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MPOSIBJIEHUE ILIMKJIOB COJIHEYHOM AKTUBHOCTHU

B BAPUAIIMAX UHAEKCOB TEMIIEPATYPLI 1

YBJIAYKHEHHOCTMU B IIBEMIIAPHM c 1525 mo 1989 r.

1.
koB B lllBeiimapnu mpejcraBiersl B BuAe TpalyWpOBAHHLIX WHZIEK-
coB (Graduated Index, GI) [-3,:,43] xak Ana TeMOepaTypsl, Tak ¥ Aid
yBaaxkHeHHOCTH ¢ 1525 mo 1989 rr. Gl monydyeHRs U3 KBa3HIOCTOAHHABIX
PANOB NaHHBIX, CBUAETENECTBYIOIUX 06 M3MEHeHWM KJMMaTa, ¥ OT-
KaaubpoBaHbl IO JaHHBIM AJIs NePUOJa MHCTPYMEHTAJLHEIX HaOIi0-
Aenvii. Ilepmox xamubpoeku - 1901-1960 rr. 3uMEMe TeMIepaTyphl
NONyYeHBbl U3 TUAPOJTOTHIeCKUX UHAMKATOPOB, JJIA BeCEHHEroO U JeT-
HEeTro Ce30HOB UCIOJB30BaJNCh OHoTorudecke NHAMKaTOphu. Ocanku
ONEHMBAJIKCH IO YMCIY MOXKANNBHIX AHEH, HOJYYEHHEIX M3 IOTOIHBIX
AHEBHUKOB, 10 TabaunaM EaBogHEHMH U Ip.

M.M.Iyzoskun, A.JI.Mopososa

HUH®, C.-llemepbypeckuti Nocydapcmeennniii Ynueepcumem,
C.-llemepbype, empodeopey, 198904, Poccus

Hcnonbayemnule mamnanie. TeMmepaTypa M KOJIMYeCTBO OCAl-

[lannsle mo mAmgexcaM ocajikxos B llBelimapuu monydeHE uyepe3s

2

World Data Center A-Paleoclimatology, NGDC, NOAA, C.Pfister, Univer-
sitat Bern, a mo Bapuanuam uucen Bosbga M METEHCHBHOCTH KOCMU-
yeckux adydeit - World Data Center A, NGDC, NOAA, Solar Database,
J.McKinnon.

. 11-nernuit mepmon B BapHamMgX TeMOepaTypbl M yBJIaXK-
serHocTH B IlIBeitnapun B XVIII-XX BB. x5 Toro, 4TobH ompe-
AeIUTh AMeeTCs JU B3aMMOCBA3b MEXIY M3MEHEHHeM TeMIeDaTyp-
HOTO peX¥Ma W YBJIAXHEHHOCTH M COJIHeYHOM aKTUBHOCTLIO OBIJI MC-
OJB30BAH METOJ HaJOXKeHHhIX a00X. B kadecTBe pemepHBIX TOYeK
OBl B3ATH! JaThHl MAKCHMYyMOB M MMHUMYMOB COJHEYUHOM AKTHBHO-
cTu B 11-JIeTHEM LUKJe COTHEeYHHIX IATEH.

