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MEXAHU3M BPAIIEHUA IINTAHET-TUT'TAHTOB

Heob6xoauMocTh HacTOsIIEN CTaThu MPOJUKTOBaHA TE€M, YTO OHa
BBINOJIHAET KaK Obl pOJib OpraHu3aropa B GOpMUpPOBaHUHU pa3padaThiBa-
€MOM HaMHM TEOPUH W CIUIAYMBAET PA3PO3HEHHBIE MO MEXaHU3MaM
BpalleHus HeOECHBIE Tela B €AMHOE 1EJI0€, AOTMOIHSA €€ B TO K€ BpeMs
HEJIOCTAIOIUMHUCS 3BEHBSIMH.

Ona mocBsIleHa IByM CaMOCTOSTENIbHBIM BOPOCaM — OOIIIEH 3BOJIIO-
MU 3BE3/IHO-IUIAHETHBIX cucTeM Ha npumepe ConHedyHOU u popmupo-
BaHMs MuiaHeT rpynmbl Onutepa, 00iagaromuX MOIIHBIMU Ta30BBIMU
000JI0YKaMH, WU JlaK€ TMOJHOCTHIO COCTOSIIIIMMHU W3 YIJIOTHEHHOM
ra3onblJIEBUIHON MAaTepUH.

OOBenMHeHUE UX MO OJJHUM Ha3BaHUEM OOYCJIOBJIEHO TEM, UTO U T€,
U Jpyrue o0pa3yroTcs U3 KOCMHYECKUX Buxpeid. CTaHOBJICHHE TUTAHET-
TUTaHTOB IO BCEM IpU3HAKaM HAlOMHWHAET paHHWM 3Tanm (hopMHUpoBa-
Hus CojHIla, a UX ABOJIONMS, KaK Mbl CUMTAE€M, OTCTajla OT DBOJIOIUU
camoro CoiHIA MOTOMY, YTO OHM BO3HUKJIM HAMHOI'O MO3X€ U3 OT-
JeIbHBIX 000CO0NICHUN BUXpeBOUM MaTepuu, npeBpartuBiieiics B Col-
HeuHyro Cucremy.

Takum 00pa3om, mojiyyaercsi, YTO ¢ OJIHOM cTopoHbl, ColHile, o0pa-
30BaBIINCH KaK IEHTPAIbHAS YaCTh BUXPS, KaK ObI BO3IJIABJISET MPOLIECC
dbopMUpoBaHUs 3BE3AHO-TUIAHETHON CHUCTEMBI, & C JAPYrOH, COJEPKUT
CpeAu CBOMX IUUIAHET aHAJIOl paHHEW MCTOPUU CBOETO (DOPMHUPOBAHUS.
371ech TPYIHO YJIepKaThCsl OT coOIa3Ha CpaBHEHUsI 00pa3oBaHUs 3BE3-
HO-TUTAHETHBIX CUCTeM C (OPMUPOBAHUEM CEMbH, TJI€ OTEI, JETH,
BHYKH, OyJIy4d HEPAPXUUYECKH COMOAYMHEHHBIMH, B TO K€ BpEMs IO
MEXaHHM3MY CBOETO OOpa3oBaHMs, OJHOTUIIHBEL. Kpome Toro, camo BO3-
HUKHOBEHHE BUXpPS (HampuMep, CHUPAIbHBIX TajlaKTHK) HAallOMHHAET
CUTyallul0 Hayajga oOpa30oBaHUS CEMbM NPU BCTpPEYE JBYX B3aUMHO
I'PAaBUTUPYIONINX TMOTOKOB BEIECTBA, JBIXYIIMXCS B MPOU3BOJIBHOM
HaIpaBJeHUU (T.€. O] Pa3HBIMH JUPEKIITMOHHBIMU yTJIaMH) HABCTPEUY
JIpyr APyry, 4TO BCKPBIBAET TIIyOOKHI (PUIOCOPCKUN CMBICT BCEIICH-
CKOT'O OBITHSI.

[To BBIICYTIOMSIHYTBIM TPUYMHAM MBI TPUYHUCISAEM CeOS B UYHCIIO
CTOPOHHUKOB «IMPOTOCOJTHEYHON» TUMOTE3bl CTAHOBJICHUS IIJIAHET-



TUTAHTOB U B JIAHHOW CTaTh€ MONBITAIUCH ITPUBECTU CBOU JOBOJBI B €€
MOJIB3Y.

Ecnu mpupoay Bpalammux CWJl, 3aBUCSIIIMX OT BO3pacTa CUCTEMBI
WM BEpHEE, YPOBHS DSBOJIOLMH, PAa3NEIWTh HA YEThIPE JTala:
VHEPLMAIIBHBIN, PEAKTUBHBIN, 3JIEKTPOMArHUTHBIM U T'PABUTALMOHHBIM,
TPU TMOCIEAHUE W3 KOTOPHIX MBI YKE€ OCBETHIM B MOPEIABIAYIINX
Opomrtopax, HaCTOSIIMI  TOCBAIIAETCS  MEPBOMY M3  HUX  —
MHepIuaibHOMY. Cleayer 31eCh YIIOMSIHYTh TAKXKE O TOM, YTO TOBOPS O
BpamieHurn Mapca, Mbl TOCBSTWIM HECKOJIBKO CTPOK MEXaHU3MaMm
BpalleHus IUiaHeT Tpynmbel FOmnurepa B CBS3M € TeM, YTOOBI
MOAYEPKHYTh, YTO Mapc mpeacTaBisieT COOOM MEPEXOIHBIA THIT
MJIAHEThI, KOTOPBIM IO NpU3HAKy Bo3jaeicTBUs Doboca HaOMHUHAET
IaHeTsl rpynmnsl FOnurepa, a 1Mo Hamu4dui TBEPAOU KOPBI — IJIAHETHI
36MHOM I'PYIIIBI.

Takum oOpa3zom, HacTosIass padoTa SBJISETCS JOTUUECKUM ITPOJIOJI-
KEHUEM YK€ M3JI0KEHHOTO MaTepHalia U MOCKOJBKY B HEM paccMaTpHu-
BAIOTCSL BOIPOCHI BOBHUKHOBEHUSI KOCMUYECKUX BUXPEU, B ONPEICIEH-
HOW CTENEHU, MPOKJIAABIBAET MOCT MEXKAY KOCMOTOHHUEW U KOCMO-
JIOTUEM.

Bo3HuMKHOBeHHE U IBOJIOUUA KOCMUYECKHX BHXpeH. 3ommpo-
BaHHasl paccesHHas marepus J000W ¢GOpMBI MPU OTCYTCTBUM BO3-
NEUCTBUSA HM3BHE WM KpailHE cla0bIX BHEIIHUX CHUJIAX HCIBITHIBACT
IPaBUTAIMOHHOE YIJIOTHEHUE IyTEM CTATHBAHUS BEIIECTBA K YYACTKY
HanOOoJbIIeH TIIOTHOCTH. [10CKOJIBbKY YaCcTHUIIHI BEIIECTBA HAXOUIUCH B
JIBH>KEHUHU (IyCTh OECHOPSI0YHOM), KaXKaash W3 HUX oOyagana coOCT-
BEHHBIM KOJIMYECTBOM JIBUKCHUS.

[Ipu cokpamreHnn 00BEMa 00IIee KOJTMYECTBO JABMKEHUS, COTJIACHO
3aKOHA COXPAHEHHUSI MMITYJIbCA, OCTAHETCSA TEM XK€, YTO WU MPEKIE, T.C.
MPOUCXOJIUT KOHIIEHTpalus NBUKEHUA. [Ipr 3TOM paBHBIE KOJIUYECTBA
JBUKEHUS TTPOTUBOIIOJIOKHBIX HAMPABICHUN KOMIICHCUPYIOT APYT JpY-
ra. M30bITOK NpuBENET K BpaALICHHIO BECh CrYCTOK OTHOCUTEIIBHO
HEKOTOPOU MeHTpalibHOW JIuHuM — ocu (puc. 1). Cieayer TOIBKO OT-
METUTh, YTO BEJIMYMHA W TIUIOTHOCTh 3aBUXPEHUN 3aBUCUT OT KOJIHU-
YeCTBa BOBJICUEHHOI'O BEIIECTBA, & UX Pa3Max — OT CKOPOCTH IMOJIETA
YaCTHII.

Ho mockoJibKy MBI OCHOBBIBa€MCsl Ha u3pedeHuu Jlekapra, 4To «B
MHPE HET HUYETO KPOME IBWIKYILEUCA MAaTEPUN», TO TOJKHBI IPU3HATb,
YTO BO3HUKHOBEHHUE BPAIATEIBLHOIO JIBUKCHUS U3 Xa0Ca MPAKTUYECKH
He TpuemiieM, 1060 Bo BceneHHOW HeT W HUKOT/AA HE OBLJIO HU OJTHOU



TOYKH, KOTOpass He Oblga Obl MOABEPrHYTa BIUSHUIO PEAIbHBIX CHJI,
IIPEXKJIE BCETO TPABUTALMOHHBIX U 3JIEKTPOMArHUTHBIX. 3HAYUT, TOJIBKO
B 3aBUCHUMOCTHU OT MpeoOajjaHusi TOW WM MHON M3 ATUX BE3ACCYIIUX
CHJI MOYKET BO3HUKHYTH BPAILIATEIbHOE IBUKECHUE.

