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Konnunaum LUeHTPOCTPEeEMUTESIbHOIO YCKOpPEeHUs.

MoBogomM pAns HanMcaHuMst STOW CcTaTbM MOCHYXWMa «Kala» B
pasgene Bukuneaun, KoTopbidi NOCBSILLEH LIEHTPOCTPEMUTENBHOW CUne U
LLlEHTPOCTPEMUTENBHOMY YCKOpPeHUto. Hwke npuvBeaeHa Bbloepxka W3
COOTBETCTBYlOLEro pasaena Bukuneanm:

yCKOQeHI/Ie Tena B nobon Touke TPaAEKTOpnn MOXHO pPa3fioXKUTb Ha TaHredHuunanbHoe, TO €CTb

napannensHoe CKOpOCTW, 1 HOpMmanbHoe (OHO xe LeHTpocTpemuTensHoe) d.,
nepneHavKynspHoe ckopoctn. VIMeHHO Hanuuve d. U3MeHsieT HanpasrieHne ABWXKEeHUa Tena,
noBopauuBasi TpaekTopuio, U [Ans obpas3oBaHus KpuBM3HbI paguyca I Ha ckopocTu V aTto
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ycKopeHue JomkHo 6biTe paBHo V7/T, unu, yto 1O e camoe, W I, roe ( — yrnoBasi cKOPOCTb
Tena B AAHHOW TOYKE OTHOCWUTESIbHO MIHOBEHHOMO LeHTpa MNoBopoTa (CBA3b Mexay nepBou
chopMyrion 1 BTOpOW ouyesuaHa, yuutbisas yto V=@I). CornacHo BTOpoMy 3akoHy HbloToHa,
Habniogaemoe ycKopeHue Teria COOTBETCTBYET CyMMe AeNCTBYIOLWMX Ha Hero cum. 3TO BEpHO
B UHepumanbHblX CUCTEMax OTcYéTa, a cornacHo npuHumny [I’Anambepa 310, Npu BBEAEHWM

COOTBETCTBYHOLLUNX CUIT UHEPLIUK, BEPHO U B HENHEPLIMATIbHbIX. Cocraenstouas ,EleVICTByIOU.LMX Ha
Teno cun, cooTBEeTCTBYOLWan LEHTPOCTPEMUTESIbHOMY YCKOpP€EHMUIO, Ha3blBaETCA

ueHTpocTpemuTensHom cunon (F.=Ma.).

LleHTpocTpemMuTenbHas cuna He SIBASIETCS CaMOCTOSTENbHOM CUMON M npedcTaBnseT cobon
MWL pesynbTaT PopMarnbHOMO PasfoXeHUs CyMMbl BCEX AEACTBYIOWIMX Ha Terlo Cun Ha ABe
cocTaBrsiolMe — BOOMb M MONEPEK KacaTenbHOM K TpaekTopuu ABwkeHns. B cryuae
yCTaHOBMBLLErocs (TO €CTb MPW MOCTOSIHHOM YrTIOBO CKOPOCTU) ABWKEHUS Teria no Kpyrosoii
TPaeKTOpUM 3a CYET eANHCTBEHHOW CWUMbl, AECTBYIOWEN B HanpaBfeHWM LeHTpa BpalueHus
(HanNpuMep, CUMbl HATSXKEHUS HWTW, CBSA3BLIBAIOLLEN TEro C LEHTPOM, WA MpW ABWKEHUM MO
KPYroBoii opbuTe B Norie CUMbl rpaBuTaunn), BCA 3Ta CUNa SBISIETCA LEHTPOCTPEMUTENbHOIA.
OHa HanpaeneHa neprneHanKyNspHO K BEKTOPY CKOpPOCTM, paboTbl 3a MOMHbIA Kpyr He
coBeplIaeT, KMHETMYEeCcKas OHeprusi Tena He WBMEeHsSeTCA. Takoe [ABWKeHWe MoxXeT
NPOAOIKATLCA HEOrPAHUYEHHO AONTO.

Y MEHS1 MEKTCA HEKOTOPbIE BO3paXeHns B NpeacTaBneHnn Bonpoca
O LEHTPOCTPEMUTESIbHON CUSle U LIEHTPOCTPEMUTESIbHOM YCKOPEHUM,
KOTOpble He COornacylTcs C BuaeHWeM oduumnanbHOM Hayku. XOoTs, Ha
nepBbIM B3rnsa4, KaXeTcsl JOrMMYHbIM, YTO AN U3MEHEeHUa BeKTopa
CKOPOCTM y Tena BpalleHusi, Ha Teno JOfMKHa OeNncTBoBaThb cuna, Kotopas
N coBeplUaeT 3TO U3MeHeHune (LeHTpocTpeMuTenbHas cuna). Ha camom
aene 3To He coBCeM Tak. Ecnu 4yTb BHMMaTeNbHee B3rMsiHYTb HA Npouecc
BpaWeHNa Tena Mo OKPY)XHOCTU, MOXHO HaWTU W Jpyrywo nNpuynHy
M3MEHEHMS BEKTOpa CKOPOCTWM Bpallatoulerocss tena. M ata npuunHa —
Hepa3pbIBHOCTb MaTepuun.