CHauasa 6BLIH OpoaHaJU3MPpOBaHbl BapHanly MHIEKCOB TeMnepa-

TYPH U YBJIaXKHEHHOCTH An1d nepuoga ¢ 1700 mo 1989 rr. B xauzecTBe
penepHLIX To4eK 6pauch SaTEl MUHMMYMOB COJTHeYHOW aAKTHMBHOCTH
no uncinam Boabda. TlonyueHEBle pe3syabTaThl CBUAETENbCTBYIOT O
TOM, YTO BapHalliu C mepuoJoM B 11 jleT UMeIOT MeCTO, XOTa M BEIpa-
XKeHBl JOCTATOYHO ciabo.
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3aTeM Owl mpoBegeH aHanu3 oThenbHO AuA XVIII-XIX BB, m XX
B. (aHauu3, nposeaennnif ot aeabpHo A X VIII u XIX BB., noka3siBa-
eT, YTO BapHAIUU WHIEKCOB MeTeOmapaMeTPOB B 9THU 3MO0XH UMEIOT
CXOJHKIM XapakTep M MX MOXHO 0O0beIMHMIE B oJHY rpynmy). Ha
puc.l(a,b) npexacraBieHn KpUBHIe, MOJYyYEEHBIE METOLOM HaJOXKeH-
HBIX 310X [IJA WHIEKCOB TeMIepaTyphl ¥ YBJIaXHEHHOCTM IJs pa3-
HeIX mepuogoB. [luis xaxmoit KpuBoil IpHUBeJEeHBHI COOTBECTBYIOIIME
K02 PUIMeHTH KOPpeIAnud MeX Ay KPUBLIMI BapHAUM MeTeomapa-
MeTpOB 1 uuciamu Boabda M KOCMHUYECKMMHM IydaMy (BeJWdYWHA B
CKOOKaX - TOCTOBEPHOCTS).

Buzno, uyTo B TOo BpeMs, Kak B BapHalMii MeTeonapaMeTPOB oCe-
HBIO U JIETOM OCTaeTCA NIPUMePHO NOCTOAHHBIM Ha IPOTAKEeHUN MOYTH
300 meT, Bapuanuu TeMIOepaTyphl ¥ YBJIAXHEeHHOCTH 3MMOIl ¥ BeCHOH
MEHAIOT CBOif XapakKTep, UTO IO3BOAAET CHAeJaTh BEIBOJ O TOM, UTO
Ha py6exe XIX-XX BB. mpousouno U3MeHEHAe CUCTEMB] UPKY IANIN
aTMocdepnl Hag 3anagaoit Eppomnoit.

Kpome Toro, ananms Bapuanuit MeTeonapaMeTpPoOB MOKa3aJ HaU-
4ude nepuoma B 22 rojga, IpudUeM IS HEKOTODHIX Ce30HOB TaKKe Ha-
OmonacTcs cMeHa xapakTepa Bapuanuii Ha py6exe XIX-XX Bs.

3. Obmui xapakTep Bapmanuii MHOEKCOB MeTeOIapaMeTPOB
B lIpetimapum ¢ 1525 mo 1989 r. Ha puc.2 npegcrabiers Bapu-
alMM MHIEKCOB TeMmmepaTypsl u ocagkoB ¢ XVI no XX sB. mas pas-
TWYHBIX Ce30HOB rofa. IlepBoHaua/bHBIE NAHHBIE OCpeIHEHL METO-
JAoM ckoub3siero cpegrero no 20 u 50 rogau. Ha puc.2 nocratouno
OTYETJUBO IPOCIIEXKUBACTCA ~COBPEMEHHOC” NOTEILICHUE KIMMaTa ¢
cepeauun XIX B., BEIpakatoumeecs B pocTe 3UMHUX, OCCHHHUX M, MO-
KeT GBIThb, BeCEHHUX TeMIepaTyp, TOrAa K&K TeMIIepaTypbl LeTa B
IocJIeHee BpeMs OCTAaBAaJUCh 0oJee UMM MeHee MOCTOAHHBIMM WU
JaXe YMeHbUIAJINUCH.

Ha pucynke Takxe npeacraieHsl k02 GUIUEHTL! KOppe ALl Me-
KAY MHACKCAMM TeMIepPATyPhl U YBJIAXKHOHHOCTH K YUCIaMU Boabpa
(W) zaa tpex nepuogos: 1700-1989 rr., 1700-1900 rr. u 1901-1989 rr.
[lonyyenasle pe3yIbTaThl MO3BOMAIOT CAETATH BEIBOL O TOM, YTO LIS
Bcero nepuoga ¢ 1700 r. mo HacTosmee BpeMA MOXKHO TOBOPHUTL O
BO3MOKHOH KOppe/Aluuy Mexly U3MeHeHUsMU uncen Boanda (W) u
MHIEKCOB TeMIepaTyPhl A BECHEI, JeTa i OceHd. PaccMaTpuBas ot-
fdenpHo XVII-XIX BB. u XX B., MOXHO 3aMeTHUTD, YTO UHOTr T4 caabas
KOppeJALUs MeXAy HOJHBIMM pAJaMM CBA3aHa C U3MeHeHMeM 3HAaKa
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CBS3M B OTJeNbHbIE IePUOAHI (pHC.2).