Puc. 1. Ilpumep 6o031nuxHO-
GeHUs BDAWAMENBHO20 O06UdNCe- - - . .
HUA 6 2a30MbLICSUOHOM cKonae- -
HUU Mamepuu. e e

C nmpyroit CTOpOHBI, CIIETyeT FNGR L

Y4C€CTb, 4YTO 3TH ABC PA3SHOBHUI- e . .. T /,f

HOCTH CHJI JIE€HCTBYIOT B MPOTH- . - . .. "' - .-
BOIOJIOKHBIX HaIpaBJICHUSX, e |
T.K. 32 CUET DJIEKTPOMATrHUTHBIX
CUJ MaTepuajbHble Tela OTTAJIKHUBAIOTCA JAPYr OT Jpyra, a
IPABUTALIMOHHBIX — MPUTATUBAIOTCS. [lOCKONBKY cCOrjlacHO 3akoHa
COXpAHEHUS DHEPTUU, TMOCICIHSST HE MOXET OecClieIHO HUCUE3HYTh U
BO3HUKHYTh BHOBb, TO HY>KHO IOJIaraTh, YTO MPOCTPAHCTBO 3aMOJHEHO
MMH B OINPEIEIEHHON MIOTHOCTH U TOJIBKO U3MEHEHUE TIOTHOCTH (T.€.
KOHIICHTpAIllUM) TOW WJIM WHOW DJHEPruu YyIpaBiseT IBUKCHHEM B
KOCMOCE.

Hanbomnpiiyto nHpopMauio 0 BpalllaTeIbHOM JIBUKEHUHN B KOCMOCE,
kpoMme TiaHeT ComuHeuHodr CHUCTEMBI, Mbl MMEEM OT TaJaKTHK, HO
pa3Mephl NOCIEAHUX U PACCTOSHUS O HUX TaK BEJIMKHU, YTO O XapaKTepe
WX BpallaTEIbHOTO JABMXKEHHUS MOXKHO CYAWTh JIMIIb TOJIBKO MO HX
dbororpapuueckum wuzodpaxkeHusMm. Cyas MO MX HEU3MEHHOW, MpHU
B3MsiAE€ ¢ 3eMiu, (opMe, OHM HACTOJbKO YyAAJI€Hbl OT Hac, 4YTO
MPOUCXOJISAIINE CO BPEMEHEM B HUX TIEPEMEIICHUS TTOKa HE MOJIBIACTHBI
YEJIOBEKY, MPOJOJDKUTEIBHOCTh CYIIECTBOBAHHUS KOTOPOTO JIMIIb MHT
M0 CPABHEHUIO C MPOAOJLKUTEIIBHOCTHIO JKM3HM rajnaktuk. Ho, Tem He
MEHEe, CpaBHUBAs OTACIbHBIC TATaKTUKU MEXAY COO0M, MOXKHO PacIio-
JOXKUTh WX TaK, 4YTO Kaxaas W3 HUX OyJeT MpPeICTaBIIsITH COOOM
pa3IMYHbIE YPOBHU UX 3BOJIOLMH (pUC. 2).

Kaptuny ux 5BOJIONMM HAa OCHOBE CHCTEMHOTO aHalin3a MOXKHO
MPEJCTaBUTh TaK:

BemectBo, oTphiBaromieecss ot nepudepuuecKux vacTteil Bpaila-
IOIKUXCS TYMaHHOCTEM, MPOTOCOJHIT M 3BE3] 3a CUYET IIEHTPOOCIKHBIX
CHUJI, a TAaKXKE IO BO3JCUCTBUEM TOPMOKEHUSI OKPYKAIOIITUMU TpaBUTa-



IIMOHHBIMH H JJICKTPOMAarHUTHBIMHU TOJISIMH, PAcCIpPOCTPaHSCTCS B
IJIOCKOCTH BpaIeHUs 3TOW TyMaHHOCTH. [Ipm BcTpede ¢ Apyrumu
IIOTOKAMH TaKuX >K¢ OOJIaKOB JIIOOBIX pa3MepoB W HamNpaBICHHM
BCTYIAIOT B JCHCTBHE TPAaBUTAIMOHHBIC CHJIBI ATHX JBYX ITOPIIH,
CTPEMSIIHNECS COSTUHUTHCAL.

Puc. 2. I'anakmuxu: a — EO NGC
3379, 6 — E2 NGC 221 (M32), 0 — E5
NGC 4621 (M59), e — E7 NGC 3115 —
IATUNMUYECKUe 2aniaKkmuku; 6 — SC
NGC 628 (M74), 2 — Sab NGC 488,
ac — Sb NGC 3031 (M81), 2 — Sa
NGC 2811, x — Sb NGC 2841, » — SO
NGC 1201 — cnupanvuvle earakmuxu;
u — Oonvwias ceemias 2alaAKMuKa
(M31 ) 6 Awopomeoe; m —
szaumooeticmsyio-uyue NGC 4038 u
NGC 4039 napuvie eanakmuxu;, H —
cnupanvuasn eanaxmu-ka NGC 4594
«Combpepo», o — cnu-paivHas
eanakmuka M5SLl, S —obpasz-nvie
CPABHUMENbHO MOJIOOblE 2ANAK-MUKU'

n — SBab NGC 175, p — SBb NGC
1300, m — SBb NGC 2523, x — SBc
NGC 1073 /7, c. 23].

Ha mMecte BCTpeun 3apoxaaeTcsi HOBOE 3aBUXPEHUE WIIM BpAIAlO-
masicsi TYMaHHOCTh, IO TPHUHIUITY NEUCTBHSI HE OTIMYAIOIIASCS OT
cmepueil. Ho oObIuHBIE cMepud BpallalOTCs B CHJIBHOM TpaBUTALIU-
OHHOM TIOJie 3eMJIM M 3aTyXaloT TMOJ BO3JIEUCTBHEM CHJ TPEHUS C
OKPY>KaIOIIUM BO3IYXOM, a el ObIcTpee — TyMaHOM, J0XKIEM WK BO-
J0i Ojarofapsi MX MOBBIIMIEHHON «BsI3KOCTH». KocMuueckue xe 3aBuX-
pPEHUSI HE UCHBITHIBAIOT TAaKHE€ TOPMOXEHUS M C TOW YK€ CKOPOCTHIO, C
Kakoi oOpa3oBaBIIME WX IMOTOKH BEIIECTBA HECIHCHh HABCTPEUy IPYT
Ipyry, HAUMHAIOT KPY>KUTbCA Ha MecTe, o0pa3ysl BEUHBIH KPYyTroBOPOT
BelecTBa. B gaibHEHIIIeM MOCKOIBKY KOJMYECTBO JBMXKCHHSI JIBYX TIO-
TOKOB CKOHIIEHTPHPOBAJIOCHh B HEOOJIBIIIOM KPYTSIIEMCs POCTPAHCTBE,
UX CKOPOCTb IMPEBpAIAeTCS B CKOPOCTh KPYTOBOTO JBHXKEHHUSI, KOTOPOE
OecrnpecTaHHO CKMUMAETCS K LIEHTPY BUXPA.



Cyns mo npuBeAEHHBIM (POTOM300paXKEHUAM, 3aBUXPEHHUS] MOTYT
UMETh JIBOAKUU XapakTep. B ToMm ciydae, korja JABe MOPIMHU BEIIECTBA
BCTPEYAIOTCSI HAa OTHOCHUTENIBHO OJM3KOM PpPACCTOSIHUM, HPOUCXOAUT
B3aMMHOE€ KPY>KEHHE TOJOBHBIX YACTEH 3TUX MOTOKOB MEXAY CO00il u
HauOOJIbIIIasi TUIOTHOCTh OKAa3bIBACTCS B IEHTPAIbHON YacTh BUXps. B
3TOM CJly4ae LENOYHYI0 MOCIEeA0BaTEIbHOCTh MNPEBPAILICHUN BUXPS
MOKHO MPEJCTABUTH KaK PUC. 2: N—>p—>X—>M—HC—3—2—1—0—>q.

