ConHeyHasa cuctema



Pazmepbl ConHEeYHOU CUCTEMD

bonblWwKe naaHeTbl pacnosaratoTca
Ha paccToAaHMAX <30 a.e. oT ConHua.
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CtpykTypa ConHEYHOU CUCTEMDI

 [lnaHeTbl 3eMHOU rpynnbl
* [loAac acTtepongos

* [lnaHeTbl —TUTraHTHI

* [loac Konnepa
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[TapameTpbl NaaHeT

[TnaHeTbl 3eMHOM rpynnbl, ra3oBble TMraHTbl, 1IedAHblE€ TMITAHTDI,
Kdp/1InMkOBble MNJ/iaHeTbl (OCHOBHOVI NOAC aCTepongos U TpaHCHeI'ITyHOBbIE)

MnaHeTa
nameTp, Macca, OpbuTanbHBIA Mepuopn obpalleHus, CyTKH,
(kapnukoBan A - - S o MnoTHoCcTb, Kr/m?

} OTHOCUTEITbHO OTHOCUTElbHO paguyc, a. e. 3eMHbIX neT OTHOCHUTEnNnbHO
nrnaHeTa

MepKypit 0,382 0,055 0,38 0,241 58,6 5427
BeHepa 0,949 0,815 0,72 0,615 243130] 5243
3emnsl131] 1,0 1,0 1,0 1,0 1,0 5515
Mapc 0,53 0,107 1,52 1,88 1,03 3933
Llepepa 0,074 0,00015 2,76 4,6 0,378 2161
lonuTep 11,2 318 5,20 11,86 0,414 1326
CaTypH 9,41 95 9,54 29,46 0,426 687
YpaH 3,98 14,6 19,22 84,01 0,718[130] 1270
HenTyH 3,81 17,2 30,06 164,79 0,671 1638
MnyToH 0,186 0,0022 39,21132] 248,09 6,3871130] 1860
Xaymea ~0,11 [133] 0,00066 43[132] 281,1 0,163 ~2600
Makemake 0,116 ~0,0005 [134] 45,41132] 306,28 0,324 ~1700 [135]
Spvaa 0,182 0,0028 67,8(132] 558,04 1,1 2520




CNyTHUKKU NNaHeT
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1609.08215

BoaaHble poHTaHbI Ha EBpone
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Ewe B 2014 r. HabatoaeHmA Ha Xabbne no3sonnau
3ano403pUTb Hannyme BoaAHbIX BbiIbpocoB Ha EBpone.
HoBble gaHHble, TaK}Ke nosiydeHHble Ha KTX, AatoT HOBble
aprymeHTbl B NONb3Yy NPUCYTCTBUA TAKUX «GOHTAHOBY.

[1aHHble nonyyeHbl BO Bpema npoxoXaeHuna EBsponsbl no
ancky tOnutepa. HabntoaeHma senncob B gasbHem YO.
Pe3ynbTaTbl NOAyYeHbl MO NOMOWEHUIO N3NYYEHUA B
BbibpoOcCax.



doHTaHbI Ha EBpone




KpuoByaKaHU3m Ha EBpone

Habntogenna Ha Xabbne B pespane 2016 .
[Mpegblaywme — B mapTte 2014.

1704.04283



1604.07461

CnyTHMK Makemake

UTC April 27 2015
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UTC April 29 2015

Tenepb BCe YeTbipe 3aHENTYHOBbIE KAP/IMKOBbIE MIAHETbI MMEIOT CMYTHUKM.



AcTepounabl

21 Lutetia

1-2 MNH 06beKToB

C pa3mepamm >1 Km 253 Mathilde

N3BecTHO <1 m/H

.
‘l
‘ ” 243 Ida

(243) Ida 1 Dactyl

HnameTtpbl <500 Km
S 433 Eros
CymmapHaAa macca
HEeCKONbKO % oT
Maccbl JIyHbl

” 951 Gaspra

2867 Steins

4 Vesta Q 25143 Itokawa



3aKoHbl Kennepa
Kepler’s 1st Law
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Derivation of Kepler’s 3rd Law

When something is in orbit, Centripetal Force is caused by Gravitational Force.
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[1BnkeHune no anauncam, B oaHom 13 ¢okycos — ConHue.
3aKOH nJowaaen: AsnxKeHue bbicTpee B Nepurenmnu.
KBaapaTbl NnepnoaoB OTHOCATCA KaK Kybbl 60nbLIMX NONYOCEWN.

