I am always doing that which I cannot do, in order that I may learn how to do it .
Pablo Picasso (1881 — 1973)
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BBJITAPCKOTO YYACTUE B YCBOABAHETO HA KOCMOCA

Metbp Neuos

bwvrieapcka akademusi Ha Haykume

MoneTtsbT Ha FO. A. lNarapuH e enoxanHo cbouTne B CTopusSiTa Ha YHOBEYECTBOTO, Thbi KaTo TOMN
NnocTaBuM Ha4anoToO Ha MPOHUKBAHETO M OBNagsBaHETO OT YoBeKka Ha KOCMMYECKOTO MPOCTPAHCTBO.
Cera, korato nonetuTe 3ag npegenute Ha 3emaTa CTaHaxa perynspHu, a TEXHUS HaydeH U CTOMaHCKU
edeKT e 3Ha4uTerneH 1 peanHo ocesaemM.

To3u nonet gage CUreH Trnacbk Ha ObNrapckoTo y4acTe B KOCMUYECKUTE N3CNeaBaHus, KOETO
cTapTupa CbC Cb3aBaHeTo Ha HayyHa rpyna no Kocmunyecka ®dusmka kbM npesngnyma Ha BAH ot
akagemuumte KpbctaHoB u CepadumoB npe3 1969 r. [lo-kbCHO Tasu rpyna npemMuHaBa
nocrnegosatenHo B LleHTpanHa JlabopaTopus 3a Kocmudeckn mscnegBanus (LIJIKU) n UHcTUTyT 3a
KocMmun4veckn nscnegsanna n texHonorum (MKUT) cera.

Cwc cBos nbpeu npubop -1 npegHasHadeH 3a nscnegsaHus B obnactrta Ha KOCMuYeckaTa
dumsmka (M3mepBaHe Ha TemnepaTtypaTa U KOHLEHTpauusaTa Ha KocMuyeckarta nnasma), ussegeH Ha
opbuta npe3 1972 r. B cbCTaBa Ha cnbTHUKa MHTepkocmoc-8, bbunrapus ctasa 18-ta Kocmudecka
AbpxaBa B cBeTa. KaTo ce nma B npeasua, ye B cnucbka Ha OOH durypupat Hag 190 abpkaBu moxe
Aa ce oTyeTe pearnHo 3Ha4YeHVEeTO Ha Ta3m Knacaumsa 3a Hawarta cTpaHa.

CnegBa nonetbT Ha MbpBMA HU KOCMOHaBT [eopru KMBaHoB. [log pbKOBOACTBOTO Ha
akagemuumnte Knpun CepacdumoB 1 Oumutbp Muwies e noaroTBeHa HayyHa nporpama BkroyBalla
€KCMepUMEHTU 3a WuacnegBaHe Ha aTMOCHepHUTE ONTU4ecKn emucumn (ekcnepumeHT “[bra”),
MHOrOKaHanHo OMCTaHLUMOHHO CrekTpoMeTpupaHe Ha 3eMHaTta noBbpxHocT (“‘Cnektbp 15”), ncmxo-
PU3NONOrMYeH MOHUTOPUHI Ha kocMoHaBTuTe (“Cpegeul”), U ekcnepMMeHTM B obrnactta Ha
KOCMUWYECKOTO MaTepuanosHaHue. bbrirapus e wecrtaTta cTpaHa B cBeTa Mmalla CBOW KOCMOHaBT.

Bbbnrapua e Tpetata ctpaHa (cneg CCCP u CAL), kosTo no ToBa BpemMe npoussBexaa
KOCMMYECKMN XpaHU. 3acrnyrute B TOBa HanpasrfieHuMe ca Ha akag. LieetaH LiBeTkoB u UHCTUTYyTa no
nnocmnmsaumsa n kpuobuonorus.

Mpe3 1981 r. ca pa3paboTteHun gBarta cnbTHMKA “Bbnrapua-1300” 3a uscnegBaHe B obnactra
Ha Kocmuyeckata dusnka n “Meteop-lpupoga” — 3a m3cnegsaHe B obnactta Ha AUCTaHUUOHHUTE
METOAM.

HawwuTte y4eHu ydactBaxa U B Ham-amOuULMO3HUTE NpoeKkTu no MexayHapogHata nporpamMa
LV/IHTEpPKOCMOC®, CBbP3aHN C M3cnefBaHe Ha KOMETUM M nnaHetTn oT CnbHyeBata cuctema (Mapc),
HeyTpoHWUTE 3BE3aUN U YepHUTe aynku (BeHepa-Xanen, ®oboc, 'paHaT). Y4acTMeTo HM B NPOEKTU KaTo
AKkTMBEH 1 Anekc nocTaBMxa HalMTe y4eHU B peamumTe Ha Hal-akTMBHO u3y4asallumte no ToBa Bpeme
npoLiecute B 3eMHaTa MarHutocdepa.

Ycnex 3a Halwute KOCMUYECKU U3CneaBaHus € U NoneTbT Ha HallmMs KOCMOHaBT ArnekcaHabp
AnekcaHOpOB NO BpeMe Ha KOWTO Ce peanusvMpa Cepuo3Ha HayyHa nporpama, BKno4Bala
pa3paboTBaHeTo Ha 11 Hay4yHM anapaTypu u cuctemu n noeeye ot 40 ekCnepuMeHTU, NPOBEAEHN HA
06opaa Ha OpbutanHaTta kocmmuyecka ctaHums ,Mup”. BenrapckaTta anapatypa 6elue BUCOKO OLeHeHa
MU TOBa ce MOTBbpAM OT hakTa, 4Ye C Hes paboTMxa MHOro OT eKUNaxuTe, NETANU Crefd Haluuvs
KOCMOHaBT.

YcnewHo ce pasBuBa HanpaeneHueTo ,Kocmudecka meauumHa u Guonorus”. cBbp3aHO C
pa3paboTBaHETO U YCBLBBLPLUEHCTBAHETO HA KOCMMYECKaTa OpaHXepusl, KOATO NeTs noBeye OT
10 roguHu Ha OpbutanHaTa kocMuyecka ctaHums ,Mup” 1 ¢ KoaTo paboTnxa n pycku, U1 aMepUKaHCKu
KOCMOHaBTMU.

Ha 6Gopga kocmuyeckaTta crtaHuus ,Mup” paboTu BTopa reHepauus MeduuMHCKa cucTema
NEUROLAB-B 3a u3cnegBaHe Ha ncuxogU3MONOrMYHMSA CTaTyC Ha KOCMOHABTUTE NO BpeMe Ha
npoabimknTenHu nonetun (1996—-2002).

BbbnrapckoTo yyactue e cblecTBeHO 1 Ha 6opaa Ha MexayHapoaHata Kocmuyecka CtaHuus
(MKC) — JTionunH“, R3D (2005—-2023), CoHaa Ha JleHrmiop (2008—2019), maTtepuanym obpasuym (2013—
2019).



Ot 2013 r. Ha MexgyHapogHaTa KoCMUYecka CTaHLUus paboTu 1 Hawa anapaTypa pa3paboTeHa
no npoekrta ,O6cTaHOBKa”, BKMOYBALLA HallaTa coHAaa Ha ,JleHrMiop” 3a uscnegBaHe Ha nnasmarta
okono MKC u cuctema 3a naMepBaHe Ha enekTpuMyeckus NoTeHuman Ha MOAYNWMTe Ha cTaHuusaTa u
noneTtata OKOMo Hesl.

lMocnegHuTe roguMHN KOCMUYECKUTe uacnenBaHust 6sixa 6enssaHu ¢ npomsiHaTa Ha HauyMHa Ha
dmHaHCMpaHe Ha OenHOCTTa, T.e. C MPEMMHaBAHETO KbM MPOEKTHO (hMHaHCUpaHe U 3acurBaHe Ha
Hay4HO-NpUNoXHaTa 4eNHOCT 1 TpaHcdepa Ha TexHonoruuTe. 3a nepuoga ot 2010-2020 r. B IKUT ca
paspaboTteHn nose4ye oT 60 NpoekTa, KaToO MHOrO OT TAX Ca C BbHLHO He BHAXEeTHO MHaHCUpaHe
(Tabn. 1).

Tabnuual

NMpoesTa c EKA

Mzcnengade cus"Saninel-? = BeTHTAUNGHHNTE
HHISODH $3 OUSHES HA CLOTORHHETOH SHMHNTE
EYNTyM B ELNrapHA {TE2Agrasg)

Mpes oTyeTHWA Neprog (2010-2020), WEAT-

BAH e ywactean obwoe NpoekTa.
Tesn NpOEKT BENKYBAT: MKMT —npoekTHa
OEHMETIHUHA HIyUHH NGO 23 ExoMars TGO
H MosLEHCTHITA NNaTdropa. Odennnsa yal-
Gamnpana 0323 N3 ¢ HHGROMMAUMA OT

NPpASOEHTE MIONHH 23 DOGMAYSEEATA PSOHALHA..

OEeHHOCT

rHaHcKupaHn ot bogxeTa Ha BAH;
78 — ¢l1HﬂHl“I.1FI.1HI.1 oToHg *HayuHn
WsCNEenBaHnA™,

17 — MHAHCWPAHW OT MUWHWCTERCTER
Obp¥AEHW OpraHWsaLKnm 1M YacTHW KOMMaH

BED MOHHTOMMH 23 N0-00000 yMPSENSHHE HI
BUINTE H NPELTERETAEIHETD H3 HIBQHEHNA B
B (EMOWAF)

DOpaz0EIHMETO B HIONEONSHE HA JeMATAE 23
GPENHHTE YUHIHLLE B Brorama

PEHCTH SN NETEHTH HMITH 23RS 33 NETEHTH

OT CTpAHATE | (MEETYHADONH W HALMGEANH B MEITHLIICTES ©
OH2HEC3 HANH AIYTH OpR3HH23UNHH) 33 NOCNSNHITE

S naamEA (201-2020r)

Ty SMMEILMH B HEY9SHN CTHGIHIA W EHATH,
pepemrpaty B SCOPLUS WM VWoS B npes
NOCNENHHTE S MAHHA (2011-2020 1)

| snmp donbalios de b i o il
ikl applel s B SRIDAS
il et i
e r

Barnirgs clis fribafl on in S04 S

O, PR HA LW TH ESHAATA HA

HIYUHON ECNSNIEITENCENA SN 33 NOCIRIHHTE 5
rannsn (201-2020 1) 8 MCWE odnaciTana
NPELIMIKEHHETD © HIENI0MEHN 3ETHHINTATH,
aape) SCOPLS HIM WaS

MHOro npoekTn ca cBbp3aHu C N3cneaBaHnsa Ha KOCMMYeckaTa nna3ma u pagnaumsa Ha bopaa
Ha cnbTHUUM U camoneTu Ha CAL, Pycua, Nngua, ctpanuTte ot EC 1 MexayHapoaHata KocmMudecka
ctaHums (MKC). U cera 6bnrapcku npubopun namepat paguaumsita Ha acTpoOHaBTUTE U MOAYNUTE Ha
ctaHumsTa. Ot 2005 r. MKUT-BAH yyacTtea ¢ 15 anapaTypv No Hay4HW nporpamu Ha:

- 4 nunotupyemun kocMmdeckn noneta (4 anapartypu) — 1 Ha EKA Columbus u 3 Ha Pyckus
cermeHT Ha MKC

- eavH KocMuyeckn anapat go JlyHata (1 anapatypu) — Chandrayaan-1

- [Ba Kocmwuyecku kopaba (3 anapatypw) - Foton M2/3

- aBa HotPay paketn (2 anapatypwu), eguH 6anoH (egHa anapartypa), caMoneTHu nonetu (4
anapartypw), Kakto u camorneTtHu paguomeTtpu Liulin-5 type (flown for more than 6000 hours fn CSA
aircraft).

WHcTuTyThT paboTn no 9 npoekTta ¢ EBponeickaTa kocMuyecka areHums (EKA) n gpyru Tpu we
cTapTupaT 4o kpasi Ha roguHara.

OT HayanoTo Ha 2012 r.3ano4Ha n3nbnHeHne Ha KoHTpakT ¢ EKA 3a pa3spaboTka, cb3gaBaHe U
TecTBaHe Ha MONMeTHUTE MoAenu Ha Jo3uMeTbp JltonuH I-ML®, noneTHu na3nutaHus n cbbupaHe Ha
[aHHUTe oT npubopa B cbcTaBa Ha komnnekca FREND Ha cnbTHuka TGO 1 enemMeHT OT CbCTaBa Ha
aKTUBHUS HeyTpoHeH cnektpoMeTbp WM fo3umeTbp ADRON-EM u Ha mapcoxog ExoMars 3a
n3creaBaHe Ha NOBbpXHOCTa Ha Mapc n cb3gaBaHe Ha yHudmumpaHa nnartgopma 3a yeb-6asupanu
OaHHM OT M3MEepBaHMSITA Ha KoCcMUYeckaTa paguauusa ¢ gosumeTsp “Jionun” (2018-2023).

CepunosHo mscTo B UHCTUTYTa 3aemMaT m3crnedBaHusTa CBbp3aHW CbC CITbHYEBO-3EMHUTE
BPb3KM M KpaTKOCPOYHaTa M AbIrOCPOYHUTA NPOrHOo3u Ha CnbHYEeBNUTE Bb3AENCTBUS BbpXy XopaTta 1
Knumata. Hawwm yvyeHu ca vHuumMaTopy Ha Ccb3gajeHaTta Haw-ronsma MexgyHapogHa vHuumatviea B
obracTTa Ha KOCMUYECKOTO BpeMe.
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B nocnegHuTe roonHM KOCMUYECKUTE TEXHOSOMMM 3aemat BCe MO LUIMPOKO MSCTO B XKMBOTA Ha
xopaTta. OcobeHO ronsiMo NpUNoXeHne nvaTt AUCTaHLMOHHMTE MeToaM 3a uscnedBaHe Ha 3emsaTa oT
Kocmoca. KaTto npumep B ToBa HanpasfeHne MOXeM Aa NOCOYMM MpoekTa Ha nHctutyta ,PROBA-V”
3a OLUeHKa Ha BereTauusaTa U CbCTOSTHUETO Ha 3emMefernCKUTe KynTypy C nomoLLa Ha n3obpaxeHus oT
cnbTHUUMTE ,Spot” n ,PROBA-V”, kakto u ESA Contract No 4000117474/16/NL/ND 3a TecTBaHe Ha
BereTauMoHHMU MHAekcn oT Sentinel-2 3a oueHka Ha CbCTOSIHMETO Ha 3WMHK KynTypu B Bbnrapus
(TS2AgroBg) ¢ napTHbopu NHCTUTYTa NO NOYBO3HaHWE, arpOTEXHONOMMM U 3aliMTa Ha pacTeHuaTa
,Hukona lMywkapos” n Vlaamse Instelling voor Technologisch Onderzoek NV (VITO).

Mo koHTpakT ¢ EKA-(PECS Contract No. 4000126140/18/NL/MH /Project: Development and
application of technology for production of space food’s modules for crews working in extreme
conditions) 6sxa pa3paboTeHn MogyNM Ha KOCMUYECKM XPaHU 3a ekunaxu, paboTeLlm B ekcTpemManHm
yCIoBus.

Opyr npoekt ¢ EKA (Ob6pasoBaHue no HabnwogeHne Ha 3emsita 3a Gbnrapckute cpegHu
yumnmwa) EEOBSS uenu: PaspaboTtBaHe 1 nybnukyBaHe Ha NEKUMOHHU MaTepuanu no HabnwoaeHne
Ha 3emsTa 3a Obnrapckute cpegHu ydmnuwa (onnanH B8 MOODLE n odnariH—y4yebHO nomarano);
JeMOHCTpPaUMOHHN N KOMYHMKALUMOHHM OeAHOCTU: oby4vyeHne no HabniwogeHve Ha 3emsita (NSATHO
yunnuile, ybpKLIOMN, AEH HA OTBOPEHW BpaTHh).

MpoobmkaBa paboTata cb3gadeHMAT Mo onepaTtMBHa nporpama ,KoHKypeHTHOCMOoCOGHOCT”
KbM MHCTUTYTa odmc 3a TpaHcdep Ha TEXHONOMMM, KOWTO Ce ABSBA M YacT OT MpexaTa Ha Takusa
odmcn B EBpona. B Odmca ce pabotn no cb3gaBaHe Ha ycnyrn 6asvpaHn Ha aepoKOCMUYECKO
HabnogeHue, KOMTO ga nognomarat 6bnrapckMTe BnacTu OTFOBOPHU 3a MOHWTOPWHra Ha BoawuTe B
esepata u ga npunarat PamkoBata gupektMBa 3a BoguTe Ha EC, kakto n cbbutmsi, cBbp3aHun ¢
NPUPOAHN N TEXHOTEHHW KPU3UN Ha KpUTUYHATA UHPaACTPYKTypa U TAXHOTO yrnpaBneHme.

LleHTpanHo MscTo B npunoxHuTe uacneaBaHuss Ha MKNT-BAH 3aema paspaboTBaHeTo Ha
HOBW ycnyru 3a yeb 6asvpaHa reoMHgopMaunoHHa CUCTeEMa, KOATO Aa NOANOMOrHe npuniaraHeTo Ha
nporpamarta KonepHukyc B bbnrapms v u3nonssaHeTto Ha ObnrapckM aBMauMOHEH W CMbTHUKOB
noTeHuman.

beanunotHute netatenHu anapath (BJIA) u wu3cnegBaHuATa Ha  PyHKUMOHanHaTta
eeKTNBHOCT Ha 4YoBeKa-onepaTtop Npu eKkcTpemarHu YCrNoBWUsi € CUIHO 3acTbleHo B paboTata Ha
Wuctutyta. PaspaboTteHa e anapaTypa 3a uscnegBaHe Ha MCUXOMU3MONOINMYHOTO CbCTOSIHWE Ha
onepaTopu Ha CMOXHU TEXHUYECKN CUCTEMMU U NOSBWXHN OOEKTU.

Cb3gageHa e 1 nabopaTtopust 3a 06paboTka Ha KOCMUYECKM M aBUALMOHHM M300pakeHus,
cucTemMa cbh3faBalla BMpTyanHa pearnHocT U CUCTeMa 3a mogenupadHe, uscneasaHe n obydeHue Ha
onepartopu Ha BJ1A.

Fonamo BHumaHue B UKUT-BAH obpbliame Ha nogmnagdBaHeTO Ha HayyHUs CbCTas, 3a
noBuULLABaHe Ha KBanuuKauuaTa W CbXpaHsBaHe Ha ekun OT MnagM yvyeHum B obnactra Ha
aepoOKOCMUNYECKUTE TEXHOMOMMM, KOETO € MpeArnocTaBka 3a YCTOMYMBO Pa3BMTUE Ha HamnpaBliEHUETO
CBbP3aHO C MOHUTOPUHIA Ha OKOSHaTa cpefa v NPeBEHUUATA NP TEXHOTEHHU U NpupoaHn 6eacTeus
n aBapun. Npe3 nocnegHnTe rogvHM ca peanuanpaHn HSKOMKO MpoekTa (BknwouutenHo n ¢ EKA)
npegHasHadeHn 3a BbBEXAaHe Ha yvaly ce B aepOKOCMUYECKUTE TexXHOoMoruum, cbOyxgaHe Ha
MHTEpeca KbM TAX WM €BEHTyarnHOTO MM Obaelwo npuBrMYaHe B Ta3u NEpCrnekTVBHA HayvyHa W
npakTuyecka obnacr.

MHCTUTYTBT M3gaBa Hay4yHOTO cnucaHue ,Aerospace Research in Bulgaria”. Hawwn Bogewm
y4eHM Cca aBTOpPU Ha MHOXeCTBO nybnukaumm u geceTkm MoHorpadum. 3HauutenHa e
nzobpertarenckarta genHoct B UKUT-BAH. MNMpe3 nocrnegHnTe HAKOMKO roAMHU CPEeaHOroAULLHMAT Opor
Ha NaTeHTW 3a n300peTeHus u CBUOETENCTBa 3a MOMe3Hn MoAenu ca gecetuHa Ha roguHa. CtaHa
xybaBa Tpaguums exerogHo (Beve 17-ta nopeaHa roguHa) MIHCTUTYTBT Aa NpoBexaa MexayHapoaHa
Hay4Ha KoHdepeHuus ,Kocmoc, Ekonorus, CurypHocT - SES”, kakTo 1 koHhepeHums “OyHaameHTanHu
KOCMWYECKM nU3cnenBaHusl.

Bvoewmnte akTMBHOCTM Ha WMHCTUTyTa 3a KOCMUYECKM W3CNEOBaHWS WU TEXHOMOMMW KbM
Bwnrapcka akagemus Ha HaykuTe B CrieQHUTE HanpaBneHust:

- Cb3gaBaHe Ha HauuoHaneH noTeHuuan 6asvpaH Ha EBponerickata UWHTeErpupaHa
nHdopmaunoHHa cuctema 3a FnobaneH MoHuTopuHr Ha OkonHaTa cpefa v curypHoctTa ,KonepHuk* n
ocblecTBsiBaHe Ha In-situ HabnogeHne ¢ 6e3nunoTHM netatenHu anapatu (UAV);

- OcbluecTBsABaHe Ha 6bp3 TpaHcep Ha KoCMUYeckuTe MeToaun, pa3paboTky, aHHKU, pe3ynTaTty
N TEXHOJMOMMN KbM MHOYCTpusTa n 6usHeca, BknountenHo n SMEs, 6asupanmn Ha cb3gageHuns Oduc
3a TpaHcdep Ha TexHonoruu;

- BHegpsiBaHe Ha pe3ynTaTute OT U3crneaBaHvaTa Ha YoBeka-onepaTop npu paboTta B eKCTPEMHM
yCroBus;

- lNMoprotoBka Ha HayyHa nporpaMa 3a OCbLUECTBABaHW Ha nonet Ha TpeTn 6bnrapcku
KOCMOHaBT.
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3a cBogaTta 52-roguwHa nctopust UKUT-BAH ce yTBbpAW, KaTo HauMoHaneH nuaep B obnacrra
Ha KOCMUYECKUTE U3CNeABaHNsa 1 TpaHcdepa Ha aepOKOCMUYECKNTE TEXHONOTUMN.
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MHCTUTYT 3A KOCMUYECKU N3CIIEABAHUA U TEXHONOIMMAU HA
BBJITAPCKA AKAEMUA HA HAYKUTE U AENAPTAMEHT ,,MIPUPOOHU
HAYKW” HA HOB BbJIFAPCKUA YHUBEPCUTET - 25 FrOANHU
CbTPYAHMUYECTBO B OBJIACTTA HA EKONNOT'NATA U KOCMUYECKUTE
TEXHONOInum

Fapo Mapaupocsan?, Panuua Bep6eposa?

YHcmumym 3a kocmudecku uscnedeaHus U mexHosio2uu — bbnieapcka akademusi Ha Haykume
2Hoe 6bi2apcku yHugepcumem, Qenapmamesm ,[pupodHuU Hayku*“
e-mail: g.mardirossian@space.bas.bg; rberberova@nbu.bg

Knrovoeu dymu: UKUT - BAH, Oenapmamernm ,[lpupodHu Hayku“ - HBY, obpasosamesnHa u Hay4yHa
OeliHOCm, eKoroausi U KOCMUYeCKU U3criedsaHusi

Pe3rome: lHcmumymsbm 3a KOCMUYecKu u3criedsaHusi U mexHonoauu npu bwbrzapcka akademusi Ha
Haykume (MKUT-BAH) u [Henapmamedm ,[lpupodHu Hayku” Ha Hoe 6wbneapcku yHusepcumem (HBY)
ocbujecmesgam 08ycmpaHHO Hay4YHO u obpa3osamesiHo cbmpyOHU4ecmeo 8 obracmma Ha ekosoausima u
Kocmuyeckume mexHosnoeuu om 1996 e. Llenma Ha asmopume e Oa mnokaxam pe3ynmamu om moea 25-
200UWHO CbMpPYOHUYECMEO.

