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9.1. ObobLEeHne 3aKkoHa TAroTeHUs

HblOTOHa
Mexxoy nobbimu eudamu Mmamepuu

cywecmayem yHusepcalsibHoe
g3aumooeucmeaue, rnposiendrouleecs 8
npums>xeHuU mernl.

[loTeHUManbHas aHeprusa Tena
Maccbl m B Nosfie TAroTeHnUsa paBHa:

U =mq

rae @ — rmorteHuyma rnond TAroreHu4.



Ecnn BennimHa U Mana no CcpaBHEHUIO C
aHeprven Tena mc’ T.e. ecnwu ,
(p/c”)<<1

M TEeno [OBWMXKETCH CO CKOPOCTbH, MHOrO
MeHblLLei ckopocTn ceeta (U << C) TO Mbl
nmeem oeno C KIacCU4eCKUMm
rPaBUTaLMOHHBLIM NonNemM [AOns  KOTOPOro
cnpaBeasiMB  3aKOH BCEMMUPHOIO TAMOTEHUS
HbloTOHa.

B nonax taroteHnst obblYHbIX HEGECHbIX Ten
3TO YCIOBWE BbIMOSTHAETCS:

Ha nosepxHocT ComHua ©/c” ~4-107°,

Ha NOBEPXHOCTU BenbIX KaprnKoB., 10~



Teopna TaroteHns HbOTOHA npegnonaraer
MIHOBEHHOE pacnpocTpaHeHue nonewu
TArOTEHUNA, YTO HE CcornacyeTcs C NpMHUMNamu
cneunanbHoOu Teopumn OTHOCUTENbHOCTMU,
OCHOBaAaHHOM Ha TOM J3KCNepUMeHTarnbHOM
dakTe, yTo noboe B3auMoaencTene
PACMPOCTPAHAETCA CO CKOPOCTbH, MEHbLUEN
MNn paBHOW CKOpoCTU cBeTa. [loaTomy
TeoOpurwo TAroteHna HbLIOTOHA Henb3A
NMPUMEHATb K CUMbHbLIM MOJSIAM TArOTEHUS,
pPa3roHALWMM YacTuubl OO0 CKOPOCTMU,
ONIU3KON K CKOPOCTU CBETA:

(¢p/c” =1)



Teopusa taroteHnsa HbTOHA HenpuMeHumMa
Onst OnUcCaHus AOBMXEHUS 4acTul BONu3u
MacCCMBHbIX Ten (B YaCTHOCTW, AN OnNMcaHus
TpaekTopum OBMXKEHUSA CBeTa B  MOJe
TAroteHns). HenpumeHnma Teopus TArOTEHUSA
HbloTOHa 1 Ana onncaHnga nepeMeHHbIX Nonen
TArOTEHUS,  CO34aBaeMbiX  OBWXYLLMMUCS
Tenamu.

ObobLeHne Teopun TArOTEHUA Ha OCHOBE
cneunanbHOU TEOPUMN OTHOCUTESNBHOCTU ObINO
coenaHo A. duHwTtenHomMm B 1908 — 1916 rr.
JTa Teopusi Obina HasBaHa UM obuweu
meopueu omHocumesnibHocmu (OTO).



B OTO onucbiBaldTCca  cuUJsIbHbIE
2pasumauyUoHHbIe nons (p/c” =1)
M OBUXKEHME B HUX C  OonbLIMMWK
ckopoctamu (L = ¢)

B OTO yuuTbiBaeTca BO3OEUCTBUE
MaTepUn Ha CBOWCTBA MPOCTPaHCTBA W
BpeMeHU, a 3TU U3MEHEHHblE CBOMWUCTBA
NPOCTPaHCTBA-BPEMEHU BIMAKOT Ha cam
Xapaktep dusnyeckmx npoLieccos.



9.2. NMNpHUMN 3KBMBaNEHTHOCTW
CWUT UHEPLUUUN U CUS TATOTEHUS

BaxHenwen ocobeHHOCTb MNONnen TAroteHud
ABNSAETCA TO, 4YTO THArOTEHME COBEPLUEHHO
OOVMHAKOBO AEWUCTBYET Ha pasHble Tena, coobLas
MM OOWHAKOBble YCKOPEHUHA, He3aBUCUMO OT
CBOUCTB Tern. OTO OblS1I0 U3BECTHO e€elle B
HbIOTOHOBCKOM TEOPUM U TMOMNOXEHO B OCHOBY
HOBOW, SNHLLUTENHOBCKOW TEOPUUN TATOTEHMUS.



lNoa aencrtBmem rpaBMTaLMOHHOU CUNbI

Mm,
F:’y r2 :mgg

BCE Tefa Ha nMNoBEepPXHOCTU J3emnu nagawT C
OAVHAaKOBbIM YCKOPEHNEM —  YCKOpeHuem
c80600H020 rnadeHusl.

