O-p BunbwaHckun Anekcangp (U3pauns)
VIHeprm C TOYKM 3peHusA rpaBMTOHHOVI rmnoTe3bl

Cmamows na smy memy oviia mHot Hanucana 20 nosops 2006
eooa [JI.1]. Ilepepabomannviii sapuanm — 5 mapma 2009 e.
Bmopas peoakyus nepepabomannoco apuanma nocmynuna
6 pedaxyuio « Uncmumyma MUH» 30 mas 2013 2.

Ee 3akmiouana Takas ¢pasa:

«Taxum obpazom, cama nocmMamoska 60Npoca O makK Hazvieaemou "npupooe
epasumayuonHol maccol” owubouna. Henv3s ckazamsv, pasHvl medxucdy cobol unu Hem
"epasumayuonnasn” u "unepyuonnasn" maccor. Taxux PA3HBIX macc npocmo-nanpocmo
He cywecmeyem Kak makogvlx. Macca ecmv Koauuecmeo eewecmed, KOAUYecmeo
NPOMOHO8 (amomos) & eeujecmae, KOIUUECmE0 NPEOHO8, eclu Y200HO. Yckoperue 3moti
MAccol 80 8pemMsi NAOeHUs ABNAEMCS Pe3yIbMamom 63auMo0etiCmeus Mexcoy nPomoHamu
u epasumonamu. A yckoperue meia 8 20pUu30HMAaiIbHOM HANPAGIeHUU no0 8030elcmsuem
NPUTLONCEHHOU CUTbL 3ABUCUM MOJILKO U UCKTIOYUMENbHO OM NPULONCEHHO20 UMNYIbCA
(FT). I'pasumonwvr mym cosepwenno nu npu yuem.»[J1.1]

OKa3BIBaeTC$I, 9TOT BBIBOJ OBLIT TOoraa nmoCrClIHbIM, 1 I'PaBUTOHBI BCC-TAKH  «IIPH YCMM»...

[IpoGnema cocToUT B HEOOXOAUMOCTH BBIIBUTH (PM3MYECKYI0 MPUYHUHY SBJICHUS, TPU
KOTOPOM YCKOPEHHOE JBWKCHHUE TEJa MOJ JACHUCTBUEM MPHIIOKEHHOW CHUJIBI BbI3BIBAET
BO3HHUKHOBEHHUE CHJIBI IPOTUBOJCHCTBHS, B TO BPEMS KaK PaBHOMEPHOE MPSIMOJIMHEWHOE
TEeJI0O HUKAKOM TaKO# CHIIBI HE BBI3LIBAET.

B cratee paccmoTpeHa TONBKO  KaueCTBEHHas CTOpOHA SBJICHMs, 0€3 Kakux-1mbo
pacyeToB. DTO CYHIECTBEHHbBIN HEJOCTATOK CTaThbH, KOTOPBIM BUIUT U caM aBTop. Ho Ha
JaHHOM 3Talec CJICA0BAIO0 IMMOHATH JIMIIL CaMy CYTh SABJICHUS.

B u.1 «I'paButonukun» (Ilpunoxenne 1,2) [JI.2, JI.3.] npu paccMOTpeHUH ABUKEHUS TIO
KPUBOW JIMHUU B «I10JI€ TPUTSDKEHUs» (MOA JIefiCTBUEM I'PaBUTOHHOIO MPUTAIKUBAHUS)
OBLIO C OYEBUAHOCTBIO MOKA3aHO, YTO Ha OYE€Hb KOPOTKHUX OTpe3KaX JIMHbI U BPEMEHHU
npencrasieHue o HenpepbiBHO neiictByromeid CUJIE nenpaBomepHo. Ha mpaxtuke
BO3JICHICTBUE TPAaBUTOHOB Ha TEJO COCTOUT M3 UCKIIOUUTEIHLHO KOPOTKHUX «yAapoB» (Ha
caMOM JieJ€ JTO JaXe HE yAapbl, a B3aUMOJCHCTBHE I'DABUTOHOB «HA IPOJIETE» C
IpeoHamMu, oOpasyromMMH siapa atomMoB). llpu 3ToM OTHOCHUTENbHBIE WHTEPBAJIBI
BpeMell{LtH MEXIYy yaapaMu («CKB@KHOCTb») JIOCTUTalOT BechbMa OOJBIION BETHMUMHBI
Q=10"".

