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SOLAR ACTIVITY MONITORING
FOR THE PERIOD MARCH 20-25, 2019

Abstract. During a large solar flare, the flux of hard electromagnetic radiation from the sun increases many
times. In the ultraviolet (UV), X-ray and gamma rays that are invisible to us, our Sun becomes “brighter than a
thousand suns”. Radiation reaches the Earth’s orbit eight minutes after the solar flare. In a few tens of minutes, flow
of charged particles arrive, accelerated to gigantic energies, and after two or three days - huge clouds of solar plasma.
The huge interest in solar flares is not accidental. Large flares have a strong effect on near-Earth outer space. Particle
and radiation flows are dangerous for astronauts. In addition, they can damage the electronic devices of spacecraft,
disrupt their work. UV and X-rays from a flash suddenly increase ionization in the upper atmosphere of the Earth, in
the ionosphere. This can lead to radio communications disruptions, malfunctions of the radio navigation devices of
ships and aircraft, radar systems, and long power lines.

The source of flare energy is a magnetic field in the atmosphere of the Sun. It determines the morphology and
energy of the active region where the flare will occur. Here, the field energy is much larger than the thermal and
kinetic energy of the plasma. During a solar flare, the excess field energy is rapidly converted to particle energy and
plasma changes. The physical process that provides this transformation is called magnetic reconnection.

In this paper was monitored solar flares registered in the period 20-25 March 2019. We measure physical
parameters of 2 flares, such as the temporal scale, size, and magnetic flux density, and find that the sizes of flares
tend to be distributed more broadly as the GOES class becomes weaker and that there is a lower limit of magnetic
flux density that depends on the GOES class. We also made a brief analysis of solar flares registered in these days,
also has shown the duration of time and peak of solar flares in Universal time.

We have identified several physical quantities of solar flares and estimated reconnection rate of solar flares. To
determine the physical parameters we used images taken with the AIA instrument on board SDO satellite at
wavelengths 131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A, SXT - pictures, HMI Magnetogram,
SOLIS Chromospheric Magnetogram, GOES XRT-data. We estimate reconnection inflow velocity, coronal Alfven
velocity, and reconnection rate using the observed values. The inflow velocities are distributed from a few km s! to
several tens of km s™!, and the Alfven velocities in the corona are in the range from 10° to 10* km s™'. Hence, the
reconnection rate is 103, We find that the reconnection rate in a flare tends to decrease as the GOES class of the flare
increases.

Keywords: solar flares, X-rays, reconnection rate.

Introduction. Solar flares can be classified according to their brightness in the x-ray wavelengths.
There are three categories: X-class flares are big; they are major events that can trigger radio blackouts
around the whole world and long-lasting radiation storms in the upper atmosphere. M-class flares are
medium-sized; they generally cause brief radio blackouts that affect Earth's polar regions. Minor radiation
storms sometimes follow an M-class flare. Compared to X- and M-class events, C-class flares are small
with few noticeable consequences here on Earth [1-4].

Monitoring of solar flares in a real time is carried out by the Geostationary Operational
Environmental Satellite or GOES [5]. Data on the electrons, protons, and X-rays were taken from satellites
GOES 13, GOES 14 and GOES 15 [5-6].
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Figure 1 - Active area 12735 (XRT Hinode) and the total X-ray flux obtained in GOES 13 and GOES 15 [5]
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Figure 2 - Total proton and electron flux obtained in GOES 13 and GOES 15 [5]

On March 20, 2019, on the Sun, 1 class C and 8 class B flares were registered. In total, 2 classes are
distinguished in the scale of solar flares: A, B, C, M and X, each subsequent of which exceeds the
previous power by 10-100 times. The event, more accurately estimated as B1.1, occurred at night and
observed for about 3 minutes with a maximum at 00:20 UT [6].

On March 21, at 00:04 UT recorded the first flare of class B8.0 with a duration of 9 minutes from the
highs of 00:13 UT on the Sun. In total, 7 solar flares of class B and 5 solar flares of class C were
registered.

On 22 March midnight, there was an eruption of class C2.1 at 00:27 UT and was observed for about
7 minutes with a maximum of 00:34 UT. In total, 17 flares of class B and 6 flares of class C were
registered.

