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Pasmepbl ConHEYHOU CUCTEMDI

bonbline naaHeTbl pacnoaarakoTca
Ha paccTtoAHUAX <30 a.e. ot ConHua.
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CtpyKTypa CONHEYHOMU CUCTEMDI

* [lnaHeTbl 3eMHOM rpynnbl
* [loac actepongos

* [lnaHeTbl —TUTraHTHI

* [losc Konnepa
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[TapameTpbl NaaHeT

[1naHeTbl 3eMHOWU rpynnbl, ra3osble TMraHTbl, 1€4AHbIE TMTAHTDI,
KadpP/1IMKOBbIE MNJ/1IaHETDI (OCHOBHOVI NMNOAC aCcTeponaoB u TpaHCHerITyHOBbIE)

MnaHeTta
(kapnukoBas
nnaHeTa)

OuameTp, Macca, OpOuTanbHbIN Mepuoa obOpalleHUs, CyTKM,
OTHOCUTENbHO OTHOCUTENbLHO pagwuyc, a. e. 3eMHbIX neT OTHOCUTENbHO

MnNoTHOCTB, Krim®

Mepkypuit 0,382 0,055 0,38 0,241 58,6 5427
BeHepa 0,949 0,815 0,72 0,615 243[130] 5243
3emnsl31] 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]
Spuaa 0,182 0,0028 67,81132] 558,04 1,1 2520




CNnyTHUKK NaaHeT

PerynapHsble
UpperynapHble
«Ocobble» (/lyHa)
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BoaaHblie poHTaHbI Ha EBpone
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Ewe B 2014 r. HabnoaeHnA Ha Xabbne no3soannm
3ano0403pUTb Ha/iMYMe BOAAHbIX BbibpocoB Ha EBpone.
HoBble AaHHble, TaKXKe noay4vyeHHble Ha KTX, gatoT HOoBble
apryMmeHTbl B NONb3Yy MNPUCYTCTBUA TaKUX «POHTAHOBY.

IlaHHble nonyyeHbl BO BpemaA npoxoXaeHnAa EBponbl no
ancky tOnutepa. HabntoaeHns senncob B ganbHem YO,
Pe3ynbTaTbl NOAy4YeHbl MO NOMMOWEHNIO N31YyYeHUA B
BblOpOCax.



1604.07461

CnyTHUK MaKemake

UTC April 27 2015

4 N/
-

UTC April 29 2015

Tenepb BCce YeTblpe 3aHENTYHOBbIE KAP/IMKOBbIE NAAHETbI MMEIOT CMYTHUKM.



AcTepouabl

21 Lutetia

1-2 MJIH 06beKToB

C pasmepamm >1 Km 253 Mathilde

N3BecTHO <1 m/H

h
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‘ m 243 Ida

(243) Ida 1 Dactyl

OunameTpbl <500 Km
F 433 Eros
CymmapHaAa macca
HEeCKO/IbKO % oT
Macchbl JIyHbI

” 951 Caspra

2867 Steins

4 Vesta Q 25143 Itokawa



Derivation of Kepler’s 3rd Law

When something is in orbit, Centripetal Force is caused by Gravitational Force.
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[1Bu>KeHne no anauncam, B oaHom u3 dokycos — CosnHue.
3aKOH naowaaen: AsuKeHme bbiCcTpee B Nnepurenmnn.
KBaapaTbl NepMoa0oB OTHOCATCA KaK Kybbl 6onbLLIMX NONYOCEN.

Kepler’s 3 Laws of Planetary Motion

< _Planet
:

6 months
6 months

s

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




YTOoUHeHMe TpeTbero 3akoHa Kennepa

Ecan He npeHebperaem maccou
b6o/1ee nerkoro Tena, To 3aKoH
c/lerka meHsaeTcs.

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

OnnHa BosHbI =cT/2



[leBATaA Nna1aHeTa

B TeyeHne HecCKo/IbKux et
HaKan/IMBaloTCA AaHHble, KOTOPbIe
CBMAETENIbCTBYIOT B MOb3Y TOrO,
4yTo B CONHEYHOM cncTeme

MOKeT bbITb ele ogHa

MaCCMBHas NiaHeTa.

