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0 BO3MO>XHOW CBA3UN ®U3NYECKUX 3AKOHOB
C PACLLUMPEHVEM BCENEHHOW

Harinerno pemerne 3azaywu o DOPMYTHPOBKE PUIHIECKHX 34KOHOB B pacHupsro-
merics Beerenroti. B kawecrse NIPHMEPA PACCMOTPEHBI yPAaBHEHHS HEPEIATHBHCTC-
Ko#f mexawnkd. ITokxaszaro, uyro JHECPIHSA H MOMEHT HMITYIBCA CHCTEMBI IDABHTAIIHOH-
HO B3aHMOZCHCTBYIOIIHX YacTHI He COXPaHAIOTCA. ITO 06CTOATENBCTBO 06BACHICT
TIIDHPOZY MOMEHTOB HMITY/IBCOB I'AJAKTHK H II03BOJIACT OTKA3aTHCS OT IIPEACTABIACHHS
" Becerernro#,

0 “ckprITOH Macce’
Bsenenue

PaccmarpuBaemblii B naHHOI paGoTe BOIIPOC MMEET CBOMM HCTOKOM [IPUH-
uun Maxa. Ilocte oTKpbiTHA pazberanusi ralakTHK OH aHaju3uposaics u-
paxoM [1], Muntom [2], Bouuu u Tongom [3], Xoitom (4], psoom mpyrux
MCCJIeNoBaTe el U Hallles CBOe OTPaKeHHUe Jaxke B yueGHUKe [3].

3ajiaua COBPEMEHHO KOCMOJIOTHH 3aK/IOYAETCS B OIHCAHNN HabII0IaeMBbIX
CBOCTB BeeleHHOI ¢ MOMOIIBIO N3BECTHBIX (PH3MYECKHX 3aKOHOB. ITostomy oHa
Ga3upyeTcsi Ha CJIELYOMMX UCXOIHbIX NIOCTy/aTax: B Pa3/MYHBIX yacTsax Bce-
JIEHHOM J1efCTBYIOT OIMHAKOBbIE (PUBNYECKHE 3aKOHDI, 3BOJTIOIMS BCETICHHON 1
Habo/aeMbI€e B Heil IBICHUS MOYMHSIOTCS H3BECTHbIM (bUBITYECKUM 3aKOHAM.
IepBbiii 110CTY/IaT KOCBEHHO TOATBEPIKIACTCS ACTPOHOMMYECKUMH Hal/II0eHH -
AMU 1 yKa3blBaeT Ha To, uTo Bcenennas nosnasaema. /laHHOEe mccienoBanue
TpebyeT 3aMeHbI BTOPOTO IOCTYJaTa 06 9KCTPAIOJIALMU U3BECTHBIX 3aKOHOB U
AJIA 3TOTO €CTb OlpeJe/IeHHbIE OCHOBaHUSA. TaK, U3BECTHBIC 3aKOHBI MMEIOT JIO-
KaJIbHBII XapaKTep B TOM CMBICJIE, YTO OHU YCTAHOBJIEHBI U O TBEPIKAEHBI IKC-
[IEPUMEHTAJIPHO HCKJIIOUNTENIBHO B OHOM JIOKaIbHOM 061actu Beestennoit. 3Ha-
YUTENBHO 6OJTee CUJIBHBIM apryMEHTOM B TI0JIb3y 3aMeHbI BTOPOTO TIOCTYJIaTa
ABJIACTCA TOT (AKT, YTO B COBPEMEHHOI TEOPHH IPAaBHTALMOHHO HEYCTOMYUBO-
CTH raJlakTHKU He o6pasyiorcst [6]. K aTomy cienyer n06aButh Takske CYILECTBY-
foIKe Ha MPOTAKEHUH JNeCATKOB JIET HPOG/IeMBI IPUPOBI “CKPBITOH Macchl” 1
MOMEHTOB HMITYJIbCOB Ta/laKTHK [6]. ITO yKa3bIBaeT Ha aKTyaIbHOCTD Pa3paboT-
KU aIbTEPHATUBHBIX KOCMOJIOTUYECKUX TEOPHIA.

B nacrosiueit paGoTe B KauecTBe HCXOMHBIX IPUHATHI IIOCTYJIaT O €INHCTBE
¢usrIecKIX 3aK0HOB Bo Beesennoit n npusimyn JIOKQJIBHOCTH, YTBEPKIAIOI NI,
4YTO B OJHO JIOKaIbHO 06J1aCTH TIpocTpaHcTBa BeesleH ol He3aBUCHMO OT Bpe-
MEHH CIPABETUBbI U3BECTHDbIE (pU3HIeCKHe 3aKoHbI. COBMECTHO C IEPBBIM I10-
CTYJIaTOM 3TO yTBEPKAECHHE SKBUBAJICHTHO CJIEAYIOWIEMY: B 000 JOKAIbHOMN
obsactn Bcenennoit HEHCTBYIOT M3BECTHbIe (u3nMyecKue 3aKoHb. Kak BujHO,
9TO TIOJIOKEHUE SIBHO He UCKIIOYaeT HE3aBUCHMMOCTb 3aKOHOB NPUPOXBI OT 3BO-
Jony BeeneHHOH, HO TpebyeT pellleHns BOIpoca 0 MX BO3MOKHOI CBSI3L.