On March 23 around 01:16 on World time there was a fairly strong release of solar matter into space.
The solar flare is estimated as B3.2 and its maximum was observed at 01:31 on world time. In total,
19 solar flares of class B were registered.

On March 24, 2019, around 02:28 GMT, another solar flare of class B8.6 was registered and was
observed for about 5 minutes with a maximum at 02:33 UT. In total, 6 flares of class B were registered.

On March 25, at 06:07, the first M class flare B1.5 was registered. The event occurred in the active
area of 12736 and was observed for about 8 minutes with a maximum at 06:15 UT. In total, 7 flares of
class B were registered.
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Table 1 - Solar flares registered in the period from 20 to 25 March 2019 [6]

Date X-ray class Start time (hhmm) Maximim time (hhmm) End time (hhmm)
1 2 3 4 5
20/03/19 Bl1.1 00:17 00:20 00:22
B6.1 07:07 07:14 07:16
C4.8 10:35 11:18 11:34
B4.4 12:19 12:25 12:28
B1.0 13:06 13:09 13:14
B1.0 13:40 13:43 13:49
B2.1 14:23 14:32 14:48
B3.2 17:36 17:59 18:12
B1.8 21:19 21:24 21:32
21/03/19 B8&.0 00:04 00:13 00:19
Cl.2 02:52 03:00 03:04
C5.6 03:08 03:12 03:15
B1.6 07:56 07:59 08:01
Bl.4 09:45 10:12 10:22
Bl1.1 11:17 11:21 11:31
Cl.5 14:40 14:44 14:47
B2.2 15:42 15:45 15:47
Cl.2 15:58 16:01 16:03
C2.6 17:13 17:21 17:39
B8.8 19:54 19:59 20:02
B9.9 20:54 21:13 21:19
22/03/19 C2.1 00:27 00:34 00:38
B6.7 02:00 02:06 02:08
B6.5 04:11 04:15 04:20
C4.8 05:05 05:14 05:17
C2.6 07:54 08:01 08:04
Cl1.3 08:13 08:19 08:22
C1.0 10:14 10:19 10:25
B3.5 11:54 11:58 12:04
B3.7 12:10 12:13 12:15
B8.5 12:31 12:39 12:42
B7.0 12:46 12:54 12:57
B4.9 13:48 13:52 13:55
B3.5 14:13 14:18 14:21
B2.1 14:41 14:44 14:46
B4.4 15:24 15:34 15:55
B2.3 16:38 16:42 16:46
B3.6 16:55 17:03 17:07
B6.3 19:29 19:47 19:56
Cl4a 20:16 20:23 20:33
B9.7 20:52 21:19 21:31
B9.8 21:11 21:19 21:26
B3.2 22:35 22:39 22:42
B8.1 23:57 00:04 00:15
23/03/19 B3.2 01:16 01:31 01:43
B5.0 01:50 01:53 02:01
B6.1 02:07 02:12 02:14
B2.5 02:57 03:02 03:05
B6.6 03:10 03:17 03:23
B3.0 05:06 05:09 05:11
B3.4 06:02 06:10 06:16
B2.7 10:33 10:40 10:44
B3.1 12:10 12:16 12:22
B5.7 12:41 12:49 13:01
B3.0 14:18 14:22 14:24
B5.7 18:14 18:17 18:20
B4.5 18:49 18:53 18:55
B4.5 18:57 19:00 19:15
B2.1 20:48 20:51 20:54
B8.9 21:09 21:20 21:27
B5.3 22:04 22:11 22:19
B8.0 22:36 22:39 22:41
B9.9 23:30 23:59 00:17
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Continuation of the table
1 2 3 4 5
24/03/19 BS8.6 02:28 02:33 02:51
B4.8 04:35 04:39 04:44
B4.3 07:13 07:20 07:27
B1.8 08:03 09:22 09:33
B2.6 14:32 14:37 14:43
B9.6 19:16 19:31 19:40
25/03/19 B1.5 06:07 06:15 06:27
B2.2 06:52 07:23 07:27
B1.3 09:42 09:47 09:53
B1.7 11:29 11:34 11:44
B3.6 13:08 14:10 14:35
B4.1 18:03 18:11 18:25
B3.4 21:26 21:48 22:23

Data analysis. In the energy release process in solar flares, magnetic reconnection is generally
considered to play a key role. The reconnection rate is an important quantity, because it puts critical
restrictions on the reconnection model. To evaluate the reconnection rate in nondimensional form,

cor

|
M, =—", we must estimate the Alfven velocity in the inflow region: V, =———
V, (47p)

measure the coronal density 0 the spatial scale of the flare L , the magnetic flux density in the corona

. Hence, if we

B, , and the timescale of flares 7,,,, we can calculate inflow velocity V;

cor ? in >

Alfven velocity V,, and

reconnection rate M , [7].

