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ConHeYyHana cucrteMa: cogepiKaHmne

Jlekumsa 1(2 yaca): OCHOBHbIE€ XapPaKTEPUCTUKMU MJ1IAHET
Co/1HEYHOM CUCTEMDI.

Jlekumsa 2 (2 yaca): Manbie Tena CosilHe4HOU CUCTEMDI.
CnyTHMKM M KOJbLa NJIaHeT.

JNlekumna 3 (2 yaca)- KomeTtbl n actepouabl.

JNlekumsa 4 (2 yaca): ATMocdepbl NJ1aHeT U MabiX
HebecCHbIX Ten.

Jlekuma 5 (2 yaca): 9Kk30nnaHeTbl.

Jlekumsa 6 (2 vaca): AtMmocdepbl 3K30Mns1aHeT. 30Ha
obutaemocrn.




Ddu3uKa KOCMO0OCA: KOMETbI

HUccaeaoBanue KOMET CBA3aHO ¢ pelIeHHEeM BaKHEHIIIUX
(pyHIaMEeHTAJBHBIX 32124 (PU3UKH KOCMOCA U
COBPEMEHHOMN ACTPO(PU3UKH:

Kak oOpa3zoBajiace CositHeuHast cucrema?

Kak Bo3HHKJIA KH3HDb HA 3emuie?

Conepxanue:

KoMeTHBbIE AIpa — COCTAB JIeTYYHX

ACTPOXHMMSA -XUMHYECKAS CJI0KHOCTD OT J10- U IPOTO-
3BE3/IHBIX fIJlepP MOJIEKYJISIPHBIX 00JIaKOB 10 KOMET B
IUIAHETHBIX CHCTEMAX

Hexotopslie nepBbie pe3yabTatel KA ROSETTA




XXU3HEHHbIW LMK MEX3BE3QHOW Cpeabl Mo
HabntoaeHnam monekyn (Ziurys et al., 2010)
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ACTpoXuMHYECKHE MOJEJIN
JJISI KOMET:

-Rogers &Charnley
-Combi et al.

Van Dishoeck & Viser (2010)




ACTPOXMMHSA KOCMOCA: KOMEThI

FROM A DIFFUSE CLOUD TO A SUN + PLANETARY SYSTEM
FROM ATOMS & SIMPLE MOLECULES TO LIFE

1- PRE-STELLAR PHASE: cold and dense gas
FORMATION OF SIMPLE MOLECULES

A=y & 2- PROTOSTELLAR PHASE: collapsing, warm dense gas
N ‘. FORMATION OF COMPLEX MOLECULES

-

b

3- PROTOPLANETARY DISK PHASE:
cold and warm dense gas
SIMPLE & COMPLEX MOLECULES

5- PLANET FORMATION AND THE “COMET/ASTEROID RAIN”
CONSERVATION AND DELIVERY OF OLD MOLECULES + LIFE



OobJs1acTi 00pazoBaHuA KOMeET

Oort Cloud

Pe3epByapbl KOMETHBIX sifiep — nepu@epuiiHbie 00J1aCTH:
ooako Oopra (> 50 000 a.e.), mosic Koiinmepa (30 — 50 a.e.).
Komerta 1P (I'asuiest) npuObL1a BeposiTHO U3 o0s1aka Qopra, a
xoMmeTta 67P (UypromoBa-I'epacumenko) — u3 nosica Koiinepa.




KomMmeTHbI€e siipa Mo JaHHBIM MPOJIETHBIX
HaOoneHnn KA

\

9P/Tempel 1 9.3 miles

Borrelly

/

Hartley 2

A

1.25 miles



http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2014/08/Comet-shapes-comets.jpg

KomMeTHBIE sAipa

b 103P/Hartley 2

Ilo manaeim KA EPOXI
KO I'epureanb
(Mumma et al., 2011)

Water vapor

Organics

IlepBu4yHbIC JIETY4YHE:
H,O, CO,, CO, C,H,,
HCN, CH,0OH



KoMeTHBIE s1ipa: coCTaB JIETY4YHX
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Coaep:xxanue pa3jiHYHbIX MOJIEKYJ B KoMeTax oTHocuTeabHo — H,0.
3Be310UYKaMHU OTMEUYEHbI TAKKE MOJIEKYJIbl, 00HAPY/KEHHbIE HA
o0bekTax nosica Koumnepa.



XUMHYECKOe pa3HooOpa3ue KoMeT

IlepBuunsie Jgeryuue: H,O, CO,,
CO, HCN, H,CO, CH;0H, ...
(Crovisier et al., 2009):
-Koporkonepuoanyeckue KOMeThl
(cemeucTBO IONMuTEpa);

OTKpbIThIE BONIPOCHI:
-Bo3mokHbIE JIeTyune
KOMETHOI'0 f/IPpa —KaK0BAa

- loaronepuoanyeckue KOMeThbI CTENMeHb UX XUMHYECKOro
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KoMmeTHBbIe siipa: o0pa3oBaHue
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“‘DEBRIS HISTORY”
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2. Enhancement of &S O
chemical complexity after
1. Coagulation of exposure to UV photons 3. Toward a comet-like
dust grains from pre- and X-rays during vertical body: farther coagulation
stellar core phase. and radial mixing. and reprocessing.

Bo3Mo:kHast HCTOPUS 00Pa30BaAHMA NPOTOKOMETHBIX TEJI B
ocko104HOM aucke (debris disk) : 1) koary.sitmsi NblJIEBbIX 3€PEH;
2) poCcT XUMHUYECKOI0 pasHooOpa3ud 3a cuer Bo3aeucTBus Y- u X-
JIyuyed 1 00pa3oBaHue TYTOILIABKOM 000J1049KH; 3) pocT
IJIAHEeTe3uMAaJIeH.



WHAT IS A COMET MADE OF?

