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Vaensrit cekperaps Crielr. CoBeTa:

JOKTOp (pus.-MaT. HayK é : I'. Mapykau

Ughrunnmtiph pughwimip pimpwghpp

Opyph dwltploypht dnn Gkjpupuiut qguonh hothnjmipmibbtph
nunulbwuppmppoiip pwqug U oquy] Gqubah dudwbwl gnyg kg, np
wiypnyupkp wiyt nuth wihnpuuphibh wbwynmpiock Yhduh hudwp: 1750
pYuluiht Spwiljhip wiypnyp juykg HEjupujubmpepui htn, puy 1752
pYwluiht Lhnuthtpp pugwhwynkg, op qu] tqubwhh dpu Uptmmppuowihi
HEyunpulwimpniip nith wqnkgnipindh, uyinthtnb 1920-wljub pyulwubbpht
dhpunt U. @ {} junubkg wiypnyught wdwyh HElopowb juongyuwdph duuhb:
Zhwuquynd wplbg  hudwpfuwphuht  kjupulut sqpuh  quwdwpp
udypnuytbpp oy bim] jwy tnwbwyh hbwn, nph dudwinuly gpubp funwpnd a
dwmnlngukph ghp: dEpghtiibph nuumdwuhpmpinip unyt winkbwununt pyubh
hhlwlywt jubighp b

U. Upppbyuih  whduwh  wqquht  ghwufub  jwpnpunonphugh
Shtqtpuljuth  fmpuquypbtph  pudwinimiph (SXF) gqhnwhbnwqnuuljuih
Yuyubtibpmd (wibbwpwpdpp’ Upuqus ghnuhbnwgnnuluh Guyut (3200 )
ubknuopus i nwpwnbuwly dwuubhybbph ghnbuopitp, BEjupulub b
Uwqihumljwb qugntpp swhny vwppbp, Juydwlibkpp gpubgng dnthwnpbbp,
hisybu twl onbkplmpwpwbwljwh wupudknptph wlhsukp: fonp swhnudbtp
nmnkligynud ki gmipgopju  tjuwpwhwimwlubpny, npnbp poy; &b wwhu
unfypnubph dudwbwl bLqpuljugil; wdwh wbuph, ywhbph dwuht, twh
nuwbljunpk) gpuitgdud juydmljutpp: PFuquupuiwl ghukunpitpt whpighwn
gpuiignul kb pupdp tubpghuyh nhkqipulub Swmuquypbbtph thgpugnplwsé b
shqnp dwubhbubp: Udwypnybbph dwdwbwl qpet dhpn ghdmd G
dwubhlutph  hnupbph  wlbwugnudbtp, oppobp  pgmiduws b whdubly
Udypnyuihtt  Jipghniyju wdkp  (UGU, wbqbpki Thunderstorm Ground
Enhancements (TGEs)): Gpuug]us UdU-p muydwbwdnpjus Ei ny dhuyh quididm
dunuquypltph  wbpugnulbtpny, wyb Lbpnpatitbph $ntughli, huy wikh
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hwqiugby tkpopntikph hnupbph w&kpn: UU-p unynpupup nbnud b =10
pougt, uwlugh qubigdly b twb wibh Yups b wdbh bphup b
niukgny nliwphp:

Uwntbwununipnibp wlppdwd &t UUQL SX£-h ghnwhbnwgnunuljui
Juywbbbpnud  wtnunpdwd  voppudnpmudibph  wnugikph  Jpmsmputp
nunufbwuppbyng

v Rtjnpulwi quowp u Epwbwulih dwdwbml, hwdwywphughb b
unbkquyhb wqpbgmpmititbpp bpw 4pu,

v unlwypnujught  uwdwh  hHEjupuolwh  juengwdpp,  wdwypnybbph
dudwbwy fEjnpului nusnh hnnumpejwb wkuwlikpp,

v Udyjpnwuyght Thpghniym wakpp (G4U),

v wupynlbbph dwdwbwly LEyjupuljuwbh quonh  thngnpumpmidbtph
pumpuwgptpp U wwpwnulibphg hbun  LEjupwjuwih  gupunh
JEpuljubiquwi Ynpkpp:

PEUumh wpphwlwbmpmniip

piph  dwgbhwmudbpugnud b dptminpanl hodofulon ghtunthy
bplmyplbpp Yupoen bbb quubq bbpiupumgky dwpguiht pugupulppopui
hunfwp' Yuwdwd  hwfwhwlih b wijwijuwnbubh Egwhuljughh
thntinfumpinibitibph htn: dhpoht dudwmbwlibpnid wphmuphnd ghinygnn nidghh
Ybtwyulwh  hngnfumpbtbpp b wpnwyupg wunwhwpbbph pdh wép
unhymd kb wdkh b mpunpmpmb ulknb] wju mgpmpuip: Unbnstnd,
quipquightyny b Yhpunbing kpYpught ghunquluh dkpngitp’ htwpudap Yhth
wjwuqbgity Upinnpunmghtt bplnyputph quubquuinp wqpkgnipnitbpp Yud
Yubiuwinbul) gpubp’ quwhwwntim] chuljipp winkunpub wuppkp nppunbkph
budwp: Uy hul wwwndwenm], ghumppubl wpu mopunh bjundudp Jepght
wwphtpht htnwppppmpiniip opkgop wémd £

