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[pegncnosue

B KHUTe omKcaHa UCTOPUSI U COBPEMEHHOE COCTOSTHHUE KOCMOJIO-
MU — Hayku o0 BcesieHHo# B 11eioM. OHa MOCBSIIeHa OTUCaHUAM
OCHOBHBIX HJle¥ KOCMOJIOTMH: paciiupsioleiica BcemeHHOH, ee
BO3HUKHOBEHUIO B X0Zle BOJBIIOTO B3PHIBA, JBOJIOIMH, Xapak-
TEPHBIM BEJIMYUHAM U T. . MBI TOTBITATUCh OTBETUTh Ha MHOTHE
YacTo 3ajlaBaeMble BOIIPOCH! Ha 3TU TeMbl. MBI TIOZIPOOHO paccka-
3BIBAEM IIPO /IBE 3araZIki COBpEMEHHON HayKU, UMeIye HeTo-
Cpe/ICTBEHHOE OTHOIIIEHNE K KOCMOJIOTUH, — TEMHYIO MaTEPUIO U
TEMHYIO SHEPTHIO.

OTa KHUTA OTJIMYAETCS OT OONBIIMHCTBA HAYYHO-TIOMYISPHBIX
KHUT. 30JI0TO€ TIPABWIO WX HAMMCAHUA TIACUT: Kaxzaasd dopmymna
B TEKCTE YIIOJIOBUHUBAET YMC/IO MMOTEHIMANBHBIX YuTaTeneil. Tem
He MeHee Mbl PUCKHYJIU U UCIIOJIb3yeM YPaBHEHHsI, HO TOJIBKO TaM,
rZie OHU HeoOX0oAUMBI. MBI TIOCTapanuch CBECTH KOIUYIECTBO $Hop-
MYyJI 0 MUHUMYMa U CIeIaTh MX HACTOIBKO ITPOCTHIMU, HACKOIBKO
3TO BO3MOXKHO, TOHATHBIMH JJIS1 BCEX, KTO U3ydasl MaTeMaTUKY WA
dusuky B uHcTUTyTE. POpMYIBI COOpAHEI B 0COOBIE pa3/esibl, OTMe-
YyeHHbIE B OIVIABJIEHUY 3Be37/I0UKaMU KaK «PacIvpeHHbIN MaTepy-
aj», ¥ OHU JOJDKHBI pacCMaTpHBaThCs UMEHHO TakK. Kpome Toro,
B TEKCTe OHH OTMeYeHbl n300parkeHrueM AbbepTa DUHINTEHHA.

Ecyu BBI X IIPOITyCTUTE, 3TO He YXYAUIUT IOHUMaHNe MaTepu-
ajsa, oJHaKO B OCHOBHOM TE€KCTe eCThb HECKOJbKO CChIIOK Ha 3THU
pasZiesibl, TO3TOMY COBETYEM XOTS OBl POCMOTPETh uX. Kaxkzaas
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Mpeaucnosue

Takad 4acThb HayMHAaeTcd C KpaTKOro pesioMe. DTU pasfesbl Co-
CTaBJIAIOT CBOeOOPAa3HBIA MPOCTON y4eOHUK 10 KOCMOJIOTUH IS
TeX, KTO He 3HAKOM C MaTeMaTHUYeCKUM alapaToM OOIell TeOpUH
oTHOcuTenbHOCTH (famee OTQO), HO XOTes ObI IOHATD, OTKY/A be-
pyTCA 3aKOHBI KOCMOJIOTHH.

OcTanbHad 4acTh KHUT'Y pacCunTaHa Ha MIUPOKYIO ayIUTOPHIO,
XOTS ¥ TIPEAITIOIaTaeT HEKOTOPBIN MUHUMAIbHBIN YPOBEHb 3HAHUSA
MareMaTuKu U GU3MKHA. TeM, y KOro HeT Aake 6A30BBIX 3HAHUU
B 00JIaCTH aCTPOHOMUU, MBI HACTOATENHLHO PEKOMEHyeM ITPOYU-
TaTh HECKOJIBKO MOMYJISAPHBIX KHUT IO aCTPOHOMUU. B KauecTBe
MePBOM MBI TpeZjiaraeM BhIIeANIyi0o B 1969 r. paboTy Aiizeka
A3uMoBa «BceneHHas: OT IUIOCKON 3eMJIU 10 KBa3apoB», KOTopas,
BIIPOYEM, HECKOJIBKO yCTapesia, HO 3TO C IUXBOW KOMIIEHCUPYETCS
JIETKOCTBIO U JIOXOAYMBOCTBIO TeKCTa. Jpyrue mpesioKeHusa A
YTEHUA IlepevurcieHbl B KOHIle pa3/zesa «BrIBozbI».

MbI cTapaiuch HM3jgaraTb MaTepuaa 0e3 yIIpOIIeHHH, CBOH-
CTBEHHBIX HAy4YHO-IONMYJIIDHOU JIUTepaType, U OOBICHATb, HA
KaKUX OCHOBAaHUAX /IeNIal0TCA Te WM UHBble MPEeAIOI0XKEeHUA WIN
OIIEHKHU B KOCMOJIOTHH. B Tex Bompocax, rzie coBpeMeHHas KOCMO-
JIOTHSI CTAJIKUBAETCS C MPobieMaMy, MBI He TOJIbKO MX He CKPBI-
BaJId, HO, HA0OOPOT, YAEJSUIM UM IOBHIIIEHHOe BHUMaHue. To ke
caMoe OTHOCUTCA K CUTYaI[UAM, OTHOCUTEIHHO KOTOPBIX Y YUEHBIX
HeT OZIHO3HAYHOT'O MHEeHUA. MBI He ITBITaINCh BhIaBaTh TUIIOTE3EI
3a YCTOSIBIIKECS TEOPHH, KaK 3TO HEPeJKO OBIBaeT. B HEKOTOpOM
CMBICJIE 3Ta KHUTA HAXOAUTCA IZle-TO MEXAY HayIHO-TOMYIAPHON
KHUTOH M y4e6HUKOM, SBJAACH CBOErO POfla MOCTOM 4epe3 yiile-
Jibe, OT/ieJIAOIIee OMYIAPHYIO HayKy OT UCTUHHOM HayKu.

Kuura ocHoBaHa Ha MoHorpaduu «BBeieHHEe B COBPEMEHHYIO
KocMostoruio» [IlapHoBckui, [TapHoBCcKuH, 2013], koTOpas ObLUIa
XOPOIIO IIPUHATA Topaszo OoJiee NIMPOKON ayAUTOPHUEH, YEM MBI
oxxuganu. Mel nepepaboTaniyu MaTepyuasl C y9eTOM BOIIPOCOB U TIO-
XKeJaHUH YuTaTesell U MOMbITATUCH OOBSICHUTE BCE HayYHbIE TEP-
MUHBI, KOTOPBIE HUCIIOIb3yeM.



Maea 1

3akoHbl BceneHHon

1.1. VlcTokm kocMornormm

DTa KHUTa [T0CBAIeHa KOCMOJIOTUY — HayKe O CTPYKTYpe U 3BOJIIO-
111y BecesleHHOM B 11e710M, ee TIpoIiioM u 6yayiieM. Kocmosmorus —
He IIPOCTO MOJIoZasA, a OYeHb MOJoZas Hayka; el MCIOJHUIOCH
Bcero 100 ser. Ee mosiBieHue cBs3aHo ¢ mybiukanueii B 1917 r.
paboTsl AnbbepTa DiiHinTeliHa «Kosmologische Betrachtungen zur
allgemeinen Relativitdtstheorie»". B Heli BriepBble 3aKOHHI QU3U-
KU ObLTH TIPUMeHEHBI KO Beell BeeneHHO# cpa3y. KoHKpeTHO pedb
1ia 06 ypaBHeHUsAX HEZABHO OTKPpbITOM DiiHmITeliHOM OTO.