FROZEN GAS

CO
co2
H20

NH3
CH30H
CH20H
HCN

. Many More

INTERPLANETARY DUST PARTICLE

INTERPLANETARY DUST PARTICLE
DIAMOND

GRAPHITE

SILICON CARBIDE

TITANIUM CARBIDE (TiC)

- SILICON NITRIDE (Si3N4)
CORONDUM (AI203)

SPINEL (MgAl204)

) 2 . HIBONITE ((Ca,Ce)(AlTi,Mg)12019)
COMETOPAUSE ' " TITANIUM OXIDE (Ti02)

SILICATE MINERALS (OLIVINE AND PYROXENE)

MAGNETIC BARRIER

BOWSHOEK



3aKJI094eHue 10 BBEAECHHUIO

XMMHYECKAA CJI0KHOCTH MEK3BE3IHOM Cpeabl
BO3HUKAET HA PAHHUX CTAAUAX 00pPa30BaHMA
3BE3/I.

Il10oTHBIE XO0J10AHBIE (I03BE3HbIE) U TOPSIYHE
(mpoTo3Be3aHbIe) AApa ABJIATC 3(PPEeKTUBHBI-
MU MOJIEKYJIAPHBIMHA (padpuKamMu.

CJ10/KHBIE€ OPraHMYeCKHEe MOJIEKYJIbI MOI'Y T
COXPAHATCA B JeAAHbIX MAHTHSAX YACTHUIL NBLJIA U
BKJIOUEHbI B KOMETHBIE SIiApa NpH 00pa3oBaHUuM
IJIAHETHBIX CHCTEM.




KA ESAROSETTA: rox ¢ komeroii 67P

2 ROSETTA: LIVING WITH A COMET @-esa

March-July 2015
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http://www.esa.int/spaceinimages/Images/2015/08/Living_with_a_comet

XapaktepucTtuku sapa kometbl 67P/C-G: nno garHbeim KA

Rosetta

CBoAKa CBOUCTB
aAApa KOMeTbl
67P/C-G no
AAHHbIM
MHCTPYMEHTOB
KA Rosetta 3a
nepsble MecsLbl
ee nonertac
KOMETOM.

+ COMET 67P/CHURYUMOV-GERASIMENKO'S VITAL STATISTICS

21.4 km?

Volume

1.0 x 10" kg

Mass

470 kg/m?

Density

70-80%

Porosity

o— Average water vapour production

600 ml/s - Juy 2014

Eesa

Rotation period

12.4043 1.

Spin axis:

69.3°

Right Ascension
3.3 km .

64.1°

Declinabon

52°

Obhiquity of the
comet's rotational axs

Dust/gas ratio

53 x10*

D/H ratio

Y l.ul | ey

-93°C to -43°C
Surface temperature
-243°C to -113°C

Subsurface temperature

300 ml/s + June 2014

1200 ml/s » August 2014

Average albedo
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http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2015/01/67P-vitals_edited-1.jpg

IlepBbie pe3yabsTarel KA ESA ROSETTA

CypoOBbIX, HO YXMBOINUCHbIN NEeN3aXX YCbiINaHHOWU KaMHAAMM 061acTHn
«ronosBbl>» sigpa komerbl 67P/C-G, cHaTbin kamepon KA ROSETTA c
PacCTOSIHUSA BCEro Jiulib 8 KM OT NOBEPXHOCTH.


http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2015/01/67P-grand-view.jpg

IlepBbie pe3yabTarel KA ESA ROSETTA

Oasks Class Cruise Ship Central Park

Arecibo Observatory 0 | Siding Spring C/2013 Al

P f Gi
Great Pyramid of Giza o 25143 Itokawa
-  Imernational Space Station
Dactyy
Blue Whale 103,
ey

Death Star (first)

KomeTa 67P no cpaBHeHMIO C ApYrMMU KOMETaMM1 U aCcTepoMaaMm U
ap. o6vexktamu (mnnrocrpaums Judy Schmidt).



https://www.flickr.com/photos/geckzilla/15416177797/

IlepBble pe3yabTathl KA ESA ROSETTA

Bbinyck >xypHana Science ot 23 sHBaps 2015 r, B KOTOpOM
npusBeAeHbl 8 cTaTeM C nepBbiMU pe3ysibTaTaMU KOCMUUYECKOMN
Mmuccum ESA ROSETTA.

H. Sierks et al., On the nucleus structure and
activity of comet 67P/C-G

A. Rotundi et al., Dust measurements in the
coma of comet 67P/C-G inbound to the Sun
F. Capaccioni et al., The organic-rich surface of [R&uL 1y
comet 67P/C-G as seen by VIRTIS/Rosetta ”m’"”
H. Nilsson et al., Birth of a comet magnetosphe T -
A spring of water ions

N. Thomas et al., The morphological diversity
of comet 67P/C-G

K. Altwegg et al., 67P/C-G, a Jupiter family
comet with a h|gh D/H ratio

M. Hassig et al., Time variability and heterogen ,.a
in the coma of 67P/ C-G N
S. Gulkis et al., Subsurface properties and early ac IVI / C
comet 67P/C- G

I:_. .| ||I.|||L|'|lrw|ll|



SAnapo kometrsl 67P: Omuowenue D/IH
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OTHOLWeEeHue aenTepun Kk sogopoay Aana o6vektTos B CoNTHEUHOM
cucreme. OueHka ansa 67P/C-G — 5.3x104,uTo npeBbillaeT 6onee
yeM B 3 pa3a 3Ha4yeHue ana 3eMHoro okeaHa (Altwegg et al., Science,

2014).



Anpo komersl 6/P: Omnuowmenue DIH

Snow line
Ice sublimation zone Ice condensation zone
Mixing: D-enriched gas with D-poor gas

D-exchange: HDO + H, <--> H,0 + HD Frozen f

31
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v
v
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’ |
Proto Sun T = 500K T=200K  T=

CxeMaTunuyeckoe npeacrasJ/ieHMe NpoToCO/IHEYHON TYMaHHOCTH-

3TO TYpOYy/NeHTHbIN AUCK C NepeHOCOM BellecTBa K U OT NpoTo3Be3Abl.
JINHNA CHera co BpeMeHeM ABWKETCSA BO BHelwHue 06s1acTu, uto
npuBOAUT K cybanmauunm nbaos u oborawieHumro rasa AoeMrepmem 3a
cuet peakumm H20+HD<-> HDO+H2 pnsa T= 200 K. 3atem
ABMKYLUMUACA HAPY)XY ANCKA ra3 KoHAeHcupyeT, o6pasys easHyro
MAHTMIO Ha NblJIEeBbIX YacTulax. TakMMm o6pa3oM BO BHELUHUX
061acTsAX ANCKa CoOXpaHsieTCca NnoBbilleHHoe 3HayeHue D/H.



