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Annomauyua: 6 cmamve paccmMompen KOMNIeKe OMHOULEHUN MACChbl U
epasumayuu. Onpeodenena nepeutHOCMb 2PABUMAYUY KAK AGTIeHU,
00YCN08/IeHHO20 COBOKYNHbIM 0a8leHUeM QOKYCUPYIOWUXCS INLeKMPOMASHUMHBIX
80JIH B0JIH U BOBNICYEHHBIX 8 08UdICeHUe Yyacmuy naasmul. [lokazano, umo macca, ve
ABIAACL UCMOYHUKOM 2PABUMAYUU, ABTAemCsl NOTHOYEHHbIM UHOUKATNOPOM ee

HAJU4UA.

Knrwouesvie  cnosa:  cpasumayus,  macca, unmep@epeHyuoHHvle
Gokycuposku, opoumanbhble KAHAILI, 2PABUMAYUOHHbIE BOJIHLL, OdGleHUe

IANIEKMPOMACHUMHBLX 6OJIH, 2pa6umal4u0HHblﬁ cequuHe.

Beenenue. Ilpexnae, yem neperTu K OCHOBHOM TEME CTaTbU, UMEET CMBICI
clenatb KpaTkuih  0030p MPEeNIIeCTBYIONIUMX  MNyOJuKaIluid, COAEepKallux
TEOPETUYECKHUM, JIOTUUECKU U (akTomornueckuii (pyHIaMeHT, MO3BOJISIOIUN
caenath cieAyroomuid mar. B cratee [1] paccMoTpeHO W TpeIIOKEHO peElIeHHe
OJTHOW W3 KIIIOYEBBIX MPOOJIEM COBPEMEHHOW acTpO(U3WKHA - HECOOTBETCTBUE
CKOPOCTH BpaIlleHHUs 3B€3/] B TaJaKTUKaX KEIIepoBCKoi Mojenu (galaxy rotation
problem). CymecTBo mpoOJIeMbl 3aKIIOYaeTCs B KPUTHICCKOM PACXOKICHHUH
BBIUMCIIEHHBIX 0 Tperbemy 3akoHy Keruepa u Qaxtudyecku HaOIIOgaEMBIX
OpOUTANBHBIX CKOpOCTEe mepudepuilHbix OO0BEKTOB rajakTuk. Jljisi perieHus
npoOsieMbl ObUT TPUMEHEH 3JEKTPOJAMHAMUYECKUN TOJIXOJl, IO3BOJIMBIIHIA
pacmputh oOnacTe npumeHeHusi Tperbero 3akoHa Kemepa u  ycTpaHUThb
PACXOXKJICHHUSI MEX]Y BBIUUCICHHUSIMU M HaOmoAeHUsMU. J[Ji1 TeMbl HacTosIieH
CTaTbU CYIIECTBEHHBIM SIBJISIETCS TOT (PAKT, YTO IS PEHICHUS YHIOMSHYTOMN
npoOJeMbl HE NPUBJIEKAICS MOCTYJIAT THUIOTETUYECKOr0 MPUCYTCTBUS TEMHOMU
MaTepuyd M BIUSHUS €€ MacChl Ha CKOPOCTH MepU(PEpHUilHBIX TraJaKTUYECKUX
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dbopMynax, pacHIMpSIONIMX 00JIACTh €€ NMPUMEHEHHUS Macca TaKXKe OTCYTCTBYET.
st Toro, 94ToOBl MPUMEHUTH JJICKTPOAMHAMUYCCKUN TOAXO0M K MOau(HKaIin
Tperbero 3akona Kemnepa, Obut cpopmMyaupoBaH HOBBIA MOHATUHHBIN KOMILIEKC,
Jaronui  00bsICHEHUST (OPMHPOBAHUIO HEOECHBIX TEI W WX JBIKCHHUIO TIOJ
YIPABIISIONIAM JCHCTBUEM TIIOOAIBHBIX MHTEp(epeHnmii. B cooTBETCTBUH ¢ HUM
Ha mnpumepe CoONHEUYHOW CHUCTEMBI OblIa TMOKa3aHa BO3MOXKHOCTH TMOCTPOCHUS
MHOTOBOJIHOBOM  MOJEIUPYIOIICH (YHKIMH OpOWTalIbHBIX KaHaioB [2].
[Toctpoennass Mopenupytomas ¢GyHKIMAS [O3BOJWIA OTOOpPa3UTh HE TOJIBKO
MOJIO)KEHUE OpOUT IIJIaHET, HO W 00JIaCTU KOHIIEHTpAalMK OOBEKTOB Tosica
acCTEpOUIOB. Paccmorpenue OCHOBHOI'O bu3ryeckoro MIPOSIBJICHUS
UHTEpPEPCHITNH KaK TOYCUHOMN MHOTOBOJTHOBOH (hOKYyCHPOBKHU
AIIEKTPOMArHUTHBIX BOJIH JIa€T OCHOBAHUWE JIJISl ONPEICTICHUS SIBJICHUS TPaBUTAIIUN
KaK COBOKYITHOTO JaBJieHUsT (POKYCUPYIOIINXCS BOJIH W BOBJICUCHHBIX B JBUKCHHUE
gacTuIl 1a3mMel [3]. B TakoM ompenencHuM rpaBUTANMN TaK)Ke HE TPHUBIICKACTCS
MOHSITHE MACChl, 2 3aBUCUMOCTh COBOKYITHOT'O JaBJICHUS (hOKYCHPYIOIIUXCS BOJH
U (hOKYCUPYIOIIETOCs TOTOKA YaCTUIl COXPAHSET CBOIO MPOIOPIIMOHATLHOCTh BUIA
1/r?, kak u HabmomaeTcs HaMM eXeIHEBHO (I — pacCTOsHME OT IeHTpa (okyca,
Hampumep, IieHTpa 3emnn). B [4] omucanume QopmupoBaHus OpOHMTaTBHBIX
KaHaJIOB JIOTOJIHSACTCS OINKMCAHWEM OO0pa3oBaHUsA JIOKAJIBHBIX (HOKYCHPOBOK,
OTIPEACIISIONTNX KaK JOKAIHM3aIliio, TaK M JUHAMHUKY JBIDKCHHS TUTaHET. Tam ke
OTMEUEHO, YTO BCE JIOKAIbHBIC (DOKYCHPOBKH, PAaBHO KaK W OpOUTAIBHBIC KaHAJIBI
(GOpMHUPYIOTCS OAHUM W TEM JK€ COCTaBOM BOJH, TOJIBKO B Pa3HBIX (ha30BBIX
COOTHOLICHUSIX, Onarojgapss 4yeMy Mbl HaOmogaeM B ColHEYHOM cucteme
MHOT'OYHUCIICHHBIE pe3oHaHchl [5]. B Tex oOmactsax, rae chopMHUpPOBaHBI
OopOWTaNbHBIC KaHAIBl, HO HET YCIOBUMA 1 (DOPMUPOBAHUS JIOKATBHBIX
(OKYCHPOBOK, OOBEKTBI PACHPEACISIIOTCS BIOJb OpPOWUTAIBHBIX  KaHAJIOB
PaBHOMEPHO, JIEMOHCTPHUPYS HaM COBEPIIEHHO WHOE MPOSBICHUE TPABUTALIUU.
Takoe pacnpeneneHue MoXHO HaOIIO1aTh B MOsice acTepouioB, B nosice Koiimepa,
B konpuax CarypHa. B mosce acTepousoB BBISBIEHBI TaKXke XapaKTEPHbBIC