B sTux YCIOBUAX CICOAYCT pacCMaTpuBaThb B331/IMO}161710TBH€ KaK aKT Mepcaadnu «KBaHTa
OHEPIrumn», a NO-CymEeCTBY — KBAaHTa CKOPOCTH.



OTa Hallla NO3ULMUsl NPUHLMIHAIBHO OTIMYAETCS OT MPEJICTABIECHUS «BO3ACUCTBUS KaK
neiicrBus Hekoedt CUJIBI, u umeer ciencTBus, KOTOPbIE MOT'YT I10KA3aThCsl CTPAaHHBIMHU.
[TepBoe Takoe ciencrBre ObLIO pa3bsicHEeHO B [JI.2] — Ha ABMKEHUE Teja 0 KPYTY B MOJIE
TATOTEHUS IPYroro Tejla «rPaBUTOHHBIN ra3» 3aTpauynBacT dHEPruro. B To jxe BpeMs it
MIOCTOPOHHEro HaOJroAaTessl JBUKEHHE TeJ 1O KPUBOJUHEHHBIM TPACKTOPUAM B
KOCMOCE IPEICTaBISETCS IBUKEHUEM O3 3aTpaTbl 3HEPIMU (UTO MPOTUBOPEUUT JAXKe
MMOBEPXHOCTHBIM BBIBOJIAM U3 HAOIIOAA€MBbIX SBICHUIN).

Tak, ceromHs yXe XOpOIIO HM3BECTHO, UYTO KOCMHYECKHME KOpaOiaH, IBUIasicCh IO
HEKOTOPbIM CHENHAIbHO PACCYUTAHHBIM CIOKHBIM TPACKTOPHUAM BOIU3U OOJBIINX
IUTAaHET, MPHUOOPETAIOT JOMOJIHUTENBHYI0 CKOPOCTh IOCie IO0J00HOro MaHeBpa — a
3HayuT M HHepruto. OTKyma Oepercs 3Ta SHEPrHs, <«IIOMyJSpPU3aTOPbl OT HAYKH»
IPEANOYUTAIOT YMATIUBATh.

OkaspiBaercs, 4To M mpu paccmorpeHun siineHus uHepuuu B IIYCTOTE  tpyano
NPUATH K aJCKBaTHBIM BBIBOJAM, HWTHOPUPYS CaM KBAHTOBAaHHBIM  «CIOCOO
B3aMMO/ICHCTBUS» TPAaBUTOHHOMN cpejibl ¢ aroMaMu. [Ipu mo100HBIX MOMBITKAX MBI OyJIEM
BBIHYK/JICHBl OINEPUPOBATH HCKJIIOUUTEIIBHO C MATEMAaTUYECKUMH 3HAYKaMH, TaK WIIA
MHaYe CBA3aHHBIMU CO CJIOBECHBIM OMHMCAHHEM HaOI0JAaeMOro SIBICHUS, CYTH KOTOPOTO
MbI HE IOHUMAEM.

[loaTomy B panpHEHIEM Mbl NPOCTO BBIHY)KJEHBl IPHUAEPKUBATHCS  IOJOKEHUIN
I'paButonuku [JI.2] O cyliecTBOBaHMM W XapaKTEPUCTHKAaX «TPABUTOHHOIO Ta3an,
3aI0JHSIOIIETO IPOCTPAHCTBO.