JAINpo KOMeTbI: xomera 67P/C-G ¢hopmuposanacs
1Py 0YEHb HHU3KMX TeMIepaTypax

Rosetta has made the first detection of molecular nitrogen at a comet

s were taken 17-23 October 2014

By comparing the ratio of N, to CO at the
comet with that of the protosolar nebula,
it was discovered the comet must have
formed at low temperatures, consistent
with the Kuiper Belt.

o, 3 J | J
78 /.° : 18 19 20 21 22 23
of Earth's atmosphere s Day, October 2014

melecular nitrogen, Ny

Although comets could have delivered some ROSINA recorded variations in the amount of molecular nitrogen [N,) and
nitrogen to Earth, the new study suggest that carbon monoxide (CO) detected as a function of time, comet rotation and
Jupiter-family. comets like 67P/C-6 are not the osition of the spacecraft above the comet. An average ratio of N,/CO of
major source. 5,70 £ 0.66) x 10° was determined, with minimum and maximum values

of 1.7 x 10°° and 1.6 x 1072, respectively.

The detector signal is ategroted over 20 seconds. A correction factor occounting for the instrument
Sensitivity issapplied In oeder. to derive the ratio.

ESAVATG medialab; comets ESA! RosatalNaylam —6C BY-SANGO 30 dats. fom M. Rubin et 51 (2015)

Konnuecrso MONEKy/IApHOro asora 6b110 HEBEIMKO U B cpeAHeM
cocraBnsano Bcero (5.70 £ 0.66)"10-3 ot koNIMuUeCTBa yrapHoro rasa.
py 3TOM OHO Pe3K0 MEHSAJIOCb OT OAAHOIr0 U3MepeHus K ApyromMy. B
cepuu 3 138 3amepoB oTHoweHue N,/CO MmeHsinocb ot 1.7°10°3 o
1.6°102 no gaHHbIiM ROSINA (Rubin et al., Science, March 20, 2015).



http://www.esa.int/ESA_Multimedia/Images/2015/03/First_detection_of_molecular_nitrogen_at_a_comet

NoBepxHOCTb kKOMeTbl 67P/C-G: cyxasn, TeMHasa u boraras
OpPraHuUKon: gaHHble VIRTIS nnoka3biBaroT HaM CyXyro
TEMHYIO [TOBEPXHOCTb sigpa KOMeETbI, boraryro
HeJ/1eTyYnuMH OpPpraHM4eCcKuMH BeLECTBaMM.
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CneKkTpbl «rosioBbl>», «LUEen>» U «Tena» saapa kometbl 67P/C-G.
Mo BepTUKa/sIbHOM OCHU OT/I0)XEHO anbbeno, T.e. OTHOLIEeHHne
OTPa>XeHHOro ceBeTa K nagarowemy. [ina 6onbluen HarNAQHOCTH
CMEeKTpPbl CABUMHYTbl OTHOCUTENIbHO ApPYr apyra Ha 0.01 u 0.02.




NoBepxHOCTb kKOMeTbl 67P/C-G: cyxasn, TeMHasa u boraras
opraHukown: gaHHseie VIRTIS (Capaccioni et al).

U3 yero xxe COCTOMT TeMHasl Kopa KkoMeTbl HyproMoBa-I'epacMMeHKo?

CpaBHeHue nabopaTopHbIX CMEKTPOB pPa3/INYHbIX TUMNOB YrNIUCTbIX
xoHaputoB (CI, CM u CR) co cneKkTpaMu NOBepXHOCTU siApa KOMETbI
noKa3asio ux siBHble pa3ninuusa. CnekTp oTparkeHuss HepacTBOpuMOro
OpraHM4YecKoro ocratka us Mmereoputa MépumcoH (Murchison)
nokasan 6onblue cxoacrea. KpoMme Toro, uccnegosartesiu CpaBHUAMU
CMEeKTpbl KOMETbI C J1abopaTOpHbIMM CNEKTPaMM Pa3/IMYHbIX TEMHbIX
BewecTB (Cy/ib(dnaoB Kese3a U HUKeJA, CAXKM M SHCTaTuTa). OHM
OTMETWJIN, UTO pa3J/inyHble cyNb(duabl BrioJiIHe MOryT OTBe4yaTb 3a
HaKJIOH CreKTpa sapa B Avana3oHe 0.5-1 MkM.

Ewe nHTepecHee OKa3aJiCs NOUCK BellecTB, OTBeYalowWwmnXx 3a nosiocy
nornoweHus B obnacrtu 2.9-3.6 MKM. ABTOpbl CPaBHWIM CNEKTP siapa
B AMana3oHe 2.5-4.5 MKM CO cneKTpaMM pa3/IM4HbIX OpraHu4YecKux
Bewects. Hanbonbluee cxoacTBo 661710 NONTYyYEHO CO CNEKTPOM CMecH
BelwlecTs noa HassaHueM «Exp Orl>», nosiyueHHON nyTeM
ynbTpacdpuonerosoro o6ayyeHusa cmecu H,0:CH;0H:NH;:CO:CO, B
OTHOWweHun 2:1:1:1:1.



NoBepxHOCTb kKOMeTbl 67P/C-G: cyxasn, TeMHasa u boraras
OpraHukKon: garHseie VIRTIS noka3biBaroT HaM CyXyO
TEeMHYFO MOBEPXHOCTb S4pPpa KOMETbI, 60oraryro
HeJ/lIeTyYHMH OpraHnyeckmMmm seujecresamm (Capaccioni et

al).