PE30HAHCHBIC COOTHOIICHUSA MCKIAY 007JacCTIMH HaMMEHBIIIEH KOHOCHTPAIHUH



acTepou/ioB, Ha3BaHHbIe «JIrokamMu Kupksyna» [6]. Tlpu 3TOoM, HecMmoTpsi Ha
3HAYUTEIbHBIE MACChl OT/EIbHBIX OOBEKTOB BHYTPU OPOUTAIBHBIX KaHAJIOB, OHU
HE IPOSBIIAIOT TaM O0’KHJIAa€MOM B3aMMHOM CHJIBI IPUTSKEHUS K IPYTUM OOBEKTaM,
HO B TO K€ BpEMs, UX KOHLEHTpalus MOJYMHAECTCS YCIOBHUSAM, 3a0aBACMbIMU
opOuTanbHBIMU KaHanamu. [lodydaercs, 4yTo W B JaHHOM ClIy4ae Macca He
SBJISICTCSI UICTOYHUKOM TpaBUTAMKA U (HaKTOPOM, BIUSIONINM HA pacrpeneiieHue
o0nekToB. [Ipu aToM Macca Obliia, ecTh U OyzieT B 0003puUMOM OyAyIeM MEPUIIOM
OCHOBHBIX  MEXaHHYECKMX  B3auMoueucTtsuu. B Hacrosmen — crarbe
peINPUHUMACTCS TOMBITKA pa300paTbcsi B TOM, YTO €CTh Macca cama Io cede u
KAKOBBI €€ OTHOLLIEHHUSI C TPABUTALUEH.