B anBape 2016 r. noAsunacb paboTa
batbirmMHa u bpayHa, KoTopaAn
BbiBena 0bcyXaeHne Ha HOBbIM
YPOBEHD.

Hauyanmcb akTUBHbIE NOUCKM
NEeBATOWN NJIaHEThI.

IE

1601.05438, 1603.05712

OpbuTbl AaNEKNX MasblX Te/1 OKa3bIBAKOTCA
0CobbiM cNOCOHBOM «BbICTPOEHbDI».

Y1T00bl 06BACHUTDL 3TO MOXKHO NPUBEYD
rmnoTesy O CyLL.ecTBOBaHMUM NAaHETbl C MacCOWM

B HECKO/NIbKO 3eMHbIX 1 >10 pa3 ganbuie NayToHa.
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HoBble OTKPbITUA
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B 2016 r. 6b1nM caenaHbl HOBbIE OTKPbITUA, NOATBEPKAAOLWME MOAE/Nb C AEBATON MNAAHETON.




«bypem UCKaTb....»

e

2007 TGg4322 /

Sedna &
Planet Nine

2012GB174 /

skyandtelescope.com

MopaenmpoBaHMe NOKa3bIBAET, YTO CENYAC «AEBATAA NJAAHETA» MOXKET HAXOAUTbCA
B6AM3n adpenma cesoert opbuTbl. [losToMy 0OHAPYKUTL €e Henerko.



1410.2816

Cyabba pacceAHHbIX NAaHeT

B3anmopaencrame Ten B NPOTON/IAHETHOM AUCKE
MOMKET NPUBOAMUTb K BbIOpacbiBaHUIO Ha AasieKne
BHELUHME opbUTbI 4OCTAaTOYHO KPYMHbIX Ten.
OpbuUTbl CaMblX MaCCUBHbIX PACCEAHHbIX Ten
ObICTPO CTAaHOBATCA KPYMbIMU. A BOT Nerkue
MOTFYT OCTaBaTbCA HA BbITAHYTbIX OpbUTaXx.

ABTOpPbI NonaratoT, 4YTo Aake B CoNHEYHOW cucTeMe MOKET ObITb
cBepx3emna Ha pacctoaHnm nopagka 300 a.e.




WWW.Nasa.gov

New Horizons

20 miles
e ——]

[MepBble NogpobHble CHUMKK nNoBepxXHOCTH [N1lyToHa 1 ero cnyTHMKOB.



1604.05702

[MoapobHble KapTbl [1yTOHA M XapoHa

YAanocb M3y4mnTb pasHble TUMbl Y4ACTKOB MOBEPXHOCTH.

B HEKOTOpPbIX cny4yasax paspelwieHmne boisio
nydwe yem 100 meTpoB Ha nUKcen.

CTonb AeTanbHble CHUMKW NO3BOAAIOT AeNaTb BbIBOAbI
06 nctopmn opmmnpoBaHNA Pa3INYHbIX CTPYKTYP
Ha NOBEPXHOCTU M 06 NX cocTase.

O6Hapy*eHbl C/I0XKHble CTPYKTYPbl, B TOM YUCNE
OTHOCUTENbHO Mmonoaple. T.e., NAyToH — He Takown
VA TR GEE A «MepTBbIM» MUP, KaK Nosarann paHee.

n XapoH (cnesa)

NO AaHHbIM Ha Sputnik Planum HeT KpaTepoBs, 4To roBOpuUT 06
NSAR[e1s7{e s OYEHb MOJIOAOM BO3pacTe 3Tom 0bsactn (<10 maH ner).



1604.05702

boraTtas reorpadua n reonorus

Dendritic

Fluted Q

M (&
Washboard D lountainous

torraing.

TR

S

‘ 5




MeXnnaHeTHaAa cpena n reanocdepa
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BaXHblM KOMNOHeHTOM CO/IHEYHO CUCTEMbI ABAAETCA MeXKN/IaHeTHanA cpeaa.
Bo MHOrom ee cBOMCTBa onpeaenatoTca NoToKkom Belectsa oT ConHua.
Ho TaKMKe BajKHbI Nbl/b U raakTUYECKne KoCMUYecKmne nyuu.