Ha ocroBaEMH mOJTy4YeHHBIX JAHHBIX MOXEO CA€JaTh BHIBOJ O TOM,
YTO MeX Iy M3MEHEHUsMH IOT0JHO-KINMATUEeCKAX XapakTepUCTUK U
COJIHEUHOH AKTUBHOCTH, BEPOSATHO, CYUECTBYyeT B3aMMOCBA3b, 3HAK
KOTOPO# MOXET MEHATHCA BO BPEMEHM.

4. Bo3MoxHBIe MeXaHM3MEl BapUalMil KJIMMAaTa 3anamgHoM
Esponur 8 XVIII-XX BB.

B kauecTBe CBA3YIONEro 3BeHa MeXIY IPOABIEHUSAME COJNHEYHOH
AKTMBHOCTH (HAIIpUMED, BaPUAIUAMY HHTEHCUBHOCTH HOTOKA KOCMU-
Yeckux Jydeit) ¥ mOrofo- ¥ KIMMaTOOOpa3yIOUMMK IIPONeCCaMy Be-
pOsiTHee BCero BHICTyIaeT LUPKyJsAmus aTvocdepr. B wacrmoCcTH,
A6pocor (1962) memaer BHBOA o ToM, uTo B XVI m XX BB. 1yTn
ATNAHTUIECKAX OUKJIOHOB OBIIM cIBMHYTH k ceBepy (CramauHaBus,
Benoe u Kapckoe mopsa), a B XVII- XIX BB. IOUKJIOHBI IPOXOIMIK
1oxHee, gepes llearpansayio Espony n Banstuky u Cpennepycckyio
paBEuEy. T.0. yBIaXKHEHHOCTb M TeMIepaTypHbIA pexum Espoms
B 9TH mepuo/bl GBI CyllecTBeHHO pasiuuHi. CMmemeHue myTeid mu-
KJIOHOB Ea ceBep B IepBoit momosure XX B. orMeueno Buse (1940) B
YaCTHOCTH B CBA3YM CO CMCHOU HaIpaBlIeHNA npeobiafaoumx BeTPOB
B ApKTHKe.

5.3axmo4enne

1)CyuecTByeT KOppelsAnns MeX Iy BapyalusiMy MeTeonapaMeTpPOB
(TeMmepaTypa, KOTMYECTBO OCAKOB) ¥ YPOBHEM CONHEYHON aKTUBHO-
CTH, OpUUEM 3Ta CBA3b MOXeT MeHATb CBOH 3HaK 0T ®IOXU K »IOXe.

2)Ilonydyennnie pe3yAbTATH MOTYT ABUTLCA JOKA3aTENAbLCTBOM CMe-
IeHNA K CeBepy NUPKY IANUOEHBIX COCTABJIANIUX B CEBEPO-BOCTOUHOR
Atnantuke B XX B. B CBA3M C POCTOM 0DlIero ypoBHA COJHEYHOH ak-
TUBHOCTH.

3)”Bceobiee moTemnerue kauMaTa” co Bropoi monosman XIX B.
MOXeT UMeTh He aHTPOMOTeHHY IO IPUPOAY ¥ OBITL CBA3AHO C HAYAIOM
HOBOTO "BeKoBOro” HMKJa COJHEeYHO! aKTHMBHOCTU.

