MINISTRY OF SCIENCE AND HIGHER EDUCATION
OF THE RUSSIAN FEDERATION

POLAR GEOPHYSICAL INSTITUTE

PHYSICS
OF AURORAL
PHENOMENA

. : < a5t N
Proceedings of the 41°° Annual Seminar

Apality
12 — 16 March 2018

il iy
2018



Ministry of Science and Higher Education
of the Russian Federation

Polar Geophysical Institute

PHYSICS OF AURORAL PHENOMENA

Proceedings of the 415 Annual Seminar

Apatity

12 — 16 March 2018

Apatity

2018



Published by decision of the Scientific Council of the Polar Geophysical Institute

The organizing committee:
Andris Lubchich (chair)
Irina Despirak
Nadezhda Semenova
Tatyana Popova
Victor Yurov
Konstantin Orlov

Addresses:

Apatity department
Akademgorodok, 26a
Apatity, 184209
Murmansk region
Russia

DOI: 10.25702/KSC.2588-0039.2018.41

ISSN 2588-0039

The editorial hoard:
N.V. Semenova
A.A. Lubchich

http://pgia.ru/seminar

Murmansk department

Khalturina str., 15
Murmansk, 183010
Russia

HayuHoe nagaHue

Moanucano « nesarw 04.09.2018.

DopmaT Bymand 60xB84 1/8.
¥en. nev. n. 25.11. 3axas Ne 357. Tupaw 50 aua,

000 «Cwgoces
197110, Cankr-NeTep6ypr, Necouxan Hab., 40, odwue 7

Ornesarano 8 TAnorpadbiu MpeiT-npunT
CankrleTepbypr, Habepem+an ObeogHoro kaHana,
134/138, kopn.231

© Polar Geophysical Institute, 2018



CONTENTS

SESSION 1. GEOMAGNETIC STORMS AND SUBSTORMS

N.A. Barkhatov, V.G. Vorobjev,
S.E. Revunov, O.1. Yagodkina,
Yu.A. Glavatsky

1.V. Despirak, A.A. Lubchich,
N.G. Kleimenova

L.l. Gromova, N.G. Kleimenova,
S.V. Gromov

T.V. Kozelova, B.V. Kozelov
0.V. Kozyreva, V.A. Pilipenko,
A.A. Soloviev

V.A. Pilipenko, V.B. Belakhovsky,
Ya.A. Sakharov, V.N. Selivanov

B.I". Bopo6GseB, O.U. SroakuHa,
E.E. AnTOHOBa

JLA. pemyxuna, W.I". Jlonkuna,
10.U. Epmomnaes

®.3. @eiirun, H.I'. Kireiimenosa,
JI.M. Mansimesa, FO.I'. Xa6a3zun

Substorm activity and shock wave front orientation for interplanetary
magnetic clouds

Large-scale stucture of solar wind and appearance of supersubstorms
High-latitude daytime magnetic bays in the September 2017 strong

magnetic storm

High-speed plasma flows and dipolarization in the magnetopshere
during substorm

Virtual magnetograms — new tool for the study of geomagnetic
response to the solar wind/IMF driving

Irregular geomagnetic disturbances embedded into substorms as a
cause of induced currents in electric power lines

BnusiHue CKOpPOCTH M IUIOTHOCTH IUIA3Mbl COJTHEYHOTO BETpa Ha
HMHTEHCUBHOCTH M30JIUPOBAHHBIX MAarHUTOC(EPHBIX CYyOOYyph

CBsI3b MapaMeTPOB COJHEYHOTO BETpa Pa3HBIX TUIOB C MHICKCAMHU
Tre€OMarHUTHOM aKTUBHOCTH B nepuos 1995-2016 rr.

Crnoxwuble sMuccnn PCl Ha mo3mHe# ¢ase BOCCTaHOBICHHUS CHITBHOM
MarHUTHOH OypH B ceHTs10pe 2017

SESSION 2. FIELDS, CURRENTS, PARTICLES IN THE MAGNETOSPHERE

E.E. Antonova, M.V. Stepanova,
I.P. Kirpichev, I.L. Ovchinnikov,
V.G. Vorobjev, O.1. Yagodkina,
V.V. Vovchenko, M.S. Pulinets,
S.S. Znatkova, N.V. Sotnikov,
S.K. Mit, P.S. Kazarian

M.b. Kpaiines, I'.A. basunesckas,
Bb.b. I'Bo3nneBckui

B.A. JTto6uny, A.E. Cugopenko

Kappa distributions and features of magnetospheric dynamics

O  HEKOTOPBIX  BO3MOXXHOCTSIX  PEry/SIPHOIO  OaJJIOHHOTO
MOHHTOPHHIa KOCMHYECKHX JIydeld B Amnaturtax ¥ JoironpyaHom
JUTS U3yYeHUSI MAaTHUTOC(EPHBIX 3(h(HeKkToB

BI/I3yEU'II/I3aIII/I${ MECTOIIOJIOKEHHUS B 36MHOI KOPE I'CO3JICKTPUICCKUX
HCOIIHOpOZLHOCTeﬁ C TIOBBHIIICHHOM QJICKTPOIIPOBOAHOCTBIO  C
NMOMOIIBIO ABYXYaCTOTHOT'O pannoronorpa(bnqecmro MeToaa

SESSION 3. WAVES, WAVE-PARTICLE INTERACTION

H.T". KnelimenoBa

Yu.A. Kopytenko, V.S. Ismagilov,
M.S. Petrishchev, P.A. Sergushin,
A.V. Petlenko

B.A. Tpowuikas xak co3aaTesib pOCCUHCKON HIKOJIbI MCCIIETOBAHUN
r€OMAarHuTHBIC MyJIbCallun

Broadband ULF perturbations of the electric field in coastal zone of
the Okhotsk sea

11

14

18

22

26

30

34

38

42

46

50

54

58



A.C. Hukurenko, O.M. JleGenp,
10.B. ®enopenko

IlepBble pe3ynbTaThl JOKATU3AMU 00JaCTH BBIXOAA €CTECTBEHHBIX
CHY/OHY m3nyuyeHnii B BEICOKHMX IIUPOTaX IO JTAHHBIM Ha3eMHBIX
HabOIoAeHU I

SESSION 4. THE SUN, SOLAR WIND, COSMIC RAYS

N.A. Barkhatov, E.A. Revunova,
R.V. Romanov, V.G. Vorobjev

P. Stoeva, A. Stoev, S. Kusin,
B. Marzouk, A. Pertsov, M. Semeida

A.A. AGynuHn, M.A. AOGyHuHa,
A.B. benos, C.II. I'afigamn,

E.A. Maypues, .. IlpsamymikuHa,
JLA. Tpedunosa

B.b. I'Bo3neBckuii, A.B. bemos,
P.T. I'ymuna, E.A. Epoienko,
O.A. laamnona, B.I'. fIake

E.A. Muxanxko, }0.B. bana6ums,
E.A. Maypues, A.B. ['epmanenko,

B.b. I'Bo3neBckuii

WM. Iloaropusiii, A.W. IToaropxsrit

Solar sources and characteristics of solar wind magnetic clouds

Structure and dynamics of the solar corona observed during different
phases of the solar cycle

VHukanbpHas 6a3a JAaHHBIX TPAaH3UCHTHBIX SIBJICHUI B KOCMHUYECKHUX
JIydax u MEXKILTaHETHOM cpeac

OcoOeHHOCTH ~ JOJNTOBPEMEHHBIX ~ HM3MEHEHHH  JKEeCTKOCTeH
TCOMAarHUTHOTO OOpe3aHMsi KOCMHYECKHX Jy4ell HAKIOHHBIX
HaIpaBJICHUN

MoOUIBHBIH MaJOTa0apUTHBIA JETEKTOpP AIIEKTPOHHO-MIOOHHON

KOMIOHCTBI BTOPUIHOI'O KOCMHUYCCKOI'O U3JTYUCHHA

O mporHo3e COJHEYHBIX BCMBIIEK M TPOTOHHBIX COOBITHH IO
nosenennio Y@ smuccuit

SESSION 5. IONOSPHERE AND UPPER ATMOSPHERE

0O.M. Barkhatova, N.V. Kosolapova,
N.A. Barkhatov, V.G. Vorobjev

V.B. Belakhovsky, Y. Jin,
W.J. Miloch

S.M. Cherniakov,
R.A. Rakhmatulin,
S.V. Nikolashkin

S.M. Cherniakov, V.A. Turyansky,
A.D. Gomonov

V.A. lvanova, A.V. Podlesnyi,
B.G. Salimov, A.A. Naumenko

A.S. Kirillov, R. Werner,
V. Guineva

I.1. Shagimuratov, S.A. Chernouss,
G.A. Yakimova, I.1. Efishov,
M.V. Filatov

A.E. Stepanov, A.Yu. Gololobov,
V.L. Khalipov, I.A. Golikov

lonospheric and geomagnetic disturbances on the background of
substorm processes

The influence of different auroral ionosphere disturbances on the GPS
scintillations

Reaction of the geomagnetic field to the flights of the Vilyuisk and
Sayanogorsk meteors

lonospheric effects of meteor explosion over North Finland on
November 2017

Study of HF radio waves absorption effects during X-ray solar flares
using amplitude characteristics of chirp signals

Intermolecular electron energy transfer
atmospheres of Titan, Triton, Pluto

processes in upper

Occurrence of the main ionospheric trough in GPS/GLONASS TEC
measurements

lon upward flows in the subauroral polarisation jet

61

66

69

76

80

84

87

91

94

98

102

106

110

114

118



0O.B. Anronenko, A.C. Kupunnos,
IO.H. Kynuxos

JK.B. Jlamkesuy, B.E. l1BanoB

J.C. KoroBa

J.C. KoroBa, M.B. Kinmenko,
B.B. Kiimmenxko,

JI.B. brraroBemeHnckuii,

B.E. 3axapos

B.A. Maprunec-bezneHko,
B.A. Ilununenko, B.W. 3axapos

JI.b. PoxnecTBeHCKuUH,
B.A. Tenerun,
B.N. PoxnectBeHckas

H.}O. Pomanosa, B.A. Ilanuenko,
B.A. Tenmerun

B.A. Tenerusn, B.I'. Bopo0Oses,
O.U. SIronkuHa,

B.U. PoxxnecTBeHCKa,

E.B. OcunienkoBa, A.A. Kantror

B.A. Tenerun, B.A. 'apbauesuy,
N.N. UBanos, A.A. Kanrior
B.A. Tenerun, H.A. JIsaTxo,

A.A. Kantror

B.A. Tenerun, B.B. KoBanenko

C.A. Yepnoyc, N.U. lllarumyparos,

M.B. ®unatos, U.U. Edpumros

OOpazoBaHue M rameHue cOCTOsIHME ['epridepra MoJeKyyspHOTO
KHCJIOPOJIa Ha BBICOTaX CBEYEHMs HOYHOTO Heba IIaHeT 3eMHOM

TpYIIIBI

Ouenka xonnenTpaimu NO B 0051acTH OJISIPHBIX CHSTHUM 110 TaHHBIM
Ha3eMHBIX (POTOMETPUYECKUX HAOIIOACHUI

ANTOpUTM TPEXMEPHOM «IPUCTPENKU» HAa OCHOBE YHCIECHHOHN
MOJIETN PACTIPOCTPaHEHH KOPOTKHX PaJHOBOIH B HOHOC(hEpe

AHanu3 BBICOKOITMPOTHBIX HOHOTPaMM HaKJIOHHOTO 30HIMPOBAHHS B
nepro reoMarauTHoi Oypu 17 mapta 2015 T

Bo3mymieHust reoMarauTHOrO nosis Haj taiipyHom VongFong 2014 .
T10 JaHHBIM CIyTHHKOB SWARM

Briaenenue ¥ pOrHo3UpoOBaHUE BBICOKOYACTOTHBIX COCTABIIIOIIUX
Bapuanuii KPUTHYECKOM YacTOTHI JUIsl CPEAHEIIMPOTHOI HOHOChEpHI
METOJJAMH CIIEKTPAJIbHOTO aHaJIn3a

Koppenmsamust Mexay HampabieHueM npedidha ©  opHeHTanuei
TIOTIEPEYHOH aHU30TPOIIMU MEIKOMACIITaA0HBIX HEOJHOPOIHOCTEH B
nonocdepe Hag MockBoi

AHanmnu3 HWOHOTpaMM BHeImHero 3oHaupoBanus MK-19 B obmactu
aBPOPAIILHOTO OBaNA JUIS YCIOBHH PaBHOJICHCTBUS

VYyer ocobeHHOCTeH JparpaMmm HaIpPaBJIEHHOCTU JUISL
PETPOCIIEKTUBHOTO aHajN3a M COOTBETCTBYIOIIEH HHTEpIpeTaluu
HOHOT'paMM BHCUIHETO 30HAUPOBAHUA

HWccrnenoanue sBineHus F-paccesnus no nanaeM cinyTHHKa MK-19 B
HepHO]] paBHOACHCTBUS

J1Ba HOBBIX acniekTa npumeHeHus KB-pagnonokanun B ApKTHKe

CpaBHeHHe MPOCTPAHCTBEHHO-BPEMEHHOTO pacmpeneneHus
HeoaHopoaHoctell [I2C u MozienbHOro aBpopaibHOIo oBalia

SESSION 6. LOW ATMOSPHERE, OZONE

Y.Y. Kulikov, A.F. Andriyanov,
V.G. Ryskin, S.I. Osipov,

A.V. Poberovsky, V.I. Demin,
A.S. Kirillov, B.V. Kozelov,
V.A. Shishaev

P. Stoeva, A. Stoev

R. Werner, B. Petkov, D. Valev,
A. Atanassov, V. Guineva,
A.S. Kirillov

Simultaneous monitoring of middle atmosphere ozone at Apatity and
Peterhof in the winter 2017/2018

Influence of the solar activity on cave air temperature regimes

Determination of the total ozone column with consideration of the
cloud optical depth

122

126

129

131

135

139

143

146

150

154

157

160

164

168

172



10.B. bana6us, A.A. JIlyKOBHHKOBA,

A.A. Toponos, A.B. I'epmaneHxo,
b.b. I'Bo3nesckuii, JI.U. Ulyp,
B.®. I'puropses

B.1. demun, E.A. 3apoB

B.U. demun, b.B. Ko3emnos,
A.Il. Cobakun, 10.B. Menb1os,
10.A. T'opbanp

Bb.B. Ko3zenos, B.W. Jlemun

W.B. Munranes, E.A. ®enorosa,
K.I". Opnos

N.B. Munranes, K.I'. Opros,

B.C. Munranes

N.B. Munranes, K.I'. Opios,
B.C. Mumnranes, E.A. ®egoToBa

SESSION 7. HELIOBIOSPHERE

I.A. Kamynun, H.B. Kanauesa,
9.U. Kypuna

A.Il. fxoBneB, B.®. ['puropses

Author index

Eme pa3 o CE30HHBIX BapHAlUAX MITKOTO TaMMa-H3JIyuyeHUS B
HWXKHeH atmochepe

MuKpoKIMMaTHYECKUE BapHALUH TEMIICPaTyphl BO3IyXa B YCIOBHAX
CITabOBCXOIMIICHHOTO pebeda

O poJ TerIoBoH SHepTuH B (GOPMUPOBAHUHN OCTPOBA TEILJIA B TOPOJIE
AnaTuTsl

O MHKPOKIMMATHYECKHX BapHAUUsAX TeMIepaTypsl BO3dyXa Ha
apxwurenare Llmumnbepren

[MocTpoeHue mnapameTpu3aniii MOJEKYJISPHOTO IOIJIOUICHHUS B
HIDKHEW u cpenHei atmocdepe 3emun B MK nuanazone

HpI/IMeHeHI/Ie MaTeMaTUYeCKOMN MOJCIN IJIsI UCCIICAOBAHUA BIIUSHUS
penbeda 3emin Ha IOOATbHYIO IHMPKYSIHIO €€  CpeaHeil
aTMochepsl

lazogmHaMUYecKas MoeNs 00IIel NHPKYISIIAN HIDKHEH U cpeaHeit
aTMocdepsl 3eMJIIH ¢ BBICOKIM IPOCTPAHCTBECHHBIM pPa3pelIeHueM

Onepemafomne peaknun COCYAUCTBIX paCTeHI/Iﬁ Ha COJIHCYHBIC
KOPOHAJIbHbIC MHXKXCKIIUN

KonnuecTBeHHass OlleHKa JBHUTATENbHOM aKTUBHOCTH  CEPBIX
TIOJICHEM  TpW  BO3JEUCTBMM Ha  HUX  HU3KOYACTOTHBIX
3JIEKTPOMArHUTHBIX MOJIEH

175

179

183

187

191

198

202

207

211

215



Polar
“Physics of Auroral Phenomena”, Proc. XLI Annual Seminar, Apatity, pp. 7-10, 2018 @ Geophysical
© Polar Geophysical Institute, 2018 Institute

DOI: 10.25702/KSC.2588-0039.2018.41.7-10

SUBSTORM ACTIVITY AND SHOCK WAVE FRONT ORIENTATION
FOR INTERPLANETARY MAGNETIC CLOUDS

N.A. Barkhatov?, V.G. Vorobjev?, S.E. Revunov!, O.1. Yagodkina?, Yu.A. Glavatsky*

1Kozma Minin Nizhny Novgorod State Pedagogical University, Nizhny Novgorod, Russia
2polar Geophysical Institute, Apatity, Russia

Introduction

The solar wind magnetic clouds are manifestations of solar activity causing the most noticeable geomagnetic
disturbances. This is due to the fact that they are distinguished by the presence of regions with a strong regular IMF
and sharp fronts. Studies have shown that in many cases the body of a magnetic cloud is preceded by a shock wave
on the leading edge of the cloud. In this case, a turbulent sheath between the shock wave and the leading edge of the
magnetic cloud is detected. So it is interest to study the relationship between geomagnetic activity and the magnetic
cloud structure. The proposed study establishes the dependence of the high-latitude geomagnetic activity level on the
intensity of turbulent processes occurring at the leading edge of the magnetic field. In turn, turbulent phenomena in
magnetic cloud sheath are largely determined by the orientation of the wave shock plane with respect to the IMF
absorbed by the shock wave as it propagates in the solar wind. It is common to distinguish between the terms of a
quasi-parallel and quasi-perpendicular shock wave associated with the level of sheath turbulence following the shock
wave. Therefore, the proposed metho d of searching for shock waves in the solar wind flux from the spacecraft data
is a necessary part of the investigation. The detection and calculation of their shock planes orientation allow us to
conclude that the turbulent sheath is also disturbed. In its turn, the disturbance degree of magnetic clouds sheath with
the intensity level of the substorm processes is correlated.

Conditions of turbulent motions in sheath clouds and orientation of shock fronts

The intensity of wave motions in magnetic clouds sheath is largely determined by the IMF penetrating into it, in spite
of the fact that the energy of the magnetic field in the solar wind is in 1-2 orders of magnitude smaller than the dynamic
energy of plasma flow. According to the boundary conditions on the shock wave and the continuity equation
pV =const behind the shock wave, the plasma velocity drops sharply (in the counting system moving with plasma),

and the magnetic field tangential component increases substantially. The magnetic field will suppress the development
of plasma wave motions in the cloud sheath when one of the equalities [1] is fulfilled:

2 2 2
(uj >> dp, & O (BV—VJ >> 47p,

1v2 1 1

where V1 and V- are respectively the flow velocities in front of the shock wave and behind it in the counting system
moving with the plasma, B1 — the magnetic field strength before the shock wave. An estimation of the magnetic field
energy densities and plasma dynamic energy in the cloud sheath allows us to conclude the presence or absence of
turbulent motions.

A necessary condition for the conclusions about the turbulence level in the sheath is establishment of the shock
waves presents in the magnetic clouds which is done according to a previously developed method [2]. The orientations
of the detected MC shock fronts are determined analogously to [3]. Fig. 1 shows schematically the technique for
determining position of the front of the shock wave. In the space of the IMF components (Bx, By, Bz), the vectors B,
B2, B3 and B4 indicate the total magnetic field vectors at four time ty, tp, t; and ts. Since minute data are used, the
situation in Fig. 1 describes a four-minute interval. In this case, B2 and Bs correspond to the vectors before and after
the plane of the shock front. According to the conditions on the front of the MHD shock wave, the IMF normal
component to the shock wave front surface is unchanged, so the vector AB23, which shows the change in the IMF
value, lies in the plane of the front of the shock wave. The maximum value of this vector is one of the signs of front
of the shock wave registration, along with jumps of plasma flow density and the velocity. Based on these
considerations, we determine the position of the discontinuity.

The orientation of the shock wave front associated with the cloud from one-dimensional measurements of the IMF
and solar wind parameters before and after the shock wave with the help of IMF co-planarity theorem [4] can be
established, according to which the normal to the shock wave is parallel to the vector product
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N=AB,,x(B,xB;):

where Bz is the magnetic field ahead of the shock wave, Bs is the magnetic field behind it, 4B,; = B; — B,. Thus, the
vector ABzs is perpendicular to the vector which is normal to the shock wave plane. It is indicated in Fig. 1 by an
arrow with index n parallel N. For the conclusions about the quasiparallelity or quasi-perpendicularity of the shock
waves for considered events, we will be interested in the angle values between the vectors Bz and n, which easily

computed on the basis of the scalar product of these vectors.

shock front

Figure 1. Determination of the shock front position in the space of IMF components (Bx, By, Bz) values. ¢ - the
angle between the normal to the shock wave plane and the IMF vector having the vectors B2 and Bs before and

after the break, respectively

If we know the position of the shock front and trace the change in the angle between the IMF vector Bz and the
normal n to the shock wave in the data stream, we can conclude that the shock wave is quasiparallel (¢ <30°) or quasi-
perpendicular (¢ >60°) and associate its orientation with the magnetic activity in the auroral zone.

Comparison of turbulence levels in the magnetic
clouds sheath with substorm activity level

The procedure verification was carried out by using data
which correspond to the observations intervals of fast
magnetic clouds with shock waves and a turbulent region -
total of 33 cases registered in 1998-2012. The following
parameters were used for the study with a 1-min resolution: the
concentration N, the solar wind velocity V and the IMF vector B
components (Bx, By, Bz) in the GSM coordinate system and
polar electrojet index AL values characterizing the substorm
magnetic activity level (http://cdaweb.gsfc.nasa.gov). Separately
examined are the most intensive (13/06/1998, 19/10/1998,
06/11/2000) and weak (21/04/2001, 30/09/2001, 19/11/2007)
substorm expressions. The substorm activity by the integral
value of the AL index for the period from the moment of shock
wave detection to the MC body beginning was estimated, on
the interval corresponding to the transition region.

The analysis of obtained calculations showed that the
events of quasi- perpendicular shock waves are characterized
by angles & from interval 70-80°, events of quasi-parallel
shock waves show small angles & on average 25°. Large angles
for quasi- perpendicular shock waves with a constant
magnetic field normal component lead to a significant
increase in the IMF module in the transition region, which,
according to [1], should stabilize turbulent motions inside.
Fig. 2 shows variation of the angles & between the IMF vector
and the normal to the shock wave before and after recording

weak substorms strong substorms

90 7 21.04.2001 90 13.06.1998
60
£ g
30 v 30
a) 0. d) o T Y
90 " 3009.2001 90 ‘ 19.10.1998
3 60 g 60
30 W 30
Bg— 7 e
90 14.12.2006 90 06.11.2000
£ 60 £ 60
30 30
c)o fo

43 2 1 0 +142+3 +4
time, minutes

432 1 0+142+3+4
time, minutes

Figure 2. Variation examples of angles ¢ between
IMF vector and the normal to the shock wave
before and after recording the shock wave front:
(a, b, ¢) are events with weak substorm activity;
(d, e, f) - with strong substorm activity. The vertical
line in the center shows the moment of shock front
registration. The markers identified the analyzed
points corresponding to angles just before the
shock wave front. The event date is indicated in the
upper right corner of each chart.

the shock front for considered events: (a, b, ¢) - events with weak substorm activity; (d, e, f) - with strong substorm
activity. The vertical line in the center shows the moment of shock front registration. The markers are the analyzed
points corresponding to the angles & just before the front of the shock wave. The event date in the upper right corner
of each chart is indicated. The cases of registering angles greater than 90° correspond to the situation of reversal of

the calculated plane of the shock front.
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Figure 3. Dynamics of angles & between the IMF vector and the normal to the shock front (a); the magnitude of
the IMF jumps on the shock wave (b); the values of the integral AL (c). Gray points are quasi-perpendicular shock
wave, black points are quasiparallel shock wave (large circles correspond to the events in Fig. 2), solid lines are
approximations by a polynomial of order 3 for all analyzed 33 cases of MC. The events distribution is performed
taking into account the sorting by values of the IMF jumps on shock waves.

Table. Analyzed events of fast MC registration (bold marked reference points on Fig. 3)

No date No date No date

1 06.01.1998 12 03.10.2000 23 14.12.2006
2 04.03.1998 13 28.10.2000 24 19.11.2007
3 01.05.1998 14 06.11.2000 25 05.04.2010
4 13.06.1998 15 19.03.2001 26 28.05.2010
5 24.09.1998 16 21.04.2001 27 03.08.2010
6 19.10.1998 17 30.09.2001 28 14.02.2011
7 18.02.1999 18 18.03.2002 29 30.03.2011
8 16.04.1999 19 17.04.2002 30 05.06.2011
9 20.02.2000 20 20.03.2003 31 25.10.2011
10 15.07.2000 21 14.06.2005 32 22.01.2012
11 10.08.2000 22 13.04.2006 33 23.04.2012

The obtained results are supported by analysis of dynamics of the angles & between the IMF vector and the normal
to the shock wave front, the magnitude of IMF AB modulus jumps on shock wave, and the values of the integral index
AL. Fig. 3 show this dynamics. Large angles & for quasiperpendicular shock waves with a constant magnetic field
normal component lead to an appreciable jump in the IMF. On the contrary, small angles & for quasiparallel cases
cause small changes in the IMF modulus. This means that large values of the magnetic field modulus AB behind the
shock wave stabilize the wave processes in the transition region and reduce the intensity level of turbulent motions
[1]. According to Fig. 3, these values correspond to the lowest substorm activity. In Fig. 3 shows the dynamics of the
angles & between the IMF vector and the normal to the shock front (a); the magnitude of the IMF jumps on the shock
wave (b); the values of integral index AL (c). The gray points are marked quasi-perpendicular shock waves, the black
points are merked quasi-parallel shock waves (large circles correspond to the events in Fig. 2), solid lines are
approximations by a polynomial of order 3 for all analytic 33 cases of MO. The events distribution is performed taking
into account the sorting of the values of the jumps of the IMF on shock waves.



Substorm activity and shock wave front orientation for interplanetary magnetic clouds

Conclusion

In this paper is demonstrated the increase of substorm processes intensity in cases of quasi-parallel shock waves of
solar wind magnetic clouds. This means that our understanding of the relationship between substorm activity and the
level of turbulent processes in the sheath following the shock front of magnetic clouds is confirmed experimentally.
The intensity of turbulent processes in sheaths is largely determined by the orientation of shock wave fronts relative
to the interplanetary magnetic field vector and is particularly large in the case of quasi-parallel shock waves. Thus,
the level of substorm activity follows the level of turbulence in the sheath of magnetic clouds and is determined by
the orientation of shock wave fronts relative to the IMF.
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Education and Science of Russian Federation project Ne 5.5898.2017/8.9.
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LARGE-SCALE STUCTURE OF SOLAR WIND AND APPEARANCE
OF SUPERSUBSTORMS
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Abstract. It is carried out the comparative analysis of the space weather conditions for supersubstorms (SSS)
appearance. For this purpose, the data of SuperMAG global magnetometers network and the data of IMAGE
magnetometers network were used. SSS events, the so-called supersubstorms, are particularly intense substorms
(SML< - 2500 nT; AL < -2500 nT). The solar wind and IMF parameters were taken from the OMNI database and the
catalog of large-scale solar wind types (ftp://ftp.iki.rssi.ru/omni/). Total 131 SSS events were registered for 1998-2016
years at SuperMAG network and 26 SSS events at IMAGE network. It is shown that the SSS substorms were observed
mainly during the magnetic cloud (MC) of the solar wind (in 42% of cases) and during plasma compression region
before MC or EJECTA (SHEATH) (in 45.2% of cases). Sometimes SSS events were registered during EJECTA (in
8.3% of cases) and during plasma compression region before high-speed streams CIR (in 2.5% of cases). Thus, it is
seen that the SSS events were associated only with interplanetary displays of the coronal mass ejections (Sheaths,
magnetic clouds and EJECTA) and almost did not observed during high speed streams from coronal holes (FAST).
Perhaps, this is happened due to the fact that SSS can occur during super (Dst<-250 nT) and intense (-100 nT> Dst>
-250 nT) magnetic storms. On the other hand, it is well known that these storms are usually caused by southward
interplanetary magnetic field component Bs during MCs or Sheaths. However, sometimes SSS events were registered
during intervals with Dst >-50 nT (in 13.4% of cases). But there are mainly events during storm onset (10.8%) and
recovery phase (1.2%) and only two SSS events were registered during non-storm conditions (1.2%). We believe that
the most likely space weather conditions for the SSS appearance are associated with enhanced values of the solar wind
speed and dynamic pressure, as well as the magnitude of the Interplanetary Magnetic Field (IMF) under the southward
direction of the IMF.

Introduction

Subjects of this work are very intense magnetic substorms, the so-called supersubstorms (SSS). The term
"supersubstorms" was used by Tsurutani et al. [1] to determination of very strong magnetic substorms which were
observed by the ground-based observations on the SuperMAG magnetometer network (http://supermag.jhuapl.edu/).
Supersubstorms (SSS) were called very intense substorms with large values of the SML- or AL-indexes of
geomagnetic activity (<- 2500 nT).

Noted, that at the present time the phenomenon of supersubstorms are not explicitly investigated. As far as we
know, SSS have been discussed in only a few works [1-3], where only questions about the possible appearance of
such intense substorms were considered. In paper [3] the connection of SSS with the polar cap potential and PC-index
was investigated. It was shown also that SSS can be observed in any phases of the solar cycle, but the greatest
frequency of their occurrence was observed in the phase of the solar cycle decline, while the smallest frequency their
appearance was during the solar cycle minimum [2]. According to [1] supersubstorms events are recorded by the long-
term southward direction of the interplanetary magnetic field, which is usually associated with magnetic clouds in the
solar wind (MC) (46%) or with the region of compressed plasma before the magnetic cloud (SHEATH) (54%). In
addition, most of SSS events (77%) were associated with density jumps and pressure pulses in the solar wind.

However, it remains unclear whether SSS always appears during the magnetic clouds or SHEATH regions? Have
there been instances of SSS appearance during the other types of the solar wind? The aim of this work is to investigate
the relationship between the SSS appearance and the different types of the solar wind, which cover all major types of
large-scale solar wind structure.

We will analyze the appearance of SSS depending on the solar wind types during the period from 1998 to 2016,
that is, during the 23rd and 24th cycles of solar activity.

Data
We combined the data of the ground-based SuperMAG and IMAGE magnetometer networks, OMNI data base for the
interplanetary medium parameters and the solar wind types catalog (ftp://ftp.iki.rssi.ru/omni/).

For the analysis we used 6 different types of the solar wind (according to [4]): 1) fast (FAST) streams from coronal
holes; 2) slow (SLOW) streams from a belt streamer; 3) magnetic clouds (MC); 4) EJECTA, associated with the
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Large-scale stucture of solar wind and appearance of supersubstorms

manifestations of coronal mass ejections; 5) the plasma compression region at the front of the high speed stream - CIR
(before the FAST stream); 6) SHEATH (at the front of the magnetic cloud or EJECTA).

To study the supersubstorms appearance, we used the magnetic data of the SuperMAG
(http://supermag.jhuapl.edu/) and IMAGE (http://space.fmi.fi/image/) magnetometers networks. The SuperMAG
network consists of more than 300 magnetometers, detailed descriptions of the SuperMAG project are given in [5-7].
In the present study, supersubstorms were determined from the values of SML and AL indices of geomagnetic activity
(<-2500 nT). During the period 1998-2016, 157 SSS events were found, 131 of them were registered at the SuperMAG
magnetometer network and 26 cases were observed at the IMAGE network. Fig. 1 shows an example of the SSS
observation by SML- and AL- indexes.

Results
o oo 2001/11/06 We compared the supersubstorms
00:00 02:50 05:40 08:20 11:10 14:00 (SSS) appearance  with  the
| SuporMAG Auroral Elecroje Indces - ALSMELUX. ||| ||| simultaneous observations of the
250 | s l ! solar wind types. Table 1 shows
-500 | Y - ’ M the number of supersubstorms,
e n ;/ VU L which were observed during each

WV n™ AR Lk ™ (T type of the solar wind.

-1000{" 1| i H | - - It can be seen that
5’— 1250 | ‘ . | supersubstorms were mainly
Ee 500! f "w \ p | observed  during  magnetic
z ‘”_ \ t.,‘(‘ i | clouds of the solar wind (MC,
@ 1750 EnR :)J 'I“ ! 42%), and also during regions
-2000 | '|l', - of compressed plasma -
-2250 | |I AT _ SHEATH- before magnetic
| | clouds or EJECTA (SHEATH,
25001 i ' 45.2%). In addition, sometimes
2750 | ‘ SSS appeared during the
3000 manifestations of the
interplanetary mass ejections -
_ it s EJECTA (~ 13%). And very
500 rarely, SSSs can appear during
Z the compressed plasma region
e before the high speed stream
::1 2500 (CIR, 2.5%) or during this high
speed steam itself (FAST,

00:00  04:00  08:00  12:00  16:00  20:00 2400 9 706y Tys it is seen that the
appearance of the SSS s

Figure 1. The example of SSS on 06 November 2001 by SML-and AL- indexes. ~ associated with interplanetary
manifestations of the coronal
mass ejections (SHEATH, MC

and EJECTA) and is in fact not associated with high-speed streams from coronal holes.

Type of the solar Number of Number of solar Total, %
wind Supersubstorms (SSS) wind types

E |
_/

e
K EJECTA 13 9 s
CIR 4 3 2.55
FAST 3 3 191

Table 1. The number of SSS and percentages of the SSS total number for each solar wind type.
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We considered the geomagnetic conditions under which supersubstorms were observed. All 157 cases of SSS were
divided into two large groups: 1) the cases which were observed during storms (Dst <-50 nT); 2) the cases which were
observed in non-storm conditions (Dst> -50 nT). Then non-storm conditions can be conditionally divided into 3
groups: 1) a storm onset (Storm Sudden Commencement - SSC); 2) late recovery phase of the storm; 3) in the absence
of a storm. The distribution of SSS cases, depending on the storm and non-storm conditions, is shown in Table 2.

It can be seen that, mainly,

supersubstorms ~ were  observed Geomagnetic Type of conditions Number of Total, %
during magnetic storms. There are conditions supersubstorms

136 cases, what is 86.6% of their total (SSS)

number. Only 21 cases of SSS were Storm Storm 136 36.6

registered in non-storm conditions,

what is 13.4% of their total number. Dt - —

However, as can be seen from the Onset of storm, SSC 17 10.82
Table 2, non-storm conditions mean, Non-storm p———— 3 127

most often, the sudden onset of a conditions ' 13.4
magnetic storm (SSC). 17 cases from :

21 ’ non-storm (SSS) events were Dst>-S0nT P z L
observed during SSC, which is about

~ 11% of the total number. Only 2 .
SSS events (~ 1.27%) were Table 2. The number of SSS that were observed during storm and non-

registered during the late stage of the ~ Storm conditions and percentages of the total number of SSS for each types
storm recovery phase, and 2 SSS  Of geomagnetic conditions.
were recorded in the absence of a
storm, which is 1.27% of the total number of SSS.

Note that SSS by their nature do not differ from the classical substorms, they are only stronger in intensity. Perhaps,
a large, abnormal intensity increase of the substorm leads to a certain combination of the parameters of the solar wind
and interplanetary magnetic field (IMF). So, magnetic clouds are characterized by a high and regular magnetic field
(B> 10 nT), the magnetic pressure prevails over the thermal pressure (B < 0.5), the dynamic pressure is higher than
one in the high speed stream (P > 5 nPa), and for a long time can remain high values of the southward component of
the IMF. SHEATHSs are characterized by increased density (N > 3 #/cm?®), dynamic pressure (P > 5 nPa), high
temperature and magnetic field (B > 5 nT). In addition, before the appearance of SSS, in most cases, there were usually
strong jumps in dynamic pressure of the solar wind, which were observed against the background of its high speed.
Thus, we believe that the most likely space weather conditions for the SSS appearance are associated with enhanced
values of the solar wind speed and dynamic pressure, as well as the magnitude of the Interplanetary Magnetic Field
(IMF) under the southward direction of the IMF.

Conclusions
Under certain conditions of space weather, determined by the large-scale structure of the solar wind, supersubstorms
(SML <-2500 nT, AL <-2500 nT) are observed on the Earth's surface.
» SSS are observed during interplanetary manifestations of coronal mass ejections, namely SHEATH (45.2%),
MC (42%) and EJECTA (8.3%), and are not actually observed during high-speed streams from coronal holes
(CIR, FAST).
* Many SSS events are associated with geomagnetic storms (Dst <-50 nT) (86.6%). But sometimes SSS are
observed in non-storm conditions (Dst> -50 nT) (13.4%), related to the storm onset (11%) or to the end of the
recovery phase (1.27%)
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HIGH-LATITUDE DAYTIME MAGNETIC BAYS IN THE SEPTEMBER
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Abstract. We present a study of magnetic bays occurred in the dayside sector of the polar geomagnetic latitudes
during the initial and recovery phases of the magnetic storm on 07-08 September 2017. Typically, high-latitude
daytime magnetic bay-like disturbances are observed under the positive Bz component of IMF. But during the initial
phase of the storm on 07 September, the dayside magnetic bay was registered at high-latitude IMAGE stations NAL,
LYR, HOR when intensive rapid fluctuations (15-20 min) of the IMF components stabilized to 09 UT (12 MLT) under
the predominantly negative IMF Bz. At the storm recovery phase on 08 September, during the same UT-time period
(08-11 UT), the IMF Bz was steady positive that led to development of a typical dayside (11-14 MLT) polar magnetic
bays which was observed at the IMAGE chain as well. It was shown when the IMF conditions have been stabilized
under the southern IMF Bz component, the dayside polar bay-like disturbances were accompanied by substorm activity
in the night side sector of the high latitudes. Contrary to that, when the IMF Bz was positive and stable, there were no
night side magnetic disturbances. In the both cases, the IMF By component was greater than the IMF Bz one (|By|/|Bz|
> 1), and the polar electrojets caused appearance of high-latitude daytime negative or positive bays in accordance with
the sign of the IMF By component.
Introduction

06 — 08 September 2017 In our previous papers [Kleimenova et al., 2015; Levitin et

: : al., 2015; Gromova et al., 2016, 2017], we studied the
high-latitude bay-like magnetic disturbances which are
observed near the local magnetic noon. Disturbances of
the geomagnetic field in the dayside sector of the high
latitudes could be caused by electrical currents in the
ionospheric termed the polar electrojet [dakjceer, 2016].
Similar disturbances have been previously reported by
[Iwasaki, 1971; Friis-Christensen and Wilhjem, 1975;
Feldstein, 1976, 2006]. It was shown that dayside high-
latitude magnetic bays are frequently observed under the
positive Bz component of IMF. The sign of these bays was
mainly controlled by the IMF By one.

Dayside high-latitude magnetic bays could be recorded
both during a storm recovery phase characterized by the
positive IMF Bz and in the initial phase of magnetic storms
if the IMF Bz component was variable positive or weakly
negative.

The aim of our investigation is to study dayside
magnetic bays observed at high-latitude magnetometer
stations on 07 and 08 September 2017 in the initial phase
and the recovery one of the strong magnetic storm.

The solar wind and IMF variations in strong
magnetic storm on 07-08 September 2017
The magnetic storm on 07-08 September 2017 was one of
Figure 1. Variations of the IMF components and the  the greatest storm in the decleaning phase of the 24 solar
Solar Wind parameters in 06-08 September 2017  cycle. It was produced by the coronal mass ejection
[https://omniweb.gsfc.nasa.gov/]. Time interval under  associated with 06  September 2B/X9.3  flare
consideration are marked by blue time lable. (www.izmiran.ru/services/saf/archive/).
Fig. 1 shows the development of the magnetic storm
on 07-08 September 2017. The initial phase of the storm started on 07 September was characterized by intensive rapid
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High-latitude daytime magnetic bays in the September 2017 strong magnetic storm

fluctuations (15-20 min) of the IMF components in 06 - 12 UT which stabilized to 09 UT under the predominantly
negative IMF Bz component and the negative IMF By one. Similar IMF situation was observed at the same UT time,
during the storm recovery phase, on 08 September. On 08 September, as on 07 September, the intensive rapid
fluctuations of the IMF components (06-07 UT) stopped at 08 UT, and the IMF Bz became stable. But contrary to the
storm intial phase during the recovery phase, the IMF Bz changed to positive values under the negative IMF By.
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Figure 2. The velocity (V), the density (Np) of the solar wind and the IMF By, Bz, and magnetograms
of high-latitude IMAGE stations on 07 September (a) and on 08 September (b) 2017.

Data

Our study of the geomagnetic disturbances is based on (i) the data collected from the Scandinavian IMAGE
magnetometer chain [http://space.fmi.fi/MIRACLE/] and from the global network of stations INTERMAGNET
[http://www.intermagnet.org/]; (ii) modelling of equivalent currents by European Clauster Assimilation technology
ECLAT [http://www.space.fmi.fi/MIRACLE/ECLATandMIRACLE/]; (iii) geomagnetic index data from World Data
Center for Geomagnetism, Kyoto [http://wdc.kugi.kyoto-u.ac.jp].

Geomagnetic activity at the high latitudes

As arule, high-latitude daytime magnetic bay-like disturbances are observed under the positive Bz component of IMF.
However, during the initial phase of the storm, 07 September 2017, the dayside polar magnetic bay was recorded at
the high-latitude IMAGE observatories at 09-11 UT (12-14 MLT), when the IMF Bz component was slightly negative
(Fig. 2a). At the same time, the high-Ilatitude IMAGE stations showed a sequence of irregular short-term alternating
bay-like disturbances. Around 09 UT, the IMF Bz changed from negative to positive values modifying between -5 nT
and +2 nT, the IMF By component was negative and more intensive than the IMF Bz one (|By|/|Bz| > 1). In this time
(near local noon), at the high-latitude IMAGE stations NAL, LYR, HOR there was the negative polar magnetic bay
occurred with the amplitude of ~400 nT.

At the first storm recovery phase (08 September, 08-11 UT), the steady positive IMF Bz led to development of a
typical dayside polar magnetic bays-which was observed at the IMAGE chain (11-14 MLT). At the polar IMAGE
stations NAL and LYR these bays were negative due to the negative IMF By component predominance over the IMF
Bz one (|By|/|Bz| > 1).
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Fig. 3 shows the ionospheric equivalent currents modeled by of European Cluster Assimilation Technology
(ECLAT) for UT-time intervals (06 - 12 UT) under consideration for 07 September (a) and 08 September (b). Red
colors (positive numbers) mean eastward equivalent currents, blue colors (negative numbers) mean westward currents.
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Figure 3. lonospheric equivalent currents calculated from IMAGE magnetometers data on 07 September (a) and
on 08 September (b). Red colours (positive numbers) mean eastward equivalent currents, blue colours (hegative
numbers) mean westward currents.
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Figure 4. Magnetograms of the polar IMAGE stations in the dayside sector of the high-latitudes; North American

stations in the night side sector and the auroral indicies of the geomagnetic activity on 07 September (a) and on 08
September (b).
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The equivalent ionospheric currents demonstrated the time evolution of the equivalent currents along a north-south
profile. According to this the ground-based observed magnetic data showed that dayside geomagnetic disturbances
changed from quasi-periodic variations to dayside polar bays. Their signs varied with latitude.

Auroral activity
On 07 September, around 09 UT, the IMF Bz became stable and weakly changed near zero, the night substorm activity
enhanced at the BRW and CMO stations (-800 nT) simultaneously with negative polar magnetic bays near local noon,
at the high-latitude IMAGE stations NAL, LYR, HOR (Fig. 4a). The appearance of these bays was preceded by a long
interval (~1,5 hours) when the IMF Bz was negative and rather stable.

Contrary to that, at the same UT time on 08 September (08-11 UT), the IMF Bz was stable positive, the negative
magnetic bays at the IMAGE stations was less intensive, and there were no night side magnetic disturbances as, for
example, at BRW and CMO. Geomagnetic activity in the auroral zone was low, AL< -100 nT (Fig. 4b).

Summary
Intensive rapid fluctuations (15-20 min) of IMF components caused quasiperiodical geomagnetic variations in the
daytime sector of the high latitudes which were incoherent with the IMF fluctuations.

When the IMF conditions have been stabilized under the southern IMF Bz component, the dayside polar bay-like
disturbances accompanied by substorm activity in the night side sector of the high latitudes. Contrary to that, when
the IMF Bz was positive and stable, there were no night side magnetic disturbances.

The predominance of the negative IMF By component over the IMF Bz one (|By|/|Bz| > 1) caused the polar electrojet
generation and appearance of daytime negative bays at the high latitude stations of IMAGE chain.

Acknowlegments. This work was partly supported by the Program Ne 28 of the Presidium of the Russian Academy
of Sciences.
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HIGH-SPEED PLASMA FLOWS AND DIPOLARIZATION
IN THE MAGNETOPSHERE DURING SUBSTORM

T.V. Kozelova, B.V. Kozelov (Polar Geophysical Institute, Apatity, Russia)

Abstract. We analyzed the magnetospheric
disturbances in the midnight sector during the substorm
on Nov 14, 2014, starting at 18:25 UT. The data used
were observed by the THD and THE satellites located in
the ~ 00 MLT sector of the magnetosphere at 9-10.5 Re,
as well as recording of PiB pulsations at Lovozero, the
aurora at the stations Apatity and ground magnetic data.
Some 20 minutes before the ground substorm onset, the
beginning of the bursty bulk flow (BBF) event was
observed by two satellites. The role of fast earthward
flows in triggering substorms is not yet known in detail.
Here we evaluate the associated changes in the cross-tail
current intensity using the line-current model to simulate
equivalent current perturbations during the interaction of
BBFs with the near-Earth plasma.

1. Introduction

The return of magnetic field to more dipolar
configuration, or ‘'dipolarization’, is a well-known
signature of the substorm expansion phase in the
magnetosphere. The arrival of BBF at the inner edge of
the plasma sheet leads to dipolarization also [Shiokawa
etal., 1998; Birn et al., 1999].

Nakamura et al. [2009] identified two types of
dipolarizations. The first type of depolarization (D1) is
associated with the beginning of the earthward moving
BBF enhancement from the arrival of BBF at the
satellite in the inner magnetophere to Vx velocity
maximum. The second type of dipolarization (D2) is
associated with a reconfiguration of the near-Earth tail
currents from a taillike magnetic field configuration to a
more dipole configuration. This dipolarization type is
observed during the braking of BBF.

We use spacecraft observations from THEMIS during
a substorm on 14 Nov, 2014, in conjunction with
ground-based magnetic field observations and the aurora
at the station Apatity, to examine the role of currents
related to BBF on the evolution of the near-Earth current
sheet disturbances in midnight sector.

2. BBF and disturbances at r~9-10.5 Re

Fig. 1 presents THD satellite data on 14 Nov, 2014:
magnitude of total magnetic field, spectrogram of
electrons with >30 keV (SST detector data) and velocity
of plasma flow (Vx, Vy, Vz) in GSM system on top
panels. The bottom panels show ground-based magnetic
field observations at AMD (B and Be components) and
azimuthal component Be at KEV. Vertical line at the
moment 'Tf notes the arrival of BBF at the THD.
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Fig. 1 shows that after moment 'T' strong magnetic
field fluctuations (panel 1), the energetic electron
injections (panel 2) and enhanced plasma flow (panel 3)
are observed at the THD. The disturbance in the current
sheet in the magnetosphere nearly the THD lasted ~ 40
min and decay at ~18:45 UT. Dynamics of the fields and
particle fluxes in the near-Earth plasma sheet are
discussed in detail in the next sections. Now we note that
after the moment 'T¢ near the THD meridian, the
negative H bay at AMD begins (panel 4). At 18:15 UT,
at AMD the azimuthal D component (or Bg) changes
from AD >0 to AD <0 implying the westward passage of
the upward field-aligned current near the AMD. At
~18:35 UT the westward edge of the active auroral
region was located over KEV.
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Figure 1. THD data of magnetic field, SST electron
spectrograms and BBF velocity and ground-based
magnetograms at AMD and KEV on Nov 14, 2014
(details in text).

From Fig. 1, one can see that the duration (~60 min) of
negative high-latitude (at AMD) H bay is much larger
than the durations of BBF (5 min). This is because, the
contribution from the pressure gradient terms is
dominant [Shiokawa et al., 1998; Birn et al., 1999], last
longer than inertial current effects and can persist even
after the flow burst ends [Birn et al., 1999].

During the activations on 14 Nov, 2014 considered
here, at LOV two small bursts of PiB-type pulsations are
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observed at 'a' =18:10 UT and 'b'= 18:14 UT and more
intensive pulsations at 'c' =18:25 UT and 'd'= 18:30 UT.
During the first burst at 'a' =18:10 UT disturbance of the
H and D was small < ~ 30 nT. Later, we note this
moment as the onset of pseudobreakup. During the
second burst at 'b'= 18:14 UT, the D variation increases
to ~90 nT. Just at this time, the new auroral arc appears
northern of LOV over a longitudinal distance of ~ 25 ©
westward AMD (not shown).

This arc had a longitudinally quasiperiodic structure,
its western edge expanded westward and brightened at
‘'c' =18:25 UT. The moment 'b'= 18:14 UT corresponds
to an appearance of brightening arc at the onset of the
Activation A2. The moment 'c' =18:25 UT corresponds
next expansion of active region and new activation.

The moment 18:30 UT, when the most intensive burst
'd" was observed, we note as the onset of completed
substorm expansive phase. Indeed, after this moment
negative H bay increases at high latitude (AMD on panel
4) and positive H bay appearance is observed at mid-
latitude (KAK not shown), and magnetic singnatures of
the WTS are observed at KEV (panel 6).

Biot,nT

eVicm3  E, mV/m

P

Vx
Vy
Vz

vod 3 O vl bl

18:40 UT

18:00 18:10 18:20 18:30

Figure 2. THE data of magnetic and electric fields, and
velocity of plasma flow (Vx, Vy, Vz) in the interval
18:00-18:45 UT on Nov 14, 2014.

From Fig. 1, one can see that during our event after the
decay of BBF, five tailward flow bursts (FB), denoted as
'1' —'5', are observed at the THD with time intervals of
5-6 minutes. This interesting fact confirms the
observations that the Earthward flow can change
direction in the near-Earth region and is bouncing back
[Panov et al., 2010a].

The magnetic and electric fields, pressure of ions,
plasma flow velocity and electron pressure, observed at
the THE, are shown in Fig. 2. The vertical line in Fig. 2
mark the starting time of BBF, which lasted~ 5 min as
for THD. After main earthward BBF (700 km/s), four
weaker (200-300 km/s) earthward FBs, denoted as 'le' —

'de', are observed at the THE simultaneously with the
increases of Bt fluctuations, short bursts of predominant
Ey component and a short-time drops in the ion and
electron pressure. The interval between bursts 'le' — '4¢'
was ~ 4-5 minutes. The FBs at THD and THE will be
discussed later.

3. Perturbations of magnetospheric currents
During the substorm on Nov 14, 2014, large-scale
dipolarization at longitudes of satellites lasted near 40
minutes and consisted of several small-scale
activations/dipolarizations, of which two initial
activations Al and A2 were observed during the arrival
of a BBF in the inner magnetophere. The dynamics of
these activations was analyzed in more detail using the
construction of differential current perturbation vectors
on the equatorial plane of the magnetosphere.

Differential current vectors. We assume that localized
current perturbation in magnetosphere may be deduced
from differential magnetic field perturbation
dB(t)=B(t+dt) — B(t). The eastward differential current
dje may signify the occurrence of the current disruption
(CD) [Kozelova et al., 1998].

Fig. 3 (panel 2) presents the value (in relative units),
orientation and location of currents dj (for dt=30 s)
estimated from measured magnetic field the THD and
THE in time interval 18:00-18:30 UT. Current vectors
directed to the left (right) correspond to westward
(eastward) current djw (dje ). Panels 1 and 3 show the
estimated magnetic field elevation angle (‘Ang’) relative
to the equatorial plane in GSM reference frame for THE
and THD, accordingly. At panel 2, two horizontal bars
denote the activations Al and A2.
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Figure 3. THD and THE data on Nov 14, 2014. First and
third panels show the magnetic field elevation angles at
THE and THD accordingly, and second panel shows the
position of the perturbation current on equatorial GSM
plane (details in text).

Currents during the Activation Al. Before the BBF
arrival in the inner magnetosphere (at 'Tt), the quiet
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westward current djw was located at r~ 9-11 Re between
THE and THD. At the moment 'T¢, first increase of 'Ang'
(signature of dipolarization) occurs at more tailward
THD simultaneously with the appearance the eastward
current dje near THD. 30 s later, the increase of 'Ang' is
observed at THE. Thus, during the beginning of the
Activation 1, the first type of dipolarization D1
[Nakamura et al., 2009] was observed between THE and
THD.

Some 2 min after 'T¢, the appearance of current djw led
to the stretching of the magnetic field and the THE
detected thinning of the plasma sheet. This stretching
was accompanied by a decrease of the cutoff energy of
electrons [Kerns et al., 1994] from ~ 15 keV to ~ 3 keV,
that can be seen in the Fig. 5.

Then, at ~18:08:30 -18:09 UT (~1 min before the
pseudobreakup, associated with the PiB burst 'a"), sharp
increase of the eastward current dje happened earlier at
THE and later at THD. Such direction of dje movement
from earthward to tailward corresponded to the second
type of dipolarization D2 [Nakamura et al., 2009]. The
pseudobreakup lasts only a few minutes near AMD
longitude and then at 18:12 UT fades.

T T
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Figure 4. THD data of ESA electron spectrograms,
magnetic and electric fields and velocity of plasma
flow (Vx, Vy, Vz) in the interval 18:00-18:15 UT on
Nov 14, 2014.

Currents during the Activation A2. About 1 min before
bursts of PiB-type pulsations at 'b'= 18:14 UT, a
perturbations of magnetospheric currents are beginning
on the satellite located closer to the Earth and extend
from the Earth to the tail and prevalently in the azimuth
direction. During the Activation A2, a current layer
between the THE and THD oscillated including one
tailward FB (noted '2") at THD (Fig. 1) and two intensive
earthward FBs ('1le' and '2e' on Fig. 2) at THE.

Thus, the direction of dje movement changed from
earthward during the first type of dipolarization D1 to
tailward during second type D2.
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4. Development of near-Earth current sheet
fluctuations

Now, we analyze in detail dynamics of the fields and
particle flux variations in the near-Earth plasma sheet
associated with the arrival of BBF in the inner
magnetosphere (Figs. 4 and 5).

Fig. 4 shows that on Nov 14, 2014, after T+ during
Activation Al, observed at THD, current sheet
fluctuations included oscillations in the Bx, Bz and total
magnetic field, and Ey component with a period of ~90s.
These fluctuations were accompanied by weak
variations Vz (panel 5), and were associated with the
beginning of the earthward moving BBF as for the first
type of dipolarization D1. They may present the flapping
oscillations of plasma sheet. Indeed, flapping is an up-
down motion of the magnetic field, together with plasma
[Sergeev et al., 1998]. Flapping perturbations are a
standing structure along the magnetic field and a
traveling wave across the field [Golovchanskaya and
Maltsev, 2005]. The main features of this motion are Bx
and Vz oscillations [Runov et al., 2005].
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Figure 5. THE data between 18:00 and 18:15 UT on
Nov 14, 2014 (details in text).

The appearance of flapping motion at X ~ -10 Re ~ 4
minutes before the onset of pseudobreakup can be
important for determing the onset mechanism.

Remember, that the dipolarization D1 [Nakamura et
al., 2009] represents the first short-time increase in B,
component, followed by the thinning of the current sheet
(decrease of B;) and the oscillation. The thinning of the
current sheet during the arrival of BBF in the inner
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magnetosphere was observed at on the satellite THE
located closer to the Earth, than the THD. Evolution of
the electron spectrum (< 30 keV), total magnetic field
and his components, components of electric field, ion
(<30 keV) pressure, velocity of plasma flow (Vx, Vy,
V/z) and electron pressure, observed at THE, are shown
in Fig. 5. From Fig. 5 one can see that after Ty, the
stretching was accompanied by a decrease of the cutoff
energy of electrons [Kerns et al., 1994] from ~ 15 keV
to ~ 3 keV (panel 1), and by the oscillations in Bz, Ey
and Vz. These oscillations have the period of ~ 40 s and
may present also the flapping oscillations of plasma
sheet during a phase of the BBF velocity decay as in
THD observations.

Transition from the state of an oscillating thin layer to
a more dipole configuration is observed at THE
simultaneously with onset of pseudobreakup at
~18:08:30-18:10 UT. In this time, the THE spacecraft
observed also:

(i) the cutoff energy of electrons increases from ~ 3
keV to ~ 20 keV,

(if) the injection of more energetic (>20 keV)
electrons, and

(iii) the movement of the current dje in tailward
direction, which is a signature of the second type D2.

5. Summary of observations

Two spacecraft observations separated prevalently in X
(fast flow direction) described different types of
dipolarization and different states of magnetospheric
plasma at 9-10.5 Re observed on November 14, 2014.
We note four states in the vicinity of the satellites. The
first state corresponds to the outer region with stretched
magnetic field lines, the earthward BBFs, the
oscillations with the period of 40-60 s and weak
perturbation of the magnetic field of D1-type
[Nakamura et al., 2009]. The second state was observed
during the weak pseudobreakup, when small-scale
dipolarization occurred near the spacecraft. The third
state of plasma was characterized by the bulk flow
expansion in the azimuthal direction (westward). Second
and third states of plasma were observed in the braking
region at 9-10.5 Re. After large-scale dipolarization, the
fourth state corresponds to more dipolar magnetic field,
higher magnetic pressure, maximum values of electron
flux during substorm explosive phase.

Conclusions

According to presented observations in this paper, we

found:

e Some 4-minutes before the onset of pseudobreakup,
flapping motion occurs at X ~ -10 Re and a thinning
of the plasma sheet at X ~ -9 Re. It is can be
important for determination of the onset
mechanism.

e Appearance of brightening arc correspondent to the
beginning of the bulk flow expansion in the
azimuthal direction (westward), observed in the
braking region at 9-10.5 Re.

e The braking region was characterized by strong

magnetic field fluctuations, an oscillating thin
current layer, changes of Earthward flow direction,
and short tailward and earthward flow bursts (FBSs).

Thus, analysis of perturbations of fields and particle
flux in the midnight sector of the magnetosphere at 9-
10.5 Re, observed on November 14, 2014, shows that the
appearance of BBF at this event can stimulate the onset
of pseudobreakup (~5 min after Tr) and later (~20 min
after Ty) the substorm onset.
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VIRTUAL MAGNETOGRAMS — NEW TOOL FOR THE STUDY
OF GEOMAGNETIC RESPONSE TO THE SOLAR WIND/IMF DRIVING
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Abstract. Processes of the solar-wind/magnetosphere interaction are commonly monitored by magnetic records on
the ground. However, a serious drawback of the analysis of ground-based magnetograms is the inevitable variation of
the magnetic response due to continual changes of the station location. An ideal, but impossible, solution of this
difficulty that would help to discriminate temporal and spatial variations is the deployment of a “stationary”
observatory with a fixed position in the solar-magnetospheric coordinate system. The desired result can be obtained
with the proposed technique of “virtual magnetogram” (VM). This technique has been implemented for key
magnetospheric domains (midnight auroral and dayside cusp regions) as an additional tool for monitoring the response
of the geomagnetic field to solar wind and IMF forcing. VMs for a fixed reference system are reconstructed by 2D
fitting and interpolation of 1-min data from world-wide distributed magnetic stations. A wide range of space physics
studies, such as substorm physics, solar wind-ionosphere interaction, dayside-nightside coupling, sawtooth
oscillations, etc. will benefit from the introduction of the VMs. The database of calculated VMs, as well as
simultaneous interplanetary parameters and geomagnetic indices, are freely available via the site http://vm.gcras.ru/
for all interested researchers for testing and validation.

1. Introduction
The interaction between the solar wind (SW), interplanetary magnetic field (IMF), and the terrestrial magnetosphere
is the main driver of many processes occurring in the near-Earth environment. Progress in monitoring time-varying
processes in space physics is hampered by the lack of convenient tools for their analysis. A trend started in the
geomagnetism to transfer from the studying L2 data only (calibrated data from a single instrument) to examination of
L3 products (models based on data from global magnetometer array). An example of L3 products recently introduced
in the geomagnetism is new geomagnetic indices: SMU/SML/SME auroral electrojets strength
(http://supermag.jhuapl.edu), IMAGE electrojet indicators (http://space.fmi.fi/image/www/), ULF wave power
(http://ulf.gcras.ru) [Pilipenko et al., 2017], and global maps of geomagnetic disturbances [Weimer et al., 2010].
Images of processes of the SW/magnetosphere interaction can be monitored by time-series of magnetic records on
the ground. However, a serious drawback of the analysis of ground-based magnetograms is the inevitable variation of
the magnetic response due to continual changes of the station location regarding the direction of the SW flow. An
ideal, but impossible, solution of this difficulty would be the deployment of a “stationary” observatory with a fixed
position in the solar-magnetospheric coordinate system. This will help to discriminate temporal and spatial variations.
The desired result can be obtained with a “virtual" magnetometer suggested in this paper. A database of virtual
magnetograms (VMs) for the ionospheric projections of key magnetospheric domains, such as the dayside cusp and
midnight auroral oval, will facilitate enormously the quick-look analysis, event selection, and study of the ground
response to various space weather events. The VM database will be an effective and simple tool complementary to
advanced modeling technique for investigations of the ionospheric response to SW/IMF variations. Here we present
several examples of the VMs for some space weather events.

2. Algorithm of the Virtual Magnetogram Construction
VM for ionospheric projections of key magnetospheric domains with fixed latitude/MLT coordinates is reconstructed
from the data of world-wide array of magnetic stations: INTERMAGNET, Greenland Coastal Chains, MAGDAS,
MACCS, IMAGE, and CARISMA. A magnetic disturbance in a selected "virtual" site is reconstructed by 2D fitting
and interpolation of 1-min magnetograms from world-wide distributed magnetic stations. This algorithm has been
used to generate VMs at the following locations:

a) at noon (MLT=12) for cusp latitudes ®,=70°+10°;

b) at midnight (MLT=0) for auroral latitudes ®,=65°+5°;

The base line - a value at 00 UT for each day, has been subtracted from the raw data.

To estimate a magnetic disturbance in a pre-selected "virtual” site the algorithm of averaging with weight
coefficients has been used. From available observatories those are chosen that are within the pre-selected latitudinal
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range. Then, 3 nearest observatories to a given MLT are selected. Finally, the current VM amplitude Ao(t) is calculated
as follows

AfiAidi idi d2=\J(MLT, —MLT,)? + (0, — D, )?

where Ai={X,Y} is amplitude at "virtual" site (i), d; is the weight coefficient depending on the MLT/latitude difference
between the "virtual" site location and a particular station.

The reconstructed VMs are written in output ASCII files x_ddmmyy.mgn, y_ddmmyy.mgn, and plotted and saved
in graphic file. To facilitate an analysis, besides two VMs for noon and midnight, the SW/IMF parameters, and
geomagnetic indices (SYMH, AE, PC) are added and plotted. VMs have been calculated separately for the Northern
and Southern hemispheres.

3. Examples of VM for various space weather events
As a validation test, the derived VMs have been presented, on a case by case basis, for the following types of the space
weather events:

- substorm activations during a magnetic storm;

- the response of the dayside near-cusp ionosphere current system to IMF variations;

- sawtooth oscillations.
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Figure 1. The space weather parameters (Np, IMF By, IMF  System to IMF variations

Bz, PCN/PCS indices, AE-index, SYMH-index, and the EXtensive studies with global arrays of
midnight ~ virtual magnetograms ~ (X-component) of ~ Magnetometers involved showed that dayside
geomagnetic response for the Northern (® = 65°+5°, blue line) ~ ionospheric convection and current systems at
and Southern (& = -(65°+5°), red line) hemispheres during the ~ Ni9N latitudes are driven by the IMF variations.

storm main phase 04-24 UT, March 17, 2015. All substorm Th_is effect can be clearly seen with \./M technigue
activations are marked by numbers. (Fig. 2) for the event of April 27, 1995.
Comparison of IMF Bz variations with the VM (X-

component) at noon confirms that the dayside
high-latitude ionospheric convection and magnetic response are indeed controlled by quasi-periodic variations of the
IMF (bottom panel).
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Figure 2. VM technique for the event 1995/04/27. The space weather parameters: Np, IMF Bz, PCS index, AE-
index, and SYMH-index are given in panels 1-5. The noon VM (X-component) of geomagnetic response for the
Southern (® = -(80°+10°), red line) hemisphere is shown in 6-th panel. Comparison of the smoothed IMF Bz
variations with the noon VM has been added at the bottom panel.

3.3. Sawtooth event

Besides substorms, the magnetosphere response modes include sawtooth events, which share common features with
isolated substorms. A sawtooth event consists of a series of gradual decrease and rapid increases in energetic particle
flux at geosynchronous orbit (i.e., particle injections), while an isolated substorm has one variation cycle. In fact,
sawtooth oscillations are a sequence of storm-time substorms, when nearly simultaneous energetic particle flux
enhancements and magnetic field variations occur at all MLTs for each sawtooth cycle. It was suggested that the
sawtooth oscillations are directly driven by series of SW pressure enhancements, whereas even a modest dynamic
pressure enhancement can result in significant changes in the magnetosphere when the IMF stays strongly southward
for a long interval [Lee et al., 2004]. Alternatively, it was suggested that the sawtooth oscillations are a repetitive
internal magnetospheric response with an intrinsic occurrence periodicity of 2—3 hours to sustained enhanced SW
energy input.

The standard plot from the VM database for the event of Oct. 14, 2000 (Fig. 3) clearly reveals the quasi-periodic
character of the nightside magnetosphere response during this sawtooth event. An analysis of one combined VM is
far more easy than the standard analysis of numerous magnetograms from a global array of stations with unavoidable
time-space ambiguity.

Conclusion

We have developed a provisional database (of L3-type) of "virtual” 1-min magnetograms for two fixed locations:
noon and midnight meridian at typical cusp and auroral latitudes, using the data from worldwide magnetometers.
Several examples demonstrated here are intended to demonstrate that the usage of pre-calculated VMs significantly
facilitates the quick-look selected and analysis of space weather events. This technique might be useful to reveal a
quasi-periodic response to IMF/SW discontinuities [Murr and Hughes, 2001], dayside-nightside coupling [Pilipenko
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et al., 1998], triggering and precursors of substorms [Yagova et al., 2000], sawtooth events [Lee et al., 2004], etc. In
particular, the VM technique provides a possibility to reveal more fine structures of substorm evolution than ordinary
AE or PC indices. Here we deliberately do not discuss any physical conclusions, because our main goal is to present
new tool for the event selection and analysis, and to discuss its possible application with geophysical community.
Database of VM is uploaded for validation and testing to the site http://vm.gcras.ru/. Any comments, suggestions, and
criticism are welcomed.
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Figure 3. The standard plot of VM showing the basic space weather parameters: Np, IMF By, IMF Bz, PCN index,
AE-index, SYMH-index, and the midnight VMs (X- and Y-components) of geomagnetic response for the Northern
(®=65°+5°, blue line) hemispheres during the sawtooth event of Oct. 14, 2000.
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Abstract. Influence of impulsive magnetosphere disturbances such irregular Pi3 pulsations embedded into substorms
on geomagnetically induced currents (GIC) has been considered for the geomagnetic storm 27-29 June 2013. GIC
were registered in electric power lines of Kola Peninsula and Karelia by the system of Polar Geophysical Institute and
Kola Scientific Center. Geomagnetic field variability was examined using data from the IMAGE magnetometer array.
We have confirmed that during the considered impulsive events the ionospheric currents fluctuate in both the East-
West and North-South directions, and they do induce GIC in latitudinally extended electric power line. Contrary to
classic point of view it is found for some events that noticeable GIC can better correlate with geomagnetic field
variations B than with its derivate dB/dt. A relative contribution into GIC variations by temporal variations of the
geomagnetic field and by spatial variations of the vortex-like ionosphere current structures has been examined.

1. Introduction

One of the most significant factors of space weather for terrestrial technological systems is geomagnetically induced
currents (GICs) in conductor systems caused by abrupt changes of the geomagnetic field [Lanzerotti, 2001]. GICs
associated with great magnetic disturbances were found to be dangerous for various technological systems, causing
malfunction of railway equipment, disruption of ground and transatlantic communication cables, deleterious impacts
on telephone lines, and reduction of the lifetime of pipelines [Pirjola et al., 2005].

GIC are often modeled as fluctuations of intensity of the East-West auroral electrojet producing telluric currents
in the longitudinal direction [Boteler et al., 1998]. On the basis of these notions, it is commonly supposed that
geomagnetic disturbances are most dangerous for technological systems (like power lines, and oil/gas pipe lines)
extended in the longitudinal direction. However, it was found that fast small-scale ionospheric current structures can
provide a significant contribution to rapid geomagnetic field variations, responsible for GIC generation [Viljanen et
al., 2001; Belakhovsky et al., 2018; Belakhovsky et al., 2017]. Thus, to characterize the geomagnetic field variability
one needs finer characteristics than the widely used time derivative of the X-component (North-South) of the
geomagnetic field dX/dt. It is still tempting to find an adequate tool to reveal the temporal-spatial features of
geomagnetic field variations most relevant to the GIC generation.

Here we consider the contribution of geomagnetic disturbances to the rapid growth of the GIC in electric power
lines of Kola Peninsula and Karelia for the 27-29 June 2013 geomagnetic storm. During this event the GIC reach the
maximum value for the whole history of observations in this registration system.

2. Data and methods

A system to monitor the impact of GIC on power lines was deployed in 2010 in the Kola Peninsula and Karelia by the
Polar Geophysical Institute and the Center for Physical and Technical Problems of North's Energetic. The system
consists of 4 stations at 330 kV power line and a station at the 110 kV power line. Each station records a quasi-DC
current in the dead-grounded neutral of the transformer.

The variations of the geomagnetic field were measured by IMAGE magnetometers with 10-sec time resolution.
For an array of magnetometers oriented along a geomagnetic meridian, the vector diagram method can be applied.
The Finnish Meteorological Institute provides the online (http://space.fmi.fi/image/beta/) capability to compute and
visualize 2D ionospheric equivalent current vectors from the IMAGE magnetometers. For the equivalent current
modeling, the method of spherical elementary current systems has been used [Amm & Viljanen, 1999]. The method is
based on the fact that the horizontal ionospheric currents can be divided into divergence-free and curl-free
components. The curl-free horizontal currents close the field-aligned currents linking the upper atmosphere with
magnetospheric processes. The technique determines the divergence-free component of the equivalent ionospheric
currents (which roughly describes the distribution of ionospheric Hall currents) from ground-based magnetometer data.

26



Irregular geomagnetic disturbances embedded into substorms as a cause of induced currents in electric power lines

3. GIC event induced by Pi3 pulsations on 28-29 June 2013

As an example, we consider the magnetic storm on 27-29 June, 2013 that was initiated by an interplanetary shock
arrival at ~15:00 UT on 27 June. The IMF Bz fluctuated around 0, but after ~08:00 UT on 28 June, IMF Bz gradually
turned southward (<0) and remained steady at about -10 nT until ~12:00 UT on 29 June. This produced driving of the
magnetosphere into a magnetic storm, during which geomagnetic indices reached maximal values of |Dst| ~120 nT
and AE~1000 nT.

This period coincided with a period of maximum of magnetic bay magnitude at the IMAGE magnetic stations
(Fig. 1). The magnetic bay was observed only in the X-component. During the period of maximal magnetic
disturbance, intense Pi3 pulsations were superposed on the magnetic bay. These pulsations are not quasi-sinusoidal
waves like typical Pc5 pulsations; they are rather quasi-periodic sequences of magnetic impulses. The time scale of
these oscillations varies from ~20 min at lower latitudes up to ~10 min at higher latitudes. During the maximal
geomagnetic disturbance (at the minimum of the magnetic bay), a burst of magnetospheric energetic electron
precipitation occurred, as evident from intense irregular variations of riometer absorption (up to ~50%) at SOD (Fig. 1).

During this substorm extremely high values of GIC were recorded (up to ~120 A per node) at station VKH, from
~01:00 to ~03:00 UT on 29 Jun. 2013 (Fig. 2).
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Figure 1. X-component of geomagnetic fields at the Figure 2. GIC data at stations VKH, RVD, LKH, and
latitudinal array of stations NOR-IVA-SOD-OUJ between KND between 20 UT on 28 Jun. and 09 UT on 29 Jun.
20 UT on 28 Jun. 2013 and 09 UT on 29 Jun. 2013; Geomagnetic coordinates are shown near station
riometer absorption at station SOD; Dst index. codes.

Geomagnetic latitudes are indicated near the station codes.

During the magnetic storm the magnetic disturbance gradually increased and then slowly decayed, and was mainly
oriented in the X-direction. However, during the maximal disturbance magnetic variations became more chaotic.
Comparison of the magnitude of magnetic disturbances AX and AY with amplitudes of time derivatives |[dX/dt], [dY/dt|
(Fig. 3) shows that though the magnetic disturbance was much larger in the X-component than in the Y-component,
|AX[>>]AY|, the time derivative |dY/dt|>600 nT/min was larger than the time derivative |dX/dt[>500 nT/min. Therefore,
variations of both horizontal components provided a similar contribution to the increase of |dB/dt|. Magnetic field
variations are composed from time variations and variations caused by fast azimuthal drift of Pi3 structures. The vector
diagrams of ionospheric current variations for the period between 12:00 UT on 28 June and 12:00 UT on 29 June (Fig.
4.) with time cadence 1 min show that the Pi3 pulsations were a sequence of localized vortex-like structures.

The method of 2D equivalent currents reveals the formation of the vortex-like intensifications during the growth
of GIC with epicenter at 66°-67° geomagnetic latitudes, i.e. under the Kola Peninsula (Fig. 5).

According to the electromagnetic induction low the GIC should be proportional time derivate dB/dt of
geomagnetic field variations. But in considered case the GIC intensity better correlate to the geomagnetic field
variations B than with dB/dt (Fig. 6). It is seen from the visual inspection of the magnetograms. For the time interval
01.00-04.00 UT the correlation coefficient is following R (lgic - Hx)=0.7, R (lcic— Hy)=0.3, R (lgic — dHx/dt)=0.05,

27



V.A. Pilipenko et al.

R (lgic — dHy/dt)=0.003. The spectrum analysis for the time interval 00.30-04.40 UT shows the presence of the
common peak at 1.2 mHz (Fig. 7). The dHx/dt, dHy/dt shows presence a lot of other frequencies. So, we suppose that
these extreme values are caused not only by the temporal variations of the B but also spatial variations of the vortex-
like ionosphere current systems.
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Figure 3. Comparison between GIC amplitudes, time  Figure 4. Vector diagrams of 1-min equivalent
derivatives |dX/dt| and [dY/dt| [n'T/min], and AX and AY  ionospheric currents corresponding to Pi3
components of geomagnetic field [104nT] at nearby stations  pulsations for the period June 28, 12 UT - June 29,
VKH and LOZ between 20 UT on 28 Jun. 2013 and 09 UT 12 UT with time cadence 1 min.
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Figure 5. The 2D model of equivalent ionosphere currents constructed from the IMAGE magnetometer data for
the 29 June 2013 at 01.25 UT (left) and 02.10 UT (right).

28



Irregular geomagnetic disturbances embedded into substorms as a cause of induced currents in electric power lines

29 June 2013, 00.30-04.40 UT
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dY/dt at LOZ station.

4. Conclusions

At auroral latitudes, the large-scale structure of the X-component of the disturbed geomagnetic field is mainly
determined by the ionospheric East-West electrojet. In smaller regional scales, weaker but rapidly varying localized
vortex-like current systems are superposed on the electrojet. These current structures produce intense GICs, as
observed by the recording system of the power lines in the Kola Peninsula.

A quasi-periodic sequence of localized vortex-like structures observed by magnetometers as Pi3 pulsations
produces very high values of GIC (up to ~120 A) for the 28-29 June 2013.The night-side solitary vortices observed
as magnetic pulses with large amplitudes superposed on the substorm-related magnetic bay. These results have
confirmed that GIC cannot be modeled by a simple model of the extended ionospheric current and dictate the necessity
to take into account superposed localized vortex-like current systems. Large GIC values may be caused not only by
the temporal variations of the B but also spatial variations of the vortex-like current systems.
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BJIUAHUE CKOPOCTH U IIVIOTHOCTH NNIJIAZMbI COJTHEYHOT' O
BETPA HA HHTEHCUBHOCTB U30JIMPOBAHHBIX
MATHUTOC®EPHbBIX CYBBYPb

B.I". Bopo6ses!, O.U. droakunal, E.E. AuToHOBa?

'\®I'BEHY “Honapuwiii ceogpuszuveckuti uncmumym”, 2. Anamumol (Mypmanckas o61.)
°Hayuno-uccredosamenvckuti uncmunym soepnoti gpuzuxu umenu JI.B. Crobenvyvina Mockoécko2o
2ocyoapcmeerHo2o yHusepcumema umenu M.B. Jlomonocosa, 2. Mockea

AHHOTaus. Uccnenosansl napamerpsl MMII 1 I71a3Mbl COTHEYHOTO BETPA B MEPUOIBI 163 U30IMPOBAHHBIX CyOOYpPb.
TToxazano, uto ckopocts (V) u motHocTh (N) MIa3Mbl COJIHEYHOTO BETPa OCTAOTCS MIPUMEPHO ITOCTOSIHHBIMHU B TEUEHHE,
o KpalHel Mepe, TpeX 4acoB 10 Havama (a3sl pa3BUTHs H30IUpoBaHHOU cy00ypu (7,) u ogHoro 4yaca nocie T,. [To Bcemy
MAacCHBY JIaHHBIX CKOPOCTb COJTHEUHOI'O BETPA [I0KA3bIBAET YCTONUUBYIO TEHICHIIUIO K AHTUKOPPEIALHH C €T0 INIOTHOCTHIO.
Opnnako, ecnu 3HaueHns V 1 N paccMaTpuBaTh B 3aBICUMOCTH OT HHTEHCUBHOCTH HaOMIOAaeMBIX B 9TOT MEPUOA CYOOYpB,
TO ¢ pocToM BetnuuHbl AL nHIekca B MakcuMyMe cy00ypu Habmogaercs ysenudenue yposHeii V, N u P, Ha ¢poHe KoTopsIx
3TH cy00ypu mosiBisitoTcs. OOHAPY)KEHO, YTO POCT BEIMYHMHBI TUHAMHUYECKOTO NaBiicHHs (P) MPUBOIUT K YBEIUYCHHUIO
SHEPIUU 3arpy3Ku, HeoOX0AUMOH I reHepanuu cyo0yps. Takas B3aMMOCBsI3b Mex1y P u 3HaueHUsIMHU GyHKIMH Ex u
d&/dt orcyrcTByet B Apyrue, NpOU3BOIBHO BeIOpaHHbBIC reproapl. CenaH BRIBO, YTO €le 10 Hadana (has3bl 3apOkKICHHS
cy00ypu B pe3yibTaTe IPOLECCOB, COIYTCTBYIOLINX YBEIUUMBAIOIIEMYCS JUHAMUYECKOMY JaBJIE€HHIO COJHEUHOIo BETpa,
B MarHutocgepe GopMUPYIOTCS YCIOBUS BCe Oouiee 3aTpyAHSIONIE TeHepaluio cyooyps. B Takom ciyuae, yem Gosnblie P,
TeM OOJIbIIIe SHEPTHH COJHEYHOTO BETpa JOJDKHO MOCTYIHTHh B MarHUTOc(epy 3emiau B meprol (Gas3bl 3aposKIeHHs IS
reHepanuu cy60ypu. BriocnenctBun 3ta sHeprus OyAeT BBLIEJATHCS B HEepHoA (a3bl pa3BUTHUS CyOOypu, co3laBas Bce
0oJiee MHTEHCUBHBIE MaTHUTHBIE OYXTHI.

1. BBenenne

Konnenmnus knmaccuueckoit cy00ypH npearoaraeT HakOIUIEHHE SHEPTHH COJTHEYHOTO BeTpa B MarHuTochepe 3emin
W 3aTeM BHE3alHOe BBICBOOOXKICHHE 3TOM BHEPruM B Iepuoi (as3bl pa3BUTHI cyOOypH, Hadalo KOTOPOH B
nmaneHeimem Oynem o0Oo3Hauath kak 7,. Hauamy asel pa3BuTHS W30IUpPOBAaHHEIX CyOOyph MpemmecTByeT (asa
sapoxaenust [McPherron, 1970], mosiBjieHHe KOTOPO# OOBIYHO CBA3BIBAIOT C MOBOPOTOM Ha 1Or Bz KOMIIOHEHTHI
MEXIUTaHeTHOTo MarHuTtHoro mons (MMII). J[lnurensHOoCcTh a3el  3apoxaeHHs cyOO0ypH pasIMdHBIMU
uccleoBaTes MU olleHuBaeTcsi B uHTepBaje 0.5-2 4. a3y 3apoxaeHus cyoO0ypH MOXKHO paccMaTpHBaTh Kak
BPEMEHHOW HMHTEPBaJ, B TEUEHHE KOTOPOro MarHurochepa 3emMil «3arpyKaercs» SHEeprueil COJHEYHOro BeTpa.
I'mnoTeza o HaMMUMM Tepe HadaaoM cyO0ypH «da3bl 3arpy3Ku» IOATBEPKIAETCS MHOTHMH TEOPETHYECKUMH M
IKCIIEPUMEHTAJILHBIMU HCCIIEI0BAHUSIMU

HecMoTpst Ha MHOTOUMCIICHHBIC HCCIIEAOBAHUS, BBIIOJIHEHHBIC B TOCIEAHUE JIECSATHIICTHS, MHOTHE Ba)KHBIC
npoOsieMbl (U3MKH MarHUTOC(HEpHBIX CyOOYpb OCTAlOTCS HEPEIICHHBIMH. JTO CBSI3aHO C TEM, YTO PE3YJIbTAaTh
WCCIIEJIOBaHNH, BBITIOJIHEHHBIX Pa3IMYHBIMU aBTOPAMH, HE BCETAa OJHO3HAYHBI, A 3a4aCTYI0 U IPOTHBOpEYar JIpyr
npyry. MHTeHCHBHOCTE Cy00yph MEHsIETCS B IMPOKUX npezenax. [1o BennunHe AL nHnexca MarHUTHOH aKTHBHOCTH
9TOT MHTEPBAJ MOXKET COCTABIIATH OT HECKOJIBKUX COTEH JI0 HECKOJIKUX ThICSY HT1. dyHAaMeHTaBHBIN BOIPOC O
TOM, Kakoil (akTop KOHTPOJIUPYET UHTEHCUBHOCTh CYyOOYpb, OCTa€TCs JI0 CHX MOP OTKPHITBIM. HecoMHEHHO, 4TO
MCTOYHHMKOM JHEPTHUH MarHUTOC(hEepHBIX CyOOYpb SIBIISETCS IIa3Ma COJIHEYHOTO BETPa U MEXKIUIAHETHOE MarHUTHOE
nosnie. TpagummonHo, Hanboee d3¢hHeKTUBHOHN A1 TeHepalu cyoOyps cuntaercss Bz kommoneara MMII. CxopocTh
(V, km/c) 1 mnotHocTh masmbl (N, cM™3) conHeuHOro BeTpa c1abo MEHAIOTCS Ha BPEMEHHBIX MaciuTabax cyo0ypH,
MOATOMY 3TH TapaMeTpbl OOBIYHO HE PACCMAaTPUBAIOTCS KaK CaMOCTOSITEJbHbIE HCTOYHHKH SHEPTUH CyOOypeBbIX
BO3MYILICHHU.

B Hacrosie#t paboTe BBIABUHYTA THIIOTE3a, YTO KOJMUYECTBECHHBIC XaPaKTEPUCTUKH IIa3Mbl COJIHEYHOTO BETpa
eme 10 Havyana (asel 3apokIeHus cyOOypu mpuBOIAT K (opMHpoBaHHMIO B Marutocdepe 3eMin Takoro
PaBHOBECHOTO COCTOSIHHSA, KOTOPO€ B 3HAUMTEIBHOW Mepe OyAeT ONpeleNsiTh WHTEHCHBHOCTh T'€HEpHPYEMOro
BIIOCJICICTBUM MarHUTOC()EpHOTO BO3MYILEHHsI. B 3TOl CBsI3U B paboTe OyAeT MCCIIe0BaHO TIOBEICHUE KOMIIOHEHT
MMII, ckopoctu (V), wrotHoctu (N) m guHAMHUYeckoro naBieHus (P) IDIa3Mbl COJHEYHOTO BETPa B IEPHOMIBI
perucTpanuy U30JIMPOBAHHBIX cyOOyph pa3sHOM MHTEHCHBHOCTH M OIpE/AEIeHa B3aUMOCBS3b BEJIMYNH ITapaMeTPOB
COJTHEYHOTO BeTpa ¢ ypoBHeM AL mHIeKkca B MakcuMyMe cyo0ypH.

2. Ucnonb3yemMble JaHHBIE
B pabore mpoBemeH aHanmM3 HW30JIMPOBAHHBIX CyOOyph, CIHCOK KOTOPHIX OMyOJHMKOBaH IO  aapecy
http://pgia.ru/lang/en/data. s BblaeneHus M30IMPOBAHHBIX CYOOyph OBUIM HCIONB30BaHbI CYTOYHBIC BapHALMU
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(http://wdc.kugi.kyoto-u.ac.jp/) u 1-mun mdpossie 3naueHus (http://cdaweb.gsfc.nasa.gov/) AL nraexca MarHuTHOM
aKTUBHOCTH 3a Bce 3UMHHE ce30HBI 1995-2013 rr. AnropuT™m, 1Mo KOTOpoMy HIPOBOIMICS 0TOOp CyOOyph, I€TaIBEHO
u3J0XKeH B pabore [Bopobves u Op., 2018]. 3mech MBI OTMETHM, YTO K M30JIMPOBAHHBIM OTHOCHJINICH TOJNBKO TE
cyO0ypH, KOTOpBIe OBUIH OTIENCHBI OT APYTHX BOSMYIICHHI HHTEPBAJIOM HE MEHee 3-X 4acoB.

IMapamerpst MMII 1 11a3Mbl COTHEYHOTO BeTpa GBUTH B3sThI M3 6a3sl OMNIWeb (http://cdaweb.gsfc.nasa.gov/).
B crmcok H30IMpoBaHHEIX Cy00Yph BHOCHIINCEH TOJBKO Te COOBITHS, 11 KOTOPBIX B qaHHBIX OMNI oTcyTCcTBOBaMM
pa3psIBel, npeBsimatontre 10 muH. Takum o0pa3zom, B 00muii criucok Bonutd 163 cy00ypu pa3HON MHTEHCHBHOCTH.

3. YcaoBus reHepanum cyo0ypb pa3Hoii HHTEHCHBHOCTH

[To Bemmumuae AL mHIekca B MakCMMyMe BO3MYIIEHHs Bce CyOOypu ObUIM pasjielieHbl Ha TPU TPYIIBL: ciadble
cy00ypu ¢ UWHTEHCHBHOCTBIO B MakcuMyMme |ALmax|<300 ©Tn, cy00ypm cpennedt wuHTeHcHBHOCTH 300
HTI<|ALmax|<600 #Tn u cunpable cy00ypH |ALmax/>600 HTI. Ha pumc. 1 mokazaHpl cpegHedacoBbIC 3HAYCHUS
apaMeTpOB COTHEYHOTO BETpa M MHIICKCOB MArHUTHOM aKTHBHOCTH 3a 1 gac (kpuBas 1), 3a 2 gaca (kpuBas 2) 1 3a 3
gaca (kpuBas 3) mo Hawanma (assl pazButus cyooypu 7,. Ilo ropm3zoHTanbHOW ocH TpaduK MPEACTABICH TPEMs
TOYKaMH, COOTBETCTBYIOIIUMHE CPETHIM 3HAUCHUSIM CyO0yph c1aboi, cpenHeil u O0IBIIOi HHTEHCHBHOCTH.

a 7 6 2

WV, kmic N, cm SYM/H, HTR PC
500 10 0 15

450 3

T T T T 1T T T 1 T 1 T T T T 1T T T 1T T "1

] 200 400 800 800 1000 a 200 400 800 8O0 1000 a 200 400 800 800 1000 L] 200 <400 800 800D 1000
|AL]. WTh |AL]. vTR 1ALl 1Th ALl HTR

Pucynok 1. Cpenneuacosbie 3Ha4eHus ckopoctu (V) u motaocTr (N) colHeuHOTo Betpa, a Tak e SYM/H u PC

MHJIEKCOB MATHUTHON aKTUBHOCTH 3a 4ac (kpuBas 1), 3a 2 yaca (kpuBas 2) u 3a 3uaca (kpuBas 3) 10 Havana ¢as3bl

pasButus (7,) cnadbIX, CpeIHUX M CHIIBHBIX CYOOYPb.

Kpuerie 1, 2, u 3 Ha puc. la u 16 ¢paxTHyecku COBMAAAIOT, YTO CBHUACTENHCTBYET O TOM, 4To V U N oueHb
HE3HAYMTEJILHO M3MEHSIOTCS B 3-X YacOBOM HMHTepBalle /10 Hadana cy0Oypu. Ha puc. 1¢ u 1z nmokasansl cpeqane
snauennss SYM/H u PC wungexcoB. Baxno oTmeruTh, 4T0 0OJ€e BBICOKHE YPOBHHM, MMOKa3aHHBIX Ha puc. 1
IIapaMeTpoB, COOTBETCTBYIOT 00Jiee CHIIbHBIM M30JMPOBAaHHBIM CyOOypsM. Takas TeHIEHIUS cCOXpaHsIETCsl BO BCE
BpPEMEHHbIE MHTEpBaNbI U Jaxe 3a 3 4yaca 10 T,. [ns cinabbix cy00ypbh CKOPOCTh COJIHEUHOT'O BETpa HE MPEBbILIAET
400 xm/c, B TO BpeMs I CHILHBIX cy60yps V> 450 km/c. CpenHss IIOTHOCTb COJIHEYHOrO BETPA COCTaBIAeT ~6 cM™
1 ~9 cm 3 s c1abbIX M CHIIBHBIX CyOOYpPB, COOTBETCTBEHHO. Cllabble cy60ypu noseistores pu SYM/H ~ -4 T, PC
~ 0.5, B TO BpeMst KaKk CHIIbHBIM Cy6OypsiM cooTBeTCTBYIOT 3HaueHust SYM/H ~ -16 T, PC ~ 1.0 u Gosnee.

BaxxHO 0TMETUTS, YTO, IPE/ICTABIIEHHBIE HA pUC. 1a U 16 naHHBIE CBUAECTEILCTBYIOT O TOM, YTO Cy0OypH Oonbiieit
WHTEHCUBHOCTH PETHCTPUPYIOTCS Ha ()OHE BCE BO3pACTAIONIMX 3HAUYCHWH KaK CKOPOCTH, TaK M IUIOTHOCTH, a,
CJIEI0BATEIILHO, M JMHAMHUYIECKOTO JIABIICHUSI IIa3Mbl COJTHEYHOTO BETpa. XOPOIIO U3BECTHO, YTO BEJTMIHHA CKOPOCTH
COJIHEYHOT'O BETPa UMEET TCHJICHIIMIO YMEHBIIATHCS C POCTOM IUIOTHOCTH IIa3Mbl. Tak BBICOKOCKOPOCTHBIE TIOTOKH
COJIHEYHOTO BETPpa OT KOPOHAIBHBIX ABIP UMEIOT HU3KYIO IUIOTHOCTb, B TO K€ BPEMsI IJIOTHBIE IOTOKH COJTHEYHOTO
BeTpa B 00s1acTu rearocepHOro TOKOBOTO CIIOS MMEIOT OTHOCHTEIBHO HU3KHE CKOPOCTH. B Hammx coOBITHAX 3Ty
TEHJICHIIUIO WUTIOCTPUPYIOT pUc. 2a U 26. Ha pucyHkax ucnosnb3oBaHsl cpepnue 3HaueHus V u N, Habmonaemble 3a
19 no momenta 7T, (puc. 2a) u 1 1 nocne 7, (puc. 26). CrulomHsle JIMHAA COOTBETCTBYET YPaBHEHUSAM JTHHEWHON
perpeccun. JIOBOJIBHO YETKO MPOCIEKUBAETCS TEHACHINS K YMEHBIICHHUIO IUIOTHOCTH TUIA3MBI TT0 MEPEe YBETIHMUCHHS
CKOPOCTH COJTHEYHOTO BETPA.

OpnHako cutyanust nHast, ecnu 3HaueHnsd V u N paccMaTpuBaTh B 3aBUCHMOCTH OT HHTEHCUBHOCTH HaOJII01aeMBIX
B 3TOT mepuox cyo0yps (puc. 26,2). C poctom BenmunHbl AL B Makcumyme cy0Oypu HaOIOgaeTcsl yBEeIHMUEHHE
YpOBHEH, Kak CKOPOCTH, TaK M IUIOTHOCTH COJIHEYHOTO BeTpa, Ha ()OHE KOTOPBIX 3TH CYOOYpH MOSBISIOTCS.
CrutomHele JMHUM Ha PUCYHKax COOTBETCTBYIOT JMaHHBIM no V u N, ycpennenHeM 3a 1 4 no momenra 7,, a
mTPUXOBEIC - 32 14 mociue T,. CIUTONIHbIE W MITPUXOBBIC IUHUU HA PUC. 20 U 26 OYEHb OJIM3KH APYT K APYTY. ITO
CBUJIETENIBCTBYET O TOM, YTO BEIMYMHBI CKOPOCTH U INIOTHOCTH COJIHEYHOTO BETPA HE3HAYMTEIILHO M3MEHSIOTCS B
nieproz (a3bl pa3BUTHS CyOOypH 1O CPaBHEHHIO C UX YPOBHEM B Iepr o]l (asbl 3aposkaeHHS.

4. Kak njia3mMa coJIHe4YHOI'0 BeTPa KOHTPOJIUPYeT HHTEHCUBHOCTH cy00yphb

OCHOBHBIE pe3yJIbTaThl MPEbIIYIIEro pa3/elia, Ha KOTOPbIE XOTeNoch Obl 00paTuTh 0c000€ BHUMAHUE, CIEIYIOIINE.
Cropocth (V) um tuotHocTh Twiazmbl (N) COJHEYHOro BeTpa OCTAIOTCSA TPUMEPHO TOCTOSHHBIMH B TEUCHUE
JUIMTEIBHOIO MHTEPBAJIa BPEMEHH, 110 KpaifHe# Mepe, B TeUeHHe TPEX YacoB JI0 Havaia (assl passurus cyooypu (7o)
u oxHoro 4aca mocie T,. C yBenndenneM ypoBHs V u N HaOIrOAa€TCS pOCT HHTEHCUBHOCTH TEHEPUPYEMBIX B OTH
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neproabl MarHuTtoc(epHbIX cyOoO0ypb. IlomydeHHBIE pe3ynbTaThl MO3BOJIIOT CAETATH IIPEIIOJIOKEHUE, YTO
KOJIMYECTBEHHBIC XapaKTePUCTUKH IUIa3MbI COTHEYHOTO BETpa elle 10 Havyaia (asbl 3apoxkKICHUS CyOOypH co30ar0T
B MarHuTOC(hepe 3eMIIH TaKoe PAaBHOBECHOE COCTOSIHUE, KOTOPOE B 3HAYUTEIBEHOM Mepe onpesiesieT HHTEHCHBHOCTD
TEHEPHPYEMOT0  BIOCIEACTBHM MarHWToc)epHOrO0 BO3MYILIEHHUS. boiiee TOoro, Mbl mpeamnonaraeM, 49ro
yBenmunBatomuecss 3HadeHns V U N mpuBomaT B MarHuTochepe 3emim K (OpPMHPOBAHUIO YCIOBHH Bce Ooree
3aTPYOHAIONNX TeHepamuio cyoO0yps. BcememcTBue 3Toro, Wem OOJbIIe CKOPOCTh W/WIHM IUIOTHOCTH IUIA3MBI
COJTHEYHOTO BETPa, TeM OOJBINE €T0 SHEPTHH JOJDKHO OBITh «3arpyKeHO» B MarHuTocdepy 3eMid B Imepruo (assl
3apoXKICHUS sl TeHepauun cyOOypu. BriocnenctBuu 3ta sHeprust OyneT BBILIENATHCS B MEepHOJ (a3bl pa3BUTHUS
cy00ypH, co3aBast Bce Ooyee MHTEHCHBHBIC MAaTHUTHBIE OYXTHI.

a 7 6 2

N, cm3 N, cm3 N, cm?3
20 — 20 — 12 —

|
0 400 800 1200 0 400 800 1200

V, km/c V, km/c |AL|, HTR [AL], HTn

PucyHok 2. B3auMoCBsI3b MEX/y IUIOTHOCTBIO U CKOPOCTBIO cosiHeuHOro Betpa 3a 1 4 10 7, (@) u 1 4 mocne Ty, (0).
Cpennue 3HaueHHs IUIOTHOCTH (8) M CKOPOCTH (2) CONHEYHOTO BeTpa Ui cyOOyph pa3HOW WHTEHCHUBHOCTH.
Cnaownvle nunuy — 3a 9ac 10 To, wmpuxossie aunuy — 3a 4ac mnocie 7,. JlaHHbIe ycpeqHeHsl B nHTepBanax AL mo
200 HTn, saunaasg ot 100 5T

B pabote [Bopobves u Op., 2016] ObuI0 MOKa3aHO, YTO MHTCHCHBHOCTH H30JMPOBAaHHBIX CyOOyph CHIBHO
KoppenupyeT ¢ anekTpudeckum nonem Kana-JIu [Kan, Lee, 1979] Ex =V-Br-sin®(©/2) u ¢ napamerpom Hbroenna
[Newell et al., 2007] d@/dt = V¥3-B1¥3-5in®? (6/2), rne Br=(By*+Bz%)Y? u 6= arctg(By/Bz). Jlns nenei HacTOAImIEro
MCCJIeIOBAHUS BaXKHO ONPEICIUTh HAJMYHMe KOPPEISLMOHHBIX CBSI3ed MEXAY 3THMH (YHKUUSIMH M HapaMeTpaMu
COJIHEYHOTO BeTpa. B mepByro ouepenp B aHAIU3 MBI BKIIOYHIN BEIMYMHY M 3Hak Bz xommonernTs MMII, koTOphIe
paccMaTpHBAKOTCS MHOTHMHE aBTOPaMHM Kak HanOoJjiee 3HaYUMBIe JUIs TeHepaluu cyo0yps.

Ha puc. 3 nmokaszana ckopocTs (a),

a o 6 IUIOTHOCTh (0) U JUHAMHYECKOE
V, kmic N, cm-3 P, Hla

500 — el 4o JaBieHue (8) COJNHEYHOTO BETpa
i OTHOCHUTEJIbHO BEJIMYMHBI M 3HAKA
. 0 3 - Bz KOMITOHEHTBI MMII.
00 ) 7 Hcnonb30Banuch cpeHeuacoBbIe
| { | 3HAYCHUS mapamMeTpoB
i 67 14 COJTHEYHOTO BETpa, YCPECIHCHHBIC
T 1 3a 1 4u 10 Hayajla KaxXIou
200 e B B 0= T 711 M30JIUpOBaHHON  cyOOypu. U3

4 0 -4 8 4 0 4 8 4 0o -4 g Bz Hn

pUCYHKa BHIHO, YTO CKOpPOCTB

Pucynok 3. CkopocTs (@), IIOTHOCTh (6) U IMHAMHYECKOE JaBlI€HUE (6)  COTHEYHOro BETpa  OCTAeTCH

COJIHEYHOTO BETpa B 3aBUCMMOCTH OT Bz xommonentel MMIL.  npumepHO Ha CBOEM CpeIHEM

Hcnonb30BaHbl CPEHEYACOBBIE 3HAUEHHE IAPAMETPOB COJHEYHOIO BETPA3a  ypoBHE HE3aBUCHUMO OT 3Haka Bz.

1 4 10 Hauana KaxJ0H W30JUPOBAHHOM CyOOypH. JlaHHBIE YCPEAHANNCh B A BOT C yBEIMYEHHEM INIOTHOCTH

nHTepBanax Bz mo 2 vTn. (N) m nuHAMHYECKOTrO [aBIICHHS

(P COJTHEYHOTO BeTpa

YBEJIMYHUBAIOTCS 3HAYCHUS 10)KHOM KoMoHeHTHI MMII, peructpupyemelie nepex HadaiaoM (asbl pa3BUTH CYyOOYpb.

BaXHOCTh BENMYHHBI CKOPOCTH COJHEYHOI'O BETPa, IMO-BUAMMOMY, 3aKJIOYACTCS B €€ SHEPreTUYeCKOM BKIIAJIE B
niepuo Gas3pl 3apOKICHHS, KaK OJJHOHM M3 COCTABJISIONIUX 3JIEKTPUICCKOTO OIS COJTHEYHOTO BETpa.

B3anMoCBs3b MEXIY BEIMYHHON 3arpy3Kd MarHUTOC(Ephl SHEPTHEH COJTHEYHOTO BETpa mepen HadaioMm (asbl
pa3BuTHA CyOOypH M JMHAMIYECKUM JaBIICHHEM COJTHEYHOTO BETpa JeMOHCTpHUPYeT puc. 4. Ha 3ToM pucyHKe, Kak u
Ha puC. 3, UCIOJNB30BaHbl JaHHBIC, YCPECIHECHHBIC 3a 14 0 Havana Kaxaod cyo0ypu. [lo ropusoHTampHOU ocH
OTJIO’)KEHO JTUHAMHYECKOE JIaBJIeHHE COMHEUHOTO BeTpa (P). Touku Ha rpadukax MOKa3bIBAIOT CPEIHUE 3HAYCHUSIM
ExL (puc. 4a) u d@/dt (puc. 46) B kaxaom untepsaie P mo 0.5 ulla. CIulomIHbIe JIHHUKA COOTBETCTBYIOT YPaBHEHHAM
THEHHON perpeccnn. OTpe3KH BEPTUKAIBHBIX JIMHUH MMOKA3bIBAIOT BEIMIUHY CPEIHEKBAIPATHIHOTO OTKIIOHEHHS.
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Puc. 4 nemoHCTpUpYET TOBOJILHO TECHYIO CBSI3b IMHAMUUECKOTO IaBJICHHS C BEIMYNHOM 3arpy3KH MarHuTocdepsl
SHEPTUel COIHEYHOT0 BeTpa. PoCT BeNMYMHBI IMHAMHYECKOTO aBJICHHS COTHEYHOTO BETPa IPHBOIHT K YBEITHYCHHIO
SHEPTHH 3arPpy3KH, He0OX0IUMOH s reHepanuu cyo0yps. KoapdumueHTs! Koppemsiiui 0 YCPeTHEHHBIM JaHHBIM
cocrapsitor = 0.91 u r=0.85 mis pyukuwii Ex. u d@/dt, coorBeTcTBEHHO.

Her ocHOBaHMIi mpeAmonaratk, YTo Takas TECHas CBA3b MEXTY JHHAMUYECKUM IaBICHHEM COJHEYHOTO BeTpa H
sHaueHusMH QyHKIHA Ex. 1 d@/dt moxker cymiecTBOBaTh M B APYTHE NMPOMU3BOJBLHO BHIOpAHHBIEC TEpHOABI. J[iis
corocTaBJIeHNsT ObUTH B3ATH aBa mMHTepBana: 10-19 mexabps 2000 r. u 10-19 mexadbps 2007 r. Mecsn nexaOpb
COOTBETCTBYET CepeAMHE 3UMHET0 neproaa, a roas: 2000 r. 1 2007 r. cCOOTBETCTBYIOT '0IaM MUHUMYMa U MaKCHUMyMa
COJIHEYHOU aKTHBHOCTH. J[JI1 3TMX MacCHBOB JaHHBIX OBUIN TOJIYYEHBI CIeAyIomune KOdQOUIMEHTH KOPPEISIUT: B
2000 r. r=0.23 u r=0.21, a 8 2007 r. r=0.49 u r=0.36 s byukuuii Ex. u d@/dt, coorBercTBeHHO. HU3kuii ypoBeHb
KO3 PHUIMEHTOB KOPPEIALMU CBUACTEIBCTBYET 00 OTCYTCTBUHM CBsI3M Mexay P u ¢yukumsamu Ex. u d@/dt. Tonbko
B NEPHOABI, MPEALISCTBYIOIINE MOMEHTY [,, JMHAMHUYECKOE JaBJCHUE COJHEYHOro BeTpa OyleT B 3HAYMTEIHHOM
CTETICHU ONPENeISTh SHEPTHIO 3arpy3KH, HEOOXOIMMYIO s TeHepaluu cyo0yps.

a 0

e 5. O0cy:kneHne pe3yJbTATOB, 3aKJII0UEHHE
x1033 — x10°12 — IIpoBeneno uccienosanue napamerpos MMII u
_ IJIa3Mbl  COJIHEYHOTO  BETpa B IEPHOJBI
2 | g | J. U30JMPOBAHHBIX ~ MarHUTOC(HEpHBIX  CyOOypb.
i ITokazano, ckopoctsb (V) u miaotHocTh (N) miazMbl
’ COJIHEYHOTO  BETpa  OCTAlOTCA  IIPUMEPHO
TIOCTOSTHHBIMH B TEUCHHME, 110 KpatHEH Mepe, Tpex
4yacoB 10 Hadana ¢a3el pa3BuTHsi cyooypu (71,) u
ogHoro yaca mocie 7,. B cpemHem, mo Bcemy
MacCHBY JAHHBIX CKOPOCTb COJHEYHOTO BETpa

PucyHok 4. Benmnuuna ¢pyukuuii Ex. u d@/dt B 3aBucuMocTH  TOKa3plBaeT  YCTOMUYMBYIO  TEHIOCHIMIO K

OT JIMHAMUYECKOrO IABICHUS COJHEYHOro BeTpa. TOYKM Ha  aHTUKOPPENSALMU C €ro IoTHocThio. Onnako,

rpadpukax - cpemuue 3HauenusM Ex. u d@/dt B kaxmom ecnmum 3HaueHus V u N paccmarpuBate B

untepaie P no 0.5 ulla. 3aBUCUMOCTH OT HUHTEHCUBHOCTH HAa0JII0Ia€MbIX B

3TOT Nepuoa cydb0yph, TO C pocToM BenndruHbl AL

MHJIEKCa B MakcUMyMme cyOOypu HaOIrolaeTcsi yBEJMUEHHE YPOBHEH, KaK CKOPOCTH, TaK W IUIOTHOCTH ILIa3MBI
COJIHEYHOT'O BETpa, Ha (DOHE KOTOPBIX 3TH CyOOypH HOSBIISIOTCS.

OOHapyXeHO, 4TO BEIWYMHA JWHAMHYECKOTO MJABICHHS COJHEYHOro BeTpa (P) OKas3bIBaeT CYIIECTBEHHOE
BIIMSIHUE HA SHEPIeTUYECKYIO 3arpy3Ky MarHuTocepsl, onpeaenieMyto Kak cpeHue 3HaueHus GyHkuunit Ex. u d@/dt
3a | 4 1o Havasa Qaspl pa3BUTHS Kax1oi cy0Oypu. PoCT BenM4MHBI AMHAMHUYECKOTO JABJICHHS COMPOBOXKAACTCS
YBEJIMUYEHUEM SHEPTHH 3arpy3kd, HEO0OXOOMMOW aisi reHepanuu cyO0Oypb. Takas B3auMocBsi3b Mexay P u
3HaYeHusMH Ex. n d@/dt oTcyTcTBYET B Apyrie NPOU3BOJIBHO BHIOPAHHBIE IEPHOIBI.

[MomyueHHsle pe3ynbTaThl AAOT OCHOBAaHHWE II0jlaraTh, YTO KOJMYECTBEHHBIE XapaKTEPUCTHKU IIIa3MBI
COJIHEYHOTO BeTpa A0 Hauana (a3bl 3apoxkIeHUsl cyOOypH co3ialoT B MarHutocdepe 3emim Takoe paBHOBECHOE
COCTOSIHME, KOTOpO€ B 3HAYMUTEIbHOW Mepe OINpeAessieT HMHTEHCHBHOCTh T€HEPUPYEMOTO BIIOCIIEJCTBUH
MarHutoc(epHOro BO3MyIleHHs. bosee Toro, B pe3yibrare MPOLECCOB, COMYTCTBYIOMIMX YBEIMYHMBAIOILEMYCS
JIMHAMHYECKOMY JIaBJIICHHIO COJTHEYHOTO BETpa, B MarHutocdepe 3emiin OyayT GOpMUpPOBAThCS YCIOBUS Bce Oosee
3aTpyIHSAIONIME TeHepaluio cyooyps. TakuM 06pa3om, yeM OoJbIlle TMHAMUYECKOE 1aBJIeHUE COTHEUHOTO BETPa, TEM
OoJIbIIE €TO SHEPTHH JOJDKHO OBITh IIepeKaueHo B MarHutochepy 3emMiu B epruox Gpasbl 3aposkAeHNUs IS TeHepannu
cy060ypu. BriocnenctBuu 31a sHeprus OyneT BBIIEIATHCS B neproa ¢as3bl pa3BUTHS cyOOypH, co3naBast Bce Ooiee
WHTEHCHUBHBIE MarHUTHBIE OYXTHI.

0 L | V=
T T
0 3 6 Psw, Hlla 0 3 6 Psw, Hla

bnazooapnocmu. Pabora yactuuHo nojjepskana nporpammoit [pesuauyma PAH «ApKTUKa — Hay4HBIE OCHOBBI
HOBBIX TEXHOJIOTHI OCBOCHUS, COXpPAaHEHHS U Pa3sBUTHD» (poekT «Pa3paboTka Moenelt MOHUTOPHHTA aBPOPaTEHON
30HBI M BO3JCHCTBUS renno(pu3nIecKux GaKTOpOB HA TEXHUIECKHUE CHCTEMBI»).
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AOcTpaKT. B paGoTe aHaMU3UPYIOTCS KOPPEISALUOHHBIC CBSI3U MEKIY HHACKCAMH F€OMAarHUTHON akTHBHOCTH KP,
ap u Dst* (Dst, ckoppeKTHpOBaHHBI Ha BKJIQl TOKOB Ha MAarHMUTONAy3e) M 3HAUYCHUAMH (YHKIMH CBS3H,
paccUnTaHHBIMHU 10 JAaHHBIM O MApaMeTpax IUIa3Mbl 1 MarHUTHOTO TIOJIS B YETHIpEX THIAaxX coiaHeyHoro Berpa(CB):
o0JacTsx cxKaTusi, 00pa3yroIIUXCs B PE3yJIbTaTe B3aNMOICHCTBISI BBICOKOCKOPOCTHBIX MOTOKOB CB 13 KOpoHaIbHBIX
IBIp ¢ MEIJICHHBIMH ITOTOKaMHK U3 nosica crpumepoB (CIR); MeXIIaHeTHBIX IPOSBICHHUAX BHIOPOCOB KOPOHAIBHOI
Mmacchl (ICME), Brimovaronux MarautHeie oonaka (MC) u nopurau (Ejecta); obmactsax cxxarus nepeq MC u Ejecta
(Sheath). J[Ins waentudukanuum tunoB CB  3a  1995-2016 rr. HUCHONB3YIOTCS  JaHHBIC — KaTajora
ftp://ftp.iki.rssi.ru/pub/omni, B koTopom 3a paccmarpuBaeMsblii nepuos, npeacrasieno 744 CIR-coGwiTus, 118 MC,
501 Sheath u 843 Ejecta. ®yHKIMU CBSA3M pacCUMTHIBAIOTCSA MO AaHHBIM Gasel OMNI, KoTOpas comepKuT TaKKe
3HaueHus uHAekcoB Dst, Kp u ap. IIpoBeneHHbIN aHanu3 Iokasai, YToO 3Ha4YeHHS KOA(P(PHUIUEHTOB KOPPESIHUU
Bappupytorcs ot 0.3 mo 0.82. Camas Bricokre KO3(PPHUIUSHTH KOPPEISIIAN MOTYICHBI [UTsI HHACKCA ap, B TO BpeMs
KakK camas ciadas KOppelsIHOHHAs CBA3b MoIydeHa st nHaekca Dst*. T'eorddexTnBHOCTD GyHKINI CBSI3M IS ap-
MHJIEKCa, ONpEeNICHHas! M0 3HaYCHUSIM K03 GUINCHTOB JIMHEHHOH perpeccuy, IMeeT HanOOoIbIINe 3HAYCHUS VIS
Sheath- u MC-co6bituii. CootHoteHus 3G dexTuBHOCTeH GYyHKIMN CBsI3U B pasHbix Tunax CB 3aBucUT OT BHja
(hyHKIHM.

1. BBenenne

HecmoTpss Ha MHOTrOYMCIIEHHBIE ITAHHBIE KOCMHUYECKHX SKCIEPUMEHTOB O MapaMeTpax OKOJIO3EMHOI IUIa3MBI,
MOJIy4EHHBIE 32 MOCTIeIHIE T0JIBEKa, BOIPOC O BO3JCHCTBUH COTHEYHOTO BETPa M MEXKIIJIAHETHOT'O MArHUTHOTO TTOJIS
(MMII) na marnuroctepHo-HoHOChEpHYI0 cucTeMy, meperade sHeprun u3 CB B Marmurocdepy m passuruu
BO3MYIIEHUN F€OMarHuTHOIO NOJISl B 3aBUCUMOCTH OT napamerpoB CB u MMII ocraetcst OTKpbITEIM. ['€OMarHuTHyo
BO3MYILEHHOCTb, MJIN OTKJIIOHEHHE I'€OMAarHUTHOTO IT0JISI OT €0 HEBO3MYIIIEHHOTO YPOBHSI, IPHHSATO XapaKTepHU30BaTh
3HAYEHHUSMH T€OMArHUTHBIX MHIEKcoB. Haunbonee yacto ucnons3yrores unaekcsl Kp (ap), AE u Dst (unu Dst*, B
KOTOpoM yuTeH Bkiaa TokoB DCF), xapakrepusylolue CTeleHb BO3MYIICHHOCTH I'€OMAarHUTHOTO MOJIS B 30HE
CPeIHHNX, aBPOPAIbHBIX M HKBAaTOPHAIBHBIX MINPOT, COOTBETCTBEHHO. HecMOTpsl Ha TO, 4TO Ap-MHIEKC SBISETCS
Npou3BOJIHBIM OT Kp, OH 1peo0pa3oBaH B JIMHEHHYIO LKAy, B OTIMYHE OT KBaswiorapupmuiaeckoro Kp, u Mmoxer
HCTIONIB30BAThCS IS aHAJIN3a CAMOCTOSITEIBHO.

CBsI3b MHIEKCOB T'€OMarHUTHOHM akTHBHOCTH ¢ mapamerpamMu CB m MMII nccnenoBanack B MHOTOYHCIIEHHBIX
pabotax [1-5, U CCBUIKM B HHX], B TOM YHCIIE U IS MIEPHOJOB MAarHUTHBIX Oypb, Koraa 3G ¢EeKTs B3anMOIeHCTBHS
CB ¢ marautocdepoii mposBIAIOTCS HanboIee CIIIBHO. BBIIO yCTaHOBIEHO, UTO OTHUM M3 CaMBIX re03(EKTHBHBIX
napametpoB CB sBistercs ero 1oxHas komnoHenta MMII Bz < 0 u cBs13aHHOE ¢ Hell a3UMyTaIbHOE IEKTPHUYECKOE
none Ey = V-Bz, rne V — pagnansnas ckopocts CB [4]. Hapsay ¢ monem Ey G110 nmpeasioxkeHo MHOXKeCTBO GyHKINH
cessu (function-coupling FC), xapakTepu3yloIUX OTKIMK T'€OMAarHWTHOHW BO3MYLICHHOCTH HAa MEKILUIaHETHbIC
ycIoBUsL. DTH (YHKIMU MPEICTABISIIOT U3 cedsl pa3nuyHble KoMOuHaImu napamerpos CB, daie Bcero BhIpaykeHUs
Juis anexTpudeckoro nons CB, 1onogHeHHbIE y4eTOM YaCOBOTI0 YIJla U BIUSHUEM JUHAMUYECKOTO JaBICHUS IIa3Mbl
CB [2,3,5,6]. B [1] Ha ocHOBe aHanu3a JuHeiHOW 3aBucuMoctd mMexay 20 pasmuunbivu FC u 13 umHmexcamu u
MarHuToC(epHBIMHA NapaMeTpaMHy, OTPAKAIOIIMMHU CTEIIEHb BO3MYIIEHHOCTH MarHUToc(epsl, ObLI cleNaH BBIBO,
yto Hanbosee adpdexTrBHOI siBisieTcst FC, onmuckiBaroIas CKOpoCTh MArHUTHOTO TIOTOKA HA MarHUTOIIAYy3¢e d(I)MH/dt.

B [2,3] mokaszano, uto reodddextuBHocTs CB 3aBHCHT OT HapaMeTpoB IUIa3Mbl B JIOOOBOH 00JAacTH MEXAy
MarHMTOCJIOEM U MarHUToc(epoid, ONpeeIsIONINX CKOPOCTh MePeCOeTMHEH ST CHIIOBBIX JTMHUH MarHUTHOTO ITOJISI Ha
JHEBHOMU cTopoHe MarHuTocheps (Rquick).

B HeBo3MynieHHOM conHeyHOM Betpe MMIT s1eHT B INIOCKOCTH SKIMNTHKY U ero Bz-kommonenra 6mm3ka k 0.
BeprukansHas cocrasisomas MMII nosisisercs B HectannonapHeix tederusx CB. CormacHo [ 7] MOKHO BBIIEIUTH
YeThIpe BO3MYILEHHBIX Teod(dektuBHbIx THa CB: MarautHbie 061aka MC u nopuiaun (BeiOpocsl) Ejecta; oGmactu
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B3aMMO/ICHCTBHS pasHOCKOpocTHBIX TOTOKOB CIR 1 061actu cxxatus mnasmsl Sheath nepen 6sictpeivu MC u Ejecta.
DKCIepUMEHTAIbHBIC JaHHBIE M BHIBOJIBI MHOTHX HCCIICIOBaHui [8-14] mokas3anu, 9To pa3BUTHE MATHUTHBIX OYph 1
cy00ypeBoil aKTHBHOCTH, WHHAIMHPOBAHHBIX CB pa3HBIX THMNOB, MpoTeKaeT Mo-pasHoMy. OmHAKO pe3yabTaTHI
OONBLIMHCTBA U3 IPUBEICHHBIX BBIIIEC PA0OT MOJIyYEHBI 110 JaHHBIM, TH0O OXBATHIBAIOIINM HEOOJIbIINE HHTCPBAJIbI
BpeMeHH, TH00 OTHOCSIIIUMCS K repuoaaM ao 1995 r., xorma manneie o mapamerpax CB comepskanu Oosnbrime

nponycku. Ilomapnsiomee GonpmmHCTBO paboT, KacarolIUXcs BONMpPOca O pasnuuuu B BosieiictBuu CB pasHbx
TUTIOB Ha MAaTHUTOC(EPHYIO BO3SMYIIIEHHOCTD, IPOBOIUIIOCH IS TIEPUOIOB TIaBHBIX (a3 MarHUTHBIX Oyph. OHAKO
MarHuTHBIC OypHU SBJISIFOTCS JOCTATOYHO PEJKHM COOBITHEM, a MPOTHO3 T'€OMArHUTHOW OOCTAHOBKHM HAa PAa3HBIX
HIAPOTaX TPeOyeTcsi MOCTOSIHHO, B CBS3M C Y€M MPEJACTABIISAETCS aKTyalbHBIM IPOBECTH OLCHKY CBSI3U MENKIY
mapameTrpamu CB pa3HbIX THIIOB (B popMe (QYHKITHIA CBA3H, OMMACHIBAIONINX Pa3IHYHbIE (PU3NISCKIE MOJEIH TaKOU
B3aMMOCBSI3H) 1 3HAUCHISIMHA WHIEKCOB T€OMAarHUTHON aKTHBHOCTH, OITUPAsCh Ha JaHHBIC 3a mepron 1995-2016 rr.,
OXBAaTHIBAIOIINN TOIHBIHA 23-# 1 O0MBIIYIO 9acTh 24-T0 IUKIIOB COMHEYHOM akTuBHOCTH (CA).
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Pucynok 1. Pacnpenenenne Tunos CB mo rogam. TouewHol mnHAEH mokaszaH xox uncen Bombsga.

2. laHHbIE U METO/bI

Jlnst pacyera GyHKUMI CBA3M OBUIM MCIOJIB30BaHbI JaHHbIe 0 napaMerpax CB u 3Hauenus mHaekcoB Dst, Kp u ap ¢
caiita  http://omniweb.gsfc.nasa.gov. Karamor wunentudumimposanasix TumoB CB  mpencraBnen  Ha  caidte
ftp:/Mtp.iki.rssi.ru/pub/omni/. 3a paccmarpuBaemsiii mepuog 1995-2016 rr. Obuio upentuduimpoano 744 CIR-
cobbrtus, 118 MC, 501 Sheath u 843 Ejecta. Yacrora mosiBieHuss Bcex 4-x tunoB CB mo rogam Ha ¢oue
pacupenenenus yncen Bomsda (1.e. ypoBas CA) npecTaBieHa Ha puc. 1, U3 KOTOPOTro BHIHO, YTO MakcuMyMbI CIR-
coOpITHIT TTOsIBILIEOTCS B ipoTuBOo(dase ¢ ypoBHem CA , gucio Ejecta Bo3pacraeT Ha dasax crmaga u nmogbema CA,
grcino Sheath cienyer 3a ypoaem CA, a MC mosiBisrotest HezaBucuMo OT (asbl nukina CA.

