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Mopeanb HesiuHelHO Bceesiennoi. PoxxaeHue, BHyTpeHHee YCTPOHCTBO U
IBOJIIOLUS IJIaHeT. ['100ajibHOE MOTeNVIeHUe, CyAb0a IUBUIIN3 AN H.

[IpenpuHT.

AHHoTauus. [Ipu3HaHue TeXHOreHHON 3MUCCUM JUOKCUAA YIIIepoAa NPUUMHOM I100aJIbHOr0
MIOTETJIEHUS] OCHOBAHO Ha COLMAIIbHOM KOHCEHCYCE, a OTHIO/Ib HE Ha CTPOTOM JJ0Ka3aTelIbCTBE, YTO
II03BOJISIET BEChbMa CKENTUYECKU OTHOCUTBCSI K KOPPEKTHOCTH ITOI00HOTO YTBEPKICHHUS.
TexHoreHHblIi (hakTOp MPEACTABIACT HHTEPEC IS SKOJIOTHU, HO (PU3UUECKas KIMMATOJIOTH - HayKa
MHasi, OCHOBaHHas Ha (PyHIaMEeHTaIbHbIX, YETKO C(HOPMYIMPOBAHHBIX 0A30BBIX MPUHLIMIIAX U
3akoHax. [IOHATH CKPBIThIE MEXAHU3MBI IPUPOJIbL, CBA3aTh Pa3pO3HEHHbIEC HAOII0JaeMbl€ SIBJICHUS B
€IMHYI0 KapTUHY MUPO3JIaHus, ONIPENEIUTh Hallle MECTO BO BceneHHoM U peonpeneauTh CBOE
Oyayiee — BOT 1IeJTb M 3a/1a4a JaHHOTO UCCIIETOBAHMS.

KiroueBble cjioBa: ckajsipHoe 1oJie, pusnyeckas €MHNULA IIUHbL, [PaBUTALIMOHHOE
B3alMO/ICIICTBUE, BHYTPEHHEE YCTPONUCTBO IJIAHETHI, IBOJIIOLINS KIIMMAaTa.

BBenenne. MlurepecHble MaTeMaTudyeckue noctpoeHuss Pumana u DiHIITEHA B OIMCAaHUU CBOWCTB
IIPOCTPaHCTBA He MPHUOIM3WIN HAC K IOHUMaHHUIO ycTpoiicTBa Beenennoii. bezycnoBHo, kakue-To
KOPPESLUHU U HaOJIF01al0TCs, HO LEJIOCTHOW KapTUHBI MUPO3/IaHUS CETO/IHS HE CYLLIECTBYET.
CripaBeJIMBOCTh MAaTEMAaTUYECKOTO AINapaTa BBIMIAIUT CAMOOUYEBUHON, UTO BEAET K PEBU3UU
aKCMOMAaTHYECKOW 0a3bl, 0UepUMBAIOIICH 00IACTh TaHHBIX PelIeHUH. BO3MOKHO, MBI COBEPIIHIIH
oKOKY, IPUHSAB 32 AKCHOMY TO, UTO 110 CYTH aKCHUOMOI He siBisiercs. Bepuémcs Hazaq u npoiiném
IIyTh 3aHOBO.

1. AkcuomaTrnueckasi 6aza. Marepus nepBuyHa (€JMHCTBEHHOE YCIOBHE K 3a/1a4e MOCTPOEHUS
Mojienin BeeneHHol), ¢ TOUKH 3peHus YUCTOM aOCTpakTHON MaTeMaTHKU — IepBooOpa3Hasi, HO3BOJISET
MHTEPIPETUPOBATh PU3NYECKOE TPOCTPAHCTBO KAK paclpe/elieHne MaTepuu 1o TpEM
OpPTOTOHAJILHBIM HAITPAaBJICHUSIM, a BpEMs — KaK ITapaMeTp KHHEMATUKHU. To ecTb MPOCTPaHCTBO
MPEACTABIISIET COO0M OTHOPOTHOE ACHMITOTHYECKH YCTOMYMBOE CKaJIsipHOE 1oJie. M B 3TOM cMbICIie
«3aMOPOKEHHOE» CKAJISIPHOE I10JIE MOKHO CUNTATh PENEPHON TOYKOM OTYETA B 3BOJIIOLUN MaTEpUU
WM HadaJIbHBIM cocTosiHueM Beenennoii. He napymas npunuunos bopa n Oxkama, BBeEM
MCXO/IHbIE TapaMeTphl MO U CHOPMYIUPYEM HEKOTOPBIH MUHUMYM aKCHOM.

BoienuB mpon3BoJbHO HEKYIO 00J1aCTh MOJIS U MIPHUIaB €i CTaTyC eIMHUYHOMN, TI0JIyYaeM J1Ba
B3aMMOCOTNPSKEHHBIX 3TAJIOHA — 3TAJIOH MACChI B €€ KJIACCUYECKOW MHTEPIIPETALIMM KaK KOJINYECTBA
MaTEpUU U Pa3MEPHOCTH ATATIOHA MACChI MJIU 3TAJIOH €IUHUIIBI JUIMHBI ((pU3nyecKas eAMHULA JUTUHBI).
I[Tpu TakOM MOAXO/IE K BEIOOPY BEIHUYHMH CyOCTaHIIMOHATBHAS TPOU3BOIHAs IOTHOCTH (Op/dt) paBHA
HYJI0. 3aKOH COXpPaHEHHUsI MOMEHTA UMITYJIbCa CTAHOBUTCS €JUHCTBEHHO BO3MOKHON (POpMYIION JUIst
OIIpeEIIEHUS YUCIEHHOIO 3HaYEHUs MacChl: HHEpLUsS — Mepa Macchl. CKOPOCTh pacIIpOCTPaHEHUs
AJIEKTPOMArHUTHOM BOJHBI B U30TPOITHOM CKaJISIPHOM TOJI€ MOAYHUHSAETCS IPUHLIUITY CTAllMOHAPHOCTU
JEMCTBUS - 32 paBHbIE HHTEPBAJIbI BDEMEHHU BO3MYIIAETCS PaBHOE KOJIMYECTBO MATEPUH - U OANIAAAET
1o onpezeneHue GpyHIaMeHTaAIbHON (PU3NYECKOM KOHCTAHTbhI: HE 3aBUCUT OT HANpaBIEHUS, CPEIbI
pacnpoCTpaHEHHUsI U CKOPOCTHU ABM)KEHUSI HCTOUHUKA U3TydyeHUsl. EMMHCTBEHHOCTD peleHUs B
BBIOOPE MCXOTHBIX MapaMeTPOB MOJIsl Ja€T OCHOBAHUE YTBEPXK1aTh, UTO U30TPOIHUS (PHU3HUECKOTO
MIPOCTPAHCTBA ABJISIETCS PyHAAMEHTAIBHBIM CBOWCTBOM MaTEpHH.

DBOMIOIUS CKATSIPHOTO T0JIs1, TO €CTh BOSHUKHOBEHUE IPOCTPAHCTBEHHON HEOTHOPOAHOCTH HIIN
HapylleHHe TPAHCIALMOHHON CUMMETpHH ¢ 00pa30BaHUEM CTPYKTYpbI Habuo1aemoii Beenennoii B



CHJTy €IMHCTBEHHOCTH TTapaMeTpa cBsi3aHa ¢ (IIyKTyalei eJMHULBI JUITMHBI (pa3Mepa 3TajioHa
Macchl) OTHOCUTENBLHO MEPBOHAYAIBHOTO «3aMOPOKEHHOr0» 3HaueHus1. O1HaKo B OOLIETPUHATOM
METPUYECKOH CUCTeME eMHUI] €AMHHLIA JIJIMHBI ONpeAesseTcs Kak He3aBucuMas (PuKCHpoBaHHAs
BeJIMYMHA. JTa TEXHUYECKas eIMHUIA IJTUHBI CO37jaHa YeJIOBEKOM. B 1aHHOM ciryyae mpUpoOIHBIM
MPOCTPAHCTBEHHBINH MacIITa0 W HaIlIe TPEACTaBICHNE O HEM HE COBIAAIOT. DBOJIOIMS MOJIS B
METPUUYECKOI cucTeMe eIMHHUIL CBA3aHa YK€ He C UIyKTyaluen eAUHHIIbI IJTUHBL, a ¢ QIyKTyaruei
IUIOTHOCTH. Pe3Knii CKauOK MIIOTHOCTH HAa OTPAHUYEHHOM y4YacTKE MOJISI MOXKET BO3HUKHYTh TOJIBKO B
pe3ynbTaTe HeIMHEHHOTo B3aUMO/ICHCTBUS BOJIH C 00pa30BaHUEM yCTOMYMBBIX BOJHOBBIX ITaKETOB,
KOTOPBIE CJIeIyeT OTOKACCTBIATh KaK AJIeMEHTapHbIe yacTullbl. JlanpHelnee pa3BuTue QIIyKTyaruii
MPUBOJUT K 00pPa30BaHUIO CTPYKTYp OoJiee BBICOKOTo nopsiaka. CTpyKTypHbIE OObEKTHI BOJIHOBOM
MPUPOJIBI SBJISIOTCS UCTOYHUKOM BTOPUYHBIX BOJIH, YTO M MPEIOIIPEIEIIAET SHEpreTudeckuii hon
OKPY’KaIOIIEro MPOCTPAHCTBA («PEITMKTOBBIN (DOH).

OueBuAHO, YTO (PU3NUECKAsT U TEXHUYECKAs €AMHUIIBI JJTMHBI — JUTMHBI Pa3HbIE U COOTHOILICHHE
MEX1y HUIMH MOXET OBITh IPOU3BOJIBHO OoNbIIMM. B ocHOBE BhIOOpa (PUKCUPOBAHHOM €TUHUIIBI
JUTUHBI JIGKHUT YTBEPKACHNE O IOCTOSIHCTBE CKOPOCTH CBETA B BaKyyMe. M3BeCTHO, 4TO B
METPUYECKOI cucTeMe eIMHUI B HEOIMHAKOBBIX IO IJIOTHOCTU ONTUYECKUX CPEAax BEIMYMHA
CKOpOCTH cBeTa paznuyHa. OOpatuM BHUMaHue Ha ypaBHeHue [lyaccona (A@ = —4nGp) u yutéwm,

uro grad ¢(r) = 1/r- 311eCh: ( - MOTEHIIMAN TPABUTAIMOHHOTO TI0JISA, P — JOKaIbHAS IFIOTHOCTh
T0JIs1, I — pacCTOsHKE [0 HHUIHATOpa 1oJist. OTCIo/IA ClIeyeT IPOTUBOIIOI0KHOE YTBEPKICHHE - B
METPHYECKOM CHCTEME OTYETA CKOPOCTh CBETA B BAKYyME BEIMYMHOM IOCTOSAHHOM OBITh HE MOXKET,

OHa OyJeT 3aBHCETh OT BEJIMYMHBI OTEHIIMANIA TPABUTAIMOHHOTO ToJis: ripH L - const = ¢ = f(¢).
OTa 3aBUCUMOCTb MOATBEPKIAETCS CIEAYIOIMMU JaHHBIMU: IIPEIOMJICHHUE Jlyya CBETa
rpaBuTaiimoHHbIM nojieM ConHia (3G QexT CTeKITHHOM TUH3bI), HeOOBsICHUMAs 3aIePIKKa
OTpakEHHOT'O CUTHasa, HaOJr0jaeMasi B SKCIIEpUMEHTaX MPH paJAroIOKaluY [IJIaHEeT BOIU3U
noBepxHocTH COJHIIA, YaCTO PETUCTPUPYEMOE IPEBBIIIIEHHE CKOPOCTH CBETA B IKCIIEPUMEHTaX Ha
KBaHTOBBIX YCUJIUTENAX. M, Kak clieZICTBUE, HEOKUITAHHBINA BBIBOJI - MbI HAOIIOAAEM pEAIbHYIO
Bcenennyto, a He €€ HCTOpUYECKOE MPOIILIOE.

CrpaBeiuBO 1 00paTHOE yTBEPXKICHHE: TIPH € - CONSt = | = f(¢)). BaxxHo oTMeTUTH TO, YTO B
CXeMe IMOCTPOCHUS MOJICTH HEelTMHEHHON BceneHHOM pa3ensaTh Maccy Ha MHEPTHYIO U
IPaBUTAIIMOHHYIO HE TIPECTABIISIETCS] BO3MOXKHBIM, a C YUETOM TJIaBSHCTBYIOIIEH POJIH 3aKOHA
COXpaHCHHS UMITYJIbCA HHEPIIMAIbHBIC CUCTEMbI OTUETA TEPSIOT (PU3NYeCcKuid cMbICII. Ha nepBbIii
IUTaH BBICTYIAeT OapUIleHTpUYECKas cucTeMa koopanHat (OXYZ) ¢ Ha4ajaoM B IIEHTPE Macc Tell.
Pa3mMeTnM MpOCTPaHCTBEHHBIE OCH KOOPIMHAT € TIOMOIIBIO (u3rueckoil eauuuibl unHb (I = f(@)).
OT10 paBHO3HAYHO ad(PUHHOMY TPeoOpa30BaHUIO MacIITada - pacTsbKeHUe (C)KaTHeE) SAMHUIIBI ATUHBI
BJ10J1b KoopauHatHbIX ocell: x'(V',z") = ax(ay, az), a >1. 3nech a - MacIITaGHbIM MHOXHUTEb. B
pe3yibTare noixydaeM abcooTHYIo cructeMy otcuéra (ACO), B KOTOPOH CKOPOCTh CBETA
MPEeJCTaBICHA KaK MOJHOIeHHas QyHIaMeHTalbHas pu3ndeckas KoHcTaHTa. VIMEHHO B 3TOM crcTeMe
oT4éTa MPOSIBIIAETCS e opMalvs WIM KPUBH3HA (U3NIECKOTO MPOCTPAHCTBA: KPUBU3HA
MIPOCTPAHCTBA JIEKHUT B 00JIACTH METPUYECKUX OTHOIICHHUH.

Ha noBepxHocTu cepsl (Hamp., MOBEPXHOCTb MIIAHETHI) @ — CONSt = £ - const. To ecth
Pa3MepHOCTh TEXHUYECKOW €TUHUIIBI JUIMHBI SIBJISETCS JIUIIb YaCTHBIM Cy4aeM (pU3NYeCcKOl UiIu
MIPUPOJHOMN €AUHUILIBI JUTUHBI.

YTouHEeHus: aKCHOMAaTUYECKON U METPOJIOrMUeCKOi 0a3 BBISABIIAIOT IIATKOCTh UCXOTHBIX
IIPEAIIOCHUIOK (ITOCTYJIATOB) BENYILEH TEOPUU COBPEMEHHOTO €CTECTBO3HAHMS, UTO HE TIO3BOJISET
BKJIIOUUTH €€ B CUCTEMY SMITMPUUECKHUX 3HAHUH, 3aJI0)KEHHBIX B OCHOBY (POPMUPOBAHUS LIETOCTHOM
HEMPOTHUBOPEUMBOM KapTUHBI MUpa. Ho riaBHOe, O-BUANMOMY, B IPyroM: (pyHIaMEHT - HE MECTO
JUISL TEOPUH.