SPACE RESEARCH AND TECHNOLOGY INSTITUTE OF THE BULGARIAN
ACADEMY OF SCIENCES AND THE NATURAL SCIENCES DEPARTMENT
OF THE NEW BULGARIAN UNIVERSITY = 25 YEARS OF COLLABORATION
IN THE FIELD OF ECOLOGY AND SPACE TECHNOLOGIES

Garo Mardirossian?, Ralitza Berberova?

1Space Research and Technology Institute — Bulgarian Academy of Sciences
2New Bulgarian University, Natural Sciences Department
e-mail: g.mardirossian@space.bas.bg; rberberova@nbu.bg

Keywords: SRTI - BAS, Natural Sciences Department — NBU, educational and scientific activities,
ecology and space research

Abstract: The Space Research and Technology Institute at the Bulgarian Academy of Sciences (SRTI-
BAS) and the Department of Natural Sciences of the New Bulgarian University (NBU) have been implementing
bilateral scientific and educational collaboration in the field of ecology and space technology since 1996. The aim
of the authors is to show the results of this 25-year collaboration.

KpaTtka nctopms u gemHocT Ha MHCTUTYT 3a KOCMMYECKN U3CNeaBaHUA U TEXHOIIONMU Ha
Bbnrapcka akagemus Ha HaykuTe (MKUT-BAH)

MHCTUTYTBT 3a KOCMUYECKM M3CNedBaHUsi TeXHOMorm Ha bbnrapcka akagemusi Ha Haykute
uma noseye ot 50-roguwHa mnctopus [1]. MNpes 1969 r. ce cb3gaBa HayyHa rpyna no ¢usmka Ha
Kocmoca kbM lMpesnanyma Ha Bbrirapcka akagemusa Ha HaykuTe. [Mo-kbeHo, npe3 1975 r., ¢ peweHue
Ha bBilopoto Ha MwuHucTepckM cbBeT, Tasu rpyna npepactBa B LleHTpanHa nabopaTopusi 3a
kocmmnyeckn wuscnegsaHus (LJIKW). 3BeHoTo e npecTpykTypypaHo B WHCTUTYT 3a KOCMWYECKU
nscnegsanus npu BAH (MKW — BAH) npe3 1987 r., a oT Hayanoto Ha 2012 r., ¢ peweHne Ha OBwoTO
cbbpaHue Ha BAH, WHCTUMTYTBT ce npeMmeHoBa Ha WHCTUTYT 3a KOCMMYECKM u3crefBaHust u
TEXHOMOormn.

MHCTUTYTBT pa3suBa AENHOCT B CNeAHNTE OCHOBHM obnacTtu:
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v/ KocMmyecka (u3MKa — M3cneABaHe Ha KOCMMYECKU W3TOYHMLM Ha NbYEHUE M TSAXHOTO
B3aMMOEWNCTBUE C KOCMMYEcKaTa nna3ma — u3dy4yaBa Ce CbllO ANPEKTHOTO UM MHOUPEKTHOTO
Bb3JENCTBME HA KOCMMYECKOTO ITbYE€HMEe BbpXy CTpyKTypata W AMHaMuMKaTa Ha
aTtMmocgepara;
v/ OMCTaHUMOHHO u3cnegBaHe Ha 3emata oT Kocmoca — 3a uUenuTe Ha eKkonoruaTa,
KOMyHVKaUM1Te, HaBUrauuaTa;
v\ aepOKOCMUYECKM TEXHOMNOMMM — pa3paboTBaHe Ha CUCTEMU 3a yNpaBreHne Ha aBUaLMOHHN U
KOoCcMUM4Yeckn anapaTu; 6e3nunoTHa netaTenHa TeXHUKa; n3cnensaHe v nonyyasaHe Ha HOBM
(PPUKLMOHHM 1 CBPBXTBBLPAU MaTepuanu B obnactra Ha KOCMUYECKOTO MaTepuano3HaHue.
Cpen 3HauutenHute noctumxkeHus Ha MKUT-BAH B obnactta Ha KOCMUYECKUTE n3cneaBaHns
ca cb3gageHuTe u n3sefeHn Ha opburta noeseye ot 150 HayyHu npubopa 1 anapaTtypu, NpoBeaeHUTe
OeceTkM KOCMUYeckn ekcrnepumeHTu no nporpamata MHTEPKOCMOC w pgpyrM HaumoHanHu wm
MexgyHapogHu nporpamu. C m3cTpenBaHeTo Ha MbpBus Gbnrapcku kocmuyecku npmbop -1 npes
1972 r., bbnrapus ctaBa 18-Ta kocMmnyecka AbpxaBa B cBeTa. Cb3gageHn ca HayvyHUM nporpamu u
anapatypa u 3a gpata cnbTHuka ,MHTepkocmoc Bbnrapms—1300“ un ,MeTteop-lpupoga“, Hay4yHuTEe
nporpamMv 1 anapartypa 3a ABaTa KOCMUYecKku noreTta Ha Obnrapckute kocMoHasTu ['eopru VBaHoB
(1979 r.) u Anekcanabp Anekcangpos (1988 r. — nporpama “lUunka”), ¢ konto Bvnrapua 3aema 6-10
MSICTO B CBETa Ha CTpaHuTe, MMaliu KocMoHaBTW. Bbnrapcku npnbopu netsaT n pabotat Ha 6opaa Ha
opbuTanHu cTaHuuKn, Kocmudeckata ctaHums ,Mwup“, MexgyHapogHata KocMMYecka CTaHuus,
MexaynnaHeTHUTe Kocmudecku anapatu ,doboc”, Bel'a, mucun kem nnaHetata Mapc n gp.

VMKWUT-BAH ocbluecTBABa CbTPYOHUYECTBO C AECETKM HayYHU MHCTUTYLUW, YHUBEPCUTETMH,
BEJOMCTBA U OApYrn CTPYKTYPU Y HAC 1 B YyOnHa, KaTo eqHOo OT Hak-ObNroroguHUTE 1 NON30TBOPHMU
e ToBa ¢ HoB 6bnrapckn yHuBepcuteT ypes [lenaptameHT ,[1pupogHn Haykn®.

KpaTtka nctopusa u penHoct Ha [lenaptameHT ,,[lpnpogHu Hayku“ Ha HoB Obnrapcku
yHuBepcurtet (HBY)

MpupogHUTe Haykm BuHarm ca Ounm egHa OT NpUOpUTETHUTE obnactm B akageMWYHWs
npodun Ha HBY [2]. OcHoBuTe Ha Ta3n Hay4Ha obnacTt B HoB 6Gbnrapckm yHMBEPCUTET ca NOCTABEHM
npe3 1996 r., neT roguHn cneq cb3gaBaHeTo Ha YHuBepcuTeta. OT cb3gaBaHeTo cu go 2013 T.
HenaptameHTbT ce ka3Ba ,Hayku 3a 3emdaAta u okonHata cpega’ u npoBexga obydyeHue u
uscriegoBaTencka OenHOCT B npodecuoHanHo HanpasneHue 4.4. Haykm 3a 3emsara. lMpes 2013 .
[enaptameHTbT € npecTpykTypupaH B ,[lpMpogHM Hayku®, kaTo KbM Hero ca npuoodLLeHun
npenogasaTenute n y4ebHuUTe nporpamm B NpodecrmoHanHo HanpasneHue 4.3. buonornvyeckn Hayku,
KOWUTO goToraea ca 4vact ot [lenaptameHT ,MeaukobmnonornyHmn Hayku”.

HayyHaTa geHOCT Ha npenogaBaTenuTe B [lenapTaMeHTa € HacoveHa B cnegHute obnactu:
€eKonormsi M onasBaHe Ha OKofHaTa cpefa, MuHepanorus u Kpuctanorpadus, MOHUTOPWHI Ha
npUpoaHMN KatacTpodu, onasBaHe Ha NPUPOAHUTE pecypcu, BuonorMyHo pasHoobpasue, GuonornyeH
KOHTPON Ha BPEOHW Hacekomu, KayeCTBO Ha XpaHuTe, HOBU MaTepuanu, €eKONorMyHu TOpOBE U
nogobputenu 3a NoYBK, anTepHaTMBEH TYPU3bM.

B roguHute [enapTtameHTbT € pas3paboTun M pbKOBOAM akageMuyHo OGakanaBbpcKuUTe
nporpamn ,Ekonorua n onaseaHe Ha okornHaTa cpepa“, ,Haykm 3a 3emdara“, ,Hayku 3a 3emsarta u
anTepHaTvBHU eHeprun®, ,Buonorua — obwa u npunoxHa“, ,KnetbyHa Guonorus u sBupyconorus” u
MarmcTbpckute nporpamu ,EKOnorMyHM exkcneptmsam u KoHTpon“, ,MexayHapoaeH anTepHaTuBEH
Typu3bM“, ,EkonornyeH MeHNgXKMBHT (CbBMeCTHO ¢ [lenapTaMmeHT ,AAMMHUCTPALMSA 1 ynpaBreHne”),
.EKOMorms u yctonumBo pas3sutmne”, ,[eoTexHuKa u Bb3OOHOBSEMU EHEPrUAHU  UITOYHULM,
~AEPOKOCMNYECKN U3CrefBaHNss Ha oOkorHaTa cpega” (cbBmecTHo ¢ UMKUT-BAH), ,Femonorua wm
An3anH Ha Owxkyta” (ceBMecTHO c [enaptameHt ,M3awHm un3kyctea“), ,Mwukpobuonorus”.
lMpenogaBaTenckusT ekMn nva ObArorogvileH OnuT KakTo B pedoBHa hopma Ha obydeHue, Taka 1 B
OVNCTaHUMOHHA, Tbi KaTto 06ydeHMeTo B npodecuoHanHo HanpaeneHue 4.4. Hayku 3a 3emsaTa ce
npoeexaa no pnAsete wmMeToaukun. Bcecuukum nporpamm Ha [denaptameHT ,[lpupogHu Hayku“ ca
akpeautnpaHum ot HauuoHanHata areHumns no oueHsiBaHe u akpeguTauus [3]. MNpe3 2004 r. HBY e
akpeguTupaH OT HaW-rofieMust yHMBEpPCUTET 3a AucTaHuMoHHO oOyyeHme B EBpona, The Open
University. MNpe3 2019 r. HBY nonyuu ceptucbukat ot Bureau Veritas Certification Holding SAS - UK
Branch, yooctoBepsBall, 4e cuctemara 3a ynpasneHue Ha HBY e oueHeHa u e ycTaHOBEHO HEMHOTO
CbOTBETCTBME C U3UCKBAHUSITA HA CTaH4apTa 3a yrnpasBlieHue.

3a obesnevyaBaHe Ha MpPaKTUY4ECKOTO OOy4eHMEe W HayyHO-MU3crnedoBaTericka OeNHOCT ca
Cb3fafeHn cneumanuavpaHu nabopaTtopum, KOWUTO MOCTOSHHO ce passuBaTt: JlabopaTtopusa no
reonorust (2000 r.), JlabopaTtopusi no npupogHn Gepcteua u puckoe (2008 r.), Jlabopatopus no
owvonorusa (2011 r.), Nabopatopusa no xumusa (2014 r.), Nlabopatopua no mopcka 6uonorus (2015 r.),
JlaBopatopusa no 6otaHuka n 3oonorus (2016 r.) u gp.
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[lenapTaMeHTBbT OCbLECTBSABA CbLTPYAHMYECTBO M C BBHLUHU UHCTUTYUUKU C Len oby4veHue,
cTtaxoBe u HayvHu nscnegBanust. MKUT-BAH n HBY paboTat cbBmecTHO oT 1996 r., kKaTo AerHocTTa
e B npodecuoHanHo HanpaeneHne 4.4. Haykm 3a 3emaAta - €KONMOMMYHM W OMCTaHLMOHHU
n3crneaBaHus, KOCMUYECKN TEXHONOMNN N oby4deHue.

Kpatbk 0630p M aHanu3 Ha cbTpyaHuyectBoTo Mexay UMKUT-BAH v [JenaptameHTt
»[ipupoaHun Haykun“ B HBY

CobuHocTTa Ha obnactuTte, B KOUTO pasBMBaT AEWHOCT ABETE MHCTUTYLMUM — €KOJNOrMYHUTE
n3crneaBaHnsa 1 KOCMUYECKUTe TexHonornu, npegonpenenaTt cbTpygHmdectso mexay VIKUT-BAH un
HenaptameHT ,MpupogHun Haykn“ B HBY. [IBeTe TemaTU4HM HanpaBneHWs ca U3KNIYUTENHO akTyanHu
N BCE NMO-CBbP3aHN NOMEXAY CU, UMaT UHTEPANCUUNIIMHAPEH XapaKTep 1 U3NCKBAT PasHOPOOEH ekun
OT cneumanucTi B obnactra Ha NPUPOAHUTE M TEXHUYECKUTE HayKu, C KaKBUTO pasnonarart v ABeTe
UHCTUTYLUU.

OcHoBHUTE HanpaBneHusd, B Kouto paboTtat cbvBmecTHO WIKUT-BAH un [denaptameHT
LI IpupogHu Haykn“ B HBY ca:

v/ cb3gaBaHe Ha y4yebHM OGakanaBbpckM W MarmMcTbpCckuM MporpamMmv M OTAENHW KypCOBE,
NeKUNOHHa AEVHOCT U peanuanpaHe Ha NpakTUYeCKn 3aHATHS;
PBKOBOACTBO Ha AWUMNITIOMAHTU U 0OyYeHNe Ha JOKTOpPaHTW;
y4acTue B CbBMECTHW NPOEKTU U U3CNeaBaHuns;
CbOpraHnsMpaHe Ha Hay4Hu hopyMu;
CbBMECTHU Hay4Hu Nyonukaumm, JOKNagm, KHUMM 1 ap.

ANANENEN

O6pas3oBaTtenHa genHocT
JlekyuoHHa deliHocm u npakmuyecka paboma cbc cmydeHmu

Yyenn ot UKUT-BAH n npenogasatenu ot OenaptameHt ,[lpupogHn Hayku” Ha HBY ca
paspabotunmn cbBMecTHO Hag 15 y4yebHM Kypca 3a nporpamute no ekonorms Ha HBY: Ekonormyxm
katacTpodu, 3awmta oT 6eacTeust n ekokatactpodu, OueHka Ha pucka OT eKOMOrMYHM KaTacTpodu,
AnapaTtypHu reodunanyHn uscnensaHuns, 'eonHopMaLMOHHN cuctemn B ekonorusaTta, JAnctaHumoHHN
mMeToam 3a uscneasaHe Ha 3emsTa, KoHTpon Ha wym n Bubpauun, KoHTpon Ha enekTpoMarHUMTHOTO
3ambpcaBaHe, AepokoCMUYeckM MeToauM B ekonoruaTa, Metogonorsa Ha AUCTaHUMOHHUTE
uscnenBaHus, AepokocMuyecka anapaTtypa 3a €eKOMnorMvyHu uscnegBaHus, AepoKoCMUYecKu
netatenHu cpeactea, MHxeHepHa ekonorus, O6paboTka Ha aepoKOCMUYECKN W30OpaKeHus,
Kocmonorus, MeonHxeHepHU Npoy4BaHUsa 3a aHTUCEU3MUYHO CTpomuTencTeo U Ap. [4]. Cpen yvyeHute
oT MKWUT, nekrtopu B TeOPETUYHN KYPCOBE U MPaKTUYeCKn 3aHATUS, ca: npod. ATH Mapo MapanpocsH,
4n. kop. npod. ATH MNeTbp Neuos, npod. A-p Aumutbp Teopocmes. npod. AdMH Hukona Meoprues,
npod. A-p Neopru XKenes.

CovTtpyaHnyectsoto mexay MKUT-BAH n HBY pgaBa oTnu4HM BB3MOXHOCTM 32 MpPOBEXOaHe
Ha M3HEeCeHo npakTnyecko obydyeHue Ha ctygeHTu oT [denaptameHT ,[MpupogHu Haykn” no KypcoseTe
Kocmonorus, AepokocMuyeckM MeToauM B eKonormsita u okonmHata cpepa, lNpupogHu 6eactsus u
ekokatactpodu, MeonHdoOpMaUMOHHN CUCTEMM B ekonoruatTa v ap. Jlekuumnte n npakTnyeckuTe
3aHATUSA, npoBexaaHu Ha Teputopusata Ha MKUT, pnaBat ka4ecTBEHO HOBO HWBO 3a OBMajsiBaHe Ha
3HaHMA U YMEHUS Y CTyaeHTuTe. ToBa TBbpAeHMEe ce NOTBbPXAaBa OT rofieMus MHTEPEC U XenaHue
Ha CTygeHTUTe pJda y4yactBaT B TO3u BuA 060yyeHue (dwur. 1). MHoro pgobpute Bpb3kM U
cbTpyaHudyectBo Ha VIKUT-BAH ¢ HauuoHanHua UHCTUTYT no reodwusuka, reofesns u reorpadus
(HATTT) npn BAH cblo gaBaT Bb3MOXHOCT Ha CTYOEHTMTE [a MOCETAT M Aa Cce 3ano3HasT C
yHuKanHu obektun u anapatypu, kato Hanpumep HOTCCW (HaumoHanHa onepatuBHa cuctema 3a
cemamonormyHa uHdopmaums), [eomardutHata ob6cepsaTopus llaHaropuwe”, [eogesnyHa
obcepBaTtopus ,lnaHa” n gpyru.

@ur. 1. Npaktuyecku 3aHATUA Ha nektopu oT UKUT-BAH cbe cTygeHTn
ot [JenaptameHT ,lMpupoaHu Haykn” B HBY
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WMKUT-BAH n HBY paspaboTBaT nmbpBaTta U Han-gobpe pecypcHo ocurypeHa B bbnrapus
MarmcTbpcka nporpama ,AepoKOCMUYECKM METOAM B €KONOormsta M okonHata cpega’ [5], koaTo 3a
cbXaneHue He ce npeanara oT roguHu, nopaguv Nunca Ha kaHaugaTtu 3a obyyeHme B Hesl. Tbi kaTo
CbBPEMEHHWTE EKOJTOTMYHW U3CreaBaHmns 1 u3ydaBaHeTo Ha 3emsTa 6e3 n3nonssaHe u npunaraHe Ha
aepoKOCMUNYECKN TEXHOMOMUN ca TPYOHO OCBLUECTBMMM, B NMPOrpamute Mo €KOrorus u onas3BaHe Ha
okonHaTa cpega B HBY Ta3um Tematuvka e 3acTbneHa B OTAeNHM KypcoBe. Bbnpekn ToBa TpAbBa aa ce
NpeocMuUcriM  Bb3MOXHOCTTa 3a npefgraraHe Ha OTgenHa  keanudukauMoHHa nporpama
~AEPOKOCMNYECKN TEXHOIOMMKN B €KONOrMsATa U OKonHata cpega”.

HayuyHo-o6pasosamernHa deliHocm

HayyHo-obpasoBaTenHata AeWHOCT Ce OCbLUecTBSBa B CredHuTe TMocoku — pabota ¢
[AOKTOpaHTW, PbKOBOACTBO Ha AUMIIOMAaHTU NPy NOATOTOBKaTa Ha GakanaBbpCcKM U MarucTbpCKu Te3u,
NMpuBMYaHe Ha CTyOEHTW M OOKTOPaHTM 3a yyacTve B M3criefBaHusi, CbBMECTHa NybnukauMoHHa
[AeMHOCT Ha npernoaaeaTteny v CTyAeHTU U NPeACcTaBsiHe Ha pe3ynTaTtute B Hay4yHu hopymu.

v' Paboma c dokmopaHmu

WKUT-BAH n [denaptameHT ,[lpupoaHn Haykn” Ha HBY cbBMeCTHO nogroTBAT YeTupuma
AOKTOpPaHTK, KOUTO ycrnewHo npugobusaTt obpasoBaTenHarta n HaydHa cteneH ,oktop” [6-9]. Tpuma
OT TSIX ca Bb3nuTaHuum Ha HBY, kouTo npoabikaBaT ob6yyeHne 3a goktopcka cteneH B MKUT-BAH
[6-8]. EQnHMAT OT TAX e oT YyxOuHa, ABama ca LaTHU npenogasateny B JenaptameHT ,[lpupogHu
Haykn” Ha HBY. brnarogapeHne Ha MOMy4eHOTO BUCOKO OBpas3oBaHWe, Ha NUYHUTE U©
npodecnoHanHNTe Cn Kavyectsa M YeTmpumarta AOKTOPaHTW ce peanuaunpaT ycrnewHo, KaTto 3aemat
BMCOKM ONBXHOCTU B CTpaHaTta u 4yxbuHa - LleHnTbp 3a aepokocmuyecko HabnogeHve npu [masHa
avpekums ,lloxapHa 6e3onacHOCT 1 3awwmTa Ha HaceneHneto” kbM MUMHUCTPECTBO Ha BbTPELUHUTE
pabotn, Hos 6bnrapcku yHusepcutet n NHctutyt GAPE — Ckonue.

v" PbKkosodcmeo Ha cmydeHmu u durniomMaHmu

CTyneHTun oT nporpamuTe no ekonorunst Ha HBY npoeexaaTt cBouTe NpeaavniioMHU CTaxose B
nabopartopuute Ha UKUT, kaTo ydacTBaT peanHo B Hay4yHo-u3cnegosarernckara pabora.

Ovnnomantn ot [OenaptameHT ,[pupogHn Haykn” Ha HBY ca paspabotunu un sawmtunm
ycnewHo 6akanaBbpCkn U MarMCTbpPCKM Te3n Nog Hay4yHOTO pbKoBOACTBO Ha y4veHu oT UKUT-BAH.
Peanusupann ca 15 TakmBa pbKOBOACTBA Ha criegHaTa Tematuka: MeTogonorus n TexHonorns Ha
AVUCTaHUMOHHWNTE un3cneaBaHus, [UCTaHUMOHHO aepoKOCMUYECKO M3yyaBaHe Ha rOpCcKuM nmoxapu u
HedbTeHO 3ambpcsBaHe Ha BOoAHM nnow, MoHUTOpPMHr Ha artmocdepHo 3amMbpcsiBaHe,
AepoKoCcMUYECKN U3CneaBaHNs B €KOMormsaTa U okonHaTta cpefa, Bb3MOXHOCTVM M NpunoxeHus Ha
nek 6e3nunoTeH netaTeneH anapaTt 3a OUCTAHUMOHHM reodusnyHu mscrenBaHus, [eouHxeHepHu
NpoyyYBaHUs 3a aHTUCEN3MNYHO CTPOUTENCTBO, [€0PU3NYHN 1 KNUMATONOMMYHN XapakTePUCTMKN NpK
HeABWKUMUTE WUMOTH, [UCTaHUMOHHO aepoKOCMMYECKO W3CrneaBaHe Ha HaBOAHEHW TepuTopuMm,
AnctaunoHHo nsyyaBaHe Ha 3emsaTa, AepOKOCMMYECKM MeToaM 3a nporHo3a un 6opba ¢ npmpogHuTe
Bencrteua n katactpodu, EkonornyHm npobnemu Ha neTuwHUTE Komnnekeu u ap. [10].

v' Yyacmue 8 Hay4HU ¢hopyMu U cbeMecmHa nybnuxkayuoHHa 0eliHocm cbC cmydeHmu

MexgyHapogHaTa HayyHa KoHdepeHuus ,Kocmoc, ekonorus, curypHoct - SES”,
opraHusnpaHa ot WKNT-BAH, Bcaka roguHa oTyuTta, Ye CTyOAeHTW OT fporpamuTe Mo ekororns u
onasBaHe Ha okornHaTa cpega B HBY B3emart yyactve B Hes. B nocnegHuTe roguHu ce Habniogaea,
Yye y4yacTMeTO Ha CTyAEeHTUTE e He caMo KaTo cnylwarenu, a 4e HAKOW OT THAX yvacTBaT CbBMECTHO C
TexHUTe npenogasaTtenuy B U3crneaBaHus U NpeacTaBsHe Ha pe3yntaTtute B paMKUTE Ha TO3M HayyeH
dopyM, kaTo 3a nepuoga 2012—2020 r. Te3n cTygeHTn ca netuma [11].

