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CarypH — 6-as miuanera ot CosHna. PaccTosinue Mexay

Sun

Credit: https://www.drishtiias.com/images/uploads/1597306901 image3.png
https://www.drishtiias.com/daily-updates/daily-news-analysis/dwarf-planet-ceres, NASA/JPL/SSI
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I'. 'annaen BnepBbie HaO 014 KoJabma Carypua B 1610

L. 66 ., ., oo o e
Tamuaein: = 51 Hadaroaas 3a caMoil BbICOKOM TPOMHOHU MJIAHETOM
OH npuuies K BbIBOAY, YTO KOJIbIa ObLJIM ¢BOEro pojaa "'pyxkamu'

1610

1616

B 1655 X. I'oiirenc ooHapyxui, 4To CaTtypH OKPYsKeH CIUIOIIHbIM
KOJIbIOM, 1 OTKpbLI Turtan. B 1675 /1. Kaccunu o0Hapy:xHJI, YTO
BU/IUMBbIU JUCK COCTOMT M3 MHOXKECTBA KoJIell, 1 HamIeJ1 JyHbl: Aner, Pes,
Teruc v /Iluona. B yecTh 3THX YUeHbIX MUCCHIO K CaTypHY Ha3BaJIu
"Kaccunu-I'rourenc".

Credit: https://attic.gsfc.nasa.gov/huygensgcms/Shistory.htm



Saturn « March 22, 2004
Hubble Space Telescope ¢« ACS

NASA, ESA and E. Karkoschka (University of Arizona) STScl-PRC04-18




Juck Kogen Carypua B Pazmepax
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Earth-Moon distance & object sizes to scale
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James O’Donoghue / NASA imagery — T:. @physicsd

James O’Donoghu / NASA Imagery — T: @physicaJ

Credit: NASA/JPL/Space Science Institute




SATURN is the real Lord of the Rings

Cassinl Division

{—— Encke Division

132,800

0 Km 60.269 210,300 302,500 Km
;gﬁgg 169,700 Distance
Red marks g _ 167,900 from centre
indicate intervals 117,500 142,000 of Saturn
of 50,000 Em 122,500 136,500 (Km)

There are few major divisions - D Ring, C Ring, B Ring, Cassini Division,
A Ring, Roche Division, F Ring, G Ring, E ring.
http://www.tivas.org.uk/solsys/tas solsys saturn.html
Credit: NASA/JPL/SSI



Muccua Kaccunu-I'rouzenc k naaneme Camypu
15.10.199/- 15.09.2017

N

B 1982 HACA u EBponeuckuii poHI HAYKH CO31aJIU Pad0UyI0
rpyuny. B muccuu Kaccunu yuacmeosanu: HACA, Eeponeiickoe
Kocmuueckoe azenmcmeo, Hmanvanckoe kocmuueckoe a2eHmcmaeo,
aKaoemuueckue u npomvlutieHHvle opeanuzauuu, 260 yuenvix usz 27

cmpan. B 3a0auy Kaccunu exoouno uzyuenue koaney Camypua.
OO0asi cCTOMMOCTh MPoeKTa cocTaBuiaa $3,9 Mipa.



B 1900 opuranckuii pusuk gopa YmibaMm KeabBuH cka3zai:
"CeroaHnsi B pu3uKe HET HUYEr0 HOBOI'0, UYTO MOKHO ObLJIO ObI OTKPbITh.
Bce, 4T0 ocTaercs, - 310 Bce 0oJjiee U 0oJiee TOUHOE U3MEpPeHue. "’

3oua Kaccunu: o0nme 1aHHbIe

Cassini Probe, Press kit ,15.10.1997
NASA, JPL, European Space
Agency, Italian Space Agency

~ 3oua DNwiirenc - 320 kg.
- Wucrpyments - 36 Kg.
- Tonsmso - 3130 kg.

16 aBurarTesey cTadOMIAN3ANNN U
MAHEBPUPOBAHMA ¢ HU3KOM TATOU

https://www.jpl.nasa.gov/news/press_Kkits/cassini
pdf Credit: NASA, JPL, ESA




Cassini Mission Orbiting Saturn, 30 June 2004 — 15 Sept. 2017

The Cassini-Huygens mission is a cooperative project of NASA, the European
Space Agency & the Italian Space Agency
The Jet Propulsion Laboratory (JPL), a division of the California Institute
of Technology in Pasadena. manages the mission for NASA's Science
Mission Directorate, Washington, D.C.
The Cassiniorbiter & its two on board cameras were designed, developed and
assembled at JPL
The imaging operations center : the Space Science Institute, Boulder, CO
The ultraviolet imaging spectrograph team: the Univer. of Colorado, Boulder
T'he magnetosphere imaging team: the Johns Hopkins Univ. Appl. Phys. Lab.,
Laurel, MD
The Cassiniplasma spectrometer team: the Southwest Research Inst., San
Antonio, TX
More info on the Cassini-Huygzens mission : http:/saturn.jpl.nasa.zov
The instrument team's: http://cirs.gsfc.nasa.gov
The Cassini imaging team: http:/ciclops.org
Credit: NASA/JPL/Space Science Institute



