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I's100anbHOE MOTeIUIEHHME HA IUIAHETAaX 3eMHOM rpynnbl B CBeTe
(pyHAaMEHTAJIBbHBIX 32aKOHOB KJIACCHYECKON HeIMHEeNHON (PU3UKM:
npu4yuHa, ucxoA. IIpuposa rpaBUTANMOHHBIX CHJI B MOAEIH
He1MHeiHo# BeeieHHoi.

AnHoTtanus. [Ipu3HaHre TEXHOTEHHOW SMUCCHH TUOKCH/IA YTIIepOoia MPUIMHOM II100aTbHOTO
MOTEIUICHUS] OCHOBAHO Ha COLIMAIIbHOM KOHCEHCYCE, @ OTHIOAb HE Ha CTPOTOM JIOKa3aTelIbCTBE, YTO
MO3BOJISIET BECbMa CKENTUYECKH OTHOCUTHCS K KOPPEKTHOCTH MOAOOHOTO YTBEPKACHHUSL.
TexHoreHHsli (hakTOp MpeACTaBIACT HHTEPEC IS SKOJIOTHU, HO (PU3UUECKask KIMMAaTOJIOTHS - HayKa
WHas, OCHOBaHHas Ha (pyHAaMEHTaIbHBIX, YETKO CPOPMYIMPOBAHHBIX OA30BBIX MPUHIUIAX U
3akoHax. IloHATH CKPBITBIC MCXaHU3MbI IPUPOLI, CBA3ATh PA3PO3HCHHLIC Ha6JIIOI[aeMBIe SABJICHHS B
€IMHYI0 KapTHHY MUPO3JIaHus, ONPeIeINTh Hallle MecTO BO BeeneHHON U mpeonpeaenuTh CBoé
6y,£[y1.[[€€ — BOT LCJb U 3aJa4a JaHHOT'O NCCIICAOBAaHUA.

KuroueBble cjioBa: ckansipHoe 1noJje, pusndeckasi eTMHUIA IJIMHBI, TPaBUTAILIIOHHOE
B3aUMOJICHCTBUE, BHYTPEHHEE YCTPOUCTBO IIJIAHETHI, DBOJIIOLMS KIMMAaTa.

Beenenne. Marepust nepBudHa (€AMHCTBEHHOE YCIIOBHE K 3a/1adye IOCTPOeHUs Mozenu Beenennoit),
C TOYKH 3PEHMSI YUCTON aOCTPaKTHON MaTeMaTHKHU — MepBOOOpa3Hasi, MO3BOJIAET HHTEPIIPETUPOBATD
¢u3nUecKoe MPOCTPaHCTBO KaK pacipeesieHne MaTepuH 10 TPEM OPTOTOHAIBHBIM HAPaBJICHUSM, a
BpeMs — KaK ImapaMeTp KMHEMaTUKH. To eCTh MPOCTPAHCTBO MPEACTABISET COO0H OTHOPOAHOE
cKaJsipHOE noJie. M B 3TOM cMBbICIIE «3aMOPOKEHHOE» CKAIPHOE 10JIE MOKHO CUNTATh PENIEPHON
TOYKOM OTUYETA B BOJIIOLIMKM MAaTEPUU WJIM HadaJlbHBIM cocTosHuEM Beenennoii. He napymas
npuHiuna 6puteel OKKaMa, BBeIEM HUCXOHBIE TAPaMETPhI MOJIs U chopMyITupyeM HEKOTOPBIi
MHUHHMYM aKCHOM.

Br1ienuB pon3BOIbHO HEKYIO 00JIaCTh MOJIS M IPUIAB €M CTaTyC eqMHUYHOM, TOJIydaeM J1Ba
B3aUMOCONPSKEHHBIX 3TAJIOHA — ATAIOH MAcChl B €€ KJIACCUYECKON MHTEPIPETALNH KaK KOJINYECTBA
MaTepHH U Pa3MEPHOCTH ITAIOHA MAcChl WIIM ATAJIOH €AWHUIIBI ATHHBI ((hru3ndeckas eAMHULA JIUTHHBI).
I[Tpu TakOM MOAXO/E K BEIOOPY BEIHUYHMH CYOCTaHIIMOHAIbHAS TPOU3BOIHAS TIOTHOCTH (Op/Jt) paBHA
HYJI0. 3aKOH COXPaHEHHs UMIYJIbCAa CTAHOBUTCS €AMHCTBEHHO BO3MOXKHOM popmymoii st
ONpeeICHUS] YUCICHHOTO 3HAYEHHUsI MacChl: HHEPLMS — Mepa Macchl. CKOPOCTh paclpOCTPaHEHHUS
AJIEKTPOMAarHUTHOM BOJIHBI B U30TPOITHOM CKaJISPHOM I0JIE€ MOAYMUHSAETCS IPUHLUITY CTallMOHAPHOCTU
NEUCTBHUS - 32 paBHBIE HHTEPBAJIbI BPEMEHH BO3MYILIAETCS PABHOE KOJIMYECTBO MATEPUU - U MOANATAET
noJ1 ornpeaeneHne GpyHraMeHTaIbHON (PU3MUECKOM KOHCTAHTBI: HE 3aBUCUT OT HAIIPABICHHUS, CPEIbI
pacnpoCTpaHEHUs U CKOPOCTH JIBM>KEHUSI UICTOYHUKA U3y4yeHNs. EqUHCTBEHHOCTD pPEIIeHMS B
BbIOOpE MCXOHBIX MTAPAMETPOB IOJIs JAET OCHOBAHUE YTBEPIKIATh, YTO H30TPOIUS (PU3HUECKOTO
MIPOCTPAHCTBA SABISETCS (QyHIaMEHTAIbHBIM CBOMCTBOM MaTEepHH.

DBOIIOLUS CKAISPHOTO TOJIS ¢ 00pa30BaHUEM CTPYKTYpbI HabmogaeMoii Beenennoii B cuiry
€IMHCTBEHHOCTH MapaMeTpa CBsizaHa ¢ QUIyKTyallleil equHUIbI JUIMHBI (pa3Mepa 3TalloHa MacChl)
OTHOCHUTEIILHO IMEPBOHAYATHHOTO (3aMOPOKEHHOT0) 3HaueHus. OTHAKO B OOIICTIPUHSATON
METPUUYECKOI cucTeMe eANHUIL eUHHIIA JUTMHBI OIpeiesseTcs Kak He3aBucuMas (PUKCHpOBaHHAsS
BEJIMYMHA. JTO - TEXHUYECKAs €IMHULA AJIUHBL. DBOJIIOLMS MOJS B METPUUECKON CUCTEME €IUHUL]
CBsI3aHa YK€ He ¢ (QIyKTyaruei eIMHUIBI UTMHBL, a ¢ QIIYKTyallen mIoTHOCTH. Pe3kuil ckadok
IJIOTHOCTH HA OTPAHUYEHHOM YUYacTKE I0JIS MOYKET BO3HUKHYTH TOJIKO B PE3YJIbTAaTE HEITUHEHHOTO
B3aMMO/ICHCTBHS BOJIH C 00pa30BaHNUEM YCTOMUMBBIX BOJIHOBBIX MMAKETOB, KOTOPbHIE CIEAYET
OTOKIECTBJIATH KaK 3JIeMEHTapHbIe yacTulbl. JlanbHeiiee pa3BUTHE (QIIyKTyauili IpUBOJUT K
00pa30BaHMIO CTPYKTYp Oosiee BEICOKOTO mopsaka. CTpyKTypHbIE 00BEKThI BOJIHOBOM MPUPOIBI
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SABJIIFIOTCA UCTOYHHUKOM BTOPUYHBIX BOJIH, UTO U MPEAOTIPCACIIACT BHGPFGTI/I‘IGCKI/II\/'I (bOH
OKPY’KaIOIIETO MPOCTPAHCTBA («PEITUKTOBBIIN (POH).

O‘-IGBI/I,Z[HO, qTo (bI/I3I/I‘IeCKa}I 1 TCXHUYCCKad CAVUHUIIBI JJIMHBI — JJIMHBI PA3HBIC 1 COOTHOIICHUC
MEXy HOUMH MOKET OBITh IPOM3BOJIBHO OONBIIHM. M3BECTHO, YTO B METPHUECKON CUCTEME CTUHHIL B
HCOAMHAKOBLIX ITO IJIOTHOCTH ONTUYCCKUX CPpCaax BCIMYNHA CKOPOCTH CBCTA pa3IMvHaA. 06paTI/IM

BHHMaHue Ha ypaBHenue [Tyaccona (Agp = —4mGp) u yurém, uro grad ¢(r) = l/r. 3neck: @ -
MOTEHIIMaJ TPaBUTALIMOHHOTO TOJISL, P — JIOKAIbHAsI JIOTHOCTb IOJISL, [ — PACCTOSIHUE 10 UHUIIMATOpa
nosia. OTcrofia ciaenyeT yTBEepKISHHUE - B METPUUYECKOI cucTeMe 0TYETa CKOPOCTh CBETa B BaKyyMe
BEJTMYUHON MOCTOSITHHOM OBITh HE MOXKET. BaxHO emi€ u To, 94TO B CXeMe MOCTPOCHUS MOICTU
HEJIMHENHON BeeneHHou pa3ensaTh MacCy Ha MHEPTHYIO M TPAaBUTAIMOHHYIO HE MPEICTABISETCA
BO3MOXXHBIM, a C y4ETOM TIABEHCTBYIOIICH PO 3aKOHA COXPAHECHUS UMITYJIbCA HHEPIIUATHHBIE
CUCTEMBI OTUYETA TEPSIOT pu3nyeckuit cMbici. Ha nmepBblil Tu1aH BbICTynaeT OapuileHTprUYecKast
cuctema koopauHat (0XyZz) ¢ Ha4ajaoM B IIEHTpe Macc Tel. Ecin pa3MeTuTh MpoCTPaHCTBEHHBIC OCH
KOOpPJUHAT C MOMOIUIbI0 (U3UYECKON eTUHUIIBI JUTMHBI, T/1€ eAMHNLIA JUTUHBI SBIIseTcs (yHKIUEeH
noreHnuana rpasurauorsoro nojst (I = f(¢)), nonydaem abCOMIOTHYIO QU3NIECKYIO CHCTEMY
orcuéra (ADPCQO), B KOTOPOI CKOPOCTH CBETA MPEICTABIICHA KaK MOTHOIICHHAS (yHIaMEHTaIbHAS
¢busnueckas KoHCTaHTa. IMEHHO B 3TOM CUCTEME OTYETa IPOSBISETCS NedopMaus Uil KpUBU3HA
(bu3MYECKOTo MPOCTPAHCTBA: KPUBU3HA MTPOCTPAHCTBA JISKUT B 00JIACTH METPUUYECKUX OTHOILICHUH.

