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PaccmarpuBalorcs rasonuHaMUYeCcKe MOIEIN B3aUMOAEHCTBUSI COTHEYHOTO BeTpa C KOMETHBIMU
atMocdepamu. HTepec K co3maHuIo TaKMX MOJeJIeil pe3Ko BO3pocC Tocjie Havyala NccaeqoBaHUi
KOMET MpHY MOMOIIM KOCMUYECKUX ariapaToB, 3allyCKaeMbIX Ha OJIM3KUE PACCTOSTHUSI OT UX TO-
BepxHocTeil. [Tpubopbl, ycTaHOBJIEHHBIE HA ATUX alraparax, JaBajd BO3MOXHOCTb 9KCTIEPUMEH-
TaJILHOTO UCCJIEAOBAHUS MMapaMeTPOB MCTEUEHUS ra3a C MIOBEPXHOCTE KOMET MpPU MX MpUOIIMKe-
Huu K COJIHITY U €T0 B3aUMOJEHCTBIE C TTOTOKOM I1JIa3Mbl COJIHEUHOTO BETPA, YUTO HEBO3MOXXHO ObI-
JIO AenaTh MPpU MOMOIIM CIieKTpo-doToMerpun. Havano Takux ucciienoBaHUil ObLIO TTOJIOXKEHO
IMOYTH MTHOBEHHBIM COJIMKEHUEM HECKOJbKHUX KOCMMYECKUX almapaToB ¢ komeTol [anes B Map-
Te 1986 1. Tobko yepes 28 yet anmmapat Posetrta (Rosetta), 3anmyieHHBIM EBporeiickuM KocMude-
ckum areHTcTBOM (ESA), 110 ciioxHoi TpaekTopuu coau3uics ¢ Kometoil YypiomoBa—Iepacumen-
KO M, MAaHEBPUPYs BOJIM3U 3TOU KOMETHI B TeUeHUe OoJiee ABYX JIET, MPOBOAWII, B YACTHOCTH, UCCIIe-
TIOBaHMS 110 B3aUMOIEUCTBUIO €€ aTMOC(hephI C COTHEYHBIM BETPOM.

Karoueeswie crosa: COMTHEUHBIN BETEP, KOMETHAaA aTMoccbepa, IJTa3M€HHasdaA KOMITIOHEHTaA rasa, MEx-
IJITAaHETHOC MAarHUMTHOC I10JI€
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IMpupona B3anMoaeiCTBUS COIHEUHOTO BETPa C KOMETHBIMU aTMOc(depaMy 3aBUCUT OT MHOTHX T1a-
paMeTpoB. OTHUM M3 HUX SIBJISIETCS paccTossHUe KomeTHoro sgapa oT ConHna. Eciu, HanmpuMep, siapo
KOMETBI COCTOUT MPEUMYIIECTBEHHO U3 3aMOPOXKEHHBIX MoJieKys Boasl H,O, a ero paguyc r, =1 km,
TO, pu pacctossHum oT CojiHLa d > 4 a.e. (aCTPOHOMWUYECKUX SAMHMII) UCIIapeHNE BOJBI BCICACTBUE
€ro HarpeBaHUsI COJTHEYHBIM U3IIydeHUEM OyIeT Ype3BhIYaifHO Majio, a UCITapSIIOLINECd MOJIEKY/IbI BO-
Ibl HE MOTYT BBI3bIBATh BO3MYIIECHUE TTApaMeTPOB COJTHEYHOTO BETpa.

CrnektpodoToMeTpUsi, Kak Ha3eMHbIMU MpUOOpaMu, TaKk U MpubOpaMu, YyCTaHABIMBAaEMbIMMU Ha
cnyTHUKax 3eMJiu, 1aeT HauboJiee KaueCTBeHHbIE HaboneHUs KoMeT. OIHaKO CIieKTpOopoToMeTprUUe-
CKMe METO/bI He SABISI0TCS 3(h(hEKTUBHBIMU JLJIS1 UCCIIETOBAHWSI OCHOBHBIX XapaKTEPUCTUK B3aUMOAE -
CTBUSI COJTHEUHOTO BeTpa ¢ aTMocdepamu koMeT. BHauyase 80-bIX rogoB MPOIILIOro CTOJAETUSI MUPOBBIM
Hay4yHbIM COOOIIIECTBOM HayajaCh aKTUBHAs MOATOTOBKA K 3aITyCKY CITeLIMaIbHbIX KOCMUYECKUX arlla-
paToB 1151 UCCIIEA0BaHMS B3aUMOJIEMCTBIS COJIHEUHOTO BeTpa ¢ atMocdepoii KomeTsl [aies, Kotopas
B MapTe 1986 1. 1oJKHa Obljla HAXOAUTHCS B MIEPUTEINHU (TIepUOL ee BpallieHUst BOKpYT CoJIHIIa COCTaB-
steT 74 rona). Ha poccuiickux anmaparax Bera-1 u Bera-2 (Vega), eBporneiickoM IxotTo (Giotto) u
snoHckux Cyuceu (Suisei) u Cakurake (Sakigake) ObUIM yCTaHOBJICHBI IPUOOPHI, U3MEPSBIIINE TOYTU
BCe MapaMeTpbl B3aUMOACUCTBUS 3TOM KOMEThI C COJIHEUHBIM BETPOM. YKe Uuepe3 HECKOJbKO MECSI1IeB
MpenBapuTeIbHbIe pe3yJibTaThl TAKMX U3MEPEHU I U MX EPBUYHAsI MHTEPIIpeTaLvsl ObLIU OMy0IMKOBa-
HbI B XypHane Nature (mait 1986 r.). Tonbko yepe3 18 net (B 2004 1.) EBponeiickuM KOCMUYECKUM
areHTcTBoM (ESA) Ob11 3amyliieH KocMuyeckuii annapat Poserra (Rosetta) ais1 ucciienoBaHust B3aMMO-
neiictBUst KoMeThl YyproMoBa—IepacMMEHKO ¢ COJTHEYHBIM BETPOM, KOTOPBII Yepe3 NecsTh JIeT cOIu-
3UJICS C 3TOU KOMETOM, KOTia OHa HaX0oAuJIach B pailoHe nepurenus. B ominure or MTHOBEHHOTO MPO-
JIeTa HeCKOJIbKHX arapaToB BOIM3M KoMeThl [ates B 1986 1., anmmapaTt Po3eTTa B TedeHHMe OBYX JIET
(mo 2016 r.) MemIeHHO MaHEBPUPOBAIT BOJIVM3U KOMBI 3TOM KOMETHI, U3Mepsisl He TOJIBKO TTapaMeTPhI MC-
TEKAaloIIero U3 KOMETHI Ta3a, HO U MapaMeTpbl COJTHEYHOTO BETPa B €€ OKPECTHOCTH.
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HccnenpoBaHne KOMETHOIT aKTUBHOCTH IIPY IOMOIIM KOCMHYECKHUX allllapaToB IPUBEIO K OypHOMY
Pa3BUTUIO pa3IUYHBIX TEOPETUYECKMX MoAeseil 00TeKaHUsI KOMET COJTHEYHBIM BETPOM. XOTEJIOCH Obl
NOMYEPKHYTh, YTO pa3BUTHE TUAPOINHAMUYCCKIX MOACIICH Hadyaa0oCh ¢ MMMOHEPCKOM padboTel bupMma-
Ha, Bpocosckoro  llImunra [1]. ITogpoOHBIN 0030p TaKMX Moaeneit mo 3amycka B 2004 . armrapara Po-
3eTTa K KoMete YypromoBa—IepacumMeHko cogepkutcs B padbote [2]. OngHaKo ncciaemoBaHue B3auMO-
JIEMCTBUS COTHEYHOTI'O BeTpa ¢ aTMoc(pepoii KoMmeThl HypromoBa—IepacuMeHKoO IIpy ITOMOIIH aliapaTa
PozerTa HOCMI0 HEOOBIYHBIN XapaKTep, KOTOPBI OBLI CBSI3aH ¢ MEMJICHHBIM €r0 MaHEBPUPOBAHUEM
BOJIM3M KOMBI KOMETHI B TeUeHUE OoJiee OByX JieT. B mpencraBisieMoit 0030pHOI paboTe MpOBOAUTCS
CpPaBHUTENILHBIN aHAJIM3 Pe3yabTaToOB TMAPOAMHAMUYECKMX M MarHuToruapoarnHammdeckux (MI)
MozeJieil B3auMOIeCTBHUS COJTHEUHOIO BETpa ¢ KOMETHBIMH aTMOc(epaMu, CpaBHEHUE TTOJIyYSHHBIX B
HUX pEe3Yy/JIbTaTOB C Y€ MOJy4eHHBIMY TaHHBIMU 3KCIIEPUMEHTOB, a TAK>Ke TIpeicKa3aHue TeX SIBJICHUM,
KOTOPBIE MOTYT OBITh OOHAPYKEHBI IIPU MOMOIIM JaJTbHEHIINX dKCIIEPUMEHTAIBHBIX MCCASIOBAHUMI
B 9TOM 00JIaCTH.

1. KAYUECTBEHHASl KAPTUHA TMAPOJVUHAMUYECKOTO B3AUMOJENCTBUA
COJIHEYHOI'O BETPA C KOMETHBIMU ATMOC®EPAMU

Kak n3BecTHO, COTHEUHBIN BeTep IPEACTaBIIsIeT COO0M CBEPX3BYKOBOM ITOTOK ITOJTHOCTHIO MOHU30-
BaHHOI BOIOPOAHO M1a3Mbl, UCTEKAIOIIUI U3 COTHEYHOI KOPOHBI. DTOT IMTOTOK HE MOXET ObITh BO3-
MYIIIEH KOMETOM, KOTOpas HaXOAUTCS Ha O0IbIIOM paccTostHUM oT CoJIHIIA M3-3a OTCYTCTBMS Y HEe aT-
Mocdepbl. TonbKo Ha HEOOMBIIMX FeJIMOLIEHTPUIECKNX PACCTOSIHUSIX (TIopsinka 1—3 a.e.) y KOMETHI T10-
SIBJISIETCST aTMOcdepa BCIEACTBUE WCHAPEHUSI C €€ TBEPAOU MOBEPXHOCTU MOJIEKYJ Ta3a (TJIaBHBIM
obpaszom, 310 11ubo H,O, mu6o CO,) c nocaenyrolieir x MOHU3aKUeEN NOA JeMCTBMEM COJTHEYHOM pa-
muanuu. [Tpu aTOM B3auMoneiiCTBUE COTHEYHOTO BETpa C 3apsKeHHOM KOMIIOHEHTOI KOMETHOTO ra3a
(B mayibHEMIIIEM TIJIa3MEHHOM KOMITOHEHTOM) MOXHO OIMCaTh B paMKax ra30JJMHaMU4YECKOTO MpUOIn-
KEHMSI, KaK 3TO ObLIO NPEMIOKEeHO B MMOHEePCKOM padore [1]. ECiiM MOTOK KOMETHOM IJ1a3Mbl SIBASIETCS
TaK>K€ CBEPX3BYKOBBIM, UTO Yallle BCETO MPEANOJIaracTcs B TEOPETUISCKMX MOIENSIX, TO B3aUMOIE-
CTBME JBYX CBEPX3BYKOBBIX ITOTOKOB JIOJDKHO TPUBOAUTH K 00pa30BaHMIO ABYX yIapHBIX BOJH (TOJIOB-
HoI1 ynapHoii BoiaHEI BS B cotHeuHOM BeTpe M BHYTPEeHHE! ynapHoii BOJIHEI IS B KoMeTHOI1 Iu1a3Me) u
TaHT€HIIMAJILHOIO Pa3pbiBa, Pa3de/ISIONIIero ABa MIa3MeHHBIX IIOTOKA. B cCOOTBETCTBMU ¢ IIPUHSTON B
reo(U3NYECKON JUuTepaType TePMUHOJIOTUEH, TAaHTEeHIIMAJIBHBINA pa3phIB OyaeM B dajibHEHIIIeM Ha3bl-
BaTh “KoMeTomnay3oii” u 0003HadaTh ero Be3ae yepe3 CP.

