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KHUPHUIII (dpancada noxkropu (PhD) muccepranmusic aHHOTALMSICH)

JAuccepranmsi MaB3yCHHUHI J0Ji3apOaurn  Ba 3apyparu. Kaxonzaa
kopoHanm wacca Tanutaamanapu (KMT) Ba ymapHMHT KOCMHK 00-XaBora
TQ@bCUPUHU TAIKUK OTUIINA 3aMOHAaBH WJIMHMI Ba TEXHOJOTMK BOCUTAJIApHU
KYJUTall eTakyd YpuHIapAaH OupuHu sraamokaa. Jyuné mukécuna 6up Heda YH
munap gaBomuna KMTnap unTeHcuB TaaKUKOTIap 00BeKTH OYIMO KeIMOKaa Ba
SPUILMITAH TAJAKUKOT HATWKAJIAPUHU aMajMETra >KOpUM ATUIIHHM TaK030 3TaJH.
[y »xuxatnan Ky€mman caiépanapapo ¢azora oTtwinl® 4YWUKUO TypaauraH
MarHuTJIaHTaH MJIa3MaHUHT yikaH OynyTiapu xucobnanran KMT TtaakukoTiapu
y4yH KOMHOT Ba Epnaru obcepBaropusiiap Kypuiamanapuaad (GoiganaHuin MyXuMm
axaMHATra sra XucoOJaHaIu.

Kaxonna KMTnapuunr Ep marnutocdepacura Ttabcupu HaTmxacuna Ep
sKuHUAaru (azona Kydjad T€OMarHuUT OYpOHJIApHU KEJNTUPUO YMKApUILU Ba
yJIapHUHT TexHocepa Ba OuwochepaHuHr Typiau OdJIEMEHTJIApUra canoui
TabCUPJIAPUHU YpraHUIIra MWYHAITHUPWITAH WIMHN-TAIKUKOT HWIIApH  OJIu0
oopwiMmokaa. by TaakukoTiaap KyE€ur norfapu MUKIMHUHT TaOWaTH, TOX MarHUT
MaijgoHn  KoHpurypammsicu, Ky€m MoamacuHuHr —caii€panapapo  (daszora
YIOKTUPUJIUIIY, YJIApHUHT caiépanapapo SBOJIONUSICHHN aHUKJIANITa WMKOH
Oepagu Ba KOCMUK 00-XaBO TabCUPJIAPUHU OJAUHAAH Oaxojalira Xu3mMaT KUJIAIITN
MyMkuH. [llynunrnexk, KMT Ba caii€épanapapo KMT (CKMT) napamerpinapunu
OJIIMHAAH OaxoJyall y4yyH TYpJd 3MIEPUK Ba MAarHUTOTUAPOJMHAMUK MOJIEIUIAP
unuiad YMKWIraH Ba YUMKWIMOKAA. JIekuH Oup Hewa YH Wwimad onubd OGopuiiraH
Tagkukotiaapra kapamaii, Epra CKMT kenumuHu OamopaTr KWJIUIIHUHT ypTada
Myaaatd (3-5 KyH) aHUKJIWTM €Tapid 3Mac Ba Ky3aTWIrTaH MapaMeTpiIapHUHT
Oamopar KWIMHTaH NapaMmeTpiapJaH Ce3WIapiu Japaxaaa OFUII XOJaTIapu
MaBxkyA. bynunr cababu Kyém toxuaa KMT HuHr xocun Oynum >xapaénnapu
TYFpUCHIA €Tapiinya MabllyMoTra sra sMaciuru Ba renuocdepamaru CKMT
TY3WJTUIIN  XaKUJa MabJIyMOTJIApHUHT eTummaciaurunamup. LyHuHr yuyH
Oamopar KWIMIIHUHT aHUKIUTUHA olmpuin makcaguaa KMTnapuunar Kyémra
SKUH XYCYCHUSTJIApUHU, YJApHUHT caiépanapapo SBOJIONUSCUHU, UIYHUHTICK
KOCMHK 00-XaBo OwyiaH OOFJIIMK OKHUOATiapHU TyIIyHHMIN Yy4yH Ep sKuHHzIa
TYFpUIaH-TYFpH (In-situ) Ky3aTyBiap €pAaaMujia YpraHuil Kyjaa Myxumaup. by
Oopaja, >KaXOHHUHT €Takuyd WJIMHNA Mapkasjliapu Ba TaJKUKOT Myaccacalapu
WIMHNA JoMuxanapu jaoupacuga (Muumi a’poHaBTHKa Ba (a30 MabMypHUATH
(NASA), EBpona xocmuk areHtiauru (ESA), SAnoHus a’pokoCMHUK TaaKUKOTIAP
areataurn  (JAXA) Ba Oomkanap) KMT TtagkukoTiapura ajgoxuaa bTHOOP
OepuIMoKIa.

PecnyOnukamusna Kyé€mmuar Ep Ba yHMHr sSKMHMOArn KOCMHUK (a3ora
TabCUPJAPUHU TAIAKUK STUII Ba YJAPHUHT CAJIOU TabCHUpJIAPUHU KaMaTHUPHIL
TEXHOJIOTUSJIADUHU MIUTa0 YMKUII 103aCHJaH KEHI KaMpOBIW Yopa-Taidupiap
aManra OWMPWIMG, MyailsH HaTWXKAIapra OSPULIIMOKAA. Y30eKkocMoc”
AreHTJIMTUHUHT KOCMUK TaJKUKOTJIAp Ba TEXHOJOTUSUIAp COXACHIArd acoCui
Bazu(amapu Ba (QyHKuMsUIapuaa QyHIAMEHTaI Xamja amaiaui ¢aHiapHu



PHMBOIAHTHPUIN MaH(paaTaapu OVitmua myxum Basudanap Oenrmnad Gepunran’,
Ymly BasudanapHu aManra OMHUPUIILAA KOCMHUK (aOTUsAT, KOCMUK TaJAKHUKOTIAp
Ba TEXHOJIOTHAJIAP COXACHAa WIMHHA TaJAKUKOTIAp, TaXKpUOA-KOHCTPYKTOPIUK Ba
WHHOBAIUS HIIJIAPUHU PUBOXKJIAHTHPHUIN OYViNYa KOMIUIEKC 4opa-TaJ0upiapHU
UIUIad YMKUII Ba amalira OMMpHIN, IyHUHTACK Ep, kocmuk da3zo, caitépanap Ba
Kyé&mnu TagkuK STUIIHY TAIIKWI 3THII MyXUM aXaMusT KacO 3TMOK/a.

V36exucron PecryGmukacu Ipesunenturunr 2017 iiun 7 despangarn [1D-
4947-conmn  “Y36eKkucToH PecryOnMKacMHM SHAja PUBOXKIAHTHPUII Oyiinua
Xapakarnap crparterusich Tyrpucuna’ra, 2019 iun 30 asrycrtmaru [1dD-5806-
connmu "V36ekuctoH Pecrny6nmkacuma KOCMHK (DAONHMATHH PUBONIAHTHPHII
tyrpucuna" ru papmonnapu Ba 2021 iiun 19 maptoaru [1K-5032-connu «Puznka
coxacujgard TabiuM  cu(paTUHA OIIMPUIN Ba WIMHA  TaJKUKOTJIAPHU
PUBOXIIAHTHPUII Yopa-TaAOupiapyu TYFpPHUCHIAa» Kapopjiapu xamaa MasKyp
daonusTra TerMmIIM OOIIKAa MEBEPUM-XYKYKUNA XyXoKaTiapaa OenruiiaHraH
BazudagapHu amMalra OIIMpHUIlNTa ymlOy auccepTanus WM MyadsH Japaxkasa
XU3MaT KWJIaJIH.

TaaKMKOTHUHT pecny0auka daun Ba TEeXHOJIOTUsJIapH
PUBOXJIAHMIIUHUHT YCTYBOp WMYHAJIMUILIApUra Mocauru. Jluccepranus
TagAKUKOTHU V36ekucron Pecnybnukacu ®an Ba TexHoJIOTHSATIAPU PUBOKIIAHHIIIN
Il. «DHepreruka, sHeprus Ba pecypc TEKaMKOPJIUIH» YCTYyBOp HYHaluIIMra
MyBOQUK OaxkapuJiraH.

MyaMMOHMHI YPraHWJITaHJMK Japakacu. XO3Upru KyHJAa JIyHEnaru
€TaKud WIMUH MapKas3JlapHUHI Oup Kartop OJuMiIapu, UIy >KyMJIaJaH,
xuaauctonauk (N. Srivastava, W. Mishra, D. Chakrabarty, P. Manoharan, P.
Subramanian, P. Venkatakrishnan, D. Nandy), xurtoitmuk (Y. Wang, J. Zhang, R.
Liu, P. Chen, C. Shen, Y. Liu), ppannusmuk (P. Lamy, O. Floyd), poccusimuk (V.
Obridko, V. Kuznetsov, V. Fomichev, B. Shelting, D. Sokoloff, V. Fainshtein, Y.
Egorov, I. Kuzmenko, A. Kochanov, Yu. Yermolaev, N. S. Nikolaeva, I. Lodkina),
amepukamuk (N. Gopalswamy, D. Webb, R. Howard, A. Vourlidas, R. Colaninno,
P. Hess, S. Yashiro, C. Farrugia, N. Lugaz, T. Zurbuchen, I. Richardson, D.
Hathaway, G. Petrie), ascrpusuiuk (A. Veronig, M. Temmer, C. MGostl),
xopBatusuik (B. Vrsnak, M. Dumbovic), aurmusauk (R. Harrison, J. Davies),
oenrusuiuk (L. Rodriguez, E. D’Huys, M. Mierla), repmanusiuk (S. Solanki, R.
Schwenn, D. Schmitt) Ba 6omka kymad onumimap Tomonuaan Kyém akTuBimru
nukinu, KMTnap Ba ynapHuHr MmanOa MUHTaKallapH, BOJIOLUACH, KHHEMATUKACH,
KOCMHUK 00-XaBora TabCHUpHU XaMmJa KOCMHK 00-XaBO XOJAWCAJIapWHU OJIIUHAAH
OamopaT KWIMII MOJAEIUIAPUHU YpraHUIl Y4YyH KyJa KYI Ha3apuid Ba Ky3aTyB
TaJAKUKOTJIapH 010 OOpHIIraH Ba YpraHuiIraH.

Xoszupaa y3oexkuctonnuk onumiuap (akazg. L. Orambepaues, H. Kapaunk, 3.
Typakynos, Y. Illepnano Ba Oomikanap) Ky€m akTtuBmuru Ba TOX (Pu3MKacu,
allHUKCa TOXX TYWHYKJIapW Ba EpyF TOXX HYKTaJapu OYiH4Ya TaaKUKOTIap OJIHO

1 ¥36exucron Pecry6mmkacn Basupaap Maxkamacuanar 2019 iimn 17 cenrsopmarn 781-commu “Y36ekucTon
PecnybOnnkacu Basupiap Maxkxamacu Xy3ypuaard KOCMUK TaAKHKOTIAp Ba TEXHOJIOTHsIIAP areHTIUrd (HaousiTHHU
TaIIKWJI 3TUIT Yopa-TalOUpIapu TYFpUCcHIA” KapopH
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oopummokaa. AsBanpok Camapkann fgaiat yuusepcureruaa (b. Maxmynos Ba T.
AJIMMOB) HEUTPOH MOHUTOP €pJlaMK/ia TATAKTUK KOCMUK HYpPJIAPHUHT BapHUaIUsiCH
Ba (uUIyKTyalusuiapu ypraHwirad. Xo3upaa yiap typiau crpykrypaiu CKMTrnap
ounan 6ofnuk 6ynran @opoym nacaiiui (OII) xonucanapuHu ypraHuiil Ba Typiu
xu1 OllnapHuHr naiigo 6yIuI MexaHW3MIApUHU aHMKJIAII YCTHUJA W3JIaHUIILIAp
oJnb 6opMoKIanap.

Kyém nornapu ¢Gaosmuru KOCMHUK 00-XaBOHMHT aCOCHM Xaji KWJIYBUYM OMHJIA
OynraHn ydyH yHU OamioparT KWIMII >KyJa KaTTra axamustra sra. Kynruna
TIKUKOTUUJIAp YTMUIIAA TYPJIM XM OamopaT KUIuIl ycyjuiapuaan ¢goiigananuo,
Kyém akTuBIMruHM OJNAMHAAH alTMO Oepuimura xapakar kKuauman. Kyém
aKTUBJIUTUHUHT y3rapunuiapu KyE€mHuHr 6apya XycycusTiapuaa, MacaiaH, Ky€em
JIOFJIapyu COHM, KyE€ml 4YakHanuiapu, npotyoOepaneiyiap, KMTnap Ba Xoka3zonap
épmamuna tomwirad. Kyém mofnapu UUKIMHUHT TabuaTu Ba cababmapu Kyém
(GU3UKACHHUHT PHT KaTTa XyMmOokJapuaan Oupuaup. buz xo3upru KyHua Kye€mn
JOFNIapU IUKIMHUHT KYT TadcuioTiapuHu (IIYHUHT/ICK, NUHAMHK KapaéHiap)
Owiicak-na, OU3 Xanu Xam acocuil (U3MK MpUHIUIUIapAaH doiigananrad xoJiaa
KeNlakakjaru KyE€ml JOFJlapd COHMHM HWINOHWIM Oamopar KWIUIIra WMKOH
OepaauraH MOJICITHU spaTa OJraHUMHU3 VK.

Juccepranms TAAKMKOTHHHHI JHcCepPTANUA 0a’KapWITaH OJIHI TAbJIUM
MYacCACACHHMHI WIMHI-TAAKUKOT HILIAPU pekajapu OWJIaH OOFIMKJIHUIH.
Hucceprauus umm Cam/IYHunr Ne 105 K (1) pakamuu OyilpyFul Ba YHUBEPCHUTET
unMuil keHramu toMonuaad 12.01.2017 ma tacouknanran 2017-2019 nunnapaa
TasH4Y JIOKTOpaHTypaJa IUCCepTalMs MaB3ycu OYyilMda WIMHMI HIUIap pekacu
xamaa UZB-Ind-2021-95 “Koponan Macca TanuiaHMaTapuHUHT KOCMUK 00-XaBora
tascupn” (2021-2023) Map3ycumard Y36eKHCTOH-XMHAMCTOH KyIIMa WIMHM
JOWMXACH JOMpacuaa Xxam oiaubd GopuiraH.

TagkukoTHuHr Makcagu KMTnap, ynapaunr typau xun Ky€m akTuBIuru
MUKIJIApUIard y30K JaBpiid Bapualusuiapuau Ba Epparum kocmuk 00-xaBora
TabCUPJAPUHU TAJKUK KWJIUII, IIYHUHTIEK, Ky€m mamonu Ba KMTnap opkamu
Ky€umHuHr Macca MyKOTHII Japakacy dBOJIOUMSCUHU 23- Ba 24-Ky€ll IUKIUIapU
JTAaBOMUJIA aJIOXK1a YpraHuiigad uoopar.

TaagkuKOTHUHT Basudaiapu:

ky3atyBiapaad KMT Ba CKMTnapuunr typiau Ky€m akTuBauru nukiuiapu
JTaBOMHJIA COTUP OY U apa’kaCuHU aHUKJIAIT,

KMTnap Ba ky€m mamonn opkanu KyE€mHuHr wMacca MYKOTHIN
KYpCaTKUYMHU KY€l JOFJIapu COHM Ba Ky€Ill peHTreH (GoH EPKUHIMTIUra HucOaTaH
AHUKJIAILI;

Ky€m akTuBIWrM UMKIM AaBOMHAA KY€l IIAMOJHU OPKAUIM WYKOTHUJITaH
maccara KM TnapHUHT HUCOMH YITyIIMHYA TOIUI,

in-situ ~ Ky3aTyBiap Ba HEWTpPOH MoOHUTOpiIap &plaMuaa  ¥y3apo
tabcupiamyBun KMTnap Ba ynapHuHT reoMarauT 3G GeKTIIapuHu aHUKJIaIl.

TagkukoTHUHT 00beKkTH Epnarn KOCMHK 00-XaBO TabCUPUHUHI acOCHil
man6au 6ynran KMT, CKMT Ba kyém mamonu xucobaaHaau.



TagkukoTHuHr mnpeamern KMTnapuunr kopoHorpadhuk Ba  Ky€mn
IIAMOJIMHUHT 1n-situ Ky3aTyBiapH, Ky€Il JOFIapu COHM Ba KyEIl PEeHTreH (oH
épkunnuru Ounan KMT Ba CKMTnapuunr xocun Oymmm gapaxacu, Kyé€m
MaccacuHuHr KMT Ba Ky€m mamMonu opKaiau MyKOTHUII KypCaTKU4M, CYHITH UKKU
Kyém axktuBmurm nuknu pasomuaa KMTnap maccacmHMHr Ky€ml  1mamosiv
Maccacura Kymras xuccacu, myHuHraek KMTinapHuHr reomarsHuT HatwKajiapu
XUCOOIaHa N,

TagKMKOTHHHT YCYJUIApH Y30K MY/UIaTiH KopoHorpadwuk, in-situ Ba Epra
acocnanrad KMT Ky3aTyBinapuHU TaxJvil KWL, BaKT CEPUACHUHU TaXJIUJ KUJIHILLI
yCyJUIapy Ba y3rapyBumiiap ypTacuaaru Yu3uKiIM MyHocadaTiiap XucoOiaHau.