[AaNaKTUYECKMM CNUPaneBopoT

HenpepbliBHO nAaeT npouecc
obpa3oBaHMA HOBbIX 3BE3/,

N NMAAHETHbIX CUCTEM,

a TaK»Ke BblbpocCca BewecTsa B
MEX3BE3AHYI0 cpeay. .
[MepBble 3Be3bl HE MOIU
NMETb KAMEHHbIE NAaHEeTbI.

Co BpemeHeMm NOABUINCH
TAXeNble 3/IeMeHTbI,

N CTa/I0 BO3SMOXXHbIM
co34aBaTb TBepAble MnJaHeThbl.

HakoHel, noABUAACb XNU3Hb.

ACCRETION DISK

/

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



[lpoTONN1AaHEeTHble AUCKU

Mbl BUAMM, KaK 06pa3yloTca naaHeTbl U 3Be34pbl.
B HEKOTOpbIX CAy4Yanax yaaeTca AaKe 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 Ear A >
Orion Nebula 7.3 billion miles
PRC95-45b - ST Scl OPO - November 20, 1995 11.8 billion km

M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA 0.5 arcsec 79 AU




OcTaToOYHble ANCKU

B

Fomalhaut b Planet

HD 141943

HD 191089

OcTaTo4YHble AMCKM BO3HUKALIOT YrKe nocne
TOro, KaK NPOTONAAHETHbIN ANCK UCCAK.
OcTaToYyHble ANCKM NOMOAHAKOTCA

BeLL,ecTBOM H61arogapa CTOIKHOBEHUIO
HeboNbLUUX Ten.




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

YnpouweHHaAa KapTuHa PoXaeHuaA

[lonroe Bpema Mbl NpeacTaBasan cebe obpasoBaHue
NNAHETHbIX CUCTEM B PaMKaXx JOCTaTOYHO YNPOLLLEHHOM
KapTUHbI:

a) BO3HMKaeT 3Be3/a N ANCK BOKPYF Hee

6) B AMCKe HaYMHAeTCcA CAMNaHue NblaeBblX YacTUL,

B) NOCTENEHHO U3 HMX 06pa3ytoTCA NNaHEeTE3NMANN

) KpynHble NJIaHEeTE3UMANN PACTYT, NOM/I0OWan Menkme
/1) HAKOHEeL,, OCTAOTCA KPYMHbIe NNAHETHI.

Bce nnaHeTbl CTOAT NMPUMEPHO Ha CBOUX MECTAX.
e B6/1M3U 3B€3/4bl — MdJ/IEHbKUE HKeNNE3HO-KaMEHHbIE
® iasiee —ra3oBblie r’mraHTbl

* elle gasiblle — ra3oBo-/iedsaHble TMraHTbl

JTa KapPpTUHA YCZIOXKHN/1AaCb C OTKPbITUEM 3K3O0M/IaHET.
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B61131M 3BE3bl }KapKO, MO3TOMY /e[, He MOXKET CYLLLeCTBOBaTb.
Tam 0b6pasyloTcs KAMEHHbIE U Kene3Ho-KaMeHHble Tena.

B ConHevyHoM cucteme cHerosas IMHMS COOTBETCTBYET NpMMepHo 5 a.e.

OaHako, neasiHble 06beKTbl Nocse 0bpa3oBaHMA MOryT NMNonacTb 6anXKe K 38e31e,
a KaMeHHble MOoryT bbITb BblOpOLLEHbI BO BHELLHME 061aCTU CUCTEMDI.



1307.7439

TW Tuapebl: HabaoaeHma

Ha ALMA

3amep3aHue CO

Habatogann nsnyyeHmne noHos N,H*

I 50 AU
—

OHU 0BbUANbHBI,
TonbKo ecan CO Bbimeps.

Residual

Flux [Jy km/s beam™']




OT NbIIMHOK A0 KUJ10OMeETpPOB

Early growth: Mid-life growth:
Sticking and Coagulation Gravitational Attraction

Tak MOXHO BbICTPO CO3AaTb YaCTULbl MUITMMETPOBOIO pasmepa.
... [lanblie BO3HMKAIOT npobnembil ...

a) CaHTUMETPOBbLIE TENNA NPU CTOJIKHOBEHUN

Ha4YMHAIOT Pa3pyLIATbCA, @ He PacTu
6) n3-3a B3aMMOAENCTBUSA C Fa30M TaKMe YacTuLbl bbicTpo
TOPMO3ATCA U BbINaAatloT Ha 3Be3ay

BO3MOXHO, YTO UM NPoUCXoauT bbicTpoe dopmmUpoBaHUE
naaHeTesnmasen 3a cHeT rpaBUTALNMOHHBLIX 3DDEKTOB,
WU XKe — 1U3-33 a9POJNHAMUYECKUX.




