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- PeBoJTIoIMs B TEXHUKE
COJIHCUHBIX HAOIIOJICHUU

Hoegvie nooxoownt k nonyuenuro uzoopaxicenui

Dypve-npeobpazosanus > AnepTypHBIM CUHTE3 +
uppoBasi 00OpadOTKA CUTHAJIOB

—>  TO0sBJIEHNE BO3MOKHOCTH CTPOUTH PaAUOU300pakKEHUS
HECTaIlMOHAPHBIX ABICHUM Ha COJIHIIE C BEICOKHUM,
HEAOCTIKMMBIM paHee B 3TUX JHana3oHaX, MPOCTPAaHCTBEHHBIM
(~17-10"") u BpemeHHbIM (1-100Mc) pa3penieHueM.

- Paouounmepghepomempor (Nobeyama, CPI, MUSER,
EOVSA -2 FASR, ALMA, LOFAR)



Pagnorenunorpad B HoOesime

17 I'T'u — Stokes 1, V, 10 arcsec
34 I'T'y —Stokes I, 5 arcsec



Hoeble mnocouacmommuuie
PAoUOMeNeCKONsl.
LOFAR, 10-250 MHz

Cubupckuii Paguorenuorpad (CPI'), 3 -6 1T, 6-12 I'T',
12-24 T'T'n

MUSER, 04 -21ITo; 2-151TnO
EOVSA, 1-181T

ALMA, 100 -900 I'Tu

—> borareiinie BO3MOXKXHOCTH IS paIHOAUATHOCTHKH (DPU3UICCKUX
YCJIOBUU BO BCIIBIIICYHOM ILIa3Me!
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Siberian Radio Heliograph (SRH)

N
i

MESTESTRE S e e e e e

Three T-g¢haped antenna arrays (foy three frequency ranges)
Angular resolution: up to 10” at10 GHz.

Temporal resolution (2D): ~ 0.1 s per frequency channel.

512 antennas;

> 16*3 (and up to > 100) working frequencies in the 3-24 GHz range.



Cubupckuii Pagunoreanorpad (CPI')




“boipire Boopochl (PU3HUKU
COJIHEYHOW aKTUBHOCTH

[IpobiieMa COJTHEYHBIX BCIIBIIICK.

- Umo aenaemca mpuzzepom IHEP208blOEC1eHUA?

- Kakoé mexanuzm anepzogvioenenusn (Ouccunauuu
C60000HOU MAZHUMHOU IHep2ul) ?

- Kaxkoe mexanusm yckopenus 31eKmpoHoe u uoHog?

IIpoonema CME.

- Umo saensaemca mpuzzepom u uCMOUHUKOM IHEP2UU
eb10pocoe Kopornanvhou maccol (CME)?

- Kak CME ceazanwt co écnviuukamu?



MOI[CJII/I BCIIBIINICYHOI'O SOHCPI'OBbIACICHUSI

Celiyac OOIIEOPHUHSTO, YTO IPUUYUHON BCIBIIIKH B COJTHEYHOM
KOPOHE SBJISIOTCS MPOIECChl HAKOILIEHHUSI CBOOOIHOM MarHUTHOM
SHEPIUU U €€ MPeoOpa30BaHUE B DHEPTUIO YACTHII.

YacTb BRICBOOOXKIaEMOM SHEPTUHA MAarHUTHOTO MOJISL YXOAUT B
00BbEMHBIEC MOTOKHM IIJIA3MBbI U TEILUIOBYIO DHEPTHUIO,

Jlpyras 3HauuTEeNIbHAS €€ YaCcTh Nepe1acTCsl HETEIIOBBIM
AJIEKTpOHAM (YCKOPEHHE), KOTOPbIE 00Pa3yoT CTEIICHHOM XBOCT B
(OYHKIIMU paclpeacacHUs .

OaHaKoO BOIPOC O TOM KaK KMEHHO ITPOUCXOAUT OCBOOOXKICHUE
MAarHUTHOU 3HEPTUU BCE €I1E OKOHYATEIILHO HE PEIIEH.