1. CyOCTaHIHOHAIBHOCTH MPOCTPAHCTBA. ,,C TOUKU 3PEHUS CTATUCTUYECKON TEPMOIMHAMUKH,
CTaBIIIasl KJIIACCUYECKOM (hpa3a «...MaTepus CYIIECTBYET B BUC BEIIESCTBA U B JOPME MOJCH. ..» HE
SIBJISIETCS COJIEP KATENIbHBIM ONpeieeHneM . boree KOHCTPYKTUBHBIM SIBISIETCS APYro€ ONpeeICHUE:
,Marepus CymiecTByeT B BUJIE YACTHI] (TUCCUTIATUBHON CTPYKTYPBI), SIBIISIFOIIIXCS TTOJICHCTEMAMH C
TOYKH 3PEHUS MAKpO, U CUCTEMAMHU, C TOUKHU 3PEHHSI MUKPO. AHCAaMOJIb TTOACHUCTEM,
chOopMUPOBABIINY B JAHHON 00JIACTH POCTPAHCTBA HA TAHHOM MTPOMEKYTKE BPEMEHU «UaCTHILY»,
CTAaHOBUTCS aHU30TPOIHBIM U BHE 3TOI 00J1acTH, I U3MEHSIOTCS €r0 JIOKAIbHbBIE «CPEIHUE»
XapaKTePUCTUKU. Pa3niuHbie TUTIBI aHU30TPONHH, BKIIFOYAst aHU30TPONHIO QYHKIUI pactpeeieHus
KBa3W4acTull, 00yCIaBINBaIOT COCTOSIHIE aHCaMOJIsl, KOTOpBIE CIelyeT Ha3bIBaTh NOJMsIMU. B aTOM
CMBICJIE OIS — BEIIECTBEHHBI, TaK KaK BEIIECTBEHHBI HX HOCUTENH (MMEIOT (OpMY U CONIEepIKaHue) —
noacuctemsl’” [1]. [Tonst mposBAAIOTCS MO UX CUJIOBOMY BO3JACHCTBUIO U XapaKTEPU3YIOTCS, KaK
MPaBUJIO, IBYMsI [TapaMeTpaMu — MOTEHLIUATIOM U HANPsKEHHOCTHIO. [loTeH1a rpaBuTalfmOHHOTO
IIOJIs1 MOYKHO MHTEPIPETUPOBATh B TEPMUHAX IUIOTHOCTH MOJIs. J[aHHBIN BBIBOJ CIEAYET U3 YPABHEHUS
[lyaccona. Beiite 0oTMe4asioch, 4TO0 U3BMEHEHUE TUIOTHOCTH MOJIsl CBSI3aHO C BO3MYILIEHHUEM MaTepUu
BOJIHOBOTO Xapaktepa. O0liee ypaBHEHHE SHEPTHHU BOJIHBI UMeeT BuA E = pA2w?/2 rne: p-
IJIOTHOCTB Cpefibl, A U @ - aMIUIMTYJA U YIJIOBasi 4yacToTa BoyiHbL. CIIuBas J1Ba ypaBHEHUS,
MPUXOJUM K BBIBOJY: OTEHIIMA IPABUTALMOHHOIO MOJIs (CKaIsipHask BEIMUMHA) ONpeesieT
SHEPTruio (GIYKTyaIluH IIOTHOCTHU CPEbl C YIIIOBOM YaCTOTOW U aMIUTHTYIOH, 3aBUCSIINI OT
MIPOCTPAHCTBEHHOW KOOPAMHATSHI I', /i€ I - PacCTOSIHUE OT MCTOYHHMKA I'PAaBUTALIMOHHOTO I10JIs1, BEPHEE
- OT TeHeparopa ocUWUIUK. B 1aHHOM citydae peub UAET O CTATUCTUYECKU 3aBUCHUMBIX WIIN
KOPPEJIMPOBAHHBIX JIPYT C IPYTOM ITapameTpax Cpeapl.

OTKpBITHE MUKPOBOJIHOBOT'O KOCMHYECKOTO M3IyueHus ¢ temreparypoit 2,7 K (A.Ilensuac, P.
Bunbcon 1965 r.) siBiisieTcst BAXKHBIM MOATBEPKICHUEM, MPEX/IE BCET0, CyOCTaHIIMOHATIEHOCTH
MpocTpaHcTBa. MaTepusi IpOCTpaHCTBA WM OIS (CKpBITask MaTepusi), HE U3JIydaeT U HE OTpa)kaer
CBET, HO TPU ITOM SIBIISICTCS MPOBOIAIICH CPEIOi sl BOIHOBBIX MporieccoB. CyOCTaHIIMOHATLHOCTD
MIPOCTPAHCTBA B METPUUYECKOW CHUCTEME €IMHUIL ITPEATIOIIAraeT 3aBUCUMOCTb CKOPOCTH
pacnpocTpaHeHuUs SJIEKTPOMArHUTHON BOJIHBI OT TUIOTHOCTH CPEJIbl, TO €CTh OT BEJIMUMUHBI
MOTEHIIHAlIa rpaBUTAMOHHOTO 1oJist (¢ = f(¢)). [IperomiieHue Jiyda CBETa IPaBUTAILIMOHHBIM TIOJIEM
Comnna (3¢ heKT CTeKISTHHOM JTMH3BI), HEOOBICHUMAs 3aJIep’KKa OTPAKEHHOTO CUTHAJIA,
HaOIto1aeMasi B OKCIIEPUMEHTaX MPHU PaaroIOKaINH IIaHeT BOIM3U oBepxHOocTH COIHIA, 4aCTO
PErUCTPpUPYEMOE MPEBBINIEHNE CKOPOCTH CBETA B SKCIIEPUMEHTAX HA KBAHTOBBIX YCHUIUTEISIX
MOATBEPKIAI0T JaHHOE TIpenoioskeHre. M, kak clefcTBie, HeOKUJaHHBINA BBIBOJI - MbI HA0IIO1aeM
peanbHyr0 BeeneHnHyto, a He €€ UICTOPUYECKOE POLLIOE.



2. [Ipouecc camoopraHu3anuu MaTepuu (Teopernueckoe nmocrpoenue). C yuérom Toro, 4To aToM
KaK CTPYKTypa BechbMa ObICTPO pa3pyliaeTcs, €CTh BCE OCHOBAHUS OXKHUAATh YCTONIUBBIN
KOMITEHCATOPHBIN MPOLECC POKIACHUS CTPYKTYpHOU MaTepuu. PoxkeHne 3J1eKTpOH-TIO3UTPOHHBIX Map
(e~ ") u3 Bakyyma HaOIr01aeTCs IPU B3aUMOJIEHCTBHH Y — KBAHTOB C TIOJIEM SI/Ipa, IPU
B3aMMO/ICHICTBIM BCTPEUHBIX JIA3€PHBIX ITYYKOB, IPH HYKJIOH-HYKJIOHHBIX WIN SEPHBIX
CTOJIKHOBEHUSIX U MPEJICTABISIET 0COOBIN nHTEpec. Ha BeposITHOCTH 00pa30oBaHMsI SJICKTPOH-
MO3UTPOHHBIX MMap MPH YBEJIUUYECHUH IMapaMeTpoB mouis ykassiBai xymuan [sunarep (J.Schwinger).
OH 00Hapy>XuJI 3aBUCUMOCTh HHTEHCUBHOCTH reHepanuu nap ot HanpspkéaHoctH noiis (E). Dddexr
POKJIEHHUS TIAp CTAHOBUTCA 3aMeTHBIM Npu Eyp = 10° B/cm. B nporiecce yBennyeHus napaMeTpos
moJtst HabJro1aeTest MoporoBeiid 3 ekt nin (Ha3oBbIiA Mepexo 1 MepBOTO Poja JIMOO0 MO YacToTe, TUO0
10 HHTEHCUBHOCTH. V3 MpOCMOTpa COOTBETCTBYIOMMX HaydHbIX myoaukanuii ([2], [3], [4]) moxkHO
MPEJIOKUTH CIEAYIONIYIO CXeMYy (OPMUPOBAHUS CTPYKTYPHOU MaTEepHH.

Heo0xonuMbIM yCcIIoBHEM TOJSPU3AIUHN CPEAbI SBISETCS HATMYHUE BHEITHETO BHICOKOYACTOTHOTO
UCTOYHUKA KoseOaHui. TakuM NpupoaHBIM UCTOYHUKOM SIBJISETCS HEHTPOHHO-U30BITOYHOE SIAPO HUITH
HEUTPOHHOE A1p0. HEUTpOHHOE A1p0 WM KBAHTOBBIM OCLUIUIATOP KOTEPEHTHOI'O COCTOSIHUS
U3JTy4aeT Kak B BHICOKOYACTOTHOM CIIEKTpE (U3JIy4eHUE «KOMILUIEKTYIOMIMX» A]Ipa — HEUTPOHOB U
IPOTOHOB Ha YacCTOTax (W, ) U (Wp)), TAK U B HU3KOYACTOTHOM CIEKTPE, T JUIMHA BOJIHBI M3JTy4EHHs
CpaBHUMa C pa3MEpPOM CaMOTO sipa. Y CTOMYMBOE HU3KOYACTOTHOE M3IydeHHUE (W3) CBA3AHO C
BpallleHUEM Spa, KOTOPOE BO3HUKAET B PE3yIbTaTe CHHXPOHU3AIIMU UCXOIHBIX KOIeOaHuU.
Konebanus na yactorax (w, ) ¥ (wp) TOPOKAAIOT B CUCTEME KOJIEOAHNE HA KPATHOM
KOMOMHHPOBaHHOH yacTote (jws): w, + W, = jws rae j =1,2,3, ... (ycnoBue pe3oHaHca MK
cuHxpoHusma). CienoBaTenbHO, BpallleHHe HEUTPOHHOTO si/ipa HE IPOU3BOJIBHO, a TIPEIONpEACIAeTCs
PEKUMOM CHHXPOHH3AIMH C TIOCTABITUKOM dHEpPruu. [Ipr BHICOKOYACTOTHOM BHEIITHEM BO3ACHCTBUH
B CIUIOIIHOMW CpeJ/ie ¢ TUCTIEPCUEN U AUCCHUTAIIMEN BOZHUKAIOT C(hepuuecKr CHMMETPUYHBIE
(OTHOCHUTENBHO Sapa) IKBUIUCTAHTHBIE 30HBI IehopMannu cpelibl BOTHOBOTO XapakTepa ¢
JTMCKPETHBIM U PaBHOMEPHO pacnpeneaéHHbIM HabopoM 3HaYeHH I 2Hepruit. [Ipu pasHOoCTH YacToT
W3ITy4eHUs] HyKIIOHOB Ha OTPAaHMYEHHBIX MHTEPBAIaX MPOCTPAHCTBA BO3HUKACT CBSI3AHHBIN PEKIM
KoJieOaHuH, OJIM3KUI K CTAllMOHAPHOMY — aMILUTHTYAHO-MOyIupoBanHoe konebanue (AMK) ¢
YII0BOW MOIyNSAIMEH. B pe3ynpTupytomnem IBImKEeHUH ¢ K03()PHUIHMEHTOM MOAYIISIINN PaBHOM
equauiie AMK npencrasnser coOoi XapakTepHOE YepeIOBaHUE Y3JI0B M IyYHOCTEH HIIH
MOCJIEI0BATEIHHOCTh BOJIHOBBIX TAKETOB MEPUOIUYHBIX C IEPUOJOM TT. AKTHUBHAS UM pe30HAHCHAs
00JacTh XxapakTepusyercs 1eabiM YuciioM BoidH AMK, ykiaabpiBaeMbIX 1O 3KBaTOpy cdepsbl.
KonmaecTBo pe30HaHCHBIX 30H HAXOJIUTCS B MPSMOI 3aBUCIMOCTH OT MAcCChl SiApa, 4TO U
oOycioBnuBaeT Bc€ MHOTOOOpasue 31eMeHTOB Tabymibl MenaeneeBa. Paznuyasces mo macce,
HEHTPOHHOE PO OCTAETCS KBAHTOBBIM OCHUIUISITOPOM KOT€PEHTHOTO cocTosiHUS. [Ipon3BeneHue
HeomnpeaenéHHOCTeH KOOPAUHATHI ¥ UMITYJIbCa IPUHUMAIOT MUHUMAIbHO BO3MOKHOE B paMKax
COOTHOILICHHS Heonpeaenénnocteit 3uaucaue: Ax - Ap = h/2. B atom citydae, pacpocTpaHeHHE
MOIIHBIX KOT€PEHTHBIX UMITYJIbCOB B PE30HAHCHO-TIOTJIOMIAIONIEH Cpefie COITPOBOXKIAETCs
COMUTOHHBIMU d(pdexTamu, T. €. BOMHOBBIE MakeThl AMK He pacruibIBaoTCsl, @ UX IISHTP JABMKETCS 110
KJIAaCCUYECKOM TpaekTopuu. HenmnHeitHoe B3auMoeliCTBUE TapMOHUYECKUX BOJIH, CTPYIITUPOBAHHBIX
B MIAKEThI, 0OHAPYKUBAET TIOBEJICHUE, POTHSAIIEE UX C YACTHIIAMH: JIOKAITM30BAHBI B KOHEUHOM
00J1acTH, IEPEHOCST SHEPTUIO0 U UMITYJIBC, 00OPa30BBIBAIOT CBA3AHHBIE COCTOSIHUS, OOBEIUHSIIOTCS B
KOJUIEKTHUBBI (aHCAaMOJIH), COXPAHSIOT CBOIO CTPYKTYPY MPHU B3aMMOJCHCTBHIX. be3 mpuBHeceHUs
BHEUTHUX MPEANOCHUIOK, MTOJI0KUB B OCHOBY OOBSICHEHHS 3apsi/ia YaCTULIbI pa3HOCTh (a3 cOOCTBEHHON
YacTOTHI BOJIHOBBIX MTAKETOB Ha 7T, CTAHOBUTCS] BO3MOKHBIM OTOXIECTBUTh YCTOMYMBBIE BOJIHOBBIE
MaKeThl C OIMHAKOBBIMU 3HAUEHUSMH MAcChl U CIIMHA, HO C MPOTUBO(A3HOMN YacTOTOM OUeHuH, ¢
AJIEMEHTAPHBIMU YaCTUI[AMH — DJIEKTPOHOM U TIO3UTPOHOM. VIMEHHO 3TH YaCTHIIBI POKIAIOTCS U3
BaKyyMa U pacmajJalorcs Ha (OTOHBL, IPU OJMHAKOBOI Macce OHM SBIJIAIOTCS HOCUTENSIMU €IMHUYHBIX
Pa3HOMMEHHBIX 3aPSIOB M TOJIBKO ITH YaCTHIIBI MOTYT MIPETEHI0BATh HA PO (PyHIaMEHTATBLHBIX
COCTaBJISIOUINX HYKJIOHOB. Takasi MOIENb CTPOCHHS aTOMa MOXET Pa3peliuThb psiji MpooIeM:
po6seMy CBOOOHBIX AJIEKTPOHOB MPU OOBSICHEHUH JEKTPUUECKOTO TOKA, TPOOIEMY H3ITydeHUS