Tab6auna 1. OynxrponansHel BUA FC, nx GU3NIecKui CMBICI M HCTOYHUKH

OYHKIIMOHATbHBIN BUJ Ddusnyeckuil CMbICIT Uctounuk

FC1=VBz anekTpuueckoe mnojie E Burton et al., 1975 [4]
FC2=VBs BapuanT E Burton et al., 1975 [4]
FC3=VB, sin2(9/2) BapuaHT E Kan and Lee, 1979 [5]
FC4= VB, sin4(0/2) BapuanT E Wygant et al., 1983 [6]

Fcs=v °B, " sin” (012)

FC6=p1/2 V4/38l2/3 Sin8/3(9/2)

CKOPOCTh MarHUTHOTO TIOTOKA Ha ddDMH/dt Newel et al., 2007 [1]

Bapuant AP, /dt Newel et al., 2007 [1]

FC7= Rquick/(1.83*10" )
Fce=p" v *°B, sin(012)

FC9=V + 56Bs
FC10=VB’sin (6/2)*R1’

CKOPOCTh NiepecoennHeHus Ha qHeBHOM MIT

Bapuant d®, /dt

€pPA - TIOTOK 3-M DHEPTUHU Ha MarHuTocdepy

Borovsky and Birn, 2014 [3]

Temerin and Li, 2006 [15]

Borovsky, 2014 [2]
Perreault and Akasofu, 1978

[16]

B Tabmuue 1 npusenens Bun ¢pynkiuid. FC1-FC10 (ux 3aBucumocth oT napameTpoB CB), ¢pusmueckuii cMbic 1
ncrounuku. B Heit Bz, By u BS — BepTukanbHast, asumyTanbHas U roxHas cocrasisroniiie MMIT; B l=(By2+BZZ)1’2—

nonepeyHas cocrapistomas MMIT ; §=arctan(By/Bz) — yacoBoii yrox; V ¥ p — CKOPOCTb M IMHAMUYECKOE AaBICHUE
CB; Rquick ~ K sin?(8/2)C->nY2/?(1+ps)"¥* paBHO OIleHKE CKOPOCTH TIEPECOSTNHEHNUS CHIIOBBIX JIMHUI MATHHTHOTO
10J1s1 BOJIM3U THEBHOW MarHUTOMNAY3bI, YIUTHIBAIONIAS TAKME TAPAMETPbI KaK IIa3MEHHbII B-apaMeTp MarHUTOCIOs
Bs 1 cTeneHpb cxxaTHsI TOJIOBHOM ynapHOi BoJHBI C, KOTOPBIE SBISIOTCS QYHKIIUAMHU allbBEHOBCKOTO uncia Maxa Ma
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JIL.A. Jlpemyxuna u op.

[3] (MHO®MTENL K= 0.4 poY2myY2=1.8322-10"1" B nanbHeiieM He yIUTHIBAETCSA, YTO HE CKA3bIBACTCS HA PE3yJIbTATaX
koppemsiiim).  Dymxmus  FC10  mpencraBnser w3 cebds  mapamerp Ileppre-Akacody, —ompenersrontiii
3JIeKTPOMarHUTHYIO SHepruto CB, mamaromniyro Ha 1000ByI0 YacTh MarHuTomnayssl (R1- paccTosHme 10 TOICOTHETHOM
TOYKHd MarauToctepsl). Koppemsannonusii aHamm3 mpoBoawics 0e3 ydera BPEMEHHOTO COBUTa MEXITy Habopamu
JaHHBIX. B pesynbTaTe 6bLIM MOMy4eHbl KO3(QQUIMEHTHI KOPPEALUT 1 Ko3pduuuenTsl perpeccun ByPs, By u ByKP
1 nuHedHbIX 3aBucnMocteit: DSt(i)=AnPSH+BNPIFCN(); ap(i)=AnP+BnNPFCn(i); Kp(i)=AnKP+BN<PFCw(i), rre
Cn(i)— 3nauenus ¢pyuxumii cBsizu FC1-FC10 B i-it Touke.

3. Pe3yabTaThl

Ha puc. 2 moxa3aHbl mOJTy4eHHBIE 3HaUCHHUS KO3 UIIeHToB Koppeminnd R mexmy magexcamu Dst*, Kp, ap u
¢yukumsimu FC1-FC10 B tumax CB: CIR u Sheath (Bepxmsts mamenn); MC u Ejecta (HwmxHsSs TaHesb).
Koadpdmumentsr R B mape FC-Dst* umetor meBbicokue (<0.6) 3HaueHus ans Beex FC (3a uckmouennem FC9) ms
BCex THroB CB. B mape FC-ap xoadpdunmentsr R mist Bcex tuno CB umerot 3nagenus > 0.6 (3a uckimrouennem FC1
u FC2), nocruras suauennii ~(0.7-0.8) mist MC- u Sheath-co6erruii. st CIR- u Ejecta-coGrrTnit 3Haduenus R B mape
FC-ap Bapeupytotcst ot 0.4 10 0.65. B mienom, Hanbosee TecHasi KOPPENIALMOHHAS CBsI3b TOJIyUeHAa I aP-UHICKCA,
camas ciabas nis Dst*, u mpomexyrounas — st Kp- ungekca.

I'eoadpdexTrBHOCTH (t.e., Mepy
R 05 «OTKJIHKa») Kaxaod w3 FC MoxHO
07 OIICHUTH o 3HAYCHUAM

0.7+
KOX(QQUINEHTOB perpeccui B €€

JUHEWHOH CBsI3U ¢ mHIekCamu Dst*, Kp,
ap, mpencTaBleHHBIX B Tabmume 2. W3-
3a pa3HBIX pa3MepHocTelt pyakmmin FC
CpaBHEHHE UX 3aTPyIHUTEIHHO, OTHAKO
n3 Tabm. 2 ciemyer, dTO JUIA
6onsmuncTea FC nambonee CHILHBIN
«OTKNMMK» (T.e. Hambojiee CUIBHOE
09 084 U3MCHCHHE B HHJCKCE B OTBET Ha
enunuuHoe wu3menenuwe FC) B Dst*
umeer wmecto g1 MC- u  Ejecta-
COOBITHIA, B TO BpeMsI KaK JJIsi MHJCKCA

0,64 0,64

0,54

0.4

03] o

TR
F1F10 0 1 2 3 4.8.6 7 8 9 10

0,74

0,64

Kp HauboJee BBICOKas

05 ; 7 i reod(PEKTUBHOCTE  OOHAPYIKHUBACTCS
4]/ oaf £/ st CIR- u Ejecta-coObituit. s napst
03 ' Mo 0s ' . Ejecs FC-ap, m1s KoTOpol TOIy4eHBI caMble
et * E%10® o o 0 1 2 4.3,8 7T 8 910 BBICOKHE KOI(HUIUECHTH KOPPEISIAN

(M, COOTBETCTBEHHO, CTATHCTHYCCKH
Pucynox 2. Kosdurments: koppemsmun R Mexny Gyskiusmu FC1-  3HaUMMas  KOPPEIALHMOHHAS  CBA3b)
FC10 u ungekcamu Dst*, Kp, ap o ganabm 3a 1995-2016 rr. mmst 4-x HanGonbIIKe KO3QPUIMETHI perpeccuy,

tunioB CB: CIR u Sheath (éepxmnss nanenv) u MC u Ejecta (nuocnsas — T-C- Hanbonpwas reodpPeKTUBHOCT,
nauenw) XapakTepHa Ui THIIOB COJHEYHOIO

Betpa MC u Sheath.

Ta6auna 2. Koadduimentsr perpeccun B inHeiHO# cBsi3u Mexxay FC u naaekcamu -Dst*, Kp u ap s tumnos
CB: CIR, Sheath, MC u Ejecta.

FC CIR Sheath MC Ejecta
-Dst*  Kp ap -Dst*  Kp ap -Dst* Kp ap -Dst* Kp ap

FC1/10® 398 286 426 | 381 179 499 377 227 534 488 366  3.99
FC2/10® 845 6.10 9.68 | 843 410 1128 | 959 491 1235 | 1266 893 10.31
FC3/10® 883 655 972 | 811 427 1096 | 9.69 489 1218 | 1217 878 9.76
FC4/10° 931 681 1045 | 878 442 1179 | 1018 529 1298 | 1328 948 10.77
FC5/10° 253 192 274 | 274 151 3.66 328 168 407 344 254 271
FC6/10° 117 092 141 | 073 042 115 1.09 056 158 214 163 188
FC7/10* | 018 014 020 | 019 011 0.27 026 014 0.33 028 021 0.22
FC8/10° | 055 039 069 | 025 012 0.39 045 021 0.64 113 079 101
FC9/10° | 0.07 0.05 0.07 | 0.09 0.05 011 010 005 011 0.10 0.07 0.07
FC10/10° | 0.68 050 0.78 | 0.65 0.34 0.88 064 030 0.72 098 063 0.76
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3axiroueHue
BrInosHEHHBIH KOPPEISILMOHHBIA aHAIN3 OKa3aJl:

- g Beex THrnoB CB camas TecHas KOppESLMOHHAs CBS3b M CaMble BBICOKHE 3HAueHUs KoddduuueHTa
KOPPEJISIIH MOTYICHBI IS CBs3U B mapax FC-ap;

- mus Bcex TumoB CB camas cimabas KOppeNSIMOHHAs CBA3b M CAaMbBI€ HH3KHE 3HAUeHHs Kod(huieHTta
KOPPEIAIMH MOTY4eHbI i cBsizu FC-Dst*;

- Uil ap-uHIEeKca, Al KOTOPOTO IMOJyYeHbl CTaTHCTHYECKU 3HAYMMBIE BBICOKHME 3HAYCHUS KOA(PPHUIUCHTOB
KOppemsiy, Hanbospas reod(ekTUBHOCT (QYHKIMIA CBS3H, ONpEAeTeHHas 10 3HAYeHHSIM KOd(QQUIHEHTOB
perpeccuu, xapakrepsa aist Sheath- u MC-co6wituii B CB.

- cooTHoIeHusT Mexny 3ddextuBHOCTIMU GyHKIMKA FC B pasubix tumax CB, ompeneneHHBIX 10 3HAYEHUSIM
K03 PHUINEHTOB perpeccun, 3aBucAT ot Buna FC.
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CJIOKHBIE SMUCCHH Pcl HA IO3JHEN ®A3E
BOCCTAHOBJIEHUSI CWJIBHOM MATHUTHOM BYPH
B CEHTSABPE 2017

®.3. ®eiirun, H.I'. Kneiimenosa, JI.M. Mansiuesa, FO.I'. Xaba3zun
Huemumym guzuxu 3emnu um. O.FO. [lImuoma PAH, 2. Mockea, Poccutickas @edepayus

AHHoTanus. Hccremyercsi HEOOBIYHBIN BCIIECK TEOMATHUTHBIX MyJbcamuii PCl co CIIOXKHBIM THHAMHYECKAM
CHEKTPOM, HaOIIF0JaeMbIif B KOHIIE BOCCTAHOBHUTENBHOW (pa3el MarHUTHOM Oypu 7—8 centsops 2017 roxa. JanHsie
HaOJFOICHUI Ha IeTOYKe WHAYKIMOHHBIX MarHuToMeTpoB IMAGE mokasanu, 9To MUHAMHYECKHH CIEKTpP 3THUX
ny/bcalui ObL1 AHANOTMYHBIM HA TEOMArHMTHBIX WUpoTax 57-67°. HeoObumblii cmextp Pcl mymbcaumif, mo-
BUANMOMY, SIBISIETCS PE3yJIbTaTOM CYIEPNO3UIMU JIBYX HOHHO-IMKJIOTPOHHBIX 3MMCCHI, TeHepUPYIOIIHUXCS Ha
pa3Hbix L-o6osnoukax. OmHa 3MHUCCHS CBSI3aHA CO «CTapoil» IUa3mMonay3oi, c)OpMHPOBAHHONW HPH CIIOKOHBIX
reoMarHuUTHBIX ycnoBusax (Kp=0) 10 ceHts0ps, a BTopas SMHUCCHUsI MOKET OBITH CBsi3aHAa C PE3KMM BO3pacTaHUEM
MarHuTHOHM akTuBHOCTH 10 Kp=3 B HO4b Ha 11 ceHTIOpA U 3aTeM MOCTENEHHBIM YMEHBIIEHHEM IUHAMHUYECKOTO
JIABJICHUS COJTHEYHOTO BETPA, YTO MPHUBEJIO K IEPEMEICHHMIO TIa3MOIay3bl K 0ossmmM L-o0omoukam.

Beenenne

WnTepec k n3yueHuto mynscanuii Pcl cBsi3aH ¢ BaXXKHOH poOJIbI0, KOTOPYIO OHH UTPAIOT B CHCTEME COTHEUHO-3€MHBIX
cBsizeil. Pcl mynbcanuu reHepUpyroTCsi B pe3ysibTare HUKIOTPOHHOW HEYCTOHYMBOCTH NMPOTOHOB PaJHAIIMOHHBIX
MOSICOB ¢ aHW30TPOMHBIM pacmpeneneHuem ckopocteii [Cornwall, 1966; Kennel and Petchek, 1966; Feygin and
Yakimenko, 1971, u MHorue apyrue]. DT myabcaldd 4yBCTBUTEIBHBI K W3MCHECHHUSM THHAMHKH H CTPYKTYPHI
marHutocgepsl. Llenblo naHHOI pabOTHI SBISETCS HCCIIEJOBAHUE HOBBIX HEOOBIYHBIX IMyJbCAIMH M HUX CBSI3U C
reopU3NUECKIMH MPOIIECCAMU B MarHUTOC(epe U COTHEYHOM BETpeE.

MarnuTtHas Oyps 7-8 centsiops 2017 r.

Ha cmage 24-ro nukia cotHEYHOH akTUBHOCTH 7-8 ceHTsi0pst 2017 roma mpon3oluia cuiibHas MarHUuTHas Oyps ¢ Dst
~-150 5T u Kp = 8. [lepen Oypeit MarHUTHASI aKTUBHOCTH ObLTa moBBIIeHHOH (Kp ~ 2-4), HO 9 cenTsops Kp-unnekc
yman 1o Kp = 0 (puc. 1, 2). B xoxe 3Toii Oypu Ha ey CKaHAMHABCKUX MHIYKIMOHHBIX MarHUTOMETPOB OBLIO
3apETUCTPUPOBAHO TOJIHKO OJHO cOObITHE Pcl ¢ HEOOBIUHO CIIOKHBIM CIIEKTpoM (puc. 3, 4).

GFZ German Raesearch Centre for Geoscionces

PLANETARY MAGNETIC THREE-HOUR-RANGE INDICES Kp, 2017
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Pucynox 1. Bapuauuu Kp u SymH

Heo0b1unbie PCcl mynabcanun
Pcl cobbrtne 11 cenrsibps 2017 mpencraBisuio coOoi CyNeprno3WIUIO ABYX Pa3HBIX 3MHCCHH, T€HEPHPYEMbIX
OJTHOBPEMEHHO B JIBYX Pa3HBIX HCTOUYHHKAX.

[epBast sMuccusi HarOMUHAJA KJIACCHYECKHE ITyJbcallid PCl mpoaomKUTENBHOCTEIO ~4 Yaca NMpH HECKOJIBKO
YBEIMUMBAIOIIEHCS IIEHTpaIbHOM yacToTe (0T ~ 1,4 1o 1,7 I't), HO ¢ HeoObIYHO MMPOKOH Tosocoi (~ 0,6 T'y). Takue
Pcl mysnbcaniu o0baHO TeHepUpyroTes BOM3M tuasmonay3ssl [Guglielmi, Kangas, 2007; Kangas et al., 1998]. Mur
ToJIaraeM, 94To TeHepaIis TUX BOJIH CBSA3aHa CO «CTApOi» I1a3Monay3oi, chOpMHUPOBABIIICHCS B TPEAIISCTBYIOITHMA
crniokoiubIit nepro (Kp=0).
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Bropas smuccus Pcl mpezacraisiia coboi cepuro BeruieckoB (muamazoH wactot 2—3 I'm, Kp=3) ¢ mepuomom
noBTopenust ot 7 10 15 mun. Takue cepun BCIUIECKOB — penikoe coObithe. Kaxpiii Beruteck mmuics okoso 20—25
MUH, [IPU 3TOM LIEHTPAIbHAsl YaCTOTa MPAKTUIECKU HE M3MEHSIACH, HO KaXK/ABIH CIEAYIOIINHA BCIUIECK HAYHHAIICS C
Oollce HU3KOM YacTOTHI. Bce BCIUleCKM WMenH MMpOKWA dwacToTHbl crektp Afffo ~ 0.4 mo cpaBHenuio c
KITACCHYECKAMH «KeMuykxuHaMm» (y koTopeix Afffo ~ 0,1). O6mmit tpern wactotsl 6sut or 2,5 T'm no 1,5 ' u
npomomxkaincs ot 01 UT mo 02.30 UT.

IMAGE magnetometer network 2017-09-10
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Pucynoxk 2. [lanasie no MMII 1 coqHedHOMY BETpy Pucynok 3. IMAGE marnurorpamma 10-11 ceHtsi0pst
11 cents0pst

Oo6cyxnenue
IMonoxenue miazmomnay3sl npu Kp=3 moxuHo onenuts mo ¢opmyne Ly, = 6.0 — 0.6Kp [Binsack, 1967]. Takum
oOpazoM, B HauaJsie BTOpoit amuccun PCl mua3momnaysa Moria HaxoanTbes Ha L ~ 4.2.

Xapakrep BTOpoi amuccud Pcl MOXHO OOBSICHHTH B paMKax OOWIENIPUHATOM MOJENH PE30HAHCHOTO
B3aMMOJICHCTBHS OJISKTPOMAarHUTHBIX HOHHBIX HUKIOTPOHHBIX (OMULI) BOmH ¢ TOpsSYMMH aHU30TPOIHBIMH
nporoHamu B Marautocdepe 3emun (cMm., Hanpumep, Demekhov, 2007]. Makcumansaoe ycunernne IMUL] BonH
npoucxoaut Ha yactore [Feygin and Yakimenko, 1971; Gendrin et al., 1971]:

e; B2

Wy = (1)

T ammyc (4mmyN) /20

rie Uj — TemioBast IpoosibHast CKOPOCTh FOPSYHMX IPOTOHOB, B — reomarunTHOE mosie B 061acTy reHeparuy, a N;
— 3¢ exTuBHAS KOHIICHTPALIUS HOHOB.

W3BectHO, uTo Haubosee OGinaronpusTHas obiacTs reHepanny Pcl HaxoanTes BONMM3M mia3monayssl. B Tedenue
paccMaTpHBaeMOro BpeMEHHOI'0 HHTepBajla U3-3a 3HAUUTEILHOI'0 CHIDKEHHS JUHAMUYECKOTO IaBJICHHUS COTHEYHOTO
Betpa (Psw) ot 6 NnPa mo 2 nPa (puc. 56) o6iacTs TeHepaIy BOJIH paclIupUIIaCh, a Ma3MoInay3a epeMecTHIach Ha
6oree BeIcokHEe L-000m0UKH.

B cooTBeTCTBUM ¢ 3TUM MBI IIpEANOJIaraeM, YT0 UCTOYHHUK Iynbcanuu PCl B ¢aze BOCCTAHOBJICHUS MarHUTHOM
Oypu caBuHYJCS Takke Ha Oosee BbicOkne L-oOomoukm, T.e. B 007acTh ¢ YMEHBIICHHBIM MarHUTHBIM MOJEM
(Bxoasmum B ypapHenue (1) kak B?) u miotHocThio (oHOBOM MmiuazMbl. O6a 3TUX NapaMeTpa yIpaBisioT 4acTOTOM
Pcl (cm. ypasuenwue (1)). OnHako BIMSHHE MarHUTHOTO IOJIs OoJiee 3HAaYMMO, YeM M3MEHEHHE TUIOTHOCTH IUIA3MBI.
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Pucynok 4. Cnexrporpammsl Pcl Ha CkaHIMHABCKUX CTaHIUSX

Takoe MABIKEHHE WMCTOYHHKA MOXET MPHUBECTH K YMEHBIICHHIO YacTOThl PCl, Kak 3TO BHAHO Ha BceX
paccmarpuBaembix crannusax Ha 01-03 UT (puc. 4).

Jpyroii 0COOEHHOCTBIO PACCMATPUBAEMBIX COOBITHI SIBISIOTCS JOBOJBHO IIUPOKHE AWHAMHYIECKHE CICKTPHI
nynscaruii  (puc. 5a), YTO MOXeT ObITh pe3ylbTATOM YIIUPCHHUsSI CIEKTPa BOJHBI H3-3a KBa3HIHHEHHOTO
B3aMMOJICHCTBHS C YaCTHIIAMH.

Paznmuunble GOpMBI JHHAMHYECKOTO CIEKTPa MOXKHO OOBSICHHTh HA OCHOBE OIHOTO TOJBKO HPEIIOJI0XKEHUS O
reHepanuu PCl nuKiIoTpoHHO# HeycroWumBocThio. CornlacHO pesyibTataM, nonydeHHsIM [Gendrin et al., 1971],
LIMPUHA TI0JIOCHI criekTpa PCl ompenensieTcs MarHUTHBIM OJIEM U IIOTHOCTBIO (POHOBOH IUIa3MBI B BEpXHEH 4acTH
CHJIOBOM JIMHUHM T€OMAarHUTHOTO MOJIS, ¥ MBI MOXEM MPUOIU3UTENBHO OLIGHUTD, 3TO KaK

Aw o« BY2N? v

Oxono 01.00 UT mra3mocdepa Obuta mojpkara, a IUla3Molay3a HaxoAWIach B OOJIACTH C yBEIMYEHHBIMU
MarHMTHBIM IIOJIEM U IUTOTHOCTBIO (POHOBOI ru1a3Mel. Kak cieacTBue, U ciekTpasibHas mupuHa Pcl B 310 Bpems Obuia
yBesmueHa. [lo3nnee (B HameMm cimydae okoio ~ 02.30 UT), koraa ma3mMonaysa CIBHHYIAck K Ooiee BRICOKHM L, TO
€cTh B 00JIaCTh HU3KOTO MAarHUTHOTO HOJIA M OoJsiee HU3KOH IUIOTHOCTH (POHOBOH ITa3MBbl, MHMpHHA creKTpa Pcl
YMEHBIIUIIACK.

OTMeTHM, YTO BBICHIIIaHHE IPOTOHOB B HOHOC(EPY MOKET U3MEHUThH KOJINYECTBEHHbIE IIapaMeTphl HOHOC(EPHI,
a 3TO, B CBOIO OYepelb, MOXKET NPHBECTH K M3MEHEHHIO YacTOTHI IPOIYCKAHMS YacTOTHOTO AMana3oHa yepes
noHocepHbIi ansBeHOBCKHI pe3onarop [Yahnin at al., 2007].

BriBoabI

1. Bo Bpems cunbHO#M MaranTHOM Oypu 7—8 centsiopst 2017 rona 6110 0OHapyskeHO HeoObrYHOE coObITHE Pcl B KOHIIE
1mo3Hei (a3bl BOCCTAHOBJICHUS] MATHUTHON OYypH.

2. DTH TyIbcalUM C TMOXOXXKHUMHU CIIOXKHBIMH JHHAMHYECKUMH CIIEKTpaMH HaOJIOAINCh HA BCEX HA3eMHBIX
CKaH/IMHABCKUX CTAHINIX, pacloliokeHHbIXx oT L=3.3 mo L=5.6 ¢ MakcuMyMOM aMIUIUTYIOBl Ha CaMOWM
HmskomupoTHo# cranmuu (NUR, L=3.3).

3. BeickazaHo mpennoyioxkeHue, 4ro obcyxaaemoe PCl coObiTue sBiseTCS CyNeprno3uieil IBYyX HOHHO-
LUKJIOTPOHHBIX 3MHCCHUI, BO30Y)XHAIOIMXCA Ha pa3HbIX L-o0omoukax. OnHa 3MHCCHS CBfi3aHA CO «CTapoi»
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Ia3Mormnay3oi, chOpMHUPOBAHHON MPH CMOKOWHBIX reoMarHUTHBIX ycnoBusix (Kp=0) 10 cenrsOps. Bropas moxer
OBITh CBSI3aHA C HOBBIM IOJIOKEHUEM IUTa3MOIay3bl, 00pazoBaBmAMCs 11 CeHTAOps mMpH yBeTUUEHHONH MarHUTHON
aktuBHOCTH (Kp=3). 3atem, criexys yMEHBIICHUIO TUHAMUYECKOTO JaBIICHHUS COTHETHOTO BeTpa (PSW), mma3mormnaysa
MIOCTETNICHHO TIepeMeIanachk K 0onpmuM L-obomogkam, To-ecTh B 00JIaCTh ¢ MEHBITUMH 3HAYCHUSIMH MAarHUTHOTO
MOJIST W TUTOTHOCTH IIIa3MBI, a 3TO MPHBOAWIO K HAOIFOJaeMOMY CHIDKCHHIO YaCTOTHI M YMEHBIICHUIO ITUPUHBI
CIIeKTpa.

4. CnemaH BBIBOZ, YTO HEOOBIYHBIA AuHAMHUYEcKui crektp Pcl mympcammit 11 centsops 2017 roma ompenersuics
JMHAMHYECKUM JIaBJICHUEM COJIHEYHOTO BETPa, TMHAMUKOM IIa3MONay3bl M HETMHEHHBIMU ITPOLIECCAMHU.
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Abstract. Electron and ion distribution functions in the magnetosphere of the Earth in many cases can be described
by kappa distributions. Such distributions have a Maxwellian core and a power law spectrum at high energies. Kappa
distributions are formed due to relaxation of nonequilibrium distribution functions to the Maxwellian distributions in
the conditions of collisionless magnetospheric plasma. Analysis of parameters of kappa distribution is very interesting
for the solution of such problems as plasma heating and particle acceleration. Examples of approximations of observed
ion distribution functions by kappa distributions during magnetically quite conditions and bi-kappa distributions in
the case when plasma populations from two sources are mixed are obtained. Changes of kappa parameters along the
trajectories of the flights of THEMIS mission satellites are analyzed. It is shown, that the analysis of the parameters
of kappa approximations is the effective method of the magnetospheric dynamics study.

1. Introduction

Magnetosphere of the Earth is the collisionless plasma system. Long-range interactions determine the main features
of magnetospheric dynamics, which produce its very complicated and poorly predicted character. However, in many
cases distribution functions in the magnetosphere in a wide energy range can be described by kappa distribution,
which means the action of comparatively quick relaxation processes and the transform of very anisotropic distributions
with multiple gradients in phase space (for example, particle beams) in comparatively smooth near to isotropic
distributions. Such process is especially important in the high latitude magnetosphere, where plasma pressure is near
isotropic and where the distribution of plasma pressure determines the magnetospheric dynamics.

Kappa distribution has the form
—k-1
n 1 I'k+1) E

f(E)=—2 1+— : 1
(&) 7% ¥ T(k —1/2){ kEJ @)
where ng is the particle density, m is the mass of a particle, E is the characteristic energy of the particles (related to the
thermal speed of the distribution), Eo is the core energy, I is the Euler gamma function [Livadiotis, 2017]. Kappa
distributions arise from Tsallis statistics as a generalization of Boltzmann-Gibbs statistics for systems that are in a

stationary state but out of thermal equilibrium [Tsallis, 1988]. For k—oo (1) tends to the Maxwellian distribution:

n E
f(E):I?T:ﬁ’ZEXp{_E_}' 2

0 0

Measurements of particle fluxes in a wide energy range and intercalibration of different measurements are required
to obtain the parameters of kappa distribution. That is why very limited information have been obtained till now (see
[Stepanova and Antonova, 2015; Kirpichev et al., 2017] and references in these papers). In this paper we shall analyze
ion spectra obtained during realization of THEMIS mission. lon spectra were obtained by the electrostatic analyzer
(ESA) [McFadden et al., 2008] and the solid-state telescope (SST) aboard the satellites of this mission [Angelopoulos,
2008]. The ESA and SST instruments do not allow the determination of the ion composition and it is assumed that
protons make the main contribution to the ion flux. The magnetic field measurements (with a time resolution of 3 s)
were obtained by the fluxgate magnetometer (FGM) [Auster et al., 2008]. Parameters of the solar wind were obtained
using the Wind satellite data (http://cdaweb.gsfc.nasa.gov/), and the corresponding time shift due to propagation of
the solar wind from the satellite location to the magnetopause was obtained using solar wind velocity data. Data
products of the THEMIS satellite mission are available online (http://themis.ssl.berkeley.edu/,
http://cdaweb.gsfc.nasa.gov/) [Angelopoulos, 2008; Sibeck and Angelopoulos, 2008]. High energy channels of SST
device can be affected by cosmic rays and showed, as a rule, low statistics. That is why energy channels greater than
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300 keV was not used in the analysis. Low energy channels of ESA also were not used due to the contamination from
the spacecraft potential and photoelectrons.

2. Single kappa distributions for ions inside the magnetosphere

We selected for the preliminary analysis very quiet period on October 9, 2008 when THEMIS-D satellite crossed the
dayside magnetosphere from X=5Rg till near to magnetopause at 10 Re in GSM. This region is very poorly
investigated, as most researches were sure that the auroral oval is mapped to the plasma sheet. However, after selection
the surrounding the Earth plasma ring with the same plasma characteristics as in the plasma sheet [Antonova et al.,
2013, 2014a], it was shown that the main part of the auroral oval is mapped to this ring. This finding selects the region
with X>5Re as the most interesting for the study.

Fig. 1a shows an example of measured ion spectra by THEMIS-D satellite on October 9, 2008 in the dayside
magnetosphere with one minute time averaging from 10:22 to 10:23 UT and pitch-angle averaging in the range of
45°-135° (black line), and obtained kappa approximation (blue line). It is possible to see comparatively good spectra
approximation by kappa function. Fig. 1b shows an example of variations of parameters of kappa approximations
along the THEMIS-D trajectory. First panel shows three components of interplanetary magnetic field (IMF) and its
magnitude, second panel shows the solar wind dynamic pressure, third panel shows the differential ion fluxes
measured in the pitch angle interval of 45°-135°. Three next panels show the characteristic energy, k and ion number
density obtained by fitting the differential ion fluxes with kappa distributions. The bottom panel shows the magnetic
field value and its Bz component, which practically coincide (satellite was near the equatorial plane) with that
measured by the THEMIS-D. By analyzing Fig. 1b it is possible to see that during selected very quiet period (| Dst|<
3 nT, |AE| <50 nT) spectra slope was very stable (k was near to 5) at geocentric distances smaller than 7.5 Re. The
core energy is decreased from 3 to 2 keV. Number density was practically unchanged. At larger geocentric distances,
it is possible to observe a small increase in k and Eo and the increase of their scattering. However, ng continues to be
rather stable. It is possible to observe the regions containing the intrusion of the low energy magnetosheath plasma,
in which single kappa approximation is inapplicable.
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Figure 1. An example (event October 9, 2008) of the measured ion spectra (black) in the daytime magnetosphere and
its kappa-approximation (blue) (a) and variation of parameters of kappa approximation along satellite trajectory (b).

3. Bi-kappa distribution in the region of plasma mixing
Due to particle penetrations through the magnetopause, magnetosheath plasma appears inside the magnetosphere
forming the low latitude boundary layer (LLBL), on the other hand magnetospheric ions penetrate inside the
magnetosheath forming the ion leakage. In spite of multiple researches of particle penetration through the
magnetopause, the problem continues to be unsolved. It is only clear, that at large magnetic shear at the magnetopause
the magnetospheric ions can freely penetrate through magnetopause current sheet when the ion Larmor radii are
comparable or larger than the thickness of the magnetopause [Kirpichev et al., 2017].

Fig. 2a,b shows an example of measured ion spectra when THEMIS-D satellite crossed the magnetopause on July
20, 2007 (black lines). Single kappa approximation was used inside the magnetosphere (blue line) and bi-kappa inside
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the magnetosheath (orange lines). High (red) and low (green) energy components are also shown. Time averaging due
to increased particle fluxes at slightly disturbed period (Dst=-22 nT, AE=600 nT) was 35 s and 23 s respectively. It is
possible to see the possibility to use single kappa approximation inside the magnetosphere and bi-kappa inside the
magnetosheath. The existing of two different plasma populations is especially easy to see inside the magnetosheath,
where thermalized solar wind plasma with temperature ~10%eV mixed with the hot population penetrating from the
magnetosphere. It is possible to see practical coincidence of the slopes of high-energy parts of spectra inside and
outside the magnetosphere. However, fluxes of energetic particles are slightly reduced inside the magnetosheath in
comparison with the magnetospheric fluxes. Region inside the magnetosphere under the magnetopause is practically
the LLBL region containing plasma penetrated from the magnetosheath. Therefore, the approximation by single kappa
on Fig. 2a describes only part of spectra with energy larger than 10% eV. However, it is difficult to use bi-kappa
approximation as was done on Fig. 2b. Therefore, it is possible to conclude that here we see the formation of unified
plasma population from two mixed populations.
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Figure 2. Examples of the measured ion spectra (black) in the daytime magnetosphere and its kappa-approximation
(blue) (a) and in the magnetosheath fitted by a bi-kappa distribution (orange curves, green lines show low energy

component, red lines show high energy) (b), and variations of parameters of kappa approximation along satellite
trajectory (c).
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Kappa distributions and features of magnetospheric dynamics

Fig. 2c shows differential ion fluxes with pitch-angle averaging in the range of 45°-135°, parameters of kappa (blue
points) and bi-kappa (green and orange points) approximations, magnetic field and its Bz component correspondingly
in GSM. Methods used for obtaining approximations were the same as in [Kirpichev et al., 2017]. It is possible to see
great magnetic field fluctuations inside the magnetosheath and large scattering of k and Eo. At the same time, we see
comparatively stable plasma density for both populations.

4. Conclusions and discussion

We analyzed as an examples two events of spectra measurements along the orbit of THEMIS-D satellite and its
approximations by kappa distributions. We think that using of such approximations is very informative for the study
of magnetospheric dynamics. Study of MHD parameters such as density, temperature and especially plasma pressure
is extremely useful for crude description of the system such as large-scale magnetosheric configuration, system of
transverse and field-aligned currents, pressure transport etc. However, it cannot help for investigations of particle
acceleration and heating, relaxation of observed particle beams and many other kinetic processes. Determination of
kappa approximation parameters, naturally, cannot be used for the analysis of fully kinetic processes. But it can help
in the large scale analysis of global processes. In comparison with Maxwellian distribution, which contains only two
parameters, kappa function contains three parameters and describes the most typical feature of collisionless plasma
systems — the power low tail. It is possible to hope that wide using of kappa approximations will help to solve many
actual problems in the physics of magnetosphere.
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O HEKOTOPBIX BOSMOXHOCTSAX PEI'YJIAPHOI'O BAJIVIOHHOTI'O
MOHUTOPUHTA KOCMAYECKUX JYUEN B AITATUTAX
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M.B. Kpaiines?, I'.A. Basunesckas®, b.5. 'Bo3neBckuii?
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2@I'BHY “Honapuviii 2eousuueckuii uncmumym”’, 2. Anamumot, Poccus

AHHoTamusl. OOCYXIAalOTCS TMPOSBICHAS MAarHUTOChepHBIX 3(PdekToB (Mpekae BCETO  BBICHLITAHHUIMA
PETATUBUCTCKUX 3JIEKTPOHOB, TAKXKE BapHalWii T€OMAarHWTHOTO IIOJsI) B JAaHHBIX OSKCIIEPUMEHTa PETYISIPHOTO
0aJUIOHHOTO MOHUTOPHHTA KOCMHYECKUX Jydeid, mpoBogumoro ®1AH c¢ 1957 r., a Takxke ImyTH MOBHIIIICHAS KadecTBa
9KCIIEPUMEHTA ¥ HHTEPIIPETANH €T0 PE3yIbTATOB C HCHOIb30BaHUEM T.H. ACTAIbHOW MHPOPMAIINH, ITOTy9IaeMOil B
9KCIIEPUMEHTE B TIOCIICTHIE ACCITUIICTHS.

1. BBenenne

Perynsipubiii 6amnonHstii Monutopuar (PBM) kocmudeckux stydei B 3emHol atmocdepe npoBoautcs GUAH um.
I1.H. JleGenera ¢ 1957 r., B HacTOsIIee BpeMs — TPH pa3a B Henemo B Amaturax, JonaronpynHom u o6c. MupHsIii
(Amnrapkruka). [Ipudop PBM (mBa cuérumka ['efirepa, bapomaTduk, paguonepeaaTInK) OMUCaH BO MHOTHX paboTax
[1, 2]. Cranmaptras uadopmarms (CH) PEM coctout u3 koiamdecTBa 3aperHCTPHPOBAHHBIX HA3eMHOH ammapaTypoit
UMITyJIbCOB, TEHEPUPOBAHHBIX IIEPEIATINKOM IIPH MPOXOKACHUH Yepe3 NETCKTOPHI HOHN3UPYIOLINX YaCTHI], a TAKXKE
JaBJICHUS 32 KQXKIYI0 MUHYTY 1onéTa. Pesynbrarel PBM mmpoko HCIoNb3yI0TCs TP HCCIIEA0BAHUSIX TATaKTHIECKUX
W CONTHEYHBIX KocMuYeckuX Jryueit [3, 4]. Kpome Toro, omy0nmukoBaHa o0ImmpHas 6a3a XapaKTepPUCTHK BBICHITIAHUAN
BBICOKOHEPIHYHBIX IeKTpoHOB (BBD), 3apeructpupoBanHsix B akcriepumernte PEM [5].

B nocnennue necatunerus (¢ 1996 r. B Jonronpyanom u ¢ 2005 r. B AnaTturax), nomumo CU, peructpupyercs
Takxke aeranbHas napopmanus (1) — hopma kax1oro 3aperucTpUpOBaHHOrO uMityjbea (cM. [6-8]). B crarbe mocie
onucaHus npudopa u TUIOB naHHBIX PBM (pa3zen 2) kpaTko 00CykaaloTcsi OCHOBHBIE pe3yabTaThl aHanu3a BBO no
nmarabiM CU PBM B Amatutax, a Takke Ipyrue BO3MOXKHbBIC TPOSIBICHHs reoMarHuTHBIX 3¢ dextoB B PBM (pazmen
3). B crnenyromem pasjnene 4 NpUBOISTCS TUIMYHBIC MPUMEPHI NETAIBHON MH(GOPMAIMH, 3apEerMCTPUPOBAHHON B
nonérax PEM B Amarurax m [donrompynHoMm. Ha 3TuX mpumepax peanpHas pabora mpuOOpa CpaBHUBAETCS C
UeaIbHOM M 00CYXXJAaroTCsl BO3MOXKHBIE IIPOSIBICHHSI MarHuToc(epHblx 3¢d¢extoB. Hakomen, B pasmene 5
chopMyarpoBaHbl ITyTH ucrosb3oBanust JJM PBM i1 moBbleHnst KadecTBa 3KCIEPUMEHTa U HHTEPIIPETALH €T
PEe3yJIbTaTOB.

2. JxcnepumenT PBM u TuIIBI EPBUYHBIX Pe3yJIbTATOB IKCIEPUMEHTA

OxcnepumeHT PBM, ero cranmaptHbeIif npubop, Ha3eMHas anmapaTypa U uaeajbHas cXema, 1o KOTOpOH OH J0JKEH
(hyHKIIMOHMPOBATH, HEOJHOKPATHO omucaHsl [1, 2, 8)]. [Ipu npoxoxxaeHuN TH000H MOHM3KUPYIOMIEH YaCTHIBI Yepe3
CTEHKY OAMHOYHOro cuérumnka ['elirepa-Mrosuiepa paguonepeiaTiiuk TeHEPUPYET UMITYJIbC 3aJaHHOU JJINTEIBHOCTH
L: = 900 MKc. AHaNOTHYHO NPHU HPOXOKACHUH JIFOO0H MOHM3MPYIOMIEH YaCTHIBI Yepe3 TPH CTEHKH CUETYMKOB,
00pa3yomux BepTHKAIBHBIN TEJIECKOII, paJlolepeaTinK TeHEPUPYET UMITYJIbC 33AaHHOM JUIMTEIbHOCTH, IPHYEM
OHa 3aBHCHT OT TOTO, 3aMKHYT KOHTAaKT 6apoarunka (L3 ~ 1400 mxc) wmm Her (L3t ~ 1600 mkc). Ammmutyna U°
HUMITyJIbCa, WCHYIICHHOTO B HANpPaBJICHMH HA3¢MHOTO IPHEMHOTO IYHKTa, 3aBHCHUT OT yIia MEXIY 3THM
HaIpaBJIeHUEM U TIOABECKOH M M3MEHSETCS B MPOIECCE PACKAYKH 30HAa C IIEPHOAOM = 6 C.

HazemHbIi pasinonpuéMHUK BBIAEISIET Bce UMITYJbehl ¢ ammuutynoil U'> Uy = 0.7 B u anmurensHocTBIO L >
L;=550 MKc, KOMMYECTBO KOTOPBIX 3a KaXKIyl0 MUHYTY mojiéra 3oHAa Ni peructpupyercs. AHAIOTHIHO
perucTpupyercst Takke KoiamdecTBo UMIysscoB No ¢ L > Lo=1250 mke. Ilo momenTam tii", P Hauan u KOHIOB
3aMBIKaHHs I-BIX KOHTaKTOB Oapomardmka (i=7) 3a KaXIyl0 MHHYTY NOJNETAa 30HIA, UCIONB3YS PE3YIbTATHI
NPeANoNaETHON IpayMpoOBKN OapojaTymKa, ONpesessieTcs NaBlieHne (MIM KOJMYECTBO BelecTBa aTMocdepbl Haj
npubopom X, r/cm?). Kpome TOro, CUETUMKM M TENIECKOMBI TAKKE IPOXOJAT TMPEANOJETHYIO TIPaJyHPOBKY,
PE3yNILTATOM KOTOPOM ABJIAIOTCS IONPABKH (X 5, = Nfg / Ny, O71s IpUBEICHUS XapaKTEePHCTUK CUETINKOB (pa3MepHl,
3¢ (HEKTHBHOCTH), KOTOPBIE H3MEHSUTHCH 3a Ooiee, yeM 60 siet sxciepuMenTa, k crangaptHeiM. Habop N1, N2, X 3a
KOKIYI0 MUHYTY TIOJIETA 30HAa BMECTE C TONPaBKaMU M MPEACTaBIsAET coO0H cTaHmapTHyo wHQopMmamuio PBM,
MOJTy4aeMyIo B pa3HbIX TOUKax ¢ 1957 1.

46


mailto:annfrank@fpl.gpi.ru

o HEKOMopbLX 603MONCHOCMIAX PeYIAPHO20 6ann0HH020 MOHUMOPUH2A KOCMUYECKUX ,'ly‘lel;

Kak yxe ynomunanoce, ¢ 1996 r. B Jlonronpynnom u ¢ 2005 r. B Anaturax, napaiensHo ¢ CU, peructpupyercs
TakXKe JeTaabHas nHpopManusi — popMa KakJoro 3aperHCTPUPOBAHHOTO UMITYIIbca. KaxXIblif MPUHATHIN UMITYIIBC C
ammumutynoit U'> 0.16 B u mmrensHOCTRIO L > 25 MKC ommdpossiBaics ¢ nepuogom AL =25 mxc u Bpems t u
HanpspkeHne U; Kakmoro otcdéra permcTpupoBaiichk. TakuM oOpa3oM, mHopmanus, coxepxkamasics B [U,
3HAYUTENBHO Oonbmie TOH, 4To copepxkutcs B CU. Dto o3nagaer, uto /1 MokeT OBITh MCHONB30BaHA Kak IS
BOCTIpOM3BOICTBA M KOHTPOJst CH, Tak 1 M3ydeHNT HOHU3UPYIOMIETO H3Iy4eHHS B aTMOCc(epe 3eMIIH CO 3HAUUTETFHO
OONBIIMM pa3pemreHneM Kak 1o BPeMEHH, TaK U 110 [UTUTEIEHOCTH UMITYJTECOB M HX aMIUIATYIE.

3. OcHoBHbBIE pe3yJabTaThl M0 3(dekTaM MarHuTochepsl, NoTyYeHHbIE H3 CTAHIAPTHOI
uHpopmanuu PBEM

B mocnennee Bpemst xapaxrepuctuku Oonee 500 coOwrtmit BBD, 3apeructpupoBaHHBIX B dKcnepumente PBM B
Mypmanckoii obaactu ¢ 1961 r. 1 coOpaHHBIX B Katanore [5], ObUIM NpOaHATHN3UPOBAHbI B OCHOBHOM JUIS BBISIBJICHUS
UX KOppeJsIMI ¢ MHAeKcaMy akTHBHOCTH COJTHIIA, COJTHEYHOTO BETPa M IelIM0oc(epHOro MarHUTHOT'O T10JIs, @ TAKXKe
C XapaKTepUCTHKaMH 3eMHON MarHuTocdepst [9-10].

Ecnu xpatko chopmynupoBaTh pe3yiabTaThl 3TOrO0 aHaiu3a, 1) NokazaHa ycrodumBas cBsisb BBD ¢
reauocepHbIMH M MarHUTOCHEPHBIMH HWHJIIEKCAMH, XapaKTepHas Juisi OOIIMX MPEICTAaBICHUH O IOBEICHUH
9JIEKTPOHOB BHEIIHEr0 PaJMallMOHHOTO TOsica BO BpeMsi MarHUTHBIX Oypb M cy0Oypb; 2) NMpOAEMOHCTPHPOBaH
Bo3pacTaromuii TpeHa ¢ 1960-x no cepenunst 2000-x rogoB B OAHOPOAHOM psifie yacToThl BB, oTcyTcTBYOmuil B
MEXKIUIAaHETHBIX M MAarHUTOC(EPHBIX IIPOIEccax M, BO3MOXKHO, CBS3aHHBIH C BIMSHHEM Ha3€MHBIX
paauoriepesaTIuKoB, padortaromux B OHU-nnamaszone.

Opnako kpome BBD B manupix PBM MOXHO 0XHAATh W JpyrHe NPOSBICHHUS T€OMAarHUTHBIX 3PQEKTOB. ITO
CBSI3aHO C T€M, YTO B KaxJoM moiére 30H4 PEM B TedeHHe mMpHMEpHO Moidaca HaxXOAWTCA B O0NACTH HU3KOH
IUIOTHOCTH ¥ BBICOKOM WHTEHCHBHOCTH HOHM3UPYIOUIETO H3IYYEHHS W B PETHCTPUPYEMOH B SKCIIEPUMEHTE
nH(popManMK MOTYT NPOSBITHCS I'€OMarHUTHBIE BapHallMM, a TakXke, Halpumep, TOHKas cTpykrypa BBD. Ho
W3BJICYb 3TU NPOSBICHUS, UMeS JIUIIb JaHHbIe ¢ pazpemenueM | munyta (CH), TpyaHo.

4. leraabHas nngopmauust PBM JIN B Anaturax u JoJaronpyaHom

B xauectBe mpumepa /I ma Puc. 1 mpuBemeHO pacmpeneneHHe BCEX 3apETHCTPUPOBAHHBIX HMITYJIBCOB IO
mmrenpHoctr N(L), a Ha Puc. 2 - BpemeHHO# xo1 MruoBeHHO# ckopoctu cuéra MCC, 1/(ti+a-ti), ammmurynst Ui u
JUTMTENBHOCTH L KaXI0ro MMIyJbca, 3aperuCTPUPOBAHHOTO B rojsieTe B Anatutax 24.07.2017.

Kpome «Hamienok» Ha BEICOTHOIM KPHUBOM CKOPOCTH cUeTa B KOHIIE MOJIeTa, 3aMETHBIX Ha BepxHel manenu Puc.
2 u cBsA3aHHBIX ¢ AByMsS BBD (wim C ogHmM, HO cioxkHOTO Tpoduis), Ha Puc. 2 BUAHBI CHIbHBIE KOJeOaHUS
aMIUTUTYBI UMITYJIBCOB, BUUMO, CBSI3aHHBIX C 00ITaHKOM (K0JIeOaHNIMH 30H/a) U CHIIbHBIE KOeOaHus, yBeTTHUCHHE
1 pa30poc AIUTENBHOCTH UMITYJIBCOB HEMOHATHOTO MPOMCXOXKICHN, 3aMeTHBIe Taloke Ha Puc. 1. B manHOM monere
JUTMTENIEHOCTh UMITYJIbCOB BO3pacTaja, HO YacTO OHA YMEHBINAETCS, CTAHOBUTCSI MEHbIIIE TTOPOTa, YTO MIPUBOAUT K
pocyéraM, eI He U3MEHTh COOTBETCTBYIOIMM 00Pa30M ITOPOT PETHCTPALIHH.

Ha Bepxneit manemm Puc. 3 mis meproma BBD mokazana obOpasoBanHas u3 M cKkOpocTh cdeTa OJUHOYHOTO
CYETUYHKa, YCPEAHEHHAs 3a | cex (BepXHsS MaHelb), a Ha HIWKHEH MaHeNM - aMIUINTyJa BIHBIET-TIpeoOpa3oBaHus
MIOJTYYEHHOTO BPEMEHHOTO psiia (C BTOPOH ITPOM3BOAHON OT raycCOBCKOM (DYHKIMHM B KauecTBE MAaTEPHHCKOTO
BdiBNIETA). BUIHO, UTO B MHTEHCHBHOCTH MOHU3UPYIONIEH KOMIIOHEHTHI MPUCYTCTBYET LIENbIH CHEKTp KojieOaHui B
TOM YHCIIe 5-TH MUHYTHBIE, HO JUISl yKa3aHUs yPOBHS X JOCTOBEPHOCTH HAJI0 BBIJICIIUTD B UCCIEAYEMOM BPEMEHHOM
psizy 1IyM, T.€. CIy4aifHyl0 COCTaBIIAIOILYIO0, UTO I10KA HE CHIENaHo.

1 Lz
T T
IlomHOE umMcIo MMIyAbCcoB: 164564

10 Pucynoxk 1. Pacnpenenenue o
JUIUTEIHOCTH BCEX 3aperuCTPUPOBAHHBIX
umnynscoB B monere 24.07.2017 B
ArmaTurax. JlBe BEpTHUKaJIbHbIE
LITPUXOBBIE JIMHUM OTMEYAIOT MOPOrH

peructpanuu CU no ATUTENbHOCTH.

Uncero MMIIY/TIECOB
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Pucynok 2. BpeMeHHOI X0J1 MTHOBEHHOH CKOPOCTH CU€Ta (6epXHss naueiv, JeBas JorapudMuueckas Ikania),
aMIUIMTYABI (Cpeousis nauens) W IIUTEIBHOCTU (HUOICHAS Namenb) KaKIOrOo MMITYJbCa, 3aperuCTPUPOBAHHOTO
24.07.2017 B Anatutax. Yepuvimu mouxamu Ha BEpXHEH MaHeIH MOKa3aHa yCpeaHeHHas 3a | MUH CKOpPOCTh cueTa
B JINHEHHOM (TipaBas mkana) Macimrade. bonee cBeTinbIME (KpacHbimu) moukamu OKa3aHBl XapaKTEPUCTUKA BCEX
HMIYJIBCOB OT MOMEHTa Hawana xopomux maHHbX (HX/]) u mo Hawama obpatHoro xoma (HOX), otMedeHHBIX
BEPTUKAJIHHBIMH IITPUXOBBIMH JTHHUSMHU. [[yHKTHPHBIMH JTHHUASMH BBIICIICH WHTEPBAJ BPEMEHH, ST KOTOPOTO
MIPOBEAEH aHaIHM3 KOJIeOaHUH CKOPOCTH CUETa, HILTIOCTPUPOBAHHEIN Ha Puc. 2.
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Pucynox 3. VYcpemnenHas 3a 1 cex
(céemnvie/kpacnbie  nunuu) CKOPOCTH —cueTa
OAWHOYHOI'0 CYETYMKA B MEPHUOI, OTMEYEHHBIN
NYHKTUPHBIMH JIMHUSIMU Ha Puc. 2 (eepxwas
o namenv) M aMIUIMTya  ee  BOWBICT-

00 ooz TIpeOOpa3oBaHusl (HuoicHAs nawuenv). UEpHOUH
2.31E+001
20000 JITHUEW HA BEPXHEW MAaHENM MOKa3aHa CKOPOCTh

R.94E—001
sascz cygra, CriaXkeHHas ¢ nepuonaom 300 c.
3.74E—003
4.81E-004
4.75E—005
5.36E—006
6.05E-007
8.82E—008
7.89E—-009
8.88E—010
9.79E—011

CxopocTs cuera, 1/c
i
o

Log

Ilepuon, c

B mpubope PBM, moner xotoporo wmmoctpupoBaH Ha Puc. 1-3, kak m Bo Bcex mpubopax mocie 2010 r.,
OTCYTCTBOBAJI TENIECKOII, YTO, KOHEYHO, CKa3aJI0Ch Ha PAaCPEAEICHUH MO JUIUTENBHOCTAM U T.A4. OTMETUM, 4TO B 3TOU
CUTYyallMH pa3neiits coObiTiss BBD u cOom B anmaparype, nmpuBoAsIIne K BCIUIECKAM CKOPOCTH cuéTa, WHOTJa
3aTpyJHUTENBHO. B 3TOH cHTyanun HHTEPECHO, YTO BO MHOTHMX MOJIETaX B JonrompymHoMm Takke HaOIOHAIOTCS
coObITHs, o4eHb HanoMmuHatomue BBD, xoTs reomarauTHas mmpota J{oJronpyaHoro He MO3BOJISIET OTHECTH 3TH
SIBIICHUS K BBICBIIIAHUIO PENATUBUCTCKUX AJIEKTPOHOB U3 BHEUIHETO PaJAHAllMOHHOrO0 nosica. IHTepecHO conocTaBUTh
CIEKTpP BapHalNii HHTCHCUBHOCTH HOHNU3HPYIOIIEH KOMIIOHEHTHI Ha OOJBIINX BBICOTAX B 3THX JIBYX Pa3HECEHHBIX MO
IIMPOTE IMyHKTAaX HAOIOJCHHUH.

5. Ilnansr pador ¢ I PBM
Just mydiiero nmoHuManus padbotsl PBM, moBblmeHns: KauecTBa 3KCIIEPUMEHTa M MHTEPIPETAIMN €TI0 PE3yJIbTaTOB
TpeOyeTcs OCyLIEeCTBUTH psill paboT:

1. PaGortsl, HapaBjeHHbBIE HA HOHMMaHKE peangbHoro GpyHkunonuposanus 3ou1a PBM. Ham npexncrasisiercs, uto
B OCHOBE 3TOH PabOThHI JOJDKHO JISKATh CUMYISILUS DJIEKTPOHHOM CXEMBI MPHOOpa C IMOMOIILI0O U3BECTHBIX
MaKeTOB /IS MOJICIMPOBaHUs aHAJIOTOBBIX cxeM (Harpumep, PSPICE [11]) ¢ yueTom u3MeHeHuUs TeMIiepaTypsl,
CTaOWIILHOCTH HJICKTPOHHBIX KOMIIOHEHTOB U T.A. MBI HaleeMCsl, YTO Pe3yJIbTaTOM 3TOH pabOThl MOXKET OBITh
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o HEKOMopbLX 603MONCHOCMIAX PeYIAPHO20 6ann0HH020 MOHUMOPUH2A KOCMUYECKUX ,'ly‘lel;

HEe TOJBKO MOHMMAaHWE TOTO, YTO HPOMCXOAWIO B mosetax PBM B mpomiioM, HO M yaydllleHHE KadecTBa
OyAyIInX MOJIETOB.

PaGora 1o MOAENMPOBAHUIO IOl MOHU3MPYIOIIMX W3IyYeHWH B armocdepe 3emmm s JeTalbHOU
uHTepnperannn daHHEIX PBEM. B ocHoBe Moker nekaTe HCmonb3oBaHHe makera [12]. 3mece MOXKHO
c(hopMyIHpOBATH IBE 3aTa4M:

1) VYTouHeHME XapaKTePUCTHK PA3IMIHBIX KOMIIOHCHT IO H3TyUCeHUs, Taformux Bkiaan B PBM. B wactHocTH,
Ba)KHO XOPOILO 3HATh YIJIOBOE PAacHpeelIeHHe KOMIOHEHT JUIA y4eTa BKIaJa B HEH30TPOIIHBIE JETEKTOPBI
PEM, k ToMy >Ke M3MEHSIIOLIHME CBOE MOJI0KEHHE U OPUSHTAIMIO B IPOCTPAHCTBE (M3-32 CHOCA U OOJITAHKU
30H1a). CyliecTByeT OpUrHHAIbHASE METOIMKA OMHCAHHUsI HEOOXOJMMBIX XapaKTEPUCTUK JIETEKTOPOB [6], HO
JUIL TIPUMEHEHUs] €€ pe3yJbTaToB TpeOyeTcsi 3HaHWE YIJIOBOI'O pAaCIpeleNieHHus] W3JIydeHUsT B BUJE
cepryeckux GyHKIHIHI.

2) Tpebytotcs Oosiee aeTanbHBIC pacdyeThl U HHTEPIPETAMH pe3ynbTatoB PBM  (xapakTepHCTHKH
BTOPUYHBIX KOCMHUYECKHX JIyueil B aTMocdepe) B TepMHUHAX MEPBHUYHBIX KOCMUYECKUX Jydeld. Hampumep,
Ha OCHOBAaHMM aHamm3a AaHHBIX PBM cuuraercs, 4To CKOpOCTh cueTa OJMHOYHOTO cueTdhKa Nimax B
MakcuMyMe BeICOTHOH KpuBoit N1(X), rae X-konm4ecTBo BeLecTBa Ha MPHOOPOM, CBS3aHa C HHTETPaIbHOM
uHTeHCUBHOCTHIO poTtoHoB ['KJT Jp(T>100 MaB) omnpeaenennsiM cootHomeHueM [13]. OqHako XoTenoch
OBl MOHATH, HACKOJIBKO 3TO cornacyercst ¢ MojenupoBanueM npoxosxaeHus I'KJI uepes armocdepy. Baxuo
3HATh, YEM COTJIACHO MOJIEIHPOBAHMIO, OTIPEIEIISECTCS] KOINIECTBO BEIIECTBA Ximax, HA KOTOPOM MAaKCHMyM
MHTEHCUBHOCTH JJOCTHTaeTcs U T.A.

Meronnyeckass  pabora ¢ JIM PBM. TpeOyercss HayuuTbcsi BBHIIONHATH ¢ JaHHeiMu U PBM
(mocien0BaTeNbHOCTh MMITYJIbCOB) CTaHJApTHBIE ONEpald OOpabOTKH, XOPOIIO Pa3BUTHIC JUIS paboThI C
BPEMEHHBIMHU PsAaMH C IOCTOSHHBIM IIIaroM IO BpeMeHH (Hampumep, B3WBieT-aHanu3). HedcHo, Hanpumep,
YyeM OIpeeNseTcs] U KakoB YpPOBEHb LiyMa B AaHHBIX PBM, orpanuumBaromuii Haa€XHOCTh BBIABICHHBIX
BapHaluil HHTEHCUBHOCTH.

Haxkonern, Hao mpuBecTH K einHOOOpa3sHOMY BHAY Beto 0a3y nanseix (BJ1) AW PEM, xotopas B pa3HbIe TOIBI
pETHCTPUPOBATACh B PAa3HBIX (OpMaTax M CAeNaTh yJOOHBIH MHCTPYMEHT (IPOrpaMMHYIO O0OJOYKY) UIst
pabotsl ¢ ucxomusiMu ganHeIMA U BJ] PEM. 1o okoHuaHwMM 3T0H paboThHI MpeATIoNaraeTcs IpeaoCTaBUTh ATY
BJI nnst paboter B UHTEPHET.

bnazooapnocmu. PaGora BbiNONHEHA OpH YacTUYHON mnomiepkke POOU (rpautsr 16-02-00100_a, 18-02-
00582 _a).
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BU3YAJIN3ALIMSI MECTOIIOJIOKEHUSA B 3BEMHOM KOPE
TEORJIEKTPHUYECKHUX HEOJJHOPOJHOCTEM C INOBBINIEHHOM
IJIEKTPOITPOBOJHOCTBIO C TIOMOIIBIO JIBYXYACTOTHOI'O
PAIUOT OJIOTPAOUYECKOI'O METOJA

B.A. JIro0unu, A.E. Cunopenko

>

QI'BHY “lonapusiii ceogpuzuneckusi uncmumym”, 2. Mypmanck, Poccua
e-mail: lubchich@yandex.ru

AHHOTaUs. B pynHoii reopusnKe 4acTo BO3HUKAIOT 33J1aUH [0 BU3YaIU3alli B 3€MHOM KOpPE MECTOIOJIOKEHHS
oOnacTtel ¢ TOBBIIICHHOW AJIEKTPONPOBOAHOCTBIO, IIEPCIEKTHBHBIX Ha OOHApYXXEHHE PpYIHBIX Tell.
Papunoronorpaguyecknii MeTos sBIseTCs YAOOHBIM HMHCTPYMEHTOM /sl pelieHus] MoaoOHbIX 3aaad. [IpoBens
IUTOIIA/AHBIE M3MEPEHUS MAarHUTHBIX KOMIIOHEHT 3JEKTPOMAarHWTHOTO IOJS OT KOHTPOJMPYEMOro MCTOYHHMKA Ha
M3y9aeMOM TCOJIOTHUECKOM Y4YacTKe, € IIOMOINBIO pajnorosiorpaMdeckoro MeTona MOXKHO 3()(EeKTHBHO
JIOKQJIN30BaTh B NMPOCTPAHCTBE aHOMAJBHBIC 30HBI C TOBBIIICHHOH 3JIEKTPONPOBOJHOCTHIO. OHAKO, IPH aHAIN3e
PEe3yJIbTaTOB MPENIIECTBYIONNX pabOT ObUIa OTMEUEHAa BO3MOKHOCTH IOSIBICHUS «JIOXKHBIX» aHOMAIUA TpH
roJorpapuuecKol PeKOHCTPYKIHUU pacmpeaenieHns HeogHopomHocted. [lostomy B 2017 romy ObuM TpOBEIEHBI
pacIIMpeHHbIE TTOJICBBIC HCCIIEI0BAHMS HA ydacTKe JIOMMUIITHIOH MOHYEropCcKOro pyIHOTO paiioHa 10 IPHMEHEHHIO
pamuoronorpaguyeckoro MeTroja B IBYXYaCTOTHOM BapHaHTe. Pe3ynpTaTbl HW3MEpPEHUH IOKa3alH, 4YTO
ronorpadudeckas peKOHCTPYKIHUA pacipeaelIeHus HEOAHOPOIHOCTEH UL Pa3HBIX YacTOT 3JIEKTPOMArHUTHOTO HOJISA
MI03BOJISIET OTOPAKOBATH «JIOYKHBIE» AaHOMAJIMU U BBIACIATH T€ aHOMAJIbHBIE 30HBI, KOTOPhIE MOXKHO aCCOLMMPOBATSH C
PYIHBIMH TEJIaMH.

IIpobnema BHU3yanM3alMM TE€OIEKTPUYECKUX HEOTHOPOJHOCTEHl B HCCIEIyeMOH cpelie 4acTO BO3HMKAET MpHU
PELICHUH Pa3IMYHBIX reo(pU3MYecKuX 3ajad, Hanpumep, NpU IOMCKE PYIHBIX TeJ B pyIHOH reodusuke. B Tex
CllydasiX, KOrja JOCTaTOYHO BBISBHTH JIUIIb MECTONOJIOXKEHHE AHOMAIbHO MPOBOJAIIMX 30H B 3€MHOH KOpeE,
MPE/ICTABISIETCS 11€7ecO00pa3HBIM HCIIONBb30BaTh pajnoronorpaduuecknii MeTo]l Kak Hamboliee OIepaTUBHBIHA
Croco0 BBIABIEHHWS KapTHHBI  pAaclpelelieHus HEOAHOpoAHocTed. VI3BeCTHO, dYTO TpH  NPOBEACHHUH
3JIEKTPOMArHUTHBIX 30HAMPOBaHWK 3eMJIM B TOYKaxX HaOMIONEHWI (UKCHpyeTCsl CyNepHo3WIMs JBYX MOJEH,
HNEPBUYHOTO OT KOHTPOJIUPYEMOIO HMCTOYHHMKA MOJS, KOTOPOE MOXKHO paccMaTpuBaTh KaK OINOPHYIO BOJHY, H
BTOPHYHBIE TM0JI, OOYCIOBJICHHBIE T'EOTEKTPUUECKUMH HEOJTHOPOTHOCTSIMHM CpeAbl, KOTOpble B TEpPMHHAX
rojiorpaui MOXXHO Ha3BaThb NpPEJAMETHBIMH BOJHaMHU. TakuMm o00pa3oMm, HMesi pe3ylbTaThl H3MEPEHHi
JIEKTPOMArHUTHOTO TOJIS MO IUIOIIAAM HCCIEAYEeMOIo y4acTKa, MOXHO BOCCTaHOBHTH KapTHHY pacHpeneieHHs
re03JIEKTPUYECKUX HEOJHOPOAHOCTEHN B 3eMHOM KOpe.

Vcnonp3oBanne paauoronorpaduyeckoro MeToma Uil PEKOHCTPYKIHMH MECTOTOJIOKEHHsS HCTOYHHKOB
AQHOMAJIBHBIX TIOJIEH B 3eMHOW KOpE SBJSAETCSA HOBBIM ITOAXO0JOM B Pa3BUTHU IEKTPOMArHUTHBIX METOJOB Pa3BeIKU
U TIONCKOB MECTOPOKICHHU IIOJIE3HBIX HCKomaemblX. B monorpadum E.JI. Tepemenko [1] ormeuanoch, d9Tto
paauorosyorpadgu4ecKyto peKOHCTPYKIIMIO MOXHO paccMaTpUBaTh Kak YaCTHBIN cilydail 00paTHOM 3aJja4u paccestHus,
TaKk Kak C €€ IOMOIIbI0 IO W3MEPEHHBIM DJJEKTPOMArHUTHBIM IOJISIM, PACCESHHBIM HAa TE€0IEKTPUYECKHX
HEO/IHOPOIHOCTSIX, BOCCTaHABJIMBAECTCSI MECTOIOJIOKEHHE OJTHUX aHOMAJBbHBIX OOBEKTOB. ['eo3nekrpuueckue
HEO/IHOPOJHOCTH B 3a/ladyaX PYAHOW reo(M3MKU IPEACTABISIIOT cOOOH, Kak HpaBHJIO, OOJIACTH C TOBBIIICHHOM
3MEKTPONPOBOJHOCTHIO, SIBISIFOIUECS UCTOYHUKAMH aHOMAJIBHBIX 3JI€KTPOMAarHUTHBIX MOJEH.

CymiecTByeT HHTETpaIbHOE ypaBHEHNE, CBS3BIBAIOIIEE IOJI0rpaduuecKil peKOHCTPYHPOBAHHOE MarHUTHOE TIOJIE
HH ¢ rckomoit (hyHKIMEH HCTOYHHKOB aHOMAJIBHBIX 3JIEKTPOMATHUTHBIX MOJIEH jm [2]:

HH(r)=Ho(r)+2ijdr]m(r')Ime(r,r’) (1),

\
rac Ho — Hal'Ipﬂ)KeHHOCTB HOpMaI[BHOFO MAar"HuTHOTO I10JIA, onpenenﬂeMaﬂ KOHTpOJ'[I/IpyeMBIM HNCTOYHUKOM
ANIEKTPOMArHUTHBIX TOJIEH B OTCYTCTBHHU TI'€03JIEKTPUUYECKUX HEOJHOpoaHOcTeil B cpene, IMGm — MHUMas yacTh
TCH30pa Fana MAar"guMTHOI'O THIIA, jm — IINIOTHOCTH CI)I/IKTI/IBHBIX MAarHuTHBIX TOKOB, | — MHHUMaA CJIHUHHIA,

MHTETPUPOBAHKE BEICTCS IO OOJACTH PACIOJIOKCHHS aHOMAIBHBIX HCTOYHHKOB V. ITIOTHOCTH (DHKTHBHBIX
MAarHUTHBIX TOKOB jm (hOPMaTbHO MOKHO OIPEICTIUTD Yepe3 pacipeneleHIe INIOTHOCTU PealbHbIX BUXPEBBIX TOKOB
j BeIpaxkeruem [3]:
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Jn(r)=Vx[dri(r)G(r,r)

CerouHas annpokcumanus ypaBHeHus (1), Kora HIDKHEE MOIyIPOCTPAHCTBO pa30MBaeTCs HA TYEHKH KOHEYHOTO
o0beMa, MO3BOJISIET MEPEHTH K CHCTEME JIMHEHHBIX ypaBHEHHH OTHOCHTENILHO HEM3BECTHBIX 3HAUE€HHH (QYHKINU
AHOMAITBHBIX HCTOYHHKOB jm, OTPE/ICICHHE KOTOPBIX U SBJIACTCS PELICHHEM 00paTHOW 3aa4u pacCesHHus.

Bo3moxxHOCTH paanoroiorpaduueckoro MeToa ObIIH 3KCIIEPUMEHTAIBHO IPOBEPEHBI Ha y9acTKe JIOMITHITHIOH
MOHUYEropcKkoro pyxHOro paioHa. YuacToK JIOMNMIIHIOH HAaXOAWUTCA HAa  IOrO-BOCTOYHOM  CKJIOHE
MOHYETYHIPOBCKOTO MAacCHBa, PACIIONOXKEHHOTO B IEHTpainbHOW yactu Ileuenrcko-Bap3yrckoit pudToreHHOM
cTpykTyphl. Ileuenrcko-Bap3yrckas pudToreHHas CTpykTypa, mepecekaromas KombCkuii MOIYyOCTPOB C CeBEpoO-
3amajia Ha I0r0-BOCTOK, TPECTaBICHAa MHOTOUNCICHHBIMYA HHTPY3UBHBIMHA MaCCHBAMH OCHOBHBIX 1 YJIbTPAOCHOBHBIX
MOPOA, K KOTOPBIM M MPHYPOUYCHBI PYIOIPOSIBICHNS M MECTOPOXKICHUS MEIHO-HHKEIEBBIX, XPOMOBBIX, TUTAHO-
MarHeTUTOBBIX Pyl M METAJUIOB IUIATHHOWUIHOW TPYIIIBL.

B reonornueckom mraHe MOHUETYHIPOBCKUIT MacCUB MPEACTABISET COOOW IIEPBUYHO-PACCIOCHHBIH OT TYHUTOB
JI0 Jelikorabopo cTpatuGuuUpoBaHHbId JoNONUT [4]. OTANYUTENTLHONH 0OCOOCHHOCTBIO CTPOEGHHS MAacCUBA SIBIISICTCS
TO, YTO IOMHMO TJIaBHOU (ha3bl HHTPY3UH B BOCTOYHOM OOPTY MaccHBa BBLIENSETCS JIOTOJHUTENbHAS (ha3a - HOPUT-
rabOpOHOPUTOBAs, MOIIHOCTHIO, B cpemaHeM, a0 200 merpoB. K 3Toii momonHuTensHOW (haze U OTHOCHTCS
CJIO)KHOTIOCTPOCHHAsI 30Ha Pa3BUTHS CYNb(QUIOHOCHBIX MOPOJA, KOTOpas umeer ¢opMmy kiauHa. OCHOBaHHE
KJIMHOBHAHOTO OJIOKa BBIXOAWT Ha IIOBEPXHOCTh C CYOBEPTHKAJbHBIM 3aJITaHWEM, a C TIyOWHOH 3Ta 30Ha
MIOCTETICHHO CCY>KaeTCs M MOABOPAYNBACTCSI, TAK YTO Ha TimyouHax 1000 MeTpoB u Oosiee OHa MPUHUMAET TOJIOKEHNE
OnM3Koe K TOpPH3OHTAIBHOMY. TeM caMmblM TIPOSBISIETCS 3HAUMTENbHAash AacHMMETpUS B CTPOCHHH
MOHUYETYHIPOBCKOTO MacCHBa, KOTJa acCOIManus CyJb(HUIOHOCHBIX IOPOJ MPUYpOUEHa TTIaBHBIM 00pa3oM K €ro
BOCTOYHOMY OOpTY.

Jnst uHTpY3uBHBIX MaccuBoB [leueHrcko-Bap3yrckoii pudToreHHOW CTPYKTYphl XapakTepHbI JBa THUIIA
CyJIb(UAHOTO MEIHO-HHKEJIEBOTO OpYACHEHHUS: MarMaTHuecKHi (CHHICHETHYeCKWil) M MeTaMop(OreHHbIH
(onurenerndeckuit). Ha ydactke JloWnumiHioH OypoBBIMH pabOTaMu ObUIM BBISBIEHBI 00a THNA CyJIb()UAHOTO
opyaeHeHus. MarMaTH4ecKui THUII OPYACHEHHUS LIMPOKO MPEJCTaBIICH B IOPOJIax JOMOIHUTEIBHON (ha3bl HHTPY3UH:
HOpHUTax, rabOpOHOPUTAX, METArabopo. DTH MOPOJBI CONCPIKAT, KaK MPABHIIO, OCTHO BKPAILICHHYIO CYJIb(OUIHYIO
MUHepanu3aluio B konuuectse 1-3 %. BypoBbIMU CKBa)KMHAMH Ha Y4acTKe ObUIM BCKPBITHI TAKIKE T€JIa MAaCCUBHBIX
CyTb(OUAHBIX Py, OTHOCSIIMECS K MeTaMOp(OreHHOMY THITy oOpyleHeHHs. IlocKonbKy MeTaMopQoreHHoe
OpYAEHEHHE pa3BUBAETCA IyTEM IE€PEOTIOKCHNS IIEPBUYHOTO MarMaTH4ecKoro pyJHOTO BELIECTBA, OHO
MIPUYPOUYCHO, B OCHOBHOM, K 30HaM TEKTOHMYECKHX HapyIIeHWH. PyaHble Tenma sToro Tuma obiagarot 6osee rycToit
BKPaIUIEHHOCTHIO CyIb(naoB 10 50-60 %, 00BIYHO COUETAIOIMXCS C THE3I0BBIM OPY/ICHEHHEM U Pa3BUTHEM PYAHBIX
MIPO’KHIIKOB. MOIITHOCTB PYAHBIX 30H COCTABISIET OT HECKOJIBKMX METPOB JI0 TIEPBBIX JECATKOB METPOB [5].

[Ipu anammze pe3ynpTaToB mpeamecTByomux pador 2012 roxa [2] Obuta 0TMEYeHA BO3MOXHOCTH ITOSIBICHUS
WIOXKHBIX» aHOMaNWil mpu ronorpaduueckoil PeKOHCTPYKIMU pacIpelelieHns HEeOoJHOpPOAHOCTeH. B kauecTBe
OJIHOTO W3 CIOCOOOB IO OTOPAKOBKE TAKMX JIOKHBIX)» aHOMAJIMH OBIJIO MpeIoKEeHO IMpOBeIeHHe HabIoaeHnil Ha
HECKOJbKUX dacToTax. [lostomy B 2017 romy OBUIM HpPOBEAEHBI pPACIIMPEHHBIE IIOJNEBBIE HCCIEAOBaHMSA IO
MIPUMEHEHHUIO IBYXYaCTOTHOTO PaIHOroNorpaguyeckoro METoAa Ui JOKaJIU3aluy B IPOCTPAHCTBE PYAHBIX 30H Ha
yuacTke JloinuuHioH MoHUYEeropckoro pyJiHoro paiiosa.

W3Mepenust mpOBOAMIKCH O Aecatd npoduisiM mnHoNH 900 MeTpoB, I1ar HaOMIOACHUN U PACCTOSIHUE MEXITY
npoduisamu coctasisia 100 meTpoB. TakuM 0O6pa3om ObuIa IOTyYeHa paBHOMEPHAS MTPSIMOYTOJIbHAS CETKA ITYHKTOB
HaOmonenuit, Brmovatomas B ceds 100 skcnepuMeHTanbHbIX ToueK. OpHeHTAIusl CeTKH B IPOCTPAHCTBE Oblia
BBIOpaHa TaK, YTOOBI OJJHA M3 CTOPOH IUIaHIIETa Oblila MEPIEHANKYJIIIpHa NPOCTHPAHUIO TOPHBIX opo. Benencreue
4ero mpoQuIIst GBUIHM MPOJIOKEHBI € IOTO-BOCTOKA Ha CEBEPO-3amajl 1o asumyty 312°,

B kauecTBe KOHTPOJMPYEMOrO HCTOYHHMKA 3JIEKTPOMAarHUTHOTO IIOJSl  WCIIOJIb30Balach KBajaparHas
He3a3eMIJIEHHasI eTJIs ¢ AIuHOi ctopoHsl 150 MetpoB. LlenTp netiu pacmonaraics B 400 MeTpax K I0T0-BOCTOKY OT
Kpas 1aHmera Ha nmpoduie 7. CTOpOHBI NETIHN OBUIM OPHEHTHPOBAHBI BJIOJIb M MONIEPEK HampaBiieHus mpodueii. B
TIeTJIe TEHEPUPOBAIMCH TAPMOHUYECKHE CUTHAIBI 4acToTol 34 u 136 T'm. Tok B paMke Onpenesnsuics ¢ MOMOIIBIO
M3MEpUTENSI Ha OCHOBE JlaTuvWKa XOJula, Chja TOKa B cpefHeM coctaBmsiia 4 - 8 A. Jlna momydenus (pa3oBbIX
XapaKTepUCTHK MEPBUYHOTO TOKA CUTHAJ CHIMAJICS C MaJCHBKOTO YJacTKa MeTJIH, JUIMHON 1 MeTp, U 3annchIBajIcs B
CHCTEMY pEerucTpanuu U cbopa mHGOpMAIMK C TOYHOW NPHUBI3KOM MO BPEMEHH C TIOMOIIBIO CIIyTHHKOBBIX
HaBurauuoHHeix cucrem [JIOHACC/GPS [6].

B nyHKTax HaOIIOEHUS MPOU3BOAMINCH U3MEPEHHS MarHUTHBIX COCTaBIISIONIMX MOJIS, B KauecTBE NMPUEMHOM
annapaTypbl HCIOJB30BAJICS TPEXKOMIOHEHTHBIM WHAYKIMOHHBIH MarHuTOMeTp ¢ IudpoBol cucTeMoit
perucrpanuu u cbopa WHPOPMAIMKM, AHAJOTWYHONW KOMIUIEKTY M3 T€HEepaTOpHOM rpynmnbl. MarHWTHBIE AaTYUKU
OpPHEHTHPOBAIMCH B3aMHO OPTOTOHAIBHO, OCh Y OblIa HampasieHa BJ1oJb npoduiteii. biaarogapst TouHON NpUBSI3Ke
KO BPEMEHHU M3MEPSIEMBIX CHI'HAJIIOB UCIIOJIb30BaHHBIH KOMIUIEKC Mepeatolei 1 PUEMHOI anmaparypsl 03BOJISLI
OTIPEIETISITh A0CONIOTHYIO Pa3HOCTh (ha3 Mex Iy KOMIOHEHTAMU MAarHUTHOTO TI0JIS1 ¥ TOKOM B II€PEAIOIICH aHTEHHE.
TakuM o00pazoM, KpoMme 3HAUYE€HWH aMIUINTYA OBLIM MOJIy4eHbl M pachpeleleHus (a30BBIX XapaKTEPHUCTHK

o1



B.A. JIoouuu, A.E. Cudopenro

MarHMTHBIX KOMIIOHEHT MOJs MO IJIOIIAAX IJIAHIIETa, YTO SBJIAETCS HEOOXOAMMBIM YCJIOBHEM JUIs IPOBEICHHMS
ronorpaduuecKoil peKOHCTPYKINH PACIPEICIICHHS TE0NIEKTPUIECKIX HEOTHOPOIHOCTEH B 36MHON KOpE.

[To u3MepeHHBIM 3HAYEHUAM aMIUIUTYJHO-(Da30BbIX XapaKTEPUCTUK KOMIIOHEHT MarHUTHOTO TOJS Ha TUIOLIAIH
IUTAaHIIeTa OBUIM BBIUMCIEHB TO (OpMyNe, aHAIOTHIHON BBIpaxkeHHIo (3), 3Ha4YeHUS TroJjorpapuIecKu
PEKOHCTPYHPOBAHHOTO MarHUTHOTO TI0st Hyy B HIDKHEM TOJTYIIPOCTPaHCTBE M0 TiryouHBl h = 1000 MeTpoB ¢ 1marom
100 metpos. IIpu 3TOM ymenpHOE COMPOTHUBIIEHNE HIKHETO MOTYIIPOCTPAHCTBA MpHHUMANIOCh paBHEIM 1000 OM™*M,
TaKON MOPANOK BEJINYMHBI CONPOTHBICHUS OBII YCTAaHOBJIEH MO PE3yJbTaTaM paHee IPOBOJMBIIMXCSA HAa yYacTKe
JloiinuinHioH sneKkTpopa3BenouHbix pabor MerogoMm BII-CI' (snekTpornpoduianpoBaHHe METOIOM CPEIUHHOTO
rpajiMeHTa ¢ HM3MEpEeHHEM BbI3BaHHOW mossipuzanuu) [4]. B 3Tux ke Toukax OBUIM paccUMTaHbl 3HAYCHUS
HOpManbeHOro mnois Ho Ui KBagpaTHOW HE3a3eMJICHHOW IETIIH, PaclOjIOKEHHOH Ha MOBEPXHOCTH OJHOPOJHOTO
MOJYIIPOCTPAHCTBA, M KOMIIOHEHTHI TeH3opa [puHa MarHuTHoro tumna. Ilociie CeTOYHOH anmpoKCUMAINK
MHTETPAJIBHOTO ypaBHEeHUs (9), TMHEHHBIH pa3Mep KyOUUECKHX ST9eeK COCTaBIIsLI cooTBeTcTBeHHO 100 MeTpoB, Oblia
NOJTyYeHa CHCTeMa JTMHEHHBIX YPaBHEHUIT OTHOCUTENPHO HEU3BECTHBIX 3HAYCHHH TJIOTHOCTH MAarHUTHOTO TOKA jm B
y3nax cetkd. Crucrema ypaBHEHHH pelianack CTaHIapTHEIM MeTooM ['aycca.

Jlis TOpU30HTAIbHONW HE3a3eMJICHHON NETINM BO30YKAECHHE TOKOB B 3€MHOH KOpE HOCHT HWHIYKIMOHHBIH
XapakTep, TO €CTh BUXPEBBIE TOKH TEKYT MPEUMYIIECTBEHHO CyOTOpH30HTANBHO. BeencTue 3Toro y (GUKTHUBHBIX
MarHUTHBIX TOKOB NPEBalUpPyeT BEPTHKANbHAs COCTaBILIOWIAS jm.. Ha puc. 1 mpeacTaBneHbl KapThl M30JIMHUI
AMIUTUTYJbl BEPTHKAIBHOH KOMIIOHEHTHI IDIOTHOCTH MarHUTHOTO TOKA jm; JUIS TOPU30HTAIBHOTO CEYCHHs 3eMHOI
kopbl Z =300 M Ha yacToTax 34 u 136 I'1] COOTBETCTBEHHO.

U3 PUCYHKA BUAHO, YTO IJId YaCTOTBL 34 FH BBIACIAIOTCA AB€ MHTCHCUBHBIC aHOMAJIMU B NIPCACIax KOOPpAUHAT X
=100-300m, Y =400-600mu X=600-800m,Y =200-500 m. [Ins uactots! 136 ['11 mepBas aHoManbHas 00JacTh
HaOJoAaeTcs MPaKTHYECKU B TEX XKe MpejieniaX KOOpAHHAT, pa3Be uTO MMEeeT MeHee paciulbiByaryo hopmy. Bropas
aHOMaJIbHAs 00JIaCTh HA CEYCHUH 3eMHOI KOpbl Z = 300 M He HaOJrOAaeTCsl.

. 2
j B"Mz sz'B‘fM
mz» P/

l 4.8E-004
1.4E-002 4.5E-004
1.2E-002 ;‘-gg'ggj
1.0E-002 3.0E-004
BOE-003 2.5E-004
6.0E-003 2.0E-004

1.5E-004
4.0B-003 | 05004
2.0E-003 5.0E-005
1.0E-003 3-“5005
1.0E-004

Pucynok 1. Kapra U30JMHUI aMIUTUTY/Ibl BEPTUKAIBHONW KOMIIOHEHTHI INIOTHOCTH MArHUTHOTO TOKa jm © 1 — 1us
TOPU3OHTAJIBHOTO ceueHus 3eMHol kopbl Z = 300 M Ha yactore 34 I'y; 2 - Ha wacrore 136 T'u. 3erenvim kpecmom
0003HaYeHA TOYKA MMEPECEICHUS CTBOJIOM CKBaXHHBI C-1720 maHHOTO TOpH30HTA.

IlepBas anHomanpHas 00JACTH C MOBBIMNIEHHON 3JIEKTPOIPOBOAHOCTHIO MMEET TeoJIormueckoe oOmsicHeHue. B
JIAaHHOM paiioHe HaxoauTcs Tirybokas ckBaxknna C-1720, aynuHa cTBojia koTopoi coctasiseT 502.7 m [5]. CkBaknHa
pacrioyio’)keHa B Tpeienax JIOMOHUTEIbHON CynbduaoHocHoH (a3sl MOHUETYHAPOBCKON HMHTPY3UH M MPOOypeHa
BKPECT NPOCTHPAHUS TOPHBIX MOpoA. CKBaXMHOW OBUIM BCKPBITBI KaK IIOPOJBI C MarMaTH4ecKuM, O€mHO
BKPAIUIEHHBIM CYNb(UIHBIM OpYyJICHEHHEM, TaK U PyIHbIE 30HBI METaMOP(OT€HHOTO THIIA C OOTATHIM COJIEpPIKaHUEM
cynb¢unos. IIpociion ¢ MepeoTIIOKEHHBIM MEIHO-HUKEIEBBIM CYJIb(QHUIHBIM OpYAECHEHHEM OBLIM BCTPEYEHBI B
uHTepBaax nryouH 218 - 219 m, 265 - 270 M, 360 - 365 M 1 IpUypOYEHBI, KaK MPABWIO, K 30HaM TEKTOHUYECKHX
pasznomoB. Ha prcyHKe MeCTOIOIOKEHHE CTBOJIAa CKBAYKHHBI JUISl IAHHOTO TOPU30HTAIBHOTO CEYEHHsI 3eMHOM KOPEBI
0003HaueHO 3eNIeHbIM KpecToM. Eciti comoctaBuTh 3TH JaHHBIE C pe3yJIbTaTaMy rojorpaduueckoil peKOHCTPYKIMN
TEO0IEKTPUIECKUX HEOJHOPOJHOCTEH B 3€MHOHM KOpe, TO MOXHO 3aMETHTh, YTO JaHHAs aHOMaJbHas 00JacTh C
MOBBIMIEHHOH JIEKTPONIPOBOTHOCTHIO COOTBETCTBYET MECTOIIONIOKEHHIO METaMOP(OTeHHBIX PYIHBIX 30H ¢ 6oraToi
cynb(hugHON MEUHEpaU3anye. Bropas anomansHas o61acTh ajist TOpu3oHTanbHOTO cedeHuss Z = 300 M Ha yacToTte
34 I'm MOKET paccMaTpPUBATBCS KaK <«JI0’KHAs», TaK Kak Ha yactore 136 I’y oHa He BhIACNsIETCS.

Takum 00pazom, pe3yabTaThl IMPOBEACHHBIX IMOJIEBBIX JKCIIEPHUMEHTANBHBIX paboT Ha ydactke JIOHHHMITHIOH
MO3BOJISIIOT CAEJATh CIeqyIomuii BeiBoA. Panuoronorpagudecknii MeTox sSIBISETCS MEPCHEKTUBHBIM HHCTPYMEHTOM
JUISL pellieHus 3a1a4 pyaHoi reodusuku. 'onorpaduyeckast peKOHCTPYKIHNS Te€0dJIEKTPUIECKUX HEOTHOPOIHOCTEH B
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3eMHOI Kope MO3BOJISET IO IUIONIaJHBIM MOBEPXHOCTHBIM HAOIIOJEHUSAM KOMIIOHEHT 3JIEKTPOMAarHUTHOTO MOJIS
3G (PEKTUBHO JOKAIN30BaTh B IPOCTPAHCTBE AHOMAIBHBIC OONACTH C TIOBBIIEHHOW 3JEKTPONPOBOJHOCTEHIO,
ACCOIIMUPYEMBIC C JIOKAIbHBIMU PyIHBIMH Tedamu. OpHako At Oonee HameXHOW MHTEPIPETALUH PE3yJIbTaTOB
rosiorpadMuecKOi PEKOHCTPYKINH pacHpeseNeHns HEOJHOPOAHOCTEH B 36MHOM KOPE MCCIIEAOBAHUS HEOOXOIUMO
IIPOBOANTH B JIByXYacTOTHOM BapuaHTe. CpaBHEHHE PE3yNbTaToOB TroyorpauuecKodl pPeKOHCTPYKIUH Ha Pa3HBIX
JaCTOTAaX IO3BOJIIET OTOPAKOBATH (JIOKHBIE» AHOMAINHM M BBIJCIUTh T€ AHOMAIbHBIE 30HBI, KOTOPHIE MOXKHO
ACCOIMUPOBATH C PYIHBIMHU TEJIAMH.

bnazooaprnocmu. Pabota BEITIONHEHA TIPU YaCTUYHOM (GHUHAHCOBOM mosmepskke Tpanta PODU u [paButenscTea
Mypmanckoii oonactu (poekt Ne 17-45-510956 p_a).
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B.A. TPOUIIKAS KAK CO3JATEJIb POCCHUHMCKOM IIKOJIBI
NCCIEAOBAHUU 'EOMAT'HUTHBIE ITYJbCALIUN

H.I'. KneiimenoBa
Huemumym guszuxu 3emnu (MD3 PAH), 2. Mockea, Poccus

AHHOTanusi. B mpouwiom rogy ucmomHmiock 100 €T co AHA POXKIAEHHS BBIIAIOIIETOCS YYEHOTO-TeopU3UKa
Banepun AnexceeBusl Tpowunkoit (1917-2010) - cosmartenss pOCCHHCKON IMIKOJBI 110 HU3YYEHHUIO T'€OMArHUTHBIX
MyJbcalui Kak (yHIaMEHTaJbHOTO €CTECTBEHHOro Ipolecca MarHuTocepHoil miasMel. [lepole pabotsr B.A.
Tponukoit ObUTH OIMyONMKOBaHEI B Hadane 50-X Tomax MpPOIDIOTO CTOJETHS, M HHA OIOMH U3 TOJYYCHHBIX €I0
Pe3yIbTaTOB HE TIOTEPSUT AKTYAIBHOCTH B HAIIIH THU. 3apyOe)KHbIC KOJIIETH Ha3bIBaJIH €€ «KOPOJIEBOM T€OMarHUTHBIX
mynbcanuiny. Tompko Onaromaps axkTHBHBIM ACUCTBUSIM W aBTOopHTeTy B.A. Tpowmikoil cTamo BO3MOKHBIM
MPOBEICHUE CUCTEMAaTHICCKIX CHHXPOHHBIX MEKIYHAPOIHBIX TEOMarHUTHBIX HAOIIOICHUH B CONPSKEHHBIX TOUKAX
Corpa-Keprenen, a Taxke Ha T€OMarHUTHBIX momtocax Boctok-Tyme. AHanm3 3THX HaONIOIEHWA MO3BONHI IIO0-
HOBOMY IIOJIOMTH K BOIPOCAM TCHEPAllMd W PACIPOCTPAHCHUS TCOMArHUTHBIX IIYJIECAIIMA B OKOJO3EMHOM
MPOCTPaHCTBE. DKCIEPUMEHTAIBHO OBUIO YCTAaHOBJICHO, YTO OOJIbILIAsl YaCTh KOPOTKOIEPUOIHBIX I'€OMAarHUTHBIX
KoJyie0aHni BO30YKIaeTCsl B 9KBATOPHUAILHO IIIOCKOCTH MarHUTOC(ephl U PacpOCTPaHAETCs BAOJIb CHIOBBIX JIMHUI
rE€OMarHUTHOTO MMOJIst. B TO ke Bpemst ObLIO HAlIEHO, BOJTHOBBIE MAKEThI reOMarHuTHBIX myibcanuii Pcl (f = 0.2-5
'), mosTHUYECKH Ha3BaHHBIE KEMUYKHHAMU», B CEBEPHOM U F0)KHOM MONYIIAPUAX PETUCTPUPYIOTCS MONEPEMEHHO,
a He OJTHOBPEMEHHO, KaK HaOJIF0TacMbIC B TOM K¢ JHara30He YacToT Koiebanus yosiBarorero nepuoaa (KYII). B.A.
Tpounkoii u e€ ydyeHHMKaMu OBUIO CO3/aHO HOBOE HAIpaBieHHE B TIeo(U3UKE — JUArHOCTUKA COCTOSIHUS
MarHuToc(epbl Ha OCHOBE HAa3eMHBIX HAONIOJCHWH T€OMAarHUTHBIX Myibcaruii. Takum oOpazom, OBUT co3maH
(hyHIaAMeHT U JambHEHUIINX KaK SKCIIEPUMEHTAIbHBIX, TaK U TEOPETHICCKUX HCCIEIOBAaHUH, KOTOPHIC TIOKa3aH,
YTO TEOMArHUTHBIE YJIbCAIIH UTPAIOT KIFOYEBYIO POJIb B THHAMHUKE MarHUTOC(HEPHON TUIa3MBI, YTO ITOITBEPKICHO
MHOTOYHCICHHBIMH ITYOJIUKAIIMSAMH TOCIICAHUX JICT.

Banepusa Anexceesna Tpouykas
“OUEEN OF GEOMAGNETIC PULSATIONS”-
mak Hazvleanu ee PuHcKue Kojnezu

1. BBeaenue
To, 9TO B MArHUTHOM TI0JI€ 3€MJIM MOT'YT HaOJIFOAaThCsl OBICTpHIE BapHalliy, OBLIO H3BECTHO C HAYaJIOM PETyIISPHBIX
TEOMarHUTHBIX HAOMIOACHNH, OJJHAKO CIHMIIKOM HHU3Kasl YyBCTBUTEIBHOCTh HCIOJIB3YEMOU B TO BpeMsI amllaparypsl
He No3BosANa uXx HuccnenoBaT. Ho yxe B 30-x rojax Npouuloro BeKa, NPU 3HAYUTEIBHOM YBEIHMUYEHHU
YYBCTBUTEIHHOCTH IPUEMHHUKOB B CKaHIMHABCKUX oOcepBaTopusix Tpomcé n Conankrosi, ObUTH 3apernCTPUPOBAHEI
KoJIe0aHMs ¢ IepUoOIaMH B HECKOJIbKO cekyHa [Harang, 1932; Sucksdorff, 1936].

[Tocne oxonuanus Bropoit MupoBoii BoiiHbl HHTEpec K 3THM MyJIbcalisiM Kak K HaBOJKaM B TeJlerpaHbIX CeTsIX
yeusmuicsi. [TockonbKy 4yBCTBUTENBHOCTh CYLIECTBYIOIIMX B TO BpeMsl MAarHUTOMETPOB HE MO3BOJISUIA UX YBUIAETD,
CTaJIM U3y4aThCs TEJLTypHIecKue (3eMHbIE) AIeKTprdeckre Toku. Ha ocHoBe nx aHanm3a acnmpantka VD3 Banepus
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B.A. Tpouyxas xax cozoamens poccuticKo wKobl UCCIe008aAHUL 2eOMACHUMHbLE NYTbCAYUU

Tpounxkas 0OHapy Kuia, YTO ObICTPBIE BapHallli, KOTOPbIe OHAa Ha3BaJla KOPOTKONEPUOIMYECKUMH KOJIEOaHUSIMU —
KIIK [Tpouyxas, 1953] MOAYMHSIOTCS YETKOW 3aKOHOMEPHOCTH: THEM HAOIFOMAIOTCS KBAa3H-MOHOXPOMATHUCCKUE
perynspHbIe KoebaHus, a HOUbio — nMITyIbCcHEIC (puc. 1a). Tepmun KIIK ucrons3oBaincs 6onee 50-Tu set, mo3gHee
9TH KOJICOaHMsI CTalTK Ha3bIBATh MUKPOITYJIbcaltisiMu (kak u padorax [Harang, 1932; Sucksdorff, 1936]) niu npocto
reOMAarHUTHBIMU MylibcanusiMu. OHAKO B MOCTIEIHUE TOJII U1l 3TOTO JUana30Ha BOJIH CTal HCIIOJIb30BAThCS U Ooiee
dopmanmzoBaunsiii Tepmun - ULF (ultra-low frequencies), T.e. YVHY (yapTpa-HH3KOYaCTOTHBIE) BOJHBI, BEPOSTHO,
o ananoruu ¢ VLF (very-low frequencies), t.e. OHY BosHaMH, TIPEICTABISIOIAMA CO0OM BOJIHBI CBUCTOBOM MOJIBI.
Hwke OynyT paccMOTpeHbI IIaBHbIE ()yHIaMEHTaJIbHBIE PEe3YNbTaThl, BepBhIe nonydeHHble B.A. Tpounkoii ¢ eé
YYEHHUKaMH, MTOCTY>KUBILINE OCHOBOM CO3/IaHHOH €10 POCCHICKON ILIKOJIBI 110 N3yYEHUIO T€OMAarHUTHBIX ITyJIbCALHH.

2. ®dyHaaMeHTAIbHbIE XapAKTEPUCTUKH FeOMATHUTHBIX MYJIbCAIINT

HccrnenoBanne TeOMarHUTHBIX ITyJIbCallMii Hadanoch ¢ ycTaHoBieHHeM B.A. Tpowmkoil nByx KomeOaTelrbHBIX
pexumoB: HemnpepsiBHOrO (Pc) u upperyisipaoro (Pi) [Tpouykas, 1956]. Ins w3ydeHus 3THX KojeOaHWH Mo ef
HHUNHATHBE BO BpeMs MexmyHapoaHoro ['eodmsmueckoro ['oma (1957-1959) B Poccum Obuio opranmsoBano 19
CTaHIUH 3eMHBIX TOKOB [ hapcykos u Tpouyxas, 1959], ne u3 xotopsix (bopox 1 JIoBo3epo) 3aTeM MpeBpaTHIINCE B
6azoBble oOcepBaTOpHH, I7ie OBUIM YCTAHOBJIEHBI OCHOBHbIE (D)YHIAMEHTAJIbHBIE 3aKOHOMEPHOCTH PA3HBIX THIIOB
TCOMArHuTHBIX Hynl)caumﬁ.
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Pucynok 1. Cytounslii xon yctoiumBsix (Pc) u upperymsipasix (Pt) xomeGauuii (a) u (6) BEpOSTHOCTH
nosiBienust Pc2-3 u Pc4 (8sepxy) u nepuoja Pi2 (6nu3y) oT CKOPOCTH COTHEYHOTO BETPA.

BaxHBIM I1aroB B M3y4E€HUH I'€OMAarHUTHBIX MyJIbCAlMi OBUTO CO3aHNe UX KiacCH(UKAINK, pa3padoTaHHOM NpH
aktuBHOM yuactuu B.A. Tpowmnxkoii [Jacobs et al., 1964, Tpouykas, 1964]. Droii knaccudukanueil u ceivac
MOJIBb3YIOTCSl ydeHble Bcero Mupa. [lo nmaHHBIM HaOmoneHudi B 00c. «bBopok» ObUIM BBISBICHBI OCHOBHBIE
MOpP(OJIOTHYECKHE XAPAKTEPHCTHUKH T'€OMArHUTHBIX MYJbCAlMii M HMX CBA3b C T'€OMAarHUTHOW aKTHBHOCTBIO U
COJIHEUHBIM BeTpoM, Hanpumep, ObUT0 HaiifieHO, YTO NMpHU HU3KOW CKOPOCTH COJHEYHOTO BeTpa Bo3Oyxknarorcst Pc4
nynbcaunu [ Tpouyxas, 1977, borvwaxosa u op., 1995], a ipu BEICOKO# — Oosee KopoTKonepuoaHsieM Pc2-3 (puc.
16). OTr u Ipyrue pe3yabTaThl HOAPOOHO U3JIOXKEHBI B psizie MOHOTpadwmii, Hanpumep, [ vavervmu u Tpouyxas, 1973;
IIyoosxun u 0p., 1976]. Tak, ObUIO YCTAaHOBJIEHO, YTO MEPHUOJ KaK YCTOWYIHMBBIX, TaK M UPPETYISPHBIX KOJIeOaHHH ¢
POCTOM T€OMarHUTHON BO3MYIIEHHOCTH yMeHbInaercs (puc. 16) [Troitskaya, 1964]. 31o oyeHp BaxHBIH (GaKT st
pa3BUTHSA TEOPUM TeHEpaluu MyJbCalluii, MO3BOJISIONIMK CBA3bIBaTh TeHepauuio AHeBHbIX KIIK ¢ pezonancom
CHUJIOBBIX JIMHUI T€OMarHUTHOTO TIOJISI.

2.1. I'eomaznumnvie nynvcayuu ouanazona Pcl. VIHTepecHble pe3ysbTaThl ObUIM HOJYYSHBI IPH aHAJIN3E
myJbcaluii B CeKyHIHOM auanazoHe dactor (Pcl, f=0.2-5.0 '), mosTHyecKn Ha3BaHHBIX «KeM4yxuHaMmn» (pearl
pulsations), 3a ©X BOJIHOBYIO (JOPMY, HAIIOMUHAOIIYIO HUTKY KEMUYKHOIO 03Kepelibst. OCHOBHBIE MOP(HOIOTHUECKHE
XapaKTePUCTHKH CPEIHEIIMPOTHBIX IMyIbcannii Pc/ OBIIN BBISBICHBI HA OCHOBE aHANIN3a UX perucrpaunnu B bopke ¢
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H.I'. Kneiimenosa

UCIIONIb30BaHHEM OyMa)KHOTO PErHMCTpaTopa CO CKOPOCThIO MpOTSHKKH 30 MM/MHUH, OHM OBUIM OIYOJMKOBAaHBI B
pabotax [Troitskaya. 1961, 1964, Mameeeea u Tpouyxas, 1965]. Bbl1o ycTaHOBIICHO, UTO TeHepalws Pcl mymscarmit
00BIYHO HAOMIOJaeTCsl B BOCCTAHOBHUTENBHYIO (Da3y MarHUTHOU OypH, a MUKINIecKuit xo Pcl, B 001IeM, HaXOIUTCA
B TpOoTHBO(]A3e C IUKIOM COJHEYHOW aKTHBHOCTH |Tpouyxas u Op., 1978)]. Bee pesynbrarsl, momydeHHbIe B.A.
Tponukoit mo maHHEIM HaOrOAeHUH B 00c «BOpok», B AampHEWIIeM OBUIM ITOATBEPKACHB MHOTOYNCICHHBIMU
Uccle0BaHUsAME KojiebaHui Pcl B cpeJHUX MIUPOTaX.

2.2. F'eomaznumnote nyavcayuu Pc3 u Pi2. Habmonenus B 00¢. «BoOpoky» MOKa3aiu, YTO 3TOT BU MyJIbCAIMN
ABJISIETCS CaMbIM PAaCHPOCTPAHEHHBIM BHJOM JHEBHBIX ITyJbCAllMH, PETMCTPHUPYEMBIM Ha 3€MHOW MOBEPXHOCTH
[Tpouyxas 1953, 1956, 1977]. Bbuio 0GHAPYKEHO, UTO MX TEPUOT YMEHBIIACTCSA C YMEHBIICHHEM ITHPOTHI TOUKH
HaOJIOEHNSI, 9TO TIPUBEJIO K BEIBOY, UTO 3TH KOJICOAHHS MMEIOT PE30HAHCHYIO MIPUPOLY.

Beito ycraHOBIIEHO, UTO BO30Y)AeHHe Pi2 mymnbcamuii TECHO CBSI3aHO C PA3BHTHEM MarHHUTOC(EPHBIX CyOOypH,
BBICHIIAHUEM 3JIEKTPOHOB B aBPOPANBHBIX MIUPOTAX M TOSIPHBIMU custHUIMH [ Tpouykas u dp., 1966a; Troitskaya
and Kleimenova, 1972]. Ha ocHoBe aHanm3a HaOJIIOJCHWM TE€OMAarHUTHBIX IMyJbCallMii B Bopke BIiepBble OBLT
MIOCTPOCH BOJIHOBOH MOPTPET MarHUTHOH Oyp [ Tpouykas u op., 1965] u mokazaHo, 94To B pa3HbIe (a3l MATHUTHOU
OypH NPOUCXOAUT TeHEepaIsl pa3HbIX TUIIOB T€OMAarHUTHBIX ITyJIbCALlUH.

3. 'eomarHuTHBIE HAOTIOIEHUS B CONMPIKEHHBIX TOYKAX

Hecmotpst Ha OGonbmmme TpynHoctH, B.A. Tpounkoid ymamock BIEpBble B MHpPE OpPraHM30BaTh I'€OMarHUTHBIC
HaOIOCHNS Ha OJHOTHIIHON alaparype B CONPsDKSHHBIX Cy0aBpOpatbHbBIX obnacTsx: noc. Corpa (ApxaHrensckas
00x) u octpoB Keprenen (ppanimysckas odcepBatopus B MHImiickoM okeane). OcoOblif HHTEpeC 3TH HAOMIOICHHS
BBI3BIBAJI TaK)KE TEM, YTO BHIOpaHHBIC TOYKM HAXOJWIHMCh BOJH3W NPOCKUUH BaXXHOW CTPYKTYpHOH 007acTh
Marautocgepsl — mia3Monayssl. [Ipexae Bcero ObUT YCTAHOBICHO, YTO B OTJIMYHE OT APYTUX BHIOB ITyJbCalUi,
BOJIHOBBIC TTaKeThl IC€OMAarHHTHBIX IMyJbcanuid THna Pcl («OKEMUYY)XUHBI») B CEBEPHOM M IO)KHOM IIOIYILAPHSIX
PETHCTPUPYIOTCS HE OTHOBPEMEHHO, a TioriepeMerHo [ Troitskaya et al., 1964b].

Amnanu3 HaOIIOCHUI B COMPSDKCHHBIX TOYKAX ITOKA3all, YTO MOBEJCHHE TeOMAarHUTHBIX mynbcaimii Pc3 u Pi2 B
MarHUTOCOTPSDKEHHBIX TOYKax cxomHo |[Tpouyxas, 1968; Troitskaya and Raspopov, 1973]. Tak, B
MPOTUBOMOJIOKHBIX MOJYIIAPUSIX ITH MyJIbCAIMH MOSBILSIFOTCS OJJHOBPEMEHHO C OJMHAKOBBIM CIIEKTPOM, IIPH 3TOM
koniebaHusi B X-KOMIIOHEHTe CHH(a3HbL, a B Y-KOMIIOHEHTE NPOTHBO(A3HBL. BrepBble HKCIEpUMEHTAIBHO OBLIO
YCTaHOBJICHO, 4YTO OOJbLIAs YacTh T'COMAarHUTHBIX IyJbCAllMii BO30YXIAaeTcs B HSKBAaTOPHAIBHOW IIOCKOCTH
MarHuTochepbl U pacipoCTPAHICTCs B HEl BAOJb CHIIOBBIX JIMHUN F€OMAarHUTHOTO TOJIA.

4. JIuarHOCTHUKA COCTOSTHHSI MAarHUTOC(ePbI M0 HA3eMHBIM JIAHHBIM

Brmmonnenssiii B.A. Tpourko# u e€ ydueHuKaMH aHaJIn3 HaOJIIOIEHHH T€OMarHUTHBIX MyJbcauid B bopke mo3Bosmn
MPUITH K 3aKIFOYSHHUIO, YTO 3aPETHCTPUPOBAHHbIE HA 36MHO ITOBEPXHOCTH KOJICOAHHS HECYT BAXKHYIO HH(OPMAIHIO
0 IUIa3MEHHBIX Tpolleccax B PasiIMIHbIX 00JACTSIX MAarHUTOC(EPH M OKOJIO3EMHOTO KOCMUYECKOTO MPOCTPAHCTBA.
Bb110 ycTaHOBIEHO, YTO XapaKTEPUCTUKY ITyIbCALIMH ONPEIENIIOTCS MArHUTOC(EPHBIMH ITPOIIECCAMH U TUHAMHUKOM
KPYMHOMACIITAOHBIX JOMEHOB MAarHUTOC(HEPHOH MIa3MBl.

OCHOBBIBasACh Ha 3THX pe3yibTarax, B.A. Tpounkoit u e€ yuyeHHMKaMu OBUIO CO3[]aHO HOBOE HAIPaBJICHHE B
reousrke — HazeMHas JMATHOCTHKA COCTOSHMS MarHutocdepsl [Tpouyxas u dp., 19666, Troitskaya, 1967;
Troitskaya and Gul'elmi 1967, 1970; Tpouyxas, 1969; I'vivenvmu u Tpouyxas, 1973]. BaxHocTs pa3paboTaHHOTO
METOJIa COCTOUT B TOM, YTO OH MO3BOJISIET MPOBOIUTH HETIPEPHIBHBIH MOHUTOPUHT OLIEHKH COCTOSHHSI OKOJIO3EMHOTO
MPOCTPAHCTBA U TIOJIOKEHUSI OCHOBHBIX MarHuTocepHsix nomeHoB. Cieayer OTMETHUTb, YTO CIYTHHUKOBBIE U
Ha3eMHbIE METOJbI MCCIIE[IOBAHMS OKOJO3EMHOTO MPOCTPAHCTBA HE SBISAIOTCS KOHKYPUPYIOLIMMH, a B3aUMHO

JIOTIOJIHSIOT JPYT pyTa.

5. 'eomarHuTHBIE MYJIHCAIUH B MOJSPHBIX MIMPOTAX

HccnenoBanue mporeccoB B MOJSIPHBIX OOJACTSIX 3eMJIM SIBIISICTCS OJHOW M3 Haubosee aKkTyalbHBIX IpoOJieM B
¢u3rKe MarHUTOCQEpPHI, MOCKOIBKY UMEHHO TaM (OPMHUPYIOTCS YCJIIOBHS KOCMHYECKOW IOTOIBI B OKOJO3EMHOM
npoctpancTe. [lepBrie HAOMIOACHUS T€OMAarHUTHBIX MyJbcaluii B AHTapKTHIE B 00c. MupHbIi, MononexxHas u
HoBonazapesckast 66111 HauaThl Bo BpeMst MI'T no nannmatuse B.A. Tpounkoii. AHanu3 3TUX HAOIIOIEHUH TOKa3am
[Tpouyxas, 1961; Tpouykas u Op., 1966a], 9T0 U B MOJISAPHBIX MIMPOTAX PETUCTPUPYIOTCS KaK YCTOWYHBBIC, TAK H
UPPEryJIsipHbIE TEOMArHUTHBIC MYJIbCALIUH.

B nonsproii manke B.A. Tpourikoit 6pu1n 00HApYXEHBI HOBBIE, HE M3BECTHBIC paHEE THUITHI BHICOKOIIMPOTHBIX
MyJIbCalliii ¥ YCTAHOBJIEHBI WX Xapaktepuctuku [Troitskaya et al., 1980]. Kpome TOro, B OKpeCTHOCTH MPOEKIIUU
JTHEBHOT'O IIOJISIPHOTO Kacha ObUI OOHAapY)KEH HOBBIA THIT BHICOKOIIMPOTHBIX JJMHHOMNEPHOAHBIX HUPPErYJISPHBIX
nyJibcanui B auanazone nepuoaoB 3-10 mun u ¢ ammmtynoi nopsaka 15-60 uTa [Troitskaya and Bolshakova,
1977]. Ot konebanus Obutn Ha3Bausl ipcl (irregular pulsations cusp latitudes). Paznuunbie ¢pusndeckue mpoueccsl,
NpOTEKAoLIKe B 00JIaCTH JHEBHOTO IOJSIPHOTO Kaclia, a TAKKe PasHbIH THUIIbI BOJIHOBBIX SIBICHUH B 3TOW 00JacTH
paccMoTpensl B MoHorpabuu [ Tpouyras u op., 1987].
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B.A. Tpouyxas xax cozoamens poccuticKo wKobl UCCIe008aAHUL 2eOMACHUMHbLE NYTbCAYUU

Takum oOpa3oMm, moj pykoBoacTBoM B.A. Tpowuikod OBUIM BBIOJHEHBl ITMOHEPCKUE HCCIIEIOBAHMS
TEOMAarHUTHBIX IMyJIbCAUii ¥ BIIEPBBIC BHIABJICHBI INIaBHBIC 3aKOHOMEPHOCTH KOJICOATEIBHBIX PEXIMOB B MAarHUTHOM
nosie 3emii. 370 cTano GyHIAMEHTOM IS CO3/1aHMs OTEUECTBCHHON MIKOJIBI 110 UCCIIEI0BAHNIO BOJIHOBBIX SIBICHUH
B TEOMAarHUTHOM II0JI€, UTPAIOINNX KIIOYEBYIO POJIb B JUHAMHUKE MarHUTOC(EPHON IITa3MBbI.

B Hacrosmiee BpeMs n3ydeHHE T€OMArHUTHBIX IyJIbCAIMH SBIACTCS OJHHM M3 Ba)KHBIX HAIlPaBICHUH (DU3HKH
MarHuToc(epsl ¥ COTHETHO-3EMHBIX CBSI3EH.

Hwmxe npuBeensr ocHOBHBIE mybOiukannui B.A. Tpouiikoif 0 reOMarHUTHBIX IYJIbCAIUX.
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BROADBAND ULF PERTURBATIONS OF THE ELECTRIC FIELD
IN COASTAL ZONE OF THE OKHOTSK SEA

Yu.A. Kopytenko, V.S. Ismagilov, M.S. Petrishchev, P.A. Sergushin, A.V. Petlenko
St. Petersburg, SPbF IZMIRAN; e-mail: office@izmiran.spb.ru

Abstract. In September 2017 SPbF IZMIRAN conducted an experiment on the study of ULF electromagnetic
disturbances on the coast of the Sea of Okhotsk (Sakhalin Island). Data logging was performed by two geophysical
stations GI-MTS-1 located on the coast near the water's edge and at a point remote at 160 m from the coast. It is found
that the intensity of broadband (F = 0.001-0.1 Hz) ULF disturbances of the electric field in the coastal zone increases
with increasing of the wind speed. This effect was reduced by 3-5 times at the remoted station. Above the Earth's
surface, there is ~ 20% excess of positive charges over negative ones in aerosols since the Earth has a negative
electrical charge. Probably, the observed ULF disturbances are caused by the displacement of the inhomogeneities of
electric charges in aerosols above the electrodes of telluric lines. Concentration of the marine aerosol near the shoreline
and, consequently, the concentration of positive charges increases with increasing wind speed and the intensity of
ULF disturbances increase too. It was also detected an increasing in the intensity of broadband ULF perturbations of
the electric field during tidal periods. The density of the marine aerosol appears to fall strongly when removed from
the water's edge. During the seawater tide approaches to the telluric line electrodes installed on the shore and the
density of aerosols and charges above the electrodes increases and broadband ULF disturbances are also amplified.
At a station remote from the coast, the concentration of aerosols is small and the effect of the influence of the water
tides is not observed. The correlation of variations with tides and wind speed is not recorded in a magnetic field at
both stations probably due to the insufficient sensitivity of magnetic sensors.

Introduction
In September 2017 SPbF IZMIRAN conducted experiment on the coast of the Okhotsk sea (Sakhalin Island). Data
logging was performed by two geophysical stations GI-MTS-1 located exactly on the coast and at a point remote at
~160 m from the coast. Each station consisted of three-component magnetic sensors (Bx, By, Bz) of the torsion type
and two horizontal telluric lines with length of ~ 50 m (Ex, Ey). The Ex component was oriented orthogonally to the
coast, Ey component - along the coast. The digital data were recorded on a flash card with 50 Hz sampling. The RMS
sensitivity of the magnetic sensors was 2 pT at 1 Hz frequency, the sensitivity of the electrical sensors was 0.1 pV/m.
Various meteorological conditions were observed during the experiment. On September 18-19, the typhoon center
passed over the location of the geophysical stations and the wind speed reached a hurricane force and exceeded 30
m/s. The storm at sea reached force of ~8. On the other days during the experiment, the wind did not exceed 5 m/s.

Results

Fig. 1 presents dynamic power spectra density of the horizontal components of the electric and magnetic field
variations at the base point located 160 m from the coast for six days time interval in the frequency range F = 0.001 -
0.1 Hz. Dynamic power spectra of the electric components (Ex, Ey) are shown in the two upper panels. Magnetic
components (H, D and Z) are presented at the three lower panels.

Diurnal power spectral density enhancements are clearly visible in the low-frequency part of the spectrum in both
magnetic and electrical components. During the typhoon on September 18-19, there is an increase in the spectral
power in the completely investigated frequency range. The same spectra for the maritime station located near the
water edge are presented in Fig. 2.

Comparative analysis shows that broadband ULF perturbations associated with the sea tides are observed in the
entire investigated frequency range in the horizontal components of the electric field only for the maritime station in
contrast to the diurnal amplifications of the power spectral density. The maxima of these perturbations coincide with
the maxima of the tides.

Fig. 3 shows the narrow spectral band at a frequency of 0.05 Hz that was allocated from the Figs. 1 and 2. The
variation of H of the magnetic field component and the variation Ey of the electric field component at a point 160 m
distant from the shore are shown on the two upper panels. The variation of the Ey component of the electric field at
the maritime station located on the shore is presented in the lower panel. As can be seen from Fig. 3 during the typhoon
the maximum value of the spectral power is observed in the electric field on September 18, 2017 both at the remote
station and on the shore, and this maximum is an order of magnitude higher on the coast station. In a magnetic field,
the increase in the intensity of the variations is much weaker.
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Figure 1. Dynamic spectra (F = 0.001 - 0.1 Hz) of the horizontal components of the electric field variations (EX,
Ey - two upper panels) and three orthogonal components of the magnetic field variations (H, D, Z - three lower
panels) at base point located 160 m from the coast 17- 23.09.2017.

The likely cause of the observed coastal effects is the movement the inhomogeneities of the sea aerosol over the
electrodes of telluric lines under the influence of the wind. The concentration of aerosol particles can reach 10!
particles per 1 m® with a strong storm, but usually 1 to 2 orders of magnitude less. The marine aerosol consists mainly
of particles of NaCl (73%) and MgCl, (11%) [1,2].

Part of these particles acquire an electric charge under the influence of natural radioactivity, ultraviolet radiation
of the sun, collisions, evaporation and other causes. The Earth's sphere is charged negatively (~7.4:10° Cl) and near
the Earth's surface there is a downward electric field of ~ 130 VV/m, so near the Earth's surface there is a ~ 20% excess
of positively charged particles over negative ones.

The distribution of the aerosol density, as well as of the excess charges in it, is not uniform, especially on the shore
where small-scale wind turbulence associated with the terrain is strong. Wind-induced heterogeneities of the positive
charge above the telluric line electrode cause changes in the potential of the electric field recorded by the instrument.
The density of the sea aerosol and the rate of transport of the charge inhomogeneities increase with increasing wind,
so the intensification of the variations in the electric field in the coastal zone intensifies. The density of the marine
aerosol drops strongly when moving away from the water's edge, therefore the density of aerosol charges above the
electrode increases during tides and we observe the appearance of broadband ULF perturbations of the electric field.
At a station remote from the coast, the concentration of aerosols is small and such a coastal effect is not visible. In the
magnetic field, the coupling of variations with tides is not observed due to the insufficient sensitivity of magnetic
Sensors.

Conclusion

A new phenomenon is discovered - the generation of broadband ULF perturbations of the electric field in a narrow
coastal zone of the sea. These perturbations are not associated with ionospheric sources and are probable caused by
the displacement of the inhomogeneities of the electric charge under the action of the wind in the marine aerosol over
the electrodes of telluric lines.
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Figure 2. Dynamic spectra (F = 0.001 - 0.1 Hz) of the horizontal components of the variations of the electric field
(Ex, Ey - two upper panels) and three orthogonal components of the variations of the magnetic field (H, D, Z -
three lower panels) at the marine station point located on the shore 17 - 23.09.2017.
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AHHOTanus. [IpewioxkeH HOBBIA METOJ| AHAM3A JAHHBIX HAa3¢MHBIX HAOJIOJCHUI TOPU3OHTATIBLHBIX KOMIIOHEHT
MarHUTHOTO W BEPTHKAJIBHOW KOMIOHEHTHI 3JeKTpuueckoro moussi ecrectBeHHbix CHY/OHY  wusnyuenni,
OCHOBaHHBIH Ha INPEJACTABICHUH PEe3yJbTaTOB HAONIOJEHUI B BUJAE IUIOTHOCTEH paclpeieieHuss BEPOSITHOCTH He
3aBUCAIIMX OT aMIUIUTY/BI TapaMeTPOB MO U3nydeHui. [IpennoxkeH MeTo ] OLleHKHU MOJIOKEHUs 00JIacTH BBIXOJA
TaKUX M3Iy4eHHH U3 HOHOChepbl K 3eMHOM moBepxHOCTH. OICHKa OCHOBaHAa HA CPAaBHEHHH H3MEPEHHBIX
pacIpeseneHnii ¢ MOoNydeHHBIMH B pe3ysbTaTe MoaenupoBaHus. [IpoBenena jokamusanus obmacty Beixoga OHY
IIUIICHUH, 3apEeTHCTPUPOBAaHHBIX B 00C. JIoBO3epo 1 BepxHeTymoMcKuii.

Beenenue

B reodusuke Oonblioe BHUMaHHE YHAESNISETCS HCCIEJIOBAaHUIO OCOOCHHOCTEH TeHEepaluu U PacHpOCTpaHEHHs
ecrectBeHHbix CHY/OHY w3nyueHwii 1Mo JaHHBIM Ha3eMHbBIX HaOmrogeHuit. OcoObIi MHTEpeC MpeACTaBIACT
MOJOKEHHE M JMHAMHKa O0JIaCTH BBIXOJAa W3NIyYeHHWH M3 HOHOc(epsl K 3eMHOW moBepxHocTH. Hampumep,
nokanu3anusi obnactu Bbixoga CHU/OHY BcrieckoB BaykHa INPH ONPEIENICHUHM TOJIOKEHUSI MarHUTOC(HEpHOTOo
ucrounuka [8]. Ilpu uccnenoBanuu cBs3u nosereHus OHY wuanyuenuii ¢ oOmieil AUHAMUKONW MarHuUTOcheps
OTIpEJICTICHUE TIOJIOKEHHUST 00JIACTH BBIXOAA ITOMOTAET OLEHUTH BO3MOXHOCTH PACIPOCTPAHEHHS 3THX H3ITydCHUH
BZOJIb IJIA3MOIIay3bl OT 00JACTH MX TeHEPAIMK 10 TOYKH Ha3eMHOM peructpauuu [1, 2].

CeromHsl cymiecTByeT MHOMKECTBO METOAOB JIOKaJIM3alMK 00JacTH BbIXxoJa. Hambomee pacrpocTpaHeHHbIE
METO/IbI OCHOBAHBI Ha PECTABIEHNN O MaJAI0NIEM H3JIy4YeHUH KakK O I10cKkoH BoiaHe. Hanpumep, Meton IToliHTHHTa
WM METOJ| ONpeeNICHNs HalpaBICHUs MPUXOJA M0 PAa3HOCTH BPEMEH NPUXO0Ja CHUTHANA B TPHU MPOCTPAHCTBEHHO
pa3HEeCeHHBIE TOYKHU JIOJT0€ BpeMs MCIONb30BAINCH I JIOKaIH3anuu obiaactu Beixonaa. OnHako, aBTOpH [5, 9] Ha
OCHOBE JIaHHBIX Ha3eMHOHW peructpauuu ectectBeHHbIx CHU/OHY wm3nydeHuii B NpOCTPaHCTBEHHO Pa3HECEHHBIX
TOYKaxX MOKa3ald, YTO MPHUOJIMKEHHE IJIOCKOM BOJHBI HE COTJIacyeTcs C HKCHEPUMEHTANbHBIMU HAOIIOJCHUAMH.
ABTOPHI YTBEPKAAIOT, YTO MPOCTPAHCTBEHHOE PacHpeesieHIe HHTEHCUBHOCTH U TOJIIPU3aIMY PETUCTPUPYEMBIX Ha
36MHOW IOBEPXHOCTH H3IYYEHHH 3aBUCUT OT IOJOXKEHUS M IMPOCTPAHCTBEHHOIN CTPYKTYyphl OOJIaCTH BBIXOJA
M3ITy4eHNH U3 noHOC(hEPhl K 3eMHOM MoBepXHOCTH. B padoTe [7] moka3aHo, 4TO NpH JIOKAINU3aIMK 00JacTH BBIXOa
B2)XHO YUYHUTHIBATh NPOCTPAHCTBEHHYIO CTPYKTYpy OOJAacTH BBIXOJd, a Takke OCOOCHHOCTH paclpOCTpaHEHHUs
N3ITyYeHHH CKBO3b HIDKHIOIO HOHOC(EPY U B BOITHOBOE 3eMIIsi-HOHOC(hEpa 10 TOUKH PETHCTPALIMN STHX N3ITy4eHHH.