KauecTBeHHas1 KapTHa BO3HUKAIOILIETO TEUEHUSI, corslacHO pabdote [1], n3obpaxeHa Ha puc. 1.
Ha HexoTopom paccTossHUM OT KOMETHOTO siapa R (“pamuyc pacueniieHns”) KOMETHBIC MOJICKYJIbI CTa-
HOBSITCSI 0€CCTOJIKHOBUTEIBHBIMU U IIPOHMKAIOT B COTHEYHBIN BETEP, IIPOA0IKAst HOHU30BAThCSI COJ-
HeuHol panguaiueii. [Tpy 3ToM NpOTOHBI COJTHEYHOTO BeTpa “3aXBaThIBAIOT”’ MOJICKYJISIDHBIC UOHBI, UTO
MIPUBOIUT K BO3MYIIEHHUIO CBEPX3BYKOBOI'O IIOTOKA 10 TOJIOBHOM ymapHOI BoaHEI BS. DToT mpoiecc,
KOTOPBIN He ocBemaeTcd B [1], Ha3piBaeTcd “HarpykeHHMeM” COJTHEYHOTO BeTpa. IIpemcraBiieHHas Ha
puc. 1 KauecTBeHHas KapTUHA B3aMMOJIeiICTBUS KOMETHBIX aTMOC(ep C COTHEYHBIM BETPOM HE YYUTHI-
BaeT BIMSHUE MEXIUIAHETHOTO MArHUTHOTO IOJIsI, KOTOPOE CYIIECTBEHHO YCIIOXHSIET CO30aHue Teope-
TUYECKUX MOJIEJIe TaKOTO B3auMOIeCTBYS. B yacTHOCTH, B CMJIy BMOPOXEHHOCTH MarHUTHOTO I10JIsI
B IJIa3MY COJIHEYHOIr'O BETPa, OHO HE MOXET IIPOHMKATh B KOMY KOMEThI (KOMEThI HE UMEIOT COOCTBEH-
HOTI'O0 MarHUTHOTO IIOJIST), a €r0 CUJIOBBIEC JIMHUM Pa3BOpPauMBalOTCSI Ha TaHTeHIMAILHOM pa3pbiBe CP,
YTO IPUBOAUT K HEOOXOAUMOCTH CO3IaBaTh TPEXMEPHBIE MOJIEIM TAKOTO B3aMMOACHCTBUSI.

2. MAPAMETPBI UCTEKAIOIIEIO U3 KOMETHOTO SIIPATA3A
N ®U3NKO-XMMHUYECKHUE MPOLECCHI, TPOUCXOAALUIMWE IMTPU BBAUMOIJENCTBUU
COJIHEYHOTI'O BETPA C KOMETHBIMU ATMOC®EPAMU

Kak yxe ObIJIO OTMEYEHO, Ha OYeHb OOJIBIINX TeIUOLIEHTPUIECKIX PACCTOSTHUSIX ITOBEPXHOCTD KO-
METHOTO SIIpa He MOXeT ObITh HarpeTa COTHEYHOM pagualueil 1o TeMIIepaTyp, IpUBOISIINX K MCIIape-
HUIO 3aMep3IIIero KOMETHOrO BelecTBa. s KoMeT, SiApo KOTOPBIX COCTOUT B OCHOBHOM U3 3aMep3IIIeii
BOJBI, IIPOIeCC UCITapeHus1 0e3 0O0pa3oBaHMs XUAKOM (pa3bl (BO3rOHKA) CTAHOBUTCS CYIIIECTBEHHBIM
Ha paccTogHUIX Tmopsiaka 2 a.e. Ha puc. 2, B3s1ToM 13 padoThI [3], mpencTaBiieHO pacIipeaeeHne CKO-
POCTH, TJIOTHOCTU U TeMIIepaTypbl MCHAPSIONIETOcs U3 KOMETHOTO spa raza, Kak (OYHKIIUN pacCcTos-
Hus1 KomeThl oT CosHLa (cpeprudecKn-cuMMETpUYHAast MOIENb). JIst pacdyeTa pacrnpeaesieHUs TUX Ta-
paMeTpoB UCITONb30BalINCh 3aKoH Kiay3nyca—Kiramneiipona

T, L (1 1
ng = ny—-ex ———11, 2.1
2 nOTs p AVERG (2.1)
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Komera
0

Puc. 1. KayecTBeHHast KapTMHa B3aMMOJICHCTBHSI COJTHEYHOTO BeTpa U KOMeTHO atMocdepsl [1]. IS — ynapHast BotHa
TOPMOXEHUST HOHM30BaHHOM (T1a3MEHHOIT) KOMITOHEHTHI KOMETHOTO ra3a, CP — TaHTeHLIMAJIbHbII pa3pblB, pa3aeisi-
IOIIMIA COTHEYHBIN BeTep U IJIa3MEeHHYI0 KOMIIOHEHTY KOMETHOTO Tra3a, BS — rojioBHasi yaapHasi BOJTHa TOPMOXKEHMS
COJIHEYHOTO BeTpa, R —“panuyc pacieruieHus1”, ocjie KOTOPOro MOJIEKYJTbI, UCTEKAIOIIUE U3 siIpa KOMEThI, CTAHOBSIT-
Cs1 GECCTOIKHOBUTEIbHBIMU.

220 10.36
210 14 1035
200 3 4034

y 190 12'% 10.33 é

5180 ns {02
170 102 {031 ™
160 9 4030
150 § 1029
140 0.28

0 1 2 3 d,a.e.

Puc. 2. CxopocTs V, muiotHoCTb 1, 1 TeMmriepaTypa 7 Mcnapsionierocsi ¢ HoBepXHOCTH KOMETHOTO s/ipa ra3a (Hanpu-
Mmep, motekyn H,O) kak dyHkums pacctosaust komeTsl oT ConHua d (B acTPOHOMMYECKUX EAVMHUIIAX), TTOJTyYEHHBIE
B pa6ore [3].

M YIIPOIIICHHOC YPaBHCHMEC DHCPIUM HA ITOBEPXHOCTU AApa KOMETBI

LAy o+ Loy, 2.2)
d N

A

CKOpOCTh HCTEUYEHUS Ta3a M3 KOMETHOTO s1pa B [3] curTanach paBHOM CKOPOCTH 3BYKa U OIIPEIeIIsI-
Jlach 1o hopMyJie

v, = YK T, (2.3)

m

KOTOpasi MOXKET OBITh B€pHA TOJbKO MJIsI C1a00 3amblIeHHBIX KoMeT. B ypaBHeHusx (2.1)—(2.3) L —
CKpBbITas TEIJIOTa UCIapeHust (Uit MoJieKys1 Boasl ~ 5.0 X 10! apr/mosnb), J — colHedHast TOCTOSIHHAasI,
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Puc. 3. 3HaueHUs KOHLUEHTPALIMIA HEUTPaJIbHBIX AaTOMOB M MOJIEKYJT () Y X MOHOB (6), 00pa30BaHHbBIX U3 POIUTENIb-
CKMX MOJIEKYJT BOIBI BCIIEACTBUE TTPOIECCOB (DOTOMOHU3AIINY COTHEYHBIM U3TyIeHUEM KaK (PYHKIIMI pPacCTOSTHUS OT
KOMETHOTO sIIpa, MoJiydeHHbIe B padbote [4] ipu paccTosinuu ot ConHua B 1 a.e.

A, — 6onoMeTpuyecKoe anbbeno, €, — KoahGULUKUEHT COTHEUHOTO U3JTy4YeHHUs B UH(ppaKpacHOM Tuara-
30He, 0 — nocrosiHHas Credana — bonbumaHna, N,-uucino ABoranpo, k — nocrosiHHast bonblimana, y —

yIENbHAS TEII0EMKOCTbD, #y U T, — IpUHATHIE B [3] mapaMeTpsl 1J1s1 IVIOTHOCTHU U TeMmIiepatypsl (1.94 X
x 10" cm—3 1 373°K cOOTBETCTBEHHO).

B pat6ore [4] ypaBHeHUs (1.1)—(1.3) Mcnoabp30BaInuCh B KAYECTBE TPAaHMYHBIX YCIIOBUH IIJIST pacyeTa
B OMHOMEPHOM IIPUOIIKEHUY KOHLIEHTPALIMI pa3IMYHbBIX aTOMOB, MOJIEKYJI U IX MOHOB B Pe3y/IbTaTe
XUMUUYECKUX peaklMil B pacIINPSIIOIEMCS TIOTOKE KOMETHOTO ra3a, YaCTUIIbl KOTOPOTO TTOABEPKEHBI
(OoTOMOHM3ANK COTHEYHBIM U3JIyYeHHeM. bblTo mpuHSATO B pacdeT 12 miaBHBIX KomMmnoHeHT (H,O,
OH, H, H,, O,, H;0*", H,0*, OH", O , H") u 27 xumudeckux peakiuii. [TosydeHHbIe B 3TOI paboTe
pe3yabTaThl MpeAcTaBieHbl HAa puc. 3. I3 3TOro prucyHka BUIHO, YTO HA PACCTOSTHUSIX OT KOMEThI
r> 10% KM Ipeo6anaoIUM B KOMETHOI IJIa3Me CTAHOBSITCSI MOHBI BOABI, KOTOPble HAUYMHAIOT AKTUB-
HO TOPMO3UTH MOJTHOCTHIO MOHU30BAaHHYIO BOIOPOMIHYIO IJIa3My COJIHeYHoOro Betpa. Crenyer 3aMe-
TUTh, YTO C(HEePUUECKU-CUMMETPUYHBIE MOJEIN, PE3YyIbTaThl KOTOPHIX MPEICTaBICHBI Ha pUC. 2 U
pHc. 3, cIpaBeIIUBLI, BO-TIEPBHIX, IUIST OBICTPO BPAIIAOIINXCS KOMET W, BO-BTOPHIX, IUIST CJ1a00 3alTbl-
JIEHHBIX, K KOTOPBIM OTHOCSTCS KoMeThl [ames u UypromoBa—IepacuMeHKO.

PaccMotpuM Goiee moapo6GHO Te PU3NKO-XUMHUYECKHE MTPOLIECCHI, KOTOPhIE BaXKHBI IJISI CO3MAHUS
MarHUTOTUAPOAVHAMUYECKUX MOJIEIIC B3aUMOAEHCTBUSI KOMETHBIX aTMOcGhep C COTHEUHBIM BETPOM.
I'maBHOE BHMMaHMeE B IIpeACTaBIsIEMOM 0030pe OyaeT yaeJieHO KoMeTaM, aTMOC(epbl KOTOPBIX COCTO-
SIT, B OCHOBHOM, 13 MOJieKys1 Boabl H,O. K Takium KoMmeTaM oTHOCSTCA KoMeThI [ayutest u YyproMmoBa—
I'epacuMeHKoO, T.e. Te KOMETHI, BOJIU3U KOTOPBIX (PU3NYECKUE MPOLIECCHI UCCIEA0BAINCH ITPU TTOMOIIN
MpUOOPOB, YCTAHOBJIEHHBIX HA KOCMUYECKMX arliapaTax.

