Bykpees Bacunumn CeMEHOBUY

TPU rBO34S B KPbILLKY NPOBA
TEOPUTUYECKUX MOAEJNIEN
COBPEMEHHOWN ®U3UKM

MocneaHWMy reo3asMu, BOUTbLIMM B KpbIWKY rpoba TeopeTUYecKUx MoAenen COBPEMEHHON (U3MKM
(npaBaa MMM BCE elWé He OCO3HAHHbLIMK), ABUAUCE Tpu (akTa. OCHOBHBIM M3 HMX S CYMTAKD Napy
BMAMKOB Ha t0Ty6e "lae xpaHuTCs 3apsia B KoHAeHcaTope?". ABTOpbl MOKa3anu, YTo 3apsaj XpaHUTCS He
Ha nnacTUHax KOHAEHCATopa, @ B AMANEKTPUKE, pasfaensioweM nnacTuHbl. MokMaaTb AMANEKTPUK
3NEKTPOHbl HE MOryT, MO3TOMY HU M3ObITKA HM HeAOCTaTKa 3MEKTPOHOB Ha CTOPOHaX AManeKTpuka bbiTb
He MOXeT B NpuHUMNe. B TO ke BpeMsl 3NMEKTPOHbI U B AMINEKTPUKE MOKOUTLCS HE MOryT, ABUrasiCb o
onpeaenéHHbIM 3aMKHYTbIM TpaekTopusaM. HO MO 3aMKHYTbIM TPaeKTOpPUSIM OHW MOrYT ABUraTbCsl Kak B
OOHOM, TaK U B MPOTUBOMOJIOXXHOM HarnpaBfieHUN. A 3TO CBMAETENLCTBYET O TOM, YTO 3apsdbl 3TO He
oTAenbHble 06bEKTLI NPMPOAbI, @ ABE CTOPOHbLI OAHON M TOW e Medanu. T.e. 3NeKTPOH U MO3UTPOH 3TO
OOMH W TOT Xe 06beKT npupoAbl. A 3MEKTPOH OTAMYaeTCs OT MO3UTPOHA TOMbKO HampaBieHWEM
ABVKEHUS M HarnpaBfeHneM BpalleHusi (M3MEHEHWEM OAHOro TOMbKO HamnpaBfeHWs BpalleHus npu
OOAHOM M TOM  >€  HanpaBNEHUW  [OBWKEHWUS  XapaKTepuU3yeTcsl  MEepPeEMEHHbIN  TOK).

CnepylolwmM MO BaXXHOCTM rBO3AEM, 3abMTbIM B KpbIWKY rpoba, SBNSETCS OTKPbITUE KONbLEBOW
CTPYKTYpbl aToMa UTTepbusi (MOSTlyYEHHOM MO €ro TeHM). A T.K. 3apsilOBOCTb SIBMISIETCS ABYMSI CTOPOHaMu
OZHON MeZanu, TO NPUPOAE N HET HyXAbl pa3aensTb 3apsiabl B aTOME Ha S4p0 M 3NEKTPOHHYI0 060104KyY
(WHBIMM CNOBaMM KakK MOXHO pa3faenuTb OoAuMH M TOT e 06bekT). CnepoBaTenbHO, CTPyKTypa aTtoma
UTTEpPOUS AOKa3bIBAET, YTO €ro Kosbla SIBASOTCA KOMbLAMU M3 MPOTOHOB U HEMTPOHOB, KaXaoe W3
KOTOpbIX 06/11aAaeT CBOMM HabopoM 13 3NeKTPOHOB. M mocneaHui reo3ab, OT 3TOM0 HUCKOSIbKO HE MeHee
BaXkHbIN, 3abun Anekcanap JleoHTbeBnd PoaumH ("TyMaH Hag MarHWTHbIM nonemM" W3obpeTtatens u
paumoHanm3atop N22, 1982). OH 3KcnepuMeHTaNbHO [OKasana, YTO MarHUMTHOe Mofne He SBNseTcs
NPUHAANEXHOCTbIO MarHuTa, a ABNSETCA CO6CTBEHHOCTbLIO acupa.

Ecnun 3nekTpoH OTIMYaeTCcs OT MO3UTPOHA TOJIbLKO HarpaB/iEHMEM OCEBOrO ABMXXEHUSA U HanpasfeHneM
BpaLLeHus, TO TeHb aToMa UTTepbus AEMOHCTPUPYET, UYTO ero KosbLa SBASOTCS KOSbLAaMU U3 NPOTOHOB
N HENTPOHOB. Kraccuka aMeKTpoCTaTUMKM TpebyeT, uTobbl KonbLa OTTaNKMBANMCh Apyr oT apyra. Ho
3NEKTPOCTaTUKM KaK TAaKOBOWM He CYLUECTBYET: HUYTO M HUKTO HE B COCTOSIHUM OCTaHOBWTb 3/IEKTPOHDI,
OBMKEHMEe KOTOpbIX W CO3[aET 3apagbl. A ABurawowmecs B OAHOM  HarpasBfieHUW  3NEKTPOHbI
NPUTArMBAOTCA ApYr K apyry. MNpuUTarnBaroTca ApYyr K ApYry M NeKTPOHbI C MO3UTPOHaMM, ABUratoLmecs
(v Bpawaowmecs) B NpoTUBOMOSIOXKHbIE CTOPOHbI. U cunbl, Aenatouime atoM aToMOM, MOryT CO3aBaTbCs
TOMIbKO 3/1EKTPOHAMKU C MO3UTPOHaMK, ABUIAOWMMUCA B NPOTMBOMOSIOXHbIE CTOPOHbI (@ HE MHUMbIMU
0BMeHHbIMK B3aMMOAENCTBUSIMM).

O6Lienpr3HaHo, YTO MIOOHbI NOSIBNSKOTCS NpU 6oMbapAMPOBKE aTOMOB YaCTMLI@MU BbICOKMX SHEpruit. B
TO XXE& BpeMS WM3BECTHO, YTO 4YaCTWULAMMU BbICOKOM SHEPrMM B KOCMOCE SIBMISIKOTCS aTOMbl BogopoAa C
BbICOKOW TemnepaTypoil (Mopsiaka MWMIMOHA rpajycoB), KOTOpble MPUCYTCTBYIOT HE TOMbKO B
ranakTUKax, HO U B MEXraslakTU4ecKoM NpOoCTpaHCTBe. MulleHb MOXHO 60Mb6apanpoBaTh Kak aToMaMu
BOAOPOZA BbICOKOM 3HEPriM, Tak U anbda YacTMuaMm C Takow e 3Hepruen. B ntore n B ToM 1 B Apyrom
cnyyae 6yayT MonydYeHbl MIOOHbL. [0 MOeMy U exy AO/MKHO O6biTb MOHATHO, 4YTO MpU  TaKoW
6oMbapaMpoBKE aToOMa HEBO3MOXHO Pa3pylUMTb CaM aTOM. 3HAYWUTESIbHO MpOLle BbIOUTb 3NEKTPOH
BHELUHEN o6onoYku. A T.K. 6oMbapanpoBka BEeAETCA YaCTMLAMMU BbICOKOM 3HEPTUWM, TO M BbIIETEBLUMN



3NEeKTPOH 06513aH 0bnaaaTh BbICOKOW aHepruei. MNMoyemy-To 6e3 kakux 6bl TO HY BbI/I0 Ha 3TO OCHOBaHWI
3TOT 2MIeKTPOH Ha3BaaM MIOOHOM. A eC/iM MO HeAOMbIC/IMIO MOosIBUAAack HOBasi 4acTuua, TO Hado
YyBENMYMBATb SHEPrut0 CTONKHOBEHUS. M 3Ta MOpOYHAs Norvka Bbi3Bana K XXM3HU (DU3NKY BbICOKMX
3HEeprun, KoTopasl K NpMPOAE HE MMEET HU Manemnwero OTHOWEHUs. Ho 3aTpaTbl Ha YCKOPUTENM U Ha
Konnavaepbl AOCTUraldT acTPOHOMMYECKMX CyMM. KTO e OT HuMX [0OpOBOSIbLHO OTKaXEeTCs.