Bce cymiecTBytomue Ha CErOAHAIIHIN 1€Hb METO/IbI JIOKIN3AIMN 00JIaCTH BBIXO/Ia OCHOBAHBI HA PACCMOTPEHNUHI
ycpeaHeHHBIX 3HaueHW mapamerpoB momss CHY/OHY wu3mydenuit. Pe3ynpraThl CIIyTHUKOBBIX HaOJFOICHUHA
CBUJIETENNBCTBYIOT O TOM [3], 4TO, 3a4acTyr0, MarHUTOC(EPHOE U3ITyUEHUE CTOUT pacCMaTPUBATh KaK CyNepIO3UIHIO
IUTOCKUX BOJIH CO CIIyYaifHBIMH BOJHOBBIMH HOpPMAalsiMH. B TakoMm ciydae mpu NpeacTaBIeHUH HaOIIOJaeMBIX Ha
3€MHOW TMTOBEPXHOCTH ITapaMETPOB BOJHOBOTO ITOJISl M3TYyYCHUH B BHJE MX CPEIHHWX 3HAUCHMH 3HAUHMTENbHAS 4acTh
nHPOPMAINH MOXKET OKAa3aThCsi CKPHITOW OT Habmomarens. Bo m30exxaHme 3TOTO MapaMeTpsl TONSA CIEeXyeT
MPEACTaBIATh B BHJE IUIOTHOCTEH paclpeneneHus BepoATHOCTH. Jlanmee Oyaer mmokasaHo, 4To ¢opMma 3THX
IJIOTHOCTEH pacmpepeNieH s 3aBUCUT OT B3aMMHOTO PACIIOJIOKEHUS 00JIaCTH BBIXOJa ¥ TOUKH HAOJIIOICHUH.

Hazemnusblie Ha0mogenns CHY/OHY uznydennii

B Hacrosmiee Bpems NmpH WHTEpIpPETALUH JAHHBIX HazeMHbBIX HaOmoxennii CHY/OHY wmsnydenuit wamie Bcero
MOJIB3YIOTCS MIPEACTABIEHUEM TapaMeTPOB MOJIS 3TUX U3Iy4YEHHUH B BHJIE€ YACTOTHO-BPEMEHHOM 3aBUCUMOCTH. s
TaKOTO TPEACTABICHUS 3alMCH KOMIIOHEHT TIIONs pa30MBarOTCA Ha CEerMEHTH. /[l KaXJoro cerMeHTa
paccuuthiBaeTcs npeodpasosanue Dypoe. [Tocie sTux npeobpazosanuii momyuaercs maccus pasmepom N x M | te
M - gmcmo cermenToB, N - KOMMYECTBO CHEKTPAIBHBIX COCTaBISIOMMX Dypre mpeobOpazoBanus. sl kKaxmaoro
3JIEMEHTa MaCcCHBa PACCUUTHIBAIOTCS ITapaMeTphI Mojisl. BeiencTsre Toro, 9To B KaXI0M CETMEHTE HaXOIUTCS MHOTO
HekoppenupoBaHHbIX oTcueToB OHY curnana, mapamerpsl moist ycpennstotes. [Ipu 3Tom yacTe nHpopManuu MoxeT
OCTaThCs CKPBITOH OT HAOJIIOIATEs.
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PaccMOTpHUM 4acTOTHO-BpEMEHHBIE 3aBUCHMOCTH 00paTHOTO a3uMyTa Bektopa [loiHTHHTa 1 MHIEeKca KpyroBon
nosstpuzarur CHY/OHUY xucca, 3apeructpupoBanaoro 7 nexadps 2014 r. s mepuozn 07:00-07:10 UT B 06¢. JIoBo3zepo
(puc. 1 a,b). Bumro, uro B wactoTHOM auanazode 1.5-3 k[ 0OpaTHBIN a3UMyT PUHUMAN 3HAYCHHS W3 JAHana3oHa
250-300°. D10 CBUACTENBCTBYET O MPEHMYIIECTBEHHOM IIPUXOJE M3JIyYeHHH B TOYKY HAONIOJCHUI C 3amaja.
PesynbraTel HaOMIOZCHWN WHIEKCA KPYTOBOW MOJSIPU3AINM TOKa3BIBAIOT, 4TOo y paccMaTpuBaembix CHY/OHY
BCIUIECKOB OH TpUHHMaeT 3HaueHus ~0.8-0.9. Takue 3HaUeHNS WHAEKCA TOBOPSAT O TOM, YTO M3ITyUCHHS 00JIaJaloT
MpaBoil MmoJyspu3anuer, 6Ju3Koil kK KpyroBoii [6]. [lamee MBI paccuMTaNd IUIOTHOCTH paclpenesieHus o0paTHOTO
asuMyTa BekTopa [lofHTHHra M MHAEKCa KPYroBOW monspu3anuu s monockl wactot 2400+50 T'u (puc. 1 c,d).
3HaueHHs1 0OpaTHOTO a3uMyTa JieXKaT B IIMPOKOM AManazoHe yrioB ~150°. [InoTHOCTh pacmpeneneHus: MHIEKCa
KpyroBo# mosspusauuu (puc. 1 d) mokaspiBaeT, 4T0, HECMOTPSI HA HAJWYHE BBIPAKCHHOTO MaKCHMyMa, 3HAUCHUSI
UHJIEKCa TAKXKe PACCEsHbI.

Backazimuth angle

Probability Density Function
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Pucynok 1. (2) O6patHsrit asumyT Bektopa IloiiaTrara, (b) monoxurensuas (RH) u orpunarenshas (LH) wactu
HHJIEKCa KPYroBo# Tonsipusaiuu, (C) TUIOTHOCTH paclpezeicHus oopatHoro asumyta u (d) MHIEKC KpyroBoi
TIOJISIPU3ALIMH BCIUIECKA, 3apEerHCTPpUpOBaHHOrO B 00c. JloBozepo 07.12.2014 r. B mepuoz 07:00-07:10 UT.

Paccmotpum apyroit npumep — CHY/OHY xwucc, 3apeructpupoBansbiii B 06c. JloBozepo 27 siuBapst 2017 r. B
nepuon 03:20-03:30 UT (puc. 2). I3 yacTOTHO-BpEMEHHOM 3aBUCUMOCTH 00paTHOTO azuMyTta Bektopa [loiHTHHTa
(puc. 2 €) ciemyeTr, YyTO YacTh DHEPTUH, Haxomsmiascs B monoce 2-3 k['1, MPUXOAUT B TOUYKY HAOJIIOICHHUS
NPUOJIM3UTENBHO C FOTO-BOCTOKA. MHIEKC KPYroBOi Moaspu3amyy B 3ToM ke mojioce yactot (puc. 2 f) mokasbiBaer
JIEBYIO TIOJIApHU3aLNIo, OMM3KyI0 K KpyroBoi. ImoTHOCTE pacmpeneneHust 00paTHOTO a3uMyTa, PacCUUTaHHAS IS
curHaiza B mosoce vactoT 2400+£50 I'm, mmeer IBa BBIpRXEHHBIX MakcuMyMa (puc.2 (). OTO MOXeT OBITh
MHTEPIPETHPOBAHO, KaK CyIECTBOBAaHHE B JAHHOM CIydae ByX oOsacTei Beixona. MHIeKe KpyroBoi noispu3aniu
(puc. 2 h) mpuHUMaeT NPEeUMYIIECTBEHHO OTpHLIATEeNbHbIC 3HaYeHHs. OTMETUM, YTO IPEICTABICHUE NMapaMeTpOB
MOJIS B BUJIE MX YCPEIHCHHBIX 3HAUECHHUH J1acT MHOH pe3yJbTarT.
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Pucynok 2. (e) O6partHbiit asumyt Bekropa Iloinrunra, (f) momoxurensuas (RH) u orpunarensuas (LH) gactu
HHJIEKCa KPYToBO# mossipu3ariuy, (g) TIOTHOCTh pactpeseicHus obparHoro asumyta u (h) mHImekc kpyrooit
MOJISIPU3ALIMK BCILIECKa, 3aperucTpupoBaHHoro B 0oc. Jlosozepo 27.01.2017 r. B mepuop 03:20-03:30 UT.
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A.C. Huxumenko u op.

Ilpu wCHmONB30BaHUM MPEICTABICHHUS TAPAMETPOB TMOJII B BHJIC YaCTOTHO-BPEMEHHBIX 3aBUCHMOCTEH
3HAYUTENbHAS YacTh HH(OpMAIMHM OCTaeTcs CKpPHITOW oT Habmromartens. Bo m30ekaHume 3TOro HEOOXOIUMO
paccMOTpEeHHUE TUIOTHOCTEH pactpeieNieHHs] BEPOSTHOCTH TEX WIIM MHBIX MapaMeTpoB nosis. Takke Mpu JOKaIU3auu
00J1aCTH BBIXO/Ia CIIEAYET YYUTHIBATH OCOOCHHOCTH PACIPOCTPAHEHHS N3TyUEHHI B HIDKHEH HOHOC(hEpe U BOJIHOBO/IE
3ems-unonocdepa. Huke mpeyio’keH METO JIOKATU3aui 00JIacTH BBIXOJA U3JIyYeHHUH HAa OCHOBE PACCMOTPEHHUS
IUIOTHOCTEH pacIpeiesieHHs] MapaMeTpoB IOJIsl U ydeTe 0COOCHHOCTEH PacHpOCTpaHEHHs HM3Iy4eHHH OT 00jacTH
BBIX0/1a 10 TOYKH HAOIIOIECHUMN.

Mertoa Jokaau3anum 00J1acTH BbIX01a
Ms1 Oynem paccMatpuBath pacrpoctpaHenne CHU/OHY nznyuenuii ¢ BeicoThl 120 KM 10 3eMHO# NMOBEPXHOCTH.
Honochepy OymeMm cumTarh IUIOCKOCIOUCTOH. IIIOCKOCTH HMOHOC(EPHBIX CIIOEB W 3eMHOH IIOBEPXHOCTH
napamensHbl wiockoctd XOY, ock X HampasiieHa Ha ceBep, ochb Y - Ha BOCTOK, a och Z - BBepx. O0;acTh BEIXOOa
g(x,y) Gymem 3amaBath B BHIE TOIYIIPO3PAYHOTO 3KpaHa, pactosioxkeHHoro B mockoctu XOY wa Bbicote 120 kM
2 2
g(x,y) = Aexp| —| = =+ J >
2 20

X y

3nece A= 1/(27r0'X0'y), Oy, O, - IapaMeTPhl, ONpeIeNsromue pasmepsl g(X,y) 1, COOTBETCTBEHHO, 06JIACTH BBIXOJIA.

X!
Ha srot skpan u3 Mmarautocepsl nagaet mwiockas OHY Bosna

w(x, y) = Dexpliko[n,,x +n,, y|+ig)
3necy D — ammiutyna BOHbL ¢ - ee HadalbHas (a3za, Nux, Nuy - TOPU30HTANBHBIE KOMIIOHEHTHI BOJIHOBBIX HOpMaJeil,

Ko=w/C - BOTHOBOE YKCIIO B CBOOOTHOM MPOCTPAHCTBE, ® - KPYTOBask 4aCTOTa BOJIHEI, C - CKOPOCTh CBETA B CBOOOTHOM
MPOCTPAHCTBE, | - MHAMAs SIMHHUIIA.

IMosie BONHBI 32 3KPAHOM 3a/1a€TCS B BHJC NMPOU3BEACHHS (YHKIIUU MPOMYCKAHUS DKpaHa M BBHIPAKEHHS IS
IUTOCKO# BOJHBL. J[JIsl pa3iokeHus 1Mo IUIOCKKUM BOJIHAM TIOJIS 33 9KPAHOM BOCIIOJIb3yeMcs peodpa3oBanuemM Oypbe

G, NNy )= I_ig(x, yw(x, y)e*i“(n“x * y)dxdy

PaccMoTpuM pacriipocTpaHeHHE Yepe3 SKpaH CYNEPIO3UINH CITyJaifHbIX INIOCKHX BOJMH. OTMETHM, YTO aJiee MBI
OyIieM I0JIb30BaThCs TOJBKO peoOpa3oBanneM Pypbe, KOTOpoe sSBiIIeTCs JIMHEWHOH onepanueil. biaronaps stomy
oriepary npeodpa3oBaHMs U CYyMMBI MOXKHO TI€PECTaBIATh MecTaMu. Pas3noxeHre BOIHOBOTO IOJIS 38 9KPAaHOM OT
cynepro3uiiuu N cirydaifHBIX INIOCKHX BOJIH MOXHO MPE/ICTAaBUTH B BUJIE

N L
G (Neuny NNy ) = ZLQ(X, Y)D, explik;[n,,x + 0, y]+ig o
i=l

O603HaYUM peUICHUC BOJHOBOT'O YPaBHCHUA UL Ka)K,I[Oﬁ eZ[PIHPI‘IHOﬁ IUIOCKOH BOJIHBI C TOPU30OHTAJIbHBIMU
komrmoHeHTaMu (Ny,Ny) Y GECKOHEYHO MPOBOJSIICH 3eMHOW MOBEpXHOCTH Kak F(Ny,Ny). Touck storo permeHus
OCYIICCTBJIAJICA € HMCIOJB30BAHUEM METOJA, IMPCAJIOKCHHOTO B pa6OT€ [4] CHCKTp KOMIIOHCHT IIOJIA Y 3EMHOM
MOBCPXHOCTHU € YUCTOM 3KpaHa U INIOTHOCTHU PACIPCACIICHNUA BCPOATHOCTH aMIUJIUTY/, (1)33 1 BOJIHOBBIX HOpMaJ'IeI\/'I
NnaJgaroniux Ha 3KpaH U3 MaFHI/ITOC(I)epLI IIJIOCKUX BOJIH OIIPEACIIACTCS 11O (1)OpMyJ'Ie

Fg(nx,ny = F(nx,ny)GS n,,n,,n

N, X+ N, y)dxdy

WX ! nWy

[TnoTHOCTH pactpeneneHus aMIUTUTY ] INIOCKUX BOJIH, MPEACTABISIONINX HaJafollee N3TydeHne, MBI 3a/1aBajli B
Buze pacrpeneneHus Panes. Vx naganpHast (paza Obuta pacupeaencHa paBHoMepHo Ha uHTepBaie [0,27]. [ImotHOCTH
pacnpeneneHus o BOJIHOBBIM HOPMaIsIM CUUTANIaCh FayCCOBOM € HYJIEBBIM CPEIHUM.

Hcnionp30BaHue TIIOCKOCIOUCTON MOJIENTM HOHOC(EPHI TTO3BOJISIET BBECTH IOHATHE KOHYCa NMPOXOXKAEHHs. J{s
CHY/OHY BomH 3TOT KOHYC cocTaBisier 1-7°. Y mIocKoil BOJHBI, yroi MajeHUs KOTOPOIl HpeBBIIIaeT KOHYC
MIPOXO’KICHNUS, IPH BXOJIE B HEUTPAIbHYIO aTMOC(epy BepTHKAIbHAS KOMIIOHEHTA BOJIHOBOT'O BEKTOPA CTAHOBUTCA
MHHUMOH 1 TaKHe BOJHBI HE PACTIPOCTPAHSIIOTCS. MBI BEIOMpAIH pacipeAeIeHNs 10 BOJTHOBBIM HOPMAIISIM TakK, YTOOBI
OOJBIITMHCTBO BOJIHOBBIX HOPMaJied IUIOCKMX BOJH, MPEJCTABISAIOMIMX IMAJalollee H3IydeHHe, JIeKano B KOHyce
mpoxoxaeHus. Jing mokann3anuy 0671acTé BEIXOJA MBI OyJeM paccMaTpUBaTh MapaMeTpsl MO, HE 3aBUCSIINE OT
aMIUTUTYBI - HAIPaBJISIOIUE KOCUHYCHI BekTopa [loliHTHHra 1 nHAEKe KpyroBoi nonspusanuu [6]. Hanpasnstomniue
KOCHHYCBI ONIpeNIeJISIIoTCs 10 popMyiiam

S,=cosa, S, =sina
3necs o - oOparHbIif a3uMyT BekTopa [loiHTHHra. CorjacHO ompeaeneHuio [6] WHAeKC KPpYyroBOW MONSpH3AIHNN
paccuuTHIBAETCS KakK
P, =2Im(H,,H, )P
3necs Hy n Hy - ropu3oHTanbHBIE KOMIIOHEHTHI MAaTHUTHOTO TI0JIS, P - MOIIHOCTS MarHUTHOTO TIOJIS.

Mbl paccuWTany IUIOTHOCTH DACHPENCNCHHUS BEPOATHOCTH J3THX IIAPAMETPOB U MPOM3BENN CpPaBHEHUE
9KCIIEPUMEHTAIILHBIX PE3YyJIbTAaTOB M PE3yJbTaTOB MOAEIMpoBaHUs. ONTHMAIbHBIM SIBIISETCS IOJIOKEHNE 00IacTH
BBIXOJIa, NPU KOTOPOM IUIOTHOCTH pacCHpeieeHUl, MOJyuyeHHbIE B XOJE€ MOJAEIMPOBAHUS, UMEIOT HauIyullee
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COBIIAZICHUEC C IINIOTHOCTAMMH pacnpe,ueneﬂnﬁ, NMOJYYYCHHBIMU B OKCIICPUMECHTE. Jlokanuzauus obacTu BbIXOJa

OCYIIECTBIICHA ITyTEM ITONCKa MUHIMYMa LIeJIeBOH (pyHKINN:
N

2
— Pc_ Pc)2 ( sx_ Sx)2 (SV_ Sy)
f= Z[(p,— Wit ) #P;7 =Wyt ) Py —W;
[
Bﬂecb N — KOJIMYECTBO I/IHTepBaJ'IOB, W — OILI€HKa IIOTHOCTH pacnpe[[eﬂeHI/Iﬂ paCC‘H/ITaHHBIX r[apaMeTpOB I10J14, p —
OLCHKA INIOTHOCTU pacnpe[[eﬂeHI/Iﬂ I/I3MepeHHLIX HapaMeTpOB T10JI.

Sx

SIX — Measure_'
= Model

Probability Density Function
Probability Density Function

Pucynoxk 3. [TnotHOCTH pacnpesieneHust HaIPaBIISIOIUX KOCHHYCOB 00paTHOro BekTopa [ToiHTHHTa 1 TIIOTHOCTH
pacupeneneHus wHAEKCOB KpyroBoit momspuzamuu CHY/OHY Bcrmutecka, Habmromaemoro B JloBosepo (resas
narens) 1 BepxHeTynoMckoM (cpeowsis nanens) 07.12.2014 r. B meprox 07:00-07:10 UT 1 BO3MOKHOE TTOIOKEHUSL
ero o0JacT BeIXona (npasas nauens).

—Meadure SX —Meadure SX

‘6= Model

Probability Density Function
Probability Density Function

Pucynok 4. [T710THOCTH pacrpeieieHUs HANPaBJSIFOIIUX KOCUHYCOB 00paTHOTO BekTopa [T0MHTHHTa U MJIOTHOCTH
pacnpenenenuss uHAEKCOB KpyroBoil mossipusaimun CHY/OHY Bcrutecka, HabOmromaemoro B JloBozepo (resas
nauens) 1 BepxaerynomckoM (cpeonss nanenv) 07.12.2014 r. 8 mepuon 09:00-09:20 UT 1 BO3MOKHOE MOTOKEHHS
ero obactu BeIxona (npasas namens).

Pe3yabTaThl aHa/n3a BbleJEeHHBIX COObITHI

B nmanHOM pasgene Mbl OPEACTaBIsIEM PE3y/IbTaThl OLECHKU MOJoxeHus obmactu Beixoga CHUY/OHY xwccos,
3aperucTpupoBaHHbIX B 00c. JloBozepo u Bepxuerymomckuid. [lepBerit cimywait — OHY  Bemeck,
3aperucTpupoBanubiii 7 aexadbps 2014 r. B nepuoz 07:00-07:10 UT. 3anucu KOMIOHEHT OIS ObLUTH MOABEPTHYTHI
(buUIBTpaIUK MOJ0COBBIM (QGUIBTPOM C LeHTpambHOM YacToToi 2400 I'm u mupuHO# monock 50 ', paccYUTHIBATICH
IUIOTHOCTH paclpelesieHus] HWHIEKCa KPYroBOM TONSpU3alMd W HANpPaBIIOMINX KOCHHYCOB. Pe3yibraThl
MpeJICTaBJICHBI Ha pUC. 3 (JIeBasi U CPEIHSS MaHENN) KpacHBIM BeTOM. [ITIOTHOCTH pacipeeieHust HHIeKca KPYTrOBOM
MOJIIPU3AIUH IMEIOT BRIPAXXCHHBIA MAKCUMYM B OKpeCTHOCTH 3Ha4YeHus 0.8. ITo 03HAUaeT, 4To mpeodIiagaeT mpasas
MOJSIpU3aIus, ONMM3Kask K KPYroBoi. BeposiTHO, YTO TOYKH pErHCTpaliuy HaXOATCS JOCTATOYHO ONHM3KO K 00JIacTu
BbIX0/1a. [ToCcKONBKY paccTosTHIE MEX/y CTaHLMSIMU COCTaBIIsIeT OKoJIo 170 KM, MOKHO ITPEATIOI0KUTh, 4TO 00JIaCTh
BBIX0/1a IMEeT OOJIbIINE Pa3MEPHI.

Msl monenupoBanu pacrnpoctpanenne CHY/OHY wsnydeHnit CKBO3b HIDKHIOIO HOHOCepy K 3eMHOH
MOBEPXHOCTH M TOAOWpaIN ONTHMAajbHOE MOJOXKEHHE OOJacTH BBIXOIA, OMHMCHIBAEMOI TayccoBOi (yHKImen
MPOIYCKaHMs, TP KOTOPOM IIOJyYeHHBIE B XOJl€ MOJCIHPOBAHUS IUIOTHOCTH PAcHpeieeHUs MapaMeTpoB IOJIs
COOTBETCTBOBAJIM OBl SKCIEPHUMEHTATBHBIM. JIoKamu3amnust 001acTH BBIXOJa MPOBOIMIACH OTAENBHO IS KaKIOH
cTaHnuyu. [IMOTHOCTH pacmpeneNeHus MapaMeTpoB TOJs, IOJyYeHHBIE IO pe3ysibTaTaM MOJIEIUPOBAHMUS,
MpEACTaBICHBl Ha puc. 3 (JeBas M CpemHsAs IaHENHW) CHHUM IIBETOM. B3amMHOE pacmoioXeHWe CTaHIWui u
ONTUMAJIFHBIX TOJIOKEHUH 00JIaCTH BBIXOJA MPEACTaBICHB Ha puc. 3 cmpaBa. OKpyXHOCTIMH 0003HAYEHBI
n3onuHnn ypoBHs 0.1 rayccoBoit QyHkimu npomyckanus. OKOHUATEIbHBIC 3HAYCHHS LEICBOW (QYHKIMH A 00C.
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JloBozepo u Bepxuerynomckuit paBubel 0.18 u 0.48, cooTBeTcTBeHHO. Takue OTIMYMS LENEBOH (DYHKIMH OT HYJS
MOTYT OBITh OOYCIIOBIEHBI KaK BHICOKHM YPOBHEM aTMOC(EPHOTO ITyMa, TaK U HECOBEPIICHCTBOM MOJIEIH 00JIacTH
BeIxoza. [Ipu nokanm3arum 061acTé BEIXOa OBLUTH MOTYYEHBI CXOXKHE PE3YJIBTATH I ABYX CTAHIHUIL.

IIpu obpabotke manubx peructpammu OHY xucca B 06c. JloBozepo m Bepxuerymomckuii 7 mexabps 2014r. B
nepron 09:10-09:20 UT Obu1 mpuMeHeH monocoBoi GumsTp ¢ mosocoii 1800+£50 I'm. HabmomaeMsle miIoTHOCTH
pacipeneneHus IMapaMeTpoB MONA TpeAcTaBieHsl Ha puc. 4. Crtour oOpaTHTh BHHUMAaHHE, YTO IUIOTHOCTH
pacupeneneHus Sy u Sy, Habmomaemele B 00c. JIoBo3epo 1 BepXHETyIOMCKHUIA, CX0KH, UTO CBHACTEIHCTBYET B MOJIB3Y
CYyIIECTBOBaHUS B HOHOc(epe BBITAHYTOH oOnacTh BbIXOAa. Pe3ynbTaThl JIOKaqW3alMd OOJIACTH BBIXOJA,
NPOBEJCHHON Il KaXJOW CTaHLUHM OTAENBHO, HECKOJIBKO OTIMYAIOTCsA Jpyr oT apyra (puc. 4 cmpasa).
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oOnacTel BbIX0Ja COCTaBIIET 0K0aI0 150 kM.
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MojenupoBanusi pacnpocrpaHenuss CHY/OHY wusnydenumii ckBo3b HOHOCcEpy K 3€MHOH IIOBEPXHOCTH H
SKCHEPUMEHTAIBHO MOJIYYEHHBIX IUIOTHOCTEH paclpeneNeHusl MmapaMeTpoB mois. Takoit Mmoaxox MO3BOJISET
yuuThiBaTh 1rymMoBoi xapakrep CHY/OHY wmznydeHHid M 0COOCHHOCTH PacCHpOCTPAaHEHHS HW3JIyYCHUI B HIDKHEH
noHocdepe u Bo30YKIACHUs BOIHOBOA 3eMilsi-oHOCchepa.
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Introduction

The forecast quality for geomagnetic efficiency of coronal mass ejections (CME) as high-energy solar manifestations
in the form of magnetic clouds directly depends on the initial physical characteristics of solar sources [1, 2, 3]. For
this purpose, at the present study a technique for establishing the localization and orientation of an extended solar
source of magnetic clouds from the data of coronagraphs and photosphere photographs EIT MDI SOHO has
developed. Further, based on the proposed method, a statistical study of the dependences for CMEs spatial
characteristics of magnetic clouds on the location of their sources on the solar disk, on their extent and angular
orientation was performed. As a result, dependences of the maximum intensity, of the maximum intensity Bz-
component, the latitude and longitude angles of the cloud magnetic field vector, the magnetic cloud velocity from the
minimum latitude of the extended solar source and the corresponding longitude are obtained. Attention has been drawn
to the existence of auroral electrojets AL index value dependence by parameters of solar sources structures. The
relationships of solar source coordinates with the geomagnetic activity of the cloud sheath and with the geomagnetic
activity of the magnetic cloud body are found.

The main problems in studying the sources of CME/MC and their transfer in the solar wind are the following: 1)
the CMEs sources often do not stand out against the background of the corona or the photosphere and sometimes can
be determined by residual phenomena; 2) solitary MC is an extremely rare phenomenon and its source is difficult to
detect against the background of a disturbed solar corona or photosphere, 3) the direct passage of solitary MC to the
Earth is not fixed by coronagraphs, since the coronagraph detects the MC only in the profile, 4) the huge dimensions
of the CME/MC by satellites allows to receive the parameters of the structure and its dynamics only at the object
section.

Method for establishing the localization and orientation of an extended solar source of magnetic
clouds

A key feature of our approach to investigating MC is to represent its magnetic part in the form of a powerless magnetic
tube carried away from the Sun with the observed eruption. However, the mass parts of the "halo" type CMEs are
clearly visible on the coronagraphs and, as a consequence, it is possible to reliably determine their solar source.

Determination of the number of possible sources during the day proceeding from the minimum velocity of the
CME propagation from the Sun to the patrol spacecraft (SC) was performed. The minimum velocity is assumed to be
equal to the average MC velocity plus the average velocity of magnetic sound (according to the SC data). The MC
sources are the areas of ascent and eruption of stream loops (fibers) we use. Due to the length of the MC sources, their
angular coordinates closest to the center of the heliocentric Cartesian coordinate system were considered. So in the
case of high-energy events, the determination from the coronagraph data of the source coordinates was reduced to
determining coordinates of the visible regions of these structures output on the photosphere ("pins").

In the general case, if the event was accompanied by cascade eruptive processes involving loops from several
regions, then the source was the area in which the final loop collapsed and became invisible in the frequency range of
the coronagraph. If the coronagraph resolution was not sufficient to observe the process of eruption itself and the
sunspots or sources structure are far from the flow loop representation in the form of an arch (for example, sigmoid),
indirect signs of eruption (for example, post eruptive arcades, deflection of "power lines" around an invisible center,
areas of darkening) were used. In this case, the ascent area of the loop was determined by arcades, and the "pins"
coordinates - by the "force lines" deviations around the invisible center in the areas where the arcade ends. Instead of
the point "pins" coordinates, the values of coordinates for boundaries of regions involved in the eruption were used.

A statistical study for dependence of MC characteristics sources on location on the solar disk was carried out at
46 MC events, marked from 1997 to 2012. For them 112 possible solar sources were fixed according to the following
catalogs: 1) catalog of coronal ejections of LASCO CME Catalog, (http://lasco-www.nrl.na-
vy.mil/index.php?p=content/cmelist); 2) catalog of large-scale solar wind phenomena
(https://cdaw.gsfc.nasa.gov/CME_list/); 3) catalog of outbreaks indicating the presence of CME and shock waves
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(http://umtof.umd.edu/sem/); 4) catalog of Ha-flashes (ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/); 5) catalog of X-
ray flares from Virtual Solar Observatory (http: //vso.nso.edu/cgi/catalogue).

Selection of probable sources was also carried out with the help of additional possibilities using data on X-ray
flares and microwave radiation bursts with a minute resolution. These data with photographs of the solar photosphere
EIT SOHO, which made it possible to determine outburst coordinates, were compared. An alternative way to
determine the coordinates of the CME/MC sources was to focus on the halo CME appearance. Since the halo can be
ejected in the opposite direction from the Earth, the data on x-ray and microwave radiation were used.

In all possible cases obtained coordinates of the CME/MC sources with sunspots coordinates in the region of the
emission source from the MDI SOHO images (Fig. 1a) were compared. Satisfactory was considered to coincide with
a deviation no more than 2-3° in latitude. In determining the source coordinates, the "shaking" of the SOHO spacecraft
around the X GSE axis in the range of +7.85° was also taken into account. The angles of " shaking " for each case by
stars motion on the difference LASCO C3 images within daily interval or less (Fig. 1b, c) were calculated.

Figure 1. MDI SOHO (a), LASCO C3 (b, ¢) images used to determine coordinates of the CME/MC sources

Investigation of dependence for angular orientation of the visible part for 112 possible solar sources on their
coordinates showed the following regularities: 1) the source inclination angle to the equator plane in the western
hemisphere at northern and southern latitudes has a minimum at zero latitudes, 2) if source closer to the heliographic
equator, so it is more extended in the equatorial direction, 3) if farther the source from the equator, so it is more
extended in the meridional direction, 4) the longitude dependences corresponding to the minimum latitude appear
weak.

Analysis for distribution of various lengths solar sources showed that for the northeastern part of the solar disk
there is a clear direct dependence of the source length from its minimum latitude with a minimum in the equatorial
region. For the minimum latitude of an extended source located in the region of the midday meridian, its length
increases with the longitude of the source from ~10°.
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Figure 2. The dependence of MC velocity on the minimum latitude (a) and the corresponding longitude (b) of the
source

A statistical study for dependence of MC characteristics and their substorm geomagnetic activity
by the localization of solar sources

Comparison of solar sources parameters with the MC characteristics gave a special point in the heliographic center
area related to the CME velocity of the order of ~550-600 km/s. For the northern hemisphere, a direct dependence
(R>0.45) of structure velocity on the latitude of the source with a minimum near the equator appears. Dependence of
the structure velocity on the source longitude in the northern and southern hemispheres of the Sun according to the
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quadrants is described by the correlation coefficient from 0.55 to 0.7. It is noted that the structure velocity is higher
the east of its supposed source on the Sun (Fig. 2). The character of the obtained dependence excludes the mirror
symmetry of the Sun hemispheres.

The study revealed the dependence of the MC maximum magnetic field strength and the corresponding Bz
component on minimum latitude of the extended source and corresponding source longitude. Here, a minimum (~10
nT) of the MC maximum magnetic field in the region of the heliographic equator and its maximum (~50 nT) occur in
the region of the midday meridian. For a large MC group, the maximum field strength increases with increasing of
source latitude. This dependence is particularly noticeable for the northeastern part with a minimum in the equatorial
region (R~-0.6). The same dependence on the source longitude has a weak inverse character with the exception of the
western hemisphere where R~-0.6. In GSE coordinates, a minimum (~0 nT) for the Bz-component of the maximum
magnetic field MC for a source located in the region of the heliographic equator and a maximum (~20-25 nT) for the
source near the midday meridian are observed. Moreover, as the latitude of the source increases, the modulus of the
Bz component increases, and decreases with longitude increasing.

A comparison of MC orientation with solar sources parameters demonstrates the dependence of the latitude and
longitude angles of the magnetic field vector for MC from the minimum latitude of the extended source and the
corresponding source longitude. It is noted that there exists a minimum (~0°) of the modulus of the latitude angle of
the MC field vector in the region of the heliographic equator and a maximum (~60-90°) in the region of the half-
meridian (in GSE). With the increase in the source solar latitude, the latitude angle of the MC increases, and with the
increase in the solar longitude, it decreases. A maximum (~90°) of the MC field vector near the heliographic equator
and the midday meridian (~60-90°) is noted for the longitude angle MC. With increasing solar latitude and longitude,
the longitude angle decreases.

An analysis is made for relationship between geomagnetic activity, described by the AL index of auroral
electrojets, MC bodies and their sheaths, with their solar source coordinates. For MC bodies that had sources located
at southern latitudes, the index AL is inverted with R~-0.6 from the minimum latitude of the extended source. The
dependence of AL on the source latitude increases for the southeast to R~-0.9 with a minimum in the equatorial region.
For the southeast, there is also a direct dependence of AL index with R>0.6 on the source longitude corresponding to
the minimum source latitude. For the south-west, as for the northern latitudes, there is no way to make any conclusion.

The MC sheath also has geomagnetic activity. For extended MC sources located at the southern latitudes of the
MC sheaths, a clear dependence of the AL index on the minimum source latitude (R~-0.6) was found. For sources
with a minimum latitude at northern latitudes, a weak inverse dependence may be possible. For the northeastern
sources there is a weak inverse dependence of the AL index on its longitude. For northwestern sources, the direct
dependence of AL index on its longitude (R~0.7) is manifested. However, for the western hemisphere this dependence
is whole weak (R>0.4).

Thus, the dependence of auroral electrojets AL index values, characterizing the intensity of magnetospheric
substorms, on the location of extended solar MC sources is noted. It manifests itself through the geomagnetic activity
of the magnetic cloud body and its sheath.

Conclusions

A statistical study of dependencies for spatial characteristics of CME sources like as MC on their location on the solar
disk is made. Dependences of distribution of localization of solar sources of various extention and angular orientation
of their visible part are obtained. A comparison of solar sources parameters with MC characteristics recorded on the
spacecraft, determines the following characteristic patterns: the dependence of the MC velocity on the minimum
altitude and its corresponding longitude and source; dependence of the maximum magnetic field strength of MC from
the minimum latitude and the corresponding longitude of the source; the dependence of the Bz component of the
maximum intensity of MC magnetic field from the minimum latitude and the corresponding longitude of the source;
the dependence of the latitude and longitude angles of magnetic field vector from the minimum latitude and the
corresponding longitude of the source. Taking into account the connection between geomagnetic activity and the body
of MC and its sheath, it was possible to determine its dependence on the localization of an extended solar source.
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Abstract. Study of the solar corona is very important from point of view of solar physic and solar-terrestrial relations.
The solar corona is composed of both closed magnetic loops emerging from the photosphere and “open” magnetic
field regions that form the heliosphere.

White light corona can be observed only during total solar eclipses (TSE) because its intensity is much lowerthan
the brightness of the sky. Observations of the total solar eclipses (TSE) in 1990, 1999, 2006, 2008, 2009, 2012 and
2017, which are at different stages of the solar activity cycle, were conducted. Our expeditions and experiments were
part of the Bulgarian National scientific program for observation of the specific total solar eclipse in collaboration
with scientists from Russia, France and Egypt. The sites were chosen to be in the line of totality. We have made an
analysis of the white light coronal structures and shape. Polar plumes, dome-shaped and “helmet” type structures are
the basic coronal formations. They are evident from composited images of different number of negatives taken with
a variety of exposures. Our composited images are compared with the images of the C2 coronagraph of Naval
Research Laboratory’s LASCO instrument on ESA’s Solar and Heliospheric Observatory (SoHO).

The structure, shape and brightness of the solar corona significantly depend on the activity of the Sun. The corona
is very bright and uniform at solar activity maximum. We can observe a lot of bright coronal streamers and other
active regions on it. During minimum of the solar activity the corona becomes asymmetric - it stretches at the equator.
The Ludendorff flattening index (ellipticity) is the first quantitative parameter introduced for analysis of the global
structure of the solar corona. It is anticorrelated with solar activity and varies between minimum and maximum.
Analysis of the ellipticity coefficient and phase of the solar cycle show that white light corona during the 2006, 2008,
2009 and 2017 TSE (2 different solar minima) is asymmetric in contrast to solar corona observed during the 1990,
1999 and 2012 solar eclipses (solar maximum). Moreover, value of the photometric flattening index at a cycle
minimum can be used to forecast the amplitude of the cycle.

These results can contribute to development of contemporary notion of the physical haracteristics, shape and
structure of the solar corona and its evolution with the solar activity cycle.

Introduction

Solar corona can be observed only during total solar eclipses (TSE) because its intensity is much lower than the
brightness of the sky. Solar corona is the part of the solar atmosphere which is one of the most important from point
of view of solar physic and solar-terrestrial relations. Solar wind is accelerated and the coronal mass ejection is formed
in its inner part, which is difficult for observations and diagnostics.

White light corona is a result of scattering of photospheric light off electrons in the corona and dust in
interplanetary space. The orbital heliospheric observatories SOHO and STEREO, and the satellites Yohkoh, TRACE
and CORONAS give the possibility of continuous investigation of the solar corona and the processes acting but they
are closer to the Earth than the Moon and overoccult the sun, omitting from view exactly the inner corona.

The coronal light consists of K-, F-, E-, T- corona. These components are formed by very different mechanisms
and have very different properties. K- (Kontinuierlich) corona is caused by scattering of photospheric light off rapidly-
moving coronal electrons; F- (Fraunhofer) corona — by scattering of photospheric light off dust in interplanetary space
between the orbits of Mercury and Earth; E- (Emission) corona — by actual emission of radiation by highly-ionized
species in the corona; T- (thermal) corona — by thermal (largely infrared) emissions of interplanetary dust, usually the
same dust that is causing the F-corona [Golub and Pasachoff, 1997].

Primary source of information about distant regions of the middle and outer corona still remain optical observations
of the so called white-light corona, formed from the K- and F- corona.

Solar eclipses are between two and five each year. Many occur over the oceans or distant places and it is very
difficult to document them. Some are not total, being only partial or annular. Thus, a good opportunity for total solar
eclipse observation comes along every only two or three years. The average duration of totality is only two to three
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minutes. That is why, studying changes in the corona from one eclipse observation to another will draw the picture of
its evolution.

Basic characteristics of the corona are controlled by changes in the configuration of the global magnetic field of
the Sun. We know that, in general, large coronal streamers lie above the polarity-inversion lines of the large-scale
magnetic field of the Sun marked by filaments and prominences [Vsekhsvyatskiy et al., 1965]. That is why, studies of
the solar corona shape give us information about long term variations and structure of its large scale magnetic fields.

The equatorial plane of the dipole component of the solar magnetic field is regarded as principal plane of the solar
corona with all its features. The position of this plane defines the orientation of the heliospheric current sheet and the
outer solar corona in 3D space. Its inclination with respect to the solar equatorial plane varies from almost zero at
solar minimum to almost 90° at solar maximum, which is the reason for fundamentally different appearance of the
corona.

The observed variety of solar corona forms is also determined by the variations of the current sheet orientation
towards the earth due to solar rotation [Gulyaev, 2011]. Lifetime of these forms can be from less than one to more
than several solar rotations.

Comparative analysis of the white light
corona observations during 5 total solar
eclipses (in 1990, 1999, 2006, 2008 and 2009),
at different phases of the solar activity cycle is
presented in this work. White light solar
corona is examined using the inclination of
streamers towards the equator and the
photometrical flattening index or index of
ellipticity of the solar corona.

The minimum corona is much fainter and
weaker than the maximum corona because of

the absence of large active regions. ) ) .
The corona is the source of the fast and  Figure 1. Solar corona during the 2008 TSE in minimum of the

slow solar winds, and transient events like solar cycle and during the 1990 TSE in maximum solar activity.

flares, jets, filament eruptions and coronal
mass ejections (CMESs). Transient events can considerably change the structure of the corona, since, especially coronal
mass ejections frequently lead to global magnetic re-organisation.

Coronal structures appear bright (arcades, loops, helmet streamers) or dark (coronal holes). Plasma density and
temperature greatly depend on the magnetic field topology: bright features have closed magnetic structures (bipolar
and active region loops), while dark coronal holes have an “open” magnetic structure towards the interplanetary
magnetic field.

“Helmet streamers” are connected with solar active regions, and are centered over sunspots or prominences. Above
the helmet, a long, straight stalk continues outward, and remains untwisted even to a dozen solar radii.

2008 minimum 1990 maximum

Observations
Observations of the total solar eclipses (TSE) in 1990, 1999, 2006, 2008, 2009, 2012 and 2017 were conducted at
different sites of the world, in the line of totality. Usually, the scientific programme of our expeditions includes
different tasks:
Photometric investigation of the basic coronal structures in white light.
Spectrometric investigation of the solar corona.
Photometry of the sky illuminance with a LUX Pu 150 photometer.
Determining of the dynamics of basic micrometeorological parameters of the 2-meter ground atmospheric layer.
Astrometry of the TSE during its phase evolution
Observations of atmospheric optical effects during the TSE.
Here we consider the white light corona at different phases of the solar cycle.
July 20, 1990 — near the town of Kem, Karelia, Russia (¢ = 64°57’ N, A = 34°36' E, Alt. = 165m). Maximum of the
solar activity. Sunspot number SSN=104
August 11, 1999 - around the town of General Toshevo, Bulgaria (¢ = 43°41.7" N, A = 28°11.5' E, Alt. = 200m).
Maximum of the solar activity. SSN=252
March 29, 2006 — near the town of Manavgat, Turkey (¢ =36°45'27.59" N, A =31°27'14.11" E, Alt. = 2m).
Minimum of the solar activity. SSN=31
August 1, 2008 — near the town of Bijsk, Altay, Russia (¢ = 51°58' N, A = 84°57'E, Alt. = 360m). Minimum of the
solar activity. SSN=0
July 22, 2009 - near the upper reservoir of the TianHuangPing Pumped Storage Power Station, China
(p =30°28'14.2"” N, A =119°35'29.0"" E, Alt. = 909m), near the Shanghai Observatory. Minimum of the solar
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activity. SSN=0

November 14, 2012 - in the region of Mount Molloy, 150km from Palm Cove, Cairns, Queensland, Australia
(p =16°29'45.6" S, A = 144°58'17.4" E, Alt. = 342m). Maximum of the solar activity. SSN=133

August 21, 2017 - in the area of the town St. Joseph, USA, near the Missouri River (¢ =39°47'23.1" N,
A =94°52'42.6" E, Alt. = 253m). Minimum of the solar activity. SSN=63

White light corona observations

The white light corona observations during different years of total solar eclipses are made with different telescopes
and cameras with different times of exposure. The experiments and observational equipment are described in Stoeva
et al. [2011].

Solar corona photographs in white light during the 1990, 1999 and 2006 TSE were obtained by a large-aperture
cameras (200/1000mm and telescope 150/2250mm Meniskas - Cassegrain), and telescopes-refractors (63/840mm)
[Stoev et al., 2002]. Black and white professional photographic films Kodak T-MAX 200 Pro with unique structure
were used.

During the 2008, 2009, 2012 and 2017 TSE, the white-light corona photographs were obtained with 250/2000mm,
300mm objectives, and 2000mm Macsutov - Cassegrain telescope using high resolution digital cameras.
Photographs were taken with different exposures, from 1/2000 sec to 5 sec.

ISES Solar Cycle Sunspot Number Progression
Observed data through Feb 2018
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Figure 2. Solar cycle sunspot number progression.

Results and analysis
The 1990 and 1999 total solar eclipses are during the maximum of the 22" and 23" solar cycle.
The 2006 TSE is in the minimum - on the falling branch of the 23" solar cycle.
The 2008 and 2009 TSE are also in minimum but on the rising branch of the 24" solar cycle. The 2012 eclipse is in
very low maximum of the solar activity.
The 2017 eclipse is on the falling branch of the 24™ solar cycle.
Polar plumes, dome-shaped
structures and “helmet” type
structures are the basic coronal
formations. They are evident
from composite images of
basic coronal structures such, are
evident from the composite
image of 16 negatives taken with  Figure 3. Solar corona from the total solar eclipse on July 20, 1990 [Miloslav
exposures from 1/2000 sec t0 5  Druckmiiller, 2004], left and August 11, 1999 (photograph in white light made
sec in white light [Stoeva et al., by a great light power camera (200/1000 mm) - with 2 sec exposure).
2008].

different number of negatives
The 2006 TSE is in minimum - on the falling branch of the 23" solar activity cycle. The 2008 TSE is also on the

taken with a variety of exposures
in white light.
falling branch according to the consensus reached by The Solar Cycle 24 Prediction Panel on May 8, 2009: the 24™

Coronal streamers
During the 2006 TSE, all the
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solar cycle begins in December 2008. The 2009 TSE is also in minimum but on the rising branch of the 24" solar
cycle. The quiet Sun corona shows larger helmet-type streamers concentrated in latitudes near the equator between
N45 and S45.

For the 2006 TSE, polar plumes are well developed in northern and southern hemisphere of the corona. Dome-
shaped structures are displaced from 25° to 45° heliographic latitudes. The deviations from a radial direction in western
hemisphere (21°) are greater than that in eastern one (8°).

Figure 4. August 11, 1999 TSE. Black and white pencil drawing of the solar corona during the total phase, Zlatna
Mychaylova. Equidencites.

Figure 5. March 29, 2006 TSE. Composite image of 16 negatives taken with exposures from 1/2000 sec to 5 sec
in white light. Comparison of the white light corona with the steamer structure obtained by SoHO.

Comparisons are made with the steamer structure of the solar corona taken by SoHO and show that the basic
streamer structures are identical.

For the 2008 TSE, coronal
structures are also outlined on the
composite image of the white light
corona, at heliographic latitudes
from 19° to 48°. The deviations in
western  hemisphere  (9°) are
smaller than that in eastern one

(12-18°).
O The total solar eclipse on July
22, 2009 has maximum duration of
6 min 39 sec and this is the longest
totality for the last 2000 years.
Images of the white-light
corona during the 2009 TSE also
e show the typical coronal
structures. The deviations of the
streamers from radial direction in

Figure 6. July 22, 2009 TSE - white light corona superimposed on an image
of the Sun’s outer corona taken by the Large Angle Spectrometric |\ actern hemisphere are larger (28-
Coronagraph (LASCO) and shown in red false color (right). 34°) than that in eastern one (18-

20°), as in 2006 TSE but with
larger values.
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Studying the three TSEs during minimum of the solar activity cycle we found that deviation of the coronal
streamers from radial direction or their inclination towards the equator is larger as a whole for the 2008 (Sunspot
Number SSN=0) and 2009 (SSN=0) eclipses in comparison with the 2006 TSE (SSN=31).

Figure 7. Coronal streamers during the August 1, 2008 (left) and March 29, 2006 (right) TSE in white light.

This fact can be explained with the low solar activity in 2008 and 2009 (deep solar minimum). For studying the
corona of the sun during a very low maximum in the solar activity Russian-French-Bulgarian expedition was organized
for observation of the November 14, 2012 total solar eclipse in Australia. Different experiments were conducted in
the region of Mount Molloy, 150 km from Palm Cove, Cairns, Queensland.

Composite eclipse image consists from 16 images of different exposures made during the expedition of Space
Research and Technology Institute, BAS (P. Stoeva and A. Stoev) and, Lebedev Physical Institute, RAS, Moscow (S.
Kuzin and A. Percov).

Total solar eclipse on August
21, 2017 has been the first in the
United States since 99 years and
crosses the country from Oregon to
South  Carolina. We partly
managed to  observe  the
phenomenon due to suddenly
changed weather conditions, but

we received wonderful
photographs from our American
colleagues.

The Megafilm project
(http://eclipsemega.movie)  has
been  successfully completed,

Figure 8. White light corona during the November 14, 2012 total solar  where people from across the US
eclipse, Australia, photographed with a 300 mm objective (left). Eclipse  send photographs or videos to a
composite image between a SOHO/EIT image in helium radiation at 304A in ~ Google-related system to make
the ultraviolet (central image) and an outer-corona image from  them accessible to everyone.
SOHO/LASCO (right). Studying the three TSEs during
minimum of the solar activity
cycle we found that deviation of
the coronal streamers from radial direction or their inclination towards the equator is larger as a whole for the 2008
(Sunspot Number (SSN =0) and 2009 (SSN = 0), and 2017 (SSN =63) eclipses in comparison with the 2006 TSE
(SSN =31). This fact can be explained with the low solar activity in 2008, 2009, and in the following minimum in
2017 (deep solar minimum).

Flattening index
The Luddendorf flattening index (ellipticity) is the first quantitative parameter introduced for analyses of the global
structure of the solar corona. It increases monotonically from the limb to some distance r, which varies from eclipse
to eclipse within the range of ~1.4 Re to ~2.2 Re and it is sensitive to existence of coronal streamers at large
heliographic latitudes.

This ellipticity coefficient show that corona is very round at solar maximum, when streamers emerge from so
many latitudes, and it is much more elliptical at solar minimum, when only a few streamers are visible at the equator.
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This way, the Luddendorf flattening coefficient shows the cycle of solar activity [Van de Hulst, 1953; Gulyaev, 1997;
Stoev et al., 2002].
For determining of the flattening ¢ the formula of Ludendorf [1928] has been applied

o= do +d1+d2 1
" Do+Dy+Dy
where do is the equatorial equidensity diameter, d; and d, are the
diameters placed at angles of + 22.5° in relation to do; Do is the diameter
of equidensities passing through the solar poles and D1 and D, are the
diameters tilted to Do at angles of + 22.5°. The flattening ¢, which
characterizes the solar corona type, is calculated at a distance of 2 Re
from the solar disk centre — a way to remove the effect of the F-corona.
The phase of the solar activity cycle can be calculated using the
formula of Bernheimer [1938]:

Figure 9. Solar corona on August 21,
2017 in minimum of the solar activity.

T _Tmin
e =T,

max min

b =

where T is the moment of the total solar eclipse, Tmin and Tmax are the nearest minimum and maximum of the
corresponding solar cycles. The phase is calculated by linear interpolation between the closest maximum (®=1) and
closest minimum (®=0). The sign + or — is assigned according to the rising and falling branch of the solar cycle,
respectively.

Table 1. The solar corona flattening index ¢ and the solar cycle phase @ for seven total solar

eclipses.
Year 1990 1999 2006 2008
Sunspot N 104 252 31 0
€ 0.090 0.190 0.098 0.320
) -0.85 0.75 -0.25 -0.04
Corona Type Before min After min Before min Before min
(May 1996) (May 1996) (Dec 2008) (Dec 2008)
Year 2009 2012 2017
Sunspot N 0 133 63
£ 0.22 0.024 0.270
[0) 0.12 0.87 -0.6
Corona Type After min After min After max
(Dec 2008) (Dec 2008) (Apr 2014)

The flattening index of the solar corona, which is largest at the activity minimum and vice versa, can be considered
as an indirect characteristic of the polar magnetic field of the Sun, which is also largest at minimum according to
dynamo theory. The amplitude of the toroidal magnetic field of the Sun (forms sunspots) in the activity maximum is
determined by the poloidal magnetic field in the previous minimum. Pishkalo M. [2011] have obtained an equation
for the best linear fit of the smoothed monthly sunspot number at cycle maxima Wmax vs. the flattening index ¢ near
cycle minima using data for 60 total solar eclipses:

Wmax =—2.8+466.1 X «.

We have used this equation for calculating the amplitude of smoothed monthly sunspot number in the last solar
cycle. The TSE in 2008 is closer to the minimum of the solar activity — December 2008. Using the obtained flattening
index of ¢ =0.32 (very close to the value £=0.29 of [Rusin et al., 2010]), it can be predicted that the amplitude of the
current solar cycle will be 146+65 in terms of the smoothed monthly sunspot number.

The 2009 TSE is at the beginning of the solar cycle 24. Using this flattening index value - € = 0.22 - we calculate
a lower value — 99.7+65 - for the amplitude of the solar cycle 24. The average value is 122.85. Mean value of the
sunspot number in April 2014, determinead as maximum of the Solar cycle 24 is SSN=112.46, which is very close to
the obtained value.

Other investigations conducted during total solar eclipses:
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1. Astrometry of the Total Solar Eclipse phenomenon.

2. Photometry of the solar corona in the green coronal line (photos with a narrow green filter A = 5303A).
3. Corona Spectrometry (Green Coronal Line).

4. Meteorology of the ground atmospheric layer (2 meters).

5. Photometry of the sky illumination during the phase evolution of the Total Solar Eclipse.

Conclusion 0.4

We have made an analysis of the white light coronal o © ®

structures and shape during the seven total solar Y 2008

eclipses, which are at different stages of the solar 0.5 . ® o

activity cycle. Ground based composite images are Wwive| o °° B R

compared with images from space observatories: Solar € 02— 9 j * oo RN

Ultraviolet Imager (SUVI) from NOAA/NASA’s ’ e b 5 . W 100

GOES-16 (inside the black and white corona) and C2 " o

coronagraph of Naval Research Laboratory’s LASCO 04l—e zzzs .

instrument on ESA’s Solar and Heliospheric - L . ! ]

Observatory (SoHO). . .";:?‘
Three of the investigated TSEs are during 0.0%—a = .

-4.0 -0.5 0 05 1.0

minimum of the solar activity cycle. We have found
that deviation of the coronal streamers from radial D
direction or their inclination towards the equator is  Figure 10. The solar corona flattening indices ¢ as a function
larger as a whole for the 2008, 2009 and 2017 eclipses  of the solar cycle phase @ for seven TSEs are shown as white
(deep solar minimum) in comparison with the 2006  stars. Other plots are results by Gulyaev [1997] who uses data
TSE, which is at comparatively larger solar activity. for 51 solar eclipses.

Analysis of the Ludendorf flattening index and
phase of the solar cycle show that white light corona
during the 2006, 2008, 2009 and 2017 TSE (solar minimum) is asymmetric in contrast to solar corona observed during
the 1990, 1999 and 2012 total solar eclipses (solar maximum). Moreover, value of the photometric flattening index at
a cycle minimum can be used to forecast the amplitude of the cycle. We have made two estimations for the amplitude
of the solar cycle 24 in terms of the smoothed monthly sunspot numbers using indices for TSEs in 2008 (¢ = 0.32, 4
months before solar cycle minimum in December 2008) and in 2009 (g = 0.22, 7 months after the minimum) - 146165
and 99,7+65 accordingly (mean value is 122.85). Mean value of the sunspot number in April 2014, determinead as
maximum of the Solar cycle 24 is SSN=112.46.
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YHUKAJBHAS BA3A TAHHBIX TPAH3UEHTHBIX SIBJJEHUI
B KOCMHUYECKHUX JIYYAX U MEXIIJIAHETHOU CPEJE

A.A. A6ynun’, M.A. A6ynunal, A.B. Benos?, C.II. Taiinam?, E.A. Maypues?, U.H1. IIpsamymkuna®,
JLA. Tpedunonal

YUnemumym semnozo maznemusma, uornocgeput u pacnpocmpanenus paduosonr um. H.B. [lywkosa,
2. Mockea, Poccus

2PI'BHY “Honapuwiii 2eopusuueckuii uncmumym”, 2. Anamumot, Poccus

$Byeypycnanckuii neghpmsnoii konnedoic, 2. byzypycnan, Poccus

AHHOTauus. s Bcectopornero nsydenus OopOym-3¢eKToB U UX CBSI3H C COIHCYHBIMHU, MEKILIAHETHBIMHU U
TEOMarHUTHBIMH BO3MYIICHUSAMH coTtpyaHukamMu W3MUWPAH Opina co3maHa (M HENpPEphIBHO IOMOJHSIETCS)
YHHUKaJbHas 0a3a JaHHBIX TPAH3UCHTHBIX SBJICHUI B KOCMUYECKHX JIy4ax U MEXIUIAHETHOH cpene. B Hell Bapuauuu
IUIOTHOCTH ¥ aHM30TPOIUH KOCMHYECKUX JIy4eil 00beANHEHBI C COTHEYHBIME, MEKIUIAHETHBIMHA U T€OMAarHUTHBIMU
napamerpamu. KocMudeckue JIydd NpeacTaBlICHbl pe3ylbTaTaMH ITI00ANIbHOW CHEMKH 1O JaHHBIM BCeH MHpPOBOM
ceTH HeHTpOoHHBIX MOHUTOPOB (GSM) mist sxéctroctu 10 I'B, a mapOpMAaIis IO COTHETHOMY BETPY B3sATa U3 0a3bl
nmauabix OMNI (http://omniweb.gsfc.nasa.gov). ba3a nanHbix BKIrouaeT B ceOsi OOMBIIOE KOTMYESCTBO PA3THIHBIX
xapakTepucTuk 1mo ~7500 dopOymr-addexram, oxBaThIBAIOIIKMX 00J€e YeM MOJYBEKOBOW MEpPHOMA HaOIIOICHHIA
(1957-2017 rr.). B mpencraBneHHO# paboTe MPOJEMOHCTPUPOBAHBI HEKOTOPHIE W3 BO3MOXKHOCTEH JAHHOTO
MHCTPYMEHTA.

Beenenne

OnmHOM W3 aKTyanbHBIX (YHIAMEHTAJIBHBIX M NPHUKIAAHBIX 33734 COJHEYHO-3¢MHOW (HM3WKH SIBISICTCS
3a0JIaroBpeMEeHHOE NPOTHO3MPOBAaHHUE MapaMeTPOB KOCMHUYECKOW MOTO/Abl M OLIEHKAa €€ BIMSHHMSA Ha pPa3IMHbIC
MPUPOJHbIE, TEXHOJIOTHYECKHE M OMOJOTMYECKHE CHCTEMBI, HaXOJIIMecs Kak Ha 3eMJyileé WIN B OKOJIO3EMHOM
MPOCTPAHCTBE, TaK U B MFO00I TOUKe COTHETHOI crcTeMbl [ 1]. CaMo coCTOsSTHIE KOCMUYECKOM ITOTOIBI OMPECIIACTCS,
MpeXIe BCEro, COMHEYHOHW aKkTHBHOCThIO. VMeHHo CoiHIE OTBeYaeT 3a CO3AAaHHE PEKYPPEHTHBIX (OT
BBICOKOCKOPOCTHBIX IOTOKOB W3 KOPOHAJIBHBIX JBIP) M CIOPAaAMYECKHX (OT KOPOHANBHBIX BBIOPOCOB MAacc)
BO3MYIICHUH MEXIUIAaHETHOH cpeabl. Bo3nmeiicTBHIO OT TakWX BO3MYIIEHHH Hamboyee MOABEPKEHBI OOBEKTHI,
HaXOJIAIINECS B OKOJIO3EMHOM KOCMHUYECKOM IPOCTPAHCTBE — TaM, TJIe MPAKTUYECKH OTCYTCTBYET (MM OTCYTCTBYET
BOBce) arMocdepa U 0ClabiIeHO reoMarHuTHOe nosie. Bo BpeMs Takux BO3MYLICHHH Ha KOCMHYECKHX OOBEKTax
MOJKEeT HaOIIomaThCs PsI MPoOJieM, HapHMep: BBIXOJ M3 CTPOS PajHO3IEKTPOHHOHN ammapaTypbl KOCMHYECKOTO
anrapaTa HM3-3a HAKOIUIEHHS ITIOBEPXHOCTHOIO M OOBEMHOTO 3apsijia; OJMHOYHbIE COOM B PaJHMO3NIEKTPOHUKE
KOCMHMYECKOT0 anmnapara u3-3a NOpakeHHs BEICOKOYHEPITHUHBIMU YaCTULAMH COJTHEYHOTO U FaJlaKTUYECKOro MpoHC-
XOXIeHus [2]; HapymeHus B paboTe ONTHYECKMX, MAarHWTHBIX W JPYTHX JaTYMKOB, BBI3BIBAIOIIME OTKa3 B
BBITIOJTHEHUH 3aJaHHBIX (YHKIMH; yXy/IIIEHNEe U MOTeps CBA3M (Ha JIOOBIX 4acTOTaX); CyIIECTBEHHOE yBEIHUCHHUE
norpemHoctd cucteM GPS u TJIOHACC; m3MeHeHHe OaUTMCTHYECKMX XapaKTePHCTUK OpOWT W3-3a HarpeBa
BEpXHEH aTMOc(ephl U MOBHIIICHHUS €€ INIOTHOCTH M, KaK CIEJCTBHE, IOTEePs BHICOTHI W HApyIICHWE OPHCHTAINH,
HeTIpe/icka3yeMoe CONMMKeHHE U BO3MOYKHOCTh CTOJIKHOBEHHS C APYTUMH KOCMHYECKIMH 00BEKTaMHU U 3JIEMEHTaMHU
KOCMHYECKOTO MyCOpa, BO3MOXKHOCTh HECAHKIIMOHHPOBAHHOTO HEYHPABISIEMOTO CXOJa C OpPOUTHI; paaHalMoHHOEe
BO3JICHICTBHE Ha KOCMOHABTOB U T.JI.

Bornee Toro, HoMMMO KOCMHYECKOTO CErMEHTa, KOCMHIYECKast TIOr0/1a BIHAET X HA 00BEKTHI 3MHOT0 Oa3MpOBaHUS,
HaIpUMep: YXyALICHHE U ITOTEPS CBA3H MEKIY Ha3eMHBIMHU ITyHKTaMU M YIIPABIIIEMBIMH allllapaTaMi KOCMHYECKOTO
KoMIUIeKkca [3]; mopaxkeHHe OOBEKTOB Ha3eMHON HWH(QPACTPYKTYpHl NpH IMaJeHHH Ha 3eMIII0 3JIEMEHTOB
KOCMHUYECKOTO MYCOpa; TIOSIBIICHHE HaBEAECHHBIX TOKOB B MPOTSKEHHBIX MPOBOJHUKAX CIIOCOOHBIX CTaTh MPHUYUHON
aBapui B DJIEKTPOCETSX, MOJBOAHBIX Kabeisx, TpyOOIpoBOJax U B CUCTEMax aBTOMATHKH JKEJIE3HBIX Jopor [4];
paaraoHHOE BO3JICHCTBIE HA SKHUITAKHU U TTACCAKUPOB aBHapelcoB (0COOCHHO TPaHCHONISPHEIX); COOM B cucTeMax
CBSA3M M amNmaparypbl aBHOHUKH; YXYJIIEHUE 3J0POBbS 4YaCTH HACEIEHUS, HUMEIOIIEr0 CEepACYHO-COCYIHUCTYIO
HaTOJIOTHUIO U T.J.

Crnenyer MOAYEpPKHYTh, YTO BCEM OTMEYEHHBIM pHCKAaM M Yrpo3aM IIOABEPKEHBl M CHCTEMBI BOCHHOTO
Ha3HAueHUs. A TCHICHINH YCWJICHHS 3aBHCUMOCTH KM3HEICSATEIHHOCTH YEIOBEKA OT COBPEMEHHBIX KOCMHYECKUX
TEXHOJIOTHH, a TaK)kKeé MUHHATIOPU3ALKs KOMIBIOTEPHON TEXHHKH BELYT TOJBKO K POCTY PHCKOB OT BO3JEHCTBUS
KOCMHYECKOM TOTOABI.
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Vuukanvnas 6aza 0anHwix MPAH3UEHMHbIX SAGACHUL 8 KOCMUYECKUX aydax u MeNCNIAHEeMHOU cpe()e

Takum 00pa3oM, OYEBHAHO, YTO BIUSHHE KOCMHYECKOH IIOrOJbl Ha HAIly IOBCEAHEBHYIO >KHU3Hb HEJb3S
HEJOOLeHNBATb. ODTO BO3ICHCTBHE HEOOXOOMMO yMETh KadeCTBEHHO MPOTHO3MPOBATh, a 3aTeM YYUTHIBATb,
UCIIONB3Ys paHee HOJIyYCHHBIN OIIBIT.

ITo OoxpIOMy cYeTy, MPOTHO3HPOBAHHE COCTOSHUS KOCMHYECKOH MOTOIbI CBOIMTCA K NPOTHO3HPOBAHHUIO
COJIHEYHOW ¥ T'C€OMArHUTHOW aKTUBHOCTH, @ TAaKKe MOTOKOB PA3IMYHBIX YAacTHL (TaTaKTHYECKHX U COJHEYHBIX
KOCMHYECKHX JIy4eil, pPEeNATHBHUCTCKHX OJJIEKTPOHOB MAarHUTOC()EPHOTO MPOUCXOXKACHHS M T.1.). Mozens
MPOTHO3UPOBAHHMS TOTO WM HHOTO MapaMeTpa MOXKHO IIOCTPOUTH MCIIOJB3Ys pasHble moaxoasl. HampuMep, MOKHO
MOJYYUTh PE3YJIbTaT TEOPETUUECKH, IYTEM PEIICHUSI CIOXKHBIX CUCTEM YPAaBHEHHH, OIMCHIBAIOIINX COJHEYHYIO
aKTHBHOCTb, IIEPEHOC M TPAHC(HOPMAIMIO COOTBETCTBYIOILETO BO3MYLICHHS B MEXILJIAHETHOM IIPOCTPAHCTBE U
B3aUMO/ICHCTBHE MarHUTHBIX HEOJJHOPOJHOCTEH ¢ MarHuTocdepoit 3emiun. Ho Takoi myTh SIBISIETCSI O4EHB TPYIHBIM
W, 324aCTyI0, 13-3a CJI0KHOCTH 00LIel KapTHHBI B3aUMOAEHCTBUI HEBBIMOIHUMBIM JIa)KE B CAMBIX ITPOCTHIX CITyYasX.

pyrum, Oosiee TPOCTBHIM IIyTE€M SIBJISETCS IIOJNyYCHHUE B3aMMOCBSA3EH MEXAY pPa3IMYHBIMU IapaMeTpamu,
XapaKTepU3YIOUIMMH KOCMHUYECKYIO TOT0Jy Ha OCHOBE CTATHCTHYECKOI0, CPABHUTENHHOI'O MM PErpecCHOHHOTO
aHanm3a. [Ipruem, yem GoJbire COOBITHI OYAET paccMaTpPUBATHCS, TEM 00JIee TOYHO MOYKHO ONPEACTHTh 3TH CBS3H.
[lpuMepsl Kak pa3 TakHX KCCICOOBAHUMA, HAa OCHOBE aHanu3a OOJBLIOTO KONUYECTBa COOBITHH, OyIyT
paccMaTpHBaThCs Jaee.

JdanHbie 1 MeTOABI

Jlng BCeCTOpPOHHEr0 HW3Yy4YCHHsI COJIHEUHBIX, MEXKIUIAHETHBIX M T'€OMAarHUTHBIX BO3MYIIEHUH COTpYIHHKaMH
N3MUPAH 6buta co3naHa U HENPEepBHIBHO TIOTOJHIETCS YHUKANbHas 0a3a NaHHBIX — 0a3a JaHHBIX TPAH3MEHTHBIX
SIBJICHUI B KOCMHYECKHX Jydax u MexiuaneTHo# cpene — FEID (Database of Forbush-effects and interplanetary
disturbances) [5-8]. B Heii Bapuanuu MIOTHOCTH M aHU30TPOITHH TaJaKTHUECKUX KOCMHYECKUX JTydeil 00be TUHEHBI
C COJHEYHBIMH, MEXKIUITAHETHBIMH M T€OMAarHUTHBIMH TapaMeTpaMiu. [IMEHHO rajgakTHUecKHe KOCMHUYECKHE JIydH
B3ATHl 32 OCHOBY JaHHOTO MHCTpyMeHTa. [I0TOKM 3THX yNbTpa’HEprHYHBIX YAaCTHI], NMPHUHU3BIBAS MEKIUIAHETHOE
MIPOCTPAHCTBO, MOMAYJIMPYIOTCS, HMHTETPUpPYS HH(OPMALUIO O MAarHUTHBIX HEOJHOPOMHOCTSX, 4Yepe3 KOTOPBIX
npoJeTatoT. B 6a3e JaHHBIX KOCMHYECKUE JTy4H MPEACTaBICHbBI PE3yJIbTaTaM1 TII00IbHONW ChEMKH TI0 TAHHBIM BCEH
MHPOBOW CETH HEHTPOHHBIX MOHUTOPOB i skecTkocTH 10 I'B. MHpOpMaIus mo comHeYHOMY BETPY B3sTa U3 0a3bl
maaabeix  OMNI - (http://omniweb.gsfc.nasa.gov), a mandele 10 TeoMmarHWTHOW akTHBHOCTH n3 WDC Kyoto
(http://wdc.kugi.kyoto-u.ac.jp) u GFZ Potsdam (ftp://ftp.gfz-potsdam.de).

Ha rexymuit Mmoment FEID Bkmouaet B ce0st 6omnee 7100 coObITHI, OXBATHIBAIOIINX 00JIee YeM ITOJYBEKOBOM
nepuoj, Habmoaenuid (1957-2017 1r.), KaxK7a0e U3 KOTOPBIX OMUCHIBAeTCA OoJiee COTHEH mapameTpoB. MOXKHO C
YBEPEHHOCTBIO CKa3aTh, YTO ATO camast OOJIbILasl U MOJIHAst 0a3a TaHHBIX MEKIUIAHETHBIX BO3MYIIEHHUIT B MHpE.

Ha ocHoBe omnucanHOM BbIIIe 6a3bl JaHHBIX OBLT pa3paboTaH U BBIJIOKEH B CeTh VIHTEpHET KaTajor ¢ aHaJOTrHIHON
undopmanmeii (http://spaceweather.izmiran.ru/rus/dbs.html). B Hay4HOli cpele MOXHO HAaWTH MHOYECTBO
myOnuKanuii ¥ nuccepranuii, KOTOpble OMMpaoTcs HAa MH(GOPMAaNWIO O MEXKIUIAHETHBIX BO3MYIIEHHSX, B3STYIO
MMEHHO W3 3TO 0a3bl TaHHBIX.

IIpumeps! ucnoab3oBanus nHpopmanuu u3 FEID

OnuckiBaeMas BhIle 0a3a JAaHHBIX TPAaH3UCHTHBIX SBICHUH B KOCMHYECKHX JIy4aX U MEKIUIAHETHOH cpelie sBIseTcs
HE TOJIBKO OAaHKOM XpaHeHUs MH()OPMAIMU O MEXKIUIAHETHBIX BOSMYIIEHHUIX, HO U YAOOHBIM HHCTPYMEHTOM JUIS €€
00pabOTKH, MO3BOJSIA BBIIOJIHATH PA3IMYHOTO POJA aHAJIM3 3TUX JaHHBIX (CTaTHCTHYECKHUH, CPaBHUTEIILHBIH,
pPEerpeccHoHHbI U T.JI.), BblJaBas 3alpalinBaeMylo MHPOPMAIMIO B YHCIOBOM M Tpaduueckux ¢opmax. [anee
MIPUBEJICHBI HECKOJBKO MTPUMEPOB Hcrons3oBanus FEID.
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Pucynok 1. Pacnpenenenus Benmunn DopOymr-ahdexkroB B rpymmax cobsituii ¢ SSC u 6e3 SSC (a);

cxeMmarndyeckoe m3o0paxkeHue cpegHux PopOymi-apdexroB B rpymmax S u N (6); 3aBUCUMOCTb BEITUYHHBI
DopOym-3(hHeKTOB 0T Ap MHIEKCA T€OMArHUTHON aKTUBHOCTH (8).
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A.A. Abynun u op.

Hcceneoosanue @opoyw-3ghgpexmos c enezannvim u nocmenennovim Hauanamu. B padore [9] Bce nu3omupoBaHHbIC
coObITH (B aHaNmM3e yJacTBOBaJO 3455 coObIThil) OBUIM TOZIENCHB HA JABE TPYMIBL: S — COOBITHS, KOTOpEIC
COTIPOBOXKIAIMCH IPUX0a0M yaapHoit BonmHB K 3emite (¢ SSC) u N — kotopsie He conpoBoxnamucs SSC (6e3 SSC). B
XOJle aHaju3a ObUIO BBLABICHO, YTO 3TH TIPYIIBI OTIMYAIOTCA IPYr OT Apyra HE TOJIBKO KOJMYECTBEHHO, HO H
KauecTBeHHO (puc. la-6), HampuMmep, MO CTPYKType camoro Bo3MmymeHus. Kpome Toro, B S-rpymme okasaiuck, B
cpenHeM, OoJiee MOIITHBIE COOBITHSI.

[Noy4yeHHbIE pe3yIbTaThl TOBOPSAT B II0JIb3Y TOTO, YTO B BEIIEICHHBIX IPYIIIAX NPE0oOIafaoT pa3Hble MEXaHU3MBI
MOJYJISIMKA KocMuueckux jiydeid. CoObitust S-rpynmbl B Oojplieli Mepe oOycIOBIICHBI BBIOPOCAMH COJIHEYHOTO
BEILECTBA, B TO BpeMsl KaK 3HAYMTENbHAsl YacTh COOBITHH Ipynibl N — BHICOKOCKOPOCTHBIMHU IIOTOKaMH IIIa3Mbl 3
KOPOHATBHBIX JIBI.

Cés3b  napamempos 603MyuwieHUil ¢ 2eAU000J20MOl COHeuH020 ucmoynuxka. B pabore [10] ObuIO
npoaHaIm3upoBano 334 coObiTus u3 0a3bl gaHHBIX FEID, yBepeHHO OTOXKICCTBICHHBIX C COOTBETCTBYIOIIUM
COJIHEYHBIM HCTOYHHKOM. Bce coObITHS OBLIH TIO/ICIICHBI Ha MATh CEKTOPOB.
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Pucynok 2. 3aBucumMocTsb BenuuiHbl PopOynr-3ddhexra 0T renno10aroThl COTHEYHOTO HCTOYHKKA (&); TOBEICHHE
IUIOTHOCTH M BEKTOPHOW (CyTOYHOW) aHU30TPONHM KOCMHYECKHX Jydeid Bo Bpems DopOyur-addekra,
00YCIIOBIICHHOTO: BOCTOYHBIM HCTOYHHUKOM (6), HMCTOYHHKOM U3 OOJIACTH MEHTPAIBHBIX TEeIHOJ0NITOT (8),
WCTOYHUKOM W3 3aIlaHON IPYMIIHI (2).

B xone ananmsa OpUIO MOKa3aHO, 4TO 3()(HEKTUBHOCTH cozganuss DopOym-3QPeKToB U TEOMarHUTHBIX Oyph y
MCTOYHMKOB C Pa3JIMYHOM reIMo10AroTol pasnuyHa (puc. 2a). Kpome Toro, 65110 yCTaHOBIIEHO, YTO, B 3aBUCUMOCTH
OT TENUOJONTOTHl HMCTOYHHKA BO3MYIICHHMS MEXIUIAHETHOM CpeAbl, MOBEICHHE aHW30TPOINHH TalaKTHYECKHX
KOCMHUYECKHX JIydeil CyIlecTBEHHO omimyaercsi (puc. 26-¢). Takum oOpazom, umes: MHOOPMALUIO TOJIBKO O
rajJakTHYeCKUX KOCMHYECKHX JIydax M ymes e€ MpaBWJIbHO pacuin(poBBIBATh, MOXKHO ONPENEIUTh MHOXECTBO
apaMeTpOB MEKILJIAHETHOTO BO3MYIIICHHUSI.

3akiouenne

AHanu3 060JIBIIOTO KOJMUYECTBA COOBITHH, MO3BOMISET MOJIy4YaTh CTATUCTUYECKUE 3aBUCHMOCTH MEXIy pa3IMdHbIMU
napaMeTpamy, XapaKTepU3YHIOIUMH COCTOSHHE KOCMHUYECKOM Moroapl. OTO, B CBOK OYepeab, MO3BOJSIET C
OTIpeZIeTIeHHOl J10Jiell BEpOATHOCTH OLEHMBATh BIMSHHE KOCMHUYECKOH IOTO/bl Ha OOBEKTH KOCMHUYECKOTO M
HaszeMHoro OasmpoBanus. Cozmannas corpyanukamu M3MHMPAH 0a3za naHHBIX TpaH3HEHTHBIX SBJICHUI B
KOCMHYECKHX JIydax M MEXIUIAHETHON Cpesie He SIBISIETCSl eMHCTBEHHOH pa3paOOTKOI JaHHOW Ipynmbl yYEHBIX.
CymecTByerT eme psig 0a3 TaHHBIX, KOTOPBIE OXBAaTHIBAIOT OOJBIION BPEMEHHOW MHTEPBAT M COJEPKAT MHOKECTBO
MapaMeTpoB: TeOMarHUTHHIX Bo3mymieHui (1868-2018 rr.,103 mapamerpa), comHeuHoit aktuBHOCTH (1975-2018 T,
64 mapamerpa), Bapmanuii kocmmdeckux ydei (1957-2018 rr., 45 mapameTpoB), KOPOHATBHBIX BBEIOPOCOB Macc
(1996-2018 rr., 25 napamMeTpoB), KOPOHAIBHBIX JBIP H T.II.
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Vuukanvnas 6aza 0anHwix MPAH3UEHMHbIX SAGACHUL 8 KOCMUYECKUX aydax u MeNCNIAHEeMHOU cpe()e

Hcnonp3yss 3Tn 0a3pl JaHHBIX MOJYYEHBl CTAaTUCTUYECKHE 3aKOHOMEPHOCTH, KOTOPBIE BXOAAT B OCHOBY
pa3pabOTaHHBIX MOAENEH sl peaau3aliil KPaTKOCPOUHBIX, CPENHECPOUHBIX M JOJTOCPOYHBIX IPOTHO30B IO
KOXIOMY U3 HaNpaBICHHH KOCMHYECKOH Tmoronsl. HempepplBHOE TIOMONMHEHHE CBeked wH(opMarmed u
CBOEBPEMEHHBIH IepepacyeT 3aBHCHUMOCTEH MEXAy MapaMeTpaMH IO3BOJSIET BCETAA AEpXKaTh 0a3bl M MOJENIU B
aKTyaJIbHOM COCTOSIHHH. A caM pe3ysbTaT TaKOTO aHaJM3a UCIONIB3yeTCs B eXKEeAHEBHOM paboTe LleHTpa nporao3os
kocmmyeckoit moroasl USMHWPAH muist oGectiedeHns cBouX noTpeduTenelr Heooxoaumoii napopmanueii yxe 20 et
(c 1998 rona).

bnazooaprnocmu. Pabora BoimosHeHa ¢ ucmoib3oBanueM obopymoBanust YHY «Cers CKJI». PaGota gacTHuHO
nojyiepkana B paMkax rpanta POOI Nel7-02-00508. MbI Tarxke MpU3HATEIbHBI BCEM COTPYAHUKAM CETH CTAHIMI
KocMudeckux Jrydeit http://cr0.izmiran.ru/ThankYou.
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OCOBEHHOCTH JIOJITOBPEMEHHBIX U3MEHEHWH )KECTKOCTEN
TEOMATHHUTHOI'O OFPE3AHUSI KOCMUYECKHUX JIYUEH
HAKJIOHHBIX HATIPABJIEHUM

B.b. I'Bo3aesckuiil, A.B. benos?, P.T. I'ymuna?, E.A. Epomenko?, O.A. Jlanunosa?, B.I'. Sluke?

Y\@IBHY “Ionapuwiii 2eogusuueckuti uncmumym”, 2. Anamumut, Poccus
2Uncmumym 3emHo20 MazHemusma, uoHoChepsl u pacnpocmpanenus paouoeont, 2. Mockea, Poccus

AHHOTaUUsI. MeToIOM TPacKTOPHBIX PAacYETOB MONYYCHBI )KECTKOCTH T€OMAarHUTHOTO OOpE3aHuss KOCMHUYECKHX
Jyyed HAKJIOHHBIX HAampaBieHUM A7 23 MIOOHHBIX TeleckonoB MupoBoi cetu mig nepuoga 1950-2015 rr. u
nporrHo3oM 10 2050 roga ¢ roJOBEIM pa3penieHueM. PacyéTsl BEIMOIHEHBI 0 Moenyu reoMarautHoro nomst IGRF-
12. Pe3ynbpTaThl pacyéTOB CBHIETEIBCTBYIOT O TPOSBICHHU JIBYX MHpPOBBIX aHOManuii: B 30He oxHOH, (FOxHO-
ATnaHTHYECKOI) KECTKOCTh TEOMAarHUTHOTO 00pe3aHusl yMEHbINaeTcsl, B 30He Apyroil (CeBepo-ATIaHTHYECKOH) —
YBEIMYHBACTCS, HO TJI00ANBHO KECTKOCTh T€OMarHUTHOTO OOpe3aHust MoHmkKaeTcs. [lJiss HEeKOTOPBIX HAKIOHHBIX
HanpaBleHUIl (ceBepo-3alagHOe HampaBlIeHHE AT JAETEKTOPOB CEBEPHOr0 TMONyIIApHs U IOro-BOCTOYHOE JUIA
JIETEKTOPOB FOXKHOTO MOJyIIapus) HaOJ0AaeTCsi HEPEryJsipHBIA BO BPEMEHH XOJ YKECTKOCTEH IeOMarHUTHOTO
oOpe3anus. Takas HeperyasIpHOCTH 00YCIOBICHA OOJBIION M3MEHYMBOCTHIO OOJIACTH MEHYMOPHI /I HAKIOHHBIX
HaIIPaBJICHUN.

Beenenne

MaruauTocdepusiii 3hHeKT KOCMUUECKHX Jy4eH, T.e. "3MEHEHHE IT0TOKa KOCMUUYECKHX JIy4ueil B OTBET Ha M3MEHEHUE
COCTOSIHUSI MarHUTOC(EpbI, OTKPBIT IIPH NPOBEJACHUH INPOTHBIX U3Mepenuii J.Clay B 1927 r., u B HacTosiiee Bpems
HEIJIOXO M3Y4eH. 3a IECTUASCITUICTHUI TIepHO]T HETPEPHIBHBIX HAOIIONCHNIT KOCMUYECKUX JIyueil TeOMarHuTHOE
MoJie YMEHBIIMIOCHh Ha ~4%, IpUYeM B pa3HBIX PerHoHax 3eMJIM YMEHbIICHHE UIET C pa3IMyHON ckopocThio. U, B
TO BpeMs KaKk MOMEHT JHIOJs yMeHbmmics Ha 6.5% c 1900 r., BKIaq BEICOKMX TapMOHHUK TOJIS 32 3TOT K€ MEePHOJ
yBenmuuics Ha ~30% [Xu et al., 2000]. LenTp qumnoss cmectmicst Ha 200 kKM B HanpaBiieHHH THXOTo OKeaHa.

YToOb!I OLICHUTH TOCIIEICTBHS TAKOH OOJIBIION IIEPECTPOHKH MarHUTHOTO TI0JIS ¢ TOYKH 3PEHHUS MarHUTOC(EPHBIX
3¢ PEeKTOB KOCMHUYECKHX JIydei, HEOOXOIMMO ITIOJIydHUTh IUIAHETAPHOE PACHpPE/IeNIEHHE KECTKOCTEH TreOMarHi THOTO
o0pe3aHus JUIs BCETro Iepro/ia HaOIoeHUH.

JlBa KITIOYEBBIX MOHATHS, TAKHX KakK >XECTKOCTh T'€OMarHUTHOrO oOpe3aHMsi (Al ONMUCAaHUS H30TPOITHBIX
Bapuanuii) 1 acUMIITOTHYECKUH KOHYC NMpuéMa yacTHI (U1 ONMCAHUS aHW3OTPOIHBIX BapHallWi), MO3BOJSIOT
ornucath Bce MarHuTocdepHble 3(GEeKThl KOCMHUYECKHX Jyded. [Ipy omucaHuWu IOJIrOBPEMEHHBIX BapHaIMi
JIOCTAaTOYHO OTPAHUYMTHCS M30TPOIHBIM MIPUOIIMKEHUEM.

OOUIEIPUHATEIM TSI OTIPEIENIEHHUs KEeCTKOCTel o0pe3aHns B HACTOAIIEEe BpeMs SABISIETCS METO] YHCICHHOTO
MHTETPUPOBAHMS YPaBHEHUH IBIDKEHUS 3apsDKEHHBIX YacTHIl. TakuM METOm0M KECTKOCTH 00pe3aHust MOTyT OBITh
paccumuTaHsbl ¢ JI000H CKOJIb YTOIHO BBICOKOW CTENEHBIO TOYHOCTH. [IpHuem mpu anmpoKcHMaIii TeéOMarHUTHOTO
TMIOJISt MOTYT OBITH YUTEHBI KaK BHYTPEHHHE, TaK U BHEITHHE UCTOYHUKH T€OMAarHUTHOTO TOJIS.

OOmmpHbIe 1 HanboJIee MOJIHBIE M CUCTEMAaTHUECKHE NCCIIeJOBAaHHUSI MarHUTOC(HEPHBIX 3P PEKTOB KOCMHIECKUX
Jyde, B TOM YHCIIE MX JI0JTONIEPHUOJHbIE N3MEeHEHHs, ipoBeaeHb! M. Shea u D. Smart. Bpuin BeranciieHsl riodansHble
pacnpeieneHus BepTUKaAIBHON KECTKOCTH T€OMarHUTHOTO oOpe3anus ¢ marom 5°x15° mo mupore U foarore Juist
anox ¢ 1955 mo 2000 rr. [Hanpumep, Smart and Shea, 2007]. BepTukanbHble )ECTKOCTH F€OMarHUTHOTO 00pe3aHust
HOJTyYeHBI JJIsl BCEX CTAHILMI MUPOBOW CETH IUIS AEBATH MATHICTHUX 310X 1955 —1995 rr. [Shea and Smart, 2001].

B pa6orax [Shea and Smar, 1975] u [Storini et al., 1999] nokasana HepaBHOMEPHOCTb H3MEHEHUH TIAHETAPHOTO
pacmpeeNeHus )KeCTKOCTel reoMarHuTHOTO oope3anus 3a 20 neT ¢ 1955 mo 1975 1., 0coO0eHHO B CEBEPHOU U 10KHON
aKBaTOPHHM ATIAHTHYECKOTO OKeaHa. B I0KHOH dYacTH ATIIaHTHYECKOTO OKeaHa HaOII0Jalioch yMEHBIIEHHE
KECTKOCTH, B TO BPeMsI KaK B CEBEPHOM — COIIOCTAaBUMOE YBEIHUICHNE BEPTUKAIBHON KECTKOCTH 00pe3aHusl.

B pabote [I6030esckuii u dp., 2016] ni1si BEpTUKAIBHBIX HAMPABICHUH MPUX0/a YaACTHI[ METOJOM TPAECKTOPHBIX
pacd€éToB OBLIO MOJIYYECHO IUTAHETAPHOE paclpeesieHHe KeCTKOCTEH TeOMarHUuTHOTO OOpe3aHwusl sl CETKU 5° 1o
mumporte u 15° no gonrore 3a nepuox 1950-2020 rr.

Jlnis aHanmM3a JaHHBIX MIOOHHBIX TEJIECKOIIOB KPOME BEPTHKAIBLHOTO HAPaBJICHNUS MIPEACTABISIOT HHTEPEC TAKKE
MU HaKJIOHHbIE HanpaByieHHs mpuxona. K Hacrosimemy MoMeHTY MUpOBasi ceTh MIOOHHBIX JI€TEKTOPOB HACUUTHIBAET
Gonee 20 TPUOOPOB: CYIEPTENECKONOB, CPEeAHUX TesieckonoB (~10 M?) M TeneckomoB HeGONBIIOTO pa3zMepa
(HeCKONIBKO M?), a TaKKe HECKOJBKO IOJ0CKOMOB. [1ouTH BCE NETEKTOPHI PETMCTPUPYIOT YACTHIGI HE TOJNBKO W3
BEPTHKAJIBHOTO HANPABJICHHS, HO U M3 OOJIBIIOrO YNCIIa HAKJIIOHHBIX HAIIPaBJICHHH.
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Ocobennocmu ()O/lZOSpEMEHHbDC UBMEHEHULl JHCeCMKOCmel 2e0MACHUMHO20 06p63amm KoCMU4YeCcKux fly‘telj HAKIOHHbIX Hanpamenud

B nanHo# paboTte pacu&Thl BpeMEHHBIX H3MEHEHUH KECTKOCTE TeOMarHUTHOTO 00pe3aHHst ObUTH IPOBE/ICHBI JIJIs
BCEX MIOOHHBIX JETEKTOPOB MUpPOBOM CETH.

MeTton pacuéra
Pacu€rbl kecTKocTeil TeoMarHUTHOTO OOpe3aHusi NMPOBOAWIMCH Ha OCHOBE YHUCICHHOTO PEUICHHsS YpaBHEHUI
JIBIDKCHUS 3apPSDKCHHBIX YaCTHI] B TEOMarHUTHOM IOJie MO0 METOJMKE, OMMCaHHOi B pabore [Shea at al., 1965].
VYpaBHEHHE IBW)XEHHs MHTErpUpoBaioch metozoM Pynre-Kyrra 4 mopsinka ¢ aganTuBHBIM miaroM. McxomHeiMu
JITAaHHBIMH CITyXaT reorpaduieckie KOOpANHATH CTAHIIMK U KOMIIOHEHTHI HAYaJIbHOTO BEKTOpa CKOpocTh. CTapTyloT
JaCTHIBI C BEICOTHI 20 KM ¢ OOpaTHBIM 3HAKOM 3apsana. VIHTerpupoBaHue 3aBepIIacTCs B TPEX CIydasx:

1) acTtra BeIIIIA 32 IPEENTBl MATHUTOC(EPHI — pa3peLIeHHast TPACKTOPHS;

2) yacTurIla BepHYJIach B atMochepy (Ha BoicoTy <20 KM) — TPacKTOPHS 3alperieHa;

3) yacTuIa ABMKETCS BHYTPU MarHUTOC(EPhI OONbIe HEKOTOPOTO 3aIaHHOTO BPEMEHH (YaCTHIIA CUUTACTCS

3axXBadueHHON MarHUTOC(Epoi) — TpaeKTOPHS 3alpeIIeHa.

B pesymnbrare pacuéra mis BceX jkecTKocTed R B OkpecTHOCTH NeHyMOpHI C BBHIOpaHHBIM HaMH ILAroM
dR=0.001TB ¢opmupyercs auckpetHas ¢ynkius g(R) co snauenmsimu: 1 (paspemiéHnas xEcTkocth) Wi 0
(3anpeménnas). [To ¢pynkuuu g(R) ompenensrorcs kECTKOCTH Rs, HUXKE KOTOPO# BCe KECTKOCTH 3ampeiieHbl, 1 Ry,
BBIIIIE KOTOPOM Bce )KECTKOCTH paspernieHbl. Mexay Rs u Ry paspeménnsie u 3anpeni€éHHbIe )KECTKOCTH YePeayIOTCS
— 3TO 00JIaCTh IEHYMOPBI.

3anpeLyéHHble Hm ‘H PaspeluéHHble

0 1 2 3 f .\4 5 XécTtrkocTtb, B
Rs Rce Ry
Pucynok 1. Minmroctpanus pactpeaeieHns 3anpeméHHbIX U pa3pemEHHbIX )KECTKOCTEH U 00JIacTH IEHYMOPEI.

Do dexTrBHAS KECTKOCTH TEOMAaTHUTHOTO 00pe3anust Rc s maHHO#M reorpaduueckoil TOYKHM OMpeesseTcs: 1Mo
dbopmyre:

Ry
R, =Ry —J." 9(R)R M)

B nanno#t pabote paccuuTaHbl KECTKOCTH T€OMarHMUTHOTO OOpe3aHusi ¢ TOAOBBIM pazpemieHueM ¢ 1950 roma
BIIoTh 70 2020 roxa. C 3Toil 1enbio npuBieKanach Moaenb rnaBHoro MaruutHoro noist IGRF [Mooens IGRF-12,
2015]. Ota mogenp nekctBuTenbHa BILIOTH 10 2020 rona. C 1einpio IporHo3a Mbl poJUIHIIN 3Ty MoJienb A0 2050 roga
yTEM TMHEHHOM SKCTPANOSIIKU e€ K03 PHUINCHTOB.

Oﬁcy»wlelme pPe3yabTaToB 180° 20°W 60°W [ 60°E 10°F 180°
Panee B pabore [[8o30esckuit u Op., 2016] ' |

METO/IOM, ONHCAHHBIM BBIIIC OBLIM PACCUUTAHBI o e

BeNMWYMHBI Rc IS BEpTHKAIBHBIX HANpaBICHUI

MpUX0Ja YacTHll Ul Bce 3emMiid 1o ceTke 5° 1o il

mupore u 15° o gonrore 3a nepuox 1950-2020 rr.
Beuo mokazaHo, UTO Hapsgy ¢ TIIOOATBHBIM v
YMEHBIIICHHEM Rc cymecTByOT Be aHOMAaIbHBIC

30HBI: FOKHO-ATHaHTHUYECKasi, C YCKOPEHHBIM s (3
ymensineHneM Rc, u CeBepo-ATnaHTHYECKas, C
yBenmuuBaronmMcs Re. Pesynprat mokasan Ha Prc. i ’ .
2. 3a mepuwoj HaOIOJCHHUS KOCMHUYECKUX Iydel . " R, 2020-1050
Cp€aHC-TUIaHETapHasA XECTKOCTh TI'€OMAarHUTHOTO 180° 120°W 60°W [ 60°E 120° 180°
oOpe3aHus UIsi BEPTHKAILHOTO TMPHUXO0JA YaCTHI]

Pucynok 2. l3MmeHeHUs IUIaHETapHOIO pacIpeaecHUs
ymenbinmiach Ha 0.2 GV win 3.4%, 4to npuBOAMT y o .. P pactip
BEPTUKAIBHON KECTKOCTH TEOMArHUTHOTO OOpe3aHus 3a

K€ YBEIWHCHHIO: HSMEPACMOTO TIOTOka HACTHIL Ha o0 1950-2020 rr. Pucysok w3 paGotst [Ieosdesckuil u
~1% 3a 50 ner. B snuuenTpe aHoManuit 3a TOT xKe op., 2016]

NepuoJ1 NOTOK M3MeHumIcs 10 12%.

Pac4éTel HAKJIOHHBIX TPA€KTOPUI B HBIHEIIHEN
paboTe TMOKa3bIBAIOT JTUHAMHKY, COTJacyromytocs ¢ Puc. 2: BpeMeHHBbIE M3MEHEHUs )KECTKOCTEH I'eOMarHUTHOTO
0o0pe3aHus s HAKJIOHHBIX HAIPABICHUH MPHUX0Ja YaCTHUI] ONPEACISIOTCS BIMSHUEM aHOMAJHHU, B 30HE JNCHCTBUS
KOTOPOU HaXOAUTCS AETEKTOP.

OpnHako, UIS HAKJIOHHBIX HAIpaBICHUI NPHXOJa YacTHIl NPOSBHIACE OJHA OCOOEHHOCTH: HEPEryJSIpHOE
MTOBEICHUE BPEMEHHBIX 3aBHCUMOCTEH IS HEKOTOPBIX HAIIPaBICHUH npuxoaa. J[Ba mpumepa npuBeacHs! Ha Puc. 3.
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b.F. I's030esckuii u Op.

MIOOHHBIE TEIECKOIBI, KOTOpPBIE NEMOHCTPHPYIOT TAaKYI0 HEpEryIspHOCTb, MOXKHO pa3/eIUTh Ha JBE TIPYIIIbIL.
JleTexToprl NEpBOM IPYIIIBI PACTIONOKEHBI B CEBEPHOM NOJYIIAPUH U UMEIOT HEPETYJISIPHBII BpEMEHHON X0/ TOJIBKO
JUISl HAKJIOHHBIX HampaBleHHWH ceBep—3amai. JleTeKTOphl BTOPOH TPYMIIBI PacTONOKEHBI B FOXKHOM ITONYHIAPHU U
MMEIOT HEPETYJISIPHBIN X0/ TOJNBKO AJISl HAKIOHHBIX HANPaBICHUH IOT—BOCTOK.

JeranpHOE HccneI0BaHNE TPACKTOPUH JaCTHIl M M3MEHEHHS 3THX TPAeKTOPUI H3-32 M3MEHEHHS T€OMarHUTHOTO
MOJIS TIOKAa3aJI0, YTO AJISI HEKOTOPHIX HAKIOHHBIX TPACKTOPHUl 3a7ada MHTETPUPOBAHMSA BechbMa HeycToWumsa. [Ipu
HEOOJIBIINX M3MEHEHUSIX MArHUTHOTO TT0JISt TPACKTOPHSI YaCTHIIBI MEHSIETCSI IOBOJIBHO CHIIBHO. Y paHee pa3peméHnas
KECTKOCTH TENepb CTAHOBUTCS 3alPEIEHHON MM HAa000poT. B pesynbrare naxke npu HEOOIBIIOM U3MEHEHUH TTOJIS
KOH(UTypanusi NeHyMOpBbl MEHSETCS CYIIECTBEHHO, YTO NPUBOAUT K CYLIECTBEHHOMY M3MEHEHUIO 3(deKkTHBHOM
KECTKOCTH TE€OMarHUTHOTO 00Ope3aHus.

15 ‘ ‘
{(Re - Re1950), GV Nagoya R SaoMartinho
| TS \ —_—
1 A RS \\\§§
] N \\§§§§:§wms
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Pucynok 3. OTHocuTenbHBIC M3MEHEHMS >KECTKOCTEHl I'e€OMarHHTHOro oOpe3aHus Rc MIOOHHBIX TeEeCKONOB
Nagoya (Smonwus, ceBeproe mosnyrrapue) 1 SA0 Martinho (Bpasumust, 10xxHOe mosymiapue) 3a nepuoxa 1950-2050
IT. JUI1 Pa3HBIX HAaIpaBleHUH mpuxoja 4dacTuil. Ha "pose HampaBieHuit nmpuxona" BbIJIEIEHBI HANPABICHHUS C
HEPETyIAPHBIM BPEMEHHBIM XOIOM.

DTO MOXKHO MOKa3aTh Ha mpuMepe ctaHiuu Nagoya, koTopast U3 BceX pacCCMOTPEHHBIX CTAHIUH IEMOHCTPUPYET
Hanboliee HeperyIsIpHOe MOBECHHE KECTKOCTH 00pe3aHusl Ha HEKOTOPHIX HamnpaBieHusx (Puc. 3, neBas manens). Ha
Puc. 4 mokazaHbI pe3yIbTaThl pacuéTa MEHYMOPHI AJIS TOW CTaHIUH IS IBYX TOJIOB H ABYX HANPaBJICHUH IPUXOJIA.
Ha nanpaBnenun Se2 neHyMOpa MpaKTUIeCKH OTCYTCTBYET, a 3 PeKTHBHAS )KECTKOCTh 00pe3aHus noHmwkaeTcs. (Kak
BUAHO Ha Puc. 3, oHa cTabmipHO moHIKaetcs, HaduHas ¢ 1980 r.). CoBceM WHOE NOBEJCHNE Ha HANIPAaBICHUH NW2,
[Tenym6Opa Tam mmpokas u 3a nepuon 1990-2010 uzmeHmnace qpaMaTHdecku. Tak 4To KECTKOCTh oOpe3aHus Rc
JlKe yBETMYHUIIACH, BOIPEKH TOMY, YTO CTAaHIIMs HaXOAUTCS B 30HE yMeHbIIatonieics xéctroctu (Puc. 2).

HanpaeneHve se2 HanpasneHue nw2
1990T. Rs=Rc=R=15.030 Rs=7.892 Rc=9.811 Ry=11.683
2010w Rs=Rc=Ry=14.537 Rs=7.771 Rc=11.001 Ry=11.339
10 1 12 13 14 15 MWécTkocTs, [B 7 8 9 10 I WKécTkoets, B

Pucynok 4. O6macte nmeHyMOpHI IS ABYX 310X W JBYX HANpaBJICHHH NMPHX0Ja YacTUIl Ha craHmio Nagoya.
Jlegvie nanenu — HanpaBIICHUE S€2, npasvle naunenu — HanpasieHue NW2. Bepxuue naneau — 1990 r., nuoicnue —
2010T.

Pe3ynbraTsl HamKX pac4éTOB MOKA3BIBAIOT, UTO AJIS JETEKTOPOB CEBEPHOTO MOITyIIApUs HEPETYISIPHBIN XapaKTep
M3MEHEHHsI JKECTKOCTEH TeOMarHWTHOTO OOpe3aHWs HWCIBITHIBAIOT YAaCTHII, MPHUXOISIINE C CEBEpO-3aIlaJHOTro
HaNpaBlIEeHUs, a AN JETEKTOPOB I0XKHOIO IONYyIIApHs, HANpPOTHUB, YAaCTUIIBI, MNPUXOASIIHE C IOr0-BOCTOUHBIX
HaIlpaBJICHUI.
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Ocobennocmu ()O,"ZZOGPE,MEHHbDC UBMEHEHULl JHCeCMKOCmel 2e0MACHUMHO20 06p€30HMﬂ KoCMU4YeCcKux ,’ly‘leﬁ HAKIOHHbIX Haﬂp(l&"l@ﬂulj

Pe3ysbTaT yMC/I€HHBIX Pac4€éTOB

JIIi paKTUYECKOTO WCIONb30BaHUS PE3YJIbTAaTOB UHCICHHBIX pPAacu€éToOB CO3MaH apXHB JAHHBIX JKECTKOCTEH

TE€OMarHUTHOTO OOpe3aHus I BCeX JETEKTOPOB MHUpPOBOW ceTH, KOTOPHI MOKHO HaiTu Ha VHTEepHET pecypce

ftp://crsb.izmiran.ru/MagEffect; nns mowcka HyXHBIX JaHHBIX co3[aH ¢aiin-myreBoautens guide.pdf. Apxus

COJEPKUT TAKKE HEKOTOPbIE TpadyuiecKkue pe3yabTaTsl 1 aHUMALIUH.

1) YucnenHsle u rpadgudeckue pe3ynbTaThl JUIsi BCEX HEUTPOHHBIX MOHUTOPOB MupoBoii cetu 3a nepuos ¢ 1950 1o
2020 roxer u mporHo3 a0 2050 roxa B pasnene “Re for all NeutronMonitors (Table and Graph)” (cm. guide.pdf).

2) YucnenHsle U rpaduuecKie pe3yabTaThl I BceX TeaeckornoB MupoBoii cetu 3a niepuos ¢ 1950 mo 2020 roast u
nporuo3 1o 2050 rona B paszaene “Rc for all Telescopes (Table and Graph)”.

3) AHMManuu TpaeKTOpPHH JBM)KEHHS, B YaCTHOCTH, Juis HampasneHuid Nagoya.se2 u Nagoya.nw2 mms 2010 rona
HaxomaTcs B pasmerne “Traces for some Trajectories (Graph)”.

4) Tenymbpa M aHUMAIWK, B 9aCTHOCTH, [yt Hanpasinenuid Nagoya.se2 u Nagoya.nw2 mmst 1990 u 2010 rozos - B
pasnene “Penumbra for some Example (Graph)”.

5) Tabaumpl MIAHETAPHOTO PACTPEIEICHUS BEPTUKAIBHOIN JKECTKOCTH T'€OMarHUTHOTO OOpE3aHus pa3pelieHHEM
5°x15° mo mmpore u monrore s 3mox ¢ 1900 mo 2050 ¢ marom B 5 ner B pazmene “Tables of planetary
distributions Rc”.

6) Kanpkynatop »KeCTKOCTH TeOMarHutHoro obpesanus http://crsv.izmiran.ru/cutoff Kanekynatop Berumciiser

XKECTKOCTh T€OMAarHUTHOTO 00pe3aHus I 3aJ]aHHOM JIaThl U 33laHHOM reorpaduyeckoil Touku. [Iporpamma MoxeT

CUMTATh TPACKTOPUM II0 OJHOM M3 3aJaHHOW Monenu MarHutocdepsl: aumonab, IGRF, momenn Lpiranenko

IGRF+T89, IGRF+T96, IGRF+T02. Pe3ynbrar mporpammsl — HmkHee Rs, BepxHee Ry u 3¢ dexTuBHOE Rest

3HAYEHHE JKECTKOCTH F€OMarHUTHOTO 00pe3aHusl U meHymopa.

BriBoabI

1. IlpuynHON CYyLIECTBEHHOTO W3MEHEHHS JKECTKOCTEH IeOMarHUTHOTO OOpe3aHusi SBJIsSeTCs OOlee YMEHbILICHHE
MarHUTHOTO IOJIsi 3eMJIH, Ha (JOHEe KOTOPOro HapacTaeT ero cBoeoOpa3Has "KOHTPACTHOCTH" C MOSBICHHEM JIBYX
aHOMaJIbHBIX 30H: CeBepo-ATIaHTHYECKOM aHOMAIMK U €€ BOCTOUHOTr O 1uteida u FOxHO- ATIaHTHUECKOH aHOMAaINU
C 3anajHbIM nuieidom.

2. BpeMeHHBIe W3MEHEHUS JKECTKOCTEH TI'€OMarHUTHOI'O 06pe3aH1/151 U1 BEPTUKAJIBHOTO TMPUXOJa 4YacCTUll Ha
CTaHIMSIX MUPOBOH CETH MOIHOCTBIO COMIIACYIOTCS C HOBEICHHEM, IMKTYEMBIM 3THMH IBYMSI aHOMAJIEHBIMU 30HAMHL.
3. BpeMeHHBIE W3MEHEHHsI JKECTKOCTEH TI'€OMarHHUTHOTO OOpe3aHMsl ISl HAKIOHHO NPUXOSIIMX YACTHIl JUIS
MIOOHHBIX TEJIECKOIIOB MHpOBOH CETH TakXkKe IIOJHOCTBIO COIVIACYIOTCS C IOBEICHUEM, IHKTYEMBIM IBYMS
aHOMaJIbHBIMU 30HaMH. Ho neiicTByet u Apyro# ¢hakTop: M3MEHEHHE MarHUTHOTO TI0JIsl HPHUBOJIHT K 3HAYUTESIBHOMY
M3MEHEHHIO TIEHYMOPHI M3-33 HEYCTOHYMBOCTH HAKIOHHBIX TPACKTOPUil YaCcTHII.

4. CunpHasi U3MEHYMBOCTh MEHYMOpPBI NPHBOIUT K HEPETYISIPHOMY XOAy BPEMEHHOH 3aBHCHMOCTH JKECTKOCTEH
T€OMarHUTHOrO oOpe3aHus Ul HEKOTOPHIX HAlpaBJCHHUI, KOTOPbIE ONPENENsIOTCS PACHOJNIOKEHHUEM JETeKTopa
OTHOCUTEJILHO FT€OMArHUTHOIO 3KBaTOpa. Tak, AJIs IETEKTOPOB CEBEPHOIO MOIYLIApUs HEPETYSIPHOCTh BPEMEHHOTO
X0/la HKECTKOCTEH T'eOMarHUTHOTO OoOpe3aHusi HaONOAaeTcs Uil HAaKJIOHHBIX HampaBleHWil ceBep—3aman. [lis
JIETEKTOPOB F0KHOI0 MOJIyIIAPUs — Il HAlIPaBJIEHUN I0I—BOCTOK.

bnazooaprnocmu. PaGora BIIIONHEHA IPH YaCTHYHOM Mo nepxkke [IporpamMmel GyHIaMEHTAIBHBIX HCCIIEIOBAHUI
npesuanyma PAH Ne 3 "®uzuka dyHIaMeHTanbHbIX B3aUMOJEHCTBHUI U sjepHble TexHosoruu", rpanta 17-02-
00508a. Pabora 0Oa3upyeTcs Ha SKCIepUMEHTalIbHBIX AaHHbIXx YHY "Poccuiickas HalMOHANbHAs CETh CTAHIIHIA
KOCMHYECKHX JIyueil". MBI TakKe NpHU3HATEeIbHBI BCEM COTPYAHUKAaM MHPOBOM CETH CTAaHIIMKA KOCMUYECKUX JTydeH.
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MOBWJIBHBIA MAJIOTABAPUTHBIN JETEKTOP 3JIEKTPOHHO-
MIOOHHOM KOMIIOHETBI BTOPUYHOI'O KOCMHUYECKOTI'O
N3JIYYEHUA

E.A. Muxanxo, FO.B. banadun, E.A. Maypues, A.B. ['epmanenko, b.b. ['Bo3neBckuit

’

@I'BHY “lonspusiii ceogpusuneckunt uncmumym”, 2. Anamumot, Poccus

AnHoTauusl. IlpexacrapieHHass paboTa IIOCBSIIEHA OMMCAHHIO BO3MOXKHOCTEH ManorabapuTHOrO JIETEKTOpa,
M3TOTOBJICHHOTO JUISl U3YYEHHs BapHalllii IIOTOKA 3apsHKEHHBIX YacTHUIl BTOPUYHBIX kKocMuueckux syueit (KJI). Ha
cTaHIMK HeiirpoHHoro mouurtopa IIT'M (r. AmaTuTel) mpu MOMOLIM KOMIUIEKCHOH CcHCTeMbl cOopa Beaercs
HeTpephIBHASL PETUCTPALMS YaCTHUIl JIEKTpOMarHuTHOH koMnoHeHTsl KJI. [l pacuimpenust o6nacTu mojy4aeMbix
PE3yIbTaTOB 3TOTO UCCIIEAOBAHUS B JOMOJHEHNE K CIMHTUIUIIIMOHHOMY CIIeKTpoMeTpy Ha 6a3e kpucrtamta Nal(Tl)
Obu1 pa3paboTaH M BBEICH B OJKCIUIyaTalUIO AETEKTOp 3apspkeHHOoW kommoHeHTHl (/I3K) ¢ koMmakTHeIME
razopaspsaabiMu  cyetunkamu CTC-6, ucronp3yeMbIMH B KadecTBe pabodero oobema. OCOOCHHOCTBIO TAaKOTO
MOAXO/a SIBIISIETCSI BO3MOKHOCTD BBIICJICHHS U3 CYMMapHOTO TIOTOKA TOJIBKO 3apsDKEHHBIX dacThIl. K mpenmymecTBy
3K, moMumo ero MOOWIBHOCTH, MOXHO OTHECTH WCIIOJIb30BAaHHE BBICOKOI((EKTUBHBIX 3JIEKTPOHHBIX
KOMITOHEHTOB, YTO ITO3BOJIAET JOCTHYb ONTHMAILHOTO COOTHOLIEHHS Ta0apuTOB M PabOYNX XapaKTEePUCTHK.

Beenenne
B Tlomsaprom T'eodmsmaeckom MuCTHTYTE

l'IpI/I IIOMOIIIHU KOMHJ’IGKCHOFI CUCTEMBI -
3

MOHHTOPHHTAa  HEIPEPBIBHO BezeTCs ‘ REETRETETEr s aw .-
perucTpanus aJPOHHOU u
3JIEKTPOMAarHUTHON KOMITOHEHTBI

BTOPUYHOI'O  KOCMHYECKOTO  HM3IIy4eHHS
(BKN) [1]. Jost perucrpanuu
AIEKTPOMArHUTHOUW coctaBisitomein BKU
MIPUMEHSIOTCS CIMHTWIISIIIMOHHbIE
CIEKTPOMETPHI pa3IuyHBIe o
TEeOMETPHUYECKUM pa3MepaM U JIHala30Hy
PETUCTPUPYEMOTO CIIEKTpa. DTH IeTEKTOPHI
PETHCTPUPYIOT ~ 3apsDKCHHBIE  YaCTHUIIBI
COBMECTHO C TraMMa-KBaHTaMH. YTOOBI
BBIJICTIUTh  3apSDKCHHYIO  KOMITOHEHTY
OTAEIBHO OT BJIEKTPOMAarHUTHOH, OBLI
pa3paboTaH M  YCTaHOBJIEH JIETEKTOP
3apsokeHHOM  KommoneHTHl  (JI3K) [2]. Pucymox 1. BremHuil BuA JETEKTOpPa 3IEKTPOHHO-MIOOHHOM
OCOBGEHHOCTBIO DTOTO JETEKTOpA ABISAETCS ~ KOMIIOHEHTHI, paclollokeHHOM B moc. bapeHuOypr (apx.
€ro HHU3KMA dHepretmdeckuii mopor. B Illnunbepren). Bunen Bepxuuii psaa cuerunxos CTC-6.

OTKPBITOM COCTOSIHUH JICTEKTOP HMeeT

HIDKHUH TIOPOT B COTHH K3B. SIBISsICH BKIIIOYEHHBIM B COCTaB OCTaNbHBIX JETEKTOPOB, DPa3MEIICHHBIX B
TEPMOCTAOMIM3UPOBAHHOM OOKCE, TIOPOT PETUCTPALINU HECKOJIBKO TIOBBIIIaeTcs. [lepBoHavYanbHO TaHHBIN IETEKTOP
6611 ycTaHOBIICH TOJIBKO B I'. Anatutsl B 2010 1. [ToydeHHbIe TaHHBIE 0 BapHanusIX 3apsDKCHHOW KOMITOHEHTHI ObLUTH
00paboTaHbl M COBMAJAIM C OXHIaeMbIMH pesyinbTatamu [3, 4]. Ilostomy B 2016 T. 3TOT nETeKTOp B
YCOBEPILICHCTBOBAHHOM BapHaHTe ObUI pa3paboTaH M BKJIIOYEH B CHUCTEMY PETHUCTPALUM 3JIEKTPOMarHUTHOMN
KOMITOHEHTBI, pacliojoKeHHOH Ha apX. [lnunbepren, ast mpoBeIeHUS JONOIHUTEIbHBIX H3MEPEHUI.

1. Yerpoiicteo 3K

Peructpanus 3apsKeHHON KOMIIOHEHTHI B JETEKTOPE OCYILECTBISETCS C MOMOIIBIO cueTuuKoB I'eiirepa-Mroiiepa
(CTC-6). B JI3K ycraHoBieHO 16 cyeTUHKOB, PaCHOJIOKEHHBIX B 2 psija 1Mo 8 MITYK U pa3AeieHHbIX aIIOMIHUEBOI
wiacTuHON B 4 MM. D PEKTHBHAS IO/ PETUCTPAIMK TIPH TAKOM KOJIMYECTBE JIETEKTOPOB cocTaniser 160 cm?.
C4eT4nKy BKITIOYEHB! MTapaJuIeIbHO B KAXKIOM U3 CJIOEB, 10 JIOTHIECKOH CXeME «HIIN», MEKIY COOOM Psi/ibl BKIFOUECHEI
MO cxXeMe «i». T.0. CUTHaJbI ¢ HWXKHETO psiia OyAyT MOJIyYeHbI PU COBIIAJACHHH CHI'HAJIOB C BEPXHHUX M HHXKHUX
CYETUYMKOB. BepxHuil psaJ CUETUUKOB PETUCTPUPYET AIEKTPOHBI, MIOOHBI U MO3UTPOHBI E > 2 M»1B, HmxHul —
3JIEKTPOHBI, TO3UTPOHBI U MIOOHHI ¢ E > ~7 M»B, B pesynbrarte Takoro pactpenernenus J3K nmeer nqBa BRIXOIHBIX
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Mobunvbnuiil .Ma}lOZa6apMmellZ ()emercmop 3ﬂEKmp0HHO'MIOOHHOL7 KOMNOHemul 6MOPUHUHOC0 KOCMUUECKO20 U3TIYYEHUS

KaHaJa (a — KaHaJl cYeTa UMITYJIbCOB ITOCTYMAIONIUX C BEPXHETO Psi/ia CUSTYMKOB, O — KaHAJ COBIAJICHUI UMITYJILCOB
C BEPXHUM psAAOM) MO 3HeprusaM. s obecrieueHHs pabOTHl CUETUYMKOB BBICOKMM HANPSDKEHHEM COCTABIISIOIINM
400 B, mpowm3BeneHO YCOBEpIICHCTBOBaHHME 3JeKTpoHHOW cxembl JI3K mpm momomm yctaHOBKH B TmpuOOp
CTaOMIBHOTO MCTOYHNKA BEICOKOTO HAIPSDKEHHMS.

K OCHOBHBIM TpeWMyIIecTBaM JaHHOTO NPHOOpa MOKHO OTHECTH TO, YTO MHpH HEOONbIMMX rabapurax
(200%350%100 mm) on obmamaet BeicokuM KIIJ/[ u crocobeH AmuTenhHO paboTaTh B aBTOHOMHOM PEXHME B TIOC.
Bapernoypr (apx. Ilmudepren). B urore, 6xaromapss KOMIIAKTHOMY pa3Mepy MCTOYHHKA MUTAHUSA W HEOOIBIINM
rabapuram cyetunkoB CTC-6 (922x199,5 mm), 13K obnamaer He3HAUUTETBLHBIMU T€OMETPHYECKUMHE NTapaMeTpamMu
U BecoM, 4To oOecreunBaeT €My MOOWIBHOCTh M IIPOCTOTY B YCTAHOBKE B KAyecCTBE JIOMOJHHUTEIHHOTO
obopynoBanust. [Ipu ycraHOBKe Ha MecTe HAOIIOJCHUH JUIsl JTydIeii TocToBepHOCTH Tpedyercs pasmerunenue 3K B
CBUHIIOBOM SIIIIMKE, OTKPBITOM CBEpXy. B 3TOM citydyae BiMsHME KakuX-1100 MU3IIyYeHUI OT HOYBBI M OKPYIKaIOIIHX
MPEAMETOB OYAET HCKITIOYEHO HOIHOCTHIO.

2. I'onoBble BapHAIIMH IOTOKOB 3aPSIKEHHO KOMIIOHEHTBI
3a Bpems paboTHI AeTeKTOopa B I'. ANaTUTHl Obl1a coOpaHa 0a3a AaHHBIX, MOcCiEe 0OpPaOOTKH KOTOPOIl HMOIydYCHEI
npo¢um cuera 3a nepuox 2015-2018 rr, moka3aHHBIE Ha pHC. 2.
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Pucynok 2. [Ipoduns cuera J[3K 3a pexnernuii nepuoy B r. Anatutsl: @) Kanan peructpauuu >2 MaB (Bepxuuii
psin caeTdnkoB); 6) Kanan perucrpaiuu > 7 MaB (coBmageHus cueTa HUKHETO M BEPXHETO PSIOB).

J3K B r. AnaTUTHI yCTaHOBJIEH B COCTaBE KOMILIEKCHON CHCTEMBI MOHUTOPHUHTA ISl PETUCTPALIMA BTOPUYHOTO
KOCMHMYECKOTO W3IYYEHUs, U PA3AENCHUs B CyMMapHOM IOTOKE JJIEKTPOMArHUTHOM M 3apsKEHHOH KOMIIOHEHT.
Iomyyennas Bapuaiys MOTOKA 3apsKEHHBIX YACTHUIl COOTBETCTBYET THIMYHOM rOJOBOM BapHallUuU CBSI3aHHOM ¢
CE30HHBIMH W3MeHeHMsAMH. [locTernieHHOe BO3pacTaHWE IMOTOKAa 3apsDKEHHBIX YacTHI] 3a HAOIIOJaeMBI HEpHOJ,
CBS3aHO C JIOCTMKEHUEM MaKCHUMyMa CONHE4HOH akTuBHOCTU B 2015 r. Okcmnyaranus 3K B Anaturax mokasana,
9TO MpHOOpP 3a yKa3aHHBIM Nepuoj] paboTaeT JOCTOBEPHO, B CBSI3M C YeM, OBLIO NMPHHATO PEUICHHWE YCTAaHOBHUTH
aHAJIOTHYHBIA AeTekTop B moc. bapennOypr. /13K paspabarbiBancsi ¢ ydeToM BBISIBICHHBIX HEJIOYETOB B CXEME
MUTaHUS TIpuHOOpa, CBS3AaHHBIX, TNPEXKIE BCETr0, C YCTAaHOBKON Ha JalbHEM pAcCTOSHHHM 0€3 BO3MOXHOCTH
CBOEBPEMEHHO YCTPaHHUTH Kakue-Tubo HemoNaaku. B mampHedmeM mpenmnonaraercss yctanoBuTh [I3K n B apyrux
Toukax, rae [1T'Y mpoBoauT n3Mepenus ramma-¢hoHa.

Tak Kak, M3BECTHO, UYTO JJEKTPOHBl M HHU3KOYHEPIHUHBIE MIOOHBI y IOBEPXHOCTH 3€MJIM B OCHOBHOM
MPOU3BOJATCS HEPTUYHBIMU MIOOHAMH, BO3HHMKAOIMMM Ha BbIcOTax ~ 20 kM. To oxupanoch, 4To CE30HHBIE
N3MEHEHHs 3apsDKEHHOW KOMIIOHEHTHI Yy IMOBEPXHOCTH 3eMJIM OyAyT MOJ0O0HBI BapualysM BBICOKOIHEPTMYHBIX
MIOOHOB. Pe3ynbrar moaTBepausi TO, 4TO INPUOOp IEHCTBUTEIBHO PETUCTPHUPYET 3apSDKEHHYIO KOMIIOHEHTY
BropuuHsbIX KJI, cornacHo pacueram.

Heckonpko nHast curyanust Habmronaercst B bapennOypre. Ha puc. 3 Ha BepxHeM rpaduke rojoBasi BapHalys
nMeeT HexapakTepHylo ¢opmy. IIpu 3Tom mpodunbs cuera no kaHary E>7 M»sB BmomHe coOTBETCTBYeT OOBITHOMN
CE30HHOM BapHalliyi MIOOHOB, aHAJIOTHIHO TOMY, YTO HaOIoaeM B AnlaTuTax. BeposTHO, MPUYUHOM TAKOTO SBICHUS
B KaHane ¢ E>2 M»bB sBusercs moBBIIICHHAS PagdOaKTHBHOCTH, OOYCIIOBICHHAS HAJIMYHEM YTOJNBHOW TBUTH B
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maxrepckoM nocesnke bapennOypr. [IpucyrcTBre B HenocpeacTBEHHOM GIM30CTH LIaXThI, yroibHOTo ckiana, TOLI,
MIPUBOJIUT K TOMY, YTO BCS IOBEPXHOCTH B MOCENKE MOKPHITA YTONBHOW MBUIRI0 U ITakamu ¢ TOLI. B aTom ciyuae,
W3-32 JOTOJIHUTEIFHON PaJMOaKTUBHOCTH, BEPXHUI KaHAI PETHCTPUPYET SHEPTHUHBIE SIICKTPOHBI OT paclaza
PaaroaKTUBHBIX JJICMEHTOB B [IJIAKAX M MBUTH. B 3MMHM IEPHOJ JTOKUTCS CHEXXHBIH MOKPOB, JOCTUTAIOIIIH K KOHITY
3UMBI 2 M B TONIIMHY, KOTOPBIH HECKOJIBKO OCIA0IIET 3TOT MOTOK, YTO OTPAKEHO B IOCTCTIEHHOM MaJCHUH
MHTEHCUBHOCTHU PETHCTPUPYEMOTO H3IydeHHs Onrxke K BecHe. BeIcTpoe TasHue CHera B BECCHHUH IIEPHOJL TPUBOIUT
K BOCCTAHOBJICHHIO MIPEXHETO ypOBHSI (hOHA.
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Pucynoxk 3. IIpoduis cuera 3K B moc. bapernOypr: a) Kanan perucrpanun >2 MaB; 6) Kanan perucrpanun >
7 MaB. JI3K He nMeeT CBUHIIOBOM 3aIlIUTHL.