OTOT pakT ObIf ycTaHOBIEH HBIOTOHOM U MOXET
ObITb COOPMYNNUPOBaAH KaK MpuHUUn cmpoaou
nponopyuoHasibHOCMuU 2pasumayuoHHOU
maccel m_ , onpenensrLwen B3anmMoaencTemne Tena c
nonem TFIFOTeHI/IFI U UHepmMHoOU mMaccbi m.
onpenensLwen conpoTuBieHne Tena neMCTByroLuel‘/‘l
Ha HEro cune u BXxogsdLlen BO BTOPOU 3aKOH
HbloTOHA:

F=ma.



YpaBHeHme ABWXEHUA TErla B rnorie
TAINoTeEHNA 3alinCbiBA€TCHA B BUAE.

A\ . A\

m d = mgg,
rae (g — YCKopeHue, npmobpetaemMmoe Ternom
non NEeNCTBUEM ons TArOTEHUS,

HaNPs>KEHHOCTbIO G g
B aTomM cnydae, cornacHo HbHOTOHY
m =m
g in
n (g = § — YCKOPEHWE HE 3aBUCUT OT MaccChbl

N PABHO HAlPAXEHHOCTU MNOoJNA TATroteHun4.

Taknm obpasom, Bce Terna B Mosie TAroOTEHUS N B
none cus MHepuumn, npu ﬁ — § OBUXYTCSH
COBepLUEeHHO OAMHAKOBO.




Hanpuwmep, ABwxeHUe Ten B KOCMUYECKOM
Kopabre, NeTALWUM C YCKOPEHNEM a = g us
kopabne cTosilem Ha 3epre B Mnone TSXKECTU C
HanpskeHHocTblo (O = g OyneTt oguHaKoBbIM.
Cunbl WHEpPUMN B YCKOPEHHO [OBMXKYLLEMCH
Kopabne dyayT HEOTNMINYMMbI OT rpaBUTALIMOHHbIX
CuUNn, JENCTBYIOLLUNX B UCTUHHOM MNONe TAroTEHUS.
[loamomMmy cunbl UHepuyuu MOXHO c4Yumamap
3KeueasieHMHbIMU 2pasumayuoHHbLIM cusiam.

ToxdecmeeHHOCMb UHepyuasibHou u
2pasumauyuoHHOU Macc 71 =y sAersissemcs
crnedcmeuem aKeueasieHmHocmu cus
UHepuyuu u cusi mssi2o0meHusl.




OTOT aKT HasbiBaeTcsd  MAPUHUUMOM
akeueasieHmHocmu JuHwmeuHa. CoasnacHo
3amomMy npuHyurny, ece gbusudyeckue rpoueccsl
8 UCMUHHOM ro/le msa2omeHuUs U 8
yYCKOpeHHoU cucmeme omcyema, 8
omcymcmeuu - ms20meHus,  rpomekarom
oOuHaKo8bIM 0bpa3om.

IJTO hyHAAMEHTaNbHbLIN 3aKOH NPUPOALI.

CnencrtBmMem 3TOro 3akoHa aBNAEeTCs TO, YTO
HaxodsiCb  BHYTPM  3aKpPbITOW KabuHbI,
HEBO3MOXHO OnpeaennTb, YemM Bbi3BaHa cuna
mg, TeM, 4TO KabMHa OBUXKETCHA C YCKOPEHNEM
a = g NN OENCTBUEM MPUTSIKEHUS
3emMnu.



Apyanwimm  goKasaTtenbCTBOM pPaBEHCTBA
CUN  WHepuuMn W rpaBuTauuUn  gBNsSeTCd
COCTOSlHNE HEBECOMOCTM KOCMOHaBTOB B
KOCMUY€ECKOM Kopabne (napatoT noa
OENCTBMEM TpaBUTALMOHHBLIX CUIT U OTNETAIOT
nod AEUCTBUEM LIEHTPODEXKHBLIX CUN NMHEPLIUN).

llpuHuyun 3KkeuesasieHMHocmMuU -—
OCHoO@8ornoJs1az2arowuu 8 OTO
QUHWMeUHa.



9.3. Teopusa TAroTteHNA IUHLLTEUHA.
OcHoBHbIe nonoxeHua OTO

NTak, Mbl C BaMMU NoOKasanu, 4YTO CUnbI
MHEPLUUN OKBUBASNEHTHbI CUMaM THATOTEHUS.
OKBUBANEHTHOCTb, OdHaKo, 3TO He
TOXOECTBEHHOCTb W CYLUECTBYIOT HEKOTOpble
pa3Nnyus.

— A
HOonyctum, (G =g (BaroH OBWXeTCH
NPAMONMHENHO). [pn YMEHbLLEHUN YCKOPEHUS (]
HanpPAXXeHHOCTb 9KBMBANEHTHOrO nons

OOMKHa WU3MEHATbCA BO BCeX ToYykax BaroHa
OOHOBPEMEHHO, T.€. W3MEHEHUS  OOJIKHb
pacnpocTpPaHATLCA MTHOBEHHO.



