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s psima acTeponIIoB, UCTIBITBIBAIOIINX TTOC/IeIOBAaTeIbHBIC COMMXKEHUS C TTITaHeTaM U, TTOJTyIeHBI OLICHKH
BIMsIHUS cBeToBOTO napieHus ConHua u addexkra SIpKoBCKOro Ha JOJITOBPEMEHHYI0 OpOUTAIBHYIO TUHA -
MUKy. PaccMoTpeHO BIMsTHYE U3MEHEHMST BEJIMYMHBI TIeproa COOCTBEHHOTO BpallleHUsT acTepon/Ia U3-3a
COJIMKEHMSI C TUTAHETOM Ha ero JajbHEUIIy0 OpOUTAIbHYIO TMHAMUKY MOCPEACTBOM HeiicTBus 3ddekTa
Spkosckoro. [TokazaHo, YTO TeCHBIE COMMKEHUS C TUTAHETAMM MaJIbIX aCTEPOUIOB (IeCATKA METPOB B 1A~
MeTpe) ¢ OBICTPBIM BpallieHueM (Tiepuon BpaiieHust MeHee 10 4), puBoasiMe K U3MEHEHUIO Mepuoaa
COOGCTBEHHOTO BpallleHUsI acTeporaa Ha HECKOJIBKO YacoB, CYIIIECTBEHHO BIMSIIOT Ha BEIUIMHY 3hdeKTa

APKOBCKOTO 15T HETO.
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BBEAEHWE

AcTepoubl IPEeACTaBIsSIIOT COO0 HanboJiee MHO-
TOYUCIIEHHOE CeMeMCTBO MaJiblx TeJl COTHEUHOM Cr-
cTeMBbl. B Xone monroBpeMeHHO OpONTaITBHOI 3BO-
JIIOLMUA aCTEPOUIBI MOTYT MCHBIThIBATH MHOTOYMC-
JIEHHBIE COJIVDKEHUs C ITaHeTaMU, HEKOTOphIE U3
TaKMX COOBITUI 3aKAaHIMBAIOTCS KaTacTpOPUIESCKUM
o0pa3oM — pa3pylIUTEIbHBIM CTOJKHOBEHUEM
(Chodas, Yeomans, 1996; EmenbsineHKo U 1p., 2013),
JM0O pacramoM acTepomaga Ha 0ojee MeEJIKHME Tesa
(Richardson u np., 1998; Sharma u np., 2006; T6th
u ap., 2011; Zhang, Michel, 2020; Boponaes u np.,
2020; Zeng u np., 2022). UccienoBaHue TUHAMUKU
aCTEepOUIOB, UCHBITHIBAIOIIMX TECHBIC COIVKEHUS C
IUTaHETaMU, UMeeT HEMOCPEACTBEHHOE OTHOIIIEHUE K
npobyieMe acTepOUIHO-KOMETHOI OMAaCHOCTU, YTO
omnpeAessieT ero aKTyalbHOCTh U BaXKHOCTb.

B nuHamuke acTepouaoB UMEET MECTO CUHepre-
TYecKuii 3dexT — cOMmKeHus1 acTepoua ¢ IJia-
HETaMU NPUBOISIT K U3MEHEHUIO €ro OpOMUTHI, UTO
BJIMSIET M Ha BpallleHWe acTepouja OTHOCUTEIbHO
CBOETIO LIEHTPAa Macc, B CBOIO o4epeab I'PaBUTAL[OH-
HOe BO3IEUCTBUE CO CTOPOHBI IJIAHETHI HEIOCPE-
CTBEHHO OKa3bIBaeT BJMSIHUE Ha BpallleHUe acTepoua
(batpakoB, Mensenes, 1992; Devyatkin u ap., 2016;
Scheeres u ap., 2000; 2004; 2005; Souchay mn ap.,
2018; Benson u np., 2020; 2023; Boldrin u ap., 2020;
MenpHukoB, 2022); 3TO BIMSIHHME BHOCUT OIIpEIe-
JICHHBIH BKJIaJ, B €TI0 JaJIbHENUIIIYIO OPOUTATBHYIO T1-

HaMuKy. 1151 MajibIX acTepouIoB (IMaMeTPOM COTHU
METPOB U MEHee) ApaliBepOM TaKoro Ipolecca Mo-
XeT saBasATbes 3¢pdekT fpkoBckoro (ApkoBckuid,
1901; PanzueBckuii, 1952; 2003; Vokrouhlicky, 1999;
Vokrouhlicky u ap., 2000; 2015a). XapakTtep 1 Beau-
YyKHa BO3MYILEHUI OpOMUTHI acTepouja BCIEACTBUE
JeCcTBUS 3TOro 3 deKTa 3aBUCUT OT BpalllaTeJIbHOTO
COCTOSIHUSI (CKOPOCTU BpallleHWsI, OpUEeHTAllM OCHU
BpallleHUsI OTHOCUTENIbLHO HarpaiieHuss Ha CoJH-
11€), CBOMCTB MOBEPXHOCTHU acTepouia, ero opmbl 1
psna npyrux pakropoB. Hanbosee 3ameTeH naHHBIH
3¢ deKkT B BEKOBOM U3MEHEHUU BEJIMYUHbBI OObIION
MOJIyOCU OpOUTHI acTepousia, KOTOPOE MOXHO BbI-
SIBUTh TTOCPEICTBOM HAOMIOAeHU T U3MEHEHUS BEU-
YUHBI CPEIHETO ABMKeHUS acTteponaa. Dddekr Ap-
KOBCKOT'O MOXET CYIIIeCTBEHHBIM 00pa30M BJIUSITh Ha
OLIEHKY BEPOSITHOCTM CTOJKHOBEHHSI acTepouiaa C
riaHetoil. YTo moaTBepKAaloT, HapuMep, AeTalb-
HbIEe uccaeqoBaHus BIMsSHUA 3PdekTa SApKoBckoro
Ha IMHAMUKY acTepouaa, COIMKalolerocs ¢ 3eMiei
(AC3), (99942) Apophis, TIpoBeneHHBIE B paboTax
(Chesley u np., 2009; lop u np., 2012; Farnocchia
u ap., 2013; Vokrouhlicky u ap., 2015b; Benson u 1p.,
2023). Bo BpamntaTenpbHOM ITUHAMUKE MaJIbIX acTepO-
WUJIOB HEMpaBWUJIbHOI (DOPMbI CYILIECTBEHHYIO POJb
urpaet 3¢h@dEKT aHU30TPOITHOTO MePeu3aydyeHUus: —
YORP-appexkr (Yarkovsky—O’Keefe—Radzievskii—
Paddack), mpuBomsimnii K U3MEHEHMIO CKOPOCTU
BpallleHUST aCTepOUIa U OPUEHTALIMU €T0 OCH Bpallle-
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Tabomuna 1. OpouTtaibHbIe MapaMeTphl U nuaMeTpsl huryp (D) uccieayeMbix acTepouaoB

