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AHHoTauus. [Ipu3HaHue TEXHOTEHHON SMUCCUU AUOKCH/IA YTIIEpoaa IPUIHHOMN I100aIbHOTro
MOTEIIEHUS] OCHOBAHO Ha COLMAIIbHOM KOHCEHCYCE, a OTHIOAb HE HA CTPOTOM JI0Ka3aTEIbCTBE, YTO
MO3BOJISICT BEChMa CKENITUYECKH OTHOCUTCS K KOPPEKTHOCTH MOJA0OHOTO YTBEepKIeHHs. TeXHOTeHHbIH
(bakTop npeacTaBiIAeT MHTEPEC AT SKOJIOTUH, HO (pU3HUecKas KIMMaTOJIOI | - HayKa Has. [IoHATh
CKPBITBIC MEXaHU3MBI IIPUPOJIBI, CBSA3aTh pa3pO3HEHHBIC HAOIIOIaeMbIC SBJICHUS B SAMHYIO KApTUHY
Mupo3aanus, onpeaeauTh Hallle MeECTO BO BeceneHHOM 1 peonpeiesinTh cBOE Oyaylee — BOT Lieb U
3a/1a4a JAaHHOT'O MCCIIEJOBAHUS.

KiroueBrble cjioBa: TEMHas MaTepus, IPUPOIA TPAaBUTALIUH, DBOJIIOLMS IUIAHET, KIIMMAT.

BBenenne. OcHoBormoaraiomniee yTBepkKJaeHue «MaTepus MepBUYHA», C TOUKH 3PEHUS YHUCTON
abCTpaKTHOW MaTeMaTHKHU — IIEPBOOOpa3Hasi, MO3BOJISIET HHTEPIPETHPOBATH PUINIECKOE
MIPOCTPAHCTBO KaK pacrpesiesieHne MaTepuu Mo TpEM OpTOTOHAIbHBIM HANIPaBJICHUSM, a BpeMsl — Kak
napameTp KHHeMaTuku. To ecTh MPOCTPaHCTBO MPECTABIsET COO0H OTHOPOHOE CKalIsipHOE nosie. 1
B 9TOM CMBICJIE «3aMOPOKEHHOE) CKAISIPHOE 0JIE MOXKHO CUMTATh PErepHON TOUKOM 0T4YETa B
HBOJIIOIIUH MAaTepUH WM HA4aJbHBIM cocTosiHMeM Beenennoii. He nHapymas npuHimna OpuTBbI
Oxkama, BBeJIEM UCXOHbBIE TapaMeTphl MOJS U CPOPMYITUPYEM HEKOTOPHI MUHUMYM aKCHOM.

Bbo1enuB mpon3BONIbHO HEKYIO 00JIaCTh MOJIS M IPUIAB €M CTaTyC eqMHUYHOM, ITOJIy4aeM J1Ba
B3aMMOCONPSKEHHBIX 3TAJIOHA — STAJIOH MAcChl B €€ KJIIaCCHYEeCKOW MHTEpIpEeTallK KaK KOJIMYecTBa
MaTepHH U Pa3MEPHOCTH STAIOHA MAcChl WIIM ATAJIOH €AWHUIIBI ATHHBI ((hru3ndeckas eAMHULA JIUTHHBI).
I[Tpu TakOM MOAXO/IE K BEIOOPY BEIHUYHMH CYOCTaHIIMOHAIBHAS TPOU3BOIHAs TI0THOCTH (Op/Jt) paBHA
HYJI0. 3aKOH COXPaHEHHs UMIYJIbCa CTAHOBUTCS €AMHCTBEHHO BO3MOXKHOM hopmymoii miist
oTpesieNIeHUs] YUCICHHOTO 3HAYEHUS MacChl: HHepLus — Mepa Macchl. CKOPOCTh pacpOCTpaHEHUs
AJIEKTPOMAarHUTHOM BOJIHBI B U30TPOIHOM CKaJISIPHOM I0JI€ MOAYMUHAETCS IPUHLUITY CTAallMOHAPHOCTU
JEHCTBUS - 32 paBHbIE HHTEPBAJIbI BpEMEHH BO3MYIIAETCS PaBHOE KOJIMYECTBO MaTEPUH - U TIONAAaET
noJ1 ornpeaeneHne GpyHraMeHTaIbHON (PU3MUECKOM KOHCTAHTHI: HE 3aBUCUT OT HAIIPABICHHUS, CPEIbI
pacnpocTpaHEeHHUs! U CKOPOCTHU ABMKCHUS HCTOYHUKA U3NTydyeHUsl. EMMHCTBEHHOCTD peleHus B
BbIOOpE MCXOHBIX MTAPAMETPOB IOJIS JAET OCHOBAHUE YTBEPIKIATh, YTO H30TPOIUS (PU3HUECKOTO
MIPOCTPAHCTBA SABISETCS (QyHIaMEHTAIbHBIM CBOMCTBOM MaTepHHU.

DBOIIOLUS CKAISPHOTO TOJIS ¢ 00pa30BaHUEM CTPYKTYpbI HabmoqaeMoil Beenennoii B cuiry
€IMHCTBEHHOCTH MapaMeTpa CBsizaHa ¢ QUIyKTyalllei equHUIbI JUIMHBI (pa3Mepa 3TaloHa MacChl)
OTHOCHUTEJIBHO MEPBOHAYAIBHOTO (3aMOPOKEHHOT0) 3HaYeHUs. OTHAKO B OOLIETIPHUHSTOM
METPUUYECKOI cucTeMe eAMHUIL eUHHIIA JUTMHBI OIpeiessieTcs Kak He3aBucuMas (PUKCHpOBaHHAsS
BEJIMYMHA. JTO - TEXHUYECKAs €IMHULA AJIUHBL. DBOJIIOLMS MOJIS B METPUUYECKON CUCTEME €TUHUL]
CBsI3aHa YK€ He ¢ (QIyKTyaruei eIMHUIBI UTMHBL, a ¢ QIIYKTyalre mIoTHOCTH. Pe3kuil ckadok
IJIOTHOCTH HA OTPAHUYEHHOM YUYacTKE I0JISl MOYKET BO3HUKHYTh TOJIBKO B PE3YJIbTATE HEITMHEHHOTO
B3aMMO/ICHCTBHS BOJIH C 00pa30BaHNUEM YCTOMUMBBIX BOJHOBBIX MMAKETOB, KOTOPbHIE CIEAYET
OTOKIECTBIIATH KaK 3J€eMEHTapHbIe YacTHLbl. JlanbpHeiee pa3BuTHe (QIyKTyaluii IpUBOIUT K
00pa30BaHMIO CTPYKTYp Oosiee BEICOKOTO mopsaka. CTpyKTypHbIE 00BEKThI BOJIHOBOM MPUPOIbI
SBIISIIOTCS] ICTOYHUKOM BTOPHYHBIX BOJIH, YTO U TPEIONPEACIIeT SHepreTHuecKuii pox
OKPY’KaIOIIETo MPOCTPAHCTBA («PEITUKTOBBIIN (POH).

OueBuAHO, YTO PU3NUECKAs U TEXHUYECKAs €MHULIBI JUTMHBI — JJTMHBI pa3HbIe U COOTHOIICHHE
MEX1Yy HUIMH MOXET OBITh MTPOU3BOJIBHO 00NbIINM. VI3BECTHO, UTO B METPUUECKON CUCTEME €AMHMUIL B
HEOJJMHAKOBBIX 10 TNIOTHOCTHU ONTHYECKUX CpeJax BEJIMYMHA CKOPOCTH CBeTa pasianyHa. OOpaTum
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BHUMaHue Ha ypaBHenue [Tyaccona (Ap = —4nGp) u yutém, uto grad ¢(r) = 1/r- 3nech: @ -
MIOTEHLIMAJ TPAaBUTALIMOHHOTO I0JISL, P — JIOKAJIbHAsI IJIOTHOCTH IOJISL, [ — PACCTOSIHUE 1O MHULIMATOpa
nosig. OTcroa cienyeT yTBEepKAECHHUE - B METPUUYECKOM cCTeME OTYETa CKOPOCTh CBETA B BAKyyMe
BEJIMYMHOM IMOCTOSIHHOM OBITh HE MOXKET. BaykHO €€ U To, 4TO B cXeMe MOCTPOSHUSI MOJIENN
HEJIMHENHON BeeneHHon pa3aennars MacCy Ha HHEPTHYIO M TPaBUTALIMOHHYIO HE NIPECTaBIIsAETCS
BO3MOXKHBIM, a C Y4ETOM IVIABEHCTBYIOLIEH POJIM 3aKOHA COXPAHECHUS UMITYJIbCA MHEPLUAIbHbBIE
CHCTEMBI OTYETA TEPSIOT (PU3NUECKUil cMbIci. Ha mepBblii TU1aH BRICTYNAET OapUIICHTPHYECKas
cucrema koopauHat (0OXyz) ¢ Ha4ajaoM B LEHTpE Macc Tel. Ecim pasMeTHTh MpOCTPaHCTBEHHBIE OCH
KOOPJIMHAT C TIOMOIIBI0 (PH3HUECKON eqMHUIIBI IUIHHEL, Te [ = f (), moiaydaem aGCOIOTHYIO
cuctemy orcuéra (ACO), B KOTOpOH CKOPOCTh CBETA MPEICTaBIICHA KaK MOJIHOIICHHAS
¢dbyHaamMeHTanbHas GU3NUECKasi KOHCTAHTA.

1. Cy6cTaHIMOHAIBHOCTD NPOCTPAHCTBA. ,,C TOUKHU 3pEHUSI CTATUCTUYECKON TEPMOJIUHAMUKH,
CTaBIIasl KJIACCUUYECKON (hpa3a «...MaTepus CyLIECTBYET B BUJE BEIIECTBA U B (hopMe MOJEH. .. » He
ABIIAETCS COJEPKATENbHBIM OllpeieeHueM . bonee KOHCTPYKTUBHBIM SIBIISIETCS JPYTO€ ONpEAEICHUE:
,»Marepus CylecTByeT B BUAE YaCTHI] (AMCCUNIATUBHOM CTPYKTYPBHI), SIBJISIFOILUXCS MOJCUCTEMaMH €
TOYKHU 3pCHUS MAKpO, U CUCTEMaMH, C TOUYKH 3pEHHUSI MUKPO. AHCaMOIIb TIOACUCTEM,
c(OpMHPOBABIINI B JAHHOM 00J1aCTH MPOCTPAHCTBA HA JAHHOM IIPOMEKYTKE BPEMEHHU «HACTHUILY»,
CTaHOBHTCS aHMU30TPOIHBIM M BHE 3TOM 00J1aCTH, I71€ U3MEHSIOTCS €r0 JIOKAJIBHBIE «CPETHUE)
XapaKTePUCTUKH. Pa3aruHble TUIIBI aHU30TPOINH, BKIIIOYAsi aHU30TPOINIO GYHKIUN pacipeaeIcHUs
KBa3MUYaCTHII, 00YCJIaBIMBAIOT COCTOSIHUE aHCaMOJIsl, KOTOPBIE CIIEYyeT Ha3bIBaTh MOJISIMU. B 3TOM
CMBICJI€ TIOJISl — BELLIECTBEHHBI, TAK KaK BEIIECTBEHHbI UX HOCUTENH (MMEIOT (GOPMY U COEpIKaHKE) —
noacucteMsr” [1]. TToist mpoOSIBIISIIOTCS 110 UX CHIIOBOMY BO3ACHCTBHIO M XapaKTEPHU3YIOTCsI, KaK
IIPABUJIO, IBYMsI TapaMeTpaMu — IOTEHIMAIOM U HapsEHHOCTHIO. [loTeHIMan rpaBUTaliuOHHOTO
I10JI1 MO’KHO MHTEPIIPETUPOBATH B TEPMUHAX IIOTHOCTH 1OJIs. [laHHBIN BBIBOJ CIIEAYET U3 YPAaBHEHHUS
ITyaccona. Belmie oTMe4anock, 4To M3MEHEHHE INIOTHOCTH TOJIsI CBA3aHO ¢ BO3MYIIEHUEM MAaTEpUU
BOJHOBOrO XapakTepa. O0Ilee ypaBHEHHE SHEPIUM BOJIHBI uMeeT BuA E = pA%w? /2 tae: p-
IUIOTHOCTb Cpeibl, A U @ - aMIUIUTYJa U yIiIoBas yacToTa BosiHbl. CIIMBas ABa ypaBHEHMS,
MPUXOJUM K BBIBOJY: OTEHIIMAJ IPABUTALIMOHHOIO MO (CKAJIIpHAs BEJIMYMHA) ONPEaeIIseT
SHEPTHIO (QIYKTYalMH TUIOTHOCTH CPEJIbI C YTIIOBOM YacTOTON M aMILUTUTYIOM, 3aBUCSIIANA OT
IIPOCTPAHCTBEHHOMN KOOPAMHATHI I, /1€ I - pacCTOSHUE OT UCTOYHUKA IPAaBUTALMOHHOTIO 11015, BEpHEE
- OT reHepaTopa OCLMUIINMNA. B 1aHHOM cityuae peub UAET O CTATUCTUYECKHU 3aBUCUMBIX HIIU
KOPPEIUPOBAHHBIX IPYT C IPYrOM IapaMeTpax Cpebl.

