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Tema 1. HoBocTu nnaHeTonormu: konbua CartypHa
BONMN3N N MyNBTU-MMNAKTHaAA Moaenb obpa3oBaHuA

Ny H S ~\ «KaccuHu» Boane:
. CatypHa

The spacecraft launched on October 15, 1997 aboard a Titan IVB/Centaur and entered orbit around Saturn on July 1,
2004, after an interplanetary voyage that included flybys of Earth, Venus, and Jupiter. On December 25, 2004, Huygens
separated from the orbiter and landed on Saturn's moon Titan on January 14, 2005. It successfully returned data to Earth,
using the orbiter as a relay. This was the first landing ever accomplished in the outer Solar System.

Cassini continued to study the Saturn system in the following years, and continues to operate as of January 2017.
However, due to the spacecraft's dwindling fuel resources for further orbital corrections, it is currently planned to be
destroyed by diving into the planet's atmosphere in September 2017. This method of disposal was chosen to avoid potential
biological contamination of Saturn's moons.

On November 30, 2016, Cassini entered the final phase of the project. Cassini will dive through the outer ring of
Saturn 20 times, once every seven days. The spacecraft will enter areas that have been untouched up until this point, getting
the closest look ever at Saturn's outer rings. The first pass of the rings took place on December 4, 2016. 2



CHUMKM C
nocnegHnx
NposieToB
«KaccuHmn»:
KOrnbLo B
(Bce
JaHHble

- NASA/JPL)







Konbuo A
CnyTHUK
¢ [adHuc

B Wwenu Kunepa




TpaekTopuu 4yacTul (NMOTOKOB?) BO3se

dadHuca

: nedekThbl |
dootorpagouun?

[MporneTHble
YacTumLbl

[Monarato, 4To U popma 1 opmneHTauus (CtTabunbHaa?) CNyTHUKA HE
CllydanHbl U
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OTKPbLITO M3 POCCM

Koabna CarypHa B
CyIlepKOMIIbIOTEepe

Kak yctpoeHb! Konbla CatypHa v 0TKYAa OHU B38IUCh
puropuit Konnakoe, Bnagumup fenaee  05.08.2015, 1317

f|B[2]w]O)

B Hauane aBrycTa 2015 r B pOCCUACKOMN U B @aHIMOA3bIYHOW Npecce
NOSIBUITMCb MHOIOMUCHEHHbIE CO0BLLIEHMS, Y4TO «3aragka konev,
CaTtypHa oKOHYaTemNbHO peLleHa» C MOMOLLLI0 MeXayHapoa4HOro
Hay4YHOro KOnneKkTnea u cynepkomnbtotepa Yeboiwesa ns MIry.
«Saturn Ring Riddle Finally Solved»
http://www.huffingtonpost.com/entry/mystery-of-saturns-rings-solve
d_55c39c2ee4b0923cl12bbeef?

Peub naget o ctatbe: «Size distribution of particles in Saturn’s rings
from aggregation and fragmentation» Lienoro mexagyHapogHoro
KonnekTuea aBTopoB — Hukonas bpunnuanTosa, N.J1.
Kpanusckoro, AHHbI Bogposon, Frank Spahn, Hisao Hayakawa,
Bnagumupa CtagHuuyyka, Jurgen Schmidt - ony6nmkoBaHHOW B
PNAS: « Tpygax» HaunoHanbHomn akagemun Hayk CLLA:
http://www.pnas.org/content/112/31/9536 B cTaTbe TeopeTnyeckm
nosny4eH CTeneHHoM 3aKOH A5t MenKnx YacTuL, 1 3aKoH
obpe3aHns cnekTpa Ans KpYnHbIX YacTul, B KOnbLax.

Mocne Bbixoga ctaten u MIY, rae pabotaet CTagHUYyK 1
BogpoBsa, n 6puTaHCKMI yHUBEPCUTET, rae paboTaet
BpunnuaHToB, coenanu npecc-penuabl, pasocnany nux no
pedakumsim raset — u nHopmaums o paboTe LUMPOKO
pacnpocTpaHunacs.

MexmyHapoaHas rpyrirna y4eHbIX ¢ ydacTueM coTpyaHmMkoB MIY umenu M.B.
JlomoHOCcoBa 00bsicHWIa cTpoeHue Kosell CaTypHa U cMoe/InpoBasa MX Ha
CYIepKOMITbIoTepe. 3TOT pe3y/bTaT MOXKeT ObITh IPMMeHEeH K CaMbIM 8

Pa3HbIM CHCTEMAaM Kak B IIpyUpoae, TaK M B UHOYCTPUN.



LluTaTtbl U3 raseTHbIX COOOLEeHNN n

MHTEepPBbLIKO .
MexxayHapoaHas rpynna uccrieaoBaTternen, B KOTOPYH BXOAAT YETBEPO POCCUSH —

BbINyckHUK MIY nmeHn M.B. JlomoHocoBa Hukonan bpunnuaHTtos (npodgeccop
INectepckoro YHnBepcuteta, Bennkobputanus), Nasen Kpanueckui (npodeccop
BoctoHckoro YHusepcuteta, CLLUA), a Takke HaydHble COTPYAHUKM Kadhenpbl nsnku
nofiMMepoB 1 Kpuctannos usnyeckoro pakynsretra MY nmenum M.B. JlomoHocoBa AHHa
boaposa n Bnagnmunp CtagHU4yK, BHECITM HAaKOHEL, SICHOCTb B 9TOT BOMNPOC, U3y4unB
pacnpegeneHne Yactuu, no pasmepam B Konbuax CatypHa. B xoge paboThl
nccrnegoBaTenun nokasanm, 4To Habnogaemoe pacnpeneneHne UMeeT YHUBepcasibHbIi
XapakTep, TO €CTb CBOMCTBEHHO BCEM KOfbLiaM, BO3HUKAKOLWMM Y HEGECHbIX TEMN, YacTulbl
KOTOPbIX MUMEKT CXOXYH0 npupoay. bonee Toro, yyeHbIM yaanock pasragarth 3aragky
Marm4eckoro 3akoHa «obpaTtHbix KyboB». COOTBETCTBYHOLLLAS CTaTbs KOMNNEKTUBA
aBTOpPOB, B KOTOPbIN BXOAAT npodpeccopa PpaHk LLnaH (YHnsepcutet NoTcaama,
[epmaHus), FOpreH WUmnaT (YHuBepcutet Oyny, PuHnanamnsa) u Xmcao Xasikasa
g/HI/IBe cutet Knoto, AnoHus), onydnnkosaHa B >|<¥(pHane Proceedings of the National
detible no(%csng#gé@'MaTemaT Yeckyo MOLerb 3Tu npouetccs—mépym-mmremrsa, n
p'am'rvrcrr!fsnvrmmm'onamm, B TOM 4uMCe NPOBOLA YNCIEHHOE peLleHne OrpoMHOro Yncna
andpepeHumarnbHbIX ypaBHEHNN. TO MOXHO ObINo caenartb TOMbKO Ha
cynepkomMnbloTepe. B pesynerate 6bi1 3a4eMCTBOBAH OAWH U3 MOLLHENLLIMX
cynepkomMmnbioTepoB EBporbl — cynepkomMmnbiotep MIY «YHebbiweBy». [JaHHas YacTb
paboTbl Obifia BbINOfIHEHA MOCKOBCKMMMU Korfneramm Hay4How rpynnbl. Y4eHble
00BACHUIIM KaK OTCYTCTBME B Kosibuax CatypHa vyactuy, bonblue onpeaesieHHoro
pasmMepa, Tak 1 3arafgo4vHbIN 3aKOH «0bpaTHbIX KyboB». boriee Toro, U3 nony4yeHHom
MOAenun cnegoBarst U TakoW BaXKHbIM BbIBO, YTO YKa3aHHbIe 3aKOHOMEPHOCTU OOSTKHbI
HabngaTbca ona Bcex Korew, byab 3To KOSbLO MiaHeTbl Unu acteponja.