2. Onpenesienne noreHuuana. [lons MaTepuanbHbl, IMEIOT (OPMY U COZIEpIKaHHE, TPOSBIAIOTCS
10 UX CHJIOBOMY BO3JEMCTBHIO M XapaKTEPU3YIOTCS, KaK MIPaBUIIO, IBYMs TapaMeTpaMu —
MIOTEHLIMAJIOM U HanpskEHHOCTHI0. CornacHo ypaBHeHHUIO [lyaccoHa, moTeHIuan rpaBUTallioOHHOTO



T10JI1 MO’KHO MHTEPIPETUPOBATH B TEPMHUHAX IUIOTHOCTH 10JIs. Bhllle oTMe4anoch, 4To U3MEHEHUE
IJIOTHOCTH TOJISL CBA3aHO C BO3MYIIEHHUEM MaTepHH BOJHOBOIO Xapakrepa. O01iee ypaBHeHHE
SHEpruy BoJHbI uMeeT Bul E = pA2w? /2 rae: p- mioTHOCTH cpefbl, A M @ - aMIUIMTY/IA M YIIoBas
yacTtoTa BoJHbL. CHIMBas /IBa ypaBHEHHUS, IPUXOJIUM K BBIBOJY: MOTEHIMAN TPAaBUTAIMOHHOTO MO
(ckanspHasi BEIMYMHA) ONPEACISeT SHEPTruio (DIYKTyaluu IIIOTHOCTU CPEIbI C YITIOBOW YaCTOTOU U
aMIUTUTYI0H, 3aBUCSIINUNA OT MPOCTPAHCTBEHHON KOOPAMUHATHI I, Tl I - pacCTOSHHUE OT UCTOUYHHKA
rPaBUTALIMOHHOTO I0JIsI, BEPHEE - OT F€HepaTopa ocCUWUIsIuMid. B 1aHHOM ciydae peub UIET O
CTaTUCTUYECKHU 3aBUCHUMBIX WM KOPPEIMPOBAHHBIX JIPYT C APYroM napamerpax cpeisl. [Ipu r — oo
= @ — 0, npu 5ToM @ # 0. OueBUAHO, YTO MPH JIFOOOM MPOU3BOJIBHO OONBIIOM I SHEPTHs
baykTyaruu Bakyyma O0yaet 0osibliie abcoMoTHOro Hysl. M B 3TOM cMbIciie, 1I0BOJI O TOM, YTO
OTKPBITHE KOCMHUYECKOTO MUKPOBOJIIHOBOTO (hoHOBOTO M3myueHus (A. Ilensuac, P. Bunbcon, 1965 r.,
CIIIA) ¢ remneparypoii 2,7K MOXKET CUUTATHCS «PEITUKTOBBIMY U3ITYICHHEM H CITY)KHUTh
MOJITBEPKICHUEM TEOPHH «BOJBIIOro B3phIBay», 3ByYUT HEYOeIUTEIbHO. MHUKPOBOIHOBBIH
KOCMUYECKHI (POH CITY’)KHUT MOATBEPKIECHUEM, MPEXKJIE BCEro, MaTepUaIbHOCTH MPOCTPAHCTBA
(BakyyMma). Marepust mpocTpaHCTBa HE OTpakaeT CBET (TEMHasi MaTEpUs), HO IIPU STOM SBJIETCS
MIPOBOJISIIEH CPEO [JIsl BOTHOBBIX IMPOLIECCOB.

3. HectanaapTHasi MoJeJib (PM3UKH 3JIeMeHTapHbIX YacTull. C y4éToM TOro, 4To aTOM Kak
CTPYKTYypa BecbMa ObICTPO pa3pylIaceTCsl, €CTh BCE OCHOBAHUS OKUAATh YCTONUMBBIN
KOMIIEHCATOPHBIN IIPOLECC POKACHUS CTPYKTYPHOU MaTepuu. PoKaeHNE 2IEKTPOH-TIO3UTPOHHBIX I1ap
(e~ €") u3 Bakyyma HaOIr01aEeTCs IPY B3aUMOJIEHCTBHH Y — KBAHTOB C TIOJIEM S/Ipa, IIPU
B3aMMOJECHCTBUH BCTPEYHBIX JIA3€PHBIX IIYUYKOB, IPY HYKJIOH-HYKJIOHHBIX WIH I€PHBIX
CTOJIKHOBEHHSIX U MPEJICTABISIET 0COOBIN nHTEpec. Ha BeposiTHOCTE 00pa30BaHuUs 3JIEKTPOH-
HO3UTPOHHBIX MAp MPU YBEIMYCHHHU MapameTpoB mouis ykasbiBai xynuan [sunrep (J.Schwinger).
OHn 00Hapy>XWJI 3aBUCUMOCTh HHTEHCUBHOCTH T€HEPALUHU Tap OT HanpspkEHHOCTH 1ol (E). Dddext
PO’KIEHHs TIap CTAHOBHUTCS 3aMeTHBIM nipu Exp. = 10%° B/cm. B npomnecce yBenmdenus napaMmeTpos
T0JIsT HAOJTFOTaeTCs TIOPOTOBBIN 2P deKT min (Ha30BIi MepeXxo]] MEPBOTO poja KO0 MO 4acToTe, OO0
10 UHTEHCUBHOCTU. M3 MpOCMOTpa COOTBETCTBYIOIIUX HAY4YHbIX myOmukauuii ([1, 2, 3]) MoxHO
MPEUIOKUTH CIEAYIONIYIO CXeMY (POPMHPOBAHUS CTPYKTYPHOU MaTepHH.

Heo6xouMbIM yCI0BHEM MOJIIPU3ALMU CPEbI SBJISAETCS HATMYNE BHEIIHETO BBICOKOYACTOTHOTO
HCTOYHUKA KoseOaHui. TakuM MpUpPOAHBIM UCTOYHUKOM SIBJIIETCS PO aTOMa WJIK HEHTPOHHO-
U30BITOYHOE SIIPO (YIPOIIEHHO - HEUTPOHHOE 5171p0). HelTpoHHOE SPO MM KBAHTOBBIN OCHUILIATOD
KOT'€pEHTHOT'O COCTOSIHUS U3ITy4aeT KaK B BBICOKOYaCTOTHOM CIEKTpE (M3JTyuyeHue
«KOMILIEKTYIOLIMX» Apa — HEUTPOHOB U MPOTOHOB Ha YaCTOTaX (wy, ) ¥ (Wp)), TAK U B
HU3KOYaCTOTHOM CIIEKTpE, II€ JUIMHA BOJIHBI U3IyYEHHs CpPaBHUMA C pa3MEpPOM CaMoro sJipa.
YcTolunBOE HU3KOUACTOTHOE U3IIy4€HNE (W3) CBSI3aHO C BpalllEHUEM s/1pa, KOTOPOE BO3HUKAET B
pe3ysbTaTe CHHXPOHU3AMU UCXOAHBIX Kojtebanui. Konebanus Ha yacToTax (wy, ) ¥ (Wp) NOPOKAAOT
B CHCTeMe KojiebaHue Ha KPaTHOM KOMOMHHUPOBAHHOMU YacToTe (jws): wy, + W, =jwz T j =
1,2,3, ... (ycnoBue pe3oHaHca WM CHHXpOHKU3Ma). Clie0BaTeIbHO, BpallleHue HEUTPOHHOTO si/ipa He
IIPOU3BOJIBHO, & MPEONIPENEIAETCS PEKMMOM CHHXPOHM3ALMH C IOCTABIIMKOM 3Hepruu. [Ipu
BBICOKOYACTOTHOM BHEIIIHEM BO3JIEMCTBUM B CIUIOIIHOW Cpelie C TUCHEPCUEN U TUCCUTIALINEI
BO3HUKAIOT c(peprueCKU CHMMETPUYHBIE (OTHOCUTENBHO SApa) SKBUIMCTAHTHBIE 30HBI Ae(opMaruu
Cpelbl BOJIHOBOTO XapakTepa ¢ JUCKPETHBIM U PABHOMEPHO pacIipeieIEHHBIM HAaOOpOM 3HAaYEHHH
sHepruil. [Ipu pa3HOCTH YacTOT U3ITyYEHHUS HYKJIOHOB HAa OTPAaHUYEHHBIX MHTEPBAJIaX IIPOCTPAHCTBA
BO3HUKAET CBA3AHHBIN PEeXUM KoJIeOaHUH, OJIM3KUI K CTAllMOHAPHOMY — aMIUIUTYIHO-
MoaynaupoBanHoe kosnebanue (AMK) ¢ yrioBoit Monynsiiuei. B pe3ynbTupytomemM ABHKEHUH €
koa¢pdunmenToM Moaynsuu pasHoMm enunuiie AMK npezacrasnser cob6oii xapakTepHOe YepeoBaHNe
y3J10B U IMTyYHOCTEN MIJIM MOCIIEJ0BATEIbHOCTh BOJIHOBBIX AKETOB MEPUOINYHBIX C IEPHOIIOM TT.
AKTUBHAs UJTM pe30HaHCHAas 00JIaCTh XapaKTepu3yeTcs 1esbM ynucioM BosiH AMK, ykiagsiBaeMbIx
1o ’KBaTopy cdeprl. KonmnuecTBo pe30HaHCHBIX 30H HAXOAUTCS B MPSIMOM 3aBUCUMOCTH OT MacChl
sJipa, 9YTO U 00yCIOBIMBAET BCE MHOr00Opasue 31eMeHToB Tadauibsl Menneneesa. Paznuuasce no
Macce, HEUTPOHHOE SIPO OCTAETCSI KBAHTOBBIM OCLIMIIIIITOPOM KOT€PEHTHOTO COCTOSHUS.



IIpounsBenenue HeonpeaeaéHHOCTEN KOOPANHATHI U UMITYJIbCA IPUHUMAIOT MUHUMAJIBHO BO3MOYKHOE
B paMKaX COOTHOIICHUS HeonpeaeaéHHOCTel 3Hauenue: Ax - Ap = h/2. B atom ciyuae,
pacnpoCTpaHEHUE MOLIHBIX KOTEPEHTHBIX UMITYJIbCOB B PE30HAHCHO-IIOITIOUIAIOIIEH Cpele
COITPOBOKAAETCS COIMTOHHBIMU 3 PeKTamu, T. €. BOIHOBBIE MakeThl AMK He pacripIBaoTcs, a ux
LEHTP JBUXKETCA 110 KJIACCUYECKON TpackTopuu. HennHeiiHoe B3auMoAeicTBHE TapMOHUYECKHUX BOJIH,
CTPYNIHPOBAHHBIX B MAKETHI, 00HAPYKUBACT MOBEJICHHUE, POAHSAIICE UX C YACTULIAMH: JIOKATU30BaHbI
B KOHEUHOM 00JIaCTH, IEPEHOCAT SHEPTHIO U UMILYJIbC, 00OPa30BbIBAIOT CBSI3aHHBIE COCTOSHUS,
00BETUHSIOTCS B KOJJICKTHBBI (aHCAMOJIN ), COXPAHSIOT CBOIO CTPYKTYPY MPH B3aUMOJeHcTBUsX. be3
IIPUBHECEHMSI BHEIIHUX IIPEAIIOCHIIOK, IOJOXKHUB B OCHOBY OOBSICHEHUS 3aps/ia YaCTULbl pa3HOCTH (a3
COOCTBEHHOMW 4aCTOThI BOJIHOBBIX [TAKETOB Ha T, CTAHOBUTCSI BO3MOXKHBIM OTOXKJIECTBUTh YCTOWUYMBBIE
BOJIHOBBIE ITAKEThI C OJJMHAKOBBIMU 3HAYEHUSMHU MAcCChl U CIIMHA, HO C MPOTUBO(a3HON 4aCTOTON
OueHuil, ¢ 37IeMEHTapHBIMU YaCTHIIAMHU — JIEKTPOHOM U TMO3UTPOHOM. VIMEHHO 3TH YacTHIIbI
POXIAIOTCS U3 BaKyyMa U pacnaaroTcst Ha (OTOHBI, IPU OJIMHAKOBON Macce OHU SBIISIOTCS
HOCHUTEJISIMU €IMHUYHBIX PA3HOUMEHHBIX 3apsAJI0B U TOJIBKO 3TH YaCTHUIIBI MOTYT IIPETEH10BAaTh Ha
poib pyHIAMEHTAIbHBIX COCTABJIAIOIMX HYKJIOHOB. Takas MOAEIb CTPOSHHS aTOMa MOXKET
paspemuTh ps npodieM: IpobdiaeMy CBOOOIHBIX AIIEKTPOHOB MPU 0OBSICHEHUH IEKTPHUUECKOTO TOKa,
Ipo0JIeMy M3JIy4eHUs 3JEKTPOHA IIPU €0 «BPALLEHUN» BOKPYT SAApa, MO3UTPOHHYIO SMUCCHIO,
pooIEMy «IBIPOK» (MTO3UTPOH — HOCUTEIh TIOJOKUTEIBHOTO 3apsiia AIEKTPUYECKOTO TOKA) B
IIOJIYIIPOBOJIHUKAX P — TUIIA U KapAUHAIBHO U3MEHUTH Hallle IIPEICTABICHUE O CTPYKTYpE
XUMHYECKOH CBA3U (MMEETCH BBULY €- € B3aUMOJIECHCTBHE).

B nmpennaraeMoil MoziesIn HyKJIOHBI IPEJCTABJICHBI B BU/IE CBA3aHHBIX COCTOSHUN 3JIEMEHTapHbIX
YacTHUII - 3JIEKTPOHOB U MO3UTPOHOB, C Pa3IMUMEM I10 YUCIy YaCTHI] B cUCTeME Ha equHuLy. Pacnan
HeMTpoHa IET ¢ caMOro ysI3BUMOT0 IMOBEPXHOCTHOTO cios. [Ipu Gera-pacnane HEHTpOH TepseT
[IOBEPXHOCTHBIN 0OMETAIOIUI JIEKTPOH U IPEBPAIIAETCS B IPOTOH € OBEPXHOCTHBIM ITO3UTPOHHBIM
cioeM. [Ipu 3TomM 00pa3yeTcst 371€KTPOH U 3JIEKTPOHHOE aHTUHEUTPUHO — YAaCTULIA C SHEPIUEH,
COOTBETCTBYIOILIEH IHEPTHU CBSI3U MEX]Y IEKTPOHOM U MO3UTPOHOM. TO eCTh HEUTPUHO CIIEAYET
CUMTATh MAHOPAHOBOM YaCTHUIICH C HUUYTOXKHOM MacCOi M COOCTBEHHOM YaCTOTOW OMEHUH KaK
MHUHHMYM B JIBYX BapHaHTax — B ¢a3e u npotuBodaze. OxumaeMblii pacna IpoToHa — OeTa-TuIroc-
pacraj] SKCIIepUMEeHTaIbHO He 0OHapyxeH. OJHaKo MO3UTPOHHAas sMuccus Habmoaaercs. K npumepy,
HEKOTOpbIe M30TONBI (yriepo-11, kucioposa-15) ucnyckarot no3utponsl. CoriacHo npeiaraeMoi
MOJIeJIN aToMa, HabJro1aeMasi MO3UTPOHHAS IMHUCCHUS HE CBSA3aHA C PACIaJoM sIIEPHBIX IPOTOHOB.
[Ipy naHHOM MOJAXO/I€ K CTPOCHHIO HYKJIIOHOB, CYUTaTh HEUTPOH UCTUHHO HEUTPAIILHON YacTULIEH
y’ke Henb3s. OH KOHCTPYKTUBHO JIOJKEH OBITh OTPULIATENIBHO 3apsKEHHON YacTHIIEH.