Cassini-Huygens: Mission to Saturn
by the numbers (2004-2017)

Cassini-Huygens: Mission to Saturn

BY THE NUMBERS

MILLION BILLION
COMMANDS MILES TRAVELED
executed - =1 snnce Iaunch

6355

SCIENCE DATA - 4 b7 ) : SCIENCE PAPERS
collected ’ ANZCE AT published

S\
NAMED MOONS / N\ ORBITS
discovered QK e 294completed

162555\ / ol acddh 453,048

of Saturn’s moons N U agie R & images taken

27 Saticisarea —— ‘ 360 burns

2CassiniSaturn
saturn.jpl.nasa.gov

https://solarsystem.nasa.gov/missions/cassini/overview/
Credit: saturn.gpl.nasa.gov




Temneparypa koJsen CarypHa
credit: Saturn.jpl.nasa.gov
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HE']EI_I.IEI[I[I.JE ﬂpﬂﬁJ'IE'!r'ILI BHIHMLIX ILTOTHBLIX KOJIEN EEIT}"]JI[EI:,
NPpeacTaABICHHBIC N'PABHTAUTHOHHBIMHA MOJIC/THMH

1} Kakum [lﬁl]:.-l'_H]M INIOTHBRIC KIWIBILA, ILTOHIAIR KOTOPBIX PACTHHY T
o PAIHYCY HAd COTHH ThICHY KM, YICPAHBAKTCH B OTRPRITOM
KOCMHYECCKOM [IFI'[I'ETIJ'H][ETBE? Beak oTHomenne TOIMHHBI JHCKA
KOJIEN K HX MPOTHACHHOCTH B THICHYH pPa3 MEeHLIUE TJIH JIHCTA Ad

2) MoyeMy KYCKH JILAa KoJel monagawT Ha sxksaTop CarypHa?

3) Kakum odpaioM II0THLIE KOILIA 00pasyioT CTADHILHYID
AHCKOODPAIHYH CTPYKTYPY Ha 3kBatope Carypua?

4) Kak 00BACHHTE CHIBHYK ILIOCKOCTHOCTL AHCKA Kosten Catypua?

5} Kak 00 LACHHTE PASICITCHHE INTOTHBRIX KOJICH BHYTPH HX TOHKOH
CTPYKTYpBI?

'ﬁ} Kakan cnia PAZICTHET KYCKH JBR1A B INIOTHEIX KOVIBIULAX H HE
MO3BOJASET HM CAHNATHCH JaMe NPH KOJeDAHHAX IPABHTALHH

CarvpHa H 1eHCTBHA NMPOAETAIMIHX B IEIIX CIYTHHKOB?
[Touemy MakcBenn He 300 3TY cHay?



HipecTHEIE TPABHTANIHOHHEIE MOTC/IH HE CNOCODHBI VOBLACHHTE MHOTHE
ABJIEHHHA B IIVIOTHRIX KIVIBITAX CHT}'FHM Hﬂ'ﬁ'ﬂ[ﬂﬂﬂEHb[E MOYH IO Kaccnun
Bee MoaenH H3VYAKT, KAK Jel MOr MOSIBHTLCH B KOJIbIAX
OHH He ONHCBLIBAKT NpoLece NOABICHHA THCKOBOH CTPYKTYPLI

1990, A, Fridman, N. Gorkavyi. Physicsof Planetary Rings. 1990, 3axsar acreponga
Caryprom. Pewonancsl MeEIY TpaBATAINEN MIAHETH B COYTHHEOB KOMIEHCHDYHOT
HIH YCHAHBAKT pacnpeieIenne KYCKOB B onpeleleHHOM ¢10¢ H oDpaiyiT Kokl
2010. R. Canup. Hpoucvoscoenne kotenq Camypra 6 pexyasmante yoanen s Manmu
nomepasiiezocs cnymunra paimepom ¢ Tuman. Nature, 2010, 468, 943-946. CoyrHRK
C CHAMKATHBIM SaposM | Jeasdoii manraei. Hpoxoxs npexen Poma nprane nan
CHJIA PAIPYHIAET €ro, a 00JI0OMKH JIeIHHOH MAHTHH 0DPa3yIOT KOk