OJIHUM M3 OCHOBHBIX IIPOIIECCOB B PACIIMPSIONIEMCS ITOTOKE UCHAPSIONIUXCS ¢ TOBEPXHOCTHU KOMeE-
ThI MOJIEKYJ1 BOABI SIBJISIETCSI MX (POTOMOHM3ALINST COTHEYHBIM U3TyYeHUEM

H,0+hv = H,0" +e (2.4)
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B pe3ynbraTe 3TOI peakiMy KOMETHBII ra3 CTAHOBUTCS YAaCTUYHO MOHU30BAHHBIM U HAYMHAET aK-
TUBHO B3alIMOJIEiICTBOBATh C COJIHEUHBIM BeTpOM. CBEpX3BYKOBOI1 ITOTOK YaCTUYHO MOHU30BAaHHOIO
KOMETHOTO rasa, B3auMOIEICTBYS CO CBEPX3BYKOBBIM IIOTOKOM COJIHEUHOTO BETpa, IIPUBOIUT K 0Opa-
30BaHMIO IBYX YIAPHBIX BOJTH ¥ TAHTEHIINAJIILHOTO pa3phiBa, N300paxkeHHbIX Ha puc. 1 [1]. o “pagmyca
pacuenieHnss” R MoneKyJibl BOgbl, KpOME TOTO, MCHBITHIBAIOT IPOIECC PE30HAHCHOM Iepe3apsiiKu

H,0+ H,0" = H,0" + H,0 (2.5)

Ha paccrossHuM OT KOMETHOTO sifipa » > R MOJIEKYJIBI BOABI CBOOOIHO IMPOHUKAIOT B COTHEYHBIN Be-
Tep, [Je MPOJOIXKAIOTCS MPOLIECChl UX POTOMOHU3ALIMU U PE30HAHCHOM Mepe3apsiaKy C NOCIEAYIOIINM
“3aXBaTOM” UX MOHOB ITPOTOHAMU COJIHEYHOIO BETPa. DTOT MPOLIECC MPUBOIUT K BO3MYILIEHUIO ITOTOKA
TUTa3Mbl COJTHEYHOTO BETPAa A0 TOJIOBHOM ymapHOU BOiHBI BS, Kak 310 BaHO U3 puc. 1. B conHeyHOM
BETpe, Kak OyIeT MoKa3aHo HIKe, BaXXHOI peaklineit OyIeT U Mpolece nepe3apsiikKu MOJIEKY/ BOIBI C
IPOTOHAMU

H,0+H" =H,0" +H (2.6)

Hanuyne MeXmiaHeTHOTO MarHUTHOTO TIOJIST IPUBOIMT K CYIIIECTBEHHOMY YCIOXHEHUIO CO3MaHUsI
MoJiesieil B3auMOIeiCTBUSI KOMETHBIX aTMOocdhep C COTHEUHBIM BeTpoM. [Ipexne Bcero aTo CBs3aHO C
TeM, YTO MarHUToruaApoauHammdeckue (MIJ1) Momenn DOJKHBI OBITh TPEXMEPHBIMH, ITIOCKOJIBKY MEX-
TUTAHETHOE MarHUTHOE T10JIe UMEET CITUPAIbHYIO CTPYKTYPY C HEHYJIEBBIM HAKJIOHOM €TI0 CHJIOBBIX JIM-
HUi1 K ocu KomeTa — CoJiHIIe, a ero JaBjeHue BIuseT Ha (popMy 1 MOJOXEHUE TAHTEHIIMAJIbHOTO pa3-
peiBa CP.

3. MATEMATUYECKUE MOJEJIU B3AUMOAENCTBUA COTHEYHOI'O BETPA
C KOMETHBIMU ATMOC®EPAMUA

IMuonepckast pabota [1], B KOTOpOii M37103KEHBI OCHOBHbBIE (DM3UYECKUE TTPEATTOCHUIKHY AJISI UCTIOb-
30BaHUS TUAPOJIMHAMUYECKOTO TIPUOIMKEHUS C LIeJIbI0 CO3MaHus Mojiesieii B3auMOJIeMCTBYS COJTHEY -
HOTO BETpa C KOMETHBIMU aTMocdhepaMi, UHUIIMMPOBajia 00JIbIIOE KOJUYECTBO TEOPETUUECKUX PA0OT
IJIsl UHTEpIIpEeTallui SKCINEPUMEHTAIbHBIX JaHHBIX MO 3TOl IMpobiieMe, MOIyYeHHBIX MPU MTOMOIIU
KOoCcMHUYeCcKHUX armmaparoB. M ecam B MapTe 1986 T. TIITh TaKMX aIlmapaToB ObLI0 3arryiieHo Poccueit, EB-
poneiickuMm kocMudeckuM areHTcTBoM (ESA) m Snonueii K kometre I'aiest, To TonbKo dyepe3 28 jeT
(2014—2016 rr.) anmmapaty PoserTa, 3anmymenHoro ESA 1o cioxHOM TpaeKTopun K Komete Yypio-
moBa—IepacruMeHKo, yaaaoch AeTajlbHO MCCIeN0BaTh B3aUMOJICHCTBYE COJTHEYHOTO BeTpa ¢ aTMocde-
poOii 3TOI KOMETBI. XOTeJI0Ch Obl OTMETUTH JBE MPUHILIMITMAIbHbIE PAa3HUIIBI B XapaKTepe UCCIeI0BaHUN
B IBYX 3TUX coObITUsIX. KocMudueckue ammapaThl B 1986 T. MOYTH MTHOBEHHO C GOJIBIIMMHU CKOPOCTSIMU
nepecekn 00J1acTh B3aUMOIEHCTBUSI COTHEUHOTO BeTpa ¢ aTMochepoit KomeTsl [ajlies:, HO TOJIbKO ar-
napart /IKoTTo cMOoT nepeceub KOMY 3TOi KoMeThl. Annapat Po3eTTa B TedeHMe IBYX JIET C MaJIOi CKO-
pocThio ~1 M/cek MaHeBpUpOBaJl B Kome KomeThl HypioMmoBa—I'epacuMeHKO, U3peaKa BbIXOISI B COJI-
HeuHbIil Betep. Kpome Toro, aTa KoMeTa OTHOCUTCS K KJIacCy KOMET C MaJloil MHTEHCUBHOCTBIO HCTeE-
YeHUs ra3a U3 KOMETHOTIO siipa, B TO BpeMsl Kak KkoMmeTa ['ajiess OTHOCUTCS K KJIacCy KOMET C OOJIbIIION
MHTEHCUBHOCTBIO pacxoja KOMETHOTO Ta3a.

Bzaumooeiicmeue conneunoco eempa c ammocghepoii komemot lanines

BriepBrie B pabote [5] B paMKax KaueCTBEHHOI Monenu B [1] ObUI mpoBeneH MOMHBIN YMCIeHHBIA
pacueT oOTeKaHUsI KOMETHI [ajljies1 COJIHEUHBIM BETPOM B OCECMMMETPUYHOM MpUOIkKeHuu. B aToit
TUAPOANHAMUYECKON MOAEIN HE YUUTHIBAIOCh BIUSIHUE MEXITIJIAHETHOTO MAarHUTHOTO MOJIsI, KOTOPOE
B HEKOTOPBIX CIIyYasiXx MOXKET OKa3blBaTh JOCTATOUHO CUJIbHOE BJIMSIHME Ha MOJIoXKeHue U (opMy Io-
BepxXHOCTeM cusibHoro paspeisa BS, CP u IS.

B paMkax ogHOXMAKOCTHOTO MPUOJIMKEHUS OCECUMMETPUYHAST MOJENb s 3aps>KeHHOU KOMITO-
HEHTBHI (Jajiee TUIa3MeHHOI KOMITOHEHTHI) B ooactsax I—1V Ha puc. 1 onuckeiBanmachk B padote [5] cramu-
OHapHBIMU YPaBHEHUSIMU COXPAHEHUS MACChl, UMITYJIbCa U DHEPruu B (hopme

V.pV=1p,

| 0. - (3.1)
V-VV+-Vp =L (W-V)+v,(W-V)
p p
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V-V Vv =D W vy Dy (W vy 2K -7

1 YpaBHCHUEM COCTOAHMUA

p=pp.T). (3.2)

B stux ypaBHeHusix Vu W — CKOpOCTH IIJIa3MEHHOI M HEHATpaJbHON KOMITOHEHT (MOJIEKYJ BOAbI)
COOTBETCTBEHHO, T — BpeMsl (POTOMOHU3ALUU MOJIeKy (2.4), V. — 4acTOTa CTOJIKHOBEHUI HEUTpalb-
HBIX MOJICKYJI, CBSI3aHHAs C pe30HAHCHO nepe3apsakoii (2.5), MHIeKC “C” OTHOCUTCS K HEUTpaJIbHOM
KOMIIOHeHTe. OcTajbHble 0003HaYeHUS OOIIEU3BECTHBI. YpaBHEHUE HEPa3pPbIBHOCTU JJISI HEUTpalib-
HOI1 KOMIIOHEHTBI UMEET BUJL

V. pcw = _T_lpc — VP

U JONyCKaeT aHaJIUTU4IecKoe pemreHue [3] Bo Bcex obnactsax I—IV TeueHms, ecnu MpUHSITbL CKOPOCTh
HEUTpaIBLHBIX MOJIEKYJ TTOCTOSTHHOIM M HalpaBJIeHHOH pammanbHO, T.e. W = constant. Perrenne st
pacripeieJieHUs TNIOTHOCTU MOJIEKYJT B 9TOM cilyyae OydeT UMETh BU/T

e
= O (- (3.3)
P AW’ P W

rne G = 4nr’p W — pacxon UCTEKAIOIINX M3 KOMETBI MOJIEKYJ B EMMHUILY BPEMEHHU.

VYpasuenus (3.1)—(3.5) peurensl ynciaeHHO B [5] meTogom baGeHko-Pycanosa [6] ¢ BolmeeHUuEM
MOBEPXHOCTEN CUIBLHOIO pa3phbiBa, Ha KOTOPBIX YIOBIETBOPSIUCH COOTHOLIEHUsT PaHKHA—[10TOHMO
Ha yIapHBIX BOJHAX U YCIIOBUSI paBEHCTBA IaBJICHUSI U HEMMPOTEKaHUsI Ha TaHTeHIaibHoM (CP) pa3s-
pbiBe. B KauecTBe rpaHUYHBIX YCJIOBUI MCTIOIb30BAIUCh 3HAUCHUSI MTapaMeTPOB UCTEKAIOIIEro ¢ IMo-
BEPXHOCTU sapa KoMmeThl [ajies raza u mapaMeTpbl HEBO3MYILIEHHOIO COJTHEUHOTo Betpa. Ha puc. 4,
B39TOM 13 [7], KpuBBIe / 1 2 — TTONOXKeHME U (popMa TOJTOBHOI yIapHOI BOJTHBI TOPMOKEHMST COTHEY -
Horo Betpa BS, paccuntanHble ITpy 3HAYEHUSIX MTApaMeTPOB COJIHEYHOTo BeTpa Ha 6-¢ u 14 mapra 1986 .
DTU IHU COOTBETCTBYIOT BpeMeHU IposieTa anmnaparoB Bera-1, Bera-2, Cyucen u JI3)KoTTO BOJIM3U KO-
MeThl [ames (MX TpaeKTOPUM MOKAa3aHbI CIUIOIIHBIMU TIPSIMBIMM JTUHUSIMK). KoMeToLeHTprUUecKe
PACCTOSIHUS 10 3TOM yIapHO BOJIHBI, MOJIYYEHHbIC B 3KCIIEPUMEHTAX, ¢ OOJIBIION CTeNIeHbIO TOYHOCTU
OBLIU MPEICKa3aHbl B TCOPETUYECKON MoAeu [5], Kak 3T0 BUIHO U3 puc. 4. MHTepecHO 3aMEeTUTh, UTO
B Ka4eCTBE XapaKTEPHOTO pa3Mepa B 3TOI MOJENIN ObLIO YIOOHO IMPUHSITh