OTKpBITHE MUKPOBOJIHOBOT'O KOCMHYECKOTO M3myueHus ¢ temreparypoit 2,7 K (A.Ilensuac, P.
Bunbcon 1965 r.) siBiisieTcst BAXKHBIM MOATBEPKICHUEM, MPEX/IE BCET0, CyOCTaHIIMOHATIEHOCTH
IIPOCTpaHCTBA. MaTtepusi IpOCTPaHCTBA WU MOJIS (CKPbITas MaTepHsi), HE U3ITy4YaeT U He OTPpaXKkaeT
CBET, HO IIPU 3TOM SBIISICTCS MIPOBOJIAIICH CPEAOH sl BOIHOBBIX IporieccoB. CyOCTaHIIMOHAIBHOCTD
IIPOCTPAHCTBA B METPUUECKON CUCTEME €IMHMUII IIPEIOIaraeT 3aBUCUMOCTb CKOPOCTH
pacnpoCTpaHEHUs 3JIEKTPOMAarHUTHON BOJIHBI OT INIOTHOCTH CPEABI, TO €CTh OT BEJIMYUHBI
HOTeHIHaa rpaButannoHHoro noiis (¢ = f(¢)). Ilpenomienue jiyda cBeTa rpaBUTANHOHHBIM ITOJIEM
Conana (3¢ dexT CTEeKITHHON JIMH3BI), HEOObSICHUMAs 33JIepKKa OTPaXEHHOTO CUTHATIA,
Ha0mroAaeMas B 9KCIIEpUMEHTAxX NP paJHoJIOKalMK IulaHeT BOIM3H nosepxHoctu CosHIa, 4acTo
PETUCTPUPYEMOE IIPEBBILIIEHUE CKOPOCTH CBETA B KCIIEPUMEHTAX HA KBAHTOBBIX YCHUIIMTEISAX
MOJTBEPXKAAIOT JaHHOE IpeAnosoxenue. M, kak cieicTBue, He0KUIaHHbIN BBIBOJ - Mbl HaOII01aeM
peasibHy10 BeeneHHyto, a He €€ MICTOPUYECKOE MPOILIIOE.

2. IIpouecc caMmoopraHu3anuu MaTepuu (Teoperuyeckoe nocrpoenue). C yu€rom Toro, 4To aToM
KaK CTPYKTypa BecbMa ObICTPO pa3pylIaeTcs, €CTh BCE OCHOBAHUS 0XKHUAATh YCTONYUBBIN
KOMITEHCATOPHBIHN MPOLECC pOKACHUS CTPYKTYpHOU MaTepun. PoxaeHune 371eKTpOH-TTIO3UTPOHHBIX Map
(e- ") u3 BakyyMa HaAGIIIOIAETCS TIPU B3aMMOJIEHCTBHUH Y — KBAHTOB C TIOJIEM s/Ipa, IPH
B3aUMOJICHICTBUU BCTPEYHBIX JIA3EPHBIX IIyYKOB, IIPU HYKJIOH-HYKJIOHHBIX WU SICPHBIX
CTOJIKHOBEHUSIX U MPEJICTaBIsIeT 0coObIi mHTEpec. Ha BeposTHOCTH 00pa3oBaHUsl 3JIEKTPOH-



MIO3UTPOHHBIX AP TP YBEIMUYCHUU ITapaMeTpoB mouis ykasbiBai xynuan [Isunrep (J.Schwinger).
OH 00HapyKKJI 3aBHCUMOCTh HHTEHCUBHOCTH reHepanuu nap ot HanpsukéanoctH moiist (E). Dddexr
PO’KIEHHS TIap CTAHOBHUTCS 3aMeTHBIM npH Exp = 10%° B/cm. B mponecce yBenmdenus napaMeTpos
1oJIs1 HaOII01aeTCs MOPOTrOBbIi AP (deKT Miu (a30BbIi Mepexo/] MepBoro pojaa Moo Mo 4acTore, IO
10 HHTEHCUBHOCTH. VI3 MpOCMOTpa COOTBETCTBYIONMX HaydHbIX myoaukanuit ([2], [3], [4]) MmoxkHO
MPEUIOKUTH CIEAYIOIIYIO cXeMy (JOPMHUPOBAHUS CTPYKTYPHOU MaTepHH.

HeoOxoauMbIM ycrioBHEM MOJISPU3ALIH CPEABI SBISETCS HaJMUKUe BHEITHETO BHICOKOYACTOTHOTO
MCTOYHMKA KosieOaHuid. TakuM MpUpOAHBIM UCTOYHHUKOM SIBISETCS HEUTPOHHO-U30BITOUHOE PO WIH
HEUTpOHHOE s11p0. HEUTpOHHOE A1pO MM KBAaHTOBBIM OCHUJIISATOP KOTEPEHTHOI'O COCTOSHUS
M3ITy4aeT Kak B BBICOKOYACTOTHOM CIIEKTpE (M3JIy4eHUE «KOMILICKTYIOIIHNX» SApa — HEUTPOHOB U
IPOTOHOB Ha YaCTOTaX (Wy ) U (Wp)), TaK U B HU3KOYACTOTHOM CIIEKTPE, TI€ AJUHA BOJIHbBI U3Iy4EHHS
CpaBHHMMA C pa3MEPOM CaMoro sifipa. Y CTOWYMBOE HU3KOYACTOTHOE M3ITydeHHE (W3) CBSI3aHO C
BpallleHHUEM Sipa, KOTOPOE BO3HUKAET B PE3yIbTaTe CUHXPOHU3AIMU UCXOIHBIX KOJeOaHuH.
Konebanus Ha yactorax (wy, ) ¥ (wp) MOPOKAAIOT B CUCTEME KOJIEOaHNE HA KPATHOM
KOMOMHHPOBaHHOMH yactote (jws): w, + W, = jws rae j =1,2,3, ... (ycnoBue pe3oHaHca WM
cuHXpoHU3Ma). Cie0BaTeNbHO, BpALIeHHe HEUTPOHHOTO S1pa He POU3BOJIBHO, a IPEIOPEaLIIAeTCS
PEKMMOM CHHXPOHU3AIMH C TOCTABIIUKOM 3HEpruu. [Ipu BICOKOYAaCTOTHOM BHEIITHEM BO3ACHCTBUU
B CIUIOITHOW Cpefie C TUCTIePCHEN U TUCCHUIIAMEe BOZHUKAIOT CPepHUUECKU CUMMETPUYHbIE
(OTHOCHUTENBHO Apa) FKBUIUCTAHTHBIE 30HBI IepopManiiy cpeibl BOJHOBOTO XapakTepa ¢
JTMCKPETHBIM M PAaBHOMEPHO pacipeaeiéHHbIM Ha0opoM 3HaueHu# suepruid. [Ipu pasnoctu yactor
U3JTy4eHUsl HyKJIOHOB Ha OTpaHMUYEHHBIX MHTEpPBaiaxX MPOCTPAHCTBA BO3HUKAET CBS3AHHBIN PEXKUM
KosiebaHui, OJM3KHUI K CTAllMOHAPHOMY — aMIUTUTYIHO-MOyIupoBaHHoe kojiebanune (AMK) c
yIJI0BOM Monynsuuen. B pesynpTupytomniem IBHKEeHUH ¢ K03()PUIIMEHTOM MOAYISIINN PaBHOM
enunuiie AMK npezacrasisier co00i XapakTepHOE YepejOBaHUE Y3JI0B U IIyYHOCTEH MU
MOCJIeI0BATEIHHOCTh BOJIHOBBIX MTAKETOB MEPUOJIUYHBIX C IEPUOIOM TT. AKTHUBHAs UM PE30HAHCHAS
00J1acTh XapakTepuzyeTcs HenbM yrcioM BosiH AMK, ykiiagpiBaeMbIX 10 9KBAaTOpY CheEphI.
KonnuecTBo pe3oHaHCHBIX 30H HAXOIUTCS B MPSMOI 3aBUCMOCTH OT MaccChl SApa, 4To U
00ycIoBIMBaeT BcE MHOTOOOpa3ue 3eMeHTOB Tabnuilkl MeHeneeBa. Paznudasce mo macce,
HEHUTPOHHOE PO OCTAETCS KBAHTOBBIM OCHUIUISITOPOM KOT€PEHTHOTO cocTosiHUS. [Ipon3Benenue
HEOIpeIeIEHHOCTEH KOOPAMHATHI M UMITYJIbCa TPUHUMAIOT MUHUMAJIEHO BO3MOYKHOE B paMKax
COOTHOIICHUSI HeonpeAeIEHHOCTel 3HaueHue: Ax - Ap = h/2. B aToM ciiydae, paclpoCcTpaHeHUE
MOIIHBIX KOT€PEHTHBIX UMITYJIbCOB B PE30HAHCHO-TIOTJIOIIAOLIEN CPEE CONIPOBOXKIAETCS
COJTUTOHHBIMU 3(pdexTamu, T. €. BonHOBbIe akeTbl AMK He pacruibIBatoTcs, a UX IIEHTP ABHKETCS 110
KJIACCUYECKOU TpaeKTopuu. HennHelHoe B3auMoIeCTBUE TAPMOHUYECKUX BOJIH, CTPYIIIMPOBAHHBIX
B [TAKEThI, 0OHAPYKUBAET MOBEJICHUE, POJIHALIEE UX C YACTHIIAMHU: JIOKAIIU30BAHbI B KOHEUHOM
00J1aCTH, IEPEHOCAT SHEPTUI0 U UMITYJIbC, 00Pa30BbIBAIOT CBA3aHHBIE COCTOSHUS, OObEIUHSIIOTCS B
KOJUIEKTHUBBI (aHCAaMOJIN), COXPaHSIOT CBOIO CTPYKTYPY MpH B3auMozeicTBusaX. be3 npuBHeceHus
BHEIIHUX MPEINOCHIIOK, OJIOXKHUB B OCHOBY OOBSICHEHHUS 3apsi/ia YaCTULIBI Pa3HOCTh (a3 coOCTBEHHOM
YaCTOThI BOJIHOBBIX [TAKETOB HA TT, CTAHOBUTCS BO3MOXKHBIM OTOXKJIECTBUTH YCTOWYHBBIC BOJTHOBBIC
MaKeThl C OIMHAKOBBIMHU 3HAUEHHUSIMUA MacChl U CIIMHA, HO C MPOTHUBO(}A3HOM YyacToToi OneHwuid, ¢
AJIEMEHTAPHBIMU YaCTUI[AMH — JIEKTPOHOM U TIO3UTPOHOM. VIMEHHO 3TH YaCTULIBI POKIAIOTCS U3
BaKyyMa M pacraaaroTcs Ha (POTOHBI, IPU OJJMHAKOBOW Macce OHU SIBJISIFOTCS HOCUTENSIMU €TUHUYHBIX
Pa3HOMMEHHBIX 3apSAI0B U TOJIBKO 3TH YaCTHIIBI MOTYT MIPETEHI0BATh Ha POJb (PyHIaMEHTAIbHBIX
COCTABIISIOLINX HYKJIOHOB. Takas MOEIb CTPOSHHS aTOMa MOXET Pa3peIIuTh Pl MpodieM:
po0JieMy CBOOOIHBIX AJIEKTPOHOB MPHU OOBICHEHUH YJIEKTPUUECKOTO TOKA, TPOOIeMy U3ITydeHUS
3JIEKTPOHA TPH €r0 «BPAILEHUI» BOKPYT sIIpa, HO3UTPOHHYIO SMHUCCHUIO, TPoOIeMy” IBIPOK” B
MOJIYTIPOBOJIHUKAX P — THUIIAa U KapAWHAIbHO U3MEHUTH Hallle IPEJICTABICHHUE O CTPYKTYpE
XUMUYECKOU CBSI3H (MMEETCsI BBHIY €™~ €' B3aUMOJICHCTBHE).

[IpeBbIneHns: MacChl HEUTPOHHOTO S/Ipa HEKOW MOPOTOBOM BETMYMHBI BEIET K HOBBIM 3 dhexTam
CBSI3aHHOT'O COCTOSIHUS. PsT mocne[0BaTeNbHBIX JIOKAIBHBIX MpeBpalieHuii (GopMupoBaHue U pa3pbiB
AMK Ha otnenpHbBIE (parMeHTHI, CTOXACTU3AIMS BOJIHOBOTO OISl M POKJICHHE HOBBIX COCTOSIHUM



paBHOBecHs ¢ (POPMUPOBAHUEM YCTOWUMBBIX aHCAMOJIel BOTHOBBIX MAKETOB (3JIEKTPOHOB U
MO3UTPOHOB)) IPUBOJUT K BOSHUKHOBEHHUIO YCTOMUYMBOTO BO BPEMEHU JIOKAJTM30BAaHHOTO B
OKPECTHOCTH HEUTPOHHOTO pa MpoLiecca poKIeHUs HyKJIOHOB. [Ipu 3TOM Macca HEMTPOHHOIO sapa
OyZeT MOHOTOHHO YBEJIIMYUBATHCSI.

B npennaraemoii Moenu HyKJIOHBI IPEACTABICHBI B BUAE CBI3AHHBIX COCTOSIHUM 3JIEMEHTapPHBIX
YaCcTHI] - 3JIEKTPOHOB U MO3UTPOHOB, C Pa3JIMUMEM I10 YHCITy YaCTHIl B CUCTEME Ha eInHUIlY. Pacran
HEHUTpOHA UJIET C CaMOTO YS3BUMOTO IMOBEPXHOCTHOTO ciiosi. [Ipu Oera-pacrane HEUTPOH TepsieT
MOBEPXHOCTHBIN 0OMETAIOIINI JIEKTPOH U MIPEBPAIIAETCS B IPOTOH C OBEPXHOCTHBIM IMO3UTPOHHBIM
cioeM. [Ipu 3TomM 00pa3yercst 3JeKTPOH U SJIEKTPOHHOE aHTUHEUTPUHO — YACTULIA C SHEPTUEH,
COOTBETCTBYIOIIEH SHEPTUU CBA3U MEXKAY JIEKTPOHOM U MO3UTPOHOM. T0O €CTh HEUTPUHO CIEyEeT
CUHUTATh MAallOPAaHOBOM YaCTHUIIEH C HUYTOKHOW Maccoil U COOCTBEHHOU YacTOTOM OMeHUH Kak
MUHHMYM B JIBYX BapraHTaxX — B (pa3e u npotuBodaze. OxxumaeMplil pactaa mpoToHa — OeTa-IuTIoC-
pacraj] SKCIiepruMEeHTaIbHO He 0OHapyxeH. OJTHaKo MO3UTPOHHAs 3MuccHs Habmoaaercs. K npumepy,
HEKOTOpBIC N30TONHI (yriepos-11, kucnopoa-15) ucnyckarot nmo3utpoHsl. CortacHO MpeajiaraeMoit
MOJIENIN aToMa, HabJro1aemMasi MO3UTPOHHAS IMHUCCHUS HE CBSI3aHA C PACIIaJIOM SIEPHBIX POTOHOB.
[Ipu ntaHHOM MOAXO0JI€ K CTPOCHHUIO HYKJIOHOB, CYUUTATh HEUTPOH UCTUHHO HEUTPaATIbHON YacTULIEH
yke Helb3a. OH KOHCTPYKTUBHO JTOJKEH OBITh OTPHUIIATENBHO 3apsKEHHOM YaCTUIICH.