OTN  paccyXgeHust  npegnoraralT  Tak
Ha3blBaeMOE [OaribHOOeWUCTBMe CUin UHepuuu, B
TO BpeMSA KaK BO3MYLUEHUS TrpaBUTaALMOHHOIO
Nons pacrnpocTPaHATCA C KOHEYHOU CKOPOCTLIO,
paBHOU CKOPOCTWU CBeTa. To ecCTb,
rpaBUTALMOHHBIE B3aUMOOEUCTBUST  SABMAIOTCS
6nn3kogencTByOLWLNMN.

YCKOPEHHO OBVXYLLIMACA KOCMUYECKUN
Kopabrib UMUTUPYET TOMNbKO OAHOPOAHOE mnone
TATOTEHUA, OAOMHAKOBOE MO  BENUYMHE WU
HanpaBneHUO BO BCEM MNpocCTpaHcTBe. Ho nons
TArOTEHNSA, CO30aBaeMble OTAESbHbIMU TENamu,
He TaKOBblI.



UTOObI MMNTNPOBATb, Hanpumep,
cdoepuyeckoe norme TArotTeHusd, Hago, ncxoas wu3
npuHUMNa  SKBUBANEHTHOCTW,  NoTpeboBaTb,
YTOObI MCTUHHOE rpaBUTaLIMOHHOE none
cOo34aBasrioCb JioKanbHbIMW, COOTBETCTBYHLLUM
0oOpa3oM  YCKOPEHHbIMM B  KaXOOW  TO4Ke
cucTteMamm oTcyeTa.

B pesynbrate, B nobon KoHe4YHOW obnacTtu,
NPOCTPAHCTBO-BPEMS OKAXXETCS MCKPUBMEHHBIM —
HeeBknnaosbiM. Cymma YyrnoB TpeyroribHUKa B
TakOM NPOCTPaHCTBE HE paBHA TI, OTHOLUEHWE
ONUHbI OKPY>XHOCTWU K paguycy OTMMYHO OT 2T,
BPEMS B pa3HbIX TOYKaAX TEYET N0 pa3HOMY.



CornacHo ONHLLTENHY, UCMUHHOE
2pasumayuoHHoe roJsie ecmb [rposiesieHuUe
UCKpUBJIeHUSsI YembIPeXMepHO20 npocmpaHcmaea
8PEeMEHLU.

Kpueu3Ha rnpocmpaHcmea-epeMeHU
co3daemcsi UCMOYHUKaMu 2pasumayuoHHO20
rnosis — mMaccamMu eeuwjecmea U ecemMu esudamu

IdHepeuu, NPUCYyTCTBYROLWMNMN B CUCTEME, INMOCKOJIbKY
2

mc
SHEPrUst M Macca sKBMBaneHTHbl L = \/1 Bz

[loeTOMY TAroTeHMe 3aBUCUT He TONMbKO OT
pacnpegeneHna macc B NPOCTPaHCTBE, HO U OT UX
OBWXEHUS, OaBrneHnsa U HanpaXXeHun, UMeKLLNXCS B
Tenax oT BCex onU3n4yeckux nomneu.



[1B>keHune Ten B NCKPUBNEHHOM
NPOCTpPaHCTBE-BPEMEHU npoucxoauT no
KpaTyaulluM TPaeKToOpUaM — reogesnyeckmnm,
KOTOpble B TpexmMepHOM MPOCTPaHCTBe-
BPEMEHU BOCMPUHMMAIOTCA KaK OBWXXEeHMe No
NCKPUBIMEHHLIM TPAaEKToOpUsaM C NepeMeHHOU
CKOPOCThIO.

MameHeHne rpaBUTAUMOHHBLIX TMONeUu B
BaKyyMe pacripocmpaHsemcs cO CKOpPOCMbIO
ceema.

B ocHoey OTO nosioxeHbl 0Oea
nocmynama:



JBA lNOCTYIJIATA OTO
1. [Tlpuruyun askeusaneHmMHocmu CcuJl
UHepyuu u cus epasumayuul.
(Omom hakm MOXXHO cHumampb OoKa3aHHbIM.

Appekm epasumauyuu U YCKOPeHUS O08UXEHUS
yacmuuy — Hepasnu4yumsl).

2. [pasumauuoHHoe 83aumMooletcmasue
pacripocmpaHsemcs C KOHEYHOU
CKOpOCMbHO, pasHoOU cKopocmu ceema c 8

guoe epasumalUoHHbIX BOJIH.
(Floka KeaHmMbI 2pasumayuoHHO20 oM —
2pasuMmoHskl, He 0bHapy)XeHhbl).



Ewe ogHum kntodeBbiM MomeHToM B OTO
ABMNSAETCH NOHATUE KpUBU3HbI
rnpocmpaHcmea epeMeHuU.

[lpoBegeM MbICNEHHBLIN KCMEPUMEHT:

L1

PucyHok 9.1



B xooe nyTtewecTtBua MNNockue [OBYMEPHbIE
cywectaa (IMTJIOCKATUKW) oTtnpasusLumeca ns A
n B no napannenbHbiM goporam byayT 3ameyaTb,
YTO OHW npubnmxarTca Apyr K Apyry (KPUBWU3HbI
cdoepbl, ecnn OHa O0CTaTOYHO BENWKa, OHU He
3amMeyarnn M He 3Hanu, YTO XUBYT Ha ciepe). U
NpuobnnXatTcs OHM BCe ObICTpee n bbiCcTpee — C
YCKOPEHMEM, KaK OyaTo nog AeWUCTBMEM HEKOW
CUMbI.