DHEPrOBBIJICTICHUE U YCKOPEHUE YACTUL] B TOKOBBIX CJIOSIX
BOJIN3M HYJICBOM JIMHUU MAarHUTHOTO MOJIS

Haubomnee BeposTHO
CI10eBOii 5 BO3HUKHOBEHHUE BCTIBIIIICK BOIU3U
Henrpaibnas HYJIEBOW JTUHUNA MarHUTHOTO TIOJI,
JTHHAA Y -THDA T7IC TI0JIS MPOTHUBOIIOIOKHBIX
MOJIAPHOCTEN HAIPABJICHBI
S N BCTPEUYHO APYT K Apyry. Takas
KOH(UTYpaIus HEyCTOMYHBA, U
IMoToku MOJKET MPOU30UTH TIEPE3aMbIKaHUE
YACTHUIL MarHUTHOTO TTOJISI.
BBICOKMX
YHEPIHii 7 (TlepesaMbikaHKe DU

ITUHY

IJ1a3Mbl

Spkue BoJiokHA B XpoMmocdepe | 2

TokoBBIM CIIOU



«CrangapTHas» MOJ€Ib OONBIION COTHEYHOM

BCIIBIIITKH

Reconnecting

Magnetic Field Line
New Reconnected
Magnetc Field Lines

Large Coronal
" Loop

\ Inflowing
Magnetic Field

-p
/{ {4\ ° \&‘\:‘o

TUupHUHT HEYCTOUYUBOCTH
IPUBOJUT K
(hparMeHTalMU €IMHOTO
TOKOBOTO CJIOSI Ha
0O0JIBIIIOE YUCIIO
«OCTPOBOBY» C TOKOM U
MarHUTHBIM MOJIEM.

DTO PE3KO MOBBIIIAET
3(h(HEKTUBHOCTD
YHEPTOBBIJICIICHUS U
YCKOPEHMS YaCTHIL

Drake et al. 2007-2021
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Mopenu 3HeproBhIACICHUA U YCKOPEHUA
YaCTHIl B MArHUTHBIX KI'yTax

1) LCR — koHTYpHBIe MOJIEJIH (Alfven, Carlquist 1967;
3aiiyes, Cmenanos 1991 - 2018)

1. PasBurue xea100KOBOI
HEYCTOMYHUBOCTH B BEPIIMHE UJIU B

-/ \< OCHOBAHMAX METIN.
R 4 | re— 2. Tlomamanue KBa3UHEHTPAIBLHOM
ot} -*S_Y} ~ Fhorosphis IUIa3MBI B 00J1aCTh TOKA.

Y|
I ,/7%/ /fg% 3. B3peiBHOE YHEPTOBBIACICHHE

M ’/ /// MIPOUCXOOUT IIPU Pa3MBIKAaHUU TOKA B

uenu. [Iposogumocts Kaynuara.

2) KryTtbl C KINK-HeycTOMYHBOCTHIO H CTOXACTHYECKUM
YCKOpeHHEM B TOKOBBIX MHKPO-CJIOAX (Browning, Gordovsky 2017)
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3) beccunaoBbie MArHUTHBIE AKTYTbI C BHCIIHUM N1ABJICHUCM
(Solov’ev, Kirichek, 2021)

DKpPaHUPOBAHHOCTH TOKA, T.€. PABEHCTBO HYJIIO
MOJIHOTO JIEKTPUUYECKOTO TOKA, TPOTEKAIOIIETO
yepes nornepeyHoe ceuenue xryra: | = 0.
Hanuuue npsimoro u ooparnoro toka. (Ilapxep,
1965, 1969, 71979, u op.)

...... o

J1J1s1 momepeuHoro paBHOBECHSI KTy Ta C Ampers Toop
0eCCUIIOBOI BHYTPEHHEU CTPYKTYPOU MO

HEO0OXOJMMO UMETh Ha €0 TPaAHHUIIC

OIpeJielIeHHOE BHEIIHEe JaBiieHue (Solov ey,

Kirichek, 2021).

e

YMeHbllIeHHE BHEIITHETO HdaBJICHUA g Bz R

=)
wn

Sfunction
o]
o

function:

MIPUBOJUT K CUJIbHOMY HAPACTAHUIO CUJIBI
TOKa Ha MOBEPXHOCTH, OJTM3KOM K IPaHUIIC
KTyTa U, KaK CJICJICTBUE, K B3PBIBHOU

-0.51

AUCCUIIAIMHN TOKA U MOIITHOMY
OHCPIrOBbIACICHHIO.
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PAJIMOIMATHOCTUKA COJTHEYHDBIX
BCHBIIIEK

e

~N

[TapameTpbl SJHEPTUYHBIX
3JIEKTPOHOB B MAarHUTHBIX
e TIISIX

(pacnpeneneHus no dHepeusim, NUmMy-
yenam, epemenit, npoOCmpancme))

[TapaMeTpsl TEILUIOBOU
MAarHUTOAKTUBHOU TLIa3Mbl

(Hanpsiicennocmo u Ounamuxa
MACHUMHO20 NOJIA, NIIOMHOCHb
Naa3mvl, 08UMICEHUE NIIA3Mbl)

!