Kepler’s 3 Laws of Planetary Motion

< _Planel
:

6 months
6 months

-

(1) (2) 2(3) 4 T = time to complete orbit
The orbits are ellipses Equal areas in equal time T® o< @a” a= semi-major axis




YTO4YHEeHMne TpeTbero 3akoHa Kennepa

Echn He npeHebperaem maccomn
bonee nerkoro Tena, To 3aKOH
C/Ierka MeHseTcs.

Mpumep: cAnAHUE YePHbIX Ablp
R=2.95 km (M/Msolar)
0%=(2n/T)*=GM/a3, a=a,;+a,, M=M+M,
YactoTa nsnydyenusa = 2/T

NnvHa BonHbl =cT/2



http://www.skyandtelescope.com

Oymyamya — NepBbIN MeXK3Be34HblN

Path of ‘Oumuamua .-~
(2017 U1)

Orbit of a comet
within solar system




1909.05851

Mex3Be3aHaa Kometa C/2019 Q4 (Borisov)

2019 Dec. 9.745968 + 0.94 TT
3.1551235+0.13

1.95954186 + 0.035 au
210.22059 + 0.90 deg (2000.0)
307.71365 + 0.33 deg (2000.0)
44.49503 = 0.34 deg (2000.0)

Distances (au)

r'-band magnitude

4 Jul

—— Heliocentric distance
—— Geocentric distance
— — Solar elongation

2 Oct

31Dec 30Mar 28Jun 26 Sep
UT Date (2019-2020)

25 Dec

25 Mar

w
=
o
=
2.
o
S
(=]
<]
=
o
=]
o
@
Q




J[leBATaA N/1aHeTa

B TeyeHmne HecKo/bKux net
HAKaNAMBAOTCA AAHHbIE, KOTOPbIe
CBNOETEeNbCTBYIOT B MOJ1b3Yy TOTO,
4yTo B CONNHEYHON cucTeme

MOXeT ObITb eLle oaHa

MACCMBHaA NJaHeTa.

B aHBape 2016 r. nosiBuAacb paboTa
baTtbirMHa u bpayHa, KoTopas
BbiB€/1a 06CYKAEeHMEe Ha HOBbIMN
YPOBEHb.

Hayanmncb akTUBHbIE MOUCKHU
NEeBATOUN N/IAHETHI.

S0

1601.05438, 1603.05712

OpbuTbl Aaneknx manbix Tea OKa3blBAOTCA
0cobbim cnocoboMm «BbICTPOEHbI».

YT06bl OO BACHUTL 3TO MOXKHO MPUBJIEYD
rmnoTesy o CyWwecTBOBaHUM NAHETbl C Maccou

B HECKO/IbKO 3eMHbIX 1 >10 pa3 aansblue NayToHa.



1601.05438

KnacTe 1 N21aHeTbl
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HoBble OTKPbITUA
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B 2016 r. 6binn caenaHbl HOBblE OTKPbLITUA, NOATBEPKAAOLME MOAENb C AEBATOU N/IaHETOMN.




«byoem UCKaTb....»
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2013 RFgg/' o :

2004VN 112 N

2012VPy13 7~

Sedna

Planet Nine

2012GB174 /

skyandtelescope.com

MopaennpoBaHMe NOKa3bIBAET, YTO Cenyac «AeBsATan NaaHeTa» MOXKET HaxoAMTbCS
B6/M3K adenna ceoert opbutbl. [osTOMY OBHAPYXKUTL €e Henerko.



1410.2816

Cyabba paccesaHHbIX NNaHeT

BsanmopgeicrTeme Ten B NPOTONaHETHOM AUCKE
MOXET NPMBOANTL K BbIOPACbIBAHUIO HA JaneKue
BHELIHMEe opbUTbl 4OCTaTOYHO KPYMHbIX Te.
OpbUTbI CamMbIX MAaCCUBHbIX PACCEAHHbIX Te
ObICTPO CTAHOBATCA KPYINbIMU. A BOT Ierkue
MOTYT OCTaBaTbCA HA BbITAHYTbIX OPOUTAX.