JInteparypa

Adpocos B.H. 'eTepoxpoHHOCTE H€PHUOAOB IOBLIIEHHOTO YBIaX-
HeHMs I'yMUIHOM u apugHoit 3oH. - M. BI'O, 1962, N 4, cTp.325-328

Buse B.FO. Kmumar mopeit Coserckoit Apxruxu, 1940, M., JI.,
u3g.
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Enhanced temperature regions in the polar zones of the
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Abstract. Some aspects of regions with enhanced tem-
perature in the polar zones of the Sun are studied in this
paper. Solar microwave sources have been observed with
the 14 m radio telescope at Metsihovi Radio Research
station in Finland during 1982-1995. In addition to low
latitude sources, measurements at 36.8 GHz have also re-
vealed the existence of apparently separate class of sources
with enhanced temperatures at latitudes above40 degrees.
The motions of these regions have been used to determine
the solar differential rotation rate at high latitudes. We
also study both the spatial and the temporal dstributions
of the enhanced regions. The activity of the low latitude
component follows the sunspot activity over asolar cycle.
The high latitude component is of unknown origin, but our
data indicates a possible connection between these regions
and polar faculae.

Key words: Sun: radio radiation - Sun: rotation

2. Observations and data analysis

The data discussed in this paper comes from the solar
observing programme of the Metsihovi Radio Research
station. In the programme maps of the whole or part of
the Sun are obtained, the evolution of active regions is fol-
lowed, and solar oscillations are monitored. The telescope
beam size at 37 GHz is 2.4 arcmin, and the estimated
quiet Sun level is 7800 K. The sensitivity of the receiver is
sufficient for 0.1 sfu resolution. In the temperature scale
this corresponds to better than 100 K, and it is limited by
short term changes in the atmospheric attenuation. So-
lar maps are measured by scanning the solar disk in right
ascension and by changing the declination in small steps
between the subsequent scans.

For the determination of the the differential solar rota-
tion rate the data obtained between 1989-1995 was used.
The Sun was observed during over 400 days, with 1 to
20 solar maps made each day. Localised areas of en-
hanced temperature of microwave radiation are detected

1. Introduction

Regions with enhanced temperature in the polar zones of
the Sun have been discussed by several authors: e.g.Kundu
and McCullough 1972, Babin et al. 1976, Efanov et al.
1980, Kosugi et al. 1986, Urpo et al. 1989, Makarov et al.
1991, and Riehokainen et al. 1995. The preseat work uses
data accumulated at Metsdhovi Radio Research station
in Finland during the period 1982-1995, obtained with
the Metsihovi 14-m radio telescope at the frequency 36.8
GHz. Regions with enhanced temperature (ETR in the
following) have also been observed at 22.2 GHz and 87
GHz at Metsihovi, but because the temporal coverage of
these observations is small we do not discuss them here.
In this paper we present a new determination of the dif-
ferential solar rotation rate at high latitudes derived from
microwave observations. We also discuss the distribution
and the time variations of the high latituce microwave
sources as well as their possible relationship with other
solar phenomena.

f tly, typically lasting from some tens of minutes up
to several days in rare cases. In addition to low latitude
(< 40 degrees ) sources an apparently separate component
of high latitude (> 40 degrees ) sources is also observed.

According to our observations, the temperature of a
typical ETR at 8 mm wavelengh is 100-400 K above the
quiet Sun level (7800 K). The regions are extended: in
the North-South direction they can reach from a latitude
of 40 degrees to the pole, and in the East-West direction
they can even surround the entire pole, formiag a ring-like
region. Embedded in these extended regions are maxima
of microwave radiation. The rotation rate of these local
maxima can be followed in maps taken during the same
day, and in some cases over several days, and the solar
differential rotation rate at high latitudes can be estimated
from such data.

The projected coordinates of the ETR maxima rela-
tive to the Sun’s apparent center were meastred from the
solar maps and transformed to heliographic coordinates
using current values for the solar parameters. The active
areas at 8 mm wavelengh are located only a ‘ew thousand
kilometers above the photosphere, so no corrections due
to the height effect are necessary. The errorsin a single co-
ordinate determination are about 2.5 degreesin both solar
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