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Xiilaso

Giinog foalligi vo onun téromoslori ilo tanishqdan goriintir ki, buarada osas rolu magnit sahasi ilo
plazmasinin qarsiligli tasiri oynayir. Lakin giines faalliginin fiziki nazariyyasi halslik malum deyildir; bu hagda
yalniz bir sira forziyyslor vardir. Bazi forziyysloro goro fotosferdo daim miisahido olunan zosif magnit sahasi
vaxtasirt miiayyon oblastlarda giiclons bilor. Buna sobob isa bu oblastlardan altdan konvektiv horokatlor naticasinds
magnit sahasinin qiivve Xatlorinin koloflosmoasi ola bilor. Bagqa hipotezo géro magnit sahasinin giiclonmosi giinasin
differensial firlanmasinin noticoesinds ola bilar; belo firlanma noticesinds meridian {izro istigamatlonon qgiivve xatlori
ekvatora paralellosmokls firlanma zamani maqnit borulari yarada bilarlor. Noticods giiclonon magnit sahasine malik
oblastlar magnit tozyiqi ilo genislononds yiingiillosdiklorindon konveksiya zonasindan iist qatlara giinos faalliginin
miixtolif téromalorinin yaranmasina sobab ola bilor. Plazma qazi sixliginda qiivve Xatlorinin sixligi artir vo magnit
sahosi ds artir. Qaz geniglonanda iso oks proses gedir.

Acar sozlari:Plazma, magnit sahasi, giinas atmosferi, ionlasma

INTERACTION OF THE SOLAR PLASMA WITH THE MAGNETIC FIELD
Abstract

Familiarity with solar activity and its derivatives shows that the main role is played by the interaction of the
magnetic field and its plasma. However, the physical theory of solar activity is still unknown; there are only a
number of assumptions about this. According to some hypotheses, the weak magnetic field that is constantly
observed in the photosphere can be strengthened from time to time in certain areas. The reason for this may be the
weakening of the lines of force of the magnetic field as a result of convective movements from the bottom of these
regions. According to another hypothesis, the strengthening of the magnetic field may be a result of the differential
rotation of the sun; As a result of such rotation, the lines of force directed along the meridian become parallel to the
equator and can create magnetic tubes during rotation. As a result, regions with a stronger magnetic field become
lighter when they expand with magnetic pressure, which can lead to the formation of various derivatives of solar
activity from the convection zone to the upper layers. The density of the lines of force increases with the density of
the plasma gas, and the magnetic field also increases. When the gas expands, the opposite process takes place.
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Giinoas plazmasinin magqnit sahasi ilo qarsiliqlt tosiri

Molumdur ki, plazma, dalga uzunlugu genis diapazonda olan elektromaqnit dalgalan
monbayidir. Magnit sahasinds elektronlarin tormozlanmasi elektromaqnit dalgalarinin biitév spektrini
yaradir (rentgen siialar1 bu ciir yaradilir). Plazma fizikas1 mosalalori miiasir astrofizikada ¢ox genis yer
tutur. Bu monada fizika vo astrofizikanin bir bolmasi kimi “plazma astrofizikasi” yaranmisdir. Bu
bdolmonin asas masalalorindon biri do giines plazmasinin todqigidir. Malumdur ki, giinos maddosi
ohomiyyatli darocads ionlagib. Maddonin bu hala galmasinin fiziki (Hiiseynov, 1997) sortlorini yada
salag.

Giinos maddasinin (konkret olarag H vo He gazlarinin) tempereaturunun todricon artmasina
baxirirq. Bu zaman qaz molekullarmin kinetik enerjisi durmadan artacaq. Termodinamik tarazliqda
sualanma enerjisinin tezliys gora paylanmasi yeganos parametri T - temperatur olan Plank funksiyast ilo

tosvir edilir. Qaz molekullarinin horakati elo olacaqdir ki, onlarin orta kinetik enerjilori do homin

3 . .
parametrlo EkT soklindo miioyyon edilocok. Burada k =1,38-10*® erg/dor Bolsman sabitidir. Ogor

. . . S )
hissaciyin kiitlosi m—dirso (m = zm,, x-molyar kiitls, m, :§-10 g hidrogen atomunun

kiitlasidir), onda hissaciyin orta siirati u
% mu® = g kT (1)
borabarliyindan tapilir.