HecMoTps Ha perynsipHbie npoueccbl OMOJIaXKUBaHUSA, AEUCTBYIOLLUME
Ha Aapo koMeTbl HyproMoBa-I'epacMMeHKO BO BpeMsl KaXXAoro ee
Bo3BpalyeHus K ConHuy, coctaB NOBEpPXHOCTU aApa, No AaHHbIM
VIRTIS, BecbMa oaHOpoOAEH. OTO rOBOPUT O TOM, YTO KOCMUYECKoe
BbIBETPMBAHMUE CbIrpasio BTOPOCTENEHHYIO posib B POPMUPOBAHUM
COCTaBa NOBEPXHOCTU. BewlecTBo aapa KOMeTbl OKa3biBaeTcs
NMPpaKTUYECKN HETPOHYTbIM C MOMEHTA ee 06pa3oBaHuS.
OpraHnuyeckue BewecTBa, BXxoasilue B COCTaB sigpa, 06pa3oBanuchb us3
CMecCM NbA0B NeTyunx Bewecrts (MeTaHa, aMMMaKa, METaHONa,
YyrapHoro v yrsiieKucsoro ra3soB) npu HU3KUX TeMnepaTtypax nyremM
obnyuyeHus ynbtpadpmoneTroMm 1 KOCMMYECKUMMM slydyaMu. Bce 310
corsjiacyeTrcsi C rmnoTte3ou, YTo komerta YypromoBa-epacmmeHko
CpaBHUTEJIbHO HeJaBHO NOKMHYJA nosic Kovnepa 1 nepewuna Ha
opbuTty komeTtbl cemencrea FOnurtepa.



06 N3MeH4YnBOCTU U HEOAHOPOAHOCTU KOMbI KOMETbI
67P/C-G: no ganrHeim ROSINA (Hassig et al.)

250 km 80 km

)
o
N
S
7
)
2
=
®
a
S
®
c
o
73
L
o
3}
2
()
©

6 -

i
EANN \\\\ JH

4 Aug 2014 5 Aug 6 Aug 7 Aug 8 Aug

Copaep)xaHue BOASAHOIO Napa, yrapHoro m yrJieKmcsioro ra3os B KOMe
koMmeTbl 67P/C-G no gaaHHbIM Macc-cniekTpoMmeTpa ROSINA. Ceepxy
OT/1I0)KE€HO pacCTosiHue Mexxay «Po3eTTon>» u SsApOM KOMETbl, CHU3y —
BpemMs. TaKke Ha HMXHEWN NnaHenun oTtobpa)xxeHbl KOOpAUHATDI
6mxaviuen K KOCMMYECKOMY annapaTty TOUKM Ha NOBEepXHOCTU aapa.
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06 N3MEeHUMBOCTM U HEOAHOPOAHOCTU KOMbI KOMETbI
67P/C-G: o ganHbiM ROSINA (Hassig et al.)

detector signal (particles/20s)

103

l

‘ ){5

00:53 h (0) 03:58 h (1/4) 05:13 h (1/3) 07:43 h (1/2) 16:33 h (5/4)
Muku B cogeprxaHnm BOAAHOIO napa Habnroganucb, korga B NpsAMOM
BMAUMOCTH C «P0o3eTTbl» OKa3biBaJiaCb 30Ha Nepellenka,
oT/IMYaoLasnca Hambonbluein akTUBHOCTbIO. HanpoTue, rnyéokue
MMHUMYMbI B cOAep>XaHUU BOAAHOro napa (oMKCMpoBaJIMCb TOraa,
Korpa SApo NoBOpPauYnBanoch K «Po3eTTe» K0KHOM YacTblo CBOEM

60nbluen NOJSIOBUHDI (T.H. «TEJIOM>»).




06 N3MEeHYMBOCTU U HEOAHOPOAHOCTU KOMbI KOMETbI
67P/C-G: KopoTxo>xkuByLYasi, HO CHJ/IbHasA CTPpys

l. ‘y w\ .,_-*- A J ""51,. S, 7 g i
KopOTKomuBymaﬂ Cprﬂ C noaepxuocru KoMeTbl 67P 6b|na 3ax3aqe|-|a

kamepou OSIRIS KA Rosetta 29 unrons 2015. U3o6paxeHune cnesa
6b1710 NpuHaTo B 13:06 (no NpuHBUUY), U He O6HapY>XMBaeT HUKAKUX
BUAMMbIX NPU3HaKOB CTPyU. OueHb CUJ/IbHaA CTPyA BUAHA Ha cpeaHeM
n306paxxeHumn, nony4yeHHOM B 13:24. OcTtaTouHble cneabl
AeaTeNIbHOCTU CTPYM O4YeHb C1abo BuAHbI HA NPaBOM U306parkeHum,
nosiyyeHHom B 13:42.



http://www.esa.int/ESA_Multimedia/Images/2015/08/Outburst_in_action

06 N3MeHYMBOCTU U HeOAHOPOAHOCTU KOMbI KOMETbl
67P/C-G: KopoTko>xuByLasi, HO CHJIbHas CTPyS

2 ROSINA MEASUREMENTS OF COMET GAS FOLLOWING OUTBURST
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29 July compared with measurements taken on 7 July

CH, NH, HO CH, HCN (O CH, CHOH HS O, O0OCS SO, Cs,

Bo BpeMs Bbi6bpoca ra3onbiyieBoM CTpyM € sapa kometbl 67P 29 uionsa
2015 ropaa, npy noMmowimn nHcTtpymeHTa ROSINA 6b11m o6HapykeHbl
M3MEeHEeHM S B COCTaBe ra3oB No CpaBHEHMUIO C NpeabIAYLUMMU OAHSAMM.
Ha rpacpuke nokasaHbl OTHOCHUTEJIbHbIE 06MNNA pasInyHbIX ra3oB
nocse Bbibpoca no cpaBHeHUIO € 60s1ee paHHUMU USMEPEHUSIMU
(BoasiHOM nap 0603HavYaeTcs YepHOU JIMHUEN).



http://www.esa.int/ESA_Multimedia/Images/2015/08/Gas_changes_during_29_July_outburst

O pa3Hoo6pa3uu penbeda NOBEpXHOCTU SAPa KOMETbI

Cpeau 3arapgouHbix popM penbeda, 06H3pymeHHb|x
nccnenosarensiMm Ha cCHUMKax OSIRIS, MOXXHO Ha3BaTb YYAaCTKM T.H.
«TF'YCUHOM KOXXN>, HabnrogaeMbie Ha CaMbIX KPYTbIX CK/IOHAX.
«MynbIpbILKN>» HA 3TOM «KOXXEe>»> UMEIOT XapaKTepHbli pa3Mmep 3
MeTpa. YTOo 3TO TaKoe — NoKa COBEepLUEeHHO He SICHO.




