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3akoH Xa00J1a (MpOIOIKEHHE )

o MuTEeprpeTupys CABUT IJIMH BOJIH KaK pe3yabTar
adekra Jlomnmiaepa, CKOPOCTh TraJaKTHUK
IPONOPIMOHAIFHA 3TOMY CIABUTY

e ldTak, CKOpOCTh yIaJICHUS rajlaKTURE LPOIIOPIIAO-
HaJIbHA PACCTOSHUIO JIO HEE

e 3HAYMUT JU PTO, YTO BOJIM3M HaleH | aJakTuku
IIPOM3O0IIEII TUTAHTCKUU B3PHIB?
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3akoH Xa00J1a

* tak, B cinyyae JIMHEMHOW 3aBUCUMOCTH
yIAJICHUE BCEX TEJ HE 03HAYACT
CYIL[ECTBOBAHUS [IEHTPA PACIIIUPECHUS

e Bce Tena ymaiasroTcs oT Beex!

 Ho xorma-to tena Opuin Ommxke... Moxer
TIa’Ke BCE TaJIaKTUKHU, BC BeceneHHas
pacIUupPIETCA U3 OJJHOU TOYKH. ..
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KpacHoe cMmelleHue

e CIBUI IJIMHBI BOJIHBI ONPEACIISIOT KaK
z=(—-A) /A, HE

}‘o — JUIMHA BOJIHBI, U3MEPEHHAs B 1a00paTopruu

A — HaOIrOnaemMas JIJIMHA BOJIHBI

e OOBIYHO €€ Ha3bIBAIOT KPACHBIM
CMeIlleHHeM, TaK KaK

— Ecimz> 0, o A > 7‘0 — JIMHUSA CJIBUTAETCA B CTO-
POHY OOJBIIMX AJIMH BOJIH («KpacHas» CTOPOHA)

— B xocmostorum yaiiie Bcero z > ()



KpacHoe cMmelleHue

° HpI/I‘II/IHBI JJIA UISMCHCHUA JIMTd bl BOJIHBI

— IddexT Jonmiaepa (B2aiMHOE IBUKCHUE
MCTOYHHKA U H20mOaaTes )

— I'paBuUTAIMOHHOE CMelIeHue (Pa3TNIHbIC
IrpaBUTAIIMOHHBIE MOTEHIIUAIBI HICTOYHHUKA 1
HaOJIIOIATE )

— Pacmimpenune npocrpancrBa ((GpOTOH «pacIiiu-
PSETCS», IMOKA JABHUKETCS B IIPOCTPAHCTBE)

— Crapeuue hoTOHOB ((POTOH «KpaCHEeTN-115=32
CBOMCTR ITNOCTEGTL 1Ba,)



D¢ dekt lommiepa

° I[J'II/IHa BOJIHBI USMCHACTCA U3-34 TOI'O, UTO
H&6JIIOI[&T€JII) ABHIKCTCS U USMCHACTCS ITIPOMC-
KYTOK BPCMCHHU MCKY ITYIYHOCTAMMK BOJIHBI CBCTA

e /13-3a n3MeHeHUd 4acTOThbI MEHIETCS U
peErucTpupyemMas J1jIruHa BOJIHBI

e |Ipn B3aMHOM yJaJI€HUU UCTOYHHUKA U
HaOJIogaTelIsl BOZHUKACT KpAcHOe cMeuyeHue, TIpu
COIMKECHUM — (huonemosoe cmeujeHue









Oddekt Honmaepa

* Tounas popmyia:

— V— MOAYJIb CKOPOCTH OTHOCHUTCJIIbHOI'O JIBHKCHU S

— 0 - yroi Mexay HalpaBICHUEM JBYKCHUS
MCTOYHNKA U TUHNEH HAOIIOAECHUS

— C — CKOPOCTb CBETa B BAKyyM€E
 [IpumepHas popMyma npu v << ¢



Pacmupenue npocTpaHCTBa

e J[;IMHA BOJIHBI NU3MEHAETCS, TaK KaK B TCUCHUE
CBOOOJIHOTO ABUKEHHUS (POTOHA IIPOCTPAHCTBO
YCIIEJI0 PACHIUPUTHCI U «PACTIHYTh» (POTOH