LlenTpoOesxkHasa cuiaa ¥ rpasuraums. B Hacrosiiee BpeMs Mbl UMEEM
BO3MOKHOCTh ~MHOI'OKPaTHO W MHOI'OBApPUAHTHO HAOJIOAATHh  CIEAYIOMIMIA
(¢uznueckuii onbIT. MHOrOYUCIEHHBIE KOCMHYECKHE KOPAaOau U COMYTCTBYIOUIUI
UM MYCOp paziu4YHOM Macchl (OpPMBI M IUIOTHOCTH ABHXKYTCS MO oOpOuTaMm,
peanu3ysi paBEHCTBO JEUCTBYIOMIMX Ha HUX cwi. OHa M3 HUX — IIEHTpOOeKHas,
IIPOIIOPLIMOHAIBHASL MACCEe U IIPOSIBIAIONIAS €€ NHEPLIMOHHBIE CBOMCTBA. [[pyras —
LEHTPOCTPEMUTEIIbHAS, MPOSBIISAIONIAs CBOMCTBA IpaBuTtanuu. Miraopupys apyrue
Oosee cinabble NEHCTBYIONIUE CUJIbI (COTHEUHBINH BETEp, COMPOTUBIECHUE BEPXHUX
cioeB aTMoc(epbl U Jp.) MOKHO BHJETb, UTO PABHOBECHE CUJI COOJIIOIAETCA B
PaBHOHM CTENEeHW U JJIsI KOCMUYECKOro KopalJis B LIEJIOM, U JJisi BEIOPOILIEHHOIO
KOCMUYECKOI0 Mycopa, W i OOJbIIMX, U MaJbIX HPEIMETOB pa3IuyHOU
IUIOTHOCTM BHYTpH W BHe Kopabmsa. CrenoBarenbHO, MOXHO ClI€TaTh
OTHO3HAYHBIM BBIBOJ, YTO JECHUCTBYIOIIAS LIEHTPOCTPEMUTENbHAS IPAaBUTALIMOHHAS
CWiia Takke JO/bKHa OBbITh MPOMOpIMOHANIbHA Macce Tena. Temepp ocTaercs
BHECTH SICHOCTh, YTO A3TO O3HAYaeT NpPHU TOM, YTO TpaBUTAIUS BbIIIE Oblia
orpeneseHa, Kak COBOKYIHOE  JIaBleHHE  (OKyCHUpPYIOUIUXCS BOJIH U
doKycHupyroIIerocs MOTOKa YacTHII.

Tpanchpopmanuss TrpaBUTAMOHHOTO [JABJIEHHMSI B CHJIYy TSKECTH.
CoO6CTBEHHO, HUYETO HOBOT'O B BBIBOJIE, CHIEJITAHHOM paHee MOKa HE BUIHO, BENb
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NPUHATON HBIHE (QOpMyne HBIOTOHOBCKOTO BCEMHUPHOTO TATOTEHUS. UTOOBI
pa3o0paThCsi ¢ MOCTAaBIEHHBIM BOMPOCOM, OOpaTHMCS K TOMY, YTO COCTaBJISET
Maccy JI000ro Tena. Y4uThIBas, 4TO OCHOBHAS Macca JII0O0ro aToMa, BXOJAIIETO B
COCTaB BEILIECTBA, COCPEAOTOUEHA B €r0 SAApEe, MOKHO TOBOPUTH O Macce Teja, Kak
0 CYMMapHOW Macce BXOMSIIMX B €r0 COCTaB HEUTPOHOB U MPOTOHOB (HYKJIOHOB).
B takom ciiydyae MOHSATHO, YTO TPAaBUTALMOHHOE JABJICHUE JOJKHO J1EWCTBOBAThH
HEMOCPEICTBEHHO Ha HEUTPOHBI U IMPOTOHBI ATOMHBIX SiZIep U TOJIBKO B 3TOM
cilydyae JaBjI€HHE TpaHCPOPMHUPYETCsS B CUITY, MPOMOPLHMOHAIBHYIO Macce Tela U
HA3BaHHYIO B COBPEMEHHBIX Y4YEOHMKaX (DU3MKHU «CHUIION TskecTu». Jlormuecku
BBITEKAET 32 ATUM BOIPOC: KAKKUM 00pa3oM (POKYCHPYIOUIUECS IEKTPOMArHUTHbIE
BOJIHBI MOT'YT BO3/ICICTBOBATh HETMIOCPEICTBEHHO HA TPOTOHBI M HEUTPOHBI?