OTtpunarenabHbIi 3apsa HEUTPOHA — MPUHIMIIUAIBLHO BayKHOE Tpearnonoxenue. 1 atomy
€pETUYECKOMY TPEIIOJI0KEHHUIO €CTh BCE OCHOBaHMs. PaccMOTpuUM npocTeiine IpuMepBl.

JleiiTepuii — s1po, COCTOSIIEE U3 NPOTOHA U Helitpona. - D (p° n~) E cesasu= 2,2 M3B.

[Tpu TakOM NOJIX0JI€ K CTPOCHUIO YaCTHI], MOKHO C YBEPEHHOCTBIO CKa3aTh, YTO YCTOMUUBBIX €D,
COCTOSIIIMX M3 JIBYX MPOTOHOB (JIMIPOTOHA) WIIM ABYX HEUTPOHOB (AMHEUTPOH) B MPUPO/IE HE JTOIDKHO
CYLIECTBOBATh. DKCIEPUMEHTAILHO TaKHE si/ipa HE OOHAPYKEHBI.

Temmii 3— ‘He (p" n~ p*), E cB.= 7, 72 M>B. ClIMHBI IPOTOHOB AHTHIIAPAJLIEIBHBI.

Tpurtnii — T (N~ p* n"), E cB. = 8,48 M>B. CriuHbI HEHTPOHOB TAKXKE AHTUMAPAIIIETHHBL.

B npuOIMKEHNN H30TOMHYECKOi HHBAPHAHTHOCTH dHepruu cBs3u B T u B * He T0MKHBI GBI GBITH
paBHbl. Ho onM pa3nuunbl. [IpyunHa Takoro pasindus MoKET OOBSACHATHCS TOJIBKO TEM, YTO HEUTPOH
SIBJIIETCSL OTPUIIATENILHOM YacTHIIeH ¢ APOOHBIM (SKpaHUPOBAaHHBIM) 3apsaoM. Benencteue uero
KYJIOHOBCKAs SHEPTHS OTTAIKHBAHMS B' T MEX/Ty HEHTPOHAMH MEHbIIIE aHAIOTHYHOM YHeprun B - He
Mexay npotroHamu. Hanbomnee TouHble psiMble M3MEpeHus 3apsaa HeHTpoHa (Qn) BHIIOTHEHHI 110
OTKJIOHEHHIO MYYKOB YJIbTPaXOJIOIHBIX HEUTPOHOB B AJIEKTpOCTaTHYECKOM Mosie. OHU MOKa3bIBAOT:
Q,, = 3-10"%'e rxe e — 3apsax d>nexTpoHa. HelTpanbHBIH HEHTPOH CO CITMHOM Y4, COTTIACHO
CrangaptHoil Moienu U ypaBHeHusl [lupaka, He JoKeH 001a1aTh MarHUTHBIM MOMeHTOM. OiHaKo
SKCIIEPUMEHT I10 PACCESIHUIO ITyYKa HEMTPOHOB MTOKA3bIBAET, YTO HEUTPOH UMEET MAarHUTHBIN MOMEHT



¥ OH paBeH: W n = - 1,913... p n. JIist CpaBHEHMS, MATHUTHBI MOMEHT [IPOTOHA PABEH: Wy, =
2,793 ... up.

[IpencraBnennas Mojenb GU3UKU SIEMEHTAPHBIX YaCTHIl O0JIee MPEANoYTUTENbHA K TPeOOBAHUIO
NEPBUYHOCTH U 3JIEMEHTApPHOCTHU, XOPOILIO COMIACYeTCsl ¢ PACHa oM HEHTPOHA, OOBSICHAET BOJIHOBBIE
CBOMCTBa yacTull (BOJHBI e bpoiins), HaxoauTcs B hopMaTe eIMHON MaTepuu.

4. Ilpupoaa rpaBUTALMOHHBIX CHJI. 3aKOH TAToTeHUs: HpioTOHA siBiIsieTCsl PEeHOMEHOIOTHYECKUM
3aKOHOM: 3aKOHOMEPHOCTH U3MEHEHHUs [TapaMeTPOB IIPoLiecca ONpeesIeHbl, IPUPO/IA SBICHUS
ocTaércs Henm3BeCTHOU. He cyiecTByer oTBeTa U Ha BOIIPOC O MPUYMHE BpalleHUs IU1aHeT. B 3ToM
BOIIpOCE MPUACP>KUBAIOTCS MHEHUS, BbickazaHHoro emé ["anuneem u Hetoronom. CornacHo eMy, npu
(bopMHpPOBAHUY TIJIAHET UMITYJIBC HEM3BECTHOM MPUPOIBI IPUAAT UM YCTOWYHBOE BPAIIATEIbHOE
nBrokeHue. CunTaercs, 4To J10 CUX MOp 3TO BpallleHHe OcyIlecTBseTcs no uuepuuu. Ho 3to Bcero
JIUIIb BUIUMOCTb JIOTHYECKOTO 00BsICHEHUS: HabI0JaeMble KOJIeOaHUsI 0CEBOM M OpOUTATBHON
CKOPOCTH BpAIll€HUs 3eMJIM IIPOCTO HE COBMECTUMBI C TIOHATHEM MHEPLUAIBHOIO ABHIKEHMSL.
3anuiemM YpaBHCHHUEC IBUKCHUS B TAKOM BUIC!:

P dv = =
i YiF = m-- T7e P — umnynbce Tena, V' - CKopocTb.
IIpu paBeHCTBE HYJIIO BEKTOPHOM CyMMBI CHJI CIIEIYET: |ﬁ| u |I7| — KOHCTaHTa Kak 110 MOJYJIIO, TaK U
10 HAPABJICHUIO. 3aKOH COXPAaHEHHUSI MOMEHTA UMITYJIbCA OOBSACHSET MPSIMOIIMHEHHOE 1
paBHOMEpHOE ABM)KEHHE. MHEHHE 0 TOM, YTO OpOUTAJIbHOE BPAIEHUE IIJIAHET MOXKHO OOBSCHUTD
MHEpLMEH, HeNb3s pacCMaTPUBaTh KaK pPeIMCTUYHOE. B nipenaraeMoi MOJEIU CUIIBI HHEPLUH, B T.
4. ¥ [IEHTPOOEeXKHasl CUJIa, HE PACCMAaTPUBAIOTCA: TO MHUMBIE CHIIbI, KOTOPbIE HE BBI3bIBAIOT
YCKOPEHUH.

PazButue guykryanuii npu onpenenéHHbIX YCI0oBUAX (OAHO U3 HUX OYAET pacCMOTPEHO HUXKE)
MOXET IPUBECTH K IIPEBBILICHUIO MAaCChl HEUTPOHHOTO S1pa HEKOW IOPOTrOBOM BEIMYHUHBI U
BO3HUKHOBEHUIO HOBBIX 3(D(EeKTOB CBA3aHHOI'O COCTOSHUS. Psil mociie0BaTebHBIX JIOKAIbHBIX
npeBpariennii (GopmupoBanue u pa3pbiB AMK Ha oTaenbHbIe (pparMeHThI, CTOXaCTH3AIUS
BOJIHOBOT'O TOJISI U POXKJIEHHE HOBBIX COCTOSIHUIM paBHOBECHS ¢ (POPMUPOBAHHEM YCTOWUMBBIX
aHcamOJieil BOJTHOBBIX ITaKETOB (3JIEKTPOHOB U MIO3UTPOHOB)) BEJET K BOBHUKHOBEHUIO YCTONYHUBOIO
BO BPEMEHH JIOKAJIM30BAHHOI'O B OKPECTHOCTH HEUTPOHHOTO s1/1pa MPOLECCa POKACHUS HYKIOHOB.
Jlokanu30BaHHBIN B IPOCTPAHCTBE U YCTOWYMBBIM BO BPEMEHH dHEPIro3aTPATHBIN IIPOLIECC POKICHUS
HYKJIOHOB — IIPOLIECC TPABUTALIMOHHON TONAPU3ANUH BAKYYMA - HHULIAUPYET MOTOK MO B obacTh

peakuuu. Hanpspk€HHOCTD rpaBUTAMOHHOTO MOJIS (E ) BEKTOpHAasl BEJIUYUHA: E=F /m = a, rae F
— CHUJIa JIaBIIeHHUs TIOTOKA MOJIsl Ha MPOOHYI0 Maccy m, @ — yckopenue. Cie[0BaTebHO, HEUTPOHHO-
M30BITOYHOE SIIPO SABJISIETCS. HEOThEMIJIEMOW U Ba)KHOM COCTaBIIAIOLICH YacThIO 000
IPaBUTALIMOHHOM CUCTEMBI (IUIaHETa, 3B€3/1a, rajlakTUKa). YacTHUHO POXKIEHHBIE HYKIOHBI
MOTJIOLIAIOTCS MATEPUHCKUM HEUTPOHHBIM SIPOM, pyrasi 4acTh HYKJIOHOB UAET Ha (hOpMUPOBaHUE
aToMapHo# cdepbl BOKpYT sapa. [Ipu aToM Macca MaTepUHCKOIO HEMTPOHHOTO sijipa OyeT
MOHOTOHHO U HEOOpaTuMo yBenuuuBathes. [IpoTekanue B cucremMe HeoOpaTUMBbIX MPOLIECCOB
OOBSICHSAET 3BOJIIOLIMIO OTKPBITOM CUCTEMBI K 00JIee BEICOKUM (pOpMaM CIIOKHOCTH. I "paBUTAIIMIOHHAS
MOJIIpU3alusl BaKyyMa — KJII0YEBONH UCTOYHUK XMMHUUYECKUX 3JIEMEHTOB BO Beenennoit. CBsxkeM cuity
JaBJICHHsSI TOTOKA MOJIs HAa OAPUOHHYIO MAaTEPHUIO C CUIION TSATOTEHUS.

Brlie otMedanoce, 4To reHepaTopoOM HEHTPOCTPEMUTEIILHOTO OISl YCKOPEHUMN CITYKUT
HEUTPOHHOE AP0 00BEKTA, U UTO BpallleHHE HEUTPOHHOTO SiApa MPeIoNpeesieTcs] peXKUMOM
CUHXPOHM3ALUU UCXOHBIX Konebanuii. CieJ0BaTeNIbHO, OCEBOE BpAILLEHHE HEUTPOHHOIO spa
Connna (rutanet) OyzeT 3a1aBaTh BPAIIAIONINI MOMEHT IuHaMHUecKoi cucteme. [ToTok momst k
BpallaloIIEMyCsl SIPY YKe HE MOXKET ObITh chepuueck CHMMETPUYHBIM: B CHCTEME BO3HUKAET
BpallaloIuii MOMEHT, KOTOPBIH MPOsBIseTCss 00pa30BaHUEM 30H SKBATOPHAILHON M OCEBOM
CUMMETpPHUHU U aCUMMETPHUH MEXIy noiitocaMu. B o0nactu Bpamenus GopMHUpYyIOTCs CTpyHHBIE
TE€UYEHUs C IJIaBHO U3MEHSIOIIUMCS I'PaIUEHTOM YITIOBBIX CKOPOCTEH HE TOJIBKO B PAaIUAIbHOM
HaIlpaBJIEHUN B IIJIOCKOCTH BPAILEHHUS, HO M B HAIIPABJIEHUH OT SKBATOpA K IOJIIOCY.



grad F, (r,0,p) :% e, +%% € +$3—2 €,

B miockocTu BpailieHus sApa MOTOK MOJIs HapaBJiIeH MO0 CIUPaIbHOM, CIIaIalolIed K [IEHTPY
TpaekTopuu. Cle10BaTeNbHO, CUjla JAaBICHMS IOTOKA 10JIS [IPEICTABICHA KaK Pe3yIbTHPYIOIIast
BEKTOPHOM CYMMBI CUJI — TAHTEHUHUAJIBHON F; W LHEHTPOCTPEMHUTENIBHON F,, Wi CHIIOW TATOTEHHUS.
Bo3zeiicTBue TaHTeHIIMATBHOW KOMIIOHEHTBI CHITBI JJABJICHUS IOTOKA OIS BEI3BIBAET OPOUTAIEHOE U
0CEeBOE BpallleHHE IUIaHeT. PeanbHbIM aHAJIOrOM JAaHHOTO (PU3MUYECKOrO SIBJICHUS OyIeT OBECHNE
BOJIbI B OacceifHe MpH OTKPHITOM CIIMBHOM KilanaHe. Eciy 3epkanbHOe OTpakeHUEe BEPTUKATbHON
IJIOCKOCTH, IPOXOIALIEH Yepe3 LIEHTP KIIallaHa, IOBEPHYTh BOKPYT TOPU30HTAIBHOM OCU U
COBMECTHTD IO HIDKHEMY Kparo (IHO OacceliHa), TO Mbl OIYYUM IPUMEPHYIO KAPTHHY TPACKTOPUU
IIOTOKA IOJIS K BPALIAIOIIEMYCSl HBUTPOHHOMY SIIPY WIX — €IUHYIO TOIOJIOTHIO IPABUTALIMOHHOIO
noJisl (TUTaHEeTHI, 3BE3/Ib, TaslakTUKK). [Ipr 5TOM BUJ CBEpXY Ha IMOJIIOCA IJIAHETHI OyJIeT HAallOMUHATh
BOJIHYIO BOPOHKY. CaM IOTOK I10JIs1 HE JI€TEKTUPYETCs, HO €ro BIUsHUE Ha (PU3MUECKOM YPOBHE MBI
HaOmroaeM (mostocel Carypha [4, 5]).

3aMeHa CUIIBI TATOTEHHS MEKIy MacCaMH Ha BHEIIHIOK CHUJIy BO3JCHCTBUS MOTOKA NAET
MPEJCTaBICHNUE, TOJIBKO 00 OJHOM LIEHTPAIBbHON CHIle — HEHTpoCcTpeMuTeNbHOU cuie. [lon nelicTBuem
3TOM CUJIBI IUIAaHETa UMesa Obl CIIMPANIbHYIO, CIAIAI0IIYIO K LIEHTPY TPACKTOPHIO IBUXKEHUS U
HeMuHyeMo BeTpetuiach 0bl ¢ ConHueM. Ho 3Toro He mpoucXoauT oToMy, YTO CYIECTBYET APyTrast
BCTpEYHAas LIEHTpaJbHas CUJIa — BO3BPAIAIOIIAs CUIIA, KOTOpask U IPUBOJUT K COCTOSTHUIO
rapMOHUYECKOTO paBHOBECHs cucTemy «utaneta — Comane». Haitném ¢pusndeckoe o6ocHOBaHME
BO3BPAIAIOILEH CHIIE.