TaagKMKOTHUHT WIMMI SHTWINTH Kyiuaaruinapaad uoopar:

23- Ba 24-xkyém aktuBIMrd mukiauaa ok KMT MaccacMHMHT WYKOTHII
KypcaTKM4ud Ba OWIMK KyE€ll JOFJapd COHHU OpacuJard KOppesiius
ko3 dunmrenTu moc pasumiga 0,74 sa 0,76 ra TSHIJIMTHA TONUJITaH,

23- Ba 24-Ky€Il aKTHBJIUTH IUKIUAA peHTreH (oH Epkunauru omman KMT
MAaCCACHHUHT WYKOTHUII KYPCATKUYU Opacuaaru KOppemsaius KodPQPUIMeHTH MOC
pasumiga 0,78 Ba 0,80 ra TEHIVIMIY aHUKJIAHTaH;

Ky€ll IIaMOJIMHUHT Macca WYKOTUI KypcaTKWuu 23-Ky€ll aKTHBIUTU
nuKImaa dumra yprada 2,1 X 107* M ra TeHr kuiimar arpoduiga 6ynumm Ba
24-muxnga taxmuHaH 10% ra kaMadraHaurd xamaa Ky€ml aKTUBIIATH ITUKITH
OwiaH OOFJIaHMAaraHJIMTH aHUKJIAHTaH;

KMTnapausr Ky€mr mamoid Macca OKMMHAArd Hucouid yiaymm Kyém
AKTUBIIUK IUKJIM MaKCUMyMHUJa TaXMHHAH 5 (OW3HU TAITKWJ DTHINNA aHWUKJIAHTaH
Ba Oy Ky€m akTBIHMK UK MUHAUMYMUJIA aHYa KHYUKJIUTA KYPCaTUIITaH.

TaaKMKOTHUHT amMaJIuii HATHKAJAPH Kyiuaaruiapaan nuoopar:

Macca WYKOTUI KYPCATKUYMHU YM3UKIM (QyHKIUsA cudatumga Kyem
JNOFJIApUHUHT ypTaya OIIMK COHMra Ba Ky€ll peHTreH (OH EpKUHIMIUTa
OOFIMKJINTY aHUKJIAHTaH;

pentred ¢on Epkunimurn KMTHUHT Macca HYKOTHII KYPCATKUYM YUYH KYEII
JOFJIapU COHUTA KAparaHJa XIUPOK KypCaTKUY SKAHJIUTY TOIUITAH;

aHUKJIAHTaH I0JIy3 peHTreH (GoH EpkKuHiurua roaaysiapaa KMTnapHusr
XOCHJI OYJIUIIl KYypcaTKUUMHM aHuKIania Ba Ky€m tununaru 1oiaay3iap/iad Macca
HYKOTHUII KYypcaTKMUWHU Oaxomariia (poramaHIniIg MyMKUHITUTH KYpCaTUIITaH.

TagKuKOT HATHXKAJAPMHMHI HWINOHYWIMJIMIM  JIUCCEpTAlUs  UIIUAa
KMTnapHuHr y30K MyAAatid KOpoHOrpaduK Ky3aTyBIapUHHM KalTa WIIJIAIl Ba
Tax T KWIWITHUHT SHTH yCyJUIapuaad (oiiiaJaHuIraHIuT, OJMHTaH HaTHXKajap
Oo1ka MyauQIIapHUHT Ky3aTyB MabJIyMOT/Iapy Ba HaTIKajJapura MyBO(GUKIUTH
TEKIIUPUIITAHIUTH OUJIaH acOCIIaHaH.

TagKUKOT HATHKAJAPUHMHI WIMMH Ba aMajilmil axamMMsTH. TagKukKoT
HaTWwKaIapuHUHr wiMud  axamusatn Kyémpna KMTmapHuHr rozara  kenwimn
KOHYHHSITJIADUHU ~ TYLIYHMILN, TYpiaud Ky€Il AaKTUBIMIM LHKIM JABOMHJA
KMTnapaunr coaup OynMin JgapaXacuHW Ky€ll MarHuT —y3rapyBUYaHJIUIU
OOFJIAHMIIKJAH aHUKJam OwiaH OenrmnaHaau. byHoaH Tamikapu, auccepTanus
uyaa onuHrad Hatwkanap Kyém tununaru ronny3 KM Tnapuausar cogup Oyiauin
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KYpPCaTKUYMHU XamJa I0JIIy3 Macca MYKOTHII KYpCaTKMUMHU Oaxojalira MMKOH
oepau.

Tagkukor  HaTwkKanapuHuHr aManmi  axamusatd  KMTnapaunr  Ep
Marautocdepacura Tabcupu Hatmxkacuna Ep skununaru gazona Ky4win reOMarHuT
oyponnap ¢ ¢dekTiapuHu Ba KOCMUK 00-XaBO XOAUCaJapUHU TYIIYHUIIAA KYJUTall
MYMKHWHJITH OWJIaH aHUKJIaHATH.

TagkKukoT HaTHKAJTAPUHMHI Kopuid KuiuHumu. KMTnapaunar Kyém
akTUBIMIH Uukaugard Bapuanusicn, Kyémmnumnr KMTnap Ba Ky€m mamosn
OpKaJId Macca MYKOTHII KYpPCaTKUYMHHU acociail Oyilmda OJMHTaH HaTHXKajap
acocupa:

Ky€m mamonu Ba KMTnap opkanu Kyém macca HyKOTUII Japa)kacuHU KY€l
JOFJIapi COHM Ba Ky€Il pEHTreH HypJiapu (QOHM EPKUHIUTH KUXATHIIAH
udoaananran Ky€m MarHUT Y3rapyBUaHJIWTH (QYHKUMSICH cudaTuAa YpraHuiil
Oyiinua onuarad Hatwkaigap SCOPUS  0Gaszacumarm wiMuii KypHauiapaa
(Astronomy & Astrophysics, 2021; The Astrophysical Journal Letters, 2020;
Monthly Notices of the Royal Astronomical Society, 2020; Astronomy &
Astrophysics, 2020; Chinese Journal of Space Science, 2020; Geomagnetism and
Aeronomy, 2020, The Astrophysical Journal, 2019; The Astrophysical Journal
Letters, 2019) doiigananunarad. Wiamuil HaTHKaJTapUHUHT KYJUIAHWIHMIINA OOIIKA
Kyém tunuaaru ronmysnapaa mMacca WYKOTUI KypcaTKuuuHu Oaxonamn Ba Kyé€m
Macca MYKOTHUII KypcaTKU4u OUJiaH TaKKOCIalll UMKOHUHU OepraH;

KMTnapHuHr sknunTuKaza Ba YHJAH TalIKapyuaa YMyMHU KyE€ll IIAMOJIA
Maccacu OKMMMIa KyIlraH XMCCACHHM Ba YHUHT Ky€ul akTUBIWIHA JaBpJIapUHUHT
Typiu OOCKHWIApHIA Y3TapuIIMHMA aHWKIAN Oyiindya OJMHTaH HaTwkaiap “The
Sun Today” (C. Vita-Finzi, Springer, 2018) kutobouma dorigananwiran. Mimui
HaTwkanapHuur ¢oinanaannunm Kyémmaa KMTnapaunar xocun O0ynuimn gapaxacu
Ba yiap OujaH OOFIMK Macca WYKOTUII KYPCATKUYMHU aHUKJAINI WMKOHUHU
OepraH.

TagKuKoT HATWKAJAPDMHMHI  anmpodamusick.  Maskyp  TaIKUKOT
HaTWXanapyu 3 Ta Xalkapo Ba 4 Ta MaxaJUlMil WIMHUNA aHXyMaHIapJa MyXoKama
KWINHTaH.

TagKuKOT HATW/KAJAPUHMHI JbJOH KWJIMHranJuru. J[luccepranms
MaB3ycH jJoupacuja xamu 12 Ta wiMuil uMUUIap Hallp KWIMHIW, IIYHJIaH S Ta
WIMHIT Makona Y36ekmcToH Pecry6imkacum Omuit Atrectarms Kowmccnscn
tomoHuaH PhD muccepranusic acocuii MMM HATH KAJIAQPUHU HAIIP THIN YIyH
TaBCUS STUJITaH WIMHUH KypHAJJIap/a YOIl STUJITaH.

JluccepTauMsIHMHT TY3WJIMINM Ba Xa:KMM. /[uccepramusi TapkuOU KUPUIL,
TypTTa 000, XYyjNoca, Qoigaranwiran amgabuétnap pyhxatugadn wuoOopar.
HuccepranussHUHT XakMu 138 GeTHU TallKuiI 3TaIu.



JUCCEPTALIMSIHUHT ACOCHUI1 MABMYHH

Kupum xucMuja auccepranys MaB3yCHHUHI J0JI3apOiUrd Ba 3apypatu,
acocuii Makcaja Ba Basu(amapy acocliaHraH, JUCCEPTALMSHUHT OOBEKTH Ba
npeaMeTu TaBcU(IaHTaH, peciyonka ban Ba  TEXHOJIOTHsJIApU
PUBOXJIAQHUIIMHUHT  YCTUBOp  WYHalIMUUIapura  MOCIMIM  KypCaTWJITaH,
TQAKUKOTHUHI WIMHM SIHTWIMTM Ba aMajuil HaTwkanapu Oa€H KUIMHTaH,
TAQAKUKOT HATHKAJIAPUHUHT WIIOHWIWJIWIY, WIMUK Ba aMalluii aXaMusATH O4YuO
Oepwirad, TaJKUKOT HaTWKaJapUHU aMaluéTra >KOpUM KWIMIL, HAIIp STUITaH
UILIap Ba JUCCepTAlUs TY3WIUIIHN OEpUITraH.

Huccepranuss umuHUHT “Kyém Ba yHuHr ¢aouturn” ne® HOMIIAHTaH
oupunun 606m Kyém, koponan macca tammanMmanapu (KMT) Ba ymapHuHT
Ky3atyBiapu, caiépanapapo KMT (CKMT)map Ba Kyém-Ep anokacunu
Tymynum, Ky€m daommmru mukim, KocMUK 00-XaBo XoaucalapuHu Oaradceui
TYIIYHUIITA Ba YpraHuiira OaruiuiaHraH.

Hucceprauus nmmHuHr “Ky3atyBjaap” ne0 HOMJIaHTaH MKKUHYM 000Maa
Kyém skuanna KMTnapuu macodanan Typub ky3aruil, Ep sskuHugaru gasozna in-
situ Ky3aryBiap Ba Ep cuptumaru Ky3aryBlIapuHUHT TadCUIOTIapu OepuiiraH Ba
aucceptanys OOBEKTHMHHM Ypranuijaa (olganaHwiral TaxJdid METOA0JIOTUACH
KEJITUPHWIITaH.

Huccepranyss umuHUHT “KopoHan macca rTanuianMagdapuHudar Kyém
HMKJIMIArY  Bapuanusicu” 1e0 HomuaHrad yuyuHud O0o0o6u KMTnap maiino
OymumuHUHT Y3rapyBuannurudu, Kyém mamomu Ba KMTnap opkanu Ky&mnaunar
Macca MYKOTHUII KypcaTkuuu 3BoironusicuHu Kyém aktuBauruHuHr 23- Ba 24-
MUKIIapu Oyitnda ypranuiira OaruiuianraH.

bu3 xynmuk KMTnapuusar yprada conunm, cyHrpa KMTnapHuHr coxmp
OYIUII KYpCAaTKUYMHU, IIYHUHTIEK, 23- Ba 24-Ky€ll UMKIUIapH YUyH OWIIMK KyEII
JOFapu COHMHM aHUKJIAAuK. 23-Ky€m nuknu yayH KMTnap comamp Oymum
KypcaTknuuHUHT Y3rapumn 2003 fimnraya Ky€ml JOFJapyd COHMHHM Ky3aTHO
oopumnan Kana kuauk. lynagan cyar, 2008 iun oxupurava 23-Ky€in 10Fiapu
UMKIM TMacaluiiga JaBoM dTrad Oyica-ma, KMT maipgo Oynumn KypcaTkuuu
nacaitmanu. Askabmanapiucu myaaaku, KMT kypcatkuun 2007 iun 6ommaa 3HT
IOKOPY YYKKMHU Ba KeWuH ¢dakar Oup WM JaBoMHuAa Yyprada MMacaluIiHu
kypcatau. 24-mukn Oommanrasgad cyHr, KMT comaup Oynumn KypcaTKUUYUHHHT
Bapualnusacu Ky€ll JOFJIapu COHU Y3rapMIlMHU JKyJa aHuK Ky3atubd Oopau. 24-
IUKJI OJITUHTH 23-IIUKITHUHT MOC (pa3anapura Kaparaija aHda KH4uK aMILIMTyaara
sra. AmMmo, 24-tiukn gaBomuaa KMT comup Oynummn kypcaTkuuu TaxmuHaH 23-
MUKIHUHT MOC (ha3acuiaru Kypcarkuura TeHT €ku 0ab3aH Oupo3 1oKopupok. 2012-
2014 vunnap mobaitauna Ky€m nornapu conu 2000-2002 iunnapra nucbatan 1,7
MapTtara kamaiiran Bakrna KMT kypcarkuwiapu 1,6 Maprara oOLITaHJIMTAHA
TabKUJIAIHK.

Kyémna KMTnap conup OYaum KYpcaTKUYMHHU SXIIMPOK TYIIYHHUII Y4yH
ouz 23- Ba 24-mukn yuyn CKMTnapaunr coaup OYnuIn KYpCaTKMUMHU XaMm
oaxonaauk. CKMT kypcatkuum 23-uukinu Ky3atub 6opranunnu, ammo 2005-2007
Wuiap JaBoMuja, SbHU  23-IMKIHUHT nacaiimm  ¢aszacupa Oy KypcaTKud
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HUcOaTaH IOKOpHW 3KaHauruHu Kaa kuiauk. CKMT kypcatkuuum 24-1UKJIHUHT
kyTapunuin (aszacuga 23-IMKIHUHT MOcC ¢a3zacura KaparaHaa KAYUKPOK. 24-
MUKIHUHT nactinabku 7 wwumuaarm CKMTrnapHUHT yMyMuid COHU  OJIMHTH
IIUKJIIHUHT Ty opanurura HucOatan 40% ra kamaiirad. bupok, 24-nUKIHUHT
mMakcumyMm gaspuaa CKMT kypcatknun 23-IUKIHUHT MakCUMyM JaBpuiaru
KYypcaTkuy OusiaH Oup Xuj KuiimaTtra sra.

buz -30° man 30° rauga, —60° man 60° raua Ba —90° man 90° raua Oynran
renokeHrnukinapaarn KMTnap tydaiinu kanenaap oijap JaBoMuja KyEmiaH
YUKapWJIraH yMyMUNA MaccaHu XucoOJaauK. 23- Ba 24-Ky€Il MUKIUIapy JaBOMUJIA
KMTnapaunar ymly ydra Typyxra OOFnuMK Oynaran Macca HYKOTHIN
KYPCAaTKHUMHUHT BapUalUsiACUHU KypcaTnuk (1-pacm, rokopu manen). bynman —30°
naH 30° raya 6ynran renvokeHrnukiaapaaru KMT tydaiinu oitnuk macca HyKoTHIL
1999-2002 i#wmmnapaa, spHM  23-Ky€m  IOFNIApU UMKIWHUHT KYTapuIIMII Ba
MakcuMyM daszacu JaBpujia Ky€ll TOFJapy COHMra HHUcOaTaH aH4ya MACTIMTUHU
aHUKJIaIUK. By KeHrmuk Tapkubura Todopa KarTapok, spHu —60° man 60° radya Ba
—90° nan 90° raya 6ynran reavokeHrnukiapgaru KMTnap kuputunranma, macca
UYKOTUIIHUHT Oy MAcT KYpCaTKU4M KaMpoOK aHuK OYianu. Xyanu 1y Tap3ga, 24-
MUKJIHUHT KyTapuiuin ¢aszacuna, spHu 2012-2014 finnnapna mMaccaHu HYKOTHII
KYpCaTKA4M CE3WJIApJIM AapakaJa MacTIUTUHU KAl dTIUK.