[lepen tem, kak (OpMyIHpOBATh BapHAHTHI OTBETOB Ha IOCTaBICHHBIN
BOTPOC, 00paTHMCs K XOPOIIO W3BECTHBIM HaM aHanmorusMm. Habmionas aBrkeHue
BOJIH B MPUOPEXKHON MOJIOCE, MOKHO BHJIETh, YTO BOJHOBOM IMpoliecC HUKAK HE
CKa3bIBAETCS HA MEPEMEIIEHUN MACChl PA3IMYHBIX MEIKUX KYCOUYKOB, TUIABAIOIINX
Ha TIOBEPXHOCTH BOJbI, - OHU JIMIIb COBEPILAIOT KOJEOAHHS B BEPTUKAIbHON
wiockocth. Ho Bce »TO0 HaOmomaercs 1O TeX INOp, MOKa HE IMPOUCXOIUT
CUHXPOHU3AIIMSI CKOPOCTH M HAIpPABIICHUS JBUKEHHUS KAaKOTo-IHOO IUIaBaIOIIEro
00BEKTa CO CKOPOCTHIO M HAIIPAaBJIICHWEM BOJHBI, U B 3TOM Cily4yae HaOIogaeTcs
addext cepdunra, - o0BEKT HAUMHAET TMEPEMEIIATHCS, HCIBIThIBAsS IMMOCTOSHHO
JeiCTByIOIIEE JaBJIeHHEe BOJHOBOro (poHTa. [pyroil mpumep, pa3zBUBarOUIUi
PacCMOTPEHHYIO aHAJOTHI0, IIOKa3bIBa€T HAM BO3MOXKHOCTH aKyCTHYECKOM
neButaru [/]. B aTOM cityuae IEeMOHCTpUpPYETCS BO3MOXKHOCTH CO3JaHHS B
001acTi JIEBUTHPYIOIIETO OOBEKTa TPEXMEPHOIO BOJHOBOTO AaKyCTHYECKOTO
JaBJICHUs, PABHOTO JABJICHHUIO TPaBUTAMOHHOMY. M B mepBOM, U BO BTOPOM
cilydae OOBEKTHI UCHBITHIBAIOT JABJIEHHWE BOJHOBBIX (DPOHTOB MOCPEACTBOM TEX
Cpell, B KOTOPBIX MPOUCXOAUT PACIIPOCTPAHEHUE BOJIH.

Takum o00Opa3oM, Ha TOCTaBIEHHBIM BBIIIE BOMPOC €CTh HECKOJIbKO
BapuaHTOB oTBeTa. [lepBbIil BO3MOXKHBIA OTBET — (POKYCHpPOBKA U JBUIKEHUE
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MeJbYANIINX HEUTPAbHBIX YACTHI, pa3MEP U CBOMCTBA KOTOPBIX HE MOJJIAECTCS B
HACTOSIIEe BPEMSI HHCTPYMEHTANbHON (pukcaruu. s CBETOBBIX BOJH, UMEIOIIHUX
AJIEKTPOMArHUTHYIO TMPUPOAY HET HUYEro HEOOBIYHOTO B ONHCAHUU HUX
pacmpocTpaHeHusI KaK MOToKa ()OTOHOB, TTO3TOMY BBICKA3aHHAS THITIOTE3a BIIOJHE
MMEET MPaBO HAa CYLIECTBOBaHME. B Takom ciydae, UMEHHO 3TH TMIIOTETHYECKHE
YaCTHUIIBI MOT'YT OKa3bIBaTh HEMTOCPEACTBEHHOE JABJICHUE HA TPOTOHBI K1 HEUTPOHBI
ATOMHBIX sep. BTOpON BO3MOXHBIM OTBET OCHOBBIBACTCS HA IPEIMNOJIOKEHHUU
HaJlu4uusi Cpeabl, B KOTOPOM paCIpPOCTPAHSIOTCA SJICKTPOMArHUTHBIE BOJHBI U
TAKXK€ COCTOSIIEM W3 MeJIbYallliMX dYacTull. B 3TOM ciaydae TpexmepHas
nepeMeniaiasIcs B MPOCTPAaHCTBE (OKYCHUPOBKA DJIEKTPOMArHUTHBIX BOJIH
CO3/Ia€T TPEXMEPHBIN MEPEMEIAIOIINNC TPAAUEHT INIOTHOCTH CPEAbl, MAKCUMYM
KOTOpPOM coBnagaeT ¢ Toukoil ¢pokyca. He mporuBopeuar ob1iemMy crieHapuio u o0e
BBICKA3aHHBIE BEPCHHM OJHOBPEMEHHO, a PEAJIbHbIM MOATBEPKICHUEM JIOJIKEH
CTaTh SKCIIEPUMEHT.

