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BBE.QEH"1E '. , ,; 

3KcneA~4~fl aBTOMaT~~~~KO~ · CTaH4~~ •.. "Galileo" K IOn~Tep/'·Aana 
~ - ,-·. ' • ~ ' !: f 

so3MO>KHOCl"b ii~ny~~~b H~o6p9>Ke1-ms:1 .He T(?nbKo ca~o~ nnaHeTbl;_Ho .~:ee 

CllYTH~KOB. ,. H~~6~n~e ~HTp:~rylO~~M~ :· npeACTaBJlfllOTCfl :: ~306paietms:i 

Esponbl, nony1.1eHHble C pa3peweH~eM AO 21 M/n~Kcen, KOTOpble 

noKa3b1saioT nosepxHOCTb He. TOnbKO c TeKTOH~1.1ecK~M~ Aecpo·pMa4~s:iM~ ~ .·... .- . . ., . ' . -

YAapHblM~ Kpa-r~pa_M~, HO' ~ s:lBHblM~ yKa3al;l~flM~ Ha TO, 4TO, OCHOBHblM 

MaTep~anoM, ~3 KOToporo OHa COCTO~T,. s:tBns:teTCfl neA ~; BO3MO>KHO, B 
. •. i. ,. ' ~ '·~ . . < • • • • 

HeKOTOpblX cny1.1as:ix, >K~AKOCTb [1 ] .. 
' ' \ ·'. . :, -. 

BnepBble ykq38H~fl O «neAs:tHO~» 'np~pOAe nosepXHOCT~ Esponbl 

6blnl.1 nony~eHbl ;B.~.Mopo30~. ~;; aHan~3~' o-rpa;aienbHblX' ~neKTpOB B 

pe3ynbTaTe Ha3eMHblX Ha6n10AeH~~ [2]. 3aTeM Pilcher [3) ~ Fink [4], no 

AaHHblM Ha3eMHO~ 111K-cneKTpOMeTp~~ noKa3an~. '-ITO . nosepXHOCTb 

. Esponb1 s ocHOBHOM cocTo~T ~3 BOAs:tHoro nbAa. ,QaHHb1e NIMS -

Kaprnpyiol.Llero cneKTpoMeTpa s 6n~>1<HeM 111K-A~ana3oHe Ha KA "Galileo" 

Aan~ BO3MO>KHOCTb asrnpaM o6HapY>K~Tb B HeKOTOpblX MeCTaX «neAs:tHO~» 

nosepxHocrn BKpanneH~fl, COCTOfll.Ll~e B OCHOBHOM ~3 cynbcpaTOB [5] 

(McCord et al., 1998). AHan~3 rpas~Ta4~OHHoro nonfl Esponbt, 

nony'-leHHOro no Aa.HHblM 3KCneA~4~~ Galileo, yKa3blBaeT, '-ITO CnYTH~K 

A~cpcpepeH4~posaH ~ COCTO~T ~3 BHeWHe~ o6ono'-IK~ - npe~Myl.LleCTBeHHO 

BOAflHOro nbAa TOnl.Ll~HO~ 100-200 KM [6] ~ OCHOBHOro Tena ~3 KaMeHHOro 

~ MeTann~1.1ecKoro MaTep~ana, BO3MO>KHO, BKnlO'-lafl MeTann~1.1ecKoe flAPO 

[7]. 4aCTb BHewHe.~ o6onO'-IK~, B03MO>KHO, >K~AKafl [8]. 

npo~cxo>KAeH~e neAflHO~ 06ono1.1K~ acco4~~pyeTcfl, no-B~A~MOMY, 

c 3HAOreHHblM HarpeBOM, AernApaTa4~e~ ~ A~cpcpepeH4~a4~e~ 

OCHOBHOro Tena. 8 AOnonHeH~e K BHYTpeHH~M ~CTO'-IH~KaM, CnYTH~K 

HarpesaeTCfl B pe3ynbTaTe np~n~BHO~ 

f\1<-.~-•· .,.,. ·.·II r• "-T>,'TtJV I t .. Vo•Jhail"' '1_,~u r,.: .... , ... ,,. I 

m:,:;i'3l-.u: ucc.li~i;::;;auu€1 . 
6viSl11'tOTS:HA . 