Mou KommeHTapumn

HabGntogatenu Hawnu pacnpeaeneHune Yyactuu, no paamepam B konbuax CaTtypHa B
Hayane 80-X rofoB 13 AaHHbIX «Bosmkepos». Oka3anochk, YTO YMCIO MENKMX YacTuL, C
pasMepoM R~ 1 cM — 1 M NpUBNN3NTENBLHO NOAYMHSAETCS 3aKOHY 1/RA3 — TO €CTb, YEM
bonblue pasmep YacTul, TeM MeHbLLE X Yncrno. Ho ¢ yyeTom Toro, 4To Macca
OTAENbHOM YacTuLbl pacTeT Kak RA3, TO NONyYaeTcsl, YTO YacTuLbl pasHbIX pa3MepoB
[aloT NPMMEpPHO OAMHAaKOBbLIV BKNaa B Maccy konel. MNoka3aTtenb nnaBaeT okomo 3 u
MOXET ObITb, HANpPUMep, 2.7, oT4ero Bknaa 6onbLUMX YacTul, yBenuynsaetcs. B obnactu
caMblX KPYMHbIX YacTuL >5 M pacnpeaeneHme CTaHOBUTCS COBEPLLUEHHO APYrnM: 1/RA6,
4YTO O3Ha4aeT ObICTPOE BbIMUPAHUNE YNCIIa KPYMHbIX YacTul,.

BnepBble crnekTp yacTtuy, B konbuax CaTypHa — Kak asnist Menkux 1/R3, Tak n ans
KPYMHbIX 1/R"6 - TEOPETUYECKM YCTAaHOBWIT MOSIO40W UTAlNbAHCKUW UccrenoBartesib
[Mbep-UB JloHrapeTTu, Ha aTy TeMy 3alUUTUBLLMIA JuccepTaumio B 1987 roay B
[peHobnbcKkoM yHnBepcuteTe (PpaHums) n onyonmkosasLLMK BONbLUYIO CTaTbIO B Icarus
B 1989 roay. B cBoen guccepTtauum oH gaxe YMCrieHHO nNpomMogennpoBarn nepexonHyto
30HY MeXay ABYMS cnekTpamMn. bpunnmaHToB v 4p. B CBOEN CTaTbe HE CKa3asnu HU
OLHOro crnosa o0 pakTe TEOPETUYECKOro NonyvyeHus JIoHrapeTT cnekTpoB YacTuy, ewe
26 net Hasag. [No4yemy 3akoH 1/R”3, KoTopbIv ycTaHoBun B 2015 roay bpunnnaHtos n K,
ABNSAETCSH «BENUKOSEMHBbIM U YHUBEPCArbHbIM», @ 3aKOH 1/RA3, KOTOPbIN onybrnnkosarn
JloHrapeTtTn B 1989 roay, He CTOUT Jake YNOMUHaHUA? ABTOPbI cocranuncb Ha paboTy
JToHrapeTTn ogHOM KOPOTKOM hpason Kak Ha «paHHMI NOMYyKONNYECTBEHHbIN NOAXOA», B
KOTOpPOM NS obpe3aHnda cnekTpa KpynHbIX YacTuL, NpmuBneKkascs «4oMnOfTHUTENbHbIN
MeXaHN3M».



Bonblue cTa neTt y4éHble nonaranu, 4to kornbla CaTypHa cyLecTBYoT Gnarogaps NpUnNmMBHLIM cunam,
KOTOpble pa3pyLLatoT KpynHble YacTuubl. [axe korga HabnogaTenu yCTaHoBUIU, YTO TUMUYHBIN pa3Mmep
YyacTuy, B Konblax CaTypHa BCero HECKONbKO METPOB, TO MM O BaXKHOCTU NPUIUBHLIX CUM ocTancs. A
Beb CTOUT CPaBHUTb NPUIUBHbIE CUTbI C MPOYHOCTbLIO YaCTULL, KOMEL, U MOHATb, YTO MPUINMBHbLIE CUIbI B
10-100 TbicsY pa3 cnabee, YeM HY)XHO — U OHW He MOTYT obecneYnTb paspyLUeHne Yactul,. JloHrapeTTm aTo
MOHSN OAHMM U3 NEePBbIX U yKa3sar, YTO CKOPOCTb COyAapeHnst KpYmHbIX YacTuL, pacTeT C UX pagnycom ns-
3a audpdepeHLmansHOro BpalleHus kornew kak QR, roe Q — yrnoeasi CKOpOCTb BpallleHUs korew, a R —
paaunyc KpynHow Yactuupbl. Otcioga JIoHrapeTTn nony4unn oGbsacHeHe NOBbILLEHHOO pa3pyLUEHUs
KPYMHbIX YacTUL, (MOTOMY YTO yaerbHas 3HEPrus X CTONKHOBEHUS PacTeT C UX paanycoMm), a Takke
MPUYMHY Nepexoaa 30Hbl KOMNeL, B 30HY CNyTHMKOB, NOTOMY YTo Q) nagaeT ¢ pacCTOSAHMEM OT MNaHeTbl Kak
1/r”1.5, n korga Q CTaHOBUTCHA JOCTAaTOMHO Marnow, KpynHble YacTuLbl, obnagatoLme 3HaYNTENbHOW
camorpaBuTaLmein, nepecTaloT paspyLartbcs. Tak kak Mbl ¢ PpuamaHom HesaBUcMMO npunm k TOYHO
TaKMM e BbIBOJaM, TO S MONTHOCTLIO cornaceH ¢ pabotoi JToHrapeTTw.