bu3z 23-uuknHuHr MakcuMyM aaBpusa —30° nan 30° raua Ba —60° nan 60° raua
Oynran reavokeHrnukiapaad xocui 0ynran KMTnap moc paBumiga ymymuit KMT
Macca MyKOTUIIHUHT TaxmMuHaH 45% Ba 90% wura xucca KYIIMIIMHA aHUKJIAIUK.
[Tynunraek, 24-nmuknHuHr MakcuMyM gaspuaa —30° man 30° raua Ba —60° nan 60°
radya Oynran reavokeHrnuknapgaru KMTnapauar nucOuid ynymu ymymuiit KMT
macca WYKOTHUIIHUHT 40% Ba 80% HM TalIKWI KWIMIIA aHUKIAAUK. by mIyHIaH
nanonat 6epanuku, 60° naH rKopH KeHrukiaapra sra o6ynran KMTnap 23- Ba 24-
UUKJUIApJa, allHUKCA LUKIUIAPHUHT KYTapWJIMII Ba MAakCUMyM JaBpjapuaa MocC
paBHIlIa YMyMUH Macca WYKOTHUII KypcaTKUWYMHUHT TaxmuHaH 10% Ba 20% Hu
tamkua 3Taau. [y ounan 6upra, KMTnap opkaaum Macca HWYKOTUITHUHT aCOCHM
KHUCMU ypTa Ba KyHWH TEIMOKCHIVIMKIIapra XaMm TYFpu Kenaau. bu3 Ky€m gornapu
COHMra HucOaTaH Macca HYKOTHII Japaxacu 24-mukiga 23-IuKira Kaparasja
IOKOPY AKAHJIUTUHU TabKUJIAUK. 24-1UKJI MaKCUMyMHUAAard Ky€u I0FJiapu COHU
onauuru 23-mukira Hucoaran 40% ra kamasiau. bupok, 24-kKy&€m 10Fu UKIUHUHT
MakcuMymu gaBomusia —30° gan 30° raua, —60° nan 60° raya Ba —90° gan 90° raua
oynran remmokeHrnukiapgarn KMTnap Tydaiinu macca WYKOTHII KYpCcaTKHUYU
Moc pasuiga atura 25%, 20% Ba 15% rava kamasgu. by HIyHW aHIiaTaguku,
IOKOpY TEJIMOKEHIVIMKIapJaH Macca MYKOTHII 24-IIMKJI MaKCUMyMH J1TaBOMHJIA
OJITMHTH IMKJ MaKCUMyMU JaBpUaarura HucOaTaH KaTTa. bU3HWHT SHTUIUTUME3
IIYHH KypcaTaJuKH, 24-UuKiIJa Macca MYKOTHII KYpCAaTKUYMHHUHI [acaluIlIn
Ky€lI IOFJIapy COHMra HUcOaTaH YHYaIMK caMapaiu dMac.

bu3z 23- Ba 24-nukiuiap y4yH OMJIMK Macca HYKOTHII Ba OMIMK KY€l TOFJapu
COHHM YypTacuaaru MyHocaOaTHu aHuKiIaavk (l-pacm, ¥pTa Ba MAcTKU IMaHesUIap).
AHuKJIaHraH perpeccust un3uru Oowian —30° gan 30° raga, —60° gan 60° raua Ba —
90° nan 90° raya 6ynran renvokeHrnukiapaaru KMTnapHuHr yuTa rypyxu yuyH
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TapKOK rpaduk Moc paBuliga l-pacCMHUHT yar, Mapka3ui Ba VHI MaHeliapuaa
kypcatuiaran. OWIMK MaccaHu WYKot kypcatkuun (dMgyg/dt)an oinuk
Yypraya nornap conu (S) Oyiinua udonamam ydyyH OU3 Ky3aTyBlIaH OJUHIaH
HaTWXKAJIApHU KyHuaaru MateMaTuk udoga OuiiaH MOCIAIITUPIUK:

dM
% =5x10™(c;S+¢,) r-oiit (D

Oy epna c; Ba c; KOHCTaHTanap. 23- Ba 24-kyém nukiuiapu yuyH (1) TeHriama
épamua OJIMHraH KOHCTaHTajap (c1 Ba Cz), koppensuus kodhduiuentu () Ba
nerepmuHaiysa  koddduuuentn (r?) l-xagpanma  kypcatunaran  (IOKOPUIAH
OMpPUHYM TaHEN).

1-xanBanna 23-Ky€m ukiIM yuyH (1) TeHriaama yura reJIMOKeHIIMKIapiaru
KMTnap tydaitnu oMk Macca HYKOTHIIT MablyMOTIAPUHHUHT Y3rapyBUaHIIUTH
taxmMuHaH 36%, 51,8% Ba 54,8% Hu kypcarnau. Xyaaud myHaau, 24-1yKi1 y4yH
KMTmnap Tydaiinu Ky3aTwirad Macca HyKOTHILIAry y3rapyBuaniauk 32,5%, 54,8%
Ba 57,8% artpoduma. lllynmaii kuinmb, oinnk yprada mormap conu (S) Kyiu Ba
OKOpH resmokeHrnuknapaaru KMTnap ydyH Xy npOKCH 9KaHJIUTH aHUKJIAHIH.
24-uKIT  y9yH OJIMHTAH KOHCTAHTAJapHUHT KUHMaTiIapu 23-IUKITHUHT MOC
TEJIMOKEHIVIMK OPAJIMKJIApU Y4YyH OJIMHTaH KUHUMAaTIapuJaH KaTrTapokaup. by
KMTnap opkanu Macca WYKOTHUII KYPCATKUYMHUHT OJIIMHTHY ITUKJIITa Kaparanua24-
HMUKJIard Ky€nl T0FIapu COHUra Ky4jau OOFTUKJIUTUHY KypcaTaau. 23- Ba 24-1IuKI
naBomuga KMTnapuunr comup Oynum kypcarkmunaun Ba KMTnap opkanu
YyMyMHUI Macca MYKOTUII KypcaTKHMuuMHU (1-pacM, I0KOpU YHT MaHes) TaKkKocialll
acocHsa, Kyl COHJIM KWYMK TalUIaHMalapiaH MOOpaT IOKOPU KEHIJIMKJIapJaru
KMTnapuaunr wucouit ynymu 2003 iungan 6omad ommbd O6opaau Ba 3aud 24-
KY€l HIUKJIUAA XaM JaBOM ATAIH.

buz 23- Ba 24-xyém uMkiapu AaBoMujia Oapua TeJIUOKEHTJIMKIap/ard
KMTnap Tydaitnun macca WYKOTHII KYypcaTKU4M Ba Ky€ll peHTreH Hypiap (oH
EPKUHJINTA BapuUalMsJIapuHu  yprauauk (2-pacM). byHJaH OMIIOK PpPEHTTEeH
HypJiap ¢GoH EPKUHIUTH KyENT (HAOJUIMTHHUHT MAKCUMYMH Ba MUHUMYMH Opacujia
10 maprta dapK KUTUIIMHN aHUKJIAIMK. 2-PACMHUHT FOKOPH TMaHenuaaH 013 macca
WVKOTHUIII KYPCATKUYMHHUHT BapUalMICH, YMyMaH OJraHaa Ky€ll PEHTIeH Hypiap
GboH EPKUHIMTUHUHT BapHAIMSCUHU Ky3aTUO OOpPUIIMHM TabKUIJIAAUK. BUPOK,
1997 uwunpan 2003 ¥wnnnapma, sSpHU 23-Ky€ll IUKIMHUHT KyTapuiIMIl Ba
MakcUMyM ¢azacua Macca aMIUIUTYJacH PEHTIeH Hypiap EpKUHINTUTA HUCOaTaH
nact dKaHauru Kauna otauk. [lynra yxmam y3rapum 24-Ky€m MUKIMHUHT
MaKCUMYyM JaBpUJa XaM Kala 3TAUK. 24-IUKIHUHT MaKCUMyM JaBpUa PEHTTEH
HypJlap EpPKMHJIMIM Ba OWIMK Macca WYKOTHUII KypCaTKWMYM 23-IUKJIHUHT
MaKCUMyM JAaBpujarura Hucoaran moc pasuimga 20% Ba 15% ra kamaiigu. by sca
23-nukinaad 24-mukirada Oynran gaBpaa taxmuHaH 40% ra kamairaH Ky€mr
noryapu connnian dapkiu yinapok, KMT tydaitim macca HYKOTHIN KYpCaTKUYH Ba
peHtreH Hypaap (oH EpKUHIUTH JesIpid TEHT paBUIla KaMalraHJIUTHHU
Kypcatau. bus peHTren Hypaap ¢oHuaa Xxam, KyEm AOFiIapyd COHUJA XaM XyAIU
IIyHJIail BaKT MacIITaduaa MUKIUK (PAOJUTMKHU KAl ATAUK.
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2-pacm. 1996-2016 #immmap (spHU, 23- Ba 24-Ky€m MHWKIM) JaBOMHAArd BakT Oyinda (X
yxna) 6apua KMTnap tydainm oitnuk Macca iykorumm (dan Y YKaa, KOpa paHraa) Ba Kye
pentren Hypaap Epkunnura (YHT Y VKaa, KYK paHrja) Y3rapuiim KypcaTHiraH. XaKuKWi
VIYammapHUHT CHJUTMKJIAHTaH KUHMatiapu XaMm rpaduK yCTHra 4YM3mwirad (IOKOpH IaHen).
23-1uki (dan nactku nanen, SC23 ne6 Genrunanran) Ba 24-umkn (YHT nactku nanen, SC24
ne6 Oenrmwianran) yuyH Kyéuaan 6apua KMTnap tydaiinu oinuk mMacca HYKOTHII Ba Ky€EI
peHTreH Hypaap GoH EPKUHINTH Opacuaard TapKok rpaduk perpeccus Yu3ufu (KYK paHraa)
OuaH KYpCcaTHIITaH.

buz ky€mmauar —90° nan 90° rava Oynran renuokeHriukiaapuaad KMTnap
tydaiian Maccann Hykotuin kypcatkuun (dMqyg/dt) Ba pentred Hypiaap (oH
épkunurn  (Lx) HHUHr aHMKJIaHraH KuldMatigapura KyWuaard MaTeMaTHK
GYHKUUSIHY MOCTAIITUPIUK:

dM
% =5x% 1014(C1LX + Cz) r: Oﬁ_l (2)

Oy epaa C1 Ba C; KOHCTaHTanap. 23- Ba 24-MKJUIap YYyH OJMHTAH KOHCTAaHTaIap,
Koppemsiiua kodpdunuentd Ba jaeTepMuHanus  kodddunmentd 1-xanBanaa
KypcatuiraH (FOKOpUJIaH UKKMHYM maHen). 1-kaaBangad (2) tenriama 23- Ba 24-
KyEll IUKIA YYyH Macca WYKOTHIN [Japa)acu y3rapyBYaHJIWUIU MOC pPaBUUIIA
taxmMuHaH 60% Ba 64% HU KYpcaTHILIMHU TabKuIaauK. PeHtreH Hypiap (o
EPKUHIUTH OWJIAH M30XJIAHTaH Macca WYKOTUII KYPCATKUUYUHUHT Y3TrapyBUYaHIIUTH
oinuk YpTraya Ky€u JOFJIapu COHUAH (poiifalaHraniarura Kaparasaa Xap ukkaia
UKJ YYyH XaM TaxMHHaH 5% ra 10KOpH (2-pacMHUHI NMAacTKU maHesuiapH). by
IIYHU aHTJIAaTaJuKH, YTYaHTaH PEHTIeH Hypiap €pKUHIUTH OyTyH Ky€ml y4yH
KMT Ttydaiinu ™accaHu WYKOTHII AaKTHUBIMIM YYYH SXIIUPOK IPOKCH
xucobnanaau. Kwsurm mynnaku, 2001 #iun ypramapunma 23-m0fiap IUKIA Ba
pPEHTIreH HypJiap EPKUHIUTU OWp BAaKTHUHT Y3HIa HT IOKOpY KUWMATTa 3PUIIAIH.
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1-sanBan. [lanemnmap rokopuaaH mactra Kapab: KoHcTaHTamap (C1 Ba C2), KOppESIus
kod(unuentu (r) Ba nerepmuHanus kodpoumuentu (r?) xuitmarnapu 23- Ba 24-Kyém
nUKIUIapu yuyH moc pasumiga (1), (2), (3) Ba (4) rerrnamanap épaamMuaa OJUHTaH.

(1) Tearnamanan (KMT Ba Kyém qor1apHu COHH)

Muxa Cy C r " (%)
SC 23 (-30° nam 30° raua) 1.1 67 0.60 36.0
SC 23 (-60° nan 60° raua) 24 85 0.72 51.8
SC 23 (-90° nam 90° raua) 2.8 91 0.74 54.8
SC 24 (-30° nan 30° raua) 1.2 82 0.57 32.5
SC 24 (-60° nam 60° raua) 34 98 0.74 54.8
SC 24 (-90° xan 90° rava) 4.1 118 0.76 57.8

(2) reuraamanan (KMT Ba pentren Hypaap ¢poH épKHHJINIH)
SC 23 2.5 %107 90 0.78 60.1
SC24 2.6 x 107 126 0.80 64.0
(3) Tenraamanan (Kyém mamouin Ba 10¥J1ap COHH)

SC23 -0.2 696 0.1 1
SC 24 -0.1 616 0.03 0.09

(4) Tenraamanan (Kyém mamo/in Ba peHTreH HypJap ¢oH épKHHIHIH)
SC 23 -1.2x 107 694 0.09 0.8
SC 24 1.6 x 10> 594 0.09 0.8

bupoxk, 2013 itun cenrsOpaa 24-m10fap UUKIK SHT IOKOPH KUIIMaTra spuIITraHjia,
PEHTIeH HypJap EpKUHJIWTH DJHT IOKOpM KUWMATH SPUM WWITa KEUWKAJIH.
[yHuHraex, peHTredn Hypiap GOHMHUHT OKMMHU Ba Macca MYKOTHUII KYpCaTKU4Yd
Ky€ll JofJIapy coHuMra HucOaran 23-mukiara kaparaiga 24-1UMKIIa HOKOpU
HKAHJIUTH aHUKJIaH/IH.

Yoy 0o6xa Ou3 Ky€ml JoFiIapu COHU Ba PEHTreH HypJyiap GOH OKHUMMHIa
HUucOaTaH Ky€m mamoid Tydalnum wmacca WMYKOTUII KYPCATKUYMHHU —XaM
aHuKIaauK. 1 a.0. Macoda ssKHHUAArd Ky€m maMOJIMHUHT ypTadya coaTiauk in-situ
Ky3aryBnapuaan ¢oiigananu0, Ou3 OWIMK ypraya mpoToH 3uwiuruad (Np),
te3nuruau (Vp) Ba Oynap HaTHXKACHIIa TPOTOH MacCaCHHUHT OKUMHHH (Np X Vp) 1
a.6. Macohana XHCoONaaUK. YIT4aHraH KySll IaMOJH MaccacH OKMMHHH Ky&I
r03acujian Oapya yHanumapaa 1 a.6. macodazaa riodan Ky€n mamMoia Maccacu
OKUMH J1e0 xruco01ad, Ou3 OUNMK KyE€Il IMIaMOoJId Macca MYKOTHUI KYpCAaTKUYHUHU
aHUKJAIUK. 23- Ba 24-mofnap IUKIM YYyH OWIMK ypTaya JOFJIap COHUHUHT
byukusacun cudatuga KyEem mamoiaud Tydaliaum XucoOJaHTaH OWMJIMK Macca
UYKOTUIIHUHT Y3rapuiiy 3-pacMjia KeITHUPUITaH. 3-PACMHUHT IOKOPU MaHENIH/IaH,
23-Ky€1l IUKIMHUHT KYTapuIMII Ba MakCUMyM (pa3acu aBOMHUAA OMJIMK Macca
UYKOTUII KaMaWWIIMHU aHWKJIAJAUK. BUpOK, 23-IUKIHUHT macaiuin OOCKH4Yna
Macca UYKOTHIN KypcaTKuuu Oommmaa Oupo3 omud 00pau Ba KeWUH Ky€ml JoFiap
COHMHU Ky3aTub Oopu0O, MabiIyM pgapaxana KaMahau. 24-IuKa y4yH Ky€uml
IaMOJIM Macca MYKOTHUII Japa)kacu KyTapuiauil (azacuaa Iespiau JoOUMHUi OYir0
KOJIM Ba 24-1IMKJI MakCUMyM JaBpuja OWpo3 macaiiiu Ba macaiuin Qaszacuia
OpTIM.

bu3 kyém mamonu Tydaitim macca HYKOTUII KYpcaTKW4YM Ba Ky€ll AOFiapu
COHMHUHT aHHUKJIaHTaH KUiMaTIapura Kyiuaara TeHIJIaMaHd MOCTIAIITUPANK:
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dM
% =5x105(c;S +¢,) r-oii ! (3)

Oy epaa S oinuk ypraya Ky€1 T0FIapyu COHM, C1 Ba C; KOHCTAHTaap.

3-pacMHUHI KyHH Yam Ba YHI MaHesuiapuja Moc paBuija 23- Ba 24-kyémn
HUKJUIApU YUYH KyEII TOFaapy cOHM PpyHKUMsIcH cudatua OMINK Macca HyKOTHII
KYPCAaTKUUMHUHT TapKOKCUMOH Tpaduru kypcatwirad. KoHcraHTanmapHUHT
KUMaTH, Koppersiius Kod(QQUIMeHTIapu Ba JeTepMHUHALMS KO3 PUIIeHTIapU
1-xangBalHMHI Y4YMHYM MaHenuja kedatupuirad. JKajgsanman Ky€m I[IaMoiH
Tydalam macca MYKOTHIIHUHT Y3rapyBYaHJIWTUHU (3) TEHIJIamana KeJITUPUITaH
Ky€ll JOFJIapd COHMHMHT YHU3MKJIM (PYHKIUSICH HYKTal HazapuaaH TYFpu
TYHUIYHTUpUO OYynmaciuruHu Tabkuuiaauk. Ky€m mamonu Ttydaiinu Macca
itykoTum KypcaTkuun 23-1uKn yayH ypraua 3.5 x 10 r-oii? atpoduna rapkanran
Ba Oy kuiMar 24-mukn yuyH TaxmuHad 10% ra kamasgu. 24-1UKJI MaKCUMyM
naspuna Ky€m gornapu conu Ba KMT tydaitnm macca iykoTum kypcatkuyuu 23-
UMKJIHAHT MakKCUMYM JlaBpUJarura Kaparasjga Moc pasuiiia taxmuHaH 40% Ba
15% ra xamaiinu. IyHuHraek, Ky€ml MDIaMOJIM OpPKaldM Macca MYKOTHII

KYPCAaTKUYMHUHT [IUKJ UYUJard Bapuanusicu 23- Ba 24-Ky€ul NUKIUIApU YIYH Xap
XUJL.