BbICLUMM [AOCTUXKEHWMEM COBpPEMEHHON (DM3NKM OOBSIBNSIETCS KBaHTOBas MexaHuka. Ho yxe B nepsoM
MoAenu aTtoMa, B KOTOpOM OblI0 MCMONb30BaHO KBaHTOBaHue (Moaenb bopa 1913 r), cuuTtaercs, 4yTo
NONOXWUTENbHbIE N OTpULATENbHbIE 3apadbl MPUTAMMBAKOTCA APYr K APYry, T.e. UCMONb3YeTCca MOAeNb
2NeKTpocTaTnKu. MoaToMy M NosBNSETCS B MoAensx (GU3MKM MOMOXUTENbHO 3apsXeHHOoe S4p0 U
OTpULATENBHO 3apsKEHHAsi 3MEKTPOHHasi 000/04Ka, UYTO U SBNSIETCS anbdoi M OMEron KBaHTOBOW
MEXaHMKW. Ho 3neKTpuyeckuii ToK B 06bIAEHHON XXWM3HW AEMOHCTPUPYET, YTO NPOBOAA C TOKAMU OAHOrO
HanpaBneHns MNpuUTArMBaKOTCA Apyr K Apyry. A 6eratb B MpoBoAax CrOCOOHbI TOMbKO 3MEKTPOHbI.
Mo3ToMy [ABurarowmMecs B OAHOM HaMpaB/eHUW 3NEKTPOHbI ApPYr K ApYyry MpUTArMBalOTCA, a He
OTTaNIKMBAIOTCS. Heyxxenu npvpoaa Takas Aypa, YTO B 3éMHOM MacliTabe OHa AEMOHCTPUPYET 0AHO, a
npv nepexoge B MUKPO MUP OHA AEMOHCTPUPYET NPSIMO MPOTUBOMOMOXKHOE? [la HeT, NpocTo B du3smke
AEWCTBYET NMOpPOYHas MHEPLUMS MblleHusl. B Hayane npowsioro Beka Haly Hay4Hble Npeaku UCXoannu
M3 UMEIOLLEroCs 3KCNepUMEHTaNbHOro Matepmana. Hoeble e AaHHble 3acTaBnsnm nnMbo OTKasblBaTbCA
OT Moaenun, nMbo CylecTBEHHO e€ KOppekTMpoBaTb, BCé Gonee n 6onee eé ycnoxHsis. U nHepums
MbILLIEHMS B KBAHTOBbIX OAEXAaxX COBPEMEHHOM (DU3MKM TaK M OCTaBM/IM @TOMHOrO KOPONS FOJbIM.

M3 onncaHHbIX Bbllle pe3y/bTaToB C O6bEKTUBHOM HEU3BEXHOCTBLIO CNeAyEeT, YTO MPOTOH ABMSETCA He
3/1IEMEHTAPHON, @ COCTAaBHOWM YacTuLEeW, COCTOosLEN M3 NO3UTPOHOB. CTabunbHOM e KOHCTPYKUMEW u3
MO3NTPOHOB MOXET OblTb TONbKO BMXpb BeHapa. [03TOMy MpOTOH M sABNseTcs BUXpeM beHapa u3
Nno3uTPoHOB. OTKPbITHE e PoanHa roBoput 0 TOM, YTO CaMu 3apsiabl Mexay cobov HeNnoCcpeaCTBEHHO He
B3ammoaencTBytoT. OHM opMUpyIOT cBoM 06pa3 u3 aHanonen acdupa. N yxe obpas BTOporo o6bekTa
B3aUMOAENCTBYET C MepPBbIM 06bLEKTOM. M TyT € BO3HMKAET BOMPOC. A KTO e (MM YTO Xe) SIBNSETCS
cobakoi, a 4To XBOCTOM? WHbIMM CroBamu, siBNseTcs nn acdup cobakon, KoTopasi BUISIET 3EMHOM
dopmMoit MaTepum Unm 3eMHasi bopMa MaTepumn BCE CBOE HOCUT C COBOM, HMKAK He 3aBMCSt OT MPOLECCOB
naywmx B kocMoce? U ewwé bonee cywecTBeHHbIN Bonpoc. MoyeMy conHue MunnvapAbl NEeT CyLIecTByeT
NnpakTU4Yeckn B HensMeHHOM BuAae? Bepab'ynpasnsemblie” TepMosiAepHble peakuuun, sKobbl nayume B
Hegpax  3BE34,  WMMEKOT  Kyda  MEHblUyld  AOCTOBEPHOCTb  4YeM  CKa3kum  AHaepceHa.

Ho npexae yem 6paTb KocMMUeckoro Hbika 3a pora, paccMOTpUM Bpoae Hbl HE OTHOCALLYHOCS K KOCMOCY
3EMHYI0 aHanormi, CTakaH C YaeM. PasMelunBasi NOXEYKOW 4Yall MOXHO YBUAETb, UYTO YaWHKM
KOHLEHTPUPYIOTCA He Ha nepudepun (Kyaa OHU AO/MKHBI BbiN BbITECHUTLCS LIEHTPOBEXHON CUTON) U HE
B LEHTpe, @ B OKPECTHOCTM LeHTpa. Boaa e B CTakaHe ABMraeTcs No KOHLEHTPUYECKUM OKPY>KHOCTSM.
T.K. AIMHA BHYTPEHHEN OKPY>XHOCTM MEHbLUE ANNHbI BHELLHEW OKPY>XHOCTW, TO Cpeaa, Haxoaswascs Ha
BHYTPEHHEN OKPY>HOCTW, CKOMIb3UT MO CpeAe BHELWHEW OKPYXHOCTWU. T.e. Ha BHELLUHEN OKPY>XHOCTU
MOSIBNISIETCS CUMA TPEHMS! CKOMBbXEHWUS, HanpaB/ieHHas! Mo KacaTeslbHOM K Hel. A T.K. 3TO Bpaliatomecst
06beKTbl, TO NPUMEHATb Haao npaBuo npeueccuu.