OcBeH npecTaBsHe Ha pe3yntatu B Hay4HU hopymu, CTyOEHTUTE y4acTBaT KaTo CbaBTOPU B
CbBMECTHU NYGNMKaumMm ¢ y4eHn oT ABeTe UHCTUTYLMU B U3AaHWNA C HAay4HO peueH3npaHe. bposaTt Ha
Te3n CTyOeHTM e cedeMm, KaTo yeTMpuMa OT TAX MMart yyactue B nybnukaumm B COOPHUK C HayyHU
Aoknaam ot koHdepeHumnsa ,SES” B CbaBTOPCTBO C npenopasatenu ot [lenaptameHTa, a apyru Tpuma
- B CbaBTOPCTBO C y4yeH oT UKUT yyactBaT B ctatusd, nybnukyBaHa B ogvwHuk Ha [enapTtameHT
L, 1pupoaHn Haykun” [12-14].

Hayq HO-MU3cnegoBaTericka AeMHOCT

Hay4yHo-uscnepoBartenckata AeNHOCT, KOATO OCbLUECTBSIBAT ABETE WMHCUTYLMU CbBMECTHO
Moxe pda ce o6obwm B pabota MO MNpPOEKTM, CbOpraHM3upaHe W MNPOBEeXOaHe Ha HayvHu
KOHdepeHUUn, ceMmHapu, Kpbrnium Macu, y4acTus B CbBETU, KOMUCUU, XYypuUTa, eKCNepTHU CbBETW,
M3roTBsIHE Ha pPeLeH3nn, CTaHOBULLA, MHEHWS, OT3UBU, EKCNepTU3N 1 ap.
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UscnedsaHus u npoekmu

Paborata no npoekr ,PaspabotBaHe Ha cTpaterMs M MeToaM 3a MOHUTOPUHI Ha
€neKTpoOMarHUTHOTO 3aMbpcsiBaHe Ha OKonHaTta cpefa B parnioHa Ha 3anagHute bankaHu”, B kKOMTO
yyacTBaT yvyeHuM U cneumanuctn ot bwbnrapusa, MakegoHus, CnoseHus, XbpBatus un Yexus, e
3aBbplleHa. Pesyntatute ca 6asa 3a noarotoBka Ha HOB CbBMECTEH MNPOEKT U uMaT MpsiKo
OTHoweHne kbM Llllecta pamkoBa nporpama Ha Esponerickus cbio3 — INTAS-SEE.ERA. NET —
(Southeast European - European Research Area) [15].

Exkvn ot cneumanuctn ot UIKUT n OenaptameHT ,[pupogHn Haykn” kbm HBY paboTtuxa no
Cb3gaBaHe Ha MEeTOAOMOorMs 1 M3BbPLUBAT U3MEPBAHWS Ha €NEeKTPOMAarHUTHOTO 3amMbpcsBaHe Ha
OoKofnHaTa cpefa C LUen NnoarotoBka 3a MPOEKT Ha MOHWTOPUHrOBa CUCTEMa Ha TeputopusiTa Ha
HaceneHn MecTa, KOSTO Aa no3BofsiBa CbOvpaHe Ha ekcnepyvMeHTanHu AaHHW B peariHo Bpeme 3a
HMBOTO Ha ENIeKTPOMarHUTHWUTE JTbYEHWS OT Pas3nM4yHM U3TOYHMUM B AmanasoHa oT 0 go 30 GHz.
ExkunbT pasnonara ¢ 3 6pos nageHTu4yHa mogepHa anapartypa ,SPECTRAN” Ha dupmaTa ,AARONIA
AG” ¢ komnnektaumsa ,SPECTRAN NF 5010”(1 Hz go 1 MHz) n ,SPECTRAN HF 6060” (1 MHz no 7
GHz) — eguHusaT e cobereeHocT Ha UKUT, gpyruat e Ha HBY (JTabopaTtopua no npupogHu 6eactesuns n
puckoBe kbM [lenaptamMeHTa), a TpeTuaT — Ha makegoHckus NHetutyt GAPE [16], ¢ konto UKUT n
HBY nopabpxaT ObArOrogulHO Hay4YHO-TEXHUYECKO CbTpyaHudecTBO. [lpoBedeHn ca peguua
U3MepBaHUs Ha eneKkTpoMarHUTHOTO 3ambpcsiBaHe B bwnrapusa (rpagosete Codpmsa, [lMnosgus,
MneseH, byprac, MaHaropuiie n gpyrn HaceneHn mecta), kakto n B MakegoHus (rpagosete Ckonve
n Knuero) [15, 17-19].

CbopeaHu3upaHe Ha Hay4yHU ¢hopymu

VKWUT n HBY cbopraHnsnpat B roAMHUTE HSIKONIKO Hay4YHW KOHMEpPEHLMM C MEeXayHapOAHO
y4yacTue, Haco4YeHN TeEMaTUYHO KbM EKOJIOrMATa U ONa3BaHeTo Ha okonHarta cpeaa (dwr. 2):

- ,AepoKoCcMMYECKM M HA3EMHM METOOM 33 OLEHKa M Bb3OEeWCTBUE Ha HapYyLUEHW TEPEHU NMpU
OTKPUT BbrMegobus” — MunHm ,Mapuua-MN3tok”, oktomepu 2007 r.;

- ,AHOManHu NPUpPOAHN M aHTPOMOreHHN Bb3AENCTBUS BbPXY OKOMHaTa cpega” — CbBMECTHO C
WHctutyT GAPE — Ckonune (Penybnuka MakegoHus), aekemepu 2007 r.;

- ,AepokocMMyeckn W HasleMHM MeToaM W Crpeactsa 3a OLeHKa Ha HapyleHu oT
npomuwneHocTTa TepeHn” — MuHm ,Mapwuua-N3Ttok”, oktomepu 2008 r.;

- ,AHOManHM npuUpPoOOHU W aHTPOMOreHHW BBL3AEWCTBUS BbPXY OKoMHata cpepga’ — Oxpua
(Penybnuka MakegoHus), toHn 2008 r.;

- ,Exonorusauns 2010” — Codua n lNneseH, toHn 2010 r.;

- ,Exonorusaums 2011” — Cocdoua n lNneseH, toHm 2011 r.;

- ,Exonorusaums 2012” — Codoms, toum 2012 r.;

- ,Exonorusaums 2013” — Codoms, toHn 2013 r.

®ur. 2. OpraHusmpaHe 1 y4actne B CbBMECTHU Hay4YHU hopymu

Yyacmue Ha npernodasamerniu om Henapmamerm ,[lpupodHu Hayku” kem HBY ebe ¢hopymu
Ha IKUT-BAH

UKWUT-BAH opraHuaupa exerogHo mexayHapoaHa HayyHa KoHdepeHLms ,Kocmoc, ekonorus,
curypHoct — SES”, B KOSATO B3eMaT aKTMBHO YyyacTue MnpenogaBaTenu, a B MOCnegHuTe roauvHu u
CcTyaeHTn Ha [enaptameHTa. OCBEH THAX, B MOCMEOHUTE OeceTHa FOAMHW Ce OT4YMTa y4acTue BbB
dopyMa ¥ Ha LWaTHW npenogasatenu oT Apyrn paenaptameHtn B HBY (,TenekomyHukauumu®,
LAOMUHUCTPaLMA 1 yripaBneHune”), kaTo YacT OT ydacTusiTa ca CbBMECTHO C kornern ot [lenaptameHT
LT IPUPOLHN HayKKn”.

17



®ur. 3. Yyactue Ha npenogasaTtenu ot HBY B HayuHu dopymun Ha MKUT-BAH

3a nepuoga 2006 — 2020 r. ca peanuavpaHu 64 yyactua Ha npenogasatenu oT HBY B
KoHdepeHuusita (Pur. 4) n 57 HayyHn poknaga ca nybnvkyBaHu B COOpHMKA Ha KOHdepeHuusita
(Pwur. 5). MNMo-ronsma YacT OT aBTOPUTE y4acTBaT EXErogHO CbC CaMOCTOATENTHU UMK EKUMNHN paboTw.
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dur. 4. Yyactve Ha WwaTHu npenogasaTtenu ot nporpamuTe no ekonornst Ha HBY B TpagnumMoHHaTa roguiiHa
Hay4Ha KoHdepeHuus ,KocMoc, ekonorusi, curypHocT — SES” 3a nepuoga 2006 — 2020 r. [11]
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@ur. 5. NMybnrkyBaHM HAy4YHU OOKNAAM Ha WaTHWU NpenofaBaTtenu oT nporpaMmuTe no ekonorusa Ha HBY
B COOpHMKa Ha MexayHapoaHa HaydHa KoHgepeHums ,Kocmoc, ekonorus, curypHoct — SES”
3a nepuoga 2006 — 2020 r. [20]
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Yyacmue Ha y4eHu om UKUT-BAH ebe opymu Ha [enapmameHm ,[TpupodHu Hayku” KbMm
HBY

Kbm pgenaptameHTt ,[lpypodHu Haykn“ e cb3gadeH nocTtosiHeH HaydeH cemuHap ,TERRA
nostra”, B paMkuTe Ha KOWTO LWATHWTE NpenofaBaTen KbM OenapTaMeHTa, KakTo U BbHLUHM rOCT-
NEKTOpW, BOOELM OBLNrapCkym MU YyXam YY4eHW U MpakTuum B obnactrta Ha Haykute 3a 3emsTa,
3ano3HaBaT CTyQeHUTe C HaW-HOBUTE OOCTWKEHUS, MOEW WU U3CNEABaHUSA y Hac U B 4YyxbuHa. B
pamMKuTe Ha TO3M POpyM eXerogHo ce npoBexaaT TeMaTUYHU CbOWMTUS C y4acTMEeTO Ha Koreru ot
UKNT. Cpea npepcraBeHnte temn ca: ,BpegHo nn e BAMSIHMETO Ha €MNEKTPOMAarHUTHOTO none oT
MobunHaTta TenedoHus”, ,[eonatoreHHU noneta M TAXHOTO BrnusiHWE BbpXy xoparta’, ,bopba ot
Kocmoca ¢ npupogHute 6eacteus”, ,KakBo He 3Haem 3a KocMmoca 1 KocMU4eckuTe TexHonormn?” n gp.

®ur. 6. Yyactune Ha yyeHu ot MKUT-BAH BB dhopymun Ha [lenaptameHT ,[MpupogHn Hayku” B HBY

Hayy4Hu nybnukayuu, 0oknadu u KHU2u

Yyenn ot UIKUT-BAH n OenaptameHT ,[MpupogHn Haykn” npm HBY umat CbBMECTHM Hay4HU
nyénukauum un HayyYyHu [JOKMagM OCBEH Ha UMTUpaHUTE MO-fTope CbBMECTHO OpraHusmpaHu
KOHbepeHLUMW, Taka CbLLO U Ha APYrY HaWn 1 MEXAYHapPOAHW Hay4YHU N Hay4YHO-NPaKTUYeckn opymu
[15, 17-19].

B Hsakonko y4ebHu Kypca B nporpamuTe no ekonorvs Ha OenaptameHT ,[MpupogHu Haykn” ce
usnonasaT kHUrM Ha nektopu oT UKUT [21-27] (Pur. 7). Vima n3gageHn B CbaBTOPCTBO KHWUMM Ha
npenogasatenu ot MKUT n HBY [28]. YacT oT nocoyeHnTe KHUMM ca u3gageHun ot MagaTtencrBo Ha
HBY.
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®ur. 7. Knurn Ha nektopu ot MKUT-BAH

YyeHnu ot UKUT ca uneHoBe B pefakumoHHaTa Konerunsi, peLeH3eHTn n aBTopu Ha ctatum B
nsgasanus ot HBY ,foauwHuk Ha OenaptameHT ,[pupogHu Haykn” [29].

HayyHuTe ctatum Ha waTtHu npenogasatenu B OenaptameHT ,[1pypoaHn Hayku’, KOMTO ca
nybnukysanu B m3gaHua Ha MIKUT — C6ophuk ,Kocmoc, ekonorusi, curypHocT — SES” u HayyHo
cnuncaHue ,Aerospace Research in Bulgaria”, ca Hag 60 [30].

3akno4veHune

UKNT-BAH n HBY upes [OenaptameHT ,[lpupogHn Hayku” OokasaHO peanuavpart ycrnewHo
HayyHO u obpasoBaTenHo CcbTpygHMyecTBo. CbBMeCTHaTa UM [OEeVHOCT daBa Bb3MOXHOCT 3a
npoBexaaHe Ha UHTEPAMCUUMIIMHAPHW HayYHW M3CNeABaHUs U NOBMLLABA Ka4eCcTBOTO Ha 0Oy4YeHneTo
B Tax. OcBeH akTMBHOCTTa Ha npenogaBaTenu W CTydeHTW, TpsbBa pga ce oTbenexun, uye
npegnocTaBka 3a TO3W ycrex ca 1 cneumduyHute ocobeHocTn Ha Aete MHCTUTyunm — MKUT kato
WHTEpAMCUMNIIMHAPEH akagemuyeH uHCTUTYT n HBY kato mogepHo Buclle y4vyebHO 3aBedeHue.
CwmaATame, 4ye ca Hamuvue Bb3MOXHOCTWM 3a pasliupsiBaHe Ha ToBa CbTPYAHWYECTBO — HanpuMmep,
CbBMECTHO y4YacTue B HaLMOHAaNHW U MeXAyHapoaHW Hay4dHU U oB6pasoBaTesniHu NpoekTn, TeMaTUYHM
KOHKYpCU 1 Op.
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Abstract: The article describes the planned experiments with three new Liulin-type devices, developed
in 2021 in Solar-Terrestrial Physics Department of the Institute for Space Research and Technology (SRTI) at
BAS. The first experiment was conducted with Liulin-SGO instrument during a successful flight of a zero pressure
stratospheric balloon up to 35 km altitude on September 13, 2021. Liulin-SGO instrument is part of a scientific
project of the Geophysical Observatory in Sodankilé, Finland. The era of suborbital touristic flights up to
100-110 km above sea level is already opened with the flights of Virgin Galactic (VG) on July 11 and Blue Origin
on July 20, 2021. Second device is Liulin-CNR-VG. It was developed under a Cooperation Agreement between
SRTI-BAS and the National Research Council of Italy (CNR), the Department of Engineering Information and
Communication Technologies and Technologies for Energy and Transport. Liulin-CNR-VG instrument will be used
to measure the dose of cosmic radiation during a new VG SpaceShipTwo flight in 2022. The third experiment will
be conducted on the Japanese segment of the International Space Station (ISS) for one year starting in
March 2021. The instrument Liulin-SET will be used. It was developed under a request from the Space
Environment Technologies (SET) Limited Liability Corporation (LLC), CA, USA. The President and Chief Scientist
of the LLC is Dr. Kent Tobiska.

KOCMUYECKU EKCNEPUMEHTU C NMPUBOPU OT TUNA JIFOJIUH NMPE3 2021 r.

LiBetaH JaueB, Bopucnaes TomoB, KOpum MaTBV|l7NyK3 MnameH Aumutpos, Mutbo Mures,
Hukonan BaHkoB, ManuHa MoppaHoBa

UHCcmumym 3a kocMmuyecku uscnedgaHusi U mexHosnoeauu — bbrieapcka akabemusi Ha Haykume
tdachev@bas.bg, btomov@bas.bg, ymat@bas.bg, m_g_mitev@abv.bg , ngh43@abv.bg, mjordan@bas.bg

Knroyoeu dymu: Kocmuyecka paOuauug, KOCmu4YeCKo epewme, 003UMempuﬂ, criekKmpomempus

Pesrome: Cmamusima onucea niaHupaHume ekcriepumeHmu ¢ paspabomeHume rnpe3 2021 e. mpu
Hosu npubopa om muna ,JlonuH“ e cekyusi ,CribHYeg0-3eMHa ¢pu3uka® Ha VIHcmumyma 3a KOCMuYecKu
uscnedsaHusi u mexHonoeauu (MKUT) kbm BAH. lNMbpeussim exkcriepumeHm e nposedeH ¢ npubopa Liulin-SGO npu
ycrneweH rosiem Ha cmpamocghepeH basioH do 35 km sucoquHa Ha 12 cenmemepu 2021 2. pubopbvm Liulin-
SGO e yacm om Hay4eH npoekm Ha [eoghusuyHama obcepsamopusi 8 2p. CodaHkune, ®uHnaHOus. Epama Ha
cybopbumanHume mypucmudecku nosemu 8o 100-110 kM HaOMOpPCKa 8UCOYUHaA 8e4e e omKpuma ¢ rnoremume
Ha Virgin Galactic (VG) Ha 11 tonu u Ha Blue Origin Ha 20 ronu 2021 2. lNpubopbm Liulin-CNR-VG e paspabomeH
rno dozoeop 3a cbmpydHudecmeo mexdy MKUT-BAH u HayuoHanHusm cbeem 3a Hay4yHU u3criedeaHusi Ha
Wmanusi (CNR), [enapmameHma no UHXeHepcmeo, UHGOPMAaUUOHHU U KOMYHUKaUUOHHU MEeXHoo2uu u
mexHooauu 3a eHepeemukama u mpaHcriopma. Oyakga ce 00 Kpas Ha 2022 2. npubopbm Liulin-CNR-VG da
61b0e u3nonseaH 3a uaMepsaHe Ha 0osama KocMmudecka paduayus npu Hog nosiem Ha VG Ha sucoquHuU 3o 86 Km.
Tpemusim ekcriepumeHm we ce nposede ¢ npubopa Liulin-SET Ha sinoHckusi ceameHm Ha MexdyHapoOHama
kocmuyecka cmaryusi (MKC). ExkcnepumeHmbm we npoldb/mku edHa 200uHa, 3anodealku om mapm 2022 e.
lMpubopvm Liulin-SET e paspabomeH e UKUT-BAH no nopwyka Ha amepukaHckama chupma , TexHonoauu 3a
Kocmudeckomo rnpocmpaHecmeo® (Space Environment Technology, Pacific Palisades, CA, USA), CAL| c
npe3udeHm 0-p KeHm Tobucka.
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Introduction

lonizing radiation is recognized to be one of the main health concerns for humans in the
space. The dominant radiation component in the space radiation environment are the galactic cosmic
rays (GCR). They are not rays at all but charged particles that originate from sources beyond the Solar
System [1, 2]. Another component are the solar energetic particles (SEP). The SEP contain mainly
protons but also some helium and heavier ions. They may deliver very high doses over short periods,
that is why could be associated with lethal equivalent doses in the interplanetary space. In addition,
there are two distinct belts of toroidal shape surrounding the Earth, where high energy charged
particles are trapped in the geomagnetic field. The inner radiation belt (IRB), located between about
1.1 and 2 Earth radii, consists of electrons with energies up to 10 MeV and protons with energies up to
~700 MeV. The outer radiation belt (ORB) consists mostly of electrons. It starts from about 4 Earth
radii and extends to about 9-10 Earth radii in the anti-sun direction. The ORB may deliver large
additional doses to astronauts during extravehicular activity (EVA) [3].

The calculations show that radiation doses, expected on manned space missions, can easily
exceed the suggested allowed doses, but we must keep in mind that these estimations bear a lot of
uncertainties. Present models of all three stages, involved in these calculations, are far from precise.
Therefore experimental measurements are of a great importance for the future planning of manned
mission in the interplanetary space and on the surface of Moon and Mars.

Liulin spectrometers developed for space experiments in 2021

A total of 10 different space instruments were developed, qualified and used in 16 space
missions between 1988 and 2019 [4-6] by the scientists from the Solar-Terrestrial Physics Section,
Space Research and Technology Institute, Bulgarian Academy of Sciences (SRTI-BAS).

Silicon detector
2ecm?, 0.3 mm

A 4

Charge
sensitive p Discriminator
preamplifier

28V DC

Fig. 1. Unified block-diagram of the three Liulin spectrometers

The unified block diagram of the three Liulins is shown in Fig. 1. The Liulin-SGO spectrometer
use 2 D-size Lithium-lon 3.6 V primary batteries, while the Liulin-CNR-VG instrument use 2 AAA-size
rechargeable batteries. Liulin-SET is charged only by external 28 V DC source. DC/DC converters
inside the devices produce additional 5, 12 and 40 V voltages. Liulin-SGO and Liulin-CNR-VG contain
1 MB flash memory, while Liulin-SET 64 MB flash memory, which is sufficient for the storage of 390
days non-stop compressed spectra with 10-sec exposition time. Each instrument contains a real time
clock-calendar but only in Liulin-SET it is additionally charged by 3 V battery.

Each spectrometer-dosimeter contains one silicon-PIN diode Hamamatsu S2744-08 (2 cm?
area and 0.3 mm thickness), one ultra-low noise charge-sensitive preamplifier AMPTEK A225F, 2
microcontrollers and 1, 32 or 64 MB flash memory.

After passing a charge-sensitive preamplifier, the signal is digitized by a 12 bit fast analog to
digital (A/D) converter. The doses (deposited energies) are determined by a pulse height analysis
technique and then passed to a discriminator. According to AMPTEK A225 specifications, the pulse
amplitudes A[V] are proportional by a factor of 240 mV/MeV to the energy loss in the detector and
respectively to the dose. The amplitude of each signal from the income particles and quanta are
transformed into digital signals, which are sorted into 256 channels by a multichannel analyzer. For
every exposure interval, a single 256 channels energy deposition spectrum is collected. The energy
channel number 256 accumulates all pulses with amplitudes exceeding the maximal level of the
spectrometer of 20.83 MeV.
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The calibration procedures of the three instruments are analogical to those described in [4, 5
and 7]. The response curve of these instrument is expected to be similar to that published by [8-9],
because all Liulin dosimeter - spectrometers are manufactured using the same electronic parts and
schematic.

Liulin-SGO instrument for a stratospheric balloon up to 35 km altitude

The Liulin-SGO instrument was part of zero pressure balloon experiment, which was launched
on 12t of September 2021 up to 35 km altitude from Kiruna, Finland.

Liulin type spectrometers (LTS) had already participated successfully in a number of balloon
missions. The first balloon data were received by the Mobile Dosimetry Unit (MDU)-2, part of Lilun-4C
[10] system during a balloon flight launched the 14 June 2000 from the Gap-Tallard aerodrome,
France (44.51°N, 6.01°E, Rc=5.18 GV) It was a technological flight of CNES balloon program.

The second balloon flight, with 3 battery operated Liulins (MDUSs), was performed during the
certification flight of the NASA Deep Space Test Bed (DSTB) balloon on June 8, 2005. The balloon
was launched from Ft. Sumner (34.47°N, 104.24°W, Rc=4.08 GV), New Mexico, USA [11]. Another
stratospheric balloon flight with LTS was performed in September 2016 from Fort Sumner, New
Mexico. This was the NASA mission RaD-X [12].