Huxe nokasano, kak HaGmonaeMble cBoiicTBa BeeleHHON u yTOUHEHHBIE
(OpMyTMPOBKH IIPHHSTHIX OCTYJIATOB MO3BOJISAIOT HANTH 3aKOH KOCMOJIOTH-
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HECKOTO pacIIMPpEHHs, BBIACHUTD HEKOTOPBIE CBOWCTBA (PU3HUYECKUX 3aKOHOB
B pacummpsooueics BcereHHOH M ycTaHOBHTDH aNTOPUTM MX HOCTPOEHHS.
B kavecTBe nmpumepa paccMOTpeHBI ypaBHeHHs HEPEISITUBUCTCKOM MeXaHU-
KH, TIO3BOJIAIONINE BBIACHATL IPUPOY MOMEHTOB UMILYIbCOB TATAKTHK, TO/I-
BCPTHYTb COMHEHHIO CYIIECTBOBAaHUE “CKPBITON Macchl” BO BeeeHHON 1 yKa-
3bIBAKOI[ME Ha BO3MOXKHOCTh 00pa30BaHUs TalaKTHK.

OcHoBHas yacTh
JakoH KocMosormyeckoro pacmpernd. Hanbosnee obume Habmonae-
Mbl€ CBOMCTBa BcesleHHOM BBIpaXaloTcs AByMs YTBEPXKAECHUAMU: IPOCTPaH-
CTBO BcesleHHOI IIIOCKOe, CIIpaBeiuB 3akoH Xa66ia. ITepBoe mo3Bosser
MCIOJIb30BaTh METPU30BAaHHbIE KOODAUHATHI F U BpeMsl ¢ B 3akoHe XaG6ia
ﬂ = Hr, )
dt
KOTOPBIN TaKk NpocTo hOPMYAMPYETCst JIHIIb B OIIpeReIeHHBIM 00Pa3oM BbIG-
paHHO# (xa66I0BCKOH) cHcTeMe OTcyeTa. PaccmarpuBasi wacte Beementof,
OlIpe/IeIIEMYIO0 HEPaBEHCTBOM (dr/dt)2 <<¢?, TIe ¢ — CKOPOCTh CBETA B Ba-
KyyMe, COBMECTMM Ha4alo CHCTEMBI OTCYETA C MEHTPOM Mace J06Oro TeJa,
ABHOKyIlerocs nmo 3akony (1). B pesyibrarte nmosyunm xab6I0BCKYIO cUCTeMy
OTCYETa, MOCKOJIbKY B HEN TaKxe CIpaBenuB 3akoH Xab6iua. MoxHo npen-
CTaBUTh cebe aHcaMbJib XaGOIOBCKUX CHCTEM OTCY€eTa, IIOCTAaBUB B COOTBET-
CTBHE KaX/I0H TOYKe IIPOCTPAHCTBA HabmofaeMolt BeesleHHOM 1x Hayama oT-
cyeta. Huxe mox xaG6m0Bckoit cuctemoii oTcuera NI0/Ipa3yMeBaeTCsl 0601
9JIEMEHT 3TOTO aHCaMOJIs.
3ajiaya 3aKII0YA€TCS B OTBHICKAHUM 3aBHCHMOCTH MOCTOAHHON Xab6J1a
H or Bpemenn ¢. Jlus ee PCILICHUS UCTIOIB3YEM KOCMOJOTUYECKUHA IPUHIATI
OTHOCUTEJIBHOCTH [7], yTBEPXKAAIOMINI €IUHCTBO 3aKOHOB Ipuponas! Bo Bee-
JIEHHOW: B pacmupsiiomeiics Bceenennoit CYWICCTBYIOT CHUCTEMBI OTCYETA, B
KOTOPBIX BCe (pU3MYECKHE 3aKOHBI BEIPAXKAIOTCS Hamboiee HPOCTO U OIMHA-
KOBbIM 06pasoM. Bossparasics Telepb K XabOI0BCKOMY aHCaMOIIO CHCTEM
OTCYCTA, B KOTOPBIX 3aKOH PaCHIMPEHMs BBITJISIAUT HauGoiee IPOCTO, NMPUXO-
AMM K BBIBOAY 00 MX NPUBUJIETHPOBAHHOCTH H 3KBUBAICHTHOCTH OTHOCH-
TeJIbHO Beex (GuU3uvecKkux 3akoHos. C Apyroi CTOPOHBI, COTJIACHO IPUHIAITY
JIOKQJIBHOCTH, B OKPECTHOCTH HayaJa Jiio6oi xa66I0BCKON CHCTEMBI OTCYETA
CIIpaBe/UIMBBI M3BECTHBIE (DUsMYeckue 3akonbl. Onu 06JanaoT HanGosee o6-
UMM CBOMCTBOM, BBIDA’KAEMBIM IPUHIMIIOM OTHOCHUTEJIBHOCTH, B COOTBET-
CTBHU C KOTOPBIM (DU3UYECKW 3KBUBAJECHTHBIMU U [PUBHUJICTUPOBAHHBIMU
FABJISIIOTCS. MHEPLUATbHBIC CHCTEMBI OTCYETA, HE IIOABEP)KEHHBIE BHEIIHUM
BoszielictBusaM. TaxuM o6pasoM, xaG6I0BCKHe CHCTEMb! OTCueTa IpuHaJe-
HKaT KJlacCy WHEPLHATbHBIX CHCTEM, a UX OTHOCHTENBHOE IBIDKEHUE ocyie-
CTBJIACTCS COTJIACHO 3aKOHY MmiiHa;