2022..J. Wisdom et al. Paspywenne cnymunura moxcen oFbACHUNG HAKI0H 0CH
Camypra i monedocms kogey. Science, 377,6612. ¥ Caryvpaa 011 cOVTHHEK H30
AbAA, €ro OPOHTY HAPYIIHRIA opoHTAIRHAR METpannd Tarana. HecradnasaocTe
CHCTEMBI PAIOPBAT0 IYHY Damae npexena Poma, ee 0cKOIKA 0DPa30BaIH KOIbIA,

2023. L. F. A. Teodoro et al. Hedasnee yoaprnoe npoucxexcoenie Konen Camypha u
cnymuukos cpednero parmepa. Apd., 955, 2. HyywawT cTodKHOBeHRE JTeIAHEIX JIVH,
THnA Jnonan Pea, Daaroaaps HecTadHILHOCTH B CHCTEMe cOYTHHKOE CatypHa
H3-35 {l[flﬁ]{HL'I BHBIX PeIOHAHCOR. Ockoakn H-I:Iﬁ[fll}'l:'l}]l HHCTODD dbJA paiMelllaTesA
Ha opOHTAX BHYTPH npeteia Poma. Ona moran chopMuapoBats Kodbia, HIH Ta#eE
OMOTOIHTE ViKE CYINECTEYHIIHE KOThLIA.



l’ﬂﬁip)’lll(‘"“(‘ 00JBIIIOTO JICJIHHOTO TC)IAa H 06[‘)83()83“"0 KOJICI
Robin Canup : “"Origin of Saturn’s rings and inner moons by mass

removal from a lost litan-sized satellite™,

Nature, 468, 943-946, 16.12.2010. doi: 10,1038/ nature)V661
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MNPOUCXOXKJIEHUS KOJIEILI CATYPHA
N3 OCKOJIKOB CTOJIKHOBEHUS KOMETHI U CITYTHHUKA
https://www.youtube.com/watch?v=PubxyTPARBQ credit: HDKOSMOS




Iocae 4-x mucenil HACA k Carypay: Pioneer 11 (1979), Voyager 1
(1980), Vovager 2 (1981) & Cassini (2004-2017) Beigon raxoi:

IlponcxoskIeHHe IIOTHEIX KoJlell CATyYypHA Bee elle 0CTAETCH N0 BONPOoCcoM.
| paBsuTaAOHOHHABIE MOTEAH JaK0T TOIBKO HIEH, OTKYIa MOI BIATLCH Je1 B
KoJbiax, Ho HE odsAcHAT nponecc 'I]ﬁ[]il'l'llB-i'lHHH AHCKA W3 KoJiell Ha YRBaTope
EHT}'[]HJL Erd TOHEVH CTPYETYPY © patie/TeHnemM KOTell B “TacTHIL
Mnuennsn VIUCHEBIX - YIACTHHRKOBE MHCCHH Kaccuun:

“bbuto npeLIeKeHDd HECKMTBKD TPARHTANHOHHBIX MEXAHHIMOE 00Pal0BAHAA MIOTHRIX
KOJIEN, HO HH OTHH H3 HHX He Ja7 yoeInTedsHOro 00LACHeHnA Hadan1aeMsIx
ocobenrocTedi™, A. Crida, 5. Charnoz. Narure, 2000, 468: 3-S5,

“Koaesna CarvpHa JHHAMEYHEL H NOCTOAHED paipABawTCa. Bonpoc o npoRcXos1eHnH
H IBTHITHH ITOTHOH KoThIeR0i CHCTEMBL 10 CHX MO He pemen. Y1o apanerca
npHaUEHNE ToRKeH cTpvETYpRIT byaymme paipafoTk J0/BEKHBL NPOIATE CRET HA
NPOHCYOETEHRE IVTOTHEIX KOJEL, 4 TAKAE HA To, KAK 0HH TOCTHLIH CBOel HhIHem e
koapurypaman™, LW, Esposito. Composition, Structure, Dvnamics, & Evolution of
saturn’s rings. Ameg. Rev. Earth Planer Sci. 210, 38: 310-383.