B mpuHIMne HWYTO He MeIlajgo 3TOM HayKe IIOABUTHCA Ha
250 jsieT paHblile, cpasy nocie oTkpeiTua Mcaakom HberoToHOM 3a-
KOHa BceMUpHOro taroreHud. Pusuku XVII-XIX BB. paccyxkzaau o
OGeckoHeUYHO! BceneHHOM, 3al0IHEHHON 3B€3aMH, BOKPYT KOTO-
PBIX oOpararoTcs IiaHeTsl. Takas BeeseHHas cymiecTBoBaia Bed-
HO U BCE, YTO HY)XHO OBLIO /71 IpeicKa3aHus ee GYyIIero cocTo-
SIHUSA, — 3TO 3HaHVe 3aKOHOB MeXaHUKHU U TeKyL[ero IMOJI0XKeHU
Bcex 06bekTOB. OZHAKO CHIa BCEMUPHOTO TATOTEHUS B KJlaccuye-
CKOM MeXaHUKe UMeeT OJHY OCOOEHHOCTh: 3TO BCET/A CHJIa MpH-
Ts)KeHUA, KOTopas HUKOTZA He CTAHOBUTCA CHUJION OTTaJIKMBaHUA.

*  Pycckuii epeBoZ OITyOJIMKOBAH 110/, Ha3BaHHEM «BOIPOCH KOCMOJIOTHH U
o6111ast TEOPUS OTHOCUTENBHOCTH» B KHUTe: DitHuITedH A. CobpaHue couu-
HeHuii B 4-x T. T. 1. — M.: Hayka, 1965. C. 601-612.
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maBa 1. 3akoHbl BceneHHowm

[TosTOMY OTZIe/IbHBIE 3Be3/Ibl B OeCKOHEeUHOM BeeleHHOM moy Aeii-
CTBUEM CHWIbI B3AaUMHOTO MPUTKEHUS JOJDKHBI ObUTH OBl B KOH-
11e KOHI[OB cobpaThcs BMecTe. Borpoc o B3aMHOM MPUTSKEHUU
perancs ¢ TOMOIIbIO MPOCTOTO, HO HEBEPHOTO PACCYK/AEHUS: pa3
BceneHHast 6eCKOHEYHA, TO HA KAKAYIO YaCTUIY JeHCTBYET CHIa
TMPUTHKEHUS 6ECKOHEYHOTO0 YMC/Ia IPYTUX YacTull. Ecau cuuTaTh,
YTO YACTUIIBI 3aMOJHSIOT BeeleHHYIO ¢ MOCTOSTHHOM TUIOTHOCTHIO,
MOXXHO CZIeJIaTh BBIBOZI, YTO CyMMapHas CWiIa KOMITIEHCUPYeETCs,
CJIeZIoBaTENbHO, TPaBUTALIMOHHBIM TMPUTSKEHUEM IPU PacCMO-
TPEHUU JUHAMUKU BcelleHHOH B 1I€JIOM MOXKHO IpeHeOpeyb.

Ota ujesd mosob6Ha TOMBITKAM IMOCTABUTh KapaHAall Ha KOHUYUK
rpudesisi. B 060ux cIydasx MPpUIMHON MTPo6IeM SBISETCI HEYCTOM-
YMBOCTh paBHOBecHA. Jlaxke eCii MBI KaK-TO YMYPUMCS ITOCTaBUTh
KapaHzalll BepTUKAJIbHO Ha OCTPHIH KoHeI] rpudesis, To TF000e CKOb
YTOJHO MaJIoe OTKJIOHEHUE OT BEPTUKAIU BbI3bIBAET MOMEHT CHUIHI,
OTKJIOHSIOIME KapaHZall B TOM JKe HalpaBlIeHUH, YBEeIMYHUBAIO-
U OTKJIOHEHHE U TIOJTHOCTBIO HaPYLIAIOIIUN UCXOJHOE PaBHOBe-
cue. B TexHUKe 5TO Ha3bIBAETCS MOJIOXKUTENTbHOM 06paTHOM CBA3BIO.

Erie 60siee 6/1M3Kasn aHAJIOTHA CBsA3aHa C BOJIOH B IIEPEBEPHYTOM
crakaHe. MHOTHE 3HAKOMBI C KJIACCUYECKUM OIIBITOM, B KOTOPOM
CTaKaH C BOJIOM, HAKPHITHIY OTKPBHITKOM WM IUIOTHOM KapTOHKOM,
MepEBOPAYHBAIOT BEPX JHOM U BOJA yAEP>KUBAETCA B CTaKaHe aT-
MochepHBIM JaBJieHreM, SKBUBaJIEHTHBIM ZiaBaeHuto 10,3 M BOZIBI.
Ho HeMHOTHe 3a[yMBIBAIOTCS, 3a4eM I TOT'O OITBITAa HEOOXOAUMA
KapToHKa. [Ipy4nHa cBs3aHa ¢ HeyCTONYUBOCThIO Panes — Tetino-
pa: korza 6osiee TUIOTHAS KUAKOCTh (BOZIa) TIOMeIleHa HaJl MeHee
IUIOTHOH (B037AyX "), JI0O0OE OTKJIOHEHUE TTOBEPXHOCTH OT IIOCKOM
6yZIeT SKCITOHEHITUATBFHO PACTH CO BpeMeHeM, pa3pymias IPaHUIly
O4YeHb ObICTPO. TTpo1iecc 0OBIYHO HA3hIBAETCSA BRUTMBAHHUEM KU/KO-
cTU. BOT moueMy /i IeMOHCTpanuy HeobxoArMa KapTOHKa: OHa
HUKaK He BJIUSET Ha JIaBJeHre BO3/lyXa, HE CO3aeT HUKAKUX CHUI,

s

B ruzpoariHaMUKe Tra3bl YacTO TOXKE HAa3bIBAIOT KUAKOCTAMHU.
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1.1. VicTokm kocmonorum

HO ¢uKcupyeT GopMy I'paHULEI pa3zena MeXAY BOLOU U BO3ZLYXOM,
MPEISITCTBYS PAa3BUTUIO HEyCTOMYUBOCTU Pasest — Teitnopa.

AHaNoOruyHO, B HEYCTOMYMBOI BcelleHHOU ciTydaiiHbIM 0b6pa-
30M 00pasyroTcsa 061acTH MTOBBIIIEHHON IVIOTHOCTH, K KOTOPBIM
HAYMHAIOT ABUTAThCS COCEAHUE 3Be3Jbl U 00IaCTH MTOHMKEHHOU
IJIOTHOCTH, Ha3bIBaeMble BOWZIaMuU. 3aMeTHUM, YTO B3aUMHOE TIPH-
TSDKEHUE 3Be37l, 3aOTHAIOIINX OECKOHEUHYI0 BeesleHHyT0, TPUBO-
[UT He TOIBKO K POCTY BO3MYIIeHHUH IVIOTHOCTH, HO U K YCKOPEH-
HOMY C)KaTHIO BCel BceJleHHOM, T. e. K YMEHbBIIIEHUIO PACCTOSHUMN
MeXZy 3Be3ZlaMHu.

EcTecTBEHHO, yUYe€HBIM OBLIO U3BECTHO, YTO OTKJIOHEHUS OT O/
HOPOJHOT'O paclpe/ie/ieHUs IIOTHOCTH MaTEPHUH IPUBOAWIN K TO-
My, 9YTO HEOZHOPOAHOCTH HAaYMHAIN HApacTaTh CO BpeMeHeM, HO B
TOT MEPUOZ ITOT MEXAaHU3M PacCMaTPUBAJICSA TOJBKO Ha MacIITa-
6ax, He IpeBHIIAIOIINX pasMepsl ColmHeyHOU crucTeMbl. COIIacHO
runoTese Jlamtaca, iaHeThl COTHEYHOM CUCTEMBI 06Pa30BaUCh U3
HICXOZHOU T'a30MBUIEBOM TYMAaHHOCTHA UMEHHO TI07 BIMSHUEM B3a-
MMHOT'O I'PaBUTAIMIOHHOTO IpUTsHKeHuA. K 6osmpmmum Macirrabam
MOA0OHBIE pacCyKAeHUs He MPUMEHUT. B paccMaTpuBaeMoii Kap-
THHE MUPA POCT HEOZHOPOAHOCTEHN IUIOTHOCTH MaTEPHUH IIPUBOJILI
K 06pa30BaHUIO TUIAHET, KOTOPHBIE He najiany Ha COJTHIIE TOMBKO T0-
TOMY, YTO OOpamaiuch BOKpYyT Hero. Ha pacCcTOSTHUAX, CPABHUMBIX
C paccTosTHUEM JIo OvbKalux 3Be3], BeeeHHast yxke paccMaTpu-
BaJIach KaK HEYTO OZHOPOAHOE, U CYUTAIIOCH, UTO CHJIA IPUTKEHUS
KaKoro-mbo Tejia K pa3HbIM 3Be3/jaM IIOTTHOCTHIO KOMITEHCUPYeTCsI.