Actepoun a,a.e. e i, rpanm , rpam Q, rpang M, rpan D, m
2008 FP 2.5820417 | 0.897618 3.6053 152.3963 158.4591 314.7334 20
2009 WP6 1.1300877 | 0.740954 2.7620 228.0252 54.4203 316.4803 20
2010 JJ41 1.0726108 | 0.672689 3.2819 29.3474 50.1456 85.7767 150
2015 EO61 1.4551681 0.734409 1.9785 261.3447 43.6538 300.4765 170
2015 TX24 2.2660105 | 0.872083 6.0426 127.0568 32.9362 112.6511 250
2015 XG55 1.0294541 | 0.557679 2.3634 237.4629 70.3029 164.8940 10
(367943) Duende 0.910140 0.089319 11.6090 195.5777 146.9281 262.7014 50
anIMe‘{aHHeZ a — Gonbiast I10JIYOCb, € — SKCLHECHTPUCUTET Op6I/ITBI, i— HAKJIOHECHUE, O — apryMEeHT NIEpULICHTpPa, Q— J0JITOTa BOC-

Xoqsiero ysina, M — cpenHsis aHoManust. JlaHHbIe B3SThl U3 paboT (JdeBaTkuH u ap., 2022; MenbHukos, 2022) u https://ssd.jpl.na-

sa.gov/.

Hus B mpoctpaHcTBe (Rubincam, 2000; Ershkov,
Shamin, 2018; Lowry u np., 2007; Vokrouhlicky u np.,
2015a; Greenberg u ap., 2020). MU3meHeHne Bpala-
TEJILHOTO COCTOSIHUS acTepouraa 13-3a COVKCHUSI C
TJIAHETOU JOKHO OKa3bIBaTh BIIMSTHUE KaK HA BEJIU-
yuHy 3¢ddekra JpKOBCKOro, Tak XU Ha BEJIUYUHY
YORP-spdekra.

B pa6ore (MenbHukoB, 2022) nsi psaa MajbiX
acTepoulIoB ObLIM TIOJy4yeHbl OLEHKM HU3MEHEHUit
BEJIMYMHBI MIEpUo/ia COOCTBEHHOTIO BpallleHUs acTe-
pouja M3-3a ero ITocjie1oBaTe/IbHbIX COMMKEHUN ¢
IUlaHeTaMu 3eMHOU Tpynibl. B HacToseit padote
JUTST BBIOOPKU acTepouaoB u3 padboTsl (MeJlbHUKOB,
2022) MbI TIOJYYUIN OLIEHKU BO3/IefiICTBUSI CBETOBOTO
nmapneHus ConHua n addekra JpKoBCcKOro Ha OpoM-
TaJIbHYIO AUHAMUKY acCTePOUIOB U OLEHWJIU BIIUSI-
HYe UBMEHEHUS UX BpalllaTeIbHbIX COCTOSIHU 13-3a
COMMDKEHNIN ¢ TIIaHeTaMM Ha JaJdbHEUIIYIO OpOm-
TaJIbHYIO0 IMHAMUKY TTOCPEICTBOM AecTBUS 3P PeK-
Ta SIpKoBCKOTO.

N3MEHEHUE CKOPOCTU COBCTBEHHOTI'O
BPALLIEHUA ACTEPOUIA U3-3A
CBJIMKEHHWA C ITNTAHETOM

B pa6ote (deBaTkuH u ap., 2022) 6bL1a yCTaHOB-
JIEHa TpyIIa acCTepOUI0B, NCHBITHIBAIOIINX Ha IIPO-
MexXyTke BpeMeHu 1500—2500 rr. cOmmkeHUS Ha
paccrosiHusi MmeHee 0.05 a. e. ¢ Mepkypuem, Bene-
poii, 3emieit 1 Mapcom. MeabHuKOB (2022) u3 11€e-
pEYHS acTepOUI0B, MPpUBEIECHHOTO B paboTte eBsT-
KuHa u 1p. (2022), otobpan 00beKThI, COMMKAIOIINECS
C IIepeYMnCIeHHBIMM BHIIIE IUIAHETAMM Ha PacCTOSI-
Hus meHee 100 paguycos 3emnu. [1pu conmmkeHUn Ha
JaHHOE pPACCTOSIHME acTepoup momnamaeT B cdepy
JIeMCTBUS IUIAaHETHI (3a UCKIIIOYeHneM ciaydas Mep-
Kypust). CXOxXUii KpUTepuil IJIT oTOOpa MCClenaye-
MbIX aCTEPOUIOB HUCIIOJb3yeTCsl Pa3TIUIHBIMU UCCTIe-
nmoBatenamu (Richardson u ap., 1998; Boldrin u ap.,
2020). B Ta6n. 1 mpuBeaeHBI CIIUCOK aCTEPOUIOB U3
pab6oTsl (MenbHUKOB, 2022), nx opOouTadbHbIe Mapa-
METpbI 1 pa3Mepkl. [i1st Bcex acteponnos B (MelbHI-
KoB, 2022) ObuIH HalileHBI MaKCUMaJIbHbIe 3HAYCHUS

ACTPOHOMMWYECKHWM BECTHUK

W3MEHEHUI MEPUOIOB BPAILEHUN MAaJIIX acTEpOUr-
JIOB TIpU COJMXKEHUSIX C IUIaHEeTaMu, a UMEHHO, B
TabJI. 2 yKa3aHbI 3HaueHus |[AP| — aGCoTIOTHOI Beu-
YUHBI M3MEHEHUS TMepuolia BpallleHUs acTepouna.
B 4ucieHHBIX 9KCMEPUMEHTaX MO MOJEIUPOBAHUIO
COMMKEeHUsT acTepouna C IUIAHEeTON HaOIomaaoch
KakK 3aMeJieHre, TaK U yCKOPEeHWEe BpallleHUs acTe-
pouna. JIjist onipeaeaeHust BO3SMOXHOCTU UAEHTUhU-
KallMM TaKWX WU3MEHEHUWI BpallaTelIbHOTO COCTOSI-
HUS acTepoura U3 aHaIM3a HaOMIoNeHU M JOCTATOYHO