“Mocae rpananoiiore pueaaa Kaccwam cymMecTBVET JH 0KOHIATETRHBIN KOHCEHOYC
OTHOCHTETRHO NMPOACXEIEHNA 0 BoipacTa naoTHex Koaen?™ P. Estrada, R, Durisen,
X Cuzzi. American Geoplysical Union Meet. New Orleans. 2017.12.12. Paper 298112 .
“OTMeTHM, 4TO FHNOTEIA MOJ0IRIX KOJel HMeeT Pal HepemennuX npodaes. JIpyvrae
HHTEPNPETANNN, CORMECTHMBIE ¢ KOVILIAMM, TAKAMH e cTaphivi, Kak CoHevHan
CHCTEMA, BCe eme BoaMokHBI". A, Crida, 5. Charnoz, H-W Hsu, L. Dones. Are
Saturn’s Rings Actually Young? Natwre Astronomy. 16 Sept 2019, 3: 967-970,



Kakoit KommenTtapuii Moxno Caenarb
B KauecTBe OTBeTa Ha Bonmpoc 0 HepermeHHbIX
IIpooaemax Ipoucxoxaenus Iaorabix Koaen CarypHa,
PACCMOTPEHHBIX B TPABUTALMOHHBIX MOJEJISAX

OtBeT OuyeBHIEH:
Bo3HuKkIMe npod/jieMbl BEAYT HAC K INIABHOMY BOIIPOCY:
Bce 1u siBJ1eHMs, Ha0100aeMble 30HA10M Kaccuan
B IUIOTHBIX KOJIbIA CaTypHa, BO3BHUKAIOT TOJbKO
3a CYeT AeHCTBUS IPABUTALIMOHHOIO MOJIS?
Ny He00X0AUMO Y4eCTh Apyrue B3auMoaeicTBUs ?

YuurtbiBasi HEPEWICHHOCTDh NMPO0JIeMbl, MbI IPEIJI0KUIIU
HCCJIeA0BATh AeMCTBHE MATHUTHOIO moJist CarypHa Ha
MPOUCXOKICHUE €r0 KOJIel



CBOHCTBA JIBJIA B IINIOTHBIX KOJIBLAX CATYPHA
1O JAHHBIM U3BMEPEHUU 30HJA KACCUHU

1) Kyck# IUIOTHBIX KOJIEll MMEIOT pa3Mepbl 0T CM 10 HECKOJbKHX M.

Ouu Ha 90-95% coCTOAT U3 BOASHOIO JIb/A.
L. Esposito AREPS 2010, J. Cuzzi et al. Science. 2010. 327

2) CootHomenue u3oronoB D/H abaa maoTHbix kouaen CaTypHa
TaKoe, KakK M JJs 3eMHoro Jbaa. R. Clark et al. Icarus, 2019, 321
3) 3emmuoii jgex X| cradomaen nmke 73K, 1 o JlmaMarHuTHBDIIA.

R.J. Hemley. ARPC. 2000, 51, 763; F. Senftle, A. Thorpe. Nature. 1962, 194,
V. Tchernyi, S. Kapranov. Res. Notes AAS. 2021, 5, 255.
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KAKYIO ITIPOBJIEMY HYKHO PEHIUTD, YTOBbI HOHATD POJIb
MATHHUTHOTI'O HOJIA CATYPHA B ITPOUCXOKIEHUU IIVIOTHBIX KOJIELL?

1) Ucnoan3yem Teopuio Majioii tymanHoctu B. Cagponosa, MI'Y (1917-1999) :
IBOJIIOLINSA MPOTOILIAHETHOI0 00J1aKa U oOpa3oBanue 3emuin U miaHer. NASA,1972
(Kuiper Prize,1990; npemus Illmuara,1974; Leonard Prize,1989). Hy:xHO MOHSITH:
KAKHM 00pa30M OPOMTHI IMAMATHUTHBIX JIEASTHBIX KYCKOB JIbJIa B MPOTOMJIAHETHOM
odJake ¢ paanycoM npeaesia Poma MoryT oka3aTbesi B IJIOCKOCTH IKBATOPa
CarypHa, 1 00pa30BaTh JUCK U3 KOJIEL, CM. CXeMY Ha PUC.:

Saturn within Riche Limit-Size Cloud Saturn with Disk of Rings
—
ho a3 :

CaTypH BHYTPH 00J12Ka ¢ IIpeoOpasoBanue o00/1aKa ¢ KyCKaMH JIbJa
paguycoMm npexeia Pora B JMCK C KOJbIIaMHU Ha 3kBaTope CarypHa

2) B 11060M caiyuae o0pa3oBaHmusi JieAsIHbIX KYCKOB B 00J1aKe MPH TPABUTAIIMOHHOM
pa3spyuieHuM TeJia pa3MepoM ¢ TUTAH UM NP CTOJKHOBCHHUHM ABYX JIYH, HJIUA U3
O0CTATKOB TYMAHHOCTH CaTypHa, HAM HYKHO PeIIUTh MPO00JIeMy IBUKECHUS JIeAAHOL
YacTUIbI BHYTPH 00J1aka paauyca Pouia B rpaBUTAIIMOHHOM U MATHUTHOM IOJISIX
CarypHa, 4TO0bI NOHATH KAKOBA POJIb MATHUTHOIO I10JIS1 B 3TOM IpoLecce