ABTOpPbI NonaratoT, 4YTo Aaxke B CoNHEYHOM cucteme MoXKeT bbiTb
cBepx3em/s Ha pacctoaHum nopaaKka 300 a.e.




New Horizons

20 miles

AOS eseu MMM

MepBble NoapobHble CHUMKKM NoBepxHOCTU [N1lyToHa 1 ero CnyTHUKOB.



1604.05702

[MoapobHble KapTbl [ayTOHA 1 XapoHa

YAanocb U3y4nTb pPasHble TUMbl Y4aCTKOB MOBEPXHOCTMW.

B HEKOTOpPbIX C/yyaax paspelieHune 6bia10o
nydwe yem 100 meTpoB Ha nuKcen.

/| Cronb getanbHble CHUMKM NO3BOAAIOT AeNaTb BbIBOADbI
06 nctopmn GopMMPOBAHUA PA3INYHDBIX CTPYKTYP
Ha NOBEpPXHOCTU U 06 NX cocTaBse.

OBHapyKeHbl C/IOXHbIE CTPYKTYPbI, B TOM YMC/ie
OTHOCUTENbHO Mmonoable. T.e., [N1YyTOH — He TaKow
A TRCEE )| «MepTBbI» MUP, KaK Nonaranun paHee.

" XapoH (cnesa)

No AaHHbIM Ha Sputnik Planum HeT KpaTepos, yTo roBoput 06
NEAR[o]57{e]s A O4E€Hb MOJI0A0M BO3pacTe 3Ton obnactm (<10 maH ner).



1604.05702
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MeXnnaHeTHaAa cpena u reanocdepa
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BaXKHbiM KOMNOHEHTOM CONMHEYHOM CUCTEMbI ABNSIETCS MEXN/IaHeTHas cpeaa.
Bo MHOrom ee cBOICTBa onpeaenstoTca NOTOKOM Bellectsa oT ConHua.
Ho TaK)e BaXXHbl Mbi/b U ra/lakTU4YECKUEe KOCMUYECKMe nyyu.



[AaNaKTUYECKNN CNUpanesopoT

HenpepbiBHO MaeT npouecc
0bpa3oBaHUA HOBbIX 3Be3/

N NNAHETHbIX CUCTEM,

a TaK*Ke Bblbpoca BellecTsa B
MeXK3Be3aHYIo cpeay. .
[epBble 3B8e3/bl HE MOIMNK
MMETb KAMEHHbIe NNaHETbI.

Co BpemeHeM NoABUANCH
TAXKENble 3/IEMEHTbI,

N CTA/10 BO3MOKHbIM
cOo3/aBaTb TBepAble NAaHEeTbI.

HakoHel, noABUaChb XXN3Hb.

ACCRETION DISK

/

http://spaceref.com/onorbit/the-stuff-of-life-comes-from-space.html



[lpoTONN1aHETHbIe AUCKU

Mbl BUAMM, KaK 06pas3ytoTcs NAaHETbl U 3Be34bl.
B HeKoTopbIX cny4anx yaaeTcsa JaxKe pacCMOTPETb
. CTPYKTYPY NPOTONAAHETHbIX ANCKOB.

Spiral features revealed in SAO 206462’s dust disk

Circumstellar disk

Spiral arms

Size of Pluto’s orbit
to scale

Protoplanetary Disks HST - WFPC2 A >
Orion Nebula 7.3 billion miles
PRC95-45b - ST Scl OPO - November 20, 1995 11.8;)9“2(3’\ km

M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA 0.5 arcsec




OcTaToO4YHble ANCKU

.“_D

Fomalhaut b Planet

HD 141943

HD 191089

OcTaToOuYHble ANCKM BO3HUKALIOT YXKe nocne
TOro, Kak NPOTON/IAHETHbIN ANUCK UCCAK.
OcTaTo4Hble ANCKU MONONHAKOTCA

BeLL,ecTBOM bnarogaps CTOIKHOBEHUIO
HeboNbLINX Ten.