ar_r 2)
dr ¢t
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B KoTopoM H =¢"'. CripaBeanuBocTh 3akoHa MIuHa (2) B mo6oit obaacry,
OTPaHHYEHHOMH yCIOBUEM p? << (ct)z, IIPUBOJUT K BBIBOJY O €r0 CIIPABEIN-
BOCTH B Habuogaemoit BcemenHoil. dtor Pe3yJIbTaT COIJIACYETCS C Hheelt
Maxa o ToM, 4To HHEpUMATbHBIE CHCTEMBI OTCYETA BBLICSIOTCS yCpeJIHEeH-
HBIM JIBMOKEHUEM HEOECHBIX TeJl.

Hexoropsre cpoficTpa rirobansarx gusmyeckux 3axonos, Vsioxenibe
HUKE CBOHCTBA ABJAKTCS, B OCHOBHOM, CIECTBHAMM 3aK0oHa MIIHA 1 KOC-
MOJIOTMYECKOrO IPUHIIUIA OTHOCUTEIbHOCTH.

1. @usnaeckne 3axonsr operr-kopapuanTHeL. JIBe mobbie xab610BcKe
CHCTEMBL OTCYeTa BCJIEICTBHe (2) cBssaHbl mpeobpasoBanuamu JlopeHna u,
COTJIACHO KOCMOJIOTUYECKOMY NMPUHIIUITY OTHOCHTEJIBHOCTH, (PU3NYECKHE 3a-
KOHBI B pacummpsroineiicsas BeeneHHoll sBistiorcs JIOPEHII-KOBADUAHTHBIMH.

2. Jxepris, a TakKe OTIIHYHBIC OT HYJIS HMITYI5C H MOMCHT HMITYJIECA JII0O0H
ustieckor cacremsr He coxparsrorcs. TIpoCTpaHCTBEHHbIE 1 BPEMEHHbIE TpaHC-
JSIIMK He coflepkatcst B npeoGpasosanisix Jlopentfa. IToaToMy rio6ambHbe J0-
PEHI-KOBapHaHTHBIE (PUBMYECKUE 3aKOHBI, KaK 1 3aKOH MUJIHA, M3MEHSIOTCS npu
TIPOCTPAHCTBEHHbIX U BDEMEHHBIX C/IBUTaX, TO €CTb ABHO 3aBHCAT OT KOOPAMHAT U
BpeMerH. C1e/0BATeNbHO, IPOCTPAHCTBO M BPEMs HEOHOPOAHDI, a dbynrameH-
TaJIbHBIC 3aKOHBI COXPAHECHUsI B PacIIUpsitouieiicsa BceleHHOM He BBIMOJIHAIOTCAL

3. CHpaBesINB 3aK0H COXPAHEHHS JBHAKECHHS HeHnTpa macc. 3akon Mur-
Ha (2) onuchiBaeT HaGmoaeMoe pasberaHne TalakTUK UM HX CKOILJIGHUH, IT0-
STOMY €ro CJIEAyeT WHTEePNPETHPOBATh KaK BRIPAXKEHHE 3aKOHA COXPaHEHHUS
ABHKCHUS LIIEHTPa Macc, MOJBEPKEHHBIX TPaBUTAI[IOHHOMY B3alMO/IEHCTBHIO.