Hoqgigotdo iso gaz hissaciklori miixtalif suratloro malikdir. Onlarin siiratloro gore paylanmasi
Maksvell paylanmasina tabedir.

Hissaciyin miisahido edilon orta kvadratik siiroti u dursa (1.) ilo hesablanan temperatur T, -
kinetik temperatur adlanir. Xiisusi halda, baxilan hissacik (Hasimzads, 1970) elektrondursa bu temperatur
T, - elektron temperaturu adlanir.

Temperatur yiiksaldikco hissaciyin kinetik enerjisi artib atomlart molekul halinda saxlayan
rabitoni qirmaga kifayat edir. Naticods molekullarin atomlara pargalanmasi — dissosasiya baslayir.

fonlasma zamani atomlarin horokat enerjisi artdigindan atom elo bir hoyacanlagmaya catir ki,
elektron onu biitiinliikls tork edir. Bunun naticasinds bir neytral atomdan iki ytkli hissacik: miisbat ion
vo manfi elektron alinir. Bu monada ionlasmaya dissosasiyanin xiisusi hali kimi baxmaq olar. Olbatto,

gazin baxilan hacminds ionlasma ilo yanasi oks prosesds da, yani rekombinasiya da gedir. Temperaturun

verilmis giymatinds ionlasma tarazligi hali alinir. Yoni ionlasmis (Quluzado, 1985) atomlar sayr N -in,
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neytral atomlar sayr Nn-o nishati, elektron tozyigi P, -don asili olur. Bu proses Saxa tonliyi ilo miioyyon
edilir:
3
n* 2u, (22m)’? 2
e L L
n u, h

. . .2u . o
Burada U, Vo U,-atomun ionlasmis vo neytral hallarmin statistik ¢okilorin (—* ~1-dir), X, -birinci
Uo

ionlagma enerjisidir. Ogor enerjisi hv > x,, olan kvant udulursa  hv — X, artiq enerji elektron verilir

vo 0 kinetik enerjisi
%mu2 =hv-x  (3)

sortini 6doyan o siirati ilo atomu tork edir. Beloliklo birinci ionlagsmadan sonra ikinci, {igiincii va S.

ionlagmalar bas verir. Saxa tonliyi bu halda iki ardicil ionlasma marholasinds ionlar sayinin U nisbatini

verir
nt ontt
L )
n n
: : . . o H
Hidrogen kifayst doracodo yiiksok ionlasma potensialina malikdir: 13,54 ev- P, = 2000 g 5
cu

elektron tazyigi vo T =8000" k temperaturundan Saxa tonliyinin totbiqi ionlar saymin neytral atomlar

sayina nisbati Gigiin 0,0028, T =11000k temperaturda 1,35, T =12700k temperaturda 12,9 verir.
Yani nisbaton dar temperatur intervalinda hidrogen neytral haldan tam ionlagsmis hala kegir. Elektron
tozyiqinin siirotlo artmasi hesabina Giinag atmosferindo hidrogenin ionlagsmasinin (Hiiseynov, 2012)
darinliys gors artmasi nisbaton yavas gedir.

Helyumun ionlasma potensiali hidrogeninkindon do yiiksokdir, ona gora do giines atmosferinin
yiiksok darinliklorina godar o ionlagsmayib. ©ksina, metallarin okSariyystinin ionlagsma potensiali asagi

oldugundan fotosferdo Li, Na, Mg, K, Ca vos. giiclii ionlasiblar.

Hidrogenin normal atomuna onun manfi ionuna nazaran ion kimi baxmaq olar. Onun ionlagsma

potensial1 0,75 eV -dur.