YTto gymaroT bpunnunaHtoB 1 ap. No nosoay v dpepeHumnansHOro BpaLleHns?

Huuyero. OHM ero He NOHANN U COYNKN «A0MONMHUTENBbHLIM MEXaHN3MOM», B TO BPEMS KaK OH sIBNSeTCS
rmaBHOW NPY>XMHOW CyLLLeCTBOBaHUA Konew. Y bpunnnaHtoBa n ap. CKOpoCTb coyaapeHmda yactuy HE
3ABUCUT Hu OT pagnyca KpynHbIX YaCcTuL, HWU OT pacCToAHUSA 0 nnaHeTbl. OHM nonyyunm paspyLlueHmne
KPYMHbIX YacTul, NpeLCcTaBUB MX HEKUM HEMPOYHbIM CKOMNeHeM BunnmapaHbIX WapoB, KoTopble
pasneTaroTcs oT yaapos 6oriee ObICTpbIX OTAENbHbIX WapoB. Camorpasutauna bpunnuaHToBy v Ap. He
MeLLAaEeT, MOTOMY YTO OHM €€ He yunun. A ecnu Bbl y4nun, To 3akpbiiiv Obl CBOK PaboTy, NOMY4YnB, YTO Takas
BCTPSICKa HNYYTb HE BPEeAUT KPYNHbIM YacTuuam, KoTopble, brnarogapsi cBoemy rpaButalMOHHOMY MOJSIHO,
He BblnyckatoT 0611oMKn 13 cBoen cdepbl Xunna n cHoBa cobmnpatoTcs 3a CYUTAHHbIE Yachl. TO
KayeCTBEHHO MOHATHO M3 0bLMX cOoBpaXeHMin, a KONMYecTBEHHO BbIN0 MOKa3aHO YNCIIEHHBIM PpacHeTOM
B rpynne ®puamaHa — v odeHb AaBHO. CNeKTp KPYNHbIX YacTul, KOTopbIv nony4nnu bpunnmnanTtos u ap. -
9KCMOHEeHUMarnbHbIW, a HE CTENEHHON, KakK y JloHrapeTTn. Y a1o 6050 MUHYC — MOTOMY YTO 3aKOH
JloHrapetTn 1/R*6 06bSCHAET HabogaeMoe Hanmume Mesikux CnyTHUKOB pa3sMmepoM ~ 100-1000 MeTposB, a
3KcrnoHeHTa bpunnuaHToBa NnagaeT Tak ObICTPO, YTO U3 HEE HENb3s NOSYYNTb HAKAKUX TeN KpynHee
AEeCATKOB MeTpoB. 3Ha4YuUT, Ha0 co3aaBaTb €LLUE OHY Teoputo Mo 06pa3oBaHUO MUKPO-CMYTHUKOB.
CnekTpbl KPYMHbIX 1 MENKUX YaCTUL, B KOSbLiaX CBSA3aHbl, TaK Kak YaCcTuLbl HAXoOATCA B npoLuecce
MOCTOSAHHOIO POCTa U pa3pvuieHus. Ecnv mooenb BpunnuaHToBa 1 Op. HE MOXEeT OObACHUTb CNEeKTP



He noHnmas, rae nponeraeT BHELWHSASA rpaHuLa konew, bpunnuaHToB v gp. pacCynTbIBaKOT Ha TO, YTO
NX aHanM3 NPUMEHNM K Konbuam actepongoB Kapukno n XupoH. 3T1o 6onee YeM COMHUTENBHO,
NOTOMY 4TO KoribLa Kapukno n XmpoHa nexar ganeko 3a npegesiamm BHeLWHeW rpaHunLbl MNAOTHbIX
Konew 1 ABNAKTCA ocTaTkaMu NPOTOCMYTHMKOBOIO AMCKa, N3 KOTOPOro, BUANUMO, pacTeT HOBbIV
CMYTHUK. JTO criegyeT N3 anarpamMmmel, KOTOPYIO A NOCTPOUN ANS pacnpenenenus niiaHeTHbIX Konew v
CMYTHMKOB acTepouioB .

KnHeTnyeckumn nogxopn, npu Bcen ceoen pa3paboTaHHOCTHN, NPUMEHSATD K KornbLam CaTypHa HY>KHO
OYeHb OCTOPOXHO N3-3a TEX OrPaHUYEHUI, KOTOpbIE 3an0XXeHbl NPU BbIBOAE KNHETUYECKOIO
ypaBHeHus. 3abaBHbIi MOMEHT: Npecc-penuna Jlectepckoro yHnBepcuTteTa Obin yKpalleH KapTUHKOM
xynoxHuka ns HACA, rae KpynHble YacTuubl CTanKMBarlTCa N paspyLuatoTcs

| 3 KapTUHKM MOXHO caenaTb BbIBOA,
org W,@:.,” w‘ | UTO CTOSIKHOBEHWA KPYMHbIX YacTuL
;?.%’% e "?%»? ;“o — HeUeHTpanbHble, 1 061ako
1% ,_'_ W25 59 &3 i J*}; 4 0BnomKoB pacTsir1BaeTcs
& : R :?in_‘z anddepeHunanbHbIM BpaLLleHneM.
N 310 coBepLUEHHO BEPHO, BOT
TONbKO KapTUHKa nNpu3BaHa
NPOUNNICTPUPOBATL CTaTbIo
bpunnuaHToBa 1 Ap., rae
coydapeHus YacTul, TONbKO
LUEHTPAJIbHbBIE (orpaHnyeHne
KUHEeTUYecKoro noaxoaa!) un
andpdepeHumanbHoe BpalleHue HE
YyYnTbIBAETCA. 12




YecTHasa aHHoTauua ctatbk bpunnunantoBa n K 6bina 661 Takon:
«MpepnoxeHa TpeTbA (3a nocrieAHUe YeTBEPTb BEKa) TeopeTUYecKas
Moaernb, 00bsCHSAOLWAaA HabnaaeMbI 3aKOH 1/RM3 Aona Menkux Yyactuu
B Konbuax CatypHa. OHa camasi COMHUTeNbHas, MOTOMY YTO, B OTIIn4Me
OT npeAablayLwunx, npeanoxeHHas Moaesib He YYUTbIBaeT
anddepeHunanbHoe BpalleHue Koney n camorpaButaumio 4yacTtumu, He
00BbACHAET Habngaemoe pacnpeaeneHne KPpynHbIX YacTul, B KonbLax
CaTtypHa, BKNoYarLwmx MMHN-CMYTHUKN pa3MepoM A0 KUNOMeTpa, a
TaKXXe He MOXeT OTNuYaThb 30HYy Konew, OT 30Hbl CYTHUKOBY.