Ecnun ke oHM BCTpewaroTcsi Ha OTHOCUTEIBHOM YAQJICHHH APYT OT
Jpyra, TO TOJOBHBIE YAaCTH HE YCHEBAIOT BCKPYKUTHCS U MPOHOCSITCS
MHMO, HO XBOCTOBBIE YacTH TPaBUTHPYS MEXIy CcOOOW yCHEeBarOT
CONU3UTHCA MEXKTY CO00I M B3aMMHO 3aTOPMAKUBAsICh OOPa3yIOT LIEHTP
Buxpsa. lloag Bo3meicTBHEM BHYTPEHHEW TpaBUTAMM W B3aUMHOIO
TPEHUSI STOT OOPA30BABIIMICS y3€l HAYMHAET CTATHBATHCS BCE TYXKE,
T.K. TOJOBHBIE YAaCTH IMOJ BO3JEUCTBHEM COOCTBEHHOI'O KOJIMYECTBA
NOCTYNATEIbHOTO ABUKEHUS CTPEMSTCS OTOPBATHCA JPYT OT JApyra, HO
CWJIbl BHYTPEHHEW TpaBUTAIMM HE OTIYCKAIOT MX M OHHU BBIHYXJICHBI
COBepIIaTh BOKPYr OOILEro LEHTpa KPYroBblE€ ABUKEHUS HaAMomoOue
TOTO, KaK MayKk OOBOJAKHUBAET CBOK JKEepTBY mnayTtuHamu. [losTomy
WHOT/Ia Ha KOHIIAX CIHPAJbHBIX PYKABOB OKa3bIBAIOTCA HamboJiee mac-
CUBHBIE W SpKHE CTYCTKM BemecrBa. B 3Tom ciiyyae cpabarbiBaer
BTOPOU MEXaHWM3M TI0 IPUHIIAITY NeHCcTBUs (puc. 2: M—0—8).

B nanpHelimeM, o Mepe yBeIWYeHHsS KOJWYECTBa BUTKOB U POCTA
pa3MepoB IEHTPAIHHOM YaCTH 3aBUXPEHUS KapTHUHA CIHUPATLHOCTH
NOCTENEHHO NprodpeTaeT GopMy KpyroB, IUCKOB (BUIMMAS JTUNTHY-
HOCTh ()OPMBI — Yallle BCEro ONTUYECKU 3P (PEeKT, 3aBUCAIIMNI OT yria
3peHHUs) U HaKOHEI, MapooO0pa3HbIX ouepTaHul ¢ KoJyibllamMu Kak y Ca-
TypHa. OTpOMHBIE KOJIUYECTBA JIBHKECHUS, 3aKIIOUYEHHBIE B MEPBUYHBIX
MOTOKAX BEIECTBA, CKOHLEHTPUPYSICh B OrPAaHUYEHHOM IMPOCTPAHCTBE,
MO/ BO3JACHCTBUEM CHUJI BHYTPEHHEH TpaBUTAllMU, a TAaKXKE KPYUCHHUS
BOJIOYEHUEM MPUBOIAT K MPOJOKUTEIHPHOMY COKUMAHHUIO BEIECTBA,
BCIICJICTBUE YETrO0 C YBEJIWYECHHUEM [IABJICHHUS BEIIECTBO BBIHYKICHO
NEPEXOJUTh B JKUAKOE PACIUIABICHHOE COCTOSHHE B CBOUX LEHTpaib-
HBIX YacCTsX.

Tpernii cioco0, B OTAMYME OT OMUCAHHBIX, 3aKJIOYAETCS B TOM, YTO
MOCKOJIBKY CTYCTKHM Matepuu J1to0oi GopMbl, oOpamarommuecs: BOKPYT
KaKoH-I100 OCH HEeJb3sl Ha3BaTh XaOTHUYECKHUM JABUKEHHUEM, TO MPHUOO-
peTeHre BpAIIATeIIbHOTO JBWIKCHUS] TaKUMHU TOPIUSMH MaTepuu
JOJKHO MPOUCXOJUTHh CBOMM OCOOBIM MEXaHHM3MOM, MPUYEM, KaK MBI
CKJIOHHBI CUUTaTh, HamOoJiee yHHMBEpCalbHBIM. B peanpHOCTH TI000M



CT'YCTOK MAaTEpHUH BOBJICKACTCS B OPOUTAIBLHOC JBHKCHUE HEIPEPHIBHO,
100 JIF000€ BpalIaroIeecs TEJIO BOBJICKAET BO BpAIlEHUE OKPYKAIOIIEe
IIPOCTPAHCTBO M BCE TeJa, HAXOMSIIUecs B HEM [0 TeX TPaHMII, ITI0Ka €TO
I'PABUTAIIMOHHOE TI0JI€ HE MPEOJI0JeBaeTCs 00jiee CHIBHBIM COCEIHUM
IIOJIEM.

Takum oOpa3oM, eclii NpeACTaBUTh ce0e CryCTOK MaTepHuHu, COBEP-
IIAIOIINI KPYTrOBOE ABMKCHUE BOKPYT KaKOTO-HUOY/Ib IIEHTPA M CTyIIa-
IOIHICS 3a CYET BHYTPEHHEN IpaBUTAIIMHA BOKPYT COOCTBEHHOTO IIEHTPA
(puc. 3), TO HETPYAHO MOHATH, YTO T€ YACTHI[bI, KOTOPHIC HAXOAATCS Ha
HauOOJBIIEM YAAJCHUH OT IIEHTpPa OpOWUTHI 00J1aar0T HAUOOJBIINM
KOJIMYECTBOM JBIDKCHUS, a HAXOAIINECS HA HAUMEHBIIEM PAacCTOSHUH
OT IEHTpa OPOHUTHI — HAMMEHBIIIHM.

Ipuabpemaenoe
- HAMD AENEHIE
Puc. 3. Cxema 603 Hg;;wﬁﬂéme \ epawenus
HUKHOBeHUA  epawja- enmpanvrioe CPULRL AT pROZA | -/
M eI OBLUNCE HILA '
MEeNbHO20 OBUNCEHUS — ,
. iy rw
3d cuem KoJjauvecmed '!1 [. : ) W — iw.ﬂ- w4 Aw
08UIICEHUsT NOCMYNa- e Samednene - . Veropenue
MeIbHO2O. Caycm on Man epliti
Ha opbiine

[TockoybKy NpU CTYIIEHUH, YIAJIEHHBIC YaCTHUIIBI CTSITUBAIOTCS OJIK-
XK€ K LEHTPY OpOUTHI, TO OHU MOJIYYarOT, COTJIACHO 3aKOHY COXpPAaHEHUS
KOJINYECTBA JBWKECHUS, JOMOJHUTEIBLHOE YCKOPEHUE, & YACTHUIIbI, HAXO-
JSIIUecs: OMuke K LEHTPY OpOUTHI, CTATHMBAsCh, MEPEMEIIAIOTCS HE K
LHEHTPY, @ HAao0opoT, OT ueHTpa. [Ipuuém MoCKOIbKYy OHM OOJamaiu
MEHBIIUM KOJIWYECTBOM ABWKCHUS, HEXKEIU YIAJIEHHbIC, TO MPHU Cry-
IIEHUU, C YJAJICHUEM OT IIEHTpa OpOUTHI, OHU HAUMHAIOT 3aMEJISAThCS.
Takum 00pa3oM, BO3HUKAET BPAlllECHUE BOKPYT LIEHTPA CI'yCTKa.

Tak kak STOT mpollecC OYEHb JIUTENIbHBIM, BO BCSAKOM Cllydae,
MPOJOJDKAETCS 10 TeX MOp, MOKa TPaBUTAIMOHHOE TOPMOXKEHHUE OKPY-
KAIOIIUMU TEJIaMH HE MEPECHIUT 3TO MOCTOSIHHO YCKOPSAIOIIEecs Bpa-
HIaTeJbHOE JIBMIKEHHUE, TO 3a ATO BpPEMsi, CTYIIAIOLIEeCs ra30-MbUICBOE
obOsiako WM Jro0ast Apyras MaTtepus MEPEeXOJUT HauWHas OT IEHTpa K
nepudepun cHauvajga B KHUJKOE, 3aTeM TBEPAOE COCTOSIHUE HU3-3a BCE
YCUJIMBAIOIIETOCS YIUIOTHEHUS HE TOJBKO 3a CYET BHYTPEHHETO
I'PABUTAIIMOHHOTO CTATUBAHUS, HO TETIEPh U 32 CUET CKATUS KPYUCHUEM.
[Ipu 3TOM H3-3a HAMOOJIBIIIETO YCKOPEHUSI, YACTHUIIbI, HAXOASAIIUECS Ha
HauOOJIbIIIEM YJIaJICHUH OT IEHTpa CrycTKa Kak Obl OOBOJIAKMBAIOT



YaCTHUIbI, HAXOJAIIUECS OJNMKE K IEHTPY, YTO U MPUBOAMUT BIOCIEH-
CTBUU K TU((DHEepEeHIIMPOBAHHOMY BpaIICHHUIO.

NMeHHO TakuM 00pa3oM, MO BCEW BEPOSITHOCTU, BO3HUKIIU TIJIAHETHI
rpynnsl FOnuTepa (a B Ha4allbHOW CTAaJMKM CTAHOBJIEHUSI U BCE APYTrHUeE
IIaHEeThl), nMeronue AuddepeHIpoBaHHOE BpallleHUE, BhIpaXKaroIiee-
Csi B TOM, 4YTO HauOoJiee YJaJ€HHBbIE OT OCH BpalleHUsl OJIM3IKBa-
TOpHAJIbHBIE YacTH BpalaroTcs ObicTpee. Tak KOJIMYECTBO OpOUTAIb-
HOT'O JIBUKEHUSI IEPEXOIUT B KOJMUYECTBO BPALIATENbHOTO JBUKECHUSI.