OtpunaTenbHbIN 3apsii HEUTPOHA — MPUHIIMITMAIIBHO BaXKHOE Ipeanoioxkenune. M atomy
€pEeTUYECKOMY IPEIIOI0KEHUIO €CTh BCE OCHOBaHUS. PaccMOTpuM IpocTeiime mpuMepsl.

JleiiTepnii — spo, cocTosiiee 13 poToHa i Heiftpona. D (p* n~) E casu = 2,2 M»B.

[Ipu TakoM oAX0/€ K CTPOEHHUIO YaCTHUL, MOKHO C YBEPEHHOCTBIO CKa3aTh, UYTO YCTOMYMBBIX s1IEP,
COCTOSIIIMX M3 IBYX MPOTOHOB (IMIIPOTOHA) WM ABYX HEHTPOHOB (IMHEUTPOH) B PUPOJAE HE TOIHKHO
CYLIECTBOBATh. DKCIEPUMEHTAILHO TaKHUE siipa HE OOHAPYKEHBI.

Tennit 3— *He (p" n™ p "), E ¢B.= 7, 72 M3B. CriuiHbI IPOTOHOB aHTUIAPAILICIBHBI.

Tpurnii —°T (N~ p* n7), E cB. = 8,48 MaB. ClIHHBI HEHTPOHOB TAK)Ke AHTHIIAPAJLICTBHEL.

B npuGIMKEHAN H30TOIMYECKOi HHBAPHAHTHOCTH SHepruu cBs3u B - T u B ° He JOIKHEI GbI ObITH
paBHbL. Ho oHM paznuynbl. [IpudrHa Takoro pa3imuyusi MOKET OOBICHITHCS TOJIBKO TEM, YTO HEUTPOH
SBJIIETCS. OTPULIATENILHOM YacTHIIeH ¢ ApOOHBIM (SKpaHUPOBAHHBIM) 3apsaoM. Benencreue yero

KYJIOHOBCKAsi SHEPTHs OTTATKMBAHUS B T MEXIy HeHTPOHAMH MEHbIIIE aHATOTMYHOMN SHepruu B - He
Mekay npoToHamu. Hanbomnee TouHbIe psiMble n3MepeHus 3apsaa HeiTpora (Qn) BBIOIHEHBI IO
OTKJIOHEHUIO ITYYKOB yJIbTPaXOJIOJHBIX HEUTPOHOB B 3JIEKTPOCTATHIECKOM 1oJie. OHU TIOKa3hIBAIOT:
Q. = 3-10"%'e rne e — 3apsax >nexTpoHa. HelfTpanbHbIi HEHTPOH CO CIMHOM %4, COTTIACHO
CranmapTHOI MoJieNid U ypaBHeHUs Jlupaka, He J0JDKeH 00J1a/1aTh MArHUTHBIM MOMEHTOM. OTHaKO
AKCIIEPUMEHT IO PACCESTHUIO ITyYKa HEUTPOHOB IMOKA3bIBAET, YTO HEUTPOH MMEET MarHUTHBI MOMEHT
¥ OH paBeH: W n = - 1,913... p n. Jlnist CpaBHEHMS, MATHUTHBI MOMEHT [IPOTOHA PABEH: Wy =
2,793 ... up.

[IpencraBieHHas MOACTH (GU3UKHU SJIEMEHTAPHBIX YACTHII O0JIee TPEANOYTUTENbHA K TPEOOBAHUIO
NEPBUYHOCTH U 3JIEMEHTAPHOCTH, XOPOIIIO COTIACyeTCs C paclaoM HEHTPOHa, OOBSCHSIET BOJTHOBBIC
cBoiicTBa yacTuIl (BoJiHbI e bpoiins), HaxoauTcs B oopMare eIUMHON MaTEepPHH.

3. 'paBuTanuonHoe B3aumoeiicrBue. 3aKoH TsaroreHust HproToHa siBnsieTcst
(eHOMEHOIOrMYECKIM 3aKOHOM: 3aKOHOMEPHOCTH U3MEHEHHUS TapaMeTPOB IpoIiecca ONpeaesiCHbl,
IIPUPOJA SBICHUS OCTAETCs HEN3BeCTHOU. He cymecTByeT oTBeTa M Ha BOIPOC O IPUYMHE BPALECHUS
IJ1aHeT. B 3TOM BoIlpoce NpUAEepKUBAIOTCS MHEHUS, BbICKa3aHHOT O eé ['amieem u HeroTroHOM.
CornacHo emy, ipu (GOPMHUPOBAHUY IIAHET UMITYJIbC HEM3BECTHOM MPUPO/IBI IPUAAT UM YyCTOMUNBOE
BpalarenbHoe ABMKeHne. CunTaercs, 4To 10 CUX IOp 3TO BPALLEHUE OCYIIECTBIISIETCS 110 MHEPLIUH.
Ho 3T0 Bcero auis BUAUMOCTD JIOTHYECKOTO 00BACHEHMS: HaOII0AaeMble KosleOaHus 0CEBOM 1
OpOUTAIBHOM CKOPOCTHU BpPAIICHUs 3eMJIM IPOCTO HE COBMECTHUMBI C TOHATUEM HHEPLUAIBHOTO
JBYOKCHMSI. 3alMIIEM YPaBHEHHE BHKCHUS B TAKOM BHJIE:

ap .

— av -
= =) iE=m PTEREC P — umnynbe Tena, V - CKopocTb.



IIpu paBeHCTBE HYJIHO0 BEKTOPHON CYMMBI CHJI CIIEYET: |ﬁ| U |I7| — KOHCTaHTAa, KaK 10 MOJYJI0, TaK U
10 HaIPaBJICHUIO. 3aKOH COXPAHEHUS UMITYJIbCa OOBSACHSET IPAMOJIMHEHHOE U PaBHOMEPHOE
IBIKEHUE. MHEHHUE 0 TOM, YTO OpOUTAbHOE BpaICHUE NIAHET MOYKHO OOBSICHUTh HHEPIIHEH,
HENb3s PACCMaTPHUBATh KaK PEAIMCTUYHOE. B npeayiaraeMoi MOJENN CUJIbl UHEPLIUH, B T. Y. U
LEHTPOOE)KHAS CHJIa, HE PACCMATPUBAIOTCS: 3TO MHUMBIE CHJIBI, KOTOPbIE HE BBHI3BIBAIOT YCKOPEHU.
['paBuTanimonHas nosjspusanys BakyyMa — KJIIF0UEBOM npolecc Bo Beenennoit. JIokann3oBaHHBIN B
IIPOCTPAHCTBE U YCTOWYUBBIA BO BPEMEHH IIPOLIECC POXKACHUS CTPYKTYPHOU MAaTEpUU B OKPECTHOCTH
HGPITpOHHOFO A7]pa THULIMUPYET MOTOK oI B 001acTh peakiuu. HanpskEHHOCTh TpaBUTALlMOHHOTO

T1OJISt (E ) -  BEKTOpHAs BENIMYMHA: E=F /m = a, rae F - cuna JABJICHUSI IOTOKA TOJISI HA TIPOOHYIO
Maccy m, a — yckopenue. Cle10BaTenbHo, HEHTPOHHO-U30BITOYHOE SAPO ABISETCS HEOTHEMIIEMOI 1
BaYKHOM COCTAaBJISIONIEH YacThIO 000N IpaBUTAIMOHHOMN CHCTEMBI (IIJIaHEeTa, 3Be3/1a, TaJJaKTHUKA).
MOHOTOHHBII POCT MacChl HEUTPOHHOTO si7pa SIBJIETCS HEOOpaTUMBIM TporieccoM. [Iporekanue B
JIOKAJIbHOM crcTeMe HeOOpaTUMBIX MPOLIECCOB OOBSICHSIET IBOJIIOLIMIO OTKPBITOM CHCTEMBI K Oolee
BBICOKUM (pOpMaM CIIOKHOCTU. YaCTUUHO POXKAEHHBIC HYKIOHBI OTJIOIMIAIOTCS MAaTEPUHCKUM
HEHUTPOHHBIM SPOM, JIpyras 4acTh HYKJIOHOB UJET Ha (popMHpOBaHUE aTOMapHO cpepbl BOKPYT
anpa. HelTpoH - 3axBaTHbIN npouecc (I — npouecc), JOKaIU30BaHHbIN B OKPECTHOCTU HEUTPOHHOIO
S71pa, SIBJSETCS OCHOBHBIM MCTOYHUKOM 3JIEMEHTOB BO BeenenHoil. CBsykeM CHITy TaBJICHUSI IOTOKA
1oJIsi Ha GApUOHHYIO0 MAaTEPHUIO C CUIION TATOTEHHSL.

Brlie orMedanoce, 4To reHepaToOpoOM HEHTPOCTPEMUTEIBHOTO OISl YCKOPEHUMN CITYKUT
HEUTPOHHOE AP0 0OBEKTA, U UTO BpALLICHHE HEUTPOHHOTO spa MPEAOIPEACTICTCS PEKIMOM
CUHXPOHHU3AIMH UCXOTHBIX Kosebanuii. CrieoBaTenbHO, 0CEBOE BpallleHUEe HEUTPOHHOTO si/ipa
Comnnna (Tutanet) OyeT 3aJaBaTh BpalIaOIMii MOMEHT TUHAMUYECKOoU cucteme. [1oTok moss K
BpalllaloLIEMyCsl SIIPY YKE HE MOXKET ObITh cpepudeck CHMMETPUYHBIM: B CHCTEME BO3HUKAET
BpalalOIIUii MOMEHT, KOTOPBIH MPOsBIseTCs 00pa3oBaHHEM 30H SKBATOPUAILHONM U OCEBON
CUMMETPHUHU U aCUMMETPHUH MEXIy noiitocamMu. B obnactu BpamieHust popMHUpPYIOTCS CTpyHHbBIE
TEUYEHUs C IJIaBHO U3MEHSIOIUMCS IPAIUEHTOM YIJIIOBBIX CKOPOCTEH HE TOIBKO B PaAUAIEHOM
HaIlpaBJICHUH B IJIOCKOCTH BPAILCHMS, HO U B HAIIPaBJIECHUU OT 3KBAaTOPA K MOJIOCY.
aF, - +16FT é 1 aFT —>
r 00 o r51n9 do (p

B niockocTu Bpaienus ﬂnpa MOTOK MOJISI HAITPaBJIEH MO CIUPATIBHOM, CaJarolen K HEHTPY
TpaekTopuu. Cle10oBaTeIbHO, CUjla JAaBICHUS IOTOKA M10JIS IPEACTABICHA KaK Pe3yIbTHPYIOIIast
BEKTOPHOM CYMMBI CHJI — TAHT€HUHAJIBHOUN F; ¥ LEHTPOCTpEMUTENbHON F,, Wiy CUIION TATOTEHUS.
BoznelicTBue TaHreHIIMaIbHON KOMIIOHEHTHI CHIIbI IaBJICHUS MIOTOKA MOJIS BBI3bIBAET OPOUTATILHOE U
0CEBOE BpallleHHE TUIaHeT. PeanbHbIM aHAJIOrOM JaHHOTO (PU3MUYECKOTO SBJICHHUS Oy/IET MOBEICHUE
BOJIbI B OacceiiHe pU OTKPHITOM CIIMBHOM KianaHe. Eciu 3epkaiibHOe OTpakeHHe BEpTUKAIbLHOM
IIJIOCKOCTH, IPOXOAIIEN Yepe3 LIEHTpP KJIallaHa, IOBEPHYTh BOKPYT TOPU30HTAIbLHOU OCU U
COBMECTHUTH IO HWYKHEMY Kpalo (IHO OacceiiHa), TO MbI MOTYYUM MPUMEPHYIO KapTHUHY TPAEKTOPHUHU
IIOTOKA I0JI K BPAILAIOIIEMYCs HEUTPOHHOMY sA1py. [Ipu 3TOM BuA CBEpXY Ha MOJIOCA IJIAHETHI
OyZeT HallOMUHATh BOJHYIO BOPOHKY. CaM MOTOK MOJIsl HE IETEKTUPYETCs, HO €ro BIMSHUIE Ha
¢busnveckoM ypoBHE MbI HaOmoaeM [5,6]. Ha cHuMKke Huke — 10kHBIN monmoc CatypHa.

grad F, (r,0,¢p) =

" http://apod.nasa.qgov/apod/ap061113.html
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3aMeHa CUIIBI TATOTCHMS MEKIy MacCaMH Ha BHEIIHIOIO CHUJTY BO3JCHCTBUS MOTOKA NAET
MPEJCTaBICHNE, TOJIBKO 00 OAHOM LIEHTPAIbHOM cuile — eHTpocTpeMuTensHou cuie. [lon nelicTBuem
3TOM CHJIBI TUIAaHETa UMesia Obl CIIMPAJIbHYIO, CHAIAIOUIYIO K LIEHTPY TPACKTOPHIO IBUKEHUS U
HeMHHYeMO BeTpeTuiiach 0b1 ¢ ConHueM. Ho 3Toro He mpoucxoauT NOTOMY, YTO CYIIECTBYET Ipyrast
BCTpEYHAas LEHTPaJIbHas CHJIa — BO3BPAIAIOIIAs CHJIA, KOTOPask U MPUBOAUT K COCTOSHUIO
rapMOHUYECKOTO paBHOBECHUS cucTeMy «rutanera — Comuie». Haitném ¢pusndeckoe obocHOBaHME
BO3BpallAIONIEH CUJIE.