~~.I, .............. ---
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P111c. 1. l/1306pa)KeH111e nosepxHocrn cnyrH111Ka Espana PIA 00592. 

83HTO 1113 cporna11b60Ma NASA http:\\www.jpl.nasa.gov. Pa3Mep 

111306pa)KeH111H 16x11 KM, pa3peweH111e 26M. 

3Kci..\eHTPll1Cll1TeTa op6111Tbl Esponbl 0K0Jl0 MaCCll1SH0ro l0n111rnpa- 111 

pe30HaHC0S C raH111MeAOM 111 1/10 [8,9]. 

l/1cc11eAosaH111e 3rnx 111 APYrlllX sonpocos, csH3aHHblX co 

CTPYKTYPOlli, cocTasoM, A111HaM111Kolli «neAHH0lli» 0601104Kll1 Esponb1 cTano 

S03M0)l{HblM 611aroAaPH 111306pa)KeHll1HM SblC0K0ro pa3peweHll1H, 

nony4eHHblM SSI-KaMepolli (Solid State Imaging system) KA "Galileo" 

[10, 11]. ,Qsa rnnll14HblX 111306pa)KeHll1H, npoaHaJ11113111p0SaHHblX s AaHHOlli 

pa6oTe, npeACTaSJleHbl Ha p111c.1 111 p111c.2. B AaHH0lli pa6oTe npeACTaSJleH 

MeT0A MYilbTlllcppaKTaJlbHOr0 aHa111113a 111306pa)KeHll111i nosepXHOCTl,1 Esponbl 

C L1eJ1blO S0CCTaHos11eHll1H A111HaM111Kll1 cpopM111posaH111H nosepxH0CTlll. 

2 

Pe3yJlbTaT0M TaKoro aHa111113a HSJlHIOTCH cppaKTaJlbHble (reoMeTpll14eCK111e) 

xapaKTep111CT111Kll1 nosepXH0CTlll, cneKTpbl pa3MepH0CTelli, K0T0pble np111 

cpasHeHll1111 co cneKTp0M pa3MepH0CTelli nosepXH0CTelli, nony4eHHblX np111 

3KCnep111MeHTaJ1bH0M pa3pyweHll1111 Harpy)KeHHblX o6pa3L\OS S 3eMHblX 

ycJl0Sll1HX, M0ryT n0M04b np111 Sbl6ope M0Aenelli cpopM111posaHll1H cern 

11111Helli4aTblX CTPYKTYP, xapaKTepll13YI01..L1111X nosepxH0CTb Esponbl 

P111c. 2. l/1306pa)KeH111e nosepxHocrn cnyrH111Ka Espana PIA00589. 

83HT0 1113 cpoTOaJlb60Ma NASA http:\\www.jpl.nasa.gov. Pa3Mep 

111306pa)KeH111H 17x14 KM, pa3peweH111e 20M. 
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1. MYJlbTlll<l>PAKTAllbHbl~ AHAI11113 

npocTe~w~M MeTOAOM onpeAefleH~Sl pa3MepHOCrn reoMeTp~4eCK~X 

06beKTOB SlBilSleTCSl MeTOA nOAC4eTa KileT04HO~ pa3MepHocrn (box

counting method). Pa3MepHOCTb B 3TOM cny4ae onpeAensieTcsi ~3 

COOTBeTCTB~Sl Me>KAy MOI..LIHOCTblO noKpblrnR ~ pa3MepoM noKpblBalOI..Ll~X 

06beKT KileTOK (n-MepHblX KY60B) N(o) oc g-d. Box-counting method 

AOCTaT04HO xopowo pa6orneT np~ on~caH~~ maAK~x MHO)KeCTB, TaK~x. 