OTy paZy’KHyI0 KapTHHY HapyllaJ TaK Ha3bIBaeMBbIA MapajoKC
Osbbepca, chopMymupoBaHHBIM B 1823 I. HEMEIKUM acCTPOHO-
MoM-mobuteneMm XadHpuxoM OsnbbepcoM, BpadoM IO mpodec-
cuu. CyTb €ro coCTosyla B TOM, YTO B O€CKOHEYHON HEM3MEHHOU
BceseHHO BMeCTO HOYHOrO Heba MBI BUZeNIU OBl PACKAJIEHHYIO
HebecHyI0 cdepy, CBETAIIyIoCs, Kak MoBepxHocTh CosHila. O6bsc-
HAETCS 3TO CIeAYIOUIMM 06pa3oM: eCsId MbI pasZiesiuM BeesleHHyTo
Ha KOHIIeHTpuuecKue chepuieckre 000J0YKU TIOCTOSHHOU TOJ-
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maBa 1. 3akoHbl BceneHHowm

IIVHBI ¢ 3eMJIEH B I[EHTPE, TO MOTOK CBETA, MaJAI0IIIH Ha 3eMITIO
OT KaXK/I0l U3 060JI04€eK, OyIeT OUHAKOB, TIOCKOIbKY YUCIO 3BE3/
B HUX OY/IET pacTH TIPOMOPIMOHAIBLHO KBa[paTy PACCTOAHUSA, YTO
CKOMIIEHCUPYET aHAJOTUYHBIA MHOXUTENb B dopMmyse i oc-
BeIlleHHOCTH. [TOCKOJIIbKY YHC/IO C/IoeB 6eCKOHEYHO, TO U 0bIias
cymMma 6yzeTr 6eckoHeuHa. EAMHCTBEHHAs IIPUYKHA, 10 KOTOPOMH
OCBEIIEHHOCTh OyZIEeT BCe jKe KOHEYHOM, 3TO TO, YTO Hosiee OGIu3-
KHe 3Be3/bl OyyT 3aKpHIBATh cOO0M Aanekue. JIpyruMu CI0BaMH,
B KaKOM OBl HanpapJeHUH MBI HU IOCMOTPEJIH, PAHO W TI03JHO
JIy4 HaIIero 3peHus J0/KeH HaTKHYThCSA Ha KaKyI0-TO 3BE31Y.

TeM He MeHee KaXKJbIil M3 HAC MPEKPACHO 3HAET, YTO HOYBIO
HabJIIolaeTcs COBCEM JIpyras KapTHHA. B KayecTBe MpOCTOro pe-
menus mapazokca Onbbepca mpeziaraiy BapyuaHT, TIPU KOTOPOM
CBET JlaJieKUX 3Be3/] TOTIoaeTcs obakaMy MeXX3Be3IHOM TTbLIH,
HO 3TO pellleHue 3BYIUT YOeTUTETHHO TOMTBKO /JIT TeX, KTO He 3Ha-
eT GU3UKy. 3a MPOJIODKUTETHHOE BPEMS 3Ta MbLUIb, MOIJIOIIAs 13-
JydeHue, Harpeaach ObI 0 TEMITEpaTyphl OKPY)KaIOIIUX 3Be3/ U
caMa cTasia Obl CBETALIUMCA OOBEKTOM.

Co BpeMeHeM Iporpecc B aCTPOHOMUU IIPUBeEJI K Mozenu Bee-
JIEHHOM, TIpe/yIoKeHHON YuinbsamoM [eprienem B KoHie XVIII B.
B Hell 3Be3zipl He 3aMOJHAIN BCIO BeeneHHyI0, a 06pa3oBBIBAIU
eIMHCTBEHHOE 3BE3JHOE CKOIUIEHWE, Ha3bIBaeMoe ['aTaKTUKON U
MMeollee JIMH30BUAHYI0 GopMy. B CBsI3U ¢ 3TUM BO3HHUK BOIIPOC:
MOYeMY 3Be3/bl He TTaJjatoT Ha 1eHTp 'amakTuku? OTBET ObUI CTOJb
’Ke TIPOCT, KaK U OTBET Ha BOIIPOC, TOYEMY IUIAHETHI He MalafoT Ha
CoJtHIle: OHM 00paIarOTCA BOKPYT Hero. TOYHO Tak jKe U OTAENb-
HbIe 3Be37Ibl [aTaKTUKU 0OpaInaoTcs BOKPYT ee IeHTpa. JIBrxe-
Hre COJTHITa OTHOCUTEIBHO IleHTpa [aaKTUKY 6bUT0 06HAPYKEHO
Bce TeM ke [epriiesiem B 1783 1. C HE3HAYUTENBHBIMU YTOYHEH -
MU 3Ta KapTHUHA MUPO3/JIaHUsl CYUTAIACh OOIETPUHATOM 10 Hava-
na XX B. Vgesa TanakTuku pemasna napazokc Onbbepca, moCKOob-
Ky MaTepusi Tellepb 3aHMMaJia KOHEYHbI 060beM BO BceleHHOM.
OzHako, mocJjie TOTO KaK ObUTH OTKPBITHI IPYTHE FaTaKTUKY, Mapa-
nokc Onpbepca OMATh CTaT AKTYaTbHBIM.
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1.1. VicTokm kocmonorum

TakuM 06pa3oM, KOCMOJIOTHS, KOTOpasi TIOTEHITUATIbHO MOTJIa
HoABUTHCA ellle B koHIIe XVII B., mogBMIach JUIlIbL B Havaje XX B.
¥ HellaBHO OTIIpa3ZiHOBaja CBOM CTOJETHUU IoOwieli. Bo3HUK-
HOBeHHE KOCMOJIOTUM CBSI3aHO C OAHUM YAWUBUTEIbHBIM 00CTO-
SITEIbCTBOM: OOBIYHO HOBbIE HAYKH IOSBIAIOTCS B IIPOCTEHINei
IIOCTAaHOBKE U 3aTeM, B IPOIIECCE CBOETO PAa3BUTHA, MTEPEXOJAT K
6oJiee CJIOXKHBIM MOZIEJIIM, pacieTaM U HCIIOJIb3YIOT Bee 6oJee co-
BpeMeHHble puanueckue Teopuu. Hampumep, pusuka TBepAOro
Tejla CTOJNIETUSAMU TIoJydasa pe3y/lbTaThl, OCHOBBIBASICh HA KJac-
CUYeCKOl GU3UKe, U TOJBKO ITOTOM CTajia YCIEIIHO UCTIOIb30BaTh
KBAHTOBYIO MeXaHUKY.

Kocmosnorus xe mosiBUIach cpa3y B CBOEM CaMOM CJIOKHOM Ba-
pUaHTe — B BU/E PeJATUBUCTCKON KOCMOJIOTMY, OCHOBAHHOM Ha
OTO. Y nuib crycTs AecITWIETUA KOCMOJIOTY K HeMaJoMy VAUB-
JIEHWIO OGHAPYXKWIH, YTO MOXKHO pacCMaTpUBaTh KyZa 6oee mpo-
CTYIO HEPEeJSITUBUCTCKYI0 KOCMOJIOTHIO. JIeJIo B TOM, YTO OHOPOZ-
Has BceseHHas pa3BUBaeTCs OJWHAKOBO BO BCEX CBOMIX YACTAX,
U JUIST U3y4eHUs Pas3BUTUS ee KaK IeJIor0 JOCTAaTOYHO HU3YYUTh
pasBuTHe HebOobIION 06/1aCTH MPOCTpaHCTBa, HampuMmep 1 cm®.
A mpu uzydeHuu 1 cM® y:Ke He BaKHbI KPUBU3HA MTPOCTPAHCTBA-
BpeMeHU U ApyTUe coxkHbIe Borrpockl OTO.