Giinss atmosferinda :—H ~10' dir. Hidrogen atomlarimin timumi say1 Giinag atmosferindo
.
coxdur vo U ionlari orada Kifayat godardir. Onlar kasilmaz udulmanin asas monbaidir.
Giinag plazmasinda yiingiil, miitahorrik elektronlarin ¢oxlugu onun yiiksok elektrikkegiriciliyina
(ham do istilikkegiriciliyina) malik olmasina sobabdir. Masalon, Giinag, plazmasinin elektrik kegiriciliyi

metallarinkina yaxindir. Plazmaya elektrik sahasi tosir etdikds elektronlarin vo ionlarin oks istigamatds
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horokoto baslayirlar. Lakin bu harokot sarbast deyil, ¢linki yiiklii zarraciklor bir-birlari va neytral atomlara
toqqusmalardir, yiiklii zorraciklorin harokoti iso hor seydon, ovval elektrik carayanidir. Elektronlarin
miitoharrikliyi ionlarindan ¢ox oldugundan onlar plazmanin miisyyon bir oblastina tez yigilaraq orada yiik
sixligini artiraraq isaroco yiik forgqi omolo gotirir. Tam ionlagsmis plazmada coroyanin axmasi
elektromaqnit enerjisinin dissipasiyasi ilo miisaiyat edilir. Bu zaman nagillordon Coul istiliyi Kimi
sahanin enerjisi istiliya ¢evrilir. Ogor plazma tam ionlagmayibsa, biitiin plazmanin neytral gaza nisbaton

harokati giiclii magnit (Mammadov, 1986) sahasinda dissipasiyani lgiilo bilmayacok siiratlo aparacag.

Magnit sahosinds yiiklii hissaciya onun harokat siiratino vo sahonin H vektoruna
perpendikulyar qiivva tasir edir. Bircinsli sahada hissacik maqnit qiivve Xottine sarilan spiralvari horokat
edir. Hor hans1 xarici qlivva, masalon, agirliq qiivvasi, yaxud tozyiq qradienti (bunlar yalniz maqnit sahosi
boyunca yonalmamalidir) tasir etdikds hissaciyin tasir edon qlivvaya Vo magnit sahasina perpendikulyar
dreyfi yaranir. Qeyri-bircins sahasinds olan plazmada da dreyf va carayan amols galir.

Dayison magnit sahasinin induksiyaladigi elektrik horokat qiivvesi yiiklii zorraciys tosir edorok
induksiya caroyani yaradir. Elektrik horokat qiivvasinin mexaniki vo ya Coul istiliyi soklindo gordiiyii is
adadi giymatca

1y2
— |HdV 5
87r'[ ©)
inteqralinin azalmasina barabardir. Buna osason demok olar ki, plazmada vahid hocma diison magnit
shesinin enerjisi R godordir.
87

Ogor plazmada magnit sahosinin doyismasinin tosiri ilo coroyan yaranirsa, bu coroyan da 6z
novbasinds magnit sahasi toradir (elektromaqnit induksiyasi), sonuncu saha Lens gqaydasina asasan ilkin
maqnit sahasine qars1 yonalir.

Elektrik sahasinin intensivliyini E vektrou ila, qapali konturun elementini dS ils isars edok. Bu

konturu biiriiyon har hansi bir sathin elementi ds sothin normal i, magnit vektorunun bu normal {izro
toplanann1 H  olsun. Maksvell tonliyindon almnur ki, E vektorunun gapali kontur {izra sirkulyasiyasit @ -

magnit selinin doyisma siirati ilo miitonasibdir:
1 GCD

{ Eds = —=Z(H,ds (6)
cat cat

Tutaq ki, kosmik plazmada hissaciklora bagli konturda caroyan dévr edir. Plazma maddasinin bir-birina
garismasi vaxtt bu kontur deformasiyaya ugrayir vo hoticads konturdan kegon magnit seli doyisilir (hatta
magnit sahasinin 6zii doyigsmoadikdo belo). Lakin indi yaranan coroyan xarici sahanin magnit selinin
doyismasini neytrallagsdiran 6z sahosini yaradir (4.) disturundaki monfi isars bu neytrallasmani