Tak kak 3Heprus CBSI3M IS KOKJOU YCTOWYMBOM CTPYKTYpHOU KOH(PHUTypaluy BCerja CTporo
olIpezeiieHa, O YEM CBUICTEIBCTBYIOT XapAKTEPUCTUYECKUE AaTOMHBIE CIIEKTPBI U3TyYCHUS —
MOTJIOIIEHUS, TO CaM CTPYKTYPHBIN 00BEKT MOYKHO OXapaKTEePHU30BaTh Yepe3 yCpeHEHHBIE 3HAUCHHS
BHYTPEHHET0 TIOTCHIIMAA TOJIs (ITOICUCTEMBI) 00BEKTAa — KOHCTAHTa CBSI3H (IIOTEHIIMAT CBSI3H).
HmenHO mosie 00beKTa 0TBEYAET 3a COXpaHEeHHEe (POPMBI U coJiepKaHue camoro oobekra. Ho uto
MIPOU30UIET, €CIIU MapaMeTpbl BHELTHETO MOJIA 17151 00beKTa OyayT IPEeBbILIATh YCPEIHEHHBIE
napamMeTpsl oJisi caMoro oobvekTa? B gaHHOM citydae MBI paccMaTpHBaeM IUIaHETY KaK CTPYKTYPHBIH
O00BEKT WM CUCTEMY, TapaMETPhI IOJCUCTEMBI KOTOPOI CYIIECTBYIOT U ONpeAeaeHbl. BHemHuMu ams
CHCTEMBI OYAYT MapaMeTpbl rpaBUTAIIMOHHOTO oyt ConHIa.

ITpy 3agaHHBIX apaMeTpax yIpyrou cpeiibl CTpyKTYPHOIO 00BbEKTa — () o, BPALAIOIEroCsi BOKPYT
LEHTPATBHOM MAcChl, CYIIECTBYET TaKOW pa3Mep IeHTpaIbHOU o0siacTu — L, Tpu KoTopom
co0IoAaeTcs paBeHCTBO: Py = Pry T @ - MOTEHIMAN IpaBUTaliMmoHHOro nojst CosHua.
Omnpenenum Takyro MOBEPXHOCTh KaK B3aUMOCOIPSHKEHHYIO SKBUITOTEHIIMATIBHYIO IIOBEPXHOCTh
(COII) mist ABYX B3aMMOJICHCTBYIOUIMX TeJ MM c(hepa pe30HAHCHBIX 4acToT. B obnactu Huke
COMPSKEHHOTO pa3Mepa, TJe MOTEHIIMAN IPaBUTALMOHHOTO MOJIS MTPEBBILIAET MOTEHIIMAT MO
MOJICUCTEMBI 00BEKTa, BO3HUKAIOT CHJIBI JABIICHUS, CKUMAIOIUE O0BEKT. B cTpyKkTypHOM 00BEKTE
BO3ZHUKAIOT CUJIBI YIIPYTOCTH, KOTOPbIE MPEO0IaaloT Hajl CUJIaMH CXKaTHsl, BCJIEACTBUE YETo U
BO3HHKAET BO3BpAIIAIOIIas CHila (aHAJIOT CUJIBI ApXUMea).

Puc.1

L (CDIT)

[IpencraBuM BepTHKAIBHOE CMEILLIEHUE INIAHETHI OTHOCUTENIBHO COJIHIA B BUE FTAPMOHUYECKOIO
KoJIe0aHHs OKOJIO TOYKH PAaBHOBECHS C IEPUOJIOM PaBHBIM OAHOMY roy. COBOKYIHOCTb TOYEK
paBHOBECHSI 3a MEPUO/I OTIPENIEISIET HEKYI0 OKPYKHOCTb L pannycom R (puc.l) u xapakrepusyer
IIPENEIbHYIO TPAEKTOPHUIO, K KOTOPOU CTPEMUTCA JUHAMHYECKAs CUCTEMA. DIIUITHYECKAs
TPAaeKTOPUs ABIKEHHS TUTAHETHI Oy1eT MPUOIMKATHCS K YCTOHUMBOM TpaekTopuu. Takum oOpazom,
OKPY)KHOCTB L SIBISIETCS aTTPaKTOPOM B TMHAMHUYECKOU crucTteMe. Bce TpaekTopuu u3 HEKOTOPO
okpectHOCTH L ctpemsrcs k L npu t — oo.

VYpaBHeHHE JBUKEHUS TAPMOHUUYECKOTO OCHMIIIATOPA MOTYT OBITh MOJIYYEHBI C TOMOILBIO BTOPOTO
3akoHa HproTOHa 1 3akoHa ['yka:
md?x
dat?

= —kx ww ¥+ w?x=0




rae x = (R, — R) - cMelieHue ot moJIoKeHus paBHoBecus, k = f (@) = ¢ - koahdunmeHt
YIIPYTOCTH TpaBUTAIIMOHHOTO 1051 COJHIIA, @ - YToBas 4acToTta (w = 2”/7« = . k/m).

B nuneiinom npubnmkenuu (K = const) pemrenue storo auddepeHnnaibHOro ypaBHEHH BTOPOTO
nopsizika uMeet BUI:X(t) = A cos(wt + @) = Re[Aexp i(wt + ¢)]

3nech A — aMIIuTy1a KojiebaHuH, ¢ — HadaJibHas ¢aza.

KonebarenpHOE MBUKEHUE POUCXOAUT TIO] BIUSHHEM BO3BPAIAIOICH CHIIBI, TPOMTOPIIHOHATEHON
BEJIMYMHE CMEIICHHUS M HAMPABJICHHOW K IMOJIOKCHUIO paBHOBecHs. MIMmybe cuitbl (p = mx)
M3MeHseTCs aHaorndHo X(t), Ho co curom 1o dase Ha */ 4

p(t) = mwAcos(wt + ¢ + ”/4)
TlonHas SHEPrus CUCTEMBI, PaBHAs CyMMe KMHETHYECKOH M HOTEHIMAIbHOM SHeprun (OHH

WU3MEHSIIOTCS B POTUBO(DA3e), COXpaHIETCS:
E= mt? + ma? _ const.
2 2

O4eBHIHO, YTO CHJIA B3aUMOJICHCTBUS MEXK]Ty MacCaMU SIBJISICTCS 3HAKONIEPEMEHHOW BETUYMHON U B
MEepPBOM MPUOIMKEHUN TPUHUMAET CIETYIOINUNA BU:

= (RL,—R)mM

F, = 2—me
Ry

MpuRL=R = F,=0.

CornacHo BblIeIpuBeAEHHON hopMyJie IIEHTPAIbHBIA 00BEKT HE MOXKET pacCMaTpUBATHCS KaK
TOYKA MPUTSKSHUSI IPU B3aUMOJICHCTBUU MACC, IEHTPATBHBIN 00BEKT IPaBUTAIMOHHON CHCTEMEI (€r0o
HEUTPOHHOE SJIPO) MOPOKAACT CETKY YACTOT M BCE aBTOKOJIEOATEIbHBIE CHCTEMBI (KOMETHI (XBOCTHI
KOMET), TJTAHETHI, 3BE3THBIC CUCTEMBI, TAJTAKTUKH) CTPEMSITCSI K COOTBETCTBYIOIIEH cdepe
PE30HAHCOB. DTOT MEXaHU3M B3aUMOJACHCTBHS JIKUT B OCHOBE CYIIIECTBOBAHMUSI M0sICA aCTEPOUJIOB
i kouer CarypHa. Opouta ConHeuHo# cuctembl BHYyTpu Miteunoro [lytu Takxe umeer popmy
MOYTH UACaIbHONU OKpYKHOCTU. CHCTEMAaTUYECKHE U3MEHEHUS CUIIbI TPAaBUTALIMOHHOTO
B3aMMOJICHCTBUS MKy TEIaMH MPUBOJIAT K CTAOMIU3AIUU OPOUTHI, K CIIMH-OPOUTATLHOMY U
opOuTaIBLHBIM pe30HAaHCAM B HeOecHOM MexaHuke (3akoH Turmyca-bosae). CamocuuxpoHu3aus
BpAIllCHUH, COMTPOBOXK/IAIOIIASCS YCTAHOBICHUEM OMPEeIEHHBIX ()a30BbIX COOTHOIICHUH, SIBISIETCS
00111elt 3aKOHOMEPHOCTBIO HETMHEWHON MEXaHUKH, HAOII0JaeMYI0 U TIPH TPABUTAITMOHHOM
B3auMoAercTBUH I1aHeT B COJIHEUYHOH CUCTEME.

Bo3zaeiicTBue TaHTCHITMAIBHOM COCTABIISIONICH CUITBI IABJICHUS ITOTOKA TOJISI Ha KOJIeOaTEIbHYIO
CUCTEMY OIpeeNsieT e€ MOCTYNaTeIbHOE IBIKEHUE TI0 OKPYKHOCTH L. JIBHMKEHHE MIIaHEeThI
He00XO0IMMO paccMaTpPUBaTh KaK CyMEepPIIO3ULIMI0 HE3aBUCUMbIX KOJIeOaTeIbHBIX IBUKEHUH.
Tpaektopust pe3yIbTUPYIONIETO ABMKEHUS M1aHeThl BOKpYT CoHIIa OyIeT IpeaCcTaBIsaTh COO0I0
ckopee oBas1 KaccuHu, 4eM 3uiric (CTpOro IIIUNTHYECKUX OpOUT B COTHEYHOM CHUCTEME HE
HaO0Ir01aeTCs ).

JlokaM30BaHHBIN B OKPECTHOCTH HEUTPOHHOTO s/Ipa MPOLECC POXKACHUSA CTPYKTYPHON MAaTepUH
BeIET K pOCTy Macchl 00bekTa. Ha pocT Macc acTpOHOMUYECKIX OOBEKTOB YKA3bIBACT
HKCIIEPUMEHTAILHO 0OHAPYKEHHOE YBEINYEHUE ACTPOHOMUYECKON €AMHUILIBI ITTMHBI U
AKCLEHTPHUCUTETA JIYHHOU opOuTHL. C IpUpalieHneM Macchl sapa 3eMiiu, 3HaueHHe TTapaMeTpoB
IPaBUTALMOHHOTO OJIsl B 001acT paBHOBECHOI opOuThl JIyHb! yBennuuBatotcs. JIyHa pearupyer Ha
TaKO€e U3MEHEHHUE: €KETOMHO OHA OTHANISIETCI OT 3eMiIr Ha 38MM. YBennuenne Macchl COHIIA BEAET
K moo0HOMY 3¢ deKTy - TutaneTsl yaaisatoTcs or Comana. [Ipu Hem3aMeHHON opOUTaIBbHON CKOPOCTH
YBEJIMUYEHUE aCTPOHOMUYECKON AMHUIIBI JITUHBI TPUBOIUT K YBETTMYCHHUIO T'0J1a, 3TO MPUPAILICHUE
MPOCUUTAHO U cocTaBisieT 0,62 cek. 3a OJuH ToJ. AHATOTHYHBINA (D PeKT HAOIIOAaeTCS U B
MEXKTaTaKTUIECKIX B3aMMOJCHCTBHSX — TAIAKTHKY YIAISIOTCS IPYT OT JApyra (cerogHs 3ToT 3P ekt
CBS3BIBAIOT ¢ MU(HUECKON TEMHOM SHEPruei). YBennueHnue 101 CTPYKTYPHON MaTepHH
MIPOCTPAHCTBA KOMIUIEMEHTAPHO paciiupeHuto BeenenHoi, To ects nHpsaum Beenennoii ¢
YCKOpPEHHUEM M0 IKCITOHEHTE.

B dopmare npeninoxeHHOM MOIETH TPAIUEHT CHIIBI TSHKECTH HA TOBEPXHOCTH 3eMITU Oy/IeT UMETh
BBIPOKECHHYIO IIUPOTHYIO 3aBUCUMOCTH (popmya Knepo, Kaccunanca). OH He cBs3aH ¢ BpallleHHEM




36M.HI/I, HC MOABCPIKCH BIIMAHHUIO COJIHCUHO-JIYHHOTI'O NPUTSIKCHUSA U HC UMCECT OTHOLICHUS K ITOIIPABKE
®as 3a ,,cBO00HBIN BO3MYX" U MOMpaBke bore 3a mpoMexXyTOYHBIH CITOM.

4. Oco0eHHOCTh IPABUTANIMOHHOI0 B3auMoAecTBUA. B pamkax Takoro noaxozaa
oOHapy>KUBaeTcs BeChbMa HeTpUBHaAIbHAsE 0COOEHHOCTh: aTOMApHBIE TeJIa HE MOPOXKIAIOT MOJIS
YCKOPEHHUH U, KaK CIIEICTBHE, aTOMapHbIE TeJla HE MPUTATUBAOTCS APYT K APYTY.

CoMHEHME 110 TOBOAY YHUBEPCAIBHOCTH 3aKOHA TATOTEHHUS - 3TO JI0BOJIBHO CEPHEZHOE 3asIBICHHUE,
KOTOPOE€ MOXET BBI3BATH KYTKOE HEMPUATUE B HAYYHBIX Kpyrax. ,,/es o BCEeMUPHOM TATOTEHUH —
9TO BEIMKas UAEs... Y COMHUTBCS B UAEE O BCEMUPHOM TATOTEHUU O3HAYaeT — HU MHOT'O, HU MaJIO —
YCOMHHUTBHCA B KAUECTBE TPAAUIIMOHHOTO pu3ndeckoro MplinuieHus! Bot mouemy, sta naes obnagaer
MOIITHBIM MEXaHU3MOM CaAMOCOXPaHEHHUs, KOTOPbI 00ecrieynBacT UMMYHHUTET Ja)Ke IPOTUB
BOIUIOMIKX (DaKTOB, KOTOPBIEC B 3Ty HACIO HE yKinaapiBatoTcs” — ['pumae A.A. [7]. Hekotopsie u3
3THX (aKTOB, MO-BHIUMOMY, CIIEAYET IPUBECTH.