-1

_G
4np. V.,

rae p, u V‘>° — INIOTHOCTb U CKOPOCTHb HEBO3MYILICHHOTO COJIHEYHOTO BETpPaA. OKa3EU'IOCL, YTO KOMETO-

LIEHTPUYECKOE PACCTOSTHUE JI0 YIAPHOI BOJHBI BS 1o nmopsaky sesmuuHbl coBnagaet ¢ L ~ 10° kM, uto
Ha JIBa MOopsiaKa IPEeBOCXOAUT PacCTOsSIHUE J0 TaHTeHUIMaabHOTo pa3peiBa CP. I1pu 3ToM TopMOXeHMUE
COJIHEYHOTO BETpa B TOJIOBHOM yIapHOI BOJIHE OIIPEAEIISIETCSI, B OCHOBHOM, IIPOLIECCOM “HarpyxeHus”
€ro KOMETHBIMM MOHAMHM, a He 00TeKaHWEM “TIPEIISITCTBUS”, KOTOPBIM B pacCMaTpHUBaeMOM cJIydyae sIB-
JISIeTCSI TaHTeHUIMaIbHBIN pa3pbiB. Ha puc. 5, B3ssToM TakKe U3 [7], IEMOHCTPUPYETCS XOpOlllee COBIIa-
JIeH1e U3MEePEHHOM Ha OOIBIINX PACCTOSHUSIX OT KOMETHI CKOPOCTH COJTHEYHOT'O BETpa BIOJIb TPAEKTO-
puu sinoHckoro annapata Cyuceu ¢ pe3yjibTaTaMy TEOpEeTUUEeCKMX pacueToB. M3 3TOro pucyHka xopo-
110 TakKKe BUAHO BpeMsl BbIXOJa alliapaTa M3 yIapHOTO CJIOsl B CBEPX3BYKOBOI MOTOK COJHEYHOTO
BeTpa, KOTOPOE COBIAaAaeT C paCCYUTAaHHEIM TeOPETUYEeCKU BpeMeHeM. Pe3ynbraThl, IIpencraBieHHbIE
Ha puc. 4 1 puc. 5, ToKa3bIBalOT, YTO TMAPOIMHAMUYECKAst MOAEIb JJisl MPOoOJieMbl B3aUMOIEACTBHUS KO-
METHBIX aTMOC(dep C COTHESUHBIM BETpOM, TIpeAIoXKeHHas B [1], XOpolllo ONMCBIBaeT pacCMaTpuBaeMoe
duznIecKoe sIBJICHNE.

I1pu uccienoBaHUM TEUSHUST COJTHEYHOTO BeTpa BOIM3M KoMeThl [ajest Ha annmapate Bera-2 6bL10
OOHapyXeHO pe3Koe UCYEe3HOBEHUE ITPOTOHOB COJITHEYHOTO BeTpa. DTa rpaHulia B padboTte [8] ObL1a Ha-
3BaHa “noHonay3oit”. CyliecTBOBaHUE TaKOI TpaHUIIbI ObLIO MPENMETOM AMCKYCCUM B HAYUYHOM JIUTE-
patype. Ha ocHoBaHUM OqHOXMAKOCTHOTO TTpuomkeHus (3.1)—(3.3) HEeBO3MOXHO OBIJIO pacCYUTATh
pacnpezeaeHe IIOTHOCTe ! MPOTOHOB U “3aXBaYeHHBIX”’ COJTHEUHBIM BETPOM KOMETHBIX MOHOB U T€O-
peTuYecku 000CHOBATH CYIIECTBOBAHME TaKOI pe3Koii rpaHullbl. B pe3ysabTare HEKOTOPBIX yIpolllal-
LIMX TIPEenroioxkeHuit B cuctemMe ypaBHeHU (3.1)—(3.3), B [9] ynajiock B 0c€ECMMMETPUYHOM MPUOIIU-
JKeHUU paccuuTaTh paclipelesieHrue KOHLIEHTpalMil “3aXBayeHHbIX” MOJIEKYJISIPHBIX MOHOB U MPOTO-
HOB COJTHEYHOTO BeTpa. Pe3ynbTaThl 3TUX pacueToB, MPeICcTaBIeHHbBIE HA pUC. 6, TTOKa3bIBAIOT, YTO TaK
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Puc. 4. Tpaexkropuu annapatos [Ixxorto, Bera-1, Bera-2 u Cyuceu Bo BpeMsI X IIpoJieTa OKOJI0 KOMeTHI ['ajuiest B map-
Te 1986 1. [IlyHKTUpHBIE TUHUY — TIOJIOKeHUe U popMa roJIoBHOM ynapHoil BoHbI BS, paccuuranHbie B padote [7].
1 — B ycnoBusix mpoJiera annapaTtoB Bera u Cyuceu, 2 — Bo Bpemsi nmpoJieta annapata Giotto. YepHble TOUKU 3 — MECTO
repeceyeHus TOJIOBHOM yIapHOi BOJIH amnraparaMu B Mapte 1986 r.
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Puc. 5. INepeceueHue roJoBHOM yIapHOii BOJIHBI M BXOJI B COJIHEUHBIN BeTep siroHcKoro amnmnapara Cyuceu. CrutoniHast
JIMHUSI — TeopeThdecKast KpuBasi [7], TOUKM — 3KCIIepUMEHTaIbHbIE TaHHbBIC.

Ha3blBaeMasi “voHoray3a” sBJsieTCsl TpaHulieii pe3KOro yMeHbIlIeHUsI KOHLIEHTPALUU TIPOTOHOB COJI-
HEYHOTo BETpa MO CPaBHEHUIO C “3aXBaYeHHBIMU MOHAMM IIPU IIPUOIKEHUN K TAaHTCHINAIILHOMY
paspsiBy CP, mocie yero mpoTOHBI MPaKTUYECKU He NeTEKTUPYIOTCS (a He “ucye3arT”’) mpubopamu,
yCTaHOBJICHHBIMHM Ha KOCMMWYecKoM arapate Bera-2. B pa6ore [10] B TpexmMepHOM IIpUOMIKSHNUH,
YUYUTBIBAIOIIIEM BJIMSTHUE MEXITJIAHETHOTO MAarHUTHOTO T10JIs1, 3TOT 3(h(eKT ObLIT MOATBEPXKACH.

Kak 0b110 yKa3aHo BEIILIE, TOJILKO amapar JI3KOTTo cMOT epecedb rpaHuIly, pa3ae/IsolIyIo Ia3My
COJTHEYHOTO BETpa U IJIa3MEHHYIO0 KOMIIOHEHTY KOMETHOTO ra3a, T.e. Ilepecedb TaHTeHIIUAIbHBII pa3-
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Puc. 6. [110THOCTh IPOTOHOB U “HArpy>KEHHBIX” BOASIHBIX MOHOB COJIHEYHOTrO BeTpa KaK (DYHKIIMU KOMETO-LIEHTPU-
YECKOTO PACCTOSTHUS BIOJIb OCU CUMMETPUHU U B TIEPIIEHANKY/ISIPHOM K Hell HampasieHuwu [9].

puiB CP u BoiiTu B KoMy KoMmeThl [ates. KomeTsl He MMetoT coOCTBEHHOro MarHuTHOro noJs. [Toato-
My HepecedeHue armnapaTtoM JXKOTTO 3TOil rpaHUIIbI COMTPOBOXAAIOCH JOBOJBHO PE3KUM MCYE3HOBE-
HHEM MEXIUIAaHETHOTO MarHUTHOTO MoJis (BXod B o61acTh magnetic cavity). CuibHbIE pa3phIBhI CyIIe-
CTBYIOT TOJIbBKO B paMKaxX HIealbHOM XKMIKOCTU, MCIOJIb30BAaHHON B Moaeiau [7], a B peaabHBIX
YCJIOBUSIX OHU BCETIAa MMEIOT CBOIO CTPYKTYpy. Ha puc. 7, B3sgToM u3 pabotsl [11], mpuBeneHbI JaHHBIE
MarHUTOMETpA, ITOJIydeHHBIe Ha arapate JI3koTTo B MapTe 1986 I. mpu ero nepeceyeHUU KOMbI KOMEThI
layres. Kak mokazano B padotax [11] u [12], sxciepMeHTanbHasI TOJIIIMHA 001aCTH pe3KOTO ITageHU s
MarHuTHOTO I10Jis (TOJIIMHA CTPYKTYphl TaHI€HIIMAJbHOTO pa3pbiBa) BOJM3U KOMETHl lames
~25 kM. Drta 00JIacTh BX0OAa B KOMY KOMETHI ObLJIa IlepecedeHa MpUMEPHO 3a 2 MUH, KaK BUITHO U3 puc. 7.
B pa6ore [13] 6plIa penprHsITa MONBITKA OOBSICHUTD TOJNIIWHY W CTPYKTYPY 3TO# 00JIacTH PEe3KOTro
naaeHus MeXIIJIAHETHOTO MarHUTHOTO 1oJist 3¢ dexkTom Xosuia. IJIsT olleHKHM MCIOJIh30BaIOCh YpaBHE-
HUE UHIYKIIMY MarHUTHOTO I10JIsI, KOTOpOe B 0e3pa3MepHOM BUIE UMEET BU/L

Sr%—]f = rot[V - B] +RLVZB + 2% [(1otB-V)B—B - rotB +...] +..., (3.4)

Re

m m

3neck St — uncno Crpyxans, Re,, — MarHuTHOe ynciio PeiiHonbaca, (), — HMKIOTPOHHAs 4acTOTa Bpa-
LIEHUSI AIEKTPOHOB, T, — BpeMsi UX CBOOogHOTrO npobdera. [lockonbKy B paccMaTpMBaeMOM Cilyyae Bce-

rga ,T, >> 1, To TpETHi YiieH cripasa B ypaBHeHUH (3.4), onpenessiiolinii Toku XoJiiia, BCeraa MHOTO
OoJTbIITe BTOPOTO WieHa, OMPEEIISIONIETO IXKOYIeBy MUCCUTIAlNIO. B cTallmoHapHOM citydae, IprupaB-
HUBasi IEPBBIN U TPETUIA UJIEHBI CIIpaBa, JIJIs1 TOJIIWHBI TAHTeHI[MAILHOTO pa3pbiBa A, noayyaem op-

Myi1y
cB,

~—— 3.5
g 4men,V, (3-5)

e BO n I/O — 3HAQYCHUA MAarHUTHOTO I10JIA 1 CKOPOCTH IJIa3Mbl B HEBOSMYIIICHHOM COJTHEYHOM BETPE,

n, — KOHILIEHTPAIUS 3JIEKTPOHOB B KOMETHO TIa3Me, e — 3apsiIT 3JIeKTPOHA, ¢ — CKOPOCTh cBeTa. [lom-
CTaHOBKA B 3Ty (pOPMYJIY 3KCIIEPUMEHTAJIBHBIX JAHHbBIX, TTOJYYeHHBIX MATHUTOMETPOM, YCTAHOBJICH-

N3BECTHUA PAH. MEXAHUKA XKUAKOCTU U TA3A Ne 1l 2023



20 FAPAHOB

B, vTn
80
CA
40
0 1 1 1 1 )
00:02 60 00:02 04 06 08

YHusepcanbHoe BpeMst (UT)

Puc. 7. JlaHHbIe MarHUTOMETPA, MOJYYCHHBIC Ha anmapare JI)KoTTo B MapTe 1986 r. pu ero rnepeceyeHUM KOMbI KOMe-
1ol aytest [11].