DT0, KaK MBI 1o0JIaraeM, OJMH U3 TPEX Haubosiee BEPOSTHBIX NI TEJ
Conneunori Cuctembl criocOOOB BO3ZHMKHOBEHHMS BPaIlaTeIbHOTO IBU-
KEHUS 32 CUET COXPAHECHUS KOJIMYECTBA JBH>KEHUS MOCTYNATEIBHOTO.

IIpeBpamenne KOCMH4YECKUX BUXpeH B HeOecHble Tesa. CxxaTtue
BOJIOYEHUEM MPUBOJUT K YIUIOTHEHUIO BEIIECTBA B TAKOW CTENEHU, YTO
IJIOTHOCTh Ta30-TbUIEBOIO0 WJM IUIA3MEHHOIO0 MaTepuaia JIOCTUraeT
IJIOTHOCTHU pacIjiaBa.

Kak n3BeCTHO, IO 3aKOHAM BpallaTE€IbHOrO ABUKEHUS [0 WUHEPIIUH,
MOMEHT KOJIMYECTBA JIBIXKCHHUSI COXPaHSET CBOIO BEIMYHHY B JIFOOOM
pacnpesiesieHMd MacCc M €CJIM Macca CXKUMAaeTCsl BOKPYT IIEHTpa Bpa-
HIEHUSI, TO YIJIOBasi CKOPOCTh YBEIUYUBAETCS, T.K. COXPAHAETCS JIUHEMH-
Has CKOPOCThb. MBI, OCHOBBIBasCh Ha (haKTaxX, a TaKKe UX HHTEpIpe-
TalllK, CACJIAaHHOW OTHOCUTEIHLHO BpaIICHUS 3eMJIM, TOBOPUM, YTO B
«MPOTOCOTHEYHON» MHEPUUAIBHON 3BOIOLNY IUIAHET HACTYIIAET Iepe-
XOJHBI MOMEHT, KOT/Ia MHEPLHAIbHBIE CHIbI MO/ BIMSHUEM I'paBUTA-
IIMOHHOT'O TOPMOKEHUSI, CO3/IaBAEMOIr0 MOCTOPOHHUMHM TeJIaMU, UCUEP-
NBIBAIOT CE€0sl, HO IJIaHETa MPOAOJDKAET BPAIIATHCA W JIETKO MPEOJ0-
JIEBAET MPH ITOM OIpeAeNEHHbIE TOpMO3sire cuibl [1]. B 3aBucumoctn
OT U3MEHEHMS MOCIEIHUX BpaIlleHUE IJIaHEThl TO YCKOpsSeTCs, TO 3a-
MeIJseTcsl, T.. B A3TOM Cllydya€ Bpall€HUWE IUIAHEThl CTAaHOBUTCS
MOXOXKEeM Ha JEeUCTBUE aBTOMOOWIS C pabOoTaloIIUuM JBUTaTeNIeM, KO-
TOPBIM 3a CUET CBOEro BpallaTEILHOTO JABMKCHHUS BbIpaOaThHIBACT
ANEKTPUUECKUN TOK. ITOT TOK, B CBOIO OU€pe/lb, CIOCOOCTBYET YBEJIU-
YEHUIO JBUTATEbHOM CIOCOOHOCTH MoOTOopa. Yem ObICTpee Bparaercs
KOJICHUAThI Bajl, TeM ObICTpee UAET OXJaKACHHE 3a CUET BEHTHIIIIUU
(MHAYe, TOPMOKEHUSI) M MO3TOMY MaIlllMHA BcCerja padoTocmocoOHa.
Bpammaromas cuia pacxoayercs Ipu 3TOM KpaiiHe SKOHOMHO U, TaK WIH
VHa4e, UIET HA T0JIb3Y.

B nHamem e ciydae, KOJIMYECTBO BHUXPEBOr0 HWHEPIUAIBHOTO
JBIDKCHUS 4Yepe3 MIUIMAPIbl JIET HAaYMHAET TMEPEXOJUTh B DHEPIHIO
AIEPHBIX, ATOMHBIX U MOJIEKYJSPHBIX CBsA3€U. Bpammaromeecs cxaroe



BEILIECTBO, YACTUYHO MPEBPATUBIIEECS II0J JEHUCTBUEM BBICOKOM
TEeMIEPATyphbl B TJIa3My B CBOEU LEHTPAIbHOW YacTH, TA€ AABICHHUE OT
CKaTUs MaKCUMAaJIbHO, TTOCTEIIEHHO HAYMHAET MPEBPAIIATHCA B MEJIKUE
KaIUIM )KMIKOrO pacruiasa.

B nmanmpHeniiem 3Ta Kamis yBeamyuBaeTcs B pazmepax. C nepexoaom
BpalllaTeIbHOM MEXaHWYECKOW HIHEPruu B DHEPrUI0 CBSA3U BEIIECTBA
JaBJICHUE B LIEHTPAJIbLHON YaCTH IJIA3MEHHOTO 00Jiaka JIOCTUTHET HEKO-
TOPOUW MaKCUMAJIbHOW BEIWYMHBI M 3TO MPEBpAIICHHE dHEPrUu OyaeT
peryJpoBaTh PaBHOBECHE HA KOHTAKTE HUJKOTO BEIIECTBA C ra3000-
pa3HbIM, KOTOPOE MPOJIOJKUTCA 10 UCUE3HOBEHHUS TJIa3Mbl U MPUHSATHS
BpalIaOIUMCs TIJIa3MEHHBIM OOJIAKOM COCTOSIHHS 3BE3]1bI (OTHEHHOTO
pacrmiaBa).

[Ipu OonbIMx 00bEMAX B LIEHTPAIBHBIX YaCTAX ATOM PaCILIaBICHHON
MAacCChl BO3HUKAET TBEPAOE AAPO 3a CUET BCE YBEIUYMBAIOLIETOCS 1aBJIe-
HUS T0]1 BO3JICUCTBUEM MEXaHU3Ma CHKaTUsl KPYUCHHUEM.

Bo Bcex aTuX mponeccax 3a CUET MOCIOMHOTO TPEHUS CKUMAKOIIETO-
Csl BEILIECTBA, & TAKXKE BPALIATEIbHOTO MEPEHOCA 3apsKEHHBIX YaCTHIL
BO3HUKAIOT 3JIEKTPOTOKH, KOTOPBIE TEM MOIIIHEE, YeM OJIMKE K TTOBEpX-
HOCTH, MO0 3/1ECh U CKOPOCTH MEPEMENIEHHUS U TIPOLIECCHI TPEHUS BBICO-
KU. DT TOKM XOTS U OTJIMYAKOTCS OT JJIEKTPOTOKOB B WMHIYKTUBHOMU
KaTyIIIKE€ CBOEH MPEpPhIBUCTOCTHIO, T.K. UM MPUXOJIUTCS MPEOI0JICBAThH
OTPOMHBIE CONPOTHUBIICHUS BENIECTBA U TPOCTPAHCTBA, SIBIISIFOTCS BCE JKE
KPYrOBBIMH, MO0 OHHM CYILIECTBYIOT Ha JIFOOOM 4YacTH MOBEPXHOCTHU
BpAIlAlOIIErocsl Tejaa, 0COOEHHO BOJb 3KBAaTOpHANIBHON MoJIOCHl. OHU
CO3/Ial0T JIEKTPOMATHUTHOE TI0JIE€ aHAJIOTUYHO OOBIYHOMY COJICHOMY.

DTO ¥ €CTh MAarHUTHBIN AUMOJIb BPALIAOIIUXCSI HEOECHBIX TEl.

Kak u3BeCTHO, MarHUTHBIE MOJIA TUIAHET Tpynnbl FOnuTepa uMerOT
MPOTUBOIOJI0KHYIO OTHOCUTEIBHO 3€MHOI'0 MOJIIPHOCTH [2, . 48], nbo
Ha 3emJie BHEIIHUE cJiou (Hampumep, atrmocdepa) BpaliaeTcs Mea-
JIEHHEE, YeM BHYTPEHHUE U MOATOMY DJICKTPOTOKMU HaIpaBJICHBI C BOC-
TOKa Ha 3anaj, a Ha lOnurepe n CarypHe BHEIIHUE CIIOW BPAIAlOTCS
OpIcTpee YeM BHyTpeHHHE. IMEHHO MOATOMY NMPUIKBATOPHATHHBIE 30HBI
WX TIOBEPXHOCTU Bpamiatorcs owvicTpee [3, c. 408; 4, c. 137]. D10 sB-
JSI€TCSl CIEJICTBUEM TOTO, YTO MHAYIUPYIOUIME MAarHUTHBIC TOJIS DJIEK-
TPOTOKU HAIpaBJICHBI TyAa e, KyJa JBUXKYTCS M MOBEPXHOCTH CaMHX
TJIaHeT.

Bexomut, cyas mo mmotHoctu (0,68 e/cm?’) CatypH sBIsieTCS caMOu
Mosonou minanetodt B Conneunon Cucreme. [anee cienayror FOmurep —
1,3 e/cms, VYpan — 1,32 2/CM3, Hentyn —1,84 o’ (tabm. 1).