Monitoring of solar flares in real time is performed by the Geostationary Operational Surveillance
Satellite GOES. Electron, proton and X-ray fluxes are tracked by the satellites GOES 11, GOES 13 and
GOES 15.

In figure 1 shown the images obtained on the board of Hinode satellite in XRT. To determine the
length of the loops, we used SXT images. From the SXT data, we get values for the length of the loops.

In figure 2 shows the total flux of X-rays and an electron, which was registered on March 21-24,
2019.

Results. Using the method described in [7-9], we analyzed solar flare that have been registered on
March 21-22, 2019. Examined the dependence of the reconnection rate from GOES class of solar flares.
The temperature were obtained in SunPY using the methods of White et al. [10-11] who used the
CHIANTI atomic physics database to model the response of the ratio of the short (0.5-4 angstrom) to long
(1-8 angstrom) channels of the XRSs onboard various GOES satellites [12-13]. Table 2 summarizes the
parameters of the flares obtained in this work. Figure 3 shows the dependence of the reconnection rate
from timescale.

Table 2 - Parameters of the flares

Parameter 2019 Mar 21 19:54 B8.8 Flare 2019 Mar 22 05:05 C4.8 Flare

7(s) 300 540

L (10° cm) 7.25 x 10° 6.525 x 10°
T (10° K) 10 16

Vin(em s7") 6.04 x 10° 3.02 x 10°
Va(em s7) 6.76 x 108 8.56 x 108
Ma 8.93 x 103 3.52x 1073
Eftare /7 (ergs s7) 7.29 x 10% 4.72 x 10%
ldEmag / dt | (ergs s7) 4.86 x 10% 3.14 x 10%
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Figure 3 - Reconnection rate M 4 Dlotted against timescale

Conclusion. During the period from 20 to 25 March 2019, 64 B class flares and 12 C class flares
were registered. The solar flares are recorded by a network of space observatories: telescopes on the board
of American SDO observatory, LASCO coronagraphs (European SOHO station), and by both STEREO
satellites (USA), which are now at a giant distance of hundreds of millions of kilometers from our planet.

The values of reconnection rate is distributed in the range 1 i Here, the value of the reconnection
rate decreases as the GOES class increases. The value of the reconnection rate obtained in this study is
within 1 order of magnitude from the predicted maximum value of the Petschek model [14].

A.T. CapcembaeBa', M. Oncypen?, ®.B. beaucaposal, A.T. Capcembaii’, M.E. AGumes’
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2019 KbIJIABIH 20-25 HAYPbI3 APAJIBIFBIHJIATBI KYH )KAPKBIJIBIHBIH BAKBIJIAYbI