OT KWIOMEeTpPOoB A0 3eM/un

TyT BCe npocTo!

CTONKHOBEHUSA NPOUCXOAAT Ha TAKOM CKOPOCTH,
YTO OCKOJIKM BOMAYT B COCTaB KPYMHOro Tena.

Tak MOXHO AenaTtb TBEpAble niaHeTbl (A4pa)
MacCoOM A0 HEeCKONbKUX Macc 3emnu.

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

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



1206.0738

Onnrapxmyeckuit pocTt naaHeTesnmanemu

KpynHbie nnaHeTe3nmanu akTMBHO MOMoLWAtoT bonee menkume.

3TO HA3BAETCA KONUTAPXMYECKNIN POCTY, T.K. YEM KpynHee oO6beKT, Tem bbicTpee
OH pacTeT.

HaKoHeLl,, ocTaeTca MMLb HECKONbKO KPYMHbIX Te/l, KOTOPbIE YXKe NOYTU He

MeLlatoT Apyr Apyry.
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1206.0738
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N3-3a B3aMMoaeNCTBUS
MEeHAETCA He TO/IbKO
Macca 06beKToB, HO U
NX MECTOMONOXKEHUE

B cucteme (T.e. opbuTa).

BbibpocnTb Npoule nerkme
06bEeKTbl, HO MOTOM OHMU
eLe MoryT HapacTUTb
CBOIO Maccy.



WWW.S0S.siena.edu

Ot 3emnun go KOnutepa

Disk of gas and dust

g it b CtaTtb FOnuTtepom nerko,

ecnun 6bicTpo Habpatb 20 macc 3eman.
Ho moaenn nokasbiBalor,

4YTO cAenaTb 3TO COBCEM He NpocTo!

Dust grains

A

Dust grains clump

into planetesimals
Planetesimals collide

and collect into planets

[leno B TOM, YTO NPOTON/IAHETHbIN ANCK NOCTEMNEHHO TEPAET Maccy,
nosTomy Bpemsa GopMUPOBaHNA NJIAHET OrPaHMUYeHo.

Ecav Teno byaeT npocTo cBOew rpaBuUTaLmMen 3axBaTbiBaTb ras, To
BPEMEHU HE XBATUT.



dopmupoBaHmne ColHEHYHOU CUCTEMDI

CDOpMMpOBaHme NMNAaHEeT-TMraHTOB Bo3paCT 4567 MApA NeT.

— MU/IIMOHDI NET.
dopmmnpoBaHME NNaHET TUNA 3eMNN —

AECATKN MUNJTNOHOB.
«lMocneaHaa TAXenaa bombapanpoOBKa» —

* | 130TONHbIV COCTaB rOBOPUT
.' | 0 Tom, uto CosHUEe

** dopmupoBanoch B
3BE3AHOM CKOMIEHUM.

Calcium—aluminium-rich inclusion



1408.2787

ConHevyHaAa cnucrtema: MUTPaUUNA NMNaHET
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Late Heavy
Bombardment

Accretion
disk

. . ®g® 00 Radial
° 2 Yy N adia
ol o o mixing

Mass
removal

Second mass
removal

Semi-major axis (Au)

Kak murpnposanu nnaHetbl B ConHe4yHOM?

ABTOpPbl NCMNONb30BAAN AaHHblE NO aCTPOMAAM,
KOTopble 6bIN BbIHYKAEHbI aKTUBHO
nepemeLLaTbCa U3-3a BO3AENCTBUA HA HUX
6onblUMX MNAAHET.

[Mo3TOoMy NO pacnpeaeneHnto acTeponaos
MOKHO OTCNeANTb NCTOPUIO MUTPALLUM.