SHaHUSA UMEHHO BEJIMYMHBI |AP|

M3 maHHBIX, MPUBEICHHBIX B Ta0JI. 2, BUAHO, YTO
B OOJIBIITMHCTBE CITyYaeB yCTAHOBIICHHOE M3MEHEHHE
rnepuoja BpallleHUsI acTepouraa Tocjie ero coymxke-
HUSI C TUTAHETOM SIBJIsIeTCS BecbMa MaJibiM (MeHee 0.3 ).
CoBpeMeHHBIE METOIBI 1 MHCTPYMEHTHI TIO3BOJISTIOT
OIpeAesITh MEPUOAbI BpallleHUsI MAJIbIX aCTEPOUIOB
¢ TOYHOCTBIO Oosblie yeM 107* 4y (cM., Hanpumep,
Lee u ap., 2021; Podlewska-Gaca u ap., 2021; Zeg-
mott 1 ap., 2021). IToaToMy yKazaHHEIE B Ta01. 2 U3-
MEHEHMUS TIeprojia BpallleH!s acTepounaa MOTYT OBITh
BBISIBJICHBI U3 aHaju3a HaOJMIoJaTeIbHBIX JaHHBIX.
OTMeTHM, 9TO B clTydae BeChbMa TeCHOTO (Ha paccTosi-
Hue ~27700 km) comkenus ¢ 3emuteii B 2013 1. actepo-
nga (367943) Duende miepuos ero BpallleHUs Cylle-
ctBeHHO u3MeHwmicd (Devyatkin u op., 2016; Benson
u 1p., 2020; MenprHnKOB, 2022) — MO pa3HBIM OLICH-
KaM Ha 2—3 4 (mpumepHo Ha 20%). BeposiTHO, Takoe
W3MEHEHHE BpaIllaTeJIbHOTO COCTOSTHUSI acTepOouIa
IIOJDKHO OKasaTh BIMSIHUE KaK Ha €Tr0o MaJIbHEUIIyIo
OpOUTaANBbHYIO TUHAMUKY, TTOCPEACTBOM M3MEHEHUS
BeJIMYUHEI 3 deKkTa S pKOBCKOro, Tak M Ha BEIUYH-
Hy YORP-a(pdekra, oxkaspiBaromiero BIMSHHE Ha
BpalllaTeJIbHYI0 TMHAMMKY acTepouaa. PaccMoTpum
nIajee BOIPOC 00 M3MEHEHWHM BEJIMYUHBI 3¢ deKTa
S PKOBCKOTO IJIST COMMKAIONINXCS C TTAHETAMM acTe-
POUIOB ITOAPOOHO.

CBETOBOE JABJIEHUE

J11s1 Bcex acTepoua0B, IIEpEeYUCIEHHbBIX B Ta0JI. 1,
OBLJIO BBIYMCJICHO BJIMUSIHME HA UX JOJTOBPEMEHHYIO
Ne 5
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Tab6auna 2. MakcuMaabHOE U3MEHEHUE BEIMINHBI rnepuoaa COOCTBEHHOTO Bpali€eHHUA aCT€pourga n3-3a €ro COMKeHUS

C IUTaHEeTOu (IMMpoYepK 03HAYaeT OTCYTCTBUE COIMKEHMIA)

|AP| , 4
Actepoun

Mepkypuii Benepa 3eMiist Mapc
2008 FP - 0.002 0.007 —
2009 WP6 0.0003 0.003 0.002 0.003
2010 JJ41 0.0002 0.006 0.004 0.001
2015 EO61 0.002 0.005 0.008 0.003
2015 TX24 0.004 0.02 0.09 0.1
2015 XG55 0.008 0.08 0.2 0.009
(367943) Duende - - 2.4 —

ITpumeuanue: naHHble B3sITHI U3 (MenbHUKOB, 2022).

OpOUTANBbHYIO AUHAMUKY JABJICHUS COJIHEYHOM pa-
auanu. Cujaa CBETOBOTO JABJICHUST OIPENeIsieTcCsI
dopmynoit (cM., HarpuMep, Pan3uesckuii, 2003)

F = kwe’
4

e E(r) = L/(4mr?) — OCBELIEHHOCTh HA PACCTOSTHUN
r ot ConHua, L — ceetumoctb ConHua, A = TR? —
IJIolaab MUIEIEBa CEUeHUsI acTepouraa, R — pagmyc
acTepoua, ¢ — CKOpPOCTbh CBeTa, kK — ONITUYECKMIA KO-
ahduieHT acTepounna, € — eIMHUYHBIN BEKTOP pa-
IVAJIbHOTO  TEJIMOLEHTPUYECKOrO  HallpaBJICHMUSI.
B obmiem ciyyae onTudeckass MOAECIb MOBEPXHOCTU
acTepousia UCXOAUT U3 MPEAIOJOXKEeHUS O Mpeoda-
JIaHuyn g y3HOTo xapakrepa IIepen3IydeHNs CBeTa,
IpH KOTOPOM IsI C(hepUISCKOTO Teja ONTUYECKMIA
koaddumeHT umeer Bund (Ilonsixosa, IIMBIpOB,
1994): k= o+ B + (13/9) §, toe o — koabduUIUEHT
nortoieHust, B u 8 — KoabdOUIIMEHTHI 3epKATHHOTO
1 1ug@dY3HOrO OTpaKeHUsI, COOTBETCTBEHHO. st
actepouna npuHuMaeM f = 0, a d mpencTaBisIeT CO-
00If TeoMeTprUUeCcKOe alboeno acreponna. Torma, nu3
YCJIOBUSI HETIPEPHIBHOCTH ITOTOKA CBETOBOIM SHEPTUU
otP+d=1,crenyer:aa=1—98,k=1+(4/9)0.

JJ1st BBIUMCIIEHUST BJIUSIHUSI CBETOBOTO JAaBJICHUS
MMPOBOAMIOCH MHTETPHUPOBAaHNE YpaBHEHUM IBITKE-
Huss cuctembl Ten (ComHue—HOmurep—acrepoun)
MeTonoM DBepxaprta 19-ro nopsinka (bopaoBulibiHa,
1984). OtHOcuTeIbHAs TOYHOCTh MHTETPUPOBAHUS
ObL1a rojioxeHa paBHoii 10710, mar unTerpupoBaHus —
0.1 roma. MeTtonyka MTHTETpUPOBAHUS I BEIYNCIICHUS
CUJI CBETOBOTO JaBJICHUSI TTOAPOOHO OMUCAHBI B pa-
6ore (MaprtiomeBa u ap., 2015).

HauanbHble JaHHBIE IS PACUYETOB MPUBEACHLI B
Tab. 1 u 3. B 1abn. 3 ykazansl: H, — BuauMas 38e3nHasi
BeJIMYMHA acTepoursa (ComIacHO JaHHBIM https://ssd.jpl.na-
sa.gov/), 0 — anbbeno acrepouaa, IOJIyYEHHOE IO
¢dopmyne (BunorpagoBa u ap., 2003)

gD =3.122—0.51gd — 0.2H,, (1)
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" k — onTr4ecKuit KO3 GUIIMEeHT, BHIMUCISHHBIN 110
dbopmyie (cMm. Boie): k =1 + (4/9) 0.