Tak Kak 3HEprus CBSI3M U KaXI0H YCTOHUMBOM CTPYKTYPHOM KOH(MUTYpAIIUH BCETIa CTPOTO
OlIpezieieHa, O YEM CBUICTEIbCTBYIOT XapAKTEPUCTUYECKHE aTOMHBIE CIIEKTPbI U3Ty4CHUS —
MOTJIOLIEHUS], TO CaM CTPYKTYPHBII 0OBEKT MOXKHO 0XapaKTEepU30BaTh Yepe3 YCpPEeIHEHHBIE 3HAUCHUS
BHYTPEHHET0 MOTEHIIMaNa OoJsl 00beKTa — KOHCTAHTA CBA3HU (MOoTeHuua cBsizu). VimeHHo none
00BEKTa OTBEYAET 32 COXpaHEHUE (POPMBI B COJIEpIKAHUE caMoro oobekTa. Ho uto mpousoiaér, ecnu
napaMeTpbl BHEIIHETo MoJIs Ui 00bEeKTa OyAyT NMPEBBIIATh YCPEIHEHHBIE TapaMeTPhl OIS CaMOTr0
o0bekTa? B maHHOM citydae MbI pacCMaTpUBAEM IIAHETY KaK CTPYKTYPHBIH OOBEKT WK CHCTEMY,
napamMeTpbl HOJCUCTEMBbl KOTOPOI CYILIECTBYIOT U ONpeeeHbl. BHEIHUMU U1l cUCTeMbI Oy yT
napaMmeTpsl rpaBUTallnoHHOr0 noist ConHua.

[Tpu 3agaHHBIX MapaMeTpax YOpyrou cpeibl CTPYKTYPHOTO 00BEKTa — (co, BPAILIAIOIIETOCS BOKPYT
LEHTPAJIbHOW MacChl, CYIIECTBYET TaKOI pa3Mep IeHTpanbHOM obnactu — L, npu koTopom
co0JIo1aeTCs PaBEHCTBO: Py = Pry TI€ @y - TOTEHIMAN IpaBUTAalMOHHOTO nojs ConHua.
Onpenenum Takyro NOBEPXHOCTh KaK B3aUMOCONPSKEHH YO SKBUITOTEHIIMAIBLHYIO IOBEPXHOCTD
(COII) s ABYX B3aMMOAEHCTBYIOLIMX TeJ MM cpepa pe30HaHCHBIX YacToT. B obnactu Huxe
COTPSKEHHOTO pa3Mepa, T MOTEHIHall TPaBUTAMOHHOIO TOJISl IIPEBBIIIAET NOTEHLIMA OIS
MOJICUCTEMBI 00BEKTA, BOSHUKAIOT CHJIbI IaBJICHUS, CKUMatole 00beKT. B cTpykTypHOM 00BEKTE
BO3HUKAIOT CUJIBI YIIPYTOCTH, KOTOPBIE MTPe00IIajatoT Hajl CUIaMH CXKaTHsl, BCJIEACTBUE YETo U
BO3HHUKAET BO3Bpalllatolas cuiia (aHajaor cuiibl Apxumena, ynpouénso). Ilpupoaa Bo3Bpamaroneit
CHJIBI JIEXKUT B 00JIaCTH HETMHEHHON (DM3HUKH U CBA3aHa C MUKPOBOJIHOBBIM U3y4E€HHEM HEUTPOHHOTO
A71pa, MOPOXKJIAIOIIEr0 CETKY YaCTOT M PE30HAHCHBIE c(hepbl, CONPSKEHHBIE C TEM MU UHBIM
O0OBEKTOM.

) dn A
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[IpeacraBuM BepTUKAIBPHOE CMENIEHUE TUIAaHEThI OTHOCHTENIbHO COJTHITA B BUJIE TAPMOHHUYECKOTO
KoJ1e0aHHUsl OKOJIO TOUYKH PAaBHOBECHSI C TIEPHOJOM PAaBHBIM OJTHOMY TOy. COBOKYITHOCTh TOYCK
paBHOBECHsI 3a TIEPHO/T OTIPEICIAET HEKYIO OKPYKHOCTD L paamycom R (puc.l) u xapakrepusyer
MpeIeIbHYI0 TPACKTOPHIO, K KOTOPOU CTPEMHUTCS AMHAMHYECKAsE CUCTEMA. DIUTHIITHYECKAs
TPAEKTOPHS ABMIKEHUS TUIAHETHI OyIeT MPUOIMKATHCS K YCTOWYMBOM TpaeKTopuu. Takum o0pa3om,
OKPY)KHOCTB L sIBIII€TCS aTTPaKTOPOM B AMHAMHYECKOU cucTeMe. Bee TpaekTopun U3 HEKOTOPO
okpecTHocTH L cTpemstes k L ipu t — oo,

YpaBHEHHE TBUKCHHS TAPMOHUYIECKOTO OCIIIIIATOPA MOTYT OBITh IMTOTYYCHBI C IIOMOIIBIO BTOPOTO
3akoHa HeroToHa u 3akonHa I'yka:
md?x
dt?
rae x = (R, — R) - cMemenue ot mojokeHus paBHoBecus, k = f (@) = ¢ - koahduument

=—kx w X+ w’x=0

YIIPYroCTH rpaBUTalimoHHOro mnoiisi CojHIa, w - yrioBas yactora (w = Zn/T =/ k/m).

B nuneiinom npubamkenun (K = const) pemenue storo auddepeHnnanbHoro ypaBHEeHH BTOPOTO
nopsizika uMeet BUI:X(t) = A cos(wt + @) = Re[Aexp i(wt + ¢)]

3nech A — aMIIuTy1a KojiebaHuM, ¢ — HadayibHas ¢asa.

KonebaTenbHOe ABHIKCHUE MTPOMCXOIUT MOJT BIUSHUEM BO3BPAIIAONICH CHJIBI, TPOIIOPIIMOHATBHON
BEJIMYMHE CMEIICHHUS M HAIIPABJICHHOM K MOJIOKCHUIO paBHOBecHs. VIMITyIbe cuitbl (p = mx)
u3Mensiercs anamorudto X(t), Ho co caBurom o dase Ha 7T/ 4

p(t) = mwA cos(wt + ¢ +T/,)
[TonHast SHEPIUs CUCTEMBI, PaBHAs CYMME KMHETHYECKOM U MOTEHIMAIBHON SHEPTUK (OHH

M3MEHSIOTCS B TPOTHBO(daze), coxpaHseTcs:
8=m—xz+m—xzz const.
2 2
O4eBHUIHO, YTO CHJIA B3aUMOJEHCTBHUS MEXKY MacCaMy SIBJISIETCS 3HAKOIIEPEMEHHON BEJIMYNHOMN U B
[IEpBOM MPUOIMKEHUH IPUHUMAET CIICAYIOIUN BU:
= (R,-R)mM
Fp=k——0—
R;
>
HpI/IRZRL = Fn=0.

CornacHo BblIenpuBeAEHHON hopMyIie IEHTPaIbHbII 0OBEKT HE MOXKET pacCMaTpUBATBCS KaK
TOYKa MPUTSKEHUS ITPU B3aUMOJIEHCTBUU Macc, HEHTPaIbHbIH 00BEKT IPaBUTALIMOHHON cCHCTEMBI (€ro
HEUTPOHHOE AAPO0) MOPOXKIAET CETKY YaCTOT U BCE aBTOKOJIE0aTeIbHbIE CUCTEMBI (ITAHETHI, 3BE3THBIE
CUCTEMBI, TAIAKTUKHN ) CTPEMSITCSI K COOTBETCTBYIOIIEH Cchepe pe30HAHCOB. ITOT MEXaHU3M
B3aMMOJICHCTBHS JIEKUT B OCHOBE CYILIECTBOBAHUS Mosica acTeponioB miu kosery CatypHa. OpOuta
ConneuHoii cuctemsl BHyTpu Miteunoro Ilytu Takke umeer Gpopmy NOUYTH H1€aTbHONW OKPYKHOCTH.
CucremaTdeckre N3MEHEHNS CUIIbl TPAaBUTALIMOHHOTO B3aUMOJIEHCTBUS MEXy INIAHETAMH B
ConHeuyHOM cucTemMe NMPUBOJAAT K OpOUTAIBbHBIM pe30HaHCaM B HEOECHON MexaHMKe (3akoH Tuiuyca-
bone). CaMmocHHXpOHM3aLKs BpALLIeHUH, COIPOBOXK/IAI0IAsICS YCTAHOBICHUEM OIpeIeEHHBIX
(ha30BbIX COOTHOIIEHUH, ABIJIETCS OOIIEH 3aKOHOMEPHOCTHIO HEIMHEHHON MEXaHUKHU, KOTOPYIO MBI U
Ha0JI0aeM NpU ITPaBUTALMOHHOM B3aUMOJICHCTBUHU TUIAHET.

Bo3zaeiicTBue TaHTEHITMAIBHOM COCTABIISIONICH CUJTBI IABJICHUS IMOTOKA MOJI HAa KOJIe0aTENbHYIO
CHCTEMY OIpeJieNsIeT e€ MOCTYNaTeIbHOe JBI)KEHUE 110 OKPYKHOCTHU L. JIBM>KeHue MIaHeThl
He00XO0IMMO paccMaTPUBAaTh KaK CyNepro3uIUI0 HE3aBUCUMBIX KOJI€0aTEIbHbBIX JBUKECHHH.
TpaexTopust pe3yabTUPYIOLIETO ABMXKEHUS M1aHeThl BOKpYT CouHia OyieT NMpeicTaBiIsTh COO0I0
ckopee oBasl Kaccunu, ueM 3uHrc (CTporo 3yuIMnTHYeckux opout B CoHEUHOM cucTtemMe He
HaOIr01aeTCs ).

JleficTBHEM TaHTECHITMATLHOW COCTABIISAIONICH CHIIBI ITOTOKA TTOJISI MOKHO OOBSICHUTD 3aMEIJICHHE
OCEBOM CKOPOCTH aHOMAJIBHOT'O BpAllleHUsI BeHepsl: TaHI€HIIUAIBbHBIE BEKTOPBI ITIOTOKA I10JI K
CounHIily 1 0CeBOT0 BpallleHHs IJIAHEThl HE COHAIIPABIIEHBI, YTO U MMPUBOAUT K TOpMOkeHHUI0. Emié
OJlHa Hepeu€HHas MpolieMa - IKCIIEPUMEHTATbHO OOHAPYKEHHOE YBETMUEHUE aCTPOHOMHUYECKOI
€IMHULIBI JJTMHBI ¥ KCIIECHTPUCUTETA TYHHOU OpOUTHI — HAXOAUT CBOE 0OBSICHEHUE B IPECTABICHHOM



mojenu. C mpupalrieHneM Macchl 3eMIIH, 3Ha4eHUE TapaMeTpOB IPABUTAIMOHHOTO MOJIS B 00JaCTH
paBHOBecHOM opouThl JIyHbI yBenuuuBatoTcs. JIyHa pearupyeT Ha Takoe U3MEHEHHUE: €KEroJHO OHa
otaansercs ot 3emin Ha 38MM. YBenuueHue macchl CoHIIa BeAET K TOJOOHOMY AP PEKTY - MIaHEThI
ynansrotces oT Connia. [Ipyu Hen3MeHHOM OpOUTAIEHON CKOPOCTH YBEIUUCHUE aCTPOHOMHUYECCKOM
€MHULIBI JJTMHBI IPUBOJUT K YBEIMUEHUIO I'0J1a, 3TO MPUPALLEHUE POCUYUTAHO U cocTasisier 0,62
CEK. 3a OJIUH ToJl. AHANOru4YHbIH 3 (HeKT HabM0AaeTCs U B MEKTAIAKTUYECKUX B3aUMOICHCTBUAX —
TATAaKTUKH YAAISIOTCS JPYT OT Apyra (ceromss 3ToT 3G (eKT CBAZBIBAIOT C MEPUIESCKON TEMHON
SHEprueil). YBenuueHue 1011 CTPYKTYPHOR MaTepuu MpOoCTPaHCTBA KOMIUIEMEHTAPHO PaCHIMPEHUIO
Bcenennoid, To ecth nHIsAINS BeeneHHON q0MKHA HAOMIOIATHCS C YCKOPEHHUEM IO SKCIIOHEHTE.

B ¢opmare npenioxeHHOM MOIETH TPAIUEHT CUIIBI TSXKECTH Ha TOBEPXHOCTH 3eMJIM OyIeT UMETh
BBIPRXEHHYIO MIMPOTHYIO 3aBHcUMOCTh (popmyna Kiepo, Kaccunuca). On He cBsi3aH ¢ BpallleHuEM
3emiiu, He MOABEPKEH BIUSHUIO COJIHEYHO-TYHHOTO MPUTSKEHUS U HE UMEET OTHOIICHHUS K TTOIIPABKe
®as 3a ,,cBO00IHBIN BO3IyX ™ U MonpaBke bore 3a mpoMexXyTOUHBIN CIOM.

5. Oco0eHHOCTh IPABUTALMOHHOI0 B3aUMoO/ieiicTBUs. B pamkax Takoro moaxonaa
o0OHapyKUBaeTcs BeCbMa HETPUBUAJIbHAS OCOOCHHOCTh: aTOMapHbIE TeJIa HE MOPOKAAIOT OIS
YCKOPEHHH U, KaK CIEJCTBHE, aTOMapHBIC TeJla He IPUTATUBAIOTCS IPYT K JPYTY.

CoMHeHue 10 MOBOy YHUBEPCAIbHOCTH 3aKOHA TATOTEHMS - 3TO JOBOJIBHO CEPbE3HOE 3asiBIICHUE,
KOTOPOE MOXKET BBI3BATH )KYTKOE HEMPUATHE B HAYYHBIX Kpyrax. ,,lies o BceMHpHOM TSATOTEHUU —
3TO BEJIMKas Ujes... Y COMHUTBCA B i€ O BCEMUPHOM TATOTEHUH 03HAYaeT — HU MHOTO, HU MaJlo —
YCOMHHUTBCS B KAUECTBE TPAAUIIMOHHOTO (pr3mdeckoro MeimuicHus! BoT modyemy, 3ta uaest oomagaet
MOIITHBIM MEXaHU3MOM CaMOCOXPaHEHUs1, KOTOPBINA o0ecreurBaeT MMMYHHUTET J1aXe IPOTHB
BOMUIOMUX (PAaKTOB, KOTOPBIE B ATY HJICI0 HE YKiaapiBatoTcss” — ['pumaes A.A. [6]. HekoTtopsie u3
3TUX (aKTOB B KAUECTBE BBEIECHUS B CYTh IPOOJIEMBI, 10-BUIUMOMY, CIIEAYET IPHUBECTH.