B neicTBUTENIBHOCTH, JTOTMYECKas MOCIEA0BATEIBHOCTD MPEANOIOKEHUN U
HaWJICHHBIX TOATBEPIKICHUHN 3aKJIF0YAETCSI B TOM, UTO JBMKeHUE Tel B COoHEYHOM
cucreMe (a TakKe B JIPYIMX CHCTEMaX M TallaKTHKaX) MPOMCXOIUT IO
YIPaBJISIOIIMM JICUCTBHEM MHOT'OBOJIHOBBIX MHTepdepeHnnii. B nenTpansHoOi 1 B
JIOKAJbHBIX TOYKaX HWHTEpPEpEeHIMOHHBIX (OKYCUPOBOK (M TOPOXKIAeMOM
rpaBUTALIMK) TTPOUCXOIUT KOHIICHTPAILIMS U HAKOTUICHUE BEIIeCTBa, 00J1a1at0IIero
Maccoil. COOTBETCTBEHHO, Macca, UCXOJAHO HE SIBISASICh UCTOYHHMKOM I'paBUTALIUM,
SIBJISICTCSL  TOJIHOLICHHBIM €€ HWHAMKATOpOM. [IOHATHO Takxke, 4YTO POCT
IJIAHETAPHBIX U COJIHEYHBIX MAcC HE MOXKET MPOUCXOJIUTHh OECKOHEYHO J0JTO,
pPaHO WIM TO3JHO BKJIIOYATCS YPAaBHOBEUIMBAIOIIUE WIN JE€CTPYKTUBHBIC
nporiecckl.  Ho B mepuonbl OTHOCHUTEIBHOW CTAaOMIBHOCTH, COBIAJAIOIICH C
’KH3HEHHBIM IIMKJIOM OTJIEJIbHOM YEJIOBEUYECKOM IIMBHIM3AILIMU, HAOJIOAaeTCs, KaKk
ObI OYEBU/IHAS CBA3b: TaM, I'JIe Macca — TaM T'paBUTAIlMA, U YeM OOJIbIlIe Macca, TeM
Oonpiie TpaBuTanus. [IpUHATHI 32 OCHOBY JIOTHYECKHI TEPEBEPTHIII B TaKOU
CBSI3M celyac WUrpaer 3yl LIYTKYy C acTpOHOMAaMmH, Mpejjaras mo H3BECTHBIM

3akoHaM Kerepa n HpioToHa paccunuTath Macchl yIaJICeHHBIX 00BbEKTOB BILIOTH J0



raJlakTUK W 4epHbIX Jblp. WMHornma, mpapna, BO3HUKAIOT TPYIHOpa3peIIUMbIe
npobsembl Tumna «galaxy rotation problem» u nmpuxoguTcs BOBIEKaTb B 000pOT
O00BSICHEHUI HEM3BECTHBIE MACChl HEU3BEAAHHOW TEMHOI MaTepuu. AHaJIOTUYHbIE
npoOsieMbl BO3HUKAKOT M OYyJIyT BO3HUKAaThb B MPAKTUYECKON KOCMOHABTHKE B
OKUAAHUM HAJIWYUS TPABUTALMHU BOJM3M HEKOTOPBIX MAaCCHUBHBIX aCTEPOHJIOB,
OTY»KIAIOMIKUX 10 MHEPIMH B ITOMCKAX CHHXPOHHU3AIMU C 30HOW JEHCTBUS KaKOM-
a1b0 rpaBUTaiMoHHON (pokycupoBku. Eme 6onee HenmpusiTHbIe MPOOIEMbl MOTYT
UMETh MECTO TaM, IJie BO3HUKJIA HOBas I'pPaBUTALlMOHHAs (OKYCHPOBKA, HO IOKa
OTCYTCTBYIOT SIBHbIE IPU3HAKU €€ HAIUYUsl.

I'paButanmonnbie BoJHbI. COrjgacHO NMPUHATOW KOHLENLMHU I'PAaBUTALUU
KaK JaBJeHUs (POKYCHPYIOUIUMXCS BOJH, (POPMHUPYEMBIX B TEJI€ MHOI'OBOJIHOBOM
UHTEpPEPEHILINH, TOHATHO, YTO MapaMeTpbl (DOKYCUPOBKHU MOTYT 3aBHCETh KaK OT
COCTaBa Y4YacTBYIOIIUX BOJH, TAK M OT 3BOJIIOLMH UX NAapaMEeTPOB BO BpeMeHH. B
JO00M Ciy4yae TpaBUTALMIO KaK SBICHUE MOXHO JIMIIb YCIOBHO CYUTAaTh
cTabuabHOU. M3MeHeHus: MoryT mposBIATh ce0s OT HEOONbUINX BOJH-ITYJIbCALUN
N0 TOJHOW Jerpajanuu. Kak OHM MOIYT TMpOSIBISATBCA B OTHOCUTEIBHO
CTaOUJIBHBIX 3€MHBIX YCIOBUSX? Bo-TepBbIX, OHM MOr'YyT BHOCHUTH CBOI BKJIaJ B
BapHallMIi0 aTMOC(EpHOro naBicHUs. BO-BTOpPBIX, MOI'YT BIMATH Ha JIOKAJIbHOE
MOBBILLIEHWE WM MOHWKEHHWE YPOBHS OKEaHOB M Mopeil. B-TpeTbux, co3maBaTh
JIOKQJIBHO YCTOWYMBBIE M JUHAMUYECKHE T'paBUTAIMOHHbIE aHOManuu. Bce atu
SBJICHUS €KEHEBHO HAOJIIOIat0TCS Ha 3eMIie.