Wissmann, [13] described the results of the periodic measurements of the radiation up to 30
km altitude at high altitude balloon flights, using Liulin dosimeters similar to the Liulin-SGO.

LTS were also used as environmental radiation monitoring devices at mountain peaks [14-15]
and in high latitude observatories [16].

Fig. 2. Liulin-SGO spectrometer Fig. 3. The balloon Fig. 4 Retrieval of Liulin-SGO

Fig. 2 presents the external view of Liulin-SGO. Its dimensions are 110x100x45 mm. The total
mass (including batteries) is 0.57 kg. The spectrometer works by 2 internal 3.6. V Li-lon batteries or
from aircraft/balloon voltage of 15-36 V DC.

Liulin-SGO has 4 control devices on the front panel and one on the upper side panel: 1) Green
Light Emitting Diode (LED) with label next to it “DC Power”. This LED shines always when the MDU is
connected to an external 20-35 V DC power supply and is not affected by the “OFF-ON” switch; 2)
The OFF-ON switch is used to start/stop the measurement sessions of the instrument irrespective of
the power supply. It does not switch OFF-ON the internal clock-calendar of the instrument if there are
batteries in it. The setting of the internal clock-calendar is performed automatically during the
initialization. 3) The red “Status” LED indicates the operation status of the instrument. It shines for
about 0.5 sec at the beginning of each measurement cycle; 4) The micro USB connector is used for
connection with PC; 5) The male DB9M type connector is used for connection of the external 20-35 V
DC power supply or for the 24 V DC output of the 100-240 V AC 24 V DC converter.

Fig. 3 shows the zero pressure stratospheric balloon. On Fig. 4 two researchers from the
Geophysical Observatory in Sodankilé, Finland are working on the Liulin-SGO retrieval from the
thermal insulated box after the flight. Liulin-SGO spectrometer is in their hands.
(http://cosmicrays.oulu.fi/rg/index.php/2021/09/13/hemera-balloon/) They obtained the data from the
flash memory of the Liulin-SGO and expected to finish the analysis till end of the year.

Liulin-CNR-VG instrument for VG flight at altitudes up to 86 km

The Liulin-CNR-VG device was developed under a cooperation agreement between SRTI-
BAS and the National Research Council of Italy (CNR), the Department of Engineering Information
and Communication Technologies and Technologies for Energy and Transport. It is expected that in
the fall of 2021 Liulin-CNR-VG will be used to measure the dose of cosmic radiation during a new VG
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flight at altitudes up to 86 km. Virgin Galactic announces crew for next launch to suborbital space |
Space

The external view of the portable dosimeter-spectrometer Liulin-CNR-VG (PDS) is presented
on Fig. 5. It is situated in an Extruded Aluminum Enclosure with a size 66x56x26 mm. The weight of
the PDS, including the batteries, is 0.098 kg. The control devices on upper panel of the PDS are the
same as on Liulin-SET. The ON/OFF switch, the red status LED and the mini female connector USB
are mounted on the upper panel of the PDS.
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The instrument uses two AAA type, 3.6 V, 360 mAh 10440 type rechargeable batteries of
Portable Power Corp.

Below the 0.5 mm thick bottom panel is situated the 2 cm2 Hamamatsu PIN diode detector. In
addition, there is a technological shielding of 0.07-mm copper and 0.2-mm plastic material. They all
provide a total shielding of 0.25 g cm2. The calculated required kinetic energies of normally falling
particles to the detector are 0.67 and 125 MeV for electrons and protons, respectively
(https://www.nist.gov/pml/stopping-power-range-tables-electrons-protons-and-helium-ions). This
indicates that only protons and electrons with energies higher than the values listed above can cross
the PDS shielding materials and reach the surface of the detector.

The following approximate flight times and altitudes are expected during a typical flight of VG
SpaceShipTwo: The two mated vehicles climb to an altitude of approximately 45,000 feet (13.7) km for
60 minutes; Boost: ~60 seconds up to 110 km; Coast (microgravity) at 110 km: 3 minutes; Re-entry:
~2-3 minutes back to 15.24 km; Glide to Land: ~15 minutes. Fig. 6a presents the time profile of the
altitude of SpaceShipTwo during the flight up to the altitude of 110 km with 1 minute resolution.

The data of the approximate flight times and altitudes are used to predicted the hourly-
absorbed dose rates and the accumulated dose rates during the flight (Fig. 6b and 6c).

We also use the available polynomial approximation of the dose rate altitudinal profile (dashed
line in Fig. 7) from the second balloon flight, performed during the certification flight of the NASA Deep
Space Test Bed (DSTB) on June 8, 2005 (see the previous page), to predict the dose rate profile up to
15.2 km during the expected flight of the VG SpaceShipTwo in the fall of 2021. This is possible to be
done because: First, the coordinates of the VG Spaceport America are 106.95W 32.98°N. As
SpaceShipTwo will take off and land after almost a vertical flight up to 110 km, the difference in the
coordinates between the Spaceport America and Ft. Sumner of 2-3 degrees is neglectable for the
space radiation profile. Second, the predicted F10.7 radio flux value in the fall of 2021, when the flight
is expected, is between 77 and 89 s.f.u. (https://www.swpc.noaa.gov/products/solar-cycle-
progression). These values are close to the F10.7 radio flux value during the balloon flight in June
2005 of 94 s.f.u. The above allows to consider 2005 data relevant to the expected measurements in
2021-2022.

Polynomial data of order of four (red dashed line in Fig. 7) from the second balloon flight in
2005 was used for the altitudes above 3.9 km. Other dose rate profiles were predicted by linear rise
equations in Fig. 6 and 7.
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Fig. 7 presents the same data with 1-minute time resolution as in Fig. 6b but in dependence of
the altitude. The doses during the ascending part of the orbit are presented with red points and lines,
while the descending part with blue lines. The polynomial presentation of the Liulin data in 2005 is
shown with red dashed line.

As illustrated in Fig. 6 and 7, during the ascending part of the flight, the dose rate will rise from
0.058-uGy/hour up to 2.5 uGy/hour at 13.4 km altitude. The Pfotzer maximum [17] with a dose rate of
3.5 uGy/hour is not expected to be seen in the ascending part of the flight because of the very fast
crossing through it. Above the maximum, the dose will slowly decrease up to 110 km altitude where it
will fall down to 0.7 uGy h! and in a similarity of the El-Jaby, and Richardson, 2015 profile (green line)
[18]. The dose rate will not change during the 4 minutes of microgravity. It will start to increase during
the re-entry, going through the Pfotzer maximum. In the “glide to land” part of the flight, the dose rate
will decrease back to 0.058-mGy h-,

The increase of the accumulated dose rate alters in uGy from zero to 1.4 puGy in Fig. 6¢c. The
equivalent dose during the flight is calculated to be about 2.5 uSv for 1.5 hours because the mean
guality factor is about 1.8 for a subsonic flight (1.4x1.8=2.5 uSv). Having in mind that, a passenger,
flying from London to New York at a height of 11 km, will receive for about 7 hours a dose of 32 uSv
(4.6 uSv/hour), the equivalent of a panoramic dental X-ray scan https://www.radioactivity.eu.com/
site/pages/Radioactivity_in_Flight.htm, the calculated dose of 2.5 uSv is about 10 times less and fully
acceptable. The obtained above values revels that there is no any radiation risk for the crew and
astronauts flying at the VG SpaceShipTwo.

Liulin-SET instrument for the Japanese Experimental Module at the International Space
Station

Liulin-SET instrument was developed under a request from Space Environment Technologies
(SET) Limited Liability Corporation (LLC) with a Chief Scientist Dr. Tobiska. Liulin-SET is part of the
flight module number 9 (ARMAS FM9 https://spacewx.com/wp-content/uploads/2021/05/FM9-
overview.pdf), which is scheduled to operate outside of the Japanese Experimental Module (JEM) of
the International Space Station for 1 year with expected start in March 2022.
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Fig. 8. Liulin-SET spectrometer Fig. 8. ARMAS FM9 module

The Liulin-SET spectrometer external view is shown in Fig. 8. Its real dimensions are
78x60x37 mm. The total mass is 0.16 kg. The black plastic bezel is made by polycarbonate
(http://wvww.hammondmfg.com/pdf/1455C1201.pdf), which is widely used in space applications. The
front panel is lightweight from the backside down to 0.7 mm aluminum. This allowed registration of
relativistic electrons from the outer radiation belt (ORB) [3]. The Liulin-SET spectrometer is situated
inside of the ARMAS FM9 module (Fig. 9), which is developed by the Space Environment
Technologies LLC). The FM9 module provides to Liulin-SET 28 V, 10 mA voltage from the JEM.

The spectrum, together with information for the real time, is saved in the flash memory of the
instrument. The capacity of the memory is 64 MB, enough for the storage of 390 days non-stop
compressed spectra with a 10 sec exposition time.

Conclusions

The data received from the new missions with Liulin spectrometers in 2021-2022 will
contribute to the detailed evaluation and understanding of the radiation environment in space and in
the Earths’ orbit. This is especially important, as the era of the space tourism has already been
opened.

The ionizing radiation data obtained by the Liulin type instruments in space are part of the
“Unified web-based database with Liulin-type instruments”, available online, free of charge at the
following URL: http://esa-pro.space.bas.bg/database [19]. The data are stored along with the orbital
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parameters of the satellites. The User Manual of the database is also available online at: http://esa-
pro.space.bas.bg/manual.
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Abstract: We present the results of a statistical study on the association between
prominences/filaments, detected by Kislovodsk Mountain Astronomical Station of the Pulkovo Observatory, and
active regions (listed by the NOAA Space Weather Prediction Center). The study covers the period of solar cycle
24 (December 2008 — December 2019) and includes 1735 active regions, 21186 prominences and 45279
filaments. Our results show that most of the H-alpha prominences/filaments tend to form outside active regions
and most of the active regions are not producing a single prominence in their lifetime.
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Knroyoeu dymu: I7pomy6epchu, 8/1aKHa, C/ibH4Ye8a akmueHoCm, C/libH4Ye8 UUKbJ1

Pe3rome: [lpedcmassme pe3ynimamume Om CmMamucmuyecko u3criedeaHe Ha 6pb3kama Mexoy
npomybepaHcu/enakHa, peaucmpupaHu om [lnaHuHCkama acmpoHomuYecka cmaHyusi KucrioeoOck Ha
lynkoeckama ob6cepsamopusi, U akmueHu obnacmu (nybnukysaHu om LleHmbpa 3a npo2Ho3upaHe Ha
Kocmu4yeckomo epeme Ha HauuoHanHama aseHyuUsi Ha OKeaHcKume u ammocghepHuU u3crnedsaHus Ha CALL).
U3cnedsaHemo obxeawa nepuoda Ha 24-usi cribHYes Uukbn (Oekemspu 2008 — dekemspu 2019 2.) u eknoysa
1735 akmueHu obnacmu, 21186 npomybepaHca u 45279 enakHa. Hawume pe3ynmamu roka3sam, 4Ye
rnoseyemo npomybepaHcu/enakHa, HabmodasaHu 8 nuHusma Ha, ce cbopmupam u3ebH akmusHu obracmu,
Kakmo u rnose4emo akmueHu obrnacmu He obpasysam Humo eOuH rnpomybepaHc o epeme Ha
cbuwecmsysaHemo cu.

Introduction

Quiescent prominences (QPs) may retain their global properties relatively constant for periods
up to few solar rotations. Usually they form outside active regions (ARs) on higher latitudes. Despite
their shape often remains nearly unchanged in long time ranges, high-resolution observations reveal
that their fine structure is dynamic. The lifetime of quiescent prominences varies, but is strongly
dependent on their latitudes — in polar regions they live 5.2 solar rotations on average, while near the
equator this period decreases to 3.3 rotations [1].

Active prominences (APs) emerge in or close to ARs. They are dynamic structures with clearly
noticeable movements and typical lifetime of a few hours [2]. They are smaller in size than QPs, have
similar temperature, but are denser and with stronger magnetic field [3].

As structures formed in significantly hotter and less dense environment, the geometry,
dynamics and the existence of prominences are determined by the properties and evolution of the
magnetic fields that support and isolate the prominence material in the corona. The connection with
solar magnetic field is also proved by the dependence between their number, size and their
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distribution at different moments of the 11-year solar cycle [4]. Their behavior is similar to the one of
sunspots — during solar minimum we observe less filaments, they are smaller in size, shorter-lived and
much less active. Around the maximum of the cycle, not only their number and activity increases, but
prominences (similar to the sunspots) migrate — from average latitudes of + 30° at the beginning of the
cycle to about + 17° at the end [5].

The solar cycle (SC) 24 began in December 2008 with a solar minimum that had lasted longer
than average reaching record low levels of solar and geomagnetic activity [6] and ended 11 years later
in December 2019, according to the data presented by SILSO Database of Royal Observatory of
Belgium, Brussels. The 24th solar maximum happened in April 2014. SC24 had a low level of activity
and fewer sunspots than average [7]. Still, some powerful events did occur, such as the active region
(AR) 12192. It emerged in October 2014 and was the largest AR since November 1990 [7].

We present a statistical analysis on the link between ARs and prominences/filaments,
observed during the SC24 (December 2008 — December 2019). Determining whether a prominence is
related to an AR we divide them into AP and QP.

Data Sources and Association Criteria

Using the ARs listing of the NOAA Space Weather Prediction Center we considered all ARs
between 11018 (appeared on 2009 May 23) and 12753 (2019 December 26) as belonging to the
SC24. Although the first one was observed 6 months after the beginning of the SC, it was the first AR
formed at latitude higher than 30° since December 2008 and we assume it as a starting point in our
study. The daily reports of the H-alpha (6563 A) telescope of Kislovodsk Mountain Astronomical
Station of the Pulkovo Observatory are used to associate prominences and filaments with the events
from our ARs sample. Finally, our sample includes 1735 ARs, 21186 prominences and 45279
filaments in the period of SC24. Due to the common nature of prominences and filaments, in our study
we consider them as one process and both terms are used interchangeably.

Taking into consideration their shapes and sizes, to link a prominence/filament to an AR we
require the difference between their given latitudes to be less or equal to 7° when they are detected on
the same side of the central meridian.

Results

We compare the yearly mean total number of ARs and prominences with the progression of
the SC, presented by the yearly mean sunspot number (Figure 1, left). Both sunspots and ARs follow
nearly the same trend and peak in 2014. Prominences, on the other hand, reach maximum in 2012
and their activity slowly begins to decrease except for the period 2013-2014, when at the end they
reach second (smaller) peak that coincides with the maximum of SC24.

A different point of view to the activity during the last solar cycle gives the comparison
between the days with lack of activity events per year (Figure 1, right). The sunspots show typical
behavior as in the period 2011-2015 only 3 days are spotless (two in 2011 and one in 2014) and in the
years close to the solar minimum these days are more than 200. Least days without ARs are
registered in the year of 24th solar maximum (2014) — 155. In the years around it (2012-2015) the
number of days without observed prominences is almost a constant (94-98), but the absolute
minimum is reached in 2017 when only 78 days were prominence-less. At the same time in the
previous year (2016) the maximum is reached — in 129 days no prominence or filament was
registered.
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Fig. 1. Yearly mean total number of ARs, sunspots and prominences (left) and days with lack of ARs, sunspots
and prominences per year (right)
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The summary of the data for the SC24 (Table 1) shows that almost all detected prominences
(about 99%) are formed outside ARs. Out of 66465 events, in only 947 cases a nearby AR is linked to
the observed filament. This is significantly different from the generally accepted view that about 2/3 of
prominences are quiescent. The reason for this result may be in the large event sample or in the high
sensitivity method of detection of H-alpha prominences by Kislovodsk Mountain Station that
successfully registered almost all events no matter how small or insignificant they appear [8].

Table 1. Association rates between ARs and prominences/filaments of SC24

Prominences/filaments
Number %
AR-related 947 1.4
Non-AR-related 65518 98.6
Total 66465
-less -productive | -rich (23) Total
ARs | Number 1089 646 58 1735
% 62.8 37.2 3.3
9.0

On the other hand, statistics show that almost 63% of all ARs of SC24 did not produce any
prominence. In 646/1735 (37%) cases at least one filament was associated with an AR and 58 of
these ARs can be defined as prominence-rich, because they produced 3 or more filaments. This is
3.3% of all ARs and 9% of the 646 prominence-productive ARs.

Conclusions

We present a preliminary results of a study on the prominences and their connection with solar
active regions in the last solar cycle 24 that covers the period between December 2008 and December
2019. Our analyses show that the peak of prominences activity is observed two years before the
maximum of the solar cycle. Almost 99% of 66465 prominences/filaments can be classified as
quiescent since they are not linked with an AR. On the other hand, 37% of ARs produced at least one
filament and more than 3% of them were identified as a source of at least 3 filaments.
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Abstract: In 2015 Chu and later in 2017 McPherron have introduced a new index, the so called midlatitude
positive bay (MPB) index, to characterize the activity of magnetic substorms at midlatitudes. In the frame of a
bilateral project Bulgaria — Russia supported by the National Science Fund of Bulgaria (NSFB) (project number KT1-
06-Pycus/15) and RFBR (project number 20-55-18003_5orne_a) a program was worked out based in general on
the algorithm developed by Chu and McPherron. A key point of the algorithm consists in the estimation and removal
of the main magnetic field and the mean solar quiet day variations. For this propose 25 successive days were used
in the computations, centred at the day under consideration. The so called mean Solar quiet day variations were
determined by superposed epoch analysis, and were subtracted from the observations during the considered day.
The power perturbations were determined by the sum of the obtained by the described processing procedure
squared and high pass filtered X and Y-component variations. In a pre-processing process, new procedures for
data gap and peak detection and removal were included. Highly disturbed observations were previously removed
by the outlier test of Grubbs. The horizontal power perturbations for the Bulgarian magnetic observatory
Panagjurishte (PAG) are determined for the whole period from 2007 up to now by our developed processing tool,
described in this work.
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Knro4yoeu dymu: mazHUmMHa cyb66ypsi, 2eoMagHUMHU UHOEKCU, UHOEKC Ha MOI0XKUMETHU OMKITOHEHUS
Ha cpedHu wupuHu (MPB uHlekKc), cMyweHUs 8 Xopu3oHmasnHama MOUWHOCM Ha npu3eMHOmMo MagHUMHO rorsne

Pe3rome: lNpes 2015 e. Chu, a no-kbcHO npe3 2017 2. McPherron ewbeexdam HO8 UHOEKC, maka
HapeyeHusi UHOEKC Ha MOJIOXKUMESIHU OMKIIOHEHUST Ha CpeOHU WuUpuHU (npoekm bbrzapusi — Pycusi, nookperneH
om HauyuoHanHusi HaydeH ¢poHO Ha Bbnizapusi (Homep KI1-06-Pycus/15) u RFBR (Homep 20-55-18003_bone_a)
bewe paspabomeHa npoepama, ba3upaHa Ha aneopumbma, onucaH om Chu u McPherronMPB uHOekc), kamo
Xxapakmepucmuka Ha akmueHocmma Ha MasHumHume cybbypu. B pamkume Ha dsycmparHus. Knrovosusm
MOMEHM Ha aneopumbMa Ce CbCMOU 8 OUeHKama U omcmpaHsi8aHemo Ha OCHO8HOMO Ma2HUMHO rosne u
cpedHume crbHYesU 8apuauuu npu crokoeH 0eH. 3a masu ues npu usducrneHusma 6sxa uanonideaHu 25
rocrniedoeameriHu OHU, UeHMpupaHU KbM pa3sanexoaHusi OeH. Taka HapedeHume cpedHU CrTbHYe8U 8apuayuu ce
onpedensam nocpedcmeoM Memoda Ha HacfazeaHe Ha erioxume u ca u3zeadeHu om HabnwleHusma npe3
paszanexdaHusi deH. MowHocmma Ha cmyuwieHusima be onpedesieHa om MoJly4eHUme o onucaHama rpouyedypa
Kkeadpamu u ¢hurimpupaHume 8ucoko4YecmommHu gapuauyuu Ha X u Y-KOMIoHeHmume.
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B npoueca Ha npedsapumernHa obpabomka bsixa ekmo4deHU npouedypu 3a OmKpusaHe U rpemaxeaHe Ha rporycku
8 OaHHUMe u nukose. CunHo cMymeHume HabnodeHus: 6sxa onpedeneHu npedu mosa om mecma Ha Grubbs u
uskmoYeHuU om npecmsamanusima. C Hawama pa3pabomka, onucaHa 8 ma3u paboma e onpedeneHa MowHocmma
Ha Xxopu3oHmarnHume cMyuweHus 3a bbrizapckama masHumHa obcepsamopus [lNaHasopuwe (PAG) 3a uenus
nepuod om 2007 e. do ceea.

Introduction

During substorms large amounts of energy accumulated in the magnetosphere tail are released
into the ionosphere and the inner magnetosphere. A lot of phenomena are generated e.g.[1], among
which, disturbances in the surface magnetic field. During substorm expansions a typical systematic
pattern of the surface magnetic field is observed. At auroral latitudes in the X-component are observed
negative bays and at midlatitudes - positive bays.

To characterize storms, several indices were developed, as the disturbance storm time index
(Dst) and as a measure of the substorm intensity AL and AU indexes, and their difference AE - the
auroral electrojet index, for example.

McPherron and Chu [2,3] have introduced a new index to describe the substorm activity at
midlatitudes, the midlatitude positive bay (MPB) index. Based on their algorithm and some new
developments we have worked out a program to calculate the horizontal power of the surface magnetic
field. To compare our results with the ones, published by McPherron and Chu in Space Science Revue
2017 [2], we have used the same data. The obtained results were reliable [4]. We have applied our
program for one of the European stations, the Panagjurishte station. European stations were not
considered by McPherron in his data set.

Short description of McPherron’s and Chu’s algorithm to calculate geomagnetic power
perturbations

The key point in the determination of the power perturbations in the horizontal geomagnetic field
consists of the removal of the mean main magnetic field and the mean solar quiet day variations. The
initial point is the assumption that round midnight the field is quiet. Time series of the magnetic field
components of 25 successive days centred at the day under consideration were constructed. The main
field of this interval was estimated by smoothed spline approximation using the midnight points as knots
and was subtracted from the observed field. Using the remained daily field components a superposed
epoch analysis was performed. Days with strong disturbances were excluded from further calculations.
The mean epoch values describe the so called mean solar quiet day (Sq) variations [2,5]. They were
removed from the observations on the day of consideration. The residuals contain mainly field
perturbations. Remaining low-frequency changes were filtered out applying additionally a FFT-filter
procedure. The power perturbations then were calculated by the squared X and Y component resulting
by the described above procedure. The algorithm of McPherron and Chu is a refinement of the
developed algorithm of Chu [3] and Chu et al. [6].

Data used

For the Panagjurishte station data from the Intermagnet data base (INTERMAGNET Data) for
the whole time interval from 2007 up to now were used. The data were downloaded by a system
developed at the National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of
Sciences [7]. The daily data are arranged in columns, where the first column is the number, identical
with the beginning of the one minutes sampled measurements, followed by the magnetic field
components X, Y and Z. The last column contains the total field strength. All field data are presented as
floating point numbers in ASCII format and are very easy readable.