!

- KuHeTHnka 3J1€KTpOHOB B
MAarHATHBIX TETIISAX

- TypOyJIEHTHOCTB

-  MexaHu3Mbl YCKOPEHUS

Jlnccumnanust MAarHUTHOTO
IOJISI ¥ JIEKTPUYECKUX TOKOB;
DHEPTOBBIICIICHUE;
DJIEKTPUYECKHUE OIS

MexaHnu3Mbl YCKOPEHUS
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Paznnuus B pacClIpPCACICHUAX SHCPINIYHBIX 3JICKTPOHOB U
X CBsA3b C XdPAKTCPUCTUKAMHN MHUKPOBOJIHOBOI'O
N3JIYHCHHS BCIIBIIICYHBIX IICTCIIb

[lepeyncneHHble MOOEenM YCKOPEHUS W TpaHcnopTa aSneKkTPOHOB
NPON3BOAAT pasHble pacrnpeneneHns 3NeKTPoOHOB B HabnogaembixX
BCMbILLIEYHbIX NETNSAX.

Tonbko MX cpaBHEHME C HaAbMNAEHUSMU MOXET AaTb OrpaHUYeHuss w
nomouyb B BbiIbope Hanbonee ageksaTHoM moaenu!

[MpounnioCTpyUpyeM 3TO Ha HECKOMNbKUX MpuUMepax, YYUTbIBasi, YTO
MUKPOBOTHOBOE (TMPOCUMHXPOTPOHHOE) N3ny4yeHne ABNSIETCS
Yype3BblYaMHO  YyBCTBUTEMNbHBbIM K MapamMeTpam pacnpeaeneHun
9HEPrUYHbIX 3NEKTPOHOB U napamMeTpamM MarHMTOaKTMBHOW Mna3mbl BO
BCMbILUEYHbIX NETNSX.
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Gyrosynchrotron emission of non-thermal electrons

General expressions for Emission and absorption coefficients :

L AT [D(wn,) 0w & f L,/ 1 = + K, (y — Bun,) ) z
a 11} 2 rkJL! J"... J":
) = = R+ ) Z 5P =1 ) n,,dg/I—,u 1-;r) &) +4(c)

X 8(new — nwpe — Yelnamiw)

Zp(w, ) = — fd{r: 1—;;‘ [F | = + Ko = Gyore) J

(14+ K2+ 12 ){..n,,[ﬂ{un,,)/fbl}t NZ n,,.d\/ I —2)(1=17) ”(-)-E-JH(:)]

/(p)

X 8(ew — nwpe — YO nuw) [;:ra—l - (1 - n,d’u){}ﬂ

o (.0
Ao (W, D)

Jo(w, ¥) = (1 —e ™)  Transfer equation

T s = F (B, nb, nth, E(0), F(u), a ) Emission Intensity

B — magnetic field magnitude

nb — accelerated electrons number density (Eidman JETP 1958,
nth - plasma number density Ramaty ApJ 1969)
E(J) - function of electrons energy spectrum

F(u) - electrons distribution over pitch-angles

a — viewing%figle



MMUKpPOBOJIHOBBIC HAOJIOACHHUS C IPOCTPAHCTBEHHBIM

pa3pelnieHnemM
MTO3BOJISIFOT:
- OnpenensaTh MECTO YCKOPEHHE/MHKEKIIMK S HEPTrUYHBIX
3JIEKTPOHOB BO BCIBIIIECYHOU TIETIIE;
- Ompenenars TUI IUTY-YIIIOBOTO PACIPEEIIEHUS JJIEKTPOHOB

OTHU BO3MOXKXHOCTH CJICAYIOT U3 aHAJIN3d KHHCTHUKHW HCTCILJIOBbIX
SJICKTPOHOB BO BCIIBIIICYHbIX IICTIIAX.

of dinB 0 [1- 4 c o (f

—=—C —+c +
a - PP s a2 2. CE| B

C %, of
+ 1— u? +S(E, u,s,t
2By’ @i( : )@l} (5, 05.0
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For illustration, consider transport effects on
the example of two simple models:

Case 1.

Isotropic injection in the ‘
center of a magnetic

trap.

Case 2.
|sotropic injection near

the footpoints of a @
magnetic trap.

