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Anomayia. Y TliBHiuHIN mossipHid manmi Ha moyaTky XXI CTOMITTS MiATBEpAMIIM HASBHICTH
3HAYHOI KIJBKOCTI BOISHOIO JbOAy. [lemio mi3Hime npuiaad opOiTanbHOro amapara «Mapc-
Excripec» TakoX 3MOIJIM 3apeecTpyBaTd YWMajii IOKJIaId BOJSHOTO JbOLY H  HAaBKOJIO
[liBgenHoro momroca. A HaJx BOJSHUM JILOAOM OYJIO 3HaiIEHO IIap «CYXOT0» JIbOAY TOBIIMHOIO
Bim 2 mo 7 MM. 3arajpHi BifkianeHHs y IliBACHHIN TOJSApHINA AN BUSBHIIMCA CYTTEBO
MeHIMMH, HiK y [liBHiuHIH. CrnocTepesxeHHs 3 JIOIMOMOTOI0 I'aMMa-CIEeKTPOMETpa J03BOJIHIIH
BUSIBUTH BEJIMKY KUTBKICTH BOJHIO, 110 MICTUTBCS IiJ] TOBEpXHEI0 Mapca Ha 3HaYHUX BiJCTaHSX
BiJl TOJSAPHUX IIANOK, W HaBITh Ha eKBaTopi IulaHeTH. [laHWii BOJEHb BXOAWTH JO CKIAILy
BOJISTHOTO JIBOJY, SIKMA Yy TaKMX MICISX € 3aXHIIEHUM Bin cyOmimanii IpyHTOM 3 130sIiifHOT
MOpOaHM, MIIy N yJIaMKiB mopoid. B yacu JTHIX MWIOBHX Oyp 3HAYHI KUTBKOCTI MHITY
MiiAMa€eThCs BHACIIIOK MBHUIKOTO CE30HHOTO MEPEMIIIEHHsI BYTJIEKHUCIIOTO a3y i BOASHOI apH;
Yyepe3 MeBHUI Yac 1ei mui ocifae 3 atmocdepu. Lle mpuBomMTh 10 CE30HHOTO HAKOTMYEHHS TTHITY
B [IapyBaTUX BiJKJIAJCHHIX B 000X MOJISIPHUX Ta MPHUIOISAPHUX oOnacTsax. [Ipu 3MiHi mip poky Ha
IUTaHeTi, BHACIIJOK CYTTEBOTO E€KCLUEHTpPUCHTETY opOiTh Mapca, BUHHKAae 3HauyHa acHMETpis B
3MiHaX TPHUTOKY COHSYHOI €Heprii OO MPOTHJIEKHUX MiBKYJNb. BimMmiHHOCTI MK ademiem i
nepuresieM nocsrarote 40%. Ilo 1iff mpuuuHi, npu nepeOyBaHHI MiIaHeTd B adenii, JiTo y
[TiBHiuHii miBKyNi € NOBHIMM Ta XoJoaHimmM, Hik y IliBmenniii. Uepe3 Taky BiAMIHHICTB
CE30HHUX XapaKTEPUCTHK MDK IMIBJICHHOI Ta IMIBHIYHOI IIBKYJISAMH, CBOEPITHHA CE30HHUHN
«HAcoC» 32 BITHOCHO KOPOTKHH MPOMIXOK 4Yacy MO>KE€ HMOBHICTIO MEPEHECTH BOIY JIO MOJSPHOI
WAkl y Tid MiBKyJi, B KOTpPI JITO NpHIAJa€ Ha TPOXOJPKEHHs dYepe3 adeniii opOiTu.
MoentoBaHHS ICHYIOUMX KIIMAaTHYHMX MpoIeciB Ha Mapci BKka3dye Ha Te, IO BiIKIaJCHHS
BOJSIHOT'O JIBOJIY MAIOTh IUKIIIYHO MEePEPO3MOAUIATHCS MIXK MIBICHHOIO Ta MIBHIYHOIO MOJIPHUMHI
obmactsiMu Mapca nporsrom npubianzno 21000 poxiB. Bick obepranns Mapca B mukiax
MiaHKOBHYa MOTJIa 3MIiHIOBATH CBili Haxwi OaraTo pa3. Ilepiox Takux 3MiH Oam3bKuil 10 105
pokiB. ToMy acuMeTpis, sIka OIKMCaHa B POOOTI € MOJIOJIO0, 10, MOXKJIMBO, MIPU3BOJUTH 0 3MIHU
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3HaKy. L{iIKOM MOXJIMBO, IO IIPOTIroM icTopii Mapca MOJSpHI LIANKH HEOJHOPA30BO MiHSUTHCS
MICLIIMH.
Kmiouoei crosa: Mapc, BoIsTHHH J1ij1, TOJISIPHI LIAINTKH, TOPH POKY, 3MIiHU KITIMaTYy.