KaK Il~H~~ ~ noBepxHocrn, a TaK)Ke yH~BepcanbHblX (T.e. ~MelOI..Ll~X Be3Ae 

OAHY ~ TY )Ke pa3MepHOCTb) cppaKTailOB. OH, OAHaKO, OKa3blBaeTCSl 

HeAOCTaT04HblM AI1Sl ~CCileAOBaH~Sl 06beKTOB C C~IlbHO MeHSltOI..Ll~M~CSl 

xapaKTep~crnKaM~, npe>KAe BCero noTOMY, 4TO np~n~CblBaeT OA~H ~ TOT 

)Ke Bee (paBHbl~ eA~Hm~e) nnOTHO 3aceneHHblM KileTKaM ~ KileTKaM, 

COAep)Kal..Ll~M n~Wb OAHY T04KY ~ccneAyeMoro MHO)KeCTBa. 

.Qnsi A~cpcpepeHL\~POBaHHOro y4eTa BKilaAa KileTOK C pa3n~4HO~ 

3aceneHHOCTblO ~cnonb3yeTCSl MeTOA 83eeweHH0e0 ceepmbl88HUfl 

(weighted curdling): 

Md (q, o) = Iµ? gd .oc gd-r(q) • 
( 1) 

. i 

<l>yHKL\~IO 1 ( q) , CKe~n~HroBylO 3KCnOHeHTY q-ro MOMeHTa Mepbl µ, 4aCTO 

Ha3blBalOT noKa3ameneM MaccbJ. MynbrncppaKTanbHbl~ aHan~3 nony4~n 

W~P()KOe pacnpocTpaH~H~e B cp~3~Ke nocne ero ycnewHoro np~MeHeH~Sl 

K on~caH~IO KaCKaAHblX npOL\eCCOB B rnAPOA~HaM~Ke. 3TO TaK 

Ha3blBaeMaSl p-Moaenb [12]. P-MOAenb on~CblBaeT 6~HOM~HanbHbl~ 

MYilbrnnn~KarnBHbl~ npOL\eCC A~Cc~nall~~ 3Heprn~ TYP6yneHTHblX 

nynbCal\~~ nyTeM KaCKaAHO~ nepeAa4~ 3Heprn~ OT 60ilbW~X B~xpe~. 

pa3Mepa r, K MailblM, pa3Mepa r/2. np~ 3TOM B npocTpaHCTBe d-
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~3MepeH~~ ~3 OAH0ro' 66nbWOro B~xpsi 06pa3yeTCSl 2 B CTeneH~ d MailblX. 
. ' 

./ 

npocrn~wasi rnnorn3a:o· HepaBHOM pacnpeAeneH~~ 3Heprn~ (nonoB~Ha 

A04epH~X B~xpe~ nony4aeT P1 4aCTb 3Heprn~ ~CXOAHOro B~xpsi, a Apyrasi 

nonoB~Ha P2=1-p1 4acT1:>) np~BOA~T K npocToMy 3aKoHy noAo6~si Ansi q-ro 

MOMeHTa A~CC~n~pyeMO~ 3Heprn~: 

LE;= Ef ( r l(q-l)Dq 
LJ 

(2) 

3,Qecb L - pa3Mep Ha~6onbwero B~xpsi, c Kornporo Ha4ancsi KacKa,QHbl~ 

npOL\eCC. .Qnsi n-~ CTaA~~ KaCKaAHOro npOL\eCca B C~CTeMe 6YAYT 

E n-111 mE < L/2" np~CYTCTBOBaTb B~xp~ C 3Heprnsi~~ r = P1 P2 L, m - n, r = . 
{. 

Pa3MepHOCTb PeHb~ AflR AaHHOro npOL\eCca, cne,QOBaTenbHO, paBHa 
._, . ( 
r' . 