,»B pacnpeeneHn MJIOTHOCTH BEIIECTBA B IOBEPXHOCTHOM CJI0€ 3€MJIU CYIIECTBYIOT 3HAYUTEIbHBIC
HEOAHOPOAHOCTU. [10 3aKOHY BCEMUPHOTO TATOTEHUsI OTBEC — IIPOCTEUIINN U3 TPABUMETPUUYECKUX
MHCTPYMEHTOB, Kak U B skcriepumenTe ['. KaBenauia, nomkeH Obl pearupoBarh Ha Takue
HEOJJHOPOJAHOCTH, OH JOJDKEH OBbUT YKJIOHATHCS B CTOPOHY MacCUBHBIX 00beKTOB. Ho aToro He
MIPOMCXOUT JIaXKe B TOM Cllydae, KOrja MaCCUBHBIM O0BEKTOM SBIISAIOTCS rophl. OTBEC COBEPIIEHHO
HE pearupyer Ha 0OBEKT, Macca KOTOPOTo COCTaBIIsIET MIJIIHAPAbl TOHH. HO He TOBKO OTBECHI, HO U
IPaBUMETPHI, IPU MOMOIIH KOTOPHIX U3MEPSIOT CHILY TSKECTH, MOJTHOCTHIO Oe3pa3iuuHbl K
IIOBEPXHOCTHBIM HEOJAHOPOAHOCTSIM: MUJUIMOHBI TOHH YKBATOPUAIbHON BBITYKJIOCTH HE BIMSIOT HA
MTOKA3aHUs IPABUMETPUUECKUX HHCTPYMEHTOB. B X0/1e peain3anuym KOCMHUYECKON TPOTrpaMMBI 10
BbIBOZlY UcKyccTBeHHOTO 30H1a NEAR Shoemaker na opOuty Bokpyr acteponia Ipoc BBISICHUIOCH,
YTO Aa)Ke IPU MUHUMAIBHOM PACCTOSIHUM OT €r0 MOBEPXHOCTH, KOCMUYECKHI 30H]T BeAET cels Tak,
CIIOBHO y aCT€pPOUAa HAYUCTO OTCYTCTBYET COOCTBEHHOE T0JIe TATOTeHUS. [Ipu BHIKITIOYEHHBIX
JBUTATENISX 30H] HE TOJIKO HE Majiajl Ha acTepou1, HA000pOT, OH TOBOJILHO OBICTPO YXOAMII OT HETO.
Bce ycminst amepuKaHCKUX YYEHBIX MO BBIBOJY 30H]1a Ha OpOUTY Dpoca B TE€UCHHUE T0/1a He TPUHECIIN
JKEJIAeMoro pe3ypTara. AHAJIOTUYHAs CUTYyalUs CIOKUIIACh U C SITOHCKUM KOCMHYECKUM 30HJI0M
Xas0yca (Hayabusa), koTopsrlii 0611 oTHpaBieH k acrepouny Urokasa (Itokawa) mist B3siTHst mpoObI
rpynra”. [lo maTepuanam [7, 8].

B ocHoBe nien 00 yHUBEpCATbHOCTH 3aKOHA TATOTEHHS JISKAT KJIACCHUECKUE SKCIIEPUMEHTHI,
0OHapyXHMBAIOIINE CUITY MPUTSHKEHUS MeK Ty aroMapHbiMu Tenamu (Kasenaum, Peiix, bammu, XKommm
u Ap.). OKOHYATEIbHO YTBEPAMIOCH, YTO 3TU CHJIBI UMEIOT IPABUTALIMOHHYIO IPUPOAY. ITO TaK, HO
MHTEpIIPETALUS ITOTO SIBIEHUS YK€ HECKOJIBKO HHAs.

Hanpsok€HHOCTS rpaBUTALIMOHHOTO T10JISI 3€MIIM — BEKTOpPHAs BEJIMUMHA, OTOXKIECTBIIsIEMAs C
notokoM noJisi. K moroky mnosst npumeHuMsl ypaBHeHus: bepuysum. CrnenoBatenbHo, Npu COMUKEHUN
CBHHIIOBBIX IIAPOB B dKcliepuMeHTax KaBeHauia u 1pyrux aBTopoB OyaeT HabmoaaTbes d3QpQPexT
Bentypu — najieHre ruApoCTaTUYECKOTO JaBICHUS IIPU YBEIMYEHUN CKOPOCTH MOTOKA, TPOXOJISIIETO
Yyepe3 CCY)KEHHYI0 00J1acTh, B pe3yabTaTe 4ero ¥ BOSHUKAET TUAPOIUHAMUYECKAs CHIIA TIPUTSHDKEHUS
Mexay mapamu. DPGeKT ruIpoJuHAMIUECKOT0 TPUTSHKEHUS CYI0B, CIAEAYIOUUX MapaljielbHbIM
KypcoM (Tipu 00TOHE), HEOJTHOKPATHO MPUBOIMII K CTOJIKHOBEHHUIO M XOPOIIO U3BECTECH
cynoBoautessiM. B axcriepumenTtax Kasenaumra, XXommu u ap., BeposiTHEE BCEro, HaOII0AaeTCs
s ekt Bertypu, a He COOCTBEHHOE MOJIe TATOTEHUS aTOMapHBIX Tell. Ho ¢ yu€rom Toro, 4to Bes
CTPYKTYpHasi MaTe€pHusi UMEET BOJIHOBYIO IPUPOJY, IOJHOCTHIO HCKIKOYATh B3AMMOJICHCTBUE MEXTY
aTOMapHBIMU TeJIaMH OBLIO ObI HEMPaBUIIBLHO. BOT TONBKO mapamMeTpsl 3TOr0 B3aMMOICHCTBHS B
YCJIOBUSIX JIOMUHUPYIOIIETO TPABUTALIMOHHOTO MO 3€MJIN ONPEIETUTh JOBOJIBHO CIOXKHO.

CoMHeHue 1o NoBOly YHUBEPCAIbHOCTU 3aKOHA TSATOTEHHS MOIJIO BO3HUKHYTh 3HAUYUTENIBHO PaHbIIIe
- cpa3y nocie oTkpbITUs Kosell CarypHa. Cuctema KoJiblia, COCTOAIIAs U3 O0IBIIOT0 KOJIMYeCTBa Te,
BCJIEJICTBHE CHJIBI IPUTSHKEHUS MEXy TellaMH JTOJKHA Obl coOpaThesi B €IMHOE 1IEJI0e, HO ATOTO HE
npoucxoauT. bojee Toro, 3TU Tena COCTOAT U30 Jb/1a, UCKIIOYUTEILHOW 0COOEHHOCTHIO KOTOPOTO
ABIISICTCA €T0 MepBo31aHHas Oenn3Ha. Besgecyias kocMudeckas bUlb UTHOPUPYET 0OBEKTHI KOJIbLIA
TOJIBKO MTOTOMY, YTO OHHM HE UMEIOT COOCTBEHHOTO MMOJIs TAroTeHus. M peus 31ech UAET 0 Bemax



JaJIeKO HEIIYTOYHBIX, pedb UAET O HEOOXOANMOCTH IEPECMOTPA OCHOBBI COBPEMEHHOM
TEOPETHIECKON acTpodU3UKH - TEOpUU 00pa3oBaHuUs HEOECHBIX Te Bo Beenennoii. OTcyTcTBHE TIOJIS
TATOTCHUSA Y MAJIBIX TCJI BBI3bIBACT Cepbé3HOG COMHCHHC B TCOPUU I‘paBI/ITaI_[I/IOHHOI\/'I KOHJCHCAaIIuu
ra3omnbUIeBBIX 00JIaKOB.

5. Ilpouecc o0pa3oBanus MiaHeT. bOJBIIMHCTBO COTHEYHBIX KOMET UMEIOT CHIIBHO BBITSIHYThIE
AIUTUNITUYECKUE OPOUTHI, TIEpeceKaronue OpOUTHI IIaHeT. | paBUTAIIMIOHHBIE BO3/ICHCTBUS TIaHET
MOTYT CHUJIbHO HCKA3UTh TPACKTOPHUIO JBUKEHHSI KOMETHI U IPUBECTH K UPE3MEPHOMY COIMIKEHUIO C
ConnueM. J[0BOJIBHO 4acTO 3TO NMPUBOJAUT K IIOJHOMY pa3pyllIeHHI0 KoMeThl. Ho MHOr1a BO3HUKAIOT U
MOTPaHUYHbIE SIBJICHUS.

«["on Hazax komera 17P/Xonmca B pe3ynbTraTte HEOOBIYHO OBICTPON BCHBIIIKH U3 C1a00H KOMETHI,
CIOKOMHO oOpammarotieiicss BOKpyr CoHIa C TIEPUOIOM OKOJIO 7 JIET, MPEeBpaTUiIach B BUIUMYIO
HEBOOPY>KEHHBIM IJ1a30M KOMETY, CONEPHUYAIOLIYIO IO OJIECKY € SIpYalIlIMMK 3Be3aMU CO3BE3AUs
[Mepcesi». TTo marepuanam Astronomy Picture of the Day
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HeoOpruaitHoe moBeieHre KOMETHI X0JIMCa MOKHO OOBSICHHUTH CIICAYIOIINM oOpa3zoM. [Ipu
ABWIKCHUHU KOMCTBI K ICHTPAJIbHOMY O6’beKTy HU3MCHAIOTCA MapaMETpPbl BHCIIHCTO IJII KOMCThI
TPaBUTAIMOHHOIO MOJIA. DTO MPUBOAMUT K MApaMETPUIECKOU HEYCTOMUYUBOCTH, BOSHUKAIOIIECH B
pe3yabTaTe MPOCTPAHCTBEHHO-BPEMEHHON MOAYIISILINN TApaMETPOB, XapaKTEPU3YIOLINX COOCTBEHHBIE
Kosie0aHusl BellecTBa KOMeThl. Moy siliust coBeplIaeTcs BOJIHAMU BHEUTHEH cpe/ibl — BOJIHAMU
HAKau4Ky, UMEIOIMMH KOHEUHYIO aMIIUTyny. [Ipyu npeBsIeHnn HEKOero noporoBoro 3Ha4eHus
coOCTBEHHAasl MOJIa HAUMHAET PACTH C TEIJIOBOIO YPOBHSI, IOTJIONIAsl YHEPTHIO BOJHBI HAKAUKH.
Bosnukaromas mpyu 5ToOM Tak Ha3blBacMasi paclajHas napaMeTpuyecKkas HEyCTOMYMBOCTb, IIPUBOIUAT
00 K pe30HaHCY, JIMOO K B3PHIBHOM HEYCTOMYMBOCTH BOJH (Hamp., TyHrycckas katactpoda).
YcnoBre BOZHUKHOBEHUS TapaMeTPUIECKOT0 PE30HAHCA UMEIOT BU/I:

nw, = w; + w,; nkyg =k; +k, n=1,2,3... [Ipu pacnagHoit HEyCTOMYNBOCTH
B036y)KI[aIOTC}I BOJIHBI C 4aCTOTaMH, MCHBIIIMMH 4YaCTOThI HAKA4YKH. ILJ'DI OIMUCAaHUS MTapaMCTPUICCKOTO
pe3oHaHca 0OBIYHO TPUMEHSIOT ypaBHeHHEe MaThE:

0%

62
-z V(% [1+ ecos(wot — Kpx)] % = 0 rze: @ - BeJIMYMHA, ONMUCHIBAIONIAS BOJHY (Harp.,

NOTEHLIMAJ TPABUTALIMOHHOTO I10JIs1), - AMIUIUTY/1a BOJIHBI HAKAYKU B OTHOCUTEJIbHBIX €IMHULIAX.
Pemenue 3toro ypaBHeHHs onpeaenseT 001acTh 4acToT Aw (muprHa 30H61 MaThE) M OpOr 1o
aMIUIMTYZIC BOJIHBI HAKAYKH €, TI€ MOKET BO3HUKATD PaclagHas IapaMeTPUYECKask HEYCTOMYUBOCTb.
[TapameTpudeckuii pe30HaHC MOXKET, KaK pa3pymuTh komeTy (Hamp., D/1993 F2 (Shoemaker —
Levy)), Tak u IpUBECTH K PEaKIMK HEUTPOHU3AIMH. [Ipy peakuuy HeHTPOHU3aLUK yOBIBACT
KOJINYECTBO JIEKTPOHOB, IIPU ITOM UHUCIIO sIJIEP ATOMOB COXPaHAETCsl. DJIEKTPOHBI, 00eCIIeUnBaIOIINe
YIIPYTOCTh CTPYKTYPHOTO 00BEKTa, B3aUMOJICHCTBYIOT € IPOTOHAMHU C 00pa30BaHUEM HEUTPOHOB. JTO
IPUBOJUT K YOBIBAHHIO IOJIOKUTEIIBHOTO 3apsijia siipa aTOMOB, YTO M MTO3BOJISET IpaM
00beTMHATHCA. JJOCTUTHYB KPUTHYECKOI Macchl IpU O0BbETMHEHUH, Apa 00pa3yloT HEUTPOHHOE IO
B LIEHTPE KOMETHI, KOTOPOE CTAHOBUTCS HEOTHEMIIEMOM YacThIO CTPYKTYPHOTO 00bekTa. C 3T0ro
MOMEHTa O0OBEKT 00J1a1aeT COOCTBEHHBIM I'PABUTAIIMOHHBIM TI0JIEM, TI0J] BO3JCHCTBHEM KOTOPOTO
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IPOMCXOIUT pa3pylIeHUE CBA3EH XMMUYECKUX COSIMHEHHI BHEIIHETO BelecTBa KoMeTbl. OObIYHOE
BEILECTBO KOMETHI MPEBPAILIAETCS B CMECh OTJEIBHBIX aTOMOB. TakoMy Iporeccy COmyTCTBYET
MOIITHOE AJIEKTPOMArHUTHOE sIBJICHHE. BHeNIHsst aroMapHas 000J104Ka, yKe 0OoJbIie HalTOMUHAIOIIIAS
1a3My, CTPEMUTCS 3aHATh PABHOBECHOE MOJIOKEHHE B BOSHUKIIIEM I'PaBUTAIMOHHOM TOJIE U KaK Obl
BCIUIBIBACT, 00pa3ys IPaHUYHYIO MOJIOCTh MKy HEHTPOHHBIM SIPOM U aTOMapHON MaTepuei.
BHenne npotiecc conpoBoKaaeTcs pe3KUM U UCKITIOYUTENIbHO CHMMETPUYHBIM YBEIHUEHUEM CEpbI
00BEKTa ¥ OYCHB SIPKUM CBEUCHHEM. Peakiusi HeWTPOHU3AINUU B CTPYKTYPHOM OOBEKTE,
BO3HHUKAIOIIAsA B YCIOBUSAX IMAPAMETPUUYECKOTO PE30HAHCa, JIEKUT B OCHOBE oOpa3oBaHus miiaHeT. Ha
CHUMKE KOMeThI XO0JIMCa 3areyatiéH IpoLecc POKIEHUS MJIaHETHI.