_]IIIIIIIII-I lllllllllll[lllllllllll TTTTTTTITTT IIIIIIlIIII|III 250
£ 450 -
o
2 200 .
€ 400 2
E
2 5
g 150 €
> 350 9
< 2
= — 100 3
& 300 >
3 E-]
> 50 S
£ 250 =
=
=]
E JI IIIIIII'IllIIIJIIlIII IIJJIIJIIII IIIII|IIIIIIJIIII|I|’|’ 0
Jan Jan Jan Jan Jan Jan
1996 2000 2004 2008 2012 2016
Time
SC24
500 LINLIL B I L ||||]||ir|||||S|C|23 500 I ) |
g, g, j . . :
S © L . . 4
% 400 S 400 - o ¢ .
w w = . o9 . 4
© «© . . .
= = 3 * : . .
o
g é B .e . o . 1
FLe o L] . 9
= 300 § 300 (e vttt R
° el . . LA ™ .
7] 0 l’. L R P ]
= = = L LA/ .
] £ Ce . o . L] . J
5 s - . o* ¢
2200JJJJlll.ll]IJJJ]JJII[IIIJ]J = 200 M. NS T T T TR NN TR S S N |
0 50 100 150 200 250 0 50 100 150
Monthly Sunspot Number Monthly Sunspot Number

3-pacm. 1996-2016 #mmrap maBomumard BakT OVimua (X Ykaa) Ky€m mamosd Tydanam
oMK Macca uykorumu (van Y YKaa, Kopa panrnaa) Ba Ky€m qornapu conu (YHr Y yKaa, KYK
paHrAa) BapualusICcH KypaTHUiITaH. XaKuKUHA YITJalUIapHUHT CHJUTMKJIAHTaH KUUMAaTIapu XaM
rpaduk ycTura yu3wirad (FOKOpH maHen). 23-1uki (4am MacTKu maHen) Ba 24-uuki (YHT
MACTKH TaHeN) y9yH KyENI maMoiu Ty(}aiii oMK Macca HYKOTHII Ba Ky€ElI JOFIapyu COHH
opacuaaru Tapkok rpaduk perpeccust Yn3uru (KYK paHraa) OuiaH KypcaTHiraH.
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4-pacmza Ky€ml peHTreH Hypiap (poH EpKUHIMIM OwiaH Ky€ll IIaMOJu
TyQailin oiIMK Macca HYKOTHII KYpPCATKUYMHUHT BapHALMSICH KEJITUPUITAH.
Kyém pentren Hypnap ¢oH EpKUHINIU KyE€ll AOFIApH LUKIUIAPUHU SKUHAAH
Ky3atub Oopanu. 4-pacCMHUHT IOKOPH MaHEINIaH OM3 Macca MYKOTHUIN KYpCaTKUUU
23-Ky€ll [MKIMHUHT KYTapWIuIl Ba MakcUMyM (azanapuaa mnacaluiimHu
aHUKJIaAUK. 23-IUKIHUAT acaium ¢azacuja OIMK Macca HYKOTUII KYpCcaTKUuu
Ooommaa Oupo3 KaTTanamuO, KEWWH PEHTTeH Hypjap EpKUHIUTHHU Ky3aThO
Ooopaau. 24-Ky€m IUKIM YYyH Macca WYKOTUII KYpcaTKWU4M Ooluja Aesipiu
TOUMUNM OYnuO, KeWnH 24-MKIHUHT KyTapuwiuin (azacuma macasau. Macca
UYKOTHUII KYpCcaTKU4K 24-IUKIHUHT MAaKCUMYM Ba Macaiuil (pazanapujia ouiaiu.
bynnan kyém mamoinu Tydaiinu Macca HYKOTHII KYpCaTKUYW Ha KY€l [UKIUIapy
TEHJICHLMSCATa MOC KEJIMIIMHM Ba HA LHMKUIADHUHI MAaKCUMyM JaBpHJIaH
MUHMMYM JaBpuradya Ce3WIApJd BapHALMSAIAPHU KYpCaTMACIWTWHH, PEHTIEH
Hypiaap (oH EpKMHIUTU 3Ca KaTTalMK >kuxataad 10 mapra y3rapu® TypuIIMHU
AQHUKJIA/IMK.
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4-pacm. 1996-2016 #wntap naBoMuaard BakT Oyitnua Ky€m mamoiu Tydainu oiiMk macca
HYKOTHUII KYPCAaTKUYM Ba Ky€Il PEeHTreH Hypiap (poH EpKUHIMTH BapyalMUsICH KYpCAaTHIITaH.
XaKUKU{ YIuallIapHUHT CUJUIMKJIAHTaH KMWMaTIapy XaM rpaduk ycTura 4n3uiras (I0KopH
naHen). 23-uuKia Ba 24-muKa yuyH Ky€mn mamMoiu Tydaiian oMK Macca WYKOTHUI Ba KyEIT
peHTreH Hypinap (oH EpKMHIMTH OpacHIaru TapKOK TpaduK perpeccusi YM3WFH OHIIaH

KYpCaTUJIraH.
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Kyém mamonu Ttydaiam macca WYKOTHUIN KYPCATKUYMHUHT Ba PEHTIEH
HypJiap EPKUHIUTUHUHT YMYMHU MOXUSITUHU YpraHUII YUyH yiapra Kyiugaru (4)
TEHIJIAMAaHU MOCHAIUTUPIUK:

dM
% =5X 1015(C1LX + Cz) r- Oﬁ_l (4‘)
Oy epna Lx oiinmuk ypraya peHtreH Hypaap (oH EpKUHIUTH, C1 Ba Cp

KOHCTaHTamnap.

23- Ba 24-Ky€ll NUKIA YYYH MabIIyMOTJIAPHUHT DHT SXIITH MOCIUTH MOC
paBuIIga 4-paCMHUHI KyWM 4Yanm Ba YHI NaHewapuia Kypcartuiarad. (4)
TEHIJIAMAHW  MOCJAIUTUPHIIAAH  OJMHIaH  KOHCTAaHTAJAp,  KOPPEISLHs
kodpdunreHTn Ba jaeTepMUHANUSA  KOIPGUIMEHTH 1-)KaJBAIHMUHT OXHUPTH
nmanHenuaa kearupuirad. llyHn  Tapkupnam — Kepakku, wmacca MYKOTHII
KOA(PUIIMEHTUHUHT Y3rapuiiyi MaTeMaTUK QyHKIMAAA UIUTaTHIaAUTaH My CTaKHII
KOBapuaHT (abHU Lx) ToMOoHuAaH xucoOra omuumaiian. Ky€m peHtreH Hypiap
boHN EpPKUHIIMTUJArd MOAYJSALIMsIap Ky€ll IIaMoJiM OpKajld Macca WYKOTHII
KYpCaTKA4MTa aHUK Ba CE3UJIAPIINA TabCUP KypCaTMANIH.

(3) Ba (4) Tenrnamanap €paamMuaa Xuco01ad YUKUIrad KyEem mamMoiau oOpKaau
Macca MYKOTHII KYpcaTKW4YM KBa3u-Oapkapop Ky€ul IIaMoid Ba Ky€UaaH
SNU30JMK TallJJaHMAJIap OPKAJIM Macca WYKOTMIIHM TamkKwi 3taau. Ksasu-
Oapkapop Ky€m mamonu OyTyH Ky€m carxunad, KMTnapHunr akcapusta sca
Kyiu Ba ypTa TeIMOKEHIHMKIapjaard ¢(aos MHUHTaKajgapjaaH kemamu. bu3 Epra
axuH 1 a.0. ga youanran Kyém mamonu Maccacu okumura KM Tnapaunr ynymmau
xucobnaauk. bynaman Ttamkapu, KMTnapuunar aucOuii ymymm 23- Ba 24-Ky€m
UUKIJIAPUHUHT TypJiu dazaiapuia KaHjaal y3rapuiimHu ypraHauk.
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5-pacm. Yan nanen: DxnunTukara sskuH 1 a.6. macodanga KMT nporon okumuHuHT (dan Y
VKuaa) Ba KyE€Im MIaMoJid NMPOTOH OKUMHUHUHT (YHr Y VKHIa KYK paHria) BakT Oyiinua
y3rapuinn Kypcatmirad. YHT manea: KMT HuHT Kyém maMos Maccacu OKHMHIra HHCOATH
KYpCaTHIITaH.

[ynunrraek, Ou3 in-Situ ky3atyBiaapu acocuga 1 a.0. ma Ky&mr mamoJu
NPOTOHJAPUHUHT Macca OKMMHUHMHI HWWJUIMK YpTaya KUUMaTUHU XHCOo0s1a0
YUKIUK. 6-pacMaa KyE€l maMoiau npoToninapu okuMuHuHT, KM Tnap npotonnapu
OoKUMUHUHT Ba KMTnapHuHr skimnTukara skdH 1 a.0. jga Ky€mr 1mamoJivra
KYIITaH YIYIIMHUHT KyEN IMUKIU OYiinda y3rapuiiapu KeaTupuirad. bus xyém
1aMOJIM MAaCCACHHUHT OKMMH BaKT YTUINM OWJIaH ACSApiid Y3rapMacliWTUHU Ba
KMTnapaunr Ky€uml mamonura KyIIaaurad yiaymd Ky€ll [MUKIM MUHUMYyMHUZAA

18



Kyaa 03, aMMO 23- Ba 24-Ky€m LUMKIUIApU MAaKCUMyM JaBpiapuaa ~ 5% rada
KYTapWITaHIUTUHHA aHUKJIAIUK.

Hucceprammsauar “KMTaapHuHr kocMuK 00-xaBora Ttabcupu” 11e0
HOMJIaHTaH TYypTuHuM 600maa KMTnapHuHr kocMuk 00-XaBora TabCUpPH, Y3apo
tabcupnanryBun KMTnap myammocu, ymapHu in-Situ KysaryBiapia aHUKJIAIL,
y3apo TabcupnamyBud KMT kapaéHnapuHuHr caii€épanapapo Ba T'€OMArHUT
OKMOATJIApUHU YpraHUIIra OaruiiaHTaH.

Ymby 006ma Ou3 Typau Xuil BakTiapaa cogup Oynran Ba Epra itynanran
VHTa y3apo tabcupiamyBun KMT xapaéunapunu ypranu6 uukauk. by xonucanap
24-xy€m nMKIUAa YpTada Ba KyWIM T€OMAarHUT OYPOHJIApHU KENTUPUO YUKApP.IH.
Ymoby Tannanran y3apo tabcuprnaimyBun KMT xoaucanapuHuHr caiiépanapapo
TAbCUPUHU TaxJIMJI KWIMII Y4yH Ou3 Typau cai€panapapo, reomarHut, Ep-
MarHeTocepa-noHocdepa TU3MMHU Ba epra acocjaHTraH Ky3aTyB MapaMeTpiapuHu
TaAKUK Kuiau. TaIKuKOT HaTwkanapuaaH y3apo tabcupnamyBun KMTmapHuHr
okuOaTmapu 1 a.0. Macodama Te3IHMK, XapopaT Ba 3UWIMKHUHT KECKUH
KyTapwmiyd OwiaHn Oup €KUM HMKKH 3apOaid TYJIKWHIM TY3WIHINTa STaJIurd
anukitanau. UlyHuHraek, 6u3 Ky3aTyB HaTKajapulaH y3apo TabCHUpPJIALIyBUd
KMTnap marnerochepara erud kenranga uHmuBuayan KMTnapra kaparanna
Typiu4a TE€OMarHuT okuOarmapra oJu0 KEJUIIMHA TabKuUIaguK. bus
KMTnapHuHr KYIIWIUIIK, WYHAIMIIAHA &Y3rapTUpUO KaWTUIIM €KW alloXHja
CTPYKTYypaJii, FT€OMarHuT OYpOHJIAPHUHT Typiapu, SbHU OUp €KUM UKKK OOCKUYIIU
reOMAarHuT OYpoHJIapra oiaud KelaJurad MapT-IIapoUuTIapHU YpraHauK.

19



XVJOCA
“Koponan wMacca TanulaHMaIapu: YyJIApHUHT KY€l UWKIWM JaBpUIaru

BapUaIMsACH Ba KOCMHUK 00-XaBora TabCUPW MaB3yCHUIArW JTUCCEPTAIUS WIIN
Oyiinua HSpUIIMITAaH WIMHN HaTWKajdapJaH Kenud YWKKaH XoJja KyWumaru
XyJjocanap KeJITUPHUIAIN:

1.

20

|. KMTaapHuHr Kyéu HUKJIANAATH BApUALUICH

buz 2003 idimnman Oommabd 24-xky€m  mUKIMTada HUcOaTaH — FOKOpU
KeHIJMKIapaan kymiad kampok wmaccuBian KMTnapHuHr xakukataH xam
omranauruin  anuknaauk. Iy caGabmm  24-xkyém wukaum  yuyH KMT
(baoJUTMTMHUHT KYEIl JOFIapyu COHU OMIIaH *KyJia 3au( KOPpeIsuusiIcu MaBxy/I.
Macca HYKOTHII KypCaTKU4YM Y4YyH OMJIMK yprada JO¥JIap COHHU Ba Ky€ml
peHtreH Hypiap GoOH EPKUHJIMIMHUHT YW3UKIM  (QyHKUUAcH cudartuaa
MyHOca0aTiIapHu YpHAaTAuK. ByHIaH Ky€m MUKW JaBoMHAa KyEll HypJiapu
coHWra Kaparauga peHtreH Hypaap ¢on Epxunnuru KMT rtydaitnu macca
UYKOTHUIIl KYpCATKUYU YUYyH AXIIUPOK MPOKCH SKAHJIUTH aHUKJIAHAH. AMMO,
Kyéu1 mamoiu Tydaian Macca HYKOTHUII KYPCATKUYU KY€l alJTaHUIITNTa aHUK
OOFJIMKJIMKHU KYpCaTMACIIMTH KAl KHJIHUH]IH.
Kyém mamonm tydaiinu macca nykotum kypcatkuun KMT Tydaitnu macca
HYKOTHII KYypcaTKUuMaaH TaxMUHaH 10 MapTa KaTTapoK SKaHJIWTY aHUKJIaHIH.
KMTnapuunr Ky€m mamMoiu Maccacl OKMMUTa HUCOUM YIIyIu SKIUNTUKAIA
Ky€Illl aKTUBIUTH MaKCUMyMHUJa TaXMUHAH 5 (OW3HM TaIlIKWI STIW Ba Yy
IOKOpY TEJIMOKEHIJIMKIIapia €KM Ky€ll aKTUBIMTM MHUHUMYMHIA aH4Ya KUYHMK
OYIUIIM KYpCaTUIAN.

I1. ¥3apo Tabcupaamysun KMTaapHHHT KOCMHK 00-XaBO TabCHPH
V3apo Tascupnamypun KMTiiap KOCMHK 00-XaBO HYKTaH Ha3apUIaH KaTTa
axaMusTra Srajnury, ymoly y3apo TabCHp Y30K MYIAATINd Ba MarHuT MalJoH
XKaHyOMii  KOMIIOHEHTMHUHI  Kydaluimu cababmu  reodPpdeKTHUBIMKHU
KYYaWTUPUILIN MYMKUHJIUTH TabKHUJIaH]IH.

['eomaraut OYpoH Ba cyOOVpoH daoumruga MarHUT MaWIoH KaHyOui
KOMIIOHEHTUHUHT ~ OapKapopJIiTd  yHUHT  aMIUIMTYJacUuJaH  MYXHUMPOK
HKAHJINTYA aHUKJIAHU.