Hukakmx TaH nnaHeTHbIX Konew, KOHEYHO, B CTaTbe OTKPbLITO He ObINo —
MOTOMY YTO aBTOPbI UTHOPUPYIOT HE TONBbKO pearbHOro NepBOOTKPbIBATENS
3aKOHOB pacnpeaenenus - JIoHrapeTTn, Ho 1 Ba3ncHble akTbl AMHAMUKK
koneuy,. 3aTo 3Ta cTaTbs Obina Gnaronony4YHo CKopMMeHa MUPOBOW Npecce, Kak
KpYrNHOe AOCTUXKEHME - U CTAHET OTYETOM MO HECKOMNBbKUM FpaHTaM pasfnyHbIX
cTpaH. Popmat nybnukaumm PNAS npeanonaraet nucbMa K pejakTopy ¢
KpaTKUMWN KOMMEHTapPUAMM K ONMyONMKOBaHHbLIM CTaTbsIM C U3NOXKEHUEM
anbTepHaTMBHOM TOYKM 3peHust. A Hanucan Takoe NMCbMo peaakTopy. PNAS
oTKasarncs ero nyonmkoBaTb, NPUBeAsi B KA4eCTBe apryMeHTOB HECKOMbKO
LMTaT OT peueH3eHTa. A nony4mn orpoMHOE Ya0BONbCTBME OT UX YTEHUS.
PeLieH3eHT PNAS cornacuncst Co BCEMU MOMMW KOHKPETHbIMU I0OBOAAMM, HO
3asiBUN cneayloLLee:



“| agree that the Brilliantov et al. model does not explain the moonlets in Saturn's rings,
but it was not intended to and these may well have arisen from different processes. Nor
was it intended to explain the transition from rings to satellites near the Roche limit.”
[MpnumepHbIn NepeBoa: «[a, Teopusa bpunnmaHtoBa u Ap. He OO bACHSAET
MUKPO-CMYTHMKN U BHELLHIOIO rPpaHuMLUy Korel, HO TaKkon 3a4a4vun B 3TOMN
TEOpPUU N He CTaBUNOCL» (1) 3HaUNT, oHa Teopusa OTBEPraeT Apyryto, Kak
«MOSTYKONMNYECTBEHHYIO», HO TOT d0aKT, YTO OTBEpraemMast Teopusi oo bsacHaeT
ropasgo 6onblLle HabnagaemMbiX SBNEHUN, COBEPLLUEHHO HUYEro HE 3HaYnT!

[lanee peueH3eHT caenarn nNpernecTtHoe U CoOBePLUEHHO HOBOE 3adBIIEHNE B
MWPOBOW TeopeTnveckon Hayke: «The fact that other approaches can explain a wider
variety of phenomena doesn't necessarily make them better». («PakT, YTO Apyrue
MoAesiu MoryT o6 bLsACHUTL 6oree WUpokun Habop deHOMeHOB, He
00sizaTenbHO AenaeT UxX NyYwnMmny»). PeLleH3eHT He cKkasarl, Kakne
OOMNONHUTENbHbIE KPUTEPUU «NYYLLECTU» CYLLECTBYIOT Ansd Teopun. Kctarty,
MaTteMaTU4ecknin ypoBeHb paboTbl JIoHrapeTTn HU4eM He ycTynaet paboTte
BpunnnaHToBa, pa3se 4YTo cynepkomMnbioTepa JIoHrapeTTn He ncnones3osan. Tak
4YTO, BUOMMO, OCTaNMnUCh TE€ KPUTEPUMN «NYHLLECTN», KOTOPLIE B NPUITNYHOM
obLlecTBe ny4ylle He 03By4YMBaTb.

Mowu BbiBOA: «YnpoweHHasa ousanyeckas moaernb, KOTOpas He OonucbIBaeT
MUKPO-CMYTHMKN U BHELLHIOK FpaHuUy Koreud, Aeraet padboty
BpunnuaHToBa 1 Ap. He Warom BnepeA, a Larom Hasag no CpaBHEHMIO C 14
DabGoTamu 20-20 netTHEAU NABRHOCTUY



Size distribution of particles in Saturn’s rings, missed moonlets and misinterpretation of
Chariklo rings OR>a(GM/R)V2 OR<alGM/R)V2
20

Nick Gorkavyi [~ ’
i Rings  Satellites

Brilliantov et al (1) propose a2 model for the size distribution ~R~* for small particles with
radius R and ~exp({RR.)’) for large particles, where R=5.5 m: “vet neither the power-law
dependence nor the upper size cutoff have been established on theoretical ground” (1) The
following comments are necessary.

In 1989 Longareti found analytically ~R-~ for small particles and R for large ones (2).
Similar solutions R# for large bodies, and R< (2.7<q<3.1) for small particles have been found in the
1990-1992 independentdy from (2) using different method — see (3) The law R* also describes
moonlets with size ~ 0.1-1 km. That allowed us to estimate the number of particles with R = 5m in =
A-ring as N~3*105, N~2*10° for particles with R = 125m and N~200 for R = 400m, which is
comparable with observations. Cut-off law from (1) does not describe moonlets and requires new
mechanism for the origin of - 1 km size bodies