[Ipu >TOM crenyer y4yuThIBaTh, YTO B3aMMOJEWUCTBHE TI'PAaBUTOHA C 0ojee KPYIHBIM
00BEKTOM  (TENOM), TaKXKE COCTOSIIIUM M3 TPABUTOHOB, IMPOUCXOAUT HE B (opme
«yIpPYroro yjaapay, a IpH MpOXO0KJIECHUH I'PaBUTOHA CKBO3b TEJIO (HACKBO3b); MPH 3TOM
TPaBUTOH OTIaeT Telxy o4deHb HeOonbiryio 4acth cBoeii CKOPOCTU («wnemeHTapHYIO
CKOpOCTb»). Takoe SBIE€HUE MPOUCXOAUT KaK BCIEICTBUE TOTO, YTO I'PABUTOH HMEET
UCKJIFOUUTENIEHO OOJIBIIYI0 CKOPOCTh MO CPaBHEHHUIO Ja)ke CO CKOpocThio cera [JI.2],
tak u Beaeactsue toro, uyrto IIPEOH (cnemyrommii mo upepapxuu ypoBHEH OOBEKT,
CKBO3b KOTOPBIH ITpOJIeTaeT rpaBUTOH), CaM COCTOUT U3 BUXpA rpaBuToHOB [JI.2], ogHaKo
3HAYUTENIBHO 3aTOPMOXKEHHBIX IO CpPAaBHEHHUIO C TPaBUTOHAMU T'PaBUTOHHOTO rasa.
(Henp3ss uWCKIIOUNTH, YTO OHM M €CTb TE€ cCaMmble «HEHUTPUHO», OJHAKO 3TO
MIPEeIoIoKEeHNE TpeOyeT JOMOIHUTENBHOTIO aHAJIN3A. )

['paBUTOHBI «TPaBUTOHHOIO Ta3a» MPOXOIAT Yepe3 TEI0 BO BCEX HANPABICHUAX; HAC
OyzneT MHTepecoBaTh Clly4yail, KOrja 4YacThb I'PAaBUTOHOB IPOXOJHUT 4Yepe3 OOBEKT BO
BCTPEYHBIX HAIlPaBJICHUSAX.
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Puc.1. IIpsmoyronbHUKOM 0003HAYEHO TEJIO (MPEOH)



Ecian Teno He ABMiKeTCS OTHOCUTENIBHO CHUCTEMBI KOOPJIMHAT, CBA3aHHOM CO CPEeIHUM
II0JIO)KEHUEM T'DAaBUTOHOB B Ia3e, TO 3TU JBa IIOTOKA COOOLIAIOT MPEOHY AJIEMEHTapHbIE
(M, ecTeCTBEHHO, paBHbIE) CKOPOCTH B TMPOTHBOIOJOXKHBIX HampaBiIeHUsIX. Teso
HaxOJIUTCS B TIOKOE.

Ecim Tesio nBHKeTCSI PaBHOMEPHO (M TMPSMOJIMHEHHO, Ui OMPEICIEHHOCTH), TO
KOJIMYECTBO HUMITYJIbCOB CKOPOCTH (2JIEMEHTApHBIX CKOPOCTEH), MOJYYEHHBIX UM OT
IpaBUTOHOB MOTOKAa C, paBHO KOJIWYECTBY 3JEMEHTAPHBIX CKOPOCTEH, MOTYyYEHHBIX OT
notoka D; puc.2.

Puc.2. HenonBuHbli (OTHOCUTEIBLHO IPAaBUTOHHOTO ra3a)
WJIH IBUXKYIIUICS paBHOMEPHO OOBEKT (IIPEOH)

Ho ecnu MbI 3aX0TUM y4ecTh €lle U OTHOCUTEIbHYIO CKOPOCTh Tena (IPEOHOB Tela) 10
OTHOILIEHUIO K CPEJHEH CKOPOCTU I'PAaBUTOHHOIO I'a3a, TO HYKHO IPUHATh BO BHUMAHHE
BpeMs B3aMMOJCHCTBHSI TPaBUTOHA U NPEOHA, cuuTas ero koHeuHelM. B OTOM ciyuae
g otokoB C u D cutyanuum Oynyt pasnuunsiMu. Ecniu Teno aBukercs, Harnpumep,
BIIPaBO, TO TIpPaBUTOHBI MoToka D (uaymero cmnpaBa HaleBO, BO BCTPEYHOM
HalpaBJIeHUH), OyayT HaXOJUThCS BHYTPU IIPEOHOB Tela MEHbIEE BpEMs, YeM
rpaBUTOHBI TOTOKA C.