Bpawatoweecss Teno U3MeHAeT BEKTOP CBOEW CKOPOCTU He u3-3a
OENCTBUA HEKOW CUMbl, @ U3-3a TOro, YTO HE MOXET OTOpBaTbCA OT TOYKMU
BpaLLEHUS, N BbIHY>XOAEHO MOBOpAYMBaTbCA BOKPYr LIEHTpa BpalleHus,
N3-3a HanuUynMsa HEePacTSXKUMOW HUTW, OrpaHMYMBaloLLEN PacrnonoXxeHue
Tena OT LEeHTpa BpalleHusl, ANMHHON 3Ton HUTU. Hanbonee HarnsigHo 3TOT
daKkT NposABNSETCA B APYroM NpuMepe BpaLLEHUs1 Tena no OKPY>XHOCTWU, a
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WMEHHO BpaLleHnn LeHTpudpyrn unm obblyHoro koreca. Koneco caenaHo
M3 0OCTATOYHO MPOYHOro mMatepuana u ero obof coeguHEH C LIeHTPOM
BpaweHna nnbo cnuuamu, NMnbo CniowHOW TBEPLOM NOBEPXHOCTLID. Ecnu
Obl 0604 Korneca Obin 6bl caenaH M3 o4eHb XPYNKOro maTtepuana wunm mns
MHOrMX 4acten, cnabo cssA3aHHbIMK OPYr C APYroM, TO MpW AOCTMKEHUU
A0CTaTOYHO 60SIbLLOM CKOPOCTU BpalleHus, Takon o6oa passBanusicsa Obl Ha
YacTn. ATU YacTu pasneTenucb Obl BO BCE CTOPOHbI MO KacaTesibHOM K
OKPY>XHOCTM 06oaa. XopoLmnm NpuMepoM, NOATBEPXKAANOLNM 3TO, CAYXUT
TOUMNbHbLIN cTaHoK. Korga Ha Hem 3aTtadnmBalOT MHCTPYMEHTbI, TO OT
TOUMNBHOIO Kpyra neTaT Mo KacaTenbHOW WCKpbl. OTO ManeHbkue
packaneHHble 4acTU4KM MeTanma M oHuM BeayT cebsl MMEHHO Tak, Kak W
pasBanuBatoLLleecs Teno BpalleHus. Tonbko NPOYHOCTb MaTepmana oboaa
yAepXMBaeT ero 4yacTu OT pasfnieTa BO BCE CTOPOHblI M 3TOT e hakTop
3acTtaBndeT 0604 MNoBOpayMBaTbCA BOKPYr LEHTpa BpaweHUd, U3MEHSIS
BEKTOP CKOPOCTM MaTepuarnbHbIX Todek oboga. C Tenom Ha HUTK cUTyaums
BbIMMSANT COBEPLUEHHO Tak xe. Ecnn B3ATb Teno ¢ 60nblion maccon u
TOHKYKO HUTb, TO Ha HEKOTOPOW JIMHEMHOW CKOPOCTM BpaLleHUs Tena
NpPoOM3oN4eT pa3pbiB HATU M TENO NOMETUT MO KacaTeNbHOM K OKPYXXHOCTH
BpalleHNs, COXPaHAs HanpaBfieHMEe BEKTopa CKOPOCTU Tena B MOMEHT
pa3pbiBa HUTU. [10 3TOr0O MOMEHTa MMEHHO HEpPa3pbIBHOCTbL CBA3W LEHTpa
BpaLLEHUS, HEPACTSPKUMON HUTU U Terna NpUBA3AHHOIO K HUTU ByayT Tem
dakTopoM,  KOTOpbIA  3acTaBnsieT Bpawalrleecss Teno  MeHATb
HanpaBfieHMe BEKTOpa CBOEW CKOPOCTM.

MmeeTca 1M aHanormsa noxoxem cuTyauum COBEPLLUEHHO U3 APYroro
pasgena dpuankn. [JocTaToMHO BCMOMHUTL O ABMXEHUN XXUAKOCTU B Tpybe
nepeMeHHoro guametpa. B atom cuTyaumm HepaspbiBHOCTb MNOTOKA
XWUOKOCTU MNPUBOOUT K SBMIEHUIO Pa3fIMYHOM CKOPOCTU W OaBrieHUs
Xngkoctn B Tpybe pasnuyHoro guvameTpa. Mcxoga ms Toro, 4to obbem
NPOXOoAdALLEN XUOKOCTU Yepe3 TpyOy C pasfnyHbiM CeYEeHUMEM [OSTKeH
OoCTaBaTbCHA HEU3MEHHbIM, pasnuyne B agnameTpe TpyObl KOMMEHCUPYHOTCS
CKOPOCTbIO MPOXOXOEHUSI MOTOKa XWMOKOCTU Ha YyyacTKkax C pasHbIM
anameTtpom Tpybbl. B Tpybe 6Gonbliero guameTtpa CKOPOCTb MOTOKa
MeHblUe, a gaBrieHne Xuakoctu bonblle, B Tpybe MeHbLlero guameTtpa
CKOpPOCTb MOTOKa Bbille, a AaBfieHne Huwxe. B cuTyauum ¢ Bpawjarowmmcs
TENOM MMEHHO LIeSIOCTHOCTb OObeKTa: Teno, NpMBs3aHHOE Ha HUTK, oboa
Koneca co cnuuamnm M T. 4. OKasblBaeT AencTtBuMe cnocobcTaytollee
COXpaHeHuo Bpawjatouierocss obbekta, WU Kak CrneacTteue, U3MEHSsIET
HanpaBneHMe BEeKTopa CKOpPOCTM 3Toro obbekta. WMMeHHO dakT
LleSTOCTHOCTN Bpallaloweroca Tena u sBngeTcs MNpUYMHON U3MEHEHUS
HanpaBfieHUs1 BEKTOpa CKOPOCTM Bpaljalollerocs Tena, a He Kakasi-To
LeHTpOCTpeEMUTENbHAsA cuna.