Annotanusi. KyH )KapKpUIbl Ke3iH/I€ KYH COYJIECIHEH KaTThl JJIEKTPOMAarHUTTIK CoyJielieHy aFbiHbI OipHele ece
apransl. bisre kepinOeiTin ynbrpakyirid (YK), penrren »one ramma-coynenepne 0i3aiH KyH «MbIH KYHHEH je
apThIK XXapKpIpaiae». Paguanus XKep opOuTaceiHa ceriz MUHYT ©TKEH COH xeTeli. bipHelue oHnaraH MUHYT ilIiHae
3apsiATanFaH OeIIIeKTepAiH aFrbIHAAphl Maiaa 0oaabl, oJap YJIKeH dHEprusFa alHanaabl, ajl eKi-yIll KYHHEH KeHiH -
KYH TUIa3MaChIHIAFbl YIIKSH OYITTap Keuin sxketeli. KyH jkapKbUIbIHA JETeH YJIKESH KBI3BIFYLIBUIBIK Ke3/IeHCOK eMec.
Ynxen Kyn sxapkpuiel JXKepriH jkakplH KEHICTiriHe KaTThl ocep ereni. benmex koHe pamualysiblK arbHOAP
rapsliikepiaep yuriH kayinti. COHbIMEH Karap, Ojiap Fapbllll ANapaTTapbIHBIH 3JIEKTPOHIBIK KYpPBUIFbUIAPBIHA
HYKCaH KeJNTIPIM, )KYMBICBIH 1CTEH IIbIFapybl MyMKiH. KyH >KapKbUIBIHAH YJIBTPAKYJriH KOHE PEHTIeH Caylelnepi
KEHETTEeH >KepJiH JKOFaprbl aTMocdepachiHia, HoHOC(epana HOHAaHYAbl Kylueiteai. by paano OaiiiaHbICHIHBIH
y3ilyiHe, Kemeslep MEH dye KeMeJepiHiH, PaJHOJIOKALMSIBIK KYHeaep MEH dJIEKTp JKeJIUIePiHIH HaBUTalHsIIbIK
KYPBUIFBUIAPBIHBIH aKayJiapblHa 9Kyl MYMKIH.

KyH >kapKbUIBIHBIH SHEPTHSICBIHBIH K031 - KYH arMocdepackiHaarbl MarHutT epici. On KyH >xapKbuibl 001aThiH
Oernceni aitMakThlH MOP()OJIOTUACH MEH DHEPIHACHIH aHBIKTaiAbl. MyH/1a ©pic SHEPrHACHI IUIa3MaHbIH KbUTY KOHE
KHHETHKAIIBIK JHEPrHsACHIHAH oMneKaiia yikeH. KyH jKapKpUIbl Ke3iHAE apThIK Opic SHEPrusachl OeJIeKTepliH
JHEPrHsAChIHA Te3 aifHajajbl JKOHE IUIa3MaHbIH e3repiciHe ambll Keneni. Byin TyprneHyni KamTamachl3 eTeTiH
(hM3HKAIBIK IPOLIECCTI MATHUTTIK KAHTa YINTACY [IeTl aTalbl.

Ocwl makamama 2019 sxeurgery 20-25 HaypbI3 apanbIFbIHAA TIPKENTeH KYH JKapKBUITAPBIHBIH OaKbLIAyBI
Kyprizingi. Bynm Makamama eki KYH >KapKbUIBIHBIH (DM3HUKAJBIK ITapaMeTpiiepiH OImIeNiK, OJ HeTi3iHeH YaKbIT
IIKANIACHl, KYH JKapKbUIBIHBIH ©31H/IIK OIIIEMiH KOHe MarHUT aFbIHBIHBIH THIFBI3IBIFBH, koHe GOES Kmacer ancipeit
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OacraraH cailblH KYH JKapKbUIBIHBIH ©31H/IK eJIIeMAepi KeHIpeK Tapanyra OeiliM 00JaThIHABIFbIH aHBIKTA/IbIK, JKOHE
oy sxxepae GOES knackiHa Toyen/i MarHUT aFbIHBIHBIH THIFBI3BIFBIHBIH TOMEHTI IIeTi 00NaThIHBI aHBIKTAIIBL bi3
coHpaii-ak 20-25 HayphI3 apabIFbIH/Ia TIPKEIreH KYH *KapKbUIBIHBIH KbICKAIIA TAJIAYbIH KYPTi3IiK, COHBIMEH KaTap
KYH JKapKbUIBIHBIH YaKbIT IIKAJACBIHBIH Y3aKTBUIBIFBI OHE BYKiT oMeMIiK yakKpITTa KOPCETIIreH MaKCHMYMBbI
aHBIKTAJIJIEL.

