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XIX KondepeHuys MOJIOABIX YIEHbIX
«DyHIaMeHTAJIbHBIE ¥ MPUKJIAHbIE KOCMIUYECKHE CCJIe0BAHNS>

MKW PAH, Mocksa, 13—15 anpens 2022 1.

COopHMK TPY/I0B
ITox pen. A. M. Cangosckoro

XIX KonbepeHIusT MOIOAbIX YUEHBIX «DyHIaMEeHTaIbHBIE U TIPUKIIATHBIE KOCMUYECKUE HC-
cnenoBanus» (https://kmu.cosmos.ru/), mocBsméHHasT JIHIO KOCMOHABTHKH, TPaIULIMOHHO
npoBoawiach B MHCTUTYTe KocMMUeCKUX MccienoBaHuii Poccuiickoii akagemun Hayk (MKW
PAH) Hayuno-o6pa3oBarenbHbiM ieHTpoM MKW PAH 13—15 anpens 2022 r. B koHdbepeHiuu
TIPUHUMAJTN YY9aCTUE CTYIEHTHI, aCIIMPAHTHI X MOJIOJbIE YIEHBIE, a TAKXKE MX CTapIlre KOJUIeTH,
ObL10 TIpeAcTaBiaeHo 0oJiee 130 noknamoB. HacTosimii cOOpHUK TpyaoB KOH(bEPEHIIUU COAEP-
KUT U30paHHbIE CTaTbU, MOATOTOBJICHHbIE TOoKIagunKamMu. COOpHUK BKIIOUEH B Poccuiickuii
WHIeKC HaygyHoro rutupoBanust (PUHILL).

Cepua «<MEXAHWKA, YITPABJTIEHME 1 UHOOPMATUKA»

MHeHMe peakilny He BCeTa COBIANAeT ¢ TOUKOW 3pEHUST aBTOPOB CTaTeH
OTebHbIE CTaThU AaHbl B aBTOPCKOM penakinu
KavecTBo wintiocTpalinii COOTBETCTBYET MPEIOCTABICHHOMY aBTOPaMU MaTepuary

DneKTpoHHas Bepcusi coopHuKa pazmenieHa Ha cailttax UKW PAH http://www.iki.rssi.ru/print.htm
u Poccuiickoit HaydHOI 3JIeKTpOHHOI Oubiunoreku http://elibrary.ru/

© DenepanbHOE TOCYIAPCTBEHHOE OIOIKETHOE YIPEKICHNE HAyKN
HMHcTuTyT KOcMuueckux uccienoBanuii Poccuiickoii akanemuu Hayk (MKW PAH), 2022


https://kmu.cosmos.ru
https://kmu.cosmos.ru
https://kmu.cosmos.ru/
http://www.iki.rssi.ru/print.htm
http://elibrary.ru/

MPEANCNOBKE

AcTpodusndeckue, reopusndeckre, MeIuKo-OMOJIOTUYEeCKHEe MCCIIeOBaHUs, COJI-
HEYHO-3eMHas (pU3uKa, MOHUTOPUHT 3eMJIM U €€ MPUPOAHBIX PECYPCOB OCTAIOTCS
BEIyLIMMU, TPUMEHUTEbHO K KOCMUYECKUM HCCAEAOBAaHUSM, (DyHIaMEeHTaIbHBIMU
HaTpaBJICHUSIMU COBPEMEHHbBIX (DM3UKU U ACTPOHOMUU.

B 6o:b1110i1 Mepe yclioBreM MHTEHCUBHOTO HAYYHO-TEXHOJIOTUIECKOTO PAa3BUTHS
CTpaHBl CTAHOBUTCS IIONTOTOBKA HOBBHIX ITOKOJICHUI CITCIIMAJIMCTOB U Pa3BUTHE UX
TMOTEHIIMAIa, B TOM YMCJIE IS peaan3allii HOBBIX aMOUIIMO3HBIX ITIPOEKTOB I10 MCCIIe-
JIOBaHNIO KOCMMYECKOTO MPOCTPaHCTRA.

ExxeronHasi koH(bepeHIMsS MOJOIbIX YYEHBIX, MpUypoYeHHass Ko [IHI0 KocMo-
HaBTUKM, npoxoauT Ha 6aze MKW PAH yxe moutu nBa pecsTka JIeT U OOBEAMHSIET
POCCHICKUX U 3apyOeKHBIX CTYICHTOB, aCITUPAHTOB M MOJIOIBIX YUEHBIX, PEIIMBIINX
CBSI3aTh CBOE OymyIee ¢ KOCMUUECKOU OTPaCIbIO.

Konpepentus TpanuiiMoHHO MPOXOAUT B TeUEHUE TPEX NHEH, B KOTOpbIE IBE
CeKILIMU UOYT MapajuieJIbHO, YTO MO3BOJISIET YYaCTHUKAM IMO3HAKOMUTBLCS C MCCIIEI0-
BaHUSMU B Pa3HBIX 00JIACTSIX U JaET BO3ZMOXHOCTh HAJIAAUTh MEXIUCIUILIMHAPHbBIC
KOHTaKTBHI.

Tematnka KoH(EpeHIIMN TOCTATOUYHO IIMPOKA M BKIIOYAET B CeOs CIeaylolne
HaIlpaBJICHUS:

*  ®Du3MKa COJTHEYHOI CUCTEMbI

* Actpodu3uKa 1 paguoacTpOHOMUS

»  JIMCTaHIMOHHOE 30HIUPOBaHUE 3eMJIU

+  KocMmuueckoe mpubopoCTpOeHUE U SKCIIEPUMEHT

» Teopust u MozeMpoBaHue (DU3NIECKUX TTPOIIECCOB

* HccregoBaHue TuIaHeT

IMpurnamaeM K y4acTHIO B HAIIUX MEPOIPUATHUSIX BCEX MHTEPECYIOIIUXCS KOC-
MHWYECKUMM MCCIeTOBaHUSIMH. Bcio MHOOpMAaIMIO O MPOBOAMMEBIX MEPOIPUSITUSIX
MoxxHo Hauth Ha caiite UKW PAH www.cosmos.ru.

A. M. Cadosckuii
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CPABHEHUE TPAHYTOMETPUYECKOIO COCTABA
KAMYATCKKMX NEMIOB C NYHHbIM PETONIUTOM

W. A. Azankun

WHCTUTYT reoxvmnn n aHanmuTtuyeckom xummum nm. B. V. BepHagckoro PAH (TEOXW PAH)
MockBa, Poccus

BynkaHuyeckue Ieribl 10 rPaHyJIOMETPUYECKOMY COCTaBY MOBOJBHO OJIM3KHU K JIYHHOMY pe-
TOJTUTY, 3TO IeJIaeT UX TMOIXOISAIIUM MaTepUaIoOM JIIST pa3pabOoTKM JIYHHBIX TPYHTOB aHAJIOTOB.

Katouegvie cnoea: JTyHHBI TPYHT-aHAJIOT, TPAHYJIOMETPUYECKUI COCTaB, KamMyaTCKUe
TEILIbI

Bce aHamorm JyHHOTrO perojmTa M3TOTaBIMBAIOTCS, KaK IPaBUJIO, IJISI WUMUTAILIMU
OJTHOTO-JIBYX OCHOBHBIX CBOMCTB, HEOOXOIUMBIX JUISI MCCAEIOBAaHUI, MOIETUPOBAHUS
U dKcrepuMeHTOB. IIpakTryecku HEBO3MOXHO CO3AaTh MOJHbIN aHAIOT JYHHOIO pe-
rojiuTa Ha OCHOBE 3eMHBIX TTOPOJ, COOTBETCTBYIOIINI BCEM OCHOBHBIM CBOMCTBAM —
(pM3UKO-MEXaHMIECKIUM, TEILUTO(PU3UICCKAM, 3JICKTPOMATHUTHBIM, XUMWYCCKUM
W MUHepaJbHBIM coctaBaMm (Cirorta, 2014).

Jnga mMUTaTOPOB (PM3MKO-MEXaHMYECKUX CBOMCTB JYHHOTO PEToJIMTa OMHA M3
BaXKHEHIIIMX XapaKTEPUCTUK — IpaHyJIOMeTpUUecKuii coctaB. PazMep yacTuil JiyHHO-
ro perojura 6JU30K K pa3Mepy YacTHUIl 3eMHBIX BYJIKAaHUYECKUX MeTIoB. Takke HeKO-
TOpPBIEC BYJIKAHWUUECKHE TIETIIBI MOTYT OBITh CXOIHBI C TIYHHBIM PErOJIUTOM 10 XUMUUE-
CKOMY I MUHEPAJIOTHICCKOMY COCTABY.

B HacTosimieii paboTe MpoBenEéH CPaBHUTCIBHBINM aHAIN3 TPAHYIOMETPUICCKOTO
COCTaBa JIYHHOTO PErojiiTa 1 ByJKaHUYEeCKUX MerioB KaMuaTku.

Jng uccrnemoBaHUs B3SITHI MPOOBI Teria BynkaHOB [openbiii, MyTHOBCKUIA,
Tonbauuk, a Takxke Mecok XajJaKThIpCKOTO Iisika. [IBe mpoObl ObLINU B3ThI Y MOIHO-
ks BAK. ['opesbiit u ¢ BbicoThl 1390 M.

Bce 00pa3ibl ncciieqoBaanuch B €CTECTBEHHOM COCTaBe, 32 MCKITI0UEHHEM 00pa3-
1a u3 BiK. Tonbauuk. B cBsi3u ¢ TeM, 4TO MaTepuas U3 BJK. Toa0auuK MMeeT HU3-
KYIO MPOYHOCTh U TOIBEPKEH JETKUM MEXaHUIECKUM BO3ICUCTBUSM, IJISI U3MEJb-
YeHMsS MaTepuasia MCITOJIb30BAIMChH TOAPYYHBIE cpencTBa. [IpyM mMoarotroBke MpoObI
¢ BaK. Tonbauuk ObLIa MpUMeHeHa cleaylolnas MeToauka: 1) apobOieHue maTepua-
Jla MOJIOTKOM; 2) TIpocerBaHKMe M3METbUEHHOTO Marepuajia yepe3 CUTa ITUaMeTpoOM
1-0,16 mm; 3) numdoBaHue MaTepuaia BaTMKOOOPa3HBIM IMpeaMeToM; 4) Mpoceu-
BaHMe M3MEJIbUEHHOIO Marepuaia yepes cura guamerpom 1—0,16 mm; 5) uctupanue
MpocessHHOro Matepuaia 10 ¢pakunit <160 MxMm.

7151 onipeesieHrs TPaHyJIOMETPUUYECKOIo cOCTaBa HEOOXOAMMO 3HATh IJIOTHOCTD
TBEPIBIX YACTUL], KOTOPYIO OMpenessii ¢ nomouibio nukHomerpa nmo 'OCT 5180-
2015 (https://docs.cntd.ru/document/1200126371). T'paHyi1oMeTpUUYECKUii COCTaB
OIIpeleIsUIM C IToMOIIbIo apeoMerpa o mMetoauke 'OCT 12536-2014 (https://docs.
cntd.ru/document/1200116022).

Pesynbrathl ompeneieHus IUIOTHOCTM yactui: 2,6; 3,0; 2,6; 3,93; 2,72 r/CM3
lopensrit, XanakTeipckuii sk, Topenbiit (1390 M), Tonbauuk, MyTHOBCKUIT COOT-
BeTcTBeHHO. [110THOCTH YacTull JyHHOro perojiurta 3,01 r'eM >, TaKuM obpaszom 00-
pasibl ¢ XajaaKThIPCKOTO IUISKA M ¢ BJIK. T010a4MK IO TUIOTHOCTH YacTUIL Hanbosiee
OJIN3KM K JIYHHOMY PETOJIATY.

ITo pesynpraTtaM ompenesieHUsI TPaHYJIOMETPUIECKOIO COCTaBa OBUIO YCTaHOBIIC-
HO, YTO K JIYHHOMY PETOJIUTY OJIMKe BCero o0pa3iibl ¢ ByaKaHOB Tondauuk u ['openblii

Arankun VBaH ApkaabeBUY — MJIAAIINIM HAaYYHbBIN COTPYIHUK, agapkin@geokhi.ru
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. A. Aeankun

(1390 m). KomMynsaTBHBIE KPUBBIE TPAHYJIOMETPUUYECKOTO COCTaBa 3TUX MPOO Hau-
OoJiee OMM3KM K KPUBOM, COCTaBJIEHHOW IO pe3yJibTaTaM WCCIeAOBAHUI MUCCUIA
«AnojutoH-11, -12, -14, -15, -16, -17» u «JlyHa-24» (pucyHOK).
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2. XanakThIpCKUI TUISIK

Kymy/siTMBHBIE KPUBBIE IPAHYJIOMETPUYECKOIO COCTaBa JIYHHOIO IPYHTA W UCCIIEAYEMBIX 00-
pasioB: 1 — [openslii; 2 — Xanakteipckuii isik; 3 — Fopensriit (1390 m); 4 — Tonbauuk; 5 —
MyYTHOBCKMI; 6 — yCpemHEHHBIN TPaHyJIOMETPUUECKHUI COCTAaB JYHHOTO I'PYHTa IO JaHHBIM
pasHbIx Muccuii («Amomon-11, -12, -14...-17» u «JIyna-24») (Carrier, 2003); 6 — mecTo mocazn-
Ku «AnojutoHa-11» (Preliminary..., 1969); 8 — MecTo nocanku «AnojutoHa-17» (Slyuta, 2014)
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CpaBHeume rPaHyOMETPNYECKOro COCTaBa KaMuaTCKiUX MenaioB C NyHHbIM PEroinTom

COMPARISON OF THE GRAIN SIZE COMPOSITION
OF KAMCHATKA ASH WITH LUNAR REGOLITH

1. A. Agapkin
Vernadsky Institute of Geochemistry and Analytical Chemistry RAS (GEOKHI RAS), Moscow, Russia
Volcanic ash is quite similar in grain size composition to lunar regolith, which makes it a suitable

material for developing lunar soil analogues.
Keywords: lunar soil analogue, grain size composition, Kamchatka ashes

Agapkin Ivan Arkadevich — junior researcher, agapkin@geokhi.ru
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CPABHUTENbHbIA AHANN3 KNUMATUYECKUX NONEN OBNAYHOCTH
AIHBAPA U MIONA B CEBEPHOM MOJTYILAPUX MO CMYTHUKOBBIM JAHHBIM

M. A. Anumnuesa, C. B. Mopo3osa, H. B. Kopomkosa

CapaToBCKUI HaLMOHalbHbIN NCCNe[oBaTeNbCKNI FOCYAAPCTBEHHDIN YHMBEPCUTET
nm. H.T. YepHbiwesckoro (CI'Y), Capatos, Poccusa

ITo criyTHUKOBO# MHMOpMaLK 00 00JJAYHOCTH MOCTPOEHO CpeHee MHOTOJIETHEE MoJIe 00Iau-
Hoctu 3a naBa aecsatwietus: 20012010 u 2011—2020 rr. B sHBape U uiojie. YCTaHOBJIEHO, YTO
cpenHue KITMMaTUYeCKUe TI0JIsI B STHBape W UI0JIe XOPOIIIO OTPaKaloT OCHOBHBIE KITMMATHUECKIE
3aKOHOMEPHOCTH pacmpencyieHus 061akoB Ha CeBepHOM TOIyIIapuu. AHaJIN3 U3MEHEHUs 00-
JIAYHBIX TTOJIe OT OHOTO AECATUIIETHETO MPOMEXKYTKa K APYroMy MO3BOJIMI BBISIBUTH 001aCTH,
B KOTOPBIX TIPOMCXOIUT YBeJIMUEHUE WJIM YMEHbIIeHHe obiadHocTU. W B ssHBape, U B UIOJe
HabJoaeTcsT TEHICHINS YBeIMUeHUsT 00JIaYHOCTA B paiioHe 3KBaTtopa. B siHBape BBHISIBIICHO
yBeJIMUYEeHUE 00JJAYHOCTU B BBICOKMX IMMpOTaxX. JleaeTcst BHIBOI, YTO yBEJIMUEHHE OOJaUYHOCTH
B paiioHe 3KBaTOpa He CIIOCOOCTBYET pa3BUTHIO MOTETUIEHUS B 3TOI 30HE. YBeauyeHue ob1ay-
HOCTHU B MOJISIPHBIX IIMPOTAX B SIHBAPE MOXET paccMaTpyBaThCs Kak (hakTop, MPensTCTBYIOLIMI
BBIXOJIAXKMBAHUIO ¥ CTUMYJIMPYIOIINI pa3BUTHE TIOTETIICHUST B ADKTUYECKOM OacceitHe.

Kniouesoie croa: 006J1a4HOCTD, CITYTHUKOBasE MH(MOPMALIKS, KIMMAaTUYECKE U3MEHECHUS,
M3MEHUMBOCTh O0JIAUHBIX MOJCH

O0J1ayHbBI TTOKPOB KaK CaMbIii MOIIHBIN M U3MEHUYUBBINM PEryIsaTop pagrualliOHHOTO
pexXumMa Hallleil IJIaHeThl MPUHAIJICKUT K YMCIY BaXKHEH X (haKTopoB (hopMUpOBa-
Hus kiauMarta. OqHako peryjasipHble HaOIoAeHUS 32 00JaYHbIM ITOKPOBOM COTPSIKe-
HBI C OMpPENeIEHHBIMU CI0XHOCTIMU. OHA U3 HUX CBSI3aHA C OLEHKOI 00JIaYHOCTU
HaOIIfomaTeIeM Ha METEOPOJOTHMUECKMNX CTaHIUsIX. KpoMe HEeKOTOpoit moju cyObekK-
TUBU3Ma B OIpeaesieHnN 6auia 1 (popMbl 00JIaKOB, METCOHAOIIONCHUS 3a 00JJaKaMM
¢dparMeHTapHBl U HE OaloT I1obajabHOro oxsara. JJaHHYyIO mpoOieMy MOXHO ycTpa-
HUTb, UCTOJIb3Ys AUCTAHIIMOHHBIE HAOMIOJEHHUS 32 00JaYHBIM TOKPOBOM — CITyTHU-
KOBYI0 MH(OpMaLIUIO.

OmHako COOTHECeHME MAaHHBIX HAa3eMHbIX HAOIIOJEHUN O KOJIMYECTBE OOJaKOB
W CIYTHMKOBOI MH(poOpMamuu o0 00JaYHOCTH TakKKe HempocTas 3amada. Ecim Ha-
OiromaTenlb OLICHWBAET OOJIAYHOCTh B IMpeleiaX OOBIYHOTO TOPM30HTA, TO CITyTHU-
KOBasl arraparypa OlIEHHUBAeT 00JaYHOCTh B STUEKaX B COOTBETCTBUU C OINPEICIEH-
HBIM paspelieHueM. I1oaToMy Hpu CIyTHUKOBOM MOHUTOPMHIE TOJIel 00JayHO-
CTU OOBIYHO MCIOJIb3YeTCsl TEPMUH «obOsiauHast dpakuus» (YepHokyabekuit, 2015;
YepHokyabckuit, Moxos, 2011). ObnauHas dpakuust u3MepsieTcsl B 1OJSIX €AUHULIBIL.
YKaxeM, 4TO B HACTOSIIIIEM MCCICIOBAHUM BMECTO TIOHSITHS «00IadHast ppakius» 0y-
IeM TIPUMEHSITh TEPMHUH «00JIaYHOCTE».

IMocnegHee BpeMs HEOOBIYATHO BO3POC MHTEpPEC K KIMMATUYECKOMY 00O0OIIe-
HUIO JaHHBIX 00 O0JIAUHOCTU. DTO OOBSICHSIETCS TEM, UYTO POJb OOJAUHOCTU B Ha-
CTOSIIIMX KJIMMAaTUYECKMX W3MEHEHMSIX B IIOCTATOYHOW CTEreHW He oImpenejeHa
(IepcTtiokoB, 2008). AnekBaTHBIMU MaTepualaMy JJIs KIMMaTUYEeCKUX 0000IIeHUt
CTAHOBSTCS CITYTHUKOBEIC JaHHEIE 00 001aYHOM TTOKPOBE.

B Hacrosmem wucciemoBaHWM TIPEAINIPUMHSITA TIOIBITKA ITIPOBECTH KJIMMATO-
Joruyeckue o00OLIeHUsI OOJIaYHOCTM B ABa KJIMMaTUYecKux mnepuona. OmnuH —
¢ 2001 mmo 2010 1., BrOopoit — ¢ 2011 mo 2020 r. B 3Tt KiiMMaTu4yecKue MpoOMeXYTKU
paccMmaTpuBajach O0JIAYHOCTh B sIHBape U Mioje. B KayecTBe MCXOOHBIX JAaHHBIX

AmuvnueBa Mapust AJleKCaHIpOBHA — aCCUCTEHT, acIUpaHT, alimpiewa@rambler.ru
Mopo3osa CsetnaHa BianumMupoBHa — IOLEHT, KAaHAUAAT reorpaduueckux HayK
KoporkoBa Hanexxna BranumMupoBHa — n0LIEHT, KaHAUIAT TeorpauiyecKux HayK
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CpaBHVITel'IbeIVI aHanu3 Knumatuyecknx noneit 06nayHoCTn AHBAPA W UONA B CEBepHOM nonywapuu. ..

HCIIOJIb30BAIMCh 3HaueHUs o0JayHOCTU (0OJauHbie (paklMK), pa3MellgHHbIe Ha
caiite  NASA  (https://neo.gsfc.nasa.gov/view.php?datasetld=MODAL2 M CLD
FR). Busyanuzauust 0O0JaYHBIX TIOJIE MPOBOAMJIACE C TIOMOIIBIO ITPOTPAMMBI
Maplnfo, BbiOpaHa MHTEPIOJISILIMS METOJOM €CTECTBEHHOIO COCcea.

B pesynbraTe CTATUCTUYECKUX PACYETOB IIOCTPOEHBI CPEIHUE MHOTOJIETHHE OISt
00JIAYHOCTH SIHBapsI M MIOJIS 32 YKa3aHHbIE BpeMEeHHbIE ITpOMexXyTKU. LIBeToBbIe Tpa-
JAllMM YKa3bIBalOT Ha MHTEPBAJIbl 3HAYCHUI B TOJISIX SUHMII.

Ha puc. 1 npeacraBieHbl KIMMaTUYECKUe OOJIaYHbIe TTOJS [UISl STHBapsl 3a BbI-
OpaHHBIC BpeMEHHbBIC MHTEPBAJIBL.
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Puc. 1. CpeHee MHOTOJIETHEE T10JI€ 00JJAYHOCTU B sTHBape:
a—2001-2010 rr.; 6 — 2010—2021 rr.

Kak BumHO Ha puc. 1, 3aMeTHBICE U3MEHEHUsI 00JJaYHOTrO TMOKPOBa B IBa MCCIIe-
JyeMbIX BPEMEHHBIX TTPOMEXKYTKa BU3YaIbHO He OOHapyxuBatoTcs. ObJayHble paiio-
HBbI COOTBETCTBYIOT 30HaM aKTMBHOIO LIMKJIOreHe3a. DTo nojoca mexay 30 u 60° c. 1.
B 3amaJiHOM MoJyniapuu. Bojbllioe Koan4ecTBO 00JAKOB BBISIBIISIETCS B 30HE JEii-
CTBUSI aTIAHTUYECKON M €BpOa3naTCKOM BETBU TOJIIPHOTO (DpOHTA M ATJIAHTUIECKON
¥ a3MaTCKOM BEeTBU apKTUIECKOTO (DPOHTA, YTO COINIACYETCS C KIIMMATUICCKIM TI0JIEM
00JIaYHOCTH I10 JAaHHBIM Ha3eMHbIX HabmoaeHuii (Jpo3nos u ap., 1989).

Ha xnumaTuyeckux TOJsIX OOJAYHOCTU HIONS TakKe BU3YaJbHO IOBOJIb-
HO TPYOHO OTCIEIUTh KakKue-aubo peruoHajbHble U3MEHEHUSI B OOJaYHbBIX IMOJISX.
MakcuMalibHOe KOJMYECTBO 00JIaKOB OTMEYaeTcsl B pailoHe aKBaTopa, NMpUYEM Ha
00JIAYHBIX TIOJSIX WMIOJST XOPOIIO TIPOCTEXKMBAETCS TWHAMUKA BHYTPUTPOTIMYECKOMN
30HBI KOHBEpreHImu. Manoo0bnauHble 1 06e3001auHble pailoHbl — mycThiHS Caxapa.
Bonbiras obmauyHoCcTh (pukcupyercs: B palioHe CeBepHOI ATIIAaHTUKY U HaJl CEBEPHOI
yacTblo TUxoro okeaHa (pPUCYHKM He TIPUBOISATCS ).

OnHako MaTeMaTU4YecKue pacy€Thl pa3HUILIbl B 3HAYEHUSIX 00J1aUHOCTH B JIBa UC-
cJielyeMbIX BPEMEHHBIX MPOMEXYTKa ITO3BOJUIM OIPENeIUTh PAloHBI, pa3iuvaro-
muecsl KOJIMYECTBOM OOJIaYHOCTU. Busyanmsaniusi 3Toil pa3HUIIBI MpeAcTaBlieHa Ha
puc. 2 u 3. Ykaxem, 4TO MpU pacu€Tax pa3HUIIbl B KOJIMUECTBE OOJTAYHOCTHU U3 3HAYE-
HUIA 001a4HOCTU BO BTOPOM BpeMeHHOM nHTepBaje (2011—2020) BeIYuTaIMCh 3HaUe-
HUS 00JIAUHOCTU B MIEpBOM BpeMeHHOM uHTepBae (2001—-2010).


https://neo.gsfc.nasa.gov/view.php?datasetId=MODAL2_M_CLD_FR
https://neo.gsfc.nasa.gov/view.php?datasetId=MODAL2_M_CLD_FR

M. A. Anumnuesa, C. B. Mopo3oea, H. B. Kopomkosa
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Puc. 2. Pa3Huiia B 3HaUeHUsIX 00JJAYHOCTH MEXIY KJITMMaTUYECKUMM MeprUoaaMu (SIHBaphb)
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Puc. 3. PazHuia B 3HaUeHUSAX 00TAYHOCTA MEXIY KINMATUIECKUMU TIeproaaMu (UI0JTb)

Kaxk BugHO 13 puc. 2 u 3, poclieXXuBaeTcsi OUeHb OObIIAas MATHUCTOCTh B U3-
MEHYMBOCTU OOJIAUHBIX MOJIel, MPUYEM caMM paliOHbl MSTHUCTOCTU HE BEJIMKU
no MaciTaoy. [TockoibKy 0071a4HOCTh OYeHb TECHO CBsI3aHa ¢ (hopMaMu GapUuecKo-
ro penbeda, MOXKHO TIPEIITOIOXUTh, YTO U3MEHEHNE 00JTaYHOCTU HaJl OTIPEIeIEHHBI-
MM reorpauiecKuMU paiiloHaM1 KOCBEHHO OTpaXkaeT (hyHKIIMOHUPOBAaHUE Me30Mac-
IITaOHBIX OAPUIECKUX CUCTEM B 3THUX paliOHaX.

B auBape (cMm. puc. 2) OT OJHOIO AECATWIETHUS K APYroMy B IIEJIOM OOJaYHOCTh
yBeauuuiach ceBepHee 70° ¢. 1. u roxkHee 20° ¢.11. YBeauueHUe KoJMvecTBa o0Jay-
HOCTU B SIHBape B MOJISIPHBIX IIIMPOTaX MOXHO paccMaTpuBaTh Kak (akTop, crocood-
CTBYIOIIMI Pa3BUTHIO TTOTETUIEHUST B 3TON obnactu. Takxke yKaxeMm, UTO yBeIWde-
HHUE KOJIMYEeCTBA O0JIAKOB HaJl KAKUM-TO OTIPEICIEHHBIM PaiilOHOM CBUAETETLCTBYET
00 YyCWJIEHUU LIMKJIOHMYHOCTU B HEM. [IpencraBieHHbIe pacCyXkIeHMUsI aBTOPOB CO-
IJIaCYIOTCS C paHee BBITIOJHEHHBIMM HcciaenoBaHusiMu, Harpumep (Hectepos, 2018,
2020), B KOTOPBIX yKa3bIBAaeTCs Ha yBEJIWUYECHUE MOBTOPSIEMOCTH SKCTPEMaIbHBIX LIM-
KJIOHOB B TTOJISIPHBIX paifoHaXx.

VBennueHue 06Ja4YHOCTU OT MepUoja K Mepruody B palioHe 3kBatopa (CM. puc. 2)
MPETSITCTBYET Pa30rpeBy 3THX paioHOB. OTMETUM, YTO B IIMPOTHON 30HE MEXKIY
TPUALIATEIMA TPagyCcaMHM CEBEPHBIX M IOXKHBIX IMMPOT MOTEIUICHWE HE OTMEUYaeTcs,
U 4yeM OJIrKe K 3KBaTOpy, TeM CUJIbHEE BbIPaXKeH OTPUIIATEIbHBIN TPEHI BpeMEHHOTO
u3MeHeHus teMneparypbl Bozayxa ([lepeseneniies, 2009).