1. Beryn

Ha nowarky XXI cromitrs y [liBHIUHIM MONSpHIN 1A Oyio miITBEpPKEHO HASBHICTD
3HAYHOT KIJBKOCTI BOJSHOTO Jboay (puc. 1, miBopyd). Jlemo mi3HimIe, CHEKTPOMETPOM Y
BHIMMOMY Ta iH(padepBoHOoMy miana3oni «OMEIA» Ha opOitanpHOMY amapati «Mapc
Exkcripecy [16] Takoxk Bmayiocst 3apeecTpyBaTH 3HAYHI BIAKIAJICHHS BOISHOTO JIHOIY HABKOJIO
[TiBnennoro nonroca [1]. Born po3TamoByroThCst TOBEpX 0cagoBuUX mopif [33] BIKOM y KijbKa
MUTBHOHU pokKiB. Ile BKasye Ha BIJHOCHO HENaBHE IEpEMIIICHHs JIbOIOBUKIB. Han BoastHUM
neonoM y [liBneHHiN mospHii mamnti (puc. 1, mpaBopyd) € HOBEPXHEBHH MIAP «CYXOTO Oy
CO2 rtopmumHOW mnwme 2-7 mMm. Tomi stk y IliBHIUHIA TONSpHIA Mmamii Imap 3ameps3iioi
BYIJICKHCIIOTH Ha TIOPSAO0K OlbInid [2].

Puc. 1. [liBHiYHA mOMsipHA TIanka giaMmeTpoM mpuoau3Ho 1100 kM MapciaHCHKUM JIITOM
13.03.1999 - niBopyu. [liBneHHa ONspHA MIAINKa JiaMeTpOM MPpUOIU3HO 420 KM
Mapciancbkum Jritom 17.04.2000 — nmpaBopyd (http://photojournal.jpl.nasa.gov/)

2. ITocTanoBKa npodJjieMu

A 3a JIOTIOMOTOI0 ramMMa-CIeKTpoMeTpa Oyia BUSBJICHA BEJMKA KUIBKICTH BOJIHIO ITiJT
MOBEpPXHEI0 Mapca y MONMspHUX 1 TOMIpHUX HMIMPOTax. BoJeHs BXOMUTH IO BOISIHOTO JIBOMY
HaBITh JAJICKO BiJl MOJSIPHUX Marok [4]. A oTke, 3amacy BOAM, SIKi BUSBJICHI B 000X IMiBKYJISX,
MOXYTh OyTH BenmdesHumH [12, 17, 18]. OctaHHi criocTepexHi 1aHi TTOKa3aliy, MO JILOJOBUKH
3 BOASHOTO JILOJY ICHYIOTh TaKOX Ha CEpeHix Immporax Mapca (ocoOmmBO B Kparepax
BHCOKHMX ByJIKaHiB [19, 20, 22]) i HaBiTh B €KBaTOPiaJIbHIN 00MacTi. Y TaKUX MICIIX BOISHHIMA
T € 3aXHICHAM BiJT CyOTiMaIlii TpPyHTOBHMH MTOKPUTTSIMH 13 130JISIIHHUX TTOpi, Ty [5-9] Ta
yinaMmKkiB mopia. Yepe3 cydacHi TemrmeparypHi YMOBH, JIif Ha Mapci mparde He TaHyTH, a
MIpUMep3aTH J0 IMOBEPXHI 1 yepe3 Ie MOCTYIOBO IMiTHIMATUCS HaJ CePeIHIM PiBHEM IOBEPXHI.
3a3BHUuail TaKOTO THITY 3aMep3Jii JIbOJIOBUKH IMOBTOPIOIOTH OCHOBHUH penbed moBepxHi [19, 23,
26, 29, 30] (puc. 2).