,,B pacrpeneneHny INIOTHOCTH BEIIECTBA B TOBEPXHOCTHOM CJIOE€ 3€MITH CYIIECTBYIOT 3HAUUTEIIbHBIC
HEOJHOPOAHOCTHU. 10 3aKOHY BCEMUPHOI'0 TATOTEHUs OTBEC — IPOCTEHIINI U3 IPaBUMETPUUECKUX
WHCTPYMEHTOB, KaK ¥ B okcniepumente . KaBennuia, 1ommkeH Obl pearnpoBaTh Ha TaKHe
HEOJJHOPOJAHOCTH, OH JI0JIKEH ObLT YKJIOHATHCS B CTOPOHY MacCUBHBIX 00bekTOB. Ho 3TOTO He
MIPOUCXOIUT AK€ B TOM CIIydae, KOTAa MaCCHBHBIM OOBEKTOM SIBIISIOTCS TOpbl. OTBEC COBEPLICHHO
HE pearupyer Ha 00BbEKT, Macca KOTOPOro COCTaBIIsIeT MUJUIMAp bl TOHH. HO He TOJIBKO OTBECHL, HO U
TPaBUMETPHI, P MIOMOIIA KOTOPBIX U3MEPSIOT CHITY TSHKECTH, MTOJTHOCTHIO 0e3pa3InyHbl K
MOBEPXHOCTHBIM HEOJHOPOJAHOCTSAM: MIJTMOHBI TOHH 9KBaTOPUAIbHOW BBIMYKJIOCTH HE BIUSIOT HA
MOKa3aHMs TPAaBUMETPHUECKUX HHCTPYMEHTOB. B X0/1e peann3annu KOCMUYECKOH MpOrpaMMBbl 110
BbIBOJY McKyccTBeHHOTO 30H1a NEAR Shoemaker Ha opbuty Bokpyr acteponia Dpoc BbISCHUIOCH,
YTO JJa)kKe IPU MHHUMAJIBHOM PACcCTOSTHUU OT €T0 MOBEPXHOCTH, KOCMUYECKHUN 30H]T BEIET ce0s Tak,
CJIOBHO Y aCT€pPOM1a HAUUCTO OTCYTCTBYET COOCTBEHHOE MOJIe TATOTeHUs. [IpH BBIKIIOUEHHBIX
JBUTATEIISX 30H HE TOJILKO HE MaJial Ha acTEPOHI, HA000POT, OH JOBOJILHO OBICTPO YXOMII OT HETO.
Bce ycwins amepuKaHCKUX y4EHBIX MO BBIBOJY 30H/1a HA OpOUTY Dpoca B TEUEHHE T0/1a He TPUHECIIH
KEIAeMOTO0 pe3ynbTara. AHaJOTHYHAs CUTYaIUs CIIOXKHIIACH U C SITTOHCKUM KOCMHYECKUM 30HIOM
Xas0yca (Hayabusa), kotopslii ObL1 oTHpaBieH k acrepouny Mtokasa (Itokawa) mist B3situst mpoObl
rpynta”. [To matepuanam [6, 7].

B ocHoBe nien 00 yHuBEpCaIbHOCTH 3aKOHA TATOTEHMS JIeKaT KJIAaCCUYECKHE IKCIIEPUMEHTHI,
0OHapyXHUBAIOIIME CUITY MPUTSDKEHUS MKy aroMapHeiMu Tenamu (Kasenaum, Peiix, bammu, Ko
u 71p.). OKOHYATENBbHO YTBEPAUIIOCH, YTO 3TU CHIIBI UMEIOT IPAaBUTAIIMOHHYIO PUPOIY. DTO TaK, HO
WHTEPIPETAINS ATOTO SIBICHHS HECKOJIBKO HHASI.

Hanpsoxk€HHOCTD IpaBUTALIMOHHOTO 1OJI 3eMJIM — BEKTOPHAsl BEJIMNYMHA, OTOXKAECTBIIIEMAs C
notokoM moJisi. K motoky mosst mpumMeHnMbl ypaBHeHus bepryimn. CrnemoBaTenbHO, TPH CONMMKESHUN
CBHMHIIOBBIX IIAPOB B dKcnepuMeHTax KaBenauia u 1pyrux aBropoB Oyzaer Habmoaatscs 3¢ dexr
BenTypu — nazieHre THAPOCTATHYECKOTO JABICHUS NP YBEITMICHUH CKOPOCTH MTOTOKA, MTPOXOISIIETO
gyepe3 CCY)KEHHYI0 00J1acTh, B pe3yJIbTaTe Yero ¥ BOZHUKAET IHIPOJMHAMUYECKAs CUJIa IPUTKEHUS
MeXTy mapamu. IGGEeKT THAPOANHAMHYECKOTO PUTSHKEHUS CY/IOB, CICIYIOIINX MapalieTbHbIM
KypcoM (Tipu 00roHe), HEOJTHOKPATHO MPUBOIMII K CTOJIKHOBEHHUIO M XOPOIIO U3BECTEH



cynoogutensM. B skcriepumentax KaBennuia, Kot u 1p., BeposiTHEe Bcero, Habmogaercs
a¢dext Bertypu, a He cOOCTBEHHOE T0JIe TATOTEHHS aTOMapHBIX Tel. Ho ¢ yaérom Toro, 4To Bes
CTPYKTYpHasa MaTCpus UMCCT BOJHOBYIO IIPUPOAY, ITOJHOCTHIO UCKIIHOYATh B3aI/IMO,HeI>'ICTBI/IC MCKAY
aTOMapHBIMU TeJIaMH ObUTO OBl HEMIPAaBMIIBHO. BOT TOJIBKO ITapaMeTpsl 3TOro B3aUMO/ICHCTBUS B
YCIOBHSIX JIOMHUHUPYIOIIETO TPAaBUTALIMOHHOTO OIS 3eMJIH OTPEACTHUTD JOBOJIBHO CI0XKHO.

CoMHeHHE 110 TOBOLY YHUBEPCAILHOCTH 3aKOHA TATOTEHUS MOTJIO BOSHUKHYTh 3HAYUTEIIBHO
paHbllIe - cpa3y nocie oTKpbiTus Kosen CarypHa. Cuctema KoJiblia, COCTOAIAs U3 00JIbIIOr0
KOJIMYECTBA TEJ, BCICACTBHE CHIIBI IIPUTSHKECHUS MEX/y T€JIaMH JI0JDKHA OBl cCOOpaThCs B €IMHOE
1eJI0€, HO ATOTO HE MPOUCXOIUT. boiiee Toro, 3T Tena COCTOSAT U30 JIbJa, UCKITIOUNTEIbHON
0COOCHHOCTBIO KOTOPOTO SIBJISETCS €ro MepBo3iaHHas OennsHa. Bezaecymnas kocMudeckas Mmbliib
UTHOPUPYET O0BEKTHI KOJIbIIA TOJIBKO MIOTOMY, YTO OHM HE HMEIOT COOCTBEHHOTO MO TAroTeHus. 1
peub 371ech UAET O BEIaX JaJIeKO HEUTYTOYHBIX, Pe4b UAET O HEOOXOIMMOCTH IIEPECMOTPa OCHOBBI
COBPEMEHHOM TEOPETUYECKOH acTpo(U3NKHU - TEOPUH 00pa30oBaHusl HEOECHBIX Tell BO BeeneHHoi.
OtcyTCTBHE MOJIS TATOTEHUS Y MaJbIX TEJ BBI3BIBACT CEPhEIHOE COMHEHUE B TEOPUH IPABUTAIIOHHOM
KOH/ICHCAIIUY Ta30bIIEBBIX 00IAKOB.

6. [Ipouecc oopa3oBaHus NMIaHeT. BOIBIIMHCTBO COJIHEYHBIX KOMET UMEIOT CHIIBHO BBITSIHYTHIS
AIUTUNTHYECKHE OpPOUTHI, IIEpeceKarolue OpoUTHI maHeT. [ paBUTallnOHHbBIE BO3ICHCTBHUS TIJIAHET
MOTYT CUJIBHO UCKA3HUTb TPACKTOPHUIO ABUIKCHUA KOMETHI U IPUBECTU K YPE3MCPHOMY COJIMKEHHUIO C
ConnueM. J[0BOIBHO YacTO 3TO NPUBOAUT K IOJIHOMY pa3pylIeHU0 KOMeTbl. HO MHOI1a BO3HUKAIOT U
IOrpaHUYHBIC SABJICHUA.

«"ox Hazax komera 17P/XonmMca B pe3ynbTaTe HEOOBIYHO OBICTPOIl BCOBILIIKY U3 C1a00i KOMETHI,
CIOKOMHO oOpatnarotieiicss BOKpyr CoiHIa ¢ IEPHOIOM OKOJIO 7 JIET, MPEBPATUIIACH B BUIUMYIO
HEBOOPYKEHHBIM T'JIa30M KOMETY, CONIEPHUYAIONIYIO 10 OJIECKY ¢ ApUalIMMU 3BE€3/1aMU CO3BE3 NS
[epces». [To marepuanam Astronomy Picture of the Day

http://www.asonet.ru/db/msq/l31475/17P-Ho|mes cook.jpg.html

HeoObruaiinoe noBezieHre KOMEThI X0JIMCa MOKHO OOBSICHUTH cieayromum oopazom. [lpu
JIBIDKEHUHM KOMETHI K [IEHTPAJIbHOMY OOBEKTY U3MEHSIOTCS TapaMeTphl BHEIIHETO JIIsI KOMEThI
IPaBUTALMOHHOIO MOJIA. DTO NPUBOIUT K MapaMeTPUUYECKON HEyCTOMYMBOCTH, BO3HUKAIOLIEH B
pe3ysbTaTe NPOCTPAHCTBEHHO-BPEMEHHOM MOYJISAILIUH TapaMeTPOB, XapaKTEPU3YIOIINUX COOCTBEHHbIE
Kosie0aHus BellecTBa KOMeThl. Moy siius coBepliaeTcs BOJIHAMU BHEUIHEN cpe/ibl — BOJTHAMHU
HaKa4yKy, MMEIOIIMMH KOHEYHYIO aMIUITYAY. [Ipy npeBsIIeHMH HEKOEro IOPOroBOro 3Hau4eHus
coOCTBEHHAasi MOJIa HAUMHAET PAaCTH C TEIJIOBOIO YPOBHSI, MOTJIONIASl SHEPTHIO BOJIHBI HAKAYKH.
Bo3nukaronias npu 3ToM Tak Ha3bplBaeMas paclajiHas napaMeTpuuecKkas HeyCTONYUBOCTh, IPUBOAUT
1100 K pe30HaHCy, 100 K B3phIBHON HEYCTOMYMBOCTH BOJIH (Hamp., TyHrycckas karactpoda).
VYcnoBrue BOZHUKHOBEHHUS IapaMETPUUECKOIO PE30HAHCA UMEIOT BU:

nw, = w; + w,; nkg =k; +k, n=1,2,3... [Ipu pacnagHoit HEyCTOWYUBOCTH
BO30Y>KJIaIOTCSI BOJIHBI C YaCTOTAaMH, MEHBITUMH YacTOTHI HaKa4uKu. /|1 onucaHus mapaMeTpu4ecKkoro
pe3oHaHca 0OBIYHO IPUMEHSIOT ypaBHeHHEe MaTbe:


http://www.astronet.ru/db/msg/1224090
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http://www.astronet.ru/db/msg/1231475/17P-Holmes_cook.jpg.html
http://www.astronet.ru/db/msg/1231475/17P-Holmes_cook.jpg.html

?:T(zp — qu) [1+ £cos(wot — Kox)] 2%’ = 0 rze: @ - BeIMUMHA, OMKMCHIBAIONIAS BOJIHY (HAIp.,
NOTEHIMAJ ITPAaBUTALIMIOHHOTI'O MOJIs), €- AMILJIMTY/1a BOJHBI HAKAYKU B OTHOCUTENIBHBIX €IUHHLIAX.
Pemenue 3Toro ypaBHEeHHsI onpeensier 006JacTh 4acToT Aw (mmpuHa 30HBI MaThE) u mopor mno
aMIUIMTYIC BOJIHBI HAKAYKH €, IJI€ MOKET BO3HUKATD PacliaJHas IapaMeTPUUYECKasi HEyCTOMYNBOCTb.

[MapameTpuyeckuii pe30HaAHC MOXKET, KaK pa3pymuTh KoMeTy (Hamp., D/1993 F2 (Shoemaker —
Levy)), Tak ¥ IpUBECTH K peakuy HeHTpoHu3auuu. [Ipu peaknuu HelTpoHu3anuu yobIBaeT
KOJIMYECTBO 3JIEKTPOHOB, IIPH 3TOM UHUCIIO SAEP aTOMOB COXPaHSAETCs. DIEKTPOHBI, 00ECIIeUNBAIOIINE
YIPYrocTh CTPYKTYPHOTO 00BEKTA, B3aUMOJICHCTBYIOT C IPOTOHAMHU € 00pa30BaHUEM HEUTPOHOB. JTO
NPUBOJUT K YOBIBAHHIO TOJIOKUTEIILHOTO 3apsi/ia siipa aTOMOB, YTO U MO3BOJISIET SAIpaM
00beIMHATbCA. JJOCTUTHYB KPUTHYECKOM Macchl IpU 00bEJUHEHNH, s1JIpa 00pa3yOT HEUTPOHHO-
U30BITOYHOE OTPULIATETHHO 3aPSHKEHHOE SIIPO B IIEHTPE KOMEThI, KOTOPOE CTAHOBUTCS HEOThEMIIEMOM
YacThIO CTPYKTYPHOro 00beKkTa. C 3TOro MOMeHTa 00bEKT 00J1a1aeT COOCTBEHHBIM IPAaBUTAL[IOHHBIM
Y MarHUTHBIM ITOJIAIMM, IO BO3JECHCTBUEM KOTOPBIX ITPOUCXOJUT Pa3pyLICHUE CBI3€H XUMHUYECKUX
COEIMHEHUI BHEILIHETO BellecTBa KOMeThl. OOBIYHOE BEIIECTBO KOMETHI IIPEBPAIIAETCS B CMECH
OTJIENbHBIX aTOMOB. TakoMy IIPOLIECCY COIYTCTBYET MOIIHOE 3JIEKTPOMAarHUTHOE sIBJICHUE. BHeN A
aTomMapHasi 000JI04Ka, y>ke O0JIbIIIe HAITOMUHAOIIAS T1J1a3MYy, CTPEMUTCS 3aHATh PABHOBECHOE
HOJIOKEHHE B BOSHUKILEM IPaBUTALIMOHHOM I10JI€ ¥ KaK Obl BCIUIBIBAET, 00pa3ysl IPAHUYHYIO OJIOCTb
MEXy HEUTPOHHBIM sIIPOM M aTOMAapHOM MaTepuell. BHemHe npouecc CoOnpoBOXAACTCS PE3KUM U
UCKJIIOUUTENIHO CUMMETPUYHBIM YBEJIMYEHHUEM cepbl 00bEKTA U OYEHb PKUM CBEUeHUEM. Peakiius
HEUTPOHU3AINH B CTPYKTYPHOM OOBEKTE, BOZHUKAIOUIAs B YCIOBUAX IMAPAMETPUYECKOTO PEe30HAHCA,
JIKUT B OCHOBE 00pa3zoBaHus IutaHeT. Ha cHuMke KkoMeThl XoaMca 3areqatiaéH IpoLece posKICHHs
IUTAHETHI.