3JIEKTPOHA TPH €r0 «BPAILEHUI» BOKPYT sIpa, HO3UTPOHHYIO SMHUCCHUIO, TPoOIeMy” IBIPOK” B
MOJIYTIPOBOJIHUKAX P — TUIIAa U KapAMHAJIbHO U3MEHHUTH Hallle IPEJICTABICHHUE O CTPYKTYpE
XUMUYECKOU CBA3H (MMEETCsI BBHIY €™~ €' B3aUMOJICHCTBHE).

[IpeBbIneHns: MacChl HEUTPOHHOTO S/Ipa HEKOW MOPOTOBOM BETMYMHBI BEIET K HOBBIM 3 dhexTam
CBSI3aHHOTO COCTOSIHUS. Psi mocnenoBaTenbHbIX JIOKATBHBIX MpeBpaiieHuil (popmMupoBaHue u pa3pbiB
AMK Ha otnenpHbIE PparMeHTHI, CTOXACTU3AIMS BOJIHOBOTO OISl M POKJICHHE HOBBIX COCTOSIHUM
paBHOBecHsI ¢ (HOPMHUPOBAHUEM YCTOWYMBBIX aHCAMOJIEH BOJTHOBBIX IMAKETOB (3JIEKTPOHOB U
MO3UTPOHOB)) IPUBOJUT K BOSHUKHOBEHHIO YCTOMYNBOTO BO BPEMEHU JIOKAJIN30BaHHOTO B
OKPECTHOCTH HEUTPOHHOTO si/ipa Mpoliecca poKIeHUs HYKJIOHOB. [Ipu 3TOM Macca HEHTPOHHOTIO siipa
OyZeT MOHOTOHHO YBEJIMYUBATHCSI.

B npennaraemoii Moeiu HyKJIOHBI IPEACTABICHBI B BUAE CBI3AHHBIX COCTOSIHUM 3JIEMEHTapPHBIX
YacTHUII - 3JIEKTPOHOB M MO3UTPOHOB, C Pa3IMUMEM IO YUCIy YaCTHI] B cUCTeMe Ha equHuIy. Pacnan
HEHUTpOHA UIIET C CaMOTO YS3BUMOTO IMOBEPXHOCTHOTO ciiosi. [Ipu Oera-pacrane HEUTPOH TepsieT
MOBEPXHOCTHBIN 0OMETAIOIINI JIEKTPOH U MIPEBPAIIAETCS B IPOTOH C OBEPXHOCTHBIM MO3UTPOHHBIM
cioeMm. [Ipu 3TOoM 00paszyercs AIEKTPOH U ANEKTPOHHOE aHTUHEUTPUHO — YACTHIIA C YHEPTHUEH,
COOTBETCTBYIOIIEH IHEPTHH CBSI3U MEX]Y FIEKTPOHOM U MO3UTPOHOM. TO €CTh HEUTPUHO cieyeT
CUHUTATh MAallOPAaHOBOMW YaCTHUIIEH C HUUTOKHOW Maccoil U COOCTBEHHOU YacTOTOM OMeHU Kak
MUHHMYM B JIBYX BapraHTaxX — B (pa3e u npotuBodaze. OxxumaeMplil pactaa mpoToHa — OeTa-TuTioC-
pacmaj SKCIepUMEHTaIbHO He oOHapyxkeH. OHaKO MO3UTPOHHAs dMUCCHs HaOmoaaercs. K mpumepy,
HEKOTOpBIC N30TONHI (yriepos-11, kucnopoa-15) ucnyckarot nmo3utpoHsl. COrtacHO MpeasiaraeMoit
MOJIETIN aToMa, Ha0JIro1aeMasi TO3UTPOHHAS SMUCCHS HE CBSI3aHA C PAaCHaIoM SACPHBIX TPOTOHOB.
[Ipu ntaHHOM MOAXO0JI€ K CTPOCHHUIO HYKJIOHOB, CYUTATh HEUTPOH UCTUHHO HEUTPaATIbHON YacTULIEH
yke Henb3s. OH KOHCTPYKTHUBHO JOJKEH OBITH OTPUIATENILHO 3apsHKEHHOM YaCTHIICH.

OtpuinaTenbHbIN 3apsii HEUTPOHA — MPUHIIMITMAIIBHO BaXKHOE IpeAnoyioxkenune. M atomy
€pEeTHYECKOMY MPEATNOI0KEHHUIO €CTh BCE OCHOBaHUA. PaccMoTpuM mpocTeiiime npumMepsbl.

JleiiTepuii — s1po, COCTOSIIEE U3 NPOTOHA U Helitpona. - D (p" n~) E crasu = 2,2 MaB.

[Ipu TakoM moaxoze K CTPOEHHUIO YaCTHUIl, MOKHO C YBEPEHHOCTBIO CKa3aTh, UYTO YCTOMYMBBIX sIIEP,
COCTOSIIUX U3 JBYX MPOTOHOB (AUIPOTOHA) WX JBYX HEUTPOHOB (IMHEUTPOH) B MPUPOJIC HE JOJIKHO
CYIIECTBOBATh. DKCIIEPUMEHTAILHO TaKUE sIIpa HE OOHAPYKEHBI.

Temnii 3—*He (p" n~ p"), E cB.=7, 72 M3B. CllHHBI IPOTOHOB aHTHIAPAILICIIbHBI.

Tputuit — T (N~ p~ n"), E cB. = 8,48 M>B. CliiHbI HEATPOHOB TAKXKe aHTUITAPAILICIIBHEL.

B npuGImKeHIN H30TOMMYECKOil MHBAPHMAHTHOCTH SHepruu cBsi3u B - T 1 B ° He J0MKHEI ObI OBITH
paBHbl. Ho oHu paznuynbl. [IpuyrHa Takoro pa3inuyusi MOKeT OOBICHITHCS TOJIBKO TEM, UTO HEUTPOH
SBIISICTCSA OTPHUIIATEIBHOM YacTUIeH ¢ ApOOHBIM (SIKpaHUPOBAHHBIM) 3apsiaoM. BenencTBue yero
KYJIOHOBCKasi JHEPTUsl OTTaJIKUBAHU BT MEXy HEUTPOHAMU MEHBIIE aHAJIOTUYHOU DHEPTUU B *He
Mexay npoTroHamu. Hanbosnee Tounble mpsiMble U3MepeHus 3apsaaa HeHTpoHa (Qn) BHIIOIHEHBI 110
OTKJIOHEHHIO MMYYKOB YJIbTPAaXOJOIHBIX HEHTPOHOB B ANEKTPOCTATUYECKOM 1oJjie. OHU MOKa3bIBAIOT:
Q. = 3-10"%'e rtne e — 3apsan >nexTpoHa. HelfTpanbHbIi HEHTPOH CO CIMHOM 4, COTTIACHO
CranmapTHOU MoJieu U ypaBHEeHUs Jlupaka, He 7o/ KeH 00JagaTh MarHUTHBIM MOMeHTOM. O1HaKo
OKCIICPUMCHT IO PACCCAHUIO ITyYKa HGfITpOHOB IIOKa3bIBACT, UTO HeﬁTpOH UMeeT MAarHUTHBEIA MOMEHT
¥ OH paBeH: W n = - 1,913... pn. [lns cpaBHCHHS, MATHUTHBI MOMCHT TIPOTOHA PaBEH: W, =

2,793 ... up.

[IpencraBieHHas MOACTH (GU3UKHU SIIEMEHTAPHBIX YACTHII O0JIee TPEANOYTUTENbHA K TPEOOBAHUIO
NEPBUYHOCTH U 3JIEMEHTAPHOCTH, XOPOIIO COTJIACYETCsI ¢ PAclagoM HEHTPOHA, OOBSICHAET BOJTHOBBIC
cBoiicTBa yacTuIl (BoJiHbI e bpoiins), HaxoauTcs B oopMare eIMHON MaTEepHH.

