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� 1.Introduction
√

Inpresenttimeastronomershaveagreatinteresttostudyingofphysical

propertiesofcomets,approachingwithEarth.Itisnecessarytoknowtheir

mass,structure,massdensity,sizesetc.foranestimationofconsequences

ofprobablecollisionsuchobjectswiththeEarth.Itisimpossibletodevelop

strategyoftheEarthprotectionfromcollisionwithcometwithoutknowledge

oftheseproperties.
√

Howevercometnucleiareinaccessiblefortelescopicobservationstillnowas

theyareveiledbyluminousgasanddustenvironment.
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√
Todayoneofthemainproblemsinresearchofthecometnatureisa

determinationofmassdensityofcometnucleus.Thereisasetofserious

difficultiesonawayofdefinitionofthegivenparameter.Anestimationof

nucleusmassisratherdifficulttaskowingtothesmalleffectsofgravitational

interactionofcometsandplanets.Determinationofthenucleussizeisalsonot

easytask.Thehugedistancesfromanucleusanddensecometcomainterfere

todecisionofthelastproblem.
√

Fortodayitisderivedsomeratherroughestimatesofnucleusmassdensityfor

somecometscharacterizedbywideintervalsofadmissiblevalues(from100to

1500kg/m
3
)
a
.

a
SagdeevR.Z.,ElyasbergP.E.,MorozV.I.IsthenucleusofCometHalleyalowdensitybody?//Nature,V.331,240,

1988.P.61.

BossA.P.TidalDisruptionofPeriodicCometShoemaker-Levy9andaConstraintonItsMeanDensity//Icarus,V.107,

1994.P.422-426.
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√
Accordingtotheprevioustalkthemaingoalofpresentworkistheconstruction

ofnewalgorithmofdeterminationofmassdensityrestrictionsforcomet

nucleus.
√

Thebasictasksoftheworkare

1.Determinationofmeanmassdensityandintervalsofitsprobablevaluesfor

nucleusof17shortperiodiccometswithuseofnewalgorithm.

2.Determinationofnucleusmassfor17shortperiodiccometswithuseof

effectiveradiusandmassdensityofcometnucleus.
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� 2.Definitionofthemodel

1.Thecometnucleusisrepresentedasahomogeneousspherewithsmooth
surfacewithradiusRN,massdensityρN,massMN,geometricalbedoAGand
BondalbedoAS.

2.Let’ssimulatethenucleusmediumbymixtureof3componentsinasolid
phasewithweightfactorsνi,i=1,...,3.Theshapeofrealnucleusconsiderably
differsfromthesphere,thereforewetakeintoaccountpresenceofemptiness
(fourthcomponentwithweightfactorν4)fordescriptionunsphericityand
porousstructureofanucleus.

3.AnysmallareadSofanucleussurfacecanbesubmittedassuperpositionof
areasdSi,eachofwhichiscoveredsubstanceofi-thtypewitharefraction
indexni,thusi=4correspondstoacavity,filledbygaswithlowconcentration
(mainly,waterpairs).
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Рис.1:todefinitionofpoint№3

4.Let’ssuppose,thatthegivensubstances
areregulardistributedonvolumeofa
nucleusowingtothesmallgravitational
effects.Thereforeweassumethatthe
weightνiisconstantonsurfaceand
volumeofasphere.

5.Takingintoaccountasublimationof
substancefromnucleussurfaceand
demandingconservationofnucleus
shapeasasphere,weguessthatcoma
shouldcontainspecifiedcomponents
withthesameweightfactorsνi(asa
nucleus).
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� 3.Newrestrictionsonnucleusmassdensity

Accordingtoresultsofspectrometerresearchesofacomet1P/Halley,derivedwithspacecraft

GIOTTO,anucleusconsistsofthefollowingtypesofsubstances:

1)ices(leadingpartiswaterice,η1=0.45);

2)organicsubstances(dominatingelement–carbon,η2=0.27);

3)inorganicsubstances(silicates,metals,η3=0.28).

iThebasictypesDominatingnρ,

ofsubstancescomponentsλ=5·10
−7

(м)×10
3

(кг/м
3
)

1iceH2O-ice1.290.82

2organicС1.351.2

3inorganicsilicates,metals1.653.2

4emptiness+gasH2O-gas1.00010.0

Table1.Thebasictypesofsubstances,makinganucleus,andtheircharacteristics.
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Accordingtoapoint№3ofthemodel,anysmallareadScanbesubmittedasasuperposition

ofareasdSi.Eachofthemiscoveredbysubstanceofi-thtypewitharefractionindexni,i.e.

dS=
4 ∑

i=1

dSi,dSi=νidS.(1)

Then
4 ∑

i=1

νi=1.(2)

AccordingtodefinitionofBondalbedo

AS=
4 ∑

i=1

νiAS,i,whereAS,i=AS(ni).