Collisional destruction of the large particles is ineffective if the debris stays inside the Hill's
sphere of the large particle and during one revolution retums on the particle. Paper (1) does not take
into account the key effect of self-gravitation of large particles. In (1) a velocity of particle does not
depend on the particle size and the distance to the planet r: V=const(R, r). Consequently, the large
particles with mass M and the escape velocity Va=(GMR)'? > V will grow indefinitely, contrary
to the statement (1), Longaretti used a more accurate condition of destruction of particles: QR 2>V,
where Q — angular velocity of the nngs: “A relative mcrease of the erosion destruction rate of the 0' > 3 ‘: ; é i
large particles must take place, because these particles have relative velocities of collision larger

than the dispersion velocity, due 1o the differential Keplerian motion™ (2) Redule/Rudior_planst
Decreasing QR~r32 with distance r explains why planetary rings exist only near the planet
For the rings QR> a(GMR)'* where a~1: “the exterior radius R, of a planet’s primary... ring Fig. The dismibution of planetary rings (red), satellites of asteroids (green) and Chariklo ring/disk
system and the size of the largest member particles are determined not by tidal forces but by 2 more (blue) by the distance from the central body
efficient mechanism: erosion of the particles surfaces through grazing collisions in the differentially i y
rotating disk” (4). Computer simulation of the behavior of debris of destroved particle showed that
with increasing distance from the planet, most of the debris retumns back to the particles (5). This 1. Brilliantov N. et al (2015) Size distribution of particles in Saturn’s rings from aggregation
effect causes a sharp transition from the zone of the rings to the area of satellites. The new model (1) and fragmentation. Proc Natl Acad Sci USA 112 (31):9536-9541
does not explain the difference between the rings and the satellites and the authors (1) suggest that 2. Longaremi P-Y. (1989) Saturn's Main Ring Particle Size Distibution: An Analytical
their calculations are applicable to the rings of the Chariklo and Chiron. In fact, the Chariklo’ rings Approach. fcarus 81 5 1-73 .
are not examples of planetary rings. but proto-satellite disks (se Figure) 3. Fridman A M, Gorkavyi N.N. (1999) Physics of planetary ring (Springer, Beriin).
Simplified physical model that does not describe moonlets and the outer boundary of the 4. Gorkavyi N.N., Fridman A M (1985) Origin of the gap between planetary ring and satellite
rings makes the article (1) nota step forward but a step backwards in comparison with the papers of ? 1

é systems, and the size and structure of the ring particles. Sov Aspron Lot 11(4):264-266
20-30 years old 5. Gorkavyi N.N., Taidakova T.A. (1989) Collisional destruction of particles in planetary rings.
Sov Astron Letr 15(3):229-234.
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Size distribution of particles in Saturn's rings, missed moonlets and misinterpretation of Chariklo rings

Nick Gorkavyi
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Brilliantov et al. (PNAS, 2015) propose a model for the size distribution ~R"-3 for small particles with radius R and ~exp(-(R/Rc)"3) for large particles, where Rc=5.5 m. In 1989 Longaretti found analytically ~R"-3 for small particles and R*-6 for large ones (2).
The law R"-6 also describes moonlets with size ~ 0.1-1 km. Cut-off law from Brilliantov et al. model does not describe moonlets and requires new mechanism for the origin of ~ 1 km size bodies. This model does not take into account the key effects of
self-gravitation of large particles and differential rotation of the rings. Longaretti used a more accurate model of destruction of particles: "A relative increase of the erosion/destruction rate of the large particles must take place, because these particles have
relative velocities of collision larger than the dispersion velocity, due to the differential Keplerian motion". The new model does not explain the difference between the rings and the satellites and the authors suggest that their calculations are applicable to
the rings of the Chariklo and Chiron. In fact, the Chariklo rings are not examples of planetary rings, but proto-sateliite disks. Simplified physical model that does not describe moonlets and the outer boundary of the rings makes the new model not a step
forward but a step backwards in comparison with the papers of 20-30 years old.
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AcnnpaHTtka Panyka Pydy n3 UNspanna emecte co csonm npodeccopom Opgenom
AapoHCOHOM 1 coaBTopoM Xarau [lepelom coBepLIUSIM HEMBICITMMOE: B NePBbIe OHU
2017 ony6bnukosanu B Nature-Geoscience ctatbto 06 MynbTU-MMNAKTHOM 0B6pa3oBaHNK
INyHebl1. http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo2866.html

CyTb cTaTtbu: JIyHy MOXHO caenaTtb He ogHUM 60nbWNM, a MHOrMMK Bonee yMepeHHbIMK

yoapamu.

nature |
geosc:lence ARTICLES

PUBLISHED ONLINE: 9 JANUARY 2017 | DOI: 10.1038/NGEO2866

A multiple-impact origin for the Moon
Raluca Rufu'*, Oded Aharonson' and Hagai B. Perets?

The hypothesis of lunar origin by a single giant impact can explain some aspects of the Earth-Moon system. However, it is
difficult to reconcile giant-impact models with the compositional similarity of the Earth and Moon without violating angular
momentum constraints. Furthermore, successful giant-impact scenarios require very specific conditions such that they have a
low probability of occurring. Here we present numerical simulations suggesting that the Moon could instead be the product of
a succession of a variety of smaller collisions. In this scenario, each collision forms a debris disk around the proto-Earth that
then accretes to form a moonlet. The moonlets tidally advance outward, and may coalesce to form the Moon. We find that
sub-lunar moonlets are a common result of impacts expected onto the proto-Earth in the early Solar System and find that the
planetary rotation is limited by impact angular momentum drain. We conclude that, assuming efficient merger of moonlets, a
multiple-impact scenario can account for the formation of the Earth-Moon system with its present properties.

he Moon’s origin remains enigmatic. The leading theory for N-body simulations of terrestrial planet accretion'® show that the
the Moon’s formation posits a scenario in which a Mars-  final angular momentum of the Earth’s system is a result of several
sized planetesimal impacts the late-stage accreting Earth. impacts. The largest impactor is not necessary the last one. That
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B ctaTbe paccmaTpuBaeTcs nocnegoBatenbHocTb U3 20 yaapos Ten B 0.1-0.01 ot macchl
3emMnu, KoTopble co3garoT 20 nyH, NOTOM CriMBaOLWMXCA B oaHY bonbuyto JlyHy.

A RTl C |_ ES NATURE GEOSCIENCE poi:10.1038/NGE02866
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Figure 1| Lunar formation in the multiple-impact scenario. a,b, Moon- to Mars-sized bodies impact the proto-Earth (a) forming a debris disk (b). ¢, Due to
tidal interaction, accreted moonlets migrate outward. d,e, Moonlets reach distant orbits before the next collision (d) and the subsequent debris disk
generation (e). As the moonlet-proto-Earth distance grows, the tidal acceleration slows and moonlets enter their mutual Hill radii. f, The moonlet
interactions can eventually lead to moonlet loss or merger. The timescale between these stages is estimated from previous works"2732,
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Figure 2 | Impact simulation. Several snapshots of one of the simulations with initial conditions of y =0.025, Vi, = 2Vesc, B =30° and @ = 0.5@px. The
colour bars represent the entropy of the impactor and target. All projections are on the equatorial plane with one hemisphere removed. The impactor ic%re

is shown over the target. The Roche limit is represented by the dashed line.