HBIM Ha amniapaTte [X0TTo, MPUBOAUT K olieHKe ~30 KM, KOTOpast XOPOIIIO COBNANAeT C SKCIIEPUMEH-
TajabHOM olleHKOM [11] m [12].

ITocne 3aBepuieHus mojera K KomeTte ['ayutest ammapat J>KOTTo, BBITOIHSISI pa3pab0oTaHHYIO 1JI51 HETO
Hay4YHYIO IIporpaMMy, IIPOBeJ McciaeaoBaHus BOMm3u KoMeThl [purra—Illennepymna npu MakcuMalib-
HOM cOmDKeHnM ¢ 3Toi KoMeToii 10 mronsg 1992 r. MopgenpHOe npencTaBiaeHe 00TeKaHMsI TOJTOBHOM
YacTU 3TOM KOMETHI COJTHEYHBIM BETPOM BIIEPBbIC, B OCECUMMETPUYHOM ra30IMHAMUYECKOM MPUOIH-
XKeHuu 6e3 yyeTa MarHUTHOTO I10JI51, OBLIO TI0JIy4eHo B paborte [14]. Ha puc. 8 moka3aHa mpenrionarae-
Masl TeoMeTpruUIecKas KapTuHa ooTtekaHust KoMeTol I purra—Ileanepyma, paccautaHHas B MOAEIH pa-
ootk [15] B TpexmepHoM MIJI-nipubamkeHun. M3 3Toro pucyHKa BUIHO, YTO MEXKITIJIAHETHOE MAarHUT -
HOE MOJIe JOCTAaTOYHO CWJILHO BJIMSIET Ha XBOCTOBYIO 00JIACTh PAaCCMaTPUBAEMOIO TCUCHUS. XOTSI 3Ty
00JIacTh 1 HE MepeceKaja TpaeKTopus ariapara JXoTTo, HO B 9TOM MOJIENIX JOCTATOYHO XOPOIIO ObLI
TpeacKa3aH BXOJ ATOTO allliapara B 00J1acTh T03BYKOBOTO COJIHEUHOTO BeTpa T.€. IepeceyeHre rojoB-
Ho1 ynapHoii BojHBI BS. ConocTaBieHNe M3MEPEHHBIX pacHpee/IcHU M1a3MeHHBIX ITapaMeTPOB BO3-
MYILEHHOT'O COJTHEUHOTO BeTpa B 3ToM 061actu [16] ¢ pacueTamu 1o Mozenu B [ 15], BHOBb OKA3aJI0 XO-
poliiee COOTBETCTBUE U3MEPEHHBIX U PACCUYUTAHHBIX pacnpeaeieHuit mapaMmeTpoB. I[T0CKoOIbKY KomeTa
I'purra—Illemiepyna, B orimunie OT KoMeThl ['ajiest, HprMHaIJIEXKUT K KJIACCY KOMET C MaJIOii MHTEHCHUB-
HOCTBIO MCTEUYCHUS Ta3a M3 KOMETHOTO SIIpa, TO MOXKHO TOBOPUTh, YTO ra3oAMHaMUIecKasi MOIeb B [ 5]
YIOBJIETBOPUTEIBbHO paboTaeT IS 1IeJIOro AUarna3oHa 3TUX HEOECHBIX Tel U, B YACTHOCTH, JJIsI KOMEThI
YypromoBa—IepacuMeHKO.

Muccus annapama Pozemma k komeme Hypromosa—Ilepacumenko

C nauana nepsoro gecatuiietrss XXI B. HaydYHBII MHTEepeC K MpobeMe B3anMOAeCTBUST COTHEUHO -
ro BeTpa ¢ KOMETHbIMU aTMOC(hepaMu CUJIbHO BO3POC B CBSI3M ¢ 3aryckoM B 2004 r. annaparta Po3eTrra
K koMeTe UypromoBa—IepacumMenko. M ecnu B 1986 T. HECKOIBLKO aIliapaToB ¢ OYEHb OOIBIIMMU CKO-
poctsamu (~100 KM/C) TTOYTH MTHOBEHHO IIPOILIM BOIM3U KOMETHI ['ajiess Ha pa3HbIX PACCTOSTHUSIX OT
KOMETHOTO s1ipa, To anmnapat Poserra B TedueHue aByx jieT (2014—2016 rr.) MaHEBpUPOBAJI B 00J1aCTH KO-
MBI KoMeThl YypiromoBa—IepaciMeHKO C peIK1M BBIXOJIOM B COJIHEUHBII BETEP 1 C OY€Hb MaJIBIMU CKO-
poctsimu (~1 M/c). DTOT (pakT mpHMBEI K BEIBOAY, YTO P IMOCTPOCHUH MaTeMaTUIEeCKUX MOIeJIeid pac-
cMaTpUBaeMoii MpoOJIEeMbI B TIEPBOM CJTy4ae MOXHO ObLIO CTPOUTH CTallMOHAPHBIE MOJIE/IU, a BO BTO-
POM HEOOXOIMMO OBLJIO CUMTAThCS C M3MEHEHMEM pacxola ra3a M3 KOMETHOTIO Siipa MpU IBUKEHUU
KOMETBI IO CBOEH TPaeKTOPUM MaHEBPUPOBAHMS BOKPYT KOMBI 3TOi1 KOMETHI.

3amMkHyTas cuctemMa MI/l-ypaBHEHUI OOHOXUIKOCTHOTO MPUOIMXKEHUS 11 YACTUUHO MOHMU30-
BaHHOI 11a3Mbl, cchopMyJIMpoBaHHas B paboTe [17] a5 co3naHus MOJAEIN B3aMMOAEHCTBUS COTHEY-
HOTO BeTpa ¢ KOMETHbIMU aTMochepaMu, COCTOUT M3 YpPaBHEHUI COXpaHEHUSI MacChl ISl TLIa3Mbl, CO-
CTOSIIIEH U3 JIEKTPOHOB, IIPOTOHOB, MOHOB BOJIBI M X MOJIEKYJ

0 0. ,
Piv.(pV) =g, V-OW) =0 4V (pV)=vp, +p,Vrt, (3.5)
ot ot m,
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Puc. 8. [ToBepXxHOCTM CHJIBHOTO pa3pbiBa BOMM3M KoMmeThl [purra—Illennepyna u BIusiHUE Ha HAUX MEXIUIAHETHOTO
MarHUTHOTO TTI0JIs1 comtacHo Monenu B [15]. JerektupoBaHHOe TiprbopaMu Ha JIXKOTTO nepecedyeHre ToJIOBHOM yaap-
HOI1 BOJIHBI B [16] 0003HAYE€HO KPY>KKAMM.

ypaBHeHI/Iﬁ JABU2KCHHNSA 1 QHEPIUM OJ1s1 CMECU

2
ap—V+V‘[pVV+[p+B;jI—@}=vp,,W+v,~npi(W—V)+vp,,pp M _v, (3.6)
ot 8n 47 m,
2 ) 2 2 2
a_EW.K“NB_jV_MB}zvpnmwmpi(z_v__&ﬂ}
ot 8n 4 2 2 2 2m;

2 2
mW?> v’ 3k, Tp] 3.7

+v —
””p"( 2m, 2 2m

p P

4 ypaBHCHHﬁ, OIpEacCIAIOIINX MarHuTHOC I10JI€, a UMCHHO, YPaBHCHUA MHAYKIIMM MarHUTHOIO ITOJIA
M1 yCJIIOBHA €0 COJICHOMOAJIbHOCTHU

a—B+V~(VB—BV):O, V-B=0. (3.8)
ot

B otimmume ot cucreMsl ypaBHenuii (3.1)—(3.3), ucrnonb3oBaHHOiT B paboTtax [5] u [7] mist mocTpoe-
HUSI OCECUMMETPUYHOM U CTAllMOHAPHOI ra30AWHAMUYECKON MOIENN B3aUMOAECHCTBUSI COTHEYHOTO
BeTpa c KOMETHBIMM aTMocdepamu, cucteMa MI'/l-ypaBHenuii (3.5)—(3.7), KpoMe pe30HaHCHOM nepe-
3apsaaky (2.5), yYYIUTHIBAET MPOLIECC TTEPE3apIAKUA MOJIEKY/I BOABI C IPOTOHAMM COJIHEYHOTO BeTpa (2.6)
M BJIMSTHUE MEXIIJIAHETHOTO MarHUTHOTO TIOJIsi HAa paccMaTprBaeMoe TeueHue. B aTux ypaBHeHUSAX V, Vi,
U V,, — KO3hOUUMEHTI (HOTOMOHU3ALMU, PE3OHAHCHOM Nepe3apsaKi MOJIEKYJI BOIbI C UX MOHAMU U
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Puc. 9. [1epsblit Bxox (1 BbIXOI) B OAMHOYHYIO IepeXoaHylo o6iacTh (magnetic cavity) 14 utons 2015 r. Goetz et al.,
(MNRAS, 2016).

Inepe3apsaaKu1 IMpOTOHOB COJTHEYHOIo BETpa C MOJIEKYJIaMM BOAbI COOTBETCTBEHHO. Kak 6y,Z[CT BHUIHO
HUMXKE, 3TU ITPOLECChI IPUBEJIN K O0OBSICHEHUIO MHOTUX (i)I/ISI/I‘-ICCKI/IX HBJICHI/Iﬁ, KOTODPBbIC OBLI JCTCKTU-
POBaHbBI TPU SKCIIEPUMEHTAJIbHOM NCCIIEAOBAHNU KOMETBI LIypIOMOBa—FepElCI/IMGHKO Ha arimapare Po-
3€TTAa.