PasymeeTcs, YTO U3MEHEHME BeKTopa CKOPOCTU He npoxoanT 6e3
nocneacTevn. [ns Takoro M3MeHeHMss Heo6xoAUMO 3aTpaTUTb HEKOTOPOE
ycunue, T. e. coBepwunTb paboty. Ha Puc. 1 nsobpaxeHo BpauiatoLliee
TENno CO BCEMW [OEUCTBYKOWMMM Ha Hero cunamu. [laBante MbICIIEHHO



MOBTOPMM OMbIT MO BpalleHUO Temna, KOTOpbI MHOrMe HaBepHsKa
HeOAHOKpaTHO MNpoaenbiBanu B AETCTBE, M nonpobyem pasobpatbcsi BO
BCEX MOMEHTaxX 3TOro onbITa.

Puc. 1

C yero HauyvMHaeTcda OMbIT MO pacKpyyYMBaHUIO HEKOTOPOro Tena,
npeanonoXum NPUBA3aHHOIO HEPACTAXKMMOW HUTBIO K LIEHTPY BpalleHus.
KoHe4HO ke, Ha Ha4YanbHOM 3Tane, 3TO BpallaTesbHble OBMXEHUA PYKOW.
B 3TOT MOMEHT Ha Teno OencTByeT curna, coHanpasfieHHasi C BEKTOPOM
CKOpOCTWM Bpallarowerocs Tena. JTta cuna YyBenuYMBaeT 3Ha4YeHue
NINHENHOW CKOPOCTM Tena. YXe HadMmHas C 3TOro MOMEHTa Ha Tesio
HayMHaeT OencTBoBaTb CUa MHepuun, oTMedeHHaa Ha Puc. 1, kak F,.
[MosiBNeHMe 3TOM Ccunbl CBA3aHO C TEM, 4YTO HarnpaslieHME BeKTopa
CKOPOCTM HaunHaeT MeHsaTbca. [ns KoMneHcaumnm OENCTBUS CUnbl
MHEpLUMMN Ha BpalLlaloLeecs Teno, B HUTU BO3HMKAET CUNa HaTSHKEHNSA HUTH
Fu, HanpaBneHHas BOOSIb HUTU K LEeHTPY BpaLleHus. 3Ta cuna umeeT Be
COCTaBNAKLMX, FTOPU3OHTANbHYI F,q, NeXallyto Ha NIMHUK OENCTBUA CUSTbI
WHepumn, B MFOCKOCTU BpalleHna Tena, W NOYTU  MOJSIHOCTbIO
KOMMEHCUPYIOLWYD cuny wuHepumn. W, Kpome 9TOoro BepTUKarbHYLO
coctasnawowyro F,, , BXxogdwyww B NOABLEMHYIO CUMy, 4YacCTUYHO
KOMMeHCcupyoLwy cuny Tskectn F,. Ecnnm Teno packpyTuTb OYeHb
cunbHo, To F, npeBpatnutbca B F,q, a F,», CTaHeT paBHa Hynw. NoabemMHas
cuna F, 6ygeT pactu ¢ poCTOM NIMHENHOW CKOPOCTW BpalLlaloLLEroca Tena,
noka MOSIHOCTbID He KOMNeHcupyeT cuny Tskectn. Kpome 3aToro, Ha
Bpawjarwlleeca Teno [AencTByeT cuna COMpoOTUBMEHUA cpebl, W
HanpasfieHa OHa B NPOTMBOMOJSIOXKHYIO CTOPOHY OT HanpasfieHUA BeKTopa
ckopoctn F... A ewe cuna Tsbkectn F,, HanpaBneHHas Kk 3emne. Cuna
COMPOTMBIIEHUS Cpedbl M cuna TSHKeCTU AOEUCTBYKT Ha Teno Takum
obpa3oMm, YTO YMeHbLIAKT 3HAa4YeHMe NUHENHOW CKopocTu Tena. [pn aTom
AN KoMneHcauum JENCTBUS CUNMbl COMPOTUBIEHNSA Cpeabl N CUMbl THXECTU
TpaTUTCA KMHETUYECKas aHeprna Bpalawuerocs tena. Otcioga cnegyet



BblBOA, YTO packpyyeHHoe Terno 6e3 noCTossHHOWM MWHUMAaribHOW CUMbl
pacKpyTKM BOOMb HanpaBneHnsa CKOPOCTU, OyaeT 3Ty CKOPOCTb TepsATb A0
NMOSIHOM OCTaHOBKM 3TOro tena. M3 atoro genaem BbiBOA, YTO paboTta no
M3MEHEHMIO BEKTOPA CKOPOCTU BpallaloLeroca Tena ectb, a He Kak 3To
BMOMT odmumanbHaa Hayka (T. e. MNosiHoe ee oTcyTcTBue). A elle,
BpaLjarolleeca TeNno He MOXEeT BpallaTbCA BEYHO, Kak 3TO yTBep)XaaeT
oouumanbHaa Hayka. be3 NOCTOSHHOroO OeuCTBUA BHELWHEW Cunbl,
yBeNMUMBaOWEN KUHETUYECKYKD 3HEPruvio Bpallalllerocs Tena, Terno
OCTaHOBUTbCS.