* [Ipu pacuimpeHun NpoOCTPaHCTBA BOSHUKAET
KpAacHoe cmeujenue, IpA CKATUUA — huoaemosoe
cMeujenue

e




Pacmupenue npocTpaHCTBa

* MuterpanbpHas popmyna:

— a — macuimabuwviu hakmop (IIOKa3bIBACT, BO
CKOJIBKO pa3 IMPOCTPAHCTBO PACIIIUPUIOCH I10
CPABHEHHIO C ONPEICICHHBIM MOMEHTOM )

— @, COOTBETCBYET BPEMEHU PETUCTPAIINH
(hoTOHA, a a, — BPEMCHU U3ITyYCHUS
e JlupdepenuuanbHas hopmyna:
— A =daldt



KpacHoe cMmelleHue

e Tak KaKk KpacHOE CMEIICHHUE raJIaKTUKH
CKJIQJIbIBACTCS M3 JCUCTBUS 000UX 3(PPEKTOB, TO

 [Ipnunna 3akoHa Xa001a — pacuiuperue
npocmpancmaea, a pa3opoc BOKpYTr OpsIMOM Ja€T
aghpexm Jlonnnepa, KOTOPHIA BbI3bIBAIOT
CIIy4YalHbIC JBUXKCHUS OTJCIIbHBIX TaJIaKTHUK
OTHOCHUTEJIBHO IIEHTPAa MACC CKOILUICHMS IaJIaKTHK



CyTbh IOCTOSHHOM Xa00J1a

e Pa3MepHOCTh TOCTOSIHHOM Xa00i1a —
KM/c/Mnk unu npocto 1/c

e OHa NOKa3bIBACT, HACKOJBbKO B OTHOCHUTEJIb-
HBIX €AUHUIIAX PACIIMPICTCS MPOCTPAHCTBO
B €AUHUILY BPEMEHU

* 3HAUUT, BEIWYMHA, OOpaTHAsI IOCTOSHHOU
Xa00ma, IpuOIM3UTEIILHO Pa3Ha BO3PACTy
Bcenennon



MeTarajakTuka

* OTCrona cieayer, 4yrto y BcelleHHOM €CTh
npeaes Ha0araacMou 00IacTu

» HaOnrogaemyro yacth BeceneHHoi
Ha3bIBAOT Memazanakmukou

e Paccrosnue 10 rpanuibl MerarajlakTUKu
mpuMepHo R, =c/ H = 1.3-10°° m
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KocMommornueckue Mojaeiu

e Kocmonozuueckoit mooesibro Ha3bIBalOT
MaTEMAaTUYECKYIO MOJENb, OITMCHIBAIOIIY IO
YCPEAHEHHOE pacCIpeacICHUE MaTEPUM B
IIPOCTPAHCTBE U €r0 3BOJIIOLIUIO

* Mojenu AeIaT Ha KJIacChl IO TEOPUH, B
paMKax KOTOPOU OHA IMOCTPOCHA:

— HbrOTOHOBCKast KOCMOJIOTUSA — 8CEMUPHbIU
3aKOH NPUMAHCEHUS

— PengTuBucrckas kocmosoruga — O70



KocMommornueckue Mojaeiu

e OCHOBHBIE PEATIOIOKEHUSA, HA KOTOPBIX
OCHOBBIBAOTCA BCE€ KOCMOJIOTHUUYCCKHUC MOICJIN.
— BcenenHas olHOpOIHA U U30TPOITHA
— 3akoHbl (PU3UKU OJMHAKOBBI BO Bcell BeeneHHoM

* | IpUMEHUMOCTh 3TUX NPEANOIOKEHUN CIEAYET U3
MHOI'HMX JaHHBIX PA3JIWYHBIX HAOIIOICHUN



Hp0oTOHOBCKAS KOCMOJIOIUS

* PaccMOTpUM «TUITUYHBIN 1IAD,
PABHOMEPHO 3aIIOJTHEHHBIM MAaTEPUEH.