121



Bigpmauenko A., Mosrosuii O., CtexnoB O. BoasHuii i1 Mix MOJSPHUMH IIarikaMyu Mapca

MeToro poOOTH € BCTAaHOBJICHHS MEXaHI3MIB MOXKJIMBOTO TIEPIOJMYHOTO TEPO3IOILTY
BOJISIHOTO JIbOJTY MK TIOJIIPHUMHU IiarikamMu Mapca.

3. OcHOBHI pe3yJabTaTn

Sk mokasaym mucTaHIiitHi criocrepeskeHHs [ 10], mpu migHATTI JITHIX THIIOBUX Oyp [32]
BITPOM ITHJI TiHIMA€ETHCS JOCHTh BHCOKO B arMoc(epy. TaM BiH CE30HHO MEPEeMIlyeThCS B
arMocdepi i3 BYIVICKHCIIOTO Ta3y Ta HEBEIHMKUX KUTBKOCTEH BOJSHOI IMapH, a IOTIM 3HOBY
ocijae Ha moBepxHIO. [lo i NPUYMHI TWI CE30HHO HAKONHMYYETHCS Yy IIapyBaTHX
BIJIKJIQJICHHAX B 000X MOJSIpHUX perioHax (puc. 1). [liaTBepKeHHIM BOTO (aKTy BBaXKaJH
CIIOCTEPE)KYBAHY 3aKOHOMIPHICTH TIpH (OPMYBaHHI OKpPEeMHX IIIapiB HaMep3aHHS B
npunomspHUX obmactax. lle 3acBimdye mepiogmumi 3minm y ix dopmyBammi. M me e
BIIOOpaKEHHSAM JICAKMX KIIMAaTUYHUX 3MiH, BUKIMKAHUX, HAMPHUKIAJ, HAasSBHICTIO
eKCIieHTpucuTeTy opOiTi Mapca [31]. BiiTky KOXXHOTO HACTYITHOTO MapCiaHCHKOTO POKY TpH
BHITAPOBYBAHHI MOPIBHSHO TOHKOTO IIapy BYIVIEKHCIOTH BiJKPUBAIOTHCS TIMOIII IIapu i3
3amep3iioro Booro [21, 34]. TIpoTsarom Jrita BOASHUMN JIiji 3HOBY IIOKPUBAETHCSI TOHKAM IIIAPOM
ATy Ta <<cyx0{o» JBOTY.