[To pacuéram H.I'. boukapépa «... xuakoe sigpo KOnurepa nomkHO
coctaBiaATh 0,98 wyactm ero pammyca (octranbHbeie 0,02 paamyca —
razoo0Opa3Has armocdepa), u3 HuX okojio 0,8 pagmyca JOJDKHO OBITh
SAIPOM, COJIEPKAIIUM METAJUIM3UPOBAHHBIN BOJIOPOI» [2, €. 49].

Takum oOpazom, Mo BceM MpHU3HAKAM, IJIAHETHI-TUTAHTBI OTHOCATCS
K OJJHOMY THITy, 10 MEXaHU3MY BpallleHus, HeOecHbIMU Tenamu. K Hac-
TOSIIIEMY BPEMEHU 0OHAPY>KEHbI KOJblia Hapsay ¢ CaTypHOM, TaKXke U 'y
Onmutepa n Ypana. [lo Hammm npeanonoKeHussM, KOJbla MPEaCcTaB-
JSIIOT COOOM OCTATKU TOJIOBHBIX CTYCTKOB MaTE€pUU BTOPOTO THUIIA Bpa-
HIAOIINXCS] TYMAHHOCTEH (CM. BBIIIE), KOTOPBIE BPAIIAIOT LIEHTPAIbHYIO
— OCHOBHYIO 4acThb cucTeMbl. [loATBEpKAECHUEM 3TOMY MOTYT CIIYXKUTh
CJICAYIOIIME CJIOBA: «... KoJiblla CaTypHa COCTOSAT M3 TBEPJBIX YaCTHIIL,
MHOTME M3 KOTOPBIX HACTOJBKO MaJbl, YTO PACCEUBAIOT KOPOTKOBOJ-
HOBBIE CBETOBBIC JIy4YHd CUJIbHEE, YEM JJIMHHOBOJHOBBIE» ... llo mc-
cinenoBanusiM M.C. BoBbI «B cOCTaB KOJIEI] BXOAST TAKKE W YaCTHUIIbI
nrameTpoM okoso 1 m» [5, c. 138] .

CpaBHUB 3TU CBEJICHUS C U3JI0KEHHBIMHU BBIILIIE B OTHOLIEHMU Mapca
U 3eMJIi MOXXHO CYUTaTh, YTO CO BPEMEHEM IPOUCXOJUT IMEepeMeHa
HaIpaBJICHUS MAarHUTHBIX MOJIIOCOB 3TOTO TUMA IJIAHET, HO TOJIBKO OJIUH
pa3, Korga 3a CY€T IOTEPU CKOPOCTH BHEUIHUX CIIOEB MPOUCXOIUT
CMEHAa HampaBJieHHs TPEHUs, T.€. KOTJa BHEIIHHE CJIOU CHadajia BbI-
PaBHUBAIOTCS MO CKOPOCTH C BHYTPEHHHMH, a IIOTOM HAYWMHAIOT
OTCTaBaTh 3a CUET MPUIMBHOTO TOPMOXKEHUS APYTMMH HEOECHBIMU
TeJaMH.

K »TomMy BpeMeHM Ha TMOBEPXHOCTHM OTHEHHOIO Ilapa IUIaHET
HauyMHAEeT (POPMUPOBATHCS KOpa M €CIU IUIaHETa UMEET CITyTHUKOB,
TCHEPUPYIOIIUX Yepe3 MEXaHU3M MPUIUBHOTO TPEHUS DJICKTPOTOKU U
ecnu  (GOPMUPYIONIASCA KOpa SJEKTPONPOBOJAHA, TO IJIaHETa OyJer
MMETh COOCTBEHHOE JUIOJHHOE MAarHuTHoe moye (kKak Ha 3eMiie H
Mepkypur) ¥ COOTBETCTBEHHO 3TOMY CaMOCTOSITEJIbHOE BpaIllCHHE, a
€CIM HET, TO €€ TMOBEJAECHUEM OyAEeT YIPaBISATh TPABUTALUMOHHBIN
Mexann3M (kak Ha Benepe). Ilpumep CosiHeUHOM cuUCTeMBbI yOekaaeT
Hac, 4TO BHAyaje BCE Bpalalolrecs HeOeCHbIe Tena 00JajaroT mar-
HUTHBIMM TIOJIIMU U TEPAIOT MX JIUIIb MOTOM CO CTapEHHEM, YTO COM-
POBOXKIAETCS MOTEPEH BpaliaTeIbHOTO ABIKEeHUS (11o100H0 JIyHe).

Bot Toraa, korja mjaaHeTa MOJHOCTBIO IPEBPATHIIACh B pacIliaBJICH-
HOE COCTOSIHUE, a T03Ke, 00pociaa KOpoil OHA MOKET CUUTATHCS OKOH-
4aTeJIbHO MOTEPSIBIICH BPAIAIOIIYI0 CHIY HWHEPHUHAIBHOTO THUIIA, OO
TBEPAAs KOpa JEKUT MEPTBBIM IPy30M Ha MOBEPXHOCTH TuIaHEThl. Eciu



e y TUIAHEThl UMEETCSl COOCTBEHHOE JUIOJIbHOE MarHUTHOE MOJIe, TO €€
OyIeT BpalllaTh UMEHHO OHO 4Y€pe3 MEXaHU3M B3aUMOJICHCTBUSA C MEXK-
MJIAHETHBIM T10JIEM, OITMCAHHBIM HAMU paHee JJIsl 3eMIIH.

B mporiecce crymieHuss MaTepuu B OTACIBHBIX Oudarax MOTYT BO3-
HUKaTh TaKUM K€ CIIOCOOOM M 0oJiee MEJIKHUE BUXPEBbIE 000COOJICHHUS
BEIIIECTBA, MpeBpallaroluecs B IIaHeThl U cnyTHUKU (puc. 2). Iloc-
JeAHUE MOTYT 00pa3oBaThcs W ApyruMu crnocobamu. JlroOas mmaneTa
IIPU TIOTEPE CBOETO CAMOCTOATEIILHOTO BpallaTeIbHOTO JBUKEHUS (HaI-
pumMep, kak Benepa) wiu ero 3amesieHus (Harnpumep, Kak Mepkypuit)
TEpsieT CBOUX CITyTHUKOB, KOTOPBIE CTAHOBSATCS IUIAHETAMU. Y HAC HET
MPSAMBIX J0KA3aTeNbCTB, YTO Mepkypur nwin BeHepa korga-to umenu
CBOMX CITYTHHKOB, HO yTBEpKJaTh, YTO B HACTOSIIEE BPEMS OHH HE
CIIOCOOHBI yIePKUBATh CIyTHUKOB MBI HE OTKAa3bIBaeMCHI.

CnyTHUKH, O€3YCJIOBHO, MOTYT OBITh U NMPUOOPETEHHBIMH, KaK Hall-
pumep, Pobdoc (Moxoke) WK Te, 4YTO 00paIlaroTCsl BOKPYT CBOMX MaTe-
PUHCKHUX IIJIAHET B 0OpaTHOM HAIlPaBJICHUN).

O IOnurepe, Kak 0 SIPKOM TNpeACTABUTEE IJIAHET-TUTAHTOB.
Komab peub uagT o rpymnme 3araiodyHbiX yaan€éHHbBIX IJIaHeT, He MBITasCh
aHAIM3UPOBATh MX BpAIIATENIbHBIC JBMXKCHUS MO OTACIHHOCTH, YCIIOXK-
HSA 3a/ladyy WTaK HENErKyr, Mbl PEIIMIA IeJeco00pa3HbIM MOIpoOHEe
npoaHalu3upoBaTh MX Ha npumepe lOmurepa — camoro OJIM3KOTO,
caMoOro KpymHoro, Oojiee WJIM MEHEe XOpollo Hu3ydeHHoro. HMx
3araJJOYHOCTh B TOM, YTO OHHM YKyTaHbl B IUIOTHBIM CJIOH OO0JaKoB
(Bmpouem, 00JIaKOB JIM?) U HUKOMY €€ HE YJIaBaJIOCh PACCMOTPETh UX
MOBEpXHOCTH. BTopas ux 3araJjouyHoCTh — HHU3KOCTh TEMIEPaTyp.
Tpetbs — nanumume konen («lOmutep, CarypH u Ypan ... oOmamaror
KOJIbIIaMH, COCTOSIIMUMHU M3 MHOXKECTBa MEJKUX Tem»). YeTBépras —
«TemmoBou nmotok n3 Henp IOmmrepa m CaTtypHa NMpUMEpPHO PaBEH IO
BEJIMYMHE TOTOKY, moaydaemMomy umu ot CosHna» [6, c. 52]. Ilgaraa —
WX HU3KHUE TJIOTHOCTH.

Ecnu npencraButh cebe puc. 4 B HECKOJIBKO YBEIMYCHHOM MacIITa-
0e, TO HETPYJIHO 3aMETUTh, UYTO CTPYKTypa HM300pake€HUs MOXO0Xka Ha
marauTHoe mosie Connna (puc. 5). Takum 06pa3oM , MbI MOXKEM CKa3aTh
0e3 COMHEHHUs, 4TO WU ero mojie kak u mnoje CoynHoa UIsl FomuTe-
pUAHCKOTO BETpa
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3aPAKCHHBIX HaCTHUL.