D - l [ q + q]l-q 
q - og2 P1 P2 · (3) 

Oco6bl~ ~HTepec npe,QCTaBnSllOT npe,QenbHble cny4a~ 04eHb 6onbW~X ~ 

04eHb ManblX q: 

Doo = log2 p~1
, D_oo = log2 p~1

• 

8 3rnX ABYX cny4asix pa3MepHOCTb cpaKT~4eCK~ onpe,QensieTCSl KileTKaM~ C 

04eHb 6onbWO~ ~ 04eHb Mano~ 3aceneHHOCTblO, COOTBeTCTBeHHO. TaK~M 
\,.' 

o6pa30M, Doo OTBe4aeT AOM~H~PYIOI..LleMy BKila,Qy o6nacrn~ c Ha~6onee 

C~IlbHO~ A~CC~naL1~e~. a D_oo - AOM~PYtol..LleMy BKila,Qy o6nacTe~ co 

cna6o~ A~Cc~nall~e~. T~n~4Hbl~ B~A 3aB~C~Mocrn O OT q ,QnR P1=0.8 

noKa3aH Ha p~c.3. Ba)KHO~ ~apaKTep~crnKO~ KaCKa,QHblX npOL\eCCOB 

RBnsieTCSl 3aB~C~MOCTb p~3MepHocrn f(a) nO,QMHO)KeCTB cppaKTailbHOro 

MHO)KeCTBa I a OT CTeneH~ ~x c~HrynsipHocrn (noKa3aTensi n~nw~Lla-
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renbAepa) a. ,Qm:1 noKpbln1R cppaKTallbHoro MHO)l{eCTBa Ia (c ~HAeKcoM 
I'"..,"" 

Me~y a ~ a+da) Tpe6yeMoe :-i~pno o-514eeK pasHo 
\.,<f,~~ 

N(a,8) = p(a)dao-J<a>. o 
• (' 

CneAOBaTeJlbHO, B3BeWeHHa~ Mepa. (2) nOAMHO)l{eCTBa co CTeneHblO 

c~HryllRpHocrn a pasHa 

MAq,a) = J 8qa-f(a)+d p(a)da. 

3Ta Mepa KOHe4Ha, ecm1 MaccosaR 3KcnoHeHTa 
r, 

i(q) = f(a(q))-qa(q) 

He npeBOCXOA~T d. 

(4) 

C noMOL.LtblO npeo6pa30BaH~fl ne)l{a,~,Qpa MO)l{HO Bblpa3~Tb noKa3aTeJlb 

c~HrynRpHocrn a ~ pa3MepHOCTb f (a) oTBeYa10utero ~MY MHO)l{ecTBa 

4epe3 MaCCOBble 3KcnoHeHTbl 

d 
a(q) =- r(q),f(a) = qa+r(q). 

dq (5) 

MaKc~MYM Kp~so'1 f (a) OTBeYaeT q=O, T.e. pa3Mep~ocrn HOC~TenR scero 

MHO)l{eCTBa. 