HasoBeM 3Ty cuny epasumauvueud.
Habnogatenbs CO CTOPOHbI BUAWUT, 4YTO cama
KPpMBM3HA BbICTYNaET B PONM CUMbl, T.e. 2eoMem-
puyeckue ceoucmea rnpocmpaHcmea ebicmy-
rnarom e poJsiu peasibHO deucmeyrouwjux cus!




AHannsnpysa aT1oT MbICNIEHHbIN 3KCNEPUMEHT U
TOT dpaKT, 4YTO s1106bIE Macchl rnpumsauearomcs
gceada, OVHLWITEUH NpULLEN K MbICIN, YTO cusia
msi2omeHusi He ecmb crieyugu4yeckas cusna, To
YTO Mbl TMPUHMMAEM 3a CUIlYy MNPUTAXKEHUS,
crieQyeT paccmMmartpuBaTbh NULLb KaK riposiesieHue
cneyuguku  2eoMempudyeckKux ceoucms
npocmpaHcmea-epeMeHuU.

CTO onepupyeTr nnockumM NPOCTPaAHCTBOM-
BpemeHeM, a OTO — CKpUBMNEHHbIM.

Jlrobasi macca, uckpusrisem rpocmpaHcmaeo-
gpeMs, Opyaas Mmacca, rnonaoad 6 obrnacme
UCKpUBIIEHUS, Ucrbimbki8aem cusly npuUMmMsi»KeHus.




MuukoBckum, Ilepman,
(1864— 1909), HEemMeukui
MareMmaruk. |Ipenmoxni

1591 (S1{0 €JIUHOTO,
YETBHIPEXMEPHOTO
KOHTHHYYyMa

«IIPOCTPAHCTBO-BPEMS,
B KOTOPOM BpPEMSI HMEET
DPaBHBIC IpaBa C
IIPOCTPAHCTBOM.



[epmaH MwuHkoBckun (1864 — 1909), ObiBLUMNK

YYnTEnb MaTeMaTUKK ONHLLTENHA, BBEr
YeTbIPpEXMEPHOE  NPOCTPAHCTBO-BpeMA W Oarn
reoMeTpuyeckoe npencraBrieHne Teopumn
OTHOCUTENBHOCTMN. [lepecTpounka Teopun

OTHOCUTENLHOCTN B MUPOBYIO FrEOMETPUIO BbIHYAUNA
INHWTENHA 3asBUTb: «C mex rnop, Kak 3a meopuro
OmHocumesibHocmu 835/lUuCb MamemamuKu, S ee
cam bosibwe He NMoHUMar».

MaTtemaTtuku . PumaH n H. JlobayeBckun cosganu
TEeoputo NCKPUBIEHHOIO NpoOCTpaHCTBA
NPOM3BOSMBLHOIO 4Yucfla U3MEPEHUN. ISUHLLTENH
BOCMoMb3oBarncd MareMatudeckumm qopmMynamu
PumaHa (YeTbipeXMepHOro npocTpaHCcTBa-BPEMEHN).



MUHKOBCKUM IJIs1 OTIMCAHUSA IIPOCTPAHCTBEHHO-
BPEMEHHBIX COOBITHH BBEJI TEOMETPHUYECKYIO
TEPMHUHOJIOTHIO.

COBOKYITHOCTb 3HAQYEHUH T, X, J, Z JJId XapaKTCPUCTUKH
MECTa U BPEMEHH COOBITHS - MHUPOBAsSI TOUKA.

MHO0kKECTBO MUPOBBIX TOYEK €CTh YETHIPEXMEPHOE
IIPOCTPAaHCTBO, Ha3bIBACMOC RPOCMPAHCHI60M

MuHKo6CK020.

JluanAg B 1pocTpaHCcTBE MMHKOBCKOIO Ha3bIBACTCA
MHUPOBOU JINHUEN.




CepbesHo OTO Ha4ana
NPOBEPSATLCA NULWb C ABaauaTbIX
roqoB  MpPoLWSIoro BeKa, T.e.
HeJaBHO, U MoKa HeT HWM O4HOro
doakTta, npotmnBopeyatrlero OTO.



9.4. CneactBuAa U3 npuHUuMna
3KBMUBANEeHTHOCTM!,
noatBepxgatowwme OTO

1. 3amMeOdsieHuUe epemMeHU 8

2pasumayuUoOHHbIX MOJISIX
Obuwasa Teopus OTHOCUTESNbHOCTU

npeackasbiBaeT 3amMeaneHne xoga 4YacoB B
rpaBUTALMOHHbIX MOSISIX.

[lycTb Yacbl ABUXKYTCS C YCKOPEHUEM g, Torga
MX CKOPOCTb, MOCMEe TOro, Kak OHM NPOLUMX
paccTosiHMe X, paBHa

L=.22Xx.