Data processing

A program corresponding to the McPherron’s and Chu’s algorithm was developed with some
new contributions. The program realizes the data reading, data arrangement, the pre-processing and
the processing of the field components and the graphical presentation of the results. The pre-processing
includes procedures of gap and peak detection additional to the original algorithm. Moreover, the
procedure to detect strong magnetic field disturbances based on the prediction efficiency used by
McPherron and Chu was replaced by the usually used Grubbs outlier test [8]. The program was tested
using the same data as in an example presented in [2]. Our results obtained with the created by us
program were very reliable. The obtained power perturbations have shown the same structures. The
amplitudes have shown some small differences, caused mainly by differences in the procedure of strong
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disturbances exclusion. The processing procedures are described in detail in [4]. In fig.1 in the top
panels the original observations of the X-component (at the left side) and the Y-component (at the right
side) are shown, where the daily data were arranged to series of sequences of 25 successive days
(black line). The data corresponding to mean midnight points, used as spline knots, are marked by red
pluses. The main magnetic field components under quiet conditions, estimated by smoothed splines,
are presented by blue lines. They were removed from the observations. The remaining field components
are shown in the bottom panels of Fig. 1.
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Fig. 1. At top the observations the of the X (at top left) and Y-component (at top right) of the horizontal magnetic
field, the midnight spline knots (red pluses) and the approximated by smoothed spline main field for quiet
condidions (blue lines) are shown. In the bottom panels, the remaining X (left panel) and Y (right panel) after the
main field subtraction are presented.
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Fig. 2. Superposed epoch analysis of the daily main field removed observations (gray lines) of the X (left panel)
and Y (right panel). The epoch means are drawn by blue lines and the smoothed ones, keeping only low
frequency parts - by red lines.

From the bottom panels in Fig. 1 it is seen that the main field removed observations are mainly
characterized by Sq effects. After the removal of days with strong magnetic field disturbances,
superposed epoch analyses were performed to determine the Sq variations (Fig. 2). The mean epoch
series are shown by blue lines. High frequency variations were suppressed by low pass filtering. The
resulting mean solar quiet day variations are presented by red lines. Sq usually is determined for days
with Kp<3 [8]. The Kp-index was not taken into account in the algorithm. The next figure, Fig. 3, offers
the magnetic field X (upper panel), Y (middle panel) components perturbations for the substorm day
22.02.2013, obtained by removal of the main field and the mean solar quiet day variations, and the
computed from them horizontal power of the surface magnetic field (bottom panel). During the substorm
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in consideration the main perturbations are observed in the X-component. A strong positive peak with a
maximal value of about 16.7 nT is observed after 19 UT. Together with smaller perturbations of the
Y-component at the same time, a power perturbation of about 414 nT2 arises.
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Fig. 3. Magnetic field component perturbations (X-component in the top panel, Y-component in the middle panel)
and the horizontal power perturbations (bottom panel). The vertical red lines mark minima important for the
determination of MPB onset and duration at Panagjurishte station (see text).

A slight local maximum in the horizontal power before the maximal perturbation is observed, caused by
the negative part in the X and Y-components during about one hour before 19 UT between the green
and red line. Such double maxima are frequently observed in cases of strong isolated substorms.
Depending on the height of the negative amplitudes, the first maximum can be as higher as the second
one. The end of the global maxima for the examined case is indicated by a black vertical line in fig.3.
Using the power perturbations the MPB onset is determined by the minimum between the described two
maxima. In the considered case, the onset is found to be at 18:50 UT (bottom panel in fig.3). The
corresponding to the observed MPB peak substorm onset determined on the base of the SML index
reported in the SuperMAG data base is 18:48 at Glon 19.2, Glat 74.5. for the Bear Island (BJN).
McPherron and Chu determine the substurm duration by the location in time of the second
minimum after the MPB-index (defined as a power perturbation pulse mean over a multitude of stations)
maximum, however this is not true in any case. They pointed out, that not every maximum in the power
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perturbations is related to substorms and proposed the use of SML index simultaneously with the MPB
index.

The perturbations in the X and Y-component and in the power of the horizontal magnetic field
were calculated for the available data from the whole time interval from 2007 up to 2020. In the first
version no perturbations at least for 25 days were determined in cases when the period of no data is
longer than one day. For shorter no data periods, the results have to be used with caution.

The results are uploaded in a data catalog [9], where a daily file contain the perturbations of the X and
Y-component and the power perturbations for every minute. The time moments are given in minutes
and in hours. The daily results are presented as graphics as well.

Summary and conclusions

A program to calculate power perturbations in the Earth surface magnetic field was developed
based on the algorithm of McPherron and Chu with some new elements. In difference to the McPherron
and Chu algorithm, in our development the Grubbs’s test is used to eliminate days with strong disturbed
magnetic field components, and gap and peak detection and removal are implemented in the pre-
processing procedure. To estimate the main field, a window of 23 days centered over the considered
day is used, but secular variations have not been determined. The perturbations are determined by
subtraction of the main field from the X and Y components and by removal of low pass filtered
superposed epoch means from the components of the considered day.

By the developed program very like structures in the calculated power perturbations for the
substorm day 2.03.2008, as the original, published by McPherron and Chu in 2017, are obtained. In
addition, here a MPB was identified related to a substorm listed in the SuperMAG data base (substorm
event list). This demonstrates, that the power perturbations determined by the developed program can
be reliable.
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Abstract: Substorms represent one of the very important factors of the space weather. The substorms
are observed at auroral latitudes as negative bay-like magnetic disturbances and displayed as positive bays
(MPB) at midlatitudes. Recently, the special MPB index was introduced, which could demonstrate the substorm
occurrence. This index was evaluated by the applying of the computed average values of the horizontal magnetic
field power for a number of midlatitude stations.

Here we present the creation of the new catalog of the magnetic variations including the MPB data from
the Bulgarian station Panagjurishte (~37° GMLat, ~97° GMLon). This catalog is being developed for the first time
and consists of two main sections. The first section presents the computed values of the X and Y magnetic
components and the full horizontal power. For this, we have developed special processing tools. The second
section comprises some MPB characteristics, associated with substorms, identified by data of the IMAGE
meridional magnetometer chain, the IL index and the obtained horizontal power at Panagjurishte with 1-min
sampling. Now the first section of the catalog is completed for some time intervals. The second section is under
construction.

The catalog will be on the website of the Space Research and Technology Institute of the Bulgarian
Academy of Sciences.
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LMHecmumym kocmuyeckux uccrnedogaHuli u mexHomnoauli — bonzapckas akademusi Hayk
2HauyuoHasnbHbIl uHecmumym 2eogu3suku, 2eodesuu u eeoepaguu — bonzapckas akademusi Hayk
3MonspHbIt 2eogpuaudeckuti uHcmumym, Anamumsl, Poccusi
“Uncmumym cbusuku 3emnu um. LLimudma, PAH, Poccus
e-mail: v_guineva@yahoo.com

Knrouyeebie cnoea: MazHumHas cyb66ypsi, cpeOHewupomHbie MonoXumesbHble Oyxmbl, Kamaroe
Ma2HUMHbIX 8apuayuli Ha bosnizapckol cmaHyuu lNaHazopuwme

A6cmpakm: BaxHbIM acrnekmom rpu U3y4eHUU KOoCMu4eckol mnoeolbl sensomcesi uccredosaHusi
cybbypb. M3gecmHo, 4mo MazHUmMHbIe Cybbypu peaucmpupyromcsi Ha Ha3eMHbIX MasHumomempax Kak
ompuyamernbHble 6yxmbl 8 aspoparbHbIX WUpomax U Kak rnonoxumersnbeHble 6yxmsi (mid-latitude bays- MPB) e
cpedHux wupomax. HedaeHo 6bin pa3pabomaH uHOeKC cpedHewupomHol akmueHocmu — MPB-uHOekc. [ns
pacyema 3moe2o UHOeKca MPUMEHSIIUCh 6blYUCIIeHHbIe CpelHUe 3Ha4yeHusi MOWHOCMU 20pU30HMaTbHOZ0
Ha3eMHO020 Ma2HUMHOoz20 ross 0n1s psda crmaHyul Ha cpedHUX Wwupomax.

B Hawem doknade Mbi npedcmasrnisiem pa3pabomky HO8020 Kamario2a MagHUMHbIX eapuayul Ha
boneapckol cmaHyuu lMaHazopuwme (~ 37 ° GMLat, ~ 97 ° GMLon). ModobHbIl kamaroe paspabamsigaemcs
eriepsble, oH bydem cocmosimb U3 08yX OCHO8HbIX pa3desios. B nepeom pasdene 6ydym npedcmasneHsl
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8bI4UCIIEHHbIe 3Ha4YeHUs1 X- U Y- KOMIMIOHEHM MagHUMHOZ20 Mo/ U MOoJIHas 20pu3oHmarbHas mouHocms MPB,
onpederneHHass o OaHHbIM cmaHuyuu [laHazropuwme. [ns amoao Hamu 6binu co30aHbl cneyuarbHble
npoepammbl 06pabomku MacHUMHbIX OaHHbIX. Bmopol pa3den codepxum Hekomopble XapakmepucmuKu
rnonoxumesibHbIX MacHUmHbiXx b6yxm (MPB), komopsbie Habnodanuce 80 epemsi cybbypb, passusaroujuxcs
00HOBPEMEHHO 8 aspoparsibHbiX wupomax. Cyb6ypu onpedensnucb no OaHHbIM MepulOUOHarnbHOU Uernoyku
HaszeMHbIX MasHumomempos IMAGE, a umeHHo no L uHOekcy u eopusoHmarsnbHol moujHocmu MPB 8
lMaHazropuwme, ucrnonb3osanuck 0aHHble ¢ 1-MuHymHoU 8blbopkol. Ha GaHHoM amane 3anonHsemcsi nepsbil
pa3sden Haweao kamarsnoaa. Bmopol pa3den obcyxdaemcs u pa3pabambigaemcs.

lnaHupyemcsi pasmecmumb Kamasnoz Ha calime WHcmumyma Kocmuyeckux uccriedosaHul u
TexHonoeutli boneapckol Akademuu Hayk.

Introduction

The explosive release of a large amount of energy from the magnetosphere into the upper
polar atmosphere is known as magnetospheric substorm [1]. Magnetospheric substorms are
manifested in a number of various phenomena and are an important element of the space weather.
They are related to the substorm current wedge (SCW), a current system, that originates in the Earth’s
magnetotail and flows along the magnetic field lines to the ionosphere [2,3]. SCW causes the auroral
onset and further expansion [4]. At auroral latitudes, large disturbances in the ground magnetic field
are generated. Negative bays in the X component of the magnetic field are observed. At the same
time, at midlatitudes weaker disturbances occur, expressed as positive bays in the X component,
known as midlatitude positive bays (MPB), and a systematic variation of the Y component. The
locations of X and Y extrema can be used to determine the characteristics of the SCW and to find a
relationship between other phenomena and SCW. Quantitative models of SCW have been developed,
e.g. [5], in which, founded on ground based midlatitude magnetic variations determined parameters, a
model of the field aligned currents is presented. The MPB can serve as a proxy for the substorm
expansion onset. Recently, a new index, MPB index, was introduced [6, 7]. Lists of MPB onsets have
been composed by different authors e.g. [6, 7].

The study the MPB behavior could be one of the important tools of the investigation of the
solar-magnetosphere coupling during the substorm progress. The development of an original catalog
of the midlatitude positive bays (MPB) registered at the Bulgarian station Panagjurishte (~37° GMLat,
~97° GMLon) is one of the basic tasks of the project “Investigation of the geomagnetic disturbances
propagation to midlatitudes and their interplanetary driver identification for the development of
midlatitude space weather forecast” - a bilateral project Bulgaria — Russia 2019 — 2020. In this work,
the process of creation for the first time of a new catalog of the magnetic variations and the magnetic
positive bays, registered at Panagjurishte (PAG), intended to work out of the tasks of the joint project,
is described.

Structure and content of the catalog

The structure and content of the catalog were thought out. The catalog is ftp positioned. A
scheme of the catalog is presented in fig.1. The main part of the catalog consists of two sections. The
first section “Magnetic field data” contains processed every day magnetic data. In the second section,
“MPB data”, information for the registered midlatitude positive bays at the Panagjurishte station is
included.

A complimentary part is also envisaged in the catalog, comprising concomitant data about
every substorm day, as sign conversion latitude of the X negative bays to positive ones, some
geomagnetic indices, the presence or no of a geomagnetic storm and so on.

Section “Magnetic field data” of the catalog

To construct the catalog, first the magnetic field data have to be processed. Section “Magnetic
field data” contains the results of the processed every day one-minute measurements of the X and Y
magnetic components. To carry out the processing, special processing tools following the algorithm of
McPherron [6] including some new elements have been developed. The processing consists of the
following procedures:

e Construction of long arrays of 36000 one-minute sampled X and Y magnetic
components data for an interval of 25 days, centered on the day under consideration;
Preprocessing, including gaps and peaks detection and removal,

Estimation and subtraction of the main field under quiet conditions;
Removing of the very disturbed days (outliers);
Determination and subtraction of the solar quiet day variations (Sq);
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e High-pass filtration of the obtained X and Y component variations;
e Computing of the horizontal power.
This processing has been performed for all one-minute sampled measurements of the
Panagjurishte station, from 2007 to 2020 and some results have been uploaded in the catalog.

‘ Data for the Panagjurishte station MPB catalog |

4———"“_"d""_’—_—d‘ﬁ“‘__-ﬁﬁq—--ﬁq—_-“"“‘—-$

Data derived by the Panagjurishte Concomitant data for the
magnetic measurements substorm days

| Magnetic field data |

= Sign conversion latitude of the
| Files data: | | Figures: | X bay (-/+),
* Presence/No presence of
- geomagnetic storm, if Yes: Ap,
- — ' Date, _ SYM/Hmin, onset, storm phase
* UT (minfhours), | |* processed X/(UT/LTY, o AT=UT-LT, during which the substorm
processed X, « processed Y/(UT/LTY, * Sunrise and sunsetin UT; originates;
processed Y, = horizontal power * MLT at the onset; + Average, max Kp for the day.
horizontal power. (MPBY(UT/LT). * MPB onset, UT,
« MPB maximum, UT;
* MPB amplitude, nT;
* Positive bay end, UT.

Fig. 1. Scheme of the structure of the Panagjurishte MPB catalog

The results included in the catalog, are data files and graphics for every day. The every-day
files comprise:
e the time in min and hours;
e one minute data for the processed X and Y magnetic components, main field and
solar quiet day variations removed,;
o the horizontal power of the magnetic field (main field and solar quiet day variations
(Sq) removed).
The appearance of a data file is presented in fig.2. The example is for 3 September 2013.

Magnetic field processed X and Y components and the resulting horizontal power
Calculated at Space Research and Technology Institute, Sofia, Bulgaria
Station: PAG
Date of observation: 03.09.2013
Time in UT delta X-comp. delta Y-comp. Power
min hours nT nT nT
1 0.017 0.47 -3.35 11.46
2 0.033 0.43 -2.99 9.09
3 0.050 0.29 =272 7.47
4 0.067 0.26 =255 6.56
5 0.083 0.12 -2.38 568
6 0.100 -0.01 -2.11 5.80
7 0.117 -0.04 -2.44 5.94
8 0.133 0.03 -2.47 6.08
9 0.150 0.20 -2.69 7.30
10 0.167 0.27 -2.92 8.61
19 0.183 0.35 -2.85 8.23
12 0.200 0.42 =2 87 8.44
13 0.217 0.40 -2.50 6.41
14 0.233 0.57 =2.22 5.28

Fig. 2. Look of a magnetic field data file. The example is for 03.09.2013. The file contains 1 minute
sampled data for the whole day (1440 values).
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Fig. 3. Processed X (left panel) and Y (right panel) components of the magnetic field, measured on 03 September
2013 at the Panagjurishte station
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Fig. 4. Horizontal power of the magnetic field perturbations on 03 September 2013 at Panagjurishte

The graphics present:
e the processed X component;
e the processed Y component;
¢ the horizontal power of the magnetic field.
The processed X and Y components for 3 September 2013 are shown in fig.3, and the
horizontal power computed from them is presented in fig.4.

Section “MPB data” in the catalog

The second basic section of the catalog, “MPB data”, is envisaged to provide information
about all midlatitude positive bays registered at the Panagjurishte station (PAG). First, the substorms
are to be identified. The substorms are being detected by the inspection of the magnetic data of the
IMAGE meridional chain including the IL IMAGE index and the obtained horizontal power at
Panagjurishte together. Data of INTERMAGNET and SuperMAG stations in the longitudinal band 90°-
104° GMLon (near the longitude of the PAG station (~97° GMLon), are also used to follow the
substorms development.
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For each substorm its midlatitude display — positive bay — at the station PAG (Bulgaria) was
examined and a file with chosen parameters was created.

In the beginning of every file the date and the difference between local and universal time (LT-
UT) for Panagjurishte are written, the UT for the sunrise and sunset at Panagjurishte for the substorm
day, and the MLT at the positive bay onset. After that, some parameters of the relevant MPB are
included, namely the time of the positive bay onset, the time of the MPB maximum, the MPB
amplitude and the time of the MPB end. These parameters are being determined by the X component
of the magnetic field, obtained after the main field subtraction, estimated by a smoothed spline through
the midnight points of 25 consecutive days, centered on the considered day, and the following removal
of the mean field caused by solar quiet day variations, obtained by superposed epoch analysis, and
high-pass filtration. In fig.5 (a), the original X component from 20 UT to 24 UT on 03.09.2013 and the
computed smoothed spline are presented, in fig.5 (b) — the resulting X after the main field subtracted
this way, in fig.5 (c) — the obtained X after the processing, and in fig.5 (d) — the original X data, the
average of the day subtracted, for comparison with the got result. The way of determination of the
MPB parameters is shown by the red lines, as follows:

e time of the positive bay onset — vertical line (1);

e time of the positive bay maximum — vertical line (2);

e amplitude of the X-component — arrowed line (3);

e time of the positive bay end — vertical line (4).

The parameter values are obtained from the computed numerical X data. It is seen, that the
midlatitude positive bay on 03.09.2013, obtained after our processing procedure (fig.5 (c)) and the
MPB after subtracting the average value of the day (fig.5 (d)), are practically identic. The times of the
MPB onset, maximum and end coincide. The amplitudes are 19.5 nT and 19.1 nT by our result (fig.5
(c)) and the average value subtraction (fig.5 (d)), respectively.
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Fig. 5. An example of the determination of the MPB parameters. We have chosen an isolated substorm, namely
the one at 23 UT on 03 September 2013.
() Original X data from 20 UT to 24 UT on 03.09.2013 and the smoothed spline by the midnight points,
computed from 25 days long series, centered on the considered day;

(b) X component obtained after the subtraction of the main field estimated by the way mentioned above.

(c) X component, main field under quiet conditions and mean field caused by solar quiet day variations
removed. The manner to determine the MPB parameters is presented by straight lines, enumerated as
follows: (1) time of the positive bay onset; (2) time of the positive bay maximum; (3) amplitude of the X-

component; (4) time of the positive bay end;

(d) The estimation of the MPB parameters, when the average day value was subtracted from the original data (as
it is done by the INTERMAGNET data base). The meaning of the lines is the same as in (c).
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Summary

A substorms catalog including the X and Y components variations and the horizontal power of
the magnetic field, the main field under quiet conditions and the mean solar quiet day removed, and
the positive bays characteristics by data of the midlatitude Bulgarian station Panagjurishte (PAG) is
being created for the first time. The catalog is FTP positioned with preliminary address
https://magnetic.nuclearmodels.net/Catalog_MPB/Stations/Panagjurishte/ . Later this catalog will be
located in the website of the Space Research and Technology Institute (SRTI) of the Bulgarian
Academy of Sciences. Section “Magnetic field data” is completed. Tools for data preprocessing and
processing have been developed. The Panagjurishte (PAG) one minute magnetic data since 2007
have been processed and the results uploaded in the catalog. Section “Substorm data” is under
construction. The substorms during January and February 2013 have been identified. The
characteristics of the positive bays were determined.

The work on the development of the catalog of positive magnetic bays during substorms will
be continued. The catalog will be used to work out the tasks of a joint bilateral project Bulgaria-Russia.

We plan also to implement permanent processing of the newly registered data and thus to
keep the catalog up to date.

This work could be useful for further studies. The processing tools could be applied for other
European stations data to form a dataset and to obtain the midlatitude positive bay (MPB) index. This
will allow to implement a complex analysis of the space-temporal characteristics of the magnetic
substorms at midlattitudes and auroral latitudes in order to reveal the peculiarities of the spreading of
the geomagnetic disturbances to midlattitudes depending on the conditions of the near-Earth space
weather.
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Pe3rome: B pabome npedcmaeneHbl gapuaHmbl epyrnnogol KoppeKuuu CpedHUX 3HadyeHul UUKIo8
| + IX. Tak kak npu cornocmasrieHuU MPOMSKEHHbIX (hpasMeHmMOo8 JIoKallbHble HEeBA3KU OaHHbIX uz2parom
MEHbWY POrib, MO OnupasiCb Ha UHMezpasbHble OUEHKU amux ¢hpazmeHmos (6e3 demarnu3sayuu Ux «CrOXHOU»
ucmopuu ¢hopmuposaHusi) Mbl rioflydaem 6oree 838eWEHHbIe UHMeps8asbHble OUeHKU. [lapamempsbi
UHMepsarnoes (2pynmn yukios) 00cmoeepHo0 psida Criy»xam 0CHOB0U KOpPeKyuU.

MHozue uccnedosamenu ucrnonb3dytom psd Yucen Bonbgha (unu onuparowuecss Ha He20 rokasaHusi) C
y4emom 80CcCmaHo8/IeHHbIX 0aHHbIX. Ho npu 06beOUHeHUU OmpPbIBOYHbIX OaHHbIX C Pa3NUYHbLIMU M/10MHOCMbIO
HabndeHul, amnumyOHbIM paspeweHueM U MacuwmabupogaHUeM UCKa3smcs, eCmeCcmeeHHO, J10KallbHbIe
Xapakmepucmuku peaucmpupyemMozo rpoyecca U 83auMOoCssi3b 8pEMEHHbIX hpaeMeHmMo8 pasHo20 Macwmaba.

Hpyaue asmopsbi, cdumasi amu OaHHble HeHaleXHbIMU, Onupalmcss mosibKo Ha 00cmoeepHbIli psio
Wtool. lpu amom «nogucarom» noHAMuUsi (CmMpyKkmypbl) cghopMupo8aHHble € oropol xomsi bbl Ha 4Yacmb
goccmaHosrneHHbIx 0aHHbIX. Ljukn adcbepaa — spkuli momy ripumep.

MATCHING OF PARAMETERS OF RESTORED AND RELIABLE CYCLES
OF A SERIES OF WOLF NUMBERS

Igor Shibaev

IZMIRAN, Troitsk, Russia
e-mail: ishib@izmiran.ru

Keywords: Wolf's numbers, solar cycle, Dalton minimum, Gleissberg cycle

Abstract: The work is based on the Zurich series of average monthly Wolf numbers W (W = Wrest U
Wtool), which includes the reconstructed Wrest series (from 1749 to 1849) and a number of reliable Wtool data
(regular instrumental observations from 1849 to the present). Many researchers use a series of Wolf numbers (or
readings based on it) taking into account the recovered data. When combining fragmentary data with different
densities of observations, amplitude resolution and scaling, the local characteristics of the recorded process and
the relationship of time fragments of different scales will naturally be distorted. All this manifested itself during the
formation of the restored Wrest series, but little attention is paid to this, although the influence of these factors
has not been evaluated.