Bi3 kyH >KapKpUIIApbIHBIH OipHemie (U3MKAIBIK MOHAEpPI MEH KaiTa YINTAaCy KBUIMAMJIBIFBIH €CEITell
TaNKBUTAIBIK, DU3MKAIBIK TapaMeTpiiepi anbikTay yirie SDO cnytHuKiHiH OopThiHna ATA wHCTpyMeHTiHIH 131 A,
174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A Tonxsix Y3BIHIBIFBIHIA anbiaFad xoHe SXT cyperi, HMI
Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT- nepekrepi maiimanansuigsl. baiikay HoTIOKeciHIE
aJBIHFAH MOHIEPIi KOJIaHa OTBIPHIN, 013 MarHUTTIK KalTa YINTACYIBIH TYCY XBUIIAMIBIFBIH, KOPOHATBIK ANB(BEH
JKBUIIAMIBIFEIH JKOHE MATHHTTIK KalWTa YINTacyAbl €CENTeNiK. AFBIHHBIH TYCY JKBULIAMIBIFEI GipHeIe KM c'-meH
GipHelIe OHJaFaH KM-Te ¢’'-re Jeiin TapanraH, ajn KopoHanarsl Anb(BeH KbpuaMasrsl 10°-ten 10* kM ¢! quanazon
apanbIFbIH Kypaiasl. COHBIMEH, MArHWTTI KalTa yinracy xbeuiaMasrsl 107 Monin Kypaiinel. KyH apKbUIBIHIAFEI
MarHuTTi KalTa yIracy >KbUIaMasiFsl ToMenaeret caitbii GOES kiachl xoFapbIIaiTEIHBL aHBIKTAJIIBL.

TyitiH ce3aep: KYH KapKbUIbl, PEHTIEH COYJIEC], KaiiTa yIITacy *bULAaM/IbIFbI.

A.T. Capcembaenal, M. Oncypen?, ®.b. Benucaposa, A.T. Capcem6aii, M.E. AGumen

|®usuko-rexnnueckuii paxynsrer, KasHY um.ans-Dapadu, Kazakcran;
?1Ixoma HEKEHEPHBIX M IIPUKJIATHBIX HAyK, HannoHansHbI yHUBepcuTeT MoHrouw, Yian-barop;
SIxoma-maneit Ne250 um. T. KomexGaepa, Kapmakunnckuii paiion, Keissuiopauackas o6nacTs, Kazaxcran

MOHHUTOPHUHI" COJTHEYHbBIX BCIIBIIIEK B ITEPUO/I
20-25 MAPTA 2019 TOJA

AnHoTtanusi. Bo Bpemsi OoJbIION BCIBIMIKA IOTOK JKECTKOTO DJIEKTPOMAarHUTHOro wu3nydenus CoiHua
BO3pacTaeT BO MHOTO pa3. B HeBHIUMBIX [uisi Hac yibTpaduoneToBsix (YD), peHTreHOBCKHX U raMMa-Iyyax Halle
CounHile cTaHOBHUTCS "sipue Thicsun cosHI('. M3nmydeHue nocturaet opOUTHI 3eMJIM Yepe3 BOCEMb MHUHYT IOCIE
Hayajla BCHBIIKH. Yepe3 HECKOJBKO IECATKOB MHUHYT NPHUXOAAT MOTOKH 3apsDKEHHBIX YacTHIl, YCKOPEHHBIX 10
THTaHTCKUX SHEPruil, a yepe3 JIBOE-TPOE CYTOK - OTPOMHBIE O0JlaKa COJHEYHOHW Ita3Mbl. OTpOMHBIN MHTEpeC K
BenblukaM Ha ConHIe He ciaydaeH. Bospline BCHBINIKM OKa3bIBAIOT CHIJIBHOE BO3JEHCTBHE HA OKOJIO3EMHOE
KOCMHYECKOE MPOCTPaHCTBO. [IOTOKM YacTHIl W M3Iy4eHHUs OMAcCHBI JJIs KOCMOHaBTOB. Kpome TOro, OHH MOTYT
MOBPEAUTE AIIEKTPOHHBIE TPUOOPHI KOCMUYECKUX allapaToB, HAPYIIUTE UX paboTy. Y®- 1 peHTTeHOBCKHE JTY9IH OT
BCITBIIIIKK BHE3AITHO YBEIWYMBAIOT MOHU3AIMIO B BEPXHHUX CIOAX atMocdepsl 3emum, B MOHOchepe. ITO MOKET
MPUBOJHUTH K HAPYIICHHUSM PaIHOCBsI3H, CO0sSIM B paboTe paJHMOHaBUTallMOHHBIX TPHUOOPOB KOpabiell U caMoJIeToB,
PaZrOIOKAIMOHHBIX CHCTEM, JITUHHBIX JIMHUH 3IeKTPOCHAOKEeHNS.