TaK~M o6pa30M, 3H8fl MOMeHTbl cpyHKI..(~~ pacnpeAelleH~fl ~ 

~cnOJlb3Yfl COOTHOWeH~e (5), Mbl noJ1y4aeM ~HcpOpMal..(~IO 0 

reoMeTp~4eCK~X CB0'1CTBax C~HryllRpHOCTe'1, T.e. 0 reoMeTp~~ 

A~cc~nal..(~~ 3Heprn~ s cnyYae KacKaAHoro npol..(ecca., , 

ct>~J~Ka pacnpocTpaHeH~fl Tpeut~H, 6eJycnosHo, om~YaeTcf! OT 

cp~3~K~ flBJleH~'1. ~Me!Out~X MeCTO B ryp6yneHTHOCn1. 6onee Toro, B 

HeKOTOpOM CMblCJle, KaCK8AHbl'1 npol..(ecc pacnpocTpaHeH~fl Tpeut~H KaK 

6bl f!BJlfleTCfl o6paTHblM K ryp6yn;HTHOMY KaCKaAy: Cll~f!H~e M8JlblX 
•'"'"'-

Tpeut~H s 6onbw~e ~AeT OT M~H~MallbHoro MacwTa6a / (pa3Mepa JepHa, 

6 
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; I 

~Jl~ M~H~MaJlbHOro M8CWTa6a, H~)l{e KOTOporo ~HcpOpMal..(~fl O C~CTeMe 

OTCYTCTByeT) K M8KC~M8JlbHOMY M8CWTa6y L, pa3Mepy C~CTeMbl. TeM He 

MeHee, o6a KaCKaAa o6beA~Hf!eT HaJ1~4~e ABYX npeAellbHblX MaCWTa6os 

(71,L), Me~y KOTOpblM~ npol..(eCCbl A~Cc~nal..(~~ 3Heprn~ MO)l{HO C xopowe'1 

T04HOCTblO C4~TaTb caMOnOA06HblM~. Mbl MO)l{eM TaJOKe npeAnOJlO)l{~Tb, 

4TO ~ npol..(eCCbl xpynKoro pa3pyweH~fl f!Bllf!IOTCR YH~sepcaJlbHblM~ no 

OTHOWeH~IO K CKOpocrn A~Cc~nal..(~~ 3Heprn~ E (nOA06HO TOMY, KaK 3TO 

~MeeT MeCTO s ryp6yneHTHOCn1). 

npol..(eccb1 xpynKoro pa3pyweH~fl, OAHaKo, npeACTaBllfllOT 6onee 

CJlO)KHYIO npo6JleMy, 4eM KaCKaAHble npol..(eCCbl B ryp6yneHTHOCn1. 

npo6neMa ~MeeT ABa acneKTa - A~HaM~4ecK~'1 ~ cTarnYecK~'1. noA 

A~HaM~YecK~M acneKTOM Mbl noH~MaeM on~caH~e pacnpocTpaHeH~fl 

cppoHTa pa3pyweH~fl, noA cTarnYecK~M - on~caH~e reoMeTp~~ cern 

Tpeut~H ~ Ae'1CTBYIOL.Lt~X Hanpfl)l{eH~'1 [13]. B AaHH0'1 pa6oTe Mbl 

KacaeMcfl n~Wb crnrnYecKo'1 npo6neMbl. Ha6J110AaeMb1e nosepxHocrn 

CnYTH~KOB IOn~Tepa Mbl C4~TaeM CTarn4eCK~M~. ~Jl~, BO BCf!KOM Clly4ae, 

cna6o MeHf!IOLLt~M~Cfl, nOCKOJlbKY xapaKTepHble speMeHa 3B0Jll01..(~~ 3AeCb 

seCbMa BeJl~K~ ~ no nopRAKY BeJ1~4~Hbl npeBblWalOT 108 ceK [14]. 

CyuteCTBYIOT KaK M~H~MYM ABa ~HBap~aHTa, KOTOpble MOfYT 6b1Tb 

~cnOJlb30BaHbl Allfl MYllbrncppaKTaJlbHOro aHall~3a [15], - nonHaf! 

A~Cc~n~pyeMaf! 3HeprnR ~ nonHaf! c~na, Ae'1CTBY10utaR Ha o6pa3el..(; OH~ 

He 3aB~CflT OT MaCWTa6a Ha6J110AeH~fl: 

LiW = ELAL = ... = E1A1 

F = (j L = ... = (jl. 

3AeCb Ao - nnoutaAb cern Tpeut~H, ~3MepeHHaf! Ha MacwTa6e o; 

0 0 -HanpR)l{eH~e. ~3MepeHHOe Ha TOM )Ke MaCWTa6e. ,Qllfl MOHO-
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cppaKTana nilOTHOCTb 3Heprn1,1 1,1 HanpsnKeH"1R Ha pa3HblX MacwTa6ax 

CBR3aHbl npOCTblMl,1 COOTHOWeH"1RMl,1 nOA06"1R: 

Er =EL(r/ LtE,O"r =O"L(rl Lrd". 