YMeHblIeHUEe STHBApCKON 00JaYHOCTU OT OJHOTO KJIMMATUYECKOro Mepuomaa
K IpyroMy HaOJTI0/1aeTCsI TOJBKO B Y3KOU IIMPOTHOM 30HE, HAUMHAIOIIEHCST OT 3KBaTO-
pa ¥ MPOTATUBAIOIICIICS B CEBEPO-BOCTOYHOM HAIIPABJICHUU ITOYTH IO IISITUAECSATHIX
IIUPOT CEBEPHOTO MOJyIIapHs. DTa 30Ha YMEHBIIICHUS KOJUUYECTBa 00JIAKOB MPOXO-
JIUT TI0 BOCTOYHOMY ITo0Oepexbio BocTouHoit Adpuku, 1ory ApaBUiicKOTo MOJyOCTPO-
Ba Ha LleHTpasbHyl0 A3uio. BrisiBlIeHHOE YMeHblIeHUe 00JJaYHOCTH B 3TOM PETHMOHE
TpeOyeT MOMOTHUTEIbHBIX UCCAECAOBAHUN. YKaXeM, UTO ellé OAUH o4Yar yMEeHbIIECHUS
00JJAYHOCTH TIPOSIBUIICS HaJl CEBEPO-BOCTOUHOI YacThio Kuras.

AHanu3 U3MeHeHUs 00JTaYHOCTU OT OHOTO NECATUIETHS K IPYTOMY B UIOJIE (CM.
puc. 3) TTO3BOIII 3aKJIIOUNTh, YTO YBEJIMUCHUE KOJMUIECTBA 00JIaKOB TaK e, KaK 1 B
STHBape, XapaKTepHO UISl 30HBI, TIpUJIETaIoNIeii K 9KBATOPy. YBEINYeHUE 00JaYHOCTH
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CpaBHVITEJ'IbeIVI aHanu3 Knumatuyecknx noneit 06nayHoCTn AHBAPA W UONA B CEBepHOM nonywapuu. ..

B 3TOM palioHe TakKe He CITOCOOCTBYET POCTY MPUITOBEPXHOCTHOM TeMIlepaTyphl BO3-
JlyXa B 9TUX LIMpoTax. B uioje ouar ymMeHbIIeHUs] 00J1a4YHOCTU OYEHb MaJl To Tiolia-
U W pacriojiaraetcss BOJU3M 3aragHoro noodepexnbs AGpUKU B paiioHE XOJOAHOTO
Kanapckoro TeueHus. CKopee BCero, YMEHBIIICHNE 00JJAYHOCTH B pPaliOHE XOJIOTHOTO
TEYCHMST MOXET YKa3bIBaTh Ha HEKOTOPOE CHIXKEHME ero TeMmmepaTypbl. OmHAKO 3TOT
(akT TakKe TpeOyeT JaTbHENMIIMX UCCEIOBAHUIA.
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COMPARATIVE ANALYSIS OF CLIMATIC CLOUD FIELDS IN JANUARY AND JULY
IN THE NORTHERN HEMISPHERE BASED ON SATELLITE DATA

M. A. Alimpieva, S. V. Morozova, N. V. Korotkova

Saratov State University (SSU), Saratov, Russia

Based on satellite information on cloudiness, an average long-term cloudiness field was con-
structed for two decades: 2001—2010 and 2011—2020 in January and July. It has been established
that the average climatic fields in January and July reflect well the main climatic patterns of
cloud distribution in the Northern Hemisphere. An analysis of changes in cloud fields from one
ten-year period to another made it possible to identify areas in which an increase or decrease in
cloudiness occurs. In both January and July, there is a tendency for an increase in cloudiness in
the equator region. In January, an increase in cloudiness was detected at high latitudes. It is con-
cluded that the increase in cloudiness near the equator does not contribute to the development
of warming in this zone. The increase in cloudiness in the polar latitudes in January can be con-
sidered as a factor preventing cooling and stimulating the development of warming in the Arctic
basin.
Keywords: cloudiness, satellite information, climate change, cloud field variability
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MOAENW BHYTPEHHEIO CTPOEHNA BEHEPDI
HA OCHOBE MOJEJIA 3EMNN PREM

A. 0. Amopum 1, I. B. [yokosa 2

T MockoBcKui OU3MKO-TEXHUYECKNI MHCTUTYT (HaLMOHabHbI

nccnepoBaTenbckmin yHusepcutet) (MOTU), DonronpyaHbii, Poccna
2 NHcTuTyT dunsmkm 3emnm um. O.10. Wmnara PAH (M3 PAH), MockBa, Poccusa

N3ydenne Heap BeHephbl MMeeT KIIIOUEBOE 3HAYEHME IS IOHUMAHMS SBOJIIOLIMKI U F€0JIOrde-
CKOI1 McTOpuH IUTaHeThl. B paboTe mocTpoeHbl 72 MO BHYTPEHHETO CTpoeHuUs1 BeHephl Ha
ocHoBe moneau 3emian PREM. Mozaenu oTimyaloTcs MOIITHOCTBIO KOPBI, PaIuyCOM U TJIOTHO-
CThIO sipa. I KaxkIoi M3 HUX pacCYMTaHBbl pacrpeleieHre MIOTHOCTH, NaBJICHUS, MacChl,
IrPaBUTALIMOHHOTO YCKOPEHMSI U CKOPOCTH CEMCMUUYECKUX BOJIH IO PAIMyCy, a TAaKKE BBIYMC-
JIeHbl MOMEHT MHepuuu / 1 npuiauBHoe Yucio Jlsapa k,. INoydeHHble pe3y/ibTaThl ObUIM CO-
MOCTABJIEHBI ¢ UMEIOLIMMUCA OLEHKaMU [ U k. AHAIU3 MOZIENeH MO3BOJISIET 3aKIIOUUTh, YTO
MPUCYTCTBHE TBEPIOTO BHYTPEHHETO siipa Ha BeHepe MajioBepOSITHO, 1 YTO MOJE/IU C PATNyCOM
snpa B uHTepBaie ot 3000 mo 3400 kM — Gosiee IPaBIOITONOOHBIE.

Kniouesvle crosa: Benepa, 3eMienono0Hast MOIEIb BHYTPEHHETO CTPOEHUSI, MOMEHT HED-
LIMH, IPUIMBHOE YKciio JIsiBa, HEYIPYrocTh

BBEJEHUE

HccnenoBanne BHYTPEHHETO CTPOCHUS TUTAHET 3¢MHOM TPYIIITHI BeChbMa BakHO, BElb
MPOIIECCHI, TIPOUCXOMSIINE B UX HeIpaX, TECHO CBSI3aHBI C SBOJIIOIMCH TUTAHET W Ya-
CTUYHO OOBSICHSIIOT, IOYEMY OHM TaK pa3jiMyaroTcs Mexay coboii. BeHepa npencras-
JISIeT 0COOBIN MHTEpEC, TaK KakK e€ Macca U paauyc OJIM3KU K 3eMHBIM, a e€ aTMocdepa
U reojiornyeckasi UICTOpusi — Her.

BHyTpeHHee cTpoeHUe BeHephl HEIOCTaTOUHO M3YUYEHO M3-3a BHICOKOM ITOTpeI-
HOCTH U3MEPEHUS MOMEHTA MHEPUMU U 4ncia JIsasa k,. C Uesblo yTOUHEHUS 3Haue-
HU 3THUX TTapaMeTpPOB pa3padaThIBAIOTCSI MUCCUU TI0 MCCIIeAOBaHNIO BeHephl: mpo-
exT ['ocymapcTBeHHOI KOpIIOpallMM IO KOCMMYECKOH AesiTeibHOCTU «Pockocmoc»
«Benepa-Jl», mpoekt EBpomeiickoro kocmuueckoro areHtctBa EnVision u mpo-
ekT HauumoHanbHOro ympaBieHMsSI MO a3pPOHABTUKE U MCCAEAOBAHMIO KOCMMYECKO-
ro npoctpaHctBa CIIIA VERITAS (anen. Venus Emissivity, Radio Science, InSAR,
Topography, and Spectroscopy). Tem He MeHee, MMEIOILIMECS TaHHbIE O MOMEHTE
nnepuum (Margot et al., 2021) n o npuusHOM umciie Jlsasa k, (Konopliv, Yoder, 1996)
MTO3BOJISTIOT BBIICIUTH HEKOTOPYIO «TPYIIITY» MOJIENIEil, KOTOPhIE ¢ OOJIBIIIEiT BEPOSITHO-
CTBIO OTMCHIBAIOT PeasIbHbIC YCIIOBUS B Heapax BeHeprl.

3EMNENOAOBHbLIE MOAEJIA BEHEPbI

JI71s moCTpoeHMs MOIIeI BHYTPEHHETO CTPOCHUS TIJIAaHETHl HEOOXOIMMO 3a1aTh ypaB-
HEHME COCTOSIHUS BeIlleCTBa B MAHTUM U smpe. M3-3a OTCYTCTBUS CEMCMUUYECKUX U3-
MepeHuil Ha BeHepe HEM3BECTHO paclpenejeHue MOAYJIei cIBUra U BCECTOPOHHETO
CXKaTH TI0 paguycy r. be3 3THx 3aBUCMMOCTEl HEBO3MOXHO UCITIOIH30BaTh YpaBHEHHE
Anmamca — BubssMcoHa T OJTyYeHUST TIPpOMUIIST TDIOTHOCTU B HEApax.

Jlapxunan OnuBeiipa AMOpUM — CTYIEHT O0akaiaBpuara, oliveira.ad@phystech.edu
Tamapa BacunbeBHa 'ynkoBa — IJ1aBHBIM HAYYHBII COTPYIHMUK,
TOKTOP (PU3UKO-MaTEeMaTUUECKUX HayK
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Mopnenu BHyTpeHHero cTpoeHna BeHepbl Ha ocHose mogenn 3emnu PREM

B cBs13u ¢ Tem uto 3emiisd u BeHepa cxoxu mo paauycy U 1o Macce, B TaHHOM pa-
00Te CUMTAETCS, YTO COCTABhI M YCJIOBUS B X HEApax OJM3KU, YTO IMO3BOJISIET UCIIOIb-
30BaTh JaHHbIC 13 3eMHOI Monen PREM (awuen. Preliminary Reference Earth Model)
(Dziewonski, Anderson, 1981) xak HyneBoe mpuoOMmmKeHre. MCIomb3yoTcsT 3aBUCH-
MOCTH TUIOTHOCTHU OT AaBJIeHUst Oy(P) 1 MofyIeid cBuUTa 1 (0) U BCECTOPOHHETO CXKa-
s K (p) or miuorHoctu. [IpoBoauTcst MHTEPONALUA TaHHBIX U3 Monenu PREM,
a TpY HEOOXOAMMOCTU UX SKCTPAIOJsIMs B HUXKHE MaHTUU WM B BEPXHEH yacTu
simpa.

B pa6ore (XKapkos, 3acypckuii, 1982) npu noctpoeHuu moneeit BeHepbl cuun-
TaeTcs, YTO TOJIIMHA KOpH paBHa 70 KM. B mociieqHme oI, HA OCHOBE TaHHBIX TO-
norpaduu ¥ rpaBUTAILIMOHHOTO TI0JISI, 3TO 3HAYeHUE IIePECMOTPEHO B CTOPOHY YMEHb-
mweHus (Jimenez-Diaz et al., 2015). B HacTos11e# i paboTe MOCTPOEHBI MOJEIU, B KO-
TOPBbIX MOIIHOCTH KOpbl paBHa 30, 50 u 70 kM. [110THOCTH B KOpe MPUHSATA PaBHOMI
2800 kr-cM .

Uto kacaetcs siapa, B HACTOSIIIEH paboOTe TMpeIoaraeTcs, YT0 OHO HaXOMUTCSI
TIOJTHOCTBIO B XXKMIKOM cocTosTHUM. B pabote (Dumoulin et al., 2017) moka3aHo, 4TO
Ha OCHOBE MMEIOIINXCSI JaHHBIX HEBO3MOXHO TOYHO YTBEpKIaTh, MMEETCS JIN TBEP-
Jloe BHyTpeHHee s1po y BeHepnl. B ykazaHHO# paboTe MTOCTpOSHBI MOAEN C TBEPIBIM
SIAPOM, KOTOpbIE YIOBJIETBOPSIIOT HaOII0AaeMbIM reoU3NYECKUM TaHHBbIM. OmTHaKO
B TaKMX MOJIEJISIX SIIPO COCTOUT M3 YMCTOTO 3KeJjie3a, YTO MaJIOBEPOSITHO, TaK KaK CUM-
TaeTcsl, 4TO B siipaxX TUIAHET 3€MHOU TPYyMIIbl MPUCYTCTBYIOT TIPUMECH JIETKUX BJie-
MEHTOB. DTU MPUMECH 3aMETHO CHIDKAIOT TeMIIepaTypy IJIaBJICHUS BEIIECTBA B SIIpE.
B HacTosieit pabote cuuTaeTcs, 4TO cOCTaB simpa BeHephl ci1abo oTjiMyaercst OT Co-
cTaBa 3eMHOTO sapa. Huxke OyneT moka3zaHoO, 4TO, €C/Id TaKoe IPEeAroJokKeHue Bep-
HO, TO SIIPO HAXOAMTCS B KUIKOM COCTOSTHUU. PaccMaTpuBaroTCst MOJEIM C paauyCcoM
sapa R, B uHTepBaie ot 2800 km 10 3500 kM.

3aech ucnoab3yercs noaxon U3 padorsl (I'ynkosa, 2Kapkos, 2020) — MJIOTHOCTb
B MaHTUU 0, (P) 3a1aHa ¢ nomolubio Koabduumenta A: p, (P) = Ap(P). Tem cambim
OHa oIpejeisieTcsl cMelleHueM 6a3o0Boii roTHocTU U3 PREM BBepx unu BHU3.

HewnssectHo, cogepXut nu sapo BeHepbl OoJbllle MU MEHbIIE TTpUMeceil TErK1uxX
9JIEMEHTOB TI0 CPAaBHEHUIO C 3eMJIEM, TIO9TOMY, IUISl TIIOTHOCTH siipa O (P) BBOAUTCS
aHAJIOTMYHBIA Koo dutment B: p (P) = Bp(P). [TocTpoeHbl MOnEN 175t TPEX 3HAYE-
Huit B: 0,99; 1,00; 1,01.

Pacuér momeneli BHyTpeHHETO CTPOCHUS IUTAHET OCHOBAH Ha MCITOJIb30BaHUH
ypaBHEHUS 1151 Macchl (1) 1 ypaBHEHUSI TUIPOCTaTMYECKOTO paBHOBecHs (2):

MO 4oy, m
O o) =), @)
;

ITocne obe3pasMmepuBanmsa, ypaBHeHus (1) u (2) pemarorcss metrogoMm PyHre —
KyTThl 4-TO TIOpsinKa anmpokcumanuu. s Kaxknoil Moaenu 3aaaHbl 3HAUSHUST TOJ-
IIIMHBI KOPHI, paauyca sapa U KoadduuueHTa B M HEOOXOAMMO HAMTHU 3HA4YeHHe
KoadhduimeHTa A, MpU KOTOPOM Macca MOIEIbHON TUIaHeThl COBITagaeT C MacCou
Benepst M = 4,8669-10%* kr. [list aToro ucnons3yercst Metox HpioToHa.

Bcero moctpoensr 72 Mmopenn: ToammuHa Kopel — 30, 50 u 70 kM; pamguyc sapa —
2800, 2900, 3000, 3100, 3200, 3300, 3400 u 3500 km; koadduumrent B — 0,99; 1,00
u 1,01.

BaxxHbIM reocdusnyeckuM mapaMeTpoM, HaKJIaabIBalOIIMM OTpaHUYEeHHE Ha MO-
JIeJTb TIJTAaHETBI, TIPEICTABIISIETCSI MOMEHT MHEPIIMK, KOTOPBIN IS BCeX MoJeseil pac-
cuuthiBaeTcs 1o popmyie (3):
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[.0. Amopum, T. B. [yokosa

SNy P 3
MR* 3 9

3HaueHEe MOMEHTA MHEPLNU BeHephl SKCIIepMMEHTAIBHO OMpeeIeHO B paboTe
(Margot et al., 2021) u coctasmustet 0,33710,024.

[1st Bcex Mojesieil TakKe ITOJIydeHbl pacipeae/ieHusT MOAyJIeld CABUra L U BCe-
CTOpOHHero cxarust K mo paauycy Ha ocHoBe 3aBucumocteil u3 PREM p,(p) u K, (p).
DTU pacripefe/ieHs] WCIONB3YIOTCS IS pacdyéTa CKOpPOCTE CEeMCMMYECKMX BOJIH
n yncna JlsiBa &,

PE3YNbTATbI U AHAJIN3

PacrnipenenieHus MJIOTHOCTY W AAaBJICHUSI MPEICTaBISIIOT OCOOBI MHTEpeC sl Oompe-
JIEJICHUST COCTOSIHUS sipa (TBEPIOE WK XUIKOE), MOITOMY I BCEX MOJENeH Mpu-
BelleHbI (puc. 1) mosryueHHbIE MOJIeJIbHbIE 3HAYEHUS TIJIOTHOCTHU U AABJIEHUS B LICHTPE
IUTAHETBI (COOTBETCTBEHHO P, 1 P ). B Moziesisix ¢ 60/bIMM SapoM p, U P, Bbllle, YeM
B MOJIEJISIX C MAJICHbKUM SIAPOM. [OJIIMHA KOPBI, B CBOIO OYepeib, c1ab0 BIUSIET Ha
5TU BEJIUYUHBI.

12,1
12,0
11,9
11,8
11,7
11,61
11,5
11,4

2800 3000 3200 3400 3600 2800 3000 3200 3400 3600

R, xm R, xm
a 7]

Puc. 1. MonenbHble 3HAYEHUS TIOTHOCTH 0, (@) U nasieHus P, (6) B uentpe Benepol

]/MR2 0,36 —————————————————————————t———

2800 2900 3000 3100 3200 3300 3400 3500
R, kM

Puc. 2. MonenbHbIC 3HAYCHUS MOMEHTa MHepIMK BeHephl.
Il tpuxoBbie TMHMY BeIACASIOT 06nacthb 0,3371+0,024
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Mopnenu BHyTpeHHero cTpoeHna BeHepbl Ha ocHose mogenn 3emnu PREM
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Puc. 3. PacnipeneneHusi naBieHuss U macchl (@), TUIOTHOCTM M TPaBUTALIMOHHOTO YCKOpe-
HUS (0) U CKOPOCTH (6) CEMCMUYECKUX BOJIH 110 PATUYCY IUISI MOJIEJIM C TOJIIMHOM KOpbI 30 KM,
B=1,01nu R, =3100km

MonenbHbie 3Hauyenus P, Haxomarca B mHTepBase or 260 mo 310 IMla. [dna
CpaBHEHMSI: B IIeHTpe 3eMJin naBiieHue gpocturaet 363 I'Tla, a Ha rpaHuile BHYTpEH-
Hero snpa — 328 I'Tla (Dziewonski, Anderson, 1981). OTo mokasbIBaeT, 4To Jgaxe
B MOJIEJISIX C OYeHb OOJIBIIIUM SIIPOM JIaBJIeHUWE B LIeHTpe BeHepbl He mocTuraet 3Ha-
YEeHU, TIPU KOTOPBIX MPOUCXOAUT KPUCTAIUTM3AIMS PacIllaBa B 3¢MHBIX YCIIOBHUSIX.
CrnepoBaTtesibHO, €CJIM cOCTaBbl BeHepnl 1 3eMin OJIM3KM, TO TBEPAOTO BHYTPEHHETO
saapa y BeHepsl HeT.

Yrto kacaeTcsi MOMEHTa WHEpLIMU, TMOJYYeHbl 3HaueHUs (puc.2) B MHTepBaJe
ot 0,323 no 0,347. D10 cornacyetrcs ¢ uaMepeHHbIM 3HayeHuem 0,33710,024 (Margot
et al., 2021). bauxke Bcero K HeHTpaibHOMY 3HaueHuto 0,337 HaxonsTcsl MOJEIU C pa-
JIINYCOM siapa RC ot 3000 mo 3300 kM.

¥ monenu ¢ ronumHoii kopel 30 kM, B= 1,01 u R, = 3100 kM 3HaYeHME MOMEHTA
uHepLun TouyHo pasHo 0,337. [lns aTolt Monenu Ha puc. 3 nMpuBeaeHbI TPOGUIN BaxX-
HeHmux hpU3nIeckKux BeJIMYMH B Heapax BeHepsl.

M3-3a BBICOKOil ITOTPEITHOCTH M3MEPEHMSI MOMEHTAa WHepIUM BeHepbl HEeBO3-
MOXHO BbIOpaTh, Kakue MoJeau Hauobosee noaxonasiue. HyxeH eme onuH Kputepuii
IUIST CpaBHEHUsI Mozelieii. B KauecTBe TaKOro KpUTEpUs] MOKHO HCITOJIB30BaTh TIPH-
JmBHOe 4ncio Jlgasa k,.

NPUNUBHOE YNCIO NABA k,

B pabore (Love, 1909) BBeneHbl aBa reousnyeckux napamerpa (h, v k,), onucoiba-
IOIIMX OTKJIMK TUIAHEThl Ha BHEIIHee NMPUIMBHOE Bo3neiicTBue. CeroaHs 3TU 4uciia
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aKTUBHO MCIIOJB3YIOTCS I MOJYyYeHUsT MHGbOPMALlMM O Heapax IUIaHeT U CITyTHU-
koB CosHeyHo# cuctembl. [l Benepn k, uamepeHo u oHo cocrassieT 0,295+0,066
(Konopliv, Yoder, 1996).

Ha ocHoBe momxoma, mpemioXXeHHOro B cTaTthe (Alterman et al., 1959), paccuu-
TaHo ynpyroe uucio Jlssa k, 1is1 Beex ocTpoeHHbIX Mozieneit Benepsl. ITonyyeHnbie
3HauYeHUs MPUBEACHBI Ha puc. 4.

k, 0,36

0,34

2800 2900 3000 3100 3200 3300 3400 3500
R, km
Puc. 4. MonenbHble 3HaueHus ynpyroro uucina Jissa k, Benepsr.
Il TpuxoBbie TMHMM BBIICISIOT 00acThb 0,2954+0,066

2800 2900 3000 3100 3200 3300 3400 3500

R, xm

0

Puc. 5. MonenbHble 3HaYeHMs Heynpyroro uucina Jlssa k, Benepsl.
IITprxoBbIe IMHUM BBIIEIAIOT 001acTh 0,295+0,066

Ha puc. 4 BunHo, uto mapametp B ¥ MOLIHOCTb KOPbI C1a00 BIUSIOT Ha K,
Y IJIABHYIO POJIb UIpaeT paauyc siapa R.. Monemu ¢ pamuycom, menbine 3100 km
He nomagaioT B oosactb 0,2951+0,066 1 mosToMy MaJOBEpOSITHHI. Birke BCero K LieH-
TpaJIbHOMY 3HAUEHUIO HAXOMSTCSI MOAEIN C OUYE€Hb OOJIBIIMM SIAPOM. DTO HE OYEHb
XOPOIIIO COIIACYeTCST C BBIBOJAOM, CACIIAaHHBIM Ha OCHOBE MOJICITbHBIX 3HAYCHUIT MO-
MEHTa MHEPLMU, U OOBSICHIETCS TEM, UTO MPU pacuére ynciaa JIsBa Ha puc. 4 He ObLIa
y4TeHa HeYIpyrocTh IUIAHEThI.
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Mopnenu BHyTpeHHero cTpoeHna BeHepbl Ha ocHose mogenn 3emnu PREM

B nyonukanusx (I'yakosa, 2Kapkos, 2020; Dumoulin et al. 2017) nmoka3aHo, 4TO
13-3a OOJIBIIOTO MEepHoIa COTHEYHOro MpUrMBa Ha BeHepe HEOOXOMMMO yYUTHIBATH
MUCCUTIAIIAIO B HEApax IUTaHEeThI. JIJIS 3TOTO MpenjiararoTcsl pa3HbIe peoJOTUM, B KO-
TOPBIX MOIY/b CABUIA CTAHOBMUTCS KOMILIEKCHOM BenuuuHoii. B pa6ore (I'ymkosa,
XKapkos, 2020) nosy4eHo, 4To u3-3a 3(HHEKTOB HEYIIPYTOCTH k), MOXET YBEJIUYUTHCS
Ha 8—12 %. B cBA3M ¢ 5TUM paHee MOJNyYEHHbIE YIPYTUe 3HAYEHUS k,, CIIEYET MOMpa-
BUTH (pUC. 5).

C yuéroM 3(Pp(PeKTOB HEYIIPYTOCTH BBIBOOBI O MOJIEISIX BHYTPEHHEIO CTPOCHUS
BeHepbl 3aMeTHO M3MeHSIOTCA. Tereph MCKITIOYUTh MOXHO TOJTBKO MOIEIH C Pamnly-
coMm sapa 2800 kM, a Oosiee MOOXOASIIMMU 10 KPUTEpUIO urcia JIsiBa cTtanu Momean
¢ R, = 3100-3400 km.

3AKJTIOMEHUE

OmnucaH MEeTOI OCTPOCHUS MOJIeIeil BHYTpEHHEro CTpoeHUsI BeHephl Ha OCHOBE 3eM-
Hoil Monenn PREM. AHanu3 nmojiydeHHbIX Pe3yJbTaTOB 110 MOMEHTY MHEPLIMU U TIPU-
JMBHOMY 4uMciy JIsiBa k, MO3BOJISAET 3aKIIOYMTh, YTO NIPUCYTCTBUE BHYTPEHHETO TBEP-
Joro siipa Ha BeHepe MaloBepoOsSITHO, W YTO 0oJjiee MOAXOASIIMMU TPENCTaBISIOTCS
MOJENU ¢ paauycoM siapa B uHTepBaie oT 3000 no 3400 kM.

PazpaboTtaHHbIe aJITOPUTM U TIPOTPAMMBI TIO3BOJIST JIy4Ille OTIPEIeIUTh BHYTPEH-
Hee cTpoeHue BeHepshl, korma OyayT MOCTYIHBI 00Jiee TOYHbIE M3MEPEHUST MOMEHTa
WHEePLNHU 1 IPUIMBHOTO uncia JIsBa.
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PREM-BASED MODELS OF VENUS’ INTERIOR STRUCTURE
D. 0. Amorim’, T. V. Gudkova®
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A better understanding of Venus’s internal structure is crucial to comprehending the planet’s evo-
lution and geologic history. In this work we have built 72 PREM-based models of Venus, which
differ in crustal thickness, mantle and core densities and core radius. Their pressure, mass, den-
sity and seismic velocities profiles have been calculated, as well as their moment of inertia / and
tidal Love number k,. The results were compared to the available estimates of / and k,. We found
that the presence of an inner solid core can be ruled out if Venus’ composition is indeed similar to
Earth’s, and that a core with a radius in the range of 3000 to 3400 km is preferable to smaller ones.
Keywords: Venus’ interior, core state, tidal Love number, inelasticity
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PA3BUTUE METOA0B NPEABAPUTENbHOW OBPABOTKN CTAHAPTHOIO
HABOPA IAHHbIX ATLO8 CITYTHUKOBOTO JIMAAPA ATLAS/ICESAT-2
ANA OLEHKW BbICOTbI IECHOTO MOKPOBA

M. A. bozodyxos, C. A. bapmanes, B. 0. Xapko

NHcTuTyT KOcmnuecknx nccnegosanmin PAH (MKW PAH), Mocksa, Poccumsa

LleHTp no npobnemam skonoruv n npogykTueHocTy necos PAH (LISMJ1 PAH)
MockBa, Poccus

CranpaptHbiii iponykT ATLOS8 crytHukoBbix jgunapHbix gaHHbIX ATLAS/ICESat-2 npeno-
craBpiisieT MHGOPMAIIUIO O PACIIPENIeIEHUH BBICOTHI PACTUTETLHOCTU HA YyJ9acTKax 3eMHOM IM0-
BepxHocTH padmepoM 100% 14 m. B 2021 r. pazpaboTuynky MoaudUIIMPOBaIN YKa3aHHbBIN HaboOp
JNAHHBIX, 100ABUB NOIOJHUTEIbHbBIC MapaMeTpbl, XapaKTepU3yIollMe BBICOTY Jeca (BKiIoudas
vH(GOPMALIMIO HAa YPOBHE OTIACABHBIX OTPAXKEHHBIX (POTOHOB) B Tpeaesiax ydyacTkoB 20X 14 M.
B craTbe onucanbl moaxoasl K rpenodopadorke naHHbix ATLOS, HanpaBieHHbIe Ha Mpeodpaso-
BaHUE UCXOMHON MH(POPMAIIMU O PACTIONIOXKECHUM W PACTIPEICICHUN BBICOTHI YUaCTKOB JIECHOTO
TMOKpPOBa B BEKTOPHBIM (hopMaT /I JaibHeero reonHdopmauroHHoro aHanusa. [IposeneHa
OLIEHKA BJIMSIHUSI TOBBIIIEHUST MTPOCTPAHCTBEHHON AETAJIbHOCTH JUAAPHBIX JaHHBIX Ha TOY-
HOCTB OIIEHKU CpeTHel BBICOTHI Jieca Ha OCHOBE CPaBHEHMUSI C pe3yIbTaTaM1 Ha3eMHBIX U3Mepe-
HUI XapaKTePUCTHK JIECHOTO TTOKPOBa.