2014
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Radio brightness distribution

Case 1: Injection at the loop top Case 2: Injection near a footpoint
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Distribution of the polarization degree

Case 1: Injection at the loop top

Polarization degree

80 - A
el
o 40

200

0L
—3/2 10 1
s, 10° em

Incregse_ in X-mmocig 2 0 CHy
polarization degree -
signature of the
perpendicular anisotropy

Case 2: Injection near a footpoint

Folarization degree

g, 10% em

w =17.0 GHz

Ordinary mode circular
polarization = Signature of
the longitudinal anisotrorsy




Inversion of the circular polarization degree
along flaring loops

NoRH 17GHz r—1 19—Jul—2012 05:27:30.992 UT
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The most remarkable property is that in the upper part of the loops, the polarization
degree changes its sign to the opposite (from extraordinary to ordinary mode). This
can n 1be obtained for isotropic or loss-cone type of pitch angle distribution Ozfo
emitting electrons! (Kuznetsov et al. 2014; Morgachev et al 2014)



Flux densily, =fu

PagunogmnarHoctuka IHEPreTn4eCcKoro CrneKkTpa
AJ1IEKTPOHOB HAa OCHOBE |/|3mepeH|/|l7|
HYaCTOTHOIO CMNeKTpa

2611

1468

82¢

464

2B1

2002 /07 /15 20:03:18.065
T T T T T

Emission
parameter

Flaring loop
parameter

- high frequency

slope

- intensity of

emission at
f> fpeak

- spectral index of
nonthermal
electrons

- total number of
high energy
electrons

10
Freguency, GHz

- frequency of

spectral
maximum
(peak frequency

f, peak)

- peak flux F,

- magnetic field
strength;

- column number

density of
nonthermal
electrons;

- ny/B




Low frequency turnover and its role in radio
diagnostics

Two effects are usually considered as a e
reason for low frequency turnover: 108

=033 ]
mex=0-67 ]
=1.33 ]
=167
=2.00 |

- Self-absorption (Twiss 1954)

Peak frequency is defined by the
condition:

r(f)=kL~1

107

Flux density (arb. units)

« Razin suppression (Razin 1960) ST A

Peak frequency depends on the Razin /fo
frequency:

—9§f2 o
fr=212,/3f Possibility to measure plasma

m— density and the ratio of
n0/B
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PagnoauarHocTuka napaMeTpoB TEMIOBOU

MArHUTOAKTUBHOM BCIIBIIIICYHOU IIJIa3MBI

- Hanpsorcennocms mazcHummozo noJis
- Jlunamuxa macnHumno20 nos
- [lnomnocmos naazmol
- Opynyus niazmol

!

- Jluccumnanuss MarHiTHOTO
IOJIS ¥ DJICKTPUUECKUX TOKOB;

-  DHEProOBBIJICIICHNUCE;

- DJIEeKTPUYECKHUE I10JIS

-  MexaHu3Mbl YCKOPEHUS
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Numerical code for fast GS emission calculations
by Fleishman & Kuznetsov

In 2010 Fleishman and Kuznetsov

developed algorithms and computer 102 F— —rrr——————— -
codes that allow to calculate GS P _;;:;I;L:llﬂuﬁus B - |
emission characteristics much faster -
than the existing codes. E 0 -
= re
The so called fast GS codes have the E 1071 P |

sufficient accuracy, and they are
applicable to both isotropic and
anisotropic electron distributions.

10 100

Computation time is highly reduced. (b) Emission frequency f/fgs

The codes are freely available for use,
now they are incorporated into SSW.

(Fleishman & Kuznetsov 2010)
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Automated forward fitting method

Microwave diagnostics of :
- Magnetic field strength and direction at coronal heights;
- Magnetic field dynamics at every point of a flare coronal loop,

- Number and energy spectrum of accelerated mildly relativistic
electrons;

- Plasma density distribution along a loop

(Fleishman et al. 2009; Morgachev et al. 2014).
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Method of parameters determination

(| J, (4 x2..xn)-J .. (f1)|——> min KO, X2,..xn) =a,[| I, (x4, x2,..xn) - J .., (f1) " +

| ‘]fZ(X]" X2"'Xn) o ‘]obsev(f 2) | ——min » +a2[| ‘JfZ(X]" XZ""Xn) _‘]obsev(fz) |]/1 Tt
............................ .83, (4,x2,..xn) = I (f) [1

34 (X1, X2..x) = J e, () | ——> min where al, a2, ..., an are the weight

coefficients and A = 2

The solution of this system is reduced to finding the minimum of a certain functional that
includes the right and left-hand sides of the solved equation system.