ITockoJIbKY IIJIOTHOCTB acTepouzia P, HEOOXOaU-
Masl JJIs OLICHKM €ro MacChl, HEU3BECTHA, BbIUUCTIS-
HUs BIUSHUS CBETOBOTO IaBJICHMS BHITTOTHSINCH
JIJIsl TpEX pa3IMUYHbIX 3HAYEHUI CpelHEl MIOTHOCTU
OCHOBHBIX CIEKTpaJbHBIX KJIACCOB acTEpPOUIOB
(Krasinsky u ap., 2002): yriiepoaucTbiX acTepOUIOB
kiacca C (p = 1380 kr/m?), KpeMHUEBBIX ACTEPOUIOB
kiacca S (2710 kr/m?) U MeTaLIMYeCKUX aCTEPOUIOB
kinacca M (5320 kr/m?); a Takxke OISl UX CPEIHEro
apudmernyeckoro 3Hauenus (3137 xr/m%). 3a wuc-
KmoyeHreM acteponna (367943) Duende, mpuHan-
JIeXKAIIeTo K TPYIINe aTOHIIEB, BCE OCTAIbHBIE U3 pac-
CMOTPEHHBIX acTepOUIOB IIpUHAMJIEXKAT K TpyIre
anoJiToHIeB. ComTacHO pa3InIHBIM UCCIIETOBAHUSIM
(Carry u gp., 2016; Perna u np., 2018; Binzel u np.,
2019; Hromakina u ap., 2023) 3HauuTenbHaAsI 4acThb
(40—70%) AC3 mpencraBIsIOT COOOM acTepOMIbI
Kjacca S, acreponnoB kiacca C cyIecTBeHHO MeHb-
me (10—20%), acrepounbl Kiacca M BCTpedaroTcs
penko. M3 Bcex paccCMOTpPEHHBIX HAMU acTEPOUIOB
MIPUHAIIEKHOCTD K Kiaccy S ycraHoBneHa (Mosko-
vitz u 1p., 2020) Tonsko y (367943) Duende. OueHkH,
MMOJTydeHHBIC UISI CPEeOHEeTO 3HAaYeHUs IIOTHOCTH,
ITO3BOJISIIOT TOIOJHUTEILHO TPyOO OXapaKTephu30-
BaTh BEJIMUMHY UccaeayeMoro acdexTa 1isi ocTadb-

Ta6muna 3. [IpuHsATEIE 11 BEIUMCIIEHUSI CBETOBOTO HaB-
nenust CoJiHLIa TTapaMeTPhbl aCTEPOUIOB

Actepounn D,m H, by k
2008 FP 20 26.3 0.13 1.06
2009 WP6 20 26.8 0.08 1.04
2010 JJ41 150 21.8 0.15 1.07
2015 EO61 170 21.4 0.17 1.08
2015 TX24 250 21.6 0.07 1.03
2015 XG55 10 27.7 0.15 1.07
(367943) Duende 50 24.2 0.15 1.07
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Tab6muna 4. CMelneHrsT OpOUTEL acTeponaa U3-3a IeiCTBUS CBETOBOro maBieHus CoaHIla

Ar, KM Al, KM Ad, xm
Acrtepoun P, Kr/m>
t =10 et t =100 ner t =10 net t =100 ner t =10 ner t =100 ner
2008 FP 1380 155 11050 126 14920 201 18570
2710 79 5626 64 7601 102 9457
3137 69 4860 55 6566 88 8169
5320 40 2866 33 3872 52 4817
2009 WP6 1380 235 3707 190 10075 302 10104
2710 120 1888 97 5131 154 5145
3137 103 1631 84 4432 133 4445
5320 61 961 49 2614 78 2621
2010 JJ41 1380 29 355 27 626 40 693
2710 15 181 14 319 20 353
3137 13 156 12 275 17 305
5320 7 92 7 162 10 180
2015 EO61 1380 16 406 15 784 22 818
2710 8 207 8 381 11 417
3137 178 329 10 360
5320 105 4 194 6 212
2015 TX24 1380 11 598 10 885 15 1068
2710 304 5 450 8 544
3137 263 4 389 470
5320 155 2 229 4 277
2015 XG55 1380 313 2645 428 7255 530 7256
2710 159 1347 218 3694 270 3695
3137 137 1164 188 3191 233 3192
5320 81 686 111 1882 137 1882

HBIX aCTEPOUIOB, CIIEKTPAILHBIN KJIIaCC KOTOPBIX ITO-
Ka He OIpeelicH.

Pacuersl BIVSIHUSI CBETOBOTO JABJICHUS Ha OpOU-
TaJIbHYI0 OTUHAMUKY acTepOUAOB NPOBOAUINUCH Ha
IByX UHTepBaiax BpeMmeHu: ¢t = 10 u 100 ynet. B pe-
3yJbTaTe OBUIM MOJY4YEHBI CIEAYIOIIUE BEIMYUHBI
CMEIlIeHUEe acTepoMaa BAOJb TeJMOLIEHTPUYECKOTO
panuyc-BekTopa Ar, CMellleHUe acTepouaa Mo IOJIToTe
Al, a TakKe mojiHOe cMelleHue actepouna Ad. Pe-
3yJIbTAThl BBIYMCIICHUI TIpeAcTaBIeHBI B Ta0. 4. Pe-
3yJbTaThl UCCIIEIOBAHUS BJIUSIHUSI CBETOBOTO AaBJie-
HUSI Ha IMHAMUKY actepouna (367943) Duende npu-
BeneHsl B pabore (Devyatkin m ap., 2016), roe
yKazaHo, uto s ¢ = 10 jieT u pa3HbIX 3HAYECHUI T1a-
pameTpoB 3amauu uMeeM: Ad = 250—280 kM.

CormnacHO MOJIyYeHHBIM pe3ysibTaTaM, OTKJIOHE-
Husa Ar, Al u Ad HocIT HeJIMHENHEBIN XapakTep I10
BpeMeHU U1 YOBIBAIOT C yBEJIWYEHUWEM 3HAYeHUt
IUIOTHOCTU JISI BCEX PACCMOTPEHHBIX acTEPOMUIOB
(cMm. Takke MapTionresa u ap., 2015). OueBugHO, 4YTO
HanOOJbIINE OTKIIOHEHUST COOTBETCTBYIOT acCTEPOU-