Ho aT0 cipaBeAjinBO TOJNBKO B C/Iydyae OZHOPOAHON U U30TPOII-
Holi BceneHHol. B mozo6HOM Mupe HET M30pPaHHOTO MeCTa WU
MPEeAIOYTUTETHFHOTO HaTIpaBJIeH!s, KaXKIasi TOYKA HE MOXKET OBITh
JIydllie WK Xy)Ke, 4eM Jfobas Apyras, U Kaxaoe HarpaBieHue He
JIydIlie WIK Xy¥Ke JII000ro Apyroro. JTa uzes U3BeCTHa KaK MPUH-
nun KonepHuka. XoTA He BCce pe3yJbTaThl PEIATUBUCTCKONU KOC-
MOJIOTUM MOTYT OBITh MONyYEHBI B PAMKAX HEPETATUBUCTCKOM, HO
OCHOBHbIE TIOHATHSA BBIBOAATCS JOBOJBHO MPOCTO. JI7IT UX BBHIBO-
Jla, TOHUMaHWsA U aHaIn3a JOCTaTOYHO 3HAHUA GU3NKHU Ha YPOB-
He MJIAJIINX KypCOB YHUBepcuTeTa. [I03TOMY B KHUTE B CJIyYasX,
KOTZla MBI IIPOCTO HEe MOIVIM OTKa3aTh cebe B JKeJaHWHU HaIKCaTh
HEKOTOphIe GOPMYJIBI, MBI OTPAHUYMINCh HEPETATUBUCTCKOM KOC-
MOJIOTHUEN.

15



maBa 1. 3akoHbl BceneHHowm

Bonipoc: Hem kocmonorvs npyHUMNManbHO OTINYaeTcs OT
Apyrvix Hayk?

OtBeT: Tem, 4TO OHa U3y4aeT YyHUKasbHbI, CYLLECTBYIOLLU B
EeAVHCTBEHHOM 3K3eMspe, N3MEHSIIOLLMICS BO BPEMEHM 06b-
EKT, 4aCTbt0 KOTOPOro Mbl sBrsieMcs. B pesynstate He MoxeTt
VATV peYy HY 0 MOBTOPSIEMOCTU, HY O BOCTPON3BOANMOCTH, HU,
Tem 6onee, 06 aKTUBHbIX 3KCNeEPUMeEHTax. B cBA3u ¢ aTuM K Koc-
MOSIOrN4ECKUM TEOPUAM OYEHb CIIOXHO MPUMEHUTL KPUTEPUV
hanscnuUMpyemMocTy, BbIMONHEHWE KOTOPOro Tpebyetcs oT
Nt06bIX HaY4HbBIX TEOPUN. AHANOrN4YHas CUTyaLUsi BCTPe4aeTcsa n
B HEKOTOPbLIX APYrnX HAay4YHbIX ANCUNIMITMHEX, TAKUX KaK MCTOPUS
Y 3BOMIOLMNOHHES BUOOrS.

1.2. MNpyHumnbl 06LLen TeEOpUM OTHOCUTENIBHOCTU

[TosiBneHNI0O HAyKU KOCMOJIOTMH IIPEJIIeCTBOBAJIO IIOSBJIEHUE
OTO, okoHYaTeNbHO cHOPMYIUPOBAHHON DHHIIITEHOM B 1916 T.
OTa Teopus ABIAETCSA OJHOM U3 BEPUIMH COBPEMEHHON (QU3UKH.
Tak Kak ee yjen U TePMUHOJIOTHA IIKPOKO UCIOIb3YIOTCA B KOC-
MOJIOTHH, MBI pelInIn onucaTrb ocHoBbl OTO, KOTOpBIE OCTaTO4-
HO TIPOCTHI 1151 TIOHUMAaHUS ¥ MOTYT OBITh OOBsICHEHBI €3 HCITOJb-
30BaHUA CJIOXXHOTO MaTeMaTW4ecKoro ammapara. Mbl HauHeM C
Tpex Kinaccuyeckux 3dpdexron OTO.

1.2.1. lNpeueccus nepurenva

IMepBriii 3¢ deKT 66T OOHAPYKEH aCTPOHOMAMHU €Ille 3aZ0JT0 0
nosinenns OTO. DTo nperteccus” epurenus” MepKypus, KoTopas

[Tpeueccueti mepurenusa Ha3bIBaeTCsA BecbMa Me//IeHHOe BpallleHue rejifio-
LEHTpUYECKO opouThl (0poUTHI BOKPYT COJHIIA) B €€ IUIOCKOCTH.
[Tepurenunii — TOYKA TeJMOLEHTPUIECKON OPOUTHI, KOTOpast GIIike BCero
k CosnH1ty.
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1.2. MpyHUMnbl 06LLEen TEOPUM OTHOCUTENBEHOCTY

MPOSIBNIAETCA KakK BpaleHre opbuthl MepKypus Kak IeJoro Bo-
kpyr CoJIHIIA C OUYeHb MaJIOH YIJIOBOU CKOPOCThbIO — MeHee 6 yIyIo-
BEIX CEKYHZ, B T0oZ. OTO ObUIO He IIepBoe 00Hapy:KeHHOe OTKJIOHe-
HHe OT MIPOCTEHIINX 3aKOHOB HeOECHOM MeXaHUKH C MOMEHTa UX
otkpeiTua MloranHoMm Kemepom. PaHee, B cepeauHe XIX B., aHa-
JIOTUYHOE TOBeZieHMe OpOUTH YpaHa ObUIO YCIENTHO 0O0hsICHEHO
rPaBUTAIMOHHBIM BIUAHNEM HeU3BECTHOM TOT/A IUIaHETHI, TIO3Ke
MOJTyYMBINYH Ha3BaHue HenrtyH.

OzaviH U3 TpeicKa3zaTenell cyllecTBoBaHWA HenrtyHa, YpbOeH
JleBepbe, IPUMEHWI TOT JKe TIOAX0A K opouTe MepKypus, IpeIio-
JIO’KUB CyIIleCTBOBaHME HOBOU IUIAaHETHI ByKaH, KoTopas ZoyKHa
OBITH pacnosoKeHa o4eHb 6;113K0 K COJHILy U CKPBIBAThCA Ha ¢o-
He ero cBeTa. [locyie 3TOro mpezicka3aHus B TEUEHUE HECKONBKUX
JECATUIETUN KakK MpodeccoHaNbHbIE aCTPOHOMBI, TaK U acTpPO-
HOMBI-TIOOUTENMN COOOIIaNMM O HaOMIOJEHUM TTPOXOXKAEHUS ITOU
TUMIOTETUYECKOH IJIAHETHI IO COTHEYHOMY JIMCKY, HO 3aTEM, ITOCIIe
yCOBEPIIEHCTBOBAHUS TENIECKOIIOB, 3TH COOOIIeHUs OBUTH IpH-
3HaAHBI ONTMOOYHEIMU. Temepb MbI 3HaeM, YTO IUIAHETH By/ikaH He
CYIIECTBYET, U 3TO OBLIO U3BECTHO IMOYTH HaBepHsKa elle 100 et
Haszaz. TakuMm o6pa3oM, BpaieHre opouTel MepKypus Hao ObLIO
KaK-TO OO'bSICHUTD.

OTO He TONBKO 00'BSICHIIA TIPELlecCHIo Nepurenus Mepkypus,
HO U obecrevria TOYHOE KOJTMYECTBEHHOE COTIache TEOPUH C Ha-
6JII0ZIaeMOLi CKOPOCTBIO TIpeleccHu. [Tocie JajbHeHIero yayJiie-
HUS TOYHOCTU HabJTIoleHu# 6blia o6Hapy»KeHa mogobHas mperiec-
cus nepurenus BeHepel, KoTopas BMecTe C IpYTUMU OITMCAHHBIMU
HIKe 3QdeKkTaMu IOATBEPKAAeT mpaBwibHOCTb OTO. B pesynbra-
Te MexAyHapoAHBIN acTpoHOMUYeckuii coro3 (MAC) — BBICHINI
MUPOBOHM aBTOPUTET B aCTPOHOMHU — U3JaJl TOCTAHOBJIEHUE 00
ob6s3aTerbHOM paccMoTpeHnH 3¢ dexkToB OTO mpU TOYHBIX pacye-
Tax opouT HebecHBIX Tesl B COMHEYHOM CHCTEME.