XapakTepHast 0COOCHHOCTb MPUBEIEHHON CXEMBbI COCTOUT B TOM, YTO HEHTPOHHOE SIPO U HUIKHIOIO
MaHTHIO pPa3AelseT MoJ0CTh. AToMapHas cepa HaXOAUTCS B PABHOBECHOM COCTOSIHHH U HE
OKa3bIBACT JIaBJICHUS Ha sAMpo IaHeThl. B Xoae uccnenoBanus npu 6ypennu Kombckoi
cBepxriryookoit ckBaxuHbl (CI'-3 - 12 262 M.) BBISCHUIIOCH, YTO MNIOTHOCTH MOJHSATOTO TPYHTA,
BOIIPEKH OXKHUIAHUAM, C TTyOWHOW HE yBennuuBaeTcs, a majaaer. Ha rmyoune 12 000 meTpoB ropHbie
MOPO/IbI OKA3aJIUCh NOPUCTHIMU U HACBIILIEHHBIMU BOJAHBIMH pacTBOpamMu. HeoxxuiaHHbIM 0Ka3aioch 1
pacnpezesieHre TeMIIepaTyp CI0€B 36MHOM KOPBI: TEMIIEPATYPHBIN IPAIUEHT HA | KM. 3HAUUTEIBHO
npesbiman pacuétueiid. Ha rmyoune 12000 M. remmneparypa noassiack 10 2200 C, moutu Ha 1000 C
BBIIIIE Mpeicka3aHHOM. [Ipu 3TOM ecTeCTBEHHBIN PaMOAKTUBHBIN ()OH C TITyOMHON M3MEHSIICS
HE3HAYUTENIbHO, TO €CTh UCTOYHUK TEIUIOBBIIEIECHHS U3 HEJlp 3eMiid He ycTaHoBieH (CBOAHBIN pa3pes
Konbckoii cBepXTiry0OKOM CKBa)KWHBI TIPEJICTABIICH Ha CIICAYIONMICH CTpaHUIIE).

Ha Gonpimux rioyOuHax, TJie HeT 0CaI0YHBIX MOPOo/1, 0OHAPYKEH MPUPOIHBIN T'a3 METaH B OTPOMHBIX
KOHIEHTPALUAX, YTO MOJIHOCTHIO pa3pylIaeT TEOPUIO OMOIOTUYECKOTO MPOUCX 0K ICHUS
yriaesogopoaos [13]. B ¢popmare npennoxeHHO MOieny BEPTUKATIBHBIN IPAJHUEHT TEMIIEPATyp CI0EB
3€MHOM KOPBI CBSI3aH C MUKPOBOJIHOBBIM U3JIYYEHHEM S1/1pa IJIAHETHI - C CETKOM 4acTOT, KOTOPYIO
MIOPOKJIAET BHYTPEHHEE HEUTPOHHOE AP0 Iu1aHeThl. CyliecTBYIOLIEe NPEANIOI0KEHUE O TOM, UTO
LEHTPAJIBHYIO 00JIaCTh TUIAaHET 3aHUMAET JKEJIe3HOE PO — JOBOJIBHO criopHOE. B MaHTHMN npu
nasnennn 95 I'Tla u remneparype 2000K HaGmoaercs nepeoprueHTaIus 3JIeKTPOHOB B HOHAX JKeJe3a
C BBICOKOCITHHOBOT'O COCTOSIHHS (CIKH 2) B HU3KOCIHHOBOE co crimHoM 0 [12]. JlanbHeiinee
yYBEJIMYEHUE 3HAYCHUN TEMIIepaTyphl U JIaBJICHUS TOJKHO MIPUBECTU K TPAHCMYTAIIUH SIAEP Kenesa.

Hanuuune nomoctu Mexy HEUTPOHHBIM SIIPOM U aTOMapHOU c(hepoit moATBEPKAACTCS CIECTYIOUTUMA
JaHHBIMU. Y CTAHOBJICHHBIC TATYUKHU HA MOBEPXHOCTH JIYHBI pearupyroT Ha CeiiCMHUECKOe COOBITHE
JIOBOJILHO MTPOJOIKUTENbHOE Bpems. [laieHre pa3roHHON CTyneH! pakeTbl ATIOJUIOH 13 BBI3BaJIO
KosiebaHue JIyHHOHM KOpbI OoJiee TpEX 4acoB. ENMHCTBEHHBIM peabHBIM 00BSICHEHHEM JIaHHOTO
SIBJICHUS! CIIYKUT IIPU3HAHWE BHYTPEHHEHN MOJIOCTH B OpPraHU3aliM IAHETHI.

C yBenuueHHeM Macchl siipa 3eMiin yaausieTcs: He Tolibko JIlyHa, yaansercst oT LeHTpa U aToOMapHas
cdepa ranetsl. Ho kopa 3emnu o6namgaer onpeneéHHON CTENEHBIO )KECTKOCTH U HE MOXKET
CBOOOHO pacmupsThes. B obnactu acteHocdepsl BOZHUKAET U30BITOYHOE IaBJICHHUE, YTO IPUBOIUT K
JIOKQJIbHOMY BBIIABIIMBAHUIO PACIUIABICHHBIX TIOPOJ MAHTHUH (TPAIOBBIA MarMaTusM) U
JecTaOUIN3aIMK 3eMHOU KOPBL. DTOT MEXaHU3M JIS)KUT B OCHOBE CEHCMUYECKOM U BYJIKAHUYECKOM
aKTUBHOCTH IJIaHETHI, TOpo00Opa3oBanHus, Aperida MaTepuKoB, pacuupenns 3emiau. JIro0onbITHAs
3aKOHOMEPHOCTh: YBEIUYEHNE BYJIKAHUYECKON aKTUBHOCTH BEIET K CHUKEHUIO CEHCMUYECKOU
akTuBHOCTH. K mpumMmepy, HenpepbIBHOE U3BEPKEHUE BYJIKAHOB HA BeHepe CBOOUT Ha HET
TEKTOHMYECKYIO aKTUBHOCTD IJIAaHEThI. TepMasbHas U BYJIKAHUYECKAsl aKTUBHOCTb HEJIP TIAHET
SIBJISIETCS] HEOThEMJIEMOM XapaKTEPUCTUKON X 3BOIIOLHUOHHOTO Ipouecca. PakToB, yKa3bIBAIOIIUX HA
3TO, HAKOMIJIOCH MPEAOCTATOYHO. BOT MUIIIh HE3HAYUTENIbHAS TOA00pKa CHUIMKOB C KOCMHYECKHUX
anmapatos [15, 16, 17, 18]. B nannbrit MomeHT B COTHEUHON cHCTEME HE HAOIIOAaeTCsl HU OJTHOM
OCTBIBIIEH TIAHETHI, BCE MPOUCXOIUT C TOYHOCTHIO 1O HA0OOPOT - TIaHETHl HArPEBAIOTCSL.
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Tpancdopmarust CTpyKTYphI U TOSIBICHHE COOCTBEHHOTO I'PAaBUTALIMOHHOTO TOJIS Y 00BEKTa
IPUBOAUT K U3MEHEHUIO €10 OPOUTHI U MOCIIEIYIOEMY 3aXBaTy €ro INIAHETON THIaHTOM, TJe U
IPOMCXOIUT JanbHeimee GpopmupoBanue rianetsl. Ha nepudepun ComHeuHON CHCTEMBI IPU HU3KOM
TeMIIepaType BHEIIHAA cepuuecKasi HOBEPXHOCTh TOJIBKO YTO POXKAEHHON IIaHETHI 3aMep3aeT,
00pasys JIeASTHOI MaHIUPhk, 10 KOTOPBIM HAa4YaJICsl aKTUBHBIH Mporiece (GOpMUPOBAHUS MAaHTUU U
KOPBI OyAyIIEH TUTAaHETHI. Y BEJTMYCHUE MacChl aTOMapHOM cepbl HOBOM MIIaHETHI (KakK U e
HEUTPOHHOTO Spa) MPOUCXOAUT HE 32 CUET BHEUTHUX NMPUYUH (METEOPUTOB, aCTEPOUIOB),
IOCTAaBIIMKOM YacTHL A1 JOPMUPOBAHUS CPephl CIIYKUT peakiysl MOJIIpU3alui BaKyymMa BHYTpU
IUTAaHETHl B OKPECTHOCTHU €€ HeUTpoHHOTO sipa. CHOPpMHUPOBABIINCH U IPUYMHOKUB Maccy B
IPaBUTALIMOHHOM I10JI€ Ta30BOr0 T'MIaHTa, INIAHETA CPBIBAETCS CO CBOCH OpOUTHI M 3aHUMAET MECTO Ha
BHyTpeHHel opOute Connua. Hampumep, Takue kapiukoBsle TuiaHeThl kak Llepepa u Becta
SMUTPHUPOBAJIN B MOSIC aCTEPOUIOB, a JIyHa Oblia 3axBaueHa 3emnéid. B mporiecce 3Bostonum
CoJtHEe4HOM CUCTEMBI TPOUCXOUT MOCTOSHHAS MUTPALIMS MAJIBIX IJIAHET, 4eM U OOBSICHIETCS
aHomasbpHOe BpaieHue Benepel. OOHapykeHHbIe Ha Mapce T1aBHO BBICOXIIIME PEYHBIC pyciia
BO3HUKJIM B PE3YJIbTATE TasTHUS €r0 JICASHON 000JI0UKH MTPU CMEHE OPOUTHI TUTAHETHl Ha COTHEUHYIO
opoury. Jlensunas obosmouka Mapca pacrasiia, BIUTajgach B IOYBY U CKOHLIEHTPUPOBAJIACh B
NOJIOYBEHHOM MEp3JI0Te, OCTaBHB IOCIIe ce0s1 OBparu, Moxokue Ha MPOMOUHBI, TapaloKCaIbHO
CYXXMBAIOIMECs BHU3 110 CKJIOHY. CunTaercs, 4yTo akTHUBHas (a3za xku3HU Mapca yxe 3aKOHYMIIACh.
3t0 — 3a0MyXIeHHE, OHA TOJIBKO HaunHaeTcsl. KOHEUHBIM TarnoM 3BOJIIOLUY IUIAHETHI SIBIISETCS
3BE37a.

W3noxxeHHbII MeXxaHn3M 00pa30BaHUs U HBOJIOIHMH TUIAHET JISKUT B 00Jiee JOBEPUTEITHHOM
UHTEpBaJIe, YEM COBPEMEHHAsI TEOPHs KOHIAECHCAIIMM HEOECHBIX TeJ U3 Ia30IblIeBOro o0JIaka.

6. ExHast TOno/10rusi r(paBUTAIMOHHBIX cHcTeM. LleHTpanbHy0 00/1acTh TpaBUTALMOHHON
CUCTEMBI 3aHUMAET HEUTPOHHOE s71po0. ,,JlocKOIBKY aToM, KaK CTPYKTypa, CYIIECTBYET B
IPaBUTALIMOHHOM I10JI€, TO NPH HAJIO0XKEHUU 3TOTO MOJIsl, OJM3KOro K KpUTHYECKUM 3HAYEHHUSM,
npon3oUaET nedopmanus u paspyuenue cTpyktypsl” — IlapHos E.W. [14] (oueHs xanb, 4TO 3TO
IIOpa3UTENIbHOE 10 CBOEH (PU3MUECKON CYyTH TEOPETUUECKOE JOMYIIEHUE TaK U He ObLIO 3aMEUYEHO
JIpYTMMH YYEHBIMH, CaM aBTOp TaKXKe HE IIPUAajl eMY JO0JKHOTO BHUMaHUs). PocT Maccel apa
IPaBUTALIMOHHOMN CUCTEMBI IPUBOJUT K HAOIIOAAEMBIM U3MEHEHUSAM (IBOJIIOLIMN) €€ aTOMapHOU
cdepsl.

OueBuAHO, YTO CYIIECTBYET KOHEUHAS M0 aMIUINTy/e (BiaykTyauuii chpepudeckas o0nacTs mos, B
npejenax KOTOpoi aToMapHasi CTpyKTypa ycToiunBa. ['paHuiisl o6acTyl (BHEIIHSS U BHYTPEHHSS
panuanoHHble chepbl) COOTBETCTBYIOT YETBEPTOMY arperaTHOMY COCTOSIHMIO BELIECTBA — ILIa3Me.
MUKpPOBOIHOBOE U3JIy4YEHUE HEUTPOHHOIO sA/Ipa ONPENENSIET TEMIIEPATYPHBIA U arperaTHbIN CIIEKTPBI
COCTOSIHHSI CTPYKTYPHOM MaTepuu B rpanuile ooiacTu. OceBoe BpalleHue HEUTPOHHOTO siapa
IPaBUTALIMOHHON CUCTEeMBI (TUIaHeTa, 3B€3/1a, FaJIaKTUKA) OMpeAessieT MarHUTHOE 1oJie 00BEeKTa U
ABJIACTCS UCTOYHUKOM HU3KOYAaCTOTHOTO U3ITy4eHUs. M31ydeHNI0O HEUTPOHHOTO siipa MOXKHO
COIIOCTaBUTh, HAIIpUMeEp, pe30HaHCHbIE BOIHBI [llymana (ycTolunBble HU3KOYACTOTHBIE KOJIeOaHHs Ha
(duxcupoBanHoii yactore 7,83 I'm. — mmaneTa 3eMiisl) WM aKTUBHYIO Pe30HaHCHYIO 00siacTh CoJtHIIa —
kopony Comnnna. Beicokast TemnepaTypa kopoHs!l CoHIIa, HA HECKOJIBKO MOPSAKOB MPEBBIIIAOLIASL
Temneparypy gorochepsl, 10 CUX OP BBI3BIBAECT HEJOYMEHHE Y UCCIIEIOBATENEH.