Gnlph HEywnpuljui hunympmibbbpp nrunudbuuhpood B ghoboa 1750-
wlub pyulwbtbphg, vmfuyh bkphumuiu ghe Yub peqiuphy hwupgkp, npobp

sntkl uywrhy Wwnwuiwbibbp: Vupajhtind junwpgus hbnwgmnmpyniibkpp
gnug u]kghti, np gnympimiu nitth HEynpulwb ynpw, nph dhgngn] unfypoukph
dundwbwly wwhywinuw! t juytwdwuynup hnuwbtiph hnupp Unpnpulth gnipg b
ghyh frunun kqubwyuiht wwpfwibtped gnnhubkp: Uk hpkuhg bkpujugbnnd
£y bbbl hofoywuuiotnng QEgopalst guzn, aph suhnunp
hpulpbgdond b Gbpopuljwh sucghy uwmppbph ubgngad: Upn wbumbh
swthnufbtpp nbnbmpemit ko gupmboymd hwdwojuwphught wdypnuyughi
uljinhympjut, whpngnjukph Ynigkbnpughuyh b wdywht swsyh dwuhi:

Udypnujughts wdwp nih pupn junomgjusp: Zhfbwljuimyd hwbnhuymd
t wnfwh wbwhuh Yuomgludp, npnbn dhpht U heht  hunndubhbpmal
nunuljjws & hwlwwywnwuhwbwpuop gpujub b poguuuljub thgpuynpdus
wiuyught Ywubthfubpp obpnbph nbupny: Udypnwh dwdwbwl, undnpupwp,
unfigh winnphtt hwindudmid wrwewbnd & gpuljwb (hgpunpdud skpw, nph
puymbgwd b winjubl) wnnphb gpuljut (hgpudnpjus YEiunpnh (ULY, Lower
positive charge region (LPCR)): Uhghti humnjuédnid nbnuljupws puguumlumb
1hgpwnpqwsd 2kpwnh bt UDLY -h uhgl Junl bmyh pkpnh b kphph Jpw wyg okpuh
wrwgmgnud  hugbpught mdbn HEjupulub quownh sbaphh] nhbqkpulub
QEyupnuutpp wpwqubnd & nhoyh ubppl’ unbndtn] jpugnighy quuidw
pluwintp: Upgymbpnud wrwewbmd &b {Ejwnpnubtph, quidw pjwinbph b
Epptd b ukpnpnuutph hnupbph wlbpugnmdubp $nbh tjwwndudp, npobp
qpuiigynud ki dwabhljntph nlnblnnpitph Ynniuhg:

Usjuunnutph tuyunnuljp

o Munuwbwuppl) hwdwpluwphughtt GEjnpuljub opput b GEyknpuluh
nupnh  tnhnhmpmap  Zwywunwbith  wwppkp Yenkpnud: - Swpphp
pupdpmpmbbbtph hudwp Wjwpugpl] u] tqubmbht  HEjunpujwi

nuipwnh 11'1n11m11m1_p]n1_h£1‘ punt opyw dundbph, wihubkph b wwppkp
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optpunmpuwpuimywi  wwpudbnpbph ghypnul:  Zuwdbdunnk)  tpghtiu
Yuiplibighh Ynph b whgpmpml unnupus kotughl suhnobph htw:

¢ (umdbwmchply  wolgpowbbph  dwfwbwy  fEgepaywh qupwh
thotnjunipynp, puuwlupgl] wdupnybbpp pune gpu: Fumpugpl)
UqU-p wuwppbp wdypnybbph dwdwbwy: Vjwpugpl widwypnwyught
ufyjh  Ukpphh  LEnpuljub junmgyudpp  hhdwknd  UdU-h
wnwgwgiwl  bwhunpuugbbph b wanpht gpufub (hgpwdapdud
YEbwpnth wnjuyn piub §pu:

s  MNunudbwupply vuppbp Yuywbttpod dhbbngh yupynudubph dudwimy
wnwgugwd  LEhwupwlub  guownh  Junuinpnudibph  wbuwlbbpp:
uuljupghy’ pun blpapulyut pupwh fupny dodojulut nbusyitph:
Qunuibk) htwpudnp wwppbpuldwb dhengubp bkpudyuyhtt b Gplpughh
wupunidukph hundun:

Uwnwgiud wpymbphtnh jhpunwlob bpubulmpiniip

Upluumnwiph puppugpmu  nuunufbwuhpius  fEjunpuiulb  gquonh
opwljwl thnhnjunippui Ynpp gnyg & wwihu Supbbghh Ynphg oknnud(Tuptghh
ynpp hpblthg tbplupugtmud b ikjnpulwh qupwh opbjut ponjungpiutp’
hohtmgyud  dndh  dwhbpboygphh  Umn  nlnubpibpnd  Junnwp]ws
swihnuftbphg), hiyp puwgwhwpamid b wntnught kployptbph wqgkgnpmbp
fbywpulut gupnh dqpu: Udpooohl - winhdmenet  Jhéufuepuut
ufyuubpp b u Gnubwhht nknughb gnpéntiikph wqnbgnipyudp bEYnpuljut
qupwh hinofumpmibpy hplp ko Swougnd  widwpnyught - wipnhyogeyut
Jubjuugnipwlfut hwdup:

Zpitdtiny bEYnpuluh quznh nnnpauftubph b U9U-h pimpugpbph
{pw’ Yupbih b Gywpwgply wiuh bbpphl Yunmgwspp: Tkpghtm Yuplnp &
udypnyught  wnbnuyh  Eplogpbbph juwbjwgmowluui o hbwpodop
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Yuwijuupgtihy  dhgnguenuwlubtph  juquuljbpyimt  bodwp:  vab UdU-h
wrwgwgiul dkjumbhquubph auunulbuuhpmpymip poy), £ nnuhu quthunly
udyhg Eynn Lunuquypnudp:

1564 wwpwnwlubph Jh&mljugqnuijub JEpmdmpjui sunphhy wnwgyty
Bt wuwpuymdubph pumpwugptp: dpuig duodwbwml  GEjupulut  qupnh
thnthnjumpimiubph  Jipmdmpmbnp  oquuugnpdynud  t wwpynuwlukph
wnbuwutph htwpunnp Jkpuljubquui hudwup:

Shuuljut inpoipmitip

* Unught whqun munultwuhpdby B qu byutubht Gijupulet gupuh
thothojumpmbitkpp . Upwqush & Unp Udpbpgh  pupdp  jhebuyght
ghnwhtnwugnuuiwh juyubutpnwd, huyybu tul Gplwbmwd b hihowbnud:

« Ebwpulumb quanh opwlwh hahnlumpiy hudbimadly b Swuplbghh
hwpintih Ynph htwn, niumdbwuhpyky o Ynphg ognudutpp:

¢ Guwuupdly b UdU-h  guwumfwpgnud pun REjunpuljmt - guznh
lumnnpoudiubph  dbh,  hiywbu  twl'  wdwpowlbph  Jhwlugpulub
thlmbm_p]nm‘ pun dwdkph, opkph & wdhubbph:

e Zhwuwgnuyl th wwuppip juyubbbpnd dhlbngh wupydwh wowgwugpus
HEyunpulwb qunh dnthnjun pyntiubpp, npd] pioipugpuijut bjupughp:

TMwpnupubniput tpluyugdan hpfiolwh groypttpp

e Suippkp gnpénuitph  wqpbgmpudp  (Ertughtt  hwngwstbkphtt  phnpng

Ejupuwh  quwowh  opwjubt  gonjumppub duppp: Guyp
ontipimpwpwbujuh yupwidtinptph & opju duwdkph htw:



e  Udwypnuikph nuuuljupgmup pun bphph dwhbpinygpht dmn gpuitiglus
hEyupulwb qupwh dothnjumpyut: UU-h wnwgwgnudp nwppkp guubph
durdwmbimly: UAU-h pmzlutlmbmp]nmg‘ puw wdpulitph b opju dwdkph:

¢ Mupynufukph HEjunpului nuipnh Yupnly
(mpnjumpynbiibpp: dpurtg quuwlwpgoidp’ pun hnhnjumpyob dwbh
FEywnpulwi nupwh ipuljobgquut Yoph, pintpugpuljut demnisnpymbp:

wnugwgnud

Uwnbiwfunum pyut jurmigwuspp

Unbiwpnumpyniip pumimgud b ikpudmpmihg, tplp qnijuikphg,
unfthnihnuidhg, oguugnpdud gpuijuinipjul b twupbph guthg:

Upluunnuitiph prjwbipmynipmip

Ubpwdmput  Uky hwhhpd  thpujugduws i mumdbwuhplws
lutmhpibph wpphwiwhoipinihp, winbbiwhmunput wwyunwyibpe, ghnaljwh
tinpoypep b wnwgyud wpymbptbnh Yhpunoub bubuympembp: Paymbu bub,
uupugpius b U Uphluwtyubh winfub wqquihl ghuljul jupnpuanphugh
ghwwyuwb  juywbbkpp b hbnwqoumpbbbph hwdwp Ghpumjws
uwppurynpoudiibpp b hunfwijupgswiht gnpshplbtpp:

Unwghtt qioujup tdhpdwé & hunfwphruphwht fyjnpuywb ogpwh
munultmuhpmpyubp’ hhdidbny wib phoypugnen wwpudtnpkphg Wb
it quustigdud bbyupulut gugnh dpo:

Upluwummiipnid - tbpupugius t QEjwpuluwh gupnh  ywhnwdabph
munuftwuhpoipnibp’ hpujubugud Zwjwunwih oo Pupugih 5 wwppkp
Yuywithkpnud: 8nyg k wpdwd, np npngwyh dwdkph hudwp (ophtuy Udkphljumsh
Yuydbwliught  whinbmpubip  hudwyunwuiwb - dudwbwljuthundusna)

HEjnpuljut quynh ngqubwjug (Ez) pununphsh U Ywpbtghh Ynph dhgl
qonipnit mbh gpulwb Yopbjughw, payg witt bwl gnigugpoud | puduljuithic
wpnuhwywnhy gepkljuyh wykjugnud, hyp skiup nkulinud Ywputghh Ynph Jpu

Vhup 1-nud gmgmnnjud i Epkp tnunppkp juywibtpnd juy bnuwbwh dudwbul
qpuibigius Rnpulut guznh cpwlwt hahnjumpnol wudjubtpp’ dwdububhg
Yupuws (abpuyugdus k UT-ny), npnip hulungpjus & Yupukghh Ynph U
Cytyguphuyh Fhunnu (knwb Jpu Junwnus suthmyubnh (Israel, 1970) htn: ‘Unp
Udpbpgh b Upwqush Juywbbkph swhmdubpht hudwywinwulimbon Yapkpp
hnpkughg ukplujuginud kb hudwwyuinuwupwbupup 408 1 403 hawunun opkph
Uhghtugywd nuittpp (2011 plulwbh hnibhuhg dhty 2016 pyuljmith wwyphip):
Ujuwntn npybu juwnun opbp vubdwin]ty kb wyb opkpp, npnbg phpwgpnd sh
phunl] wdyuyht dwdlnyp b punint wpwqmpmbp sh ghpuquibgh] 6UA-p:
buyytu wupq Gplimud t Wjuphg, Yopkph pigniuanud Bu hptug Wwqugnyt wpdtpp
02:00 UT-03:00 UT-h plupwugpnd b pudulwbhb ju Ynpbwgwd Gth: b
wwppbpoipmb Ywpbghh Yaph' pojpp (botuybb Yuwyubibpowd ghads b
Uwpupuimy wnujnnhg dhby Yhuop phljws dwdwbwlwhundusmd (04:00 UT-
14:00 UT):