BniepBrble BXxo/1 M3 COJTHEYHOTO BETpa B KOMY KoMeThbl HypiomoBa—I'epacuMeHKO ObLI 3aprKCUpOBaH
14 mrogrs 2015 1., BHYTpHM KOTOpOI1 annapaty Po3eTra mpeacTosyio mpoBOAUTh UCCIECTOBaHUS 00Iee IBYX
Jiet. Ha puc. 9 npuBoasiTcs JaHHbIE MAarHUTOMETPA, YCTAHOBJIEHHOTO Ha 3TOM arinapare u onyoJuKo-
BaHHBbIE B paboTe [18]. 3 3TOro prcyHka BUIHO, YTO afnrapar B Te4eHUE HECKOJIbKUX MUHYT HAaXOIUJICS
B 00JIaCTU HYJIEBOTO MAarHUTHOTO TIOJISI, T.€. B 00JIACTM KOMETHOU KOMBI (magnetic cavity), mocJie 4ero
CHOBA BBIIIET B COJIHEUHBIN BeTep. AHAJIOTUYHBIM BXOH (M BBIXOJ) B OMMHOUYHYIO 00JIaCTb HYJIEBOTO
MaTrHWUTHOTO MTOJIST OBIT 3apUKCUPOBaH TOIBKO 25 HOsIOps 2015 1. OmHako, KpoMe OTMHOYHBIX 00JTacTeit
BXOa aIrmapara B magnetic cavity, ObIIM 0OHapyKeHBbI 1 KJIacTepHbIe oOpa3oBaHusd [19], 4To mokas3bi-
BaeTcst Ha puc. 10, B3ITOM U3 3710l paboThl. OOHapyXeHUE KIacTEPOB IMPHUBEJIO MHOTUX aBTOPOB K BbI-
BOJY, YTO TAHT€HIIMAJIbHBII Pa3pbIB SIBJISIETCS HEYCTOMYMBBIM OOpa30BaHUEM, a IPUYMHON HEYCTOMY M-
BOCTH sIBJIsIeTCSl pa3HOCTh ckopocTeil Ha CP, T.e. HeycroitunBocTh KenbBuHa—Ienbmrosibua. Heycroii-
YUBOCTb T'PAHMIIbI pa3esia MeXIy COJIHEUHbIM BETPOM U TJIa3MEHHOI KOMIOHEHTO# KOMETHOTIO ra3a B
OKpECTHOCTU KoMmeThbl YypromoBa—IepacuMeHKO, NBUXEHUE ITON KOMEThbl MO TPAaeKTOPUU BOKPYT
CosH1Ia ¢ U3MEHSIONIMMCS PACXOIOM KOMETHOTO ra3a BMECTE C JNTUTEbHBIM U MEMJIEHHBIM MaHEBPHU-
poBaHueM amnrnaparta Po3zeTra BOIM3M 3TOM KOMEThI IPUBEIN K HEOOXOIMMOCTHU CO3JIaHUsI HECTALlUO-
HapHOM MOJEeNM pacCMaTpUBaeMOro SIBAEHUS. YUYET K€ MarHUTHOTO MOJisi MPUBOAUT K HapyLIEHUIO
0CEeBOIi CUMMETpUU TedeHUs1. B oTimnuure ot Moaenu B padote [5] mist kometsl [amutess, MIII-monenb
11t KomeThl YypromoBa—I'epacuMeHKO 10KHa ObITh TPEXMEPHOI 1 HecTalloHapHou. CuTyaliuio He-
CKOJIbKO 00JieryaeT TO 0OCTOSITEILCTBO, UTO MPU JBUXKEHU U KOMEThI 110 CBOEI TPAEKTOPHU pacxoj ra3a
C €€ MOBEPXHOCTH IMOJ IeCTBUEM COJTHEYHOTO U3JTyUYeHUsI MEHsIETCS ¢j1ab0. DTO MPUBOAUT K BOZMOX-
HOCTU MCMOJIb30BaHUS KBa3UCTALIMOHAPHOMN MOAEIN ISl UHTEPIPETALIUU IKCIEPUMEHTAIbHbBIX JaH-
HBIX TIpY 3aJaHHOM pacxonae. CTauuoHapHbIe U TpeXMepHbIe peliieHust ypaBHeHui (3.5)—(3.8) Bo Bpe-
MsI HaXOXXIeHUs annapara Po3eTrTa BOIM31M Iiepuresius mojydeHsl B padote [20] (rpydas omndKa penak-
AU TIpU MyOJMKaIMM 3TOU paboThl ucpanieHa B [21]) Npu COOTBETCTBYIOIIMX JAHHBIX MO PACXOLy
HCTIAPSTIONIErocs ra3a ¢ moBepxHocTu KomeThl YypromoBa—Iepacumenko. I1pu aTom B padote [20] mis
pacuyeTa napamMeTpoB B3aMMOJIeCTBUSI COJTHEUHOTO BeTpa ¢ aTMochepaMy KOMET UCTIOIb30BaTIMCh CO-
BpeMEHHBbIE€ YMCJIEeHHbIE MeTOAbI (TUNa 00001eHus MeTona lonyHoBa njist pemieHuss MIJI-ipoGiem).
B oTtinuwme ot npyrux ucciaepoBanuii mo MI'JI-MoaennpoBaHMIO B3aMMOACHCTBHYS COTHEUHOTO BETpa C
KOMETHBIMU aTMocdepamMu (cM., Hanpumep, [22] 1 [23]), B KOTOPBIX UCTOJIb30BaJICSl CKBO3HOI MeTO
YUCJIEHHBIX pacyeToB, B padore [20] BbIYMCIEHUs ObUIM BBIMOJHEHBI C BbIIEJIEHUEM TMOBEPXHOCTEN
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Puc. 10. Knacrepsl Bxona (1 Beixoma) B o6acTv magnetic cavity B Kome komeThl YypiromoBa—I'epacumenko Henri et al.
(2017).

CUJILHOTO pa3phiBa, UTO JaeT BO3MOXHOCTh TOUYHO YIOBJIETBOPSITH COOTHOIIEHUSIM PaHKIMHA—[t0roHno
Ha ygapHBIX BojiHax U1 MI'J] — ycioBuSIM Ha TaHTeHUMaJIbHOM pa3pbiBe. KpoMe TOro, moaydeHHBINA
B [17] KpuTepuii 1aeT BO3MOXKXHOCTb N30€XXaTh MPEANOI0KECHMS O peJlaKcalliy TeEMIIEpaTyp KOMITOHEHT
M1a3Mbl, T.€. TaKasl OMHOXUIKOCTHAsI MOAENb CIIpaBeIJINBa U IJIsl pa3HOTEMIIEPATYPHOIA IIa3MBL.

I'eoMeTpurueckas KapTUHA IIOBEPXHOCTEM CUJIBHOTO pa3phlBa, BO3HMKAIOIINX IIPY O0TEKAHUM KOMe-
eI UypromoBa—I'epacuMeHKo u cmoaenupoBaHHas B [20], mpeacTtasieHa Ha puc. 11. Ha aTom pucyHke
pe3yJibTaThl KBa3MCTAallMOHAPHOI MOJIENIM JaHbl JIS1 ABYX FeJMOLUEHTPUIYECKUX PACCTOSTHUNM U JOCTa-
TOYHO XOPOIIIO OMUCHIBAIOT MACIITA0BI M (DOPMY ITHUX IMOBEPXHOCTEM, HO, KOHEUHO, HE OTpaKaloT OC-
LWJUTMPYIOILIMI XapaKTep TaHTeHLMalbHOro pa3pbiBa CP. M3 aToro pucyHka takke BUIHO, UTO MEXK-
IUIAHETHOE MArHUTHOE MOoJie TOYTU HEe BJIMSIET Ha KOMETOLIEHTPUYECKOE PACCTOSIHUE IO TOJIOBHOI
yAapHOU BOJIHBI, HO €T0 BJIMSHNE Ha pa3Mepbl KOMbI JOBOJIBHO CYIIECTBEHHO. JleTaabHOE cCpaBHEHUE
pesysbTaToB 310t MI'JI-Moneny ¢ JaHHBIMU 3KCIIEPUMEHTOB, TTOJYUYeHHBIX BO BpeMsl MaHEBPUPOBa-
Hus anmnapata Pozerra BOu3u kometsl YypromoBa—I'epacuMeHKoO, peAcTaBlieHbl Ha puc. 12 u puc. 13,
B3SITBIM Takke m3 padoTel [20]. JaHHbIE MAarHUTOMETpA, YCTAHOBJIEHHOTO Ha ammaparte Po3erra, Ha
puc. 12 cpaBHMBAIOTCS € pe3yJibTaTaM1 MOAEIbHBIX MPEICTAaBACHMUI O BIUSIHUU KOMETHOI aTMocdepnl
Ha MeXIUIaHEeTHOE MarHUTHOE ToJie Ha Pa3IMYHbIX MeJIMOLEHTPUUECKUX PACCTOSIHUSX. I3 3TOTrO pu-
CcyHKa BUITHO, uTo MI'JI-Momnenb B padote [20] B cpeagHEM XOPOIIIO OIMCHIBAET CUJIbHO (DIIYKTYUPYIOIIE
JTaHHBIE MATHUTOMETPA IT0 CPAaBHEHUIO C THOPMAHOM MOIENbIO [24], B KOTOPOIf MOHBI 00padaThIBAIOTCS
KakK OTIeJIbHbIE YaCTULIbI, a 3JIEKTPOHBI — B 6€3MacCOBOM MpubIKeHU. Ha 3ToM pucyHKe mpuBeneHO
TaKxXe pacrpeiejeHue MarHUTHOTO MOJIsl COIJIACHO HEBO3MYIIIEHHOM MapkepoBcKoil cniupanu. Cmoe-
JIMpOBaHHEBIE PACCTOSITHUS OO MOBEepXHOCTEH cribHOTO pa3peiBa BS, CP u IS BMecTe ¢ KoMeTo1LeHTpH-
YeCKHM pacCTosiHUEM arnapata Po3eTTa BOOJb €ro TpaeKTOpUH TIpeaCTaBAeHbl Ha puc. 13. 3ameTum,
yto Ha paccrostHuM R = 2 a.e. mogens B [20] maeT KoMeToLieHTpUYeCKOe paccTtosiHue a0 BS, paBHoe
npumepHo 1000 kM, B TO BpeMsl, Kak THOpUIHas Monenb [24] gaeT 3Ty BeIUIWHY B IBa pa3a MEHBIIIE.
3ametuMm Takxe, yto B MI'JI-Monenu paccrossHue no rpaHuiibl CP Bcrogy MeHbllle KOMEeTOLEHTpUYIE-
CKOTO pacCTOsSIHMS amrapara, T.e., COrIacHO moaein, Po3erra moikHa ObLla HaXOOUTHCS ITOYTH BCE
BpeMsI BHE KOMBI KoMeTHI. Toiibko Ha paccTosHUM R = 1.24 a.e. Bxoxm armmmapara B 061acTh magnetic cav-
ity coBMamaeT ¢ MoaeabHbIM paccTosiHueM a0 CP. 3aech cienyeT 3amMeTuTh, 4To Tipu R > 2 a.e., koraa
pacxof raza ¢ MOBEpXHOCTU KOMEThI O4E€Hb MaJl, TPaHUYHBIEC YCIOBUS HAKIAABIBAIOTCS HAa CaMy IIOBEPX-
HOCTb (cdepa, paTuycoM B 2 KM).

HNHTepecHO OTMETUTD, 9TO IMTPpU 00TeKaHUU KoMeThl YypioMoBa—IepacuMeHKO COTHEUHBIM BETPOM
BOJIM31 TAaHTEHIIMAJIBHOTO pa3pbiBa ObIJIa OOHapYKeHa 00JIaCTh PE3KOTO YMEHBIIEHUS IIJIOTHOCTHU IIPO-
TOHOB IIO0 CPABHEHMIO C IMJIOTHOCTBIO “HarpyKeHHBIX” MOHOB, KOTOpasl paHee ObllIa TeTeKTUpOBaHa U
Ha armapate Bera-2 [10] Bonu3u komeThl [aaes (cM. puc. 6). Yuer nepe3apsiaiku, Kak OyIeT BUIHO
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Puc. 11. Bo3amoxHoe 1ojioxeHue 1 ¢opMa MoBEpXHOCTEN CIIIBHOIO pa3pbiBa, Bo3HUKaomux npu (B, V.,) = 52° B3a-
UMOJENCTBUY COTHEYHOTO BeTpa ¢ aTMocdepoit KoMeTsl YypiromoBa—IepacuMeHKo. CILUTOUIHbIE TUHUY — MAaTHUTHOE
400 kM

c

noJie yautbiBaetes [15]. R=1.3a.e. W=1xm/c, G=5 X 1077 l/c, n, = 6CM_3, Ve ,B. =49nT, A = 1.710° xm.

HIXE, TPUBOIMT K elle 0oJiee CMIIBHOMY IIPOSIBJICHUIO 3TOTO 3 (deKTa, KOTOPBIA COOTBETCTBYET 00TE-
kaHuio CP, pakTuyecku, “Harpy>keHHbIMI~ MOHAMMU, a He IIPOTOHAMMU COJTHEYHOTO BeTpa.