NMporHo3 noroabl ansa kometbl 67P/C-G (Sierks et al.):

~——————
Erosion [m)
v v v L4

Q 4 8 12 16 0

BOJ1IbLLUOW HAaKJIOH OCHU BpalUeHMS U SKCLleHTPMUYHaa opbuTta
(3kcueHTpucuter opbmuTbl KOMeTbl AoocTUraer 0.641) npuBoaAMT K
Heo6bIYHOW CMeHe Ce30HOB. B ceBepHOM noJiylapun KOMeTbl J1IeTO
anutca 5.6 neT, HO KOMeTa B 3TO BpeMsl HaxoauTca aaneko ot ConHua
M HarpeBaeTcs cn1abo. B 1o)xHoe nonywapuve neTo NnpuxoanuT TOJIbKO
Ha 10 MmecsiueB, HO 3TO OUYEHb XXapKue MecsiLbl, MOCKOJIbKY UMEHHO B
3TO BpeMsa KOMeTa npoxoauTt nepurenvmn. 13-3a aToro TeMnbl 3po3uvm
CEBEPHOro U K)XHOIro NOoNyLapuin OT/INYAIOTCA OYEHb CUJIbHO.
HO>xHOe nonywapue ssgpa kometbl (NOKa3aHO cripaBa) TepsieT 3a OAUH
o6opoT Bokpyr ConHLa C/I0M BeLwecTBa TowmuHon Ao 20 meTpos!




NMywucran noiib koMmetbl 67P/C-G: nmo ganHbiM COSIMA

HavaeHo, uTo nbIieBble YacTullbl, NOKuaaBLLMe koMmety YypromoBa-
FepacMMeHKO B HaYyaJZibHbIX Nepmuoa ee aKTUBHOCTH, «NYLUNCTbIe>,
pbiXJible, cyxue u boratbie HaTpueM. [ipyrmMmm csioBaMn, OHN MOTyT
paccCMaTpuBaTbCs KaK UCTOYHUK MEeXMNJIaHETHOM Nbinu. MNMbinesblie
arsiomeparbl, o6HapyxeHHble COSIMA, o6pa3oBanncb Ha
NnOBEpPXHOCTU siApa KOMEeTbI Nnocsie npeabiayLlero npoxoXxaeHus
nepurenus, Korga ra3oBble NOTOKU 0Cs1abnu n yrxxe 6onbLie He MOrnum
3 deKTUBHO cAyBaTb NblJib C noBepxHocTH (Schulz et al., Nature,
2015).




Anpo koMmeTbl 67PC-G. BOpOHKM Ha NOBEPXHOCTH, YEPE3
KOTOPpbIE NMPpOoNUCXoqNT reHepaynsi CTpymu

3 ACTIVE PITS ON COMET 67P/CHURYUMOV-GERASIMENKO @-esa

+ (lose-up of Seth_01 shows jets 2 Active pits contribute to the comet's
emanating from the pit walls overall activity seen from afar.

Ash_01 Ash_02

Diameter: 220 m

Depth: 185 m
¥

Ma'at_01
Ma'at_02

) athm_{j “ a'at_03

..:‘\\"7. /
T 2

The pits were identified in OSIRIS images taken August-October 2014.

1. Heat causes subsurface ices to sublimate (blue arrows), forming a cavity (2). When the ceiling becomes too weak to support its own
weight, it collapses, creating a deep, circular pit (3, orange arrow). Newly exposed material in the pit walls sublimates, accounting for
the observed activity (3, blue arrows).

www.esa.int Credits: ESA/Rosetta/MPS for 0SIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA; J-B Vincent et al (2015) European Space Agency

Psia ra3onbiyieBbiX CTPYM, BbIXOAALLMX C MOBEPXHOCTU AApPa, MOXKHO
CBfi3aTb C aKTUBHbIMU BOPOHKaMM, KOTOpble 6bls1, BEpOSATHO,
o6pa3oBaHbl 3a CHET BHE3anHOro obpyweHns NOBEpXHOCTU. ITH
"npoBanbl” NpeaoCcTaBASOT BO3MOXXHOCTb 3arJiISHYTb B XaOTUUYHbIA U

pa3HoO6pa3Hbli MHTEpPbEP AAPAa KOMETbI.




Anpo kometbl 67PC-G: BogssHoH s1ieq Ha MMOBEPXHOCTH
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B AaHHbIX HAbnoAeHnNn Kamepbl BbiICOKOro pa3pewseHns OSIRIS
BbisiBJ/IEHO 60/1ee cTa y4acTKOB BOASIHOIo /ibAa pa3MepoMm B
HECKOJ1IbKO METPOB B Ha NOBEPXHOCTU KOMeTbl 67P.



http://www.esa.int/spaceinimages/Images/2015/06/Ice_on_Comet_67P_Churyumov-Gerasimenko

Aapo kometbl 67PC-G : napbl Bogbl OKkoJ10 S4pa no AaHHbIM
Ha6srogeHni nucrpymenra MIRO

2esa

3 Rosetta's flrst map of water vapour
around Comet 67PIChuryumov-Gerasmenko
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_ The data were collected on 7 September 2014

135

low concentration

The colour map is based on MIRO's spectral mapping and shows the concentration
of water around the comet. The black contours show emission at submillimetre
wavelengths measured by MIRO, with increasing emission from the edges inwards.