ACTPOHOMMWYECKHWM BECTHUK

ImaM ¢ HamMmeHblnumM nuamerpom: 2008 FP, 2009
WP6, 2015 XG55 u (367943) Duende. HaumeHnbiie
OTKJIOHEHUSI, HAIlPOTUB, COOTBETCTBYIOT acTEepOU-
nIaM Haumboblrero nuamerpa: 2010 JJ41, 2015 EO61 u
2015 TX24. CpenHue cMeleH1sI OpOUT pacCMOTpPEH-
HBIX aCTEPOUIOB U3-3a NEICTBUS CUJI CBETOBOIO JaB-
JneHus cocTtabisiioT ot 0.4 mo 50 kM 3a rof (Ha OCHOBE
BBIUMCJICHUM, TIpOBEeASHHBIX 111 ¢ = 10 J1eT), T.e. SIB-
JISTIOTCSI BeChMa CYIIIECTBEHHLIMU 1 Ha IBa—TpPU MO~
psiIKa MpeBBIIAIOT pa3Mepbl acTepouna. [losaromy
JIeJICTBME CUJIBI CBETOBOIO JaBjIieHMsI, O€3yCIOBHO,
HEOOXOAUMO YUYMTHIBATH MPU OLIEHKE acTePOUITHO-
KOMETHOI1 OITaCHOCTU Y IUIAaHMPOBAHUM KOCMHYE-
CKMX MUCCHI K MaJIbIM acTepounaM. Hanpumep, ec-
JI1 paccMaTpuBaTh [IOJTOBPEMEHHYIO IUHAMUKY
aCTepOMIOB C TOYKM 3PECHUS UX COMVKEHUI C TIa-
HeTaMM, TO HalineHHoe (CM. TabJj. 4) CMeIeHue op-
outsl acteponga 2008 FP u3-3a neiicTBus CUITBI CBeE-
TOBOTO JaBJIEHMSI Ha IIPOMEXYTKE BpEMEHU [ =
= 100 nier noutu Ha 20000 kM (=3 Ry, e Ry — paauyc
3eMJIM) MOXET YBEIWYUTh BEPOSTHOCTb €ro KaTa-
Ne 5
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cTpodrmueckoro cOMmKeHus ¢ mraHeToii. OTMETHM,
yto B 2008 r. acrepoun 2008 FP commxkacs ¢ 3emieit
Ha paccTosiHue okKoja0 27Rp (COrmacHO JIaHHBIM
https://ssd.jpl.nasa.gov/).

BOPEKT APKOBCKOI'O

IToMuMO cujbl CBETOBOTO AABJIEHUS COJTHEYHOM
pagualu sl BCEX acTepOUIOB, IIEPEUUCICHHBIX B
TabJ. 1, OblIa BeIUMCIIeHA BeanuuHa 3¢ dekra Ap-
KoBckoro (ApxosBckuii, 1901; Pam3meBckmii, 1952;
2003), mpeacTrapsioliero coooii HerpaBUTALIMOHHOE
YCKOpEHUE B OpOUTAILHOM IBUXKEHUU, BbI3bIBAEMOE
AHU3O0TPOITHBIM MEPEU3TyYeHUEM COJTHEYHON paau-
allMd TTOBEPXHOCTHIO BpalllaloOIEerocsl acTepouiaa.
TepmonuHamuueckast Monesb 3¢ dekra dpKoBCcKoro
obu1a B3sTa 13 padot (Vokrouhlicky, 1999; Vokrouh-
licky v np., 2000). CpeaHsisi CKOPOCTh BEKOBOTO 13-
MeHeHUsI OOJIbIION TMOJyocu OpOUTHI acTepouaa a
CKJIaJibIBaeTCsl MoA BAWSIHUEM JBYX 3(dEKTOB: cy-
TOYHOTO

2
(@) = —S—QMG sin §cos’y (2)
dt/ 9n Mc(1+ A)
1 CE30HHOIO
2
(%) = ﬂmG sin 8sin’ Y, 3)
dt/s  9n Mc(1+ 1)

rae O — MOIJIoLIAloNIas CIIOCOOHOCTh MTOBEPXHOCTU
acTepouna, 1 — CpeaHee CyTOUHOE IBUDKEHUE aCTEPOU-
nma, M — macca actepouna, ¢ — CKOpocThb cBeTa, R — pa-
auyc actepouna, F(r) — IIOTOK COJIHEUHOM pagualiuiy Ha
paccrostiuu r ot Connua (F(r) = 13707 Br/m?), vy —
YIroJI HAKJIOHA OCH BpallleHUSI acTepouia K IJI0CKO-
cTh opouTHl, G — amrutyna o dekra, 0 — (asa >¢-
(dekra. Iyt 6e3pa3zMepPHOro rapaMerpa A UMeeM

KpCow |
ecT’ RV2’

roe K — TeIUIOIpPOBOMHOCTh BEIECTBA acTEpoOuIa,
C — TeII0eMKOCTh BEIIeCTBa acTepouraa, € — Ko3d-
(GULMEHT BMHUCCUM acTepouna, ¢ — IIOCTOSTHHAsI
Credana—bonblmaHa, pg — INIOTHOCTb MOBEPXHOCT -
HBIX CJI0eB acTepouaa, 7' — TeMIiepaTypa acTepoua,
CBsI3aHHAas COOTHOLUEHUEM OLF(r) =0 T*, ® — yacTo-
Ta BpaleHus actepouna, / = (K/(p,Cw))"/? — ryou-
Ha IMMPOHUKHOBEHUS TETLIOBBIX BOJIH.
HHTerpupoBaHne ypaBHEHUI JIBUKEHUSIMETO-
1oM Pyare—KyTThI 4-ro mopsiika TOYHOCTH C IIaroM
10~ opOUTaILHOIO IEPUOAA ACTEPOUIA ITO3BOJIMIO
MMOJIYYUTh BEIUUYNHY U3MEHEHUSI €ro OOIbIION MOTy-
ocu u3-3a 3dekra JApKOBCKOro 3a onuH 000pOT BO-
kpyr CoiHila. MeTonrka BeIYUCICHUS BETMYNHBI (-
¢exra JpkoBckoro 6bL1a B3sTa U3 (Ilanacenko, Yep-
HeTeHKo, 2014). Crnenyloliye XxapakKTepUCTUKU ObLIU
IIPUHATBI 1JI51 BCEX ACTEPOUIIOB: P, =p = 3137 Kr/M>, €=
=09, K= 102 Br/(m K), C = 500 Ix/(xr K). HUc-

A=
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MOJIb30BaHUE CPEIHE BEJIUYMHBI IUIOTHOCTU acTe-
poujia MO3BOJIMJIO OLIEHUTh BeJIMUUHY 3P dekTa Ap-
KOBCKOTO 0e3 pasmelieHust AC3 Ha crieKTpajabHbIe
KJIacChl (CM. IIpenblaylnuii pasmen). OTMeTUM, 4YTO
BeIMUYMHBI 3(PdekTa SApKOBCKOTO, BBIYMCICHHBIE
JIJTsl OAHOTO M TOTO K€ aCTePOUIa IIPU pa3HbIX 3HAUE-
HUSIX TUIOTHOCTU, COOTBETCTBYIOIIMX BO3MOXXHBIM
CHEKTPAJILHBEIM KJIaccaM, omIndaguch Ha 5—10%.
U1 BeMWYMHBI CBETOBOIO JABJICHUS, PAa3IUUUsI CY-
IIECTBEHHO BHIIIE (CM. Ta0II. 4).