Hauynem ¢ armocdepbl — cpenpl, SBISIOMIEHCS MEPBBIM MOCPEAHUKOM MPU
neperaye rpaBUTALMOHHOIO JIaBJIEHUs HA MOBEpXHOCTh 3emuid. Hecmotps Ha ToO,
YTO B Cllydyae C aTMOC(EpHBIM JaBICHHEM BeChbMa TPYAHO OYyIET BBHIWICHUTH
IPABUTALIMOHHYIO COCTABJISIOLIYIO W3-32 BJIMSHUS BETPOBBIX M TEMIIEPATypPHBIX
(GakTOpoB, €CTh OAHO YCTOMYMBOE SBJIEHHUE, HAa KOTOpOE CJeayeT OOpaTHUTh
BHUMaHHE. JTO O0Opa30BaHME IIMPOTHBIX YEPEAYIOIIUXCS MOSICOB BBICOKOTO U
Hu3Koro nasneHus [8], puc.l. YcrosBmieecs u Bouieniiee BO BCe Y4COHUKH
00BsICHEHHE HAOII0JaEMOr0 SIBICHUS 3BYUUT CIEAYIOLUIUM 00pa3oM: «Ha IKBATOpE

IOBEPXHOCTh 3eMiln ObICTpO HarpeBaercs u3nydeHuem ConHIa, BO3AyX HaJ HEH



CTAaHOBHUTCA JICTKMM MW IOAHHUMACTCA BBCPX, IO3TOMY [HAaBJICHHUC 3JC€Ch BCCraa
HHU3KOC, Ha ITOJIOCAaxX BCETraa BbICOKOC, - XOHOI[HBIﬁ BO34YyX TSDKCIIBIM U OITyCKacTCA

BHU3)».
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Puc.1 Ilosica atmocdhepHOro naBjieHus.

[TonoOHOe 0OBsiCHEHHE OOXOAUT YMOJTYaHUEM JBa MPUHIUMIIHUAIBHBIX MOMEHTA:
KaKOB MEXaHW3M OOpa30BaHHS MMEHHO 7 YEPEIYIONIUXCSI TIOSCOB BBICOKOTO H
HU3KOTO JTABJICHHSI, W TIOYEMY ITH T0sICa UMEIOT MPHUBS3KY K MIHUPOTE, UTHOPHUPYS

HAKJIOH OCH BpalleHUs 3eMJIU K IJIOCKOCTH OpOUTHI, puc.2?

Puc.2 Hakion 3eMHOM OCH K IIJIOCKOCTH OPOHTEHI.
KauecTBeHHBII OTBET HAa IOCTABJICHHBIE BOIPOCHI HAET MPUHSATOE 3a OCHOBY
ONpENEIEHNE rpaBUTALAN KakK CHUJIBI, MOPOXKIAEMOU JIaBJICHUEM
(bOKyCUpPYIOIUXCST  AIEKTPOMArHUTHBIX BOJH. [leficTBuTenbHO, B  o0macTu
MHOTOBOJTHOBOW  MHTEp(PEPEHIMOHHON  (HOKYCHpPOBKM  HA  IOBEPXHOCTHU