http://www.planet.sci.kobe-u.ac.jp/study/list/astrophysics/index_e.html

YnpoulleHHaa KapTUHa pPoXKaeHuA

[onroe Bpema mbl NpeacTaBasanm cebe obpasoBaHue
NAAHETHbIX CUCTEM B PaMKaxX AOCTaTOYHO YNPOLLEHHOM
KapTUHbI:

a) BO3HMKAET 3B€34a N ANCK BOKPYT Hee

6) B ANCKe HAYMHAETCA CAMMAHUE Mbl/IEBbIX YaCTUL,

B) NOCTENEHHO U3 HMX 06pa3ytoTCca NNaHEeTE3UMANN

) KpynHble NIaHETE3UMANN PACTYT, NOM/I0OLWasa Menkme
1) HAKOHEL,, OCTAOTCA KPYMHble NAAHETLI.

Bce nnaHeTbl CTOAT NPUMEPHO Ha CBOUX MeCTaxX:
e B6/113U 3Be€34bl — MaJlIeHbKNe Kene3HO-KaMeHHble
® NaJ/iee —ra3oBble T’mraHTbl

* elle Aasblie — ra3oBo-/egAHble TMraHTbl

JTa KapTnHa YCIOXKHU/T1AaCb C OTKPbITUEM 3K30MNJ/1aHET.



CHerosasa N"nHuA
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B6an3u 3B€3/4bl }KapPKO, MO3TOMY Z1IeJ HE MOXeET CyleCcTBOBATb.
Tam O6p33YI-OTCFI KaMeHHbIEe U XKe/1e3HO-KaMEHHbIE Te/la.

B ConHeYyHoM cnucteme cHeroBasa IMHMUA COOTBETCTBYET NpMmMmepHo 5 a.e.

OaHakKo, negaHblie 06bEKTbI Nocne 0bpa3zoBaHMA MOTYT NonacTb 6/1nKe K 3Be3ae,
a KAMeHHble MOryT bbiTb BbIOpOLLEHbl BO BHELWIHME 006/1aCTU CUCTEMDI.



1307.7439

TW Tuapebl: HabntoaeHmna Ha ALMA

3amep3aHue CO

Habnopganu nanydyeHne noHos N,H*

I 50 AU
—

OHM 0OU/IbHBI,
TonbKo ecnun CO Bbimeps.

Residual

Flux [Jy km/s beam™]




OT NbINNHOK A0 KUWJIOMETPOB

Tak MOXXHO BbICTPO CO34aTb YaCTULbI MUITMMETPOBOrO pa3mepa.
... [lanblle BO3HUKAOT Npobaembl ...
a) CAaHTMMETPOBbIE TeNa NPU CTOJIKHOBEHUM
HAYMHAIOT pa3pyLlaTbCA, @ HE PacTu
6) n3-3a B3aMMOAENCTBMNA C ra30M TaKkme YacTuubl 6bICTPO
TOPMO3ATCA U BbINadatoT Ha 3Be34y

BO3MOXKHO, YTO UK NpouncxoanT bbicTpoe popmuUpoBaHme
naaHeTe3snmasien 3a cHeT rpaBUTALMOHHbIX 3bPeKTOoB,
NN YKe — U3-33 a3POANHAMUNYECKUX.




OT KnnomeTpos A0 3eMNu

TyT BCe npocTo!

CTONKHOBEHMA NPOUCXOAAT Ha TAKOM CKOPOCTH,
YTO OCKOJIKM BOMAYT B COCTaB KPYMNHOro Tena.

Tak MOXHO aenatb TBepAble naaHeTbl (A4pa)
MacCoOM 40 HECKOJIbKMX MacC 3emMnu.

[anblwe, 4tobbl cTaTh HONUTEPOM,
Hago HabupaTb ras.

http://phys.org/news/2010-12-earth-growth-spurt.html



1206.0738

Onunrapxmyeckuit poct nnaHeTesnmanemu

KpynHble nnaHeTe3nmanun akTMBHO NornoLatot 6onee menkue.

9TO Ha3bIBAETCA «OIMTAPXNYECKUIN POCTY, T.K. YeM KpyrnHee ob6beKT, Tem bbicTpee
OH pacTerT.