> \ W SO AL " i
Puc. 2. Kpynauit man npomoBuka B Ismenius Lacus, sk ioro 6aunts «HiRISE»; iioro micie
posramryBanHs 42.2 N ta 49.4 E (http://www.uahirise.org/ESP01 8857 2225)
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Uepes excuientpucutet opoitu Mapca (e=0,09) mig yac 3mMiHu 1ip poky Ha mianerti [11,
14] cnocrtepiraerbcs acUMETpis 3MiH COHSIYHOIO TOTOKY JO MPOTHUJICKHHUX IMIBKYJIb MIX
agpenieM Ta nepurenieMm Ha 40 %. 3 wiel npuumHu B adenii gito y IliBHIUHIN miBKynl €
JOBIIMM Ta XoJoAHimMM, HDK y IliBnenHid. HasBHICTH TakuxX BIAMIHHOCTEH y (i3MUHHX
XapaKTepUCTUKAX HIDKHIX IIapiB arMocdepu [3, 13, 26] Bukiukae Ha BUcoTax Hiwkde 10 km
KOHJIEHCAI[I}0 BOJASHOI mapu B atMocdepi. ToMy TaMm nepeBakaioTh MOBITPSIHI MOTOKH, SIKi
CIpsIMOBaHI JI0 €KBaTopa, mpH I100adbHOMY KOHBEKTHBHOMY miepeHoci [20]. Lle mpuBoauth
710 TOSIBU TPONIYHOIO Mosicy xmap npu nepeOyBanHi Mapca B adenii. Bin yTBoproeTbes 3a
y4acTi BOJM, sKa BumapyBajiach 13 IliBHIYHOI mojsipHOi manku. ¥ MOMEHTH, konu Mapc
nepedyBae mMoOIM3y MEpUresiio, Ha MUIAHETI CIOCTEPIraloThCsl 3HAYHO TEIUIiI yMOBH. Tomi
XMapH Maike HE yTBOPIOIOTHCA, 1 MepeHeceHHs arMocdepHux mac [15] MK MIBKyIsSIMHU
Maibke He B1JIOyBaeThbCsl. 3 1€l MPUYMHM BOAA, sika Bumapysayacs 13 [liBneHHOi mosspHOL
LIk, NEePEMIIIYEThCs B aTMOc(epl 3HAYHO PIBHOMIpHILIE, 0€3 CYyTTEBOIO MEPEMIILIEHHS 110
IUIaHEeTi. 3aBASKH TakKii BIIMIHHOCTI CE30HHUX XapaKTEPUCTHUK MK MIBHIYHOIO Ta MiBACHHOIO
MIBKYJISIMA TIOAIOHUIM CE30HHUU «HACOC» 3a TEOJOTIYHO KOPOTKHH MPOMDKOK Yacy MOXKe
MOBHICTIO «II€peKadaTh» BOAY 0 MOJISIPHOI LIANKH Yy Tiil MIBKYI, B KOTPIH JIITO pUMNasae Ha
MOMEHT IIPOXOJKEHHS apestito opOITH.

PerenprHe MopmenmroBaHHS KIIMaTHYHUX TPOIECiB Ha Mapci mokasano, 10 MpOoIecH
BIIKJIAJICHHST BOJISIHOTO JILOJY MOIJIM IHUKJIIYHO HOTO MEPEpO3MOAUIITH MK MIBHIYHOIO Ta
MIBJCHHOIO NOJISPHUMHU IankamMu Mapca npotrsrom octanHix 21000 pokis (puc. 3). Takuit
1HTEpBaJl yacy OyJI0 pPO3paxOoBaHO BHUXOASYM 13 KOJIMBAaHb HAXWIy OCI OOEpTaHHS IUIAHETU
(npeuecii). Pe3ynbrati 1b0ro MozeIIOBaHHS MOKA3aJid, 10 MPOTATOM BHILEHABEACHOIO Yacy
Bozia B [liBHIUHIN moysApHii manii nepedyBajia B J0CUTh HECTAOLILHUX YMOBaX, 1 TOMY MOIJIa
nepemimyBatucst a0 [liBieHHOI MOMSIpHOI INANKM Yy BUDISAI [apd; TaM BOHA 3HOBY
KOHJIGHCYBABCsI Ha MOBEpxHI0. Lle mpuBoamiIo 10 HakOMMYEHHs NpoTiaroM poky y IliBaenHii
MOJISIPHIM 1Iamnii BOJASHOIO JIbOXy TOBLIMHOK 10 1 MM. B pesynsrari 3a 10 Tucay pokiB
YTBOPUBCS IIap BOASHOIO JIbOJY, TOBIIMHA SIKOTO BKe craHoBuia 6 M. Lukn mpenecii
wiaHeTd npubau3zHo 10 THCSY pOKIB TOMY 3MIHHBCA 1 CTaB IOBEPTATUCS O TENEPILIHbOI
koHpirypauii. butst 1000 pokiB TOMy BYIVIEKHMCIMN ra3 3HOBY PO3II0YaB CE30HHO HamMep3aTu
MOBEpX I1apy BoAsHOro JboAy y IliBaenHiit noisipHiil mamnii Ta OJI0KyBaTH pyX BOASHOI apu
710 TIPOTHIIEKHOTO TTOJIIOCA.