(Jopserd(fL)s LopserAT2), -, Lpserd11),) — Observed characteristics of emission
(intensity, flux, polarization degree) at multiple frequencies 771, f2, ... fn

Ji(x1,x2,...,xn) — theoretically calculated characteristics of emission

(x1,x2,...,xn) — source parameters (electron energy spectrum, magnetic field
magnitude and orientation, plasma density)

In our study we applied the method of Genetic algorithm for finding the
global minimum
2018 (Gladkov et al., 2008)



Genetic algorithm

)

Initial population

Crossover and mutation

3. Selection

No

the result is achieved:

i yes
Resultant population
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Electrons number density

New generations are formed by selecting the best points in the previous iteration according to
the minimal difference between the characteristics of the observed radio emission and the radio

emission calculated at these points.



Recovering parameters of solar flare loop 22 August 2005
(Morgachev et al. 2014)

FLUX_OBSEVED_17,34 GHz POLARIZATION_OBSEVED 17 GHz
Fi e 71 0207 ]

015
Correct |/ T
recovering!
150. - 200 25? e 300 350 i 000 -15II:' 200 25?‘”.1[ 300 50 R
o DENSITY OF NONTHERMAL ELECTRONS SPECTRAL INDEX
'“f:ﬂ;—f &
e, ___________,-' &
L=
22 August 2005 o
=
150 200 EsgluE 300 350 ?50 200 ES?ME 300 250
o0 MAGMWETIC. FIELD ) oor VIEWING ANGLE ~
400
Magnetic field and o
viewing angle do not 200 SRSt gy 5 %@% °
change during the flare! g »
S S——— . I TR



Flux density (sfu/pix)

Fitting spatially resolved (2”x2”) MW spectra

from EQOVSA .

s dornay \stupae]
o
E

| Stokes |

10

0
Freguescy Oia)
P2 .\;.‘
I 4 "
i 10
= Froguency (O § X s & Frotuency
Chi2 1.4154880047 ]
7 b i
Best Chi2 = 1.4154880047 ' T N 1§ x N ]
_ i / ' i F k3
\’\.Y ? — -.—7_”- D (' 1 ] ot 1)
'rl‘J ,1‘!._‘I7|nl/.'>l 88 ' gfﬂ ' l 18 gl
5 , H

10 L} [ £
Frequency (GHz) ’ ‘

(Fleishman et al. 2020)
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B Field (0-1500 G) in 2017-Sep-10 Flare; Peak Phase

2017-09-10T15:58:40,500

14007177

40 960 980 1000 1020 1040
X-position larcsec)

Magnetic field:

» falls with height and

» decays with time at a
given height.

8l(G]

4t "’::-.’: TR
200 g ‘+Q"¢°QO.’Q._‘.G;0‘00.0’0.‘§90‘t!62?:'Qgg.

®

't

"

15:58 15:59 16:00
Start Time (10-Sep-17 15:57:00)

(Fleishman et al. 2020)
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Some Implications of this Energy Release

Associated E field
from Faraday
equation

* Faraday equation:{s = —cv x £~ — cE/R = E~20 vem™*} fOr
“T"* non-uniformity scale lengt

particle acceleration (the typical size of structures seen in the maps).

B field advection and
dissipation with the

* The B-field decay also implies enhanced
magnetic diffusivity, as suggested by the

induction equation induction equation: & = v x [v x B] + vv2B| Some

Estimates of the

turbulent magnetic

diffusivity

And a lot more...

=== variation could be due to advection (first term).

* The observed decay is wide-spread and decays
in place. Considering only the second term,

== with B~ 5651, B~ 600G R ~ 3.7 x 10%cm, We have

v~R2/B~10%° cm? s,

(Fleishman et al. 2020)
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3.TICI\’T[)"‘ICCI\'IIE MOJIsi B 00J1ACTI JAHCCHITAITIII TOKA

1 r¢rdB
A puae2l e i
| L L S
0 dB,
I E,(0)L, =-L;-
4 2 dt
ﬁ - -ﬁ = ¢’ -B,
T‘ L. CKOpOCTb yObLIBAHUA NONR  dr 1, 470,56
] B, "
Torpa: E(0)= 3"‘:7.: 5 ONATb UMEEeM TO Xe OTHOWeEeHne
"_J c‘n.)!\/f n 7J-
L E(0)= =7.7-10
-y 870,,0.78-10° -2

E CGS
YAo6HO BbipasuTb 3TO None Yepes none Apaucepa. > 49r 7 bl

NPY KOTOPOM 3. CUNA, YCKOPAIOLLAA YacTULbl, CPaBHMBAETCA C CUNOM TPEHMUS,
06ycnoBAEHHOM KYNOHOBCKMMM CTONKHOBEHUAMM.