Eme 6osee BrieyaIfAioliee IPOsBIEHUE MIPENIECCHY, B JAHHOM
crydae mepuacTpa (TOYKU OpOUTHI, KOTopas OmKe BCero K 3Be3-
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maBa 1. 3akoHbl BceneHHowm

Zie), Habmo1aeTcss B CUCTEMax JBOMHBIX IMy/IbcapoB’. JIBa MaccuB-
HBIX TeJIa B 3TOM CJIy4ae BpaIaloTcs C IEPUOAOM B HECKOJIBKO JHel
Ha HeOOJIBIIIOM pacCTOSHUM JApYT oT Apyra. OTO ommchiBaeT ux
JBIDKEHHE ¢ TOYHOCThIO 70 0,01%, Ipu 5TOM HaAGIIOAAIOTCS ITOTe-
PY SHEPTYU W3-32 U3JIYYeHHs TPAaBUTALMOHHBIX BOJIH. 32 0OHApPY-
»KeHMe Takux cucteM Paccen Anan Xasc u lxxo3ed XoTtoH Teinop-
MJIaAImnH moaydmwiu HobeneBckyro mpeMuro o ¢pusuke 3a 1993 1.

1.2.2. OTKNoHeHWe cBeTa

Btopoii addekT 3aKmodaeTcss B UCKPUBIEHUU CBETOBBIX JIydeH B
I'PaBUTAI[MOHHOM IT0JIe MACCUBHEIX OOBEKTOB. DTO UCKPUBJIEHHE
caMo 1o cebe He ObLIO HEOXKUJAHHOCTHIO U BITOJIHE OOBSCHUMO B
paMKax HbIOTOHOBCKOM MexaHuku. Ho mpezackasanubiii OTO yron
OTKJIOHEHWS CBeTa OBLI B IBa pa3a OOJIbIIE ITO CPABHEHUIO C HBIO-
TOHOBCKUM. [IpuYrHa, 10 KOTOPOU MOABWICA 3TOT KO3PPUIIMEHT,
OyzeT obCcyxAeHa HUXKe, B mogpasgene 1.3.2.

B To Bpems siBJieHHe OBUIO YMCTO YMO3PUTENbHBIM, HO YIIOMS-
HYTO€ pa3jiM4ue YIJIOB OTKJIOHEHUA MO3BOJIUIO Y3HATDh, KaKasd U3
TEOPUH MPABWIHHO OMMCHIBAET 3TOT 3GHEKT, U 3aCTABUIO acTPO-
HOMOB U3MEPUTD €ro BEJIMYUHY. JIJIs1 3TOT0 HY?KHO OBUIO U3MEPHUTD
TTOJIO’KEHUE 3BE3/IBI, CBET KOTOPOM pacipocTpaHsiics Bomv3u CosrH-
1[a ¥ OTKJIOHSUICA B €70 IPABUTAITMOHHOM ITOJIe, CMeMas BUUMOE
MoJIOKeHMe 3Be3/bl Ha HebGe. C COBpeMEHHOU TOYHOCTBIO 3TOT 3¢-
deKT MOXXHO M3MEPUThH JaXKe B TEPIEHAUKYIIPHOM IO OTHOIIIE-
HUto K COTHILY HallpaBIeHUH, UCIIOb3Ys PaZMOUHTEPGEPOMETP CO
cBepxIMHHOM 6a3oti (PC/IB), HO B Havyasie XX B. OH MOT OBITh U3-
MepeH TOJIbKO Ha O4eHb HeboIbIIIoM yuacTKe Heba BOKpyr CosHIIa.

[Tynbcap — cwIBHO HaMarHW4eHHas Bpaljalolasdcsa HeMTpoHHaa 3Be3Ja,
KOTOpas UCIycKaeT IMy4OK 5JIeKTPOMAarHUTHOIO M3JIyd4eHUs B Halpasie-
HUU, KOTOPOE BpalljaeTcsi BMECTe €O 3Be3/0H. VcmyleHHOe U3/ydeHre MO-
KeT HabJII0/IaThCs TOJBKO TOT/a, KOTZa JIyd HallpaBJieH B CTOPOHY 3eMJIH U,
TaKUM 00pa3oM, PETUCTPUPYETCs B BUZIE CEPUU UMITYI/IBCOB.
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1.2. MpyHUMnbl 06LLEen TEOPUM OTHOCUTENBEHOCTY

OTo 6BUIO CZENMaHO JKCIeAWNNel c3pa ApTypa DAAWHITOHA,
KOTOpasi u3Mepuia I0JOKEeHHUA 3Be3/ BO BpeMsI ITOJIHOT'O COJTHEY-
Horo 3atMenus 1919 r. [TosHOe coMHEYHOe 3aTMeHHe OBLIO He-
00X0ANMO, TaK KaK B TO BPeMsI aCTPOHOMBI MOIJIM MPOH3BOAUTD
HaOJII0eHUA TOJIbKO B BUAUMOM cBeTe, 1 cBeT CoHIa czena Ob
HEBO3MOXXHBIM HaOJII0[eHUA 3B€37], BO3JIE €r0 AUCKA. DAJUHITOH U
€ro KOJUTIery IIPOBOAWIN Hab/IofieH A B Bpaswiny 1 Ha 3amaiHoM
nobepexxpe Appuku. CpaBHUB ¢poTorpadun Heba BOm3u ConmHIa
BO BpeMs 3aTMEHUS 1 TOI ke o6sacTu He6a Baamu oT CoJIHIA, OHU
M3MEPWIN YTOJ OTKJIOHEHUsI, KOTOPHIH COOTBETCTBOBAJ IIpe/CKa-
3aHUI0 DUHIITENHA. DTH HAaOMIOAeHU BCe YKe ObLIM HEeJOCTATOYHO
TOYHBI, HO CUTYaIMs CyIIECTBEHHO YIYYIITHIOCH TOC/IE MTOSBIEHUS
paZIioTEeIECKOIIOB.

D deKT OTKIOHEHMUS CBETA ABIAETCS OCHOBOM /11 TaK Ha3bIBa-
€MOT0 IPaBUTAIIMOHHOTO TMH3UPOBAHMS, TPH KOTOPOM Hab/I01a-
IOTCST HECKOJIBKO M300paKeHUH OIHOTO U TOTO e 06bekTa. OHO
aKTHUBHO U3YJYaeTCA U JaXKe UCIIOIb3yeTCs B KAUeCTBE UHCTPYMEH-
Ta /A9 HeCTaHJapTHOTO HaOJMIOZIeHUS Ype3BhIYANHO yAaJeHHbIX
006beKTOB. MbI 06CyIUM 3TO B HoApaszeie 4.2.7.

1.2.3. [paBuTaLMOHHOE KpacHOEe CMELLIEHNE

Tpetuii 3bdeKT Ha3bIBaeTCA TPABUTAIMOHHBIM KPAacCHBIM CMe-
IIeHNeM W ONKCHIBAET PAa3HUIYy B CKOPOCTH TE€UeHUS BPEMEHU B
TOYKaX C Pa3IMYHBIMU TPaBUTAIIMOHHBIMYU MTOTeHIMaIamMu . I'py-

*  KpacHoe cMellleHHe BO3HUKAET IIPY yBeTUIeHUN JJINHBI BOJIHBL. [IpOTHBO-
TIOJIOKHBIN 3QdeKT Ha3bIBaeTCsl CHHUM cMelleHreM. HasBaHuUA Ipoucxo-
JAT OT TOT'O, YTO KPAaCHBIH CBET UMeeT 6oJiee ANYHHbIE BOJIHBI, YeM CHHUHN
CBeT, X0TA 06a TepMUHA IPUMEHHAIOTCA K 100601 06/1aCTH YacTOT 3JIEKTPO-
MarHUTHOTO U3JIy4eHVs, He 00s13aTeIbHO BUAUMOTLO CBETA.