Puc. 4. Cmpo-enue macnumo-cgepvr FOnu-mepa.

Mpbl monaraeM, 4TO TeMmmepaTypa Ha TmoBepxHoctH FOmnutepa
HAMHOT'O BBIIIIE Ye€M Ha MOBEpXHOCTH oOnakoB (—145°). 3to
qyBCTBYeETCSl 10 u300paxeHuto bosbioro KpacHoro marHa u Ipyrux
TeKy4uux oOpazoBaHuii (puc. 6).

Puc. 5. Jluc-
KO0Opa3Hasi
Gdopma conney- ==
HO20 MACHUMHO-
2o noaa Connuya
[2, c. 85]. I-

MOKO0BbLU CIOU, 2-HANPABNEeHUS MACHUMHBIX CULOBbIX JIUHUL.

MoOXHO cuuTaTh, 4TO 3TOT CHUMOK BBINOJHEH OTIMYHO, T.K. JETaJN
CTPOEHHUSI IOBEPXHOCTH MO3BOJISIIOT BIOJIHE OOBEKTUBHO pa3o0paThCs B
Hux. [Ipexne Bcero, cimenyer ckazaTh, YTO MOBEPXHOCTH IUIAHETHI I10
BCEM IPU3HAKAM HAlIOMUHAET TECTOOOpa3HOE T'yCTOE BEIIECTBO, T.K.
ecyiv Obl OHO OBLIO MOXKMKE, CKIAJIKA HE ObLTM Obl TAKUMHU KPYITHBIMU U

TOJICTBIMU. TakKe HEJIb3s CUYMTaTh HX A | Sl g a5

o0JlakaMy B HaIlleM 3€MHOM IpeJICTaBIIe-
HUHM, T.K. TaKOM YETKUHM BHUJ CKJIAJOK
XapaKTepeH TOJbKO I'yCTOMY TeCTOOOpa3-
HOMY BEILIECTBY.

Puc. 6. borvwoe Kpacnoe nammuo (K1)

Ha nosepxnocmu FOnumepa. 1979 .
(Bosioaicep-1») [6, c. 60].

[Toxosxe, uTo mupokas Oenas moJsoca,
NpPOXOJAIIasl YyTh  BBIIIE  SBISETCS
HKBATOPUAIBLHOM TIOJIOCOM C Haumboliee
BBICOKOM CKOpPOCThIO BpatieHus. O0 3Tom
CBUJICTEILCTBYET OTCYTCTBHE UYETKOCTH
u300paxkeHus, T.6.  pPa3Ma3aHHOCTb
nerane.  Pacnonoxenue — KpacHoro
MATHA, TO-BUJIUMOMY, COOTBETCTBYET
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IPUMEPHO 25-TpalyCHBIM IIMPOTAM, KOTOpas HUCIBITHIBAET Haubosee
cwibHbie negopmaru. Cyas o MEIKUM roGpupoBKam, HAXOISIIAMCS
Hwke [IsTHa, ecnum pUCYHOK CUATaTh OPUEHTUPOBAHHBIM MO CTOPOHAM
CBETA MOXXHO C YBEPEHHOCTBIO CKa3aTb, YTO IUIAHETAa BpPAIACTCS C
CEBEPO—BOCTOKAa Ha Ioro-zamaj. YErkue u3o0paxeHus AeTaled Ha
HIDKHEW 4YacTU PHUCYHKAa  CBUJIETEIBCTBYIOT, YTO 3Ta  4YacTh
IOMUTEPUAHCKOTO IIapa SIBISETCS BEAOMOM M MO3TOMY HCIBITHIBAET
cmabeie nmedopmarnuu. Camo ke Kpacnoe IIsTHO HamomuHaer
AIUIMIICOUAATBHYIO OBaIbHYI0 (OpMY, KATSIIYIOCS MEXIY CEBEpO-
3aMaJHbIM U FOT0-BOCTOYHBIM MOJIOCAMH CTPYKTYPhl HOBEPXHOCTH.

Brime npeamonaraeMon 3KBaTOPUAIBHOM IIMPOKOM MOJIOCHI CHOBA
XOpOIIIO BUJHBI AeTaiu cTpoeHus. Ho oHu OoJibIilie TOBOPAT O TOM, YTO
HEIMOCPEICTBEHHO MPUIIETaoNas K MIUPOKOM Oenoi mojoce morpaHuy-
Hasg 4acTh CEBEPO-3alaJHON MoJycdepbl CMENIAETCS K IOro-3amaay OT
ATOM IEHTPAIbHON MNPUIKBATOPUAIBHOM YACTU. ITO MNPOTHUBOPEUHUT
TOMY, 4TO BCE OOJIOMKHM BEIIECTBA KOJIEL| ABUKYTCS B OJTHOM U TOM K€
HalpaBJICHUU C CEBEPO-BOCTOKA HA KOr0-3amajl COTJIACHO CHEIAHHOMY
BBIIIIE BHIBOJTY.

Cyns no A.A. benonoabCKoMy, 4TO KOJIbIIA SIBJISIFOTCS MEJIKUMU KOC-
MUYECKUMU TeJIaMH, 00paIIaroIUMHUCS BOKPYT TUIAHET ¢ OOJIBIION CKO-
pocteto [1, c¢. 67] HeTpymIHO mJorajgaTbCsi, 4YTO KOJIbII[A AKTHUBHO
Y4aCTBYIOT BO BpallaTeIbHOM JABHKEHUU TJIAHET HAMO00Me OOJIBIIOro
cnyTHuka Mapca ®oboca.

B kauecTBe 10Ka3aTeNbCTB, MOATBEPKIAIOIINX 3TO MOKHO MPUBECTH
cieayronme QpakTh:

— 0oJIbIIIasi CKOPOCTh BPALICHHUS TIJIAHET;

— BBICOKAs CTENEHb MEKIOJIFOCHOM CHKATOCTH;

— xapaktep auddepeHIIMpPOBAHHOTO BpAIlICHUS B IMPOTHOM HaIlpaB-
JICHUH;

— HEYJIOBUMO BBICOKYIO CKOPOCTb BpaIICHUS YaCTHUIL KOJIEIL;

— PacIoJI0KEeHUE KOJIeI] BOJIU3H KBATOPA;

— IMIUPOKYIO U TOHKYIO (pOpMy KOJIel;

— HU3KYIO TUIOTHOCTh MJIAHET-TUTAaHTOB;

— MPOTUBOIOJI0KHOCTh UX MATHUTHBIX MOJIFOCOB K 3€MHBIM;

— HeOOJBIIYI0 HAKJIOHEHHOCTh IUIOCKOCTH JKkBatopa lOmwmtepa
miockoctu €€ opouts (3° 4', Tadi. 1 [7, ¢.28]). Kak u3BecTHO, eciu ObI
ATOT yroj ObLI paBEH HYJII0, MATHUTHOE T10JI€ HE MOTJIO Obl Yy4aCTBOBATH
BO BpallleHUH TUIaHeThl. Ho mepeunciieHHbIe BhIle MPU3HAKK U 0€3 TOro
JIOCTATOYHBI JJIS TTOJATBEPAKICHUS BTOPUYHOCTH (T.€. UTO OHU SIBJISFOTCS
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pe3yabTaTOM BpalllCHUs IUIAHET 3a CYET TPaBUTALMOHHOM CBSI3U C
BEILIECTBOM KOJIEI[) MATHUTHBIX MOJIEN MIaHeT rpynmsl KOnurepa.

Ecnu y4ecTh, 4TO yriioBasi CKOPOCTh €ro BpalleHHs B 2,5 pasa BbIIIE
3eMHOM (unu B 27 pa3 ObIcTpee JMHEHHON CKOPOCTH SKBATOPHATBHOM
30HBI 3eMJIM), TO JIETKO HAXOAUT OOBSICHEHUE BEIUYMHA €€ MarHUTHOTO
OJIs1, MPEeBbIIIAaroIas nojie 3emyi B 14 pas.

Emé onmnoi m3 mpoOieM, *KAYIHUX CBOETO PEIICHUsS ObLIa MPHpPOJIa
bonsmoro KpacHoro nsatHa. Beiiie Mbl cka3zainu, 4To 10 BUAY U IIUPOTE
PaCIONIOKEHUSI OHO SIBJIIETCSl PE3yJIbTaTOM HauOoJblle aedopmanuu
cnaboit kopel FOnurepa. B moaTBepxkaeHne 3TOMy 00aBUM, 4TO TIEPH-
OJ1 €Tr0 BpalieHus OO0Jjblle MepHoJia dKBATOPUAIBHOM 30HBI Ha 5' 11".
Kpowme storo, auddepennnpoBannoe Bpaiienue KOnurepa B oTyinuue ot
COJIHEYHOI'0 ITPOMCXOJIUT HE IJIABHO, @ CKAYKaMU HA T'PAHULAX pa3jeiia
CBETJIBIX U TEMHBIX mojoc [3, ¢. 408], 4TO SBISICTCS MOATBEPIKACHUEM
BBICKA3aHHOTO MpeAIoaoxkenus o renesnce Kpacnoro [1sTHa Bo-niepBbIx
U TyCTOM TECTOOOpa3HOM XapakTepe MOBEPXHOCTH BO-BTOpHIX. bomee
TOTO, 9TO TOBOPUT O TOM, YTO KOpa B OOJBINECH CBOEH YACTH SIBIISCTCS
3aTBEPJIEBIIICH HAIMOJOO0ME CHEKHOTO HACTA.