V3apo tabcupnamysun KMTIapHUHT TEOMAarHUT XyCYCHSTIAPUHU YPraHMII
HaTWKacKUaa, YJapHUHT Oab3uiaapu HWKKH (azanu, Oab3wiapu 3ca Oup
OOCKUWIN TeOMarHuT OyponIap cudaTtuaa cCoaup OYVIraHIuTH aHUKTaH]IH.
CKMTnapuunr Oupnamiran ctpykrypacu Epna onatnarunex nkku ¢aszam OI1
Hu xocwn Kwiau. @II mrakmm Ba karramuru CKMT Owiman 6ornmuk Oynran
KJIACCHK 3ap0ayii TYJIKUH XOCHJI KWIyBYM KOCMHK HypJap Jerpeccuscura Ba
Y30KpOK THUKJIaHWII (azacura TYFpu Kenuiuu aHukiaanau. Kocmuk Hypiap
V3rapuilivHA TaxXJWd KWIKII MyXUMJIMTH KYpCaTWUIAW, YyHKH Oynap Kye€un
IIAMOJIMHUHT TYPJAH CTPYKTypaJlapuHU Ba T€OMarHUT OYPOHJIApHU SIXIIUPOK
TymyHuInra WMKoH Oepamu. bynman Ttamkapu, CKMTHuHT Typianua
CcTpyKTypanapu OunaH Oornuk Oynran ®II xoaucamapuHu TEKIIUPHUII TYPIIU
xun @IlrapHuHr naigo OVIMIN MEXaHU3MIIAPUHUHT aHUKJIUTHra &Epaam
OepUIlI MYMKUHIIUTH KYPCATUII/IH.



SCIENTIFIC COUNCIL DSc.02/30.12.2019.FM.15.01 ON AWARD OF
SCIENTIFIC DEGREE AT ASTRONOMICAL INSTITUTE

SAMARKAND STATE UNIVERSITY

MIRTOSHEV ZAVKIDDIN DAVRONOVICH

CORONAL MASS EJECTIONS: THEIR SOLAR CYCLE VARIATION
AND IMPACT ON SPACE WEATHER

01.03.01 — Astronomy

DISSERTATION ABSTRACT OF THE DOCTOR OF PHILOSOPHY (PhD) ON
PHYSICAL AND MATHEMATICAL SCIENCES

Tashkent — 2022

21



The theme of the dissertation of the doctor of philosophy (PhD) on physical and
mathematical sciences was registered by the Supreme Attestation Commission of the Cabinet of
Ministers of the Republic of Uzbekistan under No.B2020.3.PhD/FM155.

The doctoral (PhD) dissertation was carried out at Samarkand State University.

The abstract of the dissertation was posted in three (Uzbek, English, Russian (resume)) languages
on the website of the Scientific Council (www.astrin.uz) and on the website of “Ziyonet” informational
and educational portal (www.ziyonet.uz).

Supervisors: Makhmudov Bakhrom Makhmudovich,
doctor of physical and mathematical sciences, Professor,
Samarkand State University

Nandita Srivastava,
PhD in Physics, Senior Professor, Udaipur Solar
Observatory, Physical Research Laboratory, India

Official opponents: llyasov Sabit Pulatovich,
doctor of physical and mathematical sciences

Marilena Mierla,
PhD, Royal Observatory of Belgium, Belgium

Leading organization: Pushkov Institute of Terrestrial Magnetism,
lonosphere and Radio Wave Propagation Russian
Academy of Sciences (IZMIRAN), Russia

The defence of the dissertation will be held on “ ” 2022, at the meeting of the
Scientific Council No0.DSc.02/30.12.2019.FM.15.01 at Astronomical Institute (Address: 33,
Astronomicheskaya street, 100052, Tashkent city. Phone: (+99871) 235-81-02; Fax: (+99871) 234-48-67;
e-mail: info@astrin.uz)

The doctoral (PhD) dissertation can be looked through in the Information Resource Center of
Samarkand State University (registered under No. ). (Address: 15, University boulevard, 140104,
Samarkand city. Phone: (+99866) 239-11-51).

The abstract of dissertation was distributed on “ ” 2022.
(Registry record No. dated “ 7 2022).

Sh.A. Ehgamberdiev

Chairman of the Scientific Council
on Award of Scientific Degrees,
D.Ph.-M.S., academician

I.LA. Ibragimov
Scientific Secretary of the Scientific Council
on Award of Scientific Degrees, PhD

A.B. Abdikamalov
Chairman of the Scientific Seminar of the Scientific
Council on Award of Scientific Degrees, D.Ph.-M.S.


http://www.astrin.uz/
http://www.ziyonet.uz/
mailto:info@astrin.uz

INTRODUCTION (Annotation of PhD dissertation)

Topicality & demand of the dissertation topic. In the world, the use of
modern scientific and technological tools occupies one of the leading positions in
the research of coronal mass ejections (CMESs) and their impact on space weather.
Globally, for several decades, CMEs have been the object of intensive research and
require the implementation of the obtained research results into practice. In this
regard, it is important to use instruments from space and Earth based observatories
for CMEs studies, which are huge clouds of magnetized plasma ejected from the
Sun into interplanetary space.

In the world, scientific research work is being conducted to study the impact
of CMEs on the Earth's magnetosphere, causing strong geomagnetic storms in the
near-Earth space and their negative effects on various elements of the technosphere
and biosphere. These studies allow to determine the nature of the sunspot cycle, the
configuration of the coronal magnetic field, the ejection of solar material into
interplanetary space, their interplanetary evolution, and can serve to predict the
effects of space weather.

Currently, various empirical and magnetohydrodynamic models have been
developed and are being released for the preliminary estimation of CMEs and
interplanetary CMEs (ICMESs) parameters. But despite several decades of research,
the accuracy of the average period of prediction of the arrival of ICMEs on Earth
(3-5 days) is not enough, and there are cases where the observed parameters
deviate significantly from the predicted parameters. The reason for this is that we
do not have enough information about the processes of CME formation in the solar
corona and about the ICME structure in the heliosphere. Therefore, it is very
important to study the near-sun properties of CMEs, their interplanetary evolution,
as well as the implications for space weather, using in-situ (direct) observations
near-Earth in order to improve the accuracy of predictions. In this regard, special
attention is paid to CMEs research within the scientific projects of the world's
leading scientific centers and research institutions (National Aeronautics and Space
Administration (NASA), European Space Agency (ESA), Japan Aerospace
Exploration Agency (JAXA), etc.).

In our republic, extensive measures are being taken to research the effects of
the sun on the Earth and the space near it and to develop technologies to reduce
their negative effects, and certain results are being achieved. In the decision of the
Cabinet of Ministers of the Republic of Uzbekistan dated September 17, 2019 No.
781 "On measures to organize the activities of the space research and technology
agency under the Cabinet of Ministers of the Republic of Uzbekistan", one of the
main tasks and functions of the "Uzbekcosmos" agency is defined important tasks
in the interests of the development of fundamental and applied sciences. In
performing these tasks, including organization of studies of the Earth, outer space,
planets and the Sun is gaining importance.

This dissertation works to a certain extent to fulfil the tasks defined in the
Decrees of the President of the Republic of Uzbekistan No. PF-4947 of February 7,
2017 "On the Strategy of Actions for the Further Development of the Republic of
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Uzbekistan”, No. PF-5806 of August 30, 2019 "On the development of space
activities in the Republic of Uzbekistan", as well as decision No. PQ-5032 of
March 19, 2021 "On measures to improve the quality of education in the field of
physics and develop scientific research™ and other regulatory legal documents
related to this activity.

Conformity of the research to the main priorities of science and
technology development of the Republic. The dissertation research has been
carried out in accordance with the priority areas of science and technology in the
Republic of Uzbekistan: Il. "Power, energy and resource saving".

Degree of study of the problem. Currently a number of scientists from
leading scientific centers around the world, such as N. Srivastava, W. Mishra, D.
Chakrabarty, P. Manoharan, P. Subramanian, P. Venkatakrishnan, D. Nandy
(India); Y. Wang, J. Zhang, R. Liu, P. Chen, C. Shen, Y. Liu (China); P. Lamy, O.
Floyd (France); V. Obridko, V. Kuznetsov, V. Fomichev, B. Shelting, D. Sokoloff,
V. Fainshtein, Y. Egorov, |I. Kuzmenko, A. Kochanov, Yu. Yermolaev, N. S.
Nikolaeva, I. Lodkina (Russia); N. Gopalswamy, D. Webb, R. Howard, A.
Vourlidas, R. Colaninno, P. Hess, S. Yashiro, C. Farrugia, N. Lugaz, T.
Zurbuchen, 1. Richardson, D. Hathaway, G. Petrie (USA); A. Veronig, M.
Temmer, C. Mostl (Austria); B. Vrsnak, M. Dumbovic (Croatia); R. Harrison, J.
Davies (UK), L. Rodriguez, E. D’Huys, M. Mierla (Belgium); S. Solanki, R.
Schwenn, D. Schmitt (Germany) and others have done huge number of theoretical
and observational investigations to study of solar activity cycle and CMEs, their
source regions, evolution, kinematics and space weather consequences of them,
models for predicting of the space weather events.

Currently, Uzbek scientists (academician Sh. Ehgamberdiev, N. Karachik, Z.
Turakulov, Ch. Sherdanov and others) are carrying out a research on solar activity
and coronal physics, especially coronal holes and coronal bright points. Earlier (B.
Makhmudov and T. Alimov) carried out a study of variations and fluctuations of
galactic cosmic rays from Neutron Monitor at Samarkand State University. Now
they are working on investigation of Forbush decrease (FD) events associated with
various structures of Interplanetary CMEs (ICMEs) and identification of the
occurrence mechanisms for different types of FDs.

Since the sunspot activity is the major determinant of space weather, its
prediction is of utmost importance. Many researchers have attempted to predict the
solar activity in the past using different prediction techniques. Solar activity
variations have been found in all the solar activity features e.g., sunspot number,
sunspot area, solar flares, prominences, CMEs etc. The nature and causes of the
sunspot cycle constitute one of the great mysteries of solar astronomy. While we
now know many details about the sunspot cycle, (and as well as about the dynamo
processes), we are still unable to produce a model that allows us to reliably predict
future sunspot numbers using basic physical principles.

Connection of the topic of the dissertation topic to the scientific works of
higher educational and research institutions, where the dissertation is carried
out. The dissertation work was carried out on the basis of the research plan of PhD
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study for 2017-2019 approved by the order of Samarkand state university No.105
K (1) and within the framework of the research topic for 2017-2019 years in the
Astronomy division of Physics department which is approved by the academic
council of the university on January 12, 2017. Also, the research on the dissertation
was carried out in the framework of the Uzbek-India joint research project UZB-
Ind-2021-95 “Space weather consequences of coronal mass ejections” (2021-
2023).

The aim of the research is the study of CMEs, their long-term variation
during different solar activity cycles and space weather consequences in the Earth,
as well as the investigation of evolution of mass loss rate of the Sun via solar wind
and CMEs separately over solar cycles 23 and 24.

The tasks of the research:

to determine of occurrence rate of CMEs and ICMEs from long-term
observations during different solar activity cycles;

to identify of solar mass loss rate via CMEs and solar wind versus sunspot
numbers and solar X-ray background luminosity;

to estimate the relative contribution of CMEs to the mass loss of the sun
through the solar wind during the solar activity cycle;

identification of interaction of CMEs and their geomagnetic consequences by
In-situ and neutron monitor measurements.

The objects of the research are the prime source of major space weather
effects at the Earth, the CMEs, ICMEs and solar wind.

The subjects of the research are observed coronagraphic observations of
CMEs and in-situ observations of solar wind, occurrence rate of CMEs and ICMEs
with sunspot number and solar X-ray background luminosity, solar mass loss rate
via CMEs and solar wind, contribution of CMEs mass to solar wind mass during
last two solar cycles, as well as geomagnetic consequences of CMEs.

The methods of the research are analysis of the long-term coronagraphic, in-
situ and ground-based observations of CMEs, methods of analysis of the time
series and linear relationship between variables.

The scientific novelty of the research is following:

the relationship between monthly CME mass loss rate and monthly sunspot
number, and the correlation coefficient between them is found to be 0.74 and 0.76
for the cycle 23 and 24, respectively;

the CME mass loss rate in connection with soft X-ray background luminosity
is explored, and the correlation coefficient between them is found to be 0.78 and
0.80 for cycles 23 and 24, respectively;

the solar wind mass loss rate is scattered around the average value of 2.1 x
10~ M, yr~* for cycle 23 and decreased by around 10 % for cycle 24, however
the solar wind mass loss rate is not much dependent on the sunspot number and
solar X-ray background luminosity is shown;

it was found that the fractional contribution of CMEs to solar wind mass flux
Is around 5 percent during solar maximum in the ecliptic and it is much smaller at
during solar minimum.
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Practical results of the research are following:

it was determined a relationship for mass loss rate as a linear function of
monthly averaged sunspot number and solar X-ray background luminosity;

it was found that X-ray background luminosity is a better proxy for CME
mass loss rate over the solar cycle than the sunspot number;

it was shown that the measured stellar X-ray background luminosity can
probably be used as a prediction tool for determining the occurrence rate of CMEs
from solar-type stars.

The reliability of the research results is justified by the fact that the results
and conclusions of the dissertation were obtained on the basis of the analysis of
long-term coronagraphic observations of CMEs using the new methods of
processing and analysis, as well as the coincidence of the results of the work with
the conclusions of other authors.

Scientific and practical significance of the research results. The scientific
significance of the research results is established a relationship for mass loss rate as
a linear function of monthly averaged sunspot number and solar X-ray background
luminosity. This suggests that X-ray background luminosity is a better proxy for
CME mass loss rate over the solar cycle than the sunspot number. However, the
solar wind mass loss rate shows no obvious solar cycle dependency.

The practical significance of the results of research is since it is more difficult
to observe the signatures of stellar CMEs and stellar spots than stellar X-ray flux,
so the measured stellar X-ray background luminosity can be probably used as
prediction tools for determining occurrence rate of CMEs from the stars. Also,
study of interplanetary and geomagnetic consequences of interacting CMEs quite
significant from the point of view of prediction space weather phenomena.

Application of the research results. Based on the results obtained for
justifying the solar cycle variation of CMEs, mass loss rate of the sun via CMEs
and solar wind:

the obtained results on investigation of the solar mass loss rate via solar wind
and CMEs as a function of solar magnetic variability represented in terms of
sunspot number and solar X-ray background luminosity was used by peer-
reviewed journals in SCOPUS database (Astronomy & Astrophysics, 2021; The
Astrophysical Journal Letters, 2020; Monthly Notices of the Royal Astronomical
Society, 2020; Astronomy & Astrophysics, 2020; Chinese Journal of Space
Science, 2020; Geomagnetism and Aeronomy, 2020, The Astrophysical Journal,
2019; The Astrophysical Journal Letters, 2019). The application of scientific
results made it possible to estimate the mass loss rate in other solar-type stars and
to compare it with the mass loss rate of the Sun;

the results on estimation of the contribution of CMEs to the total solar wind
mass flux in the ecliptic and beyond, and its variation over different phases of the
solar activity cycles was in the book of “The Sun Today” (C. Vita-Finzi, Springer,
2018). The implication of the scientific results made it possible to determine the
occurrence rate of CMEs in the Sun and the mass loss rate associated with them.
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Testing of the research results. The research results were reported and
discussed at 3 international conferences and 4 local scientific conferences.

Publication of the research results. In the field of PhD topic, 12 scientific
works were published, of which 5 papers in scientific journals recommended by
the Supreme Attestation Commission of the Republic of Uzbekistan for publishing
basic scientific results of PhD theses.

Volume and structure of the dissertation. The PhD dissertation consists of
an introduction, four chapters, conclusion and a bibliography. The size of the
dissertation is 138 pages.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction the topicality and demand of the dissertation topic, the
main aims and tasks of the thesis are set out, the objects and subjects of the
dissertation are formulated, the scientific novelty and the practical results were
emphasized, the reliability of the research results and their scientific and practical
significance were specified, the application, testing, publication of the research
results and the dissertation structure were given.

The first chapter of the dissertation entitled “The Sun and its activity” is
devoted to give information about the Sun, coronal mass ejections (CMEs) and
their observations, interplanetary CMEs and understanding the Sun-Earth
connection, solar activity cycle, space weather phenomena in detail.

In the second chapter of the dissertation entitled “Observations”, the details
of remote sensing observations of CME near Sun, in situ observations near Earth,
and ground-based observations is given briefly. Then the analysis methodology
used to carry out the objectives.

The third chapter of the dissertation entitled “Solar cycle variation of
coronal mass ejections” is devoted to investigating the variability in occurrence of
CMEs and the evolution of mass loss rate via solar wind and CMEs from the Sun
separately over solar activity cycles 23 and 24.

We estimated the average number of CMEs per day and then the occurrence
rate of CMEs, as well as monthly sunspot number for solar cycles 23 and 24. For
the solar cycle 23, we note that the variation in the CME rate follows the sunspot
number till the year 2003. After this, although the sunspot cycle 23 continued to
decline up to the end of the year 2008, the CME rate did not decline. Surprisingly,
the CME rate shows a prominent peak at the beginning of the year 2007 and then
shows a modest decrease for only one year. After entering the solar cycle 24, the
variation in the CME occurrence rate follows the number of sunspots closely. The
sunspot cycle 24 has significantly smaller amplitude than the corresponding phase
of the previous sunspot cycle 23. However, CME occurrence rate during cycle 24
Is roughly equal to or sometimes slightly higher than that during the corresponding
phase of the cycle 23. It is worth mentioning that the rate of CMEs for the period
of 2012-2014 is increased by a factor of ~1.6 while the sunspot number is
decreased by a factor of =1.7 than that in 2000-2002 years.