3. I'paBuTanMoHHOe B3auMo/ieiicTBue. 3aKOH TAroTeHus: HploTOHA sBIISIETCS
(eHOMEHOIOrMYECKMM 3aKOHOM: 3aKOHOMEPHOCTH U3MEHEHHUS TapaMeTPOB IpoIiecca ONpeaesieHbl,
IIPUPOJA SBICHUS OCTAETCs HEN3BeCTHOU. He cymecTByeT oTBeTa M Ha BOIPOC O IPUYUHE BPALECHUS
IJ1aHeT. B 3TOM BoIlpoce NMpUAEepKUBAIOTCS MHEHUS, BbICKa3aHHOT O ewé ['amieem u HeroTroHOM.
CornacHo emy, ipu GOPMHUPOBAHUY IIAHET UMITYJIbC HEM3BECTHOM MPUPO/IBI IPUIAT UM YCTOMUUBOE



BpaniaTesnbHoe qBuKeHne. CuuTaercs, 4To 0 CHX MOP 3TO BpallleHHE OCYIIECTBIISETCS 110 HHEPLUU.
Ho 3T0 Bcero auip BUAUMOCTE JTOTHYECKOTO 00BICHEHU: HaOII0aeMble KoJieOaHus OCEBOU 1
OpOUTATLHOM CKOPOCTH BpaIleHUsI 3eMJIH MPOCTO HE COBMECTUMBI C IOHSITHEM WHEPIIHATHLHOTO
JBHO)KEHUA. 3aluIlieM YpaBHEHUE JBH)KEHUS B TAKOM BHUJIE:

dv = =

i YiF = m—-  rae P — umiyssc Tena, V' - CKopocTs.
IIpu paBeHCTBE HYJIIO BEKTOPHOM CYMMBI CUJI CIIEIYET: |ﬁ| 51 |I7| — KOHCTAaHTAa, KaK 110 MOJYJIIO, TaK U
10 HANPABJICHUIO. 3aKOH COXPAHEHUS UMITYJIbca OOBSACHIET IPAMOIMHEHHOE U paBHOMEPHOE
IBIKEHUE. MHEeHUe 0 TOM, 4YTO OpOUTAIbHOE BpalllEHUE IIAHET MOYKHO OOBSICHUTh MHEPLIHEH,
HEJIb3s paCCMaTpUBATh KaK peallMCTUYHOE. B mpeuiaraeMoi Moienu CUIlbl HHEpLUY, B T. 4. U
LEHTPOOEKHAs CUJIa, HE pACCMAaTPUBAIOTCA: 3TO MHUMBIE CHJIbI, KOTOPBIE HE BBI3BIBAIOT YCKOPEHUH.

I'paBuTanimonHas noJsipu3anys Bakyyma — KJIFO4€BOU mpolecc Bo BeenenHon. JIokanu3oBaHHbIN B
IIPOCTPAHCTBE U YCTOMYMBBIN BO BPEMEHH MPOLIECC POKACHUS CTPYKTYPHON MaTepuu B OKPECTHOCTH
HGPITpOHHOI‘O SJIpa UHULMUPYET MOTOK MOJIst B 001acTh peakuuu. Hanpssk€HHOCTh TpaBUTALIMOHHOTO

TTOJIST (E ) - 'BEKTOPHAs BETHYHHA E=F /m = a, rae F — cuna jaBieHus IOTOKA TOJIS Ha POOHYIO
maccy m, @ — yckopenue. Ciie10BaTebHo, HEUTPOHHO-U30BITOYHOE SAPO SBISETCS HEOTHEMIIEMOI 1
BaYKHOM COCTAaBIISAIONIEH YacThIO 000 IpaBUTALIMOHHON CHUCTEMBI (IIJIaHEeTa, 3Be3/a, FaJlakTHKA).
MOHOTOHHBII POCT MacChl HEUTPOHHOTO si7pa SIBJIETCSI HEOOpaTUMBIM TporieccoM. [Iporekanue B
JIOKAJIbHOM crcTeMe HeOOpaTUMBIX MPOLIECCOB OOBSICHSIET IBOJIIOLIMIO OTKPBITOM CHCTEMBI K Oolee
BBICOKUM (pOpPMaM CIIO)KHOCTU. YaCTUUHO POXKAEHHBIC HYKIOHBI OTJIOIMAIOTCS MATEPUHCKUM
HEHUTPOHHBIM SPOM, JIpyras 4acTh HYKJIOHOB UJET Ha (popMHpOBaHUE aTOMapHO cpepbl BOKPYT
anpa. HelTpoH - 3axBaTHbIN npouecc (I — rnpoiecc), JOKaIU30BaHHbIN B OKPECTHOCTH HEUTPOHHOIO
S71pa, SIBJSETCS OCHOBHBIM HCTOYHMKOM 3JIEMEHTOB BO BeenenHoil. CBsykeM CHITy TaBJICHUSI IOTOKA
1oJIsl Ha GApMOHHYIO0 MAaTEPHIO C CHUIIOHN TATOTEHHSL.

Belie oTMeuanock, 4TO reHepaTOpPOM LHEHTPOCTPEMUTEIBLHOTO MOJISI YCKOPEHUM CITYKUT
HEHTPOHHOE AP0 0OBEKTA, U UTO BpALICHHE HEUTPOHHOTO spa MPEAOIPEACTIACTCS PEKIMOM
CUHXPOHU3AIMH UCXOTHBIX Kosiebanuii. CrieoBaTenbHO, 0CEBOE BpallleHUEe HEUTPOHHOTO si/1pa
Comnnna (Tutanet) OyzeT 3aaBaTh BpalIAONIHi MOMEHT TMHAMUYecKkoi cucteme. [10Tok mosst k
BpalllaloLIEMYyCsl SIIPY YKE HE MOXKET ObITh chepudeck CHMMETPUYHBIM: B CHCTEME BO3HUKAET
BpalaoIIuii MOMEHT, KOTOPBIH MPOsBIseTCs 00pa3oBaHUEM 30H SKBATOPUAILHON U OCEBON
CUMMETPHUHU U aCUMMETPHUH MEXIy noiitocaMu. B obnactu BpamieHust popMUpYIOTCS CTpyHHbBIE
TEYEHMSI C IUIaBHO N3MEHSIOIIKUMCS IPaJUEHTOM YIJIOBBIX CKOPOCTEHN HE TOJIBKO B pajiliaibHOM
HaIlpaBJICHUN B IJIOCKOCTH BPAILCHMS, HO U B HAIIPaBJICHUU OT 3KBAaTOPA K MOJIOCY.
aFT e +1% _’0 +;6FT e
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B miockocTtu BpamieHus sapa OTOK OIS HAIPABJICH 10 CIUPAJIBHOM, CHIAAAI0LIEN K LEHTPY
Tpaexktopuu. CiaenoBaresnbHO, CHUla TaBJICHU IIOTOKA MOJIS PEJCTABIEHA KaK pe3yabTUPYIOIIas
BEKTOPHOM CYMMBI CHJI — TAHT€HIIUAJIBHOW F; ¥ LEHTPOCTPEMUTENbHON F), Wiv CUIION TATOTEHUS.
BoznelicTBue TaHreHIIMaIbHON KOMIIOHEHTHI CHIIBI IaBJICHUS MIOTOKA MO BBI3bIBAET OPOUTATIBHOE U
0CEBOE BpallleHHE TUIaHeT. PeanbHbIM aHAJIOrOM JaHHOTO (PU3MUYECKOTO SIBJICHUS OY/IET MOBEICHNE
BOJIbI B OacceliHe pU OTKPHITOM CIIMBHOM KianaHe. Eciu 3epkaiibHOe OTpakeHHe BEpTUKAIbLHOM
IJIOCKOCTH, MPOXOJAIIEHN Uuepe3 LIEHTp KilanaHa, HOBEPHYTh BOKPYT TOPU30HTAIBLHOW OCH U
COBMECTHUTH IO HWYKHEMY Kpalo (IHO OacceiiHa), TO MbI MMOTYYUM IPUMEPHYIO KapTHUHY TPAEKTOPHUHU
IIOTOKA IOJIS K BPAIIAIOIIEMYCS] HEUTPOHHOMY SJIpY WIH — €IMHYIO TONOJIOTHIO IPABUTALIMOHHOIO
moJtst (TIaHEeThI, 3BE3/1bl, TaTaKTUKH ). [Ipu 5TOM Buj ’cBEpXy’” Ha MOJIIOCA TUIAHETHI OyAET
HAINlOMUHATh BOJIHYIO BOPOHKY. CaM MOTOK MMOJIst HE JETEKTUPYETCs, HO €ro BIUSHUE HA (PU3NUECKOM
ypoBHE MBI HaOmroaeM (mostocsl CarypHa [5,6]).

3aMeHa CUIIbI TATOTEHMS MEKIy MacCaMH Ha BHELIHIOIO CHUJTY BO3JEHCTBUS MOTOKA 1AaET
MpEeACTABICHHUE, TOJILKO 00 OHOM IEHTPATBLHON CHIIe — IICHTPOCTpeMUTENbHOM cuiie. [lon neiictBuem
9TOM CUJIBI TUIAaHETa UMeTia Obl CIHUPAIBHYIO, CHAIAIONIYIO K IIEHTPY TPACKTOPHIO IBUKECHUS U
HeMuHyeMo BeTpetuiach Obl ¢ ConnueM. Ho 3Toro He mpoucXoauT MOTOMY, YTO CYIIECTBYET APyTrast
BCTpEUHAas LIEHTpajlbHas CUJIa — BO3BpAIAIOIasl CUila, KOTOpask ¥ MPUBOAUT K COCTOSIHUIO

grad F, (r,0,¢9) =




rapMOHUYECKOTO paBHOBECHUS cucTeMy «iutanera — Comuie». Haitném ¢pusnueckoe obocHOBaHME
BO3BpallAIONIEH CUJIE.

Tak kak 3Heprus CBSI3M IS KaKJOU YCTOWYMBOM CTPYKTYpHOU KOH(PHUTYpaluy BCerja CTporo
onpeeneHa, 0 Y4€M CBUACTENbCTBYIOT XapaKTEPUCTHUYECKUE aTOMHBIE CIIEKTPbI U3JTy4YEHHUS —
MOTJIOIIEHUS, TO CaM CTPYKTYPHBIN 00BEKT MOYKHO OXapaKTEepPHU30BaTh Yepe3 yCpeIHEHHBIC 3HAUCHHS
BHYTPEHHEr0 MOTEHLIMaa MoJisi 00bEeKTa — KOHCTAaHTa CBsI3U (ToTeHIua cBa3u). MimeHHo nose
00BEKTa OTBEYAET 32 COXpaHEHHE (POPMBI U CoJIepKaHue caMoro oobekta. Ho uto mpousoiaér, ecnu
napaMeTpbl BHEUTHETO MOJIs 17151 00bekTa OyIyT MpeBbIIIaTh yCPEAHEHHbIE TapaMeTPhI MOJIsl CAMOTO
o0bekTa? B 1aHHOM cilyyae MbI pacCMaTpUBAaEM IUIAHETY KaK CTPYKTYPHBIA OOBEKT WIH CUCTEMY,
napaMeTpsl MOJICUCTEMBI KOTOPOI CYIIECTBYIOT U OIpeieeHbl. BHEIIHUMHU ISl CHCTEMBI Oy IyT
napaMeTpsl rpaBUTalinoHHOro nojs ConHua.

