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Coronal holes (CH) are usually studied using data on extra-atmospheric short-
wavelength radiation and this ignores the processes in the chromosphere, at the base of the
CH. Observations in the Ho and Hel 10830 A lines allowed us to determine the physical con-
ditions in the CH at the level of the chromosphere. Polar and equatorial CH were observed in
2015-2017 at the decline phase of the 24th cycle of solar activity. The polar coronal hole was
located in the northern hemisphere. During this time, its relative intensity varied in the range
of 1.0046—1.0355 for the Hel 10830 A line and 0.9676—0.9866 for the Ha line. The intensity
of the equatorial CH varied over 1.0102—1.0377 for the Hel 10830 A line and 0.9509-0.9819
for the Ha line. Chromosphere models are calculated to explain the observed features of the
studied CH. The models are constructed as a result of calculations of the profiles of the lines
Ho and Hel 10830 A using a non-LTR program. Models have shown that the kinetic tempera-
ture in the equatorial CH is similar to the kinetic temperature of the polar CH and also in-
creases depending on the height in the chromosphere. In both cases, the difference between
the atmospheres of the CH and the quiet Sun is already noticeable at the upper photosphere -
lower chromosphere level. The CH temperature is lower by 1000-2000 K compared to the
undisturbed chromosphere.
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Beenenne

Koponansubeie awipel (KJ[) mpeactaBisitoT coboii KpymHOMAacIITaOHBbIE
CTPYKTYpHBI B coliHeuHOU kopoHe. K/ HabmrogaroTcss Ha BceX IMpPOTax, OT Mo-
J0COB 10 3KBaropa. Mcxonast U3 nMpoAoHKUTENIbHOCTH KM3HU M PACIIOIOKEHUS,
MOYKHO BBIJIEIUTH TpU OCHOBHBIC Kateropuu K] [1, 2]: mossipHbie, HEMOJISIPHBIE
(HM3KOLIUPOTHBIE, N30JUPOBAHHBIC) U TPAH3UEHTHBIE (KOPOHAJIbHBIE TUMMHH-
I'M), CBSI3aHHBIE C JPYNTUBHBIMU COOBbITHSIMU. Kakoro-nu0o 3HaYUTEIBHOTO
KOHTpacTa MHTEHCUBHOCTU Mexay oOmactsmu KJ[ u okpyxaromeid ux atMmo-
cepoii He BHAHO 10 TEX 1Op, MOKA TeMreparypa He mpessicuT 6—7-10° K [3].
CoryacHo sMnupuueckuM MozensiM atmochep cnokoiHoro Comnua u K/ cy-
HIECTBEHHOE OTian4ue Temneparypsl B KJ| HaunHaeTcs Ha ypoBHE CJOS C TEM-
nepatypoit, npessimaromeii 10° K [4]. Ha ypoBae xpomocdepbl B MOISpHOIL
K/, mo cpaBHEHHIO C HEBO3MYIIEHHONW XpoMocdepoii, TemiiepaTypa HUXKE Ha
500-1500 K, a nmoTHOCTh HUXE B 2—3 paza [3].
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B nacrosieit paboTe MbI MPOBEIU pacyeThl (PU3UYECKUX YCIOBUM B XpO-
Mocepe Ha JIBYX pa3HBbIX HIMPOTax, KOTOPbIE MOTYT MOMOYb B OOBSICHEHUU
Ha0II0/1aeMOM KapTUHBI TTOBEJICHUS BEIIECTBA B OCHOBAHUM TOJIIPHBIX U JKBa-
topuanbHbIX KJI, HaGmronaBmmxcs Ha (ase crnana 24 nMKiIa COJHEUYHON aKTHB-
HoctH B 20152017 rr.

MoneaupoBanue puzndeckux ycaopuid KJ{

Mp1 ncnions3oBanu ogHoBpeMeHHble HabmoaeHus K/ B muansax FeXII 193
A (SDO/AIA [6]), Hel 10830 A (nannsie teneckona BCT-2 KpAO PAH ¢ yuu-
BepcanbHbIM criekTpodoromerpoM [7]) m Ho (mannbie obGcepBaropuii cetu
GONG"). Bbuti npoaHaIn3upoBaHbl HAOIOJEHHS TOJISAPHOM M NSTH DKBATOPHU-
anbHBIX K/[ BO BpeMst IpOX0XKIAEHNA UMHU LIEHTPAIbHOTO Mepuauana. [lonspHas
K]l cymiecTBoBasia B CEBEPHOM MOJIyLIapuU B Te4eHUE 24 KIPPUHITOHOBCKUX
obopotoB. PacueTr moneneit xpomocdeps atoit KJI 17151 Tpex MOMEHTOB €€ 3BO-
JIOLMHU MOKAa3all, YTo MO BCEH BhICOTE XpoMochephl TeEMIIEpaTypa U MIIOTHOCTD B
K]l Hmke, yem B HEBO3MYIIEHHOW XxpoMocdepe [5]. B HacTosieM uccienoBa-
HUU psJl HaOMIOJaTeNbHBIX JaHHBIX nosspHoi K]l Obin pacmmpeHn. DKBaTopu-
anbuble KJ[ mpencraBisuin co0oil CpaBHUTENBHO HEOOJIBIIME HU30JMPOBAHHBIC
K/I, HabmoaBimecs: Ha HU3KUX IIUPOTaX.
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Puc. 1.