To better understand the rate of CMEs from the Sun, we estimated the
occurrence rate of interplanetary CMEs (ICMEs) for solar cycle 23 and 24. We
note that the ICME rate follows the sunspot cycle 23; however, the rate is
relatively higher in the declining phase of solar cycle 23 during the year 2005-
2007. We note that the ICME rate is smaller during the rising phase of the solar
cycle 24 than the corresponding phase of cycle 23. The total count of ICMEs
during the first 7 years of cycle 24 is decreased by 40 % of that during the same
interval of the previous cycle. However, during the maximum of cycle 24, the rate
of ICME reaches up to the same value as during the maximum of cycle 23.
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We calculated the total mass ejected from the Sun during a calendar month
due to CMEs from the apparent latitude within —30° to 30°, —60° to 60° and —90° to
90°. The variation in mass loss rate due to these three groups of the CMEs along
the progression of solar cycle 23 and 24 is shown in the top panel of the Fig. 1.
From the top panels of the figure, we note that monthly mass loss due to CMEs
from latitudes within —30° to 30° is significantly lower relative to sunspot number
for the period of 1999 to 2002, i.e., during the rising and maximum phase of
sunspot cycle 23. This lower mass loss rate becomes less obvious when the CMEs
from increasingly higher latitudes within —60° to 60° and —90° to 90° are included.
Similarly, a significantly lower mass loss rate during 2012-2014, i.e., the rise of
sunspot cycle 24 is noted.

We note that during the maximum of the cycle 23, CMEs originating from the
latitudes within —30° to 30° and —60° to 60° contribute around 45% and 90% of the
total CME mass loss, respectively. It is noted that during the maximum of cycle
24, the fractional contribution of CMEs from the latitudes within —30° to 30° and —
60° to 60° to the total CME mass loss is around 40% and 80%, respectively. This
suggests that the CMEs having apparent latitudes higher than 60° contribute to
approximately 10% and 20% of the total mass loss rate in cycles 23 and 24,
respectively, especially during the rise and maximum of the cycles. However, a
significant fraction of mass loss via CMEs is from lower-mid latitudes. We also
noted that mass loss rate per sunspot number is higher for solar cycle 24 than that
in solar cycle 23 (top-right panel of Fig. 1). The sunspot number at the maximum
of cycle 24 is decreased by around 40% compared to that during the maximum of
previous cycle 23. However, the mass loss rate during the maximum of sunspot
cycle 24 due to CMEs from latitudes within —30° to 30°, —60° to 60°, and —90° to
90° is decreased by only around 25%, 20%, and 15%, respectively. This implies
that the mass loss from higher latitudes is relatively larger during the maximum of
cycle 24 than that during the previous maximum. Our finding suggests that a
decrease in mass loss rate in solar cycle 24 is not as efficient as it is for the sunspot
number.

We established a relationship between monthly mass loss and monthly
sunspot number for the cycle 23 and 24 (middle and bottom panels of Fig. 1). The
scatter plots for three groups of the CMEs from latitudes within —30° to 30°, —60°
to 60°, and —90° to 90° with fitted regression line is shown in the left-hand, central,
and right-hand panels of Fig. 1, respectively. To express the monthly mass loss rate
(dMcpyg/dt) in terms of monthly averaged sunspot number (S), we fit the
observations with a mathematical expression given by,

dM
dCtME =5x10"*(¢;S +¢,) gmmonth™! (1)

where ¢; and c; are the constants. The fitted value of constants (c; and c),
correlation coefficient (r) and coefficient of determination (r?) obtained using Eq. 1
for solar cycles 23 and 24 are shown in the Table 1 (first panel from the top).
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Figure 1. Left-hand panel: the variation of rate of mass loss (on the left Y-axis in black) due to CMEs from latitude within —30° to 30° and monthly sunspot
number (on the right Y-axis in blue) with time (on X-axis) during 1996 to 2016 (i.e., solar cycle 23 to 24) is shown in the top panel. The smoothed values of
actual measurements are also overplotted (top panel). Scatter plot between monthly sunspot number and monthly mass due to CMEs from latitude within —30° to
30° with a fitted regression line (in blue) for solar cycle 23 (middle panel, labelled as SC23) and solar cycle 24 (bottom panel, labelled as SC24) is shown.
Central panel: Similar to the left-hand panel, but the rate of mass loss due to CMEs from latitude within —60° to 60° is plotted. Right-hand panel: Similar to
the left-hand panel, but the rate of mass loss due to CMEs from latitude within —90° to 90° (i.e., anywhere from the Sun) is plotted.



From Table 1, for solar cycle 23, Eq. 1 explains around 36%, 51.8%, and
54.8% of the variability in data of monthly mass loss due to CMEs from three
latitude groups, respectively. Similarly, for solar cycle 24, around 32.5%, 54.8%,
and 57.8% of the variability in the observed mass loss due to CMEs. Thus, the
monthly averaged sunspot (S) number is a good proxy for the CMEs from lower as
well as higher latitudes. The values of constants obtained for cycle 24 are larger
than that for the corresponding latitudinal range of cycle 23. This suggests a
stronger dependence of mass loss rate via CMEs on the sunspot numbers in cycle
24 than the previous cycle. Based on the comparison of occurrence rate and total
mass loss via CMEs during cycle 23 and 24 (top-right-hand panel of Fig. 1), it
seems that relative contribution of CMEs, consisting of a large number of smaller
ejections, from higher latitudes increases since 2003 and continues during weaker
sunspot cycle 24.

We investigate CME mass loss rate and solar X-ray background luminosity
during solar cycles 23 and 24. The variation in mass loss rate via all the CMEs and
solar X-ray background luminosity during solar cycle 23 and 24 is shown in Fig. 2.
We note that the soft X-ray background luminosity varies by a factor of 10
between solar maximum and minimum. From the top panel of the figure, we note
that the variation in mass loss rate follows the variations in solar X-ray background
luminosity in general. However, it can be seen that during the rising and maximum
phase of the solar cycle 23 from the year 1997 to 2003, the amplitude of mass is
relatively lower than X-ray luminosity. The similar pattern is also noted during the
maximum of solar cycle 24. The X-ray luminosity and the mass loss per month at
the maximum of cycle 24 is decreased by around 20% and 15%, respectively, than
that during the maximum of the previous cycle 23. This implies almost an equal

Table 1. Panels from the top to bottom: The values of constants (c1 and c2), correlation
coefficient (r) and coefficient of determination (r?) obtained using Eq. 1, Eq. 2, Eq. 3 and Eq.
4 for solar cycles 23 and 24, respectively.

Fitting from Eq. 1 (CMEs and sunspot number)

Cycle c1 2 r 1 (%)
SC 23 (-30° to 30°) 1.1 67 0.60 36.0
SC 23 (-60° to 60°) 24 85 0.72 518
SC 23 (-90° to 90°) 2.8 91 0.74 548
SC 24 (-30° to 30°) 1.2 82 0.57 325
SC 24 (-60° to 60°) 34 98 0.74 548
SC 24 (-90° to 90°) 4.1 118 0.76 578
Fitting from Eq. 2 (CMEs and X-ray background luminosity)
SC 23 25x%x10%# 90 0.78 60.1
SC 24 2.6 x 10 126 0.80 64.0
Fitting from Eq. 3 (Solar wind and sunspot number)
SC 23 -0.2 696 0.1 1
SC 24 -0.1 616 0.03 0.09
Fitting from Eq. 4 (Solar wind and X-ray background luminosity)

SC 23 -1.2x10% 694 0.09 0.8
SC 24 1.6 x 103 594 0.09 0.8

41



reduction of mass loss rate due to CMEs and X-ray background luminosity in
contrast to sunspot number, which is decreased by around 40% from cycle 23 to
24. We note cyclical activity on a similar time scale in both the X-ray background
and sunspot number.

We fitted the estimated mass loss rate via CMEs (dMcwe/dt) anywhere from
the latitudes within —90° to 90° of the Sun and X-ray background luminosity (Lx)
with a mathematical function given as,

dl\fli_ME =5x 10"*(¢;Ly + ¢;) gm month™! (2)
where c¢; and c; are the constants. The obtained values of constants, correlation
coefficient and coefficient of determination for cycles 23 and 24 are shown in the
Table 1 (second panel from the top). From the Table 1, we note that Eq. 2 could
explain around 60% and 64% of the variability in mass loss rate for solar cycle 23
and 24, respectively. The variability in mass loss rate explained by X-ray
background luminosity is around 5% higher for both the cycles than that using the
monthly averaged sunspot number (bottom panels of Fig. 2). This implies that
measured X-ray luminosity is a better proxy for the mass loss activity due to CMEs
for the whole Sun. Interestingly, the sunspot cycle 23 and X-ray luminosity peaks
at the same time around mid-2001. However, the sunspot cycle 24 peaks at
September 2013 while the X-ray luminosity peak is delayed by half-year. We also
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Figure 2. The variation of monthly mass loss (on the left Y-axis in black) due to all the
CMEs from the Sun and Solar X-ray background luminosity (on the right Y-axis in blue) with
time (on X-axis) during 1996 to 2016 (i.e, solar cycle 23 to 24) is shown. The smoothed
values of actual measurements are also overplotted (Top panel). The scatter plots between
Solar X-ray background luminosity and monthly mass loss due to all the CMEs from the Sun
with a fitted regression line (in blue) for solar cycle 23 (left bottom panel, labelled as SC23)
and solar cycle 24 (right bottom panel, labelled as SC24) is shown.



note that X-ray background flux and mass loss rate relative to the number of
sunspots is higher for sunspot cycle 24 than the cycle 23.

In this chapter we have estimated also mass loss rate via solar wind versus
sunspot number and background solar X-rays flux. Using the hourly averaged in-
situ observations of solar wind near 1 AU, we estimated the monthly averaged
proton density (np), speed (v,) and resulting proton mass flux (n, x vp) at 1 AU.
Considering the measured solar wind mass flux as the global solar wind mass flux
at 1 AU in all directions from the solar surface, we determined the monthly solar
wind mass loss rate. The variation in the estimated monthly mass loss via solar
wind as a function of monthly averaged sunspot number for sunspot cycles 23 and
24 is shown in Fig. 3. From the top panel of the Fig. 3, we note that the monthly
mass loss decreases during the rising and maximum phase of solar cycle 23.
However, in the declining phase of the cycle 23, mass loss rate slightly increases in
the beginning and then decreases tracking the sunspot number to some extent. For
solar cycle 24, the solar wind mass loss rate remains almost constant during the
rising phase and decreases slightly during the maximum and increases during the
declining phase.
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Figure 3. The variation of monthly mass loss (on the left Y-axis in black) due to solar wind
and monthly sunspot number (on the right Y-axis in blue) with time (on X-axis) during 1996-
2016 is shown. The smoothed values of actual measurements are also overplotted (top panel).
The scatter plots between monthly sunspot number and monthly mass loss due to solar wind
with a fitted regression line (in blue) for solar cycle 23 (left bottom panel, labelled as SC23)
and solar cycle 24 (right bottom panel, labelled as SC24) is shown.
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We fitted the estimates of mass loss rate and sunspot number using Eq.3,

dM
diw =5x 10*°(¢;S + ¢,) gm month™? (3)

where, S is the monthly averaged sunspot number, ¢, and c; are the constants.

The left and right bottom panels of Fig. 3 show a scatter plot of the monthly
mass loss rate as a function of the sunspot number for solar cycles 23 and 24,
respectively. The value of the constants, correlation coefficients, and coefficients
of determination are given in the third panel of Table 1. From the table, we note
that the variability in mass loss via solar wind could not be properly explained in
terms of a linear function of sunspot number as given in Eq.3. The solar wind mass
loss rate is scattered around an average value 3.5 x 10! gm month for cycle 23
and the value decreases by only around 10% for cycle 24. The sunspot number and
CME mass loss rate at the maximum of cycle 24 decreased by approximately 40%
and 15%, respectively, than that during the maximum of cycle 23. Also, the intra-
cycle variation in the mass loss rate via solar wind seems to be different for solar
cycles 23 and 24.

The variation in the monthly mass loss via solar wind with solar X-ray
background luminosity is shown in Fig. 4. The Solar X-ray background luminosity
closely tracks the sunspot cycles. From the top panel of the figure, we note that the
mass loss rate decreases during the rising and maximum phase of the solar cycle
23. During the declining phase of cycle 23, the monthly mass loss slightly
increases in the beginning and then tracks the X-ray luminosity. For solar cycle 24,
the mass loss rate is almost constant in the beginning and then decreases during the
rising phase of cycle 24. The mass loss rate increases during the maximum and
declining phase of cycle 24. We note that that mass loss rate via solar wind neither
follows the solar cycles trend nor shows a significant variation from the maximum
to minimum of the cycles while X-ray background luminosity varies by an order of
magnitude.

To look into general nature of mass loss rate via solar wind and X-ray
luminosity, we fit them using Eq.4,

am
diw =5x%x10%(¢;Ly +¢c;) gmmonth™! (4)

where Ly is the monthly averaged solar X-ray background luminosity, c; and c; are
the constants. The best fit of the data for solar cycle 23 and 24 is shown in left and
right bottom panels of Fig. 4, respectively. The constants, correlation coefficient
and coefficient of determination derived from the fitting are shown in the Table 1.
We note that variance in the mass loss rate is not accounted for by independent
covariate (i.e., Lx) used in the mathematical function. The modulations in the solar
X-ray background luminosity have not an obvious and significant effect on the
mass loss rate via the solar wind.
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Figure 4. The variation of monthly mass loss due to solar wind and solar X-ray luminosity
with time during 1996 to 2016 is shown. The smoothed values of actual measurements are
also overplotted (top panel). The scatter plots between solar X-ray luminosity and monthly
mass loss due to solar wind with a fitted regression line for solar cycle 23 and 24 is shown.

The mass loss rate via solar wind, as calculated using Eg. 3 and Eq. 4,
constitutes the mass loss via quasi-steady solar wind as well as episodic ejections
from the Sun. The quasi-steady solar wind comes from all over the solar surface
while most of the CMEs are from low-mid latitudes active regions. We attempt to
estimate the contribution of CMEs to the solar wind mass flux measured at 1 AU
near the Earth. We also examine how the relative contribution of CMEs varies over
the different phases of solar cycles 23 and 24.

We also derived the annual average of solar wind proton mass flux at 1 AU
based on the in-situ observations. The solar cycle variation of solar wind proton
flux, CME proton flux, and the contribution of CMEs to the solar wind at 1 AU in
near-ecliptic are shown in Fig. 5. We note that that solar wind mass flux is almost
constant over time, and the contribution of CMEs to the solar wind is negligibly
small during the solar minimum but increased to ~ 5 % at the maximum of solar
cycles 23 and 24.

The fourth chapter of the dissertation entitled “Space weather impacts of
CMEs” is devoted to study space weather effects of CMEs, problem of interaction
of CMEs, their identification in in-situ measurements, interplanetary and
geomagnetic consequences of interacting CME events.
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Figure 5. Left panel: The variation of CMEs proton flux (on the left Y-axis) and solar wind
proton flux (on the right Y-axis in blue) at 1 AU in the near-ecliptic is shown with time (on X-
axis). Right panel: The ratio of CME to solar wind mass flux is shown.

In this chapter, we have studied ten interacting CME events which occurred
on different dates and were directed to the Earth. These caused moderate and
strong geomagnetic storms in the solar cycle 24. In order to analyze the
interplanetary effects of selected interacting CMEs events, we have examined
various interplanetary, geomagnetic, terrestrial magnetosphere-ionosphere system
and ground-based observational parameters.

In-situ measurements show that consequences of the interacting CMEs are
either a shock or two shock structures at 1 AU with sudden enhancement in speed,
temperature and density. By the observations we also suggest that interacting
CMEs produce different geomagnetic consequences than individual CMEs on the
arrival to magnetosphere. We attempted to understand favourable conditions for
CMEs merging, deflecting or separate structure, types of geomagnetic storms, i.e.
conditions leading to single or two step geomagnetic storms.
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CONCLUSION

According to the results of the carried out on the topic of the PhD thesis

“Coronal mass ejections: their solar cycle variation and impact on space weather”,
the conclusions are summarized as follows:

1.

I. Solar cycle variation of CMEs

We found that there is truly an increased rate of numerous less massive CMEs
from relatively higher latitudes since 2003 to the period of solar cycle 24.
Therefore, a strongly poor correlation of CME activity with sunspot number
exists for solar cycle 24

We established a relationship for mass loss rate as a linear function of
monthly averaged sunspot number and solar X-ray background luminosity
and we found that X-ray background luminosity is a better proxy than the
sunspot number for CME mass loss rate over the solar cycles. However, the
solar wind mass loss rate shows no obvious solar cycle dependency.

The solar wind mass loss rate is roughly larger than the CME mass loss rate
an order of magnitude. We showed that the fractional contribution of CMEs
to solar wind mass flux is around 5 percent during solar maximum in the
ecliptic and it is much smaller during solar minimum.

I1. Space weather impacts of interacting CMEs during solar cycle 24
CME-CME interactions are great importance from space weather point of
view and the interaction can enhance the geoeffectiveness due to the extended
period and enhanced strength of southward magnetic field.

We found that the persistence of the southward component of the magnetic
field is more important than its amplitude in driving the geomagnetic storm
and substorm activity.