‘WH@H PIERERE

Key results:
- Highest water concentration above neck region

This figure providesan indication of the relative position of each spectrum with respect - Significant amounts of water across the day side
to the nucleus. The scanning procedure lasted almost four hours, and the nucleus rotated . Very little water on the night side [especially

by about 90 degrees in the meantime. g

y g e, near the south pole)
The colour scale refers to the temperature of background emission fram the nucleus - "
(blue: <=223 °C, green: —223 °C to =173 °C, pink: =173 °C to =123 °C, and red >-123 °C). Water lne

emission

www.esa.int Spacecraft: ESA/ATG medialab; Comet shape model 5 from Jorda et al. (2015); Data from Biver et al (2015) European Space Agency

NHanKaumsa NOJSTI0XKEHUA KaXXAO0ro U3 CreKTpoB MHCTpyMeHTa MIRO no
OTHOLUEHMIO K COOTBETCTBYIoLEeN 061acTn KoMeTHOro saiapa. CosnHuye
HaxoauTca cnesBa. [laHHble Biver coaBT. (2015); aapo npeacras/sieHO B
COOTBETCTBMM C Moaenbio 5 chopmbl koMeTbl U3 Jorda et al. (2015).




Anpo kometbl 67PC-G: gaHHbIe nocago4YHoOro MmogyJis
Philae

AHanu3 fgaHHbIX C
MHCTPYMEHTOB 30HAA
"Po3eTtTta” M nocago4yHoOro
Moaynsa "®una" nokasan, uto
Heapa koMeTbl HyproMoBa-
epacMMeHKO COCTOAT No
60s1bLIEN YAaCTU U3 OPraHUKM
M 3epeH NepBUYHOMN NbUIN
ConHeyHOM CUCTEMDI, @ HE
& npeuMyLleCTBEHHO U30 J1bAa,
IR NSl  KaK CUMTaNIOCh paHee.

Sogr g boch Yo n i ety ™"
AN su e,

N S =
[aHHble CNeKTPOMETPUMU NOoKa3blBaKOT, UTO ocBeuleHHana ConHueM
NnoBepxXHOCTb fiApa OKyTaHa 060/10MKOMU Ha OCHOBe yrsiepopaa, 6e3
cywiecTtBeHHbIX o6s1acTten neasHoro nokposa. "Mbl uccnenyeMm KomMerty
67P, xoTOpan ABNSeTCH, BO3MOXXHO, 60/1ee nepBuuHoOn n 6onee

npeacraBMTesIbHOM ANSA ycsioBuu paHHen CosIHEYHOMU CUCTEeMbI, YeM
apyrve obbekTbl".




slapo komeTbl 67PC-G: gaHHbIe rocago4yrHoro mogysisa Philae

CaMbIM rnaBHbIM OTKPbITUEM UCCNIEAOBaTEeNN Ha3Ban o6HapyxeHue
Ha 3epHMUCTON NOBEPXHOCTU KOMETbl FPaHy/1 pa3MepoM 1 MM WM YyTb
MeHblue. OHM COCTOAT U3 C/I0XKHbIX OPraHUYeCKUX MOJIeKYJ1, KOTopble

nornowaroT CBeET.

p fe '* ......... '
Final TD 12:31 AM

"duna" obHapyxun, YTOo HeApa
KOMeTbl No 6osbLuen yacTum
COCTOSIT HE M3 NibAa, KaK OXXuaganm
NJ1aHeToJ10rM, a 3epeH NbiJin

n opraHuku. Kometa npeacrasnse

" co60M He "rpsA3HbIN SieasaHOM wap",
i~ a "3aMOpOXXeHHbIN rpsA3eBoM wWwap".
- JTa HeoXXMAaaHHasA KapTHUHa

"KoMeTHOoro mmpa" 6bina
pacluiMpeHa B CTaTbsX,

8 ony6aMKoBaHHbIX B Science.

Moaynro "®una” yaanoco
06HapyXUTb B HeapaXx

| KOMeTbl OrpOMHOE KOIMYECTBO

NycToT, HA KOTOpbIe NPUXoANTCS
npumepHo 75-85% oT ee o6bema.




slapo komeTbl 67PC-G: gaHHbIe rocago4yrHoro mogysisa Philae

CaMbIM rnaBHbIM OTKPbITUEM UCCNIeAOBaTENIN Ha3Ban o6HapyxeHue
Ha 3epHMUCTOW NOBEPXHOCTU KOMETbl FPaHy/1 pa3MepoM 1 MM WM YyTb
MeHblue. OHM COCTOAT U3 CJI0XKHbIX OPraHUYeCKUX MOJIeKyJl, KoTopble
nornowaroTt cBet. OpraHMyeckue MoJsiekyJibl Ha OCHOBe yrnepoaa

MHOr'MMM Yy4€HbIMUN PaCCMaTpNBalOTCA B Ka4decTBe 6nokoB ans
KCTPOUTEJIbCTBA XXU3HN>.