Other authors, considering these data unreliable, rely only on the reliable Wtool series. At the same time,
concepts (structures) "hang" generated based on at least part of the recovered data. The Gleisberg cycle is a
vivid example of this, since the concept of the "Gleisberg cycle" arose from the analysis of a small amount of data
with varying degrees of reliability, and with the key role of cycles V+VII from the reconstructed series. The growth
of the Gleisberg cycle period with an increase in the proportion of reliable data illustrates this well.

In this paper, the variants of the group correction of the average values of cycles | + IX are presented.
Since local data inconsistencies play a smaller role when comparing extended fragments, relying on integral
estimates of these fragments (without detailing their "complex" formation history), we obtain more weighted
interval estimates. The parameters of intervals (groups of cycles) of a reliable series serve as the basis for
correction.

BBeaeHune

Pabota onupaeTca Ha LIOPUXCKUIN pag cpeaHemecsyHblx yncen Bonbda W (W = Wrest U
Wtool), koTopbiin BkMoyaeT BoccTaHoBNEHHbIN psaa Wrest (¢ 1749 . no 1849 r.) un psag 4OCTOBEPHbBIX
OaHHbIX Wtool (perynsipHble MHCTpyMeHTanbHble HabnogeHus ¢ 1849 r. no HacTtosiwee Bpems).
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MHorve nccnegosateny Mcnonb3yoT pag uncen Bonbda (Mnn onvparowmecs Ha Hero nokasaHus) C
YYETOM BOCCT@HOBMEHHbLIX AaHHbIX. HO npu obbeanHeHMM OTPbIBOYHBIX AAHHBLIX C Pa3NUYHbIMU
NAOTHOCTBbIO  HabrnogeHun, amniuTyaHbIM — paspelleHveM UM MacwtabupoBaHueM  UCKassaTes,
€CTEeCTBEHHO, NoKarbHble XapakTepUCTUKU perncTpupyemMoro npouecca v B3auMOCBSI3b BPEMEHHbIX
(hparmeHTOB pasHoro maclitaba. Bcé ato npossunoce npn hopMMpoBaHUM BOCCTAHOBIIEHHOMO psiaa
Wrest [1, Fig.2], HO Ha 3TO obpalalT Mano BHMMaHUSA, XOTA BNUSHME 3TUX (aKTOPOB He
OLeHMBanocs.

Opyrve aBTOpbI, cYMTas 3TV AaHHble HEHAAEXHBIMMW, ONMPAOTCA TOMLKO HA LOCTOBEPHbLIN psif,
Witool. Mpn 3aTomM «noBucatT» NOHATUS (CTPYKTYpbl) ChOpMMPOBAHHLIE C OMOPON XOTS Obl HA YacTb
BOCCTAHOBIEHHbIX AaHHbiX. LlMkn nsancbepra [2] — Apkuin npymep TOMY, T. K. MOHATUE LMK
Mmancbepra» BO3HUKMNO M3 aHanm3a HeOOMbLWIOro OObeMa AaHHbIX, MMEKLIMX PasfUYHYl0 CTeneHb
OOCTOBEPHOCTU, U C KntoveBon ponbto uuknoB V+VIlI (MMHMMYM [dansTtoHa) m3 BOCCTAHOBIIEHHOIO
psga. OTmeyeHHbln B pabote [3] pocT nepuoga uukna [nsancbepra ¢ yBenvyeHWem Oonm
OO0CTOBEPHbIX AaHHbIX XOPOLLO 3TO MUIMIOCTPUPYET.

MogpobHbin aHanus psga W ¢ 1749 r. no 2005 r. npoBegeH B Bonee paHHen nybnukauuu
aBTopa [4], roe BblgeneHa 150-neTHAA rapmoHuKa, XapakTepHas Ans AOCTOBEPHOM 4acTu psga.
CpaBHeHue criekTpanbHbIX KOMAOHEHT U aHanu3 UX rmagkocTu nokasars CyLIEeCTBEHHbIE OTNYUSA B UX
nosegeHun ana Wrest n Wtool (HecormacoBaHHOCTb XapakKTEPUCTUK psaoB). Takke pasHATCS
cTatucTudeckne xapakrepuctmks rpynn uyuknos |+ IX un X += XXl cooTBETCTBYHOLLMX
BOCCTAHOBJIEHHOMY W [0OCTOBEpPHOMY psgam. CTeneHb WCKaXeHW, npu 3TOM, BO3pacTaer C
yOaneHVeM B MPOLUNIOE U MEHEEe UCKaXKEHbl XapaKTepPUCTUKN BPEMEHHOW obracTu npuMbIKaloLWen K
1849 r.,, T.e. obnactb ymknos VIII + IX. Takke oTMeTuM, 4To y uuknoe |, V un VIl aHoManbHO AnVHHbIE
BETBM pocTa — Gonee nonoBuHbI LMka. Kpome 3Toro, MHTepBarbHble OLEHKM psgoB [5] nokasanu
NPOTMBOPEYMBOCTb NapameTpoB camoro psaa Wrest.

B aton paboTe npeactaBneHbl BapuMaHThbl FPYNNOBOWM KOPPEKLMW CPEeOHMX 3HAYEHUI LUKMoB | +
IX. Tak kak nNpy COMOCTaBNEHUWN MPOTSAXKEHHbIX (PparMeHTOB NOKanbHble HEBA3KM AaHHbIX UrparoT
MEHbLUYI pofb, TO ONUPasiCb Ha WHTerpanbHble OUEeHKU 3TUX oparmMeHToB (6e3 aetanusauum mx
KCMOXHON» uctopum popMmMpoBaHUsl) Mbl MofyvyaeM 6onee B3BeLUEHHble WHTEpBarnbHble OLEHKM.
MapameTpbl MHTEPBAnNoB (rpynn UMKIOB) AOCTOBEPHOIO psga Cny>aT OCHOBOW KOPPEKLUN.

MHTepBaﬂbele OLUEeHKM pAaoB 4Yepes rpynnbl UUKNOB

EctecTBeHHO cpaBHMBaTb rpynnbl C OAMHAKOBBLIM KOMMYECTBOM LWKIMOB, Torga [AOeBATU
BOCCTaHOBMEHHbIM Uuknam 1+9 (rpynna GO) mMoxHO conoctaBuTb wecTb rpynn G1+G6 no geeATb
UMKNoB M3 goctoBepHon Yactu psga Wtool: 10+18, 11+19, 12+20, 13+21, 14+22, 15+23. Kaxgon
rpynne comnoctaBuM CyMMapHble ANUTENbHOCTb UMknoB T v nnowans uuknos >Sq B rpynne, 3a
OLEeHKy «cpepHero» 3HadeHuss W B rpynne Bo3bMeM w=XSq/2T. [na rpynnbl BOCCTaHOBMEHHbIX
uuknos GO atu napameTpbl paBHbl: £T¢=1209 mec., ¥Sqo= 56713.65, wo ~ 46.91. Knaccudukarms
LUMKIOB MO ANUTENbHOCTU («ANMHHBIE» UMKNbl ¢ Tc>133 mMec. n «KopoTkme» umknbl Tc<133 mec.)
no3Bonuiia napameTp13oBaTh M annpoOKCMMMPOBATb XapaKTEPUCTMKN TPynn AOCTOBEPHbLIX LMUKMIOB [5].
Mpn npoekunn «npaBuny», nonyveHHbix Aansa rpynn G1+G6 Ha rpynny GO, nony4yeHa
HeCcornacoBaHHOCTb  ANIMTENbHOCTU U «3HEPreTUMKM» BOCCTAHOBMEHHONO psga W OTMedeHa
HeobXoAMMOCTb KOppeKuMW, B MEepBYyK oyepenb, BpeMeHHoOW CTpykTypbl psga Wrest, T e.
COOTHOLLEHUS «AMNVHHBIX» U «KOPOTKUX» UMKNOB. bornee peanncTMyHbIM CLeHapusiM COOTBETCTBYET
NL = 3 (£T= 1159.0 mecsueB -- cpegHee 3HayeHve no rpynnam G1+G6) u N = 2. Mbl Bygem
onupaTbCs Ha 3aBUCMMOCTb W=XSq/XT OT konuyecTBa «AnNMHHbIX» LmknoB Ny B rpynne (Puc. 1), rge
cBaAsm ET(NL) n ZSq(NL) ¢ NLans rpynn no 9 4OCTOBEPHBIX LUKIOB B3ATbl 13 paboThl [5].

Mcnonb3yem 3Ty CBA3b ANA KOppeKUun cpeaHnx 3HadyeHnn umknos rpynnbl GO.
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Puc. 1. 3aBUCMMOCTb CpefHEero 3Ha4eHns Lmkna B rpynne
OT KOnM4ecTBa «ANMHHBLIX» uuknoe N B rpynne.
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Koppekuusi cpeaHuX 3Ha4eHU BOCCTAaHOBNEHHbIX LUKIOB

Bugnm, yto 3HayeHusam N < 4 cooTBeTcTByeT obnactb ¢ w > w, OueHuM nposiBneHue
BO3POCLLEro 3Ha4YeHUsA W rpynnbl BOCCTAHOBMEHHbIX LMKMIOB B NapameTpax MHANBMAYarbHbIX LIMKIOB.
Mnowage GonbwnHcTBa Uuknos rpynnsl GO 6onblwe (Mnu okono) cpegHero 3HadeHus 6301.52 u
€CTEeCTBEHHO OTHECTU NpUpPOCT (£Sq — £Sqo) K MMHUMYMY [lansToHa (cBA3aTb NPUPOCT C Koppekunen
MuHuMyma [OanbtoHa). TabnuyHble cpegHuMe 3HavYeHuMsl UMKIIOB  BOCCTaAHOBMEHHOro  psiaa
npeactasneHbl Ha Puc. 2, rae, Ans HarmsiAHOCTU, CNMOLUHOW NUHME oTMeYeHo cpeaHee (~ 26.48) ot
CpeaHUX 3HaYeHUN UMKMNoB 5 + 7. OTHOCS BO3POCLUYIO «3HEPreTuKy» BCEX AeBATU LMKIOB K 3TUM TPEM
NpPoOGnemMHbIM LMKnaMm, Moflyuynm npupocT cpegHero 3HadeHus (w-w0)x9/3 ons Kaxgoro M3 HUX.
WNToroBble cpedHue YpPOBHU OJ11 CKOPPEKTUPOBAHHBLIX CPeAHWX 3HaYeHWA LMKNOB 5 + 7 OTMeYeHbl
NYHKTUPHBLIMKU NMHUSAMU. BapuaHTy N.=3 -- «B3BelleHHasa oueHka AnuHbl rpynnel GO», cooTBeTCTBYET
ypoBeHb 59.15 (dhakTmyeckm HuMBeNupyetcs MUHUMYM [lanbtoHa) M BO3MOXHO (hopMMpOBaHME
MakcMMyma C YpoBHeM 77.15 anga BapuaHTta ¢ N =2.
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Puc. 2. CpegHue 3HayeHus umknos 1+ 9; ocb 0X — HOMeEp UuKna.

3aknro4veHue

Mpn conocTtaBneHMn MNPOTSKEHHbIX (ParMeHTOB roKanbHasi HeBA3Ka [aHHbIX urpaet
MEHbLIYD pornb W nonyyaloTcs 6Oonee B3BelleHHble oueHkU. Knaccudmkaumst LMKNOB MO
ONUTENBHOCTM MO3BONSIeT onucaTb CBA3b Mexay napameTpamMu OOCTOBEPHbIX LMKMOB U Mokas3aTb
NPOTUBOPEYNBOCTb ITUX MAPaAMETPOB ANs rpynnbl LMknoB 1+9. MNMpuBeaeHHbIN cueHapuin cBA3bIBaeT
corracoBaHue napaMeTpoB BOCCTAHOBIIEHHOMO psida C KOppekuuen MuHuMmyma [anbToHa, 4To
OOIMKHO OTPa3nTbCs B XapakTepucTukax uvkna Mancbepra.

OTMeTUM, YTO KPpUTUYECKOE OTHOLLEHUE K BOCCTAHOBIIEHHOMY psily BbipaXkaeT psg aBTOpPOB
ewé B Tpyaax cummnosmyma 1978 r. -- «ConHe4yHo-3eMHble CBsI3M, noroga u knumat» [6]. MNMonbiTka
cbanaHcupoBaTb BPEMEHHbIE XapaKTepucTuku umknoB psga Wrest 3a cyeT «noTepsAHHOro» uuMKna
npeanpuHaTa B pabote [7].
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Abstract: Recently the methods of machine learning, deep learning (neural networks) have been used
intensively in scientific research and to suit many applications. This paper attempts to analyse and forecast the
Wolf number series cycles using machine learning algorithms. The applied class of algorithms is decision-tree
ensembles like the Random Forest and the Gradient Boosting (the XGBoost realisation). The quality of designed
algorithms was evaluated based on the three suspended cycles 22-24, the forecast for cycle 25 was provided.
The comparison of algorithm forecasting results for the old and new versions of WSN revealed the improved
forecasting quality for the old version of the series compared to the new one.
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MrY umenu M. B. JlomoHocosa, Mocksa, Poccusi
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Knroveenle cnoea: yucna Bonbgha, mawuHHoe obyyeHue, XGBoost

Pesrome: B nocnedHue 200bi Memodbl MauwuHHO20 obydyeHusi (ML), arnybokoe obyyeHue (HelUpOHHbIe
cemu) ece aKkmueHee 8HeOPsIOMCS U UCTO/b3YIOMCS 8 WUPOKOM Kpyee Hay4HbIX ucciedoeaHuli u npukmnadHbiX
3aday. B daHHol pabome, npuMeHsis an2opummbl MawuUHHO20 0ByyeHusi, MpednpuHama nonbimKa aHanusa u
rpoeHo3uposaHusi yuknos psida yucen Bonbgpa WSN V.2. Vcrionb3yembili knacc ansopummos — aHcambriu
Oepesbes pelweHul: criyqalHbil nec (Random Forest) u Gradient Boosting(peanusayus XGBoost). Kayuecmeo
MOCMPOEHHbIX arneopummo8 OUEHUBAeMmCsl Ha mpex OMIIOXEHHbIX Yuknax: 22-24, makxke rnocmpoeH npo2HO3
ona 25 yukna WSN v.2. llpu cpasHeHuUuU pe3ynbmamos rnpogHo3uposaHusi aneopummos Ha WSN v.1 u v.2
omMeYeHo yryqweHue Kkayecmea rpedckasaHull 0518 cmapot eepcuu psda(v.1) no cpagHeHuUro ¢ V.2.

Data preprocessing

The most crucial stage of data analysis and model development in the ML is data pre-
processing. For better discerning of regularities, the WSN v.2 [1] series without quasi-two-year
components (periods less than 2 years) averaged by 13 months was used. The obtained smoothed
WSN_smooth series is shown in Fig. 1.
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Fig. 1. WSN v.2 series without quasi-two-year components
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Due to incompletion and gaps in the data, cycles from 1 to 9 were discarded and not used in the
analysis and forecasting [2]. To increase the dataset amount, the WSN_smooth series was duplicated
twice from the cycle 10. For example, to forecast the cycle 22, the part of the series from cycle 10 to
cycle 21 was repeated twice.

In the ML, objects are characterised with the set of numeric parameters (features), to which target
variables (targets) are associated. The general problem is to learn to restore the desired regularity
using the set of known objects (the training dataset) and the corresponding target vector. As the new
set of objects (the test dataset) is obtained, the ML algorithms forecast the target vector.

In this paper, the algorithm for the creation of the training dataset is as follows: the current
value of the series (target) X; is forecasted using the previous k values: X¢—x , ..., Xt—1. To help

algorithms discern long-period components of the series, the k=831 was selected (it corresponds to
about 6 cycle lengths). The training dataset was created using the slide along the WSN_smooth
series. The training dataset and the target vector are shown schematically below.

X1 "t Xgm Xg32
Dataset: : S target:
Xt-g31 " Xt-1 Xt

Now will be considered in more detail the process of the solution to forecast the cycle 22. To create the
training dataset and target vector, the WSN_smooth series from double-length cycles 10 to 21, which
was processed to the end with the slide algorithm, was used as a base. The ML algorithms were

. . , ‘ed
adjusted based on the results obtained. To forecast the first value xfm of suspended cycle 22, the k

. . ed
of previous values was used. To forecast the n point of suspended cycle xrﬁ”e , the already forecasted
‘ed ed .
.Xfre , .--.Xf:}_el values of cycle and kK —n 4+ 1 values of previous cycles were used. To forecast
cycle 23, the twice-duplicated WSN_smooth series from cycles 10 to 22 was processed to the end
with the slide algorithm; the further solution scheme is the same. To forecast the cycle 24, the twice-
duplicated WSN_smooth series from cycles 10 to 23 was processed to the end with the slide
algorithm, and so on.

Data analysis algorithms

Parameters of machine learning models are of two types: internal and hyperparameters. The
model seeks the internal those automatically based on the dataset and target vector. Hyperparameters
should be set up by a researcher who should vary the values; models will discern regularities in the
data better or worse, and the error function will be larger or smaller respectively for the new (or
suspended) data. In this paper, adjustable hyperparameters of the Random Forest Regressor
algorithm were: n_estimators (the number of trees in the algorithm), max_features (the number of
flags to choose the splitting), min_samples_leaf (the limitation for the number of samples in the leaf).
Parameters of the XGBoost Regressor algorithm were: n_estimators (the number of trees in the
algorithm), learning_rate (the learning rate), subsample (the part of the dataset used for learning),
max_depth (the maximum depth of trees), min_samples_leaf (the limitation for the number of samples
in the leaf). To evaluate the forecasting quality of the suspended cycle model, the RMSE error function

o | 2 - . .
(the root-mean-square error, Jl/m }'Zl(xf’ ue _ xf”"d) , m is the number of points in the cycle)

was used. The optimum parameter values for the models were adjusted by varying the
hyperparameter values and obtaining the forecast error function in cycles 22 to 24. For example, the
RMSE distribution for cycle 22 of one of the Random Forest models with various combinations of
value pairs for max_features and min_samples_leaf parameters is shown in Fig. 2.
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Fig. 2. RMSE error matrix at cycle 22

Cycle’s predictions

For steadier forecasting, several models were developed, and forecasts for them were
averaged. Five models were used in forecasting; three of them (rf1, rf3, rf4) relate to Random Forest
Regressor and two (xgh5, xgh6) to XGBoost Regressor. Besides the rf4, all models were trained using
duplicated series; the rf4 was trained based on the dataset created from the WSN_smooth series with
no repetitions, which increased the variety of algorithms. As a rule, the forecasting averaging force for
several algorithms (the ensemble) increases as the variety in the ensemble rises. The forecasting
results for models and their averaged forecasts for cycles 22 to 24 respectively are shown in Fig. 3-5.
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Fig. 3. Model predictions for cycle 22 (left) and their average (right)

cycle 23
cycle 23
175 - — cycle 23
2l cycle23 —— average forecast
£y 2 150
@ 125
=
o
> 100
_U\
g
9 s
(5]
50 -
25
40 60 80 100 120 140 0 20 40 60 80 100 120 140
cycle point index cycle point index

Fig. 4. Model predictions for cycle 23 (left) and their average (right)
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Fig. 5. Model predictions for cycle 24 (left) and their average (right)

It is worth noting that the minimum point between the previous and new cycles was accepted as the
new cycle start in the smoothed WSN_smooth series. Even insignificant shifting of the cycle start by 4-
6 points often results in the notable changes in the model forecast.

Model forecasts for cycle 25 are shown in fig.6.
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Fig. 6. Model predictions for cycle 25 (left) and their (no rf4) average (right)

As it is seen, the rf4 model fails on cycle 25, but if it is adjusted using the dataset obtained
from the WSN_smooth series using the duplication, then the forecast complying to those for other
models will be obtained. The averaged forecast of the new cycle without including the forecast for the
rf4 model is shown in fig.6.

Comparing WSN v.1to v.2

Besides the analysis of the WSN v.2 series with no quasi-two-year components
(WSN_smooth), the machine learning methods were used to study the classic WSN v.1 and WSN v.2
series. The training dataset creation scheme and the adjustment of parameters using suspended
cycles are the same. For WSN v.1, the Random Forest-class algorithms are steadier in
hyperparameters. It means that it is easy to adjust the parameter value ranges, in which the error is
minimised at once for all three suspended cycles. For WSN v.2, hyperparameter value ranges that
minimise the error in cycles 22 and 24 do not match. Fig.7-9 shows distributions of error (RMSE) in
cycles 22 to 24 for WSN v.1 and v.2 by values of max_features, min_samples_leaf parameters of one
of the Random Forest models.
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It is clearly seen that for v.1, the minimum points in suspended cycles are reached in the same
range (below the secondary diagonal of the error matrix). For v.2, these ranges almost do not
intersect, which is a characteristic pattern. Analysing the forecast results for different models, it may be
said that, on average, for v.1, algorithms restore better the regularities of the series and are steadier
than for v.2. It might be associated with the supplementary noisiness of the new version of series after
the transformation of v.1 into v.2 [3] (fig.10).
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Fig. 10. Ratio WSN v.2 to WSN v.1

Results

This paper attempted to restore the dynamics of smoothed Wolf number series (with no two-
year components) using the machine learning algorithm. The quality of forecasting models was
evaluated based on cycles 22 to 24, and algorithms demonstrated quite good results for suspended
data. Moreover, the forecast for the current cycle 25 was performed too. Also, the ability of algorithms
to restore regularities for WSN v.1 and v.2 was analysed. In average, the reviewed algorithms based
on decision trees restore better the regularities for WSN v.1 than for v.2. Perhaps it occurs due to the
supplementary noisiness of the new version of the Wolf humber series after the transformation of v.1
into v. 2.
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Abstract: Recently proposed mechanism for ozone production in the lower stratosphere, initiated by the
lower energetic electrons in Regener-Pfotzer maximum, could be additionally verified in periods of sudden
decreases in cosmic rays intensity, known as Forbush decreases (FD). The strongest geomagnetic storm during
the 24-th solar cycle (known as the St. Patrick’s day storm) is characterised by a significant Forbush decrease.
Analysis of time series of different neutron monitors (NM) reveals that FD accompanying the geomagnetic storm
is not recorded simultaneously in NMs spread over the world. This situation allows us to compare the local ozone
profiles’ responses to the different spatial-temporal variability of cosmic rays intensity. The ozone profiles have
been examined within the entire March and their values before and during the Forbush decrease are compared. It
was confirmed that weakening of particles flux, entering Earth’s atmosphere, is followed by immediate changes in
ozone profile — different in the upper and lower stratosphere. Particularly, the lower stratospheric ozone
demonstrates high sensitivity to the level of cosmic radiation — decreasing significantly with its depletion.