Hence,BondalbedoofnucleussurfaceisthesumofBondalbedosofthespheresconsisting

onlyofonecomponent,multipliedoncorrespondingweightfactors.Experimentalvalueof

Bondalbedoforanucleus,A
(exp)
Sisdeterminedfromobservations.Sincewehavenext
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equation:
4 ∑

i=1

νiAS,i=A
(exp)
S.(3)

Accordingtoapoint№4ofthemodel,weightfactorsνionvolumeandsurfaceofanucleus

areconstant.Hence,anysmallvolumeofnucleusdVcontainsthemassofamixof4

components,dm:

dm=
4 ∑

i=1

dmi=
4 ∑

i=1

ρidVi=
4 ∑

i=1

νiρidV.

Otherwisedm=ρNdV,hence
4 ∑

i=1

νiρi=ρN.(4)

Thus,wehavederivedthesystemof3equations(2),(3),(4).Itisnecessarytoaddthissystem

byonemoreequation.Thisequationcanbederivedfromthedataofmass-spectrometer

researchesofnucleuscoma,executedwiththespacecraft(forexampleforcomet1P/Halley,

investigatedwithspacecraftGIOTTO).Let’sassume,thattheestimationofamassfraction
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ofthefirstcomponenthasbeenderived:

η1=m1

/

[

3 ∑

j=1

mj

]

,(5)

wherem1–massofthefirstcomponent.Takingintoaccountapoint№5ofthemodel,we

derivethefollowingequation:

η1=ρ1V1

/

[

3 ∑

j=1

ρjVj

]

=ρ1ν1

/

[

3 ∑

j=1

ρjνj

]

.(6)

Atlastwederivethesystemof4linearequations,whichcanberepresentedinmatrixform:

M·R=V,where(7)

M=















1111

AS,1AS,2AS,3AS,4

ρ1ρ2ρ3ρ4

(1−η1)ρ1−η1ρ2−η1ρ30
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(exp)
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(8)
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Thedecisionofthegivensystemcanbeshowedas

R=M
−1

V.(9)
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Inobviousform


















































































































ν1=η1

[

(ρ2−ρ3)(A
(exp)
Sρ4−AS,4ρN)+(ρ4−ρN)(AS,2ρ3−AS,3ρ2)

]

/D;

ν2=
[

η1(ρ1−ρ3)(AS,4ρN−A
(exp)
Sρ4)+ρ1(ρ3−ρ4)(AS,4−A

(exp)
S)−

−(ρ4−ρN)(η1AS,1ρ3+(1−η1)AS,3ρ1−AS,4ρ1)]/D;

ν3=
[

(ρ1−ρ2)(η1A
(exp)
Sρ4−AS,4ρN)+ρ1(ρ2−ρ4)(A

(exp)
S−AS,4)+

+(ρ4−ρN)(η1AS,1ρ2+(1−η1)AS,2ρ1−AS,4ρ1)]/D;

ν4=
[

(ρ2−ρ3)(η1AS,1ρN−A
(exp)
Sρ1)−AS,2(η1ρN(ρ1−ρ3)+ρ1(ρ3−ρN))+

+AS,3(η1ρN(ρ1−ρ2)+ρ1(ρ2−ρN))]/D;

D=(ρ2−ρ3)(η1AS,1ρ4−AS,4ρ1)−AS,2(η1ρ4(ρ1−ρ3)+ρ1(ρ3−ρ4))+

+AS,3(η1ρ4(ρ1−ρ2)+ρ1(ρ2−ρ4)).

(10)
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ThegivenresultsarefunctionsonlyofoneparameterρN:

νi=νi(ρN),i=1,...,4.

TheintervalofallowablevaluesofρNcanbedeterminedbysystemof4conditions:

νi≥0,i=1,...,4.(11)

Theinequalities(11)determinethenecessaryconditionfordefinitionofallowablevalues

intervalforρN.