[Tpu 3amaHHBIX TapaMeTpax yInpyrou cpenbl CTPYKTYPHOTO 00BEKTA — (¢, BPAIIAIOIIETOCS BOKPYT
LEHTPAJILHOW MacChl, CYIIECTBYET TaKOM pa3mep IeHTpalbHOI obsactu — L, mpu koTopom
co0III01aeTCsl PABEHCTBO: Py = Pry THE @Ppy - MOTEHLIMAN TPaBUTALMOHHOTO 1ot CoHIIa.
OnpenennM Takyro NOBEPXHOCTh KAK B3aMMOCOIPSKEHHYIO SKBUIIOTEHIIMAIBHYIO IOBEPXHOCTh
(COII) mist ABYX B3aMMOJAEHCTBYIOUIMX TeJ MM c(hepa pe30HAHCHBIX 4acToT. B obnactu Huke
CONPSKEHHOTO pa3Mepa, /i€ MOTEHIMal TPAaBUTALIMOHHOIO TOJIS IPEBBIIIAET NOTEHINAIT IO
MOJICUCTEMBI 00BEKTa, BO3HUKAIOT CHJIBI JaBIICHUS, CKUMAIOIIUE O0BEKT. B cTpyKTypHOM 00BEKTE
BO3HUKAIOT CUJIBI YIIPYTOCTH, KOTOPbIE MPE00IaaloT Hajl CUIIaMH CXKaTHsl, BCJIEACTBUE YETo U
BO3HHUKACT BO3BpAIaloas cuiia (aHajuor CHibl ApXuMena), ecii ynpomeénHo. B neiictBurensHocTwy,
KOHEUYHO, MPUPO/Ia BO3BPAIIIAIOIICH CHIIBI JISKUT B 00JIaCTH HETMHEWHON (DM3UKU U CBSI3aHA C
MHUKPOBOJIHOBBIM U3JTy4YEHUEM HEUTPOHHOTO S1pa, IOPOXKAAIOIIEr0 CETKY YaCTOT, «4acTOTHBIE
cxioHbl» (I'pumaeB A.A.) u pe3oHaHCHBIE C(ephl, CONPSHKEHHBIC C TEM UM MHBIM 00BEKTOM.
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[IpencraBuM BepTHKAIBHOE CMEILLIEHUE INIAHETHI OTHOCUTENIBHO COJIHIIA B BUAE FTAPMOHUYECKOIO
KoJIe0aHHs OKOJIO TOYKH PAaBHOBECHS C EPUOJIOM PaBHBIM OAHOMY roy. COBOKYITHOCTb TOYEK
paBHOBECHSI 3a MEPUO/I OTIPENIEISIET HEKYI0 OKPYKHOCTb L pannycom R (puc.l) u xapakrepusyer
IIPENEIbHYIO TPACKTOPHUIO, K KOTOPOU CTPEMUTCA JUHAMHYECKAS CUCTEMA. DIIUITHYECKAs
TPAaeKTOPUs ABMKEHHS TUTAHETHI OyIeT MPUOIMKATHCS K YCTOHUMBOM TpaekTopuu. Takum oOpazom,
OKPY)KHOCTB L SIBISIETCS aTTPaKTOPOM B TMHAMHUYECKOU crucTeMe. Bce TpaekTopuu U3 HEKOTOPOi
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
dt?
rae X = (R, — R) - cMemieHue ot mojoxeHus paBaosecus, k = f(¢) = ¢ - koahdunneHt

=—kx wm X+ w*x=0

YIIPYrocTH rpaBuTariioHHOro mojs CojHia, @ - yriaoBas yactora (w = 2"/7« = k/m).

B nuneiinom npubmmkenun (K = const) pemenune 31oro udepeHnanTb-HOro ypaBHEHUI BTOPOTO
nopsiaka umeet BUI:X(t) = A cos(wt + @) = Re[Aexp i(wt + ¢)]

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



KonebarenbHoe IBUKEHUE IPOUCXOAUT MO BIUSHHEM BO3BPALIAIONICH CHIIBI, TPOMOPIIMOHATIEHON
BEJIMYMHE CMEIICHUS M HANIPABJICHHOMU K ITOJIOKSHUIO paBHOBECHs. MIMIyibe critbl (p = mx)
u3Mensiercs anamorudno X(t), Ho co casurom mo dase Ha 7T/ 4

p(t) = mwA cos(wt + @ +/,)
TToNHast SHEPrHsl CHCTEMbI, PABHAs CyMMe KHHETHUECKOH ¥ IIOTCHIHANBHOM SHEpruH (OHH

M3MEHSIOTCS B IPOTUBO(]A3e), coXpaHseTcs:

+2 2
mx mx
& =—+4+— = const.
2 2
OueBHAHO, YTO CUJIA B3aUMOJICUCTBUS MEXIY MaCCaMU SIBJISICTCS] 3HAKONIEPEMEHHOM BEJTMUYMHON U B

NEPBOM NMPHUOIMKEHUH IPUHUMACT CIEIYIOUINIA BUT:

F’n —k (RL_Rs)mM
Rj

N
MuRL=R = Fn=0.

CornacHo BblenpuBeAEHHON (hopMysie IEHTPAIbHbIN 0OBEKT HE MOXKET pacCMaTpUBATHCS KaK
TOYKAa MPUTSKEHUSI IPU B3aUMOJIEHCTBUU MaCC, IEHTPAIbHBIM 00bEKT IPaBUTAMOHHON CHCTEMBI (€r0
HEHTPOHHOE AAPO) MOPOKIAET CETKY YaCTOT U BCE aBTOKOJIeOaTeIbHbIE CUCTEMBI (IIJIAHETHI, 3BE3THBIC
CUCTEMBI, TAIAKTUKN) CTPEMSITCS] K COOTBETCTBYIOIIEH chepe pe30HAHCOB. DTOT MEXaHU3M
B3aMMOJICHCTBHS JISKUT B OCHOBE CYILIECTBOBAHUS Tosica acTepon1oB uin koiern Carypna. Opoura
ComnnevHol cucteMbl BHyTpu Mieudoro [lyTu taxke umeeT popMy MOUYTH HUICaTbHON OKPY>KHOCTH.
CucremaTnueckre H3MEHEHHS CUJIbl TPABUTALMOHHOTO B3aUMOAEHCTBUS MEXy T€JIaMH IPUBOIAT K
cTabmIM3auy OpOUTHI, K CHTUH-OPOUTAIIBHOMY ¥ OPOUTAIBFHBIM PE30HAHCAM B HEOSCHON MEXaHUKE
(3akon Tunmyca-boae). CamoCHHXpOHU3AIMS BPAILICHUH, COITPOBOKIAIOMIASCS YCTAHOBICHUEM
ornpeaenéHHbIX (a30BBIX COOTHOLICHUH, SIBIISETCS OOIICH 3aKOHOMEPHOCTHIO HETMHEWHON MEXaHUKH,
KOTOPYIO MBI U HaOJII0/JaeM NP TPaBUTAIIMIOHHOM B3auMoJIeicTBUU Tu1aHeT B COIHEYHOU CUCTEME.

BosznelicTBue TaHTeHITMAIBHON COCTABIISIFOIICH CHITBI JaBJICHUS TOTOKA MOJIS HA KOJIEOATeThHYIO
CUCTEMY OIpesensieT e€ MOCTyNnaTeIbHOE IBH)KEHUE TI0 OKPYKHOCTH L. JIBUKeHHe MIaHeThl
HE00XO0AMMO paccMaTpUBaTh KaK CYMEepHO3HUIINIO0 HE3aBUCHMBIX KOJICOATENbHBIX JABHKCHUH.
Tpaektopust pe3yabTUPYIOLIEro ABMKEHU M1aHeThl BOKpyT CoHIla OyeT npeacTaBisaTh co00io
ckopee oBasl Kaccunu, uem 3utuinc (CTporo umunTudeckux opout B COIHEYHOH cucTeMe He
Ha0Ir01aeTCs).

JIokanu30BaHHBIN B OKPECTHOCTH HEUTPOHHOTO s1Ipa MPOLECC POKACHUSA CTPYKTYPHOU MaTepUu
BeIET K pocTy Macchl o0bekTa. Ha poct Macc acTpoHOMUYECKHX O0BEKTOB YKa3bIBaeT
HKCHEPUMEHTAIBHO OOHAPY)KEHHOE YBEITUUYEHUE aCTPOHOMUYECKOM €MHHUIIBI JITUHBI 1
AKCIICHTPUCHUTETA TyHHOU opOuThl. C mpupaiieHneM Macchl sapa 3eMiI, 3Ha4eHUE TTapaMeTpOB
IPaBUTALIMOHHOTO T0JI B 00JIaCTH paBHOBECHOH opOuThl JIyHBI yBenuuuBaroTcs. JlyHa pearupyer Ha
TaKo€ U3MEHEHHE: €KEr0JHO OHA OTHAJISIETCA OT 3eMid Ha 38MM. YBennueHune Macchl CoIHIA BEIET
K o1o0HOMY 3¢ dekTy - mnaneTsl ynansiores ot Connna. [Ipu Hem3MeHHOM opOUTaIbHON CKOPOCTH
YBEJIMYEHUE aCTPOHOMUYECKON €AMHULbI JIITUHBI IPUBOJAUT K YBEJIMUEHHUIO TOJa, 3TO IPUPALLECHUE
pocuuTaHo u cocranisier 0,62 cek. 3a 0IuH roJ. AHAIOTUYHbIHN 3 ekt HaOmonaeTcs u B
MEXTaJaKTHYECKUX B3aUMOJCHCTBUIX — FaIaKTUKHU YIAAISIOTCS IPYT OT JApyra (cerogHs 3ToT 3Qpdext
CBSI3BIBAIOT ¢ MU(HUUECKOW TEMHOI SHEeprueit). YBenuueHue 011 HEHTPOHHOU MaTepuu
MIPOCTPAHCTBA KOMIUIEMEHTApHO paciupeHuto BeeneHnHoi, To ects uHbsMa Beenennon nomkHa
HaAOJI0AATHCS C YCKOPEHUEM T10 SKCIIOHEHTE.

B dopmare npenioxeHHOM MOAETH TPaIUEHT CHIIbI TSYKECTH Ha MMOBEPXHOCTU 3eMiIu OyeT UMETh
BBIPRKEHHYIO IIMPOTHYIO 3aBHCUMOCTD (popmyia Kiepo, Kaccunuca). OH He cBsi3aH ¢ BpallleHUEM
3eMIIH, HE MOJBEP>KEH BIMSHUIO COJTHEYHO-IIYHHOTO IIPUTSKEHUS U HE UMEET OTHOLIEHUS K MOIMPaBKe
®as 3a ,,cB000JHBII BO3yX U MoIpaBKe bore 3a mpoMeKyTOUHBIN CIIOM.