xarakterizs edir. Ogor deformasiya coroyani sondiirarss, 6z -6ziine induksiya onu sénmays goymayacag.
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Naticado boyiik ol¢iilii kosmik obyektlords plazmanin kegiriciliyinin yiiksok olmasi hesabina
Coul istiliyino gors itki az oldugu ii¢iin kosmik saho haddon artiq zoif siiratlo soniir. Demali kosmik

obyektlorda istonilon kegirici konturdan kegon maqnit seli praktiki olaraq zamana goéro doyismir:
d
& [Hds=0 ()

(5.) astrofizikada miihiim ifadadir; o plazmanin maqnit sahasindo 6ziinii aparmasini gostorir. Bunu g¢ox
vaxt maqnit qiivve Xatlorinin magnit sahasindo “maddilosmis” sokildo borucuglar soklindo tasavviir
etsok, borucuglarda qiivva Xatlori six olanda sahanin intensivliyi giicli, seyrak oldugda zoif olar. Teorem
deyir ki, borucuglar, onlar1 dolduran plazma qazinin kiitlosi ilo alagslidir, qaz kiitlasinin harokati magnit
qiivva Xattlorini arxasinca aparir.

Yuxarida deyilonlordon belo basa diisiiliir ki, plazma maqnit qiivve Xatlorino perpendikulyar
harokat edonds elo carayanlar induksiyalanir ki, birinci saha ilo barabar qiivve Xotlori miihitin arxasinca
harokoat edan yeni saho yaranir.

Plazma gaz1 sixhiginda qiivva Xatlorinin sixligi artir vo magnit sahosi do artir. Qaz genislononda
isa oks proses gedir. Nozariyys gostarir ki, normal1 N1 olan plazma sathins tasir edon qiivva:
= 1 1

T,=—HH, -

—H?%i (8
" Ax 8r ®)

Goriindiyii kimi fn vektoru; biri H magnit sahasi tizra xarici normal istigamotinds, digari iso xarici

normalin oksina yonalon iki toplanandan ibarastdir. Birinci toplanan qiivve Xatlori boyunca yonalir v selin
bir qiivve Xattina 4— H qiivvasi disiir. Bu qilivva elastiki simi uzatmaga galisan gorginliys oxsayir.
Via

Ikinci komponentin simin daxilindo tesir edarak birincini godor azaldan qgiivvadir.

. N . H? N
Magnit sahasinin istigamatine perpendikulyar giivvays baxilan hacmdo o gador tozyiq kimi
Va

baxmagq olar. Bu qiivva maqnit qiivva Xatlorinin paylanmasinin bircinsliliyini pozur.

Giinas plazmasinin magqnit sahasi ila qarsiligh tosiri Giinasin magnit sahasini doyisdirir. Giinasin
sahasinin garginliyi | Ersteddir. Aktiv amoalagalmalardan lokslor olan oblastda ¢ox siiratlo artib 4500& -2
catir. Glinogin timumi maqnit sahasini qlitbliiyti do vaxtasir1 doyisir, conub qiitbii Vo simal qiitb bu saha
magnit borucuglari ilo Glineg atmosferino ¢ixir. Lakalarin magnit sahasi Zeeman effektins asasan olgiiliir
Vo Gyranilir.