32
&-8 10‘77-

os =10'T'%(s™) Ep O

£Q) _g.10%, %>

o O (Soloviev 2022)
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Fleishman et al. 2020, 2022:
Soloviev 2021, 2022 :

luccunaTtuBHbLIU XapaKTep
BCMNbIWEYHOro 3HeprosblAeNneHun

* 3T0 — PyHAAMEHTaNbHbIN pe3ynbTaT, B KOPHE
MEHAKLWMIN NpeacTaBNeHnA 0 NPUPOAE BCNbILLEK.

* Takaa cunbHaa guccmnauma BO3IMOXKHA TONbKO Npu
BO3HMKHOBEHUMN AHOMANbHOIO CONPOTUBNEHUA NNA3Mb,
o0bycnoBneHHoro Bo3byXaeHnem nnasmeHHoOn
TYPOYNEHTHOCTU. 3TO NOHMMKAET NPOBOAMMOCTb NAA3Mbl Ha
/7 NOPAAKOB.

* VIMeHHO 3a cyeTt bbicTpon yObINM MAarHUTHOroO NoNsA B
nnasme, No 3aKoHy MHAyKumu ®apages B aTon obnactum
ANCCUMNAaLUMKM, BO3HUKAKOT MOLLLHbIE, cynepapancepoBcKue
INeKTpuyeckue nonsa!




Cubupckuii Pagnorenunorpadg (CPI)

T zast

Tpu T-06pa3HbIX aHTEHHbIX PELIETKU B TPeX YaCTOTHBIX ArUanasoHax (for
aree frequency ranges:3-6 I'T'y, 6-12 I'Tu, 12-24 I'T'y)

YrnoBoe pa3pemenue go 10” at 10 GHz.

BpeMeHnHoe pa3pemieHue (2D): ~ 0.1 ¢ Ha YaCTOTHbBIM KaHaJI.

512 aHTeHH;

YV V V V

> 16*3 (1 7o > 100) pabouyux yacToT B AuamnasoHe 3-24 I'Tw,
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3aKJII04YeHue:;

biarogapss pEBOJNIOLIMOHHBIM  JIOCTHXKEHHUSIM B METOHAX H  CPEACTBAX
PaIMOIMAaTHOCTAKHA COJIHEYHBIX BCIIBIIIEK B HACTOSAIIEE BPEMS OTKPBIBAKOTCS
oorareimye BO3MOXKHOCTH IS ONpeleleHUus (U3NYECKUX YCIOBHUM BO
BCHIBIIIEYHOM  IUIA3ME€ MO  XaPAKTEPUCTUKAM  YaCTOTHOTO  CIIEKTpa
MHUKPOBOJIHOBOTO M3JIyUYE€HUSI, U3MEPEHHOTO C BBICOKAM IMPOCTPAHCTBEHHBIM,
CIIEKTPAJIbHBIM U BPEMEHHBIM Pa3pEIICHUEM.

[Ipexnae BCcero 310 OTHOCUTCA K ONPEAESIICHUIO!

A) mapaMeTpoB  SHEPreTHYECKOTO W  MOUTY-YIJIOBOIO  paclpelesICHUun
YCKOPEHHBIX 3JIEKTPOHOB B PA3JIMYHBIX YACTAX BCHBIIIKH,

b) MI'Jl napamMeTpoB BCHOBIIIEYHOM TIJIa3Mbl: HATPSXKEHHOCTH MAarHUTHOTO TOJIA,
MJIOTHOCTH IUIa3Mbl M WX JUHAMUKHA HEMNOCPEACTBEHHO B  00JacTH
SHEPTOBBIJICIICHUS.

Kak ciencreue, MNOSABIISIOTCS HOBBIE IIEPCHEKTUBBI  JUISL  MCCIIECIOBAHUSA
(uU3nYEeCKUX IpoOIeM, CBS3aHHBIX C MEXaHHW3MaMU YCKOPEHHUS W TpaHCIIOpTa
SHEPrUYHbIX YaCTHUIl, a TaKKe C MEXaHM3MaMHu JHUCCHUIAIMU CBOOOJIHOMN

MAarHUTHOU SHCPIur BO BCIIBIIIKAX.
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