* [lycTh pagmaabHbIE CKOPOCTH YACTHII IO/ -
YUHSIOTCS 3aKOHY Xa00i1a (4T0 HEU30E€KHO
[IPU HAIIWAX ITPEAIIOIOKECHUAX ):

e [IycTte />0 1 HE 3aBUCUT OT ONPOCTPAHCT-
BEHHBIX KOOPAMHAT (TOJIBKO OT BPEMEHH )



Hp0oTOHOBCKAS KOCMOJIOIUS

* [TycTh B MOMEHT BpEMEHH /, KOOPANHATA
YacTHUIIbl €CTh . lorma 3Ta KOOpJAuHarTa
MEHSIETCS 10 3aKOHY (R(?) —
MACIITAOHBIN (PAKTOP).

e Tak Kak , TO



Hp0oTOHOBCKAS KOCMOJIOIUS

e Jl1st ompenesieHUs 3aBUCUMOCTH R(?) u
H(%) oT BpeMeHH, UCIOIb3YEM 3aKOHBI
COXPaHEHUA MACChI Y ITIOJIHOM
MEXAHUYECKOU YHEPTUU.

— Macca mrapa He MEeHSETCS

WJIM, 3aIIMChIBAs 110 APYrOMY,



Hp0oTOHOBCKAS KOCMOJIOIUS

e 3aKOH COXpPAHCHUS MEXaHUYECKOM SHEPIUM
U1 DJIEMEHTA Ha Kparo mapa:

— Kunernueckas sHeprus

— lloreHumanbHasg s3HEprUs

 [losHas sHEPrUs NOCTOAHHA:



Hp0oTOHOBCKAS KOCMOJIOIUS

* 3anuIIeM IMOJHYI0 MEXaHUYECKYIO SHEPT U0
(DOCTOSTHHYIO) B BUE . Torma

3H? 3kc”

= — (*)
e 87G  87nGR*




Hp0oTOHOBCKAS KOCMOJIOIUS

e JTO YpaBHECHHUE BMECTE C HAYaIbHBIMU
YCIIOBUSIMH ITOJIHOCTBIO OIIPEACISIOT R(Z), T.
€. BC€ JTMHAMHWYECKHUE CBOUCTBA
KOCMOJIOTHYECKON MOJICIIH.

* B ypaBHeHUE (*) HE BXOJMUT pa3zMep 1iapa
MaTEpUH, IOATOMY €r0 MOXKHO IIPUMEHSTh
IS 11apa JIro0oro pasmMepa, Kak 1 Jjs BCeu
BceneHnHon, paBHOMEPHO 3a10JIHEHHOM
BEIIICCTBOM.



Hp0oTOHOBCKAS KOCMOJIOIUS

» KauecTBEHHO MOXXHO OLICHUTH R(?) maxe
0€3 HHTErpUPOBaHUS ypaBHEHUS (*):

3H? 3kc?

P 8nG ~ 87GR>




Hp0oTOHOBCKAS KOCMOJIOIUS

* Eciin k<0, TO 1moJiHas MEXaHW4EeCKast SHEPTHUs
MOJOKUTEIbHA (KHHETHYECKasl OOJIbIIIE
OTCHIMAIBHOM ) U JAaHHBIM JIEMEHT 00bEMA
OyZIET BEYHO OTHAJISATHCS OT Hadajia KOOPAWHAT.

* Ecimu £>0, TO moJsiHast SHEpTrUsl OTpULIATEIbHA.
Yepes kakoe-To BpeMs pacIlIupEHHUE
3aTOPMO3UTCS U CMEHUTCS coxatuem (H<0)

e k=0 — morpaHUYHbBIN CIyYaMu:



Hp0oTOHOBCKAS KOCMOJIOIUS

e 3HAK IMOCTOSTHHOM Kk ¥ XapakTep ABUKCHUS
MAaTEPHUM 3aBUCUT OT 3HAKA Pa3HOCTH
,» TAC

Ha3bIBAIOT KPUMUYECKOU NIIOMHOCHLBIO.
BBeném Taxxe 0003HaAUEHNE



Hp0oTOHOBCKAS KOCMOJIOIUS

* Eciu , TO paclIMpPEHHUE mapa
OCTAHOBUTCSA U CMEHUTCS CXKATHUEM.

* Ecin , TO paclIupeHue Oyaer
IPOJOIKATHCS BEUHO.

e 3HQYCHUE KPUTUYECKOMN ITNIOTHOCTH (KaK U
caMa INIOTHOCTh) MEHSETCS CO BPEMEHEM, HO
3HAK PA3HOCTH IUNIOTHOCTEN HE MEHSETCH.



Hp0oTOHOBCKAS KOCMOJIOIUS

e PemimM ypaBHEHHME SBOJIIOIUM (*) B clIydae,
xorma k= 0.