Nature nocTtynuna ocTopoXxHO M1 nocne crtarsn Pydy-AapoHcoHa-llepeua
onyonmnkoBano CKenTUYECKY0 U A0BONbHO HECEPLE3HYIO CTaTbio KonnunHcea,
KOTOPbI NOCIIe NCTOPMUYECKOW CNpaBKku N nepeckasa paboTtbl Pydy v ap.,
BbICKa3ar fiMLb Napy rofIoCNoBHbIX N HECYLLLECTBEHHbIX 3aMeYaHNN.
http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo2880.html

news & views

MOON FORMATION

Punch combo or knock-out blow?

The twin isotopic signatures of the Moon and Earth are difficult to explain by a single giant impact. Impact
simulations suggest that making the Moon by a combination of multiple, smaller moonlet-forming impacts may
work better.

Gareth S. Collins

mong the wide diversity of isotopic
A signatures found in our samples
of planetary bodies and meteorite
families, those of the Moon and Earth
are nearly identical'~’. This unique shared
identity is difficult to reconcile with
the hypothesis of Moon formation by a
single giant impact. In most numerical
giant-impact simulations the Moon is
derived primarily from the impacting
planetesimal, not Earth, and it is likely
that the moon-forming impactor and
proto-Earth were isotopically distinct. In
this issue, Rufu et al.* offer a resolution
to this isotopic identity crisis: they show
how a Moon that is formed largely out
of Earth-derived material may be a
more natural consequence of building
the Moon from a number of moonlets,
formed by a series of large impacts, rather
than in one go (Fig. 1).
Since it was proposed in the mid-1970s,
the giant-impact hypothesis® has become

the favoured explanation for how the Moon  Figure 1] Moon formation. The Maon was born at a time of intense bombardment. Rufu and collea

was born. Numerical simulations showed suggest that not one giant impact — but a series of smaller ones — may have expelled material from
how a grazing, low-speed collision of a proto-Earth that a ted into moonlets and eventually merged to form the Mooen.

Mars-sized planetary embryo with the 18
proto-Earth would produce a hot, massive,




Hanpumep, KonnuHc Bbickasan onaceHue, 4to Kakne-1o n3 20 nyH moryT
notepsaTbes. BuaHo, 4yto KonnuHe, cneunanunct no kpatepoobpas3oBaHuto u

He crneyuanuct B HeDeCcHo MexaHuke, CoBepLUEHHO He MOHUMAET,

HaCKOJSTbKO HEBO3MOXHO BbIDPOCUTL U3 CUCTEMbI 3EMIN CIYTHUK,
aKKpeLMOHHO chOpMNPOBABLUUNCA Ha KPYyroBon opouTte n nmeromn
anameTp 6onee Thica4n KUNOMETPOB (JlyHa nmeeTt gnameTp B 3.4 Thica4n).
[axxe YpoHUTb ero Ha 3eMsito HEMbICIIMMO CITIOXHO. Ecnn OH He BonaeT B
JlyHy, TO ocTaHeTcAa Ha cBOen opobuTe — 1 Mbl €ro HernpeMeHHo 3ameTunm boi!

BenymaHoBCKUIN MHCTUTYT caenan BUOeoposink ¢ MoLenNbo
http://wis-wander.weizmann.ac.il/space-physics/multiple-impact-origin-moon.

O mynbTU-MnakTHoU ctaTebe B Nature 3awuymena mmpoBasi npecca, BKno4vas
«BawmHrtoH noct», «Hbto-Nopkep», «lNonynapHas mexaHuka» U T.4.

The moon may have formed after moonlets collided with Earth and the pieces
merged, a study said.

Planet’s satellite might be amalgamation formed after many collisions

The moon is the most obvious and
familiar object in Earth’s night sky —
constant, consistent, predictable in its
monthly cycles and its daily rising and
setting. Astronomers understand its
movements so thoroughly that even a
break from the routine, like an eclipse,
can be anticipated 1,000 years in ad-
vance.

standard explanation for the moon’s ex-
istence. That hypothesis proposed that
the satellite came about during a single,
violent collision between Earth and a hy-
pothetical protoplanet called Theia.
Theia sideswiped Earth about 4.4 billion
years ago, scattering debris that eventu-
ally coalesced into the moon, which
drifted away and started to circle Earth.

https://www.pressreader.com/usa/the-washington-po

st/20170111/281569470416287.

told The Washington Post last year, “to
the point where people thought it might
be completely wrong because we
couldn’t make it work in its details.”
Scientists added other elements to
the hypothesis in an attempt to resolve
that chemistry issue. Maybe Theia was
chemically identical to Earth? Maybe the
collision vaporized both bodies, mixing

rampant in the system, bumping into
things like rambunctious toddlers.
Although a collision with a major proto-
planet like Theia would have been rare,
bombardment by these smaller bodies
happened frequently.

Each collision would have sent a
spray of debris into orbit around Earth,
forming disks made mostly of material

This version of the moon’s origin
story solves the big chemistry question
that dogs proponents of the giant-im-
pact model. Creating a moon from many
impacts dilutes the influence of each im-
pactor on its chemistry — their individ-
ual signatures would have been lost
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[Mpecca Takoro ypoBHS He OrpaHu4yMBaeTCcAd nepeckasom UCTOPUK, OHA BbI3bIBAET «Ha
KOBEP» NYBSIMYHOCTU rMaBHbIX 4ENCTBYHOLLNX UL U 3aCTaBnHAeT UX BbiCKa3blBaTbCA. Tak
«BawuHrToH-INocT» onpocun Capy CMMMOHC, KOTOpasi akTUBHO paboTaeT B obnacTu
OCTOPOXHbIX MoAndmKaunnm merammnakta. OHa ckazana «Bca Teopus MeraMmnakra
oKasarnacb B KpU3unuce HeCKOSbKO fneT Hasag, 1 Ntogan cTann oymMmartb, YTO MOXET ObITb OHa
NOSTHOCTLIO HEBEPHA, MOTOMY YTO Mbl HE MOXKEM 3aCTaBUTb paboTaTb €€ B BaXKHbIX
MOMeHTax». (MOACHI0, YTO peyb UAET B NEPBYIO 04epenb O TeOXMMUYECKNX MPOTUBOPEYMAX).
KypHanucT nuLeT, 4To y4€Hble cTanun Jo6aBnsaTb HOBbIE NPeanonoXeHnd, YToObI
paspeLUnTb KOCMOXUMMYECKME NpobriemMbl — MOXeET Ted Oblria XMMUYECKN NOeHTUYHa
3emMre? MOXeT CTONIKHOBEHME ncrnapuno oba Terna — v noToM OHM CKOHAEeCUpoBanuch B
COBpPEMEHHbIe NaHeTy U cnyTHUK? Ho «KaxabIn Takown TPHOK Aernarn Teopuio MerammMmnakra
elle bonee HeBepoaTHOW». Capa cornaiwuaetcs: «Ecnu Bbl genaere 310 CNULWKOM YacTo, TO
BCE HA4YMHAOT YyBCTBOBATb HEMOBKOCTb».