Puc. 3. 3a nanuMu na3zepHOTO JIOKaTOpa B KOMIT FOTEPHIN PEKOHCTPYKIIii ITpeIcTaBIeHa
[liBHiuHa noJsipHa 1Ianka; MacmTad no BepTukaii 30upmenuit y 100 pasis
(http://photojournal.jpl.nasa.gov/)
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BucnoBku. Bich o0epranHs Mapca moryia 3MiHIOBaTd CBIM Haxui Oararo pasiB y Tak
3BaHMX LMKIaxX MinankoBuua. [lepion Takux 3MmiH ctaHOBUTH npuodiau3Ho 105 pokis. Tomy
MOJKHA IIPUITYCTUTH, 1[0 ACUMETPis, SKa ONUcaHa BUILE, € HA JaHUN Yac MOJIOOI0 1 MOXJIMBA
HaBiTh 3MiHA 3HaKy. [ligTBepIKEHHSM Takoi 3MIHM TJIOOAJIBHOTO KPYroodiry BOAM MIXK
MIBKYJISIMM € KOHIIEHTPUYHI IlIapyBaTi BIJKJIaJ€HHA B 000X MHOJSpHMX mIankax (puc. 1).
[{inkoM MOXJIMBO, 110 MPOTSAroM ictopii Mapca BUIISA MHOMSPHUX MIaok Oararo pasiB
oOMiHroBaBca Micusamu. OcTaHHIM 4YacoM BBaXKalOTb, 110 JUIS cTaOurizawii 1mo0aibHOro
Kpyroo0iry Boau Mae OyTH IHTEHCHUBHHUU JIOKaJIbHUN OOMIH BOJSHOTO JIbOXy. BogHouac BiH
BIJIIFPAa€ POJIb CBOEPIIHOTO JaucunaruBHoro ¢akropy. Ce3oHHa Mirpamiss BOJU HaBITh 0
eKBaTopa He BiaOyBasiacs, KOJu O MapCiaHChKHUIl PEroiiiT He MITr «JIuXxaTu». AJpKe ToAl BoJa
HaBITh HAa MEXI MOJISIPHUX LIAMOK Bijipa3y notpamuisiia O y CBOEpPIIHI XOJOHI TACTKHU.

KonduikT iHTepeciB i eTuka. ABTopHU 3asBIISIOTh, [0 HE MAIOTh KOH(JIIKTIB 1HTEPECIB.
ABTOpH TaKoXX 3asBISIOTH IMPO TIOBHE JOTPHUMAHHS BCIX MPaBHJ €TUKU >KypHAJbHHUX
JOCIIIJKEHB, a CaMe 11010 aHOHIMHOCTI Y4acTi JIrofiel Ta/abo 3roau Ha IMyOJTiKaIlito.

Ilonsiku. ABrOpu 3asBIAIOTH MPO BIACYTHICTh CHEUIaJbHOTO (IHAHCYBaHHS IIi€l
poboTH.

Cnucokx BUKOPUCTAHHUX JIZKEPEJT

1. Becerra P., Sori M. M., Thomas N., et al. Timescales of the climate record in the south polar ice cap of
Mars. Geoph. Res. Letters. 2019. Vol. 46, Ne 13. P. 7268-7277.