CH,

Alcohols Carbonyls Amines Nitriles Amides <> Isocyanates

1,2-Ethanediol Ethanal Methylamine Methanenitrile Methanamide Isocyanic acid

(CH,OH), CH,CHO CH;NH, HCN HCONH, HNCO

2-Hydroxyethanal Ethylamine Ethanenitrile

CH,OHCHO C,H.NH, CH,CN

H.).CHOH

Bo3MO)HbIe nyTu (hopMMpoOBaHMA COeANHEHUMN Ha Aape KoMeTbl 67P.
3esieHbIM BbleNieHbl coeauHEeHUS, BrnepBble onpeaeneHHblie Ans




Anpo kometbl 67PC-G: ganHblie nocagoyrHoro mogysis Philae

AHanus 3ToM nbiiv npm nomouwimn npunbopa COSAC nokasan, uto
NOBEPXHOCTb KOMETbl O4eHb 60raTta opraHMKon, B TOM uucsne

M BelleCTBaMM, KOTOpbie paHblue He O6HapyXuBasiuCcb Ha Apyrux
KOMeTax — MeTU/IM3oLuMaHaT, alleToH, nponanbgerua, aueramMmua

U rnukonbanbaerma. [1octatouyHo Heo)XXuaaHHbIM 06pa3oM Apyromy
XUMUUYECKOMY UHCTPYMeHTY "®unbl” Ptolemy He yaanocb HanuTu

Ha NOBEpPXHOCTU KOMETbl COeAUHEHUM cepbl, KoTopble "Po3erTa"
yuysisia c opbuUThl.

lMepBble yeTbipe BewecTBa, KaKk Nog4YepKUBaloT Y4YeHble, MOryT
CNYXUTb "KMpnnunkamMu" gna obpasoBaHnss aMMHOKUC/IOT, OCHOBbI
6enkoB n Hykneotnaos, "6yks" IHK, a nochnegHee — 6a3ou

Ansa NosiBIeHUs NpMMUTUBHDbIX caxapoB. Bce 3To o3HauyaeT, uYTo
paHHsAA ConHeyHas cucTeMa coaepikasia B cebe Bce HeobxoanuMmbie
KOMMOHEHTbI ANf 3apoXXAeHus Xu3Hu. KpoMme Toro, ns1iaHetosioru
noao3peBaloT, ONUMpPasiCb Ha AaHHble ¢ Ptolemy, 4UTO Ha NOBEPXHOCTH
67P MOryT npmcyTCcTtBoBaThb NPUMMUTUBHbDbIE NMOJZIMMEPDI, UTO ONATb XKe
yBeJiInuMBaeT BepoOSiTHOCTb TOro, UTO KOMeTbl 6bI/1M "nocTaBLMKaAMM
opraHuMkun" gna 3eMnm.



2 COMET CLIFF COLLAPSE

Before

Credits: NavCam: ESA/Rosetta/NavCam — (C BY-SA IGO 3.0; OSIRIS: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA European Space Agency

BHe3anHble U KOPOTKOXXUBYLLUE BbiIOPOCHI ra3a v NbiJIn 4HaCTo
Habnoaanucob BO BpeMs AByxseTHen Mmuccum Rosetta k komere
67P/C-G. XoTa nX TOuHble MexaHM3Mbl 06pa3oBaHus Bce eLlle
06cy)xaaroTcsi, BbiIbpocbl, yka3biBalOT Ha 06pyLieHme cnabbix m
3p03MPOBaHHbIX NOBEPXHOCTEN, C NOCNeAyOLMM HarpesoM J1IeTyumx




06 N3MEeHUYMBOCTU U HEOAHOPOAHOCTU siApa KoMeTbl 67P/C-G:

Before

NMocne o6pywieHnna oueHeHOo, YTO ob6/s1lydyaeMasi COTHEUYHbIM
M3/lyYyeHueM cKana Crasa, no KpamHen Mepe, B LUECTb pa3 sipue, YeM
obulan cpeaHss NOBepXHOCTb aapa koMmeTbl. K 26 aoekabps 2015 roaa
SIPKOCTb YMEHbLUWJ1aCb HaMOJIOBUHY, YTO FOBOPUT O TOM, 4YTO 60nblUas
4yacTb BOASAHOIO JibAa Y)Xe ucnapmBanacb K TOMy BpEMEHM.



http://www.esa.int/ESA_Multimedia/Images/2017/03/Comet_cliff_collapse_in_3D

N3MeHeHuna sapa koMetbl 67P/C-G: 3p03us u u3B/ieqdeHme
TBEpAov pakuymn Ha Imhotep (Pajola et al,, Science, 2017)

Jpo3ms, Bbi3BaHHaA Cy6b/iMMaLMen ieTyumx, 1 ocakaeHue nbisu,
Bbinagawouwien u3 Bbl6pocoB, NonararoTcs OTBETCTBEHHbIMM 3a
U3MeHeHue naHawadTa 3a cuer IMb60 06HaXKEeHUNA paHee CKPbITbIX
noBepxHocTen, NMbo ocarkaeHma BewecTBa B APyrux Mecrax.



http://www.esa.int/ESA_Multimedia/Images/2017/03/Comet_changes_erosion_and_exhumation_in_Imhotep

06 usMeHeHUsX Ha NOBEPXHOCTU siApa komeTbl 67P/C-G:

1{&-.

M BeCco
MWJIJIMOHOB KI nepeMectusicsa Ha 140 m Ha noBepxHOCTK sigpa 67P/C-
G B npeaasepuu nepurenus B aBrycrte 2015 roaa, korga akTMBHOCTb
KoMeTbl 6b1/1a Ha caMOM BbICOKOM ypoBHe. Credits: ESA/Rosetta/MPS

for OSIRIS Team.




06 namMeHeHMsIX Ha NOBEPXHOCTU siAapa koMeTbl 67P/C-G

Dec 2014 Mar 2016

B xoae Mmuccum Po3etTa 6b1J10 BbISIB/IEHO HECKOJIbKO YYaCTKOB
06pyLIeHMna CKan Ha NOBEepXHOCTU aapa komeTbl. Credits:
ESA/Rosetta/MPS for OSIRIS Team




06 namMeHeHMsIX Ha NOBEPXHOCTU ssApa koMmeTbl 67P/C-G:

BbiCOKMe CKaJibl Ha
NOBEpPXHOCTU siApa KOMeTbl Nno
n3obpaxeHnsam KA Rosetta.
Image Credit & Licence (CC
BY-SA 3.0 IGO): ESA, Rosetta
spacecraft, NAVCAM.