Ifweknowtheestimationsofmassfractionsforsecondandthirdcomponentsfromexperiment

then,wecandemandtheperformanceofthefollowingconditions:

χi=ρiνi

/

[

3 ∑

j=1

ρjνj

]

≥ηi,i=2,3.(12)

Herewetakeintoaccountthatcavitiesofnucleuscancontainadditionalsourcesofthegiven

components,whichnotsublimate.

Theinequalities(12)determinethesufficientconditionfordefinitionofallowablevalues

intervalforρN.
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Atpreviousfig.thedependencesofweightfactorsνi,i=1,...,4andmassfractionsχ2,χ3

frommassdensityofanucleusρNaresubmittedforthreevaluesASandasetofmodel

parameters(theyareshownintable1).

Onabasisofthederivedresultswithusenecessary(11)andsufficient(12)conditionswe

determinemeanmassdensityandintervalofitsallowablevaluesforthreevaluesAS:

ρN=























343±
39
33(kg/m

3
)forAS=0.02,

515±
59
50(kg/m

3
)forAS=0.03,

688±
79
66(kg/m

3
)forAS=0.04.























(13)

UsingexperimentalvaluesofBondalbedoforcometsnuclei,wedeterminemeanmassdensity

anditsintervalofallowablevaluesfor17shortperiodiccometsonabasisofthesuggested

algorithm.

Accordingtoapoint№1ofthemodelwecancalculatenucleusmassMNwithuseofeffective

radiusRNandmassdensityρN:

MN=
4π

3
ρNR

3
N.(14)
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WealsohavecalculatedeffectiveradiusRNwithuseofthefollowingexpression

RN=a0

√

10
−0.4(mhel

−m
[red]
Sun)

AG

.(15)

Werepresentcorrespondingnumericalresultsfor17shortperiodiccometsinthetable2.

ThecometnameAGRN,(km)ρN,(kg/m
3
)MN,×10

13
(kg)

1P/Halley0.043.4688±
79
6611

2P/Encke0.041.7688±
79
661.4

4P/Faye0.041.5688±
79
661

9P/Tempel10.042.1688±
79
662.7

10P/Tempel20.0213.9360±
41
358.9

19P/Borrelly0.0292.1498±
57
481.9

22P/Kopff0.0421.4722±
83
700.8

28P/Neujmin10.0259.8429±
49
41169
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43P/Wolf-Harrington0.041.7688±
79
661.4

45P/Honda-Mrkos-Pajdus̆áková0.040.3688±
79
660.007

46P/Wirtanen0.040.5688±
79
660.03

49P/Arend-Rigaux0.0283.5481±
55
468.6

67P/Churyumov-Gerasimenko0.041.7688±
79
661.4

73P/Schwassmann-Wachmann20.040.8688±
79
660.1

81P/Wild20.031.8515±
59
501.3

129P/Shoemaker-Levy30.041.4688±
79
660.8

143P/Kowal-Mrkos0.043.7688±
79
6615

Table2.Cometcharacteristics.

Heliocentricmagnitudesforthegivennucleiweretakenfromthenextwork:

TancrediG.,FernándezJ.A.,RickmanH.,LicandroJ.NuclearMagnitudesandtheSizeDistributionofJupiterFamily

Comets//Icarus,V.182,Issue2,2006.P.527-549.
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� 4.Conclusion

•Thebasicpointsofthecometnucleusmodelareformulatedforderivingnewtheoretical

resultsformassdensityandmassofnucleus.

•Newmorestrongrestrictionsonallowablevaluesofnucleusmassdensityfor17short

periodiccometsarederivedwithuseofthenewalgorithm.Thisalgorithmisbasedon

theassumptionof4-componentalnucleusstructure.Itisshown,thatnewrestrictions

essentiallydependfromnucleusBondalbedo.Itisimportanttonote,thatnewintervalsof

allowablevaluesfornucleusmassdensityareessentiallylessthantheintervalsderivedby

predecessors.Thederivedrestrictionsonnucleusmassdensityfor1P/Halley,81P/Wild2,

9P/Tempel1successfullycoincidewiththeexperimentaldataofspacemissions.

•Numericalvaluesofmassfor17cometnucleusarederivedwithuseofresultsforradius

andmassdensityinapproximationofasphericalhomogeneousnucleus.Thegivenresults

areingoodagreementwithestimationsofcometnucleusmassfor1P/Halley,9P/Tempel

1,19P/Borrelly,67P/Churyumov-Gerasimenko.
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