HaKoHel, oCTaeTca NnLlb HECKO/IbKO KPYMHbIX T/, KOTOPbIE Y3Ke MOYTU He

MeLlatoT Apyr Apyry.
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IBoNtOUMUA OPOUT NeaaHbIX O/IUTAPXOB
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N3-3a B3anmoaeuncrems
MEHSEeTCA He TOJIbKO
Macca 0b6beKToB, HO U
NX MECTOMMOJIOKEHNE

B cucteme (T.e. opbuTa).

BbibpocuTb npoule nerkme
06beKTbl, HO NMOTOM OHMU
elle MOryT HapacTUTb
CBOIO Maccy.



WWW.S0S.siena.edu

Ot 3emnun go KOnutepa

Disk of gas and dust

g S b CraTtb Onutepom nerko,

ecnun bbicTpo HabpaTb 20 macc 3emaun.
Ho moaenn noKasbiBaloT,

4YTO CAeNaTb 3TO COBCEM He NpPocTo!

Dust grains

A

Dust grains clump

into planetesimals
Planetesimals collide

and collect into planets

[leno B TOM, YTO NPOTOMN/IAHETHbIN ANCK NOCTENEHHO TEPAET Maccy,
nosTomy Bpemsa GopMMPOBAHMA NJIAHET OrPaHUYEHO.

Ecnun Teno 6yaet npocTo cBOEn rpaBuTaLMen 3axBaTbiBaThb ras, To
BPEMEHWN HEe XBaTUT.



dopmmnposaHmne ConHeyHoOW CUCTEMD

cDOF)MI/IF)OBaHMe NAaHEeT-TMraHToB BO3paCT 4 567 MApA NeT.

— MUNJIMOHBI NeT.
dopmumnpoBaHue NaaHeT TUNa 3eMIun —

AeCATKU MUNJIUOHOB.
«[Mo3aHAaa Taxkenaa bombapanpoBKa» —
OK0J10 600 M/IH neT nocne (I)OpN\I/IpOBaHI/IH

, MN30TONHBbIN cOCTaB roBOPUT
.| 0 Tom, uTo ConHLe

" bopmumposanoch B
3B€3/JHOM CKOMNEHUN.

Calcium—aluminium-rich inclusion



1408.2787

Co/iHe4YHaa cuctema: murpaumAa naaHer
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Late Heavy
Bombardment

Accretion
disk

XY N Radial
mixing

Mass
removal

Second mass
removal

Semi-major axis (Au)

Kak murpuposanu nnaHeTobl B CONIHEYHON?

ABTOpPbI UCNO/Ib30BAIN AA@HHbIE MO acTponaam,
KOTOpPble Obln BbIHYXAEHbI aKTUBHO
nepemeLlaTbca U3-3a BO3AENCTBUA HA HUX
6onblLUMX NNAHET.

MosaTomy no pacnpeaeneHunto actTeponaos
MOHO OTC/1IeANTb UCTOPUIO MUTPALUN.

[lnaHeTHaa murpayma NOAHOCTbIO
3aKaHUYMBAETCA MeHee YeM 33 MUNnapA NerT.
[lpaBAaa, acTeponabl NPOAONKAKT MEHATb
CBOM OpbUTLI, HAaNpumep, 3a cyeT

apPekTa ApKoBCKOro.

NcTopuio murpaLmm ot4acT MOXHO BOCCTaHOBUTb
Mo CBOMCTBAM OPOUT Manbix Tes.



[Mo3aHAA TaXenaa bombapanpoBKa s L
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Koeber's VYiew of the LHE
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Nice model u Grand Tack

30 | APV

HeycTonuynBoCTU OPOUT NNaHET U
Ma/iblX Te/ 3a C4eT MUTPaLUN.