** I'paBUTAllMOHHBINA NOTEHIMAT — 3TO IOTeHIHalbHasg DHepPrus KOMIIAKT-
HOTO TeJa B TPABUTAI[IOHHOM IIOJIe B IlepecyeTe Ha eJUHUILy ero MaccChl.
VIMeHHO 3Ta BeJIMYMHA OIIpeZieisieT CKOPOCTh TeUeHHs BPEMEHH B CJIabbIX
I'pPaBUTAIMOHHBIX IOJAX.
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maBa 1. 3akoHbl BceneHHowm

60 TOBOPS, BpeMs TeueT ObICTpee Ha BEPXHEM dTaXKe 37aHUsA, YeM
B ero rnozpaje. OTO U ABIAeTCA MPUYNHON U3MeHEHUS YacTOTHI.
[IycTe MCTOYHUMK B noZBaje nepegaet, ckaxeM, 1000 curHauios B
cexyHZy. OHU JIOBATCA MPUEMHUKOM Ha KpBIIlle, HO /JI IPUEeMHU-
Ka CeKyH/Zbl UMEIOT PYTYIO IIPOAOIKUTENBHOCTD, TaK UTO B Teye-
HUe CBoel CeKyH/pl OH nosnydaeT He 1000, a, HanipumMep, 999 cur-
HajioB. JI[pyruMu cjloBaMH, 4YacTOoTa B INpUEMHUKe CMellaeTcs
OTHOCHUTENBHO YaCTOThI UICTOYHUKA.

ACTpOHOMBI HabIIOZIAIN TPAaBUTALIMOHHOE KPACHOE CMeleHue
B CIIEKTpax W3JIy4YeHUs OeNbIX KapjJUKOB, B YaCTHOCTH y Cupuy-
ca B, KOTOpbI IPUOGIU3UTENBHO COlepKUT Maccy CosHIla B 06b-
eMe 3eMyu. B pesysnbTare rpaBUTallMOHHBIN TIOTEHITMAJ HA €T I10-
BEPXHOCTH 3HAYUTENBHO ITPEBOCXOJUT MAaKCUMAa/IbHbIE 3HAUEHHS,
HabmogaemMble B COTHEYHOM CUCTEME.

OToT 3dpdekT ObUT TaKKe IMPOAEMOHCTPUPOBAH B JJaboparTop-
HBIX ycioBusx Pobeprom Ilaynmom u InmeHom Pe6koii B 1959 T.
OHU [TOCTPOUIHU CBOM 3KCIIEPHMEHT BOKPYT OCHOBOIIOJIaratonei
Y/iey KBAaHTOBOM MeXaHUKHU O TOM, UTO /i1 BO3Oy)XIeHUs aToMa
M3 OCHOBHOT'O COCTOSTHUA OH JIOJDKEH TOMIOTUTh GOTOH C TOYHO
TaKoM JXe dHepruel Wi JIMHOM BOJHBI, KaKOi BO36OYXKAeHHbIHN
aToM H3JIy4aeT IIPH Iepexo/ie B OCHOBHOe cocTossHue . Eciu uTo-
To (B HalIeM cjy4Yae rpaBUTAIMOHHOE KpAacHOe CMeIeHUE) U3-
MEHUT IYCTh Ja’Ke COBCEM HE3HAUYUTETbHO SHEPTHIO WIH JJINHY
BOJHEI GOTOHA, ITIOKA TOT IepeMeIIaeTcs OT OZHOr'0 aToMa K Apy-
romy, To GOTOH He OyZET MOTJIOMAThCA. TeM He MEHee OH BCe ellle
MOXXET OBITb MOIVIOIIEH, €CJTA aTOM-ITPUEMHUK ABUKETCS TaKUM
o6pa3oM, 4TO U3MEeHEHUE JJIUHBI BOJTHHI U3-3a 3 dekTa Jlome-

*  OCHOBHOE COCTOSIHHE — COCTOSIHHE aTOMa C MUHUMAaJIbHOU dHeprueii. Jiro-
60e pyroe COCTOsIHUE, OTINYHOE OT OCHOBHOTO, Ha3bIBAETCs BO36YKAEH-
HBIM.

DTOMY NMPENATCTBYET SHEPTUA OTAAa4YM aToMa, M3jydarlero GOTOH, HO B
9KCIIEPUIMEHTE OHA OTCYTCTBOBAJIA M3-3a UCIIOIb30BAHMs OTKPHITOTO He3a-
JTOJITO TIepe/i STUMH ombiTamu addekTa Mecbayapa.

20



1.2. MpyHUMnbl 06LLEen TEOPUM OTHOCUTENBEHOCTY

pa’ KOMITEHCHPYeT U3MeHEeHUeE JJINHBI BOJHBI U3-32 TPaBUTAIIU-
OHHOTI'O KPACHOI'O CMELIeHUs.

Wtak, [Tayua u Pebka MOJOXKWIN OAHY JKEJE€3HYIO ILIACTUHY
B IIoZiBaJie, MPUCOeAUHUIN APYTYIO K KOHYCY TPOMKOT'OBOPUTEIA
Ha Kpblllle U u3Mepwiu ¢aszy AUHAMUKA, IPU KOTOPOUM ramma-
MIOTOK, CO3ZIlaBaeMBIl BO30Y)KI€HHBIMU aTOMaMH KeJjie3a B MO/J-
BaJie, CWJIbHEe BCEro MOMVIOIAeTC s aTOMaMHU >Kejle3a Ha KpHIIe.
OTO Z1aJ1I0 UM BO3MOXKHOCTH BBIYUCJIUTH U3MeHEHUe SHePTUu ¢o-
TOHA U3-3a pa3sHULbl B PAaBUTALMOHHOM IIOTEHIAIEe WIU CKO-
POCTU TeYeHU BpeMeHU Ha KphIllie U B IToABaze. VX pe3yabTaThl
cooTBeTcTBOBaNM npegckaszanuio OTO B npegenax 10% norpem-
HOCTH.

JlanmpHelmas mpoBepka 3Toro agdekra ObUIa MpousBeZeHa B
xozie aKcriepuMenTa Gravity Probe A B 1976 1., Korzia Ha pakeTy
OBUT TIOMEINleH BOAOPOAHBIN Ma3ep, UCIOJIb3yeMbIii B KauyecTBe
Ype3BbIYalHO CTAOWIBHOTO reHepaTopa YacTOThl. MJeHTUIHBII
Maszep MOKOWICA Ha 3emyie. DTOT SKCIEPUMEeHT IOATBEPAUI Cy-
mjectBoBaHue U cooTBeTcTBHe OTO rpaBUTAIlMOHHOIO KPACHOTO
cMmeleHuA B npegenax norpemHocty 0,01%. Cerogusa rpaBUTanui-
OHHOE KpacHoe CMellleHre OOBIYHO YUUTHIBAETCs, KOT/Ia TpebyIoT-
€A TOYHBIE U3MEPEHMA BDEMEHU: HallpUMeD, IIPU UCIIOJIb30BaHUU
GPS u Apyrux HaBUTralMOHHBIX CIIyTHUKOB. OHO TaxXe NPUHU-
MaeTcs BO BHHUMaHMe acTPOHOMaMU IIpU oIpeZiesieHUH 3eMHOT0
BpeMeHU, BpeMeHU B I'eOIleHTPUYECKOM cUCTeMe KOOpAWHAT U
BpeMeHU B 6apUIeHTPUUECKUX KOOpJAUHATaX, BBeJeHHbIX MAC B
1991 1., KOTOPHIE MPEACTABIAIOT COOOM, COOTBETCTBEHHO, BpeMsI

ddodexT Jlomnepa — CABUT 4aCTOTHI IePUOANYECKUX CUTHAJIOB, BBI3BaH-
HBIH IBIDKEHWEM HCTOYHUKA WIN NIPUEMHUKA WIM UX 000UX U KOHEYHO-
CTHIO CKOPOCTH PacIIpOCTpaHeHNs CUrHaIa. Bonpeky paciipocTpaHeHHOMY
MHEHHIO 3TO OTHOCHUTCS He TOJIBKO K BOJIHAM, HO U K JIIOOBIM ITepHofuye-
CKUM curHasiaM. Korza NCTOYHUK U IPUEMHUK ABIDKYTCA 110 HAallPABJIeHUIO
ApYyT K ApyTy, 4acTOTa, PerHCTpUpyeMas NPHUEMHUKOM, YBeINIHBaeTcs,
a KOT/la OHU YAAJIAIOTCA APYT OT APYyTra, YMeHbIIaeTcs.
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Ha ypOBHE MOps, B IleHTpe 3eMsr U B 6apunieHTpe’ COTHEYHOM
CUCTEMBI.