T.K. CuUNa TPEHUsI CKOMbXEHUS HampaBfeHa MO KacaTenbHOW, TO COrflacHO MpaBuna MnpeLeccum
NMPOTMBOAEMCTBYIOLAA CUNla HampaBfieHa Mo paauycy. A T.K. BHYTPEHHSIS OKPY>XHOCTb BpalLaeTcst
OTHOCMTENIbHO BHEWHel, TO MO MpaBuiy MpeueccuM MNpoTUBOAEWCTBYIOWAS Cuia  MMeeT
LIEHTPOCTPEMUTENbHBIV XapaKTep, AEUCTBYS B KaXXAOM TOYKE BHELUHEN OKPYXXHOCTU Ha BHYTPEHHIOK
OKPY>XHOCTb. T.e. Ha BHYTPEHHIOK OKPYXXHOCTb [AEWCTBYET LIEHTPOCTPEMUTENbHAs CuNa, KOoTopas
€CTeCTBEHHO (DOPMUPYET MPOTUBOAENCTBYIOLLYIO CUTY. T.K. LEHTPOCTPEMUTENbHAs CUna AEUCTBYET MO
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pagauycy, TO NpPOTMBOAENCTBYIOLIAS Cuia MO MNpaBuly Mpeueccun [AencTByeT MO KacaTe/bHOW B
HanpaBNeHNM BPaALLEHUS BHYTPEHHEN OKPY>XHOCTW. CneaoBaTeslbHO CKOPOCTb BpalUeHUs BHYTPEHHEN
OKPY>KHOCT AOKHA YBE/IMYMBATLCS.

HO HUKTO He OTMeHsIT U LeHTpobexHyto cuny. T.K. BoAa MMEET KJIaCTEPHYI CTPYKTypy, TO pa3Mepsbl
KOHLIEHTPUYECKUX CIOEB AO0CTAaTOYHO Manbl. M cBOGOAHLIN O6LEM Mexay KracTepamMu MNO3BONSET
CTPyKType BoAbl AedOopMMpPOBaTLCA B AOCTAaTOMHO Masbix npeaenax. MosToMy Macca KOHLEHTPUYECKUX
CNOEB BOAbl CKOPEe BCEro MEHSIETCS He OT C/los K C/I0, @ B KaKOM-TO 4Yucie CroéB Macca cpefpbl
HensMeHHa. MpUMeM 3TO YNCIO 3a eanHbIA CNOoKN. T.e. MOMEHT KOJIMYECTBA ABMXKEHUSI BHYTPEHHErO C0sI
6oNblle MOMEHTA KOIMYECTBA [ABMXKEHWUS BHELLUHErO CNIOSl, YTO W OMNpeaensieT BeIMYMHY LIeHTPOBEeXHOM
cunbl. T.e. UEHTpobexHass cwuna, BO3HMKalOWasi NPV BpalleHUWM Cpeadbl, YMEHbLLUAET BEIMYMHY
LIEHTPOCTPEMUTENIbHON CuMbl. U yeM 6nmMke K UEHTPY CTakaHa, TEM MeHblle pa3HuLa Mexay
BE/IMYMHAMUN LIEHTPOCTPEMMUTENIBHOM U LIEHTPOBEXHON cunamn. M HEM36EXHO HacTyrnaeT MOMEHT, Koraa
BEMIMYMHA LEHTPOOEXHOW CUJIbl MPEBbLILIAET BENNUYMHY LIEHTPOCTPEMUTENBHOM CUSbl. T.€. eCiM A0 3Toro
MOMEHTA CKOPOCTb BpaLLEHMS YBEIMYMBaNacb OT COsl K C/I0K, TO C COOTBETCTBYIOLIErO paauyca
CKOPOCTb BpaLLEHMSI HauMHaeT yMEeHblUaTbCsS. B BuAae Cxembl 3TO BbIMISAUT CreayilowmM 06pasomM.
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PucyHok 1

Ho cTouT HaM nepectaTb KpYyTUTb B CTakaHe JIOXXEYKOM, KaK BpalleHME 3aMeasIeTca U Yepe3 Kakoe-To
BpPeMsl OCTaHaBnMBaeTcsl (KCTaTM, WM YaWHKM 3aHMMAlOT CBOE MOJSIOKEHWE MOCTe MpeKpalleHuns
BbIHY>QOLLEro BpalleHusl). BMecTe ¢ TeM CyLIECTBYHOT MPUPOAHbLIE SIBMIEHMSI, B KOTOPbIX BpalleHue
OCTQHOBWUTb HE TaK Nerko (CONMMUTOHbI, LlyHaMW, yparaHbl). Ha puCyHKe LEeHTpOCTpeMuTeslbHas cuna
TO/IbKO YMEHBLUAETCS, YTO BEAET K YMEHbLLUEHUIO CKOPOCTU BpALLEHWUS OKOMO LeHTpa. Ho BO3MOXeH
BapWaHT, MpU KOTOPOM BESIMYMHA LIEHTPOOEXHON CWUbl HACTOMIbKO BefMKa, YTO CTAHOBWUTCS 6ornblue
BE/IMYMHbI LIEHTPOCTPEMUTENBHOM CWMbl. T.e. 3a MpejenaMu 3TOro paauyca BpalleHue cpefpbl
CTQHOBUTCS HEBO3MOXHbIM, yTo MOXHO 1306pasunTb Tak.
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Takylo CTPYKTYpy MMeloT "CTauuoHapHble" BuMXpu Teinnopa Tuna yparaHoB, LIYHaMW, COSIMTOHOB.
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FOpV30HTasIbHbI XXE Y4aCTOK COOTBETCTBYET CTEHE yparaHa, KoTopasl AOSKHa CyLlecTBOBaTb M Y
CONUTOHA, M Yy UyHaMW. KOHEYHO M Yy HUX €CTb MOTEPU SHEPIrUW, HO BPEMSI UX CYLLECTBOBAHMS
CYLLECTBEHHO 6onblue, yeMm BpeMsi BpaLLeHus BOAbI B CTakaHe C yaem.

A Befb cyulecTBoBaHWE MOAOOHOM CMTyauMu BO3MOXHO M B KOCMOCE Ha 060N CTyneHW uepapxuu
NpuMpoabl KpOMe MeTaranakTuku. [na npumepa pacCMOTPUM MIAHETHYIO CUCTEMY COMHUA. Y 3MpPHbIX
Ten nAaHeT rasoBbIX MMraHToB [AOJ/DKEH CYLUEeCTBOBATb /a3, YTO COOTBETCTBYET BTOPOMY M3 PUCYHKOB.
Mpn aBwxeHun ot HOnuTepa K MNyTOHY CKOPOCTb BpalleHMsl B CTEHE 3aKOHOMEPHO YMEHbLUAETCS.
YMeHbLIaTCca M pa3Mepbl Masa Aa M camoro adwupHoro Tena. M B nosice Kolinepa o06s13aHo
CYLLECTBOBaTb MHOXECTBO 3(MpHbIX Ten (T.K. MPOLUEcC NMOTepu aHarnoned B HMX NpekpallaeTcs, To
MOXHO Ha3BaTb MX MEPTBbIMM), KOTOPbIE OMUCLIBAOTCA NEPBbIM PUCYHKOM. T.e. rnasa y 3Tux 3(UpHbIX
TeN He CyWeCcTBYIOT: aHanonu 3dupa CylwecTBYOT M B CaMOM UeHTpe. B To ke Bpemsi "Méptsble"
3(pupHbIE TeNa SBNSAIOTCS 3aroTOBKaMM Ans UX BOCCTAHOBNEHMS A0 CTaTyca 3Bé34. VIMEHHO 3TO siBneHune
BOCCTAHOB/IEHUS1 3aroTOBOK A0 CTaTyca 3BE34 M Habnwogan AmbapuymsH (a Bcneg 3a HMM U BCe
aCTPOHOMbI MMpa), KorAa BLUMBEHbKAsi raslakTMKa M3 CBOEro LieHTpa BblbpackiBana HapyXy CKonuuia
3BE3[, Heu3BeCTHO OTKyAda nosiBuBlMecs. OHM KakK pa3 M poxaanuncb M3 3TUX 3aroTOBOK B Mosicax
Kornepa aupHoro Tena 3BE34.