4. Qusnyeckne 3aKOHbI HE HMEIOT JIATPAHKCBOL gopmy.tnposk. Kax no-
KaJIbHbIe, TaK ¥ I106abHbIe (pU3NYecKre 3aK0Hbl KOBAPHAHTHBI OTHOCUTEIHHO
TPOCTPAHCTBEHHDBIX BPALICHH, IPUHAJIEKAIINX TPYTITe IpeobpasoBanuii Jlo-
perna [8]. IIpu HecoxXpaHeHHH MOMEHTa HMITy/Ibca TJIOGATbHBIC 3aKOHbI HE
MMEIOT JIaTPaH’K€eBOLl (POPMYTMPOBKH, TIOCKOJIbKY B IPOTHBHOM CIIyyae, BCIEI-
CTBHE Teopembl Hérep, MOMEHT MMITy/IbCa — COXPaHSIOMAsCS BETMYHHA,

5. I106a/15HBIE 33KOHBI JOIKHBI IIOAIHHATECA IIPHHIHITY COOTBETCTBHA.
Ilonaraa B (2) t=¢"+7, rme ' — Havamo oTcueTa BPEMEHU, U TEPEXos K
npezieny ¢* — o , BMecto (2) NONy4YnM dr/dz =0. 3T0 03HAYAET, UTO PacLIn-
perne orcyTcTByeT. CleoBatesbHO, I7106aIbHbBIE 3aKOHBI B JaIeKOM Gyny-
IIEM NI0/BKHBI COBMAJATh C COOTBETCTBYIOUIMMH, HE YYUTHIBAIONIMMH PACLIH-
penne BceneHHOT, U3BECTHBIMU 3aKOHAMHU.

3amevanne. QyHzaMEHTAIbHBIE PUIHICCKIHE TOCTOSTHHBIE, COAEPAKAIHECH B
H3BECTHBIX 3AKOHAX, HE 3ABHCAT OT BDEMEHH. DTO YTBEPKIEHHE SIBIISETCS CIE]I-
CTBMEM NMPUHLNIIA JIOKATBHOCTH. Y TBEPXK/IaeMas UM WIECHTHYHOCTD (PH3HUECKHX
32KOHOB B IIPOCTPAHCTBEHHOM OKPECTHOCTH HayaJa JIIo60i XxabOI0BCKOH cUCTe-
MBI OTCHeTa O3HAYAET MACHTUYHOCTD YNCJEHHBIX 3HAYEHUH (DyH/TaMEeHTATbHBIX
(bUBNYECKUX NOCTOSHHBIX. VX MOCTOSIHCTBO CJIelyeT U3 TOrO, YTO KaXKADBIH 3J1e-
MEHT XaB0I0BCKOrO aHCaMOJIst XapaKTepH3yeTcs cOGCTBEHHBIM BDEMEHEM.

DopMyIHPOBKa (PHIHYECKHX 3AKOHOB B pacmHpsamomelrics BeereHHOH.
IIpencrasnenne o xa6610BckoM aHcaMbe, yTOUHEHHUE NPUHIIUIIA JIOKAJbHOC-
TH, a TaKXe TpebGoBaHMUe JIOPEHI-KOBAPUAHTHOCTH SABJIOTCS KIIOUOM K ¢op-
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MYJIUPOBKe N0GATbHBIX 32KOHOB Ha OCHOBE H3BECTHLIX 3aKOHOB, KOTOpbIE
OOBIYHO BBIPAXKAIOTCS R epeHIaTbHBIMU YPaBHEHUAMI. B puKcupoBan-
HOi XaG0JIOBCKOIT CHCTEeMe OTCYeTa MK B CHCTeMe Habmofatens K Kaxaoi
TOUKE NIPOCTPAHCTBa-BPEMEHH (r, ) COOTBETCTBYET HAYAO0 XaGOI0BCKOM Cil-
crembl otcyeta K’ wnu noasuxkHas Touka c KoopaumHatamu (0,¢). Taxum
06pa3oM, BO3HMKAET MpecTaBIeHHe o HETIPEPHIBHOM MHOXECTBE TOYEK ITPO-
CTpaHcTBa-Bpemeny (0,#'), KaXuasi M3 KOTOPbIX HE3ABUCHMO OT BDEMEHU SIB-
JIFIETCA HayasIoM XabOIOBCKOH cHCTeMbI oTcyeTa. DTo OTKPbIBaeT BO3MOX-
HOCTb CYUTATh OOJACTIO ONPeNeIeHHs GYHKIMI, IOMYMHEHHDBIX U3BECTHBIM
YPaBHEHUAM, MHOXECTBO NOABMXHBIX ToueK. OUEBUAHO, YTO B 3TOM cly4ae
JIOKQJILHBIC 32KOHBI, COXPaHsIs CBOIO HOPMY HEM3MEHHOIH, OyAyT y4uTHIBaTH
pacimpenne BeesenHoit, nockonbky dpasy “bynknus onpeneneHa B Toyke
(0,£)” Hy>XXHO moHUMaTh Tak: dyHkuua onpenenena B cucteme XK' B Touke
(0,7'). Tloatomy cremyer cumrath, uto nbdepeHIatbHble yPABHEHNS, Bbi-
P2XKalolie U3BECTHbIE (DUINYECKUE 3AKOHDI, CBSI3BIBAIOT GbyHKIMY 1 X npo-
MSBONHbIC, ONPE/eIeHHbIe B TOYKAX Hayana XaGOIOBCKHX CHCTeM oTCyeTa.
Torna yTouHeHHBI TPUHIMI TOKATLHOCTH [IACHT" B pacmupsionreiics Bee-
JIEHHOM M3BeCTHbIe (PUHYECKHE 3aKOHDI CIpPaBEJNTUBLI B TOYKE Hayaja JIo-
00l Xab6.10BCKOI CHCTEMBI OTCUCTA,