Ocummisanuu moBepxHocTH CONHIA HOCST INI00ANBHBIM U HECKOJIBKO XaOTUYHBIH (Ha MepBBIT
B3MI1) Xapakrep. [lepekpbiBanue koseOaHUi, OTIIMYAIOMUXCS 0 YACTOTE U aMIUIUTYAE, IPUBOAUT K
JIOKaJIbHON HEeCTallMOHAPHOW MHTEp(EepPEHIINN BOJH, OTBETCTBEHHOH 3a pa3HOOOpa3HbIe MPOSBICHUS
Ha CoJIHIIE: COJTHEYHbIE BCIIBIIIKH, KOPOHAIBHBIE BEIOPOCH], 00pazoBaHue (IIOKKYII, BOJIOKOH U
cnukyi. Konebanus oTaenbHBIX Y4acTKOB MOBepXHOCTH COJHIIA HHOTJa IEPEXO/IAT B PEKUM
pe30HaHca, 4To NposBiseTca npoTyoepanuamu. [Ipu rirybokoM pe3oHaHce, KOraa aMIUIUTyaa
PE30HAHCHOW BOJIHBI BBIXOAMT 32 TPAHUIlY BHYTPEHHEH paguallioHHON cepbl, HauMHaeTCs
PE30HAHCHBIN SIEPHBIN pacnaj norpyxE€HHOro BemecTsa Gportocepsl Fkcmao3uBHoOro tuna. I[pu stom
BO3HHKAIOT (poTochepHbIe ABIPHI (OHU, KaK IPaBUIIO, (POPMUPYIOTCS MapaMy WIK TPYNIIaMU) U
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o0pa3yeTcs MOTOK YaCTHII BEICOKOM SHEpruu, MperumMyInecTBeHHO nmpoToHoB ¢ E > 1020 3B.
OO6parumcst K CHUMKY TEMHOTO TsiTHA Ha moBepxHocTH Couaia [19].

http://ru.wikipedia.org/wiki/®@ain:172197main_NASA

I'pynma nsaren Ha Comnuie, cpoTorpadgupoBanHas B
BUIMMOM cBeTe. CHUMOK ClIeJlaH KOCMUYECKHM
armmapaTtom Hinode 13 nexa6pst 2006 rona.

Takast 4€TKOCTb U300paKEHUs TPOCTO HE COBMECTUMA C COBPEMEHHOM MHTEPITPETAIIUEeH TIATECH
(MCKpHBIICHHE CBETOBBIX Ty4eii MArHUTHBIM T0JIEM): Kpasl ATEH pe3Kue U siCHble. TEMHBIC MATHA Ha
COJIHEUHOM TTOBEPXHOCTH 3TO - (oTtochepHbie Apipbl. OOHApYX)EHHE 00JIee MOIIHBIX JTOKATBHBIX
MarHUTHBIX MOJIeH B 001acTH POoTOChHEPHBIX ABIP YKAa3bIBACT HA SKpaHUPYIOIee IeHCTBHE
dboTochepsl.

B cniektpe nepuonnyeckux konedanuii porochepsr Connima Habmromaercs (bpyke, CeBepHbIid,
[eppep, YUIKOKC) cTabMIBHOE H30JIUPOBaHHOE KoJiebanue ¢ nepuoaom Py = 160.0101(2) mus.
(vo = 104.16 MkI'1), peructpupyemMoe 1o JOMICPOBCKOMY CABUTY (GppayHrodepoBbIX CHEKTPATBHBIX
auHud. B 1974 1. PokcOypr BBIIBUHYI MPEATIONIOKEHUE O TOM, YTO MEXaHU3M BO30YKICHUS
Konebanuit hotocdeprl 00yciIoBiIeH ObICTPEIM BpalieHueM sapa Comana. EctecTBeHHO, B paMKax
CTaHJApTHON MOJIENTU CTPOSHHUSI 3B€3/bI 3Ta TEOPHUs HEe MorJia ObITh puHsaTa. 3mepenus Kpoimckoit
Actpodusuaeckoit ObcepBaTopuu nokazanu, 4ro nocie 1982 r. Bmecro P, ctano momMmuHUpOBaThH
kosiebanue ¢ nmepuogom P; =~ 159.9657(4) mun. Ilepuon Ouenuii nyx mynbcaruii cocrasisietr 400(4)
CyT. U COBIAJAET C CHHOAMYECKUM neproaoM obpamienus IOmurepa Bokpyr Connua (B = 399 cyt.) ¢
TOYHOCTHIO 10 1% [20, 21]. IIpocThiM COBNAIECHUEM HA3BaTh 3TO CJI0kKHO. OUEBUIHO, UTO
OCUMJUTSILIMM HEUTpOHHOTO s/ipa CoHIIA ONpeesIoT apaMeTpbl YCTOWYHUBOTO KOJIeOaH s
doTocdepsl, HTParOT BAXKHEUIITYIO0 POJIb B paclpeie]ICHIH U OpOUTAIIBHBIX PE30HAHCAX TUIAHET
ComneuHoit cuctembl. IMeHHO 3TO (pyHIaMeHTaIbHOE CBOMCTBO HEUTPOHHBIX s/iep OOHAPYKHUBAET
ce0s KaKk B BapuaIusax OJiecKa aKTUBHBIX siiep FJIakTUK (Harpumep, kosebanue Oiecka siapa NGC
4151), Tak u B pacnpeeeHH 9acTOT My abcanuii 38€31 tumna Jlenpra [luTa.
[Iporecchl TEpMOSIIEPHOTO CUHTE3a HEIIb35l CUUTATh UCTOYHUKOM SHEPTHH 3BE3/1bl: B3aMOACHCTBHUE
aToMOB (oTochepsl C MUKPOBOIHOBBIM IOJIEM U3JIyUYEHUS Spa JEKUT B OCHOBE U3TYUECHHUS 3BE3/IbI.
Bonee Toro, cymecTByeT npsimasi 3aBUCUMOCTb MEXKIY SHEPTUEH U3ITydeHHs 3Be3/1bl U TapaMeTpaMu
OKPY’KaloIIero 38e31y npocrpancta. Hampumep, eciiu 61 Hatre CoJtHIIE Bpaaioch Mo BHITIHYTON
AIUTMIITUYECKO OpOUTE BOKPYT HEUTPOHHOM 3BE3/1bI, TO B adenuu npeodiaaan Obl KpacHbI 1IBET, a B
nepurenuy — royry0oil. Tak kak Bce pUCKH JUIsl HEOECHBIX TeJl CBSI3aHbI C IEPUTEIHEM UX OPOUTBHI, TO
JIOTMYHO OBLTO OB 0’KUAATH KaTacTpopuueckue coobiTus st CoHIa IMEHHO B Toiry0oii hase.
[TonoGHOE MpeonoKeHne He MPOTUBOPEUYUT HaOII01aeMbIM siBJieHusM: B 1987 r B MarennanoBom
Oonaxke B30opBasiach MaccuBHas ronyoas 38e3aa Sanduleak 69 202a. Ona OTHOCHTCS K KJlaccy
MePEMEHHBIX TOJIYOBIX 3BE31] BRICOKOU cBeTHMOCTH — LBV. D10 coObITHE TPOTUBOPEYHT
oOmenpuHATON Teopuu dBoitonuu 38€31. B 2005 r B ranaktuke NGC 266 B30opBanach emié ogHa
cBepxmaccuBHas LBV-3Be3na. UToOBI 00BSACHUTH 3TH B3PBIBBI, IO MHCHHIO U3PAUIILCKOTO aCTPOHOMA
Asumaii I'anb-SMa, moTpedyercs nepecMoTp MPEACTaBICHHA 0 3BE3AHOM IBOIIOILIUH.

7. JBomonus MajbIx Tel B CotHeyHol cucteme. Heob6xommumo 0co00 Mog4epKkHyTh, UTO MaJlble
tena COJTHEYHOMN CUCTEMBI (METEOPUTHI, KOMETHI, aCTEPOHIBI) COCTOST U3 BEIIECTBA, paHee
IPOILEAIETO CTAANIO MOTHOTO TuIaBieHus. B xone peanuzanuu nporpammsel ANSMET 1o moucky
MeTeoputoB B AHTapkTuke B 2006 1. Optn 00HapyxkeHbI 1Ba MeTeopuTa: GRA 06128 1 GRA 06129.
YHUKaJIBHOCTh UX COCTOUT B TOM, YTO OHHM COCTOSIT U3 aH/AE3UTa, 0OTaToOro MoJIeBbIMU HIMaTaMH. JTa
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ropHas mopoja oopa3yercs B IIyOUHE IJIaHEThI IPH OOJIBILION TeMIIepaType 1 BHICOKOM JaBICHUHU
[22]. Ananu3 komMeTHOrO BelecTBa, COOPaHHOTO0 KOCMHYECKHM armapaToM ,,Stardust” ¢ komeTsr
»Wild 2” mokasan npucyTcTBHE MUHEPAJIOB, KOTOPBIE (POPMHUPYIOTCS TOIBKO B YCIOBHUSX BHICOKOMH
TEMIEpaTypbl 1 OTPOMHOIO JaBiieHus. bbuin oOHapyXeHbl TaKue MUHEPAJIbl U TYroIlJIaBKHe
KOMITOHEHTBHI, KaK (pOpCTepuT, OIMBUH, TUTAH, KAIbLNEBO-ATIOMUHUEBBIC BKIIOUEHUS. ACTEPOHT
Becra cocrout n3 0a3anbTOBBIX MOPOJ], KOTOPbIE 00pa3yIOTCs IPU OCTHIBAHUU JIABBI — TOPOJIbI
IUTAHETHOT'O MPOUCX 0K JIeHHsI. KoJIn4ecTBO acTepon10B, MX BHEIIHUI BUJ U XUMUYECKHH COCTaB SIBHO
CBUJECTEIBCTBYIOT O KaTaCTPO(UUECKUX COOBITHSX, TPOU3OIIEAINX C m1aHeTaMu B COTHEUHON
cucreme. Ho He TONBKO pa3pylIMTEIbHBIM IPOLIECCOM MOXKHO OOBSACHUTH 00pa30BaHNE MaJIbIX TEN B
CoJIHEeUHOM cucTeME, CYIIECTBYIOT U APYTU€ BapUAHTHI.

HccnenoBatenbsckas rpymnmna moj pykooactsoM Tomaca Annepra (Thomas Andert) u3 repmanckoro
yHuBepcutera BBC n3ydana nonnepoBCcKue HCKaXEHUs paIMOCUTHAJIOB OT anmnapara «Mapc-
Dkcmpecc» Bo BpeMs ero commkeHuit ¢ @o6ocoM. ITH UCKaXKESHHS TO3BOJISIOT C BBICOKOW TOYHOCTHIO
OTIpeICTIATh 3HAaYEHHsI MACChl U MJIOTHOCTH, a TAK)KE CIeNIaTh BBIBOJBI O BHYTPEHHEH CTPYKTYpe
®oboca. «MBbI MUK K BBIBOAY, 4yTO Hexpa Poboca ¢ 60JIbII0i BEPOSATHOCTHIO COAEPIKAT OOJIbIINE
mycToThl, uTo ®oboc chopmupoBancs U3 posi 00JIOMKOB, BOZHUKILNX I1OCJIE CTOJKHOBEHUS ApEeBHEN
MapCHaHCKOU JIyHbI ¢ actepougom» [10]. C 3TuM MHEHUEM TPYJHO cortacutbesi. OOpaTM BHUMaHUE
Ha kparep Ctuxau [9] nuamerpom 9 kunomerpoB. Pazmepsr Dobdoca cocrapstor 23x21x19
kusoMeTpoB. Cuutaercs, 4yTo Kparep CTUKHU yAapHOTo mpoucxoxaeHus. Ho coueranne anoManbHO
HU3KOM M10THOCTH P000Ca ¢ TUTAHTCKUM YJapHBIM KPaTepoM Ha €ro MOBEPXHOCTH MPAKTUYECKU
HecoBMecTHMO. Kak npaBuiio, Takoi cliesl OCTaBJISsIeT CTPYs pacKalEéHHOTO rasa.

http://photojournal.jpl.nasa.gov/catalog/P1A10369

Bremnwnii Bug ®oboca u ero MEKpOIIOPUCTAst CTPYKTYpa, paauaibHO pacXoAsIIruecs OT KpaTepa
00pO3/1bl, CPaBHUTENbHBIN aHamu3 pazMepoB @oboca U Kaibaep B Kepiie MApCUAHCKOTO BYJIKaHA
MPUBOJIAT K Haubosee JocToBepHOil Bepcun: Po00C — MPOAYKT IKCIUIO3UBHOTO U3BEPKEHUS
mapcuanckoro Byiakana Olympus Mons (cm. [11]).