CoBpeMeHHas 3KcnepuMeHTasibHasi aCTPOHOMMUS (KOHEYHO XXe He TeopeTuyeckasi, B CBOEM COBPEMEHHOM
BMAE CNocobHas TONbKO Ha CO3AaHue HayKonoAOOHbIX CKa30K) yCTaHOBWIA, YTO B KOCMOCe CyLUecTByeT
nepapxmyeckas ctpyktypa. Cama cobomn CTpyKTypa BO3HUKHYTb HE MOXET. YTO-TO A0/MKHO €€ co3aaBaThb
n nopgaepxusatb. OTAenbHble €€ 3/1eMeHTbl Mpu 3TOM MOryT McYye3aTb U MoABAATbCA BHOBb. Popma
CTPYKTYpbl B npeaenax OTAENbHbIX CTyMeHerW TakXKe MOXET BUAOU3MEHSITbCS. TeM He MeHee cama
CTPYKTYypa B BuAe CTyNeHen e€ umepapxum CylecTByeT B HEVM3MEHHOM BWAE B TEYEHWE BEYHOCTMU.
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EctectBeHHO, UTO MCxoaHOM hopMoM MaTepumn aBRsSieTCs 3hup, KOTopbin (opMupyeT aduMpHble Tena
pasHbIX CTyrneHeW uepapxuv npupoabl. M KOHEYHO e 3up B 3TOM C/yyae AO/MKEH WMMETb PasHbIE
MoanduKauumM Ansi pasHblX CTyneHen uepapxun. T.k. caM 3dup HEAOCTyMNeH HalwuM CpeacTBaM
HabnoaeHNs, TO O CyLLECTBOBAaHUMN CTYMEHENW MEpPapXMN Mbl MOXEM CyAWUTb MO KOHLUEHTpaLuMu BUAUMOW
¢opmMbl MaTepumn B hopMe 3BE34, KOTOpble 3(DNPOM 06BEANHSIIOTCA B FalaKTUKK, CKOMIEHUS ranakTuk. B
OCHOBE 3TOM CTPYKTYpbl NEXWUT 3MPHOE TeNno MeTaranakTuku. dPupHoe Teno mMeer chepuyeckyto
opmy. Ho cunbl, bopMupyeMbie 3MpHbLIM TENOM, KOHLEHTPUPYIOT 3UpHbIE TeNa cneayollen CTyneHu
nepapxmu B NAOCKOCTM CBOEMN SKTUNTUKN.

BepLuvHoM npupoaHON nepapxmu, KOTopasi U MNO3BOSIET MAEHTUMPULMPOBATL MEPAPXMUYECKYIO CTPYKTYPY
KCENEHHON, sBNseTcs BuauMMas ¢opma Matepum B ¢dopMe 3BE34 M nnaHeT. Kaxaoe u3 06beKkToB
BUAMMOMN (hopMbl MaTepun siBnsieTca "nynoM" (KOHEYHO e He 3eMnn) cBoero adupHoro Tena. B ceoto
ouyepeab 3(upHble Tena 3BE3A PacrosiOXXeHbl B OKPECTHOCTU (B paiioHe CTeHbl) "myna" 3dupHbIX Ten
ranaktuk. B 3aBMCMMOCTM OT MOLWHOCTM 3(UPHOrO Tena ranakTuku eé suaumas dopMa MmaTtepuw,
cocTosias M3 3BE34, MOXET pacnosnaratbCs M60 NOMNHOCTBLIO B Npeaenax CTeHbl 3upHOro Tena, nnbo
TONbKO YaCTMYHO B €ro npegenax, 1Mbo npu Manoln ero TOMWMHE MPaKTUYECKU MOSTHOCTbIO BHE CTEHbI
aupHoro Tena. Ho Tonbko BuamMMas ¢opMa Mmatepunm B opMe 3BE3A MOXET CUrHanM3MpoBaTb O
MOLLHOCTH COOTBETCTBYIOLLEr0 acunpHoro Tena ranakTuKM.

FanakTMkn (opMUPYIOT CBEPXCKOMIEHUS FanakTUK, KOTOpble B KayecTBe CBOMX "MAAHETHbIX" cUCTeM
MMEIOT CKOMJIEHNS ranakTUK, TakxXe cocTosiwmne u3 ranaktnk. K nocnegHnM OTHOCUMTCS M MeCTHas rpynna
ranakTMk, OAHWMM U3 3/IEMEHTOB KOTOpOM sBNsieTcs MneyHbld MyTb. W BHOBb Mapképamu
COOTBETCTBYlOWEro obbekTa ABnAOTCA 3BE3abl. pn 3TOM Mexay 3BEé34aMu CyLLEeCTBYIOT MU3epHble Mo
KOCMMYECKMM MepKaM paccTosiHus. Buaumas ¢opMa ranakTuMK 3aHMMaeT HEeCKONbKO 6onbliee
NPOCTPAHCTBO. HO M OHa 3aHMMaeT Manyto A0 3(PUPHOro Tena ranakTuku, O YEM CBUAETENbCTBYIOT
paccTosiHMa Mexay BuaMMbIMM (pOPMaMM ranakTUK. M1 KOHEYHO XXe CTpOeHMe CKOMJIEHUS FanakTuK
WAEHTUYHO CTPOEHWIO MJIAHETHOW CUCTEMbl COfHU@. OTMuYMe TOMbKO B TOM, YTO LEHTP CKOMJIEHUS
ranakTuK, BOKPYr KOTOPOrO W KPYTSTCS ranakTuku, BuAMMOM (hopMoM MaTepun B (opme 3Be3Abl HE
oTMeueH. M 6onee Toro, B LEeHTpe 3(PUPHOro Tena CKOMMAeHMs ranakTuK pacrnonoXeH rnas, B KOTOPOM
OTCYTCTBYIOT aHanonm COOTBETCTBYIOLLENO adupa.

T.K. CKONMEeHUsl ranakTuK B KayecTse obuiero ansg Hux "nyna" MMeroT rnas CBEPXCKOMIEHUs ranakTuk, To
N KPYTSTCS OHW BOKPYr HEro TakxXe, Kak M MNaaHeTbl BOKPYr ConHua. Ho cBepxckonneHue ranaktuk 3To
MPOCTO O4YeHb 60NbLIOE CKOMMIEHWE raNakTUK. A KakK M CKOMJEHWE ranakTMK OHO MMeeT cBov "nyn",
BOKPYr KOTOPOro U KPYTATCA €ro ranakTuku. T.e. CTPYKTypa CBEPXCKOM/IEHWUS ranakTUK MPakTUYeCKu
NOSTHOCTBIO COOTBETCTBYET CTPYKTYpe COMHEYHOM MMaHEeTHOW CUCTeMbl. B LeHTpe pacnonoxeHo
MaCCMBHOE CKOIMJeHMe ranakTuK, nMetolee cBoé cobCcTBeHHOe BpalleHne noaobHoe BpalleHUIo ConHua
BOKPYr CBOEM OCu. ITOMy 06LieMy BpaLLEHWUIO MOAYMHSAIOTCS ero niaHeTbl (psaoBble ckonneHus). Ho
KaXkgoe M3 psifoBbIX CKOMMEHUA MMEET CBOE COOBCTBEHHOE BpaALLEHME, YTO MPAKTUYECKM WAEHTUYHO
COTHEYHOM naHeTHOW cucTeme.