To understand the geomagnetic signatures of interacting CMEs, we found that
some of them resulted in two step geomagnetic storms while some occur as a
single step storm.

The merged structure of ICMEs produced typical two-step FD at the Earth.
The shape and magnitude of the FD corresponded to a classical shock/sheath
associated ICME produced CR depression and longer recovery period. The
analysing of CR variation is more important because it provides better
understanding of different solar wind structures and geomagnetic storms.
Furthermore, investigation of FD events associated with various structures of
ICME might help to clarity of the occurrence mechanisms of different types
of FDs.
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BBEJEHMUME (anHoTamusi iuccepranuu gokropa ¢puiocodpun (PhD))

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbI auccepranmun. Bo Bcém Mupe
WCCJICIOBaHMSI KOPOHAJIBHBIX BBIOpocoB Macchl (KBM) m wx BiausHUS Ha
KOCMHUYECKYI0 TOTroJly 3aHMMAIOT JIMAUPYIONIYI0 TIO3UIMI0 B O0OBEME
WCIIOJIb30BaHUsl COBPEMEHHBIX HAYUYHBIX M TEXHOJIOTMYECKHUX CpeAcTB. B TeueHue
HECKOJIBKUX IECATWIETHH B mioOaipHOM Macmrabe KBM sgBisgrorcs 00bEKTOM
WHTEHCUBHBIX WCCIEIOBAaHUN U TPeOYIOT BHEAPEHUS PE3yJIbTaTOB HCCIICIOBAHUN
Ha npakTuke. B cBsa3u ¢ atum, 11 uccienoanuss KBM, npencrapnstomux codoi
BbIOpaceiBaeMble COMHIIEM B MEXIJIAHETHOE MPOCTPAHCTBO OTPOMHBIE OO0JaKa
MarHuTHOW TIJIa3Mbl, Ba)XKHO MCIOJIb30BAHUE HMHCTPYMEHTOB KOCMHUYECKUX U
Ha3eMHBIX 00CEepBATOPHIA.

B mupe npopomxaeTcs uccienaoBaTenbckas padboTa, HalleJIeHHas: Ha U3yYeHue
MOIITHBIX, a MTOPOIO U KaTaCTPOPUUYECKHUX, COOBITHI OKOJIO3EMHOI'0 MPOCTPAHCTBA —
T€OMAarHUTHBIX Oypb, TE€HEPUPYEMbIX B pesyibrare BosuerictBus KBM Ha
MarHuTocdepy 3emid, U Takke BeaETcs paboTa Mo W3yYeHUI0 HeOIaronpusTHHIX
BO3JICKCTBUS ATUX COOBITHM Ha pas3lIMYHbIC 3JIEMEHTHI Onocdepbl U TEXHOCHEPHI.
OTU WCCIENOBAaHUS TO3BOJIAIOT TMOHATH MPUPOJY IIMKIIA COJHEYHBIX TISTEH,
OTIpeNICNTh KOH(PUTYPAIIMI0O KOPOHAJIBHOTO MAarHUTHOTO TIOJsS, MPOCIEIUTh
JMHAMUKY BBIOPOCOB COJHEYHOIO BEIECTBA B MEXKIUIAHETHOE MPOCTPAHCTBO, TO
€CTh WX MEXKIUIAHETHYIO DSBOJIONMI0, a TakKKe€ OHU MOTYT CIYXHUTh IS
npeackazanus  dPpQPekToB  KocmMuyeckod moronabl. B HacTosimee  Bpems
pa3paboTaHbl u omyOJIMKOBAHbI pa3JInuHbIC AMITUPUICCKUC U
MarHUTOTUAPOIMHAMUYECKUE MOJICTU Ui TIPEABAPUTEILHON OLICHKH MapaMeTpOB
KBM u wMexmianetnoix KBM (MKBM). Opnako, HecMOTpsSi Ha HECKOJBKO
JIECATKOB JIET UCCIEIOBAHUM, TOUHOCTh MTPOTHO3a CPEIHETO0 BPEMEHH JOCTUKEHUS
MKBM 3emnu (3-5 nHeil) HegocTaTOuHa, W OBIBAIOT ClIydyad 3HAYUTEIbHBIX
OTKJIOHEHHMI HaO0JII0IaeMbIX MapaMeTpoB OT MPOrHo3upyembix. [Ipuunna 3Toro B
TOM, YTO y Hac Bc€ emé He xBaraeT mHGOpMAIMU O Tpoleccax GopMUPOBAHUS
KBM B conneunoit kopone u o ctpykrype MKBM B renuocdepe. [loaromy ouenb
BaYKHO M3y4aTh OKOJIOCOHEeUHbIe cBoMcTBa KBM, X MeEXKIUIaHETHYIO 3BOJIIOIIHIO,
a TaKkKe HUX BIMSHUE HAa KOCMHYECKYIO IOTOJy, WCIOIB3Yys in-situ (mpsiMbie)
HaOMroieHUsT BOJIM3U 3€MIId, YTOOBI MOBBICUTH TOYHOCTH MPOTHO30B. B cBsi3u ¢
ATUM, HayYHBIMHU MPOEKTAMH BEIYIIMX MHPOBBIX HCCIIEIOBATEIHCKUX LIEHTPOB U
uccieaoBarenbekux yupexaeHui (HanuonansHoe ynpaBieHue 0 a3pOHABTUKE U
uccienoBannio  kocmudeckoro  mpoctpanctBa  (NASA),  Epomeiickoe
kocmuueckoe areHTctBo (ESA), SImoHCKOoe areHTCTBO — adpPOKOCMHUYECKHX
uccienoBannii  (JAXA) w 1ap.) otaenbHOe 0co00e BHHMAaHHC —YICISICTCS
uccienoBanusiMm KBM.

B nameii crpane npuHHUMAIOTCS OOIIUPHBIE MEPHI TIO UCCIICAOBAHUIO BIIUSHUS
Connna Ha 3eMiIl0 M OKOJIO3€EMHOE KOCMHMYECKOE IPOCTPAHCTBO, a TaKKe
pa3paboTKe TEXHOJIOTMM JJisi YMEHBIIEHUS HETaTUBHBIX MOCIEICTBUNA 3TOrO
BJIUSIHUSA, U OTNPE/IEHHBIE YCIECIIHbIE IIIark B 3TOM HalpaBJICHUH YXe CleliaHbl. B
noctaHoBiieHnn Kabunera MunuctpoB Pecriyonuku Y30exkucran Ne 781 ot 17
ceHtsiops 2019 roma «O wMepax Mo opraHu3alud ACSATEILHOCTH AareHTCTBa
40



KOCMUYECKMX HCCIEJOBAHUA M TEXHOJOTMA MNpU KaOMHETE MHHHUCTPOB
PecriyOnuku  Y30ekuctan», B uUHTepecax pa3BUTUA (yHAAMEHTANIbHBIX U
NPUKIAAHBIX HAyK, TPUBEICHBI OCHOBHBIC 3a7aud W (DYHKIIMM areHTCTBa
«Y30ekkocmocy. Cpeau HUX 0c000€ 3HaUCHHE UMEET OpraHu3alus UCCeI0BaHu
M0 U3YYEHHUIO 3eMJIM, KOCMUYECKOT0 TPOCTPAHCTBA, T1aHeT u CoJHIa.

JluccepTalliOHHOE UCCIIEIOBAHUE B ONPEIETEHHON MEPE CIIYKUT pean3aluu
3ama4d, 0003Ha4YeHHBIX B ykaszax [Ipesmaenta PecrmyOmuku Y36exucran No [1D-
4947 ot 7 despans 2017 roma «O cTparerun AEUCTBUN MO JajdbHEHIIEMY
pazButuio Pecnybnuku Y36ekuctan», Ne [1dD-5806 ot 30 aBrycrta 2019 roma «O
pa3BUTUM KOCMHYECKOW JieaTelibHOCTH B  PecnyOnuke Y30ekucTtan» H
noctaHoByienuu [Ipesunenta Pecnyonuku Y3o6ekuctan Ne I1T1-5032 ot 19 mapra
2021 roma «O wMepax 1O TOBBIICHWIO KayecTBa O0Opa3oBaHUS U
COBEPIICHCTBOBAHUIO HAYUYHBIX MCCJIEIOBaHUN B 00JIaCTH (PUBMKW», a TaKXKe B
JPYTUX HOPMATUBHO-TIPABOBBIX JIOKYMEHTax B 3ToM cepe.

CooTBeTcTBHE HCCIEA0BAHUS MPUOPUTETHHIM HANPABJICHUSIM Pa3BUTHS
HAYKM W TEXHOJIOTHIl pecnmyOauku. JlrccepTallMOHHOE  UCCIEAOBaHUE
BBITIOJTHEHO B COOTBETCTBUU C MPHUOPUTETHBIMH HANPABICHUSIMU PA3BUTHS HAYKU
u TexHukn B Pecnybmuke VY36ekucran: |Il. «OHepretmka, »3Hepro- wu
pecypcocoepekeHue.

CreneHb M3y4YeHHOCTH mpodsgembl. B HacTosiiee BpeMs psij YUEHBIX U3
BEIYyIIUX Hay4yHBIX ILIEHTPOB MHpa, Takux kak N. Srivastava, W. Mishra, D.
Chakrabarty, P. Manoharan, P. Subramanian, P. Venkatakrishnan, D. Nandy
(Mumus); Y. Wang, J. Zhang, R. Liu, P. Chen, C. Shen, Y. Liu (Kurait); P. Lamy,
O. Floyd (®panmus); V. Obridko, V. Kuznetsov, V. Fomichev, B. Shelting, D.
Sokoloff, V. Fainshtein, Y. Egorov, I. Kuzmenko, A. Kochanov, Yu. Yermolaev,
N. S. Nikolaeva, I. Lodkina (Poccus); N. Gopalswamy, D. Webb, R. Howard, A.
Vourlidas, R. Colaninno, P. Hess, S. Yashiro, C. Farrugia, N. Lugaz, T.
Zurbuchen, 1. Richardson, D. Hathaway, G. Petrie (CIIIA); A. Veronig, M.
Temmer, C. M6stl (Asctpust); B. Vrsnak, M. Dumbovic (Xopsatus); R. Harrison,
J. Davies (Benmukooputanus), L. Rodriguez, E. D’Huys, M. Mierla (benbrus); S.
Solanki, R. Schwenn, D. Schmitt (I'epmanus) mpoBeiar OrpOMHOE KOJIHYECTBO
TEOPETUYECKNX U HAOMIOAaTeTbHBIX WCCICNOBAHUA JUIsl W3YyYCHUS IHUKIIA
conmHeuHo akTuBHOcTH M KBM, oOmacteii WX TreHepanud, KHHEMaTHKH U
MOCJIEACTBUUA JJI1 KOCMHYECKOW TIOTOAbI, MOJEIEW Ui MPOTHO3UPOBAHUE
COOBITHUI KOCMUYECKOI MOT0/IbI.

B mHacrosmiee Bpemsi y30ekckue ydenble (akax. L. Orambepauer, H.
Kapauuk, 3. Typakynos, Y. lllepnanoB u ap.) NpoBOAST UCCIEAOBaHUS B 001acTU
¢u3uku CoJIHIIA M COJIHEYHOM aKTHMBHOCTH, OCOOCHHO KOPOHAIBHBIX HbIP U
KOpOHaIbHBIX spkux Touek. Panee (b. MaxmyngoB u T. AnuMoB) mnpoBenu
UCCIIEIOBAaHUE BapHalUid M KOJIeOaHUH TaJaKTUYeCKUX KOCMHUYECKHX Jyuel ¢
MOMOIIBI0O HEUTPOHHOr0 MoOHUTOpa B (CaMapkKaHACKOM TOCYAapCTBEHHOM
yHUBepcuTeTe. B HacTosimiee BpeMsi OHM pabOTaOT Haa HCCIEIOBAaHUEM Tak
Ha3biBaeMbix DopOymr noHmwkennit (PII), coObITHI, CBI3aHHBIX C Pa3TUYHBIMU
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crpykrypamu MKBM, U BbISIBIEHMEM MEXaHU3MOB BO3HUKHOBEHUS PA3IUYHBIX
THUIIOB 3TUX SBJICHUU.

[TockonbKy aKTHBHOCTH COJTHEYHBIX ISITEH SBISIETCS OCHOBHBIM (PAKTOPOM,
ONPEACISAIOIIMM KOCMHUYECKYHO0 MOroAy, €€ IMPOrHO3 HMEET NEPBOCTENECHHOE
3HaueHWe. MHOrme ucCCleAoBaTelii MOBITAIUCh IMPEACKA3aTh  COJHEYHYIO
AKTUBHOCTHh B IMPOIUIOM, HCIOJb3Yys Pa3IUYHbe METOAbl IPOTHO3UPOBAHUS.
W3MeHeHus1 COTHEUHON aKTUBHOCTH ObLTH OOHAPYKEHBI BO BCEX XapaKTePUCTHUKAX
COJTHEYHOW aKTUBHOCTH, HalpUMEP, UYUCJIEC COJHEYHBIX TATEH, IUIOIIAIN
COJIHEYHBIX MSTEH, COJTHEYHbIX BCIBIIIKaX, npotyoepaniies, KBM u 1. 1. [Ipupona
M TPUYMHBI IIMKJIA COJIHEUHBIX MATEH COCTABIISIIOT OAHY M3 BEIUKHX 3arajiok
COJIHEYHOM AaCTPOHOMHMHU. XOTSA TENEpPb MBI 3HAEM MHOIO JETAIEU O IHUKIE
COJIHEYHBIX MATEH (A TaK»Xe O JUHAMO-TIPOLIeccax ), Mbl BCE €I1I€ HE MOKEM CO3/1aTh
MOJIE/Ib, KOTOpasl TMO3BOJUT HaM HAJEXKHO NPOTHO3UPOBATH OyIyIIHE YHCIIA
COJIHEUHBIX TATEH, UCTIOJIb3YysI OCHOBHBIE (DM3UYECKUE TIPUHITHIIHI.

CBs3b TeMbl JUCCEPTANMOHHOIO0 HMCCJIE0OBAHUS C IJIAHAMHM HAYYHO-
HCCJIEA0BATEIbCKIUX PaldoT BhICHIEr0 00pPa30BaTEJbHOIO0 Y4Ype:KIAeHHs, e
BbINOJIHEHA jauccepranms. JluccepranmonHas paborta ObUIa BBINOJTHEHA Ha
OCHOBAHHMH Hay4HO-HCCIIC0BATEIbCKOTO M1aHa 6azoBoi (PhD) mokTopaHTypsl Ha
2017-2019 ronpl, yrBepx)aAEHHOTO MprKazoM CaMapKaHCKOTO TOCYJapCTBEHHOTO
yauBepcuteta Ne 105 K (1) u B pamkax uccrnenosarensckoi TeMbl Ha 2017-2019
roabl Kadeapsl acTpoHOMUM (akynbTeTa (U3UKH, YTBEPKIAEHHOE YUEHBIM
coBeTtoM yHuBepcutera 12 sauBapsa 2017 roma. Kpome Ttoro, uccienoBanue mo
JYMCCEepTallMi  MPOBOJUIOCH B paMKaxX Y30€KCKO-MHAMMCKOTO COBMECTHOIO
uccienoBarenbckoro mnpoekra UZB-Ind-2021-95 «IlocnenctBus KOpOHAIBHBIX
BBIOPOCOB MaccChl Jis KocMuueckoit moroasdy (2021-2023 rr.).

Heabo uccaegoBanus ssiserca uzydeHne KBM, ux noiroBpeMeHHBIX
BapHALIMil B TEUCHHUE PA3ITUYHBIX HHUKJIOB COJHEUHOW AKTUBHOCTH M MOCJIEICTBUMN
BIIMSHUS KOCMUYECKOW MOroAbl Ha 3€MIII0, a TAKXKE HMCCIEHOBAHUE 3BOJIIOLUN
ckopoctu notepu mMacchl CoJiHIeM, 00yClIOBIIeHHAsI COTHEYHBbIM BeTpoM U KBM,
10 OT/IEJIBHOCTH, B TEUEHHUE COJIHEUHBIX ITUKIIOB 23 U 24.

3ajgauun uccaeI10BaHUSA.

onpeAeauTh 4acTtoTy BO3HMKHOBeHMST KBM u wmexmianetHeix KBM 1mo
MHOTOJIETHUM HaOJII0ICHUSIM B TEUCHHE PA3IIMYHBIX COJIHEUHBIX IIUKIIOB;

ONpeIEanTh CKOpocTh notepu Macchl ConHueM nocpeactBoMm KBM u uepes
COJIHEYHBIM BETEP, B 3aBUCMMOCTH OT YHMCJIA COJHEYHBIX IATEH U CBETUMOCTHU
COJIHEYHOTO PEHTT€HOBCKOI0 (POHA;

OLICHUTh OTHOCUTENbHBIM BkJIag KBM B morepro maccel ComnHileM uepe3
COJIHEYHBIW BETEP B TCUCHUE COJHEUHOTO IIUKJIA,;

onpenenutsh B3aumoaeiicteuss KBM-KBM u nx reomarautHbie mOCIEACTBUS
C MOMOIIIBIO IN-SitU u3MepeHnit 1 HEHTPOHHBIX MOHUTOPOB.