Tpebopanue nopemu-kopapuanTHoCTH YCTaHaBIMBaeT B3aUMHO-OJHO3HAY-
HOE COOTBETCTBHE MEXAY KOOPAMHATAMU TOYEK IPOCTPaHCTBa-BpeMeHu (F,t) u
(0,7'), a Takxe MexKIy DYHKIMAME M Hx TIPOM3BOJHBIMM, OTIPEAEICHHBIMI Ha
MHOMecTBax Touek (0,4) 1 (r,¢). YTOUHEHHDIN IPUHITAIT TOKATBHOCTI H03BO-
JPIET OCYIIECTBUTD MEPEXOA OT JIOKATIbHBIX YPaBHEHUH, M3BECTHHIX B Havaje
OTCYeTa JI06OTO aeMeHTa XabBI0BCKOTO ancambss K ", K UICKOMBIM ypaBHEHHU-
AM B cucTeMe HabmmonaTenst K oObIYHBIM 06pa3oM — ¢ TIOMOIIbIO npeo6pasosa-
Huit JIopeHIia ¥ COOTBETCTBYOwIEro TIpeACTaBAeHNs Ipynbl JIopeHua ¢ BekTop-
HIapaMeTPOM, PaBHbIM OTHOCHUTENLHOH XabGGI0BCKO ckopoctu r/(ct). Mopmy-
JIMPOBKA yPaBHEHI HEPEIATUBUCTCKOIN MEXaHIKH MMeeT cnertuguky, o6ycaos-
JICHHYIO UCTIONb30BaHueM npeobpasosatnii Tamunes. Ousmueckie 3aKomby B
pacuupstionteticst Beenrennoit opmy.tupyiores tax IPOCTO JINIUb TIPH YCJIOBUH,
"TO KOOpAMHATHbIE OCH JI1060T0 /1eMeHTa Xab610BCKoro ancambus K’ napaj-
JIE/IBHBI COOTBETCTBYIOUIMM KOOPAMHATHBIM OCSIM CHCTEMbI Habmonatens: K.

YpaBrerns weperarusrcrcrolt Mexannxu u nx crexcrsus. [lnst op-
MYMHPOBKM TAaKMX yDaBHEHUH ClefyeT BBIIEANTb B XaGGI0BCKOL cucreme
Habmonarens K TIPOCTPaHCTBEHHYIO 061ACTD, OTPAHUYEHHYIO cepoit, pagu-
yc KoTopoii R pacter 1o 3akony R =nt/t,, rne r, 3HayeHne R B HekoTO-
PbIif MOMEHT BPEMEHH [ = [,, U CUNTATh, 4TO R << (ct)* unm (ro /t )2 <<l
Torza nBUXeHMe HePeISITHBHCTCKOM HacTHLbI, IPUHAAJIeXaed JaHHOH 06-
JIACTH, OIIMCBIBACTCSI JIOKANBHBIMU YPABHEHUAMI:

d dr'
ANQ'=-4zGp', m'—"— = m'erad’ ! 3
(4 P a' dr & ( )
a Anddepennyuani KOOPIMHAT ¥ BpeMeHU B cHcTeMax K i K' cBsasansr
npeobpasosanmsmu lanmnes:
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dr'=dr—§dt, dt' =dt, (4)

Hn3 KOTOPBIX caeayer, 4To CKODPOCTH
dr'_dr_r 5
i’ dt t ©)

KaK (DYHKIMS KOOPAMHAT M BPEMEHH OIIpee/ieHa Ha T10ABHKHOM KOHTHHYY-
Me TOYeK.