Kanrouesvie croea: NUCTaHIMOHHOE 30HAMPOBaHUE 3eMJIM, BbIcOoTa Jieca, tugap, ICESat-2,
ATLO08

BBEAEHUE

I MOHUTOPWHTA JICCOB Ha OOJBIINX TEPPUTOPHSIX HEOOXOTMMO WCITOJIb30BaHMC
JAHHBIX TUCTAaHIIMOHHOTO 30HIMpoBaHus 3emin ([133) u3 kocmoca. OnmHOI U3 KITfO-
YEBBIX XapaKTePUCTUK JIECHOTO MOKPOBa BBICTYMAET €ro BHICOTA, HEOOXOomUMasl IJIst
pelueHus paaa NMPUKIAAHBIX U HAyYHBIX 3a7a4, B YACTHOCTU CBA3aHHBIX C OLIEHKOW
oromkeTa yriaepona JiecoB Poccuu. HenocpencTBeHHbBIE U3MePEHMsT BBICOTHI O00BbEKTOB
3¢MHO# TTOBEPXHOCTH, BKITIOUAST TTOTyIeHEe MH(POPMAIINU O BEPTUKATIBHON CTPYKTYPE
PACTUTEILHOCTH, HA OOJIBIINX TEPPUTOPHSIX MOTYT BBIIIOJHATHCS C MCIIOIH30BAHUEM
cnytHUKOBBIX JuaapHbIX (LIDAR, awnes. Light Detection and Ranging — o6Hapyxe-
HUE U ONpeae/IeHUE JaIbHOCTHY C IIOMOIIBIO CBETa) TaHHBIX.

CranpaptHbiii mponyKT ATLO8 (Neuenschwander et al., 2021) naHHBIX CITyTHUKO-
Boro ymmapa ATLAS/ICESat-2 (anes. Advanced Topographic Laser Altimetry System/
Ice, Cloud, and land Elevation Satellite 2) ¢ TexHoJ0OrMel nmoacuéra oTaAeabHbBIX OTpa-
KEHHBIX (DOTOHOB (axea. photon counting lidar) ipemocraBisieT mHMOPMAIIMIO O pac-
TpeaeIeHUN BBICOTHI JICCHOTO TIOKPOBA Ha yYacTKaxX 3¢eMHOI MOBEPXHOCTU Pa3MEepPOM
100x14 m Boonb Tpeka npubopa (masee Cerment 100 M). B mocnenHem oOHOBIEHUU
MCXOOHBIA HA0OP JaHHBIX ObUT MOAM(ULMPOBAH pa3pabOTYMKaMU — A00aBJIeH H0-
TIOJTHUTEIBHEIN TTapaMeTp, XapaKTepU3YIOIINA BBICOTY PaCTUTEIILHOCTH B TIpeieax
yuyacTkoB 20x14 m (manee CermeHT 20 M), 4YTO TOTEHLMATBHO MO3BOJISIET NMTPOBOIUTD
e€ OIIEHKY ¢ 00Jiee BBICOKMM YPOBHEM IIPOCTPAHCTBEHHOM MeTanbHOCTA. KpoMe Toro,
yKa3aHHbIe MOAU(DUKAIIMNA 00ECIIeYMBAIOT BO3MOXHOCTh ITOJYUCHMS JUISI KaKIOTO

BoroayxoB Muxawi AHaTOIbeBUY — UHXKEHED, JJAOOpaHT-UCCIIeN0BATENb,
acriupaHT, bogodukhov.ma@phystech.edu

Bbapranes Cepreii AleKcaHIPOBUY — IJIaBHBII HAYYHBIN COTPYIHMUK,
3aBeIyIOLINI JabopaTopueii, TOKTOp TEXHMYECKUX HayK, bartalev@d902.iki.rssi.ru
2Kapko Bacunuii OneroBuy — Hay4YHBIN COTPYIHUK,

KaHauaaT (pu3mKo-MaTeMaTudecKux Hayk, zharko@d902.iki.rssi.ru
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¢oToHa, 3aDUKCUPOBAHHOTO MPUOOPOM, MH(POPMALIMU O BHICOTE OTPA3UBIIETO €ro
pacTuTesbHOTrO 25eMeHTa B mpeneiaax CermeHToB 20 M.

B Hacrosiueit pabote naHO KpaTKoe OMUCaHWE METOMOB MpenBapUTEIbHONH 00-
paboTku ctaHmaptHoro Tpoaykra ATL0O8, HampaBlIeHHBIX Ha TIpeoOpa3oBaHUE MC-
XOTHOUM MH(pOpMALIMK O KOOPAMHATAX M pacIpene]eHUU BBHICOTHI JIECHOTO ITOKPOBa
CerMeHTOB B BEKTOPHBIN (popMaT IJisg JajbHEHIIero reonH(popMaMOHHOTO aHaIN-
3a. Takke mpuBedeHbl PE3yJbTaTbhl OLEHKU BIMSHMS MOBBIIIECHUST MPOCTPAHCTBEH-
HOI IeTaJIbHOCTU yKa3aHHBIX MPOAYKTOB 00pabOTKHU JUAAPHBIX JAHHBIX HA TOYHOCTh
OLIEHKM CpelHeil BBICOTHI JIECHOTO MOKPOBAa Ha OCHOBE CpaBHEHMsI C pe3yJbTaTamu
Ha3eMHBIX U3MEPCHMI Ha YPOBHE TaKCAIIMOHHBIX BBIICIIOB.

CTAHAAPTHbIV NPOAYKT ATLO8 CMYTHUKOBbIX
JINAAPHbIX BAHHbIX ATLAS/ICESAT-2

CIyTHUKOBas CHCTEMa aKTUBHOTO OUCTAaHIIMOHHOTO 3oHmmpoBaHmsT ATLAS/
ICESat-2 ucnyckaeT jga3epHble UMITYJILCHI C BHICOKOM YacTOTOM U IETEKTUPYET OT-
neabHbIe (POTOHBI, OTpakE€HHbBIE 00BEKTAMU 3¢MHOI MOBepxHOCTU. M3MepeHue Bpe-
MEHHU ToJi€Ta (DOTOHOB COBMECTHO C MHMOpMalreil 0 MOJOXEHUU U OpUEHTALUU
MprOOpa MO3BOJISIET PACCUNTATh KOOPAMHATEI OTPaXXalolInX OOBEKTOB, B TOM YHUCIIE
WX BBICOTY.

Pasmep ¢yrrpunTa (anes. footprint) mpmubopa cocrapisieT mopsinka 14 M, a cme-
meHue QYTIPUHTOB MEXIY IBYMS IOCIICA0BATSIbHBIMKI UMITYJIbcaMi — OKo0JIo 70 cM.
[TonyyeHHbIE TTPU BHITTOJTHEHUU M3MEPEHUI BIOJb TpeKa KOOPAMHATHI OTPaKAIOIIUX
00BEKTOB (DOPMUPYIOT 00JIaKO TOYEK, KOTOPOE MCIIOIb3YeTCs ISl JajbHEeIero aHa-
sm3a. Wumoctpanys objlaka TOueK BIOJIb TpeKa C PaCTUTEIBHOCTHIO TIpeacTaBIeHa
Ha puc. 1.
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AGCOMOTHAS BEICOTA, M
© 2
[=] L =7

(=2}
=1

PaccrosHue B1oms TpeKa, M

Puc. 1. [1pumep obiaka TOUYEK, MOJyIaeMOTO BIOJb Tpeka CITyTHUKOBOI cuctemoirt ATLAS/
ICESat-2 n1st moKpbITOM JiecoM TeppuTopuu. YETKO BUAEH YpOBEHb MOICTUIAIOLICH MOBEPX-
HOCTH; TOYKU BBIIIIE 3TOTO YPOBHSI COOTBETCTBYIOT 3JIEMEHTaM PacTUTEIbHOCTH. OpaHKeBbIMU
TOYKAMU yKa3aHbl 3HaYeHUsT 98-T0 MepleHTW s BBICOTH pactutenbHocTr B CermenTtax 100 m
(amanTupoBaHo ¢ caiiTa https://openaltimetry.org/data/icesat2/elevation)

Cranpmaptaeiii Ha6op nmaHHbix ATLAS ATLO8 dopmupyercss Ha ocHOBe pa3-
JIeIeHUM 00Jiaka TOYeK Ha KJIACChI: IIyM, KPOHA NEPEeBLEB, BEPXHUU TOJIOT U TIOM-
cTujatonasl MoBepXHOCTh. HemnpepbIBHBIN Tpek mMpuHON 14 M pasnensieTcss Ha
CermenTbl 100 M, KaxabIii U3 KOTOPBIX COAEPXKUT MH(POPMALIUIO O BHICOTE PACTUTEIb-
HOCTU OTHOCUTEJIbHO MOBEPXHOCTU: MUHMMAaJbHAs, MaKCUMaJIbHasl, CPEAHSISI U Tep-
LICHTUIM BBICOT, a TaKXKe pa3JIUYHbIC JOMOJHUTEIbHbIE MapaMeTpbl. B mocienHem
ooHoBneHun mponykra ATLO8 pazpaboTurkamu ObUT 100ABIEH AOTIOJHUTEILHBIN
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PazBuTie meTog0B NpeaBapuTenbHoil 06paboTki CTaHAapTHOTO Habopa AaHHbIX ATLO8 cmyTHUKOBOrO Nuaapa. . .

napameTp /4 _canopy 20, comepxaiuuit mHbopManuio o 98-M MepleHTUIe BBICOThI
pactutesbHocTH 1151 5 CermenToB 20 M B mipenenax Cermenta 100 m.

IMockonbky ucrnonb3oBaHHble naHHble ATLO8 comepxkaT uHbOpMALUIO TOJb-
KO O KoopamHatax 1eHTpoB CerMeHTOB, ISl JaibHEHIero reonH(oOpMalnnoHHO-
rO aHanM3a JIUJAPHBIX JAHHBIX ObLIM MOCTPOEHBI BEKTOPHBIE TIOJUTOHBI UX TPAHUIL.
Peanu3oBaHHbIil METOM MOCTPOEHUS MTOJIUTOHOB BKIIIOYAJ B ce0sl CIEAYIONLIYIO TTOoCe-
JIOBaTEJIbHOCTh TEOMPOCTPAHCTBEHHBIX omnepanuii: 1) oObennHEHEe KOOPAUHAT 1IeH-
TpoB CerMeHTOB B TpeK; 2) MOCTpOeHHe MOJUTroHa Oy(epHOit 30HbI TpeKa paauycoM
7 M; 3) TOCTpOeHUE MOJUTOHOB Oy(depHbIX 30H 1LIEeHTPOB CerMeHTOB paauycoM S0 win
10 M; 4) TpocTpaHCTBEHHOE TIEpeceueHre TTOIMTOHOB Oy(hepHBIX 30H TpeKa 1 IIEHTPOB
CermeHnTtoB. [lomyyeHHblE MONUTOHBI TiepecedyeHUuil OyhepHbIX 30H MPUHUMATUCH
B KauecTBe rpaHull CerMeHTOB.

CPABHEHUE CMYTHUKOBbIX OLIEHOK CPELHEI BbICOTbI JIECHOIO MOKPOBA
MO AAHHbIM ATLAS ATLO08 C PE3YIbTATAMU HASEMHbIX U3MEPEHUI
HA YPOBHE TAKCALIMOHHbIX BbIAENOB

B pamkax maHHoOi1 pa®oOThl B KauecTBe INapaMeTpa, XapaKTepU3yIOIIero BhICOTY Jieca
no naHHbiM ATLOS, nucnonb3oBanach Bea1uduHa #_canopy — 98-it mepuUeHTWIb BHICOT
pacturenbHocTh B CerMeHTe. BriOpaHHas xapakTepucThKa pacrpeiesieHus: BbICOThI
Jleca TmoKasajia Hanbosee BRICOKUIT YPOBEHDb COTJIACOBAHHOCTH C HA3eMHBIMM JaHHBI-
MH B paHee IPOBEAEHHBIX MccieqoBaHusaX. CpaBHUBAINCH CPeIHsSST BeIMYMHA yKa-
3aHHOTO MapaMeTpa IO CIIYTHUKOBBIM OLIEHKaM M CPEIHSISI BBHICOTa BEPXHETO sIpyca
Jieca Mo JaHHBIM Ha3eMHbIX U3MepeHUl. Bbulu ncnosib30BaHbl IUIAPHBIC U3MEPEHUS
3a repuon ¢ 15.10.2018 mo 15.03.2022 a1 TeCTOBOro yyacTka Ha TEpPUTOPUM IBYX afl-
MUWHUCTPATUBHBIX paiitoHOB KocTpoMckoiil o6nacTu.

CpaBHeHMe TIpOAYKTOB 00paboTkm maHHBIX ATLO8 ¢ pe3ynbTaTaMu Ha3eMHBIX
M3MEpPEeHU TPOBOAMIOCH Ha YPOBHE TaKCAlIMOHHBIX BBIEIOB. CEerMEHT CUMTAJICS
MpUHAIIeXKAIIMM K TaKCallMOHHOMY BBIAENY, €CJM ero LIEHTP HaXOOWJICS B mpele-
Jax Beigeaa. CerMeHThl, sl KOTOPBIX B MCXOAHBIX JAaHHBIX OTCYTCTBOBAJ MapaMeTp
h_canopy (B cujly HeIOCTaTOYHOIO KOJIMYECTBA (DOTOHOB UIs1 OLIEHKM BBICOTHI Jieca),
a TaKxXe MMeIole SBHO HeXapaKTepHble 3HAYEHUs YKAa3aHHOTO MapaMeTpa: MeHee
1,6 1 6osee 50 M, OBUIM MCKITIOUEHBI U3 aHaiu3a. [1py 9TOM JaHHBIE KPUTEPUU TTPH-
MeHSIUCHh He3aBucuMo, 1 CerMeHT 20 M MOT OBITh OT(PUIIBTPOBAH, JaXe €CIU BKITIO-
yaromuit ero CermeHT 100 M yyacTBOBaJl B CpaBHEHUU.

Hanee paccMOTpeHbl MpUMEpPbl BIUSIHUS MOBBIIIEHUST MPOCTPAHCTBEHHOM Je-
TaJIbHOCTU TIPOAYKTOB 00paboTku JumapHbix TaHHbIX ATLAS ATLO8 Ha TouHOCTH
OLIEHKM BbICOTHI Jieca. Mcnonb3oBaHue CermMeHTOB 20 M OXUAAEMO AEMOHCTPUPY-
€T JIyYIIHEe pe3yIbTaThl IIPHU OLICHKE BBICOTHI YUYACTKOB JICCHOTO MOKPOBA, MMEIOIITIX
CI0XHYI0 (DOPMY 1/WUIU HEOTHOPOTHOCTH (puc. 2). 3mech U majee KENTBIM LIBETOM
0003HaYeHbI TPAHUIIBI BBIAEIOB, KPAaCHBIM M CMHUM — rpaHulibl CermeHToB 100 M
1 20 M COOTBETCTBEHHO, B KauecTBe (hoHa MPUBEACHBI CHUMKU CBEPXBBICOKOTO pa3-
pellleHus B eCTeCTBeHHbIX 1BeTaX. [1oBbIIeHUE TPOCTPAHCTBEHHOM NETaTbHOCTU MO~
3BOJISIET MOJYYUTH OOJIbIlIE CITYyTHUKOBBIX U3MEPEHUI HEMOCPEACTBEHHO B Mpeaeaax
paccMaTpUBacMOIO yJacTKa Jjieca, a TakKe OTPa3hTh MMEIOIIYIOCS HEOTHOPOTHOCTh
BBICOTHI.

Ha puc. 3 mpuBeaeHbl pUMepbl OIIEHKM BBICOTHI MOJIOABIX HacaXkIeHUM, BO3-
MOXHO BOCCTaHaBJIMBAIOIIMXCS MOC]Ie HapyIIeHUI. XapaKTepHasi 0COOEHHOCTh TaKUX
YYacTKOB JIECHOTO MTOKPOBa — 3HAYMTEIbHASI PA3HUIIA BBICOT C OKPYXKAIOIIUM JIECOM.
HecMotpst Ha To, uto Gosnpmas yacte CerMeHTOB 100 M JIEXKUT MOJHOCTBIO BHYTPU
BBIIEJIOB, MCITOJIb30BaHME JUOAPHBIX JaHHBIX TAKOW METaIbHOCTH IPUBOINT K 3HA-
YUTEJIbHOM IepeolleHKe BHICOTHI OTHOCUTEIFHO HAa3¢MHBIX U3MepeHU. OT4acTu 3TO
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TaKXe CBSI3aHO C UCIOJIb3yEeMbIM MMapaMeTPOM, Tak Kak 98-ii MepUeHTUIb BHICOT pac-
TUTEJIbHOCTU XapaKTepU3yeT CKOpee MaKCUMAaJIbHYIO BBICOTY Jieca (C YYETOM LIYMOB),
U clydyaiiHOe MomnajaHue Jaxe OIHOTO HeXapaKTepHO BLICOKOTo nepeBa B CerMeHT
MOXET 3HAUMTENIbHO 3aBBICUTH OlleHKY. Mcrnoib3oBanue CermMeHTOB 20 M TTO3BOJISI-
€T YBEJIMYUTh KOJUUYECTBO M3MEPEHMI, KOPPEKTHO XapaKTEePU3YIOIIUX BBICOTY Jieca
B BbIJIEJIE, U TTOJYYUTD GoJiee OJM3KME K HA3eMHBIM JIAHHBIM OLIEHKHU.

CpeHsis BEICOTA B BBIENE, M

Hasemnble n3mepenns: 15.0
Cerment 100 M: 24.2
Cermenr 20 m: 15.0

Puc. 2. [1pumMep oLIeHKU BBICOTHI Jieca ISl TAKCAIIMOHHOTO
BbIZIEJIa CIOKHOM (DOPMBI ¢ HEOTHOPOAHBIMU YUyacTKaMU

CpeHsAS BBICOTA B BBIZIENE, M
Hasemsbre n3mepenns: 5.0
Cerment 100 m: 19.5
CermenT 20 M: 4.3

CpeHss BBICOTA B BBIJENE, M
Hazemusie n3mepenns: 23.0

CpeHss BBICOTA B BBIJIENe, M fa
o Hazemusre mMepenns: 2.0

Cermenrt 100 m: 15.2

Cerment 20 M: 7.8

Cpenmm BBICOTA B BBIZIETIE, M

Hazemusle n3mepenns: 16.0
CermenT 100 M: 23.8

Puc. 4. I1pumepbl OLIEHKY BBICOTbI JJISI HEOOIBbIINMX OJHOPOIHBIX
TaKCAIIMOHHBIX BHIIEJIOB IMPaBUIBLHOM (POPMBI
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CerMeHThI 20 M TakKe NEMOHCTPUPYIOT MPEUMYIIECTBO TPU OLIEHKE BBICOTHI
OITHOPOJHBIX YUYACTKOB JIECHOTO IMOKPOBA MPaBWIbHOM (POpMBI, HO HEOOJIBIIOM IO~
manu (puc. 4). B aToM cirydae OBBIIIEHHBII YPOBEHb IMPOCTPAHCTBEHHOM JI€TaTbHO-
CTHU TaKXKe MO3BOJISIET ITOJIYYUTh OOJIbIlIe JTUIAPHBIX U3MEPEHUI B IIpeaeiax paccMma-
TPUBAEMOIO BbleJIa, YTO 00eCIeUunBaET BO3MOXHOCTDL 00ji€€ TOUHOM OLIEHKH BbICOThI
10 cpaBHEHMUIO ¢ ucrojib3oBaHnueM CermeHToB 100 M.

IIpu 3TOM UCIONB30BaHKE JIMIAPHBIX JaHHBIX Ha ypoBHe CermMeHTOB 20 M UIsSt
OLIEHKY BBICOTHI Jieca He BCeraa NIEMOHCTPUPYET JYyUIIyIO COrJIaCOBAHHOCTD C TaHHBI-
MU HazeMHbIX uamepeHuii, yem CermeHTbl 100 M (puc. 5). Jlaxke B cilydyae HEOTHOPO/ -
HBIX YYaCTKOB JIECHOTO ITOKPOBa CJIOXHOI (hOpMbl Hajn4uKe OOJIbIIOrO KOJMYeCTBa
CIIyTHMKOBBIX M3MepeHuii Ha ypoBHe CermMeHTOB 100 M MOXKET IMO3BOJIUTD ITOJIyYUTh
Oosiee OJM3KYIO K Ha3eMHBIM JAHHBIM OLIEHKY (CM. puc. 5, ciieBa). AHaJIOrMYHasl CU-
Tyauusi HaOJogaeTcsl UIsi OMHOPOAHBIX BBIACIOB OOJBIIOrO pa3Mepa (CM. puc. S,
CIlpaBa BBEPXY). DTO MOXKET ObITh CBsA3aHO ¢ TeM, 4yTo CerMmeHThl 100 M uMeroT Oosee
TOYHBIE 3HAYEHUS TTapaMeTpa /_canopy 3a CYET O60JbLIEro yucaa OTOHOB, UCTIOJIb3Y-
€MBIX 1JIsI OLEHKHU, IIPU YCIIOBUM OXHOPOIHOM BBICOTHI Jieca B CerMeHTe.

Cpem{sm BBICOTA B BBIJICNIE, M

Hazemnsle n3mepenns: 24.0
Cerment 100 M: 25.8
CermeHt 20 M: 21.5

Cpe/Has BEICOTA B BBIIENE, M
Hasemnsle m3mepenus: 27.0
Cerment 100 M: 27.5
CermenT 20 M: 26.1

e i S &

CpenHsas BBICOTa B BBIIENE, M
Hazemnsre mmepenus: 21.0
Cerment 100 M: 13.7
CermenT 20 M: 8.2

Puc. 5. an/IMCpr OLICHOK BBICOTHI JI€CA, IJId KOTOPLIX ITOBLIIIECHNE YPOBHA HpOCTpaHCTBCHHOﬁ
JE€TAJIbHOCTHU HE IPUBOAUT K YBEJIUYCHUIO TOYHOCTU

B 1O xe BpeMsi HEmOCTaTOUHOE KOJIUYECTBO JUAAPHBIX U3MEPEHUN MpPU OLEH-
K€ BBICOTBI OOJIBIIOTO HEOJAHOPOMHOTO YYacTKa JIECHOTO MOKPOBa CIOXHOW (hOPMBI
B JIIOOOM CJlyyae MPUBOAUT K 3HAUUTEIbHBIM OTKJIOHEHUSIM OT HA3eMHbIX U3MEPEHUMN
(cM. puc. 5, cripaBa BHU3Y).

BbiBObl N OBCYXXAEHUE

[ToBblllIeHHE IPOCTPAHCTBEHHON AETaJbHOCTH CIIyTHUKOBBIX JIMAAPHBIX JaHHBIX
ATLAS/ICESat-2 ATLO08 mo ypoBHs1 CermeHTOB 20 M 0OecriedynBaeT TOUHOCTh OIICH-
KU BBICOTBI JIECHOTO TTIOKPOBA He XyxXe, yeM ucrojb3oBanue CermeHToB 100 M, a B psize
CJyyaeB MO3BOJISIET MOJYYUTh Oosiee OJIM3KME K pe3yabTaTaM Ha3eMHBIX U3MEepeHUI
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OLIEHKU. YJy4lIIEeHHOEe MPOCTPAHCTBEHHOE pa3pellicHWe IMO3BOJSIET aHAJIU3UPOBATh
YUYaCTKM JIECHOTO TIOKPOBa CJIOXKHOK (pOpMBI 1/WJIM HEOOJIBIIOTO pa3Mepa, UCIOJIb-
3ys1 CITyTHUKOBbBIE JIUIApHbBIE U3MEPEHUSI, TIOJyYeHHbIE HETIOCPENCTBEHHO B TIpeIeiax
TepPUTOPUU OOBEKTA MCCIICTOBAHMS.

IIpu stom komnakTHast popma CermeHta 20 M MOTEHIIMAILHO TTO3BOJISIET MPO-
MyCTUTH 3Tam npenoopadotku naHHbIX ATLOS, HanmpaBiaeHHBII Ha MOCTPOEHUE TTOJIH -
roHoB rpaHui] CerMeHTOB, M UCIOJb30BaTh 3TU JAHHbIE KaK TOYEYHbIE U3MEpPEHUs.
Pasmep CermeHTta 20 M 0o0ecrnieynMBaeT BO3MOXHOCTb COBMECTHOTO MCHOJb30BaHUS
YKa3aHHBIX JIMIAPHBIX JAHHBIX C ONTUYECKUMU TaHHBIMU 133 cpelHero/BBEICOKOTO
npoctpaHcTBeHHOTO paspereHus (10—30 M, Landsat/Sentinel-2) u mpoayKTaMu HX
00paboTKU.

HUcnonw3oBanue naHHbix ATLO8 Ha ypoBHe CermeHTOB 20 M TakKe MO3BOJISI-
eT MOJYYUTh ISl Kaxnoro ¢horoHa, 3ahMKCMPOBAHHOIO MPUOOPOM, MHOOpMALUIO
0 BBICOTE OTPa3MBIIETO €r0 PAaCTUTEJIBHOTO 3JIEMEHTa, T.€. BBIIOJHIATH 00paboT-
Ky JIMJAAPHBIX JTaHHBIX HA YPOBHE MCXOJHOT0O oOjaka Touyek (CM. puc. 1), MOCKOJbKY
KOOPIWHATHI OTHOCIBHBIX (DOTOHOB B pacCMaTpUBACMOM IPOOYKTE HAHBI B TIPUBSI3KE
K CermenTy 20 M. DT0 obecrieunBaeT NOTEHIIMATLHYIO BO3MOXHOCTh pacu€Ta MoJab30-
BaTeJIbCKMX XapaKTePUCTUK JECHOIO MOKPOBa, TAKMX KakK, HAIIpUMED, CPEIHSISI BHICO-
Ta BEpXHEro IoJjora (4To OJuXe K TPaaAulIMOHHBIM Ha3eMHBIM U3MEPEHUSIM BbICOTHI
Jeca, yeM 98-i1 meplLeHTUIb) WM ero0 COMKHYTOCTh (KakK J0J10 (DOTOHOB, OTPaXKEH-
HBIX KDOHAMU JE€PEBBEB, OT UX OOILIETO YUCIA).

K HemocraTtkam ncrnonb3oBanus CermeHToB 20 M mipomykTa ATL08 MoxkHO oTHe-
CTU MEHBIIIee YNCIO (POTOHOB, MOCTYITHOE IJISI OLICHKU TapaMeTpOB pacIipemesIeHUs
BBICOTBI pacTUTebHOCTU, YeM B CerMeHTax 100 M, YTO MOXET MPUBECTU K CHIKEHUIO
€€ TOYHOCTU WJIK K OTCYTCTBUIO COOTBETCTBYIOIIUX TAHHBIX.