Vjwp 2-p gnyg b wughu pudnt wpwgnippub hohafunipiub Yopp
Upwgquish b Unp Udplpnh ghinwljut uywmbbibpnud wbrh put 400 juwnwun opkph
hudwp: Payyku nkubimd Eup ljuphg, pudnt wpugmpniip kpin juyuiabpomd
R wykugly k dudp 04:00 UT-05:00 UT palwd dudwbwlwhundwdmd, huyp
hunlpyimd | REjupuwt puonh wnudbjugnyt wpdtpubph whpnyph htw:

Ujuyghuny, pundmi wpugmpub dhohttwgduwd Ynphg htwbnwd k, np
pudm  wrubugnyb  wpugnipmoip  gpujwbwybe  Ynphugus tooquy
Enubtulht G Ejunpulwt nuownh thntnpampyub Yoph bt
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‘Uhphuyug]ws pmnp Ynpbphg hnbnwd &, np EpYypoppughts dwpuhunodp
ghuod £ 19:00 UT - 2000 UT dwlwiwijwbhwmjudnd, hisp
huduywnuuhratond b Udbphln vogpguniuph dpw ghwdnn Gugswliknh
wlpnpym pyutp:

ZEnwuqmnmpnibibpp gnyg wkght, np ghobpduw phpugpnud (Loubph
gudpunhp pppwiibpnd Hywpnquyhtt kptnyph otnphh] Younulgoud Ba
thgptp: Uplmadwghg htun Epyph dwlbplmypp wjund b wwpwbuy, nph
htwnlwbipn] wpnbkl Younwlqus thgpught gbpunbpp ujund B wthbuwbuy, huy
wju wdkihit qmgpipug ulunw bt mdbqubg  Jwlbplmpughtt | punlhh:
Pupdpunhp  (Eebughtt juyubbbpmd  Jwlibplnyph  wmwpugdui b pundnm
nudqhuguiwi wpymbpmyd whpngniughtt okpunp pupdpuwbnid b pbuyh (Enwb
ququip, nph htulutipnd phudand & Ghlnpulst puonh wikmgoud: Upnghund,
wnbnuyht Eplinypubph wundweny ntnh t mbbkbnd gkpunbph hinjowtwlynd, npp
hujnuth t Unwwnwy «Austausch»  (hojuwmbmynud) Epkjn  wimbny]: Uklp
Bhpunpnud  Ghp, np qluunnp Eplnygpp  wuyplwbwdnpjus bt whpngnjubph
nbghbnpwghugh wéng v hunnppuljuwbmpyub wuqiudp, hight widhpuybu
htwntnwd £ Ez-h wkjmgnulp:

Uqtih nuup widhuibphtt wplwdwgh wykih omwn vjulbnt hknbwbpm]
Uwlbplnypp wwpwinul & wikh un b thgpuninpiws pkpnkph YntEyghuit
wylh qun b Yunwpgnud: Unwdnnpet dudbpht thgpurdnpué wkpnqnjuhh
2bpwp pupdpugnuip plwh (kebught ququpltp wwpq ghudmd & bpp
phinuplynud kb HEupuyub quonh dhghtugqus Yoptpp wwppkp wihubibph
Yud  wwppbp  Eqwbwlught - wwplwbbbph  bwdwp (nbu o Wywp o 3):
Ujuyjhuny, wdwnught b ddbought nhupbph nunulbwuhpmpniup gnyg wikg, np
Ez-h opujui thmhnjumpjub wounuywt whip hudpijiand b wplwdwgh
nlquyht dwdwbwlh htw:
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Gpipopy  qiumid bhpluguguds bt wdypnwukph b UMU-h
quuwlupgnuip 2010-2012 pYwlubbkph nfjuyitpny: Uyjunkn tjupugpdus B
Uuninphb gpuljwh (hgpuinpqud Yhnpnbh (ULY) htwnwgnnmpnibikpp b
Upwqush ghunwhtinwgninububt jugyuimd junwpfus Gejupuljut gquynh
suhnudukpp:

Uwubhlbbph  hnuphph,  bupubut  gugnh
Uhwéwiwmbmlju yunpnidikph ni gpuiignidibpb wpwghtt whqud wrugwuplydty b

b Yuyswlhbkph

qupqugyt b Upwuquidh qghunuhtnugnnuljuh juyubnid: BiEjunpului quonh
suthhy umppbph b Ywydwhubkpp gputgnn ghwnklnnpiibph wkquipauhg htnn
ukp huynbwptnbghtip, np prnp UdU-p mnbhgynud B REjupulub qupnh
Jununnpnudbbpn] b Juydwhbikph qpuiigmdibpng: 2009-2012-hts unjkth pwh 300
U U kb gpugty Upwmqudh ghnwhbnugninulub Juymbnud:

Lblnpuluh  qupwh  sunhoudikph,  Guduihph  guubgnuubph,
dwubhlkph  htnbhuhympub & ophpmpuwpwiwlub  wwpwdbnpkph
dudwhwlughtt swppkpp wwhwwidnud . MySQL wdjugukph puquynmd b
Jhgqniunhqugdnmud tir ADEI spuqpuyhts thwpkph thengny: 2010 hnluntdpknhg 2012
plulwih dwjhup qpubglk t dmn 100 ghwp UYwubhlubph hnupbph
unbpmgnuéng, bblnpuljul quouh Gopady dognhmediban b Gusulikph
nuhlgnipiudp:

ULUD wiohwnnp swibdly b wpunhl uhinnbimghnt phnkinnph
uhgngny, nph hwunmpnip 3 ud k, dwlkpbup 1v2, wpymipbpp wnngyl bh
wy pEnkunpbtph dhongny: Uphwnubpmy UU-h puuwlupgnidp junwpdby
t  hhvtdbny]  HEynpwhiwh gupnh  jonunpnuditph nbuwlbkph  dpu
Unwbdbwgty ki htnlyuny mhybpp.

e Etyupuliwb guynp hojujmd t gpuiuihg (hwubkng Gyt 50 Y40
ntugh puguimlub(plnauitnd dhish -35 YA, bjup 4-h w): U nhubg
numdbwuhpyby k6 hpugwpdniendh:
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*  Eblpnpulut quowh wpdkpp pugmuwljwithg nuotnad b gpubmi
plgniiking qpbipk tmyh wpdbphtpp, hiy twnpg nhypnd: Uju nkuwmyh
hpwgwpanipjnibitiphg nuunufbwuhpty B 11-hg 4-p b Wipjuywgyws kb
Uljuip 4-h p-mud

. Ekyunpulwt quynp 0-ht nn wpdbphg Jupnty wjwqod hwutkyng
dhislh  -30  ydAl:  Zhuwgmomppub  hudwp ghunwupljus 28
wunnwhuiptibphg plunpyty b 5-p (ubu Wwp 4-h g): :

. Uju wbuwlhh dby ubpunfuwd G dbpp bpwés popnp whuwlbkph
hudunpmpnittpp (nku tjup 4-h 1) Uju quuhg ghuwpldly bh 23
nhwp:
dbpp updwé nbwpbpp unnpupwp mabigymd Gh ugdwlhukpnd b

ntnnudtikpny, vuljuyh ntnh i makimd twb wowbg gpuibg: U giuh wowmbaht
3 pwdhbiibpmd pubwplyord i ghunwpydus wunwhwptbpp b Jppnisdoud
gpuig plipwugpnud qpuiigwd dwulthljubph hnupbpp:
UqU-ubph guuwlupgnmuuhg htun junupfus JEpnismpimbp poy) & wwhu
Eupunpky, pt hiywbu Ei dwutthybph hnupbpp wbubmd b pty t junwopdod
Yuydwljubph dwdwiiuly, bpp dwuthfubph houptpp wkpmbnud Ba: Ukpljuyugdus
Ungbnd QEjupnbbbkph wpmqugmdp ujudmd bt Jhuyh wnnpht gpuljwb
Ykuwnpnih vnbndnulhg htn: Ujh wnugund © qjluwdop poguumlmb pkpunh
whhguwbu tkpplod:  (hunpdhunhy hwhynn HEjupntkph hnknbbkpp
(¥®EZ, RREA process) Juipnn b wnwgwiy dhugh wyit nhupbpmad, Gpp kplnt
lhgpuapiws opunbph Upl nupuidnipiniip punjulub ¥k t b hkupulut
fugwnh wnpdtpp gipuquiignid k (FPE2-h wrupwgimb oklughb ugnp:
Utthpudtigin qupnp unbngdfowd £ UMY-h b wdyh dhebwbundusnid
uknuljuyjus puguuulub okmnh theh jud Jpghthu m phph dwljkpingpht
Ynunwlyjus gposlut hgpulhptitph hok: Cuhuynn Hlnpatbkpp wrugmgtnut
b quudw dwrwqupbtp, pul Ytpghtikpu npny ghuypbpod wrmpmghmd &b
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Ubpnpntitbp $numihontljuhh nbulghubitkph ptnphhd: bpk Hlwpulul puznh
wpdtpp gudp t NOELh wrugmglwlb pbhg, www Uhugh  uwblnph
thnthnjumipynitip /MOS process/ upnn b inwy jpugnighy hnupbp, npp pujuljmihi
pny) th hwdbdmn RREA-Q:

UNYL b wnnphb ghuynip wignphly U wkqujwb tphnyputp ku: UMLY-1
untndyonud t  poubibph  phpugpmid’  wwnnpht  ghynmd  Ryupatubph
thwdulwbuljjm wpwqugdudp, npybu htwbwip UU-h: Zwunth ULH-U

wpghip b huinhuwbnud puguuwulub kphpuyht (CG) Yuydwyikph wrwgwgdub
hunfwp ' JEputhnjubng gpuitp thpudywiht yupgndibph:

Ljwp 4 Upwqudh qhuwhbumgouuluh Yujubmd UQU-p  dudwbuol
QEynpulmb puynh gmpnhdwh 4 wnhybpp/nbualibpp/:

Puguwuuljmb tpypught (CG) Yuydwhbbpp qpubgowd i wdwypnwh Jtpoht
thnynuwd, bpp UMYt phgpunyugdnud L, b Gpp dwuithluiph  hnupkph
wbjugnuubpp gugupnd ki Upwquédnud gpuigdué wdypnywihb wijputkpp

14

gy ku hwunmwwnbkghtt Shpipnid junwpduwd wyt  hEnwgoumpenibbbpp,
hwdwduyh npnbg UM Y-h wrjumpudp puguumluwi CG Junbwlubpp 3kb
wpwewbnudl: UMY-h qupqugiut pimpugpujumt  dudwbwijuwhwundwusp
quuwhwnjwsé t  dnnudnpuwbtu 10 pnwk, npp hwdlpblond t Shpbpjub
pupdpufuibgubh wfugbbph htwn: qlounop puguuwlub thgpught gkpnh b
UMY-h tvhob bqwé hbnwdnpmpimibp wbhwp b (huh puduwiwbwywh s,
npy bugh wywhmlh wibpudbom yonbhghuybph wwppipmpmot GEjumbitph
wpuqugdub hunfup:

Upu qiunud ujwpugplus b bwb wgh UQU-p, npnbp qpubgl; G
udypnuh  Jipgnud  ghudnny  wwwinwdbbtph  dudwbwl(EOSO  events):
Urwhdbwugdt t 23 nkuyp 2015-2018 puwluuubtph hunlwp:

YQuybwlubph whytph htn dhwdwdwbmlu dwubhliubph hnuepliph
suhnuip poyp b owujhu ntuncdbwuhpl] wdgpnayuplp wiyh junmgyuspp,
hiyybu twh tkpudwughtt  Jugdwlhitkph  wnwomgiwb  wpnghubitpp m
htYwupnuubph hnupkph nwpwdnulp:

Uppopn  gunuf  bpyuyugdus b wwpynuwibkph - wowgwgpud
REjupujwi quowh umnnpoufubph quuujupgnuip b gputg pimpwgpmlwh
wyupwdbnpbph pousmpoiip: Uyuntn bjupuqpdus 2015 pluuibh dujhuh
23-h gpuiigywé uwlypnyuyht ywnwhwpp:

Nunuftwuppmpiut hwdwp phunwplpdl) B dhwdwdwbuy tpkp ghunmljwt
Yuyubbbpmy  qpuibtgms Hjwpufuh gupnp b mpupwbyop wuwpydub
htwbwbpn HEjupului nuound wpugwugud Jupntl thnhnpum pymbbtpp: Uy
tnthnumpnibbbiph wpgmbpnd quonp jud jupmly wéod t jud Jupmy
tjugnul: Munwowuhplynd 1000-hg wb{h wupynuabp gpubp pudwin]kghtu
bpynt udpbph’ A b B: A hwiph wwipynudubph bbyupuluh quonp uiepnd upwg
wémd k, htun' gubguy wweoud, hul B fadph wwpynudtbph Hijupulwh
quigwp, phphwlunmyp, uhgend Yupny bugnul b hbun' guigmn wéu:
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Smpuwpwiyymp  fadph hwdwp pipjws b pimpwugpuimb  wwpudbnpkp,
ulnnmpjmbp wupydwb uyqphg vhish wowdkugoyl (qud Sduqugoyh)
wpdtph phhwd dudlwbwjubwnduwédp b GEjupuywui gwmowh wpdkpukph
wuppbpnpniip: Upyniipitph hwdwdugh’ A hadph wwpyndbbpp wnwgwmgbnid
&b hunfbdunnwpwp unjbih ¢mpp fhndimfumpinibthp b wbognppudp with Epyup
kb, pwh B judph wpwpumdukpp, npoiip unlyh mdghh Eh b mbkh hudbdunwpup
wfkih Jupéd nopmpmb (nbku by 5): Smpwpwiymp hofph wwpyndtkpp
pwdwigby ku 3 nbuwmlbkph’ puw bputg YEpulubqbdwl Yaph wbuph(nbu by. 6):
Uohmumnwbpnid twb gnyg b wpdnud, np b wwppbpmpmnih wnljum npnp
qpulfjubmput winmdibph wwpwniihg hbun qgupwnp Jkpuljwbghdmd & ny
vhuyh  tpuwnbbbghay, wy bwh wuwhfmbughh b gdughb  opktphikpny:
Lhpuyugws wupyndubph afplph hbnmwqu dwbpuypyhn hbnwqnunipiniap
htrupuwnpmpmit unw puguhuynl QEjwpuiut qugwnh tohnjumpyub dth b

wupyuut wkuwlh dheb juwyp:
m Duaton of dachgn @ hecac Flokt changes
3 1
£ L -l
L) “«
=k -
wE Y
wf- ) ' I - I l "
oF , .
o2 -2 96 % Yo 4 s 1 »n 0 NM ko M
[EF
i = =
= ¥ Moan 1278
0|
30}
204
10}
8,
e 0.2 [ZY 2] %3 Tierw E2] ﬂim fad Wﬁﬁ;

LY. 5 NMuwpynudutph dudwbwy LEjnpwiwh gwonh Yunmly hohnfumpjubt
surhtph (284) m dundwbujwhundudiitph hhunngpuiwtitpn (1&3):
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bPiywhu b&pumd £ uljup 6-hg, Al U Bl wwpwmdbubkph hwdwp puownp
Jtpulwibginjnud & hp Yhuwpdtphg thnpp wpdbpm] 3 4-h phpwgpnid, A2 b B2
Jbpulubginmd kb 50%-ny, hulj A3 b B3-p  100%-ny: Znphqniwljwh wnwbgpp
bbkpuyugdwus Euy-tpny, mpupuibynip jenp hunfwwyunwuupmbnd 50 dy-h:

(A1) g R (81)

Enavi:

& a ¥ 2
TYPErTT TR

WN TR L
VY. 6 upwpupwh htwbwhpm] Eijnpmjut  guwpwh  doimpmpmbp 3
Jupljjubthtph pipwgpnid A b B hadpbph hunfwp :

TEpguputimy tbpljujugdud kb unnkiwnunipjub hhdtwlwb wpgymtiphbpp:

Ogquugnpius  quuijulimpyut  wdpnnowlwh  gwbyp  pduplydus
unnkbwfununipmin:
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The behavior of the near-surface electric field during fair weather and thunderstorms

Abstract

Dissertation is devoted to investigate thunderstorms and related phenomena. The influence
of the local effects on daily variation of the near surface electric field during fair weather is
explored. Classification of thunderstorms is described and the methods are presented for

distinguishing discharges based on electric field disturbances.