[axe B Bakyyme, BOann OT MacCMBHbIX 0OBHEKTOB (3Be34 M MNNnaHerT)
Ha Bpallalouleecss Teno AEWCTBYET curna COMpOTUBAEHUS cpedbl. JTa
cpega — admp. OH 3anonHseT Becb Bakyym u B 6onee nnoTHOM Buae
BXOAUT B cocTaB ntoboro tBepaoro tena. VIMeHHO conpoTuBneHve Tena
adupy 1 cosgaeT CuUny MHEPLIUKN U CUNY CONPOTUBIIEHUS Cpeabl B BaKyyMe.
Hwn kakon LeHTpoCTpeMUTESNTbHOW cunbl B npupoade He cyuiectByeT. Elle
OOHUM [OKa3aTeNlbCTBOM 3TOr0 CNYXWUT HaTskeHne HutU. Ecnn 6ol
LEeHTpOCTpeEMUTENbHAA cuna cyulectBoBana M Obina 6bl HanpaeBneHa K
LEeHTPY BpalleHuns, TO He oMKCUpoBanocb Obl HaTSXKEHWE HUTU B 3TOM
onbiTe. Cuna nHepuum Bceraa crierka npesbILaeT CyMMy BCEX APYrnX CUI,
TONbKO B 3TOM Cllydae HUTb, yaep)KMBalollas Bpawjatolleeca teno, oyaer
HaTAHyTa. A 9TO eCTb OYEBUOHLIN PaKT.

EcTb ewe ognH napagokc B BONpoOCce BpaLlaroLLerocsi no OKpy>KHOCTU
Tena. Tak B pasgenie Bukunegum kacarowerocs JlyHbl MOXHO BCTPETUTH
yTBepxaeHue, 4to JlyHa He nagjaeTt Ha 3emMnio nog OencTBMEM CUIbl
BCEMUPHOIO TAFOTEHUS U3-3a LIEHTPOBEXHOIro YCKOPEHUS, OENCTBYIOLLEro
Ha OBWXYyLLYytOCS JIYHY U HanpaBneHHOro oT ueHTpa BpalleHus JlyHol, T. e.
oT 3emnu K JlyHe. o cytn, BpaweHne JlyHbl BOKpYr 3emnm aHanormyHo
packpyymBaHmio HeBOMbLIOro Tera Ha HepacTskuMonm HuTKU. PasHuua
nMWb B Macce OOBLEKTOB W pPacCTOssHUMM Mexay Humu. B atom un
3aknyaeTcs napagokc, Korga B aHanornyHbiX OU3UYECKUX SIBNEHUSIX, B
OOHOM criydae odomumanbHad Hayka roBOpuUT O LIEHTPOCTPEMUTESTIbHOW
cune, a B OPYroMm O UEHTpobexHon cune. OTU Cunbl NPOTMBOMOSIOXKHO
HanpaeneHbl, a NPUNOXeHbl K aHanorMyHbIM BpawawwmnmMmcs obbekTam.
Takoe yTBepxaeH1ne opuumanbHON Hayku siBnsieTcs abecypaHbiM. He moryT
CXOAHble MpUPOAHbIE SIBMEHUSI MPOSABMATb ceba cunamm pagukanbHO
NPOTMBOMONOXHbIMWU. BbiBOA4 HanpalwmBaeTcs OoAuH: LeHTpobexHasa cuna
N LEHTPOCTpEMUTENbHAsA cuna ectb bonbLias owmnbka dU3nKn.

UTto Kkacaetcs UeHTpPOOGEeXHOW cunbl B Crnyyae BpalleHusi nnaHet
BOKpyr ComnHua unm CnyTHUKOB BOKPYT MSIAHET, TO MHE KaXXeTCS, YTO TaKon
CUMbl B 9TOM SBMEHUN HET, U BpalleHMe MNMaHeT U CAYyTHMKOB MO CBOUM
opbutam nerko oBbACHAKTCS, KaKk U B Clyvyae «LUEHTPOCTPEMUTENBHOM
cunbl». A UMEHHO Hepa3pPbIBHOCTLIO MaTepuUn.

Ha nepBbi B3rnsa, KaxeTtcsl, yTo nnaHetbl U COMHUE HU Kak He
CBsi3aHbl Mexay cobou, YTo Mexay HUMKN KocMmudeckas nyctota. Ho aTo He
Tak. Ha camom [pene BcCe KOCMMYECKOE TMPOCTPaAHCTBO 3aroSfIHEHO



CBepXrerkum rasom — acpupom. lNpm aToM NNOTHOCTL 3dmpa He ogMHaKoBa
no BceMy o0 beMy KOCMMYECKOro NpocTpaHcTBa. Yem 6nmxe K MacCMBHOMY
00beKTy (3Be3fe, nraHeTe), TeM MAOTHOCTb admpa ysenunumBaeTcda. U
nnaHeTbl, Bpawawwmecs Bokpyr ConHua no CBOUM TpaekTopuam, napsaT
He B MNycToTe, a Kak Obl nnaeBalT B aTtMocdepe adupa, Hanogobue
obnakoB B atMocdepe 3emnu. [NycTb Bac He CMyLLLAIOT OFPOMHbIE MacChl
nraHeT 1 cBepxnerkum acmp, ¢ ero Manon NNOTHOCTbIO, Bedb BpalleHune
nnaHet Bokpyr ConHua He 3acnyra ConHua, a npsMoe creacreve
CyLLleCcTBOBaHMs admpa n ero Bo3enNCTBUA Ha MacCUBHbIE Tena (3Be3abl U1
nnaHeTobl). MNMogpobHee 06 yctponctBe COMHEYHOW CUCTEMbI SI U3MOXMWI
cBOW uaeu B ctaTbe [1].