chopMHpOBaHHOTO HeOecHOro Tenma (3eMiIM) EeCTECTBEHHBIM O00pa3oM JOJIKHA



(GopMHpOBaTLCS KapTUHA, MOA00HAs CTOSYMM BOiHaM. B [4] Obuio ompenerneHo,
YTO KPYroBO€ JBIKEHHE IUIAHET BHYTPU OpPOUTAIBHBIX KaHAJIOB, COOCTBEHHOE
BpallleHHe IUTaHeT W HAKIOHEHHE OCH BpalleHUs 3a4aloTcs  (Ha30BBIMU
COOTHOIICHUSIMA BOJIH, Yy4YacTBYIONIMX B  WHTepdepeHnmu. TakuMm o0pa3zom,
OCECUMMETPHYHASI © CHMMETPUYHASI OTHOCUTEIILHO [IEHTpa (POKYCUPOBKH KapTHHA
CTOSYMX  BOJNH  3aJaeT  COOTBETCTBYIOIIEE  IIMPOTHOE  paclpeicicHHe
I'PaBUTALIMOHHOTO JIABJICHUS, YTO U OTPAKAETCSI B ABJIICHUH (DOPMUPOBAHUS TOSICOB
BBICOKOTO W HHU3KOro jaBieHus artmochepsl 3emmn. M yxke Kk dTOoMy
ONPEACISIIOIIEMY TIPOLIECCY MOXKHO J00aBHTh YIOMSHYTOE BBIIIC BIIHSHUE
MPEHMYIIECTBEHHOTO HarpeBa OSKBATOPHAIBHOW 00JACTH CONHEYHOH pajualiuei.
Yro KacaeTcs KOJIMYECTBA YePEIYIOIINXCS MOSICOB BEICOKOTO M HU3KOT'O JIaBJICHUS,
TO 3TO JOJDKHO YKa3bIBaTh HA XapaKTEPUCTUKY (JJIMHY BOJHBI) JOMHHHPYIOLICH
BOJIHBI, YYaCTBYIOIIEH B ()OPMUPOBAHHUY JIOKATHHON ()OKYCHPOBKH, H MOXKET CTATh
OJTHOW W3 OTIPAaBHBIX TOYEK B HCCIICJOBAHWU BCETO CIEKTpa BOJNH. boiee Toro,
HAJIMYHE IIEJIOr0 YKCIa CTOSYUX TPABUTALMOHHBIX IOJYBOJH, YKJIAJIBIBAIOIINXCS
MEXIy MOJI0CaMH, TOBOPUT HAM O PE30HAHCHOM XapaKTepe dTOW JOMUHUPYIOIIEH
BOJIHBI M €€ BIIMSIHUY Ha YCTOMYMBOCTH OMEPEYHBIX Pa3MepPOB 3eMITH.

K  BBICKa3aHHBIM  COOOpaXEHHSIM, TPUBEANIMM K  OOBSICHECHHIO
(opMHPOBaHHUS 30H MOBBIIICHHOTO M MOHKEHHOI'O TPABUTALIMOHHOTO JIABJICHUS,
HEPIICHIUKYJIIPHBIX OCH BPAILCHHUS 3EMJTU, MOKHO TOOABUTb, YTO MMOOOHBIC 30HBI
JOJDKHBI TIPOSIBJIATH Cce0s M Ha JPYrHX IUIaHeTaX. Takue 30HBI BU3YaJbHO
NPOSIBIIIIOTCS HAa IUTAHETaX, WMeErIuX arMmocdepy, Hampumep, Ha BeHepe,
Omurepe u Carypne. Puc.3 [9] wumocTpupyer nosica, BuuIMbie Ha GoTorpadusx

Benepst u FOnurepa.



Puc.3 llluporusie nosica Ha Benepe u FOnutepe.

Yro kacaercsi OpYrux, AOCTYNHBIX Uil MU3YYEHHs NPOSBICHHUI BOJHOBBIX
CBOMCTB IrpaBUTALMU, TO KaXKJ10€ U3 HUX TpeOyeT Ha JaHHOM 3Tarle MaclTaOHOM U
CUCTEMaTHYECKOW paboThl 110 cOOpY NaHHbIX. Takue HaOIOAEHUS U cOOp JaHHBIX
TpeOYyIOT TaKkKe pa3padOTKU HOBBIX METOJIMK, OPUEHTUPYIOLIUXCS Ha MPOSIBICHUS
3¢ ¢exra naBIeHUs 3JIEKTPOMArHUTHBIX BOJH U MCKIIIOUYEHUE COMYTCTBYIOIIMX
¢dakropoB. Hampumep, B ciydyae ¢ MOPCKUMU NMPUIMBAMU U OTIMBAMH H3yUYEHUE
IPAaBUTAIIMOHHBIX BOJIH YCIOXKHIETCS M3-3a BIMSHUS YCTOSIBIIUXCSI TEUEHUN U CHIT
MHEPIUU BOJHBIX MAacC, BOZHUKAIOIIMX MpPU BpalleHUH 3eMJIM, MPEUECCUU OCU
BpallleHUsI M HEPaBHOMEPHOCTH €€ OpOuTanbHOM CcKopocTu. B  mombiTke
WCKJIIOYUTH WU YMEHBUIUTH BIUSHUE dTUX MPHUIIOBEPXHOCTHBIX (DAKTOPOB, MOXKHO
MIPEJIOKHUTh €XKEAHEBHBII MOHUTOPHUHI JABJIEHHMS HA 3HAYUTENbHBIX MOPCKHX
riyouHax. B »ToM ciiydae npumoBepXHOCTHbIE (DIyKTyalluu HaBi€HUS OYyAyT
JAeMI(pUpPOBaHbl 3HAUUTEIBHON Maccoi BoAbl. OJJHUM U3 0’KUJAEMBIX PE3YyJIbTaTOB
TAKOr0 JKCIEPUMEHTa MOXET ObITh (UKCallusi CHHXPOHHBIX W3MEHEHUH
I'PaBUTALMOHHOTIO JABJICHUS U €r0 NEPUOJANYHOCTU B Pa3HBIX TOUKAX HAOIIOACHNUS.
KoMmiiekcHoe u3ydyeHHMe MaccuBa TOJYYEHHBIX JAHHBIX, COOpPaHHBIX U3
pPa3IMYHBIX TOYEK, MOXET JaTh BECOMBIM BKJIaJ B HayKy O 3€MHOM IpaBUTALUU.
AHanoruyHeIi NOAX0 HEOOXOAUMO MPUMEHUTD U K U3BECTHBIM I'PABUTALIMOHHBIM
AHOMAJIUSAM HA MOBEPXHOCTU 3EMIIH.