Ml epiky pUE I HER S : CaTyEH © Vs Heni"g.-'H My ToH

N Takke Kak M B COSMIHEYHOM MNAHETHOW CUCTEME HEe TOMbKO B CBEPXCKOMJIEHNAX ranaktnuKk, HO U B
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MeTaranakTMKe NoAaBnstoLLEee YACTIO FalakTUK MMEET NMpaBoe HanpaBneHve BpalleHus. Ho BCTpeyatoTcs
N UCKJIIOYEHMSI TUMA MNAHET COTHEYHOW cucTeMbl BeHepbl, YpaHa unu MnyToHa. T.e. He BCe ranakTUKu
MMEIOT MpaBOe HarnpaBfieHne BpalleHus. /I He BCE OHWM pacnosioXeHbl K HaM B aHdac uam B npodusb.
HekoTopble Mbl  BMAMM WM C3adAM, M3-3@8 Yero W  MOSy4yaeTcs  JIeBOE  BpalleHMe.

KpyroBopoT MaTepuun B Npupoae SBnsieTcsl 06bEKTUBHOW peanibHOCTbI0. Ho Kak »xe oH npoucxoant? Kak
mMaTepuss 3dupa MeTaranakTMKM NepexoauT B MaTepuio  CBEPXCKOMJIeHUS  ranaktuk  (agup
CBEPXCKOM/IEHUSI NEPEXoAUT B 3Mp ranakTuk, amp ranakTuk NepexoanT B 3BE3AHLIN 3uMp, 3BE3AHbLIN
aup nepexoauT B BuAMMYKD dOpMy MaTepun, a BuauMMas QopMa MaTepuu nepexoaut B 3up
MeTaranakTikmn)? KocMmnueckyto xe AMHamMuKy (KpyroBopoT MaTepun) hopMUpYyeT LeHTpOCTpeMUTENbHASN
cuna.

LleHTpocTpeMuUTENbHAs CMna AENCTBYET B KaXAOM 3(DMPHOM TeNe Ha KaXAoW U3 CTymneHen mepapxuu
npupoapbl. I KOHEYHO Xe 3TO OHa BblAABAMBAET aHAMOMM COOTBETCTBYOLWEro 3dupHoro Tena (a He
TOMBbKO 3(PMPHOro Tena MeTaranakTuku) B npedenbl ero rnasa. B npegenax e rnasa BnacTeylowas B
HEM ueHTpobexHasi cuna paspbiBaeT aHanonuM poaHoro adwupa, dopMupys M3 HMX aHanonu 6onee
BEPXHEN CTYNneHu mnepapxmmn. Ml KOHEYHO Xe B TeYeHMe MOAABASAOLWE AMHHOMO MPOMEXYTKA BPEMEHM
3MpHOE TENO MeTaraNakTUKU JIULWEHO 3TOM BO3MOXHOCTM. [1pOChiNaTbCs OHO CMOCOB6HO TOMbKO B
KpaTKMe MNpPOMEXYTKM BpPEMEHW, KOTOpble [AaXe Henb3s Ha3BaTb MrHOBEHMSIMM aKTMBHOCTM O
CPaBHEHWUIO C [JUTENbHOCTbID MNepuofa Mokosl. DTO MrHOBEHME aKTMBHOCTM 3(MUPHOro Tena
MeTarasakTMK1 1M NoBe3no 3adukcmposaTb AMH6apUyMsIHY, YTO U MPUHECIO EMY MMPOBYIO M3BECTHOCTb M
3BaHue aKageMmmka BCEX MbIC/TUMbIX 7 HEMbIC/IUMbIX aKalEMUIA.

OCHOBHasl € 4acCTb KOCMWMYECKOM >XWU3HU MAET B Mpedenax CBEPXCKOMIEHMN ranakTuK. 3arafakou
npupoabl SIBNSIETCS TO 4YTO 3BE3Abl TWMA HALWIEro COMHUA CBETAT MWANMapAbl NIET NPAKTUYECKU He
N3MeHssi CBOEN Maccbl M 06béMa. OTKyAa XXe OHM YepralT OTHIOAb He Manble 06bEMbl Macchl U
3Heprum? BnacTb LyKM M3 Ckasku (yAOBNETBOPSIOLLEN BCE MPUXOTM CKA30YHOrO MepcoHaXa) Bpsia v
pacnpoCTpaHSETCA M Ha KOCMOC. T.e. CKa304YHO BOCXMTUTENbHbIE XOTEHUSI HALIMX FOpe TEOPETMKOB OT
acTpodM3nKN COBCEM HE COrNacytoTcs C NpUMpoAov. Munnmapabl NeT pacluMpsiioLLAscs BCeNeHHas U Ha
PacCTOsiHUM B MUNNMAPAbI CBETOBbIX NET (KOHEYHO XKe Ha3al) BCE TakXKe AEMOHCTPUPYET MpakTUYECKu
Ty Xe CTPYKTypY, KOTOpYlO AEMOHCTPUPYET U CTPYKTypa YAanEéHHas OT HaC BCEro /Wb HAa MUIIIMOHBI
net. O KakoM pacLUMPEHUM BCENEHHON MOXHO roOBOpUTb B 3TOM crydae? py6o roBops, rpaBuTaums
MOXET COPMUPOBaTb TOMBKO OAHOMEPHYK CTPYKTYpy. CkaxkeM, 3BE3[bl OHa €LIE MOXET 3arHaTb B
ranakTmkM. Ho HMKakue 3aKOHbl CMHEPreTUKWM He MO3BONST 3arHaTb C(OPMUPOBAHHbIE FaNakTUKK B
CKOMNEHUSI TanakTUK, a CKOMJIEHUSI FafiaKTUK MOAYMHUTb CBEPXCKOMMEHWUAM ranakTuk. T.e. COrfacHo
XOTEHWUSM  TEOPETUKOB TOMbKO Llydbe BeNleHMe W Huyero 6Gonee Morno  chopMupoBaTb
KpyrnHOMacLLTabHyto CTPYKTYpYy BCESIEHHOM.