2. Conway S. J., Hovius N., Barnie T., et al. Climate-driven deposition of water ice and the formation of
mounds in craters in Mars' north polar region. Icarus. 2012. Vol. 220, Ne 1. P. 174-193.

3. Dlugach J. M., Morozhenko A. V., Vid'Machenko A. P., Yanovitskij E. G. Investigations of the optical
properties of Saturn's atmosphere carried out at the main astronomical observatory of the Ukrainian Academy of
Sciences. Icarus. 1983. Vol. 54 (May). P. 319-336.

4. Howard A. The role of eolian processes in forming surface features of the Martian polar layered
deposits. Icarus. Vol. 144. P. 267-288.

5. Morozhenko A. V., Vid’machenko A. P. Polarimetry and Physics of Solar System Bodies. Proceedings
of the NATO Advanced Study Institute, m. Slnra, 20 BepecHs - 4 sxoBtHs 2003 p. Sara, 2003. C. 369-384. DOI:
https://doi.org/10.1007/1-4020-2368-5 16

6. Morozhenko A.V. Vid’machenko A.P. Polarimetry and Physics of Solar System Bodies.
Photopolarimetry in Remote Sensing, NATO Science Series II: Mathematics, Physics and Chemistry. 2005. Vol.
161. P. 369-384.

7. Morozhenko A., Vidmachenko A., Kostogryz N. Polarimetry and Physics of Solar System Bodies.
Proceedings of the International Astronomical Union 10 (H16). 2012. P. 182-182.

8. Morozhenko A. V., Vidmachenko A. P. Optical parameters of Martian dust and its influence on the
exploration of Mars. Dust in the Atmosphere of Mars and Its Impact on Human Exploration. Proceedings of the
conference held. LPI Contribution. Houston, Texas, 13-15 June, 2017. No. 1966. Houston, Texas, 2017. id.6010.

9. Mopoxenko A. B., Bimpmauenko A. I1. TTun Moke BIUIMHYTH Ha OCBO€HHS Mapca. 22 Mivcnapooua
Haykosa Kongepenyis “Acmponomiuna wxona monooux ewenux . M. Kuis, Ykpaina, 11-12 rpyaas 2020 p. Kuis,
2020. C. 71-73.

10. Morozhenko A. V., Vidmachenko A. P., Kostogryz N. M. Spectrophotometric properties of Moon's
and Mars's surfaces exploration by shadow mechanism. Highlights of Astronomy. 2015. Vol. 16. P. 182-182.

11. CrexnoB A. @., Bugpmauenko A. I1., Munsiiio H. @. Ce3onnbie u3Menenus B atmocgepe. CarypHa.
Tucvma 6 Acmpon. scypn. 1983. T.9, Ne 2. C. 11-17.

12. Vid’'machenko A.P., Morozhenko A.V. Mapping of the physical characteristics and mineral
composition of a superficial layer of the Moon or Mars and ultra-violet polarimetry from the orbital station. 36
Annual Lunar and Planetary Science Conference. League City, Texas, March 14-18, 2005. League City, 2005.
#1015.

13. Bunemauenko A. I1. TlposiBieHue ce30HHBIX u3MeHeHHil B atmocdepe CarypHa. Kunemamuxa u
@usuxa nebecuvix men. 1987. T. 3, Ne 6. C. 9-12.

14. BunemaueHko A. I1. M3MeHeHus Ojecka HeOSCHBIX OOBEKTOB 10 aCTPOHOMHUCCKUM HAOIIONCHUSIM
ropel Maitinanak. Kunemamuka u pusuxa nebecnvix men. 1994. T. 10, Ne 5. C. 52-56.