Moaeab 1eMcTBUS MATHUTHOIO oJisg CaTtypHa
B IIPOMCXO0KICHUM MJIOTHBIX KOJIEI
MaruutHass AHu3oTponHas Axkkpeunst (3¢pdext Uepnoro-Kanpanona)

B npucyrcTBUM rpaBUTAlMOHHOIO moJst CarypHa, moj BJIMSAHHUEM €ro
MATHATHOIO TOJS #M  BO3HUKHOBEHHUEM  JOMOJHHUTEJIBHON  CHJIbI
TUAMATHUTHOI0 BBITAJIKUBAHUSA, JCHCTBYIOINEN HA KYCKH JUAMATHUTHOIO
JbJa, OPOMTHI BCeX KYCKOB JibJa CMEHIAITCH B IJIOCKOCTH MATHUTHOIO
IKBATOPA, KOTOPLIA COBIAJAACT C TreorpapuuecKuM, Ijae HUX IHEPrusd
MUHUMAJIbHASE. B KOHIE JBMIKEHHS BCe KYCKH JbJa OJOKHPYIOTCH B
TPpeXMEepPHOl MArHUTHOM sIMe B ILUIOCKOCTH »J3KBaropa CarypHa. B
pe3yjbTare B3aUMHOIO JAEHMCTBMSA HA KYCOK JibJa T'PABUTAIIMOHHOIO U
MATrHUTHOIO MMOJied 00pa3yercsl yCTOMYHMBAsI CUCTEMA IJIOTHBIX KOJIell.

Tchernyi V.V., Kapranov S.V. How Saturn could create rings by itself. The third force
of diamagnetic expulsion and the mechanism of the magnetic anisotropic accretion of
the origin of Saturn's rings. arxiv.org/abs/2104.03967, 17.05. 2021
Tchernyi V.V., Kapranov S.V. How Saturn could create dense rings after emergence of
its magnetic field. The Tchernyi-Kapranov effect: mechanism of magnetic anisotropic
accretion. https://ui.adsabs.harvard.edu/abs/2023PAIJ....7...54V; PAIJ, 2023, 7, 1, 54-
57



JJ1s1 KycKa Jib/Ja, IBHAKYIIErocs 0KoJ10 CarypHa mo opoure
IMOCTOSIHHOIO PAaAnyCca, MoJy4aeM YpaBHEeHHeE J1JIsl 3eHUTHOTIO YIJIA:

.. . GM, 3Cpgmgm,
ﬂs_ﬁ ‘|‘ 95'?’ Eﬂtﬂj_ﬁ — E—CDIQS_
Tﬂ—p
ero pemenue @ = 72'/ 2 yka3piBaeT: 1) Ha CHIIBHYIO IJIOCKOCTHOCTD
CTPYKTYPHI AUCKA KoJiell CaTtypHa ¥ 2) HA pacIoJIOKeHHe TUCKA
KOJIeIl B IJIOCKOCTH MATHUTHOI'0 SKBATOPa, HA KOTOPOM BCe KYCKH
Jb/IAa 3aHUMAKOT I0JI0KEHME ¢ HAMMEHbIeN YHePruen.
JJ1 a3uMyTaJIbHON CKOPOCTH MOJIYYaeM:

2
TN cotfs_, cos® b,
P

Ps—p = GMS/TS o 1 SC,u,ﬂmsmp/ ﬂﬂ'zfs FM’]ﬂ)

- BuHO, 4TO CHJIA THAKECTH HA OPOMTE YACTULILI YPABHOBEIIUBACTCH
LHEHTPOOEIKHON CUJIOU U CHJION THAMATHUTHOI0 BHITAJIKUBAHUA

- ledicTBHE OCECUMMETPUYHOIO0 MATHUTHOIO nmoJist CarypHa, 3KBaTOp
KOTOPOI0 COBIIAIAET ¢ reorpapuuecKuM 3KBATOPOM, 00ecCIeunBaeT
YCTOMYUBOCTH JUCKA KOJIEII.
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CTa0dMIbHOCTD IUVIOTHBIX KOJIEll BHYTPH AMCKA.
Jedopmanuss MArHUTHBIX CHJIOBBIX JUHMH CaTypHa
JAMCKOM IUIOTHBIX KOJIEIl U3-3a TUAMATrHeTU3Ma YacTUI

H-lines

)\
\

MaruurHast AsMa HA IKBATOPE U3MEHSET
KAPTUHY MATHUTHBIX CHJIOBBIX JIMHUH.
YacTuubl Jba IVIOTHBIX KoJIel 0JIOKUPYIOTCS
HA MArHUTHOM 3KkBarope CarypHa B
MATHUTHOM siMe. JTO YCTONYMBOE MOJI0KECHUE
JJISE KYCKOB JIb/IA:

BepTrukajbHO — 32 cYeT MUHUMAJIbLHOM
JHEPIUM KYCKOB JIb/Ia HA IKBaTOPeE.
T'OpM30HTAJNBHO — OJ1aroaapst HEOAHOPOAHOCTH
MATHUTHOI'O MOJISl 10 PAHYCY.