Hp0oTOHOBCKAS KOCMOJIOIUS



HbI0TOHOBCKAS KOCMOJIOT U

MacmraOHbBIN
(dbakTop a




Hp0oTOHOBCKAS KOCMOJIOIUS

» Kitaccnueckas kocmolsioruss HerotoHa
IPUMEHHMA JIMIIb MaJIbIM HHTEpBaJIaM
IPOCTPAHCTBA U BPEMEHU (JIOKAJILHO)

e KaueCTBEHHO BEPHO OMHUCHIBAET HBOIIOLIUAIO
BCEJIEHHOU U €€ 3aBUCUMOCTb OT CpEIHEH
IJIOTHOCTH

* HenmpumeHnuma i ormcaHus BCEU
BCEJICHHOM, TaK KaK CKOPOCTh B3anUMO-
NCUCTBUS CUMTACTCS OCCKOHEUHOM
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PeagTuBucrckass KOCMOJIOTHUS

e COImacHoO 3KCIIEPUMEHTAIILHBIM JJaHHBIM,
CKOPOCTh CBETA IIOCTOSIHHA BO BCEX CHCTEMAX
OTCUETA.

e JTO IPOTUBOPEYUT TeOpur HbproTOHA, HO
BEPHO B CIIEIMATILHON TEOPUU
otHOocuTenbHOCTH (CTO)

e« Ho B CTO HE BKIIIOYECHO I'PABUTALIMOHHOE
B3aMMOJICUCTBHUE. T€opus, OIMChIBAIOIIASA U
€ro, YUYUThIBasd KOHEYHOCTh CKOPOCTH
B3auMoiencTBusl, ectb OTO.



Hcropus

* B 1916 rony CO3/1a€T
oouwyro meopuro omuocumenvrocmu (OTO)

* OHa paccMaTpUBAET OOBEKTHI, KOTOPBIE
IBUKYTCS C OOJIBIIUMH CKOPOCTSIMHU B
CHUJIBHBIX I'PaBUTALIMOHHBIX MOJISIX

* OH (1 apyrue) nmytT pemenus OTO nus
OoIrcaHus ABOJIIOLIMU BceneHHnou

* BceneHHyro npeacTaBiIsstOT OQHOPOIHOU U
M30TPOITHON (KOCMOJIOTHYECKAM IMPUHIINI )



Hcropus

« B 1917 rony CO3HAET MOOEb
CMAayUOHAPHOU BCelleHHOU, TOTIOIHAS ypaB-
HEHUSA TPABUTALIMOHHOIO TTOJIA «/\-YJIEHOM)

* B 1917 rony HAXOIUT PEILIC-
HUE I OUHAMUYUECKOU NYCMOU BCETEHHOU

» 3axon Xabo6na (1929 1.) cooTBEeTCTBYET
oxkuganusIM OTO u COOTBETCTBYET CIIy4aro
paciuupenus BeeneHaon



Hcropus

A i e W. de Sitter
Albert Einstein (1879 — 1955) (1872 — 1934)



Hcropus

* B 1922 rony 1, HE3aBUCUMO
OT Hero, B 1927 rony pPa3BUIIN
JajIee€ MOJICIIb HECTAIIMOHAPHOW BCEJIICHHOM,
YUHUTBIBAs MacCy, 'PaBUTALIMIO U KPUBU3HY
IIPOCTPAHCTBA

e CormacHO 3TOM TEOPUH BCEICHHAS PACIIHAPSI-
€TCS M3 HAYaJIbHOU POCTPAHCTBEHHO-BPE-
MEHHOU CUHTYJIAPHOCTH A0 COBPEMEHHOIO
COCTOSIHUS Y JAJIbIIIEC



Hcropus

Anexcangap Opuaman Abbe Lemaitre
(1888 — 1925)
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OCHOBHBIE ITOHITHS

e OCHOBHBIE ITOHATHS HBIOTOHOBCKOM TEOPHUH
IPaBUTALIUA

— OIHOPOAHOE M U30TPOITHOE MPOCTPAHCTBO, B
KOTOPOM ITPOUCXOJUT ABUKCHHUE

— OgHOPOAHOE BpeMs KaK mapaMeTp JABUKCHUS
— JIBrKyuiasicss macca

— I'paBUTAlIMOHHOE B3aUMOIEHCTBUE,
MOMEHTAJILHO AEHUCTBYIOIIEE 10 3aKOHY



OCHOBHBIE ITOHITHS

e OcHoBHbIC TOHATHSI CTO
— IIpocTpancTBO-BpeMss MUHKOBCKOTO
— MuepuuanpHas cuctema orcuera (M1CO)