OceBoe BpallleHHE EKTPUYECKH 3apPSHKEHHOTO sIpa KOCMHUYECKOTO Tejla CO31aéT MarHUTHOE T10J1€
00bekTa. OU4eBUAHO, YTO B 3TOM CIIydae BEIMYMHA HANPSHKEHHOCTH MAarHUTHOTO TOJISt OyIeT 3aBUCETh
OT 4acTOThI BpaleHus sapa. Emeé B cepenune npomoro seka [1.M.C. biskeTT BbIABUHYI TEOPHIO,
COTJIaCHO KOTOPOM MarHMTHBI MOMEHT IUIAHET HAXOAUTCS B IMHEHHOM 3aBUCUMOCTH OT UX MOMEHTA
BpaueHus. Ho Tak kak He ObUI IpeJCTaBIeH yOeAUTEIbHbBIM MEXaHU3M I'eHepallii MarHUTHOTO TOJIs,
Teoputo 3a0butn. OIHAKO AajbHENIINEe KOCMUYECKHE UCCIIEI0BaHuUS TIOKa3all, YTO TaKas
3aBUCHUMOCTB CYHIECTBYET U COXPAHSAETCS C BBICOKOM CTENEHBIO TOUHOCTH Ul BCEX MCCIIEN0BaHHBIX
KOCMHUYECKHX O0OBEKTOB.

XapakTepHasi 0cOOEHHOCTb NPUBEIEHHON CXEMBbI COCTOUT B TOM, YTO HEHTPOHHOE PO U HIXKHIOIO
MaHTHUIO pa3AeIIeT MojaocTh. Hamnume nosocTu Mex 1y HEMTPOHHBIM SIPOM U aTOMapHOU chepoit
MIOATBEP>KIAETCS CAEAYIOINMHU JAHHBIMU. Y CTAHOBJICHHBIE JAaTYMKH HA TIOBEPXHOCTHU JIyHBI
pearupyroT Ha ceiicMruecKoe COObITHE JOBOJIBHO POAOKUTENbHOE BpeMmsl. [lajnenue pa3ronHoi
CTYIEHHU pakeThl AnouIoH 13 BbI3BasIO KosieOaHMe JTyHHOH KOpbl Oosiee TpEX 4acoB. ENMHCTBEHHBIM
pealIbHbIM OOBSICHEHUEM JJAHHOTO SIBJIEHUS CIY’KUT IPU3HAHHE BHYTPEHHEH MOJOCTU B OpraHU3aluu
IU1aHeTsl. AToMapHas cepa HaXOIUTCs B PABHOBECHOM COCTOSTHUM 10 OTHOILEHHIO K SIIPY U HE
OKa3bIBaeT JaBJICHUsS Ha AApo miaHeThl. B xone uccnenoBanus npu 6ypennu Koabckoit
cBepXriryookoit ckBaxkuHbl (CI'-3 - 12 262 M.) BBIICHUIIOCH, YTO IJIOTHOCTh MOAHATOTO IPYHTA,
BOIIPEKH OXKHUIAHUSAM, C ITyOMHON He yBennuuBaercs, a najgaet. Ha rmyOune 12 000 meTpoB ropHsie
IIOPO/IbI OKA3aJINCh TOPUCTBIMU M HACBIIIEHHBIMU BOJHBIMH pacTBopamu. HeoxknaHHBIM 0Ka3anoch 1
pacrpeieIeHHe TEMITEPATyp CIOEB 36MHOM KOPBI: TEMIIEPATYPHBIN TPAIUEHT HA | KM. 3HAYUTEIBHO
npesbian pacy€THelid. Ha rmy6une 12000 M. remnepatypa nojausutacek a0 2200 C, mouru Ha 1000 C
BBIIIIE NIPEJICKa3aHHOM, IIPU ATOM €CTECTBEHHBIN paOaKTUBHBIN (OH ¢ TITyOMHON N3MEHSIICS
HE3HAYUTENIbHO, TO €CTh KOHIEMNIMS paAMOreHHOIO HarpeBaHus Help 3€MIJIM BBINVISIUT BECbMaA
coMHUTeNbHOU. Ha Oonbiinx riryOuHax, rjae HeT 0CaJJOYHBIX OPOJI, OOHAPYKEH MPUPOIHBIH ra3
METaH B OTPOMHBIX KOHIIEHTPAIUAX, YTO MOJHOCTHIO pa3pyliaeT TEOPUI0 OMOIOTHYECKOTO
MIPOUCXOXACHUS yriaeBo1opoaoB [12]. B popmarte npensnokeHHON MOAETN BEPTUKAIBHBIN IpaueHT
TEMIIEPATYP CIOEB 36MHOM KOPBI CBSI3aH C MUKPOBOJIHOBBIM M3JIyYE€HUEM SIpa TUIAHETHI - C CETKOU
4acTOT, KOTOPYIO IOPOKIAeT BHYTpEHHEE HEUTpOHHOE sSApo MmiaHeThl. CylecTByolee
MPENOI0KEHNE O TOM, YTO IIEHTPAIbHYIO 00JIACTh IJIAaHET 3aHUMAET JKEJIE3HOE SIPO — JOBOJIIBHO
crnopHoe. B manTuu npu nasnenuu 95 I'lla u remneparype 2000K naGnronaercs nepeopueHTanus



3JIEKTPOHOB B MOHAX KeJie3a C BBICOKOCIIMHOBOI'O COCTOSIHUS (CIUH 2) B HU3KOCIIMHOBOE CO CITUHOM ()
[11]. ManbHeiimiee yBeaTuUYeHUE 3HAYCHUI TEMITEPATYPHI U TABICHUS JOJDKHO IPUBECTH K
TpaHCMYTALUH SIIEP JKEIE3a.

C yBennyeHHeM Macchl siipa 3eMid yaanseTcs He Toybko JIyHa, yaansercs oT LeHTpa U aToOMapHast
cdepa mnanetsl. Ho kopa 3emiu o0nagaet onpenenéHHOM CTEEeHbI0 )KECTKOCTH M HE MOXKET
cB000HO pacupAThes. B o0nactu acteHochepsl BOZHUKAET U30BITOYHOE IaBJICHUE, YTO MPUBOAUT K
JIOKaJIbHOMY BBIJJAaBIMBAHUIO PACIIABJIEHHBIX MIOPOJI MAHTUHU (TPANIOBBIA MarMaTU3M) U
JecTa0uIM3aui 3¢MHON KOPBI. DTOT MEXAaHU3M JIS)KUT B OCHOBE CEHCMHUECKON U BYJIKAaHUYECKOU
aKTUBHOCTH ILJIAHETHI, TOp00Opa3oBaHus, apeiida MarepukoB, pacmmpenus 3emin. JIro6onbITHAS
3aKOHOMEPHOCTh: YBEIMUEHUE BYJIKAHUYECKON aKTUBHOCTH BEAET K CHIKEHUIO CECMUUYECKOI
aktuBHOCTH. K nmpumepy, HenpeprIBHOE U3BEPKEHUE BYJIKAaHOB Ha BeHnepe cBOAUT HA HET
TEKTOHUYECKYIO0 aKTUBHOCTH TUIaHEThl. TepMarbHas U ByJIKaHHYECKasi aKTUBHOCTh HEJIp TUIaHET
SBJIIETCS HEOTHEMIIEMOM XapaKTEPUCTUKON UX IBOJIIOLIMOHHOTO ITpouecca. PakToB, YKa3bIBAOIIKX HA
3TO, HAKOMHJIOCH MPEAOCTATOYHO. BOT muIb He3HAYNTENbHAS T0100pKAa CHUMKOB C KOCMHYECKHUX
anmapatos [14, 15, 16, 17]. B nanubiit MomeHT B CoJIHEUHOM cUCTEME HE HAOJII0AAeTCsl HU OJTHOM
OCTBIBIIEH IJIAHETHI, BCE MPOUCXOTUT C TOUHOCTHIO 10 HA00OPOT - MIaHeThl HarpeBatoTces. K
npumepy. Temmeparypa armocdepsr CaTypHa Ha YpOBHE BEpXHEH TPaHUIBI 00IaYHOTO TTOKPOBa
cocraiseT 85K. PacueTsl nokassiBaroT, 4to BiusiHueM COJHIIA TaKylo TEMIEpaTypy He OOBICHUTS,
HE00X0/IMM BHYTPEHHHUI NCTOYHHK TEIUIA, IIOTOK OT KOTOPOTO B 2,5 pasa mpeBblmaeT coaHeuHbiid. Ho
HECMOTPS Ha YHUKaJIbHYIO HH()OPMAIIHIO, TOJIYYSHHYIO B OJIETaX KOCMUYECKHUX anlapaToB K
rtaneraM COJTHEUHOM CUCTEME, MBI JIO CHX TIOp YOSK/ICHBI, YTO TEXHOTEHHBIN (DAKTOP SIBIISICTCS
OTIPEACTSIONIUM B TTI00aTbHOM MOTEIJICHUH Ha 3eMIIe.

Tpancdopmanust CTpYKTYphI U TIOSIBIICHHE COOCTBEHHOTO TPAaBUTALIMOHHOTO TOJIS1 Y 00BEKTa
MPUBOJIUT K U3MEHEHUIO €r0 OPOUTHI U MOCIEAYIONIEMY 3aXBaTy €ro MJIaHeTONH TUTaHTOM, TJE U
MPOUCXOUT JaibHEHIee popMupoBaHue IaHeThl. [Ipu HU3KOM TemMIepaType BHEIIHSS cheprudaeckas
MOBEPXHOCTh POXKAEHHOM IIIaHETHI 3aMep3aeT, 00pazys JISATHON MaHIUPb, 10 KOTOPHIM HaYalcs
AKTUBHBIN mporiecc (GOPMHUPOBAHKSI MAHTUU U KOPBI Oy TyIIeH TUTAHEThI. Y BETMUECHUE MACChHI
aToMapHO# chepbl HOBOU TUIAHETHI MPOUCXOIUT HE 32 CUET BHEIIHUX MPUYHH (METCOPUTOB,
aCTEepPOUIOB), MOCTABIIMKOM YaCTHII 1151 (POPMHUPOBAHUS CPEPBI CITY’KUT PEAKIUS IOJISPH3AUN
BaKyyMa B OKPECTHOCTH HEMTPOHHOTO sifipa tuianeTsl. CHopMUPOBABIINCH U IPUYMHOKHUB MaccCy B
IPaBUTALIMOHHOM I10JI€ Ta30BOT0 TUraHTA, IIAHETA CPHIBAETCSI CO CBOEH OpOUTHI M 3aHUMAET MECTO Ha
opoute Comnina. Hampumep, Takie kapaukoBbie iaHeThl kak Llepepa u Becta smurpupoBanu B mosic
actepouioB, [Inyron u Xapon — Ha BHelIHIOW opouty CoHeYHOU cucTeMsbl, a JIyHa Oblia 3axBaueHa
3emnéil. B npouecce 3Bomonnn CoNMHEYHOM CHCTEMBI TPOUCXOJUT MOCTOSHHOE POKIEHUE,
CO3PEBAHME U MUTPALUS MAJIbIX IUIAHET, YEM U OOBICHSETCS «IETCKHI» BO3pacT 00pa3oBaHus Top Ha
[TnyTone nnu anomanbHOe BpalieHne Benepsl. OOHapyskeHHbIe Ha Mapce JaBHO BBICOXIIINE PEUHBIE
pycia BO3HUKIIM B pe3yJIbTaTe TasiHUS €ro JIeASTHOW 000JI0UKY MpU CMEHE OpOUTHI MJIaHETHI Ha
coNHeuHYI0 opouTy. Jleasnas o6omouka Mapca pacrasisia, BHUTalach B IOYBY U CKOHIIEHTPUPOBAIIACh
B IIOJIMTOYBEHHOMN MEP3JI0TE, OCTABUB I10OCIIE CE0s OBparu, NOX0K1ue Ha MPOMOUHBI, TapaJOKCaIbHO
CY’>KUBAIOIIIMECs] BHU3 M0 CKIIOHY. CunTaercs, 4To akTuBHas (haza »u3Hu Mapca yke 3aKOHUYHIIACH.
3710 — 3a01yX/IeHue, OHA TOJIbKO HaYnHaeTcs. KOHeYHBIM 3TaroM 3BOIIOLUY IJIAHETHI SBIISETCS
3BE3/a.

N3noxxeHHbI MexaH3M 00pa30BaHMsl, BHYTPEHHETO CTPOEHUS M 3BOJIIOLUH IJIAHET JISKUT B OoJiee
JIOBEPUTEIHLHOM UHTEpBaje, Y4eM COBPEMEHHAs TeOpHUs KOHACHC AN HEOECHBIX TEN U3 ra30MbLIeBOrO
oOnaxa.

7. ExuHasi TONOJIOTUSI TPABUTALIMOHHBIX cucTeM. L{eHTpanbHyto 001acTh rpaBUTAIMOHHON
CHUCTEMBI 3aHUMAET HEUTPOHHOE s171po. ,,]I0CKOIBKY aToM, KaK CTPYKTypa, CYIIECTBYET B
IPaBUTALIMOHHOM T0JI€, TO MPHU HAIO0KEHUU ITOTO MOJIsA, OJIU3KOT0 K KPUTUYECKUM 3HAUECHUSM,
npon3oiaET aedopmarus u paspymenue ctpykrypsl’” — IlapHos E.M. [13] (odeHs xanb, 4To 3TO
HIOpa3UTEIbHOE 110 CBOEH (PU3MUECKON CYTH TEOPETHYECKOE JOMYIIEHUE TaK U He ObLIO 3aMEYEHO
JPYTUMH Y4EHBIMH, CaM aBTOp TAKXKe HE MPHUIA] EMY J0JDKHOTO BHUMAHMS).



OueBUAHO, YTO CYIIECTBYET KOHEUHAS MO aMIUIUTye Giaykryauuii cepudeckas o0nacTh moss, B
npezenax KOTOpod aToMapHast CTpyKTypa ycroiuuBa. ['paHuIsl 001acTH (BHEIHSASA U BHYTPEHHSS
panuanroHHble chepbl) COOTBETCTBYIOT YETBEPTOMY arperaTHOMY COCTOSIHHIO BEIIECTBA — IIa3Me.
MHUKpPOBOJIHOBOE U3JTy4YeHHE HEUTPOHHOTO spa ONpPEAeNseT TEMIEPaTyPHbIH U arperaTHbli CIIEKTPBI
COCTOSIHUSI CTPYKTYpHOU MaTepuu B rpanuie oonacti. OceBoe BpalleHne HEMTPOHHOTO siapa
I'PaBUTALIMOHHOM cUCTEMBI (IUIaHEeTa, 3B€3/1a, FaJJaKTUKA) ONpeAEssieT MarHUTHOE 1oJie 00BbEKTa U
ABJIETCS ICTOYHUKOM HU3KOYAaCTOTHOIO U3IydeHUsl. M31ydeHno HEUTPOHHOTO siipa MOXKHO
COIIOCTaBUTbh, HAIIpUMEp, pe30HaHCHBbIE BOIHBI [llymana (ycToliunBbIe HU3KOUACTOTHbBIE KOJIeOaHHsI Ha
¢dbukcupoBanHoit yacrore 7,83 ['1. — ruranera 3eMiIsl) WM aKTHBHYIO Pe30HAHCHYIO 001acth ComHIa —
kopoHy ComnHia. Beicokas TemnepaTtypa kopoHsl CoJiHIIa, Ha HECKOJIBKO MOPSAIKOB ITPEBbBIIIAIOLIAS
Temneparypy gortocepsl, 10 CUX OP BBI3BIBAECT HEJOYMEHHE Y UCCIIET0BATENCH.