ITocKonbKy peajibHble BpalllaTeIbHbIE COCTOSIHUS
acTepOUIIOB HEU3BECTHbI, BBIYMCJIEHUS BbIOJIHS-
JIMCh IS TPEX pa3IMYHbIX 3HAUYEHMUIA mepuoaa Bpa-
meHus actepouga, P=135, 10 u 15 4. BeiOOp 3THX 3Ha-
yeHUi 00yCJIOBJIEH TeM, UTO COMIAaCHO aHHBIM Ha-
omopenuii P < 10 9 gj1st 60abIIeii 9acTH acCTEpONIOB
¢ D< 100 M (cM. puc. 8 B (Pravec u 1ip., 2014) u puc. 6 B
(Zhang, Michel, 2021)). JIasg Bcex acTepouIoB OCh
BpallleHUs TIpearoiaraiacb OpTOrOHaJIbHOM TLJIOC-
KocTHh opbutsl, Y = 0° (B ciryyae Y > 180° BennunHa
a(pdekra SpKOBCKOro mmeeT IPOTUBOIIOJIOXKHBIA
3HaK). [Ipu Takoii opreHTallM OCU BpaIlleHUs BJIM-
sIHUE CyTOYHOU KoMIOHEeHTHI (da/df)4 adbdekTa Ap-
KOBCKOTO Ha OOJIbIIIYIO TOJIyOCh OyIeT MaKCUMallb-
HbIM, a BJIMSIHUE CE30HHOU cocTtapistoniei (da/dr),
obOpamaercsa B Hoab. CymMMapHBI pe3yiabTaT Oei-
cTBUs 06eux KOMNOHEHT (da/df)4 4 M IpEeACTaBIISIET
co00ii apdexT fApkoBckoro. OTMETHM, YTO A1 Ma-
JIBIX aCTEPOUIOB CYyTOUHBIN 3PP eKT APKOBCKOTO Cy-
IIeCTBEHHO BhbIlIe ce30HHOro (Vokrouhlicky u mp.,
2015a). B 3aBucuMOCTH OT HampaBJeHUs BpallleHUS
acTepousia Mo OTHOIIEHWIO K HampaBJIeHUIO OpOu-
TaJbHOTO ABWXEHUS 3(PdekT SApKOBCKOTO MOXET
BbI3bIBaTh KaK 3aMelJIeHUE OpPOUTAIBLHOTO JIBUXKE-
HUs, T.. YBEJIMUEHNE @, YTO COOTBETCTBYeT Y < 90°,
TaKk U yCKOpPEHUeE, T.€. YMEHblIeHHue a rpu Y > 90°.
PesynbTaThel BEIUMCIIEHUIT BeanduHbI 3ddekra Ap-
KOBCKOTO JIJTST BCEX aCTepOMIOB 13 Tabi. 1 mpemcras-
JICHHBI B Ta0JI. 5.

PacyeTn TTOKa3anm, 4To HaMOOIbINAS BEIUIMHA
(da/d?)4 ;  cooTBeTcTBYeT acrepounam 2009 WP6, u
2015 XG55 u (367943) Duende. DTuM acTteporaaM u3
pPacCMOTPEHHO HaMM BBIOOPKUA COOTBETCTBYIOT
HauMEHbIIIMe BUAWMbBIC 3BE3IHBIC BEIWYUHBI, UTO
MOXET ObITh OOBSICHEHO BeCbMa MaJlbIMU pa3MepaMu
acTepOMIIOB, TNOO0 X HU3KUM ab0eno (CM. ypaBHe-
Hue (1) utadiu. 2). OTMeTuM, 4TO B CIydae acTepouaa
(367943) Duende ero pasmep oIlpeleiicH U3 pamap-
HbIX HaOmomeHuit (Benner u mp., 2013). OtHOCH-
TeIbHO MaJjiasi BeJuduHa 3¢ dekra SpKoBcKoro s
2008 FP, rakkxe umMerolero HeGoblIoit pa3Mep, MO-
JKeT OBITh OOBSICHEHA eTo OoJiee yaaJeHHOM 10 CpaB-
HEHMIO C TPEMsI YKa3aHHBIMU BBIIIIE aCTEPOUIAMU OT
CosnHua op6uroii (cMm. Tab. 1).

J11s1 Bcex McclieqyeMbIX acTepOMIOB OblJIa N3yde-
Ha 3aBUCUMOCTb BeJIUYUHbBI 3(pdekTa S pKOBCKOro ot
Puy(meprona u yriia HaKJIOHa OCHU BpaIlleHUST acTe-
pouaa, COOTBETCTBEHHO). B mepBoM ciydae Beauau-
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MAPTIOIIEBA, MEJIbHUKOB

Ta0bmuna 5. Bennunna apdexra Apkosckoro (da/dr)g 1 ¢ X 10~*a. e./MJIH JIeT TSl aCTEPOUIOB

P, u
Actepous,
5 10 15
2008 FP 0.2645 0.2882 0.2938
2009 WP6 4.3560 3.2006 2.6582
2010 JJ41 0.1981 0.1680 0.1492
2015 EO61 0.0905 0.0854 0.0800
2015 TX24 0.0250 0.0267 0.0269
2015 XG55 4.2036 3.3751 2.9188
(367943) Duende 1.7620 1.5320 1.3630

Ha (da/dr)4 ;  BBIUUCISIACH 32 OOUH OPOUTATIbHBILI
Mepuon acTepouna, B MPEAnosoXeHUU, 4to Y = 45°
(TMMpoX3BOJILHOE 3HAUYeHUE JIs1 ydeTa ACHCTBUS ce-
30HHOM M CYTOYHOM KOMIIOHEHT), Ha MHOXECTBE
3HaueHU1 Pot 1 1o 30 u ¢ mrarom 1 4. Bo BTopowMm city-
qae, IJIsI TpeX GUKCUpoBaHHBIX 3HaYeHU P=15, 10 n
15 9 acppexT ApKOBCKOro BEIUMCISIICS 32 OOTUH Op-
OMTAJILHBIN IIe PO ACTePOMIa Ha MHOXKECTBE 3HaUe-
Huit Yot 0° mo 90° ¢ mrarom 5°. 115t ymoOcTBa aHaM3a
MOJYIEHHBIX PEe3yJbTaTOB MBI IIOJYYWIM OLIEHKU
Aa — BeIWYMHBI W3MEHEHHUS OOJIBbIIOI IOIyOCU
acTepouIa 3a ron u3-3a aeiictBus 3 dekra JApKoB-
CKOTO.