4. Oco0eHHOCTh TPABUTALIMOHHOTI0 B3auMoAeicTBHA. B pamkax Takoro noaxonaa
0OHapyXMBAETCS BeChMa HETPUBHATBHAS OCOOCHHOCTh: aTOMAapHBIE TEJIa HE TIOPOXKIAIOT OIS
YCKOPEHUH U, KaK CIIEICTBHE, aTOMapHbIE TeJla HE IPUTATUBAOTCS APYT K APYTY.



CoMmHEHME 110 TOBOAY YHUBEPCAIBHOCTH 3aKOHA TATOTEHHUS - 3TO JI0BOJIBHO CEPHEZHOE 3asIBIICHHUE,
KOTOpPOE MOKET BbI3BATh KYTKOE HEMPUATHE B HAYUHBIX Kpyrax. ,,Jnes o BCeMUPHOM TATOTEHUU —
3TO BEIMKas UAES... Y COMHUTBCS B UAEE O BCEMUPHOM TATOTEHUU O3HAYaeT — HU MHOT'O, HU MaJIO —
YCOMHHUTBHCA B KaUECTBE TPAAUIIMOHHOTO pu3ndeckoro MpluieHus! Bot nmouemy, sta naes obnagaer
MOIITHBIM MEXaHU3MOM CaAMOCOXPaHEHHUsI, KOTOPbI 00ecieynBaeT UMMYHHUTET Aa)Ke IPOTUB
BOIHUIOMIKX (DAaKTOB, KOTOPBIEC B 3Ty HACIO HE yKnaapiBatoTcs” — ['pumrae A.A. [7]. Hekotopsie u3
3THX (aKTOB, MO-BHIUMOMY, CIIEAYET IPUBECTH.

,,B pacrpeneneHny MIOTHOCTH BEIIECTBA B IOBEPXHOCTHOM €JI0€ 3eMJIU CYHIECTBYIOT 3HAUNUTEIbHbBIE
HEOAHOPOAHOCTU. I10 3aKOHY BCEMUPHOTIO TATOTEHUsI OTBEC — IIPOCTEUIINN U3 TPABUMETPUUYECKUX
MHCTPYMEHTOB, Kak U B skcriepumenTe ['. KaBenauia, nomkeH Obl pearupoBath Ha Takue
HEOJJHOPOIAHOCTH, OH JOJDKEH OBLT YKJIOHSTHCA B CTOPOHY MacCUBHBIX 00beKkTOB. Ho aToro He
MIPOUCXOJUT JIaXKe B TOM cllydae, KOrja MaCCUBHBIM O0BEKTOM SBIISIOTCS ropbl. OTBEC COBEPILIEHHO
HE pearupyer Ha 00BEKT, Macca KOTOPOTo COCTaBIIsIET MIJIIHAPAbl TOHH. HO He TOBKO OTBECHI, HO U
IPaBUMETPHI, IPU MOMOIIN KOTOPBIX U3MEPSIOT CHILY TSKECTH, MOJTHOCTHIO Oe3pa3iuuHbl K
IIOBEPXHOCTHBIM HEOJAHOPOAHOCTSIM: MUJJIMOHBI TOHH YKBATOPUAIbHON BBITYKJIOCTH HE BIMSIOT HA
MOKa3aHUs IPaBUMETPHUUECKUX MHCTPYMEHTOB. B Xo7e peanu3anuu KOCMUYEeCKON MPOrpaMMBI 110
BbIBOAY McKyccTBeHHOTO 30HAa NEAR Shoemaker Ha opbuty Bokpyr actepona Dpoc BhISCHUIOCH,
YTO Aa)Ke IPU MUHUMAIBHOM PACCTOSIHUM OT €r0 MOBEPXHOCTH, KOCMUYECKHI1 30H]T BeAET cels Tak,
CIIOBHO y aCT€pOUIa HAYUCTO OTCYTCTBYET COOCTBEHHOE T0JIe TATOTeHUS. [Ipu BHIKITIOYEHHBIX
JBUTATENISAX 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
KEJIAaeMOro pe3ynbTara. AHAJIOTUYHAS CUTYAIUs CII0KUIIACh U C AMTOHCKUM KOCMHYECKUM 30HI0M
Xas0yca (Hayabusa), koTopslii 011 oTHpaBiieH k acrepouny Urokasa (Itokawa) mist B3siTHst mpoOsI
rpynra’”. [lo maTepuanam [7, 8].

B ocHoBe nien 00 yHUBEPCATHHOCTH 3aKOHA TATOTEHHS JISKAT KJIACCHUECKUE SKCIIEPUMEHTHI,
O0OHapyKMBAIOIINE CUITY MPUTSHKEHUS MKy aroMapHbiMu Tenamu (Kasenaum, Peiix, bammm, XKommm
1 Ap.). OKOHYATEIbHO YTBEPAUIOCH, YTO 3TU CHJIBI UMEIOT IPABUTALIMOHHYIO IPUPOAY. ITO TaK, HO
MHTEPIIPETAIMSI 3TOTO SIBICHUS YK€ HECKOJIBKO MHASI.

Hanpsok€HHOCTS rpaBUTALIMOHHOTO T10JISI 3€MIIM — BEKTOpPHAs BEJIMUMHA, OTOXKIECTBIIsIEMAs C
notokoM noJisi. K moroky mnosst npumeHuMsbl ypaBHeHus: bepaysuu. CnenoBatenbHo, Npy COMMKEHUN
CBHHIIOBBIX IIAPOB B dKcliepuMeHTax KaBeHauia u 1pyrux aBTopoB OyaeT HabmoaaTbes 3QpQexT
Bentypu — nageHue ruipocTaTUYeCcKOro AaBpieHuUs IPpU YBEIMYEHUH CKOPOCTH MOTOKA, POXOASILEro
Yyepe3 CCY)KeHHYI0 00J1acTh, B pe3yabTaTe 4ero ¥ BOSHUKAET TUAPOIUHAMUYECKAs CHIIA TIPUTSHDKEHUS
Mexay mapamu. DPGeKT ruIpoJuHAMUUECKOT0 TPUTSKEHUS CYI0B, CIAEAYIOUUX MapaylielbHbIM
KypcoM (Tipu 00TOHE), HEOJTHOKPATHO MPUBOIMII K CTOJIKHOBEHHUIO M XOPOIIO U3BECTECH
cynoBoautessiM. B axcriepumentax Kasenauiia, XXommm u ap., BeposiTHEE BCero, HaOII0AaeTCst
s ekt Bertypu, a He cOOCTBEHHOE MOJIe TATOTEHUS aTOMapHBIX Tell. Ho ¢ yu€rom Toro, 4to BCs
CTPYKTypHasi MaTepusi UMEET BOJIHOBYIO IPUPOY, MTOJTHOCTHIO UCKITIOYATh B3aUMOJICHCTBUE MEXKTY
aTOMapHBIMU TeJIaMH OBLIO ObI HEMPaBUIIBLHO. BOT TONBKO MapamMeTpsl 3TOr0 B3aMMO/ICHCTBHS B
YCIIOBUSX TOMUHHUPYIOIIETO TPABUTALIMOHHOTO MOJI 3eMJIN ONPEAEUTh JOBOJIBHO CII0KHO.

CoMHeHue 1o N0BOJy YHUBEPCAIBHOCTH 3aKOHA TSTOTEHHSI MOTJIO BOSHUKHYTH 3HAUYUTEIBHO
paHbllIe - cpa3y nocie oTKpbiTus kKonel CarypHa. Crucrema KoJiblia, COCTOSIIIAs U3 OOJIBIIOro
KOJINYECTBA TEJ, BCICICTBUE CHIIbI IPUTSHKEHUS MEXTy TeJlaMH JIOJDKHA Obl coOpaThesi B €IMHOE
1eJ10€, HO ATOr0 He MPOUCXOAUT. boiiee Toro, 3T Tena COCTOAT M30 JIbJa, UCKIIOUUTEIbHON
0COOEHHOCTBIO KOTOPOTO SIBJISIETCS €T0 MepBo3aHHas Oenu3Ha. Besnecymas kocMuueckas mbuib
UTHOPHUPYET 00BEKTHI KOJIbLIa TOJBKO TIOTOMY, UTO OHU HE UMEIOT COOCTBEHHOTO NOJIs TsroTeHus. U
peus 371ech UAET O Bellax JAJIeKO HEUTYTOYHBIX, Pedb UAET 0 HEOOXOAMMOCTH IIEPECMOTPa OCHOBBI
COBPEMEHHOM TEOPETUIECKOM acTpOo(U3UKH - TEOpUU 00pa3oBaHMsI HEOSCHBIX TN BO BeenmeHHOM.
OTcyTcTBUE MO TATOTEHMSI Y MAJIbIX TEJI BBI3BIBAET CEPHE3HOE COMHEHHE B TEOPUU I'PAaBUTALMOHHOMN
KOHJICHCAIIUY T'a30MbUIEBBIX 00JIaKOB.



5. IIpouecc o6pa3oBaHus MJaHeT. BOIBIIMHCTBO COTHEYHBIX KOMET UMEIOT CHIIBHO BHITSIHYTHIC
AIUTUNITHYECKHE OPOUTBI, TIEpECEKAIONINE OPOUTHI IIAHET. | paBUTAIIMIOHHBIE BO3/ICHCTBHS TUTAHET
MOTYT CHUJILHO MCKA3UTh TPACKTOPHUIO JBUKCHHSI KOMETHI U IPUBECTH K UPE3MEPHOMY COIMIKEHUIO C
ComanieM. JIOBOJIBHO 4acTO 3TO MPUBOIUT K IMOJIHOMY pa3pylIeHUI0 KoMeThl. Ho MHOTIa BOSHUKAIOT U
MOTPAHUYHBIC SBIICHUS.