B HepenATHBUCTCKOI TeOPHH rpaBUTAIIMOHHDII MOTEHIHA @', IIJIOTHOCTD
BEINECTBA p' M Macca YacTHUIBl m', HE3ABUCAIHE OT @', a Takxe onepaTop
Jlannaca A’ ABISAIOTCH cKanspamu. Y4er 31oro 0GCTOATENBCTBA, a TAKKE TIpe-
o6pasoBanuii (4) U BbIpaXeHUs (5) mosBossieT 3amucaTh ypaBHeHus 3) s
cucreme Habmonaresnss K TakuMm o6pazom:

ddr r
Ap =—-42Gp, mdt(dt J mgradg (6)
HOCKOIBKY A'p' =A@, p'=p, m'=m, grad'yp’ = grade . Kak BuaHo, ypasue-
HUC OTHOCHTEJILHO IDABUTAIMOHHOIO TIOTEHIMAIA ¢ OCTANOCh HEM3MEHHBIM,
TOSTOMY cuJla mgradg SIBNAETCS HBIOTOHOBCKOH. B YaCTHOCTH, ABIDKEHME yac-
THLBL B IICHTPA/IbHOM I'PAaBUTALIMOHHOM TI0JIe, CO3/[aBAEMBIM Maccoii M, cocpe-
AIOTOYEHHOM B HAaYasle CHCTeMbl HabmonaTe s K, OlHChIBAETCS ypaBHEHHEM

d(dr r)__mMG

Sl s AP , 7
" dt t 37 D

re ¥ — paguyc-BE€KTOD YaCTUIIbI, 7 =lrl. Ypasuenust (6) Mo3BOJSIOT Takxke
3aI1CaTh YpaBHEHHUS:

7

didr r n mm.G ., T
mi;(j_hlJ:-Z’l‘jz»(ri‘rj)J”Fi G, j=1n), (8)

AJI CHCTEMBL 17 TPABUTAIMOHHO B3aMMOAEHCTBYIOMIX YaCTHIL, I[e m, — Mac-
Ca YacTUIBL, #; — ee pajuyc-BekTop, F; — cuia, o6ycioBaeHHas rpaBUTaIlN-
OHHBIM BIIMSTHUEM Ha j-10 YACTHUILy YaCTHIl, He IPHHAJUICKAIIIX paccMarpu-
BaeMoH cucreme.

HNanbHeiiiee M3/10KeHNe TOCBAMEHO BBISCHEHHIO HEKOTOPBbIX (usnyec-
KUX CIICACTBUY ypaBHeHUH aBikenus (7) u (8). SIBHAS 3aBUCHMOCTD yDaBHe-
Huii (7), (8) OT BpeMeHH NOKA3bIBAET, YTO OHU He AOIYCKAIOT CTAl[HOHAPHBIX
PEUIEHN U, COOTBETCTBEHHO, H3BECTHBIX 3aKOHOB COXpaHeHHus. ITo 06CTOs-
TEJIbCTBO MOKET OBITh KJIIOYOM K MOHMMAHHIIO CYITHOCTH MEXaHWYECKUX SB-
JICHU# B TaJlaKTHKaX M UX CKOILJICHHSIX.

B ypasuenusx (8) mox rpaBuranuonmo B3aUMOAEICTBYIONIMMY YaCTHIIA-
MHI MOXXHO IIOHMMATh NGO 3BE3/bI U APYTHE OGBEKTHI, IPUHAJIEKAIIHE Ta-
JIAKTHKe, JU6O0 raaKTUKH, 06pa3yoIue CKOTICHNE. “CkpsiTast Macca” ckori-
JICHUH ra/TaKTUK, KOTOPbIE OGBIYHO HPEATIONArAIOTCS I'PAaBUTALMOHHO CBSI3aHHbI-
MHI CHCTEMaMH, sIBJIAETCS CHE/CTBUEM IPHMEHCHUS TEOPEMBI 0 BUpuane [6].
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K ypasuenusm (8), sBHO saBucammm ot Bpemenwy, TEOpeMa O BUpHUAJe He
npuMeHuMa. [1oaToMy HeT OCHOBAHMIT ZUTSL BOSHUKHOBEHHSI peJCTaBIeHUs O
“CKpBITOIT Macce” CKOILJIeHUIT rajlakTHK.

YMHOxas obe yacTn ypaBHeHuUst (8) BekTOpHO Ha ¥, U CyMMUpYys 10
ITOJIyYUM ypaBHEHHE

n n
M M _Ne, M=Srxm® N =SrxF (9
a t part dr part
OTHOCUTEJIbHO MOMEHTa MMITysibca cuctembl M = M(¢). Ilycts nocie HEKOTOPOTO
MOMEHTA BPEMEHU [ B IIPOILIOM MOMEHT BpallleHUs N(t)~ 0. Torma nipu L1
Hanpasiierye M (f) coxpansiercs], a Be/muiHa [M()| JMHEHHO PACTET CO BpeMerem:
M(t)=M(t)t/t, . (10)
ITOT Pe3yNbTaT He 3aBHCUT OT pasMepa CUCTEeMbl W HaeT IPEACTaBJIEHHE O
MPUPO/IE MOMEHTOB MMITYJIbCOB FaJaKTHK.