10
. « 2009 WP6
8L « 2015 XG55
«—(367943) Duende
6 e \
= Y
S) o
Y S
a"‘-l.; oo
.r.... b ’--::.::::::.....‘.
2k Q0 $4-0-0-0-0-0-0-0-9-4 : : ::_:_:_:
0 5 10 15 20 25 30

Puc. 1. 3aBUCUMOCTb BEIUUYWHBI U3MEHEHUST OOJIBIION
MOJIyOCH OPOMTHI acTepouia 3a rof u3-3a AeicTBust ad-
¢ekTa ApKOBCKOro OT Ieproaa COOCTBEHHOIO BpallleHUS
actepounaa. CHHUM KPYXXKOM YKa3aH peaJibHbIM Mepruo
BpaieHus acrepouna (367943) Duende, cornacHo (Ben-
son u 1p., 2020).

ACTPOHOMMWYECKHWM BECTHUK

Ha puc. 1 npeacrasiensl 3aBUCUMOCTU Aa oT P,
roJjiyueHHbIe 11t actrepounnoB 2009 WP6, 2015 XG55
u (367943) Duende. 1711 ocTaTbHBIX aCTEPOUIOB BbI-
YUCJIEHHbIE BEUYMHBI 3¢hekTa ApKoBCKOro okasa-
JIMCh Ha 2—3 TIopsiaKa MeHbIIIe (CM. Takke TadJI. 5) u
HE UrparoT CYLIECTBEHHON POJIM B UX OPOUTAILHOI
JIUHAMUKe, TOATOMY Mbl HE MPUBEJU TOJyYeHHbIE
JUTS. HAX 3aBUCUMOCTU. BUIHO, UTO BCE 3aBUCUMO-
CTM, MpeACcTaBJeHHbIe Ha puc. 1, SIBISIOTCS HEIU-
HEMHBIMU, U B cIydae MajbIx actepounon (D ~ 20 m)
¢ ObIcTpbIM BpaiieHueM (P < 10 4) BeauurHa Aa Mo-
JKeT OBITh COMOCTaBMMa ¢ pazMepaMu actepouaa. OT-
METHM, 4TO, corinacHo Vokrouhlicky u mp. (2015b),
st AC3 (99942) Apophis (D = 325 M) umeem Aa =
=~ 200 M, T.e. TOXe CPaBHUMYIO C pa3MepaMu acTepo-
ujia BEJTUYUHY.

W3 puc. 1 BugHO, 9To B 0061acTu P < 5 4 BeJIMYMHa
addekra ApkoBckoro (BenuunHa Aa) IJisk acTepou-
0B 2009 WP6 1 2015 XG55 cyllecTBEHHO 3aBUCUT OT P.
IMTockonbKy pacCMOTpEHHBIE HAMU aCTEPOUIbI BECh-
Ma MaJibl, TO, cortacHo (Pravec u ap., 2014; Zhang,
Michel, 2021), oHu, BeposITHO, O0JIafalOT BecbMa
GbBICTpBIM BpalieHueM. J1ist acteponnos 2009 WP6 u
2015 XG55 cTouTt oXXuaaTh CyIIeCTBEHHOIO U3MEHeE-
HUS BeIWYUHbI 3(Pdekra SIpKoBCKOro Iociie ux
COMMKEHUI ¢ TIJIaHeTaMM, JaXe eClIM B pe3yJbraTe
TaKMX COOBITHI BpalllaTeJbHbIE COCTOSIHUSI ACTEPOU -
JIOB OyIyT UBMEHSITBCSI HE3HAYMTEJILHO.

Hna acreponna (367943) Duende u3 3aBUCHMO-
CTH, TIpEACTaBIeHHOM Ha puc. 1, BUTHO, YTO MUMEB-
11ee MeCTo U3MeHeHe TIepruoa BpallleHUs aCTepOu-
JIa TIpY €TO BeCchbMa TeCHOM COJIDKEHUU ¢ 3emiieii B
2013 r. cymecTBeHHBIM 00pa30M He ITOBJIMSIIO Ha Be-
JaunHy 3¢ dekra Jdpkosckoro. [Ipu yctaHoOBIEeHHOM
n3 aHanusa HabmopeHuit (Devyatkin u gp., 2016;
Benson u ap., 2020) usMeHeHNU ITeproIa BpallleHUS
acteponna (367943) Duende Ha 2—3 4 BetuunHa 3¢ -
Ne 5
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Puc. 2. 3aBUCMMOCTh BEIWYWHBI U3MEHEHUs OOJIBIIION
rmostyocu opouThl actepouaa 2009 WP6 3a ron us-3a feii-
ctBust 3¢ dekra SIpKOBCKOro OT yrjia HakJIoHa OCH Bpa-
LIEHUS U1 pa3HBIX BO3MOXKHBIX 3HAUEHU epruoaa coo-
CTBEHHOTO BpallleHUs acTepoua.

(dekra ApKoBcKOro Moria n3MeHUTbes Ha ~10%. OT-
MetuM, 9T0o (367943) Duende mpuMepHO B IBa pasa
KpyrHee, yeM acrepounsl 2009 WP6 u 2015 XG55
(cM. Tabu. 2).

Ha puc. 2 npencrtaBiaeHbl NOJy4eHHbIE TPU pa3-
JINYHBIX 3HAYCHUSIX P 3aBUCUMOCTU Aa OT Y AJIsl acTe-
pouna 2009 WP6. st 2015 XG55 1 (367943) Duende
3aBUCUMOCTHU UMEIOT CXOXUI XapaKTep, TO3TOMY Mbl
UX He MpuBoaAuM. BugHo, yTo BenuunHa Aa ipu u3-
MEHEHUHU yIia Y MEHSIETCSI IPUMEPHO B TEX XK€ Ipe-
Jenax, Kak v rpu usmMmeHeHuu P (cm. puc. 1).

ITpu cONMMKeHUSIX ¢ TUTAHETOU UMEET MECTO U3Me-
HeHue Kak P, tTak u Y (cMm., Hanpumep, Devyatkin
u ap., 2016; Benson u mp., 2023), Mo3TOMYy CTOUT
OXUJAaTh, YTO TECHOE COMMKEHUE C TIJIAHETON MaJIoTo
actepouna (D = 10—50 M) c OBICTPBIM BpallleHHUEM
(P < 10 9) oKaxkeT CyLIECTBEHHOE BIMSIHUE HA BEJIM-
yuHy 3 dekTa ApkoBckoro aist Hero. COMMXKEHUE C
IUIAaHETOM MOXKET MPUBECTU K TOMY, UYTO BpallleHUe
acTepoua IepenaeT B peXXuM “KyBbIpKaHMs” (tum-
bling) (cMm. Pravec u np., 2005), 1160 B peXXUM XaoTH-
yecKoro (HerpeackasyeMoro) BpallleHUsT, UMEIOIIU i
MECTO BO BpalllaTeJIbHON BOJIIOLIMU MaJIbIX CITyTHU -
koB 1iaHeT (Wisdom, 1987; Melnikov, Shevchenko,
2010; Shevchenko, 2020; MenbHukosn, IlleBueHKO,
2022). B mocinenHeM ciydae, BeposaTHO, 3¢ ekt Ap-
KOBCKOTO He€ OyNeT BIUSITh HA BEKOBYIO 3BOJIIOLIMIO
opouTsl actrepona. JlaHHbI BOTIpOC TPeOYeT NOTIOJ-
HUTEJbHOTO UCCIIeIOBAHUSI.