Oopa3oBanue Tonkoii Ctpykrypsl ILnoTHbix Kosien nmox /leiictBuem
Marnerusma CarypHa u luamarneruzma Kyckos JIbaa

- ToHKasi CTPYKTYpPa IUVIOTHBIX KOJIEIl — 3TO Pe3yJbTaT nmepepacnpenaejieHus
YacTUIl B 00J1aCTAX IPAAMEHTA IVIOTHOCTH MATHUTHOT'O MOTOKA.

- JIMHUM MarHuTHOTO noJisi CaTypHa CTpeMATCS NPOMTH Yepe3 00JIACTH C

Han00JbIIEeH MIOTHOCTHI0 MATHUTHOIO MOTOKA. KyCckn 1MaMarHuTHOIO Jbaa

cOOMpPaKTCA B 00J1aCTAX ¢ HU3KOH IVIOTHOCTHI0 MATHUTHOIO MOTOKA.

- CuJj1a IMaMarHiTHOT O BHITAJIKMBAHUA 00pa3yeT pe3Kue Kpasi INIOTHBIX KOJIel
- Il1oTHBIE M pa3pe;KeHHbIe YYACTKH KYCKOB BBITJISIAAT KAK CHCTEMA IJIOTHBIX

KOJIell.
WL —  —  —mmL — T
AN — NN = T
I |I= I'.: .":- I"=I: KOJIB‘HO— -..- !_.- -._- I,'I | .I: I',I ..I. KO:]_IL-HO . . f |
1:: I' \ __ __ __ ;l '. l-: | :- l b o - __ .:- _|'r
O = e V=
N \_‘ _ Tf’ i _- 1 T_—
|G T ' A T N

T marHuTHOTO noas CarypHa . |
R . A

Tchernyi, V., Kapranov S. arxiv.org/abs/2204.03414. 7.04.2022
Tchernyi, V., Pospelov, A. Astrophysics & Space Sci., 2007, 307, 4, 347-356.



PasesieHHe M NPUTSKEHHE YACTUIL JIb/AA IJIOTHBIX KOJIEI IO/
AeACTBMEM I'PABUTANMOHHBIX U MATHUTHBIX I0JIeH

- Kaccnnu Ha0 1101201 YCTOMYMBOE PABHOBECHOE MOJIOKEHHE MEKTY KyCKaMHu
JIb/Ia B INIOTHBIX KOJIbIAX. JTO 03HAYAET, YTO CIJIbl OTTAJIKMBAHUSA U
NPUTAKEHNSI KYCKOB JibJa YPABHOBEMIUBAKOT APYT ApYyra.

- Ilpu MeHBIIMX PACCTOSIHUAX MEKAY KYCKAMH JIb/Ia KYCKH HE MOT'YT
CJUIHYThCH, TAK KAK CHJIAa MATHUTHOI0 OTTAJIKMBAHUA BeJuKa. Takixke um
HEBO3MOKHO Pa3JIeTeThCHA HA 0€CKOHEYHOCTh, TAK KAaK IPABUTAIIMOHHOE
NPUTSKEHUE MEXKAY HUMH BEJIMKO.

- Jlas TouHoro pacdera ['o 1 3aBUCHMOCTH €€ OT pa3MepoB YaCTHIl HE0OOXOTUMO
3HAHUE MATHUTHOM BOCTIPUUMYHUBOCTH JIb/IA.

. Cuiia oTTAJIKMBAHUS MEXKIY YACTHUIIAMH IOCTATOYHO
BEJIMKA, OHA CIIOCOOHA yAePKUBATH YACTHIBI BHYTPH
KOJIbIIA [1a’Ke B TOM CJIy4ae, KOrJa MCKPHUBJICHUE Kpas
KOJIBIIA POM30IILJI0 M3-32 NMPUTAKEHUA, BOSHUKIIIETO

MEKAY YaCTUIaAaMU KOJIbIIA U CIYTHUKOM,

ABUKYIIUMCH B IIECJIN MEKAY KOJIbIIAMM.