Mpn paccMOTPEHMM CBOWCTB 3(UPHBLIX Ten €AMHCTBEHHYKD WMHMOPMauUMIO HaM MOXET NpPeAoCTaBUTb
TONbKO 3eMHasi popMa MaTepun B hopMe BMXPEBOrO ABWMXKEHUS. He MOXET ke nMpupoaa UCMonib30BaTb
pa3Hble 3aKOHbI AN19 YNPaBIeHNss CBOMMM CTYMEHSIMU MEpPapXun, OAHOM U3 KOTOPbLIX U SIBMSIETCS BUANMAN
dopma MaTepumn. PaccMOTpMM CUTyauuto B rnase TPOMMYecKoro UMkioHa (yparaHa, TaldyHa, BMMIM-
BUINIM) XOTS 6bl NO BUKMNeaun. Ecnn B cTeHe yparaHa npupoaa 6ynmcTByeT, TO B €ro r/a3e BpalleHue
OTCYTCTBYET. HO cornacHo ypaBHeHus bepHynnn 6eleHoe BpalleHve, HabnwaaeMoe B CTEHE yparaHa,
dopmupyeT oOTpuUaTeNnbHOE [JaB/ieHNe, KOTOpoe BbiCacbiBAaeT BO34yX M3 rnasa. [loatomy Aans
BOCMOJIHEHMSI 3TUX NOTEPb B TPOMMYECKMX LIMKIIOHAX U HabnogaeTcst HACXOAAWMMA NOTOK Bo3ayxa. Ho
npvBeaéHHAs Bbllle MANNNNYECKAs KapTMHKa yparaHa He COBCEM COOTBETCTBYET peasibHOMY SIB/IEHMIO.
Kak Mbl BbISICHAIM BblWe, WU3MEHEHWe BEeIMYMHbI MacCbl B MOCMeAOBaTeNbHbIX C0SX yparaHa npwm



ABWXXEHUU OT nepudepumn K LEHTPY MPOUCXOAWUT AMCKPETHbIM 06pa3oM. MMoaToMy npu nepexoge oOT
OQHOrO C/l0s1 yparaHa K ApyroMy /IOl CKOPOCTb BPALLEHUS! HE MOXET U3MEHATLCS HEMpPepbIBHO. B Buae

CXeMbl 3TO MOXXHO BbIpa3nTb cneayowmm obpazom.
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PucyHok 2

PaccMOTpMM KakuM ke 06pa3oM 3TO MpoUCXoauT. B CTakaHe C YaeM CKOpOCTb BpalleHus Mana. M Ha
nepucdepunm M3MeHeHWEe BENNYMHBI MacCbl OGBEKTOB, ABUrAlOLMXCS MO COCEAHWMM CflI0sIM, Masio npu
repexoae OT cnosi K c/ioto. K ToMy e Mano U U3MEHEHME ASIMHbI OKPYXXHOCTWU NpY Nepexode OT Cnost K
cnoto. T.e. BHYTPEHHSISI OKPY>XXHOCTb B CBOEM BpALLEHUM HE3HAUUTENIbHO OMEPEXAET BHELUHIO
OKPY>XHOCTb. [M03TOMY BENMYMHA LIEHTPOCTPEMMUTENIBHOW CWMbl, [AEWCTBYIOLWIAS HA BHYTPEHHIO0
OKPY>XHOCTb, UMEET HE3HAUMTESIbHYIO BEIMUMHY. A T.K. MO MpaBUIy MPELeccun LEeHTPOCTpeEMUTE bHas
cuna YBENIMUMBAET CKOPOCTb BpALLEHUS OOBEKTOB Ha BHYTPEHHEMN OKPY)XHOCTM, TO B CuUY
OTHOCUTENIbHOM ManiocTM LEHTPOCTPEMUTENbHOM CUMIbl 3TO UM3MEHeHWe Mano. Macca 06bekToB
BHYTPEHHEN OKPY>XHOCTU Maso OT/IMYAETC OT MacChbl OOBLEKTOB BHELIHEN OKPYXXHOCTM, Manio U
NMpUpaLleHMe CKOPOCTM BpalleHus. MO3TOMY OTHOCUTENbHO Mana M BENMYMHA LIEHTPOOBEXHON Cunbl,
CO34aBaeMON  BHYTPEHHEN  OKpyXHocTW. [o3ToMy Ha  nepudepun  CcTakaHa  BeIMYMHA
LIEHTPOCTPEMUTENBHON CWUMbl, CO3AaBaeMasi BHELLUHEN OKPYXXHOCTbIO 60blIe BEMMYUMHBI LEHTPOBEXHOW
CWNbl, CO3[aBaeMOl BHYTPEHHEN OKPYXXHOCTb0. M Ha nepudepum CcTakaHa CKOPOCTb BpalleHUs
3aKOHOMEPHO YBENIMYMBAETCS B HamnpaBfieHMM LeHTpa. Ho npu npubnmxeHun K LEHTPY Bcé 6onee
3HAUYMMOWN CTAaHOBUTCS pasHULA B Macce OBbEKTOB, HaxoAAWMXCA B COCeAHMX crosix. bonee 3Haummoi
CTQHOBUTCS W pasHuUa B ANMHAX COCEAHMX OKPY>XHOCTEW. Mo3TOMYy BefMuMHa LIEHTPOBEXHON CUnbl
3aKOHOBEPHO MNPUOENMXKAETCS K BEIMYMHE LEHTPOCTPEMUTENbHOM CUbl. M HeM3bexHOo HacTynaet
MOMEHT, KOrj@ OHW CPaBHSIIOTCS, MOCNE KOTOPOro BE/IMYMHA LIEHTPOOEXHON CuMbl 60Mblle BETNYMHBI
LIEHTPOCTPEMUTENBHOW CUnbl, yTo " HabntogaeTtcs Ha pwc. 1.

Kak 13BeCTHO y Noboi Manku CylecTBYeT ABa KOHUA. ECnu ueHTpocTpeMuTtenbHas cuna yBeMunBaeT
CKOPOCTb BPALLEHUSI BHYTPEHHEWN OKPY>XHOCTM, TO HEe OCTaéTcs B AONTY M LeHTpobexHasi cuna. MoXxHo
CUMTATb B 3TOM C/TyYae, UTO BHELLHAS OKPY>XHOCTb OTHOCUTE/IbHO BHYTPEHHEN OKPY>KHOCTY BpaLLAeTCs B
06bpaTHOM HanpaBneHun. Mo3ToMy LeHTpobexxHasi cuna, AeNCTBYtoLWas OT BHYTPEHHEN OKPYXXHOCTM Ha
BHELLUHIOW, MO MNpaBu/ly MPeLeccMn YMEeHbLLAeT CKOPOCTb BpalleHUs MocneaHein. W JocTurHys
MaKcuMyMa Ha puc 1 CKOpPOCTb BpaLLeHus ybblBaeT K LUEeHTPY  CTakKaHa.