15. Vidmachenko A. P. Planetary atmospheres. Astronomical School’s Report. 2009. Vol. 6, Ne 1. P. 56-68.

124



Vidmachenko A., Mozghovyi O., Steklov O. Water ice between the polar caps of Mars

16. Vidmachenko A. P. Research of the Mars by space vehicles. Astronomical School’s Report. Vol. 6, Ne
1-2. P. 131-137.

17. Vidmachenko A. P. Water on Mars. Astron. almanac. 2009. Vol. 56. P. 225-249.

18. Bigpmauenko A. I1. JJocmimkeHHs 3eMienoniOHuX IwiaHeT. /6 Midchapoona Haykoéa KoH@epeHyis
“Acmponomiuna wxona monooux euenux”’, M. Kipoorpan, 29-31 tpaens 2015 p. Kiposorpaz, 2015. C. 12-13.

19. Binpmauenko A. I1. TlopiBHsuibHI ocoOmuBocTi ByikaHiB Ha Tinmax CoHsuHoi cuctemu. 20
Misxcnapoona naykosa konepenyia “Acmponomiuna wkona monooux euenux”’, M. YMaHb, 23-24 tpasus 2018 p.
Vmaws, 2018. C. 9-12.

20.Bigpmauenko A.Il. CydacHa BynkaHiuHa misIbHICTH Ha Micsmi. 20 Misxcnapoona Haykosa
KoH@pepenyis “Acmponomiuna wkoia Moiooux euyenux”’, M. YManb, 23-24 tpaBus 2018 p. Ymansp, 2018. C. 5-7.

21.Bigpmauenko A.Il. Boma B Cownsuniii cucteMi. 20 Miocnapoona naykosa KoHpepeHyis
“Acmponomiuna wkona monooux euenux”’, M. YMaHb, 23-24 tpaBus 2018 p. Ymans, 2018. C. 91-93.

22.Vidmachenko A. P. Comparison of features of impact and volcanic craters on the surface of Mars.
Proceedings of VIII ISPCo “Progressive research in the modern world” (April 27-29, 2023), Boston, USA.
Chapter 43. Boston: BoScience Publisher, 2023. P. 237-246.

23. Vidmachenko A. P. Coordinates and names of surface details on Mars. Proceedings of VII ISPCo.
“Science and technology: problems, prospects and innovations”. Osaka, Japan (April 13-15, 2023). Osaka:
CPNPublishing Group, 2023. Vol. 39. P. 217-226.

24. Vidmachenko A. P. History of possible climate change on Mars. Proceedings of VII ISPPCo. “Science
and innovation of modern world”. London, United Kingdom (23-25 March, 2023). Chapter 54. London:
Cognum Publishing House, 2023. P. 336-345.

25. Vidmachenko A. P. Macrorelief of the surface of Mars. Proceedings of XIV ISPCo. “Prospects for the
development of science and the environment”. Helsinki, Finland (April 10-12, 2023). Ch. 7. Helsinki, 2023. P.
34-39.

26. Vidmachenko A. P. The atmosphere of Mars. Proceedings of VI ISPCo. “Scientific research in the
modern world”. Toronto, Canada (April 6-8, 2023). Chapter 45. Toronto: Perfect Publishing, 2023. P. 283-293.

27.Vidmachenko A.P. Thermal properties of the surface of Mars. Proceedings of VII ISPCo.
“Progressive research in the modern world” (March 29-31, 2023), Boston, USA. Chapter 42 Boston: BoScience
Publisher, 2023. P. 243-252.

28. Vidmachenko A. P., Dlugach Z. M., Morozhenko A. V. Nature of the optical nonuniformity in Saturn's
disk. Solar System Research. 1984. Vol. 17, Ne 4. P. 164-171.

29. Vidmachenko A. P., Klimenko V. M., Morozhenko A. V. Apparent spectral albedos of the disk of Mars
in September-October 1977. Solar System Research. 1981. Vol. 14, Ne 4. P. 157-159.