C TOYKM 3peHUdA HENOOBWXXHOrO Habnoaartens
NPOMEXYTKN BpeMeHn df B HeNoABWXHOM 1 di,
B MOABWXHOW CUCTEMaAxX OTCYETa CBs3aHbl
COOTHOLLEHMNEM:

Lo d o de

- 1
C C

20x°

roe dt — npomMeXXyToK BpeMEHU B NPOCTPAHCTBE
6e3 nons.



[Mockonbky (@ = 2X — rpaBUTALMOHHbIV

NnoTeHuunarl, T0 NnMeeM B cnabdblIX
rpaBUTALMOHHBIX MoNsX (¢ << c¢°)
dr ( A
dt = —— = dfy| 1+ (P2
J1-20/c Ny

— epeMsi meyem meM MeOJIeHHee, 4YeM

6os1bwe abcosiromHas geJIuUYUHa
gpasumayuoHHO20 rnomeHyuarna.
( A
dt = dry| 1+
. C




ITOT 3PdPeKT Obl1 NOATBEPXKAEH MNPAMbIM
9KCMEPUMEHTOM:

B 1976 r. Ha BbicoTy 10* kM Ha pakeTe Gbinu
NOOHATbI BOAOPOAHbIE Yacbl, TOYHOCTb XOAa
koTopbix cocTtasnger 107" c¢. Ha 3emne
OCTaBUIN TOYHO Takue Xe yachl,
npeaBapuTenbHoO CUHXPOHU3NPOBAB C
YyNeTeBLUMMN YacaMn.

Uepes aBa roga 4acbhl BEPHYNMM U CpaBHUMN
nokasaHusg, pasHoctb 4,5-10"° ¢ cosnana c
pacyeTHou rno OTO, ¢ ToyHocTbo 0,02%.



2. KpacHoe 2pasumayuoHHoe cMeuweHue

yacmomabl pOMOHO8
[lpu  npubnuxeHuu ceema K mernam,

co3darwum 2pasumayuoHHoe rosie, 4Yacmoma
ceema ybbieaem c ysenu4yeHuem abcornomHou
gesiuYUHbI NomeHuyuara rnoris.

[1na 4acTtoTbl cBeTa B rpaBUTaLMOHHOM Mosie
MOXHO 3anucarb:

V=Y, 1—%
c

e V — YactoTa CcBeTa C TOYKM 3peHus
HenoaBUMXXHOro Habnwaarens, V, — YacToTa cBeTa
B NMOOBUMXXHOWU CUCTEME OTCYETA.



Tak, ecnn CcBeT NCMYCKaeTCA B TOYKE C
NnoTeHUmnasriom (P1, N NPpUXoanT B TOYHKY C
NMNoTeHUnariom (p2, TO JIMHUWN CIEKTPa CMEeLLaloTCAH
B CTOPOHY KPaCHOIo uBeTa Ha BEJIMYUHY

Av = V((P1)_ V((Pz): ((Pz ~ (Pl)g

Ecnm Ha 3emne Habnwaatb  COEKTP,
ncnyckaemblit Ha ConHue v 3Be3fax, 10 |0,/ <|o)]
n Av < 0, 1.e. cMeLleHne NPoNCXoanT B CTOPOHY
MEHbLUMX 4YacToT (KpaCHbIM CNEKTP). ITOT doaKT
6bbin gokasaH B 1960 r. ¢ nomowblo addekTa
Meccbayapa n noareepxaaet cneacrtene OTO c
TOYHOCTbLIO A0 1%.



1916 r. OnHwTenH, obodbwaa noen CTO co3gan
Teoputo rpaButaumm (OTO): ntobon oOBbEKT,
obnapatoLwmnn aHeprnen £, byaeTt noaBepKeH
OEVNCTBUIO rpaBUTaLMOHHOIO Mons Kak ecru Obl
OH MMe€N rpaBMTaLIMOHHYIO Maccy m,,

CBA3b m, C 9HEpPrnen onpeaenseTca: E = mg&

Macca ooTOHa paBHa HyIto, HO B J1t0O0OM
rpaBUTaLMOHHOM MOJSI€ OH OOIMKEH BECTU cebs
KakK YyacTtuua c rpaButayMoOHHOU Maccou

Hw

m, =—-.



[Tpn aBU>XeHUN dooToHa BONMM3N NOBEPXHOCTU
3emMin BBEPX MO BEPTUKAIN HA pacCToAHUE [
doOTOH OOMKEH 3aTpaTUTb YaCTb CBOEUN 3HEPTUU
Ha coBepLUeHne paboTbl NPOTUB CUM TAXKECTMU:

H gl
COOTBeTCTBeﬁHB M@Hﬁqa@amﬂ 9Heprus
dpoTOHa OOSMKHA YMEHBLUMNTCA Ha BeanMHyN Q,