Ho c yBenuueHneM CKOPOCTU BpaLleHNs HeU3BEeXHO HacTynaeT MOMEHT, C KOTOPOro OTAENbHbIN
OKPY>XHOM Cno (KonbLo) cpeabl 06pa3HO roBOpS HAYMHAET UrpaTb ponb OTAeNnbHOro "crakaHa'. T.e.
MOSIBNSIETCS UMAMHAPUYECKUIA CNOW, B npeaenax koTtoporo "pabotaeTt" puc 1, Ho yxe 6e3 cBoew
LeHTpanbHoM 4Yactn. M BMecTo Toro 4tobbl CKOPOCTb BpalleHUsi B COCEAHEM BHYTpPEHHEM "CTakaHe"
yMeHblUanacb, OHa CKaykoobpa3HO YyBenuumBaeTcs. T.e. BMECTO OTAeNbHO B35TOro cfnos puc 1
NOSIBNSAIOTCA KOMbLA M3 MOACMO0EB, B KaXAOM M3 KOTOPbIX MMEET MeCTO pacrpefenieHne CKopocTu oT
nepudepun K UeHTpy nogobHoe puc 1. HOo Mexay cocefHUMM KOmMbLAMWM CYLUECTBYIOT YXE He
MUKPOCKOMWYECKME PaCCTOsiHWS, Kak B CTakaHe, a Makpockonuyeckue. W anuHy OKpy>XXHOCTEn y
COCeHMX KOMEL, HaAo YXe onpeaensTb Mo CpeaHen OKPY>XHOCTU Konbua. M Maccy Toro uam MHOro
KonbL@ Hago onpefensTb yXe He TaK Kak B CTakaHe, a yuuTbiBaTb BCHO MAcCy, PacrnofiOKEHHYI B
KonbLe. [03TOMY M3MEHEHWE CKOPOCTW OT KOMbLa K KOJbUY YXe 6yAeT HeyCTpaHUMO AUCKPETHbIM, T.€.
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TakuM Kakoe 1306paXKeHo Ha puc 2.

Ecnn mexay cnosmu (konbuamu) Ha nepudepun CKOpOCTb BpaLLEHUS M3MEHSIeTCS Mano, TO npwu
NPUBNMXKEHNN K CTEHE BENMYMHA CKayka OT C/I0S1 K C/I0K0 Pe3Ko YBen4MBaeTcs. OTO U NoYyBCTBOBa/IM
ucnbITaTenun npu nepeceyeHnn yparaHa Xotoro (Bukunegauns: MHumaeHT ¢ NOAA 42 B yparaHe Xbtoro).

PucyHoK, npaBaa, SIBNEHUIO HE COBCEM COOTBETCTBYET. [Na3 yparaHa umeeT opMy paclumpsitowerocs
BBEPX KOHYyCa. Beﬂb B OTAENIbHO B34TOM CJIOE YpadraHa CKOPOCTb Bpadll€EHUA YBETNYNBAETCA
He3HaunTenbHO. HO caMa CTeHa BO3MOXXHO COCTOUT HE M3 oAaHOro criosl. 1 oHa BbICTYNnaeT B ANHaAMUKE
KaK eD,MHbIVI Bpau.l.arou.mﬁcn 06beKT, MMe}OLIJ.VIl‘/JI KaKylo-TO CpeAHKK  CKOPOCTb  BpalleHUA.
CoOTBETCTBEHHO OHa U (HOPMUPYET KaKyt-TO BENNUYMHY LEEHTPOBEXHOWN CUIbl, KOTOPasi U YBEMYMBAET
AVaMeTp rnasa C BbICOTON. [Mo3ToMy rna3 v mMmeeT (OpMYy PpaclUMpPSIOLLErOCS C BbICOTOM KOHyca.
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A cnepoBaTeNlbHO CKOPOCTb BPALLEHUSt B CTEHE C BbICOTOM 06513aHa YMEHbLUATLCA. ITUM U MOJb3YHOTCS
camonétbl Tna NOAA 42, 3anetas B rna3 Anst UCCNeaoBaHUs Ha 6onbluol BbicoTe. KcTaTu, KapTUHKa
AEMOHCTPUPYET, YTO yparaH BCE e noauvHseTcs cune Kopuonuca. Beab B BepluMHe cpefa M3MeHseT
HanpaBfieHne CBOero BpalleHus. Ecnmn B cTeHe yparaHa cpefia Bpallanach NpoTUB YacoBOW CTpenkKe, TO
BBEPXY Cpefla HAaYMHAET KaK el 1 MOJIOXKEHO B CEBEPHOM MOJYyLIAPWM BpaLLaTbCa MO YacOBOW CTpesiKe.

AHanornyHas cuTyaumust Ao/mkKHa HabnoaaTbCs M B 3PUPHLIX Tenax. Ho B 3pUpHbIX Tenax cobCTBEHHbIX
aHanonen B npepenax rnasa He cywectByeT. [MO3TOMy €CTEeCTBEHHOrO AN yparaHOB HMCXOASLLEro
noToka cpeabl B rnase 3(pUpHOro Tena He CywecTByeT (Aa K TOMy Xe M rna3 umeet ¢opMy cdepbl).
AHanonu >e B rna3 BbldaBAMBaloTCa. M mx npeuMmywlectBa B cpeae cebe nopobHbix TyT Xe
npeobpasyoTcs B HeaoCcTaTku. Beab aHanonn MMeKOT ABa HanpasfeHWst BpalleHWsi, OQHO U3 KOTOPbIX
co3aaéT cuny MPUTSKEHNS, a BTOpOE cuny OTTaNKNBaHMS.



Beab o6onouka aHanoneit NocTpoeHa U3 MO3UTPOHOB. T.e. Kak Mo BepTMKanM, Tak M MO ropU3oHTanIu
HabloAalTCs Kak TOKM OAHOMO HampaBfieHUst ABWMXXEHUS, TaK M TOKM MPOTUBOMOJIOXKHbLIX HanpaBieHW
ABWXKeHWs. [MapannesibHble TOKM (OPMUPYIOT CUTy MPUTSDKEHWS, MNPOTUBOMOJIOXKHbLIE TOKWU  CUITY
OTTaNKMBaHusl. B oKpyxxeHun cebe noaobHbIX aHaMonM PacXOAsTCS Ha KAKOe-TO PacCTosiHMe Kak Mo
BEPTMKANM, TaK WM MO ropu3oHTanu. [lpu BbiXoAe e B a3 3GUPHOro Tena Ha aHanofib C
MPOTUBOMOJIOXKHbIX CTOPOH MO AMAMETPY HAYMHAEeT [AeWCTBOBaTb MOMEHT CW, 06pa3HO roBopS,
CKpYYMBaOLLMIA aHanosnb B y37bl.

3TMM caMbiM aHanosb pa3byBaETCA Ha aHanosM MeHbLUEro AMaMeTpa, COOTBETCTBYOLME 3(DUPHOMY
TeNy creayroLlen CTyneHn nepapxuv npupoabl. KOHEYHO XKe Mpu 3TOM MEHSIETCA He TOJIbKO CTPYKTypa
aHanonen, HO W CTPYKTYypbl MO3UTPOHOB W 3NMEKTPOHOB, (hOPMUPYIOLIMX aHamnosb. M KOHEYHO e
LEHTpobeXHasi cuna He MO3BOJSET MEPECTPOEHHbIM aHaMoNsM yapaTh B Mpefenbl rnasa, 3aroHss ux
obpaTHO B Mpefenbl NopoaMBLLErO MX 3dupHOro Tena. Ho rynsTb no yxe YyXXuM npoctopaMm 3hMpHOro
Tena UM Jonro He npuaétcs. Beab rnas paccMaTpuBaemoro 3(MPHOrO Tefla OKPYXXEH ero CTEHOW, K
KOTOPOI pacrnonoXeHbl 3MpHbIE TENA CeaytoLeil CTyNneHn nepapxmum, aHanonsaMm KoTopon 1 SBNSIOTCS
KOCMMYECKME MYyTELEeCTBEHHMKN. ECTECTBEHHO MONafaloT OHWM Ha nepudepuio Kakoro-nmbo 3cupHoOro
Tena. LieHTpocTpeMuTenbHas ero cuia roHUT aHanonu K rnasy, Kyda OH 611aromnoslyyHo U BbIXOAMT.