HccnenoBanue BHITTOTHEHO B paMKax mpoekta PH® Ne 19-77-30015 «Pa3pabort-
Ka METOIOB U TEXHOJOTUM KOMILIEKCHOI'O MCIOJb30BaHMUS JAHHBIX TUCTAHIIMOHHOIO
30HIMPOBAHMS 3eMJIM U3 KOCMOCA IS Pa3BUTHUSI CUCTEMbI HALIMOHAIBHOTO MOHUTO-
puHra OroIKeTa yriaepozaa jgecoB Poccun B yCIoBUSIX I100aTbHBIX MU3MEHEHW KiUMa-
Ta». ObpabdoTka maHHbIX /133 B pamKax MpoOBeIEHHBIX MCCIEAOBAHUI BBITIOJHSIACH
¢ ucnonp3oBanueM pecypcoB LIKIT «MKHMN-Monuropunr» (JIymsta u op., 2019).
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EVOLUTION OF ATLAS/ICESAT-2 ATLO8 STANDARD DATA PRODUCT
PREPROCESSING METHODS FOR FOREST HEIGHT ESTIMATION

M. A. Bogodukhov, S. A. Bartalev, V. 0. Zharko

Space Research Institute (IKI), Moscow, Russia
Center of Forest Ecology and Productivity RAS, Moscow, Russia

Standard ATLAS/ICESat-2 ATLO0S lidar satellite data product provides information on the dis-
tribution of vegetation height over 100% 14 m sites. In 2021 ATLO8 product developers modified it
adding new parameters describing forest height over smaller 20x 14 m sites, including information
at the level of individual reflected photons. This report describes approaches for ATL08 data pre-
processing aimed at conversion of input ATL0O8 information on forest sites’ location and height
distribution into vector format for further GIS analysis. An estimation of impact of improved level
of spatial detail on mean forest height estimation accuracy based on comparison with field mea-
surements is presented.
Keywords: Remote sensing, canopy height, lidar, ICESat-2, ATL08
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YACNEHHOE MOAENVPOBAHME YCTONYNBO CTPATUOULMPOBAHHON
TYPBYNEHTHOCTW B NMPUBNUNKEHWUN TOHKOTO CNOA

0.11. Bopobwes, A. C. [Tempocan

MoCKOBCKIMIN GUINKO-TEXHUYECKNI NHCTUTYT (HALMOHAbHBIN
nccnepoatenbckun yHusepcutet) (MOTU), JonronpyaHbii, Poccua

NHcTuTyT KOcmnuecknx nccnegosanun PAH (MKW PAH), Mocksa, Poccunsa

PaccmarpuBaercst TOHKU# cpepuyecKuil o XUAKOCTU B TPEXMEPHON chepruyecKkoit cucre-
Me ¢ BpaieHrueM. JInHaMuKa TeYeHUsI B YCIOBUSIX YCTOMUMBON CTpaTU(UKAIIUN OMUCHIBACTCS
¢ IoMoUIbl0 ypaBHeHU byccuHecka B mpuOIMKeHUU TOHKOTO C10s1. [1J1s1 YUCIeHHOTO MOAEH -
pPOBaHUs UCMOJb30BAHHBIX YPaBHEHUI pa3paboTaH CHEKTPalbHbIif METOI, B OCHOBE KOTOPOTO
JIEXKUT pas3jioXeHWe HEU3BECTHBIX MO MOJHBIM cucTeMaM (DYHKIUI B TOPU3OHTAIIBHOM U BEp-
TUKAJIbHOM HANPABJICHUSIX. BBIIIOIHEHO MOIEIMPOBaHUE TPEXMEPHOI 3aTyXatoueil TypOyIeHT-
HOCTH, UCCJIEAO0BAHO BIUSIHUE BPALEHUsI HA YCTONUMBO CTPaTUDUIIMPOBAHHBIE TYPOYJIEHTHBIE
TeyeHus. [IpencrapieHbl CEKTPbl KWHETUUECKON DHEPTUM KakK JUISi CUCTEMbl C BpalleHUEM,
TaK W JUISl CUCTEMbI 0e3 BpallleHus.
Knrouegoie crosa: TypOYJIEHTHOCTD, YCTOMYMBAS CTPAaTU(PUKALINS

CucreMa ypaBHeHUMI byccrmHecka BoO Bpaialomieiicsl CUCTEMe OTCUETa MOXKET OBbITh
MpeacTaBieHa B CISIYIOIIEM BUIE:

vV-yv=0,
d_v:_E_QTE+2\7x§2+VV2V,
dT 2

—4pBv, =uV-T,

dr b,

e d/ dr= 8/ Ot +v-V. TlpuHATHI cenyolre 0003HAUYEHUS: V — 3TO CKOPOCTD XUJI-
KOCTH; O, — CPEIHsIsl IUIOTHOCTh; 1" P — BO3MYLIEHUS TEMIIEPATYPhI U MJIOTHOCTH
OTHOCUTENIbHO cpenHux T u Py, BbI3BaHHbIE IBVXKEHUEM XKUIKOCTH; g = g€, — YCKO-
peHue cBOOOIHOTO MafaeHus ; 2 — yriioBasi CKOPOCTb BpallleHUsI CUCTEMbl KOOPIMHAT;
a — KO3(hUIMEHT TeTUIOBOTO pacliMpeHus; B — cybaanadbaTuyecKuii TeMreparyp-
HbI TPAIUEHT; V, = v-e . — BEPTUKAJIbHASI CKOPOCTh. YPAaBHEHHUSI PACCMATPUBAIOTCH
B cpeprUUecKOil cucTeMe KOOpAMHAT ¢ IPUMEHEHNEM IPUOIVKEHUS TOHKOTO CIIOS
(Miesch, 2001). BeiOpaHbl TpaHUYHBIE YCIIOBUS, COOTBETCTBYIOIINE N30TEPMUYECKUM,
HETPOHUIIAEMbBIM U CBOOOIHBIM OT TAHTE€HUIMAbHBIX HATIPSIKEHUM IpaHULIAM CJIOSI.

B ocHOBe uMcIeHHOTO MeToda JIEXKUT pa3oXeHHe MePeMEeHHbIX 10 MOJIHOMN Cu-
cremMe cdepruiyeckKux (YHKIMI B TOPU3OHTAIBHBIX HATPABJIEHUSIX, a TaKXe pasjio-
JXKeHUe mo TronmHoMaM YeOwImeBa B BepTUKAJILHOM HampaBiIcHMHU. TaKoW ITOIXOI
MMO3BOJISIET aHAJIUTUYCCKU BBIPA3UTh BCE YACTHBIC MPOM3BOIHBIC. [MCKpeTH3aIus
O BPEMEHU OOCTUTAETCS C IIOMOIIBIO CMEIIAHHOMN MOJIYHESIBHOM CXeMBbI: IJIsI JIMHEH-
HBIX WICHOB MpUMeHsieTcs HesiBHas cxeMa KpaHka — HukoscoHa, njis HeJIMHEHHBIX
ucrnosb3yercs sBHbI MeTon Anamca— bamidopra (Clune et al., 1999). Ina peanu-
3alMU MeToAa pa3pabdoTaH OpPUTMHABHBIN Koa B mporpaMMHoil cpene MatLab. Bce
BBIYMCJICHUST BBITIOJTHEHBI HA CeTKe ¢ paspelneHreM 256X 128X 30 o mupore, 10JaroTe
U paJnyCcy COOTBETCTBECHHO.

Bopooses Oser [1aBmoBuY — CTyIeHT MarucTpartypsl, vorobev.op@phystech.edu
ITerpocsan Apaken CapkucoBud — npodeccop, 10KTop GU3NKO-MaTeMaTHYECKUX HayK
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YucneHHoe MopennpoBaHKe YCTORUMBO CTPATUGULIMPOBAHHOI TYPOYNEHTHOCTU B NPUBAMKEHUI TOHKOTO CI0A

0 0 r
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BosnnoBoe uncio BonnoBoe yuncio
a 0

DBOJIOLMS CMIEKTPOB SHEPTUM IS caydasi 6e3 BpaleHus (a) v ¢ BpalieHueMm (0)

PucyHoK WTIOCTpUpYET SBOJIOLMIO CIEKTPA TOPU3OHTATBHON KUHETUYECKON
SHEPrUU MPU MOJEIUPOBAHUN 3aTyXalolel TypOyJEHTHOCTH C BPAIIEHUEM CHUCTEMBbI
oTcuéTa 1 0e3 BpalleHus. s Kaxnoro ciaydasi MpOBOAUIOCH MSATh YUCIEHHBIX 9KC-
TMIEPUMEHTOB C TIOYTU WACHTUIHBIMU TTapaMeTpaMu, U3MEHSJIOCh TOJIBKO YUCIIO, MC-
TOJTb3yeMOe TSl THUITMAIN3ALNY TeHepaTopa CrydyaiiHbix unces. CrieKTpsl Ha rpadu-
Kax MpeACTaBISIOT cOOOl cpefHee M3 Bcex IKCnepuMeHToB. Ha pucyHke BUAHO, 4TO
MPU HAJIMYUU BpallleHUsI Ha HAYaJIbHBIX dTarax MOJEJIMPOBAHUSI KWHETUYECKAst IHEP-
TSI Ha HEOOJIBIIIUX BOJTHOBBIX YMC/IaX YBEJIMUMBAETCS Onarogapst oOpaTHOMY KacKajy.
AHaJIOTUYHBIN 3(hdeKT HAOMI0naeTCs U 15 ciydyast 0e3 BpallleHUsI, XOTs U B MEHbIIIeH
crenieHu. Ha Gosee mo3mHuX BpeMeHaxX 9HEPTHs MOHOTOHHO 3aTyXaeT Ha BCeX BOJTHO-
BBIX YMCJIaX HE3aBUCUMO OT CKOPOCTH BPAILICHUSI.
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NUMERICAL MODELING OF STABLY-STRATIFIED TURBULENCE
UNDER THE THIN-SHELL APPROXIMATION

0. P. Vorabyev, A. S. Petrosyan
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A thin spherical fluid layer in a three-dimensional rotating spherical system is considered. Fluid
dynamics under the stable stratification is modeled using Boussinesq equations under the thin-
shell approximation. For the numerical simulation of the equations used, a spectral method based
on the expansion of the unknowns into complete sets of functions in vertical and horizontal direc-
tions is developed. Numerical simulations of the three-dimensional free evolving turbulence are
carried out, effects of stratification on stably-stratified turbulent flows are studied. Kinetic energy
spectra for both rotating and nonrotating systems are presented.
Keywords: turbulence, stable stratification
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OLLEHKA COCTABA U MACCbI NEAAHON KOMMOHEHTbI B MEPBUYHbIX
KAMEHHO-JIEAAHBIX MNAHETE3UMANAX OKONOCONHEYHOTO ANCKA

E. A. lenepanoea, B. A. [lopocheesa

WNHCTUTYT reoxumnn n aHanuTuyeckom xummnm nm. B. V. BepHagckoro PAH (TEOXW PAH)
MockBa, Poccusa

O1LieHEH CcOCTaB JIBAOB M TYrOIUIaBKOM KOMIIOHEHTHI B pa3IMYHbBII PETMOHAX COJHEUHOU HeOy-
nbl. [TonyyeHbl MaKCMMAaJIbHBIE OLECHKU JUISI OTHOIIEHWIA MacChl JIBAOB K Macce TYTroIIaBKOM
KOMITOHEHTBI JUISI Pa3IWYHBIX PETMOHOB. Pe3yslbTaThl XOpOIIO COINIACYIOTCS C SKCIIEPUMEH-
TaJbHBIMA U3MEPEHUSIMU I pa3indyHbIX TeJ CONHEYHO# cucTeMbl, B yacTHocTH, Llepepsr,
cnyTHUKOB tOmurtepa u KoMeT. [losydeHHBIE OLIEHKH MOTYT OBITh TaKXKe MCIOJb30BaHbI IS
MOJIEJIMPOBAaHUSI BHYTPEHHEH CTPYKTYPbI M €€ 3BOJIOLMM CIIYTHUKOB M APYTUX MaJIbIX Tej
COJIHEYHOI CUCTEMBI.
Karouesvie crosa: coanednast HeOy1a, KAMEHHO-JIEASIHBIE TeJIa

BBEAEHME

OlieHKa cocTaBa MEPBUYHBIX IIaHETE3MMaJlell BaxkHa MpPU MOAEJIMPOBAHUM 00pa30-
BaHWS, SBOJIOLINI W BHYTPEHHEH CTpYKTYpHI TeJl COTHEUHOM cucTteMbl. B 3T0i1 pabdo-
Te MBI OILICHMBaeM MaKCHMaJIbHO BO3MOXHYIO MAaCCOBYIO ITOJIO JICASHON KOMITOHCH-
ThI B IUTAHETE3UMAJISIX B 3aBUCUMOCTU OT PErMOHA MX 00pa30BaHusl, a TAKXKe COCTaBa
JIbAOB. MCIONB3YIOTCSI METOAbI PABHOBECHOW TEPMOAMHAMUKU, pacCIpeleieHue TeM-
repaTyphbl U JaBJICHUS B OKOJIOCOJIHEUYHOM HeOyJle U M3MEHEeHUE JaHHBIX ITapaMeTPOB
B IIEPBbIe HECKOJBKO MIJIJTMOHOB JIET €€ CYIIIECTBOBAHMUSI, a TAKXKE JIEMEHTHBIM U XM~
MUYECKUI COCTaB HEOYIbI.

OBCYXOEHUE PE3YJIbTATOB

7151 OLIEeHKM pacIipenesieHus TeMIlepaTypbl U NTaBJeHUs B paHHE! COMHEeYHOU Hebyse
MBI UCTIOJb30BaJIM KBa3W3BOJIIOIIMOHHYIO CAMOCOIJIaCOBaHHYIO Mojeb (MakaikuH,
Jlopodeera, 1995, 1996). Pe3ynbTaThl MOKa3bIBAIOT, YTO HA (DMHAJIBHBIX CTAIUSX DBO-
JIIOLIMK OKOJIOCOJHEYHOI'O ra30-IbUIeBOro AMcKa “snow line” jbma BoAbl HocTUrania
[JIABHOTO acTePOMIHOrO rnosica. biarogapsi 3ToMy BO3HUKIIM YCIOBMS [JIsI aKKyMYJIsi-
LMY JIbJIa BOMIBI B TEJIaX 3TOTO BHYTPeHHEro pernoHa COoTHEYHOI CUCTEMBI.
ITonoOHbIe pacyé€Thl AJIsi BHYTPEHHETO peruoHa HeOyJibl BIUIOTh IO IJIABHOTO
acTepouaHOro mnosica yxe nposoauiauchk B padote (Lodders, 2003). [TonyyeHHast Tam

orieHka M H,0 / M ., =1,7 BBIJISIOWT 3aBBILICHHOIA, TaK KaK B pacyéTax He yINUThIBA-
JIMCh Kucopojiconepxkaiiue rassl kKpome H,0, ocoberno CO u CO,. Kpowme Toro, co-
cTaB TBEPAON (ha3bl paccMaTpUBAIICS UACHTUYHBIM cocTaBy EH-XoHIpuUToB, KOTOpHIE,
OITHAKO, MOIIM (OPMUPOBATHCS TOJBKO B 0o0Jiee BOCCTAHOBJICHHBIX YCJIOBUSIX:
C/0 ~ 0,85—1 (Dorofeeva et al., 1982).

Mpbl O1IEHWIM BO3MOXHOE OTHOIIEHHWE MacChl BOIbI K Macce TYrorjiaBKON KOM-

MOHEHTHI [M H.0 / M. ], KOTOpasi i1 BHyTPEHHEN YacTU OKOJIOCOJHEUHOMN HeOyIIbl
2

TenepanoBa EnnzaBeTa AHTOHOBHA — MJIAAIINK HAYYHBIM COTPYIHUK, acIIMpaHT, lisa.
generalova@yandex.ru
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cozep:kaja TOJbKO MUHEpaJibHYIO (hady. B Hammx pacuérax Mbl paccMaTpUBaid MU-
HEpaJIbHYI0O KOMITOHEHTY KaK CyMMy HauboJiee oOMIbHBIX coenunenui (Si0,, MgO,
Fe, FeS). 11 KkonnyecTBEHHOM OLIEHKM UCIOJb30BAIMCh 3HAYEHUS COJIHEYHbBIX pac-
npocTpaHéHHOCTe aimeMeHTOB 10 mccnemoBanuio (Lodders, 2010). ComepskaHme
BOIBI B HeOyJe HAM HEM3BECTHO, a MMEIOIIMECS OLIEHKH, IMOJYYCHHBIC M3 JaHHBIX
M0 COCTaBYy KOMeET, KpaliHe MpOTUBOpeYnBbl. OMHAKO OYEBUIHO, UTO OHO 3aBUCEJIO
IJIaBHBIM 00pa3oM OT COIepKaHW OCHOBHBIX KUCJIOPOACOAEPXKAIINX KOMIIOHEHTOB
rasoBoii aser HeOyabI — CO u CO,, KOTOpbIe HAM TaKXe HeU3BECTHbBI. EquHCTBEH-
HOE, YeM MBI pacriojlaraéM, 3TO 3HAUEHUSIMM OTHOCHUTEJILHBIX PaclpoCTpaHEHHOCTEN
BCEX 2JIEMCHTOB B HeOyJIe, B TOM YHCIIe BOZOPOIa, KIUCIOpOoaa U yriiepoaa. DTo MO3BO-
JISIET HaM B paMKaX pelIeHUs] YpaBHECHUST MaTepHaIbHOTO OajaHca OLIEHUTh BEPOSIT-
HbIE€ MHTEPBAJIbI COAEPKaHUsI KaK OCHOBHBIX MUHEPAJIbHBIX, TAK U Ta30BbIX KOMIIO-
HEHTOB B OKOJIOCOJIHEUHOI HeOysne. B Hammx pacuérax njsl yuyéra 3aBUCUMOCTU
M H,0 M,y ot conepxkanust CO u CO,, Mbl BapbMPOBA/IX 3HAYEHHUE MOJIIPHOTO OT-
HOLIeHUS CO/CO, or 0,1 o 10 MOJ'II)/MOJ'[L Kak MoxHO BuaeTh Ha puc. 1, B pe3yJib-
TaTe GBIIO TOJIYYeHO, YTO 3HaueHune M H,0 / M ., ve npesbiaet 0,6 /T, T.e., Bona
cocrapisieT He 6osee 0,375 oT ob61Ieit Maccol Tena. [TomydeHHbIe pe3yIbTaThl corﬂacy—
I0TCS ¢ JaHHBIMU O cocTaBe lLlepepbl, momyyeHHbIMU Muccueit Dawn (¢ awes. —
«PaccBet») (Zolotov, 2020).

0,6

0,5
0,4

3

0,3

Mo/ My T/T

0,2

0 R R SR TR NN S S S
0 1 2 3 4 5 6 7 8 9 10
CO/CO,, monb/Mob

Puc. 1. OTHOILIEHIE MACCHI JIbAAa BOIBI K MACCE TYTOIUIABKOI KOMIIOHEHTHI
BO BHYTPEHHEH YacTh HeOYJIbl B 3aBrcKMMOCTH oT oTHoteHus CO/CO,

PaccmoTrpuM  cocTaB IEpBUYHBLIX ILIAHETE3MMAaslell B 30HAaX OOpa30BaHUS
IOnutepa u CarypHa. IlockoybKy TemIlepaTypa B 3TOM pPErMoHe He IIpeBbIllIalia
500 K, To TyroriaBkue opraHMYeckKue COEAMHEHUs, YCIOBHO O0OO3HayaeMble Kak
CHON, noctynuBLIME B AUCK U3 MPOTOCOJHEUYHOI HeOysbl, He ObUIM pa3pyllieHbI.
CormracHo olleHKaM, TTOJlyYeHHBIM Ha OCHOBe cocTtaBa KoMeTHoU Tibutn (lopodeena,
2020), 8 CHON wmoro comepxarbest o 30 1o 50 % obliero comepxkaHusl yrjieponaa
(ZC), NpUCYTCTBYIOILLIETO B CUCTEME, MIOITOMY Mbl BApbMPOBAIM AOJIO COAEPKAHUS
YIJIEpoaa B TYTOIUIABKUX OpraHndyeckuX coeMHeHusIX (Crpyoy) 0T ZC B oTUX mpejie-
nax. Met npunsii popmyny CHON kak C, H, 0, N, cornacHo padore (Alexander
et al., 2007). OcHOBBIBasICh Ha JaHHBIX O COCTaBe PETyJSIpHbIX CITyTHUKOB IOmnuTtepa
(KyckoB u ap., 2009) c onpenea€HHON mosiell YBEpeHHOCTU MOXHO MoJjiaraTh, 4TO
B ITEpUO UX 00pa30BaHMSI Jie[sTHAsI KOMITOHEHTa B pernoHe FOmumTepa cocTosiia TOJIbKO
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u3 H,O, a Temneparypa B 9TOM PErMoHe ObUIM BBILIE TEMIEPATYyPhl KOHIEHCALMK
WHbIX ra30B, B ToM yncie CO, u NH,. CornacHo mosydeHHbIM pe3yJibTaTaM, KOTOpbie
MpeJACTaBIeHbl Ha puC.2, mia pernoHa HOmwWrepa MakCUMallbHOE OTHOIIEHUE
MH2O/Msolid =0,615r/r, uro pocruraerca npu  CO/CO, = 10 monb/MONB
1 Cipon = 0,5??7C, onHaKo 9T0 3HaYEHUE TIOHMKAETCS TPU YMEHbIIEHUH JII000To 13
nmapaMeTpoB. MiMeloluecss Moen CryTHUKOB FOnuTepa npeanoiaraloT TaM pasind-
HbIe MaccoBble gonu Jpaa: 0,1 mug Espornbl, 0,5 mns Fannmena u ot 0,4 mo 0,6 mis
Kannucro (Sohl et al., 2002), 4To He MPOTUBOPEUUT HAILIMM OLIEHKAM.
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CO/CO,, monb/Mob

Puc. 2. OTHoLIIeHMEe MacChl JIbJa BOAbI K Macce TYroriaBKO KOMITOHEHTHI B pernoHax (popmMu-

posanus cuctem tOnurepa B 3aBucumoctu ot otHowenust CO/CO, u nomun Cyqy

OtMmeTtnM, 4TO OTHOLIEHUE My / M, .., nonydeHHoe 11s cucteMbl OnuTepa,
TakXe CIpaBelIMBO W IUIS JibJa BOLbI B peruoHe CatypHa. OmHako IJisi perioHa
CatypHa Mbl TaKXe yYUTHIBAJIU, YTO JIeAAHasA KOMIOHeHTa noMuMo H,O Bkiovana
B cebs1 CO, 1 NH,, 9T0 MBI MOXEM 3aKJTIOYUTh IT0 U30TOITHOMY COCTaBY a30Ta B aTMO-
chepe Turana (Jopodeesa, 2016). [ipyrue xe raswl, B yactnoctun HCN u CH,OH,
MPUCYTCTBOBAIM B Tropa3mo MeHbIux KojaumdectBax (Miiller, 2021), mosToMy MBI
HE YYUTBHIBAIM MX HAJIMYME B HAIIUMX pacyéTax. Mbl cCUMTaIM, YTO B aMMHUAK BXOIMUT
10 % ot Bcero aszora B HeOyse. XoTs Temmneparypa KonaeHcauuu NH; Heckoabko
HXe, YeM JOCTUTAJIaCh B 9TOM PErMOHE COJTHEUHOM HEOYIIbI.

IMomyuenHbie mig perrnoHa CaTypHa pe3ylbTaThl TIpeAcTaBiIeHBl Ha puc. 3. OHn
nokaseiBator, uro M, /M . wsmensiercs ot 1,2 10 0,7 r/r u gocTuraeT HauGOIbIINX
3HaueHmii pu HauMeHblnx 3HaueHussx CO/CO, u Cpyqy- AomnonHuTebHbIM orpa-
HUYCHUEM [UTst 3HaYeHust M, /M . MOTYT CIyXUTb OLICHKU MUHUMAJIbHO HEOOXOI1~
MOTO CONEPXKaHUSI MUHEPaIbHOW KOMIIOHEHTHI [J1s1 0O6ecreueHusl SHeprueil paarnoak-
TUBHOTO pacriajia, J0CTaTOYHOM Uist nuddepeHImanm BelecTBa CIyTHUKOB, TMOJTY-
yeHHbIe B padote (Jopodeea, Pyckon, 2010).

CnytHuku CaTypHa O4eHb pa3HOOOpa3HEI 10 CBOEMY COCTaBY U CTPOCHMUIO, HO,
Hampumep, cortacHo ucciaenoBanuio (Perentice, 2007), Ha fAmere MaccoBas moJist
Boabl coctapisgeT 0,344, monst cunukaroB — 0,336, ocTalbHOE COCTaBISIET aMMHaK
U KJIaTpaTHbIE TUIPAThl C METAHOM. DTU PaCUYEThl XOTSI U HE COIJIACYIOTCSl HAIPSIMYIO
C HaUIMMU TaHHBIMU (TaK, B pacu€rax mis Amera He yuréH CO, u CHON, a rakxe
IOJIST aMMHaKa 3HaYUTEJIBHO BBIIIIE), HO HEe BBIXOOST 3a TIpeIeITbl HAIllei MOICIIH.
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Puc. 3. OTHOLIEHWE MacChl JILIOB K Macce TyroriaBKO KOMITOHEHTHI B pernoHe ¢hopMUpoBa-

Hus cuctembl CatypHa B 3aBucuMoctu ot otHourennss CO/CO, u nomn Cyyqy
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Puc. 4. OTHo11eHre Macchl Jiba BOJbI K Macce TYTOIJIaBKON KOMIIOHEHTHI B TPAHCHENITYHOBOM

perroHe B 3aprucumMocty ot otHoteHust CO/CO, u nomu Cpyon

B TpaHCHENITYHOBOM peTrnoHe B MI/IHepaJ'[BHOI/I dase mpucyrcTByeT He TobKO Fe’
HeOYJISIPHOTO  MPOMCXOXIeHUs, HO u Fe'’0  IOCOTHEYHOro MPOMCXOXICHMUSI
(Jopodeena, 2022). ITo mepe otmaneHus ot CoHIIa T0JIsI Fe’ CHITXAETCs, I YBeJTNYN-
Baetcs nonsg FeO. B kauecTBe nepBoro HpI/IGJII/DKCHI/IH MBI TIPUHSIJIN, YTO B TPAHCHETI-
TYHOBOM PETrMOHE MOJIbHbIE KOJIWYEeCTBa Fe’ u FeO pPaBHBI U OMpPEAENISIOTCS KakK
0,52(Fe-FeS). OnpeneneHure TOYHOTO cocTaBa JeAsIHONM KOMIIOHEHTHI B TPAHCHEITY-
HOBOM pPETHMOHE 3aTPYIHEHO W3-3a HEOIpeAeJEHHOCTU AaHHBIX Mo komeTaM (Dello
Russo et al., 2016). [1oaTOMy B TpaHCHENTYHOBOM PETMOHE MbI PACCMATPUBAJIN TOJIb-
KO oTHouleHue My, ,0 / M, .- CornacHo Hameii onenke, M H,0 / M., He npeBbI-
maet 0,6 r/r. 3nech “rkoke cJenyeT y4YUThIBaTh (hakKTop OFpaHI/I‘iCHl/IH MUHUMAaJIbHOM
Macchbl Msoh .» KOTOpas HeoOxonuma Juis obecrnieueHus aubdepeHunaniu e, oopaso-
BaBIIUXCSI B TPAaHCHENTYHOBOM pervoHe (Busarev et al., 2004). [TonyyeHHast MaccoBast
JoJist Bozibl He TpeBbiaer ~0,35, 9To He MPOTUBOPEUYUT JAaHHBIM O TOM, 4TO JOJIS
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BOJIBI B KOMETHHBIX simpax coctabisieT ~0,25 (Fulle et al., 2017). OagHako, 4TOObI TTpU-
HSTb TOUKY 3pEHUsI, YTO MaccoBast 10Jist Boabl MoxkeT ObITh 0,17 (Rotundi et al., 2015),
MPUXOAUTCSI MPEIINOIOKUTE ToHOe oTcyTcTBUe CO, B COMHEYHON HeOyse U I0JI0
Ccnon HE Bbie 0,2, 4TO TPOTUBOPEYUT M3BECTHBIM JAHHBIM O COCTaBaX KOMETHBIX
sanep (Jopodeena, 2020).

BbIBOAbI

Bbutu mosyueHsbl OLIEHKU CBEPXY IS JIEASTHON KOMITOHEHTBI B Pa3IMYHbBIX PETMOHAX
paHHei CoJTHEYHOM CUCTEMBI.
1. Bo BHyTpeHHEM pervuoHe JIEA COCTOSUI TOJIbKO W3 BOJABI, U OTHOLIEHWE
My,o /M g4 He mipeBbimano 0,57 r/r. )
2. B peruone obpasoBanus cuctem lOnurepa u CarypHa B TBEpAOii dhaze momu-
MO MHHEPAJIbHONM KOMITOHEHTHI IIPHUCYTCTBOBAIA TAKXKe TYTOIIaBKass OpraHrKa
¢ yenosroii popmynoit C,H;)0,)N Makcumanbroe sHaderne My / M.
B 9TOM peruvoHe cocrasjsiet 0,62 r/T.
3. B pernone cucreMbl CaTypHa TOMUMO JibJa BOJbI MPUCYTCTBOBA TakKe JIET
NH; u CO,. C Bapuauueit CO/CO, u C,qy, OTHOWEHUE M, , /M . MOXET
CHJIBHO MeHSAThes: oT 1,2 mo 0,7 v/r. OHo TIpubIMKaeTcst K 1 1 IpeBhIIIaeT eé
TPV HU3KUX 3HAYCHUSIX TTApAMETPOB.