Giinagdiski markazinds yerlasan lokanin magnit sahosinin 6l¢tilmasi gostarir ki, yani baxis suasi
sahoa istigamatina paraleldir. Demali lokalorin magnit sahasi Giinog sathino adoton perpendikulyardir.
Uzununa Zeeman effektindo spektr xatti oks istigamotli dairavi polyarize olunmus iki komponents ayrilir

Va bunlar arasindaki masafa
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2A4 =9,4-10°gA2H 9)

diisturu ilo tapilir. Burada g -miixtolif elementlor va onlarin xattlori Giglin miixtalif olan Lande “vurugu”,
A - verilmis xattin santimetrlo dalga uzunlugu, H -magnit sahasinin Qausslarla garginliyidir. Giinag

foalligmim on giiclii tozahiirlorindon alisma zamam sorbost elektronlarin konsentrasiyas1 5-10" sm™,

temperatur 10* —2-10* K olur. Bu zaman elektromaqnit sualanmast ilo yanasi relyativistik elektronlar,
proton, alfa zarracik vo agir niivalordon ibarst kosmik sualar seli yaranir. Har bir orta giiclii alisgma zamani
(1000+2000) km/san. Siiratino malik yiiklii zorraciklor selinin yaranmasi adi hadisodir; bu selo

korpuskulyar sel deyilir.

Umumiyyotlo geyri — stasionar Giinos toromolori maqgnit qiivvalori tasirinin noticosidir. Buraya
onu da olave edok ki, alismalar adston giiclii vo xiisusilo miirokkob quruluslu magnit sahasine malik
grupunun istiino oksqlitblii sahalor arasinda omalo golir. Bilavasito alismadan azaciq avval oksqiitbli
boyiik lokolor arasinda kigik loko yaranir; aligmaya bir saat qalmis loka qrupu tizorindoki protuberans
s6nmays baslayir, yarimsaat sonra bu portuberansda ragsi horokstlor miisahido olunur. Portuberansin alt
torofi onun maddasinds donmus magqnit sahasi ilo birlikdo asagi diisiir vo peyklordon galxan oks qiitblii
maqnit sahasi ilo goriigiir. Miixtolif istigamoatli maqnit qiivva Xotlori bu yolla kasisir. Bu sixilma
oblastinda maqnit sahasinin annihilyasiyasi bas verir, yoni aks istiqamatli sahalor bir-birini qarsiligh yox
edir.

Giinos foallig1 vo onun téramolari ils tanigliqdan goriiniir ki, buarada asas rolu magnit sahssi ilo
plazmasinin qarsiligl tasiri oynayir. Lakin giinas foalliginin fiziki nazariyyasi halslik malum deyildir; bu
haqda yalniz bir sira forziyyslor vardir. Bazi forziyysloro goro fotosferdo daim miisahido olunan zaif
maqnit sahasi vaxtasiri miioyyon oblastlarda giiclona bilor. Buna sobob iso bu oblastlardan altdan
konvektiv horokatlor naticasinds magnit sahasinin qiivva Xatlorinin kalaflogsmasi ola bilar. Basqa hipoteza
gbra magnit sahasinin giiclonmasi giinasin differensial firlanmasinin naticasinds ola bilar; bels firlanma
naticasinds meridian {izro istigamatlonan qiivva xatlori ekvatora paralellasmokls firlanma zamani1 magnit
borular1 yarada bilarlor. Giiclonan magnit sahosino malik oblastlar magnit tozyigi ilo genislononda
yiingiillagdiklorindon konveksiya zonasindan st gatlara giinag foalliginin mixtalif téromalorinin

yaranmasina sobab ola bilor.
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Natica
Yuxarida deyilonlordon belo basa diisiiliir ki, plazma maqnit qlivve Xatlorina perpendikulyar
harokat edonds elo caroyanlar induksiyalanir ki, birinci saha ilo barabor qiivve Xotlori miihitin arxasinca
horokot edon yeni saha yaranir. Plazma qazi sixliginda qiivvo Xatlorinin sixligi artir vo magnit sahosi
yaranir.