/M BHOBb Ha rpaHuue rnasa aHanonb 6yaeT Mo TOMy e MexaHu3My nepeBeféH B 0ObeKkT cneaytoLen
CTyNeHn mepapxmu Npupoabl. T.e. aHanosib 3UPHOro Tena CBEPXCKOMNAEHUS ranakTuk (Man CKomnIeHus
ranakTuk) npeobpasyeTcs B KaKOe-TO MHOXECTBO aHarosiei 3pupHOro Tena ranakTuku. B cBoto oyepeab
OTAENbHO B3ATbIA aHanosb 3MPHOro Tena ranakTuky npeobpasyeTcs B Kakoe-TO MHOXECTBO aHamnosnen
aupHoro Tena 38€34. AHanonM xe 3pupHoro Tena 3e&3a (M NnaHeT) npeobpasytoTcs MO0 B MPOTOHbI C
3N1EKTPOHaMM 3eMHOM DOpPMbl MaTepum, MB0 B NPOTOHbI C 3/IEKTPOHAMKN, COOTBETCTBYHOLUMMU 3(PUPHOMY
Teny MeTaranakTtuku. Mepsble OpMUPYIOT MaTepuio 3BE3A W MAHET, BTOPbIE LIEHTPOCTPEMUTENBHON
cunon 3cMpHOro Tena MeTarafakTUKM ABUraloTCa B HaNpaB/ieHWn ero rnasa ans npeobpasoBaHusi B HEM
B aHanosnm MeTaranakTuKMu.

Takmum obpa3om 3BE3aAbl U nnaHeTbl ABNSAOTCA dabpuvkamm nNo nepepaboTke rMraHTCKOro Kosm4yecTBa
mMatepun B opMe aumpa 3UPHOro Tena CBEPXCKOMIEHUS ranakTMK B 3aroTOBKU Anst OpMMpPOBaHNS
aHanonen adwvpa 3hupHOro Tena MeTaranaktuku. W dabpukum 3T paboTaloT B TEYEHME BPEMEHM
npeobpazoBaHmsl 3MPHOro Tena CBEPXCKOMIEHUS ranakTuK B 3(MpHOe TeNO CKOMEHUS ranakTuk unm B
acupHoe TeNo MeCcTHOM ANs TOM MM MHOWM YacTu BCENEHHOW rpynnbl ranaktuk. OTaenbHble 3upHble
Tena ranakTuK CKYKOXXWBAIOTCS MpW 3TOM A0 3(MPHbLIX Ten co3Be3ani. B ToM uncne u admpHble Tena
MUHUranakTuk (C MUAIMOHaMK 3BE34 BMECTO MHOIMMX MUINNApA0B) CoAepXKaT B CBOEM cocTaBe 3(UpHbIE
Tena co3se3aui. IdupHble Tena 3BE3A codepxaT B cebe 3apoabln  3PUPHbIX Ten 3BE3f.

TaknM 06pa3oM, CBEPXCKOMIEHUS ranakTUK 3TO NonHoMacwTabHoe adupHoe obpa3oBaHne, coaepxallee
B CBOEM COCTaBE MPaKTUYECKM MOSHOE, OYEHb MHOMOYMC/IEHHOE MHOXECTBO ranakTuk. Ero nnaHeTbl B
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opMe  CKOMMEHWM ranakTUK  SBASAIOTCS  3apoAblwaMu  Ans  (OPMUMPOBAHWMA  MOSTHOLEHHBbIX
CBEPXCKOM/IEHUM TFaNakTMK. anakTUKM B CBOK O4Yepelb TakXe SIBASTCA MOSHOUEHHbIMU 3(UPHBLIMU
06pa3oBaHNSMM CBOEW CTyMeHU nepapxmmn. Ho B oTamnumne oT CBEPXCKOMIEHUI FanakTMK MX CocTaB bonee
pa3HoobpaseH. OHKM KaK BKJIOYAOT B CBOM COCTaB Kak 3(MpPHble 3apoAbllun MOMHOLEHHbIX ranakTuk (B
dopmMe 3MpHBbIX Ten co3Be3aui), Tak U NaHETHble cucTeMbl (B (POpME MMHUranakTUK, CoAep Kalmx
MWINNOHbLI 3BE34). [lpM 3TOM HE MCK/IOYEHA BO3MOXHOCTb, 4YTO M B MWHUranakTMkax MoryT
CYLLEeCTBOBaTb 3apOAbilUM MOMHOLIEHHbIX FanakTMk B ¢dopMe 3UpHbIX Ten co3se3anii. OTaenbHbIM
BOMPOCOM SIBNSIETCS BOMPOC O MMHWUMaJibHbIX pa3Mepax 3(UPHbLIX Ten CBEPXCKOMIEHWUN (CKOMIEHUI)
ranakTuk. BnonHe BO3MOXHO, 4TO 3@UpPHble Tena CnuMpaneBUAHbIX TFanakTUK SABASKOTCA B
LAENCTBUTENBHOCTU 3(PUPHBIMU TeNaMU CBEPXCKOMMEHWN. T.e. MHbIMK CNOBaMM WU ranakTMka MneyHbin
MyTb, 1 ranakTnka TyMaHHOCTb AHAPOME/bI He SABNSAOTCSA JM 3apoAblliaMy CBEPXCKOMIEHMS ranakTnk? A
3VpHbIE TENa CO3BE3ANIA HE SIBNSIKOTCS NIY 3apoAblliaMy MOMHOLEHHbIX FanakTuK, 3pupHble Tena 3B€3a
KOTOPbIX 3aMacK1MpoBasincb B nosicax Kolnepa nx 3(PUPHbIX Ten?

OTMbIYKON XKE K PELUEHUIO 3TUX BOMPOCOB SIBHO SBNSIETCA 3eMHas ¢opMa MaTepuun. VIMEHHO OHa B
cdopMe 3BE34 MO3BOMSIET MAEHTUDUUMPOBATL CTYMEHW Mepapxun mnpupoabl. 3eMHas dhopMa MaTepum
SIBNISIETCS K/IOYEBLIM 3BEHOM B KpPYroBOpoTe MaTepuu B npupope. 3eMHasi dopMa MaTepun B dopme
3BE34 SIBMSIETCS 3aKMOYUTENbHBIM AKKOPAOM Npeobpa3oBaHusl aHamosiel MakCMManbHOro pasmepa
3cMpHOro Tena MeTaranakTuku B 3eMHyt0 hopMy MaTepun. A T.K. 3anackl aHamnonei B 3UpHbIX Tenax
CBEPXCKOM/IEHNS FaNIaKTUK Ype3BYANHO BENNKM, TO 3TO M NO3BOJISIET 3UTE KOCMOCA (TUNa COMHUA U eMy
nofo6HbIX 3BE3A) CyLIECTBOBaTb B MPakTMYECKM HEM3MEHHOM BuAE B TeyeHue MunnvapaoB net. lNpu
3TOM BCEM MPOMEXYTOYHbIM 3(PUPHLIM TeNnaM pasHbIX CTyrNeHel Wepapxum MNpupoabl MpuxoauTcs
CKYKOXWBATbCS B pa3Mepax NoAobHO LuarpeHeBon Koxe.

Bacunum bykpees
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