HenaBno rpynmna yuénbsix u3 ActpoHoMudeckoro nHcturyra ['aBaiickoro yuusepcurera ['enpu Xcu
(Henry Hsieh) u IsBun Jxyurt (David Jewitt)) oOHapysxuia qBa KOMETONOIOOHBIX acCTEpOU/Ia B
OCHOBHOM nosice Mmexxay FOnutepom u Mapcom. XoTst opOUTHI aCTEpOUIOB U OJIM3KU K KPYTOBBIM, TEM
HE MEHEe, B IEPUTEIIUHA OPOUTHI y ITUX aCTEPOUIOB MOSBISIETCS KOMa U XBOCT. HoBoMy Kiaccy
00BEKTOB OHU JIAJIM Ha3BaHUE «KOMEThI OCHOBHOTO Tosica» [23].
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CHUMKM BCEX TPEX KOMET OCHOBHOIO Mnosica (B LieHTpe
Ha Kaxgom nsobpaxeHun). OcTanbHble 06bEKTbI — 3TO
3Be3bl U ranakTnku ooHa, pa3masaHHble B pesynbtaTe
TOro, 4YTO Teneckon cneaun 3a kometTon. CHUMKM
nosiy4yeHsbl Ha 2,2-MeTpoBOM Teseckone [raBanckoro

yHuBepcuTeTa. dOTO ¢ canTa: www.ifa.hawaii.edu http://elementy.ru/news/430173

Ha npencraBieHHbIX CHUMKAX 3ameyvarieHa HayalbHas (a3a TpaHcopMalii acTepor/IoB B
KOMETHI. J[ITUTeNbHOE BO3AEHCTBUE COJTHEYHOIO U3IYUYEHMS], IOTOKA KOCMUYECKUX YaCTHIL] BBICOKOU
SHEPruu, HU3KOTO MOTEHI[MalIa TPaBUTAIMOHHOTO TOJISl IPUBOAUT K MOCTENIEHHOMY U3MEHEHHUIO
XUMHUYECKOT'O ¥ U30TOITHOTO COCTaBa acTepou1oB. Crieudrueckoe COOTHOIIEHUE U30TOIOB
XUMHYECKHX 3JIEMEHTOB, XapaKTEPHOE TOJIbKO JJIsi aCTEPOUIOB, SIBISIETCS MPUOOPETEHHBIM
CBOMCTBOM: IIPOLIECC pacliajja XUMUYECKUX 3JIEMEHTOB B OTKPBITOM KOCMOCE UMEET CBOU
cnenuduyeckrue 0COOEHHOCTH U OTIMYEH OT aHAIIOTMYHOTO MPOIIecca, MPOUCXOASIIEro B 3eMHBIX
ycnoBusix. KameHHast cTpykTypa acTepousia, M3Ha4aJIbHO HE COZEp KaIlas JIETy4YHUX BEIIECTB,
IpeTepreBaeT s U3MEHEHHI: B poliecce CIOHTAHHOTO paciaia saep XMMHUECKHUX 3JIEMEHTOB,
MIOCJIEI0BATENbHOM LIENMoYKH anb(a-pacnaga 0ojee TKETBIX 3JIEMEHTOB 00pa3yIoTCs BoJa U
ra3oo0pa3Hble COETUHEHHS (3TOT XKe MPOIIECC XOJIOJHOM TPAaHCMYTAIMH 3JIEMEHTOB JIEKUT B OCHOBE
o0Opa3oBaHus atMoc(epsl ¥ BOABI HA TUIAHETAaX 3€MHOM IPyMIbl). DIeMEHTHBIH COCTaB acTepoua Mpu
3TOM MeHsieTcs. bornee Toro, Takue nporecchl Kak (poToaucconnanus U CyoIuManus BHI30BYT
YMEHBILIEHNE TUIOTHOCTU M MACChl aCTEPONJIA, YTO HEMUHYEMO BEAET K YBEIMUEHUIO SKCLIEHTPUCUTETA
1 MEJUICHHOU TpaHchopmaluu ero opouThl. B adennu opOuThel 00pa3oBaBIIHEcs JETyYHe BEUIECTBA
Ha IMOBEPXHOCTH acTepousia OyayT 3aMep3aTh, a B IEpUTeINH — ucnapsaTees. JlanpHelnas noreps
MAacchl y aCTEPOUIOB U IPaBUTALIMOHHBIE BO3MYIIEHHUS CO CTOPOHBI IJIAHET U3MEHST OpOUTY 3TH
00BEKTOB CaMbIM HENpezcKazyeMbIM 00pa3oM. Cunurtaercs, 4To KOMEThl 00pa3yoTes B nosice Koiinepa
u obmake Oopta. Ckopee Bcero, Mbl OIMOaeMcsl: MOCTaBIMKOM KoMeT B COJTHEUHON cucTeMe
SBJISIETCS OCHOBHOM mosic. B o01ake OopTa NpoucxoauT AajgbHENIas 1 OKOHYATENbHAs CyOIuManus
«OTXOJIOB KU3HEAEITeIbHOCTH» COTHEUHON CUCTEMBI: CBEPXBBICOKHI (PU3MUECKUI BaKyyM SIBIISICTCS
arpeccUBHOM Cpeo AJIsi aTOMAPHBIX CTPYKTYp. O4eBUIHO, UTO B OnikaiiiieM Oyayiem OynyT
OTKPBITHI HOBbIE O0OBEKTHI [TOJ00HOT0 BHU/Ia B OCHOBHOM ITOsICE.

Bynyuiee Hameil miiaHeTsl XOpOILIO MPOCIEKUBAETCSA B paMKax 3BOMIOIMY M1aHeT CoTHEUHON
CUCTEMBI. Y BEJIMYEHHE MACCHI AIpa MJIaHEeThl BEAET K MOCTEIIEHHOMY POCTY TeMIIepaTypbl B 001acTu
IUTaHETapHON KOPBI, TPAHCMYTALIUHU 3JIEMEHTOB KOPHI ¢ 00pa30BaHUEM KHUJKUX U ra3000pa3HbIX
COEIMHEHUH, K BOSHUKHOBEHHIO 1 OPMHUPOBAHUIO aTMOC(hEPHI, TOBBIIICHHIO €€ BIaroCoIepP:KaHuUs.
Ha sToM 3Tamne 3BoIOLIMOHHOrO Npoliecca HaxoauTess Mapce. YBennueHne KoJu4ecTBa BbINaIatonX
0CaJIKOB, YCKOpPEHHeE IMpoliecca KPyroBopoTa BO/bI Ha MJIaHEeTe, M3MEeHeHue rpaduka GopMupoBaHUS
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IIUKJIOHOB Y aHTUIMKJIOHOB U IyTEeH UX MEPECceueHus - 3TU SBJICHUS HAOIIONAIOTCS Y)Ke CEeroIHs Ha
Harielt ranere. Hens0e)xxHoe yCHIeHre CeMCMUYECKO M ByJTKAHUYECKON aKTUBHOCTH MTPUBEIET K
BBIOpOCY B aTMOc(epy OOJIBIIOro KOJIUYECTBA AUOKCHIA CEPhl, B3AUMOACHCTBUE KOTOPOTO C BIIAroi
BO3/1yXa 00pa3yeT CepHYIO KUCIOTY — KUCIOTHBIE 00aKa. IMEHHO KUCIOTHBIE JOKIH MPEACTABISAIOT
HarOOJIBIIYIO OACHOCTD Il OMOJIOTUYECKOH KU3HU Ha TuiaHeTe. Co BpeMeHeM HHTEHCHUBHOCTH 3THX
poueccoB OyIeT TOJIbKO MOBHIMAThCA. OUEeBHIHO, YTO HA 3TOM 3Tarle IBOJIIOLIMOHHOTO Ipoliecca (Ha
HTOM 3Tarle IBOJIONUHN HaxoAuTcss BeHepa) Ononornyeckas *u3Hb Ha TUIAHETE MIPEKPAILAET CBOE
cyllecTBoBaHue. JlanpHelee NOBBILIEHUE TEMIIEPATyPbl KOPbI YCKOPUT MPOLECC TPAHCMYTallUH
3JIEMEHTOB c(ephl 10 aTOMOB BOJIOpOJIa, renusi. Ha HeOockIIoHe 3ax0KeTCsl HOBask MOJIO/asi 3B€3/1a, B
CIIEKTPE M3JIYYCHHS] KOTOPOH OyayT nmpeodagaTh JMHUU yriiepoa, skenesa, oapus, mapranmna. E€
Oyaylee Tak e MpeIpeneHo — TO HeUTPOHHAs 3Be3/1a, KOTOpasi He U3Iy4aeT B BUIUMOM JIMaNa3oHe
JUTMH BOJIH. BekTop sBomtonnu miuaHeT CoMHEYHON CUCTEMBI HAPABIIEH K LIEHTPY, YTO U ONPEIEISIET
Mapc xak HanOoJiee MPHOPUTETHYIO 00JIACTH UCCIIEOBAHUSI.

OrpaHudeHHOE BpeMs CYIIECTBOBAaHUS OMOIOTMUECKOH KU3HH Ha TJIaHEeTE aKLIEHTUPYET BHUMaHHE
TEXHOJIOTUYECKH PAa3BUTON LIMBUIIM3ALIMU HA TTOUCK HOBBIX IUIAaHET B 00MTaeMoii 30He. B otaensHo
B3SITOM 3BE3AHOM CHCTEME HE MOXET OBbITh IJIAaHET ¢ UACHTUYHBIMU (DU3UKO-XUMHUYECKUMHU
napamMeTpamH, €clid, KOHEUHO, OHM HE BPAIAIOTCs 10 0AHOH opouTte. [loMumo cozmanust Ha Apyroi
11aHeTe 6a3 11 KOMIaKTHOTO MPOKUBaHUs, OCHOBHOM 3a/1aueil KOJIOHUCTOB OyzaeT TeppadOpMUHT U
BOCIIPOM3BOJICTBO UCKYCCTBEHHO MYTHPOBAaHHOHN (POPMBI KU3HU (110 00pa3y U Mog00HI0 CBOEMY)
MIPUMEHUTEIBHO K HOBBIM YCJIOBHSAM CyIIeCTBOBaHUSA. O4EBUIHOCTh TAKOTO IIyTH Pa3BUTHUS
[IUBUJIM3AIUY 3aCTABIISIET HAC OOPATUTh BHUMaHUE Ha MAaCIITa0HbIE COOPYKEHHUS Ha HAIlIeH TUTaHeTe,
npecieayemas 1elib U TEXHOJIOTHsSI U3TOTOBJICHUS! KOTOPBIX HE UMEIOT OOBSCHEHUS U HE
COOTBETCTBYIOT opunnanbHoi nctopun. K Takum coopykenusim otHocsiTes: CTOyHXeHK, Mauy-
[Tukuay, erunerckue nmupamusl, reormudsl Ha iato Hacka u [1ansna. 1 Beaps morudecku coBceM He
UCKJTIOYaeTcss MHEHUE 0 ToM, 94To Moau octposa [Tacxu (0. Pama-Hyw) unu «cmotpsimue B He60» - 3TO
JaHb NaMsTH 00 yIieamend HMBUIN3auuu. X0Ts HUKAaKUX SIBHBIX CBUIETEILCTB B MOJIb3Y 3TOTO HET,
BEPOSATHOCTbH CIIPABEAJIMBOCTH JAHHOTO MHEHHUS OUYEHb BBICOKA. A TENEph yXKE U MBI C UHTEPECOM U
HaJIeKI0M cMOTpUM Ha Mapc u HekoTopele cniyTHUKY FOnutepa n CaTypHa: UK 3aMbIKAETCA.

3axiaouenue. Cyneprno3uiys pa3IudyHbIX M0 CBOECH NPUPOJIE U MPOAOJIKUTEIBHOCTH
OCHOBOITOJIATAlONINX (PU3NUECKUX MPOLIECCOB BO BeenenHol onpenensioT CpeHIo TeMIIEpaTypy U
XMMHUYECKHH COCTaB MOBEPXHOCTH HEOECHBIX OOBEKTOB, B TOM YHCIIE - U 36MHOW IIOBEPXHOCTH.
[locTenenHoe yBennueHne TEMIEPATyphl HA IOBEPXHOCTHU IUIAHET 36MHOM IPYIIIBI SBIISETCS
CJIEICTBUEM 3BOJIOLIMOHHOIO IIPOLECCa U HOCUT YIOPSAAOYCHHBIN U HEYKJIOHHBIN XapaKTep: 3TO —
HEJIMHEWHBIN 1eTepMUHIPOBAHHBIN 3KCIIOHEHIIMAIBHO-KOPPEINPOBaHHbIH npouecc. CiayyaiiHbie
BHEIIIHUE ITOMEXU (HaIp., TEXHOT€HHOI'0 CBOMCTBA) CKAXKAIOT TPACKTOPHIO MPoLiecca U MPUAAI0T eMy
BUJ CTOXacTUYEeCKOro. TeM He MeHee, TeII0OBasi CMEPTh IUIAaHEThl Hen30eKHa U HUKaKOH
JIbTEPHATUBBI ’TOMY MHEHUIO Ha JaHHBII MOMEHT He cyliecTByeT. bimkaiiimum npoodpazom
KJIMMaTa 3eMJIH ABIIsIE€TCS KIuMaT BeHepsl.

OcCHOBHOM BKJIaJ| B IIOBBIIIEHUE TEMIIEPATYPBI KOPBI IUIAHETHI OKa3bIBAIOT BHYTPEHHUE IIPOLIECCHI.
[Ipenmnonaras npsMyIo CBA3b MEX/y O4arOBBIMHU 3€MJIETPSCEHUSIMH U B3pHIBAMH METaHa B TITyOOKHX
3aJIeraHMsIX, Mbl BBIHYKJIEHBI Oy/1eM IIPOBOJUTH Pa3pabOTKy U SKCILTyaTalHI0 MTyOOKUX
He(TEera3oBbIX MECTOPOXKICHUH BO N30€KaHNEe MACIITAOHBIX TPUPOIAHBIX KaTacTpo( AaxKke B TOM
ClIy4ae, €CJIA YeJIOBEYECTBO IOJHOCTHIO MEPENAET Ha AIbTEPHATUBHYIO DHEPreTUKY. Bo3HuKaromue
IIPU ATOM 3KOJIOTUYECKHE TPOOIEMBbI, XOTS U SABISIOTCS BaXKHBIMH, HO BCE )K€ UMEIOT BTOPOCTEIICHHOE
3HaueHue. K coxanenuro, ceronHs JOMMHUPYET HHOE MHEHUE.

Bo3MokHO, clieayeT TakKe NPUHSTD PSIT MEXAYHAPOIHBIX HOPMAaTUBHBIX aKTOB 00 00513aTeIbHOM
JI0JIEBOM YYaCTUH BCEX CTPAaH B (GMHAHCUPOBAHMM KOCMHUYECKUX IporpamMm usyueHust ConHeqHon
CHCTEMBI. MBI HE CMOXEM CIAcTH CBOIO IUIAHETY, HO TOMBITAThCS COXPAHUTH Oy/yliee UBUIN3ALUN
— Hall JOJT.
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