OTO NMOATBEPKAAETCS TAKKE U3MEHUHMBBIM XapPaKTEPOM FONUTEPUAH-
CKOM KOpPBI, YTO XOPOIIO OTPAKEHO Ha puUC. 7.

Puc. 1. Uzobpasxcernue us-
MeHYU80Cmu nogepxHocmu
FOnumepa.

IToxoxe, 9uTO O€JbIe JICHTO-
BUJIHBIE TIOJIOCHI — 3aTBEPICB-
IMEe y4acTKH, a TEMHbIE Oosiee
y3KH€ 30HbI HAITOMUHAIOT TO/I-
KOPOBBIE €lIE MOABUXKHBIC IMO-
ponabl. Pazmerenne 3Tux TEM-
HBIX OOpa3oBaHMM B cCpeaHei
JaCTH IOMUTEPUAHCKOTO JHCKa,
OXBaTBIBAIOIIETO HIUPOKHE
MOJIOCKl  TOBEPXHOCTH IO  IIMMUPOTE COOTBETCTBYET  Hawmboliee
nepeHanpsikKEHHON, Jierko AedOpPMUPYIONICICS YacTH JucKa. ITO
XOpOIIIO  OTPaXKaeTCsl TaKKe MECTaMH  MPOSBIISIIOMIMXCS  KOCO
HaIpaBJICHHBIX CTPYKTYpaX, OCOOCHHO XOPOIIO 3aMETHBIX Ha BEPXHHUX
nByXx pucyHkax (1929, 1933 rr.) uyTh 105KHE€E SKBaTOpA.
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Tenepsp, korma Mbl 00JI€€ WK MEHEE pa300paIuch 00 YPOBHE COCTOS -
Husg HOnutepa Hac OecrokoWT emé OJHO OOCTOSTENBCTBO, OOOUTH
KOTOPOTo 0€3 BHHMMaHUs ObUIO Obl PAaBHOCUJIIBHO MPEAATEIbCTBY K
bakry.

Peus nnér o canmke FOnmrepa Ha puc. 7 3a 1938 roa. Ilpu BHUMa-
TEIbHOM OCMOTpPE B LEHTPAIBHOM YaCTHM PUCYHKA MOXHO OTUYETIIMBO
pasTIsaeTh Psi JEHTOBUIHBIX 00pa30BaHUM, OMOSCHIBAIOIINX IJIAHETY
BJIOJIb €r0 3KBATOpPa M B LIEHTPAIBHOM YAaCTH ABAXKIbI MEPEILICTAIOTCS
MEXTy COOOM.

[lopaxaer, B MEPBYIO OYEPEAb, CUMMETPUUYHOCTb pACHpPEACICHUS
ATUX MOSICOB. BO-BTOpBIX, LIEHTPAIbHBIE JIBA MOSICA CUMMETPUYHBI U B
rOpU30HTAJILHOM HarpaBiieHuU. Ha JieBol cTOpoHe MCKa FOKHBIN MOsIC,
Uy C 3amajia B CBOEM JIBUYKEHUU MEPECEKAET CEBEPHOI0, 3aHSB €ro
MECTO, @ NMOTOM CUMMETPUYHO 3TOMY B MPAaBOM CTOPOHE CEBEPHBIU
NepeceuCHHbIN paHee Ha 3amajie Mosc MepecekaeT TOro JPyroro TOYHO
TaKuM CIOCOOOM M 3aHUMAET €ro MOJIOKEHHE C CEBEPHOU CTOPOHBI.
CHoBa mopaxkaer Oe3ympedHasi CUMMETPUYHOCTh PACIIOJIOKEHUS ITUX
neranei Ha nucke FOnurtepa.

OTO HaNOMHWHAET JEUCTBUSI JIBYX CIOPTCMEHOB, YYacCTBYIOIIUX B
sctadere W OOTOHSIOMIMX JPYT JApyra 4YToObl 3aHATh JUAUPYIOIICE
noyio’xkeHue. THTepecHo, 4To pacCTOSHUE MEXKTY JBYMS IIEPECCUCHUSIMHU
(oOronamu) paBeH pOBHO MOJOBUHE AUAMETPA IUIAHETHI.

B naHHO# cuTyanuu CliydailHbIX COBIAJICHUN TaK MHOTO, 4TO 000
Ha MOEM MECT€ HEBOJBHO MNPUIIET Obl K TOMY MHEHHUIO, KOTOPOE
BO3HHUKJIO Yy Bailero cKkpomHoro ciyru. Sl moacuuran 10 coBmageHui,
KOTOpBIE MPUBEIM MEHSI K TAKOMY S3KCTPAOpAMHAPHOMY 3aKIIOYEHUIO.
Bot oHu:

— HalM4WE€ 10 BCEMY JHUCKYy 2 CEIMEHTOB W 6 TIOSCOB,
PaCIONIOKEHHBIX YAUBUTEIHFHO CHMMETPUYHO OTHOCUTEIHLHO DKBATOPA;

— PACTOJIOKEHHUE JIBYX 3araJIOUHO MEPECEKAIOIMMNXCS TOsICOB TOYHO B
30HE PKBATOPA;

— PAcCCTOSIHUE MEXKTy ABYMsI IEPECEUCHUSIMH PaBEH B TOUYHOCTH JKBa-
TOPUATILHOMY PaJlyCy TIJIaHETHI;

— KOJIMYECTBO TIEPECEKAIONIMXCSl TOSCOB M CaMHX IEepeCceYeHUi
pPaBHO JIByM — CaMOMYy CUMMETPHUYHOMY U3 BceX HUGD;

— 00a coOBITHSI COBEPIIIAIOTCS Ha CAaMOM IIEHTPE TUIAHETHI;

— YIUBUTEIbHAS HEBEPOSTHOCTh HTOTO 3CTA()ETHOTO B3aUMHOIO
00roHa, MoYTH HEBO3MOXXHOTO 0€3 y4acTHus [IUBUJIN30BAHHOTO YMCTBEH-
HOTO BMEIIATENIbCTBA;
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— pa3MENIEHUE 3TOr0 HEBEPOSITHOIO PHUCYHKAa HAa CaMOM BHUJHOM
MECTE B LIEHTPE;

— PaBHOCTh HIMPHHBI MOSACOB POoBHO 1/14 yacTu MepUAMOHATBLHOTO
JMaMeTpa IUJIAHEThl M KOJIMYECTBA TOSICOB, PABHOIO CEBEPHBIM
CErMEHT+HIEHTPAIbHAS 30HATHOKHBIM CErMEHT =4+6+4=14 1105COB;

— TO, YTO PUCYHOK SIBJIIETCSI OJJHUM M3 CaMbIX PacIpOCTPaHEHHBIX HA
BOCTOKE DJIEMEHTOB apXUTEKTYPHOI'O OPHAMEHTA;

— TIPUHAJJICKHOCTh YEJIOBEKAa, BIEpPBhiE OOpaTUBIIETO 0co00e
BHUMaHKE Ha 3TOT PUCYHOK y30€KCKOM HallUM;

CoBnaJicHHE NEPEUYUCICHHBIX MPU3HAKOB MPUBEIO MEHS K MBICIIH,
4TO BO3MOkHO FOmutep Obul BHIOpaH KaKMMHU-HUOYIb MHBIMH BBICOKO-
Pa3BUTHIMH, MIPEOJOJICBITUMU BPEMsSI U MPOCTPAHCTBO MHOIIIAHETHBHIMU
NpUIIETbLIAMU, HAOTIOAIOMMMH 32 3eMJIEN JJIsl YCTAHOBIICHUS CBSI3U C
Hallled UMBUJIM3AlM€d W OHU UCIOJb3ys CBOK BIJIACTh HAJ CHUJIAMU
MPUPOJIbl HAPUCOBATU ATOT PUCYHOK.

Jpyrum OOBSICHEHMEM 3TOr0 YHUKaIbHOTO pucyHKa Ha HOmurepe
MOET OBITh TaKOW 3KCTpaopauHapHbIN ciydaid. Kak m3BectHO, cryT-
HUKH MOTyT oOpam@arbCcsi BOKPYI MATEpUHCKMX IUIAHET 1O
AIUIMOTUYECKUM OpOUTaM, MMEIONIUM pPa3IUYHbI yTroJl HakKJIOHAa K
IJIOCKOCTH 3KBaTopa. JIBa TakuxX CHyTHUKA, UMEIOIIUX MPUMEPHO OJIU-
HAKOBYIO MacCy oOpaliaroTcsi Ha OJIM3KOM PaCCTOSHUHU OT MTOBEPXHOCTH
IOnurepa. CkOpOCTh OJHOTO U3 HUX, T.€. TOrO, KOTOPBIM PACIIOIOXKEH
Onrmke K IUIAaHETE MOXKET OBITh JOCTAaTOYHO OOJIBIIMM, YeM OoJiee
yAaJIEHHOTO HalapHWKa. ['paBUTAllMOHHAsT CWia OTUX CIIYTHUKOB
JIOCTaTOYHO BBICOKA, YTOOBI BBI3BATh Je(POopMalvio Ha CPABHUTEIBHO
HETBEPAOM TOBEPXHOCTU IUIaHETHl. Toraa, OBICTpOOOpaIarOIIUNCS
CITyTHUK, MOET 3a TOT PaBHBIA pailiyCy OTPE30K OpOUTHI, JOTHATH U
110 CJIEAYIOUIEN BCTPEUYH NEPErHaTh HalapHUKA.