[ToaTomMy, HECMOTpST Ha TO, YTO MPHU JBWIKEHUH Tella BIPABO KOJIUYECTBO MPOIIEIIINX
yepe3 000N MpPEeoH Tena TPaBUTOHOB OyneT HECKOIbKO OOMBIIMM, HO W BpeMs
HAXO0XJICHUS TPaBUTOHA BHYTPH MpeoHa OyAeT MpomopIuoHanbHO MeHbIHM. (To ke u
JUIsL  ABWKEHUsT B oOpaTHOM Hampasienuu). [losTomy cyMmapHas BelIMYHMHA
ANIEMEHTAPHBIX CKOPOCTEH CO CTOPOHBI KaXJOr0 TIOTOKA OCTaeTCs IOCTOSHHOM —
KOJIMYECTBO  TPAaBUTOHOB, BXOJAIIUMX  (CIIpaBa)  yBEJIMYMUBACTCS, HO  BpeMs
B3aUMOJICVCTBUS — YMEHbIIAETCA. T0 ke U ciesa.

CymMma »lIeMEHTapHBIX CKOpPOCTEW clpaBa M CIeBa OKAa3bIBAETCS PABHOW HYIIO TPH
T000¥ CKOPOCTH JBMIKYIIIETOCS 00BeKTa!

Ecin ke Tejl0 HaUMHAET ABUTATHCS € YCKOPeHUeM (I10J JeHCTBUEM MPUIIOKEHHON K
HEMy BHEIIHEHN cuibl F, puc.3), To cuTyanus MeHsAeTCs.
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Puc.3. K o6bekry npunoxena CUJIA, 00bEKT IBUKETCS YCKOPEHHO.

Cuna npunoxkeHa K KaKJIoMYy IPEoHY, Yepe3 OOIIyIo Ui BCeX aTOMOB (M IPEOHOB) Teja
aTOMHYIO pelIeTKy. JTa CHja CO3/1aeT KBAaHTOBAHHYIO MPHOABKY K CKOPOCTH KaXKIOTO
IIPEOHA ITOTO TeTA.

Cuna D, Bo3HuKaroas OT JaBJICHUS TPABUTOHOB «CIIPaBa», YaCTUYHO KOMIIEHCUPYETCS
NpuiIoKeHHON wu3BHe cuioi F. (Tounee cremyeT TOBOPUTH O KBaHTaX CKOPOCTH,
COOOIIaeMbIX Tedy HMCTOYHMKOM cuibl F). I Torma peanbHOE YCKOpPEHHME HAuMHAET
OCYUIECTBJIATHCA KBAHTAMHM CKOPOCTH OT BO3JEWCTBUsI I'paBUTOHOB mnotoka C. bamanc
cun  («KBaHTOB CKOpPOCTEW») HapylIaeTrcs, Teao (MpeoH) HAYMHAET YCKOPSTHCS.
(Mutepecno, uto yckopenue 10 M.ceK? B «IPCOHHBIX» MAcIITabax TO «MHKPOHBI 3a
MUKPOCEKYHIBIM! ).

[To-cymecTBy 3TO €cTh UMEHHO (PU3UYECKOE OOBSICHEHHE SIBJICHUSI MHEPIIUH.

Te xe IMpOoLECChl MPOUCXOAAT IIPU TOPMOKCHHH, TaK KaK TOPMOXCHHEC HHUYCM HC
OTJIIMYACTCA OT YCKOPCHHU, TOJIBKO 3HAKOM BCKTOPA.

Ka)KI[BIfI HaBCpHOC NOMHUT, YTO IPU TOPMOKCHHUU aBT06yca nepen OCTaHOBKOH Tak
Ha3bIBacMasl «CHJia MHCPLUW» BHAYAJIC JOBOJHLHO 6oanas[, HO IO MEPC TOPMOKCHUA U
CHUXCHUA CKOPOCTU §19%(e10) a0 paBHOMepHOﬁ, 1100 a0 camoit OCTAaHOBKH, CUJIa MHCPpUHUN
BCC BpEMA YMCHLIIACTCA (B IIOJTHOM COOTBETCTBHH C OIIMCAHHBIM BBIIIC HpOIIeCCOM).