«["'onm Hazax komera 17P/Xonmca B pe3ylbTate HEOOBIYHO OBICTPON BCIIBIIIIKHA U3 CIA00H KOMETHI,
CIIOKOIHO oOpararorieiicst BOKpyr CoHIIa ¢ IEPUOJAOM OKOJIO 7 JIET, MPEBPATHIIACh B BUANMYIO
HEBOOPY>KEHHBIM IJ1a30M KOMETY, COMEPHUYAONIYIO TT0 OJIECKY C SIpYalIIUMK 3BE3aMU CO3BE3IUs
Iepces». [To matepuanam Astronomy Picture of the Day

http://www.asroet.ru/db/msq/l31475/17P-HOImes cook.jpg.html

HeoOrprvaiiHoe moBeieHue KOMETHI X0JIMCa MOKHO OOBSICHUTH cienytomuM oopazom. Ilpu
JBMDKEHUHU KOMETBI K LIEHTPAJIbHOMY O0BEKTY U3MEHSIOTCS TapaMeTpbl BHEIIHETO 17151 KOMEThI
IPaBUTALMOHHOIO OJIA. DTO MPUBOJIUT K apaMeTPUUECKON HEYCTOWYMBOCTH, BO3HUKAIOILIEH B
pe3yabpTaTe NPOCTPAHCTBEHHO-BPEMEHHON MOAYIISILIMY TApaMETPOB, XapaKTEPU3YIOLINX COOCTBEHHBIE
KoJIeOaHHs BEIIECTBA KOMETHI. MOy SIS COBEPIIAETCS BOJTHAMHU BHEITHEH Cpebl — BOJIHAMHU
HAaKa4yKH, UMEIOIMMHI KOHEUHYI0 aMIUIUTYy1y. [Ipy npeBbIlIeHMH HEKOETro MOPOrOBOT0 3HAUCHMSI
COOCTBEHHAs! MOJIa HAUWHAET PACTH C TEIIOBOTO YPOBHS, ITOTJIONIAst SHEPTHIO BOJIHBI HAKAYKH.
BosHukaromas npu 3ToM Tak Ha3blBaeMasl paclajHas napaMmeTpudeckas HeyCTOWYUBOCTb, TPUBOAUT
1100 K pe30HaHCy, MO0 K B3PBIBHOW HEYCTOMYMBOCTH BOJIH (Hamp., TyHrycckas kartactpoda).
VYciioBrEe BOZHUKHOBEHHUS TApAaMETPUUECKOr0 PE30HAHCA UMEIOT BHL:

nwy = w; +w,; nkg =k; +k, n=1,2,3.... [Ipu pacnaanoit HeyCTOMYUBOCTH
BO30Y>KJAI0TCsI BOJIHBI C YaCTOTAMH, MEHBIIUMH YaCTOTHI HAKAYKU. J{J1s1 onucaHus napaMeTpudeckoro
pe30oHaHca 0ObIYHO MPUMEHSIOT ypaBHeHUE MaThE:

)

aZ
iz quj [1+ £cos(wyt — Kkox)] ﬁ = 0 rze: ¢ - BeJIMYKMHA, OMKUCHIBAIOIIAS BOJIHY (HAIp.,

MOTEHIIMAJ TPABUTAIIMOHHOTO TOJISA), - AMIUIUTY/Ia BOJTHBI HAKAYKU B OTHOCHTEIBHBIX CIUHUIIAX.
Pemenue 3Toro ypaBHeHHs onpeesieT 001acTh 4acToT Aw (mmmprHa 30HBI MaThE) B mOpor 1Mo
aMIUTUTY/]1€ BOJHBI HAKAYKU €, TJIE€ MOXKET BOSHUKATh pacraHas mapaMmeTpruieckasi HeyCTOMUYUBOCTb.
[Tapamerpudeckuii pe3oHAHC MOXKET, KaK pa3pymuTs komety (Hamp., D/1993 F2 (Shoemaker —
Levy)), Tak 1 MpUBECTH K peakuuu HeuTpoHu3anuu. [Ipu peakiimm HeHTpoHU3aIuy yObIBaeT
KOJIMYECTBO AJIEKTPOHOB, IIPH 3TOM YHUCIIO SIACP aTOMOB COXPAHSETCS. DIEKTPOHBI, 00ECIICUNBAIOIINE
YIPYroCTh CTPYKTYPHOTO 00BEKTA, B3aUMOJICUCTBYIOT C MPOTOHAMH C 00pa30BaHUEM HEUTPOHOB. DTO
MPUBOJUT K YOBIBAHUIO TTOJOXKHUTEILHOTO 3apsijia sipa aTOMOB, UTO U MO3BOJISIET SpaM
00beAnHATHCS. JIOCTUTHYB KPUTHUECKON Macchl IpU 00bEAUHEHUH, SApa 00pa3yloT HEUTPOHHOE S]IPO
B IIEHTPE KOMETBI, KOTOPOE CTAHOBUTCS HEOTHEMIIEMOM YacThI0 CTPYKTYPHOTO 00BekTa. C 3TOTrO
MOMeHTa 00beKT 00J1a/1aeT COOCTBEHHBIM I'PAaBUTALMOHHBIM 10JIEM, MO/ BO3EHCTBUEM KOTOPOTO
MPOUCXOIUT pa3pyIICHHUE CBSI3EH XUMUUYECKUX COSTMHEHUI BHEITHETO BelecTBa KOMEThl. OObIUHOE
BEIIECTBO KOMETHI IPEBpAIIaeTCsa B CMECh OTJIEIbHBIX aTOMOB. TakoMy MPOLECCY COMYTCTBYET
MOIITHOE AJIEKTPOMArHUTHOE sIBJICHHE. BHeNIHssi aroMapHas 000J104Ka, y)Ke 0OoJbIie HalTOMUHAIOIIIAS
I1a3My, CTPEMUTCS 3aHATh PABHOBECHOE MOJIOKEHHE B BOSHUKIIIEM I'PaBUTAMOHHOM T0JIE U KaK Obl
BCIUIBIBAET, 00pa3ys IPaHUYHYIO MOJIOCTh MKy HEHTPOHHBIM SPOM U aTOMapHON MaTepuei.


http://www.astronet.ru/db/msg/1224090
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http://cometography.com/pcomets/017p.html
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http://www.astronet.ru/db/msg/1231475/17P-Holmes_cook.jpg.html
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BHemnine nporiecc CONpoBOXKAAETCS PE3KUM U HCKITIOYUTEIHHO CHMMETPUYHBIM YBETUYEHUEM C(hepbl
00BEeKTa U OYCHb SIPKUM CBeUeHHEM. Peakiusi HEHTPOHU3ALNU B CTPYKTYPHOM OOBEKTE,
BO3HHKAIOIIAsl B YCIOBUSAX MTAPaMETPUIECKOTO PE30HAHCA, JIEKUT B OCHOBE 00pa3zoBaHMs rutaneT. Ha
CHUMKE KOMeThI X0JMCca 3aMeyvaTiaéH IpoLuecc poKACHUS MJIaHETHI.

XapakTepHas 0cOOEHHOCTh MPUBEAEHHON CXEMBI COCTOUT B TOM, YTO HEUTPOHHOE SIPO M HUKHIOKO
MaHTHIO pa3feNsieT NojaocTh. AToMapHas cepa HaXOAUTCA B PABHOBECHOM COCTOSIHUH T10
OTHOIICHMIO K APy U HE OKA3bIBACT JAABJICHUS Ha IO TUIAaHEeTHl. B Xo7e nccnepoBanus npu OypeHun
Konbckoii cBepxriryookoit ckBakuHbI (CI'-3 - 12 262 M.) BBISICHUIIOCH, YTO IUIOTHOCTH MOTHSATOTO
IpYHTa, BOIPEKU OKUIAAHUAM, C TTyOMHOHN HE yBennuuBaercs, a nagaer. Ha rmyoune 12 000 metpos
TOPHBIE MOPO/Ibl OKA3AINCh MOPUCTBIMU U HACBHIIICHHBIMHA BOJIHBIMU pacTBopaMu. HeoxxuaaHHbIM
0Ka3aJ10Ch U paclpeieleHIe TEMIIEPATYP CI0EB 36MHOM KOPbI: TEMIIEPATYPHBIN I'PaAUEHT Ha | KM.
3HAYMTENbHO TIpeBbIman pacu€tHeiii. Ha rimyoune 12000 M. TemmnepaTtypa noassiiack 10 2200 C,
noutH Ha 1000 C BbIIe npeIcKa3aHHOM, IPU 3TOM €CTECTBEHHBIN paMOaKTUBHBIN (OH C IITyOMHON
M3MEHSJICS HE3HAUNTEIBHO, TO €CTh KOHLEIMIHNS paJuOr€HHOIO0 HarpeBaHus Hep 3eMJIM BECbMa
coMHuTenbHa. Ha GonbImx riryOuHax, rae HeT 0CaJOYHbIX MTOPOJI, OOHAPYKEH MPUPOIHBII ra3 MeTaH
B OTPOMHBIX KOHIEHTPALUAX, YTO MOJIHOCTHIO pa3pylIaeT TEOPUIO OUOIOTHYECKOT0 MPOUCX0XKICHUS
yraesogopoaos [13]. B ¢popmare npennoxeHHO Moieny BEpTUKAIBHBIN IPAJUEHT TEMIIEPATyp CI0EB
3€MHOM KOPBHI CBSI3aH C MUKPOBOJIHOBBIM U3JIYYEHHEM S1/1pa IJIAHETHI - C CETKOM 4acTOT, KOTOPYIO
MOPOKJIAET BHYTPEHHEE HEUTPOHHOE AP0 IUTaHeThl. CyliecTBYIOLIEE NPEATIOI0KEHUE O TOM, UTO
LEHTPAJIbHYIO 00JIaCTh TUIaHET 3aHUMAET JKEJIEe3HOE PO — JOBOJIBHO criopHOE. B MaHTHMN npu
nasnennu 95 I'Tla u remneparype 2000K HaGmoaercs nepeoprueHTaIus 3JeKTPOHOB B HOHAX JKeje3a
C BBICOKOCITHHOBOT'O COCTOSIHUS (CITUH 2) B HU3KOCIIMHOBOE co crimHOM 0 [12]. JlanpHeiimee
YBEJIMUEHUE 3HAUEHUI TEMIIEPATyphl U JaBICHUS JOJKHO IIPUBECTU K TPAHCMYTALUH SIIEP JKEJ€3a.

Hannuune momoctu Mexy HEHTPOHHBIM SIIPOM U aTOMapHOU c(hepoit moATBEpKAACTCS CIECTYIOUTUMA
JaHHBIMU. Y CTAHOBJICHHbIE JATYMKHU HA MOBEPXHOCTHU JIyHBI pearupyroT Ha celicMu4ecKkoe coObITre
JIOBOJILHO MTPOJAOIKUTENbHOE BpeMs. [laieHre pa3roHHON CTyneHH pakeTbl ATIOJUIOH 13 BBI3BaJIO
Kosie0aHue JIyHHOH KOpbI OoJiee TpEX 4acoB. ENMHCTBEHHBIM peabHBIM 00BSICHEHHEM JIaHHOTO
SIBJICHUS CIIYKUT IIPU3HAHUE BHYTPEHHEHN MOJIOCTH B OpraHU3aliM [IAHETHI.

C yBennuyeHneM Macchl siipa 3eMiM yaanseTcs: He Tonbko JlyHa, ynansercs oT ieHTpa U aroMapHas
cdepa ranetsl. Ho kopa 3emnu o6nagaer onpeneéHHON CTENEHBIO )KECTKOCTH U HE MOXKET
CBOOOJHO pacmupsThes. B obnactu acteHocdepbl BOZHUKAET W30BITOYHOE IaBJICHHUE, YTO IPUBOIUT K
JIOKQJIbHOMY BBIIABIIMBAHUIO PACIUIABICHHBIX TIOPOJ MAHTUH (TPAIOBBIA MarMaTu3M) U
JecTaOUIN3aIMK 3eMHOU KOPBL. DTOT MEXaHU3M JIS)KUT B OCHOBE CEHCMUYECKOM M BYJIKAHUYECKOM
aKTUBHOCTH IJIaHETHI, TOpo00Opa3oBanHus, Aperida MaTepuKoB, pacuupenns 3emiau. JIroO0onbITHas
3aKOHOMEPHOCTb: YBEINYEHNE BYJKAHUYECKON aKTUBHOCTH BEIET K CHUKEHUIO CEHCMUYECKOU
akTuBHOCTH. K mpumMepy, HenpepbIBHOE U3BEPKEHUE BYJIKAaHOB HA BeHepe CBOIUT Ha HET
TEKTOHUYECKYIO aKTUBHOCTD IUIAHETHI. TepMasbHas U ByJIKaHUYECKasi aKTUBHOCTb HEJP IJIaHET
SIBJISIETCS] HEOThEMJIEMOM XapaKTEPUCTUKON X 3BOIIOLHUOHHOTO Iporecca. PakToB, yKa3bIBAIOIIUX HA
3TO, HAKOIHMJIOCH MIPEOCTATOUHO. BOT JHIIb HE3HAYUTEIbHAS TOJ00PKA CHUMKOB ¢ KOCMUYECKHX
anmapatos [15, 16, 17, 18]. B nannbrit MomeHT B COTHEUHON cHCTEME HE HAOII0AaeTCsl HU OJTHOM
OCTBIBIIEH ITAHETHI, BCE MPOUCXOIUT C TOYHOCTHIO 1O HA0OOPOT - TIaHETHl HArPEBAIOTCSL.