06 namMeHeHMsIX Ha NOBEPXHOCTU ssApa koMmeTbl 67P/C-G:

CHMMOK Y3KOYroJibHOM
kaMmepbl OSIRIS,
CAeNnaHHbIN 2 ceHTAb6pA
2016 roga c pacCTofHUSA
2,7 KM, Ha KOTOPOM 6biIn1 =
HanaeH CA Philae. CA
Philae HaxoauTcs B

4YyTb BbilUE LleHTpa.
MacuwTtab nsobpaxeHus
COCTaBJIsieT OKOJ10 5
cM/nukcensb. Credits:
ESA/Rosetta/MPS for
OSIRIS Team



http://www.universetoday.com/wp-content/uploads/2016/09/ESA_Rosetta_OSIRIS_NAC_20160902T195734_enhanced_625.jpg

06 namMeHeHMsIX Ha NOBEPXHOCTU ssApa koMmeTbl 67P/C-G:

NocnegHue CHUMKM,
koTopble ESA Rosetta
nepepasan B pa3Hble
MOMEHTbI CBOEro
npm3emMsieHnust Ha KoOMeTy
(ESA/Rosetta/MPS for
OSIRIS Team).




Kak o6bpa3oBanucb sgpa komer?

2 PROFILE OF A PRIMORDIAL COMET

Positive relief features Supervolatiles High porosity Goosebumps and clods

Spherical ‘caps' hint at remnant cometesimals The comet is rich in carbon Nucleus and ejected dust consist: p Internal ‘lumpiness’ hints at metre-sized cometesimals
monoxide, oxygen, nitrogen and of highly porous material, X 5 2 o
argon, suggesting it formed at low implying low-speed accretion L~ = -
temperature and did not experience and excluding further high-speed
thermal processing by heat from collisional processing
radioactive decay

Low strength

Low density, high porosity and
weak strength reflect properties
of early cometesimals and imply
low speed accretion

No alteration by liquid water

Absence of an absorption feature at 700 nm
shows that minerals in the comet have not
been altered by liquid water, implying that
significant heating by radioactive decay did
not take place

Two lobes

Similar properties of both lobes
imply similar evolution, and survival
against collision

www.esa.int Credits: Comet imoge: ESA/Rosetta/Naviom ~ (C BY-SA 160 3.0; Comet detarls and doto: ESA/Resetta/MPS for OSIRIS Team MPS/UPDILAMITAA/SSO/INTAUPM/DASP/TOA European Space Agency
Dust imoge: ESA/Rosetta/MPS for (OSIMA Tearm MPS/{SNSM/UNIEW/ TUORLA/IWF/TAS/ESA/BUW /MPE/LPCZENLCMIFMI/UTUNLISA/UOFC/HES

[loka3aTenbCrBa TOro, Yto komera 67P/C-G cOCTOMT U3 AApeBHEro MaTepuasia, COXpaHMBLUErocs oT
ob6pasoBaHusa paHHeit CoNHEeUYHON CUCTEMbI, CO6paHHble PO3eTTOM, 3aK/II0HAIOTCA B CTPYKTYPHbIX
CBOMCTBaX KOMETbl, 06Hapy>XeHHbIX ra3ax, NOKMAarLWmX S4po, u HabnrogeHunsax 3a
0CO6EeHHOCTSAMM NOBEpPXHOCTMU.




Kak o6bpa3oBanucb sapa komer? SHOW8RE SOMETS HORN?
Two main theories exist for how comets are born:
-In both cases, 'pebbles’' start assembling from

debris in the solar nebula, reaching sizes of about 1
cm.

-Then, according to the collisional rubble pile
theory (left column), large objects such as the
trans-Neptunian objects (TNOs) formed rapidly,
within the first one million year of the solar nebula,
aided by turbulent gas streams and gravity that
rapidly accelerated their growth to sizes of up to
400 km. These objects also underwent internal
heating caused by the decay of radioactive
substances, which resulted in their dense, low-
porosity structure, and kept growing over the
following 400 million years, some of them even
reaching sizes of Pluto or Triton-sized objects. In
this scenario, comets form from fragments created
in collisions between TNOs in the outer Solar
System, and therefore are relatively young.
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Kak o6bpa3oBanucb sapa komer?

Two main theories exist for how comets are born:

- According to the primordial rubble pile theory
(right), instead, comets took a different path. After
the rapid initial growth phase of the TNOs, leftover
grains and 'pebbles’' of icy material in the cold,
outer parts of the solar nebula started to come
together at low speed, undergoing a gradual
growth with no thermal processing to their interior
and yielding comets roughly 5 km in size by the
time gas has disappeared from the solar nebula.
The larger TNOs played a further role in the
evolution of comets: by 'stirring' the cometary
orbits, additional material was accreted at
somewhat higher speed over the next 25 million
years, forming the outer layers of the comets. The
stirring also made it possible for the few kilometre-
sized objects in size to bump gently into each other,
leading to the bi-lobed nature of some observed
comets.

Evidence collected by Rosetta strongly favours the
primordial rubble pile hypothesis, namely that
comets were built up slowly through low-speed
accumulation of primordial material into the shapes
observed today.

2 HOW ARE COMETS BORN?

Solar System: 400 million years -




slapa KoMeT KaK 06 beKTbl acTepoMaAHO-KOMETHOU onacHocTu -AKO

C Touku 3peHna AKO — onacHbl, HO, C TOUYKHU 3peHus
acTpobuonornm — BOSMOXXHO 6MOXMMNUYECKN aKTUBHDbI???!11!



http://www.esa.int/spaceinimages/Images/2015/04/Comet_on_25_March_2015_NavCam

3aKJII0YeHHue

IIpeacrasBiieH 0030p JHINb MEPBbIX PE3YJIbTATOB
kocmuuyeckon muccun ESA ROSETTA

OHH y:Ke MOMEHSJIM HAILM NPeACcTABIEHUSI 0
NPUPOAE KOMET

O:xuaaeMbie HOBbIE Pe3yJbTAThl O3BOJISAT
NMPOABMHYTHCS HA MYTH PEIICHUS YIIOMSAHYTHIX
BblIllIe (PYHIAMEHTAJbHBIX NP00JeM (PU3UKH U
XMMHH KOCMOCA.

Cnacmnbo 3a BHMMaHue!