['panuner K1, onpenenenHbie o M300paKEHUSAM BEPXHHUX CIIOCB COJIHEU-
Hoit armocdepsl B FeXII 193 A, nepenocunuce na u3odpaxkenns 8 Hel 10830 A
u Ho. THTEHCUBHOCTH B KaXKI0¥ W3 JIMHWI OBUTH MPUBEICHBI K YPOBHIO HEBO3-
myieHHoro Connua. Yuactku K/, B KOTOpBIX ONpenenuch CpeaHUEe OTHOCH-
TEJIbHbIE UHTEHCUBHOCTH, paclojaraiiuck Ha pacctosHuu £10° ot ueHTpaibHO-
ro mepuauana u Ha mmporax 40°—43° nna nomapuout K/ u -5°-5° nns skBaro-
puanbubix KJ[. Cpeqnue oTHOCUTENbHBIE HHTEHCUBHOCTH TOJISIPHBIX (KPYXKKH;
noJible — JJaHHbIC U3 [5]) U IKBaTOpUANIbHBIX (TpeyroiabHuku) KJ[ npencraBieHsl

' https://gong2.nso.edu
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Ha puc. 1. Ilo cpaBHeHHIO ¢ HEBO3MYIIEHHOU Xpomochepoit Bo Bcex KJI unTen-
cuBHOCTh B JIuHuu Ho nonmxkena Ha 2—4%. B 1o ke Bpemsi Ha ypoBHE 00pa3o-
Banus Hel 10830 A untencusnocts K] mpeBbliaeT HHTEHCUBHOCTH HEBO3MY-
nieHHoi xpoMmocdepsl Ha 1-4%.

YtoOb1 00BsicHUTh HaOMr0MaemMbie HTeHCUBHOCTH K/ B muamsax Ho u Hel
10830 A ObLtu mpOBeaEHBI BHIUKMCICHUS MPOQUICH STHX IMHHM IS pasHbIX
Mozenel xpomochepsl. Mozaenu 3a1aBaiuch X0A0M TEMIIEPATypbl, IUIOTHOCTH,
TypOYJCHTHON M JIy4eBOM CKOpOCTel ¢ TiyOuHo# B xpoMocdepe. C moMomipo
BBIYMCIIEHHBIX MpOoQuiIel onpeaensiach MHTEHCUBHOCTh B LIEHTPE JIMHUM, KO-
TOpasi CpaBHUBANACh C HAOJIIOIaeMbIM pacipeneneHueM nHreHcuBHoctu B K1
Takum 00pa3zoM MOJOUPATUCH MOJEIH XPOMOC(EpPbl B KOTOPbIX BbIYUCIECHHBIE
MHTEHCUBHOCTH COOTBETCTBOBAJIM HaOII0JacMbIM. Boluucienue mopenen mpo-
BOJAMJIOCH C oMouIpto He-JITP mporpamMmel, anroput™M KOTOpPOU MpECTABIECH B
pabote [8], u Mogenu 1y potocdepnl u xpomochepsl (VALC) [9]. B pacuerax
MCII0JIB30BAJIACh MOJIENIb aTOMa BOJIOPOJA € 9 yPOBHIMU U MOJENb aTOMa I'eJINs
¢ 11 yposusmu. s KJI Oplna ucrnosib3oBaHa oObIYHAS cXema IMoIyOecKOHed-
HOW CPEIBL.