VICTOYHUK SHEPTUM BCIBINIKK - MarHUTHOe moie B arMmocdepe Comnma. OHO ompenensieT MOp(OJOTHIO U
SHEPreTUKY TOW aKTUBHOI 00JIacTH, I/ie POM30MIET BCIIBIIIKA. 3/1eCh SHEPTHsl OIS MHOTO OOJIbIIE, YeM TEIUIOoBast
W KMHETHYeCKasi SHEeprusl IU1a3Mbl. Bo BpeMsi BCIBIIIKK ITPOMCXOAUT OBICTpPOE MpEeBpalieHre M30bITOYHON IHEPrHU
NOJIsI B SHEPTUIO YacTUI M W3MEHeHHs Iuta3Mbl. Dusnueckuii mpouece, 00eCHeYNBAIOMINN TaKOe IMpeBpalleHue,
Ha3bIBACTCS] MATHUTHBIM [1€PECOCTUHEHIEM.

B aroii cTathe ObUT IPOBEIEH MOHUTOPHHT COJTHEYHBIX BCIIBILIEK 3aperMCTPUPOBAaHHBIX B mepuoy 20-25 mapra
2019 roma. Msl m3Mepmiin (pU3MYECKUE MapaMEeTPHl ABYX BCIBIIIEK, B OCHOBHOM INIKAaly BPEMEHH, XapaKTEePHBII
pa3Mep BCIBIIIEK W IUIOTHOCTh MAaTHUTHOTO IOTOKA, M OOHAPYKHIIHM, YTO XapaKTePHBIC pa3Mephl BCIBIIICK HMEIOT
TEH/CHIINIO pacIpenensiThcst Ooiee MmUpoko, mockonbky kiaacce GOES cranoButcs cnabee W 31eCh CyIIeCTBYET
HWOKHUH TTpees MIIOTHOCTH MarHUTHOTO TOTOKa, KoTopas 3aBucHT oT kiacca GOES. Mbl Takke caenainu KpaTKuid
aHAJIN3 COJIHEYHBIX BCIBIIMIEK 3apernCTPUPOBAHHBIE B 3TU JIHHU, a TaKXKe IOKa3aHa MPOIODKUTEIFHOCTh BPEMEHHU
BCITBIIIKY U €€ MaKCUMyM 10 BcemupHOMY BpeMeHH.

Mp1 OINpCACIININ HECKOJIbKO (l)I/I3I/IlleCKI/lX BCJIMYMH BCIBIIIEK W OLICHUWIMW CKOPOCTH IMCPECCOCAUHECHUA
COJIHCYHBIX BCIIBIIICK. I[.]'DI OIPCACIICHUA (l)I/I3I/IlleCKl/IX napaMeTpoB Mbl HCHOJIB30BAJIM CHUMKH, IOJYYCHHBIC C
uHcTpyMenTa AIA Ha 6opty ciytHuka SDO Ha ammnax Bom 131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A,
4500 A, SXT - cuumku, HMI Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT-naHHble.
Hcnonp3ys HabOIr01aeMble 3HAUEHHsI, Mbl OLICHWIA CKOPOCTH NPUTOKA MAarHUTHOTO MIEPECOETUHEHHS, KOPOHAIBHYIO
anb()BEHOBCKYIO CKOPOCTb W MarHWTHoe nepecoeanHeHne. CKOPOCTH HPHUTOKA PaCIpelessiioTCsl OT HECKOJIBKUX
KM ¢! 10 HECKONBKHX HECATKOB KM ¢!, a anb()BEHOBCKUE CKOPOCTH B KOPOHE HaXOAATCA B amamasoHe oT 103 mo
10* xm ¢’'. CienoBaTenbHO, MATHUTHOE NEPECOECTUHEHUE COCTABIISIET 10°3. MBI HaX0OIUM, YTO CKOpPOCTh MarHUTHOI'O
MIEPECOCTMHEHNUS B BCIIBIIIIKE MIMEET TEHACHIINIO YMEHbIIAThCA ¢ yBennmdeHneM kiacca GOES.

Ki1roueBble cjioBa: coTHEUHAas! BCIIBIIIKA, PEHTTCHOBCKOE U3ITYYEHHE, CKOPOCTh IIEPECOSANHEHHS.
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