BbIBOJbI

Hrak, B HacTosIei paboTe AJIs psiaa MajbIX acTe-
pOMIOB, VICITBLITHIBAIOIIUX COJIMKEHUS C IJIaHeTaMU
3€MHOI TPYIIIbI, TTOJyYeHBI OLIEHKU BIUSIHUS Ha Op-
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OUTAJIbHYIO TUHAMMKY JaBJICHUS COTHESYHOM pammra-
uun u addexkra fApKoBckoro. YCTaHOBJIEHO, UYTO
JIEACTBME€ CBETOBOIO NIaBJICHUSI MIPUBOIUT K CMeEIle-
HUIO OPOUTHI acTepOMIa Ha BEIUIMHY OT COTEH MET-
POB 10 IECITKOB KMJIOMETPOB B rof. BennmynHa nzme-
HeHUs1 OOJBIION MOJYyOCHM OpOUTHI acTepouaa M3-3a
nerictBus 3 PexrTa ApKoBCKOTO 3a rog MOXKET OBITh
COITOCTaBMMa C pa3MepaMU acTepouIa.

CommkeHMe acTeponaa C IUIAHETOM HMPUBOMUT K
M3MEHEHUIO €T0 BpalllaTeJIbHOTO COCTOSTHUSI — BEJIU -
YMHBI Ieproja COOCTBEHHOIO BpallleHUsT acTepouraa
Y1 OpMEHTAllMM OCH BpallleHUS B IIpocTpaHCcTBe. M3-
MEHEeHMEe BpallaTeJIbHOTO COCTOSIHUSI acTepoujaa
MpUBEIET K N3MEHEHUSIM BeJIMUnH 3¢ dekra SpKoB-
ckoro u YORP-a¢ddekra. [TonyyeHHBIE HAMU OLIEH-
KU TT0Ka3aJiu, YTO BAUSTHUE COJMKEHUS C TIJIaHETOM
Ha OopOUTaJIbHYIO IMHAMUKY acTepoMaa 1M3-3a U3Me-
HEHMsI Mepuoia €ro CoOOCTBEHHOro BpallleHUs IT0-
cpencTtBoM gneiictBus 3ddekTa ApKOBCKOro XOTs
OOBIYHO MaJI®, MOXET OBITH CYILIECTBEHHBIM. B ciry-
YJae, Korga opOuTa acTepounaa MpOXOaUT JOCTATOIHO
naneko oT miaaHeTsl (20—100 paguycoB 3eMin), me-
puon BpallleHUSI acTepouaa U3MEHSIETCS MEHee 4eM
Ha 0.3 4, 4TO OKa3bIBAcT HECYIIECTBEHHOE BIMSHNIE
Ha BeanuyuHy 3@dekra ApkoBckoro. OgHako Hpu
BEChbMa TECHBIX COMMKEeHUSIX (MEHee IISITU PaguyCcoB
3eMJIn) TIEpUOI BpallleHUs acTeporaa MOXET U3Me-
HUTbCSI HAa HECKOJIbKO 4YacoOB, YTO CIIOCOOHO M3Me-
HUTH BeJTmuanHy 3P dekra SpkoBckoro B 1.5—2 paszan
OyIeT 3aMeTHBIM B JaJIbHelIIeir opOrTaIbHO N1MHA-
MuKe actepouna. OTMETUM, YTO B HeJJaBHO OITy0JI1-
KoBaHHoOI pabote (Benson u ap., 2023) mpu ucciaeno-
Banuu nuHaMuku AC3 (99942) Apophis 6bUTO BBICKA-
3aHO MPEIIOJOoXKEeHNEe O HE3HAYUTETbHOM BIWUSIHUU
M3MEHEHUS TIepHroIa BpallleHUsT acTepouia n3-3a comm-
XeHus ¢ 3emyeit Ha BeanunHy 3¢ dekra SdpKoBcKo-
ro. Kak BUIHO 13 MOJy4eHHbIX HAMU pe3yJbTaToOB, B
psiae caydaeB ISt MaJibIX aCTEPOUIOB BAUSTHUE COTM -
XKeHUii ¢ aHeTamMu Ha 3 dexT SIpKoBCcKOro Bce XKe
HaJ0 YYUTHIBATD.

IIpu HaGaOmATEbHON MACHTU(PUKALIMUA HPOSIB-
neHuii addekra fApkoBckoro u YORP-apdekra B
IWHAMHUKe MaJIbIX aCTePOMIOB HEOOXOOAUMO YIUTHI-
BaTh HaJIMYKe COJMMKEHMI ¢ IJIaHeTaMU, MHAYe MOXK-
HO TIOJIYYUTh OLIMOOYHbBIE OLIEHKU BEJIUYMH yKa3aH-
HBIX 3(PeKkToB. BimussHne HerpaBUTAIIMOHHBIX 3 -
¢eKTOB BO3pacTaeT BO BpeMEHM, M Ha OOJBIINX
WHTEepBajlaX BpeMeHU U3MEeHEHNEe OpOUTHI acTepoua
MOXeT OBITh BEChMa CYIIECTBEHHBIM, HaIlpuMep,
JIEJICTBME€ CBETOBOIO IaBJICHUSI IIPUBOIUT K CMeEIle-
HUIO OpPOUTHI Ha HECKOJILKO AECSATKOB ThICSY KMJIO-
METpOB Ha ITpomexyTke BpeMeHH B 100 jeT. Takum
0o0pa3oMm, IIpU JIAHUPOBAHUM KOCMUYECKUX MUCCUI
K MaJIBIM acTepOoUIaM U OLIEHKE aCTEPOUITHO-KOMET-
HOM ONacCHOCTH HEOOXOAUMO YYMTHIBATh KaK HaBJie-
HUE COJIHEYHOM pamuauuu 1 3P dexT SpKoBcKoro,
TaK ¥ BJIMSIHUAE U3MEHEHUSI BpalllaTeJIbHOTO COCTOSI-

2023



486

HUs acTepouna TIpHM COMMKEHUSIX ¢ TUTaHeTaMU Ha
€ro JajJbHEeUIy0 OpOUTATbHYIO TMHAMUKY.
Astopnl 0naromapsar U.W. IlleBueHKo 3a BecbMa

LIeHHBbIe 3aMeyaHusi, a Takxke A.B. JleBatkuHa u
M.1O. XoBpuueBa 3a Mojae3HbIe OOCYKIeHUS.

HccrnegoBaHue BBIIIOJHEHO 3a cyeT rpaHTa Poc-
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