3akiouenne

B nomosHeHMEe K CHMHTWIISIIMOHHOMY CIIEKTPOMETPY, BXOAAIIEMY B CHCTEMY cOOpa M PErHCTPUPYIOLIEMY Kak
3apsHKEHHBIE YacTHIBI, TaK M TaMMa-KBaHTHI, ObII pa3paboTaH M BBEJCH B SKCIUTyaTaLlMIO JETEKTOP 3apsHKEHHOM
xkomitoHeHTs! ([I3K), i perncrpanuu ToIbKO 3apsHKEHHON KOMIIOHEHTHI BTOPHYHOTO KOCMHUYECKOTO H3ITydEHHUs.
[IpoBeneno ycosepuieHCTBOBaHME 31eKTpoHHOHW dacTH J[3K mpm momomm ycTaHOBKM B IpHOOp CTAOMIIBHOTO
HCTOYHHKA BBICOKOTO HampsDKeHWs. 3a mepuon padotsl 2015-2018 rr. B r. AmaTuTel, OBUT NMPOW3BEICH aHAIN3
TOJTYYCHHBIX JTAaHHBIX W BBISBJICHBI T'OJIOBBIC BapHAIlMM MOTOKA 3apsHKEHHBIX YacTHIl (3JIEKTPOHOB, MTO3UTPOHOB,
MIOOHOB), COOTBETCTBYIOIINE CE30HHBIM m3MeHeHmsM. B 2016 r. /I3K Owin pa3zpaboTaH M BKIIOYEH B CHCTEMY
pEerucTpanuy 3IEKTPOMArHUTHOM KOMIIOHEHTHI, pacronokeHHoH Ha apX. llImuubepren. OOHapy>keHBI JOKaIbHbIE
0COOCHHOCTH BapHaluil 3apsHKEHHONM KOMIIOHEHTBI CBS3aHHBIE C MECTOIOJIOKEHHEM, KOTOpPbIE CIIeNyeT M3Yy4UTh
noapo6Hee.
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O NPOTI'HO3E COJIHEYHBIX BCIIBIIIEK U ITPOTOHHBIX COBBLITUI
IO MOBEAEHUIO Y® ODMUCCHUH

WM. IMoaropueriitt, A.W. IoaropHsIii®

YUnemumym acmponomuu PAH, 2. Mockea, Poccus;, e-mail: podgorny@inasan.ru
2@usuueckuil uncmumym PAH um. I1.H. Jlebedesa, 2. Mockea, Poccus; e-mail: podgorny@Iebedev.ru

AHHOTALMSA. AHAIN3UPOBAJIOCH IIOBEICHHE CIICKTPAJIbHBIX JIMHHN aTOMOB BBICOKOMOHH30BAHHOTO JKEJe3a,
simouas 193 A FeXXIV, 94 A FeXVIII u 131 A FeXXIIl, Bo BpeMs BCHBIIIEK U B TIPEABCIBITEYHOM COCTOSHHH.
Hcnonp3oBanuch pe3ynpTaThl H3MepeHnii amepukanckoro ammapara SDO. [TokazaHo mosiBIeHNE IPEIBCIIBIIIETHBIX
9MHCCHH, KOTOPbIE MOTYT OBITh MCIIONIB30BAHbI ISl MPOTHO3a Benblmek. CTPyKTypa, U3ITydaronas B CHEKTPaIbHON
muann 94A (T ~ 6 MK), nosnsercs, xorna ynucnerroe MI'J] MozenupoBaHue JeMOHCTPUPYET (GOPMHUPOBAHUE
TOKOBOTO CJIOS M HAKOIUIGHHE SHEPTUM B KOPOHE HaJ aKTHBHOW 00macTbio. Bo Bpemsl BCHBIIKH NPOMCXOAUT
JIOKJIIbHOE HarpeBaHue oOjayka Iuia3Mel 1o Temmneparypsl He meHee 20 MK, B Tom Mecte, rae HaOioqanoch
Npe/ABCIbIIeYHOe cBeueHre. Penkoe croxHoe siBneHue Habmonanock 4 — 10 centsiops 2017 r. Benbimka X8.2
MPOM30IILIa BO BPEeMsI MUHUMYyMa COJHEYHOW aKTHBHOCTHM Ha OOpaTHOW CTOPOHE COJHEYHOrO AWCKA 3a 3alaJHbIM
JUMOOM, HO Ha 3eMIIe HaOJII0JaJICsI MOIIHBIA UMITYJIEC COJIHCUHBIX KOCMHUYCSCKUX JTydeil. [I0TOK MPOTOHOB MpHIIIET ¢
KpyTbIM (hpoHTOM (~10 MHH.) C 3ana3/(bIBAaHHEM PaBHBIM BPEMEHH IPOJIETa IIPOTOHOB. DTH NPOTOHBI MOTJIH IPUATH
K 3emiie BAOJb JIMHWI MarHUTHOTO TIONIS CrMpand ApXuUMeZaa, He HCIBITHIBAs CTOJIKHOBeHMi. OOHapyxeHue
THTaHTCKHX BCIBIIIEK HA Kapiukax kiaacca G MOXKHO paccMaTpuBaTh, Kak HOBBIH HE3aBUCHMBII apryMEHT B IOJIb3Y
TeHepalui KOCMUYECKHUX JIydel BO BCIIBIIIKAX, @ HE B yJapHBIX BOJIHAX.

Beenenue

CoutHedHas BCIIBIIIKA TIPEICTABIIET COOO0H B3PBIBHOE BEIICIICHUE YHEPTUH B KOPOHE HAJl aKTUBHOW 00macTeio. [Ipn
6onpmoit Bembimke (kmacca X) 3a 20 — 30 MHHYT BBIIENACTCS ~10% 9pr. bosbliye BCOBIIKKA BO3HUKAIOT HAJ
aKTUBHBIMH OOJIACTSIMU CO CIIOXHBIM paclpeleIeHHeM HCTOYHHKOB MarHUTHOTO TIOJIS, IPH MarHUTHOM ToToke AO
Gonbimem 10?2 Mkc [1, 2]. 3aMedaTenbHbIM CBOMCTBOM COIHEUHOM BCIBIIIKY SBISETCS OTCYTCTBHE CKOJILKO-HUOYIb
3HAYUTEJIbHBIX U3BMEHEHUH MarHuTHOro nosisi AO BO BpeMst BCIIBILKH [3]. DTO MPOUCXOIUT U3-3a TOTO, YTO SHEPTHS
BCIIBIIIKH BBIACISACTCS MPU JUCCUIIANMN TOKOB B KOPOHE, 00pa3yONHX B MPEABCIBINICYHOM COCTOSHUU TOKOBBIN
cioi. Yucnennoe MI'J] monenupoBaHue [yisi Ha4aJIbHbIX U IPAHUUYHBIX YCJIOBMM, B3SITBIX U3 IIPEIBCIBIIIEYHOTO
COCTOSIHUSI KOHKPETHBIX BCIIBIIIEK, TOKA3aJ10 00pa3oBaHre TOKOBOTO ci10st HaJl AO ¥ aKKyMYJISILIUIO B €70 MarHUTHOM
TI0JI€ SHEPTUH ISt BCIBIIKH [4 - 6]. [Tpu Benbike HaOmM01aeTcs TEIIOBOE PEHTIEHOBCKOE H3ITy4YeHIE KOPOHAIBHOTO
UCTOYHMKA ¢ Temmeparypoit ~40 MK, uznyuaemoro obmaukoM mioTHoi masmsl (N ~ 10! cm®), BosHukmuM B
TOKOBOM ciioe. CosHeUHas BCTIBIIIKA COMPOBOXKAAETCS BHIOPOCOM KOPOHAIBLHOM IJIa3MbI, BBI3BIBAIOIIUM MOIIIHEIE
BO3MYIICHHS MarHUTOC(epsl 3eMIIM — MarHUTHBIC OYpH, aBapHU B CETH YHEPTOCHAOKEHISI, HAPYIIICHUS PAJIHOCBSI3H.
Hexotopeie OonpIive CONHEYHBIC BCIBIIIKK COMPOBOKIAIOTCS HMITYJIBCAMH COJIHEYHBIX KOCMHYECKHX Jy4ed c
SHeprueil He MeHee necATKOB [9B. AHanu3 BBIYMCIEHHOrO M U3MEPEHHOI'O CHEKTPOB COJHEUHBIX KOCMUYECKUX
JMydel TOKa3al, 4TO YCKOPEHHE MPOTOHOB IMPOMCXOIUT BO BCIBIIMIKE BIOJb OCOOOH JIMHUU MAarHUTHOTO IIOJIS
TOKOBOTO ciiost [7, 8].

CylecTByeT SIBHBIH cO0JIa3H O0OBSICHUTH YCKOPEHUE TAIAKTUIECKUX U COJTHEYHBIX KOCMHYECKHX JIydei OHUM U
TeM ke MexaHnm3MoM [9]. TIporecchl, BRI3BIBAIOIINE YCKOPEHHE YaCTHII KOCMHYECKUX JIydel, yxe Oonee cra jet
OCTarOTCsl He BBISICHEHHBIMH. Hanbosiee momyssipHOH, HO HUYEM HE JAOKa3aHHOMW, TMIOTE30H SBJISETCS YCKOPEHHE
MIPOTOHOB B MEXK3BE3HBIX yAapHBIX BoJHAX. COJHIIE TpeCTaBIsIeT COO0H €AMHCTBEHHBIN 00BEKT, TEHEPUPYIOIHMA
HMIYJIbCHl KOCMHUYECKHX Jydell ¢ o»Heprueii He wmenee 20 I@B, mnpoucxoxxaeHne, KOTOPHIX IOCTYITHO
HETMOCPEACTBEHHBIM HCCIeI0OBaHUSIM. HeT HUKaKkuX OCHOBAHWMM MOJaraTh, YTO MEXaHU3MBl YCKOPEHHUS YaCTHI] Ha
ConHIle ¥ Ipyrux 3Be3/IaXx UMEIOT pasindHyto mpupory. OJHaKo, SHEPTHUS TaJaKTHIECKUX KOCMUYECKHX Jydel Ha
HECKOJIBKO MOPSJIKOB BEIUUKHBI IPEBBIIIAET MAKCUMAIIbHYIO SHEPTHIO IPOTOHOB, YCKOpEeHHBIX Ha ColHIE.

OOHapykeHUE THTAHTCKUX BCIBIIIEK Ha Kapiukax kiacca G MOXHO paccMaTpUBaTh, KaK HOBBIHA HE3aBUCUMBII
apryMEeHT B I0JIb3Y T€HepallM TaJIaKTHYECKUX KOCMHUYECKUX Jy4yeill BO BCIIBIIIKAX, a HE B YIApHBIX BOJIHAX.
Bo3HUKHOBEHHUE “CYNEPBCIBINICK” ¢ YHEPTUCH 3HAYATEIHLHO OOJIBIICH, HAOII0JaeMOM MPH COTHEYHBIX BCIIBIIIKAX,
00HapyKEHO Ha Pa3JIMYHBIX 3Be3/aX Kapiukax kiacca G, HEKOTOpBIE H3 KOTOPBIX BPALIAIOTCS OBICTPO, @ HEKOTOPHIC
co ckopocteio mopsaka ckopoctu Comama [10]. B pabore [10] coobmiaercs o 365 3aperncTpUpOBAHHBIX
CBEPXBCTIBIIIKAX HA 3BE3]1aX, BPAIAIOIINXCS C YIIIOBOH CKOPOCTBHIO MEHBINEH yriioBoi ckopoctu Comuna. Beero Ha
armapare Kernep 0p110 uccienosano 83000 3Be3n B TeueHnu 120 mgHell. 3HAYUTETHHOE pa3iMynue MaKCUMAIbHBIX
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O npocno3se cOTHEYHbIX GCRBIUUEK U NPOTMOHHBIX COObIMuULL nO nogedenuio Y smuccuil

9HEPruil TaJaKTHYeCKUX U COJHEYHBIX KOCMHYECKHX JIydeld paHee He CHOCOOCTBOBANO MPENCTABICHHIO 00 MX
OIIMHAKOBBIX MEXaHW3Max MPOUCXOXICHMS, OAHAaKo oOHapyxenue superflares cmemamo rumoresy 06 yckopeHuu
KOCMHYECKHX JTy9el B TOKOBBIX CIIOSIX OoJiee ocHOBaTenbHOMU. JlanHbIe paboTsl [11] moka3anu, 9To SHEpTHs 3Be3TIHON
BCIBIIIKY MOXeT npeBocxoauth 10% spr, T. e. NpeBOCXOJUTH 3HEPruIO0 GOMBIION CONHEUHON BCHBILIKM Ha 3 — 4
HOps/IKA BEIUYUHBI, a, MO-BHIMMOMY, DHEpPTUs NPOTOHOB, YCKOPEHHBIX B STHX 3BE3IHBIX BCHBILNIKAX, MOXET
3HAYMTEIHHO MPEBBIILIATH YHEPTUIO YACTHLI, PETHCTPUPYEMBIX OT Bembliiek Ha ConHne. TakuMm 00pa3oM HMEIOTCs BCe
OCHOBAHHS I10JIaraTh, YTO BCIIBIIIKA SBIIETCS YHHBEPCAIGHBIM aCTPOHOMHYECKHM MPOLECCOM, OTBETCTBEHHBIM 3a
YCKOpEHHE NMPOTOHOB B rajakTuke u Ha CoHIe.

TpeaBcnbIeYHasi IMHCCHS CNIEKTPAILHOH Junuu 94 A u3 akTHBHOI 06;1acTH

OpHa U3 aKTHBHBIX 00yacTel, Haxo smasics BOmmsu reHTpa quck (AR12158), BeBana Benbimky X1.6 10 ceHTsI0ps
2014 roma B 17:21. Ha puc. 1b mokasana ¢otorpadusi mpeaBCHBIIIEYHOr0 COCTOSHHUS MUCKA, CACTAHHAs B
CHeKTpabHOM uHuK 18 pas nonnsosanHoro xenesa 94 A (FeXVIII).

SDO/AIA AR12158 10.09.2014. Flare X1.6 17:21

Magnetogram 16:59 FeXVIIl 94A 17:29

Pucynok 1. @) MarautorpaMma COJHEYHOIO JUCKA B MPEIBCIBINIEYHOM COCTOSHUH. D) doTorpadus coNMHEUHOro
JUCKA B TIPEIBCIBIIIEYHOM COCTOSIHMY B CIIEKTpanbHoi muamd 94 A. ¢) doTorpadus coMHEUHOTo IHCKA BO BpeMs
BCIIBIIIKH B JTHHAH 94 A.

B conueuHoit kopone uHus 94 A 06masaeT MakCUManbHO# APKOCTHIO MPH 2NIEKTPOHHOM TemmnepaType ~6.3 MK,
T. €. He MOXKET OBITh OUEHB SPKOU MPU TUITHYHOH Temreparype KopoHsl ~1 MK 1 He 1omKHA TOKa3bIBaTh B3PBIBHOTO
BO3PACTaHUsI SMUCCHH TPU CHIIFHOM BO3pPACTaHUHM TEMIIEPAaTyphl BO BpeMs BCIBIIIKK. Ha puc. 1c mpeacramieHa
doTorpadus npu Benbimke. Bospacranue smuccun 94 A nepen BebImIKoi HAUMHAETCS MMEHHO TOTIA U B TOM MECTE,
rae uncnerHoe MI'J] MomenupoBaHHe IOKa3biBaeT 0Opa30BaHUE TOKOBOTO CJOS, B MATHUTHOM TIOJE€ KOTOPOTO
3amacaercs SHeprus s Benpimky [6]. Tlossnenne manuu 94 A o mauana sensimkum (10 to= 17:21) ykassiaeT Ha
HaKOIJICHHE MAarHUTHOHM HEPTHH HAaJ aKTHBHOHM OOJNACTBIO, T. €. SBIIETCS MPU3HAKOM BO3HUKHOBEHHS BCITBIIIKU U
MOJKET OBITh HCIOJIB30BAHO IS POTHO3A.

[TepBast ctpoka Puc. 2 nokaspiBaeT NpaKTHYECKOE MIOCTOSIHCTBO HCTOYHHUKOB MarHUTHOTO ToJist Ha poTocdepe Ha
MPOTSDKEHUH Yaca Mepe BCHBIIIKONH W BO BpeMsl BCIBIIIKH, CBHACTEIHCTBYIOIIEE O MEJICHHOM (B TEUEHHH CYTOK)
dbopmupoBaHUK TpeABCIBINIICYHON KOHPUTypanun B kopoHe Han AQO. Ilpm 5ToM aumccumaiusi TOKOB B KOPOHE,
c(hOpMHUPOBABIIETOCS TOKOBOT'O CJIOS, HE BBI3BIBAECT 3aMETHBIX BO3MYIICHWH MAarHWTHOTO monsd Ha (oTocdepe.
[IpakTHyeckoe IMOCTOSHCTBO MAarHUTHOTO IO AKTUBHOM 00JacTH BO BpeMs BCIBIIIKK SIBHJIOCH Hamboiee
HEOXXKUJAHHBIM OTKPBITHEM MOCIEAHUX JIET, JOKA3bIBAIOIIMM JUCCUIIALMI0O MArHUTHON SHEPIUU NpU BCIBILIKE HAJl
AKTUBHOU O0JIACTBIO.

BTopas cTpoka MoKas3sIBaeT OTCYTCTBUE H3MEHEHHiT B SMUCCHH JIMHUY ropsueii muasmel 193 A nepen Benbimkoi,
3aTeM ITPOMCXO/IUT PE3KOE BO3pacTaHUE SMUCCUH TIpH Bemblmike. M3nydenue nona FeXl|| B Habmonaemom nana3zone
JUIMH BOJIH HE MOTJIO JIaTh BKJIaJa B 3TO M300pa)KeHHE, T. K. PU BCHBIIIKE MTPOMCXOJUT BBIICICHUE SHEPTHU U
CHJIPHOE HAarpeBaHHE IUIa3Mbl C BBITOpaHHeM HoHa FeXl, o wem CBUAETENBCTBYET HMHCCHS TEIUIOBOTO
PEHTreHOBCKOTO M3jiydeHus. Tperhs crpoka (mumus 131 A) nemoHcTpupyeT Hayano HarpeBaHusi o6Gmauka
KOPOHAJIBHOH IJIa3MBI BO BpeMs (POPMHPOBAHUS TOKOBOTO CJIOS HAJ aKTHBHOW OOJACTBIO M OBICTPEHIN pa3orpes
BCIIBIIIIEYHOH I1a3Mbl. YeTBepTas CTpoKa yKa3bIBaeT Ha MpeBapUTEIbHBIN HarpeB 00J1auka KOPOHAIBHOM TTa3Mbl U
pasBUTHE NPU TOM SMUCCUHU THHUK 94 A BO BpeMs BCTIBIIKK. DMUCCHS 3TOM IMHUK MOABUIACH 60JIee YeM 3a CYTKH
Tepe HadaioM BCIBIIIKK M BO3pOCTa MOCIe Hadasa BCIBIIKY. [1aTas u mectas CTpOKH ITOKAIBIBAIOT HeOOIbIITe
pBaHHBIC XPOMOC(EpPHBIC CTPYKTYphl — BCIIBIIICYHBIC JICHTHI, KOTOPHIC IOJrOC BPEMs CYUUTAIUCH TJIABHBIMU
MPOSIBJICHUSIMU BCIIBILIKU.
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Magnetograms 24.10.2014 AR12192 S12wW21 X3.1 1,=21:07 No solar cosmic rays

{

193 A
FexXIV
20 MK

FeXIl
1.2 MK

20:25 20:56
131A
FeXXIll
16 MK

FexX
10 MK

94 A
FeXVIl|
6.3 MK

171 A
FelX
0.6 MK

20:17 20:47 21:18 21:34 21:48

PucyHok 2. JluHaMuKa IPeBCIBIIIEYHOTO0 COCTOSHUS (C1€6a OT KPacHON BepTHKAaIbHOW JIMHUK) U BembIkH X3.1
(cnpasa) B SMACCHUSIX MOHOB, TIPU PA3IMYIHBIX JIEKTPOHHBIX TEMIIEPATYpax.

BrieneHne 3Hepruy BCIBIIKHA B KOPOHE HaJl aKTUBHOW 00J1aCThIO, 3a11aCaeMOM ICCITKH YaCOB B MATHUTHOM ITOJIE
TOKOBOTO CJIOS, OBUIO TIOKa3aHo B yuciieHHOM MI'J] MonenupoBaHuu, peaibHO HaOIF0JaeMbIX BCHbIiek [4]. B aTux
paboTax rpaHWYHBIC W HA4YallbHBIC YCIOBHS IJII MAarHUTHOTO TIOJIS 33JaBajiiCh HEMOCPEACTBCHHO U3 HU3MEpPCHHM
9BOITIOIMH TOJIsT Ha (oTocdepe mepe]] Beublmkoi. HabmrogeHne pa3BUTUS 3MUCCHIA BCIBIIICYHBIX CIICKTPATbHBIX
mmanit 193 A FeXXIV u 131 A FeXXIll oT4etMBO mokasaio, 4To BO BCIIBIIIKAX, MIPOUCXOSIINX HAJl aKTUBHBIMU
obmactssmu CoutHIa Ha 00paTHO# cTopoHe ColtHIIa BOJIM3H 3a1aTHOTO M BOCTOYHOT'O JITMOOB, SHEPTHs BBIICISACTCS B
KOpOHE 3a TpeleslaMi COJTHEYHOro aucka. IIpuMmep Takoro ymadHoro i HaOMIONEHHS Cirydas IOSIBICHHS 3a
TpezeamMu 3anaaHoro Tumba Apkoit smuccun nuaun 193 A mokasan na puc. 3.
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O npocno3se cOTHEYHbIX GCRBIUUEK U NPOTMOHHBIX COObIMuULL nO nogedenuio Y smuccuil

10.09.2017 X8.2 SO09W91 AR12673 t,=15:25
193 A FeXXIV 20 MK

14:26 14:56 15:41 15:56 16:11

Pl/lcyHOK 3. Dwmuccus MPECABCHBIIICYHOTO COCTOSAHMSA W BCIHBIIIKH, nponcmenmeﬁ Ha O6paTHOfI CTOpPOHC
COJIHCYHOI'O JUCKa 3a 3allaIHbIM JTUMOOM B CHeKTpaJ'ILHOﬁ JIMHUHU ropﬂqeﬁ IJ1a3MBI.

3axinoyeHue

BrimonHeH aHanmuM3 AMHCCHIl CHEKTPalbHBIX JHMHUHA BBICOKOMOHHM30BAaHHBIX aTOMOB JKejle3a, HW3MEPEHHBIX B
OpeIBCIBIICYHBIX cocTosHMAX COJHIA W BO BpeMs Bermbimiek. Vcrmons30BaHbl M3MepeHHss Ha ammapare Solar
Dynamic Observatory. Ananu3 moATBEpIHJ BBIBOIBI uncieHHOTo MI'J] MomemupoBaHus peanbHBIX BCHBIIMICK 00
AKKyMYJISIIMM SHEPTUH U BCIBIIKA B KOPOHE M €€ B3PHIBHOM BBIICICHWM HAJ aKTHBHOM obmacteio. Ilpm
MEIUICHHOW aKKyMYJISIIUH 3HEPTHH B MarHUTHOM II0JIE TOKOBOTO CJIOS TIPOMCXOANT MPEABCHBIIICYHOE HAarpeBaHHs
obJauka 1a3Mbl. DTa MPEIBCIBIIICYHAS IMUCCHS SBIISETCS MMPU3HAKOM MOSBICHHS BCIIBIIIKY B OJMDKaNIINe Yachl.
DJNeKTpoHHas TeMIepaTypa BCHbIMIeYHOH mua3mbl npesbimaer 20 MK. MeroTcs Bce OCHOBaHHWS IIOJarath, 4To
BCTIBIIIKA SIBJISICTCS] YHHUBEPCATbHBIM aCTPOHOMUYECKHM ITPOIIECCOM, OTBETCTBCHHBIM 32 YCKOPEHHE KOCMHYECKHX
ny4yel B rajgaktuke U Ha CojHIe.
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Introduction

One of the main reasons for the occurrence of geomagnetic disturbances associated with the magnetospheric storms
and substorms development are magnetic clouds of the Solar wind. In the magnetic clouds (MC) structure the sheath
and the body of the cloud are distinguished [1]. The sheath in front of the cloud is a compression region that occurs
when it moves in a slower Solar wind. This is a dense and hot turbulent region with strong fluctuations of the
Interplanetary magnetic field (IMF) components which have MHD character. Low-frequency MHD disturbances can
be transferred from the cloud sheath to the Earth's magnetosphere from the night side through the "Substorm Current
Wedge" current system, which includes the magnetosphere tail currents, field-aligned currents and the westward
electrojet. This current system appears in the disturbed magnetosphere during magnetosphere substorm explosive
phase and connects its active regions with the high-latitude ionosphere. The resulting electrojet instability can generate
low-frequency MHD disturbances in the ionosphere and geomagnetic field.

This work is devoted to the search for night-time synchronous ionospheric and geomagnetic MHD disturbances
on the background of significant substorm activity. The study was carried out for intense substorms intervals caused
by MC turbulent sheath which follow the shock waves. In this paper we are supposed that low-frequency MHD night
disturbances in geomagnetic field and ionosphere occurring on the substorm background are caused by out-
magnetospheric wave agent located in the near-Earth space.

Used data and research methods
The generation possibility of night MHD disturbances in the ionosphere and geomagnetic field by turbulent MC sheath
phenomena is demonstrated on seven clouds events with shock waves: 10.08.2000, 20.03.2003, 03.08.2000,
06.11.2000, 14.06.2005, 18.02.1999, 04.05.2010. All events cause the magnetospheric substorms development. For
the detection of ionosphere-geomagnetic MHD disturbances the TEC data from GPS stations and the geomagnetic
field H-component values at magnetic observatories located in the LT night sector were used. The analysis of the out-
magnetospheric disturbance is based on the Solar wind data (proton concentration, velocity) and the Interplanetary
magnetic field (Bx, By, Bz components). Wave phenomena were studied during a two-hour interval after the shock
wave registration on the spacecraft. Substorm activity estimated by the AL index values was always observed at these
intervals.

The characteristic periods and appearance times of out- and intramagnetospheric MHD disturbances were
established using the wavelet-analysis method with a 4-order Daubechies basic function.

Out-magnetospheric MHD disturbance

For 7 examined MC events a spectral analysis of low-frequency MHD disturbances in the Solar wind parameters and
in the interplanetary magnetic field components is carried out at intervals corresponding to the Earth passage through
their sheaths. As an example, we consider the MC with a shock wave registered on November 6, 2000 and caused a
sequence of intense substorms. At the examined time interval ALmax ~ -1300 nT. The registration time of a shock
wave on a spacecraft is 09.40 UT. Fig. 1 (a) shows the wavelet spectra of Interplanetary magnetic field components
(Bx, By, Bz), the Solar wind proton concentration (N) and its velocity (V). Spectral analysis of the Solar wind and
Interplanetary magnetic field parameters shows the presence of synchronous low-frequency oscillations of the Earth
ionospheric plasma and magnetic field with periods of 15 to 30 minutes as the spacecraft passes through a shock wave
(interval 9.40 - 10.20 UT). This area is highlighted in Fig. 1 (a) by a rectangle. In the MC sheath (after 10.30) UT
synchronous magnetic disturbances are recorded in all IMF components with periods of 25-30 minutes and Solar wind
concentration with periods of 15-20 minutes.

lonosphere-magnetospheric MHD disturbances
The analysis of ionospheric and magnetic wavelet spectra showed the presence of simultaneous disturbances in the
ionosphere and geomagnetic field with periods from 15 to 30 minutes for all considered events. As an example, Fig.
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1 (b) shows wavelet spectra of TEC variations for Holberg (50.6 N, 128.4 W, L = 2.87) and Mammoth Lakes (37.6
N, 119 W, L = 1.84) GPS stations and geomagnetic field H-components for Sitka (57.1 N, 135.3 W, L = 3.8), Victoria
(48.5N, 123.4 W, L =2.7) and Tucson (32.2 N, 111 W, L = 1.66) magnetic stations for the event on November 6,
2000 in the interval from 09.20 to 12.00 UT. According to the presented results, simultaneous maxima of TEC and
geomagnetic field spectra take place. The region of the shock wave passage from 09.20 to 10.10 UT is indicated in
Fig. 2 by a black rectangle. After 10.20 UT rectangles are allocated to the regions of synchronous disturbances of
ionospheric plasma and geomagnetic field horizontal components. These intervals correspond to the Earth passage
through the turbulent MC sheath.

a

LI YT

Figure 1. (a) Wavelet spectra of Bx, By and Bz IMF components, the Solar wind proton concentration and its
velocity for the event on November 6, 2000; (b) Wavelet spectra of TEC for stations Holberg (50.6° N, 128.4° E,
L = 2.87), Mammoth Lakes (37.6° N, 119° E, L = 1.84) and geomagnetic field H-components for stations Sitka
(57.1° N, 135.3° W, L = 3.8), Victoria (48.5° N, 123.4° W, L = 2.7), Tucson (32.2° N, 111° W, L = 1.66) for the
event of November 6, 2000.

Thus, synchronous ionospheric and geomagnetic disturbances were recorded during the period of MC sheath effect
on the magnetosphere which may indicate their common MHD nature. The period interval of detected MHD wave
disturbances is 10-35 minutes. This indicates a causal relationship between turbulent disturbances in the MC sheath
with MHD disturbances appearance in the ionosphere-magnetospheric system. The validity of this statement was
verified by an investigation of the ionosphere-magnetospheric disturbance for the time interval preceding the shock
wave recorded at 09.40 UT on November 6, 2000. The duration of the analyzed interval was of the order of an hour
and during this period no substorm activity was recorded (AL < -100 nT). Fig. 2 (a) shows the wavelet spectra of IMF
components, the Solar wind concentration and velocity. In considered frequency range disturbances are observed for
all parameters. Fig. 2 (b) demonstrates the spectral features of disturbances at terrestrial ionospheric and magnetic
stations. Comparison of registration times for plasma and geomagnetic disturbances shows that there is no
synchronicity between them.

It can be concluded that MHD disturbances in near-Earth space is almost always present. These disturbances
however do not penetrate into the ionosphere-magnetospheric system in the substorm absence. In regions associated
with magnetic clouds (shock wave and sheath), MHD disturbances are more intense and simultaneously conditions
for the substorm sequence development are created. On the Earth during these periods exactly intense synchronous
disturbances of the ionospheric plasma and the geomagnetic field are recorded.
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Conclusions and discussion

In this paper, a parallel analysis of low-frequency ionospheric, geomagnetic, and near-earth MHD disturbances at the
background of substorm activity intervals is carried out. The sequences of intense substorms in all the considered
cases were caused by magnetic clouds turbulent sheaths following their shock waves. The spectral composition of the
Solar wind and Interplanetary magnetic field parameters showed the presence of intense low-frequency MHD
oscillations with periods of 10-35 minutes during the passage of the terrestrial magnetosphere, both through the shock
wave and the cloud sheath. At the same intervals, the synchronous spectral maxima in ionospheric and geomagnetic
disturbances with periods of 10 to 35 minutes were found for all events of magnetic clouds by comparing the spectral
patterns of TEC and geomagnetic field horizontal component variations. The synchronism of geomagnetic and
ionospheric disturbances indicates their common MHD nature. The results obtained are consistent with the
conclusions of our earlier work [2].

Thus, we suppose penetration possibility to MHD oscillations from the Solar wind into the magnetosphere-
ionosphere system from the night side through the tail of the magnetosphere. According to considered physical model,
the disturbed and magnetized Solar wind influence on geomagnetic tail of the magnetosphere and it helps to transfer
these vibrations to the westward electrojet (AL), which is part of the three-dimensional Substorm current wedge
system. The active electrojet, in turn, can be the source of the detected low-frequency MHD disturbances.
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Figure 2. (a) Wavelet spectra of Bx, By and Bz IMF components, the Solar wind proton concentration and its
velocity; (b) Wavelet spectra of TEC for Holberg (50.6° N, 128.4° E, L = 2.87), Mammoth Lakes (37.6° N, 119°
E, L = 1.84) stations and geomagnetic field H-components for stations Sitka (57.1° N, 135.3° W, L = 3.8), Victoria
(48.5° N, 123.4° W, L = 2.7), Tucson (32.2° N, 111° W, L = 1.66) for the event on November 6, 2000, the time
interval of 08.10 - 09.30 UT.
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Abstract. In this work we compare the influence of auroral particle precipitation and polar cap patches (PCP) on
scintillations of the GPS signals in the polar ionosphere. We use the GPS scintillation receivers at Ny-Alesund,
operated by the University of Oslo. The presence of the auroral particle precipitation and polar cap patches was
determined by using data from the EISCAT 42m radar on Svalbard. We analyzed more than 100 events for years
2010-2017, when simultaneous EISCAT 42m and GPS data were available. For some of the events, the optical aurora
observations on Svalbard were also used. We consider the following types of the auroral precipitation: i) the dayside
and morning precipitation, ii) precipitation on the nightside during substorms, iii) precipitation associated with the
arrival of the interplanetary shock wave. All considered types of ionospheric disturbances lead to enhanced GPS phase
scintillations. For the polar cap patches, the morning and daytime precipitation (i), and precipitation related to the
shock wave (iii), the phase scintillations index reaches values less than 1 radian. We observe that auroral precipitation
during substorms leads to the greatest enhancement of the phase scintillation index (up to 3 radians). Thus, the
substorm precipitation has the strongest impact on the scintillation of GPS radio signals in the polar ionosphere.

1. Introduction

The Global Navigation Satellite Systems (GNSS) play an important role for the modern society. However, the
ionosphere as a medium for the radio waves propagation can have a negative influence on the quality of received
signal. Irregularities in plasma density distribution can lead to the fast fluctuations of amplitude and phase of the signal
which is referred to as ionosphere scintillations [Basu et al., 2002]. The strong scintillations reduce the quality of the
signal and even lead to the signal loss. Thus, the investigation of GPS scintillations is an important aspect of space
weather. The level of scintillations is characterized by the phase (os) and amplitude (S4) scintillation indexes.
Amplitude scintillations are caused by the plasma irregularities with scale sizes ranging from tens to hundreds of
meters, while the phase scintillations are caused by the irregularities with the sizes from hundreds of meters to several
kilometeres.

The most powerful disturbances in the polar ionosphere are particle precipitation and polar cap patches (PCP).
The PCP are identified as a density increase above approximately 200 km at least twice that of the background density
[Crowley, 2000]. It is well known that the appearance of these structures is accompanied by the increase of the airglow
intensity in 630.0 nm spectrum lines [Hosokawa et al., 2006]. Its origin is caused by the reconnection on the dayside
of the magnetosphere and penetration of plasma through the polar cap into the ionosphere [Lorentzen et al., 2010].
Patches exit the polar cap into the auroral oval and are called auroral blobs [e.g., Robinson et al., 1985; Jin et al.,
2014].

It is shown in the paper [Jin et al., 2010] that PCP can produce GPS scintillations quite comparable with
scintillations during the particle precipitation with appearance of strong green aurora. Thus, in the present work we
address the following question: what disturbances in the polar ionosphere (particle precipitation or polar cap patches)
have stronger impact on the scintillations of GPS signals?

2. Data

We focused on the geophysical observations on Svalbard. The Ny Alesund (NYA) GPS scintillation receiver of the
University of Oslo was the main instrument used in our study. Upon availability of data, the Skibotn (Norway,
mainland) GPS receiver was also used. For describing the ionospheric plasma parameters (density, velocity, ion and
electron temperature) we used the Svalbard EISCAT 42m radar. The beam of this radar is directed along the
geomagnetic field. For some convenient cases the optical observations of the aurora on Svalbard was used. IMAGE
magnetometer data was used for the geomagnetic field observations. OMNI database was used for the evaluating the
solar wind and interplanetary magnetic field parameters.

3. Analysis of ionosphere disturbances
We have identified more than 100 cases for years 2010-2017 when the data from the EISCAT 42m radar was available.
This report presents only some typical examples. In this study, we considered the influence of four geophysical
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phenomena on the GPS scintillations: morning-daytime precipitation, nighttime substorm precipitation, precipitation
associated with the interplanetary shock arrival and polar cap patches. We focused mainly on the phase scintillation
index because amplitude scintillation index (S4) practically has no large variations at high latitudes. The presence of
the particle precipitation into the ionosphere associated with the appearance of the aurora was determined as the
density increase between 100-200 km altitudes according to the EISCAT radar data. The presence of the polar cap
patches was determined as a strong density increase above 200 km altitude.
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Figure 1. lonosphere density determlned by the EISCAT Figure 2. lonosphere density determined by the

42m radar in LYR, phase scintillation index calculated EISCAT 42m radar in LYR, phase scintillation index

form NYA GPS receiver, X-component of the  calculated form NYA GPS receiver, X-component of

geomagnetic field at NY A station for the 9 January 2016. the geomagnetic field at NYA station for the 20
January 2014.

3.1. Morning-daytime precipitation

Fig. 1 shows an example of the morning-daytime precipitation for 9 January 2016. From 04-14 UT we see the
ionosphere density increase at altitudes 100-200 km associated with the precipitation. The aurora observations on
LYR station show the existence of bright aurora in 577.7, 630.0 nm spectrum lines (not shown). The phase scintillation
index has the value 0.4-0.5.

3.2. Polar cap patches

The example of the polar cap patch (PCP) is shown on a Fig. 2 for the 20 January 2014. The PCP is observed at 08-
10 UT as a density increase above 200 km according to the EISCAT data. The PCP is also identified in aurora intensity
variations as forms propagating from the polar to low latitudes in 630.0 nm (red line) emission (not shown). The Bz-
component of interplanetary magnetic field (IMF) was negative during the appearance of PCP. It testifies the presence
the good conditions for the growth of the reconnection of the dayside magnetopause. The phase scintillation index
reaches the value 0.9. For the all consider PCP cases phase index has the value less than 1.

3.3. Substorm precipitation

A series of substorms was observed 11 December 2015 geomagnetic stations of IMAGE profile at 16 UT and at 20
UT (Fig. 3). It can be noticed that the amplitude of the substorm reach the value more than 1000 nT at Hornsund
(HOR) station, at NAL station the amplitude of the substorm was 600 nT. It is seen a strong increase of ionosphere
density according to the EISCAT 42m data (Fig. 4). The substorm was accompanied by the strong increase of aurora
intensity in different spectrum lines (not shown). The phase scintillations index reaches the value more than 3
approximately at 16 UT. But for the second substorm it reaches the value a bit more than 1.

3.4. Precipitation associated with the interplanetary shock arrival

The example of the interplanetary shock influence on scintillations of GPS signals is shown in Fig. 3 for the event of
14 December 2015. The interplanetary shock is accompanied by an abrupt increase of the solar wind velocity, density,
temperature, module of the interplanetary magnetic field (IMF) according to the OMNI database, abrupt growth of
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the SYM-H index. The NYA stations at moment of interplanetary shock arrival located on the dayside (16 MLT). We
do not have the EISCAT data available for most of the shock events, but it is well known that the interplanetary shock
interaction with the Earth’s magnetosphere leads to strong particle precipitation in wide spectrum range into the
ionosphere [Zhou et al, 2003]. Here the phase index reaches the value near 0.6. For the considered interplanetary

shock cases the phase index reaches similar values.

11 December 2015
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4. Conclusions

So, we have found that all considered geophysical phenomena (morning-dayside precipitation, nighttime substorm
precipitation, shock induced precipitation, polar cap patches) give rise to increased GPS phase scintillation levels
according to the high-latitude observations on Svalbard. The particle precipitation during substorm lead to the
strongest scintillations (the phase scintillation index reaches values even close to 3) of the GPS signals in the polar
ionosphere. During other types of ionosphere disturbance the phase index does not reach the value 1. Thus, the
substorm precipitation has the strongest impact on the scintillation of GPS radio signals in the polar ionosphere.
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Abstract. Reaction of the geomagnetic field to the destruction of meteors in Yakutia (Vilyuysk) (on March 4, 2014
21:29 UT; 64.3°N, 123.1°E) and Khakassia (Sayanogorsk) (on December 6, 2016 11:37 UT; 52.9°N, 91.4°E) and the
behavior of the geomagnetic field in the control days on March 7-8, 2014 and on December 4, 2016 according to the
data of the magnetic observatory "Irkutsk™ of the Institute of Solar-Terrestrial Physics of the Siberian Branch of the
Russian Academy of Science (52.23°N, 104.25°E) were considered. The analysis of variations of the geomagnetic
field components has shown that flights and explosions of the meteors were followed by emergence of geomagnetic
disturbances near the magnetic observatory. Speeds of their propagation from places of the meteor explosions to the
magnetic observatory were estimated. Possible mechanisms of influence of the explosions on the geomagnetic field
are considered.

1. Introduction
The geomagnetic field is the indicator of many processes happening on the Earth, in the surrounding space and in the
Sun. Variations of the geomagnetic field represent imposing of various disturbances of the geomagnetic field. Their
identification is sometimes rather difficult task. The task is facilitated if parameters of the phenomenon which has
caused a disturbance are known (the place, time, characteristics, etc.). All this also belongs to the meteoroids coming
into the terrestrial atmosphere, and which passes are followed by various processes: heating, evaporation of particles
of a space body, combustion and destruction of a meteoroid, sometimes in the form of explosion, ionization of the
atmosphere, generation of various types of waves, including electromagnetic, shock (SW), acoustic-gravity (AGW),
slow magnetohydrodynamic (MHD), and also disturbances of the geomagnetic field. The effect of influence on the
geomagnetic field of passes and destruction of meteoroids was studied insufficiently. Still there are various
mechanisms of generation of geomagnetic disturbances [Bronshten, 2002; lvanov, 1964; Kovalev et al., 2006;
Rakhmatulin et al., 2013; Chernogor, 2014; Savchenko, 1975; Shaidurov, 2015].

The magnetic observatory "Irkutsk"! (Fig. 1) is located at the distance of 21 km from Irkutsk. Coordinates of the
magnetic pavilion where the digital variometer is located are 52.23°N; 104.25°E.

8 2. Vilyuisk meteor
ACESN  The Vilyuysk meteor has blown up at 21:29 UT on March 4, 2014. The
Bl description of the explosion and the characteristic of the meteor are given in
the work [Cherniakov et al., 2017]. In Fig. 1 places of the meteor explosion
and the magnetic observatory "Irkutsk" are shown. Distance from the place
of the explosion to the magnetic observatory "Irkutsk" is about 1720 km.
According to the World Data Center in Kyoto?, at the time of the explosion
the geomagnetic situation was quiet. During observations of the meteor other
Raasitae (0 z .“ @8 possible sources of disturbances in the geomagnetic field (starts of rockets,
Figure. 1. Places of explosions of  €arthquakes, etc.) have not been found.
the Vilyuisk and Sayanogorsk For comparison of the behavior of the geomagnetic field in the day of the
meteors meteor pass with undisturbed conditions of the geomagnetic field quiet days
on March 7-8, 2014 have been chosen. Fig. 2a-c show variations of D, H and
Z components before and after the Vilyuysk meteor explosion on March 4-5, 2014 (the continuous line) and variations
of D, H and Z components in the same time during the quiet days on March 7-8, 2014 (the shaped line). In Fig. 2a-c
it is visible that after explosion there were changes in the geomagnetic variations on March 4-5, 2014 which differ
from the course of the geomagnetic variations in the quiet period. These changes can be referred to the changes caused

iSayanogorsk )
YAN2IT Akutsk

Lo

L Institute of Solar-Terrestrial Physics SB RAS http://en.iszf.irk.ru (15.06.2018)
2 http://wdc.kugi.kyoto-u.ac.jp/kp/ (15.06.2018)
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Reaction of the geomagnetic field to the flights of the Vilyuisk and Sayanogorsk meteors

by emergence of disturbances in the geomagnetic field from the meteor explosion. For the wavelet analysis of
geomagnetic field variations the time periods in the range from 2 to 35 min were chosen. All the calculations were
done with the MATLAB language and its applications. For obtaining of necessary wave periods the digital elliptical
bandpass filter (Kauer filter) was used. Variations with the periods were usually observed during similar events.
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In Fig. 3a it is provided the D component of the geomagnetic field (the middle figure), in the top figure the filtered
D component is, in the lower figure its wavelet spectrum is (the same will be in figures of the components H and Z).
The time of the meteor explosion is shown in the top figure by the vertical line. In figures it is possible to allocate
three groups of the wave disturbances which have appeared after the Vilyuysk meteor explosion. The first group of
disturbances was shown near the magnetic observatory practically just after the meteor explosion. Its duration was
about an hour, till 22:30 UT. The second group of disturbances has come at 23:00 UT and continued a little more than
two hours. The third group of disturbances has appeared at 02:10 UT. Duration of this disturbance was about two and
a half hour. Changes of the D component in size during the first disturbance were about +0.2 nT, in the second and
third groups were about 0.4 nT.

The second group of waves in the D component has come in 91 min after the explosion. Speed of arrival of this
disturbance was about 315 m/s. Judging by the nature of change of magnetic field it can be qualified as the arrival of
a shock wave, and then infrasonic waves. The third group of disturbances has come at 2:06 UT on March 5, 2014.
Speed of its arrival was about 100 m/s.

In Fig. 3b and 3c the behavior of H and Z components is shown. Arrival of the first group of disturbances is most
accurately noticeable.

nT
&d o
)t’_-v’:
£
Hf, n
e o}g
P‘ ?
to
Zf, nT

D,nT

St
H nT ]
Z, nl

5

1111

_l Wi \\”m. \\\DO Wl(" ; ‘0 “wm‘uw/ TILLT TU WII\“W( LR LT
e 4 Marph # UT, hom : 5 M'uch & 4 ’\/ldl(,h # UT, hom : ; M:u'cf\ f . 4 March # UT, Lour : 1 Marc;
Figure 3a. D component Figure 3b. H component Figure 3c. Z component

3. Sayanogorsk meteor

The Sayanogorsk meteor has blown up on December 6, 2016 at 11:37 UT in the region between the settlements of
Bogoslovka, Sizoy and Cheryomushki (52.9°N, 91.4°E). The flash from the meteor explosion was such power that it
was seen by residents of Abakan (the capital of Khakassia) located in 80 km from Sayanogorsk. The distance between
the place of the meteor explosion and the magnetic observatory "Irkutsk™ is about 870 km (Fig. 1). The geomagnetic
situation during the flight and the explosion of the meteor was weakly disturbed one.

In Fig. 4a-c it is shown behavior of components of the geomagnetic field in the control day on December 4, 2016
(quiet geomagnetic day, the dot line) and in the day of the meteor explosion on December 6, 2016 (the continuous
line). Time of the explosion is marked by the vertical line. It is visible that after the meteor explosion in the
geomagnetic field there were noticeable changes.

Unlike the Vilyuysk meteor explosion after the meteor explosion in Khakassia the arrival of groups of waves,
which did not manage to be accurately divided, was observed. At 12:10 UT in the D component (Fig. 5a) the first
weak wave manifestations became visible. Propagation speed of this disturbance from the meteor explosion to the
magnetic station "Irkutsk™ was about 440 m/s. At 13:00 UT essential strengthening of wave activity had occurred due
to emergence of the signal which had an impulse form. Its speed of arrival could be estimated as 180 m/s. Duration of
the phenomenon was about an hour and a half.
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In the H component it is possible to note also its sharp change at 12:10 UT (Fig. 5b). Speed of propagation of the
disturbance from the meteor explosion to the magnetic station "Irkutsk™ was about 440 m/s. The following group of
disturbance has come at 12:20 UT. Speed of propagation of this group was about 340 m/s. These speeds of 440 and
340 m/s also correspond to speeds of arrival of the acoustic shock wave (ASW) and AGW, respectively, which are
generated in the place of the meteor explosion.
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In the Z component its sharp change also was at 12:10 UT (Fig. 5¢). Time of propagation of these disturbances
from the meteor explosion to the magnetic station "Irkutsk" was about 440 m/s. The following group of disturbances
has come at 12:20 UT. Speed of propagation of this group was about 340 m/s. These speeds of 440 and 340 m/s also
correspond to speeds of arrival of ASW and AGW, respectively, which are generated in the place of the meteor
explosion. The behavior of the Z component is in many respects similar to the behavior of the H component.

4. Discussion

Vilyuisk meteor. The first wave manifestations in the geomagnetic field, mainly in H and Z components, before meteor
explosions can be connected with reaction of geomagnetic field to emergence of a ballistic SW during the entrance of
the meteoroid to more dense layers of the atmosphere [Savchenko, 1975]. As a rule speed of meteor movements are
significantly more sound speed, therefore for meteors, big by the sizes, the supersonic movement in rather dense
atmosphere is followed by emergence of the head SW passing on a stream into the departed ASW. In the place of
formation of SW their amplitude is considerable, first of all, because of pressure jump. Speed of propagation of such
waves can exceed considerably sound speed at the ionospheric heights. We will note that SW, in turn, is a source of
AGW and slow MHD waves which then also appear near the place of observation. For the heights of the F region, by
estimates of Chernogor [2009], speed of propagation of slow MHD waves can reach tens of kilometers per second.
Propagation of such slow MHD wave at the heights of the F region of the ionosphere before the meteor explosion can
cause emergence of a response of the geomagnetic field to the coming wave as a result of her impact on magnetoactive
plasma and modulation of ionospheric parameters, first of all ionospheric currents in the E-region of the ionosphere,
the movement of neutral components in the field of coming shock and slow MHD waves.

The second group of waves in the D component has come in 91 min after the explosion. Speed of arrival of this
disturbance was about 315 m/s. It corresponds to speeds of propagation of AGW. Judging by the nature of change of
the geomagnetic field during the initial stage of the second group from 23:00 UT till 23:30 UT it can be considered as
arrival at first of SW, and then gravity waves. The third group of disturbances has come at 2:06 UT on March 5. Speed
of its arrival was about 100 m/s. Calculated values of horizontal phase speeds of the slow MHD wave for the
parameters of the environment found by means of the MSIS-E-90 model at the heights of 110-130 km for the case of
the explosion of the Chelyabinsk meteor on February 15, 2013 at 03:20 UT were equal 100-160 m/s [Tereshchenko
et al., 2014]. The value of 100 m/s corresponds to the value of speed at the thermospheric height of 110 km. In case
of explosion of the Vilyuysk meteor model conditions during propagation of disturbances are close to the considered
conditions during explosion of the Chelyabinsk meteor. Therefore it is possible to assume that satisfactory compliance
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between rated speed slow MHD wave and the speed received from variations of the geomagnetic field testifies in
favor of thermosphere propagation of the disturbance from the explosion of the Vilyuysk meteor. Different speeds of
propagation slow MHD waves (the first and third group of indignations) can be explained with various propagation
channels (in the first case it is F region, in the third one it is E region).

Sayanogorsk meteor. The pass of the Sayanogorsk meteor and its destruction have made stronger impact on the
geomagnetic field. It can be connected with the fact that the explosion has happened in more short distance from the
magnetic observatory in Irkutsk (870 km), than in the case of the Vilyuysk meteor (1720 km). The first and second
groups of disturbances in H and Z component have come around 12:10 and 12:20 UT with a speed of 440 and 340
m/s, respectively. Effects in the geomagnetic field can be connected with passing through the ionosphere of SW which
was formed during the meteor explosion [lvanov, 1964]. Judging by sharp change of the components of the
geomagnetic field during arrival of the first group, they can be caused by SW. During its movement in the atmosphere
SW turns into weak SW, acoustic waves and AGW and can propagate to long distances. They can be the cause of
appearance of the second group of wave disturbance at 12:20 UT in H and Z components. All the components have a
wavy appearance. Reaction of the magnetic component is different. The maximum changes were in H component
(about 20 nT), the minimum one was in D component about 2 nT. It can be connected with geometry of geomagnetic
field near Irkutsk as magnetic declination at the place is close to zero and, therefore, direction of propagation of
disturbances from the meteor explosion were along the D component (Fig. 1).

5. Conclusion
The analysis of variations of the geomagnetic field during passes and destructions of the Vilyuysk and Sayanogorsk
meteors is made. Passes and explosions of these meteors have caused changes in the geomagnetic field.

After the pass and the explosion of the Vilyuysk meteor three groups of disturbances in the geomagnetic field
which had the speed of tens km/s, 315 m/s and 100 m/s have been marked. The first group of disturbances can be
caused by propagation of slow MHD waves in F region of the ionosphere, the second one - by the internal gravity
waves formed during propagation of ASW, the third one - by propagation of slow MHD waves at the E region heights.
The pass and the explosion of the Sayanogorsk meteor have caused appearance of two groups of disturbances in the
geomagnetic field which had the speed of 440 m/s and 340 m/s. The first group of disturbances can be caused by
propagation of ASW, the second one — by AGW formed at generation of ASW during the explosion and its
propagation.

Wave manifestations in the geomagnetic field can be caused by direct influence slow MHD waves on
magnetoactive plasma and also modulation of ionospheric parameters, first of all the ionospheric currents in the E
region of the ionosphere or on the movement of neutral components and the charged environment in the field of the
coming ASW and AGW.
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Abstract. On November 16, 2017 at 16:40:22 UT over Northern Finland a powerful explosion, caused by meteor
destruction, had occurred. The entry of the meteor to the atmosphere and its destruction were recorded by the all sky
camera at the radio physical observatory Verkhnetulomsky (68.59°N, 31.75°E), and the response of the high-latitude
lower ionosphere to this explosion was recorded by the radar of the partial reflections at the radio physical observatory
Tumanny (69.0°N, 35.7°E). After the explosion the considerable disturbances in the ordinary wave amplitude at the
heights of 80-95 km have appeared. Using the temporal variations of the ordinary wave amplitude the periods
corresponding to resonant atmospheric modes were identified: the acoustic cut-off period and the Brunt-Viisild
period, and also temperature and sonic speed at the mesopause heights were calculated. It was suggested that the
disturbances could be caused by the waves which had magnetohydrodynamic nature.

1. Introduction

The wave processes from artificial and natural sources of high energy developing in the atmosphere of the Earth play
an important role in formation of structure and dynamics of the ionosphere [Gossard and Hooke, 1975; Impact of the
missile ..., 2016]. Nowadays the big interest is to study a possible influence of powerful meteoroid explosions on the
Earth, like Chelyabinsk’s meteoroid and more powerful ones. It has not only scientific interest but the interest from
the point of view of possible influence on the human life. Flights and destructions of large meteors in the atmosphere
are followed by emergence of wave disturbances of various natures: shock, acoustic-gravity, magnetohydrodynamic
(MHD), electromagnetic, and seismic waves [Catastrophic influences ..., 2005]. The main source of disturbances in
the atmosphere during the explosions of meteoroids is shock waves. Disturbances from the flight and the explosion
of a meteor extend to distances in hundreds and thousands of kilometers in the atmospheric wave guides which were
created at various heights by gradients of temperature, speed and direction of winds and other reasons. In a number of
works problems of generation and propagation of the acoustic-gravity waves [Golitsyn et al., 1977] and
magnetohydrodynamic waves [Sorokin et al., 1982] were considered for the similar events.

A large number of works are devoted to the effects in the ionosphere caused by various sources of disturbances of
natural and technogenic origins (solar flares, meteoroid flights, processes in magnetosphere, as well as chemical and
nuclear bursts, launches and flights rockets, modification of the ionosphere by powerful radio waves etc.). Because of
difficulty of measurement of the environment parameters at ionospheric heights and simultaneous action of various
sources of disturbances up to the end there are uncertain mechanisms of generation and transfer of disturbances in the
middle atmosphere [Akhmedov and Kunitsyn, 2004]. Studies of reaction of the polar lower ionosphere to the flights
of meteoroids are carried out incidentally [Cherniakov et al., 2017; Tereshchenko et al., 2014] therefore it is necessary
to increase the number of observations, especially in high latitudes.

In the work researches of changes of characteristics of partially reflected radio signals (amplitudes of ordinary and
extraordinary partially reflected waves) during the explosion of the meteor over the Northern Finland are provided.
Results were received on the basis of the partial reflection radar data of the Polar Geophysical Institute located at the
radio physical observatory Tumanny (69.0°N, 35.7°E) [Tereshchenko et al., 2003]. The meteor path projection to the
Earth and the main visible features of the meteor explosion were received according to the all sky camera data from
radio physical observatory Verkhnetulomsky (68.59°N, 31.75°E).

2. Results of observations and data processing

A powerful meteor explosion has happened on November 16, 2017 at 16:40:22 UT over the Northern Finland (68.7°N,
23.8°E). In Fig. 1 the consecutive frames of the meteor flight which were recorded by the all sky camera at the radio
physical observatory Verkhnetulomsky (Fig. 2) with the exposure about 1 s are shown. The meteor had entered into
the dense layers of the atmosphere approximately at 16:40:15 UT, its visible flight continued about six seconds. During
the flight the significant increase in brightness of a glow owing to fast heat-up of meteor substance was recorded. On
the fourth and fifth seconds of the registration the bright flash which lit all the sky was watched. The increase in
brightness of diffused light in the field of the zenith was more than by 40 times relatively the background glow of the
night sky at the place of observation.
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Figure 1. The meteor explosion has recorded by the all sky camera.

Reaction of the ionosphere to this explosion was observed by the partial reflection radar at the radio physical
observatory Tumanny (Fig. 2). The white shaped line going from the south to the place of the meteor explosion
specifies the direction of the meteor movement to the place of the explosion. Distance from the explosion place to the
radio physical observatory Tumanny is about 480 km.

T

“~Tumanny
o

sVerkhnetulomsky

&9

E.33 = E 37
gldyErancran o6y

N67°30"

Figure 2. Meteor explosion place and positions of the radi physical observatories Tumanny and Verkhnetulomsky.

The two-dimensional distribution of amplitude of the ordinary wave received according to the partial reflection
radar data from 16:20 UT till 18:40 UT including the moment of the meteor explosion (the solid vertical line) is given
in Fig. 3. Ellipses show the two regions of strong amplitude disturbances which appeared after the meteor explosion.
Digits designate order numbers of the disturbances.

1
16.5 17 17.5 18 18.5
UT, hour

Figure 3. Two-dimensional distribution of the ordinary wave amplitude on November 16, 2017.

The 1% disturbance had very sharp increasing of amplitude at the heights of 85-95 km; the 2" one was like a wave
packet at the heights of 80-93 km. The destruction of a meteor as the result of an explosion is followed by appearance
of a shock wave. In the place of formation of shock waves their amplitudes are considerable, first of all, because of a
pressure jump. Propagation speed of such waves depends on the power of the explosion and can significantly exceed
sonic speed at the ionospheric heights. It is necessary to mark that initial shock waves, in turn, are the source of weak
shock waves and internal gravity waves which also appear at the region of observation. The internal gravity waves
can be also generated during the flight and the explosion of a meteor. The first disturbance in ordinary wave amplitude
was at the heights of 85-95 km at 17:21:39 UT in the form of a pulse with duration on the level 0.5 about 5 min (Fig.
3, 1) and had come from the explosion place with the velocity about 220 m/s. The second one (2) was at 17:50:42 UT
at the heights of 80-93 km and its velocity of arrival was about 115 m/s. The duration of the wave packet was about
40 min. The sharp appearance of the first disturbances could be explained by arrival of some kind of a shock wave
from the meteor explosion to the region of observation. The second disturbance has the appearance of the packet of
waves caused by passing of the internal gravity waves through the directional pattern of the radar antenna. Slow
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velocities of wave arrival to the point of observation could be explained if the disturbances would be considered as
having magnetohydrodynamic nature [Sorokin and Fedorovich, 1982; Tereshchenko et al., 2014].

On the basis of the two-dimensional distribution (Fig. 3) in the range of periods from 2 min up to 11 min the time
spectra of power density of the ordinary wave amplitudes, which were partially reflected from the heights of 75-90
km, were calculated. The sample of the calculation is shown in Fig. 4a. All the calculations were done with the
MATLAB language and its applications. For obtaining of necessary wave periods the digital elliptical bandpass filter
(Kauer filter) was used. In the range of heights of 85-95 km the maximum values of intensity spectral component of
partially reflected radio signals were observed at the heights about 90 km. The power density spectrum for the 90 km
in the Fig. 4a contains well expressed components.

Basic acoustic-gravity wave theory in the atmosphere gives an opportunity to describe many of wave-like
oscillations in the atmosphere [Yeh and Liu, 1974; Knizova and Mosna, 2011]. In case of the plane-stratified,
isothermal atmosphere and constant gravity with height there are two frequency domains for atmospheric waves where
they can propagate as acoustic and gravity waves. The domain can be described by two resonant frequencies of the
atmosphere: the acoustic cut-off frequency w, and the Brunt-Viiséld frequency we. The atmosphere is compressible
gas which after being compressed then released and began to oscillate near its equilibrium state. The oscillation
frequency is defined as the acoustic cut-off frequency wa = ¢/2H, where ¢ is speed of sound

c=4veH,

v is the ratio of specific heats at constant pressure and constant volume, g is the gravitational acceleration and H is the
scale height. The second characteristic frequency of the atmosphere is the Brunt-Viisila frequency which is defined
as the buoyancy frequency at which a vertically displaced parcel will oscillate within a statically stable environment.
In our case we can consider the atmosphere for chosen heights as isothermal one and write down the frequency as

wg =(y-1)g?/c*.
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Figure 4. a) spectral power density of the partially reflected ordinary wave at the height 90 km; b), c) spectral
components T, (b) and g (), filtered by the digital elliptical passband filter from the radio signal.

As the result of the analyses of our experimental spectral lines on the basis of the theory of acoustic-gravity waves
and the empirical model of composition and temperature of the atmosphere (NRLMSISE-00°) the periods of
oscillations with the acoustic cut-off period ta = 4.19 min and the Brunt-Viisild period te = 4.64 min, corresponding
to resonance atmosphere periods, were identified. Spectral maxima for which t < 1, belong to acoustic modes
(infrasound) and maxima for 1 > 15 belong to gravity modes [Gossard and Hooke, 1974]. The most intensive spectral
maximum with the period of 9.22 min is related to the internal gravity mode (the second disturbances in Fig. 3) which
is generated in the atmosphere in the neighborhood of the meteor explosion place. It is remarkable that the value of
the period of this mode is multiple to the Brunt-Viisilé period for the height of the atmosphere considered in this case.

We will be noted also that excitation of resonance oscillations T and s matched the moment of passing of the first
disturbance through the zenith of radio physical observatory Tumanny (the vertical lines in Fig. 4b, ¢). The maximum
values of amplitude of the gravity mode delay relative to the maximum of amplitude of the acoustic mode is
approximately 30 min. Values of the periods of atmospheric resonances correspond to temperature and sonic speed at
the height of 90 km are equal ~ 189 K and 275 m/s, respectively. If we suppose that the infrasonic pulse has moved
with the calculated speed and has caused appearance of the first disturbance, and also it propagated in the atmospheric
duct at the thermosphere base in the layer with inverse of temperature. In this case length of the way passed by the

3 NRLMSISE-00 Atmosphere Model, https://ccme.gsfc.nasa.gov/modelweb/models/nrimsise00.php (18.06.2018)
104


https://en.wikipedia.org/wiki/Buoyancy
https://ccmc.gsfc.nasa.gov/modelweb/models/nrlmsise00.php

lonospheric effects of meteor explosion over North Finland on November 2017

wave pulse from the moment of the meteor explosion to the point of observation is equal to about 660 km. This
distance includes length of a wave guide and an oblique section of a way to wave guide height.

3. Conclusions

Thus, the meteor explosion caused propagation of a shock acoustic wave obliquely up over the place of the meteor
falling. The wave at the height of an atmospheric duct was transformed to the infrasonic pulse and the gravity modes
of internal gravity waves which caused in the case of the waveguide propagation modulation of ionospheric parameters
over the partial reflection radar at the radio physical observatory Tumanny. In some cases intensification of periods
of temporal variations of the ordinary wave amplitude corresponds to resonant atmospheric modes: the acoustic cut-
off period and the Brunt-Viisila period were observed and it gave an opportunity to calculate temperature and sonic
speed at some mesosphere heights.
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STUDY OF HF RADIO WAVES ABSORPTION EFFECTS DURING
X-RAY SOLAR FLARES USING AMPLITUDE CHARACTERISTICS
OF CHIRP SIGNALS

V.A. lvanova, A.V. Podlesnyi, B.G. Salimov, A.A. Naumenko
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia, e-mail: moshkova@iszf.irk.ru

Abstract. Using oblique incidence sounding data obtained over Salekhard-Norilsk and Amderma-Norilsk paths in
2016 we study response of amplitude characteristics to the several M-class X-ray solar flares. We use two approaches
for the analysis of amplitudes. The first approach is based on the evaluation of maximum amplitude for each frequency
of HF radio signal registered at the oblique incidence sounding ionogram. The second approach is based on the
summation of HF signals amplitudes over the frequency range with the step 0.3 MHz with the goal of more accurate
recording of information about the useful signal. We have carried out the comparison of results for both methods. For
the studied X-ray flares we have calculated temporal variations of amplitude sums and maximum amplitudes for the
frequency range of chirp signal registered at the several moments of the solar flares. Decrease of the value of maximum
amplitude sums and maximum amplitudes has been determined for the moments near maximum intensity of the
studied solar flares for the frequencies under 10 MHz. This effect is connected with the increase of HF radio signal
absorption at the D-region of ionosphere while the ionization of D-region is increased during the X-ray solar flare
event.

Introduction
Study of solar activity manifestations in the Earth’s upper atmosphere is one of the most important goals of the space
weather. As it is known there are two main channels of energy transfer from the Sun. The first channel is connected
with propagation of electromagnetic eradiation with various wave lengths, the second one is associated with motion
of charged particles of different velocities and energies. In this study we analyze the short-term influences to the
Earth’s ionosphere connected with the splashes of X-ray solar radiation with wavelengths from 1 to 8 angstrom. As a
result of such influences the sudden ionospheric disturbances (SIDs) are observed. During SID the intensified X-ray
flux enhances ionization of the ionospheric D-layer which increase the absorption of high frequency (HF) radio waves.
This absorption depends on the frequency of HF radio waves [Settimi et al., 2014]. If the frequency is lower the
absorption is higher. Therefore the most attenuation of HF signal during solar flare emission events is at the lower
frequencies. For the frequency range from 2 to 30 MHz the strongest absorption is at frequencies under 10 MHz.
Our previous study has been devoted to the influence of X-ray solar flares (SFs) on the frequency characteristics
of HF radio wave propagation [lvanova et al., 2013]. It was shown that lowest observed frequencies (LOF) are
increased sharply at the maximums of the four investigated M- class solar flares. But generally, for series of other
events connected with solar flares the LOF are not obviously changed especially for the northern paths. Therefore we
have begun analysis of chirp signal amplitude characteristics to find the most evident parameter connected with the
absorption of the decameter radio waves in the D-region of ionosphere. For the two X-ray SFs of X-class on
06.09.2017 we have studied temporal dependencies of LOF and sum amplitudes through the whole ionograms
[Yasyukevich et al., 2018]. But we did not recognize amplitude characteristics of chirp signals for separate ionogram
in dependence of frequency. For the purposes of obtaining the additional riometric information from the vertical and
oblique-insidence sounding ionograms the important task is to compare chirp sounding data with the results of
equipment operated at the several HF fixed frequencies such as Ekaterinburg Coherent Radar [Berngardt et al., 2018].
The aim of this study is to choose the most suitable method for the analysis of the chirp signals attenuation during the
geophysical events of short temporal duration namely X-ray solar flares.

Data
The transmitters in Salekhard (66.5°N, 66.7°E) and Amderma (69.6°N, 60.2°E) are in operation of Arctic and
Antarctic Research Institute (St. Petersburg). The receiver in Norilsk (69.4°N, 88.4°E) is under control of Institute of
Solar-Terrestrial Physics SB RAS. Intervals between soundings are 15 minutes. For our investigation we used data of
Salekhard-Norilsk and Amderma-Norilsk paths because they are located in the field of view Ekaterinburg Coherent
Radar of the CUTLASS SuperDARN class. In our future research we are going to compare OIS amplitude
characteristics with the EKB Radar data.

It should be noted that oblique-incidence sounding (OIS) data are processed by primary filtration. The typical OIS
ionogram is the matrix consisting of the three columns. The first column is frequency, the second one is group path

106



Study of HF radio waves absorption effects during X-ray solar flares using amplitude characteristics of chirp signals

and the third one is amplitude. During the standard processing of OIS ionograms the first and the second columns
from each ionogram are used to obtain distance-frequency characteristic (DFC). Information about amplitudes is used
indirectly to build DFC. But for the purpose of the study of ionospheric D-region response to SF it is necessary to
directly consider amplitudes as energetic characteristic of HF signal.

For our analysis we used two methods. The first approach is based on the selection of maximum amplitude for
each frequency of the OIS ionogram. The second method is based on the summation of amplitudes with the 0.3 MHz
step across the frequency range of the OIS ionogram for the accumulation information about useful chirp signal. Our
amplitude analysis is qualitative because the antenna in Norilsk is not calibrated.

Geomagnetic conditions for the studied periods of X-ray flares were quiet. The periods of X-ray SFs, classes of
the studied flares and summarized Kp-indexes are in Table 1 (http://satdat.ngdc.noaa.gov/, http://wdc.kugi.kyoto-
u.ac.jp/). As we can see in Fig. 1 the X-ray SF on 18.04.2016 had sharp beginning and smooth recession. Two splashes
of X-ray flux on 23.07.2016 registered from 5 UT till 5:33 UT we can consider as one event due to 15-minutes intervals
between OIS soundings.

Table 1. Geomagnetic conditions and periods of studied X-ray flares.

Class of X-ra UT of the UT of X-ray UT of the end
Date Y| start of the flare of the X-ray >Kp
solar flare X
X-ray flare maximum flare
18.04.2016 M6.7 0:14 0:29 0:39 9-
M5.0 1:46 2:11 2:23
23.07.2016 M7.6 5:00 5:16 5:24 13
M5.5 5:27 5:31 5:33
8E-005 — 8E-005 —
GOES X-ray Flux 1-8A GOES X-ray Flux 1-8A
B 18.04.2016 - 23.07.2016
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Figure 1. Variations of X-ray Solar Flux obtained at GOES satellites on 18.04.2016 and 23.07.2016.

Results

As we can see on 18.04.2016 over Salekhard-Norilsk (S-N) and Amderma-Norilsk (A-N) paths strong amplitude
characteristics response to the M6.7 class SF was registered at 0:37UT and 0:34UT respectively (Fig. 2). The main
response over S-N path is for the frequencies near 5 MHz on 18.04.2016 and near 7 MHz on 23.07.2016. Concerning
A-N path the most sensitive frequencies on 18.04.2016 are from 5 to 10 MHz. There was no useful signal at ionograms
obtained over A-N path on 23.07.2016 through the whole day therefore we did not analyze these data.

It should be noted that maximum amplitudes calculations for the separate working frequencies is very sensitive to
electromagnetic noise. For example on 18.04.2016 at 0:07UT for S-N path and on 23.07.2016 at 5:07UT and 5:37UT
for S-N path for the frequencies above 20-25 MHz powerful noise components were registered.

Full absorption of useful signal has been observed at 5:22UT and 5:37UT on 23.07.2016. The method of maximum
amplitudes has not recognized this situation but the method of amplitudes summation has detected the absence of
useful signal decently. From the other hand the noise constituents of HF signal are also sensitive to the increase of D-
region absorption [Berngardt et al., 2018] and for the occurrence of S-N path on 23.07.2016 we can observe the
decrease of the maximum amplitudes over frequency range from 5 to 10 MHz at 5:22UT and 5:37UT compared to
5:07UT. This maximum amplitudes decrease is connected with attenuation of HF signal during M7.6 and M5.5 X-ray
solar flares on 23.07.2016.
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Figure 2. Calculations of amplitude characteristics using both studied methods for the several moments of
enhanced X-ray intensity during SFs and before the SF events.
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Conclusion

For the several X-ray flares of M-classes the response of amplitude characteristics of chirp signals has been analyzed
by two different methods. Sharp decreases of the amplitudes sums and maximum amplitudes have been observed near
maximums of X-ray flux splashes. The most precise result was shown by the method of amplitudes summation because
it takes into consideration absence the useful signal at the OIS ionogram at the moments of the full absorption of the
useful signal during M7.6- and M5.5-classes solar flares on 23.07.2016 over Salekhard-Norilsk path. The strongest
attenuation of HF signals for the moments of the studied solar flares is observed at the frequencies under 10 MHz.
Our future research efforts will be guided to cooperative studies using oblique-incidence and vertical sounding data
over northern region of Russian Federation and Ekaterinburg Coherent Radar data.
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INTERMOLECULAR ELECTRON ENERGY TRANSFER PROCESSES
IN UPPER ATMOSPHERES OF TITAN, TRITON, PLUTO

A.S. Kirillov!, R. Werner?, V. Guineva?

'Polar Geophysical Institute, Apatity, Murmansk region, Russia
2Space Research and Technology Institute of Bulgarian Academy of Sciences, Stara Zagora Department,
Stara Zagora, Bulgaria

Abstract. The simulation of N2(A3Z,*) and CO(a%II) vibrational populations at the altitudes of upper atmospheres of
Titan, Triton, Pluto is made. The simulation includes the consideration of the electronic excitation of N, and CO triplet
states by photoelectrons and the quenching processes in spontaneous radiation and in inelastic molecular collisions.
Upper atmospheres of the planets are considered as mixtures of molecular nitrogen Nj, methane CHy4, carbon
monoxide CO. The influence of metastable molecular nitrogen N2(A3%,*) on the electronic excitation of CO molecules
in inelastic collisions is studied. The role of molecular inelastic collisions in intermolecular electron energy transfer
processes is investigated. It is shown that the increase in the density of upper atmospheres of the planets leads to more
significant excitation of lowest vibrational levels of CO(a®[l) by intermolecular electron energy transfers from
N2(A3Z,*) in comparison with direct excitation of the a®IT state by photoelectrons.

Introduction

Molecular nitrogen N3 is the major molecular gas in the atmospheres of Earth, Titan, Triton and Pluto. The interaction
of high-energetic solar UV photons, magnetospheric particles and cosmic rays with atmospheric molecules causes the
production of fluxes of free electrons in their atmospheres during processes of ionisation [Campbell and Brunger,
2016]. Produced free electrons excite different triplet states of N in the inelastic collisions:

e+ N2(X12g+,V=0) — N2(A3Zu+, Bsng, WsAu, Blszui, C3Hu, VZO) +e. (1)

Emissions of Wu-Benesch, Afterglow, Second Positive (2PG) and First Positive (1PG) bands during spontaneous
radiational transitions

N2(WBA,,V) — No(BIIg,V") + hvwe (2a)
N2(B®Zy V) — No(B3IIg,V') + hvac (2b)
N2(C3Iy,v) — N2(B3Ig,V') + hvaee (2c)
N2(B3[g,v") — N2(A3L,* V) + hvipe ©))

lead to the accumulation of the energy of electronic excitation on vibrational levels of the lowest triplet state A3Z,".
Einstein coefficients of the dipole-allowed transitions (2a-c, 3) are of high magnitudes [Gilmore et al., 1992] and the
emissions of the bands play a very important role in the electronic Kinetics and in a redistribution of excitation energy
between the triplet states of N, on the altitudes of upper atmospheres of the planets and/or their moons.

The main aim of this study is the simulation of N2(A3%,*) and CO(a’Il) vibrational populations in an Np-rich
atmospheres of planets with the admixture of CO and CH, gases. We simulate the populations at the altitudes of upper
atmospheres of Titan, Triton, Pluto for conditions of the interaction with photoelectrons. Special attention is paid to
the study of the contribution of the B3ITg, W3A,, B®Z,~, CI1, triplet states of N in the vibrational populations.

The quenching rate coefficients

Kirillov [2016] has shown that intermolecular electron energy transfers play a very important role in the processes of
electronic quenching of metastable nitrogen N2(A3%,*) in collisions with N2 and CO molecules. Good agreement of
the calculated rate coefficients with a few available experimental data was obtained in that paper. Here in the
simulation of N2(A%z,*) and CO(a®I) vibrational populations we consider the contributions of intermolecular

N2(A3Z,*,v=0-23) + CO(X'Z*v=0) — No(X'Zg"v">0) + CO@ILV) |, 4)

N2(A3Z,*v=2-23) + No(X'Zg*,v=0) — No(X'Zg"v">0) + No (AT, V) (5)

N2(A3E,* v=7-23) + Np(X1Zg*v=0) —> No(X1Zg* v">0) + Ny(B3IIg,V") (6a)
and intramolecular

N2(A3Z,*v=7-23) + No(X'Zq*,v=0) — N2(B3Ig,v") + No(X1Z4*,v=0) (6b)
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electron energy transfer processes in the removal of metastable nitrogen by inelastic collisions with CO and N
molecules. The quenching rate constants of the processes (4, 5, 6a,b) calculated according to analytical formula of
[Kirillov, 2016] at room temperature have been presented in [Kirillov, 2016; Kirillov et al., 2017]. Also we suggest to
consider the quenching of vibrational levels v=0,1 of the A3%,* state in the collisions with N> molecules as
intramolecular quasi-resonant energetic transitions to the X'Z4* state [Kirillov, 2012]

No(A3E,* v=0,1) + No(X!Zs" v=0) — No(X1Z"v"=25,26) + Np(X1Z4* v=0) . @

The values k;(v=0)=3.7x10"'° and kz(v=1)=3.4x10"'° cm3s™! of the quenching constants of the process (7) for the
two vibrational levels are taken according to experimental data by Dreyer and Perner [1973].

The calculations of the rate constants ka(v) for the process (4) by Kirillov [2016] have shown a disagreement with
experimental data by Dreyer et al. [1974] and by Thomas et al. [1987] for vibrational level v=0 of metastable nitrogen.
Here in our calculations we use the experimental value kq(v=0)=1.8x10"'2 cm3s~! measured by Dreyer et al. [1974]
with the quantum exits f4(v=0—v'=0)/f4(v=0—Vv'=1)=5:1 in agreement with theoretical estimations by Kirillov [2016].
Also, the removal rates for the process

N2(A%z,*,v=1-6) + CH4 — products (8)

from [Golde et al., 1989; Herron, 1999] are used in the calculations. Comprehensive quantum chemical analysis by
Sharipov et al. [2016] was carried out to study the processes (8). They have shown that the reaction of N2(A3Z,*) with
CHy, can lead to the dissociative quenching of N2(A%z,*) and the production of H and CH3. Also Golde et al. [1989]
detected H atoms as a product, but were not able to make a quantitative measurement. By studying the reaction with
added CFsH to relax the upper vibrational levels of No(A3Z,*), Golde et al. [1989] deduced that vibrational relaxation
was the principal deactivation process for v>0, in agreement with Thomas et al. [1987], but may be with 12% going
by electronic quenching.

Vibrational populations of N2(A®Z,*) and CO(a°Il) in upper atmospheres of Titan, Triton, Pluto
Vibrational populations of the W3A,, B®X,~, C3I1, states are determined using the equilibrium equations

Vi(ha, =3 A (h) - ©)
where qi is Franck-Condon factor for the excitation (1) of No(X'Z4*,v=0) to the vth level of the ith state with the
population ni, i\? are Einstein probabilities for spontaneous radiational transitions (2a-c). To calculate vibrational

populations nﬁ and nvA for the B3Iy and A3Z,* states we apply the following equations

Veaz+ > D AT () 4+ {ke, (V) +ke, (VN IR () = > ARl (h) (10)
i=W,B,C,A v v \%

Va(h)ar + > AL ng (h) + D ke (v, V)IN,Ing (h) =
v V>V (11)

= {[Ks (V) + Koo (V) + Ky (v) + Ky (IIN, T+ ks (VICH, T+ K, (VICOT + 3 AL +3 AR Inf(h) -

where we take into account not only radiational processes (2a-c,3) but reverse First Positive bands A%z, ,v—B3[Ig,V'
[Gilmore et al., 1992]. The quenching rate constants in the equations (10) and (11) are taken according to calculated
or measured values at room temperature presented in [Kirillov, 2016; Kirillov et al., 2017]. It is suggested
ks(v>7)=kg(v=6) in the calculations.
The calculated population of N2(A3%,*,v) includes the contributions of the channels:
(a) direct excitation of the A3x,* state by electron impact (1),
(b) direct excitation of the B®ITg, W3A,, B'3Z,~, C3I1, states by electron impact (1) and following radiational
transitions (2a-c) and (3).
The calculated population of CO(a%1,v) includes the contributions of the channels:
(c) the processes (a), (b) and (4),
(d) the process

e + CO(XZ*v=0) —» CO"(@,v>0) + e . (12)

To calculate the concentrations of metastable carbon monoxide we use the measured by Wysong [2000] rate
coefficients for the deexcitation processes

CO(a%1,v'=0) + N2 — products (13)
CO(a%I1,v'=0) + CO — products . (14)
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The measured in [Wysong, 2000] values of removal rates kiz(v=0)=1.4x10""! cm3s~! and ki4(v=0)=5.7x10"" cm3s!
are suggested in our calculations for all vibrational levels of the %I state in the inelastic collisions (13) and (14) with
N2 and CO molecules. The radiative lifetimes of all vibrational levels of metastable carbon monoxide CO(a%l) are
believed to be equal to 3 ms according to estimations by Sykora and Vidal [1999] for v=0. Therefore, the vibrational

populations nj‘, of the a1 state are determined using the equilibrium equations
V, (g2 +> A [COIN} (h) = (L.4x10 " x[N,]+5.7x10 " x[COT+ > Alx )n(h) (15)

where SAL ~330 s™! for radiational processes

CO(@ITV") — CO(X'Z* V") + hvcam (16)

The calculated vibrational populations of No(A3%,*v=0-15) and CO(a%1,v=0-10) at the altitudes of 1200, 1000,
800 and 724 km in Titan’s upper atmosphere are presented by Kirillov et al. [2017]. The calculated vibrational
populations of No(A%%,*,v=0-15) at the altitudes of 170 and 320 km in Triton’s upper atmosphere and at the altitudes
of 420 and 660 km in Pluto’s upper atmosphere are shown in Figs. 1 and 2, respectively. The calculated vibrational
populations of CO(a%[1,v=0-10) at the altitudes of 170 and 320 km in Triton’s upper atmosphere and at the altitudes
0f 420 and 660 km in Pluto’s upper atmosphere are shown in Figs. 3 and 4, respectively.

The results of our calculations
show that other triplet states BT,
W3A,, B®,, C°M, play very
important role in vibrational
excitation of the A3Z,* and a°ll
states. The contributions of the
triplet states by radiational
cascades (2a-b) and (3) dominates
in the excitation at lowest
vibrational levels of the A3%,*

10-E o state.
F 320 km © Also, the calculations show
e that the increase in the density of
3 . 6 9 12 0 3 i 6. 9 1215 upper atmospheres of the planets
Vibrational levels Vibrational levels leads to the more effective
Figure 1. The calculated vibrational populations of N,(A3%,*v=0-15) at the ~ excitation of lowest vibrational
altitudes of 170 and 320 km in Triton’s upper atmosphere (solid lines), the  levels  of CO@’M) by the

contribution of the processes (1) and (2a-c,3) are crosses and circles, ~intermolecular process (4). The
respectively. exceeding of the contribution by

N intermolecular energy transfer
process (4) over the contribution
by direct electron impact (16) is
seen at the altitudes of 170 (Triton)
and 420 (Pluto) km. Therefore,
there is a possibility of effective
pumping of electronic excitation
of CO molecules by metastable
molecular nitrogen in Na-rich
atmospheres and the rates of the
pumping increase with the
L 166101klml L l?m enhancement in the density of the
3 6 9 12 3 6 9 12 15 atmosphere.
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Conclusion
Figure 2. The calculated vibrational populations of No(A%z,*,v=0-15) at the ~ Here we have studied the role of
altitudes of 420 and 660 km in Pluto’s upper atmosphere (solid lines), the  molecular inelastic collisions in
contribution of the processes (1) and (2a-c,3) are crosses and circles, intermolecular electron energy
respectively. transfer processes. It is shown that
the increase in the density of upper
atmospheres of Titan, Triton, Pluto leads to more significant excitation of lowest vibrational levels of CO(a’Il) by
intermolecular electron energy transfers from N2(A3Z,*) in comparison with direct excitation of the a’Il state by
photoelectrons.
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Figure 3. The calculated vibrational populations of CO(a®I1,v=0-10) at the altitudes of 170 and 320 km in Triton’s
upper atmosphere: the contributions of the processes (4) and (16) are solid and dashed lines, respectively.
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Figure 4. The calculated vibrational populations of CO(a%I1,v=0-10) at the altitudes of 420 and 660 km in Pluto’s
upper atmosphere: the contributions of the processes (4) and (16) are solid and dashed lines, respectively.
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OCCURRENCE OF THE MAIN IONOSPHERIC TROUGH
IN GPS/GLONASS TEC MEASUREMENTS

1. Shagimuratov?, S.A. Chernouss?, G.A. Yakimoval, I.1. Efishov!, M.V. Filatov?

'Kaliningad department of IZMIRAN, Kaliningrad, Russia; e-mail: Shagimuratov@mail.ru
*Polar Geophysical Institute, Apatity, Murmansk region, Russia; e-mail: Chernouss@pgia.ru

Abstract. For analyses of the trough occurrence in TEC the latitudinal profiles formed from TEC maps over Europe
have been used. GPS/GLONASS observations collected by International European Permanent Network (EPN) were
used to create TEC maps. More than 180 stations from Europe were included in the analysis. The large number of
GPS stations in Europe provides good coverage for GPS data and enable high-accuracy TEC maps with a temporal
resolution of 5 min. The profiles were created with resolution of 1° at fixed longitude of 20°E in latitudinal range 40-
74°N. We analyzed the dynamics of trough minima location for winter (December 2015), equinox (March 2015) and
summer (June, 2015) and accordingly storm days December 20, March 17 and June 22, 2015. During winter and
equinox storms the trough is registered at latitudes of 47-52° N.

Introduction. The middle-latitude ionospheric trough is the main and dominant scale structure, which is identified
in F region of the ionosphere [Muldrew, 1965]. The spatial structure of the trough is presented as the latitudinal narrow
and longitudinal extended depletion in the electron distribution. A theory and mechanisms of the trough formation
were discussed in Moffett and Quegan [1983] and Rodger et al. [1992]. The trough dominates in winter conditions
and is regularly detected in evening and night hours. The occurrence of the trough is essentially differ in varied
longitudinal sectors [Deminov et al., 1992; Karpachev et al., 1996]. The trough was studied by employing different
methods using satellite and ground observations [Tulunay and Grebowsky, 1978; Grebowsky et al., 1983; Whalen,
1989; Werner and Prolss, 1997]. The numerous investigations concerned the occurrence of the trough in F2 region of
the ionosphere. The occurrence of the trough in TEC has been studied in details and for northern hemisphere by
Ciraolo and Spalla [1998] and Pryse et al. [1993]. Recently the studies of structures and dynamics of the TEC trough
were undertaken by Pryse et al. [2006], using radio transmission from new satellites of the Navy lonospheric
Monitoring System. The trough influences HF as well as the transionospheric radio wave propagation [Chernouss et
al., 2015]. Strong latitudinal gradients were already associated with the trough by Wielgosz et al. [2004]. As known,
the severe horizontal TEC gradients can hamper the ambiguity resolution and influence on the accuracy of the GPS
positioning [Wanninger, 1993; Wielgosz et al., 2005]. In these studies we present the analysis of the structure and
dynamics of the TEC trough over Europe for winter, equinox and summer conditions including strong storms of
December 20, March 17 and June 22, 2015.
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Figure 1. Map of GPS/GLONASS stations, which are used in map generation over Europe (left panel). Spatial
distribution of GPS/GLONASS measurements over European region with 15 minutes interval (right panel).

Data and estimation technique

The GPS and GLONASS observations of 150-200 European Permanent Network (EPN) stations were used to create
TEC maps (Fig. 1). The dense GPS/GLONASS stations provided high TEC resolution over Europe. In Fig. 1 (right
panel) the spatial distribution of TEC measurements over Europe are presented. In order to obtain the spatial and
temporal variation of TEC and to create TEC maps, the measurements were fitted to a spherical harmonic expansion
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in a geographic latitude (®) and longitude (®). The TEC maps provide a spatial resolution of 100-300 km and a time
resolution of 5 min [Shagimuratov et al., 2015, 2016]. The trough structure was recognized from latitudinal profiles
which were obtained from TEC maps. The profiles were created with resolution of 1° at fixed longitude of 20° E. An
automatic procedure was developed to identify the trough signatures.

Occurrence of trough during December 2015
Fig. 1 presents geophysical condition (Dst index) for December 2015. The storm started after 17 UT of 19 December.
The strong storm with values of Kp and Dst peaks of up to 7 and 155nT was observed.
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Figure 2. Dst variation for 16-26 December 2015.
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Figure 3. The TEC maps over Europe and latitudinal profiles at 20° E for 19 December 2015.
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Figure 4. Day by day dynamics of latitudinal profiles over Europe during December 2015.

As shown in Fig.

3, the trough structure is very well recognized on TEC maps in morning and evening hours. The

trough signatures are demonstrated on latitudinal profiles as the minimum values of TEC with well defined equatorial
and polar walls. The deepest of trough minima is observed during time interval of 00-06 UT. The time develop of
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TEC trough is coordinated with another observations and it demonstrate local time dependence. As seen, latitudinal
profiles shown the lowest location of trough was near 55°N.

Fig. 4 shows the behavior of dynamics of latitudinal profiles during 20 December. During storm day of 20
December the positive effect is observed. The picture shows that profiles are very variable in night time. In winter
conditions the trough structure can see every day.

For quiet days the average location of trough minima was obtained. The location of the trough minima in the storm
day of 20 December is lower than during the quiet period (Fig. 5, left). During storm day, the sharp decrease of TEC,
which was associated with the trough, was observed in daytime. In evening hours the trough was recognized at the
latitudes lower than 50° N. It is known that the trough location is essentially depending on geomagnetic activity. The
variation of the trough location with Kp is shown in Fig. 5 (right)
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Figure 5. Latitudinal location of trough over Europe at 20° E for storm day of 20 December (dots) and the
average(cross) for December 2015(right), Scatter plot of latitudinal location of trough vs Kp for 19 UT December
2015. The red line shows a linear fit to the data.

Occurrence of trough during March 2015

In fig.6 the behavior dynamics of latitudinal profiles for March is presented. Similarly, December the profiles
demonstrated the trough structure. During quiet conditions location trough minima is occurred in latitudinal range 60-
68° N. The trough is regularly detected in night hours. During strong storm of 17 March, as well the December storm,
positive effect took place. On recovery phase of storm (18-20 March) negative effect is prevailed. In storm days the
trough is observed even day time hours (Fig. 7) Storm period the trough cuts down until 47°N.
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Figure 6. Day by day dynamics of latitudinal profiles over Europe during March 2015.

Remark to occurrence of trough during June 2015
During summer trough do not registered on under consideration latitudes. The trough was observed only during strong
storm day of 22-23 June 2015 (XKp~42, Dst~ -200nT). The trough structure was weakly pronounced. The relation of
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TEC in the trough minimum to the equator and polar walls amounted to a factor 1.5-2.0. The lowest location of trough
was near 55-70°N in night hours.

Summary

75 F Foranalyses of the ionospheric trough
70 \ pal I . o || — the TEC latitudinal profiles were
65 Fo— eea o, = formed from TEC maps. More than
60 3 ,4’ e | ‘AN § © 180 GPS/GLONASS  European

= stations were included in the analysis.
55 | | | | | | | | | = We analyzed the dynamics of
50 F  trough minima location for winter
45 £ (December 2015), equinox (March,

2015) and accordingly storm days of
0 6 12 18 0 6 12 18 0 6 12 18 24 20 December, 17 March. In winter the

17 March 2015 18 March 2015 19 March 2015 trough was regu|arity registered
during quiet as well as disturbed days.
In quiet geomagnetic condition, on
average, the low location the trough
was occurred at 60°N of geographic
latitude in night time. In day time the trough was raised higher than 73°N. The relation of TEC in the trough minimum
to the equator and polar walls amounted to a factor more than of two. During storms 20 December 2015 trough shifted
to equator, the lowest location of trough was near 50-51°N. During 15 March 2015 the trough in whole was located
at latitudes higher than in December 2015. During strong storm of 17 March 2015 (£Kp~48, Dst~ -223nT) the lowest
location of trough was low than 50°N.

Figure 7. Latitudinal location of trough during storm 17 March 2015
(dotes). Trough location for quiet day of 15 March (cross).
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Abstract. Polarisation Jet, or SAID (SubAuroral lon Drift), is a narrow band of fast westward convection which can
appear during geomagnetic substorms in the subauroral zone approximately along the nightside plasmapause. It causes
strong heating of subauroral plasma due to collisions and fast plasma outflows. It results at F-region altitudes an
upward or downward plasma motions, a narrow drop in density, or "trough in the trough", changes in ion composition,
an electron temperature peak, weak SAR-arc, density inhomogenieties and other effects. Data on ion drifts and field-
aligned ion outflows from Kosmos-184 and DE-2 satellites at ionospheric altitudes are analysed. Model calculation
have shown that bi-Maxwellian ion distributions resulting from perpendicular ion heating in regions where the
magnetic field is inclined to the satellite velocity vector, can produce vertically asymmetric fluxes in a driftmeters
frame which mimic fast field-aligned ion flows. It is shown that in many cases the data within the Polarisation Jet are
consistent with the contribution of the perpendicular ion heating as an additional cause of the observed fast convection.

Introduction

The Polarisation Jet is a subauroral narrow supersonic westward stream of ionospheric ions at, or close to, the
equatorial edge of the convection during a storm. It was first measured in 1967 from the Kosmos-184 near-Earth
satellite and described in [Galperin et al., 1973, 1974]. Later it was rediscovered by [Smiddy et al., 1977] and named
SAID (SubAuroral lon Drift) by [Spiro et al., 1978]. Then it was studied experimentally in many papers from satellites,
incoherent and coherent radars and from ground-based ionograms and ionospheric drift data.

We retain here the original name of the phenomenon, the Polarisation Jet (PJ) introduced in [Galperin et al., 1973,
1974]. It is distinct from other types of subauroral ion drifts, such as due to substorm-enhanced neutral winds, effects
of gravity wave dissipation, substorm electric field penetrations to lower latitudes, all of which may be observed at
subauroral latitudes.

It was found that PJ occurs at the nightside in the poleward part of the ionospheric main trough. It coincides, at the
non-sunlit F-region, with a deep narrow drop in the electron density. This ionospheric feature was called the "trough
in the trough" in [Filippov et al., 1984]. After creation of the "trough in the trough", it can persist for some time even
without the rapid PJ flow (i.e. after the decay of the driving electric field) thus contributing to the "fossil trough™.

A narrow peak of the electron temperature, Te, corresponds to this drop of electron density, Ne. It results in a band
of enhanced 630 nm emission excited by the hot tail of thermal electrons; this optical feature is often called the
SubAuroral Red Arc (SAR-arc). Usually a SAR-arc associated with a PJ, and "trough in the trough", has the red line
intensity of less than 1 kR [Alexeyev et al., 1991; Foster et al., 1994]. Strong westward drifting F-region
inhomogeneities accompany the PJ and produce specific oblique spread echoes on subauroral ionograms (see,
[Filippov et al., 1984]). Thus the ionosondes can be used for the ground-based identification and location of the PJ.
We note that such inhomogenieties can produce effective perpendicular ion heating by electrostatic waves and, when
collisions are slow or absent, an ion conic formation.

Instruments and Data Sets
The Kosmos-184 satellite was launched on October 30, 1967, the orbit was circular at 630 km with 83° inclination.
The satellite was oriented along the satellite velocity vector. The data were received till the end of November, 1967.
The Kosmos-184 instrument was oriented along the satellite velocity vector. It consisted of four identical narrow
field Faraday cups, forming a horizontal pair and a vertical one, with an angle 18° between the axes in each pair. The
difference current within each pair was registered as a measure of the respective ion drift transversal velocity
component, Vcross in the horizontal plane, and Vvert in the vertical plane. The telemetry read the measured
parameters, \/cross, Vvert and Ni, once in 4 seconds and an orbit memory was available during late October-November
1967. The data treatment procedures are described in [Galperin et al., 1973].
The DE-2 drift-meter instrument consists of the Faraday cup with the current-collecting plate rectangularly split
to four parts. Difference currents in pairs and total ion current are measured which allows to measure Vcross, Vvert,
Ni. Using the retarding potential sweep it is also possible to evaluate partial concentrations of main ion components,
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ion temperatures and by their relative positions, the ion drift velocity component along the satellite velocity and the
satellite's potential in respect to plasma.

Number of cases

Number of cases

DE-2 and Kosmos-184

Number of cases

] 35

Figure 1. The statistical distributions of the PJ cases.
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Figure 2. The mutual dependence of vertical and horizontal
velocities in the PJ.

The detailed comparisons of such data with the
independently measured electric field data from the
same satellite DE-2 performed by [Hanson et al.,
1993] showed an excellent agreement to the
precision of about 1 mV/m or better for the latitudes
under consideration here.

Statistics on Polarisation Jets

We take as a working definition of a PJ crossing the
westward drift velocity Vcross threshold value of 1
km/s in order to surpass most of the effects of wind
velocities in subauroral ionosphere at disturbed
times. From the existing experience the PJ
crossings are located at, or close to, the equatorial
boundary of the large scale convection at the
nightside. The data set considered in this study
covers 92 cases of PJ crossings at altitudes from the
DE-2 perigee ~300 km till about 950 km, collected
during 1981-1982 and 6 cases from the Kosmos-
184, at altitude 630 km, collected in 1967.

The statistical distributions of the PJ cases
considered are presented in Fig. 1. They show that
the interval of the PJ registration was mainly in the
premidnight sector 19.00-24.00 MLT; in most
cases (about 75 percent both), the Vcross and Vvert
were in the range from -3000 to -1000 m/s and from
-200 to 400 m/s, respectively; the invariant latitudes
of the PJ registration mainly were at 55 - 65 degrees
(about 80 percent); and the PJ was observed during
moderately disturbed periods of the geomagnetic
activity.

Fig. 2 shows the mutual dependence of vertical
and horizontal velocities in the PJ.

Fig. 3 shows that the average Vvert values
within PJ events are altitude dependent. It shows
that while at high ionospheric altitudes the field-
aligned flows observed are nearly always upward,
at the altitudes around the F-maximum and below
both upward and downward flows are observed.
The field-aligned flow velocities, especially
upward velocities, can reach very high values (up
to 0.5-2 km/s) at low altitudes where collisions
would not allow sonic and supersonic MHD flows.
These exceptionally high outflow velocities occur
only when Vcross > 2 km/s.

To demonstrate the problem for interpretation
they present, we plotted a velocity-altitude
dependence from one of our MHD calculations
with the TUBE model [Grigoriev, 1991] of the
Vvert on the Fig. 3 together with two other sample
model calculations published in literature by [Sellek
et al., 1991; Korosmezey et al., 1992]. These model
results correspond to different numerical schemes
and particular conditions. However, they
consistently show that only subsonic field-aligned
flows (ion diffusion downward) are possible within
the MHD models applied.
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Ground-based data

According to the data of vertical sounding and Doppler
measurements at Yakutsk station in 2006-2012 the 44
events of PJ were considered. The event statistics showed 900
in Fig. 4. Here, 0 hour in the abscissa axis is the time of ]
the horizontal velocity maximum in PJ event. It can be |
seen that the vertical velocities in the PJ event obtained for 700
all events have two peaks, approximately 1 hour before the 1
maximum of the horizontal velocities and 1 hour after. The
nature of this behavior of vertical velocities can be
explained as follows: the first peak appears due to Joule 1
heating; further, at a maximum of the horizontal velocity,
the neutrals are already involved in the motion and the 3004 !
velocity difference is less, consequently, the heating is £33

less. After a maximum of horizontal velocity, the ions are R T R T IR PR T Py W
braked and the neutrals move according to the old velocity, Vyerts /s

and the difference in velocities again increases and, as a

from the altitude of their measurement on satellites.

Model calculations by [Sellek et al., 1991] (1),
Mathematical modeling of the Polarization Jet [Korosmezey etal., 1992] (2) and [Grigoriev, 1991] (3).

influence at ionospheric heights
In this study we use a mathematical model of the high-

1000

800

Altitude, km

K & (%) Kosmos—184

1.0

latitude ionosphere in Euler variables which taking into B ) ol )
account the discrepancy between geographic and E R*=0.9071 . N=#
geomagnetic poles [Gololobov et al., 2014]. = o8-
The basis for the calculation: Solar activity F10.7 = Fé )
150; Geomagnetic activity Kp < 3; Vernal equinox; § .
Electric field E = 50 mV/m, or Horizontal velocity = 1000 2 089 *
m/s; Vertical velocity = 100 m/s; Latitudinal Width = 4 = .
degrees; 12-24 Local Time. 2 o AN
E
2 a
Summary 02 . . - ;

* DE-2 and Kosmos-184 satellites data shows that heat 06
flux in the PJ events is generated at the ionospheric .
altitudes due to collisions and propagates both upward, in B s] R=03997 N=44
the magnetosphere, and downward, to the lower gcl .
ionosphere. The enhanced electron temperature most = 0.4+ . ® o
likely leads to a SAR-arc formation. & *

* It is found that the vertical upflows cannot coincide z %3 - .
with the maximum of the horizontal velocity in the B ool %
Polarization Jet event. Vertical velocities in the PJ event ﬁg ' R
have two peaks, approximately 1 hour before the S 011
maximum of the horizontal velocities and 1 hour after. b

* Model calculations have shown that the PJ affects the 0.0 T T : r T

structure of the ionosphere. At horizontal velocities (v =

1000 m/s), a sharp drop in the electron density of the F

layer is observed at the interval where the electric field is

turned on. At vertical velocities (v = 100 m/s), an electron ~ Figure 4. Horizontal and vertical plasma velocities

density and height are increases in F layer maximum atthe ~ within  PJ band. The thick curves are the

interval where the electric field is turned on. approximating lines, the points - normalized velocity
values.
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Figure 5. Daily variations of electron concentration at the maximum height of an F2 region by model calculations:
a - taking into account the horizontal velocity only; b - taking into account the vertical velocity only; Dashed line
is without taking into account the PJ velocities. ¢ - the diurnal variation in the parameters of foF2 (thick line) and
h'F (thin line) on March 4, 2003, Yakutsk.
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OBPA3OBAHUE U TAIIEHUE COCTOSIHUM I'EPLIBEPT A
MOJIEKYJIAPHOI'O KUCJIOPOJA HA BBICOTAX CBEUEHUA
HOYHOI'O HEFA IIVIAHET 3EMHOM I'PYIITIBI

0O.B. Arronenko, A.C. Kupnmnos, F0.H. Kynukos

’

@I'BHY “lonspuwiii ceogpusuneckunt uncmumym”, 2. Anamumot, Poccus

AHHOTauus1. O6CyKIar0TCs IPHHINMHAIBHBIC PA3IHYUsI KHHETHKH BO30YKICHNUS SJIEKTPOHHBIX YPOBHEH SHEPT UK
KHCIIOPOAHBIX COCTaBJIIOIINX B aTMoc(epax rianeT 3emun, Berepsr. [Toka3ano, 4To paccunTaHHbIC KOJeOaTeIbHbIC
HACEJICHHOCTH cocTosHUK [epribepra HMEIOT pa3NMYHYI0 3aBHCHMOCTh OT KoJeOaTeIpbHOTO HOMeEpa I
paccMOTpeHHBIX citydaeB. HaOumomaeTcss xopolree coriacie pe3ylbTaTOB pacdeTa ¢ pe3yiIbTaTaMH HA3E€MHBIX
HaOJTIOEHUH ¥ CHEKTPAIbHBIMU JAHHBIMH, TTOJTyICHHBIMH ¢ 00pPTa KOCMUYECKHUX JIETATEIbHBIX aIIapaToB.

1. BBenenne

MonekynsipHbiii kuciopo Oz — 3To BTOPOH MO coJiepkaHuto (mociie MOJIEKyISIpHOTO a30Ta N2) U3 OCHOBHBIX T'a30B
B atMocepe 3emiu. B Bepxueit atMochepe 3emin 3G (GeKTHBHO MPOTEKAaeT Mpoliece AuUccoruanuu Moyekyn O»
cosiHeuHbM Y@ uznyuyenueMm (potonsl YD <240 um )

Oz+hv—0+0, @)
COOTBETCTBCHHO, B BepxHei atMocdepe Berepsr (potorsr YO < 169 am) aucconunpyrot CO; :
CO;+hv— CO+O0, )

YTO MPUBOAMT K 00Pa30BAHUIO OTHOCHTENIFHO BHICOKMX KOHIIEHTpaNuii aToMapHOro kucioposaa O Ha BeICOTax Oosee
80 kM, ¢ MakcuMyMOM 0Ko0J10 95-100 kM Ha 3emuie u Ha BbicoTax = 75 -120 kM Ha Benepe.

Takum 00pa3oM, Ha BBICOTAX CBEUYCHUS HOYHOTO Heba 3THX IUIAHET CO3JAIOTCS BBICOKHE KOHIIEHTPAaLUU

aToMapHoro kuciopoaa O.
Kpome Toro, npu TpoiHBIX CTOJIKHOBEHHSIX B aTMOC(epax MIaHeT 3eMHOU TPYIIIIbI

0+0,+M—03+M 3)
C y4acTHeM aToMa U MOJIEKYJIbI Kucioposa (rae M — 9To TpeThs YacTHIla MPU CTOJIKHOBEHUH) 00pa3yercst 030H Os.
Ha BricoTax cTparocepbl 3eMili 030H HAXOAUTCS B JOCTATOYHOM KOJIMYECTBE, YTOOBI 3AIUTUTD )KUBbIE OPraHU3MBI
oT mary0HOTo Bo3IeHCcTBHA yiupTpaduoieroporo mrydeHus Conamna: YO-b (280-315 am).

WHnmkaTopoM Hanu4aust KUCIOpoa B aTMocdepe IUIaHeT SBISIOTCS CBEUEHNE PA3IIMYHBIX 110JI0C Y MOJEKyIsl O2.
Ha puc. 1 npuBefieHa cxeMa TPEX 3JIEKTPOHHO-BO30YXKIEHHBIX cocTosHuil Iepudepra (¢'Zy, A®A,, ASL,Y), nByx
CHHIJIETHBIX cocTosiHmii (alAg, b'Zg"), n ocHoBHOro X3%y cocrosuus Mosekynbl Oz, a Takke yKasaHbl Ha3BaHHS
CHCTEM I10JI0C, U3JTy4aeMbIX MPHU CIIOHTAHHBIX MEpeXoJax MEXKAY Pa3IMIHBIMU COCTOSHHSAMH, KaXK10€ U3 KOTOPBIX
HaXOJATCS HUXKeE JIMCCOIMOHHOr0 npesena monekyisl Oz (~41300 cm™!, 8065 cvm™! = 13B).
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Pucynox 1. DnexTpoHHbIE Iepexo1sl BHYTPH MoeKysl Oz,

122



O6pa306anue U eawieHue coCmosiHuLL Fepuﬁepea MONEKYIAPHO20 Kumopoz)a HA BbICOMAX C8EUEHUSI HOUHO20 Heba

Lenb nanHO# pabOTHI — MPEACTAaBUTH PE3YJIBTATHI KCIIEPUMETANBHBIX U TEOPETHUECKHUX HCCIIEA0BAHUI CBEYECHUS
MoJeKyJsipHoro kucinopoga Oz B atMoc(epax IIaHET 3€MHOW TPYIIBI, a TaKXKE PAacCMOTPETh MPUHINIHAIBHBIC
pa3nuuus KHHETHKHA BO30YKAEHHS 3JIEKTPOHHBIX YPOBHEH 3HEPIMH KHCIIOPOAHBIX COCTaBIIOMIMX B arMocdepax
IJIAHET 3€MHOM TPYIIIIBL.
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Pucynok 2. CriekTp cBedeHHs HOUHOTO Heba 3emnu B auanasone 240-440 um (2400-4400 A) [2].

2. CBeueHHe IUIAHET HOYHOTO Heda 3eMHOI IPynnbI

HawuGornee 4eTko cBeYeHHE MOJIEKYJISIPHOTO KHCIIOPO/ia IIPOCIIEKUBACTCS B CIIEKTPaxX CBEUEHHsI HOUHOTO Heba 3emiu
[1]. Eme B Hauane 60-x rooB nporioro Beka cotpyannkamu MOA PAH Kpacosckum B.U. u llleobiv H.H. Obun
ONyOJIMKOBaHbI CIIEKTPHI, T/Ie YETKO ObLIO T0Ka3aHo npucyTcTBue monoc Iepubepra | (A3E, —X3Z, v'=1-13) B
nuanazoHe 300-450 M. JlanpHelimue u3MepeHHs CIEKTPOB HOYHOIO HeOa aMepHKaHCKMMH HCCIeoBaTensIMu [2]
TaKKe yKa3alu Ha MHTEHCHBHOE cBeueHue nosoc Yembepiena (A%A,,v=0—alAq,v'=4-8) (puc. 2).
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PucyHok 3. Criektp cBeueHHUst HOYHOTO Heba BeHepbl ¢ opOuTaIbHOr0 KOCMUYecKoro ammapara Venus-Express [8].

CnexTpbl HOYHOTO cBedeHHs arMocdepsl BeHepsl, MoigydeHHbIE ¢ MOMOLIbI0 MH(PAKPACHBIX CIIEKTPOMETPOB
VIRTIS u SPICAV/SOIR, ycraHOBICHHBIX Ha ammapare KocMuueckoro AreHctBa «Benepa-Dkcmpecey,
ucciIeqoBaTeIsM, YYacTBOBAaBIIMM B pa3pabOTKe 3TUX NPUOOPOB W IOJArOTOBKE OSKCIHEPHUMEHTOB C HHMH,
IpelCTaBHIaCh BOBMOXKHOCTE 0oJiee IeTaIbHO N3YYUTh CBEYEHHE MOJIEKYJI KHCIOpOaa Ha HOYHOH cTOpoHe Benepsl.
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B 2013 r. Migliorini et al. [2013] omy0OnukoBamu CHEKTp CBeueHHs] BeHephl, MOJIYYCHHBIH € OpOUTANBLHOTO
KocMH4ecKoro ammapara Venus-Express, ocaaménnaoro criekrporpadgom VIRTIS (puc. 3)

DTH aBTOPHI OKA3a/M, uTo KpoMe nojoc Iepudepra Il (C1Z,~,v=0—X3Z4",v'=3-13) B creKTpe CBeYEHUs HOYHOTO
HebOa B aTMocdepe Bernepsl nmeroTes Taxke monockl YembepiieHa. [lpiudem Ha Benepe 3Tu mepexoasl MPOUCXOIsT
TOJIBKO C HYJICBBIX YPOBHEH Ha HEHYJICBBIE YPOBHH HIDKEIEKAIMX COCTOSHHH.

Takum 00pa3zoM, B pe3yibTaTe HaOJIIOACHUH CIIEKTPOB MOJIOC MOJEKYISIPHOTO KUCIOPOJa B CBEUCHUH HOYHOTO
Heba 3emnu 1 Beneps! OpUT0 00HAPY)KEHO WX MPUHIUIHAIBHOE pa3lindne: IIHPOKHiA criekTp nojoc ['epmbepra | u
Yembepnena, B atmoctepe 3emnn (puc. 2) u cucreMa moinoc ['epubdepra |, ¢ He3HaUUTENBHBIM BKJIAIOM IIOJIOC
Yembepnena (puc. 3), mpuuéM B HOYHOW armochepe 3eMin TepexoIbl OCYIISCTBIIIOTCS C HEHYJIEBBIX
KonebaTenbHpIX ypoBHel coctosHuit AST*, (v=6) u ASA,, (v=6-7) B HouHoOl aTtMoc(epe BeHepbl mepexobl
OCYILECTBJIIOTCA € HYJIEBOT0 K0J1e6aTebHOro ypoBHa cocTosnuit CZy~,(v=0), u A®A,,(v=0).

3. Pe3yabTaThl MOAETHPOBAHHUS KOJIe0aTEILHON HaceJleHHOCTelH B aTMocdepax 3emiu u Benepsol
Ha puc. 4 npuBeseHs! paccunTaHHbIe KojieOaTenbHble HACEIEHHOCTH COCTOsHMI ['epridepra MojIeKysl KHCIopoaa
(c'Zy, ABA,, A’Zy) na BeicoTe 95 KM B arMocdepe 3eMiti. AHAIOTHYHEIE Pe3yIbTaThl PACUETOB Ui BBICOTHI 100 kM
B atMocdepe BeHepsl Takxke IpUBe/ICHBI Ha puc. 4.
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KonebaTtenbHble ypoBHU KonebartenbHble ypoBHM

Pucynok 4. Paccuntannbie KojebaTeIbHbIE HACEIEHHOCTH cocTostHuM [epubepra (¢, A®A,, ASL,) Ha BBICOTE
95 xm B atMocdepe 3emun 1 Ha BeicoTe 100 kM B atMocdepe BeHepsr.

Kak 66110 moka3aHo B [9], 3anpelieHHbIi 110 CIIUHY IPOIIEeCC
O2(A"Ay,V) + CO2(0,0,0) — O,(c'Z,~,v'=v) + CO»(1,0,0) , 4

KOTZIa MOJIEKyJIa KHCIOposa Tepexonut u3 AA, B ¢1X,~ cocrosnue, a B Monexyne CO;, MpouCXoauT BO30YKIAEHHE
CUMMETPHYHON KoJieOaTeNIpHOW MOJBI, YCKOpSET Tpolecc IepeHoca »Hepruu. IloaToMy B JONOJTHEHHE K
pa3pereHHBIM TI0 CIIMHY MPOoIeccaM TalleH st COCTOSHUS ObLT yuTeH nporiecc (4).

TakuM 00pa3zoM, Kak MOKa3adu pPe3yabTaThl pacueToB (CM. puc. 4), Uit ciydas aTMocdepbl 3eMIn MaKCUMyM
OTHOCHUTEJIHON HACeJIEHHOCTH TPHIUIETHBIX cocTosHWi ['epudepra B HOYHOW armocdepe mpuxomutcs Ha 6-8
KosiebaTenbHble YpOoBHHU. [103TOMY B ClieKTpe CBEYEHHs] HOUHOTO Heba 3eMin HaOJIIOAAI0TCsS Pa3iIMyHbIe MOJIOCHI,
00YCIIOBJIEHHBIE M3JTyYaTENLHBIMH TIEPEXOIAMH C 3THX U OJIM3JIEkKANIMX KOJIEOaTENbHBIX YPOBHEH cocTostHui AT,
u ASAy (puc. 1). Ina armocgepsl BeHepbl, rie JOMHHHPYET ABYOKHCh YIJIEPOJA, PACUETH MOKA3allM, HTO
CTOJIKHOBUTEJBbHBIE MPOIIECCH MPUBOJAT K aKKyMYJISIIMHM SHEPTHH Ha HYJIEBBIX KOJIEOATEIbHBIX YPOBHIX COCTOSTHUN
c'Ty u A®A. TlosTOMy TpM CHEKTPAIbHBIX HAOJIOJIEHUAX ¢ KOCMHYECKHMX JIETATENBHBIX anmnapartos [6, 7, 8]
HaOmonamucy nostockl ['epudepra |l m YembGepnena, oOycioBI€HHBIE CIIOHTAHHBIMH IIEPEXOAaMH C HYJIEBBIX
KoJie0aTeNbHBIX YPOBHEH YKa3aHHBIX COCTOSTHHM.

5. 3akni0ueHue

OOHapy»eHO HMPUHLUITHAIBHOE PAa3INYhe CIIEKTPOB MOJIOC MOJEKYJSIPHOrO KHCIOPOJa B CBEYCHHH HOYHOrO Hebha
3emuin 1 Benepsl: mmpokuit ciektp mosioc ['eproepra | u UemOepiena B cBedeHHH aTrMochepsl 3eMIId, CUCTEMA
nmosioc ['epudepra Il, ¢ He3HaunTeNbHBIM BKJIAIOM mosioc Yembepnena B atmocdepe Benepsl. IlokazaHo, dTo
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06[7&3080}1116 U eawieHue coCmosiHuLL Fepuﬁepea MONEKYIAPHO20 K'MC/ZOpO()a Ha 6bICOMAX CBEUEeHUs HOUHO20 Heba

pacCUUTaHHBIC KoJieOaTeIbHBIE HACEICHHOCTH COCTOSHHM Fepu6epra UMCIOT PA3JINMIHYI0 3aBUCUMOCTb OT

KOJI

ebaTeTpbHOr0 HOMEpa AJIsl PACCMOTPEHHBIX CITydaeB:
- MAaKCUMYM OTHOCHTEIBHOH HacelIEHHOCTH cocTosHui ['epridepra B HOUHOM aTMOcdepe 3eMITi IPUXOINTCS Ha
5-7 (Tepubepr 1), 6-8 (I'epubdepr 3) xonebaTeTbHBIE YPOBHH.
- AKKYMYJISILMS SHEPTHHU HA HYIEBbIX KoJebaTenbHbIX YPOBHAX cocTostHui C'Zy~ u ASA, B HouHOl aTMocdepe
Benepsl.

bnazooapnocmu. PaGota Beinonsena B pamkax nporpammbl [Ipesunuyma PAH Ne 28 “Kocmoc: uccnenoBanue
(yH/IaMEHTaNIbHBIX MTPOIIECCOB M X B3aUMOCBSI3eH ™.

JIn
1.

10.

Teparypa
Krassovsky V.., Shefov N.N., Yarin V.I. Atlas of the airglow spectrum 3000-12400 A. // Planetary and Space
Science, 1962, v.9, Ne12, p.883-915.

Broadfoot A.L., Bellaire P.J., Jr. Bridging the gap between ground-based and space-based observations of the
night airglow. // Journal of Geophysical Research, 1999, v.104, NeAS, p.17127-17138.

Krasnopolsky V.A. Venus night airglow: Ground-based detection of OH, observations of O, emissions, and
photochemical model. // Icarus, 2010, v.207, Nel, p.17-27.

Krasnopolsky V.A. Solar activity variations of thermospheric temperatures on Mars and a problem of CO in the
lower atmosphere. // Icarus, 2010, v.207, Ne2, p.638-647.

Rodrigo R., Lopez-Moreno J.J., Lopez-Puertas M., Moreno F., Molina A. Neutral atmospheric composition
between 60 and 220 km: A theoretical model for mid-latitudes. // Planetary and Space Science, 1986, v.34, Ne§,
p.723-743.

Kpacnononsckuit B.A., Kpeicbko A.A., Poraues B.H., IlapmeB B.A. CnexTpockomust HOUHOTO CBEUEHUS
Benepsr Ha AMC Benepa-9 u Benepa-10. / Kocmuyeckue uccnenoBanus, 1976, T.14, Ne5, ¢.789-795.

Slanger T.G., Black G. The O,(C3A,—a'Aq) bands in the nightglow spectrum of Venus. // Geophysical Research
Letters, 1978, v.5, Nel1, p.947-948.

Migliorini A., Piccioni G., Gerard J.C., Soret L., Slanger T.G., Politi R., Snels M., Drossart P., Nuccilli F. The
characteristics of the O, Herzberg Il and Chamberlain bands observed with VIRTIS/Venus Express. // Icarus,
2013, v.223, Nel, p.609-614.

Kupunnor A.C. MojenupoBaHue HaceleHHOCTEH KoyeOaTeNbHBIX YpPOBHEH COCTOSHUN MOJIEKYJISPHOTO
KHCJIOPOJa, HCXOMHBIX I mmoJtoc ['epridoepra, Ha BEICOTax HIDKHEH TepMocdeps! u Me3ocdepsl. // ['eomarneTusm
u Asporomus, 2012, 1.52, Ne2, ¢.258-264.

Kirillov A.S. The calculation of quenching rate coefficients of O, Herzberg states in collisions with CO2, CO, Na,
02 molecules. // Chemical Physics Letters, 2014, v. 592, p.103-108.

125



“Physics of Auroral Phenomena”, Proc. XLI Annual Seminar, Apatity, pp. 126-128, 2018 @ Polar

. . Geophysical
© Polar Geophysical Institute, 2018 msﬁﬁn’e’

DOI: 10.25702/KSC.2588-0039.2018.41.126-128

O EHKA KOHIEHTPALIMU NO B OBJIACTHU MMOJISIPHBIX CHHHH?I
IO JAHHBIM HAZEMHBIX ®OTOMETPUYECKUX HABJIIOAEHUU

JK.B. lamkepuy, B.E. lBaHoB
@I'BHY “Honsapuviii ceopusuueckuit uncmumym”, 2. Anamumsi, Poccus; e-mail: zhanna@pgia.ru

AnHoTauusl. [Tony4yeHsl oneHKH cojepikanust okuck a3ora NO B 001aCTH MOJSIPHBIX CHSAHUIA, CIETAHHbIE HA OCHOBE
aHaJIM3a Ha3eMHBIX (DOTOMETPHUYECKHX M3MEPEHUH MHTeHCUBHOCTEH aMuccuit 427.8, 557.7 u 630.0 um. IlokasaHo,
YTO KOHIIEHTPAIUs OKHCH a30Ta B MAKCUMYME €€ BBICOTHOTO Npoduiis nexuT B uaTepsaie ot 1-108 no 3.3 -108 cm3,
[TonyueHHBIE OLIEHKH CBUAETEILCTBYIOT 00 OTCYTCTBHH NMPSIMOW KOPPEIALMH MEXIY WHTEHCUBHOCTHIO CBEUCHHMS
smuccun 427.8 HM U BETUUMHON KOHIIEHTPAIUK OKHCH a30Ta.

Brenenmne

Bo BpeMs1 BRICHITIaHHS 3apsKEHHBIX YACTHII B aTMOc(hepy 3eMITH MPOUCXOIUT 00pa3oBaHNE OKHCH a30Ta B MOJISIPHOM
nonocdepe. M3-3a GONBIIOrO BpeMEHH JKU3HU OKKCh a30Ta MOYKET HAKaIUIMBaThCsl B atmocdepe, u cogepxkanue NO
MOJKET OTPEACIATHCS MPOIOKUTEIILHOCTHIO0 M HHTCHCUBHOCTBIO TIOJISIPHBIX CHUSTHHIA.