 NASA/ JPL-Caltech/Space Science Institute



Poub MmarmeTruzma CatypHa B pABHOBECHOM pa3jieIeHUuH
KYCKOB IJIOTHBIX KOJIell

Pemaercsa 3agada o BBaHMOHeﬁCTBHH ABYX OAMHAKOBBIX JTHAMAI'HUTHbIX
OJHOPOAHO HAMAI'HNYCHHDbIX cq)ep BO BHCIIIHEM MAarHuTHOM I10J1€.
Ecaun maccsnl qaCTHulI paBHbI, TO 0ajiaHC I'PABUTAINOHHBIX U MAI'HUTHBIX

cui1, Fg + Fm = 0, npoucxoaut, xkoraa
3
F.au. R | mg | pu—py | |34

vy | M, |+ 21, (V4rG

100 . 1
repulsion ~ -5

Puc. 3aBucuMocCcTh CHJI
OTTAJIKUBAHUA U NIPUTSIKEHUSA OT
PACCTOSTHUS MEKAY YaCTULAMM

10

attraction ~%

1

1 % 3 4 5 r,au.
R — paauyc yacTuubl, 4 U §; - MATHUTHbIE IPOHULIAEMOCTH. |\/|p — MacCCa YaCTHUIIbI,

Ms — marauHTHBIH MOMeHT CaTypHa.

V. Tchernyi, S. Kapranov & M. Belodedov. https://ui.adsabs.harvard.edu/abs
[2023PAIJ....7..146T/abstract ; PAIJ, 2023, 7, 2, 146-148



k. MakceBeJsu1 10Ka3aJjl, 4T0 BUAUMbIE IJIOTHbIE KOJbla CaTypHa COCTOSAT U3
OTECJbHbIX METCOPUTOB (KYCKOB). ITO 00eClIeYuBaeT CTA0MIBHOCTU KOJIEL

J. Maxwell. On the Stability of the Motion of
Saturn's Rings. MNRAS. 1859, 18.

Adams prize, 1857.

MakcBeJu1 YTBepP:KIAaJl, YTO KOJIbIIA J0JIKHBI
ynactb Ha CatypH

MakcBeJl1 J0Ka3aJ1: JUCK IVIOTHBIX KOJIEI MOKET ObITh YCTOMYUBBIM TOJIbKO
€CJIM OH COCTOUT U3 POl HECBA3AHHBIX MEXK/Y COO0M METCOPUTOB (KYCKOB).
CTaduiabHOCTH KoJIel 00ecreunBaeTcs uX npursakeHueM K CaTrypHy M B3aUMHBIM
asukeHueM CarypHa u mereoputoB . Ucniosib3ys anaans @ypbe, OH U3Y4HJI
pPacnpoCcTpaHeHHue BOJIH B TAKOM KOJIbIIE U MOKA3aJI, YTO IPU ONpeaeTeHHbIX
YCJIOBHMSIX METEOPUTHI HEe CTAJIKUBAKTCA APYI € ApyromM. B ciayuyae AByX KoJiel| OH
O0HAPYKUJI, YTO NPH ONPeAeTCHHOM COOTHOLIEHUM UX PAAUYCOB BO3SHUKAET
YCTOMYHUBOCTb.

Ho oH He cka3aJi, Kakasi CUJIa yIePKUBaeT YaCTUIIbI pa3aejeHHbIMU. B ero Bpems
He ObLJI0 U3BECTHO, YTO KOJIbIA COCTOSAT U3 KYCKOB JIbJIA U YTO JieJl TUAMATHUTEH.

Picture courtesy of: https://lernodo-newtonic.com/maxwell-contributions



F. Doolan, ABcrpanausi. B uatepBbio raszere bpucoena 1.08.2023 Boipa3uia HaM

OsaromapHoctb: “Russian scientist V. Tchernyi for introduction to magnetism
of Saturn’s rings”. Ero crarbs: 10.37532/2320-6756.2023.11(2).324
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Meet our
of the rings

Everything you thought you knew about Satwrn's Bring s wrong. Pictured is Fenton Doolan.

By Sonia Isaacs

ON occashon you come
across a teaching professional
who holds such an obviouns
excitement and passion for
thedr subject matter, it inspires
YOUu 1O Wwant 10 (iscoOver more
Glasshouse Cheistian College
Head of Science, Fenton
Doolan's passion has pust
resulted in his work being
puablisheed in the prostigious
Harvard & Smithsomdan Centre
for Astrophysics Journals

Talking 1o Fenton about this
remarkable achievernent and
you are immediately drawn
nto his passion, but put at
ease in his abdlity to take a
complex subject - in this case,
astrophysics - and discuss it
in a way that makes it seem
accessible, exciting
and ntetesting

Sulvcrileng
to the theory
that basic s e
explanations are beat, han

lead Fenton on his own journey

of decovery

Fenton's groundbreaking
resoarch adgues the “spokes
observed in Satwn’s Bring
May Conuist of & magnetic
type of carbon called
pyvrolytic carbon deposited

m

omo silicate prams by the
process of Chemical Vapour
Deposition (CVD). recogrised
Internationally