Tpanchopmaiiys CTpYKTYpHI U MOSIBICHHE COOCTBEHHOT'O TPAaBUTAI[MOHHOTO MOJIS Y 00BbEeKTa
NPUBOAUT K U3MEHEHUIO €r0 OpOHUTHI U MOCIETYIOIEMY 3aXBaTy €ro IIIAHETON TUTaHTOM, TJe U
MIPOUCXOANT NanbHelee popmupoBanue mianeTsl. Ha nepudepun ComHedHOM CUCTEMBI TPH HU3KOM
TEMIIepaType BHEIIHS cepruueckast HOBEPXHOCTh TOJIBKO YTO POXKAEHHON TUIaHETHI 3aMep3aeT,
o0pa3ys eAssHON MaHIUPb, I0JI KOTOPBIM HAvaJICsl aKTUBHBIH mpoiiecc (GOpMUPOBAHUSI MAHTUHU U
KOpBI OyIylie riaHeTsl. Y BeIMUeHHEe MacChl aTOMapHO# cepbl HOBOM MIaHeTH (Kak U eé
HEHUTPOHHOTO SI/Ipa) MPOUCXOIUT HE 33 CYET BHENTHUX MPUUUH (METEOPUTOB, aCTEPOUIOB),
MOCTABIIMKOM YaCTHILL Il JOPMHUPOBAHUS CPEPHI CIYKUT peaKiysl MOJIIPU3aMU BaKyyMa Kak
pe3ynbTatr u3nydeHus e€ HeUTpoHHoro siapa. ChopMUPOBABIIUCEH M PUYMHOXKHUB Maccy B
I'PaBUTALIMOHHOM I10JI€ Ta30BOT0 TMTaHTa, MJIAHETa CPBIBAETCS CO CBOCH OpOUTHI M 3aHUMAET MECTO Ha
BHyTpeHHel opoute Connia. Hanpumep, Takue kapiaukoBbie m1aHeThl kak Llepepa u Becra



SMHUTPUPOBAIH B MOSC aCTEpOUA0B, a JlyHa Obuia 3axBaueHa 3emnéil. B mporecce 3Bomonnn
CoutHe4HOM CUCTEMBI TPOUCXOAUT MOCTOSTHHAS. MUTPALMs MAJIbIX IUIAHET, 4eM U OOBSICHSETCS
aHoMasibHOe BpaiieHne Benepel. OOHapyxeHHbIe HA Mapce TaBHO BBICOXIINE PEYHBIE pycia
BO3HUKJIM B PE3YJIbTATE TasTHUS €0 JIEASTHON 000I0YKH IIPU CMEHE OPOUTHI IJTAHETHl Ha COJTHEUHYIO
opbury. Jlegsaas obonouka Mapca pacrasiia, BIUTajJach B TOYBY U CKOHIIEHTPUPOBAJIACH B
HOJIOYBEHHOM Mep3JI0Te, OCTaBHB MOCIIe ce0s1 OBparu, MoxXokne Ha MPOMOUHBI, 1apal0KCaIbHO
CYXXHMBAIOIMECs BHU3 110 CKJIOHY. CunTaercs, 4yTo akTUBHas (aza xxu3Hu Mapca y)xe 3aKOHYMIIACh.
910 — 3a011yX/IeHNEe, OHA TOJIbKO HaunHaeTcsl. KOoHeYHbIM TarnoM 3BOJIIOLMY IIAHETHI ABISETCA
3Be3/4.

N310KEeHHBIA MeXaHU3M 00pa30BaHMs U 3BOJIOLNH IUIAHET JIEKUT B O0JIee JOBEPUTEIBHOM
UHTEpBAJIC, YEM COBpPEMEHHAs TEOPHs KOHACHCAIIMH HEOECHBIX TEJ U3 Ta30IbIICBOr0 00JIaKa.

6. ExnHast TONOJI0TUsA IPAaBUTALMOHHBIX cucTeM. L[eHTpanbHyro 001acTh TpaBUTALMOHHOM
CHCTEMBI 3aHUMAeT HEUTPOHHOE AAPO. ,,II0CKOIBKY aTOM, KaK CTPYKTYpa, CYLLIECTBYET B
IPaBUTALIMOHHOM I10JI€, TO NPH HAJIO0KEHUHU 3TOTO MOJIsl, OJM3KOro K KpUTHYECKUM 3HAYCHHUSM,
npon3oiaET nedopmarus u pazpyuienue ctpyktypol” — [laproB E.W. [14] (oueHb kaib, 4TO 3TO
NOpa3UTeNIbHOE 10 CBOSH (PU3MUECKON CYyTH TEOPETUIECKOE JOMYIICHUE TaK 1 He ObLIO 3aMEYEHO
JPYTUMH Y4EHBIMHU, CaM aBTOP TAKXKe HE MPUAAT EMY JTOJDKHOTO BHUMAHUS).

OueBuAHO, YTO CYIIECTBYET KOHEUHAS MO aMIUIUTy/e (piaykTyanuii cepudeckas o0nacTh Mo, B
npejenax KOTOpod aToMapHasl CTpyKTypa ycToiiunBa. ['paHulisl 00s1acTy (BHEIIHSASA U BHYTPEHHSS
panuanoHHble chepbl) COOTBETCTBYIOT YETBEPTOMY arperaTHOMY COCTOSIHHIO BELIECTBA — IUIa3Me.
MUKpPOBOITHOBOE U3JIYYEHHE HEUTPOHHOTO fA/Ipa ONPEAEIISIET TEMIIEPATYPHBIN U arperaTHbIN CIIEKTPhI
COCTOSIHUSI CTPYKTYpHOU MaTepHu B rpaHuiie odnactu. OceBoe BpalleHne HEUTPOHHOTO siapa
IPaBUTALIMOHHOM CUCTEMBI (IUTaHETa, 3B€3/1a, FAJIaKTUKA) ONpEeAEIsieT MarHUTHOE 1ojie 00BbEKTa U
ABJIAETCS ICTOYHUKOM HU3KOYAaCTOTHOIO U3Iy4eHUs. M31ydeHn0 HEUTPOHHOTO siipa MOXKHO
COIIOCTaBUTh, HAIIpUMEp, pe30HaHCHbIE BOIHBI [llymana (ycToliunBble HU3KOUACTOTHBIE KOJeOaH sl Ha
¢bukcupoBanHoii yacrore 7,83 I'l. — mianera 3eMiist) WM aKTUBHYIO pe30HaHCHYI0 06macTh ConHia —
kopoHy ComnHiia. Beicokas Temnepatypa kopoHsl CollHIIa, HA HECKOJIBKO TOPSIIKOB MPEBBILIAIOIIAS
Temneparypy Gortochepsl, 10 CUX TOP BBHI3BIBAECT HEIOYMEHHE Y UCCIIEI0BaTENEH.

Ocrumsiiuu moBepXHOCTH COoTHITA HOCST I100aIbHBIN M HECKOJIBKO XaOTHYHBIN (HA TIEPBBIMA
B3MIA) Xapakrep. [lepekpriBanue KoieOaHu|, OTIIMYAIONIUXCS TI0 YaCTOTE U aMIUTUTYE, IPUBOIUT K
JIOKaJIbHON HECTallMOHAPHOW MHTEP(PEPEHIIUN BOJH, OTBETCTBEHHOH 3a pa3HOOOpa3Hble MPOSBICHUS
Ha CoJIHIIE: COJTHEYHBIE BCIIBIIIKH, KOPOHAIbHBIE BEIOPOCH], 00pa3zoBaHue (IIOKKYI, BOJIOKOH
cnukyi. KonebaHus oTaeNbHBIX y4acTKOB MOBEpXHOCTH CONHIIA MHOTJa IEPEXOJAT B PEKUM
pe30HaHca, YTo MposBIseTca npoTyoepanuamu. [Ipu rirybokoM pe3oHaHce, KOraa aMIUIUTyaa
PE30HAHCHOM BOJIHBI BBIXOAMT 33 T'PAaHUIlY BHYTPEHHEN pagualliOHHON cepbl, HAUMHAETCS
PE30HAHCHBIN SIIEPHBINA pacaja norpyxE€HHOro BemecTBa GpoTtocepsl sKkcmIo3uBHOrO TUNA. [IpH sTOM
BO3HHKAIOT oTochepHbie NbIphI (OHH, KaK MPaBUiIo, (OPMUPYIOTCS apaMH WA TPYIIIIaMH) U
o0pa3yeTcs MOTOK YaCTHIl BEICOKOM SHEPruH, MperuMyIecTBeHHO poToHoB ¢ E > 1020 3B.

OO6partumcs K CHUMKY TEMHOTO TsiTHAa Ha moBepxHocTH CoiHna [19]. Takas 4€TkocTh n300paskeHHs
IIPOCTO HE COBMECTHMA C COBPEMEHHOW MHTEpIpeTaluei niareH (MCKpUBIECHHE CBETOBBIX JIyueit
MarHUTHBIM I10JIEM): Kpasi ISIT€H pe3Kue U sicHble. TEMHBIE IIATHA HA COJIHEYHOM MOBEPXHOCTH ITO -
dorocdepubie abipbl. OOHApYKEHHE 00JIee MOITHBIX JIOKATbHBIX MATHUTHBIX MOJIEH B 00JIaCTH
dboTocdepHBIX ABIp (MCTEUEHNE MAaTHUTHOTO TI0JIST) YKa3bIBACT HA SKPAHHUPYIOIIEE ACHCTBIE
¢dorochepsl. Ho 310 MOKeT yKkasbIBaTh U Ha TO, 4TO (poTocepa JIeKHUT B KPYITHOMACIITAOHOM
MarHUTHOH JIOBYIIKE OTKPBITOTO THUIIA U TEHEPUPYETCsl TP MTOMOIIM MOLITHOI'O MUKPOBOJIHOBOTO
U3Iy4eHus: HeuTpoHHoro siapa ConHua. B Takoit uHTepIipeTaniy, BO3MOXKHO, MbI ITOJIOIUTH K 001IeMy
(u3n4ecKOMy NPUHIMITY FEHEPALlMU U YAEP)KaHUIO CTPYKTYPHOU MaTepuy HEHTPOHHBIM sipoM. Poct
Macchl pa TPaBUTALIMOHHOMN CUCTEMBI MPUBOAUT K HAOII0AaeMbIM U3MEHEHUSAM (IBOJIIOLINN) €€
CTPYKTYPHOU CepBhl.

B cnextpe nepuoanueckux konebanuit porochepst Comuna nad