[IpsiMbie Macc-criekTpoMeTpudeckue usMepeHust kKoHIeHTpanud NO HemocpefCTBEHHO B MONSPHBIX CHUSHHIX
orcyrcTByOT. Ornienku conepxkanuss NO B aBpopajbHOIl 30HE C/IENaHbl HA OCHOBE aHAJIN3a PAKCTHBIX HU3MEPCHHIA
160 HMOHHOTO cocraBa atMochepsl, 6o wHTeHCHBHOCTH NO2 KOHTHHYyMa B smuccuu 520.0 um [Swider and
Narcisi, 1977; Sharp,1978], a Taxxe aHai3a CIyTHUKOBBIX n3MepeHuit uatencusHoctH moiockl NO (1-0) [Rush and
Barth, 1975; Gerard and Barth, 1977; Gerard and Noel, 1986; Siskind et al.,1989]. Cnenannble OLEHKH
koHneHTparusa NO mnexar B fuana3oHe OT 107 10 10° em3.

B cBs3u ¢ 3TUM TpeAcTaBIsIeTCs aKTyalbHBIM ITIOMCK BO3MOXHOCTEH AuarHocTuku coaepkanust NO no manHbIM
ONTUYECKUX HAOIOJICHUN KOHKPETHRIX (DOpM MOJISPHBIX CHSHUH, MPOBEACHHBIX KaK C TIOBEPXHOCTH 3EMITH, TaK U C
00opTa KOCMUYECKUX aImapaToB.

Juarnoctuxa NO B 00/1acTH NOJMAPHBIX CUSTHUIT
PaccMOTpHM BO3MOXKHOCTB JUArHOCTHKH ‘“MIHOBEHHOT0” coziepxanust NO B 00s1acTi MOJISIPHBIX CUSIHUI 1O JAHHBIM
U3MEPEeHUIl HHTEHCUBHOCTH CBEUEHHs B aMuUccHAX 557.7 u 630.0 HM aTOMapHOT0 KHCIIOpOJia U OJHOW M3 dIMHUCCHI
IepBoii oTpunaTenbHOM cHcTeMbl M0J0C Np* - 427.8 HM, MOCKOJIBKY HUMEHHO B 3THX SMHUCCHSIX 4YacTO BEIyTCS
(oTomeTprueckne HaOIIOICHNS aBPOPHI.

B pabote [Hawkesuu u Heanos, 2017] ObuI0 MMOKa3aHO, YTO BKJIAL AUCCOMUATHBHON PEKOMOMHAIINH, SIBIITIOIIICHCS

OHOI M3 OCHOBHBIX KAaHAIIOB BO30YXKIECHHS 'S aTOMapHOTO KHCIOPOJA, CYIIECTBEHHBIM OBPAa3OM 3aBHCHT OT
KOHLEHTPAL[MX OKHCH a30Ta U 3TOT BKJIAJ] PACTET C YBEJIMYCHUEM CPEHEH SHEPTHH BBICHINAIOIIET0Cs MOTOKA. TakuM
o0pazom, koiuyectBo NO B atMocdepe BIUsIeT Ha HHTEHCUBHOCTD 3€JICHOMN JINHUH.

BennunHa MHTEHCHBHOCTH aBPOPAIBHBIX IMUCCHI 3aBUCHUT KaK OT CpeJHEN IHEPTUH, TaK M OT BEJIMIMHBI IIOTOKA
BBICHIAONIMXCS 37eKTPOHOB No. IloaTomy paccMortpuM otHomeHue lss77/1427.8, KoTOpoe cnabo 3aBucut ot No
[Jawxesuu u HUsanos, 2017]. OtHouienue lss7.7/la278 OymeT B OCHOBHOM OIpEACNATHCS CPEAHEH SHepruei
BBICBITIAIOIIMXCS AJIEKTPOHOB M KOHLIEHTpanuel okucu azora. Ha puc. 1 mpencraBieHbl 3aBUCUMOCTH OTHOIIECHUS
Is57.7/14278 ot koHuentpaiuu NO B makcumyme ero BbICOTHOrO NPOGMIs [NO]max, paccudTaHHBIC MO MOJCIH
BO30Y)XICHHOM TOJISIPHOI HMOHOCGEpHl [UIA Pa3iNYHBIX FEo —XapaKTepHCTHUECKUX HHEPTUH MAaKCBEIUIOBCKOTO
pacnpeaeieHust 3JIeKTPOHOB 10 SHEPTHIAM: N (E) = N,Eexp (_ E/ EO)/ EZ. [Aawxesuu u Heanos, 2017].

Kak cnenyer u3 pab6or [Eather and Mende, 1972; Rees and Luckey,1974; Jawxesuu u op., 2006; Jawxesuu u
Hsanos, 2017] orrHomienne wuHTeHCHBHOCTEH | 6300/ | 4278 TIpakTHUeCKM He 3aBHCHT OT BEJIHWYHHBI MOTOKA
BBICBHITIAIONTUXCS AJIEKTPOHOB No M ompemensieTcss B OCHOBHOM XapaKTepUCTHUeCKOoW 3Hepruen FEo. bomee Toro, B
pabore [Jawxesuu u Hsanoe, 2017] Gbut0 mMokazaHo, uTo oTHOIIEHHE l630.0/l427.8 HE 3aBHCUT M OT KOHIIEHTpAIIMU
okwmcH asora. Ha puc. 2 npuBeena 3aBUCUMOCTS | g30.0/1427.8 0T Eo, IONTydeHHast Hamu B pabore [Jawxesuy u Meanos,
2017].

Takum 00pa3oM, MBI MOJKEM OIPEACTUTH KOHIICHTPAIIHIO OKUCH a30Ta MO CICAYIONIEMY aJIrOPUTMY:

1) no wusmepenHomy otHOuIeHHIO lg300/lao7s MOMyuaeM OLEHKY XapakTepUCTHYECKOW dHepruu Ko
BEICHITNAIOIIETOCS TOTOKA AJIEKTPOHOB.

2) 1o 3aBUCHUMOCTH OTHOIICHUS l5577/1227.8 0T [NO]max 151 Halimennoi Eo omnpenesnsieM KOHIEHTPAIUIO OKUCH
a30Ta B MAKCHMYME €T0 BRICOTHOTO TPO(HIISL.
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Oyenka xonyenmpayuu NO 6 ob6racmu nossapHvix CUsHUL N0 OAGHHLIM HA3EMHBIX POMOMEMPULECKUX HAOIIOOEHUU

3) Mo KOHIEHTpAaLMH OKHCH a30Ta B MakCHUMyME €ro BBICOTHOI'O HPO(MMIIS MBI MOXXEM BOCCTaHOBUTH CaM
BBICOTHBIII NPOQHIb OKUCH a30Ta, MCHOJIB3YS HECTAHOHAPHYIO (H3HKO-XHUMHYECKYI0 MOJENb IOJIPHON
noHocheps! [Jawresuu u op., 2017].
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Pucynok 1. 3aBucuMocTh OTHOWIEHUS lss7.7/la278 OT Pucynox 2. 3aBucumocth | e300/lazzs  OT
koHueHrpauu NO B Mmakcumyme ero npoduis aust Eo XAapaKTEPUCTUUYECKON 3HEPrUM  BBICHIIAIOIIETOCS
n3 nquanazone ot 1 1o 10 x3B. MOTOKA AJIEKTPOHOB.
Tabauna. Pe3ynpTaTel MOIEINPOBAHUS
l427.8, P11 Is57.7/427.8 l630.0/1427.8 Eo 5B No, 10° cm%c? [NOJmax, 108 cm3
9KCIICPUMEHT SKCIICPUMEHT JKCIICPUMEHT pacuet pacder pacuer
150 5.21+0.55 1.63+0.14 1039 0.5 1.6
250 5.31+0.43 1.46+0.28 1116 0.8 1.6
350 5.35+0.44 1.17+0.22 1291 0.9 1.8
450 5.49+0.43 1.07+0.18 1370 1.1 1.7
550 5.38+0.5 0.90+0.24 1541 1.2 2.3
650 5.48+0.32 0.84+0.16 1607 1.3 2.2
750 5.52+0.44 0.88+0.21 1559 15 2.2
850 5.82+0.38 0.72+0.17 1780 15 15
950 5.87+0.62 0.61+0.13 1987 15 14
1100 6.12+0.66 0.68+0.29 1858 1.9 1.0
1350 5.84+0.77 0.56+0.17 2102 2.0 1.7
1700 5.46+0.12 0.44+0.12 2465 2.1 3.3

Ounenka koHueHnTpamuu NO B 00J1aCTH MOJISIPHBIX CHSTHUH

Juist onenkn koHuneHTtpauuu okucu azora NO B paboTe ObUIM HCIIOJIB30BaHBI pPe3yJbTaTbl (OTOMETPUUECKHX
HaOJII0IeHUH MHTEHCUBHOCTEH smuccuit 427.8, 557.7 n 630.0 HM. DKcriepruMeHTaIbHBIH MACCUB TAHHBIX BKIIIOUYA B
cebs 1335 u3mepennii B 8 HOUHBIX cepusx HabmoaeHni B 06cepBaTopun JIoBoszepo (D' = 64.17°N) u 1200 nzmepennii
B 8 HOYHBIX Cepusx B o6cepraTopun Tymarusii (O = 65.24°N). Jluana3on MHTEHCHBHOCTH SMuccuu 427.8 um: 0.1-
2 xPn. Jlaanbie 6butH crpymnmupoBansl B 100 peneiiHbple MHTEPBAIbI MHTCHCUBHOCTEH 3MHuCccUr 427. 8 HM U yCpPETHEHBI
10 IByM CTaHIIMSIM.
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[TapaMeTpbl 3aJaHHOTO B MOJEIH II0TOKA BEICBHIIAOIIMXCS SIEKTPOHOB, 2 IMEHHO: XapaKTepUCTHYECKast SHEPTHs
Eo v BenmmuuHa motoka gactii No, OIpefesulich UX HaOII0JaeMbIX B SKCIIEPUMEHTE HHTCHCUBHOCTH M3JTyYCHUS B
smuccusax 427.8 u 630.0 A. 3HaueHus XapakTepucTH4ecKoil sHepruum Eg oleHMBanmuCh MO MOJYyYCHHBIM B
JKCIepHUMeHTe OTHOMICHUSIM | 6300/ | 4278 ¢ TOMOIIBIO KpHBOW Ha puc. 2. BennyuHbl HOTOKOB BBICHIMAIOIINXCS
3meKTpoHoB No ompeaenseM H3 YCIOBHS HOPMHUPOBKH DPACCUNTAHHOTO 3HAYCHHS HWHTCHCHBHOCTH l478 K
MHTCHCHBHOCTH, TOJIYYCHHOH B dKcrepuMmeHTe. [lamee mo BenuduHe OTHOWICHHS lss7.7/la278 memanuch oOneHKH
konueHTpanuu NO B MakcuMyMe BBICOTHOTO poduits. [TonyyeHHbIe BETUYHHBI CBSACHBI B TAOIHILY.

Takum oOpa3om, onenku kouueHTpauuu NO B oGmactn
HOJIIPHBIX CHUSHHH, MOJy4eHHBIE Ha OCHOBE (POTOMETPHUYECKUX 150 1
M3MEPEHHI MHTEHCUBHOCTH CBEUCHHS B dMHCCHAX 427.8, 557.7 n \
630.0 uMm, nexat B uaTeppane 1-108 1o 3.3-108 cm® g auanasona

uHTeHCUBHOCTEH Muccrnn 427.8 am ot 0.1 mo 2 kPi. TlomrygeHnsie 140
pe3yJbTaTh He NpOTHUBOpEYAT u HaXOIATCS B
YIOBICTBOPUTENILHOM  COTJIACMM C  pe3yjbTaTaMH  OIICHOK
konnentpauu NO, TONy4eHHBIME Ha OCHOBE aHAIU3a HOHHOTO 130 A

cocTaBa B TIONSAPHBIX CHSHHAX, H3MEPCHHOTO B PaKETHBIX
akcnepumenTax [Swider and Narcisi, 1977] u [Sharp, 1978].
Crnenyer Takke OTMETHTh, UTO MOJYYCHHbIE B JaHHOU paboTe
pe3ynbTaThl  CBHIETENBCTBYIOT 00  OTCYTCTBHH  NIpSIMOUH
KOPPEJSIUA MEXAY BEIMUMHON KOHIIEHTPAllMd OKUCH a30Ta U
WHTEHCUBHOCTHIO CBEYEeHHs] dMuccuu 427.8 HM, a 3HAYUT U 110 -
WHTCHCUBHOCTBIO TOJSPHBIX cusHui. Ha namveni ¢akt panee
obpamaniocs BHHManue U B pabore [Gerard and Barth, 1977].
[IpruuHy OTCYTCTBHS TaKOW KOPPENSAIMH MOXKHO OOBSICHUTH 100 47
OONBIIMM BPEMECHHM JKH3HH OKHCH a30Ta, KOTOpas MOXKET
HaKaIUTUBaThCA B HOHOC(heEpe.

120 1

BBICOTA, KM

Ha puc. 3 mpencraBieHbl pacCUUTaHHBIE BBEICOTHBIC MPOQMIA e —
KOHIICHTPAI[UH OKUCH a30Ta JUIS KaKIOro HAaWICHHOTO 3HAYCHUS 1 2 3 4
[NO]max. Ilpodwmau Obliv paccunTaHbl C  HCIIOJIB30BAHHEM [NOJ. 10%¢m3
HECTAIIMOHAPHOH  (DUBMKO-XUMHUYECKOH  MOJAENH  TOJSPHON Pucynok 3. PacCUMTAHHBIC BBICOTHbIC
HOH BI K ., 2017]. :

oHocdepsr [Hawkesuy u op., 2017] npodum [NO]
BriBoabI

[IpencraBnensl YUCIEHHBIE OLEHKH cojepkanus okucu a3otra NO B oOmacTé MONSpHBIX cUAHMHA. MopenbHble
pacdeTsl BHIITOJHEHB HA OCHOBE HA3€MHBIX (DOTOMETPHUYECKHUX M3MEPEHHIH MHTEHCHBHOCTEH CBEYEHHS B HIMHCCHAX
427.8,557.7 1 630.0 HM B TOIYHOYHOM CEKTOPE aBpopabHOTo oBaia. [loka3zaHo, 9TO s JAHHBIX (POTOMETPHICCKUX
nabmoaenuii konnenTpamus NO B Makcumyme ee BbicoTHOro npoduns [NO]max nexut B unteppaie 1 - 3.3 -108 em®
JUTSI TIOJISIPHBIX CUSTHUM C MHTEHCUBHOCTBIO B aMuccuu 427.8 aM B naTepBaie oT 0.1 10 2 kPi. He o6Hapy»keHa mpsimast
KOPPEIISIIHS BETMYMHBI KOHIIEHTPAIIMH OKHCH a30Ta B MakCuMyMe BBICOTHOTO TTIPOGHIIS [ NO]max ¢ MHTEHCHBHOCTSIMH.
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AJITOPUTM TPEXMEPHOM «(ITPUCTPEJIKA» HA OCHOBE
YUCJIEHHON MOJEJIM PACITPOCTPAHEHUSA KOPOTKNUX
PAJMOBOJIH B HOHOC®EPE

J1.C. Korosal?

'Kanununepaockuii punuan Hucmumyma 3emno2o maznemusma, uoHocghepul i pacnpocmpaHeHus
paouosonn um. H.B. Ilyukosa PAH, e. Kanununepao; e-mail: darshu@ya.ru
Banmuiickuii pedepanvuuiii yuusepcumem um. M. Kanma, 2. Kanununepao

AHHOTanusi. TpexMepHas YHCICHHAS OPOrpaMMa paclpoCTPaHEeHHs] KOPOTKHX PAagrOBOJH B MOHOC(hepe Gbuia
JIOTIOJTHEHA OJIOKOM «IPHUCTPEIKM» i HaxoxkaeHus KB paanorpace Mexny nepenaTdukoM U npueMHUKoM. HoBbri
OJI0K TTIO3BOJIMII MOTY4aTh MOJEIbHBIC HOHOTPAMMbI HAKJIOHHOTO 30HIUPOBAHHS.

Onucanne MEeTOIUKHA
YucreHHas: MOJIENIb PACTIPOCTPAHCHUST KOPOTKUX PAAUOBOIH [3axapos u Yepnsax, 2007; Komosa u dp., 2015] 6buta
JIOTIOJTHEHA TPEXMEPHBIM OJIOKOM «IPUCTPENKM» Ul HaXO0XKJICHHUS! Tpacc. TpexMepHasi «IIPHUCTPENIKay padoTaeT B
cily4ae, KOrjla NPUEMHHK U MePeAaTdnK pacroyiokeH Ha 3emiie. B HOBOM OJloKe MTEpaTHBHO U3MEHSIETCS a3UMYT U
YroJil MecTa, TAKUM 00pa3oM, 4TOObI MaKCUMAaIbHO MPUOIM3HUTh K MPHEMHHUKY TOYKY MPHUXO/a CUTHAJIA HA 3eMIIIO.
KpurepueM yCHeHMIHOCTH MPUCTPEIKH MO YrIy MECTa SBJISETCS PaBEHCTBO MOJACIBHONW M PEalibHOM JanbHOCTEH
pacmpocTpaHeHus paguoTpacc Mo ayre 6onbiioro kpyra. JlambHOCTh pacrnpocTpaHenus |, T.e. paccrosHue MEXIy
JIByMSI TOYKaMHU, HAXO/SIIMUCS Ha MOBEPXHOCTH 3emitd, naérest hopmyoit [ beporce, 1984]:
l=R-cos *(cosacosb + sinasinb cos ),

rae R = 6370 kM — paguyc 3emiu, a u b — KOMMUPOTHI TOUEK, & - pA3HOCTH JOJTOT.

CoBrajieHHe KOOPAMHAT TOYKH HPHUXOJa H3IIy4aeMoro
10 CUrHaJia Ha 3eMJII0 M MPUEMHHUKA OINPEAEessieT YCIeIHOCTh
NPUCTPENKH 1O a3uMyTy. PaccmarpuBaercsi HekoTopas
JIOBEpUTENIbHASE ~ OKPECTHOCTh  BOJNM3M  IIPUEMHHKA.

2015-03-16 12:00:00 UT Lovozero-Gorkovskaya

038 VYUUTBIBAIOTCSI TOJBKO T€ JIy4d, KOTOpPbIE HE BBIXOJAT 3a
T ] o HpeAesnsl OKPYKHOCTH pagrycoM 10 KM ¢ IIEHTPOM B TOUKe
' OXXMJaeMOT0o TpHeMa. 3HAaHHE ONTHYECKOW UIMHBI ITyTH
26l ] 06 panuonyya ¥ U3MEHEHHUS! TPYNIIOBOH CKOPOCTH BIOJb €ro
B 05 Jy4eBOW TpPAeKTOPHUM IO3BOJIICT ONPENEIHTh BpEeMs
8 ; TPYIIIOBOTO 3ala3[blBaHUsl CHTHana. Pacder BpemeHH
o4 TPYIIOBOTO 3ama3AblBaHUs POBOAWICS 110 (opMmyIe
03 [Bpronennu u Hameanaosze, 1988]:
I ] as _ 1 aN
‘ t = —:—f(N+w—)dS,
02 Vip ¢ dw

37; | 01 roe dS — OTpe30K BHOONB Iy4eBOi TpaekTopuu, Vi —

: = = = = TPYIIIOBasi CKOPOCTh, C — CKOPOCTh cBeTa, N — mokasarens
Frequency, MHz MPEJIOMIIEHUS Cpebl, ® — YacToTa BOJIHbL. THTerpupoBaHue

BElETCSl BJAOJb BCEH JIy4eBOM TPAaeKTOPHUM MO METONLY

Pucynok 1. MozenbHas MFOHOrpaMMa HAKIOHHOTO  MPAMOYTOJBHHKOB. JTa HH(OpPMAIMsA, a TaKKe pacuer
30HIMPOBAaHMA HA  BHICOKOIIMPOTHOM  TPAacCe  IIOTJIOMIEHHS CHrHaja B Cpele HCHOJNB3YIOTCA IS
JloBozepo-T'oppkOBCKast B~ MOMEHT  BPEMEHHM  IIOCTPOEHHS  MOJEIBHBIX  HMOHOTPAMM  HAKJIOHHOIO

12:02UT 16 mapta 2015 . 30H/INPOBAHHUS.

PesyabTaThl

B kadectBe mpumepa paboThl pa3pabOTAHHOrO anroputMa Ha puc. | mpeicTaBiieHa MOJETbHAsT HOHOTpaMMa
HAKJIOHHOTO 30H/HUPOBAHHUsI, TOJIydeHHAs C KCHOJIb30BAHHEM B KAueCTBE CPEJbl PACIPOCTPAHEHUS PaUOBOJH
I'mobanenoii CamocornacoBanHoii Mogenu Tepmocdepsr, Honochepsr u IlporonHocdepsr (I'CM  TUII)
[Namgaladze et al., 1988; Klimenko et al., 2018]. B moaenu I'CM THII y4eT BBICHITAHHS aBPOPATBHBIX YACTHIL
3aJ[aBaJICsl COTJIACHO 3MITMPHYECKOM Mozenu, paspaborannoii B III'M [Vorobjev and Yagodkina, 2008]. Xopomio
BHIHO (GopMmupoBanue oTpakeHnd oT E w F2 cioeB wmoHocdepbl. I'pagwieHTOM dYepHOTrO IBETa IOKa3aHO
OTHOCHTEJIbHOE TMOTJIONICHUE PaJAMOBOJIHBI MPU PACIIPOCTPAHEHUH B CPEJE, YTO MOXKET ObITh HCIOJIB30BAHO JIJIs
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Aneopumm mpexmeprotl «npucmpenxu» Ha 0CHO8e YUCIEHHOU MOOeU PACHPOCIMPAHEHUs KOPOMKUX PAOUOBOIH 8 UOHOChepe

M3Y9ICHUS TOTO, KaK IOTJIONICHUE BIMACT HA BHJ MOHOTPaMM. 32 MaKCHMaJIbHOE MOTJIOMICHHUE MPHUHATO 3aTyXaHHUE
CHUTHAJIa, TOJyYCHHOS HA MHHAMAJIbHOU yacToTe 30HaupoBanus f =3 MI'u, mopsiaka ~43 ab.

Ha puc. 2 nokazaHo BIMsSHHE MarHUTHOTO TOJIA 3€MJIM Ha PACXOAMMOCTB JY4YEBBIX TpaeKTopuil. Pe3ymbTarsl
MOJY4YEHbl AITOPUTMOM HPUCTPENIKU MPU MOJEIUPOBAHUM PACIPOCTPAHEHHS] KOPOTKUX PaJUOBOJIH BJIOJb PEabHO
CYILLECTBYIOIICH BBICOKOINUPOTHONW Tpacchl JloBosepo—l'opbkoBckas. IIpoekuuu JIydeBBIX TPACKTOPUM Ha
MOBEPXHOCTh 3€MIJIU NMOKAa3bIBAIOT CHJIBHYIO a3UMYTAJIBHYIO PACXOAUMOCTS JIyuel B Cllydae ydeTa MarHUTHOTO MOJIS.
CrenoBarennbHO, MOJYYUTh TPAcChl B Cilydae TPEXMEPHOW aHM30TPOITHOM Cpeibl METOJOM CTpENbOBI TpYAHEe.
PacxoxneHne syded JUiss M30TPOIHOTO Ciydasi MPaKTHYECKH OTCYTCTBYET, MOITOMY METOJ CTpesibObl Oolee
YCTOWYMB.

C y4eToM MarHUTHOIO ot 3eMIu
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Pucynoxk 2. [Ipoekiun JIydeBBIX TPaeKTOPHI Ha TOBEPXHOCTh 3eMJIM B KOOPAWHATAX TEOMAarHUTHOW JTONTOTHI U
ITUPOTHI C YIeTOM (criesa) n 06e3 ydeta (cnpasa) MmarHuTHOTO 1moJist 3emiid B MoMeHT Bpemernn 00:00 UT 17 mapra
2015 roma. CepsIMH JIMHUSIMH ITOKa3aHBI PE3YNbTAaThl MOJCIBHBIX PACUYETOB IPH TPEXMEPHOW MPUCTPEIKE
COOTBETCTBYIOIIUE Pa3HBIM YaCTOTaM, yIilaM MeCTa U a3UMyTaM U3ITyICHUS.

3akiouenne

ITocpencTBoM peanm3anuy anropuT™a “HPUCTPENKH’, yueTa MOTJIOUMICHHS B CPEe/ie paclpOoCTpaHEHUs M TOJcYeTa
BPEMEHH T'PYIIOBOTO 3ala3AblBaHMs BIOJIb TPACKTOPUI PagMOTpacc MCCIEAYEMOro AWana3oHa YacToT MONy4YeH
KOMIUIEKC JUIA OCTPOCHHSI HAKIIOHHBIX HOHOTPaMM. B M30TPOIHON cpele alrOpHTMOM TPEXMEPHOH MPHCTPEIKH
HPOILLE MOTYYHTh UCKOMBIE TPACCHI MEXAY NEPEAaTINKOM M IPHEMHUKOM.

bnazooaprnocmu. Viccienoanue BBIIOIHEHO 3a cueT rpanta Poceuiickoro Hayunoro ¢ouja npoext Nel7-77-20009
U IPOrpaMMBI TIOBBIIIIEHU KOHKYpeHTocrocobHocT «5-100» BOY um. 1. Kanra.
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AHAJIA3 BbICOKOIIUPOTHBIX HOHOI'PAMM HAKJIOHHOT'O
30HAUPOBAHUSA B IEPUOA TEOMATI'HUTHOU BYPU
17 MAPTA 2015 r.

J.C. Korosa'?, M.B. Kinumenko?, B.B. Kiumenko?, JI.B. Biarosemenckuii®, B.E. 3axapos?

'Kanununepaockuii punuan Hucmumyma 3emno2o maznemusma, uoHocghepul i pacnpocmpaHeHus
paouosonn um. H.B. Ilywxosa PAH, 2. Kanununepao, Poccus,; e-mails: darshu@ya.ru,
maksim.klimenko@mail.ru, vwk_48@mail.ru

Banmuiickuii pedepanvuuiii yuusepcumem um. M. Kanma, 2. Kanununepao, Poccus

e-mail: vezakharov@kantiana.ru

3Canxm-Ilemepbypackuii 20cydapcmeennblil yHusepcumem aspoKoCMuieckozo npubopocmpoenus,
2. Canxm-Ilemep6ype, Poccus, e-mail: donatbl@mail.ru

AHHOTausl. I[IpoBeIcHO UCCIIEOBAHNE BIUSHUS CUILHEHIIEH B 3TOM COJHEYHOM IMKJI€ T€OMaruuTHOM Oypu 17-
19 mapta 2015 roma na pacmpoctpanenue KB pagmoBonH. B kadecTBe cpeabl pacnpocTpaHEHHs PaJHOBOJH
ucnoinb3oBanach ['nodanbuas CamocornacoBanHas Mogens Tepmocdeps:, Monocdepsr u IlporonHochepsl, T.K.
mozenb ['CM TUII kayecTBEHHO M KOJHYECTBEHHO OIMMCANa OTKIMK HOHOC(HEPHI Ha BHIOpAaHHOE T'€OMAarHUTHOE
cobbiTre. [lomydeHHble pe3yabTaThl MOJCIMPOBAHUS  XOPOLIO  COTJIACYIOTCSI C  OKCHEPHUMEHTaIbHBIMU
noHorpaMMamu. B mepuosa reomarHuTHO# Oypu HaOdrOaincst YCHJICHHBIH ES-ClOH, KOTOPBIH BOCIPOU3BOJUTCS B
MOJIEIbHBIX HOHOTPaMMax, a 3HAUUT U OMUCHIBACTCA MOJIENIBIO CPEbl PaCIPOCTPaHEHUS.

Beenenue

I'eomMarHuTHble Oypu BIMSIOT Ha WOHOChepy U
NPUBOJSIT K CHIBHBIM M3MEHEHHUSIM B JJIEKTPOHHOM
IUIOTHOCTH Ha BCEX MIMPOTax W jojirorax [Dmitriev et
al., 2017]. Otu wu3MeHEHHS MOTYT NPHUBOAWUTH K
YaCTHYHOM WM TOJHOW IOTepe pPaaMOCBA3H, UYTO
MOXET OBITh KPUTHYHO Ui PabOTHl Pa3IUIHBIX
IpaxIaHCKUX W BOCHHBIX CJ'Iy)K6. B OpEABIAYIINX - 17.03.2015 18.03.2015 19.03.2015

paboTax HamMu OBUTH TIPOBEICHBI HCCJICIOBAHUS IRTAM AfoF2 (MI'm) & =30° 3.0
BJIMSHUS I'€OMarHUTHBIX 6pr CcpeiHel MOUIHOCTH Ha EHRI Ve ! I
0COOCHHOCTH PACTIPOCTPAHEHMSI KOPOTKUX PAJANOBOIH
B wmoHochepe [Kotova et al., 2015, 2017]. Hus
pemieHust  3TOH  3amadu  OBII  peaju30BaH
COTJIACOBAHHBIN YUCJIUTENbHBII anropuT™M
MPOBEJCHUSI BBIYUCIHUTENBHBIX JKCIIEPUMEHTOB TI0
MOJEIAM CpeAbl ¥ PaclpOCTPAHEHHS DPaIHOBOIH .
[Kotova et al., 2014]. B pa6ore [Kotova et al., 2015]  PueyHox 1. Bosmymenue KpUTHHCCKOM  HaCTOTBI F2
ObUIO IIOKA3aHO, 4YTO KOPPEKTHOCTb MONeIbHbIX — C1O% foF2, B mepuox reomarnutHoit 6ypu 17-19 mapra
pacueToB PAcHpOCTPAHEHHs] KOPOTKHX pPaJUOBOJIH 2015 r. npu ucnons3oBanuu moaenun I'CM TE/IH (cresa)
OYeHb CHJIBHO 3aBHCHT OT BEIGOpa Motemt notocpepsr M IRTAM - (cnpasa)  na  ukcnposanHoi  nonrore
JUI1 OMMCAaHMA HOHOC(EpHBIX Bo3MymieHuil. Kak A =30° B. 1. B mMUpOTHOM Anamna3one 45° < ¢ < 75° c. 1.
W3BECTHO, AMITMpHYecKas Mojenb HoHochepsl IRI

(International Reference lonosphere), naxke ¢ BKJIFOUEHHON omimeid “‘storm” He crocoOHA aJeKBaTHO OIHCHIBATH
OTKJIMK MOHOC(EpHI Ha reoMarHuTHBIe Bo3mytienus [Qinats et al., 2005; Kotova et al., 2015; Blagoveshchensky et
al., 2016]. JlonomHuTENBHAS CIIOKHOCTH COCTOUT B HEKOPPEKTHOM OIMMCAHUH CYIIECTBYIONMMH SMITHPHICCK MU
MOJIETSIMH BBICOKOITHPOTHON woHochepsl [Karpachev et al., 2016]. B naunoii paboTe MpUBEAEHBI PE3yJIbTAThI
WCCIIeIOBAHUS BIMSIHHAS CUIbHEHIIEH B TEKYIIEM COJIHEYHOM IUKJIIE TeoMarauTHou Oypu 17-19 mapta 2015 rona Ha
pactpocTpaHeHHs PaJHoBOIH Ha puMepe Tpacchl JIoBo3epo-I'oppKoBCKasi.

T'CM THUII AfoF2 (MT) A = 30°

unpora (rpax)

Ilupora (rpazx)

17.03.2015 18.03.2015 19.03.2015

ITocTanoBKka 3agaun
I/ICCJIC,Z[OB&HI/IG IPOBOAUIIOCH ITYTEM MOJACIUPOBAHUA MOHOTPAMM HAKJIOHHOI'O 30HAUPOBAHUSA HAa Tpacce .HOBO3epO-
rOpLKOBCKaH. I[JIH 9TOT'0 MCIOJb30BAJICAd AJITOPUTM HAXOXKIACHUA nyqei/i, OpUXoAsuX B TOUKY IpHUEMa, KOTOpLIﬁ
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Ananus blCOKOUUPOMHBIX UOHOZPAMM HAKIOHHO20 30HOUPOSAHUs 8 nepuoo 2eomaznummol Oypu 17 mapma 2015 .

MoIpoOHO OMHCAaH B CTaThe MaHHOTO cOopHHKa [Komosa, 2018]. Ina pacuera mokazareisl MPEIOMIICHHS CPEIbl
HeoOX0MMO 3HaHHWE TapaMeTpoB HOHochepsl M HeWTpalbHOH aTMochepsl Ha BhIcoTax oT 80 g0 800 kM. OTH
napaMeTpsl ObUTH MOJTy4eHbl ¢ nomotubto [nodanpHoit CamocornacoBanHoi Mogenu Tepmocdepsl, Monochepst u
Iportounocdepsr ('CM TUIT) [Namgaladze et al., 1988; Klimenko et al., 2018].

Ha puc. 1 moka3aHsl KapThl pa3BUTHsI BO3MYLICHUI BO BpeMs T'€OMAarHUTHON OypH, HOCTPOCHHBIE 110 JAHHBIM
HaOMI0AeHUH (TIpecTaBlIeHb KaK pe3yIbTaThl accuMmsinnonHoi Monenu IRTAM) u o pesynsratam mogenu I'CM
THII (c yueTOM BBICBINIAaHKS aBPOPATBHBIX YAaCTHII IO IMIMPUUECKON Moienu, paspabortanuoii B III'M [Vorobjev and
Yagodkina, 2008]). Bo3mymienue kputudeckoit uactotel F2 cmos, foF2, mnpeacraBneno kak (yHKIus
reorpaduUecKoi MHIPOTH M BPEMEHH B MEPUOJ paccMaTpuUBaeMoil reomarHuTHOW Oypu 17-19 mapra 2015 rona.
PaccmarpHuBarOTCs MEpUIHOHAIBHBIEC CPe3bl (IKUPOTHBIE podmin) oTkiaoneHus fOF2 Ha monrore A = 30° B.1. Takum
o0OpaszoM, paccmarpuBaercs 3amagHo-Poccuiickuii ceKTop, B KOTOPOM pacIioyiaraeTcsi IKCIIepIMEHTalIbHas Tpacca
Mexy cranmusmu JloBoszepo (¢ = 68.00° c. m., A = 35.02° B. 1.) u I'opbkoBckas (¢ = 60.27° ¢. m1., A =29.38° B. 11.).
CpaenuBas nmoseaeHue BoamyineHust foF2, momydennoro o momenu I'CM THII, ¢ pesynstaTamu mo moaean IRTAM,
MOJKHO OTMETHTB, YTO B IIEJIOM OHH COTJIACYIOTCs. | TaBHas (haza TeOMarHUTHOW OypH MPUBOINT K CYIIECTBEHHOMY
JTHEBHOMY TMOJIOKUTENIBHOMY Bo3MymieH0 B fOF2 B paccmarpuBaemom 3amamHo-PoccuiickoM cekTope, KOTOpoe
CMEHSIETCS CHIIbHBIM OTPHUIIATENbHBIM Bo3MyIeHneM B fOF2. Uto moBTopsieTcs B pe3ynbTatax pacueros mojenu 'CM
TUIIL. CnexyeT OTMETHTb, YTO HOYHBIE MOJIOKUTENbHBIE BO3MyIieHus B fOF2 ¢popmupyrorcst B paiione 65-75° c. .

Jlns paccmarpuBaeMoro B ucciegaoBaHud MoMeHTa BpeMeHHd (~ 00:00 UT) B BBICOKOIIHMPOTHOU 00JacTH OBLIO
MOJTy9IEHO KAueCTBEHHOE M KOJMYECTBEHHOE COTIacHe HOHOC(HEPHOTo OTKINKA Ha reoMarHuTHyio Oypro [Klimenko
et al., 2018]. Bue3anHoe Ha4aa0 Ir€OMarHUTHOM Oypu IpHXOAMTCS Ha MoMeHT Bpemenun ~05 UT 17 mapra, ¢
nocieayomuM mageauemM Dst manekca no -223 HT npudmusutensHo B 23 UT. IToatomy Bpems 0:02 UT 17 mapra
OBUTO BEIOpaHO HAMH B KAa4eCTBE CIIOKOHHBIX ycloBui, cooTBeTcTBeHHO Bpems 0:02 UT 18 mapra u 19 mapra — B
Ka4eCcTBE BOSMYILIEHHBIX YCIOBHH.

Mse1 mccneoBadM BIMSHHE MAarHUTHOTO MO 3eMJIM Ha PacIpOCTpaHCHHE KOPOTKUX paauoBOiH. [lo 3Toi
NPUYAHE PACCMATPUBAIIOCH PACIPOCTPAaHCHHWE TOJIBKO OOBIKHOBEHHONW MOIBI BOJIHBL, TaK Kak B OTCYTCTBHE
MarHUTHOTO T0JIS PACIIeIIEHHEe HA KOMIIOHEHTH! BOJJHOBOW MOJIBI OTCYTCTBYET.

C Y4€TOM MATrHUTHOI'O IOJIsA 3emuin be3 yYuera MAarHuTHOI O 1OJist 3emutn
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Pucynox 2. [ToBenenue yriaa 6=p"B Mexay BEKTOpaMH UMITyJIbca U MHIYKIMH T€OMarHUTHOTO NOJIA (uepHble
NYHKMUpHble Kpugble, 0Cb OpOUHaAm ciesa) U yria {(=S"P MeX.Iy JIydeBHIM BEKTOPOM M BEKTOPOM HMITYJIbCA
(cepvle Kpusvie, ocb opounam cnpaea) BIONb JIyYEBOW TPACKTOPUH (CHIOWHble UepHble Kpuebie,
6CROMO2AMENbHASL OCb OPOUHAM CIe8d).

PesynbTarsl

PesynbraTsl pacueToB, nosydeHHble Ipu ucnonab3oBanuu mojenu I'CM THUII B xauecTBe cpebl pacpoOCTpaHEHUs
PaIroBOIIH, IOKa3aHbl Ha puc. 2 u 3. Ha puc. 2 nokasaHo noBeieHNE YIiIOB MEXIY JIy4eBBIM BEKTOPOM, S, 1 BEKTOPOM
UMITyJIbca, P, a TaKkKe MEXIy P M BHEHNIHMM T€OMAarHUTHBIM NoyieM B Ui BepXHMX W HIKHUX JIyded NpH
pacnpocTpaHeHHH B H30TPOITHOM N aHU30TPOITHOM cpeie. B 11e71oM pe3ysibTaThl ITOBTOPSIIOT Pe3yNbTaThl, HOTyYeHHBIE
B [Komosa u dp., 2016; Kotova et al., 2017]: npu pacpocTpaHeHHH B aHU30TPOIIHON Cpefie HAOMIOAACTCs yCHIICHHE
HEO/IHOPOHOCTH BOJIHBI II0 Mepe MOTPY>KEHUsSI B HOHOC(HEPHBIH CII0MH, a 3aTeM ee ocadiieHne B OKPECTHOCTH TOUYKH
noBopoTa. Todka MOBOPOTA JTy4eBOIl TPAEKTOPUH HAXOJUTCS TI0 TPACCE HECKOJIBKO JAlbIC W MPEIOMIICHUE (MIIN
OTpaXkEHHE) JIyda MPOUCXOIUT IIO3KE 10 CPABHEHUIO C PACIPOCTPAHEHHUEM B M30TPONHOM cpene, riae yroa (=s"p
paBeH Hymo (T.K. S = P). Habmongaercs n3MeHeHNE AIMHBI ONTHYECKOTo MyTH. IlorydeHo, 4To Ui BEPXHETo JIyda
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/1.C. Komosa u 0Op.

HEOJHOPOJHOCTh BOJIHBI Pa3BHBACTCS CHIIbHEE, YTO CBS3aHO C IOTPYKEHHWEM B CJOH ¢ OOJBIIMM 3HauYCHHUEM
9JIeKTpOHHO# moTHOCTH. [loBenenue yrina 6=p"B B ciydae pacnpocTpaHeHHsi B U30TPOIHOH Cpelie aHAJIOTHYHO
pacipocTpaHEeHUIO B aHU30TPOIHOH cpefie. [l aHaIorHYHBIX pacyeToB HaOII0AaeTcs He3HAUNTEIbHOE YBETUUCHNE
yriia @B pacderax 0e3 yuera MarHUTHOTO HOJIS 3eMIIH.
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Pucynok 3. Monenbubie (&, 6, 2, 0, 2#¢, 3) M DKCTIEpUMEHTAJIbHBIE (6, €, #) NOHOTPaMMBbI HAKJIOHHOTO 30HUPOBAHUS
Ha BBICOKOIIUPOTHOMU Tpacce JIoBo3epo-I'oppkoBckoit B MomeHT BpeMenu 00:02 UT 17 mapra 2015 1. (@, 6, 6), 18
mapra 2015 roga (e, 0, e) u 19 mapra 2015 roga (o, 3, u). Ha manensax (6, o, 3) u (a, ¢, oic) IpecCTaBIICHBI
pe3ysbTaThl, HOJyYEHHBIE C YUYETOM M 0e3 ydeTa MarHUTHOTO IIOJISl COOTBETCTBEHHO. YepHo-0enoil mKasnoil Ha
MOJIENIbHBIX HOHOTpaMMaXx MOKa3aHo MOTJIONIeHUE CUrHajia B 1b.

Ha puc. 3 npencraBieHo cpaBHEHHE 3KCIIEPUMEHTAIBHBIX 1 MOAEIBHBIX HOHOTPaMM HaKJIOHHOTO 30HANPOBAHUS,
MOJyYCHHBIX C YYeTOM W 0e3 ydeTa MarHUTHOTO IoJid 3emiid. PacdeT WHTErpajbHOrO MOTJIOMICHUS PaIiOBOJIHEI
MTO3BOJIMJI TIOCTPOUTH MOJAETBHBIE HOHOTPAMMEI C YYETOM OCIa0JeHHUs CUTHAIA IPU PacIpoCTpaHEeHUH B cpere. B
CITOKOWHBIX YCIIOBUSAX MBI HaOIrogaeM oTpaxeHue oT cioeB E m F. HaGmromaemass mMakcuMmanbHas MpUMEHHMAst
gactota (MIIL) nocturaer 5 MI'1y (puc. 3B), Toraa kak 3HaueHue monenbHoi MITY He mpesbimaet 3.5 MI (puc.
36). MITY E-cnos B cimydae ydeTa MarHITHOTO TT0JIsI yMeHbITaeTcs Ha 1 MI' Mo cpaBHEHUIO ¢ M30TPOTIHBIM CITydaeM.
Bo Bpems riaBHO# (as3el reomaranTHOH Oypu 18 Maprta mpoucxoauT cuiabHOE moryonieHne curxana B 00:02 UT.
DKcnepyMeHTaIbHasi HOHOTpaMMa IPaKTHIeCKH He 3aMeTHaA. [103ToMy 3/1eCh IPUBOANTCS HOHOTpAaMMa JUISi MOMEHTa
Bpemenn 0:47 UT, Ha xotopoii otyerimBo BugHa MIIU Es-cios. Bo Bpemsi Oypu Bo3HMKaeT CHIIbHBIN ES-ciioi,
KOTOPBIH MOTIJIOMIAET paJMOCUrHaJ, TIO3TOMY MBI HE HaOmogaeM oTpaxkeHust oT F-oGnactu. MOXXHO OTMETHTb, YTO
1o 7 MI'u curHann oTCyTCTBYET Kak B OKCIEPHMEHTE, TaK M B pe3ysbTaTaX MOJAECNBHBIX pacueToB. Moaenupyemast
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Ananus blCOKOUUPOMHBIX UOHOZPAMM HAKIOHHO20 30HOUPOSAHUs 8 nepuoo 2eomaznummol Oypu 17 mapma 2015 .

MIIY mpu ydere MarHUTHOTO TOJII 3€MJIM COOTBETCTBYeT HalOiomaeMon. B ciywae m3orpormmu MITU Es-cros
MeHbIe Ha 1.5 MI'm. 19 Maprta cien Ha MOIETbHOH HOHOTpaMMe, MOJYyYEHHBIH OT OTPaKCHUS BEPXHUX JIYUCH,
MeHblle, ueM A 18 mapra, ¥ MOBTOpPSET pe3yNbTaT, MOJYyYCHHBIH B 3KCIIEpUMEHTE. 3alep>KKU CUTHAJIOB M, Kak
CJIC/ICTBHE, BEICOTHI HOHOC(EPHBIX CIIOEB COTJIACYIOTCSI B MOJIEIIBLHBIX M 9KCIIEPUMEHTAJIBHBIX Pe3yJbTaTax.

IIpu paBHOI YacTOTE BOJIHBI AJTMHA ONTUYECKOT0 MYTH IS PACYETOB, IPOBOAUMBIX B U30TPOIHOMN CpeJie, MEHBIIIE,
4eM B cllydae aHU30TPONUH. [[J1 H30TPOMHOro cityyast cjiell Ha HOHOTpaMMe, MOIY4YEeHHBIN IPU OTPaKEHUH BEPXHUX
Jdydeidl oT noHocdepsl, MeHee KPyT M OJIMKE pacrojiaractcsl K ciely, NOJIy4YeHHOMY OT HIDKHHX Jydeid. MoxkHO
OTMETHUTH, YTO 3aTyXaHUE CUTHajla B M30TPOITHOM cpeze OoJIblle, YeM IPH aHU30TPOIINH.

[TomyueHHoe cormacwe MeXAy MOICIBHBIMH M AIKCHEPHMEHTAIFHBIMH HOHOTPAMMAMH ITOJITBEPXKAAET, UYTO
Mozens 'CM THUII Bocmpon3BOIUT BEICOKOIIUPOTHEIM HOHOC(EPHBIH OTKIMK Ha TEOMarHuTHyIo Oypro 17 mapra
2015 T.

3akuouenne

MopenpHble HOHOTpaMMBI, TOJydYeHHble INpH ucHoib3oBaHuu Moaenn I'CM THII (¢ ydeToMm BBICHIIAHUSA
aBpOpalbHBIX 4YacTull TOo 3mnupudeckor moxaenu [II'M) um Mojenu pacmpocTpaHEHUs pPagUOBOJH, XOPOIIO
BOCTIPOM3BEIH HaOJII01aeMble BBICOKOIIMPOTHBIE HOHOTPAMMbI HAaKJIOHHOTO 30HUPOBAHUS B IEPUO]] TE€OMarHUTHOM
6ypu 17-19 mapta 2015. D10 nokazano, uto Mozens I'CM THII MoxKHO HCIIONIB30BATh KaK Cpelly paclpoCTpaHeHUs
pPaauOBOJIH B BO3MYILEHHBIX ycloBusX. MccrnemoBaHWe BAMSHUS MAarHUTHOTO MOJS 3€MIIM TI0Ka3ajao, dYTO
pacIpoOCTpaHEHUE B U3OTPOIHON Cpefie MPUBOAUT K YMEHBIIEHHIO ONTHYECKOW UIMHBI ITyTH. DTO MPHUBOAUT K
W3MEHEHHIO YIila HaKJIOHA ClIefla Ha HAKJIOHHOW MOHOrpaMMe, MOJy4E€HHOTO MPH OTPaKEHUU BEPXHHUX Iyded OT
noHocdepsl. OTMEUEHO yBeNWYEHHE 3aTyXaHMS B CIydae paclpoCTpaHEHHUs B M30TpomHOH cpene. Kpome Toro,
M30TPOIU MOKET NpuBecTH K m3MeHeHuto MITY nopsaka 30%.

bnazooaprnocmu. Viccnenoanue BBITIOIHEHO 3a cueT rpanTa Poceuiickoro Hayunoro ¢oma npoext Nel7-77-20009
(KOMHHGKC IO MOCTPOCHUIO MOHOTPAMM U BJIMAHHUC MArHUTHOI'O IOJIA I/ICCJ'Ie]IOBaHI/IH) " IporpaMmbl IMOBBIIICHUSA
KOHKypeHTocnocoOoHocTH «5-100» BOY um. U. Kanra (ananu3 nanHbeIX HoHO30HAa 1 E-ci0it uccnenoBanus), pabota
Bnarosemenckoro /. B. BemonHsace npu noanepxkke rpanta POOU Ne 18-05-00343.
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BO3MYIIEHUA TEOMATHUTHOI'O ITOJISI HAJI TAU®YHOM
VONGFONG 2014 r. 1O JAHHBIM CITYTHHUKOB SWARM

B.A. Maprunec-Benenko?, B.A. INununenko?, B.U. 3axapos®

1H}Ltcmumym ¢usuru 3emau PAH, 2. Mockea, Poccus
2Uncmumym xocmuueckux uccredosanuti PAH, 2. Mockea, Poccus
SMT'Y um. JTomonocosa, 2. Mockea, Poccus

AHHOTanusi. CuilbHbIE METEOPOJIOTHYECKHE BO3MYIIEHHs B aTMocdepe, CONPOBOKIAIONIMECS TeHepanuei
aKyCTHKO-TPAaBUTAIIHOHHBIX BOJH M TYpOYJIEHTHOCTH, MOTYT OKa3blBaTh BIHMSHHE Ha IUIa3My HOHOC(EpHl U
reoMarHuTHoe nosje. (s nmovcka 3tux 3phexToB Ml MPOAHATM3UPOBAIN IAHHBIE JJIEKTPOMArHUTHBIX H ITa3MEHHBIX
n3MepeHnii Ha HU3KoOpOUTanbHbIX cryTHHKax SWARM Bo Bpemsi MpoJeToB HajJ MHTCHCHBHOW (a3oil TalidyHa
VongFong 2014 r. 3apeructpupoBaHo Hanuuue B BepxHeil moHocdepe "MarHuTHOW psOu" - duykryauuii Manoi
amroutyasl (0.5-1.5 uTn) ¢ npeobnanatomum nepuoaom 5-10 ¢, BEI3BaHHBIX MEJIKOMACIITAOHBIME MPOIOJIbHBIMH
TOKaMH. DTH TOKH, O-BHIUMOMY, T€HEPHPYIOTCSA aKyCTHIECKUMH BOJIHAMH B HI)KHEH HOHOCheEpe.

Beenenue

I'eoduznueckue nporeccs ¢ OOIBIINM BbIICICHHEM dHEPTUH B TUTochepe (3emieTpsicerus), atmocdepe (Tai(yHsl,
yparassl), Marourocgepe (MarHuTHble Oypu U cy0OypH) 3axBaThIBaIOT Bce reodusnyeckue 00010uku. CUIIbHBIC
METEOPOJIOTHYECKHUE BO3MYIIECHHUS, CONPOBOXKIAIONINECS T'eHepalueil aKkyCTHKO-TpaBUTallMOHHBIX BoJH (AI'B) u
TypOyJIEHTHOCTH B aTMOc(epe, MOT'yT OKa3bIBaTh BIUSHUE U Ha HOHOC(epY. oHOChepHbIil OTKIIMK Ha Tal(yHBI ObLI
0oOHapyeH C TOMOIIBI0 pagno(U3NUECKHX METOJOB MOHHTOPHHIa HOHOC(EpHI: HAOIIOJEHUI JOIUIEPOBCKOTO
C/IBUTA 4acTOTHI paauocurnanos [Xiao et al., 2007], ¢a3zosbie Habmoaenus Ha CJIB pagnotpaccax [Rozhnoi et al.,
2014], w3MepeHus TOJHOTO 3IeKTpoHHOTO coxepxkanus (I[I9C) wmoHochepsl m0 cHTHamaM CITyTHHKOBOU
nasuranuonHoi cuctemel GPS [Polyakova and Perevalova, 2013].

Bo3MoXHBII KaHad BO3IEHCTBUS aTMOC(EpPHBIX IIPOLECCOB Ha BO3MYIIECHHWS HOHOC(HEpPHOH IUIa3Mbl H
JIEKTPOMarHUTHBIE TTOJISI CBSI3aH C TYPOYJICHTHBIMH JIBHXCHUSIMU HEHTPaAIbHOM KOMIIOHEHTHI B HIKHEH noHOC(hepe
[Pokhotelov et al., 1995]. YBieueHne 3apsKeHHBIX YACTHIL ABHKCHUSIMH HEWTPAIbHON KOMIIOHEHTHI MOHOCHEPHI
MIPUBOJUT K JIOKAJIBHOM T'€HEepaIluy 3JIEeKTPUUIECKUX TOKOB M BOSMYIIEHUH IIIOTHOCTH I1a3Mel. Bo36yxaemas B E-
CJIOE TOKOBasi CUCTEMa BKJIIOYAET MPOJOJbHBIE TOKH, KOTOPbIE MEPEHOCAT BO3MYILEHHE B BEPXHIO HOHOC(hEpY
[Surkov et al., 2004; Zettergren and Snively, 2015]. Yicxomas U3 3TUX NPEACTABIEHUMN, MOXHO 0KHIATH MOBBIIIEHUS
YPOBHSI 2JIEKTPOMAarHUTHBIX [IYMOB M IIa3MEHHOM TypOYJIEHTHOCTH HaJ| TalipyHaMu U yparaHamu, KOTOPOE MOXKHO
ObLT0 OBl 3aPETHCTPUPOBATH HA HU3KOOPOUTANBHBIX CIyTHHKAX [ HMcaes u dp., 2010].

bnaronapst BRICOKOW 4yBCTBUTEILHOCTH MarHUTOMETPOB Ha OOPTY MOCIEAHETO MOKOJICHUSI HU3KOOPOUTAIBHBIX
CIIyTHUKOB, yJIaJIOCh OOHAPYXUTH 3()(HEeKThl TeHepani MarHNTHBIX BO3MYIICHUH, BEI3BaHHBIX Bo3zaeiicTBueM AI'B
Ha TPOBOJSINYI0 MOHOC(EpHyIo miaa3My. JIokanbHblE BCIUIECKM MAarHUTHBIX (IIYKTyallid, perHcTpUpyeMble Ha
CPEeNHMX INIMPOTaX Ha HOYHOH CTOPOHE, MOTYT OBITH CIICICTBHEM IIPOAOJIBHBIX TOKOB, T'€HEPUPYEMBIX
cpeaHeMacIITabHBIMU TIepeMenarnmMucs noHocepusiMu Bozmyierusmu (ITUB) [Park et al., 2015]. TTo nanHbiM
cnytauka CHAMP (~500 km), Nakanishi et al. [2014] oOHapyxuiaM Hanu4ue "MAarHUTHOH psAOU" Ha CPEAHHX H
HU3KUX IIHMPOTax - (uykryaunit ¢ Mamoi amrumtynoid (ot 1 mo 5 HT), meprneHIUKYISIpHBIX T'€OMarHUTHOMY
OCHOBHOMY TIOJIFO, C XapakKTKPHBIM MEPHOIOM OKOJIO HECKOJBKHX IECATKOB CEKyHA. DTH (QIyKTyaluu Maioi
aMIUTUTY/Ibl OTJIMYAIOTCS OT PErMCTPUPYEMbIX Ha HHU3KOOPOWTAJIBHBIX CHYTHHKax PC2-3 mynbcanuii TeM, 4To
HaOJII0Ial0TCsI B J1I000€ MECTHOE BPEMsl, HO MX aMIUIUTYAbI JHEM B ~3 pa3a OoJblie, YeM HOYblo. VX mosiBieHUe
aMILUTUTY/IBl HE 3aBHCAT OT apaMeTPOB COJHEYHOTO BETPa M OT T€OMarHUTHON aKTUBHOCTH. ABTOPBI MOJIArafoT, YTO
HaOJI0/]aeMble MarHUTHbIE (QIYKTyaluu OOYCIIOBJIEHBI HPOCTPAHCTBEHHOW CTPYKTYPOH MHPOJOJIBHBIX TOKOB OT
noHocdepHoro nuHaMo, Bo30yxmaemoro AI'B, pacnpocTpaHsSonmMuCs OT HIDKHEH aTMochepsl 10 MOHOC(hEpHL.
Cnyraukn SWARM (~500 kM) moArBepauiM HaJMuue B BEepXHEH HMOHOc(epe Ha CPeIHMX M HHU3KHX LIMPOTax
"MarautHo# psaou" mainoi ammmutyasl (0.1-5 HTx) [Aoyama et al., 2017]. Cratuctuueckuii ananus 54 taiihyHOB
TIOKa3aJl, YTO CPEeTHIE aMIUIUTY/ABI STHX MarHUTHBIX (UIYKTyaluii BO BpeMsl akTHBHOCTH Tali(yHa OoJblie, 4eM Mpu
CIOKOMHBIX MeTeoycnoBusx. Mcnones3ys nanueie cinytHiukoB SWARM, lyemori et al. [2015] moareepaumu, yto
"MarHuTHas pA0p" MpeacTaBiseT co00H MPOCTPAHCTBEHHYIO CTPYKTYPY M3 MEIIKOMACIITAOHBIX MPOAOJILHBIX TOKOB.
ITo nx omeHKaM OCHOBHOH IEPUO/] BOJIHBI TONAAACT B TUANA30H aKyCTHYECKHX BOJIH.

OpmHaKo JTOCTOBEPHOCTh OOHAPYKEHHBIX d(PPEKTOB OCTaBISAET HEKOTOPHIE COMHEHUS, T.K. MPOJIET CIyTHUKA B
HYXHOM MeCT€ B OJIaronpwATHbBIM mepuof (ciabas reoMarHWTHAs BO3MYILCHHOCTb, OTCYTCTBHE IUIA3MEHHBIX
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Bosmywenus eeomacnummnoeo noas hao maiigpynom VongFong 2014 2. no dannvim cnymuuxoe SWARM

My3BIPEH, ...) ABJISETCS KpaiiHe peakuM coObITHEM. B 1aHHOM paboTe MBI IPUBEIEM JIOTIOIHUTEIbHBIE CBUICTEIbCTBA
METEOPOJIOTHYECKOT0 BO3ACHCTBHSA Ha HOHOC(Epy M TeOMarHUTHOE II0JIE IT0 JAHHBIM SJICKTPOMAarHUTHBIX H3MEPEHUH
Ha crryTHEKaX SWARM Bo Bpemst mponeroB Hax TaiipyHoMm VongFong 2014 .

JaHHbIC M UX aHAIN3

CrnyTHHMKOBBII IIPOEKT SWarm cOCTOMT W3 TpeX WAEHTUYHBIX anmnaparoB (A, B u C), paboTaromux Ha ABYX pasHBIX
nossipHeIx opourtax: C u A pasHeceHHBIX Ha paccrosHue ~1.4° mo nonrore Ha BhicOTe ~470 KM, B TO BpeMsl Kak
opbura B mpoxomur Ha Bbeicore ~510 wMm (https://earth.esa.int/web/guest/swarm). B srtom wucciegoBaHuu
UCTIONB3YIOTCSl JaHHBIE H3MEpPEHHH BeKTopa MarHuTHOro monsg ¢ vactoroil 50 I'm. [laHHble MO perucrpanuu
MarHMTHOTO II0JIsi OBLIM INEpEeCcCYUTaHbl B JIOKAJIBHYIO CHUCTEMY KOOPAMHAT, OPUEHTUPOBAHHYIO BJIOJb TEKYILIETO
MarauTHOTO 1ot B. Taxoke Ha anmaparax SWARM Benack peructpanys IIOTHOCTH IUIa3MBI (C 9acTOTOH ompoca 2
') IEHrMIOPOBCKUMH 30HIAMH.

B mentpe Tatipyna obpasyercs muimmHApHYecKas obiacte ¢ auamerpoM okono 30 kM - "rmaz" TaitdyHa, rae
CKOPOCTBH BETpa M JaBICHHE MUHHMAaJbHBL. BOKpYT pacmoyioxkeHa CTEHa Iia3a - MIIUHAP C PaAnycoM ~75 KM, B
KOTOPOI CKOPOCTH BETpa JOCTHraeT MaKCUMAaIbHBIX 3HaueHu (10 ~100 m/c). K mepudepnn taiidyHa ckopocTs BeTpa
YMEHBIIIaeTcs, JoXoAs 0 ~15 m/c Ha paccrosaun 500-1000 kM OT ero meHTpa.

JlaHHBIE O TpPAeKTOPUSIX TPONHMYECKUX TaW(pyHOB MONydeHbl M3 0a3bl JaHHBIX HH(POPMAMOHHON
TexHonornueckoii kommarun Unisys (https://weather.unisys.com/hurricane). DTu naHHbBIE COCTOSAT M3 TO3UIUN
"rnaza" TaiipyHa U CKOPOCTH BeTpa (WM MHTEHCHBHOCTH) B TeUEHHE XM3HEHHOro nukia taidyna. Ilomoxenue
IeHTpa Tal(yHa JaeTCs ¢ MEPUOIUYHOCTHIO 3 4. KpoMe TOro, MCHOJIp30BaHBl KOCMHUCCKHE CHUMKH B BHIAMOM
kaHane kamepoir MODIS (Aqua Moderate Resolution Imaging Spectroradiometer) u3 T'ogmapnosckoro Ilentpa
Kocmuueckux ITomeroB HACA (https://ladsweb.modaps.eosdis.nasa.gov). ITo TpaeKTOpPHBIM pacdeTaM OMpeaeIeHbI
MOMEHTHI TIPOJIETa CITyTHUKA BONMM3M TalpyHa. B MTaHHBIX 10 MarHUTHOMY IIOJIIO YAAJSAJICS TPEHI C KPUTHUECKHM
nepronoM 30 c. 3HaueHns otHOCTH Ne BIons oOpOUTHI MPHUBOASTCS O€3 BEIYTEHHOTO cpepHero 3HaueHus: <Ne> 3a
aHATM3UPYEMBIH HHTEPBAJL.

PesyabTarsl anaan3a

PaccmorpeH Taiidhyn VongFong, neurasiuiics
OT 3KBaTopa K SIMOHMM B 3amajHOM 4YacTu
Tuxoro okeana B oktsiope 2014 r. Taiidyn
pa3BuIiICs B IpU3KBAaTOpHaIbHOM yacTu Tuxoro
okeana ¢ 02 mo 14 oxtsa0ps 2014 r. CKopocTh
BETpa B MaKCHMyMe COCTaBisUIa moutd 80
M/cex. ['eomarHuTHass 0OCTaHOBKAa BO BpeMs
KU3HA TaiipyHa ObLTa CIOKOMHOI:
iaHeTapHel wHIeke Kp<4, a BemmunHa
unjekca |Dst|<15 nT.

XoTs 3a BpeMsi CyILIECTBOBaHHs Tai(yHa
OBUTO  TOBOJIBHO MHOTO CIy4aeB IMpoJieTa
CIyTHHKOB BOJHM3M Tal(yHa, HE BCE W3 HUX
MPUTOHBI JIJIs IOMCKA BO3MOXKHBIX 3()()EKTOB.
Ha mpuskBaTOpHAIBHBIX IIHPOTAX CYIIECTBYET
TaKoe XapaKTepHOe SIBIICHHE KaK
JKBaTOpHallbHAS ~ AHOMaIMs -  pE3KHUe
BO3pacTaHus MJIOTHOCTH MOHOC(EpHOH i
IUIa3Mbl  CUMMETPHYHO 110 00€ CTOPOHBI OT .
TCOMarHUTHOTO  JKBaTopa.  Takxke Ha | A e
NPUAKBATOPHAIBHBIX ~ IIUPOTAX  PEryJsipHO
Ha0MoIaloTCs MIa3MeHHble myssipu [Park et
al., 2009] u F-paccesnue [Stolle et al., 2006].  Pucynoxk 1. IIponer cniyraukos SWARM-A (3enenasn nunus) v -
Otu  mnasMeHHble 00pasoBanuMsa 3a4acTyr  C (cumsa aunus) Hapg Taiigynaom 2014/10/08, 01:15-01:25 UT.
CONPOBOXKIAIOTCS ~ YCHJIEHHEM  MAarHUTHBIX  IlITpuxoBas KpacHas JHHHS 00O3HadaeT reoMarHuTHb (dip)
Gbayxryanuii. Tlostomy U3MEpeHUsl  3kBarop. TouyedHas JTHHUS MOKA3bIBACT TPACKTOPHIO TaidyHa mo
HEIOCPEJACTBEHHO  BOJM3M  TEOMAarHUTHOIO  jaHHbIM noprtana Unisys.
9KBaTopa (OTMEYEH Ha KapTe TOYECYHOH
nuHMeH) He paccMarpuBanuck. C  npyroit
CTOPOHBI, Ha 00JIee BEICOKHX, CPEIHUX IIMPOTaX MHTEHCHBHOCTD Tall(hyHa yxKe 3HauUTeNbHO yobiBaeT. [TloaToMy st
BbIJIeIeHUS (G PEKTOB TalihyHa B HOHOC(EPE MBI paCCMaTPUBAIIN IIPOMEXKYTOYHBIE HU3KUE ITUPOTHI.

B mnepuox 01:18-01:23 UT 08 okr. 2014 (menp 282), oba cmyrauka SWARM-A u -C npoxonmnm
HemocpeACcTBeHHO Han TaiipyHom B aHeBHoe Bpemsi (LT~10). BeprukampHas mpoekmus OpOUT CITyTHHKOB
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B.A. Mapmunec-bedenko u op.

OTHOCHTEJIFHO 00111l METEOpOJIOTHYECKOM KapTHHBI TalihyHa nokazaHa Ha puc. 1. Hax "rmazom" TaiidyHa criyTHUKH
npoxoawm B 01:20.30 UT.

ITpn HaxoxxpeHNM Haj TaiipyHOM, 00a CIyTHHMKA 3apETHCTPHUPOBAIM MarHUTHBIE (QIyKTyalud ¢ aMIUINTYAAMH
(peak-to-peak) X~1.5 nT, Y~0.5 nT (puc. 2). [Ipeobnanaromiue mepuoast GpaykTyaiwii 5-10 cex. @nykTyanuu Osum
YUCTO MOIEPEYHbIE, KOMIIOHCHTa BO3MYIICHHUS BJOJb T€OMAarHUTHOTO moisi orcyrctBoBama Z~0. OtcyrcrBhe
BO3MYILCHHE 110 Z-KOMITIOHEHTE YKa3bIBAaCT HA TO, YTO MarHUTHBIE (DIyKTyalH BBI3BAHBI IPOJONEHBIMH TOKAMH.

Taxxe Ha SWARM-A u -C sapeructpupoBaH "my3blpb" Iiasmbl ¢ ammiurygoil N~8*10* M3 ma Qone
nonocdepnoit miornoctu <Ne>=(1.0-2.5)*10° m® (puc. 2, HwxHAs nanens). TakuMm 06pa3OM, OTHOCHTENBHAS
BEJIMYMHA BO3MYIICHUS 11a3Mbl ~(3-8)%. BpemenHas nmpoTsikeHHOCTh 1my3bIps ~80 C, 4TO COOTBETCTBYET MaclTaldy
MPOCTPAaHCTBEHHOW CTPYKTYpHI ~560 kM.  MarHutHble (IyKTyaluMd He NPUYpPOYEHBI K TIpaJMeHTaM My3bIps, a
PAacIoI3IIMCh Ha 3HAYUTEIBEHO OOJIbIIIEE PACCTOSIHUE.

AmnaryornyHasi KapTHHa IIa3MEHHBIX M MarHUTHBIX BO3MYILIEHHH HaOxioJanack M NpH IPYrHX HpoJeTax Haj
TaiipyHoM.

O0cy:xneHue pe3yabTaToB 2014 10/08
PaccMoTpeHHOE SIBIICHHE  SIBISIETCS N
OIHMM M3  YacTHBIX  CJIydaeB g
MHOTO3TallHOTO OOMEHa 3Hepruei
MEX1y BOJIHaMH U TYPOYJIEHTHOCTHIO
HeHlTpanpHOU aTMochepsl u
BO3MYILEHUSIMH IIIa3Mbl MOHOC(EPHI
1 MarHuTHoro nois. Ha nepsom stane
AI'B, reHepupyeMble HHTEHCUBHBIMU
BeTpaMy TaiiyHa pacipoCTPaHIIOTCS
0 noHoc(epHBIX BBICOT. biaromaps
cTpaTH(QUKAIAN aTMocgepbl
ammuryga AIB  yBennuuBaeTcst ¢
BeIcOTOM. OONacTh BO3NEHCTBHA Ha
noHOCepy 3a CUeT pPACXOKICHHS
BOJIHOBOTO  (hpoHTa  OKa3bIBaeTCs
IIMpe, YEM XapaKTEpHbId pa3Mmep
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TaiipyHa. HwuskouacToTHas dacTb gx10*
.
AI'B (T>10 wmMwuH) - BHYTpEHHHE exte
4x10
rpaBUTAIIMOHHbIC BONHBl = ..
PacIpoCTPaHsIIOTCS BIUIOTH 10
BepxHeil wmoHoctepsr (F-cnoit), rme —2x10* : : : :
OHHM BBI3BIBAIOT MOTYJISILIHIO '
_ MOAyJILL 01:18 01:19 01:20 01:21
IUIOTHOCTH HOHOC(EPHOU TIa3MBbl. N

BricoxouactotHas yactb AIB -
uH(pa3ByKOBbIE aKyCTUYeCKUe BOHbl ~ PHCYHOK 2. Bapuanmu reomarauTHOro mons (kommoHeHTHI X, Y, Z B
MOKET BO30YKIaThbcsd Kak BeTpaMy, CHCTEME KOOPIMHAT OPHEHTHPOBAHHOW IO TeKymeMmy B), u oTknonenus
TaK ¥ TPO30BOH AKTHBHOCTHEIO B  IUIOTHOCTH MJIa3Mbl N OT CPEJHETO 3HAYEHUS (HUJICHAA NAHelb),
obnactu Talipyna. Akycrtudeckue 3apeructpupopannble crnyTtHukaMu SWARM A (seremas aunus) m C
BOJIHBI C BBICOKMMH dactoTamu (>10  (cumsas aunus) 2014/10/08, 01:15-01:25 UT. BpemeHnHble METKH - KaXKIble
mlm) mornmomarorca B Bepxmed 10 cek.
atMocepe M MOTYT OTPaXaTbCsi OT
PE3KHX BEPTUKAIIBHBIX IPaueHTOB TeMmeparypsl. [IpoBoasmiero cinost nonocdepst (E-cioit), kak mpaBuio, MOTYT
JOCTUraTh aKyCTHYECKHE BOJHBI ¢ yactotamu 3-5 mI'w [Zettergren and Snively, 2015]. OTu akycTudeckne BOJHBI
TeHEPHUPYIOT AJIEKTPHUYECKHE TS U TOKU. CHCTeMa reHepHpYEMbIX TOKOB IMBUPTEHTHAsI, U CTPYH MPOAOJILHOTO TOKa
BBEITEKarOT U3 E-citos B BepxHIO HOHOC(hEPY, T€ U MOTYT OBITh 3aPErHCTPUPOBAHBI CITyTHUKOM KaK (UIyKTyalluu
T€OMarHUTHOTO TOJL. BO3MOXHBIM MHHUMAIBHBIA [ONEPEYHBIl MacmTad BO3MYIICHHS ONpeAesseTcs
UG Gy3MOHHBIM PACIUIBIBAHUEM.

3aperucTpupoBaHHbIe HaJl Taii()yHOM MarHUTHbIE (IYKTyaluu Mo CBOMM CBOMCTBAM BO MHOI'OM aHAJIOTHYHBI
MarautHON "psou", oOHapykennod ma CHAMP u SWARM [Nakanishi et al., 2014; Aoyama et al., 2017].
MarHuTHble (GIyKTyaluu SBJISIOTCS pPe3yJbTaTOM TeHEepaluH IMPOJIONIbHBIX TOKOB B E-ciioe moHochepsl moj
BO3ZCHUCTBHEM WH(PA3BYKOBBIX KojleOaHWH, W3Ty4aeMbIx TaipyHoM. IIpeobnamarommii mepumonm ~10 cek
COOTBETCTBYET IIONEPEYHOMY MacIuTady konebanuii mopsiaka ~70 kM. [IpocTpaHcTBeHHBIH MacITad akycTHUECKOM
BoJiHBI L~V/f~50 kM, npu ckopocTu 3ByKa Vs~0.2 km/c u yactote f~4 mI'. [Iposer cnythuka ¢ V~7.5 km/c uepes
TaKyI0 MPOCTPAHCTBEHHYIO CTPYKTYPY AACT QIIYKTyaIlH C IIEPUOJIOM ~7 C, MONAJAIOLIMM B AWAIa30H HAOJI01aeMbIX
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Bosmywenus eeomacnummnoeo noas hao maiigpynom VongFong 2014 2. no dannvim cnymuuxoe SWARM

TIEPUOJIOB MArHUTHBIX (QuykTyamuit. Jins duykryanmii ¢ ammmtynoit ~1 nT, B none Bo=10% nT, u nonepeunom
macimrade 50 KM, COMyTCTBYHOIIAs IIOTHOCTh POIONIEHOTO TOKA B HOHOC(Epe NoJmkHa ObITh j~0.02 pA/M2,

[Tna3MeHHBI My3BIpb SIBISIETCS TPEIIONOKUTENFHO PE3YJIBTATOM BO3/CHCTBUS BHYTPEHHEH TpaBUTAIMIOHHOW
BOJIHBI Ha HOHOc(epy. [y criyTHHKA 3TO BO3MYILLICHHE SIBIISETCS KBa3UCTAaTUYECKUM, BpeMs €ro HaOmoneHus (B
CpeIHeM MopsAAKa | MUH) COOTBETCTBYET JJIMHE BOJIHBI IIOPSAAKA HECKOJIBKUX COTEH KM.

3aximodeHue

AHanu3 JaHHBIX JIEKTPOMAarHUTHBIX W TUIA3MEHHBIX M3MEpEeHHH Ha HHM3KoopOuTanbHbIX crnyTHukax SWARM Bo
BpeMsi IIpoJieToB Haj Taiipyrnom VongFong 2014 r. Ha HU3KUX MIMPOTax BHISBUI HAJTHMYHME B BEPXHEH HOHOChEpe Haj
TalipyHOM IATHO "MarHUTHOM psiOu" - uykryarmii Manoi ammuintyasl ~1 HT) ¢ npeobnagaronM neprogom ~10
CEK, BBI3BAHHOW MEJIKOMACIITaOHBIMH IIPOAOJILHBIMU TOKaMU. DTH QIIYKTyally BO30Y>KAAIOTCS IPEIIOI0KUTEIHHO
MH(Pa3BYKOBBIMU BOJIHAMH, U3Ty49aeMbIMU TalQyHOM.

bnazooapnocmu. Jlanusie SWARM mpenocrasienst  Eponeiickum  Kocmudeckum  ArentctBoM. PaGorta
noanepxkana rpantomM POOU 18-05-00108 (3BU) u roczapanuem UD3 (MBA, TIBA).
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BBIAEJIEHUE U ITPOI'HO3UNPOBAHUE BBICOKOYACTOTHbBIX
COCTABJIAIOIINX BAPUAIINI KPUTUYECKOM YACTOThI
JIJISA CPEJHEIIMPOTHOM HOHOC®EPHI METOJIAMU
CIIEKTPAJIBHOI'O AHAJIN3A

J.B. Poxnecrsenckuit!, B.A. Tenerun?, B.U. PoxaecTBenckas’

! Unemumym npoénem ynpasnenus PAH, 2. Mockea, Poccus
Unemumym 3emno20 maznemusma, uonocepvl u pacnpocmpanenus paouosont Poccutickoti akademuu
Hayk. 2. Mockea, 2. Tpouyk, Poccus

AHHOTaHHﬂ. MCTO,I[LI CIICKTPAJIBHOTO aHaJIM3a U ACMOAYJIANNN CJIOKHOI'O0 CUI'HaJla UCIIOJB3YIOTCA AJIsd TPOrHO3a
Ha6J'IIO,I[aeMBIX 3HaueHuil cios F2. HOJ’Iy‘ICH IIPOTHO3 CYTOYHOI'0 XOoHda U BBICOKOYACTOTHOM COCTaBJ’I?HOH.[eﬁ
KpPITI/I‘IGCKOﬁ HacCTOThbI, KOTOPYIO 0COOEHHO Ba)KHO YUYHUTBIBATH B JICTHHUC MCCALBI IJIA Cpe,[[HeHIPIpOTHOfI I/IOHOCCI)epH.

Beenenue

B Hacrosmiee Bpems, KOr/ia UMEIOTCS yBEPEHHbIC 3HAHHUS O MHOTOJICTHHX 3HAYCHUSIX MOHOC(EPHBIX IapaMeTpax,
CTaJO NOHATHO, YTO BIHMSHHEC HAa HOHOC(EpPY MAarHWTHBIX Oypb, HApYIICHHUS DPAAMOCBA3M U INPEIBECTHHKH
3eMJICTPSICEHUH Ha/l0 HMCKaTh B BBHICOKOYACTOTHBIX BapHalMsAX HOHOC(HEPHBIX COCTABIIOMMX. I ycTOHYMBOM
panvocBs3M HEOOXOAMMO CHHXPOHHM3HPOBATH INPHEMO-TIEPEAIONINE YCTPOHCTBA C H3MEHEHHEM KPHTHYECKOMH
YaCTOTHI, TAK KaK BPEMs NPOMAaHMs CUTHAJA 3aBUCUT OT BapHalnii KpUTHYECKOH 4acTOTHI, IPUYEM HACTPAUBaTh
MIPUEMHHUK HEOOXOIMMO IO TOMY K€ 3aKOHY, 110 KOTOPOMY MEHSETCS KpUTHYECKas YacToTa, T.. HeOOXOMMO 3HATh
3akoH u3MmeHenus fOF2 Bo Bpemst QyHKIIMOHHPOBAHUS KaHANA CBSI3M WM MPOTHO3 KpUTHUYecKol yacToThl fOF2 Ha
3TOT mepuol BpeMeHH. DPdeKkTUBHAs 1MoJoca MPONMYCKaHHsS MPUEMHHUKA 33JaeT NpejeNbl TOUHOCTH TPeOyemMoro
IIPOTHO3a JUIsl IOAJIEP>KAaHUSL yCTOMYUBON PAIUOCBSI3U.

[Mpuuwio BpeMst MCClieIOBaHMsI BBICOKOYACTOTHBIX BapHallMii HOHOC(EPHBIX MpoleccoB. MexaHusm o0paboTku
JIAHHBIX HAOJIOICHHUH IS OLIEHKH BBICOKOYACTOTHBIX M CpeAHNX 3Ha4YeHuil fOF2 onnHakoB, pasnuuine 3aKI0Uar0TCst
TOJIBKO B YacCTOTE JUCKPETU3AINH ITPH U3MEPEHUSIX, T.€. B HHTEpBase u3MepeHuid. B padorax [1-3] ObuTH H3710)KEHBI
OCHOBHBIC MeETOABI O0OpabOTKM M MPOTHO3UPOBAHMS KpUTHUYeckoW dvacToThl fOF2, mOCTpoeHHBIE Ha OCHOBE
JIEMOYJISINY CIIOXKHOTO curHana. [IpescTaBieHne cioXHOTo mporecca (BapHalyii KpUTHUECKOH 4acTOThI) B BUJIE
OTZIETBbHBIX COCTABIIAIONINX C MOCIEAYIONIMM IIPOrHO3UPOBAaHNEM KaXK/0H MO3BOJISIET IIOBBICUTH TOYHOCTh MIPOTHO3a,
TaK KaK y3KOIIOJIOCHBII CHTHAJI IPOTHO3UPYETCsl TOUHee. EcTecTBEHHO, UTO OTAEIbHBIC COCTABIISIONINE OITUCHIBAIOT
KOHKPETHBIE ITPOIIECCHI, UM CBOHCTBEHHBIE.

MeTtonabl MporLo3a

W3BecTHRIC MHOTOYHCIICHHBIE MPOTHOCTHYECKHE MOJENH HOHOC(HEPHBIX MapaMeTPOB OTHOCSTCS B OCHOBHOM K
CpEIHETOJOBEIM, CPEAHEMECSYHBIM H CPEIHECYTOYHBIM 3HAUCHUSIM. BHICOKOYACTOTHBIE COCTABIISOIINE MOTYT OBITH
W3BECTHBI TOJIBKO M3 KOHKPETHBIX JaHHBIX. [109TOMy NpOrHO3 OBICTPOMEHSIONMIMXCS WIIM BBICOKOYACTOTHBIX BO
BPEMEHHOU 00JIACTH COCTABJIAIONINX SBJISICTCS aKTYaIbHOW 3aaueil I YCTOWYHBOM PaliOCBSI3H.

MeToabl IPOTHO3UPOBAHUS CTPOSTCS HA OCHOBE aNPOKCUMAIINH JTaHHBIX HAONFOJCHUA M SKCTPATIOJSLUN UX B
Oyaymue MOMEHTHI BpeMeHH. MeToJl MPOTHO3WPOBAHMS HCIIOJIB3YET alNpPOKCHMAIHIO Pa3pbIBHBIX (YHKIWH U
JEMOIYISALNI0 CIOXKHOTO curHaja. IlpeaBapuTensHO [MaHHBIE HAOMIOACHWH IOABEPraloTCs (UIBTPalUU C
BBIACJICHUEM OTACIBbHBIX COCTABJIAIONINX, HAIPUMED }leTepMI/IHHpOBaHHOﬁ M CTOXAaCTHYECKOW WIIH U_IyMOBOI\/’I.
JleTepMHUHUPOBAaHHAs COCTABJISIONIAS HPOTHO3UPYETCS, a MaTeMaTHYeCKOe OXKHMJAHWE HIYMOBOH COCTaBJISIOIICH
MIpUpaBHUBAETCS K Hy0. [ mepBUYHOI 00pabOTKM JaHHBIX BHIOpAaHBI (GDMIBTPHI UCTIPABIEHHOTO HEIPEPBIBHOTO
ocpenuenust [3] u GpuabTphl UeObImeBa BTOPOTro pojia, KOTOPIE NCIIOIB3YIOTCS B PAIMOTEXHUIECKUX YCTPOMCTBAX C
YaCTOTHO-U30MPATEITFHBIMU CBOMCTBAMH W B BBIYHCIIMTEIEHON MPAKTHKE KaK CHUMMETPHYHBIC IIUPPOBBIC (QHIBTPHI,
OCYIIECTBIISIIOIINE B3BEHIEHHOE OCPEJHEHHE PAaBHOOTCTOSIIMX OTCUETOB. YacTOTHBIE XapaKTEPUCTHKU (PHUIBTPOB
YeOplmeBa NO3BOJISIOT MOIYyYaTh BBICOKYIO CTEIIEHb MOABIICHUS B Iojoce cpe3a. s pacuera MaTeMaTH4ECKOTro
OKHJIaHMSI HMCHOJIB3YIOT OIEPAIMIO CKOJB3SAIIEr0 CPEeIHEro MM MeIUaHbl, KOTOpble BHOCST B HCXOAHBIH psijt
UCKaXeHUs! B BHJE IOCTOSIHHOHM cocTaBistromield. UToObl m30exaTh 3TOro B HACTOsIIEH paboTe HCIONIB3YIOTCS
¢unbTper UebObimieBa. J{iisi aHamm3a 3KCIEPUMEHTANBHBIX MaHHBIX KPUTHYECKOW dacToThl fOF2, momydeHHsIX Ha
cranin U3MHUPAH 6b11 pazpaboTaH KOMITIEKC TPOTpaMM, BKITIOYAIOIINX aJITOPUTMBI ITUGPOBOH (HIETpAIK U
CIEKTPAIBHOTO aHanm3a. [ aHamm3a JaHHBIX MUCIIONB30BAaHBl METOIBI CIIEKTPAIHHOTO aHAN3a, TIO3BOJIIONIIE IO
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Buvioenenue u NPOCHO3UPOBAHUE 8bICOKOUYACMOMHBIX COCMABIAIOUWUX 6apuauu12 Kpumultecxoﬁ uacmomul 015 CpEOHEWMPOWIHOﬁ uOHOCd)epbl

eMUHOW METOAMKE MPOBOMUTH BBIJCICHHE OTACIBHBIX COCTABISIOMIMX W3 JAHHBIX KPUTHYECKOH dacToTel fOF2.
Pa3Ouenne mporecca Ha OTACNBHBIC YaCTOTHBIC IMANa30HBI MO3BOJSET YNPOCTHTh HCCICHOBAHUS OTACIBHBIX
MPOIIECCOB, MPOTEKAIINX B HOHOC(EpPEe W ONMPEACTUTh MpaBuia nanbHeimeil mudpoBoil 06paboTKu ¢ TOMOIIBIO

YHUCJICHHBIX MCTO/JO0B. fwzfgm#gc, rac fum- U3MEPCHHOC 3HAUCHUC KpHTH‘IeCKOﬁ Y4aCTOTHI, nym‘ BBIZICJICHHOC M3

U3MEPEHHOT0 3HAa4eHHE CYTOUYHOI'O XOJa KPHUTHUYECKOH YacTOTHI, f..- BbICOKOUWAacTOTHAS CcocTaBIsIOMIAN
KPUTHYECKOM 4acTOThl. MakcuMmanbHasi 9acTOTa [JUarla3oHa OMpEAeNseT HMHTEpBal AWCKPETH3ALUH B JaHHOM
nuanazone: A=/ Z[f,m] V3meHeHne MHTEpBajIa TUCKPETU3AIMN OCYILECTBISIETCS CyKaTHeM HH(pOPMaIiK, KOTOpoe
BO3MOJXKHO TIOCTI€ HHM3KOYacTOTHOW (uubTpammm u BBegeHus kodddummenra cxarus. Ha puc.l mpencraBneno

pa3zencHre CyTOYHOW M BBICOKOYACTOTHOW COCTAaBIIIOMIEH A TOoAoBHIX MaHHBIX 2014 1., cocrosmux m3 35040
3HAYCHHUH.

-4 spenma 303 dueii

Pucynoxk 1. Pa3neneHue cyTo4HO U BBICOKOYaCTOTHON COCTABIISAIOIIEH /ISl TOJJOBOTO XO/a BapHalluil KpUTHYECKON
vacToThl cinost F2 3a 2014 r.: 1 — usmepennsie 3naueHus fOF2, 2 - BBICOKOYACTOTHAs COCTABISIOLIAs fre.

BumHO, 9TO aMmmMTyna BBICOKOYACTOTHOW COCTAaBILIIONICH KoieOneTcs B mpenenax 2 MIT mmeer Hespko
BBIPQKEHHBIN CYTOUHBINM XO/. YUeT BHICOKOUYACTOTHOM COCTABISIONIEH TPU MPOTHO3UPOBAHUH PATUOTPACC OCOOEHHO
BaXEH B JIETHHE MECAIIbI, KOTJa BapHUallid aMIUIUTYAbl BEICOKOYACTOTHON COCTABIISIFOIICH MPEBBIMIAIOT BapHAIUH
CYTOYHOTO X0]1a, YTO HETPYJHO BUAETH Ha puc. 1. J{ms peanbHOro mporecca BbIIeIeHbl 00JACTH MPOTHO3UPOBAHHUS

OT/IENBbHBIX CTIEKTPATbHBIX COCTABIAIONMMX KPUTHUECKHX 4acTOT. B pasHocTHOM coctapnstomeii f,, mpucyrcryror

f

cocrasitrontre ¢ nepuonamu ot 30 muH (dactota HaiikBrucra) m0 3-x wacoB. COCTaBISIONIME CYTOYHOTO XOAa ' cym

UMEIOT mepuoAsl oT 3 1o 24 dacoB. MHTepBad MHpPOTHO3HPOBAHUS 3aBUCUT OT CIEKTPAJbHOTO JHMAIla30Ha
IPOTHO3UpPYEMOro mpouecca. UeMm yxke Ouama3oH, TeM OOJbIlle MHTEpPBal NPOTHO3UPOBaHUA. BoccraHoBieHue

MPOMCXOJUT HAa YaCTOTaX He HMXKe 4acToThl HalikBucTa fH , T.e. He Hxke 1/2At. Ecin B mporiecce NpUCyTCTBYIOT
4acToThl f > 1/2AT, TO PU BOCCTAHOBJICHHU TAKOrO MpoLiecca BOSHHUKAST MUMUKPHS 4acTOT, KOTOpask IPHBOIHUT K
HCKa)XEHUSIM Tporiecca. [1o3ToMy npH MpoBeJeHNN U3MEPEHNH HHTEPBAJ JUCKPETU3AINH JIOJDKEH OBITh KaK MOXKHO
MmeHnble. [IporHozupoBaHne paaMoTpacc B JEIMMETPOBOM JIMaIla30HE MOApa3/esisieTcss Ha TPH KaTeropuu —
JIOJNITOCPOYHOE ITPOTHO3UPOBAHKE, KPAaTKOCpOYHOEe W omnepatuBHoe. [Ipeanaraemblii MeTon NporHo3a He TpeOyeT
TIPUBJICUCHHS] CTaHAAPTHBIX MOHOC(EPHBIX MOJeNeil McciexyeMoro mporecca. HampoTus, oH caM MOXeT cTaTb
OCHOBOW 3MIHMPHYECKOH MOJEIN HOHOC(HEPHI Al IPOTHO3a KPUTHUECKOI 4acToThl B 3a1auax KB -pannocsssu Ha
pacctostHusax A0 3000 kM. IIpeumymiecTBOM TpeIaraeMoro MeETOoJa SBISETCS HCIMOJIb30BaHWE B METOe
IKCTPAIIOJISILUI TOJIBKO IKCIIEPHMEHTAIBHBIX JaHHBIX. B padore [3] mokasaHo, 4To MpOrHo3 CyToYHOro Xo1a Ha ABOE
CYTOK MOKHO CUHTaTh MPHEMJIEMbIM. MeTo/] 3KCTPaNoIAIUK PEANOIaraeT AalbHeHIee COBEPIICHCTBOBAHUE TIPH
KpPaTKOCPOYHOM TIPOTHO3HMPOBAHUH. [ KPaTKOCPOUHOTO INPOTHO3a HCHONB30BAHUE |5-TM MMHYTHBIX JaHHBIX
MO3BOJISTFOT TPOTHO3UPOBATH OT 30-TH MHUHYT.

IIporHo3npoBaHue BHICOKOYACTOTHBIX COCTABJISIOUIUX

BpIcoko4acToTHAs COCTABIISAIONIAs KPUTHIECKOH YaCTOTHI MOXKET OBITh OTHECEHA K BOBMYIIEHHOI 9acTH HOHOC(EPHI,
CBSI3aHHOH C COJHEYHBIM Bo3zeHcTBHeM. Hanboee sipko BO3MYILEHHUS MPOSIBISIOTCS B JIHEBHOE BPEMsl, HAUMHAs C
BOCX0Ja. DTH BBICOKOYACTOTHBIE BapUaIlMi UMEIOT CyTOUYHBIN 1 CE30HHBIN XOA. 3A€Ch U HUKE OTCUETHI BETYTCS OT
HyJsl 9acoB nepBoro sHBapsa 2014 roga ¢ marom 15 mus. Ha puc. 2 npencrasineH MporHo3 BbIAEICHHOHN OTAEIbHO
BBICOKOYACTOTHOW cocraBisromie anst 3-4 smBapst 2014 r. B BeIOpaHHOM I TPOTHO3MPOBAaHUS psifie
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H.B. Posicoecmeenckuii u op.

MIPOCMATPUBAETCS CyTOYHAsl BapHallUs BBICOKOYACTOTHON COCTaBIIAIOLICH, a B IPOTHO3UPYEMOM psifie 9Ta BapHaLus
NpaKTUYEeCKU HepasinynMa. B mpenpaccBeTHbIE Yachl IPOUCXOAUT pe3koe yBenmdeHue yactortsl fOF2, koTopoe B
TEUEHHE JTHS MOCTEIICHHO yMEHBIIAETCS K HOUHM B CTIOKOWHBIX YCIIOBHSAX CPEIHEITHPOTHON HOHOC(HEPHI.
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y Kpueas 2 — CcriakeHHbIE 3HAYEHUS f,m, NOATOTOBJICHHBIC [JId OKCTpanoJAIluu, 3 - IIPOTHO3 nym, 4 -

nporxosuposanukbie 3Hauenus foF2 ¢ yaerom f,,., 5 - mporsos BeicokouacToTHOI coctapnstomei f,,

U3 puc. 2 BUAHO, 4TO ydeT [, BBICOKOUACTOTHOH COCTaBJSIOMIEH M3MEHseT BUI cyTodyHoro xona. Ha puc. 3

MPUBEICHBI TIPHUMEPhI SKCTPAIOJISIMUA CYTOYHOTO xoaa 3HaveHuit fOF2 mnst pasupix nueil u ce3oHoB B 2014 1. ¢
y4eTOM BBICOKOYAaCTOTHOM cocTapistomeil. I'opu3onTanbpHas npsMas Ha ocH abCLUCC 03Ha4aeT YUCIO OTCUETOB.
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Pucynok 3. Ilpumepsl 3KCTpamojsuuM CyTodHOro xopma 3HadeHuid fOF2 mns cesonoB B 2014 1. ¢ yderom
BBICOKOYACTOTHOM cocTaBnstontell. Kak u B MpeabIayIuX puc. 1- KOppeKTHpOBAHHBIE 3HAYEHUS |, , 2 - MPOTHO3
3HayeHui foF2, 3 — uHTEpBaN OTCYETOB, BHIOPAHHBIH AJI IPOTHO3A.

W3 mpuBeneHHBIX HA pHC. 3 KPUBBIX BHJHO, YTO HAHUOOJBIIME OTKIOHEHHS MPOTHO3UPOBAHHBIX U H3MEPCHHBIX
JAHHBIX HaGH}OJIaIOTCﬂ B IIPEAPACCBECTHBIC YaChl, KOrJa MPOUCXOJUT PE3KOC N3MCHCHUE KpHTH‘IeCKOﬁ YHaCTOThI 3a
KOPOTKOE€ BPEMsA, OTHAKO TAKHE KE€ PE3KNEC NU3MCHCHUA 3HAaYEHUH B IIPOTHO3€ MPOCICKUBAIOTCA B BEUCPHUEC YACHI. B
JIETHEe BPEeMsI CYTOUHBIH X0 BEICOKOYACTOTHOM COCTABIISIONIEH MPAKTHIECKH OTCYTCTBYET B OTIMYHE OT 3UMHETO,
T7Ie OH BBIpaXXeH SIPKO. BenndrHa BRICOKOUACTOTHOM COCTABIISIONICH CpaBHUMA C BEJIMUUHOW CYyTOYHOTO XO/1a U TIPU
MPOTHO3C OTOW COCTAaBILIIONICH TMpeHeOperaTh HENb3sA. [IpHBENCHHBIE TNPUMEPHl CBUICTEIBCTBYIOT O
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MPUHLIUIAATLHOR BO3MOXHOCTH OCYIIECTBICHHUS TPOTHO3a KPUTHUYECKOW YacTOThl C IOMOIIBI0 MeEToja
CHEKTPAbHOTO aHAMW3a W JIEeMOAYJSIIHN CIOXXKHOTO CHTHala. BoOmIpoc TOYHOCTH SKCTPAINONAUN Tpedyer
JAITBHEHINEeTO UCCIIETOBaHMA, OJHAKO MOYKHO TPEITIONIOKUTE, 9YTO POTHO3 BRICOKOYACTOTHOH COCTaBIIIIONIeiH Ooee
TOYEH JJI1 3UMHHX CE30HOB.

3akiouenne

Pa3nenenne cyToyHOH M BBICOKOYACTOTHOM COCTaBJSIONIEH, IOMTY4EHO C MOMOINBI0 KOMIUIEKCA IpOrpam,
CO3/IaHHBIX Ha OCHOBE aHalM3a CJIO)KHOTO CHTHajla I0Ka3alo, 4YTO HHTEpBajl NPOrHO3UPOBAHMS 3aBUCUT OT
CIEKTPaJIbHOTO JHMana3oHa IPOTHO3MPYEMOro Ipoliecca - 4YeM YXKe Juana3oH, TeM OoJjblie HHTEepBall
MPOTHO3UPOBAHUS, U ONpeNesseTcsl MEepHOoJOM MPOTHO3UPYEMON COCTABIAIOMIEH. AMIUIMTY/a BBICOKOYAaCTOTHOMN
COCTABILIFOLIEH IUIs CPeIHEIINPOTHON HOHOC(EPHI CYyIIECTBEHHO MEHBIIE aMIDIUTYIBI KPUTHYECKOH YacToThl fOF2,
Kak npaBuio He npesbimaer 0.5 MI'm. B BbICOKOYACTOTHOW COCTaBISIOLIEN NPUCYTCTBYIOT COCTAaBJISIOLIUE C
nepuogamu oT 30 MuH (dactota Haiiksucra) 1o 3-x gacoB. COCTaBISIIONINE CYTOYHOTO X043 UMEIOT MePHOIBI OT 3
1o 24 gacos. IIpu mporHO3MpOBaHUK BBICOKOYACTOTHOW COCTABIIIONICH BBIOMpaeM HHTEPBAl MPOTHO3UPOBAHMUS
paBHBI1 noy4dacy. PacueTsl MOKa3bIBaIOT, YTO MPHUEMIIEMBIE 3HAYEHHUS IPOTHO3a BBICOKOYACTOTHOM COCTAaBIIIONIECH
KPUTHYECKOH 4acTOTBI MOTYT OBITH MONydYeHbI B MHTepBasie oT 0,5 10 5 yacoB. BeIOpaHHBII METO SKCTPATIONIALNH
TIOJIOKEH B OCHOBY SMIIMPHYECKOH MOJIENU HOHOC(EpBULIs MPOTrHO3a KPUTHYECKOH uacToThl B 3amadax KB
3a/IMOCBSI3M Ha paccTostHUSIX 70 3000 KM.
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KOPPEJISINUSI MEKY HAIIPABJIEHUEM JPEH®A
U OPUEHTALIMEN NONEPEYHON AHU30TPOIINN
MEJIKOMACIHITABHBIX HEOJHOPOJHOCTEM

B HOHOC®EPE HAJI MOCKBOH

H.IO. Pomanosal, B.A. [Tanuyenko?, B.A. Tenerun?

\OIr'BHY “Honapuviii 2eogpusuyveckuii uncmumym”, 2. Mypmanck, Poccus
2fncmumym 3emHo20 Maznemusma, uoHocgepvl u pacnpocmparnenus paouosont um. H.B. ITywikoeéa PAH,
2. Mockesa, Poccus

AHHOTanusi. [IpoBeAeHO YHCICHHOE CPaBHEHHE SKCICPUMEHTAJBHBIX NAaHHBIX, MOJYyYCHHBIX B F-obmactn
noHocdeps! Hax MOCKOBCKAM perrmoHoOM. Vcrmons30BaHbl JaHHBIE, MOMydeHHBIe B sHBape 2015 roma. CpaBHeHHE
MIPOBOIMIIOCH MEXIY HalpaBiieHHeM npeiida (noHo3oHn DPS-4, ycranosnennsiii B USMUPAH), u opuenTanneit
MOTIEpEYHOI aHN30TPOITMU MEJTKOMACIITAOHBIX (HECKOIBKO COT METPOB) HEOJTHOPOIHOCTEH 3JIEKTPOHHON IIIIOTHOCTH
(pamuoTomorpaduueckuii MpueMHHUK, co31aHHbIH B [1osipHOM reo(hU3nueckoM HHCTUTYTE, yCTaHOBICHHBIN B MI'Y).
ITomy4yeHo xopolee coryiacue MeXAy SKCIepHMEHTaJIbHBIMM JaHHBIMH. B psje ciyuaeB pasnuyHble 3HAYCHUA
OpHEHTALMH TIONIePEYHOI aHU30TPOIIMY COOTBETCTBOBAIM M3MEHEHHIO B HAaNIpaBlIeHUH npeiida.

Beenenue

MeTon0M pagro30HINPOBAHNS U MOCIEAYIONIEH MaTeMaTnieckoi 00paboTku pagnocurHana [1], paspaboTaHHBIMU
B [TonmsipHOM reou3nIeckoM MHCTUTYTE, MOJKHO HCCIIEIOBATh MEIKOMACIITAOHBIE HEOIHOPOJHOCTH AIICKTPOHHOM
IUIOTHOCTH B F-00macTu MOHOC(EpHl C NPOCTPAaHCTBEHHBIMH pa3MepaMu OT HECKONBKHX COTEH METPOB [0
HECKOJIBKUX KHJIOMETPOB TIONEpPEK MArHUTHOrO Tmojs. HeomHOpOOHOCTH aHW3OTPONHBI, T.€. BBITSHYTHI
MIPEUMYIIECTBEHHO BJOJb I'€OMarHUTHOTO MOJSA (OCh O — MPOJOJbHAS OCh aHM30TPONMH) U MEHEE BBITSHYTHI B
HaIpaBJIeHUH TONEePEK TeOMarHUTHOTO MoJist (0ch 3 — monepevHas ock anuzorponuu). CooTHOLIEHUE oceit: o > f.
[Mpu paznnvHbIX reopU3NYECKUX YCIOBHUSX IONepeuHas aHu30Tponus (och ) Kak B BHICOKUX HIMpOTax [2], Tak ¥ B
cpenHux [3] uMeeT pasnuuHyo opueHTanuo (yroia W) OTHOCHTENBHO HalpaBiieHUs Ha reorpaduueckuii cesep. B
paborax [2, 3] moka3aHo, YTO MPUIUHOH MOTEPEUHON aHU30TPOITMH HEOTHOPOTHOCTEH (a ClieI0BaTENbHO, Pa3InYHON
opueHTauuell nonepeuyHoi anuzotponun VPa) B mepBom ciydae Obl1 apeii¢ miaasmel EXB, Bo BTOpoM ciyuae —
TOPU30HTAJIBHBIN HEUTPaJIbHBIA BETED.

B nanHo# paboTe uccienryoTess MeIKoMacTabHble HEOXHOPOAHOCTH B F-o0macTn nonocdeps! Hax r. Mockaa.
OKcneprMeHTaIbHbIE JJaHHbIe 00 OpUeHTanuy nonepeyHoit ann3oTponun A OyayT conocTaBieHs! ¢ HapaBICHHEM
npetida Wy kpynmHOMacITaOHBIX HEOTHOPOJHOCTEH MO JaHHBIM HOHO30HMa DPS-4, momydeHHBIMU B Omipkaiimiee
BpeMsI.

Haonronenus

B nepuon saBapst 2015 r. 6110 paccMoTpeHo 13 cirydaeB, Koraa, ¢ OAHONH CTOPOHBI, MOKHO OBIJIO ONpPENeTUTh
mapaMeTpsl MeNKOMacIITaOHBIX HeomHopomHocTel o, B u Wa W, C APYroil CTOPOHBI, MOKHO OBLIO OINpPENETUTH
HarpaBJIeHHE U CKOPOCTb Jpeiia KpyrmHOMacTaOHBIX HEOTHOPOAHOCTEH.

OmmmieM KpaTko CyTb MeToja ompeneneHust npeiida. Vmepenme ckopoctu npedia noHOChEpHBIX
KPYIHOMAcCIITaOHbIX HEOHOPOAHOCTEN noHO30H aMu DPS-4 6a3zupyercs Ha BO3MOKHOCTH N3MEPSTH JJOIICPOBCKUE
caBury (T.e paauaibHBIE CKOPOCTH IepeMEIleHHs) W YIJIOBOE pacloOKEHHE Ha «KapTe Heba» OTHEIbHBIX
noHoc(epHbIX HeogHopoaHocTel. Ecii BBIOpaTh U3 Bcell COBOKYITHOCTH HEOJAHOPOIHOCTEH TP HE COBIIAAAIOIINX
MeXxay co0oH, To Impearoaras, 4To y HUX OJIMH U TOT e BEKTOP CKOPOCTH, MOXKHO 3aIIMCaTh HECIIOKHYIO CHCTEMY
ypaBHeHI/Iﬁ HCIOJB3Yys UX YIJIOBOEC IMOJOXECHUE U UX JOIUICPOBCKUE CABUTU U PEHIMB OTY CUCTEMY IOJTYUYUTH 3TOT
BEKTOp CKOpOCTH. BrIOmMpas BCEBO3MOXKHBIE NOZOOHBIE «TPOMKH» IIOJYyYUM MACCHB BEKTOPOB CKOPOCTH B
TEOMarHUTHBIX MIM Teorpadguyeckux koopauHatax. Ha wuono3onme DPS-4 »sT1oT anropurm peann3oBaH
aBTOMaTH4ecku. Ecim HeO}]HOpO}IHOCTeﬁ MHOT'O (COTHI/I NN TBICSI‘-II/I), TO MOXHO OHEHHUTH CPECIHHUC 3HAYCHUA
CKOPOCTH M TUCTIEPCHIO CKOPOCTEH, ONPEIeIISIFOIYI0 TOYHOCTh U3MEPEHNH. Y IOBJIETBOPUTEILHBIMU MOKHO CUATATH
N3MEpeHns, IIe CpeJHUE 3HaYeHHUsI CKopocTeld B 3-5 pa3 IPEBBIMIAIOT CpeHEeKBagpaTH4Hble OTKIOHeHus. DPS-4
MIO3BOJISIET M1OJTy4aTh 3aBUCHMOCTH TPEX IPOEKIHMI CKOPOCTEW IBIKEHUS HEOJHOPOAHOCTEH OT BpeMeHU. B nHeBHbIC
4acel, KOrJa MOHOC(EpPHOE paccesHHe MEHbIe (MEHBIIE YHCIO HEOAHOPOJHOCTEH Ha «KapraXx Heba» W y30K
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3aHUMaeMblii UMM KOHYC BOKPYT 3€HHUTa), TOYHOCTh M3MEPEHHsI CKOpOCTeH Xyke. B HOUHBIX yCIOBUSX, KOrja
HEOJHOPOAHOCTEH Ha «KapTax HeOay COTHH WJIM THICSYH, TOYHOCTh M3MEPEHHUS CKOPOCTEH MOBBILIACTCS.

OnwmmeM KpaTko CyTh METOJNa OTNpENeNeHUs MapaMeTpOB METKOMACIITa0HBIX HEOTHOPOTHOCTEH (MOApOoOHO
MeTon ommcaH B pabote [1]). HazemHBIM mpHeMHHKOM B TedeHHEe 18 MUHYT HaXOXIEHHsS CITyTHHKA B 30HE
PaIMOBUIMMOCTH 3alUCHIBAETCS PaIUOCHTHAJI, KOTOPBIH HCKa)KaeTcs P NPOXOXKICHUH yepe3 F-cioit noHocdepsl,
colep KAl MeJKOMaclITaOHbIe HEOTHOPOTHOCTH. ECIM paccyMTaTh OHCIEPCHIO Jorapu(pMa OTHOCHTEIHHOU
aMIUTUTYJbl PaJHOCHTHANA M NPEeNcTaBUTh € TIpadUyeckd, TO B Yy4YacTKe HaMOOJBIICH KOHIEHTPALUU
HEO/IHOPOJHOCTEH MCKaXEHHBIH paJloCHIHAI UMEET BHJ MaKCUMyMa, B HECKOJBKO pa3 NPEBBIIAIONINH yPOBEHb
¢oHa. DTO oO3Hauaer, 4YTO B OOJIACTM MPOCTPAHCTBA, 3aHUMaeMOHl MaKCHMYMOM, MOHO OIpEIeIUTh
MPOCTPAHCTBEHHBIE MapaMeTpbl HeogHOpoaHOCcTel: o, B 1 Wa. FIX MOXHO OIpenenTh, €ciu ammpoKCUMUPOBAThH
9KCIIEPUMEHTAILHBI MaKCUMyM aHAJIOTHYHBIM TEOPETUYECKHMM MaKCHMyMOM — MOJIENIBI0 MEITKOMAacCIITaOHBIX
HEO/IHOPOJHOCTEH. ANNPOKCHMAIMS TPOUCXOAMUT ITyTeM MoAOOpa 4YMCIeHHBIX 3HadeHud o, B u Wa. llupuna
TEOPETHYECKOr0 MaKCHMMyMa 3aBUCHT OT BeqmuuH o u (. IIpocTpaHCTBEHHOE IOJIOXKEHHE TEOPETHIECKOTO
MakCHMyMa 3aBHCUT OT BeIMYMHBI WA W B OOJBIIMHCTBE CIyd4aeB ONIpPEHENseTCs € TOYHOCTBIO 2-3°.
[IponeMoHCTpUpyeM MeETOJ OlpenelieHHs mapameTpoB o, U Wa HarmsamHo, rae OyneT Takke IOKa3aHO, YTO
OpHCHTALMSA TTONepeyHOi aHN30TponuH P A Koppenupyer ¢ HanpaBieHueM apeiida Wy B pa3nuaHbIX Te0pH3NISCKUX
CUTYalUsX: PU CTAlJHOHAPHOM M HECTALIMOHAPHOM HAINpPABJICHHUH Jpetda.

PaccMoTpuM cuTyanmuro, Korja HampapleHHE apeiida ObUIO CTalMOHApPHBIM BO BpeMs KaXIOTO M3 JBYX
CIIyTHHKOBBIX CEAHCOB, BPEMEHHOW HHTEpBaJl MEXIy KOTOPBIMM cOCTaBHI okojio 20 MuHYT (puc. 1 a,6). Takue
CITYTHHUKOBBIC CCAHCBHI CUUTAIOTCA (<6J'II/I3KI/IMI/I», OHU y[[O6HbI A AEMOHCTpaluuu 6I)ICTpOTeKyU_[I/IX mpoueccoB B
noHocdepe, HapUMep, U3MEHEHNE WM HEW3MEHHOCTh HanpaBJeHus apeiida.
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Pucynok 1. DxcrniepuMeHTanbHble TpaduKy TUCTIepCHH Jorapu(Ma OTHOCUTEIbHOW aMIUIUTYAbI CIYTHUKOBOTO
curHana (mouxas kpueas), B KOTOPBIX MPUCYTCTBYET TOJIBKO OJFH U30JUPOBAHHBIM MaKCUMYM. ANIPOKCUMALINS
TEOPETUYECKIM MAaKCHMYMOM (uepHble Kpyx#CKu) KaXKAOTO SKCIEPUMEHTATbHOTO MAaKCUMyMa IO3BOJISET
OTIPENICIUTE TapaMeTPbl HEOJHOPOAHOCTEH (B JIEBOM BEpXHEM YIUIy KaXJOro pHCyHKa). [IyHKTHpOM moka3zaH
rpaduK yrjoB CIIyTHHUKA C MarHUTHBIM I10JIEM OTHOCHUTEINILHO HabOroarens B Mockse.

B Kkax10M 3KCIIEpUMEHTAIBHOM Ipadyke NPUCYTCTBYET €ANHUYHBIH MaKCUMYM, ITPEBBILIAIONINN YPOBEHb (DOHA
B HECKOJIBKO pas3, 4TO CBHIETEJILCTBYET O MPUCYTCTBUHM MEITKOMACIITAOHBIX HEOAHOPOIHOCTEH B ITPOCTPAHCTBEHHOM
obuacTu, oXBaThIBaeéMO MakcuMyMoM. B criyTHrKOBOM ceaHce ¢ HadanoM B 20:28 UT W4 = 78°, a B ceaHce ¢ Hadaiom
B 21:05 UT W4 = 104°. ITockonbky B — ochb monepeyHoil aHM30TPONMHM (KaK Mbl IHCAJIH B BBEJACHUH), TO IPHU
HEOOXOIMMOCTH K TEKYIIUM 3Ha4eHHUIM MOXHO nprbaBuTh 180°. [Toatomy ms puc. la Wa =258°, a s puc. 16 Wa
= 284°. OueBHIHO, YTO OPUCHTAIHS ITONEPEYHON aHN30Tponnu WA M3MEHHUIIaCh Ha HECKOJIBKO AECATKOB I'PaIyCoOB,
4yeMy JIOJDKHO ObITh OObsicHeHue. CormocTaBlieHHe ¢ HampaBieHueM Jpeiida, noixyueHHOM HOHO30HAOM DPS-4 B
aHAJIOTMYHBIE MOMEHTBI BpPEMEHH, MTOKa3ajio, YTO HampaBieHue npeiida umeno saadeHus Wy = 263° (s ceanca Ha
puc.la) u ¥y = 278° (ans ceanca Ha puc. 16). B o6oux ciydasx ckopocts apeiida npesbimana 100 m/c, 9To Ha HaIT
B3I OOECHEeYMIO XOpOIIee COTjlache 3KCIEPHMEHTANbHBIX MaHHBIX. «BIM3KMe CeaHCH» IeMOHCTPHPYIOT
koppemsituio BennunH Wa n Wi m3Menenue HampasieHus apedida Wp mpuBeno K aHaJOTMYHOMY HM3MEHEHHIO
OpHMEHTALNH ToNlepeyHOoi aHu30Tponiy s , 4TO TakKe MOXKET OBITH 00YCIIOBJIEHO BBICOKOI CKOPOCTBIO Apetida.

PaccMoTpuM Ipyrylo CHTyalMIo: HanpaBiieHHe Jpeiida MEeHsIIOCh B TEUEHHE OJHOTO CITyTHUKOBOTO ceaHca (puc.
2). B a3KCcIeprMEHTANBHOM TpadHKe MPUCYTCTBYIOT ABa MAKCUMYMa Pa3INYHOM BEJTMYNHBL, MPEBHIIIAIOIINE YPOBEHb
(oHa, MOAITOMY KaxKIblii MaKCUMyM OyJIeT IpOaHaIM3UPOBaH UHIUBHUAYaIbHO. [IpucyTcTBHE NBYX MakCHMyMOB B
rpaguke BO BpeMs OJHOTO CIYTHHKOBOTO ceaHca MOAPOOHO paccMOTpeHo B paborte [4], MOCBAIICHHOMN
WCCIICIOBAaHUIO MEIKOMACIITa0HBIX HEOAHOPOMHOCTEH BBICOKMX MmHUpOT (apx. IlImumbepren). B paborte [4]
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H.FO. Pomanosa u op.

HECKOJIbKO MaKCHMYMOM SIBJSUIMCH IIOKa3aTeleM M3MEHEHHsI HampasjieHus Jpeiida B MOJSIpHOI Iiamke B
MPOCTpaHCTBE WM BO BpeMeHW. Meton [l1] mpeamomaraer MOCTOSHCTBO MAapaMETPOB MEIKOMACIITaOHBIX
HEOJHOPOAHOCTEH TOJIBKO B OOJIACTH, OXBATHIBAEMOW OJHHM MaKCHMYyMOM, II03TOMY B JaHHOM HpPHUMEpE KayKIbIi
SKCIEPUMEHTAIBHBIA MAaKCUMYM allpPOKCUMUPOBAH HHAUBUyanbHO. it puc. 1la Wi = 129° (=309°), a s puc.16
Y4 =77° (£257°). OueBUIHO, YTO OPHEHTAIHS ITOTIEPEYHON aHM30TporHH WA HE MPOCTO MEHSNIACh HA MPOTSHKEHUH
CIIyTHUKOBOTO CEaHCa, a B Pa3JINYHBIX IIPOCTPAHCTBEHHBIX 00IACTAX MIPUCYTCTBYIOT HEOJHOPOJHOCTH C PA3INIHBIMHU
mapaMeTpamy, 4YeMy IOJDKHO ObITh oOBsicHeHHe. COIOCTaBICHHE C HampaBiIeHHEM Japeida, MTOIydeHHOM
noHo30H10M DPS-4 Ha npoTshkeHHH BCero CIyTHHKOBOT'O CeaHca, 0Ka3ao, YTo HalpaBiieHue apelida n3MeHsI0Ch
ot Wy = 265° no ¥n = 280° mpu ckopoctu npeiida 28 m/c (= 9 m/c). DTo HE OUYEHB CYIIECTBEHHOE M3MEHEHHE,
BenmunHa Wy Haxomutcs B uHTepBasie BedMdMH WPar u Wa, YTO CBUAETENHCTBYET O COIVIACHH MEXKAY
9KCIIEPUMEHTAIbHBIMU JaHHBIMH, TIOJyYEeHHBIMH pa3sHbIMU Merojnamu. Hanudue B rpaduke OBYX MaKCHMYMOB,
BEPOSITHO, CBS3aHO C MaJIOi CKOpOCThIO Apeiida. Bo3aMokHO, MPUCYTCTBYET BIMSHUE HEHTPaIbHOTO BETPa, HO 3TO
HCCIIEeJOBAaHNE TOJIBKO IIAHUPYETCS.
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Pucynok 2. B rpaduke nucnepcun yoraprudma OTHOCHTEIBHOW aMIUIUTY/AbI HPUCYTCTBYIOT JBa MakCHMyMa.
YcnoBHbIe 0003HaUEHHS TE K€, YTO Ha puc. 1.

3aki0ueHue

B smBape 2015 T. METOIOM pPagMO30HIUPOBAHMS OBUIM HCCIIEJOBAaHBI MEIKOMACIITAOHBIE HEOTHOPOIHOCTU
ANEKTPOHHOH TIOTHOCTH B F-o0mactu moHOC(Epsl Hax r. MockBa B HOYHOE BpPEeMs B CHOKOHHBIX T€OMarHUTHBIX
ycnoBusix. B 13 ciydasx Oblia 4MCIeHHO ONpeiesieHa OpUeHTAIUs MonepeyHoi anu3zoTponuu ‘P A HeogHOpOIHOCTEH
M CONOCTaBJicHa C HampaBicHueM aperda miasmel Wi mo gaHHbIM HOHO30HAA DPS-4 B Gmmkaiiiiiee BpeMs st
Kaxjoro ciydas. [lo pesynbrataMm COMOCTaBIEHUS YCTAaHOBJIEHO XOPOIIEE COTJIACHE MEXIY OJTHMH
OKCIICPUMEHTAJIbHBIMHU JaHHBbIMU. To €CThb, B IIJIOCKOCTH, HepneH)meJmpHoﬁ MaromuTHOMY II0JIKO,
MCHKOMaCHITa6HLIe HCOJJHOPOAHOCTHU BBITAHYTHI B1OJIb HAIIPABJICHU npeﬁ(ba.

bnazooaprnocmu. PaGora Beinonsena npu noanepxkke rpanta POOU No 16-05-01024 A. Aprtopsl Gmaropapst
COTPYJIHHMKOB Ja0OpaToOpuu pajuonpocBednBanust [loispHOro reo(M3MUEcKOro WHCTUTYTAa 3a NPOBEACHHE
9KCTIEPUMEHTAIILHBIX paloT.
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AHAJIA3 HOHOTI'PAMM BHEHTHEI'O 30HAUPOBAHMUSA HK-19
B OBJIACTHU ABPOPAJIBHOI'O OBAJIA IJIAA YCJIOBHUU
PABHOJAEHCTBUA

B.A. Tenerun?, B.T. Bopo6be132, O.U. HFO)IKI/IHaZ, B.U. Poxaecteenckas?®, E.B. Ocunenkopad,
A.A. Kanrror?

L Unemumym semnozo maznemusma, uonocghepol u pacnpocmparnenus paouosonn um. H.B. Iywuxosa
PAH, 2. Mocksa, 2. Tpouyxk, Poccus

OI'BHY “Honapuwiii 2eousuueckuii uncmumym”, 2. Anamumei, Poccus

3Mockosckuii mexnonocuyeckuil yuusepcumem (MUPDA), e. Mocksa, Poccus

AnHHoTauus. [IpoBeneH aHanU3 HOHOTPAMM BHEIIHETO 30HIHMPOBAHUSL, IIOIYYCHHBIX IPH IPOXOXKICHUH CITy THHKOM
Wurepkocmoc-19 obnacreil aBpopajibHOr0 OBana M NOJSPHOW Inanku. [loka3aHo, 4yTo B 00NAcTH BBICHITAHHMA
aBPOPAIBHOTO OBAJIAa B MArHUTOCIIOKOMHBIE MEPUOJBI MOTYT HAONIOAATHCS «UHCTHIE» MOHOTPAMMBI, Ha KOTOPBIX
TIOJTHOCTBIO OTCYTCTBYIOT JOIOJIHUTENBHBIC CIEIbI, CBA3aHHBIE C HEOJHOPOTHOCTAMH B noHOochepe. [lomyueHHbIe
Pe3yJIbTaThl CBHACTENBCTBYIOT O TOM, YTO B 00JIaCTH OBaja CHSHUN B 3TH HEPHOJBI OTCYTCTBYeT F-paccesnue.

1. BBenenne

O CJOXHOCTH MPOLIECCOB, IPOTEKAIOIUX B IOJSIPHOW HOHOC(EpE CBHICTEIBLCTBYIOT MHOTOYHMCICHHBIC
UCCJIEJIOBaHUS YUYCHBIX, MPOBOAMMBIE HA MPOTSDKEHHU JJIMTENILHOTO BpeMeHH [bpronennu u Hameanaose, 1988;
Muwun, Pyscun, Teneeun, 1989; Kapnaues, 2016; Knumenxo u op., 2015]. IloaToMy comocTaBieHue pe3yibTaToB
BHELITHETr0 30HAMPOBAHMUS HOHOC(EPHI, TTOJTydeHHBIX co ciryTHHKa MK-19, ¢ MecTomonoxeHneM aBpopaibHOTo OBaa,
MOJKET IMPOJIUTH CBET HA MX B3aUMOCBS3b C BapHAIMSIMH HOHOC(PEPHBIX MapaMeTpoB. TIIaTeNbHBIE HCCICTOBAHMUS
BBICOKOIITUPOTHBIX HOHOTPAMM BHEUIHETO 30HMPOBaHus Ha cinyTHuke MHTepkocmoc-19 [Kapnaues, 2016] BoisiBUIN
JUTMHHBIE YAaJIeHHBIC 3¢MHBIC OTPaKEHHS M KOPOTKHUE JAOMOJHHUTEIFHBIC 3¢MHBIC CIIEABl CHIBHOTO F-paccesHus Ha
HOHOTpaMMax B 00JacTH IHEBHOTO Kacma. Hambonee wHTepecHON 0coOeHHOCTBIO MOHOrpamMM MHTepkocmoc-19
0Ka3aJI0Ch HaJM4YKE IMOJIOCHl IIYMOB U MHOKECTBEHHBIX ClIeI0B OK0J0 6 MI' u B untepBasie 8-10 MI'u. Tem ne
MeHee, B BBICOKUX MIMPOTaxX HAOIIOMAIOTCS M «YUCTHICY» MOHOTPAMMEL, T.€. HOHOTPaMMBI Ha KOTOPHIX HMOJIHOCTEHIO
OTCYTCTBYIOT JIOTIOJIHUTEIIbHBIE CIIEJIbl, CBSI3aHHbBIE C HEOJHOPOJHOCTAMH B HOHOC(hEpE,

2. I3MeHeHHe KPUTHYECKOM YaCcTOThI BI0JIb TPACCHI NlepeceYeHusl aBpOPAJIBHOI0 0BaJIa
CIIYTHUKOM
B Hacrosimei paboTe HaC MHTEPECOBAIN XapaKTepHbBIE CTPYKTYPHI BHICOKOIINPOTHONH HOHOC(EPHI, B OKPECTHOCTAX
KOTOPBIX HaOJNIOJAINCh «YHCThIe» HOHOrpamMMbl. Ha puc. 1 mpuBeaeH mpuMep «4HCTO» MOHOTPAMMBI BHEIIHETO
30HJMPOBAHMS, KOT/A TIOJIHOCTHIO OTCYTCTBYIOT JIOMOJHUTEIBHBIE CIIEbl HEOAHOPOIHOCTEH HOHOC(EPHI, YTO NMEET
MECTO B CIIOKOITHBIX T€OMarHUTHBIX ycioBus [ Kapnaues u Teneeun, 2008]. Xopo1ro BUIHBI YeTKHE OTPAKEHUS ABYX
KOMIIOHEHT (OOBIKHOBEHHON M HEOOBIKHOBEHHOW) OT BHEHIHEH HOHOC(epsl M 3eMin. BeposTHOCTh MOSBICHHUS
HE3aIIyMJICHHBIX («IHCTHIX») HOHOTPAaMM CHIIFHO yMEeHbIaeTcs Ha mupoTax 6omee +70° ILAT. Ha puc. 2 moxaszan
OTPE30K TPAeKTOPUH Ipu nepeceueHnd cnyTHukoM VK-19 oBana monsipHbIX CHSHUIA B IPOLECCE €ro IBHIKCHUS B
CTOPOHY BBICOKHX IIHPOT (ClieBa HAIIPABO Ha PUC. 2) BO3MOXKHBI II5Th BAPHAHTOB BHEIIIHETO 30HANPOBAHUS B paMKax
KJIaCCHMYECKOTO 110/1X0/1a (30HAMPOBaHNE BEPTHKAIBHO BHHU3 B KOHyce 60 rpaj.): CIlyTHHK HaXxOAMTCS JIEBee OBaja,
CIIyTHUK HaXOJHTCS B OBaje M oOiydaeTcsi o0JlacTh jIeBee OBaja, CIIyTHHUK — B OBaJie M 00JIydaeTcsl OBaJl, CITyTHUK
npaBee oBaJla U 00JydaeTcsi OBaJ, CIyTHHK IIpaBee oBajla M o0iy4aercst o0sacTh BHE oBajia. PaccMoTpeHue Taknx
BO3MOXXHBIX BAapHaHTOB HEOOXOJMMO Uil IIOHMMAaHUWs IIPUYMH TIOSBJIECHUS PACCEIHHBIX HMOHOTpPaMM, |
COOTBETCTBYIOIINX UM MOHOC(EPHBIX HEOIHOPOIHOCTEH B BHICOKMX LIMPOTAX. J[JIsl OLEHKH MOJOKEHHS «UUCTHIX»
HOHOTpaMM B 00JIaCTH OBajla CHSHUN MPOBOAMIIOCH KOOPMHATHOE CPAaBHEHHE MO MOJENH BbIckinanui [Vorobjev et
al., 2013]. Hamo otMeTHTh, 9TO 3TA MOJIEIb OKA36IBAET TPAHUIIBI OBAJIOB JUCKPETHBIX W UM (Y3HBIX BBICHITAHHI,
npuBeZeHHBIX K BbIcoTe 110 kM. Bricota opbutsl crmytHuka MK-19 mmensmace ot 550 kM go 1050 xm. [na
paccMaTpUBaeMBIX HIDKE TPEX CIIydaeB IMEPECEYeHHUs CITyTHUKOB aBPOPAIBHOTO OBaJIa BEICOTA CIIyTHUKA N3MEHSIIACh
ot 560 kM 10 810 xM™.