B 3akmtouenne M0oXHO c(hOpMYTUPOBATH PsiT BHIBOJOB.



1. TlpunATas 3a OCHOBY KOHIICIHIMS TpaBUTAllMA KaK JIaBJICHUS
(OKYyCUPYIOIUXCS ~ DJEKTPOMATHUTHBIX ~ BONH, (OPMHPYEMBIX B  Tele
MHOTOBOJTHOBOW WHTEPEPEHITNH, TTO3BOJISICT MPEAMETHO TMOJOUTH K U3YYCHHUIO U
00BSICHEHUIO MHOYKECTBA COMYTCTBYIOMINX IPABUTAIIMOHHBIX SIBJICHUIA.

2. HoBas xkoHIenius TpaBUTAIMU TO3BOJSIET OOOCHOBATh BO3MOXHBIC
MEXaHU3MBbI TpaHchopMaIuy JaBICHUS JIEKTPOMATrHUTHBIX BOJH B CHITY TSIKECTH.

3. B xayecTBe OIHOTO U3 OCHOBHBIX MEXaHU3MOB TpPaHCPOPMAIIUU J1aBIICHUS
AJIEKTPOMATrHUTHBIX BOJH B CHIIYy, JCHCTBYIOIIYIO Ha Maccy Teja, MNPUHSITO
JOTMYIIEHHE O CYIIECTBOBAHWU CPEAbl PACIPOCTPAHEHUS BOJH, COCTOSIICH M3
MENbYalIuX  HEUTPATbHBIX  YaCTHI, CIIOCOOHBIX  OKa3blBaTh  JaBJICHUE
HEMOCPECTBEHHO Ha HYKIIOHBI SIJIEp aTOMOB.

4. B Bompoce COOTHOIIEHUST MACChl M TPaBUTAIIMU YCTAHOBJIEHO, YTO Macca
HE SBISCTCSA WMCTOYHUKOM TPAaBUTAIIMH, HO MOXET CIYXKXUTh €€ JTaJOHHBIM
WHIUKATOPOM.

5. O6ocHOBaHO 00pa30BaHUE YEPETYIONIUXCS MMUPOTHBIX MOSCOB BHICOKOTO
¥ HU3KOTO JaBlieHUs atMocdepbl 3eMiid JEeUCTBHEM O00pa3yrolecss KapTUHBI
CTOSIYUX TPABUTAIIMOHHBIX BOJIH.

6. CchopMypoBaHbI HANPABJICHUS WCCIICOBAHMS BOJHOBOM I'PaBUTAIMUA U
COITYTCTBYIOIIUX SIBJICHUH B 36MHBIX YCIIOBHSIX.

7. IlocraBieH Bompoc O  HEOOXOIUMOCTH  AKCIEPUMEHTAIHHOTO
UCCIICIOBAHUS SIBIICHUS HCKYCCTBEHHOW TpaBUTAIlMH, TO €CTh JIaBJICHUS
ANIEKTPOMArHUTHBIX BOJTH KaK Ha MaccCy Tejla, TaK U HEMOCPEICTBEHHO Ha HYKJIOHBI
aToMHBIX s7ep. [logoOHOMY HCCIIeIOBaHUIO TOJDKHO COITYTCTBOBATH CO3/IaHUEC WU
MOJICTTUPOBAHUE YCIOBUHN CeppUHTA, a UMEHHO, PaBEHCTBA BEKTOPOB CKOPOCTEH
BOJIHOBOTO (DpOHTA M YIACTBYIOININX B cep(UHTE YACTHI], 00IaTAFOIINX MACCOM.

8. OOHapyxeHHE€ ¥ OKCIEPUMEHTAILHOE TMOATBEPXKICHUE SIBICHUS
AJIEKTPOMArHUTHOTO ceppUHTa MacC MOXKET CTaTh OCHOBOW JUIS MPOCKTUPOBAHUS
KOCMHUYECKHX KOpaOJeH, HCIONB3YIONUX BOJTHOBON TPaBUTAIMOHHBIN cep(UHT
U TIEpEMENICHUS B KOCMHYECKOM IPOCTPAHCTBE Ha JaJIbHUE PACCTOSHHSA Oe3

CYHICCTBCHHLBIX 3aTpaT TOIIJIMBA.



- C.
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