1.2.4. [pyrve adochexTbl 1 NpoBEPKM

OxcrepumMeHT Gravity Probe A moaTBepavi TakKe elre OANH BaXK-
HbIH 3¢ dekT OTO — IPUHITUI SKBUBAJIEHTHOCTH, B COOTBETCTBUU
C KOTOpPHIM OOBEKT BeZieT cebsi 0ZIMHAKOBO, HE3aBUCUMO OT TOTO,
PaBHOMEDPHO JIM OH YCKOPEH WIU ITOMEIeH B OJHOPOJHOE I'PaBU-
TaI[IOHHOE TIOJIE.

C tex nop Bce npezackazanuss OTO 6bUIN HOATBEPKAEHBI KCIIE-
puMeHTanbHO. OZHUM U3 HanboJiee TMPOKO U3BECTHBIX MPE/CKa-
3aHMH OBbLIO CYIECTBOBAHME YE€PHBIX ABIP (CM. pa3zen 6.1) — mac-
CHUBHBIX KOMIIAKTHBIX OOBEKTOB, M3 KOTOPBIX HE MOXXET BbLIETETh
HUYTO, Aa’ke cBeT. HecMOTps Ha TO YTO B TeYEHUE JOCTATOYHO
JIOJITOTO0 BpeMEeHU MX KOCBEHHO Habjozanu (HampuMep, IIyTeM
OTC/IEXXKMBAHMA COOCTBEHHBIX ABIDKEHUM OJIM3JIEXKANIUX 3Be31),
mepBoe MpsAMoe HabJro/eHre BCIBIIMIKY, UCXOAAIIeH U3 Tak Ha-
3BIBAEMOTI'0 aKKPEITMOHHOT'O IKCKa"", OKPYKAIOIIET0 YEPHYIO BIPY,
6bUT0 TIpoBezieHo B utoHe 2015 1. [Kimura et al., 2016].

HezaBHUM TMOATBEPXKAEHHBIM IpeACKa3aHUeM CTal0 OTKPBI-
THe TPAaBUTALMOHHBIX BOJIH C IOMOINBIO JeTekTopa Advanced
LIGO B centsibpe 2015 r. [AG6GOT u Ap., 2016a], MOATBEPKAEHHOE
B mekabpe 2015 1. [A66oT u ap., 2016b] u 3aBepuIvBIIEECa TIPU-

BapuiieHTpoM Ha3bIBaeTCs1 OOIIHH IIeHTP Macc IPaBUTAIIIOHHO CBA3aHHON
CHCTEMEI.

AKKpeIVIOHHBIM JAWCKOM HasBIBaeTcs 00JacTb BOKPYT 3BE3ZbI, YePHOU
JBIPBI WIN APYrOro MacCUBHOTO OOBEKTa, 3all0JHEHHAA IaAaloliM Bpa-
IMaIMMcsa BOKPYT HUX BellleCTBOM. [3-3a rpaBUTallUM 5Ta MaTepus pa-
3orpeBaeTcsi U HauWHAeT U3/ly4yaTb. AKKpPElLMOHHBIEe JVCKH YEepPHBIX JBID
U3JIy4aloT PeHTTeHOBCKUe Jydu. YepHyIo AbIpY, He MMEON[yl0 aKKpeLu-
OHHOTO /IVICKA, HEBO3MOXXHO YBH/ETb B TeJIECKOIL. [103ToMy HabIoAeHUA
ABJIEHUH, CBA3AHHBIX C 3TUM AHUCKOM, KOCBEHHO ITOATBEPXKAAIOT U Cylle-
CTBOBaHUeE YepPHBIX JBIP.
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cykaenreM HobeneBckoit mpemuu o ¢usvke 3a 2017 r. Paitnepy
Baticcy, bappu bapunry u Kumy TopHy. EcTecTBEHHO, YTO JKCITe-
puUMeHTaIbHbIE TpoBepkyu OTO MpogoKaloTCsA Co Bce 6osiee BBI-
COKOU TOYHOCTBIO.

Tenepe pacckaxkem u o Apyrux npuHnumnax OTO.

1.2.5. BeigenenHas cuctema otcHeTa

HbIOTOHOBCKasi MeXaHWKa MMOCTPOEHA BOKPYT WU MHePIHasb-
HOM cHucTeMbl OTcueTa. [lepBhifi 3akoH HbIOTOHA CIIpaBe/JUB
TOJBKO B TaKUX CHCTeMaX. VHepIliuajbHas CHCTEMa CBsi3aHa C
TEJIOM, KOTOPOe He B3aUMOJEHCTBYET C OCTaJbHOM yacThio Bee-
JeHHOM. Bo3aMoxkHO siu 3T0? Ha t060e Teno MOXKHO BO3/I€HCTBO-
BaTh C IOMOIIBI0 MEXaHUYECKUX CIJI, TAKUX KaK CHJIa HATSKEHUS
MPUBA3AHHON K Tely BEPEBKU , W 4YeThIpex (pyHIaMeHTaTbHBIX
CWI: DJIEKTPOMAarHUTHBIX, CIabbIX™", CUIbHBIX~ W TpaBUTAI[OH-
HBIX. DJIEKTPOMAarHuTHbIE, cabble U CHIbHBIE CHJBI ZIEHCTBYIOT
JIMIIb Ha HEKOTOPhIE M3 YaCTHIl, KOTOPble UMEIOT HEHY/IeBbIe 3a-
PSZIBI COOTBETCTBYIOIIETO TUMA. ['paBUTAI[MOHHAS CHJIA, C APYTOi
CTOPOHBI, IBJIAETCA YHUBEPCATbHOMN; OHa JeHCTBYeT Ha BCe Tesla
BO BceneHnHol. Jlake 6e3MaccoBble YacTHIlBI, TaKKe KaK (pOTOHBI,
MOZIBEPIKEHBI CHJIE TPABUTAITMOHHOTO MPUTIKEeHUA. [I03TOMYy He

CTporo roBopsi, Ciia HaTsSKEHUsI BEPEBKHU TIPECTABISET COOO0M CIOKHYIO
KOMOMHAITUIO SIEKTPOMAaTrHUTHBIX U CHIBHBIX CHJT. TeM He MeHee 06bsicHe-
HUE 3TOrO YBeJIO Obl HAC B IIyOb KBAHTOBOM MEXaHUKU, IIO3TOMY MBI IIPO-
CUM YHTATEJIsI IPUHSATH 3TO KaK JAHHOCTb.

**  (Craboe B3aMMOJENCTBHE ABJSETCS OAHUM U3 YeThIpeXx GyHAaMeHTaIbHbIX
B3aMMOZENCTBUI (IIOMHUMO 3JIEKTPOMAarHUTHOTO, TPABUTALMOHHOIO U
CHJIBHOTO), KOTOpoe paboTaeT Ha cyb6aTOMHBIX MaciTabax ¥ OTBeYaeT 3a
paZiioaKTUBHBIN pacnajl. B HacTosIee BpeMs: pacCMaTpUBAETCA BMECTE C
2JIEKTPOMATrHUTHHIM B3aUMOZEHNCTBUEM KaK 4acTh GoJiee 06IIEero alIeKTpo-
c1aboro B3auMO/eHCTBHS.