HakioHeHre MarHUTHOTO IT0JISE Ha BRICOTE CITyTHUKA JIJISl 9TUX CIIy4aeB MeHs1ach ot 75° 10 88°. B TakoM ciryuae,
IpU TPOCUMPOBAHMHM KOOPAMHAT OBajla HAa BBICOTHI CIHYTHHWKA MBI ITOJY9aeM CMEIICHHE K OTY TPaHUIl TpeX
XapaKTEepHBIX BBICOKOLIMPOTHBIX CTPYKTYP MEHee, 4eM Ha 1.5 rpajgyca u 9TuM 3QQEeKTOM B IIEPBOM IPHOIIMIKEHUN
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Ananuz uonoepamm enewnezo 3onouposanus UK-19 ¢ obnacmu aspopanvbhozo 06aia s yCioguil pasHOOeHCmEUs:

MOXHO TIpeHeOpeyb. TeM He MeHee, HaJJ0 XOPOLIO MPEACTaBIATh BOZMOXKHOE MOJI0)KEHHE CITyTHHKa OTHOCUTEIBHO
obmacTeil MUCKpeTHBIX U TU((y3HBIX BBICHIITAHUIH.

Kax nokaspIBaeT aHaJIN3, Ha HOHOTPaMMaXx, IIOJIy9SHHBIX B BBICOKHX IIHPOTAX FOXKHOTO U CEBEPHOTO HOJTYIIApHi,
NPaKTUYeCKH BCerga HaOMIOJaeTCss YIIMPEHHE OTPAXCHHOTO CUTHaja. B OTAENBHBIX cilydasx YIIMpEHHE
OTP)XEHHOTO CHTHAaJa TAaKOe CHJIBHOE, YTO CTAHOBHUTCS HEBO3MOXKHBIM OIPEACIICHUE KPUTUYECKUX YacTOT. UTOOBI
M0Ka3aTh, YTO «YHCTHIE» HMOHOIPAMMBbI B BBICOKHX IIHMPOTAaX BCE )K€ BCTPEYAIOTCS, OBUIM B3ATHI TPU HHTEpBaja
BpeMeHH, Korna TpaekTopus ciyTHHkKa MK-19 mepecekana BBICOKOIIMPOTHYIO MOHOC(EPY B MarHHTOCIIOKOWHBIE
nepuoasl (AL>-200 vTx).
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Pucynoxk 1. ITpumep «4IucTOM» HOHOTPAMMBI BHEIITHETO 30HIUPOBAHUS

Ha puc. 3, 4 u 5 npuBeneHs! pe3ybTaThl BHEITHETO 30HINPOBAHUS, TOTy4eHHBIE B Tepuof 14-15 anpens1980 r.
B uHTepBaibl Bpemenu: 17:50-18:05 UT (puc. 3); 21:10-21:24 UT (puc. 4); 00:31-00:46 UT (puc. 5), 1 HOCTPOCHBI
TpaekTopuu ABxkeHus ciyTHnka VIK-19 B ncnpaBieHHBIX T€OMarHUTHBIX KoopauHatax. Ha puc. 3a, 4a u Sa BuzHo,
YTO CIYTHHK ABWXXETCS C JHEBHOW CTOPOHBI B 00JIaCTh HOYHOTO cekTopa. Ha »Tmx kaprax, ¢ y4eToM MarHUTHOH
AKTHBHOCTH II0Ka3aHO IIOJIO)KCHWE OBAJOB BBHICHIIAHWH aBPOpPAJIBHBIX YacTHI: Luppoid 1 oOo3HadeH oBai
UCKPETHBIX (PopM cHsHU, mudpoit 2 - obmacTs nudy3HBIX BBICHIIAHUN 3KBaTOpHATbHEE OBaja, a MUPPOH 3 -
obmacte Msrkoro ang@y3HOro CBEYEHHS K IIOJIOCY OT OBaja JUCKPETHBIX (opM. KapTel TOCTpoeHBI st
HCTIPaBJIEHHBIX T€OMAarHUTHBIX KoopauHAT Ooisbire 60 TpaxycoB ¢ yKa3aHHEM MECT 30HAMPOBaHHUH. MOHO30HT
pabotan B pexxume ZAP 4, 1.e. 30HaMpoBaHue mpoBoamiock uyepes3 400 km. KoopauHaTel MOTy4eHHBIX HOHOTPaMM
BHEIIIHET0 30HIUPOBAHUS OTMEYEHBI Kpyxoukamu (nmdpa 4) win 3se3mouxamu (nudpa 5). Hudpoit 5 ormedeHs!
KOODPJMHATBI, TJie (PUKCHPOBAIHCH «YHCTHIE» HOHOIPAaMMBI, I10I00HO IIPEACTaBICHHBIM Ha puc. 1. Paccesinue moxer
OBITH M HE OYEHb CHJIbHBIM, TOTJIa XOPOIIO BHJCH OTPaKEHHBIA OT MOHOC(EPHI CIel, a MOKET ObITh U HACTOJIBKO
CHIIbHBIM, YTO CJie/la Ha HOHOrpamMMe He BUAHO. L{ndpsl 6 1 8 0003Ha4aIOT HAYaI0 M KOHEIl BEIOPAHHOTO y4acTKa
TpaeKTopuu NBrkeHus cnyTHuKa. (Lndpa 6 - 11 «IUCTBIX» HOHOTPaMM).

550-
1050 xm

Pucynoxk 2. ITonoxenue UK-19 oTHOCUTENBHO OBana NOISPHBIX CUSHUH
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B.A. Teneeun u op.

B pamkax naHHOW paboThl IPOBOAMIIOCH MCCIIEIOBAaHHE «YHCTHIX)» MOHOTPaMM, a aHAJIU3 BCEr0 MHOr00Opasus
BO3MOJXKHBIX MPOsiBIICHNUIT F-paccestust Oy/iet npeaMeToM nanbpHeiinero uccnenoanus. Ha puc. 36, 46 u 56 nokazano
W3MEHEHNEe KPUTHYECKOH YacTOTH BOJB TpaeKTopuu ABmkeHus ciryTHuka UK-19. B ocHOBaHMH KaXk[Ioro U3 Tpex
rpadukoB uudpamu 1, 2, 3 oTMEUCHBI 30HBI BBICHIIIAHUS, COOTBETCTBYIOIINE aHATIOTMYHBIM 00JacTsIM Ha puc. 3a, 4a
1 Sa. Huppamu 4, 5 u 6 nokaszaHo HAIMYME KPUTHYSCKUX YaCTOT Ha HMOHOTpaMMax BHELIHETO 30HIUPOBAHUSL
UepnpiMu ToukaMu (mudpa 7) HaBepxXy KaKIOTro Tpaduka OTMEUCHBI CHIBHO pPAcCesTHHBIE WOHOTPAMMBI, KOTIa
HEBO3MOXKHO OIIPEAEIUTh KPUTHUECKYIO YacTOTY.
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AURORAL PRECIPITATION MODEL (ZONES )

MODEL INPUTS
Al = ~180nT
OSY = =7nY

Pucynok 3. Koopmunater 15-tu 3oHmmpoBanuii 14.04.1980 r. B mHTepBane Bpemenu 17:50-18:05 UT: a -
Tpaekropus cinyTHHKa MK-19 0THOCHTEBHO TpEX BEICOKOIIUPOTHBIX CTPYKTYP; b - rpaduk pacnpeneneuus foF2.

Ha puc. 36 BuaHO, 9TO NpH JIBM)KEHUH CITyTHHUKA C THEBHON CTOPOHBI Ha BEUEPHIOI YHCTHIE MOHOTPAMMBI
Ha0IIoJaloTcsa B 00JaCTH aBPOPAIbHOTO OBajla BIUIOTH JI0 BEYEPHETO CEKTOpa M 3aTeéM Ha HOYHOU CTOpPOHE, Korja
CIIYTHHUK BBIXOAMT U3 30HBI aBPOPAJIbHOTO OBajia. XOPOIIO BHIHO, YTO B 00JACTH TUCKPETHBIX (JOPM MOHOTPAMMBI
HACTOJbKO 3alIyMJICHBI, YTO ONPENEIIUTh KPUTHYECKYI0 4YaCTOTY HEBO3MOXKHO. BHYTpU NOJSApHOHN IIAnKu IpU
HEKOTOPOM yBEJTMUEHHH KPUTHYECKOH YaCTOTHI TaK)Ke HAOJII0JaeTCs «IHCTas» HOHOTPaMMa.
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AURORAL PRECIPITATION MODEL ( ZONES )

MODEL INPUTS:

AL = =160nT .
DST = =7nT

Pucynok 4. Koopaunats!l 14-tu 3onaupoBanuii 14.04.1980 r. B unrepBane Bpemenu ¢ 21:10 go 21:24: a -
Tpaekropus cinyTHHKa MK-19 OTHOCHTETBHO TPEX BBICOKOIIUPOTHBIX CTPYKTYP; b - rpaduk pacnpenencuus foF2.
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Ananuz uonoepamm enewnezo 3onouposanus UK-19 ¢ obnacmu aspopanvbhozo 06aia s yCioguil pasHOOeHCmEUs:

Ha puc. 46 B BeuepHee BpeMs «UUCTBIE» HOHOTPAMMBI HaOJIIOAAI0TCS TOJBKO B 00JIACTH IOJISIPHOM ILANKH, a B
o0JlacTsIX aBpOPAJbHOTO OBajla KPUTHYECKAas 4YacToTa IPaKTHYeCKH He ompexpensercs. Ha puc. 56 «auctbie»
HMOHOTPAaMMBI MIMEITH MECTO TOJIBKO BHE aBPOPAJIbHOTO OBaJla Ha IPaHMILE MOJSIPHON MIanKKu. B oTiom4nu ot puc. 3 u
4 31ech HaOMIOACTCS PE3KOE YMEHBIICHHE KPUTHYECKOM 9aCTOTHI IPH IIPOXOXKICHUH CIIy THUKOM IIOJISIPHOM IIIAIKH.
ITocne mpoXoXkACHUS MOJSAPHON INANKK 3HAYCHHE KPUTHYECKOH YacTOTHI BOCCTAHABIMBAETCSA B 00JACTH MATKOTO
mudy3HOTO CBEUCHHS W yMEHBINAETCS BIBOE B 00JacTM AWUCKPeTHHIX Qopm. [amee B obmactu and¢y3HBIX
BBICBIITAHMI M TUCKPETHBIX (POPM KPUTHYCSCKAs YacTOTa HE ONPEACNIACTCS M TOJIBKO BHE 3THX 00iacTeil pukcupyercs
3HaUeHHEe KpUTHieckor yactotel 9.39 MI'n. B nannom npumepe F-paccesiHue Habmronaercss B 00J1acTH MOJISIPHON
LIANKH, HO, HECMOTPS Ha PE3KOE yMEHBILIEHUE KPUTHYECKOH YacTOTHI, €€ BCE Ke yIaeTCs ONPEaeIHTh.

foF2 9,89
107s,125 g .01
91 LT

s ] 1

Al N g

0,520,53 0,55 0,57 058 06 062063 065067 068 07 072073 077U

AURORAL PRECIPITATION MODEL (ZONES )

MODEL INPUTS:
AL =-120nT
DST = -35nT

Pucynok 5. Koopaunater 15-t 30aaupoBanmii 15.04.1980 r. B uHTepBane Bpemernu ¢ 00:31 xo 00:46 UT: a -
Tpaektopus ciuytHuKa MK-19 oTHOCHTENBHO TpeX BBICOKOIIUPOTHBIX CTPYKTYP; b - rpaduk pacnpenencuus foF2.

3. 3aki04eHne

AHanu3 HOHOTpaMM, NTOJTyYeHHBIX Ha 60pTy cmyTHHKa MHTepKocMoc-19, mokasa, uTo kpuTHueckas gactora F2 crost
MEHSIETCSl CYILIECTBEHHO, T.€. HOHOC(Epa B BHICOKOUIMPOTHOW 00JACTH HE SIBISETCS IIOCKOCIOUCTOM CTPYKTYpPOIl.
Hannune «4uCTBHIX» MOHOTPAMM XapaKTEepHO JUIS IIOCKOCIONCTOM OJHOPOAHOM HoHochepsl. B paccMarpuBaeMbIx
CIIydasiX «JUCThIe» MOHOTPAMMBI HAaOJIOJATUCh B OCHOBHOM BHE O0JIaCTH JAMCKPETHBIX BBICHIIAHUN aBpOPAIBHOTO
OBaJIa ¥ IIPY 3HAYUTEIIBHBIX IPaJieHTaX KpUTHIecKoit yacToThl. [Ipu yBeamyenuu rpaauenToB fOF2 Ha HoHOrpamMmax
HaOmonaercs F-paccesnue. B manHol# paboTe BriepBbIe NCCIEIYeTCsl BOIPOC O BO3MOXKHOCTH HAOMIOICHUS «UHCTBIX)»
MOHOTPaMM BHYTpPHU 00JacTel aBpOpaJIbHBIX BBICHIIAHUN Pa3IMYHOTO THIIA U B HEIIOCPEACTBEHHOH OJIM30CTH OT HUX.
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YYET OCOBEHHOCTEM JIUATPAMM HAITPABJIEHHOCTH .
JJISA PETPOCHEKTUBHOI'O AHAJIN3A U COOTBETCTBYIOIIEN
HUHTEPIIPETAIIMN NOHOI'PAMM BHEHIHEI'O 30HANPOBAHMUSA

B.A. Tenerun'!, B.A. l'ap6anesuu', U.W. Mpanos?, A.A. Kanrior!

' Unemumym semnozo maznemusma, uonocghepol u pacnpocmparnenus paouosonn um. H.B. Ilywxosa
PAH, 2. Mocksa, 2. Tpouyk, Poccus
2IOocnviil pedepanvviii yuusepcumem (FODY), 2. Pocmos, Poccus

AnHoTauus. Ha npumepe conyrauka UK-19 paccMoTpeHBl 1 OOBSCHEHBI aCIEKThl CKAaYKOOOPa3HOTO M3MEHEHUSI
XapakTepa HOHOTpaMM BHEIITHETO 30HAWPOBAHMS MIPH NEPEXOoe OT OQHOIO AHana3OHa YacTOT PaJluO30HANPOBAHHS K
JpyroMy B paMKaX OZHOTO U TOTO K€ CEaHCa PaJMO30HAMPOBAHMs. YCTaHOBIEHA ONMpPENEIAIONas PoJib TEOMETPUHI
JarpaMM HalpaBjIeHHOCTH HE3aBUCHMO (YHKIMOHUPYIOUIMX (parMeHTOB aHTeHH. [loHMMaHue NaHHOTO BoOIpoca
SBISIETCd HEOOXOAMMBIM IUISi HHTEPIPETallMd HOHOTPaMM BHEIIHETO 30HAMPOBaHMA B BBICOKHX IIHUPOTAX,
OTJIMYAOLTUXCS HATMYHEM OOJIBIIOTO YHcia HEOTHOPOAHOCTEH, BEITSIHYTHIX BIOJIb MATHUTHOTO TTOJIS.

BBenenne

B nHacrosieii paboTe MCMONIL30BaHbI JaHHBIC, MOJIYYCHHBIC C MOMOINLI HOHO30HIa MC-338, ycTaHOBICHHOM Ha
nuckycctBeHHOM cnyTHuke 3emumm (MC3) «WuTepkocmoc-19» [1,2]. Llenbio crtaTbu SBISETCS Y4e€T TEOMETPHH
JquarpaMmsel HanpasieHHOCTH MIC-338 u BO3HHKAIOMUX MPU ITOM JONOJHUTENBHBIX BOSMOXKHOCTEH OTOOpakKeHUs
HEOJHOPOIHOCTEMN.

Bxoonvie dannvie 0na ananuza u ummepnpemayuu UoOHoSpamm eHewneeo s3onouposanus. onozong MC-338 [1],
30HAUpOBaI HOHOCPEpY ¢ BBICOT OT 550 mo 1050 kM Ha 338 wacrorax B quamnazone ot 0,3 10 5 MI'mu ot 5 1o 15,95
MI . HuxHEE 9acTOTHI H3TYYalluCh AUITOIBFHON aHTeHHOH mmHOH 50 M (Turedo 25 M) a B BepXHEH 4acTH Tuarma3oHa
HCIIONB30BAJIC MIIONG JIHHOH 15 M (Iwedo 7,5 M). AHTEHHBI OBLIH OPUEHTHPOBAHBI IOA yriaoM 45° k BekTopy
CKOPOCTH cITyTHUKA. Ha prc. 1 qaHa opreHTaIus JUITONEHBIX aHTCHH HOHO30HJa OTHOCUTEIIBHO BEKTOPa ABIKCHHUS
cinytHuka UK-19.

25m

Pucynox 1. Opuentanus qumnonsHeix anTeHH MK-19 [1] oTHOCHTENPHO HanpaBieHus OBIKeHNs cimyTHHKa MK-19.

Ha puc. 2 uzobpaxensl amarpammbl HampaBieHHoctd (JIH) antemn MC-338 mns amanaszona 1-5 M,
paccuuTaHHble 0e3 ydera BIMSHUS OKPYKAIOIIEH IUIa3Mbl M TEPEN3IyueHHs 3JIEMEHTaMH KOHCTPYKILMH CITyTHHKA.
Ocp Z HanpaBieHa NepHIeHUKYIIPHO IOBEPXHOCTH 3€MIIH, 0Ch X — BIOJb AUMNOIBHON aHTEHHSBI, JIHHOHU 50 M, ochb
Y noka3blBaeT MaKCUMaIbHYIO SHEPIHIO U3ITy4EeHUS! B TOPU30HTANBHON INIOCKOCTH. MI3MeHeHHe SIpKOCTU TUarpaMMel
HAIIpaBJIEHHOCTH OT CJIa0OT0 K CHIILHOMY COOTBETCTBYET M3MEHEHHUIO YyacToT uaiaydeHus ot 0,3 no 5 MI'm.
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Ocobennoctu JIH:
1) lupuaa TraBHOTO JieTiecTKa 0 ypoBHIO 0,7 aMIUTHTYIBI coCcTaBiIsIeT mopsaaka 60 rpamycoB ¢ pa3dpocom oT
- 5 rpagycoB 10 + 5 rpagycoB B 3aBUCHMOCTH OT HECYILIEH YaCTOThI CUTHAJIA.
2) [Inockue cedeHns MOKa3bIBAIOT, UYTO0 00beMHBIe n300pakenns JIH 1iis pa3nuaHBIX HECYIIUX YaCTOT CXOIHBI
(gacrotel ot 0,3 mo 5 MI'm).

x

Pucynok 2. [Tnockue ceuenust IH C-338 s nunonpHo# anTenHsr UC-338 ¢ muHOM tuteda 25 M.

Ha puc. 3 nokazano tpexmeproe m3obpakenune JJH mns gactorer 3 MI'. OTTeHKaMH 4epHOTO M CEpOTO IIBETa
MOKa3aHa MHTEHCUBHOCTH U3JTyUCHHMs. YCHIICHNE 3aTEMHEHHOCTH OKPACKH COOTBETCTBYET yCHIICHHIO HHTEHCUBHOCTH
n3MydeHus. HampapieHne oceil COOTBETCTBYET HANpaBICHUIO ocell Ha puc. 2. CTpenka MOKa3bIBaeT HalpaBlICHHE
JIBUKEHUS CITyTHUKA.

Pucynok 3. O6semHoe n3obpaxenue JJH nunonsroit anrennsr MK-19, y kotopoii ects iBa mieda mo 25 M.

Ha puc. 4 m3o6paxensr IH antenn MUC3 mna nmamazona 5-15,95 MI'm, paccuntanHbie 0e3 ydeTa BIMSHUS
OKpY’KaloIIeH M1a3Mbl M IEPEU3ITyYeHUS SJIEMEHTaMH KOHCTPYKIUH cITyTHHKA. Och Z HarpaBiieHa MepreHIUKyIsIpPHO
TIOBEPXHOCTH 3€MJIH, OCb X — B/IOJIb TUITOJILHOM aHTEHHBI, JUIMHOH 7,5 M, 0Chb Y NMOKa3bIBacT MaKCUMAJIbHYIO SHEPTUIO
N3ITyYeHHS! B TOPU3OHTAIBHOM TNIOCKOCTH.

Ha puc. 5 nokazano tpexmepHoe KoHTpacTHOe 3o00pakenue JIH mmnst wacrorsr 10 MI'n. OTTeHkamMu 4epHOTO U
Ceporo nBeTa NoKa3aHa HHTCHCUBHOCTD M3JTydeHUs.

Ocobennoctu JIH:

1) Hlnpuna mraBHOTO JIeTiecTKa 10 ypoBHIO 0,7 aMIUIHTYIBI cocTaBiIsIeT nopsiaka 60 rpaaycoB ¢ pa3dpocoM oT
- 3 rpazycoB g0 + 7 TpagycoB B 3aBUCUMOCTH OT HECYIIEH 9aCTOThI CHUT'HAA.

2) Kak cnemyer u3 pucynka 4, miockue cedeHus J{H mokaseBaiot, 9to o0beMHBIE n3o0pakenns JIH misa
Pa3IYHBIX HECYIINX YaCTOT CXOJHBL.

151



B.A. Teneeun u op.

—

Pucynok 5. Oobemuoe uzoopaxenue JJH nunonsroit antennsr UK-19, y koTopoii ecTh fBa mieya o 7,5 M.

Ha ocHoBe mnpoBeseHHs UYHCICHHOTO MOJEIMPOBAHWS MOXKHO CHIeJIaTh BBIBOA, YTO Ha BHICOTE CIYTHHKA B
TOPU3OHTAJILHON TNIOCKOCTH OTHOCHUTEIHHO HAIPABJICHUS IBIKCHUS] MAKCUMYM M3JTydeHus Ha yactorax ot 0.3 1o 5
MI 1 pacnionoxxen nof yrnamu 45° u 225° u uznyuenue Ha yactorax ot 0.3 1o 5 MI'll CKOHUEHTPUPOBAHO B CEKTOPAX
0-90 rpagycoB u 180-270 rpagycos, a mpu paboTe Ha 4acToTax oT 5 10 16 MI'1| MakCUMyM H3JTy4eHHS HAXOIUTCS Ha
yrax 135° 1 215°, a camo n3y4yeHne CKOHLIEHTpUPOBaHO B cektopax oT 90 10 180 rpagycoB u, COOTBETCTBEHHO, 270
— 360 rpamycos.

B ciaydae IOCKOCIOUCTONM HOHOC(HEPh MOXKHO C XOPOIIECH TOYHOCTHIO CuMTarh, 4yTo JIH aHTEHHBI BO BCeM
muanasone ot 0,3 no 16 MI'm exwut B mpenenax koHyca ¢ yrioM 60 rpaaycoB, HAIPaBIeHHOTO BHAU3. JTO SBISETCS
OTIpaBJaHHBIM IIPH aHAJIN3E CHTYAIlH, KOTAA 30HIMPOBAHHE BEACTCS B YCIOBUSAX IUIOCKOCIOHCTOM MOHOCHEPHI.
OnHako, il YCIOBUM BBICOKOIIMPOTHOW MOHOC(EpHI, KOrja MUMEIOTCSl KpYITHOMAacIITaOHble HEOJHOPOIHOCTH, a
TaKke OOJBIIOE YHCIO HEOJHOPOAHOCTEH, CHIIBHO BBITSHYTHIX BIOJNb CHIOBBIX JIMHHH MarHUTHOTO IIOJI,
HEeoOX0IMMO YYUTHIBaTh peaibHyto JJH.

B pabore [3] Ob11 IpoBeieH MOAPOOHBIN aHAIN3 CIIOKHBIX HOHOTPAMM C JIBOHHBIM OTPaKEHHEM Ha 4acTOTaxX OT
3 no 5 MI'n. Takxe ObUIM CMOMEIUPOBAHBI YCIOBHS B HOHOC(EpE, KOTOPBIE MOT'YT OTBEYATh 3a TaKHE OTPayKEHUs,
OBUIO TIPOBEAEHO YHCIICHHOE MOJAEIMPOBAHHE PACIPOCTPAHEHUS] PaJMOBOIH B IPHOIIKCHUH TI'€OMETPHYECKOH
ONTHKMA M OBIJIa YHCIIEHHBIM IIyTeM IIOJlydeHa HOHOTpPaMMa, KOTOpas MOJHOCTHIO BOCCO3/ala OCOOCHHOCTH
SKCIIEpUMEHTaIbHONW MOHOTpamMMbl. OpHako, B padore [3] pacueT pacmpoOCTpaHEHHUs PaTUOBOJH MPOBOAMICS Oe3
yuera peanbHoit JIH anrenn NC-338.

Tpaguumonno JIH woHO30HIA paccMmarpuBanach, Kak KOHYC, HampaplieHHBIH BHU3. OpHako peanbHas JIH
MO3BOJIIET OCYIIECTBIATh 30HANPOBaHHUE BOOK, YTO 00eCIeynBaEeT BOSMOXKHOCTE OOHAPY)KEHHUSI HEOTHOPOTHOCTEH,
pacmionoxeHHsIX cOoky ot MK-19.

Ha puc. 6a nokazana BeiOpanHast mozesis HoHocdepsl [3], a Ha puc. 60 npencrasnena Tpaekropus MIC3, xorna o
cyieBa orubaeT HeOHOPOAHOCTb.
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Pucynok 6. Mozens noHOchepsl ¢ KpyITHOMACIITaOHON HEOTHOPOAHOCTHIO (@), @ TAKXKE CXeMa PACIIOIOKEHHUS
[JIABHOTO HOHOC(EPHOTO MPOBaja, caMoi HeoqHOPOoaHOCTH U Tpackrtopuu UK-19 (6).

Toukamu Ha puc. 60 TOKa3aHBl KOOPAMHATHI, KOTJa MOHO30HJI 30HAMpOBaN HMOHOCc(epy depes 50 kM, Tak
Ha3bIBAEMBIH PEXHUM HETIPEPBIBHON Nepenaqn TesneMerprieckoi nadopmarin. VIMEHHO Takoe 9acToe 30HANPOBAHHUE
(uepes 8 cex) 1 mo3BosMIIO [3] BOCCO3/1aTh TaKylo MOAPOOHYIO KapTuHy. Ha prc. 6a BUIHO, 9TO JIy4H, OTpaskaroNIrecs
OT HEOTHOPOJHOCTH, OTKJIOHSIOTCSL OT BEPTHKAIH Ha 45 rpalycoB, YTO HECKOJIBKO MPEBBIIIAET BEINUHHY TUTHOC/MUHYC
30 rpagycoB B paMKax OOLIETIPUHATHIX MPENCTABICHUN. XOTs €Il U He SBISETCS KPUTHISCKUM (YMEHbIIaeTcst Ha 7
J16, cM puc. 2). 13 puc.60 BUAHO, YTO ABOWHBIE CIEIbI IBISIOTCS CIEACTBUEM OTpaKeHUS Ha yacToTax 3-5 MI'1, uto
MOJIHOCTBIO COTVIACYETCS C HAIIMM BBIBOJIOM, YTO U3JIyUeHHE B 3TOM JiMana3oHe npoucxoaur B cekrope 0-90 rpagycos
oTtHocuTenbHO ABkeHns MC3. CnenoBarenbHO, HAM CHIIBHO 1oBe310 - MMC338 ynauyHo moAcBETHII HEOTHOPOTHOCTE,
obneras ee cieBa. MOXKHO TPEIIOIOKHTB, 4To eciii 061 IK-19 mposneran cnpaBa oT HEOAHOPOAHOCTH, TO MBI MOIJIU
HUYEr0 HE YBHJETh, BO3MOXKHO, YTO-TO 3alleyariesioch Obl HA MOHOTpaMMax B JHana3oHe 4acToT 5-16 MI'h, HO
XBaTHJIO JIM HAM 3TOW MH(pOPMAIMH, YTOOBI TaK ke [3] TOYHO BOCCTAHOBUTH KPYIMHOMACIITAOHYIO HEOAHOPOAHOCTH?

B ycnoBusix BBICOKONIMPOTHOW HOHOC(EPHI BBITSHYTHIE BAOJb MACHUTHOTO IO HEOJHOPOAHOCTH MOTYT
JIOCTHTaTh BBICOTHI CITYTHHKA M B OTJENBHBIX CIIydasX JOCTHraTh OONBIINX BHICOT. B Takux cimydasx, nmpu aHanmse
JITAaHHBIX BHEIIHEr0 30HIMPOBAHMSA HEOOXOIMMO YUWTHIBATH PEAbHYIO I'€OMETPHIO JHarpaMM HaIlpaBICHHOCTH
aHTEHH MOHO30H/a. MIHTeppeTalys HOHOTpaMM BHEIITHETO 30HANPOBAHHUS MOXET AaTh HHPOPMALUIO O BO3MOKHOM
HaJIMYUKM TPOTSHKCHHBIX HEOAHOPOAHOCTEW COOKY OT TPaeKTOPHH HMOHO30HAA, HO 3TO SIBISIETCS IPEIMETOM
OTZAEIBEHOTO PACCMOTPEHUSL.
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NCCIEJOBAHUE ABJIEHUSA F-PACCEAHUSA 110 JAHHBIM
CIIYTHHUKA HUK-19 B IIEPUOJ PABHOAEHCTBUA

B.A. Tenerun, H.A. [Iatko, A.A. KanTior

Hucmumym semuoco maznemuszma, uoHocghepul u pacnpocmparenus paouogonn um. H.B. Ilywuxosea PAH,
2. Mocksa, 2. Tpouyx, Poccus

AHHOTauus. B Hacrosuieit paboTe BHIIIOIHEHA OLICHKA YaCTOTHI (BE3/C JaJice BEPOSTHOCTH) MOSIBIICHUS IJIsI PA3HBIX
THIIOB F-paccestHUs B pasiIMYHBIX MHTEPBajaX MHBAapHAHTHBIX LIMPOT B 3aBUCHMOCTH OT JIOKAJBHOTO BPEMEHH.
HUccnenoBannss NpOBENEeHBI Uil IIEPUOAA PAaBHOICHCTBUS Ha OCHOBE IAHHBIX, IMOJYYCHHBIX C HCIIONB30BAaHHEM
nono3oHaa C-338, ycranoneHHoro Ha 60pty cnytHIKa MK-19.

[Ipn aHanm3e WOHOrpamMM, MOJTYYaeMbIX IPH BHEIIHEM 30HIMPOBAHMM HOHOC(EPHI, MOXXHO BBIJECIHUTH TPHU
XapaKTePHBIX THIA PACCeSHHS CHTHaNa Ha HEOAHOPOTHOCTSIX HoHochepsl (F-paccesnue). Ilepsoiit Tunm (Tun F1)
HaOJII0aeTcs Ha BBICOTE CIIYTHUKA, C KOTOPOTO MPOU3BOAUTCS 30HAupoBanue. Tperuit Tun (tun F3) HabmoxaeTcs B
Makcumyme ciost F2, a Bropoit tum (tTun F2) ompenensercs mo ILEHTpaJbHOW YacTH HMOHOTpaMMbl. [laHHas
ki1accudukanms Obuia BrepBble NpemiokeHa B padore [1]. Llenpto Hacrosimieil paboOThl SBISETCS BBISICHEHHE
3aKOHOMEPHOCTEH MOSABIICHUS Pa3HBIX THUIIOB PACCESHUS B Pa3IMUHBIX MHTEpBajax MHBapHaHTHBIX mupot (ILAT) B
3aBUCHMOCTH OT JIOKambHOTo BpeMeHH (LT). MccnenoBanus BEIMOTHEHBI Ul IIEpHOAa paBHOACHCTBHUA. CiemyeT
OTMETUTbH, YTO AHAIM3 3aKOHOMEPHOCTECH IOSBICHUS PA3IMYHBIX THUIOB F-paccesHHs Ha OCHOBE pe3yJbTaTOB,
MOJYYCHHBIX IIPY BHEIIHEM 30HIUPOBAaHNH HOHOC(EPHI, paHee He TPOU3BOAMIICS.

HccnenoBanus MpoOBOAMINCH HA OCHOBE aHAJIM3a HOHOTPAMM, MOIYYCHHBIX C MCIOIB30BaHHEM HoHO30H1a VC-
338, ycranoBieHHOTO Ha 00opTy crryTHUKAa MK-19. CiyTHHK JIeTan B epro]] BRICOKOH COTHEUHON akTHBHOCTH 1979-
1981 rr. Beero Opmio obpabdorano oxono 50000 wmoHOTpamm. st ka0l MOHOTpaMMBI U3BECTHHI BpeMs W Jara
30HAMPOBAHUS M KOOPAMHATHI CIYTHHKAa B MOMEHT 30HIMpoBaHus. IlpenBapuTenbHBIN aHAMW3 IMOKa3al, YTO
KOOP/AMHATHI TOYEK 30HAMPOBAHUS JTOCTATOYHO PAaBHOMEPHO PAcIpeesieHbl M0 MOBEPXHOCTH 3eMIIM B MHTEpBase
WHBapUaHTHBIX mUPOT oT —70 rpagycoB g0 +70 rpaaycoB, a BpeMeHa 30HIUPOBAHUSA JAOCTATOYHO PABHOMEPHO
pacmpesieNneHbl B TEUEHUE CYTOK.

AHanu3 TpOBOAWICS Ha  OCHOBE
Taoauna 1. HauGonee yacto BcTpewaromuecs TUnsl F-paccessaus  MoHOrpamM, 06paboTaHHBIX Bpy4HYyto. [lis
(BeposiTHOCTE > 30%) M BpeMEHHBIE HHTEPBAJIBI UX HAOMIOACHNUA (B KaXJIOW  HMOHOTPAaMMBI  OIpEAEsIOCh
ckobkax, 4acel, LT) B pasnuuHBIX Ouama3oHaX HMHBAPHMAHTHBIX  HAJIWYHE WU OTCYTCTBHE THIIOB PACCESHUS

IIAPOT F1, F2 u F3. Hanuame coOTBETCTBYIOMIETO
THIA paccesiHUS MICHTH(OUIMPOBAIOCH

ILAT, Hawubomnee yacto Bcrpevarommecs (>30% mdpoit 1, a ero orcyrcrBue — nudpoi 0.
rpan. CJIy4aeB) THIIbI PACCESIHUS U BpEMEHHbIC Pesynprar aHaim3a Kaxmaoil HOHOTPaMMBI
MHTEPBAIIbI UX HaOMrOAeHus (B ckoOKax, LT) 3aIUCHIBANICSA B BUJIE IOCJIEOBATEIFHOCTH

Tpex 1HMdp, KOTOpble YKa3blBAlOT Ha

[60, 70] 000 (7-20), 111 (0-7; 20-24) HaJIMYHE UM OTCYTCTBHE THITOB PACCESTHUS
[40, 50] 000 (0-24) F1, F2 u F3, coorBercTBeHHO. Hampumep,
[20, 30] 000 (0-24), 010 (8-11) nocienosarTenbHocTh 101 o3Havaer, 4TO
[-5, 5] 000 (0-1; 5-24) HUMEIOT MecTo paccesHus tuma F1 u F3, a
[-30, -20] 000 (0-23), 010 (0-1; 15-24) paccessnne Tuna F2  orcyrcrByer. A
[-50, -40] 000 (0-2; 9-16), 010 (6-9; 15-20), 011 (4-6) KOMGI/IHaHI/IS\I‘ 000 o3Hauaer OTCYTCTBHE
[-70, -60] 000 (12-17), 111 (0-8; 20-24), 010 (9-10) BO3MYyIIEHUH  (HEOAHOpOAHOCTEH) B

noHocdepe. Bo3mMoxkHO Bcero 8 pa3muaHbIX
KoMOuHanmid Tpex tunoB F-paccesams: 000, 001, 010, 011, 100, 101, 110 u 111. Cratuctuueckas oOpaboTKa
MOJIYYEeHHBIX PE3YJIbTATOB COCTOSIIA B PACUETE YaCTOT MOSBIACHUS KAKION U3 YKa3aHHBIX KOMOWHAIIHIA B 3aaHHOM
HHTEpBaJICc HHBAPUAHTHBIX IUPOT B ONPEIACICHHOM HHTEPBAJIC BpEMEHH. J[JIsl 3TOT0 pacCYUTHIBAIIOCH OOIIEe YHCII0
COOBITHI (HOHOTPaMM), YIOBJIETBOPSIONINX 3aJaHHBIM YCIIOBHAM 110 IHPOTE ¥ BpeMeHH (Niot), ¥ KOTHIECTBO KaXKI0H
n3 yKazaHHbIX Bbime komOuHanuii (Ni, i =1, ... 8). Yactora nosBieHHs JaHHOH KOMOMHAIIMH PACCUUTHIBAIACH KaK
otHorrerue & = Ni/ Niot.

Pacyers! ObuTH BBITIOSHEHBI 11 BBICOKHX ([-70, -60]; [60, 70]), cpeaaux ([-50, -40]; [40, 50]) u s5xBaTOpHAIBHBIX
([-30, -207; [-5, 51; [20, 30]) mHpOT KOKHOTO U CEBEPHOTO MoJyInapuii. HarssqHoe npeacrapieHre 9acToT MOSBICHUS
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Hccnedosanue senenus F-paccesinus no oannvim cnymuuxa UK-19 6 nepuoo pagnooencmeus

BCEX BOCHMU TUIIOB PacCesiHUS B 3aBUCHMOCTH OT HHBaPUAHTHOM IIMPOTHI X BPEMEHH CYTOK BO3MOKHO JIMOO B BHJE
TPOMO3IKUX TAOIHIL, THOO0 B BHUE OOBIIOTO YHcia rpadukoB. B paMkax KOPOTKOH CTAaThH 3TO CHIENATh HEBO3ZMOXKHO.
ITosTOMy MBI OrpaHMYMINCH aHAIM30M THIOB F-paccesHus, dacToTa MOSBICHUS KOTOpeIX Oombime 30%. Kax
0Ka3aj10ch, B 0CHOBHOM 510 THIbl 000, 111, 010 u (B Menbmeii crenenn) Tun 011 (cm. Tadi. 1).
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PI/leHOK 1. 3aBuCHUMOCTH BCPOATHOCTHU MOABJIICHUS PA3JIMYHBIX THIIOB F'paCCGﬂHI/ISI B ITHCBHOC BPEM: OT IIHUPOTHI

Kaxk cnenyer u3 Tabum. 1, B 9KkBaTOpHanbHON 00JACTH U B CPEJHUX MINPOTAX CEBEPHOTO MONTyHIapHs HOHOChepa B
OCHOBHOM HeBo3MyIieHHas (mpeobmagaer tum 000). B obmactu Oosiee BBICOKHX CEBEPHBIX IIUPOT MOSIBIIAETCS F-
paccestaue tina 111, mpuueM 3TOT THI paccesiHUs HAOII0IAeTCsl B OCHOBHOM B HOYHOE BpPEMSI.

B ro)HOM momyiapuu Bo3MyIieHHs B noHocdepe (Turbl paccestHus oTiuudbie oT 000) HaOmonatoTes Ha Oosee
HU3KUX MIMPOTaxX, 4YeM B CEBEPHOM Ioiyliapuu. [IpudeM B SKBAaTOPHUAIBHBIX W CPEJHUX MIMPOTaX HOIKHOTO
nonymrapust Habmromaetcst F-paccestaue tuma 010. B BBICOKMX HIMpOTax I0KHOTO MOIYyHIapHs (Kak U B BBICOKHX
IIMPOTaX CEBEPHOI0 MOIyIIapHs) B HOUHOE BpeMs uMeeT Mecto F-paccestaue tuma 111.

[TpuBeneHHbIE BBIIIE PE3yIbTaThl MOATBEPXKIAIOT TOT (akT, 4To siBIeHHE F-paccesHus dame HaOimomaeTcs B
HOYHOE BpeMms [2]. B cBs3u ¢ 3TMM 1ie7eco00pa3HO NMPOaHAIM3UPOBATh YAcTOTY MOSBICHHUS Pa3IUYHBIX THIIOB
paccesiHUS OTAETbHO B fHeBHOE (¢ 8 mo 20 wacos, LT) u HouHOe (¢ 20 10 8 wacos, LT) BpeMs Ha pa3HBIX MIHUPOTAX.
Pe3ynbraThl Takoro aHasM3a MPEACTaBICHBI HAa pUC. | (A71s1 AHEBHOTO BPeMEHHM) U 2 (1151 HOYHOTO BPEMEHN).
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Pucynok 2. 3aBUCIMOCTH BEPOSTHOCTH HOSBIICHUS PA3TUYHBIX TUIOB F-paccestHus B HOYHOE BPEMSI OT IIHPOTHI

Kaxk BuHO 13 puc. 1, BeposTHOCTS IOsIBIEHHs F-paccestuus (T.e. TUIIOB paccestHus oTan4HbIX oT 000) B 1HEBHOE
BpeMsi B MHTepBasie mmpor [-20, 60] nocratouno mana (< 20%). B ceBepHOM nosymapiu B 00J1aCTH BHICOKHX IIMPOT
(~ 70 rpamgycoB) cymMMapHas BEpOSITHOCTB MosiBlIeHUs F-paccesiHus yBenuuuBaercs 10 50%, npuyeM HanboJiee yacto
BcTpeuaercst paccesuue Tina 111 (~20%). B 10)xHOM mosyriapuu cyMMapHasi BEpOsITHOCTb NOsIBIIEHUs F-paccestHus

155



B.A. Teneeun u op.

pe3ko Bo3pacrtaeT (o1 20 % mo 80%) npu mepexojie u3 IKBATOPUANBHBIX K BRICOKHM IupoTam. [Tpu 3ToMm B 06mactu
CpeqHHX mupoT npeodnamaet paccesane tuma 010, a B 06macTu BEICOKUX MHUPOT — paccessaue TumoB 111 u 010.

B HOYHOE Bpems pacnpeieieHre BEpOSATHOCTH MOABICHIUS Pa3IMIHbIX THIOB F-paccestHus 3aMeTHO MeHseTcs. B
00J1aCTH BBICOKHX IIAPOT (KaK B CEBEPHOM, TaK M B I10)KHOM TOIYIIAPHIX ) CyMMapHas BEpOSTHOCTh PACCESHUS OJTH3Ka
Kk 100%, mpudem Hambosee yacTo BCTpedaromuMmcs THUMoM paccesHus (~ 70%) sBusercs tum 111. B roxsHOM
MONyIIapUH B 001aCTH SKBATOPHAIBHBIX U CPETHUX IIHPOT JOCTATOYHO BHICOKA BEPOSITHOCTH MOsIBICHUS (10 35%)
paccestaust TunoB 010 m O11.

3ameTum, 4TO siBJIeHHE F-paccesHus BIEpBble HAOIIONANOCH NPH BEPTUKAIBLHOM 30HIUPOBAHHU MOHOCHEPHI C
MOBEPXHOCTH 3eMid. IIpy TakoM 30HOMPOBAaHMU paccesHHe HaOJIIoAaeTcs B OCHOBHOM B oOmactu F, uto m
OTIpe/IeINIIO Ha3BaHUE JIAHHOTO SIBJICHUS. B pesynbraTe aHanm3a AaHHBIX OOJIBIIOTO YKCIa HOHOC(HEPHBIX CTaHIMHA
ObLTa MosTy4eHa OCHOBHasl MH(OpMaLKs 0 3aKOHOMEPHOCTSIX 3TOT'0 sIBJICHUs. B yacTHOCTH, OBIJIO YCTaHOBJIEHO, YTO
F-paccesnne HaOmromaeTcss B OCHOBHOM Houbio [2]. Habmomaemoe ¢ moBepxHoctn 3emun F-paccesiHue
cooTBeTcTBYeT THny F3, Habmomaemomy co cryTHUKa. [lo3TOMy JUIi KOPPEKTHOTO CpaBHEHHUS PE3yJbTaTOB
BHEIITHETO 30HANPOBAHNUS C Pe3yIbTaTaMHU BEPTHKAIBHOTO 30HAUPOBAHMS HEOOXOANMO OOBEANHHUTH BCE BAPUAHTHI,
B KOTOPBIX HaOmogaercs taun paccestaus F3: 001, 011, 101 u 111. O6o3HaunM Takoit cymMmapHbIid T kak XX1. B
pabote [3] OBUIO MPOBENCHO CpaBHEHHE PE3yAbTATOB BHEUIHETO 30HIUpOBaHWs (maHHBIC crmyTHuHKa MK-19) ¢
pe3ysbTaTaMH BEPTHKAIBHOTO 30HAMPOBAHMSA MO CTaHIMK MOCKBa Ul 3MMHETO NEPHOJA B YCIOBHAX BBICOKOH
COJIHEYHOH akTHUBHOCTH. IIoKka3aHO, 4TO MMEET MECTO XOPOIEE COTTaCHe BPEMEHHBIX 3aBHCHMOCTEH BEPOSITHOCTH
nosisieHust F- paccesaHusa B TCUCHUC CYTOK.

B HaCTO)IIlICﬁ pa60Te CpaBHCHHA C JaHHBIMH BEPTUKAJIHLHOI'O 30HAWPOBAHUA HE MPOBOJUIIOCH. Ho nmo JaHHbIM
BHCIIHETO 30HAUPOBAHUA MBI pacCUHUTAIN BCPOATHOCTU IMOSABJIICHUSA PACCCAHUA THUIIA XX1 B 3aBHCHMOCTH OT
JIOKAJIbHOT'O BpEMCHU U HHBapHaHTHOfI IIHUPOTHI. HOHy'—ICHHI)Ie JaHHBIC MOT'YT 6I)ITI) HCIOJIB30BaHbI JJI1 CpPaBHCHUS C
JaHHBIMH HA3€MHbBIX CTaHHI/Iﬁ BEPTUKAJIBLHOI'O 30HAUPOBAHU S, PACIIOJIOKCHHBIX Ha PA3JIMYHBIX IIHUPOTaX. Pe3yJ'H)TaTI)I
pacueToB MPEICTABICHBI Ha pHC. 3.

PaBHOopeHCTBHE. XX1
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Pucynok 3. CyTouHBIH X0/ BEpOATHOCTH NOSABIICHUS paccessHus Thma X X1

Kak BugHO 13 prc. 3, BO BCeM PaCCMOTPEHHOM JHAIa30He IMMPOT BEPOSTHOCTD MosBIeHHUs F-paccestaust (XX1)
YBEJIMYMBACTCSI B HOYHOE BpeMs. DTOT (hakT COriacyercss ¢ pe3yibTaTaMH, MOTyYSHHBIMH IPH 30HIUPOBAHHU
nonocgepsl ¢ moBepxHoctu 3emun [3]. Kpome TOTO, BEpOSITHOCTH MOSIBJICHHS PACCESHUS YBEIWYMBACTCS IPH
Hepexosie OT HU3KHUX K BBICOKMM IUpoTaM. OTMETHM TakiKe, YTO B OJMHAKOBBIX MHTEPBajax LIMPOT BEPOSITHOCTh
NOsIBJIEHHS F-paccestHns B 10)KHOM TIOJIyIIIAPHH BBIIE, YEM B CEBEPHOM.
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JIBA HOBBIX ACIIEKTA HPUMEHEHMUSA KB-PAIMOJIOKALIUHN
B APKTUKE

B.A. Tenerun®?, B.B. Kopanenko?
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PAH, 2. Mocksa, 2. Tpouyx, Poccus
2Uncmumym oxearnonozuu um. ILIT. Illupwosa PAH, 2. Mockea, Poccus

AHHOTAUsA. AKTyaabHOCTH pAacCMaTPUBAEMOIrO MaTepuaia oO0yCIOBJI€Ha HEOOXOAUMOCTBI0 3()(PEKTHBHOIO
ocoeHmss CeBepHOTO MOPCKOTO IMyTH. [IepBBIi acIieKT OTHOCHUTCS K PEIICHUIO 3ajad OMEepaTHBHON OKeaHOTpadun
i Mopeir CeBepHoro JIemoBHTOTO OKeaHa Ha OCHOBE MCIOJB30BAHUS METOJOB M CpeAcTB mpuoOpexkHoit KB-
paauosnokanuu. OTpaboTKa 3TOro MOIX0a BEACTCS B HACTOSIIECE BPEMsI Ha YePHOMOPCKOM MOJIUTroHe. B nanbHeiinem
MPE/TIOIaraeTcs, YTo JaHHasl TEXHOJIOTHs OyIeT afanTupoBaHa K yciousM Mopeit CeBepHoro JIemoBUTOro okeaHa.
BTopoii acrieKT OTHOCUTCSA K BO3MOKHOCTSIM NPHUMEHEHHUsS B BBICOKMX LIMPOTaX, co3naBaeMoil B Poccuu cucreMsl
BHEIITHETO 30HIUpOBaHus noHOCcGhephl 3emin. Hamuuue B aBpopaibHON HOHOCHEPE HEOTHOPOTHOCTEH, BHITSIHYTHIX
BIIOJIb MAarHUTHOTO TIOJIS, OKa3bIBa€T 3HAYMTENILHOE BIMSHHME Ha pacrpocTpaHeHue paanoBosiH KB-amamasona u
IOJDKHO YYUTHIBATHCS MIPU HHTEPIIPETAIIUN HOHOTPaMM BHEIITHETO 30HANPOBaHUs. B kauecTBe mpuMepa MOTYT OBITh
HCTIONB30BaHHI JaHHbIe crryTHrKa MK-19.

Cpenu XapakTepHBIX AJIsl ONIEpaTHBHON OKeaHorpaduu CpeiCTB peallbHO-BPEMEHHOTO U3MEPEHUS ¥ CheMa JTaHHBIX
00 OKeaHHYECKOH cpele 3aMETHOE MECTO 3aHIM PAAUOJIOKAIMOHHBIE CHUCTEMBI, SKCIUTyaTHpyromue 3¢gext
JTAJIBHETO paclpoCTpaHEHUs BOJIH BJIOJIb TIOBEPXHOCTH MOPS IPH HACTHIFHOM IPUIIOBEPXHOCTHOM 30HIUPOBAHUH U
3¢ EeKTh B3aUMOICHCTBHS NOJIS 30HAUPYIOIIUX CUTHAJIOB C HEPOBHOCTSIMH TIOBEPXHOCTH.

[Tpr4nHBI 3TOH 3HAYMMOCTH TAKXKE CBS3aHbI C HOBBIIIEHHONW NMPOCTPAHCTBEHHON M BPEMEHHON M3MEHYHNBOCTHIO
CBOWCTB OKEaHUYECKOM CpeJIbl B IPUOPEIKHBIX paiioHax (MpuOpexHbIX Boxax [1, 2]). DTH NpUYHHBI CTOUT OTMETHUTH
B CPaBHEHUH C IPYTMMH CpeJICTBaMK Ha0roieHns. Cpein 3TUX CPEACTB: pa3IniHble KOHTAKTHBIC I3MEPUTEIH B BUIC
OKEaHOJIOTHUECKUX CTAHIMI M CPENCTB, Pa3BEPTHIBAEMBIX C PA3JIMYHBIX HOCHUTEIEH M CPEACTBA IHCTaHLIMOHHOTO
30HIMPOBAHMS OKEaHa CO CITyTHUKOBBIX IaTopM. B obmiem ciydae crpaBeuIMBoO Clielyoliee YTBEpKACHHE.

UeM BbIIIE M3MEHYMBOCTH OKEAHHMUYECKON

0B cpenbl, TeM Oonblie TpeOyeTcss H3MEepeHuH,
‘ﬂ e TEM IUIOTHEE B IPOCTPAHCTBE IOJKHBI OBITH

50 ‘\ Poak pasMelleHbl  M3MEpHTEeNM M TeM  4alle
' n [10JIB30BaTEIb JIOJDKEH [10JIy4aTh

" ’ [\ | Secsnd Order COOTBETCTBYIOIIME  jAaHHble. [laxke mpu
‘ - i MOCTPOEHUHU HAOIIOATEILHOM CUCTEMbBI B BUJIE

HEpETyJSIPHBIX CETOK, P KOTOPBIX MJIOTHOCTh

30 pasMelleHuss u3MepuTenell corimacyercs ¢
N3MEHYHBOCTBIO cpensl, yKa3aHHOe

YTBEPXKJICHHUE 10 OTHOLIECHUIO K TPHOPEKHBIM

20 obJylacTsIM OCTaeTcs CHpaBeUIMBBIM. 37€Ch
| TpeboBaHWe OONBIIOTO YHCIA  CTaHIWH,

10 I.Lr,,(t“ o OCYIIECTBILSIIOIINX KOHTAaKTHBIE W3MEPEHUS,

ol \'«mf»r"fhilv“f' | Bl h'”'."r“,ﬁ""| ol JOJDKHO OBITH MPU3HAHO TPYAHOBBIIOTHUMBIM.
W ARVERL s [lepronbl cheMa OKEaHWYECKHX MaHHBIX CO

' CIIyTHUKOB H3BECTHBI. IIpu Bcell mone3HOCTH

CIIyTHUKOBBIX  J@HHBIX B  NPHIOKEHHSIX

Pucynoxk 1. ®opma curHana, OTPaKCHHOrO OT MOPCKOH  ONEpaTUBHOM  okeaHorpaduu, BpeMeHHas
MOBEPXHOCTU Ha HEKOTOPOM PACCTOSHHUHM OT pajapa HM3MEHYMBOCTB CPEbI OCTABIISIET XKeJaTh Oosee
YacThIX ~M3MEPEeHHH, 4YeM 00ecHneyrBaloT

CIyTHHKOBBIE CHUCTEMBI. B 3Tux ycrmoBusax

panvosioKanusl OKa3ajach B MOJIOKEHHH EAMHCTBEHHOTO HWHCTPYMEHTA, CIIOCOOHOTO ITOKPBITH NPaKTHYECKH
HENIPEPHIBHBIMU peabHO-BPEMEHHBIMU HM3MEpPEHUsAMH TpUOpexHble paiionsl [3]. Bompoc mmmb B KadecTBe
YKa3aHHBIX U3MEPEHUI U UX CIOCOOHOCTH yCBAaUBATHCS TEMU MOJEIISIMH, KOTOPBIE TAKKE JOIKHBI COOTBETCTBOBATH

-1 0 +1 [Hz]
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Hea nogwix acnexma npumenenuss KB-paouonoxayuu ¢ Apkmuxe

W3MEHYNBOCTH MPUOPEXKHBIX PaifOHOB M, TAKUM 00pa30oM, CBA3BIBATH C HY)KHBIM Pa3peIICHHEM ITOBEPXHOCTHBIC U
TOJT - TOBEPXHOCTHBIE MTPOIIECCHI.

HUcnons3oBanue KB-pagapos s chema nHpopMannu 00 OKeaHCKUX TeueHHsIX Hadanock B 1970-x ronax. O0bekT
U3MEpPEHUIl — TeueHMs, NPUOPEKHbIE BUXPH, XapaKTEPUCTUKH MOPCKOro BOJIHEHHWs. Ha Oompmmx miomansix
M3MEPSIOTCS PaJuaIbHbIE KOMIOHEHTHI CKOPOCTH TEUSHNUH U/UIH KOMIIOHEHTBI CKOPOCTH TEYCHUH, XapaKTepHbIE IS
OucTaTiyeckoil (MyJIbTHCTAaTUYECKOH ) JIOKAllMK, KOT/Ia U3Iy4aTellb U IPUEMHUK pa3sHeceHbl. Du3uka oTpaxkeHuit ot
MOPCKOI HOBEPXHOCTH — Op3ITOBCKOE PE30HAHCHOE paccestHue. DTOT THIl PacCesiHUsl CBS3aH C KOT'€PEHTHBIM
OTpa’keHHEM 30HAUPYIOIIEro CUrHaJa HEPOBHOCTSAMH OKEaHCKOM MMOBEPXHOCTH C XapaKTEPHBIM MacIITabOM, paBHBIM
Y IMHBI BOJHBI M3TydeHHOro curHana. Ha puc. | nmpuBeneH xapakTepHslid qomeposckuii criekTp [3]. Ha pucynke
XOPOWIO BHAHO, YTO CHEKTP OTPKEHHH OT MOPCKON IOBEPXHOCTH COJCPXKUT [Ba SBHO BBIPAXKCHHBIX ITHKA
OTpaXEHHUs IIEPBOTO MOpPSAIKA, HA3bIBaeMbIX JHHUAMH bperra. OHH SBIAIOTCA pE3yIbTaTOM OJHOKPATHOTO
PE30HAHCHOTO PACCESHHS HICKTPOMArHUTHON BOJHBI HAa MOPCKHX BONMHaX. KpoMme oTpakeHHs NepBOro Mopsika
MMEIOTCS TAaKXK€ U OTPAXKEHHsI BTOPOTO MOPsIKa, 00YCIOBICHHBIE PAcCESHIEM Ha MOPCKHX BOJHaX. JlomiepoBckue
CUTHajJbl OyIyT CHMMETPHYHBIMH OTHOCHTEIBHO HYJIEBOH OTMETKHM B Cllydae, €CIM IOBEPXHOCTh OKEcaHa HE
JBHIXKCTCA. Hanuuue Teuenuii B HanpaBJICHWU Ha paaap WU OT HET'O 6y}1€T CMCIIATh JIMHUH Eperra BJICBO WJIX IIpaBoO,
COOTBETCTBEHHO.

Kpyxoukamu Ha puc. | OoTMe4YeHbI JBa PE30HAHCHBIX IMHUKA MEPBOrO IOpsaKa. J[Be BepTHKaIbHBIC JHHUU
MOKA3BIBAIOT TIOJI0)KEHUE PE30HAHCHBIX MUKOB bperosckoro paccesHus B ciiydae OTCYTCTBUS PaHaIbHBIX TCUCHHH.
B JaHHOM cJiy4dac o00a nuka CMCHICHBI BIIPABO, YTO 'OBOPUT O HAJIMYHMH MOPCKOT'0 TCUCHHA OT pajapa. Ilo Hanmuuro
Y BEJIMYHMHE MHKOB BTOPOTO MOPSIKA MOKHO CYIUThH O IOJNOBEPXHOCTHBIX TEUECHHAX Ha IIyOMHY 10 HECKOJIBKUX
METpPOB.

Cuctems! pamapoB KB nmamaszona oOecrieunBaroT IMOJTydeHHE B pealbHOM BpPEMEHH HHPOPMAIMU B BHIC
CHHOINITHYECKON KapTHHBI pacCHpeiesieHHs BEKTOPOB IOBEPXHOCTHBIX TEUCHWH W HMH(OOPMAaIUH O BOJIHEHUH
(cuHONTHYECKass mMH(OpMaIUsA O MOBEPXHOCTHOM BOJHEHHM). XapakTepHblii it KB pamguonoxamym anamazoH
yactoT: 3-30 MI'11 (anrHa BostHbl 100-10 metpoB). XapaktepHas JyiMHA Houis npueMHbix anTeHH (L) — 100 meTtpos.
Hawubombiiee pacpocTpaneHue MOTYYHIN paaphl, PACCYMTAHHBIC HA qUamna3oH yactoT 12-25 MI'.

AansHocTs (KM)

.

Bansrocts (KM)

300

OTpaxeHusi OT MOPCKOH
NOBEPXHOCTH

CwrHans! Kopabneit

CwurHane! ot kopabnei
Momexa oT MOPCKOit
noBepXHOCTI

oy

Pucynok 2. OTpaxkeHHBIE CHUTHAIBI OT KOpabieil, MOPCKOW MOBEPXHOCTH M HOHOC(EpHl B THEBHOE (a) U
niepexoaHoe (6) Bpems cyTok. I1o ocu X OTIIOKEHBI CKOPOCTH B PaJIMaIbHOM HAINpaBiIeHUH (MUHYC — OT pajaapa),
mo ocu Y — paccTOsTHHE OT pagapa

B Teuenne 5 ner Ha Y4epHOMOPCKOM IosuroHe nHerutyta okeanosnornd PAH (MOPAH) B r. I'eneHpkuk BegyTes
pabotsl ¢ pagapom CODAR amepHukaHCKOTo Mpou3BOACTBa. JabHOCTE ieiicTBUS pagapa He npesbimaet 20 KM, 94To
B IEPBYIO O4epe/b ompenensercss BoloopoM vacToTsl 25 MI'n. ConocraBieHue JaHHBIX O BEIMYHMHAX CKOPOCTEH,
MOJIYYEHHBIX C TIOMOILBIO pajlapa U KOHTAaKTHBIMH METOJaMU, NIOKa3ajiu oueHb xopoluee coorBercTBue [4]. B 2019
roJly Ha oJuroHe Oynet ycraHoBieH pagap WERA Hemernkoro npousBoacTsa, paboTaronuii Ha AByX 4yacTotax 13 u
25 MTI' [3]. Ucnonp3oBanue yacToThl 13 MI'T] MO3BOJIUT YBEIHYHUTh AaIbHOCTH paboTsl 10 100 kM, a Hamu4gne IByX
TAaKUX PajapoB MO3BOJUT IIOCTPOUTH KapTy MOPCKHX TeueHuil B cextope 100*100 kM2 uTO NMO3BOIHMT HEPEHTH K
peIIeHNI0 3a/ad ONEpaTHBHOW OKeaHorpaduu C YCBOGHHEM [aHHBIX pPAaIHOJIOKAI[IOHHOTO 30HIMPOBAHUS
TUIPOU3NIECKUMH MoJenIMUA. B manmpHelmeM, Bcs pa3paboTaHHAs METOAWKA YHCICHHOTO MOJEIHPOBAHMUS,
W3MEPEHUs] TaHHBIX O COCTOSHHM MOPCKOH Cpensl, YCBOCHHS 3THUX NAaHHBIX MOAEISIMH OyneT aJanTHpoBaHa
IMPUMEHHUTENBHO K MopsM CeBepHOro eqoBUToro okeara. Ilocnenyroiee pasBuTHe paguoNOKalMOHHBIX METOIO0B
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30HMPOBAHMSI MOPCKOH MOBEPXHOCTH Ha dyepHOMOpckoM mosmrone MIOPAH Oyzer 3axitouaThesi B yMEHBLICHUH
JaCTOTHI 30HIMPYIOIIET0 CUTHAJIA C LEBIO MOTy9IeHHs OTPa)KEHHOTO CHTHaNIA Ha paccTostHusAX 10 300 kM oT pazxapa.
ITpu 3TOM MBI OyZiEM MOTydYaTh U CUTHAJIBI, OTPAXKCHHBIE OT HOHOC(EPHI.

Ha puc. 2 mpuBeneHs! ypOBHH CHTHAJIOB OT MOPCKOW TOBEPXHOCTH M Kopabnei m3 paboTsl [5]. Bumno, drto
CKOPOCTh MOPCKHMX TE€YEHMI MOXHO ONpeAesaTh Ha paccTosHuAxX A0 300 kM. Ilpu Hamuuuu nepeMertarouniuxcs
HEOJHOPOAHOCTEH B HOHOC(EPE UX AMHAMUKY MOXKHO HaONMIOJaTh B PE3YNIBTATE PACCESTHUS 30HIUPYIOIIEro CUTHAIA
Ha 9THX HEOJTHOPOJHOCTSIX.

Teneps kpaTko mepeiieM K0 BTOPOMY acleKTy, 3asgBJICHHOMY B JaHHOU cTaThe. B TeueHue nocnennux 13 net B
N3MUPAH OGbuta npoBeznieHa Ooibiias pabota Mo 0OpadOTKe MPAaKTUUECKH BCEro 00beMa MOHOTPAaMM BHEIIHETO
30HAMPOBaHUS, TONyueHHbIX Ha cnyTHuke MK-19 (1979-1981rr). B 40% ciyyaeB MBI MMeeM [AEIO C TaK
Ha3bIBAEMBIMHU «YHCTBIMI» HOHOTpAaMMaMH, Ha KOTOPBIX YETKO BUJICH CIIE/, OTPKEHHBIH OT HOHOC(EPHI U 3eMJIH, U
JIETKO MOJKHO OIPEICIINTh KPUTHUECKYIO 4acTOTy ciost F2. B ocTanbHBIX ciydasx cien YIIMPSTCS, MOSBISIOTCS
JIOTIOJTHUTENBHBIE OTPAXEHHUsI 110 Mepe YBeJNMYeHHs B HOHOc]epe HEOJHOPOJHOCTEH pasHOro Mmacrirada.
JlanbHelimee ycuiIeHHE HEOJHOPOJHOCTEH pa3indHOro Macmraba M HHTCHCUBHOCTH HPHUBOAWT K IOTHOMY
PasMBITHIO cJeJa W TIOSBICHHIO BMECTO HEro HEKOro o0Ojaka To4eK. UHMCIO0 TakuX PpasMBITBIX HOHOTPaMM
nocturaerl0% ot oOmero kommuecTBa. B 0CHOBHOM OHM HaOMIOMArOTCS B BBICOKMX INIMPOTaX M Ha MarHUTHOM
9KBaTOpe. AHAIHM3 TAKUX CIy4acB M yKa3al Ha HEOOXOIMMOCTh YUUTHIBATh PEATbHYIO JHarpaMMy HaIlpaBICHHOCTH
anTeHH nonozonaa MC-338 na cmytauke MK-19. B HacTosiiee Bpems pacueTr 1uarpaMMbl HalpaBJI€HHOCTU AaHTEHHBI
B KB nnanasone He npejcTaBisieT 6onbiioro Tpyaa. Pe3ysibrarel pacuera uist AByX nunonieit B auanasone 0.3-5 MI'g
u 5-16 MI'ny nokasaHsl B craThe [6] maHHOrO cOopHuKa. IIOHATHO, YTO MpH MEepeceyeHUH CIyTHUKOM y4YacTKOB
HMOHOC(EPHI C CHIIBHO BBITSIHYTBIMH BJIOJIb MATHUTHOTO TIOJISI HEOTHOPOIHOCTSAMH HEOOX0IUMO YYHTHIBATh PEabHYIO
JUarpaMMy HalpaBIEHHOCTH aHTECHH.

3akiroueHue

BHoBB CO34aBacMbIC CHUCTCMbI BHCIIHCTO 30HAUPOBAHUSA I/IOHOC(l)epLI nu HpI/I6pe)KHOI>Il paanoIoKaluu MOpCKOﬁ
MOBCPXHOCTU B Ka4YCCTBC ,Z[OHOJ'IHI/ITGJ'IBHOﬁ I/IHq)OpMaL[I/II/I MOryT 06GCH€‘II/ITB HaC HOBBIMH 3HAHUIMHU O
HCOAHOPOAHOCTAX B BLICOKOLHHpOTHOﬁ I/IOHOC(bepe nu 06 X JUHaAMHUKE. Bo3MoxHOCTE MOJIyUCHUS TakoM
I/IH(i)OpMaLII/II/I HGO6XO,I[I/IMO 3aKJIaAbIBATh CLIC HA 3TAIC IIPOCKTUPOBAHUA JAHHBIX CUCTCM.
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CPABHEHHUE IPOCTPAHCTBEHHO-BPEMEHHOI'O
PACHPEAEJEHUS HEOAHOPOAHOCTEMU 1I19C U MOAEJIBHOI'O
ABPOPAJIBHOI'O OBAJIA

C.A. Yeproyc!, 1. lllarumyparos?, M.B. ®unaros?, U.W. Epunios?

'\@IrbHY “Honapuwiil ceogusuueckuti uncmumym”, 2. Anamumsi, Poccus
2Kanununepaockuii punuan U3BMHUPAH, 2. Kanununepao, Poccus

AHHoOTauusl. PaGoTa mMmOCBsIIEHA OIICHKE TMPAKTHYECKOH BO3MOXKHOCTH HCITOJB30BAHHUSA IAPaMETPOB |
XapaKTepUCTHK aBpOpaIBEHOTO oBaia. [IpoBomuTCS cpaBHEHHE MECTOTIOIOKEHISI MOACTHHBIX ITPEICTABICHUN TPaHHII
aBpopanbHoro oana mo monenmun NORUSCA ¢ oBajoM HEOJHOPOAHOCTEH IOJTHOTO 3JIEKTPOHHOTO COJCPIKaHHUS
(IT3C), moctpoennoro mo ganHbiM ['HCC wm3MepeHuil, ¥ ONPEACIAIONIETO MPOXOXKACHHE TPaHCHOHOCHEPHBIX
CUTHAJIOB B MOJIIPHOI MoHOC(hepe. [emaercss BEIBOJ O XOPOIIEM COBIIAJACHUN TCHICHINH CMEICHHS TPaHUI] 00SHX
oBanioB. OTMEYaeTcs, YTO TOYHBIC KOIMIECTBEHHBIC 3aBICHMOCTH MOICIHHBIX U H3MEPSIEMBIX TapaMeTpOB TPEOYIOT
JABHEHINETO W3YYEHUs ¢ IPHUBJICYCHUEM OOJBIIOTO MAacCHBa COBPEMEHHBIX AKCIEPHUMEHTAIBHBIX TaHHBIX M UX
CTaTHCTHYECKOI 00pabOTKH.

BBenenune

HaCTO?[H.[aiI pa60Ta CBsI3aHaA C peHIeHI/ICM 3aga4yu nporHosa ITIOSABJICHUA MeJ'IKOMaCH.ITa6HBIX HeO,I[HOpO,Z[HOCTeﬁ B
MOJIIPHOM HOHOC(Epe, BOSHUKAIOIINX OJHOBPEMEHHO C MOSIBICHHEM AMCKPETHBIX (OPM MOJAPHBIX custHuit [1-3].
HaJ'II/I‘II/Ie HpOCTpaHCTBeHHO-BpeMeHHOFO COOTBETCTBUA OIITHYCCKUX HOJIﬂpHLIX CI/ISIHI/Iﬁ nu BOBMyH.[eHI/Iﬁ HOJ'ISIpHOfI
HoHOC(epHl, BIUSIOMNX HAa PAaCIpOCTPaHEHHE CUTHAIOB HaBUTAIUMOHHBIX cnyTHHKOB (THCC) MoxeT mo3BOJHTH
TaKOﬁ HpOFHOS OCYH.[@CTBI/ITL. HeﬁCTBHTeHLHO, €CJIN MBI 066CH€‘II/IM Ha,I[e)KHBIfI HpOl"HOS HpOCTpaHCTBeHHO-
BpeMCHHOFO pacnpe/:[eneHI/I;{ HOJ'ISIpHBIX CI/I?[HPII7I, TO HAa OCHOBAHHUU KOJINYECCTBCHHBIX 33BI/ICI/IMOCTCI7[ pacnpe/:[eneHI/I;{
HEOJ/IHOPOIHOCTEH IIOJIHOTO DJIEKTPOHHOTO COJIep)KaHMsi B MOHOc(epe W pacrpeieseHus MOJSIPHBIX CHSHUA MBI
HOHy‘II/IM nu HpOFHO3 IIOSABJICHUA HeOHHOPOﬂHOCTeﬁ, BIIMAKOIIINUX HaA paCHpOCTpaHeHI/Ie BBICOKOYAaCTOTHBLIX
HABUTAIIUOHHBIX CUI'HAJIOB. I/I3BCCTHO, qTO JIs1 peFI/ICTpaHI/II/I JIOKQJIBHBIX OIITHUYCCKUX HOJ'IF[pHI;IX CI/IS[HI/II‘/'I MOXET
HpI/IMeHSITI)CSI CCTh HA3CMHBIX KaMep IIOJIHOT O o630pa He6a, UMCHOIIIUX orpaHquHHoe 110 CpaBHeHI/IIO C
CHyTHI/IKOBI)IMI/I METOAaMHU I1I0JIC 3peHI/I$[, OOHAKO UX AOCTOMHCTBO 3aKJIKOYACTCA B BBICOKOM HpOCTpaHCTBeHHI)IM nu
BpeMCHHOM paSpeH.[eHI/II/I KOHKpGTHLIX aBpOpaJ'ILHLIX CO6LITPII>'I, 10 KOTOpBIM MOXHO YCTaHOBI/ITB (bHSI/I‘IeCKI/Ie
MEXaHU3MbI paSBI/ITI/ISI HeOI[HOpO,I[HOCTeﬁ HSC TaK KaK HaM Tp€6yIOTC$I HC TOJIBKO U HE CTOJIBKO Ha6J'IIOZ[eHI/I$I B
pCaHBHOM BpeMeHI/I, a HpOFHOB, TO MBI HpI/ISBIBaGM O6paTI/ITB BHHUMAHHUC Ha CyH_ICCTByIOH.[I/Ie MOACIIN aBpopanLHoro
OBaja, KOTOpLIG Ha HACTOsAIIEM IJTalle paSBI/ITI/Iﬂ HOJ'ISIpHOfI FGO(I)I/IBI/IKI/I ITIO3BOJIAKOT COCTOAHHUE OIITHYCCKOI'O OBaJia
HpOFHOSI/IpOBaTB. 3Ha$I COOTBETCTBHUEC Mexcz[y OBaJIOM HOJ'IHpHLIX CI/IFIHI/Iﬁ n OBaAJIOM HGO,I[HOpOZ[HOCTCI\/'I HSC, MBI
CMOXEM HpOFHOSI/IpOBaTb nu YCJ'IOBI/Iﬂ paCHpOCTpaHeHI/IH TpaHCI/IOHOC(l)GprIX CHUTHAJIOB.

OBaJ1 MOJISIPHBIX CHSAHUH

Be1aroneecst OTKpbITHE MECTOIOJIOKEHHUS TIOJIIPHBIX HAJ MIOBEPXHOCTHIO 3eMJIN B JII000H MOMEHT BpEMEHH. OBUIO
C/IeNaHO O JaHHBIM CETH HENpephIBHO paboTaromux onruueckux kamep C-180 ¢ o63opom 180° B mepumon
MexnyHapoaHoro reoduznueckoro roga (1957 — 1958) coserckumu yueHbiMu OHO TIO3BOJIMIIO CBS3ATh Pa3IUIHbIE
(m3ndeckre SBICHHS B 3EMHBIX 000I0YKax — MarHutochepe M HoHOchepe ¢ HaOI0TaeMBIMH Ha 3€MHOU
noBepxHocTH siBieHusMu. CoBerckue yuensie O. Xopouiesa, 5. @enbamreiin u I'. CTapkoB 10Ka3ain aCHMMETPHIO
3TOTO KOJIBIIA, TIOJIOKEHHE KOTOPOTO ONPEAEIUIOCh He reorpadMuecKiM, a MArHUTHBIM MOJIFOCOM, YCTAHOBHIIM €r0
HEMPEPHIBHOCTD, U HAIIIM BO3MOXKHOCTH €0 MaTEMATHYECKOTO IpeAcTaBieHus [4-6].

OKa3aixock, 9TO OBAJI «IBIIINTY, OH CMEIIAETCs K AKBATOPY MPH OOIBIION COTHEYHOH aKTUBHOCTH, a IIIMPHHA €T
3HAYUTENBHO YBEIUUUBACTCS. Y Ja4HBIM 0Ka3aJ0Ch M CaMO CIIOBO «OBaJI», SICHO BBIPAXKAIOIIEE PEaTbHYIO TE€OMETPHIO
MTHOBEHHOTO TIOJIOKEHHMS KOJIbIIA CUSTHUHA. DTO OJHO U3 CAMBIX 3HAYMMBIX OTKPBITHI B (hru3nKke ONMKHET0 KocMoca,
OHO BOIIUIO B MCTOPHIO Te0(M3NKH, KaK aBpopajibHbIi oBas Denpamireiina. 11 koria y4eHbIM U3 NEPBBIX U3MEPEHUH
TE€OMAarHUTHOTO TIOJISI Ha CITyTHHKAX CTal0 W3BECTHO, YTO MarHurocepa 3eMiM TOXEe HECHMMETPHYHA, CTaJIO
MOHSTHO, YTO, ONIPEEIIsIs IPaHUIIbl, ITUPUHY, aCHMMETPUIO U IpyTrUe MapaMeTpbl OBaJla, MOXHO y3HAThH O SIBICHHSX,
MPOUCXOJSIINX B OJIMKHEM KOCMOCE, TO €CTh IPOBONTH AUATHOCTHKY OKOJIO3EMHOT'O KOCMHUYECKOTO POCTPAHCTBA.
MHoecTBO paboT B 00JIaCTH T€OKOCMUYECKHUX HCCIISIOBAHUI CTAIA 0053aTeIHLHO BKIIOYATh B ce0s (M 10 CHUX TIOp
BKJIFOYAIOT) CPABHEHNE HOBBIX JAHHBIX C XapaKTEPHCTHKAMU OBaJla, U OBAJl SIBISIETCS] MPAKTHUCCKH €CTECTBEHHOM
CHCTEMOH KOOpPAMHAT B KOCMHUYECKOH reodusnke. B HacTosimee Bpems MOSBHINCH COMHEHHS B COBPEMEHHOCTH
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napajurmbl aBpopaIibHOTO 0BaJIa, BEICKa3aHHBIE HA OCHOBAHUH OIIMOOYHOI0 MHEHUSI YTBEPIKJAIOLIET0, YTO TOHSTHE
aBpPOPAJBLHOTO OBaJla OOBEAWHSACT BCE THUIBI AKTHBHBIX INOJSIPHBIX CHSAHUHN [7]. JleHCTBUTENBHO, C TOYKH 3PCHUS
HCCIENOBATEI MAarHATOC(EPHBIX MEXaHM3MOB (HOPMUPOBAHUS PA3IWIHBIX (OPM CHSHHH, HCIIOIb30BaHUC
KOHIIETIIMH OBaja orpaHndeHo. OIHAKO, 3TO TOPa3fo B MEHBIIEH CTENEHH KacaeTcsl MpoleccoB B noHocgepe. Ha
caMoM JieJie, MOJENb OBajla M €T0 MaTeMaTHIECKOE OMHCAaHUE OBUIM IMOCTPOCHBI UCKIIOUUTENBHO JUIS TUCKPETHBIX
¢dopmM cusHMIA [8] 9TO memaeT ero MOIe3HBIM JJIs THATHOCTUKH BIMSTHIS MOJSIPHOM MOHOC(HEPHI Ha pacIpoCTpaHeHHE
HaBuraroHHbIX curHanoB GPS u ['NIOHACC B Apkruke. VIMEHHO ¢ MUCKPETHHIMH (OPMAMH CHUSHHHA B IIEPHOJ
aBpOpaJIbHOM CcyO0OypH CBsI3aHBI Bapualu¥ W HEOJHOPOJHOCTH IIOJHOTO 3JeKTpoHHOro conepxkanus (I19C),
OTIPENICIAIONIUE PACIPOCTPAHCHIE TPAHCHOHOC(EPHBIX CUTHAIOB HABUTAIlMOHHBIX CIyTHUKOB [9-10]. Takum
00pazoM, KpoMe TpPaJAUIMOHHOI'O 3HAYEHHs OBaJa, UCIIOJIb3yEMOI0 MHOIO JIET, OH IIOJy4aeT HOBYIO >KHU3Hb B
panuopu3MIECKUX NOJISPHBIX UCCIIEIOBAHUSX.

Moaenn kpaTkocpouHoro nporao3a NORUSCA
B 1997 roxy B mabopatopru Boenno-Boznymmbix cnn CIIA OpI1 MOCTpOCH BUPTYaIbHBIA ISTHAIIATUMHHY THBIHA
Kp uanexc WING, koTopsIii onpenensiicst Ha OCHOBaHHH HOTyYSHHBIX 3aBUCHMOCTeH Kp OT mapaMeTpoB COIHETHOTO
Berpa [11]. Peamu3oBaHa 3Ta 3aBUCHMMOCTH C MOMOINBI0 M3MepeHHid Ha ciyTHuke ACE, Haxomsmemcs B Todke
mubparmu Mexny 3emuieit 1 CosHIIEM Ha PacCTOSHUM OKOJIO OJHOTO MUJIIMOHA KHUJIOMETPOB OT 3emiu. To ecTsb,
MOJKHO IIPOTHO3MPOBATh MOJIAPHBIC CHSHMSA B 3aBUCHUMOCTH OT BUpTyasibHOro Kp, ompenensemMoro mno napaMerpam
COJHEYHOTrO BeTpa. Takum 00pa3oM, ABYMS KIIFOYCBBIMH MO3HIUSMH IPOTHO3a SBJISAIOTCA 1) 3aBHCHMOCTH
MOJIOXKEHHs oBasa custHuii oT Kp u ee onucanue B pabore I'.B. Crapkosa [12, 13]; 2) 3aBucumocTs BupTyansHoro Kp
oT mapameTpoB conueynoro Betpa (uamexe WING).

3nas unaexc WING (BuptyanbHbiii Kp) MOXKHO MOCTpOUTH OBai CHSHUH 3a071aroBpeMeHHO OT 1 710 2 4acoB B
3aBHCUMOCTH OT CKOPOCTH IBIDKEHHS 3apspkeHHBIX dacTun oT Coxana. Momens mporaoza NORUSCA Obuia
peamm3oBaHa B pamkax Hopsexcko-Poccmiickoro mpoekrta [14] na 6a3ze mamnbix [IT'M ¢ ydgacTHeM ydYeHBIX
leodmsmueckoro mHCTUTYTAa Ha AJsCKe W pa3memnicHa B MHTepHere Ha caiite YHmBepcurera Ha CBambOapne
(IImuu6epren) http://kho.unis.no

IMogo:xenust neognopoanocreii TEC u moJisipHbIX CHIHU aBPOPATBHHOT0 0BAJIA B YCJIOBUAX
Pa3Iu4HOM reinoreou3nveckoil AKTUBHOCTH
[Ipu momommM MpOrpaMMHOTO OOECIIeYeHus], pa3paboTaHHOTO JUI MPOTHO3a OOHAPYKEHUS CHUSHUH aBpOPaILHOTO

oBaJIa OBLTH MOCTPOEHBI MPOQHIN OBAIOB MOJSIPHBIX CUSHUI M COBMEIIEHBI C MPOQHUISIMUA HEOJHOPOIHOCTEH 11t 4-
x crannuid (AB18 66.71N 162.61W, TIXI 71.38N 128.52E, KIR0 67.51N 21.03E, NNVN 61.47N 44.90W) (puc. 1).
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Pucynox 1. [IpoctpaHcTBeHHBIE pacnpesaenenns cusiunii n HeogHopoanocteid [I19C (ROTI) mist ciokoiHOTO ypOBHS
06.01.2015 u Bo3mymiennoro 07.01.2015. MaTencuBHOCTs ROTI 0003HaueHa oTpe3kamMu pa3HOTO [BETa COTIACHO
IIKaJIe CIpaBa OT H300pakeHHs OBAJIOB.

Ha puc. 1 mpencraBiaeHsl MPOCTPAHCTBEHHBIE pacTpeIeICHUs CUsIHIHN 1 HeogHOpoAHocTel [1DC m1st ciokoiHOTO
ypoBHs 06.01.2015 u Bo3mymennoro 07.01.2015. OueBumHO, YTO TPH PA3TUIHOW BO3MYIICHHOCTH KapTHHBI
pactpeneneHuit MOTyT 3HAYNTENIFHO OTIIHYAThCS.
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C.A. YepHoyc u op.

Cpa3y OTMETHMM BaKHYIO OCOOCHHOCTH IIPHM CPaBHEHHWH IIPOCTPAHCTBEHHBIX pACIpeleNieHuil CUSHUN H
HeogHopoaHocteit [19C B nepron marautHO# Oypu 07.01.2015. U te, u npyrue pacupeneicHus IMEIOT OBAJILHYIO
(hopMy ¢ MakcuManbHOW MIMPHHON M MHTCHCUBHOCTBIO B ITOJYHOYHBIE Yachl MECTHOTO BpeMeHH. [Ipuuem, nMeHHO
Ha TeX CTAHIWAX, KOTOPHIE DPACHOJOKEHHI BOJW3M IONYHOUHW, HAaOIIOmaeTcss Xopoimee mogodme ¢Guryp 3Tux
pacmpeneneHuid. OTO TOBOPUT O TOM, YTO OCHOBHBIMH ()OPMAMH CHUSHHH, MPETCHAYIOIUMH Ha POJIb WHIUKATOpa
obnacteil mOHOC(EPBI, HAPYIIAIONIX HOPMAIbHOE PACIPOCTPAHEHHE PaIMOBOIH, SIBISIOTCS AUCKPETHBIC TYTH H
TIOJIOCHI CHSTHUH, OOBIYHO pacIioyararomniiecs B HouHoM cexTope. Kak BunHo u3 puc. | Ha cranmusax ABI18 u TIXI
HaOJI0aeTCsl COBIMAJICHHE OBAJIOB CUSIHUM M HEOJHOPOJHOCTEH. DTO COOTBETCTBYET HOYHOMY BPEMEHH CYTOK.
Opnnako Ha craniuax KIRO n NNVN oBaiel He coBmanaroT. 3To MOXET OBITH CBSI3aHO Kak ¢ reorpaguieckum
TIOJIOKEHUEM CTaHLWH, TaK U C paclpe/eleHUeM CUSIHUIL 110 BhIcOTe. [leHCTBUTEIBHO, JIyUd AYT HOJSPHBIX CHSHHUNA
MOTYT Ha4yMHAThCS Ha BbIcOTe OKoyo 110 kM u 3akaHuuBaThcad Ha BbicoTax 300-500 kM, a uX HampaBieHHE
COOTBETCTBYET HAIIPAaBJICHUIO CHJIOBBIX JIMHMHA MarHUTHOTO mNojis 3emuu. Tpacca HaBUTallMOHHBIA CIYTHHK —
HaBHUT'ALMOHHBIA MTPUEMHUK MOXET MepeceKaTh JYYHCTYIO AYTYy IOJIIPHOTO CHSHUS Ha ool Beicore. [loaTomy
COBIIAJICHNE aBPOPAFHBIX OBAJIIOB M OBaJIoB HeogHopoxHocTed TEC oTHIOOR He sABIsLETCS HEOOXOIMMBIM, BAaXKHO,
YTO U TO, U JPYTOE pacHpesieIeHIe HMEET OBAIbHYIO CTPYKTYpY. B3auMHOE 1o1oKeHHe 0BaJIOB HOJIAPHBIX CHSTHUHN U
HEOJHOPOAHOCTEH B HOHOC(EpE U ITO3BOJINT HAaM OLIEHMBATh M POTHO3UPOBATH MOSBICHUE ATHX HEOJAHOPOIAHOCTEH
M0 JAaHHBIM O MOJSAPHBIX CHSHHUAX, XOTSA AL 3TOTO HPHUAETCS pelIaTh TPeXMEpHyro 3azady. C aBpOpaJbHBIMH
BO3MYILCHUSIMH B IPOBEACHHBIX N3MEPEHUIX HEOJHOKPATHO ACCOIMHPOBAINCH HHTCHCUBHBIE (Da30BbIC (ITyKTyallH
Ha Pa3HECECHHBIX CTAHIUAX B aBPOPATBHBIX U CyOaBpOpanbHbIX MmHpoTax [12-16]. B kauecTBe ciemyroriero npumepa
NPE/ICTaBJICHBI IJaHHBIE 110 IPOCTPAHCTBEHHO-BPEMEHHOMY pacipeaeieHuo $a3oBbix ¢urykryauuit GPS curnasnos,
00YCJIOBJICHHBIX HOHOC(HEPHBIMH HEOIHOPOJHOCTAMH BO BpeMs TIeoMarHuTHOW Oypu 2 okrsa0ps 2013r. ¢
MpPEJICTaBJIEHHEM OJHOBPEMEHHBIX OBAJIOB MOJIAPHBIX CUSIHUI cornacHo [8, 7-11]:
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Pucynok 2. [IpocTpaHCTBEHHBIE pacipeieieH s MHTEHCUBHOCTH CUsiHUN U HeoHopoaHocTel [IDC amst ciokoitHoro
ypoBhsi 01.10 2013, 3.10.2013 u BoamymienHoro 2.10.2013. MutencuBnocts ROTI 0603HaueHa oTpe3kaMu pa3HOTro
I[BETa COTJIACHO LIKAJIE CIIPaBa OT U300paXEHUsI OBAJIOB.

B srom ciydae, kak M B HpeABIAYIIEM, Takke OOHAPY)KMBAETCS OBaJbHAs CTPYKTypa IMPOCTPAHCTBEHHO-
BPEMEHHOT'O paclpeziesieHus], KaKk IOJIPHBIX CHSHHUH, TaKk W HEOJHOPOJHOCTEH B MOHOchepe. OueBHIHO, YTO B
BO3MYILECHHBIN JIeHb 2 OKTA0pst 2013 r. oBaibl cONMMKEHBI MEXIy co00l B TO BpeMsi, Kak B CIOKOiHbIe 1HU | 1 3
OKTSIOpSI OHM 3HAYHUTEIILHO PACXOMSATCS.

162



Cpagnenue npocmpancmeenno-epemenno2o pacnpeoenetus. Heoonopoonocmeti I1I9C u modenvrozo agpopanshozo osana

3akiouenue

CpaBHEHHE TPOCTPAHCTBEHHO-BPEMEHHOTO pactpeneneHus HeogHopoaHocte [I19C u MomensHOTo aBpoparsHOTO
OBaJla TPOJEMOHCTPHPOBAJIO BO3MOXKHOCTH TIpOTHO3a HapymeHmit pacupoctpaneHns [HCC curHamos
BBICOKOOPOUTATIFHBIX CITyTHUKOB B APKTHKE BO BPeMs Pa3BUTHUS TUCKPETHBIX (POPM MOISIPHBIX CHSHIHA.
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SIMULTANEOUS MONITORING OF MIDDLE ATMOSPHERE OZONE
AT APATITY AND PETERHOF IN THE WINTER 2017/2018

Y.Y. Kulikov, A.F. Andriyanov, V.G. Ryskin (Institute of Applied Physics, Nizhny Novgorod, Russia)
S.1. Osipov, A.V. Poberovsky (St. Petersburg State University, Saint Petersburg, Russia)
V.1. Demin, A.S. Kirillov, B.V. Kozelov, V.A. Shishaev (Polar Geophysical Institute, Apatity, Russia)

Introduction

We present preliminary results of observations of the ozone emission line in winter 2017/2018 by method of
microwave radiometry. Measurements of spectra of middle atmosphere ozone were executed with the help of two of
mobile ozonemeters (observation frequency 110836.04 MHz). One spectrometer was installed at physical faculty in
Peterhof (60N, 30E) in 28 km from the centre of Saint Petersburg [1]. Another spectrometer was installed at Polar
Geophysical Institute in Apatity (67N, 33E). Both devices had identical techniques as measurement and an estimation
of vertical structures of ozone. Results of joint ground-based measurements of middle atmosphere ozone content with
the use microwave equipment are presented. The importance of similar observations in the studying of the influence
of various disturbances on ozone layer is discussed. The comparative analysis of received results with satellite
MLS/Aura data, and also with ozonesonde data at station Sodankyla (67N, 27E) and with model profiles is given.

Microwave ground-based equipment used in the experiment

Method ground-based microwave radiometry is based on measurements of thermal atmospheric radiation in vicinity
the ozone line in the range of millimeter and submillimeter waves. Microwave observations are weakly dependent on
weather conditions and the presence of atmospheric aerosols, and this is an advantage compared with observations in
the optical and infrared wavelength ranges. In addition, the microwave ozone observations can run around the clock.
In recent years it is managed to make a significant step forward towards the creation of a new generation of mobile
microwave spectrometers [2]. The device consists of an uncooled heterodyne receiver tuned to a fixed frequency
110836.04 MHz corresponding to a rotational transition of ozone molecules 66— 61,5, and multichannel spectrum
analyzer. In front of receiver is a module that includes an antenna (scalar horn) and a switch to calibrate accepted
intensity of atmospheric ozone line radiation. The beam width (by level -3 dB) of the horn antenna is 5.4°. The SSB
noise temperature of the receiver is 2500 K. The SSB receive mode is provided by evanescent filter with direct losses
of 0.5 dB and the suppression of the image channel of more than 20 dB. The spectrum analyzer consists of 31 filters
with a variable bandwidth from 1 MHz to 10 MHz and a full analysis bandwidth of 240 MHz. The parameters of the
device allow to measure a spectrum of the emission ozone line for time about 15 min with a precision of ~ 2%.
Measurement of the spectra of thermal radiation is performed by a method of calibration for two "black body" loads
that are at the boiling point of liquid nitrogen and at ambient temperature. Information about the content of the Os is
contained in the measured radio emission spectrum of the middle atmosphere. Using the inversion of the obtained
spectra it is possible to obtain data on the vertical distribution of ozone in the atmosphere. The criterion of the accuracy
of inverse problem solution is the best fit ozone spectral lines calculated by the retrieved profile of the O3 concentration
to the original experimental spectrum. The error of estimating the vertical distribution of ozone on the measured
spectra by above described device does not exceed 20%.

The results of observations and discussion

In winter of 2017/2018 in Apatity the total duration of microwave observations was 40 days. There were three
continuous series with a temporal resolution of 15 min from 22.12.2017 to 28.12.2017, from 19.02.2018 to 22.02.2018
and from 13.03.2018 to 16.03.2018. All observations in Apatity were supported by microwave measurements in
Peterhof from 01.11.2017 to 31.03.2018. Unfortunately, now observation data have not been fully processed. It should
be noted that continuous series were planned to reveal the influence of charged particles on the content of mesospheric
ozone in the auroral zone (Apatity). The first series at the end of December was held at a very low altitude of the Sun
at noon - in condition of the "polar night". Under these conditions it can be expected that sunlight does not affect the
behavior of mesospheric ozone during the day.

On Fig. 1 MLS/Aura satellite measurements temperature data over Apatity at the level of 10 hPa corresponding to
approximately height of 30 km for winter of 2017/2018 are given. This winter there was a sudden stratospheric
warming in the middle of February, 2018. The warming lasted about a week. The maximum temperature rose to 240K
on February, 16, which is higher on 50 K of the mid-temperature the January. The development of the stratospheric
warming over the Apatity occurred under the classical scheme [3] from top to bottom. Experimental confirmation of
this scheme can be found in [4, 5].
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Simultaneous monitoring of middle atmosphere ozone at Apatity and Peterhof in the winter 2017/2018

In Fig. 2 shown the temporal variations of ozone density (ground-based microwave data) and temperature
MLS/Aura data (thick continuous line) at 25, 40 and 60 km in the winter 2017/2018. On the lower panel shown the
variations of ozone density (open rhombuses) at altitude 25 km. In addition, here direct measurements of ozone density
(balloon probe data) at an altitude of 25 km in the meteorological station of Sodankyla marked by black squares are
given. This station is located in close proximity to the Apatity station at the same latitude. On the middle panel Fig. 2
the O3 density variations at an altitude of 40 km (thin line) according to MLS/Aura are shown.
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Simultaneous monitoring of middle atmosphere ozone at Apatity and Peterhof in the winter 2017/2018

On the Fig. 3 changes in mesospheric ozone
at an altitude of 60 km for two continuous
observation series in February and March 2018
are presented. The average amplitude of diurnal
variations of O3 was about 30%.

On the Fig. 4 the diurnal changes in
mesospheric ozone at an altitude of 60 km
during the polar night 28.12.2017 are shown.
Note the significant variations in the Oz density,
which apparently are not associated with
sunrise and sunset. The amplitude of changes in
ozone density reached 80%. Nevertheless the
variations in the Os density correlate with the
diurnal changes in O3 concentrations at the
altitudes of the mesosphere modeled by
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Conclusion

. 1 1 | | | | |
1. We ShOW the new reSUItS of Studylng the 02:15-02:30 07:15-07:30 12:15-12:30 17:15-17:30 22:15-22:30
dynamics of ozone content in the middle Time
atmosphere over Apatity (67N, 33E)
during the winter 2017/2018 by the Figure 4
microwave radiometry method.
2. Microwave results (vertical distribution of
ozone) were compared with satellite data — altitude profiles of ozone and temperature in the layer of 20-60 km
(MLS/Aura), and also with ozonesonde data at stations Sodankyla (68N, 27E).
3. Unusual diurnal variations in ozone at altitude 60 km, which were caused by polar night in December 2017, were
observed over Apatity.

Acknowledgments. The work was supported the RFBR grant 15-05-04249.

References

1.

w

Tumodeer HO.M., B.C. Kocmos, A.B. Ilo6eposckuii, FO.}1O. Kynukos, A.A. KpacwibaukoB. M3mepenus
BEePTUKAJBHBIX Mpodmieil comepxanust o30Ha Hax Caskr-Iletepbyprom Ha3eMHON MMKpPOBOJHOBOMH
anmapatypoil. Bectauk Cankr-IlerepOyprckoro yausepcureta, Cepust 4 (Ousuka u xumus), Beimyck 4, nexadps,
c. 44-53, 2008.

Kulikov Y.Y., A.A. Krasilnikov, A.M. Shchitov, New mobile ground-based microwave instrument for research of
stratospheric ozone (some results of observation), The Sixth International Kharkov Symposium on Physics and
Engineering of Microwaves, Millimeter, and Submillimeter Waves (MSMW’07) Proceedings, Kharkov, Ukraine,
June 25 — 30, 2007, v. 1, p. 62 — 66. 2007.

Schoeberl M.R. Stratospheric warming: Observations and theory. Rev. Geophys., v. 16(4), p. 521-538, 1978.
Krasilnikov A.A., Y.Y. Kulikov, V.G. Ryskin. Ozone behavior in the upper atmosphere during the winter of
1999/2000 from simultaneous microwave observations in Nizhny Novgorod (56°N, 44°E) and Apatity (67°N,
35°E). Ceomag. Aeron., v. 42, Ne2, p. 265-273, 2002.

Manney G.L., et. al. Aura Microwave Limb Sounder observations of dynamics and transport during the record-
breaking 2009 Arctic stratospheric major warming. Geophys. Res. Lett., 36, L12815, doi: 10.1029GLL038586,
20009.

Rodrigo R., J.J. Lopez-Moreno, M. Lopez-Puertas, F. Moreno, A. Molina. Neutral atmospheric composition
between 60 and 220 km: A theoretical model for mid-latitudes. Planet. Space Sci., v. 34, p. 723-743, 1986.
Rodrigo R., M.J. Lopez-Gonzalez, J.J. Lopez-Moreno. Variability of the neutral mesospheric and lower
thermospheric composition in the diurnal cycle. Planet. Space Sci., v. 39, p. 803-820, 1991.

167



. . Geophysical
© Polar Geophysical Institute, 2018 copysicd

“Physics of Auroral Phenomena”, Proc. XLI Annual Seminar, Apatity, pp. 168-171, 2018 @ Polar
Institute

DOI: 10.25702/KSC.2588-0039.2018.41.168-171

INFLUENCE OF THE SOLAR ACTIVITY ON CAVE AIR
TEMPERATURE REGIMES

Penka Stoeva and Alexey Stoev

Space Research and Technology Institute - BAS, Stara Zagora Department, P.O. Box 73, 6000 Stara
Zagora, Bulgaria; e-mails: penm@abv.bg, stoev52@abv.bg

Abstract. Caves and their evolution are influenced by solar activity as all the natural processes. The study of this
influence needs constant monitoring of the air temperature and physical parameters of the cave — rock temperature,
condense processes, heat exchange etc. We consider cave air temperature response to climate and solar and
geomagnetic activity for four show caves in Bulgaria (latitude ¢p=42.50°, longitude 1=25.30°) for a period of 46 years
(1968 — 2013). Everyday noon measurements in Ledenika, Saeva dupka, Snezhanka and Uhlovitsa cave have been
used. Cave temperatures in the zone of constant temperatures (ZCT) are compared with surface temperatures recorded
at meteorological stations situated near about the caves — in the towns of Vratsa, Lovech, Peshtera and Smolyan,
respectively. The Hansen cave, Middle cave and Timpanogos cave from the Timpanogos Cave National Monument,
Utah, USA have also been examined for comparison (latitude ¢=40.27°, longitude 2=111.43°). It has been found that
the correlation between cave air temperature time series and sunspot number is better than that between the cave air
temperature and Apmax indices; that t°zcr is rather connected with the first peak in geomagnetic activity, which is
associated with transient solar activity (CMES) than with the second one, which is higher and connected with the
recurrent high speed streams from coronal holes. Decreasing trends in the air temperatures of all examined show caves
have been identified, except for the Ledenika cave, which is ice cave. The well known mechanism of cooling is clearly
expressed — the dry surface air lowers the temperature of the cave air and the drier air evaporates water from the cave
environment, which further cools the cave.

On the contrary, increasing trends in the air temperatures on the surface, measured at the meteorological stations
near about the show caves in Bulgaria have been identified. The trend is decreasing for the Timpanogos cave system,
USA. It can be concluded that surface temperature trends depend on the climatic zone, in which the cave is situated,
and there is no apparent relation between temperatures inside and outside the caves.

Our results can help in studying heat exchange between the surface and subsurface air and its influence on their
unique microclimate.

Introduction

The relation solar activity — regional climate is well studied from observations of the Sun in astronomical observatories
and registration of meteorological conditions in the Earth’s atmosphere in meteorological stations. It is also well
known that basic reason for global climate changes are changes in the Earth’s cloud cover.

Raw Speleothem Temperature Records
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Figure 1. Climate changes over the last two glacial periods (https://www.ncdc.noaa.gov/data-
access/paleoclimatology-data). Cave speleothem and densitogram of luminescence intensity, cave Duhlata.

High negative correlation is ascertained between galactic and solar cosmic ray fluxes and the tropospheric

temperature. It comes into evidence that the more long lasting powerful active events on the Sun, the larger number
of days without clouds on Earth, and the higher temperature of the boundary layer.
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Speleothems are secondary mineral deposits formed in caves. They are used for estimation of past climate
conditions. Studying the evolution of secondary Karst formations, we find direct connection between their
enlargement and the cave air temperature. On the other hand, we know about the direct connection between cave air
temperature and solar activity. Thus, we can define an indirect index of solar activity, determining the influence of
solar activity on formation and enlargement of secondary Karst formations.

Not only does inflowing air affect cave temperature, but it is also affects cave humidity. Natural cave humidity is
about 95-100%. Cold air is usually dry, and when it enters the cave environment and warms it becomes even drier.
Some areas could reach humidity as low as 60%. The drier air evaporates water from the cave environment, further
cooling the cave since evaporation requires large amount of heat.

Most caves exhibit enough variations of the temperatures and humidity during periods of extreme temperature
fluctuations on the surface and warrant serious investigation [Bramberg, 1973; Davies, 1960; Nepstad & Pisarowicz,
1989]. Although temperature readings within many show caves have been taken, little research has been conducted to
determine what effects the modifications and human presence in the cave are having on the cave climate and
environment.

Climate changes over the last two glacial periods - a quarter million years - are presented by the calculated
temperatures from various speleothem records from all over the world caves at the NOAA Paleoclimatology web site
(https://www.ncdc.noaa.gov/data-access/paleoclimatology-data).

Temperature, past precipitations, nature of soil and vegetation cover, pollution, air composition, glaciation, fluvial
erosion and deposition, and groundwater flows can be usually read by luminescence from cave speleothems and
deposits (an example from the cave Duhlata, near the village of Bosnek).

The obtained time series are with duration of hundreds of thousands years and should be calibrated by instrumental
records. Thus, large number of global change parameters can be reconstructed.

Experimental data
We used the data of four show caves related to the 36-year period (1968 — 2003). Those caves are situated at different
altitude and geographic latitude. The caves were formed in the limestone around 400 000 years ago.

Air temperature in the ZCT is daily measured, at noon, by mercury thermometers with an accuracy of 0.1°C.
Everyday data have been averaged and monthly and yearly mean values of the air temperatures have been derived
[Stoev & Stoeva, 2002].

Data for the air temperature outside the caves have been taken from meteorological stations situated near about
the caves: in the towns of Vratsa (Ledenika cave), Lovech (Saeva dupka cave), Peshtera (Snezhanka cave) and
Smolyan (Uhlovitsa cave), National Institute of Meteorology and Hydrology, Bulgarian Academy of Sciences, Sofia.

Timpanogos Cave National Monument protects three interlinked limestone caverns - Hansen Cave (elevation
1920m), Middle Cave, and Timpanogos Cave. The caves are relatively new - they were formed along fractures in the
limestone around 200 000 years ago and are still actively changing.

The temperatures in Hansen Cave, Middle Cave, and Timpanogos Cave (Carmell Falls and Lower Passage) have
been taken from the Western Regional Climate Centre (http://www.nps.gov/tica/RMweb/MonitoringData.html). For
the 1991- 2000 period data were collected every 2 hours by a Campbell Scientific network. The annual average
temperatures on the surface, for the same period of 36 years (1968 — 2003) have been taken from the Timpanogos
Cave Station, UTAH (428733).

Mean annual Sunspot Number and Apmax indices have been taken from the National Geophysical Data Centre,
Boulder, CO.

Methods of the research
In order to assess trends in the examined air temperatures, linear regression is applied. Seasonal fluctuations of the
mean annual air temperature in the ZCT of the caves have been identified by Fourier analysis, which could be applied
as the time series is with equally spaced values. The same analysis has also been applied for the Sunspot humber and
Apmax indices (representatives of the solar and geomagnetic activity) for the same period of data available.

Seasonal patterns of both the air temperatures in the ZCT in every cave, and Sunspot number and Apmax indices
have been examined via autocorrelograms. In order to uncover the correlations between air ZCT temperatures in the
caves and solar and geomagnetic activity, cross-spectrum analysis has been applied.

Results and discussion

The air ZCT temperature and Sunspot number or Apmax indices for the period of 46 years, for the caves Saeva dupka,
Snezhanka, Ledenika and Uhlovitsa are simultaneously presented as two dimensional scatterplots. The curves are very
similar and some of them are mutually shifted. Here, plots for the Uhlovitsa cave are presented at Fig. 2 and 3. All the
maxima in the temperature coincide or lag the respective Sunspot or Apmax maxima by a period of 1-3 years. t°zcr is
rather connected with the first peak in geomagnetic activity, which is associated with transient solar activity, i.e.,
coronal mass ejections (CMEs) than with the second one, which is higher and connected with the recurrent high speed
streams from coronal holes [Webb, 2002].
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By the Fourier analysis we have uncovered two recurring cycles in the temperature time series for the four caves
— with a period of about 10 years, and a small one - about 5 years. The 10 year periodicity coincides with the mean
cycles of solar and geomagnetic activity. The cycle with a period of 5 years in the yearly mean air temperature in the
ZCT of the examined caves coincides with that found for the yearly mean and minimal temperatures in Bulgaria.

Uhlovitsa Cave Uhlovitsa Cave
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Figure 2. Mean annual air ZCT temperature (o) Figure 3. Mean annual air ZCT temperature (0)
versus Mean annual Sunspot Number (m) for the 1968 versus annual Apmax indices (m) for the 1968 — 2003
— 2003 period, for the Uhlovitsa cave, Bulgaria. period, for the Uhlovitsa cave, Bulgaria.

It has been found by cross-spectrum analysis that the correlation between temperature time series and sunspot
number is closer than that between the cave air temperature and Apmax indices [Stoeva et al., 2004].

We can compare altitudes, periodicities in the t°zct, phase shifts of the temperature and sunspot time series, and
correlation coefficients obtained for the studied caves (Table 1).

Tepte lCave Altitude, m | Periodicity in Phase shift, Years | Correlation coefficient at 0.05 level
t°zcT, Years of statistical significance
Saeva dupka 320 10 3 r=0.8253
Snezhanka 540 10 1 r=0.7292
Ledenika 1260 10 0 r=0.7172
Uhlovitsa 1480 11 0 r=0.8021

Uhlovitsa Cave
Uhlovitsa= 12,5526-0,0035*x
Smolyan = -16,1863+0,0121%x

Timpanogos CaveAirtemperature, °C
Carmell Falls= 125,4182-0,0588*x
Lower Passages = 118,507-0,0556%x
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Figure 4. Mean annual air ZCT temperature (0) Figure 5. Air temperatures in the Timpanogos cave
versus Mean annual surface temperature (m) recorded (Carmell Falls (A) and Lower Passage (m)), Utah,
at meteorological station situated near about the the USA for the 1991 — 2000 period.
Uhlovitsa cave (Smolyan), Bulgaria, for the 1968 —
2003 period.

The course of the air ZCT temperature and the surface temperature recorded at meteorological station situated near
about the respective cave have been investigated. Decreasing trends in the air temperatures of all the examined caves
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have been identified, except for the Ledenika cave, which is an ice cave. On the contrary, increasing trends in the air
temperatures on the surface, measured at the meteorological stations near about the caves, have been identified. This
is in accordance with increasing trends in the extreme temperatures in Southern Bulgaria (Uhlovitsa cave), during the
1931-2000 period and expectations for wormer climate [Tsekov, 2002]. But caves are situated in different climatic
zones - Temperate Continental (Ledenika and Saeva dupka), Ttransitional and Continental (Snezhanka), and
Continental and Mediterranean (Uhlovitsa) [Geography of Bulgaria, 2002]. Timpanogos Cave System is in a zone
with wet continental climate. We have discussed that increasing or decreasing trends exist in absolute minimum or
maximum temperatures in different climatic zones. For the Ledenika and Saeva dupka caves (Temperate Continental
climate) the absolute minimum temperatures increase and absolute maximum temperatures decrease. For the
Timpanogos region decreasing temperature trend have been identified.

Cave temperature decrease could be explained with the fact that the examined caves are show caves. Because of
the greater open entrances and artificial passages they experience greater volume of airflow than the other caves. The
dry surface air lowers the temperature of the cave air and the drier air evaporates water from the cave environment,
which further cools the cave. The same mechanism of cooling has been previously noted at Lehman Cave [Stark,
1969], at the Greenbrier Caverns [Cropley, 1965] and at Wind Cave [Nepstad & Pisarowicz, 1989]. It can be
concluded that surface temperature trends depend on the climatic zone, in which the cave is situated.

Conclusion
Investigations of the cave air temperature response to variations of the climate and solar and geomagnetic activity
show that cave systems very faithfully preserves a record of environmental changes, which is very important for
prognosis of their future and ecological protection.

This work can contribute to studying the mechanisms of heat transport in the subsurface and calibration of long
period climatic data read from speleothems and deposits in caves. It is an example of how the cave and its fragile
ecosystem depend on the cave climate changes.
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Abstract. Since the installation of a GUV-2511 instrument in February 2015 automatic measurements of the solar
irradiances at wavelengths 305, 313, 320, 340, 380, 395 nm in the UV spectral range and the irradiance at the
wavelength interval from 400 to 700 nm in the visible range have been carried out. The GUV instrument receives the
solar irradiance from the sky. Therefore a simple calculation based on the Beer-Lamber Law is not applicable. So-
called Lookup tables are prepared - for a multitude of ozone values irradiance ratios depending on different parameters
as zenith angle and cloud optical depth were calculated previously using the Tropospheric Ultraviolet and Visible
(TUV) radiation transfer model. The total ozone column amount was retrieved by interpolation of the tables for real
measured ratios of the irradiance at 313nm, a wavelength with significant ozone absorption, and a second irradiance
at 340 nm, which is insensitive against ozone absorption. For the estimation of the optical depth the ratio of the
observed and the estimated for cloudless conditions irradiances at 380 nm is determined depending on the zenith
angle. In addition a lookup table was previously calculated to obtain the actual optical depth in dependence from the
zenith angle and the irradiance ratios at 380 nm. Ozone column data from OMI-instrument satellite Aura on the Earth
Observing System were used for comparisons and to find the exact wavelength centre position for the 313 nm filter
to minimise the ozone retrieval error for our algorithms. All observations from February 2015 up to January 2018
were included in the data processing.

Introduction
The calculations of the Total Ozone Column (TOC) for measurements in Sun direction are based on the Beer-Lambert
law. To retrieve TOC’s from global UV irradiance measurements, so called Lookup tables (LUT) were calculated, by
help of radiation transfer models, where the irradiance ratios are modeled as function of the zenith angle for different
TOC [Stamnes, 1991]. In a previous work 2D LUT were calculated and the TOC were determined from irradiance
ratios, which were smoothed and for the ratios an upper envelope was calculated to reduce the influence of clouds on
the irradiance ratios [Werner et al., 2017]. Here we use a 3D LUT depending not only from the zenith angle but
additionally from the cloud optical depth.

The main goal of the presented here study is the better consideration of the cloudiness in order to enhance the TOC
processing procedure.

Estimation of the cloud optical depth
The arbitrary solar irradiance at wavelength A on an area at zenith angle 9 (at the top of the atmosphere) is given by:

2

M lo(49) _ (ﬂ)  cosd
ISun (/1) RO

where R is the actual distance to the Sun and R, the mean Earth—Sun distance. The measured irradiances at 380 nm at

clear days (cld) were regressed against the arbitrary solar irradiance:

Lyg(A,9) = —4.74 + 82.09 lo(4,9)
2 ,0) = —4. .09 *
@ Isun(A)
The ratio of actual measured irradiances to the irradiances at clear days was determined by:
Imeas(lr 19)
(3) ITT(A' ﬁ)rutia - Icld(){; 19) % COTT

A LUT for the irradiance ratio changing with the zenith angle for different optical depths was calculated. It was
established that the irradiance ratio depends only weekly from the zenith angle. So we used the dependence from the
ratio only for the zenith angle of 50 deg. regardless of the actual zenith angle for which the measurements were carried
out.
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Figure 1. The cloud optical depth (COD) is
determined by the Irradiance ratio eq. (3) for the
wavelength unaffected from ozone at 380nm.
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Figure 3. 3D LUT for the determination of TOC.
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Figure 2. Histogram of the COD corresponding to
the distribution of scattered stratocumulus [Beaulne
et al., 2005].

From the calculated dependences the cloud optical depth
is determined using the experimentally found ratio

Irr(A, Praio.  The correction factor corr guarants
Irr(2, Praio<l and shifts the maximum of the COD
histogram to greater values (see Fig. 2).

Determination of TOC

To estimate the TOC a 3D LUT was calculated by help
of a the TUV [Madronich, 1993] radiation transfer
model, where the ratio of an irradiance (340 nm)
unaffected of ozone and an irradiance (313 nm) absorbed
by ozone in dependence of the zenith angle for different
TOC and COD. The TOC is determined for actual values
of the irradiance ratio, the COD and the zenith angle
from the LUT (see Fig. 3) by spline interpolation.

COD influence on the determination of TOC
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Figure 5. Comparison of the TOC determined by the
2D (Ozone-2D) and the 3D (Ozone-3D) algorithm. The
Ozone-3D values are systematically smaller than the
Ozone-2D values, especially for greater COD with t >
T (With t = 11.5). Therefore, the mean ozone values of
the 2D and the 3D series are different as well.

173



R. Werner et al.

Results

TOC results obtained by the 2D and the 3D algorithms were compared with measurements performed by the OMI -
AURA satellite. Some of the statistics for days when the results are available for all processing types are summarized
in Table 1. The best results are obtained for the 2D algorithm when the COD are smaller than a limit of tx =11.5. An
improvement can be received by combination of results of the 2D algorithm for T < 1« with the ones of the 3D-
algorithm for t > .

Table 1. Results of statistic study of the 2D and 3D algorithm in comparison with TOC
obtained by the OMI satellite.

Neoinc R R? Oabs iIN DU orel IN %
2D 514 0.966 0.933 9.6 3.0
3D 514 0.953 0.908 11.1 3.4
2D 1<t 385 0.977 0.954 7.7 2.4
3D 1<tk 385 0.971 0.943 8.4 2.6
2D > 129 0.937 0.878 13.7 4.3
3D 1> 129 0.959 0.919 10.4 3.1
2D-3D comb. 514 0.973 0.947 8.5 2.6
The regression results of the TOC obtained by 2D-3D combination against the OMI TOC are graphically presented in
Fig. 6. and Fig. 7.
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Figure 6. Regression of the TOC-GUV results
obtained by the combination of 2D and 3D algorithm
against the TOC retrieved from measurements by the
OMI-AURA  satellite.  Systematic  differences
depending on tau are not visible.

Figure 7. Deviations of the Ozone-GUYV related to
the satellite OMI TOC.

Conclusions

The statistical analysis shows that the combination of the two developed algorithms for retrieval of the TOC from the
measurements performed by a GUV 2511-instrument installed in Stara Zagora allows obtaining TOC with
uncertainties of about 8.5 DU, corresponding to 2.6% (1-sigma values). The improvement is only about 10% in
relation to the 2D algorithm, but the 3D algorithm, which works also for the TOC retrieval under strong cloudiness,
allows obtaining ozone for greater number of days than the 2D algorithm.
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EIIE PA3 O CE3OHHbBIX BAPUAIIUAX MAT'KOI'O
TAMMA-U3JTYUYEHUSA B HWKHENH ATMOC®EPE

I0.B. bana6un?, A.A. Jlykosuukosa?, A.A. Toponos®, A.B. I'epmanenxo?, b.5. I'so3neBckuii?,
JLW. lyp!, B.®. I'puropses!

’

Y\@IrBEHY “Honspuviii 2eopuzuueckuii uncmumym”, 2. Anamumot, Poccus
2Hncmumym conneuno-3emnoii usuxu, 2. Mpxymcek, Poccus
SUncmumym kocmogpusuyeckux uccredosanuii u aspornomuu, 2. Akymex, Poccus

1. Beenenue

Hanmuue 10BONBHO JUIMHHOTO Psijia HAOMIOACHUH Ha IBYX CTaHIMAX KOCMUUYECKHX Jtyueil (Anarutel u bapeHnoypr),
a TakKe MOsIBICHHE HOBBIX TOYEK HAOMIONEHHUH B APYrUX KiIuMaTtndeckux 30Hax (Tukcu, SIkyrck, Cagnsl, PocToB),
BMECTE C HOBBIM MOJXOJIOM K CPAaBHEHHIO JJAHHBIX OT Pa3HBIX CTaHIMMA, II03BOJIMIIM MOJXYYUTh HOBYIO HH(POPMAILIHIO
0 CE30HHBIX BapualMsAX MSTKOTO raMMa-M3jIydeHHs B HIDKHeH arMocdepe. M3MepeHuss Ha BceX CTaHIMAX
BBINTOJHAIOTCS OJHOTHUITHBIMH CHUHTWUIALHMOHHBIMU JAeTeKTopamy, u3rotoBieHHbIMH B [II'M. OnHu wumerot
a¢p¢exTuBHBI auana3zoH perucrpanuu 20-400 k3B W BKIIOUYEHBI B PEKUM MOHHUTOPHHTa (DOHOBOTO TamMMa-
M3ITy4eHHNs, IPUXOSIIETOo U3 BepXHeH momycdepsl. [lomrMo Bo3pacTaHuil, CBA3aHHBIX C 0CAIKaMH, TIOTOK (OHOBOTO
raMMa-M3JIydeHUs] UMEET TO/IOBYIO BapHalWio. YK€ yCTaHOBICHO, YTO CE30HHAs BapHaLlMsl CBs3aHA C HAINYHUEM
CHEXHOT'0 TIOKpOBa Ha 3eMHO# nosepxHocTu. [IpeactaBnenne npoduieii B aOCOMIOTHRIX eANHULAX (CKOPOCTH CUETa
B MMII/MHH) 110Ka3aJl0, YTO MaKCUMYyM IIOTOKA, MPUXOISIIMICS Ha TEIUIbIH OECCHEXKHBIN IepHoJ, U3 Tojia B TOJ] Ha
CTaHLIMU JIEPHKUTCSA HA IOCTOSHHOM YPOBHE, TOT/Ia KaK MHHUMYM, Ha KaXIOW CTaHIIUHM HACTYHAIOLUI BeCHOH! mepen
TasHUEM CHETra, 3aBUCHUT OT TOJIIIIMHBI HAKOMUBILIETOCs 3a 3UMy cHera. ®a3a pocTta OT MUHUMyMa K MAKCUMyMY OY€Hb
KOpOTKasl ¥ COBIIAAET C IIEPUOJIOM CX0/Ia CHEXKHOTO TOKpoBa. Kpome Toro, B MUHUMYMeE 1 Ha (a3e pocTa 0TMedaeTcst
3HAYUTENbHOE YMEHBIIIEHNE COOBITHI BO3pacTaHUs raMMa-U3ydeHNUs, CBSI3aHHBIX C 0CaKaMH, XOTsI BECHOM MOroja
HEYCTOWYMBas U ¢ OOMIBHBIMU ocaakaMu. Ce30HHas BapHalus Ha cTaHIIMK B PocToBe-Ha-J[0Hy OTCYTCTBYET, KaK H
MOCTOSIHHBIN CHEXHBIN TOKPOB.