4. [ TpaHCHENTYHOBOIO pErmoHa BO3MOXKHA OIICHKA TOJBKO OTHOIICHUS
M H,0 / Myyq> xoTOpOe He mpesbimaer 0,59 r/r. 3nauenne My / M q
KpaitHe Mano 3aBucut ot otHomeHuss CO/CO, U CUIIBHO 3aBUCUT OT JOJIU
yIJiepoa B TYTOIJIaBKO KOMITOHEHTE.
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The composition of ice and the refractory component in different regions of the solar nebula was
estimated. The maximum estimates for the ice to refractory component mass ratios were obtained
for various regions. The results are in good agreement with experimental measurements for var-
ious bodies of the Solar System such as Ceres and comets. The estimates obtained can also be
used to model the internal structure and evolution of satellites and other small bodies of the Solar
System.
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WCCNEQOBAHUE U3MEHEHWUA MPUPOAbI CMEKTPANIbHOTO
KOHTUHYYMA W CTABWIbHOCTb LIMKJIOTPOHHOW NIUHWUK
B PEHTTEHOBCKOM MYNbCAPE GRO J2058+42

A.C.Top6an"*, C. B. Monbkos ", C. C. Ljbiearkos ™', A. A. Mywmyxoe ", A. A. Jlymoeuros *
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[MpencraBieHbl pe3yabTaThl MCCIEAOBAHUS TPAaH3UEHTHOTO PEHTTeHOBCKOTo mynbcapa GRO
J2058+42 B 1IIMPOKOM MAITA30HE SHEPIUIA B COCTOSHUM CO CBETUMOCTBIO L, :2,5~1036 apr-c” .
B xone paGoThl ObUIO OOHAPYXKEHO, YTO MPOQUIb UMITYJIbCa UCTOYHMKA, TaK Xe KaK W JA0JIs
MyJILCUPYIOIETO M3TydeHUsI, 3HAYNTEIbHO U3MEHWJINCH TI0 CPAaBHEHMIO C MPENbITYIIIMMU Ha-
omonenussmu oocepBatoput NuSTAR, Korma mysnbcap ObUT B spKoM cocTostHuM. [looxkeHue
LIMKJIOTPOHHOM JTUHUM Ha 3Hepruu ~10 k3B B y3Koii a3zoBoii 00acTu cornacyercst ¢ HabJIio-
NEHUSIMU B BBICOKOM COCTOSIHMHU. BbUI MpOBENEH CHeKTpalibHbIN aHaAu3, KOTOPbIA MoKazas
MPY BBICOKUX CBETUMOCTAX L = (2,7—3,2)~1037 3pr~cf1 TUMUYHYIO JUISI aKKPEIMPYIOIINX
MyJIbcapoB (hOpPMY CIIEKTpa, B TO BpeMsI KaK IMPU YMEHBIIIEHUM CBETUMOCTH IIPUMEPHO Ha TTOps-
10K, 10 L, :2,5~1036 apr-c”!, WIS omMcaHuUsl CrieKTpa HEOOXOAMMO UCIIOJIb30BAHME JABYXKOM-
TMOHEHTHOW MOJIEJIH.

Knroueswie cnosa: GRO J2058+42, peHTTreHOBCKHME UCTOUHUKM, PEHTI€HOBCKUE TBOMHBIE,
aKKpelys, MarHUTHOE TT0JIe

Pentrenosckuii mynbcap GRO J2058+42 Oblm obHapyxXeH B ceHTsOpe 1995r1. BO
BpeMsl ApKoil BCrblIKKM MHCTpyMeHTOM BATSE (anen. Burst and Transient Source
Experiment) ramma-oo6cepBaropun KomntoHn (anes. Compton Gamma Ray Obser-
vatory). Ilociae oOHapy>XeHHOI BCIBIIIKW ITyJbcap TMPOAOXKaI TMPOSBISTh aKTUB-
HOCTb TIPUMEPHO JIBa Tojia, TIPU 3TOM JIEMOHCTPUPYS OoJiee cnadble BCTUIECKU U3JTyde-
HUS$I, CBSI3aHHBIE C MPOXOXJIECHUEM HEUTPOHHOW 3BE3I0N MepruacTpa ABOMHOU CUCTE-
MBI. DTO TO3BOJMJIO OTIPEIEIUTh OPOMTANBHBIN TTeprod cucTeMbl B 55 mHeit (Wilson
et al., 2005). 3areM MCTOYHMK HAXOAWICS B CIIOKOMHOM COCTOSIHUM OO0 22 MapTa
2019 r., koraa Oblja 3aperuCTpUpOBaHa HOBasi TUTAHTCKAas BCIIBIIIKA C TIOMOILBIO WH-
crpymeHTa BAT (anen. Burst Alert Telescope) obcepBatopuu Huna I'epenca CBudra
(anen. Neil Gehrels Swift Observatory) HalimoHabHOTO yrpaBiieHUsI 110 a3pOHABTUKE
¥ UCCIIeN0BaHNIO KocMruecKoro mpoctpaHcTBa CIIIA 1 KocMUYeCKOro raMMma-Tesie-
ckona Pepmu (aunen. Fermi Gamma-ray Space Telescope). ITo maHHBIM 0OcepBaTO-
puu NuSTAR (awnea. Nuclear Spectroscopic Telescope Array), IMoJlydeHHBIM BO BpeMs
JAHHOI BCHBIIIKHU, ObUIa OOHapy>XeHa JIMHUSI LIMKJIOTPOHHOTO MOTJIOIIEHUS B CIeK-
Tpe UCTOYHUKA Ha 3Hepruu okoyio 10 k3B, KoTopasi Obl1a 3aperucTpupoBaHa TOJIb-
KO B y3koM (hazoBoM uHTepBajne (Molkov et al., 2019). [laHHOe OTKpPBITHE TTO3BOSIET
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WccnepoBaHue n3meHeHus npupoabl CNeKTPaJIbHOr0 KOHTUHYYMa 1 (TabunbHOCTb Ll,VIKJ'IOTpOHHOVI NAHUK. ..

HaMpsIMYIO OLIEHUTh HANPSKEHHOCTh MAarHUTHOTO TOJISI HEUTPOHHOU 3BE3/IbI, BXOSI-
1LIEH B CUCTEMY.

OCHOBHOI 3agaueil Hacrosilieil paboThl ObLIO KCCIeNIOBaHUE CBOWCTB IyJibCa-
pa GRO J2058+42 mmpn HU3KMX TeMIlaX aKKpeIIMU IT0 CpaBHEHUIO CO CBOIICTBAMU BO
BpeMsI BCTIbIIIEUHON akTUBHOCTU. [T03TOMY HabMONEeHNE OBLIO TTPOBEAECHO TPUMEPHO
yepe3 150 nHeii mocie MakCuMyMa BCITBILIKU.

B pabote npencTaBieHbl pe3yabTaThl BDEMEHHOTO U CIIEKTPAIIbHOTO aHAJIM3a HC-
touHuka GRO J2058+42, KOTOpbIif HAXOAWICS B COCTOSIHUM C HU3KON CBETUMOCTBIO
(L, =25 10% spr/c). Beuto TTIO0Ka3aHo, YTO TIPHU Mepexoae K HU3KOMY TeMITY aKKpPEeILINT
SHEePreTUYECKUi CTEeKTP MCTOYHWKA CWIbHO M3MeHWscs. [loatomy mns omucaHwust
crnekTpa Oblma momoOpaHa aByxkKomroHeHTHass Moneiab ComplT+ComplT. Takke
nposeieHa (a3oBo-pa3pelieHHasl CIIEKTPOCKOIUSI, KOTOpasi TokKa3ajia HaJuuue oco-
oeHHoctu okoyio 10 k3B B ¢azoBom uHTepBane umnyiabca 0,05—0,15, uTro MoxeTr
OBITh MHTEPIIPETUPOBAHO KaK IMKJIOTPOHHAs JUHUS TorjioieHus. LukioTpoHHast
JuHug Ha sHepruu ~10 k3B B y3koMm (a3oBoMm MHTEpBaje corjacyercs ¢ Habmtoae-
HUSIMU B COCTOSIHUM C BBICOKO# CBETUMOCTBIO UCTOYHUKA (L = (2,7-3,2)-10°" apr/c)
(Molkov et al., 2019). I[IpoBenéHHBIN BpeMEHHON aHAIX3 TTOKa3aJl M3MEHEHUSI B TIPO-
(bune umItynbca Mo CpaBHEHUIO C COCTOSIHUEM C BBICOKOW CBETUMOCTbBIO; NOJISI MYJIb-
CUPYIOIIETO U3JTyYeHUsI YKa3bIBAET HA 0COOEHHOCTh OKoJio 10 k3B B HU3KOM U sIpKOM
coctosiHusx (I'op6an u ap., 2022).
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This paper presents the results of a study of the transient X-ray pulsar GRO J2058+42 in a wide
energy range in a state with a luminosity of L, =2.5-10° erg-s!. It was found that the source
pulse profile, as well as the pulsed fraction, changed significantly compared to previous NuSTAR
observations when the pulsar was in its bright state. The position of the cyclotron line at an energy
of 10 keV in a narrow phase region is consistent with observations in the bright state. A spectral
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analysis was carried out, which showed a typical spectral shape of accreting pulsars at high lumi-
nosities L = (2.7— 3.2)~1037 erg-s”'. At an order of magnitude lower luminosity, up to
L =2.5-10 6 erg~s’1, a two-component model must be used to describe the spectrum.
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BAPUALIUW COAEPXAHWA BOAbI U XJTOPA B TPYHTE MAPCA
BL0JIb TPACCBI MAPCOXOAA «KbHOPUOCUTU>» N0 JAHHBIM
WU3MEPEHWW NPNBOPA 1AH

M. B. [Jbaukosa, C. K. Hukugopos, W. I. Mumpogparos, J. U. Jlucos, M. J1. lumeak, A. b. CaHun

NHcTuTyT KOcmnuecknx nccnegosanmin PAH (MKW PAH), Mocksa, Poccumsa

B crathe mpencTaBiieHbl aKTyaslbHbIE PE3yJIbTaThl AKTUBHBIX U MACCUBHBIX U3MEPEHUU MpPU-
6opa JJAH Ha 6opty Mmapcoxoga HACA «Kpoprocutn». ComepkaHue BOIbI U XJIOpa B TPYHTE
Mapca, nonydyeHHOe MO pe3yabTaTaM M3MEpPEeHUil, U3ydaJoCch OTAENbHO MJIsl Te0JIOTMYeCKUX
PErMOHOB BIOJIb Tpacchl IBMXKeHUsI Mapcoxona. [TokasaHo, yTo cofepxkaHue BOAbI, U3MEPEH-
HO€ KaK BOJOPOJHBIN 3KBUBAJIEHT BOMbI, KOJEOJETCS OT MPAKTUYECKU HYJS 10 MaKCUMyMa
6,1£0,7 mac. %. CoznepkaHue 3KBUBAJICHTHOTO XJIOpa BapbUPYETCSl MEXTY MPAKTHUYECKU HYJIEM
u 2,61+0,2 mac. %. Takue Bapualy MHTEPIIPETUPYIOTCS KAK CBSI3aHHBIC C PA3TMUHBIMU T'€0JI0-
TMYECKUMU TIPOLIeCCaMU, TIPOUCXOISIIUMU Ha MMOBEPXHOCTH Mapca moj BAUSIHUEM Pa3InyHbIX
YCJIOBUI OKPY>KaIOIIE Cpebl.
Karouesvie croga: uccienoBanue Mapca, Mapcoxol, HEUTPOHHAs CIIEKTPOCKOINS, BOAA

BBEAEHUE

ConepkaHue BOIBI B HeIpax COBpeMEeHHOro Mapca XxapakTepu3yeT IMApOJIOTHIECKYIO
SBOJIIOIMIO TIJIAHETHl U TTPOLECCH B3aMMOIEUCTBUS MOBEPXHOCTH U aTMOC(EpPHI B CO-
BpeMeHHYIo amoxy. Ha Mapce ecTb 06J1acT, MpeACTaBIISIONIME 0COObI MHTEPeC IS
MOAPOOHBIX M3MEPEHMIT XUMUIECKOTO COCTaBa HeAp, HAIpUMep, Te, KOTOphie, KakK
cuuTaeTcst, 00pa30BaAUCh B BIIOXY «BJIAXXHOI0 Mapca» u, ClleIoBaTeIbHO, MPEACTaB-
JISIFOT OOJBIION MHTEpEeC KaK MOTEeHIMaIbHO oOMUTaeMble cpeabl. B KauecTBe obnactu
ucciaegoBanuii mapcoxona «Keropuocutn» (anes. Curiosity — a1000MBITCTBO, T10003-
HaTeJIbHOCTbh) ObLI BLIOpaH TpuUIKBaTOopuaidbHbIi KpaTep I'eitn (anes. Gale crater).
HccnenoBaHnsT TOBEPXHOCTH KpaTepa TTOKa3aJIv, YTO HWZKHHUE YAaCTU IIEHTPAJTbHOTO
MKa KpaTtepa o0pa3oBajiach B pe3yIbTaTe 0CaJKOHAKOIIEHUS B 03epe, 3aIOJIHSIBILIEM
B IIEPHO, «BJIAXKHOTO» Mapca.

B cocraB HayyHo#i anmapaTypbl Mapcoxoga «Kboopuocutu» BXOAUT POCCHUIA-
CKMIi Hay4dHBIA Mpubop IMHamMHueckoe anabdbeno HeiTpoHoB (JIAH) (Mitrofanov
et al., 2012), KoTopblil mpeacTaBisieT cO00il aKTUBHBIM M MACCUBHBIM HEUTPOHHBIN
CIIEKTPOMETP, TTO3BOJIIONINI ITOIyJaTh JAaHHBIE O COIEPKaHWU BOIBI (BOZOPOIHO-
ro sKBUBajieHTa BoAbl, BOB) 1 sKkBMBaleHTHOrO XJIopa B HErTyooKux (10 60 cM) He-
Ipax BIOJb MaplipyTa mapcoxoma. DxcrnepuMeHT JAH ocHoBaH Ha (usmyeckom
MeToIe HEeHTPOHHO-aKTUBallMoHHOro aHamm3a (Litvak et al., 2008; Mitrofanov et al.,
2012). B aktuBHOM pexkume pabotsl JJAH obGnydyaer mcciaeayemble Heapa UMITYJIb-
caMu HeUTpoHOB BbicoKo# sHepruu. CoaepxkaHue BOB 1 skBUBajieHTHOro Xjopa
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OIPEACIISIIOT aHAJIM30M BPEMEHHBIX TPOMUIICH TTOCTUMITYIbCHOM SMUCCUN TEIIJIOBBIX
M HaIOTEIIOBBIX HeUTpoHOB. JIAH Takke MOXeT MCITOJB30BaThCs B ITACCUBHOM pe-
xume (Mitrofanov et al., 2012), Korga perucTpupyeMble HEHTPOHBI 00pa3yloTcs T1060
B MapcHaHCKOI aTMocdepe, Tub0 B Heapax ITod BO3ICHCTBIEM BBICOKOIHEPTETHYC-
CKHMX YaCTHUIl TaJaKTUYECKUX KOCMUYECKUX JIydeil MM M3JIy4aloTCsl MHOTOLEJIEBbIM
Paaon30TOIIOM MapCOXO/a.

NMPNBOP AAH: AKTUBHbIE N MACCUBHbIE U3SMEPEHIUA

Ipudop JAH cocrout m3 nByx oTneiabHbIX 070KOB: JAH 1D — 010K meTekropa
u snektpouuku, JAH UHT — renepaTop uMnyabcHBIX HeliTpoHOB (Mitrofanov et al.,
2012). JAH /1D comepxXuT ABa MPOMOPLMOHANIbHBIX CYETUMKA, 3aMTOJTHEHHBIX ra30M
He, mis permctpallii TETJIOBBIX M HAATEIJIOBBIX HEUTPOHOB ¢ aHeprueit mo 100 3B
(merexktop CTN) u HaarerioBbix HeUTpoHOB OT 0,4 mo 100 3B (metexkrop CETN).
IIpu padore JAH /1D B macCUBHOM peXUME €T0 AETEKTOPHI PETUCTPUPYIOT JIOKATh-
HBIIf HEUTPOHHBIN (GOoH. OH COCTOUT U3 ABYX KOMITOHEHT, KOTOpPbIe T€HEepUPYIOTCS
B MapCHMaHCKUX Heapax M3-3a 00MOapIMpPOBKU TaJlaKTUUECKMMU KOCMMYECKUMU JTy-
YyaMHu U TIPOM3BOASTCS PaadOU30TONMHBIM MCTOUHUKOM Mapcoxoaa (HEKOTOpble ya-
CTHUIIBI BTOPOTO KOMIIOHEHTAa PacIpOCTPaHSIOTCS HEIOCPENCTBEHHO Ha CYETYUKU,
JIpyTHe paccerBaloOTCsl 00paTHO B HETITYOOKMX HeApax Iepen oOHapyxkeHuem). B ak-
TUBHOM pekuMe yctaHoBka JJAH MHI renepupyeT KopoTKrie UMMYJILChl HEUTPOHOB
¢ sHeprueii 14 MsB, a JIAH JID peructpupyeT TOMOTHUTEIbHBIE OTCYETHI TOCTUM-
MYyJbCHOM 3MUCCUU 3aMEIJIEHHBIX HEMTPOHOB TIOCJIE UX B3aAUMOAECUCTBUS C SApaMU
HETJIyOOKMX Heap.

AHamM3 BpeMEHHBIX MpoWIeil MOCTUMITYJIbCHOM SMMCCHUM TEIUIOBBIX M Hal-
TETUIOBBIX HEMTPOHOB MO3BOJISIET OMPENEIUTh cofepxxaHue kak BOB, tak u skBuBa-
JICHTHOTO XJIOpa IUIST TTOATIOBepXHOCTHOTO BemecTBa (Lisov et al., 2018; Mitrofanov
et al., 2014). MIx 3HaYeHUS MOTYT OBITh TTOJIyYeHBI U3 aKTUBHBIX NaHHBIX JIAH cpaBHe-
HUEM 3aperMCTPUPOBAHHBIX MTOCIEUMITYJILCHBIX BPEMEHHBIX Mpoduieit Ha CYETUNKAX
CTN u CETN u yucieHHO Mpeacka3aHHbIX MTOCTUMMYJIbCHBIX BPEMEHHBIX MPOoQU-
JIell aHAJIOTMYHBIX CYETYNKOB B COOTBETCTBUM C TIPOBEPOIHBIMUA MOIEIISIMU CTPOCHMST
U COCTaBa HeIp.

3a nepuox Haodmonenuii JIAH ¢ 9 aBrycra 2012 1. 110 21 mexadps 2021 r. oburmit
npoiiaeHHbI myTh «KblopmocuT» coctaBuia okojio 27 kM. Ha atom mytu mpoBe-
neHo 1002 akTuBHBIX u3MepeHMs. [lpaBuia yrmpaBieHUS MapCOXOIOM pa3pelraroT
akTuBHbIEe U3MepeHus JJAH Toiabko Ha OoCTaHOBKAaX, MOATOMY KaXJI0€ aKTHUBHOE U3-
mepeHue DAN cOOTBETCTBYET OTIEJbHONM TOUKE Ha IMOBEPXHOCTU BAOJb TpaBepca.
IMpocTpaHcTBeHHOE pa3pellleHre aKTUBHOTO HEWTPOHHOTO 30HAMPOBAHUSI COCTaB-
sstet okosto 3 M (Sanin et al., 2015). Touku ¢ aKTUBHBIMUA U3MEPECHUSIMHU MOTYT OBITH
yIOaJIeHbl APYT OT IPyra Ha HECKOJIbKO JIECSITKOB METPOB, TAKUMU TAHHBIMU TTOKPBITO
Jquirb okojio 11 % mnuubel mapiupyra «Keloprocutu». Takum 006pa3om, Mo aKTUBHBIM
JaHHbIM JIAH MoXHO mocTpouTh BEIOOpOUHOE pacrpeneneHne BOB, a Takxke skBu-
BaJICHTHOTO XJIOpA JIJIsI TIOBEPXHOCTH Kparepa [eit.

Takoe pacripeneneHne aKTUBHBIX U3MEPEHUI HAa TTOBEPXHOCTU 3aTPYyIHSIET KOpP-
PENSILINIO M3MEPEHUI ¢ HaONoJacMbIMU M3MEHEHUSIMU B JIUTOJIOTUHA WM COCTaBe
MMOBEPXHOCTU BIOJIb MapipyTta. [IeicTBUTEIbHO, aKTUBHbBIC U3MEPEHUS NI CITeI-
aJIbHBIX MCCIIEI0BATEILCKIX KaMITAaHUI Ha HEKOTOPBIX KOHKPETHBIX YYacTKaxX MmokKa3a-
JIA, 4TO JIOKaJIbHbIE U3MeHeHUs1 BOB 1 5KBUBaJIeHTHOTO XJIopa B HEAPax MPOUCXOMAST
B Maciurabax mopsiaka mMeTpos (Litvak et al., 2014, 2016). CiegoBaTebHO, BO3MOXK-
HOCTh HETIPEPBIBHBIX M3MEPEHUI BIOJIb MapIIpyTa MapcoXona IpeAcTaBiIseT 3HAU-
TeJbHBIN MHTepec. Takue maHHBIE MOXHO MONydnTh OT JJAH B maccmBHOM peskume
pabotbl, korna MHT He nsnyuyaet, a JIAH /1D nmoutu HenpepbIBHO paboTaeT mapa-
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Bapuauun cogepatus Bofbl 1 Xnopa B rpyHTe Mapca BAob Tpacchl Mapcoxona «Kbtopuocutu». ..

JIEIbHO € IPYTMMM HaydyHBIMU NpUOOpaMu Ha O60pTy Mapcoxona. BpemeHHble mpo-
(unu orcuéToB JoKaIbHOTO HeliTpoHHOTO (hoHa Ha nerekTopax CTN u CETN peru-
ctpupytores ¢ paspeuieHuem 20 ¢ (Hukudopos u ap., 2021).

PE3YJIbTATbI

Tpaekropus mprmkeHnsT Mapcoxona «Kpropruocutn» mepecekaeT TeoJI0THYeCKIe per-
OHBI, KOTOPBIE OBUTM UACHTU(MOUIIMPOBAHBI HAYIYHOM KOMaHIOM MapcoxXona Ha OCHOBE
JAHHBIX, MOJYYeHHBIX KaK «KblopuocuT», Tak U opoMTaNbHBIX. OCHOBHBIM CIIOCO-
OOM opraHu3zanuu HaOJII01aeMOl reoJoTuU (B IEPBYIO OYEPENb JUTOJOTUM) HAYYHOI
KOMaHJIbl Mapcoxoaa ObLIO co3aaHue cTpaturpadudyeckoil kosoHku (Rampe et al.,
2020). Crpaturpaduyeckasi KOJIOHKa, B KOTOPOU PErUCTPUPYIOTCS Pa3IUYHbIE JTUTO-
JIOTUY TIOBEPXHOCTH IO BBICOTE, pa3ielieHa Ha HehopMaJIbHbIC TPYIIILI, (popMalinu
u aneMeHThl. Kaxnoe namepenue JIAH ObI10 TpUBSI3aHO K OTNpeaeIEHHOMY JIEMEHTY
cTpaturpacuyeckoil KoJJoHKU. Acconanus usmepenuii JIAH ¢ snementamu ctpatu-
rpaduyeckoii KOJIOHKU MpeAHa3HauYeHa ISl TOMCKa KOPPEJSILUU ¢ HaOII01aeMbIMU
XapaKTepUCTUKaMU TMTOBEPXHOCTH.

Ha puc. 1 mpencrasneno pacnpenenenue BOB g akTMBHBIX U TAaCCUBHBIX W3-
MepeHUii. PacmpeneneHrsI XOpOoIIo COTIacyloTCs MEXIy COOOI.
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Puc. 1. Pactipenenenue BOB, nonyuyennoe n3  Puc. 2. PacmipeneneHue  SKBUBaJeHTHOTO

aKTUBHBIX (YEPHBIN 1IBET) U MACCUBHBIX (CM-  XJIOpa, TOJyYeHHOE U3 aKTUBHBIX H3Mepe-

Huit) udmepenuii JIAH. O6a pacnipenenenusi  Huit JJAH. PacnpeneneHue HopMupoBaHO Ha
HOPMHPOBAHBI HA CIMHUILY CSIUHUILY

MaxkcuManbHoe 3HaueHue BDB, pasnoe 6,1+0,7 mac.% HaOmomaercss B Iac-
CUBHBIX JaHHBIX, JieMeHTe Sutton Island dopmanum Mioppeit. DTo HaMHOTO GOJIb-
e, yeM MakKcuMajibHoe 3HadyeHre BOB mo aktuBHBIM maHHBIM, 4,83+0,27 mac.%,
Kotopoe HaOmwomaetcs B aiaemeHte Knockfarrill Hill, unene ¢opmauuum Carolyn
Shoemaker.

ConepkaHne 3KBUBAJICHTHOTO XJIOpa, KaK BUOHO Ha puC. 2, KOJIEOJIETCS OT MoU-
TU HYJIEBOI'O IO MaKCUMaJIbHOTo 3HadeHus 2,56%0,21 mac.%, Hab1100aeMOro B rpym-
ne bpanbepu.

W3 puc. 3 u 4 BUgHO, 4TO AaHHbIe u3MepeHunii JIAH BapbupyiloT B 3aBUCUMOCTHU
OT JIOKQJIbHBIX T'€0JJOTMYECKUX XapaKTepUCTUK MOBEPXHOCTU. YTO UMEHHO BBICTYyMa-
€T OCHOBHBIM (PAaKTOPOM, BJIMSIIOIIMM Ha 3HaYCHUS W3MEpPEHUI: 0COOEHHOCTH JIUTO-
JIOTWY TIOBEPXHOCTH MJIN €€ MUHEPAIBHBIN COCTaB — IIPEAMET U3YUCHUS CIICTYIOIINX
HcciegoBaHUM.
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Puc. 3. Pacnipenenenne BOB no gaHHbIM akTuBHBIX u3Mmepenuii JJAH B reonornueckux sje-

MEHTaX MOBEPXHOCTH, COOTBETCTBYIOIIMX CTPATUTpapUIECKOM KOTOHKE. BOKCHI, 3aroTHeHHbIE

roJIyObIM LIBETOM, COOTBETCTBYIOT JAHHBIM OT IIEPBOIO IO TPETHErO KBAPTUIISL, TOJICTASI JTMHUS

BHYTpU HUX — MenuaHa. HesamosHeHHbIe GOKCbI COOTBETCTBYIOT BCeMY AMANa30Hy MaHHBIX
OT MUHUMAJIBHOTO 10 MAaKCUMAaJIbHOTO 3HAUYCHUIA
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Puc. 4. PactipenesieHre 9KBUBAJIEHTHOTO XJIOpa IO JTaHHBIM aKTUBHBIX n3MepeHuii JJAH B reo-

JIOTUYECKUX JIEMEHTAaX MOBEPXHOCTU, COOTBETCTBYIOIIMNX CTpaTurpaduyeckoi KonoHke. box-

Cbl, 3aMOJHEHHbIE TOJyObIM LIBETOM, COOTBETCTBYIOT IaHHBIM OT IE€PBOTO 10 TPEThEro KBap-

TUJIS, TOJICTasl IMHUSI BHYTPU HUX — MennaHa. He3amoHeHHbIE GOKCBI COOTBETCTBYIOT BCEMY
JMATNa3oHy NaHHBIX OT MUHUMAJIBHOTO 10 MaKCUMaIbHOTO 3HAYEHU I
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VARIATIONS OF WATER AND CHLORINE CONTENT MEASURED BY DAN INSTRUMENT
IN THE MARTIAN SUBSURFACE ALONG THE CURIOSITY ROVER TRAVERSE

M. V. Djachkova, S. Yu. Nikiforov, I. G. Mitrofanov, D. . Lisov, M. L. Litvak, A. B. Sanin

Space Research Institute (IKI), Moscow, Russia

This paper presents the results of active and passive DAN measurements onboard the NASA’s
Curiosity rover. The content of water and chlorine in the subsurface of Mars, obtained from the
results of measurements, were investigated separately for different regions traversed by the rover.
It is shown that the water content, measured as a water equivalent hydrogen, ranges from almost
zero to a maximum of 6.1£0.7 wt.%. The content of equivalent chlorine ranges from almost zero
to 2.6%0.2 wt.%. Such variations are interpreted as associated with processes developing on the
Martian surface under the influence of various natural environmental conditions.
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JIBYXUAKOCTHOE MPUBNMKEHWE ANA CNABO NOHU3UPOBAHHOW
BPALUAKOLIENCA KOCMUYECKOW MNA3MbI. IMHEWHBIE BOJTHBI

10. T. Knumerko 1'2, C.U. CagpoHos 2, M. A. ®edomosa Z,A. C. llempocan 12

T MockoBcKui OU3NKO-TEXHUYECKNI MHCTUTYT (HaLMOHasIbHbI
nccnepoBatenbckuin yHusepcutet) (MOTU), DonronpyaHbii, Poccna
NHcTuTyT Kocmnueckux nccnepgosanun PAH (MKW PAH), Mocksa, Poccus

Ciabo MOHM3MPOBAHHOU TIIa3MOIl SIBIIIETCST Tula3Ma, CTeTleHb MOHU3AIMU KOTOPOW MHOTO
MEHbIIIe eNIMHULIBL. B rurasmeHHoit actpodusuke pubImkeHne ¢i1abo MOHM30BAHHOM TJIa3Mbl
WCIIOJIB3YETCS TSl ONMCAHMS TPOLIECCOB MEX3BE3MHOM Cpellbl, COJTHEYHOI XpoMocdepsl, Mar-
Hutocdep rmiaHeT. B ¢1abo MOHM3MPOBAHHON IJ1a3Me BaXKHYIO POJIb UTPAaeT B3aUMOJCUCTBUE
MOHU30BAaHHOM KOMITOHEHTBI ¢ HeUTpanbHOM. [IpeaMeToM MccliefoBaHUs BBICTYMAIOT KPYIT-
HOMacIITaOHbIC IPOLECCH B €Ja00 MOHWU3UPOBAHHON BpalllaloIIeiicss TPEXMEPHOM IL1a3Me
NpY HAIMYMU TaKUX B3aMMOIEUCTBUI. [l onucaHus SIBICHUI, MPOUCXOMSIINX B ¢1ab0 MO-
HU3BMPOBAHHOM TIa3Me, MCIOJb3YIOTCS YPaBHEHUS MHOTOXMIKOCTHON MarHUTHOM TMAPOIM-
Hamuku. [IpemtoxkeHa cucteMa ypaBHEHWIT MAaTHUTHOM TUAPOIMHAMUWKY JUTS IBYKMIKOCTHOM
MOJENIN CJIab0 MOHU3MPOBAHHOM Bpallarolieiics TuiasMbl ¢ YIETOM COOCTBEHHOTO 3JIEKTPO-
MarHuTHOTO ToJisi. PazBuTa nHeliHast TeopysT BOJTHOBBIX IPOLIECCOB B pPaMKaX IMPeIT0KEHHBIX
YpPaBHEHMIA.