I[TockoabKy KOMETHI He UMEIOT COOCTBEHHOTO MAaTHUTHOTO MOJIsI, TO MEXIUIAHETHOE MAarHUTHOE I10-
JIe He MOKEeT IIPOHUKHYTh B KOMY KOMET, B KOTOPOIi 00Opa3yeTcs nmaMarHuTHas rmojoctb. Hammune ta-
KOU MOJI0CTH BIEPBbIE OBUIO MpeAcKa3aHo B MUOHEPCKOI padoTe [1] 1 moaTBepXaeHO MHOTOYUCIICH -
HBIMHU pacdyeTaMu. Kak Hamu ObLIO yKe OTMEUYeHO, BIIEpBhIe BXOM B JMaMarHUTHYIO o0iacTh (magnetic
cavity) ObLI OCYIIECTBJIEH KOCMUYECKUM armnapatroMm JIXXOTTO Ipu MCcliefoBaHUM KOMETHI laies B
1986 1. OmHaKo ITOYTH MTHOBEHHOE TIepecedeHIe 3TOM rPaHULIbI He CMOTJIO oIlpenaeanuTh hopmy CP, xo-
TSI TOYKH €€ TIEPeCeUeHMsI TOCTATOUHO XOPOIIIO COBITAIN C YMCICHHBIM MOAeInpoBaHueM. ToIbKO 1 -
TeTbHOE MaHeBpupoBaHue armrapaTta Po3erra BOmm3n KoMeTsl YypromoBa—IepacmMeHKo Ipy MHOTO-
YUCJIEHHOM ITepecedeHN TaHTeHIIMAIbHOTO pa3pbiBa (0koyio 600 pa3 Ha pa3HBIX TeTUOLEHTPUIECKIX
PacCTOSIHUSIX) JaI0 BO3MOXHOCTh OIPENe/INTh (PIyKTyallMOHHBII XapaKTep 3Toii rpaHullbl. PacueTsl,
caenadHbie B [20], TpOBOMMIMCH B COOTBETCTBUH C IPUOJMKEHHOM 3aBUCUMOCTBIO CKOPOCTH HCTIape-
Hus raza Q ¢ TOBEPXHOCTHU SIApa KOMETHI OT IFeJIMOLIEHTPUUECKOTO PACCTOSTHUS, TIPEIJIOKEeHHOI B [25].
Kiacrepsl 1 ogHOYHBIE 00JIaCTH MCYE3HOBEHUSI MATHUTHOTIO MOJIsl, OOHapyXXeHHbIe Ha anmnapare Po-
3eTTa, IPUBEJIU K HEOOXOOAMMOCTH CPAaBHUTH TOJIIMHY UX II€PEXOMHBIX objacTeit (cTpykrypsl CP) ¢
JaHHBIMU, TIOJy4YeHHBIMA MarHUTOMETPOM, YCTAHOBJIICHHOM Ha arnmapate JIXKOTTo IMpu ero IpoJieTe
BOIM3M KoMeThl ['autest B Mapte 1986 T. (puc. 7). B pa6ote [15] mombITKa OIIeHUTH 3TY TOJIIMHY Ha OC-
HOBE y4eTa TOKOB XoJ1j1a B paMKax ctanimoHapHoii MI'JI-mMonenm oka3anack ynadynoii. Ouenka B 30 km
¢ GOJIBIIION CTENEHBIO TOYHOCTU COBMAja ¢ JAHHBIMU 3KcIepuMeHTa B 1986 1. Takas >xe ITOIbITKA OlLie-
HuTh TonmuHy CP B ciryyae kometsl YyproMmoBa—I'epacumeHKo 3aKkoHumniIachk Heymadeii [20], 9To Mox-
HO OBLIIO OBl 0OBSICHUTD HECTALIMOHAPHBIM XapakTepoM pa3pbiBa. K 3ToMy ke BEIBOIY IPUBEI M aHAIN3

MN3BECTUA PAH. MEXAHUKA )KUAKOCTU U TA3A Ne 1 2023



TA30JJUHAMUYECKUWE MOJIEJIW B3AMMOAENCTBUSA 25

124 a.e.,
< mozenb CE
(c yueToM nepe3apsiiki)
10000 £
100 ¢
P> Mozenb 6e3 CE
e RN SRDTPRI
1 3 L i
i Pp pl
0.01 £ /
E /
II X
0.0001 N Ll Ll . .".
100 1000 10000 100000

X, KM

Puc. 12. Bnusinve nepe3apsiiku Ha TIOTHOCTh ITIPOTOHOB U “HArpy>KeHHBIX BOASHBIX MOHOB COJTHEYHOTO BETpa KakK
(byHKIIMY KOMETO-IIEHTPUIECKOTO PacCTOSTHUS [26].
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Puc. 13. MonenbHOe 1 HaGIIOaEMOE pacIIpeie]ICHUST MEXIUITAHETHOTO MATHUTHOTO TIOJISI BIOJIb TPAEKTOPUH ammapara
Poserra. JIuHus, okpaleHHast B KpaCHbIi LIBET, 0003HAYaET yyeT pe3oHaHCHOM nepesapsiaku (Monenb CE).

CTaTUCTUYECKUX TaHHBIX O CPEOHEM, MaKCUMAJIbHOM 1 MUHUMAILHOM IPOIOJLKUTEILHOCTH IIPEObIBa-
Hs PO3€eTTHI B 00/1aCTSIX C HYJIEBBIM MAarHUTHBIM II0JIEM, KOTOPBIE OBUIA COOpaHbI WIst 6osee yem 600 ciy-
yaeB. M3 aTnx maHHbIX B padoTe [20] ObUIO cAeiaHo 3aKiIioueHune, 9To hopMyiia, BEIBeAeHHAs B [ 15] misa
CTallMOHAPHOTO CJIyJasi, He padoTaeT B ciaydae KoMmeThl YypromoBa—Iepacumenko. I[Ipobiaeme ycToii-
YUBOCTH TaHTEHIIMAJIbHOIO Pa3pbliBa, pa3aelisIoIIero COJIHEUYHbI BETep U TUIa3MEHHYIO KOMITOHEHTY
KOMETHOTO ra3da npuMeHUTeabHO K KoMeTe UypioMmoBa—I'epacuMeHKoO, ITocBsIeHa padora [26].
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Puc. 14. PaccTosiHUsI OT siIpa KOMETHI 10 CWJIBHBIX pa3phIBOB B MOJIEJISIX, M TpaeKTopus ammapara Pozerra. Beprukans-
HbI€ MPSIMbIE, OKPaIlIEHHbIE B 3€JICHBII LIBET, COOTBETCTBYIOT “UCYE3HOBEHUIO” TIPOTOHOB COJIHEUHOTO BETpa, ropu-
30HTaJIbHBIE OTHOCSITCS K BXomy armapara Po3erra B o61acTh magnetic cavity [20].

Kaxk o0bI9HO, IJIST McCieNOBaHMS TPOOJIeM YCTOMIMBOCTH CHavasaa (popMyIupyeTcsT CTallMOHApPHOE
pellieHre IJIsI TeYeHUs, KOTOPOE UCCIIEAYETCS Ha YCTOMUMBOCTD, IIOCJIE YEro Ha 3TO PellicHUE HaKJIaabl-
BalOTCsI MaJible Bo3MyllleHMsI. Eciin Maible BO3MYIIIEHUSI HapacTaloT CO BpeMeHEM, TO TaKOe TedeHHe
OyZeT HeyCcTOMYMBBEIM. B paGore [26] 3a oCHOBHOE TedYeHME IIPUHMMAETCS CTAllMOHAPHOE peIIeHUe
ypaBHeHU (3.5)—(3.8) 1151 ipobJieMbl B3aMMOJEMCTBHUSI COTHEYHOTO BeTpa ¢ aTMochepoii KoMmeThl Yy-
piomoBa—IepacuMeHKo, pe3yJIbTaThl KOTOPOTIO IIpuBeaeHbl Ha puc. 11—15. Ha atux pucynkax ocbk Ox
HampasJjieHa OT KoMeThl K COJIHILY, TIJIOCKOCTh TepMUHaTopa Oyz neprneHauKyasipHa ocu Ox U IIpoxo-
JIUT Yepe3 LEHTP KOMETHOTIO SIpa, CKOPOCTh COJTHEYHOIO BETpa U MeXKIIJIAHETHOE MarHUTHOE TTOJIe Jie-
XaT B TuiockocTu Oxz. CtallmoHapHOE pelleHre, JOCTaTOYHO XOPOIIIO COBIIaAaolIee C SKCIIepPUMEH-
TaJILHBIMU JAHHBIMU, OBUIO ITOJIYYEHO B [26] Ipy BBEAEHUM HEOOJIBIIIOM ITONIPABKU B “UCTOYHUKOBBIX”
YJIeHaX C Pe30HAHCHOI nmepe3apsiiKoil B BUIe HEBO3MYIIIEHHOU (MTOCTOSTHHOM) TUIOTHOCTU MOHOB MO-
nepek ToHKoro ciiost Mexny IS m CP. HecranimoHapHoe pellieHre, KOTOpOoe BHOCUT MaJible BO3MYIIEHUS
Ha cTallMOHapHOEe, MoJydyaeTcs MMyTeM OTKa3a OT 3TOro yIpollalolliero mpearnogoxeHus. ITpu aTom pe-
30HAHCHas Tepe3apsiika B HeCTallMOHAPHOM pPellIeHUH YUUTHIBAE€TCSl BO BCEM T10OJIe TeUSHUSI.

Ha puc. 15 moka3aHsbl oTHOIIeHMs IIOTHOCTEM (A 1 B) m otHOCUTenbHBIX cKopocTei (C u D) ¢ nByx
CTOPOH TaHTE€HIIMATILHOTO pa3pbiBa, NOJYyYEHHBIE B pEIIEHN U CTallMOHAPHOM 3a1a4u. M3 3TOro pucyH-
Ka 1 13 puc. 11 Takke BUIHO, YTO B MOIEJH [26] onmuCchIBaeTCs JUIMHHBIM XBOCT 00JIaCTH B3aNMOIEii-
CTBUS. DTOT XBOCT ITpuMepHO B 100 pa3 npeBbIllIaeT pacCTOsSHUE OT siApa KOMEThI 10 YAAPHOI BOJIHBI B
TOuKe arnekca. Mojesb rnokasajna, YTO XBOCT OTKJIOHEH, a TEOMETPUS €T0 MONEePEYHOro CeYeHus n3Me-
HSIETCSI BCJIEACTBUE BJIMSHUSI MEXILJIAHETHOTO MarHUTHOTO ToJisi. OTHAaKO 3TO OTKJIOHEHUE OT ocu Ox
saBasieTcst caabbiM (Mexmy 1° u 1.5°). [TockoabKy XBOCT JOBOJIBLHO JJIMHHBIM, TO 061acTh, Tae HeT CP,
COCTaBJISIET JOJIO rpagyca. DTo MpaKTUIeCKN He3aMeTHO Ha puc. 11 u puc. 13. 3 puc. 13 BUIHO, 9TO
OTHOCHUTeNbHasi CKOopocTh Ha CP ymeHblIaeTcsl, 4To noaasisieT HeyctoituuBocTh KenbBuHa—IenbM-
roJiblia, a CKayoK IJIOTHOCTU yBEJMYMBAETCs, CO3[aBasi, TAKUM 0Opa3oM, BEPOSITHOCTh Pa3BUTUS He-
ycroitunBoctr Panes—Taitimopa. Bo3pactanme IIOTHOCTU MPU NMPUOJIMKEHUM K TaHTEHIUAIHLHOMY
pa3pbIBy oOecrneuyrBaeTcsl paauajlbHON CUJION, CBSI3aHHOM C MpolieccaMy Mepe3apsiiku, T.e. CUJIOM,
aHaJIOTMYHOM cuJjie TpaBUTAIlMM B KJlacCuuecKol npobyieme HeycTtoitunBocTu Panes—Toaitnopa.