[Monpobyto KOPOTKO U3NOXUTb CYTb ABNEHUS MO NMPUTSHKEHUIO NNaHeT
K 3Be3de wunM ChNyTHUKOB K nriaHeTe. Ha cerogHsaWwWHWA  MOMEHT
odomumnanbHaa Hayka CYMTaEeT, YTO 3TO NMPOUCXOOUT Noa OENCTBUEM CUMbI
BCEMUPHOro TAroteHns HobtoToHa. Popmyna, BbiBegeHHad HbIOTOHOM
BnosHe paboyasi, HO Ha camMOM [ene oHa orpaHudeHa ob6nacTbto
NPUMEHEHNSA, UCKNIYUTENBHO ANs 65IM3KO pacnonoXeHHbIX 06bekToB. B
NPOTMBHOM Clfly4ae BCe 3Be3[bl BO BCENIEHHOM YCTpeMunucb Obl Opyr K
apyry n obpasoBanu ogHy ruraHTckyto 3se3gy. Cyasa no Tomy, 4To 3TOro 4o
CUX MOP He MPOoU3OoLLO, HamnpawuBaeTCs OYEBUOHbLIN BbIBOA, YTO 3aKOH
BCEMUPHOIO MPUTSXKEHUSI OrpPaHMYEeH HeKoTopon ob6nacTbio CBOEro
NPUMEHEHMUS.

EcTb ewe ogHO gokasaTesibCTBO, YTO 3aKOH BCEMUPHOIO TArOTEHUS
OrpaHuYeH B NpuUMeHeHUn. ATo dpakT Toro, 4to CosiHUe He MPUTSAHYNO K
cebe JlyHy. OTOT (pakT nerko npoBepsieTcs, ANd 3TOro Nub Hago
NOLCTaBUTb B N3BECTHYHO dOpMyny HblOTOHa M3BECTHbIE 3HAYEeHUs] MacChl
CornHua, 3emnu u JlyHbl, @ Takke pacCToAHUA Mexay HUMW. HanomHio
dopmyny HeroToHa:

[MoactaBum B 3Ty popmMysly JaHHbIE MAacC U PacCTOSAHUIN, B3ATbIX BCE
n3 Ton xe Buknneaunu:

M. = 1,99 x 10% kr
M, = 5,97 x 10%* kr
M,, =7,35 x 10%* kr
R.. = 149579871 km
R., = 384467 kv

F., =654 x 10** H

Fap = 297 x 10%* H



N3 BbluncneHun sugHo, Yto ConHue nputarmsaeT JIyHy npymepHo B
[Ba pa3 curbHee, Yem 310 Agenaet 3emns. [1ogobHble BbIMMCIIEHNUS MOXHO
HaWTW Ha MHOrOYUCIIEHHbLIX calTax B WHTepHeTe. TONMbKO TaM He
BCTpeyaeTcad OObSACHEeHMEe 3TON cuTyauuun. Y MeHs Takoe OObsCHeHue
ecTb. CoBepLIeHHO O4YeBUAHbIN hakT, 4YTo JlyHa OO CuX nop C Hamu, a He
ynetena Kk ConHuy. /3 atoro cam cobor HanpalwumBaeTcs BbIBO4 O TOM,
YTO C 3aKOHOM BCEMUPHOrO TArOTEHMS YTO-TO HE TaKk.