«Hbto-Mopkep» npussan k oTBeTy PobepTy KaHyn, nyHHyto rpaHa-gamy, Kotopad 6osbLue
BCEX BO3uNnach C Teopmen MmerammMnakTa, yHaBoXxmsana 3Ty nioLopOaHYH rPAaKY,
cTapaTernbHO OXpaHsifia e€ oT Haberos Yy>)XKakoB — 1 cobpana ¢ Heé Hemarbin ypoxan. Bot
YTO OHa BbIHYXAeHa bbina ckasaTtb: “I applaud the group,” Canup said. “They’ve convinced me
that maybe it’s now worth considering. Suddenly, the multiple-impact scenario looks equally
probable—or improbable, depending on your perspective.” — «A annnoaunpyto rpynne. OHu
ybeannmn MeHs, 4To MOXET ObITb 3TO CTOUT pacCMOTPeTb. BHe3anHo, MySibTU-MMMNaKTHLIN
cueHapwuin cTan BbIMMa4eTb OANHAKOBO BEPOATHLIM [C TEOpMEN MerammMmnakTa) — unm
HEBEPOATHLIM — B 3aBUCMMOCTU OT BaLLEN TOYKM 3PEHUS.
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OTO KOHeL, «CTynopa MmeranmMmnakTa», 0 KOTopoM s ¢ B.B.[Npokodbeson nucan B «Hayke u
Xun3Hn» B 2015 rogy B cTaThbe «[1BOUHbIE acTeponabl U oauHOYeCTBO JIyHbI»

a TakKe B NpUNoXeHnn K kHure «4HenabumnHcknmn cynepbonung» B doespane 2016 roga
(TopbkaBbin H., TangakoBa T. «OanHOKan JlyHa, ABOMHbIe acTepouabl U
MHOrFOKpaTHbIe CTONIKHOBEHUS», CTP.203-214.)

n B «Life» B HOsiI6pe 2016 roaa https://life.ru/935306.

MY LIFE

FHAYKA  #IYHA © 'JEMJ'H

chxono,,rnqecxne n Cl)‘f/IHaHCOBble
npo6ne bl 06pa3OBaH1m JIyHb
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N3 cTtatbm B Life

HoBbin B3rnsag

«3a nocnegHue rogbl TPY rpynnbl NiaHeTonnoros — n3 KpbiIMcKon actpodmanyeckom
obcepsatopumn (ocHoBHas paboTa onybnukosaHa B 3BecTtusix KpAO B 2007 rogy), 3 MOCKOBCKOM
KocmoroHnyeckon komaHabl CacdpoHoBa — Pyckon — Butasesa — lNevyepHuKoBoOm (CTaTba U3
cbopHuKa 3a 2014 rog«3a rnocrnegHue rogbl TPy rpynrbl NIaHeTonoros — n3 KpbIMcKon
acTpodmsndeckom obcepBatopum (ocHoBHas pabota onybnukosaHa B M3BecTmsix KpAO B 2007
roqy), U3 MOCKOBCKOW KOCMoroHmnyeckon komanabl CacpoHoBa — Pyckon — Butasesa

— [NevepHukoBOM (CTaTbsa M3 cObopHMKa 3a 2014 roa), a Takke uspansnbckas komaHaa Pydy

— AapoHcoHa 13 BenumMaHOBCKOro MHCTUTYTa (cTatbd A multiple impact hypothesis for Moon
formation) B Tpygax ApM30OHCKOM NTyHHO-NSTaHETHON KOHbepeHuumn 3a 2015) — He3aBUCUMO ApYr OT
Apyra Bbl4BMHYIN MOAESb, MO KOTOPOW TBOPEHUE J1yHbl ObINO BbI3BAHO HE OAHUM MerammnakTom,
a MHOMrMMW yaapamu ropasfo MeHbLUMX Tes ¢ pagnycom ot 10 oo 1000 kunomeTpos. CornacHo
pacy€TamMm MOCKOBCKMX CMeLnanmncToB, MakCMMarbHbI pasmMep nagarLwwmx Ten Ha 3eMsito He
NpPeBOCXOAMS OQHOro NPoLEeHTa OT Maccbl ronydom nnaHeTbl, TO eCTb Obln "fyHHbIX", a He
"MapcmnaHckmnx" maclutaboB. 3TO cpady AenaeT MoLenb MeranMnakTa HepeanucTUYHON ».

«MynbsTMMMNakTHas Mogenb He TpebyeT pacnnasneHnsa 3eMnum n ManoBepoOsITHOIO YHUKaNbHOMO
coynapeHus. B Takon mogenun okeaHbl Ha 3emrie COXPaHAKTCS, a U30TOMHbIN cocTas J1yHbI
coBMnagaeT c COCTaBOM 3eMHOW MaHTUKN. MynbsTMMMNakTHas Moaenb coeguHAeT B cebe Hanbornee
Ba)XHble N OCTOBEPHbLIE MOMEHTbLI TEOPUM MerammnakTa (BblIOpoc BeLlecTBa 3eMHOW MaHTUN B
KOCMOC Mpu coyaapeHumn C KPYMnHbIM TESTOM) U akKKpeLMOHHOM MOAeSNM (CyLLecTBOBaHME
AOSTTOXMBYLLETOo NPOTOCMYTHMKOBOIO ANCKA), O4AHOBPEMEHHO M30aBnsaAsaCh OT TPyAHOCTEN 06enx
KOHLenuun.