Oo0bexToM ucciaenoBanua spisitorcs KBM, MKBM u conHeuHbld BeTep —
OCHOBHBIC MCTOYHHMKHU 3HAUYUTEITHHBIX 3()(PEKTOB BIUSHUS KOCMHUYECKOUN MOTOJIbI
Ha 3eMJII0 U OKOJIO3EMHOE MPOCTPAHCTBO.
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IIpeameTrom wMcciaenoBaHusl SBIAIOTCS HaOMOJaeMble C  MOMOUIBIO
kopoHorpada KBM wu in-Situ u3MepeHus: COTHEYHOTO BETpa, YacTOTa IOSIBICHUS
KBM un mexmmanetHeix KBM B 3aBUCHMOCTH OT 4McCla COJHEYHBIX IISITEH U
(OHOBOM SIPKOCTHIO COJTHEYHOTO PEHTTEHOBCKOTO HW3IyYEHHs, CKOPOCTh TMOTEPHU
maccel Comnniiem uepe3 BbiOpockl KBM u ncredeHune colHEYHOro BeTpa, BKJIA
Maccsl KBM B maccy, yHOCUMOTO COJTHEYHBIM BETPOM B TE€UECHHE MOCIEIHUX JIBYX
COJIHEYHBIX LIUKJIOB, & TAKYKE€ Fr€OMarHuTHbIE nocieactsust KBM.

MeTtoabl HMCCJIEIOBAHUSI: aHAJIU3 JIOJTOCPOUYHBIX KOpOHarpapuyeckux, in-
Situ m HazemHbIX HaOmogeHwit KBM, MeTonpl aHaigw3a BPEMEHHBIX PSJIOB U
HaXO0XICHUS TUHEUHON B3aMOCBSI3U MEXIY MEPEMEHHBIMU.

HayuHast HOBU3HA HUCCJIeIOBAHMS

ONPENEIICHO, YTO CYILIECTBYET B3aUMOCBSI3b MEXKIY €KEMECSIYHOM MOTepeH
Maccel Connuem mnocpeactBoM KBM u cpeaHEMECSYHBIM YHUCIOM COJIHEYHBIX
nsATeH, KOADPUIIMEHTHI KOPPENsiuy Mexay HuMu coctaisitor 0,74 u 0,76 mns
IIUKJIOB 23 1 24 COOTBETCTBEHHO,

ONPENICIICHO, YTO UMEETCs CBsI3b nmotepu Macchl ConHueM nocpeacrsom KBM
¢ (OHOBOW CBETUMOCTBHIO B MSTKOM PEHTI'€HOBCKOM JaMara3oHe, KodOUImeHTs!
Koppenanuu Mexay HuMu coctaBisitor 0,78 u 0,80 nns umkioB 23 u 24
COOTBETCTBEHHO;

II0Ka3aHO, YTO CKOPOCTh IOTEPU MACChl UEPE3 UCTECUEHUE COJIHEUHOTO BETPaA
umeer cpepnee 3Hadenue 2.1 X 107*Mgroa™ mnst umkna 23 u ymeHsluaercs
npuMepHo Ha 10% nns nukia 24, Takke oHa ¢1ado0 3aBUCUT OT YUCJa COTHEYHBIX
nsaTeH U (oHoBoM cBeTuMocTH COJIHIIa B PEHTT€HOBCKOM JIMAITa30HE;

oOHapyKeHO, 4To YacTUyHbIN BKJIag KBM B MOTOK Macchl COTHEUHOTO BETpa
COCTaBJISIET OKOJIO 5 MPOLIEHTOB BO BPEMSI COJTHEYHOTO MAaKCUMyMa B SKJIMITUKE U
HAaMHOTO MEHBIIIE BO BPEMS COJITHEUHOTO MUHUMYMA.

IIpakTHyeckue pe3yabTaThl HCCACA0OBAHMS 3AKIIOYAIOTCS B CICIYIOLIEM:

YCTAaHOBJIEHA CBSI3b MEXKJy CKOPOCTHIO TIOTEpU MACChl KaK JIMHEHHOMU
GYHKIIMM  OT CPEeAHEMECSYHOr0 4YHCia TMSITeH U (POHOBOM PEHTTEHOBCKOM
cBeTUMOCThIO COHIIA,;

00Hapy>KEHO, YTO PEHTreHOBCKasi ()OHOBass CBETUMOCTb SIBJISIETCS JIyUIIUM
MOKa3aTeIeM CKOPOCTH MOTepH Macchl nocpeactsoM KBM B TeueHne COIHEUHOTO
LMKJIa, YEM YHCIIO COJIHEUHBIX ISTEH;

MOKa3aHO, YTO W3MEpPEHHass CBETUMOCTh (POHOBOTO PEHTIEHOBCKOTO
U3ITyYCHUsI, BEPOSITHO, MOXKET OBITh HCIOJIB30BAHO B KaueCTBE HHCTPYMEHTa
IIPOTHO3UPOBAHUS JUIsl  OmpeneieHus dYacToThl BbIOpocoB KBM ot 3BE3n
COJIHEYHOTO THUIA.

JlocTOBEpHOCTH Pe3yJIbTATOB HCCJIeI0BaHMsI 000CHOBaHA TeM (paKTOM, YTO
pe3yabTaThl M BBIBOJABI JUCCEpPTAIlMM OBUIM TOJY4Ye€Hbl HA OCHOBE aHajau3a
JUTUTENBHBIX KOopoHorpaduueckux HadmoaeHuit KBM, ucmnonb3ysi cOBpeMeHHbIE
METOJbI OOpa0OTKU M aHalIM3a, a TAKXKE COBIIAJICHHEM DPE3yJIbTaTOB PabOThI C
BBIBOJIaMH JIPYTUX aBTOPOB.

HayuyHasi u mnpakTudyeckasi 3HAYUMOCTb Pe3yJbTATOB HCCJIEI0BAHMS
3aKJIFOYAETCS B YCTAHOBJICHWUU CBSI3M MEXAY CKOPOCTBIO TOTEPH MAcCChl Kak
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JUHENHON (DYHKIIMM OT CpPEeJHEMECSYHOrO YHUCja COJHEYHBIX MATEH U SPKOCTU
COJIHEUHOTO PEHTIeHOBCKOTO (poHa. [Ipruém pentreHoBckas (OHOBasi CBETUMOCTh
SIBJISIETCS JTYUIMM MTOKa3aTeJIeM CKOPOCTH MOTEPU MACChl MMOCPEACTBOM BHIOPOCOB
KBM B TeueHHE COIHEYHOrO IIMKJIA, YeM YHCIIO COJIHEYHBIX IIsITeH. OaHaKo
CKOPOCTh MOTEPU MACChl YE€PE3 UCTEUCHUE COJHEYHOIO BETPA HE MOKA3bIBACT
SIBHOW 3aBUCHUMOCTH OT COJIHEYHOI'O IUKJIA.

Hab6mronenue npusHakoB 3BE3MHBIX KBM U 3BE3AHBIX NSATEH TpyJaHEE, YeM
perucTtpanus 3BE3MHOTO PEHTITEHOBCKOIO MOTOKA, IMOATOMY HU3MEPECHHYIO
CBETUMOCTh  ()OHOBOTO  PEHTTCHOBCKOIO  H3JIYYCHHUS MOXKHO, BEPOSITHO,
MCIMOJIb30BaTh B KAauy€CTBE HMHCTPYMEHTAa MNPOTHO3UPOBAHUS Uil ONpPEACIICHUS
yacToThl BbIOpOocOB KBM oT 3BE3n conHeunoro Ttuna. Takxke, H3ydeHUe
MEXKIUIAHETHBIX M TE€OMAarHUTHBIX TOCIEACTBUNA B3aumoaeincTByromux KBM
BEChbMa 3HAYMMO C TOYKM 3PEHUS MPOTHO3UPOBAHUS SIBICHUW KOCMHYECKOU
ITOTOJIBL.

BHenpenue pe3yabTraroB mucciaenoBaHusa. Ha ocHOBe TmpuUBEIEHHBIX
uccnenoBanuil Bapuanui KBM, ckopoctu norepu maccel CONMHIIEM MTOCPEACTBOM
KBM u yepe3 COIHEYHBIN BETEP B TEUEHUE COJTHEYHOTO LMKIIA!

[TosryueHHble pe3yapTaTbl MO MCCIEIOBAHUIO CKOPOCTH IIOTEPU MACChI
ConHilem depe3 UCcTeueHne COJIHEUHOTO BeTpa v BhiOpockl KBM B 3aBUCHMOCTH OT
Bapuainuii riao0ambHOr0 MarHuTHOrO mosst CojHIla, MPEACTABICHHOW B BHJIE
3aBUCUMOCTH OT YHCJIa MATEH U PEHTTEHOBCKOM SIPKOCTH (POHA, UCTIOTH30BAIUCH B
PELICH3UPYEMBIX ~ MEXKJYHApOJHBIX HAy4HbIX KypHaiax (Astronomy &
Astrophysics, 2021; The Astrophysical Journal Letters, 2020; Monthly Notices of
the Royal Astronomical Society, 2020; Astronomy & Astrophysics, 2020; Chinese
Journal of Space Science, 2020; Geomagnetism and Aeronomy, 2020, The
Astrophysical Journal, 2019; The Astrophysical Journal Letters, 2019) ansa
CpPaBHEHMS U SKCTPANOJISALNHN CKOPOCTH oTepH Macchl ComHUEM ISl APYTUX 3BE3NT
COJIHEYHOT'O THIIA.

Hamm pesynbratel mo oreHke Bkiaga BbeIOpocoB KBM B o0mmii moTok
MCTEUEHUSI MAacChl IOCPEACTBOM COJIHEYHOTO BETpa B OKIMNTUKE U 3a €€
npeaesiaMy, a TakKe €€ M3MEHEHHE B 3aBUCUMOCTH OT (pa3 LMKIOB COJHEYHOU
aKTUBHOCTH ObUTM Hcmoyb3oBaHbl B kHure “The Sun Today” (C. Vita-Finzi,
Springer, 2018). BHeapeHue Hay4yHbIX pe3yJbTATOB CHENAIO BO3MOXKHBIM
ONPEAEINTh YacCTOTy BO3HHMKHOBEHHsS cOiHeuHbIXx KBM, u cBsizaHHOM C Hew
IIOTE€PU MACCHI.

AmnpoOanusi pe3yJibTaTOB UCCJAeA0BAHUA. Pe3ynbTaThl HCCneA0BaHUN ObLITH
MIPEICTABIICHBI U OOCYKIEHBI Ha 3 MEXKIyHAPOIHBIX U 4 perHOHANTBHBIX HAYYHBIX
KOH(EpEeHIIHSIX.

Ony0JMKOBAaHHOCTH Ppe3yJbTaToB HcciaeqoBanus. [lo Tteme PhD
onyOnukoBaHo 12 HaydHbBIX pabOT, M3 KOTOPHIX O OMYyOJMKOBaHBI B HAy4YHBIX
KypHaiax, peKOMEHI0BaHHbIX BrICIIel arTecTaiimoHHON Komuccuen PecryOnmku
VY3bekucrtan Ui OyOJMKAlMM  OCHOBHBIX HAy4HBIX pe3yiabTatoB  PhD
JTIACCEPTALAMN.
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CTpykTypa m o0bemM auccepranum. J(uccepraiyisi COCTOMT W3 BBEICHHS,
YeTBIPEX TJIaB, 3aKIIOYCHHs] W crucka auteparypel. OO0bem muccepranuu 138
CTpaHHIL.

45



3AK/IIOYEHUE

ITo pe3yiibTaraMm HCCIICAOBAHUA, IMPOBCACHHOIO II0 TCEMC JUCCCPpTAIHNU

nokropa ¢urocopun (PhD) «Koponannpie BBEIOPOCHI MacChl: WX BapHalldd B
TEUCHHE IHMKJIA COJHEUYHOM aKTUBHOCTH M BIUSHHUE HA KOCMUYECKYIO IMOTOAY»,
IPEJICTABJICHBI CIICTYIOIINE BBIBOIBI:

1.
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|. Bapuanum conneunoro nukia KBM
Mps1 obHapysxumm, uto ¢ 2003 roga 10 BXOXIEHUS B 24 IUKI, ACHCTBUTEIHHO
HaO0JIFOIaeTCs MOBBIIIIEHHOE YHCIIO MHOTOYHCIICHHBIX MeHee MaccuBHBIX KBM ¢
OTHOCUTENIBHO Oojiee BbICOKMX IupoT. CienoBaTenbHO, I 24-r0 IUKIA
CYIIECTBYET O4eHb OeHast Koppensius akTuBHOCTH KBM ¢ 4uncioM comHEeYHBIX
IISITEH.

. MBI yCTaHOBWJIM B3aMMOCBS3b IS CKOPOCTH MOTEPU MACCHI KAK JIMHEHMHOU

GYHKIIMM  OT CPEAHEMECSYHOrO0 YHCJIa COJHEYHBIX TMSATeH U (OHOBOM
CBETUMOCTH COJIHEUHOT'O PEHTT€HOBCKOI'O M3JIYyYE€HHSI. ITO TOBOPUT O TOM, YTO
pPEHTreHOBCKasi (POHOBAsI CBETUMOCTD SIBJISIETCS JTYUIIIUM MOKa3aTeJIeM CKOPOCTH
IMOTEPH MacChl MOCpeacTBOM BhiOpocoB KBM B TeueHHe COJIHEYHOro IIMKIIA,
yeM Ha0JII0/1aeMOoe YUCI0 COMHEYHBIX maTeH. OHaK0, CKOPOCTh MOTEPU MACChHI
yepe3 HWCTEUCHUE COJIHEYHOTO BETPA HE IMOKA3bIBACT SIBHOM 3aBUCHUMOCTH OT
COJIHEYHOTO ITUKJIA.

. CKOpOCTB IMOTCPH MACCHI ITOCPCACTBOM HCTCUCHHA COJIHCUHOI'O BETPpa ITPUMEPHO

Ha MOPSAAOK OoJbllle, YEM CKOPOCTh MOTEpU Macchl yepe3 BbriOpocsl KBM.
Yactrunsiil Bkiag KBM B MOTOK Macchl COJTHEYHOTO BETPaA COCTABISET OKOJIO 5
IIPOLIEHTOB BO BPEMS COJTHEYHOTO MAaKCUMyMa B SKJIMITUKE U HAMHOTO MEHBIIIE
Ha 0oJiee BBICOKUX COJIHEUHBIX IIMPOTAX U BO BPEMS COJTHEYHOTO MUHUMYMA.

1. Biussinue B3aumoneiicteyrommux KBM Ha kocMuUYecKy10 Oroay

. Bzaumopeiicteuss KBM-KBM wumerorT Oombliioe 3HAY€HHWE C TOYKH 3PEHUS

KOCMHYECKOH MOTO/IbI, UX  B3aNMOJICHCTBUE MOXET  MOBBICUTh
reod(PPpeKTUBHOCTh OJIarofaps YBEJIMUYEHHOMY IEPUOIY M YCHICHHUIO FOKHOU
(OTpHIIaTENBHOM) KOMITIOHEHTHI MEKIIJIAHETHOTO MAarHUTHOTO TTOJISI.

. MBIl OOHaApY’>KWJIH, YTO TOCTOSHCTBO (MPOAOKUTENLHOCTh JNEUCTBUS) FOKHO-

OpPUEHTUPOBAHHOW KOMITOHEHTHI MArHATHOTO TOJISI UTPaeT 0oJiee BAXXHYIO POJIb,
YeM 3HAUEHHE ero amIUIMTy/la, B BO3HUKHOBEHHWU TE€OMAarHUTHBIX Oypb H
cyo0ypb.

. IIpITasick MOHATH F'€OMarHUTHBIE CUTHATYPBI B3anmoneucTByromunx KBM, Mbl

O6H3pY)KI/IJ'II/I, dTO HCKOTOPBLIC H3 HHX HIPUBOLAT K JABYXCTYIICHYATBIM
I'€OMaroHuTHbIM 6yp51M, 4 HCKOTOPBIC - K OAHOCTYIICHYATBIM.

. O0benunénnas ctpykrypa MKBM oOpa3oBasia THUNMMYHOE ABYXCTYIEHYATOE

®IT Ha 3emute. ®opma u BennunHa PII, Ber3sBanHOro MKBM, cooTBeTcTBOBaIM
KJIACCUYECKOMY HIOKY/000JI0UYKE, YTO BBI3BAJIO JACTPECCHUI0 KOCMUYECKUX JTy4ei
(KJI) u Oonee mnuTenbHBINA Mepuoja BOCCTaHOBIEHUS. AHanu3 Bapuanuu KJI
0oJiee BaKeH, MOTOMY YTO OH JAET Jydlllee MOHMMAHHUE PA3IUYHBIX CTPYKTYP
COJIHEYHOTO BETpa U reOMarHuTHhIX Oypb. bosee Toro, uccienoBanue coObITUI
@OII, cBsA3aHHBIX € pa3nUYHbIMU CcTpykTypamu MKBM, wMoxeT mnoMoub
IPOSICHUTHh MEXAHU3MbI BO3SHUKHOBEHUS pa3In4HbIX TUIIOB DII.
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