[MprcTynato K U3N0XEeHUI0 CBOEro BUAEHUS 9TON Hay4YHOM Npobnembl.
Hn Kakoro npuTsbkeHUss MacCUMBHbIX Terl Mmexgy cobon HeT, a ecCTb
npuTankMBaHue 3TuX Ten, No4 BO34eNCTBUEM YacTul adupa. Bce 3Be3abl
N NNaHeTbl, Kak Obl NnaBalT B CBepxrerkom rase — adgwumpe. pn atom
YyacTuubl adupa KOHOEHCUPYIOTCS BOMM3M MaCCUBHbLIX Ten, Yyem bnumxe K
MacCMBHOMY Terny, TeM 4actuy acupa 6osnblle, OgHaKo 3TU YacTuubl
UMEIKT CPEOHIO CKOPOCTb XaOTUYEeCKOro [AOBWMXKEHUS MeHbLUe, YeMm
YacTuubl, Haxo4saLWmMecs BaanuM oT MaccuMBHbIX Ten. Bokpyr 3Besq 1 nnaHet
obpasyeTca Hekoe nogobue armocdepbl M3  YacTuy, adupa. 3Ty
aTMocdepy O4YeHb TPYAHO yBMOETb WM NOYYBCTBOBaTb, B BUAY Marion
Maccbl 4YacTtuy, acmpa. Ho nposiBrieHMe 3TUX 4acTul Ha MakpOypOBHe
BMONHe owyTumo. bonee akTMBHble, yaaneHHble OT MAaCCUBHbIX Terl,
YyacTuubl admpa okasbiBaloT N3bbITOYHOE AaBreHne Ha bonee MeasieHHbIe,
HaxoasLmnecs B6M3K MaCCUBHbIX Ten. YT100bI 4acTUYHO
CKOMMeHcMpoBaTb 3TO [daBneHve MeaSsieHHble  4YacTuubl  3dumpa
NpoABUraldTCA K MaCCMBHOMY Teny Crierka npoBopayMBadcb, U CO
BpemMeHeM 00pa3yloT CBOeobpasHbii 3(PUPOBOPOT BOKPYr MaCCUBHOMO
Tena. 9TO NOXoXe Ha 0ObIYHbIN BOAOBOPOT Npu cnuee Boabl. IMEHHO aToT
3(p1pOBOPOT M yBNEKaeT MraHeTbl U CAYTHUKM B KPYroBoe [AOBWXEHWE
BOKpyr 6onee wmaccuBHbix Ten. VIMEeHHO B 30He [eWCcTBUA 3TOro
3(p1poBOpPOTa HAYMHAET BbINOSTHATLCSA BCEMUPHBIA 3aKOH TAroTEeHUs. Ecnn
[iBa MACCMUBHbIX Tefna HaxoadaTcs Adanblue rpaHuubl acmpoBopoTa bonee
MaCCMBHOrO Tesna, NPUTSXKEHUS MeXay HUMK He npoucxoauT. W BpalleHune
nrnaHeT BOKPYr 3BE34 W WX «NPUTSHKEHME» K 3Be3fe ecTb pesynbrar
AencTeus YacTtuu acpupa. bonee nogpobHO ¢ Teopuen rpasuTaLn MOXHO
O3HaKOMUTLCHA B MOeu cTaTbe [2].

3pecb ymecTtHo GyaeT BCMOMHUTL 06 oamosHom Teopum OTO .
OHWTEeNHa, rOge MacCuBHble Terna Cco3fdaloT WCKPUBMEHME  MYCTOro
NPOCTPAHCTBO B KOTOPOE BTArMBalOTCA MEHee MaccuBHble Tena. B aton
TEOpUN HET [Jaxe Hameka Ha NPUYUHbI BO3HUKHOBEHWUSI MAaCCUBHbIX
OOBEKTOB, a TaK Xe Ha NPUYUHY BpaLLEeHUs NnaHeT BOKPYr 3Be3q U
CMYTHUKOB BOKpyr nnaHeT. Moe BuaeHuMe 3TOro Bonpoca obbsAcHseT
CUTyaLMIO Hanmynem aompoBOpoTa BOKPYT 3Be3bl UMW NaHeThbl.

Tenepb, Korga Mbl pasobpanucb C NpUpoaon Curbl BCEMUPHOTO
TArOTEHUS, MOXHO NepenuTM K pacCMOTPEHUI0 Bomnpoca O cunax,
OENCTBYIOLWNX Ha MnaHeTbl, Bpalwatowmecs BOKpyr 3Be3abl. [ocne moero
OTCTYNSIEHMS O NPUPOAE rpaBUTaLUN NOHATHO, YTO Ha NNaHeTy OenUCTByeT



cuna, 3acTtasndawowas ninaHeTbl BpawaTbCs BOKPYr 3Be34bl. ATO AaBMEHNE
yactuy adupa B 3PUPOBOPOTE, KOTOpPOEe npuaaeT  nnaHeTe
TaHreHUuManbHyl0 CKOPOCTb [OBWXKEHUS BOKPYr 3Be3gbl. Ha nnaHety
OEenCTByeT cuna npuTankuBaHUA K 3Be3fe (ee 3KBMBANIEHTOM ABNSETCA
cuna BCEMUPHOro TAroTeHus). TpeTbd cuna, 3TO cuna WHepuuw,
cTapaloLLascs CoOXpaHuTb AN4 nnaHeTbl NPSAMOSIMHENHOE ABMKEHNE, OHa C
bonbLwnm NpnonmxeHnem paBHa cune  npuTankuBaHug, HO
NPOTMBOMOJSIOXKHA €M NOo HanpasreHuio aeunucteusa. KMmeetrca u cuna
CONPOTUBIEHUA Cpeabl, 3TO CONPOTUBIIEHME YacTul acupa, U B NepByto
oyepeab COMNPOTUBIIEHME K M3MEHEHUIO HarnpaBfieHUs BEKTOpPA CKOPOCTM.
Bce cunbl, kKak Mbl BUOMM, aHanNornm4Hbl cmnam npu BpaweHnmn HebonbLworo
Tena Ha HepacTKUMON HUTU. KntodeBbiM (hakTOpoM, 06beaMHSOWNM 3TH
ABNeHus, sasnaeTca adup. Ero yactuubl BBICTYNAlOT B PO HUTH,
yaoepXusatwLlen nnaHety B6nmnamn 3eesgbl. Kak u B cnyvyae Tena Ha HUTH,
ANs BpalleHus nnaHeTbl TpebyeTca MPUTOK SHEPrun, COXpaHsoWwun ee
KMHETUYECKYID 3HEPINI0 U CKOPOCTb BpawleHunsa. I 3TOT NpUTOK 3Heprum
ocyLlecTBnseTca W30bITOYHbIM AaBrieHneM 6onee akTUBHbIX YacTul
adupa, NpuTanknearLmx NnaHeTy K ee 3Be34e UK CNYTHUK K NraHeTe.
EcTb elwe oanH dpakT, nogTeep)xaatowwmnm, 4To adomp CyLLecTBYeT, U
9T0 dpakT TOro, 4to JlyHa noBepHyTa K 3emrnie OAHOM CTOPOHOW.
OdmumnanbHas Hayka ToXe npegnaraeT Bepculo, OOBACHSAIOLWWYIO 3TO
ABMeHne. OTO CMeLLeHne LeHTpa TskeCTu JlyHbl B HanpasreHun 3eMIu.
Ho npusHaHue grakTa cyLlecTBOBaHUA YacTuy, adpupa genaeT 3Ty BEPCUIO
MakcuManbHO Npo3pavyHon u AocToBepHon. Bce obbscHsieT Puc. 2.