The Grand Tac

10

Pe3kaa nepecTponka opbut
MACCMBHbIX TE€/1 MOXET NPUBOAUTb
K HEYCTOMYMBOCTU OPOUT Manbix Ten.

distance from Sun (AU)
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a)KeI-(LI,l/Iﬂ B3aumopencrtesume ten (nnaHeT, nnaHeTe3nmanemn) B ANCKe

NO/IKHO NPUBOAUTL K TOMY, YTO 3HaUMUTE/IbHAS YacTb
6onee nerknx o6BHEKTOB (C pazmepamm nopsaKka KUIOMETPOB)

byaeT BblbpacbiBaTbCA.
B obnako OoprTa
n n3 Con. Cucr. B pe3ynbrate AeNCTBUA NJIAHET-TUTAaHTOB

Nierkme obveKkTbl BblbpacbiBaanCh Ha
BbICOKME OpbUTbI U JarXKe COBCEM B
MEX3Be34HO0e NPOCTPAHCTBO.

TaK»Xe Ha 3Ton cTaauu
NPOUNCXOAMNT T.H.
MO30HAA MAMenas
6bombapouposkKa.

B nosAc Konnepa
n obnako OopTa



[Noac Konnepa

Ha pacctoanumn 40-50 a.e.

pacnosnaraetca 6onbluas
rpynna Tesa, UMeoLwmx
OpOUTbI C HU3KMM
aKcueTpucuteTtom <0.2

[MepBbint OOBEKT OTKPLIT
B1992r.

CymmapHaa macca
okono 0.001 3emHoMN.
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KomeTbl

TunuyHble maccol 1018-1018 r,
B coctaBe MHOro netyvmx
BeLLeCcTB B BUAE NbAOB. "

gas tail \

ion tail

r i : . . dust tail
‘/ dust tail - I - '
Ty / . \nucleus
T . ¥ - : ' ¥
.;\f\ Aapo nmeet pasmep
| OKOJ10 HecCK. Km
P [0on10Ba — A0 MJIH,

XBOCT — 40 COTHU MJIH



1710.03454

[1BonHasa KomeTa [naBHOro nosca

288P (300163)

bonbwoun skcueHTpmucutet AgBonHomn e>0.6
OpbutanbHbiv nepuoa 100-175 aHen.
PacctoaHue mexay tennamum ~100 Km.

O4yeHb HETUMUYHbIN ABOWHOM acTepPoOUA.,
3Ha4nT, 0cobbIn mexaHn3m GOPMUPOBAHUA

BO3MOXXHO, aKTUBHOCTb acTepounaa
3anyuleHa CTOIKHOBEHUEM C Te/IOM
Pa3mMepom OKO10 MeTpa.

3Bontouma opbuTbl ABOMHOMN MOXKET
ObITb CBA3aHa C UICTEYEHNEM BELLLECTBA.



OH e 288P, oH e 300163,
OH ke 2006 VW 54, OH e P/2006 VW 54

OTKpbIT Spacewatch 8 2006 .

KomeTHaA aKTUBHOCTb OTKPbIT:
B 2011 r. Ha Pan-STARRS.

. Pasmepbl KOMMOHEHT 1-2 Km.

Aug. 22, 2016

wikipedia.org



1701.00685

NocnegHnn Kagp ROLIS

[locne OKOHYaTeNbHOro «YyNOKOEHUA»
Kamepa ROLIS Ha 6opTy 30HAa Philae
caenana 5 CHUMKOB.

M3 HMX 4 — C NOACBETKOM CBETOANOAAMM. |
HaKoHeu, 4yepes

ABa 3eMHbIX AHA Ha NOBEPXHOCTHU
6bin coenaH nocneaHMiM CHUMOK.
Ero nepenaya 3aKoHYMANACh

3a CEeKYHAbl 40 ncyepnaHuma
3anacos baTapemn.




O6nako OopTa

Interstellar Distan c_e{'s;fé'(_'ﬁﬁ"i"tarépecflve'
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Heliosphere : Interstellar Medium .

.
Seurce: B Mewaldi & P. Liewer, JFL

CoBpemeHHaAa macca obnaka Ooprta
cocTtasnaet npumepHo 1-10 macc 3emnn.
3TN 06BEKTLI POAUIUCL TOPA3a0

6nnxKe K ConHuy: Ha <(40-50) a.e.

OHu 6biM BbIOpOLWEHbI OTTYAA
6narogapa B3aMMOAENCTBUIO C
MACCUBHbIMW TE/TAMMU.
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3¢¢eKT HpKOBCKOI’O [1pn TaKOM BpaLLEeHUN

ropa4Yas 4yactb byaer

PA3roHATb OODBEKT.