Knroueswie crosea: cnabo MOHM3MPOBaHHAs TUIa3Ma, XxpoMocdepa, JTUHEWHbIEe BOJTHBI, Mar-
HUTHas TUAPOIMHAMUKA

Hns ommcaHWsT SIBIACHUI, MPOUCXOOIIINX B CI1a00 MOHM3WMPOBAHHONM IIIa3Me, HC-
TOJIb3YIOTCSI YPAaBHEHMST IBIDKCHUSI MHOTOXHUIKOCTHON MarHUTHON TUAPOAMHAMUKN
(I'epuiman, 1974) Bo BpalaoIieiicss cucTeMe 0TCUéTa B MArHUTHOM U 3JIEKTPUYECKOM
rnoJjie JUisl HeUTpaJbHOM, MOHHON M DJEKTPOHHOW KOMIIOHEHTHI IIa3Mbl C YYETOM
CTOJIKHOBEHMUI:

du
0y dtn - _vpn +2pn[un’ Q]+aen(un _ue)_ain(un _ui)’ (1)
du, 1
piE:_vPi +20,[u, Q] +eN, E+Z[ui,B] —a,(w,—u)—o,(w,—-u,), (2
du, 1
O, dr :7Vpe +2pe[lli’Q]—€Ne E+_~[ue’B] 7aen(ue 7“/1)7(11'8(“9 7ui)’ (3)
n

Jnga mepexoma K ABYKUIKOCTHOMY OITMCAHUIO BBEAEM INIOTHOCTH TOKa
j=en(u;,—u,) v cymmupyem Bbipaxerus (2) u (3). B pesynbrare, niperebperast uHep-
LIMEH 2JIEKTPOHOB, ITOJIydyaeM YpaBHEHUE IBVKEHUSI MIOHHO-3JIEKTPOHHOM XUIKOCTH:

du, m, . 1. a,, .
O g = Ve +2(p; +0,)[u;, Q] 7[J, QHZ[J’ B]+;J+(Gm +a,,) (u, —u,).
e
4)

,Z[anee BbIBEIEM 3aKOH 3JIEKTPOMATrHUTHOM WHAYKIUU, OMUPASACH HA YpaBHEHUE
JBUXKCHUA BHCKTpOHHOﬁ KOMITOHECHTBI U YpaBHCHUA MaKCBeJ’IJ’[a, 1 JOIIOJIHUM UCCJIIC-

Kmumenko IOnus TumodeeBHa — cTyneHTKa MaructpaTypsl, klimenko.yut@phystech.edu
Cadonos Cepreii UropeBna — uHxeHep

®enoroBa Mapust AHIpeeBHA — aCITUPAHT

IeTpocsan Apaken CapkucoBud — npodeccop, TOKTOp (hrU3MKOo-MaTeMaTUIECKUX HayK
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JyeMble YpaBHEHUS YCIIOBUSIMU HECKUMAEMOCTH 10 cucTeMbl 11 ypaBHeHwmit u 11 He-

M3BECTHBIX. YUTEM TaKke, 4To a,, <K, , a P, < p;, TOr1a:

du o, c
o, n:_vpn +2pn[lln,Q]— - [V’B]_ain(un_ui)’
dr 47ten,
N v, 20 Ql-224v, BJ, @)+ |V, BI, B+
P Pre T 20t 4ret T dnt
+—e” | B+, (u, —u,)
dmen, Htt R v
OB % e L
0=——B,V)u, —(u;,V)B——(V,(u, —u, ) |+ ——fV u, —=—[V, fV _B|,
o1 i en, " e o 43'[e2ne ‘
divu, =0,
divu, =0.

B monyuenHwbix ypaBHeHMsiX cuia Kopuonuca 3amucaHa B pUOIIKe-
HUU f-TIJIOCKOCTH, B pamKax Kortopoil Bektop Kopuomuca f=2€=(0,0,/,), rne
J,=/sin@ = const (¢ — mMpoTa uccieayeMon 0d1acTu).

Harua nenp 3akiiouaeTcst B OJy4YeHUU AUCTIEPCUOHHBIX COOTHOIICHUH JIJIST BOJIH
B JIMHEHOM MPUOIVKEHUM. [J1s1 3TOTrO MpeacTaBuM HEU3BECTHbBIE B BUE CTAlIMOHAP-
HOTO PeILIeHUST CUCTEMBbI U MaJIO OCLIMJLTUPYIOLIE T00aBKM:

0 0
u=0+06u, u,=0+06u,, B=B,+db, p,=p,+0p,, p,=p,+0p,

Janee mpeacTaBUM OCUWLIMPYIOIME A00aBKM B BUJE TJIOCKMX BOJH C 4acTo-
TOU (0 ¥ BOJTHOBBIM BEKTOPOM K 1 momcTaBuM B CHCTeMY YpaBHeHMI (5), mpeHeoperast
HEJIMHEMHBIMM YjieHaMU. PaBeHCTBO HyJIO IeTepMUHAHTA pe3yIbTUPYIONIEe MaTpu-
LIl CUCTEMBbI NPU MPOELIMPOBAHUM HAa OCH KOOPAMHAT AACT OUCIIEPCHOHHOE YypaB-
HeHUe 5-1 CTerneHu IJisl JUHEWHBIX BOJH B ¢1a00 MOHM3UPOBAHHON Bpalllatolieiics
T1a3Me B IBY>KUJIKOCTHOM OIMUCAHUU.

B BbICOKOYACTOTHOM TIpefesie Mpu pacCMOTPEHUM TOJIBKO JABYX CllaraéMbIX CTap-
LIUX CTEMeHEeW Mpu  IMpornaaaeT 3aBUCUMOCTh KaK OT MarHUTHOTO TOJsl, TaK U OT
cwibl Kopuonuca. [ToatoMy paccMOTpUM IUCIIEPCUOHHOE YPABHEHUE, OTOPOCUB BCE
claraemble, KpoMe 4ICHOB ¢ o, »*, . Torza B BEICOKOYACTOTHOM npenese Iucrep-
CUOHHOE COOTHOILIEHWE MPEACTaBsIeT cCO00M ypaBHEHUE BTOPOIl CTEMEHU U UMEeT
JIBa KOPHSI:

1
0)1’2 = X
8(k- B)ocl.nkzpl.pna't2
12
(x:flkﬁpf —16a:5(k-B)ai2nk4p,2,J't+
x| a2k ol £ |k*p, +8a, (k-B)a,, K’k 0,0, B (4n+ k*Q) +
+4(k- Byl o2 [4n{4 £ 2K20.m+ k2B 2|+ £k K20,0°
* 4 mc
3mech W jangee WCHOIb30BaHBI O0O3HaYeHWs o, =, —, §=—, Bf=
= (k'B) —fk_q. en, e

JucrnepcoHHbIE KPUBBIE B 9TOM Cllydae CUMMETPUYHBI OTHOCUTEIBHO OCU Op-
nuHaT (puc. 1), 0OAHAKO MX BHUI MEHSIETCS B 3aBUCMMOCTU OT BEJIMYMHBI ITPOCKIIUMN
BOJIHOBOTO BekTopa Ha ocu Ox u Oy. Tax, npu k, < kz MUHUMYM IUCIIEPCUOHHON
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ﬂBy)KVI/J,KOCTHOE I'IpVIGJ'IVI)KeHVIe Ana cnabo VIOHVBVIpOBaHHOVI Bpamammeﬁm KOCMIYECKOIA MNasMbl. ..

KpI/IBOfI NOAHMUMACTCA BbIIIE HYJIsI HA HEKOTOPOE 3HAYCHMUE. Ilo MEPE YBEIUUYCHUA kJ_
MUHUMYM Z[PICHepCHOHHOfI KpHBOﬁ OITYyCKa€TCAd B HYJIb.

() () ()
W \Vk \ |
z z z

Puc. 1. [lucriepcuoHHbBIC KPUBBIE m(kz) B MpeJesie BHICOKUX YaCTOT

B HM3KOYACTOTHOM mpenesie mojiydyaeM JMHEHOe NMCIIEPCUOHHOE YpaBHEHUE,
KOTOpOE 33Ja€T NMCIEPCUOHHOE COOTHOIIIEHUE CIeAYIOIIero BUaa:

0=a, kz[ocenfk 0; —i—oszf]
a:n-szkzpn _(a:naink2 +Bfszpn)Bf +f3Qpipnk3
agla, ke, (k2 B2 —4nf klp, |+, /& |2 *k20,0) + ot k0, | B, (44 K20) +

X

+a,0, ! (B2 K200, | 440,12k B 1 S,
w (O] w
A . \/A
<
a

Puc. 2. lucriepcioHHBIE KPUBBIE w(kz) B IIpeJIeJie HU3KUX YaCTOT

[pu GUKCUPOBAHHBIX k| NUCHIEPCUOHHbIEC KPUBBIE (k) IPUHUMAIOT TPH [PUH-
LUMHAILHO Pa3IWYHBIX BUaA (CM puc. 2). B Tom ciyuae, Koma MPOEKIINN BOJITHOBOTO
BekTopa Ha ocu Ox u Oy paBHBI HYJIIO, T. €. B CJIydyae BEPTUKAJIbHbBIX TCUYCHMUI1, 4acTOTa
3aBUCHT KBAJPaTUYHO OT MOZYJIs BOIHOBOTO Bektopa. Korna k, <k, nucrepcnoH-
Hasi KpMBas UMeeT [IBe BETBH, KOTAa k|, ~k_ , IMCHEPCHOHHAsS KpI/IBaH BHOBB HeETIpe-
pBIBHA M IMEET XapaKTePHBIA MaKCI/IMYM i MI/IHI/IMYM

Pa6ora nommepxana MoHIOM pa3BUTHUST TEOPETUYECKON (DU3NKU U MAaTEMAaTUKKU
«bazuc».
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Weakly ionized plasma is a plasma whose degree of ionization is much less than unity. Weakly
ionized plasma in space physics takes place in the interstellar medium, solar chromosphere and
planetary magnetospheres. In weakly ionized plasma, the interactions of the ionized component
with the neutral one play an important role. In this research, the subject of study is large-scale
processes in weakly ionized plasma in the presence of such interactions. To describe processes
occurring in weakly ionized plasma, the equations of multifluid magnetohydrodynamics are used.
In the present study, a system of equations of magnetohydrodynamics is proposed for a two-fluid
model of weakly ionized rotating plasma, taking into account its own electromagnetic field. A lin-
ear theory of wave processes has been developed within the framework of the proposed equations.
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CPABHEHME METOZ0B MTOCTOEPABOTKMN KPUBbIX BNECKA ZTF
AnA ABOWHOW YEPHOW AbIPbI NPOMEMYTOYHOU MACCbI
J163159.59+243740.3

[I.A. Mameees "%, M. B. flembsterko > >, U, B. Yununzapan™*, K. A. lpuwun ™’

W, 10. Kamkoe >®, B. C. opadxaros 2, B. A. Tonmyn >, . A. Ky3emun "2

! MocKoBCKUit rocyaapcTBeHHbIN yHBepcuTeT uMeHn M. B. JlomoHocosa (MIY),

dusnueckun dakynbret, Mocksa, Poccua

focynapCTBEHHbIN aCTPOHOMUYECKUIN UHCTUTYT

um. MN. K. lWrepHb6epra My (TAULL) Mocksa, Poccus

HaumoHanbHbIN NccnefoBaTenbCKmi YHUBEPCUTET «BbiCLIan LWKOIa SKOHOMUKIY
(HWY BLL3), MockBa, Poccusa

FapBapa-CMUTCOHOBCKIMI acTpoduanyecknii LeHTp, Kemopugx, CLLA
MocKOBCKMIN GUINKO-TEXHUYECKNI MHCTUTYT (HaLMOHasIbHbI
nccneaosatenbckuin yHusepcutet) (MOTW), onronpyaHbin, Poccua
Hbto-Mopkckunin yHnBepcutet Aby-[abw, Aby-[abu, OAD

MapuKcknii yHrBepcuTeT, JlTabopaTopus sneMeHTapHbIX YacTyL, 1 KOCMOJIOTK
Mapwx, ®paHuun

IIpencraBieH aHaau3 METOIOB 00PAaOOTKM KPUBBIX OJiecKa, MoJydyaeMbIX ¢ TTOMOILbIO CepBHUCa
pasHoctHoI horomerpumn Zwicky Transient Facility (ZTF) Forced Photometry service. JlaHHbie
ZTF umelor HecoBeplleHHYI0 ¢oTtomerputo. 1o 3Toi mpuuMHe paccMaTpUBAIOTCS METOBI,
HampaBJeHHbIe Ha yCTpaHEHWE HECYIIECTBYIOIIMX TPEHIOB B KPMBBIX Oiecka U TONABICHUE
npyrux 3¢ deKToB, MEIIAIINUX OTOXIECTBUTh PEeaTbHYIO MEPEeMEHHOCTb B ABYX (HhOTOMETpU-
yeckux nojocax (ZTF-g, ZTF-r). B uncio BaxHbIX 1IaroB 00pabOTKU ABYMEPHBIX BPEMEHHBIX
PSIOB BXOAAT: MWIbTpalUsl TOYEK OTOPACHIBAHMEM HEKOPPEKTHBIX HAOIIOJEHUI MO Kpute-
pusimM u3 nHCTpyKumii poromerpuu ZTF, Koppekius 1iBeTa n KOppeKIius: (OTOMETPUIECKOTO
HYJIb-TIYHKTa, KOPPEKUUsI MyTEM BBIYMTAHUSI MEIMAHHOW 3BE3[bl CPABHEHUS, TOJYYEHHOU U3
50 OaMKaNIIMX K MICTOYHUKY 3BE3] HA CHUMKE.
Karouesvie cro6a: ak TUBHBIE s1Ipa FAJIAKTUK, YEPHBIE TBIPbI TPOMEKYTOUHBIX MACC

BBEAEHUE

O030pbI HeOa, MPOBOAAIIMECS] B TeUeHNE HECKOJBKMX JIET, TTPEAOCTABIISIIOT BO3MOX-
HOCTb OOHapy>XEHUsI MEPEeMEHHOCTU CIa0bIX OOBEKTOB B OMNTUYECKOM [IMarna3oHe
CITEKTpa, YTO MCITOJIB3YETCS IJIST TIOMCKa M TTOATBEPXKICHMSI KaHIUIATOB B aKTUBHBIE
snpa rajnakTuk (awen. active galactic nuclei — AGN) I-ro tumna, nuTaeMbIX YEPHbI-
MU ObIpaMU TIPOMEXYTOUHBIX Macc (aues. IntermediateMass Black Hole — IMBH).
Hacrosias padora npenoctaBisieT BO3MOXHOCTb CPABHUTH BKJIAM PA3TUYHBIX METO-
JIOB TIOCTOOPAOOTKU B (POTOMETPUUECKYIO KOPPEKIIMIO, UTO B CBOIO OYepe/ib MO3BO-
JISIET TIOHSITh, KaKOW BKJIall B U3MEHEHUE CTAaTUCTUKU XM-KBaApPaT BPEMEHHOIO psia
BHOCUT KaXKIblil 3TaIl MMOCTIPOLIECCUHIa Ha mpuMepe oobekra J163159.59+243740.3.

Marsees [IMuTpuii AjieKcaHIpOBUY — CTYIeHT, matveev.da21@physics.msu.ru
JlembsineHko Mapus BiraguMupoBHa — CTyIeHTKA MarucTparyphl

Yummarapss Mrops BraguMupoBuy — Beayluit HAyYHbIN COTPYIHUK,

TOKTOP (hU3BUKO-MaTeMaTHIECKUX HayK

I'pymmn Krpuiin AnekceeBUY — aciMpaHT, MIaAIINI HAydHbIM COTPYITHUK
KatkoB MBan FOpbeBuy — cTapiimii HaydHblii COTPYIHMK,

TOKTOP (hM3UKO-MaTeMaTHIECKUX HayK

Topamkanos Brnanumup CepreeBud — CTyIEHT

Tontyn Bukropust AnekceeBHa — CTYIEHT

Kysbmun MBaH AnekceeBUY — CTYIEHT
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HpeI/IMYH_IeCTBO JaHHOTO METOoJa 3aKJII0YacTCsd B JOCTYITHOCTU JaHHBIX IJIsA 0O0JIbILIOTO
qyucja O6’I)CKTOB—K3.HI[I/I)IaTOB, B OTJIMYME OT aJIbTCPHATUBHOI'O MMOAXOAda K ITOATBEPXK-
JCHUIO aKTUBHOCTU A0€CP HYTéM MNPOBCACHUA JOPOTrOCTOAIMNX PCHTTCHOBCKUX HabI10-
JIIEHUI HA KOCMMUYECKUX O6CCpBaT0pI/IHX.

NAPAMETPbI MONMYYAEMbIX JAHHbIX

Cepsuc pazHoctHolt (potomerpum Zwicky Transient Facility (ZTF) Forced Photomet-
Iy service mpeaoCcTaBiIsIeT JOITOTHUTEIbHYIO HH(MOPMAIINIO, KOTOpast HeOOXommMa JIIst
JIydiieil oopaboTKy HabmoaeHuid. B 3To yncio BXomdT naHHbIE 0 (POTOMETPUYECKUX
noJyiocax, JaHHble o KBagpaHTax [13C-maTpuilbl, B KOTOPBIX HAOIIOHAICS HYKHBIN
00BEKT, JaHHBIE O KaUeCTBE MOJIYYEeHHOro CUTHAJIA U JIP.

s mocTpoeHus KpUBbIX OJiecKa MCMOJb3YIOTCS ABe (POTOMETpUUYECKUE IMOJIO-
cbl — ZTF-r u ZTF-g; peanu3oBaHHbIM MOAXOM MOCTOOPAOOTKM BPEMEHHOIO psijia
M TTOACYETA CTATUCTUKY IIPUMEHSIETCS K HUM T10 OTHEJIBHOCTH.

METO/bl OLLEHK/ NEPEMEHHOCTHU

B Hacroseil pabore mjisl OLEHKM MEPEMEHHOCTH MCIOJIb3YIOTCS /1Ba Iapamerpa:
IJI1 KaXa0i U3 (POTOMETPUUECKHUX IMOJIOC PACCUMTBHIBAIOTCS 3HAYEHUE CTATUCTUKM
XH-KBaapaT U 3HaUYeHue p-value.

CuuTaeTcs, 4TO MPHU OINpPEeAcICHUH 3TUX IMapaMeTPOB HYJIEBOI TMITOTE30i 0OBEKT
He UMeeT MepeMEeHHOCTU (KOHCTaHTa ¢ OeJIbIM IIyMOM), a aJbTepHATUBHOW TUIIOTE-
30if — Hajanuyue nepeMeHHocTU. Kputuyecknum 3HaueHueM is1 p-value BbIOpaHO 3Ha-
gerne o= 107, JpyruMu clioBaMM, €CJIMd UTOrOBO€ 3HaueHue p-value okasbIBaeTcs
MEHbIIIE O, TO 00BEKT B paMKax JaHHOU pabOThl MOXXHO OLIEHMBATh KaK OOBEKT, UME-
IO NEPEMEHHOCTb.

METO[,bl ®OTOMETPUYECKON OBPABOTKMN JAHHbIX

doroMeTprUIecKy0 00pabOTKY JaHHBIX MOKHO pPa30MTh HA IB€ OCHOBHEIC COCTABIISI-
fomue. [lepBass — 310 hoToOMeTprUUecKasi KOPPEKIIMS B COOTBETCTBUM C MHCTPYKIIMSI -
mu ZTF mo umMeronielicsi COmpoBOAUTEIbHON MHGpOPMALIMU K KaXI0OMy M3 HabJo1e-
HUI, a TAaKXKe KOPPEKIUS CABUra HYJIb-ITYHKTOB MEXKIy HAOTIOACHUSIMU C Pa3TUYHBIX
kBagpaHToB [13C maTpulbl. Bropast — KoppeKIus 1o MeAuaHHOM 3Be31¢ CPaBHEHUS.

B dotomerpuueckyo Koppekiuuo no UHCTpyKuusM ZTF BXoAUT 1IBETOKOPPEK-
uust, puibTpanus HehOTOMETpUUECKUX NaHHBIX (Masci et al., 2019).

Koppexius caiBura HyJb-IIyHKTOB — BakKHasl 4acTh (POTOMETPUUECKON KOPpPEeK-
uuu BBUAY cTpoeHus I[13C-marpuilbl: oHa paszgesieHa Ha 64 KBaapaHTa, MMEIOLINX
pa3IMYHOE MOPOroBOe 3HaUYEHUE YYBCTBUTEIbHOCTU. OTYACTH MO ITOM Xe MpUUYMHE
MMEIOTCS HeKayeCTBEHHBIE TaHHbIE B HEKOTOPKIX 00JIACTSIX HeOeCHOM chephl o TIpH-
YMHE MnornagaHus o0beKTOB Ha Kpas Mexay KBaapaHTamu [13C-maTtpulibl.

s KoppeKIny 1o MeIraHHOI 3Be3ze 1mo KaTanory Gaia ompenmensiores 50 sip-
KHX OMMKaWIIMX K OOBEKTY 3BE3M, KOTOphIe OTMEUEHBI KaK HE IepeMEHHBbIC, U U3
6a3bl nanHbix ZTF Forced Photometry Service 3anpammBaloTcst JaHHBIE 110 HUM. [
KaxXI0i 13 BBIOpAHHBIX 3BE3M MPOMCXOAUT (PUIbTpalldsl HEKauyeCTBEHHBIX HabJtoIe-
Huii. BBuay atoro, Wi MOCTPOEHUSI MeAUaHHOM 3Be3abl MpumeHstoTcs 30—50 3B€31.
3areM MpOMCXOIUT KOPPEKTUpOBKa KpuBoi Ojecka kaHaupmata B AGN I-ro tuna
IMyTEM BBIYUTAHUS MeOWaHHOM 3Be3mbl cpaBHeHMsS (Demianenko et al., 2022). BroT
METOJI MO3BOJISIET KOPPEKTUPOBATh U3MepeHus moToka Kanauaata B AGN I-ro tuma
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10 MeTMaHHOI OIOPHOI 3Be3/1e, TaKKe yaalIsisl TOTeHIIMaIbHbIe IIepEMEHHbBIC 3BE3/IbI,
KOTOpBIe He OoTMedeHBl B Gaia TyTéM WUTepaTUBHOTO CpPaBHEHUS 3HAUCHMST HaOJIIO-
IeHUsS Y 3Be30bl M MEIMAHHOM 3Be3bl ¢ Kaapa. HakoHeIl, MBI TTOJTydaeM IOJTHOCTBIO
CKOPPEKTUPOBAHHYIO KpUBYI0 Oilecka KaHmumata B AGN I-ro tuma, KOTopyio 3aTeM
MOXEM IIPOaHAIM3UPOBATh CTATUCTUICCKH.

PACCMOTPEHME 3HAYUMOCTU KAXKAOIo METOAA
®OTOMETPUYECKOW OBPABOTKU

s mpumepa OyneT paccMoTpeH 00bekT J163159.59+243740.3 — yHUKAaIbHbIA KaH-
nunat B AGN I-ro tTumna ¢ n1BoitHOI Y€pHOI ABIPOI MPOMEXKYTOYHOM MacCChl, KOTOPBIi
ObLT BBIIEJIEH MPU paciiupeHnuu BhIOopkU u3 nyoaukauuu (Chilingarian et al., 2018)
(puc. 1). Ing maHHOrO O0BEKTa MPOCTEKMBAaeTCs KaK KpaTKOBpPEMEHHasi MepeMeH-
HOCTb, BbI3BaHHAs1 2(PEeKTaMu B aKKPEIIMOHHOM JUCKE, TaK W JUIUTEbHAs 3a CUET
JBOMCTBEHHOCTU CUCTEMBI YEPHBIX AbIp. BecHoii 2022 r. Ha 3TOT 00BEKT ObLIO MOJIY-
YeHO HaOJIfoJaTeIbHOe BpeMsI Ha KOCMUYECKOM TelecKore «Xabom» (axean. Hubble
Space Telescope, HST). Ecinu HaGmoneHus: MOATBEPASIT HAIMYUE TBOMHON CUCTEMBI,
3TO OYIET MEPBBIi TPUMEpP, HEITOCPEACTBEHHO JOKAa3bIBAIOIIMI MepapXUIeCKUl POCT
CBEPXMACCHUBHBIX YEPHBIX JIBIP B PEXKMUME MaJIOM MacChI.

11632+2437
-

Puc. 1. Uzo6paxenue J1632+24, moaydeHHOE
u3 karamora DR9 DESI Legacy Imaging Sur-
veys. B neBoM HIIKHEM Kparo HM300pakeHMs
yKazaHa Macca rajaktukd B Maccax CoJHia,
B TIPaBOM HIKHEM YTy — JIMHEIHBIC pa3Mephl
00BbeKTa B MIOCKOCTU N300paKeHUS

151 3TOr0 00BEKTa Ha KaxKJIOM 3Tale KOppeKLMU 3HaueHue p-value MeHbIe
KPUTUYECKOTO Q, MO3TOMY OyIeT paccMaTpuBaThbCsl TOJBKO 3HAYEHUE CTATUCTUKU
xu-kBanpat. Huke (puc. 2—7) npeacTaBieHbl pe3yJbTaTbl MOCTPOSHUS KPUBBIX OJie-
CKa, MPUMEHSIS K HUM Pa3IUYHbIE METOIbI 00PaOOTKU.

Kak MBI BUIMM, KOpPpEKIMS IIBETa M KOPpeKIus (POTOMETPHUUECKOTO HYJIb-
MyHKTa U3MEHSIET MOJOKEHNE TOUYEK MO 3BE3MHON BEeTMUMHE, a KOppeKus He (HoTo-
METPUUYECKMX JaHHBIX, YOUPaeT HEKOTOPhIE M3 TOUEK C HEKa4eCTBEHHBIMU TaHHBIMMU.

B cBoto ouepenp Koppekiusi Mo MEIUAHHON 3Be3[ie UBMEHSIET OOUIUiA BUI KpU-
BOI1 OJlecka U BHOCUT 3HAUMTEJbHBIN BKJIAA B CTATUCTUKY paclpeneaeHUs] X1-KBal-
pat. Ha puc. 8§ npencrasieH rpaduK 3HAYEHUI CTATUCTUKU pacTipeneSIeHUsT XU-KBaI-
paT IS KaXmoil M3 MOCTPOSHHBIX BBIINIE KPWBBIX Ojiecka. K3 3TOro ciemyer, 4To
BKJIaJl, BHOCUMBIH B yIaJlecHUE HECYIIECTBYIOIINX TPEHIOB KPUBOI Ojiecka, Hanmbdojee
3HAYMMBIH 711 MeTOIa KOPPEKTUPOBKHM IO MEAMAaHHOM 3Be31e.