3HauuT, YactoTa poroliaBAoHLE nyTn byoet

MeHbLle Ha BeJ'II/ILII/IHy
AE ol

Aw = =
C’2




OTHOCUTENBbHOE YMEHbLUEHNE HaCTOTbI (bOTOHa

Ao gl
5 = — = —2
W C
Npy pacnpocTpaHeHUn No BepTuKanu bbirio N3MepeHo

B 1960 r. amepukaHCKMMM y4eHbIiMK [1layHOoM r
Pebkon. B ycnoBusx onbiTa OHO COCTaBWUIO Maryto
BenuuuHy 2 .10 "2 CnegoBartensHO, nepenag BbICOT B

onbiTe NayHaa-Pebkn coctaBnan >
oC
[=— =18 M.
g
AP PEKT N3MEHEHNA HYACTOTbI CBETA NPU

yaaneHnn ot 00nbLLIOW TAroTELLEN MAaCCh
Ha3blBaeTCcA rpaBUTaLlMOHHbLIM KpaCHbIM
CMELLEHNEM.



3. OmKnoHeHUe ceemoego2o Jiy4ya
MaccueHbIMU mesiaMmu

OTO oobsACHAET BOBOE bonbLuee
OTKIIOHEeHune CBETOBOIO ny4a BONM3n
MacCCUBHbIX Tesl, 4YeM 3TO npeackasbiBana
Teopus HbloTOHa. OKCNEPUMEHT  OblIr
nposeaeH B 1919 r. CeetoBon nyd, BONU3N
OOHOW U3 NnaHeT, oTKNoHwuncda Ha 1,75", Toraa
Kak rno teopun HbOTOHA UCKPUBMNEHNE OOSTKHO
6bino nponsontn Ha 0,87", T.e. BOBOE MEHbLLE.



4. O6BsicHeHUe cMeuweHuUs1 opbumasi
Mepkypusi

N3BecTHO, 4TO 3a 100 net opbuta Mepkypus
cmecTtunacb Ha 1° 33' 20". U3 Teopun HboTOHA
cregyeTt cMelleHne, 3a cYeT BIUAHUA MNNaHET,
Ha 1° 32' 37", a roe xe ewe 43". [loactasuB B
dopmynel OTO napametpbl ConHua w
Mepkypusa, OSUHLWITEUH MOSIyYMUST CKOPOCTb
npeueccun opdbutbl Ha 43" 3a 100 neT!



5. UepHbie ObIpbI

OTO npegnonaraetr Hanuyne BO BceneHHoM
YepHbIX  Ablp  — KOCMUYECKMX  OOBLEKTOB,
nornoLlatoLwmx Bce YacTuubl, B TOM 4Ynucne oOTOHbI,
noaxoasiLne K Ux NoBEPXHOCTM.

[onyckas, 4To poToH obrnagaeT rpaBUTaLMOHHOM
MacCon, MOXHO OLEHWUTb pas3mMepsbl r, n maccy M
KOCMUYECKOro 0bbekTa, CrioCOOHOCTb CTaTb YyepHou
abipon. Ons 3100 HeobxoaAMMO, YTOObI
KuHemu4yeckasi aHepausi gpomoHa bbisia MeHbue
unu paeHa e20 NomeHyuasibHOU 3Hepauu Ha
6€CKOHEYHOCTH: m c* m M

YpaeHeHue 4epHOU ObIpbi <G i .

2 r

g




2
m.c m,YM
<G , OoTcloaa
2 4
g
ecnu r < G2M TO CBeT He CMOXEeT MOKUHYTb
-’ aHHbI KOCMUYECKUNA OOBEKT.

YXe ecTb 4OCTaTOYMHO BECKUE JoKa3aTernbCTBa
CYLLECTBOBAHUA  4YepHbIX  ablp. OcHoOBHas
TPYAHOCTb COCTOUT B TOM, YTO OHW MOrnoLwarT
BCE M MOYTN HMUYEro He usnyyatot. [loaTtomy 06 nx
CYLLECTBOBAHUN MOXHO CYOUTb MO KOCBEHHbLIM
OAHHbIM: MOrMOLLEHNIO BELLECTBA U UCMYCKAHUIO
B 9TOM MNpouecce U3nyyeHus.



[logobHOEe daBneHne MOXHO Habnwaatb B
cuctemMme ABOWHbIX 3Be3d, B YaCTHOCTU, ODObIYHO
Ha3bIBalOT ABouHYI0 cuctemy SyaXl (Jlebeaob Xl).
[IpocmpaHcmeo @eHympu 4YepHbIX ObIp
ceopayusaemcsi, peMsi ocmaHaeJsiueaemcs.

[TpeackasaHHble OTO rpaBuTayMOHHbIE BOSIHbI
B NMPsIMbIX 3KCMEPUMEHTAX eLle He Habnoaanuc,
HO MOCMeacTBMS WX WU3NYYEHUST CUCTEMaAMMU
HebecHbIX Ten obHapyxeHbl. CornacHo OTO,
nepuodq opbutanbHOro OBWMXKEHUS  OBOWHOWN
3Be30HON CUCTEMbI OOMKEH YMEHbLUNTLCA U3-3a
N3NYy4YeHns rpaBUTALIMOHHbLIX BOJSH.