BJIIMAHUE HA ®OPBYLU NOHWXEHUETO B UHTEH3UTETA HA KOCMUYHUTE
b4 OT MAPT 2015 BbPXY NPOPUITUTE HA ATMOCOEPHUA O30H

HaTtanusa Kunudapcka, LiBetennHa BennukoBa

WHcmumym 3a udcnedsaHe Ha Knumama, ammocgepama u eodume — bAH
e-mail: natalya_kilifarska@yahoo.co.uk; joy_real@abv.bg

Knrovyoeu dymu: ceomazHumHa 6ypsi, @opbyw noHUXeHuUe, 030HEH npoghur

Pesrome:. BanudHocmma Ha nipednoxeHusi 8 nocnedHume 200UHU MexaHU3bM 3a npou3soocmeo Ha
030H 8 HUCKama cmpamocghepa — 8 pe3ysimam om akmueupaHemo Ha UOHHO-MOMEKYNsapHU peakyuu 8
Mmakcumyma Ha PezeHep-lghomcep — moxe Oa 6v0e nposepeH 8 nepuodu Ha 8HeE3arHO MOHUXEHUE Ha Momoka
KOCMUYHU NbYu, u3eecmeH kamo @opbyw rnoHuxeHus. Hali-cunHama eeomazHumHa 6yps 8 npomexeHue Ha
24-51 cnibHYe8 UUKbJ, udsecmHa kamo 6ypsma e OeHs Ha Cs. [Mampuk, e cbrnposodeHa CbC 3Ha4YUMesIHO
®@opbyw noHuxeHue. lHmepecHo e da ce ombernexu, 4ye ps3bK cnad 8 mocmubrigawama Kocmuyecka paduayusi
e peaucmpupaH om HaseMHo-6a3upaHama Mpexa Oom HeympOHHU MOHUMOPU, 8 Pa3/iuyHU MOMEeHmU Oom
pazsumuemo Ha bypsma u HellHomoO rocmerneHHO 3amuxeaHe. Toea Hu Oade 8b3MOXHOCM 0a CpasHUM
uaMeHeHusima 8 rnpoghuiume Ha 030Ha 8 3ag8UCUMOCM Om JI0Ka/THOMO rposierieHue Ha @opbyw NMoHUXXeHUemo.
Hacmosuwiomo u3cnedsaHe nomebpxdasa ycmaHoseHUssm rpedu ¢hakm, 4e omcrnabeaHemo Ha MOMoOKa
Kocmuyecka paduayusi e Ccbrpos8o0eHO C He3abasHU MPOMEeHU 8 Mpoghuiume Ha 030Ha — pas/iudHU 8b8
sucokama u 8 Huckama cmpamocegepa. B yacmHocm, nombmHOcmma Ha O30Ha 8 Huckama cmpamocgepa
Hamarisiea 3Ha4umeJsiHO C HaMasisisaHemo Ha UHmMeH3umema Ha KocMu4Yeckume fbyu docmueawu 00 3eMHama
rnoebpxHoCcM.

Introduction

The St. Patrick’s day storm in March 2015 appears after the solar explosion from the western,
geo-effective region on the solar disk, which triggers a partial halo coronal mass ejection, propagating
toward the Earth. The interplanetary shock wave, sweeping the Earth after that, is accompanied by a
significant Forbush decrease (FD), measured by various detectors. The analysis of the onset time of
FD shows that many neutron monitors counted it simultaneously. However, peculiarities have been
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found in some of them. As an illustration of this effect, Fig. 1 presents the temporal variability of the FD
onsets in three high altitude neutron monitors — Lomnicky Stit (LMKT; R=3.84, Alt=2634 m), Emilio
Segre Observatory in Israel (ESOI; R=10.75, Alt=2055 m) and Tibet (TIBT; R=14.1; H=4300 m). Note

the pre-storm reduction of cosmic ray (CR) flux in LMKS and its post-storm decrease in ESOI
observatory, shown in Fig. 1.

A.) Neutron Monitors data for March 2015 B.) Neutron Monitors data for March 2015
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Fig. 1. Time series of cosmic radiation measured in several neutron monitors’ locations

According to the resent understanding, the non-simultaneous FD events occur when a
relatively weaker interplanetary magnetic cloud strikes the dusk side of the magnetosphere [1]. The
heterogeneity of the interplanetary magnetic field and disturbed magnetosphere are the main reasons
for the observed differences in FD onset time, depending more on the measuring station’s longitude
than on its latitude [2]. This situation has been exploited as a possibility to investigate the local
response of ozone profile to the short lasting decrease of the cosmic ray flux reaching the surface.

Data and methods of analysis

The hourly values of neutron monitors counting rates have been derived by the freely
available data at NMDB portal: http://www0l.nmdb.eu and the IZMIRAN data server:
http://cr0.izmiran.ru/common/links.htm. Provided data are pressure and efficiency corrected. The
relative changes in cosmic radiation in % are calculated as deviations from the monthly mean values,
normalised by the same mean and multiplied by 100.

Gridded data for a atmospheric ozone profile has been taken from the ERA-Interim reanalysis
http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/. The deviations from the monthly
mean values have been used for assessment of the short-term fluctuations in ozone’s profile.

Two methods have been used as quantitative estimators of similarity in temporal variability of

cosmic radiation and ozone profiles — the classical cross-correlation method and the artificial neural
network one.

Results

The spatial distribution of the cosmic ray Forbush decrease (FD) in March 2015 has been
constructed from observatories, participating in the world neutron monitors network, with altitude less
than 500 m. above the sea level (see Fig. 2). Note the heterogeneously distributed FD being more
significant in regions with stronger longitudinal magnetic gradient.

Two monitors — APTY (67.57°N; 33.39°E) and ESOI (33.3°N; 35.8°E) — have been selected for
analysis of the ozone response to the reduced CR intensity. They have different geomagnetic rigidity
(R) what means that particles with different energies and different origin are able to affect the ozone
profiles over both observatories. At the same time the two monitors are placed near 30°E longitude,
which excludes the potential influence of the geomagnetic field longitudinal gradient. Moreover, the FD
onset in both observatories is shifted by four days, allowing us to analyse the ozone response to the
global (storm related) and local changes of the atmospheric ionization.

The daily Os profiles over Apatite, shown in Fig. 3, illustrate fairly well the ozone sensitivity to
the variations in arriving cosmic rays. Note that the Forbush decrease commencement is followed by
a reduction of ozone density in the upper stratosphere, and its pile up in the lower stratosphere —
starting at March 18, 2015. The low magnetic rigidity of APTY indicates that it is freely accessible to
the CR, arriving along the open geomagnetic field lines.
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Fig. 2. Map of Forbush decrease in March 2015 as measured in the ground-based network of neutron monitors
with elevation above the sea level less than 500 m (green shading) and differently sized stars. Note that larger
stars denote higher cosmic ray intensity. Overdrawn is the longitudinal gradient of the geomagnetic field
(contours).

When the interplanetary shock wave pass the Earth, the solar plasma propagates in polar
stratosphere, activating ozone reduction — through direct dissociation or through activation of ozone
destroying chemical reactions. The reduced optical thickness of the upper stratospheric ozone allows
penetration of solar ultraviolet radiation deeper in the lower stratosphere, where it activates the ozone
self-restoration [3]. As a result a short lasting enhancement of the lower stratospheric ozone density is
detected (right panel in Fig. 3).
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Fig. 3. Ozone profiles over Apatite before, during and after the geomagnetic storm at 17-18 March 2015.
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Fig. 4. Ozone profile over Emilio Segre Observatory and its variability during geomagnetic
storm in 17-18 March 2015
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On the other hand, the ESOI site is assessable mainly to the radiation trapped in Earth’s
radiation belts. This explains the smallest Os response over ESOI observatory to the global
geomagnetic storm of March 17-18, 2015 (see Fig. 4). The weak positive anomalies in Oz mixing ratio,
between 50 and 200 hPa, starts at March 17 and continue until the onset of FD in March 21. This
enhancement of the lower stratospheric Oz is accompanied by ozone depletion at upper stratospheric
levels. The latter fact is an indication of the self-restoration mechanism standing behind the positive
ozone anomalies in the lower stratosphere.

The ozone response to the FD commencement in March 21-22 at Emilio Segre Observatory is
shown in Fig. 5. Note the strong enhancement of Oz density in the middle stratosphere (7-30 hPa),
following the recovery of the cosmic radiation after the Forbush decrease. A short-lasting weaker peak
is visible also near 100 hPa. In this case the raise of the lower stratospheric ozone density could not
be attributed to the self-restoration mechanism, due to the strongest ozone enhancement in the upper
stratosphere. Consequently, the only possible explanation is the activation of the ion-molecular
reactions of ozone production [4].
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Fig. 5. Response of ozone profile over Emilio Segre Observatory to the
Forbush decrease in March 21-22, 2015
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Fig. 6. (A.) Cross-correlation between galactic cosmic rays measured in Apatite (red contour) and Emilio Segre
Observatory (blue contour), and corresponding ozone profiles over both sites; (B.) Similarity in temporal evolution
of Oz density and cosmic radiation measured at Apatite (black contour) and Emilio Segre Observatory
(red contours) during the March 2015

Furthermore, we have assessed the rate of connection between temporal variability of
incoming cosmic radiation and Os profiles (see Fig. 6). The left panel in the figure shows the cross-
correlation coefficients between neutron monitors’ records for March 2015 and temporal variations of
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daily ozone anomalies at each meteorological level. The figure shows a strong positive correlation of
upper stratospheric ozone and cosmic radiation reaching the Apatite neutron monitor. The lower
stratospheric O3z over Apatite is moderately correlated with cosmic radiation, but with opposite sign.
The strength of CR-0zone relation over Emilio Segre Observatory is weaker and more complicated.
Correlation coefficients above 0.5 are found in the upper stratosphere, as well as at 50-70 hPa. Unlike
the Apatite, where the tropospheric Oz does not correlate with cosmic radiation, the temporal
variations of both variables over Israel are moderately synchronised, and their correlation coefficients
are between 0.4 and 0.5.

Having in mind the non-linear character of analysed data records, we have estimated the
similarities in their temporal variability by the use of the artificial neural network method. The results
are shown in Fig. 6 (B). A high degree of similarity has been found in the upper stratosphere over both
observatories. In Apatite two more peaks of similarity are visible — at 30 and 225 hPa. In ESOI
observatory the highest ever similarity between cosmic radiation and Os mixing ratio is found between
175- and 225 hPa. Comparison of the results derived by the two methods shows that cross-correlation
technics give only a rough estimation of the possible relations between analysed variables. The neural
network technic is more flexible, allowing better description of height variable relation between both
variables — cosmic radiation and ozone. However, it has to be bear in mind that the anti-phase
covariance is interpreted by this method as dissimilarity.

Discussion and conclusion

The existence of secondary souse of ozone in the lower stratosphere, activated by the
atmospheric ionization produced by galactic cosmic rays, has been discovered not long ago [5]. The
current research provides more evidence for sensitivity of atmospheric ozone to the amount of the
arriving cosmic radiation. The examination of ozone’s profiles reveals that in both analysed
observatories — Apatite (67.57°N; 33.39°E) and Emilio Segre Observatory (33.3°N; 35.8°E) have been
found positive anomalies in the lower stratospheric ozone, after the onset of Forbush decrease related
to the geomagnetic storm on March 17-18, 2015. The mechanisms of ozone enhancement in both
sites, however, are different. Thus at Apatite, which is accessible for particles arriving along the open
geomagnetic field lines, the abundance in the lower stratospheric ozone density is due to the process
of ozone self-restoration, after its destruction at higher levels by the lower energy solar particles,
arriving with interplanetary magnetic shock [3].
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g. 7. Time series of Os at different pressure levels and cosmic radiation measured at Emilio Segre Observatory
in March 2015

On the other hand, the subtropical Emilio Segre Observatory in Israel is influenced mainly by
the energetic particles trapped in Earth’s radiation belts. For this reason the onset of Forbush
decrease in arrived cosmic radiation flux is followed by a depletion of the lower stratospheric ozone
density — due to the reduced amount of available atmospheric ionisation and reduced rate of ozone
production. In the period of recovery after the Forbush decrease, however, a pile up of ozone density
is found — at lower and in the upper stratospheric levels. While the upper stratospheric effect (at 5-10
hPa) could be partially attributed to the transition from winter to the summer raise of ozone density
(see the ozone time series shown in the left panel of Fig. 7), the enhancement in the lower
stratospheric ozone should be undoubtedly assigned to the raise of the atmospheric ionisation after
the Forbush decrease, and activation of additional ozone production near the Regener-Pfotzer
maximum [5, 6]. In support of our conclusion, the balloon measurements over Israel, from May 2015
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[7], shows that the level of the Regener-Pfotzer maximum is placed near 17 km, corresponding to the
~70 hPa, where the amplitude of ozone variability is higher (refer to the right panel of Fig.7).

In resume, the atmospheric ozone profile is very sensitive not only to the solar particles
related to the geo-effective solar eruptions (broadly elucidated in scientific literature), but also to the
galactic cosmic rays, and more specifically to the secondary ionisation produced by them in the lower
stratosphere. The latitude dependence of the ozone response is due to the different energies of the
impacting particles. The lower stratospheric Oz at latitudes shielded by the closed geomagnetic filed
lines is sensitive to the radiation trapped by geomagnetic filed in Van-Allen radiation belts. At the same
time, the high latitude ozone is vulnerable to the solar plasma, hitting the Earth after solar proton
events.
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Abstract: The electric response in mesosphere, stratosphere and at ground level at high latitudes during
major SEP events observed by experimental measurements during decades is characterized by systematically
peculiar and extremely large variations of the electric fields and currents. The experimental case considered
demonstrates vertical electric fields ~10 V/m in mesosphere at latitude 58.5°S during major SEP event began
from 19 October 1989 and very strong geomagnetic storm (Kp reaches 8+) on 21 October (the experimental day).
We show that the profile of vertical electric field indicates for severely reduced conductivity in the mesosphere and
upper stratosphere, and for capability of generation of extra downward electric currents below the mesosphere
during major SEP events. These last can give a key for explanation of the peculiar behavior of electric fields
measured in the stratosphere at auroral latitudes during GLE69.

XUNOTETUYHA UHTEPMNPETAUNA HA ATMOC®EPHUTE EJNIEKTPUYECKU
NOJNIETA U TOKOBE HA BUCOKU LLWPUHU USMEPEHW NO BPEME
HA CIbHYEBU NPOTOHHU CBBUTUA

MeTbp ToHeB

UHecmumym 3a kocMmuyecku usciedsaHusi U mexHosioeuu — bbrizapcka akademusi Ha Haykume
e-mail: peterton@abv.bg

Knrowoeu Oymu: enekmpoduHamuka Ha cpedHama ammocghepa, aepo3osniu, ammocgepHa
MposoduMOCm, MPOCMPaHCMBEHU e/IEKMPUYECKU 3apsiou.

Pesrome: Enekmpudeckusm OMKAUK Ha 20/1eMu C/IbHYe8U MpomoHHU cvbumusi (ClIC) s
me3ocghepama, cmpamocghepama U Ha [08bPXHOCMMA Ha BUCOKU WUPUHU, HabmodasaH 4pe3
eKcriepuMeHmarnHu usmMepeaHuss 8 npoobImkeHue Ha Oecemurniemusi, Ce Xapakmepusupa CUCMEeMHO CbC
CmpaHHU U eKCMPeMHO 8UCOKU apuayuu Ha eriekpudeckume ronema u mokoee. Pasznexda ce pakemeH
ekcriepumeHm riposedeH Ha 21.10.1989 e. Ha eeoegpaghcka wupuHa 58.5 °S, 8 kolimo o speme Ha ClIC ¢ Ha4arno
19.10.1989 2. u cunHa 2ceomacHumHa bypsi (Kp docmuea 8+) e U3MEPEHO 8epMUKaIHO e/IeKmMpPUYECKO r1osie
Ez~10 VIm e me3socghbepama. Tyk ce nokasea, 4e npogunbm Ha Ez e uHOukamop 3a cunHO HamarneHa
rnposodumMocm 8 Me3ocghepama u sucokama cmpamocaghepa, a CbUo 3a 8b3MOXXHOCMMa Mod me3ocghepama Oa
ce eeHepupam O0MbIHUMEHU HU3X00AWuU mokKose rno epeme Ha 2onemu ClIC. Toesa moxe 0a dade obsicHeHuUe
3a cmpaHHOmMo rnogedeHue Ha usMepeHuUme 8 cpedHama cmpamocgepa enleKmpuYecKU rnosaema rno epeme Ha
CrlIC Ha 20.01.2005 e.

Two experiments demonstrating effects of SEP on atmospheric electric characteristics

In this paper is given hypothetical explanation of the effects of major solar proton events
(SPEs) on atmospheric electrical characteristics in different atmospheric regions (mesosphere,
stratosphere, and at ground level) which have being experimentally observed during several decades.
From these two experiments at high and auroral latitudes during strong SPEs are studied here: i) a
rocket-borne measurements at latitude 58.5°S which yield profile of the vertical electric field E; from 20
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to 70 km [1]; and ii) a balloon-borne measurements in Antarctic middle stratosphere [2]. They
demonstrate extremely strong and unusual electric response. A short description follows:

The rocket experiment. During SPE on 19-22 October 1989 at latitude 58.5°S over Southern
Indian Ocean the profile of vertical electric field E, has been obtained in a rocket experiment [1]. The
experimental rocket flight is on 21 October at 19:31 UT when also strong geomagnetic storm takes
place with planetary geomagnetic index Kp=8 at the time of flight (during this day Kp reaches 8+). The
profile of E; is shown in Fig.1 by thick line. E; reaches extremely high values in mesosphere and upper
stratosphere: E,=+12.2 V/m at altitude z=58 km, and E,= —9.7 V/m at z=46 km. A striking fact is also
the change of sign of E;: the electric field is upward above 50 km, and downward below that altitude.
There is no satisfying explanation of these features. For comparison, by usual conductivities close to
50 km, 2 - 6 x1071* S/m, and by fair-weather current Jw=—2 pA/m? Ez should be about —-100 mV/m, i.e.
at least by two orders of magnitude smaller, or even well below that value if conductivity ¢ is enhanced
due to strong impact ionization during SPE. It should be noted that the E, peak values Epeak found are
the biggest ever measured in many tens or more similar rocket-borne experiments [1].

km

Allitude,

e . R e
-10 5 ] 5 10 15
Vertical electric fields Ez. Vim

Fig. 1. Profile of vertical electric field Ez (curve 1) at latitude 58.5° (South Indian Ocean) on 21.10.1989,
at 19:31 UT during major SPE (GLE event) and strong geomagnetic storm [1]
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Fig. 2. Time variations of the vertical electric field Ez at 31-33 km altitude during GLE 69 [2]. Dashed
vertical lines correspond to times: to=06:51 of SPE onset, t1=14:00 UT, and t2=15:54 UT.

The balloon-borne experiment. Measurements in Antarctic middle stratosphere (31-33 km)
carried out on 20 January 2005 coincide with a SPE of very hard spectrum (GLE 69) [2]. Balloon
coordinates change from (70.9°S, 10.9°W) to (71.4°S, 21.5°W) during the day. The geomagnetic
conditions are: i) quiet from the SPE onset at to=06:51 UT until t1=14:00 UT; ii) from 14:00 UT until the
end of day the geomagnetic activity is increased,; iii) after t2=15:54 UT strong geomagnetic substorm
takes place. Also, at times t1 and t2 the protons of energies <5 MeV have sudden increase, according
to GOES-10 data for the proton flux (Kokorowski et al., 2006). The observed variations of vertical
electric field E, are shown in Fig.2. For the first ~1.5 hours after to E; is close to zero. Then, until time
t1 E,<O becomes unusually large, so that the related current J, exceeds the nominal fair-weather
current Jw more than three times. At time t1 E; has a jump to about zero and remains such until time tz.
At t2 the electric field E; has another sudden jump to large positive values such that J, becomes well
larger than Jw, but now it is upward until the end of the day. These features remain unexplained.

Interpretation of rocket measurements

The stopping altitude zps of energetic protons entering the atmosphere depends approximately
by logarithmic law on their initial energy Ep, as shown below:

Ep, MeV 0.3 1 5 10 30 50 100
Zps, kKm 100 89 72 63 48 39 30

61



Any proton penetrating into the atmosphere injects an elementary positive charge
ge=1.6x10"1% C there which cannot abandon the atmosphere since their carriers have no sufficient
energy to enter the magnetosphere. Thus, uncompensated positive spatial charges injected during
SPE are being accumulated in the atmosphere. They remain uncompensated until precipitation of
electrons of the same quantity which neutralize the atmosphere. Redistribution of these
uncompensated positive charges within the atmosphere takes place before neutralization. If
conductivity is undisturbed, these charges run upwards to the base of the magnetosphere (~150 km)
and are being distributed evenly there, with no contribution to atmospheric electrical characteristics.
However, we show here that this is not always the case, because of the strong disturbance of
conductivity in middle atmosphere related to formation and growth of aerosol particles.

Altitude z, km
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Fig. 3. Profile of the electric charge density p (z) derived from Ez profile by the use of Gauss’s law

The specific E; profile in Fig.1 indicates for presence of layers of positive, as well as negative
spatial charges of large density p. These last are estimated here from the Gauss’s law diVE=pl &,
where E is the electric field, &=8.85x10" F/m is permittivity. In divE dE./dz is the only
significant term, hence, the charge density o is determined as

(1) p=é&dE;/dz

Fig. 1b demonstrates the profile of p obtained from the profile of E; shown in Fig.1a. Further,
we analyze the main layer Lp of positive charge around 50 km and the columnar positive charge Qvp in
it. Layer Lp is hypothetically fed by uncompensated positive charges injected together with energetic
protons during SPE. This layer is assumed to be in quasi-steady state at time of the experiment, since:
i) any precipitations of protons or electrons from the magnetosphere +1 hour to the launch time would
not have contribution to Lp; ii) the decay of proton flux is slow for many hours before and after the
experiment, only ~7% per hour, as follows from data for energetic proton flux obtained at GOES-7 [3].
Under quasi-steady conditions the conductivity in layer Lp satisfies the equation:

2 Que/tr = Jprot

where Jprot(Z) = QeFprot(z) is the source current into Le formed by the newly injected uncompensated
positive charges; Fprot(2) is the flux of protons whose stopping altitude is z, and tr(z) is the charge

relaxation time at z, tr(z) = &/o(z). The source current Jprot into the layer is obtained here from
GOES-7 data for the energetic proton flux [3] assuming identity between proton flux at the top of
atmosphere (~100 km) and that measured at GOES-7 (this assumption is used also by other authors).
We take into account [4] which show that during strong geomagnetic storm with Kp = 8 all protons of

energies >0.5 MeV enter the atmosphere at geomagnetic latitude A=—62.7° of the experiment.
With columnar charge density in layer Lp Qup~1071% Cm=2 and Jpro~10* Am=2 from
protons with stopping altitude in Lp, roughly estimated conductivity G.e at Lp (47-58 km) is:

()  oipr = Jprotéo / Qup ~ 107 S/m

This is extremely low conductivity, but it is necessary to avoid fast relaxation of the charge
QvLp. Hypothetically, such low conductivity could realize in presence of aerosol particles, if their
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parameters, such as density and size, are suitable. Similarly, extreme reduction of conductivity, but in
noctilucent clouds in summer mesopause, is determined in different experiments although without
SPE. [5] show that SPEs produce aerosol particles in stratosphere.

The estimation of columnar resistance r. of the layer Le 47-58 km of thickness Az=11 km

yields rip = Az/orp ~10° QOm? - more than one order of magnitude larger than the columnar
resistance ro of the region 0 - 20 km. We should note that under quiet conditions only ro is significant.

These results demonstrate that the following structure of the electrical link in middle
atmosphere at high and auroral latitudes has been formed during SPE with onset on 19 October 1989.
Main layer Lp of positive spatial charge ~ +5 km has been formed around the altitude zs=50 km which
is a boundary separating regions of upward vertical electric field E; above zg, and downward E; below
Zg. Layer Lp contains large uncompensated positive spatial electric charge Q.r fed by the elementary
charges of arriving protons which is relaxing through the electric currents Ju above zg (upward), and
JL below zZg (downward). Another boundary Zpn above Zp separates layer Lp and an upper located
layer L of induced negative spatial charge due to the conductivity gradient (here Zpn=58 km).

Electric currents Jy and Jp are superimposed to the downward fair-weather current Jqy, which
is ~2 pA.m2 under quiet conditions, and during SPE is strongly diminished due to decreased

conductivity om in the middle atmosphere. The reduction of conductivity om leads to increase of
columnar resistances rpL below altitude Zg of the region where conductivity is affected by aerosol
particles, rru between boundaries zg and Zpn, and I'n above Zpn.