Ta1<r.1M o6pa30M, B cnyYae npocTOro cppaKTana 3as1,1c1,1Mocrn 3Heprn1,1 1,1 

HanpR>KeHr.1111 OT MacwTa6a Il"1Hell!Hbl B norap1,1cpM"1l.JeCK"1X KOOPA"1HaTaX, B 

peaJlbHblX >Ke 3KCnepr.1MeHTaX 3T"1 3aB"1C"1MOCT"1 He Il"1Hell!Hbl, T.e. 

reoMeTp"1R pa3pyweHr.1R MYilbrncppaKTailbHa [17]. 

np1,1 Ha6I110AeH"1!,1 OTAaileHHblX KOCM"1l.JeCK"1X o6beKTOB Mbl He 

MO>KeM HenocpeACTBeHHO "13Mep"1Tb Hl,1 A"1CCr.1n1,1pyeMy10 3Heprnl0, Hl,1 

Aell!CTBYIOI..Ll"1e HanpR>KeH"1R EA"1HCTBeHHOll1 AOCTynHOIII xapaKTep"1CT"1KOll1 

nosepxHocrn RBilRIOTCR ycnoBHble 4sern 1,1306pa>KeHr.1R, nepeAasaeMble 

TeneMeTp"14eCKOll1 annapaTypolll. Mbl MO>KeM 1,1cnOilb30BaTb Beil"14"1HY 

ycnosHoro 4sern (B rpaAa41,11,1 0 .. 255 OT ceporo K 6enoMy) B Kal.JeCTBe 

Mepbl C"1HryilRpHOCT"1 naHAWaq:>Ta, "1 HaAeRTbCR, l.JTO l,1MeHHO 3Ta 

xapaKTep1,1crn1<a CBR3aHHa c pacnpeAeneHr.1eM BblCOT. B 3TOM cnyYae, 

1,1cnonb3YR B3BeweHHblll1 box-counting anropr.1TM C Mepolll 

µ; ( <J) = N; IN, rAe N; - 41,1cno nr.11<cene111 AaHHOro 4sern B AaHHOill 

RYeillKe pa3Mepa o, a N - 41,1cno nr.11<cene111 3Toro 4sern so sceM 

1,1306pa>KeH"1"1, Mbl MO>KeM Bbl4"1CI1"1Tb noKa3aTen1,1 MaCCbl "1 Haillrn cneKTp 

C"1Hryi:rnpHOCTelll. 

Teopernl.JeCK!,1111 aHail"13 noKa3blBaeT, l.JTO 6poyHOBCK"1e nosepxHOCTl,1 

(nosepxHocrn cnyYaillHoro cno>KeH"1R, d=2.5) mo6anbHO M"1H"1M"13r.1py10T 

A"1cc1,1na41,110 sHeprn1,1 np1,1 xpyn1<0M pa3pyweH1,11,1 [16]. ,QnR cnyYaR 

KOCM"1l.JeCK"1X Ten, TaK"1X, KaK cnYTH"1K"1 f0n1,1Tepa, KaK 4"1CTO s1,13yaI1bHblll1 

aHaJlr.13, TaK 1,1 Teopernl.JeCKOe paccMOTpeH"1e yKa3blBaeT Ha 

cy1..L.1ecTBeHHY10 ponb Henr.1HeillHblX npo4eccos Tenno- 1,1 Mace -nepeHoca. 

Ha6I110AaeMblM npORBileH"1eM 3T"1X npol_\eCCOB RBilReTCR B"1A"1MOe 

8 

cma>Kr.1BaHr.1e cern TPel.L.1"1H Ha nosepxHocrn cnYTH"1KOB. 3m 

Ha6I110AaeMble o6beKTbl, OAHaKO, Hy~alOTCR B KOI1"14eCTBeHHOll1 Ol_\eHKe. 