The first chapter of dissertation is revealing local effects on daily fluctuation of the
atmospheric electric field. Ground-based measurements at three mountain stations (in Israel
and Armenia) showed a strong response of the daily electric field to a morning local effect
known as “Austausch” — the transport of electrical charges due to increased turbulence. In
mountainous regions, nocturnal charge accumulation, followed by an attachment process to
aerosols near the surface in valleys, known as the electrode effect, is lified as a charged
aerosol layer by anabatic (upslope) winds during the morning hours due to solar heating.
The main effect is caused by an increase in aerosol concentrations, resulting in a decrease in
conductivity, followed by a rise in Ez. Comparison of the mean diurnal variation of Ez with
the well-known Carnegie curve and with past measurements of Ez on mountains are
presented in the work. The summer/winter analysis shows that the maximum moming
increase in the vertical component of the fair-weather electric field follows the time of local

sunrise, which is attributed to the Austausch (or exchange) layer effect.

In chapter 2 it is shown that the bulk information on particle fluxes correlated with
thunderstorm can be used to better understand the electrical structure of thunderclouds.
Varieties of particle detectors located at Aragats Space Environmental Center are registering
neutral and charged particle fluxes correlated with thunderstorms, so-called Thunderstorm
Ground Enhancements (TGEs). Only very specific electric configuration of the cloud can
support the sustainable acceleration of the TGEs, often with the signature of the emerging
Lower Positive Charge Region (LPCR). According to the simplified structure of
thundercloud, the electron acceleration downwards is performing due to two fields: the field
between the main negative layer and its mirror on the Earth’s surface and field between the

same negative layer and small positive charge region in the bottom of the cloud. When two
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mentioned fields are strong enough, their superposition generates the most intense TGEs.
LPCR with the lower dipole is local phenomena and it is created during minutes. Variety of
TGEs event have been discussed and analyzed in this chapter also connected their

origination with the end of storm oscillation (EOSO) of thunderstorms.

The 3 chapter devoted to statistical analyses of the patterns of the lightning occurrencesas
measured by the network of the electric field mills located at three stations of CRD. The
disturbances of the near surface electric field during strikes are attributed to different types
of atmospheric discharges: intracloud or cloud-to-ground. Changes made by dischargesin
the near surface electric field are separated into two groups. The differences of those two
groups and shapes of the recovery curves are discussed using the datafrom electric field
mills network for one stormy day. The results show that magnitudes of field changes from
one of the groups are larger and have shorter duration compared to another one. Recovery
curves of the near surface electric field produced by lightning flashes also have a power-law
or a linear dependence besides exponential shape. Moreover, there are 3 different classes of

discharges within every group which can be attributed to different discharges.

HiaydeHre H3MeHeHHI SMEKTPHIECKOTO IOJA Y HOBEPXHOCTA 3eMIH B SCHYIO IOTOAY H EO
BpeMst rpos.

Axmoranas

Jlccepranus NOCBALIEHA MCCIIENOBAHUIO IPO3 U CBA3aHHbIX ¢ HUMHM sBJcHHA. B pabore
HCCNieIyeTcs BIMAHME JIOKANBHEIX 3¢$eKToB Ha CyTOUHOE H3MEHEHHE MPHIIOBEPXHOCTHOTO
3]IEKTPHYECKOro N0Jis MIpH ACHOH moroie. IIpoBesieHa kiaccH(HKaus rpo3 i paspaboTaHb!
METOJIBI Pa3NH4YCHUS Pa3pALOB.

B nepBoM riaBe AHCCEPTAIMM BHIABIEHB! JIOKALHBIE BO3CHCTBHA Ha CYTOYHYO BapHAIHIO
arMocdepHOro anekTpudeckoro moiisi. HaseMmHble H3MepeHHs Ha TpeX OPHBIX CTaHIMAX (B
Wspawne u ApMeHHH) MNOKa3ald CHIBHYIO CBA3b MEXIy CYTOYHOH BapHaluer
3JIEKTPHYECKOro MOJA M YTPEHHHUM JIOKATBHEIM 3¢¢deKToM, H3BECTHBIM Kak «Austauschy -

NEpeHOC EKTPHYECKHX 3apA/IoB TYPOYJIEeHTHHIMH TOTOKaMHU BO3/yXa. B ropHbIX paiioHax,
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BOJIH3M MOBEPXHOCTH 3€MJM, NIOCIE HAKOIUIEHWS HOYHOTO 3apffa, HauMHAeTCs MpOIiecc
IPHKPEIUTEHHA MX K a3po30JAM (M3BeCTHBIH Kak 3NeKTPOJAHbIH 3ddekT), KoTophIi, H3-3a
COJIHEYHOI'O HarpeBa B YTPCHHHE Yachl, IOJHUMAET X B BH/E 3apsHKCHHOTO a3PO30JILHOTO
clos ¢ TOMOIIbI0 aHabaTHYecKHX (B3ABIMAIOIMIMXCSA) BeTpoB. B pabore mnpuBexeHo
CpaBHeHHE cpefHell cyTouHOH Bapuaiuu Ez ¢ xopomo u3BecTHoH kpuBoii KapHeru u
usMeHeHUsIMH Ez B ropax. OcHoBHOH 3ddekr BeI3BaH YBENHYCHUEM KOHICHTpPaIlHH
a’po30JIeH, ITO MPUBOJMT K CHHXKEHHIO POBOAUMOCTH, 32 KOTOPhIM CIELYET YBETMUCHHE
Ez. AHanmu3 JIeTHEro/3MMHET0 BpeMEeHW IMOKa3blBAaeT, UTO MaKCHMAalbHasd BepTHKaJbHAA
COCTaBIAION[aA IMEKTPUYECKOTO [I0J1 HPH XOpOHiel NOrojie CBA3aHa €O BpeMEHEM
NOKAJIGHOTO BOCXO/A COJIHIIA, YT 0GbsAcHseTcs Austausch ( uiM o6meHa) 3ddexTom.