— CKOpOCTB CBETA ¢, C KOTOPOU
PaCIpOCTPAHIIOTCS B3AUMOACHUCTBUSI

* YTO OTCYTCTBYET B 3TOU TEOPUU

— I paBuTanmonnoe mnose



OcHoBHBIE ntogsaTus OTO

 JlokanbHO-uHepyuuaIbHasa cucmema
omcuyema (JIMCQ), koTOpasi BBOOUTCS M3-3a
HEBO3MOXXHOCTU OCTPOECHUS €IUMHOMN
rimo0anpsHOM MCO B IpoCTpaHCTBE C
IPABUTALIOHHBIM IIOJICM.

B CTO yckopeHue Tena MOXKET OBITh
CKOMIICHCHPOBAHO YCKOPEHHUEM CHUCTEMA
orcuera. B OTO 3T0 HEBO3MOXKHO.



OcHoBHBIE ntogsaTus OTO

e [Ipocmpancmeo-epemsa Pumana — KpuBoe
4-X MEpPHOE IIPOCTPAHCTBO (T.€. DJICMEHT
MHTEPBAa ds HEIb3s TTI00AILHO
npeoopa3zoBarh B (hopMmy MHUHKOBCKOIO)

e [eomMeTprYECKHE CBOMCTBA (KPUBH3HY)
OIIPEACIIACT ABUKECHUE U PACHPEACTICHUE
Macchl. Ho m camMo ABMXKEHUE ONpPEICIs-
€TCS KPUBU3HOM IIPOCTPAHCTBA.



OcuHoBHbIE TOHATHI OTO

e Kpubi¢ 4-Xx MEpHBIC IPOCTPAHCTBA

— VY cghepvr nonokUTEIBbHAS KPUBU3HA

— V¥V «ceona» orpuniareabHas KpUBHA3HA
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OcHoBHBIE ntogsaTus OTO

e Cormacao OTO, rpaBUTalIMOHHOE I10JIE
IIPOSIBISICTCS. B KPUBU3HE NPOCTPAHCTBA.
Yem OonbIie OTINYNE OT INIOCKOIO
IPOCTPAHCTBA, TEM CHJIbHEE IOJIE.

* YpaBHEHUS I'paBUTAMOHHOTO 1ot OTO
— CHUCTEMAa NCCITU HECIMHCHUHBIX
nuphepeHnaIbHBIX YPABHEHUM BTOPOTO
IOPsIJIKa



YpaBHEHHUS DUWHIITEHHA

 KpuBu3Hy € pacnpeieaeHueM MacChl
CBSI3BIBAIOT YPABHEHUS DUHIUMEUHA

_ ik
— R, 1 R=g"R_ XapaKkTepusyroT KpUBU3HY
— g, — METPUYECKUH TEH30D

— I’ XapaKkTepH3yeT pacrpe/ie/ieHHe 1 TBIKCHHE
MaTepuu

— K — [IOCTOSIHHAS DHUHIITENHA



TeH3op sHeprun-uMIyibca

* PaccmoTpuM BUJI TEH30PA DHEPTUU-UMITYJIbCA
T, B HanOOJICe YaCTBIX CITyYasx

* KommoneHTa 7, paBHa TNIOTHOCTH SHEPTUH

BEIIECTBA € = pC’

* KomnionenTsl 7. (i = 1, 2, 3) paBHbI IaBJICHUIO
BEIIECTBA p

e Heguaronaneusie wieHsl B JIMCO — nynu



TeH3op sHeprun-uMIyibca

* TeH3op sHEPIrUU-UMITYJIbCA IS NbLIU:

— [IpUIb ONIpeAeeHa Kak cpeaa ¢ HU3KOM TeMIIe-
paTypoiu (T.€. TEIJIOBBIE CKOPOCTH JBMKCHUS
MHOI'O MEHBIIIE CKOPOCTH CBETA C)

— OTcrona gaBjaeHUE NbUIM PABHO HYJIIO 1
CIANMHCTBCHHAsA HeHy.TIeBaH KOMIIOHCHTA TCHBOpa
I ecTh

ik



TeH3op sHeprun-uMIyibca

e TeHszop sHEprun-uMIyJIbCa 14 VIbmpa-
PEeAMUBUCIICKUX YACTUY:
— Ux 4-umnyinsc paBeH

— Torna , TIIC € - IJIOTHOCTD
SHEPIruu

— U



TeH3op sHeprun-uMIyibca

* OTKpBITBIA BUJI TSCH30Pa SHEPrUM-UMITYJIbCa
118 VIBTPa-peNIITUBUCTCKOTO BellecTBRa (B
€ro CUCTEME OTCYETA):

i e
* Jlist uznydenus (GoToHOB) 7' Takou xe!