30. Bizpmauenko A. 1., Mo3sroBuii O. B., Crexno O.®. OcobOnuBocTi penbedy moBepxHi Mapca.
Mamepianu 11 Bceykpaincokoi HKO «Acmponomis i ceocooenusy», M. Binauit, 12 kBitHa 2023 p. BinHwums:
TOB «TBOPI», 2023. C. 66-71.

31.Bigpmauenko A. I1., Mosrosuii O. B., CrexioB O. ®. IcropuyHi acrekTH KIIMaTUYHUX 3MiH Ha
Mapci. Mamepianu 11 Bceykpaincokoi HKO «Acmponomis i cvoeo0enns», M. Binaui, 12 kBitHa 2023 p.
Binnung: TOB «TBOPU», 2023. C. 56-61.

32.Bigpmauenko A.Il., Mosrosuii O. B., CrexnoB O. ®. OcoOmuBocti mwioBux Oyp Ha Mapci.
Mamepianu 11 Bceykpaincokoi HKO «Acmponomis i ceocooenus», M. Binauigt, 12 kBitHa 2023 p. BinHwums:
TOB «TBOPW», 2023. C. 87-92.

33. Vidmachenko A. P., Steklov A. F. Mineral resources can be mined on different bodies of the Solar
System. 22 International Astronomical School of Young Scientists. Kyiv, Ukraine (December 11-12, 2020). Kyiv,
2020. P. 89-92.

34. Vidmachenko A. P., Steklov A. F. How long ago has water flowed on Mars surface? Results of modern
scientific research and development, Proceedings of XI ISPCo, Madrid, Spain (16-18.01.2022). Madrid: Barca
Academy Publishing, 2022. P. 226-232.

UDC 523.43

On the mechanisms of possible periodic redistribution of water ice between
the polar caps of Mars

Anatoliy Vidmachenko, Oleksandr Mozghovyi, Oleksii Steklov

Abstract. At the beginning of the 21st century, the presence of a significant amount of water ice was
confirmed in the Arctic Cap. A little later, the instruments of the "Mars Express" orbiter were also able to
register considerable deposits of water ice around the South Pole. And a layer of "dry" ice with a thickness of
2 to 7 mm was found above the water ice. Total sediments in the South Polar Cap turned out to be
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significantly smaller than in the North. Observations with the help of a gamma spectrometer made it possible
to detect a large amount of hydrogen contained under the surface of Mars at significant distances from the
polar caps, and even at the planet's equator. This hydrogen is part of water ice, which in such places is
protected from sublimation by a soil made of insulating rock, dust, and rock fragments. During summer dust
storms, significant amounts of dust are raised as a result of the rapid seasonal movement of carbon dioxide
and water vapor; after a certain time, this dust settles from the atmosphere. This leads to a seasonal
accumulation of dust in layered deposits in both polar and subpolar regions. When the seasons change on the
planet, as a result of the significant eccentricity of the orbit of Mars, there is a significant asymmetry in the
changes in the inflow of solar energy to the opposite hemispheres. The differences between aphelion and
perihelion reach 40%. For this reason, when the planet is in aphelion, the summer in the Northern
Hemisphere is longer and colder than in the Southern. Due to such a difference in seasonal characteristics
between the southern and northern hemispheres, a kind of seasonal "pump" in a relatively short period of
time can completely transfer water to the polar cap in the hemisphere in which summer falls on passing
through the aphelion of the orbit. Modeling of present-day climate processes on Mars indicates that water ice
deposits should be cyclically redistributed between the south and north polar regions of Mars for about
21,000 years. The rotation axis of Mars in Milankovitch cycles could change its inclination many times. The
period of such changes is close to 105 years. Therefore, the asymmetry described in the paper is young,
which may lead to a change in sign. Therefore, it is quite possible that during the history of Mars, the polar
caps have repeatedly changed places.
Keywords: Mars, water ice, polar caps, seasons, climate changes.
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