B Takom cityuae, OBICTPBIM SIBJISIETCS TOT, KOTOPBIN MOSBUIICS HA JIU-
IIEBOM CTOpPOHE C 3alajia U ra U nepecék OCTaBJICHHBINM MeJJICHHBIM
CITyTHUKOM cJie]l (JIEeBO€ MepeceueHue). 3ateM OH 00OTrHal MeJICHHBIN
CIIyTHUK TJIe-TO B CEpeIMHE ITMCKa, MPOJIETEB CEBEpHEE MEJJICHHOTO U
OCTaBWJI CBOM clie/, MepeMeniasch Mo opOUTe YK€ B IOKHOM HalpaB-
nenuu. Ilockonbky opOUTa MEIJIEHHOTO CIyTHHKAa HAaKJIOHEHa K
AKBATOPY TaK, YTO OH MEPEMEIIAeTCs Ha BOCTOUYHON JIMIIEBOM CTOPOHE C
Iora Ha CeBep, TO OH IMepecekas Cjel MEepBOro OCTaBUIJ CBOM clie] Ha
HEM (IpaBOE NIEPECECUCHHUE).

Y mnaner rpynnsl FOnutepa pons Benyiero cnytHuka (dDoboc Ha
Mapce) BBITIONHSIOT UX KOJbIA, a pOJjb BEJAOMbBIX CIyTHUKOB ([lefiMoc
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Ha Mapce) BBINOJHAKOT W3BECTHBIE HAM MHOMXECTBO HX YAAIEHHBIX
CIOYTHUKOB (Tabis. 2). Y 3TUX IJaHET CKUMAIOIIME YCUJIMS, CyIs IO
CKOPOCTH HX BpAIllCHUS, OYEHb CWIbHBI, T.K. OHU TSHYT 3a COOOU
MHOECTBO KPYIHBIX CITyTHUKOB, MaCChl HEKOTOPBIX CPeAr HUX OOJIbIIE
Jlynbl (I'anumen, Kannucro, Tutan, Tputon).

[TockoJyibKy 3TOT MeXaHU3M (T.€. BpaIlEeHUE O] BIUSHUEM OBICTPBIX
U MAaCCHBHBIX CIyTHUKOB) YIPAaBIS€T BpAICHHUEM CaMOW MOJIOAOU
miaHeTsl (CaTypH) 10 OHOM U3 caMbIX cTapbix miaHet (Mapc), To ero
CJIelyeT CYUTATh OAHUM U3 HAMOOJIee IIMPOKO pACHPOCTPAHEHHBIX, JIJTU-
TEJIbHBIX U YHUBEPCAIBHBIX CITIOCOOOB BpaIlleHUS] HEOSCHBIX TeJl (BIIOJTHE
BO3MOJKHO CYIIECTBOBAHHE U 3BE3] MO JEHCTBUEM 3TOT0 MEXAHU3MA).

[ToaTOMY BIIOJIHE YBEPEHHO MOKEM CKa3aTh, YTO JIFOObIE paCCESTHHBIC
CKOIUICHUSI MATEPUU B PE3yIbTAT€ MUJUITMAPIOB JIET CBOETO 3BOIOLIMOH-
HOTO Pa3BUTUA TNOJ JEHWCTBUEM H3JIOKEHHBIX MEXaHM3MOB CHaydala
npuoOpeTaroT 1mapoodpasHyo GopMy U B CBOUX IEHTPAJIbHBIX YaCTSIX
MPEBPAIIAIOTCS B KUAKOE pacIUiaBieHHOE cocTosiHue (kak FOmutep),
MOTOM TOJIHOCTBIO B JKHJKOE pacIiaBlieHHOe cocTosiHue (kak CouHIe),
3aT€M B CTaphle MJIAHETHI C COTHSAMHU KUJIOMETPOB 3aTBEPECBIICH KOPHI
(xak 3emist 1 Mapc) u MEpTBEIE T1aHeThI (Kak Benepa u JlyHa).

Cynsd o HaJIMYMIO KPYIHBIX METEOPUTHBIX KPAaT€pOB BIIOJHE BEPO-
ATHO, 4T0 Mepkypuii u Benepa toxke umenu cBoux (HoOoCcomnogoOHbIX
CIyTHUKOB, KOTOPbIE MOTJIM yNacTh HA MAaTEPUHCKHUE IUIAHETHI €€ /10
TOTO KaK OHU 00peu TBEPAYIO KOPY.

Takum oOpazom, B 000U 3BE3AHO-TNIAHETHOW CHUCTEME apXUMEJ0-
BO-CIIUPATIEBUHOM CTPYKTYPhl MOTYT HAXOJIUTHCSI HECKOJIBKO UEpapXU-
YECKUX YPOBHEW BPAILIAIOIIUXCS CUCTEM C MHOTOOOpa3MeM MEXaHU3MOB
BpalleHUs, UMEIOIIMX OT 3a4aTOYHOIO JO CTapuyeCKOro U MEPTBOTO
BO3pacTa HEOECHBIX T B CBOEM COCTABE TOYHO TaK, Kak JIIOAU C
MHOTOBEKOBBIMH TIPEJIKaMU, HBIHE JKUBYIIUMH TMOXKUIBIMUA TIPapoOIUTE-
JSIMH, 3pEIbIMH U MOJIOABIMU POJUTENSAMH, JCTbMH, BHYKaMU H
3a4aTKaM¥ HOBBIX YJICHOB CEMbH.

Kaxkoe sxe 13 IByX U3JI0KEHHBIX MPEANO0JIOKEHUN OIM3KO0 K UCTUHE?

B monp3y mepBoro roBOpUT €IMHCTBEHHBIN MOKa OMYyOJMKOBAHHBIN
TpyA [8].

B monp3y BTOpOro — 3K30r€HETHYECKAs] TEOPUS MUPO3JaHUsA, T.K.
CITyTHUKH, B 3aBUCUMOCTH OT UX MPOUCXOXKICHUS, MOTYT UMETh JIIOObIC
cCKopocTu oOpaiieHus. Eciau oH npuoOpeTéHHBIM (Kak, HampuMmep,
®060c), TO €ero CKOpoCTh MOXET OBITh M OYEHb OOJBIIOW, M OYCHBb
MaJIeHbKOM, HO €CJIh K€ OH 00pa30BajCsi U3 TOTO € CryCTKa, YTO U
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miaHera (Hampumep JIlyHa), TO €ro CKOpPOCTh BCErJa HUXKE CKOPOCTH
MaTEPUHCKOM TIaHeThl. Takum o00pa3oM, OJMkKEe K HCTHHE BTOPOE
MNPENONIOKEeHUE, T.K. CyAs MO BBICOKOM CKOPOCTU CIYTHHKU KOJICII
ABJISIFOTCSL TTOCTOPOHHHUMM,  33aXBAaYEHHBIMH IUIAHETOM H3 KOCMOCA.
Torna ux ckopocTu 1o opOUTE MOTYT OBITH PA3TUYHBIMHU, T.K. TUHEHHAS
CKOPOCTh OKOJIO TIEpUIesivs BhlIlIe, a Orke K adenuto — Hke. B Takom
ciiy4ae, T.€. Pa3IMYHOCTH CKOPOCTEH OpOUTaIBbHOIO MOJIETa CIIyTHUKOB
HEHTpaIbHOE (POTO MOTYyUYaeT JOTUYECKOE O0BICHEHHE.

Takum oOpazom, TO, YTO KOJIbIla IJIAHET-TUTAHTOB SIBJISIFOTCS OBICTPO
oOpalaroMHCS M0 OpOUTE WX CIIyTHUKAMHU, MOJTYy4YaeT B JIUIE LICHT-
pansHOTO pucyHKa FOnmuTepa BecoMoe (hakTHYecKoe JOKa3aTeIbCTBO.

N3 Bcero u3JI0KEHHOTO ClIeyeT BBIBOJ, 4YTO BCE pasHooOpaszue
KMBOM M HEXHMBOW NPUPOJBI, B TOM YHCIE, pa3HOOOpa3ue CTpaH,
JIOJICKMX XapaKTEepPOB M CyAe0 3aMMCTBOBAHO OT MPHUPOJIbI U SBIACTCS
HEU30EKHBIM CJICJICTBUEM 3aKOHOB MPUPOIbI, OTKPHITHIX U 0KUIAIOIINX
CBOET0 OTKPBITHUS TYyUIIUMU NPEICTaBUTEIIMU YeloBeyecTna.
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