YpaBHEHHUE COCTOSHUA

e JlaBjieHME C INIOTHOCTBIO BEILIECTBA CBI3aHO
ypaeHeHuem geuwiecmea, o0l BHU
KOTOPOTO p = apc?

* 13 Bua TeH3opa Tl.k CJIEAYET, UTO ISl IbLIA
o = 0, a 11 yIbTpa-peasITUBUCTCKOTO
BEIIECTBA U U3Iy4YeHUS o = 1/3

Hama Bcenennasa
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OpruaMaHOBCKUE MOJIEIIA

e OCHOBHBIC MPUOJINKEHUS
— [IpocTpancTBO OMHOPOIHO B H30TPOITHO
— Onucanue cucteMsl npoucxoaut B JIMCO

e Torma ypaBHEHHUS DWHINTEHHA CBOASATCS K

Hama Bcenennasa




OpruaMaHOBCKUE MOJIEIIA

e OCHOBHBIC MPUOJINKEHUS
— IIpocTpaHcTBO OMHOPOIHO U H30TPOITHO

— Marepus eCTb «IIbLIb)

e Torma ypaBHEHHUS DWHINTEHHA CBOASATCS K



OpruaMaHOBCKUE MOJIEIIA

e JTU YPAaBHECHUS HE HE3ABHCHUMBbI, U BTOPOE
M3 HUX YKBUBAJICHTHO YPaBHEHUIO (*), ecliu
Ha MeCTO 1 OO IIOJICTABUTB €0 3HAUEHHE pC>

3H" 3kc”

CERG G




OpruaMaHOBCKUE MOJIEIIA

e XOTA YPAaBHEHUSA MAaTEMATUYECKUA UACH-
THUYHBI, OHU OIMCHIBAIOT PA3HYIO «(PU3UKY»

HrroToHOBCKAad
KOCMOJIOTUS

OpuaAMaHOBCKHUE MOJICIIU

k — HEepEepbIBHAS BEIINYM-
Ha, XapakTepHu3yroas
YHEPTUIO CUCTEMBI

k npuHAMaeT 3HadeHus 0,
| mim —1 u xapakrepusyer
KPUBU3HY MIPOCTPAHCTBA

H omnmuceIBaceT B3auUMHOE
JIBUYKEHUE YaCTHUII

H onuceIBaeT pacuiu-
pPEHUE TIPOCTPAHCTBA




OpruaMaHOBCKUE MOJIEIIA

 Ho Tak kak ypaBHEHHUS UACHTUYHBI, TO U
PEIICHUS TOXKE OJJMHAKOBBHI!



DBOJIIOIINA BceneHnoun

e DBOJIIOIMUA 3aBUCUT OT OJIHOTO IIapaMeTpa —
napamempa niomuocmu ).

* Ecim (2 < 1, TO BCeneHHass BEUHO pacCIlIups-
erca. Ilpocmpancmeo omkpvimo.

e Eciu Q> 1, TO BCeJIeHHAs MOCJIe CTaguu
PACIINPEHMUS] HAYMHAET CKUMAThCS
ooparHo. Ilpocmpancmeo 3aMKHymo.

 Ecim Q = 1, TO morpaHuyHbIN Ciydyan —
NPOCMPAHCMEO NIIOCKOE



DBoaong BeeneHHoM

MacurraOHbI
(dakTop a




DBOJIOIINA BeceneHnoun

 [TocTosHHas Xab0aa — Mepa CKOPOCTH
n3MeHeHus Macmrrada Beenennoii a:

e Co BpeMEHEM OHA MEHSETCH!