Buewnuilt HabmogaTens OyaeT BUAETh TO, YTO OMKMCAHO BO BCeX y4eOHHMKaX — Ha TEJO
ako0bl neiictyer CUJIA, u teno yckopsiercs. A npu npekpamenun neiicrsus CHUJIbI
TENO TPOJOJKAET pPaMHOMEpHOe BrkeHue. M Hao0opoT. DTO W €CTh SBIICHHE
NHEPLINN.

HyxHo Tonmbko moMuUTh, uTo CUJIA — 3T0 cymMMapHOE BO3AEHCTBHE DJIEMEHTAPHBIX
ckopocreii [J1.2].

*

OTH BBIBOJBI MOATBEPXKAAIOTCA MPSIMBIMH HAOMIOJEHUAMU KOCMOHaBTOB Ha Jlyne. [lo
TOTO, Kak OHM TaM MOObIBaIM, NPEINOJNOKEHUE O PAaBEHCTBE TI'PAaBUTAIMOHHOM U
MHEPIUOHHOW Macc ObUIO TOCHOACTBYIOIIMM. M 3TO monoXeHue, Kak OKa3aloch, He
COOTBETCTBYET HaOJIOJIEHUAM KOCMOHaBTOB [JI.4], U3 KOTOPBIX CleAyeT, 4YTO HECMOTPS
Ha INECTHKPAaTHOE YyMEHBIIEHHWE HMX COOCTBEHHOIO Beca, HEOOXOTUMBIE YCWIHS IO



MEePEIBIKEHUIO MPEAMETOB M UX CAMHX B TOPHU30HTAILHOM HANpPaBICHUU OBLTU TE KE
camble, uTo ¥ Ha 3emite. (M3 vero, kcraTu, MpsMo ClieAyeT, 4To Ha JIyHe OHM BCe-Taku
MOOBIBAJIN).

3akiaoueHue

1. Tlonumanue GU3MUYECKON MPUUUHBI SBJICHUS HHEPIIMH CTAJI0 BO3MOKHBIM TOJIBKO
C MO3UIMKA OCHOBHBIX BBIBOJIOB I'paBUTOHMKHU [JI.2]. Okazanoch, 4TO MEXaHUKa
B3aUMOJICHCTBUSI TPAaBUTOHOB C MPEOHAMH WHAs, YEM IMPOCTO MEJIKMX YaCTHIl C
Oosee KpymHbIMH. ['paBUTOH He OTpa)kaeTcsi OT ropa3fo 0ojee MacCHUBHOTO
IpeoHa MyTeM yjaapa; OH MPOXOJHUT IMPEOH HACKBO3b, OOMEHHBASICh C HHUM
3JIEMEHTAPHBIM HMITYJILCOM IO cxeme, onucanHoi B [JI.2, JI.3]. Onucanublii B
CTaThe «MEXaHWU3M» WHEPIMU COOTBETCTBYET HAOIIOJaeMbIM Ha MPAKTUKE
saBieHusIM. OJHAKo, caM 3TOT «MEXaHHU3M» OKazalCs «3alpsATaHHbBIM» Ha
rIIyOWHEe, COOTBETCTBYIOIICH YPOBHIO ITAPAMETPOB TPABUTOHOB.

2. Kaxk 6bu10 nokazano B [J1.2], siBjeHHe TpaBUTAIMK CBA3aHO C CYIIECTBOBAHHEM B
MPUPOJIE TPABUTOHOB, U UX B3aUMOJEHCTBUM C BelmiecTBOM. [IpuumHa siBneHus
WHEepLHH, B 00IIEM, Ta XKe camasi, «rpaBUTOHHas». [losToMy, BUIUMO, 1 PaBHBI B
36MHBIX YCJOBHUSIX TaK Ha3bIBAEMbIC «TPABUTALIMOHHAS) M «UHEPIIMOHHAS
Macchl. TONBKO NP OOBSICHEHUH SIBIICHUSI MHEPLIUU MIPUXOJAUTCS BBISICHATH OoJiee
TOHKHE OCOOEHHOCTH 3TOr0 B3aUMO/IEHCTBUSI.

30 uroust 2016 1.
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