It took fowr ywars of research,
for Featon's unigue theory
offering an alternative
explanation of the spokes
observed in Saturm’'s rings
to find a pablisher and has
now opened up & world
of possibalities for further
research and interest in the
global science community

Fenton said he had abways
held a fascination with
astrophyysics rom a young ape

“1 remember being ntecested
n astronomy and science from
& very young age, and even ot
three years oid being
meumneroend

by the
agneth

rocks Hound in

my Grandma’s front yard
nterestingly when t was a kid,
| Mlways said | wanted to be an
Astroplvsicist when | grew up!™
he loughingly explained

AUGUST1,2023 | 9

Fomton sasd be ininally
£ot into physics research by
chance around esght years
ago when he wanted to
discover more about gravity
and possible explanations for
the force. Me had reached ot
to Russian screntist Viademir
Tchernvs who had introduced
Fenton to his own studies of
Saturn's rings which spacked
Fenton's initial mterest and
lead him to read most of
the research conducted in
the Llast 40 years concerning
the “spokes” that appear in
Saturn’s B.ring. Fenton said he
spends an hour or two a night
reading anticles on the intemer
related to Astrononvy and
Astrophysics, and lately he has
been paticularly interested
in the indngs of the James
Webb telescope. "My research
sugpests that Satarm's tings
may be an elec tromagnets
phenomenon. Junt this
Last weook scromtnsts
have condirmed that the

Jarmws Webb telescope

has detectod carbon grains
in the early universe which
wias totally unexpected but
wonderiully backs my theory!”
said Ffemton



BbIBO/1bl
BrnepBble penieHa 3ajgada o0pa3zoBaHus KoJjiell Ha dkBaTope CarypHa.
Ha ocHoBe JaHHBIX 30H1a KacCMHM npeasioxkeHa Teopusi MPOUCXO0K/ICHU N
IVIOTHBIX KoJien CarypHa, pemnuBiias 3ty 400-aeTHroro 3araaky ¢ 1610

OTKpBIT HOBBIN (Ppu3HUYecKuil 3P PeKT B MPOUCXOKICHUH MJIOTHBIX KOJIEL
CarypHa, CBA3aHHBIN ¢ PYHIAMEHTAJIbLHOM POJIBLI0 €r0 MATHUTHOIO IOJIA B
3TOM npouecce: MaraHuTHasgs AHU30TPONMHAsE AKKpeuus JJuaMarHuTHbIX

Kyckos JIbaa okpyxasmux CarypH

Onpeaesnena cuiia B reopun Makcsesia, 1856, pasaensironmas KyCKu Jibaa
B IUIOTHBIX KoJIbIax CarypHa — clJia pacTaJKUBAHUA IMAMATHETUKOB

JlaHO MHTEePBBI0O AMEPUKAHCKOMY AcTpoHOMUYeckomy Oo0mecTny, 2020

Pe3yibTarTbl HAIIUX UCCIAETOBAHUN T0J10KEHBI HA MEKIYHAPOIHbIX
koH(pepeHuusax B Poccuu, CIIIA, Kurae, ABcrpaauu, @panuuu, Urtaauu

Ha 3anajne CHAT HAYYHO-NIOMYJISIPHBIA (PUJIBM 0 HALLICH Teopuun



Ios1e3HbIe MyOJIUKAIIMHA

- Tchernyi V.V., Kapranov S.V. Space Research Today, April 2024, P. 80-85
https://issuu.com/cosparspaceresearchtoday/docs/srt_219 april _2024?fr=sYmI1MzYzNzM50TU

- Tchernyi V.V., Kapranov, S.V. Astrophysical Journal, 2020, 894, 1

- Tchernyi V.V., Kapranov S.V. RNAAS Res. Notes AAS. 2021, 5, 255.

- Tchernyi V. AAS Journal Author Series: https://youtu.be/La7TRmcWGUTQ

- Tchernyi V., Kapranov S. https://ui.adsabs.harvard.edu/abs/2023PAlJ....7...54V

- 4-muH puabm: The Mystery Of Saturn’s Rings Solved By Magnetism?
https://youtu.be/AlI6AaMJIoR4A

Cnacu00 32 BHUMaHue!

Hosble n3Bectus, 11.04.2023: HamaruuueHHbli Jiea:
Poccuiickue yuyeHble Y3HAJIM, KaK NOSIBUJINCH KoJbla y CaTypHa

https://newizv.ru/news/2023-04-11/namagnichennyy-led-rossiyskie-
uchenye-uznali-kak-poyavilis-koltsa-saturna-403911