B riaBe 2 nokazaHo, yTo MHGOpPMAlHA O MOTOKaX YacTMIl, KOPPEIUPOBAHHBIX C IPO30i,
MOXeT OBIThb MCHOJB30BaHA A JIYUIEr0 MOHMMAHHA 3JJICKTPHYECKOH CTPYKTYpHI
rpo3oBoro ofiiaka. PaziTHyHbie JETEKTOpbl YacTHI, PacloJIOXCHHEIE Ha rope Aparall B
Llenrpe HccnenoBanus Kocmuueckoit Ilorofpl, peruCTpHpYIOT YBEJIMUEHHE IIOTOKOB
HeWTpanbHBIX M 3apsDKEHHBIX YacTHI, NpY TIpo3aXx, Tak Ha3eiBaeMble I'po3oBbie
Hasemuble mpeBbiieHHd (TGE). Tompko oueHb cnenudHyeckas dMeKTpHYECKas
KOHGUIypalMsa HIDXKHeH dYacTH o6llaka MOXeT MOJJePXKHBaTh YCTOHYMBOE YCKOpEeHHE
anexTpoHoB. COrNacHO YNPOMEHHOM CTPYKType Tpo30Boro 061aka, yCKOpeHHe 3JIEKTpoHa
BHH3 OCYIIECTBIISIETCA 3a CYET JABYX NOJeii: MOJIA MEKIY OCHOBHBIM OTPHLATENBHEIM CJI0EM
M €ro 3epKajioM Ha IIOBEPXHOCTH 3eMIIH U MOJIA MEXIY TEM K€ OTPHIATENbHEIM CIOeM H
HeGoJIBIION 06JacThIO NONOXKHUTENBHOTO 3apsjia B HUXKHeH 4acTH oblaka, Tak Ha3bIBaeMOH
HIKHEH NoNoxHTeNsHOH 3apsmieHHoit obnactio (LPCR). Korma mBa ymoMaHyTHIX mojis
JIOCTAaTOYHO CHJIBHBEI, HX CYIEPHO3HIMA TeHepHpyeT HaubGosee wuHTeHCHBHBhIe TGEs.
O6nacte LPCR ¢ HIKHHM JHIONEM SABIAETCS HEJOITOBEYHBIM, MECTHBIM sIBJICHHEM H
co3faeTcs 3a CUHTaHHBlC MHHYTH. B riaBe 2 o6cykIanoch M aHATM3MPOBANOCH
pasHoo6pazie cobbiTuii TGEs, a Takke HccleoBalach B3aMMOCBA3b MX BO3HUKHOBEHMS C
OKOHYaHHEM Ipo30Bbix KoJiebanuii (EOSO).

TpeTss IIaBa MOCBAIEHA CTATHCTHYECKOMY aHANM3Y 3aKOHOMEPHOCTEH MONTHHEHOCHBIX
ABJICHHM, U3MEPEHHBIX CETHIO MENIbHUI[ AVEKTPHUECKOTO OIS, PACTIONOMEHHEIX Ha TpeX
craniusax CRD. HapymeHuss NpUNOBEPXHOCTHOTO 3NEKTPUYECKOro MOJA MMpH yAapax

MOJNHHH OOBSCHSIOTCS Pa3iMYHBIMH THOAMH aTMOCGEPHBIX Pa3pAfoB: BHYTPHOGIAUHBIMK
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WM Mexay obnakoM M 3amiedl. O6cyxaemsie o6pasibl MOJTHMH PECMCTPHPOBAJIHCH Ha
TpeX cTaHnuax otaena Kocmudeckux my4eit EpeBaHckoro GH3H4ECKOTO HHCTHTYTA.

H3MeHeHUs IPHIIOBEPXHOCTHOrO 3JMEKTPHYECKOTO MONA paspsAlaMH MOXHO pasfeIHTh Ha
JiBe pynmel. Pasiuyus 3THX ABYX rpynn ¥ GopMsl KDHBBIX BOCCTaHOBJIEHHH 06CyKIaoTCH
C HCIMONb30BaHHEM JIAHHBIX OfHOro JHA (23 mag 2015 roja), HONYYEHHBIMH CETBIO
YCTPOMCTB H3MepeHHA 3IEKTPHYECKHMX MoJiei. Pe3ynbTaThl NOKa3BIBAIOT, 9TO BEJHYHHBI
HM3IMEHEHHA TOoJNeH OJHOH M3 rpynn GoJblle ¥ UMEIOT MEHBIIYIO MPOJODKHTEILHOCTh MO
CpaBHeHMIO ¢ Japyrofi. Iloka3aHo, YTO KpHBHE BOCCTZHOBJIEHHSA IIPHIIOBEPXHOCTHOTO
JJEKTPHYECKOro MOJNA, CO3[JaBacéMOr0 MOJHHEBBIMM  pa3pffaMH HMEIOT  KpoMe
SKCIIOHEHI[HANLHOM TakkKe CTENEHHYIO W JHHEHHYIO 3aBHCHMOCTH. Boiee Toro, B KaxmoH
rpynme ects 3 pa3sHBIX KJacca pa3psAloB, KOTOpble MOXKHO OTHECTH K PasHBIM BHIOM

MOJIHHIA.
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