Teneps ymuosuM 06e wacty ypasnennus (8) mis i -it 9aCTHUIIBI, [OJIaras
F; =0, cranspuo na dr,/di-r/t, a ypasuenwe mns j-if wactuusl Ha
dr,/dt-r,[t, 3aTem pasnenum TI0JTyYeHHbIe PABEHCTBA Ha [IBA, IPOCYMMUPYeM
X COOTBETCTBEHHO NO / M j M CJAOXHM. B pesysnbrate momyumm aHasor

3aKOHa COXPAaHEHUs MOJTHON SHEPTUM B KJIACCHYECKON MeXaHMKe:
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3nech BTOPOH YjieH BBIPAKEHUS B KBaJIPaTHBIX CKOOKAX IPeICTaBJIsIeT
co60it OTEeHIUATBHYIO SHEPTHIO, TI03TOMY IEPBBIX YJIEH CJeLyeT UHTepIpe-
THPOBATb Kak KMHETUYECKYIO dHepruio. Kak BHAHO, MoJHAs 3HEpPrusi MoHo-
TOHHO PacTeT Co BpEMeHeM, NOCKOJIbKY [paBast 4acTh CooTHoueHus (11) 60b-
me Hyasa. Bo3MOXKHO, 4TO 9TOT mpoliecC B TEYEHMH IMTENbHOTO BpeMeHHU
cnocobeH U3MeHUTh OTPUTATEIBHBII 3HAK [OJIHON 3HEPTUN CUCTEMBI, HAIIPH-
MeD, CKOIIEHUS TaTaKTHUK, Ha MPOTUBOIOIOKHBII.

AAB1KeHne o6bEKTOB 3a IpeflelaMU TATAKTHKY ¢ MAcCo M ONUCHIBACT-
¢l ypashenuem (7), npusoaammM k ¢opmyne (10) ais MmomenTa HUMITYJIbCA.
YuurbiBast ABHBINA BUA M (f) ¥ OrPaHHYEHHOCTD BeTHYNHBI ckopocty, u3 (10)
TIOTynM, 4TO pacCTosAHHMe 7 70 06beKTa HEOrPaHUYEHHO PacTeT CO BpeMe-
HeM. Kpome toro, us (7) crenyer ypasuenue

dlm{dr r 2_mMG =mMG’ (12)

EZdtt r vt

ananornynoe (11). Ecau cuia, geficryromas na JacTHUIy, PaBHAa CKOPOCTH
M3MEHEHNA HMITYJIbCa, TO, COrNacHo (7) u (12), uMuyabc p u KuHeTHYecKas
aHeprust T wacTuIbI olpenensIOTCS paBeHCTBAMM:

_m(ﬂ_LJ T_ﬂ(ﬂ_lf. (13)
p da t/) 20dr ¢
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Ioatomy ummynbe u kuHeTHyeckas 9Heprust 00O YaCTHILL, IBUKY-
IeHCs 110 3aK0HY (2), paBHBI HYJIIO. Nurerpupys o6e yactu ypasHenus (12)
TIO BPEMEHH [ B Ipe/ieN1ax OT ¢, [0 ¢ U npeHebperast xab6I0BCKOiL CKOPOCTBIO,
TO €CTb TOJIarasi, yTo r/t ~ 0, NOAy4HM

2
1(@) _@_M(;le(mf_ﬁ. (14)
2\ dr 2\ ar ()

ITo NPUGIIIKEHHOE PABEHCTBO He MO3BOJSeT OLIEHUTH MacCy TaJaKTHKU
M 110 usMepeHHbIM B HacTOsI[EE BPEMS 3HAYEHUAM CKOPOCTHM U TIOJIOMKEHUS
00beKTa, TOCKOJIPKY 9BOJIOLHOHHbIN (DaKTOp f, paBHbIH HHTEeTpaJjIy 1o BpeMe-
HU OT £, 110 ¢ C MOABIHTETPATBbHON (YHKIHENH (rt)‘], a TaKXe IOJIoXKeHue
00beKTa 1 €ro CKOPOCTb B MOMEHT BPEMEHM ¢ = 1, B aJIeKOM IPOLIJIOM HEU3-
BECTHBI.

YkazaHue Ha CylecTBOBaHue “CKPBITOH MacChr” CITUPATbHBIX TAMAKTHK JlaIoT
KpuBble Bpamenus [9] u ux untepnperanms. O6brHO IIPEATIOJIaraeTcst, YT0 OObeK-
Tbl, HAGJIIOKAEMbIe 32 TIpeieTaMu TANIAKTUKH, SIBJISIIOTCS] TPABUTAIMOHHO CBSI3aH-
HBIMH C TalaKTUKOM, X IBMIKEHHE OIMHCHIBACTCS HbIOTOHOBCKOH MEXaHUKOMH U
ABJIACTCA KPYTOBbIM. ITpy Takux fonymennsx macca M YAEpP>KUBaomasi 0ObeKT
Ha KPYToBOH opbute pamuyca r, u ero CKODOCTh U CBSI3aHBI PaBEHCTBOM

v’ = MG/r . (15)