*** CuIbHOE B3aUMO/EICTBIE OTBeYaeT 3a yepKaHre YacTUL] aTOMHBIX si/iep
BMecTe. OHO ZieficTByeT Ha OYeHb MaJIbIX MaciiTabax okosno 1071° M Ha ay1e-
MeHTapHbIe YaCTHIIbI, Ha3bIBaeMbIe aJ[pOHAMMU, COCTOSIIHE U3 KBaPKOB.
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SICHO, KaKUM 06pa3oM MOXXHO 06€eCTIeuUTh NHEPITUATBHYIO CUCTe-
MY OTCYeTa B IIPUCYTCTBUY I'PABUTAIMOHHOTO I10JIA.

OTO ToXXe BBIZIEISIET HEKOTOPBIE CUCTEMBI OTCYETA, HO, B OT/IH-
Yre OT HbIOTOHOBCKOHM MeXaHHMKU, OHU He JO/LKHBI OBIThH ITOABEp-
JKeHBI IeCTBUIO HUKAKUX CWI, KpOMe T'paBUTAIIMOHHBIX. B Takux
CHCTEMAX OTCYETA CIPAaBEJINBHI Bce GU3NIECKUE 3aKOHBI, B TOM
YHcje 3aKOHBI CIlelMaabHOU Teopuu oTHocuTenabHOcTU (CTO).
YT0OBI yCKOPUTH TEJIO B TAKOH CHCTEeMe, Ha HETO HaJl0 BO3JeHCTBO-
BaTh C IIOMOIIBIO JIIOOOM BHENIHEH CHJIBI, KPOME CHUIBI TSKECTH.
JlpyrvM#u CJIOBaMH, 3TO CUCTEMBI, B KOTOPBIX HabJIt0ZjaTe b CBOOO/-
HO naziaeT. [IpoMUTIOCTPUPYEM 3TO Ha IBYX IIPOCTHIX TPUMeEPAX.

YeslOBEK CIIUT B cBOel mocTeu. [jid BAlel TOUHOCTH YKaKeM,
YTO KPOBATh HEMOJBIMKHA OTHOCUTETHHO 3€MJIH, T.€. €€ reorpa-
duyecKkre KOOpAUHATHI ITOCTOAHHBI. C HbIOTOHOBCKOM TOYKH 3pe-
HUS Y€JIOBEK HAXOAUTCA B COCTOSTHUM ITOKOSI B MPUOTHU3UTETBHO
WHEPIUAJIBbHON CHCTEME OTCYeTa. DTO He COBCEM MHepI[haTbHaA
CHCTeMa, IIOTOMY YTO 3TOT YeJIOBEK BpalaeTcs (BMecTe C ero Kpo-
BaTbIO) BOKPYT LleHTpa 3emn, BOKpyT CosHIla (BMecTe ¢ 3eMIeii),
BOKpYT HeHTpa Mieunoro ITytu (BMecTe ¢ COTHEYHOU CUCTEMOT),
Ma/IaeT 110 HAIIPaBJIEeHUIO K CKOILIEHUIO B co3Be3uu JleBa (BMecTe
¢ rajakTukou Mieunsiii [1yTh), k BesimkoMy atTpakTopy (BMecTe
co ckorieHueM B JleBe) u T.A." Ho zaBaliTe He OyZeM CIUIIKOM
MPUAVPYUBEL 1 HA30BEM 3Ty CUCTEMY WHEPIMAIbHOU. YeroBek
HaXOAUTCA IO/l BO3ZIECTBHEM IBYX OCHOBHBIX CUJI (M MHOXKeCTBA
HE3HAYUTEJbHBIX): TPABUTALMIOHHOTO NPUTSKEHUA 3eMJIU, W3-
BECTHOT'0O KaK BeC, a TAaK)Ke CUJIBI aBJIE€HUA CO CTOPOHBI KPOBATHU
M3-3a CWI YIIPYTOCTH. DTU CUJIBI KOMIIEHCUPYIOT APYT APYTa, B pe-
3yJIbTATE YEro 4YejoBeK HaXOJUTCA B COCTOSTHUH ITOKOS.

PaccmoTrpuM Ty ke cuTyanuioo ¢ Touku 3peHusa OTO. B satom
cJTydae BBIZIEIEHHAS CHUCTeMa JIOBOJIBHO CUJIBHO OTIMYAETCS: 3TO
cucTeMa oTcuyera cBOOOJHO Iazaliero Habmozarend. YenoBek,

s

K coxaneHuro, B HaIllK IHU JOBOJIBHO TPYAHO HAWTH MOJJTMHHBIHN TOKOH.
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KOTOPBIM CIIUT B MOCTENH, He MpeOhIBaeT B COCTOSHUYU MOKOS B
ITOU CHCTeMe M3-3a CHJIbI IaBJIEHUS CO CTOPOHBI KPOBATH.

Bropo#i cirygaii — 3TO KOCMOHaBT Ha OpOUTE BOKPYT 3eMIIH.
C HBIOTOHOBCKOM TOYKM 3PEHMS €ro CUCTeMa HUKAaKUM 00pa3oM
He BbIJIeJIEHHAs, TaK KaK OH HAXOAUTCS I10J, BO3eWCTBUEM CHJIBI
TSHKECTU U €0 TPAeKTOPHUA UCKPUBJIEHA. DTO MOXKET OBITh OTIHCa-
HO AByMs criocobamu. B cucTeme oTcyeTa, CBSI3aHHOM ¢ 3eMJIel,
rpaBUTAIMOHHAA CHJIA AeHCTBYeT KaK LIeHTPOCTpeMUTeIbHasA CU-
Jia, B pe3yJbTaTe Yero ero TpaeKTopusa usrubaercsa. B HemHepIu-
aJbHOM CHICTEME OTCYeTa, CBI3aHHOU ¢ KOCMUYECKHUM Kopabiem,
Cuia TATOTEHUA KOMIEHCUPYETCS TaK Ha3bIBaeMOM IeHTPOOex-
HOW CHJIOH, YTO 3aCTaB/IsAeT KOCMOHABTA OLIYIIATh ceOs B COCTOS-
HUY HEBECOMOCTH.

OTa cuTyalus BRIIAAUT HAMHOTO TIPOIIE B PAMKax BblJeNeH-
Hol cucteMsl oTcdeta OTO. Ha KocMOHaBTa ZeiiCTByeT TOIBKO CU-
JIa TSOKECTH, T. €. He JIeHCTBYIOT HUKaKie HerpaBUTAI[MOHHBIE CH-
JIBL, U OH, TAaKUM 00pa3oM, MMOKOUTCSA B JAHHOM CHCTEME OTCYETA.
Kocmuueckuii kopabib Ha opbuTe cBOOOJHO IaziaeT Ha 3eMIIIO,
HO MTOCTOSTHHO NTPOMAaXHBaETCs U3-3a TAHT'E€HIIUATBHON CKOPOCTH .
OTO OCHOBHOU MPUHIINT, KOTOPHIH ZielaeT BO3MOXKHBIM ITOJIETHI B
KOCMOC.

KocMoOHaBT, MOKOSICb B BBIIEIEHHOW CUCTEME, HCIIBITHIBAET
HeBecoMOCTb. TeM He MeHee, eC/TM Ha HEro BO3/IeHCTBOBATh He-
KOTOPOU HerpaBUTALIMOHHOM cwiol (IUXHYTh MaJKOU, MPUTH-
HYTh BEPEBKOH, ZIaTh KOCMOHABTY IOCTATOYHO CUJIbHBI MarHUT
U T.Z.), 9TOT KOCMOHABT OyZIeT ABUTAThCs, COIIACHO BTOPOMY 3a-
KoHy HploTOHA.

[IpOWLTIOCTPUPYEM CHITHI, IEHACTBYIONIKE B 000UX MOAX0AAX, Ha
puc. 1.1u 1.2.

*  TaHreHIMaJbHOE HATpaBJIeHUE SBJSIETCS HANpaBIeHUEM B IUIOCKOCTH
Bpall[eHUs], TEPIEHANKYIAPHBIM paaunycy. IIpy mpruMeHeHUH K OpOUTaIb-
HOMY JBIDKEHUIO 3TO HalpaB/eHHe I10jleTa WIK IPOTHUBOIOIOXKHOE (pe-
TPOTpajHOe).
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