[MnaHeTHasa mMurpauma NOAHOCTbIO
3aKaHYMBAETCA MEHEee Yem 3a MUANapA Nert.
MpaBaa, acteponabl NPOAO/KAT MEHATb
CBOM OpPOUTLI, HANpUMmep, 3a c4eT

adpdeKTa ApKOBCKOroO.

MCTOpVI}O MUTPaunn OT4aCTUN MOXKHO BOCCTAHOBUTD

MO CBOMCTBAM OPOUT ManbIX Ten.



Nice model n Grand Tack

30 1:2 MMR

HeyctonuymBocTn opbuUT NNaHeT U
Ma/IbIX TEN 33 CYET MUTPALIUN.

The Grand Tac

10

Pe3Kkaa nepecTtponka opout
MACCMBHbIX TENT MOXKET NPUBOANUTL
K HEYCTOMYNBOCTM OPOUT ManbIx Ten.

distance from Sun (AU)
5

0
o

200 400
time (thousands of years)



[Mo3aHAA TAKenaa bombapanpoBKa ———————

Koeber's VYiew of the LHB
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Comets

Cumulative lunar impact mass (g)
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Gomes et al. (2005) Nature
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3H-(€KIJ,I/IFI B3aumoaencrsume ten (nnaHeT, NniaHeTe3anmanen) B AnUCKe
NOJ/I}KHO NPUBOANTL K TOMY, YTO 3HaYUTE/IbHAA YacTb
bonee nerknx o6BHEKTOB (C pazmepamm NopaaKa KUIOMeTPOB)

byaeT BbibpacbIBaTbCA.
B obnako OopTa
1 n3 Con. Cucr. B pe3ynbrate A4encTBMA NNAaHET-TMTaHTOB

JIerkme obbeKTbl BbIbpacbIiBaAMCh Ha
BbICOKME OpbUTbI U JarKe COBCEM B
MeX3Be34H0e NPOCTPAHCTBO.

TaK»Xe Ha 3ToMn cTagnmn
NPOUCXOAUT T.H.
MO30HAA mAxenas
bombapouposka.

B nosic Konnepa
n obnako OopTa



[Moac Konnepa

Ha pacctoaHunn 40-50 a.e.

pacnosnaraetca 6osbLuan
rpynna t1en, MMerLmx
OpOUTbI C HU3KNUM
aKcueTpucutetom <0.2

[MepBbl 06BEKT OTKPbLIT
B 1992 .

CymmapHaa macca
okono 0.001 3emHow.
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KomeTbl ,

TunmnuyHblie maccol 1016-1018 r,
B cocTaBe MHOIO neTy4umx
BeLLecTs B BUae NbaoB.

gas tail \

ion tail

3 e : . | dust tail

‘/ dust tail ‘ 2P - ‘
A / " . \nucleus
) N A : : *

‘;\,\ Aopo nmeet pasmep
| OKOJ10 HEeCK. Km
P [on0Ba — A0 MJH,

XBOCT — 10 COTHMN MJIH



O6nako OopTa

Inte!stellaf D(stainc‘e‘s;‘f-"iﬁ"-‘Pers'p_ect'lve'

, toon toon
: o iy of - Cartaurt
5 £ § §. e Y LOCOEE a Cloud?
3 - S Clovd?
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Flan?tar:,r
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g e Sun J
Heliosphere . !mérslo‘llar Medium * BELE 1/11] 1D2 10
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.
Seurce: B Mewaldi & P. Liewer, JFL

CoBpemeHHaa macca obnaka OopTa
cocTtaBnaet npumepHo 1-10 macc 3emnu. i
3TN 06bEKTbI POANINCH FOPA3a0 L Qortcloud—=
6amke K ConHuy: Ha <(40-50) a.e. =
OHu 6bl/In BbIOpOLIEHbI OTTYAA
bnarogapAa B3aMMOAENCTBUIO C
MACCUBHbIMU TENAMMW.




3¢¢eKT ﬂpKOBCKOI’O [1pn TaKOM BpaLLeHUNA

ropaYyan 4actb byaer

PA3roHATb OODBEKT.

T.e., opbuta bynet
PACKPYYMBAIOLLLENCA CNMPANbIO.

[Mpn obpaTHOM BpaLLEHUM
Teno byaet TopMo3nTbCH
n NpnbanKatbCa K 3se3ae.