Ha puc. 9 npencrasien rpacduk 3Ha4YeHUS] CTATUCTUKU XU-KBaapaT Npv UTHOPU-
pOBaHUU OMpPeAeJEHHBIX IPYII TOUYeK B KaxXaoM M3 (GuiabTpoB. M3 oblueit BLIOOpKU
MOOYEPENHO YIATSUIUCH U BITOCAENCTBUY BO3BpAIAJIUCh OOPATHO CHavaia TPYIbl U3
HECKOJIBKMX TOYEK, 033K TPYIIIBLI TOUYEK, COOTBETCTBYIOIINX HECKOJIBKIM THSIM Ha-
OntoneHuii. BBumy He3HAUMTENbHBIX OTKJIOHEHMIA B CTaTUCTUKE XM-KBagpaT MOXHO
caesaTh BBIBOJ, YTO BKJIA/A B CTATUCTUKY BHOCST HE OIHA Majiasl TpyIIa JaHHBIX, a BCS
BbIOOpKA B LIEJIOM.
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Puc. 3. KpuBag Onecka 0e3 NpuMeHEHMS] K Hel (UIbTpalluud He (HOTOMETPUUYECKUX HaH-
HbIX. YacTh TOUEK B Havaje KpUBOM OJiecka HE yUUTBHIBAETCS IO MPUYMHE OTCYTCTBUS TaHHBIX
T10 3BE€31aM CpaBHEHUS IJIST ITUX AT
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Puc. 4. Kpupas Gyiecka 6e3 npuMeHeHus1 K Hell KOppeKlnu 1iBeTa. YacTb Touek B Hayajie Kpu-
BOI Oyiecka He YYUTBHIBAETCSI 1O TPUYMHE OTCYTCTBUS MAHHBIX IO 3BE3MaM CPaBHEHUS IS
3TUX JIaT
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Puc. 5. KpuBas 6;ecka 6e3 mpuMeHEeHHs K Hell KOPPEeKIIMU CABUTA HYIb-ITYHKTOB. YacTh Touek
B Hauajie KpUBOIi OJIeCKa He YUUThIBAETCS MO MPUYMHE OTCYTCTBUS JaHHBIX 110 3BE3aM CpaBHEe-
HUS U] OTUX JaT

51



J.A. Mameees, M. B. [Jembarerko, . B. Yunureapan, K. A. Tputwun, M. K0. Kamkos, B. C. [opadxaros, B. A. Tonmyw, WM. A. Ky3emun

J163159.59+243740.3

r
17,0 & . .
“outliers” detection r
outliers” detection g
17,2
o]
= 8
; 17,4
5 9
m
2 e
k: ; J.
17,8 8" # % } {
’ °® ° ®
- ® RN
71 Wy 8% |
18,0
r ‘
18,2

58 200 58 400 58 600 58 800 59000 59 200 59 400 59 600
MonuuuupopaHHas 10JIMaHCKad J1aTa

Puc. 6. Kpusas 6iecka 6e3 MprMeHEHHUsI K Heil KOPPEKILIMY 110 MEeIMaHHON 3Be3[e CPaBHEHMSI.
(Magnitude — 3B€3nHas BenuunHa, MJD — MonuduimpoBanHas romaHcKast 1aTa)
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Puc. 7. Kpusas Gsiecka ¢ IpUMEHEHHON K HEil KOppeKILIMel Mo BCeM OMUCAHHBIM BbILIE MyH-
kTaMm. YacTb Touek B Hauaje KPUBOIl OJecka He yYUTHIBAETCS MO MPUYMHE OTCYTCTBUST JAaHHBIX

1o 3BE€31aM cpaBHeHUs st 9TuX AaT. (Magnitude — 3BE€3nHast BeamunHa, MJD — moaudpuum-
pOBaHHas 0JIMaHCKasI 1aTa)
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Puc. 9. I'pacdhuk 3HaYeHUST CTATUCTUKU XU-KBAAPaT B IBYX (DOTOMETPUUECKUX TOJIOCAX
[PY UTHOPUPOBAHUU OIIPENEIEHHBIX TPYIII TOYEK B KaXKIOM U3 (PUIIETPOB

BbIBOAbl

Ha npumepe o6bekta J163159.59+243740.3 nmokasaH 3HaYMTENbHbIA BKIam B (GoTo-
METPHUYECKYIO0 KOPPEKINIO BBEeICHMUS OMOPHOI 3Be3nbl. [lepeMeHHOCTh 0OBEKTa pe-
TUCTPHUPYETCA B 00emX (hDOTOMETPUICCKHUX ITOJI0CAX B TOM UHCIIC M TTOCJIC BRIYUTAHUS
MeIuaHHoI 3Be3nbl. ITHOpupoBaHue TPyIIT CIyYaiiHBIX TOYEK KPUBOI1 OJIieCKa TakxKe
HE U3MEHSET BBIBOAOB O MEPeMEHHOCTU 00beKTa. [IprMeHsist BbIIIICONCaHHBIE METO-
bl 00pabOTKM JaHHBIX U MCIOJb3Ys OOIIEIOCTYITHbIE 0030phl Heba, BO3MOXHO 00-
HapyXeHue U MOoATBepKAeHUe 00JbII0ro KoaudectBa KaHauaatoB B AGN I-ro Tuna.
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B Onuxaitiiem OymyieM BO3MOXHa MPOBEPKa JAHHOTO METO/A MOATBEPXKICHUS
kaHmnmatoB B AGN I-ro tuma Ha maHHBIX ¢ 60-cM Temeckorma RC600 (Shatsky et al.,
2020). KaBka3sckoii ropHoii obcepBatopurt MI'Y (KT'O). A Takxe OyneT nposeneHa
OlICHKA MAacC LEHTPATbHBIX YEPHBIX JIBIP TTPOMEXYTOUYHBIX MAacC € TTOMOIIbIO (HUITb-
TpoB Hao 1 MeTona peBepOepalinu.

Pabora BbimosHeHa mNpu mnonaepxxke Poccuiickoro HayuyHoro ¢doHma (IMpoekT
Ne 19-12-00281-1IT).
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COMPARISON OF POST-PROCESSING METHODS OF ZTF LIGHT CURVES
FOR THE BINARY INTERMEDIATE-MASS BLACK HOLE J163159.59+243740.3.
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N o U A W =

The analysis of methods for processing light curves obtained using the Zwicky Transient Facility
(ZTF) Forced Photometry service is presented. The ZTF data has imperfect photometry. For
this reason, methods aimed at eliminating non-existent trends in the light curves and suppress-
ing other effects that prevent identifying the real variability in two photometric bands (ZTF-g,
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ZTF-r) are considered. Important steps in processing two-dimensional time series include: filter-

ing points by discarding incorrect observations according to criteria from the ZTF photometry

instructions, color correction and correction of the photometric null point, correction by sub-

tracting the median comparison star obtained from the 50 stars closest to the source in the image.
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TONIWUHA KOPbI BEHEPbI METOJOM HATPY30Y4HbIX YUCEN NTABA
T. N. Menwjukosa 1 A.B.bamoe "2, T.B. 1] yal(osa1

! NHctutyT dunsmkm 3emnum nm. O.10. Lmuara PAH (MD3 PAH), Mocksa, Poccusa

2 NHcTuTyT Nnpobnem ynpasneHus nm. B. A. TpanesHukosa PAH (UMY PAH)
MockBa, Poccus

B HacTosiiieit padore 11t pacuéra TONIIMHBI KOpbl BeHephl mpuMeHsieTcst MeTon uucesn JlsiBa.
Meton y4uThIBae€T MOACTPOMKY IJIAHETHBIX HEAP K Harpy3kaM Ha MOBEPXHOCTH M B HeApax.
YucieHHOe MOIEIMPOBAHUE TIPOBOIUTCS C MCIIOTB30BAHUEM PA3NIOKEHUs MO ChepruIecKuM
rapMOHUKaM JaHHBIX Tororpaduu M rpaBUTAlMOHHOTO mojsg a0 70-it crereHu. [IpoBeaeHo
CpaBHEHHUE C UMEIOIIMMUCS TJI00aTbHBIMU MOZIEJISIMU KOPBbI BeHephl.

Kntouegole croea: rpaBUTALIMOHHOE T0JIe, Tororpadusi, Kopa, Harpy3ouHble uucia Jlsnsa,
Benepa

Ha 3emne riybuHHOE CTpOeHME KOPHI U3ydyaeTcsl Ha OCHOBE COBMECTHOIW MHTEpIIpe-
TallX CeCMMIECKUX JaHHBIX U JAaHHBIX TPaBUMETPUU. B OTCyTCTBUM ceficMmYecKoit
CeTH Ha TUTaHEeTaX CO3JaHue TJIOTHOCTHOM MOIEIM KOPhI 0a3upyeTcs Ha PelIeHU 00-
paTHO 3agauyu rpaBUMETpuu. g ycTpaHEeHMS HEOMPEIeAEHHOCTH pEeIleHUsI, BO3-
HUKAIOUIEH MpY MOCTPOCHUH TIO0ATBHON MOEIN TOJUIMHBI KOPBI HA OCHOBE pelle-
HUST 00paTHOM 3amauyu, TPUHUMAIOTCSI HEKOTOpbIe AomyiieHus. OTHUM MX HUX CTa-
HOBUTCS TIPEIIIOJNIOKEHWE, YTO HAOJII0aeMoe TpaBUTAllMOHHOE TOJie BO3HMKAET 3a
cu€T pesnbeda Ha TTIOBEPXHOCTU U pelibepa TpaHUIIBl KOpa — MAHTHS, U YTO BEJIMYMHBI
CpelHeil IJIOTHOCTU KOPbl U MAHTUU M3BECTHBI, T.€. 3a1aéTCs CKAYOK IUIOTHOCTU Ha
rpaHuIle Kopa—MaHTus. [JOMOJTHUTEIBHO UCTIONb3YETCS MPEATNONIOKEHUE O TOIIINHE
KOpBI B KaKOW-HUOYIb 001aCTH.

15t penieHrst 3Toi 3amaur OOBIYHO MCITONIB3YETCs ABa METOa, MOAPOOHO M3JI0-
xXeHHble B 003ope (Wieczorek, 2015): oquH OCHOBaH Ha MOAEJIUPOBAHUU COOTHOIIIE-
HUS MEXIy IPaBUTALIMOHHBIMU JAaHHBIMU W JAaHHBIMU TOIOTpacy I OIpeaeacH-
HOro paiioHa B CHeKTpaJbHOW 00JIaCTU, IPYyroil — Ha MOIEJIMPOBAHUU OTHOLLIECHMS
reoun —tonorpadus (axea. Geoid-to-topography ratios, GTR) B mpocTpaHCTBeHHOI
oOsactu. I'MaBHBI HEMOCTAaTOK MEpPBOTO METoda — HU3KOE CIIeKTpajlbHOE pa3pe-
IIEHWEe TJIAHETHBIX TAHHBIX IS TTPOBENCHUS JIOKAJIBHOTO CIIEKTPAJBHOIO aHaIu3a.
Bropoit MeTon moka3aj CBOIO TOJIE3HOCTh TIPU OLIEHKE CPeIHEN TOMIIMHBI KOPHI TiTa-
HET, HO HeOOXOIMMO YIUTHIBATh, YTO IPHU €ro NMPUMEHEHUN paccMaTpUBaeMbIi pe-
TMOH JOJIKEH OBITh JOCTATOYHO OOJIBIINM, ITOCKOJBKY oTHoIeHne GTR, B OobIeit
CTEIeHU, OMpenessseTcsl M MIMHHOBOJIHOBBIX KOMIIOHEHT reouaa M Tororpaduu,
U HabJogaeMoe 3HaUYeHUE MOXKET ObITh MCKaXXEHO JUTMHHOBOJHOBBIMUM CTPYKTYpaMu,
KOTOpBIE HE CBsI3aHbI C MPEIIoJIaraeMoil MOJIEIbI0 KOMIIEHCAlUK (HarpuMmep, JaTe-
pajbHble aHOMAJIUY TUIOTHOCTU B MAHTUM).

B Hacrosmeit paboTe MoAeIMpoBaHME TOJNIIMHBEI KOPHI BeHephl OCHOBaHO Ha
JAHHBIX TOIOrpaduy U TPAaBUTAIIMOHHOIO IT0JISI U TIPOBOAMTCS METOIOM ducen JIsBa
(ABryct Dayapn Xbior JIas — awues. Augustus Edward Hough Love), pa3pabotaHHbIM
B pabotax (2KapkoB, MapueHnkoB, 1987; 2KapkoB u ap., 1986; Mapuenkos, Kapkos,
1989; MapueHkoB u 1p., 1984). Mcriosib3yeMblil METOI YUUTHIBAET I100aIbHYI0 nedop-
Malliio HeNlp TUIAHETHI: TOICTPOMKY TUTAHETHBIX HEeNlp K Harpy3kKaM W Ha MOBEPXHOCTH,

MenmukoBa Tamapa MBaHOBHAa — Hay4dHBII COTPYIHUK, aCIMpPaHT, ms.tamm@mail.ru
baroB Anekceil BranumMupoBu4 — crapiiuii Hay4yHblid COTPYIHUK,

KaHauaaT (pu3nKo-MaTeMaTHIeCKMX HayK, batov@ipu.ru

I'ynkoBa Tamapa BacuibeBHa — IJ1aBHbINM HayYHbI COTPYIHUK,

JIOKTOP (pU3MKO-MaTeMaTUuIeCcKuX Hayk, gudkova@ifz.ru
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¥ B HelpaxX. Bapuanyy rpaHulibl KOopa —MaHTHS MIPEANoJaraloT YaCTUYHYI M30CTa-
THYecKylo koMneHcaluio o Diipu (Coap dxopmk bungens Ditpu — awuen. Sir George
Biddell Airy).

IlonaraeM, 4TO UCTOYHMKAMMU AHOMAJIbHOIO I'PABUTALIMOHHOTO I10JISI BHICTYIIAIOT
HEKOTOPBIM 00pa30oM pacrpeneaéHHbIC Ha TTOBEPXHOCTH 1 B HeIpaX IJIAaHeThl aHOMA-
JINM TIOTHOCTH Op(7, @, A), KOTOPbIE MOXXHO MPEICTaBUTh B BUIE OECKOHEYHO TOHKO-
ro c(heprIeCcKOro CJIosI paauyca r;

2 o0 n
6p(r,(p,7») = Z Rinm (r)Yinm ((p,?») = ZZ Z Rinm(r)Yinm ((P,)h), (1)
i,n,m i=1 n=2m=0
. cos(mh),i=1, .
rme ¥, (@,A)= P, (sing) sin(mh). i P, — TIpUCOETMHEHHBIE TIOJIMHOMBI JIexaH-
sin(m)),i=2;
Ipa; @ U A — IKUpOTa U AO0JIToTa, COOTBeTCTBeHHo R, — aMILIUTyIa aHOMaJIbHbIX

BOJIH IUTOTHOCTU, pa3MEpPHOCTh M- L

MeTon Harpy304HbIX Koa(b(bHuHeHTOB YUYUTBHIBAET, YTO TPU J00ABJIEHUU aHO-
MaJIbHOI Macchl (AaHOMaJIbHOI BOJIHBI TJIOTHOCTH) IIPOUCXOMUT IIobaabHas aedop-
Malus MIaHEeTbl U UCKPUBJIEHME TPAHUIL pasaesa.

AHOMaJIbHBIN CJIOH, KOTOPBII NEMCTBYeT Ha IJIaHEeTy KaK Harpyska, MpUBOAUT
K JIOTIOJTHUTEJIBHOMY Bo3MymeHmo MOTEHIMAJIA:

2R, (M(1+k ()

AV =4nGRY | — T — oo (

i,n,m

®,M), ()

rae G — rpaBUTallMOHHAsI MOCTOSTHHAST, R, — CPeIHWiA paauyc IUIaHeThl: k, (1) — Ha-
TPy30UYHbIE YMCTIa OPSIAKA # IJIsT 3arTyOIEHHON Ha TITyOuHE + aHOMAaJTMU TIOTHOCTH.

Hedopmarus umaneTsl D(@, A)IIon neiicTBUEeM Harpy3Ky CBsI3aHa C HArpy30IHBI-
MU YUCTIaMHU A,

p- 4Gk s~ [ RO AO)

gO i,n,m RO 2n+1

I7ie g, — IPABUTALIMOHHOE YCKOPEHUE Ha MOBEPXHOCTH IJIAHETHI.

ITnanera Momeupyercsl Kak YIpyroe camMorpaBUTUPYIOIIEE TEIO C 3aBUCSIIU-
MM OT pajinyca TJIOTHOCTBIO, MOMIYJIEM CXaTUsI U MOMYJIEM CIBUTA, HAXOMsIIIeecs Mo/
IEeWCTBMEM BO3MYIIAIONIeil Harpy3Ku. Bo3mylmarorieii Harpy3koil BBICTYyHAIOT aHO-
MaJINU TIOTHOCTY Ha MOBEPXHOCTHU TUIAHETHI (BeC pesibeda IIaHeThl, OTCUYMTAHHOTO
OT 2KBUIIOTCHIMAJIbHON TOBEPXHOCTH) M Ha TpaHMIE Kopa—MaHTUS (3ariayOséH-
Hble aHOManuu) (puc. 1). DT aHOMaJbHbIE BOJHBI TIJIOTHOCTU (aHOMAaJbHbIE MAaCChl)
MPEACTaBIISTIOT COOO0M YTOJIIIEHNE WJIM YTOHEHWE KOPbI HAa YKa3aHHBIX YPOBHSIX.

JlaHHBII MeTOH TeCTUPOBAJICS HAMHU IJIS ONpeaeaeHus ToMUHE Mapca (batoB
u np., 2022) u cpaBHEH ¢ pe3yJbTaTaMH, MOJydeHHBIMH B padote (Wieczorek et al.,
2019), mipu 3TOM UTSI TIOTYYIeHUSI MOAEIbHBIX BapUalMii TOJIIMHBI KOpel Mapca mc-
MoJib30Bajach perepHasi Touyka M3 OOIyCTMMOIO Auamna3oHa 3HAaYeHUI TOJIIMHBI
KOpBI B MeCTe YCTaHOBKHU ceficMoMeTpa Muccuu InSight (anes. Interior Exploration us-
ing Seismic Investigations, Geodesy and Heat Transport).

OueHk Kopel BeHepbl TpoBOISTCST IUIST HECKOJIBKUX BapHMaHTOB MOICNIEH He-
OIHOPOITHOM YIIPYTrocTH. BBIOOP Momeneil HEOMHOPOMHOI YIIPYTOCTH MOXKHO HAWTH
B pabote (MenmukoBa, ['yakona, 2021).

Mogenu BHYTPEHHEro CTpoeHus BeHephl MMEIOT 3HAUMTENbHBIN pa3dopoc Tma-
paMeTpoB U3-3a HEeoIpeaeJEHHOCTU cocTaBa Kopbl U MaHTUM (I'ynkoBa, 2Kapkos,
2020; Dumoulin et al., 2017). Ing pacy€éToB MpUMEM IJIOTHOCTb KOPbI pPaBHOM
2800 KF/M3 , CKayok TtoTHoctn — 500 Kr/M3 10 MOJEJIMA BHYTPEHHETO CTPOCHUS

Y (@,0), (3)
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V_16 u3 pa6ots! (I'yokosa, 2Kapkos, 2020). CpemHsist TOJIINHA KOPBI B MOIEIN paB-
Ha 30 kM. TTockonbKy 1ist BeHepbl HET BO3MOXHOCTU HOPMUPOBATH TOJIIIMHY KOPBI
no pedepeHTHOI TouKe, OyaeM CUMTaTh, YTO pejibed rpaHULIbl KOpa — MAHTUS HE AOJI-
>KEH TIPUBOAUTH K OTPUIIATEILHOMY 3HAUYEHUWIO TOJIIMHBI KOphl. [Ipu mocTpoeHun
KapThl TOJIIMHBI KOPbHI KJIIOYEBOE 3HAYEHUE MMEIOT TaKuUe MapaMeTpbl KaK CPemHss
IJIOTHOCTb KOPbl U CKAYOK TUIOTHOCTU Ha I'PaHUILE KOPa— MaHTHsI, KOTOPbIE TJI0XO
omnpeneneHsl 1t BeHepsl. Tlepexon 0a3aibT —3KOTIUT MOXKET HAXOAUThCS Ha TIIy-
o6uHe ~70—120 KM, MTOATOMY OOBIYHO TMPUHUMAETCSI, YTO TOJIIMHA KOPbl BeHepnl
HE JIOJKHA TIPEBBIIIATh 3TU 3HAYSHUS.

II0BEPXHOCTH PaBHOBECHBII
3JUIAIICONT

Ro R}, (0.2)
R..(9.2)

anm o= fl(knannRZ)
Conm = fo(hn, R, R?)

Puc. 1. Mozenib Harpy3ku Ha MOBEPXHOCTU M TPAHMUIIE KOPA—MaHTHsI. R, — pajnyc rpaHuLbl
. opl 2 .

Kopa—Mantus; R, (0,)), R, (®,A) — aMILUIUTYIbl HATPY3OK; Cgmm uC, — KoohdbuuueH-

THI Pa3JIOXEHUST TPaBUTALIMOHHOTO MOTEHIMAIa U Tororpaduu mo cheprudecKuM (GYHKIIUSIM,

k, u h, — Harpy3ouHble yncia JlgBa CTeneHu n ISl IUIOTHOCTHOM aHOMAalMU Ha HEKOTOpOii

ryouHe

Bapbupyst TommuHy Jutochepsl I JaHHON MOIEIN, MBI TIOCTPOWIIM KapThl TOJI-
IIUHBI KOpbl BeHepsl 1ist uyncTo ynpyroit Mmoaenu V16 30 A (puc. 2), Moaeau ¢ ToJ-
muHoi Jutocdepsl 100 kv V16 30 B _lith100 (puc. 3) ¥ Moaenu ¢ TOJNUIMHON -
tocdepnt 300 km V16 30 B 1ith300 (puc. 4). Ha puc. 5 u 6 mokasaHa pa3Hulia MexXmy
monensamu V16 30 B 1ith300 u V16_30 B _lith100 u monmensmu V16 30 B _lith300
1 V16_30_A, COOTBETCTBEHHO.

B80E 120E 180 120W

40 5¢ 60 70 ac

Puc. 2. TommumHa kopsl Beneps! st monesm V1630 A
CO CpefHel TOMIMHOM KOpbl 30 KM. Ypyrast MOIeb
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180

20 70 80

Puc. 3. TommuHa Kopbl Benepsr st mogean V16_30 B _lith100
co cpemHeit ToamHou Kopbl 30 KM. Mogenb ¢ TonmuHoi aurocdepst 100 kM

B80E 120E 180 120W

20 k 46 50 60 70 80

Puc. 4. Tonmuna Kopsl Berepst mist mogenu V1630 B_1ith300
co cpemHe TonmmHoi Kopbl 30 kM. Momens ¢ TonmHoi mutocdepst 300 kM

7 Q,\é e

S0E

-01 a0 61 02

Puc. 5. Pazuuua mexay mozpeasimu V1630 B 1ith300 u V16_30_ B 1ith100
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Puc. 6. Pazuuiia mexay moaeasimu V1630 B _1ith300 u V16_30_A

W3 npuBeaHHBIX PUCYHKOB BUIHO, YTO TOJIIMHA KOpHl Ha BeHepe TecHO cBsI-
3aHa ¢ TomorpaduyeckuMu CTpyKrypamu. Kopa BeHepbl m3ocTaTHyecKd CKOMIICH-
CHUpPOBaHA, B pallOHE HM3MEHHOCTEM KOpa TOHBIIE, a B PallOHE BO3BBIIICHHOCTEH
HaOmogaeTcs e€ yronueHue (KopHU nomHaTtuii 3emau UMirap (sam. Ishtar Terra),
3emnu Adponuthl (2zam. Aphrodite Terra), oonactu OBnbl (2am. Ovda), Tepuu (1am.
Tethus Regio) U HEKOTOpBIX ApPYrux). DTU pe3yJibTaTbl COTJIACYIOTCS C BbIBOJAMU
(Hansen et al., 1999; Ivanov, Head, 2011), rme oTMe4eHO, YTO €CJIM CPaBHUTH 00JIACTH
C TOJICTOW KOPOM, PACCYMTAHHBIMU B MPENNOJOXKEHUU U30CTA3UU, C PACIIPENCICHU-
€M BBICOKOTOPHBIX TIaTO U Teccep, TO MOXKHO YBUIAETh KOppesiuio. MUHUMabHAS
TOJIIIMHA KOpbI 18,6 KM IojiydeHa UIsl paBHUHBI ATalaHThI (zam. Atalanta Planitia).
MaxkcuMainbHasl TIyOMHa TpaHullbl Kopa—MaHTus (82,3 KM), mojlydyeHa IMoja ropaMu
Maxkcsemna (zam. Maxwell Montes) Ha 3emie Mintap. TonrHa KOpsl o paBHUHA-
MU cocTaBisieT okosio 20—30 KM, IO ByIKaHUYSCKUMU TTOTHITUSIMU ATIa (2am. Atla
Regio) u bera (n1am. Beta Regio) Tommuna Kkopsl mocturaet 48 km (ropa Maar — aam.
Maat Mons), 47,4 xm (ropa Peun — snam. Rhea Mons) u 46,5 km (ropa Teitn — aam.
Theia Mons). B pabore (Yang et al., 2016) OBLIO OTMEYEHO, YTO B BYJIKAaHMYECKHE
TMIOTHATHS CYIIECTBEHHBIN BKJIAJ MOXET BHOCHTh IMHAMUYecKasl MOIIePKKa, KOTO-
pas He y4TeHa B JaHHOI paboTe, ITOSTOMY 3TH 3HAYECHUS TOJIIIMHBI MOTYT OBITH HE-
CKOJIbKO MEHBIIIE PealbHBIX.
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The method of Love numbers is used to calculate the thickness of the crust of Venus. The method
takes into account the adjustment of the planetary subsurface to the loads on the surface and in
the subsurface. Numerical modeling is carried out using spherical harmonic expansion of topog-
raphy and gravitational field data up to the 70th degree. A comparison is made with the available
global models of the Venus crust.
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W3MEHYWUBOCTb OBLLEF0 COAEPMAHIUA 030HA B ATMOCOEPE
N0 AAHHbIM CNYTHWKOBOTO WHCTPYMEHTA OMI BO BPEMA
BHE3AMHbIX CTPATOCOEPHDBIX MOTENNEHWUN

E. N. Mumiokosa, M. 10. Yepeskos

CapaToBCKUI HALMOHANbHbIN NCCIe[oBaTENbCKNIA FOCYAAPCTBEHHDIN YHUBEPCUTET
nmeHn H.T. YepHbiwesckoro (CI'Y), CapaTos, Poccusn

JlaHHBIE paJMO30HANPOBAHUS aTMOC(EPHI ITO TeMITepaType BO3ayXa MO3BOJISIOT IeTeKTHUPOBATh
B CpenHeil ctpaTocdepe BHe3ammHble cTpaToc(epHbie MOTETUICHUs, a TaKKe MPOCIeXKUBATh U3-
MEHYMBOCTb TEMIIEPATypbl BO BPeMsI 3TUX COOBITUI Ha pa3auMyHbIX YpoBHsX. [losydyeHHbIe pe-
3yJIbTAaThl CBUAETEILCTBYIOT 00 OOIIIEM XapaKTepe U3MEHEHUI 030HA B PsIle 3MM C BHE3aITHBIMU
cTpaTocepHBIMU TTOTeTUICHUAMU. [IprurHa 3TX U3MEHEHUI CBsI3aHa, BEPOSITHO, C OOIIUMU
0COOEHHOCTSIMM 3BOJIIOLIMU TIOJISIPHBIX BUXPE M Pa3BUTHSI TUTAaHETAPHBIX BOJIH. PaccMOTpeHBI
BPEMEHHbIE BapMallMyi OOILEro COMepKaHUsl 030HA 1 TeMIIepaTyphbl BO3lyxa CpeHeil cTpaToc-
depsl B 3MMHMI TIEPUOI BPEMEHU, B TOM UKCJIe BO BpeMs COOBITHI BHE3AITHBIX CTPATOCHEPHBIX
MOTEIICHUM.

Karouesovle crosa: BHe3amnmHoe cTpatocepHoe MOTeIUieHUe, paJlo30HI, 00lllee comepxKa-
HUE 030Ha

TeMriepaTypHbIii pexXuMm crtpaTocdepbl CYIIECTBEHHBIM 00pa3oM MeEHsSIeTCS BCIIEH-
CTBUE BHE3aMHbBIX cTpatochepHbix noTerieHuil (BCIT) — moBbIlIeHUs TeMITepaTypbl
«B3PBIBHOTO XapaKTepa» B MOJISIPHOU M CYOIONISIPHOM cTpaTtocdepe 3UMOil B TeUeHUE
HECKOJIBKMX CYTOK M Oojiee. 71T M3yYeHMST TaKUX CIIydaeB B pabOTe MCITOIb30Ball-
Csl apXMB JAHHBIX PaAuWO30HIMPOBAHMS YHMBepcutTeTa Baitomuura (auen. University
of Wyoming). HaGniogeHust ¢ moMollblo paano30HI0B MPOBOASTCS B CTaHAAPTHbIC
cpoku: 00:00 u 12:00 mo I'punBuuy (Yepssikos, 2019; Yepsskos, [llapkosa, 2019;
YepssakoB u ap., 2019). Pesyabratamu 3amyckoB paalO30HAOB BBICTYMAIOT JaHHbIE
0 BEPTUKAJIBHOM paCIpele/IeHUU TEMIIEPATYPbl U IPYTUX MEeTeonapaMeTpoOB Ha Kax-
IOl CTaHIAPTHOM M300apUUYeCKOi IMMOBEPXHOCTU BILUIOTH M0 BHICOTHI 10 rIla m BbIIIC
(ITapkosa, Yepnsikon 2018, 2020a, 0).

B xone paboThl OblIa MpoaHaJIUu3upoOBaHa TeMIiepaTypa Bo3ayxa HUKHEN U cpell-
Heil crparocdepbl WIS a3pOJIOTMYECKUX CTAHIIUN C Pa3IMIHBIMU KIUMAaTHYECKUMU
YCJIOBUSIMU apKTMUECKOTO PerMOHa: a3poJIOTUIECKUX CTaHIIMI «Bumoiick», «XaHTbI-
Mamncwiick», «Anmgan», «Tukcm», «BepxostHek», «Bumoiick», «OneHek», «Canexapmy»
u «['MO um. E. K. ®enopoBa» (ruapoMeTeo00cepBaToOpusi).