Ocnmsiiuu moBepxHOCTH COTHITA HOCAT II00aTbHBIM U HECKOJIBKO XaOTHYHBIN (Ha IMepBBIT
B3MIIA) Xapakrep. [lepexppiBanre KoieOaHui, OTINYAIOLINXCS 110 YACTOTE U aMILTUTY/IE, IPUBOIUT K
JIOKaJbHON HECTallMOHAPHON MHTEp(EPEHLINN BOJIH, OTBETCTBEHHOM 3a pa3HOOOpa3Hble MPOSBICHUS
Ha CoJHIIE: COTHEYHBIE BCIIBIIIKH, KOPOHAIBHBIE BEIOPOCH], 00pa3oBaHue (IIOKKYI, BOJIOKOH H
cnukyi. KosnebaHus oTaenbHbIX y4acTKOB oBepXHOCTH CoJIHIIa MHOTAA NEPEXOAST B PEXUM
pe30HaHca, 4To NMposBIseTcs npoTyoepanuamu. [Ipu rirybokoM pe3oHaHce, KOTaa aMIUIUTyaa
PE30HAHCHOM BOJIHBI BHIXO/UT 3@ IPAHUIY BHYTPEHHEH pajilalliOHHON c(epbl, HAUMHAETCS
PE30HAHCHBIN SIIEPHBIA pacmaja norpykE€HHOro BemecTBa GoTocdepsl sKCIo3uBHOTO TUNA. [TpH 3TOM
BO3HUKAIOT (poTochepHble AbIPbI (OHHU, KaK MPaBUIIo, (GOPMUPYIOTCS TapaMu WM IPyHIamMu) U
oOpa3yeTcs MOTOK YacTUILL BBICOKOW SHEPTUH, IPEUMYIIECTBEHHO poToHOB ¢ E > 1020 3B.

OObpatumcs K CHUMKY TEMHOTO MsTHa Ha moBepxHocTu Coinnua [18]. Takas 4éTkocTh N300pakeHUs
IIPOCTO HE COBMECTHMA C COBPEMEHHOW MHTEpIIpeTaluell NATEH (MCKPUBJIEHUE CBETOBBIX JTydei
MarHUTHBIM I10JIEM): Kpasl ISITE€H pe3KHe U sicHble. TEMHBIE ITHA HA COJIHEYHOM MMOBEPXHOCTHU 3TO -
dorochepnsie npipsl. OOHApY)KEHHE 00I€e MOUTHBIX JOKAJIBHBIX MArHUTHBIX T0JIeH B 00J1aCTH
dorochepHbIX AbIp (MCTEUEHHUE MArHUTHOTO I10JI51) YKa3bIBAET HAa SKpaHUpYIOLIee AeiicTBUe
dorochepsl. MOKHO IPEITOIOKHATE, 9TO GoTocepa JSKUT B KPYITHOMACIITAOHOW MAarHUTHOMN
JIOBYILIKE OTKPBITOTO TUIA U T€HEPUPYETCs IPU OMOIIY MOIIHOTO MUKPOBOJIHOBOI'O M3JIy4eHUs
HeiTponHoro siapa ConHia. BeposTHo, 3T0 00mmii GU3nvecKuii MPUHIIKIT TEHEPAITUHN U yIePKAHUS
CTPYKTYPHOM MaTepuu HEUTPOHHBIM SIPOM.

B cniextpe nepuognueckux konedanuit porochepsr Connna Hadmogaercs (bpykc, CeBepHbIi,
[Meppep, YUIKOKC) cTaOMIBHOE H30JUPOBAHHOE Kojiebanue ¢ mepuooM Py = 160.0101(2) muH.

(vo = 104.16 mMxI'1), perucTpupyeMoe 1o J0IICPOBCKOMY CABUTY (hpayHro(epoBbIX CIIEKTPATbHBIX
auHui. B 1974 r. PokcOypr BbIABUHYI NPEANOI0KEHUE O TOM, YTO MEXAHNU3M BO30YKI€HUS
Kosiebanuit porocheps! 00ycioBieH ObICTpBIM BpatieHueM syipa Connua. EctecTBeHHO, B paMkax
CTaH/IapTHOM MOJIEIH CTPOEHUS 3BE3/bl 3Ta TEOpUS HE Moryia ObITh npuHATa. M3mepenus Kpeimckoit
Actpodusuueckoit ObcepBaropuu nokasanu, uro nocie 1982 r. smMecro Py crano qoMmuHUpOBATH
Kosiebanue ¢ nepuoaom P; = 159.9657(4) mun. Ilepuon 6uenuit nyx mynbcanuii cocrasisiet 400(4)
CYT. ¥ COBIIAJa€T ¢ CHHOAUYECKMM nepuoaom obpamenus Omurepa Bokpyr Connua (P = 399 cyr.) ¢
TOYHOCTBIO 10 1% [19, 20]. [IpocThiM cOBMaIeHHEM Ha3BaTh 3TO CI0XKHO. OYEBUIHO, UYTO
OCLMJIISIIMM HeHTpoHHOTO sifipa CoJHIIA ONpEeNsaioT NapaMeTpbl yCTOWYMBOTO KOJIeOaHus
dboTocdepsl, UTPAIOT BAXKHEHUIIIYIO POJIb B paCIpeIesIeHUN U OpOUTATBHBIX PE30HAHCAX TUIAHET
Conneunoii cuctemsl. IMeHHO 3T0 (hyHIaMEeHTaIbHOE CBOMCTBO HEHTPOHHBIX SA€p OOHAPYKUBAET
ce0st KaK B BapHalMsX OJiecka akTUBHBIX fJIep raJlakTUK (Harpumep, konedanue oiecka aapa NGC
4151), Tak u B pacnpeeIeHNN 4acTOT IyJbcanuii 38€37 tuna Jlensra [llura.

B xoHuenmmu Moenu HeITMHEeHON BeeleHHOM mpoliecchl TEPMOSIIEPHOTO CHHTE3a KaK HICTOYHHKA
SHEPruHy 3Be3/Ibl HE MOTYT pacCMaTpPUBAThHCS KaK pealibHble: B3aUMOJIeHCTBHE aTOMOB (hoTOChEPHI €
MUKPOBOJHOBBIM TOJIEM H3IYUYEHHUS s/ipa JISKUT B OCHOBE M3NTyueHus 3Be3/bl. bosee Toro,
CYILIECTBYET IIpsIMasi 3aBUCUMOCTb MEX1Y SHEPTUEH U3ITyUEHUS 3BE3/1bl U NTapaMeTpaMu
OKpY’Karollero 3Be31y npocrpanctsa. Hanpumep, ecnu Obl Hae CoJiHIIE Bpallaioch MO BHITSHYTON
IIUNTUYECKON OpOuTe BOKPYT HEHTPOHHOM 3Be3/1bl, TO B adenuu npeodiianai Obl KpacHbIH 1BET, a B
nepuresuu — roiry0oil. Tak kak Bce pUCKHU Ul HEOECHBIX T€J CBSI3aHBI C IEPUTEIINEM UX OPOUTHIL, TO



JIOTMYHO OBLTO OBI 0KUAATH KaTacTpopuueckue coobITHs g CoHIa IMEHHO B Toiry0oii (hase.
[TonoGHOE MpeIonoKeHne He MTPOTUBOPEUYUT HaOI01aeMbIM siBJIeHUsM: B 1987 r B MarennanoBom
Oonaxke B30opBasiach MaccuBHas roiyoas 3ee3aa Sanduleak 69 202a. Ona OTHOCHTCS K KJ1accy
MePEMEHHBIX TOJIYOBIX 3BE3/] BRICOKOW cBeTUMOCTH — LBV. D10 coObITHE TPOTUBOPEUYHUT
oOwenpuHAToN Teopun sBomouu 38€31. B 2005 r B rastaktuke NGC 266 B3opBanack emi€ ogHa
cBepxmaccuBHas LBV-3Be3na. UToObI 00BSCHUTD ATH B3PBIBHI, [0 MHEHHIO N3PAMIILCKOTO aCTPOHOMA
Asuiaii I'anb-fIma, notpedyercs nepecMoTp IpeACTaBICHUN O 3BE3THOM IBOIIOLUH.

8. IBomonus MajbIx Tel B CotHeyHol cucrteme. Heo6xommmo 0co60 mog4epKkHyTh, 4TO MaJlble
Tesia CoTHEeUHOM cUCTeMBI (METEOPHUTHI, KOMETHI, aCTEPOU/IbI) COCTOST U3 BELIECTBA, paHee
IIPOLIEIIIET0 CTaJUIO OJHOrO MaBieHus. B xone peanusauuu nporpaMmmel ANSMET no noucky
MeTeoputoB B AHTapkTuke B 2006 1. Op1n 00HapYysxeHbl 18a MeTeoputa: GRA 06128 1 GRA 06129.
YHHUKaJIBHOCTh UX COCTOUT B TOM, YTO OHHM COCTOSIT U3 aH/I€3UTa, OOraToro MmoJieBbIMHU IIMaTaMU. JTa
ropHas nopojia oopa3syercs B INIyOuHE IJIaHEThl IPU OOJIbIION TeMIIepaType U BHICOKOM JIaBIEHUU
[21]. Ananu3 KOMETHOTO BELIECTBA, COOPAHHOTO KOCMUYECKHIM armapaToMm ,,Stardust” ¢ KOMeTbl
,»Wild 2” mokasay mpucyTcTBHE MUHEPAIOB, KOTOPBbIE (POPMHUPYIOTCS TOJHKO B YCIOBUSAX BBICOKOM
TEMIEPATypbl U OTPOMHOIO AaBiieHUs. bbuin 0OHapyXeHbl TaKue MUHEPAJIbl U TYrOIlJIaBKHE
KOMITOHEHTBI, KaKk (hOpCTEpUT, OJIMBUH, TUTAH, KAJIbLUEBO-ATIOMUHUEBbIE BKIOUEHUSA. ACTEPOU]T
Becra cocrout n3 6a3aibTOBBIX IOPOJ], KOTOPBIE 00pPa3ytOTCsl IPU OCTHIBAHUH JIABBI — ITOPOJIBI
IUTAHETHOT'O NMPOUCX0KIeHHs. KolnuecTBo acTeponioB, X BHEIIHUM BUJ U XMMUYECKHM COCTaB SIBHO
CBUJIETEJILCTBYIOT O KaTaCTPO(UUECKUX COOBITHSX, IPOU3OIIECAIINX C IIaHeTaMu B COJTHEUHOMN
cucreMe. Ho He TOJIbKO pa3pylIMTEIbHBIM IIPOLECCOM MOXKHO 00BACHUTH 00pa30BaHUE MaJbIX TEJl B
ConHeyHoOM cucTeme, CyIecTBYIOT U IpYre BApUaHTHI.

HccnenoBatensckas rpynna mnoj pykoozactsoM Tomaca Annepra (Thomas Andert) u3 repmaHcKoro
yHuBepcurera BBC u3yuana 1omiepoBckrie HCKaKEHUS pPalMOCUTHANIOB OT annapara «Mapc-
Okcmpecc» BO BpeMs ero commkeHuil ¢ @o60coM. DT NCKaKEHUS MO3BOJISAIOT C BBICOKOH TOYHOCTBIO
OIpEAEIATh 3HAYEHUSI MACChI U IUIOTHOCTH, @ TAKXKE CAENAaTh BBIBOJbI O BHYTPEHHEN CTPYKType
doboca. «MBbI IPUIILIK K BBIBOAY, YTO Helpa Poboca ¢ 60Ib1I0H BEPOSTHOCTBIO COIepKaT 00JIbIINe
mycToThl, 4To Poboc chopmupoBacs u3 pos 00JIOMKOB, BOSHUKIINX TTOCIIE CTOJIKHOBEHHS IPEBHEH
MapcUaHCKOM JIyHbI ¢ acTepousioMm» [8]. C 3TUM MHEHHEM TPYIHO coriacuThes. OOpaTuM BHUMaHHE
Ha kparep CtukHu [9] nmamerpom 9 kunomerpoB. Pazmepsr @oboca coctapisroT 23x21x19
kusiomMeTpoB. Cunraercs, yto kpatep CTUKHM yAapHOro npoucxoxiaeHus. Ho coueranne anomManabHO
HU3KOM M1oTHOCTH P000Ca ¢ TUTAaHTCKUM YJapHBIM KPaT€pOM Ha €ro MOBEPXHOCTH NMPAKTUYECKU
HecoBMeCcTUMO. Kak nmpaBuito, Tako# ciie] OCTaBIISIET CTPYS PacKaJIEHHOrO raza. BHenHuii Bux
®oboca 1 ero MUKpOIIOpUCTasi CTPYKTYpa, paAualibHO pacXosiuecs oT KpaTepa 00po3/ibl,
CpaBHUTENbHBIN aHaIu3 pazmepoB PobOoca U KaJlbJep B JKepJie MAPCUAHCKOTO BYJIKaHA IPUBOJIAT K
HauboJsee 1ocToBepHOM Bepcun: Po00C — MPOAYKT HKCIITIO3UBHOTO U3BEPKEHUS MapCUAHCKOTO
Byakana Olympus Mons (cm. [10]).

HenasHo rpynna y4é€nbix u3 ActpoHomMuueckoro nHcTuryTa ['aBaiickoro ynusepcuteta ['enpu Xcu
(Henry Hsieh) u [IpBun Jxyutt (David Jewitt)) oOHapyxuia Ba KOMETONOJOOHBIX acTepoU/a B
OCHOBHOM nosice Mmexxy FOnutepom u Mapcom. XoTst opOUTHI aCTEpOUI0B U OJIM3KHU K KPYTOBBIM, TEM
HE MeHee, B IepUTeIny OpOUTHI y 3THX acTepPOUI0B MOSABIsETCsS KoMa U XBocT. HoBomy kiaccy
00BEKTOB OHU JTAJIM Ha3BaHUE «KOMEThI OCHOBHOTO TIosica» [22].

