 3.7

e TPOCTPAHCTBEHO-BPEMEHHOTO paslpeiesieHue Ha 3eMeTpeceHusTa B brarapus
U OKOJTHOCTHUTE € HEPAaBHOMEPHO;

e XUMOLEHTPUTE Ha 3eMETPECEHUsTa ca Pa3MOJIOKEH! OCHOBHO B FOpHAaTa Kopa
(mo 20 xm). Haii-romnsiMm Opoit 3eMeTpeceHus ca PeruCTPUPAHU B AbJIOOYHMHHUS
crnoit Mexny 5 u 15 xm;

e HaOiI0/IaBaHaTa CEM3MHUYHA AKTHBHOCT 3a pa3IvIeJaHusl MEepUoJl € MO-BUCOKa B
cpaBHeHue ¢ m3MuHanuTe roaunu. [pes 2021 r, ca perucrpupanu 258 cpouTHsS
¢ Maruutys M >2.5, KoeTo € NpUOIM3UTETHO [IBa MBTH MOBEYE B CPABHEHHUE C
2020 ., u 2019 r. (Popova et.al. 2021).

Baarogapuoctu: ABropute uspaszspar cBoute OnarogapHoctd kbM E. bores, bi.
babauxkoga, T. nues,P. Bwikos, I1. Kupuios kouto ca pabormwim B HOTCCU mpe3 2021t

Jluteparypa

Christoskov L., L. Dimitrova, D. Solakov, 2011a. Magnitude determinations of P wave by digital
broadband seismometers of NOTSSI network for local and regional events. Compres rendus
de I’ Acade‘mie bulgare des Sciences, Vol 65, No 5, pp. 653-660.

Christoskov L., L. Dimitrova, D. Solakov, 2011b. Digital broadband seismometers of NOTSSI for
practical magnitude determinations of P waves. BGS. v.XXXVIIIL, N1-4/2011, ISSN 1311-
753X, 62-72.

Christoskov L., Dimitrova L., Solakov D., Simeonova S., 2019. FORTY YEARS NATIONAL OP-
ERATIVE TELEMETRIC SYSTEM FOR SEISMOLOGICAL INFORMATION, Bulgarian
Geophysical Journal, Vol. 42, DOI: 10.34975/bgj-2019.42.8, pp. 83-93.

Popova Mariya, Dragomir Dragomirov, Emil Oynakov, Valentin Buchakchiev, Yordan Milkov.
SEISMICITY IN BULGARIA AND SURROUNDINGS IN THE FIRST 20 YEARS OF THE
TWENTY-FIRST CENTURY. 21th International Multidisciplinary Scientific GeoConference
SGEM 2021, nox nieuar 2021.

Protopopova, V., Botev, E., 2020. Evaluation and comparative analysis of stress and deformations
in seismic hazard zones in Bulgaria and adjacent lands, Annals of Geophysics, 63(2), SE224,

pp. 1-15.

124 Bulgarian Geophysical Journal, 2021, Vol. 44



M. Ilonosa u op.: Ceusmuunocm na mepumopuama na bvieapus u npunesicawume 3emu...

Raykova P., Solakov D., Simeonova S., 2019. Seismic moment, stress drop and source radius
for the seismic cluster of the 2009 earthquake in Valandovo seismogenic zone, Problem of
geography, BAS, ISSN:2367-6671, 0204-7209, pp. 29-40.

Raykova P., 2020 a).ESTIMATION OF EARTHQUAKE SOURCE PARAMETERS USING P
AND S-WAVES SPECTRA CASE STUDY THE 2012 SEISMIC CLUSTER IN SOFIA
SEISMOGENIC ZONE, Bulgarian Geophysical Journal, Vol. 43, DOI: 10.34975/bgj-
2020.43.6, pp. 71-80.

Raykova P., 2020 6) Estimation of source parameters for swarm type of seismicity, Bulgarian Geo-
physical Journal, Vol. 43, DOI: 10.34975/bgj-2020.43.10, pp.110-122. (in Bulgarian)

Simeonova, S., Solakov D., Aleksandrova 1., Raykova P., Protopopova V., 2015. The 2012 Mw5.6
earthquake in Sofia seismic zone and some characteristics of the aftershock sequence,
Bulgarian Chemical Communications, 47, spec. issue B, pp. 397-404.

Solakov D., Simeonova S., Trifonova P., Georgiev 1., Raykova P., Metodiev M., Aleksandrova I.,
[2019] Building Seismic Risk Management, Part 1: Probabilistic Seismic Hazard Assessment
BAS Publ. House, S., ISBN 978-954-322-988-8, 13-110 (in Bulgarian).

Solakov D., S. Simeonova, P. Raykova, I. Aleksandrova, 2018. Empirical relations converting
Md and Mp magnitudes applied in Bulgarian seismological routine practice to moment
and magnitude. Comptes rendus de I’Acad’emie bulgare des Sciences, 71, 8, DOI:10.7546/
CRABS.2018.08.09, 1076-1085.

Solakov, D., 1993. An algorithm for hypocenter determination of near earthquakes. Bulg. Geophys.
J.19 (1), 56-69

Styron, Richard, and Marco Pagani.“The GEM Global Active Faults Database.” Earthquake Spec-
tra, vol. 36, no. 1_suppl, Oct. 2020, pp. 160-180, doi:10.1177/8755293020944182.

Watzof S., 1902. Earthquakes in Bulgaria during XIX century, Central Meteorological Station,
Imprimerie de I¢Etat, Sofia, pp. 93. (in Bulgarian and French).

Seismicity on the territory of bulgaria and the adjacent lands recorded by
notssi in 2021

M. Popova, E. Oynakov, Y. Milkov, V. Buchakchiev, D. Dragomirov

Abstract. Spatial and temporal distribution of the seismicity observed on the Bulgarian
territory in 2021 is presented. The list includes 258 earthquakes with magnitude M >2.5,
observed in Bulgaria and the surrounding area within latitude 41°- 44.5°N and longitude
A = 22°-29°E which are registered by the National Operating Telemetry System for Seis-
mological Information (NOTSSI). 2021 is characterized by weak seismicity - dominated
by events of magnitude less than 3.0. Only four earthquakes had magnitudes larger than
3.5, the strongest of which happened on the 25.11.2021 with Mw=3.7. As observed in the
previous years, the highest activity is reported in the southwestern part of the territory of
Bulgaria.

Key words: Bulgaria, earthquake, seismicity
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