OTO YMEHbLUEHNE OTKPbITO B CUCTEME, OOQHUM
N3 KOMMOHEHTOB KOTOPOW HABMSETCA Mynbcap
PSR193 + 16. [Nlo pacyetam OTO oTHOCUTENBHOE
YMEHbLUEHWE Mepuoga B 3TON CUCTEME 3a OAUH
obopor pgomkHo coctaeBnatb 2,4-107%, a

HabnaoeHns OarT 3HaYeHue (2,3 £ 0,2)
.10—12
Bce BbILLEN3NOXEHHOEe roBOPUT o)

NPaBUNbHOCTU  MNPUHLIMMNOB, TMOMOXEHHbIX B
ocHoBy OTO, 0 HenpoTUMBOPEYMBOCTU €€
BbIBOOB 1 (PyHOAMEHTANIbHOCTWN NpeAdcka3aHHbIX
et0 PU3NYeCKUX aPPEKTOB.









UYepHble Abipbl - caMble
3aragoyHble fABMeHUs BO
- BceneHHon. WMx Henb3;| yBuaeTh,
HO MO)KHO 06|-|a. ITb N0 TOMY,
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UTOObl NMOHATL KakK
BO3HMKAET 4YepHaa Ablpa, HaOo
BCMOMHUTbL O TOM, KaKOB
XU3HEHHbLIN UMK 3Be3Obl.




3Be3ga o0bOpasyercda, Korga
bonbLwioe KonmMyectBo Trasa (B
OCHOBHOM BOAOpOAA) HadYMHaeT
CKUMATbCA curnamMmm CcoOBCTBEHHOIO
rpaBUTALMOHHOIO NPUTSKEHUS .
B npouecce cxatua atoMmbl rasa
BCEe Yalle M 4yalwe CcTankuBarTCH
Oopyr Cc Apyrom, paOBurasdacb CO BcCe
oonbLWMUK " oonbLMU
CKOPOCTAMMU .



B pesyneraTe k!
pa3orpeBaeTcd M B KOHLE KOHLIOB
CTAHOBUTCA TaKUM TOpPSYUM, YTO
aToOMbl BOJOpOda, BMECTO TOrO
yTOObI  OTCKakmBaTb  Opyr  OT
apyra, OyaoyTt cnuBatbcAa, 00pa3sys
renumn.
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OcHosHoe ypasHeHue Y/I:




Hubble Space Telescope - '. g
strengthened the emdence B e




[anakTvika ¢ aKTWBHbIN SOpOM



1998 e

Disk in Galaxy NGC 7052 HST« WFPC2
PRC98-22 « June 18, 1998 « ST Scl OPO
R. P. van der Marel (ST Scl), F. C. van den Bosch (University of Washington) and NASA
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M = 1,2 mapo Conny
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CxeMa CTPOEeHUS HaLLen ranakTukm







[Tynbcap — UCTOYHUK
Pagnon3nyvyeHns, npuyem
BbICTPOro 1 NpaBuUIbHOM
nepeMeHHOCTU. VX nosiBrneHne
CBSA3aHO CO B3pPbIBOM
CBEpPXHOBbIX 3Be34. Bca 3Be3na
COCTOUT N3 HENTPOHOB,

enpyry. OTcloaa HasBaHue —

. 3yyeHmne nynbcapoB No3BonsieT nccnenosaTh CBONCTBA
MOLLIHbIX FPaBUTALMOHHBIX 1 MarHUTHbLIX MOMeW, HEAOCTYMHLIX B 3€MHbIX
YCIOBUSIX.

— OCp BpaleHus

Cxema nynbcapa




BbiCOKOe NOCTOSAHCTBO NEPUOAOB
NynbcapoB Aario BO3MOXHOCTb C
i R OO0sbLLION TOYHOCTBLIO N3MEPUTL
3B€3Aa ==pA X770 Nefd  Mepuof BpalleHus 3emnn.
P 3MeHsasCh NpY NPOXOXAEHUM
yepes MeX3Be3aHbIN ras,
N3ry4YyeHns: NynbcapoB HeceT
Ba)XHYI MH(pOopMaLUnio 0 cocTaBe
N PU3NYECKNX CBONCTBAX
MeEX3Be34HOM cpeabl.

*
wa /\J}
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| OTO npepgnonaraet Hanu4me
8 Horox i o - | Bo BceneHHonm -
? ala KOCMMUYECKNX 0OBHEKTOB,
nornoLlarLLmx Bce YacTulbl,
B TOM 4uUCrie (POTOHBbI,
noaxoasiLume K ux
noBepxHocTU. OHu
obpa3syoTca B pesyrnbrate
| B3pbIBa rMraHTCKMX 3Be3/
mMaccon bonee 3 macc
ConHua.

Bonu3un 4yepHon Obipbl ra3s
CUNBbHO pa3orpeBaeTcs U

CTaHOBUTCA MCTOYHUKOM BbICOKO3HEPINYHOIO 3J1EKTPOMAarHMTHONro N3sfty4eHn4 B
PEHTIEHOBCKOM U NMMMa - Anaria3oHe.