 [Ipu HaOMOAEHNN 00OBEKTA paCCUMTAHHAS
IMmocTossHHasg Xa00J1a 3aBUCHUT OT DBOJIFOITNU
BCEJICHHOU BO BCE MOMEHTHI MEXTY
M3JIY4YCHUEM U perucTpanueit GoroHa



2 JIeKIUA
KocMommornueckue Mojaeiu

e 3akoH Xa00ia
— KpacHoe cmenienne

e HEIOTOHOBCKAS KOCMOJIOTHUA

e PeasTuBUCTCKASI KOCMOJIOTHS
— OcHoBbel OTO
— OpuAMaHOBCKUE MOJICIIN

e O000IIIEHNE KOCMOJOTHYECKUX MOEIIEN



Harra Bceneanas

* MEI paccMOTpEIH OOIIYIO0 CXEMY
SBOJIIOLIMY BCEJICHHOMU, 3aIIOJIHCHHOU
IbIJIEBUIHON MaTEepUEH

* Bo3HuKaeT 3aKOHOMEPHBIU UHTEPEC —
TOJINTCA JIX pa3pabdoTaHHAs TCOPUS I
OIMCaHus Hallen BeeaeHuoun

* 1 ecam rogurcs, TO KAKOBBI PEAIbHBIE
3HAYCHUS ITapaMETPOB MOACIIN?



Harra Bceneanas

 [IpeoOpasyem ypaBHeHne @puamana (YD),
yuuTtbiBas popmy 7T, (I). Uraxk,

e OHO IIOKA3bIBAECT, UTO DBOJIIOLIUS 3aBUCUT OT
YPABHEHUS COCTOSIHHSA P = apC’



Harra Bceneanas

* Bo BceneHHon oqHOBPEMEHHO €CTh THIIBI
MaTE€pUH C pa3HbIMU 3HAYECHUSIMU O

 [Tocnennue nanueie (WMAP, ¢hespanv 2003
200a) yOeqUTEIIBbHO ITOKA3BIBAIOT, YTO OKOJIO
2/3 OT 00IIEeH SHEPIruy 3aHUMAET T.H.
MEMHAA IHEP2U

* [JompoOyeM MOHSATh, YTO JKE ATO TAKOE!

Ecim He XOoTIT HOHITH




A\ - 4j1eH

* Mcropruecku niepBas MOJIEIb BCEJICHHOMN
OuHmTerHa (1917 ) ObL1a 0 MOCTPOCHUTO
cratnyHoM. OJHAKO, KaK Mbl BUJIEIIH,
YPAaBHEHUS DVHIITENHA HE JOIYCKAIOT TAKOE
SNISE (S

* YTOOBI PEIIUTH 3TO MPOTHUBOPEUYHE,
OWHIITEWH 100aBHUI B YPABHEHHUS JOIIOJIHHU-
TEJIbHBIM CKAJSIPHBIN YJICH (T.H. /A-4JICH)



A\ - 4j1eH

* YpaBHEHUS DHHINTCHHA:

* YpaBHEHMUS, JONOJHEHHBIC A-4JIEHOM



A\ - 4j1eH

* Haligém s pexkTHBHOE YpaBHEHHUE COCTOS-
HUs A-4iaeHa. [[J1s 5Toro mpeacTtaBuM ceoe,
4TO Marepuu BooOIe HeT. Torma

* D(P(DEKTUBHBIN TCH30P SHECPIrUH-UMITYJIbCA B
JIMCO ecTh



A\ - 4j1eH

e CpaBHHBas ¢ OOIIMM BHAOM TE€H30pa
sHeprun umnyisca B JIMCO, T.e.

BUIUM, YTO JUId A-ujieHa o = — 1.

e 3HAYUT, €CJIU INIOTHOCTDb SHEPIUHU /\-4JICHA
ITOMHUHHUPYET, TO BCenenHas pacmupseTcs
YCKOPEHHO!



A\ - 4j1eH

* JlercTBUTENIBLHO, U3 YpaBHEHUA DpuMaHa:

e Eciii a =— 1 (T.€. BCIO IIIOTHOCTh SHEPT U
cocTaBiisieT A-uiieH), To d°a/df* ooKuTe-
JICH U PACUIMPEHUE MPOUCXOAUT YCKOPEHHO.

* [IpyunHa — CUJIBHOE OTPUIIATEIILHOE
«JTaBJIICHUEY



Harra Bceneanas

Ho 00 sToM B ciaenyromui pas!