Ha npencraBieHHBIX CHUMKaX 3allevaTiieHa HayainbHas (as3a TpanchopMaluy acTepouioB B
KOMETHI. J[TuTenbHOoe BO3/IeHCTBHE COTHEUHOTO U3TYYEeHHUS, TOTOKA KOCMUYECKHX YacTUIl BHICOKON
SHEPruy, HU3KOT0 MOTEHIMAIA TPAaBUTAL[MOHHOTO 1101l IPUBOAUT K TOCTENIEHHOMY U3MEHEHUIO
XUMHYECKOT0 ¥ U30TOMTHOTO cocTaBa acTepouaoB. Crniennduyueckoe COOTHOIIEHNE H30TOIIOB
XUMHUYECKHX 2JIEMEHTOB, XapaKTepHOE TOJIBKO JJIsl aCTEPOHIOB, SABISETCS MPUOOPETEHHBIM
CBOMCTBOM: MpOLIECC paciaja XUMUYECKUX AJIEMEHTOB B OTKPHITOM KOCMOCE UMEET CBOU
cneunduyeckre 0cOOEHHOCTH U OTIIMYEH OT aHAJIOTUYHOTO MpOoIecca, MPOUCXOASIIETO B 36MHBIX
ycnoBusix. KameHHas cTpykTypa acTeponia, M3Ha4ajlbHO HE COJIeprKalliasi JIETy4uX BEleCTB,
IIPETEPIEBAET Pl U3MEHEHUI: B ITPOLIECCE CIIOHTAHHOTO paclaja siAep XUMUYECKUX JIEMEHTOB,



NIOCJIEI0BATENBbHOM LIENOYKH ajib(a-pacnaga 6osee TSHKEIBIX IIEMEHTOB 00pa3yIoTCs BOAA U
ra3000pa3HbIe COCMHEHHS (ITOT K€ MPOIIECC XOJIOAHOW TPAaHCMYTAINH SJIEMEHTOB JIEKHUT B OCHOBE
oOpa3zoBanus atMoc(epsl ¥ BOABI HA TUIAHETAaX 36MHOM IPyIIibl). DIIEMEHTHBII COCTAaB acTepOUa pu
3TOM MeHseTcs. bosee Toro, Takue nmpouecchl Kak (oToaUCCOnranus U CyOIMManus BhI30BYT
YMEHBIICHUE IJIOTHOCTH U MacChl aCTEPOU/Ia, YTO HEMUHYEMO BEJET K YBEIMUCHUIO
AKCIICHTPHUCHUTETA U MEJIJICHHOUW TpaHcopManuu ero opoutel. B adennn opOuTh 00pa3oBaBmIuecs
JIeTy4ue BEIECTBA Ha MOBEPXHOCTH acTepouia OyayT 3aMep3aTh, a B IIEPUTEIIUN — UCHIAPSATHCSL.
JlanpHeiimas moTepst Macchl y aCTEpOUAOB U TPABUTALIMOHHBIC BO3MYIIEHHSI CO CTOPOHBI TUIAHET
U3MEHSAT OpOHUTY 3TH 0OBEKTOB CaMbIM HETIpe/iCKa3yeMbIM 00pazoM. CUMTAeTCsl, YTO KOMETHI
obpa3yrorcs B nosice Koitnepa u o6ake Oopra. Ckopee Bcero, Mbl OIIMOaeMCs: TOCTABIIMKOM KOMET
B ConHeuHOM cucTeme sIBiIsieTCss OCHOBHOM nosic. B o6nake OopTa NponcxoauT fnajabHelmas u
OKOHUATeJbHas CyOnMManus «OTX0I0B KU3HeIesTenbHOCTH» CONHEYHON CHUCTEMBI: CBEPXBBICOKHMA
¢u3nUecKkuii BaKyyM SIBIISICTCS arpecCUBHOU Cpefoi ISl aTOMapHBIX CTPYKTyp. OueBuaHO, YTO B
OmwkaiieM OyynieM OyIyT OTKPBITBI HOBbIE 00BEKTHI TOAOOHOTO BH/Ia B OCHOBHOM TIOSICE.

9. DBoumonus MiIaHeT. bynyiee Hamlel IaHEThl XOPOILIO MPOCIEKUBAETCS B PAMKax 3BOJIIOLUN
r1aHeT CoNHEeYHO! CUCTEMBI. Y BEJIMYEHHE MACCHI sJIpa IJIaHEThl BEAET K IOCTEIIEHHOMY POCTY
TeMIIepaTypbl B 00J1aCTH MJIAHETAPHOMH KOPBI, TPAHCMYTAIMH 3JIEMEHTOB KOPBI ¢ 00pa30BaHUEM
KHUJIKUX U Ta3000pa3HbIX COCAMHEHUH, K BOBHUKHOBEHHUIO U (POPMHUPOBAHUIO aTMOC]EPHI,
HOBBIILIEHUIO €€ Bilarocojepxanus. Ha 3Tom 3tane 3BOJIOLMOHHOrO Ipolecca Haxoautes Mapc.
YBenu4yeHrne KoJIM4ecTBa BBINAIAIONINX 0CAIKOB, YCKOPEHHE IpoIiecca KPyroBopoTa BOABI HA
IU1aHeTe, u3MeHeHue rpaduka GopMupoBaHMsl HIUKIOHOB U aHTULMKIIOHOB U IyTeH UX MepecedyeHus -
9TH SIBJIEHUSI HAOJIOJAI0TCS yKE CEro/iHd Ha Hauel ranere. HensoexxHoe ycuiieHue ceicMUIecKoil u
BYJIKAHUYECKOM aKTUBHOCTH NMPUBEAET K BHIOPOCY B aTMochepy O0JIBIIOro KOJUYecTBa JUOKCHIA
Cepbl, B3aMMOJICHCTBHE KOTOPOTO C BJIAaroil BO3ayxa o0pa3yeT CepHYI0 KUCIIOTY — KUCIOTHBIE O0JIaKa.
VIMEHHO KUCIIOTHBIE JOXKIU IPEICTABISAIOT HAUOOIBIIYIO OMIACHOCTD JJIs1 OMOJIOTUYECKOM XKU3HH Ha
mranete. Co BPEMCHCM MHTCHCHUBHOCTD 3THUX NPOLCCCOB 6YI[eT TOJIBKO ITOBHIIIIATHCA. O‘-IGBI/IZIHO, qTo0
Ha 3TOM 3Talle 3BOJIIOLIMOHHOTO Mpoliecca (Ha TOM 3Talle 3BOJIIOLMN HaxoquTcsa Benepa)
Ouosornyeckas *Ku3Hb Ha IUIAaHETE TPeKpalaeT cBo¢ cyniecTBoBanue. JanbHeiiiee MoBbIICHHE
TeMIIepaTypbl KOPbl YCKOPUT IIPOLECC TPAHCMYTALMU 3JIEMEHTOB c(ephl 10 aTOMOB BOJIOPO/a, I'eIusl.
Ha nebockioHe 3axoKeTcst HoBas MoJIo/1as 3B€3/1a, B CIIEKTPE U3Iy4eHUsI KOTOpoil OynyT npeolianaTh
JMHUU YTIIepo/a, xenesa, 6apus, Mapranua. E€ Oyayiee Tak xe npeapeneso — 3T0 HeWTpoHHas
3Be3/1a, KOTOpasi He M3JIy4YaeT B BUIUMOM JIMana3oHe JJIUH BOJH. BEKTOp 9BONIONNY TIIAaHET
CoutHe4HO cuCTeMbl HalpaBJIeH K LEHTPY, 4TO U ompeenseT Mapc kak Haubosee NpuOPUTETHYIO
00J1aCTh HCCIIE0BAHMUS.

10. MepcnexTuBa. OCHOBHOI BKJIA/ B IOBHIIIEHHE TEMIIEPATYPhI KOPHI IIAHETHI OKA3bIBAIOT
BHYTpEHHUE npouecchl. [Ipennonaras npsmMyro cBA3b MEX/y 04aroBbIMU 3€MJIETPSICEHUSIMH U
B3pBIBAMHU METaHa B ITyOOKMX 3aJIeTaHMsIX, MBI BBIHYX/IEHBI OyIeM IPOBOIUTH pa3padoTKy U
IKCIUTyaTalUIo TIIyOOKHUX He(TEra3oBbIX MECTOPOXKIEHHUH BO H30exkaHNe MacITaOHBIX TPUPOTHBIX
KaTacTpod maxke B TOM CIIydae, €CIIi YeJIOBEYECTBO ITOJIHOCTHIO MEPEiIET Ha anbTepHATUBHYIO
9HepreTuky. BozHukaromnuye npu 3ToM 3K0JI0OTH4ecKre Mpo0IeMbl, XOTS U ABJSIOTCS BaXXHBIMH, HO BCE
e UMEIOT BTOpOCTENIeHHOe 3HaueHne. K coxkaneHnto, ceroiHsi JOMHHUPYET HHOE MHEHHE.

OrpaHuyeHHOe BpeMsl CyIIECTBOBAHUS OMOJIOTMUECKON )KU3HM Ha IJIaHEeTe aKIIEHTUPYET BHUMaHKE
TEXHOJIOTUYECKN Pa3BUTOM IMBIIIM3AIIMN HA MTOUCK HOBBIX TUTAaHET B 00MTaeMoii 30He. B oTnensHo
B3STOM 3BE3/IHOI cucTeMe He MOKET OBITh IJIAaHET C MICHTUYHBIMU (PU3UKO-XUMHUYECKHUMHU
napaMeTpamH, €Ciii, KOHEYHO, OHU He BpallatoTcs 1o ojHoi opoute. [Tomumo co3ganus Ha qpyroit
ruiaHeTe 6a3 JUIsi KOMIAKTHOTO MPOKUBAaHM, OCHOBHOH 33/1a4eil KOJIOHUCTOB OyJeT TeppapOpMUHT U
BOCIPOM3BOJICTBO UCKYCCTBEHHO MYTHPOBAHHOM pa3yMHOM GOpMbI KHU3HU (110 00pa3y 1 mo 10010
CBOEMY) IPUMEHHUTEIBHO K HOBBIM YCJIOBHUSIM CyIllecTBOBaHUA. Ha JaHHBIM MOMEHT HM OJlHA U3
THITOTE3 O 3aPOKJICHUN Pa3yMHON (OPMBI )KU3HU Ha 3eMJie Wi IPUBHECEHHS €€ 13 BHE HE NMEeT
JIOCTAaTOYHO HAAEKHOTO IKCIIEPUMEHTAIBHOTO MTOJITBEPKACHUS, IPEANOYTEHNE OJJHOM U3 HUX HOCUT



BO MHOTOM CYyOBEKTUBHBIN xapakTep. O4eBUIHOCTD TAKOTO MYTH Pa3BUTHS [IUBIIIN3AINN 3aCTABIISCT
Hac 00paTUTh BHUMaHUE Ha MacIITaOHbIE COOPYKEHUS Ha HaIleH MIaHeTe, pecieayemMas 1ellb U
TEXHOJIOTHS U3TOTOBJICHUSI KOTOPBIX HE UMEIOT OOBSICHEHUS M HE COOTBETCTBYIOT O(hUIIHATHLHON
ucropud. K takum coopyxenusim otHocaTca: CToyHxeHpk, Mauy-IIukuy, erunerckue nupaMuibl,
reoridel Ha maTo Hacka u [Manena. 1 Benb Toru4ecky cOBCEM HE HCKITFOUEHA BO3MOKHOCTH TOTO,
yto Moau octpoBa [lacxu (0. Pama-Hyn) wim «cMoTpsitre B HeO60» - 3TO TaHb MaMITH 00 YIS
IUBWINM3AIMU. XOTSI SIBHBIX CBUJIETEIBCTB B MOJIB3Y ATOTO MaJIO, BEPOSITHOCTh CIPABEIJTUBOCTH
JJAHHOTO MHEHHUSI OYEHb BBICOKA. A TENEPhb YK€ U Mbl C THTEPECOM U HAJEXKA0M CMOTpUM Ha Mapc u
HekoTopsle ciyTHUKY FOnuTepa u CatypHa. Croxxuiiach napajgokcaibHasi CUTyalusi: OTKPBITO
IIPEANOJI0KNUT, YTO HAC CO3JaJI1, HE PUCKHET HU OJMH CEPbE3HBII yUEHBIH, TEM HE MEHEE,
OOJIBIIMHCTBO U3 HUX CIIOKOWHO JIOMYCKAIOT, YTO UMEHHO 3TUM HaM MPUAETCS 3aHUMATHCS Ha IPYroi
IIJIaHETE.

3akiaroyenue. Cyneprno3unus pasIuHbIX 10 CBOEH MIPUPOAE U IPOAOKUTEIBHOCTH
OCHOBOITOJIATAIONINX (PU3UUECKUX MPOIIECCOB BO BeesleHHOM OnpeeNsiioT CpeIHIOI0 TEMIIEpaTypy U
XMMHUYECKHH COCTaB MOBEPXHOCTH HEOECHBIX OOBEKTOB, B TOM YUCIIE - U 36MHOW IIOBEPXHOCTH.
[TocTeneHHoe yBeMUEeHNE TEMITEpATyphl HA IOBEPXHOCTH IUIAHET SIBJISETCS CIIEICTBUEM
3BOJIIOLIMOHHOTO NPOLIECCa U HOCUT YIOPSAOYEHHBIM U HEYKJIIOHHBIN XapaKTep: 3TO — HEJIMHEWHBIN
JE€TEPMUHUPOBAHHBIIN 3KCIIOHEHIIMAIbHO-KOPPEIMPOBaHHbIH npouecc. CiaydaiiHble BHEIIHUE TOMEXU
(Hamp., TEXHOI€HHOT'O CBOWCTBA) MCKAXKAIOT TPACKTOPHIO MPOLIECCa U MPUAAIOT EMY BUJL
cToxacTuueckoro. TeMm He MeHee, TeIUI0Bask CMEPTH IIJIaHEThl HEU30€KHA U HUKAKOM aJbTepHATHUBbI
TOMY MHEHMIO Ha JIaHHBI MOMEHT He cyllecTByeT. bikaiiimuM npoobpa3zoM kiumara 3emin
ABJISIETCS KJIUMaT BeHepbl. MBI HE CMOKEM CIIACTH CBOIO IUIAHETY, HO IOIIBITAThCS COXPAHUTh
Oyayiee nuBUIM3ay B npezenax ColHEYHOM CUCTEMBI — Halll JIOJAT. Y Hac HeT BpeMeHU Ha 00prOy
C TOCIIOACTBYIOLIMMU TEOPUSAMHU, MBI JOJKHBI TPAaMOTHO HCIIOJIb30BaTh HAYYHBIN TOTEHIMAI U
(uHAHCHI JUIs pelIeHus TTIaBHOM 3a/1a4M yenoBeyecTBa. IMEHHO B 3TOM, Ha MOH B3I, U
3aKJII0YAETCSl CMBICII CYLIECTBOBAHUS HAPO/1a, HALIMK, IUBWIA3ALMU HA JAHHBIA KOPOTKUN
UCTOPUYECKUM MTEPUOL.

Uro ke xacaercs [lapmkckux coriameHuid mo 60pp0e ¢ “3BMEHEHHEM KIIMMaTa, TO 9TO —
9KOJIOTMYECKas IPOrpaMMa U €€ CBsI3b C KJIMMAaToJIOTMEel BecbMa U BecbMa yciioBHa. [TonMeHna atux
MOHSTUH b MPUOIMIKAeT HAaC K HEMUHYEMOM KaTacTpode.

Boipaxkenue 0s1arogapHocTH. ABTOp BbIpaXkaeT Npu3HaTenbHOCTh A.A. I'pumiaeBy u A.C. UyeBy 3a
oOcyxieHue paboThl U MOJIE3HbIE 3aMEUaHMSL.
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