Current J; =Jp+Jsw is of interest since it determines the electric field variations in stratosphere
and down to surface, as well. At the time of the rocket experiment resistances rpL and py become
extremely large, corresponding to the very late phase of SPE (54.5 hours from its onset). This
determines that current Jp is very small. At earlier phases of SPE these resistances would be smaller,
but yet large enough to affect current Jp which depends also on the charge Qie, and on separating
boundary Zg which, at earlier phases, would be located at higher altitude.

Interpretation of balloon measurements on 20 January 2005

From time to=06:51 until 08:40 UT the electric field E; is close to zero since resistances rpi, rpu
and rn are too small to affect it, and Jw is reduced since o is increased by 10-20 times. At time period
t1-t2 the charge Qup, the resistances re. and repu, and current Jo enlarge, while Jw<<Jp. This determines
large currents Jp and J,~Jo. The jump of E, from extremely large negative values to almost zero with
the geomagnetic activity increase at time t2=14:00 UT is possibly due to sudden enlargement of
resistance rru + rn. The second jump at t3=15:56 UT (the substorm onset) is caused, possibly, by
strong EEP which causes eventually a change of polarity of layer Lr and of current Jp.

Conclusion

- Extremely large electric fields (exceeding 10 V/m) observed in mesosphere at auroral latitudes
during major SEP could be caused by development of aerosol layers and injection of
uncompensated positive electric charge.

- Creation and growth of aerosol particles in mesosphere and upper stratosphere at high
latitudes are driven by SEP; they cause dramatic decrease of conductivity and thus control the
redistribution of uncompensated positive charges within the atmosphere.

- These processes determine effective electrical coupling between mesosphere and
stratosphere at high latitudes which appears as consistency of electric field behavior in these
regions.
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Abstract: lonizing radiation sources on our planet are either naturally occurring or artificially created. In
both cases, if disseminated in the environment they would pose health hazards for the population. Certain
scenarios of disasters with nuclear facilities establish a threat to public health and security. Systems for detection
of ionizing radiation sources, preferably unmanned, are required.

The current paper focuses on a novel system employed in radiation sources detection operations by
means of carrying an ionizing radiation sensor as payload on a mobile ground-based platform. The platform
consists of a wheeled vehicle that is remotely controlled and has no crew. The solution aims at detection, tracking
and identification of different ionizing radiation sources. Possible scenarios of implementation of the system
include nuclear facility disasters and catastrophes, radioactive material smuggling through borders, research and
maintenance of uranium mines, management of nuclear waste depots, etc.
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Knro4oeu dymu: HasemHo rpeso3Ho cpedcmeo 3a omkpusaHe Ha UoHU3Upawo IbyeHue, YpaeneHue
Ha si0peHu kamacmpogu, Cucmemu U nramgopMu 3a fpeHacsiHe Ha CeH30pu 3a LOHU3UPauo TbyeHUe Kamo
roneseH moeap.

Pe3rome: MsmoyHuyume Ha UOHU3UPaWO TbYeHUe ca ecmecmeeHU Uu U3KyCmeeHo cb3dadeHu. M e
Osama cniy4asi, ako 6b0am pasnpbCcHamu 8 OKosiIHama cpeda buxa rnpedcmaesiseanu puck 3a 30pasemo Ha
xopama. OnpedeneHu cueHapuu Ha 6edcmeusi ¢ S0PeHU CbOPBLXEeHUs rnpedcmaesrsieam 3arnniaxa 3a
obwiecmeeHomo 30pase u cueypHocm. B makusa cumyayuu ca HyXHU cucmemMu 3a OmKpugaHe Ha U3MmOoYHUUU
Ha (ioHU3Upawo b4YeHue, 3a npedrnodumaHe 6e3 xopa Ha 6opoda.

Hacmosiwaama nybnukayusi ce ¢bokycupa 8bpxy UHO8amueHa cucmema, KOSimo ce u3rosnssa 3a
OmKpusaHe Ha U3MOYHUUU Ha UOoHU3Upawo b4YyeHue. Toga cmasa 4Ype3 rnpeHacsiHe Kamo rosie3eH mosap Ha
CeH30p 3a U(OoHU3Upawo NbyYyeHUe 8bpxy MobusnHa HalemHa nnamgopma. [MTnamgopmama ce cbcmou om
KOJIeCHO rpeso3Ho cpedcmeo, Koemo ce yrnpasssea OUCMaHUUOHHO U HaMa xopa Ha bopda. PeweHuemo uenu
omkpueaHe, credeHe U uleHmMugbuKauyusi Ha pasiudHU U3MOYHUUU Ha paduayusi. Bb3MoxHU cuyeHapuu Ha
npunoxeHue eko4Ysam si0peHU kamacmpogu, KoHmpabaHda Ha paduoakmueHU Mamepuarnu npe3 epaHuya,
u3crnedsaHusi u NoO0pbXKKa Ha ypaHo8U MUHU, yripasrieHue Ha dena ¢ ssiopeHuU omnadbuyu u op.
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Introduction

The ionization radiation sources are ubiquitous. They have natural origin or have been
artificially created by humans through technological processes. For example, nuclear power plants are
one of the largest “laboratories” creating nuclear byproducts being non-existent in nature as natural
elements. On the other hand, we find a lot of natural radioactive substance in the environment some of
which are used to create nuclear fuel for nuclear plants and their mining is an important industrial
niche. The utilization of all these radioactive products poses risks to the environment and humans and
requires adequate technology for radiation dosimetry and surveying. Possible scenarios requiring a
ground-based unmanned platform carrying a dosimetry sensor are disaster management of nuclear
accidents such as the Fukushima Daiichi nuclear disaster from 2011 and the Chernobyl disaster from
1986. Other cases to employ the system are the management of natural resources and mines of
radioactive ores, smuggling counteraction, nuclear waste maintenance, etc.

Fig. 1. The novel ground-based wheeled platform carries a spectrometric ionizing radiation sensor as payload

We have directed our research work towards the design and development of an unmanned
ground-based platform used to carry an ionizing radiation sensor as its payload (see Fig. 1). The
sensor was also developed for the project and is briefly described herein. The framework of this
project is defined by several prerequisites that were to be met. First of all, the ground-based platform
should be lightweight and cheap to manufacture and maintain. It has to be maneuverable and with off-
road capabilities. The vehicle must be able to carry a sensor that is used not only for dosimetry, but
also to generate spectral analysis of the radioactive sources with the goal of identifying them. Finally,
in order not to risk exposing humans to radiation, the mobile platform should be unmanned.

This article discusses a novel design of a ground-based vehicle system for radiation dosimetry
and radioactive source identification (Fig. 1). The article starts with overview of existing work in the
field of ground-based dosimetry unmanned vehicles. The general construction of the vehicle is
disclosed along with details of its design, electrical part, power source, propulsion, suspension,
payload platform, auxiliary electronics, navigation camera and radio communications modules. A brief
description of the employed radioactive sensor is illustrated.

In conclusion, future work is outlined with ideas of improving the system and its parts.
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Related work

Existing ground-based unmanned systems having the same purpose of ionizing radiation
dosimetry and spectrometry are found in the scientific literature.

The CARMA 2 ground-based vehicle is a large wheel platform used for ionizing radiation
surveying. It has dimensions of 830x440x1030 mm but a ground clearance of only 65 mm. The battery
life of this vehicle is 4 hours maximum. It is interesting to note that the CARMA 2 creators estimate
high probability of catastrophic failure in y-environments having the intensity of the Fukushima Daiichi
disaster site. It is obvious that systems with high failure rates and at the same time being costly like
the CARMA 2 platform are inefficient.

Pivoted chassis suspension

Portal axle wheel suspension

Fig. 2. The pivoted suspension of the ground-based platform and the portal axles ensure high ground clearance
and uninterrupted contact with the ground of all four wheels

There are other systems that have been grounded at the Fukushima Daiichi site used
specifically for y-surveying such as JAEA-3 and Quince. The former is a four wheeled platform
equipped with gamma ray imaging sensor called Gamma Eye. This system including both the platform
and the instrument weighs 70 kg. Quince, on the other hand, is a tracked vehicle having a little less
weight of 50 kg. The instrument on board is the dosimeter CPXANRFA-30 manufactured by Fuji
Electric Co., Ltd.

There are still other developments most of which are wheeled and some — tracked. The
majority of utilized sensors are Geiger Muller tubes for y- and 3-surveying, but there are modern solid
state sensors also.
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Fig. 3. The employed camera is a high definition digital device, articulated in two axis using servo mechanisms

Although the variety of ground-based systems for ionizing radiation surveying is
overwhelming, most if not all of the apparatuses have their electronics unprotected from high radiation
doses. The major reason for this vulnerability is the implementation of standard electronics lacking
radiation hardening or radiation resistance. These unmanned platforms are nonetheless expensive.
The cost is expected to be high for specialized equipment, but combining high cost with high failure
rate and significant unit weight makes the utilization of such systems very inefficient and problematic.
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Taking into account all these drawbacks of the existing systems we came to the conclusion
that we should develop our ionizing radiation platform around low cost and radiation resistant
electronics.

The platform design

As already mentioned we defined several goals to be satisfied by our design. These include
low cost, low weight, simplicity of design to achieve low failure rate and finally implementation of
radiation resistant electronics.

Fig. 4. The novel platform has dimensions of 300x250x170 mm and weighs only 1.11 kg

The low cost and weight make the system deployable in large numbers easily. We target cost
of at least ten times lower than the average price of the existing platforms. Our total vehicle weight
along with the payload is also tens of times less in comparison with the existing platforms and was
established at 1.11 kg. Most employed parts, including the motors, camera and servo actuators, are
off-the-shelf components. Two modules were designed and developed by us — the main control board
and ionizing radiation sensor. These units are also built around standard components.

The dimensions of the vehicle are 300x250%x170 mm (Fig. 4). A single person is able to carry
and deploy several devices simultaneously.

Starting with the chassis, there are two boards connected through a pivoted suspension.
There is no differential mechanism for the pivot — hence the vehicle is simpler and more robust in
design. Each board, left and right, mount two wheels, thus each wheel is always in contact with the
ground (see Fig. 2). Each wheel is driven by an electric stepper motor. The motors rely on a reduction
gear mechanism realizing a portal axle. This approach increases the ground clearance of the vehicle
which is 50 mm.

Our platform uses skid-steering (differential steering). It offers simplicity and reliability. In order
to maintain low tension on the gear boxes and less power consumption during steering we designed
the distance between the front and rear wheels to be much less than the distance between the left and
right wheels. Further, the vehicle suspension is unsprung.

A block diagram of the platform electronics is shown in Fig. 5. They are built around a control
board of our own design. This board is a modification of an experimental autopilot board we have
developed previously for use in multirotor drones. The heart of the board is a digital signal processor
(DSP) microcontroller unit (MCU) of the Kinetis family — the DSP MCU MK22FN1MOVLL12. This MCU
is ARM-core based and offers a 32 bit architecture. It has an auxiliary computational unit — a single
precision floating point unit. Its core is the Kinetis ARM Cortex-M4. The chip is packaged into a
100 pins low-profile quad flat package (LQFP). We have at our disposal two analogue to digital
converters (ADCs) with 16 bit accuracy. The MCU has 128 kiB random access memory (RAM) and 1
MiB of flash memory. The latter may be used as a substitute to electrically erasable programmable
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read-only memory (EEPROM). The processor of the MCU runs at 120 MHz clock and offers plenty of
performance adequate for the expected computational tasks and real-time control function. The
process of the chip is 90 nm and the MCU is powered with 3.3 V supply.

The next version of the vehicle is planned to employ a new control board built around a
radiation resistant MCU. We have again selected representatives of the Kinetis family of MCUs. These
MCUs are built using the 130 nm process and have a number of noise immunity techniques engaged.
They are powered with 5 V supply. An example of such a microcontroller is the MKE02Z64VQH4. This
microcontroller withstands 30 krad(Si) when exposed to 20 keV X-rays. Its core is ARM Cortex-
MO+and has no floating point unit, but is also based on 32 bit ARM architecture. The delivered
processing power is adequate.

The control board also has an inertial measurement unit (IMU) inside. The latter is designed
around microelectromechanical devices, namely a three axis gyroscope, three axis accelerometer and
three axis magnetometer. Barometer device is also employed. The magnetometer and gyroscope
units come at hand with a ground vehicle when navigation using magnetic field is required. The
accelerometer reports the inclination of the vehicle and any vibrations that might be transferred to the
chassis from the ground.

Proximity sensor

Wi-Fi

camera

Servo actuators

b

Battery block

3.6V, Li-lon

DC/DC converter:

Voltage DSP microcontroller lonizing radiation
*3.6V>5V o0 , L

regulators 32 bit, ARM ) sensor

® 3.6V->28V

{ i y 1

Motor controller 1 Motor controller 2 Motor controller 3 Motor controller 4

Stepper Stepper Stepper Stepper
motor 1 motor 2 motor 3 motor 4

Fig. 5. A block diagram of the platform electronics

Each motor is controlled through four wires by a motor controller. All four controllers are
directly connected to the main control board. The stepper motors ensure electrical noise free operation
and precise command of movement.

The power source is 3.6 V Li-lon battery pack which is changeable and is connected by
means of a plug. Different packs offer different capacities. We carried out our tests using a 12 Ah
battery which offers about 4 hours of operation time under vehicle motion and all systems working.
There are a number of voltage converters on board with the purpose of delivering all required voltages
by different electronics modules including the payload. Some of the voltages, as required, are
regulated with the help of low noise low drop-out (LDO) voltage regulators.

The platform relies on a digital high definition Wi-Fi camera. It offers Wi-Fi connection with the
control station and the radio link is used for video transfer, information exchange and control
commands. Control of the vehicle over the Internet is possible converting the system to an Internet of
Things (loT) device. The camera has night vision capabilities using internal switchable filter and active
infrared (IR) illumination. The articulation of the camera is realized through two servo devices (see
Fig. 3). This approach ensures two-axis tilting by 180°.

An ultrasonic distance metering sensor is mounted on the first servo device manipulating the
camera covering 180° horizontally (see Fig. 3).
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lonizing radiation sensor

Our platform is designed with the idea to carry any type of ionizing radiation sensor as payload
that meets the maximum allowed payload weight. For the current version of the vehicle this limit is
400 g. For the purpose of our parallel project — a micro drone carrying an ionizing radiation sensor as
payload — we have developed our own sensor that is extremely lightweight and weighs only 10 g. For
all our tests we used this sensor and it can be seen on Fig. 1, 3 and 4 enclosed in a copper shielding
and suspended on a frame using springs (see Fig. 4 and 5). The sprung suspension solves a
notorious problem with PIN photodiode based ionizing radiation sensors — parasitic registering of
vibrations. When we started the development of our sensor we had as starting point the Liulin family of
ionizing radiation sensors. Liulin radiological instruments have been designed and developed at the
Space Research and Technology Institute — Bulgarian Academy of Sciences and have a long history
of successful devices. We aimed at an instrument that has no internet MCU and relied on the MCU of
the control board it was connected to. Thus we intended to save board real estate, component count,
weight and power consumption which we achieved successfully. Another benefit is the theoretically
reduced failure rate — the simpler a device is, the less prone to failure it proves to be.

Our radiation sensor follows the tested path of employing a solid state radiation sensitive
component — a PIN photodiode. The very thin shielding of only 50 um stops light, moisture, dust
particles and electromagnetic interference, and at the same time lets through gamma rays having
energies well below 60 keV and low energy beta particles. Further, we achieved spectral identification
of the radioactive sources using spectral analysis. We should mention that a PIN photodiode based
sensor can detect fast neutrons with energies above 1 MeV, accelerated protons and heavy ions apart
from beta and gamma rays.

The employed PIN photodiode is Hamamatsu S5107 with 100 mm? active area and sensitive
silicon volume thickness of 0.3 mm.

The sensor also hosts an analogue transimpedance amplifier and signal shaper. The output
signal is delivered directly to the ADC of the MCU of the host board by means of a shielded cable. The
high resolution in both voltage and time of the ADC allows direct sampling of the signal. Any hardware
such as sample-and-hold circuits and threshold detectors have been discarded. By these means we
have further reduced the weight and power consumption of the platform while increasing its reliability.
Further, the complete digital signal processing reveals exciting ability of extracting as much
information as it is possible from the single. The computed and experimentally measured output RMS
noise voltages coincide to an ample degree and are at 15 mV. Our Americium-241 sample (see
Fig. 6 — left) emitting 60 keV gamma rays generates 120 mV positive amplitude signal. By adjusting
channel 1 to correspond to 60 keV gamma ray energy we record 512 channels of ionization event
energies. We tested the system with a number of radioactive samples among which Potassium-40,
Uranium-238 (see Fig. 6 — right), Radium-226, Thorium-232, background radiation.

-

Fig. 6. Some radioactive samples used in the experiments with the sensor and the mobile platform.
Americium-241 on the left and Uranium-238 on the right. Radiation levels are harmless.
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Conclusions

We have achieved a competitive ground-based unmanned platform for carrying ionizing
radiation sensors on board. The platform is Internet of Things capable and has low cost for
manufacturing and maintenance. Along with the developed radiological sensor it becomes a good
starting point for further progress in the field.

For our next version of the system we want to improve the radio communications capabilities,
the navigation of the system in confined spaces, the self-governing capacity. We also aim at lowering
further the costs and elevating the radiation resistance of the electronics.
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Abstract: We present a periodic and quasi-periodic variability in brightness of three binary stars: MV Lyr
(Lyrae), ER Del (Delphinus) and FU Ori (Orion).

The brightening events occur both at different time- and amplitude- scales in the magnitude. According to
this, we define the events’ types as flickering and flares. On the base of the observational data, we calculate the
color indices during the nights of the three objects high states. Using the B-V index, the color temperatures are
calculated. The results show, the color in the selected observational intervals of MV Lyr and ER Del is rather red
and the corresponding objects’ temperatures are not very high.

We compare the properties of the brightness variability events for the three objects. We conclude that it
partially depends on the physical nature of the each of the objects, due to their different types of stars.

NMPOMEHITUBOCTU B BNACHKA MPU PA3JNTMYHU CKAJTU HA OLIEHKA
B TP ABOUHU 3BE3HN CUCTEMU

OaHuena boHeBa

UHCcmumym 3a kocMmudecku uscnedgaHusi U mexHonoauu — bbrieapcka akabemusi Ha Haykume
e-mail: danvasan@space.bas.bg

Knro4oeu dymu: 3se3du: [leoliHu 38e30u; 38e30u: cumbuomuyHu; NpomeHnusocmu 8 brisicbka

Pe3rome: B masu cmamusi Hue npedcmassme nepuoduyHa U KeasurepuoduyHa MpPOMeEHIU8OCM 8
spkocmma Ha mpu 0eoliHu 3e8e30u: MV Lyr (Lyrae), ER Del (Delphinus) u FU Ori (Orion).

lpomeHume 8 6rsicbka ce criyd8am Kakmo 8 pas/iudHuU 8peMesu, maka u 8 amriiumyOHu ckanu. Crioped
mosa, Hue OechuHupame muriogeme Ha cbbumusima Kamo npoceemeaHusi U U3XebprisHus. Bb3 ocHosa Ha
OaHHUMe om HabmodeHusima, HUe u34yucrisieame ygemosume UHOEKCU M0 8pemMe Ha 8UCOKUME CbCMOSIHUS Ha
mpume obexkma. C nomowjma Ha uHOekca B-V ce us4ucngeam uysemosume memnepamypu. Pe3ynmamume
rnokazeam, ye usemnbm 8 u3bpaHume uHmepsanu Ha HabnwdeHue Ha MV Lyr u ER Del e no-ckopo yepgseH u
mewmnepamypume Ha CbomeemHume obekmu He ca MHO20 8UCOKU.

Hue cpasHsisame ceolicmeama Ha MpoMeHuUme 8 sipkocmma 3a mpume obekma u rpasum u3eo0, Ye me
3asucsim om ¢huau4yecKume xapakmepucmuKu Ha 8ceku om obekmume, npousmuYyawiu om pasfu4yHuUme murioge
Ha uscriedsaHume 38e30U.

Introduction
1. The problem

Brightness variations are usually associated with fluctuations in a light curve that appeared in
numerous variable stars. These variations are characterized with amplitude of a few 0.1 to 5 and more
maghnitudes on different time-scales from seconds to days. In depends on these characteristics, they
could be delimited as flickerings, flares, bursts, outbursts.

The flickering and flares are known as small-scale amplitude events, of 0.01 to 1 mag (Warner
(1995) and Babtista & Bortoletto (2004)). They usually appeared in type of binaries as cataclysmic
variables (CVs), supersoft X-ray binaries, and symbiotic stars (Sokoloski 2003). The higher amplitude
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fluctuations of the bursts and outbursts, >2 mag, have been detected in various of objects, as well
(Warner 1995, Bisikalo et al. 2003).

The study of various types of brightness variation is important. The results give an information
needed for further calculation of luminosity, stellar masses, radii and temperatures.

2. Targets’ details

For the purpose of this paper, the objects of different types are selected. In this subsection, we
give some details of MV Lyr (Lyrae), ER Del (Delphinus) and FU Ori (Orion).

MV Lyr is a member of VY Scl subclass of Nova-likes stars (NLs). It exhibits a high rate of
accretion with existence of hot white dwarf (= 50000K). MV Lyr has an orbital period of P = 3.19hr and
a mass ratio of g = 0.4 (Skillman et al. 1995). The system inclination is found to be in a range: i = 10
+13°. Short-periods drops in brightness are observed, as MV Lyr displays "quasi-orbital” light variations.
The typical time scale of the observed fast quasi-periodic oscillations is approximately tens of minutes.

ER Del belong to the Symbiotic variables of the Z Andromedae type. They are known as close
binaries that consist a hot star primary star, usually a white dwarf and a red giant secondary star. Their
combined brightness displays irregular variations with amplitudes up to 4 mag. in V. For ER Del, it is
found that its cool companion is a giant of S5.5/2.5 spectral class (Ake 1979). The estimated effective
temperature of ER Del is Teff = 3470 — 3500 K (Boffin et al. 2014). The spectrum bands indicate for
mass transfer from the red giant companion (Van Eck & Jorissen 1999). The ER Del orbital period is =
2089 days and its eccentricity is e = 0.17 — 0.22 (Jorissen et al. 2012, Boffin et al, 2014).

The third object FU Ori is a variable young stellar object, which belongs to type of FU Orionis,
a class with exceptional increases in optical brightness within 5 magnitudes or more (Herbig 1977).
These occasional sudden increases in their brightness (Hartmann & Kenyon 1996) could be caused by
the variability in the accretion rate. The mass of the FU Ori’s primary star is calculated to be M1=1.1MQ©
(Solar masses) and the mass of the FU Ori itself M2= 0.5M® (Hartmann & Kenyon 1996). The FU Ori
discs are found to be quite massive and compact (Liu et al. 2018), about 10 — 20 of the stellar masses
and radii of tens of AU (Astronomical unit). The disc inclination angle i= 55e.

In this paper we aim to compare the variability in brightness of the three described above binary
stars. In section Results: observational data of the three objects are presented; color indices and the
temperatures are calculated. For the purpose of this paper, we use data from AAVSO (American
Association of the Variable Star Observers).

Results

1. Observational data and light curves

MV Lyr: The observational period of a year and a half, from 2011/03/29 to 2012/11/18 (fig.1a),
was chosen according to the active state period during the long time of brightness variability. The light
curve in figure 1 indicates the