T.e., opbuta byaet
PACKPYYMBAIOLLENCA CMUPANbIO.

Mpwn obpaTHOM BpaLLEHUMN
Teno byaet TOpMO3UTbCA
n NpubANKaTbCA K 3Be31e.

Prograde Retrograde

© | i Dusk /
f‘ 1o Sun
A ‘ A Net

Radiation




ddPeKT JInnosa-Kosaun

Y Op6VITbI MoryT ogHoepemMmeHHO MEHATLCA HAK/IOHEHWNE 3KCUEHTPUCUTET.

3 / ) -
ddeKT cBSI3aH C BO3AENCTBMEM TENA em ~ Jl—(5/3) COSZ zﬂ

HaxoAALeroca Ha BHeLWHen opbure.

b deKT bbin
BnepBble ONUCaH
Muxannom Jinaosbim
ANA CNYTHUKOB

B 1961 r., a 3aTem

B 1962 r. 6bin

onncaH Ko3aun and
acTepomaos.




CTpyKTypa nnaHer

| .Hx:‘i<p01 Earth / Venus

Subduction :

Mbl He4OCTAaTOYHO XOPOLLO 3HAaeM AdaXKe 3eMto.
Nanbwe nayt tena ConHe4YHOW CUCTEMDI.
A elle Aanblie — 3K30MNAaHEeThHI.

[laxke n3yyasa CTpyKkTypy
HalweW NaaHeThl,
Mbl HE UMEEeM NPAMbIX AaHHbIX.

Continental

Atmosphere crust B o/

! ’ Crust [.I‘P"_'/

mantle

Oceanic §

~—_ Mantle '
> N‘f(m!u'
Gumm continues doun

B S [0 outer core

Cheter core of
molten metal

S
{ 3

Solid metal

nner cone

AR

1312.3323



1401.4738

3emn1Aa n3aaneka

Mid-oceanic
nage

Hot spot

'

Echn 6bl mbl HabAatoganu 3emnto,
KaK 9K30MNaHeTy, T.e. Y Hac 6bian Obl
NAHHbIE TO/IbKO MO ee Macce U
paaunycy, Mbl He CMO/IU Dbl

HMYero ckasaTb 06:

- aTmocdepe

- rngpocdepe

- Kope

Ba*KHO, UTO BCe BellecTBa
BeayT ceba no-pasHomy,
NPU CUNbHO U3MEHSAIOLWMNXCA
AasneHnn u temnepartype!



CTpyKTypa nnaHeT

Crust of variable thickness

3,389 km ;
S / (=100 km in south; 30 km in north)

1,300-1,500 km

™

Convecting silicate mantle

i/ (may be layered)

Atmosp

(hydroge
methane

Copyright © The McGraw-Hill Companies, Inc. Permission requin

Crust

, Mantle

; Metal core

JUPITER

cloud tops

gaseous hydrogen
liquid hydrogen

metallic hydrogen

core of rock, metals,
and hydrogen
compounds

MonekynsapHbiit BOgOPO4 U renuia

MeTannuueckuii Bogopog U renumn

Teepnoe CUNUKaTHOE 84p0o



Jlerkme m Taxenble
[lnaHeTbl AeNATCA Ha HECKOJIbKO

rpynn no cBOemy cocTasy.

B nnaHeTax 3eMHOro Tmna,
acTepouax U Komerax
OTHOCUTE/IbHO MaJ10o BOAOpPOA4a
U MOYTUN HET renus.

B ra3zoBbIX rmraHTax

Termestrial upitesr SahEm Lrars MNeptme  Huiparbelt  Oort doud

ere OHU AOMMHUPYIOT.

B cocTase YpaHa 1 HenTyHa

(neaAaHbIX TMraHTOB) 4OMUHUPYIOT ; ‘ .
3/IEMEHTbI TAXKeNee renms. m— |

1405.3752



CprKTypa TMraHToOB

TSR Woleclrt, (1029 Mo BCe BUAMMOCTU BCE MMraHTbl
6300- EE{HE K\ G _ _ B He UMeroT TBe pAoro Aapa
| | (McKAoUEeHMEM MOXKeT bbiTb YpaH).

d/1eMEeHTbI CerperMpoBaHbl|
16000 21000 K ba noa AencTBMeMmM rpaBuTaLmu.