Pentenue 3agaum 00 yCTOMYMBOCTH paccMaTPUMBAEMOIro TaHTeHIIMaIbHOTO pa3peiBa CP B padote
[27] 61710 OCHOBaHO, BO-NEPBHIX, Ha YUCICHHOM pellieHuu ypaBHeHM (3.5)—(3.8) HecTauoHapHOI
3aJa4y, a BO-BTOPbIX, HA aHAJIM3€ OUCIIEPCUOHHOTO ypaBHEHUS IJISI MaJlbIX BO3MYILUEHUI, KOTOPOE
CIIPaBEJIMBO [IJI1 BO3MYIIEHUM ¢ JJIMHAMM BOJIH, MHOTO MEHBIIINX paanyca KpuBU3HBI moBepxHocT CP
(tutockuit ciydaii). Pe3yabTar 4yuCIEHHOTO peElIeHUs] AUCIIEPCMOHHOIO ypaBHEHUsI MpPUBEISH Ha
puc. 16, KOTOPBbIii B INIOCKOCTH BOJTHOBBIX YUCE K, , k,, OTAEIAET 00IACTh YCTOWYNBOCTY TAHTEHLIMATIb-
HOTO pa3phIBa (CIIpaBa OT OeJIoi JIMHUU) OT 00JIaCTU HeyCTOMUYMBOCTU. TouKa A IToKa3bIBaeT 3HaUCHME
k, Ha KpUBOI1 HEUTPaIbHOI YCTOMYMBOCTHU MPU k, =0, a B Touke B — MakcUMaIbHbIi UTHKPEMEHT Ha-
pacTaHusI HEYCTOMYMBOCTH Ha Toii ke ocu. Ha puc. 17 moka3zaHo pellieHre HeCTallMOHAPHOM 3a1a4M Ye-
pe3 Tpu MUHYTHI (B pealbHOM BPeMEHM) OT Havajia 3BOJIOLUY ITPUOJIMKEHHOTO CTallMOHAPHOTO pEelIle-
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Puc. 16. HeiitpanbHast kpuBast Im(w) = 0, pa3nessiioliasi B INIOCKOCTH BOJTHOBBIX YKce kx, ky 06J1acTh yCTOMYMBOCTHU
(cripaBa) TaHT€HLIMAJILHOTO pa3pbiBa OT 061acTu HeycToitunBocTH (cieBa) [26]. Touka (kx = 0.5, ky = 0) cooTBeTCTBYET

MaKCUMaJIbHOMY MHKPEMEHTY HapacTaHUsl BO3MYILICHUIA.
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Puc. 17. IByMepHOe pacnpeneieHue 6e3pa3MepHOi TNIOTHOCTH 3apsSKEHHOW KOMITOHEHTBI B INTOCKOCTH (X, V)
(maHenb A) U B INIOCKOCTU TepMUHaTOpa (Y, Z) (MaHeap B) B HecTallmOHApHOM PELLIeHUM MO UCTEUeHUU 3 MUH (pealib-
Horo BpemeHH). LLITpMXOBBIMU M CILIOIIHBIMU JIMHUSIMU CUHETO L[BETa MOKa3aHbI MOJIoKeHUst moBepxHocTeit IS u CP
B CTALIMOHAPHOM PEILEHUHU C yYETOM Iepe3apsiiku U 6e3 nepesapsiiku coorBeTcTBeHHO. [Tonoxenus IS u CP mist He-
CTaLIMOHAPHOTIO PEILIeHMs] B YKa3aHHbIII MOMEHT BPEMEHM MTOKa3aHbI O€JIbIM LIBETOM [26].

Hus. [Ipu 5TOM cTallMOHApHOE COCTOSIHUE BBIYMCIISIETCS IJISI TapaMeTPOB, COOTBETCTBYIOIIMX TeJINO-
LEHTpUYECKOMY paccTosiHuio B 2. a.e. Ilonoxkenus IS u CP B cTallMoHapHOM pEIIEHUM IT0Ka3aHbI
OYHKTUPHBIMU TUHUSMU. CIUTOIIHBIMU JIMHUSIMY ITOKA3aHbI OJIO0XEHUS 3TUX TOBEPXHOCTEM, pacCcum-
TaHHBIMM 0€3 y4yeTa MmpolieccoB Iepe3apsaku. [laHenbs A moka3bIBaeT MoliepedyHoe ceueHue odimactu
B3aMMOICUCTBUS IIJIOCKOCTBIO, TEPICHAUKY/ISIPHON MarHUTHOMY IIOIIO, a ITaHeab B cooTBeTCcTBYET
IUIOCKOCTU TepMUHATOpa. JIMHUY cO CTpesIKaMU MOKA3BIBAIOT MPOESKIIMU JUHUIA TOKA HA COOTBETCTBY-
[OLLIME TIOCKOCTH.

M3 3Tux pucyHKOB BUIHO, YTO MPOSIBJICHNE HeycTounuBoCcTU Panes—Taiinopa Haubosiee HaIIsIIHO
MPOSIBJISIETCS B UCKaXXeHUU (DOPMBbI TAHT€HIIMAJIBHOTO pa3pbiBa U B YMEHbBIIIEHUU TOJIIMHBI 00J1aCTU
mexay CP u IS B mnockoctu TepMuHaTopa (0), XOTsI 3Ty HEyCTOMYMBOCTDh MOXKHO BUAETH M BOJIM3HU KpU-
tuueckoii Touku CP (a). B xBocTOBOI xKe 001acTh TeueHusT HeycToiunBocTh KenbBuHa—IenbMrolibiia
MpaKTU4YeCKU He HabJromaeTcs.

OOBIYHO KJIACCUYECKMII MpUMEpP IIPOSBICHUSI HeycTOMYMBOCTU Panes—Taitmopa cBSI3BIBaeTCs C
BIVSIHUEM TpaBUTAaLMKU. HeoXnaaHHBINA TTprMep TTOSIBJICHUS aHAaJIora TaKOi HEYCTOMYMBOCTH TIPOJE-
MOHCTPUPOBAH B LIMTUPOBAHHOM BhIIIe paboTe [26], B KOTOPOIi pojib TpaBUTALIUU UTPAIOT CHJIBI, CBSI-
3aHHbBIC C IIPOLIECCAMU TTepe3apsiIKi MOJIEKY/ BOIbI, MICTEKAIOIINX U3 sIpa KOMEThI, C IPOTOHAMU U
“Harpy>k€eHHBIMU~~ MOJIEKYJISIPHBIMA MOHAMHU COJIHEYHOTO BeTpa. MIHTepecHO 3aMETHTh, UTO aHAJIOT
HeycToiunuBocTu Pannes—Taitnopa ObLT MpoAeMOHCTPHMPOBAH Takxke B padote [27], B KOTOpoil pac-
CMaTPUBAETCS HEYCTOMYMBOCTD I'PAHUIILI COJTHEYHOTO BeTpa (Tejimonay3bl) 1o IeAICTBUEM CHUJI, CBSI-
3aHHBIX C YCKOPEHUEM TelTnocGepHOro yIapHOro CJIOs IO HAaIlpaBIEeHUIO K MEX3BE3IHOI cpelie.

SAK/IIOYEHHE

OcHOBHOE BHUMAaHUE B HACTOSIIIIEM 0030pe yaeseTcs mpobieMe B3aMOIEeCTBUS COTHETHOTO BET-
pa ¢ KoMeTHbIMU aTMochepamu. MccienoBaHust B 3TOi 00J1aCTU CTAJIM BO3MOXHBIMU MOCJIE YHUKATb-
HBIX MUCCUM KOCMIUYECKHUX anapaToB K KomeTaM [aymtest (MapT 1986 1.) 1 K KomeTte YypromoBa—Iepa-
crumeHKo (2014—2016 rr.). Ocobast poib B 3TUX UCCIIEN0OBAHUSX ITPUHAIIEXHUT IBYM KOCMUYECKUM arl-
mapaTtaM, 3amylieHHbIM EBpomneiickuM KocMudyeckuM areHTCTBoM (ESA), a mMeHHo, ammaparam
Hxotto 1 PozetTa (3amyck 6bu1 ocyiiecTBieH B 2004 I.), MOCKOJIbKY UM BIIEpBbI€ yAaI0Ch MPOHUKHYTh
B KOMY 9TUX KOMET U TIPOBECTH UCCIICTOBAHMS XapaKTEPUCTUK MCTIAPSIONIETOCS M3 KOMETHOTO SIIpa ra-
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3a. [Ipu aTom armmapar JIxxorTo 10 mronst 1993 r. mpoaoKuil CBOIO MUCCHIO, MU3MEPUB IIa3MEeHHBIE T1a-
paMeTpbl BOIU3u KoMmeThl ['purra—Ilennepyma rnpu ero MakCMMaabHOM COJIMDKEHUM C 3TOI KOMETOIA.

DKcrnepuMeHTalIbHbIe UCCIEIOBAaHUS B3aUMOAEUCTBUS COTHEUHOTO BETpa C KOMETHBIMU aTtMocde-
paMu NIpUBEIU K OypHOMY Pa3BUTHIO TEOPETUUYECKUX MOJIENIE pacCMaTpUBaEeMOTO SIBJIEHUS U, B YacT-
HOCTHU, K Pa3BUTUIO ra30AMHAMUUECKUX U MarHutoruapoarnHamudeckux (MIJ1) moneneii. I1pu saTom
B Pa3HbIX UCIIOJb3yEeMbIX MOIESIX MPENTIONOXEHMS YACTO SIBISIOTCS HEKOTOPBIM MPUOIUXKEHUEM K pe-
aJIbHBIM YCJIOBUSIM paccMaTpUBAaeMOro siBjieHus. Tak, Hampumep, BCIOAY B HacTosilieM o03ope
MPUHUMAETCS MPEAIoJOXEeHUEe, UTO KOMETHOE SIAPO TMpeacTaBisieT co00il ObICTPO Bpalllalollyocs
chepy ¢ OIHOPOAHO HarpeBalolleiics MmoBepxHocThbio. M eciu aTo nmpeamnojioxkeHue okKa3biBaeTcs
XOPOIIUM MPUOTUKEHUEM TSI UHTEPNPETAllUU PEe3yJbTaTOB U3MEPEHUN /I pacCMaTPUBAEMBIX B
0030pe KOMET, TO IS APYTUX KOMET 3TO MPEAnoJIoXXEeHUEe MOXKET 0Ka3aThCsl U HEBEpHbIM. B HacTo-
sieM 0030pe He paccMaTrpuBaloTcsl Takxke 3¢ @deKThl, CBI3aHHbIE C BIAWSHUEM TbIEBON KOMIMO-
HEHTBI UCTEKAIOIIEro M3 KOMETHOTO siapa rasa. JletanbHbIil 0030p padOT MO 3TUM IIPOOJIeMaM MOX-
HO HaliTH, HaIIpuMep, B padorte [2].

ABTOp BbIpaxaeT OnarogapHocTh J.b. AsekcaluoBy 3a NOMOLLb NPU OOCYXIEHUU paccMaTpuBae-
MBIX B 0030pe MpobIeM.

Pa6ora BbIIOTHEHA B paMKax rocynapCTBEHHOTO OIOIKETHOTO MPOeKTa ¢ HOMEPOM B CUCTEME
Muno6pHayku Ne FFGN-2023-0003.
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