2 JIeKIUA
KocMommornueckue Mojaeiu

e 3akoH Xa00ia
— KpacHoe cmenienne

e HEIOTOHOBCKAS KOCMOJIOTHUA

e PeasTuBUCTCKASI KOCMOJIOTHS
— OcHoBbel OTO
— OpuAMaHOBCKUE MOJICIIN

e Hama Bcenennas



Moeib 3BOIIOIIMKU BeceaeHHon

* O000IMM 3aKOHOMEPHOCTH, BHIBEICHHBIC HA
ATOU JICKIITUU

* BriBeemM 3aBUCUMOCTH XapaKTEPUCTHK
BCIICCTBA OT BPCMCHHU JIJIA
— IIp1n
— YIBTPA-PEASITUBUCTCKOTO BEIIECTBA U U3JTYUYCHUS

— KocMmomornuecko mOoCTOIHHOU

OMOHbBL - 8Ce20d
VALMPA-PENIMUBUCMCKUE YACTULYbI




CocCTOogHUS BEeNieCcTBa

 [Ib1b:
— Il;moTtHOCTE PHEPTUM €
— JlaBnenune p =0, a =0
* VIBTpa-pEIATUBUCTCKOE BEIIECTBO U U3IIyUYCHUE:!
— III0THOCTB PHEPIUH € = pC?
— HaBaenue p=1/3 ¢, 0= 1/3
* Kocmonorngeckast noctossHHast A
— IInoTHOCTB 3HEPrUM € = KA
— JlaBnenue p = -¢, o = -1




[ IroTHOCTE 3HEPIUH

* YpaBHEHUE, OIMMCHIBAIOILIECE 3ABUCUMOCTD
[IJIOTHOCTH DHEPIUHU € OT MACIITA0HOIO
(hakTOpa a:



[ IroTHOCTE 3HEPIUH

IIb11B VP BemiectBo, A-dieH
M3JIY4CHHE

BuaHO, 4TO MOJIOKUTEIILHOE JABJIEHUE YCKOPSIET
YMEHBIIICHUE YHEPTUM, & OTPULIATEIIBHOE —
3aMEJJISIET €TI0



MacmtaOHbIN (PAKTOP

* YpaBHeHUE PpraMaHa OIMChIBACT 3aBUCH-
MOCTbh MACIITA0HOI0 (pakTOpa OT BPEMECHHU:



MacmtaOHbIN (PAKTOP

e Ectu o # -1, TO
e Ectu o= -1, TO

IIb11B VP BemiectBo, A-diieH
M3JIY4CHHUE

3aBHUCUMOCTb UCTUHHA, €CJIU JAHHBINA THUII
BEIIECTBA JOMUHUPYET BO BeeneHHoun



[TocTostHHast Xa00s1a

e Ecin a(?) — creneHHass QyHKIS, TO TOCTO-
ssHHas Xa00J1a 00paTHO MPOIIOPLIMOHAIbHA
BPEMEHU

* Ecan a(t) — 3KCnoHEeHTa, TO HOCTOSIHHAS
Xa00sa He 3aBUCUT OT BPEMEHU



Temrieparypa

e 3aBUCMMOCTb TEMIIEPATYPHI U3IITYUYECHUS OT d

€CTh , TaK KaK
IJIOTHOCTDH SHEPTUM U3JIYYCHUS €CTh

e 3aBUCUMOCTb TEMIEPATYPHhI MbLINA OT
BPEMEHM HE TaK IIPOCTa, TaK KaK Ha HEE
BJIUSIOT 3(P(PEKTHI BBIICICHUS BHYTPECHHEH
YHEPIruM (MPUTSKEHUE, SIACPHBIC U
XAMHYECKHE PEAKIIUM U IP.)



I lapameTprl BelecTBa

[ 16116 YP, uznyuenue A-4nen
(a=0) (RYR) (a=-1)



BEIBOOEBI

* Y3HaJIM INIaBHBIC YKCIICPUMEHTAIBHBIEC (DAKTHI
BHETAJITAKTUYECKOU aCTPOHOMUH

* O3HAKOMUJIMCH C HEKOTOPHIMU MOJIEISIMU
3BOJIFOIIMUA BCeeHHON Ha OCHOBE TEOPUU

Herorona u OTO

* Ha cienyroien jJeKuu pociacaum
3BOJIIOLIMIO BCEIIEHHON ¢ TOUKHU 3pECHUS
T€OpUM bobioro B3psia
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