2. DKcnepuMeHTAJIbLHOE o0ecneyeHe U paHee MoJyYeHHbIe Pe3yJbTaThl

CUMHTHIUIMOHHBIN eTekTop ramma-usnydenuns (') Ha ocnoBe kpucramia Nal(T1) @62x20 6bu1 coznan B I[TI'N.
JleTekTophl KanuOpPOBaHbI IO U3BECTHBIM JIMHUAM 371eMeHTOB. K HacTodAIeMy BpeMeHH JeTEeKTOPHl YCTAaHOBIICHHI B
mectu nmyHkrax: bapenuoypr (ILnuudepren, 78° c.ui.), Anatuts! (67° c.ur.), PoctoB-Ha-/lony (47° c.u1.), MoHzbl
(Casnbr, 52° c.m. 3000 M), SAxytck (62° c.mn.), Tukcu (71° c.mn.). Kak BuguM, Habop CTaHIIMI 0XBAaTHIBAET TOBOJILHO
IIMPOKHE Teo(PpU3nIecKre YCIOBUS KaK M0 KJIMMAaTHUYECKUM 30HaM, TaK U 10 BbICOTE. JJTMHHBIN psA JaHHBIX HMeeTCs
Ha JIByX CTaHIMSIX AnaTtuTsl U bapeHuOypr, rae Takue 1eTeKTOPhI MPOU3BOAAT HENIPEPHIBHBIN MOHUTOPHHT ¢ 2009 T
[1, 2]. Ha apyrux cranipsx aeTekropsl ycranosieHsl B 2015-16 r. Takum 00pa3oM, JaHHbIE OT JPYTHX CTAHIMN MOKa
CIOCOOHBI TOJIBKO Ka4eCTBEHHO IOJATBEPXKIATh BHIBOABI, CIEIaHHBIE HA OCHOBE KCIEPHMEHTAIBHBIX TaHHBIX OT
crannuit Amatutel U bapeHnOypr. O dekTuBHBIN AHana3oH perucTpanuu y AeTeKTOopoB coctaBisieT 20-400 x3B.
OCOOEHHOCTBIO TaHHOTO MOHHUTOpPHWHTA SIBIISIETCS TO, YTO BCE JIETEKTOPHI YCTAHOBJIEHBI B CBHHIOBBIX CTaKaHaX ¢
TOJIIIMHON CTEHOK 5 CM, 4TO MCKIo4aeT BiusiHue GpoHoBoro 'V oT mouBkl 1 okpyxatomux npeameros. [Ipuem '
NIPOM3BOJIUTCS U3 BepxHel noxycdepsl B koHyce ¢ yriioM mpu BepunHe 150-160 rpagycos. ITotok 'V u3 Bepxueit
nosrycdepsl B atMmocdepe popMupyeTcss B OCHOBHOM KOCMHUYECKUMU Jiydamu [3]. PaHee n3Mepsiiach OTHOCUTENIbHAS
CEe30HHAas Bapuanws, 3a 0a30BBIi YpOBEHb MPHHUMAIOCH MHOTOJIETHEE CpeHEe 3HaUCHNE TIOTOKA Ha CTaHIINN.

3. Ce30HHBIC BapHallii TaMMa-U3JIy4YeHNs U CHeKHbIN MOKPOB
Ha puc. 1 n 2 noka3zansl MHOrosieTHHE Tpoduu Bapuanmii 'Y Ha cranimsax Anatutel U bapennOypr. "baxpoma" Ha
npoduiie — Bo3pacTaHusi BO BpeMsl 0CaIKoB. Mcrnonp30BaHo cyTouHoe ycpeaneHue. HeGopioe cCHIkeHHe BEICOKOTO
netHero ypoBHs oT 2010 x 2015 u yBenuuenue B 2017 — oTpaskeHHe MOJYJSLIMYA KOCMUYECKUX dyded 11-meTHum
LUKJIOM COJIHEYHOM aKTHBHOCTH, MaKCUMyM KOTOpo# Obul mpoiineH B 2015-16 r. IlpencraBienue Bapuauuii B
a0COJIIOTHBIX 3HAYECHUSX Cpasy ke oOHapyXuio (akT, 4TO B OECCHEXHBIM Teruiblid nepuoy ¢poHoBeIH motok I'M
OCTaeTcs MOCTOSTHHBIM 13 T0/1a B TOJ (C MOIIPABKOH Ha COTHEYHYIO MOTYJISIIHIO), & YMEHBIIEHHE CBSI3aHO C TOJIIINHON
CHE)KHOTO TTOKPOBA.

Paboueli TOTE30i, OOBACHAIONMIEH 3Ty TOJOBYIO BapHAIMIO TaMMa-M3IyICHHs, Mpenaraercs anpoeanas. CHer
(BemecTBO, O0oTaTOC MPOTOHAMH) YPGEKTHUBHO TOPMO3UT U 33JCPKUBAET OTPAKEHHBIE OT MOYBBI HEUTPOHBI (TOYHO,
KaK TIOJIMATHIICHOBAS 3aIlMTa HA HEUTPOHHOM MOHHUTOpE [4]), U OHM HE BBIXOJAT U3 MOYBHI B atMochepy. [TomoOnas
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roioBasi Bapuanusi, YeTKO CIIeAyolias 3a TOJIIMHON CHEXXHOTO MOKPOBa, HaONI0AaeTcss Ha OECCBUHIIOBOW CEKLIUH
HEUTPOHHOTO MOHHUTOPA, IyBCTBUTEIILHON K HEUTPOHAM YMEPEHHBIX YHEPTHii (COTHH K3B). Y3KuM MecTOM rHIOTe35I
SIBIIIETCSL TO, YTO HE SICHO, B PE3YJIbTATE KAKUX PEAKLMH HEUTPOHOB C SApaMH KaKMX 3JEMEHTOB Bo3HuKaeT ['U
(3axBaT, HEYIPyroe CTOJIKHOBEHHE H JIp.). XOPOIIO H3BECTHO [4], 9TO cBOOOIHBIC HEHTPOHEI B IDIOTHOM BEIICCTBE
pacmanarorcs peaxo. He nmes 3apsina, OHI CIIOCOOHBI JaXke ITPH TETIIOBON YHEPTHH MOMACTh B SAPO aTOMa U BCTYIIHTb
B peaknuio. Takoi BapHaHT MOBEICHNS CBOOOJHOTO HEWTPOHA B BEIIECTBE HAMHOTO BEPOSITHEE, YEM €TO PacIaj.
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Pucynok 1. M3menenus cuera ramma-nerexropa (kanan >20 k3B) Ha ct. Anarutet B 2010-2017 1. (zesas wixana)
W TOJIINHBI CHEKHOTO TOKpOBa (npasas wixkana). lllkana riryOMHBI CHera HampaBiieHa BHH3. B3sT aOCOMOTHEIH
CYeT ACTEKTOPa, UMIT/MUH.
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Pucynok 2. I3MeHeHus cueta ramMMma-meTekTopa (kaHan >20 k3B) Ha cr. Bapenuoypr B 2010-2017 r. (rzesas
WKAA) Y TOJIMHEI CHEXXHOTO TIOKPOBA (1paesas uwiKkaia).
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Pucynox 3. a) TlpuMep rofoBOil BapHalliy cUeTa ramMMa-IeTeKTopa Ha OJHOM u3 HOBbIX cTaHimil (Tukcu)
(xanar>20 x3B) B 2016-2017 r. CneBa mikajma cyera AETEKTOpa, CIIpaBa — IJIyOMHA CHEXHOTO IOKPOBA.
0) Ilpodunb rogoBOM BapHalMU raMMa-H3JTy4YCHHs M TOJIHHBI CHEXHOTO MOKPOBA, IMOJYYCHHBIE METOJOM
HAJIOXKEHUSI 310X 32 8 net HabOmroxenuit (2010-17 r.) B bapenuoOypre.

MNurepecHo orMeruts, uro nerekrop ', ycranosneHHbili B PocToBe-Ha-JlOHY, HUKaKoil rOlOBOM Bapualuu He
MoKa3pIBaeT. 13 mectu TMEPEUYUCICHHBIX CTaHI_[I/Iﬁ 9TO CAUHCTBCHHAsA, T1C FOHOBOﬁ BapHvalnuu HET. CormacHo ApXUBY
MeTeomaHHbIX [5], 3umoit 2016-17 mnuTensHBIN U cymiecTBeHHBIH (6onee 10 cM) cHEXHBIA TOKpoB B PocTose-Ha-
JloHy HE BO3HMKAIL.
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FO.B. Banabun u op.

Ha puc. 2 B cyere 1eTeKTopa M TONIIMHBI CHEXHOT'O ITOKPOBa HAaOJIIOAaeTCsl CHIIbHOE pacxoxkaeHue 3uMon 2016
r. Pacxoxnenns na cranmmm Tukcu eme cwibHee (puc. 3a). HyxHOo yunThiBaTh crexyromee. Kak cienyer u3
METEO/IaHHBIX, 3UMOM B THKCH 4acTO OTMEYArOTCsl CUJIbHBIE BETPa, CIyBAIOLIUME CHEXHBIM MOKpOB. B 3TOM citydae
M3MEPEHNUS TOJIIMHBI CHEKHOTO ITOKPOBA HAa METEOCTAHINHN JAIOT 3aHIKeHHOe 3HaueHue. C okTs10psa B Tukcu (1o
METEOJaHHBIM) OTMEUAIOTCSl YCTONYMBO OTPUIATENILHBIE TEMIIEPATYPHI, CIIEI0BATENHHO, BEINABIINI CHET HE TacT, a
C KaXIbIM HOBBIM CHETONAaJOM OH HakamimBaercs. OIHaKO, CHEr CIyBaeTCsl M CKAIUIMBACTCS HA IOABETPCHHBIX
CKJIIOHaX XOJIMOB M oBparax. Takum oOpa3oM, HHTETPAJIbHO CIOW CHETa B JAHHOM PETHOHE 3HAYMTEIbHBIN, HO Ha
METEOIUIONIAKE er0 MOXKET OBITh HEMHOTO. DTUM Ke 3 PeKToM 00bscHseTCs pacxoxaeHnue B bapenuoypre B 2016
r. Mereoromnaaka TaM pacrosaraeTcs Ha OJIOTrOM ITOJHOKUH XOJIMa, TSHYLIerocs o oepery 3aiuBa. [Ipu cHiIbHBIX
I0)KHBIX BETpPax CHEI' YacTUYHO CAYBAaeTCs C IUIOMIAAKH. Takke clexyeT OTMETHTh, 4TOo 3()(EeKT OKa3bIBaeT
KOJIMYECTBO BOJIBI, COZIEpKalIlelics B CHere, a He caM cHer. [Ipu CHIBbHBIX BeTpax U IM03eMKaxX CHEr IepeMeTaeTcs U
ymioTHsiercs: [6]. Hanbonee Hane)xHble NaHHBIE MOJMyYaloTcs Ha MeTeocTaHIK Amatutel. OHa pacriojaraercs Ha
HU3MEHHOM Oepery o3epa, B npenenax 100-200 M co BceX CTOPOH K HEW MOICTyHaeT jec. B Takux ycloBUSX HU
WHTEHCHBHOTO BBIIYBaHUsS CHErd, HM 3HAYUTENBHOTO YIUIOTHEHHUSI HE NPOHMCXOAWT, U METCOJAHHBIC O TOJIIMHE
CHEXHOTO TIOKPOBA HAJIC)KHBIE.
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Pucynok 4. 3aBHCHMOCTB cUeTa JeTeKTOpa raMMa-u3Iy9IeHUs OT TONIIMHBI CHEe)KHOTO IMOKPOBa B AmaTuTtax (@) u
B BapennOypre (6). CBs3p MeXIy CUETOM NETCKTOpa Ha CTAHIMH M TOJIIMHON CHEXKHOTO TOKPOBA TOBOJIEHO
TouHast. B AnaruTtax oHa nmuHelHas1, B bapeHIIOypre HeMHOTO OTKIOHSIETCS.

MHoroeTHie naHHble ANaTuToB M bapeHIOypra ObLIM HCIOJB30BAHBI IS MOJYYCHHS CPEIHEr0 MPOQHIsL
Bapuarun. [IpumMeHeH MeTo HalloKeHHs 3MoX. Pe3ynpraT mokaszaH Ha puc. 36. Munumym notoka ' HacTymaer,
Korja TOJIIWHA CHEXHOIO IIOKpOBa MaKCUMAJIbHA. HpI/I TagHUU CHETa IIOTOK TaMMa-u3JIy4CHUEC 6BICTpO
BOCCTAHABJIMBACTCA 10 MPEXHEro ypoBHA. lIpmMeHeHHME MeTola HAJOXKEHHS 30X IO3BOJIIO CYIIECTBEHHO
MOBBICUTh TOYHOCTbh. TaKke Ha OCHOBE ITHX JAHHBIX OBLIAa MOCTPOEHA 3aBUCHMOCTh «CUET JETEKTOpa — TOJIINHA
CHEeXHOro mokpoBa» (puc. 4). IlomuMo oOmiero moss T'ycTO pacloiO)KEHHBIX TOYEK Ha 3THX 3aBHCHMOCTAX
HaOJII0AI0TCS OT/IENIbHBIE IIETIOYKH TOYCeK (HampuMep, B BepxHel wacTu puc. 40). [leranpHoe M3ydeHHE IaHHBIX
MOKas3aJo, YTO OTJENIbHBIE LIENOYKU TOUEK COOTBETCTBYIOT BECEHHUM MepuojaM TasHus cHera. Hakomnenue cHera
MPOUCXOJUT MOCTENEHHO B TEUCHHE IJIUTEIBHOIO 3UMHErO NEPHO0Ja, TOTJa KakK TasHUE MPOUCXOAMUT JOBOJIBHO
obicTpo (MeHee 1 Mecsua), mo-BunuMomy, GoH 'l HeckoJbKO 3ama3/biBaeT. JTO JIETKO OOBSCHUTDH CIEAYIOIIUM
06pa3oM. OCHOBHBEIM (haKTOPOM SIBIIIETCS] HE CaM CHET, a HAJIMYHE Ha TOBEPXHOCTH 3eMJIH CJI0s, COACPIKAILETro BOIY
(BemiecTBO ¢ BBICOKO JI0JIei MPOTOHOB) B 10001 Gopme. [Ipu oTpUlIaTENBHBIX TEMIIEPATYpPax 3TO JEKAIUN CBEPXY
CHEXXHBIN MMOKPOB. BecHOI npy TasHUM MPOUCXOANUT OBICTPOE YMEHBIICHHE TOJIIIMHBI CHEXHOTO OKPOBA, OJHAKO,
IIPH ATOM TI0YBA HAIIOJHAETCA BOAOH U AP PEKT MPoTOmKaeT JUCTBOBATH €Ille HEKOTOPOE BPEeMsl, ITOKa COIepKaHNe
BOJIbI B ITOYBE€ HE YMCHBIIIUTCH. COOTBCTCTBCHHO, Ha6H}O}IaCTC${ OTCTaBaHUEC B BOCCTAHOBJICHUHN IMOTOKA U3TTYUCHUA
IIpyu TassHUH.

HecMotps Ha TO, 4TO 3Ta 3aBHCHUMOCTh OJIM3Ka K JIMHEHHOW, ONpENeNIrM II0 YKa3aHHBIM 3aBUCHMOCTSIM
NOKasaTelab OCJIa0JIeHNsl 4, CUWTasi, YTO Ha pPHUC. 4 NPEACTAaBICH YYacTOK OSKCHOHEHIMAIbHOWH 3aBHCHMOCTH
nnteHcuBHOCTH I'U OT TonmuHEI cCHEeXHOTO NOKpoBa B Buae 1=lo-exp(-1x), roe x — Tonmmua cHeXXHOTO 1MoKpoBa. B
CUJIy MaJIOCTU 3HAYE€HHUS (/ HA KOPOTKOM YYacTKE 3HAUYEHUIl X OTKJIOHEHUs OT JIMHeHocTH Manbl. [IpeanonoxkeHue
HKCTIOHEHIIMAJILHOHN 3aBHCUMOCTH BIIOJIHE OOOCHOBAHO, IIOCKOJIBKY TTOTJIOLIEHHE NTOTOKOB M3JIyYEHUH B BELIECTBE
MIPOMCXOJUT 10 IKCIIOHCHIMAILHOMY 3aKOHY B OOJNBIIMHCTBE citydaeB [3]. BbrumcieHHble 3HaueHHe NOKa3aTess
ociabneHust u3nydeHus aiast bapeHuOypra M AmnaTHTOB Ha OCHOBE NPHMBEICHHOH (DOPMYIIBI OKa3bIBAIOTCS OYEHb
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Omuzkumu 1 coctapisoT = 0.0014 cml. OpuHakoBOe 3HAYEHHE A ABNISAETCS BAKHBIM (DAKTOM M YKa3bIBAET Ha
€/IMHBIH nporecc, 00yCIaBIMBaIOIINI ATY BapHaIMIO M 3aBUCUMOCTh MHTEHCUBHOCTH [ 0T CHEXXHOTO MOKpOBa.
Wmeromuecst aHHbIE MO3BOJISIOT CAEJIATH MPEIIOJIOKEHUE, YTO MOCIE COOTBETCTBYIOIIEH KaJMOPOBKH CE30HHBIE
Bapuanu 'l MOXHO TpPHMEHSTh [UI1 OLIEHKH BOZHBIX 3alacoB B CHEXHOM IOKpoBe. OTMETHM BaXXHOE
MPENMYIIECTBO HOBOrO MeToja. M3MepeHHs Ha METEOIUIOMIAfKE MOJBEP)KEHBI BIMSIHUIO JIOKATBHBIX YCIOBHH
(coyBaHMe BETpPOM, NMPOCETAHNE W YIUIOTHEHHE CHETa IpH OTTenelsix). M3amepeHns conep)kaHus BOABI B CHEXKHOM
cioe 1o yposHIO ['M ABISIFOTCS, BO-TIEPBBIX, HHTETPAIBHBIMHE, BO-BTOPBIX, AAI0T HH(OPMAIHIO HEMOCPEACTBEHHO O
TIOJTHOM COJZIEPKaHUH BOJBI B CHEKHOM CIIOC.

4, 3aknouenue

AHEU'H/I3 60J'II>IHOﬁ 6a3LI JAaHHBIX MOHHTOpI/IHFa FaMMa'(l)OHa Ha ,Z[ByX CTaHIUAX U JaHHBIC nepBoro roaa HaGJ’IIOZ[eHI/Iﬁ
CIIC HA p;me CTaHI_[I/Iﬁ IIO3BOJISICT CACIAaTh OZ[HO3Ha'{HLII>‘I BBIBO/I. TOa0Bas BapI/IaI_lI/IH raMMa-mnyquI/m B HpI/I3eMHOM
CJI0C aTMOCCI)CpLI CBsI3aHaA C TOJIH.IPIHOﬁ CHECXHOTI'O HOKpOBa, TOYHEEC, SKBUBAJICHTHOI'O CJIOA BOIBI.

B HACTOALIIEC BpeMH OH.IyH.IaCTC}I HEOOCTAaTOK AAHHBIX KaK I10 BapI/IaI_[I/ISIM Ha CTAaHIIUAX B prTI/IX KIIMMAaTHYCCKUX
30HaXx, TakK U 110 MexaHI/ISMy smepHoro BBaHMOHeﬁCTBHH HeﬁTpOHOB yMepeHHBIX 3HepFI/II>'I C BEIECTBOM.

OHHaKO, HpI/I COOTBGTCTBy}OHIeﬁ 3MHHpH‘IeCKOI>i KaJ'II/I6pOBK€ TaKOﬁ ,E[eTCKTOp FaMMa-I/ISJ'Iy‘IeHI/Iﬂ MOXET CJ'Iy)KI/ITB
I/I3MepI/ITeJ'IeM 3ar11acoB BOAbBI B HpI/ISGMHOM CJIOC IIOYBBI MU B CHCXKXHOM HOKpOBe. LIyBCTBI/ITeJ'IBHOCTB TAKOIo
I/I3MepI/ITeJ'I$[ HEBCJIMKA, HO €TI0 JOCTOUMHCTBO B TOM, YTO OH I/ISMepﬂeT HHTGFpaJ'ILHLIe Cpe,E[HI/IC 3arachbl, CBO60,I[HBI€ oT
OHII/I6KI/I, CBﬂSaHHOﬁ C JIOKAJIbHBIMHA yCJ'IOBI/IHMI/I Ha METCOIIOLIAAKE.
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MUKPOKINMATHUYECKHUE BAPUALIUU TEMIIEPATYPBI BO3YXA
B YCJIOBUAX CIJABOBCXOJIMJIEHHOT' O PEJIBE®A

B.U. Jlemun?, E.A. 3apos?

\OIr'BHY “Ionapuuiii 2eopusuyeckuii uncmumym’”’, 2. Anamumul, Poccus
2[Oz0pckutl 2ocydapcmeennviii yuusepcumem, 2. Xanmoi-Mancuiick, Poccus

AHHOTanus. VccrenoBanbl MHUKPOKIMMATHYECKHE BapUAllMd TEMIIEPATypbl BO3/yXa Ha TEPPUTOPUH IIOJEBOM
y4eOHO-9KCIIepUMeHTaNbHOH cTanmuu  «Myxpuro» (FOropckmii yHuBepcurer, XaHTbl-MaHcuiickuii AQO).
OOHapy»XeHO, 4TO 3MMOH IIPU HU3KUX TeMIIepaTypax 1 ciiaboM BETpe B YCIOBHUSX Aa)e OU€Hb BHIPOBHEHHOT'O y4acTKa
C OTHOCHUTECNBHBIMU TIPEBHIMICHUSIMH MEHee | M METpoB B IPU3EMHOM CJIO€ BO3HUKAIOT HEOJHOPOIAHOCTU
Temnepatypsl, focturaromue 0.5-2.5°C.

Beenenue

B kadecTBe OCHOBHOTO MCTOYHHMKA O KIMMAaTHYECKHX PECypcax TOrO MIM MHOTO yJacTKa TEPPUTOPHU IIPHHATO
TIPUBJICKATh JaHHBIE ONMMKANIINX METEOPOIOTHYECKHUX CTaHIMH (Mc). OHAKO MOJIEBBIE MCCIIEAOBAHMUS OKA3BIBAIOT,
YTO KINMAaTHYECKHE ITOKA3aTeNN U3-3a OCOOCHHOCTEH MUKpPOKIMMATa HA OJIM3KUX PACCTOSHHUAX MOTYT H3MEHSATHCS
Jla’kKe CHIIbHEE, YeM IIPH TIEPEX0/1e U3 OJHOH KIIMMaTHYECKOH 30HbI B APYTYIO [ 1]. B 4acTHOCTH, MUKpOKITMMAaTHIECKAs
HM3MEHYMBOCTh TEPMUYECKHUX XapaKTEPHCTUK BO3AyXa MOXET Ha MOPSAAOK MPEBHIIATh UX XapaKTEePHBIH IIHPOTHBIN
U BBICOTHBIN TpaIUEHT.

B xonMucToM penbede mpu CKopocTsax BeTpa osiee 2 M/c XopolieM TypOyJIeHTHOM MepeMeIBaHuK (HAIpUMED,
B JTHCBHBIC YaChl) TSPMUUCCKUE Pa3IHUYHsI HEBEIMKH U KoJeOmoTes B mpeaenax ot 0.5 mo 1.5°C [1]. OmHako 3uMoid,
a HOYBIO BO BCE CE30HBI, PaAHAIlIOHHOE BEIXOJAKUBAaHHUE B THXYIO MOTOJY IIPH SCHOM HeOe, IPUBOAUT K TOMY, YTO
BO3/1yX, OXJIKACHHBIH Ha BBIMYKJIBIX popMax penbeda, kak 0oJiee TsHKEIbIH CTeKaeT M0 CKIIOHAM, M CKallJIMBaeTCs B
TIOHIDKEHUSX, 00pasys «o3epa xosona». Takoe mepepacnpesiesieHne Bo3ayXa Mo 3JIeMEHTaM pelnbeda IPUBOANT K
BO3HMKHOBEHHIO OOJIBIINX HEOJHOPOIHOCTEH B TI0JIE TEMIIEPATYPHI.

CorylacHO KJIMMaTHYECKUM JIaHHBIM, B CJIa00XOJIMHCTONH MECTHOCTH C OTHOCHTEIBHBIMH TpeBbImIeHusiMU (Ah)
<50 m na EBpormeiickoii Tepputopun Poccun (ETP), B Hamboee XONOMHBIA MeCAI] B BepXHEH YacTH XOJIMa IO
CpPaBHEHHIO C POBHBIM MECTOM B cpeiHeM Teriee npuMmepHo Ha 2°C [4]. B peasibHBIX YCIOBHSIX B 3aBUCUMOCTH OT
TIOTO/BI Pa3HOCTh TEMIIEPATyp BAOJb CKIOHA HM3MEHSAETCS B INMPOKOM JHarla3oHe: IPH OTCYTCTBUH CTOKOBBIX
TEUEHHUI pa3HOCTH ocTaloTcs HebombimmMu (okojio 0°C), a ¢ uX MOSBICHUEM JOCTUTAET yke 4-5°, a B OTJeNbHBIX
ciayqasx u 8-12°C [5].

[Ipennonoxenne, 4To HEOONBIIMMH BapHALMAMHU penbeda MOXKHO IpeHeOpedb, HE HMEeT JO0CTaTOYHOTO
¢usndeckoro obocHoBaHus. B pabore [3] cooOmmaercs, 4YTO B YCIOBHAX OYCHb BBIPOBHCHHOTO YYacTKa
MPOTSDKEHHOCTHIO Ookoo 500 M m ¢ mepenagoM BeICOT 20 M pa3HOCTP MHUHHMAJIBHBIX TEMIIEPATyp IpPH SICHOH
IITUJIEBOH MOT0/Ie BO BCE Ce30HBI MpeBbIimana 5-6°C, nocturas 9°C. M0oXHO TOMYCTUTh, YTO B APKTHKE JUana3oH
Bapuanuii okaxxeTcs 0oJiee 3HAYUTENBHBIM, TaK Kak B IEPHOJ MOISIPHON HOYM U HU3KOH MHCOJISINH PAJHAlIOHHOE
BBIXOJIJA)KUBAHHE IPU YCTAHOBHBIICICA IOroje MOXET MPOAOIDKATBCS B TeueHHe MHOTMX paHed. Tak mpu
uccienoBanun Ha KosibckoM 1-0Be 3aMeTHBIe Bapuanmu Temneparypsl (no 15-18°C) nabmromarorcst B
c1aboxoIMUCTOM peltbede rpu nepenanax Beicot 20-50 M [2]. B Teruroe nonyroaue nuamnazoH BapHaluii MeHbIIe (10
5-8°C) u3-3a HENPOJOIDKUTEIILHOCTH HOYHOT'O BPEMEHH, HEOOXOMMOT0 JUISl OXJIaXKACHHS.

W3BecTHO, YTO BapHalM{ TeMIIEPAaTypsl HaJ CIa00XOJIMHCTOW MECTHOCTBIO HENb3sI CBOAWTH K Pa3sHHIIE BHICOT
CpPaBHMBAEMBIX y4acTKOB. Ee BiIHMAHME B XOJIMHCTOM pelbede ¢ OTHOCHTEIbHBIMH NpeBbimeHnsMu 10 100-150 w,
MepEeKPBIBAETCA BIUSIHAEM HEOAHOPOIHOCTEH OACTHIIAIOIICH ITOBEPXHOCTH B hopM perbeda [1, 4, 5], a mpuBBIYHBIN
BBICOTHBIN TPAagUCHT B TEPMHUYECKOM DEXHME YETKO HAYMHAET IPOSBIATHECA OOBIYHO IPH Pa3HOCTSIX BBICOT,
npesbrmaromux 200-250 M. Tem He MeHee, BO3HHKAET BOIPOC: KAaKHME€ MHHHMAIBHO BO3MOJKHBIE BBICOTHEIC
HEOJHOPOJAHOCTH HAYMHAIOT OTPAXKATHCSA B TIOJIE TEMITEPATyPHI B IPU3EMHOM CJI0€ BO31yXa?

Lenpro maHHOH pabOTHI OBUIO OLIEHKA BO3MOXHBIX BapHalMi TeMIlepaTypbl Ha HEOOJIBIIOM pacCTOSHHU B
YCIIOBUSIX CI1a00XO0JIMHICTOTO peibeda.

Hcnonb3oBaHHbIE TAHHbIE
B pabote mcmonp30BaHBl AaHHBIE U3MEPEHUH TeMMeEpaTypbl BO3IyXa Ha IMOJHTOHE y4eOHO-IKCIEpHMEHTaIbHOM
crann «Myxpuao» (KOropckwuii rocynapcTBeHHBI YHUBEpCUTET) U Ha Kombckom m-oBe.
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Pe3yabTaThl M 00CyXKIEHHE

W3 Bcex TEpPMUYECKHX XapaKTEPUCTHK HAWOONbIIEH MHKPOKIMMATHIECKOW HW3MEHYHBOCTH ITOJBEPIKEHBI
MUHHMaJIbHBIE TeMIepaTypsl. B netHuit nepuos Ha cnaboBCXOMIMIIEHHON paBHHHE (C 6a3ucom 3po3un MeHee 50 M)
OTKJIOHEHUsI BEJIMYMHB MHHUMAIbHOW TEMIIEpaTyphl BO3IyXa OT €ro ()OHOBOTO 3HAUCHMS B IEPBYIO OUYEpEAb
00yCII0BICHO 0COOEHHOCTSIMU MOCTHIIAIONICH ITOBEPXHOCTH, a Takke (popMmoit penbeda. [Ipudaem pons mocneanero
B ()OPMHUPOBAHNH OCOOCHHOCTEH CpeHEro MUHUMYyMa HEeBeJINKa, a peodialarolee 3HaueHne UMEI0T 0COOCHHOCTH
MOACTHIIAIONICH OBEPXHOCTH (XapaKTep MOYBHI M PACTUTEIBHOCTH, OJM30CTHIO0 OOJIBIIMX BOJAOEMOB, OOJIOT U T.1.).
B 3uMHMII mepuon, Korja CHEXHBIH IOKPOB CIJIQ)KMBAET YCIIOBHS HM3JIyYEHHS, a BOJOEMBI 3aMep3aroT, pOJb
HEO/IHOPOIHOCTEH TOACTHIIAIONICH TTOBEPXHOCTH CHHIKAETCS U B HaWOOJbILECH CTENEHH MPOSBISETCS Tonorpadus
paiioHa, ompenemsomas yCIOBHS PaJAWAllMOHHOTO BBIXOJAXHBAaHHS, CTOKA M IPUTOKA XOJIOJHOTO BO3JyXa IIO
3JeMeHTaM pernbeda  IIomaas Bo3ayxocbopa.

Jlns mccnenoBaHuss MUKPOKIMMATHYECKUX BapHalldil TEMIIEPATyphl B YCIOBUSX OYEHb BBIPOBHEHHOTO pesbeda
BEIOpAaH IMOJUTOH y4eOHO-IKCIEPUMEHTAIFHOW CTaHIMHA «MYyXpPHHO», PACIIONOKEHHBIM B LEHTPAJFHONH YacTh
3amagnoit Cubupu B 30 KM K roro-3amaay oT ropoga XaHTeI-MaHCHIICKa Ha JeBoOepexxHOM Teppace MpTeima (puc.
1). Ilepenaas! BBICOT Ha MCCIEAYEMOW TEPPUTOPHUH OYCHb HE3HAUHMTENbHBIEC: B MUKpOpeIbe(e mepena BHICOT HE
npesbimaet 50 cM, Toraa Kak Me3operbed n3MeHsercs B mpeaenax 1.5-2 m.

B pabore ucronp30BaHbl pe3ysIbTaThl U3MEPEHHH Ha 2 aBTOMaTHYeCKUX MeTeopoiorniyeckux craniusax (MC) c
naraukamu remnepatypsl Campbell Scientific model 0TCRT u Betpa Young model 05103-5. Onxa uz MC Haxomutcst
Ha HeOOJBIIIOM BO3BBILICHUH (Tpsija, 00JieceHHass HEBBICOKOW COCHOW C HAJIMYMEM BEPECKOBBIX KYCTApHUYKOB), a
BTOpas ynaneHa ot rpsasl Ha 20 — 30 M B U pa3MmeliieHa B HeOOIbIIOM TOHKECHUH (MOYaXKHHA). AHAIM3 IPOBOIUICS
JUIsl HanOoJIee XOJIOJHBIX MecsLeB (ekalbpb, SHBaphb, peBpaib) — B 3TO BpeMs O0JIOTO IIPOMEP3IIO U TIOKPHITO CHETOM,
a, CJIeI0OBATENIbHO, HEOHOPOAHOCTH MOACTHIIAIONICH MOBEPXHOCTH HE JOJDKHBI OKa3bIBaTh 3aMETHOT'O BIIMSIHUS Ha
pacmpezeneHne TeMIepaTypebl.

68.60 68.65

60.90

68.60 68.65 68.70

Pucynok 1. ®parment Tonorpaduueckoii KapThl C yKa3aHUEM PACIIOJIOKEHUS MOIUToHa «MyXpHHOY.

HecMoTpst Ha TO, YTO pa3HUIIA 10 BBICOTE MEXK/TY BHIOPAHHBIMH CTAHLMSMH (Tpsiia U MOYaXKHHa) Bcero okouo 30—
50 cM © HEBO3MOXKHO Ja)Ke€ BBIACIHUTH YYaCTKH, COOTBETCTBYIOIINE MUKPOKINMATY BEPIINH, BEPXHHUX, CPEIHUX U
HIDKHUN YacTell CKIIOHOB, OJHOXUN U KOTJIOBHUH, UMEIOTCS MPU3HAKKA MUKPOKIMMATHYECKON HeOqHOpOAHOCTH. Tak
npu o0IeM B paiioHe NOHIKEHHH TEMIIEpaTyphl BO3AyXa Pa3HOCTh TEMIIEPATyphl MEXAY TPAAOH W MOYaKMHOU
HAYMHACT YBEIMYUBATECA (pHC. 2). DTO THIMUYHAS 3aBHCUMOCTE Uit MC, paclofio)CHHBIX Ha YYaCTKaX C Pa3HbIM
MHUKPOKIMMATOM: IOHWKCHUE TEMITEPATYPBI, KaK IIPABUIIO, CBSI3aHO C PAIHAIIMOHHBIM OXJIAXKICHUEM ITOICTHIIAIOIICH
MOBEPXHOCTH W MPH3EMHOTO CJIOS BO3AyXa, a paJHallMOHHOE OXJAXKACHUE SBISACTCS OIHUM W3 (PaKTOPOB
(hopMuUpoBaHUS MUKPOKIMMATUYCCKUX Bapuanuil. Pa3HOCTh TeMmepaTyp OKa3bIBAacTCS B HECKOJBKO JIydllei
KOPPEJAIIH C TEMIIEPATYPOil B MOYXKUHE, YEM HA TPsiJIC, T.C. HAMOOBINUH BKJIa ] B TOSIBIICHUE STOW Pa3HUIIEI BHOCUT
Oonpliee MOXOJNOJAaHWE B MOYakmHe. HaOnromacMpIX Ha TMOJWITOHE TMEPENagoB BBICOT HEAOCTATOYHO IS
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BO3HHMKHOBEHHS CTOKOBBIX TeueHHH. HO B aHTHMIMKIOHMYECKUX YCJIOBHAX JaKe B HEOOJBUIMX HU3WHAX CKOPOCTH
BETpa MCHBIIE, YeM HA BO3BBIIICHHOCTSX, OCIA0ISIETCS TypOYIEeHTHBI OOMEH M IPH PaAMAllMOHHOM H3ITy4CHHU
BO3HHKAIOT O0JIee HU3KHE TEMIIEPATYPHI.

Ha puc. 3 mokaszaHa Takas K€ 3aBUCHMOCTH (YBEIMUYCHHE PAa3HOCTH TEMIIEpATyp NpH OOMEM MHMOHWKECHUH
temnepatypsl) a1 MC, pacrionokeHHbIX Ha KompckoM m-oBe: AMCI «Anatutel» HaxoauTcs Ha paBHuHE (160 M
H.y.M.), a MC «AIaTuTB» Ha pOBHOM Y4YacTKe, HO B aemnpeccu (135 M H.y.M.), KyJa ITOCTyTIaeT XOJIOIHBIH BO3AYX C
OKpY’KaIOIINX BO3BHIIEHHOCTEH. J(nana3on Bapuarmii npu cpaBHeHHA AMCI 1 IMC «Anatutsny 6oibliie, Tak Kak
HEOJHOPOAHOCTH penbeda BEIpaKeHbI 00Jiee YETKO U PacCTOSTHUE MEXy HUMH Ooubiie (~13 km).

Ha puc. 4a noka3zaHa cBsI3b TEMIIEpaTyp Ha Ipsle ¥ B MOYaKHHE NPH cpeaHHX 3a 30 MUH CKOPOCTSIX BETpa Ha
BeicoTe 2 M. [Ipu ckopoctsx BeTpa Oosiee 2 M/C MHTEHCHBHOE TYpOYJICHTHOE IEpeMELIMBAaHHE BBHIPABHHBACT
pacmpezeneHe TeMIleparyp Ha CpaBHUBAEMBIX YYacTKaX — TOYKHM OKa3bIBAIOTCS NMPAKTUYECKH HA NPSMOI JIMHUU
(oTKJIOHEHHUS! B 00€ CTOPOHBI OT HEEe PaBHOBEPOSTHHI). B cilydae HEOJAHOPOAHOIO MUKPOKIMMATA MPU OCIa0JICHUN
BETpa HAYMHAIOT MPOSIBIISATHCS TEMIIEPATYPHBIE PA3JINUMsl: TOYKH Ha PHC. 4a OTKIIOHSIOTCS IPEUMYIIIECTBEHHO B OJIHY
CTOPOHY OT IPSIMOM, MOJyYEHHOW MpU CUIBHOM BeTpe. PacmpeneneHue pa3HOCTEN TeMmImepaTyp MEXAy I'psaoi U
MOYaXMHOW TIPH Pa3HBIX CKOPOCTSAX BETpa B BHAE OOKC-IHarpaMMbl IOKa3zaHO Ha puc. 40. TodHO Takas sxe
KadecTBEHHAsI 3aBUCUMOCTh OOHApYKHUBaeTCsA IpU cpaBHEHUH Temriepatyp u Betpa Ha AMCI «Anmatute»y u TMC
«Amnarute» (puc. 5).
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Pucynok 2. 3aBUCHMMOCTb pPa3HOCTH TEMIEPATYP
MEXAy TpSgod M MOYQXHHOH OT TeMIeparypbl
BO3JlyXa B MOYQKHHE.

Pucynok 3. 3aBucuMOCTb pPa3HOCTH TEMIEPATYP
Mexay AMCI u TMC «AnaTutsl» OT TeMImepaTypbl
Boznyxa Ha ITMC «Anatutely.

Brime yxe ObIJIO CKa3aHO, YTO B 3UMHHUI IEpHOJ, KOTrJa 0OJOTO 3aMep3iio, a CHEXXHBIM IOKPOB CIIaXKUBAET
pa3IuYMs B XapakTepe MOJCTHUIIAIONIEH MOBEpXHOCTH, peIIalollee 3HaYeHHE Ui HEOJHOPOAHOCTEHl B Tone
TeMIepaTypbl IPHOOPETAIOT YCIOBHA U HAKOIUICHHWSA XOJOIHOTO BO3MyXa. ModakmHa KaK HU3MEHHBIH y4acTOK
XapaKTepU3yeTCsl eTro 3aCTOEM M, COOTBETCTBEHHO, MEHBIIUMH TeMIlepaTypaMu. B cpemHeM pa3sHOCTH TeMIeparyp
MEX]y TPSIION ¥ MOYaKUHOHN B 3UMHHH Iepro]l paBHa Hyr0. OIHaKO MpH CIa0BIX CKOPOCTSIX OHA yBEIHMYUBACTCS
10 0.5°C n naxe 2-2.5°C. CymiecTBOBaHHIO TaKUX HEOOJIBIIMX IEpEIagoB TEMIIEPAaTypbl Ha OYE€Hb BHIPOBHEHHOMH
TEPPUTOPHUH, 1O BCEH BUANMOCTH, CIIOCOOCTBYET KOHTHHEHTAIBHBIH KJIMMaT peruoHa (B  YCIOBHAX
KOHTHHEHTAJILHOTO KJINMATa MUKPOKIMMATHYECKHE Pa3Indusi 000CTPSIIOTCS).

Hanuuue Bapuanuii TemmepaTypsl BO3AyXa HaJ OYE€Hb BBIDOBHEHHBIMM yYacTKaMU MOXET OKa3aThCs BECbMa
CYIIECTBEHHBIM B psifie 3a1a4 KiimMarosorui. Hanpumep, B npesenax ar000ro roposia ecTh HEOTHOPOIHOCTH penbeda
C OTHOCHTEJIbHBIMHU IPEBBIIICHUSIMH BCETO B HECKOJIKO METPOB, KOTOPBIE YacTO HEe 00HAPY)KUBAIOTCS HA JOCTYITHBIX
TonorpaduuecKkux KapTax Jaxe KpymHoOro macmraba. MHorue ropoaa B Cubupu n3-3a 00JIOTHCTONH HU3MEHHOCTH
HaMEpEHHO PacCIojarajy Ha BO3BBIIIEHHBIX yYacTKaX, 4TOOBI M30€KaTh MOATOIICHHS MaBOJKOBBIMH BOJAMH U
CTPOMTENBCTBA Ha BOJOHACHIIICHHBIX TPYHTaX M 3a CUET TAKOTO IOJIOKEHHS OKa3bIBAIOTCA TEIUIee OKpPY’KaIoIIeH
MecTHOCTH. Ecimm mOomycTHTh, YTO B pETHOHE HEOJHOPOAHOCTH TEMIEpaTypbl 3WMOW MPOSBIAIOTCA Ha
C1a00X0JIMHCTON PaBHUHE C OTHOCHTEJIEHBIMU IIE€PENa aMH BCETO B | M, ITHOPHPOBAHNE MUKPOKIMMATa CTAHOBHUTCS
HEIOIYCTUMBIM IIPU OLIEHKaX FOPOACKOr0 OCTPOBA TEILIa.
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Pucynok 4. Pa3HOCTh 3UMHUX TeMIepaTyp MEXAy I'psSIod M MOYaKMHOH B 3aBUCHUMOCTU OT cpenHel 3a 30 mMuH
CKOPOCTH BETpa Ha BBICOTE 2 M (@) U pacmpeelieHne pasnocreii (#) npu ckopoctsix meHee 0.5 (1) u 6omee 2 m/c (2).
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Pucynok 5. Paznocts 3umMHux temmeparyp mexay AMCI u 'MC «AnaTuTsl» B 3aBUCUMOCTH OT CKOPOCTH BETpa Ha
Boicote 10 M Ha TMC «AnaTuth» U pacnpeeneHue pazHocteit (6) npu ckopoctsix menee 1 (1) u 6onee 2 m/c (2).

3akiouenne

CormacHo HabOmoZeHHsAM Ha OojoTHOM moiuroHe «MyxpuHo» (XaHTeI-MaHCHICKHI Kpail) 3uMOH cpegHue
TeMIIepaTyphl BO3yXa Ha BBICOTE 2 M HaJl IOBEPXHOCTHIO Ha IpsAje U Ha Haxozsmeiics B 20-30 M oT Hee MOYaKHUHE
(moxxOune) mpu pasHocTH BEICOT 30-50 cM dakTudecku He oTandatoTcs. OTHAKO MPHU HU3KUX TEMIIEpaTypax v ciadboM
BETpEe PAa3HOCTh TeMmmeparyp yBeiauuuBaercs 1o 2-2.5°C. DTO TOBOPUT O TOM, YTO 3UMOM B YCIOBHSX
KOHTHHEHTAJbHOTO KJIMMaTa MUKPOKIMMATHUYECKUE HEOJHOPOJHOCTH MOTYT TPOSBIATHCS [Jake HaJ OYEHb
BBIPOBHEHHOH TEPPUTOPUEN C OTHOCUTENBHBIMHU IEpenajaMy BEICOT MeHee | M.
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AHHOTanus. Temneparypa Bo3ayxa 3umoil B I. Anarutsl (MypMaHcKas 0671acTh) BBILIE, Y€M B €r0 MPUTOPOAAXx.
ITpn oTcyrcTBHM BeTpa M sICHOM HeOe Hepenajn TeMIlepaTypbl MEXIy TOPOJICKHMHU M ONkaimmMu (GOHOBBIMH
ydqacTkamMu MoxkeT pocturatb 10-16°C. Bmusame TtemionoTpeOiieHHss Ha 3Ty pa3HOCTE HE OOHapy»KeHO.
[MonoxxuTenbHas aHOMAiIMsA B T. ANATHTBI CO3/JACTCA CTOKOM XOJOAHOTO BO3/AyXa C BEPXHEH dYacTH XosMa,
3aHIMaeMOTO TOPOJIOM.

Beenenue

Moaudukanus pagualioHHbIX, TEPMUYECKUX, BIQKHOCTHBIX U a9POJUHAMHYECKUX XapaKTepUCTUK JaHamadra u
XO34HCTBEHHAs EATEIBHOCTh Ha TEPPUTOPHH T'OPOJAa MPUBOIUT K MOABICHUIO Topoackoro octposa Temia (I'OT):
TeMIepaTypa BO3AyXa BHYTPH 3aCTPOMKH BBIIIE IO CPABHEHUIO C Temmeparypod B mpuropogax. ['OT sBusercs
HATJSAHBIM IPUMEPOM M3MEHEHHs U3MEHEHHE KIIMMATUYECKUX PECYPCOB TEPPUTOPHH B PE3yNbTaTe AEATEIBHOCTH
YEJI0BEKa, YTO M 00YCIIaBIMBACT ITOBBIIICHHBI HHTEPEC K JAHHOMY SIBIICHHIO.

UccrenoBanmst 'OT B 1. Amatutel (MypMmaHckas 003acTh) MpeACTaBIsIeT OCOOBI HWHTepec. Bo-mepBhIX,
BelmuMHA paHee obHapyxeHHoro B ropoae ['OT (mzo 10°C [10]) npu HebompImux pa3mepax ropoaa (MeHee 56 ThIC.
XKHTeJeH) CONOCTaBUMa ¢ MHTEHCUBHOCTHIO MOAOOHBIX SBJICHHH B KPYIMHEHIINX MEramoimcax Mupa. Bo-BTOpbIX,
6marosaps HeOOJBIION MHCONALMHU U TOJAPHON HOYM, 371eCh B HaWOOJbBIIEH CTENEHH ODKHA MPOSBUTHCA POJIb
aHTpornoreHHoro teruia. MarencusHsIil 3umunit 'OT Ha TeppuTOpHH, I/ie HET MPOMBIIIIICHHBIX MPEANPUITHH, IPU
OTCYTCTBUH COJTHEUHON pajivaIlii MOXET CBHIETEILCTBOBAThH O MPOCUETaX B MPOCKTHPOBAHUU CHUCTEM OTOILIICHHUS
KIJIBIX 3/JaHUH U 3HAUYUTEIBHBIX [TOTEPAX HA TETJIOBBIX CETAX.

Lenbto maHHON paboOTHI SABISETCS M3Y4YEHHE POJM TEMJIOBOM PHEPTMH B BO3HHUKHOBEHHE IOJIOKUTEIHHOMN
TEIUIOBON aHOMAJINH B T. ATIATUTEHI.

Hcnonb3oBaHHbIE TaHHbIE

B paboTte ucronp30BaHEl M3MEPEHUS] TEMIIEPATyphl BO3JyXa Ha aBTOMAaTHYECKHX METEOPOJIOTHUECKHX CTAHIMAX
(AMC) IMonspHoTO Teodusnueckoro HHCTUTyTa, Anaturckoir TILI, TeppuropuanbHO-cUTyaninoHHOTo 1ieHTpa DKY
«Ynpasinenue QenepanbHoit aBToMoOMmIEHON MarucTpanu Caakt-Iletepbypr — Mypmanck» (OPKY Ymprop «Komay),
aBHAIIMOHHOIN METeopoIoTn4YecKoil craHnuu «Anatutsl» (AMCI).

PesyabTaThl u 00cyx1eHHe
XapakTepHOH 4epToi MHUKpOKJIMMATa I. ANATUTHI SBISAETCS BOSHUKHOBEHUE MEPUOJOB, KOTJa BHYTPU T'OPOJACKOM
3aCTPOMKHM OKa3bIBAETCS HAMHOTO TeIuiee, 4YeM B ero Ommkaiimux npuroposax [3] JlaHHoe siBieHHE BO3HHKAeT B
TUXYIO U SICHYIO ITOTO/IY: 3UMOM B JIT000€ BpeMsI CYTOK, a JIETOM — TOJIKO B HOUHBIE YaCHl.

dakT Oosiee BBHICOKMX TEMIEpaTyp B TOpOJIE IMOCIYKHJI OCHOBAaHHMEM JUIS 3aKIIOUCHHH O CYyLIECTBOBaHHE B
Amnatutax 'OT, MakcumMalibHass ”HTEHCHBHOCTH KOTOPOTO oreHuBanachk ot 5—8°C [8, 9] no 10°C [10]. 3ameTnm, uto
mo Gonee MpoAOKUTENBHON cepun m3Mmepernid (2014-2018 rr.), BemmonHeHHBIX B IlomsipHOM Teodu3muecKoM
HHCTHTYTE, pa3HOCTH TEMIEPATyp MEXy TOPOIOM H ONIKAWIIIMU MPUTOPOAaMHU MOTYT JTIOCTUTATh J1aXe OOIBITIX
3HaueHuit: 10 10—16°C 3umoii u 10 6—8°C B HOUHBIE Yackl JieToM [3].

TpaauiroHHbIH MeToT 0OHapyxkeHus u orielku ['OT, Korma cpaBHUBAIOTCS TeMepaTypsl BHYTPH Topoaa (Tropox)
n B Ommxkaiimeil cenbckoit MECTHOCTH (Tceno), @ TMOJOKHUTENBHBIA 3HAK PA3HOCTU Tropon — Teeno 0€3 Kakmx-mubo
JIOTIOJTHUTENBHBIX YCJIIOBHH NpuHHMMaeTcsi 3a nHTeHcuBHOCTH ['OT, a Tarke ero mpuMeHeHHe K I. ATAaTHUTHI ObLI
MOJIBEPTHYT KpuTuke B padorax [2, 3]. Ilo mexanm3my Bo3HuKHOBeHUS ['OT — sBIICHHE HCKIIOYHTEIBHO
AQHTPOIIOTE€HHOE, B TO BPeMs KaK HEOJHOPOJHOCTH B II0JIE€ TEMIEPATyphbl MOT'YT CYLIECTBOBATh U MO €CTECTBEHHBIM
npuduHaM. 'opoa AnaTuThl 3aHUMAeT BEPXHIOI0 YacTh X0JIMA, IIPUITOHATOTO Hal OKpYKarouield MecTHOCThI0 Ha 30—
70 M, rae u3-3a CTOKa XOJOJHOTO BO3AyXa BHHU3 TEIUIEE, UYEM B CPEIHUX U HIDKHUX YaCTAX CKIOHOB, MOJHOMXKHSIX
XOJIMa M Ha MIpUieramueil paBHuHe. AHOMaIUs CO3/aeTCsl OJHOBPEMEHHO 3a CYET CTOKAa XOJIOJHOTO BO3JyXa U
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aHTPOIOTeHHBIX (pakTOpoB. Tak Kak MPeAIONaranoch, YTO «PAGHUHHOE HOJOHCEHUE UCKIOYAem GUAHUE UHBEPCULL
Ha memnepamypHulii pedxcum 2opoockou meppumopuu» [4], TOT B Anatmtax oxa3ayics HEOOOCHOBAaHHO
3aBBIICHHBIM. HecMOTps Ha CyIIeCTBeHHOE YMEHbIIIEHHE, CKOppeKTHpoBaHHOe B padorte [1] 3nauenune ['OT (cpenuss
WHTEHCUBHOCTH paBHa 1-1.5°C, a makcumambHas — npuMepHo 5°C) mius ropona, IUIOMmans KOTOPOTO BMeECTE C
napKaMu BCEro okojo 3 km? mo-mpexHemy conoctapumo ¢ I'OT kpynHeiluux Meranomucos mupa. Hampumep, B
MockBe ero HHTCHCUBHOCTh 3UMOH B anamna3zone 0—2°C Habmomaercst mpuMepHO B 58% BpeMeHH HOUBIO U B 8§9%
nHeM [5].

BaxxsbiM (akTopoM GopMHpOBaHKS M AUHAMUKHI FOPOJICKOTO KJIMMATa SIBJISIOTCS aHTPOIIOTEHHBIE TIOTOKH TeTljIa
(AIIT), kX KOTOPBIM OTHOCSIT TEIJIO, BBIAEISEMOE JIBUTaTeIIMH BHYTPEHHETO CTOpaHWs aBTOMOOWJIEH, TEIuo,
BO3HHUKAlOILee PH paboTe 3JIEKTPUYECKUX YCTAaHOBOK M B IPOM3BOJICTBEHHBIX MpoLEccax, TEIUIO, 3aTpaueHHOe Ha
00orpeB 31aHui, ¥ TEIJI0, TeHEpPUPYEMOe YeJIOBEKOM IIPH META00IMYECKHUX MpoLeccax.

Ha puc. la nokaszaHo pacrpenelieHHe IO BPEMEHH CYIIECTBOBAHUS B I'. ANATHTHI MOJOXUTEIbHON aHOMaIIUH
TeMITepaTyphl BO3yXa 3UMOH (iekaOpb-(eBpajib) 110 JaHHBIM METEOPOIOTHYECKUX U3Mepenuii B nepruon 2014-2018
rr. Kak BuaHO, ee MOSBIEHHE HE 3aBUCHT OT BpeMeH CyToK. CpeqHHME pa3HOCTH TEMIepaTypsl B AmMaTuTax
(«Axagemroponok») 1 Ha AMCI «Amatute» (~ 15 kM ot ropoaa) B paboune (9-18 gac) u B HOUHBIE ack (22-6 Jac)
HE UMEIOT CTaTHCTUYECKU 3HAaUMMOoro pasnmgaus (coorBercTBeHHO 1.3°C 1 1.4°C, puc. 10). Tak kak Ha McciaeLyeMoi
TEPPUTOPUH TOPO/A HET IPOMBIIICHHBIX MPEIIPHUIATHH, a TIOTPEOJICHNE SIEKTPUIECKONH SHEPTHU ¥ HHTEHCUBHOCTh
JBIDKCHUS aBTOTpaHCHopTa (00BeM CKUTaeMOTo MU TOIUTBA) HMEIOT BHIPa)KCHHBIN CyTOYHBIA X0, €IMHCTBEHHBIN
AHTPONOTeHHBIH (aKTOP, KOTOPHIA OJMHAKOBO IPOSBIAETCS KaK B AHEBHOE, TaK M B HOUHOE (Hepabouee) Bpems —
TEIlI0, 3aTpaueHHOe Ha 000TrpeB 3AaHui (10 pa3nnuHbIM olleHKkaM Bkian B AIIT merabonuyeckoro Tema cocTaBiseT
2-3% ¥ o3TOMY, KaK MPaBuiI0, He yuuThIBaeTcs [7]).
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Pucynok 1. BeposTHOCTP MNOSBICHUS IOJOKUTEIBHON aHOMAJHMU TEMIIepaTypbl BO3AyXa B I. ANATHTHI B
Ppa3IHYHbIC Yackl (@) ¥ paclpeesiecHiue aHOMaIni B HOYHOE U B THEBHOE (pabouee) BpeMs (0), 1exadpb-(heBpaib.

Pacxon Temia B oTonuTessHOM cetr Q MporopIoHaneH TeMrepaType Hapy>KHOTo Bo3ayxa U
t —t
t -t

Q=Q,

rze tp — pacueTHas TemIepaTypa HapyKHOT0 Bo3ayxa, t, — TemmepaTtypa Bo3ayxa B OTAIUIMBACMBIX MTOMEIEHUsX, Qp
— pacueTHas TeruioBast Harpy3ka TOI[ cooTrBeTcTBYyIOmas pacueTHoil Temmeparype tp [6]. Tak kak OTHyCcK Teruia He
clie/lyeT 3a ObICTPBIMU W3MEHEHHSMH TeMIIepaTyphl BO3lyXa, a 33JaeTcs Ha MHOT'O 4acoB BIepel, B pabore OyayT
AHAJIM3UPOBATHCS CPEAHECYTOUHBIE 3HAYCHHS.
WnrencusrocTs I'OT (Atror) n3-3a paccenBaHus TETUIOBOI SHEPTUH:
Atror ~ Q.

Kak moka3aHo Ha puc. 2, pPa3HOCTb CPEJHECYTOYHBIX TEMIEPaTyp MeXIy TOpoACKOW H (HOHOBOM
mereoponorndeckumu  craniusiMu (MC) yBenmmuuBaeTcss BMECTE C POCTOM IOTPEOISIEMON TOpOJIOM TEIUIOBOM
9HEpruM. 3HAYUTENIBHBIN pa3dpoc TOUEK BBI3BAH TEM, YTO HA Pa3HOCTh TEMIIEPATYP OKa3bIBAIOT CHIILHOE BIIMSHHUE
MIOTO/IHBIE YCIIOBUS (TIIaBHBIM 00pa3oM, 00JIauHOCTh 1 BeTep). Tem He MeHee, K03 pUIHeHT Koppesiiuu (1) Mexay
JIAHHBIMH TIapaMeTpaMy CTaTHCTHYecKu 3HauuM u paBeH 0. 46. [Ipu cyniecTBYIOIIMX IOAXOJaX K M3YYEHHIO U
mojenupoBanud ['OT Takol pe3ynbTaT MOXKHO ObUIO Obl PacCMaTpUBATH KaK MPSIMOE JI0KA3aTENbCTBO BIIMSHHS
ropo/ia Ha TEIUIOBOI PEeKUM MPU3EMHOTO Bo31yxa. OHAKO €ciy Ha TOT JKE PHC. 2 HAHECTH Pa3HOCTH TEMIIEPATYp B
Te ke cambie THU MexXay ¢poHoBEIMH AJIMC-1166 (Takxke, kak u ropojackue MC, pacrnoyiockeHa B BEpXHEH 4acTH
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xomma (210 M H.y.M.) 1 AMCI' «AnaruTbl», KOTOpble HUKaK HE CBS3aHBI C TEIJIONOTPEOIEHHEM B TOpPOJE, MEI
0OHApyXUM TOYHO TaKyro ke 3aBHCUMOCTH (r=0.50). Pe3ynpraT OOBSICHAETCS T€M, YTO NMPHUMHON IMOHIDKEHUS
TEMIIEpaTyphl BO3AyXa YacTO SBISETCS PaJNallMOHHOE OXJIAKACHHE MOACTHIIAIONIEH MTOBEPXHOCTH M NPHU3EMHOTO
CIIOSI BO3/MyXa, BO3HUKAIOIIEE IIPU YCTAHOBICHHMH THXOH M ManooOmadHod moroxasl. Ho pagmarmoHHOE
BBIXOJIQ)KMBAHNE 3aITyCKAET M MEXaHW3MBI, CO3/AI0MINE MUKPOKIMMATHICCKUE Pa3JIMdusl 110 3IEMEHTaM pelbeda.
Jlis wumiocTpanyy Ha puc. 3 MOKa3aHO, KaK yCHJIMBAETCSl PA3HOCTh TEMIIEPATyp MEXIY BEPXHEH 4acThlO XOIMa
(AOMC-1166, r. AnatuTsl) u npuieraromeii papauaoi (MC «3ameex», AMCI «AnaTuTsl) IpH 00IIeM TOHIKCHAN
TEMIIEpaTyphl BO3yXa Ha paBHHHE. AHAIOTHYHOE (DOHOBBIM YCJIOBHSIM ITOHM)KEHHE TEMIIEPATYpPhI BO3yXa B rOpojie
OyleT CONpOBOXKAATHCS BO3pPACTaHHEM MOTPEOICHUS TEIUIOBOM SHEPTHH, YTO NPUBEJET K MOSBICHUIO KOPPEISIUN
MEXY BETMYNHOH MOJIOKUTEIHHOW aHOMAJIMHU B TOPOJIE U 00BEMOM NOTPEOISIEMOTO TOIIJIMBA.
IlomyuyeHHBI pe3ynbTaT TOBOPUT O TOM, YTO
UCIIONIb30BAaHUE  ME30MaclITaOHBIX  KIMMAaTHYECKHX
Mojenelt 1 MoaenupoBanus I'OT, B KOTOPBIX OTHUM
. U3 BXOAHBIX mapameTpoB sBisercs AIIT, He
TapaHTHPYeT  HCKJIIOYEHHS  HCKaXalomed  poiH
MHUKpPOKJIIMMaTa Ha pe3ynbTaTel pacdera. UToOBI
BBIICINT, ~ WMEHHO  AQHTPONOTEHHBIH  3¢ddexT,
HEOOXOINMO CPaBHHUBATH YYACTKH TOJIBKO CO CXOXKHM
HabOpPOM €CTECTBEHHBIX IPOLIECCOB, (HOPMHUPYIOMINX
MHUKpOKIMMaT. B cimyuae r. AmatuTel 3uMOH, Korma
CHEXXHBIH  TOKPOB  CINIaXXHBAaeT  HEOJHOPOJHOCTH
MOJACTHIIAIONICH TOBEPXHOCTH, Hanbolsiee 3HaYMMBIM
MHUKPOKIMMATHIECKUM (haKTOPOM SIBJISAETCS MOJI0KEHHE
ropona B BepxHei uactu xonma. [Ipm ouenke I'OT
TOPOJICKHE TEMIEPATyphl CIEAYeT COIOCTABIATh C MX
3HAYCHMSAMH HE Ha NPUJIECTAIOIIEH K XOJIMY PaBHUHE, a B

o

+ 1 s 2
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Pucynok 2. 3aBHCUMOCTB OT CyTOYHOTO HOTPEOICHUS
r.  AmaTutel  TeIJIOBOW  DHEPrMM  Pa3HOCTH
CPEe/IHECYTOUHBIX TEMIIEpPaTyp 3UMOM: I. ANATUTBI U
AMCT «Amarutel» (1) mw AJIMC-1166 u AMCT
«Amatute»  (2); TOpuM.:  BBIOpaHBI JOHH  C

IIOJI0KUTSILHOM aHOMaIueH TEMIICPATYPLI B TOPOJCL.

BEPXHHUX YacTAX (DOHOBBIX XOJIMOB.

AIIMC-1166 ynanena or Anatut Ha 50 kM k 103,
OJTHAKO 00YCIIOBJIEHHAS! TOPU30HTAIBHBIM I'PAIUCHTOM
paznuuue temneparyp Mexay Anaruramu u AIMC—
1166 oxomno 0.3°C, 4ro, OYEBHAHO, HE IOMEIIAET
BeisiBsicHHI0 ['OT, ecam ero BelWMYMHA JOCTHUTAaeT S5—
10°C. Kpome Toro, Hamu OyayT paccMaTpUBaThCA
Pa3HOCTH TeMIIEpaTyp, a He UX a0COJIIOTHBIE 3HAUCHHUSI.

Pasnuuue TtemmepaTyp MexAy BEpPXHEH YacCTbIO

X0JIMa, rae ycranoBneHa  AJIMC-1166, u

NPWIETAIONIEH K HEMY pPaBHHHOW CO3MaeTcs CTOKOM
XOJIOJTHOTO BO3/yXa. Pasnuune temmepaTyp Mekay BepXHEH 9acThio TOPOJCKOTO X0JIMa M IPUIIETAaloNe paBHUHOM
CO3JIaeTCsl CTOKOM XOJIOHOTO Bo3tyxa u autponoreHHsM ['OT. Eciu remionotpedienye B ropojie BHOCHT 3aMETHBIH
BKJIaJ] B BEJIMYMHY IIOJIOKHUTEIBHON aHOMalMK TEMIEpaTypbl BO3AyXa, TO BMECTE C POCTOM TEIIONOTPEOIeHHS
pa3zHOCTh TeMIeparypsl B ropoae u Ha AIMC-1166 nomkHa yBennuuBaTbes. OJHAKO B 1€UCTBUTENBHOCTH 3TOTO HE
Habmromaercst (puc. 4). T.0., aHTPONIOTCHHBIC MCTOYHHUKH TEIUIA HUKAK Ce0sl HE MPOSBISIOT B IMOJIE TEMIIEPATYPHI
BO3/yXa B TOpPOJIE.
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Pucynok 3. Pa3HOCTh CpPEeTHECYTOUHBIX TEMIIEPATYP MEXK/Y BEPXHEH 4aCThIO XOJIMa U MPHJICTAIOIICH PABHUHOW B
3aBHCHUMOCTH OT TEMIIEPaTypsl Bo3ayxa Ha paBHuHe: 1 — AJIMC-1166 1 MC «3arieex», 2 — r. Anarutsl © AMCIT
«Amatute», 2014-2015 .
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Henp3st roBoputs 0 moaHoM otcyTcTBur ['OT B I. ATaTUTHI — CTPOUTENBCTBO TOPOJa U ero GYHKIIHOHUPOBAHHE
BCETJ]a CONMPOBOXKIAIOTCS M3MEHEHUSIMH TEIUIOBOTO OanaHca nmanmmadTa, Beaeactsue yero 'OT B To# wnm uHOMH
CTENECHU JODKEH MPHCYTCTBOBATh B II000M ropone. OIHAKO MOKHO YBEPEHHO TOBOPUTH O €r0 OYEeHb HEOOIBIIOH
WHTEHCUBHOCTH, H3-3a 4YETr0 OH HE BbIAENsACTCA HAa ()OHE 3HAYUTENBHBIX MHKPOKIMMATHYECKHX BapHaluil.
[IpennonoXuTENEHO 3TO BBI3BAHO HEOOJBIIUME pa3MepaMu Troponxa — 1.5 Ha 2.5 kM: BO3OymIHas Macca OBICTPO
MepeCceKacT TEXHOTCHHYIO TEPPUTOPHIO, HE IPETEPIIEBast CYIIECTBEHHOH TpaHC(HOPMAIIHH.

3akiouenue

a.°C B r. AnatuThl 3UMOH, a HOYBIO BO BCE CC30HBI, B
TUXYI0O H SICHYI0O TIOTOAY MOXET BO3HUKATh
. . - 3HAYUTEIIbHAS TTOJIOKHATEThHAS AHOMAJTHS
. . . . TEMIepaTypel  BO3AyXa 10  OTHONIICHHIO K
e e e - OKpyXaromel cenbckoll  MectHoctd. Ilepeman
-t . TEMIIepaTypel MeEXIy TOPOIACKHIMH paiOHAMH U
sl GasedeTe oL NpUropoAamMu 3uUMOM MoxkeT pocturath 10-16°C.
" P . JlaHHOE sIBJIeHME BO3HHUKAET M3-3a CTOKA XOJIOHOIO
2k - - - BO3/lyXa C BEpXHEH YacTH XOJMa, Ha KOTOPOM
. pactionoxked T. Amartutel, u ['OT. PasHoctb
TEMIIEPATYpPhl BO3MIyXa MEXIY IEHTPAIbHONH YacThIO
ropoja ¥ BepxHEHl dYacThi0 (HOHOBOrO XOJIMa HE
YBEJIMYUBAETCS MPH POCTe TEIIONOTPeOIeHUs B
3UMHHUI TieproA. OJTO TOBOPHT O HEOONBIIOH
Fkan naTeHCUBHOCTH ['OT B r. Anatutel, BCIEICTBUE YETO
2000 2500 w000 a0 a0 aso OH HE BEIABIAETCS Ha  (hoHe 3HAUUTEILHBIX
€CTeCTBCHHBIX ~ MHUKPOKIMMATHUYECKUX  BapHalnil
temneparypsl. Crabbrii [OT moxxeT OBITh 00YCIIOBIICH
pasMepaMu ropoja, KOTOpbIE HE CIIOCOOCTBYIOT
3aCTOK0 BO3JAYIIHBIX MAacC M MX 3aMETHOM TEIIOBOM

TpaHchopManuu.

Pucynok 4. 3aBUCHMOCTb Pa3sHOCTU CPEAHECYTOUYHBIX
TeMreparyp 3umMoil B I. Anatutsl 1 Ha AIIMC-1166 ot
CYTOYHOTO TNOTpeOJeHNs Temya T. AMaTHTHl (0TOOpaHbI
JHU C TOJIOKUTEIbHOW TeMIepaTypHOH aHOManuend B
ropoze), 2016-2018 rr.
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O MUKPOK/IIMMATHYECKUX BAPUALIUAX TEMIIEPATYPbBI
BO3YXA HA APXUIIEJIATE HIIIMIBEPI'EH

b.B. Kozenog, B.U. [lemun
Q@I'BHY “loasapusiii ceogusuueckutl uncmumym”, 2. Anamumsi, Poccus

AHHOTAUUs. [IpoBeIcHbI K3MEPEHHS TIPOCTPAHCTBEHHOTO PacIpe IeIeHUs IIPU3EMHON TEMITEPATYPHI BO3LyXa Ha apX.
IInunGepren B 1. JIoHrnep u B OKpecTHOCTAX moc. bapeHuoypr B okrsiope 2017 r. Oremstromuit 3¢ ekt BogHOH
MOBEPXHOCTH MPOSIBIIACTCS B MOHIKECHUU TEMIIEPATYPhI BO3AyXa [0 Mepe YAAICHHS OT Oepera, HoO KOPPEKTHAs OICHKa
9TOTO BO3JCHCTBHA OCIIOKHEHA MCKAXKAFOIINM BIIMSTHHEM CIIOKHOTO penbeda. OOHapyKeHBI BapHallii TeMIIEPaTypPhI
110 1-2°C Haz 10CTaTOYHO BBIPOBHEHHBIMH YYaCTKaMH ¢ OTHOCUTENBHBIMY NEpenagaMy BeICOT MeHee 10 M.

Beenenue
ITone Temnepatypsl (BO3AyXa U MMOUBBI) XapaKTepU3yeTcs 3HAYNTEIbHBIMU MUKPOKINMATHYECKUMHU BapHaLlUsIMH HaJl
TEPPUTOPUSMH CO CIIOKHBIM pelibe)OM WIIK ¢ HEOAHOPOAHOM MOACTHIIAIONICH OBEPXHOCTHIO (COYETAaHNE YIACTKOB
C Pa3IMYHBIMU THUIIAMH PACTUTEIBHOCTH M TEIUIO()U3NYECKMMHU CBOWCTBaMH II0YB, HaJIW4YWE 03€p, OOJOT U T.II.).
IIpuyem Ha rpaHMIaX KOHTPACTHBIX IO MUKPOKIMMATY Y4YacTKOB TPaJHECHT TEMIepaTypbl MOXKET Ha HOPSIOK
IIPEBBIIATh NIMPOTHBIN U BHICOTHBIHN rpagueHT [2]. Tak, HanpumMep, BOmu3u Hro-OnecyHHa Ha OJIMTOHE pa3MepamMu
Bcero 100 Ha 100 M B nione mpu CHOM HeOe HEOAHOPOAHOCTH TEIUIOBOTO M3ITYUECHUSI MEXKTY BIKHBIM U CYXUMH
y4acTKaMH COOTBETCTBOBAJIM nepenaaaM Temmneparypbl nouBbl 10 10°C [6]. MuKpoKIMMaTHUYECKHE pa3iuyus B
ApKTHKE MODKHBI OBITH Hamboyee BBIPQKEHHBIMH B MEPHOA MOISIPHOM HOYM, KOTAA paJHalliOHHBIH OajaHC
MOJICTHJIAIONIEH MOBEPXHOCTH OCTAETCA OTPHILATENBHBIM HA MPOTSHKEHHH JTUTENBHOTO IEpPHOJa M NPOHCXOAUT
CHIIbHOE OXJIaXK/ICHHE ITOYBBHI M IIPUIIETAIOIIET0 K HEH ci1ost Bo3ayxa. Tak, HanpuMep, mo HabmoaeHnaM Ha Kombckom
II-OBE B XOJIMHCTOM pelibepe ¢ OTHOCHTENbHBIMH IIepenaaaMu BeICOT 10 50 M 3uMoii B ycioBusix 6e3001aqH0ro Heba
1 CJ1aboTo BETpa pa3HOCTH TeMIIepaTyp MEXKIAY BEPIIUHON X0IMa M KOTIOBUHAMH qocturanu 15 —20°C [1].

B nmanHOi paGoTe mpeacTaBiIeHbl pe3yIbTaThl CEpUU MUKPOKIMMATHYECKUX M3MepeHuit Ha apx. Ilmuibeprew,
MIPOBEAEHHBIX OceHbio 2017 1.

Hcnonb3oBaHHbIE JaHHBIE

PaboTs! BEmoOMHSLITHACE ¢ 28 OKTA0ps 110 3 HOs10ps 2017 . B YCIOBUAX MOJSAPHOW HOYH IPU OTCYTCTBHH WIIH CITa00M
(MeHee 3 M/C) BeTpe U IpH 3HAUCHHUAX TEMIIEPATyphI Bo3ayxa oT -1 o -8°C. [l u3MepeHwuii HCIToIb30BaICcs IPHOop,
n3roToBieHHBI B I[lonspHOM reou3nyeckoM WHCTUTYTE, B COCTaB KOTOPOTO BXOAWT HU(POBOI TEPMOIATUHK
DS18S20 u GPS- mpuemuuk. TeMmepaTypa Bo3Lyxa M KOOPIMHATHI OJHOBPEMEHHO 3aITUCHIBAINCH B TAMSATH IPHOOpa
C BpeMeHHBIM paspemeHueM B 1 MuHyTy. K aHanm3y ObulM TpHBICUYEHBI TakKXKe JAHHbIE HOPBEXKCKOIO
MmerteopoJorinyeckoro uactutyta (https://www.met.no/en).

Pe3yabTaThl M 00cyKIEHHE

Baxnelimmmu (pakTopamu, CocoOCTBYIONMMH BO3HUKHOBEHUIO HEOTHOPOTHOCTEH B TIOJIE TEMITEPATyphl BO3ayXa
Hax HInmmbeprenom, sBiseTcss OIM30CTh YYaCTKOB K BOJHBIM OOBEKTaM (MOpPS M TIyOOKO BIAIOIIHECS B CYIIY
(dbbopbl), U TOpHEI penbed. Oremnsaoniuii 3GdexT Mopss B HaubOoIbIIEH CTETICHH MPOSBIIACTCS B 3UMHEE BpeMs,
KorJa HauboJiee BBIPAKECH TEPMUYECKUH KOHTPACT MEXIy BOJOHM M cymrel. /lake momo IbA0M apKTHYECKHE MOPS
«paboTaroT» Kak OTPOMHBEIE Pe3epByaphl TEIUIa M Ha MOOEpEeXbsIX MUHHMAIbHAS TeMieparypa 3umoit Ha 9—11°C
BBIIIIE [T0 CPABHEHHIO C y9acTKamu, yaaieHusM Ha 20—30 kM ot Gepera (puc. 1).

B xonozxHoe Bpems roja ¢ 3anagHbIM nepeHocoM ¢ CeBepHolt ATnantuky Ha IlInun0epren mocTynaeT Teribli
BO3/lyX, Oiaromaps uemy 3aech npuMmepHo Ha 20°C temuiee, 4eM Ha paclioj0XKEHHBIX Ha TOH e IIHPOTEe OCTPOBaX
Kanazackoro apkruyeckoro apxumnenara. 3UMON BIUSHHME ['PEHNaHICKOrO MOps MPOSIBISIETCA B BBIPAXKEHHOM
yOBIBaHMH TEMIIEpaTyphl BO3JyXa OT 3amaJHOro Hodepexbs BriryOb cymwu (puc. 1, 2). Haubonpme u3MeHeHUsS
MPOUCXOJAT B 3HAUEHUAX MUHUMAJIBHBIX TEMIIEPATyp, 8 HAUMEHBIINE — B MAKCUMaJbHbIX. JIeTOM pa3nuuus MeHbIIe,
YTO OOYCIJIOBJIEHO CHIDKEHMEM DPa3HOCTH TEMIIEpaTyp MexIy Boaoil u cymeil. B aTo Bpems roma cranoButcs
3aMETHBIM OXJIKJIAOMHKK >(PQPEeKT BOJHBIX aKBATOPHI, a C TasHHEM CHEXXHOTO IOKPOBa B IOJIE TEMIEPaTypPHI
MOSIBIISIOTCS ¥ 3P PEKTHI, Co31aBaeMble IPYTUMHU HEOTHOPOTHOCTSIMA OCTHIAIOIIEH ITOBEPXHOCTH.

YOpIBaHNE 3UMHHX TeMIIEpaTyp HaOJIOAaeTCs U B 3aiMBe X0opcyH. Haxoasmascss HenoCcpeICTBEHHO Ha 3arafHOM
oepery meteopostorndeckas cranims (MC) «Hyttevikay 3umoti 2014-15 rr. B cpeqHeM okazanach Teruiee Ha 1.5°C, uem
MC «Hornsund» Ha 6epery ¢propaa u mouru vHa 3°C, yem MC B ero rmyoune (MC «Treskeloddeny) [4].
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OOHapy»XeHHbIC N3MEHEHHUS TEMIIEPaTyphl 110 Mepe YAAJICHUs C 3allaHOro Mo0epexhbsi Ha BOCTOK MEHbIIE TeX,
KOTOPBIE MOXHO OBLIO OBI 0XKUATh, €CIIM UCXOOUTh U3 pHC. 1. OfHAKO HaZI0 HMETh B BUJLY, YTO PEICTaBICHHBIC HA
puc. 1 3aBUCMMOCTH ITOJYYeHBI A1 OTHOCUTEIILHO POBHBIX U IUTOCKUX OeperoB Ha IpaHULe CyIin u Mops. B ciayuae
mnbeprena unet cpaHeHne MC, pacnonoXeHHBIX He Ha Oepery Mops M B TIIyOWHE CYIIH, a HaXOISAIIUXCS Ha
Oeperax Tay0OKO Braromerocs B cymry 3anuBa (ppopx). [Ipudem m3-3a OONBIINX TIyOWH B HEM HE CYIIECTBYET
TONOTPaUIECKOTO HNPEMATCTBHS Ul 0OMEHa BOXHBIMH MaccaMy ¢ BOJAMU KOHTHHEHTAJIBHOTO IIeNbda.
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Pucynok 3. CpenHemecsiaHbIe (@), CpeTHIe MUHUMAITbHBIE (#) U MaKCUMalbHEIE (8) Temmeparypsl B 2014-2018rr.:
1 — «Isfjord Radioy, 2 -- Bapenuoypr, 3 — Jlonritup (Svalbard Lufthavn), 4 — ITupamuna

Biusane y3kux 3anuBOB ((BOPAOB) Ha TEPMHUYCCKUH PEXUM NPHOPEKHBIX TEPPUTOPHHA JTOJDKHO OBITH Ooiiee
Ca0bIM, 9eM OTKPBITBIX MOPCKHX aKBaTOpHid. UTOOBI OILEHUTH €ro KOJIWYECTBEHHO, HEOOXOAWMO MpPOBECTH
COTIOCTaBJICHHE TeMIlepaTyp Bo3ayxa Ha MC, pacroyIoOK€HHBIX NPUMEPHO BIOJb JIMHUH, NEPHEHINKYIIPHOU
OeperoBoil, HO Ha Pa3HOM pPACCTOSHUM OT BOABL. HeoOXomWMOCTh ydeTra YOaIEHHOCTH OT BOJHBIX OOBEKTOB
neMoHcTpupyoT MC BOnu3u Jlonriiupa: MC, pacnonoxeHHas Ha Tepputopuu asponopta (Svalbard Lufthavn) u,
OYEBHIHO, HanOOJIee TTOABEPKEHHAS BIMSHAIO Haxosuxcs B 0.5 — 2 KM 3aJIMBOB, 3MMOH OKa3bIBaeTCs TEILIee, YeM
MC B wmpokoii u anuHHOM gonuHe Advendalen B 8.5 km roxxHee (puc. 4-5). Pasmeniennas Ha mbice Wilczekodden
aBromatnueckas MC 3umoit 2014-2015 rr. Obuta Ha 0.5-0.9°C Terutee, yeM HaXOMSAIIASACS BCETO B HECKOIBKUX
coTHAx MeTpoB Ha Oepery MC «Hornsund» [4].
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Pucynok 4. Paznocts cpeanemecssunbix (1), CpeAHUX MUHUMAIBHBIX (2) ¥ MaKCUMaJIbHBIX (3) TeMueparyp Mexay
MC «Svalbard Lufthavn» u «Advendalen», 20162018 rr.

Uz-3a otcyrerBus cetm MC B riryOWHE OCTpoBa M3MEHECHHE TEMIIEPATyphl Ha MPHIICTAIOMHX K 3alliBaM
TEPPUTOPUAX MOXKHO OLCHHTH TOJIBKO MO pe3yibTaTaM MapIIPYTHBIX H3MEpeHHil. B Xone Takux m3MepeHHid B
okTsi0pe 2017 T. ycTOWYMBOH KapTHUHBI C OBICTPHIM W BEIPA)KCHHBIM YMEHBIICHHEM TEMIepaTypbl BO3IyXa C
YBEJIMYCHHUEM DPACCTOSHUS OT BOABI He ObuTo moiydeHo. B Jlonriimpe TemmepaTypa BO3MyXa IOHIDKATACH IIPH
ynaneHun ot Oepera Ha 3 kM B cpenneMm Ha 1-1.5°C (puc. 6). B 3amuBe JlaBpuka y BapenrOypra Taxke ObLIO
OTMEYCHO Heboubioe moHmwkeHue temmepatypbl (0.4°C) mpu ymajgeHud oT Oepera Ha paccTosHHe 10 350 M
(manpHeiiee MPOIBHKEHUE BIIIyOb OCTPOBAa OTPAHUYCHO M3-3a PE3KOro moabema (ropa). Bommsu CemucOyxTh
TeEMIIEpaTypa BO3AyXa MPaKTUYCCKU HEC UBMEHAJIACh, YTO MOTJIO 6I)ITI) BBI3BAHO KaK METCOPOJIOTHUICCKUMHU YCIIOBUAMU
B IIEPHO/]I TIPOU3BOJICTBA U3MEPEHHH, TaK U Tomnorpadueil MECTHOCTH.

Pucynok 5. Tomorpaduueckas kapra okpectHocTed T. JloHTimp; 1 m 2 — HadampHas U KOHEYHas TOYKH
MapLIPYTHBIX U3MepeHHil Temneparypbl oceHbto 2017 1., 3— MC «Jlonriinp» (asponopr), 4 — MC «Advendaleny.

K coxanenuto, ropuslii penbed Lnuideprena He MO3BOJISIOT P POBEASHUN MapLIPYTHBIX H3MEPEHNH BOIH3H
(bBHOPI0B N30eKATH HCKAKAIOLIMX Oporpaduueckux ¢ dhexros. Tak, HATPUMEp, OCTAETCS HESICHBIM, B KAKOW CTEIIEHH
OTMEYEHHOE BBIIIIe pasiinyre 3uMHUX Temmeparyp Ha MC B asponopry Jlonriiupa (Svalbard Lufthavn) u B momune
Advendalen co3maercst TemIoBbIM BO3CHCTBHEM 3aMBa, a B KAKOW — HAKOIIJICHMEM XOJIOJJHOTO BO3/yXa B JIOJIUHE.
Ilo nonuue, B yCcTbe KOTOPOH pacnonoxeH . JIOHrup U BOJIb KOTOPOW MPOUCXOJWIM MApIIPYTHBIE U3MEPEHHUS
(puc. 5), TakKe CTEKaeT XOJIOAHBIA BO3MyX (Ilepemaja BBICOT MO MapmpyTy m3Mepenuit okomo 100 m). Ilo aroii
MpUYHHE OoTeIuIIonui 3¢ dexr 3ammBa 31ech, oueBUIHO, ocnabieH. B camoM ropojse oH MOXET OKa3aThes Jake
HECKOJIBKO YCHJICHHBIM Onarojapsi aHTpOIIOT€HHBIM MOTOKAM TeIlIa, MPUCYTCTBHE KOTOPBIX B XOJI€ IKCIIEPUMEHTA
perucrpupoBaioch TernosuzopoM «FLIR Onex». U3-3a crnoxxHOro penbeda KOPpEeKTHAs KOJIMUECTBEHHAS OIIEHKA
BO3/ICHCTBYUS 3aIMBOB Ha TEPMHUYECKHH PEKUM HPUOPENKHBIX TEPPUTOPUH, MOTpedyeT Oojiee MPOIOIIKUTEIHLHOM
cepyu HaOITIOICHHH.

Muxkpokiaumarnieckue uaMepenuss B 2017 r. He OrpaHUYMBAINCH MCCIICAOBAHUSAMH Bapualuil TeMIEpaTyphl
6n13u 3anuBOB. J[is M3y4eHUs] MPOCTPAHCTBEHHBIX HEOJHOPOIHOCTEH TeMIepaTypbl BO3/1yXa, BOSHUKAIOIIMX 10T
BIMSIHUEM penbeda, ObuT BBIOPAaH 10CTATOYHO BEIPOBHEHHBIN YUaCTOK, PACTIONOKEHHBIH K 10Ty OT MbIca XeepoIeH.
HecMoTpss Ha OTHOCHTENBHO HeOodbIIHe TMepenanbl BeICOT (~10 M), Ha €ro TEPPUTOPHU OOHAPYKUIIHCH
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MUKpOKIUMaTudeckue Bapuanuu 1o 1-2°C. 13 omnbiTa aHAIOTUYHBIX U3MepeHnii Ha KoabCKoM M-0BE 0KHIaTUCh
Ooree BBIpaKEHHBIE HEOTHOPOAHOCTH B IIOJIe Temmeparypbl. OQHAKO W3MEpEeHUs! OBUIM HENpPOIOJKUTEIEHBIMA U
HOCHJIA HWCKIIOYUTEIHFHO TPOOHBIH Xapakrep. Kpome TOro, METEOpOIIOTHYECKHE YCIOBHS B PETHOHE B IIEJIOM
HEeOJIaroMpHUATHBI UII BOSHUKHOBEHHUS 3aMETHBIX MUKPOKIMMATHICCKUAX Pa3IHUIHi, CO3AaBaeMBIX pagHAIlHOHHBIM
BBIXOJIA)KMBAHHUEM (3HAYNTEIbHASI OOJIAYHOCTD, CHIIBHEIC BETPA).
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Pucynok 6. 3aBHCHMMOCTH TeMIepaTypbl BO3[yXa OT PAcCTOSIHUS 110 3aiuBa y T. JloHritmp (MapripyTHbIe
HU3MEpPEHUs).

3akiouenne

HccnenoBano BnusiHUE BOJHBIX 00BbEeKTOB Ha apX. llInuudepren Ha TEPMUUECKHN PEKUM HPHIIETAIONINX yJacTKOB
cymm. Orerustronnid 3¢ et Hanbosee BbIpaKeH B 3MMHEE BPeMs B 3HAYEHHSIX MHHHUMAIBHBIX TEMIIEPaTypax H
YMEHbIIAETCsI ¢ yIaJIeHUEM OT no0epexbs. KonnuecTBeHHast OLEHKA ATOTO BIMSHUS UCKaKEHA CIIOKHBIM (TOPHBIM)
penbedom. Ilpu nposenenun u3mepenuii Ha apx. llnunbepreH oOHapyXeHbl MHKPOKIMMATHYECKUE BapHallUH
TeMmneparypsl Bo3ayxa 10 1-2°C B mpenenax y4acTka MECTHOCTH C OTHOCUTEIbHBIMUA H3MEHEHUSIMH BBICOT MeHee 10
M, BO3HHKAIOIINE M3-32 3aCTOS BO3yXa B OTPHIATEIBHBIX (hopMax perbeda U ero pagraioOHHOTO OXJIAXKICHHS.
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HOCTPOEHHME HAPAMETPJ/ISAIII/Iﬁ MOJIEKYJIAPHOI'O
HOIJIOMEHWA B HUKHEU U CPEJHEU ATMOC®EPE 3EMJIN
B UK TUAITA3OHE

N.B. Mumnranes, E.A. ®enotosa, K.I'. OpioB

Q@I'BHY “loasapusiii ceogusuueckutl uncmumym”, 2. Anamumsi, Poccus
e-mails: mingalev_i@pgi.ru ; godograf87@mail.ru; orlov@pgia.ru

AHHoOTaumMsi. B paGoTe mpencTaBicHBl HOBBIM alTOPUTM MOCTPOCHHS TApaAMETPHU3AIMH  MOJIECKYIIIPHOTO
TIOTJIOIIEHHA B aTMOocdepe 3eMiIH, KOTOPBIH yIUTHIBAET H3MEHEHHE I'a30BOT0 COCTaBa aTMOC(EPHI ¢ BEICOTOH U UMEET
PSI APYTHX AOCTOWHCTB, & TAKXKE MOCTPOSHHAS ¢ IOMOIIBIO 3TOTO ajrOpUTMa MapaMeTpu3anys B JUana3oHe JacToT
or 10 mo 2000 cm! B MHTEpBame BHICOT OT HOBEPXHOCTH 3eMi 10 76 KM. IIpOBEIEHO CpaBHEHME pE3yIbTATOB
pacdeToB TONS COOCTBEHHOTO HM3Iy4eHHs atMocdepsl 3€MIIM, BBIIOJHEHHBIX C HCIOJIB30BAHHEM 3TOH
napaMeTpu3aliy, ¢ pe3ybTaTaMi STATOHHBIX pacyeToB (Line-by-Line), koTopoe mokazano, 4To mpeacTaBICHHAS
rapaMeTpU3anys UIMEeT XOPOIIyI0 TOYHOCTh B HIDKHEH U CpemHel arMocdepe Kak MpH OTCYTCTBHU O0JIaKOB, TaK H
IIPY HAJIMYUU OOJIAYHBIX CJIOEB C OOJIBIION ONTHYECKOH TOJIINHOM.

Beenenue

Pacuer mons coberBenHoro MK-m3nmydenns atmocdepsl HEOOXOANM B PA3IMYHBIX (PU3MUSCKUX MPHIOKEHUIX, B
YaCTHOCTH, JJISl MHTEPIPETANHU JaHHBIX JUCTAHIIMOHHOTO 30HANPOBAHIS aTMOC(EPHI, a TAK)Ke U pacueTa Harpepa
aTtMocdepbl coocTBeHHBIM MK-n3nydeHnem mpu MOAeTMpOBaHNH 00mIel mupKysun atMmocdeps! 3emutu. [Ipu sTom
BO3HHKAET MPOOIeMa CKOPOCTH NPOBEICHNS TAKUX pacdeToB. [y rapaHTHPOBAHHOTO JOCTYIKEHUSI TOUHOCTH 1% 1
JIydIle TIPY pacdeTaX HHTEHCUBHOCTH M3TydeHHs Pa3pellcHHe TI0 9acTOTe JOJDKHO COCTaBIATH mpumepHo 0,001 cm™,
Pacuersl ¢ TAKHM BBICOKHM pPa3pelieHHeM [0 YacTOTE HA3bIBAIOTCS ATalOHHBIMU pacuetamu (Line-by-Line). Ouu
TpeOyIOT OYeHb OOJIBIINX BHIUHUCIUTENBHBIX 3aTPAT U 10 3TOW NPUYHMHE HE MOTYT HCIIOJIb30BaThCS B MOJEIISIX 00mIeit
LHUPKYIAIUU aTMoc(epsl B HACTosAIIee BpeMs U B 0003puMoM OyayIem.

Jlnis pereHus yka3aHHOW Mpo6iIeMbl pa3paboTaHbl METOIBI OBICTPOTO pacueTa mojs uanyueHus. OCHOBHas uaes
9THX METOJIOB COCTOHT B TOM, YTO peajibHas 3aBUCUMOCTh KO3 QuIMeHTa MOJIEKYJISIPHOTO MOTJIOMIEHHS OT YaCTOTHI
3aMeHseTCs Ha MOJETBHYIO 3aBHCHUMOCTB, 0ojiee YI00HYI0 U pacdeToB. IIpu 3TOM y3KHe CrieKTpajIbHbIe KaHAIIbI IO
OTIPENICIICHHOMY QJITOPUTMY OOBEIUHSIOTCS B TPYIIBI, KaXJas W3 KOTOPBIX 3aMCHSAETCS Ha OJWH IIHPOKHHA
MOJICNBHBIN KaHaNI. B pe3ynbraTe HEeCKOJIBFKO MIJUIMOHOB Y3KHX CIEKTPAIBHBIX KAHAJIOB 3aMEHSIOTCS Ha HECKOJIBKO
JIECSITKOB FUTH HECKOJIBKO COTEH MOJEIBHBIX KaHAJIOB, IS KaXKIOTO U3 KOTOPBIX MPOBOJUTCS YUCIICHHOE PEIICHHE
ypaBHEHHs IepeHoca u3ay4eHus. [Ipomnenypy mocTpoeHus yKa3aHHBIX MOJICTBHBIX KAHAIOB HAa3bIBAIOT TIOCTPOCHUEM
mapaMeTpu3allid  MOJICKYJISAPHOTO TIOTJIOIIEHUs. J[JIs TpOBepKM TOYHOCTH TMOCTPOCHHOW TapamMeTpH3aliu
Pe3yIbTATHI pacueTa OIS U3YyICHUS B MOJICITBHBIX KaHAlIaX CPAaBHUBAIOTCS C PE3yTbTaTaMH 3TAIOHHEIX PACUCTOB.
OtmetnMm, uTo Ha BbIcOTax 0-70 KM HYXXHO yYUTHIBaTh U3MEHEHHE ra30BOro cocTaBa atMocdeps! ¢ BeicoToi. Hinke
BBICOTHI 15 KM BKJaJ BOJSIHOrO mapa B Ko3((UIMEHT MOJEKYJISIPHOrO MOTJIOLIEHHS SBISIETCSI CYIECTBEHHBIM, a
BKJIaJ[ 030Ha MaJl. Beimie BBICOTHI 20 KM CHIDKAETCSl pOJIb BOJASIHOTO Tapa M BO3pacTaeT BKiaj o3oHa. [ToaTomy
CHEKTPHI MOTJIOMIEHHS Ha MaJIBIX U OOJIBIINX BBICOTaX HE KOPPETUPYIOT.

OmHMM M3 METOJOB IMOCTPOEHHs MapaMeTpU3aluu sBiseTcs Meron K-xoppemsiuu [1-17], KOTOPBIA, B CBOKO
odepeb, SIBISETCS OJTHAM M3 BapUaHTOB METO/Ia JIEOETOBCKOTO OCPEIHEHHSI CEUYEHUI TIOTJIONIeHUs 1Mo yactoTe [18].
Panee Ob1I0 co3maHO OOJIBIIOE YHCIIO PA3IMYHBIX IapaMeTPHU3ALMi MOJIEKYJSPHOTO IIOTJIONICHUSI B atMocdepe
3eMiIH B 4acTOTHOM auamnasone 10-3000 cm™, KOTOPEIE COJIEPIKAT OT HECKOJIBKHX JecATKOB 10 150-200 MoaembHbIX
kaHanoB [5—17]. OOmas 0coOEHHOCTh 3THUX IapaMeTPH3aLMil 3aKII0YaeTcsi B TOM, YTO BCE OHM OOECIIEUYMBAIOT
Xopouryto TogHocTh (B npeaenax 0,5 K/cyTkn) pacueToB ckopocTell HarpeBa-BbIXOJaKUBAHUS aTMOC(EpHI 3a CUET
COOCTBEHHOTO M3IJIy4EeHUs] Ha BBICOTAaX Tporocdepsl u HkHEH cTpatocdeps! (mpumepHo, a0 20 kM). Ha BbIcoTax
Gonee 25 KM TOYHOCTH 3THX HapaMeTpH3allUil CyIIeCTBEHHO yxyamraercs. Crocod mocTpoeHHs mapaMeTpu3alu,
IpeUIoKeHHbIH B padoTe [13], obecrieunBaeT HAMIYYIIYIO TOYHOCTH TIPH 3aIJaHHOM YHCIIE€ MOJICIIBHBIX KaHAJIOB, HO
ABJISIETCS TOCTATOYHO TPYJOEMKUM B PeajM3allli, MOCKOIBKY TpebyeTcss IpOBOAUTE OOJBIIOI 00BeM MOATOHOYHBIX
pacyueToB A1 KaKIOro MOAEIHHOTO KaHaja.

B nanHON paboTe Npeasio’KeH HOBBIM alTOPUTM IOCTPOSHUS MapaMeTPU3aIMH MOJEKYISIPHOTO IOTJIOIICHUS,
KOTOPBIH OTIINYAETCS OT METO/Ia K-KOppeNsAImu, yINThIBACT H3MEHEHHE Ta30BOTO COCTaBa aTMOC(EPHI C BBICOTOM, He
TpeOyeT NPOBOIUTH IIOJrOHOYHBIE PACYETHl U Ka)KAOTO MOJEIBHOIO KaHalla M OTHOCHUTEIBHO MPOCT B
IpOrpaMMHOM peanu3allud IO CpPaBHEHMIO ¢ ApyruMu anroputmamu. Co3gaHHas aBTOpaMH HpPOTrpaMMa,
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peanusyomnas 3TOT AITOPUTM, IO3BOJIIET MEHSTH YUCIO MOJENBHBIX KaHAJOB MapaMeTpH3aliyd B IIUPOKHX
npenenax. llpencraBieHa TNOCTpOEHHas C MOMOINBIO 3TOM MPOTpaMMBbl IAPaMETPH3ALMS MOJCKYISIPHOTO
TIOTJIONIEHHS B aTMocdepe 3emin, KoTopast 00JagaeT Xopoleli TOYHOCThI0 B Anana3one BeIcoT 0-76 KM, Kak mpHu
OTCYTCTBUH OOJIAUHBIX CIIOEB, TaK M NPH UX HAIHMUIHH.

To4YHOCTP MOCTPOECHHOH MapaMeTpH3allK MPOBEPSIIACH C MOMOINBIO ATAIOHHBIX PACUYETOB, BBIIOIHEHHBIX C
paspemenreM mo uactore 0.001 cml. Kos(uuueHTs MONEKYISpPHOro HOMVIOIEHHS aTMOC(EPHBIX TIa30B
PacCUNTHIBANIICH C HCIIOJIB30BaHUEM cHeKTpockommueckoir 0a3zpr manHbx HITRAN 2012 [19] mo cranmapTHOit
TEOPHH, COTJIACHO KOTOPOH CYMMUPYIOTCSI BKJIaJIbl PA3IMYHBIX JIMHUH MOTJIOMIEHHSI IPU 00pe3aHUM KPBUILEB JIMHUH
Ha PacCTOSHUHU 25 ¢cM™! OT LIEHTpa JIMHUHU, ¥ ¢ YIETOM KOHTHHYAJILHOTO TIOTJIOMIEHHS BOJSHOTO 11apa U YTJIEKHCIIOTO
raza, KOTOpoe ObUIO 3aJlaHO C MOMOINKI0 3Mmupudeckoit Momenu MT CKD [20]. [[ns npoBepky TOYHOCTH aBTOPHI
NPOBEJM CPaBHEHUE Pe3yJbTATOB ITUX PAcYETOB C PE3yJbTaTaMH STaJOHHBIX PACUETOB, BBIIOJHEHHBIX JIPYTUMHU
HayYHBIMH TPYHIAMH B paMKax MexxyHapojaHoro npoekra Continual Intercomparison of Radiation Codes (CIRC,
https://circ.gsfc.nasa.gov). Pe3ynbTathl coBHasy ¢ BRICOKOI TOUHOCTBIO, HEe Xyxke 1%.

AJITOPUTM NMOCTPOEHUSI NapaMeTPU3aluu

JUIA TIOCTpOEHMS IIapaMETPU3alliM BeCh y9acTOK CIIEKTpa pa30OMBaeTCsA HA MHTEPBAIBI IHpuHOM 90-125 cm?,
KOTOpBbIe fajee OyneM Ha3plBaTh MHTEPBAIaMU OCPEAHEHH. B KaXk10M HHTepBale OCPEAHEHHS y3KUe CIIEKTpaJIbHbIC
KaHaJbl 0 Pa3IMYHBIM AITOPUTMaM OOBEIUHSAIOTCS B INUPOKHE MOJEIBHBIE KaHAIbI, KOTOpPbIC €Ile Ha3bIBAIOT
HocHuTessiMH pe3oHaHcoB [18]. OcHOBHas Hest HOBOIO alrOPUTMA COCTOUT B TOM, YTOOBI MMOCTPOCHHE MOJIEIIBHBIX
KaHaJIOB IIPOBOJUTH B Ba dTana. Ha nmepBoM 3Tamne BHIOMpaAETCsl BHICOTA NIEPBOW COPTUPOBKHU B AManiazoHe 5-17 km,
4TOOBI y4eCTh JIMHUHU TOTJIOLICHUS BOJSHOIO Mapa. Bce y3kue kaHaibl U3 MHTepBalla OCPEAHEHHs pa30UBalOTCs Ha
N, rpynm Tak, 4ToObl KO3(QQUIMEHTH MOJIEKYJSIPHOTO TIOTJIOIIEHUS Y3KMX KaHAJOB BHYTPU KaXKJOH TPyl ObUIH
JIOCTAaTOYHO OJNM3KHM MEXIy coO0# Ha 3TOH BHICOTE, a Takke Ha BbicoTax 0-20 kM. Ha BTOpoM sTame BEIOMpaeTcs
BBICOTa BTOPOH COPTHPOBKH B Auana3oHe 40-55 kM, 4TOOBI ydecTh JTMHUH MOTJIOMIEHN 030Ha. Kaknas nmorydeHHas
MOCJIe TIEPBOM COPTUPOBKM TpyIia Y3KHX KaHAJIOB pa30uBaercss Ha N, HOArpyMH Tak, 4ToObl KOd(QUIHMEHTHI
MOJIEKYJISIPHOTO TIOTJIOIICHHUS y3KUX KaHAJOB BHYTPH Ka)kKAOH MOArPYHITEI OBLIN JOCTATOYHO OJIM3KU MEXIy coOOH
Ha 3TOW BhICOTE W Ha BbIcOTax 0-76 kM. Y3Kue KaHaJbl, BOLIECAIINE B OAHY MOATPYIIY, OOBEAUHSAIOTCS B OJUH
MOJICTIbHBIN KaHall. B ntore nmomy4daercs N; N, MOAENBHBIX KaHAJIOB HA OAWH HHTEPBAJI OCPEIHCHHUS.

O6o03naunm uepe3 T u P — TemniepaTypy 1 AaBIeHHE aTMOC(EpHOTo ra3a, 4epes3 V— 4acToTy, 4epe3 I — BBICOTY
or moBepxHocTH 3emun, depe3 K"(T,P,v) — oObeMHBIH KOI()OUIMEHT MOJICKYISIPHOTO TOTJIOMICHHUS
aTMoc(hepHOTO0 ra3a, KOTOPbIH MPH 3alaHHOM MOJICKYJISIPHOM COCTaBE 3TOTO ra3a sBIsieTcs QyHKIHEH TeMIepaTypsl,
JaBICHUS W 4YacTOTBl, M KOTOPBIH CIIEAYyEeT pacCUMTHIBATh [0 CTAHAAPTHOM TEOpUH C HCIIOIb30BaHHEM
cnekrpockommdeckoi 6a3sl maHHBIX HITRAN 2012 [19] u ¢ ydeToM KOHTHHYaIBHOTO MOTJIOMICHHUS BOJSHOTO Mapa
U YIJIEKUCIIOTO Ta3a, KOTOPOE MOXKHO 33JaTh ¢ HOMOIIbIO SMIIUPUUECKUX Moenel, Hanpumep, MT CKD [20].

B nannO# paboTe MCHONB30BaICS CIEAYIONIMN aITOPUTM MOCTPOSHHS MOJENBHBIX KaHalioB. PaccMoTpum
MHTEPBAI OCPEIHERHS [Vinin, Vimax | IAPHHOH 0T 50 10 125 cM™, KOTOpPEIA pa3aenuM Ha y3Kue KaHallbl ¢ 9aCTOTOH
V; BHYTPH KOTOPBIX ONTHYECKUE ITApaMeTPbl MOXKHO CUNTATh IOCTOSIHHBIMH. 3aTe€M BBIOMpPaeM HEKOTOPHIE CPETHHE
3apucuMocTH Temneparypsl T (h), nasnenus P(h) atMocdepHOro raza u mapIuaibHBIX TaBICHUHA BOASHOTO Iapa
P(HZO)(h) Y 030Ha P(03)(h) OT BBICOTHI. [lasiee cTpouM ceTKy Mo BbICOTE Ry, B KOTOPOIl HyMepalus Ha4YMHAeTCs Ha
BEpXHEW rpaHuile aTMoc(epsl, U ceTky mo masieHuio P, = P(hy), Py <...< P, < Pi4q < -+ < Ppax, ¥ 3371acM
3Ha4YeHMs] CpefHero mpoduiIs TeMIepaTypel aTMochepHoro rasa B ys3max atoi cetkm: Ty o = T(hy) = T(Py).
OTMeTHM, YTO BBIOOp IIAroB CETKW MO AABJICHUIO JIOJDKEH OOecIeunBaTh MPUEMIIEMYIO TOYHOCTH MHTEPHOJISIUN
onTHyeckux napamerpos. [IpoBeseHHBIE aBTOpaMu pacyueThbl MOKa3aiH, YTO VIS JOCTMDKCHHS XOpOUIeH TOUYHOCTH
JIOCTaTOYHO MCIIOIb30BaTh Iark ceTku 1o Beicote 200 M Ha BeicoTax MeHee 10 kM 1 400 M Ha BeicoTax Gonee 10 kM.

JI1s Ka)XJ10TO y371a CETKH I10 IAaBJICHUIO P, CTpPOMM PaBHOMEPHYIO CETKY 3HaUeHHH TeMriepaTypsl ¢ maroMm AT 1o
dhopmyie

Ty =Tgo+1-4T, 1=-L,...,L, (1)

npuueM mwar AT u yucino L BEIOMparoTcs Tak, 4TOObI BCE BOZMOJKHBIE 3HAYEHUs TEMIIEpaTypbl aTMOC(EpHOro rasa
IIpY AaBJICHUU Pj, momananu BHYTpb OTpE3Ka [Tk'0 —L-AT, Typ +L- AT], 1 94TOOBI 0OecrieunBasIach premMiIeMas
TOYHOCTh MHTEPHOJISILUM ONTUYECKUX MapaMeTpoB Mo Temmeparype. [IpoBeneHHbIe aBTOpaMu pacdeTsl MOKa3ai,
YTO JJIsl BBITIOJHEHHMS TIEPEUNCIICHHBIX YCIOBHH B HIXKHEH U cpenHel armocdepe pocrarouHo B3tk AT = 10 K n
L = 10. Ecu B3s16 AT = 5 K, TO TOYHOCTh HHTEPIIOJISIIMY MIPAKTHUECKH HE MeHsieTcs, a ecnu B3 AT = 20K, T0

3Ta TOYHOCTB 3aMETHO yXYIIIaeTcs Ha BeIcoTax Oostee 20 kM. I KaXKI0TO y371a CETKH 110 JaBICHHUIO U TEMIIepaType

(H20) (03)
Pk,l,iz Pk,z,?z} :

CHauaja BbIOMpaeM BBICOTY IEPBOM COPTHPOBKH R-; B MHTEpBasie OT 5 10 15 KM, Ha KOTOPOH MPOU3BOAUTCS
00BETMHCHUE Y3KUX KAHAJIOB B TPYIIIBI, TAKKUE, YTO OJUHAKOBBIC ONTUYCCKUE MMAPAMETPhI BOIIEAIINX B OJIHY TPYIIIY
Y3KHX KaHAJIOB OJNM3KH MEXay co0OW B HIDKHEH atmocdepe. [IpoBeneHHbIC pacdyeThl MOKA3alH, YTO HAWITYYIIIas
TOYHOCTH JOCTHTAeTCs ITPpH BBIOOpPE Ay B mHTepBasie oT 10 10 15 km. Ha 3T0ii BbIcOTE 1715t GPUKCHPOBAHHBIX 3HAUCHHUI
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U.B. Muneanes u op.

P(h¢y), T(het), P29 (hey), PO (he,) paccunthiBaeM MEHMMAIbHOE H MAKCUMATBHOE 3HAUEHHs KO uIMenTa

MOJICKYIIPHOrO TMOTIOIECHHsA IO BCEM Y3KMM KaHajaM W3 HHTEpBAla OCPEIHEHHA: K_ . =minK"(h.,v,)
,mi i i

—_— Mmon v
K _miaXK (hey,v)- Ha orpeske |:Kcl,min’KC1‘max:| BBOAWM CETKY 3HA4YeHWil 00beMHOro KoddduimeHTa

C1,max

MOJICKYJIIPHOTO TIOTJIOUICHHS, PAaBHOMEPHYIO B JIOrapUPMHUYECKOM MaciiTabe H 3aJaHHYH CICAYIOLIUMH
dbopmynamu

Kc1,0 = Kc1,minl Kc1,N1 =K Kc1,j = (Kc1,o)(1ij/N1) '(KCLNI)(]/Nl) : (2)

Cl1,max?

Ora ceTKa aenuT oTpe3ok Ha N; gacteit. [Tocie mocTpoeHus 3TOH CeTKH OCYIIECTBIISIETCS COPTHPOBKA Y3KHX KaHAIOB
Ha TPYIIBL, KOTOPBIE 00BbEANHSAIOTCS B INMPOKIE MOJEIbHBIE KaHANBI II0 CJISNYIOIeMy IIpaBuity. Bee y3kue KaHabL,
I KOTOPBIX BbIMONHAETC ycnosue K"*'(heq,v;) € (Kcy,j-1,Kc1,j], oObenmnsiorcs B Tpynmy ¢ HOMEpOM).
O6o3naunm yepes Nj— 9UCIIO0 Y3KUX KaHAJIOB, BOWIEAIIMX B 3Ty IpyMIy, a 4epe3 £ = (i, ..., i;, N}.) - CITICOK HOMEPOB
9THX y3KHX KaHAJIOB, 3aIIUCAHHBIX B MOPS/IKE BO3PACTAHUSL.

Jlanee BBIOMpacM BBICOTY BTOPOW COPTHPOBKH M., B uHTepBaie oT 40 710 55 KM, Ha KOTOPOW MPOU3BOAUTCS
00BEIMHCHUE Y3KIX KAHAJIOB B MOJICTIBHBIC KAHAJIBI, TAKHE, YTO OJMHAKOBBIC ONITHYECKIE APAMETPhI y3KHUX KaHAJIOB,
BOLICAIINX B OJWH MOJCIBHBIA KaHAJ, OJIM3KH MeXIy coOOl He TONBKO B HWKHEH, HO W B cpeiHel atMocdepe.
[IpoBeneHHbIC pacueThl MOKA3aIH, YTO HAMIYYIIAs TOYHOCTh TOCTUTaeTCs PU BBIOOPE A, B HHTEpBase OT 45 10 50
kM. Ha 3T0#i BEICOTE COPTHPOBKHM KaXKIYI0 IPYIITY Y3KHUX KaHAJIOB, NOIYUYSHHYIO IIPH NIEPBO COPTHPOBKE, NEIIHMM Ha
noarpymmnsl.  Jns  duxcupoBanmbix 3HaueHuit  P(hgy), T(hgy), P#29(hc,), P©3)(hy,) paccunteiBaem
MHUHUMAJIbHOE M MaKCHMaJbHOE 3HAuCHUs KOd()OUINEHTa MOJEKYISIPHOTO MOTJIOMICHUS O BCEM Y3KUM KaHAJIaM,

BOLICAIIMM B  MHOXECTBO () Kepmn () =MinK*'(h,v)r  Kep o () = max K* (he,,v,) - Ha otpe3ske
' i€ ' ieQ;

[KCZmin'KCZ max} BBOJMM CETKY, PAaBHOMECPHYIO B JIOTApU(PMHUCCKOM MacmiTabe ¥ 3aJaHHYIO CICAYIOIINMHU

dbopmynamu
Kcz,j,o = KCZ,min(j)’ Kcz,j,N2 = KCZ,max(j)1 Kcz,j‘m = (Kcz,j,o)(lim/NZ) : (Kcz‘j‘Nz)(m/NZ) ' (3)

Ota ceTka Jenut oTpe3ok Ha N, yacteid. Tlocie MOCTpOeHus 9TON CETKH BCe y3KUE KaHalbl U3 MHOXeECTBA (), st
KOTOpBIX BbINOJHAETCA ycnoBue K" (hcy, Vi) € (Kcz jm—1,Kcz,jm], OOBEIMHSIOTCA B MOJEIBHBIH KaHal C
unjexcamu j, m. O6o3naunm uepes N; ,— YHCII0 Y3KHX KaHAIOB, BONIEANIMX B 3Ty MOJIENBHBIH KaHal, a uepe3 {2 ., =
U ierj,m) - CITUCOK HOMEPOB 3TUX y3KUX KAHAJIOB, 3aITUCAHHBIX B MTOPSIKE BO3PACTAHMS.

JIisl Kax/I0r0 y3/1a CETKH IO JIaBJICHUIO U TEMIEPATYPE U KakJIOrO MOJEJIBHOrO KaHana ¢ MHjekcamu |, M

BEIYUCILIIOTCS cpenHue 3HadeHns pyHkuuu [Inanka B (T, v) mo dopmye:

B ()= — 3 B(T,m): @

,m
jm o ieQj

00BEMHOTO KO3((PHUIHEHTA TOTIIOMEHHS (CYMMBI MOJIEKYJISIPHOTO M a3P030JbHOTO):

1

Kf’rn: TkHPklPk('I—'rZ\mlPk(?a) TR0 N
o ( ' v ”q) Bj,mo(Tk,l)'Nj,m ieQ;

K (Tk,l P Pk(,rﬁo)1 Pk(,?,?q)'vi ) B(Ty.v4) )

00beMHOTO KO0d(pdunrenTa paccessHus (CyMMBI MOJIEKYJISIPHOTO U a3PO30JILHOTO):

MO 2 3 1 2 3
al (Tkvl'Pk'Pk(,Tfno’,Pk(,?q))=78m(T N > a(TkJ,Pk,Pk<y|ﬂno),Pk(v<|J'q>,vi)-B(Tkl,,vi) ; (6)
jm Ul

j.m iEQJ,m
aHL6€ﬂ0 OOHOKPATHOI'O paCCEAHUA:

200 (H,0) p(03)
“}fﬁ? (Tk,wpklpk,l,ﬁ ka,|,§4)

Ko (Ter P RGBT R RS, R

, ™

(H0) p(Gs)) _
a’j,m(Tk,lka!Pk,l,ﬁ ’Pk,l,3c1)_

k,1,q k.l.q

MHIMKATPUCA PACCEsHUS B MOJIEILHOM KaHasle ¢ MHeKcamu |, M Beraucisercs mo Gopmyse:
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k.l,q 1 k,l,q ( )
2100 (H,0) p(0;) _ Qi 8
Zj”m(TklvPkaln ) qu-u)_ )
) ) o o MO0 (H,0) (O3) MO0
a; (Tk,l-P -Pk,l,ﬁ ’Pk,I,Sq ) Bj (I—k,l)' Nj,m

Z Z(Tk,lxp :Pk(,rﬁo)v o Vi’u)a(Tk,I'P ka(,lkfﬁo)v e Vi)B(Tk,I’Vi)

Jm ,m

Ha atoMm mpoiiecc 00beqMHCHHUS Y3KUX KAHAIOB B IIHPOKHE MOJICIBHBIC M TPOIIECC BBIYUCICHHS CPEIHUX 3HAYCHHI
OINTUYECKUX XAPAKTEPUCTUK B y37aX CETKH MO JABJICHHUIO W TEMIEpaTtype Ui IMHPOKHUX MOJCIBHBIX KaHAIOB
BbINONTHEH. TakiuM 00pa3oM, COTHH THICSY Y3KHX CIIEKTPAJIbHBIX KAHAIOB M3 HHTEPBaIa OCPETHECHUS 3aMCHIIOTCS Ha
JICCSATKH W COTHU (B 3aBUCMOCTH OT TpeOyeMOil TOYHOCTH U CKOPOCTH PACUETOB) HIMPOKUX MOJIEIIbHBIX KAHAJIOB.

IIpu MopenupoBaHuu OOINEH UHUPKYJISIIUK aTMocdepbl HEOOXOAMMO pACCUMTHIBATH MOJE H3IYYCHHUS B
MOJICTIPHBIX KaHaNaX Uil BEPTHKAJIbHBIX PAcIpeAeiICHUI KOHIEHTPALUA U TeMIepaTyphl MOTJIOMIAIOIINX Ta30B U
pachpesieneHuii a’po30JIbHBIX YACTUI[ HAJ KAXKABIM Y3JI0M MPOCTPAHCTBEHHOW CETKM HA MOBEPXHOCTH 3EMITH.
TockonbKy HaJ| K&KABIM U3 3TUX Y3JI0B B 3aJIaHHBI MOMEHT BPEMEHH UMEETCSI CBOE BEPTUKAIBLHOE pacipe/ielieHue
KOHICHTPAMHA U TEMIIEPATYpPhl HOTJIOIIAONIUX Ia30B U PACIPEACICHHH a9PO30IbHBIX YaCTHII, TO AJSI KAXKIOro U3
3THX pacIpenesicHUi He0OX0JMMO OBICTPO PACCUUTHIBATH BEPTHKAIBHBIC MPOMIIM ONMTHYCCKUX MApaMeTpoB Ui
Ka)KJJOr0 MOJIEJIbHOT'O KaHaJa.

JI7st BBITIOJTHEHHS 3THX PACYCTOB HCIIONB3YeTCs Cieayolni mpreM. Kaxmpiit n3 maTi ONTHYSCKUX MapaMeTpoB,
3amaHHbX Qopmynamu (3)-(8), B M000M MOJAEIBHOM KaHalle sIBICTCS (YHKIMCH MABJICHUS, TEMIIEPAaTyphl, W
NapluuaIbHBIX JABICHUN Ta30B, YACIbHOC COACPKAHHE KOTOPHIX BO3AyXE CYIIECCTBEHHO MEHSETCS C BBICOTOH. B
HAIIEM MpUMEpE 3TO TapLuabHble JaBieHus BoasHoro mapa P#29) y ozoma P(°3). Jlng kaxmoro ysna ceTku mo
TaBIEHUIO ¥ TemmepaType Py, T}, ; BBOIUTCS DONOJHHUTENbHASA CETKA 3HAYECHUH NMapHuagbHEIX JAaBICHHH BOJISHOTO

P(Hzo)

0
mapa B;%” u o3oma Pk(,z,f;)' 3HayeHHs KaXJIOTO ONTHYECKOTo napamerpa kak ¢ynkmuu f(P,T,PH20), p(03))

paccUMTHIBAIOTCS B y3JlaX 3TOW CETKH M XPaHATCSA B MaMATH KoMmbioTepa. [lyisi pacuera 3Ha4YeHUH 3TOi (QyHKIUH

H,0 0 .
MEXIY y3naMu ceTku Py, Ty ;, Pk(lfl ), k(lz) HUCTIOJIb3YETCS MOJTUITUHEUHAS UHTEPIIOJAINS 110 YETBIPEM NMEPEMEHHBIM.

[larn ceTkW MO MapUUANTGHBIM AABICHUSAM CJIEIyeT MOAOHpPATh TaK, YTOOBI 0OCCHEYUTh HYXKHYIO TOYHOCTH
MHTEPNONALMN IPY MUHUMAJIBHOM YHCIIE Y3JI0B CETKHU.

OmnrcaHHass METOIMKA MO3BOJISAET OBICTPO PACCUUTHIBATH ONTHUECKUE TTAPAMETPHI B KaXKIOM MOJICITHFHOM KaHale
JUISL TIPOU3BOJIBHBIX BEPTUKAJIBHBIX pacnpeieseHud KOHLEHTpauuil ¥ TeMmIepaTypbl MOMVIOMIAIOLUX Ta30B U
pacnpeneneHnii adpo30ibHBIX YacTHil. [Ipu 3ToM HE0OX0MMO XPaHUTh B ONEPATUBHON MaMsITH MAaCCHUBBI 3HAYSHUI
BCEX ONTHYECKUX MapaMETPOB B y3JIaX CETKH MO TEMIIepaType U JIaBJICHHUS IS KaKI0T0 MOJEJIbHOIO KaHaJa.

Pe3yabTarhl pacueToB

ABTOpamu TaHHOH PaOOTHI OBLIH IPOBEICHEI ATAJIOHHBIC PACYETHI ITOJISI COOCTBEHHOTO U3IYICHUSI aTMOC(EpBI 3eMITH
B IPMOJIMKEHUH TOPH30HTAIBHOM 0OTHOPOIHOM aTMoc(epH! ¢ paspernenreM o gactote 0.001 cm™ u pacueTs 3Toro0
MOJIsI, BBIMOJHEHHBIC C WCIIONB30BAHMEM IApaMETPU3AIMA ONTHYSCKUX XapaKTEPHUCTHK aTMocepbl 3eMiH, B
WHTEpPBAJie BBICOT OT MOBEPXHOCTH 3€MJIM IO BBICOTHI 76 KM. PacdeTbl mpoOBOAWIMCH Ui PAa3IMYHOTO YHUCIIA
MOJIETIFHBIX KaHAJIOB, HA Pa3HBIX BHICOTaX COPTHPOBKHU. J{JIs YMCIEHHOTO PENIeHUs] YpaBHEHNE IEPEHOCA H3ITYICHHS
MPUMEHSUICS. BapHaHT METOJa MAWCKPETHBIX OpAMHAT, MAETAJbHO OMNHCAaHHBIH B pabore [21]. B pacuerax
WCIIOJIb30BaJINCh PABHOMEPHAS ceTKa 1o BbIcoTe ¢ maroM 200 MEeTpoB ¥ paBHOMEpPHAs CETKA 110 36HUTHBIM yTJIaM C
[1aroM MeHee 9 rpajycoB, YUUTHIBAIOCH MOJIEKYIIIPHOE M a3p030JibHOE paccesuue [1-4, 22].

B pacderax HCTHONB30BaNHCH BEPTUKATIBHEIC MPO(UITH TEMIIEPAaTyphl M KOHIIEHTPAIMA OCHOBHBIX aTMOC(HEpHBIX
ra3os, paccuMTaHHble 1o smnupudeckoil Moaenu NRLMSISE-00 qnst ycnoBuii utons Haj ceBepHOU ATIAHTHKON Ha
mHpoTe 55°, a TakKe BEPTUKAIBHBIC MTPOGUIN 00BEMHBIX JIOJICH MaJIbIX Ta30BBIX COCTABIISAIOMINX, HOPMUPOBAHHEIH
KO3 PHUIUEHT SKCTUHKINH, aTb0eI0 OTHOKPATHOTO PACCESIHUS U MapaMeTp aCUMMETPHHU UIS a3pO30JbHBIX YaCTHUI]
B 00J1aKaX, MOCTPOCHHEIC 110 SKCIICPUMEHTAIBHBIM IaHHBIM, IPUBEACHHBIM B MOHOTpaduu [ 1], a Taxke MpUBeIcHHAS
B [23] 3aBHCHUMOCTH OT BBICOTHI KO3 (DUIMEHTA SKCTUHKIIUHN B BEPXHEM, CPEIHEM M HUKHEM OOJIAYHBIX CIIOSIX MPH
mmHe BoaHBL 0.5 MrM. Onrruyeckast TOJMIIMHA OOJIAYHBIX CIIOEB OblIa B3gTa OOJBINON M ONM3KOM K MaKCHMAalIbHO
HaO0JII0TaeMOM /i1l TIPOBEPKH TOYHOCTH TapaMeTpu3aluu. B atMocdepe paccMaTpuBarOTCS TpU TUNA (OHOBBIX
a’po30JIeii: KOHTHHEHTAJbHBIE, MOPCKHE U cTpaTochepHbie adpo3oiu. ONTHYECKHEe MapaMeTpbl dTHX a’po30Je
B3SITHI U3 PabOTHI [24].