BoccranoBneHHbIe ¢ TOMOIIBIO HA0II01aeMbIX UHTEHCUBHOCTEN Mpoduiiu
JIMHUAW TIO3BOJIWIIM ITOJIYYNTh KHHETHYECKYIO TeMiieparypy 7 B ocHoBanuu K/[ B
xpomochepe. Ha puc. 2 mpeacrasnen xon tremmeparypsl 1 B xpoMocdepe mo-
JsipHOM (pHc. 2a) u 3xBaTtopuanbHbIX (puc. 2b) K]l B 3aBUCMMOCTH OT M3MEHE-
HUSL KOJOHKOBOW IJIOTHOCTH m. Mojenu Ajis HEBO3MYIIEHHON Xpomocdepsl
npenacTabiieHbl KpuBbIMU 1. [Ipu BeIuMCIEHUSAX OBUI 337]aH HaYaJbHBIN YPOBEHb
TeMIIepaTypbl B HEBO3MYILEHHON XpoMocdepe, OT KOTOPOro BeJCs CYET MOJie-
Jer ¢ uaMeHeHueM 3HadeHul 7. KpuBble 2 NpencTaBisiOT YpOBEHb HUKHEH
I'PaHULbI 3HAUCHUI KMHETUYECKOU TemIepaTypsl 1, HOJIyYEHHBIE IS TOJISIPHOM
u dkBaropuanbHbix K/[. AHanu3 mojenel mokasaji, 4yToO MO BCEM MPOTSHKEHHO-
CTH XpoMoc]epbl TeMIepaTrypa Kak B MOJSPHOM, Tak U B SkBaTOpuainbHbIX KJ|
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HUKE 110 CPAaBHEHHUIO C HEBO3MYILIEHHON XpoMoc(hepoil u yBETUUMBAETCS C yBe-
JMYEHUEM BBICOTHI B Xpomocdepe. Jnamna3zon nu3MeHEeHUN TeMmIepaTypsl B IO-
naspHON U dkBaropuanbHbix KJI mpaktmyecku upentudyeH u cocrasun 4000-—
9000 K. Paznmuuust Mexay HeBo3MyIleHHOH Xpomocdepoirt u K] HaunHaroTcs
npu Temmeparype ~4500-5000 K. Campie Oonbllue pa3iudusi TEMIIEPATYPhI
NPUXOAATCS Ha BepxHIOK xpomochepy. Jlunus Hel 10830 A obpasyercst npu
3HAYCHUAX KOJIOHKOBOI miotHocTH m = 1.58-10°-6.31-10° r-cm™, Ho 06pasy-
ercst npu m = 1.58-10°-0.01 r-cm™. 3nauenuss m =~ 0.1 r-cM” COOTBETCTBYIOT
YPOBHIO TEMIIEPATYPHOTO MUHUMYMA.

3akioueHue

Hao6mronenuns B nmunusx Ho u Hel 10830 A mo3Bonuian Ham OIIPENIEIUTD
dbuznyeckre ycinoBusl B MOJISIpHOM u dkBaropuanbHbix K] Ha ypoBHE Xpomo-
chepol. PaccuutanHbie HAMU MOJIETH XpoMoc(ephl MOKa3aid, YTO KUHETUYe-
cKas TeMmreparypa B dkBatopuaibHbix KJ/[ aHanornyHa KMHETUYECKON Temiepa-
Type nojisipHoi KJ[ u Takke yBeJIMUMBAETCS B 3aBUCUMOCTH OT BBICOTHI B XpO-
Mocdepe. B oboux ciyuasx paznuume armochep K[ u cnoxoitHoro Cosnnila
OTMEUEHO YK€ Ha ypoBHE BepxHsisi Gorochepa — HIKHsS Xpomochepa. Temme-
patypa KJI amke va 1000-2000K o cpaBHEHHIO ¢ HEBO3MYIIIEHHON XpoMocde-
poii. Ilo mamneiM pammonabmronenuit [10] m SOHO/CDS [11] xoponanbHas
TeMIiepaTypa 3KkBaropuanbHbix K]l anamorudna temrepatype obiactei mossp-
Hbix K], 4TO COOTBETCTBYET HalmIMM pe3yJibTaram st Xxpomocdepsl. OaHako,
KaK TOoKa3anu ucciefoBanus [12], sKBaTopuambHBIA W TOJSPHBIN OBICTPHII
COJIHCUHBIN BETEp — 3TO JBE OTIACIHHBIC MOAKATETOPUU OBICTPOTO BETPA, U ITH
pazynuusi MOTYT OBITh CBSI3aHBI C OCOOCHHOCTSIMHM MOJISIPHBIX M KBAaTOPHUATIb-
Hbix KJ]I, KoTOpbie B IEUCTBUTEIBLHOCTHU SIBIISIFOTCS JBYMsI OTJEIbHBIMU TUTIAMHU
PETHOHOB, @ HE OJJHUM M TE€M K€ TUIIOM PEruoHa, KOTOPHIA HaOII0/1aeTCs Ha
Pa3HBIX LIMPOTAX.
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