Prograde Retrograde
L adiation . Dawn

Wi © Dusk

‘iiNcl

Radiation




ddPeKT JInposa-Kosaun

Y opbUTbl MOTYT OAHOBPEMEHHO MEHATHCA HAKNOHEHUE 3KCUEHTPUCUTET.

IdPeKT cBA3aH C BO3AENCTBMEM TENA, em ~ Jl_(5/3) COSZ iﬂ

Haxo4ALLeroca Ha BHelwHen opbuTe.

3pPeKT bbin
BnepBble ONMcaH
Mwuxannom JIngosbim
ANA CNYTHUKOB

B 1961 r., a 3aTem

B 1962 r. 6bin

onuncaH Ko3au ans
acTepounaos.




CTpyKTypa nnaHeTr

Hotspot  Egrth /VenuS

Mid-oceanic '

Subduction _g#

ZOr

Mbl HELOCTaTOYHO XOPOLLO 3HAaEM JaXKe 3emJto.
Nanbwe nayt tena ConHeYHOM CUCTEMDI.
A elle ganblie — 3K30M/1aHeThI.

[la)ke n3y4yaa CTpyKTypy
Halwen NaaHeThbl,
Mbl HE UMEeeM NPAMbIX AAHHbIX.

Oceanic 8 Continental

Atmosphere crust

il Crust [.I‘P('f"/

mantle

>—__ Mantle
5 Mantle
,-\ continues doun

=
\ ?’§‘,>,_ ————— 10 outer core

Nicre
k)

Oheter core of

molten metal

Solid metal

nner cove

1312.3323
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3emna n3ganeka

Mid-oceanic

Hot spot

p= 10Pa-s

Ecnn 6b1 mbl Habaoganm 3emnto,
KaK 3K30MAaHeTy, T.e. y Hac bbinn Obl
NAaHHbIe TO/IbKO NO ee MaccCe U
paauycy, Mbl He cmoru bbl

HMYero ckasaTb 06:

- aTmocdepe

- rmngpocdepe

- Kope

Ba*KHO, 4TO BCe BelecTBa
BeayT ceba no-pasHomy,
NPU CUIbHO U3MEHSAILLUXCS
AaBneHnn n tTemnepatype!



JUPITER

CTpyKTypa naaHer

Crust of variable thickness
> & (-100 km in south; 30 km in north)

gaseous hydrogen
liquid hydrogen

3,389 km
1,300-1,500 km
metallic hydrogen

-

Convecting silicate mantle

R/ (may be layered)

core of rock, metals,
Upper a § and hydrogen
cloud to compounds

methane

Copyright © The McGraw-Hill Companies, Inc. Permission requir|
Crust MonekynspHblit BOAOPOA W renuit

“‘Monﬂe MeTannuueckuit BOGOPOS U renuil

; Metal core
: Teepnoe CUNUKATHOE Sapo



Jlerkue mn ta)kenble

[lhaHeTbl AenATCA Ha HECKONbKO
rpynn no cBOemy COCTaBy.

B nnaHeTax 3eMHOro tTmna,
acTeponaax u KomeTtax
OTHOCUTE/IbHO Ma/10 BOAOPOAA
U NOYTU HET renuns.

B rasoBbIX rMraHTax
OHU AOMUHUPYIOT.

;.

Temestrial Jupites ST Lrars Meptume  Huiparbelt  Oort doud
sl gl=

B cocTaBe YpaHa 1 HenTtyHa
(nepAHbIX TMraHTOB) AOMUHUPYIOT
3/1EMEHTbI TAXKE/Iee renms.

1405.3752



CprKTypa rTMraHToOB

105- 11?3.—:? MolecularH (Y~0. 23]

6300-6800 K | Helumiain | VA T 135-145K
'__.. B I". Ill'l 1 bar

. MolecularH,
\ o (Y~0207) /

Ices + Rocks
core ?

Jupiter Saturn

B ueHTpax MacCUBHbIX MAAHET
NNOTHOCTb U TEeMnepaTypa
AOCTUratoT OONbLUNX 3HAYEHUMN.
JTO YCNOXKHAET NoCTpoeHune
TOYHbIX MOAENEN, T.K. HEU3BECTHO

[lo Bcer BUAMMOCTU BCE MMraHTbl
HEe MMELOT TBEPAOro A4pa

(nckNtoueHnem moxKet bbITb YpaH).

dNeMeHTbl cerpermpoBaHbl
noa AencTBMem rpasmTalmn.