Pwuc. 2.

N kopabnb n JlyHa noBepHyTbI K 3emrie (3emne) ogHOM CTOPOHON U3-
3a cMelleHus ueHTpa TaxecTn. Bce bornee yem o4eBngHO, ecnu npusHaTb
dakT cywectsoBaHne admpa. B npotuBHOM cnydyae n ¢akt obpalleHus
JlyHbl K 3emne oOHOM CTOPOHOW, WM (PaKT OrpaHUYeHHOCTU [OeNCTBUA



BCEMUPHOrO 3aKoHa TArOTEHUSA CTAHOBATCA HEOOBACHUMbIM NapagokcoM B
donsuke.

BepHemca pOna  aHanu3a HEKOTOPbIX MOSIOXKEeHUA K  pasgeny
Bukuneaun, nNOCBSAWEHHOMY LIEHTPOCTpEMUTENbHOM cune. B aTom
pasgerne yTBepXaaeTcs, YTO LeHTpPOoCTpeMUTENbHAdA cua HanpasneHa, Hy
pasymeeTcss K LUeHTpYy BpalieHus. [pn 3ToM [okasaTenbCTB [aHHOrMo
dakta He npmBoauTcsa BoBce. U ele npuBoguTtca doopmyna gnga pacyeTta
LEHTPOCTPEMUTENBHON CUTSTbI:

[lokasatenbcrBa cnpaBeasIMBOCTM 3TON OPMYSibl Tak Xe He
npueoamnTcda. PasymeeTcs, Ha NpocTopax MHTEepHeTa Halwlenca canTt, rage
9TW BbIKNIagKU €cTb, NPUYEM OHM B TOYHOCTWU COBMagarT C AaHHbIMU U3
COBETCKOro LUKOMbHOro Yy4yebHuka uamkn. BoT Bblgepkka C canTta
https://3.shkolkovo.online/theory/959?Subjectld=33&ysclid=mahql18lyqg47
7320526 :

LleHTpocTpeMuUTenbHOE YCKOpeHue

Mpy paBHOMEPHOM ABUXEHUM MO OKPYKHOCTU C M3MEHEHMEM HanpaBneHust BEKTopa CKOPOCTH
BO3HUKAeT yeHmpocmpeMumesiHoe yCKopeHue, HanpasrneHHoe nepneHankynsapHoO BEKTOPY

ckopocTn ¢ Los LEHTP OKPYXXHOCTMU.
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LleHTpocTpeMuTenbHOE YyCKopeHWe BbluMcnaeTcs no popmyne:
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BbiBog (*)OpMy.ﬂbl Anda UeHTPOCTPpeMuUTesribHOro yCKopeHus
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|_|OCKOJ'Ibe ABWXEHNE NO OKPY>XHOCTU paBHOMEpPHOE, MOoAYIb NMHENHOWN CKOPOCTWU NMNOCTOAHEH:

3 nogobus TpeyronbHNKOB:
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lMpeobpasyem BbipaxkeHne 1 pasgenum obe yactu Ha INE

yCKOpeHMe no onpeaeneHnio:

MOﬂ,yﬂb YCKOPEHUA paBeH:
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HayHy pasbop cuTyaumMm C HanpaBneHust LeHTPOCTPEMUTESTbHON
CUJTbl U LIEHTPOCTPEMUTENBHOIO YCKOpPeHUs. B TekcTe ¢ canTta 4 noctasun
TPM NOMETKM KpPacCHOro LUBeTa ¢ Hymepaumen. A caenan ato ans yaobcrea
cBoero obbscHeHust. PaccmoTtpum kapTuHky (1). U3 Hee cnepgyeTt, 4To
HanpasfieHWe LEHTPOCTPEMUTENBHON CUMbl U LEHTPOCTPEMUTESTLHOIO
YCKOPEHUS CBA3bIBAIOT C HarnpasfeHWeM BeKTopa BEKTOPHOW CYMMb
BEKTOPOB CKOPOCTU, B3ATbIX HA COCEOHUX y4acTKax TPaeKkTopun OABMKEHUS
Bpaliatoweroca Tena. [lo BceM BMOAMMOCTWU, OrpaHUYeHUn Ha BbIOOP
BTOPON TOYKM Ha TpPaeKToOpuUWn OBWXEHUA Tera HeT, n 9 Mory BblbpaTtb
NPOU3BOSIbHO TPU TaKMX BTOPbIX TOYkM. Ha moem Puc.1 a Bbibpan Tpu
Takmx Toukm 2, 3, 4. OT HMX WUCXOOQAT TPU BEKTOpa CKOPOCTH,
COOTBETCTBYHLUMX 3TUM TOYKaM. Ha ManeHbKOM pUCYHKE BHWU3Y cripaBa S
n306pasnn BEKTOPHbIE CYMMbl NEPBOro BEKTOPA U TPeX BTOPbIX BEKTOPOB.
Ewe Ha Hem nomeyeHO HanpaBneHue Ha LeHTp BpawieHus. U3 pucyHka
BUOHO, 4YTO HW OOWH W3 BEKTOPOB BEKTOPHbLIX CYMM CKOPOCTEN He
HanpaeBneH B LUeHTp BpaweHusa. W3 4yero craHOBUTCA BUAHO
HEeCOCTOATENbHOCTb YTBEPXAEHUSA TOro, YTO LLEeHTPOCTpEMUTENbHAsS CUIbl
N UEHTPOCTpEMUTESIbHOE YCKOPEHME HanpaBfieHbl B LUEHTP BpalleHus.
Haxe ecnun 6paTb ManeHbkoe npupawieHme CKOpOCTU, 3TO HE NOJSTYYUTLCA.
UTOoObl BbLINOMHUTL 3TO YCOBME nNpurnexaiwine yribl K BEKTOPY CYMMb
BEKTOPOB CKOPOCTEN A0MkHbI paBHATbCA 90° | YTO HEBO3MOXHO Ans
TpeyronbHu1Ka, Bedb CyMMa BCEX YrfoB Yy Hero JomkHa pasHsaTbes 180°. K
TOMY e, eCnn NpPOTUBOSIEXALLUUA BEKTOPY CYMMbl Yron CTaHeT paBHbIM
HYMH, MpupawieHne CKOPOCTUM TaK Xe CTaHeT paBHO Hymw. BbiBog us
NPUBELEHHbLIX PAaCCYy>XOEHUA TaKoW, YTO BEKTOpP LEeHTPOCTPEMUTENBHON
CUNbl N LLEHTPOCTPEMUTENBHOIO YCKOPEHUS HWN KOorda He ByaeT HanpasrieH
B LEHTp BpaLleHna Tena.

Tenepb nepengem K BbiBOOQY OOPMYIibl LIEHTPOCTPEMUTENBHOIO
yckopeHusi. [loBHMMaTernbHee MpUCMOTpUMCA K opMyrie C  MOeMu
nomMeTkon (2). 3HayeHue MoAyrisi BEKTOPHOW CyMMbl |A »| ABNSAETCS
BENWUYNHOM nepemeHHon. Ecnn BbiIOOp BTOPOM TOYKM Ha TpPaeKTopun
OBWXEHNSA BpallaloLLerocs tena sBrnsgeTcs Npou3BOSibHbIM, TO 3Ha4YeHue
9TOro MoAyrs MeHSeTCs OT HyNd OO0 3HayeHus 2 | v | U CHOBa OO0 Hyns.
BpemeHHON wHTepBan a t npy 3TOM pacTeT paBHOMEPHO B CTOPOHY
yBenuyeHnda. W aTo npy HEM3MEHHOM 3Ha4YeHUn MOAyns CKOPOCTU | v |.
LleHTpocTpemMuTensHOEe YyCKOpeHMe He MOXeT UMEeTb MNepeMeHHoe
3HayeHMe [Ond OOHOM WM TOM Xe CKOPOCTUM BpalleHus  Tena.
CnepoBaTtesibHO, BblIOpaHHbIN MEeTOA HaXOXOEHUSA LLEHTPOCTPEMUTENBHOIO
YCKOPEHUSA HE ABNAETCHA BEPHbIM.

EcTb npeteH3un n Kk copmyne, ¢ moen nometkon (3). B Hen
aenaeTcs HeTovHasi 3aMeHa 3HayeHus |a R |/at Ha 3HayeHue | v |.



A R|-9T0O xopga, [AnNuvHHaA KOTOPOW, Bcerga MeHblue  ONUHHBI
cooTBeTCTBYOLWEN en ayrn |a R | = 2 R sin A ¢. N3 aToro crneayet, 4To
npeacraBneHHyro dopMyry LEHTPOCTPEMUTENBHOIO YCKOPEHUS MOXHO
paccmaTpumBatb, Kak  npubnmxkeHHyro. C  yyeToM  TOro, 4To
LEHTPOCTPEMUTENBHOMN CUMbl U LEHTPOCTPEMUTESNIBHOIO YCKOPEHUS He
cywecTtBsyeT U doopmyria Mx 3HadYeHuUs COAEPXUT oveBuaHble nNpobnemsl,
cnefyet, 4To dhopmyna ux onpeneneHns TepsaeT BCAKUN OOBbEKTUBHbIN
CMbICIT.

CoBbCTBEHHO 3TO BCE MOW COODpaKeHWUs, KOTOpble KacakTCa TakuUx
NOHATMN, KaK LEeHTpoCcTpemMuTenbHas U LeHTpobexHas cunbl. Hagerocs,
YTO 3aMHTEepecoBaHHble 4YuTaTenu HangyT MOM BblKNagkM BecbMa
NosiIE3HbLIMN.
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