[BymMmepHas Moae/ib <KpOTOBOW HOPbI»

O6uvHOe NPOCTPAHCTEO
CHapyXWn
«KPOTOBOWM HOPbI»

BXOA B «KPOTORYIO HOPY»

TyHHens mexay obnacramu
NPOCTpPaHCTBa

~— AXPOTOBYIO HOPY»
~ . JWyThNy4a CBeTa




hewswriter,ru










[onybas
YyepHoWu Ablpe

a oTOaeT BellecTBO




CTPYKTYPA YUEPHOW ObIPbI

CUHeYITIAPHOCMb- ecé seujecmso
4yepHol Obipbl cobpaHHOe 8 6ECKOHEYHO
Marslyto mo4yky 6eckoHeyHou rniomHocmu 8
camMoM ee UyeHmpe.

20PU30HM cobbimuu
epaHuua 4qef

Jlyun cBeTa OTKNOHAOTCSH

rpaBMTALMOHHbLIM NONEM,

OKpY)KaloLM YEPHYIO [

Boanu ot abipbl Ayuu
nckpuenaTca crnabo. E
nyY NpOXoAUT COBCEM PSIAC

ObIpOU, OHa MOXXET 3axBaTi
Ha KpYroBylo opObuUTy Unu 3acoca
B cebs coBcemM.

OKDYMWHOCRS



PeweHue WBapuyliunnega

PelwweHnem LLBapuwimnbga TOMHO ONUCLIBAETCA N30AUPOBaHHAS
HeBpaLlaLlascs, He3apsXkeHHasa N He ncnaparwancs YepHas
ablpa (310 cdhepunyeckn CUMMETPUYHOE peLLeHUe YpaBHEHUI
rpaBUTaLMOHHOrO Nons (YypaBHEHUN DMHLWITEWHA) B Bakyyme). Ee
rOPU30HT COObLIT )epa, paanyc KOTopou,
onpeaenéHHbIN 13 e S =41mr,
Ha3blBaeTCS rpaBUT U paguycom -
LLBapuwmnsaa. ., W

Bce xapakTtepuUCTUKn peLue
OAHO3HA4YHO onpeadenarTca o
napameTpom — maccoW. Tak,
rpaBUTALMOHHLIN pagnyc YEPHOU AbIpbI
maccbl M paBeH

Qived \\ 3

: \ : @M;Exnm;umv.m.oz
rine G — rpaButaumo

HHasi NOCTOSAHHAA,
a C — CKOpOCTb
cBeTa




MoXXHO BBECTU NOHATUE «CPE]

nogenve ee maccy Ha «o€

COObITUNY A
3cC

P~ 397 G ,
CpenHasa nnoTHOCTh 7 , @pHon Oblpbl. Tak,
ecrnv YyépHas abipa ¢ - YA JO1 obrnagaer
NIOTHOCTbIO, NMPEBbILLAIOLLEN ‘ Tb, TO
cBepxMaccuBHasa YépHasa abipa SM0FconHeyHbIX Macc
o6najaeT cpegHel NNOTHOCTLIO NopsiaKa 4 / 3. Takum
)

OTHOCTWU» YEPHOMN ObIPHbI,
OYEHHbIW NO4 FEPU3OHTOM

—— -
- * % 4 % LW 7 _l

,,,,,,,,,,,,,

obpasom, qé 0 Abl HO NONYYNUTE an0 cXxatuem
MMELLLErOCH eMa B TBa, HO TEHCUBHbIM nyTem,
HaKonmneHue I'pOMHOI'O KOSTNYECT iteppyana. |

/ Z oo
Macca >'onpeuenf-|eTcs'-| no cpoplvlyne: 7\ [ e CTg
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Kapn WeapuwwunbA,
1873-1916, HemM. acTpOHOM




B 1915 rogy K. LBapuimnnbg BbINVCAs PELLEHNS ypaBHeHMf/'l
QiiHWTenHa [iNs NYCTOrO MPOCTPaHCTRA B cpepuryeckm
CYMMETPUYHOM CTaTI/IﬂQCKOM criysae. 370 peLleHue 0Ka3as10Ch
. '1
NPOCTPaHCTBOM:BPEMEHEM! Y% c Torioriornen "
. MHTepBanom #Mp1eoanMbIv K BUAY

rﬂe | \ a‘,’, =T
; -\. BpemeHHaﬂ Komp,FrHaTa B /eKyHnai\:‘
: (-— pa,u,maanaﬂ KoopAauHaTa, B meTpax, *
0 — reorpaduyeckas: Linpota (yron ot cese
-~ —ponroTa, B paguaHax,

"r — pagunyc LIJBapu,Lumnbna TEna ¢ Maccoi M, B MeTpax
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B panmaHax



ABA TUMNA YEPHbIX ObIP

AXKpeIIMOEHUITEICK

IIpcTon

Sepe3a-KOMIIAHLOH Jépuans o

Macca 10722 kr
Pamzyc 10719

Bpems ucnapexua 107%¢ ¢

Macca 10% ur
Pamuvc 20 xm
Bpemsa uczaperus 10° net

(MUHMK-
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-, Maccol
MOTN

3TO OCTaTKU