Iycts npubnmskentoe ypasrenue (14) cormacyercs ¢ ncTuHHBIM 1BH-
KeHneM obbekToB. Toraa MpeAcTaBIeHne o “CKpBITOIT Macce” Tra/laKTHKM MOjKeT
OBITh CefcTBHEM (14) u Tex momyurenut, KOTOpbIe NPUBOAST K Gopmyse (15).
[Ipubnmast ux, momyuum, yto Tpabas 4acTh pasenctsa (14) pasna — MG/(2r),
NIOCKONbKY KPYTOBOE IBU)KEHUE SIBJIAETCS CTallMOHAapHBIM. B pesyabraTe u3
(14) cnemyer, yto

v* = MG/r +2MG¥, (16)
TI€ v — CKOpPOCTh 06BEKTa Ha KPYyroBoii op6urte. CpaBHuBast (15) u (16),
nMeeM
M=M+2rMf .

3nech “ckpbiTasg macca” 2rMf uponopunoHambHa Macce TaNaKTUKU W
AnameTpy OpOUTBI, YTO KaYeCTBEHHO TIOATBEPIKAAETCS ee HabII0aeMbIMU CBOT -
crBaMu [9]. Jlio6ble HIOAHCHI MOBemeHMs KPUBBIX BpalleHHUs 3a TIpejesaMu
Ta/IaKTHK MOKHO ONHUCaTh hEHOMEHOJIOTUYECKH, YUUTBIBAS, YTO 3BOJIIOIIMOH-
HbIi pakTop £ ecTs MHAMBHAYaTbHAS XapaKTepUCTHKa HabJIiofaeMoro oObex-
Ta, T0 ectb f = f(r). OnHako Takoe oMUCaHHe ¢ TOYKH 3PEHMST MEeXaHHUKH,
yuuTbiBalomei pacimnpenue BeenenHoil, apisercs (PUKTUBHBIM.

HUsectho [6), uTo riaBHbIM TIPENATCTBUEM ST 0OPAa30BAHUSI TaIaKTUK U3
Tasa, pacIUPSIIOUIErocs Mo 3akoHy Xa66a, sIBISETCS eT0 KUHEeTHYecKas: 3Hep-
rust. VIMimysibse u kuHeTudeckast SHEPIHs paCHIMPAIONIErOcs 0 3aKoHy (2) rasa
PABHBI HyJII0 B COOTBETCTBUM ¢ (hopmyamu (13). Dto YKa3bIBaeT Ha BO3MOX-
HOCTb 06Pa30BaHM TATAKTHK BO Beestennoii, pacmupstomnyeiics mo 3akoHy Mui-
Ha. OfiHaKo, pemeHue atoro BOTIPOCa TpeOyeT CHennaIbHOro PaccMOTpeHUsL.
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3akiroyenue

Takum ob6pasom, HabmoaeMBbIe TLIOCKOE MPOCTPaHCTBO BceneHHoH U 3a-
KoH Xab6:1a, a Takxke KOCMOJIOrUYecKUii IPUHIUI OTHOCUTENIBHOCTH U NMPUH-
[MIT JIOKAJIBHOCTH, TIPUHATBIE B JaHHOU paboTe, MO3BOJIAIOT YCTAHOBHTD 3a-
BUCMMOCTb NOCTOAHHON Xab6/1a oT BpeMeHu M Haiitu aJITOpUTM (HOPMY.JIH-
POBKHU TJI00a/IbHBIX (PUBMYECKHX 3aKOHOB B pacuupsmomeics Bceenennoii.
YpaBHeHUS HEDeJIATUBUCTCKOH MEXaHUKH, YUUTBIBAIOILME KOCMOJIOTHYECKOE
paclliiperye, He [OMyCKAIOT COXPaHEHWs BO BPEMEHM IOJIHOIH SHEPIUM H
MOMEHTA MMITyJIbCA CUCTEMb! TPABUTALMOHHO B3aNMOAEHCTBYIOIMX YACTHIL,
VIMeHHO 3TO 06CTOATENLCTBO 0GBbSICHIET IIPUPOJLy MOMEHTOB MMITYJIbCOB Ia-
JIAKTUK 1 OTKPBLIBAET BO3MOXKHOCTb OTKA3aTbCSI OT IIPECTABJIECHUS O TAWH-
CTBEHHO! “CKpbITOi Macce” Bcenennoil. OfHO3HAYHOCTh 3aKOHA paciupe-
HUst Beesiennoit (2) v MHAYIMPYEMBIX UM TI06aTbHbIX (bU3NYECKUX 3aKOHOB
HIO3BOJISIET JIETKO ONPOBEPTHYTH U3JIOKEHHYIO TEOPHIO HAGTIONeHUSIMHU.
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