K coxxaneHuto, B aMepuKkaHCKON TEOPETUYECKOW NITaHETONONMM HepearbHO paccMmaTpmBaTth
anbTepHaTMBHbIE TEOPUN NPponcxoXxaeHus JTyHbl N0 NCUXONOrMYeCcKnM, UM To4Hee — Mo
dmHaHcoBbIM NpudnHaMm. B ctatbe B Nature [pedb uOem o cmambe 2016 2o0a Yyka, Cmrwoapma,
amunbmoHa u Jloka, 20e rnpodosmkeHo passumue modesiu bbicmpospauwjarouelics (8 cymkax 2,5
yaca) npomo3aemsiu u Hebosbwou Teltu — rnpum. HI'] aBTOpbI Ha3bIBAOT MOAESb MEranMnakTa
"kaHoHU4Yeckon". ObpaTmMm BHUMaHMe, YTO BCe anbTrepHaTuBHbIE Moaenn odbpasoBaHua JTyHbI
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moaenu lopbkasoro (2007)

P N 4 AnHoTauma. Mpegnaraemas MyabTU-UMNAKTHaA Mogens o6bacHAeT
X \ / obpasoeaHue JlyHbl, XapoHa 1 ABOIHbIX acTeponaos bes
KOCMU4ECKMX KaTacTpod. OCHOBHbIE NONOKEHWS HOBOM mogenu: 1.
BOKpyr NpoTo-3eMAM CYLLECTBOBAN Ha4anbHbIM ManOMacCUBHBIN
NPOTOCNYTHMKOBbIN AUCK C NPAMBIM BpaLueHuem. 2. BONbLKNHCTBO
NYHHOro MaTepuana bbin10 BbIBPOLLIEHO M3 38MHOM MaHTUK C
\ \ NOMOLLLIO MHOFOYMCAEHHbIX YA3POEB KPYNHbIX acTepouaos. 3To

obbacHaeT 4eduunT Kenesa Ha /lyHe. 3. CTONKHOBEHWUA 38MHOM
3)XEKTbl C 4aCTULEaMKU NPAMOTO NPOTOCMYTHUKOBOrO AUCKa
crabunuanpyet 0bNOMKM Ha CNYTHUKOBbIX opbuTtax. Mbl nokasanu
BbICOKYI0 3P PEKTUBHOCTE MYIbTU-MMNAKTHOrO MexXaHU3Ma: 3eMHas
3)eKTa, 06nagaowan npambiMm opbBuTamm, Nerko NPMcoeanHAeTCa
K NPAMOMY NPOTOCMYTHUKOBOMY AUCKY, @8 0bpaTHaa 3KeKTa
BO3BpaLLaeTca Ha 3emnio.

- ' N3 moaenu Pydy-AapoHcoHa- I'lepeu,a
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N3 n pocroﬁ KBa3n-aHaIUTUUYECKOM lopbkasbiit H.H. O6pasosaHue JlyHb! U ABOMHBIX acTepouaos.
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Teopusa meranmnakta ans JyHel Obina npegnoxeHa XaptMaHHoM m [1asucom B 1975 1. 1 ObICTPO
cTtana csepxnonynsapHon. Ho ele B 1989 rogy BUAHLIV cneumannuct PUHrByA, Ha CcTaTtblo
KOTOPOro ccbinatoTcs aBTopbl Nature-2017, onybnnkosarn B €BpONenckom xypHane Earth and
Planetary Science Letter CTaTbt0 C KpaCHOpe4nBbIM Ha3BaHMEM «U3bSAHbI B MEramMnakTHOMU
rmnorese NyHHOro o6pasoBaHuUA», B KOTOPOW NPUBEN TPU apryMeHTa, COBEPLUEHHO
yBuMnCTBEHHBIX 4N4 Nobon 0ObIYHON TEOPUM (K KOTOPOW, YBbI, TEOPUIO MEranMmnakTa OTHECTU
ObIN10 HENb34, OHa Oblna yXXe KaHOHM3MPOBaHa):

1. BepoATHOCTb TaKoro rMraHTCKoro CTonKHOBeHuUs mana.

2. Takon MeramMnakT Bbi3Bas Obl pacnnaBrneHue n rpaBUTaLMoHHyo andgdepeHumaumro
3emMnu, 4To NpMBENo Obl K reOXMMUYECKUM CBOUCTBAM 3€ MHOMU KOpPbl, 3aMEeTHO
oTnMYyarLmMmMca oT HabnaaeMbIX.

3. MerammnakT npuBoauUT K ToMy, 4YTO JlyHa co3gaeTcs B OCHOBHOM U3 MaHTUMU
HareTalLero Tesna, B TO BpeMs Kak reoxummyeckue pakTbl yTBEpPXKAAKT, YTO NTYHHbIN
MaTepuan npousolLuesi U3 3eMHOU MaHTUMN.

Xo4y NogyYepKHyTb, YTO BCE TPU BO3PaXXEHUHA COXPaHUITN CBOK CUITY O CUX MOp, passe YTo
TpeTbe 3Ha4YNTENBbHO YCUITNITOCh U3-3a N30TOMHbLIX UccreaosaHnn. B 3akntodeHne PuUHreyg
npegnaraet cTpouTb J1yHy ¢ nomoLbio yaapos 6onee Mmenkux ten ¢ maccoun 0.001-0.01 oT macchl
3emnu. NMpeanoxeHne PnHreyga, aBTropa n3BecTHoW KHUMrm «lponcxoxaeHne 3emnu n JlyHbl»
(nepeBeaeHa Ha pycckui B 1982 roay B usgartenbctee «Heapa») 661510 nponrHopnposaHo.
[MpaBaa, oH ObIN He amepuKaHeL, a BCero Nuilb aBcTpanued. KonnmHe, ynoMmuHas npeanoxeHue
PuHreyga 06 mynstummnakTHom Teopun obpasoBaHns JlyHbl, nuweT «Ho 661510 HEACHO, CMOryT N
Takue yaapbl coopMMpoBaTh 4OCTAaTOYHO HosbLIMe CRYTHUKM AN nocnenyouwero obpasoBaHus
JTyHbI». HO, K coxxaneHuto, KonmmHc He NULET, Kakue Moryyme npuymHbl nomeLlanm
MHOIOYUCIIEHHBIM JTYHHbIM TEOPETUKaM NPoBEPUTL 3PPEKTUBHOCTb TaKOW MYNbTU-MMMAKTHON
MoAenu 3a 28 net, npowleaLwnx nocne ctaton PuHreyaa. Beab B Hen HA4ero npuHuunmansHo
CNOXHOro He 6bIno. Novyemy TONbKO n3paunnbckas CTyaeHTKa Okasanacb CnocobHa Ha Takoun
noaBur?



3HauuTenbHbIA Nporpecc B NfIaHEeTONorum 3a
2016-2017:

1.B obnactu koney CartypHa - bnarogapsi HOBbIM
HabntogaTenbHbIM pedyneratam «KaccnuHm»

2. B obnactu obpasoBaHus JlyHbl - bnarogaps
TEOPETUYECKOMY MOAENNPOBAHUIO MYNLTU-MMMNAKTa U
«JaBNEeHU0» 3KCNepnuMeHTanbHbIX pe3yrnbraToB Mo
M30TOMHOMY aHanu3y fNyHHbIX U 3€MHbIX N0pPo4

25