] MolecularH, _ ="
/  Helium +lces

T, -TOK
/1 bar

{2000 K
F.-’ 0.1 Mbar

Mixed 'un:h h jrc ]en
Mixed with rocks

||IIII ‘,I'II '|IIIII I‘,I'I
IlII I|l|' |III |'ll
III"'. .a"lll III"'.
I|I ¥ |II
G000~G500 F Rocks? 5000~5500 K
~8 Mbar 10-16 Mbar

Uranus Neptune

noseaeHWe BeLL.ecTBa NpPu TakMX YCA0BUSAX.

1405.3752



TemnepaTypa 1 AaBneHne B atmocdpepax ruraHTos

1405.3752
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YpaBHeHMe CoOCTOAHUA BOAOPOAA

log P [bar]

[la)xe Bogopoa — cambiv NPOCTOM
31eMeHT Tabanuybl MeHaeneeBa —
MMEET OYEHb CQIOXKHOE NoBeaeHue
B Pa3HbIX YCIOBUAX.

HekoTopbie pexnmbl N3y4eHbl HaMmu
A0BO/IbHO MNJIOXO.



Cmecb BOAopoada U renma

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

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

o
=
©
= 4000
Q.
=
O
|_

25

H
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100 200 300 400 500
Pressure (GPa)
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Merkel (2013)

YpaBHeHUe COCTOAHUA

¥ N

N

B nabopaTopHbIX 3KCNEPUMEHTAX
YPaBHEHME COCTOAHUA U3YYaLOT,

CMMas BELW,EeCTBO B a/IMa3HbIX AYEMKaX.
Ho noKka AOCTUYb BbICOKMX MNAOTHOCTEN U

TemnepaTyp He NoJly4YaeTcs.

Ha nomollb npmMxoamMT MoaenmpoBaHue.
_ : : : . :

+ hep
" hec
= = limit of bee stability

a—a melting curve .

eimperature

5040

A

20 glem?

1500

Pressure (GPa)

Bouchet et al. (2013)




AnmasHble HAKOBaA/1bHU




Cxema

3KCNepuMeHTa

-

Diffracted
X-ray
beam

/

Regular
diamond

Perforated
diamond

f l
Sample V

Re metal gasket D

KcBN diamond seat
WC diamond seat d

Focused

X-ray beam

Diamond Anvil Cell
Assembly

radéal X-ray diffraction and laser
heating port

beveled washers ‘ ! v -

the force

~Sem

assembled cell
Diamond seats

m—r”//'mg T

Radial Port




KaKk gaButb?

._“'L._“'L_“'L._“'L._“'L.. T4 T 'LT'LT'LT'LT'l

1st class lever drive Pin - guide screw drive

FHHHNNHNNH
Y I .

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

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




KaK Harpetb?

.

heater wires

O

pressure medium
rhenium gasket ' 7 diamond | ™
anvils

tungsten carbide
seats

LA R R NN

o 1300K

Neray transparent  Xoray transparent
seat mirror



[lpunoxkeHune K Hegpam 3eMnau

ACCESSIBLE REGIONS OF Pand T

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

4 ¥ 100 GPa ~ 106 atm
3 AL T T T

dny

l.

. core-mantle
boundary

e

..+:Neptune

aser-heated DAC
esistive heated DAC
ryogenic

Temperature, 1000 K

WY sseud Yy Yo Basai M n OB XO" 1] B MW,

1 B
400 Pressure, GPa

| 1 ]
Depth, km
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Macca-paanyc ona nnaHeT 3eMHOro TMNa

e rrre AL s
AN N I I N Il

e

m Mesour
- Im
] L1 11}
i
= B

=11

Mass /Mcgtn

[MTpocTaa moaenb, B KOTOPOWU
PACCYUTLIBAIOTCA AaHHbIE
JINLWb MO 8 3N1eMEHTaM,
NAEeT Xopolume pe3ynbraTbl
nna obvektoB CONHEYHOM CUCTEMDI.