Pe3ynbTaThl 3TANIOHHBIX PAcUYeTOB CPABHUBAIUCH C pPE3YyJIbTaTaMH PACUETOB, B KOTOPHIX HCIOJIH30Bajach
ciemyromas napamerpusanus. Becs auamaszon 10-2000 ey genures ma 4 wactu: 10-500 cm, 500-1000 cm?, 1000-
1500 cmtu 1500-2000 cmt. B nuamazone 10-500 cm™ ncrnons3oBaiucs 5 uHTepBasIoB ocpeanenus 10-100 cmt, 100-
200 cm?, 200-300 cm?, 300-400 cm?, 400-500 cM, Ha KaXIOM M3 KOTOPHIX CHadana BRLIEIUIACH 4 KaHAa C
MOMOIIBIO TIEPBOI COPTHPOBKH, KOTOPAs MPOBOAMIACH HA BBICOTE 15 KM, a 3aTeM B Ka)XIOM H3 3TUX 4 KaHAJIOB
BBIICTSUIMCH 8 TOJKaHAIOB C MOMOIIbIO BTOPOH COPTHUPOBKM, KOTOpas MpoBoiawiach Ha Bbicore 50 kM. Bcero
UCIONB30BAJIOCh 160 MOJENbHBIX KAHAJIOB B ATOM jAuana3oHe. B awmamasone 500-1000 cm™? mcmomp3oBanuch 5
unTepBanos ocpeanenus 500-600 cm?, 600-700 cm?, 700-800 cm?, 800-900 cm?, 900-1000 cm?, Ha kaxmoMm u3
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KOTOPBIX CHayajla BHIJIEJSUIMCH 4 KaHalla ¢ TOMOIIBIO IEPBOI COPTHPOBKH, KOTOpast MPOBOAMIACH HA BBICOTE 15 KM,
a 3aTeM B KaXIOM M3 3THUX 4 KaHAIOB BBIICISUINCH |2 MOJKaHAJIOB C IOMOINBIO BTOPOH COPTHPOBKH, KOTOpAs
MIPOBOIMIIACH HA BEIcOTE 46 kM. Beero B 3ToM anamna3oHe HCmoabp30Banock 240 MOIETBHBIX KaHAIIOB.

B auanaszone 1000-1500 cm™ ucnonb3osanuck 4 unteppana ocpeanenus 1000-1125 em?, 1125-1250 em?, 1250-
1375 em’t, 1375-1500 emL, Ha KaxaOM 13 KOTOPBIX CHaYaja BBICISUTUCH 4 KaHala C TOMOIIBIO TIEPBOH COPTHPOBKH,
KOTOpasi MPOBOJMIIACE Ha BEICOTE 15 KM, a 3aTeM B KaXXJIOM U3 3THX 4 KaHAJIOB BBACIINCH 8 MTOJKAHAIOB C TIOMOIIBIO
BTOpOW COPTHPOBKH, KOTOpasi MpoBOAMIACk Ha BeicoTe 47 kM. Beero ncnomnp3oBanocs 128 MOmenbHBIX KaHAJIOB B
sToM juanasone. B quanazone 1500-2000 cm ™ ucnonbzosanuck 4 untepsana ocpennenus 1500-1625 em?, 1625-1750
cm?, 1750-1875 cml, 1875-2000 cM!, Ha Ka10M U3 KOTOPBIX CHavasa BBLAEUIMCH 4 KaHaIa ¢ TIOMOIBIO MEPBOM
COPTUPOBKH, KOTOpasi MPOBOJMIACHE Ha BBICOTE 15 KM, a 3aTeM B KaXKJOM M3 3THX 4 KaHAJIOB BBLICISUINCH 6
MIOJIKAHAJIOB C TIOMOILBIO BTOPOH COPTHPOBKH, KOTOpasi mpoBoaniack Ha Beicote 50 kM. Beero ncnons3oBanocs 96
MOJIETIbHBIX KaHaJIOB B 3TOM Juarna3one. Takum obpazom, 1990000 y3kux crieKTpaibHBIX KaHAJIOB, UCIIOJIB3YyEMBIX
P STaJIOHHBIX pacyeTax, 3aMEeHSIOTCS Ha 528 MOAENbHBIX KaHaIOB.
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Pucynok 1. [ToTokH BOCXOMAIIETO M HUCXOJISAIIETO COOCTBEHHOTO M3IMYYCHHS B YacTOTHOM amamnazone 10-2000
cm ¥ cKopocTH HarpeBa-oXJIaxAeHHS aTMOC(EPHOTO raza 3a C4eT STHX HOTOKOB B 0€3006IauHOl aTMoc(epe.
Kpusas 1 - paccuntaHHas C UCIIOIF30BAaHUEM ITapaMeTPU3aLUH CKOPOCTh HArPeBa-OXIKICHUS, KpUsds 2 - 3Ta ke
CKOpOCTH, TIOJYYCHHAs C ITOMOIIBIO0 3TAIIOHHBIX pacueToB. Kpuegvie 3 u 4 - paccUWTaHHBIC C UCIIONB30BaHHEM
TapaMeTPHU3aIAX IIOTOKH BOCXO/AIIECTO M HUCXOIAIIETO COOCTBEHHOTO M3IIYUSHUS, Kpussie 5 u 6 - 3TH xKe MOTOKH,
MOJYYEeHHBIC C TIOMOIIBIO ATaJIOHHBIX PacueTOB.

Ha puc. 1 MNpEACTABJICHBI IMOTOKM BOCXOJAUICTO W HHUCXOAALIETO CO6CTBCHHOFO H3JIy4€HHUSA B YaCTOTHOM
nuanasone 10-2000 cm™ B 6e306:1a4H0it aTMOC(eEpe M CKOPOCTH HArpeBa-OXJIaxkAeHHs aTMOC(EPHOro ra3a 3a cuer
9THX I[OTOKOB, MOJYYCHHBIC C TIOMOIIBIO 3TAJIOHHBIX PACYCTOB, a TAKKE C IMOMOIIBI0 PACUYCTOB, KO/
UCIIOJNIb30BaNach napaMerpuzanusi. M3 puc. 2 BHAHO, YTO CKOPOCTh HarpeBa-oXJIaXKICHHUs aTMoc(epHOro rasa,
paccuuTaHHas ¢ MCIOJIB30BAHNEM MapaMEeTPHU3AINH, OYeHb OJM3Ka K 3TOH e CKOPOCTH, MOTYICHHOW C MOMOIIBIO
ATAJIOHHBIX pacdyeToB. HawmOomblliee OTKIOHEHUE MEXKIY 3TUMH CKOPOCTSMH JOCTHTaeTCs Ha BBICOTE 48 KM U
cocransiet oko1o 0.2 K/cytku. [ToTok# BOCXOIAIIEr0 M HUCXOISIIETO U3TYICHUS, PACCUUTAHHBIC C UCTIOIB30BaHUEM
mapaMeTpU3alliK, COBMAJAIOT C STHMH € IOTOKAMH, IOJYYCHHBIMH C IIOMOIIBEO 3TAJIOHHBIX PAaCcYeTOB, C
OTHOCHUTEJIbHOM MOTrpelIHOCThI0 MeHbIIe 1%.

Ha puc. 2 mpencraBineHbl Te ke camble TPO(WIM, 9TO U Ha pHC. |, TONBKO PAacCYMTAHHBIC NMPH HAIWYHA B
HWHTEpPBAJIE BBICOT OT 3 10 6 KM CPEeIHEr0 00IaYHOTO CJI0S ¢ OONBIION ONTHYECKOH TOIIIWHON, TapaMeTpbl KOTOPOTO
npuBeseHsl B [23]. DToii ToMMMHON 00YCIOBIEHBI OOJIBIIME 3HAYCHHsSI CKOPOCTH HArpeBa-OXIaXICHHUS BO3IyXa
BHYTpH obsagHoro cios. Ha puc. 2 BHIHO, 9TO CKOPOCTh HAarpeBa-oXJIaKACHNSA aTMOC(HEPHOTO ra3a ¥ BOCXOISIIIHA
)5 HHCXO)IHI]_II/Iﬁ TIOTOKH, paCCYUTAHHBIC C MCIIOJIB30BAHUEM MMapaMETpU3alu U C IMOMOIIBIO 3TAJIOHHBIX PacY€TOB
COBIIAJIAIOT C XOpOIIeil TOUHOCTHI0. OTKIOHEHHE MEXTy MOTOKaMH, IOJTYYeHHBIMHU TIPU 3TAIOHHBIX pacueTax H MpH
pacueTax ¢ HCIIOJb30BaHHEM MMapaMeTPU3alliy, BHE U BHYTPU 00JaYHOTO CIIost MeHbIe 1%, a OTKIOHEHHE MEXKIY
cKkopocTsMu Harpesa He npeBbimaet 0.2 K/cytku BHe o6maunoro ciost u 0.5 K/cytku BHYTpH 3TOTO Cciiost. B ciydasix
HAJIMYHS HIDKHETO WIIM BEPXHETO OOJaYHBIX CJIOCB C OOJBIION ONTHYECKOW TONIIMHON TOYHOCTh MapaMeTpH3aIiu
OKa3aJIach TaKO XKe.

ABTOpBI HCCIIEOBATH BIUSHUE BBHICOT MEPBOM M BTOPOW COPTUPOBKM HA TOYHOCTH MapaMeTpu3aiuu. BricoTy
MIEPBOIT COPTUPOBKHU MEHSUIH B mpenenax oT S5 1o 20 kM. Oka3anock, 4To BeicoTa 15 kM 0ym3ka k ontumainbHOu. [Ipu
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Tocmpoenue napamempu3zayuii MOIEKYIAPHO20 NOIOWEHUSL 8 HUNCHE U cpeonell ammocpepe 3emau ¢ UK ouanasone

BBIOOpE JPYrod BBICOTHI HEPBOH COPTUPOBKH TOYHOCTh HapaMeTpH3allMM IPU COXPAHEHHH YHCIa MOJEIBHBIX
KaHAJIOB HE yJydlIiaercs. BrICOTy BTOpO#l COPTHPOBKH TakkKe MEHSUIM B HIMPOKHX mpeaenax oT 35 mo 60 kM.
Oxas3anoch, 9YTO BBICOTAa BHIOpPAHHBIC B NPEICTaBICHHON MapaMeTpHU3aIlii BBICOTHI BTOPOI COPTHPOBKH OJHM3KH K
ONTHMaIBHBIM. VX M3MEHEHHE He yIydIlajgo TOYHOCTh MapaMeTpH3aliy. Takxke pe3yabTaThl pacdeToB MOKa3allH,
YTO TPH YBEIHMUYCHUH YHCIa MOJCIBHBIX KaHAIOB I10 CPABHEHHIO C UX YHCJIOM B IIPEACTABICHHON MapaMeTpH3aLUH
TOYHOCTH ApaMEeTPU3aLNH YITydIIaeTCs] HE3HAUUTENBHO, a IPH YMEHBIICHUN 3TOTO YUCIIA 3Ta TOYHOCTD YXy/IIAeTCs
Gonee cymectsenHo. IIlupyHa HHTEpBAJIOB OcpeHeHus B quanasone 100-125 cm! sBnsercs onTUMAanbHOIA.

75F i i i 3 15 PR T i i i
70 1 70 .,
85F{----2 65 S
60 60
55 155 \‘\_\ 3
50 F 150 F X 3
= N
=40 ¢ 145} ]
< 40 | {40 \ :
Q \
©35¢ 135 N E
@ 30¢ 130t Y ;
25 {25} ! 3
20 F i20F |—3 ‘\‘ E
15} {15F [----4 \ -
10 b ] 10 B R 5 \‘\‘ ]
5 F E 5 LT 6 \'\-..__ E
| . I 0 | . . _
-100 60 -20 20 ig® 407 qet W' W w07 AP

CKopOCTb HarpeBa-oxnaxaenus , Kicyt Motoku nanyyenHus , Br/m
Pucynok 2. [ToTOKH BOCXOASIIETO W HUCXOSMIEr0 COOCTBEHHOIO U3JIy4YeHHs B YaCTOTHOM JuamasoHe 10-2000
cm! ¥ CcKOpOCTH HarpeBa-oXJakKIEHHs aTMOC(EPHOTO Ta3a 3a CYET ITHX MMOTOKOB NPU HAIMYUH CPEIHETO
o0navyHOro ciost ¢ OOJNIBIIOW ONTHYECKOM TonmMHOW. Kpueass 1 - paccuuTaHHash C HCIIOJIb30BaHHEM
rapameTpu3alid CKOPOCTh HarpeBa-OXJIAXKICHUS, Kpusdsi 2 - 3Ta XKe CKOPOCTb, IOJYyYEHHAash C TOMOILBIO
STAJIOHHBIX pacueToB. Kpugvie 3 u 4 - pacCUUTaHHAS C UCIOJIB30BAaHUEM ITapaMETPHU3AIIUH TIOTOKH BOCXOJSIIETO U
HHUCXOJSIIEro COOCTBEHHOTO U3JIyUeHUs], Kpugble S u 6 - 3TH ke TOTOKH, HOIYyYSHHBIE C TIOMOIIBIO ITAJOHHBIX
pacyerosB.

3akaiouyeHue

PesynbraThl pacyeToB OKa3aly, 4To B Auana3oHe BEICOT 0-75 kM Kak B 0e3001agHOM aTMocepe, Tak U TPH HaJTHIUH
00JaYHBIX CIIOEB C OOJBIION ONTHYECKOH TONIIMHONH B dYacTOTHOM wmHTepBane oT 10 mo 2000 cm! motoku
BOCXOJISIIIETO W HUCXOAAMIETO COOCTBEHHOTO H3ITyYCHHS, IOJNyYCHHBIE C IMOMOINBI0 3TANIOHHBIX pacueToB, U
CKOpPOCTH HarpeBa aTMOC(EPHOTO ra3a 3a CUeT ITUX MOTOKOB Maji0 OTJIMYAIOTCS OT 3THX )K€ MIOTOKOB U CKOpOCTEH
HarpeBa, NOJYYCHHBIX C IIOMOINBIO pPAacyeToB, B KOTOPBIX HCIONB3YeTCs ONHCaHHAas B JaHHOW pabote
napameTpusanus. B yacTHOCTH, OTKIIOHEHHE MEXy CKOPOCTsIMU HarpeBa He npebiinaet 0.2 K/cyTku BHe 00nadHbIX
cioeB u 0.5 K/cyTku BHYTpHY 00Ia4HBIX CJIOEB ¢ OOJIBIION ONTHYECKOM TONIIMHOM, 4TO TOBOPHUT O XOPOIIeH TOUHOCTH
MpeUIoKeHHOH mapaMmeTpu3anui. OKa3anock, 9To yaeT (GOHOBBIX aTMOC(HEPHBIX a3p0o30iiel He3SHAYUTEIHHO BIHSET
(me 6onee 0,5 K/cyT) Ha CKOPOCTh HArpeBa-OXJIKISHUS BO3/yXa 3a CUET NePEeHOCA 3IYUCHHS B HHTEpBAJe YacTOT
ot 10 10 2000 cM™! Ha BEICOTaX MeHee 3 KM U MPAKTUYECKH HE BIMSAET Ha BhicoTax Gosee 3 kM. IIpu oTCyTCTBUM
00J1aKOB y4eT MOJEKYJSIpHOTO paccesHus B ganbHeM MK nuamasone ciabo BIHsSeT HAa NOTOKH M3JIyYEHHS U HarpeB
atMocgepHoro rasa. [IpetoXXeHHBIH anTrOpUTM TOCTPOCHUS MapaMETPU3AIMH YYUTHIBACT HM3MECHEHHE Ta30BOTO
cocraBa aTMOC(EpBI ¢ BRICOTOM, 00SCIIEYHBACT XOPOIIYIO TOYHOCTh, HE TPEOYET MPOBEICHHUS ITOITOHOYHBIX PAaCUETOB
JUTSL KQKJIOTO MOJIEJIBHOTO KaHalla, OTHOCUTENILHO MPOCT B MPOTrPAMMHOM peaiu3alii U MO3BOJISIET MEHATh YHCIIO
MOJIETIbHBIX KaHAJIOB IapaMeTpHU3alUy B IIMPOKUX Mpeeiax.

bnazooaprnocmu. Asropsi Beipaxarot Gnarogapaocts b.A. @oMuHY 3a [MOJIE3HbIE COBETHI M IIOMOIIb B paboTe.
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NMPUMEHEHUE MATEMATHUYECKOM MOJEJIA 51
HCCJIEIOBAHUS BIUSHUS PEJIBE®A 3EMJIN HA TVIOBAJIBHY 1O
HUPKYJIALINUIO EE CPEJHEN ATMOC®EPBI

N.B. Mumnranes, K.I'. Opnos, B.C. Munranes

>

QI'BHY “lonapusiii ceogpuzuneckusi uncmumym”, 2. Anamumal, Poccus

AnHOTanus. Herunpocrarudeckass MareMaTHyecKash MOJENb OOIIed HUPKYIsuuu arMocepbl, pa3paboTaHHast
panee B [TonsipHOM reodr3nuecKoM HHCTUTYTE, IPUMEHSETCS ISl HCCIIEJOBAHUS BIUSIHUS pelibeda MOBEPXHOCTH Ha
TUIAaHETapHYIO IHUPKYJLUI0 cpenHell atMocgepsl 3emin. IlpuMeHsemas MaTeMaTH4yeckash MOJAENb OCHOBaHAa Ha
YHUCIICHHOM pEIICHHH CHCTEMbl T'a30JMHAMHYECKHX YypaBHEHHH B CJIO€, OKpYXKAIOLIeM 3eMIII0 MIo0aTbHO H
MPOCTHPAIOLIEMCS] OT €€ TIOBEPXHOCTH A0 BBICOTHI 75 kM. [IpnMeHsiemMas MareMaTHdeckas MOZIETb NPUHAMAET BO
BHHMaHHME ITPHCYTCTBHE TOPHBIX MAaccHBOB. PacdeTsl ObUIM MNpOBEICHBI AN 3MMHHUX YyciaoBuii B CeBepHOM
MOJyIIapuy (SHBaph). Pe3ynbTaThl MOIENUPOBAaHNS TOKA3aJIH, YTO pesibed) IUIAHETH! JOJDKEH OKa3bIBATh 3aMETHOE
BIIMSTHHE Ha TII00ABHYIO IUPKYISIHIO CpeiHeH aTMoc(hepsl 3eMITH.

Beenenue

Ha mnpoTsikeHUHM TmOCIEAHUX HECKOJNBKUX JeT B [loispHOM reo(u3HMYeckoM HHCTUTYTE pa3paldaThiBajach,
YCOBEPIICHCTBOBANACh W HCIONB30Bajlach MaTeMaTHdeckas Mojenb oOmeil nupkymanuu atMocdepsr 3emnn. B
NepBOHAYAIbHO pa3paO0TaHHOM BapuaHTE MOJIENH, KOTOPBIH ObUT BIiepBble omnmcaH B padore [1], Temmeparypa
BO3IyXa HE pAacCUMTHIBAJACh, a SBIUIACH BXOJHBIM IIapaMETPOM MOMAENH; [UI 3aJaHUS TEMIIEPaTyphl
ucronb3oBanace smmupudeckas moxedb NRLMSISE-00 [2]. Kpome Toro, B mepBoHayamsHO pa3paboTaHHOM
BapHaHTE MOJAENN CUYHUTANIOCh, 4TO 3emis uMmeeT (opmy mapa. [Tozxe mMozmens Obula yCOBEPIICHCTBOBAHA TaKHM
00pa3oM, 4To B HEH cTajia MPUHUMATHCS B pacuyeT HeC(EepHUIHOCTh 3eMHOM MTOBEPXHOCTH, KOTOPask OT CheprIecKon
Obu1a IpeoOpazoBaHa B MOBEPXHOCTh CILTIOCHYTOTO € IOJIIOCOB 3JUIMIIcona Bpamienus [3]. B nanpHeimem Obu1o
MPOBEICHO YCOBEPIIEHCTBOBAHNE MAaTEMaTHIECKOW MOJIeNN 0o0IIeH IMpKyIsinuy atMocepsl 3eMIIH 3a CUeT ydeTa
CaMOCOTTIaCOBAHHOTO TEMJIOBOTO peKMMa. B ycoBepIIeHCTBOBaHHOM BapHaHTe MOJIEIIH TEMIIEpaTypa CUUTACTCs yxKe
HE BXOJIHBIM IapaMeTpoOM MOJENH, a BBIYHMCIAETCS B pe3yJbTaTe pelIeHHs YpaBHEHHs TEIUIOBOTro OajaHca
aTMoc(epHoro raza [4]. DTOT BapuaHT MOJIENIM TaKKe ObLI YCOBEpIIEHCTBOBAH 3a CUET yueTa B MOJIENHU peibeda
noBepxHocTH 3emiu [5]. Tlocnenuuii U3 ymoMsHYTBHIX BapHaHT MOJENIN HCIOJIB3YyeTCsl B HAcToAlIleH paboTe s
UCCIIe/IOBaHMS BIMSIHUS pelibeda MIaHeThl Ha III00aJbHY0 HUPKYJISIIUI0 CpeHel aTMocdepbl 3eMIIH.

MaremMaTn4yeckasi MoJeJib

[IpumMensiemas B HacTosIIeH paboTe MaTeMaTHdecKass MOJICb OOMIeH UPKYIAIH atMocdepsl 3eMiIi OCHOBaHA Ha
YUCICHHOM pEIICHHH CHCTEMBl HECTAllMOHAPHBIX TPEXMEPHBIX YpaBHEHHWH IEpeHOca, BKIIOYAMOMmeH B cels
ypasaenus HaBbe-CTokca /Ui COKMMaeMOTO BSI3KOTO Ta3a, a TAaKkKe ypaBHEHUH HEPa3phIBHOCTH U TEIJIONPOBOAHOCTH
JUIe  Hero. Mojens TO3BOJSET PAcCUUTHIBATE TPEXMEpHBIE TJI00ajdbHBIE PpACIpEeNelIeHUus 30HAJIBHOI,
MEpPHUANOHATIFHON U BEPTUKAIBHON KOMIIOHEHT CKOPOCTH aTMOC(EPHOTO BETPpa, TEMIIEPATypHI U ITIOTHOCTH BO3/1yXa
Ha YPOBHSX Tpomocgepsl, cTpaTochepsl u Me3ochepsl 3emin. B Moxenn BepTuKanbHas CKOPOCTh T'a3a HaXOIUTCS HE
N3 YCJIOBUA TUAPOCTATUYCCKOIO PABHOBECHA, 4 MYTEM YHCIICHHOTO PCHICHUA IMOJHOTO YPAaBHCHUSA IBHIKCHUS JJIA
BEPTUKATBHON COCTaBIAIONIEH CKOpocTH 0e3 mpeHeOpexeHHs KakuMu-mubo wieHamu. llpm sToM Bce Tpu
KOMITOHEHTBI CKOPOCTH PACCUYUTHIBAIOTCS ITPY IOMOIIIN YUCIICHHOTO PEIICHHS ITOJTHBIX YPaBHEHUH IBH)KECHHS BI3KOTO
C)KMMAeMOT0 I'a3a, U ypaBHEHHE THIPOCTATHKU He IPUMEHSIETCs], TAKUM 00pa3oM, MaTeMaTH4ecKast MOZEb SIBIISIETCS
HETUAPOCTATHYECKOH.

[Ipy BbIUMCICHWHM BXOAAIIEH B ypaBHEHHE TEIJIOBOrO OajlaHca yJeNbHOM MOIIHOCTH HarpeBa-OXJIAXKICHUS
aTMOoc()epHOTO Tra3a 3a CuUeT IIOTJIOIICHMSA-MCIYCKaHHUsl 3JIEKTPOMAarHUTHOTO H3JIyYEHHsS HCIOJIb30BaHO
peJlaKcalliOHHOE TPHOJIIKEHNE, B KOTOPOM 3Ta MOIIHOCTH CUUTACTCSl IPONOPILHOHAIBLHON PAa3HOCTH MEXIY
paccuuThIBaEMOM TeMIlepaTypold M 3a7aBaeMOil TaK Ha3blBAEMOM pENaKCAallMOHHOW TeMIepaTypoid, B KayecTBE
KOTOpOU GepeTcs pacipeieieHue TEMIIEPATyphl, onpeaeaseMoe 1o smuupudeckoit mogenn NRLMSISE-00 [2].

B HacTosmeit pabote HCIONIB3YIOTCS JIBa BapUaHTa MATEMATHYECKON MOJIENH, B KOTOPBIX CUUTAETCS, UTO 3eMJIS
nuMeeT (opMy CIUTFOCHYTOTO C ITOJIFOCOB AIIIMIICON/IA BPAIIEHH, OTHAKO, B TIEPBOM BapHaHTE MOBEPXHOCTH IJIAHETHI
CUMTACTCA TIAIKOM, a BO BTOPOM BapHaHTE MOJENH YIHTHIBACTCS penbed 3eMHON IMOBEPXHOCTH. [ driCIeHHOTO
pELICHUsT MOJACIUPYIOIUX YPaBHEHUH MPUMEHSETCS METOJ KOHEYHBIX Pa3HOCTEH M MCIOJIB3YETCsl HEeperyispHas
TpeyroyibHasi CeTKa B IPOCTPAHCTBE TeorpaIecKnx KOOPAWHAT IIMPOTA-AoiroTa. [Ipu 3TOM npuMmeHsiercst sBHas
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pasHOCTHasl cXeMma, OCHOBaHHas Ha BBIYMCIICHHH ITOTOKOB MAacChl U MMIIyJIbCa Y€pe3 TPaHU KOHTPOJILHOTO 00beMa
y3J1a CETKH II0 CIICIIUAIbHON METOANKE, KOTOpast SBIISIETCS 0000MeHreM H3BECTHON SIBHOW THOPUIHONH MOHOTOHHON
CXEMBI BTOPOTO MOPSIIKA TOYHOCTH JUT OJHOMEPHOTO YPaBHEHHUS HEPA3PhIBHOCTH.

ITpumensiemMas MaTeMaTH4eCcKast MOZEIb IIO3BOJIAET PACCUUTHIBATH TAPAMETPBI AaTMOC(EPHI B CIIOE, OKPY>KAIOIEM
3emitio TI00ATBHO W TMPOCTHPAIOIIEMCS OT €€ MOBEPXHOCTH 0 chepbl, IpoXoIsimmel yepe3 ypoBeHb 75 KM Haj
MMOBEPXHOCTBI0 OKeaHa Ha »JkBatope. llogpoOHOe ommcaHuHe MPUMEHSEMON MaTeMaTHYeCKOH MOIenH |
HCIIONB3YEMBIX B HEH YpaBHEHHUIM MOKHO HalTh B [3-5].

Pe3yabTaThl pacueToB H UX 00Cy:KIeHHE

Hamu ObutM mpoBeleHbI pacyeThl M0 YCTAaHOBIICHUIO BIMSHHS peibeda MOBEPXHOCTH IUIAHETHl Ha TiIoOalibHbIE
pacIpesneneHls CKOPOCTH TOPH30HTAIBHOTO M BEPTUKAIBGHOTO BETPA, & TAKXKE IUIOTHOCTH M TEMIIEPATYypPhl
aTMoc¢epbl 3eMITH IS YCIOBHUH 3UMBI B CeBEepHOM MOTyIIapiu (U1t sHBapA). [ 3TUX yciioBwiA ObUTH BHITIOTHEHBI
YHCIIEHHBIE PacueThl OOIIEH IUPKYIAIUH aTMocdepsl 1Mo ABYM BapHaHTaM MaTeMaTHYECKOM MOJENU: B IEPBOM
BapuaHTe 3€MHas IIOBEPXHOCTh CUMTAlach IJIAAKOW, a BO BTOPOM BapHaHTE YYHUTHIBAJICS penbed 3eMHOH
MOBEPXHOCTH. Vcmonmp3yeMblii B MoJenn penbed 3eMid MoKa3aH Ha puc. 1. PacdyeTsl mo IByM HCHOIB3yeMBIM
BapHaHTaM MaTEeMaTHYECKOH MOAEIN OBUIM BBIOIHEHBI IPH OJMHAKOBBIX BXOAHBIX ITapaMeTpax MOJEIH, a TaKxKe
HavyaJIbHBIX M TPAHUYHBIX YCIOBHSIX, M OBLIO IIPOBEICHO CPaBHEHHE ITOJyYSHHBIX Pe3yIbTaTOB.
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Pucynok 1. Vcnone3yemslii B Mozenu penbed 3emin. CTemneHb 3aTEMHEHHUS yKa3bIBAE€T OTKIOHEHHE OT YPOBHS
MIOBEPXHOCTH OKEaHa B METpax.

Oxazajioch, 4TO TIOJIy4EHHBIE pPE3yJIbTaThl 00JagaloT psjgoM oO0mmx cBoicTB. [locie Havama pacyeToB
pacrpeeneHusl BEYHUCIIEMBIX NapaMETPOB HAYMHAIOT PE3KO OTXOJUTh OT CBOUX IIEPBOHAYAIBHBIX 3HAYCHUH,
ompezeNseMbIX HayalbHBIMUA  YCIOBHAMH. B nanpHelmeM WX HM3MEHEHHMs IIOCTENICHHO HPHHUMAIOT
KBa3UIIEPHOIMYUECKHI XapaKTep, OTpaXaroluil ux cyrounsle konebaunus. [To nporrectBuu 1000 yacoB pusnyeckoro
BPEMEHH pe3yJbTaThl pAacyeTOB HAYMHAIOT XOPOLIO BOCIPOM3BOJMTH CYTOYHYIO BapHaIlMI0 aTMOC(EPHBIX
rapamMeTpoB, 00YCIIOBJIEHHYIO BpalieHHeM 3eMITH BOKPYT CBOEH OCH.

Mpbl paccuMTaqM M TOCTPOWJIM HA pPasHbIX BBICOTHBIX YPOBHSX TIJIOOANIbHBIE pAaCIpeesieHus] CKOPOCTH
TOPU30HTAJIBHOTO U BEPTHKAIBLHOTO BETPA, IIOJTyYEeHHBIE 110 IByM BapHaHTaM MaTeMaTHIECKOW MOJIEIIH, 111 MOMEHTa
20.00 UT mnocne Toro, Kak pacdeTsl BBIIUIM Ha KBa3WUIEpPHOIWUYeCKMH pexxuM. IIpumepsl Takumx Ti100anbHBIX
pacripeseneHli NpHUBEIEHBl HAa pUC. 2, HA KOTOPOM pe3yJbTaThl PacdyeToB IPEICTaBJICHbI B TOH e cHCTeMe
KOOpAMHAT, KOTOpas HCIOJIb30BaIach Ha puC. 1.

Pe3ynbTaThl MOAENMPOBAHUS MOKA3adHM, YTO B 3MMHHUX YCIOBHAX IJI0OaJbHBIC LUPKYIALMU aTMOC(eEph,
paccuMTaHHbIE Ha Pa3sHBIX BBICOTHBIX YPOBHSAX cpefHed atMocepsl 3eMiM Kak B IPHONIIKSHHH TIaJKOH 3eMHOM
HOBEPXHOCTH, TaK H IIPU y4eTe pelbedha 3eMHOM TOBEPXHOCTH, BECbMa ITOX0KH APYyT Ha Apyra. 9T0 CBUIETSIILCTBYET
0 TOM, YTO TJaBHBIM (PAaKTOPOM, BIUSIOIIMM Ha (OPMHUPOBAaHHE TIJI0OAIBLHOM TOPHU3OHTANBHOH IMPKYJISLUH
aTMOC(epBl, SBIAETCS IPOCTPAHCTBEHHAS HEOAHOPOIHOCTh PACIIPEACIICHUS TEMIIEPaTyphl aTMOC(EPHOTro rasa.

OpHaKo, 0Ka3ajoch, YTO MEXAY pe3yJbTaTaMH YUCICHHOI'O MOJEIMPOBAHMS, HOJYYECHHBIMH B MPUOIMKEHUH
IJIaJIKOW 36MHOI IMOBEPXHOCTH U MOJYYEHHBIMHU IIPH y4eTe pesibeda 3eMHON HOBEPXHOCTH, UMEIOTCS OLILyTHUMBbIC
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pasnuuus. Hanmpumep, CylecTByIOT rOpH30HTANIbHBIE 001aCTH, B KOTOPBIX BEINYHWHBI TOPU30HTAIBHON KOMIIOHEHTHI
CKOPOCTH HEWTpPAIIFHOTO BETPA, PACCUMTAHHBIE C YUETOM penbeda 3eMHOM IMOBEPXHOCTH, UMEIOT 00Jiee BBICOKHE
3HAYEHMsA, YeM BEIUYMHBI 3TOM KOMIOHEHTHI CKOPOCTH HEWTPAIbHOTO BETpa, PACCUUTAHHBIE B MPUOIMKCHUH
TIIAAKON 3€MHOH MOBEpXHOCTH. Hanmdme TakuxX TOpH30HTANBHBIX 00JlacTelf MOKHO OOHApyKUTh, B YaCTHOCTH, Ha
puc. 2, re OHM NPUCYTCTBYIOT Kak B CeBepHOM monymapun Ha mupoTax oT 40 mo 80 rpamycos, Tak u B OxHOM
rmoymapui Ha mupoTax oT -30 1mo -60 rpamycoB. Pa3znnume B BenWdIMHAX TOPHU3OHTANBHBIX CKOPOCTEH B ITHUX
00J1aCTAX MOXKET IOCTHTaTh HECKOJIBKHX JIECATKOB METPOB B CEKyHAY. HeTpyaHO 3aMeTHTh, 9TO HEKOTOPBIE U3 ITHUX
obacteil HaXOIATCsl HETTOCPECTBEHHO HaJl PAcIoNaraloliMMKCs Ha 3eMJIe TOPHBIMU MacCHBaMH, B YaCTHOCTH, HaJl
I'pennannuedi, HauBbICIIas BepIIMHA KOTOpoH npocturaer 3694 M, Haj Haxonsmumcs B MHauiickoM okeaHe
apxunenarom KepreneHn, BeicoTa rop Ha KoTopoMm gocturaer 1850 m, Haxg ropamu CeBepHOW AMeEpHKH,

JIOCTUTAIOIIUMHU BBICOTHI 6190 M.
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PucyHok 2. PaccuutaHHble TOPU30HTAIBHBIE COCTABIISIONINE CKOPOCTH arMOC(epHOro BeTpa Ha BbicoTe 50 KM,
MOJTy9IEHHBIE C YUYETOM peibeda (66epxy) U B MPUONMKCHUH TIIAMKON 3eMHOM moBepxHOCTH (8Hu3y). CTpenkn

YKa3bIBAIOT HAalpaBJIeHHeE, a X JUIMHA H SIPKOCTh (JOHA — BEINYNHY CKOPOCTH BETpa B M/C.
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Pe3ynbraThl pacdyeToB TakXkKe IOKa3ajld, YTO B TEX FOPH3OHTAIBHBIX O0JACTSX, I/le PACCUUTAHHBIE C YYETOM
pembedpa 3eMHON TOBEPXHOCTH BEIWYMHBI TOPH3OHTAIBHOH KOMIIOHEHTBI CKOPOCTH aTMOC(EPHOTO BETpa
MIPEBBIIAIOT TAKNE )K€ BEJNYMHBI, PACCUNTAHHBIC B IMPUONMKEHUH TIaAKON 36MHOW MOBEPXHOCTH, KaK IPAaBHIIO,
Pa3INYaroTCs ¥ BEIMYHHBI BEPTHKAIBHONH KOMIIOHEHTBI CKOPOCTH aTMOC(EPHOTrO Ta3a, T.€. HEPETYISPHBIA pesbed
IUTAHETH! BBI3BIBAET BO3MYIIEHHS BEPTHKAIHHOM KOMIIOHEHTHI CKOPOCTH aTMOC()EpHOro raza. DT BO3MYILICHUS
BO3HHKAIOT B IIPU3EMHOM CJIO€ B PE3yJIbTAaTE B3aWMOACHCTBHS HAOETAIOMINX TOPU30HTAIBHBIX BETPOB C TOPHBIMH
MaccuBaMHU. BoO3HUKIINE BO3MYIICHHS BEPTHKAIBbHBIX [BIDKCHHH IIEPEIAIOTCS BBEPX, NPHUYEM HX AMIUIUTYHBI
BO3pACTaIOT C BBICOTOM BCJICACTBHE MPOUCXOAAIIETO [IPH 3TOM YMEHBIICHUs INIOTHOCTH atMocdepsl. Bo3mymieHHbIe
BEPTHKaJIbHBIE BIKCHHUS aTMOC(HEPHOTO Ta3a ¥ IPUBOIAT K M3MEHEHUSIM TOPU30HTAIBHON [IUPKYIISALUHA aTMOChEpBI,
IIpUYEM TH U3MEHEHHUS, KaK IT0Ka3all PacyeThl, yBEIUUUBAIOTCA C BO3PACTAaHUEM BBICOTHI.

MOXHO OTMETHTBH, YTO IPOBEAEHHBIE PACUETHl IO3BOJMIM YCTAHOBUTH (DAKT 3aMETHOTO BIHSHUS penbeda
IUIAaHETHl Ha TIIOOANBHYIO IMPKYIBSIIUIO cpeqHed artmocdepsl M HaTh (DU3NUECKOe OOBSCHEHHE MeXaHH3Ma,
MOCPEACTBOM KOTOPOT'O 3TO BIIMSHHUE OCYILECTBIAETCS, OJlarojiapsi TOMy, 4TO IpIMEHEHHast MaTeMaTHYeCcKasi MOJIeTb
TI00aTbHON IMPKYIALUHA aTMOC(Ephl SABIIETCA HETHAPOCTATUYECKOH, YTO MO3BOJISET IMOIYydYaTh C €€ IMOMOILBIO
PE3YNBTaThl, HEAOCTI)KUMBIC ISl aHAJIOTMYHBIX THAPOCTATHIECKUX MOJIEIIEH.

3akiaoueHue
MeTo10M MaTeMaTH4ECKOT0 MOJISTMPOBAHHMSI IIPOBE/ICHO MCCIIEIOBAHNE BIUSHUS pelibeda MIaHeThl Ha II100aIbHYI0
LUpKyJsinuio cpenHeld atmocdepsl 3emin. [IpumeHeHa HeruapocTtaTHdeckash MareMaTHdyeckas MOoJeib oOuiel
LUPKYJSIIAU aTMochepbl 3eMIIM, OCHOBaHHAs Ha YHCIEHHOM PEIICHHH CHCTEMbI ra30JJMHAMHYECKUX YPaBHCHUI B
cli0e, OKPYXKarIeM 3eMITI0 TJI00aIbHO U MPOCTHPAIOIIEMCSI OT €€ MOBEPXHOCTH JI0 BBICOTHI 75 KM. MCIOIb30BaHbI
JIBa BapuaHTa dTO MaTeMaTH4eCcKON MOJIENH, B KOTOPBIX MPEAIOJaraeTcs, 4To 3emiis uMeeT GopMy CILTIOCHYTOTO C
MIOJIFOCOB BJIIUIICOMJA BpPALIEHMsI, IPUYEM B IEPBOM BapHAHTE MOBEPXHOCTh IUIAHETHI CUMTAETCS TJIAJKOW, a BO
BTOPOM BapHaHTE MOJCIH YYUTHIBACTCS pelibed 3eMHOM MOBepXHOCTH. /I SHBapCKUX yCIOBUH OBLTH BBITIONHEHBI
YHCJICHHBIC PacyeThl OOIIEeH MUPKYIAINA aTMOC(EPHI 10 IBYM YKa3aHHBIM BapHaHTaM MaTEeMAaTHICCKON MOJACITH, U
OBLTO MTPOBEACHO CPaBHEHUE MOTYYCHHBIX PE3yIbTaTOB.

PacdeTs! mokazanm, 9To Ha YPOBHSIX cTpaTocepsl 1 Me30C(hephl MOTYT CYIIIECTBOBATh TOPU3OHTAIBHBIC 00IACTH,
B KOTOPBIX TOPU30OHTAJIbHBIE U BEPTUKAJIbHAS KOMIIOHEHTHI CKOPOCTH HEUTPAILHOTO BETPA, PACCUUTAHHBIE C YUYETOM
penbeda 3eMHONH MOBEPXHOCTH, MOTYT CYIIECTBCHHO OTJIMYATHCS OT AQHAJOTHYHBIX KOMIIOHEHT CKOPOCTH,
pacCUMTaHHBIX B MPUONMKEHWH TJAAKOH 3€MHOHW TOBEPXHOCTH. YCTAaHOBJIEHO, 9YTO OJylarojapst HMEHHO
BEPTHKAJIbHBIM JIBWKEHHSM aTMOC(HEpHOro rasza, OCYIIECTBISETCS BIMSHHE pelibedpa 3eMHON TOBEPXHOCTH Ha
O0ABHYI0O [MPKYJAIMIO cpeaHeil arMocdepsl. BbI3BaHHBIE HaMW4YHMeM TOPHBIX MAacCHBOB BO3MYILEHHS
BEPTUKAJIBHBIX L[BI/I)KeHI/Iﬁ Mepeaar0OTCA BBEPX, YCUIIMBAACH C BO3pPACTAHUEM BBICOTBHI, U IMPUBOJAT K U3MCHCHUIM
MIPOCTPAHCTBEHHBIX PACTPEACIICHUN TOPU30HTAIBHBIX CKOPOCTEH aTMOC(EpHOTO Ta3a.

Takum o00Opa3oM, pe3yiabTaThl MOJCITHPOBAHUS MOKA3aId, 9TO peibe( IUIAHETHl JOJDKEH OKa3hIBaTh 3aMETHOE
BIIMSIHHC Ha TII00abHBIC paclpeieieHus] CKOPOCTH BETpa B 3¢MHOM atMoc(epe B SHBAPCKHX YCIOBHUSIX HE TOIBKO B
MIPUMBIKAOIIEH K 3eMHOM TOBEPXHOCTH Tpomochepe, HO ¥ Ha BBIIICIEKAIIUX YPOBHAX CPeIHEH aTMOC(hEephl 3eMITH.
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AHHoOTauUs. B nanHo# paboTe M3IOKEHO KPAaTKOE OINMCAHWE MOJEIH OOIIeH MUPKYISAIMA HUKHEH W CpemHeit
atMochepsl 3eMiM, TpenHAa3HAUYEHHOW [UIS W3y4YeHHWS AWHAMHUKH aTMOc(pepbl B IIHPOKOM HAala3oHe
MPOCTPAHCTBEHHO-BPEMEHHBIX MAaclITa00B W OCHOBAaHHOW Ha YHCICHHOM HHTCTPHPOBAHUH IIOJHOW CHUCTEMBI
YpaBHCHHI JHHAMUKH BS3KOTO aTMOC(EPHOTO ra3a Ha MPOCTPAHCTBEHHON CETKE C BRICOKHM Pa3peIICHIEM.

Beenenne

B atmocdepe 3emnu npoTekaroT IPOTEKAOT UIPAIOLIME BAXKHYIO POib (HH3UYECKUE MPOLECCHI, U KOPPEKTHOTO
YHCIIEHHOTO MOJICIMPOBAaHMSI KOTOPHIX HEOOXOJMMO HCIOJIB30BaTh MOJEIb OOLIeH IMUPKYJISLIUA, OCHOBAaHHYIO Ha
YHUCIICHHOM HMHTEIPUPOBAaHUM IIOJHOM CHCTEMBl YpaBHEHHH JMHAMHKH BS3KOTO aTrMoc(epHOro Trasa Ha
MIPOCTPAHCTBEHHOM CETKE ¢ TOPU3OHTAIBHBIM pa3pelieHneM He xyxe 50 kM. IIpumepom Takux mporueccoB SBIAIOTCA
PETYIIpHO BO3HUKAIOIIME B HIDKHEH atMocdepe 3eMJIM TOPU30HTAJIbHBIE CABHIOBBIC TEUEHHS NPOTSKEHHOCTHIO
6osiee 1500 kM, B KOTOPBIX XapaKTEpHBIC TPOCTPAHCTBEHHBIE MACIITA0Bl H3MEHEHUS THAPOJUHAMHIECKOW CKOPOCTH
He npesbimatoT 100 kM. Takue TedeHusl BOSHUKAIOT, B YACTHOCTHU, MEXY sSUeiikaMu HUpKysiuuu Xeau, Oeppens
U TIPUIIOTIOCHBIMY S9YEHKaMH, a Takke Ha TPAHUNAX IUKJIOHOB M AHTHIHUKJIOHOB. DTH CABUTOBBIC TCUCHHS MOTYT
CYIIECTBOBATh B TEUEHHE HECKOJBKHX CYTOK M IEPHOIUYECKH H3THOaThCs, CKUMAThCA M pacmiupsAThes. [lpm
JOCTaTOYHO CHJIBHOM IIOTIEPEYHOM CHXKAaTHHM 3THX TEYEHHWH Ha MX W3rn0ax pa3BUBAETCS THAPOAWHAMHUYECKAs
HEYCTOHYHMBOCTb, MPUBOASIIAS K pacnary TeUeHH ¢ 00pa3oBaHHEM KpynmHoMacIITaOHbIX Buxpeil. [Ipu oOpa3oBannu
3THX BHXpeH B pailoHE BHYTPUTPONHUYECKONW 30HBI KOHBEPIE€HIMM HAJl OKEaHAMH M3 HHUX MOTYT DPa3BUBATHCSA
TpomnmuecKue UKIOHEI. [Ipn 06pazoBaHun 3THX BUXpEH B pailoHe apKTUYECKUX (PPOHTOB U3 HUX MOT'YT Pa3BUBAThCA
MOJISIpHBIE ITUKIOHBI. [Ipn 00pa3oBaHMM STHX BUXpEH Ha I'PaHUNAX KPYHHBIX LUKIOHOB M aHTHIMKIOHOB M3 HHUX
MOTYT pa3BHUBaThCS Me30MacIITaOHble IUKJIOHBL. IIpn oOpa3oBaHMM STHUX BUXpEH HAJ MYCTHIHAMU BO3HHUKAIOT
necyaHble OypH.

IIpoueccsl 06pa3oBaHKs M 3BOJIIOIMHN BBIIIEYKa3aHHBIX aTMOC(HEPHBIX BUXPEBBIX TCUCHUH UTPAIOT B TUHAMHKE
aTMoc(epbl CYHIECTBEHHYIO POJIb M HE MOTYT OBITh NPaBHIBHO OIKMCAaHbl B pPaMKax CHCTEMbl YpaBHEHHH
reopu3nIecKod TUnpoauHaMUKK. s (Qu3ndecKky KOPPEKTHOTO OMNMHCAHMS TAaKUX IUHAMHYECKHX IPOLECCOB U
npesHa3HavYeHa Mpe/CTaBICHHas B JaHHON padoTe Mozenb. B Monenn yanTeiBaroTcs penbed 3eMHOM MOBEPXHOCTH U
HaJume B atMocdepe aspo3os1eit B BUIE MUKPOKAIIEIb BOABI U JIEITHBIX MUKPOUYACTHIIL, & TAKKe (ha30BbIE IIEPEXO/IbI
BOJISHOTO Iapa B a3p030JIbHbIE YaCTHUIIBI M 00paTHO. B Moaeny npexycMoTpeHa BcTaBKa 00J1aCTH CO CBEPXBBICOKHM
paspelieHneM, B KOTOPOH Iar CeTKH M0 TOPH30HTAIBHBIM HampaBieHusM B 4, B 8§ wiu B 16 pa3 MeHsbIe, 4eM B
OCTaNbHOM 00JacTH MOZAEINPOBaHUs. BakHass 0COOEHHOCTD HaIIEH MOJEIN COCTOUT B TOM, YTO €€ JUHAMHYIECKOE
SAPO MOJIHOCTHIO PaboTaeT Ha Tpa)MueCcKX MPOLEccopax U UCIOIb3yEeT MACCUBHO MapaJlIEIbHbIC BEIYHCICHHS. DTO
MO3BOJISIET IPOBOANTE PAacUeThl HA COBPEMEHHOM IMEPCOHAITBHOM KOMIBIOTEpE C IBYMs WM Oonee rpadudeckuMu
YCKOPUTEISAMU MOCIEJHETO TOKOIEHHS.

OobsacTh MOIEIMPOBAHHUS, pPACUeTHAA CeTKAa, CHCTEeMa YPaBHEHUMH

O06nacTh MOAEINPOBAHUS MPOCTHPAETCS OT MOBEPXHOCTH 3eMIIM JI0 cepbl, IEHTP KOTOPOH COBIA/IAET C LIEHTPOM
3emud, a paanyc KOTOpOW Ha 75 KM MPEBOCXOAMT CPEIHUN paanyc 3eMJM Ha dKBaTope. B Mojenu yduThiBaeTcs
HeCc(EepPUYHOCTh 36MHON MOBEPXHOCTH W HECPEPUIHOCTH TPABUTAIMOHHOTO TIOJS 3€MIIH, a TaKKe HCTIOIBb3YeTCst
pacdeTHasi ceTka, paBHOMEpHas B ChepHIECKUX TeoTpaduIecKuX KoopanHaTaxX. bimkaime K moiocaM membie Y3Ibl
CEeTKU YJIaJIeHbl OT MOJIIOCOB 110 NIMPOTE Ha IMOJOBHHY Iara. B HbIHEUIHEM BapHaHTe ceTKa MMeeT 768 y3ioB Mo
nonrote U 384 y3nma mo mupote (mar 0.46875°). Ilar cetku mo BeicoTe paBeH 200 M. HikHss rpanuma obgacTu
MOACIIMPOBAHUA ABJIACTCA IMOBEPXHOCTEHIO, COCTaBJIEHHOM W3 TUIOCKHX TPEYTOJbHUKOB, BEPIIWHBI KOTOPBIX
HaxOJSTCs B y3JlaX CETKH. JTa MOBEPXHOCTH alpOKCUMHpPYeET peibed noBepxHocTr 3emun. lllar cetku mo gonrore
W IIMPOTE MOXET ObITh yMeHbIIEH. B Mojenu mpeaycMoTpeHa BcTaBKa 00NacTH, B KOTOPOH IIAr CETKH IO
TOPU3OHTAILHBIM HAMPaBJICHUSIM B 4 WM B 8 pa3 MeHbIIIE, YeM B OCTAIBHOM 00JacTH MOJIeNMpoBanus. B Tekymiem
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BapUaHTe MOJIEIIM TOPU30HTAIILHBIE pa3MepBhl 3TOI 00J1aCTH CO CBEPXBBICOKUM Pa3pelIeHHeM cOCTaBIsIOT 384 y3i10B
o noirote u 192 y3ma mo mmpote.

B Mozmenm atMocdepHBIi ra3 paccMaTpHBacTCsl KaK CMECh CyXOTO BO3JyXa, KOTOPBIH CUYHTAETCSI CMECHIO Ta30B
MIOCTOSTHHOTO COCTaBa, M BOASHOTO Iapa, COJCpKaHWEe KOTOPOTO MOXET M3MEHAThCA. B arMocepHOM rasze Moryr
MIPUCYTCTBOBATh a3PO30JIU ABYX BUJIOB: IIEPBBIN COCTOUT U3 MUKPOKAIEIh BOJBI, @ BTOPOH - U3 MUKPOYACTHI] JIBAA.
B neiictByromem BapmaHTe MOJETHM TPHHATO YIPOIIAIOMIEE IPEANOJIOKEHNE, YTO MHUKPOKAIUIM BOABI H
MHKPOYACTHIBI JIbJa SABIAIOTCA ChepaMu pamuyCcoB Isoy = 0.1 MM u Iy = 0.03 MM COOTBETCTBEHHO. OTH pasMephl
COOTBETCTBYIOT PEAJIbHBIM CPEJHUM pa3MepaM dacTHIl B oOnakaXx. CKOPOCTH OCaICHHUS adpO30JIbHBIX YacCTHIL
OTHOCHTENBFHO aTMOC(EpPHOro rasa Ve, W V¢ ompenemsitorcs mo ¢opmyne Crtokca ¢ mompaBkoil KaHHuWHrema.
Temmepatypsl aTMOCEepHOTrO ra3a M YacTHUIl a’dpo30Jel CUUTAIOTCS OAMHAKOBBIMU. CUMTaeTcs, YTO a’dpo30jb M3
Kameiab BOJBI MOXET IPUCYTCTBOBAaTb TOJILKO TIPH YCJIIOBHM HACBHIIIGHHOCTH BOJSHOTO Mapa M TeMIeparype
aTtMocgepHoro raza He Hmxke Tp= 273.15 K, a a3p030716 U3 YaCTHUII JIb1a MOYKET IPUCYTCTBOBATH TOJIBKO IIPH YCIOBUH
HACBIIEHHOCTH BOJISTHOTO T1apa U TeMIieparype arMocgepHoro rasa He Boime 1. [Ipu remnepatype arMochepHoro
raza T = T, 3Ta Temmeparypa He MOXET yBEJIWYUTHCS, IIOKA HE PaCIUIaBATCS BCE YAaCTHLBI JbJa, U HE MOXET
YMCHBIIUTBHCS, MMOKA HE 3aMEP3HYT BCE KAIUTH BOIbI. 3aBHCHMOCTH IUIOTHOCTH HACBIIICHHOTO mapa p;'** ot
TemrepaTypsl T 3alaHa aHAJIUTHYECKH MO (opMyiaM, KOTOpble mpuBeneHbl B [1-8] m xopomio coriacyrorcs ¢
9KCIIEPUMEHTAILHOM 3aBUCHMOCTBIO.

B Mozenu B Ka)XI0M y3JI€ pPaCUeTHON CETKH BBIYHCIIAIOTCS CIEAyIOMNe nepeMeHHbIe: T - TEeMIeparypa, Pqz0 1 P,
- COOTBETCTBEHHO IIJIOTHOCTH BO3.lyXa M BOJSTHOTO 11apa, a TakKe ¥ - THAPOAUHAMHIYECKAs CKOPOCTb CMECH, P4y U P,
- obmrast Macca B €UHHUIIE 00bEMa COOTBETCTBEHHO BOJSHBIX Kalleldb M MUKPOYACTHI] JIbAa. B cucteMy ypaBHEHUH
MOJIETIM BXOJSIT: YpaBHEHNE HEPa3phIBHOCTH VIS BO3AyXa M ypaBHEHHE HEPA3PbIBHOCTH JJISI OJHOTO COJCPIKAHUS
BOJIBI BO BceX (pa30BBIX COCTOSIHMSIX, YpPaBHEHHE I 0ObEMHON IIOTHOCTH MMITYJIBCA CMECH BO3IyXa M BOJSHOTO
napa, ypaBHEHUs 11 0ObeMHON TUIOTHOCTH MMITYJIbCAa BOASHBIX Kalesb 1 MHKPOYACTHII JIbJIA, & TAKXKE YpaBHEHHE
UL CyMMBI BHYTPEHHEH M KHHETHUECKOI SHEPIHH €IUHUIIBI 00BbeMa Cpeabl. JTa CHCTeMa ypaBHEHHH M METOJ ee
YHCIICHHOTO MHTETPUPOBAHNUS H3JI0KEHBI B padoTte [9].

B aTOM MeToze NOCIONHbII epexo Mo BpeMEHU OCYNIECTBISETCS B JBa dTana. Ha nmepBom 3rtarme ¢ moMouipio
MPOTHBOIMOTOKOBOW THOPUAHON CXeMbl, omHMcaHHOH B pabore [10], pacCUMTHIBAIOTCS MOTOKU Yepe3 TpaHd
KOHTPOJIBHBIX O6'beMOB Y3JI0B CETKU MACChl BO3AYyXa U MAaCChl BOJAAHOT'O ITapa, MOTOKU UMITyJIbCa CMECH BO3yXa U
BOJIAHOTO Mapa U MOTOKHU CYMMbI BHyTpeHHeﬁ W KHHETUYECKOM OHEPIrun 3TOM CMECH, a TAKXC IIOTOKH MacCChbl
MHUKPOYACTHUIl U3 BOABI U JibJa, IOTOKU UX UMITYJIbCAa U MMOTOKU UX CyMM BHyTpeHHeﬁ M KUHETHYECKOMH OHEPIruu B
MIPEATION0XKEHUH, YTO HeT (a30BBIX IEPEXO0JIOB BOJABI MEXIY MapoM M a’pO30JIbHBIMHM YacTHIAMH. 3aTeM B
KOHTPOJIbHBIX 00beMax y3JI0B CETKH Ha HOBOM BPEMEHHOM CJIO€ BEIUHCIISIIOTCS Macca BO3/[yXa M Macca BOZbBI BO BCEX
(ha30BBIX COCTOSIHMSAX, a TAKXKE UMITYJIbC M CyMMa BHYTPEHHEH M KMHETHUYECKOIl SHEPTHH BO3]yXa, NMapa M YacTHUI]
aspososieil. Ha BTopoM 3Tamne B KOHTPOJIBHBIX 00bEMax y3JI0B CETKU BBIYNCISIOTCS CHAYala KHHETHYECKas SHepIus,
a 3aTreM BHYTpeHHsis 5SHeprus. [locie sToro mpu mnomomy ypaBHeHHA (6) OIpenessioTcsi TemIeparypa |
pacripezeneHre BoJbl MeXIy (a3oBBIMH COCTOSHHUSAMH, TO €CTh Ha 3TOM 3Talle YUUTHIBAIOTCS (ha30BbIe MEPEXObI
BOJIBI.

ITpu npoBeaeHHM TECTOBBIX PACUETOB JUIS 3aJaHUsl MOIIHOCTH HarpeBa—OXJIAXKICHHUS aTMOC(hepHOro rasa B
eAuHHIEe 00beMa 3a CYET MOMIIOLICHUS—UCIYCKaHHUs AJIEKTPOMArHUTHOTO M3JIyYeHHs B MOJENU HCIOJIb30BaJIOCH
penlakcalioHHOe TPHONMKEHHE, KOTOPOE 3aKIIYaeTcss B TOM, YTO YKa3aHHas MOIIHOCTh CUUTAETCs IPSIMO
MPOTIOPIMOHANLHON OTKIIOHEHHUIO TEMIIEpaTypbl aTMOC(EPHOro ra3a ot ClenuaIbHO M0A00paHHOM pellaKCallMOHHOM
Temrepatypsl T,,,. 3Ta MOIIHOCTH BEIYHUCIAETCS 10 popMyIte

pen:
Q(t’ h’ (l)’ ﬁ) = ;pRumM (7}7&’1(t' h’ (p' B) - T(t’ h' ¢’ ﬁ)) /TP&Y(h)’

e t, h, @, B— Bpems, BBICOTA, JIOJNTOTA U IIMPOTA COOTBETCTBEHHO, T,,,(h) — 3aBHcsAIIEe TOIBKO OT BBICOTHI BPEMS
penakcanuu. Penakcannonnas tremneparypa Ty, (t, h, @, ) 3aBUCHT OT BpeMeHH, BHICOTI, TOITOTHI M IMPOTHL. OHa
BMECTE C BpPEMEHEM peJaKCalii MOAOUpAeTCsl TaK, 4TOObl MAKCHMAIbHO MPHOJIU3UTH 3HAYSHUS! MOIIHOCTH
HArpeBa/oXJIaXAeHUs B equHuIle 0o0beMa Q K HMEIOMIUMCS SKCHEPUMEHTAIBHBIM JaHHBIM M BOCIPOU3BECTH
OCHOBHbBIE KaYeCTBEHHbBIE 3aKOHOMEPHOCTH B 3aBUCUMOCTH Q OT BPEMEHH, BBICOTHI, JOJITOTHI U ITUPOTHI.

HavyajabHble U TPAHMYHBbIE YCJIOBUS

B Mozenu ucnonp30Bannch ClELyONINe TpaHuuHbIe ycsioBus. Ha HibkHeN rpanulie 001acTy MOJEIMPOBaHUS ObLIO
3a[aHO0 YCJIOBHE NMPIUIUIAHUS, TO €CTh IOJarajach paBHOM HYJIO THAPOIWHAMUYECKAs CKOPOCTh Ha IOBEPXHOCTH
3emim. Taxke Ha HIOKHEH rpaHune OblTa 3aJaHa HyJIeM BepTHKaJIbHas KOMIIOHEHTa BEKTOpa MoToka Terua. Ha
BEpXHEH rpaHuIe 00JIaCTH MOAEIMPOBAaHMUS OBLIM 3aJaHbl YCJIOBHE HENPOTEKaHUS 4epe3 rpaHuiyy (To ecTh Oblia
3ajJjaHa PaBHON HYJIIO BEPTHKaJIbHAS KOMIIOHEHTA I'MIPOJIMHAMHYECKOH CKOPOCTH), YCIOBUE MPOCKAIIB3BIBAHUS (TO
€CTb ObUTH 3aJlaHbl PaBHBIMHU HYJIIO IPON3BO/IHBIE 110 BHICOTE OT TOPU30HTAIBHBIX KOMIIOHEHT I'HPOJUHAMHYECKOH
CKOPOCTH), a Tarkke ObLIa 3a/laHa PaBHOM HYJIIO IPOM3BOJHAS MO BBICOTE OT BEPTHKAJIBHOW KOMIOHEHTHI BEKTOpa
MOTOKA TEIIa.
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U.B. Muneanes u Op.

Pacnipenencaune Temmeparypbl atMoc(epHOro Trasa W paclpeelicHHe IUIOTHOCTH aTtMoc(epHOro rasa Ha
TMOBEPXHOCTH 3eMJIM B HAYaJbHBIII MOMEHT 3ajaBaiiich 1o smrupuieckoit momemn NRLMSISE-00 [11] mms
COOTBETCTBYIOIIEH aThl U reIMOre0()U3NUECKUX YCIOBUIL. 3aBUCUMOCTD INIOTHOCTH BOASIHOTO Tapa OT BBICOTHI B
HaYaJbHBII MOMEHT OTIpeNIeIsIach U3 YCIOBUS, YTO BIAXKHOCTE BO3ayXa cocTaBisieT 80% Ha MOBEPXHOCTH H TUIABHO
yObIBaeT ¢ BBICOTOM 110 3Ha4eHUs 1% Ha BeicoTe 20 kM. Brime 20 kM 00BeMHas T0JIS1 BOASHOTO TIapa ONpeaeisiach
0 CTaHAAPTHO#N Mojen aTMocdepbl. 3aBUCHMOCTb TUIOTHOCTH BO3[yXa OT BBICOTHI ITPU (PMKCUPOBAHHOI LIMPOTE U
JIOJITOTEe B HAYalbHBIH MOMEHT PacCUMTHIBAIACH W3 YCIOBHS THAPOCTATHYECKOTO PABHOBECHS MO BepTHKanu. B
HavaJIbHBIA MOMEHT BPEMEHHU JIOJr0Ta MOACOHEUHOM TOUKH paBHsIach 180°. Bee Tpu KOMIOHEHTHI CKOPOCTH BETpPa
B HAYAJILHBIA MOMEHT OpPaJIMCh PaBHBIMHU HYIIIO.
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Pucynox 1. Pacnpenenenue ropu3oHTabHOM KOMIOHEHTHI BeTpa (M/c) Ha BbicoTe 800 M, MoOJyueHHOE NpHU
UCIIONB30BaHUU MOJEJIBFHOIO HarpeBa aTMOC(ephl U3IydeHHEeM A YCIOBUH CepeiUHBI JIeTa.

HexoTopble pe3yjJbTaTbl MOEJIUPOBAHUSA

Boumn mpoBeieHbl pa3InuHbIe TECTOBBIE pacyeThl, KOTOPHIE ITOKA3aIH, YTO B MOJIENH MPABUIILHO PEAIN30BaH METO
YHCIIEHHOTO WHTEIPHUPOBAHMS CHCTEMBI YPaBHEHHH, M YTO MOJIEIIb 1aeT (PU3NUECKH KOPPEKTHBIC pe3yibTaThl. beiio
MIPOBEJICHO MOJEIMPOBaHUE OOIIEH IMPKYISIMHM atMocdepsl 3eMin NpH paJualioHHOM HarpeBe aTrMocgephl,
3aaHHOM 10 popmyae (8), it IByX ciydaeB. B nepBoM ciydae peiakcallMOHHasi TEMIlepaTypa U BepTUKaIbHbIH
npoduib BpeMEHM pelakcaluH MOJOUpaINCh TakK, Y4TOOBI CMOJIENMPOBATh HAarpeB arMoc(epbl H3IyYeHHEM B
CepeliMHe JieTa, a BO BTOPOM — TaK, YTOOBI CMOAEIUPOBAThH STOT HATPEB B CEPEIMHE 3UMBI.

VYcraHOBIEHHE IMPKYJSALIUHM NPOBOJAWIOCH CIeAyommM oOpa3oM. Illupora MOACONHEYHOW TOYKH CUHTANACH
IIOCTOSIHHOM, M OCYIIIECTBIIAIIOCE €€ CyTOYHOE BpallleHHe 110 MOBEPXHOCTH 3eMid. B pesynbrare npumepHo yepes 20—
25 cyTOK (M3MYECKOro BPEMEHH YCTAHABIMBAJICS MOYTH MEPUOANIECKUI PEXXUM LHUPKYISAUK atMocdepbl. OqHOM
13 OCOOEHHOCTEH 3TOro pekMMma SBISIETCS CYIIECTBOBAHHME B HIDKHEH Tporocdepe NMpOTsSIKEHHBIX oOiacTel, B
KOTOPBIX UMEETCS TOPU30HTAIBHBIN CIBUI' TOPU30HTAILHOM KOMITOHEHTHI BeTpa. [IpOTsIKEHHOCTh 3THUX TEYEHHH C
TOPH30HTAIIBHBIM CABUIOM BeTpa coctanigeT oT 1500 1o 5000-7000 kM, a mupuHa ux coctasiseT ot 150 1o 400 xm.
HexoTopble 13 3THX TeueHn IEPHOANYECKH BOZHUKAIOT ¥ PaclaIaloTcsl, 8 HEKOTOPBIE JIBUTAIOTCS B TOPU30HTAIBHBIX
HaIpaBJICHUX, EPHOANYECKH CKUMAIOTCS M PacIIMPSIOTCS, a Takxke u3rubarorcs. Korna 3T cABUTroBbIE TEUESHUS
JOCTaTOYHO y3KHe, U KOTAa B HUX MMEeTCS JOCTATOYHO OOJIBIION CIBUI TOPU30HTAILHOTO BETPA, TO HA UX M3rHOax
pa3BUBAETCS IMAPOANHAMHYECKAsk HEYCTOHYMBOCTD, IIPUBOIAIIAS K pacnaly Te4eHUs ¢ 00pa30BaHUEM OT OIHOTO 0
TpeX KPYIHOMACIITaOHBIX BUXPEH.

Ha puc. | npuBeneHo pacpeeneHne ropu30HTaIbHON KOMIOHEHTHI BeTpa Ha BeicoTe 800 M Hax ypoBHEM MODA,
HOJIy4e€HHOE IIPU UCIIONB30BaHUU MOJEIILHOTO HarpeBa aTMoc(epsl N3lydeHHeM JUlsl YCIOBHi cepenuHsl jeta. Ha
puc. 2 TpUBEACH YBEIMYECHHBIH ()parMeHT puc. | Hag MEHTpaTbHON 4YacThi0 ATJIIAHTHYECKOrO okeaHa. Ha sTmx
PHUCYHKax CTpEJIKM YKa3bIBAIOT HAIpaBJICHUE T'OPU3OHTAIBHOM COCTABISIONICH BeTpa, a MX JUIMHA M LBET (hoHA
YKa3bIBaloOT ee a0COMOTHYIO BenynHy. CIIOIIHBIC TMHUH YKa3bIBAIOT IPAHHUIIBI MATEPUKOB.
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W3 puc. 1 BunHO, uTo Hajx ATIaHTUYECKUM M THXUM OKkeaHaMM B palioHE SKBAaTOpa MUMeeTCs TOPU30HTAIbHBII
CABUT TOPH30HTAIBHONW KOMIIOHEHTHI BeTpa. Ha puc. 2 meHTpanbHas JIHHHUS yKa3aHHOTO CIBHUIOBOTO TEUCHUS
MIPOXOIMT Yepe3 CepeAnHy TEMHOH TI0JIOCHI, UAYIIeH B pailoHEe 3KBaTOpa OT Mobepexbs AQpUKN Ha 3ama, IpuIeM
IIPU TIEPEXO/IE Yepe3 3Ty MOJIOCY TOPU3OHTAIBHBIA BETEP MEHSIET CBOE HAIPaBICHNE HA IPOTUBOIONOXKHOE. BraHo,
YTO YKa3aHHOE CIIBUTOBOE TeUEHHE HaJl ATIAHTHIECKUM OKEaHOM MMeEET IMPOTHKEHHOCTH 0K0oito 3000 KM U mipuHy
mopsiaka 150 kM, a TakKe BHIHO, YTO 3TO TEYCHHWE HMMEET Cllabble M3THOBI, W B HEM (OPMHPYIOTCS OYaru
IUKJIOHUYECKON IUPKYJIISIIHN.

Pe3ynbpraThl MOIENUpOBaHMS IOKa3ald, YTO IIPH HCIIOJIB30BAaHMM NPEIJIOKEHHOTO B JaHHON pabore
YIPOIIEHHOTo crocoba pacuera HarpeBa arMoc(epbl HM3Iy4€HHEM MOJIeNb IO3BOJISIET IIOJyYHTh OOIIYIO
LIUPKYJIIUIO aTMOc(epbl 3eMITH, B KOTOPOH UMEETCsl BHYTPUTPOIINYECKask 30Ha KOHBEPT€HIMU C XapaKTEPHBIM JIIs
9TOH 30HBI CABUTOBBIM TEUEHHEM Ha TPaHUIE SUYECK HMUPKYJSIUN XeIUTH, a TaKKe BOCIPOM3BOJIUT KOJIEOAHUS U
M3ruObI 3TOT0 TEUEHHMsI, KOTOPBIE PEryJIsipHO HaOJoAaloTes Ha npakTuke. Eciu casurosoe teuenue B B3K sBisercs
JIOCTaTOYHO Y3KUM, U B HEM MMEETCS IOCTATOYHO OOJBIION IpaMeHT TOPU30HTAIBHOTO BETPA, TO M3TMOBI 3TOTO
TEUYCHHS BBI3BIBAIOT pA3BUTHE HEYCTOMYMBOCTH, B pe3ynsTare KoTopoir Ha wMecte B3K obpasyrores
KPYIMHOMACIITaOHbIE IIUKJIOHNYECKHIE BUXPH.
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PucyHok 2. YBennueHHBIH GparMenT puc. 1 Hax NeHTpaIbHOM 4acThio ATIAaHTHYECKOTO OKeaHa.

3akia0ueHue

B nanHO# paboTe mpejcTaBiieHa HOBask MOJACTb OOIICH IHUPKYISAUH HUXKHEH M CpemHeid aTMocdepbl 3emi,
OCHOBaHHAS HA YHCJICHHOM MHTETPUPOBAHMU ITOJTHOW CHCTEMbI YPaBHEHUI AMHAMHKH BS3KOTO aTMOC(hEpHOTo Traza
Ha TPOCTPAHCTBEHHOW CETKE C BBICOKUM pa3pemicHHeM. B MoJenu yuuTeiBaroTcs peibed 3eMHOW MOBEPXHOCTH H
HaJIMYKE B aTMocdepe a’po30ieid W3 BOIBI U JIbJa, a Takke (pasoBble mepexojsl BOASHOTO Mapa B adpO30JIbHBIC
gactuipl W oOpatHo. Co3maHHas aBTOpaMH IIPOTpaMMHAsl pealn3alds MOJCIH HCIONb3YeT MAacCHBHBIC
mapajuieIbHbIC BBEIYUCICHHUS HAa HECKOJNBKUX TpaduyecKux yCKOpHTENsXx. MoJiesb MO3BOJSET Ha HOBOM YpPOBHE
HCCIICIOBATh JHHAMHUYECKHUE MIPOIIECCHI B HIKHEH U cpeTHel aTMocepe 3eMId, B TOM YHCIIE T MPOIECChI, KOTOPBIC
paHee OBUIM HEIOCTYITHBI JUIA YHCICHHOTO MOJICIMPOBAHMS. B 94acTHOCTH, MO3BOJSET MOJCIHPOBATH IPOIECCHI
BO3HUKHOBEHUS, IBIDKEHUS 1 3BOJTIONNAN KPYITHOMACIITa0HBIX BUXPEH B 3eMHOI aTMocdepe.

bnazooaprnocmu. PaGora BoinonHeHa npu GpuHaHCOBOH noepixkke PODU B pamkax Haydroro npoekra Ne 18-29-
03022 Mk.
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OIIEPEKAIOIIUE PEAKIIMA COCYAUCTBIX PACTEHUM
HA COJTHEYHBIE KOPOHAJIBHBIE UHKEKIIUU

I1.A. Kamrynun, H.B. Kanauesa, 3.1. XKypuna

Honapuo-anvnuiickuii bomanuueckui cao-uncmumym PAH, 184209, 2. Anamumsi, Poccus
e-mail: falconetl@yandex.ru

AHHOTanMs. Ha 0cHOBE MHOTOJHCBHOTO MOHHTOPHHTA (POTOCHHTETUYCCKON AKTHBHOCTH BBICIINX AUKOPACTYIIAX
1 OpaH)XepeHHBIX PACTeHWH METOJOMH M3MEPEHHS WMIYJIbCHOM, aMIUTUTYIHO-MOIYIHPOBAHHON ()IyopeceHINH
xnmoporisia THCTHEB B TEPHOIBI BHICOKOW conmHedHOW akTWBHOCTH 2017 r. oOHapykeHa CBsI3b (IIyKTyaIuit
reopU3N4YecKNX HHICKCOB M CHIDKCHMS IEpEeMEHHOH ¢uryopecueHnnu xyopodmuia. PH3HOIOTHIECKUE PEaKIUH
pacTeHuii MOTYT OIlepeXaTh 3HAYMTENbHBIE MarHUTOC(HEPHBIC BOSMYLICHUS 3€MIM M PE3KHE MOIBEMbI WHICKCHI
COJIHEYHOM aKTUBHOCTH Ha 2-3 wiu Ha 7 CYTOK.

Beenenue

B ycioBusix pocta riio6anbHO# HEYCTOHYMBOCTH SHEPTeTHUECKH CIa0ble IKOJIOTUUECKHE WU TeNNoreopru3niecKue
(haKTOpBl MOTYT YCHJIMTBH CBOIO BKJIaa B OnocdepHsle mponecchl. JKWBBIE CHCTEMBI B PSAIE CIydacB CIOCOOHBI
NIPE/ACKa3bIBaTh IPUPOAHBIE KaTacTpo(bl, B OCHOBE ()CHOMEHA JICKUT BBICOKAas YyBCTBUTEIBHOCTh WX
BOCIIPUHUMAIOIINX CHCTEM K (piaykTyanusaMm cosHeuHo#l aktuBHOCTH (CA), KOTOpPBIE C 3aIl034aHHEM B HECKOJBKO
JTHEH OT3BIBAIOTCS «COJHEYHBIX 3X0oM» B Onochepe 3emimn. [Toce mybnmkanum [ Yuorcesckuil, 1963] B HayaHOM MUpe
MOJTy4dWJI U3BecTHOCTD 3ddekT UirkeBckoro - Benpxosepa, 0600maronmii 13BECTHBIE K TOMY BPEMEHH AaHHBIE O
COJIHEYHO-3€MHBIX CBS35X M MONydeHHBIC paHee pe3ynbTathl C. BembxoBepa. OH 3KCHEPHMEHTANIBHO ITOKa3all
BO3MO>KHOCTH HCIIOJIb30BaHMSI )KUBBIX MUKPOOPTaHU3MOB JUJISI IPUPOIHBIX, METEOPOJIOTMYECKHX U KOCMOTOHHMYECKUX
MIPOTHO30B. B OCHOBe mporHo3a JeXUT OOHApYKEHHAas WM IMKJINYEeCKas 3aKOHOMEPHOCTh MPOTEKaHUSA
OMOJIOTHYECKUX 3HAYUMBIX COOBITHH, IEPHOABI yCUIEHHOT'0 pOCTa KOPUHOOAKTEPU YKIAIBIBAIOTCS B OIIPE/ICTICHHBIC
CPOKH C IEpUOAUYHOCTHIO B 1, 2, 4, 8, 16, 32 cyT. ViMm Obuta Taxke oOHapyKeHa CBA3b MUTMEHTALIMU, TUTATEILHOM
aKTUBHOCTH, BHPYJIEHTHOCTH MHKpoopraHm3MoB ¢ CA. bakrepuanbHble NMUTMEHTHl MEHSIOT OKPAacCKy OT TEMHO-
¢uoseroBoif 0 sipko-kpacHoil mpu pocte CA, WX CBETOYYBCTBUTEIBHBIE CHCTEMBI SIBISIOTCS HPOTOTHIIAMH
IIUTMEHTOB BBICIIMX OPTaHU3MOB. Y PacTeHUH CYIIECTBYIOT Pa3IMYHbIE CBETOBOCIIPHHUMAIOIINE CHCTEMBI, KOTOPBIE
o0ecrieunBaroT UX 3HEPTHEil W MO3BOJISIOT BOCIIPUHHMATH CBETOBYIO MH(OPMAINIO, OHU PearupyroT W Ha JpyrHe
(u3HYecKne areHThl, MOTOAHBIE YCIOBHS, BIAXHOCTb, TEMIIEPATYpPY, JaBieHHe. HaMu npoBeaeHs! nccie oBaHus
cBs13U (POTOCHHTETHUYECKOH akTUBHOCTH pacTeHnii ¢ CA. MccnenoBaHbl (pU3MOIOTHYECKHE PEAKIUN PACTCHUH, Ha
KpyITHOMAcIITaOHBIE COTHEYHBIE COOBITHS, COTIPOBOKIAIOIINAECS MaCCOBEIMHU KOPOHATEHBIMU HHkeKusiMu (CMI) B
CTOPOHY 3eMJIH, BBICOKOPHEPTeTHUECKMMH IIOTOKaMM KocMH4eckux jayded (> 10 M»3B) u mocnemyrommmun
MarHuToC(EpHBIMM  BO3MYLICHUSIMU. VICIIONIB30BaNM  MHAMKATOPHBIE BHIBl PACTCHUIl ApeBeCHBIX (opM,
MIPOU3PACTAIONINE B YCIOBHSIX OTKPBITOTO IPYHTA U OpaHXKepeilHble, KyIbTUBHPYEMBIE B TEIITMYHBIX YCIOBHAX. s
aHalIM3a PEaKUUi PacTeHUH NPOBOAUIM €KEIHEBHbIE U3MEPEHMSI aMIUIMTYAHO-MOAYJIHUPOBAHHON HMITYJIbCHOM
¢iryopecueHIMH XJIOpoPHIUIa OHUX U TEX )K€ JIMCTOBBIX IIACTHHOK, TeX XK€ pacTeHuil. M3MmepsieMble BETHUHUHBI
OTpakalM TEKYIIyl0 aKTHBHOCTH (orocuHTeTHdeckoro ammapata (DPCA) u oOmiee (H3MOIOTHIECKOE COCTOSHHE
OpraHu3Ma pacTeHusl.

MarepuaJjbl © MeTOAbI

duznonorndeckyro akTUBHOCTE @CA ompenensian, u3Mepsis COOCTBEHHYIO WM MCKYCCTBEHHO aKTHBHPOBAHHYIO
CBETOJIHOIaMH UMITYJIBCHO-MOIYJIMPOBAHHYIO (BIIyOpECHEHIINIO Xaopoduiuia in situ. Aranusuposanu e€ gomo Y(I1),
koHTposupyemyto Qorocuctemoii Il (®C ). Y(II) = Fv’/Fm’, tne Fv’ = Fm’ — FO’ — mepemennas, FO’ —
MHUHUMaIbHAs, FM’ — MakcuManbHas QayopecueHius B ycinousx ocsemierus. Y (Il) mokassiBaer momo sHEpruu
BO30YKIEHHBIX PEAKIIMOHHBIX IEHTPOB, PACXOJOBAHHYIO Ha (POTOXUMHUIECKYIO KOHBEPCHIO, OHA OJIM3Ka K CpEeTHEMY
KBaHTOBOMY BBIXOAY (OTOCHHTE3a, 3aBHUCUT OT CBETOBBIX YCJOBHHA W (aKTOPOB cpeibl. VICIONb30BaIM TaKXKe
HOPMHUPOBaHHYIO NepeMeHHyto ¢uiyopecueHnuio FV/FM, xorja 3MHUCCHIO HU3MEpsUTH BEYEpOM, IOCIE TEMHOBOMN
amanranun [Genty et al., 1989]. H3smepenus nposoamnu ¢duyopumerpom PAM-2100, « WALZ, Effetrichy, ®PT.
VICTOYHHKOM aKTHBHPYIOMIETO CBETA CIIY>KWJI CBETOJUOJI, M3IIyYarOIIUid UMITYJIBCHL: A = 655 um, 3000 MKE/M2ct,
nnurensHocThio 800 Mc. MHTeHCHBHOCTE M3Mepsitonlero cseta ¢ yactoroi 0,6 k['u wiam 20 k[’ He mpeBpimana 5
MKE/M?cl. HenHBa3suBHBIC M3MepEHHs 0OecIIeYnBaNy MOTOK HHPOPMALMH 0 TekyiieM cocTosaur ®CA pacTeHuid.
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Onepeofcaiomuepealcuuu COCy()qule pacmeﬂuﬂ Ha COJIHeYHble KOPOHANbHblE UHMICEKYUU

Vcnosp30Banu JaHHbIC s MATHUTOC(EpHO# akTHBHOCTH oTKpbiToro noctyma NOAA/SWPC Boulder, CO (CLIA)
[www.swpc.noaa.gov].

Pe3yabTathbl u 00cyxKI€HHE

B mporiecce MorMTOpHHTA OBLTH OOHAPYKEHBI IEPUOITYECKIE N3MeHEeHNsT aKTUBHOCTH P CA pacTeHUH ¢ TaKUMH XKe
neprojiaMu MM 00epTOHAMH, KPaTHBIMU JIBYM CyTKaM, C KOTOPHIMH MEHSJIACh JUHAMHKa pocTa OaKkTepuil y
BenbxoBepa, puc. 1. [loka3ana nepuomorpamMma AWHAMUKH COOCTBEHHOW, TEMHOBOH (IIyOpECUEHLUH JIUCTHEB
nmyaHceTTud 3uMoii 2018 r. B yacToTHOM clieKTpe BBIACNAIOTCS MEPUOIbI, KpaTHBIE IBYM CyTKaM B MEPBOI, BTOPOH,
TpeTbeil U 4eTBepToil cTemeHsAx. DTO yKa3blBaeT Ha BO3MOKHOE CYIIECTBOBAHHE BHEIIHMX JaTYUKOB PUTMOB
OKa3bIBAIOLINX CXO/IHOE BIMSHHE Ha COOCTBEHHBIE KOPOTKOJHEBHBIE PUTMBI Pa3HBIX XKHBBIX cUCTEM. BmecTte ¢ Tem,
pasHBIM OHOJIOTHYECKMM BHAAM IIPUCYINHM OKOJO HENCNbHBIE M IONyHEACNbHBIE PHTMBI (DHU3HOIOTHUECKOM
AKTHBHOCTH, KOTOPBIE 00yCIOBICHBI CEKTOPHON CTPYKTYPOIl MEXIUIAHETHOTO MarHUTHOTO nontA [ bpeyc, Konpaoos,
2002]. Bo3MOXHOW TIPHYIMHON pa3inyiil MepHOA0B ABYX THIIOB PUTMHYECKONH aKTHBHOCTH KOPHHOOAKTEpHH WIH
@OCA BBICIINX pacTEHHH SBIAIOTCS KOMOWHAIIMOHHBIE YaCTOTHI, 00YCIIOBJICHHBIE HAIOKCHHEM CyTOYHOTO PUTMA Ha
KOPOTKOJHEBHBIE. B pe3ynbraTe B 4aCTOTHBIX CIIEKTPaX MOTYT MOSBIATHCS PUTMBI C IIEPHOJAMH KpPaTHBIC ABYM
[Kawynun u op., 2017a]. Ilepuomorpamma, npeacTaBieHHas Ha puc. | Obuia MOJy4eHa Ha OCHOBE €)KEIHEBHBIX
u3MepeHuit cobcTBeHHo# duyopectiennun pactenus Euphorbia pulcherrima “Freedom”s temHoe BpeMst rojia, Koraa
pas3iuyre JHCBHOW U HOYHOW OCBEIICHHOCTEH OBIII0 MAKCHMAJIBHO.

IIyancertua, Fo, aupapp - ¢penpams 2018
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Pucynoxk 1. Ilepuonorpamma n3mepenuil GpiayopeceHInn JUCThEB IyaHceTTHH 3uMoi 2018 1.

AHaloTHYHBIE U3MEPEHHS B CBETJIOE BPEMS r'oJla IMOKa3aJld HAIWYHE PUTMOB KPAaTHBIX HEJNeNIe Y PasHbIX BHIOB
pactennii [Kawynun u op., 20176]. Takue xapaktepucTuku OmoputMoB ®CA yKa3pIBalOT Ha WX BHENIHIOKO
MOTyJISIIIHIO TE€OKOCMHIYECKUMHE areHTaMu. BceM cnitbHBIM MarHUTOC(hepHBIM BO3MYILEHHUSIM IIEPBOH 1oJ0BHHEL 2017
I. TIPEJIIECTBOBAIN pPE3KHE CHIDKCHHUS (UIyOpECHEHINN JIMCTHEB HAOJIOAaeMbIX pacTeHUi ¢ 2-4 THEBHBIM
OTepe)XeHHEM, BEJIMYMHA KOTOPOTO 3aBHCENa OT CKOPOCTH ITOTOKA KOCMUUYECKHX Jyueil. B arperne 2017 r. Gonpuimm
MarHuTHBIM OypsiM 4-5 ampens u 21-23 anpens npemecTBOBaIN pe3Kue CHIKEHUs (ryopecieHn xiopodumia 3
anpens 20 u 22 anpens, OTAMYAOIIUECS BBICOKOH CHHXPOHHOCTBIO Y Pa3HBIX TUCTHEB KPOHBL. [lepBHUUHON NPUYHHOIA,
MOBJIEKIIEH MarHUTHBIE BO3MYIIEHUs Hayaja arpesns, ObUla MHTCHCHUBHAs PEHTTCHOBCKAas BCIIBIIIKA 3 ampess Ha
Comane kmacca M 5,8, OT4eTnHMBYIO peakIMI0 PAacTEHHH TakKe PETHUCTPHPOBAIN C ATOH MaThl, OHa ObuIa
CHHXPOHHM3MPOBAHA IO JIUCTHSIM KPOHBI U 10 KPOHAM Pa3HBIM BUIOB. BO3MOXHBIM (U3NYIECKUM WHTEPMEIHAHTOM,
0 KpaliHe#l Mepe, B TaHHOM CiIydae, OTBETCTBEHHBIM 3a OBICTPYIO Iiepeiady 3HAYMMOTO COTHEYHOT'O COOBITHS MOTIIO
OBITh NMEHHO PEHTTEHOBCKOE M3ITy4YCHHE.

BeposiTHO, 1 B Apyrux ciydasx OBICTPOTa peaKIMd PACTCHUN OMPECIIIeTCS] BOJHOBOW COTHEYHOW SMHUCCHUI B
KakoM-1u00 nuana3zone. Mail oTiMJaics CloKOWHOM reohn3nueckoil 00CTaHOBKOHM BIUIOTH 110 23 Ymcia, KOTIa Ha
Connue npousounuia kpynuas CMI, conpoBoskiaBinasics CKaukOM CKOPOCTH COJIHEYHOTO BeTpa, 27 Mas Havana
OBICTPO MEHATHCS MHTEHCUBHOCTD MEXIIJIAHETHOI'O MarHUTHOTO TIOJIs, B MarHuTocgepe 3eMin Hadyanach MarHUTHast
Oyps;, Kp = 7. Pactenus Havanu pearnpoBath 26 Masi pe3kuM najnenuem Quayopecuennyun. OOHapyXeHa BbICOKas
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CHUHXPOHHOCTh JMHAMHKU (DIIyOPECHEHINH MEXIy Pa3HBIMU JIMCTBSIMH KPOHBI PAacTeHWH M KPOHAMU pPa3HBIX
pacteHuil. PesympTaTthl m3MepeHHH TOATBEP)KTAIOT IMPEICTABICHHS O CIIOCOOHOCTH PACTCHWH pearnpoBaTh Ha
reo¢pusngeckne coObrTrs. OTBET, KaKk MPaBWIIO, MPEMICCTBYET MAaTHUTHBIM OYpsIM MIIM APYTHM T€O(QHU3HMYECKUM U
aTMOC(epHBIM OTKIMKaM KOCMUYECKHX COOBbITHI. BHEIHe, 3TO BBINIAANT, KaK CIIOCOOHOCTh PACTCHUI BBIMOIHATH
(YHKIMM UX IPEIBECTHUKOB, XOTS OHH OTBEUAIOT IIPEUMYIIECTBEHHO HA IPYTHE (PU3UIECKUE ar€HTHI, BHI3BIBAIOIIIE
BTOPHYHBIC HAa3€MHBIE W OKOJIO3EMHBIE HpOLECCHl. Pa3nuuHble BUABI BOJHOBOTO HM3IYYEHHS OBICTPO IOCTUTAIOT
3eMITH B OTJIMYHE OT KOPITYCKYJSIPHBIX TIOTOKOB, KOTOPBIM MOKET OTPeOoBaThes 4-5 cyTok [[y6os, Xpomosa, 1992].
MakcumasnbHOe BpeMs ONEpEeXEeHHs] PEaklUl PAaCTeHUI Ha COJHEYHBIE COOBITHS, OBUIM 3apErHCTPUPOBAHBI B HIOJIE,
aBI'yCTE M CEHTSIOpE Y PACTEHUH OTKPBITOrO IPYHTA, OHO HE MPEBBINIANIO CEMH CYTOK, €r0 HaOJII01aIu AJIsl ITapaMeTpoB
Fou Fm, puc. 2 u 3.

CrossCorrelation F10,7 - Fo, Syringa, July, 2017
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PucyHok 2. CBs3b peanyl CHpeHH BEHIepCKOH U paAHOM3IIydeHHs Ha JUTMHE BOJHBI 10,7 cM

CrossCorrelation A - Fm, Padus, Sept, 2017
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PI/ICyHOK 3. CBs3b peakun 4YepeEMyXxu U BHHI/IMOﬁ CYMMBI IJI0MaAx COJTHEYHBIX MATCH

Taxum 06pa30M, Ha OCHOBC KpYIJOroaAUM4YHOro0 MOHUTOPHHIA (bOTOCHHTCTI/I‘{CCKOﬁ AKTUBHOCTHU paCTCHI/Iﬁ
06Hapy>1<eHa cBsa3p uHTeHCHBHBIX CMI M 3HAUMTENBLHBIX PCHTTCHOBCKHUX BCIIBIIICK Ha COJ'IHIIC C PE3KUMU
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Onepeo/caiomuepealcuuu COCy()qule pacmeﬂuﬂ Ha COJIHeYHble KOPOHANbHblE UHMICEKYUU

CHIDKEHHSMH 3MHCCHU (BIlyopecleHnny XIopoduiuia auctbeB. Peakims pactenuii onepesxana Ha 1-4 mHs cOObITHS
OONBIIIX MarHUTOC(EpPHBIX BO3MYIIEHHH 3eMIIH, BpeMs OIEPEKEHUS CBSI3aHO OOpAaTHOW 3aBHCHMOCTBIO CO
CKOPOCTBIO KOpIycKyisipHOTo M3mydeHust Conrna. Omepeskarornast peakmust F. benjamina u ocobenno mwan P.
aculeata ma pagnomsinyderne ConHIa MO3BOISIET HCIIOIb30BAaTh PACTCHHS 3TOTO BHAA B KA4YECTBE MPEIBECTHHKOB
BBICOKOIHEPTeTHUYECKHX T'eIN0- M TCOMArHUTHBIX COOBITHI. B pesynprare AeiiCTBUsI KaKUX-TUOO0 MPOMEKYTOUHBIX
HMHTEPMEANAHTOB, OIEPEIKCHUE PEAaKIUH PACTCHUI T€OMAarHUTHBIX BO3MYILICHHH MOTYT BapbHpOBaTh B IPEACIax
HECKOJBKO [IHei. [To BpeMeHH 3amma3ipIBaHus MOIKHO OLICHATH CKOPOCTH CONHEYHOTO BETPa, HHUIUUPOBAHHOTO TEMH
WK MHBIMH HECTAI[MOHAPHBIMU Tporieccamu Ha ColHIe.

MecTHbIe AMKOpAcTyIIHWEe dKOTUMBI uepemyxu Padus avium, Gepesst Betula pendula, ueer Salix caprea u
UHTPOIYIIEHTH Syringa josicaea, MOryT ObITh «IPEIBECTHUKAME)» CHIBHBIX MAarHMUTOCHEPHBIX BO3MYIICHHH,
pearupys Ha HHUX MOCPEICTBOM BPEMEHHOM IEPECTPOMKH paboThl (POTOCHHTETHYECKOTO amapara M CTPYKTYpbI
cobcTBeHHBIX OuopuTMOB. Kpynmeiimum mpupoasbiM — katactpodam 2017 roma B KapuGekom  3anmse
ATJIaHTHYECKOrO OKeaHa, Tali()yHaM, HACTUTIINE CEBEPOAMEPUKAHCKUM KOHTUHEHT B 3TO BPEMsl, IPEIIECTBOBAIH
peskie (uykTyamun (HOTOCHHTETHYESCKHX MOKa3aTesell HaOMIOZacMbIX PACTCHHU. PacTeHWss pearupoBaind Ha
HaYaIbHBIC CTAINH THX IPUPOAHBIX mpoieccoB Ha COIHIIE, 32 HECKOIBKO HEH 10 HA3EMHBIX OCIIEACTBHIA.
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KOJIMYECTBEHHASI OIIEHKA JIBUTATEJIBHOMU AKTUBHOCTH
CEPBIX TIOJIEHEMU ITPU BO3JAEUCTBUUN HA HUX
HU3KOYACTOTHBIX DJEKTPOMATHUTHBIX OJIEA

AIL SIkoBnes!, B.®. I'puropnes?

Mypmancruii mopcxoii 6uonoeuueckuti uncmumym, 2. Mypmanck, Poccus
2I'BHY “Honapwwiii 2eogusuveckuii uncmumym”, 2. Mypmanck, Poccus

AHHOTanMs. [IpoBeaeHHBIC SKCIEPUMEHTHI MOKA3aJIH, YTO [PH BO3IACHCTBUH Ha CEPOTO TIOJICHS MCKYCCTBEHHOTO
3JIEKTPOMAarHUTHOTO NoJIs Ha yacToTax lllymMaHOBCKHX pe30HAHCOB PE3KO BO3PACTACT €T0 JBUTaTe/IbHAs aKTHBHOCTB,
WHJICKC aKTHBHOCTH M CpEJHEe KOJIMYECTBO KPYrOB COBEPIICHHOE >XMBOTHBIM 3HAUMTEIHHO BBIIE, a BPEMS
3aTpadyeHHOE Ha COBEPIICHHWE OJHOTO Kpyra 3HAYUTEIbHO HWKE, OTHOCHTEIHFHO SKCHEPHMEHTOB C IUIanedo-
KOHTpOJIeM U ()OHOBBIMH HaOmoneHMAMH. OTMEUYEHO MPaKTHYECKH MOIHOE M30eraHue XMBOTHBIM BBIXOJOB Ha
TIOMOCT IIPH €T0 AKCIIO3UIUH B UCKYCCTBEHHOM 3JICKTPOMarHuTHOM moJe. I[logoOHoe moBeneHne MOKHO OOBSICHUTD
TPEBOKHBIM PEarMpOBaHUEM >KUBOTHOTO, B OTBET Ha €T0 3KCIO3UIMIO B HICKYCCTBEHHOM JIEKTPOMAarHUTHOM IIOJIE.
Amnanuz TMOJYUYCHHBIX PE3YJIbTAaTOB MOXKET CBUACTCIILCTBOBATL O TOM, YTO €CTCCTBCHHBIC 3JICKTPOMArdUTHLIC MTOJIA B
obnactu yactoT «lllyMaHOBCKMX pe30HaHCOB», BO30yx/JaeMble IPH MHOTHX ONACHBIX T'MAPOMETEOPOJIOTHYECKHUX
nporeccax, CIHOCOOHBI BOCIIPHUHUMATHCS CEPBIMH TIOJCHSMH. JTO IIO3BOJISIET MM 3a0JIarOBPEMEHHO IOJy4aTh
I/IH(I)OpMaLII/I}O (6] HpI/I6HI/I)KeHI/II/I OINaCHBIX MPOLECCCOB, CHOCO6HI)IX BJIMATH HAa HX XH3HCACATCIBHOCTb, a4 TaKXC
PETYIUPOBATh CBOIO OHOPUTMHUKY.

Beenenue

HopmanbHble yclnoBHS >KU3HEICSITEIFHOCTH NPEATONaraloT HaIHIHe OOBIYHOTO JUIS OPTaHM3MOB T'€OMarHHUTHOTO
110J1s1. 3HAUNTEIHbHOE CHIDKEHNE BEJTMUMHBI JIOKaIbHOTo MarHuTHoro nosst (MIT) nebespasnuyuHo asist oprann3mos [1].
HccrnenoBaHust TOBENEHHS JKMUBBIX OPraHU3MOB IIOKa3ajld, YTO OHM CHOCOOHBI BOCHPHHHMMATh cjalble
3JIEKTPOMAarHUTHBIE MOJIs, B YACTHOCTH MarHUTHOE Tojie 3eMin. B Toxe BpeMs, HaJuuue opraHa OTBETCTBEHHOTO 32
MarHUTOPEIEIINIO, JOKAa3aHO JIUIIb Y HEKOTOPHIX BUAOB [2, 3].

[IpupoaHbIe 37eKTPOMAarHUTHBIE ITOJIS HE TOJIBKO YPE3BBIYaifHO MaJIbI IO CPABHEHHUIO C TEXHUYECKUMHU [TOMEXaMH,
HO M KQ)XKyTCsI CITUIIKOM CIaOBIMH JJISI TOTO, YTOOBI BO3AEHCTBOBATH HA OMOXMMHUYECKHE MTPOIIECCH B Opranu3Me. Tem
HEe MeHee, pobiieMa BO3MOXKHOTO EHCTBHS c1ab0ro MarHUTHOTO MOJIS I0CTaTOYHO akTyanbHa [4]. BonpmmHcTBO
3G QEKTUBHBIX IS BO3/EHCTBUS Ha JKUBOWH OPraHM3M YacTOT 3JIEKTPOMArHUTHOTO IOJISI HAXOAATCS B WHTEpBalle
0,01—60 I', Tak KaK UIMEHHO B ATOM MHTEPBaJe YacTOT HAXOAATCS PUTMBI (DyHKIIMOHHPOBAHMS TOJIOBHOTO MO3Ta,
HEPBHOW CUCTEMBI, CEpALA U JPYTHX CUCTEM opraHuszma [5].

CoBpeMeHHBIE HCCIIeJOBAaHHS B MArHUTOOMOJIOTHH YCTAHOBHIIH, YTO TE€OMarHUTHOE TOJIE CIIEAYET pacCMaTpHBaTh
Kak (haKTop OKpy’Karouiel cpebl, UMEIOIINI TOTEHIIMAIBHYI0 3HAYUMOCTB JJISl pa3JINYHBIX TAKCOHOMHYECKUX IPYIII,
HE3aBHCUMO OT THIIA (PU3UYECKUX MEXaHM3MOB OMOJIOIMYECKOT0 JIeHCTBUSI HUI3KOWHTEHCHBHOT'O 3JIEKTPOMATrHUTHOTO
noJist [6]. HagexxHo yctaHoBieHO, 4yTo Takue 3(h(EKThl, Kak 0€301uO0YHast OpUEHTAIMSI MHOTUX BHUJIOB KHBOTHBIX
BO BpeMs UX CE30HHBIX MHUTPAIHii, 00yCIOBICHBI B3aUMOACHCTBHEM T€OMarHUTHOTO TIOJISL ¢ MarHUTOCOMami [7, 8].
B HayuHO#l nmTepatype OBLIIO OOOCHOBAaHO TPEIIOJOKEHHE O TOM, YTO HamOoJiee BEPOSTHBHIM M3 BHEUTHUX
HCTOYHHKOB CHHXPOHH3AIINHU CO CPEeIOr 0ONTaHMS I THAPOOHOHTOB SBIISIETCS HJIEKTPOMArHUTHOE TT0JIE Pe30HaTOpa
3emis — noHOC(]Epa, MPEUMYIIECTBEHHO B 001acTi yacToT 6-8 I'. MoHOChEepa cymmecTByeT ¢ IpeBHEHIINX BpEMEH
W HacCTpOWKa THUAPOOMOHTOB Ha 3TO MOJIE NPEACTABISAETCS BIIOJHE €CTECTBEHHOM [9]. AMIumTyna Bapuanuit
T€OMAarHUTHOTO T10JIs1 BO BpeMsi Oypb coctaBiisieT nopsiaka 1 MxTi B monsipHbIX obnacTsix 3emiu 1 nopsaka 0,1 MmxTn
HA CPEHUX U HU3KUX IIUPOTaX, IpU BeIMYUHE reoMarautHoro nond B 30 - 50 mxTxn [10, 11].

Ha 6aze OnoQu3M4eCKOro HMCCIIEA0BAaTEILCKOrO KOMIUIEKCA, CO3AaHHOro0 Ha 0a3ze MypMaHCKOTO MOpPCKOTO
Ouonorndeckoro uHCTUTyTa M IlodspHOro reodm3mueckoro HMHCTUTYTA, OBUIO pa3pabOTaHO YCTPOWCTBO JUIs
UCCIIEJOBAHMS BIMSHUS UCKYCCTBEHHOTO SJIEKTPOMArHUTHOTO IOJIs Ha BOJHBIC OMOJIOTHYECKHE OOBEKTHI, C LENbI0
BBISIBJICHUSI OMOJIOTMYECKUX MarHUTHBIX 3 (EKTOB y MPEACTaBUTENICH HACTOSAINX TIOJeHeH [12].

Lenb ncciiegoBaHwi — BRIABICHHE MAaTrHUTHBIX OHOJIOTHIECKHIX AP PEKTOB, BOSHUKAIOIIUX ITPH SKCIIO3UIINU CEPhIX
TIOJICHEH B HCKYCCTBEHHBIX IEKTPOMArHUTHBIX MOJIIX Ha 9acToTax lIlyMaHOBCKHX pEe30HAHCOB.

OO0BeKT 1 MeTOABI HCCIeAOBAHUS
B xauectBe 00bekTa AJsI NPOBEACHUS DKCIICPUMEHTAJIBHBIX MCCIEAOBaHUH, Oblia BHIOpaHa IOJIOBO3pENas caMka
(Bo3pact 12 net) ceporo Tronens (Halichoerus grypus Fabricius, 1791). JKuBoTHOe OBLIO TPaHCIIOPTHPOBAHO H3
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Konuvecmesennas oyeHKka dsuzamenbHol AKMUSHOCMU cepulx mionenet

OTKpBITOTO BOJbEPHOro akBakoMiulekca MMBU, pacnonoxenHoro Ha axBaTopuu Komnbckoro 3amuBa B
omodmsndeckuii uccnenoparensckuii kommiekec MMBU-TIT'U B ropone Mypmasck.

Brodusnueckuit uccuenoBaTeIbCKH KOMIUIEKC COCTOHT W3: IMOMEMICHHA ¢ dameil OacceifHa; M301MpoBaHHON
amnmmapaTHOW, MMEIOMIEH OTAEIBHBIM BXOI, B KOTOPOW YCTAHOBJICHO O3KCIIEPHMEHTAIbHOE OO0OpYIOBaHHE; IBYX
MOJCOOHBIX MOMEIICHNH, B KOTOPBIX PACIONaraeTcsi CUcTeMa (HUIbTpAlMK BONBI M IPYTO€ BCIIOMOTATEIBEHOE
obopymoBaHuUe.

HcTOYHHUK 3JEKTPOMArHWTHOTO TOJS BKIIOYAN B ceOsl: 3aafOlliii TEHepaTop ¢ BO3MOXHOCTHIO YCTaHOBHTH
HECyIyto 4acToTy B nuamnazone 0,01-36 I'i; u3nydaroniyro aHTeHHY, OTHOAOIYO Yally O0acceiHa Mo MepuMeTpy ¢
o0Opa3oBaHMEeM TOPHU3OHTAJIBHOM  pamMKu. HampsyKeHHOCTh  HMCKYCCTBEHHOTO — SJIEKTPOMArHUTHOTO  MOJIS
CHHYCOMJIaJIbHOM (hOPMBI, I10/1aBAEMOT0 Ha M3Jy4aIOlIyI0 aHTeHHY, cocTaBisiia 45-50 A/m.

JlaHHbBIE TOJy4EHHbIE B X0/ IMPOBEACHHS SKCIIEPUMEHTa ObUIM MONYYEHBI IIPHU MOMOIIN «METOJIa CIUIOIIHOTO
MPOTOKOJIUPOBAHUA» U «METOJa PETUCTPAllMM OTAENbHBIX IIOBEACHYECKUX mposBieHuil» [13]. B kauectBe
PEerUCTPUPYEMBIX MOBEICHYECKUX MTPOSIBICHNUI, TPH aHAJIM3€ BUAEOMaTepHaa, HCIOIb30BaIICh CleaAyonye GopMbl
TIOBEJICHHUS: TUIABAHKE MO BOJOH (aITHO?), IUIaBaHUE Ha MTOBEPXHOCTH, OTJBIX HA IIOMOCTE, HECBOHCTBEHHBIE (POPMBI
noBeJeHN (TpY HaIH4Iun). Tak ke MPOU3BOAMIACH PETUCTPAIIHSI YaCTOTHI BEIIOTHEHUS ONPEACTICHHBIX ABIDKCHIH
3a (PUKCHUPOBAHHEIN MTPOMEKYTOK BpEMEHH (TUIaBaHHE TI0 KPYTOBOU TPACKTOPHH).

B kadecTBe KOJNMYCCTBEHHOW OICHKH IBUTATCIBHONH AKTHBHOCTH JKHBOTHOTO FWCIIONB30BANICS «HHICKC
AKTUBHOCTH, a TAK)KE KOJTHMUYCCTBEHHBIE TIOKA3aTENN — CPEIHEE YUCIIO KPYTOB IO BOJIOH U cpeHee BpeMsi, KOTOpoe
3aTpavyrBacT TIOJIEHb HAa COBEPILIEHUE OJHOTO Kpyra [14].

Jlnst BBIsIBIIEHHST OMOJIOTHYECKHX A((PEKTOB, BO3HUKAIOIINX MTPU IKCIIO3ULINH CEPhIX TIOJIEHEH B UCKYCCTBEHHBIX
QJICKTPOMAruMTHBIX IIOJIAX Ha YacTOoTax IHyMaHOBCKI/IX PE30HAHCOB U IIpHU Z[HI/ITeHbHOﬁ OKCIIO3UIIUH, 6I)IJIa
MIPOBE/IeHa Cepus U3 5 IKCIIEPUMEHTOB 110 BO3/ICHCTBHIO HCKYCCTBEHHBIX 3JIEKTPOMArHUTHBIX MOJIeH ¢ yacToToil 8 I'1g
Ha Ceporo TIOJIEHS, JUTUTEIbHOCTBIO 7 4acoB KaXkKablid. DOHOBbIE HAOIIOEHUS U SKCIIEPUMEHT C IIaned0-KOHTPOIeM
MPOJO/DKANUCh To 4 vaca, B TPEXKPATHON MOBTOPHOCTH. JIJis OIEHKM JAMHAMUKH U XapakTepa H3MEHEHH
KOJIMYCCTBEHHBIX ITOKa3aTelieil IBHUTATEIbHOW AaKTHMBHOCTH >XHBOTHOTO BO BpEeMs SKCIO3HWIWU XUBOTHOTO B
3JIEKTPOMArHUTHOM II0JIE W TIOCJIE PEKPAISHHS €T0 BO3CHCTBH, IPOBOIMINCH HAOMIOICHUS HETTOCPEICTBECHHO 10
BO3ACUCTBH AIMEKTPOMATHUTHOTO TIOJIS M CPa3y K€ TOCIE IKCIIO3UIIHH.

IIpu 00paboTke TMONYYEeHHBIX NAHHBIX NPHMEHEHa OIHCATeNbHAas CTAaTHCTHKA. J[JI OIEHKH IOCTOBEPHOCTH
pa3nuInii MeX Iy TOJTyYeHHBIMHA MaCCHBAMH JAaHHBIX HCTOIb30Bajcs U-kputepuit ManHa — YutHu. CTaTHCcTHYECKAs
00paboTKa TMOJMYYCHHBIX JAaHHBIX OCYIIECTBISIACH C IMOMOIIBI0 MporpaMMmHOro obecredeHus Microsoft Excel
(Microsoft, USA) u Statistica 6.0 (StatSoft, USA).

Pe3yabTathl u 00cyxI1eHHE 0.17%_
Hamu Ob110 paccuyuTaHo MPOLIEHTHOE COOTHOIICHUE
BPEMEHHU IIPOBEACHHOTO TIOJNICHEM TIOJ] BOJOH, Ha
MOBEPXHOCTH W Ha TIOMOCTE, OT 00IIero OrpKeTa
BpEeMEHH HAONIONEHWsT UISI  KaKIOH  Cepuu
skcriepuMenToB (puc. 1). Oxazanoch, 4YTO TIpU
(hOHOBBIX HAONIONCHHUAX M B JKCIIEPHUMEHTAaX C
wiane0o-KoOHTposieM,  (DUKCHUPYIOTCS  TOBOJIHHO
YacCTbI€ BBIXOJbI THOJICHA Ha IIOMOCT, a BpEMA,
MPOBEJIECHHOE UM Ha momocte, gocturaetr 2,12% ot
ob1ero BpeMeHN HaOIIOJEHUSI B JKCIIEPUMEHTE C
mranebo-koHTposieM U 2,34% mpm  (HOHOBBIX
HaOmromenusix. HampotuB, mpu  AKCHO3MIINHU
JKUBOTHOT'O B DJICKTPOMAarHUTHOM TI0JIE C 9YaCTOTOM §
I'u, obmee Bpems, MPOBEIEHHOE WM Ha IOMOCTE,
cocraBmino Bcero 0,17% ot obmero BpemeHH
HaOJFOICHUSI.

ITo Bceit BUIUMOCTH, TaKast KApTHHA MOXKET OBITh
CBs3aHA C TEM, YTO JIACTOHOTHE Ha CYIIe MEHee
MOABMXHEI, dYeM B Bojge. OOBIYHO, TIOJIEHH
pearupyoT Ha NMpUOIMKEeHHE HA36MHOTO XHUITHHKA
WM YeJIOBEKa IIyTeM yxoja B Boay. Takas peaxiiust
JKUBOTHBIX TOBOpPUT O TOM, YTO BOJHaA cCp€aa
SIBJISICTCS  JIIL  JJACTOHOTHUX OoJiee 0e30macHoM,
OTHOCHUTEIILHO HA3eMHOW, B BOJE OHH HUMCIOT
Oonplie IIAHCOB YWTH OT ONACHOCTH, WU
HeOJIaronpusaTHOro BHemHero (akropa [15].

2,12% _

9,46%
12,64%

u Moa sogonn, %

= Ha nosepxHocTu, %

® Ha nomocre, %

Pucynox 1. IIpoueHTHOE COOTHOLIEHUE BpPEMEHH
MPOBEAECHHOTO TIOJIEHEM II0J] BOJIOH, Ha MOBEPXHOCTU U Ha
MOMOCTe, OT o0Imero OjpKeTa BpeMEHH HaOII0ACHHS.
@) — DKCIEePUMEHTBI C TeHepauueil SJIeKTPOMarHUTHOTO
nosisi yactorod 8 I'; #) — SKCHEpUMEHTHI ¢ Iuianedo-
KOHTPOJIEM; 8) — (DOHOBBIE HAOJIIOIECHMS.
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A1 Akosnes, B.®D. I pucopves

Bpewms, mpoBeeHHOE TIOJIEHEM I10]] BOJIOH U Ha MOBEPXHOCTH, HE3HAUUTEIILHO BapbUPOBAJIO B AKCIIEPUMEHTAX C
TeHepannei AIeKTPOMarHUTHOTO TIOJIS M TIPH TIane00-KOHTPOJIe, a Takke Ipu (POHOBBIX HAOMIONeHIX (CM. pHc. 1).
KonmuecTBeHHasT OIEHKA IBUTaTeNbHONH AKTUBHOCTH HEOOXOIMMA JUIA IOJyYCHHS OOBEKTHBHBIX JAHHBIX IIPH
OTIPEICTICHUH BIMSHMS Pa3lIMYHBIX (PAKTOPOB HA IMOBEACHHWE TIoNeHEH. [l Gorjee MOTHOTO MPENCTAaBICHHS O
KOJIMYECTBEHHBIX XapaKTEPUCTUKAX YPOBHS JIBUTATEIbHONW aKTHBHOCTHU TIOJEHEH OBIIO BBEICHO TOHSTHE «HUHIEKC
AKTHBHOCTH» — OTHOLIEHHUE NPOSBICHNUS aKTUBHOCTH K YHCITy PETHCTPAllU OTCYTCTBHS IBUTATEIbHONW aKTHBHOCTH
[14].

B Tabn. 1 mnpuBeneHa nOWHaMHKa W3MEHEHHS «MHJEKCA AKTHBHOCTH» W KOJMYECTBEHHBIX IapaMeTpOB
JIBUTaTeIbHON aKTUBHOCTHU TIOJEHS. B mepuon HaOMoAeHHs «0 BO3AEHUCTBHUS 3JIEKTPOMAHUTHOTO TIOJIS» MHIEKC
aKTUBHOCTH COCTaBWJI 2,2, cpelHee YMCJIO KPyros 3a 1 MHHYTY, COBEpIIaeMbIX THOJIEHeM, cocTaBwio 4,1+0,2, a
cpeaHee BpeMs, 3a KOTOPOe COBepIIajcs OUH KpyT, coctaBuno 10,7+0,5 cexynasl. Bo BpeMs 3KCIIO3UIMU TIOJICHS B
9JIEKTPOMAarHUTHOM T10JIe ¢ 4acToTON 8 'l MHIEKC akTHBHOCTH BBIpOC Ooliee 4yeM B 3 pas3a u coctaBui 6,7, cpenHee
4HCII0 KPYroB 3a 1 MUHYTY BeIpocio a0 7,6+0,4, a cpenHee BpeMs Ha OUH KPYT COKpaTHiIoch 1o 6,8+0,3 cekyH/bI.
Poct nHIEKCA AaKTUBHOCTH M YBEIMYECHUE YHCIIA KPYTOB, IIPH COKPAIEHHH BPEMEHN Ha MX COBEPIICHUE, TOBOPHT O
JIOCTATOYHO PE3KOM ITOBBIIICHUH IBUTATEIbHON aKTHBHOCTH, JKUBOTHOE 3HAUYNTEIbHO MHTEHCUBHEH IIEPEBUTAIOCH
no nepumerpy Oacceiina. IlogoOHOe sBIEHHE MOKHO CBSI3aTh C TPEBOKHBIM PEarnpoBAHHEM WIIM BO3HUKIIAM
0eCIOKOHCTBOM )KMBOTHOTO, Ha ()OHE BO3ACHCTBHUS IEKTPOMArHUTHOTO TIOJIS.

Tabdauna 1. lHaekc akTUBHOCTH U KOJMYECTBEHHBIE MOKA3aTeNH ABUraTeIbHON aKTUBHOCTH CEPOTO TIOJCHS
JI0, BO BpeMs M IOCJIE OKCIIO3MIHUH B 3JCKTPOMAarHUTHOM II0jJe, BO BpeMsi ()OHOBBIX HAOJIONCHHUH H
HKCHEPUMEHTOB C MIAIe00-KOHTPOJIEM.

Bpewms, %
Yuceio 3aBucaHue Ha JIBmxeHue rneke Cpennee Cpenuee
HaOmronenuii | [1OBEPXHOCTH 1o akTHBHOCTH | |ACHO KPYIOB | BpEMi Ha 1
U B TOJIILE KPYTOBBIM 3a 1 MunyTy Kpyr, ¢
BOJIBI TPAeKTOPHAM
Jo Bo3aeitcteust OMIT 134 31,63 68,37 2,2 4,1+0,2 10,7+0,5
Bo spemst dkcriosuuii B 156 13,06 86,94 67 7,6£0,4 6,8+0,3
DMIT

[Tocne Bo3nelicTBHS
SMIT 183 27,39 72,61 2,7 4,6+0,3 9,5+0,7
[Tnare60-KOHTPOIh 165 38,24 61,76 1,6 4,6+0,2 11,5+0,5
DOoHOBBIE HAOIIOACHUS 181 45,80 54,20 1,2 2,9+0,3 11,3+0,8

B nepron «mrociie Bo3eHcTBISI 37IEKTPOMArHUTHOTO TTOJIsH» HAOII0aIoCh JOCTATOUYHO PE3KOE CHIKEHHE HHIEKCa
AKTHUBHOCTH, IIPAaKTHYECKH 10 MEpPBOHAYAIBHOTO YPOBHS, TaK JK€ CHHU3WIOCH CpPEIHEe KOJIMYECTBO KPYTOB,
COBEpIIAEMBIX TIOJICHEM 32 | MUHYTY, N YBEJIMYMIIOCH BPEMSI, 3aTpadnBaeMOe Ha MX COBepIlueHHe. Takas TUHAMHKa
WHJICKCA aKTMBHOCTH M KOJMYECTBEHHBIX IAPaMETPOB JABUTATEIHHOW aKTHBHOCTH CBHUJIETENBCTBYET O JOCTATOYHO
WHTEHCHBHOM XapaKTepe BIMSHUS SKCIIO3UINH B 3JIEKTPOMAarHUTHOM TIoJie ¢ yactotoi 8 'y Ha ceporo Trosienst. [Ipu
9TOM H3MEHEHHs B TOBEJICHUU HAOJIONAIOTCS MMEHHO BO BpPEMs DKCIIO3MIMH, JIOCTATOYHO PE3KO yracas Ioclie
NpeKpaIieH s BO3AEHCTBHS JIEKTPOMArHUTHOTO MOJIS.

CpaBHeHHe paclipe/ieieH!il 3HaueHHH WHIEKCa aKTHMBHOCTH M CPEIHEro KOJIMYeCTBAa KPYroB, COBEPIIAEMbIX
TIONIeHEM 3a | MUHYTY, Ui epruoJoB «Jlo BO3JAEHCTBUS SJEKTPOMArHUTHOTO MOJs» - «Bo Bpemsi BO3AecTBHS
3JIEKTPOMAarHuTHOro 1mnoisisd», «Bo BpeMs BO3AEHCTBUS 3JeKTpOMarHutHoro mnois» - «Ilocne BoznelcTBus
AMEKTPOMArHUTHOTO TOID» W «/lo BO3mecTBUS  AneKTpoMarHUTHOro momst» - «llocme  Bo3meWcTBUS
JIEKTPOMAarHUTHOTO TI0JIs», 10 U-kputeputo MaHHa — YUTHH B 9KCHIEPUMEHTaX ¢ TeHepannei JIeKTpOMarHUTHOTO
noys ¢ yactotoi § I'u, BesiBui0 noctoBepHble pasnuuusi(Ux,=4; Uswi=0) Bcex momyueHHBIX JaHHbIX, pu P < 0,05.

B skcriepumeHTax ¢ miane0o-KOHTPOJEM M NpH (OHOBBIX HAONIOJCHUSX WHAEKC aKTUBHOCTH HaXOJWJICSd Ha
HHU3KOM YpOBHE W cocTaBmiI 1,6 u 1,2, COOTBETCTBEHHO, YTO COIMOCTABUMO C MHAEKCOM aKTUBHOCTH KHBOTHOTO BO
BpeMsi HaOJII0IeHUH B 1epro/] «J1o Bo3/1eHCTBUS 2JIEKTPOMArHUTHOTO 1oJish». CpejiHee YHCiIo KPYroB 3a | MUHYTY H
BpeMsi, 3aTpaylBaeMoOe Ha MX COBEpIICHHE, TaK )K€ HAaXOJATCS B COIOCTaBHMBIX JHANa3oHaX, MCKIIOYas MEpUuoj
BO3JICHCTBUS JIEKTPOMATHUTHOTO TIOJISI HA CEPOTO TIOJIEHS M TIEPUO/T TIocye Bo3aecTBus (CM. Tadu. 1).

IIpu oLleHKE NOCTOBEPHOCTH PA3IUYUN pacCHpElesICHUN 3HAUYEHUN WHAECKCOB aKTUBHOCTH M CPEAHEr0 4ucia
KPYIOB, COBEpIIAEMbIX TIOJIEHEM 3a | MHHYTY, B 3KCIIEPUMEHTAaX C BO3ACHCTBHEM AJIEKTPOMArHUTHOTO IIOJISI C
gacroroit 8§ I'm, muane6o-koHTpOIe U pH (OHOBBIX HabOmoneHmIX nmo U-kpurepuio MaHHa — YHUTHH, JOCTOBEPHO
Pa3IMYAIOTCsl JaHHBIC ITOMYYCHHBIE B 3KCIIEPUMEHTAX C BO3ACHCTBHEM 3JIEKTPOMArHUTHOTO TOJI M ILIanebo-
koHTponeM(Uixp=1; Uny=0) u odKcrepuMeHTax ¢ BO3JACHCTBHEM JJIEKTPOMArHUTHOTO MOJS U (OHOBBIMH
nabmoneHusIMu(Ugp=1; Usy=0), mpu p < 0,05. B skcnepumeHTax ¢ mianebo-KOHTPOJIEM U HpH (HOHOBBIX
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HaOIOICHUSX JJOCTOBEPHBIX Pa3MYhil pacrpee/ieHnu#i MOoNyYeHHbIX AaHHBIX He 00HapyxkeHo (Uk,=0; Usui=0,5),
npu p < 0,05.

Takum 00pa3oM, KOJIMYECTBEHHbIE XAPaKTEPUCTHKH JABUTaTeIbHOW aKTUBHOCTH M WHICKC aKTUBHOCTH JAAIOT
Oonee IeTaIbHYI0 KapTHHY IOBEICHHS dKHBOTHOTO B IEPHOJ HAOIIOICHUS 32 HUM, KaK BO BpeMsI 3KCIIEPUMEHTOB, TaK
1 BO BpeMs ()OHOBBIX HAOJIOICHUIA.

BoiBoabI
[IpoBeneHHBIE AKCIIEPUMEHTHI BBISIBUIN CIIEAYIONHE OHOJIOTHYECKHE MarHUTHbIE 3()(EKThI, BOSHUKAIOIINE B OTBET
Ha HKCIIO3HIIMIO CEPOTro TIOJICHSI B HCKYCCTBEHHOM AJIEKTPOMArHUTHOM IoJie ¢ yacToTo 8 I'm:

— OTMEYEHO INPAKTUYECKH IOJHOE M30eraHne >KUBOTHBIM BBIXOZOB Ha IOMOCT, a 00liee BpeMs, NMPOBEICHHOE
TIOJICHEM Ha HEM 3a Bech mepuoj HaOmoneHuil coctaBmster 0,17%, 9ro mpaktndecku B 14 pa3 MeHbIIe, 4eM B
SKCIEPUMEHTAX C IIae00-KOHTPOJIEM U TP (POHOBBIX HAOITIOJCHUSAX.

— MHJIEKC aKTHBHOCTH M CpEJHEE KOJIMYECTBO KPYrOB, COBEPILICHHOE TIOJECHEM 3HAYMTENBHO BHIIIE, a BPEM,
3aTpayeHHOE HA COBEPIICHHE OJHOTO Kpyra 3HAYMTENFHO HIDKE MPH 3KCHO3UIMN KUBOTHOTO B 3JIEKTPOMAarHUTHOM
nose ¢ yactoroi 8 I'm, uem npu (HOHOBBIX HAOIIONCHUAX, SKCIEPUMEHTAX C IUIAe00-KOHTPOJIEM M HAOIIOACHHUIX
HETIOCPEACTBEHHO «Jl0 BO3AEHCTBHUS 3IEKTPOMAarHUTHOTO TIOJIS.
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