Giinos plazmasinin magqnit sahasi ilo qarsiligh tesiri Glinasin maqnit sahasini doyisdirir. Giinagin
sahosinin gorginliyi | Ersteddir. Aktiv amalogalmalordon lokalor olan oblastda ¢ox siiratlo artib 4500¢ -2
catir. Giinesin timumi maqnit sahasini qiitbliiyli do vaxtasir1 dayisir, conub qiitbii vo simal qiitbii bu
sahado maqnit borucuglari ilo Giinas atmosferina ¢ixir. Lokalorin magnit sahasi Zeeman effektina asason

olgiliir vo 6yranilir.
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Extended Abstract

Plasma, a state of matter consisting of ionized particles, is a prolific source of
electromagnetic waves spanning a wide range of wavelengths. In a magnetic field, the braking of
electrons generates a comprehensive spectrum of electromagnetic waves, including X-rays. The
study of plasma is integral to modern astrophysics, giving rise to a specialized field known as
"plasma astrophysics.” A primary focus of this field is the investigation of solar plasma, given
that the sun’'s matter is significantly ionized.

As the temperature of solar matter (specifically hydrogen and helium gases) increases, the
kinetic energy of gas molecules rises, described by the Planck function with temperature as the
sole parameter. The Kinetic temperature correlates with the average Kinetic energy of gas
molecules. Maxwell's distribution governs the distribution of particle velocities. For electrons,
the kinetic temperature is termed the "electron temperature.” With rising temperatures, the
kinetic energy becomes sufficient to break atomic bonds, leading to dissociation and ionization,
where neutral atoms convert into positive ions and free electrons. lonization is counterbalanced
by recombination processes, achieving an ionization equilibrium at a given temperature. This
equilibrium is described by the Saha equation, which relates the number of ionized atoms to
neutral atoms, depending on electron pressure and ionization energy. The equation helps explain
how hydrogen transitions from a neutral state to a fully ionized state over a relatively narrow
temperature range. Solar plasma'’s high electrical conductivity, similar to metals, results from the
abundance of mobile electrons. When an electric field is applied, electrons and ions move in
opposite directions, generating current. This movement, especially in fully ionized plasma, leads
to electromagnetic energy dissipation. In partially ionized plasma, magnetic fields influence the
plasma's movement, causing drift and current formation.

Changing magnetic fields induce electromotive forces in the plasma, generating currents
that create opposing magnetic fields (Lenz's Law). This self-induction means that once a current
is induced, it resists changes, leading to the persistence of magnetic fields in large cosmic
objects. The interaction between plasma and magnetic fields in cosmic objects like the sun
demonstrates how magnetic flux through a conductive loop remains nearly constant over time.
This principle underpins the behavior of plasma in magnetic fields, showing that magnetic force
lines move with the plasma. The sun's magnetic field significantly influences solar phenomena.

Sunspots, regions of intense magnetic activity, are measured using the Zeeman effect. The solar
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magnetic field undergoes cyclical polarity reversals, with magnetic flux tubes emerging through
the solar atmosphere.

Solar flares, a manifestation of solar activity, result from complex magnetic field
interactions. These flares emit electromagnetic radiation and relativistic particles, including
electrons, protons, and heavy nuclei. Typically, solar flares occur in regions with strong,
complex magnetic fields, often between sunspots of opposite polarity. Various hypotheses
attempt to explain solar activity. One suggests that convective movements in the sun's interior
cause magnetic field lines to twist and intensify. Another hypothesis attributes magnetic field
amplification to the differential rotation of the sun, which could create magnetic tubes parallel to
the equator. These intensified magnetic regions, buoyed by magnetic pressure, rise to the surface,
giving rise to solar phenomena.

In summary, the interaction of plasma with magnetic fields is a key driver of solar
activity. As plasma moves perpendicular to magnetic force lines, currents are induced, creating
new magnetic fields. The solar magnetic field influences the sun's overall magnetic behavior,
with magnetic field strength varying significantly across different regions. The persistent
magnetic flux in large cosmic objects, combined with the dynamic behavior of the solar plasma,
underscores the complex interplay between plasma physics and magnetohydrodynamics in

understanding solar phenomena.

77