B HaCTORI..Llee speMR He cy1..L.1ecTByei Teopern4ec1<1,1x MOAenelll 

o6pa30BaHl,1R cern Tpe1..L.1"1H, no3B0IlRIOI..Ll"1X RBHO onpeAeI1"1Tb cneKTp 

pa3MepHOCTelll l,1Jll,1 MaCCOBble 3KcnoHeHTbl, KOTOpble MO>KHO 6b1Il0 6bl 

cpaBH"1Tb C COOTBeTCTBYIOI..Ll"1M"1 xapaKTep1,1crn1<aM"1, nonyl.JeHHblMl,1 Ha 

OCHOBe aHan1,13a "1306pa>KeH"1111. MO>KHO, OAHaKO, npOBOA"1Tb l.Jl,1CJleHHOe 

MOAen1,1posaH1,1e pa3pyweH"1R HenpepblBHblX cpeA, 1,1cnOilb3YR peweTKl,1 C 

pa3Ill,1l.JHOll1 reoMeTpr.1e111 [17, 18]. CneKTp pa3MepHOCTelll, nonyl.JeHHbllll B 

pe3yilbTaTe MOAen1,1posaH"1R, MO>KeT 6b1Tb cpaBHeH C pe3yilbTaTaMl,1 

o6pa60TKl,1 "1306pa>KeH"1111 peaJlbHblX nosepXHOCTelll. 

2. PE3YJlbTATbl 05PA50TKll1111305PA>KEHll1VI 

Mb1 npoaHan1,131,1posan1,1 1,1306pa>KeHr.1R, nonyl.JeHHble KOCM"14eCf"1M 

annapaTOM 'Tan1,1neo" AilR HeCKOilbK"1X yYaCTKOB nosepXHOCTl,1 Esponbl. 

,QnR npr.1BeAeHHblX 3AeCb 1,1306pa>KeH"111!, CM. p1,1c. 1 1,1 p1,1c. 2, aHaill,13 

npOBOA"1IlCR no AOM"1H"1PYIOI..Ll"1M YCilOBHblM l_\BeTaM 96 1,1 150, cpopMaT 

1,1306pa>KeH"111! 700x800 1,1 580x465, COOTBeTCTBeHHO. v1cnonb3YR Mepy (1 ), 

Mbl onpeAeilRill,1 MOI..LIHOCTb noKpblT"1R N(q,o), a 3aTeM pa3MepHOCTb 

D = r_(q) 
q . d:;--q 

rpacp1,11<1,1 3aB"1C"1MOCT!,1 Oq OT q npr.1BeAeHbl Ha p1,1c.4. XapaKTep 3T"1X 

3aB"1C"1MOCTell! cy1..L.1eCTBeHHO OTI1"1l.JaeTCR OT KaCKaAHOro 

MYI1brnnnr.11<arnsHoro npol_\ecca, npeACTaBileHHoro Ha p1,1c. 3. 

Pa3MepHocrn AilR noI10>K"1TeI1bHblX q npeBOCXOART pa3MepHocrn AilR 

OTP"11.\aTeilbHblX. 3TO 03Hal.JaeT, l.JTO AOM"1H"1PYIOI..Ll"1111 BKilaA B 
';. 

cppaKTailbHYIO pa3MepHOCTb AalOT . o6nacrn, KOMnaKTHO 3aceneHHble 

AaHHblM 4seToM. K Ta1<0111 CTPYKTYPe MOfYT np"1BOA"1Tb BR3K"1e Henr.1Hell!Hb1e 
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2,5 1 Dq 

q 

-20 -10 0 10 20 

P111c. 3. 3aBll1Cll1MOCTb Dq OT q, AflS'I MYilbTll1cppaKTaI1bHOro KaCKaAHOrO 

npOL\9CCa, P1=0.8, P2=1-P1, AaBaeMafl BbIpa>KeHll19M (3). 