Ices + Rocks
core ?

Jupiter Saturn Yy Molecular H, _——"___ T, -T0K
Helium + lces 1 bar
/ 52000 K
B UeHTpax MacCcMBHbIX NNAHET H .. |
AOCTUTalOT BO/IbLLMX 3HAYEHUN.
3TO YC/IOXHAET NOCTPOEHME
y o p 6000-6500 F Rocks? 50005500 K
TOYHbLIX MmoAdesien, T.K. Hen3BeCTHO R o
Uranus Neptune

nosegeHumne selectBa Npn TaknX yCioBuUAX.

1405.3752



TemnepaTypa 1 gasseHne B aTmocdepax ruraHTos

1405.3752



1405.3752

YpaBHEHME COCTOAHUA BOAOPOAA

log P [bar]

8

[laxe BoAOpOA — CaMblil MPOCTOM
anemeHT Tabanupl MeHaeneesa —
MMEeT OYEeHb C/IOXKHOEe noseaeHue
B Pa3HbIX YCA0OBUSAX.

HeKoTopble pesxMmMbl U3yYeHbl HaMU
10BOJIbHO MN0XO.



Cmecb BogopoAaa U renmnsa

Morales, et al. (2013)
Morales, et al. (2010)

Schouten, et al (1991)
Lorenzen, et al (2011)
Loubeyre, et al (1990)
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1405.3752




Merkel (2013)

YpaBHeHMe COCTOAHUA

97 VANN

S4

N

B nabopaTopHbIX 3KCNEPMMEHTaX
YPaBHEHME COCTOAHUA U3Yy4aloT,

CMMas BELLECTBO B a/IMa3HbIX AYEMKaX.
Ho noka A0CTUYb BbICOKUX NJIOTHOCTEN U

TemnepaTyp He No/y4YaeTcs.

Ha nomollb npuxoamMT moaennpoBaHme.
_ : ] : . :

& hep
B Dbec
= = limit of bee stability

8 melting curve .

emperature

5000

1500

Pressure (GPa)

Bouchet et al. (2013)




AZ1Ma3Hble HAaKOBa/1IbHU




Cxema aKcnepummeHTa

Diamond Anvil Cell
Perforated Regular Assembly
radial X-ray diffraction and laser

diamond diamond oo

|
// Sample 7

beveled washers ‘ ;1 §
sasswomtoneny_ R

the force

Diffracted - Focused “Sem

X-ra -
bear);l X-ray beam

assembled cell
Diamond seats

m——r‘/’w e

Rub Radial Port
Re metal gasket y

>\CBN diamond seat
WC diamond seat — |




KaK gaButb?

Pin - guide screw drive

NN
| L

2nd class lever drive Fluid - bellows drive pull - platen drive

six basis ways of providing force in the DAC (Bassett, 1979)




N

heater wires

.0...0......]

pressure medium

7 diamond ,
anvils

rhenium gasket

tungsten carbide
seats

(0000000

[lo 1300K

N-ray transparent  Xoray transparent
seat mirror



[lpunorxeHune K Hegpam 3eMnu

ACCESSIBLE REGIONS OF Pand T

(Modified from Mao & Hamley, Rev. Min. 37, 1998)

4 v 100 GPa ~ 106 atm
T S T T T
Jupiter

dny

. core-mantle
boundary

Ve

..+:Neptune

L = Laser-heated DAC
R = Resistive heated DAC
C = Cryogenic

Temperature, 1000 K

WY sseud Yy Yo easaim n OB XO" 1] JE MM,

1 1
400 Pressure,

()
(o)

1 1 J
Depth, km




1401.4738

Macca-paanyc AnAa nnaHeT 3eMHOTro TUna

e e bl i s
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NN (N N I O R
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Mass /Mgyt

[MpocTasa moaenb, B KOTOPOU
PACCYNTBLIBAIOTCA AAHHbIE
VWb NO 8 3/IeMEeHTaM,
[AET XopoLune pesybTaTbl
ana obvektoB Co/IHEYHOM CUCTEMBI.