Caenenust o mecromnojiokeHuu neHTtpa BCII 6buin HalimeHbl MO0 JaHHBIM caiiTa
https://earth.nullschool.net, raoe pa3menieHa Bu3yaau3alysl I0OATbHBIX MOTOIHBIX
ycnosuii (Kanmosa, Yepssikos 2021).

Hng kaxnoro ciaydyas BCII oueHuBanoch obuiee comepxkaHue ozoHa (OCO)
110 JAaHHBIM CITyTHUKOBOTO TIprdopa OMI (anes. Ozone Monitoring Experiment), pa3-
MeméHHBIX Ha caiite NASA Earth Observations (https://neo.gsfc.nasa.gov) mist peru-
OHOB OJIM3KHUX K BBIOPAHHBIM CTaHIIMSIM paaro30HAMpPOBaHUs. ISl KaXKIoro myHKTa
OblJ1a OLIeHeHA CUMHXPOHHAsI U3MEHYMBOCTh TemrepaTypbl Ha ypoBHsx 10, 20 u 30 rlla
1 OCO (Karmosa, Yepssikos, 2020a).

Ha puc. 1 npuBenén BpeMeHHoi xon temnepatypsl 1 OCO B 3UMHUIA MEepUOL
Bpemenu 2011—2012 rr. st nzobapudeckux mosepxHocteit 30, 20 u 10 rlla mig ctaH-
1M Butiorick.

MurtiokoBa Ennzasera UropeBHa — CTyIeHT MarucTparypsbl, captsova.elizaveta@gmail.com
YeppsikoB Makcum HOpbeBUY — 3aBenyromnii Kaenpoit MeTeOpOJIOTUM U KITMMATOJIOTUM,
KaHAMIAT reorpaduyecKux HayK
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Puc. 1. UaMeHUMBOCTB TeMIIEpaTyphl B CpeIHEi cTpaTochepe
1 OCO B 2011—2012 rr. Hax craHuueit Bumoiick

Kak BugHo u3 rpacduka, BpemMeHHOI xon TemnepaTypbl 1 OCO mpakTUuecKu
He coBnagatoT. OtMmeuaercst poct OCO B MOMEHT BO3HUMKHOBEHUS MOTETJIEHUSI, Of-
HaKO TIPY MIOCTETICHHOM BOCCTaHOBJICHUN HU3KUX TemIepaTyp mociae BCIT comep:ka-
HIE 030Ha B cTparocdepe Mo-MpeKHeMY BEJUKO. DTO MOATBEPXKIACT M KOPPEISIIUSI
mexay OCO u temniepatypoit Ha uzodapudeckoii mosepxtHoctu 30 rlla, rpacduk koTo-
poIii mpeacTaBieH Ha puc. 2.

W3 rpaduka BpemeHHoro xoga Temnepatypbl 1 OCO BUAHO, YTO CYIIECTBY-
€T OMNpeAes€HHOe CXONCTBO u3MeHeHus TemmepaTypsl 1 OCO Ha ypoHsix 30, 20
u 10 rlTa. Poct temnepatypst u poct OCO B nepuoa BCII nporcxonut npakTuiecku
OIHOBPEMEHHO.

Ha puc. 3 n3o0paxeHbl nuarpaMMbl, TTOKa3bIBalolIMe, KaK MeHseTcsl Koapdu-
LUEHT KOPPEISIIIUM B 3aBUCUMOCTH OT BpeMeHHoro capura psita OCO OTHOCUTENb-
HoO psina TemnepaTypsl Ha ypoBHsx 30, 20 1 10 rIla pus ctanuuu Bumoiick. Psn OCO
capuraicst Ha 10 cyT B 06€ CTOPOHBHI.

IIpu nonoxurenbHoM casure OCO HabomanCcsd pocT, a 3aTeM HE3HAYUTEeJb-
HOE TIaficHNe 3HAYCHUI KPOCC-KOPPEISIUHU IJIsT BCeX M300apMUICCKUX ITOBEPXHOCTEIA.
MaxkcumanbHoe 3HadeHue Koadduuuernta koppensuuu aisg 30 u 20 rlla Obo npu
capure Ha aBa nHsa U coctaBwio 0,87 u 0,82 coorBeTcTBeHHO. MakcuMaabHOE 3Ha-
yeHue Koapduumenta koppeasuuu aiasg 10 rlla ormevyanoch npu caBUTe Ha TPpU JHS
u cocraBwio 0,61. ITpu orpunarensHoM capure OCO Ha0M0gaeTCs yMEHbLIEHNUE 3HA-
YEHUU KPOCC-KOPPEISIINH 1T BCeX M300aprMIecKIX ITOBEPXHOCTEH.

B meom Koppensius MexKIy TeM-
neparypoii U OOLIUMM COAEPXKaHUEM

030HA 31MO¥i Ha yposHe 30 rlla s -10 »=0,1539x— 116,52
IPYIUX BbIOpAHHBIX CTaHLMUA B Cpel- 20 R = 0.6069 °
HeMm coctasisia ot 0,73 no 0,78. B ne- ) ’ N
puon BCII mMoxeT HaGmomaTbcss pocT s —30
OCO B cTpaTochepe Ha ypoBHax 30, é _40
20 u 10 rITa. OnHAaKO IIPOMCXOIUT 3TO =
HE Bcernaa. § =0
Z 60
=
Puc. 2. KoppensiiimoHHasi tuarpamma CBsi- —70
3u OCO u TeMnepaTypbl Bo3ayXa Ha BbICO- 80
Te 30rlla B 2011—-2012 rr. Hax craHLuei 300 350 400 450 500
Buoiick 0CO, en. 1.
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Puc. 3. Koabdunmentsr kpocc-koppemsiumu miss OCO u TemmepaTypbl Bo3ayxa Ha ypoBHsx 30,
20 u 10 rlla ps cranunu Bumoiick 3a nepuon ¢ sinBaps 2011 r. mo ¢peBpanb 2012 .

3HauuTeNbHO yallle Habmomaercs: 6ojee Boicokue 3HaueHuss OCO mnocne BCII.
3naueHuss OCO rmpeBbIIAIOT 3HAYeHUST mocyie naHHoro spjieHus Ha 100—150 en. /.
(emuHun J1o6coHa), UTO MOXKET MPEATOJOXUTEbHO OOBSICHITHCS OCOOEHHOCTSIMU
armocdepHoii mpkynsiiuu (Karosa, Yepssikos, 20200).
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VARIABILITY IN TOTAL ATMOSPHERIC 0ZONE FROM OMI SATELLITE
DATA DURING SUDDEN STRATOSPHERIC WARMS

E. . Mityukova, M. Yu. Chervyakov

Saratov State University (SSU), Saratov, Russia

Atmospheric radio sounding data of temperature can be used to detect to detect sudden strato-
spheric warmings in the middle stratosphere, as well as to track temperature variability during
these events at various height levels. The results obtained indicate the general nature of ozone
changes in several winters with sudden stratospheric warmings. The reason for these changes is
probably associated with the general features of the evolution of polar vortices and the develop-
ment of planetary waves. Temporal variations of the total ozone content and air temperature of
the middle stratosphere in the winter period, including during sudden stratospheric warming
events, are considered.
Keywords: sudden stratospheric warming, radiosonde, total ozone
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BNUAHWUE MEPTBOTO BPEMEHI HA U3MEPEHWUE NNUHEAHON
MonAPU3ALMKA B KOMNTOHOBCKUX AETEKTOPAX

A. A. MkpmysaH 1, A. C. lMo3aHeHKo 2, 1. 10. Munaes >

' MockoBckuin bU3MKO-TEXHUYECKMI MHCTUTYT (HALMOHAaNbHbI NCCIefoBaTENbCKUI

yHuepcuteT) (MOTW), JonronpyaHbiin, Poccua
2 NHcTuTyT KOCMUnyeckux nccnegosannii PAH (MKW PAH), Mocksa, Poccua

Hccnenyercs BnussHrue MEPTBOTO BPEMEHU Ha M3MEPEHUS JIMHEHHOM TOJISIpU3alud B TaMMa-
Iana3oHe CIMHTWIISILIMOHHBIMU JeTeKTopaMu. MEpPTBOe BpeMs IeTeKTOpa BIUSIET HAa CTaTHU-
CTUKY PEerucTpallMy U, Kak CJIeACTBUE, HA TOYHOCTh U3MEPEHUS HE TOJIbKO MOTOKA, HO U CTe-
TIeHW JIMHEeWHOU momsipu3aimu. s yIpomEHHON MOIENIN CerMeHTPUPOBAHHOTO CIIMHTHII-
JISIMOHHOTO JETEKTOpa PacCMOTPEHO BIMSHUE MEPTBOTO BPEMEHW Ha TOYHOCTH M3MEPEHUS
nojsipusannu. O1ieHKa BIUSTHUS MEPTBOTO BPEeMEHU aKTyaJbHa U U3MEPEHMST MOIITHBIX TpaH-
3UEHTHBIX COOBITUI, TaKMX Kak KocMuueckue ramma-Beruiecku (GRB) M ramMmma-Bembilku
3emHoro npoucxoxaeHus (TGF).

Knroueswie crosa: méprBoe Bpemsi, ramma-Bcriecku (GRB), ramma-BCnbIKKM 36MHOTO
npoucxoxnenus (TGF), nuHeitHas moasapu3alysi, KOMITOHOBCKUIA TTOISIPUMETP

BBEAEHME

B cratbe paccMmaTpuBaeTcsl BIMSHIE MEPTBOTO BpEMEHU Ha M3MEpPEHME TTOJISIPU3aLuy
B raMMa-JIMalia3oHe CUMHTWIISIIMOHHBEIMU aeTekropamu. [lo KpaliHeil Mepe ecTh
IIBa KJIacca UCTOYHUKOB, IIJIT KOTOPBIX M3MEPEHUE TTOISIPU3ALNN MOXET OTPaHUINTh
KJIacc Mofeeit n3mydeHns: KocMruaeckue rama-Beruieckn (GRB) m ramma-BenmbImmkm
3eMmHoro npoucxoxaeHus (TGF). B aTux ncroyHmkax nmmkoBasi CKOPOCThb CUYETA B Jie-
TEKTOpaX MOXET ObITh 3HAUUTENbHOM, U MPUOIMKATLCS K OOpaTHOI BEIUYMHE MEPT-
BOrO BpEMEHU IeTeKTopa. B 3THX yCIOBUSIX M3MepEeHNEe CTEIIEHU JTIMHEWHOM MOJISIpy-
311U OYIET OCITOXHSATHCS BIUSHIEM MEPTBOTO BPEMEHM.

KpaTtkuiit 0030p TaMMa-TeJIeCKOIIOB [UISI M3MEPEHUS TOJIpU3alliy IPUBEIEH
B Ta0JIUIIE.

BKCHCDI/IMCHTM, TIO3BOJIAIOIINE USMEPATH IMOJIAPpU3ALIMIO B raMMa-anarna3oHe

DKcnepuMenT Bpewms Oueprernyeckuii | Pe3yabTaTsl H3mepeHuit Ccbuika
padoThI JUANA30H NOJISIPU3ALUA
COMPTEL |1991-2000 | 1-30 M>B — (Strong et al., 2019)

IKAROS 2010—2015 | 50—300 x»B IMonsipuzanus 3 GRB (Yonetoku et al., 2010)
POLAR 2016—2017 | 50—500 xk>B [Monsapuzaums 31 GRB | (Xiao et al., 2019)

SPI 2002—H.B. |20 k3B—8 M»B | BoamoxHas nonsgpuza- | (Chauvin et al., 2018)
uuss GRB 041219

H3MepeHne mosipu3aliii CHUHTWUISIIMOHHBIMU JI€TEKTOPaMU OCJIOKHEHO Cy-
IIECTBEHHO MEHBIIEH CTAaTUCTUKOW PErMcTPUPYeMbIX (DOTOHOB, MCIBITHIBAIOLINX
KOMIITOHOBCKOE paccessHHe B OTHOM IeTeKTope M (DOTOMOIJIOIICHNE B IPYTOM
(B nmampHelieM — KOMMOTOHOBCKUE (POTOHBI). JIeHCTBUTENBHO, IJISI PErMCTpalluu

MEKpTusiH Apkanguiit AIOTOBUY — CTyIeHT, mKr.aa@phystech.edu
ITo3anenko Anekceii CTernaHoBUY — KaHAUWAAT (PU3UMKO-MAaTEMATUUECKUX HAyK
Mumnaes [1aBen FOpbeBrY — KaHAUAAT (PU3UMKO-MaTEMATUUECKUX HAYK
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KOMIITOHOBCKOTO (hOTOHA HEOOX0AMMa ero (puKcalusi Kak MUHUMYM B IBYX I€TEKTO-
pax, YTO YMEHBIIIAET CTATUCTUKY (B MPSIMOI MOJIE PETMCTPAIIMM CTaTUCTUKA TTPOTIOP-
IIMOHAJIbHA CyMMapHOU 3 (deKTUBHOCTH BCEX TTPOLIECCOB MOTJIONICHUSI, IS 9HEPTUIA
1o 1 MaB — N(EI(EH—Ez(E)), a B KOMIITOHOBCKOH Mome — N -§,(E)-E,(E), rme
§, — KBaHTOBasA 3(P(MEKTUBHOCTH KOMIITOHOBCKOIO paccestHus; §, — KBaHTOBas 3¢-
(bexTUBHOCTH hoTomorIOEeHUs; E — sHeprusa oToHa; N — KOJUUECTBO MaAaloIInX
Ha aeTekTop ¢oToHOoB). C Apyroit cTOpoHbl, (POHOBBIX (DOTOHOB B KOMIITOHOBCKOM
MOJIe CYIIIECTBEHHO MEHBbIIIE 3a CUET HEOOXOMMMOCTH COBIAJICHUSI BDEMEHM peTrcTpa-
IIMU OJHOBPEMEHHBIX (DOTOHOB, KOTOPbIE MBI Jajiee OyneM CUMTaTh KOMITOHOBCKM-
mu. OmHAKO TIpH OOJIBIIEM TeMIle cYéTa (POHOBBIMU (DOTOHAMM CTAHOBSITCS U (POTO-
HBI, CTyYalfHO 3apeTUCTPUPOBAHHbBIC B IBYX COCETHUX ACTEKTOpaxX B TCUCHUE IIPOME-
JKyTKa BPEMEHHU, CPaBHHUMOTO C TOYHOCTBbIO H3MEPEHMSI MOMEHTa pEerucTpaluu
(otoHa nerekropoM. TOUHOCTb BpEMEHU PErMCTPALUM 3aBUCUT OT peaau3allii — Ha
anmnapaTHOM YpOBHE WJIM Xe Ha YpoBHe o0pabOTKU OlLM(POBAHHOIO CUTHaua; HO
B JIIOOOM cJTyyae OHO HE MOXET ObITh MEHbBIIIE, YeM MEPTBOE BpeMsI IETEKTOpa, B Tiep-
BOM ciTydae, M MEPTBOE BpeMsI BCEro TpaKTa 00pabOTKM CUTHaa, KaK IPaBUIIO, Bpe-
Mmenu nuckperuzaunu ALITT. Huke mMbI uccienmyeM 3aBUCUMOCTh (DOHOBOTO CUTHAJIa
B KOMIITOHOBCKOW MOJe PETHCTPallid OT MHTEHCUBHOCTU MOTOKA Magariux (Gorto-
HOB B YIPOIIEHHON MOJEIN PerucTpalli KOMITOHOBCKMX (hOTOHOB. JlJIsT MPOCTOTHI
MBI OyneM 0003HaYaTh MHTEPBAJ BPeMEHU PETUCTPAIlMU, IPU KOTOPOM MBI CUMTaeM
3aperucTpUPOBAHHBIN (POTOH KOMITOHOBCKUM KaK MEPTBOE BPEMSI.

M3MEPEHMA NONAPU3ALUN B TAMMA-OUATNA3O0OHE

Addexr KomnToHa — yrnpyroe paccesiHue (poToHa Ha CBOOOAHOM 3JieKTpoHe. B ciy-
yae, ec/iv HaJleTaloluii (hOTOH MOJSIPU30BaH, pacCessHHbIN (HOTOH He OyaeT U30TPOIl-
HBIM IT0 OTHOIIICHHIO K a3UMYyTaJIbHOMY YTITy. 71T TMHEHHO MOJISIpU30BaHHOTO (POTO-
Ha muddepeHInaIbHOE CeYeHre KOMIITOHOBCKOIO paccessHUsT HaeTcsd (opmysoin
Krnetina — Humwmner (Klein et al., 1929):

do

2
1 E,E, )
dQ 5,,,82 _Y2 E_Y+E_Y_2.Sm29.0032(p )
Ey Y Y
W3 3101 hopMyIIBI ClIeayET, 9YTO KOMIITOHOBCKOE pacCesTHUE MPENMYIIECTBEHHO
TIPOMCXOINUT TEePIICHAUKYIISIPHO BeKTOpy dJiekTpudeckoro mnojisa E, T.e. mpu ¢ =90°

(puc. 1, 2).

E
Y
do/dQ
| o Y
|
| v’
| | 0
| |
T[/ 2 | | (O] X
Puc. 1. 3aBUCUMOCTb CEUCHUST pACCESTHUS Puc. 2. utioctpavst mpUHITATIA PabOTHI
OT a3UMYTAJIbHOTO yIJa KOMIITOHOBCKOTO ITOJIApUMETPaA
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PaccmorpuM mpuHUMN pabOThl KOMITOHOBCKUX MOJISIPUMETPOB Ha TMpUMEpe
netektopa POLAR. OH cOCTOUT M3 MHOXECTBa CTepPKHEU, MpeACTaBIASIONIUX OO0
TUTACTUKOBBIE CUMHTWIISATOPBI. Kak BUAHO Ha puc. 2, magaromnil (OTOH UCIBIThIBA-
€T KOMITTOHOBCKOE paccesTHuEe B OTHOM U3 CTEPXKHEN U TTOTAaNaeT B IPYTOi CTEPKEHbD.
Hcrnonb3yst reoMeTpuIo TONIOXKEHU ABYX CTEPXKHEN IETEKTOpa, MOXHO OLEHUTH yTOJ

KOMIITOHOBCKOT'O pacCesiHus (@, OTKyIa MOXHO ceJaTh BbIBOI o noJisspusanuu (Kole
etal., 2021).

BIMAHWE MEPTBOIO BPEMEHW HA U3MEPEHWA MOTOKA

MeEpTBoe BpeMsl — BpeMsl, B TeUeHHUE KOTOPOTO CYETYMK HE CIOCOOEH 3aperucTpupo-
BaTh HOBBI (DOTOH MOCJIe PETUCTPALK MPpeablayiero. CTOUT OTMETUTh, YTO OHO ObI-
BaeT JIByX TUITOB: HEITPOUIeBAIOIIIee, KOTOPOE HE 3aBUCUT OT MOCTYIIEHUSI HOBBIX o~
TOHOB, U TIPOJJIEBaOIIee, KOTOPOE BO3HUKAET TOCJIe KaXIOTr0 MOCTYNUBIIETO (hoTOo-
Ha, BHE 3aBHCUMOCTH OT TOTO, IPOMCXOAMT perucrpauust wiu HeT. OHO Haubosee
3aMETHO IPOSIBJISIETCS IIPY BHICOKUX MHTEHCUBHOCTSIX. B Takux ciiydasix MEPTBOE Bpe-
MsI OKa3bIBaeT CYILIECTBEHHOE BIMSIHUE Ha TeMIT peructpanuu. Ho morepu cuéra Mox-
HO KOMIIEHCHUPOBaTh BBEICHUEM ITOIIPaBKU Ha 3TO MEPTBOE BpeMs, T.€. MOXHO BOC-
CTAaHOBUTHh MCTHHHBIN TEMIT cUeTa IO M3MepPSIeMbIM TEMIIaM PeTMCTpanuu (puc. 3).
CB#3b 3arpy3Kku Ha Bxone N 1 Temra peructpaunu N’ BoipaxaeTrcs (hopMyIIoi:

NN
1+ Nt

rae T — MEPTBOE BpeMs.

S
A

— N’ N

. 1+ N
“1=10MKC

Temm peructpauuu N, I'in
2

(=)
T

10° 10* 10° 10°
3arpyska Ha Bxone N, 'l

Puc. 3. 3aBrcHMOCTB TeMIIa peTUCTPALIMK OT 3arpy3Ku Ha Bxone rmpu T = 10 Mkc

BJIIAHWUE MEPTBOIO BPEMEHW HA U3MEPEHUA MONAPU3ALIUAN
3ddeKT MEpTBOro BpeMeHu, BAUAILWMIA Ha N3MePEeHe Noisapusaunm

BDddexT onHOBpeMEHHOI perucTpaiuu (OTOHOB B COCEIHUX CTEPKHSX (puc. 4a) Mo-
KET OBITh MHTEPIIPETUPOBAH KaK KOMIITOHOBCKOE paccessHue HajeTaroniero hoToHa
(puc. 46). @OTOHBI CUMTAIOTCS OTHOBPEMEHHO 3apeTUCTPUPOBAHHBIMU, €CIIN UHTEP-
BaJl MEXJly PErucTpalMsIMU HEe MpeBbIIIaeT MEPTBOE BpeMsi. st u3mMepeHus: mosi-
pU3alMM HEOOXONMMO YYMTBIBAThb PETUCTPALIMIO TOJIBKO KOMITOHOBCKHUX (DOTOHOB,
a OMMHOBPEMEHHO mpuleaie hoToHbl OyayT UCKaXKaTb UCTUHHBIIA pe3yIbTarT.
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Vi Vs Vi

v v v

v U

x

a o

Puc. 4. D dexTnl 00IbIINX HATPY30K, BIUSIOLINE
Ha pEeruCTpalnio KOMIITOHOBCKUX (POTOHOB

MocTaHOBKa 3afauu ¢ peructpaumein KOMITOHOBCKUX U GpOTOMOMOLEHHDIX
$OTOHOB C pa3HbIMY KBAHTOBbIMU 3G HEKTUBHOCTAMU NPOLIECCOB

Haneraronuii dotoH, nmonanasi B 1-if cTepxkeHb, UCTIBITHIBAET KOMIITOHOBCKOE pac-
cesgHue. 3aTeM 3TOT KOMITOHOBCKUI (DOTOH TomagaeT Bo 2-il cTepXeHb U (HoTo-
roryioniaercss (OAHAKO BO3MOXHO U TOBTOpHOE paccesiHue). [Ipnyém KBaHTOBBIE
9¢h(HEKTUBHOCTY 3THUX TIPOIIECCOB KOMMTOHOBCKOTO paccessHust M (hOTOMOTIIoNIe-
Hust ominuHbl oT 100 %. dpyrumu cioBaMu, 4acTh (DOTOHOB, IIOIAAasi B CTEPXKEHb,
KOMIITOHOBCKM PAacCeMBAeTCsl U BMOCIENCTBUM HEKOTOpasl yacThb M3 HUX (oromno-
IJIOLIAeTCs MPU TMOIaJaHuX B APYTOi CTepKeHb. TakuMm o0pa3oM, B KaXKIOM CTepXK-
HE PETUCTPUPYIOTCS HE TOJBbKO (DOTOHBI, KOTOPbIe KOMIITOHOBCKHM PACCEIOTCS B 3TOM
CTepKHE, HO 1 (DOTOHBI, KOTOpPbIE (DOTOTIOTJIOTITCS B JAHHOM CTepXHE B T€UeHUE NH-
TepBaJia BpEMEHU CPAaBHEHUS; OYEBUIHO, TIOCAEIHUE OyIyT BHITJISIAETh KAaK KOMIITO-
HOBCKWE, HE SIBJISISICh TAKOBBIMU, U OYIYT COCTABISTH (DOH.

PeweHune 3agaum ¢ perucrpaumein KOMNTOHOBCKNX 1 GOTONOrNOLWEHHbIX
$OTOHOB C pa3HbIMY KBaHTOBbIMU 3G PEKTUBHOCTAMM NPOLIECCOB

YuuTeiBas, YTO UHTEPBAJ BpEMEHU MEXIy NpuxonaMu (hOTOHOB UMEET IKCTTOHEHIIM -
aJIbHOE pacripeniejieHre, BEpPOsITHOCTh TpUXoJa (hOTOHOB C UHTEPBAIOM Af, MEHBIIUM
MEPTBOTO BPEMEHU T:

PAr<T)=1—¢"", (1)

rne N — cpenHuii Temn cu€ra. BeposatHocTs, onpenensiemas ¢popmynoit (1), paBHa oT-
HOIIIEHUIO KOJIMYECTBA OTHOBPEMEHHO 3aPETUCTPUPOBAHHBIX (POTOHOB U KOJIMYECTBA
Hanetatonux ¢otoHoB. Ecnu konnuecTBo magatroniux ¢GoToHOB NT, TO KOJUYECTBO
OITHOBPEMEHHO 3aperCTPUPOBAHHBIX (DOTOHOB:

Mo = NET(1—e V5T), )

C yuérom KIIJI perucrpaunu B hopmye (2) BMecTo N clienyeT noacraButh Ng ,
e §, — KIT peructpaunu KOMITOHOBCKOTO (pOTOHA, TOTIA

Myonn = NEIE2T’ Ao = Nng(l - englT).

KonnuecTtBo (OTOMOTIOMEHHBIX (POTOHOB, KOTOpPbIE OBbIIM KOMITOHOBCKUMH,
paBHO

n}(omn = NEIE2T’

69



A. A. Mxpmysn, A. C. lMo3arenxo, 1. 0. Muraes

rae §, — KII perucrpammu doronornomeHHoro ¢porona. OTHOLIEHUE KOJIMYECTBA
KOMIITOHOBCKUX (POTOHOB M KOJIMYECTBA OMHOBPEMEHHO 3apETHUCTPUPOBAHHBIX PABHO

nKOMl'I _ (§2
—Ngt :

nom{ 1 —€

OBCYXOEHUE

ITonyyeHHbIe 3aBUCMMOCTU TTOKA3bIBAIOT, YTO B Hallel YNPOIUEHHON MOIEIU IS
MEpTBOTO BpeMeHu nopsiaka 10 mxc ommobka 10 % (puc. 5) nocTuraercs yxe mpu yme-
PEHHOM TeMIIe cuéTa 5-10° orcuéToB B CEeKyHIy Ha UHIMBUIYaJIbHBIA cTepxXeHb. U3
3TOrO CJIEAYyeT, YTO HEOOXOAMMO YMEHBIICHHE pa3sMepa WHAMBUIYATbHOTO CTEPXKHS
CerMEHTUPOBAHHOTO JAETEKTOPa M UCIOJb30BaHMSI alIapaTHOIO CPaBHEHUSI BPEMEHU
peructpauuu HOTOHOB, KOTOPOE MEHbIIIE, YeM XapaKTepHOe MEPTBOE BpeMsl COOPKU
cuuHTHIsITOp + ALITT. MMHTEpecHbIM OKa3bIBaeTCsl CpaBHEHWE BIMSIHUSI MEPTBOIO
BpPEMEHHU Ha PErucTpalyio MoJHOro MoToKa nagarolirx ()OTOHOB Ha JETEKTOp U pe-
TUCTPAIINIO KOMIITTOHOBCKHUX (POTOHOB. B 000MX cITydasx 3TO BIMSIHUE OIMCHIBACTCS
9KCIIOHCHIIMAIBHOM 3aBUCUMOCTBIO0. Ho eciim B ciiyyae M3MepeHMs TTOTOKa BO3MOXK-
HO BOCCTaHOBJIEHWE MCTMHHOTO TMOJIHOrO IMoToka (cMm., Hampumep, ([I3100a u np.,
2020; Byrne et al., 2013; Gjesteland et al., 2012; Grefenstette et al., 2009; Tierney et al.,
2013), To B ciyyae U3MEpeHUs MOJsIpU3alliid BOCCTAHOBJIEHUE UCTUHHOM MoJsipu3a-
LIMM HEBO3MOXHO.

S ——— -
10? — &a=6=05
— &=07,§£=03

Tonu

Tomn

-
LA

OrHotenne

10°

10° 10* 10° 10°
3arpyska Ha Bxoge N, 'y

Puc. 5. 3aBUCHMOCTb OTHOLIEHUSI KOJIMYECTBA KOMIITOHOBCKMX U OJHOBPEMEHHO 3aperucTpu-
POBaHHBIX (POTOMOMIOIEHHBIX (POTOHOB OT 3arpy3Ku Ha Bxone npu T = 10 Mkc
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THE EFFECT OF DEAD TIME ON THE MEASUREMENT
OF LINEAR POLARIZATION IN COMPTON DETECTORS

A. A. Mkrtchyan 1, A. S. Pozanenko 2, P. Yu. Minaev’

' Moscow Institute of Physics and Technology (MIPT), Dolgoprudny, Russia
2 Space Research Institute (IKI), Moscow, Russia

The effects of dead time on measurements of linear polarization in the gamma range by Compton
detectors is discussed. The dead 