1,3 r D(q) 
1,2 
1,1 

1 
0,9 
0,8 
0,7 
0,6 
0,5 
0,4 
0,3 
0,2 
0, 1 

0 
-10 -8 -6 -4 -2 

VIJ06pa>KeH111e 
PIA 00592 

0 2 4 6 8 10 

P111c. 4. 3aBll1Cl,1MOCTll1 Dq OT q AJ'lfl 1,1306pa>KSHl,1~ npeACTaBneHHblX Ha 

P111c. 1 1,1 2. CYST pa3M9pHOCT9~ npoBOA111I1Cfl no ycnoBHOMY L\BeTY 96 

Ailfl 1,1306pa>KeH111fl PIA 00592 1,1 no L\BeTY" 150 Ailfl 1,1306pa>KeH111fl PIA 

00589. 
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npOL\eCCbl. 803MO>KHO, MYilbrnnn111KaT111BHblM KaCKaAHblM npOL\9CCOM p

rnna Om.1CblBatoTCfl He caMl,1 1,1CCI19AOBaHHbl9 MHO>K9CTBa, a l,1X 

aononHeHuR, 11111.1eto1..L.1111e pa3MepHOCTb 2 - D q : KaK HSTPYAHO B111ASTb 

rpacpll1K cpyHKL\111111 2-D q B9CbMa CXO>K C np111B9A9HHblM BblW9 

MOA9IlbHblM npOL\9CCOM. 

Pa6orn BbinonHeHa np1,1 cp111HaHcoso~ noAAep>KKe M111HHayK111 Pct>, 

rpaHT «raHll1M9A» 1,1 Pct>ct>Lli; rpaHT 98-02-17509. 
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AmaiicKHii M.B. Hap. PI0-99-191 
MynhTH<:ppaKTaJihHhIH aHaJIH3 mo6pa)KeHHlI cnyrnHKa EBpona 

TipHBOA.IITC51 pe3yJihTaTbl MYJibTH<:ppaKTaJlbHOfO aHaJIH3a mo6pa)KeHHH, nony
tieHHbIX KOCMH'leCKHM annaparnM «Galileo» B 1997 r. CneKTP pa3MepHocTeii Pe
HhH, Bbl'IHCJieHHbIH M5l HeCKOJihKHX ycJIOBHhIX UBeTOB mo6pa)KeHHH, YKa3bIBaeT 
Ha MYJihTH<:ppaKTaJibHblH xapaKTep ceTH rpemHH Ha IlOBepXHOCTH EBpOilbl. 3ro 
5IBJI51eTC51 apryMeHTOM, B IlOJib3Y rnnoTe3bl O npOHCXO)KileHHH ceTH rpemHH 
Ha EBpone B CHJibHO HeJIHHeiiHOM pe)KHMe noa aeiiCTBHeM 60JihIIIHX BHyrpeHHHX 
Hanp5I)KeHHH, IIOCKOJibKY 3KCnepHMeHTbl no pa3pYIIIeHHIO o6pa3UOB noa aeiiCTBH
eM 60JiblIIHX Harpy30K, npoBOtlHMbie B 3eMHbIX ycJIOBH5IX, aaIOT CXOtlHbie cneKTpbl 
pa3MepHOCTeii. 

Pa6oTa BhIIIOJIHeHa B Jla6opaTOpHH Bhl'IHCJIHTeJihHOH TeXHHKH H aBTOMaTH3a
UHH Oll5Il1 H B l1HcTHTyre KOCMHtieCKHX HccneaoBaHHii PAH. 

ITpenpnHT 06be)llltte1111oro llllCT11Tyra ll/lepHblX IICCJ1e/lOBa1111ii. Jly6tta, 1999 

TiepeBOA aBTOpOB 

Altaisky M.Y. et al. Pl0-99-191 
Multi-Fractal Analysis of Europa Images 

We performed the multi-fractal analysis of the images obtained by «Galileo» 
in 1997 year voyage. The spectrum of Renyi dimensions D q calculated for a given 
set of conditional colors shows the crack network on Europa surface to be mul
ti-fractal. This supports the hypothesi~ that the cracks are produced by strong in
ternal load, since the brittle fracture experiments on solids performed in terrestrial 
conditions give similar dimension spectra. 

The investigation has been performed at the Laboratory of Computing Tech
niques and Automation, JINR, and at the Space Research Institute, RAS. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999 


